AGENTS TARGETI NG CD138 AND USES THEREOF CROSS

REFERENCE TO RELATED APPLI CATI ONS Thi s application
web@onsosehe benefit of U S. provisional appli ceCT/BP2008/068266

61/ 016, 630, filed Decenber 26, 2007, which is

i ncorporated herein by reference in its entirety.
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also reported high cytotoxic activity of the immunoconjugate B-B4-DM1, which
comprises the mytansinoid DM1 as an effector molecule, against multiple myeloma cells
(see also US Patent Publ. 20070183971).

There remains a need for a targeting agent, in particular a targeting antibody

based on B-B4 that is devoid of certain properties and/or functions associated with B-B4.
Such a targeting antibody may comprise one or more antibody regions of a human
antibody. There is, in particular a need for a chimerized antibody based on B-B4 that
binds CD138 as effectively as B-B4 but can be administered to humans without
significant side effects. There also remains a need for a targeting agent having binding
affinity that exceeds the binding affinity of B-B4. There is-also a need for such a B-B4
based targeting agent that shows one or more advantageous properties relative to its |

murine counterpart. Those properties include improved antigen binding, in particular of
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need for such a B-B4 based targeting agent that shows

one or nore advantageous prgpertl es relative to its

murine counterpart. Those pfoperties include inproved

antigen binding, in particular of CD138 expressing
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sequence |dent|ty with residues 3 1 to 35, residues 5
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agent comprising said immunaoglobulin heavy chain or part thereof targets CD138.
Said immunoglobulin heavy chain or part thereof may have at least 80%, at least 85%,
at least 90%, at least 95% sequence identity with residues 31 to 35, residues 51 to 68
and residues 99 to 111 of SEQ ID NO:1 and said targeting agent may be an engineered

targeting antibody.

A constant region of said immunoglobulin heavy chain or said part thereof may be an

IgG4 isotype constant region.
Said targeting agent may be a mouse human chimeric antibody.

Said targeting agent or engineered targeting antibody may be a humanized antibody.
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(b) provides for homogenous binding to CD138 of CD138 expressing cells.

Said further antibody region may be at least one constant region comprising a heavy
chain constant region or a part thereof that is of a human antibody, and wherein said
engineered antibody is of an 1gG4 isotype.

Said engineered targeting antibody may be a chimeric antibody and said non-human
antibody may be B-B4.

Said engineered targeting antibody may be a humanized antibody and said non-human
antibody may be B-B4.



l'ight chain has at |east 70% at |east 80% at | east
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80% at |east 85% at |east 90% at |east 95% or 100%

sequence identity with resiques 3 1 to 35, residues 5

1 to 68 and/or residues 99 fo 111 of SEQID NGO 1. Said

heavy chain may have at |east 75% at |east 85% at

| east 95% at |east 97% or 100% sequence identity with

residues 24 to 34, residues 50 to 56 and/or residues
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pharmaceutically acceptable carrier.
Said engineered targeting antibody may bind CD138 with a targeting variation of less

than 150%, 140%, 130%, 120%, 110%, 100%, 90%, 80%, 70%, 60% or 50%.

Said heavy chain may have at least 70%, at least 80%, at least 90%, at least 95% or at
least 98% sequence identity with SEQ ID NO:1.

Said engineered targeting antibody may comprise at least one light chain, wherein said
light chain has at least 70%, at least 80%, at least 90%, at least 95% or at least 98%
sequence identity with SEQ ID NO:2.



A hybridoma whi ch produces the engineered targeting is
al so part of the present invention. The present
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anti body described herein f&r use in medicine. In
particul ar, the engi neered targeting anti body
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targeting anti body conprises: an antigen binding
regi on agai nst CD138, wherein said antigen binding
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use in medicine. In particular, the engineered targeting antibody comprises:
an antigen binding region against CD138, wherein said antigen binding
region is of a non-human antibody, and
a further antibody region, wherein at least part of said further antibody

region is of a human antibody.

More particularly, the engineered targeting antibody is for use in a treatment targeting

tumor cells.

The present invention also provides the use of the engineered targeting antibody
described herein for the manufacture of a medicament for targeting tumor cells. In
particular, the engineered targeting antibody comprises:

an antigen binding region against CD138, wherein said antigen binding

region is of a non-human antibody, and



FIG 5 is a schematic representati on of an anti body
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D fferent concentrations of nBT062 and conj ugates were
given to the cells and nean®fl uorescence was neasur ed
by FACS analysis. FIG 7(A)-(D) depict \n vitro
cytotoxicity of nBT062-DMK conjugates t rds P-8..
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FIG OB oW AL E R0 foF SeanttbOn #08cBnSiawidohe anti - t unmor
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FIG WIEHowé r%gr”esérﬁat%\é%mhés‘?s 88ameltbvaSD) for each group.
DETAI LED DESCRI PTI ON OF VARI OUS AND PREFERRED

FIgNBoR SVERITESicTR eppriation(of AM saiRofy poriugaiee MBI 852 1 e ng

FIGAPEHos dnhnBRSis bEME @rndﬁ;glﬁ RB T @20 bELGMAN hi PesHLSSp-DIPY €
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inciibated with the indicated concentrations of immunoconjugates for 5 days. WST
reagent was added for further 3 hours to asses cell viability. In (D) cytotoxic activity of
nBT062-SPDB-DM4 was analyzed in the presence or absence of biocking antibody (1
MM nBT062).

FIG. 8 shows tumor volumes for individual mice treated with (A) PBS, (B) nBT062
antibody, (C) free DM4 or (D) non-targeting conjugate huC242-DM4 over time (days)
post-inoculation with MOLP-8 tumor cells.

FIG. 9 shows tumor volumes for individual mice treated with (A) PBS, (B) nBT062-
SPDB-DM4, (C) B-B4-SPP-DM1 or (D) nBT0682-SPP-DM1 over time (days) post-
inoculation with MOLP-8 tumor cells.

FIG. 10 depicts mean tumor volume (+/- SD) of MOLP-8 human multiple myeloma

xenografts in CB.17 SCID mice over time (days) post-inoculation.



The anti bodi es according to the present invention
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opposed to its murine counterpart.

As a second example, the nBT062 antibody and an immunoconjugate that
comprises the antibody nBT062 and at least one highly cytotoxic drug or an
immunotoxin as an effector molecule are provided and is administered to a patient with
cancer. In this example, an effective amount of nBT062 shields CD138 expressing non-



as a receptor for the extracellular matrix. CD138 al so

nmedi ates cell to cell adhesion through hepari n-binding
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shown that CD138 has a role as a co-receptor for

grow h factors of nyeloma cells (Bisping, 2006).
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many ovarian adenocarcinomas, transitional cell bladder carcinomas, kidney clear cell
carcinomas, squamous cell lung carcinomas; breast carcinomas and uterine cancers
(see, for example, Davies et al., 2004; Barbareschi et al., 2003; Mennerich et al., 2004;
Anttonen et al., 2001; Wijdenes, 2002).
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An antibody “consisting essentially of” certain components means in the context
of the present invention that the antibody consists of the specified components and any
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In bisimiglerchaipi vatigble fragment antibody (scFv) the heavy and light chains (VH and
VL) can be linked by a short amino acid linker having, for example, the sequence
(glycineyserine),, which has sufficient flexibility to allow the two domains to assemble a
functional antigen binding pocket. Addition of various signal sequences may allow for
more precise targeting of the targeting antibody. Addition of the light chain constant

region (CL) may allow dimerization via disulphide bonds, giving increased stability and
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al., 2001) and HECEPTIN (Pegram et al, 1998).

The resurfacing technology uses a combination of molecular modeling, statistical
analysis and mutagenesis to alter the non-CDR surfaces of antibody variable regions to
resemble the surfaces of known antibodies of the target host. Strategies and methods
for the resurfacing of antibodies, and other methods for reducing immunogenicity of
antibodies within a different host, are disclosed, for example, in United States Patent
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targeting antibody is said to do something “selectively” such as “selectively targeting cell-
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In a preferred embodiment, the maytansinoid is a thiol-containing maytansinoid
and is more preferably produced according to the processes disclosed in United States
Patent 6,333,410 to Chari et al or in Chari et al.(Chari, 1992).

DM-1  (N*deacetyl-N*-(3-mercapto-1-oxopropyl)-maytansine) is a preferred
effector molecule in the context of the present invention. DM1 is 3- to 10-fold more
cytotoxic than maytansine, and has been converted into a pro-drug by linking it via
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drug to increase its overall stability, which allows the drug to not only induce cell death or

continuous cell cycle arrest in CD138 expressing tumor cells but, optionally, also to
affect auxillary cells that, e.g., support or protect the tumor from drugs, in particular cells
of the tumor stroma and the tumor vasculature and which generally do not express

CD138 to diminish or lose their supporting or protecting function.
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said targeting with the targeting agent. In certain
enbodi nents of the invention, the desired result is
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B4.



In a preferred enbodi nent, the targeting variation of
the engi neered targeting anti body of the present
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Table 1. Predicted Am no Acid Sequence for nBT062 -
nBT062 heavy chain predicted sequence (SEQID NO1): 1
WORRQRBBEE LMVPGASVKI  SCKATGYTFS NYW EVWKQR PEBHCZER0DEA68266
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the3fadiTERCIREFABTIARDW NGKE YKCKVSNKGL PSSI EKTI SK
351 YTLPPSQEEM TKNQVSLTCL PSDI A
Ka@éﬁmtﬁﬁwﬁppw 401 DSDGSFFLYS SRV
Liqﬁ%':rﬁcsé( W&W&SLSLS'—G( K) chR8. Ghfdng) 1ysine
ifmg:rglngé %Icr!egl gggtg]g z:ne??gl gED%b:%g'Hhe SUss got
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VYACEVTHQG 201 LSSPVTKSFNRGECTable 2 . shows a

Lighberzal | si on ofDRIneegenerml32COR def i ni CDRMSresIfudsr bt
and Chot hi a appR2:hesigesdiocded CDRs f ocDRT68dkeimat56CDR
definiti on nBIOR2 rksigds kg N CDR1: reBReuesidit-83407
CDR1: residues 24-34 CDR2: residues 50-56 CDR2:
resi dues 50-56 CDR3: residues 89-97 CDR3: residues

He89 GhairHeavy cCRR T ré&DRies 26632 dues 31- 3GDRDR&siduassi1eifes
31-35 CDR2: reBR2uesdE3-RE6CDR2: resi CuB2: rBdided JTBRS:
resi dues 95- 1ICRREDRBduaséSiPlies 99-1 1CDREresithics VPR 1
definition nBT062 Light chain CDRL: residues 26-32
CDR1: residues 24-34

BT062 is an immunoconjugate comprising the CD138 targeting chimeric antibody
nBT062 that is attached via a linker, here SPDB, to the cytostatic maytansinoid
derivative DM4. A chemical representation of BT062 is provided in FIGS. 1 and 2.
Immunoconjugates comprising nBT062 and a maytansinoid effector molecule are often
characterized in terms of their linker and maytansinoid effector, e.g., nBT062-SMCC-
DMH1, is an immunoconjugate comprising nBT062, SMCC (a “noncleavable® linker
containing a thioester bond) and DM1 as an effector. More generically, an
immunoconjugate containing nBT062 and an effector molecule may also be described
as nBT062-linker-effector or just as nBT062-effector (nBTO62N, wherein N is any
effector described herein.

Reference is made herein to a unhindered counterpart (Ul: unhindered
immunoconjugate) of an immunoconjugate comprising an engineered targeting
antibody against CD138 attached to an effector molecule via a cleavable linker (CL)
and is described herein as UICL, which is contrasted to an immunoconjugate in which
said effector molecule is sterically hindered, but contains a cleavable linker (HICL). The
UICL is an immunoconjugate equivalent to the HICL comprising an engineered targeting
antibody in which the effector molecule is, however, not sterically hindered. Examples of



CDR2: residues 50-52 CDR2: residues 50-56 CDR3:
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residues 99-1 11 BTO062 is an i nmunoconj ugate
conprising the CD138 targeﬁsng chinmeric anti body
nBT062 that is attached via a linker, here SPDB to
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ToH DT LA e P ReRGRp e s

TGD* (days) % Activity**
PBS 0 0
nBT062-SMCC-DM1 18 56
BT062 32 100
nBT062-SPP-DM1 13 40

Table 3:Tumor growth delay (TGD) and % Activity of nBT062-DMx against MOLP-8 tumor
xenografts in SCID mice based on treatment groups receiving a 450 pg/kg dose.

(*) Tumor growth delay in dags (TGD) as mean time in days for treatment group to reach a
predetermined size (160 mm®) minus the mean time for the control group to reach this
predetermined size.

(**)Tumor Growth Inhibiting Activity =100x(TGDsampie/ TGDgros2). The activity of BT062 is defined
to be 100%.



of a conjugate relative to the activity of the highest
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tunor growth delay (TGD) of 32 days, is set as 100%
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tunor growth del ay (TGD) of 18 days is cal cul ated as
Tunor

fol | oys: t
(TGS SR ITORERL BTG5 2 ol e i vy o 3 e
inHEbionef dutilitythdti eixtargls Aedt oWt gﬁhm]:l@fé}ﬂ obW@pS&KWpB‘HI’GIGPP DM1) by
o0%ha) St o ey Loy TSkl BRI AT R 1
codnﬁbfp;art(rﬂ'n@ﬂ))omnjdg%AompM|mg/a obn-oiBIRGR-Dkér (al§EIG2sEMCC-DM1)
P-8 tunor xenografts in SCID mce based on

bytreat ment groups receiving a 450 ng/ kg dose. (* )
Tumiiwagrrosmidustieéroyted thad aycieay FtBplinkes inrasdmmunpeonjugatgayyevides

forfaogcsct,e{lg@tvmﬁegéﬁé‘ép SO ERER P AI R FRIBRR 7 (160

e contr rou

20p@/82¥381A) Asqdlisciesedhafithroblystanger effect is PWFMFW(BFWHCM when
thd MCﬁier&u@qg él)’dééc‘i/ tﬁ&%@nTcgﬁc%ﬁplnedaﬁ@aBﬁQﬁgﬂon uﬂ_cﬁe

activity of i s defined 0% In t
clegvaaA fé%l theﬁa"ga‘mgégznt EdBaksE 8LA i oy rd ek UHiL %{SP'ayed
bekteMED tHARItRY |*eb|5?é]:t|@§UINGLt ¥ fhdd &at mw gled sttlididdd ©fwhiat i referred

hi nd d BTO
to 57 B SATE SHRbSeE i b 01618 e rgrnp biAioe aanufiile P
Herd) a‘ttwasfsurﬂr&lnglyhbdldehﬁdanﬂ.ﬂcnlirﬁﬁ pigh Bmglﬁmldaagmﬁglu@éﬂzmug/kg)
ng a no in
oo Fole® M e G St kart LG Febies L os t
wasiobk@&wed in aarl|Cinrusweb anpgigaetveasEpcoaildieser than thas of thaUINGL.

o RO ST B s Floho). 1

sutny BtGlnaldpertofhed UIGLsin gaglei doaé axgenmeot*sdol ac gdexphetad dhgree. In

adﬁlft Blﬁglﬁét)llﬂéﬂw %"{ E@%c?edﬁ)‘@hﬁﬂor%@d %WU Nﬁratm% c‘tk%gbéson

n ati'on,” upon cl'eavage
targeting agent. Gol dmahker et al. al so showed that

UI Ckpnd 'ta??étﬁ% %gerlﬂg ti Eém&@ tEr@@fth Qﬁb&ﬁ@so %ﬁa/by i Mn'b@njug%tes

fact was al so att I's referred

dlsa@s%aerw c3p 8 eém"@w@@ivy e@e@ytee!ngl.usﬂmg-.'rﬁr.avw@ﬁly w@ntera"v
ordl iBiRdm BRIk Akt ke cAR0G/ 223 3Rt The mode of delivery will depend
on the desired effect. A skilled artisan will readily know the best route of administration
for a particular treatment in accordance with the present invention. The appropriate
dosage will depend on the route of administration and the treatment indicated, and can
readily be determined by a skilled artisan in view of current treatment protocols.

Pharmaceutical compositions containing an unconjugated targeting agent and
the immunoconjugate of the present invention as active ingredients can be prepared
according to conventional pharmaceutical compounding techniques. See, for example,
Remington's Pharmaceutical Sciences, 17th Ed. (1985, Mack Publishing Co., Easton,
Pa.). Typically, effective amounts of active ingredients will be admixed with a
pharmaceutically acceptable carrier. The carrier may take a wide variety of forms
depending on the form of preparation desired for administration, for example,
intravenous, oral, parenteral, intrathecal, transdermal, or by aerosol.
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thisHnvantet poyidg atne;aans for the effective admlnrstratron of the effector molecules

to cell sites where the effector molecules can be released from the immunoconjugates.

This targeted delivery and release provides a significant advance in the treatment of

multiple myeloma, for which current chemotherapy methods sometimes provide

incomplete remission.



present in the subject's systemstill inhibits, delays
and/ or prevents the growth of a tunor. An exenplary
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the discretion of the attending physician. In
accordance with the present invention, MMis treated
MageridighhdWethadist h t he use of nBT062 and BT062 as an
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ChimedefAntiberhePensriictiondeh-B4anRePE2)and a skilled artisan
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meammgmﬁrmar@md@ated irethe féspective resylite sedtion htabe lesinjuseilt es
where the effector nol ecul es can be rel eased fromthe
i mmunoconj ugates. This targeted delivery and rel ease

EXpyie699iHiaic B {38 cant advance in the treatnment of
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The
58% H@@“é htolytaDiBAL TN Sé“'fﬂ?ﬂicﬁt@ra”&ié@éﬁg( HStepmyen é’FEﬁwWé"%%ed
by irPllﬁaméﬂhbﬁWn@ @erﬁaﬁagmoa%nd Wakiedy wpasotéllesr\@&e BasusBendedl in PBS
ustratjon a ten tolimt e

0 AL AT GH TR ng X A ARBIT. &GS @Y fheRsnEcn e fransterred
to X s PuBet di@etts Andomixkd @ith BedVyiatt &kapEpiRet EHatredpyession vector
DN%e(%Brplg%%gh Qre 4 30}\.IA§I) gfrseupervector% gells were electroporated at 1900 V, 25 yF
using a Bio-Rad Gene Pulser. Transformed cells were cultured in DMEM supplemented
with 10% gamma-globulin free FBS, 580 pg/ml L-glutamine, 50 Units/mi penicillin and 50
Mg/ml streptomycin for 72 h before antibody-containing cell culture supernatants were

harvested.

Capture ELISA to measure expression levels of cB-B4 /nBT062
96 well plates were coated with 100 pl aliquots of 0.4 ug/ml goat anti-human IgG
antibody diluted in PBS (4°C, overnight). Plates were washed three times with 200



Material s and Met hods Chineric Antibody Construction
(cB-B4: nBT062) B-B4 Murine anti body B-B4 as

wWEe@ognsed y characterized (Wjdenes et al., BrPQI/EP2008/068266
Haematol ., 94 (1996), 318) was used in these ‘
experinments. C oning and expression of B-B4 and cB-B4 /
nBT062 Standard reconbi nant33BNA t echni ques were
performed as descri bed in det ail in text books, for

IR BeE R B 61 S sy 205 88 were D gy 1 2450
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nBT062 Exponent| aI I y grow ng COS cells, cultured in
/m L- gl utam ne,
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concentration of 07 cells/nl.” 700
”E@EPPW§ﬁ§ﬁ§W§W6WdﬁH§‘transferred to a Gene Pulser
cuvette and m xed mﬁth heavy and kappa |ight chain
reSS|on vect or 10 ng each or 13 ng of

d@?c(ﬂ&? ﬁompééq’ci”sa e el ectroporated at 1900 V, 25
Anaﬁslya WigHicy SitioityREB-Geaed tBIBE&s CDTERWaS psrfRMed asihgtheer e

.cultyred in M s I nt ed .w 10% | obulin
Diceltas thesantals BT AL L2GING PhsArES tond O Heprer S
recommenidbtidnncandiebly thg/chhnges Wepdribay o the fesults/sechiobef or e

anti body-containing cell culture supenatants were

Yol A t | |
R ar B TRET | b1 ot s wer o coated wi th 100
m eridqmt%BéteIB.vwerﬁqum agd arocansad-usingehe QipGeavtidibivdy
(8 8 el E ROl Sy TIRHGIA, iaplFdbis K oLARARS g ot b-
B4‘Rh@ewa?®9bjew tp sorperedraohrtpkieRliogirodie PoBg gsw{ uging vz,
AmE\“ﬁl%l% Bi0sdidh EEPis ReinRy engadi dirn sﬁﬁth%@sok iffblidihd the

ture supernatants containing t secreted anti body
ma(TPfﬁéfHEﬁéﬁP&ﬁO(‘é’! 37C for one hour). The wells were
washed six tinmes with washing buffer, before detection

of bound anti body with goat anti-hunman
Cloning of B-B4 immunoglobulin cDN,

Immunoglobulin heavy chain (IgH) cDNA was amplified by PCR using the IgH
primer MHV7 (5'-ATGGGCATCAAGATGGAGTCACAGACCCAGG-3') [SEQ ID NO:3]
and the IgG1 constant region primer MHCG1 (5'-CAGTGGATAGACAGATGGGGG-3')
[SEQ ID NO:4]. Similarly, immunoglobulin light chain (IgL) was amplified using the three
different Igk primers MKV2 (5-ATGGAGACAGACACACTCCTGCTATGGGTG-3") [SEQ
ID NO:5], MKV4 (5'-ATGAGGGCCCCTGCTCAGTTTTTTGGCTTCTTG-3") [SEQ ID
NO:6] and MKV9 (5-ATGGTATCCACACCTCAGTTCCTTG-3") [SEQ ID NO:7], each in
combination with primer MKC (5'-ACTGGATGGTGGGAAGATGG-3") [SEQ ID NO:8]. All
amplification products were directly ligated with the pCR2.1-TOPO vector using the



kappa |ight chain peroxi dase conjugate. Purification

of cB-B4 / nBT062 fromcell culture supernatants The
weBoBaseed i body was purified from supernat ant SPGE/EP2008/068266

transformed COS 7 cells using the Protein A | munoPure

Plus kit (Pierce, Rockford, IL), according to the

manuf acturer's recomendati¥®¥n. cB-B4 bi ndi ng and

conpetition assay Analysis of binding activity of B-B4

an B-B4 to CD138 erfqrpmed usi t he Di_acl one
TR s B exioger Enplinck BO) Seoting ya papfig s

ind@Bignact urer' s recomendati on, considering the changes

e

copstnmes&&el selsttad oh hB-aQpiaim X bl digakpldte$. inhallescale Galturesygre

i”‘}&%@tﬁsﬁ@ﬁ’tﬁg”% éo&s&% vvg g%@ﬁ)bgr%g]ﬁe ({ﬂgs%ldngJeQ§o(?act8é using

the Rimer Bt Mimprep ki) roapndieg BtBﬂmD}NActuarﬂgwstrh@omer sham
Bi osci ences (Piscataway, NJ) 1st strand synthesis kit
follow ng the manufacturer's protocol. Coning of B-B4

cONAgaqagnasisigtarming®® | nmunogl obul i n heavy chain (1gH)

‘(3 D'\lﬁléé’ﬁfﬁdsaﬁ@?le %é%%ﬂcé&’ ud @}hé‘ %ﬂéﬁmh&ﬁnﬂ@ clé\@g@encmg

Rezdy Rﬁﬁﬁloﬂé‘ﬂﬁ(AEb hestantitys £4i-dracpeeiagipd Mﬁ@@f‘ V(as Sequenced tn

both &%‘é@%ﬁ%&ﬁ A DG Spmers 2ékd bh NGehbAmSHaT0IFIR ¥,
| obul'i n ht chai n &éggv was anplified using

mqq!qg\et ee@eca;opp%r,eg §equ§|Rcepqqa e nan ABI capillary
sequeNEEIGAGACAGACACACTCCTCCTATGEGTG S 1) [ SEQ I D NG 5],

S e S o kT A s ik et

repdatdd@ bptairetrds dompataipintdeddandantwietsiof pedusate MKDnétion for each
GGGAAGATGG S 1) [SEQ ID NO 8]. All
'mg‘ﬁﬁ?Q%GA 1o products were directly ligated with the
pCR2. 1- TOPO vect or using theTOPO TA cloning kit

thwpt 8N, CCé‘arlsbad CA) according to the

manu ur er' instruction. E. coli TOP1l0O bacteria
(| Astistraog em)thetsrsam@f rerieededintiree ndepgnganiggagiors . The PCR

S b b e e e
“9%"??1 ngQePWﬁ? fd QFYP wefiters acepr¢ingtoghe Fﬁﬂ@fﬁﬁtuﬁﬁa '%Vb@'ﬁﬂo@ones
froMP&RhiikRbatdst 8 IoRET-PCR reactions were sequenced in both directions.
MKV2-primed product sequence was highly similar to sterile kappa transcripts
originating from the myeloma fusion partner such as MOPC-21, SP2 and Ag8 (Carroll et
al., Mol Immunol., 25 (1988), 991; Cabilly et al., Gene, 40 (1985); 157) and was
therefore disregarded.

The PCR products using MKC with MKV4 and MKV9 primers were similar to each other

and differed only at the wobble positions within the leader sequence primer.

B-B4 VH DNA sequence
1st strand synthesis was performed in three independent reactions and PCR
products were cloned and sequenced from each 1st strand product. Five clones were

sequenced from each 1st strand.



the Q Aprep Spin Mniprep kit according to the
manuf acturer's instructi on. cDNA sequence
waleqoensaseat i on Pl asm ds were sequenced usi ng tPET/BP2yDy/ess8266
Term nation v3.0 Cycle Sequenci ng Ready Reaction Kit
(ABlI, Foster City, CA). Each selected plasm d was
sequenced in both direction®-using the 1210 and 1233
prl nmers cycled on a GeneAnp9600 PCR nmachi ne. The
c cttr Iéoret ‘féé uence .anal ?/sn s was done on an ABI
Oé’gg WO P CTUBE e SRR EOMGI%t e cycl e of RT- PCR,
cl ane mgnmdtldaMtf&eqmemxareahnys vectavaenraepe@ﬁ@b tutable
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selgster agithappstsiglar spavenes intrK§had detebased|iakat et amalH National

Te@hrﬂ&h Ynf&hﬂlbﬁéeﬁ/@eﬂg@ﬁ) hﬂemlohé R GchdSwithin the forward
or| gl nat Ic%l% romthe nyel oma_f usi on [Ia_art ner_such

baviT RS9 ang? SOk A RAGET R HGARE AT s
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expredsich {doture entaind lyltr@ductnb% Svrbirhent potiethuaiag gamhiai1itohdtent
B4 VH DNA.

| d .
regifif Sk & FHIFA @ alBlon f <onido R it BB R Cardti proion of
B-Béacd, |f<m'nBe bgindl ciR@R apdmg acplcevaner sitecmd diiradidl sitee Gibe niied donor

seéue%@e 4 g %grﬁ fo%ttﬁea‘g)(?rfs{ Rqué&e aéta%b ent onﬂ?%aM»aeorle region to its

énced frome T Puc
apprh)prme iconstdh Bpiax phue_eslucnm; metirtear € erfrm Clnlstppadttioor @ are
A
ent RSP BsPLRELADREIGH o Bl LR Py
thepgarpnaddst isianeednd in theeexaiegsion RoBHkeisoynetrreem ofthe Bid \dk
seq@egnsus sequence is crucial for the efficient
translation of a variable region sequence. It defines

t héhe BB apdid garrsivee et GRIEHY analyizes oidentifuany unwanted

splice donor sites, splice acceptor sites, Kozak sequences and for the presence of any
extra sub-cloning restriction sites which would later interfere with the subcloning and/or
expression of functional whole antibody. An unwanted Hindlil site was found in the Vk
sequence which necessarily was removed by site-directed mutagenesis via PCR without
changing the amino acid sequence. For this reactions, oligonucleotide primers BT03 (5'-
CAACAGTATAGTAAGCTCCCTCGGACGTTCGGTGG-3") [SEQ ID NO:10] and BT04
(5-CCACCGAACGTCCGAGGGAGCTTACTATACTGTTG-3') [SEQ ID NO:11] were
used and mutagenesis was performed according to the Stratagene (La Jolla, CA)

Quickchange Mutagenesis Kit protocol.

Kappa chain chimerization primers
The non-ambiguous B-B4 VK leader sequence, independent of the PCR primer

seqguence, was aligned with murine leader sequences in the Kabat database. The



conmence translation, and the single nost critical

base is the adenine (or |less preferably, a guanine) at
WEo®onsmeY - 3, upstream of the AUG start. The |PREHEBP2008/068266

sequence is selected as the nost simlar sequence in

t he Kabat dat abase (Kabat etal., N H National

Technical Information Servid€e, 1991). These additions

are encoded within the forward (For) priners (both

vi ng the sequence
e PN DA PReT AT Y ORISR S 298,
1085) 1T iERQalid? SHGUéHce i @radittee td i icbmaedtls byl treSighare digorithm

. K th .
(NESREEL Ao PIOAT Brb o el PPk ko) e ahd s2se (5-
C(mﬁGGASCCACTOAOGTHT@GAT'BTC@AGQWEBGTGEC{I‘ Be-3\ (SR | Q) Nortd];
Regﬁ%?tsotnasn(gnr Ier%ﬁglngd)% r% g?sﬁl%&gttg rg%rlaerég%:%déﬁ §Fodhgttclogtgm+ng this
corBplBie laa@r th@B Bahé epightancihéingd|l and Bamyll @ripki resrlct@n@ltes for

clolrcili_rg %t? WQWeﬁ&bgﬁon \;Iét&{?or Sﬁ"e fS&aPoO&%ersﬁﬂﬁﬁk‘ nfr @cﬁs a

e correct in-frane attachnent O
Hingdlt rieawlc@orrsetga dRozak tianglatigipnitiplionite acd het\dni0 ABGAolgader
sedinee SPLISjRG: d&merbbﬁss\{m%m&g Q8plicERBndARBand Bl +

are encode expressi on construct downstream
reSéffcf'?rh@teBTB@Lreaulr{n%aﬂm% @/as slored (i the Hindll/Baritereatrietion;sites
a@ed in the expression construct downstream of the
B- B4 VH sequence. The B-B4 VH and V K genes were first
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Production of ¢cBB4 antibody

One vial of COS 7 cells was thawed and grown in DMEM supplemented with
10% Fetal clone | serum with antibiotics. One week later, cells (0.7 ml at 107 cells/ml)
were electroporated with pG4D200cBB4 plus pKN100cBB4 (10 ug DNA each) or no
DNA. The cells were plated in 8 ml growth medium for 4 days. Electroporation was

repeated seven times.



(Nielsen et al., Protein Eng, 10 (1997); 1). Priners
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Purification ¢freg-B vect or pG4D200cBB4. Producti on of cBB4
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Purification of soluble CD138

Soluble CD138 antigen from U-266 cell culture supernatant was purified by FPLC using
a 1 mL "HiTrap NHS-activated HP " column coupled with B-B4. Cell culture supernatant
was loaded in PBS-Buffer pH 7.4 onto the column and later on CD138 antigen was
eluted with 50 mM tri-ethylamine pH 11 in 2 mL fractions. Eluted CD138 was
immediately neutralised with 375 yL 1 M Tris-HCI, pH 3 to prevent structural and/or

functional damages.



A sandwi ch ELI SA was used to neasure anti body
concentrations in COS 7 supematants. Transiently

wao eanssseared COS 7 cells secreted about 6956 nRCTYEP2008/068266
anti body (data not shown). Binding activity of cB-B4
To assay the binding activity of ¢cB-B4 in COS 7
cul ture supematants, the Di38cl one sCD138 kit has been
used, a solid phase sandwi ch ELI SA. A nonocl onal

.anti bod ific for sCD138 has been coated onto the
B@@Y"ﬁ& fq%ﬁggm crotiter strips provided. During the
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Con'parl son nBT062/ BB4 Purification of soluble CD138
Sol ubl e CD138 antigen from U 266 cell culture

ImSiepRsdieh anscovesy purified by FPLC using a 1 nL "Hi Trap
NHS- acti vated HP " col um coupled with B-B4. Cell
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like si ne resjdues buffers to form stabl e
1 I\éhl@@bm%o mM NaOH. Then blotlnﬁated CD138 was injected for 1 minute.

Kp-Determination of different antibodies using BIACORE

The software of BIACORE C uses pre-defined masks, so called “Wizards” for different
experiments where only certain settings can be changed. As the BIACORE C was
originally developed to measure concentrations, there is no wizard designed to carry out
affinity measurements. However, with the adequate settings, the wizard for “non-specific
binding” could be used to measure affinity rate constants and was therefore used for Kp-
determination. With this wizard, two flow cells were measured and the dissociation
phase was set to 90 s by performing the “Regeneration 1” with BIACORE running buffer.
“Regeneration 2” which is equivalent to the real regeneration was performed with 10 mM
Glycine-HCI pH 2.5. After this step, the ligand CD138 was in its binding competent state
again. During the whole procedure HBS-EP was used as running and dilution buffer. To
determine binding of the different antibodies (~150 kDa) to CD138, association and



bonds. For biotinylation of CD138, 50 ml of CD138 were
desal ted using protein desalting spin colums

W@ Roengis29 The biotinyl ation reagent (EZ-Li nk BUI/ER2008/068266
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bi ndi ng conpetent state again. During
procedure HBS- EP was used as running and dil ution
buffer. To determne binding of the different
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ThéhaithigsentanngmaygansinelsR Mihvas agthasized trernéh%r BRI ned
ferR¥n@Bbe plodlidt BEsdri®cindt-8, as previously described by Chari (Chari et al.,

Cancer Res. 1 (1992), 127). Preparation of humanized C242 (huC242) (Roguska et al.,
PNAS, 91 (1994), 969) has been previously described. Antibody-drug conjugates were
prepared as previously described (Liu et al., PNAS, 93 (1996), 8618). An average of 3.5

DM1 molecules was linked per antibody molecule.



constants ka and kd. Afterwards, the KD val ues of the

anal ytes were cal cul ated by the quotient of kd and ka
wWoRak/08ds29 Bl Aeval uati on software. The results BCHEBINOW68266

in Table 4. Table 4 : Conparative anal ysis of KD

val ues of nBT062 and B-B4. Standard deviations are

given for nmean K val ues. Di“¥cussi on Mean KD val ues for

each anti body were cal cul ated fromthree i ndependent
nﬂﬁé%% @Fents The results show that in all nmeasurenents
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nBT062 c r|ze ocl onal antlbody
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deditagt think¢antdining mpytensinaidi D (seeditlGt # ar the MG sersess flavhe
dkgﬁg r moiety of the microbial fernmentation product,
nsamtocin P3, with lithiumtrinmethoxyal um num
hydri de (see FIG 3). DW is synthesized by acyl ation

lqunH&ﬁ}L?QéiWZW th N-nethyl-N(4-
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linker) to introduce dithiopyridyl groups. DM4 is mixed with the modified antibody at a
concentration in excess of the equivalents of dithiopyridyl groups. The BT062 conjugate
forms by a disulfide exchange reaction between the thiol group of DM4 and the
dithiopyridyl groups introduced into the antibody via the linker. Purification by
chromatography and diafiltration removes the low molecular weight reactants (DM4) and
reaction products (thiopyridine), as well as aggregates of conjugated antibody, to
produce the bulk drug substance.

FACS analysis and WST cytotoxicity assays
FACS analysis

OPM-2 cells are plasma cell leukemia celi lines showing highly expressing CD138.
OPM-2 cells were incubated with nBT062, nBT062-SPDB-DM4, nBT062-SPP-DM1 or



mayt ansi noid DWVA- SMe. The DWA-SMe is reduced with
dithiothreitol (DTT) to give the desired
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DVA process flow diagram. |nmunoconjugate BT062 The
procedure for the preparation of nBT062-DW is
outlined in FIG 5 . The nBf062 antibody is nodified
with N-succinimdyl-4-(2-pyridyldithio) butyrate (SPDB
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results strongly suggest that the binding characteristics of the unconjugated antibody is

not affected by the conjugated toxins.

In cell viability assays, the cytotoxic activity of the antibody against CD138" MOLP-
8 target cells and against CD138 BJAB B-lymphoblastoma control cells were analyzed.
Both cell lines were seeded in flat-bottom plates and incubated with increasing
concentrations of the immunoconjugates. Unconjugated antibody was used as a control.
The cytotoxic activity was analyzed five days after addition of the immunoconjugates by
using WST reagent in order to measure cell viability. In FIG. 7 (A)-(C), the fraction of
surviving cells relative to control cells treated with vehicle control is plotted against
increasing immunoconjugate concentrations. The results show that cytotoxic activity of
nBT062-SPDB-DM4, nBT062-SPP-DM1 and nBT062-SMCC-DM1 against MOLP-8 cells



Di scussi on Bi ndi ng of nBT062- SPDB- DMA, nBT062- SPP- DML,
nBT062- SMCC- DML or nBT062 was anal yzed by FACS. CD138+
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I mmunoconj ugates and cel | - bound nol ecul es were

detected using a fluorescence-| abel ed secondary
antibody. In FIG 6 , the 1&an fluorescences as
measure for the amount of cell bound antibody is

is @%’ﬁ%lt eIdr g\?%é;gesgedTh&f sé?&?kﬁantt;[l \%gl-\/stvﬁeg{? mllkle%abyef‘he

immBROGRLGEDE-ilNating BED 8P inBRiP Db sgate T 0ié 2e BAECHIDIInding to
i . d J .

o Rl S B W P RE L e yres i

mdiarresceng of hiaccaigeted HBIT6E2. dPreinhgbatine sulystaydiakychleaked tedy

crlofox ) ofET8E SH OO GARNHAR LA DB 1B, col |

Ity assays, the c Xl c activit
'm@HWPQ%Wat&@ il H!ﬁ C@!‘ﬁ@?emmﬂd'w oyl o@gq thg calhwrface (FIG.
7 (@pai nst CD138 BJAB B-|ynphobl astoma control cells were
anal yzed. Both cell lines were seeded in flat-bottom
pl ates and i ncubated with increasing concentrations of

t hg(ehagmftq,@&m@gg@bﬁﬁ,enwconj ugat ed anti body was used
3a78 vt Diabbrant o CBHAS WS eb e SR RO oy
an%ﬁyrnwmsmoidrcoqndaeS bna mmwrﬁn@ﬁi Jersibradrithé ByB4 alnlﬂbody
ct ion o i V
BT PO i PRETRERE et helioatethif o G S eL TR o
mdyganpinoittcenjugajes were prearebibaingay differrio terghemédaestability of their
, j t I . i
B8 L 2 BB AT B AR b U omor sy \
of hBF® atibSNCTUDIVbNjdgrienwas dDLF & ahé sititwefitiye BiB#-$RIP-DM1 ‘
I j d
ool B8 SR BIAR ARl 6Ly e rnRbablihe
maytangineid dnMah aptie ugenodified NBERG2 pieedy ead binacttatgeting
(wr@@@é’iﬁ) Flei n%@%hbﬁ'&ﬂjugétgefﬂe'%ﬂfu@ate‘s WeY@é\%rhaMJ-n? 2Z&D138-

I's were prei ncubate [ar excess of
PO%IHW“G@*&? @Wdﬁﬁmf S)mf BLmen BattiPlerimsled eV er |°9mbmed

imRLAsIeRdeithscBynatoxi city of nBT062- SPDB- DMK, pr OVI d| ng
further evidence that the wmunocogA ugat es

ki |
celn t8e3F Hice FULFYIRREYS HHNGTE WEER RSPl %S’r{f%maﬂ%QBéé |~°10'D mice)
by sdchiaeeh Wit M‘:om' s(da)i)susﬁéaae@sr afetatrﬂ@fusmh@@n@é ammst itrdv@nous

. .eyaluate t ance etin
nighlion B Rt et e Yt vafine S ot Svtpdro) fF min” Thanges in
turs@njoluget a8 bobly a/elgumaasTe @mjnit&'ed twive p&i mkoExptehmeBes%re

carrslggj:pgfg%aeé‘%‘\g %g @eno ei@%é%ﬁgég_ experinments were

Xenograft mouse experiments A
Mice
Female CB.17 SCID mice, five weeks old, were obtained from Charles River

Laboratories.

Human tumor cell lines
MOLP-8, a human multiple myeloma cell line, was supplied from ATCC. MOLP-8
cells, which express the CD138 antigen on their cell surface and develop xenograft



mayt ansi noi d conjugates were prepared that may differ
in the chemcal stability of their disulfide Iinkages
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maytansu%gl?jmlghe ratio of molecular weights of maytansinoids to nBT062 antibody in a
conjugate molecule is approximate 1/55. Each mouse in Group C received 250 pg/kg of
DM4. Each mouse in Group D received 250 pg/kg of huC242-DM4. Mice in groups E, F
and G received 250 ug/kg of nBT062-SPDB-DM4, B-B4-SPP-DM1 and nBT062-SPP-
DM1 each, respectively.

All agents were intravenously administered as a single bolus injection through a
lateral tail vein with a 1 ml syringe fitted with a 27 gauge, %2 inch needle. Prior to
administration, the stock solutions of nBT062 antibody, nBT062-SPDB-DM4 and
nBT062-SPP-DM1 were diluted with sterile PBS to concentrations of 2 mg/ml, 28.1
pg/ml and 28.1 pg/ml, respectively, so that the injected volume for each mouse was

between 120-220 pl.
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Loé?o%’ell kill = (T-C) / T4 x 3.32

where (T-C) or tumor growth delay, is the median time in days required for the treatment
group (T) and the control group (C) tumors, to reach a predetermined size (600 mm®). T4
is the tumor doubling time, based on the median tumor volume in the control mice, and

3.32 is the number of cell doublings per log of cell growth.

Results
The tumor growth in individual mice is shown in FIGS. 8 and 9. The mean (+/- SD)

tumor growth for each group is shown in FIG. 10.
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not shown).This feature of immunoconjugates using nBT062 as a targeting antibody

seems to be beneficial especially for therapeutic use of the conjugates.
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NO: 2, respectively.

7. The engineered targeting antibody of claims 6, wherein the ABR further comprises:
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12. The engineered targeting antibody of claim 8, wherein
(a) said heavy chain has at least about 90% sequence identity with SEQ ID NO:1; and
(b) said light chain has at least about 90% sequence identity with SEQ ID NO:2.

13. The engineered targeting antibody of claims 1 or 2, wherein the ABR consisting
essentially of an ABR of a non-human antibody.

14. A pharmaceutical composition comprising the antibody of claims 1 or 2, and a

pharmaceutically acceptable carrier.



6. The engineered targeting antibody of clainms 1 or 2,

wherein the ABR conprises: (a) heavy chain variable
WO 2@oo808BDR3 conpri sing am no acid residues 99PCDERDA8/068266

of SEQID NGO 1, and (b) light chain variable region

CDR3 conpri sing am no aC|d£{eS|dues 89 to 97 of SEQID

NO 2, respectively. 7. THE engi neered targeting

anti body of clains 6, wherein the ABR further

conprises (a) heavy chain variable region CDRl and

CDR2 conprising amno acid residues 3 1 to 35 and 5 1
15¢ 4y h%'démaSE@thﬂpWS the asfiodyrof clgim lioghAt chain variabl e

region CDR1 and CDR 2 conprising am no acid residues
162;411 élﬂlb@éy Bakdd 2sdyLorfprigihg BEQEbINGf cidim 17bgspect i vely.

. The ‘engi neered targeglng anti'body of claims§6,
wher ein said further antibody region conprises: (a)

17 2% BSIa&Glpdlyb@;ﬂIddld:Gﬁlpﬁéiﬁg 808 aeld sSiGrcP oNeh imkaurRadbain
resi dues

et RS BRd ot el AT SLF RSP TGRS Feawy Crgin phpat efeot

haobt lbasMZ0%t hideast B0 skttt peydatndast Qi%tofmi Ieadt 98%%@ Odénce

. . e d fata. ICIt of the en
o RTRAEIRG! ERROoRCaRA BB socks Bt PRLRRT8Goour
heavygihainar edrt therepétargegs &@Mt1B®ody. 9 . The engi neered
targeting anti body of claiml1l or 2 , wherein said
anti gen binding region of said non-human anti body is

18 ofhedsalatad polwpanitide df,claim0l?, Wh@re@ragt;mne@nér@ghoapgeaié ng
imAMdRPENn Rda |cﬁé|moflsa% part Wem?fs%nrf s@g@@an al?%ion.

targeting antibody 1s a chineric an
non- human antlbody is B-B4. 11. The englneered

19 1 PH0€d14tB@ p AP HAGE ¥t PhimCl7alvARBin SHMEERetnda et @%%a%%rh%an
targ etlnsyantlbody conprises at |east one heavy chain

chig}edC BRHEOAY-ght chain and wherein (a) said heavy chain
has at | east about 70% sequence identity with SEQ ID
r 1; and/or (| id ljght chain has at |east about
2045 B e anbberbat e 14 ERhesipiRen Aips SEpseduence of an
imreagigredealrekbht afegebn'hm tasrebh adyredfsaid |mlmn(;8globmhﬁ:gl€tldhalh&>}
v at .least a eng .
part il 5~ 2 £ 0 i RepAE et il el Fh e G st 00
sequescaidehtdpstth 88QUD NID% sequence identity with SEQ I D

NG 2. 13. The engi neered targeting anti body of clains

1 or 2, wherein the ABR consisting
21. An isolated polypeptide according to claim 17, wherein said immunoglobulin heavy

chain is identical to the sequence of SEQ ID NO:1.

22. An isolated polynucleotide according to claim 20 or 21, wherein said immunoglobulin

light chain is identical to the sequence of SEQ ID NO:2.
23. A method for homogenous binding to CD138 comprising:

providing an engineered targeting antibody of claim 1 or 2, and
administering said engineered targeting antibody to CD138 expressing cells,
wherein said engineered targeting antibody homogenously binds CD138 expressed on

said CD138 expressing cells.



essentially of an ABR of a non-human anti body 14. A
phar maceuti cal conposition conprising the antibody of

W@L@p/80829 or 2 , and a pharmaceutical |y acceptBdi/BP2008/068266

carrier.15. A hybridoma which produces the anti body of
claiml1l or 2 . 16. An antihody based assay conpri sing
the anti body of claim1 or . 17. An isol ated

pol ypepti de conprising an am no acid sequence of an

i mmunogl obul i n heavy chain or part thereof, wherein
sai d i munogl obul i n heavy chain or part thereof has at

24) Ewanethodpf caim|23awhergingpidanginearet taygelingaantib sy Hindg 333 138

thﬁfa thr§ g \2RXAHEA HRA Gfani B85 Wkab, W 0B, %E@AJ P a¥O:1B0%, 90%,

wher éi n "a tafpetlng agent conprising sa

807’0 BUP4% heavy chain or part thereof targets
CD138. 18. The isol ated pol ypeptide of claim 17,
wherein a constant regi on of said inmunogl obulin heavy
chain or said part thereof is an | g4 isotype constant
region. 19. The isol ated pol ypeptide of claim17,
wherein said targeting agent is a nouse human chineric
anti body. 20. An isolated pol ypeptide of claim17
further conprising an am no acid sequence of an

i mmunogl obulin I'ight chain or part thereof, wherein
sai d i mmunogl obulin |Iight chain or part thereof has at
| east 70% at |east 80% at |east 90% at |east 95% or
| at | east 98% sequence identity with SEQ ID NO 2. 21
An isol ated pol ypeptide according to claim 17, wherein
sai d i mmunogl obulin heavy chain is identical to the
sequence of SEQ ID NO 1. 22. An isolated

pol ynucl eoti de according to claim 20 or 21, wherein
sai d i nmunogl obulin light chain is identical to the
sequence of SEQ ID NO 2. 23. A nethod for honbgenous
bi nding to CD138 conprising: providing an engi neered
targeting anti body of claiml1l or 2, and adm nistering
sai d engi neered targeting anti body to CD138 expressing
cells, wherein said engineered targeting anti body
honogenousl y bi nds CD138 expressed on said CD138
expressing cells.24. The nethod of claim 23, wherein
sai d engi neered targeting anti body binds CD138 with a
targeting variation of |ess than 150% 140% 130%
120% 110% 100% 90% 80% 70% 60% or 50% |



