-1 - AGENTS TARGETI NG CD138 AND USES THEREOF CROSS REFERENCE TO
RELATED APPLI CATI ONS This application clains the benefit of U S.

provi si onal application 61/016,630, filed Decenber 26, 2007, which is

i ncorporated herein by reference in its entirety. FIELD OF THE | NVENTI ON
The present invention relates to inproved targeting agents for the antigen
CD138 as well as conpositions conprising the targeting agent and net hods
enpl oyi ng them BACKGROUND CD138. which acts as a receptor for the
extracellular matrix, is overexpressed on multiple nyeloma (MM cells and
has been shown to influence MM cell devel opnment and/or proliferation. CD
138 is al so expressedGENTSETARGETING 80138 AND UBBSIT{EREARey carci noma, gall
bl adder car e cancer, Iung cancer, colon
carci nona cghpgg?nEﬁégﬁ?EM%me@Jan Fr'llgn Hodgkl n's Iyrrphomas chronic
| ynphocyt i ¢ ThieaRuingtian cl@ims)the Qﬁnﬁ‘érﬁéUj&JBIIOV@OffaéWP“CGHOH 61/4He539ued cati ons and
ot her mat er baéembel 55 bodH ABiIcPRLRBE ;atéa&%fblrhgrreﬂefén&@.nhtlsleht&étyate the invention
and, in particular, to provide additional details respecting the practice
are incorporated by reference. For convenience, the publications are

ref erenced FIELDhE TigE INWBNTEON ext by aut hor and date and/or ‘are |isted

al phabetical ly t hqr ne et al.
(2004) have rep(t;r?fl t ghé Sgﬁéneleﬁ'eom Sgﬁt?%%%%%gﬁdq 'ﬁl}dr’%P&RQ% th&fntﬁ%tl bo§§ 8-64 to
the C0138 aftWeeds ceppesifivgeerranising éredaipeing ot aMm@féPCFSsem%@gw al so
reported hi gacREROURNDI C actl vity of the |rmunoconj ugate B- 64- DML, whi ch

conprises the oi d as a f ect or ai nst | tiple
nyel oma cells (s@gg ‘@B %taéﬁ?epgﬂgﬁ he%%ﬁ i OVgeXprelsﬁ%ﬁ renai ns a
need for a wmaltigetmyelgmagéni cells anqdaaasttieem?@wn@m&reg@%tﬁﬂﬁg:%ﬂeewel@omymbased on

6-64 that i g(&¥%RifdrRbn. 0@5{3%':@3@5 %?ersgéoe@l BN QlaraH &GRS, KipgPCi ated with
8-64. Such a targeti n%ntl onpri se one or m)re ‘anti body regions

of a human %?‘i‘%‘%?d?a” F"eceir%”on?%brﬁé?tlc?r{i‘ﬂ?'a? PECSHREERRPYr 188 BRSer i zed
ant i body ba&ﬁﬁh qrtirdm34elishuadt cbllsn:dHo@ﬂr&&nﬂ&o@ﬂﬁ@kﬂs\dﬁhpﬁo&&s,k&cﬂ& but can be

adm ni st ere gpcmgmyg ED@W{? n@;ngrusL t side effects. There al so remains

a need for etin a én avi n affinity that exceeds the
bi ndi ng af f| ni t)W hg puigicgions mhﬁb?t%eflﬁéﬁt%‘labdﬂ%iu tembsy U%Qﬁéﬁfeﬁ‘ tgilgFraased

targeting agemiveltBAting hpyﬁncesae tOproVid Qid%@ﬂa’iﬂét@%&@éb‘éctpfg(?wr§¢t@§ afe€l ative to
its nurine counter rties ing nF gen bi ndi ng,

e
in parti cuI’ﬁ?or%cfrate‘?g‘QrEfer%ﬁﬁi3§°r€>?B‘f%5?§?% etpﬂ%?t‘O(?@FresIe%WHC%eT‘ € accessory
t heret o or foowéngiexibgenibersanbida@iand/or BeNWRIPIERCIERIE HYNVERTIN@N The present
invention i thr*a B hyd NMethod for honobgenous binding to CD138
conpri si ng: rov@i g ggr%;n ye ant i bod% wherein said

eered targeti ng
engi neer ed targé'taﬁft’?@eﬁtrﬂ’ (ngl}h@’(?rfﬁ?qr@ij Ryellent bindingofdhg PYER 197 hdi ng regi on
agai nst ww&bomﬁetonhéanmmlg@mp&bM|omglers&gawalw ofllsaTasorehuman

anti body, aeﬂgo rePorb hyﬂ kg{ogq %E’uv fjtpe! Llrl?ﬁ(,%l ﬁgat%wﬁﬂwﬁchl east part of

said further an
comprises the mytansmcold DM'! as an effector molecute, agamst multsp!e myeloma cells

(see also US Patent Publ. 2007018397 1).

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 CD 138 as effectively as B-B4 but can be administered to humans without
significant side effects. There alse remains a need fora targe‘tihg 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 {o its
murine counterpart. Those properties include improved antigen binding, in particular of



adm ni stering said engineered targeting anti body to CD138 expressing cells,
wherein said engineered targeting anti body honbgenously binds CD 138
expressed on said CD138 expressing cells. The present invention is al so
directed at an isol ated pol ypeptide conprising an am no aci d sequence of an
i mmunogl obul i n heavy chain or part thereof, wherein said i munogl obulin
heavy chain or part thereof has at |east 70% at |east 80% at |east 90%
at |east 95% or at | east 98% sequence.pdentity with SEQ ID NO 1, wherein a
targeting agent conprising said i munogl obulin heavy chain or part thereof
targets CD138. Said i munogl obulin heavy chain or part thereof may have at
| east 80% &P 1BkexpresgBatumar cqlle ard cefpageesson thesle COMoEIRRGBHIES | dentity with
resi dues 31lp@ingd, residues 51 to 68 and residues 99 to 111 of SEQ ID NO 1
and said targeting agent nay be an engi neered targeting anti body. A
constant region of said innmunogl obulin heavy chain or said part thereof may
be an | g4 BEVMMARY QiomdE MMENTEQN on. Said targeting agent may be a nouse
human chi nerrh&pr@@nk ROShYion §fa!rsttéoaang%tﬂwf@%mb RbuLNGiMAscedas ar get i ng

anti body may b humani zed anti body. - gl' he isol ated pol ypeptide nmay
further conﬁ?‘?%‘@‘”&n am no acid sequence of an i munogl obulin light chain or
part thereof, wherein said i nmunoglobulin Iight chain or part t hereof may
have at |ea ast 98%
sequence |d rtr?%/'lzg Gt gnAe %%tt? %%@) @bol}ﬁﬁv‘ﬁ%g@%ﬁdgﬁbmé{%ﬁg&% é?ﬁr}%%ﬁf urt her
conpri se ancﬁﬂﬁfﬁkﬁgam d sequence of an imunogl obulin |ight chain or part
thereof, wherein saign hm@ﬂgﬁhua@t@gmnabm@ﬂbmmme;@m spardntigdnelreply has at

| east 75% at | east %or at | east 97% sequence identity

85% ((Jath | east .. %
with residues 24°¢'8" 34" PALHURISBYY GE86 and residues 89 to 97 of SEQ ID
NO 2. Sai d i munogl obdurihar drdbedy redied, wheraly ableast damofi seiglfuther aigodvequence of

SEQ ID NO 1. Saiy bmg@g},mm,%dlylﬁlat chain may be identical to the
sequence of SEQ I eséent inventi al so directed at an

engi neered Y @é@i”?@gﬁagrﬁr'ﬁ%?fﬁgmeew FrERYIP 9&%38@51??@ SIS si ng an anti gen
bi ndi ng r egwdiciagait BsdindeRHi3 Brgetivy @ntiiody sm@geaousiygmsmmas agresegion is of a

non- human a%d@?%’eg@%@sngqéeﬂéther anti body regi on, wherein at |east part of
K . .

said further on'is of a nonhuman antlbody, wherein said
engi neered targeting antibody (a) binds OD138 with a binding affinity that
exceed t he tidwihat afdntisH ik Yis6 Hirdobdadt amahaummwﬁd:&m@mmmﬂémamimﬁ b) provides

for homgengclilé se%hgnqzle %gan 1mmunogﬁ§bu?n heavy gk?atr? c))<rp aﬁ?ﬁselre%g w%%nl'em Said

immunoglobulin heavy chain or part thereof has at least 70%, at least 80%, at least 20%,
af least 95% or at least 98% sequence identity with SEQ ID NO:1, wherein a targeting
agent comprising said immunoglobulin 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 {o 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

1gG4 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.



Said further antibody region nay be at | east one constant region conprising
a heavy chain constant region or a part thereof that is of a human

anti body, and wherein said engineered antibody is of an 1g04 isotype. Said
engi neered targeting anti body may be a chinmeric antibody and said non-human

anti body may be B-B4. - 4 - Said heavy chain may have at |east 70% at
| east 80% at |east 90% at |east 95%or at | east 98% sequence identity
with SEQID NOI. Said engineered targeting antibody nmay conprise at | east

one light chain, wherein said light chain has at |east 70% at |east 80%
at | east 90% at |east 95% or at |east 98% sequence identity with SEQ ID
NG 2. Said heavy chain may have at | east 80% at |east 85% at |east 90%

at | east 95%h@s0lQ0 YoIpRAERNES fhfd@ﬂt:dwwaswéh bminestiduesedk dfan 35, resi dues 51

to 68 and/or_resi 111 may have
at | east 75‘5/mm%‘1°gﬁg élaggéﬁ'n & papgéé? %&F/%m 1#easﬁ$ggof)%g‘w&%g 0 gequence
i dentity wi phtthesotinashazdatleasgZ0%, raébla@hﬁ@% Fleasho056 ahleagt§p%re¥edues 89 to 97

of SEQ | D Ngb®.seJitfcd brlarith@rid bogty2r egi on may conprise: (a) amino acid
residues 123 to 448 of SEQID NO 1, and/or (b) amno acid residues 108 to

214 of SEQ ID NO 2, respectively and nutations thereof that maintain or
| ower the aiih¢ isadipd depepitentaydytier cotmgise yn anidd ecid eavpheméat - dependent

cyt ot oxi ci t )fnrﬁunobilaﬁullﬁrT%\t Rt %gﬁ%@@o?'%r%aﬁ@ﬂ%n&@gbﬁﬁﬂ RAscHaler eof that

and/or stabiliz ineered tarqgeting anti further antibody
regi on nmay B%’*@e@éfd?ﬁéh‘ﬁa%é%@yatr‘eé‘@i%ﬂ’m6?‘9%“ H’E/ﬁﬁhati??ﬂ HousEGHed engi neer ed
targeting ariehthpeyh eeiyudeicath D3R Sdtod6tat gelludypMap? at SEmIONCEess t han
150% 140% 130% 120% 110% 100% 90% 80% 70% 60% or 50% Said heavy
chain may have at |east 70% at |east 80% at |east 90% at |east 95% or at
| east 98% s&gidémpencgigeyiniregvyvnein MBEER ideniel te thesappnen gfi TR ar get i ng
anti body may conprise at |east one |ight chain, wherein said |ight chain

e R T
| east 80% at |east 85% at |east 90% at |east 95% sequence identity with
residues 31pi0,30mt hEhioHE Sisd dirdcedBB aR Bihide8 R Utgsting AntiBayldicioT SEQ 1D NO. 1.

recognizes CD138 comprising

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 non-

human antibody, wherein said engineered targeting antibody

(a) binds CD138 with a binding affinity that exceed the binding affinity of said non-

human antibody; and/or '

(b} provides for homogenous binding to CD138 of CD 138 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,



Sai d heavy chain nmay have at |east 75% at |east 85% at |east 95% or at

| east 97% sequence identity with residues 24 to 34, residues 50 to 56 and
residues 89 to 97 of SEQ ID NG 2. The present invention is also directed at
a pharmaceuti cal conposition conprising or consisting essentially of the
engi neered targeting anti body and a pharmaceutically acceptable carrier. A
hybri doma whi ch produces the engineered targeting is also part of the
present invention. The present inventiden also includes an anti body based
assay conprising the engineered targeting anti body. The present invention
provi des the engi neered targeting anti body descri bed herein for use in

medi cine. In particular, the engineered targeting anti body conprises: an
ant i gen bi ndiahihetgginain mgaia\rm 1eBR88:, aMbeest &1 o6 Rbst S8 atgenst Hi%hdiatg regi on
is of a nonj urther antibody region, wherein at
| east part o Q?%?Hg%& g%mg % 59*?§§%£n is of a human antibody. Mre
particularly, the engineered targeting antibody is for use in a treatnent
targeting t@alarenglﬁédr@dtar’g'bﬁ]g@rnmmmaywrﬁ;lsrtsbane@dtsme IRhOoaeshdrdiesaise of the

engi neer ed %%ﬁt'n SRLL 8 tqes d° % ieasef nat‘?%%tésh/e Tepuiashure of a
SH Sl EA 557 Uko?t '€ P E PR e

medi canment e e englneered
targeting an@qtbowd%mfh§§@.m N02 an antl gen bi nd| ng regi on agai nst
CD138, vvherei n said anti gen binding regi on is of a non-human anti body, and

6 - further antlbo region, at S pf said
further ant F’B‘S(Wa‘fyéﬁ?' BRaY 8avss Eaﬁg’ﬂ'%natd?ﬂsf %SCJH)?t ’eﬂﬁpgg %{‘rj‘%“;&ﬁ/‘g?ﬁ y, in these
medi cal useg0@t s¢duengeridesétpivith reseings mnoﬁﬁﬁesam@slﬁeer@:brtd@r geduerPent | body i s
to be adm ni st gred HQ@N Saweéwgln rx!ytﬂavﬁ%e 3 AUPTERILRGLCANS Fur ther,

t he englneerqg targeting antli IS ca onn enousl y_Dbi ndi ng CD138
expressed of%aat é?aﬁﬁf?é@réQ% é%ﬁeﬂﬁ-‘ 'é@*‘?yéf‘”thm'qﬁlﬂs BESER IBTHYSN B Y9E FI GURES
FI G 1 provhses résiiehermtdref sepiesierd. ati on of nBT062 havi ng ef fector
nol ecul es attached.

The further antibody region may comprise:

(a) amino acid residues 123 {0 448 of SEQ ID NO: 1, and/or

(b} amino acid residues 108 to 214 of SEQ ID NO: 2, respectively and mutations thereof

that maintain or lower the antibody-dependent cytotoxicity and/or complement-

dependent cytotoxicity of the engineered targeting antibody mutations thereof that and/or

stabilize the engineered targeting antibody.
Said further antibody region may be a constant heavy region of a human antibody.

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%, af 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 88%
sequence identity with SEQ ID NO:2.



FIG 2 is a chemcal representation of 8T062. FIG 3 shows the conversion
of ansamtocin P-3 to maytansinol (stereochemstry is omtted for
sinplicity). FIG 4 shows a representative synthesis scheme of DMA. FIG 5
is a schematic representation of an anti body conjugation (nBT062 to DW4).
FIG 6 shows an analysis of the binding of nBT062- SPDB- DMA, nBT062- SPP- DML
nBT062- SMCC- DML and nBT062 anti body to OPM2 cells. Different
concentrations of nBT062 and conjugateg.were given to the cells and nean

fl uorescence was neasured by FAGS analysis. FIG 7(A)-(D) depict in vitro
cytotoxicity of nBT062- DMk conjugates towards MOLP-8 (CD138+) and BJAB
(CD138) cel [Sgid heFtyecheiainay hawsra lagstl 800 edoash8§% .zt 1eB8190Bneideast €86 and i ncubat ed

Wi th the i ndigrh&ddS&ANGARTERIULOBS100s, IooLERA Wb EAESd /809 & taws. VVST

r eagent vvasé%%sﬁ gr further 3 hours to asses cell viability. In (D)
cytotoxic a f nBT062- SPDB- DM was anal yzed in the presence or

absence of bl ocking antibody (1 pM nBT062), FIG 8 shows tunor vol unes for

i ndivi dual  g,eeek AL A ghg\he a(t‘f%st%% al1Bst @Z%%a&@%%@gyiea& &rofree DV or

(D) non-targeting con over_time quze post -1 nocul ati on

Wi th NVOLP- B¢Ui9BFe daily thhmseﬁue@%’sw&ﬂsfeﬁ'a%ﬁ%?wg% SPA Vidual nice
treated witise@AD NeBS, (B) nBT062- SPDB-DWM, (C) B-B4-SPP-DML or (D)

nBT062- SPP- DML over tine (days) post-inoculation with MOLP-8 tunor cells.
FIG 10 depicts nmean tunor volune (+/- SD) of MOLP-8 human nultiple nyel oma
xenogr afts iThe BBsany iIngentipn isiaise dbeated atiarphaimeasidiyal gorgpositiap eQMisiteRT - 7 -
FIGS. 11A a@&s@hﬁd"&@é’eﬁtﬂaﬂij cﬁ'ﬂ'felem MEEEd Rfdeting drtib&y 2RBA BRAmMBBAUtiegal nst  CD138+

MOLP- 8 tunor {?Lﬂs in a bulk P-8 tunor nodel in SCID m ce. Tunor vol une
is given as ﬁ°€8 E£PTE5p) for each group. DETAI LED DESCRI PTI ON OF VARI QUS
AND PREFERRED EMBODI MENTS The present invention relates to targeting

agents, R%Br‘no‘&l’hla%htcwgtﬁﬁcés%%&g!n@@re@&tréem%jfs%%o pBRERhd Prefiaf i cul ar

engi neered 00138 targeting anti I es. I munoconj ugates conprising said
targeting alj¥fitt€nal | ow the delivery of the effector nolecul e(s) to target
sites and the site specific release of effector(s) nmolecule in, at or near
t arget cel | $he presstipgerdintaler igelndes af letietlf bated psamp ceopristy tfnfagnglmeeradti vat ed
by cl eavage/( ghatdon fromthe targeting agent portion of the

i Munocon] ué%ﬁﬁgtﬁt%ft arget site. The anti bodi es according to the
present invention and/or imunoconjugates conprising the same nay be

admi ni s:j e][ ethd Prederft ivpdh pravides &k @E;nie?@a ﬁzﬂ@éﬁnb @nfidoea tiegsbedieréio rimrel :cfs

i solate rom.suc need o ' Jrent . The effector
oL ecur e or SR SEdle Ry TELe e AR AL RBR R RO 0t & oy

cl eavage/ di ssoci at i oﬁnlantlgeatblnﬁirngcﬂems'e againgt I‘f@"ﬁ%\r\fd@re"téﬁ”@ amﬂgegshfé‘”@r or gan.

As one exanpl e, then @@téh&ﬂ%ﬁ{gﬁm@@odys&ngnpl oyed in an chronpgraphi c assay.
Formalin fixed, para ti ss e of rovi The
anti body nBT062 is a@cf@ﬁ‘ é§”‘§’ 8¥ ?f?i”badgiﬁpgﬁ?f{sgu?afcgg’gﬁ%rxﬂ g%(:g’ed 00138
of the tissue bimglsn khéa amEnrtmﬂiyodyA detecting anti body is added to bind

nBT062. In a final step, this binding of the detecting antibody, which
conpri ses chronogen is determ ned. The anti body nBT062 is used identy
human pl aswéww*%ﬁﬁhghm@&mreétfﬁr@eman&b%@f:idp EOhuée 13 BeEmentdgaetids of a
vari ety of hemwate#kogi cal malignancies. The nethod al so allows one to foll ow
the progress of certain carcinomas. A reduction of unspecific detection due
to a reduced cross reactivty with Fc receptors is observed when nBT062 is
enpl oyed asTioppesen ineeniiers alsorireddesotintusepeirthe 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



As a second exanpl e, the nBT062 anti body and an i munoconj ugate t hat

conpri ses the anti body nBT062 and at | east one highly cytotoxic drug or an
i mmunot oxin as an effector nolecule are provided and is adm nistered to a
patient with cancer. In this exanple, an effective anount of nBT062 shi el ds
00138 expressing non- - 8 - tunor cells froma therapeutically effective
anount of the immunoconjugate that is |ater adm nistered intravenously to a
patient so that it concentrates in thegcancerous cells. The effector

nol ecul e or nol ecules are released fromthe anti body target by an external
means to induce cell death or continuous cell cycle arrest in the cancer
cells. CD138 o fudhanchetitzdy tegfanl wberdivsa nédstokrhe’ SidiNDItherSYNBBEZAN, SDC;
SCD1; CD138 ANTI (G sk figREPAnBS&GESSI on nunber: P18827 hunan) is a
nmenbrane glycoprotein that was originally described to be present on cells
of epithelial origin, and subsequently found on hematopoietic cells

(Sander son, Mbe8PprticTii36 ltlese anddimay uesd padel bubat identdnnthehatgirteerrds t o

sol ubl e mol %ﬁ thig a(wt’r:‘bogyels 8 a%FrﬁMt%}eé ?ochpgnlﬁ;)\(ng@:’w:tﬁ%13§@§[3re defls i nsol ubl e

nol ecul es (e extrace onents co n and
fi br onect i nFUuti.dogRNgEsEdan etinprantieody fnganable EEWQQ?EPUS‘IMW‘Q%&% 8 2007)
and acts as eppreegph odid Eo13dtdrpresstigaae! | ul ar matrix. CD138 al so rredl at es
cell to cell adhesion through heparin-bindi ng nol ecul es expressed by
adherent cells. It has been shown that CD138 has a role as a co-receptor
for growth BRHEFOPESGRIPHYOM @NBHEEIGURESB] spi ng, 2006). Studies of plasm cell
di fferentiafi@n ppdiResd séﬂ%ﬁ{atlmﬁl%gerﬁ@{@h oﬂhmebﬁam@%a@fr@dﬂeo@@sa
differentiation antigen (Batai I'n mal i gnant

hemat opoi esPche$H138 i s highly expr essed on the majority of MMcells,

ovari an car ¢jgd)ends cﬂ@%&%p@@érﬁénaﬁ)aﬂaﬂgm | bl adder carci noma, breast
carci nonm, Erostate cancer, g ancer colon carcinoma cells and cells of

Hodgki n's aftf ﬁéﬁo‘}’-i)taﬁfi‘?'we@'opﬁ HRESN Fef FogARY@ ¥ PRphocyt i ¢ | eukeni a (CLL)

( Hor vat hova(ste“t&%émls@clubeltﬂeyEﬁabzﬁiphca@)t| c leukem a (ALL), acute nyel oblastic

| eukem a (A 4%??‘&45 gl%%n‘t'anvgm@ﬁ]eg@)sche fotfgb{hogl u, 2003 (b)), solid tissue
sar conas, on carcin natolo i C nallgnanC|es and
solid tunor 510: Bamt @ eckpmalipyeTERBRtieTCH P G Ebody cepjugationdaiol 068ehiaMty en et

al ., 1999; Hapy 8lh&ts an a%ggés of thai ﬁ@h@‘of%%’f‘@é}SPD?@@ﬁM fBreenaeblpwet al ., 2004,
Grosz and Kog have been shO\é\p to be

t hat
positive fof %93@@”%(83%@@‘? B%T%?@”VP&HVO&F&{‘F rzéﬁ“saa'gﬁr(‘iﬂtaﬁoﬁ‘fer'?gﬁtﬁ’gs
transiti onahBTERlanbtagderes carcgjiveanase clisdneyeeh tarescaick weareanoeds,
squanous cewtél gna% ci nomas; breast carcinonmas and uterine cancers (see,
for exanple Vi es e al ., 2004 Bar bareschi et al., 2003; Mennerich et
al ., 2004; lfs{ﬁt Y éndly) aspicHp vrfrogﬂgtgxwiWc]f R He2- Dl\ngj)Jgatestogards MOLP-8 In the

nor nal hU”H(Cm%B’@%@dJQJ@dC@m@Wt%%lls@&@@tu@@pﬂi%&bm pistes @i ricted to

plasma cells expressed on
peri pher al 'Bf‘g?vgdlwtﬁgrﬁd@?%%d Co%eﬁ‘héwggtlm&“é%ﬁf“fﬂ%%‘fsl@s %aryarng bl ood cells.

| n parti cul @egenCBdsgladdet émfuihdr phrogenisses celblidbitd o o ryietsrpe ediwity@D138 and
anti - CD 138,#yy3s. S‘#@Bnﬁm @55 %ﬁyzécﬂﬁ tHRUITRRH D8 6rRE ¥ 1 QUi BBivdRY (1S 11

henmat opoi et | c stemcel | cultures (Wjdenes, 1996). In non-henatopoietic
conpart ment $M "BERA%E8 i s mai nl y expressed on sinple and stratified epithelia
within the F!GngsdeS\mﬁor vekimas fok indiviyalanict gaated v@hnl(y) RBIWBIBI0EE ni ng was seen
hat " Coiss. MbeBE Aok BRI o o Al s R o
1999) . post-} mtp@wam é?hPrBBwanef@H% 64, BC/B-B4, B-B2, DL-101, 1 D4

M 15, 1.86.R&&09 s@fkidGdor volumes ﬂdﬂﬂrdQndua&éhce?tréalfbdn\aﬂht(AmBsal(B)GrB%smave been

ted t i zed
R L e T e et
recogni ze ehbduistion with ¥ahe-8owmaloetel y rel ated epitopes (Gattei, 1999).
Previous sty %dép%%ﬁéﬁﬁu%&%lu%e&ﬁ}/ ébsiofm%u:r @ﬁ&lﬂéH muﬁ@wabrﬁa CD138, but

only CD138 in nenbrane bound form enes 34, a nmurine
| gGL mAb, bfeRealtoN &5 1RGP “lé‘fﬁ‘l"Sb'é“%@?ﬁ%@?ﬁW@&" Bs 90- 95 of the core
protein on human syndecan-1 (CD138) (W jdenes, 1996; Dore, 1998).
Consistent with the expression pattern of CD138, E3-84 was shown to
strongly react with plasma cell |ine RPML8226, but not to react with
endothelial cells. Also consistent with the expression pattern of CD138,
6-64 also reacted with epithelial cells lines A431 (keratinocyte derived)
and Hep& (hepatocyte derived). An imrunotoxin B-B4-saporin was al so highly
toxic towards the plasma cell |ine RPM 8226, in fact considerably nore
toxic than free saporin. However, fromthe two epithelial cell lines
tested, B-84-saporin showed only toxicity towards cell line A431, although



A "targeting agent" according to the present invention is able to associate
with a nol ecul e expressed by a target cell and includes peptides and

non- peptides. In particular, targeting agents according to the present
invention include targeting anti bodi es and non-i munogl obul i n targeting

nol ecul es, which may be based on noni mmunogl obulin proteins, including, but
not limted to, AFFILINO nol ecul es, ANTI CALI NSO and AFFI BODI ES(r) .

Non- i mrunogl obul in targeting nol ecul esyal so i nclude non-peptidic targeting
nol ecul es such as targeting DNA and RNA ol i gonucl eoti des (aptaners), but

al so physiological ligands, in particular |igands of the antlgen in
question, sHtES. 4%A @miBghow the anti-tumor aakivityel NREPCAMMIFSASt GRIGE MPHG St 0 t he

present i nvﬁm{dreéllshﬁa &nkyli@o@ﬁ@ﬁﬁmopmo@el Radaib Miccanirh&redyimets dienpeoduced
synt heti cal lél% c%q gene e engl neering and binds to an antigen on a cell
or cells (t3FPget ”’ ) 'USHS" VP nterest. A targeting antibody according to
the present invention includes a monoclonal antibody, a poI ycI onal

ant i body, i body), or
an anti bodyD%QMﬁgthgpﬁgﬂ QF%A&IQ@J{%%@Q%@E% engi neere to, for
exanple, inprove its affinity to the target cells (Ross, 2003) or dimnish
i ts inmmunogeni ciThe.prébg invantpetrélatgs wridripdnd poeny inbpriatieaChed tergetindl i posomal
formul ati on,hpehudinng. aﬁprr‘ﬁ&Eé?%n&%e%&&@%&ﬁ&@étﬁwg%m[b%&@@ An ant i body

fragnent conprises a portion of an intact a erably the antigen
bi ndi ng or vraw%%ug@@ empf@mtsﬂétﬁlf@ﬁ“ﬁ%ﬁ@%ﬁ“%&g%deﬁ@ rﬁSF'b‘?se %‘mant.body
fragment s asertdéBdo tdgd biesphretentie spac@nidaane biutbaice) FaleculEabatorF(ab' ) 2,
and Fv frag i (Ward, 1989;
United State arpliﬁ?eetg%“s t%%%eg g!}@%&ggﬂj ﬁ%ggﬁggﬁt%&%ge@%g?%dﬁgép al n anti body
nol ecul es; dﬁ@aﬁﬁﬁfﬁ@tﬁé@ffqntfhawg%wﬁwtWQWQM“PWBW%P“JW‘ gnents. In
a single Ch@}-détyfyl abl e fragment antibody (scFv) the heavy and |ight chains
(VH and VL) can be linked by a short am no acid |inker havi ng, for exanpl e,
he tuo. donai e 16 HECRRbPESHEHE PORAT ARCGR B WAREPRARET Addi ti on
of various singniaihg fegaences beaymiaistes td esuinent & rpa@gﬁisﬁam@ih‘g@atm@ﬂtof t he
targeting apt) Q&QYSOI&@M{&)H fBn ﬁ%u%&?m'd ginbe (Rl CONTh AT THAHEAB: (CL) may

all ow dinmerization via disul giving increased stability and

avi dity. Va'P"P'&B{'%Orr"@‘é‘FQS‘WéW &ﬁ@?qm#ﬁ?g’“w%‘”@@@? e, if a mAb against a
target of iaéRagsHisdosiatonahlatbl dbse frethe birgdt petidsye Rlorf2ER whi ch cl ones out the
vari abl e regions from nRNA extracted fromthe parent hybri dona.

Al ternatively, the scFv n y
t echnol ogy (Sm tAﬁ onﬁ@b Pie ﬁ’s anh&) ﬁéﬁ%ﬁﬁﬂs Q.%ﬂ%‘é% £)ry{"‘k?un ?apglr%@é%r agnment "
when used |Eprmelﬁrefr><§d\d@raﬁ@ ea!bleafiegéfﬁwg?farﬁﬂi'%b@?Prq\@leﬁi ntheratpdo refer to a

ggr ; In ?n gl;] ﬁé@sﬁ & GRkd £k @Md e n@f@uﬂf&e@a&a&leacgﬁa@mm tfesﬁ@e:' ly Pr:a ggl ?g
i is
A bi spegl fﬁﬂ“%ﬁ{“? B'H@g Yaéésﬁeéi“ﬁj‘n%gf ﬁ@dﬁ?‘%@z’ﬁ’? Fh@%n%i aofﬁ or exanpl e,

have at Ieatsmmwt!wdatetchmanhsodyes}md:h mmg@aﬁmn@gearsgietermms%u'@eand one arm
that is re 269 Hf!kiﬁf & hahaldhstic Balsenl tfybl i cati on
20020006378:3%'wo%b| S %%L? f% 'gé mw&%&%pg i g ai$é){}algsent i nvention nay
al so bi nd teifow&fi@gre%&ﬁfBH@*eéVrﬂfh@aﬁm@ﬁc%l nieéwéfie%éh? mehae plae alo¥HEs5 . An
anti body acteedliew g rogrédeef mmmhmmenmmmmw bespexift deteetiorbyue t6 or

exanpl e, |ntrod cin i nt.r [%o) (d af sen,
2004). bR e R U EoRiepieETe e R B oD R L5 Dy

ant i body rraqppb@eddeﬁmémemowtﬁmw source and may be, but is not Iimted to,
a canel antibody, a nurine antibody, a chineric human/ nouse anti body or a

chimeric human/ m@@xo@@xbfhgéxhe h@rd@gram.%ui/ afic arﬁmﬁmhmhmgat@ yrRen/ nouse
anti body such as nB are _anti bodi es that

e
contai n sedG8REES tﬁ%’f\nt%%v et %f‘drﬂﬁ”ﬁe&ﬁt Oé‘ﬁthigﬁ@ﬂm?ﬁ'aafutg&?% non- human
ant i body aricimanetosh aoamkftdsionmblreuls eepeovirfedt dng ipadas@sieret! tovaepatieorwithSui t abl e
met hods for, i i Lncl HeBR tarity
ot er m ni g Dot B eI e s i R O AR e
Patents 5,530,101; and 5,585, 089), veneering or resurfacing (EP 0 592 106;
EP 0 519 596; Padlan, 199; Studnicka et al., 1994; Roguska et al., 1994),
chain shuffling (United States Patent 5,565,332) and Del nmunosati onTm
(Biovation, LTD). In CDR-grafting, the nouse conpl enentarity-determ ning
regions (CDRs) from for exanple, mAb B-B4 are grafted into human vari abl e
framewor ks, which are then joined to human constant regions, to create a
human B-B4 anti body (hB-B4). Several antibodies humani zed by CDR-grafting
are now in clinical use, including MYLOTARG (Sievers et al., 2001) and
HECEPTI N (Pegram et al, 1998). The resurfaci ng technol ogy uses a



- 14 - surface expressed CD138" or, to be "selective" for sonething, this
means that there is a significant selectivity (i.e. a higher affinity

t owards CD138-positive cells conpared with CD138-negative cells) for, in
the case of the exanple provided, cell-surface expressed CD138, conpared to
any other antigens. Adverse side effects in a given environnent are
substantially reduced or even avoided due to this selectivity.

“Non-i mmunogl obul in targeting nol ecul eg™ according to the present invention
i nclude targeting nol ecul es derived from non-i mmunogl obulin proteins as
wel | as nonpeptidic targeting nol ecul es. Small non-immnogl obulin proteins
whi ch are i Agnaigels fiom qthergpergraﬂnpfrqcbw areinyd Hednagnecgningaiethaidel@ler i c

affinities taemrseeaed ihtPavBRdLElly €4 @dtreﬁt%bf’dﬁﬁlﬁc@?&@rﬁt%é‘s&rdth@@éﬁ’a%roua'b@@e snal |

non- |nnunogl ns |nc ude sca ered molecul es
Such as ar 1T At PeBe oA R et G R e SRR el P bt such
as bet ween makm irgtuck &0 dk@h or Apiruops ceditcpcis aradst oltiscanerticelide, f or exanpl e,
gamma crystal line. Those nol ecul es have, in their natural state, no

speci fi ¢ bi ndi ngC@%S'on%rMeoca 35 L lLdASASOTPL ARGy, SBE; Spgineer | ng the

protein surfaces hr ou defi ned ran om zation of solvent exposed
amino aci ds® éé%i\‘&@éﬂysrr'éwr&%ﬁsean BHPRSE FRIBE2 Chuantig 2 MESIFRNE non- bi ndi ng
proteins ar @lytdipedftebwat wanspelyadsdribbotodpatdskhiconeiadif Bgthelizd begimsnd Such

mol ecul es C@rﬁbs@?ue%@fféwd &ﬂle“n\é o%éﬂc%r??%%ﬂdé?éogdrg%g aé@@%haé#ﬁrn as CD138, and

allow for s l'ecu f:see sci l
Pr ot ei ns GrﬁﬂraéﬁiluﬁﬂMP@@ﬁ Ihs @@C@rtﬁéoiwiﬂﬁﬁm'?@mﬁ)(e gAHSIOFRYD fertat BT

non- i mmnoQb—l@Wbrhcﬂo‘ir%BlQ@é d@ciey (%QJU|t@§1e%ﬂ%c@lﬁﬂdrVr%daxfcbr@ﬁarieh@@ﬁtaabems and

| mmunog! obu PR RE A fERe T T e B E LR ePs e DYl B pept | de

chain with 268 réepBOr amextmcalmiadmramsrmalsﬁmdtatemd:relm@ Cpld)@dieslorof | i pocal i ns

Cpecit LF?Crgﬁféh*Qrgf'ﬁ%%“hér%*e%*%%ﬁé%% 5 ahBREER et Byt Y
receptors s@Gend@kesenebes fepkesesiar iahgewthianiors plameinmacels BisBeay Py (Af f i body

AB) are al sgtsliet bi Madhiies gigBentfiord SRWBH BRECD 13sMMentlsdrs cohbiesed as4i fi ci al

bacterial regeptor. nolecu r mal |, sinmple proteins and may be conposed
of a three- ﬁ&?rgglt'aﬂ%mt'ge’bgggéﬁ ozféoahe scaffol d of one of the Ig0-binding

dormai ns of Protein A (Staphylococcus aureus). These nol ecul es have binding
properties simil ﬁa%éh@né?@ﬂéﬁnét%é@@%@%‘ré Aghly @;r&es@é@orﬁm@%@nryloarnw smal | er,

havi ng a nol ecul ar, We'c%@ oft'en not excee nd are al so

conpar at i vef§isvataneardgemegfney sereinemeisal Pip 8‘?"’F'5?m? @F@B&C&FC‘Waecul es are,
f or exanpl eproglegaandee durigrtabler tceidn Sirahesa Bak and sells pB83digkit'® andndB4, 628 and
6, 740, 734. ocg;]i%slyémpqomas %ﬂronge)fnﬁ)% &rc [59&&:%5&&%?—%%&@\15‘9%@ iR present

invention is “ahal ogue 'th that is
attached t olvapkebiagtie ieHemigéht), acuie pusloliastis lepkania Mo (Fafglioghk ?%d? and/ or an

engi neer ed Sérfag@g}ru rzgo@rbw&w@lyssua@é}c&rmt chNEdh@nomad @s ivelegs @hdrect , for
exanpl e, a co t| RLUS cel |

0
cycle arres? epr%aﬂa?qr%n@féﬁna%qes@gp ISO%QU'E%rF r??e)@ﬁség:bg?s %fbogﬁﬁ % according to
t he present Seéheslyan etaa, 199 IHad et apRefEuCea nauxadt alc 2004 REGanneediak 8¢04%f f ects in a
target cel |Oﬁ3@gah{ﬁ$d¢gpgoé}ﬂ)ﬂ are not limted to, toxins, drugs, in
particul ar [ ow ecul ar wei ght cytotoxic drugs, radionuclides, biological
response nodifiers, pore-form ng agents, ribonucl eases rot ei ns of
apoptotic si gnalFthe] RacEtdayg ‘P??”éb%‘?ﬂi BdrgosiE %13§8f"$)r9?sf°i”@§? cyt ot oxi c
enzynes, pragiyuganst ddsabdanghoanazytrmsitionantdl d@dse calcingans ldeat diekesell ant i bodi es

Pher Lor ! ToerAton Lo ol g D8l Gibd YRLNGRy BB 08 ARMBSLICADTEN S

thereof . Toxi imted to,
Di pht heri a &seserfweeamﬂﬁdiay@ﬁf A, ZQ%rﬁitarhafﬁspir@t als geds: Mensien ¢l quf‘n ted to,
Rici n. Protgidsenét APOBE©1iGertk amab)i Ng cascades with apoptosis-inducing
activities, include, but are not Irnlted to, Granzyne B, G anzyne A,
Caspase- 3, Caspase-7, Caspase-8, Caspase-9, truncated Bid (tBid), Bax and
Bak. In a preferred enbodi nent, the effector increases internal
effector delivery of the i munoconjugate, in particular when the natural
formof the antibody on which the targeting anti body of the imunoconjugate
is based is poorly internalizable. In another preferred enbodi nent the
effector is, inits native form non-selective. In certain enbodi nents the
effector has high non-selective toxicity, including systemc toxicity, when
inits native form The "native fornmt of an effector nolecule of the
present invention is an effector nol ecul e before being attached to the
targeting agent to form an i nmunoconjugate. In another preferred

enbodi nment, the non-selective toxicity of the effector nolecule is



4, 256, 746; 4, 260, 608; 4, 265, 814; 4, 294,757, 4,307,016; 4, 308, 268;
4,308, 269; 4, 309, 428; 4, 313,946, 4,315,929, 4,317,821, 4,322, 348,
4,331, 598; 4,361, 650; 4,362,663, 4,364, 866; 4,371, 533,

-g-

in the normal human hematopoietic compartment, CD138 expression is restricted
to plasma cells (Wijdenes, 1996; Chilosi, 1998) and CD138 is not expressed on
peripheral blood lymphocytes, monocytes, granulocytes, and red blood cells. In
particular, CD34" stern and progenitor cells do not express CD138 and anti-CD138
mAbs do not affect the number of colony forming units in hematopoietic stem cell
cultures (Wijdenes, 1996). In non-hematopoietic companments, CD138 is mainly
expressed on simple and stratified epithelia within the lung, liver, skin, kidney and gut.
Only a weak staining was seen on endotheliat cells (Bernfield, 1992; Vooijs, 1986). It
has been reported that CD138 exists in polymorphic forms in human lymphoma ceils
(Gattei, 1999).

Monocdlonal antibodies B-B4, BC/B-B4, B-B2, DL~101, 1 D4, Mi15, 1.BB.210,
2Q1484, 5F7, 104-9, 281-2 in particular B-B4 have been reported to be specific to
CD138. Of those B-B4, 104 and MI15 recognized both the intact molecule and the core
protein of CI138 and were shown to recognize either the same or closely related
epitopes (Gattei, 1999). Previous studies reported that B-B4 did not recognize soluble
CD138, but only CD138 in membrane bound form (Wijdenes, 2002).

B-B4, a murine IgG1 mAb, binds to a linear epitope between residues 80-85 of
the core protein on human syndecan-1 (CD138) (Wijdenes, 1996; Dore, 1988).
Consistent with the expression pattern of CD>138, B-B4 was shown to strongly react with
plasma cell line RPMI8226, but not to react with endothelial cells. Also consistent with
the expression pattern of CD 138, B-B4 also reacted with epithelial cells lines A431
{(keratinocyte derived) and HepG2 (hepatocyte derived). An immunotoxin B-B4-saporin
was also highly toxic fowards the plasma cell line RPMI8226, in fact considerably more
toxic than free saporin. However, from the two epithelial cell lines tested, B-B4-saporin
showed only toxicity towards cell line A431, aithough in a clonogenic assay B-B4 saporin
showed no inhibitory effect on the outgrowth of A431 cells (Vooijs, 1996). Other
researchers reported lack of specificity of MM-associated antigens against tumors
{Couturier, 1889).

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



4,424,219 and 4, 151, 042. In a preferred enbodi nent, the maytansi noid
is a thiol-containing mytansinoid and is nore 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). DV 1

(N2- deacet yl - N2- ( 3- mer capt o- 1- oxopropyl )-maytansine) is a preferred
effector nolecule in the context of the present invention. DML is 3- to
10-fold nmore cytotoxic than maytansi nejo-and has been converted into a
pro-drug by linking it via - 17 - disulfide bond(s) to a nonocl onal

anti body directed towards a tunor-associ ated antigen. Certain of these
conj ugat es CEHHwel rﬁ@@”’%“ﬁa‘l’rlcéﬁl’p"'leﬂﬁd]r'at§€FPVH¥3%W”¥)?WFi'?@é’es'% shapeyistigse not
cyt ot oxi ¢ i nfthBantbend conpartnent, since they are activated upon
associating with a target cells and internalized, thereby releasing the
drug (Blattler, 2001). Several antibody-DML conjugates have been devel oped
(Payne, 2003), af iyesent isveritiomused theteon thineragellt tojindlugie capger exligrap|veell

huC242- DMLt gRtddREHrous ke Ol e Rdyr maR RGBSRk e AL Sidwasorvel | tol erated, did
not induce any detectabl e imune response and had a long circulation tine
(Tol cher, 2003). rticul arl referre t ansi nqi ds corrprrse
a si de chain tha(%‘ tﬁrgﬁtfnglaﬁgntaa°§$@rt‘9 I’%fH‘? ?eﬁ%/%ﬁé?r@a” ’Lsﬁglr? %??ﬁﬂatgff% but
not | i m t edntoeculmaydresssd byoa theget cell and includes peptides and non-peptides. in

N2 - deacet y bl EaR A ch: ﬂégﬁ:‘afbﬁrﬁ;@ﬂw@?yés@rﬂ%\v@ﬁ’tron%{cﬁl‘aefa%e@iﬁé ed to as "D\B,"

and N2' - dea apt o- 1- oxo I')- mayt ansi ne, al so
referred toa@;@odrmd ”O’Fﬁ’@m§w @%‘r"%fg@}fngmcil'§sé"{4i‘ qYRe PSS ONF%8nd 4 and is
descri bed elnapwglbulin@rddins, inidingl il f re mifatamaBMLINGoBbBed, N that it bears
met hyl grou u I n C&hen DV is
attached vi BUCrHhlsh A ae B EER NP g B by bR

conpri sing @Clelﬂ%mﬂf*ﬁernbdﬂbtﬁmfmqmOIQCLﬂ%rSg@’tﬁSrtg’gaf{y’@rﬂN/‘sWrﬁ% nBT062. A wi de

vari ety of Whm.m aﬁarh@r@r blmersapﬁrsﬁrdge@higxn&l inGeriedartiharks optheup

(possessrng one o in particular alkyls substituents,
such as the W@F‘P\VIqug%E’tﬁUP %?1{3[5163 DV4) are disclosed U.S. Patent

Publ i cati on 2004/ 0235840, published Nov. 25, 2004, which is incorporated
herein inits emi_targetyrglaytibroef ecendisy toAs pregpot inedtidnis Gok dasedloerm et al . in
U S. Patent, !Hr?ﬁdg%pisﬁpc%?é gtﬁér%aiiysdeZQ RS Qr% 2Rl én'@%%@?o A kyl ation

(e.0., rreth atron gls released at its
target . Thea'ﬁ‘IQR@P‘a%‘ FRlber eelp (iarﬁer @he Of frterast. afb'faFQeE'S’/g FttibedyeacerTeige 1thdwi ng f or
t_hleI so-cal | @dsé@r‘]ﬁrﬁ@ﬁd@rnclﬁﬁés%lﬁrodd@rbﬁéd%ht,rboaﬁ atpRRciped aatbodk alntuttdpéatict he aL t
W apprec] t her Ct or es CO I‘ u nts such as
A kyl “6F oupt aper B BFm BbfeERiRe Fa R Tap R AR e The
effector i saralto@@chwet@g@eerar tpetor W@Wm@emprwearsaﬁ" hitwrik &re target Bl (ROt t he
present i nvegsj &m.m.ﬁrsﬁft@rnﬁmnrsgénmtf étﬂ@%nirﬂb@y'ﬁ@§ b@a®dtasd ©al

nodi fication such_as a t increase,its overall
Coabi 1oy hereme sy tion o idarete miecobaoaengald. bBErREErs i’

conrl nuous celfrisesyapaeticraf es tntdchar@GDid8prefebiysisd ardjgérumdingee vhgableut |

Phe. Cumr ' eGeRgrhlcl aRbadi A oS flch hiHenacloring WHRODedy P OTBEL
vascul at ur e'”mﬁ’éIOWP‘BCI*PFg@n b5IF1(30 el Gnoh BY Tragepntss But @S SBPeHeRIHM#HY sh or | ose

t hei [ suppoarrtnbdstgesqamr(wa&ctreggguﬁfmcatat@sﬂpatem 6.1;)35079 linear anfid&liea) dndieat i IngOI
agents are err o) i ncl ude,
bt ar e not TR AT ak pis el R R AR aBbo b Fﬁrﬁrofvfamfﬁ%vﬁég%%%@ s a
potent anti 10@mﬁrgl%nfrﬁlﬂb'ﬁmhlazfrﬂmhfaﬁtr@bbdﬂmmﬁwdm bepvie ndlighBihep\Ghpeks zel ensi s

and has beep %Qﬁw@lrﬁk@dgﬁagmrh@é@d rkrmerqréb.ﬂgqaﬂe&amae%é §uéhdai t ed fSt ates
re or

Pat ent 4, 169 888 sent .invention

el o 1 helobgrebH A Gyt BHoR ety (et Tt uBIN  “BHrER ot ot es
Pat ent s 5, 4dhtioS2 antlpeb8mdkh Dot Auidilidof3aBousAfyntilsequeacssomaysivifed i n t he
art will r r vatives as
descri bed 1 RO ER o o e e g A e o P B8 s

anal ogues dreglaer%)atarr@w@r@eﬁre@errreeaulphréﬁboeﬂwmf@ '”qffrﬁsﬁﬂﬁ*ﬁ*e'ély%%dat es Patent
6, 756, 397 are also within the scope of the present invention. In certain
enbodi nents of the invention, 00-1065 anal ogues or derivatives may, for
exanpl e, be synthesized as described in United States Patent 6,534, 660.
Anot her group of conpounds that make preferred effector nolecules are

t axanes, especially highly potent ones and those that contain thiol or

di sul fide groups. Taxanes are mtotic spindle poisons that inhibit the
depol yneri zation of tubulin, resulting in an increase in the rate of

m cr ot ubul e assenbly and cel| death. Taxanes that are within the scope of
the present invention are, for exanple, disclosed in United States Patents



- 19 - antibody, and one effector nolecule. The immnoconjugate m ght
conprise further nolecules for exanple for stabilization. For

i mrunoconj ugates, the term"conjugate"” is generally used to define the
operative association of the targeting agent with one or nore effector

nol ecul es and is not intended to refer solely to any type of operative
association, and is particularly not [imted to chem cal "conjugation". So
|l ong as the targeting agent is able toqfind to the target site and the
attached effector functions sufficiently as intended, particularly when
delivered to the target site, any node of attachnent will be suitable. The
conj ugat i on amigithodsiable cagrais fig comstrudiiog fressintani ihy eibiaosindtaddrerte! but are not
limted to, iﬂér@ﬁgav@ﬁatb%cmméafbytﬁ?@@& huieh 95né§%|u%é‘b§rlablg rédidrstramaet i ng

anti body, with or wt ro ation of effector | ecul e
and/ or the f%ﬁ'\ﬁ*e%rﬁaeefmm %Wea*rhvawoa@hﬁéwﬁaﬂyﬁa fP? REaoan B} SSREIRS can be
cat egor i zed ot uneit byghadd gsp ayttechndlogy (Bxamabel). Asuskd hebiid, ghe tqﬂhxot ol abil e
linkers, enzypg ¢l E?@ﬁ%ﬁ Ygﬂ]énfl}%&ﬁ RrreSidhilk B3 térh%#ﬂgféﬁuﬁohﬂs 15@5&1]6% Rkgaved by

pepti dases. d eava ers are, In man | nvention
preferred. Sueperinedimiresting arEody whieh fﬁéa@b@ﬁéﬁ%ﬁﬂ‘él"'”@ﬁﬁai‘ PR present

in the cell glaak spéaﬂcér@mmrmby th@armabdw@fweaée .smdem rsselekind &ttib&yvi r onment
and t hat have

gn the cl eavage. Low
ore such ae oS e ERANGRIG Ty, BRI A Bt at Flr Gepart ments
will cl eave regciive doalbétladarbétilesiesaind whe ren thitds robeive bgainst akekesmeighl be cl eaved

by, e.g., inifiahetdsirdhht Pm%&%@mbb@lﬁ%ﬁ Atb%tecnﬁf aﬁmsdo?%&&?dnkb% gader
phy5|olog|cal condi tjons %ﬁient in

f d d
D e of  edlesaraPan M S6RHER i oie Loy eRBay B P gt FREPERT AR08 G ngly-
di sul fide | |AnIaeﬂfb&dgaac&ortde&gmcgthplp%emmdmson mhyn@diﬁeﬂbyrémbm@e t he i nvention.
T Ieeiodldhacl SN ARl Bl il bdmsuahagas,  ahi o can occur

under physi ol ogli cal “conditions ero tional disulfide
linkers include, '”BEﬁord@F%e‘ﬁ'B‘tth?Prﬁﬁ‘%"ed‘V%@O” NeitapinaAnggqdy may be derived

3- (2- pyri dy ket tahy Supseptl @ be, HUEERR)in(tee®, a Carfel ani@@ﬂi/ SIRRinebintdbdy, 1978) ) ,

Nsuccinimd ri d di t but anoat S, Pat.

3 565, 304) . R AP SR o DO PR btk 3Bl hetleca . |
CAS Regi st ryhlmamdezmaBWm@@arﬂtaocﬁf)sucmpmﬂzT@ﬁhl m dyl

4- (N-mal ei m domgy hyd.)6Y 6hiRBGEARE aﬂmb%%@%véoﬁiaﬁu sfe?&ms §59& frdhm 8-, Yoshi take
et al., (197 , and N-s ccinim %(5 | -4 -%@&%@htrog{thdyl-

di t hi o] pent 3‘1‘16%&%‘“‘ e@@é‘m@%an angjbedy gogare 35%% ¥ Yhe nost
preferred | preket mlmit:en ub@tabik aretegefor hurhdrizingmneddiesenoboa BSOS draftmy ar e SPP,

SMCC, - and F%p!egentant(\gdetfa% r}ﬂﬁg}’ rgﬁu‘dh b%ﬁm?) (Ebr(bkz%bﬁo ﬁ)lemlﬁ%%q%mt@@n cl eavabl e"

bonds, such osucci ni m ei m donet hy
cycl ohexanes@@sﬁéi{amsaﬁfé”o(@m)’ 5.58RP8. vegewing ot '@ﬁ‘dffﬂ"‘lnaﬁﬁff?é??amﬁl lIEFﬁP?er
capabl e of S19ﬂ96mgacﬁd?:ﬁmﬁd@nlwkatdﬁaSH99@%§m9Rb @gazqwqmwn@tsshmﬁgmctu onal and

het er obi fungt i.0 | in such as gar ted - 20 -
het er obi fun@{ni’t%%gtﬁteﬁpﬁ 8{ 5@%2@5?5 De!g]@@ﬂosi % Opy ??QL cysteine
hydr azi de (JRGR), theemeusalcgmp!ﬁﬂlertrtaw-ﬂﬁemsmmm@glgtﬁs &Crwsbfrr@s,éfrrtexarnw)enu on

(Vogel , 2004\, sldeareHi86d Ao rm?]laﬁ%“a%lve f:%H\%tﬂlo@é WhidiBYd BB joal & nuvey be
conjugated to the targetin a%%antl process,

WO
i ncludi ng a®ngtept r?@?”%%"é’be ﬂf“f‘m‘?fh? ﬁ“WPC“E qttu‘g E’t‘%rg% E'E@”@fﬁ%)ody with a
cr oss- | i nki mgnanead enCOBedttimsardinaubiimeariisky incloying thrlL0TAREG ¢Pieeps @nat e ( SPDP)
to introducg Qbé'lhlaﬁ?dwébgﬁf'hi\l%éﬂi&?ﬁefept@)gé he targeting antibody. In a second
step, a reactive noi-d ng a t'hiol group, such as DML, may be
added to the nodi hﬁres@rfmgte@wy!ogw!éﬁ@alatcprﬁgn@fwntOheofaP%q5|naféé'r?§rﬁtatt§%waé he

t hi opyri dyl afafyeidRad mdtdgBessikasbifdr e@ naniomWace@rmdaﬁtmedwaﬂﬁhu@tdgmns fof

disulfide-lin t ot oxi ¢, ma noi antlb t ed St at es
Pat ent 5, 2087 %@gﬁ %ﬁSV\%C\?@PfkHS%Ea@%«S%e%%ﬁh%tS@tem‘%t %geagd &g@’ %s the one
di scl osed ifar thairdsedacBtgaf entibPdice @nd Phhbrlmf@i&@d%ﬁ@@@@@@lﬁ@memmwghar| et al
are al so Wi 4 fihfid\RthiORGerit nbACarPHRSSRY, ﬂonéeempteom Unlatéu ohRs eaeadi nent of
the present invention multiple effector nolecules of the sane or different
kind are attached to a targeting anti body. CC- 1065 anal ogues or
derivatives may be conjugated to the targeting agent via for exanple PEG

| i nki ng groups as described in United States Patent 6,716, 821.

Cal i cheam cins may be conjugated to the targeting antibodies via |linkers
(United States Patent 5,877,296 and United States Patent 5,773,001) or
according to the conjugation nethods disclosed in United States Patent
5,712,374 and United States Patent 5,714,586. Another preferred nmethod for
preparing calicheam cin conjugates is disclosed in Unites States Patent
Publ i cati on 20040082764. The i mmunoconjugates of the present invention nmay



- 22 - subclasses (isotypes). For exanple, the 1gG class has four isotypes,
nanmely, 1gGl, 1g&, 1gG3, and 1g04 which are determ ned by the constant
regions. O the various human anti body cl asses, only hunan 1901, 1g&, 1903
and IgMare known to effectively activate the conplenent system Wile the
constant regions do not formthe antigen binding sites, the arrangenent of
the constant regions and hinge region nmay confer segnental flexibility on
the nmol ecule which allows it to bind wih the antigen. Different 1gG
i sotypes can bind to Fe receptors on cells such as nonocytes, B cells and
NK cells, thereby activating the cells to rel ease cytokines. Different

i sot ypes map.&ER661. aduiananibasitsyphreeenade yesaliety agméthodsdoawn ibthesgiist eni ¢

i nfl ammat i Orhc:uldmg Bﬁélgte'o%éla?%etﬁob§ SHefARI RN S@fes 'P%@hﬁé@eﬁzi a8y, shpdiFCyR to

di fferent degﬁé roup of surface 8 lt(épgg)rot gs bel onging to
the Ig superf FriSP@aa% BLpitearigemslanpPalint fRAIEIES bedtatisirVEcy R

gl ycopr ot ei 98/4a848, Wiodsd@d3d, o od/vsee, \oh a8k ess4des] epfidines] Ve $EB313E064) ,

FcyRI | %)1 ﬂ;@%F@gﬁq 1 (CD16). Wile I1gGl, 1g& and 1g& bind strongly to
a vari ety o] ? ese classes of FcyR gl ycoproteins A display nmuch weaker
bi ndi ng. | n part T#ggtiag antibgdigs hat hane Wﬁ%@loﬁ%épyaﬁoé “B'I“FPEE‘P“‘B?E"“% 2 whi ch
results in cehfid Mﬁha}ﬁfﬂu@me@ﬂst.bew@srbrmhmﬁ@h&rammo@yaﬂﬂzp@memhamu| ul ar

cytotoxicit nd do R al so a
weak bi nder%@"%&ﬁ,?ﬁ” agwe%en%m %‘ﬁﬁi ff)péxgrnpgt'éq tove theIE ﬁﬁﬁ’e?rmr e, g4
medi at es onthe tmeﬁwe&ﬁorﬂmlmmelemnm@amm Dlﬁﬁlsaﬁdtmé}akagﬂ‘renﬁomcorrpl enment
dependent Cﬁ&@&u@%'ﬂﬁicﬁéﬁa(f%@entsbﬂs&ﬂ%ré‘éﬂ oo @és thighald @'ﬁi@f@bné syention, 1gHA

may be specificall reven g of hepatl o
Fole o 1 anapaye ROMEAE Seterion STE AR IoE: R G et S Bl o oy ca
endot hel i al antéotisplendespandreabspeificentintdies mraveteredoRyelsin dslengmekedf f er cel | s
(macrophageﬁgr @t?@ bb(ﬂ&gractl on with FcRylll on hepatic NK cells. Certain
mut ati ons t hat reduce any CDC are also part of the present

i nvention. For exarrpl e | g&4 residues at positions 327, 330 and 331 were

?hown to reducehcﬁcﬁ?ﬁ&nz(eaahtibbaxéy nfAeRende abtivoa) bindied regiph QIBWd}r@iaby@lgloahd EDC
Amour, 1999;. Shi I ze the
anti body ar iy gy Lgﬁn an?bot]dg‘u %?ﬂg%rgﬂ?n%aﬁgboramthe& ?ené sé&;(%re errgd to herein
as "stabi | i génstpnimagiand oabe providedder bina-ait # bysan angbasie Gererplyr t i cul ar

| euci ne-t o- ghbaatish %Vc@tH@é&éﬁah?@@fcbﬁbtéHﬂ?eg@h@cﬁ%nﬂ %%H'rﬂ%e@ﬂﬁe

serine-to- prol|ne exchanges in e cor mut at i ons
decrease, i AR &7 AN RS r8$‘°'?5%tqerﬂ9‘gtfﬁd?’8'ﬁ'°htc ﬁbé‘ T

hal f - nDl ecubieding arclnessffetird hy h@%xcHaags Ih hmrefé%daarr(b_opnmﬁiaﬁ delpyesentss t han 2%
or 1% Mreqv&iion ttrﬂeeedgﬂwe)ér'eﬁ% Eé’]‘léulaj{hﬁg @%ds&ti%ﬁo lh'e%ﬁ%eﬁ@v’eﬂ%ﬂ' es mght be

i ncreased sever al I nclu ays Schuur man,
1999). - 2@ay haveahigherram@@& aifiefty P@Sseidr‘?dl*ﬂudﬁ’H@ﬁ‘)f@ﬁé{é@crﬁ?@"%’ﬁt"f’ jodi es, in
particul ar Wmm:s&@ 1ttl§15®@ﬂ bRginpakitdatihe sETeh2selingigdndhatibbdiesmygedl so be

descri bed of_s le nternms of. thelr bindi ng aff igen, in
parti cul ar {'18 e%ﬁ) a‘ﬁrtgq eeF?%t'godJl E}?&ﬂ’%g‘a% hfelnp'lun{ll gslg%'of“'1 @&Neé%%ﬁeggggent s such
as targeti ngnmwrnembditéspres@ﬂt paentive uhanneaghgries ergrisisg §essi ng ant i bodi es,

are char aCt@rde:%@deml lMi%d&%ls%@@El‘é@ﬁ&%léﬂe)ar(h'BMyé@ffnltJ/e’ﬁ%sé han 1.6, |ess
than 1.5 or _a

out or |ess : rising said
targeting a@@?ﬂ@o@‘ﬂﬁ?ﬁsé@ytajﬁ" ﬁaﬁ{j‘ %H?'PSG‘ET%@G'HF Q@S‘gﬁ%ﬁqﬁ lg%nstants KE)
(nM of Ies;sropémm; dudh,as laedghet deaurtidn & tonorllesishantibeir 2B8 coldt@sisg t han 2. 4, | ess
than 2.3, an or about
1.9 are pre ef%?tg %azpreéeﬁédse%bgpne%t e A”?ﬁge’%&;g'?p% frl:@grg%gr ding to the
present i nv*éfﬁef"éﬂﬁwwes\ﬁ&@ay@ﬁ@‘@a aﬁ'ﬁ""?%@a‘t%@w&d@ﬁ'&? qistgoaioti body or
engl neer ed &@&Q%'NEQHMT&fHd%@d'Mnampﬂg@é’tﬁdq1BI&r godubdrugsslthay 10 etilgrtheig ant i body
and in nost_chi nmer ze n o i ng region
i s made up QEring clowaﬁc[pa%snge ﬁgagrﬁ%erFﬁ%Q\f &|§socaallc% oaétar'ﬁs% I\ﬁ%pat%ga%y chain.
However, i nmarelilesnvis.clivaiumoeanitigbiosl yorefesizon thrasdting pgants slaabngroetitte ant i gen
bi ndi ng regér@nﬂoéﬂéd thaPSe dBAREHR Iy disSodation E&Rtdntd F K, WD ofiRBRhAas26f the heavy
chain only, while in single chain antibodies (ScFv), which conbine in a
si ngl e pol ypeptide chain the |ight and heavy chain variabl e domains of an
anti body nol ecule, the ABR is provided by only one pol ypepti de nol ecul e.
FAB fragnments are usually obtai ned by papain digestion and have one |i ght
chain and part of a heavy chain and thus conprise an ABR with only one
antigen conbining site. On the other hand, diabodies are small anti body
fragnents with two antigen-binding regions. In the context of the present
i nvention, however, an antigen binding region of an targeting anti body or
engi neered targeting antibody is any region that primarily determ nes the
bi ndi ng specificity of the targeting anti body or engineered targeting



Ts-Tf/ Tm x 100 In a preferred enbodi nent, the targeting variation of
the engi neered targeting anti body of the present invention is |ess than
160% | ess than 140% |ess than 130% |ess than 120% |ess than 110% | ess
than 100% I|ess than 90% |ess than 80% |ess than 70% |ess than 60% or

| ess than 60% and in certain enbodi nents even | ess than 45% Preferably,
the targeting variation is between about 10% and about 150% preferably

bet ween about 10% and about 100% abouf.10% and about 80% about 10% and
about 70% about 10% and about 60% about 10% and about 50% The
honogenity of targeting (also referred to herein as the honogenity of

bi ndi ng to &spten 2.Edewrthanit4, dpsajhao 8. lees thpsd2.dersidntd bérsbihanefessreans such

as determ nthlagowb%uttma pgarfémhmqhsImﬁunoeématea%ommm@%esmmakI lled in the
art will read under st and ain nI y one

o anet er | ofP i FHSTIS: Ty HROTRAER AR CBB it T HEAB M pendi ng
on t he desi vratore ému 216, (cobduer Tabder B Metegpls anchigbtiodds)t i ne (for, e. g. , measuring
tumor grow h delay) or % of binding may be enpl oyed. The person skilled in
the art can readily deternine such other paraneters. nBT062 (see

also FIG '1) i$uldnansetredieamay Aspes P??di glpeapipdies o ?Pe?ﬁ‘ef@ﬂ %ersion of
13-84. Thi sthe iph@rdssmgl aN@b&dhphedé CB1 B orvaantyesiatedmiicant diwors tided HAMA

H Ant i ni.: t it
(om0 A L SSATRP I, B AR LB et onal
found that ¥Qﬂ1‘a ai aperoaeh laﬁ@\ralﬁ@d?obtﬁimptllpé@ﬂgﬂllihrﬁﬁﬁﬁméﬁmbﬁuﬁﬁ?mﬁc@fqﬁiﬁ’Fﬂ ties

rel ative t oin@rid thefiffly SURPEBSIYIAY antibdtfosGERM®BS to heRM drOR6MMchas been
associ at ed W'&)h hom)genous targeting, which reduces the variance in results

obt ai ned whaHPed 7°ng the antibody or inmmunoconjugate conprising the sane.
The protocol for producing n81062 is specified bel ow Chinese hanster ovary

cell's expressing, nBT, JSMEPeut sche Samml ung
von M Kkr oor gani gnman %ﬁ%dfﬂ%ﬁ?k@Q&g{?t@ﬁﬁﬂ%éﬁg !mstéc%ec%@gger H%ng:/ D- 38124

Br aunschwei '§o¥rt e eerfisey intpinalizago ¥odathie interaplization capstisfes Al ® pswm
ACC2875. A 4BiEB%sipemializatiosttianiiddg, panatihtbodizatmsedstitntesSabddt 4.6 Yglener i cal | y

rbeI ﬁr ' ?ﬂet ﬁtggg&ﬁ%b"/ filﬁrﬁmaéatmﬁ a%gr 3 hours mcubatlgm-gp% @r’q | Cto g} ﬁef%ﬁ]&%—'ﬁgCe for

transl ati orﬁn@mdtn‘rv@t thaéar@&w @F@'bg@dﬁmhé%Cﬁb?rs rﬁfB'P@@‘QP'efﬁﬁéboér?ﬁﬁcﬁ“am d sequences
predicted fopidaenizeayy 16Naioy, and 1 B8R0, Clti4Bs, e, uas et ed padicdiabl e 1.

Predi cted variaple r s are bolded redj cted ar und rIJned
Tabl e 1. Pr%g {3 'dﬁ(ﬁgﬁggA‘%h*‘a" Wl pRiste CPW&*’I%#W%@? y° Wi n
predi ct ed spesnss of BEGE nid ﬂam@eeb)deposﬁ@%mWPSMImUS@mrﬁ%TK@sv

YUY EVIOKOR B B o T A A Tt A CEAr ALY
SSGLYSLSSV Brawsgusigsn @WRPEFTL@%VBL@PW W@@FNA?@S?@P%EEQZNS

PSSI EKTI SK eAl(eeiERQNd M NERNSORE ADDASTE PRV lan bk et @KiSthSit 84 «Bii)
antibody does not substantially bind non-celi-surface expressed CD138. When, in the
context of the present invention, the name of a specific antibody is combined with the
term “targeting antibody” such as “nBT062 targeting antibody,” this means that this
targeting antibody has the binding specificity of the antibody nBT062. If a targeting
antibody is said to be “based on” a specified antibody, this means that this targeting
antibody has the binding specificity of this antibody, but might take any form consistent
with the above description of a targeting antibedy. When, in the context of the present
invention, the name of a specific antigen is combined with the term “targeting antibody”
such as “CD138 targeting antibody,” this means that this targeting antibody has the
binding specificity for CD138. If, in the context of the present invention, for example, a
targeting antibody is said to do something "selectively” such as “selectively targeting cell-



The C-term nal

I nconplete clipping to a certain extent and is not part of SEQ ID NO 1.
nBT062 |ight chain predicted sequence (SEQ I D NGO 2):

| ysine is prone to clipping and m ght be present due to

| SCSASQE N NYLNWYQQKP DGTVELLI YY 51TSTLQSGVPS RFSGSGSGID YSLTI SNLEP

EDI GTYYCQQ YSKLPRTFGG 101GTKLEI KRTV AAPSVFI FPP SDEQLKSGTA SVVCLLNNFY
PREAKVQAKY 151DNALQSGNSQ ESVTEQDSKD STYSLSSTLT LSKADYEKHK VYACEVTHQG
201LSSPVTKSFN RGEC - 27 - Table 2. sfhows a conparision of the general

definitions of Krabat and Chothia and the predicted CDRs for

BT062 Kabat

1Dl QMIQSTSS LSASLGDRVT

CDR

CDR definitionnBT062 Light chai nCDRL: residues 24-34 CDR2: residues 50-56
CDR3: resi dswstacgexpgsgsed CD138" or, to be “selective” for something, this means that there is &

significant selectivity (i.e. a higher affinity towards CD138-positive cells compared with
CD138-negative cells) for, in the case of the example provided, cell-surface expressed
CD138, compared to any other antigens. Adverse side effects in a given environment
are substantially reduced or even avoided due to this selectivity.

“Non-immunoglobulin targeting motecules” according fo the present invention
include targeting molecules derived from non-immunoglobulin proteins as well as non-
peptidic targeting molecules. Small non-immunogiobulin proteins which are included in
this definition are desighed to have specific affinities towards, in particular surface
expressed CD138. These small non-immunoglobulin proteins include scaffold based
engineered molecules such as Affilin® molecules that have a relatively iow molecular
weight such as between 10 kDa and 20 kDa. Appropriate scaffolds include, for exampte,
gamma crystalline. Those molecules have, in their natural state, no specific binding
activity towards the target molecules. By engineering the protein surfaces through
locally defined randomization of solvent exposed amino acids, completely new binding
sites are created. Former non-binding proteins are thereby transformed into specific
binding proteins. Such molecules can be specifically designed to bind a target, such as
CD138, and allow for specific delivery of one or more effector molecules (see, scil
Proteins GmbH at www.scilproteins.com, 2004). Another kind of non-immunoglobulin
targeting molecules are derived from lipocalins, and include, for example ANTICALINS®,
which resemble in structure somewhat immunogiobulins. However, lipocalins are
composed of a single polypeptide chain with 160 to 180 amino acid residues. The
binding pocket of lipocalins can be reshaped to recognize a molecule of interest with
high affinity and specificity {see, for example, Beste et al., 1999). Artificial bacterial
receptors such as those marketed under the trademark Affibody® (Affibody AB) are also
within the scope of the present invention. These artificial bacterial recepior molecules
are small, simple proteins and may be composed of a three-helix bundle based on the
scaffold of one of the IgG-binding domains of Protein A (Staphylococcus aureus). These
molecules have binding properties similar to many immunoglobuling, but are
substantially smaller, having a molecular weight often not exceeding 10kDa and are also
comparatively stable. Suitable artificial bacterial receptor molecules are, for example,
described in United States Patents 5,831,012; 6,634,628 and 6,740,734,



Heavy chain CDRL: residues 31-35 CDR2: residues 50-56 CDR3: residues 95-102
Chot hia CDR definition Light chai nCDRL: residues 26-32 CDR2: residues 50-52
CDR3: residues 91-96 CDR1: residues 24-34 CDR2: residues 50-56 CDR3:

resi dues 89-97 CDR1l: residues 31-35 CDR2: residues 51-68 CDR3: residues
99-111 nBT062 CDRI1: residues 24-34 CDR2: residues 50-56

-15-

An “effector molecule” according to the present invention is a molecule or a
derivative, or an analogue thereof that is aftached to a targeting agent, in particular a
targeting antibody and/for an engineered targeting antibody, and that exerts a desired
effect, for example, apoptosis, or another type of cell death, or a continuous cell cycle
arrest on the target cell or cells. Effector molecules according to the present invention
include molecules that can exert desired effects in a target cell and include, but are not
limited to, toxins, drugs, in particular low molecular weight cytotoxic drugs, radionuclides,
hiological response modifiers, pore-forming agents, ribonucleases, proteins of apoptotic
signaling cascades with apoptosis-inducing activities, cytotoxic enzymes, prodrug
activating enzymes, antisense oligonucleotides, antibodies or cytokines as well as
functional derivatives or analogues/fragments thereof. Toxins may include bacterial
toxins, such as, but not limited to, Diphtheria toxin or Exotoxin A, plant toxins, such as
but not limited to, Ricin. Proteins of apoptofic sighaling cascades with apoptosis-inducing
activities, include, but are not limited to, Granzyme B, Granzyme A, Caspase-3,
Caspase-7, Caspase-8, Caspase-9, truncated Bid (IBid), Bax and Bak.

In a preferred embodiment, the effector increases internal effector delivery of the
immunoconjugate, in particular when the natural form of the antibody on which the
targeting antibody of the immunoconjugate is based is poorly internalizable. In another
preferred embodiment the effector is, in its native form, non-selective. In certain
embodiments the effector has high non-selective toxicity, including systemic toxicity,
when in its native form. The "native form” of an effector molecule of the present
invention is an effector molecule before being attached to the targeting agent to form an
immunoconjugate. In another preferred embodiment, the non-selective toxicity of the
effector molecule is substantially eliminated upon conjugation to the targeting agent. In
another preferred embodiment, the effector molecule causes, upon reaching the target
cell, death or continuous cell cycle arrest in the target cell. A drug-effector molecule
according to the present invention includes, but is not limited to, a drug including, for
example, small highly cytotoxic drugs that act as inhibitors of tubulin polymerization such
as maytansinoids, dolastatins, auristatin and crytophycin; DNA atkylating agents iike CC-
1065 analogues or derivatives (United States Patents 5,475,092; 5,585,499; 6,716,821)
and duocarmycin; enediyne antibiotics such as calicheamicin and esperamicin; and
potent faxoid (taxane) drugs (Payne, 2003). Maytansinoids and calicheamicins are
particularly preferred. An effector maytansinoid includes maytansinoids of any origin,
including, but not limited to synthetic maytansinol and maytansinol analogue and



CDR3: residues 89-97 Heavy chai nCDR1: residues 26-32CDR1: residues 31-35
CDR2: residues 52-56CDR2: residues 51-68 CDR3: residues 96-101CDR3:

resi dues 99-111 8T062 is an i munoconj ugate conprising the CD138
targeting chineric antibody nBT062 that is attached via a |linker, here
SPDB, to the cytostatic maytansinoid derivative DVA. A chem cal
representation of 31062 is provided in FIGS. '1 and 2. inmunoconjugates
conprising n31062 and a maytansi noi d efd.ector nolecule are often
characterized in terms of their Iinker and maytansinoid effector, e.g.,
nBT062 SMCCDML, is an inmunoconjugate conprising nBT062, SMCC (a

"noncl eavabidervatiienk epoxeuiicai rdapigpraycinh i rorikatiekate o Mdlylagine DRacaEinoBtatinef f ect or .

More generi %lcﬂomycmrénmn&caomahhga{h@ a?é)l%rﬁé laihegeﬁ@%@%@u@s apthef fnect or
nol ecul e na i bed as nker

NBTO65- of | oSTHF { ABTBSNY HAGES, 7R MUNE G BHPRET o HESELE S ReTE: n.
Ref erence | sntrsame [bm giofecties as efidutarderiendies o Witeprtpantme¢ o, foredainniger ed

| mmunocon; ugalim) (Al SYAEBHAAGON LR SO i AY AR SASASEET hddR g8t i ng

ant i body agail nst 13 attac to an effector nolecule via a cI eavabl e
l'i nker (CL) meleauip.s refreRaei i Ewdade en effadorf@n, ‘mWﬁ’P‘&‘}‘?”iugat‘éé‘ﬁ?‘%’%{%Q Bdtheo an
| mrunoconj ugabent inleion that is Baddd @h trecdpetifigimln@cdtlcrsd & dafger i cal | y hi nder ed, but

contains a cl ea Hﬁﬁbé né(%r na(tmglcggoduc;[m% Mﬂl&l‘dérl ecﬁﬂoh%r@ﬁl %%y in which

equi valent to the an en
the effect oMa#@mL@cﬁﬁrf@tal(gem!Hﬁfdxe\%5 United Stﬂt@rFia(t%lFWg%ﬁéieir@éld“ﬁx@}'ﬁﬂ?es of -

28 - t a pal [tt@ﬁllng@ﬁB@r@h«tloﬂr @es@Tgézn aiEbtin BIQR 2andPEsiDi8ath %ReMmﬁﬂdndeT\‘Il?d y
count er par ri.sing a .no i nker
(U NCL) ref @E@tafkba“fyﬁedggﬁh{?& 1WH E‘Eﬁf’ﬂﬁ%t gméﬁ%sﬂ ?g@ﬁog%gu neer ed
targeti ng ahighdvdioyn that Wﬁnnhamdaedwbﬁ #ttlmicalneledbal| affectdupdin polyeetizntion, y
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woul d constitute an exanp % such an unhi ndered counterpart co r|S|ng an
non- cl eavabl?esd] ﬁktE‘?fapeUt'C W'“do)ﬂ( grovd Hisofiot sysierdie Pxifivhi MANGNERR AP t
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relative to oconj ugat e whose
activity i sseé,@twtfaéormwes ﬁmcaéwa\ewrté maw‘fanﬁ@e slowey serpus pdyehe qﬁfﬁ@thegt

ﬁreg?rn}ngzindmmp@magayseamg qusiNEanamiish, causes a tumr growth del ay
0 ay s se activi e.g.. nBTQ62-DML, whic
di spl ays a tunoiAaéi{‘aBWPcH Sdﬁvﬁf}ls?é%ﬂ @?‘Q%O'H&% ﬁgﬁt%w@wp%f%egq%uefo | | ows:
Tumor Gr owt Trewiahiubifidra (gnitée SiatastRatent 8816, 46REDNBT062- DMLI TGDBT062) , nor e
generically: Tu'@%ﬁalﬁa’rﬁ%ge# glgb lﬁg&du{f@ né?ltahéfﬂtot@é‘ st0%s maytansinol and C-3

( TGDsanpl eJTGDRef er ence rovi des sui tabl e exanples fromthe
results dep'in@f*@ﬁ‘f‘*io'rﬁsfqr@ Unig_dBStates Patent 4,151,042).

The present invention is directed to maytansinoids of any origin, including
synthetic maytansinol and maytansinol analogues which are disclosed, for example, in
United Siates Patents 4,137,230: 4,248,870; 4,256,746, 4,260,608; 4,265,814,
4,294,757, 4,307,016; 4,308,268, 4,308,269; 4,309,428, 4,313,046, 4,315,929;
4,317,821, 4,322,348; 4,331,598, 4,361,650, 4,362,663, 4,364,866, 4,371,533,
4,424,219 and 4,151,042,

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



TA* (days) % Activity** PBS 0 0 nBT062- SMCC-DML 18 56 6T062 32 100
nBT062- SPP-DML 13 40 Table 3: Tunor growth delay (TG) and % Activity of
nBT062- DMk agai nst MOLP-8 tunor xenografts in SCID m ce based on treatnent
groups receiving a 450 pg/ kg dose.
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disulfide bond(s) to a monoclonal antibody directed towards a tumor-associated antigen.
Certain of these conjugates (sometimes calied “tumor activated prodrugs” (TAPs)) are
not cytotoxic in the biood compartment, since they are activated upon associating with a
target cells and internalized, thereby releasing the drug (Blattler, 2001). Several
antibody-DM1 conjugates have been developed (Payne, 2003), and been evaluated in
clinical frials. For example, huC242-DM1 treatment in colorectal cancer patients was
well tolerated, did not induce any detectable immune response, and had a long
circulation time (Tolcher, 2003).

Other particularly preferred maytansinoids comprise a side chain that contains a
sterically hindered thiol bond such as, but not limited to, maytansinoids NZ-deacetyl- N?-
(4-mercapto-1-oxopentyl)-maytansine, also referred to as "DM3," and N?-deacetyl- N*-
(4-methyl-4-mercapto-1-oxopentyl)-maytansine, also referred to as “DM4.” The
synthesis of DM4 is shown in FIGS, 3 and 4 and is described elsewhere herein. DM4
differs from DM1 and DM3 in that it bears methyl groups at its aC. This results in a
sterical hindrance when DM4 is attached via a linker in particutar, but not limited to, a
linker comprising a disulfide bond, to a targeting agent such as nBT062. A wide variety
of maytansinoids bearing a sterically hindered thiol group (possessing one or two
substituents, in particular alkyls substituents, such as the methyl substituents of DM4)
are disclosed U.S. Patent Publication 2004/0235840, published Nov, 25, 2004, which is
incorporated herein in its entirety by reference. As reported by Goldmahker et al. in U.S.
Patent Publciation 2008/0233814, such a hindrance induces alkylation (e.g.,
methylation) of the free drug, once the drug is released at its {arget. The afkylation may
increase the stability of the drug allowing for the so-called bystander effect.  However,
as the person skilled in the art will appreciate, other effector molecules comprising
substitutents such as alkyl groups at positions that result in a sterical hindrance when
the effector is aftached to a targeting agent via a linker are part of the present invention.
Preferably this hindrance induces a chemical modification such as alkylation of the free
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.



(*) Tunor growh delay in days (TGD) as nean tine in days for treatnent
group to reach a predeterm ned size (160 ne) mnus the nean tine for the
control group to reach this predeterm ned size. (**)Tunor Growth Inhibiting
Activity =100x( TGDsanpl e/ TGDBT062). The activity of 6T062 is defined to be
100% - 29 - In the exanple provided in Table 2, BT062 provides a
gromh of a tunor inhibiting activity that exceeds that of its unhindered
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and the Iike in the case of oral solid preparations (such as, for exanple,
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tabl ets and capgulisgunepriegdhaccoiingrio e pasorimvapioosemarisgs aHganEee uni t form
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desired, tablets may be sugar-coated or enteric-coated by standard
technlques The active agent nust be stable to passage through the
gastrointestinal tract. |If necessary, suitable agents for stable passage
can be used, and may include phospholipids or lecithin derivatives
described in the literature, as well as |iposones, mcroparticles

(i ncludi ng m crospheres and macr ospheres). For parentera

adm ni stration, the targeting agent and/or the inmunoconjugate may be

di ssolved in a pharmaceutical carrier and adm nistered as either a solution
or a suspension. Illustrative of suitable carriers are water, saline,
phosphate buffer solution (PBS), dextrose solutions, fructose sol utions,



In accordance with the present invention, MMis treated as follows, with
the use of nBT062 and BT062 as an exanple. This exanple is not intended to
limt the present invention in any nanner, and a skilled artisan could
readi |y determ ne other immunoconjugate and nBT062 based systens that are
wi thin the scope of the present invention and other treatnent regi nes which
could be utilized for the treatnment of diseases such as WM Due to

t he sel ective expression of CD138 on patient MMcells on via the bl ood
stream accessible cells, the specificity of nBT062 and the stability of
BT062 in the bl oodstream BT062 renove the systemc toxicity of DW4 and
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FC5. 280 pefioavol DU AECS S St PRs HEssbie THPTD SRaIcee
st r ept onmyci andwes efdrad testradadyhyisioppgcaliy Sidavane bmicr efcoidinglgadisufileand washed
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25 pF usi d cell d DVEM
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ant i body- C%Eahxmldw &E‘dy lthlBﬁ%ﬁaﬁdﬂngE%@é%Wﬂ% ﬁ%ﬁé{@%%er Capture ELISA

to measure ex LessLon | ey I wer e
coated wit FHGF© a'i"*lstﬁfﬁ%’dﬂﬁ ®: ”213'%@Fﬁﬁ“eﬁﬂwd%tﬁf‘?”ehh??é??xwa% (gﬁﬁabody
di | ut ed i n (B8Se(g4 Costdtaler etiag Nt 979))Phrat e suatingdyhasiatigi-4- [ Ganitto-pyesydai t h 200 -

33 - dithio]pentanoate (SMNP) (see, e.g., U.S. Pat. No. 4,563,304). The most preferred
linker molecules for use in the inventive composition are SPP, SMCC, and SPDB.
Other suitable finkers may include "non-cleavable” bonds, such as, but not
limited to Sulfosuccinimidyl maleimidomethyl cyclohexane carboxylate (SMCC), which is
a heterobifunctional linker capable of linking compounds with SH-containing compounds.
Bifunctional and heterobifunctional linker molecules, such as carbohydrate-directed



pl/wel |l washing buffer (P88+0.1% Tween-20). Wells were bl ocked with 0.2%
BSA, 0.02% Tween-20 in PBS, before addition of 200 pl cell culture
supernatants containing the secreted anti body (incubation at 37C for one
hour). The wells were washed six tines with washing buffer, before
detection of bound antibody with goat anti-human kappa |ight chain

per oxi dase conjugate. Purification of ca-B4/ nBT062 fromcell culture
supernat ant s The c¢B-84 anti body was purified from supernatants of
transfornmed COS 7 cells using the Protein A InmmunoPure Plus kit (Pierce,
Rockford, IL), according to the manufacturer's recomendati on. cB-84
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transformed with svveres ect ed on
LB- anpi ci | |$tﬁtexdj’aientaﬁg%7r7 q&taamé@mtesmm Rajent 8. 7¢8P@ 0 reaccoiding td thécul at ed with
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rep Spin accordi ng to, the manuf urer's instruction. c
sequence det rfﬁf' gg% Arothe eﬁ%‘?ﬁgﬁ&m@v&’t’ RSy g EACET LR ﬁ‘ﬁ”‘igﬁ%}sl?fi gDye
Ter m nat i orrhschs@d Byriites Setgs EatehtritybRedicy 2RE80827 & THe inn(uhBtonjugetst et City,
Pach sl BREGH RLART, YRS nRaOPIcEdmRaRadtrdhsgRL] ons using the 1210

and 1233 priners cyc on’ a neArrp9 machi ne. The el ectrophoretic
sequence anal ysis was done on an ABI capillary sequencer. The
conpl ete cycl e aghe BIm Bédiensd iddtitiggefarsdo Ddasiee URtNEBenad yaticotas repeated to

obtain thr e%qﬁggﬁé ?rta%l lﬁ) %%di?ﬁeﬁ%ggi S%el’]tg§aé g’te seq&l&%%gs aef"e alrbfngcg Qg{h ﬂﬂef or each

i nmunogl obul
highest order match is obtained. “ldentlty per se, has recognized meaning in the art

and can be calculated using published techniques. (See, e.g.: Computational Molecular
Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part |, Griffin, A. M., and Griffin, H. G, eds,,
Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje,
G., Academic Press, 1987, and Sequence Analysis Primer, Gribskov, M. and Devereu,
J., eds., M Stockton Press, New York, 1991). While there exist a number of methods to
measure identity befween two polynucleotide or polypeptide sequences, the term



1st strand synthesis was perforned in three i ndependent reactions. The PCR
products generated by using prinmers MKC and MKV2 (sequences given above)
were ligated into pCR2.1- TOPO vectors according to the nmanufacturer's
instruction. Clones fromeach independent set of RT-PCR reactions were
sequenced in both directions. MKV2-prinmed product sequence was highly
simlar to sterile kappa transcripts originating fromthe myel oma fusion
partner such as MOPC-21, 5P2 and Ag8 (Larroll et a/., Ml Imunol., 25
(1988), 991; Cabilly etal., CGene, 40 (1985); 157) and was therefore

di sregarded. The PCR products using MKC with MKV4 and MKV9 priners were
simlar to didehitydtshver kaoveh tdiskifed mgdamnCyrimt Ht dEptandb] $APOSirplicdiidatinvi t hi n t he
| eader seqququQrﬂ;g@r 8-84 VH DNA sequence 1st strand synthesis was
performed in three 1 ndependent reactions and PCR products were cloned and
sequenced from each 1st strand product. Five clones were sequenced from
eﬁch 1st st werether any p%ﬁlcularcﬁ@lllﬁv‘cladGWo(HGuléfs #t a8rEs0hiC 60B- 184, e&%rm&si on vect ors
The constr ugtd, Ofhe s 0 0 t

sui table | egééf%s/g 3&@6?@75}@%?0%%%1‘:&% ‘f&j%(ﬁgﬁ% ﬁﬁjoér es r| ctl on site
and a Kozakagféqeféﬁe@,e, oriariiorr e, Q@bﬁgéﬁgmn@e@u@ﬁ&@alhsusmwep\w for the

efficient t E@ﬁ&lt&tpkdg%n@‘suah YA DNABIL SoffvRed Wa@rﬁ’ngSah Brefddesot he correct
AUG codon fr and the single

nce tion
st ot o URLSEgcte e R B SO ot b BRI SBaf ne) at
posi tion - 3softwsst {celt@bby. hbiesfALE fetraultiple SBqeericealimmestequence is sel ected as
the nost simlar sequence in the Kabat database (Kabat at at, NH Nati onal
Technical Ipformation Service, 1991). These additions are w%oo ed within
the forwar d{"EBE) thpANipgREd E%’FPF%%@H'%S" e B¢y (hc@% 80%, B5%, 90
5' - AGAGAAGCTT B CAGLHSHA BBEGHEr G 4Pl (OAGBEEROLEI $ KLSIDONCG-3 SERIEQU: D oNO. 9] ;
restriction %]ﬂ&f
Furt hernorea%lfi[rktlgleé%ﬁg ruc c%e:tégrﬁﬂe? %@%oﬁﬁﬁg@ﬂ e&ﬁ rcgmg&grf]q vgteg %Qr’usment ails
i ntroduci ngfhﬁ BESTF [Tajesais (Wiscanpie Skavpane @mma@bw@t%ﬁwon%@r BAX. up to a

nat ur al Apaberﬁeﬂ@étbrﬁﬁdté}r@r&ud en.v@r@ifym@ugﬂﬁpmtd’m@a@n@e DB Mafischh&is) region

of 6-84 and ht, chai ddin spll c site and H ndi!!
site. The s ‘T% )eaggﬁmlrr g dﬁee[ﬂﬁaég?rga g\q}&fsg?tﬁtaﬂcgwégf ?dYEW-O?Sr ane

att achnment ofAppivel Maindnzibe2 4824801({1980), ita thddipphespsdoaient o berselegyt regi on, thus
splicing oufetB tWo SediRhdeqn. The kappa intron + CK are encoded in the
expressi on construct downstream of the 6-64 VK sequence. Simlarly, the
gamma-4 CH is encoded in the expression construct downstream of the B-B4 VH
sequence. WaeenGisthg DitdsiaESEECBEETIRIS oneiyeotiidr seduendr alifnrhéry p@pahyzed to

| dentify any g‘é@%ﬂ%%ﬂetﬁé}' Gicl8 Euér!c[a‘?ss orr°n8ah{geegéﬁ‘r‘a%ﬂécgfto%'réfsr%{]cé@mk
sequences an ence o estrrction sites
whi ch woul dseasgese a.cqaﬁr@ﬁg tethe Ripsent 't“{‘?é"“%'uB@I%Fﬁmﬁ?@efﬁﬁﬁﬁ@trsué‘kiﬁﬁféé%| on of

functi onal Wﬂ&én&g@@fﬂd@ﬁﬁ)ﬁs cﬂhldﬁ@w&ﬁ/@itﬂ@fd‘ﬂ'lié‘l@th'ofth%lréf@reWmfc@M:mdldldﬂ the VK

sequence whi ch necessar rermved cte nmut agenesi s via PCR
it thout - chaiMnESS Rt ardemge 1B arS TEuEmaY ofh Sefh TR Mirers

ol i gonucl eotucetiqusimibe s:f§&8 s¢qliencCRAGKSRATAGTAAGCTCCCTCGGACGITCGGTGG 3')

[ SEQ I D NO 10] and 6T04 (5'- CCACCGAACGTCCGAGGGACCTTACTATACTGITG 3') [SEQ ID
NG 11] were used and nut agenesis was performed according to the Stratagene
(La Jolla, CA) i”é%??&ﬁé’gofmpéﬁéﬂ“ég‘i%t'% feispRee GTBRde IRAFPE E hai n

chi meri zat i @quélck mehity with a cﬂ’rﬁlﬁnaﬁl@moaﬁhd@s@lﬂs pértifider WiqUeaad els seaopreace,
mdependent[ é)ftl thle P grl me Izher gu . edaI igned with nurine | eader
sequences |%rffYéeR ALES TREES. P36 nearest match for the 3-34 VH
| eader was VK-10 ARS-A (Sanz at al., PNAS, 84 (1987), 1085). This | eader
sequence is pregict, Qgcér%bpdérgn%'écu%%éGﬁ}chtYonst&Baﬁre%hg%tﬁe%rg@i‘é'thm (Niel sen

et al., Protein En 10 (1 Prinmers for (see above) and g2258
(5" - cecaadad @@ﬁ%ﬁ@:@ﬁ@@s Bay pisEantiopn NnO: 12] ;
Restri cti onndpbedantregohesd, Wmﬂhjowm&eﬂaﬁnmésngfx geMeg@tgs andAGR, pr oduct

contal i 19 bl SAIRSE LRAIRTeq e ekl s SR ARGEl AUTLL and BarH
termnal restriction sites, Tor oni n t expressi on vector.
The forward prinmer, CBB4K introduces a H|ndIII restriction site, a Kozak
translation initiation site and the VK-10ARS-A | eader sequence. The reverse
primer g2258 introduces a splice donor site and a BanmH restriction site.
The resulting fragment was cloned into the H ndl1ll11BanmH restriction sites
of pKN10O. Heavy chain chinerization priners The non- anbi guous 3-34
VH | eader sequence, independent of the PCR priner sequence, was aligned
with rmurine | eader sequences in the Kabat database. The nearest nmatch for
the 3-34 VK | eader was VH17-1A (Sun et al., PNAS, 84 (1987), 214). This



One vial of COS 7 cells was thawed and grown in DVEM suppl enented wth 10%
Fetal clone | serumw th antibiotics. One week later, cells (0.7 m at 107
cells/m) were electroporated with p&GiD200cBB4 pl us pKN100cBB4 (10 pg DNA
each) or no DNA. The cells were plated in 8 m growth nediumfor 4 days.

El ectroporati on was repeated seven tinmes. - 37 - Detection of chineric
ant i body A sandwi ch ELI SA was used to neasure anti body concentrations
in COS 7 supernatants. Transiently trapsformed COS 7 cells secreted about
6956 ng/ m anti body (data not shown). Binding activity of cB-B4 To
assay the binding activity of ¢cB-54 in COS 7 culture supernatants, the

Di acl one 5CBUB8asked (isatygeddonexswwit, tha |Edtlass hah fveisslprsviacteElOGIA. A

nonocl onal 2 W a%&@éh%ﬁéh Er%rde%ﬁﬁ?ﬂr&ﬁbyhﬁéc&%@ﬂt rﬁ@@ﬁse@f P8t &iclhe well s of
t he mcrotlter strip Lp first |ncu3(1t|on CD138 and

bi oti nyl at ed‘“ﬁaﬁﬁmf"ﬁ% @S@t)’m&ﬁ‘ﬂ"ﬂ%%géﬁ’? HGAAAPM BiFSnpwe W(ﬁﬂﬁﬁ‘f’éﬂ t oget her
wi th a dil utactmateses taplafentisisibe Vetde trestonstart |régixdry db BetBamahe efbigB4) .

The concent ikl §3fcsOhelliniiBnBih o el bl darfRgR, BRME ISR RHcRA: 1 O der to

obtain conmpetit concentrati on ant 1 bod
(concent r at iSB¢meyTal dadHEAy pmthemglepuig which %‘l&’Wﬁdr“é%‘W@?’ﬁﬁ?%@Wﬁ% were ot herw se
too low to obtain sufficient conpetition). Results fromthis assay reveal

that both anti bogiga, NN RolBgs SRIRSPESELLGL ¥ LOL (BR L dala pot shown).

Purification of C 7 cell
super nat ant §eii§sﬁnﬁ©“<td¢&8 P}etﬁtbéﬁﬁwﬁtmlgrﬁmwﬁﬁgrf@eﬁewmms Piffenidedtyreaccordi ng to

the manuf aciiu el %ﬂv@fé%ﬁiﬁ]@ﬂ@ﬁsl @Quu( ame A6t sy SR amb ol &t S4rfBuRAt | on:
Conpari son Wi%ﬁ Sgfic n‘é S Sy§ a8 Sol ubl e u138 anti gen

Purifi c i
P Sen M et B eriios ok Boa VA MR FeCer oL B LT & ot
"Hi Trap NHSsarfck yitedotéiRs Ba@iginpitv the igueefamily bn@e@dess&ibstlg uht ure

super nat ant i Wg!e@%%@'ch@aﬁ&ﬁ og%ﬁ Iﬁf dagl:—llacym% tﬁgé Qlagstég dgsq) n F@\ﬂg later on

CD138 anti gen tri-e m ne |n 2 fractions.
El ut ed CD13&MER FowmbdiRseeny Fﬁé@i'ﬂ%@i%é’é{h*{ﬁuiw é@%?w ’Q_GNP'W?*&"“NUO pH 3 to
prevent StrHﬁhmy%ftI@d&db@Ese&%ﬂE&yR@@@bprd@lﬁEgW display3Buch vBiardribmyinat inon of CD

138 sult 0- PI ?Lilrar l&ngl ﬁsa%qgtermeﬁta{‘é%mdercﬂ Fe wh;cgErJéstﬁts in rlégtt\%yﬂ:vv &qurgn bi-otins

react effic am no fduoes in pH 7-9
buffers to ﬁ@AﬁC@t(arbllbedya:lﬁoememw,ﬁar cytotox:clty) and does not bmd to FoyRIIA or

FeyRIA. 1gG4 is also a weak binder of FcyRIB, which is an inhibitory receptor.
Furthermore, lgG4 mediates only weak or no complement fixation and weak or no
complement dependent cytotoxicity (CDC). In the context of the present invention, 1gG4
may be specifically employed to prevent Fc-mediated targeting of hepatic FcR as it
displays no interaction with FcRyll on LSECs (liver sinusoidal endothelial cells), no or
weak interaction with FcRyl-lil on Kupffer cells {macrophages) and no interaction with
FcRylll on hepatic NK cells. Certain mutations that further reduce any CDC are also
part of the present invention. For example gG4 residues at positions 327, 330 and 331
were shown to reduce ADCC (antibody dependent cellufar cytotoxicity) and CDC
(Amour, 1999; Shields, 2001). One of more mutations that stabilize the antibody are
also part of the present invention { also referred o herein as "stabilizing mutations™).
Those mutations include in particular, leucine-to-glutamic acid mutations in the CH2
region of 19G4 and serine-to-proline exchanges in the 1gG4 hinge core. These mutations
decrease, in certain embodiments of the invention, the amount of half-molecules to less
than 10%, less than 5% and preferably less than 2% or 1%. Moreover, the in vivo half
life of so stabilized antibodies might be increased several days, including 1, 2, 3, 4 or
more than 5 days (Schuurman, 1998).



For biotinylation of CD138, 50 pl of CD138 were desalted using protein
desalting spin colums (Pierce). The biotinylation reagent (EZ-Link Sulfo
NHS- LC-Bi otin, Pierce) was dissolved in ice-cooled deionised H0 to a final
concentration of 0.5 ng/nL. Biotinylation reagent and capture reagent
solution were m xed having a 12 tines nolar excess of biotinylation reagent
conpared to capture reagent (50 pnol CD138 to 600 pnol biotinylation
reagent) and incubated 1 h at roomtenperature while shaking the vial
gently. The unbound biotinylation reagent was renoved using protein
desalting columms. | nmmobilization of bCD138 The sensorchip (SENSOR CH P SA,
Bl ACORE AB) used i n the Bl ACORE assay is desi gned to bind biotinylated

nol ecul es for in ct| on ana{qgm S in RE systens. The sckjrface consi sts
of a carboxynet hy?r%‘? @aaa%swa 'H%fafqeﬁéngp?”@ BiPRTiSWR SRPPEETST r ept avi di n and
ready for hitgrhetaf Bntiviotiys, cclapibsaﬁehemin rhayotisorbel dab@itied ogpadited ih emadefl | zat 1 on of
bCD138 was Rk i, afﬂﬁ'lt Eg)m%r'tbsé@%@ﬁfe ﬁ'\% Bﬂﬁlﬁ% fnildd QU Ni N by

manual |nject|on sur was condi tione ree consecutive
1-minute inj %&%t%ﬁ%e%?suﬂihﬁﬁﬁwefmﬁ%flwlw Rertylar pRERCSHFSHRARAINGt ed CD138 was
i nj ect ed f omntiboliies WkechalkRteBRddary MisB@didtion castalis i, @fingndf ts30inah 0 @] e usi ng

Bl ACORE Thetl‘ﬁaﬂ E}f'@agoﬁfor l@ﬁ%ﬁt q: ?ns\ﬁu ocorgt% es%gaglg:anﬁ safd t% getﬁ\gl | ed

"W zards" for erent exper| HEnt s can be
changed. Asawnés @uch\@ﬂafge@vmmwasgirammn d@w@nﬁp@dnmmfﬂ@aéﬁné 6 less

concentrati @as.1.4 b«’aéﬁ thaﬁw ;.np &k 72 @ 4084 BReS 3118ssGRdT 32, 4k trh i MNicky
nmeasur enent H,]nga ade uate settings, the wizard for

weve
" non- speci flﬁ)@ NG n@?%@bnfi "BEEF Y measure affinity rate constants and

was therefore used for Kir determnation. Wth this wizard, two flow cells
were neasured and the dissociation phase was set to 90 s by performng the
"Regeneration 1"Annarttige Bhiv@DiBEeoiam MAR) abufrdiey to theRegeneinantigrwiRvarwhi ch i s

equi val ent Bé)seﬁlaﬁtﬁeei?de Jf%eg\ﬁg 9@5@3 g’%ﬁ%ﬁ’e@?gd%rﬁ%gv&nﬂt%dﬁgmMeg y¢h ne- HG pH

2.5. After this ste Eﬁ?‘gi'ﬁ etent state
agai n. Duri H%}“ﬂaWeOC\‘R}I‘fBP%a'B'PWé’GHF’E“‘P*?BSP”EF’"Q/@@ ny@apzegsanti sntﬁe M@ | ution
buffer. To biediey rgioe idrhaudi upef afight Biexirddrfditied e stttwasdrhdaddtaebvyihlinkDa) to

CD138, - di iati
concent rat | GRLCpE B ey 25 4 9@ T BBy 5 8e S W ARE Bl LS A |,
equi | i bri unPeBA%L arefee. Weﬁheﬁ@tewerdﬁﬁnwe%lofﬁsse @Nb@haawrﬂtgwﬁiiﬁeﬂ ﬁlaﬁlecmst ants ka

andt kd. t Af ;Qﬂ%@dlés(Sc}tJ?ewlﬁgh YhRSn Qfsln lg%olﬁfﬁb%hé@ @RinBé ﬁgh?éﬂd%h@l ed by the
quo ien (0]
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polypeptide molecule. FAB fragments are usually obtained by papain digestion and have
one light chain and part of a heavy chain and thus comprise an ABR with only one
antigen combining site. On the other hand, diabodies are small antibody fragments with
two antigen-binding regions. In the context of the present invention, however, an
antigen binding region of an targeting antibody or engineeted {argeting antibody is any
region that primarily determines the binding specificity of the targeting antibody or
engineered targeting antibody.

If an ABR or anather targeting antibody region is said to be "of a certain
antibody”, 2.9., @ human or non-human antibody, this means in the context of the
present invention that the ABR is either identical fo a corresponding naturally occurring
ABR or is based thereon. An ABR is based on a naturally occurring ABR if it has the
binding specificity of the naturally occurring ABR. However, such an ABR may
comprise, e.g., point mutations, additions, deletions or postiranstational modification
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such as glycosylation. Such an ABR may in particular have more than 70%, more than
80%, more than 90%, preferably more than 95%, more than 98% or more than 98%
segtence identity with the sequence of the naturally occurring ABR.

Homogenous targeting of a targeting agent such as a targeting antibody, but in
particuiar an immunoconjugate comprising the same, in the context of the present
invention, is a measure of the variance associated with obtaining the desired result of
said targeting with the targeting agent. In certain embodiments of the invention, the
desired result is obtained by simple binding to the target. This is, for example, the case
in embodiments in which a certain targeting agent provides a shield against subsequent
binding. However, the homogeneity of a targeting agent can be readily assessed, e.g.,
via the efficacy of an immunoconjugate comptising said targeting agent.  For example,
the efficacy of said immunoconjugate against a tumor antigen such as CD138 that
comprises an effector aimed at destroying tumor cells and/or arresting the growth of a
tumor can be determined by the degree of growth suppression of a tumor comprising
cells expressing the CD138 antigen. Such an immunoconjugate may display a high
variance in its efficacy. it may, for example, arrest tumor growth sometimes with high
efficacy, but other times with an efficacy that hardly exceeds the efficacy of the control.
A low variance in the efficacy of an immunoconjugate, on the other hand, shows that the
immunoconjugate and/or targeting agent, respectively, provide the desired resuit
consistently. One way of quantifying the homogeneity of targeting is to calculate the
targeting variation. In the context of tumor growth arrested by an immunoconjugate
comprising a certain targeting agent, the targeting variation can be calculated by first
determining the time for a tumor to reach a predetermined volume, e.g. 300mm®,
Preferably, the predetermined volume is chosen so that any tumor growth before and
after reaching said predetermined volume is steadily increasing at about the same rate.
After such time has been determined for a group of subjects the mean of these times
(Tw) in the group of subjects (e.g., SCID mice or another suitable model displaying
homogenous tumor growth) is calculated. T, is then correlated to the observations
made in the subject of the group showing the least efficacy in targeting and thus being
associated with tumors that need the Ieast time (Ty) to reach said predetermined
volume, and, on the other hand, the subject in the group showing the highest efficacy in
targeting and thus being associated with tumors that need the most time (T) fo reach
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said predetermined volume by calculating the targeting variation for the predetermined
volume according to the following formula:
TARGETING VARIATION [%] =
Ts-TH#Tm x 100

In a preferred embodiment, the fargeting variation of the engineered targeting
antibody of the present invention is less than 150%, less than 140%, less than 130%,
less than 120%, less than 110%, less than 100%, less than 90%, less than 80%, less
than 70%, less than 60%, or less than 50%, and in certain embodiments even less than
45%. Preferably, the targeting variation is between about 10% and about 150%,
preferably between about 10% and about 100%, about 10% and about 80%, about 10%
and about 70%, about 10% and about 60%, about 10% and about 50%.

The homogenity of targeting (also referred to herein as the homogenity of binding
to a particular antigen) can be also quantified by other means such as determining the
tumor growth delay. Also, as the person skilled in the art will readily understand tumor
volume of a certain size is only one parameter on which basis targeting variation may be
determined. Depending on the desired result, other parameters include fime (for, e.g.,
measuring tumor growth delay) or % of binding may be employed. The person skilled in

the art can readily determine such other parameters.

nBT062 (see also FIG. 1) is a2 murine human chimeric IgG4 mAb a chimerized
version of B-B4. This chimerized version of B-B4 was created to reduce the HAMA
{Human Anti-Mouse Antibody) response, while maintaining the functionality of the
antibody binding region of the B-B4 for CD138. Surprisingly it was found that this
chimeric antibody displays improved binding affinities relative to B-B4. Also surprisingly,
the chimeric antibody has been associated with homogenous targeting, which reduces
the variance in results obtained when using the antibody or immunoconjugate
comprising the same. The protocol for producing nBTO62 is specified below. Chinese
hamster ovary cells expressing nBT062 have heen deposited with the DSMZ-Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH, Mascheroder Weg 1, D-38124
Braunschweig on December 11, 2007. The identification number is DSM ACC2875. A
CD138 specific chimeri¢ antibody based on B-B4 is generically referred to hersin as ¢-B-
B4,



Di scussi on Mean KD val ues for each anti body were cal culated fromthree

i ndependent experinments. The results show that in all neasurenents n3T062
exhibits slightly decreased KD val ues conpared to 3-34 (nean KD val ues were
1.4 and 1.6 nM respectively). Preparation of | munoconjugates nBT062- DML
and huC242- DML The thiol-containing maytansi noid DML was synt hesi zed
fromthe mcrobial fernentation product ansamitocin P-3, as previously
described by Chari (Chari at at, Cancegs-Res. 1(1992), 127). Preparation of
humani zed C242 (huC242) (Roguska at al., PNAS, 91 (1994), 969) has been
previously described. Antibody-drug conjugates were prepared as previously
described (Liu efPNagic o8l feqomey for BEhghe homdy anddhabpdt ¢faing hgs DD nol ecul es

was | inked @%rdlcﬁéatfﬂolmﬁ’é’trdﬁ@ib%lﬁf the nucle&@esedﬁﬁﬂ_&a&r@%& The ar%ih@@adl S an

ti body-d d t ot d d , Dwv4,
[ nked vi a QPEIASGEa50rA8 THatE el TR AR o e RE BT OB PR rer | zod
nonocl onal &radidroidyriabapgiamsirnbildsi, predicled CDReateatndenedhat i nhi bit tubulin

pol ymeri zati on and m crotubule assenbly (Rem|lard etal., Science 189

(1977), 1002). Chemical and schematic representations of 3T062 (nBT062- D\V4)
are shown in FIGS. 1 and 2. Synthesis of DW4 DM4 is prepared fromthe
wel | known deklpddtedededqhpinansid@enuenre foc ARt al . . Med: Chem, 21 (1978),

31). Maykatsd maly dminreRadiadqidhcs lfdw@wleavage of the ester noiety of
the mcrobial fernentation produc ansamtocin P3, with |ithium

tri met hoxyal um num hydri de (see FI G 3). DM4 is synthesized by
acyl atilon of neguEIEeSasE IMMAGABNVKEIOHATINYIAS NYWIEWVKQR PGHGLEWIGE

net hydit;hi opent =l al ) €y of

di cycl o 5hexyl car%@%nd zinc s@ﬁﬁﬁgfﬁa@ds#‘fs%?veﬂbﬁ%‘iﬂ%

di sul fildé- cont ¥ YENAY YA { SHEOCAS YTV DAMB-SWEPSTheP IDIWESBRE $55T7@dGCed with

di t hi ot eltol | 1.0} s i sinoid Dwv4
(seo PO 4 for The bRl uReba oy g s b o e E8 T 062

The pr é’@édur e ffﬁrYT@t‘i@D@Eﬁ EFRATEV DBRV cﬁSHYB’PGGES DMVMRHESLEGP | $VREFHPHERI G 5. The
nBT062 ,ant i bod i Y, iyl 0)
but yr at 2@ SPDByqrﬂL%I%EIE t’% o‘&f&m’%{éﬁg it h?g@f/ﬁl}%;ﬁvgg%ﬁ @%@%F&Q m xed with
t he m)é|0fl| ed atVRYGAYLEt TalCPyhielt ratdkyaNKaL e EdSETHEK t WECBREFQEl ent s of

di thiopyri dyl gro¥Rser @%&5@@%@@%&&%&?@% Pé’ ﬁ\w T%vgxchange

reaction between the thiol group o groups

i ntrodd€eéd i nt PEOREFENLST BAAYDHFRNG HENVIFRREYNM Whﬁﬂﬁﬁﬁ@lﬁﬁrﬁl@}@dﬁ? omat ogr aphy
and diafiltration renoves the | ow nol ecul ar wei ght reactants (DM4) and
reaction products (th| opyridine), as well as ag gat es of conjugated

anti body, tfg q @r* %@Ngﬁi %p’ﬁﬁ‘%ﬁmg’ﬂﬁ%‘i"f‘é%@e t°Ff‘Am °18 ARPIIAL] oINS T

cytotoxicity ass anal ysi s

- nBT062 light chain predicted sequence {SEQ ID NO:2):

1 DIOMTQSTSS LSASLGDRVT ISCSASQGIN NYLNWYQQKP DGTVELLIYY
51 TSTLOSGVPS RESGSGSGTD YSLIISNLEP EDIGIYYCQQ YSKLPRTFGG
101 GTKLEIKRTV AAPSVFIFPP SDEQLKSGTA SVVCLLNNFY PREAKVQWEV
151 DNALQSGNSQ ESVTEQDSKD STYSLSSTLT LSKADYEKHK VYACEVTHQOG

201 LSSPVTKSFN RGEC



OPM 2 cells are plasma cell |eukem a cell |ines show ng highly expressing
CD138. OPM 2 cells were incubated with n3T062, nBT062- SPDB- D\V4,

n31062- SPP-DML or -41- nBT062- SMCC-DML at different concentrations
(indicated in FIG 6). The cells were washed and CD138-bound anti body or
conjugates were detected using a fluorescence-1|abel ed secondary anti body in
FACS anal ysis. The nean fl uorescence neasured in these experinments was

pl otted agai nst the anti body concentragion. Cell viability assay

CD138+ MOLP-8 cells were seeded in flat bottom plates at 3000 cells/well.
CD138" BJAB control cells were seeded at 1000 cells/well, The cells were
treated wit AahiBPOSRWs SPDBPANRIGN oHiBT g8 RIaEPPRIKiNENS ABTEER asMEimtTinantt

di fferent cenpcesdidad comsiofpTdbcated in FIG 7) for five days. WST reagent

(wat er-sol u oliumsalt, ROCHE) was adde order to measure cell
viability a%g?(ﬁe‘#{%S% HoRe rranuf acturer's |nstrdgst1j°§?t (ROCHE) . The reagent

was i ncubat e/ 8t Sk Op kBB cel IS andehar 2.5, 00,BJAB cel s, The
fraction of survivingpgsl Je&dm%o%@ cul ated ggﬁg HLesBEspPt i cal densities
measured in a mcroplake. L8adenrglesi ng st and"‘ﬁg,pygg;@@g@g.@s Di scussi on

Bi ndi ng of nBT062- SPDB- DM4, nBT062- SPP- DML, nBT062- SMCC- DML or nBT062 was’

anal yzed by HRAGShaieDLB®Y: @Rked 3assst ar get  ceLbhr1wesieuesBeBbat ed wi t h nBT062
or i mrunoconj ugat es &bR2cebibluds@0i@ nol ecul eSOR@rresidles ét68d usi ng a

f 1 uor escence- | abel ed ®&Somktidwss 98102 body. | nCPR&. regdues§8-1iban f | uor escences
as neasure for the anount of cell bound antibody is plotted agai nst

di fferent aRbPhENORAHkBIIUgat e concentrations. "H&% esul ts show, that

BT062- SPDB: BT062- S 62- SMCC- |
BI ndi ng chal’gamg?lqstl cs. Og'i%mrem z)géga_fhe resul t e@ﬁ@g?@gbgtat hat the

bi ndi ng characteristics at ed anti fected by the
conj ugat ed toxi ns. In ceI VI a ty assays, the cytotoxic activity of
t he anti body agai nst CD138+ MOLP8 target cell s and agai nst CD138" BJAB

B- | ynphobl astamehgient r ol cmki: sesiweee2@pal yzed. BaidR € adslduéd 31ess wer e seeded
in flat-bottom pl ates andchme wisaluesls2a68 h | ncr eastDRE: chioendr&l | ons of the

i mrunoconj ugat es. Unconj ugzR® cesaines 8B was usedldss: esclosd $99111 The
cytotoxic activity was anal yzed five days after addition of the

i mrunoconj ugat es by using WST reagent in order to neasure cell viability.
In FIG 7 (A)-( the fraction of survivin re atlvetocntrol
cells treated W'%)TH 0%/ RN ETBUNOSRIYEIe qoBPRTiRg tt“%&f’é@%ta%t*”q W@?eé'ﬁff"r‘t’@

i MMuNoconNj UGENos2 trainis @hadhad vieasinkel, here &YLB, tte trehwtvstatiahaydstsobidxi ¢ activity of
nBT062- SP 1.0 P-8 cells -
32 - s vory e PR OE e AR R S ae rre e e er e ot
killed by t’ﬁé”q“ﬁ‘?ﬂj”ﬁ@é@ﬁfft@%ts@s nBTGR3isnd pirRytansingid aifgctar melsrde aisjdigat es act

via cell spgaidcictizddi in@inmMgoft Gel?kdBandl ayC:MEREL effé o, @Q(WHOBBBMSZ,C—I n which

MOLP- 8 cel | ei ncubated w $S. of ated n6T062.
o i noubat |G S PR EEt 6 Cathitheed B Sy B e R S o e D,
provi di ng faepntaining athicdserdend)izat Diieas anmwcmawe@”klahl the cells via

specific bi iﬁﬂldﬂgcotnﬁlgg@%g’rﬁatﬂﬂ& QB'FdGQ aﬁ@ b ofiddtd: aoRcllE h@y aido b kdscrigé@nogr af t
nouse experi ”eq CD138 targeting on the

anti-tunor 2dtH19P% Q“'ﬁ?ef?ﬁtof Wé@aﬁﬁ%%ﬁﬁf%g?rd”%mﬁ'ﬁw&%” B8 &Yhuman chi meric

version of dfieetobddsérimatheleody, nBT062, xenograft nouse experinents were
performed. Two re prepared
per o1 ed. | 1W0 YEIRLATR Rloeh BRI x JTRNSBPLO OO AR ASHeT o D1 oP2

( nBT062- SPPMOMNo5AR UATTOE 20 Wommqgatawapaﬁm art%nsmeeraétﬁirsﬁﬂﬂg/ of these
anti body- dramm@rygatgamss\aﬁacﬁamah%&e&ta rbdMuRGAd Véibavable linker (BLE34- SPP- DML

conj ugat e (c risi t he r.ent ti bod

Cincon ugat SR SsEHR) rah AT GRS Ao S0 Koo Bair628%00c i boay,
and a non- twdg@f@ptngrnqimumseteamly hihge@kd, irelytoataiis Aiedvabtmijnig dUEL) Thee

conj ugat es Uﬂ@l’_‘?s &V%W%&qjubﬂe 8qufiddledBro ti@ﬁ!&'cﬁﬁp?&%ﬁ%rﬁﬁ%eé@@@tgﬁ) :Mj—P' 8) of

human mul ti p i n_Severe conbi ned ficient

In these ma@BbOdgde*ﬂJ?'h%Sﬁ&CWH}?J?FB'e\tﬁeF‘@N%@t ApY SILkRlY heetE BX SCI D

m ce) by inoculation with MOLP-8 cell suspensions. Treatnent mnth a single
bol us intravenous injection was conducted when tunor vol unes reached an
average 113 nmmB. Changes in tunor volunme and body wei ght were nonitored
tw ce per week. Experinments were carried out over 68 days after tunor cel

i nocul ation. Xenograft nouse experinments A



M ce Female CB. 17 SCID mce, five weeks old, were obtained from

Charl es River Laboratories. Human tunor cell Iines MOLP-8, a human
mul tiple nyeloma cell |ine, was supplied fromATCC. MOLP-8 cells, which
express the CD138 antigen on their cell surface and devel op xenograft - 43

- tunors in SCID mce, were maintained in RPM -1640 nedi um suppl enent ed
with 4 mM L-glutam ne (Biowhittaker, Wal kersville, M), 10%fetal bovine
serum (Hycl one, Logan, Utah) and 1% stggeptonycin/penicillin, at 37Cin a
hum di fi ed at nosphere that contai ned 5% CO2. PART) Tunor growth in mce
Each nouse was inoculated with 1x107 MOLP-8 cells subcutaneously into the
area under tapsirof gieL/(bloaredd 062 FidenBi 082a$PR-BMA nen wdgndere@ cedntgpieart dkouse, i n

which the ralio, Afm@8EdATyhit 86mIRML YNohQIdRASIL I8k (U Firascikemee, Bedford,
MA) was 1/1 gv,/ % Prior 'to treatirent, the xeno%r@gl{t tunors were nonitored

dai |y and weEHEVaEN SHRNOPEIYSEESRBEPESOAD SneReISd iR ATEOW 6] WHE PRached

appr oxi mat elefjfectdInataBle adxant stedchihdtaydrafdne cothprises a @ehdeavattclinkat iFon. Tunor
take rate of _ Il 9 I er tunor cell
i nocul ati on,BT% ' %%z%é\%e%@‘ggﬁé\)é&? @53"(@%@6& onot 'ngyl@glaﬂ%@n%%g body wei ghts.
The tunpr vEPHPHBRPMPHSIEY pamRfeclasFadbginget 0 135.9 me. The forty-two nice
were randomy divided into seven groups (A-G of six aninmals each based on

t unor vol une. Eac f six.mce.in Goup A received | of PBS as
vehi cl e control .Aﬁrﬁ'ﬁ’ 0283%’%"%'%'%‘]#‘%88“’@ &Jgg}?grg‘ff[hf%?’%t"}?ﬁfﬁvg%oc?a'ﬁBT062 naked
anti body. Thisurdogsudade iequilatiat eresure 1t dascribes thetturodr onBTOBRIbIENT Kdiwityy

conponent i gr ZafRgkkeait td hokari HeBPeHormliBmAdhdBni0atdmhaeul ar
wei ght s of ma}/,t ansi noi ds to nBTO a cogé% ate nolecule is

, d 2 antibody. in,
appr oxi mat e 24MELIS S%HO%ugquﬁm&Sﬂ‘ﬁ ety OBNG Bighess Ry of DVH. Each
nmouse i n G oupurbcorgeeatey edy, BBIB2pgidtocaniesti@d2yrOMd delbf GED) of Frdmypss E, F and
G received o 81062 - BA -QI\{Pm - SPPDML
each, respe%%%\?g?é/}.é’gmg;woﬁlqq’%gg’grﬁsﬁgs%g’ ‘Iﬁll’il r%@?ﬁ%us y%%ﬂﬁ?%tgired as a
si ngl e bol u§TGjob ¢t fyR ingficolatgd aa’dlawseral tail vein with a 1 nl syringe
fitted wth a 27 gauge, 1/2 inch needle. Prior to adm nistration, the stock
sol utions of nBT062 anti body, nBT062- SPDB- DMA and nBT062- SPP- DML wer e
diluted with sterile PBS. t oncentrations of 2 ng/m, 28.1 pg/m and 28.1
pg/m, resp %’P?r\e/derf’v?' “%Q?bsifqu\t(:ﬁ\f'tﬁé i njected volune for each mouse was between
120-220 pl. - 44 - PART || a segofl set of experiments, MOLP-8
cells (1.5x107 cells per m)usgago,x (E%[g“ﬁgsﬁﬂ“gd I r?TOGaZESO: 50 m xture of serumfree
medi a and nﬁg,reidﬁ%ﬁwe i nj ected subcutaneously in the area under the right
shoul der in 100 pl. Tunor vol unes reached about 80 mmB at day 11 and the
mean of theTgasGokE IMAsingleMity50 me at day 25, post cell inoculation. The
tunor doubling tine was estimated to be 4.58 days. Each nouse in the
control group (n=6) received 00&X (T50edSt@Pd@PBS adm ni stered into the
| ateral tail vein (iv.) in a bolus injection. Al treatnent doses were
based on conjugated nmaytansi noid. N ne gr oupdséw,énzﬁ were treated with a
si ngl e i nt r RAAQDRQOVIdRT BEiEhIe B aprasEPaehe SRris-deRigted d38'sppB- DM, or

nBT062- SPP; DML, each--at -doses.of .450__250 _and 100.-pgl kg, _An_addi-tional
group (n=6)}-teceived 250 pgikynBTOEY &¥E) DML iln—a + SRASNVEIN dosing (weekly
for five ndom-zed-- n--groups—_{-n=6)—by—t unor
| i 1'}5 Z'SW‘DM'lDr ocarbm The t] r —volutpes r annarbf rom40-0 t
VO urTe uSI lgL.l o U0 OAATT LI \Jul T™"r T I\ L": TToT V IOT ATl J T Mllu"’a 1 OJrr +9JU. O
152.5 m8B. 3 Fee-wor-e—dosed—based—gfthe—indipvi-dual—bggy--wet-ght
nBT062-SPP-DM1 13 457 "9

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

(") Tumor growth delay in dags {TGD) as mean time in days for treatment group to reach a
predetermined size (180 mm”) minus the mean time for the controt group to reach this
predetermined size.

(**}Tumor Growth Inhibiting Activity =100x(TGDgampie/ TGDgrosz). The activity of BTG62 is defined
to be 100%.



Tunor size was neasured twi ce per week in three di nensions using the LabCat
System ( Tunor Measurenent and Tracking, |nnovative Programm ng Associ at ed,
Inc., Princeton, NJ). The tunor volume in mMmB was cal cul ated using the

met hodol ogy described in Tomayko et at, Cancer Chenother. Pharnmacol, 24
(1989), 148: Vol une=Length x Wdth x Height x % Logic, cell kill was
calculated with the fornula described in Bissery at af., Cancer Res., 51
(1991), 4845 Logic) cell kill = (T-C) _bgTd x 3.32 where (T-C) or tunor
grow h delay, is the nedian tine in days required for the treatnent group
(T) and the control group (C) tunors, to reach a predeterm ned size (600
me). Td is the t intbr exdowls drevipet imisblelfaBEeB2gmovidee ageadittagl attumer vol une in the

control m Ceyniig a%tvﬁ%thb?ex%&ﬁls %ﬁp@trs u%mcfé?édl cogﬁéﬁlﬁbr‘t pasoResrr-om1phy cel |
grow h. Results own in FIGS.

3" ond 0. ThdOMeant 3 ¥PHNSHR LB PURGARHO B CKREHs GRS FOSRGn | n F G 10.
- 45 - cAsnterparpienhetosdnjubate domprispy @wbh-cieavabledinkRBEHETOBREBACelM al s,
treatment with,nBT062 antibody, unconjugated free DWW or the irrel evant
non-targeting conjugate huC242-DW4 did not cause any significant inhibition
of tunor growt h.twas previgysly reparied et geaveble deier RGN EBRNRGaR eate provides

NBTO062- SPDB-dso cﬁieﬂ‘by&ﬁ??&e%cﬁrtﬁbldﬂrﬁﬁ%%‘t 8P OMbtentibubicaiose of 250 pg/ kg

caused mark Iunes

measared | n PO feh E ol Mot R il by e T e OB v ¢ ne

nost active trméfectumwecunmesur@mf@zfur@mma@@mnmgawarﬁﬂ@mw gparght | y
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e results ai in.in m ce sho ion tha

ant i - t unor EW@ hYraraRRRFiY ?'HCE %%C*%W@M‘S? %f%&e@?%@?aé%asﬁ% us| y and

t herefore | &sssthe Eyslsteraxbbr effdch@pe, tehya tFigre abuSeP atent fAubieatime2 D@2 388 14).

NBT062- SPP- ML, i« |5 Eﬁ%ﬁ%ﬁw@%&o&gmgmgldﬂn anltgﬁgltng H@é@@r %Bé%li\s/(& { he ot her
Gh

conj ugat e that” uses n ting an behaved
simlar to ASTYEIidIppsipany better reSNl@ thatipe We tln P@HW@J@&M@@ Rserved in
any treat meghs glﬁéétbl@d FLUGOBSL iiMgich Badgxrﬁmadémtlwemﬁhmm onek luial er at ed.

Di scussi on results of th e get,) i ng

conj ugat es Frﬁ‘sé’?(?)er I:%ﬁcgﬁneg}?fen%imouace V‘ynfzjta?]a Crea %{n d%ngg%%%r‘{é/g@of targeted
del i very f osumHEChnvtperfared UKt wgfaydoswwwrrteh@twymrwﬁmcteélddgf@@n]nugat es of

the human chidi®hi fe URIORA lﬁe@szbefcié@e "éutf)ér'ﬂﬁmgﬁ BAuRRLIPRgheaosugesy signi fi cant
activity as nmeasured by Iog cell %I there was no significant inpact on

tumor gromh fromtreatnent with unconjugated DM4, unnodified native
huBT062 ant i bodyThedargeting@gets Ngetriicotr @ayetingdntioaigsugalie ifihuC242daMg) .

The i nmJnO%@E&H&%ﬂth@re&lrc%ﬂ%é%gmhrsféﬁéott@%n Wm%)lﬂ!jlﬂgrnirgveﬁgﬁél)pﬂéwnterany

nBT062- SPP ave s Hg er "an he conj ugat e
prepared f r B, ﬂféraWHT’qU ydvaimmeea War &s argrepeposPibe matie of 4EEANMY Y8RENt ¢ eat nent

wi th n31062or§!ﬂ8§%d®ﬁébt nBEQ@e?rart&an%ny Rl the Best ﬂ)ut’mjf @drhmim@egggs
responses ip indivi e as a.re treat -
The high bi ﬁ’&?ﬁaﬁ' rlé'ﬂgﬁnﬁeﬁﬁ&ac@ %R/ﬁreg%fng? %p B OEialgfneasurernent
of the nedi desageinwidepesidumeng repte osa&)mlmstratmmcethhmﬁﬁmemtmduqafsﬁeénql}ﬂén ona
xenografts f'e@dl%ejdéteﬁﬂngi B} £ SxilRY Ftisk |%lem¥l§)enp@<§attm Dlvga‘bkblca&' on actually

provided for relativel etter results for B-B4-S t ha
nBT062- SPP- DML (d’é’f"&a‘i‘%‘ﬂc%??ﬁiﬁﬁ§’“°ﬁﬁFE“*?'B}a? at B”%FJ”????HJH@SW 5195%&3@9 usi ng
NBT062 as athkangeddcngugend ofhiedyesatimertion eadieniefredierdd cadparemlbddy f or

therapeuti Ca&%%in%fto E%eﬁ%ﬂ&l%ﬂ%@éeuticél célﬁpo'und]ng 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
pharmageutically 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.



Lastly, the nost potent of the maytansinoid conjugates, followng single iv
admnistration in the MOLP-8 xenograft nodels in SCID m ce, was

nBT062- SPDB- DMA. Xenograft nobuse experinments B In this set of
experinments, eighty-five mce were inoculated with MOLP-8 cells (1.5x107
cel | s/ mouse) subcutaneously in the right shoul der. Tunor take rate was
100% Sixty-six SCID m ce bearing bul ky MOLP-8 tunors with a nean tunor

vol ume of about 80 mmB were random zedszinto el even treatnment groups (n=6).
Mce were treated with a single dose of one of three conjugates

(nBT062- SMCC- DML, nBT062- SPDB- DM4 or nBT062- SPP-DML). An additi onal group
received five me@%PV“B@E@@”%W”ﬁ@ﬁ@QEWSMBEENWd@HﬂmHmE%WPBGPC@ﬁ%hp recei ved a

single dOSef@fnul@@&ntd\&ﬂiﬂlotild[ﬂﬂrprép@}alﬂbf&%uaf&c&bﬁm bilts, EHblats, bidhnged dose

e e e S A e S PRSP P S Y o0 o, 720
det er mi ned Iggsaghdorety-of thte ulswahmma@gmt@emmwb@/@mﬁfpstedowcaa$ é&yg-1i near pl ot
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Pg ig y ani S
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Tabl e 5). Cerqraple, soapendiortshdixineaw sblutims); gr awidns suh westafcbes, slpard, r eat ment
groups by r neake I npari sopn
got e oy Rl it fTRARY b6 DA BRI ke[ dan's oMl "%ﬁa%‘; hnd 450
pg/ kg nBToazaSSFﬂbBratmd PISRIElPDy (suohsas i PN POETY SEBsYIoRAnY L8!sh5) and five
weekl y doseSewusQ&Qh@giak@}ntfﬁmaﬁi\v@@bi%né Ps3uleS Jeprdiont s rhdsal ﬁr conpl ete
tunor regre e eexcetlon
9 aﬂ@ écﬁhs%&y dc9 8(% Dr%t félj;ﬂ %gﬁfg%fagé%gg Bw\?&ﬁ\g V%lf ganc%@a%palte P

of one anima g&vi ng tial
regression é*PVfCtUﬁlé emimrd dfrﬂelslredd lesaﬂ%ct@tsuﬂam‘e@w@@f Wﬂwoatﬂd]b}t Table 5. Log

cell kill ( bt%ard/@bmegwmswa@emﬁusam étaﬁlé%l?fass%@b 'tﬁfbdg}ﬁ tﬁéf di fferent
nBT062- DMK C in di fferent fsr% mes. o t he dl\/laterl al s
and et hods SEURPIGIF Bt THASPHED! BiieBR Sear ol AETORSGUA-ER D SFegd Teot
Mat eri al Doswey {nplgdekigoshCipiBowilenihiPBSivatives dedcebatis theiBTA6G2- SMBTaDML 450 0. 85

liposomes, microparticles (including microspheres and macrospheres).

For parenteral administration, the targeting agent and/or the immunoconjugate

may be dissolved in a pharmaceutical carrier and administered as either a solution or a

suspension. lllustrative of suitable carriers are water, saline, phosphate buffer sotution

(PBS), dextrose solutions, fructose soluticns, ethanol, or oils of animal, vegetative or

synthetic origin. The carrier may also contain other ingredients, for example,

preservatives, suspending agents, solubilizing agents, buffers and the like. When the

unconjugated targeting agent and/or immunocenjugate are being administered

intracerebroventricularly or intrathecally, they may also be dissolved in cerebrospinal

fluid.

Dosages administered o a subject may be specified as amount, per surface area

of the subject (which include humans as well as non-human animals). The dose may be

administered to such a subject in amounts, preferably, but not exclusively from about 5

mg/m*to about 300 mg/m?, including about 20mg/m?, about 50mg/m?, about 100mg/m?,

about 150mg/m?, about 200mg/m? and about 250mg/m> The targeting agents/

immunoconjugates are suitably administered at one time or over a seties of treatments.

In a multiple dose regime these amounts may be administered once a day, once a week,

once every two weeks, once every three weeks, once every four weeks, one every five

weeks or once every six weeks. loading doses with a single high dose or, alternatively,



si ngl e dose nBT062- SMCC- DML 250 0.53 single dose nBT062- SMCC-DML 100 O
singl e dose nBT062- SPDB- DM4 450 239 singl e dose nBT062- SPDB- DM4A 250 1. 05

sinl e dose
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lower doses that are administered shortly after one another followed by dosages timed
at longer intervals constitute a preferred embodiment of the present invention. Inha
preferred embodiment, the timing of the dosages are adjusted for a subject so that
enough time has passed prior to a second and/or any subsequent treatment so that the
pravious dose has been metabolized substantially, but the amount of immunocconjugate
present in the subject’s system still inhibits, delays and/or prevents the growth of a
tumor. An exemplary “repeated single dose” regime comprises administering an initial
dose of immunoconjugate of about 200mg/m? once every three weeks, Alternatively, a
high initial dose may be followed by a biweekly maintenance dose of about 150ug/m®.
FHowever, other dosage regimens may be useful. The progress of this therapy is easily
monitored by known technigues and assays. Dosage may vary depending on whether
they are administered for preventive or therapeutic purposes, the course of any previous
therapy, the patient's clinical history and response 1o the targeting
agent/immunoconjugate, and the discretion of the atftending physician.

In accordance with the present invention, MM is treated as follows, with the use
of nBT062 and BTO0B82 as an example. This example is not intended to limit the present
invention in any manner, and a skilled artisan could readily determine other
immunoconjugate and nBT062 hased systems that are within the scope of the present
invention and other treatment regimes which could be utilized for the treatment of
diseases such as MM,

Due to the selective expression of CD138 on patient MM cells on via the blood
stream accessible cells, the specificity of nBT062 and the stahility of BT062 in the
bloodstream, BT062 remove the systemic toxicity of DM4 and provides an opporiunity
fo target the delivery of the DM4-effector molecule(s). Administration of dosages of
nBTO62 is benefical to shield low expressing CD138 positive, non-tumor cells against
BT062 binding of those cells and preferably destruction, while the immunoconjugates &f
this-invention provide a means for the effective administration of the effector molecules
to cell sites where the effector molecules ¢an be released from the immunoconjugates.
This targeted delivery and release provides a significant advance in the freatment of
multiple myeloma, for which current chemotherapy methods sometimes provide

incomplete remission.



nBT062- SPDB- DM4 100 0. 39 singl e dose nBT062- SPP-DML 450 0.8 single dose
nBT062- SPP- DML 250 0. 39 single dose nBT062- SPP-DML 100 0.2 single dose

nBT062- SMCC- DML
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The present invention is further described by reference to the following
Examples, which are offered by way of ilfustration and are not intended to limit the
invention in any manner. Standard techniques well known in the art or the techniques

specifically described below are utilized.

Materiais and Methods

Chimeric Antibody Construction (cB-B4: nBT062)
B-B4

Murine antibody B-B4 as previously characterized (Wijdenes ef al., Br J Haematol.,
94 (19986), 318) was used in these expetiments.

Cloning and expression of B-B4 and ¢B-B4 /nBT062

Standard recombinant DNA techniques were perforimed as described in detail in
text books, for example in J. Sambrook; Molecular Cioning, A Laboratory Manual, 2nd
Ed. (1989), Cold Spring Harbor Laboratory Press, USA, or as recommended by the
manufacturer's instruction in the cases when kits were used, PCR-cloning and
modification of the mouse variable regions have been conducted using standard PCR
methodology. Primers indicated in the respective results section have been used.

Expression of cB-B4 /nBT062

Exponentially growing COS cells, cuitured in DMEM supplemented with 10% FCS,
580 pg/mi L-glutamine, 50 Units/mi penicillin and 50 pg/ml streptomycin were harvested
by trypsinisation and centrifugation and washed in PBS. Cells were resuspended in PBS
to a final concentration of 1x107 cells/ml. 700 ul of COS cell suspension was transferred
to a Gene Pulser cuvette and mixed with heavy and kappa light chain expression vector
DNA (10 yg each or 13 ug of Supervector). Cells were electroporated at 1900 V, 25 pF
using a Bio-Rad Gene Pulser. Transformed cells were cultured in DMEM supplemented
with 10% gamma-globulin free FBS, 580 ug/mi L-glutamine, 50 Units/mi penicillin and 50
Hg/ml streptomycin for 72 h before antibody-containing cell culture supernatants were

harvesied.

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



250 2.1 weekly for 5 weeks - 48 - References: Akkina RK, Rosenblatt JD,
Campbell AG Chen IS, Zack JA. Modeling human | ynphoi d precursor cell gene
therapy in the SCID-hu nouse. Blood. 1994;84:1393-1398. Arnmour KL, Cark
MR, Hadl ey AG etal. Reconbi nant human 190 nol ecul es | acki ng Fcgamma
receptor | binding and nonocyte triggering activities. Eur J |Inmunol. 1999;
29(8):2613-24. Anttonen A, Heikkila P, Kajanti M Jal kanen M Joensuu H.

H gh syndecan-1 expression is associatgd with favourable outcone in
squanous cell lung carcinoma treated with radical surgery. Lung Cancer.
2001 Jun; 32(3):297-305. Barbareschi M Maisonneuve P, Al dovini D, Cangi
M5, Pecci ar ivhiellwasing blfier (MBSr-0. 1%, Twéen-8d)e'dlelisSyerCalbfied @jth LadiiA, A, Pal ma PD,

Gal ligi oni  B,opf0QlkRBh m@asHb&Bm%m%caaoolpa%élpém@sgﬁbrmar@g SRBknifAr Ci noma i s
related to an aggressjve phenoty and to poorer prognosis. Cancer. 2003
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B4 RNA was subjected to reverse transcription to produce B-B4 ¢cDNA using the
Amersham Biosciences (Piscataway, NJ) 1st strand synthesis kit following the
manufacturer's protocol.

Cloning of B-B4 immunoglobulin ¢DNA

Immunoglobulin heavy chain (IlgH) cDNA was amplified by PCR using the IgH
primer MHV7Y (5'-ATGGGCATCAAGATGGAGTCACAGACCCAGG-3") [SEQ ID N(: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 MKVS (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
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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.



Edi nger M Sweeney TJ, Tucker AA, A onmu AB, Negrin RS, Contag CH.

Noni nvasi ve assessnent of tunor cell proliferation in aninml nodels.

Neopl asi a. 1999; 1: 303-310. Gattei V, Godeas C, Degan M Rossi FM Al di nucci
D, Pinto A Characterization of Anti-CD138 nonocl onal antibodies as tools
for investigating the nol ecul ar pol ynorphi sm of syndecan-1 in human

| ymphoma cells. Br J Haematol. 1999; 104: 152-162. - 50 - Hamann PR, H nman
LM Beyer CF, Lindh D, Upeslacis J, Flgwers DA Bernstein |I. An anti-0033
anti body-cal i cheam ci n conjugate for treatment of acute myel oid | eukeni a.
Choi ce of linker. Bioconjug Chem 2002;13:40-46. Han 1, Park H, Oh ES. New
insights i ntaamsfmﬁtﬁﬂﬂah@e@w@@&bﬂﬁs;ambctmuri geni c acti vi ty in colon

carcinoma cells co'X%uuch otf%le CE%’I%P ev?egsg%% %gc}c?é glﬁﬁlsgﬁﬁ M@%Qlﬂt\é% M Gai |l ard,

J.-P., Liutard, T'ﬁe uard, P et aI.
In: al. SFSéeadefcsequeé\qwC\W @dmprﬁgedvd bk Per ! regiittion gt midvAdicsrl y Pr ess:;

1995: 713- 714 %ﬁ@$he&(ez@ﬂ@&ﬂ@ﬂiﬁé§§ éncfet:s Rﬁblélff&%eseffd%htIﬂeﬁns@tlon-rcﬁ%al’ M
Thomassen E, ?:% t hr oughput

h
Berat ) on A BBy e RSO P AT e T PisniuBoscbas )
| nmunol .  Metchroglsn@Sdansighion, 6 i8@kinglddopt hidtioal Sike Sitvedaianidd (or Beainf man AR Howi e

GA, Rebhun bl Myl UOLa¥ie) MBREA.RY (RGRE31k %U&tarﬁﬁ‘ﬁé‘%‘éw@équ’éﬁ%ére”ﬁm S
for antil eukem c actl vity anmong the natura occ rrin gﬁﬁﬂﬁ?ﬁ@[nqz nt hetic

mayt ansi noi §&'ected e @ﬁg,ﬂmllfgspgu%egwt@e 59*’3* 6 g abét neshi ma
H, MCune JNkchveel ihidimdNamnE&eina 1851)] Theb@addaionh® are@nchbdaBvitiiie thafoeardf

functi onal %Ww%?{@otﬁﬁé&r?%é L e Esgﬁé’é’fecéﬂé’@ﬁ&ﬁ?o‘l 1711.

Kyoi zum S, I's of t oki ne t herapy

in the SC DQQ@T%G%CA%TB%@TTG@@C%' ISERDINGW); reskictieroyite ISJ‘I@derQIEGd’nI ey M,
Cao D, Sandebsgrieftidndbis i i @p@w&n@k& fratcengiaion of e enikeai red for

t | d 6 273 9965-71. Li
(C):p 'ngayiﬁ?e%%g%d?#%ff eﬂtﬂg" I‘%&%&ﬁ?%ﬁ?ﬁ“?ﬁmww C) Oéa %Keder shaI lI<IU,

Arini el | o PRgicGolmiraciatral XS reskithar site Jddntid@loas withethe B&nd @htaw re@ign ofr adi cati on

of large co & mavtiaRgbsypl ds. Proc
Nt | o ngﬁxgnu%rthé%@%m Elédugya %:ﬁé@@én@%t@%h&%@ﬁasﬁ kaiIE bi R hi . H

Shultz LD, Ews%freﬁa&mpwaw@f derpareqt (n-fremretiagtyrenh of t%{?é@ble FﬁS‘IOf‘rt\%'tSrmdel for
t he anal ysi Spméprhwrmﬂstﬁlﬁlmﬁdal wopdputing ol tHeer.emitioat ThekagradntfourrcIi ere. Sci ence.

1988; 241: 16 C I tner RB,
Rosent hal égﬁg %qgf%’thel\% % %rn ghugh&%aw%m&t@g‘;gﬁ %}gh?ﬁgw ¢an-1
expr essi on fhesameprd Giéisiearoded indhe expigssion onstrael cpwrstierD gF e BiRsrVHhf sol i d
tumours. Eugeglefeancer. 2004 Jun; 40(9): 1373 82. Mosmann T. Rapid

I t I I t
rol 1 ferat Snaiﬁ@% Gl S0 s DR Ot BB 2. 5
Nani kawa R, spleel@orRy sdéympmHHGC@ior@tMImabfseMnm amy &ir diedbréseutestipars i n t he
human mar r oy &b LRRRE RstriBfon b duiith Vi BlateBhRAGe iR IR BReidneland 36

expression of functional whole antibody. An unwanted Hindlll 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, oligonuclectide 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
sequence, was aligned with murine leader sequences in the Kabat database. The
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introduces the 5' end of the gamma4 C region and a natural Apal restriction site. The

restlting fragment was cloned into the Hindli/Apal restriction sites of pG4D200,
resulting in vector pG4D200cBB4.

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, celfs (0.7 ml at 107 cells/ml)
were electroporated with pG4D200cBB4 plus pKN100cBB4 (10 pg DNA each) or no
DNA. The cells were plated in 8§ ml growth medium for 4 days. Electroporation was

repeated seven times.
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Kp-Determination of different anfibodies 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 ouf
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 dissaciation
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
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Table 4; Comparative analysis of Ky values of nBT062 and B-B4. Standard deviations are given

for mean Kp values.

Discussion

Mean Kp values for each antibody were calculated from three independent experiments.
The results show that in all measurements nBT062 exhibits slightly decreased Kp values
compared to B-B4 (mean Kp values were 1.4 and 1.6 nM, respectively).

Preparation of Inmunoconjugates

nBT062-DM1 and huC242-DM1
The thiol-containing maytansinoid DM1 was synthesized from the microbial
fermentation product ansamitocin P-3, as previously described by Chari (Chari et al.,
Cancer Res. 1(1992), 127). Preparation of humanized G242 (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.
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phar maceut i cal conposi tion conprising the antibody of claims 1 or 2, and a
phar rraceutl Jé%/ aofl;gg@t able carrier. 13. A hybridoma which produces the
ant i body of H . 14. An anti body based assay conprising the

ant i body of C| albva s poapat2a from the well known derivative maytansinol (Kupchan et al., J.

Med. Chem., 21 (1978), 31). Maytansinol is prepared by reductive cleavage of the ester
moiety of the microbial fermentation product, ansamitocin P3, with lithium
trimethoxyaluminum hydride (see FIG. 3).

DM4 is synthesized by acylation of maytansinol with N-methyl-N-(4-
methydithiopentanoyl)-L-alanine (DM4 side chain) in the presence of
dicyclohexylcarbodiimide (DCC) and zinc chloride to give the disulfide-containing
maytansinoid DM4-SMe. The DM4-SMe is reduced with dithiothreitol (DTT) to give the
desired thiol-containing maytansinoid DM4 (see FIG. 4 for the DM4 process flow

diagram).

Immunoconjugafe BT062

The procedure for the preparation of nBT062-DM4 is outlined in FIG, 5. The
nBT0B82 antibody is modified with N-succinimidyl-4-(2-pyridyldithic) butyrate (SPDB
linker) to introduce dithiopyridyt 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
dithiopyridyt groups introduced into the antibody via the linker. Purification by
chromatography and diafiltration removes the low molecular weight reactants (OM4) and
reaction products (thiopyridine), as well as aggregates of conjugated antibody, to
produce the bulk drug substance.

FACS analysis and WST cytofoxicity assays
FACS analysis

OPM-2 cells are plasma cell leukemia cell lines showing highly expressing CD138.
OPM-2 cells were incubated with nBT0862, nBT082-SPDB-DM4, nBT062-SPP-DM1 or
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measured in a microplate reader using standard procedures.

Discussion

Binding of nBT062-SPDB-DM4, nBT062-SPP-DM1, nBT062-SMCC-DM1 or
nBT062 was analyzed by FACS. CD 138" OPM-2 as target cells were incubated with
nBTO062 or immunoconjugates and cell-bound molecules were detected using a
fluorescence-labeled secondary antibody. In FIG. 6, the mean fluorescences as
measure for the amount of cell bound antibody is plotted against different antibody or
conjugate concentrations. The results show, that nBT062-SPDB-DM4, nBT062-SPP-
DM1 and nBT082-SMCC-DM1 show very similar binding characteristics. In addition, the
resuits 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 celis 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 nBT082-SMCC-DM1 against MOLP-8 cells
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is very similar. As expected, CD138" BJAB control cells were not killed by the
immunoconjugates, indicating that all immunocenjugates act via cell specific binding to
CD138, In competition experiments, in which MOLP-8 cells were preincubated with a
molar excess of unconjugated nBT062. Preincubation substantially blocked the
cytotoxicity of nBT062-SPDB-DM4, providing further evidence that the
immunoconjugates kill the cells via specific binding to CD138 onto the ceil surface (FIG.

7 (D).

Xenograft mouse experiments

To evaluate the importance of CD138 targeting on the anti-tumor activity of
antibody-maytansinoid conjugates of a human chimeric version of the B-B4 antibody,
nBT062, xenograft mouse experiments were performed. Two versions of nBT062-
maytansinoid conjugates were prepared that may differ in the chemical stability of their
disulfide linkages (nBT062-SPP-DM1 and nBT062-SPDB-DM4). The anti-tumor activity
of these antibody-drug conjugates was compared to the activity of the B-B4-SPP-DM1
conjugate (comprising the murine parental antibody), as well as unconjugated free
maytansinoid (DM4), native unmodified nBT062 antibody, and a non-targeting
(irrelevant) 19G 1-maytansinoid conjugate. The conjugates were evaluated in a CD138-
positive xenograft model (MOLP-8) of human multiple myeloma in severe combined
immunodeficient (SCID) mice.

In these mice, subcutaneous tumors were established (female CB.17 SCID mice)
by inoculation with MOLP-8 celi suspensions. Treatment with a single bolus infravenous
injection was conducted when tumor volumes reached an average 113 mm®. Changes in
tumor volume and body weight were monitored twice per week. Experiments were

carried out over 68 days after tumor cell inoculation.

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

l.aboratories.

Hurman 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
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tumers in SCID mice, were maintained in RPMI-1640 medium supplemented with 4 mM

L-glutamine (Biowhittaker, Walkersville, MD), 10% fetal bovine serum (Hyclone, Logan,

Utah) and 1% streptomycin/peniciliin, at 37°C in a humidified atmosphere that contained

5% CO..

PART!
Tumor growth in mice

Each mouse was inoculated with 1x10” MOLP-8 cells subcutaneously into the area
under the right shoulder. The total volume was 0.2 mi per mouse, in which the ratio of
serum-free medium to matrigel (BD Bioscience, Bedford, MA) was 1/1 {v/v). Prior to
treatment, the xenograft tumors were monitored daily and were allowed to become
established. The tumor volume reached approximately 113 mm?® about 11 days after
tumer cell inoculation. Tumor take rate of CB.17 SCID mice was 100%.

Eleven days after tumor cell inoculation, 42 mice were selected based on tumor
volumes and body weights. The tumor volume was in a range of 68.2 to 135.9 mm®. The
forty-two mice were randomly divided into seven groups {A-G) of six animals each based
on tumor volume,

Each of six mice in Group A received 200 pl of PBS as vehicle control. Each
mouse in group B received 13.8 mg/kg of nBT062 naked antibody, This dose is
equivalent to the amount of nBT082 antibody component in 250 ug/kg of linked
maytansinocid. The ratio of molecutar 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, ¥z inch nesdle. Prior to
administration, the stock solutions of nBT062 antibody, nBT062-SPDB-DM4 and
nBT062-SPP-DM1 were diluted with sterile PBS fo concentrations of 2 mg/ml, 28.1
yg/mi and 28.1 ug/mil, respectively, so that the injected volume for each mouse was
between 120-220 pl.



Page 1 Phoeni xTenp32462.tnp.txt Ay Gn Gy Thr Ser Val Thr val Ser Ser
Ala Ser Thr Lys Ay Pro 115120125 Ser Val Phe Pro Lev Ala Pro cys ser Arg
Ser Thr Ser Gu Ser Thr 130135140 Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr
Phe Pro Gu Pro Val Thr 145150155160 Val Ser Trp Asn Ser Gy Ala Lev Thr
Ser Ay Val H's Thr Phe Pro 165170175 Ala Val Leu G n Ser Ser Gy Leu Tyr
Ser Leu Ser Ser Val Val Thr 180185190 Val Pro Ser Ser Ser Leu Ay Thr Lys
Thr Tyr Thr Cys Asn Val Asp 195200205-4i-s Lys Pro ser Asn Thr Lys Val Asp
Lys Arg Val Qu Ser Lys Tyr 210215220

PART H

In a second set of experiments, MOLP-8 cells (1.5x107 cells per mouse),

suspended in a 50:50 mixture of serum free media and matrigel were injected

subcutaneously in the area under the right shoulder in 100 ul. Tumor volumes reached

about 80 mm® at day 11 and the mean of the controls was about 750 mm® at day 25,

post cell inocutation. The tumor doubling time was estimated to be 4.58 days. Each

mouse in the control group (n=8) received 0.2 ml of sterile PBS administered into the

lateral tail vein (i.v.) in a bolus injection. Ali treatment doses were based on conjugated

maytansinoid. Nine groups (n=6) were treated with a single intravenous injection of

nBT062-SMCC-DM1, nBT062-SPDB-DM4, or nBT062-SPP-DM1, each at doses of 450,

250 and 100 pg/kg. An additional group (n=6) received 250 pg/kg nBT062-SMCC-DM1

in & repeated dosing (weekly for five weeks). Mice were randomized into eleven groups

(n=8) by tumor volume using the LabCat Program. The tumor volumes ranged from 40.0

to 152.5 mm®. The mice were dosed based on the individual body weight.

Tumor size was measured twice per week in three dimensions using the LabCat

System (Tumor Measurement and Tracking, Innovative Programming Associated, inc.,

Princeton, NJ}. The tumor volume in mm® was calculated using the methodology

described in Tomayko ef al., Cancer Chemother. Pharmacol, 24 {1988), 148:

Volume=Length x Width x Height x %

Logyo celi kilt was calgulated with the formula described in Bissery ef al., Cancer Res., 51
{1991}, 4845:

Log, ceil kill = (T-C)/ Ty x 3.32

where (T-C) or tumor growth delay, is the median time in days required for the freatment
group (T) and the conirol group (C) tumars, 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)

turmor growth for each group is shown in FIG. 10.
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As compared with tumor growth in the PBS-treated animals, treatment with
nBT082 antibody, unconjugated free DM4 or the irrelevant non-targeting conjugate
huC242-DM4 did not cause any significant inhibition of tumor growth.

All three CD138-targeting conjugates, nBT062-SPDB-DM4, B-B4-SPP-DM1 and
nBT062-SPP-DM1, at a dose of 250 pg/kg caused marked delay in tumor growth. Based
on the mean tumor volumes measured in the treatment groups, the DM4 conjugate
nBT062-SPDB-DM4 was the most active one, while the nBT062-SPP-DM1 conjugate
showed slightly increased activity as compared to its murine counterpart B-B4-SPP-DM1
(FIG. 10). The results obtained in individual mice show in addition that the anti-tumor
activity obtained with B-B4-SPP-DM1 is more heterogeneously and therefore less
predicable than that measurs in mice freated with nBT062-SPP-DM1. In ferms of
homogeneity of anti tumor activity, the other conjugate that uses nBT062 as targeting
antibody nBT062-SPDBE-DM4 hehaved similar to nBT062-SPP-DM1.

No body weight reduction was observed in any treatment group suggesting that

the treatments were well tolerated.

Discussion

The results of the analysis of three CD138-targeting conjugates in experimental
animals demonstrate the importance of targeted delivery for the anti-tumor activity. While
the maytansinoid conjugates of the human chimeric nBT062 and the murine B-B4
antibodies show significant activity as measured by log cell kill, there was no significant
impact on tumor growth from treatment with unconjugated DM4, unmodified native
huBT062 antibody, or a non-targeting control conjugate (huC242-DM4).

The immunoconjugate prepared from the human chimeric antibody, nBT062-SPP-
DM1, gave slightly higher anti-tumor activity then the conjugate prepared from its murine
counterpart, B-B4-SPP-DM1. In addition, treatment with nBT062-SPP-DM1 and nBT062-
SPDB-DM4 resulted in more homogenous responses in individual mice as compared to
treatment with B-B4-SPP-DM1. The high binding variation of B-B4-SPP-DM1 explained
that the measurement of the median tumor volume (+/- SD) of MOLP-8 human muitiple
myeloma xenografts in CB.17 SCID mice over time (days) post-inoculation actually
provided for relatively better results for B-B4-SPP-DM1 than for nBT062-SPP-DM1 (data
not shown).This feature of immunoconjugates using nBT062 as a targeting antibody
seems o be beneficial especially for therapeutic use of the conjugates.



355360365 Cys Lev Val Lys dy Phe Tyr Pro ser Asp Ile Ala Val Gu Trp Qu
370375380 Phoeni xTenp32462.tnp.txt Ser Asn Ay Gn Pro Au Asn Asn Tyr Lys
Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gy Ser Phe Phe Leu Tyr
Ser Arg Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gn Qu dy Asn Val Phe
Ser Cys Ser Val Met His GQu 420425430 Ala Leu H's Asn H's Tyr Thr G n Lys
ser Leu Ser Leu Ser Leu Ay 435440445 <210> 2 <211> 214 <212> PRT <213>
Artificial Sequence <220> <223> Am no.Acid sequence (predicted) of |ight
chain of chineric human/ nouse anti body

Lastly, the most potent of the maytansinoid conjugates, following single iv

administration in the MOLP-8 xenograft models in SCID mice, was nBT062-SPDB-DM4.

Xenograft mouse experiments B

In this set of experiments, eighty-five mice were inoculated with MOLP-8 cells
(1.5x10" cells/mouse) subcutaneously in the right shoulder. Tumer take rate was 100%.
Sixty-six SCID mice bearing bulky MOLP-8 tumors with a mean tumor volume of about
80 mm® were randomized into eleven treatment groups (n=6). Mice were treated with a
single dose of one of three conjugates {(nBT062-SMCC-DM1, nBT062-SPDB-DM4 or
nBT062-SPP-DM1). An additional group received five weekly doses of nBT062-SMCC-
DM 1 and a control group received a singie dose of PBS. Mean tumor volumes are
shown in FIG. 11A. A dose response was established for each conjugate. A median
tumor volume of 750 mm® in the PBS-treated animals was reached on day 25. Tumor
doubling time determined by the best-fit linear regression curve fit on a log-linear plot of
control tumor growth was 4.58 days. Animals freated with nBT062-SPDB-DM4 at 450
Hafkg had the highest log cell kill (LCK=2.89), followed by animals treated with nBT062-
SMCC-DM1 at 250 ug/kg weekly dosing (LCK=2.1; see Table 5). Comparison of the
mean tumor growth curves for the treatment groups by repeated measures ANOVA
performing Dunnett's Multiple Comparisopn Test showed a significant difference
between the PBS control group and 450 pg/kg nBT062-SPDB-DM4 (p<0.01), 250 ug/kg
nBT062-SPDB-DM4 (p<0.05) and five weekly doses of 250 ug/kg nBT062-SMCC-DM1
{p<0.05). No partial or complete tumor regression in any of the treatment groups
occurred with the exception of one animal receiving 450 pg/kg nBT062-SPDB-DM4,
which had partial regression of the tumor until day 85 post-inoculation.



<220> <221> cDR1 <222> (24)..(34) <220> <221> CDR2 <222> (50)..(56) <220>
<221> CDR3 <222> (89)..(97) <220> <221> region | g& <222> (108)..(214)
<400> 2 Asp Ile Gn Met Thr Gn ser Thr ser ser Leu Ser Ala Ser Leu Gy
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202530
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Table 5. Log cell kill {(LCK) values as measure for anti-tumor activity of different nBT062-

DiMix conjugates in different dosing schemes. Refer to the Materials and methods section

for information on calculation of LCK values.

Test Material Dose {ug/kg) LCK Dosing
PB3 single dose
nBT062-SMCC-DM1 450 0.85 single dose
nBT062-SMCC-DM1 250 0.53 single dose
nBT062-SMCC-DM1 100 0 single dose
nBT062-SPDB-DM4 450 2.89 single dose
nB8T062-SPDB-DiM4 250 1.05 sinle dose
nBT062-SPDB-DM4 100 0.39 single dose
nBT062-SPP-DM1 450 0.8 single dose
nBT062-SPP-DM1 250 0.39 single dose
nBT062-SPP-DM1 100 02 single dose
nBT062-SMCC-DM1 250 2.1 weekly for 5 weeks




Leu Asn Trp Tyr Gn Gn Lys Pro Asp Ay Thr Val Gu Leu Leu Ile 354045 Tyr
Tyr Thr Ser Thr Leu G n Ser Ay Val Pro Ser Arg Phe Ser Ay 505560 Ser vy
Ser Ay Thr Asp Tyr ser Leu Thr Ile Ser Asn Leu Gu Pro 65707580 3 u Asp
Ile Ay Thr Tyr Tyr Cys Gn Gn Tyr Ser Lys Leu Pro Arg 859095

Phoeni xTenp32462.tnp.txt Thr Phe Ay Gy Gy Thr Lys Leu Qu Ile Lys Arg
Thr Val Ala Ala 100105110 Pro Ser Val Phe Ile Phe Pro Pro ser Asp Qu Gn
Leu Lys Ser Gy 115120125 Thr Ala Ser-aal val cys Leu Leu Asn Asn Phe Tyr
Pro Arg Gu Ala 130135140 Lys Val Gn Trp Lys Val Asp Asn Ala Leu G n ser
Gy Asn Ser Gn
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What is claimed is:

1. An engineered targeting antibody which recognizes CD138 comprising
an antigen binding region (ABR) against CD138, wherein said antigen binding region is of a
non-human antibody, and
a further antibody region, comprising a human antibody region,
wherein the engineered targeting antibody:
(a) provides for homogenous binding lo CD138 of CD138 expressing cells, and optionally,
(b} binds CD138 with a binding affinity that exceeds the binding affinity of said non-human
antibody; and
whaerein the antigen binding region comprises:
(2) a heavy chain variable region comprising amino acid residues 31 to 35 (CDR1), 51 to 68
(CDR2) and 99 to 111 (CDR3) of SEQ 1D NO: 1, and
(b) a light chain variable region comprising amino acid residues 24 to 34 (CDR1 ), B0 1o 56
(CDR2) and 89 to 97 (CDR3) of SEQ ID NO: 2.

2. The engineered targeting antibody of claim 1, wherein said further antibody region is at
least one constant region comprising a heavy chain constant region or a part thereof that is
of a human antibody, and wherein sald engineered antibody is of an IgG4 isotype.

3. The engineered targeting antibody of claim 2, wherein said antibody binds CD138 with a
binding affinity that exceeds the binding affinity of said non-human antibody.

4, The engineered targeting antibody of ¢laim 2, wherein said antibody provides for
homogenous binding to CD138 of CD138 expressing celis.

5. The engineered targeting antibody of claim 4, wherein said engineered targeting antibody
binds CD138 with a targeting variation of less than 150%, 140%, 130%, 120%, 110%, 100%,
90%, 80%, 70%, 60% or 50%.

6. The engineered targeting antibody of any of claims 1 to 5, wherein said further antibody
region comprises:
(a) amino acid residugs 123 to 448 of SEQ D NO: 1, and/or
(b) amino acid residues 108 to 214 of SEQ ID NO: 2, respectively
and mutations thereof that
(ty maintain or lower the antibody-dependent cytotoxicity and/or complement-

dependent cytotoxicity of the engineered targeting antibody and/or
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(ii) stabilize the engineered targeting antibody.

7. The engineered targeting antibedy of claim 1 or 2, wherein said antigen binding region of
said non-human antibody is of a mouse antibody.

8. The engineered targeting antibody of claim 1 or 2, wherein said engineered targeting
antibody Is a chimeric antibody and said non-human antibody is B-B4.

9. The engineered targeting antibody of claim 3, wherein said engineered targeting antibody
comprises at least one heavy chain and one light chain and wherein

(a) said heavy chain has at least about 70% sequence identity with SEQ 1D NO:1; and/or
(b) said light chain has at least about 70% sequence identity with SEQ ID NO:2.

10. The engineered targeting antibody of claim 6, wherein
(a) said heavy chain has at least about 90% sequence identity with SEQ iD NO:1; and
(b} said fight chain has at least about 90% sequence identity with SEQ ID NO:2.

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

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

pharmaceutically acceptable carrier.

13. A hybridoma which produces the antibody of ¢laim 1 or 2.

14. An antibody based assay comprising the antibody of claim 1 or 2.

15, An isolated polypeptide comprising an amino acid sequence of an immunoglobulin heavy
chain or part thereof, wherein said immunoglobulin heavy chain or part therecf has at feast
70%, at ieast 80%, at least 00%, at least 95% or at least 98% sequence identity with SEQ 1D
NQ:1, whersin a targeting agent comprising said immunoglobulin heavy chain or part thereof
targets CD138,

16. The isolated polypeptide of claim 15, wherein a constant reglon of said immunoglobulin
heavy chain or said part thereof is an [gG4 isofype constant region.

17. The isolated polypeptide of claim 15, wherein said targeting agent is a mouse human
chimeric antibody.
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18. An isolated polypeptide of claim 15 further comprising an amino acid sequence of an
immunoglobulin fight chain or part thereof, wherein said immunoglobulin light chain or part
thereof has at least 70%, at least 80%, at least 90%, at least 95% or at least 98% sequence
identity with SEQ 1D NO:2,

19. An isolated polypeptide according to claim 15, wherein said immunoglobulin heavy chain
is identical to the sequence of SEQ 1D NO:1.

20, An isolated polynucleotide according to claim 18 or 19, wherein said immunoglobulin
light chaln is Identical to the sequence of SEQ 1D NO:2.

21. Use of an engineered targeting antibody according to any of ciaims 1to 11 inthe
manufacture of a medicament for inhibiting tumor growth in an individual with CD138
expressing celis, wherein the engineered targeting antibody homogenousty binds CD138
expressed on the CD138 expressing cells.

22. The use according to claim 21, wherein said engineered targeting antibody binds CD138
with a targeting variation of less than 160%, 140%, 130%, 120%, 110%, 100%, 90%, 80%,
70%, 60% or 50%.



