22- Feb- 2007 Less i mmunogeni ¢ binding nol ecules 5 The present invention
provi des a bispecific binding nolecule, wherein said nolecule conprises or
consists of at |east two donmai ns whereby one of said at |east two 28dchi2097
specifically binds tolinteracts with the human CD3 conpl ex and said donain
conprises an am no acid sequence of an anti body derived |light chain, 10
wherein said am no acid sequence is a particularly identified amno acid
sequence conprising specific amno atid substitutions, and a second donain
is or contains at |east one further antigen-interaction-site and/-or at

| east one further effector domain. The invention further provides nucleic
aci d nol ecul es encodi ng the bispecific binding molecules of the invention,
vectors conprising said nucleic acid nol ecul es 15 and host cells t r ansf or med
or transfected with said vectors. Mreover, the invention concerns a nethod
for the production of bispEC|ch bi cul es of, the invention and

di
conpositions conprising th B?é'BEH'ﬁg@?‘g? ﬁﬁ\cﬁ'ég Hb‘f'gﬁ'dllegs of the invention,

t he nuclseic acid nol ecul es of the invention or the host cells of the
i nvention. 20 Several docunents are cited throughout the text of this

speci fi cat i dif Pregemt IByentiop Pravgasafispesiicdindiag mqlﬁqqlmvfeﬁfﬁwgs%molecule
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by reference. 25 Since the genetic e gi neering, I nmune
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~against CD3 are mitogenic. In vit m_ togenic antibodi es directed agai nst
CD3 i nduce Thec mwenb@rm fprte%tnr@wdaﬁdmﬂﬂl% kﬁ% melsadesi ercoding the veispegific
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15 and host cells transformed or transfected with said vectors. Moreover, the invention
concerns a method for the' p'roduction of bispeciﬁ'c binding molecules of the
invention and compositions comprising the bispecific binding molecules of the
invention, the nucleic acid molecules of the invention or the host cells of the

. invention. '

20
Several documents are cited throughout the text of this specification. Each of the
documents cited herein (including any manufacturer's specifications, instructions,

efc.) are hereby incorporated by reference.

25  Since the development of genetic engineering, immune therapy has been used to
treat a number of serious diseases, é.g. tumorous diseases. However, the use of
antibodies derived from non-human sources leads to several problems when using
as a part of a therapeutic regimen in humans.

30  Firstly, non-human source antibodies méy cause ‘cytokine release syndrome
(CRS)". CRS is a clinical syndrome, which has been observed following the
administration of the first few doses of anti-CD3 antibodies and is related to the fact



many T cell-derived cytokines, within the initial hours after the first

I njection of 5 antibody. The m togenic capacity of CD3-specific antibodies
is nonocytel/ nacrophage dependent and it involves the production 0?2-Feb208hHd
IL-10 by these cells. CRS synptons range fromfrequently reported mld
"flu-like" synptons to less frequently reported severe "shock-1ike"
reactions (which may include cardiovascal ar and central nervous system

mani f estations). Synptons 10 include, inter alia, headache, trenor,

nausea/ vorithahgnany anthedias difreted ragainshi GD3 awl Mitngenind Wy yifoe/ MiPgRNiaches

and pai ns, 8&3%5'0%%& é@ﬁ&%Dﬁﬁfﬂch‘l‘eé&llb ‘inf%rré(thorFé{ﬁﬂ"c okihe ‘C’}ﬁ‘r!ohu&&n

neur o- psychl a Frc events. vere pul nonar urre n pat Il ents
with fluid lowivd thisdmitogenio achwsfdeaﬂmtcaﬁhpdangeebcam raieasmawfe:ymmmés,unntlminmgl oad.

( Chat enoud, 200 3-1 15 Sec , IULINE,.

bt bod es ARG Tr Sataara PRI wINmI hifs Rerscargot wRibRgon o

i mrune- rses pptisedy.HAMAse | enitbiges |d0 mcityt hefapesnd-ep éclﬂélowdnﬁﬁbdlééf Jé 1985)
Cancer Res. 45:879-885, Shawl er (1985) J. |nmunol . 135 1530- 1535). are

typically gem%ma&mnh@@etqﬁpeﬁée@n@%éwme& P‘@aP'f?é‘HPtlw ©h Il ﬁealwhlh Hé 20
t her apeut | bea%ééo%uér‘g%?;ga{ etdt:&x%T é}@e”ﬁweﬁeﬁ%h@f ﬁég@& R ARC-'ﬂhfrlﬁg* he

binding to hel'r inten respons
muri ne consymptoms" e less afiedquendy neegrtedsaeuemaﬁshqdkdlkaétreaetmﬁ {lgchnumane

vari abl e e o

phar ITB.COkI( H'iéflﬁ)"%é c%&&ﬂﬁ%s%&érs ﬁega%m'l[??gie?v egg%to a érgé%l E'gifl §2$1§}1°({‘§5 of

E; hi;zintllgg;)dwcéaml :EteeWIat heag@tﬂm,d e:bnmmSnagse(aﬁmrﬁmngzarah&ed a?Cgbdmnt ltnﬁbgainplt h
our basi i.bo str I es hav apte ota e

T A T SR L e R R S R

human V-1 eghvents asdeigimaal h@bt@ﬁs@hﬁtmr&@h@t Severe! 'ibuﬁﬁcb | 6eddtha bRSY es

the murine constant 30 regions are replaced with human constant regi ons on
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the | MuNogeR Glddbad! [ChidleRb, 2083 I\P{flpﬁé\ﬁ%ﬁﬁﬂo Hepenghe fully human
man antl

V-regi ons ecting regi ons rom a phage library and
provi dildg transgeni c m ce which have their own 22-Feb-2007 ----------- 3
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humoral immune-response (HAMAs) leading to small therapeutic window (Schroff

(1985) Cancer Res.45:879-885, Shawler (1985) J. Immunol. 135:1530-1535),

HAMAs are typically generated during the second week of treatment with the murine

20 therapeutic antibody and neutralize the murine antibodies by blocking the binding to

their intended target. The HAMA response can depend on the murine constant

(“Fc”) antibody regions or/and the nature of the murine variable (“V") regions. This

host response dramatically alters the pharmacokinetic profile of the antibody,

leading to a rapid clearance of the antibody and prevents repeated dosing (Reff,

25 2002 Cancer Control 9:152-166).

Four basic antibody strategies have been adapted to tackle the immunogenicity of
therapeutic  antibodies; chimerization, providing fully human V-regions,
déimmunization and humanization. In chimeric antibodies, the murine constant
30 regions are replaced with human constant regions on the basis that the constant:
region contributes a significant component to the immunogenicity. There are two
approaches to generate fully human V-regions: selecting human antibody V-regions
from a phage library and providing transgenic mice which have their own



dei nmuni zati on, specific immunogenic peptides are changed with ones having
reduced or no i nmunogenicity according to specific algorithnms. 5 In general,
humani zati on entails substitutions of non-hunman anti body framewor k22-Feb-2007
sequences in the variable region for correspondi ng human sequences, as for
exanple is the case wwth CDR-grafting. The prior art describes -sever al
approaches to humani ze antibodies One3of these nethods is CDR grafting

into foreign framework, wherein fromone species are grafted into
human fraﬁEWquEﬁnlcgeZ?%O@P'a%eWéP yfean himEMNBelebyln | arNess tave
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Exanpl es where such net hod has been used are described in EP469167, EP
971959, EP 940468. O her approaches to humani ze anti bodies, are 15
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treatment of rejection e i sodes fol |l ow n
identified and substituted with amino acids SImllar or identical to human frameworks

(see e.g. EP 519596, EP 5921086).
Human CD3 denotes an antigen which is expressed on T cells as part of the

20  muitimolecular T cell complex and which consists of three different chains: CD3-¢,
CD3-5, and CD3-y. Clustering of CD3 on T cells, e.g, by immobilized anti-CD3
antibodies leads to T cell activation similar to the engagement of the T cell receptor
but independent of its clone-typical specificity; (see WO 99/54440 or Hoffman
(1985) J. Immunol. 135:5-8). |

25
Antibodies which specifically recognize CD3 antigen are described in the prior art,
e.g- in Traunecker, EMBO J 10 (1991), 3655-9 and Kipriyanov, Int. J. Cancer 77
(1998), 763-772. Lately, antibodies directed against CD3 have been proposed in the
treatment of a variety of diseases. These antibodies or antibody constructs act as

30 either T-cell depleting agents or as mitogenic agents, as disclosed in EP 1 025 854,
Human/rodent hybrid antibodies which specifically bind to the human CD3 antigen
complex are disclosed in WO 00/05268 and are proposed as immunosuppressive
agents, for example for the treatment of rejection episodes following the



transpl antation of the renal, septic and cardiac allografts. WO 03/04648

di scl oses a bispecific antibody directed against CD3 and to an ovari an
cancer antigen. Furthernore, Kufer (1997) Cancer |munol | munot hFeb-2007
45:193-7 relates to a bispecific antibody specific for CD3 and EpCAM f or
the therapy of--mnimal residual 5 cancer. Several attenpts to humani ze an.
anti body binding to CD3 have been perfornmdd. US 5,929,212, US 5,859, 205, WO

91/ 09968, WD 91/ 09967 d Adair, 1994 . Ant i bod. I | , 0. 41-48
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I ntroduced into the cont consensus human vari a mal n sequences 15
as requi ved aapcarchi eve antigen-binding affinity and bi ol ogi cal properties
conparable to the nurine parent antibody. Additional exanples of humani zed
CD3 anti bodies are EP 0626390 (OKT3), US 5,885,573 (OKT3), US 5, 834,597
(OKT3), US Sevetd afierhptsTo-hirdabize ancintiGedpBihdihgGs GDAhbie2bégn pafotimte s , it

the format oot 2lecPR & riitngNrbPAteLe. RIS EbGRE e, Ber: JSa8 Mt i o
such as the mgapadl Hyblidorhas B 81.a8de@babe Hirunfritghition mefHodt foF &% migindiahh- CD3.
Thus, the technical problem underlyi nﬂ t he invention was to_provi de neans

and 25 1Ret hewany GP3; meneslanalantibody CHiTgh whesginrapusa (donornyeBNAsaseigralied
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char act er i zédenrinfrdbducgdaintes the? Geriiext- Odnsebsuicliumdn ngigblet dempineseiences
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conpr i ség oraschHE'F%‘f io alf:hlg?e eB getn-gwglng(ﬂ%glpl Se,ch Elofoglca‘? proﬁ/ertles compara%fe
: to the murine parent antibody. Additional examples of humanized CD3 antibodies
are EP 0626390 (OKT3), US 5,885,573 (OKT3), US 5,834,597 (OKT3), US
5,585,097 (YTH 12.5) and US2002131968 (YTH 12.5).

20 However, it has been observed that humanized antibody constructs derived from
OKT3 in the format of bispecific binding molecules have reduced specific activities
such as the capacity to induce a signal via binding to/interacting with CD3.

Thus, the technical problem underlying the invention was to provide means and
25 methods for the provision of highly efficient antibody-derived compounds which may
be useful in the treatment of 'human diseases with reduced side-effects. In
particular, the reduction of side effects is targeted, wherein the side effects are
induced by the immunogenicity of the compound and result in a reduction of the
activity of the compound.
30
The solution to said technical problem is achieved by providing the embodiments
characterized in the claims.



(a) wherein one of said at |east two domains specifically binds to/interacts
with the human CD3 conpl ex, wherein said domain conprises an amno acid
sequence 5 of an antibody derived |ight chain, wherein said am no22xFek-2007
'sequence is (i) an am no acid sequence of SEQID NO 2; (ii) an amno acid

. sequence encoded by a nucleic acid sequence corresponding to SEQID NO 1,
(ii1) an amno acid sequence encoded by a®nucl eot i de sequence hybri di zi ng

10 with the . n ! i i d.. uence efined in
(i) unaer ACERBERT bR dreSbheideion oSy .8 oRbefiB SRS Snféciie WiiEtka oy
a nucl ei ¢ acsaid sedpmie comprisds oscorsistreolaatdeast &so domaing,t of the genetic code
to a nucl eot,i_de seaguence of an 0 of, (i) and.(iti).15 wi.th the QVi SO
that am no &Fd"‘@%&%ﬂﬂ%ﬁ&é@o&dﬁr‘a%{"B d@han%%speqq)‘%cahg#mqssstghntgmcmﬁmﬁ ithe
substitutions inumbe Gm?cbmgieansmefem b&id|dopitin ebmipfisés al @Fhihd QBRI detfiencd 54
and L96 according to the Kabat stem and (b) wherein a second domain is or
cont ai ns "at | eaSkarbAAiBagy: ‘P’e‘éﬁgii‘ldgﬁm' MhereiR salgdAMBPaci BRAYANCAS | east one

further effectofy daRRimino 4BidTRRuUbRESHE SEQIDNGOLS/ i nteracting with" as used
in the context With the present 1nvention defines a binding/interaction of

at |east two "ali}i génaniper &6id ospaiense " enpeded eby haothusleic Theid: esaguence
"antigen-interacti QusSit e iéf‘g(g, i cordance with the present
i nvention, a notifegrfrééaa@gll &Sep [ eIDvu}n)'c shows the capacity of specific 25
i nteraction wi tfiii)aas paoinbi acid reeggencep eneodegeby fa nugeotige séqaerideghyiwidifiag d
bi ndi ng/jnteractiop.| | so _under.sto to.define a .'specific re nition".
The termo " speci fi 8’31‘&9&38@8 '%tﬁ'y"sqpﬁé‘gr?g g 'H*"Q%%BP'&' GHERPE ﬁs[c%ﬁgeé H\/@Et I on
that the antibody un@érasttihgeritsondined;andf specifically interacting with
and/ or bi ndi ng t\a at least two am no ac(iég%s of each of the hunman tar%;téﬁ

e
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amino acid substitutions in the CDR regions of the tight chain in positions L24,
L54 and L96 according to the Kabat system; and
(b) wherein a second domain is or contains at least one further antigen-interaction-
site and/or at least one further effector domain.
20
The term “binding to/interacting with” as used in the context with the present
invention defines a binding/interaction of at least two “antigen-interaction-sites” with
each other. The term “antigen-interaction-site” defines, in accordance with the
present invention, a matif of a polypeptide which shows the capacity of specific
25 interaction- with a specific antigen or a specific group of antigens. Said
binding/interaction is also understood to define a "specific recognition”. The term
“specifically recognizing” means in accordance with this invention that the antibody
- molecule is capable of specificaily interacting with and/or binding to at least two
amino acids of each of the human target molecule as defined herein. Antibodies can
30 recognize, interact and/or bind to different epitopes on the same target molecule.
Said term relates to the specificity of the antibody molecule, i.e. to its ability to
discriminate between the specific regions of the human target molecule as defined
herein. The specific interaction of the antigen-interaction-site with its specific antigen



may result in an initiation of a signal, e.g. due to the induction of a
change of the conformation of the antigen, an oligonerization of the
antigen, etc. Thus, specific motifs in the am no acid sequence of 22-lieb-2007
antigen-interaction-site are a result of their primary, secondary or _
tertiary structureas well as the result of secondary 5 nodifications of
said structure. The term"specific inter&tion" as used in accordance with
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Accordingly, examples for the specific interaction of an antigen-interaction-site with
a specific antigen may comprise the specificity of a ligand for its receptor. Said
definition particularly comprises the interaction of ligands which induce a signal
upon binding to its specific receptor. Examples for corresponding ligands comprise
25 cytokines which interactbind with/to its specific cytokine-receptors. Another
example for said interaction, which is also particularly comprised by said definition,
is the interaction of an antigenic determinant (epitope) with the antigenic binding site
of an antibody. Said interaction is also characterized by no or essentially no cross-
reactivity of the antigenic binding site of an antibody with other epitopes of similar
30 structures.
It is understood that the definition of the term “binding to/interacting with” comprises
a binding/interacting of the binding domain to/with linear epitopes as well as a
binding to/interacting with conformational epitopes, which may also be designated



22- Feb-2007 - ----. -... 7 as structural epitope or discontinuous

epi tope. The defrnrtron of correspondrng epitopes is known in the art. Said
epitopes e.g. may consist of two regions of the human target nol &2dFes20i7
parts thereof. In context of this invention, a conformational epitope is
defined by two--eor--nore di screte am no acid sequences 5 separated in the
primary sequence whi ch cone together on the surface of the nolecule when
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Furt her nor e, I'S envi sage fuct arar epl tope(s)
descri bed havmtroncmrmieflaesnommeardemtopparmai raegrassefrﬂ:iecetftdmsreaﬂues fiopast

two regj.ons.20 pof g.sin oner refer bly at
| east o GRoE poBighisnd) fie” BBRBEMs Chah: Tnésd dReibrs Ttk Buatfy of ee
extracel | ul arfagenwhen bk Fmpﬁmdﬁscﬂahlm res ed nhr@eodime@smﬁpl@ﬂudﬂf@ilt@ of

t he bispecific bindin c of the _invention binds to at |east one

further ant§QySHtut |%?@Pg&rﬂ'@ﬁpg‘?’f%ruﬁwlrﬁp'3'?eleast one 25 further effector

domai n. Theri&bRdirRf htfidlled B preslaf MvbRiidr? Q?e kol BRViSAEE spdcifidafly
present invention a domain of the nolecule of the invention which ini t | ates

a biol ogi claﬂd dofinderact with alsleaskeone dinding dogein withi angppicsmatiend rRitepe(s)

sti mul on, %‘Bilh'ﬁr'i |

apopt oglrtés I nducl ng osfr gnal's 'J or énr&‘aﬂiaaé’thav ng%ﬁgfg@é ﬁﬁtnaqjtcgﬁglég é’fr
bi nd to/i nteoramdsed biicampyisiogf individual gmmpmteatsachke)rCBs-esrmla 8 @ylﬂoC@XBI-C
effect” also conprises cellular, c otoxrcrt exerted by T

Accor di ngl y¥ 20#er Gpaations adisatd PRIER, Sch s G3 r%@?ﬁ%%dﬂ Glaa-¢/ CDS-
characteri zegfiefore, it is envisaged that said conformational/structural epitope(s)

described herein comprises individual parts/regions/stretches of at least two regions
20 of a single component of the human CD3 complex, preferably at least two
parts/regions/stretches of CD3-¢, even more preferably of the extracellular domain
of CD3-¢.
As defined herein above a second domain of the bispecific binding molecule of the
invention binds to at least one further antigen-interaction-site and/or at least one
25 further effector domain. The term “effector domain” characterizes in the context of
the present invention a domain of the molecule of the invention which initiates a
biological effect such as the induction of a primary or secondary stimulation signal,
the induction of a cytotoxic effect (including apoptosis inducing signals) or merely
having the ability to specifically bind tofinteract with a specific antigen-interaction-
30 site. “Cytotoxic effect” also comprises cellular cytotoxicity exerted by T cells,
Accordingly, the bispecific binding molecule of the invention is characterized by at
least two different specificities.
Specificity can be determined experimentally by methods known in the art and



| east two different specificities. Specificity can be determ ned
experinmentally by nmethods known in the art and Il 22-Feb-2007 8 nethods as
di scl osed and described herein. Such methods conprise, but are not22-Fehi2089
to Western blots, ELISA-, RIA-, ECL-, IRVA-tests and peptide scans. The term
"CDR' as enptoyed-fierein relates to "conpl enentary det erm~nt-ag-~regi-on”,
which is well known in the art. The CDRs f8re parts of inmmunogl obulins that

5 determne t ecificity, of said.no|ecules, and ke, contact with specific
i gand. The TbeRe8 5 YRG0TRA Ang SRS PRia or B RSB e PBbt o
to the divenpiited todlestersBlots) ERISA-LRIATEELE, IFAMA-LHE anSPRptigd bedrs. COR1, CDR2
and CDR3 in _each charaﬁterl zes a CDR region of .a variable

V domain. CDR-H . g
heavy chain eppRCPR" a8 empoyed hareirelateg te rramplameatary Setermining regie™n. H
means the vaguigbl; af r(%@pq e | Abd | hai The
CDR r egi ons%mlé}gr;glw?gg?ﬁ?&gqmpé@cﬁﬂdng@e e %eétrgr?#ﬁéeéﬂalmgg%%@ﬁgitﬁa abat
(1991; Séqudistersing the specifigiyod! saichroelerWes ead make ceptact ith snecific, ligangl

Publ i cat i B t i cec).

Chot hi a. (1097 GOMGE Hur post YERABBRR s The miditd Al RoMERMR % RN, 1

877-883). 1%fihese iKalesulesy Therd arethrese COR tegicosnCBRt, GDRIang GBRB N each

' ti t t and nber i . €S N | St ent

accordi ng t o SOBAR- PR Cracaftre8 SRR Rl phe VaeeafeRsY SoFb AN HoBes:

S5th edit., MeHigstola COR rayiow® of 8 Variddlédight &aiﬁlelﬂaig%ﬁT?leari_?ﬁﬁi ﬁéh\%brvﬂuatﬂurmn
- : i s nunbering

services) and othia (1987; J. Ml . Biol, 196, . | |
system illb wa(ﬂ"gl(iyhm?@@ﬁ t%“@@'% Kghy ehainy ThesGRE "egiogRPliad %&%H?gﬁeg‘%ﬂ@%e.
cvariabi ity Rndydibinsied! &gn%gea%ed omp%éﬁatt I(ngflﬁr '%E'u_@ncég)”@qc rg'{]og&hfp%w ch

are inportant in antigen binding acti vi the residues o

A
chains or hdé@mwurelgien Intgrestdbit edit: Nkéﬁalbﬁcpajbntmtbr%t—szél%.u.shaenaﬁ@gm_ of
numberi ng W%ﬁtﬁ%ﬁ@%ﬁﬁéngﬁ?&gggba%%@ (P8a7 Oy f (fyﬂ:[g‘fé%l.kﬁgs,T%@;\?ﬁén‘?{;ﬁeOf

specific residues of an e ‘nunbler’e ccording to
nunber i ng s\Ghotiia {heBP, N ateaB4PoBTA-883)s of specific residues of antibodies

are indicat I hi tp:.//wwv. biainf.orag, uk/ahs. For_example, . .th si,t.i on
10 e St heeikapat Sfiem’tiatishrtha SofieX hERRieRbnCBRERCT 1k B 0T
accor di ng t quikilihgs Wi e@kidués Cir di n@ngistdnb4mandet Hrcordieg 1o0 Kxb3ik t {1903, 54
and 96 in the light chain of th

E

e
Sequences of Proteins of Immunological Interest, 5" edit., NIH publication no. 91-
3242 U.8. Department of Health and Human services) and Chothia (1987; J. Mol
Biol. 196, 901-917). This numbering system is widely used by the skilled artisans

20 and is based on sequence variability and three dimensional foops of the variable
domain region which are important in antigen binding activity, All the residues of the
light chains or heavy chains have distinct Kabat positions; i.e. the Kabat numbering
system applies to CDRs as well as to frameworks. The positions of specific residues
of any antibody may be numbered according to Kabat. The numbering system and

25 Kabat positions of specific residues of antibodies are indicated in
http://www.bioinf.org.uk/abs. For example, the position L24 as mentioned in the
invention means the residue 24 in the light chain according to Kabat system.
Accordingly, L54 and L96 refer to positions 54 and 96 in the light chain of the
antibody according to the Kabat system.

30

- The rules to identify the CDR regions of VH and VL chains according to Kabat are
shown in www.bioinf.org.uk/abs and in Table 1.



anti body according to the Kabat system 30 The rules to identify the CDR
regions of VH and VL chains according to Kabat are shown in

www. bi oi nf.org. uk/abs and in Table 1. 22-Feb-2007 9 Table 1. |den?2-Feked0Dn
of the CDRs in the heavy chain (CDR-H regi ons) and in the light chain (CDR-L
regions) Start pprox residue 26 (always 4 after a Cys) [Chothia / AbM
definition]; Kabat definition starts 5 r®sidues later CDR H Resi dues
before al ways Cys- XXX- XXX- XXX Resi dues after al ways a Trp. Typically
Trp-Val, but also, Trp-lle, Trp-Ala Length 10 to 12 residues [ AbM
definition]; Chothia definition excluddabteht | ast 4 residues Start always 15

resi dues after .t | %ﬁ efore

typically Lelﬁgngcgﬁui](r%gﬂfa I%ie)B %ﬁé %‘%ﬁg%ngér%ﬁ nr%dfo% anaantt ot Aﬁéﬂze%g% ms@ues

after Lys/Arg-Leu/lleNal/Phe/ Thr/ Ala-Thr/Ser/1le/Ala Length Kabat

definition [6 10 IU[gERT dUES; DI T

residues eaflier St a?’? aI ways s He%é;,% 5%@%%?2?\ ﬁF@B&h‘Eéﬂ'EM?Qﬂ@%“ '
XK v Length to 25 Tesidugs

after a Cys) CDR H3
Start pprox|residue QékuduEb@iedueab.af(sx'apmywwm\@yaut%,trﬂllaa‘ﬁpﬁjue afte

Cys-Al a- Arg) HegH{Us
al ways a Trp. Typicdt TP-TyT | ; FeT-GT 1T p- Phe——Tm
Trp- Tyr- Leu| Lengt h Jitf’ngth 17 res C%’\ﬁ'\?r J“edf%i g%xdeﬂnggig“g@ugyes after thelend

Of L| RESI d oS bcf ode—gener gl l \I IiCL | "S—-I—L‘G' Phe
CDR-L2 Leng}h al vvay<3t?? resi dues (’;‘@X%%?S'Wﬁ/ﬁf(e?'fhﬂwd Gififabat A definition) of COR-

|Residues before  typically Leu-Glu-Trp-lle-Gly, but a number of variations

CDR-H2

Residues after Lys/Arg-Leu/lle/Val/Phe/Thr/Ala-Thr/Serflle/Ala

Length Kabat definition 16 to 19 residues;

AbM (and recent Chothia) definition ends 7 residues earlier

Start always 33 residues afler end of CDR-H2 (always 2 after a Cys)
CDR-H3 Residues before jalways Cys-X0O-XXX (typically Cys-Ala-Arg)

Residues after always Trp-Gly-XXX-Gly

Length 3 to 25 residues

Start Approx residue 24

Residue before  |always a Cys

CDR-L1  |Residue after  [|always a Trp. Typically Trp-Tyr-Gln, but also, Trp-Leu-Gin, Trp-Phe-
. Gin, Trp-Tyr-Leu

Length 10 to 17 residues
Start always 16 residues after the end of L1
Residues before |generaily lle-Tyr, but also, Val-Tyr, He-Lys, lle-Phe
CDR-L2 length always 7 residues (except NEW (7FAB) which has a
deletion in this region) -
Start jalways 16 residues after the end of L1
Start always 33 residues after end of L2 (except NEW (7FAB) which has

the detetion at the end of CDR-L2)
CDR-L3 Residue before  [always Cys
Residues after  Jalways Phe-Gly-XXX-Gly

Length 7 to 11 residues

In accordance with this invention, a framework region relates to a region in the V
domain (VH or VL domain) of immunoglobulins and T-cell receptors that provides a



deletion in this region) Start always 16 residues after the end of Li Start

al ways 33 residues after end of L2 (except NEW (7FAB) which has he deletion
at the end of CDR-L2) CDR-L3 Residue before always Cys Residues afR2dfebal®ys
Phe-@y-XXX-Ay Length 7 to 11 residues 5 In accordance with this

i nvention, a framework region relates to 1aﬂregl on in the V domain (VH or VL
domai n) of immunogl obulins and T-cell receptors that provides a 22-Feb-2007

10 protein aiefrobéaﬁdw fémehm@wrabﬁéob&nﬁtem@nwheférwmdgtrs@ahg' ogns%er

regi ons ( hat nmake contiact with the anti I'n each domai n

are four f ra’H@"V\B}aIKe Gt ity dhg ghtigey rpaach OnFERB thewe =g fOFfr HABRYIORK 1
enconpasses fhdnt %@;@natefdpm Y2 NERRE LY . B arﬁ&ﬁor\é T8fBdrflodliet thd Ashion

begi nni ng of amework 2 5 rel ates e region bet
CDR2, franevitam the dirternyiags o thad/ do&@!muntﬂeﬂmmglmmm afn@DEDRIrasmavork 2

f r amewor 4 he er S

he v dorte: 10 10 e EFSRATLoaER (Ch5n PNy ChrE Harlbh 4 hekinaste th g,
2g01CD5Rt h edeg’ﬁhlhntwem Gnmm@olﬁagihgﬁaammﬁrmmlr(\e:tllwe frégion ﬁ%m)ﬁ& énd si de
t he regi Qn r mai, Ns rson ski In the art is
readily in aP?p?ngPq tﬁ)o“’t?eégg%mf"?%oi %’Hﬁ'@nc%ee't et ralBe wNEWRLgi ons
and, the CDRﬁ!mMIdf@%atGﬁﬂ@r&ﬂ-Puﬁﬁﬂﬂﬁ@CgﬁopfStﬁréﬂ eTRSs, Othe frafeRlO W didhs
Interest, 5th edit | H Publication no,_ _91-3242 U. S, DeBart nment of ~ Health

and Human SENEPEPEsS @H@ﬂ%f@'%@%’ﬁ?'de\ihe ¥BR regjass in Mirkor ¥b ogeinsand  Chot hi a
(1989) Nat Urfge %’rgon QIZIF e]a"_h i8G6 IH% ﬁd%[tfolﬁ%life?\ﬁ%‘ robd Y gﬂkh%quence

"bi specific binding no are y peﬂ@ necessari |
speci fi cal | thrﬂmemrh r@@@“ﬂ@ﬂﬂl thet Dﬁnesm hadjﬁgdbﬁpnuancm@l‘/lanotemsof

ndivi dual SOmmOREs 1T B hPoN RERIGARN A5 488 5T 8! BeERRkpPEP 2

group of nDIecu €s conprise group of pepti
group of pdieghbrrididemant&ergicesCludthipgpe82)ed. Moh Siiclt $98)00ted BrandeEhothich up

to 30 am no of pol ypeptides consists of nolecules with

consi sting 638@%%7%§qs88§?ﬁ8ﬁ0 acids. Most preferably, said "bispecific

bi ndi ng 130! edEbRfing & theSplegBhERvention “bispecific binding molecules” are (poly)peptides
which necessarily specifically bind with one domain to the human CD3 complex

and/or its individual components. The term “(poly)peptide” as used herein describes
a group of molecules which comprise the group of peptides, as well as the group of
polypeptides. The group of peptides consists of molecules with up to 30 amino
20  acids, the group of polypeptides consists of molecuies with consisting of more than |
30 amino acids. Most preferably, said “bispecific binding molecules” are selected
from the group of antibodies, antibody fragments, antibody derivatives, specific
binding peptides and specific binding proteins. Said antibody fragments are known
in the art and comprise, but are not limited to, Fab-fragments, F(ab’); fragments, Fv
25 fragments and the like. Antibody derivatives comprise but are not limited to fabeled
antibodies/antibody fragments as well as chemically modified antibody
“molecules/antibody fragments. As will be detailed below, particularly preferred
derivatives of antibodies in the context of this invention are scFv’s.
One domain of the bispecific binding molecule of the invention is derived from a
30 humanized CDR-grafted CD3-antibody. The term “humanized” as used herein in the
context with antibodies and antibody constructs may be defined as substitution of
non-human sequences with corresponding human sequences. This can be achieved
by grafting murine CDRs into human framework or replacing single murine amino



fromthe group of antibodies, antibody fragnments, antibody derivatives,
specific binding peptides and specific binding proteins. Said anti body
fragnents are known in the art and conprise, but are not |imted22eFeb-2007
Fab-fragments, F(ab')2 fragnments, Fv 25 fragnents and the |ike. Antibody
derivatives conprise but are not lim ted1 o |l abel ed antibodies/antibody
fragnments as -well as chemcally nodified anti body nol ecul es/anti body
fragments. Asayid thetRardehari viith HRHIBMurRR Arhid! Ride/atRhE LBHE b¥&hidyes of
anti bodi es #ﬁ ﬁ]e cont ext of thi séi n\l/Je_nt lon are _scall:v' gEs&gﬁ?ﬁg Rg%}?éq{he

bi speci fi c Bh@dieng hmanizadiops aghasedvienithe ninventipsy jadsificnalyn ancaoparseani zed
CDR- grafted; ; ' T ' . : Wy -

cont ext. wi t Pyraapeart oidHner MRS B Koy Ind SERINTbF cotdlid vy
substi t uti oof thfe prodeinhlihese detharnoutations meedrnal spamedsanty teneeplaeements ad .
Thi s can_ be hiev b r i rine CDRs into human franmework or

r epl aci n%; sﬁ”ﬂéP%?%sﬁ&f%e%Jﬂi”ﬁ# ?%%g 2007 11 acids in the franework with
singl e human am no acids at the correspondi ng position. The term

hunmani zati o s used jn the invention, additionally enconpasses, introduction
of further M ﬁ‘rﬂdﬁo t*"?l Yiogliutipg qfnﬂ?‘ﬁ\?ea?'ﬁ% 450n aﬁ‘{:f"*@qrqgﬁfo@'mﬂoca@g?i'@i ty
of the pr ot gideificT PESBOoASI Y Spebilitaly SBRCRACHMIY AMRELHHH IdiverPrhigh! AGETeNt s
of 5 murine residues to Human residues. Methods for the substitution of

ani no aci dsSeauence e knewn| e, ther persano skiledisni e epeand i reppraent | standang
speci fi gal | t } N0 paCI ' o] ] I -Known
to the gjgr s'étr%a%ﬁ?l e tﬁﬁaﬁ?héﬁaﬁ ? EQIR% ?ogprbgggn%n@ta g}? ard H@'ﬁ?gﬁgﬁgggbgﬂg

met hods. An{Saxibrpbleebsl. 388%). a nethod is prinmer nutagenesis (Sanbrook et al.

1989). It h e rorisingly f .h ' specific antibody

const uct s THIRECRCRb RpHER R S bl dtl T Sheoe ABRY idpreRicenr

gf Ej he i glhuhicll‘la:bmpriae additional dramholicesubstibtivas in met(brie(vhtlm(ﬁ%mfchbinﬁagci fic
i ndi ng nol ecul.es have cytotoxic 15 activity... These nol ecu| es have the

Capaci Ly« diasrebed Pt SHetk i te dangio bepbéine PRind MofcleShavg mictekers

speci fi g5 anddiRAFYTRENRS olEUResdRAR thaeshrarity e iftiice @lI9dedtR in Adkyef celld94 Hum

Anti bod. Hybridomas, 5;41-48, show significantly inpaired capacity to

i nduce cel | candr@sh humanizeget Ddesnesif ibegy gopsiiuats wessribet iyt adsed- i  t he

cont ext of e i bj | Ti b i 0g Lgeu ; ti] , the

bi specific np }écasg‘ioﬁﬁt 'ehlﬁirillggdﬁt hgﬁﬁgﬁﬁ giﬁgnﬁ| %ﬁ?\utv %@’Hﬁ@ﬁg‘%{ olHlthH!sféa

capacity to induce cell death in target cells when said constructs are expressed in

the context of above defined bispecific binding molecules.

20 In particular, the bispecific molecule of the invention shows significant binding to its
specific epitopes (see Example 4, Fig.2) énd high cytotoxic activity (Example 6, Fig.
6). The bispecific humanized CD3 of the invention with substitutions in the CDRs of
the light chain of the CD3 binding part shows and EC50 value of 50 pg/ml whereas
the EC50 value of of the bispecific antibody construct comprising the humanized

25 OKT3 described in Adair, 1994 Hum. Antibod. Hybridomas, 5:41-48 is 195 pg/ml.
Due to the four-fold increase in cytotoxic activity the bispecific molecule of the
invention may be used effectively in therapeutic activities. Furthermore, provision of
a humanized bispecific molecule having high cytotoxic activity demonstrates a major
advantage in the medical field because low amounts of the bispecific molecule of

30 the invention are needed to reach therapeutic effect for patients. Thus, the bispecific
molecules of the invention provide an important advantage over the prior art
antibodies when treating patients since they show at the same time a high cytotoxic
activity and are less immunogenic due to humanization. They therefore ofter a clear



specific epitopes (see Exanple 4, Fig.2) and high cytotoxic activity
(Exanple 6, Fig. 6). The bispecific humani zed CD3 of the invention with
substitutions in the CDRs of the light chain of the CD3 binding parFebshivs
and EC50 val ue of 50 pg/m whereas the EC50 value of of the bispecific

anti body construct conprising the humaniz 25 OKT3 described in Adair, 1994
Hum Anti bod. Hybridonmas, 5:41-48 is 195 /m. Due to the four-fold

i ncrease in; Welp | M ae1bi specific nol ecule of the invention may
be used effé%@}eﬁélﬁﬁﬁt ée?rﬁlae]tr'o’bgﬁl{’{iﬂh'(gd'activities. Furthernore, provision of a
humani zed bi specific nol ecul e having high cytotoxic activity denonstrates a
maj or adva N e Jedl L.ekd u t f | yfic
ol ecul o of P igptelfS RS Inokbdof e Pashih M3 Foft, the Tadhangsd
patients. Thuslectiee Hesqribeid iic theolat Wyedhef abiwe i deseribednthpeevaminamcid

| mpor t ant_ advant.age ove he pripr._ art. antibodies when treating patients
si nce théy ssf‘r@\#itgﬁo?%@ QQ% qfﬁ?ﬁﬁg;'tﬁﬁé'ﬂstyt otoxic activity and are | ess
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i nventi on divhieh aré¢ afectedenyhtheapariiedar amirec atid sedesotéshelithenCDRs, argerbyn t he
above descri t. e.amno acid 5 i ions.kn of the light

chai ns. ot ncdiar BEERENa B ove s BiEed Mk el pabs Ariho e RSl

i ntranol ec u:caimplé MCDR:ethim brﬁretoarlfgtreasﬁdi_dngii heti\m@rdfith??mibem. Nastaad the
sequences, of t , a person skilled in the art ul d not ve .
Subet it deq slieAperanwonRiaE e s uidhna diwite B teruiRer Thgetre:
order to ingseupsidmhe s theabicpddifie/ bidind) eraeduid Wi the liRvd A hlle slbh HigH | ed
person woul d have retai ned the original nmurine CDR sequence. Therefore, it
is surprisi fytAEEE achEtYhi speci fic binding nol ecul e of the invention has such

high cytotoxic activity. It is particularly preferred that the domain which
binds to/interacts with the human 15 CD3 conplex is characterized by having

a serine at |ppspartieiNatiy prefarrgd|thacthat damaintiiich birkié 1anstepadte waithnbeaiuman
position L96. The position L24 neans the position 24 in the |1|ight chain as

descri bdd | rpﬁk%samp§ez<99£ha@@éﬁli@ﬁé@y hewingrp srinesatgositionm L, @d‘iall,‘ﬁ at pegitionest |
cervi ces) a1 SopL S ogith LB Sosliegh gl the Bt 84 e
ht t p: / / wwwv. Higbt chaiorag derserihed isi Kabair(1991:t Bequssses i fyotedus ahdmmepologinabsent
the Interest, 5" edit., NIH publication no. 91-3242 U.S. Department of Health and
Human services) and Chothia (1987; J. Mol. Biol. 196, 901-917) and In
20 http://www.bioinf.org.uk/abs. Similarly, the positions L54 and L96 represent the
residues 54 and 96, respectively, of the light chain as described by Kabat and

Chothia.

The bispecific binding molecule of the invention is further characterized in one

25 embodiment that said CDR region of the light chain comprises the amino acid
sequence of SEQ ID NOs: 4, 6 or 8 or encoded by a nucleic acid sequence of SEQ
ID NOs: 3,50r7.

It is envisaged by the invention that the domain which binds to/interacts with the
30 human CD3 complex is a scFv.

The term "scFv " (single-chaln Fv) is well understood in the art. ScFv's are preferred

in context of this invention, due to their small size and the possibility of

recombinantly producing these antibody derivative.



resi dues 54 and 96, respectively, of the light chain as described by Kabat
and Chothia. The bispecific binding nolecule of the invention is further
characterized in one 25 enbodi nent that said CDR region of the |iZ2&k¥FelR80h
conprises the amno acid sequence of SEQ ID th 4 6 or 8 or encoded by a
nucl ei ¢ aci d seguence of SEQ |ID NGs: 3, . I s envisaged by the

i nvention that the domain which binds to/ nteracts with the 30 human CD3
conplex is a scFv. The term"scFv " (single-chain Fv) is well understood in
the art. ScFv's are preferred in context of this invention, due to their
smal | size #nig funbepengisafged.tmabthe demairbioh e bisppcifid Udndigg trhelesulantfi thedy

derivative. | sage hat the donain of t he
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Preferably gb@@c@djfr&(ymWIge of the invention is a binding nolecule,
wherein the donain which binds to/interacts with the human CD3 conpl ex

conpri ses or con5| sts 10 of the am no acid sequence as depicted in SEQID

NO.: 14 or %Sﬂr naﬂr'i lrﬁbl‘écul@%f%éﬁﬁ}éﬁﬁ %4 b ﬁF@\d @&%ul%%ﬁ% rbin!

further enV| sage vent I'on t hat the I spec scule is a
bi ndi ng nol deoma w brbemds todinierants vwith thip hainan iGD3complestcommpeises or hensists

ol coul 80, of PREEDHR SrqceriB Rk dchiigrdln B0 BN GlonaokthbcTouceic
mol ecul es mbmdfsequencqwf%ﬁﬁt]@d\!@rﬁ&nd attached on/to the surface of a cell.

Exanpl es for said cell surface nolecules are nenbrane and transnenbrane
proteins (including nodified variants, such as glycosylated variants),

nol ecul es afttigqhadet @nﬁréa%bd)'b?tmbniﬁvéﬁtldnhﬂ\a@%é bisheeific! BiRAINRSmoRlculeaR a
gl ycosyl at ed noi eties suc for exanple glycolipids Attachnent is to be

under st ood BISTING Apleguia cwharein srkt see9nchdowain ds atneask eae dHrthew aptigare
proteinys a ERbidketh GSlomoRY bubPRRRebhbrdaasbiBliglgniced) protel n,

pr ot ei naceous or non-protel naceous noi et cova non- covalently
to The term "cell surface molecule" as used herein denotes moleoules which are
presented or/fand attached onf/to the surface of a cell. Examples for said cell surface
molecules are membrane and transmembrane proteins (including modified variants,
such as glycosylated variants), molecules attached to said proteins or the cell
20 surface as well as glycosylated moieties such as for example glycolipids.
Attachment Is to be understood as being effected preferably by way of an integral
membrane protein, a GPl-linked (glycosyl phosphatidyl inositol-linked) protein, a
proteinaceous or non-proteinaceous moiety bound covalently or non-covalently to
another carrier moltecule such as sugar moieties or ganglioside moieties. Preferably
25 said cell surface molecule(s) is/are (a) tumor-specific molecule(s). A tumor-specific
molecule is a tumor-associated cell surface antigen which is either found exclusively
on tumor cells or is overexpressed on tumor cells as compared to non-malignant
cells. Tumor-associated cell surface antigens can be expressed not only on tumor
cells but also on cells/tissue which are/is not essential for survival or which can be
30 replenished by stem cells not expressing tumor-associated cell surface antigen.
Furthermore, tumor-associated cell surface antigen can be expressed on malignant
cells and non-malignant cells but is better accessible by a therapeutic agent of

interest on malignant cells. Examples of over-expressed tumor-associated cell



anot her carrier nolecule such as sugar noieties or ganglioside noieties.
Preferably 25 said cell surface nolecule(s) is/are (a) tunor-specific

mol ecul e(s). A tunor-specific nolecule is a tunor-associated cel | 28#ebd87
antigen which is either found exclusively on tunor cells or is

over expressed on tunor cells as conpared j# non- mal i gnant cel | s.

Tunor - associ ated cell surface antigens can be expressed not only on tunor
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CD19, CD20 and CD33. An exanple of a tunor-associated cell surface antigen
which is better accessible in a paljgpant state than in a non-malignant
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Regi on”) . M@ d&ELRkA0sMpAling 82 Fech® dohih consisting of (at ieast one) variable

20 region(s) (or parts thereof) as defined above capable of specifically interacting
with/binding to a further antigen. A part of a variable region may be at least one
CDR (“Complementary Determining Region”), most preferably at least the CDR3
region. Said two domains/regions in the single chain antibody construct are
preferably covalently connected to one another as a single chain. This connection

25 can be effected either directly (domaini interacting with CD3 — domain2 interacting
with the further antigen or domain1 interacting with the further antigen — domain2
interacting with CD3) or through an additional polypeptide linker sequence (domaini
- linker sequence — domain2 or domain2 — linker sequence — domain1). In the event
that a linker is used, this linker is preferably of a length and sequence sufficient to

30 ensure that each of the first and second domains can, independently from one
another, retain their differential binding specificities. Most preferably and as
documented in the appended examples, the “bispecific single chain antibody
construct” is a bispecific single chain Fv (bscFv). The molecular format of bispecific



region. Said two domains/regions in the single chain antibody construct are
preferably covalently connected to one another as a single chain. This
connection 25 can be effected either directly (domains interacting22xFen20903
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20 MT-MMPs, F19-antigen and CO-29.

According to a preferred embodiment of the invention said second domain
specifically binds to/interacts the CD19 molecule.
It is particularly énvisaged that the bispecific binding molecule of the invention which
25 specifically binds to/interacts with the CD3 and the CD19 molecule is characterized
in that said second domain comprises or consists of an amino acid sequence
selected from the group of:
(a) an amino acid sequence corresponding to SEQ ID NO.: 16 or 18;
(b) an amino acid sequence encoded by a nucleic acid sequence corresponding
30 to SEQ ID NO.: 15 or 17,
(c) an amino acid sequence encoded by a nucleic acid sequence hybridizing with
the complementary strand of a nucleic acid sequence as defined in (b) under
stringent hybridization conditions; and



20 MI- MWPs, F19-antigen and CO 29. According to a preferred enbodi nent of
the invention said second domain specifically binds to/interacts the CD19
mol ecule. It is particularly envisaged that the bispecific bindi n2XBeleel0?
of the invention which 25 specifically binds to/interacts with the CD3 and
the CD19 nolecule is characterized in tggt sai d second domai n conprises or
consists of an am no acid sequence selected fromthe group of: (a) an am no

aci d sequen Cah' §5RY I i 16,0 : 1.n0 |.d:
sequence eng@deghbg a n%g’bgisga%% s?eﬁaét}%ndcgycgr ﬁ%é%gnéﬁﬁggéﬁcg g&%hl B NO :
15 or 17; (c) anegenerotenssd tesylianidbe @eootie dotly t@ anoudledtideaseqlieneq iy

hybridi zing wt C mentary strand of a nucleic acid sequence as
defined in (b) gﬂ%tg?&) G{%raj(lﬁg'ent hybri di zati on conditions; and 22-Feb-2007

16 (d) an ami no acid sequence encoded by a nucleic acid sequence which is
degenerate a resul he neti¢c code to a nucl eotide sequence of any
oneor (B Mieud pisteraply,dhe bineRBeHnginG Firedsia BaPRcs bt hensigeist Mocamio
conpri ses Oéci@@ég'uélﬁ@e Sdlesteddonmthe @oug okequence sel ected fromthe group of:
(a) an am nz@aci sequence corresponding to SEQ ID NQ : 20; (b) an am no

aci d sequenéd eABSMRC BoidSaquenes coresRINdingUe HINQRs88nding to SEQ ID
NO : 19; 10 ] i BE . i i
(B)C) aRTarib E&ggg%@gﬁg%@e&%ﬁ@gem 484G ol Edfe BAURE

hybri di zi ng ntary stran nucl el ¢ "aci equence
defined in (b) tm8BR IDsNO.:nkfent hybridi zati on conditions; and (d) an anino

Fesul 3 CRS qafianito BsEsduehes topidgh APHEARE, 40l solifood RARREIAY ity °
and (c). Said btrepemplementardistrgndof 2 outleic acipsedienabl as defimepaci(f)i ondaeFv

construct, wherepby a . first scFv specificgl!ly binds to/interacts with CD3
and a second scfz@%gﬁ%‘dﬂﬂﬂé%aﬁ?” CB?ﬁﬁ%nSc@f‘anteracts with CD19. 20 According

to a prefer(@d gRbafingeatidobediiehdeneaddded byaa dnishsio NaLid Osejudnce which is
degenerate as a result of the genetic code to a nucleotide sequence of any
15 one of {b) and (¢).
Said bispecific binding molecule is ﬁreferably a bispecific scFv construct, whereby a
first scFv specifically binds to/interacts with CD3 and a second scFv specifically
binds to/interacts with CD19.

20 According to a preferred embodiment of the invention said second domain
specifically binds to/interacts with the EpCAM molecule.

it is particularly envisaged that the bispecific binding molecule of the invention which

specifically binds tofinteracts with the CD3 and the EpCAM molecule is

. characterized in that said second domain comprises or consists of an amino acid

25 sequence selected from the group of:

(a) an amino acid sequence corresponding to SEQ ID NO.: 22, 24, 26, 28, 30 or
32;

(b) an amino acid sequence encoded by a nucleic acid sequence corresponding
to SEQ ID NO.: 21, 23, 25, 27, 29 or 31;

30 (¢) an amino acid sequence encode.d by a nucleic acid sequence hybridizing with
the complementary strand of a nucleic acid sequence as defined in (b) under
stringent hybridization conditions; and

(d} an amino acid sequence encoded by a nucleic acid sequence which is



specifically binds to/interacts with the EpCAM nolecule. It is particularly
envi saged that the bispecific binding nolecule of the invention which
specifically binds to/interacts with the CD3 and the EpCAM nol ecul22-Fep-2007
characterized in that said second donmain conprises or consists of an am no
acid 25 seguenece-selected fromthe group of: (a) an anm-re--aei-g-sequence
corresponding to SEQ ID NO. : 22, 24, 26, 128, 30 or 32; (b) an amno acid
sequence encoded by a nucl eic acid sequence corresponding to SEQI| D NO :
21, 23, 25, 27, degeoeratd as30rgstit efrtherganetiacode sequancleotide sdaubrne of anycl ei ¢
aci d sequence h%@i&gi@i hth the conplenentary strand of a nucleic acid
sequence as defined i %}83 nder stringent hybridization conditions; and
(d) an am no acid sequence encoded by a nucleic acid sequence which is
22- Feb-2007,,17 degenerate .as a.resul.t of th enetic code to a .nucleptide
sequence of MHY P’B%éar}ﬁ¥=a‘§‘8)b'%ﬁﬁ?'ft°§‘3‘f.‘d'%PP'%?L@? nglﬂf IS O, COBSISiSRS 8N 2MKondi ng
nol ecul e scongpid seRplefte §6lRstedl fforAthedroapioho S acid sequence sel ected from
the group of: (a) an am no acid sequence corres ondiNr;(S to SEQ ID NO.: 34 or
1.

36; (b) an 4@ n@NAMio ackl raruenes cedatPanding ta k@il Nei: d48@Bence

cor respondi R d2idNQae ' ' ' oded
by a ngcl ei gg)ac}ag sque%églgﬁ()’%%ft iézqc’r?gesm%%a ﬁ%@? hgag?r?gﬁgirﬁrg%? gﬂr?ggpsoﬁ rag]?i’d of
a nucleic acid $e8EEhERNES: 320r8%d in (b) under stringent hybridization

condi tions; ,and m i [.C:ACI .
sequence V\/ni@h iaédgra@gea%@r g‘?ae as?gae% ?ggﬁ]p Fc"’)lfi [{Eﬁéggggneﬁe%@g%%@yﬁ%&ghg with
nucl eot ilde sequémnzecrapleaventaryrstrantl of b)nueleit: 4cid sedderit® ds ldediped iih i(b) bhdeti ng
nol ecul e is pref Er ably ﬂ“tﬂj%.eci fi ﬁ ScFv._construct, whereby a first scFv
specifically bi fd9'%8 fyRricization Rt HOP$$Ind a second scFv speci fically
bi nds to/i n{gy aehsamiid) dciCANquéehcd entoddd @y Ar ahiclekcedeitihadqueicd whicherst
one further antigen-interaction-site of the 30 bi speci fic bi ndi ng nol ecul e
of the inventi ofeReNgala,As A fesult of the genetic code to a hucleotide sequence of any -
one of (b) and (c). :
15  Said bispecific binding molecule is preferably a bispecific scFv construct, whereby a
first scFv specifically binds tofinteracts with CD3 and a second scFv specifically

binds to/interacts with EpCAM.

It is further preferred that said at least one further antigen-interaction-site of the
20  bispecific binding molecule of the invention is humanized.

In a further embodiment, the invention encompasses a nucleic acid sequence
encoding an above defined bispecific binding molecule of the invention.
Preferably, said nucleic acid sequence selected from the group consisting of:
25 (a) a nucleotide sequence encoding the mature form of a protein comprising the
amino acid sequence selected from the group of SEQ ID Nos: 20, 34 or 36;
(b) a nucleotide sequence comprising or consisting of a DNA sequence selected
from the group of SEQ ID NOs: 19, 33 or 35;
(c) a nuclectide sequence hybridizing with the complementary strand of a
30 nucleotide sequence as defined in (b) under stringent hybridization conditions;
(d) a nucleotide sequence encoding a protein derived from the protein encoded by
a nucleotide sequence of (a) or (b) by way of substitution, deletion and/or
addition of one or several amino acids of the amino acid sequence encoded by



In a further enbodi nent, the invention enconpasses a nucleic acid sequence
encodi ng an above defined bispecific binding nolecule of the invention.
Preferably, said nucleic acid sequence selected fromthe group cong?&eb§07
of : 25 (a) a nucl eotide sequence encoding the mature formof a protein
conprising the---am-no acid sequence selected fromthe group—of--SEQ1D Nos:
20, 34 or 36; (b) a nucleotide sequence cthprising or consisting of a DNA
sequence selecteg fromthe group of SEQ ID NGs: 19, 33 or 35; (c) a
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condi tions dnes preferably at least 500 nucleotides., Y
It is well known in the art how to perform hybridization experiments with nucleic acid
molecules, i.e. the person skilled in the art knows what hybridization conditions s/he
20 has to use in accordance with the present invention. Such hybridization conditions
are referred to in standard text books such as Sambrook et al. {lo¢ cit.) and other
"« standard laboratory manuals known by the person skilled in the art or as recited
above, Preferred in accordance with the present inventions are polynucleotides
which are capable of hybridizing to the polynucleotides of the invention or parts
25 the}eof, under stringent hybridization conditions.
"Stringent hybridization conditions" refer, i.e. to an overnight incubation at 42°C in a
solution comprising 50% formamide, 5x SSC (750 mM NaCl, 75 mM sodium citrate),
50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran suifate,
and 20 yg/ml denatured, sheared salmon sperm DNA, followed by washing the
30 filters in 0.1 x SSC at about 65°C. Also contemplated are nucleic acid molecules
that hybridize to the polynucleotides of the invention at lower stringency
hybridization conditions. Changes in the stringency of hybridization and signal
detection are primarily accomplished through the manipulation of formamide



20 has to use in accordance with the present invention. Such hybridization
conditions are referred to in standard text books such as Sanbrook et al.
(loc cit.) and other standard |aboratory manual s known by the perZ¥leb-2007
skilled in the art or as recited above. Preferred in accordance with the
present inventions are pol ynucl eotides which are capable of hybridizing to.
the pol ynucl eotides of the invention or pts 25 thereof, under stringent

hybri di zation conditions. "Stringent bridizatign conditjgns" refer. i.e.
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about 65C. . | i i nd; to
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or in combination.
It is evident to the person skilled in the art that regulatory sequences may be added

20  to the nucleic acid molecule of the invention. For example, promoters, transcriptional
enhancers and/or sequences which allow for induced expression of the
polynucleotide of the invention may be employed. A suitable inducible system is for
example tetracycline-regulated gene expression as described, e.g., by Gossen and
Bujard (Proc. Natl. Acad. Sci. USA 89 (1992}, 5547-5551) and Gossen et al.

25 (Trends Biotech. 12 (1894), 58-62), or a dexamethasone-inducible gene expression
system as described, e.g. by Crook (1989) EMBO J. 8, 513-519 .
Furthermore, it is envisaged for further purposes that nucleic acid molecuies may
contain, for example, thioester bonds and/or nucleotide analogues. Said
modifications may be useful for the stabilization of the nucleic acid molecule against

30 endo- and/or exonucleases in the cell. Said nucleic acid molecules may be
transcribed by an appropriate vector containing a chimeric gene which allows for the
transcription of said nucleic acid molecule in the cell. In this respect, it is also to be
understood that such polynucieotide can be used for “gene targeting” or “gene



or in conbination. It is evident to the person skilled in the art that
regul atory sequences nay be added 20 to the nucleic acid nolecule of the

i nvention. For exanple, pronoters, transcriptional enhancers and/ 22-Feh-2007
sequences which allow for induced expression of the polynucleotide of the

I nventi on may ~be enpt oyed. A suitable inducible systemis-for-—exanpl e
tetracycline-regul ated gene expreSS| on ag0described, e.g., by Gossen and
Bujard (Pro 5547- 5551) %nd Gossen et al.

" 992
25 (Trends @"%ﬁ%%‘ﬁ'c fﬁpmgﬁﬁ In Ak‘?f e%Pg'gk%ﬁQWél Bﬁé’ i"RalgEw Sﬁé"%ene
expression |aewﬁéoemaﬁo@l¢mm@eaecmrgof icldié adilis aAORAN kEHBRIY thelart, Blg; 519 .

Furt her nore IS envi srwged for further purposes that nucleic aci

nol ecul es n@“t%%ﬁaﬂ worihgrn Bloting, ECH 1 Ragreaxtansion évﬁjmboﬁwrémayd@
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nucl ei ¢ aci d nol ecul.e agglnst 30 endo- or exonuc eases in the ce Sai d
nucl ei ¢ &ci Maesules descrifad abeve dudng geneberany approahespri at e vect or

contai ni ng 8 Fdﬂ'flecuic aé?&”?‘ﬁ%l%'ﬁlg{}}) %%)PW? J?écomnar%lfyaﬂ%ﬁ%@ lcgngm?lf‘c ﬁfi'(i,lg’c

nucl ei ¢ aci eln hi s" Tespec
u nder st ood ao:dtmelecblepmﬂrypmmm@ any aé the afdmemaame‘domuélge recid enaledulembither

"gene 22-Fe 0r. 20 he a ppRr.oac not her di nent said
nucl ei ¢ aci gl 1%L, Fg@ 'qufﬁé‘?faﬁ'% %ﬁtW&Eﬂé‘: ?% %fse'?ﬁrpgﬁa YECiRlicl ei ¢
acids are well known in the art, e.g.,, Southern and Nort hern blotting, PCR
or prinmer extension. This e useful for, screening, nethods
for veri@yi. ﬁb MWGF‘“W\%%GEQEI ﬂnagteﬁwéamt%ce%ﬁswgéhﬁ&us%m aad
described ahpys:ubiof I8 pI8sERtiRNABY. approaches. Said nucleic acid

nol ecul e(s) may be a reconmbinantly produced chimeric nucleic acid nolecule

conpri si ng M@py@utahl@ veCHIs g knowe ip Hhese skiled dn malegubar bielogri theeahoicglddne or
'18 gﬁ”b' nat M%[bh &&%g@h%{ pn ﬁ?fdﬁ‘éﬁ& Hésn é&h E@&H ‘f‘aén% 23 dsniidss, %Y:&& Or
e presen i nventl rerore e at es

vec or conpr|5|n
nucl ei ¢ aci Uactanbmages aﬁdtchthepr\mtms tusedenonmntrohhﬂw is ugeméjiceemgmemmg ar e

depend i t MEMHCYPER B TLaT el ot aliprat Trdian iR wsity obitict
bacteri Ophamwcrblastrﬁms arer tvetiors)s esk, Cfmvemmplealthe’ ieBhgigues i deseriBedaRT i Ng.
construct ® SambseaK gt Hnfles Fhiga0d Ausnash Lhimrent drrolbeifyie MeREIRE BalpdHecs
descri bed i Breen Pubnshlng Associates and Wlley Intersmence, N.Y. (1989), (1994).
Alternatively, the polynucleotides and vectors of the invention can be reconstituted
20 into liposomes for deiivery to target cells. As discussed in further details below, a
cloning vector was used to isolate individual sequences of DNA. Relevant
sequences can be transferred into expression vectors where expression of a
particular polypeptide is required. Typical cloning vectors include pBluescript SK,
pGEM, pUC9, pBR322 and pGBT9. Typical expression vectors include pTRE,
25 pCAL-n-EK, pESP-1, pOP13CAT.
Preferably said vector comprises a nucleic acid sequence which is a regulatory
sequence operably linked to said nucleic acid sequence encoding a single chain
antibody constructs defined herein.
Such regulatory sequences (control elements) are known fo the artisan and may
30 include a promoter, a splice cassette, translation initiation codon, translation and
insertion site for introducing an insert into the vector. Preferably, said nucleic acid
molecule is operatively linked to said expression control sequences allowing
expression in eukaryotic or prokaryotic cells.



Sanbrook at al. (loc cit.) and Ausubel, Current Protocols in Ml ecular

Bi ol ogy, G een Publishing Associates and Wley Interscience, NY. (1989%,
(1994). Alternatively, the polynucl eotides and vectors of the ind&Felod0@®%an
be reconstituted 20 into |iposones for delivery to target cells. As

di scussed i-n-further- details below, a cloning vector was-used-to-i-sol ate

i ndi vi dual sequences of DNA. Rel evant s&fuences can be transferred into

expression yectors where expression of a particular polypeptide is .
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which is a 5&?@ 6?99'320&@ WRNSEp B8 A ReQ]reSaVBIcH # P SPECRRAY!
sequence engAgtitiBe axSrieBSibA of BadiRg seftiéiedto %mmtthugtaﬁe fdtbACThd RatBIdlof Such
regul atory sequences (control elenents) are known to the artisan and may 30

i ncl ude & pPésfotnrol seqyances diffrs depending tpen ks nst organismi lerprelsaryetes,

transl ati on | ' ' : | " i LAt he vector.
pr of or abl y, CO0ro} sLAfices ertafy e Pl B8 el 5ahG bl A " g

expr essi on tesminaddrss bogrk@arystes penevaltiycordsqd seqieaneas iincled&kpropuiters, or
prokaryotic : 22-Feb-2007 .21 |t s envisaged.that sajd vector is an
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bi speci fi c factuts. harmcebstrslfsegbendaiveintéraied td iriddy, Bt ArgiBirh@hoaly sequence”
refers to DNA squtEJen es, which gre, Fecessary to effect the expression of
codi ng YEquENBRINGNIS (g RIeseRes obyvhich afp pecpssafydonaxRIpesian. and wayRs%nt r-of

sequences dintfueaddrRABPaAdGNEREbUSRBMPOAENE! Jani sm I n prokaryotes, control
sequences generally include pronpoter, ribosomal binding site, and

t er mi nat or sThe teraulenerahie inkasl sefars ip alyxtapasiticr wiherrie the aempeaerens saot er s,
term nators .| j X; B8RSR ' '

transcripti %%HIPSQ'%?E{@%‘?% er m ﬁ%rgﬁﬂtﬂbgl seaqjgdﬁgg&??g&\;eﬁﬁﬁgg%&@gnpﬁ%l ude,
at a. m ni nufcoatrbl segueno torarably fihkedte aeodingssequirncd isdligated resuchrawapr

exXPr Sl WP Gkaih S el T S S8l PR BB R O BRRREA
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Thus, the recited vector is preferably an expression vector. An "expression vector" is
a construct that can be used to transform a selected host and provides for
20 expression of a coding sequence in the selected host. Expression vectors can for
instance be cloning vectors, binary vectors or integrating vectors. Expression
comprises transcription of the nucleic acld molecule preferably into a translatable
mRNA. Regulatory elements ensuring expression in prokaryotes and/or eukaryotic
cells are well known to those skilled in the art. In the case of eukaryotic cells they
25  comprise normally promoters ensuring initiation of transcription and optionally poly-
A signals ensuring termination of transcription and stabilization of the transcript.
Possible regulatory elements permitting ‘expression in prokaryotic host cells
comprise, e.g., the Py, lac, trp or tac promoter in E. coli, and examples of regulatory
elements permitting expression in eukaryotic host cells are the AOX? or GALT
30 promaoter in yeast or the CMV-, SV40-, RSV-promoter (Rous sarcoma virus), CMV-
enhancer, SV40-enhancer or a globin intron in mammalian and other animal cells.
Beside elements which are responsible for the initiation of transcription such
regulatory elements may also comprise transcription termination signals, such as



15 that expression of the coding sequence is achi eved under conditions
conpatible wth the control sequences. In case the control sequence is a
pronoter, it is obvious for a skilled person that doubl e-strande®2alich-2007
acid is preferably used. Thus, the recited vector is preferably an
expressi on veet-er: -An "expression vector"” is a construct-that-can -be used
to transforma sel ected host and provi de€2for 20 expression of a coding
sequence in thgs\?% ect ed host. n vectors can for i nstance_ be

cl oni ng vectdt -RaWsA alte; 6F siE‘)a(P{kle‘?iﬁ)Ié stte.ngoyegienn. oths ryigleotide.
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fusi on pr ot BreferEbly, ae eupiesSIaR cAntrel SMENCTS IS Ukary e el SYieRH ini ng
desired chayagbRr babaIE ofrdhsformihg Ut hdifdchRg BuksnfBilc! hodicedtd! blit eahian ©f

expressed reconbl nant product; see”supra.
sequences for prokaryotlc hosts may also be used. Once the vector has been
20 incorporated into the appropriate host, the host is maintained under conditions
suitable for high level expression of the nuclectide sequences, and as desired, the
collection and purification of the bispecific binding molecule of the invention may
follow; see, e.g., the appended examples.
An alternative expression system which could be used to express a cell cycle
25 interacting protein is an insect system. In one such system, Autographa californica
nuclear polyhedrosis virus (AcNPV) is used as a vector to express foreign genes in
Spodoptera frugiperda cells or in Trichoplusia larvae. The coding sequence of a
recited nucleic acid molecule may be cloned into a nonessential region of the virus,
such as the polyhedrin gene, and placed under control of the polyhedrin promoter,
30 Successful insertion of said coding sequence will render the polyhedrin gene
inactive and produce recombinant virus lacking coat protein coat. The recombinant
‘ viruses are then used to infect S. frugiperda cells or Trichoplusia larvae in which the
protein of the invention is expressed (Smith, J. Virol. 46 (1983), 584; Engelhard,



In this context, suitable expression vectors are known in the art such as
Ckayama- Berg cDNA expression vector pcDvVl (Pharmacia), pCDMVMB, pRc/CWwW,
pcDNA1, pcDNA3 (In-vitrogene), pEF-DHFR, pEF-ADA or pEF-neo (Mack22a¥FeaR007
PNAS (1995) 15 92, 7021-7025 and Raum at al. Cancer | nmunol | nmunot her
(2001) 50( 3} -144~--150) or pSPORT1 (G BCO BRL). Preferably~thevexpressi on
control sequences w |l be eukaryotic prom3ter systens in vectors capable of

transform ng of transfecting eukar éOt ic host cells, but control sequences.

for prokary&tee NagsfeadrSei U8 Bd1888d32248827he vector has been 20
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condi tions (Asgﬁftogg{e orawgl%hﬁ?ve x'BF'té‘gg t%ﬁé%@n‘an{é"f‘ BV%IP? g&@%&%‘ﬁgﬁlces,
and as desi eshanceie. Advdrdageansivanthepuabdvesdedscohedf vebierdi spethief i iavéntiodi ng

nol ecul e of t he appended exanples. An
al ternativecénﬁ"égig&%‘%ﬁﬂ@ﬁpg\ﬁ?%&égﬁﬁgg%gused to express a cell cycle
25 i nt er fict Sefpcrabi markerSgareSIuseaﬂﬁorshetsemntudmonmst@mitecso@h@m Ay, quamtpha
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larvae. Theegafpleg aﬁﬁﬁ#é?dlﬁté)fes%taﬁdécaé 81 Buisd 6f §e|a§ﬁd11 mploﬁﬁu m:dmaorh@rs
cloned into a nonessenti al ql on of the virus, such as the g;{ggi rin

gene, and pr%ﬁ’ﬂﬁn%@ém@bﬁiﬂ? e dReisge Pﬁﬁﬂtﬁm@ﬂ' niLife oPait Ady.) 38 st
i nsertion ofy §)""Orﬂ;bc9/ﬂlcﬂgc§rﬁ9|‘ée|‘é%%tz¥ﬂcbl to’ 8% hin E@E{GBQB@;’%‘%@%:@CQF% n%llnR@iﬁt lve

and produce reconbi nant virus lacking coat proté&rn coa €co ant
vi r uses 1ar eanthgraramydint (Herrdgradistigliaf EN@Q)elr (21(1%30,59&?—9%) ahd piygsd,awhishvae

(988 *"sgacontBiereaifiaRts 30 TuldPEIGh e SEBhE 3 el “anrabechbdiondos)
3;2'4 2523 agﬁlleldnableagahes taue deehydedceibedt samaly trpB,| whieht dllagceealist icotiilizeas

t h | th b d d
Vectors of 1R v BAES G MEeN; 60, WAaTa Lol i wiZS BRI O PR - 5

Sel ect abl e pARfidiRe GeERatsPred. Naf. hbsdsgcpcm:snnsefgfgea)wémm%ﬁrmdsé -@nd,
e.g., plant tissue and. plants are well known to those skill In the art

and conp? i sBhogphate dsqinerase whieh rliowsotelisctor willize: manBoses (Wikk H&£0627)Hand
;ﬁi/gff) " f epcINfemitiec meﬁgrﬁﬁg%i )re@i%hal ﬁ;ér@ ?@é.&&hé@ﬁ Sl Chmtning! ant
resi stance decarbexsdasmm@imosa-ﬂhﬁumwmi)rDL Iamﬁé.lrrgemDFMO (McConlogue 1987,
in: Current Communications in Molecular Biology, Cold Spnng Harbor Laboratory
ed.) or deaminase from Aspergillus terreus which confers resistance to Blasticidin &
20 (Tamura, Biosci. Biotechnol. Biochem. 59 (1995), 2336-2338).
Useful scorable markers are also known to those skilled in the art and are
commercially available. Advantageously, said marker is a gene encoding luciferase
(Giacomin, Pl. Sci. 116 (1996), 59-72; Scikantha, J. Bact. 178 (1996), 121), green
fluorescent protein (Gerdes, FEBS Lett. 389 (1996), 44-47) or B-glucuronidase
25 {Jefferson, EMBO J. 6 (1987), 3901-3907). This embodiment is particularly useful for
simple and rapid screening of cells, tissues and organisms containing a recited
vector.
As described above, the recited nucleic acid molecule can be used aione or as part
of é vector to express the bispecific binding molecule of the invention in cells, for,
30 e.g., purification but also for gene therapy purposes. The nucleic acid molecules or
vectors containing the DNA sequence(s) encoding any one of the above described
bispecific binding molecule of the invention is introduced into the cells which in turn
produce the polypeptide of interest. Gene therapy, which is based on introducing



10 and paronycin (Herrera-Estrella, EMBO J. 2 (1983), 987-995) and hygro,
which confers resistance to hygronycin (Marsh, Gene 32 (1984), 481-485).
Addi tional sel ectable genes have been described, nanely trpB, whi2aFel-260%
cells to utilize indole in place of tryptophan; hisD, which allows cells to
utilize histinol in-place of histidine (Hartman, Proc. Natl. Acad. Sol. USA
85 (1988), 8047); mannose-6 15 phosphate 2%onerase which allows cells to
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i ssues and B¢ e GeRsthath (0200 Boa Pl NG Bph WY 40T BELATA809E. 1 he
recited nﬁclzagsmﬂ;!\]fbrﬂ@lg_ﬁb lH_lEn.O(ae'r{léﬂhels 90(19?3)&243-5% Weaid, Namfurlefmwifcin@rz to
express the egjfi in C inventio ells or,
oG ok (@ aEBor 16 B 2SR N st e Bt WS Ch 650 4881 o
ol ecul es_Orsaepb Al Cuifent OpiidHint BRidehRoREf Te1B6S) cTEANl THL AlttelMckl; ¢ he
above desecribed bispecific binding nolecule of the invention is intreduced
into the celacd vRpierules @ofnvelpt By thie designedpforddirest iinfredusion aerfer
ther apy.  whiihod RiBASAS 1BBsAIL Ol UAENGEcRd ety 2ihovd LOREVIRRhic8cans
into cells by ex-vivo or iIn-vivo techniques i's° one of the nost | nportant
appl i cat i onPreferghipe saidanek ds .a gatmdinieecelk crrobryonicecélbder egg geetieoni detivert y

o ar e Uindnfieligh fuSis bBistalf) #id5el i€ e 8ent b6 5T Sl 1k BmebloHE: ur ¢
Medi ci ne 2 Stérh®ef)can3ik]iitaP alisehstpey cell@s descRbed iy NdglO Pooc. Nl 2238, Sci.
Taner . LanctSAER (380634 R2857.  Mib hauser, Girc. Res. 77 (1995).
1077-1086; Onodera, Blood 91 (1998), 30-
| The invention also provides for a host transformed or transfected with a vector of the
20 invention. Said host may be produced by introducing said at least one of the above
déscribed vector of the invention or at least cne of the above described nucleic acid
molecules of the invention into the host. The presence of said at least one vector or
at least one nucleic acid molecule in the host may mediate the expression of a gene
encoding the above described single chain antibody constructs.
25 The described nucleic acid molecule or vector of the invention which is introcduced in
' the host may either integrate into the genome of the host or it may be maintained
extrachromosomally.
The host can be any prokaryote or eukaryotic cell.
The term "prokaryote” is meant to include all bacteria which can be transformed or
30 transfected with DNA or RNA molecules for the expression of a protein of the
invention. Prokaryotic hosts may include gram negative as well as gram positive
bacteria such as, for example, E. coli, S. typhimurium, Serratia marcescens and
Bagcillus subtilis. The term "eukaryotic” is meant to include yeast, higher plant, insect



36; Verma, Gene Ther. 5 (1998), 692-699; Nabel, Ann. N. Y. Acad. Sci. 811
(1997), 289-292; Verzeletti, Hum GCene Ther. 9 (1998), 2243-51; Wang,

Nat ure Medicine 2 10 (1996), 714-716; WD 94/29469; WO. 97/ 00957, U&E-Feb-2007
5, 580, 859; US 5, 589, 466; or Schaper, Current Opinion in Biotechnol ogy 7
(1996), 635-640. The recited nucleic aci#snolecules and vectors may be
designed for direct introduction or for introduction via |liposones, or
viral vect orand prejerablyqepmmalian ceflatPeranding)upamttbe test employedin af er abl vy,
said cell is ' j ; '
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20 In a further embodiment, the present invention thus relates to a process for the
production of bispecific binding molecule of the invention comprising cultivating a
cell and/or the host of the invention under conditions suitable for the
expression/allowing the expression of bispecific binding molecule and
isolating/recovering the bispecific binding molecule from the cel! or the

25  culture/culture medium.

The transformed hosts can be grown in fermentors and cultured according to
technigues known in the art to achieve optimal cell growth. The polypeptide of the
invention can then be isolated from the growth medium, cellular lysates, or cellular
membrane fractions. The isolation and purification of the, e.g., microbially expressed

30 polypeptides of the invention may be by any conventional means such as, for
example, preparative chromatographic separations and immunological separations
such as those involving the use of monoclonal or polyclonat antibodies directed,



am no acids, nost preferably 8 am no acids. An above descri bed

pol ynucl eotide can be used to transformor transfect the host using any of
t he techni ques comonly known to those of ordinary skill in the a2tFeb-2007
Furthernore, nethods for preparing fused, 10 operably |linked genes and
expressing themin, e.g., mammlian cells_and bacteria are well-known in
the art (Sanbrook, loc cit.). Pref'erably,zssai d the host Is.-a bacteriumor an
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the art. ThléSeVelségfntg anae performing assay procedures. Furthermore, examples for methods
for the recovery of the bispecific binding molecule of the invention from a culture are
described in detail in the appended exampies.
20
Furthermore, the invention provides for a composition comprising a bispecific
binding molecule of the invention or a bispecific binding molecule as produced by
the process disclosed above, a nucleic acid molecule of the invention, a vector or a
host of the invention. Said composition may, optionally, also comprise a
25 proteinaceous compound capable of providing an activation signal for immune
effector cells. Most preferably, said composition is a pharmaceutical composition
further comprising, optionally, suitable formulations of carrier, stabilizers and/or
excipients.
In the light of the present invention, said "proteinaceous compounds” providing an
30 activation signal for immune effector cells” may be, e.g. an activation signal for T
cells. Preferred formats of proteinaceous compounds comprise bispecific antibodies
and fragments or derivatives thereof, e.g. bispecific scFv. Preferably, said activation

signal for T cells may be provided via the T cell receptor (TCR), more preferably via



conditions can be determined by the person skilled in the art in the absence
of further inventive input. Once expressed, the bispecific binding nolecule
of the invention can be purified 10 according to standard procedud2eEels208he
art, including anmonium sulfate precipitation, affinity colums, colum

chr omat ogr aphy;--gel- el ectrophoresis and the |ike; see, Scopes;—"Protein
Purification", Springer-Verlag, N.Y. (198%75 . Substantially pure
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comprise a pharmaceutically acceptable carrier. Examples of suitable

pharmaceutical carriers are well known in the art and include phosphate buffered
saline solutions, water, emuisions, such as oil/water emulsions, various types of

20 wetting agents, sterile solutions, etc. Compositions comprising such carriers can be
formuiated by well known conventional methods. These pharmaceutical
compositions can be administered to the subject at a suitable dose. The dosage
regimen will be determined by the attending physician and clinical factors. As is well
known in the medical arts, dosages for any one patient depends upon many factors,

25 including the patient's size, body surface area, age, the particular compound to be
administered, sex, time and route of administration, general health, and other drugs
being administered concurrently. Generally, the regimen as a regular administration
of the pharmaceutical composition should be in the range of 1 zg to 5 g units per
day. However, a more preferred dosage for continuous infusion might be in the

30 range of 0.01 ug to 2 mg, preferably 0.01 ug to 1 mg, more preferably 0.01 ug to
100 g, even more preferably 0.01 pg to 50 pug and most preferably 0.01 ugto 10 pg
units per kilogram of body weight per hour. Particularly preferred dosages are
recited herein below. Progress can be monitored by periodic assessment. Dosages



vari able regions in an MHC- i ndependent manner thus nediating the primary T
cell 5 activation signal. The protei naceous conpound may al so provide an
activation signal for an inmmune effector cell which is a non-T cé%Feb-2007
Exanpl es of imune effector cells which are non-T cells conprise, inter
alia, Bcells and NK cells. In accordance with this invention, the term
"phar maceutical conposition” relates to &8 conposition for admnistration to

a patient, pref | ent ' t, the
phar mmceut i Va8t 4 rfor8HEReRAN R e Bnus PO o ioR G IR B
ér ansder mal approxinadteiyi ‘Kﬁlto 10t copies dfdhé BINA hntecatdné‘helcombﬁsﬁilous chtheon or dby
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will vary but a preferred dosage for, intravenous admnistration of DNA is
from It is envisaged that the pharmaceutical composition of the invention might comprise,

20 in addition to the proteinaceous CD3 binding molecules or nucleic acid molecules or
vectors encoding the same (as described in this invention), further biologically active
agents, depending on the intended use of the pharmaceutical composition. Such
agents might be drugs acting on the gastro-intestinal system, drugs acting as
cytostatica, drugs preventing hyperurikemia, drugs inhibiting immunereactions (e.g.

25 corticosteroids), drugs acting on the circulatory system and/or agents such as T-cell
co-stimutatory molecules or cytokines known in the art,

Possible indications for administration of the composition(s) of the invention are
tumorous diseases, cancers, especially epithelial cancers/carcinomas such as
breast cancer, colon cancer, prostate cancer, head and neck cancer, non-melanotic

30  skin cancer, cancers of the genito-urinary tract, e.g. ovarial cancer, endometrial
cancer, cervix cancer and kidney cancer, lung cancer, gastric cancer, cancer of the
small intestine, liver cancer, pancreas cancer, gall bladder cancer, cancers of the
bile duct, esophagus cancer, cancer of the salivatory glands and cancer of the



approximately 106 to 1012 copies of the DNA nol ecul e. The conpositions of
the invention my be adm nistered |locally or systematically. Adm nistration
will generally be parenterally, e.g., intravenously; DNA nmay al so23eeb-2007
adm nistered directed to the 5 target site, e.g., by biolistic delivery to
an internal or external target site or by, catheter to a site in an artery.
Preparations for parenteral admnistrati &7 include sterile agueous or

non- agqueous ueous
sol vents ar etﬁ roomp '?Qﬁé"éwgﬁb@g yﬂlet hg?i{r?eél ﬁ%émétlo aé etrg rISéH{)l ﬁch as
olive oil, dlamas) saycamas, @ggaﬁe@sm@@ﬂs @uther a'EiiQﬂtiWB m@lstmqqeowelo
carri ers I n r

stspens: ons o HosIEnf) of M RDGhudrl ARLFAEraR0: eSSy, Mt Epito R dienges.

i ncl ude sodlamrmhmlmimgieal diszirdénspan aBomgmune diteates s infextibus siseases, srdi um
chloride, |agtated hi cl es include

L e | SHiseUsBS, dMendiErediniodS. draific rfictions. o THRLR st fiskirrse ko
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additives may al so be present such as, for exanple, antimcrobials, anti-
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of the 28- F¢§dlamunoassay (RIA), the sandwich (immunometric assay), dot blot and the
Western blot assay. Further assays, which can be used for detecting the bispecific
binding molecules e.g. in diagnostic assays are FACS-based assays, cytotoxic
assays (Cr°', fluorescence release) or dye release assays.
The bispecific specific binding molecules of the invention can be bound to many
25 different carriers and used to isolate cells specifically bound to said polypeptides.
Examples of well-known carriers include glass, polystyrene, polyvinyl chloride,
polypropylene, polyethylene, polycarbonate, dextran, nylon, amyloses, natural and
modified celluloses, polyacrylamides, agaroses, and magnetite. The nature of the
carrier can be either soluble or insoluble, e.g. as beads, for the purposes of the
30 invention.
Said diagnostic composition may be shipped in one or more container comprising,
optionally {a) buffer(s), storage solutions and/or remaining reagents or materials
required for the conduct of medical or scientific purposes. Furthermore, parts of the



29 thyroid gland or other tunorous diseases |ike haenatol ogi cal tunors,

nmel anonmas, glioms, sarconmas, e.g. osteosarcomas. Further indications for
adm ni stration of the conposition(s) of the invention are proliferRatfebe2007
di seases, an inflammtory di seases, an immunol ogi cal disorders, an
aut oi nmune drseases;- an i nfectious di seases, viral 5 di seases;--all-ergic
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may be shipped in one or nore container conprising, optionally (a)
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parts of thef a proliferative disease, a tumorous disease, an inflammatory disease, an
immunological disorder, an autoimmune disease, an infectious disease, viral
20 diséase, allergic reactions, parasitic reactions, graft-versus-host diseases or host-
versus-graft diseases comprising the administrating an effective amount of a
bispecific binding molecule of the invention or a binding molecule produced by a
process of the invention, of a vector or of a host of the invention to a subject in need
of such a prevention, treatment or amelioration. Preferably, said subject is a human.
25 It is further envisaged, that the method of treatment further comprises the
. administration of an effective amount of a proteinaceous compound capable of
providing an activation signal for immune effector cells. Preferably, said
proteinaceous compound is administered simultaneously or non-simultaneously with
a bispecific binding molecule of the invention or as produced by the process of the
30 invention, a nucleic acid molecule, a vector or a host of the invention.

Finally, the invention provides for a kit comprising the bispecific binding molecule of
the invention or as produced by the process of the invention, a nucleic acid



22- Feb- 2007 30 di agnostic conposition of the invention can be packaged
individually in vials or bottles or in conbination in containers or

mul ticontainer units. There are many different |abels and nmet hods @2-Feb-2007
| abel i ng known to those of ordinary skill in the art. Exanples of the types
of | abels whirch-can-be used in the present, 5 invention include enzynes,
radi oi sot opes, colloidal netals, f1 uor escBnt conpounds, chem | um nescent
conmpounds, Ll Lol . a nost preferred enbodi nent of
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20  hitp://www.ncbi.nim.nih.gov/PubMed/medline.html. Further databases and

addresses, such as http://www.ncbi.nim.nih.gov/, http://www.infobioqeh.frl,

http://www.fmi.ch/biology/research_tools.html, hitp://www.tigr.org/, are known to the

person skilled in the art and can also be obtained using, e.g., http://www.lycos.com
or http://www.google.com.

25
The figures show:

Figure 1.

A) The nucleotide and amino acid sequence of the humanized anti-CD3 antibody
30 light chain and heavy chain (SEQ ID~NOIS.:9-12); B) the nucleotide and amino acid

sequence of the bispecific anti-CD19xhum.anti-CD3 antibody (SEQ ID NO.:19, 20);

C) the nucleotide and amino acid sequence of the bispecific anti-EpCAM (5-10) x

hum. anti-CD3 antibody (SEQ ID NO.:35, 36); D) the nucleotide and amino acid



31 nol ecule, a vector or a host of the invention. Said kit is particularly
useful in the preparation of the pharnaceutical conposition of the present
invention and may, inter alia, consist of a container useful for i 22dtbi2s
or infusions. Advantageously, the kit of the present invention further _
conprises, 5optionally (a) buffer(s), storage.solutions and/or remaining
reagents or materials required for the &nduct of medical or scientific

b vi dual | yebiotsecdng BRbSg aahikpo Aol i SRS BBnich, GRART 0

mul ti cont ai NE.:3%i3dy. The kit of the present invention may be

advant ageously used, inter alia, for carrying out the nethod of the

i nvention and 10 could be enployed in a variety of applications referred
her ei n, e.gFi?maa research tools or nmedical tools. The manufacture of the
kits prefer foll ows standard I.OC es which are known to_the person
Ski 11 od Pn PACSara et henodng e siernt consinesta o Chand GRaS or
enconpassedgpyANie description 15 and Exanples of the present invention.
Further literature concerning any one of the antibodies, nethods, uses and

conpounds t FALS anglydy oHCD3 binding aasderiormad wite Cla3 pesitive UurkehtelinAday be
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v ces. P Deail drf-GpEOEhRC aARE CPAABBSY BapdtRl e @in, 67 28) BiRRG ' o™ ©
| nt ernet, myCbd9uwad shred) with CRbSpqditiveurales @dis.; B) Bispecific anti-EpCAM (3-

http:// . i nl m.njhgovs PubMed/ medl ine. bt . Furiher da s _and
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nown to the person iJ]led in n _al so optai ned using, e.g.,

npe 1 v, PORGDEBbasl donelstoy (G TLNE el dhindig torkp AN drassshahauts 1 oo o

1. A) The ngpbam Pgﬁti@é‘ﬂaﬁml callsA A %iﬁ&ﬂ%@t@ﬁowgsi ani zed anti - CD3

anti body 30 Iight chain and heavy chain (SEQ ID NGs.:9-12); B) the

nucl eotide and am no acid sequence of the bispecific anti-CDl9xhum anti - CD3

ant i bodxs(SF%drgdxlO. 1 9, 20); © the nucleotide and am no acid sequence of
[

t he bi speci anti - EpCAM (5-10) x hum anti-CD3 antibody (SEQ ID NO. : 35,
36); D) t heEuliohqmatiedeobbidpeniiicantaCDd 92 hufe lanf@Ir3 antibody containing protein

fractions from a Zn-Chelating Fractogel® column.

High adsorption at 280 nm from 50-530 ml retention time was due to non-bound

protein in the column flow-through. The arrow at the peak at 617.44 ml indicates the
20 humanized bispecific construct containing protein fraction that was used or further

purified.

Figure 4:
Protein elution pattern from a Sephadex S200® gel filtration column.

25 The protein peak at 82.42 ml containing bispecific antibody against anti-CD19xhum,
anti- CD3 corresponds to a molecular weight of ca. 52 kD. Fractions were coltected
from 40-120 mi retention time.

Figure 5:

30 A) SDS-PAGE analysis of bispecific anti-CD19x hum. anti-CD3 antibody protein
fractions. Lane M: Molecular weight marker, Lane 1: cell culture supernatant; lane 2:
IMAC eluate; lane 3: gel filtration aggregate peak; lane 4: purified bispecific antibody
anti- CD19x hum. anti-CD3; '



32 sequence of the bispecific anti-EpCAM (3-1) x hum anti-CD3 anti body (SEQ
ID NO :33, 34), Figure 2. 5 FAGS analysis of the binding affinity of
different constructs to CD3 and CD19 or EpCAM FAGS anal ysis of C22-Em#07g
was performed with CD3 positive Jurkat cells. A) Bispecific anti-CD19x hum
anti - CD3 antr~bedy-construct (SEQ ID NO.: 20). Binding t:0--6B9--was -shown
with CD19 positive Nalnb cells.; B) Bispé&adfic anti-EpCAM (3 10 1)x hum

anti - CD3 anti body construct Bi ndi_n pCAM was shown

with EpCAM fRsWestamn rtd@toawy%m?swme?'t&@&é@. anttcmgxhwml@a@mbm

ti-CD3 RS 6
W Lh EpcAM taci T SRR IR rker, Cane b el e Bupdin Bt e 2 1A

Figure 3: El at@»n'aﬁataf gehfilration speregatecpea; IamwrﬁembImenbady abtdy

cont ai ni ng [9{‘% mZ@E ing Fractogel (r) columm. Hi gh
adsor ption g:{ J(5 @gpnbggﬁgéb&g}"% E!I(‘lﬁﬂ%(it)ﬁhtl me was due to non-bound
protein Bn the col um1 flowthrough. The arrow at the peak at 617.44 m

i ndi cat es t%e 20 humani zed bi specific construct containing protein fraction
that was used@¥e G urt her purified. Figure 4: Protein elution pattern froma

Sephadex S2QdtpxigRy aéddyt. dsfadiﬂm;fi@cdnﬁrmmﬂﬁhfﬁheam-@m antRRaly (SEQAD M.

cont ai ni ng hi fpem fic anti body agai nst anti-CD19xhum anti- CD3 corresponds
to a nol eculP wei ght of ca. 52 kD. Fractions were collected from40-120 m

retention tiNR:MIg @iESvere udBd A5 et EdfSTardobY pbsitiod d@@??-%bfté 8s étorCDng

hum anti-CD3 antibody protein fractions. Lane M- Ml ecul ar wei ght marker,
Lane 1: 18el cebsina kel tlioeafdat@int; |ane 2: | MAC eluate; |ane 3: gel
filtration aggregate peak; lane 4: purified bispecific antibody anti- CD19x
hum anti-CD3; 22-Feb-2007 33 B) Western blot analysis of purified

bi speci fi c Jdimei irG@biemuwill nawi be€Ddesomibedobly reference to the following biological

examples which are merely illustrative and are not to be construed as a limitation of
scope of the présent invention,
15
Example 1.
Generation of humanized antibody specific for the CD3 antigen
The location of the CDRs of the CD3 specific antibody OKT3 was determined with
reference to Kabat, EA, et al. Sequences of Proteins of Immunological Interest. 5th
20 edition. 3 vols. Bethesda, MD: National Institutes of Health. National Center for
Biotechnology Information, 1991;2597. NiH publication no. 91-3242,
The human framework regions chosen to receive the transplanted CDRs were KOL
and REI for the heavy and light chains respectively. The structures of these proteins
have been solved crystallographically (REl: Palm(1975) Hoppe Seylers Z Physiol
25 Chem 356, 167-191,KOL: Schmidt (1983) Hoppe Seylers Z Physiol Chem 364, 713-
747.)
A number of additional, murine residues were introduced into the human variable
region frameworks according to Adair 1894 Hum. Antibod. Hybridomas, 5:41-48.
These residues that have been changed are important for retaining original antigen
30 specificity. Additional mutations wete introduced in the CDR1, CDR2 and CDR3 of
the light chain. The CDR sequences of the humanized OKT and improved
humanized CD3 of the invention are shown in Table 2. The sequence of the
improved humanized CD3 binding molecule is shown in Figure 1A; SEQ ID No.9-12,



Lane M Mol ecul ar wei ght marker, Lane 1: cell culture supernatant; |ane 2:

| MAC eluate; lane 3: gel filtration aggregate peak; lane 4. purified

bi specific anti body anti- CD19 xhum anti-CD3 obtained fromgel fi l22EB¢h-2007
5 Figure 6 Cytotoxicity assay of bispecific anti-CD19x hum anti-CD3

anti body (SEQ1TD MNO': 20). NALM6 cells were used as target cells and CD4
positive CB15 T-cells as effector 10 cel$$ in a EET ratio of 1:10. The
invention will now be described by reference to the follow ng biol ogical

exanpl es V‘h'ﬂblgr&.’e lF-lHé‘ﬁgfﬂfi &ég spg&ﬂégnnggdc 8&5;5329:,?:5021 of

l[imtation o Hvent

hunmani zed anti Qo .’:Eggci fli 9a.nt |'§E‘H?@§A cf‘ﬁ of the ¢DRs of

the CD3 speci f i{@MArPAody SRIEENZEALN | CD3f er ence to_Kahdt, EA
at al. Sequenc diof prot o SASSIVY | RASHIVEYMN (SEEHD Mo :4Hji tifon. 3
vol s. Bethesda, |8y Nati @BFSKLAS it ut es of| PESIKYAS (REQ hNo.:8knt er f dr

Bi ot echnol ogy I|HSor nat i on QAWSENRET. N H |FMGWSSNPLH (§6Q I01NG28)2. The hunan

framewor k regi ons chosen to receive the transplanted CDRs were KOL and REI
for the heavxampld 2ght chai ns respectively The structures of these

Seyl e o 2 PrYSHOT oSS slpstife STEIRAIR anfinegl wiwkaimanizk safftha -

Physi c[ Cherpai®4, 713 747 ) A nunber of addi ti onal , erl ne residues were
i ntroduced nto t e human vari able region franmewor ks accor di ng to Adair
1994 Hum Arﬁ’f"‘BBB 24Jbri domas, 5:41-48. These residues that have been

changed are ¢omstrhétion f61 bl s?e@if?uc%?aglélﬂiaﬂ?hrﬁﬂbbggﬁaﬁﬁ élﬁ’:?‘%lﬁtiﬂao?é/s With

Addi tional nutations were i in the , CDR2 and
| i ght chai n. hum@nGBﬂajﬂqG&adw'tof t he humani zed OKT and i nproved hunani zed

CD3 of t e 0, f [ ed

numani 268 O EONA S Reohe e Bt deSuting BHARGRNZRGERR a8 Rp=yiRLeY

22- Feb- 2007 ged# synthesis and further subjected to genetic fusion with a CD19-specific scFv to
obtain a bispecific single chain antibody (Fig 1B, SEQ ID NO.:19, 20). The bispecific
single chain antibody was subcloned with the restriction enzymes EcoRl and Sall

into the mammalian expression vector pEF-DHFR.
15
Example 2.2
Construction of bispecific single-chain anti-EpCAMxanti-CD3 antibodies with
humanized anti-CD3 pait
In addition to the bispecific constructs described in Example 1.1 two further
20 bispecific single chain antibodies with different tumor specificities were constructed.
The CD19 specificity of the bispecific-anti-CD19xhum. anti-CD3 was repiaced by
two selected EpCAM antibodies 5-10 and 3-1. Thus, two EpCAM-specific bispecific
single chain antibody constructs anti-EpCAM({5-10)xhum. anti-CD3 (SEQ ID NO.:35,
36) and anti-EpCAM (3-1)xhum. anti-CD3 (SEQ 1D NO.:33, 34) were obtained.
25
Example 3.
Expression of the bispecific single chain antibodies with humanized anti-CD3
part
The anti-CD19xhum. anti-CD3 and anti-EpCAMxhum. anti-CD3 constructs (SEQID
30 19, 20, 33, 34, 35, 36) were expressed by stable transfection into DHFR deficient
Chinese hamster ovary (CHO) cells as described by Mack, M. et al. (1995) Proc



Table 2. The CDRs of the light chain of the CD3 specific antibody OKT3.
CDRs of Am no acid sequence Am no acid sequence of anti-CD3 of humanized
OKT3 hunani zed CD3 Li SASSSVSYMN RASSSVSYMN (SEQ I D No.:4) L2 DTSREASb-2007
DTSKVAS (SEQ I D No.:6) L3 QQASSNPFT QQASSNPLT (SEQ ID No.:8) Example 2 5
Construction~of "a bi'specific single chain gnti body wi t h humani-zed—ant i - CD3
part Exanple 2.1 Construction of bispeci f? singl e-chain anti-CD19xanti - CD3

anti bodi es V‘Néi‘l‘AcQ&'%PU%?@%%%%WW&@%&&J@SE HY epReibd godidiwag v of the

resul ting humani zed ant obt ai ne ne synthesis and further
subj ect ed t opeytareedafien srisiimiphpsehatlireatmart iof the callB(Sambrenk et al. 1889).

bi specific single chain antibody (Fig 1 B, SEQ ID NO. :19, 20). The

bi specific single chain anti body was subcloned with the restriction enzynes
EcoRl and Sdtxampled4 t he mammal i an expressi on vector pEF-DHFR 15 Exanpl e

2.2 Consty uct} of . bi.speci.fi.c single- In.anti-EpCAMkant.j, - anti bodi es
i th horn BAGS ARavBt BindimaAd ;oo stk shaht Bt antioslssigth

descri bed i rimsanized ahtitCO8partr t her 20 bispecific single chain antibodies
with different tunpr specificities were constructed. The CD19 specificity

of the bi spdBiqrer iigst dien duntienality withciegaydto pising: eapaRflity @\FAGS aralysis
EpCAM ant i bagh&geforkibeand 3-1. Thus, two EpCAM specific bispecific single
chai n anti body constructs anti-EpCAM 5-10)xhum anti-CD3 (SEQ I D NO. : 35,

36) and anti-EpCAM (3-1)xhum anti-CD3 (SEQ I D NO. :33, 34) were obtained. 25

Exanpl e EFE‘:EH ' of the bispecific single chain antibodies with
humani zelgy antl -@%"Rgart The anti-CDlL 9xhum anti-CD3 and anti- EpCAMkhum

anti - CD3 corfdowucytom8h@ Chinkling Sanalgsis3®f 8uti-CI5t 9x3aimwardi-6D3r ddspatifby
stabl e transgn%fbtoi&n i nt o DHFR defi ci ent

CD19 positive Nalm 6 cells {human B cell precursor leukaemia) and CD3 positive
Jurkat cells (human T cell leukemia) were used. 200,000 Nalm 6 cells and 200,000

15 Jurkat cells were incubated with 50 ul the pure cell culture supernatant of CHO cells
transfected with the anti-CD19xhum. anti-CD3 specific polypeptide for 30 min on
ice. The cells were washed twice in PBS. Then the binding of the construct was
detected via its C-terminal Histidin Tag with a murine Penta His antibody (diluted
1:20 in 50 ul PBS with 2% FCS; Qiagen) followed by a washing step and a

20  Phycoerythrin conjugated Fc gamma speciﬁc antibody (Dianova), diluted 1:100 in 50
pl PBS with 2% FCS (Figure 2A, thick line ). As negative control fresh cell culiure
medium instead of cell culture supernatant was used (Figure 2, thin line).
Cells were analysed by flow cytometry on a FACS-Calibur (Becton Dickinson,
Heidelberg). FACS staining and measuring of the fluorescence intensity were

25 performed as described in Current Protocols in Immunology (Coligan, Kruisbeek,
Margulies, Shevach and Strober, Wiley-Interscience, 2002). The binding acfivity of
the bispecific binding molecule was compared to the binding activity of the
corresponding control bispecific antibody with the humanized OKT3 part as
described in prior art.

30 As shown in Fig. 2, both anti-CD19 xhum. ‘OKT3 and anti-CD19xhum. anti-CD3
(improved hum. OKT3) bound well CD19 and CD3. |



Chi nese hanster ovary (CHO cells as described by Mack, M et al. (1995)
Proc 22-Feb-2007 - ------- 35 Natl Acad Sol USA 92, 7021-7025.
Transfection of the expression vector was perfornmed after cal ci unZpifeb087e
treatment of the cells (Sanbrook et. al.1989). Exanple 4. 5 FACS anal ysis
of binding activity of the single chain bi'speci fic anti bodies with

humani zed anti-CD3 part In order to test e functionality with regard to
bi ndi ng cap@#‘ﬁ% F2FACS anal ysis was performed. 10 Exanple 4.1 Fl ow
cytonetric binding analysis of anti-CDl9xhum anti-CD3 bispecific antibody
CD19 positi \donakcytadnetrid didiogaand@ysis lof parzEpCaixmuka etk Dan bispdgific
positive J&rﬁh@t |(iel s (human T cell | eukem a) were used. 200,000 Nal m6
cell s and 200, 15 Jurkat cells were incubated with 50 pl the pure cell

cul ture supdionabstig of tHeHEINGRgl sbilitteane!f et BSC AN épddific BispécifidhftbodtiRs the
ells were washed

anti-CD3 specific pol tjde for 30 njn on ice. The ¢ ) was|

Fwl co i nSPBESSh el CRECTIRHIT S BRI LK feRdaia@nty dolestied pellpatpns:
Cterm nal khgéadlict Naim\Ve! Bels 'TBHCGAN FSsHive Hato 2t icamswé @ |u§é€d%sto1rﬁé’(§h In
50 pi PBS with 2% FCS; agen) followed by a washing step and a 2
Phycoer yt hr icardrnagegledingc AfdrrraHEBEO8) iandaithe reweratantsoohthe SHG: eellsl: 100
50 bl P . o . ' R ol L _ .

fresh ool | Sariae Sty ine EPCAM Bicoeein drfibodb? fudre AFpIBETHhe HesiR bl B
(Figure 2, tHEpGAMibinding @sishys aee shawraliry Bigs. BB dnd2Cc vt coneesppndingabispecific

FACS- Cal,i.bur__(. n,. D ckinson Ldel ber FACS, st ai.ni na and neasuring of
the fl uc}lroes @Qh@ggﬁ ﬁ‘f’@n?i 5‘&"‘5@?@" é@%e‘rﬁ g?%@egsmdg‘& d "5%3'% Wa&Hﬁegn"{‘s a ]

Pr ot ocol s i mohttomnol ogy (Col i gan, Kruisbeek, Margulies, Shevach and Strober,
Wl ey- Interscience, 02)._Th | ndi actjvity of the bjispecific bhinding
ol ooul & via ASCHID a0t IS5 A0 b 1o AUeRERTE, oot CORBHPBGHBR URATERA r o
bi specific aptiidHsYSEA ID Noe. 54.138) cieRe PAvEAtiGREROR MudEBEieNHIhE tRAA fe art .
30 As shown in Fi g th both anti-CD19 xhum OKT3 and anti-CD19xhum anti-CD3

(i nproved h@ANs withdwieanigad O30 and CD3.
15
' Example 5.
Purification of the bispecific constructs with the improved humanized anti-
CD3 part

in order to purify the bispecific single chain constructs anti-CD19xhum. anti-CD3

20 stably transfected CHO cells were grown in roller bottles with HiClone® CHO
modified DMEM medium (HiQ) for 7 days before harvest. The cells were removed
by centrifugation and the supernatant, containing the expressed protein was stored
at -20°C.

Akta FPLC System® (Pharmacia) and Unicorn Software were used for

25 chromatography. All chemicals were of research grade and purchased from Sigma
(Deisenhofen, Germany) or Merck (Darmstadt, Germany).

The humanized bispecific single chain construct proteins were isolated in a two step
purification process including immobilized metal affinity chromatography (IMAC) and
gelfiltration .

30 IMAC (immobilized metal affinity chromatography) was performed, using a Fractogel
column® (Pharmacia) that was loaded with ZnCl, according to the manufacturers
protocol. The column was equilibrated with buffer A2 (20 mM sodium phosphate pH
7.5, 0.4 M NaCl) and the cell culture supernatant (500ml) was applied to the column



22- Feb- 2007 36 Exanple 4.2 Flow cytonetric binding anal ysis of

anti - EpCAMkhum anti-CD3 bispecific antibody For testing of the binding
abilities of the EpCAM specific bispecific antibodies the 5 assay2Z¥eb-2007
described in Exanple 4.1 was repeated with follow ng nodifications: instead
of Nalm 6 cells EpCAM positive Kato |11 tcszl | s were used (stomach carcinoma
cell line; ATCC HTB-103) ‘and the supernatants of the CHO cells tranfected

Wt the DGR IR bR PRTGS WRRIARRY el Vi Hlig £y e, EpCAM

bi ndi ng ass re shown in g corresponai i'specific 10
ant i body wi rémavehunkolindeshn@pl@Banciprotain vad eluted beingra st graviesnt obeutfars a

Che. hurmnt 268 T B eabohrARE pA 7., 04 yENAER 95 WITBRZH] Sfee PRy ch "
gﬁﬁltfer cgi ingbutj?rtﬂti%m I){!’ngolu(:i fi Cmn(::le$n;§tep%:thls Wi tﬂﬁ?ﬁ%ﬂ }Hﬁ@gol&? humanibfeg- anti -
CD3 part gI n ﬂ%P“ﬁ%‘"d[ﬁ&ﬁPW t’ﬂ@ tﬁfa?bég/‘i $lER W ﬁQP@egﬁ‘g;ip{"l"%Sﬁst ructs

anti - CD19thmiﬁ@|ﬁbh;(ﬁ@@re§p stably transfected CHO cells were grown in
roller bottles with H'Clone(r) CHO nodified DVEM nedium (H Q for 7 days
bef or e har v&sifiltratipn eupmetagsaphy waspedormed ereaSephagex 5300 Alidrepraplumn®

t ant LRI . : t S - Akt a FPLC
Systentry (RSl cAbPed WAh PR IGBES), Bl Red BRorsh Yplitbiedinoididle . oo anhy
Al | chem cafisilimémlewerfe subjaded to SDSRAGBENdUN estageBIot farrdeheaion. Th&eolaamhof en,
Ge Mer ck . tadt , .Ce ... Th i zed bi | fic.si.ngl
0 Sy P Rl R PR R L
i ncl udi ng i izl Kitz Sinv@ VW GE-B00). (Figcdy onat ogr aphy. (I MAC) and

gelfiltratign . 30 IMAC (immobilized netal affinity chromato raphy) was
performed, B&WREY concentEgges OfGBPLPFH(f'gE ¢eHLREC VaTe ﬂ?&?rm}@%‘?ll@ﬁ'@eﬂrwmh

ZnCl 2 accor gidy dye IMRrdBEN, 356/dBPARd IgG (Biorad) as standard protein. The yields of
the protein are shown in Table 2. All constructs could be purified from cell culture
. 15 supernatants. Comparable yields of purified protein were obtained for anti-
CD19xhum. anti-CD3 (16 ug/ml} and anti-CD19xhum. OKT3 (13,6 pyg/mt).
The purified product had a molecular weight of 52 kDa under native conditions as
determined by gelfiliration in PBS.
SDS-PAGE of the purified bispecific protein was performed on precast 4-12% Bis

20 Tris gels (Invitrogen). Sample preparation and application were according to the
manufacturers protocol. The molecular weight was determined with MultiMark
protein standard® (Invitrogen). The gel was stained with colloidal Coomassie
(Invitrogen protocol) showing a band at 62 kDa. The purity of the isolated protein
was shown to be >95%.

25 Western Blot was performed with an Optitran BA-S83 membrane® and the
tnvitrogen Blot Module® according to the manufacturers protocol. The antibodies
used were Penta His (Quiagen)' and goat-anti-mouse-alkaline phosphatase (AP)
(Sigma}, the staining solution was BCIP/N BT (Sigma). The humanized bispecific
protein was detected by Western Blot showing a 52kD band (Fig.5B). corresponding

30 to the purified bispecific protein in the Coomassie stained SDS-gel (Fig. 5A).

Example 6.
Bioactivity of bispecific antibodies with humanized anti-CD3 part



protocol. The columm was equilibrated with buffer A2 (20 nmM sodi um phosphate
pH 7.5, 0.4 MNaCl) and the cell culture supernatant (500nl) was applied to
the colum 22-Feb-2007 37 (10 M) with a flowrate of 3 m/nmin. TheFebi200m
was washed with buffer A2 to renove unbound sanple. Bound protein was
el uted using™a 2-sté&p gradient of buffer__B2 (20 nmM sodi-um—phosphate pH 7.5,
0.4 MNad, 0.5 MImdazol) Step 1: 20%3%uffer BZ |n 10 col um vol unes;

Step2: 100% 0 “‘”ﬁf% s from
t he 100% St‘gﬁ%f@ %&quﬂé?'oq?' #))lijt?}pﬁi‘.%lc I‘Ifftl ca |on §é%£@$¢? tration
chr omat ograﬁe;ﬁoﬂmmngasﬁaymwdrenperéor@ephadex S200 Hi Prep coI um(r)

(Pharmaci a) equi librated with PBS (G bco). Eluted protein sanples (flow rate
1 rﬂlmn) P.I é cted to SDS- PACE and Western Bl ot for detection. The

col um %Pilousl y calibrated for nol ecul ar weight determ nation

- (ol ecul ﬁr ammmgmmmeanﬁ*cos bigpeeiftd dktibddPISEQFDNO4 20T ot ei n
concentrati gns of the 6“L;urlfled constructs were determ ned USINY?éIrB‘r otein

assay dye ( rgeb N A-Epcglls £1-5 )IvbQﬁe(lBP%'Pﬁdﬁ"ﬂhéOsf’%&ﬂftc&'np Rlectiae
yields of P%e@f ﬁireamnm &t s*?% tél dahire n?edé@h' ARBNAMG Watfied fw{:@h &ty e
purified fromcell culture 15 supernatants arable yield uri

prot ei n wer @edibimi pelts ware apeuntedIgk mixed amth - pesitveCeily hwaalls The

anti - CD19xh 5 ﬁm&

wei ght of S%Hﬁé—%&@&hg Bgééﬂcgghdjp%gﬁgiéd fgépe(rﬂ\%ﬁﬁéﬁgggag%w ?I on in
PBS. SDBy PAGEIsopert mé (Bﬂ'r idtioeof 1l 6 citibiodieprwerei diluhed inp BFMIV1G9d FES o dbast
4-12%Bis 20 Tr

wer e accordfeﬁ&"fa%%?ﬂ‘éen ?ﬂr?ﬁ}/g@t”ﬁggpﬁs B&B@W@gr%d%ltﬁ Q%“%ﬁ?’&h‘?”a%\}é "

det er mi ned nctibatbttlat BM/IS% QOatfer mhemnplae;dhe)cy(dtdsmc teagion) theTeraged dyas
stained with IBOI | oi da, SSI e pﬁ,@nv'”o\,qg rot ocol ) show ng a band at 52
kDa. The pufh 9'6@“':{%‘8"@% HeWap ayagiiate Bﬁﬁﬁc?@F teadgs gnd compared

Bl ot was pe%ft@ﬁﬁ@ﬂu&‘e%@e@db %ﬁéitffé}ﬁ Bonadd ré@i@h%r&)thé@?ét&@c cbfh blik@gen
Bl ot Moddul e(r) according he manufacturers protocol. The anti bo i es used

were Pehia WRS a(b@amagm)atném@ogwﬂ.-mﬂ A-repelinn whreg thee flyerespenneasigneinwas
S th Ti
bspoct fi o CeiBhinBu o RRa:1v0R Uae Rlr, Y ATl PkBRonind 35 SBYERY it On

(Fi g.5B). cirerb=sisoofdhege readings, the specific cytotox:clty was calculated according to the

following formula: [Fluorescence {(Sample) - Fluorescence (Control)] : [Fluorescence
(Total Lysis)- Fluorescence (Control)] x 100.

20 Sigmoidal dose response curves typically had R2 values >0.97 as determined by
Prism Software (GraphPad Software inc., San Diego, USA). EC50 values calculated
by the analysis program were used for comparison of bioactivity. The cytotoxicity of
the bispecific antibody against CD19 and CD3 with humanized CD3 part is shown in
Figure 6. .A corresponding bispecific antibody with a humanized OKT3 as described

25 inthe prior art was used as a control.

In the bispecific format the bispecific humanized improved CD3 (hum. anti-CD3)
(SEQ ID NO. 20) has clearly increased cytotoxic activity (EC50 value 50 pg/ml)
compared to the humanized OKT3 as described in Adair (EC50 value 195 pg/ml).
Thus, these results demonstrate the major advantage of the improved humanized

30 antibody binding to CD3 of the invention. Due to the about four-fold increase in
cytotoxic activity of the improved humanized CD3 in the bispecific format this
molecule is highly advantageous for therapeutic applications. Based on the stronger
cytotoxic activily lower amounts of protein are required for therapy than of the prior



30 to the purified bispecific protein in the Coonmassie stained SDS-gel (Fig.
5A). Exanple 6. Bloactivity of bispecific antibodies w th humani zed
anti-CD3 part 22-Feb-2007 - -------c-umumx- 38 In order to certi¥3yFehd007
hi gh cytotoxic activity of the constructed bispecific antibodies the

foll ow ng assays were perforned. Exanmple g 1 5 anti-CD19X hum “anti- CD3

bi specific anti body (SEQ ID NO.: 20) Target NALM 6 cells (1.5x10) were

| abel ed wit harilfoiMuRel TAUS, HY HidpecarUmBleculBE V198 ifventish mﬂd@hnaﬁﬁohanpel |

culture nedium After two washes in cell culture nedium cells were counted
and m xed wiadvagigge Qyer the priosed antidedies. wmfbtreampﬂlergs &incecihey shanget
cell mxturg n 2 gX C I n
(EETratio ofé:osgH ﬁ}ﬂﬁtl bg@gs&\?\d}eu?sgc dﬁtﬁ%g&ﬁl%PM%o&ﬁﬁ%gé’g%ﬁ?hhﬁep@
requi r.ed coriwmﬂmzatmnThaotiprefore effira ceanimpmvemant injthedmedicakield el |
suspen5|gn and incubated at 37C/5% CO2 for 2 hours. After the cytotoxic
reaction, the released dye in the incubation nediumwas quantitated in a
fI uor escence reader and conpared with the fluorescence signal froma
control reaction where the cytotoxic conpound 15 was absent (negative
control), and a reaction where the fluorescence signal was determ ned for
totally lysed cells (for 10 mn in 1% saponin) as positive control. On the
basi s of these readings, the specific cytotoxicity was cal cul ated accordi ng
to the following fornula: [Fluorescence (Sanple) - Fluorescence (Control)]

[ Fl uorescence (Total Lysis)- Fluorescence (Control)] x 100. 20 Signoi dal
dose response curves typically had R2 values >0.97 as determ ned by Prism
Software (G aphPad Software Inc., San Diego, USA). EC50 val ues cal cul at ed
by the anal ysis program were used for conparison of bioactivity. The
cytotoxicity of the bispecific antibody agai nst CD19 and CD3 with humani zed
CD3 part is showmn in Figure 6..A correspondi ng bispecific antibody with a
humani zed OKT3 as described 25 in the prior art was used as a control. In
the bispecific format the bispecific hunmani zed i nproved CD3 (hum ‘anti - CD3)
(SEQ ID NO 20) has clearly increased cytotoxic activity (EC50 val ue 50
pg/ M) conpared to the humani zed OKT3 as described in Adair (EC50 val ue 195

pg/ m).



Thus, these results denonstrate the major advantage of the inproved
hunanlzed 30 antibody binding to CD3 of the invention. Due to the about
four-fold increase in cytotoxic activity of the inproved humani zed2-EeB-20A7
the bispecific format this nolecule is highly advantageous for therapeutic
applications. Based on the stronger cytotoxic activity |ower anmounts of
protein are required for therapy than of the prior 22-Feb-2007 39 art

nol ecul es. Thus, the bispecific noleculgg of the invention provide an

i nportant advantage over the prior art anti bodi es when treating patients
since they show at the sane tinme a high cytotoxic activity and are |ess

i mmunogeni ¢ due to hunani zation. They therefore offer a clear inprovenent
in the nedical field. 5 22-Feb-2007 4 A bispecific binding nolecule,

wher eby said nol ecul e conprises or consists of at |east two domains, (a)
wherein one of said _at |east two domains specifically binds to/interacts

wi t h t hel-huneth bispeciisnpinging mlecile, whewehyosaid ﬁnele&plé CIYPHFESAT FONSIStS d

sequence of (acp)aqr%é&gﬁé cﬂ)%él d light chain, wherein said amno acid

sequence is 0 aC| sequence of SEQID NO 2; (ii) an amino acid

sequence encqdpdwhgreinromd ef eambaﬂ!eeeqmmﬁ)mmnsrsc;mrcmmdlm@mds Wateacio 1
(iii) an amno acid sequence _encoded a nucl eoti de sequence hybridi zing

with the conpl enwitbdhe Numam GL5 C%{nﬁl%l» whergipjsgid g@ﬁl@é’h@@”%'sﬁeﬁ”rﬁﬂiﬂ% (ii)
d t t d
el ei o -ach o seqtince e B Sniadthod) SRR RN oA SHeFelERE NG 0 e

to a nucl eotide a&e[cawmeeceﬁsany one of (ii) and (|||) with the proviso that
anmno acid seque ces accordin )ri se amno acid

substitutions i nik h&NEHRINOA! ﬁ‘§q5§ %91895&@& i‘n in positions L24, L54
and L96 accordi ng) t gnf Bn; bé‘élds l%ﬁcea@ﬂcégédwra?'ﬁhcﬁelé%ﬁﬂdsé@f@ddé i's or

contains at |eas one urt er antigen-
corresponding to SEQ ID NO: 1;

(i) an amino acid sequence encoded by a nucleotide sequence
hybridizing with the complementary strand of a nucleic acid
sequence as defined in (i) under stringent conditions; and

(iv) an amino acid sequence encoded by a nucleic acid sequence which
is degenerate as a result of the genetic code to a nuclectide
sequence of any one of (i) and (iii)

with the proviso that amino acid sequences according to (i) to (iv)

‘comprise amino acid substitutions in the CDR regions of the light chain in

positions .24, L54 and L96 according to the Kabat system; and

(b) wherein a second domain is or contains ai least one further antigen-

| interaction-site and/or at least one further effector domain, wherein the
domain which binds to/interacts with the human CD3 complex is
characterized by having a serine at position L24, a valine at position L54
and a leucine at position L96.

2. The bispecific binding molecule according to claim 1, wherein the CDR region
of said light chain comprises or consists of the amino acid sequence of SEQ
ID NOs: 4, 6 or 8 or encoded by a nucleic acid sequence of SEQ ID NOs: 3, 5

or7.



‘interaction-site and/or at |east one further effector domain, wherein the
domai n which binds to/interacts with the human CD3 conplex is characterized
. by having a serine at position L24, a valine at position L54 and 32ikehc208¢
at position L96. 2. The bispecific binding nolecule according to claiml,
wherein the CDR region of said |light chgin conprises or consists of the

am no acid sequence of SEQ ID NGs: 4, 6 or 8 or encoded by a nucleic acid

sequencez of SF{S higpbkic b?ndiﬁgi nWledule 22cbRliing ¥dlaind -1 I, WheiatiHd Goktdi ng
mol ecul e according to claimd or 2, wherein the domain which binds
to/interacts \wﬁich%ﬂ'rllﬂﬁ odinteracpavidoiRs umag GD3 eemnplex isehechi.speci fi ¢ bi ndi ng
nol ecul e according to any of clains 1 to 3, wherein said donain which binds
to/interacts with the human CD3 conpl ex conprises or consists of the am no

aci d seqenceTrd bigpeciio HitintOmaledute eiReortity iy sy olucl@hs e @, samieirce of
SEQ ID NO 9. 5. The bispecific binding nolecule according to any of clains

1 to 4, wher gaid dpgainyiighbings de/inferasts wihithe dugeans CRIG somRleXRarapriaes3

conpl ex conpr, ' ot j ' e ' i in SEQ
DR 14 o0 e g B ATT Al SHauBba B SBQ SIS I s B T, 050
bi speci fic bimdiglg ashl smylenceaf GEQND NO: &ny of clains 1 to 5 wherein said

second domain is at |east one further antigen-interaction-site specific for
one or nore cell surface nolecule(s). 7. The bispecific binding nolecule

accor di to i e i i : f S

Ceare B unaebEbBed i nidoEI8REoBindRY Snf B biakH b TEIEH 6d)

accor di ng t o ddneaimvéhioh bindsvwirseracéainvith thedunad dCBB rcongplex fconigrisessarFv. 9.

The bi specific bj ndi nol ecul e agccordi ng to any, of ¢l ai t 0.8, erein

sai d second GORRI SHABPTREA Robf FaaUPRIR e Ablchi® o0 hNQentSeiect od

fromthe oroupceasdivyid Rdcile dokPOMLUSHEor SBEAD KER®, HER 3, HER 4, EGFR
1 (nucCin , , MUC4, MICS5AC

PSMA, CEA, MJC- in), MJC2 ,  MJUC5B, MJUC7, bhCG
Lew s-Y, CD20, CD33, CD30, ganglioside GD3, 9-0- Acetyl-GD3, GW, dobo H,

Ledoeholet ShilT® YigBesicrrnd R BRRHRELE pREGinG 16 MMy B bidims XS0 wndhBin®
said second domain is at least one further antigen-interaction-site specific for

one or more cell surface molecule(s).

7. The bispecific binding molecule according to claim 6, wherein said one or
more cell surface molecule(s) is/are a tumor specific molecule(s).

8. The bispecific binding molecule according to claim 6 or 7, wherein said
second domain is a further scFv.

9. The bispecific binding molecule according to any of claims 6 to 8, wherein
said second domain specifically binds to/interacts with an antigen selected
from the group consisting of EpCAM, CCR5, CD19, HER-2, HER-3, HER-4,
EGFR, PSMA, CEA, MUC-1 (mucin), MUC2, MUC3, MUC4, MUCS5AC,
MUC5B, MUC7, bhCG, Lewis-Y, CD20, CD33, CD30, ganglioside GD3, 9-O-
Acetyl-GD3, GM2, Globo H, fucosyl GM1, Poly SA, GD2, Carboanhydrase IX
(MN/CA [X), CD44v8, Sonic Hedgehog (Shh), Wue-1, Plasma Cell Antigen,
(membrane-bound) IgE, Melanoma Chondroitin Sulfate Proteoglycan
(MCSP), CCR8, TNF-alpha precursor, STEAP, mesothelin, A33 Antigen,
Prostate Stem Cell Antigen (PSCA), Ly-6 desmoglein 4, E-cadherin



(menbr ane-bound) 1 gE, Melanoma Chondroitin Sul fate Proteogl ycan (MCSP),
CCR8, TNF-al pha precursor, STEAP, nesothelin, A33 Antigen, Prostate Stem
.Cell Antigen (PSCA), Ly-6 desnoglein 4, E-cadherin i y 22-Feb-20022-K3b-2007
neoepi t ope, Fetal Acetylcholine Receptor, CD25, CA19-9 marker, CA-125

mar ker and Muel l erian Inhibitory Substa (MS) Receptor type Il, sTn
(sialylated Tn antigen; TAG 72), FAP (fibroblast activation antigen),

endosialin, E ; !%- T g€ r td A CPR2,
lga, 19g(3, gp%_é?bllt\%ﬁeﬂ/:-\%st?ﬁé%f ant | iggnﬁgﬁgbf% ?ggioeﬁﬁ_eg gﬁ%{‘){gﬁ& I ndi ng
mol ecul e accondirker wodcMaialiedan vihbibiiony Stilbtares {MISY dRedapicioiype dessbn

consi sts of ap.am no acid seguenc t r t h gro of : (a) _an am no
acid sequence?%%m%oﬁ i netf'(aT nSEgA?%HEIE) e,g&% gﬁf)rfg?as(tb.)acﬁﬁatéqﬁ néﬂﬁ@? '
sequence encogdgdodlylirt EGFROIIC L@?SA&%S@,@F—M@éﬁS@_@@hﬁﬁgérﬂ GibR €B2bO. : 15
or 17; (c) an amno acid sequence encoded by a nucleic acid sequence

hybri di zi ng wgdy lghegpi®dp MY B yF t9-aatigenfaind CQeQ%i ¢ aci d sequence as

defined in (b) under stringent hybridization conditions; and (d) an am no
aci d sequence encoded by a nucleic acid sequence which is degenerate as a

result of Qr'f] hetgg ﬂﬂégﬂré‘ciﬁt‘)ﬁﬁmg@]%&H?&f@o%\éc%?diﬁg%?ﬂﬁ% o wRSNIPREIPEeésNd and

(c). 11. e bispecific binding nol ecule according to claim10, wherein said
mol ecul e congeingés compyeas ios tconsistaanf anianinacacid sequence seldoted &dni then t he

group of: (a) _an am no acid sequence corresponding to SEQ ID NO.: 20 (b) an
am no acid seé[?é’ﬁc%‘ encoded by a nucl eic acid sequence corresponding to SEQ

ID NO.: 21, (@) ana@@hiifo aeidaRRMEBCDRRE6AGIHgY SEQUDINOS @chidigequence
hybridi zing with the conplenentary strand of a nucleic acid sequence as
defined in (bfP)undan sminthqraid Bgauentiez ancededohi @i dwsleianaciddpeauengd no

aci d sequence enco&ﬁ,pléég_’\én%i Igéﬁ I?)CN spgg«,aq?e_v\hi ch is degenerate as a
I ccode eot1"

result of the gene a nuc I'de” sequence of
(¢) an amino acid sequence encoded by a nucleic acid sequence

hybridizing with the complementary strand of a nucleic acid sequence
as defined.in (b) under stringent hyhridization conditions; and

(d) an amino acid sequence encoded by a nucleic acid sequence which is
degenerate as a result of the genetic code to a nucleotide sequence of
any one of (b} and (c).

11.  The bispecific binding molecule according to claim 10, wherein said molecule
comprises or consists of an amino acid sequence selected from the group of:
(a) an amino acid sequence correspbnding to SEQ ID NO.: 20
(b) an amino acid sequence encoded by a nucleic acid sequence

corresponding to SEQ [D NO.: 21;

{c) an amino acid sequence encoded by a nucleic acid sequence
hybridizing with the complementary strand of a nucleic acid sequence
as defined in (b) under stringent hybridization conditions; and

(d) an amino acid sequence encoded by a nucleic acid sequence which is
degenerate as a result of the genetic code to a nucleotide sequence of
any one of (b) and (c).

12. The bispecific binding molecule according to claim 9, wherein said second
-domain comprises or consists of an amino acid sequence selecied from the



any one of (b) and (c). 12. The bispecific binding nolecule according to
claim9, wherein said second donain conprises or consists of an am no acid
. sequence sel ected fromthe 22-Feb-2007 43 group of: (a) an ami no 3&ikeb-2007
sequence corresponding to SEQ ID NO.: 22, 24, 26, 28, 30, 32; (b) an am no
aci d sequence encoded.by a nucleic acid gequence corresponding to SEQ I D
NO. : 21, 23, 25, 27, 29, 31; (c) an am no acid sequence encoded by a nucleic
acid sequence%onkg%rf.i dizing with the conplenentary strand of a nucleic acid
sequence as de-fined in (b) under stringent hybridization conditions; and
(d) an am no (afi d sseamétcacidseqdedcdgoresponding aSHED sBNE@N@2, B4 26, 28,
degenerate as a result of the genetic code to a nucl eotide sequence of any
one of (b) and (0)3.0*§§5 The bi specific binding nol ecule according to claim

12, wherein i@d "B S6HInS a%ﬂi(m%éq'i@%c@_r chEHgS By Oh AlciBIE NRid@Cs&yRstecnCe

selected fro he group of: a) an am no acid sequence corresponding to SEQ
| D NO.: 34, 36 (b)oaespondingdoiSEQequdceieRBpa82Hy% Jicl ei ¢ aci d sequence
correspondin o SEQ 1D NO. :.33, 35:. (c) an.,amno acid sequence encoded by a
ucl 61 6 ac! 4 1ebquet AR ACH AaRFeRPs nenFRdEs B e hclBl E eedierice

nucl ei ¢ aci d sequeRpfdiziiy WthitA8GonbléMbntil) &travidl 6@ Pkl BEIdsEdqldre
conditions; and (d) an am no acid sequence éncoded by a nucleic acid
sequence whi ch i s asdigstined it ) amder siingent bybridizatipmeenditioiiai@ndo a

nucl eoti de s ence of . apy.,one of n c)...14.. The bhispecific.hbinding
ol ecul e acodfbi ndryamias A Sefuhed BheBBte bia ndtleic;fify pRies WicH ot
one further anti gelegenbrit@ ek Prestiitd the densts caed to dnudedtitl) Sequartetof
sequence encodi ng a bispecific binding nolecule according to any of clains

1 to 14. 22-Feb-2@0Y onexf (phandyel ei c acid nol ecul e of claim 15 conprising a
nucl eoti de sequence

13.  The bispecific binding molecule according to claim 12, wherein said molecule
comprises or consists of an amino acid sequence sefected from the group of:
(a) an amino acid sequence corresponding to SEQ 1D NO.: 34, 36
(b) an amino acid sequence encoded by a nucleic acid sequence
corresponding to SEQ ID NO.: 33, 35;
(¢) an amino acid sequence encoded by a nucleic acid sequence
~ hybridizing with the complementary sirand of a nucleic acid sequence
as defined in (b) under stringent hybridization conditions; and
(dy an amino acid sequence encoded by a nucleic acid sequence which is
degenerate as a resuit of the genetic code {o a nuclectide sequence of

any one of (b) and (c).

14. The bispecific binding molecule according to any of claims 6 to 10 or 12,

wherein said at least one further antigen-interaction-site is humanized.

15. A nucleic acid sequence encoding a bispecific binding molecule according to
any of claims 1 to 14.



selected fromthe group consisting of: (a) a nucleotide sequence encodi ng
the mature formof a protein conprising the am no acid sequence sel ected
. fromthe group of SEQ 1D NOs: 20, 34, 36; (b) a nucleotide sequend&Feb-2007
conprising or consisting of a DNA sequence selected fromthe group of SEQ

4D NGs: 19, 33, 35; (c¢) a‘nucleotide sequence hybridizing with the
conpl enentary strand of a nucleotide sg‘g‘ﬁence as defined in (b) under

-y e hvbed di ._ . i _ ’
protorn er vl pESlei Bei Mlecu8 T chith fo Mein s RGIERGE SonRE B o,
(b) by way ofsededisdiifront thengrougedossistinganid/ or additi on of one or several

am no acids of the am no . acid sequence encoded b[¥] t he nucl eoti de sequence
of (a) or (D)@ (ep DRIt |%6SUSEER REEOURSoHIH G HBoTRIM AbA BTl no
acid sequence at i % | L ! i ded
by the nucleotide Clggﬁﬁtesrl\@gthc?‘ hﬁg‘;ﬁ E?ﬁ(ﬁ@é(%% %T%%ng?rﬁéég?ggﬂgﬁoge ichis
degenerate as a rdBWNOso20,t34% 3@enetic code to a nucl eoti de sequence of any

one of (a) t e). 17. A.yector conprising a nucleic acid ence according
o clai m 15 8P 16 THCIoRS SeBUaRoS RoRIAG o CORSEANg i T A CTRAHELES o
nucl ei ¢ acid sequerfRtedtbAtheSgraup 8 IED A INGEHEHRe 3gper abl y |inked to
said nucleic acid sequence according to claim 15 or 16. 19. The vector of
claim17 or 16 waenuslectideeseguanme hrigiiziag widsiheocoraplenmentagostrancoba

transforned or transfected with a vectaor according,to any of clains.17 to
10 217" A process HBIECTHE Satblsned; $F dsfneEC . PRace sitaeR) oflana’
according to any cehdgibasm® 1 to 14, said process conprising culturing a

host of claim 20 under 22-Feb-2007 4!S conditions allow ng the expression
of the bispedd¥i cabnHepatidensiegtanee Lhcoding verataly eadvest ddume dhebprobriti fi c

o el g ol ol & SEEEATRY S hoUkBuad CoafRTBER ISR B 8 B Auhaner
process of clai m @életiennawd/er @daitioth of one or several amino acids of the amino
acid sequence encoded by the nucleotide sequence of (a) or (b);
(e) a nucleotide sequence encoding a protein having an amino acid
sequence at least 60 % identical to the amino acid sequence encoded
by the nucleotide sequence of (a) or (b);
(f) a nucleotide sequence which is degenerate as a result of the genetic

code to a nucleotide sequence of any one of (a) to (e).
17. A vector comprising a nucleic acid sequence according to claim 15 or 16.
18.  The vector of claim 17, which further comprises a nucleic acid sequence
which is a regulatory sequence operably linked to said nucleic acid sequence
according to claim 15 or 16.

19.  The vector of claim 17 or 18, wherein the vector is an expression vector.

20. A host transformed or transfected with a vector according to any of claims 17
to 19. ' |

21. A process for the production of a bispecific binding molecule according to any
of claims 1 to 14, said process comprising culturing a host of claim 20 under



.an activation signal for immune effector cells. 23. The conpositi

nol.ecul e of claim15 or 16, a vector of any one of clains 17 to 19 or a host

of ¢laim20 and, optionally, a proteinaceous conpound capabl e of gir%vi)dziord
G -

claim22 which is a pharmaceutical conposition further conprising suitable
f.ormul ations of carrier, stabilizers and/or. excipients. 24. The conposition
of claim22 which is a diagnostic conposi t"*g)n further conprising neans and

met hods for d Lii.f.e | [ : [ ,
ot Lamat ory §e0ayed8 Aod ho@irp¥ofl SERRE bisnchHEPbRRnS 5rE82ER: and
i nfectious di saasesing\the prodiiceedsisgecifd bediigmodsate from thepaulasét i c _
reactions, graft-versus-host di seases or host-versus-graft diseases. 25. Use
of the bispecific binding nolecule according to any of claims 1 to 14 or as

pr oduced t ae i Lini i | ' ign 15
b 160 LR ety SMBPSTon oribriig & bishBGHE ARG Bl aGBHIMlo S Sl For
the preparat cl@amsof ta ghar mscpmducall lwo tips prrodass dbclaime? hr avewaigiorgeid

treatnment or _apelioratjon a proliferative disease ous .di sease,
an” 1t | amat oF SIS SRS TS Pl BUBE A iy SBP L AS DT et A 4R Sace,
an i nfectiousciathIRPERY, UpficHallfi 8§RERINAoBELopAAR] EaNble RATRSVHING an
reactions, graft-versus-host diseases or host-versus-graft diseases. 26.
met hod for t haciadiparaigeal for imraune effestor gelis.i orati on of a proliferative

di sease, a tunorous disease, an inflammtory di sease, an i nmunol ogi cal
di sorder, an autoi nmune di sease, an infectious disease, viral disease,

al | er gi c2geacThesompediten of Cldieage iviish igraphaneacaifichbsbmposriaseiriber host -
versus-graft diseases in a subject in the need thereof, said nethod

conpri si ng t heodpapingrsuiiahieniosmplationg of sakierestabligesangior excipigdlDi specific
22- Feb- 2007 X46 bi nding nol ecul e according to any of clains 1 to 14 or as
produced by the process of claim?2l, the nucleic acid nolecule of claim15
or 16, th4 veThercahpositipnook odinmc|28 wehidly isoalfiagnottie dursposifiors! fartheO.
27. The nethod of claim 26, wherein said subject is hupan.  28. .The net hod
of claim 26 ofOBRPNFINGr MeaNso @B MeorRefdafpiaclipRapt dioterative, diseasese eous

ggmf’g“”d capapinforBlisPrA¥sALdY aRnARHaIGY Ois8hedd! hRhundiBYAP BidsPEL
- autoimmune diseases, infectious diseases, viral diseases, allergic reactions,

parasitic reactions, graft-versus-host diseases or host-versus-graft diseases.

25. Use of the bispecific binding molecule according to any of claims 1 1o 14 or
as produced by the process of claim 21, the nucleic acid molecule of ¢laim 15
or 18, the vector of any one of claims 17 to 19 or the host of claim 20 for the
preparation of a pharmaceutical composition for the prevention, treatment or

~ amelioration of a proliferative disease, a tumorous disease, an inflammatory
disease, an immunological disorder, an autoimmune disease, an infectious
disease, viral disease, allergic reactions, parasitic reactions, graft-versus-host

diseases or host-versus-graft diseases.

26. A method for the prevention, treatment or amelioration of a proliferative
disease, a tumorous disease, an inflammatory disease, an immunological
disorder, an autoimmune disease, an infectious disease, viral disease,
allergic reactions, parasitic reactio'ns, grafi-versus-host diseases or host-
versus-graft diseases in a subject in the need thereof, said method
comprising the step of administrating an effective amount of the bispecific



29. . The nethod of claim 28, wherein said protei naceous conmpound is

adm ni stered sinultaneously or non-sinultaneously with the bispecific
. .binding nolecule according to any of clainms 1 to 14 or as producedz%ye?ﬂ907
- process of claim2l, the nucleic acid nolecule of claim115 or 16, the
vector of any one of clains 17 to 19 or ﬁ@e host of claim20. 30. A kit
conprising the bispecific binding nolecule according to any of clains 1 to
14 or as prod i i i rah | 8i | of
Cllaim 15 br 107 ARG TRSEue BERTAIRY LAY B Slainis"? 10 B SSITORUBRI IR
claim 20. process of claim 21, the nucleic acid molecule of claim 15 or 18, the vector of

f any one of claims 17 to 19 or the host of claim 20.

27. The method of claim 26, wherein said subjéct is a human.

28. The method of claim 26 or 27 further comprising the administration of a
proteinaceous compound capable of providing an activation signal for

immune effector cells.

29. The method of claim 28, wherein said proteinaceous compound is
administered simultaneously or non-simultaneously with the bispecific binding
molecule according to any of claims 1 to 14 or as produced by the process of

claim 21, the nucleic acid molecule of claim 15 or 16, the vector of any one of

claims 17 to 19 or the host of claim 20.

30. A kit comprising the bispecific binding molecule according to any of claims 1
to 14 or as produced by the process of claim 21, the nucleic acid molecule of
claim 15 or 16, the vector of any one of claims 17 to 19 or the host of claim
20.



