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t hereof THe present invention re"@@@ﬂmﬂﬂmﬁﬁ@el singl e-chain nultiftﬁégigna
pol ypepti des conprising at | east sites specific for th 002
and CD3 antigens, respectively. The §®3ent invention further relates to a
pol ypepti de, wherein the above-described pol ypepti de conprises at | east one
further domain, preferably of pre-determ ned function. Furthernngmmwm
present invention relates to pol ynucl eotides encodi ng said polyp Iﬂmﬂ”]m
wel | as to vectors conprising said polynucleotides and to host cell s .,
transformed t hergyid|icBgxEDSidndiic pBINIULINEAMT L8Rsthefdrd Pol ypept] des.
In addition, the present 1nvention reldtes to conpositions, preferably
pharmaceuti cal and di agnostic conpositions, conprising any of the

f or e- i bed pol ypeptid | ynucl eot j des . tors. A further object
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indeed prior art of the present invention. Despite the nedical inportance,
r esear gwlynuaeaisies erctdingsaitt pelypeptiderc Rsaweh@s toougators icpmititsing sals
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a hi gh grbaictiin r¢fl aaisle polyepedasplie. additibeUuahe hpazefpSiAVERtRIPIreRiteéPYtoas a
primary treatment for high grade non-Hodgkin | ynphoma may inprove overal l
sur vi vZIOMRAsHians owetsrabliephermaneutical and dipgnegticc gpRpasiieas.e compiping
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| i neage | ynphohemat opoi eti ¢ c€lls and over the past several years,

ant i body@pha@meect ed agai nst | ynphoi d-specific anti gens have been used to
develop treatnments that were effective either in vitro or in aninmal nodels
(5-13). In this respect CD19 has proved to be a very useful target. CD19 is

expressldral tbeumbniseam titéteagroufhoun theetat @f Bhisespedificatibn. BaicHr 6f fhecel |,
it is not shed, is unifornly expressed on all homa cells, and is absent

from stdagusants gited hasein Aiicuding ey mmuiqr§nﬁpgeqifﬂ@tiaa§4 iRHEUHANSF a
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suf f er dacoimerdwit®d deindeedtpriboartcifitlye aresenhinveatiodn.of costimul atory agents in
order to display satisfactory biological activity. Thus, the technical

probl em underlying the present invention was to provide means and net hods
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of non-Hodgkin | ynphona.” The sol ution to said technical problemis achieved
by pr oHedgiin ttrepkoediaseproduced catt arsmabnumbenef clinicatly, usable data and

conventional approaches to cure such diseases remain tedious and unpleasant

and/or have a high risk of relapse. For example, although high dose chemotherapy
as a primary treatment for high grade non-Hodgkin lymphoma may improve overall
survival, about 50% of the patients still die of this disease (2-4). Moreover, low-grade
non-Hodgkin lymphoma-like chronic lymphatic leukemia and mantle cell lymphoma
are still incurable. This has stimulated the search for alternative strategies like
immunotherapy. Antibodies directed against cell surface molecules defined by CD
antigens represent a unique opportunity for the development of therapeutic reagents.



Accordingly, the present invention relates to a single-chain

mul ti-functional polypeptide conpri si Ry g (a) a first donmain conpri Shag@ 2002
bi ndi ng-site of an inmunogl obulin chai'n or an antibody ' speC|f|caII§
recogni zing the CD19 antigen; and (b) a second donmain conprising a binding
site o n Uhb i it I ng the
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t he bi mlnglcs aclivitgr esent in the pol ypeptide of the invention may not only
be derived from antibodi es but also fromother CD19 or CD3 bindi ng
proteins, such as naturally occurring surface receptors or ligands. In

accor daﬂﬁ% d bedHmicdl rp!@blbnpnndéw,lmb tHengraz@nsirvention GeEPid pesidenreagenai n.
The term "mul tifunctional pol ypepti de"_ as used herein denotes a pol ypeptide
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di fferent specres east origins's emfyatche bi'ndi ng

sites. b‘}qurowdmg;im)embodln’mntslch@astdrﬂedﬁrmm élﬁlrﬁme functions or at | east
sonme functions of said nultifunctional peptide. Such pol ypeptides include,
for exanple) bispecific single-chain (bsc) antibodies. The term

"si ngl ea:c,%?aiﬁgwasmésesrésamaclﬁomwere\mbg the aprmaichbweﬁfuupmn&ﬁaﬁ@ t hat
said first and” second domain of the polypeptide are covalently |inked

preferﬁﬂ'quﬂdﬁr@mmﬁm@f a co-linear am no acid sequence encodabl e by a
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uni formy emﬁlbsd?dpédﬂfleélly rlewgmmg thelOD19 amiyens apisent from stem cel I s
(8, 14).  CD3 denotes an antlgen that, is expressed on T-ceIIs as part of the
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the prijgyerftioh. mea# that dihe( Bﬁ*&img(é’@ |s&jiﬁéc(é’d3&?a|h§lsﬂh@q§e\ﬁ/ B' d6ll rABeke? TD TS
generated by conventional nethods known in The art. Bispecific CDI 9x CD3

ant i bodvideh vgiwtifosmly sypressed an tenyast gigiarity radrmalignardt Brepiisi the oiher |

cytoto nner have al r eady
been sﬁéﬁ#}'hggﬂgéé é@%@%ﬁ{ ?n\ﬁ ¢P§ %Beé%qg&ﬁaqﬁi&eﬂg i n ani mal nodel s
(7, 28)Ttastenel thiagingsieore Wddoh sddorddarie With ahe pfé%nt?r%erﬁi@h devotésn these
anti bodi es were constructed by hybrid-hybridonma techniques, by covalently
| i nki nglanain eeRrishitg three-dimensional structure capable of specifically bmdlng to an
epitope like native antibodies, free scFv fragments or one of their corresponding
immunoglobulin chains, preferably the Vy chain. Thus, said domain can comprise the
Vi and/or V| domain of an antibody or an immunoglobulin chain, preferably at least

the Vy domain. On the other hand, said binding sites contained in the polypeptide of



4 18 0 C 1 2002 antibodies (31 ) or by diabody approach (43). More

extensi ve clinical studies have been hanpered by the fact that these

anti bodi es have | ow bi ol ogi cal acti vi By such that high dosages hb§&CT@ile
applied and that application of the antibodies alone did not provide for a
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above, thus generated pol ypeptides such as bispecific CDI 9xCD3 anti bodi es
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anti bodign othed CPd9 acc DB rlﬂndmgoprmemeplsechlas redaraily soeduring Usurtacedoes
not depend on the particul ar CD19- or CD3-anti body specrfr cities used to

constrd@@ept@rsgor 'Q&@%ﬂ%é@%‘?@ﬁﬁ%%@l t@edﬁwmm@nﬁﬂmp inghite isROTRRTIESAC e
fromT- (# ﬁ and/or costinulation may substantially contribute to the
exceptr on ?y igh cytotoxicity nedi ated by the pol ypeptide of the
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will b I'scussed in a non-limting manner gui ded by the appended exarrpl es,
i ncl udiTig teswe'sbfgleebain’ @sarseddn @ssortiansatwitrothet present/isrention meesteat

' accortis e Redond Bpidlrfet M, BRBRERIGE 2EioaPyhity 1BisEPe af%%%?"®12%
was useHetfoit ohadoliprRar davied @@i@i%efq@énbé%n@b@ébléby@n@élercwmm@dme

bISpeCIfIC single chain antibodies (1 in order to generate a reconblnant

bi speci®P¢9 denolasan aniigenthah ds ﬁXHﬁﬁB%HythWBélﬁﬁa% sueh asrindheorieB eell The
fully f d | t ant
by 115 R HeORRB RN DL SRS b Qilfdiiph” GrpElEbd o BEWrHEforlREISS T
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| | tant bsc OxCD3 i | ha
o1 ol COBEEALES #) BTPEN 111 P ENP@OREC GFoizpels 88 PARIane raYiMOIeQUaTic o
O | YRR 85 S T o SR 'ocr'tﬁré o et B (CDY, Yopabup =

very | ow concentrations o ector target)
rati os @D3%h: Clusteding. &f: GDSlcgﬂTfoetIane gs,pbycnrﬁmobilizedsamifCDSBthmmeselléadSI nes
was obser_lyed Furt her nore, nmol ecul e of the

i nvent it8nl -CAll agHyatos %Hﬁ?ét%y@ §H8@\%n63b@rﬂ‘@nﬁ'°§“dﬁ?$ﬁ’t@émﬂ iNASPSERRInt of

medi cal f -Rar pduced
by hybrl gy e TR BBy, ABRYD. (e oS Bl RioBize"

repr esebD3acHaihf erent format) whi ch show cytotoxic activity in the range of
sever al nanogram;/m or even ~ug/m_, the bscCDl 9xCD3 anti body of th

id nvent iAJHI theg specifieally rﬁﬁ@@n'éeﬁ%%pb@ﬁ(@trgenﬁ)e Qeseriped i the prlor f
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di r ect edethpdetkowoinvmi inthé aftt er 4 h) at low E: T ratios without the need of any
T cell prestimulation. In contrast, a conventional CD 9xCD3 bispecific

anti body (5-7, 27) showed no significant cytotoxic activity under these
condi t Imaeeé.ﬂ@mwmd aRfdddies %ﬁdd’fé'rleaﬁétcd? thé iMde Eharﬁtfbﬂha?\feer@éudgl gh
concentrations up to 3000 ng/m . Althou I nduction cytotoxic actrvity
wi t houtT-peksytatoxiaity on lysphemsa chlisin 1ae Cﬁmdenendaet mmemhamoalmady

Concenti<tT A b eihg e85, Sl 4% 395 i) RSl e
bscCD WIFE o ddife I diseriiinal (1ER p@_‘ b, 80p: So) farl\/ﬂre%evahnb@dréyt\nén@xl c

effect of this conventional antib bserved |y after 1 day o

pr est i aANstugtedaby Mytrig-hybsidemar r@r@mue@o@y c@\seéemtlwhekleastheh@on@clgmbxcos
of the invention induced | ynphoma-directed cytotoxicity already after 4
hours. To the know edge of the inventors such rapid and specific cytotoxic
activity of unstinmulated T cells at such |l ow concentrations and E: T ratios
has not been



descri bed for other bispecific antibodies used so far. Although recently a
anti pl85HER2/ anti - CD3 bi specific F( ab)42 anti body has been shown to &ﬂ"] ?
cytotoxic activity at simlar concentrations as the bscCD 9xCD3 of 1tah 002
i nventi on, th| s antibody required 24 hr prestinmulation with IL-2 (32).

Thus. diiBaRE)S Oy AR airobB (43) MBI BIGFNRR) BIriBl WBRK R ©

propertles t |scr|mnatet romo I specitTic anti bodi es
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t ot ffects that tl | fi the fact
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CD19 a totoxicity agai nst’ | s coul'd be
bl ockecgrhsdewwepaheaﬂ Hnitadt i CD19 anti body HD37. (HD37 antibody is derived
fromthe HD37 hybridonma (22)). Blocking the perforin-pathway by

cal ciumdeprivation with EGIA conpl etely bl ocked bscCDl 9xCD3- nedi at ed

cyt ot oahblt BHFRCEAIRY IS e baRRARr oot H & belidyeh Bk aﬁ@d%

rather than a ect of the anti'body itself. Taken t he
bscCDl @tibedgtiikebbatynat oast detined am,\@rdthng tgengeatedalpoty@ephde@ sﬁch res

far d bed bodi
wthr SRedii SRS 2riBesfis, S ibAh capaical dBsiByingy, CRIARASIRE % e
possi bi t'akg?éf c@ils Ibyseémﬁneaﬁ@f eywom wdmbh@@yteé bﬁm@by aM¥ Pkl rfsr $1¢fei| igre£nt

anmount s quality clinical grade naterial. Theretore, cCDl 9xCD3

nol ecul &y/ef cofsélmuha/tm i Bis d8 n eshgee wcontrast ke af mnwratﬂlspe@ﬁmcwﬁa% prove

o at cuhodisse pREREH' adeorBlEPER sihér PilectBat fomele At afs Ry aRles"haf, o
prefer r@ejseembmithmpam@mat IGD 18! orreDBiatibodly specifioiiestused t6 @odsﬁuaaergﬁ, are
connect by a gol ypeptide tinker. _Said linker is disposed between said

first 4ha Rigpec @m%e-ebm. antingslyr dihe isdeaendanase oMy crqllnn@r NPl £abI v
CorDr Bl B0y BRG0S0 SBARTEIBRY cmBREly (1

N-t er m nal ofmai n~_ and S€cond
domai n.mediated unyt Hire mlwbmtrc@d oénlbredunmntlonf as tm(emphfmdl by #w ddrticudar

o a EBTRGOB BT o ReCTbEd TN P EEhe. anti body provi di ng he.
bi ndi nga $iifer é’d]véﬂ?é@é?ﬁis ﬂ%BbH?%f Phe Ebgpbﬁﬂé‘é‘bf e RenP6n i€tHht R to its

nonocl onal anti body,™ pol ycl onal anti chineric anti body, humani zed
ant i bodsmalhi sgletively ccampadiodjruciyat Reis cea@m it oppdugnt abddpurliyagﬂfemby such

any of GireeriBhdnPoRaPEas obdfv o SBanopt R ERLpL PSS E Ry R, 8 '
t echni quB&riags pummam@hlpfodmresges 199 r%ﬂ@dSHtﬁi fcﬁfr@Dka@Del dpecifrt alrﬁtﬁ)o%ﬁé“s
(1975), 495, and Glfre, Meth 1981 ), whi ch conpri se the

f usi on WtherisuBEoduser dremcyrid-pypri n@@a l@ep §'TtbF‘@ﬁ||kF@ég¢ern’PY FRDATUFRleN
MRmTal Sq iyt B dtBIk Tih &b TR So HEY. SR8 Fol¥winge 1R hdvantageous and unexpected

properties of the polypeptide of the invention will be discussed in a non-limiting
manner guided by the appended examples, including some of the preferreti
embodiments of the invention referred to hereinbelow, which illustrate the broad
concept of the present invention.

In accordance with the present invention, a eukaryotic expression system was used
that had been developed for the production of recombinant bispecific single chain
antibodies (1) in order to generate a recombinant bispecific CD19xCDS3 single chain
antibody by expression in CHO cells. The fully functional antibody was easily purified
from the culture supernatant by its C-terminal histidine tag on a Ni-NTA
chromatography column. Specific binding to CD19 and CD3 was demonstrated by



7 18 0 C T 2002 Furthernore, antibodies or fragments thereof to the

af orenenti oned anti gens can be obtai ned by using nethods which are1ﬁocyzga
described) e.g., in Harlow and Lane "Anti bodi es, A Laboratory Manual

Press, Cold Spring Harbor, 1988. Anti bodies nlght be obtai ned from several
speci es i ned
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Human Ant it Baces g @P@hﬁ@a? (Q_@ggﬂp @E?CX(@@X'W Royirg,an ﬂt Inj Yﬁ#ﬁné en I%t hods

183 (1995 for
exanpl e, Q’ewz}%‘;’?&/‘ 8%@@3%%%%2@?3}&;/@[}%@ dﬁiﬁ&g?fgﬁﬁﬁfﬁﬁ @ antl odi es
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any ot her f| ca ion nown 1n e art ther "alone or¥in conbl nati on.
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t he am no ﬁpl d se(zuence of an i mmunogl obul j n chai npare well known to the

person skf P@G‘OPﬁ PHe 2y £3) 289 E-Je dQC MERHASY IBAPPENELE @XRAIPIRS B AGD 7A
Labor at or g Icl)n t?'at%%'d?gh 195’&‘@9‘33&%8 lrﬁle%gﬁ%?]er@a\éi 'Rduce q

m)dlflcatlon r erred to are pre eraly carri ed out nucl el ¢ aci
| evel . | nrapid Wranemmgrdalfeetecédytetdmﬂnyr(aﬁer 4fh)tdtdowrir:dnatios vathoue e need of
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ant i body gﬁwﬁ -yhpeh sﬁ@@éé"d@ﬁs@nﬁl@ﬁm 8jtBtoRd ?@Myrmrthééé"&oﬁaﬂoﬁs ndl ng

site, consists of a diner one heavy and one 1 ght chain variable domain
(VH and V(namely menT wellapreatimaladioni kow &nl ratip)teven alohiphqongenisationssupta o ¢

bomt arentad R AEPIADRCh A tieRs o iR euRR R0 e SRPL R Has D56 e, oot
o e e o shee [ o T

anti body. W%aa?iwqé g 'qch aeMmanyatin Séﬂ@%\%égﬁ% fmnpy@k ﬁa’eﬂmgé
which is sérﬁgar-éoa&d &%@é@b\(@ﬁcb@ Vﬁvéﬁ‘ﬁﬂfﬂ?ﬁk{’@a}@”%&%ﬁﬁfé

di verse as man an nouse ese serve to
appr opr i atgtotoxic effact oh thlirtmrwenm)mitammwlynwaartmsemw egly afer ﬂOda)bldhdl ng

f d bi |
vari sbi o BESIMIRE Wihing bihecie SHigRy deal Wirass HiobseRlod B8 e ( o,
an ant | geflefifin tGUAR WrhihdrRaldheemy enomikity Boady 1:08P.4 RobRouth sual ly

at a lower affinity than an entire nding site (Pai'nter, Biochem
(1972)) 1Boqwiegge) of| the sinvapiors aﬁlthh h eandt aaecntlmecwatcm wlvmwrrmfns

pol ypept 1 diemiefE T ol AlcnEn ok dEaPnRbdchs BRrCRaEENds TRy het et
VLCD19- VHEE¥&bEdC- Mh@%us;ydwroeantnbémes andd’ M faneatsoddhe rddeplily @nghtiheavy
chain of the_ variable domain of specific anti-CD19 and anti - CD3 ant| bodi es.

fAls di Efzusaé%SléEBZéantg@D@ HispRaiflE ekl Andibpekt Basbbger oahewn etp pipdHce y
ol e’ SHEKSe, BURRES A fcenPRlorB e oLACTHIRGS BeciF o

pept de- bgwmgdtummwmolpmdszm?r presEmGtionu(th L-2(E2). Trussthe tbscam??mg
et ween t he na en (0] on (0] sal omal Nns CoQ rl si Sa) 1.N |n
ot oe anaanigedy ol mInaﬁnmreafﬁa%nls*eﬁ&e/tqs@x'wrap%%ﬁh@t I

bi ndi ng SWP&I Rici LY s a conformation
suitable for 2‘6% Bﬁ)ﬂ g osé@bleﬁle%gﬁaefous SO ut| on referably, said
pol ypepﬂ'hdebd;GGl[Dé@x(éBBpoi $ieaes lavmtlmnm&c!yate‘s cytgtoixice effabtenitred ared/aotigeer i ne
resi dues urth ferr d that said polypeptide |inker conprises a
plurali {599‘3%065%5 9@%82'5?@ ®f an anmino acid sequence. Usually, the

pol ypeptide |inker corrprl ses 1 to 15 am no acids al though pol ypeptide

|l i nkers of nore than 15



9 18 0 CT 2002 am no acids may work as well. In a preferred embodi ment of
the invention said polypeptide |inkergconprises 1 to 5 amno acid regi %SZUU
In a particularly preferred enbodi ment of the present invention said ?
pol ypeptide Iinker in the polypeptide of the invention conprises 5 anino

aci ds. -Asthaenmisntiabey faifed tmlyaepﬂa@ﬂhma@mmexenslmai NCl ﬁpdﬂl?.&ﬂ%whichker
advant ageousl y conprises the am no acid, sequence G @y Ser. In a

further paieéaldingsi gf the & keage natssaressHig th@a@@@@ﬁége’éﬁcﬁﬁﬂ n of the
Pog o coftfs e baBIIERAANIMIBAORERERS coSRbe BREKETEBY hrifenfdl 816 ™

depi ct ed CD16i 4ritibed§ HDST (MBI 7eatibdely |§aet|0edlﬂrén(Mb)HBB¢ hlybﬁhemhl(ﬁeﬁ 460 to
831 (VH) and/or said second domai n cogrl ses at | east one

pr ef er EBecking therpstioppuradhway by Iwalkedy rtYﬁ“@'héV'WI-E@FM\ me@é@wbl%@ﬁrl si ng

the am g\% p i i e 8
from nlgjcé eot |9%Cﬁgm£e§£@gw¥’a%g§%uc ot %S@g gsl d J\1:/L€élﬁ

opt i onahégiatadneftentbainat item avdirbeifeflevtobtHe amgaorailystsbliat occur toget her with
sai d i n_par ntal ti hodi e contained in the variable

701 ond Aep! LGN e ReECH SHRDS ATBRRY Kot Uit abamias” It ey o
Kabat , f; o] e ment
of Heal t??ﬁgH@nﬁe%é) ! ‘Zérr\s}l}o?e? Plebg?rggl %c?’gﬂr??aq §c§58§ogﬂ1ﬁ&g tio r1ﬁ£§87;
fifth esitibodies Wl Cespatietopits mnsxdhrahlpmlghertbtelograal \&iClivity aadwely aapiﬁmeeci ate
that the binding.site or, at d therefrom can be, used for
the co&qwﬂ? ﬂltaffaatwsﬁwr%@mﬁ?nwtﬁ%%ﬁﬁ%w@ L Aiguts SEhigh

pol ype;a;uaq $&$e fridfer®)] N0 aci d sequence encoded by the DNA sequence
as depi cte in FI gure 8 from nucl eotides 82 to 1575. The person skilled in
the art will readily appreciate that binding sites of the pol ypeptide of

o oouete. fby HoCRRRAELE! FEgBETR8 0 the RO e H SRR IR R o1

the bi rwlitables thedidafe tdiorove thephedpeafic thendfin\of rbispatify ahtbaticy ihave a
speci fi CI ty at | east substantially i denfql cal to the bindi ng specificity of
the, e.ltgatmgnt |°l§(ﬁ‘§395rmﬁﬁ‘ﬁiﬂ%glst§’§§¢$ USRS NARciedgifia,ympaor& in, stnicalom
Such b| Q?I kng site domai ns can have a binding affinity of at |east 105M'
preferabl'y not higher than 10°' ML for the CD3 anti gen and advant ageously up
to 10' M1 or higher for the CD19 antigen. In a preferred enbodi nent of the

| tid th 10 1 T 20Q2 idh i . Sit f
the 11 Naia qug rwcﬁ&' BadhapR A (55 GONReRTEEse! it Iiverdon e SrBeEg | §16as
| east alApHbotkl e W@Hemhﬁéﬁ% Nnt?ér i§ %?s’ﬁosé@%ftwé&i ééld'\ﬂrsﬁﬁﬂﬁ @éld( b)

sai d blndlng second domain has an a | ess t han about
10-' M Sscendr gomain.e sxhargim mupolYDeMM&anlmheosprqie@béf AAPLisLS mluml,der of

s ooy PRG0S TRRO B el 4y PR b BN R ST 8- BABRLEM GEABRRLS:, b gn

af fi ni tdonhdin aindethetC-teailhalrehd dfesdidis@sdnd-@bmaid.0 be destroyed with high
efficiency. On the other hand, the binding affinity of the binding site

recogni zi ng the CD3 antigen shoul d be in the order of those of the natural
CD3 re t r ced |

recep tgﬁ%tvm ﬁ'?%? lp ?éth%a eJH Ec?l‘%”‘r{e}‘\lt épgqr%qnli%ﬁtﬁ%@??lggﬁ%o /gﬁg%élgrﬁé&pglrngaﬁt cel |
sur f acdhe Iah)oataeddrsenbpd giotypeptide mhiu¢ 10e worespohe to razv\é.mtandnv,_ régiopdioppept i de

nvent N ARBPy.aThe e8tbd BdidHahg dihdaRrteck Oﬁg}hatpqxgg%ﬁ%gﬂéf r t her
domai n m@dt%ndéé’mbé‘se ge'a”rﬁohbélbﬁﬁ é?%lbﬁﬁyaﬂ)@l?éloﬁél aﬂﬁibce ﬁﬁglc%%d The

| i nkage can be based ©n genetic fusion accofding to ds kno
the ar thumahized antibedy, dtisperifier antihodyesyhetic aptibagy, aetlgody b’lagmem,l such

-1 d bed 4/,04686. di
or esent@ hePRETof SpepTammaRs e’ idn A aesioany rndbiect B5MYaHE Bl ARLcby o

f1 exi bligede. nfﬂ%hocl@;ﬁéfiahmﬁl&ﬂé@ Icﬁnaodogwmaal fi5 danse, b9 tﬂ@%@ﬁn’hbés kisndi ng
site domai ns wherein said PO ypept i de |'i nker conpri ses” plural, hydr ophi |'i c,

pept i d@r@mmlyod%awhedami@ia esfang Miggiginh Netitrei 2560976p andHaalirés Metb.e

he. ot RIZIIOT 5 4 Tb e on OaRLe a4 aFt Bt PO etotfa b Rlecl”

sui tabldénéOde:Wemdfrem whaTuniieRP asftimals aauenisdifRations aevelpeldebpbthy, agai d
pol ypeptide linker is a polypeptide |linker as described in the enbodi nent s

her ei nbefore. The pol ypeptide of the invention may further conprise a

cl eavabl e Iinker or cleavage site for proteinases, such as enterokinase;
see al so the appended exanples. Furthernore, said additional domain may be
of a predefined specificity or function. For exanple, the literature
contains a host of references to the concept of targeting bioactive



11 ? 8 0 C T 2002 substance to nonocl onal antibodies (see, e.g., NY.
Oxford University Press; and Chose, J._Natl. Cancer Inst. 61 (1978n§ UCTHMZ
657-676). In this context, it is al so under st ood that the pol ypepti des
according to the invention nmay be further nodified by conventional nethods

compr i PR BordMhdif el HRotRbs B BLnE HO Bvliiof i FFGRR AU aci o

sequencsistain@dd by rusmfaﬁem@el WwhidH OdresideBatiised,t eadsant iHeriow JarstoNEarts ,
DNAblndln% domai ns or none- bi ndi ng domai ns, protein tag SACST G-P, h-nyc

pept i de'ArtibadiesHaAp dabiostprynHV8 AUy G»%Hd&reeed GoldmSpeingr dlasgets 1988t ei ns.

br ef or IR M HeEERE o Y R Shyb R BRreiBERndEeRy riRh P
Figure @eruvﬁmee@@fm&pbhﬁl@@d@é ard obtdined byt eCsiageediep ? tebﬁmqpeuew@éé y in
patients suffering fromB-cell disorders such as B-cel homa, B-cell

der i vedPl@AMORi respR@ites emplerashindhedilécose syrigmr Cale h@ea tBJ%@BﬁSQ et ed
hyr cor ciefes 37 2Ragd HBRARINER Ml (AN ol e ERSRIBNCORBMGRLS |

for exa§dhier, tHhenad Mntibeidiest qun@émaelmte@%)dw v05;t Malmbaent). dmméinieih
adm ni stration cag utilize unl abel ed as as | abel ed pol ypegrtl des. For

exanpl dYlethdsp B3 AEPR2)ads1ds ThedProdyean 8 CBW"&P patikepiesiis feperpadider ed
with ad )fﬂ?ﬁﬁio ﬁ1e oL ZTW&ﬁOSQ?&IﬁeC ng‘é &?Bphﬁﬂ} *lierbe fHddi&d bye of

i ndirect es or antigens e I'nvent on. e exanpl e of
i ndi recdesmnbptil iy eg. ,b;EH'j:é\e o ngsaeoeandDV\EDQO/We Apaathermsoatceesf in

t b i nsol uhl | ubl , 231 (1986), 148
and caraBPAR. 8 v Jgrtin cARuRAIeA ML TS drpterd BNBHGR e SRS got
site. ExaHayedtc AntiddRiePeTheC éﬁ@r@l‘l SDMI@@ 6N the E%H?chﬁ@nt ®f t Rénogenic

pol ypeptides of the invention for I nrunot her apy are drugs rad|0|sotopes
| ect i nsantihadliesgliels .asThemanugntibediashirc aricd ds despribed dd €.9.,t W BaINdTddt i des

of the i { i ou i re classically referred to as
drugs swgsgéd%%?o%é%%wm%m%(@sgnd vi nbl astine. In using

radi oi sotopi cal ly conjugated pol ypeptides of the invention for, e.g.

i mrunot her ap certain isotopes may be nore preferable than ot hers
dependi A@t'bﬁalgﬁl&h beaemeloyedsin| @ﬂ@@i@m@ mtattheunvermna@r {hain cagespansiing t y
and em; epaui 3P ft
prefera BH gl?ﬁﬁﬂ%h’éﬁ{%&%@r 8? a andﬁ]@drf ?t Hglﬁ‘g '?r}t%'ﬁ'a tglélzrl" o es
are preknnwredml the nan,n doh enample,Progf esirgd amieo ati ’de&t@at(S)ZQmeﬂim(s) r age,

hi gh h | di h
b bourthSy isB Sl EHERIBP o 8N 3jor TRESTIRERBNISN a5/ AR AYsth PBIGFIRREL  ar
251, TN HEOkn SARE ojdrk2 2 bofbinaBRe 3RRBY RAOrkBRBE keSS ar e

protelns usual Iy isolated fromplant material, ndto Spéc
sugar nmpetficesonmnythbeBtNAn§ea1uene¢ sundelying cbheagagmmpu aatdeseememearuﬁ an

ot MEPUSSARBET RpaimBHE R KhGuoke b p8ise, sRib e drpdger & chai n
of riciBambbdsk) M@iebeep@mmgeAfL%otr@wManuat ColaeSHHT g Papidrdeaicratenabl e
site SpeCI fic delivery the toxic effect. Toxins are poi sonous substances

pr oduced 98y) N-¥nfhe r%@ﬁli*eat@n r@ferrﬁd:t%eﬁeg@@iferﬁelytmtled oHt glithe cudeic aside,
are oft ethal D phtheria toxin is a substance produced by
COrynebac?erlun1d|phtheria whi ch can be used therapeutically. This toxin
consists of an a and ~i subunit which under proper conditions can be

separ at The tox nent n be bound to a pol tide of the
|nvent||8@§ﬂﬂ’%@rﬁ£eé@®f gg‘g'm?@ﬁ’ § {nvepien %ste ?IQZ ‘%{@’H@Wﬁd@t@ cel |
and T-c t t

pol ypepf@é%veéag e | nv n%{g% |sé‘ El‘hrgfé ﬁ@%ggéﬁhght dfetﬁ?s@asr?g ??j*éw(c)irte'?(f:??%ed
above V\mtdiodyan be coupled to the pol ypepti de of the invention, as well as
corresponding ex vivo and in vivo therapeutic protocols, are knomn, or can
be easily ascertained, by those of ordinary skill in the art. \Werever
appr opr A8ti& wélP kREWROFVS hé Iniflimiimt &Rty FBYMBARE whidP Rt al EsipRte t he

i nvention described herei nbel ow encodi ng any one of the above descri bed
pol ypepanttmn tﬁcognéloecancbbmdm site, \aansists of asdised ob fonehregmyotrd gaedight

appr oc: dhih bler Bair 1 ARG ART 4 ot Eteleh ebfofalion n e Bhfdirator

construction of ot her pol ypeptides of desired specificity and biol ogi cal
function. The pol ypeptides of the invention are expected to play an

i nportant therapeutic and scientific role in particular in the medical
field, for exanple, in the devel opnent of new treatnent approaches for
B—ceII reI at ed d| sorders such as certal n forms of cancer and aut oi mune

o o o o - o r o o o o



conprises a nolecule selected fromthe group consisting of effector

nol ecul es having a confornation suitable for biological activity, afibheCl 2001
aci d sequences capabl e 13 18 OCT 20 of sequestering an ion, and am no
aci d sequences capabl e of selective binding to a solid support or to a

Poxi n. T ELast BeroBPadbrfe SR oS fiehid PB®od PESHS BrRmEehE PRI ERs s e
factor, d@t@'rhmrﬁh@fr@gi%'ﬁ%'@ljﬂm dfagasi vahatsieeala, infarhetkion Eefine khvatigen
rermtely detectabl & noiety, ‘anti-netabolite, a radi oactive atom or "an

ant i genbingifigl setarydine surface of dhg. Vr-¥. tdimer. @ntlequaly aheisixICRINsiagefer a

2 ol y papigete BTide canedicB 18 e raftiey: Sremigrs ane Ragfod oo bRicar o
sequencgy @@a%'tnﬁar?fst@emﬂsww l%ges?dén'tlaﬂy b?nédn?é&frﬁﬁé%é#ﬁrﬁ&h@@oﬁul?@ of,

cal nodul I n | ot hi onei n functional fragnent thereof, Or an am no
aci d sesperies asidiversa aathurrman@nmm @heseaFrHe s@a:veno heldathatﬁlbﬂam their

I d ddi t d

sei ect | FODIGPHa " earalodoTi cbufsr ABRRRER AR, aoﬁa@éq@reﬁﬁ%aﬂ%?@@a{?va y
char gedbaww aQin ST Fu-\R lﬁbé'?é@tldifﬁ EQ@ﬁtaaSIHg eﬂfﬂbﬂ@ deiath

avidin, streptavidin, a functional fragnment of yl ococcus protein A,

GST, a &b fvt@qnp@slﬁgmdytth@a)@DE@)@pﬁolflcdor 8n astigen) d@aﬁ he atilgy dpproogeize

ant 1 boayhld i EERE e BGudh LB ARy BRIV et Byl WA o8 "

Ct er m ngdaihied; BREhRAM 1811092), f1@27emr/)pUt isfimpattant) owéeveetthat then, a-Hﬂ)evL
FLAG tag used in the exanple conprises 8 am no acids D%WE@FI gure 8) and is

thus prdémeits greareangad scthat thmastigen hinding gteesamerq ldon. However,
FLAG tags conprised of shortened versions of the FLAG used in the appended
exanpl es such as the am no acid sequence Asp-Tyr-Lys-Asp are suitable as
wel | . The effector nol ecules and am no aci d sequences descri bed above nmay
be present in a proformwhich itself is either active or not and which may
be renoved, when, e.g., entering a certain cellular environment. In a nost
preferred enbodi nent of the invention, said receptor is a costimnmulatory
surface nolecule inportant for T-cell activation or conprises an epitope
bi nding site or a hornone binding site. In a further nost preferred
enbodi ment of the invention, said costinmulatory surface nolecule is CD80
(B7-1 ) or CD86 (B7-2). 14

In the polypeptides of the invention said domains are

arranged in the'order VL.CD19-V4CD19-VLCD3-V . CD3, wherein "V " and "V4" means
the light and heavy chain of the variable domain of specific anti-CD19 and anti-CD3
antibodies.

As discussed above, said binding sites are preferably connected by a flexible linker,
preferably by a polypeptide linker disposed between said domains, wherein safd
polypeptide linker comprises plural, hydrophilic, peptide-bonded amino acids of a
length sufficient to span the distance between the C-terminal end of one of said
domains comprising said binding sites and the N-terminal end of the other of said
domains comprising said binding sites when the polypeptide of the invention
assumes a conformation suitable for binding when disposed in aqueous solution.
Preferably, said polypeptide linker comprises a plurality of glycine, alanine and/or
serine residues. [t is further preferred that said polypeptide linker comprises a
plurality of consecutive copies of an amino acid sequence. Usually, the polypeptide
linker comprises 1 to 15 amino acids although polypeptide linkers of more than 15



18 0 C 1 2002 Yet, in a further enbodinent, the present invention rel ates
to pol ynucl eoti des whi ch upon expresmgn encode the above-described] 8 0CT 72007
pol ypeptides. Said polynucleotides may”be fused to suitable expression
control sequences known in the art to ensure proper transcription and
transl aky ifsh [ ;

CDNA, ﬂgbr %Elftr?t ﬁ1ea?/? %%pgggugg(?d B@é%@ﬂ%ﬂ%@ﬂﬁe@%ﬁﬁ Hﬁ’r?tﬂ P?/ pl)gry@%:luced
chi meri polypeﬂ)tﬂieclllﬁ(eir«tonudrlseaI1etoc5)almmcsa¢:|g resuyiuea& t hose pol ynucl eoti des

ei t her fal one or

i nation. P by said | eotid t of
Vect or , sk BAM Rular RS SIRKP L oRBPHERSTHS thr PregsAb EVEDHSN 36 chaaespsBBEetn ch™

al ow fpry i fi \Y er
Ui £ bl 1 W RS g ndgiton &ﬁ“ i%%‘gﬁﬂ%ia?ﬁﬂ S BB S
oper at i ambendechbnﬂnptesesarcéeslypephdetlnnhbr sdyastagesusly | compiisesx flreeagiimm i n
pr okar yot| c or euk yg_\‘tlbi/g_,‘ﬂcgl I § Expression of said pol ynucl eotide

conpr i s8€dSeqHERE? E’FY Y BheSBb ynucl eotide into a translatable mRNA
Regul atory el ements ensuring expression in eukaryotic cells, preferably
mammal i an cells, are well known to those skilled in the art. They usually
conpri sk adethert paricyady prefesedrarbodigient said firss dasnain rof te ipojypieptide o

Ui 1+ 18 MBRRNor cRLPRER SrBH! S GO e Bk U YEGPERARE B .01 uae

transcrapin®reld 88quehde @RhicbdédWyathed DN A esttRiefes SdeActédoin quure 8 from
nat ural | y-associ at ed or het erol ogous pronoter regions. Possible regulatory

el ement Bugleptidas BRgtaAdfedb) @Nd nugheeﬁdewtaoctm 1 04))| andlenseid secend). |

e P gbBin HopHEed 8BS0 BR b BRbred o SHBRLBloted S LERE
GAL1 prohtheeVyiandy¥asegion donsprising theSHAiino aBRVsgdjuamieesndddvashy atie ORA
virus), CMWenhancer, SV40-enhancer or a '%Ijobl n_intron in manma

ot her  aRPFHANCGEcfeRIctedein; hlguEs SnBams Nupleelides 847 deptaisl fYe aid mﬁ%?)tldes

tiat
transor | a0 ag | S RagiRahy;Z[h SRR Wi IR TBGidhs? thal WERLL °¢
t k- pol ytogeﬁnerelvlthﬂsmb&)D&rmoparehtal potipodies ebhé D REwontadnadirethedeqréaidé ng on
th d | ead bl f di t
ooty pebldEias BeETAT R Fie 25 v FEAGR 5 B0 Bt bS5 Bl oy
be adde%é@éd&%s%@r@ﬂexﬁ@%‘ﬁﬁﬁ%rﬁloé@&l Ilﬁ%r)égﬂc([ﬁst D@gaﬂfnérﬁ%f'ﬂ'é’éﬂﬁTbﬁd‘ and

are well known in the art; see al so; exa

| eader bldmambesyices thudeedlh@’l&eh%%dfour‘t%mti@mrl%&.ﬁ fpfﬂh@dltmnt H990hnEhat i on,

capabi ePSRof Hale [ ML bR Qv GRUGN EPereidle e, Fig Blntind s Xicht R BAET oot
i nt o t h€DRerdepived ntheretrume ecapr bexmsett&brl tHeaconstrligtion ki polgbéptide bé the
can, encode a. fusion 18,0 C T 2002 protei

het |

" nel udi fge anowl'?@?é'ﬁcéﬁbn SRisERoPoRitia SamBases He ARG doidaiunbe gncoded
h 1 t t

Sror oL Bl 'thb DA Sodhience! 40 dapiciéd 9 MOur BPirom! fGIBtiddd 82, 10°f5 P, The

expr esspelrsomaimlmdsmethe a{hwwrreadlly hppaaciate dd EindiGgziteseofBhe gotypeptide of

(ei(ﬁr\ensts Bl vec g\?%ﬁ(? rn%éﬁ%ﬁg’”gﬁo@@wh?ﬁé%Pegé’%%céﬁtroI

sequenceésdmaeld |hEF&'AH3€§ 451 129 6RIMRNEPEA1 0)5#0eE . I n vectors capable of
transform ng of transfecting eukaryotic host cells, but control sequences

for prokBegemainsekthe bingingl sitesint the palypentide ohihevisvemtiompreferably have a

conai ¢+ Specttsihy 28, belf, ROREERNRE, dnal bl Foibd SRt BhMEoHignces,

and as dnﬁbdcgdor ﬁrhmmblmmh%hamdvmmtheyaetreqnbrwfedth@rrpcswebmd@ gfiet he
invention may follow, see, ... L he appended exanpl es. As described above,

the pol JAm&INSEARIAYe aﬁénqhﬁgeaﬁmw] o & l%stuk%b/l al I@Wéel’@bIYaQObﬁlﬁheéft an
pene 1t naT A ECHE, GBS ARKR A AR Badsh T BN o Fldrr tolhe €%

pol ynucaetigerdes or vectors containing the DNA sequences) encoding any one
of the above descrlbed ol ypeptides is, introduced . into the cells which in
turn pr@H@@ée?Ffé &?%ﬂiﬁ\%\éef@ﬁ ﬁY%@@@@O@éﬁe‘\ﬁeﬁgPﬁpy whi ch is based on

i ntroducing therapeutic genes into cells by ex-vivo or in-vivo techniques
is one of the nost inportant applications of gene transfer. Suitable
vectors, nethods or gene-delivery systens for in-vitro or in-vivo gene
therapy are described in the literature and are known to the person skilled
inthe art; see, e.g., Gordano, Nature Medicine 2 (1996), 534-539;

Schaper, Crc. Res. 79 (1996), 911-919; Anderson, Science 256 (1992),
808-813; Vérna hbture 389 S (1994) 239; Isner, Lancet 348 (1996)
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16 18 0 C 1 202 cell can be, inter alia, a stemcell as described in,

Nagy, Proc. Natl. Acad. Sci. USA 90 (1@93), 8424-8428. In accor dance Bl GThao
the above, the present invention relatés to vectors, particularly plasmds,
cosmi ds, V|ruses and bacteri ophages used conventionally in genetic

engl ”ee{):)]r‘g tbﬁ(ﬁﬁ@@nt%eoﬁtr@'fn/ﬁ‘tfdrﬁélh' s %Hcé’mhﬁ;ﬁ oft aﬁ%é{é’ce%c;lﬂ% G”fMt he

i nventi Prefera sald vector Is an expression vector and

transfer or prefeyebiynat least @boUEXD Msandnmnsttmeteratdylaiteleafs’r aboui HO&M such
as retroviruse vacci nia virus, adeno-associ ated virus, herpes viruses, or
bovi ne papi | # Fvirus, may be used for delivery of the polynucl eotides or
vect or (gf th@atﬂ'&?’rﬁmigi!?? bf‘%ﬂé §étr09|€tcﬁﬁné%ﬁ|ﬂaspaﬁpéﬂﬂﬂg§/%F%ss'\tﬁér'i‘%éumWI are
well known to those Skilled in the art can be used to construct reconbinant
vectors; seeprefarablydespthan abwtﬂ@é%amﬂ;ms@lpsefer&kﬂ*plm theSuader ofok) °Mbl ecul ar

Ausuboln & aRICLRN SHE PeSieireiomBomiiens BBREY teabaverli pbianigiedts” °
Associ ajf gfe BiMIng Sigy re'c%?ﬁfz%@ feceD 1Y aktig éﬁr%g)a hrﬁhteﬁf M) invder td E&bture

pol ynucl eoti des "and vectors of the |nvent|on can "be reconstituted into

| i posontte fasgeteallsvierie destreyesewitbdigh effitiencye Qrothe other diamdndhe hinding

vl | kris Atk etnd 36, 9" GRy RGeS BRI SogHa i R o P ofidee 2,

exanpl eof thal AawralcbDMedgptor A Ifanat gsudlly ORTTBl thaliritéiazadn fodthermoselr yot i ¢
cells, whereas calci um(ghosphat e treatnment or el ect ropor ation may be used

for ot heceptar withits ligand thatds agdboeset dﬁqmpleWé @i@f@@é@@ﬂjsurﬁw

I t dard
P ovoduran8t piefidd SRR BNEthe IeRRoRTI ROV RRLAbE] abGya i B
col ummsa depieltﬂm mﬂfglermangarauiﬁ‘qdy gel el ectrophoresis and the Ii ke see

Scopes, . "Protein Purificatjon", Springer-Ver| é %#; Substantial |y
pur e poT?%é’ﬁﬁ%én‘(ﬁm'Qf‘ fuether relatgso @Ooqllﬂp%%aen?ﬁfﬁeﬁﬂﬂ st %‘Ieeff-'ggﬁéd
and 98 88m%%‘y059g|<g6(]ﬁ§m§%r E?rgfl i Pr%&éd’b)%&ﬁli&%tor E‘éxfa‘?&hof Hd?]"dsphar maceut i cal

uses. Once puri or 1 onogenelity as desired, the
pol ypepThedinkags cahé:e bhasads ed geimetlammom @atonding ta:tnajme@@et kraen pothel | y)

in deyel opi d f | furth
orbodi narand dasp ik, BBoy i fat e BYARIEET BY, g ReBiicd droagy KBS as
pol ynuclgesdrivdel ifl e \gecww 943686 bEEk aa@ﬁﬁ@nalFHcﬁﬁ@ihaé?éyéntSﬁltﬁle 9@beeb§d@of

eukaryotlc most preferably a mammalian cell if therapeutic uses of the

pol ypepthedénvansioanmayageeferatyly cb%lrliiﬁ(edyb}sisa ﬁﬁtlbleeélﬁk%rr, ed@andagenusbarg ot i c,

., e RohEbb e i 10 B SE KNG PRSI Ll o B R P

pol ynucampgsles tpturalecnydgomhd , Eeptidedtinded ?ﬂnirrchaﬁrdspasfealeiemgthnsufﬂ@ehbm cell
may either be integrated into t eponme of the hgst cell or it

mai nt ai FRAD &8 ﬂ&é@f?%%@%‘%ﬁﬂ he %ﬁ@? miEhensr okars & 5‘@"‘? idQ"??é%?na“f’gtﬁ leT ude
all bac C S t GafaRf i?l\éﬁ

nol eculﬁ@%‘@ﬂ%@xgﬁegp%{]%féﬂagg%g@&| de o%gkﬁgowﬁhgntl on. @?o aryotic
host s negnforoatiere sgﬁahbn@gdmndlegawhmldlsme@r amapuedus \soltinnt dPrefergblyh as,
for exagn riy ratia mar scen and i1l

subt 1 SR palpafife inker (A pobPebiRe,TikeD asngRERE R Iné Hphimsrti,

i nsect padinbedbry aHey p@%@ﬁhdérbfcfh'e' ﬁwe@@@?'}ﬂayﬂguﬂﬁ@rﬂcb rlbésé cedlapyed i n
a reconbi nant production procedure, pol ypepti des of pr esent

i nvent i Bikengy qmvggycﬁbtejpap&iemasa@,ysw@ FOANGroHinase; aae@oalscpme/papenm of

t he i nvgx 't'p% may al so include an initial nethionine am no acid residue. A
pol ynucl'e S coding for a polypeptide of the invention can be used to
transformor transfect the host using any of the techniques commonly known

to thos of ordi naréosklll in the art. Especially preferred is the use of a
pl asm d grtharmerey sa %@@tlﬂna{gdqrn@ncmavm sbaurrdefingd gpecifigity pendiienof t he

C't orm o) BRTBRL e trailye KpBlains &SR of PeRrer@iet Bha coebPll By, 4

ani no ablodstlvemabstaneé$tsabhyasBdmgsnmomm dand Eezivods tbospwfmopomltrgnf trseed,
operably | inked genes and expressing themjn, e.g,, | lian cells and
bact er i ﬁo%x o aew?%emqaﬁe IgRapt ?‘%Mr @ol@du%lae[?ﬁﬁger@&g ﬂbenl\ymat'c
Labor at gfyetVan L § h hé "Ble N Y.,
1989). %ec gen@??cb%ngrgg%%éyéwﬁvﬁogpgﬁsﬁ?I%yegg ﬂ"(gg calr_leoleéeﬁ\{el i zed
for expression of the pol ypeptide of the invention in eukaryotlc or
prokaryotic hosts. In general, expression vectors containing pronoter
sequences which facilitate the efficient transcription of the inserted

pol ynucl eoti de are used in connection with the host. The expression vector
typlcally contalns an orlgln of repllcatlon a pronoter, and a term nator,



18 18 0 C T 200? invention under conditions suitable for the expression of

t he pol ypeptide and isolating the pol ypeptide fromthe cell or the gulture

medi um The transformed hosts can be éﬁovvn in fermentors and cuIturﬁ&iUCT 2002
according to techniques known in the art to achieve opti rral ceII gr ow h.

Th I h b

rTESI 5%%(:%{?% aF&I ﬁﬁcléﬁa{gérﬁﬂgg g’r% e‘éqn%t‘ane @géfdjé{]ﬁs' ?rg(%m%l on and

purifi c@Ghose, .bﬁ\lathéJarmeglnstnG‘c(tﬁﬂSa,l 637-6%6). essed pol ]Ypeptl des of the

i nvention ma any conventi on ans such as, for. ex

T ennr 1S SoriEh bBr diet, LBCERMe et BS MRl BB RS AGER NG Ul kveBHen such

as t hosﬁnayrb/é"m’r'tr{& r‘nB@anﬁ%;P ﬁ%?’ﬁ’%hg Fﬁ)‘% PRYYTh R ahe M. 11356 (?%w%' fogct ed,
against ata epti e I nvention orf as described in

t he apptheotﬁmmatrq)rh @eﬁnhﬁhmm pttdh@netoemmlsmgwt?ermwlppefaideoufsthehevematmnmmant

ducti f | tid bi ndi t h ffinit
Cpeci 11 6Py “HURoRBED TR SRR heSqStssandedts BHERgEn ORIZAIA | 5G9, and
opt i Onaﬂréﬂsa%t'ﬁlﬁfﬁc\ﬁj%& alng ! DNﬁbln@ﬁ{quBmaﬁ% '%r?dﬁrﬂaeﬁ'ihdi; gOHbﬁ'\%ﬁﬁsf %r@ﬂé?h ng,

t he i nvention s a large tam epti des rising such

bi ndi ngtaQSt(éSSToGFa‘hyhm paptldfser BlodGt iHA apeqbtudehgvm@m maya@er danvmt from will
be app nt to thos skill e t t that the polypeptides of

Chvent | urietalhSes Pieie: Asciprdivefonahrereimces eltaBEE ke Bavferlid et for
e.g., Ohedniénms Fﬂﬂe@bﬁ' CORPIiSEs é‘FHQ'AG?—?ég% éﬂébo@'@ Bnfife' BLidRdn N&gtASsee
conducted chem ca l'y aft'er expression of the polypeptides to site of

att achniigtre&s. t he coupling product may be engineered into the pol ypepti de
of the invention at the DNA |l evel. The DNAs are then expressed in a

sui tabl e host system and the expressed proteins are collected and

renat urtide pdlypeptides aifytheAavelinr cae beabssd thérapebiiciiynia satiepss auffering
prefer g@y derived fromthe variable region of antibqodies. In this respect,

hybr i doW@m Ecalb Kisgydersasnas asr Borrdt vawphemaeBreall dedved cheaniadymphaiiedy t o
gf\iggf 'n%hl(%m?é?y BdGEL);]?h] 6‘rb§1ta@?| eal B elt hglgl‘é%esaﬁ&wmedé@acs@@%h A

eavy |ns 0 nmunog n can then beée
obt ai nemyﬁsmmehegraytsopl\fmmsﬁ Badmidwbr}-lam"aotomlay@oic&mj por Gormdpafstuirele

MRNA DNA b i h d of th
hvent | Brcrofe: BushdReGacart he asteyplsicchay Br exmmmasacoHngARon o
subseq Uﬁél&bé!pﬁt%seépﬂﬁ fRntiBn CSLER .adpiiRisBash e UTR 8MabBlkedSas Maieasi ng

on the hoSt cell, renaturation techniques may be required to attain proper
conf or nigbeted polypertigessar y, poi nt substitutions seeking to optinze binding

ot agori8, <8Rl il PeBBEEERt . b Enibic it AR ERle Sd BT AT £

her ei n. therapeutit \A?emofrhebe agdnwelahlb:baeoubleﬂh@the”rvmmcﬂymmmmreb tdehe
dependent  on, kno dge of the am no acid sequence éor correspon DNA or

RNA seq@iifediespr Bn%ﬁn& dfthgripyeition. Snerexamla Rl dedireat GeHRENG @Wge
factorsg s?%'cle %Jlég %Eb?térg‘ége{(ﬁ%é’ﬁe% in 8GR c@hShe %ﬁﬁéﬁ%@ﬁﬂl% to‘?ilo}]lﬂ{? ones

or variou okl Such séquences are
literat ([Dlenamcﬁcammd 281 ¢1988)p148) andpanhdre seléctmnm dratke drtlfg)lreleaaerwwom a

N . e A BT
cost i MHcAtHY YhoRfipbitBs P8l ﬁ?/eﬁtldn %Pﬂﬁﬁkﬁ@tﬂbfaﬁ (eﬁbyﬁélrédlélsb’cd}i@%r The

CD80 costlrmlator protein belongs to the Ig sue a heavily
gl ycosylesties) @mcbttexnns oThe@ngsnw’cmtacauﬁe Aomugetatbtcaiheeaotyesphdeﬁ obrhewas

PUD! | 5Pl B0 FTSAIRE- ol Bt e 8y 4038, oSS 7T 58

Kauf manmitoivicirogs dendorimicin, Hiel Vid9188ine. 537 - 566 The protein can then be
purified via its His-tag attached to the C terninus by using a N NTA-col um

(Mack, B désingatadioiagtegicadlyi conjugajed golypepdisps mmbemmnthmorpf,. hadh |y,

af or oe anafeehy, MrBirtischfiee' My WA RRERS bR TRE Sl deenging on
i nvent i such frotdrerasbleykodye distéseion aswwemtas(ytammlyaetmemtssmnm@etridtrlgsomhi ch

are pharmaceuti cal conpositions co ri sing these aforenentioned
pol ypepmed@et@)mrrwwﬁamr&ﬁ iSQEYes P eremwbe)preter@ble tpratlensi bhgemaal, o

phat mecgil Bl ERIBARING MiBlsoldbes d8SSHterdt T Hh B erky. Do SR ¢



pharmaceutically acceptable carrier. Exanples of suitable pharnmaceuti cal
carriers are well known in the art ang i ncl ude phosphate buffered Sbﬁ@UPZUZ
sol utions, water, enul sions, such as ?I/mater enul si ons, various types 04
wetting agents, sterile solutions, etc. Conpositions conprising such

i . | nel | i anal
ohar et ot A Eeplf Sk subfiu Sl KRN ABE of TelfsR ooy hfon
sui t abl gardbe houhdntonthetpaypeptided df iBe Stvdrtlonefoe Amgrapetiiio pargtresheecfiect ed

by diffgr e?’éﬁ,%&égﬂ%ﬁ”%ﬁt Xﬁlf’gggg\éﬁﬁﬁgs’ i Ntd aperitoneal, subcutaneous,

i nt ramusdu 1N nr $¥&-ati on. The dosage regi ment

el 1 RS el el Bt f BoBERE e B nElon i 1o SReqE Suothon’
nmany fapb@ties. Maty 188tiks &rel aRoGble 16 laggiuimatd eelabhé tinfulgtezipmphodytesur f ace

area, age) the particular conpound to be adm nistered, sex, tine_and route
of adniHPWevet riein, isgetraledtibavhish haaibeendisedrimyaumathampegticallys (idvsis

phar mcagers TRl HAu g 1S co BB i B EER LBl dR TeSb ik bR <
per dayio the gopeptitle 18 @nhbledsile®pdcfiedistiveRf ofthenoxit leffébpul d al so be in the
range of 1 Ng to 10 ng units per kilogram of body weight per m nute,

r espect | ¥ENg argpsOUsashstangasepredtead s BIgats, ANIPaR: i UBIREOPTIRNISTHN

m ght b Nathe: & f 141 SinPEr, Ki W i ght
per ho&ﬁ?t’ggrs?ﬁl:cﬂ%%rof%pra g? ggtﬁfggethggifgggﬁaeﬁg t&%‘@ ﬁ? eadgﬂﬂéﬁgﬁgg]ggédo@vggﬁyggr ess
can be Qonjnebackérioyn diphtheiacwhish easren tisedtissrgpsutigally. Vhistokintconsistebdber r ed
dosage for intravenous adninistration of DNA is from approxinately 106 to

10 2 col ésapd f iseboNh whicte cinder properceprsbions ear ber seprrated;cHha &xierdy be

par ent aranegnedl G betbp B8 pbivPirlide ) R BBRIGTANY be R Itk g 1
E he t ?rgmtcif&i Ueliiove&ygohthtbyinbétrad:tirg Btcc@ll_eahdér-rbeil Qviich iFr)mtverm:.ngnr im?tmwl
par ent PEKITBHPYARIRAIRS 47 aiRANRRRAEC Gl the BVAGRBUS or nonaqueous sol ut i ons,

Suspensbﬂﬂfrth% &t 5&%-3@%@'6%0%98%&@“@% é%’r!\"[?é‘tcﬁl.lﬁfea gj’ fy! ene
gl ycol , pol yet ene gfycol, vegetable olls such as olive oil, an

i nj ect apdlgpeptignofcthedneardionyab wall as bgrresparaiing exXyivecard ravivo dharapadtiaide
wat er, al coholic/ eous_sol utions, emnmul sion r spepsians, includin

sal | ne BHRCGArPatIaHaY o Cappe ReBHL ForEHRERds OY ABPRET Crnams SH Bt s
sol uti ogy, WH‘&é\VérSaﬂ% bﬁ@t%etheck?é%él‘?%ﬁilléﬂ%stﬁ@'ém}‘ gse @epolbﬁﬁéléél%b of
Ringer's, or fixed oils. Intravenous vehicles 1nclude fluid and nutrient

' epl eni@ﬁeﬁweéﬂ@?]td?ﬂoﬂbédr bereintiieaiowr enqaglieg any pnesgf he cabae Fesgied
o osentPAYRARES"Br the CoortdBORENE! XD erBad oy HeChidikpctBls TnaferRf

agents,itsifid S inert gases and the like. In addition, the pharmaceutica
conposition of the present invention mght conprise proteinaceous carriers,
like, e.g., serum al bum ne or i mmnogl obuline, preferably of human ori gin.

Furt herfmre,thbtnd i t 7 it ol hhi e
vent| pisthe perSof BKIEATR g AR whi YeaBlly eppRRste it HRTRORPLRAR: Ol N o
t he i ntioweriibrusan be uded fphthencarmituictian of otiergialypeptidea i degirad spatifjbity be

d t t tro-intesti | N d ti tostati ,
rugs pre BRISagan iefin: aniteibataes HohBanuERlrms afer cxbretBd 0 PRI & or y
mol ecul igspditark YhérapBEsc KAQWBiehiifid Rste & barticuldl id thd nfedical B8R, ér &xarsiel saged
by the present invention that the various pol ynucl eoti des and vectors of

t he i nvigrthpslevelapragntiatinemeireatmsant iippreaches for Breellaielated wisardeisosuaisasg

e VA e 0SBl SR S R, 8 VB edRl lndgder B
adm ni sanaysie andsabdulabby BEtHeesUrigépondingveatiuidr Sigray trafsdiictnpdthivags.at ed
into the genone of the subject. On the other hand) viral vectors may be

used which are specific for certain cells or tissues and persist in said
cells. Quj j e kDl AL i N
the. ot @G PARARE BifotFhaioes 8 MR SEIE RE IS B fURher fBfdh

i nvent i comprsed e ussidcdlor s¢lbetedr remnthergroupt corasistingt obrefféetary mudeailes

di fferent kinds of diseases, which are related to B—c%il rel at ed

i munod@Vigg eneprdermatiPmanitahie il Rislogisal @RtYihe ABNING 1aGid; SpPLaNngRsCarsbie a
pharmaceutical conposition of the invention which conprises pol ynucl eoti de
or vector of the invention in gene therapy. Suitable gene delivery systens
may include |iposones, receptor-nediated delivery systens, naked DNA and
viral vectors such as herpes viruses, retroviruses, adenoviruses, and
adeno- associ ated viruses, anong others. Delivery of nucleic acids to a



22 18 0 C T 2002 particul arIy useful in screening nethods for the detection
of conpounds involved in, B- cel HhT-ceI | ‘interaction. A nunber 08 oC7 7900
sel ection systens may be used "i ncl udi g but not limted to, the herpes
simpl ex virus thym dine kinase (Wgler, Cell 11 (1977) 223),

h |
o oo ST RIS SRIDARS Yol ARTIEACES St Hden & it e
(Lowy) &siid Slﬂ:i:bc(rﬂéiﬁﬁ)a pbé)ectad alk‘ﬁgerhgprf or aprf ceI | s, respectl vel y.

Al so, anti net boI| resi stance can . be used as the baS|s of selectiogn for
Ghie. oRieiasaraae fukaers %me@ SRR AP G Upharecaster. irgiag Sltead

SCi . Us&ogynﬁéﬁgo)ant@?@)z . bindt €.sitB! Ogrodit | 1 cﬁﬁadcel%'iffeé%ﬁn(

1527) whi ch con tance o nycop enoI I C acl Proc
Nat | . Alymbhoﬂime tyEaking, hoveaansg, a2m‘mq:telweteie@tbblehrrmetyeras\twmetmmeato

hyer o tadledrivarAlomsor 68 &11eeRe SR RPLGBAAENDe St '#@r'n%@ﬁgggéggi\@@h)
147) ; g t@é’éﬁ)r@’ﬁh oﬁﬂ?‘%ntl e ‘%{Wﬁllég'g%h a?ﬁ'tafﬁlto %ﬁﬁ@éﬁ & @ﬁ'@g a 'ﬁ‘ﬂefh

sel ect abl énes have descrl or exanpfe whi ¢ ms "cells
to uti Iamlypm;brhde a peplideer afpluraytptaﬁmhmay célissD, whi ch al | ows ceI s to
utilizehi ﬁti nol i nHﬁl ace of histi d| {f“i Proc. Nath AI\cad] §Cé USA
85 (1985)’ |ENYF: =4 S%@W@rﬁ?%ﬁ% Ng-R o Prefemhlé selecte

resi st afjef bQIrﬁdtﬁJhﬁr MdthalghigRER! @Oﬁlﬂcﬁéﬁal' ﬁé'glhbhpfhereof or an amino acid

2-(di f1uoromethyl)-DL-ornithine, DFMO (MCol ogue, 1987, In: Current

Conmmuni 8@@yeNes figh lmatéeaﬁt@ne-f@ltﬂgmlc apir dasparatie asiss W@rnm@naraerg@ﬂqp ed.). In

compost I R e PR PRGIE RealaMeEirdibic Bt GBSl aRctrEheRbld suppon

pol ynuctgetheles positivelt oF sa afe lneel ngtedtgednamitd @Rid @eglklics,uit aydteineeans
for detection. The poly WPeptl the invention are also suited for use

in i MueYHSEENE aminghias tse@lyea% @éldum sirgpt@vidin,| iaqdinctionak Sragmetu®ll to a
lid f

ol ype AR VARERES ProRiR G @ TR BTONGHE GOrE0h A b fepgtied i

i mmunoatwagppéemndexd Elxampdesjlthecnolmeptldél ofetite fnventivn dxeanified mf assingle-

h i Oi RLA), t dw t
aasay) aRAln: RRIREY, Beh O 0oREcaTostRd B e ATaRaNG) FLACHAE BRElEnCtan be
bound 't grfikiy Fﬁ'sftég'ﬂ%tall‘éw fdr@a%yfﬁ‘u?lflb'étﬁﬁm éﬁd 'o%f&c%ﬁ ?ﬁé'ﬁ.ﬁ&@#§$ fubéé'nhy

bound to said pol ypeptid Exanpl es -known carriers include gl ass,
pol ystytf@nexarppleywrhmISQSnBMIde aqids ;qaeolaguams apdlig s peaferably gseq B 0 C

cel 1u1 3eE8a85Y Sane RERSA B, HOPeYBR a2 Ao B PRERl WhsbhEenee. e
nature Qérsidre ofnhé FLAGNUSR] M tthéramiélndbhee%mPl%EOéw&'l asf e ahtindud@ses
of the invention. There are many different | abels and net hods of | abeling

known t BEQURRGE ASP JVBI—Vr%tAﬁps'ﬂ(EPISMItaWet%eW%H Exanpl es of the types of

| abel s whi ch can be used in the present invention include enzynes,

radi oi sotopes, colloidal netals, fluorescent conpounds, chem | um nescent
conpoundhe eifedtdri rmbiesulessarehamimpcidretsuenees descrilidtealboimtiayele presentussed

et voeaks ey AT S v arSohSk 8T B el when,
her ei na@@’g?ﬁtgﬁn%I&ece?feﬁﬁpéélﬂﬂéroéhmgﬁﬂe?ﬁ'?ar maceuti cal conposition for the

treat ment I gnanci es medi at ed aut oi mmune di seases or
the depletion of B-cells. Recent clinical studies with retargeted cytotoxic

tivit f T .cell . bi pfi, tbd h h
Fesul t st 8 T EreRrag R 38 ey B e, el e bG350 tp R B
ovar i anggiaces mdlédd Thpanantal Moseinctilationtor (cHPpriseisVa epliépd diriding sité@at
bsc anti bodies due to their |ow nolecular nass facilitate penetratl on into

tunors P&8 heaxopedindingeitef or Fab or Fv fragnents) (39); and

In a further most preferred embodiment of the invention, said costimulatory surface
molecule is CD80 (B7-1) or CD86 (B7-2).



that bsc antibodi es are suspected to decrease the dose dependent afng ﬁfzﬁﬂ
limting toxicity caused by the systeﬁi c cytokine rel ease nedi ated >p /]
Fc parts of conventional bispecific antibodies (40); and - that even an

i ntact nonocl onal antibody (directed against CD20) led to tunor S

regressy ¥ : 21, ol dipl - Has in
Faot bobat dudFEYRREHPAHTREE Ok S5t vartohurelgtet fo BERFEKRO e g N

i nt er estipory enpressidreericode thentibobartestribdd pblypeptiies.asaid polynuplcotgesent s.
Thus, in a preferred enmbodi nent the pharnmaceutical conposition of the

i nvent | B1aYi i fiesadl o puitatie XREASHAN CONrRlotRAYSAGRS KNOMADIOWE. artie aNsyERe
fanges BE)qpteP?raﬂQH?\i;Se}lo%Fér?& erHsI?{i]oﬁ Bﬁh%%éfﬁgegﬂi'dges’ pol ynucl eot i des and

vectors the Thvention are ose large ough to produce the desired

ef fect Baidwpolghutibetice mayobs, @b.,t DRABCDNA, REAI @t syhtdetieslggroduced DNA
e shoul d not be so, | arge as c§1§1 aus'e essenti al

amel i orated. The dosa ] .
adver seo"sﬁg@‘ ef ﬁer@egm%wygoqm%wmfw%lczw e CQUM'SP%%’BY ons,
anaphyl gct iy eaGd I Mitieot t&thdrl KondLRe & | Yonidhat .agigrtemréﬂ)lyv¥ g Wi th

t he age, cond?itlon, sex and extent of the disease 1n the I'ent“and can be
det er m pelgnbgieotide &f partkiof b vettomhSuahtvecidre mims agmpcise forkherdjersseslidiyas he

I ndi vi dual, physi ciap, i n fhe, event of any .counterindications. It i

envi sagBarkHagen s WPisHglloN; 74 selralioneot Said ypctof Ty & sufahi host ¢4l anfl g of
the pol ypest iiMadle (dditHRNt P%Jeraﬁlﬁarﬂﬁé CPbl?ﬁg%leBﬁ@é ebf Sfeddsagfiohs id)- 1
~.g to 1l ng, even nore preferred is™ ~.gto'l pg and nost preferred is a
dosage operatigglytimked tp eyprespion. epntradl iseggenceseatllowinguepprassdnerprpkaryatic

et vat PhgciseyBfic cBlE et s Bh T G Bl Bt cama R granae Bridn of g
T-cel | pélyhuélebtide it & trapbiagiidle RN R&duMtona blethérhitsdridiribglékppesdion ve
cells (preferably B-cells) and T-cells in the presence of the polypeptide

of the ingdaryelic eglls, pegferabhamammalian gells, ase sadlknewmtathege skileddateml e of

Ponpoundh §MHE AR cBriiRaedulbigs BUINCES ey Al o EadshBych
conpoungdnavicptiohdity il sighald driguridgttenhinatot bé tranesrstion aid sfebitizatiowbf a
signal generated fromthe interaction of the conpound with the cells. This
embodi nbie: TRaSGt ASSRIaRR)reguEaN el8mants mavginchisie: KpararpfionRl es MRt as

co sti mthagiafigndlClehhdhEsrs !Qn&@isngﬁl?@g/?asﬁ?g%}%é?r pﬁ?Le?blBQoG@' ‘3(0'%1&@“

provides a primary activation sign us avoiding the
cl onot yregiorns. ddidsible cegulaiory Elamentstparmjttibg exptessiomirdpiokaamtioriishcellsv t h

Lot v E5nBa Lt oS PP kB8 SRR 1%, S0l bl Sh el Jedibil
Co L Bl R0 gl Lhabl S kel 88 SO o GREc
bi ol ogi BEIMHET lrbygasiopr &@?BM\ﬁg S)40-+ RS Vepomaten (Roue sataoma Vikue), CMV-
opt i onabhanders S\AD-GHHanchP 3t d Gidbi? ftr ins larhfidiid ! ahdotREF animal cells.
Beside elements which are responsible for the initiation of transcription such
regulatory elements may also comprise transcription termination signals, such as tffe
SV40-poly-A site or the tk-poly-A site, downstream of the polynucleotide.
Furthermore, depending on the expression system used leader sequences capable
of directing the polypeptide to a cellular compartment or secreting it into the medium
may be added to the coding sequence of the polynucleotide of the invention and are
well known in the art; see also, e.g.,, the appended examples. The leader
sequence(s) is (are) assembled in appropriate phase with translation, initiation and
termination sequences, and preferably, a leader sequence capable of directing
secretion of translated protein, or a portion thereof, into the periplasmic space or

extracellular medium. Optionally, the heterologous sequence can encode a fusion
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homogeneity as desired, the polypeptides may then be used therapeutically
(including extracorporeally) or in developing and performing assay procedures.

In a still further embodiment, the present invention relates to a cell containing the
polynucleotide or vector described above. Preferably, said cell is a eukaryotic, most
preferably a mammalian cell if therapeutic uses of the polypeptide are envisaged. Of
course, yeast and less preferred prokaryotic, e.g., bacterial cells may serve as well,
in particular if the produced polypeptide is used as a diagnostic means.
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and/or C-terminal His-tag. Preferably, t ¥1e length o¥ said FLRG -tag |s about 4t08
amino acids, most preferably 8 amino acids. Methods for preparing fused, operably
linked genes and expressing them in, e.g., mammalian cells and bacteria are well-
known in the art (Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y., 1989). The genetic constructs and
methods described therein can be utilized for expression of the polypeptide of the
invention in eukaryotic or prokaryotic hosts. In general, expression vectors containing
promoter sequences which facilitate the efficient transcription of the inserted
polynucleotide are used in connection with the host. The expression vector typicali‘y
contains an origin of replication, a promoter, and a terminator, as well as specific
genes which are capable of providing phenotypic selection of the transformed cells.
Furthermore, transgenic animals, preferably mammals, comprising cells of the
invention may be used for the large scale production of the polypeptide of the
invention.

In a further embodiment, the present invention thus relates to a process for the
preparation of a polypeptide described above comprising cultivating a cell of the
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280 nm éxaxapleseft). The elution profile of protein is shown by the solid
line. Broken lines indicate the fractions collected. BscCD 9xCD3 was found
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treatnments with bscCDl 9xCD3. GGI | evel s were determ ned st'andar d

cl i ni caforpPHYRgMinding sies h@wnaredflmwea@pm@fs@w fasaumpntppe O’rme €D and s
shows dapyy §Hgedl tE&pddifkeRN SRl Ftionafly a further functional domain. As is evident

from the foregoing, the invention provides a large family of polypeptides comprising
such binding sites for any use in therapeutic and diagnostic approaches. It will be
apparent to those skilled in the art that the polypeptides of the invention can be
further coupled to other moieties as described above for, e.g., drug targeting and
imaging applications. Such coupling may be conducted chemically after expression
of the polypeptfdes to site of attachment or the coupling product may be engineered
into the polypeptide of the invention at the DNA level. The DNAs are then expressed
in a suitable host system, and the expressed proteins are collected and renatured, if
necessary. As described above, the binding sites are preferably derived from the
variable region of antibodies. In this respect, hybridoma technology enablés
production of cell lines secreting antibody to essentially any desired substance that
produces an immune response. RNA encoding the light and heavy chains of the
immunoglobulin can then be obtained from the cytoplasm of the hybridoma. The &'
end portion of the mRNA c¢an be used to prepare cDNA to be used in the method of
the present invention. The DNA encoding the polypeptides of the invention can
subsequently be expressed in cells, preferably mammalian cells.

Depending on the host cell, renaturation techniques may be required to attain proper
conformation. If necessaty, point substitutions seeking to optimize binding may be
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shows days (d) after the onset of first drug treatnment and, starting with
zero) hours (h) follow ng the individual drug additions. Arrows indicate

the tinRqERIARRY, Cthdr PEbsRAM MvahiicH | BfovidesIUbe édmpositions comprising the
aforementioned polypeptide, the polynucleotide or the vector of the invention.

Preferably, the:present invention relates to compositions which are pharmaceutical
compositions comprising these aforementioned polypeptide(s), polynucleotide(s) or
vector(s) of the invention.

The pharmaceutical composition of the present invention may further comprise a
pharmaceutically acceptable carrier. Examples of suitable pharmaceutical carrier
are well known in the art and include phosphate buffered saline solutions, water,
emulsions, such as oil/water emulsions, various types of wetting agents, sterile
solutions, etc. Compositions comprising such carriers can be formulated by well
known conventional methods. These pharmaceutical compositions can be
administered to the subject at a suitable dose. Administration of the suitable
compositions may be effected by different ways, e.g., by intravenous, intraperitoneal,
subcutaneous, intramuscular, topical or intradermal administration. The dosage
regiment 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,
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prine Sartery. Preparations for parenteral administration include sterile agueous or non-

aqueous solutions, suspensions, and emulsions. Examples of non-aqueous solvents
are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
media. Parenteral vehicles include sodium chloride solution, Ringer's dextrose,
dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles
include fluid and nutrient replenishes, electrolyte replenishers (such as those based
on Ringer's dextrose), and the like. Preservatives and other additives may also be
present such as, for example, antimicrobials, anti-oxidants, chelating agents, ang
inert gases and the like. In addition, the pharmaceutical composition of the preseﬁt
invention might comprise proteinaceous carriers, like, e.g., serum albumine or
immunoglobuline, preferably of human origin. Furthermore, it is envisaged that the
pharmaceutical composition of the invention might comprise 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 and/or agents such as T-cell co-
stimulatory molecules or cytokines known in the art.



described by Dibel et al. (24). S The cDNA of the anti-CD3 scFv fragment
was kindly provided by A Traunecker (25). Exanple 2: Construction &f 0CT 2002
Bi specific Single-Chain Fragnments and“Eukaryotic Expression To obtain an
anti-CDl19 scFv-fragnent, the corresponding VL- and VHregions cloned into
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36 18 0 C T 2002 supernatant was renoved and assayed for released 5 C in
a gamma counter (TopCount, Canberra P&ékar d). Spont aneous rel ease Y89CT 20m
nmeasured by incubating the target cel wi t hout effector cells or
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EGTA inditati'ng that specific lysis'is a T cell- ITEdI ated efféect (probably
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cell's catillz hietindsarplace bFlhmmeNHarEman Riod. latl.i Acldl SOWUBATSE 41988), (5: 1;
2.5:1 ) and at ve | ow anti body concentrations of 10100 pg/m the

bsoCDl 080H0; #e: OBk, (BliNEe dasRIbYIaseuchIEh SoNtere resislancs e the arakhige of
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ant i bod equired additional T cell 37 ~ a o cT Zoo2 prestinulation and
hi gh anti body concentrations of about 100 ng/m to induce specific T cell
cytotoxicity (not shown) which is consistent with the literature (5-7, 27).
Exanpl elrsangtmreembﬂdimerﬁrmﬁaprgﬂsen’mn@maﬁn)remtesﬂtpsa ijagnasicog@naositier | s

oyt of oxPEMBHE G be BE pbtvEuestid elbeatdbes R BRoBRE ER Vedors
nononucbeieddverttidnsarid Oﬁmdm%mnthblbeﬁéhné)fqmbtéd?ﬂw_) of a patient suffering
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bi specific single chain_antibody bscl7-1 AxCD3 (1 ) at a concentration of
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(either in the presence or absence of IL-2) alnost all CD19-positive B S




cells had been killed. The cultured cells at that tinme consisted r{?@hy mf
"flynphocytes with a CD4/CD8 T-cel l ?It\,ito of approximately 1:2 to %g
denonstrates the exceptional cyt ot oxi y of bscCDl 9xCD3 t owar ds

CD19- positive B-cells, since total depletion of primary B-cells by
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C T 2002 38 Exa l e . 6: Purification of bscCD 9xCD3 for therapeutic use

BscCDI 9Rithey Sﬁé‘éblﬁr%d‘tﬁ%léplﬁﬁpréﬁﬁrpé%@mﬂ@? IMERION( CHO) cel I's stably
transfected with an expression vector (pEF-DHFR, see exanple 2) encoding
bscCDl 9xCD3 and, additionally, a hexahistidine and a FLAG tag. Cells were
grown i Thery am faeg diffeieniddednapt enethoda dfiddibedingfkrioevn teethtiserof(didirgyy) .
Five hundred of |'gell cul ture super 'ﬁ nt were col ke cted a
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BscCDI 9 d e use
ant i FLALTP IO dnclahe erlgmes, 1 AtERbionBL  Coltio RIS MdbirdH ceThpsliite;
PhosphachemilgBingsagnt Mmpmmrcds wasd cbrotwmmesuenﬂ);cornhmuﬂdsm ses celsoe thai ng
t he BCl P/ NBT. s te(gt Devi th§ Protein concentrations were determ ned by
Br adforﬁ"@é’gé{p i ?é\'l?)s d (e{éa XA ne | gG (Biorad) as protein standard.
Purity of col urm fractions was assessed by reducing sodi um dodecyl sulfate
(SDS) Bis/Tris 4-12% pol yacryl am de gradient gel el ectrophoresis (PAGE)
enpl oyi hheapreews ibuemtan slpotretat¢aty the useof ithe palypeptids, pelyromiesttesand
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bel ow) | ow schene of the purification procedure is shown in Figure 10.
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Buffer B (20 MM MES, 1 MNaCl, pH5.8) in Buffer A The eluate received
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flow rate of m/mn on a 124 gh Load Superdex 200 col umm
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filter tha pympions of it Bgell med WS&remmrem hiendqer?egecemuid
culture r zed
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detected in cell culture supernatants (lane 2). H ghly purified

anti - CDl 9xanti - CD3, which was used for human therapy) did not show
detectable inpurities (Fig. 11, lane 5). Exanple 7: dinical Use of

bscCDI 9xCD3 in a Patient with B-cell Lynphoma S In a conpassionate use a
patient (A-B, female, born 1937) suffering fromB-cell derived chronic



40 1 B O C T 2002 observed. The patient has a struma nodosa which is well
controlled and in euthyreotic conditi gg by treatnment with carbi nnz:ﬁlB 02”52
ng/d. The patient had received nultip cycl es of chenotherapy wt 002
chl oranbuci| and predni sone from 1992 till 1994. Fol |l ow ng progression of

he di . ol ne,
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anti-CD20 anti body rituxi mab was not appropriate since the efficacy of
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known in the art but hitherto not known to be capable of inhibiting T-cell activation or
not known to be useful as a T-cell co-stimulatory factor, respectively. The plurality of
compounds may be, e.g., added to the culture medium or injected into the cell.
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to the instructions of the manufacturer. Tunor necrosis factor TNF-a
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Organic Chemistry, Springer edltlon New York Inc., 175 Fifth Avenue, New York,
N.Y. 10010 U.S.A. and Organic Synthesis, Wiley, New York, USA. Furthermore, said
derivatives and analogues can be tested for their effects according to methods
known in the art or as described, for example, in the appended examples.

Furthermore, peptidomimetics and/or computer aided design of appropriate



Concl usi on: The novel bscCD 9-CD3 was adm nistered safely to a patient
suffering fromrefractory B-CLL. The @I erability of the bscCDl 9xCD3 at the
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are gi vientherappansiedaexamieanMeiners forine generakoryendosse pt peplidamimetic

cal cul a&o‘?ﬂbiﬁ%%ﬁail tl%rglljiég3 r}:ﬁjaoae?&%eﬁl H &hg Ob’r‘?& %?tr,]sf.otryexa%ple, in Ostresh,
Methods in Enzymology 267 (1996), 220-234 and Dorner, Bioorg. Med. Chem. 4
(1996), 709-715. Furthermore, the three-dimensional and/or crystallographic
structure of inhibitors or activators of B-cell/T-cell interaction can be used for the
design of peptidomimetic inhibitors or activators of T-cell activation to be tested in the
method of the invention (Rose, Biochemistry 35 (1996), 12933-12944; Rutenber,
Bioorg. Med. Chem. 4 (1996), 1545-1558).

In summary, the present invention provides methods for identifying compounds which
are capable of modulating B-cell/T-cell mediated immune responses.

Compounds found to activate B-cell/T-cell mediated responses may be used in th"e
treatment of cancer and related diseases. In addition, it may also be possible to
specifically inhibit viral diseases, thereby preventing viral infection or viral spread.
Compounds identified as suppressors of T-cell activation or stimulation may be used
in organ transplantation in order to avoid graft rejection; see also supra.

The compounds identified or obtained according to the method of the present
invention are thus expected to be very useful in diagnostic and in particular for
therapeutic applications. Hence, in a further embodiment the invention relates to a
method for the production of a pharmaceutical composition comprising formulating
the compound identified in step (b) of the above described methods of the invention



45 Table 2: Blood levels of selected markers in response to treatnents with
bscCD 9xCD3. 18 OCT 2002 April 14)Aprjil 15, 1999April 16, 1999Apri

17)April 18, April 19,1999199919991999¢hi t sGGTU 12224 (norni ng) 124 i(%_ﬂ@d) 2007
h) 968987- (eveni ng) 107 ( 12.00 h)LDHU/ | 618536

{mor i 10) %“EQ%%?%@%%@é@%gﬁi%i%bﬁﬂﬁgﬁ%%%%ﬁsﬁééﬂ%aged that said
(mor ni rgg gﬁt 5@&&admedwpepmmrcél #Méthdds Gor the ?eneratlon and
(mor ni nQg) 22 52 0, 70,7 (evening) Blood | evels of gamma-gluta

t r ansf atsgs f (mtyioml@@tlat@ralalnﬁtﬂf@@émréee( amd%ﬁqnlb@dr@hme \ml%r@ﬁ,emr ( CRP)

were d ressed
as Units rﬁg'gcgﬁ‘?gs@ %ﬁ& wzgmgl%f)gw%ﬂ gﬁé%ﬁb@%(‘%? ?euk@cyt es
I s expridedeCham. G gﬁeaﬁ); mosﬁhs Bedldyy Mrbdy Bioteohisr 4231094, SISR 8] @rs
percent of total |eukocytes. Basel ine | evel s on April 14t", 1999, before

t r eat metORRIE! HlalBiotacht R19P8) R0BAR3. The response to 3 Ng bscCD 9xCD3 on
Apri | %’ﬁ’re tlﬁé\%g%[]n GQé’FuP'c%hﬁ{rea rredéﬁﬁﬁéc{ Ja%EfB d"t;% 6“91‘@%% h&f‘necifsfﬁ%ond

| ane. e res nse a secon he "same

day is usmmn Imayhebet adminittened 1Bl aopatient ebys enfy apprmia@tmdthmdrfmrmeon
four dg}l IIovm'n t drugtg%itments are iveninth Ias f our anes

h
46 18 96020 HPEnced 1 ¥k) Inttayeno . Parenteragy; | egpalifggs) |
7021-5 o
Cancer oty o8 syrgery Yo mpreffaidh fL: Wéﬁﬁﬁ‘sr ‘?‘Esé’%?@ee"“@oﬁ‘f‘en,
Bl ood a‘armm%sqlmmmespl@ bigloigioay ccama@blemasd EBqrhaiga)mattis) 4Ba0ndar 7.
Bohl , 9 1704-9. 8. L Exp | | 90 (1992
568 7516 SHEayhe de el o Ak dmminsith B GbsySt ouipBpal B5eS aigagen
Bl ood &fbtédRiPél to e ésgﬁoprldte Wéklll&i PQfe &t, 628¥pra, 3208-12. 12. Veéiner,
Leuk Lynphoma 16 (19 199-207. 13. Csoka, Leukem a 10 (1996), 1765-72.

14. Uckun, Proc. Natl. Acad. Sci. USA 85 (1988), 8603-7. 15. Staerz, Proc.
N Ko, 0t s e 00 AR GRS Heiher oL BAF . L
J | munabligrehdds) 9B)cellSafedtiatdd autoimmune diseases or the depletion of B-cells
and/or for a method delaying a pathological condition which is caused by B-cell
disorders comprising introducing the polypeptide, the polynucleotide or the vector of
the invention into a mammal affected by said malignancies, disease and/or
pathological cor)dition. It is furthermore preferred that said mammal is a human.

These and other embodiments are disclosed and encompassed by the description
and Examples of the present invention. Further literature concerning any one of the
antibodies, methods, uses and compounds to be employed in accordance with the
present invention may be retrieved from public libraries and databases, using for
example electronic devices. For example, the public database "Medline" may be
utiized which is available on the Internet, for example under
http://www.ncbi.nim.nih.gov/PubMed/medline.html. Further  databases and
addresses, such as http://www.ncbi.nlm.nih.gov/,  http://www.infobiogen.fr/,
http://www.fmi.ch/biology/research_tools.html, http://www.tigr.org/, are known to the
person skilled in the art and can also be obtained using, e.g., http://www.lycos.com.
An overview of patent information in biotechnology and a survey of relevant sources
of patent information useful for retrospective searching and for current awareness is
given in Berks, TIBTECH 12 (1994), 352-364.



19. Kostelny, J Imunol 148 (1992), 1547-53. 20. Mack, J | mrunol 13%
{1997), 3965-70. 21. Kufer, Cancer | nol | mmunot her 45 (1997), 1 QCT a2
Pezzutto, J Inmunol 138 (1987), 2793-9 23. Olandi, Proc. Natl. Acad. Sci.
USA 86 (1989), 3833-7. 24. Dubel, J Imunol Methods 175 (1994), 89-95. 25.
Traunecker, Enmbo J 10 (1991 ), 3655-9. 26. Laemm i, Nature 227 (1970),
680-5. 27. Bohlen, J Inmmunol Methods 173 (1994), 55-62. 28. Demanet, Int J
Cancer Thefiduréds 6h8®@2), 67-8. 29. De, J Hematother 4 (1995), 433-7. 30.
Haagen, Leuk Lynphoma 19 (1995), 381-93. 31. Anderson, Blood 80 (1992),
2826-34. 32. Zhu, Int J Cancer 62 (1995), 319-24. 47 33. Hartnmann, Bl ood
89(199@i fP42-7. 34. Valone, J din Oncol 13 (1995), 2281-92. 35. Val one,
J Hemat oPRer ‘4 (1995), 471-5. 36. Bolhuis, Int J Cancer Suppl 7 (1992),
78-81. SDS-Feaee\GoomadsidlagtainCainther puritéd ®8cCDI=LDILr6Fment dth Nifterent

Lancet 335 (1990), 368-71. 39. Yo , ncer Res 52 (1992 3402-8. 40.
Vei ner,arnourﬁwia?owz?«oﬂg@w mggg@?fé%of e%keh@ynglsém%we('@ 94) .
2457-66. 42. Reff, Blood 83 (1994), 435-45. 43. Kipriyanov, Int. J. Cancer
77 (1998), 763-772. 18 0 C 1 2002 18 OCT 20U2 48 Cains 1. A single-chain

mul t i - fRigute 2nal pol ypeptide conprising (a) a first domain conprising a

bi ndi nqfféé?an%ﬁys?snV\}itmgﬁlcg%qllgix%D%hao% ug/ml) on different CD19-positive B cell
lines (BJAB, SKW6.4, Blin-1, Daudi, Raji), on the CD19-negative B cell line BL60 and
on CD3-positive Jurkat cells and primary human PBMCs. Broken lines indicate
negative controls.

Figure 3:

Cytotoxicity of bscCD19xCD3 in a °'Cr release assay with unstimulated human
PBMCs and different B cell lines. Effector: Target cell ratio 10:1; incubation time 4 h.
Standard deviation in all triplicates was below 7%.

Figure 4:

Chromium release cytotoxicity assay with unstimulated primary human PBLs against
the plasmacytoma cell lines LL.363 and NCI and the lymphoma cell line Daudi E:T ratio
20:1; incubation time 8 h.

Figure 5:

Inhibition of the cytotoxicity of bscCD19xCD3 by the parental anti-CD19 antibod'il
HD37 in a chromium release assay; incubation time 8 h; E:T ratio 20:1; concentration
of bscCD19xCD3 1ng/ml.

Figure 6:
Cytotoxicity assay with unstimulated PBMCs against Daudi cells after addition of
increasing amounts of EGTA, E:T ratio 10:1, incubation time 4 h.



or an anti body specifically recognizing the CD19 antigen; and (b) a second
domain conprising a binding site of I mmunogl obulin chain or an tingoﬂﬁ(
specifically recogni zing the CD3 antlggn of human T cells, wherein 2002
dormains are arranged in the order V~CD19-VHCD19-VHCD3 V~CD3. 2. The
pol ype?.bgge?f claim1) wherein said two domains are connected by a
pol ypept I nker. 3. The polypeptide of claiml1l or 2, wherein said first

and/ or @ﬁ@muwoaﬁmcmg&m aPrd Expongichse aaéé'dyawﬂhvungtmlafedf hamMaR
natural_anti body. 4. The poJypeptide of any one of clains 1 to 3, wherein

sai d arRBM&ﬁyand Bindclesntargahcelio i, diéfereme i T ratiosbinpubatien himeans zed

one of oneanialkh RENERSENeRfgRal bacttre Hlnclh Bt dshodr LSt Bl o

t he ant1|m®ly31oo(a@ﬁmelg Fdatios agqhdmlty@eptlde of any one of clains 2 to 5
wherein said polypeptide |inker conprises a plurality of glycine, aianine

andl or serine residues. 8. The pol ypeptide of any one of claims 2 to 7,
vvherel ghg pol ypeptide |inker conprises a plurality of consecutive copies
of an an gm d sequence. 1 BOCT 20U2 49 9. The pol ypeptide of any

one of BINALahd ptateid- semtwne'enofs&iedbpomwpepCDGeahinb‘dw (Elod@+tagesoritainingd
am no aci d reS|dues he pol ypept one of clains 2 to 9,
wher ei Yaigng. FN”WB@@t mgjécqte Akernuclectide ((ant posmons the corresponding amino

acid sequence is depicted below the nucleotide sequence. The encoding DNA
sequence for the bispecific antibody starts at position 1 and ends at position 1593.
The first six nt (position -10 to -5) and the last six nt (position 1596 to 1601) contain
the restriction enzyme cleavage sites for EcoR! and Sall, respectively. Nucleotides 1
to 57 specify the leader sequence; nucleotide 82 to 414 and 460 to 831 encode
VL.CD19 and V4CD19, respectively; nucleotide 847 to 1203 and 1258 to 1575 encode
VHCD3 and V. .CD3, respectively; and nucleotides 1576 to 1593 encode a His-tag.

Figure 9:
Depletion of primary (malignant) CD19* B-cells by recruitment of autologous primary
T-lymphocytes through bscCD19xCD3.

A) Starting-point (t = 0): n = 3 x 10° PBL/well were seeded into a 24-well tissue
culture plate in a volume of 1 ml RPMI 1640 medium each, supplemented with
10% FCS each. The initial percentage of CD19* B-cells as well as that of CD4"-
and CD8" T-cells is indicated. '\

B-G) relative B-and CD4*- and CD8" T-cell counts after t = 5 days of incubation at
37°C / 5% CO; in the absence (B-C) or presence (D-G) of bscCD19xCD3
(concentrations as indicated) with or without 60 U/mi IL-2. Negative controls
contained either bispecific single chain antibody (17-1AxCD3) with irrelevant
target cell specificity or no bispecific antibody at all (C).

Figure 10:
Purification steps for bscCD19xCD3



conprises the amno acid sequence Ay Ay Gy @y Ser. 11. The pol ypepti de
of any one of clains 1 to 10, wherein_said first domain conprises at feast
one CDR of the VH and V~ region conprﬁ@i ng the am no acid sequence] gn¢dQe0d
by the DNA sequence depicted in Figure 8 fromnucl eotides 82 to 414 (V~)
and nuc{:@hé s 460 to 831 (VH) and/or wherein said second domain conprises
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bi ol ogi cal 18 OCT 20 5 tiyity, capable of sequestering an ion or
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pol ynucl eoti de whi ch upon expressi on encodes a pol ypepti de of any one of

clainms 1 to 16. 18. A vector conprising the polynucleotide of claim17. 19.
A ce(l Figureft&:ted with the pol ynucleotide of claim17 or the vector of

R s e R S D A A
i sol at i pasaldl BYkpecptibAat PBOMM MACL IR The elution profile of protein is shown
by the solid line. The profile of the NaCl step gradient is shown by the straight solid
line (%B, right) and the fractions collected are indicated by the broken lines.
BscCD19xCD3 was detected in fraction F6.

Figure 13:

Cobalt chelate affinity chromatography of bscCD19xCD3. Protein concentration was
measured by apsorption at 280 nm (mAU, left). The elution profile of protein is shown
by the solid line. The imidazole gradient is shown by the straight solid line (%B, right)
and the fractions collected are indicated by the broken lines. BscCD19xCD3 was
detected in fraction F7.

Figure 14:

Gel filtration of anti-CD19xanti-CD3. Protein concentration was measured by
absorption at 280 nm (mAU, left). The elution profile of protein is shown by the solid
line. Broken lines indicate the fractions collected. BscCD19xCD3 was found in
fraction F7 corresponding to a molecular size of approximately 60 kDa.

Figure 15:

Blood levels of gamma-glutamyl transferase (GGT) in response to treatments with
bscCD19xCD3. GGT levels were determined by a standard clinical biochemistry
method and are expressed as unit/l. The time axis shows days (d) after the onset of



21. A conposition conprising the polypeptide of any one of clains 1 to 16,
t he pol ynucl eotide of claim17 or the vector of claim18. 22. The )
conposition of claim?21 which is a ph§|4 maceut i cal conposition opti Jrﬂaﬂﬂﬂﬂﬂl
further conprising, a pharmaceutically acceptable carrier. 23. The
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pat hol ogi cal condition which is caused by B-cell disorders.
Figure 17:
Blood leukocyte counts in response to treatments with bscCD19xCD3. The number
of leukocytes is given as Giga parts/liter. The time axis shows days (d) after the
onset of first drug treatment and, starting with zero, hours (h) following the individual
drug additions. Arrows indicate the time points of drug administration.

Figure 18:

Blood levels of C-reactive protein (CRP) ) in response to treatments with
bscCD19xCD3. CRP levels were determined by a standard clinical blochemlstry
method and are expressed as mg/dl. The time axis shows days (d) after the onset of
first drug treatment and, starting with zero, hours (h) following the individual drug
additions. Arrows indicate the time points of drug administration.

Figure 19:

Blood levels of tumor necrosis factor-alpha (TNF) in response to treatments with
bscCD19xCD3. TNF levels were determined by ELISA and are expressed as ng/ml.
The time axis shows days (d) after the onset of first drug treatment and, starting with
zero, hours (h) following the individual drug additions. Arrows indicate the time points
of drug administration.
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(22) were cloned according to standard PCR methods (23). cDNA synthesis was
carried out with oligo dT primers and Taq polymerase.
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CAGCCGGCCATGGCGCAGGTSCAGCTGCAGSAG [SEQ ID NO: 3]
3G:
ACCAGGGGCCAGTGGATAGACAAGCTTGGGTGTCGTTTT [SEQ ID NO: 4]
5'VLB5RRYV:
AGGTGTACACTCCATATCCAGCTGACCCAGTCTCCA [SEQ ID NO: 5]
3'VLGS16:
GGAGCCGCCGCCGCCAGAACCACCACCTTTGATCTCGAGCTTGGTCCC [SEQ
ID NO: 6]
5'VHGS15:
GGCGGCGGCGGCTCCGGTGGTGGTGGTTCTCAGGTSMARCTGCAGSAGTCWG
G [SEQ ID NO: 7]
3'VHBspE1:
AATCCGGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG [SEQ ID NO: 8]

For the amplification of the V domains via PCR we used the primers 5'L1 and 3K,
flanking the V|, domain, and 5’H1 and 3'G for the heavy chain based on primers
described by Dubel et al. (24).

The cDNA of the anti-CD3 scFv fragment was kindly provided by A. Traunecker (25)'t

Example 2: Construction of Bispecific Single-Chain Fragments and Eukaryotic
Expression

To obtain an anti-CD19 scFv-fragment, the corresponding VL- and VH-regions
cloned into separate plasmid vectors served as templates for a VL- and VH-specific
PCR using the oligonucleotide primer pairs 5'VLB5RRV/3'VLGS15 and
5'VHGS15/3'VHBSspEI, respectively. Thereby, overlapping complementary sequences
were introduced into the PCR-products, that combine to form the coding sequence of
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(Stratagene) containing either the (EcoRI/SaII cloned) coding sequence of the anti-
17-1A/anti-CD3 bispecific single-chain antibody with an N-terminal FLAG-tag [1] or
that of the modified version without FLAG/epitope (21), thereby replacing the anti-17-
1A- by the anti-CD19-specificity and preserving the 5-amino acid (GlysSers)s-linker
connecting the C-terminal anti-CD3 scFv-fragment, respectively. Subsequently, the
DNA fragments encoding both versions of the anti-CD19/anti-CD3 bispecific single-
chain antibody with the domain arrangement VLlcpig-VHcp1e-VHeps-Vicps were
subcloned EcoRI/Sall into the described expression vector pEF-DHRF [1],
respectively. The resulting plasmid DNAs were transfected into DHFR-deficient CHO-
cells by electroporation: selection, gene amplification and protein production were
preformed as described [1]. In the following examples, results obtained with the
FLAG-containing version of bscCD19xCD3 are illustrated.

Purification of bscCD19xCD3 from the supernatant of transfected CHO cells yielded
4 mg/liter culture supernatant. The bsc-Ab was purified via its C-terminal histidine tail
by affinity chromatography on a Ni-NTA-column as described [1]. The bsc-Ab was
eluted from the Ni-NTA column as a distinct peak at a concentration of 200 mM
imidazole. SDS-Page was carried out according to Laemmli (26) with a 12% gel
followed by staining with Coomassie brilliant blue R250 for analyzing the purification
of the bsc-Ab. The results of SDS-PAGE analysis (Fig. 1) show the expected size of
the bsc-Ab (60 kDa). "

Example 3: Binding properties of the bsc-AbCD19xCD3

Binding specificities of the bsc-Ab to CD3 and CD19 were shown by flow cytometric
analysis on CD3-positive Jurkat cells, human PBMCs and a number of different
CD19-positive B cell lymphoma cell lines including Blin |, SKW6.4, Daudi, BJAB and
Raji. The CD19-positive B cell lines Daudi, Raji, BJAB (Burkitt’s lymphoma), SKW6.4
(human EBV transformed B cell) and Blin-1 (pre B cell line) were used in flow
cytometric analysis and chromium release assays. Jurkat is a CD3-positive T cell
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at 4°C. The cells were washed twice with PBS. For the detection of the bsc-Ab a
FITC-conjugated antibody against the His-tag (Dianova) was used. The irrelevant
bsc-Ab 17-1AxCDS3, produced by the same expression system as bscCD19xCD3, or
the His-tag antibody alone served as negative controls. Flow Cytometry was
performed with a Becton Dickinson FACScan. No binding was detectable on BL60

cells which do express neither CD19 nor CD3 (Fig. 2).

Example 4: Cytotoxic activity of the bsc-AbCD19xCD3 against CD19-positive
lymphoma cells

The bscCD19xCD3 antibody proved to be highly cytotoxic for several lymphoma cell
lines in a ®'Cr release assay (Figure 3). Human peripheral blood mononuclear cells
(PBMCs) as effector cells were isolated from fresh buffy coats of random donors
using Lymphoprep™ (Nycomed) gradient centrifugation with subsequent 100 x g
centrifugation steps to remove thrombocytes. CD19-positive B cells were depleted
using Dynabeads® M-450 CD19 (Dynal). The depleted cell populations were
analyzed by flow cytometry (Becton Dickinson), which showed a 99% depletion of
CD19-positive cells. The PBMCs were incubated over night at 37°C, 5% CO; CD1§-
positive B cell lines (Raji, Blin |, Daudi, BJAB, SKW6.4) were used as target cells.
Cytotoxicity was measured in a standard chromium release assay in round-bottom
96-well-plates (Nunc) using RPMI 1640 complete medium (Biochrom) with 10% FCS
(GIBCO).

Unstimulated PBMCs were added in a volume of 80 ul medium to each well
containing 20 ul of bsc-Ab in different concentrations. Then 100 ul of ®'Cr-labeled
target cells (1 x 10*) were added, plates were centrifuged for 3 min at 100 x g and
incubated for 4 h at 37°C, 5 % CO.. After an additional centrifugation step 50 ul
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cells did not result in measurable Iysns e percentage specmc lysis was calculated
aspecific release (%)=[(cpm, experimental release) - (cpm, spontaneous release)]/
[(cpm, maximal release) - (cpm, spontaneous release)] x 100. All tests were carried
out in triplicates. SD within the ftriplicates was in all experiments below 6%. To
approximate the in vivo conditions we used unstimulated PBMCs from healthy
donors as effector cells. Rapid induction of cytotoxicity within 4 hours could be
observed without any T cell prestimulation protocol. As a control a bsc-antibody with
different tumor specificity (bsc17-1AxCDS3) but generated by the same system as the
bscCD19xCD3 antibody showed lysis activity not significantly above medium
background. In addition, no cytotoxic activity could be observed using the
plasmacytoma cell lines NCI and L363 which do not express CD19 as target cells
(Figure 4). In competition assays using increasing amounts of the CD19-specific
parental monoclonal antibody HD37 cytotoxic activity of the bscCD19xCD3 could be
nearly completely blocked (Figure 5). These controls show that the bscCD19xCD3-
mediated cytotoxic effects are antigen-specific. To get more information about the
molecular mecHanisms how the bscCD19xCD3 antibody kills CD19-positive target
cells we tried to block bscCD19xCD3-mediated cytotoxicity by EGTA. As shown in
Figure 6 cytotoxic activity of bscCD19xCD3 could be completely blocked by EGTA
indicating that specific lysis is a T cell-mediated effect (probably via the perforin-
pathway) rather than a direct (e.g. apoptosis-inducing) effect of the antibody itself. "
Using unstimulated T cells even at antibody concentrations below 1 ng/ml a
significant cytotoxic effect against Blin-1 cells could be observed (Figure 7). Even at
relatively low E:T ratios (5:1; 2.5:1) and at very low antibody concentrations of 10-
100 pg/ml the bscCD19xCD3 antibody could rapidly induce specific cytotoxic activity
of unstimulated T cell (Figure 7). In contrast, a conventional bispecific CD19xCD3
antibody generated by hybrid-hybridoma technique (5-7, 27) did not show significant
cytotoxic activity under these conditions even at concentrations up to 3000ng/mi
(Figure 7). This conventional bispecific antibody required additional T cell



10% & ()- 10" 10° 10°| %@10% & ()-"\ aBbC ’

2-#10% &' -Y1-#10% & -*-#10% & -1"0*- #1094 -*-#10% &' -3-# :
yz{| %C 98#10% & ()-f@gf)lo% & ()-' L% 87()- 10% &'(%)- 16776 O 3 e o
10" 4- #10% & () - 3NKbC  10% & ()- 10° 10° } N

10" f/ SH10%.& (),-S ' @10% & () -1 @109%.8& () --#10% &. () - 3sa "

sk ooptetinulais ani shsblay Sopeen atika el 04 naB8h B P e seeate () -
xmbC - 19YMic{lotodiBity (ot sﬂaQW%ﬁﬁkﬂ% &ohsistenPA P& litdrature cg5-7 273.
Y(,:10% & ()2 s*10% & () - YAEMDC SH1O0ME () - @10%E ()-F 10008 (-
@HLOWE ()-y@10%WE () - &LO%E () - #0H\ =nbC ) @LOWE () - 3

o) GFLOVE L)k 36 EROAE ()i a8l 0364 Doy STASTAG6. -4 v -©

through the cytotoxic activity of bscCD19xCD3

In order to assess the cytotoxic activity of bscCD19xCD3 on primary malignant B-
cells, mononucleated cells from the peripheral blood (PBMC) of a patient suffering
from B-CLL (B-cell derived chronic lymphatic leukemia) were isolated by Ficoll
density gradient centrifugation. These cells were consecutively cultured in the
presence or absence of bscCD19xCD3 for 5 days at 37°C / 5% CO, in RPMI 1640
medium supplemented with 10% FCS and, optionally, with 60 U/ml IL-2.
Flowcytometric analysis revealed that the peripheral blood lymphocytes (PBL) of this
particular NHL (Non-Hodgkin lymphoma)-patient (who was later systemically treated
with bscCD19xCD3; see example 7) contained 92,6% CD19-positive B-cells (= target
cells) and 7,4% CD83-positive T-lymphocytes (= effector cells) at a CD4/CD8 T-cell
ratio of 2,6 : 4,8. The vast majority of these CD19-positive B-cells consisted of
malignant cells. 3x10° PBL/mI per well were seeded in a volume of 1 ml each into a
24-well tissue culture plate. As negative controls served culture medium plus IL-2
and culture medium plus IL-2 with the irrelevant bispecific single chain antibody
bsc17-1AxCD3’(1) at a concentration of 0,5 ug/ml. As shown in Fig. 9, no depletion
of CD19-positive cells was detectable under these conditions after 5 days of
incubation. However, when bscCD19xCD3 was added at concentrations of 0,5 ug/mi
or 0,05 ug/ml (either in the presence or absence of IL-2) almost all CD19-positive B-
cells had been killed. The cultured cells at that time consisted mainly of T
lymphocytes with a CD4/CD8 T-cell ratio of approximately 1:2 to 1:3. This
demonstrates the exceptional cytotoxicity of bscCD19xCD3 towards CD19-positive
B-cells, since total depletion of primary B-cells by autologous T-cells could be
induced at a concentration of only 50 ng/ml at a highly unfavorable initial effector
target cell ratio of less than 1:10, even without IL-2 or another kind of additional T-cell
stimulation.
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transfected with an expression vector (pEF-DHFR; see example 2) encoding
bscCD19xCD3 and, additionally, a hexahistidine and a FLAG tag. Cells were grown
in serum-free medium (Rencyte) in a hollow fiber reactor (Unisyn). Five hundred m! of
cell culture supernatant were collected and sterile-filtered through a 0.2 um filter
(AcroCap; Pall Gelman).
BscCD19xCD3 was detected and quantitated by western blotting using mouse anti-
FLAG IgG (Sigma) and goat-anti-mouse IgG coupled to Alkaline Phosphatase
(Sigma). Detection was carried out by chemoluminescence using the BCIP/NBT
system (Devitron). Protein concentrations were determined by Bradford assay
(Biorad), using bovine IgG (Biorad) as protein standard. Purity of column fractions
was assessed by reducing sodium dodecyl sulfate (SDS) Bis/Tris 4-12%
polyacrylamide gradient gel electrophoresis (PAGE) employing a MOPS buffer
system (Novex).
Purification of bscCD19xCD3 to homogeneity required cation exchange
chromatography, cobalt chelate affinity chromatography and, as final step, gel
filtration. These purification steps were carried out employing standard protocols (see
below). A flow scheme of the purification procedure is shown in Figure 10.

Cation exchange chromatography: The cell culture supernatant from CHO cells was
mixed with two volumes of Buffer C (30 mM morpholinoethane sulfonic acid [MES],
20 mM NaCl, 3 mM EDTA, 0.3 mM benzamidine hydrochloride, pH 5.5) and passed
over a 70 mi-SP Sepharose Fast Flow cation exchange column (Pharmacia) at a ro(rv
rate of 20 ml/min. The column was equilibrated with Buffer A (20 mM MES, 20 mM
NaCl, pH 5.8). After washing with 5 column volumes of Buffer A, bscCD19xCD3 was
eluted with a step gradient of 45% Buffer B (20 mM MES, 1 M NaCl, pH 5.8) in Buffer
A. The eluate received 0.045 volumes of 1 M Tris/HCI, pH 8.5, containing 47 mM
imidazole, and was subsequently sterile-filtered (0.2 um; AcroCap). A typical elution
profile of the cation exchange chromatography is shown in Figure 12. BscCD19xCD3
was contained in fraction 6.

Cobalt chelate affinity purification: The eluate from the cation exchange column was
passed at a flow rate of 2.5 mi/min over a 10 miI-Chelating Sepharose Fast Flow



bCL' 109& ()-Fy 109%& ()-f3mLO%& ()-109& ()- 10t 10t 10t' T#10% & ()-giz dEbC
@109 () - 109& ()-ySH109%& () - rryS#lO%(%‘ ()-ny  109& ()-ySHL0%& () -z

] XdEbCF TH10%&: () - * TH10%WE: () - 18 0CT 01
109& () - L$STHLO9& ()-"109%& ()-109%& ()- (@xnbC 109 ()- 10 10

101 4G 0 ) AR 4qua%/§fee>m AR AR

S@*10%&8 () - F@ Eoidrdn hhd & d{ istareRCvith a a SHLAGE o )o-f M cobalt chloride.

109&' ()-3y" @10%&' ()- f& 10%& () - SEBH#10%&

fs@tloo/&fter) washing+eith @Saumar wqqlumegcﬁfaf&r( O Buffep A (50 mM NaHPQ,, 400
mM NaCl, 2 mM imidazole, pH 6.4) and a gradient from 0-12% Buffer B (50 mM
NaoHPQO4, 400 mM NaCl, 500 mM imidazole, pH 6.4) in Buffer A, bscCD19xCD3 was
eluted in one step by 30 ml of 100% Buffer B. The eluate was sterile-filtered followed
by approximately 10-fold concentration in a MacroSep device (Pall Gelman; 10 kD
cut-off). A typical elution profile for the cobalt chelate affinity chromatography is
shown in Figure 13. BscCD19xCD3 was detected in fraction No. 7.
Gel filtration: The concentrated eluate from the cobalt chelate affinity column was
loaded at a flow rate of 0.75 mi/min on a 124 mi-High Load Superdex 200 column
(Pharmacia; prep grade) equilibrated with phosphate-buffered saline (Gibco).
BscCD19xCD3 eluted in a fraction with a molecular size corresponding to
approximately 55 kDa (Figure 14, fraction No. 7). The gel filtration fraction containing
bscCD19xCD3 was supplemented with 5% human serum albumin (Behring) followed
by sterile-filtration through a 0.1 um filter (Millex; Millipore).

The abundance of bscCD19xCD3 in the cell culture supernatant and the various
active columns fractions, as analyzed by SDS-PAGE, is shown in Figure 11.
BscCD19xCD3 was the major protein band detected in cell culture supernatants
(lane 2). Highly-purified anti-CD19xanti-CD3, which was used for human therapy, did
not show detectable impurities (Fig. 11, lane 5).

Example 7: Clinical Use of bscCD19xCD3 in a Patient with B-cell Lymphoma

In a compassionate use a patient (A-B, female, born 1937) suffering from B-cell
derived chronic lymphatic leukemia (B-CLL) has been treated with the bispecific
single chain antibody bscCD19xCD3.

Patient History and Rationale:

The patient had been diagnosed with B-CLL in 1992. At the time of initial diagnosis
the disease had affected various lymph node regions and the spleen; in addition,
hemolytic anemia of autoimmune origin and an immunoglobulin deficiency was
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improvement of the disease. In December 1998, irradiation of the spleen was
performed to control the progressing splenomegalia of the patient. The patient
experienced a profound bone marrow depression with multiple infectious
complications. Her anemia and thrombocytopenia required frequent transfusions of

red blood cells and platelet substitution.

Due to the advanced stage of the disease and impaired bone marrow function, a
more aggressive or high-dose chemotherapy was not indicated in this patient.
Treatment with the anti-CD20 antibody rituximab was not appropriate since the
efficacy of rituximab in B-CLL was not clearly demonstrated so far.

A FACS analysis revealed that 95 % of the patient's peripheral blood cells were
CD19 positive éells while 77 % of the cells expressed the CD20 antigen. Incubation
of the patient’s peripheral blood cells with the bscCD19xCD3 showed a pronounced
depletion of CD19-positive B-cells (see example 5). Therefore the physicians decided
to treat the patient with the novel bscCD19xCD3 in a compassionate use. The patient
was informed in detail about the novelty of the compound and about the potentiél
risks and benefits of this treatment. She fully understood the explanations and gave
written informed consent for this compassionate use.

Description of the Clinical Administration:

Before starting the treatment, the patient underwent clinical examination and
extensive diagnostic procedures to verify the extent of the disease and to exclude
any additional risk factors. The patient was in fair clinical condition with anemia,
thrombocytopenia and weight loss but without any cardiovascular impairment or
other complications preventing the use of the bscCD19xCD3. During the night before
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Alkalization and heparinization were performed throughout the treatment and the
follow-up periods. In addition, the patient received all necessary symptomatic
treatment.
Blood samples were taken before and during the administration of the drug to follow

biochemical, hematological and immunological parameters.

1! administration of bscCD19xCD3 (April 14, 1999):
The patient received a first dose of 3 yg bscCD19xCD3 as 20 min-infusion in isotonic

phosphate buffer containing 5 % human serum albumin (HSA). During the infusion
the patient did not have any adverse effects. About 1 hour after infusion the patient
had chills for about 5 minutes followed by sweating, a moderate decrease of blood
pressure by about 10 mmHg and a moderate increase of body temperature (+ 0.5 °C)
for a few hours. In addition, her headache slightly worsened. The patient was treated
with another 2 mg of Tavegil® and 200 mg of Tagamet®, 250 mg prednisolone
(Solu-Decortin®) and 50 mg pethidine (Dolantin®). All symptoms released without

sequelae the same day.

2" administration of bscCD19xCD3 (April 15, 1999):

A second dose of 10 yg bscCD19xCD3 was given one day later under the same
conditions. About 1 hour after infusion the patients had remarkable chills, fever
(39.2 °C), slight hyperventilation and a hypotensive reaction. The patient was treated
with 2 mg Tavegil, 200 mg Tagamet and 300 mg Solu-Decortin and 15 mg piritramide
(Dipidolor®). For stabilization of her cardiovascular function the patient received a
dopamine infusion and got volume substitution. Following this treatment the
symptoms decreased remarkably. Nevertheless, the patient was transferred to the
cardiology department overnight to ensure proper monitoring of vital signs and
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vd_@ 10@ 1%%69 a%d_rln d edema of the lower extremities (April 18, 1999). Cardiovascular
function remained stable and the laboratory evaluations revealed no remarkable
changes with respect to safety, except for an increase of y-glutamyltransferase after
the second dose of bscCD19xCD3 (figure 15).
Since bscCD19xCD3 was tolerated by the patient and the adverse effects could be
controlled with symptomatic treatment, the administration of the novel bscCD19xCD3

will be continued in this patient.
Clinical and Immunological Efficacy of bscCD19xCDa3:

Clinical Results:

Ultrasound examination of the spleen and five abdominal and axillary lymph nodes
was performed one day and 4 days after administration of the second dose of
bscCD19xCD3. Already one day after the 10 yg dose (April 16, 1999), the lymph
nodes as well as the spleen showed a shrinkage of about 20 % as compared to the
baseline evaluation. This observation was confirmed in a second ultrasound
evaluation on April 19, 1999. The weight of the spleen decreased by 350 g (from
1630 g at baseline to 1280 g on April 19, 1999) (table 1; figure 16).

Hematological Results:

The number of white blood cells, which include mostly malignant B-cells, decreased
during the course of the treatment and the follow-up days (table 2;figure 17). The C-
reactive protein (CRP) is an acute phase reaction protein which reflects T-cell
activation and the effect of pro-inflammatory cytokines. it increased remarkably after
administration of 10 ug bscCD19xCD3, followed by a continuous decrease during the
next 3 observation days (table 2; figure 18).
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administration of the compound, was measured before and at various intervals after
administration of the novel compound. Serum levels of cytokines and of the soluble
IL-2 receptor were measured by a quantitative ELISA assay according to the
instructions of the manufacturer.

Tumor necrosis factor TNF-o increased significantly in a dose-dependent manner
within the first hour after administration of bscCD19xCD3 (figure 19).

Interleukin 6 (IL-6) and interleukin 8 (IL-8) also showed a significant and dose
dependent increase. Their maximum levels were observed 2 to 4 hours after
administration of the bscCD19xCD3 (figures 20, 21). All cytokines returned to
baseline levels within a few hours.

The soluble IL-2 receptor was elevated already at baseline which may be explained
by the mass of malignant B-cells expressing the IL-2 receptor. Following
administration of the novel bscCD19xCD3, an increase of the soluble IL-2 receptor
was observed, which indicates an activation of effector cells (figure 22).

Conclusion:

The novel bscCD19-CD3 was administered safely to a patient suffering from
refractory B-CLL. The tolerability of the bscCD19xCD3 at the doses of 3 yg and 10
ug was acceptable and could be controlled well by means of prophylactic measures
and symptomatic treatment.

The novel bscCD19xCD3 caused a shrinkage of the previously enlarged spieen and
lymph nodes of the patient, as shown in the ultrasound examination. Sincé
enlargement of spleen and lymph nodes is caused by infiltrations with malignant B-
cells, the shrinkage reflects the destruction of malignant B-cells as result of
administration of bscCD19xCD3.

In sharp contrast to any other bispecific CD19xCD3 antibody known in the art, the
bispecific CD19xCD3 antibody of the invention (bscCD19xCD3) exhibits clinical
efficacy in B-cell derived non-Hodgkin lymphoma as measured by the shrinkage of
lymphoid organs infiltrated by malignant B-cells. Advantageously, bscCD19xCD3
proved to be clinically effective at surprisingly low doses which are well-tolerated
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after systemic administration. Thus, the clinical efficacy of bscCD19xCD3 confirms its
exceptional cytotoxic activity as determined in vitro.

Table 1: The effect of bscCD19xCD3 on the size of lymph nodes and spleenin a
patient suffering from B-cell lymphoma.

Ultrasound measurements

April, 12 1999

April, 16" 1999

April, 19" 1999

Lymph nodes
abdominal 1) 54x 29 x 14 mm 42 x30x 13 mm 42 x 30 x 14 mm
2) 56x33x18 mm 43x 33 x 18 mm 43 x30x 16 mm
3) 46x32x27 mm 46 x 31 x 22 mm 47 x32x23 mm
axillary left 36x24x16 mm 34 x22x 15 mm 30x22x 14 mm
right 37 x24x 13 mm 33x20x 11 mm 32x23 x 14 mm
spleen 270x 146 x69mm 265x132x64 mm 265 x 128 x 63 mm
1630 g 1340 g 1280 g

The sizes of three abdominal lymph nodes, one left and one right axillary lymph node
and of the spleen were determined and measured by sonography using a Toshiba
SSA100 device. Sizes are given in three dimensions and in mm. The weight of the
spleen was calculated from its dimension and ultra sound density.
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Table 2: Blood levels of selected markers in response to treatments with

bscCD19xCD3.
April 14, | April 15,1999 | April 16, 1999 | April 17, April 18, | April 19,
1999 1999 1999 1999
Units
GGT U/ 22 24 (morning) | 124 (6.00 h) 96 89 87
- (evening) 107 (12.00 h)
LDH un 618 536 (morning) | 548 697 351 539
773 (evening)
Leukocytes Gpt/1 |46,8 43,3 (morning) | 36,9 37,0 28,3 36,6
22,3 (evening)
Lymphocytes | % 85 58,8 (morning) | 60,9 64,4 65,5 88
82,0 (evening)
CRP mg/dl | <04 1,0 (morning) |5,2 2.5 2,0 0,7
0,7 (evening)

Blood levels of gamma-glutamyl transferase (GGT), lactate dehydrogenase (LDH)

and C-reactive protein (CRP) were determined by standard clinical biochemistry
methods and are expressed as Units/ml (GGT), Units/l (LDH) and mg/dl (CRP). The
number of leukocytes is expressed as Giga points/l, and lymphocyte numbers are

presented as percent of total leukocytes. Baseline levels on April 1 4™, 1999, before

treatment are given in the first lane. The response to 3 ug bscCD19xCD3 on April

16" (which was administered on April 14" is shown in the second lane. The

response to a second treatment with 10 g compound on the same day is shown in

the third lane. Blood levels of the selected markers on four days following the drug

treatments are given in the last four lanes.
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Claims

1. A single-chain multi-functional polypeptide comprising
(a)  a first domain comprising a binding-site of an immunoglobulin chain
or an antibody specifically recognizing the CD19 antigen; and
(b) a second domain comprising a binding site of an immunoglobulin

chain or an antibody specifically recognizing the CD3 antigen of
human T cells,

wherein said domains are arranged in the order V CD19-V4CD19-V4CD3-
V CD3.

2. The polypeptide of claim 1, wherein said two domains are connected by a
polypeptide linker.

3. The polypeptide of claim 1 or 2, wherein said first and/or second domain

mimic or correspond to a Vy and Vi region from a natural antibody.

4, The polypeptide of any one of claims 1 to 3, wherein said antibody is
monoclonal antibody, synthetic antibody, or humanized antibody.

5. The polypeptide of any one of claims 1 to 4, wherein at least one of said
domains is a single-chain fragment of the variable region of the antibody.

6. Cancelled
7. The polypeptide of any one of claims 2 to 5, wherein said polypeptide linker
comptises a plurality of glycine, alanine and/or serine residues,

8. The polypeptide of any one of claims 2 to 7, whetein said polypeptide linker
comprises a plurality of consecutive copies of an amino acid sequence.
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oompnses the amino acid sequence Gly Gly Gly Gly Ser.

11, The polypeptide of any one of claims 1 to 10, wherein said first domain
comprises at least one CDR of the Vy and V_ region comprising the amino
acid sequence encoded by the DNA sequence depicted in Figure 8 from
nucleotides 82 to 414 (V) and nucleotides 460 to 831 (V) and/or wherein

- said second domain comprises at least one CDR of the Vi and V. region
comprising the amino acld sequence encoded by the DNA sequence

depicted in Figure 8 from nucleotides 847 to 1208 (Vi) and nucleotides
1258 to 1575 (VL.

12.  The polypeptide of any one of claims 1 to 11, wherein

(a) said binding site of the first domain has an affinity of at least about
107 M; and/or

(b)  said binding site of the second domain has an affinity of less than
about 107 M.

13.  The polypeptide of any one of claims 1 to 12 that is a bispecific single-chain
antibody.

14.  The polypeptide of any one of claims 1 to 13, comprising at least one further
domain.

15.  The polypeptide of claim 14, wherein said further domain is linked by
covalent or non-covalent bonds. '

16.  The polypeptide of claim 14 or 15, wherein said at least one further domain

comprises an effector molecule having a conformation suitable for biological
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A polynucleotide which upon expression encodes a polypeptide of any one
of claims 1 to 16.

A vector comprising the polynucleotide of claim 17.

A cell transfected with the polynucleotide of claim 17 or the vector of claim
18.

A method for the preparation of the polypeptide of any one of claims 1 to 16
which process comptrises cultivating a cell of claim 19 and isolating said
polypeptide from the culture.

A composition comprising the polypeptide of any one of claims 1 to 186, the
polynucleotide of claim 17 or the vector of claim 18.

The composition of claim 21 which is a pharmaceutical composition

optionally further comprising, a pharmaceutically acceptable carrier.

The composition of claim 21, which Is a diagnostic composition optionally
further comprising suitable means for detections.

Use of the polypeptide of any one of claims 1 to 16, the polynucleotide of
claim 17 or the vector of claim 18 for the preparation of a pharmaceutical
composition for the treatment of B-cell malignancies, B-cell mediated
autoimmune diseases or the depletion of B-cells.

The use of claim 24, wherein said B-cell malignancy is non-Hodgkin
lymphoma.
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(@)  culturing T-cells and CD19 positive cells, preferably B-cells, in the
presence of a polypeptide of any one of claims 1 to 16 and optionally
in the presence of a component capable of providing a detectable
signal in response to T-cell activation with a compound to be
screened under conditions to permit activation of the T-cell, and
! (b)  detecting the presence or absence of the signal generated from the

interaction of the compound with the cells,

28. Cancelled

29. Cancelled .

30. Use of the polypeptide of any one of claims 1 to 16, the polynucleotide of
claim 17 or the vector of claim 18 for the preparation of a pharmaceutical
composition for the treatment of B-cell malignancies, B-cell mediated

autoimmune diseases or the depletion of B-cells.

31.  Use of the polypeptide of any one of claims 1 to 16, the polynucleotide of
claim 17 or the vector of claim 18 for the preparation of a pharmaceutical
composition for delaying a pathological condition which is caused by B-cell
disorders.



