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cl eavabl e linker 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



In this context, it is also understood that the polypeptides according to
the invention nmay be further nodified by conventional nmethods known in the
art. This allows for the constructionBof chimeric proteins conprrsranﬂMézmu
pol ypeptide of the invention and other functional am no acid sequences,
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subst ances produced by plants, aninmals, or mcroorganisns that, in
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by Cor ymafadher pwﬁerdéqbletrﬂmdrraemﬁmfdhe drarention .esédl fitsh andfoe secoad dpmalinios t oxi n
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cory oo MR aRade Blshoelie AndBofi) s BRRiNc ErtRog s T T adentoduct, can
be eaS'dsyFaﬁCEr/t@r' Sely f@gnrém@%t@f oP 'z cAdmcaRY| ﬂnbdmadtcréﬁ\ewe Hhaiever

appropriate 't erson led in the art nay use a pol ynucl eoti de of the
i nvent dbesaﬂe‘éon@cﬁenlalhemtqum oan bacpiépaecripr exemple, tihe theh tachnitpmsr aded
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appr ecigHzanidnata rmMOByWﬁr&hlc@ﬁgﬁr‘se&h@ fUSIYR S infLskAmy BB s 88lls @F splBen

constructron of other polypeptides of desired specificity and bi ol ogi cal
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i nportant therapeutic and scientific role in particular in the nedical
field, for exanple) in the devel opnent of new treatnment approaches for
B-cell related disorders such as certain forms of cancer and autoi nmune

di seases or as interesting tools for the anal ysis and nodul ati on of the
correspondi ng cel lul ar signal transduction pathways. In a further preferred



conprises a nolecule selected fromthe group consisting of effector

nol ecul es having a conformation suitabl e for biological activity, B 2007
aci d sequences capabl e 13 1 B O C T/2002 of sequestering an ion, and

am no aci d sequences capabl e of selective binding to a solid support or to

foi e T EeEtee oS € FadRbibpRia i Al e et RIS el hFora
fact or,omtginbddbf %ﬁ\'r@rjo'nﬁ‘éthgﬂsf ARl ,ar%ymlﬁe@e e Yt %Ki RErloWOLABNEand

renotely detectable lety, anti-neta , a radi’oactive atom or an
ant i geri'AnShodiea,ntAgé.abomhorlye,Mantml':, £8HinBresant Cokh, Spring r Herbwom; | 1288, a
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sor ect BBt Ehede anlosdies idoehiua Aoed Bel el ERYSaT O R0 e
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avi din, streptavi functf onal nt 'of Staphyl ococtus protein A,
GST, a Miethodag1 83a( FA95G% Td@) oTrheeproductm ofschimedici drdibodiest inedegspbed etbr

Ex | e th t nmplfied.b | ech

ot boremef S\é@@@i?gg?ar Metdes ot ihe e FBRTor rReniedd 2othAdesale "
term nades'dhﬁe@ g, t@gt gR.AY Hopagasyo PaHd fwerdd/onsend Adalrkéd %Burth%f ,
FLAG tag used in thé exanple conprises 8 amino acids (see Figure 8) and is

t hus pr&m@pdtﬂSytmsb@dunhz doraganianget With Hbeppesent invandiani aie. Spadedr

FLAG | ded
FLAC SRR e fptese 4 B R Rl I TUABLERSE 4 abfpegpEeTce
wel |, Tdrgibetifescsih aslmnﬂmarmbdd@m inomRei i@ Gespribedeln, dasc WO /1l may
be pre in a pr which itself is either active or not and which

may be \5’978@/9860%\6’@ 95/36096%616\9’91%63 é&tain cellular environnent. In a

nost preferred enbodi nent of the invention, said receptor is a
costimul atory surface nol ecul e inportant for T-cell activation or conpri ses
an epi tAptibddiesdionhe stmploged dn laocomianceiwith tie iivieation ror ahéiarcolresponding

P TR s g MRS rikiled WG LR\ Bhoa {eRRRiqIBLecY! ©
known in the art, for example, by using amino acid deletion(s), insertion(s),
substitution(s), addition(s), and/or recombination(s) and/or any other modification(s)
known in the art either alone or in combination. Methods for introducing such
modifications in the DNA sequence underlying the amino acid sequence of an
immunoglobulin chain are well known to the person skilled in the art;‘see, e.g.,
Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory
(1989) N.Y. The modification referred to are preferably carried out at the nucleic aci‘d

level.

In a further preferred embodiment of the invention at least one of said domains in the
above-described polypeptide is a single-chain fragment of the variable region of the
antibody.

As is well known, Fv, the minimum antibody fragment which contains a complete
antigen recognition and binding site, consists of a dimer of one heavy and one light
chain variable domain (Vi and V.) in non-covalent association. In this configuration



14 10 0 C T 2002 Yet, in a further enbodi nent, the present invention
relates to pol ynucl eoti des which upon_expression encode the above- deCi 3652
pol ypepti des. Said pol ynucl eoti des na§ be fused to suitable expression
control sequences known in the art to ensure proper transcription and

| f th b . g. ,
cONA, ARGt BPTeSRATS, A 5 B gt TR RS I1a e RBMRSRITEYaDoruced
Chi T iy i bl W{)@@]ﬁ%ﬁeﬁg A e e

ei t her aloneo at’1 on sai d ucleot

vect or blrﬁﬂﬁ? siecbaribe nayfacongir ihee Viust dﬂllﬁ’ferg@@ﬁecme%h he mr(BIBF{sg@U”rﬁer whi ch
allow for the selection of said vector in a suitable host cell and under

sui t ablaatigendbindings spaaifisitsrtabihg, aﬂhléoqyoniramemem dERs} fleningnihenCDhs i s
operati eI y ked ,t o, expression ¢ uences ow n ression in
or okar e it RuTEREER 1 Bs gl cpBsehird B5 Pafis MYimdEe EEBH G570
conpr i $@8cldsts &bl Ahithah BRdPAOYIRIThess Fee ddi/e téhblcPs GRS e tHERNA.
Regul atory el ements ensuring exPreSS|on in eukaryotic cells, preferably
marmal mmwﬁate orinéatiosl TherooRatant domeses sid noletequiredhier aindingrfungtios,ual | y

oot | ondtt pdbrlL R SaBRAE VarT, RIECEE £ VR ShoBrvEamie 3TN B GRS
st abi | 'aﬁéF\? g0mpfisigory R8s OIS sPsitd fopanlantigsh) RO AIRYRSTEcoFhlzel ol ude

transcri pt I ON as “wel as translational enhancer S,
nat ur alang- Bisslogntigen ajthOtighews:uadnlgoatsadewabtaﬁmltyema@nsn %E@lmm@ngeﬁjhﬁl atory

the. pLPRREe Ederin TR 7ol 858 T orRBE heifyel il Beandve
el em”H%nﬁ?ﬁ%Féér‘?@ngjé@é@ﬁﬁt% iaRtigerk Bindiig Sitdheart pederly falde t he AOX1 or
GAL1 pronoter in yeast or the CW-, SV40-, RSV-pronoter (Rous  sarcoma

virus), CWenhancer) SV40-enhancer or a globln intron in mamual i an and
other animal cells. Beside el enents which are responsible for the
initiation of transcription such regulatory elenents nay al so conpri se
transcription term nation signals, such as the SV40-poly-A site or the
tk-poly-A site) downstream of the pol ynucl eotide. Furthernore, depending on
t he expression system used | eader sequences capable of directing the

pol ypeptide to a cellular conpartment or secreting it into the nmedi um may
be added to the codi ng sequence of the polynucleotide of the invention and
are well known in the art; see also, e.g., the appended exanples. The

| eader |ﬁg%|§8gsgbhde¢s éﬂﬁg)in\?e?ﬁlﬁﬂtga%jdbn‘ﬁaﬁ'@pérgp“ ate phase with transl ati on,

initiation and term nation sequences, and preferably, a |eader sequence
capabl @r@hgédriedne ngmé&nB&thVH@lme\@@«?aVE@D@,r wheiai) "' aandpi'MHt' meansher eof ,

et or of a0 806 HEk e SR8 o The FBMABR A of TREGY 3830t i 6P

i ncl udiapgbediebt t ermi nal identification peptide inparting desired
characteristics) e.g., stabilization or sinplified purification of
expressed reconbi nant product; see supra. In this context, suitable
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for prodeithoduficiBRs i spaY tﬁé &ﬁstaﬁo@wweémee (e K841 08ndI 38 o%eaf said

incorporated into the appropriate host, host i s mai ntai ned under
condi t |d@nmnes“opamre1rfgosand|tgmdmg\&'aeSeam &tesNdﬁrmmai Ieedrmfcthe(ntheleotequdences

and as desi.red, the .coll ect and, ur| |on p epti de, of the
o en: OIS “oorhPasifg Leald  bARIR" BB Lt Fha° BoRhebide PRLYBERRYSHER above.
the polaxéguﬁwie%%'c%f&fnénbﬁ smﬁaertt *f&nbmam b@h@ﬁ%ﬂs@dsé@emoaq@éo@a&élu%na
vector to express tggegr%keje of the i nvention in cel

€.g.
gene t fsptasablyr salobgalapept i ewnprsesr alpiradit of Blyeie, adﬂmm cmdéor The
pol ynu%le(r:‘lﬂte' IdeeSldqurS Yi£Ss YWidher 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



cont ai ning the DNA sequences) encodi ng any one of the above descri bed

pol ypeptides is introduced into the c%jls which in turn produce thel 8 0CT 2007
pol ypeptide of interest. Gene therapy,” which is based on introducing
therapeutic genes into cells by ex-vivo or in-vivo techniques is one of the
most | A BLId8ARLY RbHCES Wel.IRNE breRiREE lemiitlinBRl f YRS RUENJFFLARIS of
gene-deli very syste or In-vitro of In-vivo gene therapy are described in
the | i tpolyteptieledimtencembrieas 1tto Stdminpeacidoresiduds.ed in the art; see, e.g.,

G ordano) Nature Medicine 2 (1996)) 4-539; Schaper, Circ. Res. 79 (1996),
911- 919" gRRdicYGAY %ﬁfﬁyﬁ@ee@é@g mmgf t%ee@r@ssntsnv rq?as,alwmﬁ)@p@@@ﬂakémgg@ ,
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Gene Ther. 9 (1998 2243-51: Wang, Nature Medicine 2 (1996), 714-716; WD
94/ 2946351d ERYBNARGHGIVIalysGldRer859: US 5, 589, 466: or Schaper, Current

Qpi nion in Biotechnology 7 (1996), 635-640, and references cited therein.
The pol ynucl eoti des and vectors of the invention may be designed for direct
i gt r oddota} turther pfamtricdlaltr;y przhﬂerkéaﬁembo;ullimépps?ms} domairr gi theepcbI | lppeptice. of. , |
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conpri s§f taeP@l MAHOY eRidisHe compridingothe MAlNoPaaH séjuehcé Rhcbay¥E by BB DNA
Preferably, said vector is an expression vector and/or a gene’transfer or
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bovi e TR 19 of75, (Phle el Ay, SR PRROGH B Adrhiione Fedifs, hit 682" o,
vector tofethee withveditl CDRE N pat@itarasitbotidd. ThePCDHS edrtainkEtinabe vakiable are
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wel | - known net hods, which vary dependi ng,on the type of cellular host. For
exanpl nNvertin. Rretarallyi sridindlyrandide; camprisesdhadmipo @cid poaencs e’EﬁQﬂ@&jr yotic
cells, j : t I ' used
For ot rif BETNR Telusibe v Baplied IFSIARY, o Mo EEIAREE Hd 86 1578, The

pol ypepperdes siflletilie ty esenitl readignappreciatan tiae binding sites of ther polppeptidesdfandar d
procedu%es of the art, includiqg anngfiun1sulfate reciPitation, affinity
col umstNecHVERYPTE FRBRR GRStENRIed ROCOKIRG P JPHEPES i KoL N He Bk Is &S
Scopes, dedariBbaiif EPYAH fdt o4 PP and TP ANGPE4YeBhag, N Y. (1982). Substantially

at le

pure pol ypepti des of ast about 90 to 95% honobgeneity are preferred,

and 98 Tle domains ofdhe Minding sites of ther polympentiderafitiee iraentioo prefesablinbeuve iacal

oy et ThastBLediRataynindlonl TR SRRy bt saenelli ot psital 1 y)
or 1 n dentiioaly! a0 imndnoglobaNMichaIARYe ME efIkefved trctn SBLbh Hingihgesite

enbodi ment , present invention relates toéF cell containin
pol ynucli@paingecat hawe taobintling affinity abat easeriér Mr'alpreferally chat nighersthan

eukar yoj A7 -1 rably a mamml ian cell if, tiherapeuti c uses e

pol ypepmm g?o@%%mé58@9‘?')(&“@610!?9@99983'&“Pa‘ﬁd1Cf g@s Cﬁf’?é%‘?frfé&%b% @Ipaﬁi;ot ic,
e basiqan. al cells may serve as well, in particular if the produced

pol ypeptide is used as a diagnostic neans. 17 ~ s o c r zoos The

pol ynuclnebprajerred emhadinent oftthe pohpeptide of e ioMentiorpr esent in the host cel |
may either be integrated into the genone of the host cell or it nay be

mai nt ai ned extrachronosonally. The term "prokaryotic" is neant to include
all bacteria which can be transforned or transfected with a DNA or RNA

nol ecul es for the expression of a polypeptide of the invention. Prokaryotic
hosts may i nclude gram negative as well as gram positive bacteria such as,
for exanple, E. coli, S. typhinmurium Serratia marcescens and Bacill us
subtilis. The term "eukaryotic" is meant to include yeast, higher plant,



In a further enbodi nent, the present invention thus relates to a process
for the preparation of a polypeptide ﬁﬁscrlbed above conpri si ng culﬂlnﬂﬁﬁiﬁﬂ
a cell of the 18 18 0 C T 200l invention under conditions suitable for

t he expression of the pol ypeptide and isolating the pol ypeptide fromthe
cell or t u c{?’fr‘ﬁé r ™M
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and biological function. The polypeptides of the invention are expected to play an
important therapeutic and scientific role in particular in the medical field, for example,
in the development of new treatment approaches for B-cell related disorders such as
certain forms of cancer and autoimmune diseases or as interesting tools for the
analysis and modulation of the corresponding cellular signal transduction pathways.
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Standard deviation in all triplicates was below 7% Figure 4: Chrom um

rel ease cytotoxicity assay with unsti nhll ated primary human PBLs ang@%EZW
pl asmacytoma cell |ines L363 and NCI 3Rd t he | ynphoma cell 1ine Daudi
ratio 20:1; incubation time 8 h. Figure 5 Inhibition of the cytotoxicity
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position 1 and ends at position 1593. The first six nt (p05|t|on-10to-5)
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cpect 1 Palbihe, MeEilliiaisien KDGRRTEMER Yt Fast Bin b Guctto,
V~CD19 cordtivitCé8pmbizipe cleotetsy ; ses)cigrobkdeplisl 7 tHed t wawl dedofibed H575
encode VHCD3 and V~CD3, respectively; and nuc|eotides 1576 to 1593 encode a
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cells. The vectors containing the polynucleotides of the invention can be transferred
into the host cell by well-known methods, which vary depending on the type of
cellular host. For example, calcium chloride transfection is commonly utilized for
prokaryotic cells, whereas calcium phosphate treatment or electroporation may be
used for othey cellular hosts; see Sambrook, supra. Once expressed, the
polypeptides of the present invention can be purified according to standard
procedures of the art, including ammonium sulfate precipitation, affinity columns,
column chromatography, gel electrophoresis and the like; see, Scopes, "Protein
Purification”, Springer-Verlag, N.Y. (1982). Substantially pure polypeptides of at Iea§t
about 90 to 95% homogeneity are preferred, and 98 to 99% or more homogeneify
are most preferred, for pharmaceutical uses. Once purified, partially or to
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.



B-G relative B-and CD4+- and CD8+ T-cell counts after t = 5 days gf i
I ncubation at 37C/ 5% C02 in the abs Zce (B-C) or presence (DG)1 fDCT 2007
bscCDl 9xCD3 (concentrations as indicated) with or wthout 60 tJ/m IL-2.

Negative controls contained either bi speci fic single chain antibody (17-1
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Fi gure 14: Itration of anti-CD 9xanti-CD3. Protein concentration was
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hours (lipkedopened agdtexpressing thmlin,de.gg 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
polynuclectide 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 celis.
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



additions. Arrows indicate the tinme points of drug adm nistration. Figure
16: U trasound neasurenents of the spl gen of patient A-B. A Deter m%e%b
of spleen size dated April 12t", 1999, prior to bscCD 9xCD3 therap?| /
figure shows the enlarged spleen (size 146 nmx 69,2 mm which is due to

the i nf| ; I z
dat ed ADY e A0t s Rbiof Bie SxprEasih] VR, B pEPde R0 it E o by
1 0, ug otmeAgulypeptile fromThecéil gutre clenmasiediiras shrinkage of the spleen to a
size of _132 mm x 58,9 mm caused by systemc treatment with bscCD 9xCD3.
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fol | ow n@cdssahogl\s‘c&iesewbenblamve the binding sites are preferably derived from the
variable region of antibodies. In this respect, hybridoma technology enablée
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 can 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 necessary, point substitutions seeking to optimize binding may be



which are nerely illustrative and are not to be construed as a limtation
of scope of the present invention. ggpl e 1. Coning of Variable (1\9 0C1

| mmunogl obul i n Donmai ns The V tight-ch (VL) and V heavy chain (VH) 2007
dormains fromthe HD37 hybridoma (22) were cloned according to standard PCR
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pri mer sexmuple, laq:n:blype:dﬂdbedf tbe i;fentibf4pn beheonddtsted thaiee.gntconSiads stthe

fragnent, s ki.n I’OVI A. Traunecker |l e 2. Construction

of “Bi S SBR-eha gy STRSTEH B iien EXa KRR oot Iheb BIGATS; GaptmuIaory
protein CD80 (B7-1) connected by a (Gly4Ser1)1 linker. The CD80 costimulatory
protein belongs to the Ig superfamily. It is a heavily glycosylated protein of 262 amino

acids. A more detailed description was published by Freeman, J. Immunol. 143
(1989), 2714-2722. Stable expression can be performed in, e.g., DHFR' deficient
CHO-cells as described by Kaufmann, Methods Enzymol. 185 (1990), 537-566. The
protein can then be purified via its His-tag attached to the C-terminus by using a Ni-
NTA-column (Mack, Proc. Natl. Acad. Sci. U.S.A. 92 (1995), 7021-7025).

Additionally, the present invention provides for compositions 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,



To obtain an anti-CD19 scFv-fragnent, the corresponding VL- and VHregi ons
cloned into separate plasm d vectors gﬁrved as tenplates for a VL- and
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and pro{@d @ POEHpidost i BNA BidsdRE Ase @!Qﬁ\‘f‘abbiﬁ@ﬁs[dﬂthe||rﬁ\/éd1'|©nfrﬂhil®é‘ ng
exanpl es, results obtained with the FLAG containing version of bscCD 9xCD3

are il |@@mmt@ted toaally iof Aystamaticaliy.c Aomixsinsian v ga@eaJwebmatawmer@ﬂy.
t f t h
une pur e B da Rl DNATS affo B adr il B dteted BRI id Eab 3 0

on a N bletocdéwmy dc aheipteinabdr [ektdrnalﬂaegétssite%r byscatheteedo fa eite ianNi - NTA
columm as a distinct geak at a concgntratl on of 200 m\ i m dazol e. SDS-Page

was car@it@y- GUEPAEHBRsi iRy RaseNgEmAdMiniaiatin: iNCkideostedia a0yePBRet BYN-

t t
of the TUlRd} SRS SBppensiol S Bod Ty FRAoRISOY RERBAUIBLP KPS o
si ze ofare phepyas Alyqob0 pkivaihylébearghfcel,3ve@etabiengilpr mypir aseeh\m‘ oithend
bsc- AbCDI 9x

Bi ndi n ecificitie f . the bhsc-Ab to CD3 an 19 wer e

o houn ST Bl ReRS e s EivRioial Adtsiots, famiera, ANudE NaER, Pencs
and a nalegbeélicpd Lwofutsegdamon@Dé&rumsmé bwgu%mldnsl Mmﬂhﬁ@isémié ahd Baffered
i ncl udi ng Bllncf Daudl, BJAB a : 9-positive B cell
| i nes DAgdia. Eeafqnteramﬁhmﬁ Knelpde sqﬂmmoﬁabondsmlunonhﬁiﬁge@\sﬂewraﬁ@f or med
B cell | r | ysi s

and cht G2fbss a5 Sotin? oHdiite, 1acreh HRIGBHET kol o iy el BBl \EnfRg ¥ %,
2002 | i imefudBLiB0d @and niutdemtl rephardstiasyelastiolyte irapleni¥Birs (slich34S those tmamt ive

f bot h f | | . CD19. .. Cel | | t d
Compl ot 01 ARESTE AR Gl ARUOVIKEN P1ew it SR s o BGHINGS Tl SR
washed MidsBnPBSeh r@ HéP%&Qﬁﬁ)lé nar?tﬂﬂmrdﬂual? B§nWo§<f&ia¥1@s V&ﬁéléfﬁ@'&géﬁ%ma?@in

Mar bur g, Ger many) ‘)09 incubated for ‘30 mn at 4C. After a
cent ri f kgt g@esSarubtr(elb xlngadditl@ﬂ rthec;étalrmamewtmal goutpsdion of the present

at a0 gl ol Brobdhel protiddbiler CHERIT b TR g shulty BRI M
bsc- Ab mﬁhﬁsgleb@unegqirétér@myldffqayrna@@n@m thmelriir@féamé lBneRaysd tMatsthiesed.
The irrel evant bsc-Ab 17-1 produced by the sane expression system as

bscCD19RW313Q§UtIGNé30mF?>0&lt&§‘ gfrfthpba\sﬁpt@ndn@hg@Qmaasgﬁrﬂtej&nploglcéuh@@tues

e ot S00AE) HeRRTARE PP ATF cibhbey "t S SrerbRRl L st P o

2) . Exaa@éms4mlgmtbéodnugsaabtfng ton dfie tdustriosintelticBl Systom, adaigsstcting as
CD19- positive homa cells The bscCD 9xCD3 anti body proved to be highly
cyt ot ox?ﬂoﬁ*@F'C%:e\r;EV% prenendien uperutikenda pRARY segentseplal eatisERp! (FPgure

L. (PBMCs) as effector cells were
|soI at g@ﬂprﬁl‘éﬁ Pﬁésl%&ﬁle%g?gx @gwoml Ctﬁé onors usi ng LynphoprepTM
(Nyconed) gradient centrifugation with subsequent 100 x g centrifugation
steps to renove thronmbocytes. CD19-positive B cells were depleted using
Dynabeads M 450 CD19 (Dynal). The depleted cell popul ations were anal yzed
by flow cytonetry (Becton Di ckinson), which showed a 99% depl eti on of
CD19-positive cells. The PBMCs were incubated over night at 37C, 5% C02
CD19positive B cell lines (Raji, Blin I, Daudi, BJAB, SKWs.4) were used as
target cells. Cytotoxicity was neasured in a standard chrom umrel ease
assay |n round bottom 96- wel | - pl at es (Nunc) u5| ng RPM 1640 corrpl ete rredl um
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supernat ant was renoved and assayed for released 5 C in a gammm C?Lbnb(?r ’
(TopCount, Canberra Packard). Spontanequs rel ease was neasured by 1 2002
i ncubating the target cells w thout effector cells or antibodies, and

maxi mal rel ease was determ ned by incubating the target cells with 10 %
TritonX I'ls
did not 1t31§%3y{s%§883%)a®%r@%$ﬁqlﬂglégtﬁﬁ{rLet‘g%ér gaent agemghg,@l@? ﬁd&{ éﬁ&R/@Eto‘@

cal cul abktheafwentidn are eldezinistared :e[thepa)onexcpreml mnncaﬂnbrmdtleasm)ng s(amriard

spont aneous rel ease maxi mal, rel eas spont aneou
r gl ease)/FCthslo@n%ZM) Q@é@s C{&V@Vcaﬁﬁt@@l‘soutanidn op QJ'FEITé’at ethe V\Wﬁtpli et he

triplic 0 i: ¥ O
condi t 1 BReTIRCieEFinkeFHiEPle SEMRERLE APishl SRR RRE ke AR SBRA st

cel I's. Baphdcledtdss bpvestbremagbexdtably integtdied into Iﬂwgen@meldﬂb@sotbyeetr ved

wi thout any T cell prestinulation protocol. As a control a bsc-antibody
with different tum)r specificity (bscl7-1 AxCD3) but generated by the sane
system e gx 0 S, @aC o) Lid gantly
above men HRERMEF el G, AL Ry BeoUEEt WhEhCerRCiadiid 1t KorfhP et 6F
obser vedssmmsngnd Ipers)d;taarwcybeifea Siefabld phmna\d@lutlaaioba_rﬁé& whd elcipenteoare

expr ess 9astar et c ure. 4 I n co etition assays, us
hor cas el aﬁhﬁjh@m (SREELHFA) GRS, BIARY & HOOH I tR1Sh e D87

cyt ot oxi ed
(Fi gure %e?‘ﬁ@hééé*fﬁﬁ oL TR BEEREEH o depltneR, AV SR Bhe S ok
effects dtueasesn,twmehas@eelafedcto BFoeIgE&latednmmuﬁauieharenomseamﬂmatlgmndﬂsecu| ar
mechani sms how t he bscCDI 9xCD3 anti body kills CD19-positive target cells we
tried to block bscCD 9xCD3-nedi ated cytotoxicity by EGTA. As shown in

Fi gure @uembaherd, Gt %tﬂo‘ébﬂﬂe @ @C%W%eﬁ%ﬁl%@ﬁpégﬂﬁﬁ edfedne Ivestiss by
EGTAlndlcatlngthat ecific lysisis a T cell-nediated effectr}'ﬁ]robably
vi a t he Whiglt eemppaes Uﬁ@phéﬁ? of veRta Qilth@dlﬂVE(rélodj inagri Byarapy. neHitabig))

ffect bod
concent D20 ARG, Syms gy ncId Sostings. TEbBUBH mediBlerCaAER, ity P
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. 0. at ver ow antl bo concentr 1 ONS O e ..
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cytotOX| C|ty (not is consistent with the Ilterature (5-7, 27).
Exanpl e lt5is thlB‘P é’ﬂd@ﬁSt@@d ﬁ'ﬁ?tn@@y'ntrﬁﬁuqﬁ%QﬁWUQE@BW% apg ‘éﬁﬁt@ﬂso@?@jgssri%l | s
th h b
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nononucldeangctheenlfbsmbr omsahieceléchpxhexaﬂnptﬂ oa::eil (rmvmm«:ﬁ s&atpmtewmessﬁfﬁé ering
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ool | ElebElpoRa e She . cortbaet SRPrele. OO SETLBRES Ta v

cul tur e‘énpﬂlﬂ\e ohed Ebé‘&ﬁﬂf‘getoomeﬁ*b%%r\ﬁ@" RﬁoWﬁQ@%é@é@allé@m ﬁ1éj§MSR§fh93?ﬁ‘arﬁ 5%
CO02 in RPM 1640 rmedi um suppl emrented wth 10% FCS and, optionally, wth 60
um | LuzmgFémnewowmeptarsazvfad:h/sostarrevwl @iginhat rem@ab@m,u hosireells iglandele

| ynph h | - ki_n, |.ynph - pat,
(it vedteicteg wite 4 RBNBERREN &Y 4 IneRiRRREH B e E Ttk R B8P
contai ne@ $d G¥mdld- QQﬁarbté/%lé’srﬁ@b.' Followiry aed nﬁﬁba@dtmn@f fofdgn DNA,

CD3-positive T-1ynphocytes (= effector cells) at a CD8 T-cell ratio of

2,6 : 4 eaglneeéed/agﬁ)s mfraym alLoWﬂd torgrow fop1 @w lnuareermfwd edian endiaen of

o 02 B SR A SRR B Y54 SRR o st eblobaflr e

nedi um pbHfers lFert@ﬂde a9 lthe!keleBBEh WAt Rlibws! for tharbélbetidreof telRd BAVERG stably
bi specific si gle chain antibody bscl7-1 AXCD3 (1 ) at a concentration of

0, 5 , ugintegrased dhewaasmidAntp their moa@@pma%@ndngr@mg feesi forl, whigh! instuias

et o SRRSO SH8 S BATRR A Tef, 048 SlahdpHrLyr Buel UG b

(either in the presence or absence of IL-2) alnost all CD19-positive B S
cells had been killed. The cultured cells at that tine consisted mainly of
Tl ynphocytes with a CD4/CD8 T-cell ratio of approximately 1:2 to 1:3. This
denonstrates the exceptional cytotoxicity of bscCD 9xCD3 towards
CD19-positive B-cells, since total depletion of primary B-cells by



10 0 C T 2002 38 Exanple 6: Purification of bscCD 9xCD3 for therapeutic use
BscCDI 9xCD3 was produced in Chi nese ha ter ovary (CHO cells stabl§QCT 2007
transfected with an expression vector ?EEF- DHFR, see exanpl e 2) encoding
bscCDl 9xCD3 and, additionally, a hexahistidine and a FLAG tag. Cells were
grown i Y=Y f j ; [ f HSH¥N) .

2 Ve PerFEHRY UsBRATR SolRrh 7 Bethid 16 e WeieaiBn P Rimp AT vl
steril eefgl,|B-echT-ddirinteghctior). 2 ,um filter (AcroCap; Pall Gel man).

BscCDI 9xCD3 was . detected and quantjtated py western bl otti

ot | LA U ar ) SRS CoR S\ UmE Y Deraised, Mpicia pibaot g tedk i, The herpes ~°

Phosphay; i I i e ] +Usi n
the_Bo EREe 2y & BxpigEleKinll (WASISFoCE 31 Qg7 Rie &) ipaReaReR sy’ 10
Br adf or ghesytayibo&jltrapsfeyases (SrybaizkanPrdq EldtBiAraad Sca U $A o1e{ 1962) a20R6)d.
Purity of colum fractions was assessed by reduci ng sodi um dodecyl sulfate
(SDS) ~ BRRY Bepsing- phospirPasy ireasietrseytlaiye feely R (éE%Q)t: EIghdn &si SopmHARE)
enpl oyi - £.f: S em. : b I

omogerant o e hda galy; ol FiHRItlle FNioahiasal b laat B e ek bF

af fi ni t geletiicomiat abfrapinjcracohfersrekistear cestoapittotiextid (WigtérpRrocT iNetle Acad.
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was m xe r'phol’i noet hane sul foni c
aci d [ VES] (1980),nRORAGI ned miictDLan{drs Sresidthree doi then@antindglycodide i Ged1HH

Chhr G ABSEE GAtABl o Atel o SR A3BRS. D Vbt i Reroniels: TRl G ¢
Buf fer RydrdfhyvieM (é:a%teﬁgb %h%'% aBk) 5149): oFbLRImyshs hatg pmdrhyén'Wbté@thS%

vol unes ot Buffer A was el uted with a step gradient of
Buf f er Wansferaae).MAdditionsl selertablHgenes haveBoegre descri for exaepiectpBed

0.045 v risf H 1 8. tal ni I was

subsequihiyAERs foll | lzBdheol T bigin 6P RiloRhgS. iy Vil ARa Bpgy
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SC X was contained in fraction 6. Cobalt chelate affinity .

puri fi c%@%i%h andrfdDG: (proithing Slecamoxyiaseb Whish: RAMGES ERAIRIARCEAR ﬂﬁa@%@l%ﬁ a

flow ra T VR i ] L-AQinSe s 0 39 18
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mM NaCl |n: gBugentt) Cofmeunioations iraddiecuiap Biclegysi Colsr 8pedgvidatipoa ledloatoon of

0.1 Mc 8 It chloride. After washing with 33 colum vol unes Buffer AQ,

Buf f er %'?‘50 mv Na2HPO4, 400 mM NaCl, 2 nMim dazole, pH 6.4) and a

gradient fromO0-12% Buffer B (50 mM Na2HP04, 400 mM NaCl, 500 nM i m dazol e,

pH 6.4) in Buffer A bscCD 9xCD3 was eluyted in one step by 30 m of 100%

Buffer & r I -fo
ff in anpthes embediment dherplesert Rventian rrelatesde %Q'WBQ'QP&FM?“% fold

ol ut  on SrBIANE R, 47 P BEP 206V REsQER pliFbcilis; PalfLERbIdS br voeIe, o,

Fi gur e aBtheBaesrBbicdxaricBoptionallgtseitbibld mears fictdetactidn. 7. Gel filtration: The

concentrated eluate fromthe cobalt chelate affinity colum was | oaded at a
flowrate of 0.75 m/mn on a 124 m -H gh Load Superdex 200 col um

(Phar maghgp tIBES &P & ientiBh Hr6 GIdM Eitdd RIS B-iRith{i8s 82§ 3lin Aehich
(G bco). BscCDI9xCD3 eluted in a fraction wth a nolecular size
cor r esptheyi ¢aRN be uijigedin iiqtis phase kDRouRd dara selid phase wagierNExamplesreé gel

ser um ol HOHAACRRRER Ao Dde 878 ol pEDT 87 e NP G B by 40 Ty
filter fdhlcompetitiié imBRindhssdyreinadnmedanficebr F@ﬁ@& fONRRE Exanples efblich

cul ture supernatant and the various active colums fractions, as analyzed
by SDS- imBEnoassaykwowie i therirgdioimmunoassayDl(BAD3thea Sandwichs| (rmpinematiC band

detected_in.cell re ernatants (lane 2). Highly purified
ant i _ﬁg@%ﬁ%ﬁﬁéﬁhéﬁe%g@ggS%yed for human therapy, did not show
det ect aWE&deptiHb@%f (thé Shvehtion! caR€b & bou il a0 Ph&ny/ diffetd i cadtierdsendlised

bscCDI 9xCD5 in a Patient with B-cell Lynphonma |In a conpassionate use a
pat i ent tq As@ater eallg spepidically $omndsier said RglyPeptides. cexamalas ok valhkepwr
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The patient had been diagnosed wth B-CLL in 1992. At the tinme of1i n%[ﬁi fbe
di agnosi s the di sease had affected vabgous | ymph node regi ons and p
spleen; in addition, henolytic anem a“bf autoi mune origin and an

i mmunogl obul i n defici ency was 40 18 O C T 2002 observed. The patient has
a stru re n by
oot moR? Vo CRnaky ifeieRy #ico. SoHESEs, FaidR drd FidieCER fose Folipl

cycl es pfetalbepolyaenypyides t dgarbbes, arlimagnatite. thedmatamnef frreoaaarlla%ahlbd
1994. Fo] | owi ng progression of the di sease t he treatment was changed to

cycl opheifaiaeiEle oadiasiulne éarribe purpesesf ithe KWenfiedni sone (CHOP, 8 cycl es)
and a rem ssion was achieved for nore than one year. After a new rel apse,
the patient received another 6 cycles of CHOP, followed by chloranbucil and

predni sPRgreaad maﬁyrtﬂﬂf@reﬁmab@% aifid efdthoderbb &ibeliag kphewnhiocthodé &f redinaause
any inprovenment of the disease. In Decenber 1998, irradi at| on of the spleen

was per $igH i dhe ark dexaroples 1t thedypes of Apels  viiehnsgal ba Usedtinghgapiesant The

patient

ot cot 1 DEERa SRt BoiMeR, PRICIRRBoBE CAIAIhERE, HhotedcBr ke RS, et
t r ansf uetnemstumfnelsednﬁ)lommbmﬂd5$ andl tplbamhescaﬂbsbrrtpmnjnds dage dlsot the
advanced stage of the disease and inpaired bone marrow function, a nore

aggressPWE’OQFnWt@@%%e@H@Fﬁi’t‘ﬁé}vﬁpy was not indicated in this patient.
Treatnment with the anti-CD20 anti body rituxi mab was not appropriate since
the efficacy of rituximab in B-CLL was not clearly denonstrated so far. A
FACS anﬁhgs:reser&vmér&ubnt dlad rélate® tof thehesepat trmpelypeptlctm@ownublemldemd s

CD19 | 1's wh | | ,
ant | genvothL abiel BYSBIo dgerasy bhrelastnuel Br Bieprapsaionoal 4 shaiaca el
bscCD 96&‘R§o§1h8?4"€f9r %é’rtr%ﬂHéﬁlegf egdiekiafgnciED18-dRashbike Bagfilntndrieee
exanple 5). Therefore th aéSl cians decided to treat the patient wth the

novel bé@@ﬁﬁ@(madﬁﬂewﬂ Sebhat e use. The patient was informed in

benet 1 ¢ SSBR L HREL BB WD SRR SRTRIRGER ARG SRR Y IS v

wr i t t enantidcatiee thagenstiown gb@mtéms résuieaims tin Ateatrnamt obesfeadton plodgkintdie
Clinical Adm nistration: Be the treatment, the patient

fore startin
under weflisease {33k braasinandovaran fanesi @s?ﬁ&)eaaﬁ Apdignant gb@f@@eeﬁfﬁ) eSiven
verify Hé?f i ent of the disease and to exclude any additional risk
factors. The patient was in fair clinical condition with anem a,
t hr omboeyttbhatebsa antibodiesgtite Itostbmbdowvxmblemmrammssefadﬂntaxtas;mmle@atibnﬁata nment

or other conpli ation reventl ng- of t c 9xCD3. During the
ni ght bef EP@ @ 'Esho Vﬁ'@&’ °rf|‘f§'lag'inre§'g°3r@§)r 88dys the pati ent

suf fered fthambse @rrmbaélebe@a@a@lh@ec@f td mcmmm taté Aepehdbhe ahgcdddddx CD3
t he pati ent was ke in the hospital ward under intensive care conditions

to ensure mbn@tqm@ytw&pd&v t’dﬁ)ﬁ%m'g@b{&ﬂ%rﬁiﬁaﬁﬁ @‘I?ﬂ'ﬁ%%@@ydb@urcrws To
prevent a d nplications of tunmor lysis, the
patient go C%ﬁg%ﬁlq?% pigPaﬁ'\/E%ogébsagg hﬁﬁgl emastine (Tavegil) and 200 ny
ci meti di neh&fTagenren) iractweohoelendOantitdy (diectechagamstl CIIROYyledf tooteeporzol

(Antra). Alkalization and heparini e perforned throughout the
treat nent FGEEPSEIRR 'P&QVEGP%S%QF“'?@H@ﬂH @ﬂagﬁgtl on, the patient recel ved al
necessafig L gt k uring
t he admf ni st aﬁ’% o?’d ﬁ&@ﬂéﬁt {pﬁgmgﬂgﬁemﬁl he wﬂ%‘?@éto |ca fhaeﬂd

i mrunol yeotivn paramdtierasting Smobamiem sthadt i comtrifute s deDIORRS (ijapeuttm
19991 : The ﬁati ePt received a first dose of 3,ug bscCD 9xCD3 as 20

ni n-i nf SRP'EYEME 0t oni ¢ phosphat e buffer containing 5 % human serum

al bum nThi®Ah. a ?@fbﬂ@dté’ﬁﬁbémﬁﬁﬁt e piRermiidugiphl cbribosiiornal heitveptlyRis e

ef fects. About hour after infusion the patient had chills for about 5

mi nut esused fasibe tieptraeriefineg-Hedgiia &maphortacr ease of bl ood pressure by

Fow noul 88 dusedfciehod of e au AT o v R Yol BB FolrbichieR ands °
treat edyabtbhs @f”t%hﬁs?erﬁloﬁ‘éhr@ftha'ﬁflﬁ%é eﬁﬂﬁb@ﬂﬁpr@ﬂu@é tHeAd84TRId of&& ivhich
pr edni sol one (Sol u-Decortin pet hidine (Dolantin). Al synptons

r el easethensymptams efjthe Becalhmediated d@gaases are ameliorated. The dosage should
not be so large as to cause essential adverse side effects, such as unwanted cross-



S 2"d adm nistration of bscCD 9xCD3 (April 15. 1999): A second dose of 10

, ug bscCDl 9xCD3 was gi ven one day Iat;;% under the sanme conditions. @%(Etlltzmﬁ
hour after infusion the patients had mar kabl e chills, fever (39.12

slight hyperventilation and a hypotensive reaction. The patient was treat ed

with 2 Hé"ﬂaﬂ@r’&%?ﬁﬁaggﬁo 'EQEJ& Sta%nf}‘rlﬂe?l&@ @n@ﬁélﬁ/ 1he "o%é e W vjaﬁl

p|r|tram i zat1 on IOV SCU functlon
t he patthentge.ecensiéidna swpand nextenf wii the aisdaget mvcbﬂmmrwatmmbsand u:a:nontne

o o it 0 el s SHR Ui Sechgnrsn o b ohSiAA e
It T t
S BT oo A i fn P

nor nal d@sfedstsb?aﬂ@éga Ufm”ug’lﬁb 10 Wthbwmp@au of tid MeentempA bagicurnly-
y

During the next 3 S the patient continued having subfebrile tenperature
(about Pefetred) dosafedisvi quetd hmg;revphemom pmﬁérc&i 1 pgetod)d haaed mog

second dose (April 16, 1999) and mld of the | ower extre es (April
18, 199@1’)9.?”(%?&90%%%% a3 it 1 P g fi’%r?a@ n&'él's‘s!@t&ﬁl'@ aPRENEIRE exame rTlf‘ajfory

eval uations reveal ed no remarkabl e changes with respect to safety, except
for an increase of 'y-glutanyltransferase after the second dose of

bscCD 9xziseriforguthe lmaentlcfm ratﬂeb&c@]n@mmmdemtdyiega]f -odll agtivdtimgpart a:cent and
t he adverse effects coyld ontroll.e tlctre

i ni SBRGHG GPBRGNHS P& OIS0k SaiBRbpIS Ot e acTvalian AR ERQISEN ent
dinicaly r@ﬁ&‘?slﬁ nol ogi cal Efficacy of bscCD19xCD3: dinical Results:

Ul trasound exam nati on of the spleen and five abdomi nal and axillary |ynph
nodes wa$ peultaring CHR pdsitivandsi(prefgsally Becelts)l andi Brel nndhecp‘resefmes@cond

d f b fter the
Tooe) "t heC B Ro i Rauds S0 He Eedih HreErablinally T R Tnbahe YoBout 20
% as conpar egnigoridtt dusEdld B RYAINY kOBetebibie AHGRd]Viat | res?s*pomé eOomtdglined in

a second ul trasound eval uation on April 19, 1999. The wei ght of the spleen
decreased byachsation (withna 16m0peUng tBabel sereeped 1o8dery cand%l@m | pqrmttmggg)

(table 1; fllm.é fb@ofth'@{é?f*rfﬂo‘aﬁh nant{ﬁ%?élngﬁndrhe nunber of white bl ood

cells, which 'inc ude nos decreased during the course
of the (b)eatdetedtingnihet pmsbnté owabpemtaa/sf atsipha gurfergtederdi)the Thtera@tieact i ve
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primary activation signal for the T-cell, thus avoiding the clonotypic T-cell receptor.
Then, it may be determined in accordance with the invention which compound to be
tested is still necessary to actually activate the T-cell. In the method of the invention,
the CD19 positive cell/B-cell functions as a stimulating cell that links bispecific
molecules which are bound to CD3 complexes on the surface of the same T-cell. The
biological methods for carrying out the culturing, detecting and, optionally, testing are
clear to a person skilled in the art.

The term "compound" in the method of the invention includes a single substance or a
plurality of substances which may or may not be identical.

Said compound(s) may be comprised in, for example, samples, e.g., cell extracts
from, e.g., plants, animals or microorganisms. Furthermore, said compounds may be
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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precursor which in turn stimulates or suppresses T-cell activation. Such adaptation of

the method of the invention is well within the skill of the person skilled in the art and

can be performed without undue experimentation.

Compounds which can be used in accordance with the method of the present
invention include peptides, proteins, nucleic acids, antibodies, small organi}c
compounds, ligands, peptidomimetics, PNAs and the like. Said compounds can also
be functional derivatives or analogues of known T-cell activators or inhibitors.
Methods for the preparation of chemical derivatives and analogues are well known to
those skilled in the art and are described in, for example, Beilstein, Handbook of
Organic Chemistry, Springer edition 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
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57 (199KjetBddir? Enzymology 267 (1996), 220-234 and Dorner, Bioorg. Med. Chem. 4
(19986), 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
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the ‘site where the effect of he compound is deswed Therapeutlc doses are

determined to be appropriate by one skilled in the art, see supra.

Additionally, the present invention provides for a method for the treatment of B-cell
malignancies, B-cell mediated 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 condition. 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 fér
example electronic devices. For example, the public database "Mediine" may be
utilized which is available on the Internet, for example under
http://www.ncbi.nlm.nih.gov/PubMed/medline.html. Further  databases and
addresses, such as hitp:/www.ncbi.nim.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.



18 0 CT 2QU~ 48 Cains 1. A single-chain nulti-functional onpeptffﬁ
conprising (a) a first domain conprisipng a binding-site of an CT 2007
i mmunogl obul in chain or an anti body s%€0|f|cally recogni zi ng the CD19
antigen; and (b) a second domain conprising a binding site of an

i mmunogl obulin chain or an anti body specifically recognizing the CD3
antigen of human T cells, wherein said donmains are arranged in the order
V~CD19- 1R fey¥dGl®: V-CD3. 2. The pol ypeptide of claim1, wherein said two
dormai ns are connected by a polypeptide linker. 3. The pol ypeptide of claim
1 or 2, wherein said first and/or second domain mmc or correspond to a VH
and V'~ eglo froma natural antibody. 4. The pol ypepti de of any one of

clai ns 19 3 wherein said anti body i s nonocl onal antibody, synthetic

ant i bOOB’DSandEJr@@bﬁlﬁgs@%tbﬁpéﬁ/thépuﬂ'@d RRLTPARKCHB ﬂfagﬁiéht wieh effferbat ms 1
to 4) wherein at |east one of said donmains is a Si ng e-chain fragnment of
[

the vardamourismol proteiroMelaeulanmass dsDa) oféhe Caarke isdadizatethen e lgflept i de of
any one of claims 2 to 5 wherein said polypeptide |inker conprises a
plurality of glycine, alanine and/or serine residues. 8. The polypeptide of
any OnNeFjg ur€bains 2 to 7, wherein said polypeptide |inker conprises a

pl urali tX of consecutive copies of an am no acid sequence. 18 0 C1 zoul
49 FACS-analysis with the bscCD19xCD3 (200 ug/ml) on different CD19-positive B cell

lines (BJAB, SKW86.4, 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 plasmacytofha cell lines L363 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’ly
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.



9. The pol ypeptide of any one of clainms 2 to 8, wherein said pol ypeptide
l'inker conprises 1 to 5 amno acid regidues. 10. The pol ypeptide of one
of clains 2 to 9, wherein said pol ype89| de |inker conprises the ani ﬁgﬂéc
sequence Ay Ay Ay Gy Ser. 11. The polypeptide of any one of clains 1 to
10) V\:he'EEI n §al d first domain conprises at |east one CDR of the VH and V-~
regi on C(9M5?| sing the am no acid sequence encoded by the DNA sequence

depi ot dylolfiigHop AIPBRS R4 deer §81ck8e e VinlinBftiaLRRK RS0 o

831 (V erein - sald second oma n conprises at |east one of
the VH RBMOs-'anelgiBtin- hc&mnar@eh@eﬂlseatamffmeratcEdTsmoenmmlamdewnbym he DNA

sequence de icted i ure 8 fraom nuycl eotides 847 to 1203
nucl eot‘FQ%‘@ !L@B‘Bn 10691‘359‘%“ pnall@spemféc ARiRAstypI gl :(ﬁon&ﬁQV%ﬁ@ of b%q s 1
to 11, ggqo?aﬁg/ﬁﬁ}‘g gé@? lﬁdléﬁe the first domain has an affinity of

at Ieast a out b) sal b| nding site of the second domain
has an affinity of |ess than about 10''" M 13, The pol ypepti de of any one
of clai 1to 12 that is a bISpeCIfIC si ngl e-chain antibody. ; 14. The

pol ypep'fmS e & any one of claims 1 to 13, conprising at |east one further

i mked B g B B G MR a S (A Gen SEhd ¥ 1
or 15, wtr'eaﬂb)l rNtsmbdrsanndmtettheneucflemtidee(nt&iq:mtmmompe icogrespondihf eamino
ot vi 1909 consbriec sBplied dRid bR iregiod aslBnée' Sheabngediad B M
suppor t s@jueneedoPt1eS BispielcRid éllﬂtb%?“sﬂ@ﬂ?é 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 EcoRI and Sall, respectively. Nucleotides 1
to 57 specify the leader sequence; nucleotide 82 to 414 and 460 to 831 encode
VL.CD19 and VHCD19, 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 bscCD19xCDa3.

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



17. A pol ynucl eotide which upon expression encodes a pol ypeptide of any one
of clains 1 to 16. 18. A vector conprising the polynucleotide of claim17.
19. A cell transfected with the ponn@QIeotlde of claim 17 or the vgQCdr200Rf
claim18, .) 20. A nethod for the preparation of the polypeptide of any one
of ClalF&Pﬁ 16 which process conprises cultivating a cell of claim19
and iso ﬁ&anld pol ypeptide fromthe culture. 21. A conposition
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gene t heheyy theposittomet berCBWIXGWBnt i fying activators or inhibitors of
T-cell activation or stimulation conprising (a) culturing T-cells and CD19
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BscCD19xCD3 was detected in fraction F6.

Figure 13:

Cobalt chelate affinity chromatography of bscCD19xCD83. Protein concentration was
measured by ak?sorption 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



conposition for the treatnent of B-cell malignancies, B-cell nediated

aut oi mune di seases or the depletion of B-cells. 31. Use of the poly ti de
of any one of claims 1 to 16~ the pol yucl eotide of claim 17 or t hd ﬂ?@@ iz
of claim 18 for the preparation of a pharmaceutical conposition for
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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.



10 10

10" y' - #109&' () -y' - #109& ()-0y' - #10%& ()-!9y' - #10%0& ()- S, &10%: () - BDBeT ¢y
K@ 10" y#109%&' () - Fy#10%& ()-F y#10%& (32yy#10%& ()-y%0% ()-10%& ()-b| dYNC
110 10 104#10%& ()-1 10%& ()-.#10%& ()- y#10%& ()-y#10%& ()-* !+#dEYNC 1
9#10% M10% & () - F#10% & ()- L#10% & () '10% &' () -

s10% &%QM#@%&& (((dE:/ 10t 10t3-#10% & ()- s0zZ

10'1 TosR PR Aol gERA 6 (o) hgrthes f%a%ﬁ%‘?sgwff@a%é%é??é%sﬁmﬁ& 0-

10t 02; aeeasmwmw@'mmmnd atd 8xrethed 8 %y/fnl.- TA timklaxis shows
10 0#10‘V& 8- FO#10% { & () -34i 567p77aB~

10! f L# 1488 @‘fefltb'%&00§etf@§#&(§ii/e@f(ig tf%&zmmﬁ stayting ogith \zeso.cheusudh) () - 709
<<<<<O'ﬁ‘eﬂov37919 G O ibliaf é?ﬂ?g/ additions. Arrows indicate the time points of drug

administration.

Figure 21:

Blood levels of interleukin-8 (IL-8) in response to treatments with bscCD19xCD3. IL-8
levels were determined by ELISA and are expressed as pg/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. |

Figure 22:

Biood levels of soluble interleukin-2 receptor alpha-chain (IL-2R) in response to
treatments with bscCD19xCD3. IL-2R levels were determined by ELISA and are
expressed as Units/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.

The invention will now be described by reference to the following biological examples
which are merely illustrative and are not to be construed as a limitation of scope of
the present invention.

Example 1: Cloning of Variable (V) Immunoglobulin Domains
The V light-chain (VL) and V heavy chain (VH) domains from the HD37 hybridoma

(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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10% & (GAGGORCEEGTAGATABCKTEMTSACTCAAWETDOA (BE& IDNO49pLlhhi BkCkaB7C
3K:
GAAGATGGATCCAGCGGCCGCAGCATCAGC [SEQ ID NO:2]
5'H1:
CAGCCGGCCATGGCGCAGGTSCAGCTGCAGSAG [SEQ ID NO: 3]
3G:
ACCAGGGGCCAGTGGATAGACAAGCTTGGGTGTCGTTTT [SEQ ID NO: 4]
5'VLLB5RRV:
AGGTGTACACTCCATATCCAGCTGACCCAGTCTCCA [SEQ ID NO: 5]
3'VLGS15:
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 5H1 and 3'G for the heavy chain based on primers
described by Dibel et al. (24).

The cDNA of the anti-CD3 scFv fragment was kindly provided by A. Traunecker (25){
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 oligonuclectide primer pairs 5'VLB5RRV/3'VLGS15 and
5'VHGS15/3'VHBspE!, respectively. Thereby, overlapping complementary sequences
were introduced into the PCR-products, that combine to form the coding sequence of
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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 (GlysSer)+-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 Vlcpig-VHcpig-VHeps-V0icps were
subcloned EcoRl/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 bscCD19xCD83 from the supernatant of transfected CHO cells yielded
4 mgl/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 thé 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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105 9@#\/1eor%:ﬁn§m(u% (#C%(r){@on Marburg, Germany) and 0,1 % NaN3 and incubated for 30 min
at 4°C. After a centrifugation step (100 x g, 5 min) cells were incubated in 50 ul
bscCD19xCD3 (200 ug/mi in PBS with 10 % Venimmun and 0,1 % NaNjz) for 30 min
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 17-1AxCD3, 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 mononuciear cells
(PBMCs) as effector cells were isolated from fresh buffy coats of random donors
using Lymphop'repTM (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, CD19-
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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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 triplicates 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 (bsc17-1AxCD3) but generated by the same systel;n 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/ml
(Figure 7). This conventional bispecific antibody required additional T cell
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Example 5: Depletion of primary (malignant) B-cells by autologous T-cells
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 (PéL) of this
particular NHL (Non-Hodgkin lymphoma)-patient (who was later systemically treated
with bscCD19xCDS3; see example 7) contained 92,6% CD19-positive B-cells (= target
cells) and 7,4% CDg3-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/m! 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 |L-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/mi (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
stimuiation.
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BscCD19xCD3 was produced in Chinese hamster ovary (CHO) cells stably

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 ym filter
(AcroCap; Pall Gelman).

BscCD19xCD3 was detected and quantitated by western blotting using mouse anti-
FLAG 1gG (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 spheme 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 ml-SP Sepharose Fast Flow cation exchange column (Pharmacia) at a flo{;v
rate of 20 mi/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 ml-Chelating Sepharose Fast Flow
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mM NaCl, 2 mM imidazole, pH 6.4) and a gradient from 0-12% Buffer B (50 mM
NaxHPO4, 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 ml/min on a 124 ml-High Load Superdex 200 column
(Pharmacia; prep grade) equilibrated with phosphate-buffered saline (Gibco).
BscCD19xCD3 eluted in a fraction with a molecular size correspéhding 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.
BscCD19xCD3Jwas 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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The patient had received multiple cycles of chemotherapy with chlorambucil and

prednisone from 1992 till 1994. Following progression of the disease, the treatment
was changed to cyclophosphamide, doxorubicine, vincristin and prednisone (CHOP,
8 cycles) and a remission was achieved for more than one year. After a new relapse,
the patient received another 6 cycles of CHOP, followed by chlorambucil and
prednisone and a single course of chlorambucil alone which did not cause any
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. i

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 analygis revealed that 95 % of the patient's peripheral blood cells were
CD19 positive cells while 77 % of the celis 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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lysis, the patient got prophylactic IV doses of 2 mg clemastine (Tavegil®) and 200
mg cimetidine (Tagamet®) as well as 300 mg allopurinol and 20 mg of omeprazol
(Antra®).
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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During the next 3 days the patient continued having subfebrile temperature (about
37.2 °C) and developed minor pleural effusion one day later the second dose (April
16, 1999) and mild 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 ug dose (April 16, 1999), the lymph

nodes as well as the spleen showed a shrinkage of about 20 % as compared to the

baseline evalué\tion. 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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IL-2 receptor were measured by a quantitative ELISA assay according to the
instructions of the manufacturer.
Tumor necrosis factor TNF-a 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
19 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 spleen and
lymph nodes of the patient, as shown in the ultrasound examination. Sinoé
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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patlent suffering from B-cell lymphoma.

Ultrasound measurements

April, 12 1999

i5ie5 oHytprtRo

April, 16" 1999

@H#10%4&' () -~ JJaBbC
S 1ky) 109K HKHE () - S @10%8 () - St@-1BDPET Q007 S
@10%4& ()-JYbC 10" S-#109%& () - S #10%&44) - &109%&' ()-Y 10%& () -

&8 EnlspiRRTRE 7o

April, 19" 1999

10H 10H

Lymph nodes
abdominal 1) 54x 29x14 mm 42 x30x 13 mm 42 x 30 x 14 mm
2) 56x33 x18 mm 43x33x 18 mm 43 x30x 16 mm
3) 46x32x27 mm 46 x 31 x 22 mm 47 x 32 x 23 mm
‘ axillary left 36x24x 16 mm 34 x22x 15 mm 30 x 22 x 14 mm
right 37x24x 13 mm 33x20x 11 mm 32x23x 4 mm
spleen 270x 146 x 69 mm  265x 132x 64 mm 265 x 128 x 63 mm

1630 g 1340 ¢ 1280 ¢

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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bscCD19xCD3.
April 14, | April 15,1999 | April 16,1999 | April 17, April 18, | April 19,
1999 1999 1999 1999
Units
GGT un 22 24 (morning) | 124 (6.00 h) 96 89 87
- (evening) 107 (12.00 h)
LDH un 618 536 (morning) [ 548 697 551 539
773 (evening)
Leukocytes | Gpt/l |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 (moming) |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/d! (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 14"™, 1999, before

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

15" (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
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(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-VyCD19-V4CD3-
V.CD3. ;

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

The polypeptide of claim 1 or 2, wherein said first and/or second domain
mimic or correspond to a V4 and V| region from a natural antibody.

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

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

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

The polypeptide of any one of claims 2 to 7, wherein said polypeptide linker
comprises a plurality of consecutive copies of an amino acid sequence.,
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The polypeptide of any one of claims 2 to 8, wherein said polypeptide linker
comprises 1 to 5 amino acid residues.

The polypeptide of any one of claims 2 to 9, wherein said polypeptide linker
comptrises the amino acid sequence Gly Gly Gly Gly Ser.

The polypeptide of any one of claims 1 to 10, wherein said first domain
comprises at least one CDR of the V4 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 (Vu) and/or wherein

- sald second domain comptises at least one CDR of the Vy and V. ‘region

comprising the amino acld sequence encoded by the DNA sequence

depicted in Figure 8 from nucleotides 847 to 1203 (Vy) and nucleotides
1258 to 1575 (Vu).

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.

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

3
:

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

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

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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18. A vector comprising the polynucleotide of claim 17.

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

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

21. A composition comptising the polypeptide of any one of claims 1 to 16, the
polynucleotide of claim 17 or the vector of claim 18.

22. The composition of claim 21 which is a pharmaceutical composition
optionally further comprising, a pharmaceutically acceptable carrier.

23. The composition of claim 21, which is a dlagnostic composition optionally
further comprising suitable means for detections.

24. Use of the polypeptide of any one of claims 1 to 16, the polynuclectide 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-celis.

25. The use of claim 24, wherein said B-cell malignancy is non-Hodgkin
tlymphoma.
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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.



