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It is desirable to increase the valency of a target binding protein. The ipcreased valency

can improve the avidity of the target binding protein to its target, and therefore increase the
specificity and safety of a treatment. A target binding protein with increased valency can also -
be useful for simultaneously delivering different cytotoxic agents to a single target, or for
delivering a cytotoxic agent to different targets. A multivalent targeting binding protein can
further be used to recruit different immune effector cells to a single target cell, and thus trigger
an enhanced immune response against the target cell.

Efforts have been made to produce multivalent target binding proteins which have at

. least three different target binding sites. For example, multivaient target binding proteins have

been made by cross-linking several Fab-like fragments via chemical linkers. See US Patent
No. 5,262,524, See also US Patent No. 5,091,542 and Landsdorp, et al., “Cyclic
Tetramolecular Coﬁlplexes Of Monoclonal Antibodies: A New Type Of Cross-linking Agent,”
Euro. J. Immunel., 16: 679-83 (1986). Multivalent target binding proteins also have been
made by covalently linking several single chain Fv molecules (scFv) to form a single
polypeptide. See US Patent No. 5,852,020. A multivalent target binding protein which is

basically an aggregate of scFv molecules has been disclosed in US Patent Nos. 6,025,165 and
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site.
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cytotoxic protein, or another functional protein.
associate together to form two binding sites, with the first and second immunoglobulin-like

domains associating to form a third binding site.

In accordance with another aspect of the present invention, the first single chain Fv
molecule and the first immunoglobulin-like domain are covalently linked via a first extra amino
acid sequence, and the second single chain Fv molecule and the second immunoglobulin-like
domain are covalently linked via a second extra amino acid sequence. The first extra amino
acid sequence associates with said second extra amino acid sequence, preferably via covalent
interactions, and more preferably via at least one disulfide bond.

In another aspect of the present invention, the first immunoglobulin-like domain
comprises an immunoglobulin light chain variable region domain or. a derivative thereof, which
is covalently linked to the first scFv molecule via an immunoglobulin light chain constant
region domarn or a dertvative thereof, and the second immunoglobulin-like domain comprises
an immunoglobulin heavy chain variable region domain or a derivative thereof, which is
covalently linked to the second scFv molecule via an immunoglobulin heavy chain constant

region domain or a derivative thereof,
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In another aspect of the present invention, a carbohydrate chain is covalently linked to
either the first or second polypeptide via a N-glycosylation recognition sequence engineered to
the first or second polypeptide. The carbohydrate chain is preferably further linked 10 a drug,
a radioactive compound, a chelate, an enzyme, a toxin, a cytokine, a cytotouc protein, or
another functional agent.

In accordance with yet another aspect of the present invention, a drug, a radioactive
compound, a chelate, an enzyme, a toxin, a cytokine, a cytotoxic protein, or another functional
agent is conjugated to the multivalent binding protein of the present via the side chain of the
amino acid residues of the multivalent binding protein.

In accordance with another aspect of the present invention, one target binding site of
the multivalent binding protein of the present invention binds to a toxin, a drug, a cytokine, a
chelate, an enzyme, a radioactive compound, a cytotoxic protein or other functional agents,
while the other two target binding sites bind to tumor antigens.

A multivalent target binding protein has also been provided, in accordance with one

aspect of the present invention, wherein one target binding site of the multivalent protein binds
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invention, a method of making the nultivalent binding protein of the
present invention. In yet another aspect of the present invention, there
has been provided a method of eliciting an enhanced inmmune responséé FEB 2005
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effective anount of the nultivalent target binding protein of the present
i nvent i anplewiles,eine enavding aist fisheolypegete diithdinutivaidne birdinp proefie pabihe diheree
target binding sites, of the protein binds to -5 2 4 FEB 2005 CVO 02/ 08293
PCTI US0 E7¢24i384b¢ 5qroRd RALYPERIILE ofihe myltvalay prding pRORin. A ddjineilnethe gurrent

chel ate., %]m%%ﬁ%/ H@zdeé‘vé&&’ﬂs%% ]&'rl;éﬁl tnﬁé’ﬁﬂ {&%Fhﬁ §I¥cf 0 %!r&orﬁ]%e@ﬂs%ﬂ@%ﬁﬂg her
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lg-Tike sctil rg?ilng)frorn said tumor an effective amount of the multivalent target binding protein of the
present invention, wherein one target binding site of the protein binds to the tumor, and the
other two target binding sites bind to two different surface proteins on T cells or other effector
cells. .

In yet another aspect of the present invention, there has been provided a method of
treating or detecting a tumor comprising administering to a patient suffering from said tumor
an effective amount of the multivalent target binding protein of the present invention, wherein
6116 target binding site of the protein binds to a toxin, a drug, a cytokine, a chelate, an enzyme,
a radioactive compound, a cytotoxic protein or other functional agents, and the other two target
binding sites bind to tumor antigens.

In yet another aspect of the present invention, there has been provided a method of
treating or detecting a tumor comprising administering to a patient suffering from said tumor

an effective amount of the multivalent target binding protein of the present invention, wherein

at least one target binding site, and preferably three target binding sites, of the protein binds to



Figure 2 shows a schematic representation of a nultivalent target binding
protein which conprises two pol ypeptides. A first polypeptide co rises ?
first single chain Fv nolecule (1st scFv) covalently |linked to an 4 FeB 700
i mrunogl obs¥® m2Aizght chain fragment which conprises the congtgdegLon CL
and the variable region VL. A second pol ypeptide conprises a second single
chain Fv nol ecule (2nd scFv) covalently linked to an i mrunogl obulin heavy
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i mmunogl obul i n-1i ke dormai n which preferably is an imunogl obulin heavy
chain variable region domain. The first and second single chain Fv -6 2 4

FEB 200Fig® DHRE2) @hBGThIIpk dokAkBES of® hmmz@anftmm sjwamtaaﬁrg&in Rhii ng
sites, and the first and second i nl munogl obul i n-1i Ke domai'ns associate to
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i mrunogl obulin light chain constant region domain, and the second single
chain Fv nol ecule and the second |nununoglobulln Ilke dormain are
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conpr | seabrs 2R b En Bt AP Bt BT BE e S B marip i RBRL

pr ef er abbmprisbetfd palypexidea Amu@pﬁagp@tﬁ@qu&@ﬁ@esamﬁtfaﬁlgwepﬁm:exﬁa@cu@éﬂ no
aci d sequence associate with each other, preferably via coval ent
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single chain Fv molecule (2nd scFv) covalently linked to an immunoglobulin heavy chain

fragment which comprises the constant region CH1 and the variable region VH.

DESCRIPTION OF SPECIFIC EMBODIMENTS

This invention provides a multivalent target binding protein comprising at least three
target binding sites. The three target binding sites can be directed to the same or different
targets. The multivalent binding protein of the present invention comprises a first and a second
polypeptide. The first polypeptide comprises a first single chain Fv molecule covalently linked
to a first immunoglobulin-like domain which preferably is an immunoglobulin light chain
variable region domain. The second polypeptide comprises a second single chain Fv molecule
covalently linked to a second immunoglobulin-like domain which preferably is an

immunoglobulin heavy chain variable region domain. The first and second single chain Fv
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"i mmunogl obulin.™ The terns "domain" or "fragnment"” mean a portion of the
am no acid sequence of a protein. Antibody Structure There are at | east
five classes of human antibodi es, each class having the sane basicZ4 FEB 2005
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the ant PERAEPhIPHETS FEE2 amne pad seqeaps ashidis seqand ©gia apiag aeidisenwenset he
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Kabat's nunbering, see Kabat EA, Wi TT, Perry HM GCottesman KS and Foel |l er

C. (1991),
Auntibody Structure

There are at least five classes of human antibodies, each class having the same basic
structure. The basic structure of an antibody is a tetramer, or a multimeric form thereof,
composed of two identical heterodimers, each heterodimer consisting of a light chain with a
molecular weight of about 25 kDa and a heavy chain with a molecular weight of about 50-77
kDa. For instance, Immunoglobulin G (IgG) consists of two identical heterodimers, while

~ Immunoglobulin M (IgM) has five identical heterodimers. The two heterodimers of an IlgG
molecule are covalently linked via disulfide bonds. The light chain and the heavy chain of
each heterodimer also are covalently linked via at least one disulfide bond.

Each light or heavy chain folds into several regions. Each region consists of
approximately 110 amino acid residues, and has a conserved three-dimensional conformation.
The light chain comprises one variable region (VL) and one constant region (CL). The heavy
chain comprises one variable region (VH) and three constant regions (CH1, CH2 and CH3).

The CHI region and CH2 region of the heavy chain are linked by a hinge region. The VL and
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Sequences of proteins of imunol ogical interest (5th edition, US Dept.

Heal th and Human Services, US Governnent Printing Ofice), which ihs E&r@by
i ncorporated by reference. The association between the CL and CHI rg 8 5
as wel | aswdnex/dizsul fi de bond between the CL region and thedy,pgs. iK1 on,
contribute to the stabilization of the three-dinensional structure of an
anti body. The variable regions (VL and VH show considerable variability in

st r uct uréHamgioasiofien aatbodc@rResidiied fopi DNk YRR 0H14! | ThiBéseeiEtisy t 0
anot her. The constant regions (CL, CH, CH2 and C113), however, show

littl e FEFRABY|PYYlVesThHEN Covalentvnieimbbas. 4BV Udemtdsnhe Mirsctusdenméd batlieon
refers to the%. di vfe.}rg];e r&a\gﬂr e];)t?l)f the am no. acid sequences of the anti body
heavy arfaSCG MO lchtidRAVar T abteERYPHAS 2NEPHRH IRIECH Withdbt autigsgrtupding pike
found regi i dhivhkch ' I i.ahle.fr
one-ant 1 hoc oo Bt Fer v SRRORA R A SR o BRI o AR DAL

or " conplteméhantibydydetrablih trgam®giPRSHing GORe mi?eﬁ.oqnel intBraBA6MY bevdddnak €
region of the light or heavy chain. Each CDR is flanked by relatively

conser ve&digen aphisraotizagiborking FIY demimeingRbaspedificingdl ant stipaidnt ai n t he

structural ingegrity -0 he . variabl e.regi on. The Rs of a light chain and
The CORo of - ol or FeBganH EeinbRo) B AGeSd el medREe e e B AYer s The
"hyper varieadl kkfivn affo fsNBuEPRS aROHAMM3idn08f thd Bl MBLSI §; 4l Ciedy
of anti bodi es.r %]ggvaogle of a natur a%%]ye-%%)gcurtri n%ﬂg’nti oofg andg{uel%u gdnv%t%srt he
pr ot easexpaph, Cygehe(lees’s funstgprene) of tieikabpa efpaiot lighechant tgeforii andisinfdsi t e.

These fragnents H‘gﬁml y ,known as Fab a -8 2 4 FEB 2005 WO 112/ 08293 PCT/ U
Sl 11 / 4P988 Wi Gieinds(Kabghp predering of thnhingpassion of thedwaey vhaind Far fabgnent

The |1 onCTARET SRd-tos 73 aghent Ry i, Efcrhanes LR8bBBerty, UAPI | mced

via at ISegséncesnef gicseint ol embndlogial idaditgSthaddidE e DepOfHdaht® and Human
i nununo%l obulin superfam |y of proteins. Menbers of this superfamly also
i ncl ude SeputesartsS kovernmgn Faintipg Offige), whidhcisgreorby in@pporagpdy @igenegndlhe

t ai . of || -cel dhesi ago]] | es. . I Bi ol f Th
Coi | 2 AR s R (L AR TRL P BT & o s BB FE B Rbo SR B Gy
pp 105311054 andig: BAgE Gepidh! %ﬁgb&kqs kne ﬁ%nﬁ%g%ﬁf%heﬁzféuéehaniemuﬂmhqué B¢

superfarri'Ty proteins’is termed an "inmmunogl obul i n-1i
an antibody.

_ The variable regions (VL and VH) show considerable variability in structure and amino
acid composition from one immunoglobulin molecule to another. The constant regions (CL,
CH1, CH2 and CH3), however, show litule variability. The term “variable” as used in this
specification refers to the diverse nature of the amino acid sequences of the antibody heavy and
light chain variable regions. Within the variable regions are found regions in which the amino
acid sequence is extremely variable from one antibody to another. Three of these so-called
“hypervariable” regions or “complementarity-determining regions” (CDR) are found in each
variable region of the light or heavy chain. Each CDR is flanked by relatively conserved
framework regions (FR). The FR are thought to maintain the structural integrity of the
variable region. The CDRs of a light chain and the CDRs of a corresponding heavy chain
form the antigen-binding site. The “hypervariability” of the CDRs accounts for the diversity
of specificity of antibodies.

Cleavage of a naturally-occurring antibody molecule with the protease papain generates

fragments which retain the antigen-binding site. These fragments, commonly known as Fab
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domain."™ An "inrmunogl obulin-Iike domain" consists of about 100 am no
acids, folded into a characteristic sandw chlike structure made of 24 vwg 205
antiparallel beta sheets. See id. Each naturally occurring

"i mmunogl ol i2mskike domai n® is usually encoded by a separ aP€TRSON138ee

id. A typical inrnunoglobulin-Ilike domain includes the variable and
constant region of an antibody. Single Chain Fv Mol ecule A single chain Fv

mol ecul dragseRs) comppist dslight vhaia ¢Whi anddrle) andvaragmentof tihbeayy chgigd Wi CH1
domai ns associ at o forma t et ..bi ndi si.te, .The t domuai re
Furt her 28 B9 ey gt AROAmyY e pusitoe 1 Rl Spaip 2R VA fGerEH B e ey
denot ed casnhl Bet ¥k fis ot 06 Yhe URARI Bohat he N-terminal part of the

scFv nolecule, o the VH domain 1s the N-term nal part of
the scFv nol eciatitedidvkbirbadsnbeay otk iimguaciivbuinl eputfesilgard protesis gmlergbers of
suitable peptide |inkers are described in US Patent No. 4,704 692, US
Pat ent Nis Superfemily 7150 peludes Byt aoMimpsite ofcel sicspioss.chaE nCRds CDS%-ABER
Vol 9:73-80 (1995). and ..R.E. .Bird,and B.W | ker, S nal i i y
Var i abl &FEgi"GHS ‘j)‘f Hesrucidpert P _2-Sf%9»’??_'95‘3‘&)‘3*0%6?@%ﬁ?g@‘r’lg'ﬁ@ﬁe@hg?%
i ncor porgb @d AN &I dp abY Gaghigd BO6ShirY, fﬂgcﬂ% h@s%bﬁp NOFYL10% eqyk Badik bhildiRe block
VL-L-VH configuration may associate with another single chain Fv nol ecul e

Wit h t héoMideinbets afohe iimrmuabglohulimsiperfamaly hirvtitens teginegan “imunhglebelasbke t he
VL domain of the first scFv and the VH domain of the second scFv [‘*r(i)l ecul e
associ atdema-f ofm ‘GREneginbuliplke damay "t @nsifii 9t dbPHel COHIYBRAFIS o 80 § st

scFv an s c QTR f { t r er

t ar get %P%%?ﬁg%g?ge. }gﬂgﬁf&gggﬁggg@gﬁéﬁg%?@§%§ghg%%?6%3%?4?%%gﬁNE%?ivaIent
Target BaAgdhingofwetigp nihmuasgobutipikd@sthaind ignuuaily @heuted thyragedpatataneliong See
protein is constructed by association of a first and a second ponPeptide.
See Fi gufe Atypites imppruapgiobrimdilse domaiaorppiesdde yasahie and cogptant redHan AL @y

nol ecul e cov |ently linked to a first inununoglobulin-Ilike donmain which
preferaﬁpy Wgh an i mmrunogl obulin I'ight chain variable regi on domain. The
second pol ypeptide conprises a second single chain Fv nol ecule covalently
| inked to a second iinmunogl obulin-like domain which preferably is an

i Mrunog|Sargie iChdin FmyIvoikedute vari abl e regi on domain. Each of the first and

Zﬁgog gcgi,] ggl eA %angilen ::1'1:3;/'111 vln?glgcl:u es (chgﬁogprgs%rs %e\EL %onqlgﬁnngnds ail IV?{ dgnqginF hﬁlef’ii/’f,St
and VH domains associate to form a target binding site. These two domains are further
covalently linked by a peptide linker (L). A scFv molecule is denoted as either VL-L-VH if
the VL domain is the N-terminal part of the scFv molecule, or as VH-L-VL if the VH domain
is the N-terminal part of the scFv molecule. Methods for making scFv molecules and
designing suitable peptide linkers are described in US Patent No. 4,704,692, US Patent No.
4,946,778, R. Raag and M. Whitlow, “Single Chain Fvs.” FASEB Vol 9:73-80 (1995) and
R.E. Bird and B.W. Walker, “Single Chain Antibody Variable Regions,” TIBTECH, Vol 9:
132-137 (1991). These references are incorporated herein by reference.

A single chain Fv molecule with the VL-L-VH configuration may associate with
another single chain Fv molecule with the VH-L-VL configuration to form a bivalent dimer.

In this case, the VL domain of the first scFv and the VH domain of the second sckFv molecule

associate to form one target binding site, while the VH domain of the first scFv and the VL

domain of the second scFv associate to form the other target binding site.




I mmunogl obul i n-1i ke domai ns associate to forma third target binding site.
In a preferred enbodi nent, the first inmmunogl obulin-Itke domain conprises
an antibody light chain variable region domain (VL domain) or a dgkift@gilhe
t hereof, amdotibeszvsecond i munogl obul i n-1ike donai n conpri sescapsithhody
heavy chain vari abl e region domain (VH domain) or a derivative thereof.

The VL and VH domains may be synthetic domains constructed in vitro using
t echni qu¥sltaelegstarigbeBindiny®roiil 1236. The VL domain, or its derivative,
associ at es W|th the VH domain or its derivative to forma functional target
bi nding site. nﬁl’ﬁcﬁﬁﬂ?%hm%maad@%lii’wtﬂf\iér UGEbIHMEmEﬁtectomomsurﬁcwmby tsocidoombhs

h 0% f er abl th
60 oty LR e SeefnaRol PRy S8 Flbule, g R v REDGHRRCE CoHBRETS § ks ein
art-r eCQﬁamZB\dmmmeﬂg)v@Ma @iﬁk@&t&@h?éz"@fa%ﬂoglﬂ@%l“ﬁh@%‘o@&o gic%fﬁ}ﬁe%

See COWVPUTATI ONAL MOLECULAR Bl OLOGY 1'VErsi

Press, Navimmmo,glolﬁﬁﬁ ligBt CROVRRRANGrediNFORVIR| Ohe %E@Eﬁp ®es a
Smth, D. W, g emc Press, New York, 1993: NALYSI S OF
SEQUENCESESRASINPaRkAp Fvanpleels coxalemly linked oy Sepend irpmuncglobalrslike #hmaina

Pr ess, ANALYSI| S. | N CULAR, BI.OL

Hei nj e, %@{Yeﬂ i%:ez%é%y (]:1 ?%;ﬁeuggﬁgﬁ%!%h% V§I§&J@N@E%ﬁ%§@@?&%$\(h@¥ sy,
M. and [3au ae€und, sivsle cBAR Fv bt @ek tdths Br@S3: bNeWg Qfe ’an&%ﬁel firsl B8F Second
references are her eby incorporated by reference. ere exi st a

nunber dfmrmEBdylin-dkadasaies asstd:eatt itet fortmed tlcmeirtatgmbammg)sm:l d sequences,

the term"” idgﬂtl@ ? 4 X\/l&lt skilled. artisans. See Carillo, H,
and Lipton m %’;ﬂ i“Bi-‘Pf Y GREYN R DIERg ks $RTBRIN  COMBTSELHY

i ncor por, i e ntity
o e B g O il L AR EATTPR WS Al A RE LR A1) 87 Y

di scl oseecdnd i@nmoegtabulifdike c%nEﬁBc&ﬁﬁﬁses\A@aﬁabddy héd 9T HRG@N 49501l Abbn1 6
Huge, Corrput ers, Martl n J. Bishop, ed., Academ c Press, San Di ego, 1994, and
Cari | | o dopain (W dlomai)gg, 2 @fwaswmeye%pﬂ hec¥l wRe VI tlogs)insgay 67 3ynthetichods

pref or r SarRmnsarar b Al Aot Ba Bl SaE B biora 5 il Y PG TR L

(Dover o el o & Re o B br ) ISR 0 P 2 B TRy ooe

BLASTN, bimsEmmsifeat Acdomrain & a Berieativglof angthemidmaiBiibthe ((pio@ONaiAd BaviORpre thad

FASTDB 50%, preferably more than 70 %, most preferably more than 90%, amino acid sequence
identity. “Amino acid sequence identify” has an art-recognized meaning and can be calculated
using published techniques. See COMPUTATIONAL MOLECULAR BIOLOGY, Lesk, A.
M., ed., Oxford University Press, New York, 1988; BIOCOMPUTING: INFORMATICS
AND GENOME PROJECTS, Smith, D. W., ed., Academic Press, New York, 1993;
COMPUTER ANALYSIS OF SEQUENCE DATA, PART I, Griffin, A. M., and Griffin, H.

G, eds., Humana Press, New Jersey, 1994; SEQUENCE ANALYSIS IN MOLECULAR
BIOLOGY, Von Heinje, G., Academic Press, 1987, and SEQUENCE ANALYSIS PRIMER,
Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991. These references
are hereby incorporated by reference. While there exist a number of methods to measure
identity between two amino acid sequences, the term “identity” is well known to skilled
artisans. See Carillo, H., and Lipton, D., STAM J Applied Math (1988) 48:1073, which is
hereby incorporated by reference. Methods commonly employed to determine identity or

similarity between two sequences include, but are not limited to, those disclosed in Guide to
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(Brutlag et al., Conp. App. Biosci. (1990) 6:237-245). A nore preferred

nmet hod for determning the best overall match, also referred to as 3 FEB 2005
gl obal sequence alignnent, between a query sequence (for exanple,

sequence ofwohzogwesent invention) and a subject sequence C@Fr/B€1/41380
determ ned using the FASTDB conputer program based on the al gorithm of
Brutlag et al. (Conp. App. Biosci. (1990) 6:237-245). In a seguence

al i gnnenﬁugdnﬁonwetreys aviartsibjBadiops edjy dradsniareesi, SheDibgd h 99dcheDChden, H
sequencesdolslm am no_acid sequences. The result of said gl obal sequence

al i gnnmerit® r o&mt | Aeniisd Yath EPBEIAS: b7 haMaikadsrte detrathinendentmASTDB

PAM 0 e=2,. M tch L ty=l,
Jo1 i ng Lendib RTE0LRNT BRI G, ListgrhodRpuel it Retre ]
W ndow Sld@nﬁ@ﬂidl%ﬂﬁ@ drﬂnﬁﬁlhan@a&txP&'ﬂQ%Xéeéuen@@@m%hﬁ% BeN&Lti6T d to V&‘.di‘éow
Si ze= 500 or the length of thé subject amno acid sequence, I chever.

short er .prpgramn p@ksg@ﬂéc\tersacqﬂerm:el j Nuslhior Aeids Mmmmelst:sumy(lseem)emmm to
N or %% b%%tl ons, not because of internal deletions, a nanual
correcti R §atselply fekr gl s MofhBiol; 619981 akad03), kad EAST pr ogr am
does notmp r tions of the subject sequence
when cal(cg']ﬁaﬁ ng g| qbn]% %%dcfgﬂ C? 3135@@5’]2@ subj ect sequences truncated

at the N andaGdrerprefaired ndtRdd f6€ db@rhinen THHE EsSORYAN eftclf, RBoRefeeRAto as a
identity is corrected by cal cul ating t he nunber of residues of the query

sequenc e2lphratsegieachaligingeit. bewatmahuea§ seiuense Hjoe ckamplegasngencabf th pagsentnot
mat ched/.al i th a correspondi subj.ect r.esidu ercent of the
Total - bdoues hbh Ruesi ehilnien Q%@%%r ihed,upig s B ST DR e CRRFLPiogHay | 5
det er mi ngdedyn tHeaAPbSBnPhf BARI fg £id 6:3W-s49penpgnt age is
t hen subtractled fromthe pergg I dent ty?ﬁeB Ul gt )by t he bgge FASTDB
pr ogr amseguenge ahgnmpmeahé qed ypal angtarssquenoes a‘l’el’dlt\hEr bbthandclavgiie pejuesset or

identity score. This final percent identity score is what is used for the
pur posePobt AP 3¢ SEENTssy Rt TRl aDsg glelal appisnee alignmant dsimpasgant tdsntife

subj ect 1 Tltﬁaé / al th.t ubj guence,
are cons@g%?lgegc@gyn%vﬁgq%l#p%%es %ﬁﬂﬁ% % 4:%%&%% ﬂ?\b 181% 8’325%%&1“/? USU1,;
41336 matpla=2y Midjiasdhl Pghatthe 1 pRIGEH PO 10, \R €0 fizatibAaGroud, LeBBlhy=2@HE! Y
resi due positions outside the farthest N-and C-terminal residues of the

subj ect GEgifereeark Wmﬁlew@@ﬁeﬁseqnweéml Gap Bendty -adi Hep diedepdlsl TS,
subj ect WHHOSEe —%O@chQeef%nV\fh ot} tlae su _]BC gl%unl@dougmglég:gt}lems:g,%ﬁicﬁgve} % § orterr M€

the subject sequence is shorter than the query sequence due to N- or C-terminal deletions, not
because of internal deletions, a manual correction must be made to the results. This is because
the FASTDB program does not account for N- and C-terminal truncations of the subject
sequence when calculating global percent identity. For subject sequences truncated at the N-
and C-termini, relative to the query sequence, the percent identity is corrected by calculating
the number of residues of the query sequence that are N- and C-terminal of the subject
sequence, which are not matched/aligned with a corresponding subject residue, as a percent of
the total bases of the query sequence. Whether a residue is matched/aligned is determined by
results of the FASTDB sequence alignment. This percentage is then subtracted from the
percent 1dentity, calculated by the above FASTDB program using the specified parameters, to
arrive at a final percent identity score. This final percent identity score is what is used for the
purposes of the present invention. Only residues N- and C-terminal to the subject sequence,

which are not matched/aligned with the subject sequence, are considered for the purposes of
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percent identity. The deletion occurs at the N-term nus of the subject
sequence and, therefore, the FASTDB alignnment does not show a

mat chi ng/ al i gnment of the first 10 residues at the N- term nus. Thel4dEB 2005
unpai red résodaegvsepresent 10% of the sequence (nunber of r%%'rﬂ}éﬁﬁn%(,the
N and G termni not matched/total nunber of residues in the quer

sequence). Thus, 10%is subtracted fromthe percent identity score

cal cul at@angaiin muﬁmsmppmgirﬂamntbfsc@ﬁe TIRIGE ru;ﬂ\llg wyrI@§HQéJ$§SIIWS%uE1de the
perfectl% rga %g &ihe final percent identity wo be 90% 1n anot

exanpl e, {4508y 2ol éerél%fjlé@&ld‘sf‘équéhm@lﬁjslt@oqmpedre\mmmdareﬂoc?crr&ﬁamﬁ guery

tions .ar el etions so there are no
ool dues P id {ERE L E FRbBRS P Roult i a0 etitun geeireriass t desemine
mat ched/pErégnedening h T%@Qie%%ﬁﬁc@lﬁglé?ﬂféel\l I!eﬁ?ﬁ)gs %&h%%ﬁgggr %qﬁgqrﬂcgint . t'é]g{e L t y

cal cul ated by FASTDB is not manually corre

posi t i oribe it SHIIB atipemiiat dued 16t slerwrh mﬂdtclﬁﬁgi/%hgﬁmbﬂit%f&h@lf@s‘%tlO%%é]&ﬂ@é?s% thePR
di spl ayed in gﬁlélz STDB, al i gnment, which are not matched/aligned w }1

query sé YRPALIES Tesigies aemragert gp % o Yhthesequeac/(nutoiveiof residies 3¢ the

derivatiye a V r its derivative to form

a funct |N((jnzaﬂlléFa?éégltlﬁlg?cﬁ?%gﬁeg?@mwﬁﬁ?b%oﬁ e§t‘@§$ ] @“R@GSE’S&%@C@M dpAadd% is

di spl ay.subacted &gt the pdreert PALANSQLE Bﬂcﬁlﬁ?ed\ﬂg 9@4@“}9% g'r%gl,sraﬂerl'é\f tive and
vative may

the DIVA encoding the VH domain or its deri gated 1o forma
scFv sed E@ﬁh‘éﬂu Theesiduas werepatinoly mhirhed othedhahpyrcbe iderthity anath baoeza IML3

phage di ct.or he .af fi of the., expressed scFv nolecule to the
desired ?l ar g}e(tdﬁg %t R | %‘8 @ﬂ?ﬁﬁ%‘ﬂle@s? Fﬁgcqf’éﬂﬂr?(hémbﬁaw reaidgpﬂaw
techni qy oeer e displa des
and prot g‘?%es ';I\Ih kﬁ%%re g?%r%@\%%ﬁ%? n‘kt%tngje%gd% Ck@gre B noéfzylg\les Joﬁgﬂa]geﬁ{ &

Press, samm efyte Summnsdqﬁenceﬁuhlbh afphdt. mBehal/2ehRa with ﬁwiﬁlz 29§),; 1th
Smith GD and Scott hods Enzynol . 217 223@2357 (1993 [ﬁgb%eérﬂc 'd

Hoess R3S rper'ég} lengy %P&‘E“latBﬁi &y FAST2B 1900t 112088l corFatde (Bm‘eeavemcesl) as

wel | as i di s ure, are hereby incorporated by
refer enégéwu er (ﬁﬁgl\fﬁﬁoﬁa??\& g't%frfusmgfé?qs S gtth% BUbIRRY SEHRENCAY A SHaRTaYe8 D i ¢
deri vat IthEeFesESﬂ" DB ol garferity h@iidbodia not ﬁ‘fagﬂtﬁd/{ahﬂﬂéﬁgnﬁ'tﬂ@ ﬁ@% @t#l.%ﬂc@%e%ﬁluﬂﬁ)tf ed
by standard assays known in the art, for exarrp e, conpetition assays,

enzyne- CPHEEEifAfunosor bant assay (ELI SA), and -12 WO 02/08293 2 4 FEB 2005
PCT/ US01/ 4 | ?&hether a VL domain or its derivative is able to associate with a VH domain or its

derivative to form a functional target binding site may be tested using M13 bacteriophage
display. For example, the cDNA encoding the VL domain or its derjvative and the DNA
encoding the VH domain or its derivative may be ligated io form a scFv sequence. The scFv
sequence thus formed may be subcloned into 2 M13 phage display vector. The affinity of the
expressed scFv molecule to the desired target may then be determined using routine phage
display techniques. For phage display techniques, see Phage display of peptides and proteins:
A laboratory Manual (1996) (Eds. Kay, B., et al., Academic Press, San Diego); Dunn IS,
Curr. Opin. Biotechnol., 7:547-553 (1996); Smith GD and Scott JK, Methods Enzymol.
217:228-257 (1993); O'Neil KT and Hoess RH, Curr. Opin. Struct. Biol. 5:443-449 (1995).
These references, as well as any cited references in this disclosure, are hereby incorporated by
reference. Whether the VL domain or its derivative and the VH domain or its derivative can
form a functional target binding site may also be evaluated by standard assays known in the

art, for example, competition assays, enzyme-linked immunosorbant assay (ELISA), and
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radi oi munoassay (RIA). Likew se, the activity of the target binding site

formed by association of two imunogl obulin-Iike domains may be determ ned

usi ng the above described “methods. As used herein, a binding site il FEB 2005

functional WP W#s28n bind to the desired target with an affpeiiyniefiat

| east 103 Ivi', preferably at least 10 M', nore preferably at |east 105

M', and nost preferably at least 10" M' In another preferred enbodi nent,

the firsfaddpignencassay(REd) nbllevdbe thadctivig dfitestaredt ivindiqosiebiakhéat by ke

domai n arsgo .gval e?il é.l i nkeg]‘gvi a F first extra amno acid sequence, and
SPHGH 81 EWAmmERogsPuay ke dpmainn ey destieetminashesin 2oba kbore dereribed

t he secof

domaj i-nked: i . t i i d .
b of er apy o LR Htber i EMR GBS TAORANE T AN LBR S S S R vt
each ot haffinitywfas 1¢at S0°aM1'| prferkbly A3SHOC]ANIOMBAL WefRabi) Be1ehit 18 MANdng

second pol ypeptides of the Grrullti val ent target binding protein. For éxanple,
the fir@oestpigfesablyraglesst t& Mii no aci d sequences may be enriched with

|-euci ne residyes_i.n_such a nner that they form.a |eucine zipper
structure. wb?%g%‘#ﬁ?fe?fs r{pd ﬁg‘ﬂ@%f:fl?%tt %}Entléfs%%%ﬁ&h@%tﬁ"amd&ﬁ\ﬂﬁ@ﬂ diecfirst
sequencegngerNsd1emiini; Lat i C Eor anple, .the first and
second extra am no 3%?39’?3’3’&’2%\3%@%@’ IE%%%?%’%HESS e%ggﬁ%os%%{l HaUFEST dtfes,

so that thheycdmer singlesthini Blemolkonidundehs\eebn® atMussd165ulid MkofenSirhedi nent ,
the first e§<tra anm no_aci d sequence conprises a |ight chain constant

regi on dWBITUY AkE8 g yecond sxge amisg #eie sequeneof Prefarably hthe Susiomd sexinda

am no acj . [0 i.ses a. heayy chain constant region domajn (CH
Gormi ) SR s IR A B B P S 6 bihar fiecissqEgion between
deri vat i e fanchdd@cEil POIFBEides of tie Hekiv¥iahd | .t By r
So as to_stabilize thegagg%ﬁg% at ioon bet V\l/een ttth%{%???lg?{g?nﬁte\éﬂecg%lda%%ﬁ/%gg%i de
of the sk end agcond extregatinbatidisaquepcet minbe FindchEtl wdnecineresiduss deguckat i ve
may associ ateetévi ttﬁ the CH domai.n or its derjvative via non coval ent

i nt er act TARET BHIRCLLR &1 SSHEIFRPER StEsHES: | MREe Plefrrablyr Brdiricard saerodi aximat |
the firsim@sldcdl HHRRAG . qeY gy Kk i ght ai.n CL
domai n whi ch ﬁ.as%g_ucyse?egoﬁael&?gr%ggggﬁ I ngéf?%g%@isv?%?%é@éggi F\ge f?g[ %ggg%&gl
nunber i ngxtrasmemeasid teussrs mhyebet ¢raichtd RthaghdingeaHenae s¢ AP e Esrmdd REFAY
chai n hinge re‘%} on, or a part thereof, which has a cysteine correspondi ng
to q/szsb?q‘éiléé’SP HfEh olgbat ' s numbering. The first and second extra anino
aci d sequencef, gy ofEoitUAl S hisy b LOK SR Ridse Rt hfRisbON RSB0

two cysteine residues.
region domain (CL domain) or a derivative thereof, and the second extra amino acid sequence

comprises a heavy chain constant region domain (CH domain) or a derivative thereof.
Preferably, the CL domain or its derivative and the CH domain or its derivative associate with
each other, so as to stabilize the association between the first and second polypeptide of the
multivalent target binding protein. The CL domain or its derivative may associate with the CH
domain or its derivative via non covalent interactions, such as hydrophobic interactions.

In a preferred embodiment, the first extra amino acid sequence comprises a kappa type
light chain CL domain which has a cysteine corresponding to Cys214 according to Kabat’s
numbering, whereas the second extra amino acid sequence comprises a heavy chain hinge
region, or a part thereof, which has a cysteine corresponding to Cys233 according to Kabat’s
numbering. The first and second extra amino acid sequences may be covalently linked via a

disulfide bond between these two cysteine residues.



7 4 FEB 2005 PCTI US011-41336 In another preferred enbodi nent, the first

pol ypeptide: of the nmultivalent target binding protein conprises a first
scFv nol ecul e covalently linked to an i munoglobulin light chain fy )
whi ch conpr@d3/$¥é variable region VL and the constant regi por/GkersaBgh t he
second pol ypeptide of the nmultivalent target binding protein conprises a
second scFv nplecule covalently linked to an imunogl obulin heavy chain
fragment whi cH 3RHRRTipsefsTned mpbetitadnt ethe rfgfi rorly péphide df tHeemaclivaleantar gee Girating
CH1. See_Figure 2. The_.VL regio d VH region associate to forma target
bi i ng Bt SGret BT s AR HE Colpieaty Nkt aparyneno etuin kgt ehoin
st abi | | z@agRentWhith ¥@hBAlestRE 98tiathl PABOVE QLEHD o Rrefierabl yo; the fir st
scFv nol ecul e and thelﬁHCLesregi onabg% g%é%gﬁe%dﬁbgf?lﬁﬁ% r%lgnﬁlf"eﬁngttg%éﬁfppﬁe

i nker  wpilgpeppidefod tizbbyltiveral G st ®indiad ttiteift chbApABAUL sée’én@@?}ﬁkonﬁ?écq%e
residues. The sg,co_nd scFyv nol ecul e and” t he CH region are also preferably
coval ent§3yaisHi diked o 2p Hemenee!papin ke vy chikda fraghicchwhiochf engiisgs densirabk of
about t, i.no, aci.d i dyes.. Preferably, the first peptide

li nker %ﬁ%ﬁggﬁnﬁéﬁ%ﬁgﬂﬁ%néﬁ%m @@uegfilﬁi%{'o&ﬁEﬁsm@-ﬂ@Bm, and
the secaonrgodi@ptb d&ml & BleRS: HIBYnHaNE afdok ' e cesm
EPKSCDKTHTCPPCPGGGS. I\/bge pre?‘érlaﬁl w@t%Lem°cys?% ggﬁfrgg’?’gﬁags‘ﬁﬁ?hé s@&lgnd
pept i de dtheikierstahiljzeftbe mudtivilen |tirigdebinomg pabtetn. t heféshbly! 8@ @Rt EdFvamolFBRIRET

simlar t% hh% di sul fide bond forned between an antibody |ight chain and
heavy cHEATNe CinEeSiAg 6 GPxaenib Briedoria ebstrreptie nksr whigh geefetibhdiongists of

tei i i t 100, kDa. | ient, th
Pirst arybul ko RS BRRS pclibeRfucs S A sch 0 125 ool cad RO iion'are
vari abl elscepiesrablgmaidlsntlyFaikednss aRseondt ti&@ﬁ@k&mﬂkﬁ;&étxr—a@ &8st bt

regions of a nurine antibody nmay be grafted to the frameworK regions of a
human arft {ooR#yL 1Semingaarad easiduss. direferably,|thefirst peptide NiB@Er I066hHE e AhOR6ICId

Sun et Pr oc- t b~ i :214-218 (1987); N shimura et
al ., w%%%‘?“ﬁé??gg% @%T?@lﬁ%ﬁg efnG fhe seppnst Peptide linkgmenay daye the
USA, 84:234i30 2313 qitehd8 BPK SAtsG Py ; Th [ C are
. ncor por at ed-a he_rgi n bgp}{ef ereﬁ?eﬁ%ﬁ(gggaﬁﬁﬁc%%}nsaﬁfoﬁggggyfg\?g&’ g%f e
regi ons cisigitserceideciin thetstads peptde liskdrahaynfprinvaaisulsidt iboadivas) e & IWeddiok RO
inthe art, for . xanﬂ{?e_ tié u?gé%g a transgenic animal which has been
modi fi ed"?@ebF’é‘b‘fi‘ééO sPLafE PR fraied fetwgegansmaled g cpinandugs chain.
anti bod i I SRE R (3:.18 nd 969. 10 ich are
ner eby ook clSEueiZhCol e S et B oA R P iy
domai n iaboabl® kla.associ at e

In one embodiment, the first and second immunoglobulin-like domains may comprise
humanized variable region domains. For instance, the complementarity-determining regions of
a murine antibody may be grafted to the ﬁa:nework regions of a human antibody. See Sahagen
et al., J. Immunol., 137:1066-1074 (1986); Sun et al., Proc. Natl. Acad. Sci. USA, §2:214-218
(1987), Nishimura et al., Cancer Res., 47:999-1005 (1987); Lie et al., Proc Nail. Acad. Sci.
USA, 84:3439-3443 (1987); and US Patent No. 5,874,540. These references are incorporated
herein by reference. Alternatively, human antibody variable regions may be used. Methods
for isolating human antibodies are well known in the art, for example, by using a transgenic
animal which has been modified to produce human antibodies, or from phage display of buman
antibody libraries. See US Patent Nos 6,075,181 and 5,969,108, which are hereby
incorporated by reference. Whether a humanized variable region domain is able to assocjate

with another variable region domain to form a functional target binding site may be determined
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wi th anot her variable region domain to forma functional target binding

site may be determned -14 2 4 FEB 2095 WO t)2/0,4293 PCT/ USO1l 41332 ﬁpgﬂlﬁ
ML3 bact eri ophage di splay or other standard assays, for exanple conp {’
assays, enwgne#izvhked i nmunosor bant assay (ELI SA), and radimmmingagsay
(RIA). The variable region domains of the first and second scFv nol ecul es
may |i kew, se be humani zed. Human anti body constant regi on domai ns may al so
be used WHLMaIDBRENyPhagsidisiey of pder sipease esars. Soroxampit sompedtiar 2saays,

munogl GRUPE AR BT Rt BBy JEL TS A L g RSB B E0 IRIAY, The EAZE {wo
of the thgre do%ra%tofhh@%ﬁgmglséeo%d%fcf@ nﬁﬂdééuhéégké‘}nmce»pls?% ﬁgﬁghgw' o

have di fférent target binding specificities exa Irs

second smﬁbodmt@lsmlnewgmyddmmes dadyf Becehd ngditd Oo@aleﬁilySHQUﬂmcfﬁSt alil0sepOSEaFy
di fferent b| gfrg PECI ficities. Each of the three target binding sites
may havel@l €EH sRUBale fyeeiduBiling ereipin prlshiisa ard sednad immnngledubiedise n,
two bingj &gtrgr%%} different target binding specificities if they do
not have € Sa arget binding specificity. Two binding sites have the

"same" targetin dakReiboginde Chf kg o iof tﬁélﬁyeeqmebbm@h&&sﬁeb%f%@H@nbﬂ&&et Wi th
a simlar binding affinity. Two target bindi ng sites have a "simlar'

bi ndi ng tafdipg |Ptqiemfmayhbaweailffgrebemgarblmcheg speafficitidst yFarogxatigid, ghd firstand gi ven
antigen or tar aﬂ\?etv\eerﬂ ‘Zfr?‘gbl{? 0.2 to ab ut 5. Two bi ndi ng sites are
ent: capeane SRgymolFealE 1hG by R L FIIUERE 06 RORRESE BifEerendryRtiog | n
anot her sggtlﬁgfu'g?nﬁaclﬁBf 1R affeel: lf)mhﬁ'% B §&y %%(/Qgtdgﬁ%ﬁégf dﬂgdﬁlgt Eéc:lﬁz ft

mul ti val binding protein ma ave he Sarb tar

For . exarfpbre eatithethes. r At vasithersiac omlbﬁndl}% sired Eﬁ,ﬂlc&ﬁfeﬂmytah@at%md]ﬂu §;&H&Hm@tﬁﬂsﬁﬂ
acid seclgence and possess the sane binding specifici ty The three target
bi ndi ng B%t € Ahbara e eRe RigREdindingspediliviti nbve paing vies paveriics Smﬁ‘aytﬂtﬁ,ﬂt

achi eve ul in Ilke mai n, the .VL nai

ot scq)lngmgﬁoéeleegi&; el B MR Bttt o R AR e a R ke e
sane ambueiiag bitbs HRGIENSienilaraBRdleafASeP Tdhd A MREVQRAULd P At Qoﬁlﬁm fbr at he
VH domain of the first scFv nol ecule and the VH domain of the second scFv
mol ecul @ivAnstigen e argel @FebﬁEW@Qii atant D@ taeboktsdedlien bending sites get idehtigadlifrigey

protein w at entl bi ndi ng sites can exhibit an enhanced
avi di ty F&° H}essmteifulfté?g Sﬂeﬁl Yty t%ﬁ%ﬁsﬁg’re I@z‘rgﬁfgdi ment, the nultival ent binding

protein conprizs@stat erﬁ'l%@ﬁnetnwcht least two of the three target binding sites of a multivalent
| binding protein may bhave the same target binding specificity. For example, the first and
second scFv molecules may have the same amino acid sequence and possess the same binding
specificity. The three target binding site may have the same target binding specificity. This
may be achieved when the first immunoglobulin-like doinain, the VL domain of the first scFv
molecule and the VL domain of the second scFv molecule have the same amino acid sequence,
and the second immunoglobulin-like domain, the VH domain of the first scFv molecule and the
VH domain of the second scFv molecule also have an identical amino acid sequence. A target
binding protemn with at least two identical binding sites can exhibit an enhanced avidity to its
target.

In yet another embodiment, the multivalent binding protein comprises at least two
heterodimers, each heterodimer comprising a first and a second polypeptides. The first
polypeptide comprises a first single chain Fv molecule and 2 first immunoglobulin-like domain

which are covalently linked via a first extra amino acid sequence. The second polypeptide
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het er odi mers, each heterodinmer conprising a first and a second

pol ypeptides. The first polypeptide conprises a first single chain,Fv

nol ecul e and a first inmunogl obulin-1like domain which are coval ent| i‘wﬁEHkZQ%
via a firstwedmsas;anuno aci d sequence. The second pol ypepti g dH 24, FEB
2005 WO 02/ 08293 PCT/ 115111/ 41386 conpri ses a second single chain Fv

nol ecul e and a second irnnmunogl obulin-like domain which are covalently

| i nked ¢PaPalsEet snvdn@ gingte ehaimbv andldod e qubaceconhimnfunogiobalin-gike doshaxthiah
amno acid fafegﬁe ce gf .the first heterodiner my associate with the first
or secorf &% téiﬁﬂiﬁ 483 345e°08g FEHE STHR0 pHE SeQHRY ABE drgdir FEFODdFERATHBEP y

by covaleflsehiliRE 3 tOHR: nedrllidtr Hag Usldeife WBANMS 6 EBER NSNS Bin S acia

nol ecul e associ ate ano DI e _
propensistqueiice poihe stagrl edfrod ASEO et iaBly BEENRGIMt IS aBBHEC Yh@SasTRMfidw ol ve

either covalently interactions or non-coval ent interactions, or both

coval enttoa®d non-coval ent interactions. A nolecule is |inked or conjugated
to anot her nop| ecu|I:I i f they. associ at.e Wittﬂ each other. As used herein, the
terns "link" “¥nt® E‘Bﬁ’lﬁrg% Jecé’feeasis?ﬁl%‘te& R FEqkee m § Hehq twmpleeples have
Mul tival : Bh bl Pr 0 ' ' v

nol ecul g?’f%}géﬁ?{%%ﬂ{?ﬁ P\%gpgrrﬂ %tgrgggttﬂ ?%@?%k‘gﬁg%dé%ﬁ%;}]ge}?@? gﬁ@fﬁg‘%nsi st
essent i abVvatemly Gteyacivas e monesivalessintehapiont esr esth pepilestennt indkeoviient
[GEGGS] 3. A u and Lys residues may al so be included. Suitable peptide

| i nker s W6FCHORe Hy MelgFde iy Bnkpgorrongegsiegrie dnprheaswdicamid shay asocaidie Wit hods

i i . {8, »Which i.s h by. | db
et or ongect e BEFRE0 R, s EFR IR SR ConifelE] B pl P OREBRER TV al ot

bi nding protein preferably conprise at |east 12 amino acid residues. Mre
preferably, the peptide |Iinkers have at least 15 amino acid residues. Mst
pr ef er afleptide hanlps0f Nhuitivalent JangatdBiadoigt PriBeino about 30 anmino acid

st dues. A BopLol LIKSL SR Lok LOTDIE Qb0 R eSS e

e AR L eEA AR Gl AR 0 ALBLE AR B oo

conf i gu{@GGEES], TIdu andvd.ys césidum|erubles befndinieds afwtablel jeprdé Bnkerbiforch sugv

POt el Sy e ReSianed B achRRnte Sith the methods disclosed in US Patent No.
4,946,778, which is hereby incorporated by reference.

The peptide linkers for the scFv molecules of the multivalent binding protein preferably
comprise at least 12 amino acid residues. More preferably, the peprtide linkers have at least 15
amino acid residues. Most preferably, the pepti’de Iinkers have about 15 to about 30 amino
acid residues. A peptide linker shorter than 12 amino acids may reduce the flexibility between
the VL and VH domains of a scFv molecule.

The first and second scFv molecules of 2 multivalent binding protein of the present
invention may be either in the VL-L-VH configuration or in the VH-L-VL configuration. The
two scFv molecules of the same multivalent binding protein may have the same or opposite
configurations.

In one embodiment, the peptide linkers of the two scFv molecules of the multivalent
binding protein comprise less than 12 amino acid residues, and the two scFv molecules have

opposite configurations. For example, the first scFv molecule may have a VL-L-VH

configuration, while the second scFv molecule has a VH-L-VL configuration. The two scFv
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configurations. In one enbodi nent, the peptide |inkers of the two scFv

nol ecul es of the nmultivalent binding protein conprise |less than 12 am no
acid residues, and the two scFv nol ecul es have opposite configur §tifgfsii]s
For exanpl &0 PHeS2Pirst scFv nol ecul e may have a VL-L- VH confa@uustiions

whil e the second scFv nol ecule has a VHL-VL configuration. The two scFv
-16 WO 1 %/08293 2 4 FEB 2005 PCT/USO 1 /41336 nol ecul es associate to form
two tar d{%? eHlpRsSgCIater e dorm e fs sedunding kuemp| ke thonboveae gaipldi ordi taget Sndieg

be f | lation.b he, VL, d ' f_the fi F
o) ecul CamE He R QB sk B T b Eu R L QmoHer R St SR TRl My he
target bVAWoRGIS b treMRYoRCsIFTHARE-BY @SR B*h%% kﬁgetbﬁﬁ%‘@ggg%\%ﬁ%@e@ﬁﬂ%& ﬁfe

the first scFv nolecule and the VL domain o he®seco

~ bi ndi ng aspEdtindictyeantic 3fH idninkin aftht fins sEBv mRdeduwakd MdiVig dsidagsof Ay be
eval uat ed b%/. siandard asrsﬁ%s_knom in the art, for exanple conpetition

assays, 3¢ YIPReRle RIBRDH seC Taty Hpd @EpIgAYS thas donneadi ionttudiog sisesy

(RIA). | ' , Lrst_poal tide of the nultival ent
arget Byt DR HBER astd€ KbbR m BRARIS: B Gudle cBBO M Rh P | nked
via a fiensympsnkedEnhunb@rbdn® 288y (EDISANaAE Ribindnbd BRtayRahp fragment, and
t he second pol ypeptide of the rth I val ent target bindi r%’g protein conprises
a second schIn@pPéeukembodirgng the firdtipokeepiideaofths aadtidalprpti gde bindingesrotero an
i i nmunogl obul i n heavy_chain ra%rrent. The first and second peptide linkers
may i ncPBREES:H Iﬁ‘tlsglﬁ’ qul?“fliﬁ‘iﬁ aeRdy dinked 181 R BUT BgPude bnkeeshert to ot her
parts of; LS - bindi i ' Xl Dlel o

S G 1 oo BB i HPnEH S5 S oont bibcrik srchd p BRI Brasti ng

event diending prdtein cexgnsbea sédded keFgmotdcaR @fvaleRgy liakeelia d fecan®p&iRE Niader
enbodi ment, the i munggl obulin I'ight chain fragnent conprises the VL and CL
r egi ons © 3hdTmuRaziobHlin Seyyomain agreensy Tdedint anbspeerd pepsidsrlindess mie VH and

CH 1 | i tide |ink f | i t
east 4 tien e PsthRy RRE scR RN RRE L oot Clodudiring e R iRlanC°
resi duesindangpronsih. prias geablify dkcdm@@SigntBeArWien 36k g%r;ggﬁﬁiﬁgﬁlg.e\,g’ﬁtq{iﬁfe?pl Y,

the second peptide |inker conprises a cysteine resi wh I s capabl e of
f or m ng 2BCEPKIAr g§tdendipg aeeniiduf ta hor@xemples4 tidkabgt $ise ofitisenizay) Imd preferddl

o oo ok e Rtk Bl FBh i Babmefromprises e Ve Tha TL fegion and
the immunoglobulin heavy chain fragment comprises the VH and CH1 regions. The first and
second peptide linkers preferably comprise at least 4 amino acid residues, more preferably at
least 10 amino acid residues, and most preferably at least 15 amino acid residues. Preferably,
the second peptide linker comprises a cysteine residue which is capable of forming a disulfide
bond with the Cys 214 (Kabat’s numbering) of the CL region of the immunoglobulin light
chain fragment. For example, the second peptide linker may have the amino acid sequence
EPKSCGGGS, and the first peptide linker may have the amino acid sequence GGGS. For
another example, the second peptide linker may have the amino acid sequence
EPKSCDKTHTCPPCPGGGS, and the first peptide linker may have the amino acid sequence
EPKSADKTHTCPPCPGGGS.

Conjugation Of Multivalent Target Binding Protein With An Agent
Additional amino acid residues may be added to either the N- or C-terminus of the first or

the second polypeptide. The additional amino acid residues may comprise a peptide tag, a signal -
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EPKSCGGEGS, and the first peptide |inker may have the am no acid sequence
GGEGS. For another exanple, the second peptide |inker may have the %nE,RBOZU!]S
aci d sequence EPKSCDKTHTCPPCPGGGS, and the first peptide |inker ma;z have

t he am no awi@seguence EPKSADKTHTCPPCPGGGS. Conj ugati on OpcWulshivakent
Target Binding Protein Wth An Agent Additional am no acid residues may be
added to either the N or Gtermnus of the first or the second

pol ypeptpepede, e tekah, tan @nayma ffonexagple, 1 poidiug activaying enpymie ea aeppEptdde stcag,
a signal -17 2 4 FEB 2005 WO 021US293 PCT/ US1)i/ 41384 peptide, a cytokine,
an enzy e PRSP TeRAHHIIRXin g2 BERIIGAIBE e R IOtaXc gOteiRAy Riher Tangiiopel aleiSxidf such

as pseu . e I, i.de ! oxlc protein of 0 r

Funct onare Basige 4iraa bRl IsuprgtaP s Bp B RN BB bl Ko, i

whi ch hagn@icBhigire@irala dyittekic Poted. PAEAIRE Each arhitBGkidRalduEr ARl N- bsCa

cytotoxic protein. Adding extra amno acid residues at the N or C

t er mi nusemiings @raopretain isswekk khowm awheiart. t Foe iasténce Fiomadynist avhieeed by Lipatinghe-

achi eveg_fb | i qﬁ\t[i ng i n- frar;jre t?le DNA sequence _encodi ng .t he addi ti onal

ami no. adTHT e LA SeRaRe CRO e § @eibARad @R FrglduRe Wit g DovA ssauencg
ol ypept. : Laatd I b - el ; L.aend of

e Boquniing I8 SO Bl G Tn2 g W A8t Bherne81Br Sk be

acid regdhNAeRqudkcebarodblg/the des d1Qbegidgdlfpesady | Yhadd@aond Atk ndil pgidues
specifici t% or affinity of the nmultivalent binding protein. A target
i

bi ndi ng Pselgtablndeesyial lgnéfieasty iaffeet thy binding spwcHicatsrr| affiaity etthednylfivalens

nodi fied.protein bin to j.ts. purported target at.an affinity of. | ess .t han
103 w KB dietes) ihTatonblinl 8% S e Beed s Sruigano Qe e

af f ect edyddifibd Brdobin dims [%fifs'nﬂ“r%é(rt&f tab 18 aMRbfrin®d ofREQLBADIFAMIT S Rgdort ed
target is 10 tines less than that of The unnodified protein. In one

enbodi mbmdingl pugein’st wrdmg, affisity Geignifieantiymifrords| tlernznyding afftyityodfoke modified
proteins, chel ates, cytokines aBd, ot her functional agents may be conj ugated

to the MEPEIYISERUPPEFGETISHiRHdP SEnssrietsdhan that ef Be apmpd gk oval ent
tt hnents t i | 1t ] i i f .
attachment s I‘B&Q%nﬁoﬁ%ﬁg?gxﬁl@s?{oﬁﬂer:?cﬁbz[lﬂvel gﬁlg%ﬂxﬁké': g@%egkﬁtgﬁjﬁﬁenyl |

mul tival ent target eln, for éxanp

t hi ol orpréteisoxydlags, alypskindédnidaiiBerclanyieital Ofels by ke csnfpyted o thieaduifioflethi s
pur pose, for_ _exanple, diisocyanates, diisothiocyanates, _ )
bi s( hydrt#gpshigdinginrre). prsfeastdy tygnglo apvalent @dachments to the side chams of the amino

T ey B DU SRt Pl B SRl i e

si gni fi GRY by hdroR L grloliBs PVAFHBLE cEnRnAGhAISinkB@Ghdyi e fi3kd for this purpose, for
example, diisocyanates, diisothiocyanates, bis(hydroxysuccinimide) esters, carbodiimides,
maleimide-hydroxysuccinimide esters, glutaraldehyde and the like. Conjugation of agents to
the multivalent protein preferably does not significantly affect the protein’s binding specificity
or affinity to 1ts target. As used herein, a functional agent is an agent which has a biological
function. A preferred functional agent is a cytotoxic agent.

In another embodiment, cytotoxic agents may be conjugated to a polymeric carrier, and

the polymeric carrier may subsequently be conjugated to the multivalent target binding protein.
For this method, see Ryser et al., Proc. Narl. Acad. Sci. USA, 75:3867—3870, 1978, US Patent
No. 4,699,784 and US Patent No. 4,046,722, which are incorporated herein by reference.
Conjugation preferably does not significantly affect the binding specificity or affinity of the

multivalent binding protein.
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or affinity toits target. As used herein, a functional agent is an agent
whi ch has a biological function. A preferred functional agent is

cytotoxic agent. In another enbodi nent, cytotoxic agents may be co%‘UE)Eaﬁ %@5
to a pol yr¥pPilg/8dBri er, and the polyneric carrier nmay subsequastlyide
conjugated to the nultivalent target binding protein. For this nethod, see
Ryser et at., Proc. Natl. Acad. Sci. USA, 75:3867-3870, 1978, US Patent

No. 4,699, 784arndrugs apdtiexins A Kupwou® e cyiptidh elis®@s phdwnposedis @d herei n by

reference. Conjugation pyeferably. does not significangl ffect. the

bi ndli ng SRRy BPESRETES 157 KIG HeAY TANEPY aF EHEDHTTRDAG IS SYEIHES. 15O
02/ 08298 dhedEER 12000 or Bl eUSOL/ 4) 386 Many drugs and toxins are known to
have cytotoxic effects on tunor cells or mcroorgani sns. These drugs and

t oxi ns may le oheenmbotl nenw g ésadi eneol - giycsgpladdidseqoxic Snaysheciitrotsced freo beties k
I ndex or the like. In one enbaodinment, at |east one N-glycosylation sequence
may be H§tistRicrgonhpelyasatie of theqaultivalent targes binding nselein epaei Brnserr erntahe U.S.

mul tiva r i-adin rotein. Hansen. et al U S, e :

5. 445, obGob N P Ioa ~BPL AN Gl oy R B LBt e Angpitra g B o, Whier
601013, 7 8Qo1yab8ifiontsehhlcy GOosybakdeano BRAVERARN Ssifeflof CIHCELECN sitd) Gelbn 6CNL
site) or I (HCNS si'te) region of an antibody. These references are

i ncor poaratmdhddgr eElteshyeferhers ene excoRoedted hdvkip, bit feéeredoec darypfeadblgnhsequence
may be inserted at a site distant fromthe target binding site, such that

) g g S :
gl ycosyPYEPRIALLN EAUPTCE MAMEdDHEEd ahasie digiapt feanbe jarastiurdiog His, Bishdhag

OSyTs A t e t ry et o 1
oF ot er b SYoRigBon B (uBee dues ol LNELE0 B B bt G APROLE) RnicliBF Ge
f r om t hewlivaget thiadiinging ipt(ﬂeinl\/bﬂbregiref&ﬁﬂj@,' the glft@sPNagby siesiapbe Resed & MY

be introduced outside the first and second i mmunogl obuli.n-I1ke domains
and t helepftrsd Aghiiais Bophidre werbindingsilk e ost prefersblt drer W lepsationesie may be

Ao a0l RbbE ERfh St Rl b Zemiets e FeaRERRlorer, -
whi ch ceyg) @pfekiiel | MK 5 phdtrréd Ebodifnes GANG1yBIHARM SRy ddothedQBl il e

[
the first or second scFv nol ecule, réspectively. Conputer nodeling nay
hel p | ofest end sedombleatrsiatremo dad s¢quenadyusichgs thémniNngglpbalsytasiaonregpo dgmiatn on

fs Ieggte nggihg:g_ccg)lrx{élcegay lg,j,g%%ﬁ}géégtco%gsgflzL;[zlldoipxn'glln}ogrls()b{?il){-ligg dglrlllglmnt%etlrlee grslt (r)]rt s(,)ecgr?desclzv
molecule, respectively. Computer modeling may help locate suitable sites for introducing the
N-glycosylation recognition sequence.
| N-glycosylation recognition sites may be engineered into the first or second polypeptide
using site-directed mutag‘enesis. Whenever possible, the mutations introduced are conservative
in pature, so as to maintain the final tertiary structure of the protein domains. A conservative
mutation generally involves substitution of one for another by similar size and clinical

~ properties. For example, a preferred N-glycosylation recognition sequence is NXT or NXS,
wherein N denotes asparégine, T denotes threonine, S denotes serine and X denotes any amino
acid residue. Replacement of a glutamnine (Q) residue with an asparagine (N) residue would be
considered a conservative substitution. Possible perturbations in the final tertiary structure
may be minimized by carefully choosing sequences that only one single amino acid substitution
therein is sufficient to provide a potential glycosylation site.
Insertion of the N-glycosylation sequence is described only as an example. The

principles involved are equally applicable to O-glycosylation. O-glycosylation is known to
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using site-directed nutagenesis. Wienever possible, the nutations

i ntroduced are conservative 1in nature, so as to maintain the final
tertiary structure of the protein domains. A conservative nutatiod4 FEB 2005
general |y iwmwobagss substituti on of one for another by sim | g1, aRe
clinical properties. For exanple, a preferred N-glycosylation recognition
sequence is NXT or NXS, wherein N denotes asparagi ne, T denotes threonine.
S denot excseni aiciearineotine nojeemearBheadttepaor sequehoeesi Qubnkddegllasserenh iof a

gl ut am nehggegr_esi due with_an asparagi ne ( resi due woul d be considered a

conser vat ubsterined i 6f¢ WplssBichie, peckar bat FonsIIn(10RY)-f Therr cosldrtiesy hias
i g e o Mk R BB P ERE SHEHE drootisd 6 JRes r@REt " frosor auing Tethe? "°
pot ent i ahag@hicoaw Rlrhay & ﬂiagn:e ?ﬂ%@feﬁérﬂﬁh@&?&ﬂ& J\‘Eﬂjti)éﬁ sYh2hhiaR o F{l}%nce is

described only as ‘an exanpl princi ples involved are equa

appl i cablesidue will gk Yeghybatlated. Nevedtytasypaenttn O-glykcoolmidroseqhéncd) 2% @8293
2 4 FEB 2095 PCJ/US111141386 occur at either threonine or serine. The
accept orRe¥FERikeds 180tesr| anHkediey ke ip have Sreivsosylagon Fapdha used|as g fianegrd
See W I v or B 0G: ] . ASY . 18 0 bi

for hi gﬁ%gu%%ﬁ?gor{tgr%ﬂﬁr]%ﬁﬁg%reg%ﬁﬁsﬁéongﬁlgd{f:#rglggtl)%lbﬁl-ém? rtogﬁedsﬂegfr @gﬁf‘%ﬁs ,‘S% ut

accessi bhiddyasheldriker er d7ham Bidte Ca%act SoF i 520 ¥ %@gt&ﬂfm ABYUEShE VDR, 216:
whet her a particular threonine or serine residue will be O glycosyl ated.
Never t hel’@sd 56 putkaritar ail. . d- §iojc 68§ atZitBn 1 BeGuaheds , Insertionad glidesdetion
identified in.other antihodi ef%i:éno t.o hgve O-Mosyl ation can ({Jﬁ used as
the st ar@aPEPOYRIRMEY §18TOSYrARPR Oh (s 1irglufeA se CH LAY GHETPHOLHEUCE? get

bi ndi ng ngléfktr?&g?io%%t Ei?hﬁ‘fc ty af?@c@.theqlﬁmg gﬁé@f}%’if)kﬁishzgﬁi@gof e mBltRlaenfhem ,

259: 15 (198 nyth and “Utsum , Natu 67), Kimet al.,
J. Bi ol .taffeebindii2g@oted®345 (1994). Insertion of glycosylation recognition
sequences, g|YCOSé¥ati0n_Of t he introduced sequences any ot her

modi fi cat i onsI™ PPECEFHBIMER. Aserbohyipie darmay by %@iéﬂﬁ&é' Yo Fyengineered

o PRIl P BP9, BURChIP PP

engi neerg@resgingans yhahialt SRAURNSSteCAhAhedimRiskfRNBOE o fatidncaidpahir at e

chain may be achi eved by expressing the multival ent binding protein which

conpr i seésquensegh ycokaryains eml. r Acugpal pewinie sequpnea cwyi preferahli deyorodncedpl the A

signal pﬁptgrln%%uss 8 gr}ﬁset oqas%cxpnrde];oq)rq%%ltige g? thienrhll;l%gia %gt i%Eiintghpei‘otein. When
expressed in a eukaryotic cell, the first or second polypeptide with the signal peptide may
transiocate from cytosol to endoplasmic reticulum (ER), where the polypeptide can be
glycosylated via the engineered glycosylation recognition sequence.

In yet another embodiment, enzymes, toxins, cytokiﬁes, drugs, chelates, cytotoxic
proteins, radioactive compounds or other cytotoxic agents may be attached to the carbohydrate
chatn which has been incorporated into the multivalent binding protein via the engineered
glycosylation recognition site. To conjugate an agent to a carbohydrate chain, the hemiacetal
rings in the carbohydrate chain may be chenucally oxidized to generate reactive aldehyde groups.
Aldehyde groups thus formed may be covalently bonded to the amino groups of a protein or an
agent through Schiff bases. For general methods of attaching proteins or agents to a
carbohydrate chain, see Hansen er al., U.S. Patent No. 5,443,953, and Leung er al., U.S.

Provisional Patent Application 60/013,709, the entire contents of which are incorporated herein

by reference.




N-term nus of the first or second pol ypeptide of the nultival ent binding
protein. Wien expressed in a eukaryotic cell, the first or second 74 FEB 2005
pol ypeptide with the signal peptide may translocate fromcytosol to

endopl asm O &fuisgdl um (ER), where the pol ypeptide can be glryaasyl/ated via
t he engi neered gl ycosyl ation recognition sequence. In yet another

enbodi nent, enzynes, toxins, cytokines, drugs, chelates, cytotoxic
proteins, radioactive conpounds or other cytotoxic agents may be attached

0 e RaRANNASALE e BIRL NN AR WSRO AP SLORIAL R bR e, Tl ] val ent

bi ndi ng proteirn via the emf:;ll neere

conj ugat e an TageRpression veabRofdy di-ati8t 6heHcBnd hHEpARIAGR TR multhA8S: biaaldae
carbohydrate chain may be chem cally oxidized {0 generate reactive al dehyde

gr oups. ProfFidarybe gbtatngd byHodTranr hgdiomenf the DALY at@rntes dnondied theo t he ami no
groups of a r .an . agent _through Schiff bases. For general nethods

rofein.. a
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herei n Qiyningf el aberuoryMadich, EEB AT H@o@@i&ﬁﬁ'%rﬁﬁéﬁﬁﬂld £438089). A

Construction of Expression Vectors for Miltival ent Target Binding Protein
The expPeRi¥iedinkge pthiscavglenily eofnecst the scBemolagulss ity pepotberepartsf oftthe

mul tival ept. bindin rot.ei n _rmay. be .obtai in-frape ligation of the
DNA seqlt glrllté‘éagengﬁjé%‘g?%grﬁ% m%ﬂ%w&&ﬁaﬁﬂwﬁ‘%%%% ngﬁteﬁ@#’? FPSIRB AT ERE
or the @xidRindHipBeat@Cihe IMEAULHSS ' ShMlifdVe pepQaL 1ifRk L €chni ques as

appr eci at ed 1tljly one of skill iﬁ&?}ﬁe aﬁm. %egpgggn%g%%ret al ., Mol ecul ar

d oni ng: A LdlmerlaNArsgqidneeatncoGoigdhSpaiiside Mat barstdrabegian domaRses an agdnvhdyd.
(1989). A enﬁtgi,de hi nker whi ch coval ently connects the scFv nolecules to
the ot h8RY aiged {TRE PYRlished, HVERS 95iCAR PR G LI hsARAATD PTOGSL RIa e by
PCR t echpi gue a , [ [ i [ '

cequenca etorh e Nt SR gL Sl P o R RIRR T g B

vari abl €199, monishaity Thgilos. Depaiment off FralRALE PUGYan SBYiRS, ARliades eepfh@m
publ i shed sources or can be obtained bé st andard procedures known in the
a

art. FoPf @eahpl e apdbedy wriahle rezag teai dave lfenmlestréhadspradr Privmoliogiopaate.

e est, 45y 8B AURLANEE P, IS SsBRERE R 0L

regi onsdédeeibed|feLe@ile ASSOALRE G B | PFoct Nal 't ScdtBlc. g4, o%: $391989) and
Larrick et al., Methods: A Companion to Methods in Enzymology, 2:106 (1991). Also see, Ward
et al., “Genetic Manipulation and Expression of Antibodies,” in MONOCLONAL
ANTIBODIES: PRINCIPLES AND APPLICATIONS, pages 137-185 (Wiley-Liss, Inc. 1995),
and Courtenay-Luck, “Genetic Manipulation of Monoclonal Antibodies,” in MONOCLONAL
ANTIBODIES: PRODUCTION, ENGINEERING AND CLINICAL APPLICATION, Ritter ez
al. (eds.), pages 166-179 (Cambridge University Press 1993).

DNA sequences for the variable and constant regions of an antibody may also be
obtained through reverse transcription of the mRNAs which encode the antibody. The source
of mRNAs for antibodies may be obtained from a wide range of hybridomas. See, for
example, the catalogue of ATCC Cell Lines and .Hybridomas, American Type Culture
Collection, 20309 Parklawn Drive, Rockville Md., USA (1990). Hybridomas secreting

monocional antibodies reactive with a wide variety of antigens are listed therein, and are




General techniques for the synthesis of antibody variable or constant
regions are described, for exanple, by Olandi et al., Proc. Nat' IYtlApﬂpzﬂuS
Sci. USA, 86:3833 (1989) and Larrick et al., Methods: A Conpanion to

Met hods | nwEnzyimabogy, 2:106 (1991). Also see, Ward et al.,pcietetisge

Mani pul ati on and Expression of Antibodies,” in MONOCLONAL ANTI BODI ES:

PRI NCl PLES AND APPLI CATI ONS, pages 137-185 (Wl ey-Liss, Inc. 1995), and
Cour t enayaillabdk frotrGiaepilectiani Phdsatcenines oMvoihers afihiléntdndyedhesbe uiilized as a
MONOCLONAL  ANTI BODI ES:, . PRODUCTI ON, ENG NEERI NG AND CLI NI CAL APPLI CATI ON,
Ritter épurcgiof miEN4scodingfes thepqrirhly ndaepsieagegions vépikadit: ess 1995). DNA
sequences forythe,vari abl nd .const ant r.egi ons,of an anti bady may al so be
obt ai ned thro%%r%%}ee%édr %%Sfarngﬁ%??sp? thDB‘ilegﬁgyM Ve bé%%‘&%“%[%an

anti bOd)éprUp‘?i_a&OWr%rat@,f ndthBES: dQfesBRthRRd! &% BN &%v@xﬁ&ﬁ%;}"?%oﬁ&& Mrge W de
range of hybridomas. See, for” exanple, the catal ogue of ATCC Cell Lines
and Hybningowagen amtkbe cemnarfigee oCuhterese or Gdlekea hhpay 126BA%:r8ar ki awizelici ve,

Rockville M., US 19902. Hgbri domas secreting nonoclonal_antibodies
react i veORPERCLTRGRARIEH [ ARji2eRuryahkeyhols Inpetdmassamn klig Thee - 21 2
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cell lines or si'm ["ar “nature utilize S a "source of
MRNAS  caslim@iofex irtdeheviasst atab@nANdoGRABE Altlvolt BueB Sveek iRBlaROMU ARy Yidet Al ¢
and constant regions of antibodies may al so be derived by i munizing an
appr opr iafieethedpstabrliange, terapidenys acmovedsanid dlissntiated inwrsingto sellctorbearseéfurl y a
nouse. Th I nogen, wi | 1. be the antigen interest,. or. where a hapten is
of 1 nf et Lt R ERRS BieericBies diat it RO ARGREY B OUAEL O SR Cas
keyhol e phbdmgtesh@aRayiathdlak Kiblia %S@enc'emg!b%%ifﬁ’ﬁbd 'ﬁ%‘o@% re ke ﬁ'gns‘ﬁpigtion
conventionally with one or nore repeated 1hjections of tthe I mnunogén into
t he hostof RN AnoThakbgyeqprotedirt Oednhpreducseakantibbéy whlich mbip balkpacifiduoemy
days after &he | ast chal | enge, the spleen is renmoved and di ssociated into
singl e CHEFE (IBMPEOgENE aRligensc K expmplend el SPHAME RIGIWHY L GEHEBATKRIOTHCIMES ch

ni RNAs o [ L.hed St r edur owm, in the art.
DNA seq%é’ ggﬂgadyﬁ%’gae gg? %cl%hg% g %%L&jgaﬁt%g@\’/grc ed’l{i)l%a%g Ccﬁ?yg{ﬁ?,()%tg@x{c}%om.

The abovhelpfepaaduibesniin, pf adieidl caiporadyhishingy vedRRceRSCTAd DN any
sel ected i mmunogeni c_antigens, for exanple, a cell surface protein, a T

cel | nmask@ienseictpding foothoBaragide eDBynstanFcegienseqfttbe antdbadiyugay be ussdita coastruct
cyt oki Nehe %ﬂlt%@ﬁﬁdrg& bcil\nléigtg %)f'(i:)t%inp of &1? ippésegt invention.

Variable and constant regions of antibodies may be obtained using M13 bacteriophage
display. See Burton et al, Adv. Immuno. 57:191-280 (1994). Essentially, a cDNA library for
antibodies 1s generated from mRNAs obtained from a population of antibody-producing cells,
such as B-lymphocytes. Amplified cDNAs are cloned into M13 phage display vectors creating
a library of phage which express the antibody fragments on the phage surface. Phage which

- displays the antibody fragment of interest is selected using the affinity to the antigen. The
selected phage is amplified to produce the antibody of interest.

Construction of the DNA sequences for scFv molecules is disclosed, for example, in
European Patent Application No. 239400 and U.S. Patent No. 4,946,778, These references
are incorporated herein by reference. Construction of scFv sequences also is described in R.E.
Bird and B.W. Walker, “Single Chain Antibody Variable Regions,” TIBTECH, Vol 9: 132-

137 (1991), which is incorporated herein by reference. In addition, the DNA sequences



chelate, a tunor antigen, or a chem cal conmpound which may be radi oactive.
The DNA sequences coding for the variable or constant regions of tHd FEB 2005
anti body may be used to construct the nmultivalent target binding protein
of the pre¥he2/483%enti on. Vari abl e and constant regi ons of AANBWAHESE may
be obtai ned using ML3 bacteri ophage display. See Burton et al, Adv. lin'
ucno. 57:191-280 &&)29{@{) Essenti al I%, a cDNA library for antibodies is
gener at #9HBERRNAsasbY Hi 81905 0baeky pojprsiies ingy tsfoldgined dy antidddich mdich

cells, h B- hocyt Amplified cDNAs are cloned into M3 phage
di spl ay C\%lgg)te ?gpaé?aeégﬁﬁsﬁn%sgsp%‘feary of phage which express the antibody

fragments on ARedRNagRiRULEERLIRIREE MG endiofiRl A)at %acﬂﬂﬁ't@?&ﬁfﬁtﬁﬁ%@m
of interest is selected using the affinity To thé& anti‘gen. The sel ected
phage i £ndmflai thiget binoliny pbude biyheuwmnd Dddyloaing istimi@ss , fordmsincecby @PCR t he
DNA sequences_for scFv nol ecules is disclosed, for exanple, in European
Pat ent ABS[HEi Tat FHPINGET OFORNONE M 185 PPRtdhicaNgnces AEnatpaly, Fhuigral peptide

referen i erein by .reference.. Const ti of Fv
sequenc (ehgasya}?%{(%ﬁ?lé&ggéeg %@é@g ir%’eﬁs.elit.r anséflpﬁo%ﬂga%gwgg% Inkﬁéﬁ,g‘s . %g‘?@ ai n
Ant i bodyenyadih@hl Rnfreny-@8surring | Bk Qombs ) e

i ncorporgt ec} %erei n bj)(/ refrglpgnacéWnu%%g?t P@%ﬁﬁshs%@%usgﬂﬁ@gﬁﬁ2§§v|:eés§
2045 WOGAOERIE FHANE mEYAS 4886 odimecdDNA sdrmende winidh Vitd yreagbdmbothfa ssgfay

nol ecul es be obtained fr anti bodi es_which can be prepared as

descri b@APATHFM hagh |V%@§{3 r&&l,onprﬂ?feﬁs% SFANFRIT tns PRYBiEGY g eIFY it
may be 1 - antal ¢ ndi : I : tine
DRA ol onr g K aRh ook - FreB Iy Rl alip ik AoBBin B BE oG BAY e Yokl
conpri sipagteitne si gnal peptide sequence. Alternatively, a signal peptide

may be incorporated through reverse transcription of an antibody ni RNAs.
The nRNAs erebdi sguanssamndy be dytespingd tyrgethnda! peigydesstibed in Sangpr eisds Rognal

id . | ption.of th Wil | d DNA
Ceuencd TR S CHeBag it Ho07 bt & ieise bl G o 1R e | abl o

regi on. The DNA sequence thus obtained may be used to construct the first
or second i munol obulin-1ike domain of the nultivalent target binding
pr ot ei n.Exprpssiagefdrisdtivadentiarget BmddimeBridyionmet hodol ogi es described in
| al. l.' D | . : A 74: 54 1977), whi i
iSﬁggre}r) ore at 2d I}c}g&gﬁsﬁfowmlr%cmgﬁr&%ﬁw vec%grl into éJ }?DSI cell areSWSkagou?n Lr? the art! Cl}?]eées
methods include, but are not limited to, electroporation, calcium phosphate, cationic lipid, gene

gun, and Biolistic (Bio-Rad) method.

To express the first and second polypeptides of a multivalent target binding protein, the
DNA sequences encoding the two polypeptides must be operably luiked to regulatory sequences
controlling transcriptional and translational expressions in host cells. Regulatory sequences that
control transcription include promoters and enhancers. The host cell may be either prokaryotic
or eukaryotic. The expression vectors may also include a marker gene for selection of host cells
that carry the expression vectors.

Suitable promoters for expression in a prokaryotic host can be repressible, constitutive, or
inducible. These promoters are well-known to those skilled in the art. These promoters include,
but are not limited to, promotérs capable of recognizing the T4, T3, Sp6 and T7 polymerases, the
Py and P, promoters of bacteriophage lambda, the trp. recA, heat shock, and lacZ promoters of
E. coli, the a-amnylase and the o*-specific promoters of B. subtilis, the promoters of the
bacteriophages of Bacillus, Streptomyces promoters, the in? promoter of bacteriophage lambda,
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Expression of Multival ent Target Binding Protein Methods for introducing a
DNA vector into a host cell are well known in the art. These net hodﬂ FER 2005
i nclude, but are not limted to, electroporation, calcium phosphate,

cationi c | MW tR/gdhe gun, and Biolistic (Bio-Rad) nethod. PETaspriessst he
first and second pol ypepti des of a mul tival ent target binding protein, the
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sel ection of host cells ‘that carry the expression vectors. Suitab
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lacZ pr BIOLEOGYJIABFAXS alcadenﬁlb@r@es qmdlas A nai@rriaklGe ?fEferﬁd@ﬂ@dsf isCBcQEIQMh&ﬂ%s of
B. subtilis, the pronoters of the bacteriophages of Bacillus, St rept omyces

pr onot er&Cluqing spch S‘Lwllﬁrmtfﬁﬂﬁf YBSE6 oMl bish afld 20 aanddR 70. 2%ee2for EEEBPECﬁIdyV\D
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gene. Pm}gqmgggqlgggrormters are reviewed by Gick, J. Ind. Mlicrobiol.

1: 277 (1987) and Watson et al., MOLECULAR BI OLOGY OF THE GENE, 4th Ed.
Benj ami n Cumiiathodsi 98 Expressiny aftioded ipprokayyit hesthastwéllskiowcl thoscREBfegris ed
strains of E cgvdq I ncl ud Y1088, Y1089, CSH18, ER1451, and ER1647.  See,
for exafl &L BFoWRT pXapDie. Werdendlar Gepptey Mevipplatemand Kaprgesir ok aidodicsgom) |

An alt fre

12 SrasMOOGOARIHATpbasEs! RFRElh A SPARHL Gy TiaRt Bl syl phagy e
"Baci |l | lILSSSCIL@ﬂIl@QS)IVEMI@@dﬁ'er ek rebiiéon QSQMSN& clBniRAGHh s yﬁ'?:l?ﬁ@ﬁ\@'ﬂm Eovas
(Ed.), IRL Press (1985). ods for Br eSSI ng antl bodi es in prokaryotic

hosts aFemmsreialiyavalapls. tff%s;éargklrel tbedMM Cl@eem amchxmsm@ Systapar d
et al., tgﬁggetﬂecﬁ%ﬂg %k}st@&ls;ofa ?oqu, E)ﬁerp?g\ﬁdc%nveggorﬁ%r the gxpressmn of annbody light

and heavy chains in E. coli. One skilled in the art would understand that the techniques for
expressing and cloning antibodies in prokaryotic cells may be employed for expressing and
cloning the multivalent binding protein of the present invention without undue experimentation.

Alternatively, the first and second polypeptides of the multivalent binding protein of the
present invention may be expressed in eukaryotic host cells. Eukaryotic host cells include
mammalian, insect and yeast cells. Preferably, the eukaryotic host cell is a mammalian cell.
Mammalian cells may provide proper post-translational modifications to the expressed
polypeptides. Suitable mammalian host cells may include COS-7 cells (ATCC CRL 1651), non-
secreting myeloma cells (SP2/0-AG14; ATCC CRL 1581), rat pituitary cells (GH,; ATCC CCL
82), and rat hepatoma cells (H-4-II-E; ATCC CRL 1548).

For a mammalian bost, the transcriptional and translational regulatory signals may be
derived from viral sources, such as adenovirus, bovine papilloma virus, and simian virus. In
addition, promoters from mammalian expression products, such as actin, collagen, or myosin,

may be employed. Preferably, a metallothionine promoter may be used. Alterpatively, a

224-




MONOCLONAL ANTI BODI ES: PRI NCI PLES AND APPLI CATI ONS, pages 137-185 (Wl ey-
Liss, Inc. 1995). Moreover, expression systens for cloning anti bom% 2005
prokaryotic cells are conmrercially avail able. For exanple, the |

ZAPTM C onwrgnamao3Expr essi on System (Stratagene C oni ng Systcensm/lkesdol | a,
CA) provides vectors for the expression of antibody |light and heavy chains
in E. coll. One skilled in the art woul d_understand that the techni ques for
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(GH,; ATGGafisd of BRI, syandsis aSuttegatoitic edrhGefsHhdudt fhe pAdiebieEBE thikTA8)se For a
manmmal i an host, the transcriptional and translational regulatory signals

may be mRsiofagngin dgeng Hames stipkel Meldiphadsiead éRddi(1E)); b T Keprpasiar 10dma

. 1 d sim : _ ddi i ¢ i essi
br oduct SRR AR BB PLgen B R Ry PR B P oyl o B ehertb .
a netal | pbanboe3f 81'%71 I thBBRouE 8ard S8 virfd PRI MR dproBesAvidis bre2005
WO 1121118293 PCTI USO1/ 413'1 } prokaryotic pronoter, "such as the

bact er i dpbealengTd cRN&epoHy:ABL (530 drenteest gaivbgenbgromotet Qpadstonhe i Frehe
r okar ic pr ter..is reqgul ated by a eukaryoti ronoter, f exanpl e,
Do shodvask Azed SRS Eapiod bR Senml | Low0)alinAdaaast ri b oo

Nucl . Agi . y . Jran I RL,10 | b tizal i ory
O gnal s Leenfiand e BT AR Roc Oy T LRIPAI RRiORsle. DL uis! ERRssFRtssholY |

for exanpl e, Siwngbbmlitorysighh@nts ire thepietssilapgitoncidquatdeonf tHerprgener al |
eukaryotic regulatory regions include a pronoter region sufficient to
di rect tReEntpRi Exampleh obsuchipaeisyad Regyasory speusnedsiiaeipet e pfYhBoeleér: ncl ude

e, " Ul loh 5 TONSR EAEAL) BLILSISLA, LS RIREERIE Blsedn 1A

31: 355 (GISBRING: WERAVAIC R AVPROATR! eV oliBeMRIGIbvee (Eal), IRINPEs@p. 143-190
(1985)), the hCMV-MIE promoter-enhancer (Bebbington et al., Bio/Technology 10:169 (15992)),
and antibody heavy chain promoter (Orlandi ez al., Proc. Nail. Acad. Sci. USA §6:3833 (1989)).
Also preferred are the kappa chain enhancer for the expression of the light chain and the IgH
enhancer {(Gillies, “Design of Expression Vectors and Mammalian Cell Systems Suitable for
Engineered Antibodies,” in ANTIBODY ENGINEERING: A PRACTICAL GUIDE, C.
Borrebaeck (Ed.), W.H. Freeman and Company, pp. 139-157 (1992)).

The DNA sequence encoding the first or second polypeptide, which is operably hnked to

a promoter, may be introduced into eukaryotic host cells as a non-replicating DNA molecule.
These DNA sequences may be either in a linear form or, more preferably, in a closed covalent
circular form. Because these DNA molecules are incapable of autonomous replication, the
expression of the encoded proteins may occur through the transient expression of the introduced
DNA sequences. Preferably, peﬁnanent expression may be used, which may occur when the

introduced DNA sequences are integrated into the host chromosome.
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(London) 290:304 (1981)); the Rous sarcomm virus pronoter; the

cytonnegal ovirus pronoter (Foecking et al., Gene 45:101 (1980)); tHe bdats
gal =I gene pronoter (Johnston, et al., Proc. Natl. Acad. Sci. (USA)

79: 6971 (1982)%0s&13 ver, et al., Proc. Natl. Acad. Sci. (USAPCELISBOBBSG
(1984)); and the 1gG pronoter (Orlandi et al., Proc. Natl. Acad. Sci. USA

86: 3833 (1989)) t rong. requl atory sequences are the preferred requl atory
sequences of %%fﬁ%mg%é %ﬂtroﬂﬂmmﬁﬂ?eqﬁwl&beﬁc%%gﬁr‘%tPéirRl%anggbl‘ﬂr?ﬂlt ory
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pronot er - enhancer (Bebbington et al., Biol Technology 10:169 (1992)), and

ant i bodyulesampugh sephicpieghexterchr@miosomi] pdasmadd, deriRedomNairhal vimsas. sugeds  USA
86:3833,(1989))., Al so preferred are the ka ai n enhancer for .the

oxpr oosPOHRE B HaT R vgie AT G R GRS BB AL S G4 SHG8, cHig Feftorss
Expr essi sl i i f.0r j

A1 bodr o YEPR AR e o bR E TN PR e EROLABEOE e
(Ed.), Wdditidnabelomenta nchyGosspisdieedpd for SHHAR2NmMRNAe TiNAe sleniden ey
encoding the first or second pol ypeptide, which is operably |linked to a

pr onot ercvARSPhES sigtdlp Aol anrseliRi@ypRMStddsInharicrs a8 EMMEHOR 8Ptleat i ng

DNA nol ecul These. be either. i | i .
or of or aBly S SO OB S AREOPOR P el et elhe thios® Praubee i Olayait, ©
ol ecul ag,arell BeARARE® (1083 AW St £IEMbLALLP TiokiRe A EXPERRS %Yh:ﬂle,t he

encoded proteins may occur through the transient expression of the
i ntr odudadd Spiag SeqeenicaeratPriePersabNyy Yaknndkd. eM80pseiddmusm! bk, used,

whi ch / gccur when t i ntroduced DNA sequences are integrated into the
nost | e EaTEIon 38- AT KT D005 TR BIGs S5 P VRSAR T P BISIREy . he
i ntrodu i3 | i p j7N i i

vector ST SEUENGE NS, SRTshBREIPEERLCE dhalsh, REAT THOMKIQUERIN,
Sever al ANSHODY CENEBA TIONS t emods B(2ayEiolabl e for this purpose. One class

of vectors utilize DNA el enments which provide autononopusly replicating

ext r a- chr onosionsllas ii g grefaued voad the etarestionareciarga@anssiiiechdle pavche

papi | | OTBHL{ é‘ﬁruvpr%ls%ﬁ%? wa%lesr’oraoqﬁ r.or\r/ﬂlrrk"cl? whiZh c§¥€'eos el H’:ﬁ?ibn%f ﬁ%&%&quﬁls
of vectors “relles upon e I'ntegration of "the desired genomc or ¢
sequencey th@hosttddB. NORdst E4IOrETBRITS cellNdglidhi ARAe ret@ABiRASI " BYnstdraeder needed

for optimal synthesis of nRNA. These el enents ma\}/ ‘ _
transfected with vectors constructed using recombinant DNA techniques. A drug resistance or
other selectable marker is intended in part to facilitate in the selection of transformed or
transfected host cells. For example, G418 can be used to select transfected cells carrying an
expression vector having the aminoglycoside phosphotransferase gene. See Southern er al., J.
Mol. Appl. Gen., 1:327 (1982). Alernatively, hygromycin-B can be used to select transfected
host cells carrying an expression vector having the hygromycin-B-phosphotransferase gene. See
Palmer er al., Proc. Natl. Acad. Sci. USA, 84:1055 (1987). Alternatively, aminopterin and
aveophenolic acid can be used to select transfected cells carrying an expression vector having the

xanthine-guanine phosphoribosyltransferase gene. See Mulligan et al., Proc. Nail. Acad. Sci.
USA, 78:2072 (1981). Preferabiy, methotrexate can be used to select transfected cells, such as

- transfected SP2/0 cells, which carry an expression vector having the DHFR gene, and the

selected transfected cells may subsequently be subject to step-wise increases in the concentration

of methotrexate, in order to increase the production of the desired protein. For 2 host cell which
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include splice signals, as well as transcription pronoters, enhancers, and
term nation signals. The cDNA expression vectors incorporating suc é FEB 2005
el enents include those described by Ckayama, biol. Cell. Biol. 3:2

(1983), Samwrewkzetr al ., Ml ecular Coning: A Laboratozy MamgalyseiQoisd
Spring Harbor Laboratory Press, New York, 2nd Ed. (1989), and Fouser et
al... Bio/Teclznology 10:1121 (1992). Genoniic DNA expression vectors

whi ch i relngddworexpsasios egeierscasulvmgoadly.ocabke vegedcongaesinpethe DAY A yequeerener et
al. (Eds.), NEWTECHNI QUES I.N ﬁI\ITIB DY GENERATI ON, Met hods_ 2( 1) {1991).
Addi t i orfZFPng p AR R REPHte Philie TRHEY s DERUROPFOfIR L bls Repistra Hat gach

sel ecta ; i i ch
causes S EaSleney W RE e Sl R BDER TR S Rl Pl ik BFLI554Y)
refers tginged t@nbihitdh cfawohBugeconbi nantly transformed or transfected with
vectors constructed using reconbi nant DNA techni ques. A drug resistance or
ocher sel ect ablidtippallyeths presencerndadsciastable matksr f weh las palres revistdnee sellewt | on
of transforped or . transfected.host cells. For exanple, (G418 can be used to
el ect TPaNGY 86 PiednclePP D CEhPIHAY e e eatsms F P LGP AB R g o e

am nogl hde oY aTs ki e I | .
e 1 e PRy ey o fio g Blnsfeptid nofXels A9

t r ansf edfeesbtaihesby celnhsngiercgilngnder @xphoas wdichveqhioe férasurvigal the phenotype
hygr onl yci n- B- phosphot r ansf erase gene. See Palner et al., Proc. Natl.
Acad. ScsSocixse] wath theseleqtablg markes.t er nati vel y, anni nopterin and

mycophenol i ¢ @¢j | transfected cells carsyjng an
expression velgfgolgr eﬁeg%dﬁga@g%xé%ﬁﬁﬁ? S’g%taffaaﬁ} nt&gbrf‘?ggf)ﬁ'gjﬁéhb%%)?lff)gglﬁg*% Yse
gene. Seecddd pdiggdptiGes 8f the rilBiGaleMNoBihdindGRBkeinSEf the pHfnt 148 dA%ald 98Hhpatible
Preferably, nmethotrexate can be used to select transfected cells, such as

t r ansf ecesicHMR $i0escé Ithe insegtion jurciiony and e Prass s¢oncliacties areawiigee tortbe BHER
gene, and. .t he. sebe t ed tre}@sf ected cell TTE¥ subseqﬁg@ntléi be ?Sﬂlig ecﬁ. tod
st ep- wi S8 PiEHELs &8 WHHATEIAEhIIEH G35 WER Tt HEYR Sar eI sk FU f1gate
nereasat %&f&%@; 8AnfetndalSullfsd fieek BEREBED in SRALROREBAI. Chloleclid) Toriind 2
4 FEB 2005 02108293 PCT/ US01141330 carries two expression vectors

si mul t antdubdyorg dddnuécCold Spomarisibog LaberaNA PsegudiaceY oin @adiBadg (ES9).
different polypeptide of the nultivalent binding protein, it is preferred
that each ve&t®F eflkboélg’%‘?néﬂ@ﬂ EXRFERRE VEELRN OB SIS e vt AUENGEIeRY NS &%t hat

e, O DS SRS AR O 100 0 D
resi st angeodig Kersecond polypeptide of the protein. Each of these DNA sequences is operably linked
1o a separate set of regulatory sequences controlling transcriptional and translational expressions.
The expression vector may be introduced into either prokaryotic or eukaryotic host cells and
expressed therein. The multivalent target binding protein preferably may be assembled within
" the host cells, and isolated according to the methods described below. Alternatively, the
expressed polypeptides may be i1solated, and then associate to form the multivalent binding
protein in vitro.
In another embodiment, the DINA sequences encoding the first and second polypeptides of
‘the target binding protein may be cloned into different expression vectors. Each DNA sequence
is operably linked to regulatory sequences controlling transcriptional and translational
expressions. Each vector is introduced into either prokaryotic or eukaryotic host cells and

expressed therein. The produced first and second polypeptides are isolated or concentrated

according to the methods described below. Then the isolated or concentrated first and second




may be of use in keeping contam nating mcroorganisnms fromnmultiplying in
the culture medium In this enbodiment, such a pure culture of tr drskor e
or transfected host cells may be obtained by culturing the cells under
condi ti onsw@hizek29equi re for survival the phenotype associ BEBYSWAIAE he
selectable marker. It is preferred that the expression vectors and the
inserts which code for the first or second pol ypeptides of the nultival ent
bi ndi ngp@yppides efe thixed prgegento dsseaat ivo forivathe nudimyedant binding proter. cThohndi t es

at the insertion junctions, and that those restriction sites are uni to
the  ar cBEPIUGHO e BR{TIEN BISCHERSEIEY AN A ISALGI ISR PR g ed below

restricti npcl i A var t:hads
Such as vRelVETL R BRI R kBRI LR serly bRl B HyRhupR 8O0,
Manual , theQhshe %1 0t foREROKpreaRAr aTi dxpréseanfirsNem séesid pelpskpides 0©dP8O) . I n

one enbodi nent, the expression vector conprising the DNA sequence encodi ng

the fiasempleldypigipe iltehasf calh@ndrtbeniiselitedhucaoadingy. bi ndi ng protein al so
conprises the DNA sequence encoding the second pol ypeptide of the protein.
Each of these DNA sequences is operably linked to a separate set of

regul at PJoYatﬁ)%qq!EM%ﬁ%a‘i&Rt’fa%étiﬁ‘iﬂdh{oaﬁso%i%pti onal and transl ati onal

expr essi ons. e expressiofi vector” may be introduced into either
prokaryoti c Qheatsksfeyted of rranstrned Host elid mager eested atdenksinad, aiidahen lysed

mul tival ent target binding protein_preferably may be assenbled within tge
host ceR$isg deisEEaNEAIASEPIASEF dIhgFoban BPTFEIOR SABSIE, BRI 4 SigBplgRPHde whic

Al ternatjvely, the xpressed pal pt.i des i Sol

associ a?léO\Y%%EFoWC’FW% Fﬁﬁfeﬂ R?gqeéﬁ?‘%geﬁnglegfgpe _r%ttozi%}le ?Se(ril{ C\?]Iﬁ‘ﬁ%o .tggl%ﬁleg% hﬂé?
enbodi meglt jyshldeniaNbe SEHRNEASANERIbNEe by edskd plordind THeapEbsfdipypetmaiese of
the target "binding protein may be cloned into different expression vectors.

Each DNiAckeguenoecentsitahesizghstyndard kestiniqoesrlageinaindhe ag egpsdrig @&fing@nt r ol | i ng
transcriptional and translati onal expressions ach vector is.introduced
ool EHEmAREsRaRy BOIERy SRR AT Lo Baak el Rl Eaeh Sy pEHT o
The pro of | c ly | 485 ) areRRER P RITOCCRSNEENt I at ed
accor di géﬁgg“{ %ﬁ}%%@?dggﬁgéﬁﬁggﬁo%}%%ﬁgn the isolated or concentrated
first amdieyoidGR2 Tokn VikER: 3506 (1801 ), aY dctaiR@3prRGT¢ILSIThE 41880 pol ypepti des
are m xed together to associate to formthe nultival ent bindin proégé n.
The fi nshrongyegyapky GHUMAanRersopRied 1t HESSH &' RIS o JFagielne s Bk BHfusi ng
the nmet hods ,as.. i bed below. Alternatively, the two vectors encodi ng
the fir ?”%#ﬁ%"gggﬁ% pol ypepti des may be introduced into

Polypeptides expressed in prokaryotic host cells may be concentrated in refractile
bodies or inclusion bodies. Inclusion bodies may be purified by lysing the cells, and
repeatedly centrifuging the lysed cells and washing the resultant pellets. The final pellets
contain isolated inclusion bodies. The isolated inclusion bodies may be solubilized using
guanidine-HCI, followed by gel filtration chromatography, to isolate the expressed protein.
Guanidine-HCl treatment is especially suitable for the multivalent target binding protein which
has its first and second polypeptides covalently linked via at Jeast a disulfide bond. '

Affinity chromatography is well known to one of skill in the art. Briefly, the purported
target of the multivalent target binding protein may be coupled to the matrix of the

chromatography column, such as agarose beads. The expressed multivalent target binding

protein or one of its two polypeptide may be retained by the target-coupled affinity column if

they possess a functional binding site specific to the target. The retained proteins may




the sane host cell for co-expression. The expressed first and second

pol ypepti des may be assenbled within the host cell, and then isol tfﬂ}
accordingly. Isolation of Miultival ent Target Binding Protein The 2005
t ransf ect egoarukignsf ormed host cells nay be sel ected and cm@pu&aduy&nd
then lysed using detergents or osnotic shocking. For an expression
construct having a signal peptide which allows the expressed protein to be
secr et egybstdneensly (herehand. Bfoteines eflditycwldni eyaytabigetenesed wdp phrifheie mativalent

| ysate, may be retained for isolation of the expressed protein. The
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chromat opp@phyymodiinmrgeamayectaulegaoninsh a target which binds to at | east

one of the three. target binding sites. | ypepti des expressed in
prokar yot i c %&? ltggionschpgpatpgrag e@ﬁatar%@ﬂélgemin TE4 10, SERAT UC DEYYGINg £ngpe basis

bR i el OnAb‘le'”gECgﬁYlgbaemngx G PaPind YOG Sl o and

repeat edl y cen ugl n he”l ySe wash t ant peI | ets.

The fingarbed éﬁﬁ&ym@ﬁf&dadcﬂylbﬁﬂieat’ﬁlﬁb pﬂ&@énumx@ﬂn@pén@m abdes the adead fogkl
i ncl usi on bodi es may be sol ubilized using guanidine-HC, foll owed by@ge
HC1

filtrat ﬁhmtmmIéHthgrgamwform@nqe§mm ehrphigtagranhe s.sasav P ot enpveciates) Ay
treatnent i s eime ‘?1 ﬁswtablefor the multival ent target blndlng protein
which RHENTY S 4Hd second pol ypeptides covalently linked via at |east

a disul fide @%aamb{?f:bw xn&l@al@msﬁgf&eweg Srewpblh khé‘@ﬁ\“n tie anerefovekinklmd n
the art. Briefly, e purported get of the multival ent target binding

pr ot ei nexmysded pobyepdk tranthivalrat miget bindinpeproctim pretaglyaphyprwst voikgctiosgech as
agarose beads. The expressed nultivalent target bi ndlargg_ protein or one of

its twochaleyBrgions iRk copRin Biedredk @ BCreHeTOm GHBEL & Y 41080 umm

et ai now BRRorme e "L s M8, WiRARRRGH B b Ega Pt
subsequemtilyhom @l e ed. Jabedqpimn froadstinpintay @obluemypaylizatisn offeheustldeted

purify the nultivalent target binding protein, as will be appreciated by
one of ehdienarprodudeld statie soled, A tfurther purification.

The activity, including binding specificity and affinity, of the isolated polypeptide or
multivalent binding protein may be assessed by standard assays known in the art, for example
competition assays, enzyme-linked immunosorbant assay (ELISA), and radioimmunoassay

(RIA).

Stabilization of Multivalent Target Binding Protein

In one embodiment, the first and second polypeptides of the multivalent target binding
protein may be stabilized via covalent interactions, such as disulfide bonds. For instance, Each
of the first and second polypeptides may comprise a cysteine-rich extra amino acid sequence.
These extra amino acid sequences may form disuifide bonds between each other, and therefore
stabilize the association between the first and second polypeptides. In a preferred embodiment,
the first polypeptide may comprise a CL region which covalently links the first scFv molecule

to the first immunoglobulin-like domain, and the second polypeptide may comprise a complete
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| on- exchange chromat ography is well-known to those of ordinary skill in the
art. Modst protein has either positive or negative charges. Thus, 24 200
chromat ography colum with the opposite type of charges may retai tF@
protei ns. WRli2pg8rati on chronmat ography uses a gel -1i ke nmat ecralset/aise
Separate proteins on the basis of their nolecular weights. A "gel" is
usually a matrix of water and a pol yner, such as agarose or polynerized
acryl an?ideartifhecapy ebainthingeviegtcino nTmt‘chmpgmersa)t he cosgemfy felled b et iagd on

HPLC (h| rfo e liguid chromatography), as will be appreciat ed by
one of g}odﬁp N{gﬁfﬁ‘f b9t he art. Standard recovery and col | ection
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colum, an ion exchange colum or a gel tration col'um. Manu
aut omat €@ X, ygesti and wetdt eelis. oﬁrémeed tedtl celn mundercul toeedambmnBlibs eejlent

| hi | f th | d | d
B b1 o EGrAb s YT TboRl ot 238 bedrivomen 560 i Dyceyom piivg S IR Mg
speci figdskMbanth l@ésftélﬁj' Va1, OF. ﬁzpﬁglo?Oll@JS %49%5%@?%9%6 @ﬁder'ﬁi'll tlﬁe\{ﬁéd? %ef first

bi ndi ng protein may be assessed S an rd assa PRE ar

exanpl eandcenped pdlypeptiss af/tie Iﬁﬁl]Zly'mEnt binkag prmmmmtana&ﬁﬂyze(daohﬁé’t)a and
radi oi mmynoassay ERI A). Stabilization of Miltival ent Target Bi ndi- ng
Prot of eAR* AL @IfpSRTOde g angy b% pmaﬁ@ﬂ seether gﬁllf'sl@emﬂ ehromefograpsy or

| t t abi |
|mrjlt elr \ellc f|ﬁgn tcﬁléogrg ogrjaﬂrgl u|“¥]108‘?e 11? y ﬁgﬁ%lﬁ%&r‘éﬂ \éllcfﬁs %g‘;’lp ’F‘E@’ iRt and
second ppdey ReRtH Kiags fhthe CATRY HiBBInG s‘iﬁé%ﬁh&?bj’r &@as@ﬁf&ﬁ@o@ﬂ&t%e@ﬁfc%r ence.

These extTa amino acid sequences may form disul fide bonds between eac
ot her, %nend Hempheglebulgtidis domainshe associ ati on between the first and

e IUGM L (it RN S AT e PO RS NG i
ot ol HSOLAAML Lk 3o T8 e, 03,605 TR ROV, PP SRR @
chai n hingeonegit@duceihae Chngeegirdr imapunie, aovaloeniiniih iikeghl tt&utnf}esnfmlcﬂgé of
t.1¢ the protein domains. For example, a substitution of cysteine for serine may be considered a
conservative substitution under certain conditions. Substitution of cysteine residues preferably
does not significantly affect the binding specificity or stability of the multivalent target binding
protein.
Where the first polypeptide comprises a light chain fragment comprising the VL and
CL regions and the second polypeptide comprises & heavy chain fragment comprising the VH
and CH]1 region, see Figure 2, the amino acid residues involved in the interactions between the
light chain fragment and the heavy chain fragment may be subject to mutagenesis in order to
enhance the association between the two fragments. Suitable amino acid residues for
mutagenesis may be determined based on the crystal structure of an antibody. The crystal
structure of an antibody is known in the art. Candidate mutagenesis may be directed to
introducing ionic bonds or disulfide bonds, or increasing hydrophobic interactions or the
number of hydrogen bonds. Mutation of these residues preferably does not significantly
change the binding specificity or affinity of the multivalent binding protein. The final product

of mutagenesis may be isolated using affinity chromatography which is coupled with the
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region via a disulfide bond. Formation of disulfide bonds may occur during
the synthesis of the multivalent target binding protein in host cells.

Sui tabl e host cells may include prokaryotic cells (such as E. Coli 4 FEB 2009
yeast, andwihexseviells. Preferred host cells include culturetzusammakd an
cells. Formation of disulfide bonds may al so be driven in vitro by

oxi dation using the nethod as described in Kostelny et al., J. Innnunol.,
148: 154u1Esed(tagep) If e dutageness detshod signifecahily sffectahe bedogattipoy ppdpt | des
of the nulgivalg?t.bindiq% rotein are m xed and dialyzed against a redox
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i mmunogl obul i n-1i ke domai ns. To prevent undesirabl e disulfide bonds,

undesi r ddpdicalisr of Meultiosleat dargei\Bindingeiodeiad by non- cystei ne resi dues,
for exanpl e, sit.e-directed. nutagenesi s.. Whenever possjble, the

it at one. | ne G UG P SESh DIV DR AT P! Styeleon bt sRCEiRgs.
final t@s%éﬁfa)’l},r%hrdﬁﬁéj% usds 16 %%%8%0%%5%1 Bﬁaglsglgna%%bﬁes.aor fragments

substitution o cystelne tor serine nay be consi conservati

subst i t utdrect, umdde addreisail byahs et tBgbsibding ippotedf ofalis pedsag ihemiidnes:
preferably does not significantly affect the binding specificity or

st abi | i MR1BY2leHbinding praitiampat be geecpblidabried. pL Bpesi of labgherie wilekigwsto

I I i - in f i Si he VL . CL
Feqt ont it AR OES SR ot T ealRr b -BEL i Bumiieecay RlRne.
conpri sifRgrédior¥id laBelEhg Cihd E8S0RIBhoRE BabEIISE! ©tidor %B@ir@fﬂd@%ﬁgﬁlg tﬁ@ﬁﬁeﬁh‘ﬁs

involved in the interactions between the Tight chain fragnent and the
heavy chaiiprufe efjareantimabiindedisg aj hernan) by mitragieesg snieffecnadermmaont o€ alartd t he
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si gni fi ¢Readmubipaligielarsé bdRg PRtEip o ilia RICESRt AVeaiPIni ty of the

Lt el et B B 1 TS s 9 2 ML BRGPER 5 o
02/ 08293atural killer (NK) or cytotoxic T cells, to specific cellular targets, such as tamor cells or
infectious cells. See Staerz et al., Nature, 314:628 (1985), and Songilvilai and Lachmann,
Clin. Exp. Immunol., 79:315 (1990). The multivalent target binding protein may also be used
to deliver toxins, drugs, chelates, cytokines, enzymes such as pro-drug activating enzymes,
radioactive compounds, cytotoxic proteins or other cytotoxic agents to tumor cells or infectious
cells. The use of nmuliivalent targeting binding proteins which are conjugated, either covalently
or non-covalently, with radioactive compounds or other cytotoxic agents offers the possibility
of delivering these agents directly to the tumor or lesion sites, thereby limiting the exposure of
normal tissues to toxic agents. See Goldenberg, Semin. Nucl. Med., 19: 332 (1989). In recent
years, multivalent target binding protein (including antibodies) based therapy and its: accuracy
in the localization of tumor-associated antigens have been successfully demonstrated both in the
laboratory and clinical studies. See, e.g., Thorpe, TIBTECH, 11: 42 (1993); Goldenberg,
Scientific American, Science & Medicine, 1: 64 (1994); US Patent Nos. 4,925,922 and
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tumor or infectious lesion or to determine whether the subject has a particular tumor or
infectious lesion. See Doussal et al., Int. J. Cancer, Supplement 7:58-62 (1992),; Peltier et
al.,. J. Nucl. Med., 34: 1267-1273 (1993); Somasundaram et al.. Cancer Immunol.
Immunother., 36: 337-345 (1993); Bruynck et al., Br. J. Cancer, 67: 436-440 (1993). For
example, a multivalent target binding proiein may have a tumor-antigen binding site and a
hapten binding site. This protein may be introduced into a patient via injection, and the
injected protein binds to the tumor antigen at the tumor site #11 vivo. A radioactively labeled
hapten, such as a metal chelate, is then introduced to the patient via injection, and localized to
the tumor site by binding to the protein via the happen binding site, thereby enabling detection
or treatment of the tumor. In the above example, the radioactively labeled hapten may also be
conjugated to the multivalent target binding protein, for example, via the carbohydrate chain

engineered to the mukltivalent target binding protein.

-32.




-31 WD 02/118293 2 4 FEB 2005 PC /U5111!41386 4,916, 213; US Pat ent No.
4918163; US Patent No. 5,204,095; US Patent No. 5,196,337, and US RatEeatynn
Nos. 5,134,075 and 5.171,665. In addition, multival ent target bindifg

prot ei ns meyp n2levaseful for targeting tunor cells or infectpPOUsS@ahds in in
vitro conditions, for exanple, treating or detecting tunor cells or
infectious cells in isolated biological sanples. The nultivalent target

bi ndi ng pr ot & anothsr exhisaliment) sief mhltivatenesar yat binding piongn afayl lewk ene grgdl | s
from bone marrow. See Kaneko et al., Blood, 81:1333-1341 (1993). In one
enbodi nBwding fii Srﬁ’ﬁ‘Flﬁi-\ﬁ‘élaé?ﬁ“eb?%laﬁ@ twpé%réﬁtnblﬁfaga attey WEEHICIACENAFE¥E bi ndi ng

t I t I,
ond has EPS gRPRBE haR. “eRaleddhudy BB Ep R e SR OIS 5 £5
sites, s@pABR)®Rs of uﬁlﬂé@%ﬁ‘lﬁ defs. a@fﬁe%?%e@s“ar’(e YRARE cEBY J(h%t ca gén@f:ﬁ@bt pitﬁm@@ﬂehﬁ
I n anot her émbodi nent, the nultival ent binding protein has at |east one

bi ndi nggsier&jon quraelblgrsacbbg/lcalmeqmnbe reiich@s si tresyine agsablse, ofaiit rkdianggenoor a
t t el | fect I t
con 8SQ?aééip?tcaﬁF%éeﬂ%me@?e&%&@h?eﬁ?wé%‘éé e IThHed B abp Pop o6 b
att achERESREE s, v mﬁa?ée?t%len Er%ﬂﬁzs%hecﬁﬂ. Pl rﬂa?%x%'&?‘th@%aﬁn@e

pr ot ei n, i neere tot otein. The

nul ti vabﬁ@iffe&aftgetfa&u mﬁld&ﬁs Bh €icoé e ci®ycels. %edxin@;ﬁle d@ée@blm@eowmﬁmgaitemg
tumor cells, infectious cells, tunors or infectious |esions. Preferably,

the mul miaydliechto 2 sudase asiigen phCytpiosiceT wekrayd béumqee%ﬂ:?n appis edl.t o a human

patient or n- n_a o treat. a parti.cul ar

o5t o GPEREr P iR ORI iae Shtpl e gt il & TG M pah Bl

i nfecti ‘T%PE %ﬁﬂ%cé@@to@ﬁﬁ&l@ltatﬁh &, 1anh Merefdre 7ﬁ%ﬁtrate B8R nhire8- 62
(1992); Peltier et al. d., 34: 1267-1273 (1993); Somasundaram
et al .. rdspomseraghihg7ié arget cell. | munot her 36: 337-345 (1993); Bruynck et

al ., Br. J. Cancer, 67: 436-440 (111993) exanple, a multivyal ent target
bi ndi ng protémapf@fyrrﬁw@bad%f sml@@ﬁ@%tﬁ@ﬁh@"@%@raﬁ%ﬂ may Y e BIEHI ng

site. g gl eép@c,rfg%o an@ E{iﬂ#b&da tu[ﬁ&oq c@ll}’%b%&% o bﬂuﬁl@tsateysvpe@am thhe

injecte e|n t he t urfor g€in

r adi oatholaierlbxaQahade aft@Rhebn aSsikdle aﬁecﬁoﬂ&tllade g:rneTatm Thug, hinmiuhitveleduced
to the patient via injection, and Tocalized to the tumor S|te by  bi ndi ng
to the prextdindipg aretha mappad biarfdnglg eifeeter colhwiadny diffensny gfage aRligeRSN

which may trigger two different signal transduction pathways in the effector cell. Activation
of two signal pathways in a single effector cell may produce an enhanced physiclogical
response from the effector cell.

In another preferred embodiment, the multivalent target binding protein has one target
binding site capable of binding to a tumor antigen or an antigen on an infectious cell, and the
other two target binding sites capable of binding to T cell surface proteins CD3 and CD28,
respectively. This multivalent target binding protein is, therefore, able to trigger two different
signal transduction pathways in the T cell, one via CD3 and the other via CD2§, so as to create
an enhanced immune response against the targeted tumor or infectious cell. See Holliger et
al., Cancer Research, 59:2099 (1599).

In another embodiment, one of the three target binding site of the multivalent target
binding protein binds to a cytotoxic agent or a surface antigen of an effector cell (such as CD8
or CD4 of T cell). The other two target binding sites bind to tumor antigens, such as

CEA (anti-carcinoembryonic antigen) or CSAp (Colon-Specific Antigen p). Both CEA and
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multivalent binding protein may have a higher avidity to the tumor, and therefore may more
effectively deliver the attached toxin or cytokine to the targeted tumor site. For another
example, the multivalent target binding protein which has three tumor-antigen binding sites
may be attached with a peptide tag which can be recognized by another radiolabeled antibody.
This multivalent binding protein may be useful for detecting or treating tumors in vivo. With

* three tumor binding sites, this multivalent target binding protein may provide a more sensitive
way for detection and treatment of tumors.

In a preferred embodiment, the multivalent target binding protein may be employed for
pretargeting using the “affinity enhancement system.” For example, the multivalent target
binding protein may have three target binding sites, two for tumor antigens and oﬁe for a
hapten such as the In-DTPA hapten. The two tumor antigen binding sites preferably bind to
the same antigen, or different antigens associated with the same tumor cell. A subject, which

may be, for example, a human or a non-human animal, may be pretreated with the target
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nor e SeRginliidering a multivalent target binding protein by injection, the administration may be by

continuous infusion or by single or multiple boluses.

For treating or detecting tumors or infectious lesions, or for eliciting an immune response
against tumors or infectious lesions, the multivalent target binding protciﬁ or another agent is
administered to a patient or a non-human animal in an effective amount. For purpose of treating
tumors or infectious lesions, a multivalent target binding protein or another agent is administered
in an “effective amount” if the amount administered is physiologically significant. An amount is
physiologically significant if it results in a detectable change in the physiology of at least one
targeted cell in the recipient patient or non-human animal, preferably if it results in a detectable
change in the physiology of the targeted tumor or infectious lesion m the recipient patient or non-
human animal. In particular, an amount is physiologically significant for treating a tumor or an
infectious lesion if it results in an inhibitory effect on the growth of at least one targeted tumor or

infectious cell, preferably if it results in an inhibitory effect on the growth of the targeted tumor
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Co. 1985). Administration of a nultivalent target b|n ing protein to a
pati ent expmpiesh GALchLara pravidessy wanyf Blsstrationealna sipt intdndeditd By firalting of the
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injection. Wen admnistering a nulti vaI ent target binding protein by
injection, the admnistration may be by continuous infusion or by single
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terminal of the Kappa Chain, the Other to the C-terminal End of the Fd sequence.

As used herein, DTPA denotes diethylenetriaminepentaacetic acid. hMN-14 represents
a humanized monoclonal antibody MN-14. hMN-14 is described in US Patent No. 3,874,540,
which 1s incorporated herein by reference. The Fd portion of an antibody is the heavy chain
portion of an antibody after pepsin digestion. The Fd portion of an antibody comprises the
VH, CHI and part of the hinge region. “734” denotes a monoclonal antibody against DTPA.
Kappa chain is a type of immunogiobulin light chain.

The scFv for 734, denoted as 734scFv, is inserted in-frame at the C-terminal end of
hMN14 Fd as follows:

Appropriate linker sequences necessary for the in-frame connection of the htMN14
heavy chain Fd to 734scFv were introduced into the VL and VK domains of 734, denoted as
734VL and 734VK, respectively, by PCR reactions using specific primer sets. PCR-
amplification of 734VL was performed using the primer set 734VLscFv5’(Cys) and
734VLscFv3’. |
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Mul tivalent Binding Protein, Conprising a hMN14 Fab Mol ecul e Carrying Two
ScFv Fofowasreamal fiss¥l dopailhe G term nal of the Kappa Chaim the Oher to

the C-termn B ¢ : .~ AS ed hereir TRA denot es

di et hyl enetr ?Ilajllr% népghpalgiggﬁ ?%‘ﬁ%g?ed‘ﬂfoﬁ?ﬁw%bﬁfé%%@@h 12‘ ﬁ&%ﬂ?ygﬁlase ©
nmonocl onahoanthickady AMiesidhe JENRH dhHeSteAR5E HARE POR-YpBate0h, Mot wis 874, 540,
which is incorporated herein by reference. Thée Fd portion of an antibody is

t he hea¥yPseAvIMly gaestedowitoPstn Bhe risultgngiroduct pepsi doullegesnileth DN éaEgent
portion v.m(h aapstﬁlrgvie%%%g 288 g%rhilgteesndJF he
PCR amplification of 734VH was performed using the primer set 734 VHscFv5’ and
734VHscFv3’(Sacl).
The primer 734VHscFv5’ has the sequence of:
5’ CCGGAGGCGGTGGGAGTGAGGTGAAACTGCAGGAGT 3
S G G 6 6 8§ E V K L Q E
It represents the sense-strand sequence encoding the remaining part of the flexible
linker sequence (SGGGGS) connecting the VL and VH sequences, and the first six residues
(EVKLQE) of the 734 VH domain.
The primer 734 VHscFv3'(Sacl) has the sequence of;

5 AACCTTGAGCTCGGCCGTCOCACTCATGAGGAGACGGTGACCGT 3

* 5 5 v T Vv T
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VH, CH and part of the hinge region. "734" denotes a nonocl onal anti body
agai nst DTPA. Kappa chain is a type of immunoglobulin Iight chain. 2’:@
sckFv for 734, denoted as 734scFv, is inserted in-frame at the C—tean B 2005
end of hiVNEa 0E®S®S fol |l ows: Appropriate |inker sequences negegsafy; k@r the
I n-frame connection of the hMN14 heavy chain Fd to 734scFv were introduced
into the VL and VK donmmins of 734, denoted as 734VL and 734VK,

respect i vel y, libigpresrats dicantiosessusiqugneepacoding thor lasesix setdues PCRTVSS) of 734

i ficatd f. 734V, formed using the pri t 734VLscFV5'
oL SO OR il R3eG ifERa BN U ot I s Abohy oo aEs s TG S sl ayesodon,
734VL ' - hag e . .
TUUZ&A%%&%%&%?&?&%&%@%?@%%&F&&%%ﬁd pfagilte 5 g g s

Q L V V sibQoning.epresents the sense-strand sequence encoding the first four

resi dues (PKSC) of the _human I_ngi hinge, linked in-frane to the first six
resi dues (QL\V¥P@jarbt e RCRramplifzedaV Hrppduct folf S40Bbp was rficetr tresBE6Sith JReED B of

t he hu LN s_included because it (s required for. the interchain

di sul f %@Pﬁ%&g@ﬁ%‘%ﬁe £RE IS et 9P9%apfr?d#ﬁ-f‘7%‘a%ﬁﬁdftb@1 digesied Withe
hWN14 | i Ve i 1 DRfiat i : | i facilitate
| i gati on@g{l’ ?%gh%Dnlﬁra;ﬁ?cDgéqﬁg%@gmc@ﬁ%e@ﬁnﬁéﬁ?ﬁ{éﬂ%gﬁq{ddd@%?g#agl%‘ t he hi nge.

The priner 73AABIoESc3ipt Stsath feme sSEgUeig@abdd sthiing vector (HC1kbpSK) containing a
AGCCT CCTGAT CCTCCTAAGATCTTCAGTTTGGITCC 3' G GGGSGGGGL |
KLKT gcﬂt ff?%lﬁ?l&% fecshyman i} eenomse sepignenves eprstulcied. (The deasmicsSacll

resi duesg(, I t he. . : in, an of the flexible |Iinker
sequenc?é%ééﬁ%{s,a%P%}ﬁﬁi%g{%’g@gﬁlﬂwl i%ﬁ%%&ﬂ?ﬂne_ BHOPKSEPER B nai n.
The ' PCR-corpkdtfrigetie @HOMHCthe (kR0 thmlin¥@se hbast t%er Babag s\éhﬁéhcgéo%in% the

uri

pol ynmerise to renove the extra A residue added to the term ni
PCR- anplhinget the{;HAdemaks ang phs eduenCH dimpest &tie wegrnerPsbhtainlinethedtidd ot

Elr Sﬁ? Cterp ] Sotathg%ﬁi ?lér%gfnairﬁq-fg ll%}l)élg \[;vgsg ggg}évedvgytlg[ﬁsfglt clli ggs\{i%rnf] 21? th%nc(}jonei‘ng
site generated was used to co-ligate the VL (Pst1/blunt) and VH (blunt/Sacl) PCR products
prepared above. The CHI domain in the resultant construct (CH1-734pSK) is connected to the
734scFv gene sequence via an intron.

Since the genomic Sacll fragment for JgG1 only included part of the 5° intron sequence
flanking the CH1 domain, the full intronic sequence was restored by inserting the remaining
Intronic sequence as a BamH1/Sacll segment, into the corresponding sites of the CH1-734pSK.
The BamH1/Eag] fragment containing the full 5° intron, CH1 domain, connecting intron, 5
hinge-residues, short GGGS linker, and a 734scFv sequences was then isolated, and used to
replace the HindIll/Eagl segment containing the human genomic IgG1 constant sequence in the
hMN14pdHL?2 vector. The hMN14pdHL2 vector was described in Leung SO, Losman M7,
Qu Z, Goldenberg DM and Hansen HJ, Enhanced Production of a Humanized Anti-
carcinoembryonic Antigen Antibody, Tumor Targeting 2:184(#35) (1996). For pdHL?2 vector,
please see Losman MJ, Qu Z, Krishnan IS, Wang J, Hansen HJ, Goldenberg DM and Leung
SO, Geaneration and Monitoring of cell lines producing humanized antibodies, Clin. Cancer
Res., 5:31015-3105s (1999), and Losman MJ, Hansen HY, Dworak H, Krishnan IS, QuzZ,
Shih LB, Zeng L, Goldenberg DM and Leung SO, Generation of a high-producing clone of a
humanized anti-B-cell lymphoma monoclonal antibody (hLLL2), Cancer (suppl), 80:2660-2666
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PCR anplification of 734VH was perfornmed using the prinmer set 734VHscFv5'
and ,734VHscFv3' (Sacl). The priner 734VHscFv5' has the sequence ofﬂ F%B 2005
CCGGAGGCCGTGEGAGTGAGGTGAAACTGCAGGAGT 3 S GGGGSEVKLQEIt

repr esent swdeysanse- strand sequence encodi ng the renai ni ng pparusnofizkhe
flexible 1.2 Ilinker sequence (SGEGGS) connecting the VL and VH sequences,
and the first six residues (EVKLQE) of the 734 VH domain. The prinmer
734VHs c BV 397 Satliese heferanhes, seguednsenpfcited references in this disclosure, are hereby
S'AACCTTGAGCT%;T CTCATGAGGAGACGGTGACCGT 3 * S SV TV T-37 2 4
FEB 2003PCGReP FePET/ USO 1J-t 1336 It represents the anti-sense
sequence encogi t i i Vi 0.1 acl d
is a transl at"?gﬁg E#@%eé%&ﬁ%{l@?}g%&%@g 'E) g})éﬁygg%\%s ?égﬁr?%%&teﬁ@@t%fpﬂggg%ﬁ
the restwdsaise@ito $icii@atcibgBahbal/Hig 1aftdy e igangeind ARANinde/EabNGRE pothat ed to
facilitate subcloning. Simlarly, the PCRanplified VH product of -400 bp
was fir SMNAdpdBH2 weethr. T4 IBRhe ysghemmeredse to renove the extra A residues at
t he PCR Jr gduct-Lgefdd-nk, and then digested with Sacl, resulting in a VH
DNA fragment with a blunt end-sticky end configuration. A pBlueScript
(Strat agene?’ P&CIFIEF~Haséd st agi ng vector (HClkbpSK) containing a Sacll
fragnment of t gﬂ?arhtlvggor%greg{gggteégggmgdﬁ’J H%.l nstructed. The genonlic

Sacl | fragmanerco alns a iuman g@ CH domain,

the intronic BEHIENGET34CRPNRE tHeNO-téiheinSiHndld? thdRapph RESIn HPBMNNGEF6equUeNce,
the intronic sequence connecting the hinge to thé CH2 domain, and part of

t he CH2 stoilai siratdgyeis ssephemt desonbed ad fodlotse hi nge and  part of the CH2
domai n in HClkhpSK was renoved by Pstl JSacl digestion, and 't | oni n
site generat e‘él%%éﬁfrﬁg@dn& GUERIAE RRE YiifRe @L‘n(rlf%%a ) nﬁrﬁ“ﬁ ﬁ'érﬁﬁln %% %‘HP%}H{ g@acl )

PCR DI 04 St o ERAEESnARQNSce T OMlsoAATRI L Bal MBS UGARE sfOBEL T uct (CH

1-734pS I'S connect o'the gene sequence via an Tntron.
pBlueScript vector in the presence of a linker, CKSB. The CKSB linker contains two synthetic

DNA nucleotide, which, when annealed, will generate a double stranded DNA encoding the
last 13 amino acid of the human CK region, fused in-framed to the first 4 residues of the
humap IgG1 hinge, at the C-terminal of which attached a short flexible linker (GGGS). The

CKSB linker has the double-stranded sequence of:
5' CGCCCGTCACARAGAGCTTCAACAGGGGAGAGTGTGAGCCCARATCTGGTGGCS 3
3’ TCGAGCGGGCAGTGTTTCTCGARGTTGTCCCCTCTCACACTCGGGTTTAGACCACCGCCTAG 5’
S P V T X § F N R G E CE P K S G G G §

The Sacl 3° overhang of the CKSB linker will ligate to the C-terminal Sacl of the CK
fragment, while the BamH]1 end will ligate to the corresponding BamH]1 site of the pBlueScript
vector. The resultant staging vector 1s designated as CK(B)pSK.

The VL region of 734 was PCR-amplified with the primer set 734VLscFv5'(Bgill) and

734VLscFv3'. The primer 734VLscEFv5’ (Bglll) has the sequence of:
5* TCTAGATCTCRGCTGGTTGTGACTCAG 3’

S Q L V V.T Q

It represents the sense-strand sequence encoding the first six residues (QLVVTQ) of
734 VL. A 5 Bglll site was incorporated (underlined) to facilitate subsequent ligation to the
short flexible linker connecting to the CK domain.

The sequence of the 734VLscFv3’ has been previously described.
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Since the genom c Sacll fragnent for 1g@ only included part of the 5
intron sequence flanking the CH domain, the full intronic sequengé R8sils
restored by inserting the remaining intronic sequence as a BanHl/ Sacl |
segnent, iwoodemicorresponding sites of the CH -734pSK.  TheTRamibkEagl
fragment containing the full 5 intron, CH domain, connecting intron, 5
hi nge-resi dues, short GGGS |inker, and a 734scFv sequences was then

i sol ated, andhadéR-pmplifiepprasiact fos 781 ndl Mas Bzgledsegn®dtDYdnpaymerage atte

human gengm c 1 g3 cqnst ant uence in.the hM14pdHL2 vector. The
hNN14pd§E§Tv‘%e@F%fm3v§§HWgse@p{%ﬁ Sitﬁﬁﬁl’_@‘?fﬂgagé?mtosrmn MI, Qu Z, GCol denberg
DM and Hanse ] nhaR I i : [ fpeeyoni ¢
Antigen Anti E’ggg @rlelm{bﬁ%ﬁgﬁggﬂqﬁy%%ﬁ%{@é@yﬁﬁgélgééﬁnélré(})lrsetpﬁ’a@“g\egctornﬁ

pl ease Fa€VHedm3NSML). Qu Z, Krishnan 1S, Wang J, Hansen HJ. Gol denberg DM

and Leung SO, Generation and Mnitoring of cell |ines producing humani zed
anti bodi es, diercqueaskef 734HEscFVS’ bavhesndegsibed Toegipusland Losman MI, Hansen

HJ, Dworak H.. Krishnan Lohi.h. LB, . Zeng L, Cold . nd. Leung
SO Gonerat | FHCGHURRRT ot Pl SO Dinclasica ) vt s tp SRR oK)

| ymphomax 2BpaG giedac ke Radye éée'dh%)smﬁﬁlﬂﬁ%fm{e%ﬂppl), 80: 2660- 2666 -38 2 4
FEB 2005 )2/ 1h8293 PCT/USA / 413S6 (1997). These references, as well-as
any citéd ¥ eFeeRsTar S A T SEICHS @ CCEAF@CREF eby i ncor porat ed by
reference. A HNB linker with a BargHisoverfarg en one end and a H ndlI|
overhang on the other was used to facilitate the BaniH ./Ea; 1 fragnent

li gation i nt &imialyithel PCR-aaplifie] VEl produtievastiinsn rpateil 2vithe €4 SINA [polymaesasetie

sequence_of: 5" A 3. 3. ACCGCCCECGCTAG. 5' The resultant vector
i s desi H4TEE aa%?%%@%%%&ﬁéf“ﬁ'gaﬁﬁgéF?erﬁtefsﬁl%%lf\? to the C-terminal end
of the ‘T‘B@B@gﬁﬁﬂe@tofr@li ﬁ-%}gsﬁ%ﬁ’ges?ed @i&ﬂ@hﬁﬂ{lsﬁr{dagaﬁg}’%%@g[hﬁzﬁgps%ﬂQlonino

described asfollows: A Sacl fragnent contalning part Introm
f 1 anki ngitdsheereuneneCikvitommivi, aad & H RO profudih eTHEKBglegdethagopEvic és was

co-ligated jnto the %g | /BarnHl cloning site of a_ pBlueScript vector in
the preSEREETSPEE 1 amigape Iy 2GRS -lermiaed eBdRf ienSKeifReagmihit ¢ DNA
nucl eot Hﬂf%%tg&{“%&ﬂr, W asARO 83188 Whilahre® BN BeAFr RpSHRS §ied 1 AR nNAm

encodi ng &
end of the vector. The resultant vector, designated as CK-734scFvpSK, carries the genomic

CK sequence fused via a short peptide to the 734scFv sequence.

The CK-734scFvpSK vector was first linearized with Hincll enzyme which curts at the
Sall site to generate a blunt end, and the CK-734scFv fragment was cut out by partial digestion
with Sacl. The fragment containing the CK-734scFv gene sequence with size of about 1.3 Kb
was isolated and ligated at the Sacl/PfIM1 site of the hMN14pdHL2 vector, replacing the
original CK sequence. The PfIM1 site is located at the 3’ non-coding sequence about 50 bp
downstream of the CK stop codon, and the 3' overhang generated by PfIM1 digestion was
filled in with Klenow enzyme before the CK-734scFv fragment was ligated into the hMN14-
734pdHL2 vector. The final expression vector, designated as hMN14—Di-734deL2, encodes
a hMN14 Fab molecule carrying two scFv for 734, one fused to the C-terminal of the kappa

chain, the other to the C-terminal end of the Fd sequence.

Example 2: Expression and Purification of a Trivalent Bi-specific Antibody Containing a

CEA Specific Fab Linked With Two Anti-DTPA ScFv Derived From the Antibody 734
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last 13 am no acid of the human CK region, fused in-franed to the first 4
resi dues of the human I1gGl hinge, at the C-terminal of which attachdd E8 2005
short flexible linker (G3GS). The CKSB |linker has the double-stranded
sequence oWwo &n$EGCCCGT CACAAAGAGC?' TCAAC. AGGGGAGAGT GT CAGCCCARARGH iIBGECG 3!
3" TCGAGCGGGCAGIGITTCTCGAAGT TGTCCCCTCTCACACTCGGGTTTAGACCACCGCCTAG 5 S P V
TKSFNRGECEPKSGGGS The Sacl 3" overhang of the CKSB |inker
wi |l i darcenstgiat Rerigaleat Pi-spaciiSaasitibofly cortaiokog § Cdmepacifinhat BnitddevBatwd end
will |igat t orrespondjn anHl__sit f pthe pBlueScript vector. The
resul tagﬁl’g{é@? ﬁ‘g&/@?ﬁ“@% ’f‘%mdk%gﬁﬁ%?pé(J Jﬁsa%ﬁ?éf%‘él@. A& LA er(g‘éﬁ”&‘fl foy8h
was P NE ! I S \Y/ : .
The pri oo ANVt sl Bt e SFhe B2 HRENR, pRI dard o CRONERRRLS
TCTAGATGTICASEE BET GF GACT TAM Rl GdQMLthy hWINT 4Qappa rcﬁﬁh%agﬁ\?%g)oﬁnmg a kappa-

sense-strand sequence encoding the first six residues ( of 734 VL.
A 5 BgfIhv ssnescqrece nEer poratednd kirpneroFnsaiuanses will b rerearbindosdeuent
ligatiop.to. the 0 flexible |inker connectjng.,to the in. The
sequenc e P iEver i rdent 4 b Bl e RS tdeess nMIS3 Tt Fr
2005 WOsQ2/4 f’q{lU@ugéd“t%Q%s?é'a?Sﬁ%-c'eﬁ%k'eﬁéc% BFRRH G %Eané 4 VL was
treated with T4 DNA polymerase and Bglll, geherati Rg a blunt end/ Bgl |

sti cky prideduragndit expPERiampEdtbr catthion a APHFRA Yt and sap &k ugedmctheisélemgionhe

prinmer set 734VHscFv5' and 734VHscFv3' (Sall). The sequence of 734VHsc' Fvb'
has beef2H&E T Baesierted rolidtne Gl e Me rattbairsrater Tk ¢ RIS Agiisay) cande used

basi cal g}{-t%g' gté%?ﬁﬂguu%n}%?%{ﬁgg}@né ﬁ%ﬁé&, wif &R su%?@qtuehﬁf a.f?i?:ﬁﬁhec? {,)t, StefWise

repl ace

AACCCT T {HE OB BB DRCAGE EATARACATNEITEAOTb ARy cah b2 parified bY plo@ilGl arl y,
the PCR-amplified VH product _was first treated with T4 DNA pol ynerase to
affinity column. Further purification can be achieved with ion-exchange chromatography.
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generate a blunt end and digested with Sall to generate a sticky end. The
stagi ng vector CK(B)pSK was digested with BanH and Sall, and the exposed
cloning sites were inserted with the VL and VH PCR product. The7?BdERIZ005
overhang of VL is conplenentary to the BanH 1 overhang at the C-termnal
end of the CK-fraggent in the digested vector, whereas the Sall end is
|igated to theVBdYk Esb fte in the downstream end of the vector. The
resul tant vector, designated as CK-734scFvpSK, carries the genomc CK
sequence fused via a short peptide to the 734scFv sequence. The

CK- 734scFvpSK 1vect orhenasget ibirding préinicfathimi 39 oH40Cwheritz yaie fikti @fvcut s at
the Sall site to generate a blunt end, and the CK-734scFv fragnent was cut
out by papdisald Hrsyagmpuesiohuiinlkgdomarp arg digkesbNia 8 JHEL PRI MR 38R- 734sCcFv

gene seq i i of 0, IS i ed.,at the
dact/ pri MRS i MRS sB8 bk doby antl S S nBhoel LR SE
sequence.domiath &&lliMkdd siatxsecond exalaginatacidreqEncaon- codi ng sequence about 50

bp downstream of the CK stop codon, and the 3" overhang generated by Pfl M
digestion was filled in with Kl enow enzyne before the CK-734scFv fragment

was ligated into t M%E ; -vrﬁcg T. i &did §EByY | 9pinyector,
desi gnat ed as I\/leﬁ-ﬁh jggﬁéggﬁlﬁég es 1:9%1 E}’l\/ﬁﬁﬁ{fiﬂ;gﬁ nol ecul e clz;lrryi ng
t wo scFv atirseq@hce asmciatesawth seid berofid ertrarimido a@id teqeedcppa chain, the

other to the Ctermnal end of the Fd sequence. Exanple 2: Expression and
Purification of a Trivalent Bi-specific Antibody Containing a CEA Specific

Fab Linked Wt T"‘“H@fal"é?ﬁrﬁﬁ% YotER! dfV@8int D OWhbRe: S0l IR0 a3 4mind0 2 4
FEB 2005 WO 02/ 08293 PCT? USoll 413s6 To construct a trivalent Bl-specific

ant i body acidntegirericegssocties wighshidi seceabextiandmigiodcidhseguenceayia iat BRsONEC Fv
derived Hoﬂﬁ%gﬁg@”“ body 734, a 734 scFv is fused to the Cterm nal end of
t he hi vl K guence to forma Fd-scFv gene sequence; and the sane 734
scFv sequence wll be attached to the C-term nal end of the hM\ 14 kappa
chai n sequence, form ng a kappa- scFv gene sequence. The Fd-scFv and

kappa- scFv seduencekhap targase birdingropraieinn afheclaik pteswhenginy etdidr FHHL2. The

resul t ant. [ i c . desj egd. g5 tﬂpqg v ; w |l be
used to tlr”aiini “s'f:glc%t%hgﬁﬂl;{(g Ié(grﬁ?lg gérhgﬂq%%t%’opora |gﬁ"bgislfl ng&gt éﬁnaglgr ble
pr ocedur @egiod h@oxi, esherein vaadd ofirsc csxtral Amiro DididR g@nencendonmpnisése ansed as

the selection nmarker for transfected cells using 0. .1 uM of. nmet hot,rexate
(MTX) . EﬂngHEaﬂiggb chaip constant region domal%, whereliln said second

immunoglobulin-like domain comprises an immunoglobulin heavy chain vanable
region domain, and wherein said second extra amino acid sequence comprises an

immunoglobulin heavy chain constant region domain.

5. The target binding protein of claim 4, wherein said first
immunoglobulin-like domain comprises an immunoglobulin light chain variable
region domain, wherein said first extra amino acid sequence comprises an
immunoglobulin light chain constant region domain, wherein said second
immunoglobulin-like domain comprises an immunoglobulin heavy chain variable
region domain, and wherein said second extra amino acid sequence comprises an

immunoglobulin heavy chain constant region domain.

6. The target binding protein of claim 4, wherein the first scFv and the

immunoglobulin light chain constant region domain are linked via a first peptide




for the detection of antibody secreting clones, which are subsequently
anplified by step-wise increase in the MIX concentration. The segy ?EBE%US
anti body can be purified by protein G affinity colum. Further
purification can be achieved with ion-exchange chronmatography. 2 4 FEB 1005
WHAT IS CLAIMED IS: 1. The target binding protein of claim39 or 40,

wher ei n shkgr.f andswhere, theagegorgh saf vf andsthej immunoglobblin iheayy kbaid menitantar e

| i nked vir(?l3 a fd' rsat. extr 8‘%”] no acri'gd Ziggrﬁsgce, and wherein said second scFv
and sai d 'SECBAE™M Mﬁéﬁﬁ% U HE KPP, “"are linked via a second extra
am no acid sequence. 2. The target binding protein of claim1l, wherein said

first extra amino acid sequence associates with said second extra am no
aci d sequence.’-3. Thee taagejdunding aratginpd slasmnb,ofhezeiai the firstvireptide dinketi d fir st

extra am S nce, associ ' j ' aci d
seqguence é\}?nanrgs%“é ﬂ“ga%ﬁﬁgnaénd i ﬁ?%@%@?@@fbﬁﬂéﬁ@%ﬁ%@% ﬂg'g?’ot ei n of
claiml, aMderdicreifiatift fseb@id peptiden Ogikeb Utdniprisek ethdoaRiifo CAIPT b@ENcRN

i mrunogl obulin light chain variable region domain, wherein said first
extra arﬁ%ﬁ@pgﬁ‘é B %) nmmogl obul in |ight chain constant
regi on domai n, wherein said second imunoglobulin-like domain conprises an
i mmunogl obul i n heavy chain variable region domain, and wherein said second
extra am no ac$.d sethenegetdmding pagteiarof dlamub9 gt abuivherehe atvieasthaiorofconst ant
region dopain. 5. The target binding protein of claim4, wherein said first
i mmunog! d’ggmfﬁ@ farged binsing ﬁteéé‘ﬁﬁ&§§§°ngwg9§m}'ﬁ’é‘§€ WEEARCHISSi ght chain vari abl e
regi on donmain, wherein said first extra am no acid sequence conprises an

i mmunogl obulin light chain constant regi on domain, wherein said second

i munogl obul i rf.l i keTko raaget tindipg ipseeinanf dlamud® g dbBuivherche atvleasthaionofvar i abl e
region d

ofmi.n, and er.ein said second extra am no i.d sequence conpri ses
P o B s e e Dk P R SPAR I b eI Te The rar gt

bi nding protein of claim4, wherein the first scFv and the i munogl obulin
i ght chain constant region domain are linked via a first peptide 42
10. The target binding protein of claim 39 or 40, wherein the first

polypeptide or the second polypeptide is linked to an additional amino acid sequence

at either the N- or C-terminus thereof.

11.  The target binding protein of claim 10, wherein said additional amino
acid sequence comprises a polypeptide selected from the group consisting of a peptide

tag, a signal peptide, an enzyme, a cytokine, a toxin, a drug and a cytotoxic protein.

12.  The target binding protein of claim 39 or 40, wherein the carbohydrate
chain is linked to an agent selected from the group consisting of a drug, a radicactive

compound, a chelate, an enzyme, a toxin, a cytokine and a cytotoxic protein.

13.  The target binding protein of claim 39 or 40, wherein the target
binding protein is conjugated to an agent selected from the group consisting of a drug,
a radioactive compound, a chelate, an enzyme, a toxin, a cytokine and a cytotoxic

protein.

14.  The target binding protein of claim 39 or 40, wherein one target

binding site is capable of binding to a toxin, a drug, a cytokine, a chelate, an enzyme,
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7 4 FEB 2005 linker, and wherein the second scFv and the i mmunogl obulin
heavy chain constant region domain are |linked via a second pept izgeFEFim er.
7. The target binding protein of claim®6, wherein the first peptide Tinker
conprises the am no acid sequence EPKSADKTHTCPPCPGGGS (SEQ ID NO, 1), and
wherein the second peptide |inker conprises the am no_ acid sequence

EPKSCDKTHTEEREPEESomeepd pr Noeytoloxig proeia, aad gdteran ibe mihgr oreitagst clai m
39 or 40’bir¥>§§x§%§i{t& =Y p%ﬁfetoftb\f?th?%to tm%f%'?ﬁﬁt arget binding sites have

di fferent br ndi*ng speci Ities. e target binding protein of
claim39 or 40, wherein at least two of the three target binding sites
have the sane target bindi ng specificity, 10. The target binding protein of

, Y
claim 39 or 4d3-whelhs fargetedinding profin \Qfeplamy 9% pr (4 %]Fé@ﬁdo%%ﬁ@pti de is
| i nked tq,; N 1 00: aGl i =L erm nus
ther cof . PR FcBBalie BFLAGHAR GEOLENer, Bl Shel pk Bhelularkr
addi ti ondlinding Bites arei chpalgudrkiadingnpriosias, drugglcoypdidsgehdeates,céragimies,om t he
group consisting of a peptide tag, a signal peptide, an enzyne, a
cyt oki ne FAHORIREFOMPOYRFPLTLYIPIOXIE PIUEIBRi ¢ protein. 12. The target binding
protein of claim39 or 40, wherein the carbohydrate chain is |inked to an
agent selected fromthe group consisting of a drug, a radioactive
conpound, a cHe. at eTheatargetzimdingaptotein nof clainy t35k onetlanvhexeioyonxt darpet

protein. .13, The target bi.ndin rotein of claim,39 or 40, wherei.n the
Darget  BPHiIPR S isdrEnle oL bngik 6:a Wirer a0tsehy gus Iheahr Mo reLhPERE g1 oup
consi sti ngePire2afividof biadm@db S@Tide(Rotle AR U NCscllforGnBIIRE Bffeddr &MZYME, a
toxin, a cytokine and a cytotoxic protein. 14. The target binding protein

of claim39 or 40, wherein one target binding site is capable of binding

in, : ' hel .43 2
adionetive cooontitoras Kubie o fRERC Em, ¥ RIS Srrfedorple e oo

target hindélNgreTHESad €Dgapabl e of binding to tunor antigens. 15. The
target binding protein of claim39 or 40, wherein one target

18.  An isolated nucleic acid molecule comprising a polynucleotide

encoding the first polypeptide of claim 39 or 40.
19. A vector comprising the nucleic acid of claim 18.
20. A host cell compnising the vector of claim 19.

21. A host cell comprising a first and second vector, wherein said first
vector comprises a first nucleic acid which comprises a first polynucleotide encoding
the first polypeptide of claim 39 or 40, and wherein said second vector comprises a
second nucleic acid which comprises a second polynucleotide encoding the second

polypeptide of claim 39 or 40.

22. A method of producing a target binding protein, comprising culturing

the host cell of claim 21 in a suitable medium, and separating said target binding

protein from said medium.
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binding site is capable of binding to a tunor antigen, and wherein the
other two target binding sites are capable of binding to toxins, drugs,
cyt oki nes, chel ates, enzynes, radioactive conpounds or cytotoxiczgrﬂmemm§.
16. The target binding protein of claim39 or 40, wherein one target
binding site is capable of binding to a tunor antigen, and the other two
target bindi ng3.si tAs wolatesapablers cicidi molicene t corapmsing ea ppoyoudiestide a T
cell or another .ef fect rlcell.tl 1?1 Thg tar@et bi ndi ng protein of claim 16,
wher ei n SRFPIER P SEEOT R GGRUAG Pl 32 oF #0.0  "cDpg and DB, 18. An

i sol ated nucleic acid nol ecul e conprising a polynucl eotide encoding the
first polypeptide of claim39 or 40. 19. A vector conprising the nucleic
aci d of clai m288. 28 vegtohegrnpresing theawpleicsiciofddlanyddt or of claim 19. 21. A
host cell conprising a first and second vector, wherein said first vector
conprises a first nucleic acid which conprises a first polynucl eotide

encodi ng t he ¥4, r st ApebtyRERbheisE thd Pdodra? cim4@. and wherein sai d second
vector conprises a second nucleic acid which conprises a second

pol ynucl eoti de encodi ng the second pol ypeptide of claim39 or 40. 22. A
met hod of pro i ng Lnei ng. pr | .18l N i t he
g#sc [<BBet el gh%ﬁg d%l%&ﬂe g&g@%%ﬁ%t ?ng&&#‘%me

host cell of aim Ina sulta 'um an target
bi ndi ng eprodiag thef firenarrisedonsbiyeptidds &f clai3® &0MH 23. An isol ated nucleic
acid nol ecul e conprising a polynucl eotide encoding the second pol ypepti de

of claim39 or 40. 24. A vector conprising the nucleic acid of claim23.

25. A host Ce'i?.CO”R%&bPQorﬁ%:??ﬂ%@{eq{ucﬁgp&liﬂf‘al 4 266. An isolated nucleic

acid nolecule conprising a p eot1 de encoding the first and second
pol ypeptides of claim39 or 40. 27. A vector conprising the nucleic acid of

claim 26. 28. host ,cel | .conpr.i sing the vector of claim?27. 29. A nethod
of produci ng ar géﬂ’°5‘i°r?8i°ﬁg’}f’ﬁﬂ5‘£éﬁwe°@3r?§ﬁa§?’ “cul turing

29, A method of producing a target binding protein, comprising culturing
the host cell of claim 28 in a suitable medium, and separating said target binding

protein from said medium.

30.  The use of an effective amount of the target binding protein of claim
16 in the manufacture of a medicament for eliciting an immune response against a

tumor.

31.  The use of an effective amount of the target binding protein of claim
17 in the manufacture of a medicament for eliciting an immune response against a

tumor.

32.  The use of an effective amount of the target binding protein of claim
14 in the manufacture of a medicament for the treatment or detection of a tumor in a

subject.

33.  The use of an effective amount of the target binding protein of claim
15 in the manufacture of a medicament for the treatment or detection of a tumor in a

subject.
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the host cell of claim28 in a suitable nmedium and separating said target
binding protein fromsaid nmedium 30. The use of an effective anpunt of
the target binding protein of claim 16 in the manufacture of a nedi canent
for eliciting an i mune response against a tunor. 31. The use o&Aq@BZWS
effective anount of the target binding protein of claim 17 in the

manuf acture of a nedicanent for eliciting an i mmuune response agai nst a

tunmor. 32. The ,use Qf an f ect.i ve anmoun f the raget bindin rotein of
i 14 in oo napt SR e Gt e bRk ehinerateet RoAFa Bel O s er et  on
of a tunon inth@mahtikc®FE of 8 Medidignent forahe BBatBiche6i datectRMaid nlortile t ar get
bi nding protein of claim 15 in the nmanufacture of a nedicanment for the

t r eat nentsubjectd athersin aileast one taiggbindingsitesefishe targetdinding prgin w5 183, The
use of a ef;ect}ive amount of the target binding protein of claim 11 in
t he manuf UPE'ESH a nedicanent for the treatment or detection of a tumor
in a subject, wherein at |east one target binding site of the target

bi nding protein binds to a tunor antigen. 35. The use of an effective
amount of the ¥ar getheorserinmg pifestiar ameunt phihe target pindingepigigineislalipe of a

medi cament, : r : i i } £C wherein
2t | oast 3 e, PSR BPQndHicsliP e BF ulifiol B Ricodbofor S 8 "10" 2
t unor antsupjent, whereir bieleast @netarget tehding kitevef thevargét tofdihg erdteindéndstto adi ng
protein of claim 13 in the manufacture of a nedi canent for the treatnent
or det ect!P®Ar MMt unor in a subject, wherein at |east one target binding
site of the target binding protein binds to a tunor antigen. 37. The use
of the target binding protein of claim39 or 40 in the manufacture of a
medi canent f or3& he Theeatenefin efffective lamennt of thestatgee bindinghprogdin of leéaim

nedi catnment. is fornul ated.for separate,. sequential ,or co- ] ni st.ration
V\:i t h a 1 m tﬁe manufacture ofame 1C. en?%or the ?rgatmcn% or detectlon 0ol a morina

subject, wherein at least one target binding site of the target binding protein binds to a

tumor antigen.

37.  The use of the target binding protein of claim 39 or 40 in the
manufacture of a medicament for the treatment of a tumor in a subject, wherein the
medicatment is formulated for separate, sequential or co-administration with a

pharmaceutically effective amount of a cytotoxic agent.

38.  The use of claim 37, wherein the amount of said target binding protein
is reduced prior to

the separate, sequential or co-administration of the said cytotoxic agent.

39. A target binding protein comprising two polypeptides,
wherein the first polypeptide comprises a light chain of a Fab or Fab'
fused to a first scFv,
wherein the second polypeptide comprises a heavy chain of a Fab or
Fab' fused to a second scFv;
wherein said Fab or Fab' heavy and light chains form a binding site and
wherein said first and said second scFvs each form a binding site, wherein:

at least one of said binding sites binds to a tumor marker,
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pharmaceutically effective anount of a cytotoxic agent. 38. The use of
claim 37, wherein the anobunt of said target binding protein is reduced
prior to the separate, sequential or co-admnistration of the sa |
cytotoxic agent. 39. A target binding protein conprising two pol y@ qu éﬂg%
wherein the first pol ypeptide conprises a light chain of a Fab or Fab’
fused to a fi ratleastodne ofmidrlréildinghiéesstémtsrtdarb@mppemd de conprises a heavy
chain of a Fab .0 in_said Fab or

S Fab'
heavy and i gtwheéﬂglaﬁge?%roﬁleadlbﬁaﬁgfs% Q%B ‘??Eiy %é&@ Al IR aand sai d
second S%Eﬂ&mﬁ%gloﬁamfg@cd@;mﬂbﬂqe@dghﬁlon\f\&qwdc@ add JiRReh DLeabehydaed
bi nding sites binds to a tunor marker, 46 2 4 FEB 1005 at | east one of said
bi ndi ng shaags bnkmiswtselddﬂgémoeﬂatl@mwcmn@i $eqaendeeast one of said Fab or
Fab' heavy or light chains conprises a constant region N-glycosylation
recogni tion sequence; and wherein a carbohydrate chain is linked to said
N-gl ycosyl ati o, recnwgéﬂmﬁdlﬁ ttﬁéiﬁ%omﬁﬁsmg\t\bdbg eptided] Ng protein
conprising two pol ypeptid ereln the first ypeptlde conprises a
light chain of a Fa‘th!FmFth firstfppdEneptide GOMPrSES asléghﬁ chamertca Hal ReFakcond
pol ypepti a heavy chain of a Fab or Fab' fused to a second
scFv; V\hefﬁ%ldqgsgg{r ﬁ?—:g or Fab' heavy and |ight chains forma binding site
and wherein said fwhe&tinathd seeond petpsupdds cévmpriemchhéonynehairbonhdifay «i t e,
wherein: at |east one of said binding sites is selected fromthe Fv of mAb
hwN14,  dtabl aed toghecomd sivel binding sites is selected fromthe Fv of mAb

734, and wherein abyLeash; QAFadAdly T AR Bt Rlins AN X biHdidd &i¥anghal ns
conprises a constant region g ycosyl a |on ecognltlon sequence; and
wher ei n awleaeihahiddirat and saibsenondssdFive kaodh foom adintling sitey odeydimt i on recogni tion
sequence. 47 at least one of said binding sites is selected from the Fv of mAb hMN14,
at least one of said binding sites is selected from the Fv of mAb 734, and
wherein at least one of said Fab or Fab' heavy or light chains comprises a
constant region N-glycosylation recognition sequence; and wheremn a carbohydrate

chain is linked to said N-glycosylation recognition sequence.
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