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WD 2007/ 071426 PCT/ EP2006/ 012425 5 Pharmaceuti cal
conpositions with resistance to sol uble CEA Mre than

wo booge7decades have passed since Gold and Fr ecPOEREP2006/012425
first described the tunor associated carci noenbryonic
antigen (CEA) in human col on cancer tissue extracts
(Gold and Freednman; J. Exp. Med. 122 (1965); 467-481).
10 Meanwhil e, 28 other genes/pseudogenes relating to
the CEA gene fam |y have been discovered. In an
attenpt to sinplify the nonmenclature used for the

me mMRhiarnedcdutical Gonpesitionsvith. resistahéeitd ¥oldtsle CEA
recently been renaned the "CEA-rel ated cel |l ul ar

adhesi on nol ecul es” (CEACAMs) and the nonenclature for

MoreiFshﬁn "fg%%eéﬁcg%%% Ip%}}gpi%of elﬁge Qgﬁgn&ﬁeﬁeggn%f) waﬁ%%%ribed the

tumot @stsbmateiDm:emhh@émbqoniw @aﬂgmmﬁﬁhumﬁ eokBdcancer tissue

%&% The human 1y s clustered on
extragtg,( and Freedman; {d_:’éiéd\/'%@ 1332 BENART48DE (1994) ;
Mearﬁé?remég)othe? @sl@?&%q@ﬁ%s%%‘l‘ﬂ@%ﬁ%& CER g%ﬁe%%'n%%ve been

three ubgr oups subgro

dlscoveraidallnmamgattanphtoexlmpﬂwmb gomesclatire used for the members of the
ecific-glycoprotein (PSG su

b
CEA Gttt 1o damily dias Eadandy dearss renarapd the c Gli-related cellular

iy N T

umﬂe@eﬂBedBelaergﬁlﬁE(;i%@l] Ref%4%g§4@}939)|'h@43 aﬂgﬂ )F?jrse)?fnﬂléeaccordlng
am no acid sequences o and the other amy
to thip BRREnSiatwpe RSN CRAtCOREE) belesmpd GEARAMS

The t&n ﬁOQEg@Eh? %I éugﬁ%f%gg%;dﬁ éﬁ\(dnh%%m ﬂ%@%ﬁgb@’en et al.
Genonfiics 128 (9843,u8509-668). dtse2atdeneseahd ps@ddddeneseddn be divided into
| ycopr.otein (CEACAM ; BGP1,;

thfee?’r%;@%tﬁpge c&%ﬁ)ﬂe Q@«\l %&%0 RrfonjaiRiagh8pven @xprasagd; genes, the
re L8 s EFE A5 cub LBy el A cones
and ther thirbesubgyaup evhach |cgmla|(13amrdynpsﬂddogene_s (Hammars_trom, Sem.
cancBRi Ok, R et S%b?o"@@"?ieiﬁ#'eigz%gnﬁ%’ﬁ% 249). The
analy%@'-:eﬂ‘cfﬁé@mlh%cd\%@?{c%g of f%ﬁ?\‘%t |I2W\érﬁgers rgvealed

menber 2 ( CEACAM/ gene
that theEbelarB; todl@/ﬁnnmgh)deane(lg)lsmlpedaMy (ledaapisaatharclay, Annul.

wov. JEFERPLS (g EERAOBLI0PRE LR HTR okl dhacneo

the c\!télf( RupfaB! AfathBraneei Bifbnef glyébﬁretefmpp GBA@RW Y B TM-CEA;

kDa, depending on the nunb g mai ns.

CD662)0 TEFY gepe fla(IﬂfWBIHEOﬂIB’rOlZ@ES-\C/QI\/IAS G@bjér @66@ and CEA gene
v RBEE 3 (IEAGKMA. SN BB bt kane comains,
wher@@“cé#dﬂfo"éﬁmbﬂy@ﬁld astigeH (CarbinbeaibrydHiy @MlGeh2ERtedEAI adhesion
molecule 5, CEACAMS5; CEA; CD66e), non-specific cross-reacting antigen
(CEACAMG; NCA; NCA-50/90; CD66c), CEA gene family member 2 (CEACAM7;
CGM2) and CEA gene family member 6 (CEACAMS8; CGM®6; CD66b) are linked to
the plasma membrane by glycosylphosphatidylinositol (GPI) lipid moieties. The CEA
proteins are highly glycosylated with a molecular weight of up to approximately 300
kDa, depending on the number of Ig domains.
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non-specific cross-reacting antigen can act as
honmophilic and heterotypic cell adhesion nolecul es
wohb@n/oenps essed on the tunor cell surface (O KRGQEER1006/012425
al., 5 Biochem Biophys. Res. Conmmun. 186 (1992),
As regaidSthe; bidlogicattactiVity ofCthec CEARpteins, in(ViP9Itudies with tumor cell

3817- 38 .. Mo bl | f
s b o S RS i o
oA S SN I, St o

adhesibor mioledule® W0 Exprassetil®n tha5umbn q@ﬂr swnﬁattear(Olkawa et al.,,

oo S B o B R S R S e .5
(1993&6\’38‘?7 EZeM%Pé tr@ﬁéarit@'CgAEbéssibI%f rold 3¢ CEA 4N H)h splahflc cross-

sized t I'S an oncof et aI ant |
reactmiglamges m)tpe Gipic: s mrimunegdéfehada prd)tef:tmg ablsarftom rmfchnblal attack

ea and r sed in er .. wever , CEA
nas begngisssed (BRRTRatsiam AnG BraTOn dends Mig@Bio £ (2001). p. 116-
i pst il 0
125). I BAHGEuIal, 1t Mk, ?Jgeéﬁ RROPRe (R oBRng fing and trap
mlcroar@msmsq:reeelnhng treermerom hresrehingoardh mwmilrig tha @pithielial cells of
ture columar epithelial cells facing the gut
them'q{ﬁﬁ'ﬂa and in the highly differentiated cells at the
crypt nmouth (Frangsnyr et al., Cancer Res. 55 (1995),
2963-2967; Frangsnyr et al., Tunor Biol. 20 (1999),
It waliyp@besizedithat CEAsp eni dnadétay antigrers evhmhoisesxpsessed during fetal

ite, abgEEh sk oo bk AJUL R REE SIS SaNeele Hiowsva QLA is also
expre8s¥§ AP h8fRAIMdUERAsABIFBPM Fé?ﬁ:%' Blllﬁﬁybglpeééroiéiﬁ,%EﬂQ pon-specific

antigen are al so expresse in a nu tunors o
crossgpactirg iasmtigeni andh C&Alagm famiynmeaaber Caaoeexprassedin normal

numaalpn. pfiadatty Totnemudte calg et potaahpe s iR thergut lumen

and ihahg Hi@ﬁ@sdlﬁéﬁérﬂ@’téd’ céﬂ@%‘% thEFPy PeRNEh Ffafi‘\\g@,hﬁ/# et al., Cancer

tar et antl radi ol nmuno ocallzatlono
Res. 561(3995X 39631‘29651; ﬁeangﬂmnyrmilalalTwmmnBlgl 201990} 2M7e292). More

speciiilly, biteapiiins otk stalved BMecbEBhAieer diSSoalyy ofthe mature

colonb&yt@@%nr@mblfréeelulmﬁandsmy%esBﬂial gRicbpldisil, CEACARG ABA-specific
It"is also expressed in breast carC|nona and squanous

crossgeprting aptigemare falsthexpresged il anewrberof tumor@t ofagpithedial origin

(et Serto et Fick Sa e Pt shit i BR8uY oRe cri

Rev. OncBb #fbmatoR @1988),t358899mr ker for coI orectal and
ot her cancers due to its stability, its fairly

Alreagé the latel 10705 @ad eatiyi 19605, (RHA begpmer 2 Savased davget Bstigen for

oSSRy S o O B P G n ave o e

fact tisatl OBA i§ beegexmessedrmlmexﬂ 8 fastoiIntétinaphndIpapurdatiecapicers, as
mat ure WO 2007/ 071426 PCT/ EP2006/ 012425 3 col ummar

well asein| mophematgell gnd namemalireg!l dura spEcRaMas t I is also expressed in
breast $&fdinom3%hd a3 ¥efl Rdfcinoma of the head and neck (Primus et al.,

Cancer 42 (1978), 1540-1545). In fact, CEA is one of the most extensively used

clinical tumor markers. It is used as a serum tumor marker for colorectal and some

other cancers due to its stability, its fairly restricted expression in normal adult tissue
and its high expression in tumors of epithelial origin. The bulk of CEA in a healthy

individual is produced in colon. There it is released from the apical surface of mature
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| evel s are normally seen in the bl ood from heal t hy

i ndi vidual s. For instance, CEA levels in the blood of
whea7toh2é ndi vi dual s is less than 2g/1. | n conPCEEP2006/012425

CEA levels in serumfrompatients with col orectal and

coluntridregells amtoi thergs larnen iamdr disgssbars With the fepeS. TRUSY@dy very low
t han 2000 g/l (Thonson et al PNAS 64 (1969)

levels gre normally seghrin; the blood fremghealthy individualsnBat ingance, CEA

ovld 5 R85 RS haBOAR 8 S AT bt g v

serun®irdnt pagéstzewith BBbredtal Shd otﬁé?dcaré%n{a%%@ mcréé@e@)angmg up

It is known that conmponents fromthe plasma nenb
to m¢racﬂhad|2QPO:Egll (@hemsoonet alJ,aPNy‘\SeﬁﬂoMlQ@Qb:dm‘r-dﬁV) He partlcular

prograsSIv Hafondnt  RBIS Siegk theel LIRS 616 G 5ehbosggrmpanied by
high %Wa'fn %E)m@éntratrbn@I d)fr‘sdIGM%SGEAsg-'Iet(:ﬁ@rS%&nn %f&r%Mg‘ﬁ‘“H@h (1986),

hrough draining | d vessel s can en
66- 73)hl§ is khowd. thatscompomemterfrcgn e |piasmawrmbnmeemlimmg IGEA, are

contirf{ g?e:#ftﬂ@??q)ﬂ'g E\egél?rfﬁ%églgﬁgaanme Sq?agfﬁéiseen(/g@ vgszéles (Taylor
and agg%va JUNGHC Blancet Vgl Vha(ﬁ985pf859289@ 888K @t al! QJCCﬁﬁ‘SlﬁG'est 82

| evel s was the first indi'cator of recurrent
(1988&); 586-93) iwhigh thwough rdreimireg lyatph acdrideod %sselsafah end up in the

bIoodég%%% unp @éﬁ%%g@%;éa g%g&ék&ﬁ@éﬁqﬁﬁ{@éteq{nﬁg Blo'od The main
use 6EIRAGH CHA - detBfHiMatichs 48Ve! BinfoN nidrRér ti’@@lHSfHTb Fostsurgical

prognostic indicator (Ml cahy and Benson,
survediapce of Relpn cancesdayreased-QEAfeveld wasehedirstisdicator of recurrent

soeeBi T SHRITOT b3 (BT S0 5E50) £ g Taooo o
., SRy GYyHE®s!. OEsten y169-01989§2arbes87) %Sbét%mgeﬁé§p%{lve|y Serum
cancers account for a lar ge pr oportl on of

CEA lqmelman alsa besised as\atprognosiia ingitader (Mukzalw aed/ Bensen, Curr.

as e nd 135.400 new cases of col orectal
Oncogﬁleg)er <1?5?ﬁgl%§ﬁﬁéd States in the year 2001
(Geenlee; CA Cancer J din 25 51 (2001), 15-36).

Col orectal cancer is the third nost common mal i gnancy
Due tanis tdver—eo(presaidreimm@ycapistfeelmn cdeaers CEAMmisantenly nsed as a

f | Ca 88 2000),
tumory RagrkE Bt *Blschin e BertplO%t o 71 1IN HMTOh P EH | Eor example,

gastré!ﬁﬁés'ﬂﬁbl &é}‘ﬁ:‘eﬁsté&é%ﬁt fora@largeEprdponis eflwunﬁdﬂ eBSIRF tumors,
have been expl ored as possi bl e therapeutics for

with ERsHosited 24 . dHhoewscadas ek gastrist caricer antndddK400 new cases of

coloreacg%lfcgahﬁgrlr}] %Bﬁéﬂgﬁéﬁ i talgtyﬁaf g&éq[fﬁ%?enlggdeﬁ Cancer J Clin

51 (2009), "SSBENEdI6rect daPitep & tHE Hi h@%ﬁbéhnﬁ@h/%é}@ﬁancy and the
successfully treated is a study perforned b

third lgadingrcausef gaatiy from cancesin bpttbelales and femaleSf(Rles Cancer 88

(200022850 fl ARUHERHEP e o BRIER L M these tumors,
anti- GENCmbno&énal éﬁt?&dl@ﬁhav&@@éﬁ exbﬁ)’?@d% pb§§bl@eﬁfbrapeutlcs for
anal ysed in ag%ﬁase Il trial in

ch
CEA-poyiliye zaaceysi @mo@/mmﬁmnd invest. 25 (1996) 23-35).
One example for an approach in which patients with low tumor load (corresponding

to low serum CEA levels) have been successfully treated is a study performed by
Behr et al. In this approach, a "*'|-labeled variant of labetuzumab (labetuzumab is a
humanized form of anti-CEA monoclonal antibody MN-14; Behr et al., Cancer, 94:
1373-1381, (2002), 1559-64) has been analysed in a phase Il trial in which 30 CRC
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patients with small volunme netastatic di sease
chenorefractory to 5-fluorouracil and folinic acid or

WO noan7aidé uvant setting after |iver netastasi SPOBRER2006/012425
been enrolled. A single inection of 1311-1abel ed

patiehtsbeithu stralbvolameginetstatid dis@ass shertbagtoty enbSlucbouracil and
had, partial rem ssions. and_ei ght showed m nor

folini¢ @gjshREdR arp adiivest seHings after Bverumatagiasis| havendeen enrolled. A
single?‘m;jé'&@?\t of SIL Ingledﬂa%tL&uﬂ?atﬂ Y?QE?%\Y@‘L Ofh§ ea§§8$§a{q1§ patients, 3

to 3 ereas t se raté

had pantiaf crbrrmsrsvmrns el eigliti shawed snimer triespomsyd ap. td 5 months in
serum CEA | evel s of the patients ranged from3.9 - 45
duratiogy pip tbsélwm@tnt é‘?ﬁttmgcgrﬁfg‘? patients Vst@?si'iwﬁ freedorn up o 3 years,
e t o)
wheré;%%)tﬁr%f %ﬁ?f@%ﬁtf&%@ g\%@ 67&% |ﬁ 1 tﬁ%ﬁgpﬁ%%@d The

serunl EBA Iea/elﬁ olfztherqiatlehtscrangleti florh 3s9 be‘f&lnglﬂwlé(Behﬂem Cancer, 94:
post sal vage resection of col or ect al

137365% \é%ﬂéugl\é't %@_taer ﬁtude/h@arav@nzecié)ypa@hle.rﬁs ithelow A serum
overg 8! CER BRI RodRidol e S AE (KB has beer

showg rtoun}v@roveesmml poblysdllage sedectibn cﬁlcoloréét@l céﬂé&r méfisises in
Prog, Vol 23, No 16S: 3627). Yet, apgutic
the “‘é&fp%@a@#@é‘tﬂé‘a@'\(@d i dose pf; #0s@p unc S i letsiuzumabnEive-year

| | |
survnfrd(le gﬁjéﬁglg% 'f:%rftréeﬁgﬁp 4@7'4?/ aflgc &ﬁtrcﬂgqré{}{) d"egggét#vgrl%ldersch et
al., JEO, 20ab,uaB€CaP ooyl 28dNeteS: G627onocl onal ant i body

v B oA S i b s

resultég‘ﬁ%\)/ SP% pr 4 g{cﬁ’%’sﬁ&hé@s hmlé}&m JP?gdllﬁlﬁ% dgg)erformed

advance uci ng tunors recer
to evalMstd A hibhearizext iantirCBAt rrmmpctamabranltlbogyetm nglinigna @DR-grafted

vrs G BREEY TR e b PR 1 185 Sl Thdd S0
5945%?1593 @e@\ﬁ%@@ieﬁ%l‘( $12Q4 ;ﬂﬂfeﬂ) itR a@'vﬁ g:@-\ Pﬁf&cin%tumors

0% of t abel ed "ant corrp exe
receiveid er®') njlaimledm hMN- 194)ITETbé thedletrltmmbnemtwnor nctartgeaag and

pharrSEHTAsHF beFavih ot ke BN A B35 et Ko HHateses) il the murine
MN- 1&2?!6\/\{?”& p%?i%ﬂté Wltﬁ%‘lé\%‘?éé CHA Q>r /r%ﬁ iR P?%’i‘ﬁac #&8 more than

Y, . I'n anoth arried
30% oﬁtheo;abeiecbanhbody anmpmni Withial ‘edjl aﬁt@‘nmﬁcﬂlonl try some of these

ot e B SB35 BN St s she antiocy

with hfd)Y@%bbEﬁb%éréﬁbé’#dn@ﬁhé Mobl th@nﬂsfﬂa@'ﬁe%sm ;b%ltlents with lower
ancies. In particular, the influence of serum

n
plasrrtaEﬁEgihéShark@y, losucnt) o mhﬁapbassméﬁmajs:anaed locib by Yu et al., an

12 Btttk dnSd maaieBBy! PBliSodamabl abareBEA, coL-1
(Murdrép&lapdeiRds. %1,98@)t B?@l@%w héé %lemnvé%tl?cjéied n 7p%t.ents with
nCi / m2. Serum | evel rang ed from6 to 2739

gastrqiniesfinal:malignanges ky paﬁ@g)ar dmjindlueace of gasum aed tumor

n S
ok G BB ARS G ARAE T e 1 L Ben U lovancec
gastr&ifestingl ﬂia]ngﬂmblésl madeivstd ROGhg&sftC@LCOEbRIY ffthViPY hW|th doses
cl earange of serumg radioactivit The
from 10 mCi/m“ to 75 mCI/m Serum CEA level ranged from 6 to 2739 ng/mL (mean
+/- SD, 500 +/- 639). 82% of all tumor-involved organs were positive and 58% of all
lesions. However, it has been again observed that elevated serum CEA (> 500

ng/mL) and tumor bulk directly correlated with clearance of serum radioactivity. The
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WD 2007/ 071426 PCT/ EP2006/ 012425 5 authors concl uded
that patients with highly elevated circul ati ng CEA
wo eselogi4and/ or i ncreased tunor bul k cl ear 131get/abmoec2425
COL-1 nore rapidly fromthescirculation (Yu et al.
authots ddnicludadcthat petieffsd Ath, h@ﬁ%elb@@&)d citutatirey OB Ubvels and/or
have been obtaingd in a stud jar et al.

mcreﬁﬁq Wé'oqrgqu clasg| edlaheleth %}I/ Wr;mragrﬁly froppthe cn\'/gulahuon (Yu et
., JTRECHA Qb?@gw 74B- 986%)9% FmI\M rBs iR ﬂ?@@tdne‘én oRtalned in a
gastr0|n estl nd col orecta cancer.

studyi by i Ebjjar2letpal.i emtts ©direst 3 hilabeledr ilumanited nMN-hﬂanantl CEA
radi ation or _after standard chenpt herapy have been

monqdlQnal eantitady dmt Patisnys withs metasiatic egasiramtgstinglnand colorectal
cancﬁgtlh 'tlli'igtrﬂaﬁrfg%nlt frngggéféaﬁmgpéﬁ@er Biger 'b?lg?%&?érﬁgl ﬁéérﬁcﬂaﬁlatlon or

nsSé was o rved

after Stanadrd lchenwitiesrapg haveaseen €eatddewith SanllbodleT i patents had
cl earance of the ant i bod%ﬁfromthe bl ood and whol e

humagy, Aptichupaar agtibodies (HARASIcoPer Bt adversec @ffects. No antitumor
respo(g%go\%s o%%ef‘%})ﬁ W@a‘ﬁt‘ |taﬁ?§ BEEH benc?"l‘ﬁ%t &EVat@Hoﬂlégﬁlaf@EA levels

explana ac Ufor T espons
increadss thev eléarandehofsthetartipodyifeom nhe booehand thl@}bbdy (Hajjar et al.,

ar anc of therapeutic antibody from bl ood and body
Clin 5@ redal eRpran r?e&ifl(&é; RAd e seRich Atiigasbin Bartimay msovide for an
e [ v r 1 fipQm
oIS Ay S, R BT ™
phenerfnbaoh of capidctidaranbs ef Mml‘apeutidwanmboﬂyrfrmtblmd and body may be

enrolled in these studies, nost probably due to
explaingd _Ewnerg.aéﬁ FoEmaNA koG SPTERESSUNED, haYe Jf s rapidly
remo?é’d Gtdrf URK S8 )p'irP*&'r@éFs gVé\f‘éiimttty aé@”ﬂloefherapeutlc effect
ormat i on an rapid rance o thera

couldnmmobsemed imthe hﬂdolepatvdfnts ensolledindhese khzid}estmubsitpedbably due
bry 0 the Fc ﬁﬁ%t of he anhb %dl es recogni zed by Fc
to the @@gﬁplg@gar&eq ,r{réowq)ga apHPPH8By derivatives (e.qg.
t
In or?ér’: Yo ‘EFPE’értn(/é‘ﬁtt }oﬂ’ém%rmﬂ ﬁa\q/@"g"e eeE @gn@?&g{gh‘%ﬁgn and rapid

ragnent s) out c part
clearaimcs pﬁ@ubrapeullc manocketl arftiboiesewhichdaresmase likely mediated by

v PR S PRI AR A F ol i
deriv%‘tﬁ/e(zsg(@@)scﬁvﬁﬂn'str% ér frifirnts e Q' Fab Ghd rFa%EFa%"mﬁ%) without

(2000) 1711-1719; BEgent
Fc partoeaye berd- petucednand aarfatysest U’dei!BIC iMosts of dbesrl stindies are

ety G, AR et oA PR kBR e £ g Sresternetal. Cancer
Chens§dthat P%Iarmaeéloaghgmolf lsssl12aIMa ' @&l SCliBGanter Res, 6:
Cancer 87(6 600- 607) anti-tumpr activity of

(20003 BEW1E19; béﬁgﬁzﬂip@tl dashat Mest, 219905 95S984). Only a few studies

sl GHEB AL Bthpr A o APy AR5 i ciic

For examble nmpatdnan;bxs aWdehohdMWFGQﬁc@ Cétoéle@Fr@lhci%a'B?" 00Waneer 87(6)
pr oduci t unours. this end,
aﬂg‘)’

(20029oﬁQOsﬁq7mgarwftumqr( ity of @ga@?wcwboaypeml@@@emmghaas been
mvesﬂBéfeB?qX th?s SﬁAsé'%FQI lHéﬁlﬁﬁﬂb&?y tJ‘r%cPeadCte%Eyr%e SF&#HE therapy

(ADEPT) has been used in patients with advanced colorectal carcinoma or other
CEA producing tumours. To this end, A5CP, consisting of a F(ab), fragment of a
mouse monoclonal antibody to CEA (A5B7) linked to the bacterial enzyme
carboxypeptidase (CPG2) as the antibody-enzyme targeting agent and ZD2767P, a

bis-iodo phenol mustard prodrug have been utilized. As a result, no clinical or
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car boxypepti dase (CP&) as the anti body-enzyne

targeting agent and ZD2767P, a bis-iodo phenol
wonevard2er odrug have been utilized. As a resuPCT/ERZN0G/012425

clinical or WD 2007/ 071426 ®CT/ EP2006/ 012425 6

radiologitiad Fexpornsks m&gwm&éwa the@ 8tUdE Phe tieatienbsetdvn CEA levels
Pre-treat nent serum CEA | evels ranged up to 1000

rangedyuRito TR 8gfMyhThesa BighceRty epncendratians dn merem efhthe treated

oS85 8 yb80 5 s LS RO P bl Bk responss

obseveddn Wi studyt hi s study. 5 In view of the problems set
forth above, the provision of neans and mnet hods for

efficient therapeutics for progressive, nmalignant, or

5439556, ST A B3 s o
effICIdethmdﬁlbgafbr pRogessiveo malighant ohaiteestayé i gptthelial tumors is

nposition conprising a bispecific single chain
h@hhéﬁ?ﬁﬁﬂﬂ? which has (a) a first binding domain
specifically binding to hunman CD3, and (b) a second
bi ndi ng domai n specifically binding to human CEA, 15

Accondirtglgi one aispest obritle Hhvehtion rilaesntocemHdrak@eaticdl e@shposition,
the am ng acid sequence "DX1X2X3X4FYFDY" (SEQ I D NO.

said m@rmamgp@qxlrpom@esmor)(gompn;@g a)plspgqrflcrsgml@@ﬁtrga@w;pdy which
g amno acid residue, and the anmno acid residue "D’
corresponds to Kabat position 95 of CDR-H3 of nurine

(@) a fIllstledmganmlatri boebifidsi birdidg tdBua@EnNNOD3cand r esi dues
YFDY" correspond t o _Kabat positions 100, 100a, 100b,
(b) a &@qondam ingdorpaisaacifigally bingingto kyrapdBA. muri ne

wherdRNQ4d %%n&glh Agydcﬁﬁ%?.) cérﬂgﬁé‘%‘éﬂ%@ﬁﬁgtam o acid sequence

represents alanlne
‘DX X%XWYSHDN@JXSEUEID NG) Lﬁ&a)tTMee@n d)( ", ‘K", “N5" or “X4" represents any

aminé gg{dgggl an;g)%? Ay {,%Ze reS|§|ue Mr?ellsggng% Ithj(abg} position 95

of CE()IShen?FF I’ﬁlﬁl e " qcf\frpa? ﬁ/@'ﬁﬁ(’?% hg?@'—ﬁﬂ& l?-%) a{mﬁ:o acid residues

‘FYFRYT d§>rrespor’fdl' t'o Kﬁbabpmsmm")s 1@(h,d1 O'Oé4 100bph@s.eamics 10K respbctively,

of CHRP o chiing) Mofociasal BaibaRy ASArarlneRosaembRdITENt, X
" »{

ool BP0, AR i aco

or “ThiEweoniney; s)(z’lgbpreslwtm“@nﬁt(Gb@d}e et (Tyedsine),elAT (Alanine), “D”

(nspar Rty RrYS (BRENgl R Repesants '« LeuBie) nif " (Phenyialanine),
“M” (RR®hibhiPBS, ¢ (Gl&@a%nféf aiip &R "EI’H?EOH‘HE) Mind ”RQOFén;Q@eénts “R”

anti body A5B7. The present invehtion provides nea
(Argirine), rf‘é(f'iﬁliﬂ@sm)t‘ikd%ﬂwe)s@t@ksmc attld) or “S” (Serine).

In an embodiment of the pharmaceutical composition of the invention, said second
binding domain specific for human CEA of the bispecific single chain antibody
defined herein comprises at least the amino acid sequence “DRGLRFYFDY” (SEQ
ID NO. 66) corresponding to Kabat positions 95 — 102 of the CDR-H3 of murine
monoclonal antibody A5B7.

The present invention provides means and methods particularly suited for the

treatment of epithelial tumor patients with high soluble CEA concentrations in their
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treatment of epithelial tunor patients with high
sol ubl e CEA concentrations in their WO 2007/071426

WO BPRRO6/ 012425 7 plasma. Such hi gh sol ubl BCCER006/012425
concentrations are found in7the serunf plasna of

plasné®i S0eh irgh tselible ROt A etricettrafions @9é §68hd §n ttHéimafe'ﬁum/plasma of
recurrent, nmetastatic, late stage tunors and

epithelial i tormos mttelmtmuvgth pmgjesssmadum@letecumenhametaséatlc late stage

tomots o b R et P oo B e e B8fh Taund bt Bispecitic
singlé et GetibBBidsRmithDY" CEAEBindindiQlorabin %@an?i%irbg lPrhé,“qalrﬁi‘ho acid

CEA-p 03|t|vetarget cells, buf also to solub

sequenree ERRGHRFEFRXA SE@JII@ N_Oofﬁﬁt) Mot pordy dind nm@ﬁprm;ltlve target

cells, Hifk g BERB CR A S38 RN GR £Enf Rided pG8reRREinventon

and (E¥QBMD 4920K6) Tk tmcéilaa Féini% Bdid n@e WI ‘URGELRFYFDY”
anti body A5B7 (Harwood, Br Cancer.

86) ,
corresporgds) to Kabak p@&‘pm@)%/95 1—01 2 ($5@gl|ﬁ) NiCh cﬁﬁ) g)fttbe EDRI% of murine

oG 0B TREE i TSR of G, oty

altho Qfﬁﬂdlh%ttb%&uﬂ% celaid Bipdcifit singlel @hgin anlibtdies kill CEA-
has been tested). Put in other words, said

bearing dyaer cels, avensn rtnetpge@ﬁm;:aq@ft hightfiopiceatiatignssef sejuble CEA (up

AR e S
constﬁﬁkﬂs %ré'ﬁbt%ﬁ?)%it@étb)pgo%lfé‘c@ﬁgm %lﬁCY@tO)@G a%ﬁvny éaalnst CEA-

, bispecific single chaln antibodi’es
pOSItI\mttlumarQEJS bi ndi ng domain conprising the am no acid

s stSET 1108 elfbnocuiipeRs pid Sk Sumbibasn i, Pigties 5. 6. 8. 10,
19, 200P0eahd 7 OB patifie odingleechdin- arﬁi‘bbd|ésn§/1tﬁné3 SEAIHINIRg domain
10 shows a cytotoxicity assay CEA-reactive

Comp!ﬂsmge&tlefamlr@l agjd seguance QDR%YF@YS meskifted aytatoxioity to CEA-

st b R A YR A LA .o
instarséd, lF%LﬂeQ@%I%WE*, g ot@klbmdb%é%ﬂof o] 2/t LIS 22 Ei@,ﬁbélflﬁglngle chain

cyt otoxic T cells (CTLs) were ‘used as effector cel

constarts redireirdHO K@tcNdjl mIIWQ_EArQGSIQt/@dlmmtg@ﬁtrm cgrqntoma cell

ine) fiEhe) B35engn HaPisBsind iy B Eibie, PEA 'aniP; Siulated

huma#b CD8 Ip@@ftﬁ@scmtmuﬂwl@f(mhybl/e?reGEébd @EAbffeaoa cells. CEAIl
vari abl e regl on derived fromnurine mMb A5B7, whereas

VHVISEQ NHNO.i’d M@Nw@@dfatmnmomgmy% resigtast ttansolyblej CEA. In

contrQ%Rgﬁﬁ%f éﬁbf Nﬁé Nﬂ%ﬁﬁn%@agﬁ%qgﬁggq‘?ﬁ activity, is inhibited
by mc&@hsﬁhb%n@ktﬁmlsommclm\ CHANB R Witk felion deflos@from murine
human blndlngldona n speC|f|caIIéﬁb|nd|ng to

mAb ﬁéﬁanwcenea%%&hww edarved frooopAb & fic single
impoftity] n??mga:sbBQér?srou@fghg% el?ngHB cid 2 eq%%ng%a[@%}%ll_éEYFDY" is
sufflcmndk&fnnemadtehleears&sitaalncf:rlr to solebkf CEA when used in a human CEA-binding
domain (i.e. a human binding domain specifically binding to human CEA) of anti-
CEAxanti-CD3 bispecific single chain antibodies; see e.g. Figures 19, 20, 22 and 27.
In the following, bispecific single chain antibodies as defined herein are therefore
referred to as being resistant to soluble CEA antigen. The term “resistance to soluble
CEA antigen”, “resistant to soluble CEA” or related terms as used herein refers to the

fact that the cytotoxicity against CEA-positive target or tumor cells mediated by said
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referred to as being resistant to sol uble CEA anti gen.
The term "resistance to sol uble CEA antigen”,
wOp@gioztsaet to sol uble CEA" or related terns aBCTERZN06/012425
herein refers to the fact 8hat the cytotoxicity
bispeeffiei singleCchaipoantibydies asgeét affettedoby dRtreasimgdcahcshtRitions of
sai d WD 2007/071426 PCT/ EP2006/ 012425 8 bispecific
solublg ({gFR. dRaPArtigHIErHdBe ecytptoxifoackiyity ds e@otby\hlba&eobew gyen high

concBRY! 34305515 T T 4008 5P 8 rorn above

CEA ReLi th%t ble6g§ &me%qhmevuﬁﬁéis(@neé@thw{ Dihg /HﬁSHE%‘Pébluble CEA
tested). set forth above, CEA levels inh the ™l ood

concejitratigast my thedi seramdplesma | afs sumbanpatieitai aredi gharacteristic for

oroarBQHNP! s eT FRPESENE 2 POS, oL b SRSl win i

tumor &5Ed. IEills, tﬁét;ﬂébéﬁt‘ ﬁwveﬁflorh Qir@w&é@%eéh‘é@n%l Aiethdd¥ particularly
td|oat|ents Wit h hi tunor | oad. Thus, the present
suite

Aok e dreaiment semﬁmhgl &t:morrma:ed& Fmtht blech dnigly soluble CEA
f. h
concdt e IR B4, lack 38 BRI E A BB AR as usec

hereil|d&ittes 5%I@l§1é@erhhﬂﬂa§ﬁﬂa@l§ﬁ &%e%%ﬁsﬁtrrgﬁéromn 3 20, 50,
used 10 herein denotes a sol ubl e serurﬂgl asma-

70, 8809Q @nt108 n@mlnhT isserumipiagma-CBA @mcen etlorsmaygb)e determined,

mer 300, B9, EL5AT R B0 A0 B AGORERL LR Biedraton i
highes eharbh 80 agImiaR ldesermikEhecEBLISA.i on is higher than

100 ng/nl, as determ ned e.g. by ELISA. 15 The

generation of said bispecific single chain antibodies

The get 7oL SBRE B Bt U, o ARG, S 05 @ s

CEA iartigenceasbhepeividl i task| gl evideat framnt theofibIRmwiMg t Bxd@mples. For
CEA bi ndi ng .domai n derived froma__monocl onal ant ] body

instancenbispestirrsinge shain ariikadierwib @AEAINging destaig sletied from a

mono&%@i@&ﬁg)omq@% COU|t§ tgiad g&gga%pér_géﬁ é%%bldl%%& soluble

CEA, ugetnAb RRIAD(Boin,f ProcsNay IAcadediru &Ai de)’rgg@)f 23t 3-7), could
expression/ secretion of the anti-CD3xanti -

not bgl Bpreticede Wheg| esechdn rtheoh@peq&@ wgledchaie @@hqgvetprmat no
expre%@%ﬂés%c%@{‘bfztﬂg #éb@? Rii-CRAL6R (eaﬁ'i:tgtrﬂ;ee lcﬂgm &ir#str)uct could
een 11 ze Regeneration

be achiegid Wienn aahtimaeikedc vesion of I?R$A3e(>mrrbm$eldcand) has been
reted fromthe host cell .  However, no binding of

utilizech 4O, the . eeneragignythe: RigPaEifiai RNGlS YA AMINGGYngORSICt was
expre%@é‘a %rﬁf E’r&ee 8 d%5m e hdut Séé‘ﬁc'lfdvgev%rnﬂ epirlitg o of the anti-CEA

rived fromthe wel scribed nonoc al
blndlraydorhnam te:sné%rﬁr@e—blﬂandﬂt‘e@mo&ldMObﬂaJnecCancer Res 50
990 212 E 23 M K. BiochemJ 2
Whery é@@@}"ms‘i o it palipaiins &@ﬁéﬁi%&n the, aled-dgsciibertmanocional

antibGHiés h@d‘aﬁg\f@lﬁrﬁai@r kM. et S8 NBlahkb¥ERES ﬁpgfwgz,a% -34) or MFE-23

anti el r cytotoxic activity
(BoemEANbd@ Bmhemad @e(2080)t 51928 blave Hexn Hemaeratdd)dthesk bispecific
antlbocs] es v&éer%errﬁgﬁly sensitive to soluble CEA antigen, ie. their cytotoxic activity
against CEA-positive target or tumor cells has been blocked in the presence of
soluble CEA antigen. Since said constructs have been found to bind to soluble CEA,
it was concluded that soluble CEA antigen prevents the antibody from binding to
membrane-bound CEA, thereby blocking antibody-mediated cytotoxic activity. For

example, Figure 7 shows a cytotoxicity assay of a CEA-reactive bispecific single
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sol ubl e CEA antigen. Since said constructs have been
found to bind to soluble CEA, it was concl uded that

waoelabre2€CEA anti gen prevents the anti body fropChERZNGQ2425
to menbrane-bound CEA, thereby bl ocking

chamao@mémd:y r@ﬁiﬁe@t‘eedtocm dlle wearisfetted. witlerCEAXANMeE presence of
ure 7_shows, a cyt ot oxi mt&ﬁassay of a CEA-react]ve

solubly Bijeen CEAISTimeatag DODANIIDA e S Erotte 3 1eaissCE.S) were

oseo SERMEEEPUCANGE Ty 5 AP M SRS ROT7 v i

cIearI§5tmh1ibIted &y 1hmeln@ﬁmpoﬁtst ofvsolahlecCBAI CERIEVH is@drded from
used as effector cells. totoxic activity of

mADb Eﬁﬂ\ﬁﬁ ﬁﬁ@@ﬁ@ B inenantiveB YH-Viedemainy i nhi bited by

Resistglf Iesgcg' row n%gﬁ’[ﬁgﬁ Jé%}?d %E%Bdﬁéﬂﬁoy@%oécﬁlc single chain

antibadies,- te3CEA HinddigTdbmaereﬁlvﬂilalmmrﬁmlsedl thiel @mﬁEAacud sequence
ant |\a:en coul d be found only for bispecifjc si

DREIRIEDY S ot isuRRR e EAhsimanegioRantivogy AGHE (Harwood, Br

S e C
J Cal B ol 7o B2 AS TPE MIFEE g, TBERETIRNTSH, bithebiEF single
chaancé‘mtnmts BSBUid¥ited Bisp8eific ﬁagteoché!ﬁEaﬂﬁbocﬁesi bind to soluble
66- derlved bi specific sin 0 chain constructs,

CEA. Aeilsht glethevegults epiained torsMF@T @wg. T8486idesyed bispasific single
chain, BoAGhH i, Gifts 0 bt WlpoRfed i B CHA UGS nPTuence

cytotaximattivitytin ASB7-derivet] siatylebehaix pwpbemmtdmlbodp lcohsteudtEA

does not influence cytotoxic activity in A5B7-derived
si ngl e chain bi speC| fic antibody constructs. 15 As set

As s&O¥drth taaki)%g% tﬁ@@g@ﬂ?ﬁﬁd‘prﬁg@ﬁ&amﬁte@ %ﬁaﬁggr%EA-bearing

agal ns beari ng nors 1 n hu
epithelial twastsyinHaurpan este tsﬁnbbelymammred mf thiei prleseroe o h(g’n levels of
en in the_plasna of patients can

t
Solubfeo CHA RGEN Ml ciasma; RHRAUSEBRBRST drarX@mPigdncreased
mmuﬁb%ﬂ%ﬂ@ﬁ Rﬂ‘rn’FaIHSHaBﬁHt bﬁaa‘?‘é‘ﬁc%e Qlﬁgtﬁ%agéuﬁ’d‘aéntl -CEA monoclonal

antibodies in the presence o concentrations
antibodiep irmtheapieasnbe ef highs€ EAccbrizgntnaticry ar plasola imscbhéen observed

in sefral shfical i 1o BT, FaIGhIE CRA el o eoain uysent in
high R8htemratioMst hwpl'hggrsﬁﬁﬁhVSf tdé‘ﬁ%b? dz?t[e%@é”\kl?ﬁ‘tpr%@ﬂé“s%'ive tumors,

net ast asi c tunors, hlg t unor urden
recurresmt e:ascerg enebastasu: turborse kight henmmlenadﬂnmderm,sordhateasta@e tumors -

blockf e herERELBR Siiclse ROARIN Gach PRstiVE P aieordus pfeventing

tumorCdelia!re 85EHIfiGN Oénd hgepudtion' apﬁé‘ltef&re\’mth%h afc‘t—‘ti’é]h%%dlﬂﬂ of the
tunor is reduced resulting in a decreased, |ow or

therapetglic M@Idhreaqhmtheammar ts)/reduﬂesi Ireswlting iinra decfeased, low or

even o551 aiFiudt ReylR, TBR URRRDe SPPER GotitceabaripoRy-based

apprddthik @b Yhoded patieins WitH V@*yaﬁwtﬁm@uhw'@rsd}lﬁ’élb CEA antlgen unlikely
interaction, In the present invention, it has bee

to prevenhtherapeuticctumorusldnteraction. gener at e bi specific
In the present invention, it has been found that it is possible to generate bispecific

single chain antibody-therapeutics with specificity for human CD3 and human CEA,
wherein the cytotoxic activity directed against tumor cells is resistant to even high
concentrations of soluble CEA antigen (up to 1ug/ml soluble CEA have been tested).
This finding is entirely unexpected in view of the fact that the bispecific single chain

antibodies of the invention binds to soluble CEA antigen (see Example 3 and Figure



10

15

20

25

30

30 single chain antibody-therapeutics with specificity
for human CD3 and human CEA, wherein the cytotoxic

W@ewre7t4ge di rect ed agai nst tunor cells is resi BCHRP2006012425
even high concentrations dp sol uble CEA antigen (up

2 of tiee boésdntsinbettion; Geb bocEPeBN 49803M) NevEftheldssnthe Bispecific
is entirely unexpected in view of the fact that the

singlg)ichgist aﬂtlfao@eﬁgasedemﬁdq heggipj argdprtelys rastdanttaefhe eresence of

even iR DR RN LIBHoASSR G I 1, B, o

present\ievernition; proeitles rheah® antl A iHbL) partieviarly selitedfor thie treatment
bi specific S|ngle chai n_anti bodi es as defi ned herein

of turgpabaliants &rith bighi saluble GAqencepkEationssindtheirgilasma; g observed

e.g. cétgr\}@l fgjn?cE uﬁr%lb sl??ncﬁétrhébdr];ﬂ%%h%p?gﬁ {T?eﬁ%%té%j{s%’(f)%r patients with

high funtorildad/bordens oalatesstadotiangrar t | cuI arly suited for the
treatment 5 of tunor patients with high soluble CEA
concentrations in their plasma, as observed e.g.
i , fi < for
In acé’n%*tﬁggggg\lﬁfsﬁnlrh dofn%ﬁﬁ ﬁ@ tef pﬁ%ﬁr‘f%cfet%@%%lc ogéﬁ b&? glates to a

comp«»smloatiersach'gmustnamnsto hmmanrptame Rigférabliy, sthe pharmaceutlcal
i nvention, the term " pharnaceutical conposition”
comppgitigNLomIyises siitablsfRrmatians el cagtiorsnp l@@r%an@/@rgxcmlents
r {
n 8 AT O88Ier BT och o PEARERSEH (dfoos @ composion
for paaanterat strassddvmial,z evtralemniiabr w@aanprlahtlatratrienaaand/or intranasal
erred enhodi nent phar maceuti cal, conposjti
adml@éﬁﬁtﬂ% ek bxr%’fba@?w%' o destiar K1t 1 Brrticilag/prisagen that said

comploSfibflis' 34 lSt 84 18 getiehlia |hQJsf03'f Hlelﬁféctlﬁﬂ dABtrnlnlstratlon of the

i ntranasa m nistration or rect 1 njection iInt
suntablessmmpoisltlons may pbe t ¢ftedted W\dlﬁa@ad whyd, ea). dbgt5|ntravenous
sition i.s adni ni teredto Fﬁatlent via in

mtrap&rﬂg)o 3k BURGHIaNeRK S, IBiramiusgHlag: I grumt@geémar administration.
The &ﬂﬂp@sﬁhérﬁ R ShdBreSntShi e rﬁ firfHe?  @MpriRY § pHarfhraceutically

by T ntravenous, intraperito subcut aneou
acceptableamrsleul Exampmm «Jfai;wtable mhlaadecemticadacd:amerstaratwelh known in

the 2, apf GBLEepAAPHRAE PeHTE e?él@bgésféhb&é’,cg«a fereniarions types of
wettlrﬁiﬁ%‘ﬁé'rn%S é’t@nﬁe“'sbﬁﬁlbﬁsphﬁf)%ﬁﬁg“ gﬁos@‘ﬂﬁf’bﬁﬁé?ﬂr nﬁﬁHlng such

Knhown in he art and i ncl ude
carriesscan é)esformulatbeds by mlldrnomcomwtmpbmeﬂﬁodsﬁhesa gompositions

can RIS BIARLlo FrepSatipeicACa st SIS Ra: wich apube determined e.g.

by d(féér BYEALRY Rudes |b)ﬂ‘§@ﬁﬁh|§@é’t%ﬁf‘b\‘ %@baé‘iﬁbm&%s Eﬁ“?r?ée blspecmc
onpositions can be adm nistered to the subject at

Slngl% ghaianardibegy eexhibiting cams@ecadoaolubiecseeurg CEByanfigss descrlbed
ni St ation o i ncr,easi,n

nereiffoRE B toth Bbe, e el R0 2ol FBSGYPEY nerein with

resistaNbé blot Isem:bleésseriumnm/kOar&fdewblcanSBéuau% hghused in the
descri bed herein. As set forth above, the Dispecific

treatragmigicf 6ARGer AmtiEptsdywiteskighb &EAeseium whencentrations, such as

roark 9L 06, B A R oacuren o

late stade &Jﬁﬁ@rs\/\ﬂrhbsél compakitionerdam S196 deMdriniNeed iRUWImBiBation with
other proteinaceous and non-proteinaceous drugs, e.g. in the form of a co-therapy.
These drugs may be administered simultaneously with the composition comprising
the bispecific single chain antibody as defined herein or separately before or after

administration of said bispecific antibody in timely defined intervals and doses. The
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progressive tunors, recurrent cancer, netastatic
tunors, high tunor |oad/burden, or 30 |ate stage

WO aonon3i42dhese conpositions can al so be adm ni BCEERZNO6/012425
conmbi nation with other pradtei naceous and

dosage regifmeinelilldeedetermiinedsby thedatterilind phisici@nandeclinical factors. As
co-therap \é’lﬁs These drugs may be adm ni st er ed

is welljkpowm e m;edm'rart&]ém@aa@@éo& ABY; O@Qn@atmtr@penﬁeupon many
factogI ?rR:‘F&% 54; "Eh% g?g%:@t sg%‘iﬁgp? 5@@9&‘ gk ! s | On opgﬁgb!}r%rompound

to beMcﬁnmténed 3ek] thodyamd r@mt%fyadiﬁfnhsnl%dlohngehéﬁil $ealtd, and other
doses. The WO 2007/071426 PCT/ EP2006/ 012425 11 dosage

drugs: bginge @dministesed eancumently Fyeparatians darinageniatali admmistration
mcluc?é‘%té}hé A fidoub 3Gt ABS- ac@%oué o‘ﬂ?tkc{nsk%‘@f“ahéipér{%?oﬂ?déf%ples of

dosages for any depen pon man

non- afcmrebossolvermé ke lpgopyiaw@@lyoantpcﬂyéthylenetgmbd Swééétesle oils, and
area, age, the particular conpound to be
injectghler Araamié Rpteeguchi a ofRd ploate Anugaus reatiess inmude water,

aque@@é‘%ﬁﬁhloHsf&t Eﬁ eparda?ﬁ“?ﬁcléglﬂbuﬁlnge%r{eb?gﬁﬁ@e'ai me8lL Parenteral

concurren I'ons aren
vehlcmﬂ;mnnhﬂier stbdlum chlnnbad@IwmIngeqym&ose deﬂf@ﬁweﬂdssodlum
| uti and_suspensi ons. | es of, non-aqueou

chloridg) \mactated d?'asw%nénhgawlﬂus g@hm%yngﬁeegﬂy@mand nutrient
reple@?ﬁét}s‘?‘@{l@ct%ly@ re?n%lsﬁé}%f@heﬁlaes ﬂ{cf%%nbﬁsé”tfhﬁrﬁl@lé?e d’egxtrose

eat e. Aqueous carriers i1nc
and thel likd. dresenatises @ bthes , additivesdmay aBbi be pmesbnt such as, for
ered dia. Parenteral 10 vehicles include sodium

examplf, GIGACRENAIS s Al ORRAGS, CHORIRE 4HRATS, doat aFsessans the like. In
additipRJ e conth |ﬂ|cg? o{%e' %gh?qn\mdﬁ ﬁr m'?%ht' E(Bﬁ@ﬁ@é‘g&%temaceous

vehicles inc l'urd nutrien pl eni
carriees, dikef elg/ senuepakbuiniher smisunoglaisilinh pesfetabteds Imn‘rnan or|g|n It is

envisaprgAnalitie codBoraty SPEaTBR. pr aSaionsie fespispegiic Single chain
' | Lo b a

et SR Bl B0 hdr (el SRAVG o efinaig on e

intendexirpesiafitbe compdsétiqm. st agents mighh bei drogs camtrpglcmethe gastro—

s AP g o s i S| 4ot

cytosfiiiéhS AARSS bF@fenﬁHﬁ rﬁ@'eﬁ'l.?]}ﬁ{e%ﬂé @ HRbitin | i é\&irgé‘ctfdhs (e ga.

the bi'specific si aln antibody as
cortlcbsteemds) fdmghenoduletmg;utbal|hf}aramatcmy aa@ennse deygsndcting on the

. th d f th L h t

ciru gk g G0 Aot o Ao QMBSS ki Ao ™

Prefesafcﬂyeme SisHESfi@Girighe cﬁélr\aﬁhh&ﬁﬁpbéiféﬁﬁeégﬁﬂéﬁn is formulated in a
chenot herapeutics,” cytostatica, drugs preventing

buffenypestabiliceriand d sysfactamitbiThenpuffammay ebeta opfwosphale, citrate,

socsf Ao, s MRRIAAE) bt S L SHor  sugar

The ch&nt@@%‘}l e Setdrgantst PEGY, i Sh& MR&MMibre bﬂﬂeﬁb‘y, the bispecific
Preferably, the bi speC| fic single chain anti body

singlejehaineantibedyias definesk herelt isdformulated B pitraterlysiae, trehalose and

T 82 AL 56 19, B R Bl B o Pen, sooni

saline BAY Tweeer 80TRYpreferfér)) am no acid(s) and/or a sugar.

As used herein, a “bispecific single chain antibody” denotes a single polypeptide
chain comprising two binding domains. Each “binding domain” as used herein

comprises one variable region from an antibody heavy chain (“VH region”), wherein
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The surfactants may be detergents, PEGs, or the |iKke.
More preferably, the bispecific single chain antibody

wa@goodefised herein is fornmulated in citrate, |pSi/EB2006/012425
trehal ose and Tween 80. Ad2a diluent for the

the rhesgiown of the fifst binging idohtain ebetifieallybindsitorsaid fist @nﬁtblécule i.e.
30 saline and Tween 80 is preferre As used herein,

the hynapeEPR Mmaleadee andithe a¥Hi pREION ek ibe esecons binding “domain
spec@g%%pﬁigﬁlhﬁglsn%ﬁﬂgh CERMRS 'o%lflﬂgd |H\‘?ngﬂrc]engét%ﬂ HGR! He Jwo binding

omal N’ as use conprl sSes one

domaims aaebbptmsr@hydlmkédamm andthéobly ahgrtypolppeptide’ Srhcer generally
r wherein WO 2007/ Q71426 PCT/EP2006/012425 12
compriihoun g GTAet (o h@ninp Acibs. nepely buesiad riarpels: ey pdditionally

i.pd egul :
comkai'sPe@rlwJ Q/aﬂ%b E’%}%é{nﬂf@negﬁﬁnﬁg#bodﬁehgsr@%\r%?mla(;@glon) the VH
regiod cared IVL s¢g30m fwitrdh | eadh ofithé dirstuand s!éEéndabmdmbl déshairs being
re detail below. The two bindijng donains ar

linke ER PBRANCiher; %Q@dpqlbp%@eameﬁorwa@pgﬁ@,flthe type disclosed and
d
claimER 5P 0625075 538 DAt PR Gh REaRf VL ffon an

VL rergmrpoi the faebbmdmgadkbraawe&nd)the‘ Vbinnegioraand Mb.dr;eglombt the second
ion"), the VH region and VL reg

bindifg tdﬂrﬂé@\a/bwre r wat@ PNEsENAET stchntnal; ﬁagetaeaoﬂwn@re able to
spemfi@él%lnb 't?"l‘fféjré ebiive ﬁl%?% e\ébﬁ‘d ﬂéﬁgémgﬁgﬁﬁ%grr?h&é@%nt of the

exanpl e of he type |sc osed
V regi@ts @286 hst drusedamdabipdingsdorhaingnay begViHi\(L at MawiHhPreferably,
di ng

the agfapbSHENtR M ahDBAMAO & ste icall Bindiod i OmARdE Rg is VH-
VL, a@%‘vﬂl EQhEGFbﬂo%bt‘E)?d?ﬁ?I@ fth§58§|§gae& tﬂtﬁt thb F0&¢ ﬂﬁ&l\?g domain

hey are able speci e respec
may be taatedh - teemmaﬂlyrml@mnnaaallyTtoetrmrsmmgrelrtﬁndlngfddman Vhus, the

arranggﬂ\gg? FME%&IJ&%&T@%@f%&O dlq;;géca ﬁg&%lpaﬁlm @nt%ﬁgles defined
hereih Y, Bt WIRARIRVHARRAC) OpLoak-PHBd- ggclrjﬁgvhgsga B8 VLcos-

as Shown

VHceﬂ-MLIcSﬁng MHus-\VlUres-Mlcei-Viblcasli ﬁgefdmlﬂty nsaidayirgte binding domain
r C-ter

vl B o, T ] B e
prefeFéFH]SP' the 8indike d@nﬁlﬁ@éf' fheS bfwe%ﬁ%hé‘ibégg%éﬁ’uoghﬁﬁodles defined

fi'ned herein may be

herenv@mE/armm M—KHHSOM&%CMW&FAM VAo CEA-¥H ceA-VHCD3-
Prefer bJ

Vicog e TRl T80, e Arrangeniant st Vi-Se S Hseasy Hoos-VLcos, Most

prefeﬁ?eﬁ GS ffhéléﬂlépéc‘iffb s.hg|eseﬁémdarmbr¢@y%r%%et ;2\24Nb\r/@-59 VHXSEQ ID
referably, i ndi n omai ns”"of the bispecif

7 ngiiéL cﬁﬁadﬂf"zﬁﬁ ifb&ﬁQSDdBﬂ n¥d It i esvisaged that aalgleﬁrst and/or

SGCOMEEH?M%W e yRgeEsidIe b g7 bngries.flofingg herein may

be of&fdnﬂﬁlﬂﬂﬁﬁ@ingirﬁ%ﬂ@'éﬁvé@"@% MbRIPRmYa-EBquékts). F%r example, said
y

preferred is the bispecific single chaln antib
first @adof r sraond2pinding BionrBiosE@AYD bes dedved 7fromyimerine monoclonal

antlbéjrlﬂgs.tn qg%\gg'\éer'?[,zqofsBeHﬁc %%glé t chg’ ne%‘HuBSg%g tdé?&/ea alfr%m murine

antibodies may be recognised as foreign, when being administered to human
patients. Thus, said first and/or second binding domains of the bispecific single chain
antibodies defined herein are preferably of human origin (i.e. derived from human
sequences). Such human binding domains specifically binding to CEA or CD3 may

be identified e.g. by phage display-based techniques. It is also envisaged that e.g.
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second bi ndi ng domai ns of the bispecific single chain

anti bodi es defined herein may be of non-hunman origin
w@2oog/07deé i ved from non-human sequences). For BPGEHEPL086/012425

said first and/or second WBndi ng donmai ns may be

the Véteragistiof mmrsu{drrsecaﬁ@pmhaml doragini i edh@dan NeYEIoN, whereas
bi specific _single chain_antibodies derived from nurine

the cgwemn%wuvésrw BE the: fits Pk secend) finding ifongie Mgy ibegof non-

580 S G ALy A8 o33 5128 B! Shmere g

domaitisi Or omﬂolf Isaxdi Bmd dovedineis &if morriturpas forigih [ whereas the other
human ori.g [ erived from human seq uences%
is of Buwnren% '@SHHinﬁgno%ﬁﬁlm@'CsB@@Pﬁ'ﬁ@eﬁ'ﬂ@e whain AgtibedyciSeaid first
r f S
and/ot‘?e% d@?sﬁdnﬁf do {1% oﬁ'\ggvtl%sg%g@gr Erbtfb@f?ecneI nﬁ\é@gr gSfuce the

mmuﬁ@@éhﬁiﬂ&Gw@ﬁi‘élpEE&@%ﬁ@é&#%ﬁw aﬂ;ﬁbdd}ﬁdé%d:rlb@@l isgreid, Wwhgh being
first gor second). binding domain is human_ VH regi on,

admiRjgtered 4o nuﬁ@a%cnatlsa&rfmrr@ampl%gt &eﬁséfortaq@f fsatdsflrsmr second
bmdu@f‘iﬁ'ﬁ%ﬁm?'d?dfh gb%ﬁ@@l‘fle ém%l ePEndh 4 flﬂéb %étein may be

also re erred o

humatinemr(Elegraﬂed,gchmmrw aad/o@rdemmm‘flz@cﬂlod Hmmdm nes set forth in
omai ns i s of non-human orjg reas the oth

more&etwbhﬁw%ﬂﬁ igialso .e@waseﬂéhatnthﬁ Rqﬂynﬁnnd@ lmkgp@akmgdhe VH and
VL r%élalglmﬁth‘?ﬁ‘ﬂﬂé‘flr%wahaﬂﬂysec ﬁﬂﬁﬁdlﬁéggnféfﬁgﬁemgﬂ&eg Preferably,

domai ns may be Tur I'n or
the polgmepade Himker mmmnggmel VH wndfVL heedbors pethin ithe sded@ingunized first

b'nd'%ﬁpnmai‘g E(%g‘gg{% &h@?ﬁgta“ %@amﬁﬁ%gmﬁeeeﬂd%ﬂlnk%raaavmg the
sequ oiG GTQT@S G%%S"nd nqbn O”ﬁ‘h |§h€furthermore
t sb lerein

|speC| IC S|ng aln an i es i ned

enwsEQedOtHé&Jth%' éleﬂotrp@ngroaBFrﬂﬂwgf GBh’lB‘i’r'isl of W/Ui’éc?emflc smgle chain
dei muni zed or human, as set forth in nore detail

antibogiies wefined ihereinsearansp<alied “tagst wiieh puay bepisedee.g. for protein

e or B, PRI a0 B BBl e
GST-RIgf & [ailtdgs. ForeeRphyRERIritHE F'Iég"—l‘% thel rﬂbsmldehﬁuéé‘& HV@’{'OphIhC

L region Wi thin the dei munized rst binding domain

VI
octapeplide |nprISfEbYK@§§aDKs€Caua@ﬁ Manafdelqtp@mlqu@s PO{896):136-

) s, 5o BESYBERE T U GRS D ep! S50 ooz

with d1rid3t eie sam@ ffiniy by tHemM Meoricidii Jhitibbay '(Khép[&kw,' Rluckthun

chain antlbodles defined herein carry so-cal
A Blofe&g@rqumwh 1H8#H) H64uE. Elag-tagsr cpnye-tags, %&Bﬁa@%ﬂdﬁ-tags or
the Illﬁ"Hafy'bceaébﬁgorﬁgogE?ﬁéﬂ &qh%?ﬁmlﬁwﬁph %{g %EIE Ifthe bispecific
smgleé)@kmn’n eantfbodigsheuthags ! dor tlﬂisiaﬁ‘@@t t -VEICXA%%EA-VHCM-VLCW or
drophilic 20 octapeptide now i s DYKDDDDK ( Chubet and

VLCE@f(/szaNa*coa Vécectind-qlbe sourcesoler: amns.- prqanqr)tieﬁh@ﬁgwch tags for
exprersgfb‘?\nhe%dﬁghe& Zﬁiﬁﬂﬂ:‘%ﬁ{) tph %‘é Well dQEB nIlr'{ )Bﬁngrt; see e.g.

be reco Re 'sane a

Llchty rRroMln Eupo@bnﬁaun (aoosp<98y1(oﬁ<nappl k A Pl uckt hun A
Bi ot echni ques 17 (1994):754-761). Flag-tags,
c-myc-tags, GST-tags, Hi s-tags or

As used herein, the term “single-chain Fv' or “scFv’ refers to antibody
fragments comprising the VH and VL domains of an antibody, wherein these
domains are present in a single polypeptide chain. Variable domains can be
arranged in the order VH-VL or VL-VH. Generally, the Fv polypeptide further

comprises a polypeptide linker between the VH and VL domains which enables the
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the like may be positioned either at the N-term nus or
the CGtermnus of the bispecific 25 single chain

wa@nteo7hodzes such as, for instance, PCT/EP2006/012425
t ag- VHCEA- VLCEA- VHCD3- VLCD34or

scFv \fb GofmViteEde MrédD3trvilc e - fb&(hnt@hﬁ lsingihgeFor o réview of scFv see
properties of such tags for ression, detection or

P'uclﬁwn in IB@.%?ﬁrmﬁOQB@ysofaM@nWélpna atibedies) vah. 1H% Resenburg and
MoorBERt S sl BT VEHEL R ool (GOBR, o specit

embadtimeat; fne nekation trelaaey itboahti-CELaGBR NS ?demﬁﬁrfrémnthé ibespecific
VH and VL domai ns of an anti body, wherein these

singleyghainantibpdiesrdaliord hereia. si ngl e pol ypept i de chai n.
Vari abl e domai ns can be arranged in the order VH VL
or VL-VH GCenerally, the Fv pol ypeptide further

Accordimgpito ske prepantyinephticte the rsan b dotrizen™Vbt andridble region”
domai ns whi ch enabl es, the WD 2007/ 071426

used paTihergonisnd with 4g-desived FEantiger-ipieractien wesmprisgs fragments and

derivéﬁ\felécbr‘ [ﬁ{[ﬁé&t@%‘si %fbhb ﬁgﬂ%ggro |C§§{)Pr§F %g e(?’Pg] q%%ﬁ&d from an

antlbddy | dntiboely, fra@hentldwﬁdeﬁostwwmeﬁeaﬁdt isVeAvisages by the invention,
ri nger-Verlag, New York, . .269-315 (1994 I'n a

that tBﬁe?ﬁCPP@ b'@wﬁecdqmam snem‘lqaﬂvmdlag teaum@:e, EA of the bispecific
smgléaEa%m%bﬁgggﬁﬁﬂsg | nedg %@ﬁé?fs QA@Q&C%'H EDR pﬁ'ﬁfé%t?ly a CDR-

n anti el n ccording to

H3, nporesereferablyenpardrof thé €DRHB bbimainegndaocionl a‘ﬂhbody A5B7 with
varlablerelon usedlnthe cont ext Wlthlg Ived

the agpippgaRd; ﬁ?‘é‘t‘%ﬂﬁq oY EBYpr (3R3 10 HNRent’2) a@m’respondlng to Kabat
posmgﬁé' @ g@éaoﬁg@:‘ Oﬂn?gtnbfigsﬂ? O AtV ERS LofC BHBIPE of murine

erive i body,  anti body Tragnent
monoafortt rantidoidy eASBEr even irore preferieshgdith the tdneino acid sequence

DX XY BB (SEEh ) WD T RErEIOES o Xe n o kel fargesents any

i S 89 S I, R g oo o

of CPRrH3 obf mwur@DIRadrﬂB)ohfnahJamtl‘rmdlyDASBI?oaaU thet ahrdoy :A5t$7re3|dues
Q 1 D, NO

FYFBYT Caupeihly RaDRbbasians §ugi 140hd OpBo T0ToRgl 1080k SPectively,
of CD'F@J—B uﬂﬂ% mbE&ﬂSﬁél' %rgldbd A58 [8Be |s5§€ddﬂ\%tt %1 thZ, “X3"

m)noc onal anti y A5 even nore pretre

or Xamanewondlngetq:uléabai pdSH)d@SZQ(BXZDGNOFIV ("KSEQ8 DXQ. arkb P9 (“Xs"),
am no

respeg y%fyr fspﬁReH3 ézdn{.lﬂge gpmgpl 1@n,tlggqjﬂ2§rg7%rep esent amlno acid
resid§@FREBRYHIRe |, OGHBRIcimas Mt %ﬁeAOfY C%El)gfd'sﬁwé)f N“EAIQﬁme “D”

monocl onal anti body A5B7 an the am no resid
(Aspartic ‘apidir8" (Serne)santhythl&n) ;Fos(Phenyialanﬁ)m ar0T&(Threonine).

vreoie dfodlFobll SRR B B
represé@t the SEme %Amint? aciborégsptﬁﬁtj"ﬂg g()(ggab)@%( Bag! t)(‘P"‘ére all

(Phemé@lp@mel) v%lrejeragfy, OOR- naareﬁenhmr%n@rgmuw odFaI(PlaenyIaladr;ne) “M”
MethAglﬁrZe),rEpr(&?lﬁghg @cm, l'P (Threonine); “X2” represents “G” (Glycine),
“Y" (Tyrosine), “A" (Alanine), “D” (Aspartic acid), or “S” (Serine); “X3" represents “L”
(Leucine), “F” (Phenylalanine), “M” (Methionine), “E" (Glutamic acid), or “T"
(Threonine); and “Xy” represents “R” (Arginine), “Y” (Tyrosine), “A” (Alanine), “D”
(Aspartic acid), or “S” (Serine). Or most preferred the second binding domain

specifically binding to human CEA of the bispecific single chain antibody defined
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residue "R'" (Arginine), "G (Gycine), "L" (Leucine),
"Y' (Tyrosine), "A" (Alanine), "D' 25 (Aspartic acid),
w0 30708aeé ne), "W (Tryptophan), "F' (Phenyl al Bei/RR006012425
"T" (Threonine). Herein, i16 is excluded fromthe
herelacmapld)éei ittee Id@VrmléieOEDFM{S 'oK]ASB7 Xdth thé<133mmbf3|a0|2i4sequence

e sane amno acid t hat '
“DRGL?ES‘EYI%H é@@ I NG, §6): qorresppﬁglﬁgﬂgﬂgqpq{@osmons 95 —'102 of the
CDR- %BPA gm’lﬁsngﬂowr{ ﬁfh%ﬁ@ﬁlng%ﬁérﬁ)@sgiﬁ‘b?éﬁ CE(IC gctivity against

tumoaceﬂb ,of dthe"Bispédific esingl@edhain mtlbbdprMIﬁedSher@ln comprising said
ci ne T rosine (Al ani

mADb ﬁqrpv&da(gpng3 Cﬁ.RIf\é@an@EQ Ijag,Nq @‘é@g@np acid sequence
in th{ é%%gﬁle%mglgg dsj&%'%ﬁﬁrﬁ'té a%?iﬁﬁf\é/g%(%% géﬁﬁgﬂ?)to sofuble CEA

antigergptheseby salloRing Ahgi tréatedent " of " tunmigr @atlemb witA" high serum CEA
partic acid), or "S" (Serine)

conceﬁigat'%\ﬁé% theiEalashs. aterainehoR pﬁ&th%w 'FPOV%"b&:Iffq E%HSW skilled

061458 T RN s NBEBEIE SUBRL L g s

sequéresesi im amn’qndlwsanhm canmldecblﬁt €BRaktBomingAidBthevkiabat hambering
uence " DRG.RFYFDY" éSE ID NO.
9

Schereénrq?%%%@ﬁa 'ﬁgt 0AkaBae 9sKapahE. 162V\6$ Hhé)' Perry, K. S.
Gotte nH%anCAF‘BZHerA%9§H‘°§@8h8né&eof BldtaiNs I ogﬂ?ég Egrcal Interest,

e cytotoxic activity adainst "tunor ce
5th dni sBethiesda, dchgl Natidres! n"Canter Hfod yBidtfdhnetbgye trdommation, National

.. comprising said 5 mAb A5137-derived CDR-H3
lerawgg&/_lg%qﬁ%w (SEQ ID NO. 66) anino acid sequence in

t he second bi nding domain interacting with CEA are
resistant to soluble CEA antigen, thereby all ow ng
Most ph&fetatﬂ)aandras d:dcurmmied pmtheeapperwdetdwe*argplesemerﬁbﬂf)@mflc single
m nat i on

chalnl@r{ﬁ)ﬁg ?o( bg ?afsqgl)lg)éqtcg Ephaqsrg'@cep céﬁrg@néqqsm%%ff t@(éjgrﬁeeentlon is
a bispEdifit élh%l’%l@ éuen §Qi%frﬁﬁ'gfn'l d MBI Hifld Tg O111a|n (WO

am no a es i n anti i es can be car
2005/040220yandecbunian garitisCERebikdingt dmmaimecomgrlsmgrmneast the amino
descri b

acid SgaLeneBGPRELI VEDY ssteenRiafinadidiasatissflions 9515902 (52Q ID

NO. 683BfeRE CDRIHPOP RIS rﬂBnb&HHQI%rﬁﬂio@?'ASB‘f es.egéemc 3ile chain
ed. Bethesda, M.: National Center for Biotechnol ogy

mole¢uie$>raﬁatkrmwn mathlemall anduajeadqsoubed/eeigcnmwow/wo or Mack,

docunented in the appended exanpl es,
PNA#’@B&%??%Z???—J%?%Q e chain antibody” to be enployed
in the pharmaceutical conposition of the invention is

I» s 0 i
The té‘rrﬁ Sif (e- rlﬁérilnl %g@égcrim ‘Fﬂ?%b éng%g\gt)ﬁ)ohgﬂggﬁégﬂﬁﬁéﬂfﬁﬁ fE4ns that
said ﬁmt lanGBEd@ndohimgam\oufathe bisppcms|sn'r§glatchlaarason$thmteerremn)valently
. 0_agi equenc RFYEDY" cor.respondi n t o Kaba
inkedquBfarghG Go T oumr PoRPIBIeRATHRY 260 SrAJRISe FBCaRable by a

smg|é1Hu¢|g@ AT adiISaad. antl body A5B7. Bispecific single
hai n

As used herein, “human” refers to the species Homo sapiens. A “human” molecule,
e.g. human CEA or human CD3 (CD3 epsilon), is therefore the variant of that

molecule as it is naturally expressed in Homo sapiens.

The term “epithelial tumor” as used herein denotes a tumor of epithelial origin which
is CEA positive (Cancer Medicine; 6th ed.; Kufe, Donald W.; Pollock, Raphael E.;
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nol ecul es are known in the art and are described e.qg.
in WO 99/54440 or Mack, PNAS, (1995), 92, 7021-7025.
wab@7erns " si ngl e-chai n" as used i n accor danceP@i/EP2006re12425
present invention neans that 25 said first and second
WeichsgibaomoRdiple Rnj Bpet;iRoters Ongle; Ghasler, C'Det$18 uEIbllamd: James F;

Frei 0K Dt oGty RSt LA BY hloke e BBoS e iz de:
http: /N\Hﬁ\k%&béﬁfoﬁjmgﬂéﬁ%éﬁst d&TKHHR %ﬂ@ﬁhﬁd& htnmrm eﬁlﬂ{eeﬁ'é?tumor to

he speci es nND sapl ens.
be tréaleuimnai;EBecargahstrm:mte@tﬂ@al(a(dﬁhoeammma a |bseasheidehocarcir’fwna ora
vari ant of that mol ecule as it is natural

lung eﬁ%%@é@npwam%iasﬁmnteﬁqeak e@cﬂﬁn%arq'n@maaust Preferably a

CO'OFﬁ?Eﬁﬂ}CE@%&%p'ﬁ???P@ﬁa?eémer ﬁc?'atdléﬁb}é?knﬂfn‘lé" Rs set forth

hereikuthe, piamectutical darhpasition BatHeaivehtion ‘v@ﬁﬂﬁﬁl’aﬁw]aw@ntageous
PCT/ 20(%6/ 012425 16 Weichsel baum Ral ph R ; Bast,
for thgkea of pat Leng%wétgeprogqeec@n@ turpgyisy astggﬁege@rrent cancer,

late ?lra?b gh%t%elamtbnclﬁsm@k?ﬁﬁ@ inf WimbFFa834ImoPOUBEK Sor tumor

patiemtistwaith AvdkAkserbsi obrusemiitation siglearsthad eV0kr legisar(taem’eterdawed e.g.
i,thel.i

. . Th
by ELJSAY, iarbeerad bytiendessls oh ohalbIe O/ gatigen In the plasma of the
tumor5l SHRO%E" Rl iBYEo %t thd 4B&p é“é)?rt‘ﬁ’&%‘i\%n@i f@éﬂ pharmaceutical

Strointestinal adenocarcinoma i s pre era
compoeltlonebeatuseQJaﬁter exatrgical aternoeabphageaﬂ)nmaryatlgaet r For example,

.___adenocgarci,nopa. As set, fort her

disseBEA A S NER M RS der GR0 dio AR sadiicing epithelial tumor aiso

shed Q%Airﬁé'tﬁéﬁ Mhér@éﬁ{?ﬁ'&%@H& ThQs, Hlﬁetsh%hﬂg gd?fthese tumor cells
patients wth progressive tunors, netastasi

the Ie\athrfrmiubleaﬁEér is alsat bight. a@eccedlngtyelreaistanmotcs sohibigh CEA of

|th||aI nor | oad/ um)r brden r tunor. 1Q

oytotdile jashvly f hegmaeat 4 fsn nvegiien s ragyantageous

also *&Otﬁé/ frbatndsntdet er"r\mlr‘hﬁP' r@s@ual Q:}{S(rEééeSAi)t is envisaged that said
characterized by high |evels of CEA antigen I n

pharma@tﬁlcaisnanwbsmbes roayrbe aﬂamurm’temd nhta |psr|adsn whichiserum CEA

level ae scoeofth |nvent|o tba‘:; arma eut i.cal {
evelg, ﬁﬁf&&s Ry el Frntal St HRSPERTSSufBeLe e briRry tumon) in
orderPto R émiadifig: tuhidr &31%”111% hé#'n%ﬂtl@éﬁ 86’mb8§|'t|9H§"may also be
tunor cells derived froma produci ng epitheli al
useful @fter the yemoyab @édhwmwotumw; in e rcasevthabsewmo sCEA levels
of t hese tunor cells

mcreér%épe tbs Bf’{lﬁé giré s§ pg%ryhﬁua}prs ALJBE Sﬁ?ﬁi‘/ 'I'he CEA serum
conceffdtnadHtbé AetsrmiRe @ e%)DCEACELFSNéS%)%C((sb\é'é Y. L CEA EIA,

phar maceuti cal conpositions of the inverition is
IBL Raobwidadeemranydl &6 seir fortheabeat inemanyfantibedydiased therapeutic

opprd A B O B o B AG  MECAR R0 o embrane boure

CEA @' ihedtunforbélshase mmk@%eZQctiﬁy%fSaﬂmbH?a%réﬁy §vdr8ening the
the renoval of the CEA source, i.e. the primary tunor)

success ofdhe@ntittamer therggyai ni ng tumor cel I's. The
phar maceuti cal conpositions may al so be

As used herein, the term “specifically binds” or related expressions such as
“specifically binding” or “specific reactivity with/to” etc. refer to the ability of the first
and/or second binding domains of the bispecific single chain antibody as defined
herein to discriminate between the respective first and/or second molecule to such an

extent that, from a pool of a plurality of different molecules as potential binding
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useful after the renoval of the primary tunor, in the
case that serum CEA levels increase due to the
wo eoomatidoc of secondary tunors or netastasis. ACHEERA6/012425
serum concentration can bd7determ ned e.g. by CEA
partnéis, Shlypsaal sedpentive . fiyst bBd/oCsecbhd, mdkecuBl idfambbognd, or is/are

e Sad e St B e
aBlaQbI'édé&Sb Fust ﬁdﬂa Ab‘?:ql)C %n S‘Pﬁleq?%égmerggge%ﬁlcgpﬁ the first

tunor ce ocks the activity o
bindind eloetsin vafr thenbisgetifie sisglecersain dntﬂ)bdyaaﬁ idefine®rherein binds to

th . 30 d h th fically
humay i, referapli Eﬁﬁ"eopﬁﬁi.e@ﬁgoriuiﬁé Qn%ec%%g'ek@h?n%cgpmam of the
bispet@giedhlﬂgleb%rhalrﬁ%‘?f%fleHi‘;es; ??g{Jé led! gﬂrré@/e %‘grd]aegmlc a dieﬁ’ gtﬁéllal tumor

antngeiurmenshwmam h@EAl searcinbemizy ot eantigerm earcinoedybrgsnic antigen-
ectivye

retated v S3esion radetrls ok LALTEGCUBER b Saliobbeat {he tem

oo WAIRY: oo sl s, U ST UTENASL® ppoect

smglqaa:harrerantlbody ymehaodler és peapable dof i spEcifioally dntesactingl with and/or
i s/are bo or i.s/are nificantly bound.

. ,.ho|] e
bmd%b@@?ﬁa f s g8y %ewes S@aﬁeyenr%'eﬁt %@\gﬁrbmore.anaao acids of
a E I
cacn 01 RurprPigge! aBRapeLy erbiothlih, SHRD a0 ke o tn
speciticityaioh thé arftibody seteclle; is. ntg>| s cdhility tandisbaminas between the

spemgﬁgeggtg]srg hghghé]%%o&ﬂ%gst %glggulg?ﬁg, ﬁefgei;eec{ ﬁgrginhuﬂ?en specific
mtera*éhéﬁ%f' ﬁwecaﬁt'idw" i?nté‘fﬁ@fléh-@ﬁé \MFI’P“l@ ﬁlfﬁegh@ 'Fﬁé)}éEéASUIt in an

binds to a epithelial tumor antig
mntuat(mamfca sgmahre gniee dotheyinductian of @ochdngeocofi theasunforamation of the

o, AT o T e Ao ot e o
exem b'ynth%0§;9ééiﬁ'élﬁyeof/"'at "’kezham FHH&BH”O‘ThEQaEpéaﬁc motifs in the

i specific 10 single chai mol ecul e
amln@a@malsequeneq)@énhecﬁltlgﬁnrlnteeaetmn ﬂge wn'dhtrmdmngen bind to each

bi ndi n | east two

other g2 ot} G eis Fiven: At dy s teBnLsbkCtn.dn Vgt as the result
of seCoHtty IMddiftatiiisesusAd %‘!r%ﬁfren?ﬁeheﬁie‘éifi& infh&tidrebMhe antigen-

relates to the specificity of the antibody nolecule,
interactien-site withsitaispecifip antigen suay nesuittes weelhvipenbintiing of said site to
i fic regions of the human target nolecule as
the a@[&eﬁﬁﬁed herein. The specific 15 interaction of the

The “gpédifie BildMET 6fcdn antibod\eisveHidtatiefized fibddrity B?ttwg%rﬁﬁiéters a
result in an initiation of a signal, e.g.  due to the

qualitativr Raramessr éthehawgmgafepntﬁeec@nfwhﬂ@t ﬂam asttibpey binds) and a

cuar BB 5BrrtBe LB R AP G  pRi o 1 doe)

Whicls mbbe ds tbpunﬂ b\/ akieantiboely- ¢ QdVﬁt@geoJéW%e Gétefrhined by e.g.
am no acid sequence o

knowanlﬂ\@@n meﬁh@ielegy oﬁeehldeese@tdepnt@eamamm bMagst spegiksigcopy or
peptlcfééﬁ_tlgﬁr tr’éﬁ@fﬂ bt Oafntfbpagsblﬁﬁfnga{&’ ) ?5&%[}%?ré(plf?)rpe may be

lary structure as wel esul
advantageously be determined by e.g. known Biacore and/or ELISA methodologies.

A combination of such techniques allows the calculation of a signal:noise ratio as a
representative measure of binding specificity. In such a signal:noise ratio, the signal
represents the strength of antibody binding to the epitope of interest, whereas the

noise represents the strength of antibody binding to other, non-related epitopes
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of secondary nodifications of said structure. The
specific interaction of the antigen- interaction-site
WOWRe/ort4ge speci fic antigen may result as wel | POT/EP2006/012425
bi nding of said site to th& antigen. The "specific
differinigricomghe @pitepe mﬁnmtbm@t Pﬁefeda@lyacat sighalatbipe raitw fdr)arbe’pltope of
, two paraneters: ual i tative paraneter
interest rmﬁ'ﬁ@ 'ép??%eSOzi@ldeh@rtthanafm|caibay G‘E’i't%@? chﬁ@reat from the
; [ f,
eplto;gé‘?)ﬁ%th?/éélt;fﬁ@f’ﬁgztgﬁm%@rag Iér??nddgléé‘\ggmw tﬂ%@nﬁulﬂ?g}g evgf&‘ﬁ{ted binds

the enmpmlofdyntaestanta spelyficamanadrdet #o2Gspddifidisindet’ er m ned
pepti de-spot epitope

known FACS net hodol ogy
The tﬁéﬁ sgsm figeiRding e Of r SRR |rgerac}bg@t Agdused| |g,aaccm@ance with the
s RIS Tyash 00 U LSeRC hBLehgl iRl s not o

geous

esserﬂlaﬂyodeeanmdtocrdélslrséctmvlﬂnqmlﬁgamﬂes éf cimiamatruoture$. Cross-
techni ques, all gws the cal cul ation of a

reacﬂymgﬁ&a Aenelaol bispecifis sinale EHRHS EARSHTYGH dindes dnvestigation may be
ested £, PRrRAEC bl S5k oI o1 SH B BLSE YRR, 3B chin

constmce w;dermalxq/ehtflomil mo;ﬂgtnon\gd‘(egeae g;,l‘lblarlﬁwl awd Lepeeié\aﬁbgdles A
the stren an 0 I Ndi to ot her non-rel at

Laboiglornyo Maikh 280i) (IR, HerboEPbabaIaKYAFresag 1968 and Using

Anhb&'.iufegeA'L%ofrétBF?M% P'éaeese;ﬁn | DR of 2b f’éft&@ﬁ?%&h{ggé&) ) to the

signal :noise ratio for an ope o
polypeptlwmﬂtmﬁﬁeétcasjWelllgdmerto tdmunfoer abtrhere epllésspestructurally and/or

functiGalyy Gorelk S6PRR PALPOPHAS ST OLBHEiea A LD thascope of the
mvenh@ﬁ3 tRRY tth‘épﬁ‘rs fb| éﬂﬁ&%@ﬁam%f‘"lhé REGIddiffe 5 gﬂgfégﬁh%,h £1t|b'o%y of the

speci f e term "speci
mvent‘mwp@md‘s to hlumam &EA ¢cdrcamentmyonio mgenﬁ@EM)AtMMCEWa CD66e)

. bEfheoroehiey FRa S6GET R 16, mebdTane HaunY Geds WhbTeas bispecific
ant|b6d|é’§3blh8ﬁ‘1§t M éthepﬁEgeF%m@f%?ﬁbb%'rén Eé‘{,h S3d L{ﬁﬁs#geérycoprotem

Cross- redctivity I'specific sing
(CEACAM 1 BGRY1 TMCEAM (dd66a)y ast e@md@fraﬂysabe scbmt ed

e, TR Sl P EEARU o ARG BT, i o spocre
anhgéf?ﬁdﬂﬁh‘s@'ﬂﬁé sﬁ@é\ﬂbﬁy s iG55 foﬁtégreggpgf rl Sﬁ{daé@hr{rl‘?cg?!;artlcularly

Ant i bodi es: Labor at ory Manual Spring
compna@satrm tmtgfaph@s@f ligass whithlvduce aAigna ogioadiinding to its specific

oo e ST A0 ST Sl yrscn
W|th/t§$tstébe%|fﬁUéW&{|né‘-frecEGHtérsofAIé&EértiQ:ﬁFarrN dﬁ&sle)d W‘Qél@rdefmltlon is

functiaonal I'y) closely related pol ypépti
the bindimg|a, an tantlgewmtﬁractlones@ctxp@n@genmélkesanttgmst ofothe selectin

famlly} ﬁ{elgﬁ‘lﬂﬁtaﬁ%ét trgéf Pﬁhg@ og %W{]I" gaR:t E@%C Mhy ax ample for

said (fteFatione WHiFPNisC aRat ipaftisuldesA %N%rusﬁaAbyC%aehefhmsn is the
both to sol ubl e CEA ant |r%en and to nenbrane- bound CEA,

interagtien &4 antantigenia determinant dapitape)iwith Hy enfiganie binding site of an
antibédvﬁ Iy menbers, such as biliary glycoprotein

The term “binding to/interacting with” may also relate to a conformational epitope, a
structural epitope or a discontinuous epitope consisting of two regions of the human
target molecules or parts thereof. In context of this invention, a conformational
epitope is defined by two or more discrete amino acid sequences separated in the

primary sequence which come together on the surface of the molecule when the
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(CEACAML; BGPl; TM CEA; CD66a), are excluded fromsaid

scope. 20 Exanples for the specific interaction of an
wane7®ern2é nt eraction-site with a specific ant POERP2006/012425

conprise the specificity oft9a Iigand for its receptor.

polyp‘é@tlde deldisnot thennaitiviet protéiar (Sela,cAYBB) Seferidee166, 1365 and Laver,
nteraction of Iigands which i nduce’ a si gnal upon

(199Q)|Cﬁ%” ﬁ@; 393-6r s speC| fic receptor. Exanples for

The i:é)rf’rj3 ?a%;&ﬁﬂ %?ﬂﬁﬁg":(?ﬁgé@ gEP#@&P%? M‘&i ?nQ/ention non-linear

epitopys olkatrwrermmtﬂéd frodh Sresndaéélfﬁdm aistant poRIonsest the polypeptide
said definition is 25 the binding of an

chamanTth&qr¢s1@@3a@pm-t@g¢téer Snaithe guwacei ale trmm@}eﬁgleowhen the

polyptgePE% cf\‘éHt g@oécf nltg E&%ﬁ% ?Eﬁ? Q’;}?ﬂ;ﬁgn@gﬁ%mtg OIc%nstltute a

confdrmatioaaWStma:tumhepﬁbpes al so particularly conprised by
said definition, is the interaction of an antigenic
determinant (epitope) with the antigenic binding site

“ o) t

CD3 Ets%edaﬁgrbf?'nggé!?%tgg taH?ntng con?'éqg 8%%{1 pf cggg agg)art of the

mthmbrelwtanrchﬂpetepl@roﬁompléksmithétucmﬁ&ﬁsi beEfi Ieast five different
. consisting of two regions of the human r get
chaingy Cethgamms. -psitas- e\ﬂs&%ofzeta rar@onet@xtcl@ssteﬂng $f CD3 on T-cells,
IV erisd b
o9 5" BiEBeed SRIEIBIGIAL, SO BTISIOAREE YrfE o tre
engag)emeat saf e Teoetieresbpton bmriimdépmﬁiehelfroﬂﬂ its eforsal tyf sgfecmcny
nol ecul e[aé\_,hen the WO 20Q7/ 071426 PCT/ EP2006 0124
Actuailg By geinGLez-antibedies se¢ognizaithe, & Dok epwiion-ghain.aThe amino acid
C 6 5.an r
sequéricga?gg‘f. ﬁilih\é%'ﬁt g%‘%ﬁ"%?%@@nt?n%e ugt%Q in ééﬁggﬁkcgcj:éesgﬂdn number
NM_Q@G0n38xandEomprsen 880 IDNGoHL. i near epl topes that are
assenbl ed fromresidues fromdi stant portions of the
pol ypeptide 5 chain. These residues conme together on
“CEAt’ @%n%térsf fh%ecé}t: noBf rﬁﬁ%rﬁlﬁ\@/ﬁe(ﬁaw}?oé?ﬂﬂ)ﬁ%ﬁﬁ:téﬂ&e‘ﬁhfé'léled cell
ds into at reedmensm structure’to constitute
adheaononol‘eculmﬁ; GEACAME) TEAQICRGBd)pae. afitigedi’ eapressed in a large

e e 2 el 8 G5 b0, o7
81; W%@B@a&?%R@O@ﬁﬁkshﬁvobrﬁfol'ﬁ@ﬁ{at&'\Qe(fbésé%%ﬂtsgg) The

chains, CD3-ganma, -delta, -epsil -zet
aminlagid eequgned afDurnan TCEA! issdepietegl jn iGenBandbakbcession number

CD3; ant i bodi o T-cell activation
NM @ﬁ#q?’ ”%OWRBSG%SE%@&% & the T-cel | receptor but
i ndependent fromits clone typical specificity.

Actual Iy, nost anti-CD3-antibodies recognize the CD3
In thecprsiseoh iryeation, iThas deiencsuwiprisingly found énatdt if p(b&mlmle tCenerate

antioGgi gt e fApeuihg MBSy fer Thman - andnbuaen CEA
wherélhethéaéﬁdjt@m%"béml éﬁréﬁﬁéd QRYAIHsE ALMOR RRNBTY BSiStant to even high

antigen-rel ated
concentrations of soluble CEA antlgen This finding is entirely unexpected in view of

the fact that the bispecific single chain antibodies of the invention bind to soluble
CEA antigen. For example, when bispecific single chain antibody constructs derived
from monoclonal antibodies T84.66 or MFE-23 have been generated, these
antibodies were highly sensitive to soluble CEA antigen, i.e. their cytotoxic activity
has been blocked in the presence of soluble CEA antigen. The inhibition of the

cytotoxic activity of said constructs by soluble CEA could also not be overcome by
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adhesi on nol ecul e 5; CEACAMb; CEA;, CD66e), an antigen
expressed in a large 20 nunber of tunors of

wepiazhelseal origin (Hammarstrom Sem Cancer BPOI/EPS06/012425
(1999), 67 81; Shively and2Beatty CRC Crit. Rev.

increé¥wblamdiaitat o anBbédyP8Thesdondtdkts Hage AlBbNBe@sifdund to be
sequence of human is depicted in GenBank accession

capawgrﬂﬁ&mdlwt@@ab@@ Gt d@rYtﬁW S 8nisHEtvAp aqociuded that sejuble CEA
antlg%ﬁ1 g)trg\r/?r"r:tg nﬁwe'oér;{ ?(g#dé(oﬂorﬂ grﬂgwlggﬁg Q:lg(?cﬂég a%tﬂ@&y Irq c%rﬁgrast the

bispetifier sipglet lchamvwahhbedieelés CdelmeBOherlewmeC&@nr@nd régis@nt to the
CEA, wherein the cytotoxic activity directed agai nst

presengaf even high devals pk saluble GBSV ntheirgrytotexiccagiiviti ttowagds tumor
|
cos ighhlh. BuE, My 3t cfUpal: AP, e BBl panstucts =

defined heteain adiigltrthaintbidledicas aefivityhat eveendéw GoneeAlatiens. Hence, low
sol ubl e 30 CEA antigen. For exanple, when hispecific

amousits fif e PlamNaCestticab sMRasitionsu compasingy die  biseesific single chain
antnb&ﬂ@g%%he?W{érgﬂdérgssuﬁcgerﬁﬁtooéchh@\% %ﬁp@%ﬁgyﬁ’f?ﬁ%t ip epithelial

ted ant i'es were

tumonSObatiIlrﬁsCEﬁafmitemtﬂ by ehighhesgalublgt aCCBAI ccorekhtrations in  their
has been bl ocked in the presence of soluble CEA

serumy/plasiis . Highe solHRIen CEA oBeentrtionsyinothex serusyplasma, obrepithelial

o BahAE07 LBy B o B8 By BB, o et sage

tumorsnancefas patiantsuwitts high tantorboaty . Everemere surpirising, §# Hz\Mseen found
al so been found to be

d lu
that thesamig A6id pegiienae SORGLIELFOXF (PRI ID tNa: 363 atrEponding to
KabaFEéguttugﬁlé g0 fd\ﬁ/f;b?%? ﬂggnrgggaffmmé rrﬂEﬁS&ﬁSﬁél' E&uﬁ&cﬁ, A5B7 is

SUffICEalntlm madlaterrealstadwoho%bllaiﬁedﬁl\rmﬂgbnwmen ased &nalmmhan CEA-
resistant, to the l{)rlese ce of even hi gh | evel s of

binding, dgmain ega human i ing specifigaly, binding i humasy CEA) of
anti- G@A)E??El @B@%%’ﬁémﬂ@g‘ﬁ Feocﬁélﬁ'afntlﬂgﬂ% negjgttB)ih&lr ﬂﬁfﬂa‘ﬁl {)Hgln, said

I Specitic cons ructs as herern e

construats rardaﬂoWonm nah- mntunug’eyucaWhemehseuhg)vadrmnrseeredabl burwan tumor
unts of pharnpceuti cal sition

. Hen oW a 0 . .
patientSt | TADRAS: BRETASNGA GRS HIORS GIDPEBBSceabispeciic
singléé?ﬁélﬂeéjntﬁ)%%sn §Hﬁgﬁé‘q%le?élﬁnére pé’atrﬁ(f@éﬁy sBfl 6 #RCHELfnent of

fect In ep|t ell t unor I'ents” characterize

epithddial timlor mtlebtseMEAhlgbmmmma@EAnsomoentﬂaGons in the|r plasma, as
er,uni _pl as, h sol ubl.e concen rations t he

obserygfl dp drEiRg by pPEAREEFSIPN CFAnff‘rC”ﬁ'@t” Sang8n for metastasis, for

patlerﬁQ%ﬁ‘Pﬁ@h'téth Hééﬁmf}aeareﬂgtéteta e&GHor§Nt . netastatic,
or |ate“stage tunors and for ptlents Wi th hlghtum)r

| oad. Even nore surprising, it has been found that

o o SRR S oSS SRR ok S bt B e
said ﬁi@R’olﬁiilﬁé dBhAiA Cﬁéaémécfd?r@DB%\‘t tHeoHip ééﬁé@lh%m(\:ham antibodies

sufficient to nmediate resistance to solub
definethhergimisiheatedsedenninallhionthe seeand hindingdod@imi n (i .

human bi ndi ng domai ns specifically binding to human

CEA) of
Within the scope of the invention and all embodiments thereof, the order of

arrangement of the first and second binding domains on the single polypeptide chain,
i.e. within the bispecific single chain antibody defined herein, is relevant. It is
envisaged that the arrangement of the binding domains of the bispecific single chain
antibodies defined herein may be VHcea-V0Lcea-VHcps-V0icps, VLcea-VHcea-VHceps-
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anti - CEAxanti - CD3 bi specific single chain antibodi es.
Due to their human origin, said constructs are |ow or
wooemiommeaogeni ¢ when bei ng adm ni stered t o huPEIVEP200@012425
20 patients. In sunmary, tRe pharnmaceuti cal
VLcps OViHeS4- VL @V Id eV L&A Or t IEIcBI-FREGHV L GA-VHAG! AL IBhown in the
ant i bodi es as defined herein are particularly useful

followig  @XAmp legatthenfdyantags t A% @%?C“lbﬁﬁohefﬁiﬂa@ﬁes aket particularly
reallzggfqumgh%leeﬁr%n‘b‘ﬂya%{a% rggﬁbcblﬁd’éllﬁl%hal t%S@BBP"i'sQ‘ located C-

observe tunor progr ess rrécu
terminaitycterthefseconéltmailag demdimri.e. pidsee td therCtterringis dflm@lblspemflc
. 1o d/bur r late-stage tunors. 25 In anothe
single, CBpey ARLDAi,Bia i, SeROThbINgHNE HaEEn. 45 RERSS: habihe first

- f fd
oinai, EghT B9, AN 1o ShnPhi 508 RETGhGHRER e v
orienthdibn riedt elxam'plel, the Binding eldnizihe ofitheabispedific simgles elsgindantibodies

ndi n in. 30 Wthin the scope of the invention
def'”%&‘eé‘?'ﬂ Asrangednisr ther ordegeV VBeerelLom-V VHepakbenedt Vicea-

VHCEQ-fVHJB?-\ché?t "én@séﬁcﬂaﬂa ol nﬂ't@ﬁnfﬁ%ﬂ?'f&s gp ¢ Ferﬁ‘n'n{kﬁl eto" and

bi'speci f1C sing
gramn'iadical mriarhsdherréef |deadtd‘|eelai|\!e Iocmtloal\mﬂantthelptnmary amlno acid

envi saged that the arran nt of the binding domain
sequefice, Faings Q}%\:Phce"sqnﬁgatéﬁe rhselute N1 866 iBeminkss Abihe bispecific

sinale PR R S B IS e, o gomaip which

is “losAtedIC-tafinsHWiaCE: Seithnd Vlrﬂﬁxg domaln ?]lmpfly Idlenotes that the first
Y - VL - VI - \\HCEA. n the fo
binding JRRTAIE 15 [igata i e Gatoons! Si9e.ah BRSIIone hindBodTomain within
a
e LRREEILAEIY R AIARYE 4 R0bE Tl ER I B DRSIBIR Tt

additippalt $&qm\cenﬂ>rmm¢np1g adtageas sef foeth athaneeor tamotter proteinaceous

or nofR A ERUE RN, S LA i RSO0 Re i BBt Al fRngltimate C-
termlﬁurbeoffﬂhé%lsp&lﬁtdélﬂgled&% Enﬁl@@c{fy fically binding to

human I's arranged In th H VL orientation. For
exanpl e, the binding domains of the bispecific single

Prefefeﬂazl ,gf,% Qa%;gig def| 0 %\{éﬁ&ﬁl%%lf@ﬁ%@h&l{#}gﬁp boé] les defined
herelﬁ/%'%r?‘&r'@&' ML@@OI’d%? \VH VE&E%LW?D3WE(%'3ervL%%-\t/HCEA-VHCD;;-

or "Ctermnally to" and gramatical “vari an
VL0coz HeyesbMmeren preferred athe arrangement s Vhean-YHeep¥Haps-YLlcos. Most

et TR S fere SR AR RD G RGEAP ReaBgL BB yrvesa o

NO. TThaHV Lady démdd int$QeD RO. 84hon-linm ting exanple, a
first binding domain which is "located Ctermnally

to the second bi nding domai n" sinply denotes that the
first binding domain is |located to the carboxyl side
of the second binding domain within 15 the bispecific

It is prefegled Wttt @emm-pﬁmd. dofR@s spetifieNR/ biflding™® human CEA of
possi bil | téthat an Itional sequence, for exanple

the bssneggjwagmg chaw ﬁnbmﬂbé debne@lmﬁrm cpmerieenacleast one CDR,
preferably a CDR-H3, more preferably a part of the CDR-H3 of murine monoclonal

antibody A5B7 with the amino acid sequence “FYFDY” (SEQ ID NO. 112)
corresponding to Kabat positions 100, 100a, 100b, 101, and 102, respectively, of
CDR-H3 of murine monoclonal antibody A5B7; even more preferred with the amino
acid sequence “DX4X2X3X4FYFDY” (SEQ ID NO. 65), wherein “Xy", “X5", “X3" or “Xs"

represents any amino acid residue, and the amino acid residue “D” corresponds to



10

15

20

25

30

or non-protei naceous conpound such as a radi oi sot ope,
is located at the ultimate C term nus of the

whe®peti4dé c singl e chain anti body. 20 Prefer abP@T/EBB0E012425
bi ndi ng domai ns of the bispécific single chain

Kabaarpiushmil @5 ofla3DReH3 ofignatime mmcwldrfan@&ﬂlbbﬂytA@D@dGrthe amino

HCEA- VI CEA- VHCD3- VLCD3 or . VLCEA- VHCEA- VHCD3-

acid m%U%r%YBPéff Sareaspop ctoaKahalg Basitiens <100, 1OOa 100b 101, and
\/ ng%

102, Yé gllv t’s |ng e ?é/hal nuér\nﬁ?f’@non%@g%g 538?%2"% H%@m X,

Xz Wgﬁ@ N cdiespohdidKalost phs‘tidm% (1X$5Q97 l(JX‘JQ 984 *XZpand 99

It is referf[ed that the second bi ndi ng donmai n

sﬁ%%qqqtlzfﬁm of RSk BurinedRongsional antihedyARRYGlk nsCenwsaged

i K1045, K510 K0 A A U0 SADES) 5, Gl
“L” (lpsudine) Vhe(TS?fd's’Hri@ GA” riAldriee) WDOCGA@paH@@c@mt@O@Serme “W"

e am no aci d _seguence "FYFDY" (SEQ I

h
Trypiqpi)anwc&ré 6B HANNG)oOTKah ot hﬁ%@m)or%er@m it 'ﬁcﬁ)@'Uded from the

scopd b s S 5o BEIREL 0, 5 G by 1 same

aminaracit) e.gciit éléq’uémfe XJDWX&XW%{DY'F ((BEQWI@ldN@e)ﬁP}eferably
wher ei n represents any a

X1 rggrq)se,né%lé (Arggmp)t hé: a(l%hﬁay'a@rwne JesiMiudMethtonine), ik (Glutam|c

sk B POR1AG: Y ORI RO BT, R wonin

(Mpartmdszld/)\Sdﬁ Séir(Setlhe) £) (Y rreprexenttb fleqLdueine), FﬂFmﬁenylalanme)

“n nn res d bat p03| ions_100, 100a, 100b, 101,
M (%h'omﬁf? bt gcid forc%ﬁ rgening)i ARd mfnoE@RIREENts R

b
R R T
more(p:%ﬁr}echnﬁne%edbn@ bihding desyadrt speeifig, fonthuBiaR IEIE/bfcomprises at
Ieastrglljlé Iarr]r(maln&%%?(f !s%&largﬁe Eég{}ﬂ&fﬁgé&jlémng? éksﬁﬁ?gg, E’i{SEQ ID
NO. 11%)) (é\LRFW"FW (SI'_‘{;]) u@@h@)c'm Eor %LF&#‘—?PBW?%SEQ \fJS.NO. 116) of

rosi ne) ani ne) artic aci
CDRQ—EﬁDf m)r)ocIONal a(nprdy d}:ﬂBam)Mostre(féﬂnemw dhacongpleter CDR-H3 of

ASBT, ' 6T RETES ahE! oretuRacenu DRGRAE TRRY"~ JREG - 3+ NO. 66)
correts%%m@?g P@é‘b)a(l% b%@ﬁl%%@!?ngbexﬁé‘ﬁ@ﬂ arlé%é:ﬁ)ﬂ lel(@',%rgﬁnﬂe), 97 (“G”;
GlyCII(IG%Qﬁ]( &l alliﬂlﬂﬂf)e) l§9e( &/ aArgmlne‘) X100 r(dr &benylalaritie), 100a (“Y”;

| | Met h =AU
Tyrosiedle: NS i BRI S O o r easeie sty cana o2 (v
Tyros(lr%) f@dé‘éhﬁ@l)/ Nu\Fnbéﬂ?! ﬁéd:(ﬂﬁ)ng to“the(l(“ét?dl's%ﬂem is §&t forth e.g. in

Aspartic acid), Serine); represents '
Kabat,LBud-nel)., T" AVu( theleaeem; e) $. Gcmes(mm handn(ae)FoeIIEl‘ 1991.

Sequ%ﬁg#%gg]ﬁg?eﬂg )oié%mrbqlgélgglg ﬁ\(t)é]rlgg Sﬁpr%cg lﬁéjhesd@ Md.: National

Centérﬁﬂoamm@dhnowbdy (nfemaatior: Neftioflhl LiFary ot MeeRéihae) . Even
nore preferre t he second bi ndi ng donmmi n specific for

As shaymin tl:@Afoélgwmg Examgples, the cytotoxic activity against tumor cells of the
bispecific single chain antibody defined herein comprising said mAb A5B7-derived

CDR-H3 “DRGLRFYFDY” (SEQ ID NO. 66) amino acid sequence in the second

binding domain interacting with CEA are resistant to soluble CEA antigen, thereby

allowing the treatment of tumor patients with high serum CEA concentrations in their
plasma.
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| east the am no acid sequence "RFYFDY" (SEQ I D NO
113), "LRFYFDY" (SEQ ID NO 114), "G.RFYFDY" (SEQ ID
wol 07016 or "RGLRFYFDY" (SEQ ID NO 116) of PCDRP486/012425
of nonocl onal anti body A5B23 Most preferred is the
It maqomﬂws&aﬁlél?td-lﬁ.lrdfer%o&ﬁﬁlhw AbBBY eriest "ORGLRFYFDY” CDR-H3
sequence "DRGARFYFDY" (SEQ I D NO.. 66) correspondi ng
aming @Ct@a@%ﬂuw| ¢ BoHy otster to pmprowve,atfinity farcihe) CEdetarget: antlgen (on

the eé{t%l@l Xrl‘%or %ZII§ :ﬁﬁ{g ﬁ éﬁhr‘ﬁ% %;éérﬁlf}%#e%i 6?8@0 SF%%IfIC single

ChalnT)ﬂnObOwE)as ld)éfme(d Fhe,relﬁhe'ftylmisimmﬁ) in R4 &mc acid sequence
Asg aci dE 02 ("Y'; Tyrosine
DX K goReeY 8T ySERID NG Ko m ebus @mf\@ ackregiguas oy berfested at

posntlgﬁs SRt ‘;23” hxtoz?r%d/bp %2 ( @B@%P rEj Paébfgé)f\éﬂrong oéx,m, 97

esman,

("X’ )Segﬁle(fbégé)s am‘d F990t(9(4h)$ @%péoﬁnﬁml OQIG:BR HBt ef eﬁd’lnnéStrhonoclonal
Center for _ Bi otechnol og

antibgdi HBRAS 17 erdemarpl idaiiyLS mogafyedop%mscwﬁe mAEo LAy and/or
fine sk)gaflf:iwl li ogﬁ?ﬁn%bl sf)té?? oL, Fﬁlag r@ﬁ?és\éh{ ¥?Wé&§tre3|due

unor cel IC SI'n al n an
" (Atghniimey“ @& (@lytined i I(Iseuumes)af‘d’ ﬂWDos%éﬁ‘lAUeﬂilanmé) & (Aspartic

acid) Q@(@ﬁeag' T rgeieahanls Al GAANAS) 4 & 2GLrRgnined HHerein
one, ‘fﬁr%ers it fotlr &0 1501 ﬂtﬂlcﬁteﬁEA(a bs@BRs rtn?ﬁ ﬁé’y%xchanged in

oW ng t e treatnment of tumor pa |ents W
compaesumnt@me ongmaht‘RGLRbrasmno ddite sequen cesatalabfd posmons 96 to 99

n thq@%ﬁ%’éﬁ%ﬁ%ﬁ S 4o 0 el e heverer

is ex&ﬂ%i X ty r oﬁ»‘é‘ %@%Hﬁ%ﬁhg m&érht@@g(ﬁé L)g 1 40F O%© and “X,”

target anti
representt bed isaime Lammocalclds)egncthat ‘Ko, ool ,nt %L anhd n®,” are all “F”

(PheiBiganef e The: ehovagioednamadiftaionantho e i dABS!-derived
“DRGERINRTSE” @DI@H?@%W@' b '%\éqtues o gbﬁ) béQictigVed bgﬁﬁ%ﬁﬂés known

am no acid residues position
in the' a@; sutkx@s BO®R Usmgxahd()mecbppmeds nghich Mklwet the generation of

oo el oty o ot b BT e on
blndlrfg"ﬁbﬁf#i’f)/ Aﬁﬁ?’ti/ drnflr‘Pé @ﬁéci\‘l@lty %‘Friﬁésf,é’ nfod Ml Tbispfé c@@%ﬁﬁle chain

nmproved affinit fine specificity
antibodies aande texte'd by methodxzfesom bedkin theagrty e|gr by drlt|SApiBiacore or
cid resi-due 10

FAC§1 E'Qalélﬁﬁe) e Qe.sthg%éq ﬁgiuq)le ?EQ\ @Fﬁlﬁ%ﬁe £ bﬂ%piecmc single chain

antubdoéﬁﬁﬁthtédbh é%@éjbﬁed%DRﬁ%'éﬁ be "t T ¢ 8@9@'@/ ass% s in the
| al ani ne) or " Thr eoni ne z. Fbreln

presenﬁee@ mcraa$lngoamouﬂta saldblea " a8 cbmnbednm mfy following
Examgflfﬁ exchanged in conparison to the original "RGR
%0 acid sequence at Kabat positions 96 to 99 in
the CDR-H3 "DRGRFYFDY" (SEQ ID NO 66) amino acid
sequence. However, it 15 is excluded fromthe scope of
Moret peeferabiyrssaifl saeondkindingn domain "specific for hum@t GEA of the

blspecﬁ% single chain antibodies defined herein comprises SEQ ID NO. 65 or 66
and/or a CDR-H1 having the amino acid sequence “SYWMH” (SEQ ID NO. 68)
and/or a CDR-H2 having the amino acid sequence “FIRNKANGGTTEYAASVKG”
(SEQ ID NO. 67) or “FILNKANGGTTEYAASVKG” (SEQ ID NO. 145). Thus, said
second binding domain specific for human CEA of the bispecific single chain

antibodies defined herein may comprise one, two or three CDR-H regions as defined
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represent the sane amno acid, e.g. that "X1", "X2",

"X3" and "X4" are all "F' (Phenylal anine). The
W(abommmmi oned nodi fication of the A5137-der PeBREP2006/012425

"DRGLRFYFDY" CDR-H3 am no adid sequence can be

abovéchltenedively, waidedsotd dindin Wﬁndérhalnaépemﬁcﬂfbr RUMHARCEA of the
usi ng random zed prinmers ich allows the generatl on

blSpeé\f'CZ@n%’ies%%!nfafH'b@idlﬁjl detinrd hersin i awapriaesSER HAJNO. 65 or 66
anct BRSO e SRRE oG T AABETSEERIBND. 70 ancir

a CDR-4Réavin h%leﬂﬁin@ Fdisaquende HASNEXGSRRYYADSYKES! (BEQ ID NO.
nmet hods described in the art, e.g. by ELISA, Biacore

69). s, pliemativelyy sl serend biding demain speeifieifer maman CEA of the

blspeéi% ﬁ&le éh?\nb%nmm‘%ﬁggh@% heetr @?}é@yl & Cbﬁ%?go)p:@mttg/y or three

CDR-&BW@'\S as definéd apoes eB¢en nforermemdngammm tsihding domain
sol ubl e CEA, _as described in the follow ng nFIes
e

specifipfar puerasy GEA of the @l%tﬁsnngmph@nd@mwleﬁps ingd herein in

sl S0y or g BORIT 6o SOLEPRIR Booyg gymoriss o

CDR-G.G h@\ﬂngrtdéoammcﬁaadl-ﬁedjwan “TL%RGIINVGPNSW”S(SE@HIGNO 73)
D NO. 68) and/or a CDR-H2 havin

and/og @ ﬁ@%bfzdlaé/ thecaming aRidseaueney AXERRSDK 63&@, ID NO.
72) aﬁ& or°4 CBRL WQ‘%EW%@%Y&% gl%;ué?@o MM @%(SEQ ID

second bindrng domain spe
NO. 7t1f)e bi specific single chain antibodies defi ned herei n
may conprise one, two or three CDR-H regions as
defi ned WO 2007/ 071426 PCT/ EP2006/ 012425 24 above.
ter kgl i [
The fihBatR) G es25 fe 0 30oR AhEReCOIE b ARF bieh s6Ecific for
humatieCEAexf the bespecificrgimgle ehabEanhtiHodNS défnedt hé&@in rsrm‘éﬁa*rahly SEQ

ID NGB0, B9 ar NG, DRCEBRYRS Via(55g AhaIcE 6k capeasondmg to Kabat
posntnéﬁ%snc?ozlo'f ﬁ;é@@?ﬁ@ﬁ el rﬁﬁ%&@aﬁ‘%nﬁggg)@sﬁ‘aﬁd a CDR-

alternatively, sal
H1 havingrth€Efmoto abid sédqupme 1$YWMIHY(SEChHD N@n68hahidea CDR-H2

naving 3o GHENG SCHLAGTHERCRIBTRNRANEHS FEFSARSAG! GoE QIR O, 67).

second bi ndi ng domain specific for human CEA of the
bi specific single chain antibodi es defined herein in
The amidotacith sequerte ofibe Yioegiontdfrtbe sebBadibmaliigpdemain specific for

numa A o RS ey R b e b Qe hores) & (RlsTbly SEQ

ID N? %de%n’\%i’é( @%R@.WPDY&C%RE@@BWOC% %BWIto Kabat

[or a havi n
positiong @érrc 402 yaf \tmcsGQReHs oSEQrine muaclanal. antEboZﬂMeAW aod a CDR-

H1 hafihd BERIBHE alle, sPdueride’ VRS’ ($EG RFNBY 68) W cOR-H2
having the amino acid sequence “FILNKANGGTTEYAASVKG” (SEQ ID NO. 145).

The amino acid sequence of the VH region of the second binding domain specific for
human CEA of the bispecific single chain antibodies defined herein is preferably SEQ
ID NO. 58 or SEQ ID NO. 62 comprising “DRGLRFYFDY"” (SEQ ID NO. 66)
corresponding to Kabat positions 95 — 102 of the CDR-H3 of murine monoclonal
antibody A5B7 and a CDR-H1 having the amino acid sequence “TYAMH" (SEQ ID
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human CEA of the bispecific single chain antibodies
defined herein is preferably SEQ ID NO 60 conprising
WO DRGREYSFDY" (SEQ I D NO. 66) correspondi ng t oP&EER2006/012425

positions 95 - 102 of the @BPR-H3 of nurine nonocl onal

NO. Z0)t arbdYCBDREA2 &fa@irg fHeRamirb Aéidiseguehee ANSND@SNKYYADSVKG”
sequence "SYWWH' (SEQ ID NO 68) and a CDR-H2 20

(SEQE/NRy 68he ani no aci d sequence " FI RNKANGGTTEYAASVKG!
(SEQ ID NO. 67). The ami no acid sequence of the VH
regi on of the second binding domain specific for

The Vuregiofeiti sédundobingipg dormaidi diglcfficfophOnint CBAMfake bispecific

. . defined herein is preferably S I D NO. 146 o

single: ghaipi antihgdiesraefiedrsrein isgreierabip SEQ ) DNGr 84 somnrising COR-

1 i t i [ I
L1 hafnd 86 anfing Y ohilRade THARGIRNCATR N ER TPy §. 75 ana a
CDR-42 havirg thik seinieacid seuéhte “YREQIDKNAGIHB)SEQIDNO. 72) and a
CDR-H2 having the ami no acid seguence
CDR-L3  havipg\bsramineaniesequercs (IMWHSGASAV” (SQ IBNR071).
aci d sequence of the VH region of the second binding
domai n specific for 30 human CEA of the bispecific

As setifoghealovei theiorddrodi agadgémeat oh eiecivarilsie regiopsadt the second
. .SEQ IDNO 58 or SEQ|D NO 62 conprisin
bindingyrdgmetprspecifisally | binfing 48) CEfvrmay pbadiMiVio oRaWhtVH. Both

aranfERE 8% i, 2 0k, R i, P A5 BRFABRG comain
compsigingethee VHTYABIEQ (IBERA. B0/\endabé/ VI t2SEQ ID NO. 64, the VH-VL

PCT/ EP2006/ 012425 25 NO.. 70) and a CDR-H2 having the )
arranggingept 48 i thovey e e Q! iDsN@cﬁ&vwngmthe (\4e¥H prrangement is

. . i t i i domain.: ..
depict) o B2 b KEA1 2. ot LS SR ARBIAHLHBtng o VH o
SEQ tDNO. 6 ahddhey/Ldef SE@ImN@iM,itB%Mﬂf\/e.er}ge?E@\tli@ shown in
4 nprising CDOR- L1 having the am no aci
SEQ Dfa{sin@" TLRRG NVGAYSI Y* (SEQ ID NO. 73) and a
_ 9 i 1 . H uy n
For RTINS 95 A G o VRIS QISHRISEERY e VL. o
SEQ dBdvenéd, the WHEGASAvEndesREnt B stowiv i SED IBINOeS0,f wheteas the

b th d t h i abl . .
VLV gt hgeraent e SbeBbnd SR dPng ot e dchesangbinging domain
compﬁ‘siﬁg' e VP 6FSETIDD pﬁ%\%nefm&vbf%f &ND NO. 64, the VH-VL

arr ngerrents are wt Scope of the invention.
arrangemeat dgcshovrbiimdbBQ dDNNOn 54, 0wperedasghe NEL-VH airaBigément is
. 1D t L of SEQ,I.D,NO 64, the VH VL
depicted} B BERIRTD; 12 oA Arse8aBIBEING dasméinglmiising fhe VH of SEQ
L r e i deni i i i
0 N5 anae g D oneh g0, Sl S n s
ID NO.Z\wheraas thal ViR \drranigesEDt isDdeictedidn SERQ IDHNOL118.

arrangenent is showmn in SEQ ID NO 147. For a
secondbi ndi ng domai n conprising the VH of SEQ I D NO

Even 28or@"stefdifredlth@V regions of the second binding domain specific for CEA of
the bispecific single chain antibodies defined herein are selected from the group
consisting of:

(a) the VH region consists of the amino acid sequence shown in SEQ ID NO. 60 and
the VL region consists of the amino acid sequence shown in SEQ ID NO. 64;

(b) the VH region consists of the amino acid sequence shown in SEQ ID NO. 146
and the VL region consists of the amino acid sequence shown in SEQ ID NO. 64;
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SEQ ID NO. 64, the VH VL arrangenent is shown in SEQ
I D NO 50, whereas the 20 VL-VH arrangenent is shown

WO 003BQ4e®O NO. 120. For a secondbi ndi ng domai NPCT/EP2006/012425
conprising the VH of SEQ IR6NO. 62 and the VL of SEQ

(c) the wm@sglﬁﬁ,cohbetsvbf Me aamoaage vequehse sShown m ISEEIDIND. 58 and
whereas the VL-VH arrangenent is ggl cted in

the VbEeglpD'qqosei%af theaminosagie saaveRtashey SECHIRH NG 64

(d) thgﬂgﬁﬁ vf] c§ﬁ9asrt]é & n{;r\;&t arﬁfh c‘?ldt I‘aue/é%%fshé\gf? Jb%%ﬁ?lgg\i‘@ 62 and

the ViMregieasonkists/of Mld ammramdreeqUe@ceiﬁmm #SEQ ISEEQO B4; and
NQ, 118. Even nore preferred, the V regions of _th

thgé@dﬁeglenmnﬁ@t%eme@@mwd sepyenegahewn in KEQ ID NO. 56 and
tne VBLPHEFIdonEsH O8KE ARG ShIR Al PESELETIRL

regl on consi sts of the am no acid sequence shown in
D NO 60 and _the VL region consists of the am no
Most a%rﬁaergedquéweebepsmo. ﬁmglgoqh@m@nt@@dy(@gmpn%ewn amino acid

id sequence shown in
sequ%&% %eﬁga?@g%é;ﬁé}%%&ﬁﬁﬁggﬁon consi sts of the
ami n;) @i d aaw?no?(?gjg/s%wuzénéceﬂh%é@cﬂ&@lﬂ%y J3EQ ID NOs. 6, 8,
2007/ 071426 PCI/ EP, 12425 the VH region
consi s1® B} Zn&BaiZndt A0, 4244 ﬁeﬁ%éa ?Q‘ﬂo%w 14% SEQ ID

B il AP A e o

consi sstovad in BEQDNNOsC 50 75 dGudimc @35 R6WG1) 638592 MD 125, 129,
NO. 62 :g? &Ee VL region consists of the am no aci d
sequente3 Shdf& in SEQ ID NO. 64; and 5 (e) the VH

regi on Nshat stk cl ugnce
(28 PHCREr "B Sy 08 RRRBTAARNEDS pROBIaLR spquence
aci d slkyprighsieg sindenstring8atréndifiéns o/the Mostplemeheary enilclelc acid
said bis eC|f| ngl e chain anti body conprises an

am no égdé hce selected from the group

IS9P, SRS SR8
32, 34whia, I%ﬁeg&m,atdm a Iresulbrof 1the; génmticanoderitaca nucleotide
acid sequence a nucleic acid sequence as

ed, by
shown © %n(?a&a 7, 15, 17, 23, 25, 31, 33, 39,
41, 12@5) 12Qn angd%g éb"ld %éaTJeﬂcre (aF}e b 88N, NAeRfdd, more preferred

sequencé encoded a nucleic acid sequence
hybri datieagt 96d & I(mntlcagenostcpr&ienremai leastt & % identical to the

| t | e f (b d
S?nnﬁoegﬁ}“bgr@é&%%eghgﬁ?’g&%oof@?geﬂﬁg gl c(az:l d(s)eqﬁgnce

which is degenerate as a result of the genetic code to

a nucl eoti de _
In another preferred embodiment of the pharmaceutical composition of the invention,

said epithelial tumor to be treated is a gastrointestinal adenocarcinoma, a breast
adenocarcinoma or a lung adenocarcinoma. Said gastrointestinal adenocarcinoma is

preferably a colorectal, pancreatic, an oesophageal or a gastric adenocarcinoma.

More preferably, said pharmaceutical composition of the invention is for the treatment
of progressive tumors, late stage tumors, tumor patients with high tumor load/burden,
metastatic tumors, or tumor patients with a CEA serum concentration higher than 100
ng/ml. Said CEA serum concentration may be determined e.g. by ELISA.
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20 sequence of (b); and (e) an am no acid sequence at
| east 85 % identical, nore preferred at |east 90 %
w0 denviaad , nost preferred at | east 95 % i dent PCHEP1006/012425
the am no acid sequence of27(a) or (b). 25 In another
In a fprteérepreéetredrontdiodirnéntodf thb phphanoeettsa comiposiion@fithé vention,

i i i i t hel i al tq be treated
at leq% a6k 5 ATSin sRfonBISkES GPHANRS Ok the dusiecfc Sl chain

. . o | . .
anio38EROERHEUTRTRNTE e AARANERS LRTeEPY, o ceimmunizea
or hun@nor ect al , pancreatic, an oesophageal or a gastric
adenocarci noma. 30 More preferably, said
pharmaceuti cal conposition of the invention is for the

The %errﬁat'émr%ricmaspﬁ ?%?%iﬁehéé”ﬁ%re ’dé%{dr %@ﬁg& THEYePm “human”

unor patients W tunor T oad
bindimgHestait,i e.gt armmsan bindingrdonzat ispetificaltyt bindingEé imenamCEA as
oncentration higher, than 100 ng/m . Said CEA serum
used AGFRIBAE M%{%toee afcmerpingetak the bispeeific singlgyghain antibody

/ : / - ,
o 30l RAAE SoRETLEETAR G i BLalen 3ol o ruman
germlifie tintibody eepertoire oataritibagy repertoire Saivihg iat $¢astrthe amino acid
sequSige ot 2L BORPSRRCHS &5 Kabat ensRBRs ¢00 ik, 10, 101 and 102
(SECCREND o147y BECLOR AT JTHANRE oA A s
derivecrCDRH3eas’ definediiabpveoraibispeeifig. siagheushainbantibotty as defined
hereiGiTgynaRe. Pg IROAHHEI 2t JBTER rebriog Sthal (dleseduence(s) that
devial(EPHI [fs JBR) RICCHS! MR HRAInG SEtElonPesI 5 Fid"more than

wouldh beaexpertgd rdde te thetimpoidy of goenatad hgpemuutatiomoddditionally, the
| east the am no acid uence

e EE Ay D 5P b T e HBRSS e
rats, é8Brisd YH COR! akfldo derFSe4lees wiliéh de HB§ &g@d\;’fg) d@iist in the

mur | ne nonocl onal anti body A5B7 or a A5137- deri
expreSped HBinaan datibadyl repertaire AsbwelbeAny isuchi segjuenceés) rof human or

non-ti{iaghonginnch AL Pe experlen Cariidi dne pxbieaged Bunisn repertoire
would8ébdeeésnsidered htimaht fithe p@l?&ﬁl%%tothéfBFb&?& fHveRon.

sequence(s) by no nore than woul d be expected due to
the inprint of somatic hypernutation. Additionally,

ant i ies_of many._nen-human. mamml s, . for exanpl e

As upefinePEh i EimnindP g, AU on in Bpa iR gt used
interch@hgealslgUeNeas 16ha Wissutsrid BingRXBR&H AMtibddySéorhpridiRg in at least

expressed human antibody repertoire as well. Any such ]
one of diguindiagsjoraring iatdeagtronencomnlementarity defermining: regiery (‘CDR”)
from %e n%’ﬁﬁ%%grq éﬁib%)ﬁ'ysgr'fpagtrﬂgnte 2reof eﬂurrﬁ%%%tigﬁp%)pt)r%'arcﬁes are
described for example in WO 91/09968 and US 6,407,213. As non-limiting examples,
the term encompasses the case in which a variable region of at least one binding
domain comprises a single CDR region, for example the third CDR region of the VH,
from another non-human animal, for example a rodent, as well as the case in which a
or both variable region/s comprise at each of their respective first, second and third
CDRs the CDRs from said non-human animal. In the event that all CDRs of a binding
domain of the bispecific single chain antibody have been replaced by their

corresponding equivalents from, for example, a rodent, one typically speaks of
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woul d al so be considered "human" for the purposes of
the present invention. As used herein, the term
wO baomani42ze€d”, " humani zati on” or "human-|ike" arPeT/EB®d6/012425
i nterchangeably to refer tad8a bispecific single chain
“CDRagraftirayly and this iterinm s iobeiuntedtdod 26 beiry eficdrpasdyeddbynthe term
domai ns at | east one conplenentarity determ ning

“huma@geen of -geprmatically, relatsh- vanants dheranidgs sisedr Bg'i?é'ht The term

“huméﬁlgéﬁloér .%@iﬁ‘%@?ﬂé@ﬁ'@@ﬁ Hgﬁgﬁgstj%%&}flglgécéd&%és%es cases in

whncmamatidmbhltngeplaaemeas of ohaer nesre @D RogiEsewithine Veksand/or VL
on of at | east one bindi

of th%ﬂ'f?&la:ﬁ‘%&fﬁ%ﬁvq%rgb IR rfgiraa'cdrtﬂhégmathrdﬁ (éﬂaﬁHpét%PH@nS) of at
least tgﬁbr QQRar‘hﬁﬂi QadorfesWu‘ae/sV Wlthﬁptﬁé ﬂ’é}rf?e’%rl?e( rl'eg}qfﬁ%nbetween

exanp rodent

the CBIRs haa/haoe b:ecanhefﬁen’tedtkslueh rthgll tbie/ amcrg:rragldsatahambeqfosmons
t hei ectlveflrst second and_ thir CDRs t he
Correm@@ & 3NN, 8ridf Athal{fioss Positioryin thecaimah Fomawhich the

CDR nef ué‘ecg'f&d'r acé’r?n@ﬂi ”s/gfq td'éﬁv@%sﬁi%clsf kfowh"@! fhe art, such

chain anti ody been repl aced
individwalrreatatiods rage @aenvaiaemrs tHe ﬁtanneﬁ/mrk eegions éollawing GDR-grafting
. ne typj cal |l of. WD_2007/ 071426
in ordef-p Bbiofe e oRG li(%!s"fj"aﬂaﬁffﬁvté(quu thgnonsRYmenR; antibedinysed as a

CDRHBnB?f&”ﬁ@rtérg;r%?‘i’nééc@l@ ee{éffmmﬂﬁﬁ%qva“ Ear{é? L{?L ghcompass

humani zed grammtlca ly relate
(an) aminosacld Imnbstmmtloﬁ(ss) i ethDFRuargmnsefobmca ngn-<ramedn aalnhal to the

amind, GBS o3 5aaPEPRIP %Bﬁ'&é&?g ok ROREan, AR kY. GpRddition to
the amfifl 888 sibkitulloRs YHh% b’nLk rn%{%‘fgné %?Eéé@e&%&(

second bi nding domal n ation
substitutions) of at Ieast one S|ngle am no acid

SN GEBHR T R BT e, SarainizeiG Gelotgs rrgitcation of
the flﬁ!ﬁ'é?ﬁj/@tt sé&d bhﬁrﬁgg RRPAdiA C\f‘@-a \ﬁ@rarneéﬁgﬂg %lIHqXPQetfonstruct by

am no aci d/s at /those position/s
rendefringraaivhingld typee coigiruat egnemenusagenioor lesglimewmagenic in humans.

Deimiry AAIAT-APRIPCR IS AL SPBREr £n MO P4 ViR:g8i5e076. WO

02/079845065 WOl 92M0185 CPRe Oefint d&mnﬁdh.@édieélsbomrl&é& %YoCconstructs,
the original binding affinity of the non-human

whichaghow segucacgrapensity dbgederate T oell iepitopes. detaamrdandeewnh this

v 8 BT BT SroBib ek BB STREP By AT to e

remo Vel iof TUBEINe gifd F8 [ebinght® sp@aﬂfm-@éll dicavatin. Furthermore, “reduced
correspondi ng CDR regl on froma human anti body, in

propesgdy t t%ngeraerattss T heetnepitoprs”d means i substibdioni oft mmino  acids

contr@k@rﬁ@ﬂﬁ‘e @Zﬁ\%ﬂg o? geqF’%Sli(%b&%n,ﬁg%@%ﬁtﬁgnsgpﬂ%fng)gé&ds which

are es¥ulitial éatformatidn of BET téll epitepsl/ InTothGCROAISH irediuBed propenS|ty to
domain vis-a-vis an original wld type const r uct

generaén defelhgpienas’ ielates yp sedusiest umuaunﬂ@ﬁmclmhogma@iy eapacity to
mduclaeaQ'h?h echeﬂgggrgd it t"f‘ cggr%gﬁpheﬁ&a%&%gﬂﬁa é\%ﬁ‘gg tapg felates to

short\f@ptlde sequences WhICh can be released during the degradation of peptides,
polypeptides or proteins within cells and subsequently be presented by molecules of
the major histocompatibility complex (MHC) in order to trigger the activation of T
cells; see inter-alia WO 02/066514. For peptides presented by MHC class Il such

activation of T cells can then give rise to an antibody response by direct stimulation
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02/ 079415 or WD 92/10755. The term "dei nmuni zed" al so
relates to constructs, which show reduced propensity

wao o0ogerge@t e T cell epitopes. In accordance w PET/EP2086/012425
invention, the term"reduced propensity to generate T

of Tcedlls epigrogess gaidi adtibddies. htRedui@av pronsity CRI Igenerate T-cell
epitopes |eading to specific T-cell activation.

epitopes tafisk/ ofp deimmudiratien” MRy he peasured by tephiguasknpwsein the art.

ot BERATOT 4t b G AT by T ot rgfrton
assay Ulbsthig assayn RBMEsi fromadoritys repredentinge> @9sonof HLADR alleles

. formation of a T cell epitope. In other words,
in the wadldcare  perepBfd fery pralifergdinay int Eespopse| toegithepavitd type or de-
: t ' i Ci Ly d |t
bR Geptdb, SR LTRGBS b oy SSEHERTGARAELANo o e
antigdirprésanting T celid | withi dide typee! péstiddso  Alemativelypephe dmay test
. sequences which can be rel eased during the degradation
deimigunizaien Sy Lxprezsing EhA-BEsteliamarstrapiesenling al neplqtypes. These
. .S . h .
e FUBINEIL YoP BB S, BY BB iR oyt uostute or
antigén-pggsenting eelis in pradliferatioh assays|ih orderae test whethbr deiinunized
&2)?/ 066514. For peptides presented by MHC class Il such
peptiges ateapreseniad ondihA-DR: haplotnesyibinding ok exg fluerescence-labeled

popid HEENCS SIS itk a i e ORG24 o
by dedetmibindgj etetHdreahtibedigs againsi the tleing@onizetiemdletalds have been

formecL ahef AQEUTRIAAN i PEREN G reloPA oRHIRGGY Gerved molécules are

_ ¢ . : : i . "
comfSnBIUe {5 Pinpholl *4Hols 8R! 61160 Ch LR ar o
modiftezhior erdee to gepeatategedu@d topensibyAtdDiRdate a1 eall Bpitape be that the

. .world. are scr d for proliferation_in response t
bindin] eV e GO seoigns s matrafiacieddmyemyelimination pfjone T cell
epitoﬁtésuﬁ&% i’écﬁfc‘%ﬁiiﬁﬂntﬁr_?og (i;é{eﬁydet ected upon | oadi ng of

anti gen-presenti [s with wild type peptides.
In sudmannathiev abgye caproaghese dielp dei nedutez #heé dmnmynogenicity of the

oo R AT S5 oo e
admirﬂét@z?'éd“&o%pi'tﬁ@i@?%moﬁ'r;ré’c%?\tté.dﬁé\' i%#(?fﬁﬁlé,uﬂ?e &t BQ'ndIirF]g domain

anti gen-presenting cells in pro 'on assays.
speciticallyr bindingetot Clideas shodmi imBBLY Hl NQepT iid eleimmanized; see also

WoRBHGRTELEE R T DR R o B 3eShaSad s CD-bincing

domaifeaswHad. Furthernore, dei nmuni zati on can be proven
by determ ni ng whet her anti bodi es agai nst the
dei muni zed nol ecul es have been fornmed after

adm nistratign i.n tents, Preferably, ..antibody . .
In- arRiFH bRE ot ddvalionT 26 Binsitnf 2 BAPERTENS BN UG antibody
compfi€@igaiibamith 8818tseqliehbe sEletddebmnhie rsup'8bnsisheY bf; ed

in order to generate reduced propensity to induce T

cel | ef#)t opahamingacid sequasiceddsnderictedrin apyef SERQ IRMHOS. 6, 8,

regi ong, i t ,af fec e |} A i 0 - one T

et "I T 2BLaPraE 0. AL RR P o Ty
(b) an amino acid sequence encoded by a nucleic acid sequence as
shown in SEQ ID NOs. 5, 7, 15, 17, 23, 25, 31, 33, 39, 41, 125, 129,
133 or 142;
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In summary, the above approaches hel p to reduce the

i mmunogenicity of the 20 therapeutic bispecific
waegloeldehai n anti bodi es as defi ned herei n whePChEP296/012425

adm nistered to epithelial 3bunor patients. For

exanpl &) t henf amito bcnddsestweiwmemodwebyfa patleic acid sequence
bi nding to CD3 as shown in SE DNO 77 is
dei mmﬁvlzr&i?mgé@dsr skinogpb oot @mhem%m@eamnyarytm@lelc acid

arrang 5@51% f t V regions in this CD3-binding
domai ngl W BES I n anot her aspect, the invention
rel at e¢d)t o anbamjrecatidcsequegice emeudedaby ibadgleic acid sequence

conprising an am no acid sequence selected fromthe
gr oup &6\!@1 & degenerate As anresHitref thei gerelifuende tasa nucleotide

depi ct ID NCs. 6, 8, 16, 18, 24, 26,
32, 34@@216&‘%“8f(‘%;6§%?30 134 or 143; 30 (b) an am' no

aci d s(aepuenea ammod@cﬂd ksyeqaenw beieasa@isd%sﬁuneme preferred
shown in 17, 23

31 39,
41, 128t lqazg 90 ifesdeﬂtlf«‘fhznovbpmf@w@ﬁzﬂgest 35'% identical to the
PCT/ EP %452(% no acid sequence
encodeéﬂ‘g@(6 génuc Ieﬁggg)‘f&a seq(gg]n hybri di si ng under

stringent conditions to the conplenentary nucleic acid
guence 0 (d) an am no aci d sequence encoded by
fhLmee.eén%ﬂq"@egbth@qHé/eﬂyommeé#eﬁst%@géﬁmp&ﬁéloascamprlsmg a
; f c
b'spe%?"%t%%'@;#%“?sﬁﬁab‘ﬁn ioF SRk bl PRIy SHAUERRE i single
chaini areitioidisd as aefieedabbee razd usatl dsepharndciticdiecompasitions for the

treatr’ggr?tg OE %%Lgrﬁﬁgg\a’il ttplg)%rzér ?eg t?\/?elﬁetﬂ}ﬁq%g gnéwﬁgﬂgalq rﬁplthellal

t
ol Y CEPL 308, E9URSEL g SR kv pivea
tumoiPreslisr aifl mesealpﬂ'naimnapeumdalccemlpgbmonshaai resistariiodlo eeven high
conodtiloast ¢ oHaUR By CERGAGR MR PSR Ob JiTE Ralienis.preover,
said B’i‘sﬁg&ﬁ& %ﬂgI@|ch5W8ﬁ%d&e§ BUWEThe _?Sé‘b&l/eeef LRRIEEA s]c'i_’vs derived

(are) CEA-positive. The cytotoxic activity
therea@maysbe GB@Qoasmlagmsélpl cdrepositions domthec detection dfhars eepithelial

wmoP P LATRETA s 57 TGt el P B R S
The téHﬁ“’lﬁyﬂiﬁiilﬁ@hﬁdeP@lrnﬁgéﬁf concﬁﬁ’dr%” sSR! I'fér_ﬁlrﬁr‘e'i’&%% nucleic acid
chai n" anti bodi es as defi ned above or anti-CEA scFvs

sequefmasy @a@pable of hybridizing, under stringent hybridization conditions, to
sequences depicted in SEQ ID NOs. 5, 7, 15, 17, 23, 25, 31, 33, 39, 41, 125, 129,
133 or 142, or the complement thereof, and which encode a bispecific single chain
antibody having cytotoxic activity against CEA-positive tumor cells. "Stringent
hybridization conditions" refers to an overnight incubation at 42 °C in a solution
comprising 50% formamide, 5x SSC (750 mM NacCl, 75 mM trisodium citrate), 50 mM
sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran sulfate, and 20
pg/ml denatured, sheared salmon sperm DNA, followed by washing the filters in 0.1x
SSC at about 65° C.

Whether any particular nucleic acid molecule or polypeptide is at least 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% identical to a nucleotide or amino acid sequence
defined herein can be determined conventionally using known computer programs.

A preferred method for determining the best overall match between a query
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t hereof may be used as di agnostic conpositions for the
detection of an epithelial 20 tunor or epithelial

wo 2enon31426r a human as set forth in nore det ai IP@HEBm06/012425
The term "hybridi zi ng undenistri ngent conditions" as

sequeined (dh se@uiencecdefired: iverein) lafidca 8abjéct SegluRteealsoreMdtéd to as a
of hybridi zi ng, under stringent hybridization

global saaiencshalignmaents sam be cetermaped using the SAS TDBMasIpWer program

vaed 5505, gt g2 Poy 0 Gl B B2z o0

sequ@mwamgrfmentsthegjler;zhadrsu&@cmrsbqbenbedwane BthNALBGuences. An
activity agai nst CEA-positive tunor cells. "Stringent

RNA gggvense;ean BR copmared siLonvertiag)sdodrs.over ni ght
i ncubation at 42 Cin a solution conprising 50%
formam de, 5x SSC (750 mMM NaCl, 75 mMtrisodi um

The mvemtaire)alsoSﬁrdVMeSSfmdlaJphamaﬁlﬁlbel Corripdsifibn Mpnsmg a nucleic
Denhardt's solution, 10% dextran sul fate, and 20

id 3RAURNCEARGAsHRG 2 bispgrifig Séw ﬁ&h%éﬂﬁbman definegebergin. Said
nucle%%?fﬁingaﬁ e th‘%eﬁré d rfo é th&%@?sgpn;grﬁaeﬁ?ééﬁ% ?;?d&’ to treat an

any par I"cul™ar n e| C a ecu

epitheli! yyrapt inde humaat abseSfor&Ol%mBEe%etaH’@%ovﬂ5% 96% 97%
98% or 99% identical to a nucleotide or amno acid
sequence defi ned herein can be determ ned

The iﬁ98¢( it e 'ﬁﬁlé&é% g 53)?1%58@&%@ tﬁiﬁscorgﬁ)‘psmg a vector

pre met or determning the es over

whichre:bmbnbe:t \aemuclacopmd ysewmarﬂ?@ﬁé giért]méd a‘Eﬁl'//eEgZ@@ﬁdtg)LZéédB vector
1
furthe] SGRHSES oIS GRb S0 ETIGE WaCH IS GPatay Bariiausal nucleic acid

@m [ &ﬁ%&

s€q u%hdo%ram aseg'(li'zmr:0 rtg ?é%‘%@? ?%C?nvggto&%r u?ﬁ’aégbret al . 6.

Furthé@oaomne, thepectBr oéth'e presgBrinkdbiidrdAldy)alsd beaa geme)transker or gene
i gnnent the \@ﬂ subj ect |, se uen es are bot h DNA

targe@ééqg{gﬁpésGeﬂﬁ uénbased,Rngatredusing dherapeutic genes or
nuclegd)é‘ i85 intBesD 3‘ Qx Tive or BevN/cS‘Yé‘é?HléUbsal'ss&e%PTHedﬁ%sf fthportant

arnaceutlc conposi tion conprising a nuc
appliG&tDﬁssﬁogmecEaesfenosmgatﬂe vestoes,i miethaxisngl gerdrdelivering systems

for infiq PEEEMES gohe hSgeers HBssibP LG disTetrE ardhaig known to the
person’ Sklledn tHE HPiddeeld §! Eidf@ind, N&u@%mﬁé 284956), td"iM 539;

in nore detail bel ow. ~The | nvention er relates
SchapepHGireraidesit 7€ 411986y #ki-91BnAodensons Scipreev2ss ¢1992), 808 813,

sner S PEAAG5R, 7BLELE' BB SE FARRCRe8 1 0B8F 0771086
Onodugyg B'Icf&oog}’ (wgmee@ese/*ff\yéﬁe!e&u Q-Hl?rha@e\‘\é Tﬁ%ﬁ@ 61998?'2243 2251;

nucl eic acid sequence defi ned above.

Vermgy daduegh BF9 @89& v%@9-8\42| é\r@ﬁrmrm@r@rﬁ%(ﬁmp 1998), 25-30;

wand, (e ETRI A (Todfic o4 kg AT MeR i 2008 714-716:

WO 9&2e16d1ee0)07/00037 US b51580,889; Imsrechsgms US 4,394,448 or
therapeutlc genes or nucl eic acids into cells b

y
Schaper, \GureedrOpinian inoBiatestniolegys7i(3990)k 635-64(k amlsteferences cited
thereinr.rﬁ"i’1r ! Aleic acid molecules and vectors as defined herein may be designed

for direct introduction or for introduction via liposomes, viral vectors (e.g. adenoviral,
retroviral), electroporation, or other delivery systems into the cell. Additionally, a
baculoviral system can be used as eukaryotic expression system for the nucleic acid
molecules as defined herein. The introduction and gene therapeutic approach

should, preferably, lead to the expression of a functional bispecific single chain
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appl i cations of gene transfer. Suitable vectors,
nmet hods or gene-delivering systens 20 for in-vitro or
WO peoviovd2gene therapy are described in the |itRPCHEP2086/012425
and are known to the perséa skilled in the art; see,
antibedy construut dandsfingalt hereinyaicre e sald(é;gﬂéésecﬁ&épéaﬂc single chain
Schaper, Crc. Res. 79 (1996), 911-9 Ander son
antibegly eq;grbstrgn;g |§1@ggt)cula;b/8 l@pgul in sther trqaém@@t amglioration and/or

prevero o s gl T B (o6, - s0-36

Verzel etti, Hum Gene Ther. 9 (1998), 2243-2251; 25
er na, Nat ur e 389 (1997), 239-242; Anderson, Nature
In a fsgbe'( aspAct, theggyention rates\ig ayphasmracentieal-gampositiary gpmprising

< ro s MR LAES 8 54083 68RL kb 4o fBove

4,394,448 or Schaper, Current Qpinion in

Bi ot echnol ogy .7 (1996), 635-640, and references cited
A furihegasprct aividerveriion teiates fe sBhr@AcawicaeaBpasitien as defined
ner 810 R RS BRp HRRLHRECLAD obbolhg Shebie of pryicing an
activatient sigisal(fer nmaderffectorlcells.r et roviral ),

el ectroporation, or other delivery systens into the

cell. Additionally, a baculoviral system can be used

Protefi YRGB SRR LEP Lol Biedl St b dpons o
carrier$ estabitzensarapppr @aigientshoul d, preferably, lead to the

expression of a functional bi specific single chain WO
2007/ 071426 PCT/ EP2006/ 012425 32 anti body construct

In arﬁﬁhé’fefa'sgﬁét hekeifventBf" fitdtes 2t ae)b%@ S o tﬁ@eéﬂofdhﬁhon of a

singl e arn antibody construct parti cul
pharmaedutical comipesitioaaasreefinedabovey aBI_dOIDI’Oﬂ98|$ @omprising culturing a

nost Birdgiiecaapava ogh dociinscaiavanaBe ?g&g‘é‘é}bn%f' the bispecific
smglé’Bﬁéuﬁaéiﬁl%H?%'s cfé?ﬁé@%érbf?%b%%r%hki%e&verﬁd“ _produced bispecific

transforned’ or transfecte vectof ot “d nucr el ¢

singleachaln antitiefly froth tieostdturéd f urt her aspect of the
invention relates to a pharnmaceutical conposition as
defined hereinabove, further conprising a

A furthEPBEPERCTIHE iRRINEBHNE|#EPRPA @s fofy B; B%Eg{;irlg stHyle tRain antibody

activation signal for iInmune effector
as deﬁneﬂeln@rsir;abowaeorpaarpmg:ﬂd bylthe prposss asrdefimnedhrereinabove, a

ool gRB R T AE L D AR lcS2ah BhToqppminabove or
host é@ Gefuﬁ‘é’d3 hbréiﬁaﬂicﬁ}eaf&%é %ré‘pa%ﬁéﬁ%? af ﬂﬁarh’fb%eﬂh@@i”ﬁrﬁﬁ&ltlon for

a pharnmaceuti cal nposi tion as defined above
the pweotlpnotfe@@emrmrareelmahm pﬁanr@lmellalo@mqsncaehumn Another

b nder nditions,allow ressi o
aspe%. getgg qﬁ/enggﬂg[eéatgﬁa % adnrpfeﬂg)&{/q%r %ﬁgf prﬁaé(&np ion, trea?ment or
ameliBeitRinnebay e prAglidleaamotih @hhﬁﬁn?%@@ﬁ*ﬁéﬂncﬁd 28Rpriking the step of
single chain antibody fromthe culture.
administration of an effective "amount of a pharmaceutlcal composition of the
invention or as produced according by the process set forth above. The person
skilled in the art, in particular the attending physician can evaluate the successful
treatment of the patient in need of administration of the bispecific molecule/bispecific
single chain antibody of the invention. Accordingly, the administration scheme as well

as the dosage and the administration time may be assessed by said person skilled in
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A further aspect of the invention relates to a use of
a bispecific single chain antibody as defined
whesogionakeve or as produced by the process as Bel/ERBU6/012425
her ei nabove, a nucleic aci3d nol ecul e as defi ned
the arterecoredspondirgg Vanekorationdamd/oe trésthRintadeohe agkessed is defined
host as defi ned herei nabove for the preparation of a
l33|°V\{‘)har maceuti cal conposition for 25 the prevention,

b RGBS, O BIELLR B B AAELY h80, e o o

pharmatdutital comipbsitipnexfehé iimventiohdatthe ebntext ofepithaliahturddrs refers
of an epithelial tunmor in a human, said nethod
to theb@mqwn@f thee therapentic %gﬂﬂtnsta‘ﬁqﬂam & cbarstr@u, Enedifyt, | cantrol or
(o f
remo?%sen a@fh '(E)é as Iprodu tb%@égcglﬁ % etﬁp‘%}geg t'ca§|¥t effective

amou‘rmmw edfor € thhampeins of tiistapéitid s§emtnsdfﬁ@ieﬂt fo delag or minimize
artj cgl ar the attendi n% physi ci an_can eval uate t

the Sgtﬁ&deg e epithehalntumorgs). v yapeetitally refirative amount may also
f
et 8GN bP vl I SRR SBAE e rovides -

therapbletlcadmnelﬂsnnatheonreacnhene ars mmidgemttbfe tio sggthediat tumor(s).
he adm ni stra Ly()on time may be assessed by said person
Furth@k. 2 tharapsutigs! foﬁetwmzmb@’r/vrﬂqum@z@ therapentic agent or

pharrﬁéé% tﬁaF%éEﬁf’gf’l i drgxferﬂfcr)ﬁl h%"af\% V\t/ﬂQtAgﬂ'ben? f th&?aﬂ:temﬁetagent or

€ assé&sse sed er el

phartaddudical agentralone; opin ‘tombirsgtiont witikaldtlyerethleeapies,ethat provides a
phar maceuti cal conpositjon of the

therasg&méa%t tiR wﬁetr%%meésttordf\aewqrnem of an #RiNglialeiugay. Used in
connéctfo?l \R/ﬁﬁ‘tanaémH it Gﬁthéhtﬁ?ﬁ&ﬁﬁéﬁﬁ fel &a?ﬁ%ﬂhbé%ﬁbﬁﬁ@&'herem the

to destroy, |fy, con enove
term caglemm:lmpmssrran arhetimtcthiat impravessoveralh thampyp eeduces by avoids
nt may refer to th t of

unwaﬂi%fsfa'%‘\e/tgi er 5@ BAncex ihe dherapertc && 26V o OF Sunwgies (gdefined
here|§)°\5/ﬁﬁ‘§n6fhér'1ﬁelea?ie h@'dglébgtp’rr@gréﬁwt a t%&%ﬁﬁ@éib/ égfécjtti"rqg amount

fective anoun e anoun
of a thecapedict mpragesutoveralbhmrapyetﬁdweb argavdids hmiwanted effects, or

enhaies s A aRfUIchETBRRY L0 ANEEiES W, NPt MSFapate agent i
the t@%éﬁ?%'(‘éﬂl'é’plﬁfélﬁpttu Br( %‘);DPBF e‘%ﬁblé eépSi%Pe{:iﬁ%asingle chain

t herapeutic agent or ceutical "adent o
antibodw eatdefinedeaereint hety eamima sifrinkage agfethei diamgéert ofoan epithelial

TR U5T  80Er S o SELBASE FocShie o secon
thera%ﬁuﬁ&‘@ gt BR@nBEEEnCcaF agéﬁtaﬁéeﬁ@med)ﬁeléﬁ/ ﬁ%){ cﬁﬁléeaé tJdﬁHP;éhnnkage

in 15 connectio an anount of bi speci fi
of 10% d@wwe‘(ﬂfanfrb@thtthbdﬂwem‘fo alelglawelnmnrantlbbdy asedefirtmhhereln and

st OO e A P R BRI A oy, o
tumott @ﬁflﬁl@@g’é igf 509 emfy bef oBservkAe'IichS ahasfiéldf isnBHderstood as a

her ei n% wi th another therapeutic agent. Preferably, a
synergrstiapdectiasaused beéeévt i ve anount  of a therapeutic

As rei‘é??éao&oeﬁergvertﬁé erﬁp%&p&f}y” re“afgpsct(?')sanoyr ac?r\r/]f)r{lg?at%rﬁméacrﬁtenge method
and/or agent that can be used in the prevention, treatment or amelioration of an
epithelial tumor. The term “prevention, treatment or amelioration of an epithelial
tumor” is set forth in more detail below. The terms “therapies” and “therapy” may

refer to a biological therapy, supportive therapy, chemotherapy, radiation therapy
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20 enhances the therapeutic efficacy of or synergies
W th anot her therapeutic agent in the treatnent of
w@ aovy/oepeé hel i al tunor(s). For exanple, a bi sprCT/EPD06/012425
single chain antibody as &¢fined herein may cause a
and/ctluthekmeeapiés UBefullimtrebgnest! pasvenBibh el arﬂbnortauaﬁrof ah epithelial
20%if admnistered to a patlent as a nono-therapy. In
tumog efaNgsAr, mar%%\ﬁan@m&tﬁ@r%@feutu c e.g. an anti-cancer

ne VBB 34 161, AL, A P AR Bt o

admisisteringly trRFage bt tiRfapiesad @ Fatient $efiefl té O uction or amelioration
therapeutic are admnistered in conbination in form of

of the, pregrassioap sevarity; @nsvorsduiativagel an epithelialytuseor. Said epithelial

mof5 Bk ¥ ] 85, HEE DR ShyBrsgrasion or actity

of CEmerahdﬁor thieearhelidRatibh &f apie” ol Bbes SymPtaY thereof resulting from the
admi ni stration scheme, method 30 and/ or agent that

admigigiatien ok eaeial reke thesarias i(meluding theradministration of one or more
helial tunmor. The term
pharrﬁg@%q/t@:nf{)%ﬁ!%r?éeeug{&nﬁf@r anel i oration of an
eplthellal tunor” is set forth in nore detail bel ow
The ternms "therapies" and "therapy" may refer to a
The mpst Bepfered trﬁ@ﬁ’%ﬁ)f' admipisyation ds tamemérpyen@wmﬁdmsﬁgt}on over a

given l‘ﬁﬂ%ﬂﬁé’?ﬁhgﬁr |eVﬁ?e299§é$F %%ﬁﬁ; %D anéﬁ{?o‘%o@léé‘ Rfindd herein

or other t erapres u

may peeadministered perrabnar plefemedfis atinsipistiatibhah a tpH@maceutically
or one or nore Si{qs npt ons_t hereof. As used herein, the

acceptablgscarriep e xampleseef: pwitable m@rmgp@mqaﬁ@amq\ystq{@ well known in
the aﬁogﬁ(?)rf]rtnclﬁa ﬁ%@gﬂ%%&ﬁﬁﬁ%%daséllﬁ%r ghNtiGhs t\R}S{ ?W{f&éﬁ%? various

e ctron or aneli
typestdsfeNqntmgr@mtsars,terﬁe\sﬂuttons atw/GUmpbB‘MnSJCbmbrlgng such carriers
itheljal tunor. Said epitheljal tum)r((j may be
can %‘gsfeem{aé@ﬁ Vit Wvellp KRewRAt C%&\iﬁ*@ggabrm%th@ s These pharmaceutical

compBgﬁib% Refre Bbogk?rﬂfnlﬁgéd’ td ¥he Yub T at her éggehﬁose The gdosage

amel i oration of one or nore sy resul
regimenowilltteedetedminedsby e attencﬂlngrpmyermamaﬂd tclmlbaloiaeﬁors As is well
| udi ng the adm ni strati on of one or nor
know H%?

¢l Artsp AOPRGES A ANYCORY PAtISH deppniscpssmany factors,
mcluo(?r?j%ftﬁé sp%r feAPsgize! b%@g‘éllnsatc%aél‘egﬂepéi ﬁﬁeb BQH[C@E&WP%UM to be

ation over given ti eriod.
administeréd,ssesg time asdrglite ohadmirdstratiorg weaeral dfaaftad ahdrather drugs

beingyBTHISIETol FORCTORN TP RAGGIS CaT IRpo el sackinistration include

r -
serE KA BB SNBSS, SRS, SR o
aque@uﬁ fsetvedtsare PpeoRybEne iotyeo), p@yeﬁylelne@godeandwaye’otalﬂe organic

types 0O t ents steri ol uti ,_etc. .
estert 5B A% UL olditer RaPRGLs Sefars e walkh aiedus solutions, or
suspér@dﬂ{d atl"%ﬂJdiW? V‘@élinek%‘h\d“ b@ﬁ@i’éﬂ“m@&@' PRichestal v@Pﬁéf@s include

phar maceuti ca nposi tions can be adm ni stered
sodiumh ehlorigpessilutian, aRIQgBI:aldleétrd%,edem’csed@y’.ktgedlum chlorlde lactated
Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient replenishes,
electrolyte replenishers (such as those based on Ringer's dextrose), and the like.
Preservatives and other additives may also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert gases and the like. In
addition, the composition might comprise proteinaceous carriers, like, e.g., serum

albumine or immunoglobuline, preferably of human origin. It is envisaged that the co-
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regimen wll be determ ned by the attendi ng physician

and clinical factors. As is well 20 known in the
wored7oal42@rt s, dosages for any one pati ent deprRCUEP20POOI2425

many factors, including ti3 patient's size, body

therapyrihight corapriseigin atdditiopatd ithell proteleaguousdbispebiic single chain
adm ni stered, sex, tine and route of adm ni strati on,

ant'bwqéwamerhekeiqghcal%(nacfaﬁ@geaﬁsug@penémgoadtnpnnnéqrae@d use of the
o t
orant RSP oL S ool B B8 Bl spine, o g, oesi-
intestial Lsystfma @edtsmpngsamwtosfatwafplagem meVerﬁﬁnga@?Ipeltmlkemla
sol vents are propyl ene glycol, polyet h)ﬁ ene gl

agentgphibijngcimiprae seagtians (S caricastiemnidss F&G0H). dligarcting on the
cwculéﬁg‘gggﬁeﬁ@éﬁd/ﬁ 595@@ UAS YTy c%q%’(ﬁ@;ﬂ ogglrﬁriéellac?tgés of tytokines

ensi ons, 1 nc InNg Ssall née an

knowRadn ¢in¢ artaPreferaltly ethei ispecific sihgtl ohaintdnibodg asadefinednherein is
' trose, dextrose and sodium chloride

fOquF'Q'%\tggaiﬂéﬁ gf?ﬁ)’(rnée?taé' lizgs anq gespiriactant. TRe haiienmay be a phosphate,
C|traté! eJUc%l e bP ‘ékéf%?e fohffhrd ﬁﬂedstQHfI]Eéreﬁ’fa yioe> ag'ng a%ﬂﬁﬁ acitils) and/or a

yte repl enishérs (suc

sugarRlTﬂ'@esursEamtamsr mmq) be aie@brgbatsl IREGs, 6 #eelikat MKDEE peefdrably, the
t.her addltlves g SO be present such as

b'SpeQBE'Snﬂpge chaip; an QPsde H}ﬂdl hgrairdit §fmhl|ﬁ§€fqaﬂﬂ ififrate, lysine,
trehal%%@rgrﬁi TRREN 8B As %a&ﬁx%n??gr L4 H frachOticaA Wdhid onrhon |soton|c

he conposition m ght conprise protelnaceous C

salmé ahe Tween. 80 seprefarred. bumi ne or i munogl obul i ne,
preferably of human origin. It is envisaged that the
co WO 2007/071426 PCT/ EP2006/ 012425 35 therapy m ght

The tﬁﬁﬂpF rdtl%nagg Js‘gﬂg'h I'ghl‘]: Rﬁer@f to og?r%@#ﬁ ?f%\‘i@foid‘ération in

single a| n anti rt
the se@my of achhﬁeash ng. am emmehatmmtnrd Fos exafpld)esuch an amelioration

h t I S h ts m ght be .
may lg% "Sﬁﬁ%y{eﬁéngﬁ?”phgag cl? §%asqu?]pé SH ﬁorgygqeiqﬂeq,g@,ﬁlymkage
of th@é |'tﬂb£l|aﬂﬁ1rﬁéh§§’)5 §at b%muﬂ%?ﬁﬁ i BYFMdegr complete response, due

hyperuri k agents 1n ting Imune re
to th¢ edministration a¥t theoplarmaacatics| cohnpgsnmm;|oighen|nt/eet|on “Stable

) I t t,em and/ or, agent uch as T-ce
dlseagérgfq %ﬁ’?; or%sﬂ{ﬁe@éﬁl égatSrq’&yt"@w?meQ 1ol ,ﬂgpﬂgant tumor
progré§§|on/§i'mr 2BhY pet BBS@!’V@BGS" fdéieétbﬂ%? ﬁlp?%ep QQ&/OPoﬁ‘étologlcal

ined hereinis formulated in a )
dlagngshcbumeﬂmdsarﬁbraesampha:tanshnriklagebof ftee twayorbgreater than 50%

shrm% ﬁgﬁ% n?rgbtc%gsts%aerﬁlog %%%ga?dq%xeltggbﬁgfmué{/ %@'co-m,%ered as
a paﬁié@?éspo'ﬁhé" S&”cfo%%léfét es P’Bﬁsé’edé’r%téﬁ a&dthte: in mh n@rleélaﬁ ) can
More preferab bi specific single chain

be deia@tedoajw m@raafﬁenéwa&@eet A |resnanaeuwaln @dtunmorcshrinkage between

stablc, WikeSe e €4 L ihpREFe A Belinsiterdo dn 4 Rl dffe. For

instarfi, 12206 28% 6030%Sshikageronth@ i 6F &ok8kecénadl R€as of index
herein refers to an I nprovenment or a noderation in

lesionshaay dedefarjedio as aimniedval respensean epithelial tunor.

The W58, S58Rlbops 42 sl R Bbihsg e rhifon of the number
of epitheliar teshors.alts Nithdfa@®e denotes the prevention/slowdown of tumor
progression. Moreover, an improvement of the overall survival of treated tumor
patients in comparison to non-treated tumor patients may be considered as an
“amelioration” as used herein. This applies mutatis mutandis to an improvement of

the progression-free survival or the relapse-free survival of treated tumor patients as
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of the epithelial tunor(s), i.e. a mnimal, partial
response or conplete response, due to the

W@evi7n7"eE at | on of t he pharnmaceuti cal conposi t PONEPD6/012425
the invention. "Stable 20 dbsease" refers to a disease

compairéd ¢o hon\wWiiatéd Bemer pagerits Jifi AddiBdH, the&m “amelioration” can also
progression/ growt h can be observed or detected b

refer &9 aniegactiom @f he intensityoe| e syraptemroet ae epithalirl Jumpos, resulting

oo BTSSRy 0B 0

IeS| ons nmay be COI’]SI dered as "partial response”. A
"conpl ete response” denotes a st ate in which no
The tegwi prevontioaref2an @@Itheltaédtlewraa§ usedehereireis IOrbatuméiﬁfstood as

ooy PR bl e 140 IRIBLURER s oAt

and/om aﬁtembhemﬂmapeuﬂ?@ror idtidlagieal tealiint 9%%her pﬁ@l%ry epithelial
shrinkage of the sum of cross-sectional areas of index

tumow(é)sule@Yn’a9 the ¢aseethadat Allhimontelisvaeuldely elisunateddrom the

oy By A5 P na Y HOS Sl 540 RS PAPRS 1R BA b, e

local f recuivenoer endenotrestastasedr evehnei patishiowiiastasist 8104 frequent
reSS| on. Moreover, an inprovenent of the overall

ComPSQ@ naf caicery ¥alitha Rrogess thﬁ@w%msch eancemsells inseminate from

e PR ) 198D 045,80 A APROBISE8, BBt cancers

are almbainumthotm ex0eptipr eanearble chisiigehepnegessisi for- iﬁé\ﬁetherapeutlc
rV| or the rel a(%)ﬁeE free survival of treated tuno
modalies. chiesPRARSeAHGa! GRACH LY Ieiouenrvas boaised 1o Kil these

dlsseﬁﬁrﬁéﬂeﬂrﬁd} 8@% i L6 14 ;t{m{}?rﬂaH ﬂ%rf‘nat{o'ﬂ gAdLEL @arg tumors

term "anelloration" 0 a re
(origimdtirtghfeomntherisintor cells tremaining i tise bbdyxraftepphrr@lry alherapy) In this

resul tj nP n an inprovenment of th
way, i PhgTBaceice oqomn%%sm%awaawremt. Ihe sformatipa of local
recurlte‘?{c@a SR BEsBAY nQGm%PB"aﬂ@rl\t’sal tunmor" as used

herein 1s to e un erstoo follows: After surgical
renoval of the primary epithelial tunor(s) froma
ent . and/ or after chenot herargeutlc

h
The SUETES? 68 S ot BROre e ey (14 BFi RRJOE: b @staplished standard
methé&ﬂ‘%’r(tﬁé respedtRg @@e?sﬁ? eﬁ?ﬁ@s téggt b\?‘&hg@9 tertéd t&glob?aphy, X-

coul be elimnated from ver,
ray, mlmiaammayrletmmesoeahee rfasnogramhyr l(ag tfor rNaMnaIeﬁIancer Institute-

crterig 554t [4sRPnsfeassesauent 1EhesaT Z&ﬁéﬁi/ ¥ i G s o 12441,
p03|tr§ﬁféiﬁ|"33|o)ﬁeiorﬁ6§’ra6h?Cﬁ‘:“a‘hn‘irﬁﬁ O S éerﬁ@ P&tlvated Cell

di ssem nate from eprlmarytum)r?s) to Ol‘deS
Sortingp laspiration ef bone marmwa,emlsuzab@r prBtanephfluid, tlsmme,{’mstolages and

Wt hout exce n unc rahl e ra|S|n
variof, FRheld)' €ifp6r, SHEEHE, IRichl atieAnsiy sirireters(e.0. soluble CEA
concd?hl%‘tlﬂiﬁclﬂuéérﬁﬁ{) SdRfsdrt éﬁﬁbﬁhéd"@tahﬂ&ﬁﬂﬁélﬁo@@'ﬂné}ﬁ be used. In
used to kill these 15 di ssem nated tunor cel in

addm@ndasssay@ qetereining Redloadtivation nody bewsedasge ta.lngrO99/05444O

(] e tunor eIIsrrralnln
Statls&g% fl"n r%%}%lﬁg{%tc?h e?faBy?r IﬁusIHYaS progre %smn ftree survival or
relapse-free survuval of treated tumor patients in comparison to non-treated tumor
patients may also be used.

Preferably, said epithelial tumor is a gastrointestinal adenocarcinoma, a breast

adenocarcinoma or a lung adenocarcinoma. Said gastrointestinal adenocarcinoma is
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way, the pharmaceutical conposition helps to prevent
the formati on of | ocal recurrence and/ or netastases
WO poovomaee pati ents. 20 The success of the anti PCT/ER2006/012425

t herapy may be nonitored by7established standard
morenepriefaerabfyor at heolorepsict ipaacdiatieas anenpedoptmgeal Jorbya  gastric

conput er - ai ded tonography, X- ray, nuclear nagnetic
adeneeal6NQA¥® t onogr aphy (e.g. for National Cancer

Institute- criteria based response assessnent [ Cheson

(1999), J. din. Oncol.; 17(4):1244]),
Evenpoerd praferoriext;isaid phangaegdticas compositionesfdthecioRgntion is for the

FIl uorescence Activated Cell 25 Sorting, aspiratiaon of
treatrag/eOhBIAGEAESIR dYIPars, datepatage dHEwrs  fumer, Patienigevith high tumor

Lt o . o . eni : . _
oacsEho e Hifiort 5 Tr=BMARL Wl bR S8 boicentator
highee thare 100 ayimin(asrdetemmingd @ngl ot BEISA)st abl i shed st andard

nmet hods may be used. In addition, assays determ ning

T cell activation may be used; see e.g. W99/054440.
In anotidr é?éf&ﬁe(fj U mbBGintlirk 5T §8E & nMRS lofst%vln\{/gh}ion, said

progression-free survival or rel apse-free surviva
pharmécduticat eoimposition @&t definiesl hareihabpae iis soitdise no rbetaicgﬁIrMered in

tunpr patients may al so be used. Preferably, sai
Comb@'iﬁtpﬁé/r"ﬁh?” @Qﬁlﬁaonaﬁdwggagt 2D PaEt&f @i GRatheshocar ci nonm,

a breast adenocarcinoma or a | ung adenocar ci nona.

Sai d gastrointestinal adenocarcinoma is WO 2007/ 071426
In cef@in ErabodintEhtel2the Wispavific mirgfler cdiy antibtdyr ect ptharmaceutical

ti h I tr
comPRRB & LFINSHENCTETEIS FRINBISSPracbndrorekination with one or more other
thera@i‘é@;‘.r REEEASR! nMBRIREhtXN tpd BE?e'bfﬁEe@iryé‘ icﬁ?fnoraﬁtib%dy or
treatnent of progressive tunors, late stage tunors,

pharnmaceuticpht cempssition habi glefinedoherdinads badménstered to a patient

conc B B reAth ongiPr Mo EIner A2k, EPIaTabis Sueh Sratenie are useful
for the- QeatPrYerﬁLde@%,'tshel(l)i?I tﬁﬁg&ﬁ‘?rTh%r Rl “(%ﬁcglﬁiéﬁgy”%nﬁopﬁmﬁgﬁ to the

uses or netho i nvention, sal
administaatiac efi phaaehaceutpas icompositondedn thedapeutis agentseati exactly the
sui tabl e to, be .?dm' ni stEr d iﬂ conbi.pati.on vvihh. an .
same; J1et Bitar el gt '+, Beant gt e isPegic 1pdlgy chal antibody or
pharri&éditicBl e8OABbERBA S as! MefedPdréin® sid 9tre Ctg\ﬁ}eﬂeagent(s) are

ant1 body or pharnaceutical conposition as d
admimistesédh tosa gtient i e edquenasoabd naitihiona virné ioteevalr sunbr éhat the

. other 15 therapies. |ln certai nbodi nents, th ,
bispeffig Single Eoall Agtts e AhaifacBulga Gonyn tIas (Flapd herein can
act togeMSvith Qhe Qﬁh&e{a?mdtohgwdé hA iAEEL8EE iRt trRarfif they were

_patient concurrently with one or nore other o
adminipteregiotherwisesfaragnampleuench eerapestic agentisesyube gdministered

a tnd Bk AL TS RectBhy U Hhf e s L, peipowever,
not ag?irgglggf?seﬂ%%hecmpﬁﬂéﬁ SHBul @ bet AfhRPREtdCsaEgiBhByY close in
time so as to provide the desired therapeutic effect.

Each therapeutic agent can be administered separately, in any appropriate form and
by any suitable route. In other embodiments, the bispecific single chain antibody or
pharmaceutical composition as defined herein are administered before, concurrently
or after surgery. Preferably the surgery completely removes localized epithelial
tumors or reduces the size of large epithelial tumors. Surgery can also be done as a

preventive measure or to relieve pain.
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20 sanme tinme, but rather it is nmeant that the
bi specific single chain antibody or pharnmaceuti cal
wa@emmpm3i4é on as defined herein and the other apevEPR)6/012425
are admnistered to a pati3g@nt in a sequence and
The woshge amdumts | andr freuensids t bfatadnhinistiatisRe prdvided herein are
singl e chai n anti body or pharnmaceutical conposition as

encor@@@ﬁﬁ% bydheitgrmatherapeuticaiytaftactive’t as dedingd biovagdhe dosage
and f];egﬁl%ﬁr]llﬁ iedn o Ilﬂgpvﬁﬁgg% Q@édr& n_éht%nfac{or% Eﬁég\r‘\gggb %‘,g%h patient

diere of “éexa eac
depengiagt onethebapadific ntherapadtic at priophglattic tagentoradministered, the
uentially in any order at different points in tineg;
Severﬁﬁ%é@etype iof epnB@haA@mﬁr dher @@Itea@f adnainisdiation; a%wedlra,s),age body

h I
weigh RigpionaE, ATk, BRSO blstor U tho Palpfi, SUitapleFediftens can
be seldutedbywriecskilehin iherar by admsidesing rsethsastarsibad by following, for
é) ropriate formand 30 by any suitable route. In
exam@%e(? %aeédfe@@ﬂ@g i the ftesplore fanéi gecw@nr@eeﬁ@q! fAn the Physicians’
RO a utical conposition as defined
DeSkﬁiegrfgl n ar(gggdéf)n&]h?g?g?ed before, concurrently or after

surgery. Preferably the surgery conpletely renoves
Iocallég eplthel ial tunors or reduces the size of
P

In soqme rMBediments.atharapy -y asimigistratioanotitee bispegifie sirglg chain

antlb@éﬁ_\b‘épglt%rgr}dﬁgﬁ%ec%pfﬁﬁmbﬁoé%‘éogeﬂg%gBh??é% 2004 Kihéaswith the

admlrﬁlsteqmm'nof @se of rrantmtnemplw sunh @8 oheMemdnapuesnraaﬁailon therapies
assed by the teég;@ t herapeutically effective”

horm@pal; JBeraRiEs, e ANY/RT ddielgical aﬂwrﬁp@aaquimr@ﬁ@s wiTherapeutic
agenttsyllﬂ'cﬁﬂ'e' 35 Y &rd Jﬂﬁ%ﬁ@édq%tgrofté\ﬁ% Hﬁﬁéédl{fs |ﬂE:Iu%1”HiJ1 but not
batient’ depending on the Bpeci erapeu or

Inmﬂedrtmpfgdmjdesp patypepsidesimproteinss etmbludlhg postetrasidtionally modified
i thelial t e route of istration,
proteigé” aafibodiBs e R uyal adigfles (@55 nsa, TaalnsiatdIganic or
1 [ -
oo o e, S S8 RGP s
stran@eﬂ:tDNA,chmubf&alstkgndeﬁ loowiingie-strandedxRNP| @s wel agetriple helix
sl e ceondi S o 28 Gm io rn
t .
(ncu e SOTROCHATREYf, 419G CORMBHS ) RIS, or wiuses
or fro jbrsiry obayntbetiefralecliésrein is conbined with the
adm ni stration of one or nore therapies such as
chenot herapi es, radiation therapies, hornonal
In a tSpeEiel @ﬁlboaﬂﬁéﬁ’tr PeOhRAh6@d and uses. of the mventlon encompass

t her api es/ i nmunot herapi es. Therapeutic 15 agents
adminigfcatioreof he bl@pemﬁotsmglmqhem aotlbqﬂwoephamm@tlcal composition

os oA S5 B b AT P en BBl perapeutc

agent@‘Dl%bf iapel mhﬂbi@ér%l dfskinaséd Roeh e Gbﬁtlnlboﬂre%ﬁﬁj |Erlotinib (Tarceva),
cules (less than 1000 daltons), inorganic or
anti- EGFR-antlbodnes (e.g. Cetuximab; Erbitux), or anti-Her2/neu-antibodies (e.g.

'\

Trastuzumab; Herceptin) described in the art; see e.g., Hardie and Hanks (1995) The

Protein Kinase Facts Book, | and Il, Academic Press, San Diego, California.

In another specific embodiment, the methods and uses of the invention encompass
administration of the bispecific single chain antibody or pharmaceutical composition

as defined herein in combination with the administration of one or more therapeutic
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or gani ¢ conpounds; or nucleic acid nol ecul es including

doubl e- stranded or single- stranded DNA, or
walouloersgé r anded or singl e-stranded RNA, as wePCT/&B2006/012425

triple helix 20 nucleic aci3d nol ecul es. Therapeutic

agentsyethbt amn Asgidgenesisl fritiitorsy S&BI@V\QSO@QWE@F antibodies (e.g.
(including, but not limted to, animals,

pl a
Bevagizumab; Avastimgismallirmolecsiar sompasndsi(eus ééatalaarb o Sarafenib) or
lecules. In a specific
Cox, |ﬁm5@6r¥redr€scﬁ¥ﬁé ﬂ?{r{eh%rgls) and uses of the invention
enconpass 25 administration of the bispecific SI ngl e

chain ant] bodé or pharnmaceuti cal conposition
0

In angifier ReeciieramHodimernthenaeiass,and: Ushs o5 dhe inentian gfipompass
admir‘ﬁ%trglnc% Of t1Pb Eﬂ:gﬁ@% aoﬁ%ﬁﬂbéd); ??tpgg rﬁ?&%qg:%'l ©Bhipbosition

I hases SUC ressa

as ddfihedasarein, in esrhbinafbivatt tH@OddmmétﬁatE)n sebniomhore therapeutic
Erbi tux), or anti-Her2/neu-antibodies

agents;that ara anlrcaresragants sugk asry- Bwrowapﬁel'-wqovogtaeCapecnabme

Oxah’ﬁ_lggpS '@%g?ﬁaan gﬁt{%ﬁf‘c ;@@fnargiﬁ{;r éss&r%&&he' I'-ﬂoébaage Cisplatin,

Carbdépslatih 0T aNames|(6.gr Duicktaxes, (Raxlitaxe| eddxedbed i the hl&
met hods and uses of the invention enconpass
adm ni stration of the bi specific single chain antibody
OP RAIHRCL Wb itfidla ﬁérﬂ%t Sn it Qﬁaéi tUr%ro?'ugm' a bispecific
tp e ad 0 or

I'nati’on wi nrstration

singlet helnalpetantlboWD Z@OEhaﬁ’rﬂaéé@tB@ll'/ 55121@65vh6&21b%5 déﬁ\ed herein in
agents th?ah?re an i ogenesi s inhibitors such as

combénﬁtqon\)g@: yrditBerapeugic agsalises roghtsnin m@gpeﬁystlc effect. As
used gggr?'ghéﬁﬁ%efé?ha"%%?@%ﬂ?g%f@% % 2 %?ﬁtﬂ@é f of therapies. (e.g., a

) or ors descri be

combinat@noomarbusmmﬁucf singievichdinmantibodyhas nmﬁhedsheaemh aﬁ@S(a) further
t he i nvention encon%?ss adm ni stration of the

theraB?'é‘ﬁfeéQPP%S PRgiet TERRA; sPue) iWaah IBrmpr el thap the additive
effect%oéfpéw WO br ﬁér@@ﬁﬁ@%e‘?ﬁ%@% r(tef%g’r 6RITY ALY ﬂwé’r"?é&gtw?gents)

adm ni'stration of ofe or apeutic agen
For exaenplet ia- bepeeific agjrgles chaiohamtibdgly-has odefireaic herein may cause a

shrinkggife oh 8 ﬂ@%ﬁi@fﬁ&%ﬁ%ﬁa@ﬁwﬁ&aﬂ hadspiiered 10'a patient as
a mo@ostﬂb?éafif 'In ékg)ntF?i"s'rtb%%é&érﬂjh tHérs ?@8@0 fg B%ﬁﬁ%ﬁﬁ@ér’ agent as
It axel e re ly, a

Pacl ) described int
definexdb belosv, apgy cause paturrmtshmkagaof dprs.Hédwevert ifrbmth dise bispecific
a bi speci

singlé, o8 enthody 887 Hﬁéﬁgﬁ'eﬂs?ﬂnﬁ' 302 A hASRTH viNerbigaytic are
adm|ﬁ|§fetré’d?"n E:Bﬁl'bﬁfé@l'éh'lﬁ féﬁﬁrﬁf(aséz e x4 gnsa itimBP sRMAIIGH 8f 56% may

fect. As used herein, synergi stiC
beob;sef\eact to a conbl nation of therapl es (e.g., a

A syrgfstie kel o Bmbicdlion of feisds ﬁ%‘é&%%ﬂmq@a bispecific
smgl@%héiﬁt alﬁ dd?/ é@%ﬁhed\’fﬂéiém' SndPaEftiier ahbipeubdddif(s) as set

ditive fects of any two or nore single therapies
forth @boy;e) pembtsdhemeeoftlnweageaages atyene ©f morexf tbgmmese(e g., one

or moﬁgsh%%@&g é%g&\&? Ia‘ﬁdf;or s rgctqﬁg qda}/dmlms r%ftllolq eq salJ fﬁeraples to a
patient with a disease, e.g. an epithelial tumor. The ability to utilize lower dosages of
therapies (e.g., therapeutic agents) and/or to administer said therapies less
frequently reduces the toxicity associated with the administration of said therapies to
a subject without reducing the efficacy of said therapies in the prevention or

treatment of a disease, e.g. an epithelial tumor. In addition, a synergistic effect can
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20 shrinkage of the dianeter of an epithelial tunor of
20%if admnistered to a patient as a nono-therapy.
WO nococonte@st, a second therapeutic e.g. an ant PET/EPTBE/012425
agent as defined bel ow, n&#y cause a tunor shrinkage
resulbin BfovEd efficdcy of thepapiet He.d) W?bédtﬁ: ageritg)  tHeapfevention,
anti body as defined herein and said second therapeutic
managiegnentaiealisest aadior FBAATALER o 4 pERVatuRor (which may be

: her. ! 1L nk o 0 . 5b ..
essofc] SiAP koot BbrALLOA KBS, U BEonE ety of cEA)
Finallyhsyregrgistic (effegt of a comidmatiuin @ﬂTh@farﬁest@?.@@théraEeum agésts) may

. chain antibody as defined herein and (a) further
avoid; g Fegias pAvel§ener Ynwastegesides gffedis assoeiptask witht et uge of any
: | ower dosages of one or nore of therapies
Smgl(%g‘.%é.g,ﬁy'one or nore therapeutic agents) and/or |ess

frequent adm nistration of said therapies to a 30

patient with a disease, e.g. an epithelial tunor. The
In saigd; co-therapyutan jacdive oagenty sRayde dIptionplly dprlvdedeiny.the same

. . n . er . .
phanh e ARe b0 pBdeh Sk FBHMedi, SR FAF pp§Bedy gefined herein, or
may bssocludéd dh o $dpdrhte phainmmacsiutisal eompdsitian dint thiy Ritiee Tase, said

to a subject w thout reducing the efficacy of said )
sepamater RpadRaceticak EREPestiPan ior suitatlet fermtadipinistration  prior  to,

smul?yr%g)?xéﬁs?lgc&e{c?@ﬁ agm%ygwﬁg@flié@ B4 UticA composition
compﬂ@iﬂgﬁﬁé&ﬁﬁ%dﬂfﬂﬂﬁﬁglﬁﬂwaﬁ@&ntibodﬁaé m;ind@ﬂeﬁﬁiﬁj Thee wdditional drug
therapies (e.g., therapeutjc agents) in the
or pmr@\ﬁqtlsﬁl, Cq%@mgt&%mytpea@nmn-mmﬁmce&m icompaued or a
¢ . o ! ; y _ coci ated wi
protefipe88, S oD 1h B odst ! FBaition gieod atbleyaceous
compolin@EA) is déivaatdgepus ythat ghetpmte’héeenus;afcompwm‘di begd':amable of
.of therapies (e. t herapeuti c agents) may 5 avoid or
prov'&@ﬂ&?@%&@@?%%'%\%l fanimm %f'&%‘é‘)’é §liset s associ at ed
. _ o _ .
Prefeli. 12 JSRiodle ooBAuf OF HAHhotoiRaclius, comppund fmay be
administeréd simutanebhzslyrearenon-sahultanmgousiyt mdth asbispecific single chain

antibqgy’ BS HefjnS j@?%ggagﬁ?'agng bic a1 rﬁﬁg{; S s G gl heteinabove, a
vectof OAPOGAARN -as! ehiRkd hatdifibRas Cor ;eg: rgosf‘igrEQraéﬁned as defined

pharmaceuti cal conposition I's suit

hereinabove. Sreferakly, said subject to bé trebtexhis@islimaas or
followi ng adm nistration of said pharnmaceuti cal
conposition conprising the bispecific single chain

M hkfeﬁﬁeﬁén%?ﬁirﬁ@r%, Bedigyle- chHie g&%gb#ib%ﬁdboé 49 arfiLCEA scFvs

a
phar maceuti cal conposition may be non- pr ot ei naceous

as definegobaceinrmay 1 woojugaterdt dous diagnustiador Hetedbable aagent. Such
t hat _{

. he, addi tional drug is. rotei naceoys ¢ und,
diagrps; ahd icieheSAE benatrndisel B FlBtS ey aRBRRY B8 scFv to
detectal@bbgbsthncey o dexinple #6t vardusorngysieal dh id¥MMeeseradish

effector cells. Preferably, said protéinaceous _
peroxidanse uAtkaline n phoppbateseackeiagalacipsidase.nuy @setylcholinesterase;
prosthetic groups, such as streptavidin/biotin and avidin/biotin; fluorescent materials,
such as, umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; luminescent
materials, such as, luminol; bioluminescent materials, such as, luciferase, luciferin,
and aequorin; radioactive materials and isotopes, such as cobalt (57Co), indium

(115In, 113In, 112In, 111In), iodine (1311, 1251, 123l, 1211), or yttrium (90Y), positron
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adm ni stered sinmul taneously or non-sinultaneously wth

a bispecific single chain 20 antibody as defi ned
woesgionaikeove, a nucleic acid nol ecul e as def i nPAI/EP2006/012425

her ei nabove, a vector as defii ned as defi ned

emittingr wietsld Qising varieud Eisitish @afission temodedpHiesl and nonradioactive
her ei nabove. Preferably, said subject to be treated is

parargagngticynefal ies.ur t her enbodi nent, a single chain
bi specific antibody or anti-CEA scFvs 25 as defined
herein may be conjugated to a diagnostic or detectable

Technigess foSuohjugdtua@mmeﬁe:aml attibedies aare 0gell RRown. Moieties can be
acconpl i shed by coupling the antibody or scFv to

conjugatest: t@%bhﬁﬂ%@‘? pd&amp ip the avtamcéle@nantztgﬁm limited to
a|deh§/H§ cggrf Akags. o8 Iéﬂydr??hﬂ%%%asicoﬁi ;T’énﬁglgltl'é e g%h%?soﬁé‘&%? linkage,

hydrazonetlmktage gnnymatlcamhe@sdabreemmgedIs@ébg@ierally’:l@hrnett 2002,
vi di_n/ bi fluorescent. materials, 30 such as,

Adv. |QQlwe e5 17002 16 AdGitional teekrigues for conjugating moieties to
ihd h h I
anibgGEL AR NP Bnb AT B, S 81 AFBIAT Rfodes For

immunotargetiog @f Drogs én iCareer Thehaps In Momocidnal Antibodies And Cancer
[ ' ent rials, such as, |uciferase,

bi ol
TheraRyiROFIEI 61 bl (BS1s 1R+ 24861 U R cLIRBt 16 di985)nMethods for

usind SR SATBAIRCNBAER pohREFfle G|l B i, g o see

e.g.; Ashkerazi etna(. 90991, PNASt 88n1 0&3&0@53?)%&1&% of an antibody to a
PCT/ EP2006/ 012425, 41 e ng nmet al s using variou
moiety, dPes oot MPEEFIAHIlY d?ﬁﬁj{n dph %sd'r%md B ey 95ew \;I@rough linker

sequ&?&&"%&ﬁtllrﬁ(em Ecul@QSare ?ﬁ}ﬁ?ﬂl&%d‘vﬂ{ Njéﬂﬂ—:l Hﬂaéridqge%cnbed in
noleties to ant| dies are we etres can

Denabda ehpligd99eR| Cln @tahcbohees4t2,483r@0 ridtersbnketoain) 1999, Bioconjug.

rt cluding, but not limted to aldehyde/ Schiff

Chen. ﬂﬂéﬁg sul phydryl 1inkage, acid-labile Iinkage,
cis-aconityl |inkage, hydrazone |inkage,
enzymati cal | y degradabl e |inkage; see generally

In a f(BsthaetaSpeczotme, invédiion BelatesCiel a kit deenprisdg AMis@ddific single chain

antib d%a%'&i% @gd;*‘eégaé qgj\?qsqr%ahclgg:g c%i Zﬁtlélggulml egefzqecfaheremabove a

I O Dr
vectoP/EE‘b‘é'leBé hefSIhhBGE, &7 aﬁ%sté@on Am.agbbv& ugs

Cancer Therapy. I n Mono Ies And Cancer
Therapy, Rei sfeld et al. (eds. ) pp. 243-56 (Alan R

Thesgm%g@e&;r&t&ocﬁé}e}g\gt hOd ! or é eﬁgor Conﬁ L@a{r{gggescription

and Ekémgﬁe%eof tHe rese?ﬁhh@é}ﬂ%n @e@mblnéﬂtgiec%mss%d methods in
10535-10539. The fusion of an anti noi ety

immuaelegynaie desasibedre.gyim éemhroolb@t @l. rMoi/ecuwtCInamgo@c Laboratory

Manzh 358, SR, o tBR POl doiger nid PHToRe 903, Lekovts:

Immuwologylmho@él Mak88E eTh&eSontbralehsivid; Scﬁﬁbéﬂ&é&@ ot Techniques;
1999, Biocon Chem 10:553. In a further

Acadagwéaresg h‘e997n\@ﬂ|]leﬁu%, PeotaineBrateinalnteractiensgsrA dVlelgcualar Cloning
ManL}%'I;S@SI%' ébﬁn& 'L%%Fatgﬂﬁb%ss, 2002. Further literature concerning any one

of the antibodies, methods, uses and compounds to be employed in accordance with

the present invention may be retrieved from public libraries and databases, using for
example electronic devices. For example, the public database "Medline", available on
the Internet, may be utilized, for example under http://www.ncbi.nlm.

nih.qov/PubMed/mediine.html. Further databases and addresses, such as http:
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20 anti body as defined herei nabove, a nucleic acid
nmol ecul e as defined herei nabove, a vector as defined
whergimabove, or a host as defined herei nabovePCTTRRRE6/012425
and ot her enbodi nents are dRscl osed and enconpassed by
Ilwww nebideirtnihpdow httpaiveviniaiioblozendt/, Htfw//ww&sfﬁﬂtch/bloloqv/research
nve Reconbi nant techni ques and nethods. in 25
toolsh ﬂg p@g ATy aggsgngwg to; thespamsepogkillad i the art and can

oo LEEHEL SHENLDY. g SN BRLARDYSL g BT s so o

hanMwmwmmhquONhﬁmemehmﬂade The Conprehensive
Sour cebook of Techni ques; Academ ¢ Press, 1997;
Golem's; Protein-Protein Interactions: A Ml ecul ar
G oning Mnual; Cold Spring Laboratory Press, 2002.
Further literature concerning any one 30 of the
anti bodi es, nethods, uses and conpounds to be enpl oyed
in accordance with the present invention nmay be
retrieved frompublic libraries and dat abases, using
for exanple electronic devices. For exanple, the
publ i ¢ dat abase "Medline", available on the Internet,
may be utilized, for exanple under
http://ww. ncbi.nlm nih.gov/ PubMed/ nedl i ne. htm .
Furt her databases and addresses, such as http: WO
2007/ 071426 PCT/ EP2006/ 012425 42
/I www. ncbi . ni mni h.qov/, http://ww.infobioaen.fr/,http
2/ /ww. fm . ch/bioloqv/research tools.htn,
http://ww.tiqr.orQ . are known to the person skilled
in the art and can also be obtained using, e. g.,
http://ww. | vcos.com For tunor-related topics see
e.g. http://ww.nih.gov or http://ww.dkfz.de. 5 10
15 The Figures show. 20 Figure 1: FACS bi ndi ng
anal ysis of various human CEA-reactive bispecific
single <chain constructs to CHO cells transfected with
human CEA and CD3 positive HPB-All cells,
respectively. As a positive control for binding to

The Figixesgbowt| onal antibody Col - | has been used. For
control of binding to human CD3, a CD19xCD3 bispecific
25 single chain construct as described in WO 99/ 054440

Figurée$: FAGE bindith 'a?13‘l’5%$é b'f\'(/%rloﬁgrﬁdrﬁén G@R—r&é‘étﬁ}é bigB@cific single

represents celTs incubated with pg/ puri f
chaincongiracis tOk@%@@ﬁ"ﬁlt@@fe@&@wdhdlumamﬁ%agd10{28 positive HPB-AIl
ated wi th the.an

cells, FEREBYED: 1S BRI B0nPaHEr PREHLCELy mfcladat SnfiBsdy Cot

1 has ®ekActsed. EomesatrbIvef bﬁﬁfﬁ%% ‘huiBanh %Dﬁcﬁb@mgx@[ﬁ‘ bispecific
the anti-H s anti body det ecti on anti body.

singleBichainngonstruct as descrlbed in WO 99/054440 was used. In this positive
control, the thick line represents cells incubated with 10 pg/ml purified CD19xCD3

bispecific single chain antibody that was subsequently incubated with the anti-His
antibody and the detection antibody. The thin histogram line reflects the negative
control: cells incubated with the anti-His antibody and the detection antibody. Binding
activity for human (membrane-bound) CEA and human CD3 were detectable for
CEAl VHVLXSEQ ID NO.77 VHVL, CEAIl VLVHXSEQ ID NO.77 VHVL, CEAIl
VHVLXSEQ ID NO.77 VHVL, CEAIll VLVHXSEQ ID NO.77 VHVL and CEAIl
VHVLXSEQ ID NO.77 VHVL. In the respective histograms corresponding to the

bispecific single chain antibodies as described in the invention, the thin line
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30 activity for human (nenbrane-bound) CEA and hunan

CD3 were detectable for CEAl VHVLXSEQ I D NO. 77 VHVL,
WERAT/OM4UWXSEQ | D NO. 77 VHVL, CEAIl VHVLXSEQ POI/EL2067/012425

VHVL, CEAIIl VLVHXSEQ ID N@377 VHVL and CEAII |

repre¥eMsXBE@ddatiMe. cohtrdtMhe trigHt ltRick ditleeipreserits Tellgimtibated with
correspondi ng to t he blspeC|f|c single chain

culturgmspggmaé@ntaswag@@ls, they dark: tick peefti Baht)t ke trepresents cells
t
g BT SR B ST,

cells |ncubat ed wwth culture supernat ant wher eas t he

dark thick (\nost | ine represents cell's
Flgurenau@aw@agmﬁlgnalﬁoofpgrwcwar singleg cba@peemﬂEe‘\/gnngB antibodies

CEAIC\WH/DXS‘EE P60 P7 TR SC@All 5%%@1;&' @ggz'os A VHYL and CEAIlI

bi'specific single chaii antl - anti b
VHVL@SEQ VBMU®SE® VIBVNGNd Zn¥4DBA aGEbBbdy ‘GdlLUXtSE@IME}eI‘CEAHetected

111 VHVLXSE 77 L and
by digeti BOA-CORAL VHVAYBEET dDCRO 647 Mt (- GEAabindmg: domain
denv%i—'fr%% rﬁg@lr iAggz ?%I%Wvaé)wM@éghgﬁﬁﬁ binding

domamgéﬁvéﬁ-l\cfgom emAg T34)\66), I’th'lg:ESKllld‘(lﬁlgHﬁhgsg%Q I\I/IIY_SﬂOfTTJMHVL (anti-
T84 L [ 111 VHVLX ant i

CEA éjading ﬁi@m% Fer TR A W&r%msmemmmw?mn fandibodies
and tga‘?] i tfs yH‘@ch %Lg@ﬁ?&@aﬁﬁwbsyé% éﬁ?@?ﬁoﬂﬂ@?ﬁil@@bmmd soluble

humasnoCEhN eNo thimaing GignalNeadiobdiengedsirgtied abssncd of ithe dsaluble CEA
sen e of the soluble CEA antigen (PBS control).
a”tlg%&ﬁg - The indi cated CEA-reactive bispecific
single cha| n constructs redirected T cells to lyse
CHO cells transfected with CEA, in the absence of
Figumo3:u'5lhe irclivated SEEArbattpe bispadfi€Bthgle shainveorSttustswedirected T
To_ de

cells 339554 G, SEhS {rnsredion coith CPfer 8 (e AbaeRss of soluble CEA
Stlmdlﬁéetﬁdfﬁar*?'@P@Sﬂofsitﬁ/esd:‘f'ﬂé ‘i‘/v?@qt\/ db?8s ‘é?fé%¥dr“<§élls"‘% demonstrate

i ncl uded as negative contr totoxic activit
the spgaificityt ofithenreditactead fyrsid, ea t mah-CiAg eeactiviel blspé‘bltDeCEAgie chain

cons gl ] S8R LIRS B S e

+ t n
transf’ébfégr ﬁ?ﬁ%ﬂ?%&?{@;ﬁ@\ﬁEﬁ Wel1§) ﬂj? \}a'r%vci&i\;ﬁi_glg[z&ré#%@hénts i.e. for

SEQ VBMVQaFid \dﬁ)o(l.xoammmumwmm Moaanw\am@m VLVH (both

consiigiEh PinCBRCS BRS TA b SR e arel s, for CEAI
VLVHASED aD NOFTaNIWEL CaHY TCEAI RHVINESEQ THeNOM? oaled (anti-CD3

CEA-reactive bispecific single chain constructs
binding: dpomain déttermiaally) scaud |Qeseh@~m Nenttsansfected €CHEY calls lacking

huma%EéEAs RetdGs8R %grécﬁeé)e{tivéoéo% lof A TO

Figure 4: The indicated CEA-reactive bispecific single chain constructs redirected T
cells to lyse CHO cells transfected with CEA, in the absence of soluble CEA. To
demonstrate the specificity of the redirected lysis, non-transfected CHO cells were
included as negative control. Stimulated human CD8 positive CTLs were used as
effector cells. CEA I-HL (CEAI VHVLXSEQ ID NO.77 VHVL), CEA lll-LH (CEAII
VLVHXSEQ ID NO.77 VHVL), CEA llI-HL (CEAIll VHVLXSEQ ID NO.77 VHVL), and
CEA Il HL (CEAll VHVLXSEQ ID NO.77 VHVL) showed cytotoxic activity against
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30 denonstrate the specificity of the redirected

lysis, non-transfected CHO cells were included as
woegatimes control . Stinul ated hunan CD8 posi t i PET/EFLBG6/012425

were used as effector cell44. CEA |I-HL (CEAl VHVLXSEQ

humanCCER-fransfedtedl, CIdB cdils! Noh-ttdisfédtbd CAHTREEQackiny®uhtan CEA)
VHVL) , CEAIII-HL:CEAIII VHVLXSEQ | D NO. 77 VHVL), and

were gsad|as ALNQaatixe | coptol FBECEAD -, (CEAINLYHBER:ED NO.77 VHVL),

OEA B R AU S VST N7 BERY A G EANL Al rvLxsEQ
ID NOMT- VHMLYf OB ddbidids al Varidbiecéhiog durved fedef) muriBe enAb A5B7,

used as, a negative control for CEA |I-LH (CEAl VLVHXSEQ
CEAl| 5 myariablgtggion degixed |frarmucipinmAb i8d.8Gead CEAL Tefers to a

Va”a%EX{gbiggﬁo @Ar{e HlAbgﬁE@-é VHVLXSEQ | D NO. 77 VHVL).

vari abl'e Tegi on derived from nmurine mAb
A5B7, 5 CEAIl is a variable region derived fromnurine
. MAb T184.66 and CEAIIIl refers tg a,  variable region
Figure, 9] he indieatediC hpereagtiverbigaeeifis single chai eenstaucts redirected T

cos s 390 P11 L B DR eSS, 61 o e
Stimul#tadi humba QD8spositivefCTId ware hsetrasChifectod@ells. The cytotoxic
Stinmulated hu ive CTLs were use

activig ediated df CEAMVEVEH SR IDNGLTT WHTVL e SEA] WHVLXSEQ D
NO. 7Y TR BBy nteing Binodrits of 3aniRe tulPan GEA, up to

1ug/mio CEAI és Buwawiableegiorodémvedligom mufé@\mAls AgBYar i abl e
regi on derived fromnurine mAb A5B7. 15 Figure 6: The

i ndi cated CEA-reactive bispecific single chain

Figuf8 LS eh B C R REPhO B BBl mrectea
cells e GHOnadllsttemsheiad wiABC BASintthe §réddrice sl solutsiethudsan CEA.
ector cells. The cytotoxic activity nmediated b

Stiml&qﬂl@m@ﬁD@mqsétthﬂwuveaﬂdm@éQasmmtwcells. The cytotoxic

o I Vidd t iR by [N Si nt
cctlf s, e IR NEEF DY CEAD RS I BT o7
VHVLw@HAIDVEVHdg inot irtibitede By inicreaging iansoumd ofsBIbld-hamad CEA, up
7: The indicated CEA-reactive bispecific si ngl e chain
to 1n@/psEEA is a variakletregion derivedSrars myrine mAD A8BT s
transfected with CEA in the presence of sol uble hunman
CEA. Stimulated human CD8 positive CILs were used as

Figuref 7eTheringiehled CEALRRNVE bdpdcHict dingle Gaifedhktruct redirected T
VH\/LxSEQQI D NO 77 VHVL is inhibited by increasing

cells tenfyed (HQrcells tianstectetmithCRRA in\thwpresenter ofvaaduble daman CEA.

sty Tty ot B e y0S 505, REEEEBI Wi sty
of CBAIl WBALXSEQ dAPI NO. 1T amnfle¢d ﬁﬁiﬁﬂé&b@%rbﬁsiﬁ%&rﬁb@ﬁt@r&%oluble

of _sol ubl e human CEA. 30 _Sti nul ated human

CEA. (M MV I ipL deriyeddrameaAbd 848t or cel |'s. Wier eas
CEAlI VHVLXSEQ I D NO. 77 VHVL-nedi ated cytotoxicity is
resistant to inhibition by sol uble

Figure 8: The indicated CEA-reactive bispecific single chain constructs redirected T

cells to lyse CHO cells transfected with CEA in the presence of soluble human CEA.
Stimulated human CD8 positive CTLs were used as effector cells. Whereas CEAI
VHVLXSEQ ID NO.77 VHVL-mediated cytotoxicity is resistant to inhibition by soluble
CEA antigen, CEAIlll VHVLXSEQ ID NO.77 VHVL-mediated cytotoxic activity is
inhibited by even low amounts of soluble CEA. CEAIll VHVL is derived from mAb
MFE-23, whereas CEAI is a variable region derived from murine mAb A5B7.
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CEA antigen, CEAIll VHVLXSEQ I D NO 77 VHVL-nedi at ed
cytotoxic activity is inhibited by even | ow anobunts
wo@Roogotubé e CEA. CEAIIl VHVL is derived from nPGI/EP2006/012425
MFE- 23, whereas CEAl is a variable region derived from
murine mAb AS5B7. WD 2007/ 071426 PCT/ EP2006/ 012425 45
e 9. The indicated CEA-reactive bispecific single

il
Figurend; fine dicatedi GEATGRFRNG BigPecilicaiingle tC@a!"y@z@"?r(ﬁ{C&S redirected T

I SAN S
cells @ilscear}ﬂélté %t ﬁv@%h e§eﬂ§%ﬁ5&m§&a§%%§*ﬁoﬂts otﬁe CEA
antigerel NatlvéZMMad/FPBMGEQvéI@ bs&D.as7 éffeatdr @é&ﬂ CEWDIt VH\,CLXSEQ ID
activity is not resjstant to sol uble

NO. FEmaristbecSrtpidsia aalivon nol rasrejanteto, solubles CET GRAIGVHVL is
derlvgﬁﬁoﬁﬁﬁ?\ 1@4 Bgspeci fic single chain constructs

I'rec ceIIstonse Kato Ill cells in the
presence of increasing anounts of soluble CEA 10

' S I d h CD8 t CTL ed
Figurgg‘} (t.?ﬁ&m}clag%qi %@e @ﬁmgm@@g&%ﬂ@él\%m gor\4\slet£uectéJ ?edlrected T

cells @X}s{%@gﬁﬁ@}é:.ﬂt %@P%ﬁ%@é@"fé@% %&oﬁﬂt%lfesoluble CEA

antigéfiVBtimetited dwincgn QD& positdiel TTLy werd nisedi deaffebior cells. CEAI

VHV%&%@@ P&bﬁﬂiﬂt@ A é%?é %yg}tgg@'tmur%@ta@tﬁaw%w@ CEA. In
contra§td 'Gﬁklﬂy%ééq ?e\/mﬂ? frﬁécﬁgtedl?)étgt:% %cﬂ\;lty it hibited

i ndicate eac |speC| I'C SIng
by mcmshguaﬂmun&adof sohmdb CEAneCEAIIt UHs B fefiverk fiosn mAb T84.66,
tra cted with CEA i resence of i ncreaS| ng

wheregg, 1S %ﬁ’a%lP'GHPE' rﬁ’ﬁfjlf mufingmAR AeBAuman cD8

positive CILs were used as effector cells. CEAII
VHVLXSEQ I D NO. 77 VHVL- nedi ated cytotoxic activity is
Figurient: bTheamidh;ate(ﬂGEAm&amlse togs preoificginglefchain obhstrucEredirected T

cells B sk bccelRgarrecion Wi GRS prissRra gmér%as'ﬁg "amounts
of solE:Bl!at EEA é‘rShd:éna%tuﬁLﬂS@%%Lﬁﬁgﬂ Gﬁ@g@bﬁ\vé r@g_rge So%%}ag effector

sel ected cl®ones. Periplasm c preparations o
cells. s@EAIIpVIdVéXSEQ H@rNa@t?g Vet\d-mededed ayldioxio Gictivity is inhibited by
200 000

incredsing BT o solBCE A CRAIVVESS dBived hontid HoRg8.

PE- | abel ed poI ycl onal anti -nouse anti body. ScFvs
binding to cells was nmeasured by an increase in
Figurel dar &wm&oﬂnﬁtrmw@hamissoﬁmeﬁalasmwqarepiataiiohba@onkainmg Flag-

taggel] SETEPTGIRH HROTTs dromgeIFEigLFo0Fe oh gHpES Preprations of
solubhil eért\fesrcﬁemt figgr¥eAtd werel B@d@@gét’!OOeOOIPEB pob,J0BBSEALHansfected
det ection reagents) is shown as 30 filled curve, the

CHO raedlpeEor detentipnsa anenagienal andi- ﬁlraeyamtlbws/ wasiusednigllowed by a

PE-IahEFe #&pﬁgnél %\}gﬁh %%8 niibtglgieSg\# éln }ﬁggﬁ%g !&Cv(\eléi@easured by
an inérea88.in Mudisscende Idtendily 28 cimtbadrBa-tdsellBitRbt Were incubated with

menbr ane- bound CEA on
PBS alone. Fluorescence intensity is blotted on the X-axis, the number of events is

blotted on the Y-axis. The negative control (PBS and detection reagents) is shown as
filled curve, the respective scFvs are shown as grey lines. Shifting to the right
indicates positive binding to the cells. All of the scFvs, i.e. A-121, A-183, A-240, A-
313, A-290, A-315, A4-35, A4-52 and MP2-A5, bind to membrane-bound CEA on
CHO cells. Each of the scFv consists of the murine A5B7 VH region and a human VL
region, as described in Example 6.
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CHO cells. Each of the scFv consists of the nurine

A5B7 VH region and a human VL region, as described in
wazample2é. WO 2007/ 071426 PCT/ EP2006/ 012425 BEOT/EPZPO6/@12425

13: Flow cytonetric anal ysi46 of periplasmc

preparati ons containing Flag- tagged scFv protein
fragments fromselected, Periplasmc preparations of

Figuee, 13p| Flowseytometrig anﬁlmsr%@ﬁmﬂrwlaﬁéw@ prégatationsioonteming Flag-

taggép())o Sg ég&b%qﬁrﬁvnocl onal %lgagd?:l#gg' m@ggﬁ%r})&]‘?ﬁgm soluble

scFv kproten?&agnaémb ewerneohsidédnel 100]000 ITOLQEOI) 00 l(l@,dstran%f—‘éﬁtéd CHO
binding to cells was measured i ncrease i

cells. f@@sﬁmé/ﬁééqul hya a@or&ﬁlﬁgmal @@tlthag @ntlbo@mﬂomdeby a PE-
abelfd BRI kS, AR, SErIBLTRAROI0 Solk Yl b on

increase irhffudresoérce |Hil‘mwsit9@atcompa)@dttb@iellé BRd vwerd idedisstbd svith PBS
r ents) is shown as filled 10 curve, the respective
alones Ffiay

egeencenplansiy igplojterianethe Xiaxis; theynumbenef pvets is blotted

on nRLAEER: e AERLE A BAIbES 4, b haqdly ¢ i g e
urvelVI?ISdOeQaémlvé $tiFve dre shovim asegreguindsCBAIfting (fbl%eeigh&t indicates

thes scFys consists of a hupan VH regi on
positivcPRAIRgh (a1 e GrlS ABROILIYBUMEE: FEhBdcons et MBET0_3-AS 3,

MPS%%\EQQ”% Waoassﬁg‘lj ngﬁ’ﬂvto?'%éﬂ%r%e! ;'ErAe ofPEHO cells.

region and the
EachafibesaistFsheomsists ©f aCitanan rvH r@gloa@hd\themunﬁam\/t&egmn A240,

h
as de50dpeq i EXBINR e A0 ARROIGA & & SCEVEONRIRBg f ihe drtine ASBT
VH réion ERE-thk'n %r‘\ L Ag‘%f??@cgldr?l msﬁ'a u?tféj}dgb@ﬁlsoz@EA-bmdmg

represents cells inc

activiyuper nat ant of transfected CHO cells incubated with
the anti-H s anti body and the detection anti body. The
thin histogram line reflects the negative contro

Flgur‘“ee‘IJlSFA@fSJBﬁ‘fd% WhbRsishsr fridushamant¢ Eﬂ%a(ﬁ‘ﬂfé eicirm]‘ic single

detecti on anti body. “"The human bISpeCI IC sin
chainanonstoubps donKataudhl scels Hmd HEBGAIVLCE%Q‘GSDeNﬁ)/éIV \T}H\9!Lth|ck line

repreSpRiEros SOMAPIPAIID BT GUtiehSHRSTEICR KaRsfeciad SHO cells
mcubﬁﬂa‘i‘i Mth ﬁH@BJth% arﬁ’tfbddE/’Barﬂsl the® BblettiofrEMitib ?H?A@ﬁg thin histogram

with the VH region o
line rbﬂems rt@e dmgatlve @entmbd:eﬂls omub%e@\fvﬁm theoasti-Hie asnabedy and the

deteciy 9B THeckimen e gl that enipd”ShlsiRiots As V-

A24OQ¢LW&3EQQDSND€717 VeRLLeBY YHREUG SIS EA fﬂDSNI@thH‘MLt Bnd D8 VH-

in the absence of soluble CEA. Stinulated human

A240058<&E@||D|N@ 1GTVEhebind de dtiman 6EAeenr Kate selissand to human CD3

on ML ALV AUO USRS OB 58 of

CEA Vinding &8m¥irt der@drarhiranb ASE? sHowde sarfle BrlindHctivity.

Figure 15: Cytotoxicity assay of the indicated CEA-reactive bispecific single chain
constructs redirected to CHO cells transfected with CEA, in the absence of soluble
CEA. Stimulated human CD8 positive CTLs were used as effector cells. Cytotoxic
activity could be detected for A5 VH-A240 VLXSEQ ID NO.77 VHVL, B9 VH-A240
VLx SEQ ID NO.77 VHVL, D8 VH-A240 VLxSEQ ID NO.77 VHVL and CEAIl VH-
A240 VLx SEQ ID NO.77 VHVL. CEAI VH is a VH region derived from mAb A5B7.
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A240 VLx SEQ ID NO 77 VHVL. CEAl VH is a VH region
derived from mAb A5B7. WD 2007/071426
weO/BPRARO6/ 012425 47 Figure 16: CytotoxicityPEEER200€612425
the indicated CEA-reactive4bi specific single chain
constructs redirected to CHO ceIIs transfected with
in the absence of soluble CEA. Stinmulated hunan

Flgum’ép&y‘tqtpaﬂeﬂbﬁ@a dhgdedicateds CRA-tagctive Qigpecifig gingle chain

cons 4 PSSR S EHARURLD ) CELl o ilo of ol

CEA.N&limdlatéd/humai0D8Lp stV TEEverD lN@d7§s \éfﬂhfbtor aells ALHO Figure
VL- CEAl VHx, K SEQ I.D NO 77 VHVL. Fjgure :
demqaﬂr@feowefw'caggwyapr ﬁ?éol\ﬁWaV@dSEQMQ NRFTVWHVL, A240 VL-
. A . c . q
59 VEHGPEF | N7 VAL AR VLIBRIARR SERF [ NG 971Vt A2a0 .-
CEAISYHxIBIER ITRO.7%tViHVLat ed human CD8 positive CTLs were
used as effector cells. Cytotoxicity against CEA+
target cells is shown for SEQ ID NO 77 VHVLXA5 VH A240

i S ] L I 7T )
Fgui 1 E bl atde) g 1By 2 A g cra
constaunts $Ed;_ir¢dibedl(tb THUH&lsCEah sfetied. witty G A uinethg8absence of soluble

{ ot Oxi of .t he di cated CEA-reactive

t -
CEA. @'BB@‘?C,: M\ dﬁ@%&ﬁlﬂye @Eﬂawettése%ﬁ eHeeter cels. Gpdotoxicity
caarBEQENS [AGBL eEke, chin B "Seanc 00 RS ekt an, sea
ID Neff7e¥tMLxBO VEI-AZYD MLo>SEQ lﬁJ:NO/WWHVLxIDBM-HAM(BEQ SEQ ID

nO. 7y XL R A BRI -t B HEER ML G |

NO. 77 VHVLXx A240VL- CEAl VH and SEQ I D I\IO 77 VHVLXCEAI
VLVH. Figure 19: Cytotoxicity assay of the indicated
FigureEA8r Eytatoxicitpiaspay |df|tbesindngiatedcﬁ&ﬂqreacbmtbimﬁdﬁc single chain

cons s B e B LS TR Ay A of soue
CEA. aSﬁr'nG%‘ﬁed ﬂu‘rﬁ'ﬁH apgl ‘?B§WQ EHEs RRsblised &9 le?fe\éﬁfrecéﬂ%e@:ytotoxw

as effector cells. The Figure denonstrates
activitye s sshavoe fof SEQodBxNO. 730VI-MLD<3A240 MLAD VHsp’éEQ‘lIB NO.77

VHVISARCEER, UL B STBNERTF Y adiad Slnd M. 38 $5Q 10 No.77

VHVINRAZA0WHGE AngH BAd\SEQABONYL X7 SRYLXCEAYA/H VHVL. 30
Figure 20: Cytotoxicity assay of the indicat ed

CEA-reactive bispecific SI ngl e chain constructs

cell ec Wi t A in.the .
Figuree $47 EGAGtErtRy Hbal & 1fe UBREE GRA Sl Hamgtifc Single chain
constAitts 9RsireStdd b atHD hééﬂ%ﬂ thlpRfaraed tiite €EAS inWHe preSénce of
as effector cells. Human bispecific single chain
incregging ragunis reftsalghle CIBA antigen. Stimulated human CD8 positive CTLs
were used as effector cells. The Figure demonstrates the resistance of cytotoxic
activity of human bispecific single chain antibody constructs to soluble CEA antigen,
as exemplified for A5 VH-A240 VLx SEQ ID NO.77 VHVL and B9 VH-A240 VLx SEQ

ID NO.77 VHVL.

Figure 20: Cytotoxicity assay of the indicated CEA-reactive bispecific single chain
constructs redirected to CHO cells transfected with CEA in the presence of
increasing amounts of soluble CEA antigen. Stimulated human CD8 positive CTLs

were used as effector cells. Human bispecific single chain antibody constructs D8
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WD 2007/ 071426 PCT/ EP2006/ 012425 48 VH A240 VLXSEQ I D
NO. 77 VHVL and CEAl VH A240 VLx SEQ I D NO 77 VHVL

wa@bk@a/o3hiesv resi stance to sol ubl e CEA anti gen. PCTYEPB06/012425
21: The indicated CEA-reactBve bispecific single chain

VH-A40sVEXSEQ N0 .ZZt\dVI amkI0BAIt WHIAZE) OiHR SEQ D NO.77 VHVL
transfected with CEA, in the absence of sol ubl e CEA.

also show resieiapeR 1Q selebleneEARMIgENei ty of the redirected
F |gu}ey $1:SThd m?j'é%té‘(ﬁ' %JfEe/g'@éjct% %&#lﬁc %@%8&%% Bgﬁgtr@%?[gdlrected T

at I've contr ol ate uman positive

cells wrlyseJMasellsetfémeotedeltlh SCEN#DtH&aB@eNd:ﬁ%E@dIJbIe CEA. To
NO 77 VHVL, SEQ I D NO 77 VHVLxA240 VL-B9 VH, SEQ

demaqstrate (he/srReaficty ab e vedirested lysigspnviransiectad deavcells were
o' SABFEU RIS 1) COMDIRIERE s ngro oo as

effecl@H@edieI A246i\JHB9O XHXSH@ IDNNC:2T ali-l‘(ZlEASEQiﬂDIN@ 77 VHVLxA24O
B‘% spegfl c .single chain construct redirected
V0L- OV||-|y

ECIHNSEAL \HdVE$BY Y "ﬂ‘h‘é?‘]& ¥be58e\/ 'deZﬁ‘Q\ é’r‘-é§§|Q1!P NO.77
S
VB EE ) S/ CR BB BB S QU ERD) agans

humaﬁ&EAEtr&l@fédteVWHOnmﬂsaﬁ |gdr@)2120ﬂ'hm indicatdd €EWyreagtive bispecific
resistant to sol 15 Figqure 23: Hi

h
single: g &PPéHUEtar@ﬂUﬁCf@QcThaﬂ'b%tod)ﬁ% HQ A 6815 ldhe presence of

s \'
e ARty ] 5L QPALSHERASiHEIar S A EBRYHCRR were
used agaffeictoradetls g&24@s b‘LeB@sV}di SB® 1D ND.&7\/Hbenediagdecytotoxic
. .pea tect how ng hi gh honpgeneity of the
ac“‘”@'dﬁﬁ?'ﬁ@l” SLQ CZ\QA Protein stability assay based on
t he assessmant of cytotoxicity after 20 incubation in

. UREN . : o ’r o

Figurl 280 RSBl Rlien BEogds ATHEKERE ALl bloecic singl

chaint ¢mﬁuetmeVWElB@EﬂdeEQtIUEN®$EN}¢VDf theobluk! Ie ©pper curve)
Sti nmul at ed human positive CILs were used as

showgfthgcevsiralt ghasge m_fomg Wfetheqeigteint Qireesingie psiakswas detected

singl e chain construct
show@?ﬁbbb%e\?hﬁgggﬂf‘egg%t%t.\/WL i n human pl asna.
Cytotoxic activity of the construct is 25 not

FigurenRivenegsh tﬁtatﬁilll@'sﬁ?séy ‘bbgécﬂlsorU'tl‘i’@ras%@é§ﬂn@h?%fc@)totOX|C|ty after
conditions. Figure gh resol ution cation eXchange

incubgtie it byMmam efasnie: fbrs%ﬂdm The @Eﬁgne@ctlmamap@mﬁmmm@e chain

constggcf?\[g&rggﬁé V¢N 5 @ XrlalnAﬁe&gq%/ With g bl o g%lcj:g RSt soluble

CEA.[Btirhelafed homahi QDBepstiRNETLavRSTet tisd B@'éﬁ@@t@ﬁ'de}‘ls ofhe Figure
t he bispecific si ngl e chain construct SEQ ID NO 7

demopstraiesithevplasma stabiityof the bispecifie singletabiain §t>|a$irulqttA240 VL-

o0 VAFSEA 8377 VAL I AT SO BREAEhAY, b8 copsct s

not influenesd by plasnpmtsihgiumder physiological conditions.

Figure 25: High resolution cation exchange chromatogram of the bispecific single
chain construct SEQ ID NO.77 VHVLXE12 VH-A240 VL, the blue line (upper curve)
shows the overall charge isoforms of the protein. The Figure demonstrates the
homogeneity of the bispecific single chain construct SEQ ID NO.77 VHVLXE12 VH-
A240 VL.

Figure 26: Protein stability assay based on the assessment of cytotoxicity after

incubation in human plasma for 24 h. The CEA-reactive bispecific single chain
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WO 2007/ 071426 PCT/ EP2006/ 012425 49 construct
redirected to CHO cells transfected with CEA, in the
wab@ence2ef sol uble CEA. Stinmul ated human CDSPEDEPL00&/@12425
CTLs were used as effector 4ells. This Figure
constegstoeglirestedstot G loafisaratistdrtéd twitho CEA anthe pstsddnice of soluble
single chain construct SEQ ID NO 77 VHVLXE12 VH- A240
CEA.BtiIMHlateBHMANG RS, Pasitive: 6Xle werei usedyapeffegler cells. This Figure

u ' 40f C pae] ej
cemd Rl plss 30011 FRCHPBTE! 008 AHh it sEQ 10
NO.77nAHVBRKE 82 CEHAA248CY L \re hbivedpepliabma. TytdtoricCagtivity of the construct
. construct redirected T cells to |yse CHO CEA+ cells
is notj ipflygnceg s Rlasmagproteins HadenphysiRlagical eanditionsl e CEA
antigen. Stinulated human CD8+ T cells were used as

FiguL A ¥ Eptd ESh TR Rt Shg ol LS tea T
cells %iglelgéUPV@I(YEAh%bllé fn fHeSprebande bPinsRid4M arﬁ%ﬁntEsxli '\?yllféole CEA

) Ipvvln&Exan'ples|IIustratethe|nven|on: _
antigan. Stimelatad bumen G detdlls werenisedrasceffedtoncdlisnmiihe dispecific

singd SR5F RRBEBCSEARATEL & et Sl i arotoni
activi(yf‘thﬁﬁi% r@@%téritcto galublacma.cel | |ine; ATCC HTB- 103) were
used to obtain the total RNA that was isol ated

according to the instructions of the kit nanual
(Q agen, RNeasy Mni Kit). The obtai ned RNA was used
for cDNA synthesis by random prined reverse
transcription. For cloning of the full |ength sequence
of the CEA antigen, the follow ng oligonucl eotides
were used: 5 CEACAMb EcoR 25
GAATTCGCCACCATGGAGICTCCCTCGECCCC (SEQ I D NO 74) and
3. Vb Sal | . GTCGACCTATATCAGAGCAACCCC (SEQ I D NO
The f?'@"f"%"'?ﬁl@“ﬂ&fra}ea EJAVERUER C for 5 min, annealing
at 58C for 1 mn, elongation at 72C for 1 mn for the

first cycle; denaturation at 93C for 1 mn, annealing
EXAMPLESCf oGemnerdtion ofoGHOI wellst traagsfemted nwithf durBan CEA

cvcl es: termnal extensjon at, 72C for /5 min.
(carcfigaRBry i ArterkeeIatal fe)! dhésian Moleriled: (EAGANS)

was subsequently digested wth EcoRl and Sall,

ligated into the appropriately digested expression

CEA-pesitive Katw Il peiisR(human geatiist caraipamancell ihe: ATCCTHEB-103) were

o 56 AR SRRSO SRRt e
manuaNiQRIGEA S RNtasWMidd Kit). OHed dbtaitied RRAOQBS Qkeddar cBNA Benthesis

Nati onal Center for biotechnol ogy information,

by ramderp-primeghrenstsse fanseimtioge oy ciomng ef thedir lanigtneequence of the
cen PSARER B YEAFA RIS RS ST Ay EooR
GAATEOGYCACCAT GBPAGTCTHECOTBGGCCCC (SEQ ID NO. 74) and 3’
CEACAMS Sal | GTCGACCTATATCAGAGCAACCCC (SEQ ID NO. 75). A PCR
(denaturation at 93 °C for 5 min, annealing at 58°C for 1 min, elongation at 72°C for 1
min for the first cycle; denaturation at 93°C for 1 min, annealing at 58°C for 1 min,
elongation at 72°C for 1 min for 30 cycles; terminal extension at 72°C for 5 min) was
used to amplify the coding sequence. The PCR product was subsequently digested
with EcoRI and Sall, ligated into the appropriately digested expression vector pEF-
DHFR, and transformed into E.coli. The isolated plasmid DNA was sequenced and
compared with the established nucleotide sequence of CEACAMS5 (NM_004363 at
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Laboratory Press, Cold Spring Harbour, New York (1989;
2001). The clone with the 5 verified nucl eotide
waeguenaes was transfected i nto DHFR defi ci ent BHOERBN06/812425
for eukaryotic expression3sef the construct.
the NatibaalyGenterfoobigitecrmapsgs siformationDHER://vdewirobé nim Gitgov/) The
cells s perforned as descri bed in Kauf mann s(tKauf mann

aforementioneq,p UESS, Jwefe. caseeq 1@@0)accgg17036@ agard protocols
(SamBFHBH T INEREEQTr OEIdH] CWSLEpSWw a |ha?°|{ay Spring Harbour

ncr easi ng Concent 1 ali ons o
Laboxabmdﬁttelsat Cotd 8pring Harba0r, NéwL ¥ okl X198t 200rangthectlede with the

verifiqulr{géle\ﬁlr gpé\glnedicg%/%gp{ggrrﬁ E)g( rdgﬁ}st%glgléig& gEAqlggt Cq-‘fg cells for
cukalfeRE-LRTEESR oW Ind LR R o i8R, Bopeifgh™h O

deficibrbiGH@r sells Wwasmpetforridd &SA)escriibed bnnKaofmarin t(Kaufmann R.J.,

e S o S
induceb ¥y icteadiy bodtbraMiE of WX §5% fralgRRPBpRRETTE bp fo 20 n

MTX.FG& tr(anhﬂeateﬁecblfsrwenel]itmndeatedl—farrbup@ss@er ofe@f A arfiglensusing an

FACY Besat Fasiaet bbnse r sl DE fgaﬁﬁégﬁ%%?%mc@bs?%é with 5 pg/mi
of th@e%%lh‘r"rﬂé‘ ehogbhsl fdbdﬁgbag 8351_81' @nSMSYG 2PEABX, Neomakers:
escri rrent

per f orne rotocols in
Frembm;mﬁ}A o@BSA)CoTThgabindingii sbdb&, antibony | was 6bte¢;b&1h withi a R-

b W | 2
Phycose s R Mo A b SHSeAr G )2 Brarhenh 58t AT fRouse 196, Fo-
gamnsa Hradhent %rget::m% BHEBEYCEAiIRBY | 9900 Wh}gi IﬁBS with 2% FCS

CGenerati on i'specific single ¢
(obtaiedifhardiRian@da, mmbatg GermiasyecCelicweienghalyzédhby flow cytometry

on a Rk g eretEaeter DIPKTHon R MRIRES) CEAC S TRURe 260 fppqsuring o
the f@%r@sc@ﬁbmﬁ%r@? ferai gbritrinad Qén@éﬁﬁﬁb%@eﬁ‘l flerl'etrﬁ PRitocols in

he human CD3 antigen depicted in SEQ I D NO. wer e
Immum@k)ggyn etCaligapet Kouisbeek TablaeguliesTh SMNaMgamelnt Stsbbeme Wiley-

er S Stk S T, B AR A a3 ARl osive

stalnlhBGForbﬂh%Ffﬁﬁhéh CEA BAfigershai n anti bodi es as defi ned
hérein has been described previously, e.g. in

W)2005/ 040220. 1. Formats of bi spem fic SI ngl e chain

EXARBLE GefptairH 57 CEAREDE bihdiht sidls3iiain Hhtibodics

PCT/ EP2006/ 012425 51 SEQ ID NO. (amno acid Formats

of protein constructs sequence) (N termnus- C
Generalyxibifperific single chain antibody molecules, each comprising a domain with

binding specificity for the human CEA antigen as well as a deimmunized domain with
binding specificity for the human CD3 antigen depicted in SEQ ID NO.77 were
designed as set out in Table 1. The arrangement of the V regions in this CD3
binding domain is always VH-VL. This de-immunised anti-CD3 binding domain used
in the bispecific single chain antibodies as defined herein has been described
previously, e.g. in W0O2005/040220.

1. Formats of bispecific single chain antibody molecules comprising anti-CEA and
anti-CD3 specificities (Table 1)




2 SEQID NO 77 VHVL x CEA' | VLVH 4 SEQ ID NO 77 VHVL
Xx CEAIl VHVL 6 CEA | VLVH x SEQ ID NO. 77 VHVL 8 CEA

WO 20801426 SEQ | D NO. 77 VHVL 10 CEA || VHVL x BEQEPID06/012425

NO. 77 VHVL 12 CEA 11l VLVHAIXx SEQ ID NO 77 VHVL 14

CEA I'l'l VHVL x SEQ ID NO. 77 VHVL 16CEA| VH- A240VL X

SEQ_ | D_NO. H) 8 A240 - H Q1D NO 77
SEQ IDHVO. 20 SEQ I D NO 77 VH\/LXCEAl VH - A240 VLY 22

amin%%cl'g iGormatspfprofeinsppstiucts cEA | VH 24 A5 VR -
4 26 A240 VL - A5 VH § SEQ
Sequeh@ej\lo f&ﬁ&ﬁ”@?@é&ﬁ‘% 77 VHVL x A240 VL - |A5 VH
0 SEQ)i D NO. 77 VH\/L X A5 VH - A240 VL 32 B9 VM -
/—\A4U | oY ) : P H VAUV B9 VHE X SEQ
2 | D NO D |LA7 k/LxBQVH-4OVL
4 38 SEQ |SE(N(1DNO\7IMHVLA2@EA\ALVHVB9 VH 40 D8 VH -
A2 A0 x_ SEQ | D NO-77 VHNVL 42 A240 VI - D3 VHIx SEQ
6 1DNO ﬁEAN/LVLthX%Qﬂ@N@FhVWVL x D8 VH - Ap40 VLU
o, =¥ A5—VH- A240

10 (U "" W‘ O
8 Wru x AEA VTS SESIONGITVED Mo 77 Vi xhs

10 V- A24Q'GEA 1IIMAVBS SEQABANOVEF VHEEQ | D NO. 77 VRVL
132 SEQ 1D NO 77 VHVI xR VH- A240V1 # 134 D8 VH A240

12 vL# x é‘c@Abl MDVWX\%@IDMBEBQWD NO. 77 VHVLX b8
v-‘|v-I- A 21 —u- z 0 06/0 = 143
14 SEQ ID ’07 T,‘O ﬁ R Ar. \7/L hE aforerrent| ofed

16  constr @EAW'PJLAQEIOVE)JQEQVIWN@PT?V'H\H_W charm VL)

and vafi able heavy-chain (VH) regions specificjfor
18 the hu 40NA -aGEAJeH okeSEQeIH) KOoAt VHVL
20 SEQ ID NO.77 VHVL x CEA | VH — A240 VL
22 SEQ ID NO.77 VHVL x A240 VL - CEA | VH
24 A5 VH — A240 VL x SEQ ID NO.77 VHVL
26 A240 VL — A5 VH x SEQ ID NO.77 VHVL
28 SEQ ID NO.77 VHVL x A240 VL — A5 VH
30 SEQ ID NO.77 VHVL x A5 VH — A240 VL
32 B9 VH — A240 VL x SEQ ID NO.77 VHVL
34 A240 VL - B9 VH x SEQ ID NO.77 VHVL
36 SEQ ID NO.77 VHVL x B9 VH - A240 VL
38 SEQ ID NO.77 VHVL x A240 VL - B9 VH
40 D8 VH — A240 VL x SEQ ID NO.77 VHVL
42 A240 VL - D8 VH x SEQ ID NO.77 VHVL
44 SEQ ID NO.77 VHVL x D8 VH — A240 VL
46 SEQ ID NO.77 VHVL x A240 VL - D8 VH
126 A5 VH-A240 VL# x SEQ ID NO.77 VHVL
128 SEQ ID NO.77 VHVLxA5 VH-A240VL#
130 B9 VH-A240 VL# x SEQ ID NO.77 VHVL
132 SEQ ID NO.77 VHVLxB9 VH-A240VL#
134 D8 VH-A240 VL# x SEQ ID NO.77 VHVL
136 SEQ ID NO.77 VHVLxD8 VH-A240VL#
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nonocl onal anti bodi es, hybridomas or obtai ned by phage

di spl ay gui ded selection 5 (PDGS) were obtained by
w@ene/0smed hesi s and subsequent cl oning i nto anPCT/EP2006/012425

expression vector conprisisdag the CD3-specific VH and

143 VL corrtlismnrmo.ﬂmwmenatvmmmwmd bispeci|fic

singlelchain constructs can also he carried out
according to reconbi nant techniques described e.

e SOt Ao R g ) i

heav;bcnalmngvalig) rrmgmom:snrsm@fmw der t thea hdenarmMmOBAZ %ﬁ\tng@ﬁadénved from
wi t h bi ndi ng pecificity for the human CD3 anti g

monwmaéﬁnah@élﬁénhyemd@rﬁas\prr@@tam@ by phage @éphamwd@@ selection

(PO B BB AR 0 AUFREGEA o R S0 rssion
vectoe Obmlpmgdumgﬁbmsfpﬁcﬁ@ WHWVDQ)‘OmHm@t&jr@ THE-gdneration of said
domain is depicted in SEQ 1D NO. 77. CEAl, CEAlIIl and

bispegifia| single fhain |C@n§t5uct§ @M glspsariadcpuoassardiogi to “recombinant

t Vi
teonriRd S8BT URSSHARIAN fok 1, A BE D phifffha, teretor i
provideBior e dn VeO, 991054544@& al., Int J Cancer 57 (1994),

2 T84. 66 ( Neumai er, M et al., Cancer Res 50
The qnlt'g@@;? bipging. d@m)a"hﬁerrmrz@ tosaedRrimmunizedeierpaBnvith 2binding

speciﬁ%@pﬁar' th@lmgcﬁzﬁggééﬁ ftl'iée fégfaqﬁ?nent%t@“é/ Fe:éons of the

deimmdized santi-2D 3 WimdinyLdaraginoin thé h Higieecifiomsingle cha|518 constructs

ific The generati on of the_hunman AS, B9
describesl W&'mﬁl@'wyﬁe iofls The gegespanding @miee Acid ppquence of said
VH-VERIM4iR3s geé‘l'&ﬂed7|n 388 IPPREL 9 FPERHN N E%&‘lcér?d)f:‘esi\?h%pgmﬂc for the

am no aci equences o bi speci I'c single
humaantarbtmbieeﬂ)rylemcrar’ﬂ@énhemrﬁalm theevariabie Illght-t:hans(em)@imfvarlable

e T gt ol AT Ao o
Cancgﬁ§?(1§’§‘43} B7- 7"22@84’%5%{) umdisr r@ra’%t 'C%P\c@]" RelSPHY0), 2128-

constructs tione ove cén be
34) aadd‘dFEl+2&g(Boarhmhl\/thé Biecksmal )2 (Z@pD)zrﬁe‘rﬁ -28), sespeadtively. A5, B9,

nodj t t t hod [ the sco
D8, ¢ Efe ‘Fer SameaiY i 18giine ShRCIG/ar hagan Chan ahaTgas A240 is a

I
humaltwh \ZlP?égpéh withl the s%n‘?é‘% ?.ﬁayem B é”ﬂ%ér&ﬁéﬁ Sﬁhrfgoﬁﬁ’rhbﬁ I BY, D,

or ement | oned ity and
E12 aatdmARADz &M regioins Cix3 cteSE@dadD NOdefil ispExamiptes 6 and 7. The

corresgfidrudalp A B B0 <Ea rwpst Schlk Dipgolis BBdle chain

antiboteé Hesehitvy RERir SrePdidimid the éé&@bﬁé@%fmgg singl e WO
2007/ 071426 PCT/ EP2006/ 012425 53 chain ant i body

fragrrent. To this end a two-step fusion PCR was used

i nd BB ok b0SATSHUTTE CERA N SBE AR Yo 5= 10
NO. 6P@6ﬁ§lf&'ﬁttl§%e|§@ﬁb@@$@¢né‘fbod‘étaw ThERnefAtIHN bf/trfeeéthleP IcBBstructs
mentllogecfil aSblor\]/g ceancbcil Ipnerformed accordingly with the necessary implementation
of modifications to the methods being well in the scope of the person skilled in the
art.

To generate bispecific single chain antibody molecules comprising the
aforementioned CEAI specificity and the deimmunized anti-CD3 (SEQ ID NO.77)
specificity firstly the variable regions of CEAI obtained by gene synthesis according

to standard protocols had to be modified by PCR to obtain the corresponding single
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anti body connecting the two variable domains with a 15
amno acid linker ([Qy4Ser]3) 5 in the order
wbkeozionkses - VH. I n short the followi ng priner PCT/EP2006/012425
conbi nati ons were used: PCR3Used PCR Used Resulting
chainsfFepntibodefragsieep. Td thisendss fwo-sledfusiod POR was' @%‘ to amplify
VL Linker -> Fusion 5 CEAl LH CEAl LH 2 5' CEAl
the segHrage coging=Aer the varipbie fegionEsf s¢l ob ameéoprlate prlmers was
| u u . .
demgﬁ%@ tS%ééﬂ)‘? % @&gze@%%d Iﬁ?\lr@ 5@PEURNAR Bt iFBS Single chain
antlbmﬁd@ﬁ%mﬂﬁwmﬁnﬂw a (1SE@n|rio[hd\@hnllé’r7(IGly4Ser]3)
VL Linker: 5" GGAGCCGCCGCCGCCAGAACCACCACCACC
in thm@%‘v‘é@@&&iﬁm 3' (SEQ ID NO. 138) 15 5' CEAl VH
Li nker: 5' CCGGTGGTGGTGGTTCT
CAGGTCCAACTGCAGGAG 3' (SEQ ID NO. 139) 3'CEAl LH 5
In shdTHeIRO WA PIaeT CombIAationt Jilde IUse¥O.  140)  To
generate the single chain antibody, two PCRs with the
respective priner 20 copbinations described above

PCRPCR st ep 1U§Q&’g§{ﬁ’éﬁ%e per f or red. | DEGRIg U]s'ﬁ?j %ﬁﬁ%@d S’Resulting
r

stepojver | appi ng €O ntary sequeng¢ester e scFv

1 1t o5’ CRAIPER BFOENFVE Likkdreni 59 fmmrt ne 5'GERPCH VE

2 T TeRERY P kel PICERTPHTEY 50 | f oioR t e, sediag y | CEAILH

sequence of the 15—antno—acid | i nker—during—the
ent fusion

¢ Subse h lified VH
The riAiECGRe G EeBr B HianBlCRATHE Pimerk Ais SHeR HaICH:
5'CEANiigh only the Q%GGT@TA‘@AGZT@%R@WTTQ%@T@A’@@@AG 3 (SEQ

were required. The resulting scFv antibody is flanked
at the 5 end w |tD1Nﬂié3r7éest riction enzyme recognition

3CEARYE KeEcogni 17on si t e RACRERE LEGLAERARRAE A ERocACE

BsrG site was wrcwwrt@m@rﬁdaboxV(SEQ [RO.MmIg)ame

fusion with the codi n(g sequence of muri ne

S'CEAhYidhdftesbul i n $'€aG6IG QQGGQ%TGMTG&T GETSGTTCT

for the in frarrbial AR FECRRBARTURES T

3'CEAINEHCD3 speci fi & FATOCEGAGGAGAUGEHGEACTOINESROAD KO. 140)
bi specific single chain antibody. To acconplish the

fusion of the single chain Fv WO 2007/ 071426

To RlaFs i SufF ccuaifafRoBEaE] ehachtd bR vkSbeatie primer

combirtiont | destribet eatsdvel 8s FRCRNétepotandas Wér@nﬁérfdﬂn@ecﬁsﬂ)@mg this
and BspEl into the pEFDHFR expression vector % pEFDHFR
S

PCR gyeriapming icoatplementatk sequancespvgee inteduceddnte, thed?CR-products
(stemming from the respective linker primers) that combined to form the coding

sequence of the 15 amino acid linker during the subsequent fusion PCR.
Subsequently the amplified VH and VL domains were joined in this fusion PCR in
which only the outer primers and both PCR-products were required. The resulting
scFv antibody is flanked at the 5°end with the restriction enzyme recognition site for
BsrGl and at the 3’end with the restriction enzyme recognition site for BspEl.
Addition of the BsrGl site was performed as to allow for the in frame fusion with the
coding sequence of a murine immunoglobulin leader peptide as described in
W02005/040220. The BspEl site was created as to allow for the in frame fusion with
the sequence coding for the CD3 specific single chain antibody to generate the

bispecific single chain antibody. To accomplish the fusion of the single chain Fv
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USA 92 (1995) 7021-7025) containing the dei muni zed
anti-CD3 single chain Fv 5 anti body as described in

wOBR005142610220; in the present invention referPEUEPIOGS12425
SEQ ID NO. 77. Single clones4of the construct were

antibodies airﬂdtoaQWb\ﬁGGN@(]E@ﬁ?om tekprasidre tife e08PLCSR ALY dfOthe CEA
f 1 anki ng %ons in the expression vector_ according

specifi¢ sings gh@m wenlikodysaas clared vie BseGl and Gspfil info the pEFDHFR

coreb S habY (ERLRFr S AR i Bl 0K, Ml N aca s

USA ©2989)095) FIZH 2025)ugdritainirey es idernifunized aA-CD3 tsiiRyle chain Fv
constr uct wth a verified nucl eotide sequence was

antibedy @étfé@:scrlizedenpw&%QQﬁﬁ%ﬂ%Eq;umthecmeus@nt givenkien referred to as

SEQ O NERTT SR Slorfosnof e BTNl B8 [l smovgoed with

prlmwblmeh@ﬁﬁé@rtooﬂ@rwn%ﬁég( dAdOn efd lexprdssici Yeetof according to

tein expression in deficient CHO cells was

Standﬁéd petaeels 4Sambsesk, helecwlak&lgniaanA Laberatery M)anuejeri’@d edition,
Cold SPhYTHFRLLE Bkl PRRTEICABSarrEHB RS P (1069 For

furthet experitents arcioie optHeoc@istrutMwithXa véfified ntigeofids %éé@énce was
of stationary culture the cells were grown in roller
seleciesk t 1 es wi th CHO nodi fi ed DVEM medi um (H Q(r),
H Cl one) for 7 days before 20 harvest. The cells were
renmoved by centrifugation and the supernatant

2. Expmsts@inréntgpmdff&:atlewwfﬂséeﬁmm&bispwmc%irﬁtﬂ@dhah ardibodies
Akt a(r) FPLC System Phar maci a) and Unjcorn(r)

The @ép?%\? SiRgle cchalp Antbodies, wergtgresied inchingsenhamster ovary

(CHO E&Is‘)fﬁﬁ@ﬁ?ﬂ&‘hp é?@ﬁ %%Prgr@ gﬂf)sﬁgrmm laeg HO gells was

perfomhéd astdeschibedin éguamparn oo ctlitYAGehevaaplifivation ¥ dhe constructs
usj ng a Fractogel (r) colum (Merck) which was | oaded
were wo{lﬁ Qreéém@m?@ntrat'@m%wk% finalsangentration pkup to 20

1 MERUAG6] 4581 SHBEOL Ty, BB ik g, QST ot
bottleanmlntht B&lQ@ anbdifiedt DIME MU pesdiarna (HiQ®,0 HiGlone\afor appdaysd before

narves i AR RSB GEAY RTigakon Ao R syBeAsBRFontaning the

Lot was eluted using a 2 step
expregrégf(ﬂj) g%tter'ﬁq?/%'é@e@ag 9?‘% nM sodi um phosphat e buffer

Akta®HFPLE, System NéRharntacta)M and dalnadorn®c ceoftivarg tweteheused for

20% buffer B2 6 |
chrorgtog By SoisiReals WErS Al eeaareiaTads aRBsPIENdrediTom Sigma

r P
ol 0 NRAETOA R ol SRRl iipornny
(“IMAQ ) waatperfonﬂadomn@gr Ep&o}ogﬁ@ (milurfnor mwcbhwaldée\pbadi@aded with

S200 Phar qui | i b
ZnClz(éc 5‘ %Fl}ﬁgoprgpqﬁoilq{og@aﬁé @)é tgﬁrg@pp rfr \Ml’ﬁe co umn was
equilibrated with buffer A2 (20 mM sodium phosphate buffer pH 7.5, 0.4 M NaCl) and

the cell culture supernatant (500 ml) was applied to the column (10 ml) at a flow rate

of 3 ml/min. The column was washed with buffer A2 to remove unbound sample.
Bound protein was eluted using a 2 step gradient of buffer B2 (20 mM sodium
phosphate buffer pH 7.5, 0.4 M NaCl, 0.5 M Imidazol) according to the following:
Step 1: 20% buffer B2 in 6 column volumes;

Step 2: 100% buffer B2 in 6 column volumes.

Eluted protein fractions from step 2 were pooled for further purification.
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m /mn) were subjected to standard SDS- PAGE and
Western Blot for detection. Prior to purification,

wao b@7ool426m was cal i brated for nol ecul ar wei ghPCT/EP2006/012425
determination 5 (nol ecul ar Spei ght marker kit, Sigm MV

Gel fWatRﬁD):hrd?Mtbgrapm/owaertierrmirm@ﬂsor\w%r Sepﬁlé«ﬂ@x I§200dHiRYepIcolumn
rotein assay M croBCA, Pierce) and 19G (Biorad

(Pharagac'%)t gﬁuﬂibaﬁtﬁﬁ owéh PBSnEGlben) coluted syretain | sarpleg| dlow rate 1
mI/mlﬁEWe?e He@ﬁéﬂ foig‘é@é& §pﬁ%ﬁ§r¢ dan]‘ W%‘Qﬁﬁ t for detection. Prior

to ptmfldatlpnOdblet cblachra was ecallmatedltﬂorv\/&hglbtulef welgrﬁZdb@ﬂmmatlon
under native condjtions as determ ned

(moleculary Wﬁl%\ﬁ marksgskit, TRIGMAoMYE UBPEr2QW; @fpt%r%%aﬁagons were
b

detertfndd SNSRI g5 o gBIA Bl g fog (Bioac)

stand@vd pfateish. bi specific single chain antibody protein was

nal yzed in SDS PAGE under reducjng condjtions
The E&M%d bigpe¢ifipr nglgs chaim anfibpdies, wergetselated in a two step

|
punfnéétf?)Ym' deﬁggg)r% %@éo% #él@ éag"rh%?rg%o pgcf@vc%tg?ég %;molecular

we:ghth:f cmarm’f kD& wneler natiee rmohdmoharasvmtghhmeﬂsmdgébﬁltraﬂeld in PBS.
Wi th I\/UItll\/ark rotein standard . (I nyitrogen) ?
This \pelecylar Huaioht tgereasPopAgalo e nkiseeefic | siodler @a@w antibody. All

ated protein was
constHigl 38e purifl acBbfod AR ot o Blot e
Punflederb‘ispem‘d; sisgleg clhain Quitibodg ndrojeilAvasS analgodd amSBHPABE under
I nvitrogen Bl ot ul e accordi n%dt Q the protocol

reducmgawrmoraﬁ/p@mm% thd%rﬁrcés.t 41t Bisilris el dnyiregen). Sample
repafSin Shd SELRERAAGS pLFridTado DI Frloe 0600 by e
manubiciarEral bs endlé)lal Sieigid wasadeteBaINedNETh Musiildaek) prtein standard

(nvitgegh e petns SaBra oDl R G eSS (I ageRggtocol. The
t 25
puriy RS Ya B GIcBl STk B RAEATRER S DS PAGE

pur| Ic sing ain anti nmol ecul e. 3.
WestélrmvBloytvmaetperforMelddmsgwgaraﬂ @piﬂrarf@tﬂé-mmane and the

invitrgggt? Bt MG HHDrainG 1 and ahaRal bovidachby i e fturer. The
annb&megId@@d%@@buirééwdt@gaﬁ& t'ﬁ%”ﬁfsa?ﬁ? gggnﬂa Hwﬁoﬁ%%ﬁ) A Goat-

human CD3, FACS anal ySi s was per

anti-nmpougsode, labetesih wiiBA-alkalinef pbosphatase c@R)s (SigthalDand BCIP/NBT
Sitiv upan_ T cel | euke a cell line - e

(sionfienp Sl Cie  Hspagts o s BAi0.aRB5t0chYE beaspectically
detech&t bg'Wést@hpBRﬂ' Assifdle %%d% B@%‘cﬁid aFSi kD c‘!&l‘@spondmg to the

i ncubated for 30 mn on ice wth of the pure
pUﬂfIstbISPQquiéﬂf@%ﬁham\farmhodyémlecuibtures each expr essi ng

bi speci fic WD 2007/ 071426 PCT/ EP2006/ 012425 56

anti bodies with different arrangenments of VH and VL

3. Flo®giyfsmetricCiotndingd &RalvéieS of the CEAxCD3 bispecific single chain

antibodies

In order to test the functionality of the constructs with regard to binding capability to
membrane-bound human CEA and human CD3, FACS analysis was performed. For
this purpose, human CEA-transfected CHO cells and CD3 positive human T cell
leukemia cell line HPB-AIl (DSMZ, Braunschweig, ACC483) were used. 200,000 CEA
positive CHO cells or 200,000 HPB-AIl cells were incubated for 30 min on ice with

50 pl of the pure cell supernatant of CHO cell cultures each expressing bispecific
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descri bed above). The cells were washed tw ce in PBS

and binding of the construct was detected with an
waondcabeise nmurine Penta Hi s anti body (dil uted BRCPBP2006/012425

50 pl PBS with 2% FCS; Q &gen), which specifically

antibsdied switho differéntbanasgernestsr ofcVHVaRd Mierdyice of IOEA 'ahd CD3 (as
C-termnal _histidine tag. A washi n%ste followed to

descm%eeomﬁ)bEbﬁ&e"ﬁw@rﬁéfv@@?ﬁ%twnpg inMB$Heagd.bimdinaef the construct

was @é?ébteﬁ"sv‘? g‘gIQI%! Iu*ﬁf%ﬂne?ec‘doﬂﬁfrﬁggf 9 awgh gqul:.lgeq 4:20in 50 pl PBS

with a%/m;ymagen) ththegbélclﬂéHllyl bmﬁ@ top|celPJ58umtbor?é¥puct via the
positive control for binding to human CEA,

constmmécpdﬁanlnaémtw tag)| A1W@§B@9E§t§ﬁpf%é|031)edh& reyaewe unbound

PR 858), S Sk SRR R P v an o
gamrﬁl@Spemﬁetbmlboﬁp PRINdv4y é6njubatedorephydddrythfifl; difited 1:100 in 50

egative control fresh culture medi umwas used in

Wl PB& #ith ¥ Fegr Asra rasgivencantral forkindingue buman ¢ESd monoclonal
antlbw\gfq‘? @Zﬂ;é Eﬁ@gﬁ?&f@lsnggé% ng;?&rr%]ogﬁ@ %ﬁ’rbmdmg to human

CD3,fd O 1exOD8 b|9petﬁn$|mg1evwfam cohstpedtiay desbrﬁ)‘éddﬂSMO Be1054440
in Current Protocols 1n | munol ogy (Colig
has heep uiilizged, Asnnngaptives corjrehfiesh ah%urs m@auﬁm was used in place of

cuIturWéL@érrhél%ﬁfsc' ence, 2002). As shown in Figure 1,
several dorain arrangenents of the bispecific single

Cellsclvm're aaatylzbddlbqs fldw ecytOhstryVHVIKERER TN, 7Bec\beL chklnson
e&@ %P@% VLVHXSEQ 1D NO 77 VHVL ( SEQ
Heidgllegrag,) |$ta\ﬂm X330 MeRfuiing ofHthe (fluaresasnce Irrz@ns'ty were

prtohy SR M SRR BRUGE AC TEFAER h, foee

Margﬂlméw@hwnanlmabdaﬂtmbmp%ﬂe@ﬁ@temuﬂemwmmm As a
ne atl cont r ol culture medi um and 1. and

As s ¥iokTant | SoNAraLCAN SHaBROTERLs ob4hekisackicssingle chain
antub&!a@é" @ﬁAWE@A@R@ f7'70\/I§V[‘Q§ECHﬁ‘N@) %tjt ERMNE/HXSEQ

to solu n order to determne
ID N@ﬁé’cVH}\/tl (SEQQHD NG, 8)oICHAIR VMBS ERAD Nax 7D WHVIEMABQ3ID NO.

10), GeRBVL el ) BIEAT ViRl bPE IRkt anihE b U sz 10

NO. 7f7'\7F’r‘¢/L RSE@ 1Y NS, el nggeﬁg%f 'h@;ﬂé?ﬂn%‘%%r?ﬁgt TR 'fCZIFﬁdarid”human

cont ai ni ng 5%
CD3. rﬁﬂ amegaties contydl, EgHuientnesiunh @andHE-ard 2 Gd&tieatiom antibodies have
ierce) for 1 hour at roomtenperature in a sanple
been 'Qgr (Dynal ). For the separation of free Biotin and
bi oti nyl ated CEA antigen, the assay was excessively
di al yzed agai nst PBS according to standard protocols.
EXANPLECD 7Bintling ®f REAXCPSObiIspeefissirgile Tihain ansibodies to soluble
tivity of the biotin-|abeled CEA was confirned in
h“"‘ﬁ&%?‘ bi ndi ng

In order to determine the specificity against soluble human CEA, various CEAxXCD3
bispecific single chain antibodies were tested in ELISA.

To this end, soluble human CEA antigen was first biotinylated. Biotinylation was
accomplished in PBS containing 5% DMSO (Sigma) with a fifteen-fold molar excess
of EZ-Link Sulfo NHS-LC-LC-Biotin (Pierce) for 1 hour at room temperature in a

sample mixer (Dynal). For the separation of free Biotin and biotinylated CEA antigen,

the assay was excessively dialyzed against PBS according to standard protocols.
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experinments. The direct ELISA to determ ne the
specificity of CEAXCD3 bispecific single chain

want7bodyge agai nst sol ubl e human CEA was carri eBCTEP2006/012425
according to standard 5 prsécedures. Briefly, 50

The wtélwedlblé’é’&lvﬂy cfothebbietihlatieley |GE & dvasi ranfitied (MIELISA binding
pg/mM in 1xPBS) were imobilized on a 96-wel |

eXpe@mfeekﬁ avi di n- coat ed ELI SA pl at e (Nunc) by incubating

The (?ﬁ'ef’cﬁ @LFS‘N t@t?%‘férgﬂ}ge cﬁ’f | of CEAG: Iﬂ“bﬁ{b&%@% Qiﬂgle chain

antlbcﬁﬁ%)agmlsstaddmﬂlle Athmmanbbﬁﬂmwasfmmédhoat acro@mlm? to standard
e the bl gcking solution was renmove

ProcadiERe Ry B HWET PBE ‘oo Splibles Pioty atsdbBamBmERA (Abcam; 5
pg/ml( Yr{ W&P;Bﬁﬁ_p\g/r%ge% |ﬁ1?r‘fj05 %' Qrbémss t?w@ﬁ%é%tgadEEfSA plate

mashlng onc

(Nun(\Jl-w_xﬁEQallrﬁg bi047°'C fdrl\éibo@SEQ Hdurs. I\Kﬂer&zva@tmhg v@fEAZO@rpl water per
derive I I VHVLXSEQ I D NO. 7

well §88 SEpIRERGGRONIN (REES e SR WasRRAGch A faipiocking for 1 h at
room {fhrffdturd Bée Hiskdg . 5 Brdfad Altbssgibf Washing (200

Hl/welbiof f&PBS/@.05% é/l/vbgTwee:rli@O)rarmﬂmcbbahcﬂssteps Wvere Lpeeformed at room

tempgTatRad @r.&é‘%?ﬁ sy thern( VARG DN T RIVRG sEQ 1D
NO. @géﬁﬁ-dE;A ﬁéﬁ g%&ﬂn/ Rl Asé?y éEﬂﬂLWHvE%@?é ([PN0.77 VHVL

has & as a control ”for unspeci
(SEQUDwNOng antivCEA pgrtsieewed\m]m niAt) T8ksH) bandh CEANY VE/LXSEQ ID

NO. 73 @@L @Eefg tM@S saﬂﬁ%@g %%9%%Y%4 Ejom ﬂg‘}]bj)@%?m bispecific
smglé"&hbfﬁoghgﬁod@é’ %@fSH?ﬂ%&%no&{l&%l"‘ﬁtl 58689aB-3 (Col-1:

times and incubate erad s
Dunnp)eweml |da$tmtEdbnldlfmregbaonmntratss(é 5:pgg'alnamd Spag/niliin 1xPBS;

so wRGphSRE A R BTl bt R okl oo
bmdnrﬁ%‘f%éﬁﬂgbso?ﬁw&s foRwed ngr eg{geSG iJI/We'II%r(tBWQq%G (Qiagen;

ance was nea wavel engt h
2 pg/mdin meB& f§r gate@tlansdidtm Hisd¢aggesbbispecific singleehain antibodies.

suvsbATH D RS I8 R PRl JSHED of o
horsé?@dlsﬁ E@F(%)ttl)d N%ﬁb@@é}_ﬁ/ L@SgtEV&th frfm%ﬁbm‘ﬁ% Agsaér?tﬁ?na ﬁéﬂaﬁ tantlbody

(Jackaen |IvmurferFt&ﬁemrs@1 mao@@)n 1aHBS¢E¢n f |houﬂvAﬁ@E@asmngc3 fimes the

ELIS%F g)%EBSFh?gBO fqyc dsq %écﬁgﬁ’tﬁtrg’%t“ Vﬁﬂ\ czgqrrﬁb)neand the

absorbange weywehsted s wao@héngm of4cEr@el fical Iy bound to
sol ubl e human CEA. bi ndi'n gnal was observed in

Figurehe shiowsnthe absmb@n@EAof thet dgf@rer(tplaaspe@ﬁc rsingle ghain antibodies

sete AT L AL 200 DL SE ORI A S8 g e

CEA gﬁﬂ*ﬁaﬁﬂ@dbﬁdm(ﬂnKEASB’@ CEAY VAVLZSEROD NE2006/INL48BQ ID NO.
10; anti-CEA part derived from mAb T84.66), and CEAIll VHVLXSEQ ID NO.77
VHVL (SEQ ID NO. 14; anti-CEA part derived from mAb MFE-23) bispecific single
chain antibodies and the mouse monoclonal antibody Col-1 specifically bound to
soluble human CEA. No binding signal was observed in the absence of the CEA
antigen (PBS control). In summary, the anti-CEA binding domains derived from mAbs
A5B7, T84.66 and MFE-23 bind to both soluble and membrane-bound CEA.
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EXAMPLE 4: Bioactivity of CEAXCD3 bispecific single

chain anti bodies Bioactivity of the generated CEAxCD3
woeapecidé c singl e chain antibodies was anal yP€TER3006/012425

vitro chrom umrel ease cyt@Boxicity assays using the

EXAMPIEY :Biviactivity ofc<CEARCDS biglpecifitsinglé ehhin aatibblies
human CEA-transfected CHO cells as target cells and

stimul ated human CD8 positive T cells or native PBMC
. eff 1 Th t
sioaiey sef Hup asetereiss GERRERY Wisdsona inge” sBanopritedies was
h
analy2e@%y in Gitrd cﬁrﬁﬁﬁuméﬂé%gﬁﬁ%oﬁl '%ﬁ@(@ (%?ﬁe Wytan gastric

precoated with an anti
carcmlzmasoeﬂ liGiel satoGhtbdt, ther Imhmahc(BEA]ran;ifedted fGHh@lcells as target cells

art SORGEARS iy OB BB BBl e, PR G%or oot

respe%?gelyfa‘fter the incubation period, the unbound protein
was fenoved by one washing step with PBS. The fresh
The deBigiatoonefrtbeistioludated CD8mTpeelisphas pérfoinoediag Sallowss0

A peffy Hisha 5 Fip sHBReleTs aréises, bigyphas e pecaars gfggae%n @t-CD3
1
antlb(?idg (@I@F@aﬁé‘r%s@ﬁt(ﬁl'lad(j'lzgmﬂl-l’ 5?91 Ironﬁﬁgﬁngj Ot &Qc@dﬂratlon

IL-2 20 Um eukin, st rru
1pg/milprar@ dayenti- @\DZBhantiUudyd(Bﬁ,yurigémbe‘ldaﬂ; coneemtration 1pg/ml) for 1

hour @EEZ‘% Eﬁ@%r t-VF\’a Slrﬁggggt?ch?pé\ﬁrut)@walgpmlw 16?'180&&1@}1 Epgq%s;e%gved by one
washfhg”sﬁéq_tv%fht PBB ‘Tﬁesz—:‘sW PBNK‘?@ Vet dk%@%&ﬂfr@ﬁ%é} Jh%?alodlcﬁ%d (30 —

Ls were |1sol ate th hel
50 mhdyaﬁco& grad:lleat cemnmgan(onyamor@ngttecs'nancmdtg;ofanolsova adp x 107

PBMGS e ety M pesoatsi PRI G i faf i of ReA Todb /04 Fs /
IL-2 QGFU/HIf(P&ﬁéMQH @htrbﬁ)léna RAnRAAtEY ad 2%§§r Rpﬁfél;@grldedday the cells

Target cells were washed twice with and
were gpliected, wasmsed emcy with RPMInl&40 anul treesfered topllargeM -flask. 1L-2

was A @08 RS o0 e eSS cuHBREHGAN b1 phE Bay. e
coa%mswet@@laté@wﬁhlrfeus betHoCcDe ﬁé%iﬂv@' |§dlaﬂ§ﬁfk}t -(DYR8I Biotech)

assay was performed in a 96 round bottomplate in“a
by fou@vlag theolnatmctanszebmle mmmaén"ﬁm @atumeM6;§ weoe alsed directly

after Wgr}eg e?'n ccojl | gra |fgggg%r? LW@T&UF tIE% %qgor procedure.

TargédthtRlls svéreUrhsifsy ﬂifncéh:ﬁtr?P'BS BHE Iabéled tvAtH 1A MBq °'Cr in a final
concentration of 1 Bgﬁem of the bispecific single

volumsh &f ril O9pl RRME vithn SO e F&SS S9r 481 minviteshat BT ° Chrsethsenuently, the

bl Wi T RS SPE 28, PSR L R 880 in

cytotc»@(tltyeésﬁy TR assad waRr perfermddint BEO6 vhgid BbRBN plate in a total
elated to the difference of maximumlysis (addition

V°|U"@ﬁ ofr i256H! Xguppiemepiest &FRMLis(asy abevel wilbuan eEfleciatip of 10:1
corre ér{o‘?r)i%nenbogpe?a&géte%ﬂé Saﬁﬁfrﬁ}dé)%n%ﬁ'gﬁto"rrbals %S\é% For the

asur om unt act 1 supe
evaluatisn pé tHeo comstruwts b stah%gaddhcénaat‘mob dpgenl dftre lbllsrpecmc single

chalnErlncr)rleerculLelsflﬁ tl\'ll\ga%gg; /\/8I?J%n4ez gng (%-5/ tﬁfge(%g%/glﬂj%g%g thereof were applied.
The assay time was 18 hours and cytotoxicity was measured as relative values of
released chromium in the supernatant related to the difference of maximum lysis
(addition of Triton-X) and spontaneous lysis (without effector cells). All
measurements were done in triplicates. Measurement of chromium activity in the

supernatants was performed with a Wizard 3 gammacounter (Perkin Elmer Life
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59 Sciences GwH, Koln, CGermany). Analysis of the
experinmental data was perforned wth Prism4 for

waemwdoms2q ver si on 4. 02, GraphPad Sof tware | nc.PCBEP2006/012425
Diego, California, USA). $Pgnoi dal dose response

Sciences \GmbHy Kdta) Gerrady)RAnahsiesf #b 8Rperimenial datd wad gaformed
the software, EC50 val ues cal cul ated by the anal ysis

with Brigg AnfQeMdindowss éversion ddidabraphPast Snfwerei VFQ y San Diego,

Cai 50, SIBYBLY BT SBFLd s LR LB 090

determimecd by thensuftwarel &Cgneiies calcalatédby3he@ ahalMeds Program were
HVLXCEAl VHVL (SEQ ID NO 4) and SEQ ID NO 77

used QEQ@(ISOVLQ}"IJP"PQQ YD NO. 2) (both constructs with

F|gur€ﬁ/§p<@%c?@rt%&#ﬁg@ %ﬁk}@é% g\é%%pvt)@kejt?%}sffgﬁgff@get cells (CHO-

CEAWbNIQ)SEQVbEbﬂ@dEIZnéI?WréI‘]@aﬁ\éﬂSN% for SEQE rD %@37 VHVLXxCEAI
n ran e e acKl n
VHVISERTERD. 1 and SE BUND 7k Sa4VEXRESENEVH (5@ 15 NG @) (both

consifyctp it S EORERY RURP A A ™ 19 CERL S Ip o7z

VHVLVISEQIBNDD 8)and’CEAVY H\BBGE® IBNO. 7/ VEAL (SBd IDBMO. 8) (anti-

LXSE ID NO, 77 VHVL (SEQ I D NO. .10) exhi bited
CD3 gy'@ ¥). Nan-rapgfested ékko el Haeling %wam eEfverayised as a

negaﬁ\fé é&ntd}bn transfected CHO cells (Il acking human CEA)
wer e used as a negative control. As set forth above,
In FighEé\4, CEALYEY LxSEQ IBNG. 77e Y HML (&E(D\JBdNOr @)) CEAINS/LVHXSEQ

D Né‘ﬁ? VaVs BRI a5 T Bad VP 5 & B &7 sy (5e 1o No.

estdEc]Aﬁ r\ﬂW%E@el%% POy MYE Q ib yexﬁllb‘t?d cytotoxic

constructs showed cyt oto I'C activity again
actwn(yhagann)st Gttanare x PEdstansfettado GHO eelts. hNoartransfected CHO cells

(ackifig PSR AEAL WerABes 35 reRalvs, copior ARSLIgtN above, CEAI
denot@sSPe&ridBIE ré@BE'cﬁerﬁ@%‘é&rﬁ%uWhﬁeﬂﬂg?' EEQIl is™h bgﬁable region

presence of antigen conpetition assay
derivext ﬁroperrflmmnerdAbsT&lﬁbﬁﬁ randeGEAN Exfergptoea 4ariablehreigion from murine

Ab&\?—l 23n exception: The bioactivity of the CEAxCD3
m ific single chain antibodies is tested 30 in

In suhﬁﬁar@/r %ﬂefé%%d)fcoﬁétrru&ﬁsw&ﬁ@S/Lo?éh@rh%tlﬂ?lfty %@aﬁ@te(human CEA

human CEA antigen. The sol ubl e” hunan
expregsingAfatotil anGamiman geiEAanstestedv@HQ sellatnemhé abserace of soluble
tatic colonic carcinoma fromthe |liver of a
h“maé‘ﬁ'%g e patient. Experimentally, the conpetition assay
was carried out by pre-incubation of a given amount of

EXAIPES 8 RAEL| F CRASCHYBROAEINO SN | REGBGEIspocic
in the prgsdncelofisojgbié CEA ghtigenor 0 g/nl; 0.004 pg/m ;
0.02 g/m 0.1

The competition assays are performed as described in Example 4, with the following
exception: The bioactivity of the CEAxCD3 bispecific single chain antibodies is tested
in the presence of various concentrations of soluble human CEA antigen. The soluble
human CEA antigen (AbCAM Ltd. Cambridge UK) used was isolated from a
metastatic colonic carcinoma from the liver of a single patient. Experimentally, the
competition assay was carried out by pre-incubation of a given amount of the
bispecific single chain antibody with increasing amounts of soluble human CEA

antigen (either O ug/ml; 0.1 pg/mi; 1 pg/ml, or 0 pg/mi; 0.004 pg/ml; 0.02 pg/m; 0.1
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lag/mM; 1 g/m) for 30 mnutes at 37C prior to the
wa@darviaes of the cells. The remainder of the BCHFEP200&612425

carried out as described i ®0Exanple 4. The results of

ug/mk 065 ggmnnqtg/mu)dar 88 iU At 7aCeprigtavmthe BdHitioH o $hécells. The
to Cytotoxic activity of bispecific single chain

remamdter MdhesaS@ENwas/mm&sEQJl Bs Bstribed iviExanded. | Thencesults of

theselghmbefion Htisiod de 8ab%n i Figdip? 5 Gk seo 1 0 Na 77
CytottdkMLadtﬁEQ dfbibacifie si chiaird aheb&die®iCHAN hﬁ-iv%kE%E@En‘D NO.77

erived from MFE- 23, agai nst human

VHV'-po(%EQ\J@ NG J&; seel Figuigss? @ngs9 |t@ai|1|) withiiebante§ By part derived

rom £956 95145 GRS SRR BB TVEDSER o 6. 12 seo

Flguré’EB‘)’Qm&nﬁw@éhﬂ@mdeéqansdérwbbefrdmffﬁAb@ﬁPEEQH | Afhst $Rfnan CEA-

Ies and and Figures 1 and 2. Thus, nost
pOSItlpse g@'@ Ss,waa mréstmaﬂﬁmmmcg by ingreasing @meunts oEsolsle human

cE St SR A S SR SAR b e s
solub@hbmanfOEAl artigent seéldy. Cedamplesiahind 13 4nd Figiires @l 4rkd 2. Thus,
thereby inhibiting the cytotoxic activity nediated b

most srapaal@!m setdle dwan (A prevents thenantcbEA inarhab saablblyspemﬂc

single Hbgboaz?t[eﬂ)g)ldy&s[ H\dblhgﬂ]q %Cﬁ %bg-&)z)}lﬂg elﬁjrﬁgrgMn the target

cells, AoBihstdrece’ EHIC-CER+ bp Katd lllb'ttﬂnbﬂﬁ@lls %eb?QﬁhlbltlnP the cytotoxic
i nstance, the cytotoxic activity nedi ated by CEA

activity pegliatesl Pysmid antibadyicanstracts D N0 6: see Figure 5),

 cof, {550, o 0 RE AR hia 5 s wir

an aritLI:E@ pdrt mﬁeﬁlfg:tmenAB /ﬁBBarade $E§i?slalat h@sﬁhb‘i&MhNﬁlﬂCEA For
VLVH (SEQ I D NO,. 2; see ure i nhi b \)/
instanGee e Sy indOdesGHYIY Eﬂedéﬁiﬁd YeCE rLVd:B&EQdD MQeW W L (SEQ

0 N4 81 PR 51 OB, (01552 IR0 688 1 0. e

Figured I5$8| ahdbilONSEQIID NOn'gT M—Nzla(GER,ghﬁHb’Qddﬂﬁ gIDtrNiS tlp?ee Figure
ther, inhibition o

6) angl SbIPCNGL (T WHYLAGEAS(L BRI 1D MO d gee Bk 6) is not

|nh|blt§6 IHEFe%gﬁ'I naHHHtQt %fogolﬁﬁleﬁm&ggﬂéﬂgﬁﬁéﬁgg‘)%\é& by high

been exp as it was

concextichtighE-(23g/hel). |T/md ooaltshoubé xpeetedahoi@w of e fadtitBat the anti-
present invention provides for pharmaceutical

CEA cp@ﬁtpeéusaf%@gsmcm siPgler 6haie antikedies tindwde isplubjeihuman CEA
(Figulshe), BEREPSPLi o @R 1515 Bl Y P e erast oot by

increasieg pardunts ofsbiubia htimaineCEAr cauie h%OetUeeﬁte‘mUcteﬁ as it was the
atients with high soluble CEA antigen

case g%r?c%n&'a@'?‘b%ﬁ -A3degived cgna%%ts 8RR AbA.patients with

I t ,
Thus PUASHESEHY BYERLLI P el KPR RERSEA AR vt
anti-ttmoo rectigity tinnihe pe&seenesof/\Aelvbnahlgh levels of soluble CEA antigen.

Therefore, these pharmaceutical compositions are particularly suitable for the
treatment of tumor patients with high soluble CEA antigen concentrations in their
plasma, such as patients with progressive epithelial tumors, metastatic epithelial
tumors, high tumor load/burden, late stage epithelial tumors or tumor patients with a
CEA serum concentration higher than 100 ng/ml, as determined by ELISA.
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CEA serum concentration higher than 100 ng/m, as
determ ned by ELI SA. WO 2007/071426 PCT/ EP2006/ 012425
WO 2EHABE E 6: Sel ection of human VL regi ons | PCDERBN06/012425
to provide for pharnmaceuti eal conpositions with
EXAMPUECEOS e leetionasfhwinan Vivkegione ng adninistered to
cancer patients, human bispecific single chain
anti bodies 5 WI th resistance to soluble CEA antigen

m o PEBTTEE b b o PR Ry

whenTheisg adhenisteredto thhcer atiepts, memban Bispbeifie @irsié chainintibodies
human VL regi ons whi ch can pair with the maternal,

with registerce/iq 8¢ uh%@éﬁoaanlg%ha%@yeomyeratsmln adirst step, human
F
VL rela cg{é Mthdb %lgfétnl‘&% ntﬁcgolﬁ.l% gl v(e\ﬁféleggfﬁb&gés'd Phud’IREGim of this
expefimeht hytm sélectidroof myhedr VL regfonsawhizhiptars pait with BRSmaternal,
cont ai ni ng 5% DVSO (S maA}l with a fifteenfold nol ar
muring, ¥dof m@m@q_@wmbggy ?@ HS5BE- LC-Biotin (Pierce) for
1 hour at roomtenperature in a sanple m xer (Dynal).
: 'on of E I|ot|n and biotinyl ated CEA

For p@agenwra@%mw @omtblé @I}?A Hnigen v@é@b@ﬁmy@tedT@otmwanon was
retai ned bioactivity of the biotin-I|abeled CEA wa

accorpphshachitdPB® cantaining ﬁ% BMS Ox(Sagmap mith. a ilfteeetaldamqjar excess

of 2R PR WSy B fkled Yondh nBhE R, BB sRbSRature in o

samp@ﬁmrqlmél)cﬁbi thel S8pdrationef frek BibtH AAd biotmylated CEA antigen,

ficoll-gradient according to standard nethods. Tot al
the agagy was exeessivalyl dialigad againss HES e@pczfdmgéolﬁéamcgard sotocols.

oo AR 300, e, SELETD HER AP st 3 s g

experd®entsdi ng to standard net hods (Sanbrook, Cold Spring
Har bor Laboratory Press 25 1989, 2001). 3.
PCR- Anplification of variable light chain regions

2. ISOE%@ g%@ggﬁonﬁghn{ghey% qiation of light chain V-region
ut using V- kappa-

100 (rﬂ. mob&lwﬁmcltali’é}mfrérﬁ fl(a‘é\ Mm Peripheral blood
ﬁ:C 30 CAGTCTCC 3 SEQ | D .
monosrucmm@zl 9 (BBMC)overe §ol @daﬁ@a@,sprdmg to standard

methé&r Wa%% ?5&0 %&&%@ %@&Mﬁ RNeasy® Midi Kit

(QIAGENGEHSGR GAGTECT @@n’ﬁn‘féctﬂ@@ Ilﬁbtrtl}&ﬂonSO) cDNA was synthesized
5. - huVK5- Sacl - 20 5!
accorég@gg-@@ga " %p@% a)mre@gb C@I(N@prg]g) Harbor Laboratory Press
19895 VK6- Sacl - 2001 (5' - GAGCCGCACG 35 AGCCCGAGCT
’ TGACT CAGTCTCC-3') (SEQ ID NO 82), 3'-hu-Vk-JI

3. PCR-Amplification of variable light chain regions (VL-regions)

For the isolation of light chain V-region DNA, RT-PCR was carried out using V-
kappa- (5'-huVK1-Sacl-2001 (5-GAGCCGCACG AGCCCGAGCT CCAGATGACC
CAGTCTCC-3') (SEQ ID NO. 78), 5-huVK2/4-Sacl-2001 (5'-GAGCCGCACG
AGCCCGAGCT CGTGATGACY CAGTCTCC-3') (SEQ ID NO. 79), 5-huVK3-Sacl-
2001 (5-GAGCCGCACG AGCCCGAGCT CGTGWTGACR CAGTCTCC-3) (SEQ ID
NO. 80), 5-huVK5-Sacl-2001 (5'-GAGCCGCACG AGCCCGAGCT CACACTCACG
CAGTCTCC-3') (SEQ ID NO. 81), 5-huVvK6-Sacl-2001 (5'-GAGCCGCACG
AGCCCGAGCT CGTGCTGACT CAGTCTCC-3) (SEQ ID NO. 82), 3-hu-Vk-J1-
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WO 2007/ 071426 PCT/ EP2006/ 012425 62 Spel - Bsi W
(5' - GACGACACTA GTTGCAGCCA CCGTACGTTT GATTTCCACC
WO TBE0828' ) (SEQ ID NO. 83), 3' - hu- VK- J2/ 4- SprCE/BRI0N/012425
(5' - GACGACACTA GTTGCAGCCA 6CCGTACGTTT GATCTCCASC
Spel-BESUN CG' TLACCIHEACPANG TBECAGCCAUCTGTIRC SFFTT- BSAVWTCCACC

TTGGTERTEE 50 RONS 1), 83yuTke A et Sl (3 (EBSCE-WGACACTA
T B R O TR G (P16 (58 1D No. 8a)

hu-VK-33-SpelBsiiVbac| (ZABACCAEACTE CAGTGRGCAGCCAAG ATCCIREGTTT

ATRTEEIET R TR e b et (5
e L

(SEQTICCNGT)86) S&a MDIaRhdaB 65 -hibL- TaShdh 2001 (GAGlCC@DCAO'GAG ccc

cAGEofC G THRMCEERSEEE Clee TS5 IbrtiOsRY) ch i tb-Sac
2001 AL GALFRGFEC ARIETOETGL TG REE G cedvec T0)

SEQI ID NQ. 88}) 5°-bu Vb2 8224-2084(GA CICG @EGIEECBCCEAGTGTC GCC

cTe &CT S SLESEE 36E G5t dbinb lod Branulid Sacderd (ACC
TGC A T T A TRARTEM eI eh B8 (BRR [RINQQO). 5™

huVLB3acl-2AG1 GACEEHC (BERCTC KETGIB)G ACT CAG CCR SCT TCC) (SEQ

o ) 3a e To BT i 78 Ao coc
cAC TEYISED D) 3 oL yrSageayd AL REREAGIAG oo ne

CTC (6 Cos ACHeCARCR GA ALY diC) (@i 5D-NOL 88), SiesuVL7/8-Sacl-2001

(eAGRRY Ltk G AL eAG e & S TRk Chinat sie CEiite) (sea

ID N(90§§) b o CORRA-BM LSS - 250 1 \Agceﬁr@g% AT Re ﬁhGGG CTG ACC

| 'owm ng PCR- program 25 s used for anp I cation:
TAG M@tGGd't )i (GEQtIDOMNO.f 85), 15-rwe¥tami2, BImJIFSdeZQﬂﬂJe@GTn@GG ACT

AaT GgTGEG b3 GRS FatY SR ISEQ BIE B0 Prder 3664 by

RNA fﬁoﬁﬂhuﬁ?éhe@—‘é:'eﬂé‘ wils t?é’r%cfri%dliﬂt%lmo\e(%s dds¢fibed g@ePB'ﬁd used

g}r;ﬂents were then isolated according to stan
as templatg A.InRCR reatctions. PardhSRrgactionm onezsepmmgr @fast tmmbined

with Q37 prineaThe dufhee” of Ui BhatBiaibls e Gefmined by the

numb@xamo@smlé @bﬁﬂﬁﬁhtidms 'dthegant @:ﬁrwersATheb@né\hm@yPCR -program
Manual ' Ed. Barbas, Burton, Scott & Silvernan;

was usiedi feg apmhﬁ@ath_raw@t@wOpraé% CXon15 seconds, primer anneallng at
52°C for 50 seconds and primer extension at 72°C for 90 seconds were performed

over 40 cycles, followed by final extension at 72°C for 10 minutes. Light chain DNA

V-fragments were then isolated according to standard protocols.

4. Library construction — cloning of the human VL poo!

A phage display library was generally constructed based on standard procedures, as
for example disclosed in “Phage Display: A Laboratory Manual”; Ed. Barbas, Burton,
Scott & Silverman; Cold Spring Harbor Laboratory Press, 2001.
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chosen for PCR anplification gave rise to 5'-Sacl and
wW@2003pei426 r ecogni tion sites for the Iight chai APCT/EP2006/012425

V-fragnents. Four ligationeBeacti ons were set up,

The ¢riokersoshosdn nfor oPCROGarnpglififatibhggve hase for XSl sand 3'-Spel
(Sacl - Spel digested, 2 x kappa and 2 X Iarrbda% and

recogyuf ﬁiéep%fortth% lishhe@ﬂno\/{f@sm%a%a‘iw ligasien-regefions were set up,

. iy o P . . e
cachdILAERIR oS 8% ST Srt 50 S5 BB x kaprs
and ZNkéarhbda) ard U400y ethiehsiiagevhit i o mbBIAEBHX (B acl 8et digested:;
tgen each transforned into 300 pL of el ectroconpetent
large eifagmenbhthis cvestonis epsasiteyl i) B Hinis AipeaTiations of\Dr. Ralf
=2 C v .25 0 i
Lo PTREEIER Fedfing s B o Hhony wers fen each
transfdrmediO8ntok BR0aIL 6ofx elédtrodoandetent Eschetichia |cibdd2: Blue by

x 107, ipdependent clones. 15 Kappa (light chain)
electremratmg{%ﬁﬁé/, %45 §ePfUvelieeRp 'PER&QQIQF’F‘L Eigragngene-pulser)
Rnr=y or each ligation as follows: Each
resulﬁgﬁ{ @rlibﬁwéﬁﬂis a specific group. Wthin these
kappat:oups2oht0®' - pri mers define the subgroups. The kappa

subgroups re weighted 1:2:1:1 corresponding to the
kapp@é{i msrg’%1 Jhu- Vk-J1- Spel -Bsi W : 3'-hu- Vk-

4- S iW : 3'-hu-Vk-J3-Spel -BsiW :
Iamb‘%g{-'hu-\g/%ﬁ@-SSpel -Bsi W. The groups 20 were wei ght ed

lambda2:or dBng1@o their germine distribution 1:1:1:0.2:0.2
. corresponding to the priners 5 -huVKl -Sac-2001 :
indepgndapaNes,c 2001 : 5' - huVK2/ 4- Sac- 2001 : 5' -

Kappgﬁgii@ﬁ;t %‘u@)}?%\lA—fr@tg' Yg@réﬁctlﬁél)f 'fferle"f\'f'ngﬁ( lnHifications were

DNA-fragments fromthe erent P
weighteg fforf éactt ligatonvas follows: aichd' fprimeratefinesgaspecifiagroup. Within

thesey BiaHiy S 3 TuCeerS, deite (e SU0gIPHRS: e kpRRA 1ibaroups were
weigrﬁé@gf:QHW-qu&%pgﬁgﬁ atosH@I&)giﬁﬁb?sv‘@!rﬁ;-wlﬂhéséil-ﬁéi@vl © 3"-hu-Vk-

cor r espondi ng prime
J2/4-8pelhBsiWlam BHmi-VEp3-SpebBsiVel - h8-Mi-Mk25-Spel-BsiWl. The groups

Bl nl,-.Spel - 2002. . The .gr ou re.wej ght ed cording to .
were oSl GckPrHRD 4 dieit BRTTONE Sisibktenyl 3 1- 8550 e CothspRgaing to
the prifher§ 5 HuVIRT-Sae-20M VL IsAna@9K3-898.5001 : 5-huVK2/4-Sac-2001 : 5'-

5' -huVLI b- Sacl -2001 : 5' - 30 huVL2-Sacl -2001:
huVK§-Saa:2001 sachu?B64Sac-B00huVL5- Sacl - 2001

Lamnga, [{Ql $rgiS. BROSagmeRis diora | bg: f8eeed: PR ampifications wers
weigHté@dr @ach\Rgatiohcad filloWst Eaeh® Bttt ddfineka spédific group. Within
these groups the 3'-primers define the subgroups. The lambda subgroups were
weighted 3:1 corresponding to the primers 3’-hu-Vlam-BInI-Spel-2001: 3’-hu-Viam2-
Binl-Spel-2002.

The groups were weighted according to their germline distribution 1:1:2:2:2:3
corresponding to the primers 5°-huVL1a-Sacl-2001: 5°-huVL1b-Sacl-2001 : 5'-
huVL2-Sacl-2001: 5°-huVL4-Sacl-2001 + 5°-huVL5-Sacl-2001 : 5°-huVL6-Sacl-2001
+ 5°-huVL7/8-Sacl-2001 : 5°-huVL3/9-Sacl-2001.

After electroporation each reaction was incubated in SOC broth (Fluka) for
phenotype expression. The two kappa cultures were combined as well as the two

lambda cultures .The resulting kappa culture and the resulting lambda culture were
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phenot ype expression. The two kappa cul tures were
conbined as well as the two |anbda cultures The

wo e®aloti4sng kappa culture and the resulting | anPCHEP2006/012425
culture were WO 2007/ 0714264PCT/ EP2006/ 012425 64 then

then egach invubatédedn | F000AL Nbf SB SBledtioac hiediuriedbmtaining 50 pg/mL
cont ai ni n 50 carbenicillin and 2 % w v gl ucose
carbesiellin; gy h\@R/n@'wPO%%pvewmts Tn@r@enﬁaiayege&ﬁ wgye harvested by

centrﬁt‘?g?éntfd i m@é‘srﬁi‘&d p%ﬁ'é‘é]tlgp [gl%@arc?He?P §|ﬂ|£;;'ta$%r9%ermally

rciall aval asm & repa

availdble p(e@rmgqmé:pat‘étﬁn kﬁc(fmgmtl on of the anti body
library - human VL - maternal VH PCR was perforned to

anplify the maternal VH of mAb A5B7 from a vector

5. ConSfilieidH Bn82UribBRY AbAR - WimdiPiL 2MRbidrhgayon @ PCR

PCwahd; owmfbrmmgotdirtapﬁfy the meatemal AVH l§h0hAb5A567Cfr76€i¢P~ a vector
GAG 10 TCA GGA GGCTTGGTACB? Q I D NO.
Contamg £Ald maéersal YH; feF ampllﬂwnorBatP@lR RS oceir@ccmmng@v standard

oo oS I S5t S TR 4057 #Ron G G

TCA &@GA I GGAaGIGD TAGGITA CB3nSHEQ IInNQ(t97()6dndit1w 8sgrimel 3'-AVH-

BStELdSATC ARA R CAB Ch e at 'é%sﬁ%?tﬁr@@ﬂ&é’”ﬁrggsm ID NO.
98). )érﬁEF %rgln |§?_tﬂffg>ﬁ 'btﬁéda 6}0%%&58 ?6 dﬂpz gllﬁéf@rﬁ Bga%thgom an
analytiealggarose gehthe BNA Friagatert waist dutiwith mweetrmaohlengmes BstEll

and %h& N nogRE ARSI AHTRHES e Mwion SSdenehegin The thesis
dissekafsh & Brn gﬁq_tﬁt%/rlgﬂsegqﬁésbﬁ{gjae dé %rdﬁ@@o%ﬂc?t%gacrab%agment

was prepared accor to s pr ot
was Igamwhuhecabmnengemecmfnégmaaﬂ After desmséormationtihto E. coli XL1

blue, TSP ESIPTE As, GNP BF RASThoBR Meduradepniaing 50 ngimL
t

carlilind B A8 461 ho PR REL 2R RSB plagsis. Tho

succetﬂséulmmp@waaromnflhne&’lbaMaehcmgahg invazest ( Mursewe:d\/lumch)

o Sl S AR i i, A o
restri@RIN EyiRé<$BYcBat %)el V‘ﬁ{eela'r ?t%?' fragRRIr Wi i58lated. Plasmid-

st andar'd protocols. t he“vector fragnent
DNA vgardainingattieel Vikappaa and th‘e éﬁaﬂmbdeomfgryofwamtnestrlmeed with the

restrlgtg)éﬁgr?{yﬁﬂg\%ghe X @%ﬁﬁ? %{Irr%qt : The | I(gzilhe respective Vlambda
fragn@n?&ééc@ﬁ@%ﬁ?@klﬁﬁteﬁ 3500bp) wrk lgbllé?e&’ﬁc&irﬁﬁl&@%%ﬁ’dérerbrotocols

.2 cmgap cuvet te,
1200 rrtgsgf thenyegtar éragmemt vearpigatest with a.nzua oifeaph22&o ngsof both the

viapld 4RSS o bR AR B 3 e o a0o
uL of electrocompetent E. coli XL1 Blue by electroporation (2.5 kV, 0.2 cm gap
cuvette, 25 mF, 200 Ohm) resulting in a total scFv library size of 1.2 x 10°
independent clones.

After phenotype expression and slow adaptation to carbenicillin, the antibody library
was transferred into SB-Carbenicillin (50 pg/mL) selection medium. The antibody
library was then infected with an infectious dose of 1 x 10" particles of helper phage
VCSM13 resulting in the production and secretion of filamentous M13 phage,
wherein each phage particle contained single stranded pComb3H5BHis-DNA
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was transferred into SB-Carbenicillin (50 pg/niL)
sel ection nmedium The antibody |ibrary was then
w0 pdogotes wi th an infectious dose of 1 x 1012 PEI/EPIDEE612425
of hel per phage VCSML3 resalting in the production
encoding & halfeuhtn séFV-fragmient and diéplaydtht® corméspopidingeeckv-protein

hage particl e contalned single stranded
as a IR NSO DRSS 603Y ITPIEID ! PCT/ EP2006/ 012425 65
encodi ng a hal f-human scFv-fragnment and di spl ayed the
correspondi ng scFv-protein as a translational fusion
6. Phige plisuday selattigny of @honldd VL6. Phase di spl ay sel ection

of a human VL 5 The phage particles carryi ng[ t he
The ghage PapislesiCREYIRG Bhen sER-EeRRIgIF MWare dharvestad efrom the culture

. nr el .. an .
supeREHIY, PECROGTGEEO B ARGIOR. 5] Johii gt Tngn cpprosimately
1 x 10018 dorv0fhsgfer phaté Paeticlee mere aesagsarded inn08. ML TBS/1%

of TBS/1 % BSA and i ncubated with biotinylated . N .
BSA sandipinubgtgd with bigtinylateghisolutle CEA, sthatpiwas dmreobilized in

. 1
SerSAAIE coblfle e SSAeh BN ST B Ay ygrei P
solutiom €60 nil)oWas dricub@ted farhoves nightta vi° @i inehe cirepthwidihé £oated wells,
once vvitR wat er . foll owed b)( bl ockisr}tggf

shed or 1
washig gnog: iy el Holkolsec by dloaiing faial iNeUr B8 37 awith290 wl of 3%
BSA IETBY ofhaf WaS relitikA e houbfyn Phage that did not

specifically bind to the target antigen were
scFv glhagenthiaé didynot \spebifingllys bams tovttien targst @ntigefowereealiminated by

Thi s washj ro re was _repeated up to, 15 10 tines
washjng $tgps naih Faaihds q)if MGV WashingRIPrgdwis Wa$ eapeated up to

: using HCl -glycine, pH 2.2. Foll ow ng

10tln‘r‘1§1tﬁrfg|1ﬁ§§ﬁ)idgprqs§/vith 2 MTris, pH 12, the eluate was

used for infection of a fresh uninfected E. coli XL1

Bl ue. cul ture. 20.To el ut enpi ni n i gh bi ndi .
After dyahic SR En8jieS ergesuled By sl ichansing i 22, Folowing
neutr?l?r%i%@ with 2 ) W,epﬁdﬂzl?dthboehaﬁe \Rld Esé@%f i Hgﬁéﬁ%f a fresh

m nutes. Both cultures were then m xe

uninfeded £. cob dédsBluelopltureansduced with a phagenid copy,

To ey PmAfling &i4h Pl eobliEe Stay of Aidesf nepl X1 blue culture
hAfeat it i

(00Dl TG GRS Rt 118 iffsoBERf cuturos

were fhers mixedbAd oells ssipoesifolly trandducedndith af pisgemidocops encoding
isolated fromE. coli cuyltures. Fgr t he gr_oi?,ucti on

a huggn, ek vdraamentot WerE  agaiv seiR@ted; defearkenie '

of
lip resistance and

subs@cﬁférﬁlzdinffé&%t\piﬂw RYERIG 13S heidar! pr%?d Yo &Qﬂ fHeC8&bAd Found of
the sane restriction sites In the plasm
antibediodiis pldyBffidoig/vira selectiomi ch t he expressi on construct

Plasrqgig' %HP? Sﬂ@/r?egggmlggﬁl rq]dgf gSg&é%?g}t S%rérglggj xgmeé %Fo?n E. coli
cultures. For the production of soluble scFv-protein, VH-VL-DNA fragments were
excised from the plasmids (Xhol-Spel), and cloned via the same restriction sites in
the plasmid pComb3H5BFlag/His, in which the expression construct (e.g. scFv)
includes a Flag-tag (TGDYKDDDDK) (SEQ ID NO. 99) between the scFv and the
His6-tag and the additional phage proteins are deleted.

After ligation each pool (different rounds of panning) of plasmid DNA was
transformed into 100 pL heat shock competent E. coli TG1 and plated onto
carbenicillin LB-agar. Single colonies were picked and inoculated into 120 pL of LB
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H s6-tag and the additional phage proteins are
del eted. After ligation each pool (different rounds of
w@aomiongpe of plasm d DNA was transfornmed i nt oPADEPING6/012425
heat shock conpetent E. coléb TGL and plated onto
carb (50ugEmLEPA glucbBe &y86-wéll plates (Grleinurg STheewellpinekedeard with a
i nocul ated into 120 pL of LB WO 2007/071426
semipgm dBemPans; G@@nearanfé b gpPliates yve&@glngela@t@m gvernight at
e
37° Cgrg r%mﬁléérkr're él?rfcﬁﬁ)a%? aénkgér)( ejlragl ngﬁ?h i dﬂ? ?tﬁ?at ese%fatfe Bultures
were rtnanstmtaﬂmtn/arsebghd g98twelBpiate (werkitpplate) ooncaibmgcgo uL LB carb

. Th 10 pL of th t pl at
(SOugI 5 4% usdsa mrowal Riter rinsUBalik dot 6 W13 FI°G: shaking
L
incubBlé; KA pRIHeEdn SRR flutgtPby Saling Y GELS Carb PR TG to each
well. Aitér ahaﬂhleng\cubatmrbstap“ overnight pt G0UC Withinsharking, alIs brdYysed in

addj n LB carb 6 MM I PTG to each well. After i
a 1h GivebRten ohEREPORCRS BBAV thiv b (00rmbhbeiingeid, 320

mM ﬁ%@n%zrm%ﬂ)mﬁfpﬂ-l g(.j) p? rﬁ@/gﬁng r‘r185‘ (ggﬂﬁ%n%ells and cell debris

were aepdrat&2by cemriflagationdfoniiR EﬁlﬁAtqﬁ-bt& 900 X gTQviettlch)
ells and cell debris

| . |
The SARETRAIRBES GoMEIRIDG! SaryamalFules WEse dhROH@stedt for BiDging in flow
cyton%tfu’;'@lrtndlﬁg)assjé% ?Z‘I‘-R?rcfé‘ﬂggﬁrfsf& B akit Nn?@'r CEA were used as

ecul were then teste |nd|n
CEA-pygsitivetaellclirs. rﬁelhg)lmﬂag)assa%mmel barrrbdamstf by tiritially tificubating

betwqﬁrﬂgﬁgé%A g@gom ﬁﬁ ?nt%lla%ymgrgcrg})!gqqltllgﬂecon?aelklng human
scFv DRGERALh BonthAsARE: Hnath AR 270 I8 wgney H PBs/1 % FCs

periplasmc preparation containing human
(fetal rcmilfese.mm)cand furthrser lAﬁubaitednmtth)zﬁ-il@)mglmb of antis- LG eM2 antlbody
d furt

(Sigm5)ohich 6 GTohas. A Gt WAShEdk thex e /BCaReiegoRh polycional,
PE-labSicdMBhti-bisd drifigodik! amaﬁév@gatha?@ggwggwdanéu%w by flow

were incubated wth polyclona ant |

cytonzatnyi. Mr@en(a&la@@a@lom&jwecmt&sdndafurlQvnthnglsgmhb bly GEApositive
[les wver e t est

cHO B P dsitfeE PloRg Wk, iined vAfISSegieneing & the respective scFv

DNA@ﬁjtéudf%affefé?ﬁs @n%ﬁéf@ébtaﬁeher sequencing of the
respective sckv a total of 9 different sequences

Figured2edepictaibireding Bf gLer elnezhfzﬂsypnt:half-bumng:ﬁyf(l ehmunineeA5B7 VH-

numah Y1 EGRn el Lo VR BELEnds af miRRtg 83 SViamelje analysis.
The Fﬁb@f@ syhtanmt Muﬂlpﬂ’@@lﬁégﬁéms ohB&foFleaBh &onafial ﬁ,fsted In any given
mul ti pl e diagrans, one for each construct tested

diagramy thg bmkzﬁstmbugm@homéltmramrmesmtensuy|forn celiaamubated only

it SRHBIE Rl A 1, 5 by AEHTASH Sbprd Bpectn

agent3Pas 0pé&d ddredeteicienh iop %cFﬁQelﬂt thia®ays ady FlRbrakienes ishift 8bserved
scFvs. In this way y fluorescence shift observed

can heaﬂefuut%ueattﬁbw@ﬁytomﬁv epnsdayct satberthapdstaction agentepr buffer.
Shifts ﬂaﬁhoqsgcee%deo\%ﬂﬂeé}gsin&caﬁ% fLonstruct binding to the respective cell

line are depicted by a gray line in each diagram. Generally, a shift of higher
magnitude away from, i.e. further to the (black) control indicates stronger binding,
whereas a shift of lower magnitude away from, i.e. closer to the (black) control
indicates weaker binding.
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Shifts in fluorescence which are indicative of

construct binding to the respective cell 30 line are
walepirotye by a gray line in each diagram GeneP@l/ER200&012425

shift of higher rmagnitudeédway from i.e. further to

It cart!b\@sébh&@ln) Fifuné ral thanthecasrsrusts ANQdr Ab1881|K1Q40 A 313, A-290,
eas a shift of | ower magnitude away

A-318) feiSs MEhR IMPEAS Shont rapary riseamatlewshiter in fuorescence

mten%igpgéé g% p}ég?n&,‘ié??ur e&!{t%@:tlg Eﬁrépgrgén g%ﬁvﬂégéf bﬁég@of‘:ﬁ{é scFvs to

memléfah%é’bodh(ﬂ@EA /&rBlﬁfe CHO%rgetAc8lls, InAthe3 folloMnd 2the human VL
MP2- A5 show cl earlbd di scernable shifts in fluorescence

region f 5V 4249 (86 H? NP+ 48} s beepselacied apdtused, for the isolation
of a 8&%&?‘“\/!—%%%“%5 %rﬂgpl\ZLe rFﬁFt het ?8 éﬁ’.ﬁ'?@ﬁofﬁ‘%Os 63

tar get OW ng,

(nucléotivenseduencepghd B4qbnindacitt sktuentEQ | D NO. 48) has
been sel ected and used for the isolation of a human

VH region. Said human VL region |s depicted in SEQ ID

Emmgeﬁéyﬁ%ﬁghﬁhﬁaﬂw |iBhdti o“ar‘ﬁ?lﬂg][eacgibglay selection

of humdn ¥H regiens rpsisgantiicspodlaple CEA hntigen10 of h_uman VH
regi ons resistant to soluble CEA antigen The ai m of
the follow ng experinents is the selection of a set of

: : | . _
e B CHGHI By At SRR 3 £58 ALUHER v regons
resistant ErSeldbR‘(stE@Ganilgmﬁthat [.Emawnh Gthé huS@arﬁthmlmant;f chv A-240,
. eot i
89'60@39%%"% iy EXemR ﬁ?GE%?g Nﬁﬁeyeglqn i§ dgpigtachin SEQ ID

L

donors. Peri pheral bI ood nononucl ear ceI I's (PBMCs)
1. Isolation ofsRINAtfesin Iperiphétic bloodghembmitle s dPBMCS)

standard 20 nethods. Total RNA was 1solated from

100 mbyidod i wigrer Hakeandsamy( fiye Mheglthy thup@makmpers.oPesiphagal  blood
monohgglg%gr&% IQ??BWSRZ\%«?%SEBh%%g} flﬁ@\'@ﬁgﬁ&&%ﬂgz‘o@ﬁé 4§ %tandard

methdis. btrbtdlaRNAatwas/ iBokased fl&ﬁ9PBM)©§) usid§ the RNeasy® Midi Kit

% I i fication of variabl e heavy chalin_regions
(QIAGER) ; Sgowiag e WA 45Uy SuciBs (UAOnB oo RN Aaribaa sithesized

sccotiy 4 By Vil LA ROTEL 015 . R Bty Prs

198922q01)f i ed VH regions of the above descri bed PBMC
pool, linked operatively to the VH CDR3 of the
mat er nal ant | body foll owed by a human FR4 germine

2. PCReA |ﬁ€atlc§pof:\95n Ehbs}) 8hdiRReQbnS YR e ate

The \X,H-H-Idapawl Was cpnstmacted etnd Bamied b 11,33 - BHXAbis SZBIOIibrary consists of
the h‘.xman repe oire g:F-EX;CB%-éEE-CDRZ-FRS from the PCR amplified VH-
regions of the above described PBMC pool, linked operatively to the VH CDR3 of the
maternal antibody followed by a human FR4 germline sequence.

For the isolation of human template VH-regions, RT-PCR was carried out using a 5'-
VH-specific primer set (§'-huVH1,3,5-Xhol-2001 (5-AGG TGC AGC TGC TCG AGT
CTG G-3') (SEQ ID NO. 100), 5-huVH4-Xhol-2001 (5'-CAG GTG CAG CTG CTC
GAG TCG GG-3') (SEQ ID NO. 101), 5-huVH4B-Xhol-2001 (5’-CAG GTG CAG CTA
CTC GAG TGG GG-3') (SEQ ID NO. 102)) and a set of two 3’-VH-specific primers
(3’-hu-VH-BstEII-2001 (5’-CTG AGG AGA CGG TGA CC-3’) (SEQ ID NO. 103), 3*-
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CTGG3) (SEQID NO 100), 5'-huVH4-Xhol -2001 (5' - CAG
GIG CAG CTG CTC GAG TCG GG 3') (SEQ ID NO. 101),

WG 20010YHAB- Xhol - 2001 (5' - CAG GTG CAG CTA CTC BAGEFB0/012425
GG 3) (SEQID NO 102)) am8l a set of two

hu-VE-J3VBEENER0T 1 memG%GA%emJTG% Bs-ﬁz)l(szapm NQ. 104)). Per
(5' - CTG AGG AGA CGG TGA CC-3') (SEQ I D 103

PCR Jeaslion19ne Peprimepovas cs:pmtzeed ewith uonm?danrmra thezogmber of

dlﬁer%@FF re 30@08 on g(fet-ggﬁll n% §¥\g'§é gg %ﬁeﬁe%s%ﬁﬁ%??gm%?ﬁanons of

5'- arl 3pprimers. The FBMGecDNA ofifiié elopiors RES 1SaE bsoasonrse of VH-
determ ned by the nunber of possible conbinations of

genes;' Theyfllowing Py pgograﬁbwasmesmaamllflcax@rumumgn at 94°C

for 1%%%90 aprf’rﬂﬂf %ﬁn%l \QT_'a? 5@%%}{ IS;:E)Q?(F(@O?HSC[%%ES) rimer %>§]ten3|on at

gr'am was USG or arrpll

72°C 4br eeczzeo‘ondswa§©@arodaed oviers0 ayies follgwall B2 finaloéxtBAsion at
seconds and priner extension at 72C for 60 seconds

72°C Jers 19 aningtase d g vaPPUfiFation Rsedusts (withwa sy of appioximately 350 bp
were ?s’b'iaﬁ@ﬁ'a‘&@oﬁ{lrep ?@&a&%ro}%e‘iﬂ&&& es. The anplification

approxi mately 350 bp were

For thécdomuem\ @fClQbrthUHLr@gﬁjr%nm-QOFewg@dﬁamé@ ouolin tag steps. First,
i solation of Lib 134-VHregiaons, CR was carri ed

the hyman meawy §h@'ﬁsVH:§¢§'inentSt KERH&QW%%%CQR&TﬁRﬁ were PCR-

om0 SRR, VE R 5 v spea

pnmeussemgast lle seriiped 5b0Vé|- GraavH1c3, SFthFIFﬂOOSIetS &&JW%KhbDEdm 5-
2001 huVH4- Xhol - 2001,

nuvHABoK e 2004601 1D BIBE) 16A02) s0d. 3 hispaRioprimer Set (3-A134-

VEAE IR UG BT B 5 T G Gat ARG G Vg aca o7

ATA CAC GGT -3) SEQHD ND. NO5) 1 G5A133-VIAIB45VBITR GHC- m GTA GAA

CCG A6 GRCHBT ATE TSIVRE RGA GEAATACAY FE0HIA (SEQ ID NO.
106), ARRVIRE GO BE AN RN BRCCR 70 Gie SGRAe ToT

TGY ACA GIAATATAGBGLO 35! (SEM D NG tiHdwbgreinthe Indicated “T” may

s i w@a@%%%@@ Haefbinn oo

TAG P’e@p(f ;a%@(‘j %E@*‘Rﬁ?'TGEhRCA”%TﬁaA‘FA 694(: %ng‘%l%%o 108),

whereinh&indiGaad CTG rMayGalsob €EaplATEl PS,G(E A@A @TR-ANB4-VHS (5-

GTA iy ABR BIA GARERG TASRAR AT AT 36T, SECACH TA ATA CAC

RGC L@')'(BE@i 100 80 0R09Y) foRthe EhﬁlaanVHoéMHmeWe'snﬁrB and 4 matching in
nbi nati ons were used: a) X
the ve}y temginalviggon of FB3- huvHI , 3, 5- Xhol - 2001 x 3' - Al 34- VH
]1 B. , N )
The following primer combinations were used:
a) 5’-huVH1,3,5-Xhol-2001 x 3'-A134-VH1A
b) 5’-huVH1,3,5-Xhol-2001 x 3'-A134-VH1B
c¢) 5'-huVH1,3,5-Xhol-2001 x 3'-A134-VH3A
d) 5'-huVH1,3,5-Xhol-2001 x 3'-A134-VH3B
e) 5'-huVH4-Xhol-2001 x 3'-A134-VH4

f) 5’-huVH4B-Xhol-2001 x 3'-A134-VH4
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c) 5 -huVH, 3, 5-Xhol -2001 x 3'-A 34-VH3A 30 d)
5'-huVHL, 3, 5- Xhol - 2001 x 3'-Al34-VH3B e)

w6 200104446 Xhol - 2001 x 3' - A134-VH4 f) PCT/EP2006/012425
5' - huvVH4B- Xhol - 2001 x 3' - A%34-VH4 WD 2007/ 071426

Per PCR/ I206R/ 8A8%42rindsr Wak cﬁﬁﬁbnh@éc\hm@ﬂhe %nﬁwer?"thé'ﬂ?fumber of

was _conbi ned with t the 3' -priner; the nunber of

differgnt PR rractions wag detemmingds bMéh%rr\wmm‘ nyPQSﬁdﬂﬁmmhmatlonS of

5 e "RE PoRE ptlo BMING RGR el Wanpysdd (B fapppiication

Denabrafibhi21940C fat 1@4§édmsl§rlﬁ\%¢mah afgn° @rfaﬁéb's'&:onds and
at 52C for 50 seconds and prinmer extension at 72C

prlma’rcﬁxt%l%@bﬁasC\ﬁge99§|ep@nd%wa3v@erfozrmedy@vegs40 tytlesvietowed by

rnat e bbA% 721608 8B 12 Tl Blad PSP S 0L ifHespocive -
primdrhsequenss, g aagrnIs s@?hd@ft@'a@é‘%ﬂﬂoﬁ@éd forPAplartodf thBematernal
maternal ~ VH CDR3, which then in turn'is the prinmng

VH CHR3 whieh than indughis theaysinvag sife for theesecondiséePCR 3™-primer.

sy R TR R L SOERRN YT LU usea o

templaged im & Becors PCR irggctiorvisifgeryain thePfdspettiveBYW/Hspecific primer
uni versal 3' prinmer matching to the universal

and auniversal AuBrimer Maichingte the gniversal f-tgymings of the amplified DNA-

fragnfghié 1 Kl hlas t%m%‘d}@i@%&@@@%&%@c}ﬁm GCC

CCA &ZFA Gﬂ@ AARNGTACGAAWECG PAB- OCoghd8E@ID WOH
mplification: 15 Denaturation at 94C for 15 seconds

The fﬁ'l"?"ﬁ'ﬁg P{rRpipgrag &’@SE}E@df @f aE!IP lifeatidids and pri ner

Denaﬁﬁ%ﬁ 'a?'f@ f‘{: fzgg’sf&rco& na anﬁ\gﬁéﬁwi?{ sg@g 8(1% ecdfids and

pnmemextermon Eih@zmltbr\sﬁ s@coTRIs Wemepafmmécﬁbw A@eysleslifolowed by
to st andard Erot ocols. 20 3. |brargI construction -

final extansign At « eChfﬁfaﬂovﬁ“EB@ls | they BRAMIfrRgmeatsofwerge isolated
e human VL of scFv A-240
acco'{dg{ﬂ%tggddéﬁré}eﬁggwi rst, previous selection (see

Exanpl e 6) was chosen, and subsequently conbined with
thellbrarty of human VHfragmsnts with the aim of
3. Librg 130 el 2 ARGePAPspl ay |ibrary was

In a sg%B Jél) ?J)léida;érgpﬁt @F&gicﬁﬁg lﬂg;—:ﬁﬁGd age %?W_I &%c‘?&% 948i§8ntified in

the firabopeevious Idetectioh; (e Elamples G)Bwasonhoé‘emt and subsequently

Si | ver ma ld S Ha Labor at ory Press,
Comb#@&wwt@hﬂl%%w A bw&@n {/ﬁ AGTIR I (i BIPCRl generating
i |
huma@gm& &%bg@%%}ﬁé? .wrghkséi g%ﬂ%rail?%skrb@l%ﬁ Bas&Pon standard
procedueed, @d foniexgmpedisolpsed in “Phage Display: A Laboratory Manual”; Ed.
Barbas, Burton, Scott & Silverman; Cold Spring Harbor Laboratory Press, 2001.

Heavy chain DNA-fragments from the different PCR amplifications were weighted for
each ligation as follows:

a:b:c:d:e:f = 3:1:3:1:1:1, wherein a-f have the following meanings:

a) 5’-huVH1,3,5-Xhol-2001 x 3'-A134-VH1A

b) 5’-huVH1,3,5-Xhol-2001 x 3'-A134-VH1B

¢) 5'-huVH1,3,5-Xhol-2001 x 3~A134-VH3A

d) 5'-huVH1,3,5-Xhol-2001 x 3'-A134-VH3B

e) 5’-huVH4-Xhol-2001 x 3'-A134-VH4
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30 a) 5'-huVvHL, 3, 5- Xhol - 2001 x 3'-Al34-VHLA b)
5'-huVHL, 3, 5- Xhol -2001 x 3'-Al 34-VHIB c¢) 5'-huVH
wa 2@787Mdbel - 2001 x 3'-Al 34-VH3A d) 5'-huVH PCT/EP2006/012425
1, 3,5-Xhol -2001 x 3'-Al 34-WH3B e) 5'-huVH4- Xhol - 2001
f) 5'-huNEH4 B KB 200 1 W MB34-0HMA26  PCT/ EP2006/ 012425 70 f)
5' - huVH4B- Xhol - 2001 x 3'-Al134-VH4 One ligation
reacti on was set up consisting of 400 ng of human Lib

One I?nz%‘%bﬁwteﬁﬁﬁ&fg@ts.sg? %&Lc%‘éggilgﬂl i /AE Q@ og/ﬁﬁﬁ%ﬂ Itﬁq%éhilqc?ragment

pool @K‘mﬂCBS‘tEIItdhgeétbd; wuonz@o n@CENth‘é ﬁl%@n%@&’p@drﬁbEHSBH&s/A 240 VL
restriction sites Sacl_ and el into pConb3HS5BH s

(the %Uéo?ﬂﬁ%’y‘g hesVhreaian et sefadbr Waﬂ‘FéOfﬂ via thegrestriction sites
Sacl QH& S?)%‘ijl)/ntglﬂi@d?nyﬁ-l ﬁ E@Ogﬁfﬁ:a%tsrtmgrﬁ d@gi&%%g)e%% resulting

e ectrocorrpe i'chia co

_ antlb@i)emtmtafmw ipool (Was theh tiandfarmegiafnte 3G e, oﬂ%léﬁfrocompetent

Bi orad gene-pulser) resulting inalib

Esch@,ﬂc{éa @p{‘&g Rluedy fP'ﬁ@@%léQfé‘éﬂ'ﬂ (¢5dned.2 PO" gap pyvgtlte ., 25 mF, 200
onm 40 BeRETARRFL R IFa 3578 982 of 0 Rl Tt clones

in totaler e t hen each incubat ed in 500 nL of SB sel ection
medi um cont ai ni ng 50 /mL carbenicillin and 2 % v/

After @I%w@r@ﬁm FﬂegﬁﬁsaYrM@Sn'é‘fétlba@ﬁy'n 201G brath (Fieka) for phenotype
expre%rgighg:ﬁ% ‘Oﬁ‘gﬁtg %Wé?é;tﬁgneéaglﬁ?ﬁéugd@@t|h°§06‘r}qubf§E Selection

medlmaadra@hmgwaspg/mchlfairbem@tlllroanﬂIZ % @/vaglembsé @vernight. The next
eserve the DNA |library of this plasmd pool
day, &allsoet e ?wwrﬁéé«ﬁr@thwegt@dv%s@ntrmlonhw plasmid preparation

wes CHFE QERUS, 5k eighpehelele A2t i Ciagen 1

preserestiet DN@\ libvagy. | i brary size of 2.4 x 109 independent
clones jn total, 20 After Bhenoty e expreSS| on and

1.5 19 ol dhisptRIaRMidy RO hEAFRAING | Ihe HESRAEYMSoRFTYi tRO]F ywere then
electrﬁgﬁratté@nﬁtBeEreau L_Fﬁ Z:er@f:‘rb Q'drt ip(é&\/e‘?ﬁa/ H5) mF, 200 Ohm,

ecti on nedi um tlbody was t hen
Biorad geeetmdsen) rdzsuihmg mlfaed]blranwsméom‘é 4fx 10 xnd@ﬂ@wdmﬂtclorlessn total.

After ShanohBe.eRuASSPN 10 o cuiemien g cbericlire s andhegy fbrary

r I
v SRS 415 SO ROVl SR o, o gt

hbraryj | thee dnfebtedowith appofedtiogs sose-opriot 801 pesticles of helper phage
nsl at.i onal .fusion, t ha coat,.protepn 111
vesiAgesiltodr B ey b@lsfiofr 35 trrastidh SfnkiBprenious M13 phage,
wherdiAr gggt‘:g)hé‘g&r bbﬁgslé hgofteiFRd Sidle’ SREAHEH T BCORTBBHSBHIs-DNA
encoding a human scFv-fragment and displayed the corresponding scFv-protein as a

translational fusion to phage coat protein Ill.

4. Phage display selection of a human VH

The phage particles carrying the human scFv-repertoire were harvested from the
culture supernatant by PEG8000/NaCl precipitation and centrifugation. Then
approximately 1 x 10" to 1 x 10'? scFv phage particles were resuspended in 0.5 mL
of TBS/1% BSA and incubated with biotinylated soluble CEA, that was immobilized in
Streptavidine coated wells of an ELISA plate (Nunc) for 1 h. A 10 pug antigen/ml PBS
solution (50 pl) was incubated for over night at 4°C in the streptavidine coated wells,
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30 cul ture supernatant by PEGS000/NaCl precipitation
and centrifugation. Then approximately 1 x 1011 to 1

wa 2d00Dh2142€ Fv phage particles were resuspended POT/@PH06r12425
of TBS/'1 % BSA and incubatégdl with biotinylated sol uble

wash€8Andehaith Wester, Tolbivéd bythlbekinGfo e ptiour dit 87 °Coaitie @00 pl of 3%
wells of an ELI'SA plate (Nunc) for 1 h. A 10 pg

BSA ﬁthﬁéeMwa@Bsm%@mﬁft%mmtlgn) was i ncubat ed for

s 3o bnd et SubBGER, BT i Ly SRLEH B o oy

washlmj steps fwith DBB(0,0§ % ITavdem J Hi® washimgusroseddréCvas répedted up to
of 3% BSA in TBS, that was renoved after
10t'm¢§:lﬁ‘if&ﬁh8hro'~§1§’ﬁv phage that did not specifically bind

After 3 eps t ﬁ&ﬁéﬁﬁﬁl&%%ﬁﬁﬁé@ﬁe&‘d #w&%viﬂa}r%yérﬁ%gb Szr% Following

neutrwzatlbapwaheﬂ MpPThs) pA 12) theneliaten Was ubed fopurfdstion of a fresh
Aft r_ washi ng%I bi nding entities were eluted by using
H

uninfepqggs & weli xd 1 Bluexultureso| | owi ng neutralization with 2

To lfTigrhay i g i BAFeYED LS 4o TSRO, Chub culure
(OD606m=0I8) ngerel gdidy tirinrgwens bhtaacdishted fef 18 nhiha@s. Both cultures
coli XL1 blue culture 10 (OD600 > 0.5) were added to

were then mixed apd cells syeaessiulhoiransdyresuvidk a pageraid eapye encoding

a hquqa%égel ré%rst aw% a%#a?nsgglﬁgﬁf Lfé ﬁ?ﬁ’%%éﬂ{% rgs%rr&e and

subsétuwnﬂysmlfaﬁé@d/viwrvcmglanIh@ldérl ﬁhé%ltétﬁaﬂeth@ndecond round of
subsequentngféI infected with VCVB13 hel per phage to
3

antibedydisplayansdpofitee pelggHodf  anti body di splay and in

I , i .
Plasr?{%hmllﬁ‘ﬂo‘?&tshﬁﬂg@ﬁmi f";fo rqg?gﬁf ﬁgﬁrﬁl ap\?/g?! |§8@tt$qff o E. col
cuIturEer Hohethermmbtlm dffscﬂ@blebééFVSpHelnr afreML-DMI- faghidhts were

nments were excised fromthe plasm ds (Xhol -Spel),

exmsg@érqpp éﬂ%@'@ﬁ’ﬁ'dﬁﬁgh@&%el)e%ﬂlfé'@n%fih vig thessame restriction sites in

the p?ésfﬁsn W {ﬂ?é H| Doyt e‘;mbcgf%rg_gggép{:&%ﬂ&? (e.g. SCFV)

constr Ct
lncluc(eEC@\ﬂzl@@[tw (TEBYKDDBDK9SEh4DWIEN g ebetwbenane §¢Ry and the

. . 20 ag..and the additional phage proteins are
H'SSH’Q@F@S‘ %?Q'E‘P”‘?' RYFOR Aot anegle %ﬂ’i-fferent rounds of

e P BTN o TR, L v

transfoamedninto! HD@ |JB heat . srﬁsjd(glcenqmtemi &colereGpi akédphateld onto
into 120 pL of LB carb

Carbebpﬁﬁrg'@t eﬂarg Inge cql 'H?%é”?@@?'f«?& 533%%%@$n€6’eﬂ80 uL of LB
carb @Z’bﬁﬁme ficése fif If;ﬁéms Lﬁérr?ﬁ%e(\%ﬁ’é %FQ s88fld with a

re i ncubat e over
semlpﬁtmeabga imembeane (Gneinedr apd ethe) platé"seweté) |ptubétedhevern|ght at

570 8 % 1o et TG W B b GEPEIE s
were transferred into a second 96 well plate (working plate) containing 90 uL LB carb
(50pg/mL) 0.1% glucose per well. After incubation for 4 h in a 37°C shaking
incubator, scFv production was induced by adding 20 uL LB carb 6 mM IPTG to each
well. After another incubation step overnight at 30°C with shaking, cells were lysed in
a 1h incubation at room temperature with 40 pL lysis buffer (400 mM boric acid, 320
mM NaCl, 4 mM EDTA pH 8, 2.5 mg/mL lysozyme). Residual cells and cell debris

were separated by centrifugation for 12 minutes at 1,900 x g (Hettich).
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(50pg/ M) 0.1% gl ucose per well. After incubation for
4 h in a 37C shaking incubator, scFv production was

wo pabaoed2dy addi ng 20 pL LB carb 6 mM | PTG t o PEYRPRI06/012425
wel | . After another incubat’2on step overnight at 30C

The vupdrnatumts rontateingssofr smdigades iwereathbh ig3eatd#ér Bivdaig in flow
roomtenperature with 40 pL lysis buffer (400 nmM boric

cytomgtrig binging agfa¥saCl, 4 nM EDTA pH 8, 2.5 ng/nl
CHO'é’é@ZN?ﬁQJe Bashinal %'&Rﬂge&eggeé’%@ CEA-Y5ifive, gl Jine. Cell

separa Yy centrl ugation m nu

bindirag ébbays whe c¥fledlsLt/ Ky ihitiafly RicUbating Afetwéed 290,000 dmé 200,000
supernatants containi ng scFv nol ecul es_were then

cells M@%\t RerRlasMic PEPAEAaN ePrdining human seF\bPhtrlavanisernrls. After
mcubgggn GRE! Ifsr\%é{ %ﬁsﬂ@d“ﬂ'néﬁﬁ%w’gﬁn%ﬁg(@(a? cléﬁ‘egeraﬁw and further

ositive C assays wer

incubaied wabl 540 Jgyymi of ahtdALAG M2 batibody. eftereas cENE, r&@loagaln been
and 200,000 5 cells with g‘erlpl asm c preparation
washegn theiweyen inaubatad-withy polyicianaht PEolabelads anismeuse antibodies

(iU B8 bl OEEE HERRE R o U, L4 e o

bindirgsignBlsAth UIEAxpbsitioel CH@icets. Alhef theilh shovedd agsitive Bigials. After
washed,_ they were incubated wth poI cl onal ,
sequERCING, 1 the aﬁwethesﬁc%\mwedae@ta( sheliffereph$equences were

oSR3I Bl B P8 Sloaf T G gt

MPS5 1(e13-A5.3A(MP6A 04AS; nSEQoIE NP0 S0, IMESSOQM$1 (MRB‘:‘H B9; SEQ ID
q i n t re ctive scFy DNA a to of
NO. Sl MEREIOT 438 1cuhiR T DR SES UG o5hlchaim besn shlesied for further

AR L BT BT A0 sfi e ghown o

sequénmELIBtiBgB9. 1 (MP511- BY; SEQ ID NO 52), MP510_3-D8.1

Pero s A e P B S B s 1106 as

well %'tﬁe%ﬁﬁﬁ%ﬁ BbRsPHAVR- 24’(1)t mﬁ&gge @mlné %M B5B7/human VL

Periplasm c extracts of said human co struct
A240MSEKD - IDSNG\/PEBI)leQa fum&iﬂlalmyzed |rwﬁbw a;ﬂotriﬁndnzeb(benments with

CEA-JpSTio 250 “isegalive Gell g Thena e AqaLIrOR Koy d3: thal Rigghuman
consWét@WPSﬂG—A@(@EQnWWOWSbP @@%@Q?E@ Y8 Red 52), ,MP511-D8

negative cell Tines. It can be seen ‘from Figure
(SEQx nat NCheSﬁ)Jrﬂmw caleary (discerivaBle0 shits( BE(ﬂUoIEB%ncEO)ntensnty as

compEeR, o 0t 1155l AN PRl A2 oUeikele 3 (murine VH

Assw/ﬁurﬁaﬁl\rw ATR0); CSE'@a!D?‘NG O4BNETHAS nﬁétm}fﬁanadcfr—vhémucts show
control A-240 Vi anbda.3 (nurine VH A5137/hunman VI

stronger GindiE) aabvity. t04e)emtman§ -baund human SEA tbansthw@aﬁ human

cons Lk 3R VRRAES A b AR SRR Woheo aistinc

bmdM%&ﬁngQ%?leetadﬂjrﬁarpﬂ(A'ﬁd)' npfcen@e(hhmﬁhng@@ﬁ@t E&sder cell line),
owed di stinc

whereas none of them showed binding to CEA-negative, untransfected CHO cells as

well as to CEA-negative human NALM 6 cells (human B cell line) (data not shown).

EXAMPLE 8: Generation and cytotoxic activity of human CEAxCD3 bispecific

single chain antibodies

1. Arrangements
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bi nding to CEA-positive human KATO Il cells (human
gastric cancer cell line), whereas none of them

wa havedi4ké ndi ng t o CEA-negati ve, untransfect edPCHEP2006/012425
cells as well as to CEA-né@ative human NALM 6 cells

In thé mestnstBpc @bliols riom4idasmangémehiewn) hunith BiSPECHic Single chain
Ceneration and cytotoxic activity of human CEAxCD3
antibedy, faeleeyles @a\f?g?éseemrwram szﬂS@smplewl@%ﬁ@mweStnmhuman

anti-@@,&yh%ﬁé%@nf’ﬂ 62#&% l]rr?n }Nhac% hds %Q@n '&%%nﬁéoeﬂ Ei(ample 7,

vari ous donai n Uman brSpecrric sin
supra) hand therrde- itmdunlzedebmbmg Hamairb et g@étﬂfcatyefbr tﬁbeﬁeman CD3

nol ecul es the human anti - CEA bi ndi ng _donai n
antigen ﬁeoweﬁ@ﬁﬁﬁp Nﬁs 7%1\’@”'—%%’%&%&*9%% sekauti In Tablerii see also

S
crar 24058 O ERLE S LA ARy ar
CEA Iiindifg 7dorvaivis Mesc&ibéelshgmd (gppén@tnﬂ?)ﬂbmm talaewu@blé hsean CEA
| SpeciTlIC SIn e chain

. also Ex le 2, J .
ant@%ﬁé%&@dﬁ%ﬁgiﬂ P@@?ng%m @fH%r tuhENNgS(al PheBR dishiay gglection on
t bi nd t | ubl
solubf CEA e BhELIRAIRER. Yeen fsol ated aftor

four rounds of phage di splay selection on soluble CEA

ant | bilized on ELI lates. 10 In particul ar,
In paﬂﬁalagoﬁhﬁaa]%msrarmmtg %ﬁé(g degpLengEMefat ed:  (a)

human anti-CEA part |located N-terminally: (i) VHVL

orientation of anti-CEA: 15 A5 VH A240 VLXSEQ I D NO. 77
(a) hurkbih anBECEA DaNdocaté)l, N-&rmihbalA240 VL# x SEQ | D NO. 77

() VAAOrSIRIoNSNGt-GER. 5o Vi A240 VL¥ x SEQ I D NO. 77
A5 vNMd@EQsEé MNO@”?X/;V%SQ@& Qﬁg g&ESEQ I D NO. 77

VHVL (SEQ I'D NO x SEQ I D NO. 77
A5 VNIAZ4( $EDHXISEQAD NO4J7 Vaivl (SEEAID\NO AP26), VLXSEQ ID

so VsV e B L S| 2
B9 vﬁﬁtmo \9\@73/% %%Q@%(&S@ﬁfgﬁ"\l\% d TDW?(L1:§(§:,58 'Ng_ NA?Z) ,34) :
D8 VHFMNVDXS’EQJIBANOJFRQEWU CSE\QIWNOL—M(Q) (SEQ ID NO. 18).
D8 VH-A240 VL# x SEQ ID NO.77 VHVL (SEQ ID NO. 134), and

CEAI VH-A240 VLXSEQ ID NO.77 VHVL (SEQ ID NO. 16).

(ii) VL-VH orientation of anti-CEA:

A240 VL-A5 VHxSEQ ID NO.77 VHVL (SEQ ID NO. 26),

A240 VL-B9 VHxSEQ ID NO.77 VHVL (SEQ ID NO. 34),

A240 VL-D8 VHXSEQ ID NO.77 VHVL (SEQ ID NO. 42),

and A240 VL-CEAI VHxSEQ ID NO.77 VHVL (SEQ ID NO. 18).

(b) human anti-CEA part located C-terminally:

(i) VH-VL orientation of anti-CEA:

SEQ ID NO.77 VHVLxA5 VH-A240VL (SEQ ID NO. 30),
SEQ ID NO.77 VHVLxA5 VH-A240VL# (SEQ ID NO. 128),
SEQ ID NO.77 VHVLxB9 VH-A240VL (SEQ ID NO. 36),
SEQ ID NO.77 VHVLXE12 VH-A240VL (SEQ ID NO. 143),
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(b) human anti-CEA part located CGtermnally: (i)

VH VL orientation of anti-CEA: 30 SEQ ID NO 77 VHVLXA5
wokhoad40%. (SEQ I D NO. 30), SEQ ID NO 77 VHVLREABEP2006/012425

VH A240VL# (SEQ I D NO 128)4 SEQ ID NO 77 VHVLxB9

SEQ YB-MOAOMW/HBRAY! VHM24BA) (SEQQAD RONA3DY SHAYIBING.77 VHVLXDS
VH A240VL fSE | D NO 143), WO 2007/ 071426

VH- AﬁéWEFé%@ ), 74 SEQ I D NO. 77 VHVLXB9 VH A240VL#

SEQ B, M@é@%@%&@@m%mz‘gzg N
and SED IDIGD. 77 VHWL&EQAI WENR2AOWHSEEHANYHH240VL ( SEQ
VL VH orientation of anti-CEA: SEQ

(i) Vi}- Mm'wawgim AA5 VH (SEQ ID NO. 28), SEQID

scolfy S IRAMEA ERARI 2 BT

SEQ\{BNQ@ 7AZWQVLXAEADVMBQ(\,$E(SEQ IBNO23B), 10 CEAl VH (SEQ
denotes a VH I‘GEI on derived from murine mAb

SEQ JB0.77ayilY bRAS DAV (SFOCBANOVEDH and or Lo & VH VL
SEQ fARRTZAMYEs K2adVLECER) Bt (SEQTRNRNZY  egi on (see

SEQ ID NO. 64 and Exanple 7). Accordingly, e.g. CEA

H A240 VLXSEQ I D NO. 77 15 VHVL (SEQ | D NO. 16)
CEAIc\nSHr@#QH@sNQa PB)denntes g ¥YH mgien werivadtirora murine mAb A5B7,
R
wheré‘egslglbon AVt Czl? QLVQM%%P{% \ﬁ-‘!"\fllgdr?rﬂg%oéﬁ]f F_\\Q/_l. "Mt} domain,

respectioglyndedied fromhminABBY | AD4Y cbrrbspouds tcha rnumrew r@ |on (see
ences encoding _the orjginal N-term

SEQ 1 NGAA Anfl Exaplad) aeRapirly. €ud GEAL VELAZH0 MLIGEQ IBNO.77

LB T & LAY ATER P rebfimen e

blndl@th‘l-am?H@vwg% muSE@\AI—Dé@ibr?ﬁ*oM—MAWSE@ aPumd¥p VL 36gion A240.
? NCf) 77 VHVLXB9 VH A24OVL# (SEQ I D NO. 132), D8
For thg claping ofhe humaaantipady libraryithe pugieptids sgsuenses enceding the
ongmgﬁﬁ ﬂeﬁn,}lﬁ) ?Yhevwl‘r?f% \é@‘ RV Be (BRGADY MPreshiion iR, 1n A5
original N-termnr hav een rerntroduced. liPh
VH-AB468 pAGH kKiSEQIIDgNO. EhaAHVlal(lSEQOHDI N@Jnmﬁ)uSECSHD?N(DW VHVLXA5

VH-ARB (SR NS N5 B iR U 52 B9 78 VR (sEQ D
NO. 1’3’0@& @Etisggnggcéﬁ W%%&Yﬁﬂb@@v@#'(%@% CN’@E 135¢ D8 VH-A240
VL# x SEQ ID NO.77 VHVL (SEQ ID NO. 134), and SEQ ID NO.77 VHVLxD8 VH-
A240VL# (SEQ ID NO. 136), the original N-termini have been reintroduced.

The bispecific single chain antibody construct SEQ ID NO.77 VHVLxE12 VH-A240VL
(SEQ ID NO. 143) differs from the SEQ ID NO.77 VHVLxB9 VH-A240VL (SEQ ID
NO. 36) construct in only one amino acid residue: The CDR-H2 sequence in the E12
VH reads “FILNKANGGTTEYAASVKG” (SEQ ID NO. 145), whereas in the B9 VH it
reads “FIRNKANGGTTEYAASVKG” (SEQ ID NO. 67). The human E12 VH region

has been isolated as set forth in Example 7.

2. Expression, purification and flow cytometry analysis

Expression, purification and flow cytometry analysis of these human CEAxCD3
bispecific single chain antibodies has been carried out by methods described in
Example 2, supra.
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VH reads " FlI LNKANGGTTEYAASVKG' (SEQ I D NO. 145),
whereas in the B9 VH it reads "Fl RNKANGGTTEYAASVKG'

W@ SEQ0YB2NO. 67). The human E12 VH regi on hasPOEEP2006/012425
isolated as set forth in EXanple 7. 30 2. Expression,
purification and flow cytonetry analysis Expression,
purification and flow cytonetry anal ysis of these

3. Bindingacktvity cD3  bi speci fic single chain antibodies has

s oRSDIRRL ) B8 TR B hin BRER ot A

VH-ABAﬁth)gSEQt IDING®. 7% W (ISEQ 4D NO. FB@)JYEQMH ABHEHIVLXSEQ iD
ic. single chain anti bogé constructs

NO. 74Tk (SED BENG SAeDR VAT Y B oG 3y ViseL (SEQ 1D NO.

40) AT G518 A28 VERETIP HRn' Yt DER MRNog Bty to cen-

positivithag+h KatoJHQEID aNa. 16 TDBgositiSERPE AL céfig. bind to
CEA- positive human Kato Il cells and to CD3-positive
HPB- ALL cells. 4. Cytotoxic activity in the absence

4. cx@ftggg'ggm@ f_rg@?%‘skﬁ@é‘ #Qol%kaoég%\' éhtg;‘éh' ;"egy ‘ g?a't th

Cytotbxic| ativity algainsth CHO-Oerdatget dfellshisad been ﬁemgasﬁréﬁed for the
singl e chain antibodie For constrycts with t

following Pomer gaARIeHeRtsef ¢ Esthwmma'rspwﬁﬁ&m l8£bajp antibodies:

orientation of the anti-CEA part, Figure 15 shows
cytotoxic activity for A5 VH A240 VLXSEQ ID 15 NO 77
For cMhﬁltuc(tshith tBeN(ﬂti-QEA pdsplocetetiPMekhindBahd al\m-WVL‘drMhtatlon of

the ahBh PSS EIUTEAR SAATASHOIONE AERA FAD YHUAAD VEZBEQ 1D
NO. 7175?/9@_ éééb IO NG T 2 1@9@#1%%6 9L§§E CEX%W VAPVLL YSEQ ID NO.
ion O domai n

for the VL VHorletat t he ant
32), D8 adatAsONVEESRCNHD IND. AloVHALA (SEQ- ID\ENQ’I-MSEQWG ORI ¥H-A240

oot G55 B 2R Rk Bt Tt s
for thé %W%r"@taﬁ@ﬁ of trﬂi‘gntﬁ@@\ an@ﬁf‘&loyﬂé§5@té%lhg &FQEE%O VL-

. For constructs wt
A5 VbIaSEQ cblaaN@d7t\ﬂéVIm (6&Q yDaND. 26yHA2400V LB MHXSEQfID NO.77

vhve, e AN MO Aaa0 UEHE VS b FEViL Y8 Avo. 42),

and AWOA\?LAe@éAI(\ﬁE%E@ MNo?ﬁ? vrﬁﬁqsébh@ N®. Y&lVLxB9 VH
A240VL (SEQ I'D NO. D' NO. 77 VHVLXD8 VH A240VL

(SEQ I D NO. 44), and SEQ | D NO 77 VHVLXCEAlI VH A24OVL
o oA b e M b U ot
the aAf-OBEA part0fFigure 17 exhibits cytotoxicity against CEA+ target cells for SEQ
ID NO.77 VHVLxAS VH-A240VL (SEQ ID NO. 30), SEQ ID NO.77 VHVLxB9 VH-
A240VL (SEQ ID NO. 36), SEQ ID NO.77 VHVLxD8 VH-A240VL (SEQ ID NO. 44),
and SEQ ID NO.77 VHVLxCEAI VH-A240VL (SEQ ID NO. 20). SEQ ID NO.77
VHVLxXCEAI LH was used as a positive control. Figure 18 shows cytotoxic activity of

constructs with VL-VH orientation of the anti-CEA domain (located C-terminally) for
SEQ ID NO.77 VHVLxA240VL-A5 VH (SEQ ID NO. 28), SEQ ID NO.77
VHVLxA240VL-BO9VH (SEQ ID NO. 38), SEQ ID NO.77 VHVLxA240VL-D8VH (SEQ
ID NO. 46), and SEQ ID NO.77 VHVLx A240VL-CEAIVH (SEQ ID NO. 22). SEQ ID
NO.77 VHVLxCEAI LH (SEQ ID NO. 2) was used as a positive control.
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constructs with VL-VH orientation of the anti-CEA
domain (located Ctermnally) for 30 SEQ ID NO. 77
wORMIZN2ARZ2OVL- A5 VH (SEQ | D NO. 28), SEQ | D NO. FGT/EP2006/012425
VHVLXA240VL- BOVH (SEQ I D N@ 38), SEQ I D NO. 77
Figurh’l-@’i.xmflcym&(kic(&ﬁﬂltél oF Nidpetilc. sing té ohain @nh‘@:&? constructs
VHVLXx A240VL- CEAlI VH SQIDNO 22) ng NO. 77
compyisingy thenhuman 88qVHbregipn ze)nd/vﬂbe lhlyefwrh 40p¥kiregiga in different

oranE A4 YCHOCHREATY TV Req B 934, om0

NO. 73MHVDM24@V$.LBQNH SEQIYFD NOD. gB)| BEChNDTNl@ B2 VAVIDERD YR-A240
the human A2 regi on in d|

VL ( SeﬁQalng’é@er%Gé am@@@ VI:'— 0%@@?@@&\@077?7WL (SEQ IIDNO. 32)

revedigh Tl TR AP EERS g e biRe g e ™

36), and B9 VH A240 VLxSEQ I D NO 77 VHVL (SEQ ID NO.

‘ C | :3 A asate soluble CEA
CD3 b| speC| fic single chal n anti bod| es to soluble

antigen 10 Conpetition assays in the presence of

Compmltlohl asdaysun the/presenge of fsofubld dumerm CEA anfigen forcthe human
gl.e cha| n antibodi es have been perforned as set out
blspepﬁ'CEsaaalﬁ ghain anfihadies ﬂﬂ?ggr*@m@ea‘ﬁme@ afefBh Ut ip £xample 5,

suprd. "6 ﬁtee%' %éaé}ﬁffzbodgmo%% St ?‘Q%IE&%EGOFO s&lﬂp%t @EW antigen of

act V|ty al so uman construc
cytot@an gctivity alssb farHhumaA0coristiBee3, 1d3 Hﬂemillﬁéd/tfor( &E@tfd@ts A5 VH-

A2\ x50 ILORIQ I AMULVBERE :@M%@MW@@@%E@ ID NO.77
VHVL4§EGHEB NEEAD) %WRM(&W‘%@E@@@A&? ik ﬁg@gl% N8, 40) and

for resisStance to solu -der1 ved
CEAIbVH gt VEXSEQY IR NDI7nVENL(DEQI s Neet Gixfm'p‘eeisfance to soluble
ver shows t hat - reac

CEA §f Bhainerderivadbiopeafia ina sharLanbosies see iy SiMpreover,
Figur{a%%@&%s\é@ét c%%ﬁ%‘raﬁs Oy s?@nflﬁeé*h I%Cl':ﬁ‘&lp Teltiugt W40 vL-B9

he pres nce of increasing
VHx SEQUHD NOf77sYHW SEBRADANG.ga4). reﬁmeste&kﬁecéllsetotlyse CHO-CEA+

cells (1P8 esac ol EFeARg amoudls of slubls CER ailast 15is experiment
demoﬁ@iré@setr@?'%lsd: iAo v -89 VHQSEQ fieNGeT VHRT- '%ﬁé}gd cytotoxic

27, bispecific single chain construct SEQ ID
activityHig_xgsigtavk-to2aauble CSIAQ FiballNOas1a®) bereeriseddrom Figure 27,

bispeGiSiRglhce o Sams LR S5 o P60t Q12 VAFRz4B L (sEQ 1D
NO. IR Refitbd eHotGacBetiity |§Gé$l§4atn"t‘tc9¥6lgb@<CEA anti - t unor
activity in the presence of even high |levels of

sol ubl e CEA antigen. As set forth above, high ser um
Thus,r &Jér%g%%p |tnrv%tn 1SN Sprc.mdgéa1 rfor p asrmvgctentlgﬁl ct:or}reul)és&} ions w mm cytotoxic
anti-tumor activity in the presence of even high levels of soluble CEA antigen. As set
forth above, high serum CEA concentrations in patients with epithelial tumors reduce
the success of anti-CEA antibody-based therapeutics. Therefore, the pharmaceutical
compositions of the invention are particularly suitable for the treatment of patients
with progressive epithelial tumors (e.g. secondary, metastatic tumors after surgical
removal of the primary tumor(s)), malignant epithelial tumors, high (epithelial) tumor
load and late stage epithelial tumors characterized by high soluble CEA antigen

concentrations in the serum/plasma of said patients. Further, pharmaceutical
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t he success of anti-CEA anti body-based therapeuti cs.
Therefore, the pharmaceutical 30 conpositions of the
WO pwentidoh are particularly suitable for the tPEHEP®NGE/012425
of patients wth progressiWe epithelial tunors (e.g.
compesitiond afthe imtertioat are dlsowxpeafedeto Iseiaditaibtered @ el dosages.
mal i gnant epithelial tunors,

In adﬁ{ﬁ_sﬁ?g%@irém”?irw%ﬁeﬁ%@%b@%wsaﬁw Hakely {9 immunogenic when
admirggfe.tn?@ kd e %é'ﬁ@?{@ dtBabake %ﬁhﬁ'p%@rdn@[% 59“-‘50.3#,@ ggﬁgﬂnd the de-

ntigen concentrations In pl asma
immupisteide nargi-CBS t pant, ophdhierabspecifial sMyI@0@RaM 1ditfbodies in  the
PCT/ ZEOG/ 012425 77 c%gpo,si tions of the invention )
pharmaceulical, earpeesiians oobetngdnMHEas: eflofeoYRw Hiss ajfearmaceutical
compeSitRfSdf R inyERlion B eXBECt 6 ProfENar hich Al énetration due
to theplow emdleculae weght renchemmall size gf theobispfbeifiﬁrﬁim’bgléilﬁhail?bbnstructs.
.and the de-. i muni sed ti-CD3 part of the bispecific . .
AdGitERALY. 456 i i asuemeat G apiunts heRgE G Einald Chain antibodies
will b8 AGRPbbEAIER ?f tﬁéqﬁ_ircfihnl{)?&dﬁd‘afﬁ@hﬁ&’ §4id @BFecules. Because low
pharmaceuti cal conpositions of tHe invention are
amountpard expeaiedtobedmdrhimistereghtot thetpatipats: tthatadeersaueffedts for the

paieh 3 ol i PR 308 kiR, w6 s agibodies
withol erekisicd ' BatdBrle! @Eb@%gf B¢ Ri Cééms‘?tiv% nl%' &ven low
w il be used b the hig

chai n anti bodi es ecause ‘of
concentiativosi of salublei €z Aotintgenl imbthe pldssa dBdamos epdtimnts Bince they

Y e e S R R
circurdlSte@HYRE §hanPaBButi@le6RfposiioR’!df Yhe PiveRESH T C

S
single chain antibodies wthout resistance to soluble
CEA woul d be highly sensitive to even | ow
EXAMBLE 1t Pratteimnisomiogemeityl s Sasineerit ofopurified meonomerfA240 VL

- B Ykt ah Net7 20 (St 1 NG, Fvby Fiah, Resuvilan Cation

i I j ented by the pharnmaceuti cal
Exchggﬂgmqniéntg@#ﬁltfg‘é i nventi on. EXAMPLE 9: Protein

honogenei ty assessnent of purified nonomer of A240 VL

To furth8P cabaSkaZeDhChdmoybivkity SEd Pubified F¥400YLH @Y VHXSEQ ID
Exchange Chromat ography To furt her

Resol ution Cation ] _
NO.7¢nYF¥dt éPES: 1Pn&NPorddy epriistiucht thends@latad: ineenoxpan fraction was

seBig 6509, Aol Mool STOE e LIy, o

chronfrétegtaphyonasperformed cirh a geinkS rooltrhe (Ml S PETa6/50 CatX 0.8 ml;
chromat o r@h was perfornmed on a MniS colu

M S
GE Hpaltacate o - BR0508] e chiibrated v BOMMMES BLBiso 5 05p. The sample

T b e . | _
was ) 55 e AT MERBIL L R, Bt O S piinvas
eluted vithegradient B wadilipraticri bufferscotibaialngt B NaClh 0s80% in 60 column

gradient of equjlibrati ?n buffer containing 1 M Nad :
volumg:s3 BEMAINGRY FUPIGIM WaR) aled. INRenaPIHMYy Velupies Pfwid NaCl. The

resultflg’ERfdmdtograiR!is BhoW WERWE 28 Yhdahibits"s homogenous protein

fraction with a single main peak.

EXAMPLE 10: Plasma stability of A240 VL-B9 VHxSEQ ID NO.77 VHVL (SEQ ID
NO. 34)
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resulting chromatogramis shown in Figure 23 and
exhi bits a honbgenous protein fraction with a single
worin/opeak. EXAMPLE 10: Plasma stability of A2BOT/¥P20B&012425
VHXSEQ I D NO. 77 VHVL (SEQ I’'® 30 NO. 34) WO
The plaéshia GTdBiRg dPEH¢ A22004. 01BR ¥HIXSER T[DGN(DJ?&SWHVEt(sEiQ IDWO. 34)
of the A240 VL - B9 VHXSEQ I D NO. 77 VHVL f
constgugt was,iested under-differast dcubatien conditiops el qw&qj Bma. gandard 51-

chro |9H4j+cfflé§§?§?5§éd %Q}xﬁ‘){t aas%‘é? %&cﬁﬁgd Eg@#g% jel ease

cyt ot oxi cli ass as escrl e 4. A
human pl asma pool with the bl ood of flve heal t hy

A huBRIMO prashies memm aHe Phloo8 6PFile Tiddiybliensts Was generated by
EDTA-coate Da'y“ nges. The cel lul ar cofponents wereée

collectingdieer ifyEDIéneoated gatinges.akhe cellamampenenisavese aeeoved by

con Y EPL VBB USREUEMY bl A8 SR Ay oolea

The A24(W9L — BICVHRSEQ HY NI Z707HYC (SEQ D NOes&Nesnstfuct was either
absence_of plasma. As controls, the construct was

incubatad,akd7v Qr@’dﬁ’r%@ én hermresenas phabsgner ¢fiptasmaadsagortrols, the

constft s Gl podeuia L pREE koo, PERRERMYY'Seohy i agitor RPM

1640 uRediuAs rekpectively. CHUSCERMRes@iveaciPrargat @@ns (ﬁm:ﬁ)lated CD8+ T
ratio was 10:1. The assay duration was 18 hours.

cells Wﬁfﬁvﬁsﬁﬁ’l asi gffactoreglls Heecﬁfmt@ratafgatéEbT)s@eeuwas:1@41nJ he assay
duratll%g% q@i‘)%hwct A240 VL - B9 VHXSEQ I D NO 77 VHVL (SEQ

proved to be very stable; no loss of 15
cytotoxic activity could be detected after incubation

As sHowideigurd 28 Mhel OEAGSabBR Bis ?Emﬂ@%%gl@éﬁ%n‘-&)r%%uct A240 VL —
Prot ei n_honpgenei ty assessmen urified nononer of

B9 VISEQEQJID IN@ 77 YHVLEEQ WIBLMQ4G4)/prQ\$IEQO| e Nery stedle; h;o loss of

cytot %h R L{t}\%gn cgi;ﬂt ' opeﬂﬁﬁﬁgﬂ%?@g%wmt or%g%%gfaegq‘g 24 ﬁours at
37°Cexcept that SEQ ID NO 77 VHVLXE12 VH A240 VL (SEQ ID
NO. 143) was anal yzed. The resulting chromatogramis

shown in Figure 25 and exhi bits a honbgenous protein
EXAMPREt 1 rProitein hamoigegleétyrassessamnt dbgiied hondines of SEQ ID

No.73:7l4 Eﬁg?{/mré?& JriisEQ Yﬁlﬁlﬁﬁ%ﬁﬁﬁﬁ%ﬁ;ﬁ%ﬁ%on Cation

Exch%}_@@ @wméﬁg} cept that SEQ I D NO 77 VHVL x E12
VH A240 VL ( NO 143) was anal yzed. As displ ayed

in Figure 26, the CEA-reactive bispecific single
The etp@rimentnehs uednduicted h MRalogywiiith Example 9, except that SEQ ID

NO.77 VHVLXE12 VH-A240 VL (SEQ ID NO. 143) was analyzed. The resulting
chromatogram is shown in Figure 25 and exhibits a homogenous protein fraction with
a single main peak.

EXAMPLE 12: Plasma stability of SEQ ID NO.77 VHVLxE12 VH-A240 VL (SEQ ID
NO. 143)

The experiment was conducted in analogy with Example 10, except that SEQ ID
NO.77 VHVL x E12 VH-A240 VL (SEQ ID NO. 143) was analyzed. As displayed in
Figure 26, the CEA-reactive bispecific single chain construct SEQ ID NO.77 VHVL x
E12 VH-A240 VL (SEQ ID NO. 143) proved to be very stable; no loss of cytotoxic

activity could be detected after incubation in human plasma for 24 hours at 37°C.
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E12 VH A240 VL (SEQ I D NO 143) proved to be very
stable; no loss of cytotoxic 30 activity could be

waetwgoreds af t er i ncubation in hunman pl asma f or PCVERZNNG/812425

at 37C. WD 2007/ 071426 PCT/7EP2006/ 012425 79 CLAI MS
1. A pharmaceutical conposition for the treatnment of
an epithelial tunor in a 5 human, said pharnmaceuti cal
conmposition conprising a bispecific single chain

ant i body which has (a) a GLAWMSDbi ndi ng domai n
specifically binding to human CD3, and (b) a second
bi ndi ng domai n specifically binding to human CEA,

Mebﬁannééém.cas@@mbol@ltml i HENREAntGHIRf §ﬁ5e;ﬁttheh§|aﬁ1mor in a
the am no acid 0 ‘sequence " DX1X2X3X4FYFDY" "( SEQ

|\|twrrr;a5|) samghernmace)qtltal compositing "copmprisingla blepe@&@ﬁ;mle chain
and the amno acid residue "D’

id d
agﬁ@% H@%tt@*gglat ugosml on 95 of CDR-H3 of nurine
n'@ocl afimst @ﬁamgwmauﬁ%%écmesny hindMy hdRAR OE3 ihdes

FDY" correspond to Kabat positions 100, 100a,
100b, aceconddinding domairspesitically kindiopro HamENn GEA, ne

ORBER TP Pl nifie,ahar, comifsBs; ehTESd S aino acia
( SequdndReIDX; dz)xskmnwl (BEQED. Nd\/lss(gl\/wéréml NG, “XE “Xs" or

(G utam c aci (Threoni ne)
r efr ekepiesents amyGapingeqcid” FﬁSI({U@r@j’yﬂ bg, ammo acid residue “D”

+ a8, o kabe Baa 9678 CbR-Fl o8 i affdgignal antivoay

NSB(?NEﬁ@Itﬁé“afFﬁMO ad;_;d reé@détsa‘fF\Cle @lbrre@;ﬁondeo Kabat positions
(Threonin represents " gi_llnl ne)

( Tgeog@%)? OObA“I 0@ ,Amm i ag) respectivelys mirGDB def a‘turla)e momoclonal

3. The pharmaceutical conposition of
?3?'%@)*5@3 wherein said second binding domain

specific for hurran CEA conprises at |least the am no
aci d sequence_ " DRG.RFYFDY" $SEQ I D NO. 66)
cdhe Phaemareagfica crapasitiopnfiaims.ogherern2 30 of the

CDR'H & | “ n ” wr=n
OO A P SEARARES AR dRER). yr Tifgrorine. €
V\her(elmtaaﬁcdcfd)r@t“T”l()Tmbnme()onal n specific for CD3 is
| ocated C-term naI | WO 2007/ 071426 PCT/ EP2006/ 012425 _
gp X2' represents “G XGchme) “Y” (Tyrosine), “A” (Alanine), “D” (Aspartic
acid), or “S” (Serine);
- “X3" represents “L” (Leucine), “F” (Phenylalanine), “M” (Methionine), “E”
(Glutamic acid), or “T” (Threonine); and
- “X4" represents “R” (Arginine), “Y” (Tyrosine), “A” (Alanine), “D” (Aspartic
acid), or “S” (Serine).

The pharmaceutical composition of claim 1 or 2, wherein said second binding
domain specific for human CEA comprises at least the amino acid sequence
‘DRGLRFYFDY” (SEQ ID NO. 66) corresponding to Kabat positions 95 — 102
of the CDR-H3 of murine monoclonal antibody A5B7.

The pharmaceutical composition of any of claims 1 to 3, wherein said first
binding domain specific for CD3 is located C-terminally.
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10.

11.

5. The pharmaceutical conposition of any of clains 1
to 4, wherein said binding domains are arranged in

wo be7ordes VHCEA- VLCEA- VHCD3- VLCD3 or VLCEA- VHEEBREP2006/012425

VHCD3- VLCD3. 5 6. The phar®aceuti cal conposition of

aMheqdharheicestidaltoondposiiet 6f any af dlaims antd 4 bwndneng said binding
domai n specific for human CEA cor{glses a CDR

h8eMains ﬁee agangend Hrthe arden Mitosa mMqusy@cp@omMLCEA-VHCEA-

6&%& or a CDR-H2 having the am no acid sequence
"F NEH TEYAASVKG' (SEQ ID NO. 67) or
" FI LNKANGGTTEYAASVKG' (SEQ I D NO. 145). 10 7. The

phar maceuti cal conposition of any of clains 1 to
\MT BeRhargacgutical compasitian ﬂfgalanb ﬁgpﬁl@ﬁédoﬁ cWh@rre"h gaignsecond

TORRA, SHEE Yy RAHPOCE MB35, GoRefRfing te

agimino aecidl seqwewmmo@smmmk& éﬁ&@rleDOmR H2 having

69). 15 8. The pharnmagceutical co osition of
o AFnO fasich Selmiah i IBNKANGEIEY MBS (arilB NO. 67) or

S a”‘%I?R L1 having the
aﬁnﬁﬁggﬁ%@\ﬂ% sequence%&m (SEQ I D NO. 73)

and/or a CDR-L2 having the am no acid sequence

" YKSDSDK! " (SEQ ID NO 72) and/or 20 a CDR-L3

A DP RPARECRHIGR] ARPLRN Gl ae OhPRIEEASRS, Wgion said second

) in T, c 0 [

ol Horfaip SHfeditKEF e EEAC SBRAISec, EPRELT, faving the
obnmihe asigcsetpicbica dTHAMIGTEESEQIPadOt 70) dnd/ohar®DRAFA having the

M Aecipenes ok INDCINRABENR ST o NS 69).

sequence of the VH region of the second bi nding
domai n specific for human CEA is SEQ ID NO 58 or SEQ
| Dhbi(prémageutidal colmpgsiteormelcany ot elaimserptos7 twiseredf said second

b &’P\A’Qfﬂer@el n t ef% no am&ﬂﬁée l@?{%& ?ch%i Lxu ing the

S A A 1, e

c baygiogithe aminb aniy seqeende &YI&SD:SDK@@GS’ (SH@rIH NOt 72) and/or
Lo, CBRLITind. ie 25500 i "NqldndS TR HEERSAV (a b NO.

The pharmaceutical composition of claim 6, wherein the amino acid sequence
of the VH region of the second binding domain specific for human CEA is SEQ
ID NO. 60 or 146.

The pharmaceutical composition of claim 7, wherein the amino acid sequence
of the VH region of the second binding domain specific for human CEA is SEQ
ID NO. 58 or SEQ ID NO.62.

The pharmaceutical composition of claim 8, wherein the amino acid sequence
of the VL region of the second binding domain specific for human CEA is SEQ
ID NO. 64.
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12.

13.

group consisting of: (a) the VH region consists of the
am no acid sequence shown in SEQID 5 NO 60 and the

woRow@gi4ee consi sts of the am no aci d seguencePSHERZN06/012425

in SEQID NO 64; (b) the WH region consists of the

aimheoplearhrhceatics naanpbeition of abiz@nelof S8Imd 46tcatt] Wherein the V
VL region consists of the am no acid sequence shown

i hegieits obthgrsegand pinding dreajmspegifie fot gres selectagefrom the

am i tﬁg&ence shown in SEQID NO 58 and the VL
rgg%naé%%gl S’ of the am no acid sequence shown in

SE4) | DOV Hb fegidnl)conbistsvbf theg aating @k ségueticet SlovamimSEQ ID
aci d seguence shown in SEQID_ NO 62 and the VL

regi on?‘@%r@@ and the \Mlheegion gensistsgokiguanne asidwsequesce shown
in SEQ y @nd (e) the VH region consists of

t he arﬁdngE%%ﬁ?éq%énce shown in SEQID NO 56 and

tlg) VLthe¥iHbregioncoatistobdf tHeeammma ackE sequstpeestidvn in SEQ ID
shown jn SEQ ID NO 64 13. The pharnaceuti cal

64, 20 13, Taceu
conposNG-oifteand e Yhdegiongansiass of the amina\aeidsequeacs shown

bi speci SEQSiﬂ‘SJ gghai n anti body conprises an am no
aci d sequence sel'ected fromthe group consisting of:

(&) antreVikbregion coasgistnok thas atim @gkﬂséq(‘)uehmz Q‘iozvgiE@n SEQ ID
ID NCs, . 6,8, 16, .18, 24, 26, 32, 34, 40, 42, 126,

130, 130.538 @ﬂé;th%éﬂ( FRgic cansists efcihe amingeacid sequsasRl shown
by a n ' ' equence as shown in SEQ ID NGs. 5,

7, 15, ”ﬁ%,e@gﬂ%j,@sl, 33, 39, 41, 125, 129, 133 or

1{®; (e ¥H segiow cansidtss ofjthenamiem acideseduercensiidve in SEQ ID

aci d sequence . hybridising under stringent caonditions
to t hoNChrA BREARGNF FRaieTEcensists alcihe ABlR:ARE SsAugpge shown

(d) anjpgERPICPRI e3€gHgNce encoded by a nucleic acid

sequence which is degenerate as a result of the
géejet i thecWiterdgior consistsobf the amipeacil séqueriek; skowh WOSEQ ID

2007/ 0714 PCT/ EP2006/ 012425 82 (e) an am no acid

sequen 2 paddbe 34 AT RONEIAS, OiBe TN a419 s@alence shown
| east POEYW IFRD. 632l . nost preferred at |east 95 %

i dentical to the am no acid

The pharmaceutical composition of any one of claims 1 to 12, wherein said

bispecific single chain antibody comprises an amino acid sequence selected

from the group consisting of:

(@) an amino acid sequence as depicted in any of SEQ ID NOs. 6, 8, 16,
18, 24, 26, 32, 34, 40, 42, 126, 130, 134 or 143;

(b)  an amino acid sequence encoded by a nucleic acid sequence as shown
in SEQ ID NOs. 5, 7, 15, 17, 23, 25, 31, 33, 39, 41, 125, 129, 133 or
142;

(¢) an amino acid sequence encoded by a nucleic acid sequence
hybridising under stringent conditions to the complementary nucleic
acid sequence of (b);

(d)  an amino acid sequence encoded by a nucleic acid sequence which is
degenerate as a result of the genetic code to a nucleotide sequence of
(b); and
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14.

15.

16.

17.

18.

19.

20.

21.

sequence of (a) or (b). 5 14. The pharnaceuti cal
conposition of any of clains 1 to 13, wherein said

wepiazhelseal tunor is a gastrointestinal adenoCRCT/ERZNOG()12425

a breast adenocarcinoma oi2a | ung adenocar ci nona. 15.

Tiie) phannemigit dcidiseqoemssat least 85 %id%airﬂfbéﬂmdhb%réfdhred at least
sai d gast r0| ntestinal 1Q adenocarci nonma i

col or e®Pale,i Bﬁmeﬁpﬁbpreéﬁr%ﬁbtﬁ?éégﬁl%dﬁe'&tlcg?éé(? the:amino acid
adenoc e pharmaceuti cal conposition of

any of % g?’?}?&f (t]agoigg) wherein said pharnmaceuti cal

conposi t| on is for the treatnent of progressive

tunpors, late 15 stage tunors, tum)r patients with
hilge Phavraceydisab sommesitian sltany oft clains 1 t@rw,umerem said

p rati
DEBIEENT, e e SRR con%@%*ﬁ%'éﬁﬁg P breast
otdehacaveinbnaod & Juvfhedenataatinbeast one of said fl rst
or second binding domains is chineric, humanized,
CDR-grafted, 20 and/or dei nmuni zed or human. 18. A
Y SWR9 l'g
B TRRE ARl B ER, BPERALE0 P 848, Bflimestnal
aaddabcaremohm asiya adolorlestals pantreatié, abSoéSopifageal or a gastric
rmaceutical conposition conprising a vector which
c@ PPSAIEINYMAcl ei ¢ acid sequence as defined in claim
18. 20. The pharmaceutical conposition of claim 19,
wherein said vector further conprises a regulatory
sdteepharmaceriicak copgyasition lof rﬂm;d of oclaimisl ol €5,c wherein said
30, sequence defined. jn clai )
Q?ﬂﬂe%{ ticah coptasion: iSo rohécietiiens qeﬁrprgsre%w& ByrRors, late
S f /
§teg’nzpzoo oﬁ%ﬁgpa‘%ﬁ%wﬁ%ﬁ?ﬁﬁéﬂ%@@%Hp?%‘é%*c fumors,
confumei pafienth vsth a Calss$enumedonoentratios higherdhami 08 ng/ml.
nucleic acid defined in claim18 or a vector defined
in any of clains 19 to 21. 5 23. A pharmaceuti cal
Cqﬁecb?iatrﬂn%eémrc@h%sftfbnaéfyargf of %151 1o 48, ?v%erelg at least one
further conprising a proteinaceous conpound capable
obf paidviirdt ng secorat binding domaingyisathifericj humaeized{ €&DR+grafted,
cell roce s for the production of a
pﬁaﬁf?ééédi‘wg ego‘?\[a'ﬁgp?l on according to any 10 of
clainse 1 to 23, said process conprising culturing a
host defined in claim22 wunder conditions allow ng
t Replerprassstioal asimpasitidyi epprising sshucleie adidisaquence encoding a

bispecific single chain antibody as defined in any of claims 1 to 17.

A pharmaceutical composition comprising a vector which comprises a nucleic

acid sequence as defined in claim 18.

The pharmaceutical composition of claim 19, wherein said vector further
comprises a regulatory sequence which is operably linked to said nucleic acid
sequence defined in claim 18.

The pharmaceutical composition of claim 19 or 20, wherein said vector is an

expression vector.



10

15

20

25

30

22.

23.

24.

25.

26.

27.

28.

29.

anti body as defined in any of clains 1 to 17 and
recovering the produced bispecific single chain

wanta7bodyge f rom t he culture. 15 25. The phar nacrOT/ERZ06/012425

conposition of any of clai®8 1 to 24, which is further

cénphashaceuticat gbhmpobitionutcahprisiag e host traasfrmed or transfected
stabilizers and/ or excipients. 26. Use of a bispecific,
s @ NERBIGagidtdelined inclaiet 184 § yedardefinad & ary of elgims 19
17524 nucleic acid nolecule as defined in claim18, a
vec?o? as defined in any of 20 clains 19 to 21, or a

host as defined in claim?22, for the preparation of a

px\r maceuti cal conposition for the preventian,

t Ae RDAERACHHICRHOOMRAHIYAR, ageorging dgyianyepf Haimsnidrto; B24 further
h o T | aj in id .
e%ﬂl tﬁ'ﬁyéllsl é a, E?%?ﬁ%g@éu%aﬁnﬁ% it de\ggﬁéglle oggﬂrgwdmg an activation
adigmat for dmnauree, effedtoreels. adenocar ci nona or a | ung

adenocar ci noma. 28. The use according to claim 27,

wherei n said gastrointestinal adenocarcinom is a

cal ie, | . i .

A GEEEStor 4RE PRARYEA of Y pIRERRRROAED colfindbifiiFbéidiaing to any
cohrclaims 1tto 23, said pradesstdoenpisiigragliewringcalhost defined in claim 22
conposition. is for thetreatrrent,ofé)?rogressive_ . i
t YRBES, canslitions: aflewinehdhs, expigssionp A i ke Pisadfionisipgle chain
t / ; t abi-Ce UPDPHS, .

| 8ol BUern, BR) 45 Al W17 o bliling the procuced
103 pegifici sing®chab/dritibbdy GroapCTneBRI006/ 012425 84 30.

The use according to any of clains 1 to 29, wherein

sai d pharmaceutical conposition is suitable to be

a n rﬁ{ . C 1 I a .

TR PR COSRRDSLR e o QAR 1 724, whictlis further
acempoisingi suitabfe fonmefztionslaf gbrriersstabilizers andipresicipiants.

the need thereof, said nmethod conprising the step of

adm ni stration of an effective anount of a

PRREMEHishEaH héi | i Y

or as pr odBced°§g{£€§rﬁ'80&ﬂ}t9{°ﬁz%§r%§g‘§? Igfmé,l Cz]afi 6rlngi5rfls, 1017, a
oneclei asidf mioldopite apedefodoin claime.181Ga YBctortes defifextiin any of

of , cl ai 1,,wherein said epithelial t is a .
ocieiing T Kz & fishasas Shasiy clim; Eacjor the preparation of a
agRBRRAELtRAMBoAPoSitibN RS tﬁggﬁggﬁﬁtﬁirﬂ ¥EBtmert or'alfelioration of an
net hod according to claim 32, erein sad

gepitheliahtwpor insd hum@nadenocar ci noma is a col orectal,

pancreatic, an oesophageal or a gastric
adenocarci noma. 34. The nethod according to any of

clrabnaseloft @lakd 26hakieérain Raidhapithefisutimat is a gastrointestinal

adenocarcinoma, a breast adenocarcinoma or a lung adenocarcinoma.

The use according to claim 27, wherein said gastrointestinal adenocarcinoma

is a colorectal, pancreatic, an oesophageal or a gastric adenocarcinoma.

The use according to any of claims 1 to 28, wherein the pharmaceutical
composition is for the treatment of progressive tumors, late stage tumors,
tumor patients with high tumor load/burden, metastatic tumors, or tumor
patients with a CEA serum concentration higher than 100 ng/ml.
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conposition is for the treatnment progressive tunors,
| ate stage tunors, tunor 20 patients with high tunor

wo o@d/obuurélen, netastatic tunors, or tunor pati POT/EPW06/M12425

a CEA serum concentration B#gher than 100 ng/m . 35.

Trrﬁenﬁsélcatcefdlﬂ@ytooényﬁ'o@ld‘l@lrr%l1tt@) 29, wHessini SaigdapKarmaceutical
phar maceuti cal onposition is admnistered in

c@ﬁmn@gttioanlsm'tabémtta@@u admiustetaduin combawmtionhwitherhadditional

o% aim 35, wherein said drug i s a non-proteinaceous
n‘p‘%und or a proteinaceous conpound. 37. The nethod

of claim 36, conprising the adm nistration of a

pr ot ei naceous 30 conpound capabl e of providing a
aé‘t MeEqcier $heyREavenyen; teatmensor emelioratian ef an galthahaétumor in

mst r%%hegft 'fﬂ afh@ ?i?e tﬁgreo"f"n ga% nn?eﬁhgd pé&i@hgﬂ@g?ﬁé e atep of

non pro elnaceoUs conpo

S aduhmamaﬁm by anreffeative Sindlritasiep pahmaddutical composition of any
bi specific single chain anti body as defined in any of

wef slaims J7te4b av@s edooed @mzleng By the pragess of laim 24 over a
ngﬁﬁglefnt%% gd%‘f’ Iﬁ{éul e as defined in claim18, a vector

rn any of clains 19 to 21, or a host as
defined in cI aim22. 39. The nethod of any one of

clainms 31 to, 38, wherein said subject is a human
7] hewﬁhodceﬁmlm A4 Whereipetaid i epithieligh tineoraisna gastromtestmal

aghl HS@é’rcﬁ'ﬁgﬂaﬁa &%gﬁf Qdé\%gza?&né;%%' \uﬁg acﬂleégca?clré%m

nuc el c acl ecul e as inéd in

as defined in any of clainms 19 to 21, or a host as

defined in claim22. 10 41. The phar rmceutl cal

gﬁ?ﬁosmﬁw ofCEPraing 140 tqRiMus820f Whespim 28aidr gastrointestinal

MBHBRGCAtinoh T 34 colbIBLRl npé@br%eﬁﬁéﬁmew%phageal or a gastric

concentration i s determ ned
adenocarcinoma.

The method according to any of claims 31 to 33, wherein the pharmaceutical
composition is for the treatment progressive tumors, late stage tumors, tumor
patients with high tumor load/burden, metastatic tumors, or tumor patients with

a CEA serum concentration higher than 100 ng/ml.

The method of any of claims 31 to 34, wherein said pharmaceutical

composition is administered in combination with an additional drug.

The method of claim 35, wherein said drug is a non-proteinaceous compound

or a proteinaceous compound.

The method of claim 36, comprising the administration of a proteinaceous

compound capable of providing an activation signal for immune effector cells.

The method of claim 36 or 37, wherein said proteinaceous compound or non-
proteinaceous compound is administered simultaneously or non-

simultaneously with a bispecific single chain antibody as defined in any of
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claims 1 to 17, a nucleic acid molecule as defined in claim 18, a vector as

defined in any of claims 19 to 21, or a host as defined in claim 22.

39. The method of any one of claims 31 to 38, wherein said subject is a human.

40. A kit comprising a bispecific single chain antibody as defined in any of claims
1 to 17, a nucleic acid molecule as defined in claim 18, a vector as defined in

any of claims 19 to 21, or a host as defined in claim 22.

10 41. The pharmaceutical composition of claim 16, the use of claim 29 or the
method of claim 34, wherein said CEA serum concentration is determined by
ELISA.



