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WD 2004/ 009618 PCT/ EP2003/ 007690 -1 Title:

Reconbi nant production of m xtures of antibodi es
wo-2@kaowis t he i nventi on The present invention PE/APHS3/007690
to the field of nedicine, 5 nore in particular to the
field of production of antibodies, nore in particular

to the production of m xtjures of anti bodies.

Background of the invention 10 The essential function
T1 tQfe :t R Jompinarsy Hremuc ithe ofdefietaeeagaihentibodies

i nfection. The hunoral inmune system conbats

nol ecul es recogni zed as non-self, such as pathogens,

Fiéfqlgfieﬂguyﬁyéugggﬂua& These i munogl obul i nes, al so
call ed anti bodies, are raised 15 specifically against

Thet Iper sisreinec tiiroen taigentr,e hattiesh tactdead iednl @ft impshcimgon

first contact, (Rqitt, Essentjal. | [ Bl ackwel |
mo%%ﬂ%ﬁﬂﬂﬁ#k%ﬁﬂﬁﬁligl ﬂ%ﬁ%,lﬁﬁﬁtﬁf & E?#g%f%%%é); al
antigfRriencesdid et heraiinEne tionetep piratdeddirrt e r

_entirety by reference). Antibodies 20 are nultival ent

nixyrssulods e¥iadiafy heavy (H) chains and |ight (L)

chains joined with interchain disulfide bonds.

Several isotypes of antibodies are known, including
Badkg@bund ¢@, thegG@hverg@on | gA, gD, IgE, and IgM An

| gG cont.ai.ns_ t heav nd.two _|ight .chai.ns._.Each
The, s S oo TR Forth e (e WAl E (U
de fle@HeO R%ya W C N it thieon breke hugewa 1i Mgt aiyiten
designated CH, CH2, CH3, VH and CL, VL (Fig. 1).

comiyatish BB ATHES LR iFad wisa noRe Saldri NS 3i on

' it al ned | or tm and after
P2 e e A el s of 30
imnture g Iranurlel regst erh ddhraridled e tdbostiast, doreminessatst |y

sp%&%ﬁ%ﬁ%@%%%ﬁ%%@%%!H&%?igqgégﬁﬁﬂyggg%., which acts as
an antigen, upon first contact (Roitt, Essential
Immunology, Blackwell Scientific Publications, fifth
edition, 1984; all references cited herein are
incorporated in their entirety by reference). Antibodies
are multivalent molecules comprising heavy (H) chains and
light (L) chains joined with interchain disulfide bonds.
Several isotypes of antibodies are known, including IgGl,
1gG2, IgG3, IgG4, IgA, IgD, IgE, and IgM. An IgG contains
two heavy and two light chains. Each chain contains
constant (C) and variable (V) regions, which can be
broken down into domains designated Cui, Cu2, Cuz, Va, and
Cy, Vi (Fig. 1). Antibody binds to antigen via the
variable region domains contained in the Fab portion, and
after binding can interact with molecules and cells of
the immune system through the constant domains, mostly

through the Fc portion.
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B- |1 ynphocytes can produce anti bodies in response to
exposure to biological substances |ike bacteri a,
wo 2esew18 and their toxic products. Antibodi esPEFr/&P2003/007690
generally epitope specific and bind strongly to
substances carrying 5 these epitopes. The hybri doma
techni que (Kohler and M l.stein 1975) nekes use of the
ability of B-cells to produce nonocl onal antibodies
B-lgmphecytes aahi geaguaadathdibsdibsequent ¢ yppnoduce
t hese nnnoclggal ant i bodi es b¥ fusing B-ce|lls from

eXRPEBTBxpOsRUCLBIL Rl aRtPERANGES 1B FRit'dgeseriay viruses

anh”ﬁﬁéi?'£6§9c”HEB&@cEE@S§Ht565é§esT@fé géﬁépgpiygy
resulted in the realization that nonocl ona

epahbpbodpesipiodanddbbydhybrodohn’ o cowp it decaisedarnying

researc di aghostics_and therapies to,treat different
R GePEFOBT S ealhe. 1T RE RaRtor o antt aut o F G e Pt ot ec
Milbtdigo1deE 5. mBREaUGEcaBE | DRI &silhiay &f eBprotiusetoi n

mouse hybridoma's induce strong inmune responses in
PrRgrEAsIORPChaRabeaRtLapPt eei BP etPe R tHe 2RELEpRE and to

sugg%glggfﬂ{&fg dﬂéf&]&ﬁé dtflgée ﬁgﬁ&@fé&y; éﬁ%ﬁa’&?{‘és%y

ns ne d to be less or 20 prefera
fusdngi BruabyenfromFoicehésposedi he @nt idbodiesn @kre

, ' t i I i t i t t
iR ERt CRTRC AL EOHOTAREAE dor S (PEF b7 T ol ED as
teehhBBbG¢ B8tubEdHES) . tBYbsegquerdit Yon dem@t Neohet Weesm1

the conplenentarity determning regions (CDRs) in the
anpsbodieabproderafinly hreridoral § etPit@anmwrket et ons,

re hej r
e A G T A s
kihdraofzdi seaspsotieks bascebeeand heuproductneonceiated| y

d.hurr?n anti bodies. 30 In the art, also bispecific
13REFPBbTt es, which have binding specificities for two

Befhhber ent 1908 genshabayee PLEMELSCIH bRshusd Negier BdlEma’ s
enerally used to target a WO 2004/ 009618
inggngpQgg@gogm@gge responses in humans, it has been

appreciated in the art that antibodies required for
successful treatment of humans needed to be less or
preferably non-immunogenic. For this, murine antibodies
were first engineered by replacing the murine constant
regions with human constant regions (referred to as
chimeric antibodies). Subsequently, domains between the
complementarity determining regions (CDRs) in the
variable domains, the so-called framework regions, were
replaced by their human counterparts (referred to as
humanized antibodies). The final stage in this
humanization process has been the production of fully
human antibodies.

In the art, also bispecific antibodies, which have
binding specificities for two different antigens, have

been described. These are generally used to target a
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-3 therapeutic or diagnostic noiety, e.g. T-cell, a
cytotoxic trigger nolecule or a chelator that binds a
WO 2wioomees | de, that is recognized by one vari abt’BEP2003/007690
region of the antibody to a cell that is recognized
by the other 5 variable region of the antibody, e.g. a
tunmor cell (see for bispegific antibodi es Segal et
al, 2001). One very useful nethod known in the art to
thopdut id Wi Wiy vnead iana), antdg.badices i th

desirabl e binding _properties enploys pha%ﬁ diiplay

CYhQtREkG et i gHAs Nl amitlie D &ithed 2 tode SRt dRRdas &
dI¥nbasts. anpod J@&g{rm’ ' featiuias dediit

re um)drpa (lgen’wune t?:lsc,%o%se se{:gcfgajg%?aege di spl ay od!

of neidogist Eogly G Bardssl |dHatetisalredRivageed 9 &he Aher

| ahor at ory, manual .. Col d Spring Harbor  Labaor at gry
Vaprayss I %ﬁfl%% o_,AWev?'\%rI?, BN CFor 1S
fofORsipdIct £100 ki Hodhagesdisplay dii brayoles,

col l ections of human nonoclonal antibody heavy and

| i gPne ctetin uaafwbime eyl dmowjenies tdee adpries SBF o

of .-b erj.ap. i cl ‘ RV

e 11
prépdurare € sengdl @y iddodye fdagrient -ledpraasisisng 20 phages: in

.typically contain re than 109 anti hod . :
vi S Re PH3 1 G o PR A e IR o mies key
fed RO OBUd MMhdedl ognexdPressfthdd (e Bor phage

[ ynphocytes of imunized- or non-imuni zed _
dismthwinkiials eNgerGRtbardtas PHagt dilsplPhpds Biisn ey -

be constructed r i l [,abl
» TR SRS UM S T P A reos,
Col®agpangedHdrbont t Mew ardrit r aollicle) . axbdi thihen adoresrtt i vsdoiyon
diversity in the li br_argl (sem - synt hetﬁ' ﬁn | ibraries)
of (PRAGE (FFSRY2 AL TSRS Ftl LS % Ch AT o
moRSSENRA £ Vol ab) end £8) ofisy conral el rstyatichese degion
synthetically produced, random zed or partially
genad cong zep DS e athogee rewi e off tRctipiaaEs t hat

pafa{fciel@,()r&s%?glffrir?nst:{r%)ﬂé/ cshoaeiQA fEi‘xPi (tsycFv) or in Fab
format. Large libraries of antibody fragment-expressing
phages typically contain more than 10° antibody
specificities and may be assembled from the
immunoglobulin V regions expressed in the B lymphocytes
of immunized- or non-immunized individuals.
Alternatively, phage display libraries may be constructed
from immunoglobulin variable regions that have been
partially assembled or rearranged in vitro to introduce
additional antibody diversity in the library (semi-
synthetic libraries) (De Kruif et al, 1995b). For
example, in vitro assembled variable regions contain
stretches of synthetically produced, randomized or
partially randomized DNA in those regions of the

molecules that are important for antibody specificity.
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WD 2004/ 009618 PCT/ EP2003/ 007690 -4 The genetic
i nformati on encoding the anti bodies identified by

w@bageodispl ay, can be used for cloning the aPCT/BPWOEE7690

in a desired format, e.g. 1gG IgA or IgM to produce
the anti body with reconbi nant DNA net hods (Boel 5 et
al, 2000). An alternative.gethod to provide fully
human anti bodi es uses transgenic mce that conprise

Thge@@ﬁé*@maixefbﬁhatgmo@xh@@dﬁn@umm amesegl ©bul i n
ggrt0|re (Fishwild et al, 1996; Mendez et_a
ldem Sleds R PR cCARSPEY e Z2el UDPhi £or aCJt%li”g%‘i the

d,t I r on I
an@fbd 9eds Pﬁ‘ dEs 1 esy Ebgrg%il:én;g@h gsooNsEn Whltgm, to

produce ful y human ant | e Sequences of
proﬁese e | dodilesdyganibe vsednbhinawt obibh meithedediBeébn
c g Producti on of nonocl onal antibodies routinely
€ |§ %%Q%Drned by use of reconbi nant expression of

AntéTEtébb&@é@i'@e B&t Ho8 eEYEPEESi @ACHET NG Kilrgar ameibodies
chains of antibodies in host cells (see e.g.

uswo@wmen@%qq%nha@wsmw et emtargab, 567;

Tgﬁg@E S

en%\ang treat edn gﬂlel t]ywjélirEI J%u{ﬁanl zjé]gé or ﬁwf ﬁuman

alpohded onéndant ¢boal ps1 9 %Y bduttsh based @mnMWaormmmmdzed
.antibodies that, are currentl a roved for use in

Wi BT IE (Bt L FRT cephi Nt (SRTHE Hor S/ NIIYRS RESPORRE

wil@nb ol yEoPE DL @1 Rumdh Baht 1 Aod £ESPIDHY , s Myh ok @& 9 T4
(anti-CD33), R tuxanTM 25 (R tuximab, anti-CD20),

th@ﬁ@nﬁﬁ%ﬁhmﬁ%%mt¢a@IQ§)usﬁéni@a@%qmwb%Qﬁﬁt H¢@#U0tlon
meé% i sTM (anti-RSV), ZenapaxTM (1L2-receptor),
THTM (anti-CD52). Despite these successes, there
I s PsddidtT@onof anonewl and i badlyipsddest so@ntnéby is
nsi derabl e i nprovenent of eX|st|n%%anti

(0] ,
Do f PORIRT LoV T OB BrCatb hamtt: Srare o Shutt odte puctetc
ac§§n§éﬁuéﬁ@@én@ﬂéo@@ﬁgSBQ@mHtQ@& LS&n&ahd €6f antibodies

"antigen-loss tunor variants"” can ari se, naklng
in host cells (see e.g. EP0120694; EP0314161 481790;
US patent 4,816,567; WO 00/63403).

To date, many different diseases are being treated
with either humanized or fully human monoclonal
antibodies. Products based on monoclonal antibodies that
are currently approved for use in humans include
Herceptin™ (anti-Her2/Neu), Reopro™ (anti-Glycoprotein
IIB/IIIA receptor), Mylotarg™ (anti-CD33), Rituxan™
(Rituximab, anti-CD20), Simulect™ (anti-CD25), Remicade™
(anti-TNF), Synagis™ (anti-RSV), Zenapax™ (IL2-receptor),
CAMPATH™ (anti-CD52). Despite these successes, there is
still room for new antibody products and for considerable
improvement of existing antibody products. The use of
monoclonal antibodies in cancer treatment has shown that

so-called “antigen-loss tumor variants” can arise, making

the treatment with the monoclonal antibody less



the treatnment with the nonocl onal anti body | ess WO

2004/ 009618 PCT/ EP2003/ 007690 -5 effective. Treat nment
wadaoh/oodses very successful nonocl onal anti bodyPCT/EP2003/007690

Ri tuxi mab (anti-CD20) has for instance shown that

anti gen-1oss escape variants can occur, |leading to

rel apse of the [ynphoma (Massengale et al, 2002). In

the 5 art, the potency of nonoclonal antibodi es has

efﬂé%@crivel NEHRASEM A U3 N Ryt %ufc@éls@s feQnpewRds onal

such as radionuclides, toxins, t oki nes, and the
anﬂuh@§y B@ﬁv&ﬁmahlﬁﬁﬂikm%W%ﬁch@§ @wev@ﬁtﬁa§e|§§own
i mtation I |cI
ordy B aRe gl Sa S pShedlR) Brabicy @8

rekﬁﬁyaudfiﬂnﬁ HympnpmawGMasHmmgaﬂece&yalof2@@@0c|dmawhe

ant i bod dtot t defi ned
Aol GIRHCTI IO WEC oee. 41 Re S 6P P58 of
m&fé‘a!s(‘e%f?)b 'ﬁé&d@o L1 i1Rody 1S ReATRIINIE RAYCIenal

in nature i.e. a mxture of antibodies is produced
rad@mmA mzsla:,emstql@m@ndam fthe dritiegedach of

end bty PO, SRR AT g, e

tec&ﬁidlhﬁjild%ﬂ cand qilsﬂim:ﬁ:med)rofcﬂfemdﬁe\lmﬂelﬁ |hagh
appllcatlons e.g. for passive 20 vaccination or for
toxitit¥e i munot herapy, and currently are usually

derE‘ \iﬁc%gfn%?é)ool@daﬁ%% ferQm 't@@?a@.@ﬁ 1@@§§§iﬁfﬂﬁty

from humans who recovered fromthe di sease
of;mnﬁqaiqnahnnnEJQQﬁléseﬁpmpﬂnﬁdlﬁ@ ﬁﬁﬁﬁﬁﬁﬁéﬁéﬁus or

ul f
G TR o Ak G T sihe Doy i S bl 6

of td¥aticatie. G I\enfd y aﬁﬁxbddy ﬁdSﬁﬂﬁﬂHH anuﬂpﬂkyclonal
anti-rhesus polyclonal antibaodies, gamma-gl obulin for
in REdeinAey Rl 28OS ot i2Eided Afdhom |

beéaqga@rlou-@yﬁmcgéppé“ f&@éﬁcprtcﬁlﬂkﬁgraﬁfﬂldde@i LdAMting
ant1-digoxin to 30 neutralize the heart drug digoxin,
in arekiants -spbiebicities being present in the polyclonal
antibody mixture. Polyclonal antibodies can also be used
for therapeutic applications, e.g. for passive
vaccination or for active immunotherapy, and currently
are usually derived from pooled serum from immunized
animals or from humans who recovered from the disease.
The pooled serum is purified into the proteinaceous or
gamma globulin fraction, so named because it contains
predominantly IgG molecules. Polyclonal antibodies that
are currently used for treatment include anti-rhesus
polyclonal antibodies, gamma-globulin for passive
immunization, anti-snake venom polyclonal (CroFab),
Thymoglobulin™ for allograft rejection, anti-digoxin to
neutralize the heart drug digoxin, and anti-rabies
polyclonal. In currently marketed therapeutic antibodies,

an example of the higher efficacy of polyclonal
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pol yclonal. In currently marketed therapeutic
anti bodi es, an exanple of the higher efficacy of

w@oigobwmal WO 2004/ 009618 PCT/ EP2003/ 007690 PGI/EP2003/007690

anti bodi es conpared to nonocl onal anti bodi es can be

found in the treatnent of acute transplant rejection

with anti- T-cell antibodigs. The nonocl onal

anti bodi es on the nmarket (anti-CD25 basilixi mab) are
antl s efd | €RghOrsd thamorp A analibian tidoleanalaramis Hadyd
. g_giai nst thynocytes (Thynogl obulinTM, (press rel eas%s,
in ddied naatelent, omsyte Jgangrd afiq st esfiospeithpgnti-
r- W SANOSI s COMrnd MbdiRA a1 RGBS anR

owever potentially bears the risk of infections with

manketusentsiretD25 i 34 lorx ivegiat iatries, lasist e 0 dagxiovs shetn

as .lipo saccharide, wth pr.otei naceous ., i nfectious
a %?3%%@ Fgﬁc%da%n%fl?fh ,bo\ggﬁ’d atlﬁl%h&ﬁ}%’\m?cyitnefsecti ous
(TG Sob AT MBEEsst PE1 S4APPS yddbhed Msrcravar) abeils

ITmted, and insufficient for w despread hunan
29 i ravgl AU SSt P @bl M2 Ao Tt -aR IR & Heur i ues of

po SR At PN OFa PRLYEHANA L AL DAA P LRI USE HLAM of
animal” sera 1n e cli i i nclu a strong I mmune
infeasponse with theriemarsdatmease BWs teembags tigti ssuchi th
foreign antibodi es.. Therefore suc, ol ycl anal s are
CORGES STt S §HROPEPEE LR e RO TP A9 ent
in®fcd 18liyi Suah 8s t hatn Wey 20 d)j eaiEdr e Virousdnh W th
ot her serum preparations from the sane ani mal
infpetciess J¥entet Besdrs ey ahdhelesRF L Hdrdferst at i on

0 i S i i Q0 | d re .
gl oyt Ty s aiul s onsinie |
huridn ainié gene s 250 ndib bems ol st iradd avititodie sagmntst

this antigen from_the transgeni c ani mals. ( .
PR GZGA) . O HONRYET L Oftic (1 EEHAD %%V%r%&%_%nﬁl
se | {n haye &0iReC OVEE QIR 5 hafigy suGhite SHSdRIMdS

practical reality in larger animals than mce, and it
thev hima mkimyeae ssp$ tefe\adaigrgntsuch foreign antibodies.

Therefore such polyclonals are not suitable for repeated
treatment, or for treatment of individuals that were
injected previously with other serum preparations from
the same animal species.

The art describes the idea of the generation of
animals with a human immunoglobulin repertoire, which can
subsequently be used for immunization with an antigen to
obtain polyclonal antibodies against this antigen from
the transgenic animals (WO 01/19394). However, much
technological hurdles still will have to be overcome
before such a system is a practical reality in larger
animals than mice, and it will take years of development
before such systems can provide the polyclonal antibodies
in a safe.and consistent manner in sufficient quantities.

Moreover, antibodies produced from pooled sera, whether
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30 before such systens can provide the pol ycl onal
antibodies in a safe.and consistent manner in

wa@afotiogdeesit quantities. Mreover, antibodi es PCDEPIIE007690

from pool ed sera, whether WO 2004/ 009618

PCT/ EP2003/ 007690 -7 being from human or ani nal

origin, will always conprise a high anmount of

unrel ated and undesired specificities, as only a
beistlirperoemmager ofnitrted antiidiodi esl 1r ederdys rcanpgiseera

~serumw || be directed against the antigen used for 5
i QAR iU, 1014 Sbra SRS BV L G Tt
only & MU rANSOSN Lo WY MHS ARAHo L% sdlte in a

circul ating 1 mmunogl obulin fraction is directed
giveyaigwstun twiel hrké giirased! fagaingierthiemantiiogn orped for
.__hence the vast ., majori,ty of circul ati .
LR gt Sbu ?fih s sl’n?orfotlr%s/sﬁc ST ERorg (Swr}gataplﬁl Gty
i. d.owadrolst £xs sl ©N afinpoly clenad 1-arty hoflyeHd brari es
. has been described (WO 95/20401; US patents 5,789, 208
A e, 955, TEROR AL ihry of EFeRts A
thd TAARMS bSe Xﬁgﬁﬁég%wn@&ﬁmgﬁw@@ £ EGEY
and selected for reactivity towards an antigen. 15 The
ma et ient edlf hebwgubadiig gmmuwrteeg robwalrdirsb s magi sipagaineic.
conbi nations are transferred in nmass asjr;}i nkedl pairs,

t 0 ONF RHETSRTH WA ST ST That® provitt

rovi des

antCd ANt ibF £81 89 eNesserd Al @ide® G| IIHETH010f US
I nt act pol%conal anti bodi es. Upon transfection of

patentss subl§Hral§ and & 2P it Drra e Y CRabl e RITneLE

r;%}{i&ﬁ 'é%ggﬂéf?% als G P&HHgEh i1

Fakgb al ﬁﬁ%‘ﬁ%gf%‘:‘?‘g%lé‘is 8121%1“ ody n%cpxt usrlg@nWliepl e g|)%3r; tlh%orily

vedttomoud bee passed| Bo1t oreaybtialit ypdl o wiel ararit biogkres
di rect I%?ér oma sin recq'ntﬁ‘p.i nant_.pr.oducti on process

l.e
The S FT heF MO FH %}Bﬁﬁ the H tked populatd on

coffidd@nsiected eeidSrerRad et ingd sy ol ersn vl gh desurto
concerning the stability of the m xed cell

a Qopl et bn, capre hekue TRt hidat RV IS 1 HrFfuced
reé&%ﬁ“@éﬁ@%,a@5igﬁ%@&ﬂ“ﬁ“éﬁﬁiiﬁ@ﬁ%§“§¥rfﬂtact polyconal
antibodies. Upon transfection of this sublibrary into
myeloma cells, stable clones produce monoclonal
antibodies that can be mixed to obtain a polyclonal
antibody mixture. While in theory it would be possible to
obtain polyclonal antibodies directly from a single
recombinant production process using this method by
culturing a mixed population of transfected cells,
potential problems would occur concerning the stability
of the mixed cell population, and hence the consistency
of the produced polyclonal antibody mixture. The control
of a whole population of different cells in a
pharmaceutically acceptable large (i.e. industrial) scale
process, is a daunting task. It would seem, that

characteristics such as growth rates of the cells and
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of a whol e popul ation of different cells in a 30
phar maceutically acceptable large (i.e. industrial)

W@ e@ke096ps ocess, is a daunting task. It woul d BEERP2003/007690

that characteristics such as growth rates of the
cells and VIO 2004/ 009618 PCT/ EP2003/ 007690 -8
production rates of the angibodi es should remain
stable for all the individual clones of the
produetﬁonakatpepuEathenahhibodeestshkeep rbeatat sbable
£ ant;?oghes IE tQ E clonal _a tlbodx nm xture nore or
°F 8 §t ARELVEIHRALSCLIGRTF O hERRRANT 6F OBkt ur es of
popilhBodhesnmBYdBave, keep tEE09AEZE8UoENLPEL8HLesNOn
acceptabl e solutions exist to nake m xtures of
thanppbpai-esadconbibedy| §ixhuse Pone netelessarpystant.
TnaSCeRhabLe NBY noll ESLDE PEECt o of Lhe RISy pove
I'nention o provi de hovel pro Uci ng 1
be@mxtacegnﬁzadtnboﬁheSarﬁ rEcoabt@pﬂ&bh@SEGlutf%nefex1st
description of the flgﬁrgs Fig 1 Schematic
Lo BAKESBAFEEFEA Bf ARCEAPTHBTYSCTRE™IGBLhayy And | ght

ph&PﬁéBéu@i@a@@ rsgcap@abnéewgpalﬂt ﬁgsyhélgﬁ @@@déf the
(d otted l'ines The heavy chain can elt%er of

pras§nt Sﬂ@Veétngatypeprqﬁed¢|@hvebh@¢@n$3f09|ph@du¢a@g a
mi%E%e Et5989¥08§e% G £§8§%ﬁl%é ¢ Shown, 20 Fig. 2

Fcorepresent ation o I - Speci Tt nonocl ona
anti body. A b| speci.fic anti body contalns t wo
di fferent fuctional F(Ab) domains, indicated by the
different patterns of the VH VL regions. 25 Fig. 3

Br£€ﬁusgssr§ t98HEBE Ghe EighfeyH of K53, UBS-54 and
sequence of common VL of UBS54 and K53 is

Fl@E{i ID Salenmatiahi¢eresenbat hon aef das eguiehleedy s Gheen
equences. of , ML of. 02-237, and

§iy Tt Rt o B e o ST R 3, 57

dlamﬁfﬁdeBEoﬁespe@btw@&yllm@$je The ldawp @itdh seaepses
are given in SEQ ID NOGs. 4, 6, 8 and 10,
eiglepeeti veeyo, Y,U, 0 or € isotype. The light chain is

either A or k. An antibody of IgGl isotype is shown.

Fig. 2 Schematic representation of a bi-specific
monoclonal antibody. A bi-specific antibody contains two
different fuctional F(Ab) domains, indicated by the

different patterns of the Vy-V, regions.

Fig. 3 Sequence alignment of Vi and Vy of K53, UBS-54
and 02-237. DNA sequence of common Vi of UBS54 and K53 is
SEQ. ID. NO. 1, while the amino acid sequence is given as
SEQ. ID. NO. 2. DNA sequences of Vy of 02-237, and Vy of
UBS54, K53 and 02-237 are SEQ. ID. NOs. 3, 5, 7 and 9,
respectively, while the amino acid sequences are given in

SEQ. ID. NOs. 4, 6, 8 and 10, respectively.
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coBo2/ 009

striped bars.

WD 2004/ 009618 PCT/ EP2003/ 007690 -9 Fig. 4 Overview
of plasm ds pUBS3000Neo and pCD46_3000 (Neo). Fig. 5

WO200uB69608 transiently expressed pUBS3000Neo, PGEI/PEDAS007690

3000( Neo) and a conbi nation of both. B. The upper

part shows a schematic representation of the expected
nol ecul es when a single |i.ght chain and a single heavy
chain are expressed in a cell, |eading to nonocl ona

Fignt 4 bodi @setBSew4o Hrp KoSnidhep TR0 esd amilesChie 3000

arLgm110 shows a schematic representation of the

i nations produced when both heavy chai ns and the
common |ight chain are co-expressed in a host cel
with theoretical anpbunts when both heavy chains are

Figxpbessel atEBqual tranybent tndepai¢ser adhS BiH& e t h

ocfAE2080 WEL FRea o ICopr TN G4 ANUFPR L Hie uoper
paffhghEWsCare@ﬁ@@&@d@tiépméﬁeﬁtitﬁbﬁkﬂfﬁEﬂﬁﬂﬁkp@ﬂﬁedof

the nmethod according to, the invention (see e.

Mo ERGHPP RSO R 1510%EP ottR T oPPFR rRRT & cSJathee heavy
chéﬁq U§P& eéx%f?é‘%’é’& NG oyecéigghtléi@mg ad ddH &L onal

ferent heavy chains capable of pairing to the

antolnn@neisu@hs Thadn K23 giTee Iowetipial wridbhodiesairmw

host cel selection of stable clo é%g
11ia ns

| s
Sh%V%n%sS%%%m%é scré%ﬂ%%e?EFtlon © St%aﬁ?%55|on evel s,
prédideagvhéd) b&Xipaila €f Ofiesing Sand Pt 106l Ui nir@n OIJ_ght

functional m xtures _ of antibodies, Sone or all of

chaiRpare. GOTRMPER HEEPet? of ks si Frrt aﬁ@oﬁ}sﬁhﬁﬁr@wﬂ
ampﬁ££§rﬁgénoﬁg@ﬁ héQvF'Qhalns§§ﬂng§§k %ﬁapf

ages directed alnst CD22 (cl one 828)

letelonend 1p2)r anal ¢&¢h[ﬁtm@ta@stMI¢quaﬂ(ﬁﬁi1c15n0i»#$he

T TN T SR

Fig. 6. Schematic representation of a possible embodiment
of the method according to the invention (see e.g.
Examples 9). (1) Introduction of nucleic acid sequences
encoding one light chain and three different heavy chains
capable of pairing to the common light chain to give
functional antibodies into host cells; (2) selection of
stable clones; (3) clones can be screened for e.qg.
expression levels, binding; (4) expand clones; (5)
production of functional mixtures of antibodies. Some or
all of steps 2-5 could be performed simultaneously or in

different order.

Fig. 7. Sequence of Vy and Vi, of phages directed against’
CD22 (clone B28), CD72 (clone II-2) and HLA-DR (class II;
clone I-2). DNA sequences of Vi, of clones B28, II-2 and I-



10

15

20

25

30

2 are SEQ ID. NGs. 11, 13 and 15, respectively, while
the am no acid sequences are SEQ ID. NGs. 12, 14 and

waggo4/0emspect i vel y. DNA sequence of the conmonpdT/gP1003/007690
chain of these clones is SEQ ID. NO 17, while the
amno acid 5 sequence is SEQ ID. NO 18. Fig. 8. Mp
of pUBS54-1gA (pCRU-LO1 engadi ng human | gAl  agai nst
EPCAM. 10 Fig. 9. Dineric bi-specific IgAwith a

2 stagiEy | ight ndwi 1 (i T8ligat ad by depidaatntaly,y v&tinjeped
bar). The nethod of the invention will produce a

they siine &bcflcf oﬁ%l%%@rre 3T -erlht Noavyl Zehdiheicart ©/

t f t
re%}ﬁe% ; Chemat . C & st Si Rk A arifrsS Jepi cted

epresentation. 15 A J-chain 1s
thedwwil ¢reeg cisn JHE. t]S/lb. shorier,s . wiFilg th® sRemaareeridc

mul ti spec c | single light chain
Se?‘f?fb‘f%a]tsedgﬂtgf h]gi\/l y striped bars). The nethod
of the invention w II produce a mxture of many 20

different forns wherein different heavy chains can be
Fl‘?pal t?'ed-"latl%trﬁ]lf GHIBA I47el HostPHUmh @ W%&q IR T flsen

s are expressed with a single |ight chai n,
di fferent heavy chains are incorporated in
the pentaner and paired to the sane heavy chain, is

d ted 25, th t at \
FLord arTh ¢ 1P S S B SR S e T orshad ™
lrWld:M RO atd o @it dess sttﬂ & wliff er eme heabd of

chains. Especially when the chain is not expressed,
theéekaret sl @arial s eedwin & Mt% Fify forms mhi%asid] on

dlffefem Xﬁ C%Mm%&%é fg%I a%%ﬂ%bﬁryd%eofm&st

onmon I| rent
suﬁ@b@l fmmtu&sdemca:es:i nigl et cied Isd}mnea\tmod ﬁd}ﬁ:ea‘emtrmuoun
of blggem fic anti bodies. The different binding WO

96 ST B2 005D IO PPTOPSSFicities are
indicated by the different colours of the VH

Fi§ UGN CESH t SN LOMPIN 4 4,05 Ghaiy svilvidiLadigfhle 1ight
chain (indicated by horizontally striped bars). The
method of the invention will produce a mixture of many
different forms wherein different heavy chains can be
paired, and only the most simple form when 5 different
heavy chains are expressed with a single light chain, and
all 5 different heavy chains are incorporated in the
pentamer and paired to the same heavy chain, is depicted
in this schematic representation. Pentamers with less
specificities can also be formed by incorporation of less
than 5 different heavy chains. Especially when the J-

chain is not expressed, hexamers can also be obtained.

Fig. 11. Expression of a mixture of human IgG isotypes
consisting of a common light chain, but with different
binding specificities in a single cell to avoid the

formation of bispecific antibodies. The different binding
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with the vertically striped bars. The 1gGl isotype is

indicated with the grey Fc, the 1gG3 isotype is
w0 paisoeteesl 5 with the black Fc part. Fig. 12. BXAXEP29d3/007690

protein sequences of variable domains heavy and |ight

chai ns of K53, UBS54 and 02-237 1gG 10 Fig. 13

Al i gnnment of the vari abl e.gequences of the heavy

chai ns of K53, 02-237 and UBS54. CDR1, CDR2 and CDR3
speeffoost e® andi tadedated bioy dihd 5dH ferddt BEATOREs of

anal ysis of K53 and 02-237._ Affinit purlfl o hurran
Ehepid $$ MR T4 TRl PR £Upt ef %@HOlSRU} 1o ERR

[ ( )b n 0P , 1500

) PR 1O 1oh (D) es (E;-Bé oo g 1T
in@ic@téd )wiih OQhQSQreW R&3 puei 1§ fsohyse abs ellz@lcated
wiEEF%CQTMB?eri ed ce lines to the CD46 was nonitored

l%i B A %‘—i‘)ﬁ systemat 37C. Using this

experinmental set-up, a Kd of 9.1 X 10-7 and 2.2 X 10-8

was found for K53 and 02-237, respectively. 25 Fig. 15

Bi ndi ng of K53 and 02-237 to LS174T cells. Seri al

ridi | 451 Of%n oaflmﬁ’g[{}fcf)t@gnoge%§g né&d ,o£<5§a£ Ap PR L RL ns

hegative contr conjugated to brotin were

heang uiad eli gin t thRSiLMTof;eM%, PYBS it ubad et w2 3'h ho® mal
human serumto bl ock Fcy receptor interaction. Binding
30 (MFI, ordinate) was determ ned by FACS after

Figncupat i ONi gihé i Séf eph@vidiifable sequences of the
conj ugat ed- phycoerythrin. WD 2004/ 009618
hepey/ EPpbo3/ 007698 1422 2nd 6/B5ps: FAEL anfaP§3i 3nof

CD@B’r%é%ﬁgné 98T AGh{ O08eq I.?A§&@g purified | gG was

anal ysed on a non-reduced and reduced (B) 4-20%
Nupage gel (Novex) according to recommendations of

i oI PRLARET 4o ISP I3 VRES. 5,1 gl o Dl
puBCEOEEi MEnd R CBLONTERMAALEDNST Odelhe WBHUEREHUERT (640
RU) to CM5 chips (BIACORE BR-1000-14). Binding of 1000
(p), 500 (B), 250 (C), 125 (D), 63 (E), 31 (F), 16 (G), 8
(H) or O (I) nM 02-237 or k53 purified from stable
PER.C6TM derived cell lines to the CD46 was monitored
using a BIACORE 3000 system at 37°C. Using this
experimental set-up, a Kd of 9.1 X 10-7 and 2.2 X 10-8
was found for K53 and 02-237, respectively.

Fig. 15 Binding of K53 and 02-237 to LS174T cells.
Serial dilutions of purified 02-237 (m), K53 (k) and the
negative control GBSIII (<) conjugated to biotin were
incubated with LS147T cells preincubated with normal
human serum to block Fcy receptor interaction. Binding
(MFI, ordinate) was determined by FACS after incubation

with streptavidin conjugated-phycoerythrin.
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Clone identity is indicated on top of the SDS-PAGE.
Each gel contains a control, which is either purified

w®2002809610r K53. NR, Non-reduced; R, reduced. ROI/EPI¥P03/007690

17. 1EF analysis of purified IgG fractions. Ten pg
purified I gG was anal ysed on an |Isogel 3-10 gel (BMA)
according to recommendati ops of the manufacturer.
Proteins were visualized by staining with coll oi dal
Fi§l ues 15 {DOVEAGE Cathal Nois BOIB)r BECEE didy foactions.
recommendations of the manufacturer. Clone identit
Three gl Raf kbl 18p WS pelyEe ®udh rg%fp-le%%‘f%%s(%)
0 c i g4 f +di Lo e r 237y 5 K53
and i 8y o036 £1509 Srefee at MR s o e
reooxtendst Pdds @80t he 282nuBHitwnelr 402rdtre ToRpe@ison to

. Single 3, 02-237 and,, UBS54. T urified I
vigiafited B e el et oL LR e c by T e
LCEGTOMBRESHORS 0 tEeommendaeidieror Priod ehdsufeteurer.

visualized by staining with 25 colloidal blue (Novex,

Cleng.iq@ntien2by Heebfarad ¢ LoRcOMMErRIat PONRAGE - threh
_ . ny v e : :
gegg@%%%gg i%.ck/g@rbﬁe%hié‘h'?s d gﬁcd%rpﬁ LQPo® zywe

ss chromat ograns o peptides o
or KB33. AR, 3o237cdBSHA Rndredweceadw uni que |ight chain
peptides L1- K53/ UBS54 and L1-237 in 1gG fraction
Pol yl -280. On the right-hand side of each nmass

Fi%hrPﬂ?tOQE@nénéb s1806PPbEr VA LHO0ASO08EdBcions. Ten ng
CT/ EP2003/ 00769 -13 pattern of the ple)gtl de is
1

pushbid T¥e dambkpathnacgeen i dh IseIed 231088998 (R

) epti 1 - doubl
AcEEUEE PO SRS b o TE el o e Ry el s
PrétompeptrdeviiiaDPz@8 oy Thenitrrdirpd wictiargeld &idah katue

mz 770.03 (Mn 2 09 Da) results from peptide

(NGEERAT - THE HORBES) CREP RO o - TSRS GEoR AP S
th%@ﬁ%&ﬁa@@ﬁré?ﬂbiénér@&é]ﬁ’@:@ﬁﬂf 0es LinKD3A LBS5dn 88 of
theogEF. Each gel contains a control, consisting of a

1:1:1 mixture of 02-237, K53 and UBS54.

Fig. 18. 1IEF analysis of polyclonal mixtures 241, 280,
282, 361 and 402 in comparison to single K53, 02-237 and
UBS54. Ten pg purified IgG was analysed on an Isogel 3-10
gel (BMA) according to recommendations of the
manufacturer. Proteins were visualized by staining with
colloidal blue (Novex, cat. No LC6025) according to
recommendations of the manufacturer. IgG identity is

indicated on top of the IEF.

Fig. 19. Mass chromatograms of CDR3 peptides of K53, 02-
237, UBS54 and the two unique light chain peptides Ll-
K53/UBS54 and L1-237 in IgG fraction Polyl-280. On the

right-hand side of each mass chromatogram, the isotopic
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charged ion at mz 1278.11 (Mv 2554.22 Da) results

from peptide L1-02-237. 10 Purified 1gG was dissol ved
WO p00a/0@6186 Rapi Gest TM (Waters) in 50 nv NHAHORBI/ER10e3/007690

di sul fides were reduced using 1 M DIT

(1,4-dithio-DL-threitol), followed by incubation at

65C for 30 minutes. Then,-mor al kyl ati on of al

sul fhydryl groups, 1 Miodoacetani de was added,
patiodtovetl tUS byptihdebias i drovat. ridomdenpey athameyddrictb

L LT

K5 NS o @blL Y - Sha %@@I 1dh atﬁlqn/ailtwml@@ Wez@we;szt ed
overnight at” 37 C addition of a fresh pr epar ed

Da)t rmmht%ofmmomeph%/@% N AN T wlp&émh@@ed
I d The te
1o et 2 W R LN TG SYalah sanaia oo
H9-LIS’B$E'DLDJ YT @o@wﬁll@mrgéd s:cdrveartt myz( 5](29951 .]D8 (Mw
acetonitril e, er, glacial acetlc a |d yé and

25891 Yerta %@@vﬂf@? 1f%@étwiim bl v er
chZPq @81 thy/ ¥ v /- They éanNamvprrzéwez@%I eldeéﬂ@s QrBQFZ

nmass spectroneter (M cromass), equipped with an
peret bd¢ rlobpbay238ource operated at 3 kV. Mass spectra

eco ded |n ositive 10 5
Pl d e e LrREEEd o W PR AR g )
in rE@;QhMJtNRDLDHMB >10h & 081 enahi sk 3t arddgiedisusing 1 M
detern1nat|on of the charge, and therefore the mass

DThf (hodtdiehsouplrohaeiteelst Sotlawed % iRgrlation at

nt d r | ecul ar
o e ST BL L A B et

subfiydraki greegsient eM of oddrcpapride wes addad i rimld dyed
oy MBI SPGB Son LA SRS AT CRRRLPY
All@jﬁﬁigyorbexba\@e@tcg@p@@dbﬁ%cﬁi@i@q &f Fi gu 1207 . BIACORE fer
wa§QSLc§g§§ég gglgﬁaﬁHj§g63ﬁ¢gﬁrntg Finally, the
antibodies were digested overnight at 37 °C by addition
of a freshly prepared trypsin solution in 25 mM NH4HCO3.
The peptide mixture was analysed by LC-MS. The LC-system
consisted of a Vydac reversed-phase C1l8 column, that was
eluted by applying a gradient of solvent A (5/95/1
acetonitrile, water, glacial acetic acid v/v/v) and
solvent B (90/10/1 acetonitrile, water, glacial acetic
acid v/v/v). The LC was on-line coupled to a Q-TOF2 mass
spectrometer (Micromass), equipped with an electrospray
source operated at 3 kV. Mass spectra were recorded in
positive ion mode from m/z 50 to 1500 at a cone voltage
of 35 V. The instrumental resolution of >10,000 enabled
unambiguous determination of the charge, and therefore

the mass of most ions up to at least +7. In this way, all

peptides were identified according to their molecular
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purified human CD46 from LS174T cells was coupl ed (640
RU) to CMb chips (BI ACORE BR-1000-14). Bi nding of 1000
w@ 2904/08008 (B), 250 (C), 125 (D), 63 (E), 31 (BCT/LB2003/007690

(G, 8 10 (H or 0 (1) nMPolyl-280 to CD46 was
noni tored using a BIACORE 3000 system at 37C. Fig.
21. I EF analysis of sub-clmnes fromclones poly 1-
241, poly 1-280 and poly 1-402 producing a m xture of
wei@hantThedamsnoAacm om@@u@od:ey df 2die ansbipdy v&las280
cont alz g (Anyrsham Cat .
COIi lm@‘i By )Ms (MAge P%%HF%TP IOt HEF s f“i‘%lfﬁthe

re@éf&@& £h0opEsPei¥e li 24 ndd@s FFomif/z I@20d@nest3. 4
5 respectively contain isolated 1gG 20 from 3

colhtj@p@ndenergmbbemm deranedd3d reovebosy 1-241 by
l[imting dilution. Lane 6 contains isolated 1gG from
the parent clone poly 1-280 (as in Fig. 18). Lanes 7,

Fi@. anol. 9 BIRSPRE! anel ysTondfii pol gl @il 296G fzxm&ﬂimee
I ndependent sub-clones derived formpoly 1-280

puﬂﬁ%‘?‘?‘n@uﬁﬁpuﬁ)éﬁ foem LS bheCopbl s M2 a020UR Hds | é1/49:1nd
RU7 @8%@5%&9& rfﬁm%m éf@l‘ﬁo@oi?ﬂ{‘)t aifisn g 504 %ﬁdldcg&

from the parent clone pol 1-402 (as in Fig
(ALane@0 3(B4, aRB05( @Esple%ﬁzl (/Ié],y 6ot ki n31 sbﬂ“)a,teh6|g@

rom e t.s derived from -402
o OF) s KERGRE PEEYBoe ard 040 ot e e as (3
BIAC@REL BDAO UE@sDEMO2: 2875c K53 and UBS54). WO
2004/ 009618 PCT/ EP2003/ 007690 -15 Fig. 22. FACS
anal ysis of m xtures of antibodies produced from

i 92%%' ?%?? %B%gygi’s é?gf’%ukgﬁt),lorﬁ’é’é yf%?rgsglcgr@s 35515113{ gPl y

ng e mxtures ant 1 bodies

24telpslyransdseceed mih TBNR b r @G| ndEpCAM xtokren of

nelga Ive 5 control (CD38), was determ ned with FACS
AL HEPYLFE: and mean fluorescent intensity (MFl) is
A. Sbo¥he§ Opol el vani ossd PETEnt-z8@NeESamadl td¥eains a pl

i ndependent sub-cl ones of_ each. ,
marker (Amersham, Cat. No. 17-0471-01). Lane 2 contains
isolated IgG from the parent clone poly 1-241 (as in Fig.
18). Lanes 3, 4 and 5 respectively contain isolated IgG
from 3 independent sub-clones derived from poly 1-241 by
limiting dilution. Lane 6 contains isolated IgG from the
parent clone poly 1-280 {(as in Fig. 18). Lanes 7, 8 and 9
respectively contain isolated IgG from three independent
sub-clones derived form poly 1-280 by limiting dilution.
B. Clone poly 1-402. Lanes 1 and 7 contain a pI marker.
Lane 2 contains isolated IgG from the parent clone poly
1-402 (as in Fig. 18). Lanes 3, 4 and 5 respectively
contain isolated IgG from 3 independent sub-clones
derived from poly 1-402 by limiting dilution. Lane 6
contains a control (a 1:1:1 mixture of 02-237, K53 and

UBS54) .
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Control antibodies GBS-111 (negative control),
anti-CD72 (02-004; negative control) and the single

wa@pdokoedies 10 UBS54, 02-237 and K53 are al so PCEPZIE3007690

Sunmary of the invention In one aspect the present

i nvention provides for a nethod 15 of producing a

m xture of antibodies in asceconbi nant host, the

nmet hod conprising the step of: expressing in a
Fige@mbiFrers daoslycied lof mivd wedes aef dantsﬂ;mﬂaimse mroduced

nucl ei c acid sequences encodjng at | east_ one
r%aﬁwaqﬂoorﬁm%ﬁo%rle-e’%f@rrerﬂollmé P s It
po]khaf &£ C@pabh & oin nPL 11 whish sl g o Ar@@%ocﬁr@s to
Ight chain. A furthher aspect of the invention is the

ceJe]ls mmsimcmdtvrﬂetfprczml?ctql‘brﬂb%,po%re@ﬁl\ﬂ,almy mdrﬁgatlve
fun li ht heav y..u
co cjctg 8) Qs IR, *}ﬁé&‘ V\Paéh §3 na 3 ns a[r%d

Sivbi Tt i e 9 eavy an
meAYan__ﬁﬁozb@%em*@cugmﬂ@oty h@MF phage sh@m agloﬁ ihreariasious
built froma S|ngle I ight chain and many diff rent
pa%’@/}ﬁjﬂfa@%sa%%n h@?cddéﬂ%ﬁﬁn #L}%g@rﬂe%w%s Wik I3

c:or%ﬁ{g nagﬁ dﬂ% rem ter?égatTmé deat e C%@ﬁ@@ﬁﬁ

antlbodles havi ng t he sane | i ght
(02HH 4y bwegali fverentt B30l heand tdhai sisng by aimistbadiee sane

0% R Yeh O d S G T OpE T E0T - Such di {1 erent

targets may for i nstance WD 2004/ 009618
PCT/ EP2003/ 007690 -16 be on the sane surface (e.g
cell or tissue). Such antibody fragnents obtai ned by

S"éﬁgiﬁa ESPh@Yi SAdh Pn Cl oned into vectors for the
esl éﬂf i 1

format, e.g. 1gG IgA or IgM and the nucleic
In amiel sgorEencese gnooxkmy dirmeset Horif gyt sdeant be aigerthaed

or WLERFLSEL, ook sells o S shor onehy anib el s
hodt Anst & Ghé Ofod NG Geid g Whes edtep they are expressed,
exé@gg;{ngeiéoalggég%bgégggﬂgggﬂEﬁgll a nucleic acid
sequence or nucleic acid sequences encoding at least one
light chain and at least three different heavy chains
that are capable of pairing with said at least one light
chain. A further aspect of the invention is the
elimination of the production of potentially non-
functional light-heavy chain pairing by using pre-
selected combinations of heavy and light chains. It has
been recognized that phage display libraries built from a
single light chain and many different heavy chains can
encode antibody fragments with very distinct binding
properties. This feature can be used to find different
antibodies having the same light chain but different
heavy chains, against the same target or different

targets, wherein a target can be a whole antigen or an

epitope thereof. Such different targets may for instance
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When different H chain constructs are transfected into
a 10 cell with a single L chain construct, H and
wa 2emhaiwss w Il be assenbled to formall possiBCEEP2003/007690
conmbi nati ons. However, in contrast to approaches
where different |light chains are expressed such as
for the production of bigpgecific antibodies, this
method will result only in 15 functional binding

be &P NS . sdrie WO Eh e EaUd ] cadiar lor whisefud) Wikt he
host, e.g. a single cell line, is capable of

anieh s st FRPERIED (AL 1o 1% [Fa g it kfghtcan be

o . o e ity
L M Frrat it ot T S Al e AP A, TR
or algN bogih@sthd hea@ldviantage] | sequmtceeldndadiesy wiltdseonl y

a limted co nber of sai.d  nucleic .aci are
fo%%%t%%lnﬂ%e “g%e‘gle%%_t?%aéfr%%r}éo%tt a5, bedad¥E t here
appbdche hessd 1 eapinatdwnodeimesded g, sEURNESS:

encodi ng the heavy chains, than in cell |ines where a
comgit fi¢gletpdt t HEae Zorappiestian pisem .cel kefherse

[ I i n . et ; r-di t

enfp AR S PRl 1 BT YRR S RS i s
Whewet MOEIf @ram X tHirehafn andnbodiess witd tmefsfmded into a

specjficities can be produced froma. sin cel |,
cel o"i’ﬂetlil né a_s%%ﬁje? %o?ﬁ$ﬁ?l%%?s%%c%’03§7 ﬁ%&‘nﬁ?ﬁféﬁ? 30
wilN€od NYSHEHIOTE PrOY i €198 3 NEIHOLk f10Te RERiGId oMb . a

m xture of antibodies in a reconbi nant host, the
Howevéod imonprleisly therpeprdies adpres iy erenie| Bight

ch@fhd V0 2004/ 009618, BGT/ 552%99/89{ Eaudds seaence or
Nnucl el C aCI% sequences encodi ng a east one Ight
bighethf andant ibedsds t hrtees didfles@nti heavyswchai ovsly that

are capable of pairing with sai t, | east, one |ight
fupgli PRk %??%&%ﬁdﬁ?ﬁ&éh%os¥tcﬁﬁéa 1% PPt

us@BRECHner the KE&sONDLNaNt 3 hostgLel de LONPIASLSi & capable
nucleic acid sequence encoding a common |ight chain
of thaprésstapadtecpabhai kel s ¢h Begentnaast three

angiggg{ggf Q%@%gugh@ﬁgsnecessity to first amplify in

said cell the nucleic acid sequences encoding the
antibodies. The advantage is that cell lines with only a
limited copy number of said nucleic acids are expected to
be genetically more stable, because there will be less
recombination between the sequences encoding the heavy
chains, than in cell lines where a multitude of these
copies is present. A cell line suitable for use in the
methods according to the invention is the human cell line
PER.C6™. Using this method a mixture of antibodies with
defined specificities can be produced from a single cell
clone in a safe, controlled, and consistent manner.

The invention provides a method for production of a
mixture of antibodies in a recombinant host, the method

comprising the step of: expressing a nucleic acid
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such that the produced anti bodi es conpri se a conmon
[ight chain. Cbviously, those of skill in the art

WOwRI04/00%818 ecogni ze that "conmon" al so refers tBCT/EP2003/007690

functional equivalents of the |ight chain of which
the am no acid sequence is not identical. Mny
variants of said |ight chein exist wherein nutations
(del etions, substitutions, additions) are present
seqhahcdoononuuﬁeéciatig saffheeces dicediend cxbrtedHt ofne

funct | _bi,ndj ions. Th t furt
1D R e BB bo ErSh CRoRB SoTHG S ATAFE Graine
thhecapbi ea?&bye PseaPsedingnii PRAs£5d el &h &t abnéd eBbdht

three different heavy chain sequences are represented
chppnsandanteopleinant ohespocehbodi rentprefrrr¢gnisrect,

en; P BPnBhp okt bt SEFE RS- B SRS R foa

sequéntdlegcbdlm@eal@wmmbnonlghPrem@imbEWatth@ oapabre of

anti bodies,is nore efflcaC|o han t e i ndivjdua
palhinBoHIEe Seitonbieast Hores Shetfamt otV AR,

suBhXtHEE B8R spasw@esa%h@@ﬂ;wlé@ Gomp N | HNSmASS AYi ght
The invention further provides a reconbi nant_ host
chgénl Pbripvslvici hgone xelir esibi :amlttfkﬁ)oﬁ\@‘s whhH net hods
I ue nC es
rec%%%ﬁ%éd r%n1$%ﬂ8§éan§#%§tf%%eo fgﬁ%%lgégd
eq8LOHEBAES @ﬂCDH$ngl@hti@hilﬁh@fnwﬁﬂdlnmm@ atihad aned

heavy chain may gress the different antibodi es, WO
SegBRRFE0Y8 180 PCIAERDbER) 004880 VRAER TS (B PR Ut IAE

chdihf exe8t Jqﬁé@éa‘:‘n hht 81800t 5188086, SibdPfrutions,
invention to select a clone using a functional assay,

adﬁ@tlohe nase poeeant ntlxatur@oomo@rmamm@lyﬁmfluence

ention the ore furt rOV|des a thod for 5
%ﬁfm?glng af %%%% l%%% hos ?IrGQ%ﬁéﬁthat produces

a Thit uheentient fhothes, pmei@e@ & adshnpd %1t en of
coggiigggéeg mixture of recombinantly produced
antibodies, wherein at least three different heavy chain
sequences are represented in said mixture. In one
embodiment, the light chains of such mixtures have a
common sequence. The mixture of antibodies can be
produced by the method according to the invention.
Preferably, the mixture of antibodies is more efficacious
than the individual antibodies it comprises, more
preferably, the mixture acts synergistically in a
functional assay.

The invention further provides a recombinant host
cell for producing mixtures of antibodies, and methods
for making such host cells.

Independent clones obtained from the transfection of
nucleic acid sequences encoding a light chain and more

than one heavy chain may express the different antibodies
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has a desired effect according to a functional assay,
the nethod conprising the steps of: (i) providing a

whomi/oewhs w th nucleic acid sequence encodi NRCHEP2003/007690

| east one light 10 chain and nucleic acid sequences
encoding at least two different heavy chains, wherein
said heavy and light chaigs are capable of pairing
with each other; (ii) culturing at |east one clone of

in sthe rhiostumeldt whiteferaondidves. dandiuciareottiter aspect
e ression of said uclelc cid 15 sequences; (il

%e“rﬂ‘f?d"@é?fa R IR A HNG R TSt ew
asé—coy, PFOAUAtd b Of Fotdndt U Bcafrandd kediasodihayi nghd he

desired effect by a functional assay; and (|v)

invefenior yﬁbhﬂ}@:&on@a@@r@mr done ddrata prajduecester mi xt ure
ef f
1ot L A Tt Tr TR G a R e i T »

mi bt @he dﬁraaitglhmdl@s,oofaﬁw&ﬁq ddidlesixtatte e altoiesiies
identified b the nmet hod can be used to produce
hagm | ol 9 ATt acerd MY T & Rt orpssme the

meﬁﬂw&rua@kfﬂﬁ&%@r@e@&esof s amggyoqflr&pﬁghm{bs@%eu

ani mal s "and transgeni c pl ant's or transgenic pl ant
witkel rluscleclapamm of e @ e strrmep i ng lﬁteslaﬁstamnaaobnqé”st
xt ur.es. of ancﬁl bodi es roduc £ aa}th%eastThc

nff et TR o e e

di E0APOSI tHNRSy CEHPIN $) Nghdrdti X tdiiel Qfea[\%ﬁoifb:i Manghty 30
produced anti bodies and a suitable carrier. The
Ch@m%rﬁﬁ%rpafﬁﬂkt]ﬁéro%rﬁﬁﬂ@éég M hdture@sootheiti bodhles f or

eIt Of o0l agnasi i3y akd We MO ung
culfSe il G o408 TS (Glod Agr ol Sy a0t or eparation of

cord ethrcanentdfoivelsEo i expms&:rceatqﬁmalcbrmmla@msa@cbf

di di d ' I bj
oS FTrenti o Ur (RGOt o RAToG TR e G the

ho$F 0EWICI Nh A phodwEei ®f antd b@ﬂt*@ﬁss:wmraxsungo@ﬁésf er ent
having the desired effect by a functional assay; and (iv)
identifying at least one clone that produces a mixture of
antibodies having the desired effect. This method
according to the invention can be performed using high-
throughput procedures, if desired. The clones identified
by the method can be used to produce antibody mixtures
according to the invention.

The invention further provides transgenic non-human
animals and transgenic plants or transgenic plant cells
capable of expressing mixtures of antibodies, and
mixtures of antibodies produced by these.

The invention further provides pharmaceutical
compositions comprising a mixture of recombinantly
produced antibodies and a suitable carrier.

The invention further provides mixtures of

antibodies for use in the treatment or diagnosis and for



10

15

20

25

30

i sotypes froma single host cell clone. The invention
further provides a nethod for indentifying a m xture
w@booanededi es having a desired effect in a fRCEPNXD07690
assay. 10 The invention further provides a nethod for
producing a m xture of antibodies that are capabl e of
binding to a target, the _.ggthod conprising the steps
of: i) bringing a phage |ibrary conprising antibodies
thd Mr@paG@rtiast oM tah mtieyamintc dopr usiend.m thar gateatiment
at least 15 one step of sel ecting phages binding to
or sHiagnesigetof g idisqaghqy Pils@raey dase M&H‘aﬁhfges
t hat i;se anti bodies binding to said target,
an%ﬂﬁ%wﬁ@?%%#% at least two antibodies conprise a
cormhen ilnvgtt ichrai i rtihedr iprovddiesi mg medhaeclfgin aci d
sequence encqding the li.,ght,.chain _and a 20 '
prQﬂﬁ%&“@bﬁh&Hﬁ%“ﬁFgéggJEH: é”%ﬁﬁo&%&fﬁﬁﬁiﬁﬁxﬂ%#géﬁéﬁ%m
i syl Grdim |£asind W0 gt kedileslionen a host cell, v)
cul'turing a clone of said host cell under conditions

corfdnec i and: 1e9ip riasgi AT FE Vi Af sn fe st st i P T
, . il i nti : i ot i
:an?%%q;lli?géﬁﬁg‘oba} g@t)ﬁ%ﬂé S dase/JPtdomRfi dde iquentdpn

the present invention to provide a
effeithad feoorfypraodiumaly assawt ure of antibodies in a

reconbi nant host, _t met hod .c risi the.step of:

30 EXpriessitg-1th %ugl@%eo?rtﬁrr?éﬁtdo%gsﬁ nkeg%fog]a fnourc! eic
pré@fld nFeAUeNea s Il Rbidh Sequences enendiagpat

| east ‘one light chain and at least three different
biragy tehal riss MG 200419 0961 PCHMEPZEUE1D07Ed 0 t e of

., that are c DA L i.t:h..sai .
0 g o I o PR S R e R T o
comgttheawh medad nsa Whesngai siedy faortmfaaict i ohal aantdain

ong s D AET B AC SHRGTATER I3 o 1 A S e Lt
identifying at least two phages that comprise antibodies
binding to said target, wherein said at least two
antibodies comprise a common light chain, iv) introducing
a nucleic acid sequence encoding the light chain and a
nucleic acid sequence or sequences encoding the heavy
chains of said at least two antibodies into a host cell,
v) culturing a clone of said host cell under conditions

conducive to expression of sald nucleic acid sequences.

Detailed description of the invention

It is an object of the present invention to provide a
method for producing a mixture of antibodies in a
recombinant host, the method comprising the step of:
expressing in a recombinant host cell a nucleic acid
sequence or nucleic acid sequences encoding at least one

light chain and at least three different heavy chains
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In one aspect according to the invention, the nethod
for producing a m xture of antibodies according to

wa b@4/009vent i on further conprises the step of PCI/EP2003/007690

recovering the antibodies fromthe cell or the host
cell culture to 10 obtain a m xture of anti bodies
suitable for further use..ooLn one enbodi ment of the
invention, a nmethod is provided for production of a
thd X ecnfarsid | pdbessiddevimt hed d eamirdasitngricd igfhep
of : expressing in a reconbinant host _cell a nucleic
chagid}-d At mofdr%glraf%m%h IGRghtl i o Bt h BeRgY
e &l DGe GHENC eh Qi Alng | east
Ch{lhq?geghgelr? a‘r'jlelri%&%avy ig{ml ns that are capable ogf
dongaiirrs .NgA W Wihe isiad el I camiirg dri gmndﬂheg rdorsaligh itshatapaipd e
antlbo i es hat roduced ri se conmon |ight
‘?fséj goja%{fer&(f ttoné?lrb Sf'ght chain is
In 'cﬁﬁé"téﬁ%cﬁoaéébﬁ&frﬁ“gwcgmh&ﬁaiﬁmw cirad mgxgidd fThe
term"anti body" as used herein neans a pol ypeptide

pra®itidigingnbiaier doradémdies artowiing £ i t ope
inh AL AL 9806 V@&Eﬁrfé@ heﬂ%arl abﬁdﬁ 8§ 1qm or

ave sequence |dent|ty W t regi on 25 of
antaibadite Hoflyom Thies steLictar e:ma‘ karsmrctelb]odgulnwre to

o SERETRACEL Lt LB SO AD £ DA EB

In | §MYtdhp M hdedi €8, traat |rﬁﬂ§ﬁ’c foragrenisshdu SJFteCprfdﬁded
anti bodi es, inmmunoconjugates, and the like. An

foramidsbest ser ov 8i ngniFBE tHe VARG 615 miih e 8 pe
conlggr(?l%%rleggf?l?(eel é HAax llegéA.ill’ld 9422 |90 o Erbaﬂ’tQMost

or a der| ative of these. Anti
celY agmendBeitichate swqudrals d%atbdlﬂg)émrﬁﬂg@lﬂght

PCT/ EP2003/ 007690 , -21 F(ab' 2 fr ments, and t 4#
chanrk@n%w%w%sa%ﬂc%o%qw% FURASTES oS e &t
ledYy ©OfigQL ndlff‘&i’é‘r‘ijt Nige AREA 'cﬂﬁ‘alrpi tHEY eaddadhgdfle of

orlgln i.e. chimeric, Hhumani zed, or fully human

paintidodi oy, S& htupowom doiits St seiahtihpdh the

antibodies that are produced comprise common light
chains. In one aspect the common light chain is identical
in each light chain/heavy chain pair.

The term “antibody” as used herein means a
polypeptide containing one or more domains that bind an
epitope on an antigen, where such domains are derived
from or have sequence identity with the variable region
of an antibody. The structure of an antibody is
schematically represented in Fig.l. Examples of
antibodies according to the invention include full length
antibodies, antibody fragments, bispecific antibodies,
immunoconjugates, and the like. An antibody according to
the invention may be isotype IgGl, IgG2, IgG3, IgG4,
Igal, IgA2, IgD, IgE, IgM, and the like, or a derivative
of these. Antibody fragments include Fv, Fab, Fab’,
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5 bi ndi ng domai ns and a non-anti body part such as a
toxin, a radiolabel, an enzyne, and the |ike. An

wo antioglesms  bi ndi ng domai n" preferably conpri seBCT/EP2003/007690

vari able regions of a heavy and a light chain, and is
responsi ble for specific binding to an antigen of
i nterest. Reconbi nant 10 .apti bodi es are prepared by
expressing both a heavy and a Iight chain in a host
F (agel)l,. £ohbikartky, aby EMQrE$BéngAhW&DbodlnaisnSCmbthlndj!ettD
respective light chains (or a, conmon |I%1t chai n),
thepyHayV@ant i IE3e R dhamy Ioirdﬁ‘tlnch&lnﬁ G PEEGRT

morP eG4 %I{é/’OIS_L%} ol 1 ed " birgpeciifd c hu?tfétn'lk%%@ e%r]-@uqa@

e prepared speC|f|c ant i bodi'es" conprlse t wo
hureon-drdeitiddiad s |heannyunicicgng ugledies corpinise emdigring. 2),

., and both antigen, bindin i ons _of .a b| i fi
blr‘aér}ltq% ajrfhi_/g‘?rbdcc?gﬁi fle%éﬁtr]?) ent%ant i |gens Cs toxin,
a Adferami epid anesyn) = aMd gake 2@mA“"a@mn@m | | ght

chai n" accorglng to the invention refers to |
bindiginhsiama gh Wﬁ%ﬁh}é’nﬂ%rlﬁe%éﬂ%l%%§%°@s of

a hﬁu%{%;fr}&?d di f{ g iﬁ@c&%l Sa'a%d ght GRS JTRY £50NPri se

ations which do not "al't er the s ecificity of the
Spéuﬂﬁinxbaanan;ctwﬂnnuahbmgdm tdfe isdresrdsdav \Restoaiinazs

Ww.t hout de artl t he scope of .t t
an SRR D L (DT b RIS SRt B WA MoE thand @

1lg9fP@R§naﬂ{ {hey d&témléélqn of i nEoEAIY | ilghte xiRigRs nas two
used herein, to prepare or find Ilght chains that are

chaigts ivierh | g ir braseaqbive l}ﬂcﬁhfo@qulseq(lﬂlﬁ/éi SRR g
ll%ﬁgléﬁéfgi I&%%E%E 'g£éﬁﬁﬂé )@ﬂdﬁ%eéﬂgﬂﬂjﬁﬁ§ d

uc
anges chan es 6? wnno%ﬁ? S In regions that do
1tmatwmrsmﬂ:yfp@ittjz,y sccargrlidelit e itspduiindialy aspediddiss y
when paired with the Yﬁ%2004/0q$6 8 PﬁT/EPZOOS/ 07690
can 3 HEERRATHAI n n 388 arf QEeS® o

orprﬁ&pﬁlcéfvl@@éxbmid}l@%a@&l IR 4 it s Cd’]ﬂg’l CZ’)Q
identical [light chain to conbine with different heav
antHeotls amtigen binding regions of a bispecific antibody
may recognize different antigens or different epitopes on
an antigen.

A “common light chain” according to the invention
refers to light chains which may be identical or have
amino acid sequence differences. Said light chains may
comprise mutations which do not alter the specificity of
the antibody when combined with the same heavy chain,
without departing from the scope of ths present
invention. It is for instance possible within the scope
of the definition of common light chains as used herein,
to prepare or find light chains that are not identical
but still functionally equivalent, e.g. by introducing
and testing conservative amino acid changes, changes of
amino acids in regions that do not or only partly

contribute to binding specificity when paired with the
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formanti bodies wth functional antigen binding
domai ns. 5 The use of one conmon |ight chain avoids

W b@4Parsnst i on of heterodi mers in which pairiPQI/BP2003/007690

i ght and heavy chains results in antigen binding
domai ns that are not functional, in other words which
are not capable of bindiqag-to the target antigen or
antigens. The use of a 10 common |ight chain and two
hedweawhaira nendashebdearkepr dposied arbya qdvbrichehtthet mtgsent

, 1998, WO 98/50431) for a .different, urpose, Vviz. . to
LTI aR e T e T T ) o e i
11t i bodiese Atcdis X RENSE of f Adtdiohe b XtdHBns to

conpl exity. These publications teach a nethod for 15
foxm efreridmdigs ywigiodugiaig el dathian dndiddey danains.

bi specific antibody, .t e M nim.zi t qgﬂgg- | t
Th?ﬁu ?iéf;ﬁ%ﬁhééﬁ#éQG<ﬁ§E§ %ﬁ%%ﬂ;gﬁﬁﬁ%ﬁgﬁFyg%%0||%§§I%§
hetieeasdhigset© it eveindh tdeel mpiraduet i loigtaf armhasgeeci falmins

anti bodi es, because these_ are undesired byproducts in
regiht 9ot hr e &lrmls%m%l%#@&df% StHlict i on

furflesided im odhase Y iatdionsee GardapagiRerss i s no
teaching in the prior art to prepare a conplex
binditares dfhartatasli entfigan or rasdomsrantTirostseell a

avoi ding the faormatjaqn_ of_naon- Yol i_ndi
Cona%oﬁhidlnls otr ekhaelrbgaﬁgf its t}herV of(’{hlghgié g%agalk%n% i‘%\%\ipqsned
by t heerEiod @ cor dirmpd;o Wdhed gfFst) fowentdidifemdnt

| east three different heavy chains that_ are capahle
PUFOHR Yy Wi M AHS TR 15t Gt rPfarﬁél_ncééﬁﬁ?s]sed.
pidgb oAl SODOHIRIE St the hogle sl loAcEAnBNG, higkdde

I'nvention 1s provided wth nucleic acid sequences 30
corgmoodi tg. fOreze Hible cati@s Geadhy apmeatdrad Heavy

D= CHA AT 1D B 0006 P B2 G0 Pag " =53
bidpedease dieisedpl exidnef nhei il othie echgriodmplessofty of

anti bodies. "D fferent heavy chains" according to the
the REegdyepd mixture. Hence, Merchant specifically

teaches to prevent the production of monospecific
antibodies, because these are undesired byproducts in the
process for bispecific antibody production described in
those publications. Clearly, there is no teaching in the
prior art to prepare a complex mixture of antibodies from
a recombinant host cell avoiding the formation of non-
functional binding domains or the benefits thereof, let
alone how. In the method according to the present
invention, at least three different heavy chains that are
capable of pairing with the common light chain are
expressed. In other embodiments, the host cell according
to the invention is provided with nucleic acid seguences
encoding for 4, 5, 6, 7, 8, 9, 10, or more heavy chains

capable of pairing with the common light chain, to
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may differ in the variable region and have the sane 5
constant region. In other enbodi nents, where it is
W@ b®@anodsis om t he context, they may have the saP@I/EP2003/007690
variable region and differ in the constant region,
e.g. be of a different isotype. The use of a m xture
of antibodi es having diffenent constant regions, such
as the Fc-portion, may 10 be advantageous if
inciidd €z ertie atommpodx tthe ofimuine sysdwerrd ariectturdeo £
biljzed in the treatnment of the human or ani mal
*1§% yet other enbodiments, also to be clear from

t hengopt &xdnt bty Nenand abl ecawnh dAdhe: £ ansd atvention

regions may differ. 15 A "m xture of anti bodi es”

'

may Wngle ochhevamiaints oregtommiddnvg thaastansw
-jdentic [ |.es : C i.se .3,.: 4,
oA CH a8 o Y, SRS S B R 8 4 P e

frémesemd| eomt ot yclionalmaoy edvée edsd same old giodd onategion
anti body m xture with regard to conpl exit 20 a

andyrbefeof 11 Ut | S C At | GRA B ndf? iy ég%!aes@lglﬂ%fent

isER LI OFn OrQIGed AGEOHALAG 4O ddiei R esantndpment | on
usually will conprise bispecific antibodies. If

di fiesterd, coforarmt | 08y oinIonvspect § | tharfd i tekon n nae
m xture can__be_fayv over the.f t ] of

be b‘;i‘%f)aer&???%o%%t% oéll %sjéfgrﬁ% Yen %f h@gé\jsl C al%ss%sntde%ne

ar€oaohe | theiht 1 Thed nirdrich e xipresiseshacedridiachunan her
invention in a host cell at equal levels, the

anifbrie?dval Ihereem iy ot dHra 5 c 2L R itodiesclear

e e j t ' j is
<P R S cper o, L) e eon

regivndothesdififehe m xture produced by the nethod

according to the invention is theoreticall . .
n+{§n2193rf597%e, O%fan :ﬁ%%éj(en%- n?%?oﬁé:én%ic%pe%?ilcnventlon
comdit i Hodi £5. 1dh st ofwd atoof i W 20841 0096 Idies, but may

PCT/ EP2003/ 007690 -24 the ratio of expression |evels
coprife i ferentdhebwyBr chai he Ry T ot Warers

an@fﬂécﬂéé‘,g ir{c?rﬂla;yerég@%féi§%olyclonal or at least an

oligoclonal antibody mixture with regard to complexity

an

and number of functional antigen binding molecules. The
mixtures produced according to the present invention
usually will comprise bispecific antibodies. If desired,
formation of monospecific antibodies in the mixture can
be favoured over the formation of bispecific antibodies.
When n heavy chains and one common light chain are
expressed according to the invention in a host cell at
equal levels, the theoretical percentage of bispecific
antibodies produced by the method according to the
invention is (1-1/n)*100%. The total number of different
antibodies in the mixture produced by the method
according to the invention is theoretically n+{(n2—n)/2},

of which (n?-n/2) are bispecific antibodies. Distortion of
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val ues. The anount of bispecific antibodies can al so

be decreased, conpared to these theoretical val ues,
WO 200009688 al | heavy chains pair with equal effPCT/EBPIIY3/007690

It is for instance possible to engineer the heavy

chains, e.g. by introducing specific and

conpl enentary interactionassurfaces between sel ected

heavy chains, to pronote honodimer pairing over
theheterediofeexpaickisign Gerirlar yrt ahé0dwiderbas heemy

proposed _by Merchant, supra. Heav chaigs Eg al so ?e
chad@ise 8P¢d 168 da$ Ot Far RS2y 1RELEFodF ABr ENFof %FSﬁlFﬁ
valldd§ MeUneo A S BeC hals gl of ahRigoqeBhodhARAl so be

i nvol ves heavy chains of two or nore different
dedrseisgues coapgredg@o, thgee, thgAretWrah Heavpsehadifngosf

15 different isotype.are expres LN e h
allcaqathcagéggrggﬁ ewﬁ%%he@ﬁglngggﬁ%ephgén??gﬁsa% Eone
indtgite ghRisiblehalb earyipaidr thet heseyhenwynshaiens;. blye

amount of bispecific antibodies will be re%uced,

I

intgesping EpoFeiy-C POR GOTBVERDE 2GNdePECEEET ¢ Tevel s.
sur e?%%%%%g%e%Fs%%E%Et%dﬁﬁé% hediigs,ake bﬁ%ﬁote

i's possible to produce a mxture of
homantiineodipas rdago dieny hed etrval imeve peiloang , weengingry to

nucl ei ¢ aci d sequen encoding.a commn Ljight '
whatn §a%, Q6 PASPES Sﬁ% - S B FPAE | élaeg:‘l’ % \Egl%%%
mayidfy i shaawt ehalns i ra rdinfifzer et evaidiakire

regi on 25 capable of pairing to said common |ight
fomtediipraria téepmasdedrs n B SREEHREi ARAR Rdsthignd

et 1REl %_%iv%l%%wﬁeaf i ic{hsaifnllg e thehdrid h&iferent
constant regirons sufficiently to reduce or prevent
i sqm@jgdang chet.waeyGit,hel gGH f flgyZent Vineav yeehvai mhaiTise of
. mxtures of antibodies 30 accarding to_the inventi.o
A1 ffeiF e 6F5§Q@¥%i?ﬁ%nﬁ%f§ﬁ%ﬁ%§:thg%ﬁ%ﬁi§q§e%f§%ﬂ r%%#%&
acH MRSt ic@IHe draserft 0Mw@e i o2004/0@9618 ight chain
PCT/ EP2003/ 007690 -25 popul ation of cells containing

thatheamama iredonBitfgf hepky ghaldd d eqaanves of

bispecific antibodies will be reduced, possibly to very
low or even to undetectable levels. Thus, when bispecific
antibodies are less desirable, it is possible to produce
a mixture of antibodies according to the invention,
wherein a nucleic acid sequence encoding a common light
chain and nucleic acid sequences encoding at least two
different heavy chains with a different variable region
capable of pairing to said common light chain are
expressed in a recombinant host, and wherein said heavy
chains further differ in their constant regions
sufficiently to reduce or prevent pairing between the
different heavy chains. The mixtures of antibodies
according to the invention may be produced from a clone

that was derived from a single host cell, i.e. from a
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It wll be understood that the different heavy chains
according to the invention can be encoded on 5

WG epanetses nucl ei ¢ aci d nol ecul es, but may al soP@EEP2003/007690

present on one nucleic acid nol ecul e conprising
different regions encoding said at |east three heavy
chains. The nucleic acidgol ecules usually encode
precursors of the light and/or heavy chains, which

popMiet iexples ged 1y e csrerietied t0ef samet hechabt neelt s,
t hereby becom ng processed to yield the mature form
nuciisdse agAd SERCIESFect s of expressing antibodies in a

hoﬁtl Galth e WRIdr oD 10t hege JhRRgn toOndRAT Y
ski in‘the art. A "reconbi nant host cell" as used
chahersiardozdinceldo thfe dowemitsiomg caneber emgogesio-oxal | ed

transgenes, .i.e. , recaonbi nant nuclei.c aci.d sequenc
SCRAE R PUCATY Beaseml 9S4 d DEH oV TRESE ERansgonds
on e WRNRSTEGdiN SIENAYH coElri stidgpadeeent regions
reconbi nant anti bodi es encoded by these nucleic ag d
1

enagstigences 0 wer aafds EhrEld feary COPLOFed 26 Gde®
acéﬁﬂ%?f@éﬂf%éxagﬁgﬂayaéﬂ%&@gmﬁ?gng%o 5 %@'@h%ﬁgf@H%

seguences. host cel'l according to
and fentdagty otanirsg preEsdntwhian tekerkosmdofare cwangted

froma clone that s derived froma _single st cel
Fr Qi e e gdit S v NG REPSAGCEs Thb Yied
thP MR LAY RS I SHEC | RN r2 2 speicd sSefuenga®ssing

encodi ng anti bodies, it is well known to those

antsiiddiss iim thdaatt qdldt asequeddesneapabice téPshayiing
Or&%ﬁ%%jﬂgﬁﬁ¥fﬂfH1éﬁg1Jg&functionalIy linked to the
nuc

i ¢ acid sequences encodi ng the anti bodi es.
Furrc tMirerwadndbi ddmk ébdts aguddrit aso usdes hidre itrhadts ttheell

nucl ei ¢ 30 aci d sequences .enc %%n%§the ant i.body
COMRTEHFHE ST6 O s%ﬁ'f%lﬁeﬁdg_ FEITIed ' the
re SEQRUENERS MmaAPa] @ Qi d ddyidit X RIS it sudly tdadsent

t hese sequences can drive WD 2004/ 009618 ,
in RETHERZIN3/ OURETD tLoE e S0 Frasiehit] sodikd Bt

cef¥(¥%ﬂﬁ¥g uég“¥§%gmbinant antibodies encoded by these
nucleic acid sequences, when these cells are cultured
under conditions conducive to expression of said nucleic
acid sequences. The host cell according to the invention
can be present in the form of a culture from a clone that
is derived from a single host cell wherein the transgenes
have been introduced. To obtain expression of nucleic
acid sequences encoding antibodies, it is well known to
those skilled in the art that sequences capable of
driving such expression can be functionally linked to the
nucleic acid sequences encoding the antibodies.
Functionally linked is meant to describe that the nucleic
acid sequences encoding the antibody fragments or
precursors thereof is linked to the sequences capable of

driving expression such that these sequences can drive
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Useful expression vectors are available in the art,
e.g. the pcDNA vector series of Invitrogen. Were the

wGemueoeses encodi ng the pol ypepti de of interesPCT/BP2003/007690

properly inserted 5 with reference to sequences
governing the transcription and translation of the
encoded pol ypeptide, the pgsulting expression
cassette is useful to produce the pol ypeptide of
expris@@st off aftRy rad i Ee LXRT @IBicULs oI ueraes [r i vi ng
expression may include pronoters, enhancers and the

Usdfiulle eXPI® e e oiftsitras arie eelesPlSThesdshalid e 9-
theg%l%\“ e v%fcgolincstéﬁrggl%f rtntvl'i%r%gl%tn .C(@\Heret hﬁ{ee%quence

ng expression of the nucleic acid sequences that
endd@ riunetd qrlyepdidked tiotisremt Rrsonotagrey lgani ieerted
constitutive or requlated, and .can SF bt ai ned f.r.o

Wit R 6T &, SeBIS AU ANG Vi &4 %P5¥5¥§&ﬁQEiJRN

an UKAIMEALHG HPW £8She Uncdtldd fdividpt idrsi gned.resulting
Expression of nucleic acids of interest may be fraom

expites siaturcH s IFmties wieladr itpatiBasuge diso PO YRSRIm %n
ent.irely het . < :

of At Tt B Tor e s oy SE o o n

expieldsS IOIRIY SihProdmteranaerisyecdriraomeans uses, the ke,
as adenovirus, e.g. the E1A pr nogﬁlgﬁgronot

AnQI TTRRID A TR et OISR ( FHRER e Tw

fun RG] ate B8ardYe (A&t PEOIMDL &ihe RUBIRL BN e rd Mok § 4 iam
Iman Virus 40 (SV40), and the |like. Suitable
of prionoteriseRs aaid afswdrcaferinAdd Fro i wWikersst 4 &y

. cel ch a nmet.hal | ot hi qnei : ters,
L R ack BT Bt R A s ] &
re@iXHEEES ,aed damusegbiobadned framnotarioleatoshoek,
. pronpters, and the |like. An ronoter or,
ineHKEREErY PFondt erp%%}b%ﬂb}’%t]d{' d% ﬁ%@@%&%r%%%?%ﬁ’ofor
arﬁm%ﬁcﬁegi%ﬁé‘&?r%ré&it&? dotuErtic dsigsisabl e
[

rnt ention. In one enbodi nent the sequence
incapabt enaf ki Tiom exprestionl corprotes ar rdF breiye
thezgeocf' ch)r96 J?ogcgrllE@%@P]%P&?k?egtoerdfggous promoter. Some
well-known and much used promoters for expression in
eukaryotic cells comprise promoters derived from viruses,
such as adenovirus, e.g. the ElA promoter, promoters
derived from cytomegalovirus (CMV), such as the CMV
immediate early (IE) promoter, promoters derived from
Simian Virus 40 (SV40), and the like. Suitable promoters

can also be derived from eukaryotic cells, such as
methallothionein (MT) promoters, elongation factor lo

(EF-1a) promoter, actin promoter, an immunoglobulin
promoter, heat shock promoters, and the like. Any
promoter or enhancer/promoter capable of driving
expression of the sequence of interest in the host cell
is suitable in the invention. In one embodiment the

sequence capable of driving expression comprises a reglion
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froma CW pronoter, preferably the regi on conprising

nucl eotides -735 to +95 of the CW immedi ate early
w@ene/oowmhancer / promoter. The skilled arti san RT/EP1963/007690

aware that the expression sequences used in the

invention may 5 suitably be conbined with el ements

that can stabilize or enlpance expression, such as

insulators, matrix attachnment regions, STAR el enents

Froi@ OMO0ATEM) T e BNdo thetdtkey tHE scequeyn entramcies it

stabll s of e sSSi on Pr ot ei
%Hiﬂc‘{l?% aFgér%%o n%t ﬁﬂ\’e reeghiat eoeeearFﬁb gene
enr@ﬁ@é@/aﬁémo@@]sszrm@dskﬁjged It QU 4t PY a30Cok$Srd that
Protein Science, 1995, Coligan JE, Dunn BM Ploegh HL,

theSpeimtrss DWW VW agtiedd PR [ 1SBNHG: 47vernison graBendi g,
qu_]t %%b%%” tc%xlnkg] ead Cv?i’éh S\fer}lecé Qc béaen 'éta%)ll e or

rOM/an dIVI e and/or produce
en}ﬂaﬁld@C@igbrélQ@io@f Oé@cthilSastJ_rls”lllei‘t&SlIs 'Hm’&::(}arathﬁachment

Al N e

ma P 4 0Y tlrﬂé‘t§1E§6‘1§1’é39rar¥chﬁo§elével-r§‘eofméms1on
conprise growh adhering to surfaces, growth

mmmcmomm@mmlmt thesogtel Jse\l@em e en
exq‘zelrj{l})%%ué?'%gtcgogglr{ﬂ)%ns can Qpti ge&@ﬁiyo&g wel |

opﬁfnlze protein pro i on
Profieldssciamealy i ng95arc<b1elgmﬂampmuﬂm$wnmwgmHafh,es,
roller bottles or in bioreactors usj bat ch

Soq Tt O R FI R by Sk ST ol T et hnclige
19dd1e édi‘@uriiﬂ 5 0% d@éliol@c&uﬁé/eca AU BCAH € to

(‘conti1 nuous)” production of reconbl nant proteins
mettattrcolnge cendl/cul grewe dndfer pinef:eder exhd fp1t Hereduce o
ave cells able of, gro suspension, and it
re?%ﬁ%ﬂ?ﬁ%ﬁr%@o ln%a9€ éﬁ resca.pa 0 Ibé?ng cul tured
acddingd Nes 128 e8¢ em@f hS@s ard TR knfn hiuTage ttesn & esk SEX46M 1t
ani mal - or hunman- derived serum conponents. Thus
they AT RRE ohNFEUGRS| Rt alitl NalafletTl Fod drh eRE RS t o

nu%ﬁ@%gﬂ%‘?o@@%gﬁgiﬂ ol M%‘”M@se growth

adhering to surfaces, growth in suspension, or
combinations thereof. Several culturing conditions can be
optimized by methods well known in the art to optimize
protein production yields. Culturing can be done for
instance in dishes, roller bottles or in biloreactors,
using batch, fed-batch, continuous systems, hollow fiber,
and the like. In order to achieve large scale
(continuous) production of recombinant proteins through
cell culture it is preferred in the art to have cells
capable of growing in suspension, and it is preferred to
have cells capable of being cultured in the absence of
animal- or human-derived serum or animal- or human-
derived serum components. Thus purification is easier and

safety is enhanced due to the absence of additional
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-28 animal or human proteins derived fromthe culture
medium while the systemis also very reliable as

w@hetsix nedia are the best in reproduci bi | PEHEP2003/007690

"Host cells" according to the invention may be any
host 5 cell capable of expressing reconbi nant DNA
nol ecul es, including bact®ei a such as Eschericia
(e.g. E.coli), Enterobocter, Salnonalla, Bacillus,

an PsEl donomasan Sbrepd oy ciesy, 1 weshsfsoms udie asulture medium,

L O 5 $ bt GUS 1IN "EEte i 4R N sy &roda

ard\SPeE Gbd s HSi QI ¥ZBLodieReTWidy Us ni dul ans and
Aspergil lus niger, insect cells such as Spodoptera

"Hettugrpbkea SFCOrFNEHQ IRl IRy ehiafinITan Relany
oo b PR o BN L A SR P Rl e

incrldbng praceéeid Sseet | ss Smdheasi GG5 bandy Vet aoadlel )l s,
cells, BRL 3A _cells, hf/bri domas, . tunor-cel | s,

VDCK J ,
Ent el et $ L edS prPoRF 4L a c 3 T Htfran SH9V Ut as W38,

st HEP Gy bEb A, ¢ EEKR935ucHTEDE), Q8- &SP Y k FEddigs cel | s
such as PER C6TM and the like. Often, the expr essi on

P.paysten of Chodtdawn 01 yamahwiea, 20l bamrieils diing) |such

. : RS afing

as GRS O AL B e AL L Pt e g P AR ©

ancﬂ)ﬁ%@éﬁ@i%@ﬁ&?f@’ﬂd_ txﬁasrecachaelmeglemuﬁi yabeSpusiibitara
aln antil podl es W a Co et e uman

ErTRRRIA aEFOR Opaft Thh. CorhEs o oM LR R L1t WSy %t

chimd il Phyh80e LY Sr @S (dIf®e &l s, liBMiecM § Unfbuse cells
Academ ¢ Press, Kruse and Paterson, editors (1973))

inehddime SBAADt¢ohss fard NSl awst bemafcahes r g0t frant
oduct. ma 1 ffer one .. a timzati t he
celgirs such . aé( &)él?r)l/d p\ZerJ%o V\c':heafdl?,o%&P ééﬂf%heéﬂg? g&fdku

0Cess i 8T uslua or e i NCr ease ct
ceVie) dsylenddena gy ovtiofce B0s 1 hianmett sl Wdd pespect to
each other, according to mnethods generally HkEnI?ngwSto

celh®r pRIEIA SRitP et Fh dhd ait. HeRCgentta;,
HTPEEACHP! SR r PERIOCALSinANb PractiG@las pER.C6™, and the

like. Often, the expression system of choice will involve
a mammalian cell expression vector and host so that the
antibodies are appropriately glycosylated. A human cell
line, preferably PER.C6™, can advantageously be used to
obtain antibodies with a completely human glycosylation
pattern. The conditions for growing or multiplying cells
(see e.g. Tissue Culture, Academic Press, Kruse and
Paterson, editors (1973)) and the conditions for
expression of the recombinant product may differ
somewhat, and optimization of the process is usually
performed to increase the product yields and/or growth of
the cells with respect to each other, according to
methods generally known to the person skilled in the art.

In general, principles, protocols, and practical



10

15

20

25

30

WD 2004/ 009618 PCT/ EP2003/ 007690 -29 techni ques for
maxi m zing the productivity of manmalian cel

w@ioewss can be found in Manmalian Cell PCT/EP2003/007690
Bi ot echnol ogy: a Practical Approach (M Butler, ed.,
IRL Press, 1991). Expression of antibodies in
reconmbi nant 5 host cells_has been extensively
described in the art (see e.g. EP0120694; EP0314161;

tecERQ484£9@ 0 rERRR23949hgUBheppteatic48%6567o f Wahmmalian
00/ 63403). The nucl eic acid nol ecul es encoding the
celllj ght taw@sheany benaPradnay MHerpaédant Casl
. r S I [ / t afl ypi ratgd,i AR®,
B2 e s oF f e hoer onl I WEh s ehacq fo
Prestsabilloiotly .ofExppesduoti of, anhébbdtieer ihs rprefibinedt The

ntibodies are expressed_in the cells accordin t
hos%hgeﬁﬁ@eﬁﬁﬁo%Feﬁn Xﬁﬁ?sﬁgeﬁgc§$§F§&£F90ﬁpt%geceFqugFe
e . oRr efpenahlap 4;r ewoshe1eel;| EpeliBure oredPosR 3bY orEUROdS 15

generally known to persons skilled_in the art. Such
Patmth6@§-gr/5&57ii MOl 08 65881 pi Thei BHCLERt AFERgRPILERULES
filitration, .shze-exclusion ghrsonatagr aphy, akhi-nbty
enccdﬁgﬁh?g%}ép h% gg?i%%-b ngfo% anbb%—excﬁgﬁge ?
ex tehiobmategoaily copydsophalior ismbedactingegrated into the
chr omat ogr aphy, .20 and _the_J.i ke. For a_m xture.of
chromasest & ésa_fﬁphoatnfjenlé@ Wlﬁﬁi?leéﬁﬁéaj 6%?%9%1&189’ ot
prRiRiEidh ,Crafd iiRithk rChkOmRFardRy can be suitably
used (see e.g. US patents 4,801,687 and 5, 151, 504).
| n Toree seriiduidhest arat ekpase sefo 1anthgodréd St AGFCERENY
m.xt ure .produced accerdi e A Yot
to cZC rise a l%néa\%?}fal |mgﬁ]t %cehari%ﬁlq:o [ rﬁtéelr81 hflaw}ﬁng [ ffeergntOr
prefRaciflicifiies thandkan afiflitnirvel esdiTive $yevietihoidsy
determ nes which antigen aqr epitop% thergof i s,bound
gengralde dmaBbdy. PPRECTS! Akl 47 TheadiFe POt he
metHJENHAY ofn il RE QA 3R 1RAY, T icewtar ragkicgem or
epitope.” Specific binding is defined as binding with
fildrragfifdmi tgi qekaxcdfusden edgomstography, affinity
chromatography, cation- and/or anion-exchange
chromatography, hydrophobic interaction chromatography,
and the like. For a mixture of antibodies comprising IgG
molecules, protein A or protein G affinity chromatography
can be suitably used (see e.g. US patents 4,801,687 and
5,151,504).

In one embodiment, at least two antibodies from the
mixture produced according to the invention comprise a
heavy-light chain dimer having different specificities
and/or affinities. The specificity determines which
antigen or epitope thereof is bound by the antibody. The
affinity is a measure for the strength of binding to a
particular antigen or epitope. Specific binding is
defined as binding with an affinity (Ka) of at least 5 *

10E4 liter/mole, more preferably 5 * 10E5, more
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|OE4 liter/nole, nore preferably 5 * 10E5, nore WO
2004/ 009618 PCT/ EP2003/ 007690 -30 preferably nore
w0 ban/oaweis 10E6, still nore preferably 5 10E7, POY/ERP®OE007690
Typi cal Iy, nonocl onal antibodies may have affinities
which go up to 10E10 liter per nole, or even higher.
The m xture of anti bodi es3produced according to 5 the
present invention may contain at |east two antibodies
prdfwataldyndndme djhfafrerSem ]é}il&,opaetsildn ndye s-m@amtblg,erﬁ *

| ecul e and/ or .may .contain I ast t nti bod|
10§rﬁat°r BiHSE t & Y& it e é:? ave

af ONE t By 1HERINIC QP RS ity 1rUE?<ltO”l(3.te$;U%raﬁhcﬂLr§ | gﬁn even
conprising 10 mxture may be a m xture of partlally or

hlqMﬁji J kaerm:fxtetre aft iagend slics oy adrdass agrasHdite to
ts. 0 ot

thy tp ok %g_‘e lan%%gltljt%n E“eaégﬁon\@arlgl sage;\sie celqg{ éaed rﬁh >§<3toudrle

tha}f kcaﬁid ;o alitf s torepiiogas e>roftrte FSES arﬂ::tgﬂror an

o st D deve i e BT i (H e P O
bJ_rYd rﬂ’oc‘ St ko e RO NP % 1 Llu e e RIME tihe drlé‘e

Unl i ke nonocl onal antibodies that are able to bind to
antal gam gl @nrant s igen nurxtemet opﬁélaihla;n ariel gafi ﬁqmmrio?rlng

. anti bodi es accor.di ng. to t|
i ach et Have mrfLaXnty 0 C{% Sjlel;&{;eéslpo 3&‘5‘% Al
antfgenid gacdona tamzlrﬁo,dyneaniaﬂee cdmpcmemtfs‘ @rrrced
enbodi nent, the haost cell accordin to th od
Pl i & 5 qrsve&% RF Qe igyh-2evidi Magk ees%, Jg:fhy

ceUMBN § 5%%%&&91 N,a imBctdle | GAte 1l L5 P cpdd dawy,

prefer Ieast 10 pg/cell/day and even nore
ml)pmerfeercabIWlﬁudsaaﬁ 200y cal 19N ora mr@lmer]dmman

or ORI LIS AT G ETEN LR MBS or
badosti£eldul tdFrsf ef ablms mstvacﬁisl sstamagr dionp it fens
ofg@%sgéfgglcggkﬁflﬁg)'ﬁ£f£¥2'ﬁéﬁﬂgﬁgig¥”§§¥¥£3afg§-to
are able to bind to a single antigen or epitope only, the
mixture of antibodies according to the present invention
may therefore have many of the advantages of a polyclonal
or oligoclonal antibody mixture.

In a preferred embodiment, the host cell according
to the method of the invention is capable of high-level
expression of human immunoglobulin, i.e. at least 1
pg/cell/day, preferably at least 10 pg/cell/day and even
more preferably at least 20 pg/cell/day or more without
the need for amplification of the nucleic acid molecules
encoding the heavy and light chains in said host cell.
Preferably, host cells according to the invention contain
in their genome between 1 and 10 copies of each

recombinant nucleic acid to be expressed. In the art,

amplification of the copy number of the nucleic acid
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reconmbi nant nucleic acid to be expressed. In the art,
anplification of the copy nunber of the nucleic acid
wOD200461909618 PCT/ EP2003/ 007690 -31 sequencBGI/EP2003/007690
encoding a protein of interest in e.g. CHO cells can
be used to increase expression |evels of the
reconmbi nant protein by theg cells (see e.g. Bendig,
1988; Cockett et al, 1990; US patent 4,399,216). This
sequgn2eBUEheBtl igaawpaekyinsed HatbedstHanewey, &HO
significant time-consumng effort is reguhred bﬁLore
celdsclconebfi tied t@ednFEGFRgR*EEEYSAORDEPVERT Rifghh®
reé%ﬁ%ﬁ%%%hoggb%%gksb $nhebeen 18st@bki ghgd, pandiBnr egves
cl'ones harbouring very high copy nunbers (up to
Codnendr eds h1of 1086 ;eXsr pasican 10 308s8ébte Fhiénigre
unstable (e. Kimet al., 1998). It is therefare.,a
curgegfitdr &d éﬁ%&&iﬁéﬁ@ 8Ptpﬁg'p%8QSHFr’iﬁvS% ﬁ%%lggﬁﬁse
t1n203orGeiiS of RatEcde NAt re@uired $eEbreagpkibneatiiah a
strategi es for high-level expression of th
de sdmeich ddighs cobyi puEwest anthihs g&y |eé@éeﬁ§éf>ngiﬁéﬁe&€i 8 Sof
15 stabl |_ane f I t
g R A P
higEOR®ISL eninberannerp. t\é humolriedes ) e wifd éhee expae sisdon
cells according to .the inventi can %ﬁ obﬁ@b% d’It
ca s mdd SEnd UMt LS diFagat &4 6F & -I'east “around
is QORI AU W %Jr%‘?_%r%%c( R AL deukiniengsk set e
expressing the mxture of antibodies accaording to the
invientermn ¢ iusea hstsdblae Idenfdiat don nofe raR¥dAGe SHICD
el ecti.qon pressure,. T : i ~C [ '
e Y g i A b
antGaddE Do fati teasts 20, THirsefarlablsy f25t memer28ion of

preferably 30 popul atign ubl i ngs, and.in_aqther
staésl@cctlson%@%sqstcéﬁﬁ%%bfdiea%ﬁeést &9 ﬁ‘\%é‘%u.rc?n of
antBYS ey gones i ) deaste 2hvdttafer abl o Zongmytent

preferably 30 popul ati on doublings and are stil

narcapablie gfrexigre ssiintereca bthal 097 atliheficerding to
théufﬁgéﬂgg%g(%ggu%é'Bg¥g£ﬁ¥h,-gﬁ%éfgﬁggiéﬂh further
propagated for at least around 30 cell divisions
(population doublings) while expressing the mixture of
antibodies according to the invention in a stable manner,

in the absence of selection pressure. Therefore, in

certain aspects the methods of the invention include

culturing the cells for at least 20, preferably 25, more
preferably 30 population doublings, and in other aspects
the host cells according to the invention have undergone
at least 20, preferably 25, more preferably 30 population
doublings and are still capable of expressing a mixture
of antibodies according to the invention. The invention
also provides a culture of cells producing a mixture of
immunoglobulins from a single cell, said mixture

comprising at least three different heavy chains. The



10

15

20

25

30

30 al so provides a culture of cells producing a
m xture of i mmunoglobulins froma single cell, said

WOorRooHe®w18 conpri sing at | east three different PEHED2003/007690

chains. The WD 2004/ 009618 PCT/ EP2003/ 007690 -32
invention also provides a culture of cells producing
at |east three different.sgonospecific i nmunogl obuli ns
froma single cell. In certain preferred aspects,
invERitth guldlwe pryvadicces aild utiexodr eedrl ss @ird datc ineastt

L e a8 gihe S d S Sftr ORI 0 BRUrB B S g 2
sirﬁg;lh%@l% prigf %'eélbéa)ﬁr{“ﬂleefém 3 Repw atdan culture

't ngs. Preferably host cells according to the
pravbidesd sefid el xtiuneemty caia etddsiasdd three Whikfenestti na

cells that ,have 0.been i mmortal.i zed tr d
MORG IHF oﬁ%ncgjloéoé’gl&éﬁce@ A 5a) %“lecgez}rll ?g%{e gr%r ed
thdPst0,Cre RGEMIG) Mbrd acHEBt PE]s mefrd e qffeasdnty more

invention is PER C6TM as deposited under ECACC no.
thages 03D PP UGt 10T QUL IRES « t her eof . PER. C6- deri ved

cl ogyteesf ]%e_{futer f ; Il I & th
[im ec?%ﬂjr%ggr 0 ccgéplle%s a%?bogl?}%fﬁ%‘)a th)é}f (ﬁ%ﬂ{e ©
intemnsgense ateiaresd capablemein hiedhinae vl 1 sexhrads diagie

of reconbi.nant . anti.bodi e Jones .et al ., 2003).
beeg éﬁ@?%ﬁ'n%ljﬁfcq1 Nw] otrfeaglsa]foé‘inbefg é”’@ttgxd atC{oe i lrﬁ@a]’i h
sefiattess, @gj@ﬂa@ﬁfaﬂgﬁr ey gRNeraid @rsll wWhiadrdisigan
advantage 20 in the production of biopharmggeuticals.
to pERIGETEM el ine pReASHec wBRtdREl Val Fidhdr%ct 2% zed

. docynent st ] 0 eeassyafiweal i ng
defsgpé,jlgeu&spensﬁgggcpéér%gvrapcﬂ' a%%ugjr%vc\?h%%a%{ or | ndeplendence.
thdmdheraRR . 6-RER RETM tare becamdsr porretetdhtiast,

oo UERETRLA, L1, 2 Pl Shyhohr el eyt ol o
of lthd Nisiiepard, dhe 8RR LoIMeldr Hidgre thasebeen

characterized for bioreactor growth, where it can
exprevstan \aff yr et et tanssibothe suse’ e et Gm2003) -
Therefore, such clones are expected to maintain a stable
copy number over many generations, which is an advantage
in the production of biopharmaceuticals. PER.C6™ cells
have been extensively characterized and documented,
demonstrating good process of scaling up, suspension
growth and growth factor independence. Furthermore,
PER.C6™ can be incorporated into a suspension in a highly
reproducible manner, making it particularly suitable for
large-scale production. In this regard, the PER.C6™ cell
line has been characterized for bioreactor growth, where
it can grow to very high densities. The use of PER.C6™
for recombinant production of antibodies has been

described in detail in publication WO 00/63403 and in
(Jones et al., 2003).



10

15

20

25

30

for reconbi nant production of antibodi es has been 3o
described in detail in publication W 00/63403 and in
W@ Imnmeedees al ., 2003). WO 2004/ 009618 PCT/ EP20RGY/8B2069W7690

-33 It is another aspect of the present invention to
provide a m xture of antibodies that is obtainable by

a nethod according to thesinvention. Such m xtures of
anti bodi es are expected to be nore effective than the

5 gal e scampanhent 3 spectomir thes prieseatalioggntaon to

pal ycl onal |, anti bodi es usyal |y bein re.effective
Provisi RoRG&ILEFS Ofaﬁ@ﬂ&@@@é§st%h?ﬁelgaggﬁ?épﬁg & éﬁcﬁ
metHo¥l W8S re8hP& o RMHRPANERn2e8NNSEuahY afilxelycef drar get

antigens or ‘epitopes. 10 It is another aspect of the
antgbesiérs ameesticmetes tor bei dere edéembilivanthRdstheel |

conprising.,a nucleic i q di |1 ght
01 AOPRRE T it 6B PAGTE s huEReaosy iePRryCierdt
antSedderRce s sRRAAdi heialy hrast efFetchriee dihkhemenodieary

chai ns of an antibody, wherein said i ght chain and

i
AntHOA) SehFNS i S SIS SACTT X USEEr EPBORF o
rm.a .f ironal, hi:ndi ' ] Il heavy
P S e 1 o Tnet Gaar antt eas bl v ng
epirtegieens agai nst the target antigen or target 20
antigens. The host cells according to the invention
are useful in the nmethod according to the invention.
They Gan arke hesed dpedy eduedenipiedices dhvanttiloodites
according to the invention. 25 It is another _aspect

projiidene pressaiinaietdssn edl SPEPIAE 18 % nposilGion acid
= L B oy
seqieaice seruerdes. ars ik preegeniced iemaddd ngriatt des séf
thrreeec%ﬁ{t%ifqeq:rgntaq}éa%%/dic Sa'in'\éb%%c la%n%lntal%toiqb gdiw%serein said
light chain and heavy chains are capable of pairing,
preferably to form a functional binding domain. The
paired heavy and light chain form functional antigen
binding regions against the target antigen or target
antigens. The host cells according to the invention are
useful in the method according to the invention. They can

be used to produce mixtures of antibodies according to

the invention.

It is another aspect of the present invention to
provide a composition comprising a mixture of
recombinantly produced antibodies, wherein at least three
different heavy chain sequences are represented in the
mixture of recombinant antibodies. Monoclonal antibodies
are routinely produced by recombinant methods. The
present invention discloses mixtures of antibodies useful

for diagnosis or treatment in various fields. The
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30 are routinely produced by reconbi nant nethods. The
present invention discloses mxtures of antibodies
waiz@hnbels or di agnosis or treatnment in vari ouspET/BPII83/007690
The WD 2004/ 009618 PCT/ EP2003/ 007690 - 34 conpositions
according to the invention conprise mxtures of at
| east three different heawy-chains paired to |ight
chains in the formof antibodies. Preferably, the
conlgd#itt i et af@ccﬁfdidl;@ tantiHeo diregeri thi Al abmp it a6 esi davees
a common 5 light chain. The m xtures may conpr,ise ,
of wspeasth Chiss i%lo%#ee@ntm?armﬁhw%a%ﬁw rfdaﬁe&ﬁt
chafirrpslmi% clranes o thad s Was jdssdved foamarsingl e hostignt
cell, 1.e. froma population of cells containing the
chaslare ofecdmbiantbodiued dirc srid Betjuaivediavihe rgomuaATes

. n he .obtaj,ned by 10 nethods cording to the
lquﬁ_\/e g5k, a%}?e 6%1%1%%%50&&1 %ycor%)grsjtseceqlgssp eac%:lcilcr}Leri ng to
antti®diventTed. mi Howtdema o d meiicsd theomunberoraf
heavy chains represented in said mxture is 4, 5 6
that wis glenivedirghed ST LRI Hal CHikt ur e f rt o 2
ri.ai 0 det ' LYot b
Pl dih R LT e I ARt oY
nuatet o dsc it osegleehdys t Hhpmelsentre hvaat iloh. obiSuigted by

onpositions, accordi.ng to the invenfi,on nma v
S LIt ikt e e Rk
hodt Xidires adddedind heo dilsadvandagesn usualdyhémnherently

20 associated with pol yclonal antipbody m xtures,

el of thhelwaPerod MIhE ey af e 1 Bt 11 t
sai;cgtalﬁjg%é L npLe, expegt e téﬂ,atg,”ﬁ,maq UYS-Of The

1'es Ts nore’ effi'caci ous than separate
op trimneokc | noivatt u Bt £ o dk esert Atvermigres< hee i dsagis tarmtined

eod P58 e B0 BUELLD eoRactLY 45 requlred [y dbe) oo
art NVEALh P fIRea O r SRNEE ahal £ hand i+ dasghesinténtiasn f or
Suégmgéggggiﬁfﬁggeggééggfkérﬁg éﬂérgﬁggkgggn may have
several of the advantages of a polyclonal antibody
mixture, without the disadvantages usually inherently
associated with polyclonal antibody mixtures, because of
the manner in which they are produced. It is furthermore
expected that the mixture of antibodies is more
efficacious than separate monoclonal antibodies.
Therefore the dosage, and hence the production capacity
required, may be less for the mixtures of antibodies
according to the invention than for monoclonal
antibodies.

It has for instance been described that although no
single monoclonal antibody to botulinum neurotoxin
(BONT/A) significantly neutralized toxin, a combination

of three such monoclonal antibodies (oligoclonal

antibody) neutralized 450,000 50% lethal doses of BoNT/A,
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si ngl e nonocl onal anti body to botul i num neurotoxin 30
(BoNT/ A) significantly neutralized toxin, a

w@oooioomts on  of three such nonocl onal anti bodP@FEP2003/007690
(oligoclonal antibody) neutralized 450,000 50% | et hal
doses of BoNT/ A, WD 2004/009618 PCT/ EP2003/007690 -35
a potency 90 tines greatensthan human hyperi nune
gl obul i n (Nowakowski et al, 2002). This result

a pteranst ret esindatgmddigoc|wral hﬁmetrurkg@ecﬁlnamnidaodi es

onpr|3|ng only 2 to 3 dlffer pecificities my
glabiden SN KT HRL 55t ey . qfl?rth %'hl’o“'réfest“ﬂé'r chances of

der@or{ges!%ees oéhaweolllqycqraﬂﬂn Q&I d tr agidddadue to

target or epitope 0ss Is reduced, when conpared to a
congimich i grorroky chato Jrtdifldsehent rﬁmnﬂmﬂ’fa}res may have

odi.nents, 2, 3, 4, 5 6, 7, 8 10 9, 10, or nore of
veﬁﬁlagrﬂl%%ﬁré%y‘present in the mixture according to

t hepd vesitn@Fe hayes difdrafeantospeciifitaidd est thsai d
different specificities may be directed to different

ln‘@?ﬁ%sl%?ﬂ@%el%%r?étalﬁ{%t@érg%&%r FREP DO IFRHHRE t 0
1osd§5f fserxeéﬁu i gans, F?;ro‘%ﬁ%&ted TONe A 198 I SHRIMRId i 1Y

m Xt ure con‘posn I'on according to the invention
an’cfllhfddbe.r Im@amwmﬂ@mer&SA 2,5,3,6,4,7,5,8,6,9,7,18,
nor e antlb di.es havi.ng. di fferent afflnchtlesfor

3 t]hqa' SO Topd’c AR S RS 8 iy Tixture

acFdid i€s EI@é idheenisiate repid Qpleff@eﬁtorspdasltfamm
generated by nmet hods of 20 affini t(%/ mat ur ati on,, known
J.|

Said dah%fq)@rsibrﬁw1ﬁwﬁlr¢% mey & dineateshriq diEdasent
ep n{{gg & &g enbo 41& /ﬂzﬁl AN pAGEA L ih
Jt as an le

I nvention 1S gr eater than the
difefdmeit ainteagdns rmhra,sejuﬁllrrrmms;mdufg@ aaummdd%ir%

SR B2 ERTPOSLLL Ao IS SLL Sk SN BE futer
ma;@%@'é&nﬁﬁlséh@ p3 esents i neent, @, is, a][O,aSc&ayndifwt
anéfggéfggsfgbiég different affinities for the same
epitope. Antibodies with differing affinities for the
same epitope may for instance be generated by methods of
affinity maturation, known to the person skilled in the
art.

In a particularly preferred embodiment, the composition
according to the invention has an effect that is greater
than the effect of each individual monospecific antibody
present in said composition. Said effect can be measured
in a functional assay. A “functional assay” according to
the present invention is an assay that can be used to
determine one or more desired parameters of the antibody
or the mixture of antibodies subject to the assay
conditions. Suitable functional assays may be binding

assays, apoptosis assays, antibody dependent cellular

cytotoxicity (ADCC) assays, complement dependent
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determ ne one or nore desired paraneters of the

anti body or the mxture of antibodies subject to the
W@s®aposm condi ti ons. Suitable functional assapGI/ER200HEN7690

bi ndi ng assays, apoptosis assays, anti body dependent

cellular cytotoxicity (ADCC) assays, conplenent

dependent WD 2004/ 009618 -BgI/ EP2003/ 007690 -36

cytotoxicity (CDC) assays, inhibition of cell growth
cyttopirelty e(@ad)orn Lpisgstiathiic iefif@ciof asddysirowad or

s e L A
(P HRgen é%?éc%)g%tss%ﬁl loe 185 ¥ 410 AP asWsE &, N ssays

secretlon vascul arr ‘endot heli'al growth factor
fox VEGRH UM ®t Irerilsidcioet exf hivldoy e, peddegerf gro target
]g]?ct eri ost atsi s, bacter,i cei dsael Gt invi tfy,V n%%tlraal i zation
celff \AFIRES, Cadl it WA SHE T e artr 385 %3
endARINEN sgedwierddaame vimcr)en:t ot sHereider] where
anti bodies are bound, including in situ hybrjdization

mOIRF R, 3TN NP IAIIRE It THfe (Racderigiéd y,
actd 04N Néy@r@%i@ﬁ&m as; A d®l J0E8lsS o i Jdidng

NDUSE t unodr no nmodel s of aut'oi mune di sease,
theviatuseaaif eot edf aronpactesrt sa-dhftdet ddnrogerstysgreml 3o the

. primate nodel.s, . and the . |like, can.be,.used for, ,this
S35 HRES | PR R CadF P R o - toF T £ b ot o
hyBECP! £ o Qud $185d 91V Bt €N A indieh iy ypared e like.

i ndividual antibodies in such nodel s by nethods
Clepnkyr al dysknbwv ey agf@yperssih €8 ([Andddn mareldt . 20

i ' AFRAC tdhe presentsd IMANIrAh 1O
LIS,
ln%#%%&d(gr}géﬁ%% ho o?nclﬁdeentl yi ng atozq east lone host
digedde, ctimestiafe prastlurce & ta ndamrio fctaat idygtings or
wher ei n jd mxtuyre of antibodies ha desi.red
Pr:'é?&?%%;mﬁ% T % L Furfdh !usaesoiﬁrt Fret hod
puSPE | StRE ¢ hel S BpoOfa Midtud of dmdidvdiesd cel |
conprising a nucleic acid sequence L
according to the invention can be compared to individual
antibodies in such models by methods generally known to

the person skilled in the art.

It is another aspect of the present invention to
provide a method for identifying at least one host cell
clone that produces a mixture of antibodies, wherein said
mixture of antibodies has a desired effect according to a
functional assay, the method comprising the steps of: (i)
providing a host cell comprising a nucleic acid sequence
encoding at least one light chain and nucleic acid
sequence or sequences encoding at least two different
heavy chains, wherein said heavy and light chains are
capable of pairing with each other; (ii) culturing at
least one clone of said host cell under conditions

conducive to expression of said nucleic acid sequences;
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encodi ng at | east one light chain and nucleic acid
sequence or sequences encoding at least two different

wheanpowhmi ns, wherein said heavy and |ight cheCTEPBEDE007690

30 capable of pairing with each other; (ii) culturing
at | east one clone of said host cell under conditions
conduci ve to expression ofysaid nucleic acid
sequences; WO 2004/ 009618 PCT/ EP2003/ 007690 -37 (iii)
(1i90r eemicrg ina dadd bhéadeaste onkordont blfetheshosél kell
for prodyction of a nixturg,of ant i bodi es havi@%ethe
n

forypLorkF errelt By " HRE PdnaRtao85y SSaha V(1)

dedideRt idHdg 8l Ledshcenenelionaskiat appoduegs a mxture
of 5 antibodi és having the desired effect. Preferably,
idegdiidyingstetcdklrstompel sdong wbeltePEoduicg s eqiféffcaire of

encodi ng.a_.co n i ght chai at ol £ 4
an A R Carge SESTesE Srns T PEPEREaRadly ol
hos@h@idls, suphtitkkat apnodiedd aand kediuesceorpicioss ngorON
i ght chains, as described 10 _above. In, specific .
comgipo diliit $hednd toatt ¢S KgPrR1St &F Peiiyngndidly §aid
at SYULRNING I 8RN hehwQf Jhhe net Bedh $hakefridmRed
wWith at |east two clones. The method may optionally
antiifcldide aorgsser fcommemadidhitg chigd nexpeéss siegirrikede| s

of the antihadi es_that. are pr . I S 5
bty te: GG 61 AR TBSg (P SCasarng oy the?
(iimethed.saier doateeniing tihe spepcedurie. cfutheassaysodaries

wel | known to the person skilled in the art, and

pexnfirmege Wit éitn Leestic &ty S0 Sas S85s MR ERYobul i n
opﬁﬁ%ﬁ?f%j:fﬁﬁTﬂﬂ% SHch s @%&Sﬁ@a%b%in@E%ﬁe%eﬁﬁ?%féﬁbn

n particular 20 enbodi ments of "said nmetho
lewadeoradi rngiet @nttidodieenttihgt, arehéervesicedel WhisHpEssey
nycl ej c ,aci d _seguence _or equence odi n t ¢
mayz bey during oF ad L& S{Fp o(filqrr@rcecoﬁtéig\?@ coaigtr?:e édaegtg&dé
or Ofafead HINGHY rcidhral. |Rast asenrgs iaght welldi rknown to
Functi onal assays useful for the nethod 25 according

the eanmen rkddicsh ifay: e adsapdd dncdpsin seicte1n
concentration assays, immunoglobulin specific assays such
as ELISA, RIA, DELFIA, and the like. In particular
embodiments of said method according to the invention,
the host cell comprises nucleic acid sequence or
sequences encoding at least 3, 4, 5, 6, 7, 8, 9, 10, or
more heavy chains capable of pairing with said at least
one light chain. Functional assays useful for the method
according to the invention may be assays for apoptosis,
ADCC, CDC, cell killing, inhibition of proliferation,
virus neutralization, bacterial opsonization, receptor-
mediated signaling, cell signaling, bactericidal
activity, and the like. Useful screening assays for anti-
cancer antibodies have for instance been described in US
patent 6,180,357. Such assays may also be used to

identify a clone according to the method of the present
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ADCC, CDC, cell killing, inhibition of proliferation,
virus neutralization, bacterial opsonization,

wo ewepowirs nedi ated signaling, cell signaling, PCI/EP2003/007690

bactericidal activity, and the |ike. Useful screening
assays for anti 30 cancer antibodi es have for instance
been described in US pat.gsgt 6,180,357. Such assays
may al so be used to identify a clone according to the

inweeitiech .ofl tt Hes [Foas eints BAR 0P/ BA26 B8 tRCT/SEPZO3ME07690
-38 invention. It is for i possi o .use

t
L g} AR P ST HmA OB e Ae y§°rEf?§Ast) PO 1
anttﬁ:ﬁ;df‘g)l‘?lfdlr@‘t’dcp%l@ ﬂ%ﬂ@gatt 0 yely daltyelssddsd Nt

such "assays, 1t is possible to screen for antlbody
is moasirds theatsgnesn af@xuaditylhmw i wrarsg dth an MQEn

xture of_ t e n r[bq
av}%ﬁ)@’t u%rlendcj)ft%aenttl% es [ sr% nqb(g)sr t egtélgi } \Mgnoqtgﬁ'l
antiafsi didddin dthathican tree exipttored dfs and i kdidiect Ij;s to be
screen for cytotoxicity. ordﬁ*tostatl c effects.

tesiash)- b@%ﬂﬁ WJ&}&H Ferht R Ol%ﬁ‘%e]rs 6
dlfgq#fya RN RIAQUCH NG YT ot W, éﬁaﬁﬁﬂ'éﬁﬁﬂéﬁ%

be chosen than with theé ELI SA nenti oned above.
It Tihe postyiddsd mgléf’corumm sugh |a @Lf&er@%adrzﬁ@mf frhsidk h

f b t abl
ox (e RO DI GATBEHh T B e ot B A oL

be hauipainrs witic| i L. 197e radisginee dfab@tabatliesm or
t he denaturat| on of enzymes. |In one p033| bl e
scramddidreins ¢ell lplrﬂersgerﬂr IGRASRGIGN Ahemusdy 95

carf o ed 1oy, fr@acy%éesm%&w QU G ALY tovward

cancerous cellsas an endpoint. For this assay, a
invdenteldeadedsls ale it ca‘rorba@n@@am:ﬂcb Iyheran N DEAD( )

en i abl i ty/%g{(l ctihé/ Sa%ﬁ/ He use%zz]é%npyor nethods

der{&t@_sas@&ﬁi NEE Gl A yrvd 8P 11 tohe Spt&‘é‘slaﬂet reppeod herer of
exclusion, 51Cr rel ease, Calcein-AM Al amar Blu
the Mresen i VIt§At Ry Siie |aTSHEt O EORMF RS PP CBFsUe%Ilng

on-@§%0t0x1c activity toward cancerous cells as an
endpoint. For this assay, a live/dead assay kit, for
example the LIVE/DEAD® Viability/Cytotoxicity Assay Kit
(L-3224) by Molecular Probes, can suitably be used. Other
methods of assessing cell viability, such as trypan blue
exclusion, %Cr release, Calcein-AM, Alamar Blue™, LDH -
activity, and similar methods can also be used. The
assays may also include screening of the mixture of
antibodies for specificity to the desired antigen
comprising tissue. The antibodies according to the
invention may have a limited tissue distribution. It is
possible to include testing the mixtures of antibodies
against a variety of cells, cell types, or tissues, to
screen for mixtures of antibodies that preferably bind to

cells, cell types or tissues of interest.
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25 assays may al so include screening of the m xture of

anti bodies for specificity to the desired antigen
w@epnisisg ti ssue. The anti bodi es accordi ng tBCT/RR2003/007690

invention may have a |limted tissue distribution. It

IS possible to include testing the m xtures of

anti bodies 30 against a \ariety of cells, cell types,

or tissues, to screen for mxtures of antibodies that
Ir:pe@‘»emaib}e/ dof nd funciciediesl, awddy tag el orr ithesd wdsow,

interest. WD 2004/009618 PCT/EP2003/00769 39,

the PRI i VLT MTq drRA ChES 47 VS deeé:ger‘i%fé‘al%oR}“ee

1dézhx_eltpj esENthd Mok & SO 3 Rachas Ways dioiet aidime

identity of the antibodies expressed by a cl one,
mequ&rg sumh hoslsl sechl et 1o -amine (ddlsi MpgIEF) ,

SPEH, ereeslpeCLD}ig)ﬁEtg (‘J\@ :Laiyed tfl:e lé eddedsS

aspec |nvent|on 6] pFOVI&% use
aspécMmBndiorintntiomn sed qﬁo\n]giea deone’ tNmtarekre sKES

~a mxture of antibodies accordi n%dt o, the i nc\é/fgnti on.
in vk HorE | Driat Ot iRl €L R S onbi nant

ant’%ms %é&d&@%@%@dﬂ&&wﬁl usual I y performed
assess expression [evels of the individual clones

Whezmwonow@kcm@lenmiaile@memeammmdmeﬁ bmrleecr@@lwiant

produce. m x1 ur es add ve Xity
ho‘?% ? r%d%%lf?%nl%? ¥ bodi €5 mrﬁ 2 rrEeo s(?are
aséé@@sémﬁ@sﬂ&l V\lé*elwcdﬁlmeammumm eslcermdttkmg:
the light and heavy chal ns that w I | formthe mxture

weRd GANS TR ®s HeRi dAU Lo R &It Bh e IS arq se
prggHéQHﬂ%?Qé tbe %@@Elgeﬂ@$éf of BB ofy itthe

nevert s di ng I n expression IeveIs t her eby
prpdoducdme i dfietlerdieat i Beemfhadie ecrletr @0t ransfected

o D00 82 q LA IR LLSER] QLB PTERI IO noy
ch&®h H0gha @cEPT Ui Agr Ochdemi omerd i on drst Usedids fodssired,
i ngopentont o anes may arise PLOSISED Y AR ! Sohe "GEAS £
information, but nevertheless differing in expression
levels, thereby producing different ratios of the encoded
antibodies, giving rise to different mixtures of
antibodies from the same genetic repertoire. The method
according to the invention is useful for identifying a
clone that produces an optimal mixture for a certain
purpose.

The culturing and/or screening according to steps
(ii) and (iii) respectively, may be suitably performed
using high-throughput procedures, optionally in an
automated fashion. Clones can e.g. be cultured in 96-well
or other multi-well plates, e.g. in arrayed format, and
screened for production of a desired mixture. Robotics
may be suitably employed for this purpose. Methods to

implement high-throughput culturing and assays are
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pur pose. 25 The cul turing and/or screening according

to steps (ii) and (iii) respectively, may be suitably
w@eoohoossesl usi ng hi gh-throughput procedures, PCT/EP2003/007690

optionally in an automated fashion. Cl ones can e.g. be

cultured in 96-well or other multi-well plates, e.g.

in arrayed format, and 30ipscreened for production of

a desired m xture. Robotics may be suitably enpl oyed
geﬁ@ralh?sapmib@bka ahdhbﬂswmctoithéepmmﬁon skilled in

i gh-t hrough culturin assa
th%o%ﬁ’? 0056181 %T?’%P% B3F 0 a‘“9 oﬁf%a@ﬁ IBEERAT | abl e
ac@8H I KREWI t BnE henper 808n skit | g4l béhefi@laai teo lhsdMidst
be clear that also for this method according to the

celhyeprpaplei ofi bipenkevel @xmmm@mo@f PJ@@Wsn%apabl e

wifholll OB, L exeLo expr esh o ol POl el s & MANOML Ahe
need for anplif nuc aci enco

ené@dﬁn@r@éfﬁnﬁrbﬂeSﬁsdlﬁeééld|éeIHK3Iﬁﬁmmhrﬁmﬁodlméhw
host cell s derived fron1a human enbryonic

sa}@t bl a8t cef| deFhued h%%orbe%rplﬂ%%%r?%wﬁé%%l%r

reﬂﬁé@igwegepy a@ﬁgevuélbgén SHAMSPESS: zdd & preferred
enbodi nent, said cell is derived from PER C6TM

tram$§on@¢d byla@ehaslaale@by5¢mmﬁn@$@mmlmoab@r@ﬁQhaﬁie

to. hi thro gh nam ul at g Lturi
RIS} 648855 P b shRct T E kbt e B e P egel?

11m@weai1§|@nread§ Baed shXhmrieo Ae adthdash €St adedgigh ng to
the nethod of identifying at |east one host cel

thlafawpw%gm%l?%atm%m+wu%r¢%%u%%nge%Q 2, 3,
99%6% 7, 8, 9, 10, or nore antibodies having
erent specificities and/or affinities. 20 A
potEmt$p¢caﬂyanemgedomemh@ ot thoel pieseme imfagntion,
|low e nany(goss i nat i

Sajscflntﬁjr% ]é%u%f{;?n ﬁ%g%Jo?‘r%l?w ??%(#an n%%r%n?l@e%cﬁi Wi ng

1déﬁ@1fy1ng at least one host cell according to the
invention, comprises at least 2, 3, 4, 5, 6, 7, 8, 9, 10,
or more antibodies having different specificities and/or
affinities.

A potential advantage of the method will be that it
will allow exploring many possible combinations
simultaneously, the combinations inherently including the
presence of bispecific antibodies in the produced
mixture. Therefore more combinations can be tested than
by just mixing purified known monoclonal antibodies, both
in number of combinations and in ratios of presence of
different antibodies in these combinations.

The clone that has been identified by the method
according to the invention, can be used for producing a
desired mixture of antibodies. It is therefore another
aspect of the present invention to provide a method of

producing a mixture of antibodies, the method comprising
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presence of bispecific antibodies in the produced
m xture. Therefore nore conbi nati ons can be tested

WO b@n/o@s19y just m xing purified known nonocl oP@El/EP2003/007690

anti bodi es, both in nunber of conbinations and in
rati os of presence of different antibodies in these
conbi nations. The clone that has been identified by
the nethod according to the invention, can be used
thd atqy asitici Ogl tur By desidad de Xt Wleortd addi hofi &5 by t
Is therefore another aspect. of the present invention

the SPriRA ff ol et rbby 19 3 dRAT PP rh%mr%elolf clone
thﬂ{‘ Lhodiese 4 he, %‘F&P@%f%ﬁd&@eé’@ 009618 the

/EP2003/0076 41 the step of: cu turlng a host
1n\0@1‘d1m,or®1cd1emlt£mnem<b)be1trtge weidwdaididets f yi ng at

IR SRy (9 e TIRRY dif SRS I g

enélﬁilrfgg Lﬁ?@@ratﬁlol@éét Qftse I ICHId U den tah @XHESSE Ore Nt
the nucleic acid nolecul es encoding the at |east one

twq |oglrﬁf%mm fa@mvy Hehakng eddte RERSWITE ardnidetlens may

tg{%dq}gest c s and @%ﬁ om ?‘lhse%hl{oagtor bﬁﬁcfn?cg?/eteg?gsg o

celel g:u]ftnum,t hee. qculfmne tted i t Uktee e ckitum £ e ofixture

of FILHHAHER® KiDhP t 0T b g A T & HE RSy (4°

tedkﬁlﬂcﬁle@rﬂéﬁm asPetd rddie JHiese imve i to
provide a m xture of antibodies that is obtainable by

It tJHt‘e y%tamtfa%@oawe@t tf tthe imnaaR onl Nk eb e
pr su‘}’% 'Bf“eM %éoecﬁésce dJ Rele) taal"r?a{ﬂfé YoyPTtne

purposes nent or "dl agnosi s
me@c&fasce;o:a:tuiqgralyo rtetpdz anefercinozbe deserriledddbdveon 3a0,d

nocl onal .or naI antl bodi 20 The net hods
B (o (PP ¥ G PR abTP g
in rﬂ&.@é&n@e@@éﬂr e S5kkh £55 fcpﬂ“ ﬁméﬂg e mANtIQd &S, or

whi ch nucleic acid nol ecul es have been
be used in addition to, monoclonal or polyclonal

antibodies.

The methods according to the present invention may
suitably use nucleic acid molecules for encoding the
antibodies, which nucleic acid molecules have been
obtained by any suitable method, including in vivo, e.g.
immunization, methods or in vitro, e.g. antibody display
methods (A. Plickthun et al, In vitro selection and
evolution of proteins. In: Adv. Prot. Chem., F.M.
Richards et al, Eds, Academic Press, San Diego, 2001, vol
55: 367-403), such as phage display, ribosome display or
mRNA display (C. Schaffitzel et al., In vitro selection
and evolution of protein-ligand interactions by ribosome
display. In: Protein-Protein Interactions. A Molecular

Cloning Manual, E. Golemis, Ed., Cold Spring Harbor
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obt ai ned by any suitabl e nethod, including in vivo,
e.g. inmunization, nethods or in vitro, e.g. antibody

waele@ploads125 net hods (A. Pluckthun et al, |In viPCDEP2003/007690

sel ection and evolution of proteins. In: Adv. Prot.
Chem, F.M Richards et al, Eds, Academ c Press, San
D ego, 2001, vol 55: 3674403), such as phage displ ay,
ri bosonme display or nRNA display (C. Schaffitzel et
Lab®ratdoy Hidss Saleictyioatk, 3@ 0a1d ewolsBe-@670f, and yeast

_protein-ligand interactions by ribosgne display. In:
displavei if-Pr-ot P A/eLdt-i M%.ho,&{sl\/tﬂfe&ﬂeé]rtlf@q&ﬁ%/ng

| | &S, s FQ.o | dPRdNG a0k aW0p
antg{g%ﬁfosggtfs%c@ﬁ%%zélo%/a&?%éo R o na ;\Qopreegs,
kndNew aYdrilger? G0 , arpmr3®wio Ant iged yesstentdiigpleay (e. g.
WD 99/ 36569). Methods of identifyin ant i bodi to a
antdgaryih HargHic \tm’. @zlatgaﬁ' ety 5 52 <194 &%Oan%legen

pe rAorf Il KANKINOWE AHI - tr e9eferidraAn 2 Anbrgeny of
m xture, by phage display are known to the person
phagiad [tdehti rexdresh BN 1 tgeifsy 410 N9 BT phages
t.nat, .expr ti indi oA 4 ORI YAt Me,
R R L
donenapdact die djénetdan atrtee miadie yprads gnte sem ts dind ska. phages,
is incubated with the. antigen . or antigen.n xture . of
Ph3agfser est ,l%q@t%iwﬁ}b&ﬁ}ﬁgﬁd}t&gﬁl st ORIt SR e
of L dhages dhady dirspiiab @itige b i durppdles ivmd hg
to the desi red antigen is obtained whereas the
thengrhaganlithpt phispds varas tdi sarardeingy i ted &dMPRg to
st eps. . t : s di%
e R ST o YRR e, T e TR
pha&pecidie digcdhdedantdgen salfedtnier estepsPhege kdi spl ay

met hods to obtain anti bodi.es, arts or derjvat.ives
reR??é%eé%fO%Met%%'erP%ﬂoé?%?RféﬁF o‘g%c Sck?e]d] i% B AP
of BHRASs Hia€taAd mdthagds Dl adpedi£i20 ddbaitad emtigen

manual . Col d Spring Harbor Laboratory Press, Cold
of SprieweHar boragNedi Sxokdy EI9ds The IRtRdy PUSRPFSES

parts or derivatives thereof have been extensively
described in e.g. (CF Barbas III et al, Phage Display. A
laboratory manual. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, 2001). The library used for
such screening may be generated by using the genetic
information of one or more light chains, combined with
genetic information encoding a plurality of heavy chains.
The library described by De Kruif et al. (1995b)
comprises 7 light chains. Therefore, in a panel of phages
binding to a target, which can e.g. be obtained by
methods described in De Kruif et al (supra); US patent
6,265,150; not more than 7 different light chains will be
represented, and if the panel is large enough, several
phages with the same light chain coupled to unrelated

heavy chains may be found. Such phages can be used to
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such screening may be generated by using the genetic
informati on of one or nore |ight chains, conbined with

w@eeeniw1s nf or mati on encoding a plurality of heEwEP2003/007690

chains. 25 The library described by De Kruif et al.
(1995b) conprises 7 light chains. Therefore, in a
panel of phages binding-4®-a target, which can e.g.
be obtai ned by nethods described in De Kruif et a
obtesupra)e rus Jpatcericidb r2dsclies met fudr ént A hethods
different light chains will he 30 represented, and if
acqqteligghdico ith9 frgscBrodd e dev&ral phages with the

Tt SaBddidr chgidtcupheld t-dstnel atR@dntheav ¥ oC baiovs de
may be found. "Such phages can be used to WO

a MRO0U/A) 0861 $ RCENEPZDEIMETEIE ofaangibaiddeehéondcl ei ¢
aci.d | ecul.es useful .in._t t cqnrdi he

targflyent’s AV o Fompr g n %thh%‘;rsl%% %ec?t%qog)t gg‘élfggél nt

an idMEMdIDBN disdiray ilde raa ymetdigd: ifsimgpraodti®ioald. e wixxt ur e
of antibodies to a 5 target, the nmethod .cqnprising.the

antgihgsy JFEATTITERS iy COT Tt Doy TESHIIAY. BTy e

a tca(l:ﬁgﬂ,s'i% ait ihQdites Y sty IIode ARG LR HibRlies
contact wth material conprising a target, ii) at

or |legdsitbazhe Srtagmanft ssdliectiing tantscdioditesgedr addtl)body

., fragnents hinding to said.target, iili [ ifyi

1de£tn1%g ﬁ%brhaerﬁ S |Oesangcrlba(1)n i Soé’yII #ngé%éar?s};%ﬁ%ﬁ%%g

birfddi ripith (&l igettarefar,eivheaaiith afaileast lleast antd bodi es
or anti body fragnents conprise a conmmon |ight chain,

antipodifs ol cATHE R Fu A BAG T ST derEOBHINY Lt
chdight; ohai n and, a e q’iLf‘leﬁch SO ENEE: e N RIG kP

aci'd 'sequences encodi ng the avy chains of said at
thd daistht tobeantdrizbdi esidletic adigstsespidncey orcuuadEing a

clone of said host cell under cqonditio C j t
ac rﬁ%ﬁﬂﬁQﬁfs(ﬁn%%ﬁﬂu%ﬁgﬁéie%ﬁ%(éﬁﬁ%ﬁ%ﬁ%igé g&!%%aé%
twdNd Dosha i s pidse ld ity dey berja pfiageridispl @lone of

l'ibrary, a ribosome 20 display |jbrary, an nRNA |
saidl dprsly ¢9-bk dideprcopdiddqans conducive to expression

of said nucleic acid sequences. The antibody display
library may be a phage display library, a ribosome
display library, an mRNA display library, or a yeast
display library. Step i) and ii) may optionally be
repeated one or more times.

The nucleic acid sequences encoding the antibodies
obtained by the phage display, ribosome display or yeast
display method may be converted to encode any desired
antibody format such as IgGl, IgG2, IgG3, IgG4, Igh, Igl,
IgD, IgE, before introducing them into a host cell, using
standard molecular cloning methods and means known to the
person skilled in the art (e.g. described in Boel et al,
2000) .

It will be clear to the skilled person that libraries in

which only one light chain is represented are especially
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display library. Step i) and ii) may optionally be
repeated one or nore tinmes. The nucleic acid sequences

werwadiaes t he anti bodi es obtai ned by the phageCT/EP2003/007690

di splay, ribosone display or yeast 25 display nethod
may be converted to encode any desired antibody fornmat
such as 193, 19g&, 19G3,.449G4, I1gA 1gM 19D, IgE
before introducing theminto a host cell, using

useStiandar d igbkeetdl ahecborisegtnehkhedsiand stans kadwn to
the person skilled in the art (e.

. d ipbed in B
antdpogiies 3Hafogey. PPt ORICPINGE EF & J060 RoL4REFFEa i1l

ers { 1hbRraphesp igh ronky;ene1! kahbiehah
haviCa %%F{‘enlsa’gntleghgr E*‘E‘?Se?ihsfﬁ?yl%v% Dba oseig —raang
tarB€Tt/ BER200@h007680cachs odséhel heavlyi gheions.t A picésent
invention, since all, ., antibodies tha n i.ned
WOLAS s m &y BT R TPPRFEr 1 TR 1M Wﬁ&gogsc8%n%ﬁel?gﬁgggﬁgﬁn
thet Ffrma% ifosnetsi epal- fiun kiindiang 1igargehaanthgerywichhin
~each of the heavy chains. In other 5 words, in
dimggsorigardeifech thedrerREdSosy CREPLAVeRALPsATLERe
.Qr ' nen- ti (SNF I onheavy oshakn
ha%¥% r%%%gsg&gigeg%gg aé%%%€$96%%§ gﬁgppggalibﬁariesy
fewnayiong iex tseasieneecd tladien beepe dtisicles ednd nuiihgue rér
very few. L i.n sequences have di scl osed _i.n the
(Nigsim ¢y ﬁilssi(i:%%ét’ S(Ia, g 4;etV§\Ljrgh§§§§t) ‘ar, P89 .alil’n
thdeRIAIE1 citthe c¥Peel indlilhdgf appearti hodyecappearninede
determned to a large extent by its heavy chain. It
to jas levare FEdSG BY i Sséeddy o land Itdést B Possible
chai t Hishute Si-gnisf i tl Rt
o i S RS ISRl R et S so
comaulhtee ssijntiatilopnided tac ddmdiimg offo thiee anmvidmdyon. |t

B 305, B RORLS Loy fl Lo e SRl e S
to iR LirgfdntGhal NS+ HRWEEIso e pése 1Bl e t oC FuTaW itglat
chain and different heavy chai ns appears
teachings of the present invention, but use one heavy
chain and vary the light chains. However, the use of a
common light chain and different heavy chains appears
preferable, and the following observations support the
idea that the specificity of an antibody appears to be
dominated by its heavy chain sequence. In the process of
receptor editing, a mechanism of B-cells to monitor if
their immunoglobulin receptor encodes a potentially
harmful autoantibody, B-cells expressing an autoantibody
replace the expressed heavy chain with another heavy
chain while retaining the the expressed light chain.
Thus, a new antibody specificity is generated that does
not encode an autoantibody. This shows that a single
light chain can successfully dimerize with multiple heavy
chains to form different antibody specificities (Nemazee,

2000; Casellas et al, 2001). Series of transfected cell
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20 preferable, and the foll owi ng observati ons support
the idea that the specificity of an anti body appears

W@ 20080960 nat ed by its heavy chai n sequence.PCTEP1963/007690

process of receptor editing, a nmechanismof B-cells

to nmonitor if their immnoglobulin receptor encodes a

potentially 25 harnful autgantibody, B-cells

expressi ng an autoanti body replace the expressed
lireavysiotaian aMrdl arreddey dieavy geatmiwi tihidief feteriti ng

. the the expressed light chain. A Thus, a new.antj body

LigeiHaid) 9P1SS dtiet eeeditrr%ao%@ég et aé’Hf&g%%éJa%s |
pré#ieantd bodya Tl se:shans ddualt A sidgle S0 |4t i ehad vy,

can successfully dinmerize wth nultiple heav chai ns
regardlogggn diff fdrentignm i Gooyn sReadifd dttias ( ee,

. 2000; .Casellas.et al,_2Q01). i.es of f
D1 ST 2D 3004 0061 B PR G0 TR50 T2T5 T [ R ng
that sidyldieanhehaidt geneswd b difrf@rerntigiti giitahai n
genes have been reported, the antibodies a{)];/oduced otlioes

(NS 31 R Sdirent® B nt'E MAE 1IRGF L SFIRS .

antibo

£rdif dless- ol thes di ghdq ghaide (Radic &t A, (199d), 5

erent ant’i bodi es have 'been obtained froma library
whidtatwdmscdresirwornst rucirey Ushighta diaigle |Gyt deg che

Nissi.met al, .1994). have obt.ai.ned .sever al
Sa‘éﬁ}t Jt%{lgl 3k B haelﬁ%e&}a@ Hest aﬁlbce]gmb?/s PR Ut 19 et
exahp (el 995)ant WY e Masi 00itsd e tmtsiaig & d igie,
chains, that have the 10 same |ight chain but

degprikadrin 21444520 B H7 18 Wnpiespectively) .
5o 01 4SS AN W 057 18048 < oSk el ) B s
wikCrizenilmp pqimigeld ity staryalingt a targgrqdy tthak [has
2L e S (Rt b Gad M T T Eta O of
thidli sn@HdPdyh i4hd herdsenaradd F of B dtdraryr dedigavy
chains conbined with this particular |ight chain only,
chaigpprenwyi et et Hoddh kh vt w e perEon a1 ity
acé$¥hing to methods known to the person skilled in the
art, such as phage display. Using this strategy, a
monoclonal antibody can be used to obtain a mixture of
antibodies according to the invention, functionally
resembling a polyclonal or oligoclonal antibody to the
same target. Alternatively, a method reminiscent of the
method described by Jespers et al (1994) to obtain a
human antibody based on a functional rodent antibody can
be used. The heavy chain of a known antibody of non-human
origin is first cloned and paired as a template chain
with a repertoire of human light chains for use in phage
display, after which the phages are selected for binding
to the antigen or mixture of antigens. The selected light
chain is in turn paired with a repertoire of human heavy

chains displayed on a phage, and the phages are selected



10

15

20

25

30

art, such as phage display. Using this strategy, a 20
nonocl onal anti body can be used to obtain a m xture of
wapiokbadies according to the invention, functiBPCEEP2003/007690
resenbling a polyclonal or oligoclonal antibody to the
same target. Alternatively, a nethod rem ni scent of
the nmethod described by _Jgspers et al (1994) to
obtain a 25 hunan antibody based on a functional
agdiodent ramd ke AN hdigreedinkhehbeavheeh@ial refd arith
known anti body of non-human origin is first cloned
theadd gp&i ch@las agra efdlcatie EHEdn towithe antePeit 8% e of
. n ld .chal I Ny € o AR AV Afi6;
ni AR 4 SRR e YR PR B0 e
mixffideg@T Gumar taurte bafd iz iagerisstThe tealgedt dobd iwjhitch
chain is_in turn paired wwth _a repertaire, of. human
thyfe Ay BHal Fs AARSPIURAEY Moo e 20dmPANe ‘Phages are
de 28183 £d WO 12004/009618 RGE EP2AGARQR7 690 rdihAGRl the
to find several heavy chains that when paired wth
prasmnt jightendhaim adree it daso Hsined icd- ath € vt igare lor
I xture of .anti.gens .of i.nt toqE S £ tdng
e 2 Ve BF nIREY S poi e b A I R P
afihiich & tihuss ey tenfgets mareduasam ingdn eol foimel t i ishody
is described. It is possible that .a mxtyre ordin
oL R tIRIUIHAE AT IMRAATHT VI al FEARP HES Eéﬁqgﬁ GHjectve
rhi dNEI10 8] 5 v EFRRE taapihiar ddh & Hadiavi dual yantd hdiesordo
not have high affinities for the target, whereas high
maafde madudsceat eirl Olads emstapdased Fromatdivsty ol
. antibodies to be effective. i :
mi a‘b‘braerﬁ 5E TR R ity He Suern;l{{]ilg’ﬁ'y&q %So rgg&fae%%eend h
appESscH REtENaeshderomet hodsi ol e sridd wresi sespmi di ng to
the present invention than when an approach with
nonocl onal anti bodi es is envisaged. 15 The heavy and
i GPal:p, codh NG HRAUSNCES CRNLRE sddifddiicethn be
Si grr%?et aneo‘{}gl y or c%lﬁgecutivel y ir%tGO t he host
introduced simultaneously or consecutively into the host

cell. It is also an aspect of the invention to prepare a
host cell comprising a recombinant nucleic acid encoding
a light chain of an antibody. Such a cell can for
instance be obtained by transfection of said nucleic
acid, and optionally a clone can be identified that has a
high expression of the light chain. An established clone
may then be used to add genetic information encoding 2,
3, 4, 5, 6, 7, 8, 9, 10, or more heavy chains of the
invention by introducing the nucleic acid molecules
encoding these into cells of the clone that already
contains the light chain. The nucleic acid molecules
encoding the heavy chains may be introduced into saild
host cell concomitantly. It is of course also possible to
introduce them consecutively, e.g. by using different

selection markers, which can be advantageous if not all
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cell. It is also an aspect of the invention to prepare
a host cell conprising a reconbinant nucleic acid

wepmetiwee 20 a |ight chain of an anti body. SuediI/EPI63/007690

can for instance be obtained by transfection of said
nucleic acid, and optionally a clone can be
identified that has a high expression of the |ight
chain. An established clone nmay then be used to add
heag9n@ha§nsnﬁahﬂﬁbi@ﬁtebdodéﬂgsQmuﬁﬁaﬁeodslﬁ,bépaﬁ$e8the
or nore heavy chglns of th [ i

b .
Cel#ﬁtﬂ@dﬂ@lnﬁakﬁeuﬁuépgpg aEPHlﬁBI8§uFé§g%§%é%anéthgﬁg

a01hnﬁglgghh%80fM%Q%OGEOQ% t hat-calhread¥cosBhhahBsntiBgeic
t chain he nucl eic acid nol ecules encoding the

ac1ueaoyecha6ﬁ31map besitnceddacedei nedlsknawdothoshecel

|
pexPRly OBl aoChaih CORe 280t JBly T8Lg Y  aarRE Chi PPer ent

elezehepbiram iR kess civhi @hoephabe pdeatpageatsni f viots
al | 2004/ 009618 PCT/EP2003/007690 -47 heavy chains
infeghiba., i apfoddced KenuThandbhst§IpBELESR PRE S@EFF@ do

posggﬁlﬁﬁkge%pt%nq Uah coReRoPE LeeeRbLNaRtnNHGLeEc acid

ulés. Methods to i ntroduce reconbi nant nucleic
seqaendesobéCumasremwo1m¢©tthelBsmaréoﬂélpeﬂﬁmwﬁeﬁoetﬁe 5

[ .
FQE ro%kl e In t gﬁosgﬁ n%hgggcﬁgggiggqthon

Lab\slrra%ry @afa%taﬂlon,zf’%\@biﬁm;ri i kien g ghhes sk dil te b retresanl shas
sever al p033|b|I|t|es to introduce more_vectors with
Molﬁ@@ﬂémcB&@l@gyéeéW@ﬁ@ﬁé gﬂrlﬁFeﬁéStegﬁvolﬁﬁ is&RE host

ser, %I Mé%ﬁ%%% 9n %ngﬁgﬁngg FASASIS:Y @&%sMbnu%b

ecular oni ng: ratory Manual 2nd edltlon
Suit@89e Gummmmﬁnﬂqsahanﬂipm markbtecﬁbar Bﬁ@bd@@lnﬂusube

FM et al, eds, ;_the erles
APGICIGF AR SN %W’&s‘& PRE. Y& & |a%§b|r§l8€mtﬁaﬁ%1e
lnﬁ@@tg%hgg@ymyé«ggig(yrld@dmy@uﬁlngehétﬂuﬂhe|0hq©m©myc1n
into eukaryotic host cells accordln% tq .the |nve %n
or mEdpd eBlle dra HebmRILPIYGeRet PECh diog v He

genes encoding resistance are available on expre351on
vectors. Further possibilities include for instance the
use of vectors containing DHFR genes or glutamate
synthetase to select in the presence of methotrexate in a
DHFR™ cell or the absence of glutamine in a glutamine
auxotroph, respectively. The use of expression vectors
with different selection markers enables subsequent
transfections with heavy chain sequences of interest into
the host cell, which already stably contains other heavy
chains introduced previously by use of other selection
markers. It is also possible to use selection markers
that can be used more than once, e.g. when containing
mutations, introns, or weakened promoters that render
them concentration dependent (e.g. EP0724639; W001/32901;
US patent 5,733,779). Alternatively, a selection marker
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or nycophenolic acid, puronycin, and the |ike, for
whi ch genes encodi ng resi stance are avail able on

wezpreesion vectors. Further possibilities i ncP@MEP{003/007690

i nstance the 20 use of vectors containing DHFR genes
or glutamate synthetase to select in the presence of
methotrexate in a DHFR--g&ll or the absence of
glutamine in a glutam ne auxotroph, respectively. The
mayube eb-expdedsi deleedhgr $t Wicbh dhef bpent ceélesfion

mar ker s, enahl es subs t 25t fecti i th
useehgi f-sb4uSACES SBEST At br BEEOTRIBACERE: hBst SLEFFIO0R ch

mar&kheagkaskabk rqrrhakeguehhes keavynicbal By knkhieduced
previously by use of other selection markers. It is

Speaﬁ§30p®§§pmbén@@eus@-§e|é@ﬁréﬁtﬁﬁr@érERTrﬁéFeéaniEe

S e th g : nt.aLnkng

use e She, SR oo Lo koA ot S Bebre AL TP eRdar
(sekhemirc greeniosatsior -dependent reeocgbiBERG1246891son and

W01/ 32901; US patent 5,733,779). ternatively,
Kolge| e€fildn W@H%’%@@Jb@géfge)ﬁé?ﬁéﬁzﬁ‘%ﬁ‘ﬁé?ééo "4
excTBYPE ofr YsRd R deleti PEal byf ke hRedhesly eekk-after

use, e.g. by site-specific reconbination. A selectable

spem&fﬁe?namamhim%%%méag-séﬁ@e@@e?lpecégﬁN@é@qﬁﬁné site-
speci fi.c _recaomhi nase,, . e. q. - Si s _ar ERT-si 1r el
tra SE?@&lpgrcﬁﬁbs 4 ePa ig%eo%%?h%a %rgglgfggfé I8 kelrS
Di fifleaRefte tloa ce(isee ook sCeachox osiptra sipecithiec genetic

~ reconbination Wlson and Kol a, ,2001). Subsequently,
lnfpﬁ@agyé%meém@w Reriiitdergnt 4@ SRt Re TRdsPcel |

- Hhe ViR chiingcRii ke agReidkng ifaeaMRiyNase antidod

pregyéebr Eﬁg. A %ﬁLsequént fO trané#ébtion ggn sﬁﬁtgbfyy
dispSeyt hetdans sl det ithmsnpolseribleDitiof @rera tgoSEe Vel

| on each conprisi.ng _the_genet| Lnf.qr [ :
hosinés ir?_g & (Pt T PN e ay " rtéef?%?‘écd.mw
thel R@BNJIpod 85 181 lidentdif.i eddar drleantiifyddy di spl ay
method, it is thus possible to prepare several 15 _host

antddlqdd eseddtcdipd Sing &Re ISTgtS iaieR thRosen A iSpLay

the nucleic acid molecules encoding the heavy chains can
be introduced into the host cell containing the common
light chain that is capable of pairing to the heavy
chains. It is therefore an aspect of the present
invention to provide a method for making a host cell for
production of a mixture of antibodies, the method
comprising the steps of: introducing into said host cell
a nucleic acid sequence encoding a light chain and
nucleic acid sequence or sequences encoding 3, 4, 5, 6,
7, 8, 9, 10, or more different heavy chains that are
capable of pairing with said light chain, wherein said
nucleic acid molecules are introduced consecutively or
simultaneously. It is of course also possible to
introduce at least two of said nucleic acid molecules

simultaneously, and introduce at least one other of said
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the anti body display library. After identifying
anti bodies that bind to a target using anti body

wale@phess1s t he nucl eic acid nol ecul es encodi ngP€TIEP2003/007690

heavy chains can be introduced into the host cel
contai ning the common 20 |ight chain that is capable
of pairing to the heavy .ghains. It is therefore an
aspect of the present invention to provide a method
nucﬁ@ﬁcﬂa&hagm@lé@%neeebbn%ebutmwedyctEnnyet anptkeur e of
anti bodi es, the nethod rising th eps of: .
asppatr 88GOFAGIINES §§Fdlﬁ8§P ery 25m§tﬁﬁélég PR gded

forsﬁg%ﬁﬁge aeneediRg nanki gRkcchann zad p@%@h%k@gﬁcg@ 8

uénce or sequences encoding 3, 4, 5,
mlxtﬁreobfnam$1®pﬁﬁesenthheavyhodapngpﬁhéﬂnéréhecéﬁéﬁl@f

ai.rin said Li,ght chain rel a|
lntﬁﬁglgFEga%I@uﬁgFéguFE%daFSq roduceg %%%s%cutlvely or
segdBnsiBukhaneansl v, By 45 of Goursesal 99 nOSSbhlmome
introduce at |east two of said nucl ei ¢ gﬁ % cules
diffewentahesydl Fhadng LAtPoduEscaMDIBASE O otcﬁé

com%%'% ﬁg Qﬁ&823§;§CEQT@EE%Q%%@O%%@%ang4% ﬁﬁ%b%'%haln

€S consecutive I'n yet another ~aspect
capaba@r@mn@auaum@em1mheatldeas& etchod iseigh deiaded for
meki ng a reconbi nant host cell for production of a
chaging-ure of antibodi es, the method conprising the step

of 15 dalile QAUGIRA a@@féh@ enaei & sequende ot heelteicell
acid sequences encoding 2, 3, 4, 5 6, 7, 8,_9, 1

aCC@Kdﬁ@@etfdﬁﬂﬁ%ﬂéﬁﬁ“ﬁé@@yd@ﬁél@§q FEE L8 % SOSLITARE
11 )] ‘ﬁ! o U0 A ?@Mﬂ%@%&%&%@&%&@%mng

chaln capab pairing wmth at |east two of
leasdl dwheamaaﬁylaﬁamnms elxt reasepite swoif] ¢happn%nleﬂﬁaﬁﬂ%;d

recaonbi nant host cordi.ng to %}e i nve (foes
MO L3 18 PO S | Htlg%lgcl Thad rr?élr%%tzegoc%
intd lerf dde expressed at Ieast two heavy chains, extra

copi es of the nucleic acid

Besides random integration after transfection,

methods to integrate the transgenes in predetermined
positions of the genome resulting in favorable expression
levels, can also be used according to the invention. Such
methods may for instance employ site-specific integration
by homologous recombination (see e.g. WO 98/41645), or

make use of site-specific recombinases (Gorman and

Bullock, 2000).

It is yet another aspect of the present invention to
provide a transgenic non-human mammal or a transgenic
plant comprising a nucleic acid sequence encoding a light
chain and a nucleic acid sequence or nucleic acid
sequences encoding at least two different heavy chains
that are capable of pairing with said light chain,

wherein said nucleic acid sequences encoding said light
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15 nol ecul es encoding the Iight chain my be
transfected into the cell. Besides random i ntegration
w@bdognodsisnsf ecti on, methods to integrate thePCI/EP2003/007690

transgenes in predeterm ned positions of the genone

resulting in favorable expression 20 | evels, can also

be used according to the.snvention. Such nethods may

for instance enploy site-specific integration by
andhaeek9Qgeusinecapbi nateonthseeortgol WOE 98/ 416483 or

make use of site-specific necogbi ases (Ggrnag and
speBifE6cRIOPOBET: B5OPPLPESyel Bnother ™a¥pdet ol t H3”
tis%%%i%?%c&%&%nthﬁa L8nePhOVhERcackpaBEFEHH CeNORehUBRN

of 'a fransgénic plant conprising a nucleic
sucachd skeueatly 8hBodingoscki ghtl nehalanandyathagpepelyh

aci,d sequence_or .nucleic id S c codi ng at
addpgégp kG SdiPPePER? Sayﬁgghaﬁggd ?%gﬁgaggaggpgglg of
comR@n’ 1AgHW thasai dckbghingh@bnhewharvennisai dInucl eic

aci d sequences encoding said |light WD 2004/ 00961
spePCTAEP2DO2CA0?R86, BS ARANRESTY CcRAIMAE aPE Bnd8F the

acc%%@ﬂ%@lt%ft%FtHﬁ%%ﬁti%ﬁe%bRbQiﬁégngﬁe@y Bro@pt g1,s8i N9,
plan may al so be non- tissue specific, and genera
10, geire mexpr éssivgn cekéneseguensegsh 8estHesCamyl3sglture

pronoter agnd nopal i ne synt hase.pal yA 5 Ltio i
25 GaR AL BETUS08 SEa Y] FGRET B ST8 e T ht
a1l ACUdithg Leet BE iRveRGedic bhimapeci ktireansgenic
enbodi ments, the transgenic animal or plant according
plamng syh@nchvent iiostedsrsr tsagsgenic shigkens go grodyge
rs heay i N SeaYences xBes | redohprieah@
R N o N e
prodinsaleo ititerieased Pold ouge eaf aflyaddg@ni &agmilpdd gnd

Theg ok i o Bt S0 2 ot SRSY HoLRG oG EaAs ¢ fbe
reddtf A PIRHLC R @R RM¥oding one or more proteins
of interest in operable association with a tissue-
specific promoter. It has for instance been shown that
recombinant antibodies can be produced at high levels in
the milk of transgenic animals, that contain the nucleic
acids encoding a heavy and a light chain behind a mammary
gland specific promoter (e.g. Pollock et al, 1999; WO
95/17085) . Particularly useful in this respect are cows,
sheep, goats, pigs, rabbits, mice, and the like, which
can be milked to obtain antibodies. Useful promoters are
the casein promoters, such as the P-casein promoter, the

aSl-casein promoter, the whey acidic protein (WAP)

promoter, the P-lactoglobulin promoter, the o-lactalbumin
promoter, and the like. Production of biopharmaceutical
proteins in the milk of transgenic mammals has been
extensively described (e.g. Pollock et al, 1999) . Besides

mammary gland specific promoters, also other tissue-
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proteins of interest (Pollock et al, 1999; Larrick and
15 Thomas, 2001; WO 91/08216). These usually conprise
w0 b@4/00%eObi nant gene or genes encodi ng one OPCTBP®03/007690
proteins of interest in operable association with a
ti ssue- specific pronoter. It has for instance been
shown that reconbinant agfibodi es can be produced at
high levels in 20 the mlIk of transgenic aninals, that
spe%@@ﬁ@'@rbﬁ%t@%@'ﬁb? béCU€§d¢n@QQéBglﬂghea&yeapde831on
i ght chain behind a mammary %Iand specific pronote
to Géegblp@ldlroﬁkléﬁral5311999 av@ bs/ i?b%)Th@aggPEEPEiLPg}

of %%%8 9ehqctghﬁm&%%p?%@pﬁﬁgéﬁgaﬁfgﬁﬁg§ﬁgntgﬁé&§ele|9§1d

m ce 5 can be mlked to
molebidies aaki bedhesxteaefivklyr dootmestade antfiemsdsei n
pronoters, such as the _(3-casein gronnter

lncégﬁﬁcgééFﬁ pRaRetern Pﬁeoﬂﬁg ©5cilGPeg ﬁrgteWnET%Rand

ClaQ&Q”@@@ﬁ) t he 0 3zhaet-galsgbyl brtRL-ORBEBEFetbéon (e.g.
a-'act’al bdm n pronDter and the |ike. Production of

Schmueﬁhaema@éutﬂééﬁ 30l@ﬁ@P§Pﬁ§ bl £RECRPERaBE viruses
”a ge”' & TBRTY %4'6‘3‘ g)%”tggxﬁgﬁlé' Vﬁb%l@ﬁ%‘?&@%@fer

Iock et manmary gl and
andSQﬁthm@'ﬁb@ﬁ@ﬁ%riprah&ﬁmeﬂhan beiiaeaVE)RﬂOWhOGQGIBG
PCT/ EP2003/ 007690 -51 specjfic prono dbe used,
PeﬁﬁQMe@ﬁlﬁde@héne%B@e§§'onanganﬁe bQOOGeSﬁFgﬁé dBiva,

Ca?rgJ dife dd ke, Thecgergnationt @fi,t nansgepkangaismeksal,
nprisi ng reéconbi nant nucl ei ¢ acid nol ecul es has
2ootz?sem0e>a5e/r1s7|5\@@|,y o OBBied) -aRd AaynsvpAaygdecssible

nlcro E%%%%;Eon 0%60%%¥%%is(8%% Fe WELMYG n3Rd o

nUCeI ear ransfer after transfection
anﬁﬁéﬂb thﬁ&h%m%k@dﬁéﬁﬂcalﬂ@gﬁhsmtﬂtedb|whlby me@d@bﬁnamt

viruses (e.g. US patent 6291740), and the
poagidlearf ay a’t‘n:ﬂeérsonar?d‘ dHEH A ﬁg‘leh(?&§ £6r cﬂ?&ﬁﬂ—'ﬁl Sysh 2

el h erSRiing ede Bisheaart,
11n°e n;bég e. %s,ltczcﬁatt)le%nl]ignaq( n’pbellget gl 1996;

mlwdmtomtaraj;bolﬁ@B By et ifiz002 AL rUs/tEmSG0:
cla5819c85{13 4r1e6e)d1ng mesch%(alvad%sbo e%ll €o generate
transgenic offspring. Strategies for the generation of
transgenic animals for production of recombinant proteins
in milk are described in Brink et al, 2000.

Transgenic plants or plant cells producing
antibodies have also been described (Hiatt et al, 1989;
Peeters et al, 2001), and useful plants for this purpose
include corn, maize, tobacco, soybean, alfalfa, rice, and
the like. Constitutive promoters that can for instance be
used in plant cells are the CaMV 35S and 19S promoters,
Agrobacterium promoters nos and ocs. Other useful
promoters are light inducible promoters such as rbeS.
Tissue-specific promoters can for instance be seed-
specific, such as promoters from zeln, napin, beta-

phaseolin, ubiquitin, or tuber-specific, leaf-specific
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to clone nost of these aninals, to generate |ines of
animal s that are genetically identical, which renders

WO 2oo4086epossi bl e for a person skilled in the apCT/EP2003/007690

create such a line once an individual animal
produci ng the desired m xture of antibodies has been
identified. Alternatively,52-cl assical breedi ng nethods
can be used to generate transgenic offspring.

(e St r atsfivds ifrortdbec generaidoremfciZlia,r asydtie aigml &t

. fo roducti.on of reconbi nant, pratei,ns., in _mlk, are

i5 ol THRF T B P TP 00 Phasiah ol S &

hort Bo o168 | e O 1h , afY | hgshi s s a0 hegdllants.
described (H att et al, 1989; Peeters et al, 2001),

Me tirer & suTc MRt £ % GHERIR S IR (R @SR ude corn,
t ' B ; |
re Bl e 0 B s JI AL, (I e dihi iR plidhe

celh plhnireeldse atreowrhet Cadé 355 sad 19SS Jprdbniot erlse art
Agr obacteri um pronoters nos and ocs.

angyy T | Y LIRS T %%%hﬁtcﬁéj:‘i(ﬂrb%%et

a1 30 Jo G URs SPELE L3 Lo Pripiod £f & TR fuyy diadang e deg seed-
specific, such as pronoters fromzein, napin, beta-
60%@@?5‘;&@ i eiadhicak quiteligmesi MethadafIgpecific
4/009618 PCT/ EP200, 7 - ul in
o550/ S00618, PETL P05, 007000 Skt Rl
Exposss tdre Rt d@diss oy nydres 1 ast9ab or gartedt ectgnsgenic
honol ogous reconpi nation, o express proteins i

SYBHERR SEOT NSTORRL I F HRATR AT R GRS DY [ D12 9Re"
dedBrPod Lo NaMn Pl A Su . Part S ddeneat . ooFds to

reconbinant plant” cell culture, are known to the
produconrakiniothin pheteins dmedes el heeii@ o7/ h51dhce

een described in (G ddi e |, ; /6 9:
e T, CETREHE Smhre & PR0R Gt of
caPrestisad gui dehbnest idetibes the edMi Pogd asf Bilod ogy

vol . 49 "Plant Gene Transfer And Expressj.on_, .
PrER RNt JemelsO P UZYE) ML EY S Harfsgerfedies. It 1is

also possible to use an in vitro transciption/translation
or in vitro translation system for the expression of
mixtures of antibodies according to the present
invention. It will be clear to the skilled person that
the teachings of the current invention will allow
producing mixtures of antibodies in systems where
recombinant nucleic acid encoding the light chain and
heavy chains can be introduced and expressed. Preferably
such systems are able to produce antibodies encoded by
said nucleic acid sequences, without the use of
amplification of said nucleic acid sequences in said
systems. In another aspect of the invention, a cell from
a transgenic non-human animal or a transgenic plant
according to the invention is provided. Such cells can be

used to generate the animals or plants according to the
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systens for producing reconbi nant proteins have al so

been described, including the use of transgenic birds
W@ 004p0wasice reconbi nant proteins in eggs (e.gPAYIEP2003/007690

97/ 47739), 15 and the use of transgenic fish (e.g. WO

98/ 15627), and can be used in conbination with the

teachings of the present-d3avention to obtain m xtures

of antibodies. It is also possible to use an in vitro
intéanism ptusidd reashat doss latowm 6 tite tpansdatskohl led

system for the expression of 20 n1xture of anti bodi es

in afcfaeorao%g TR HS ESERRT FRATS orPY IRERET | KRV ear
meﬁk%di‘eoﬁkéieﬁﬂqd?e\m%’ﬂet&‘ﬁ%aniiﬁ@s teashi sasg0f ¢dBls. The

current invention w | ow producing m xtures of
cells ibotheding systkesinnereion mmtbmmam%w

enco di.n c hgﬁvy
lm'rrn(f ucdlur&dt ndigh%? e!é]rg% 1s:lef| %&ra &ﬂgﬁ Sys errs are
se@bdiecd o mwureowlte@odeess emaetad—mmaxsaaxdlmm ebr
aci d sequences, w thout the use_of anpllflcatlo of

Planie Mitheh CCabt Y JEYUeHRLS rp%d%com%%r
tré?&%ﬁﬁf @ﬁﬁﬁﬁéloértﬁfaﬁﬁveﬁéfﬂﬁbufbff§ uééﬁ@lsﬁbﬁ-such

transgeni ¢ non- human animal or a transgenic pl ant
puzmmSﬂ&hamptembr&pmnveatemncebiiwcﬂh@ﬁ@ c8uctrreeriguiean

co R NEE ST hBA S B PR Lt o\ BESskEL

int Y@M DOM NS | Migch e€dni §uesn Ko wsa ¢ £=d hieo peuisone
skilled in_the art, such_ as nuclear transfer _or other

QGWO%t hBs2 @916 i iyl hol €2 bk (aiht SHEST rofn SP g
co omatls 7 %@yéélﬁfcﬁégégg té%#ﬁﬁ&énVéﬁ@'EEbQ@&oaé§@

e o tal ne roduci ng [Tght and at [ east
be t wini hiezey &@am@stsethﬂnesramﬂfprmnﬁamxmhce¢¢sn@¢lelc

ani mal whi.ch, cel | e ca able
acff R e prontia Bof ahSanhiHo T i d o 54
ch®ard | cll @r lyy used ubf f Bliie SHTINt PiiFROSESTAL g em)w@flim
stemcel|s. These can contribute 10 to the germline,
AGRPRR IR BB r BURREA GRARSE | @F | PY PHaEI@Re pombardment, or

by infecting with recombinant plant viruses.

It is another aspect of the present invention to
provide a pharmaceutical composition comprising a mixture
of recombinantly produced antibodies and a suitable
carrier, wherein at least two different heavy chains are
represented in said mixture of recombinantly produced
antibodies. Pharmaceutically acceptable carriers as used
herein are exemplified, but not limited to, adjuvants,
solid carriers, water, buffers, or other carriers used in
the art to hold therapeutic components, or combinations
thereof. In particular embodiments, 3, 4, 5, 6, 7, 8, 9,
10, or more different heavy chains are represented in
said mixture. Said mixture can be obtained by mixing

recombinantly produced monoclonal antibodies, but may
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i ntroduced into such cells can be passed to future
generations. In addition, plant cell cultures of

W@ i08/009618 cor n, tomato, soybean, potato, petunP@/EP29d3/007690
tobacco can be utilized as hosts, when transforned
with the nucleic 15 acid nol ecul es encoding the |ight
chain and the heavy chai+®- e.g. by use of the plant
transform ng bacterium Agrobacterium tumnefaciens or

al$1y kpmrcbkb‘eajen@@rﬂbwnjmds oarccdjydjirm 6ot i the widsent

reconb qﬁ l$ ant, viruses. I% i s another aspect
ent de

in{ e TP a1 € Ak Te RS wittets S iRe B Pegindt

11 GIOERESd 1 1h OFc £08P1 & ShgilGodd &d UrEai dfmieoordimant | y
produced antibodies and a suitable carrier, wherein

copr} aadei SRRCHE F ¢ crRBPPRERS. TRt hdkirlere iR BseRt ed
précﬁhc‘?‘ gff%ﬁft rglglfler@?g%‘gfz{%rﬁeﬁ’l\%@ cﬁtq £5$1n le host

anti har naceut acceptable carrier
celibed . eherferasmaaepelxleh@tlcﬁmeﬁ d:mllmod;orhtammﬂdgtme same

adj.uvant s, id carrier ter, buffers, or other
re SV radle hE fold i T BT TR St
“ r EOSMANRL 81 v Ob r SQHBE At 4 ONSsed hes0Ofn ddr g tisul ar
enbodlnents 4, 5, 6, 7, 8 9, 30 10, or nore

prfdil‘h#@e*@htb}’le}aﬁ?%t chalhs Hhat r@m%t@utwpdw dgencoded

e
by?%%% |na%$*3n%%f%ﬁ%e%8%%%o ona ? ﬁydggs but may
ce VI 260044 00861 8r PCINERPROD 3/ DO 76 90s tkMreafcsne bzeobbirmlne:bb
by net hods accordln to the prese nventi on, I
gl B ey RERRRoVE RERPrFELS S EbHRARST | SRR
whé:@éb;?aé ds @4 é@@dieslmmhﬁzéa XfiK1e dRYan€0HeH i S8 antigen
bi specific antibodies. Said mxture nmay be 5 produced

corfipohy B¢ | phet ehat aBsederh e thomnt Srodies r@%@duced

by telJl s éub%%%{ omm. P&E&é‘w}écﬁ”‘ff m és &6’?& %lg%t NE-om

rec nan nuc aci ecu

th"rmb@ﬂblnantly produced” as used hereln refers to
production by host cells that produce antibodies
encoded 10 by reconbi nant nucleic acids introduced in

such: hp$tanother aspect of the present invention to
provide a mixture of antibodies wherein at least two
heavy chains are represented, for use in the treatment or
diagnosis of a human or animal subject. In another
aspect, the invention provides the use of a mixture of
antibodies wherein at least two different heavy chains
are represented, for the preparation of a medicament for
use in the treatment or diagnosis of a disease or
disorder in a human or animal subject. In particular
embodiments, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more heavy
chains are represented in said mixture. Said mixtures of
antibodies may be mixtures of antibodies according to the
invention, or obtained by methods according to the
invention. Antibodies present in said mixture may

preferably comprise a common light chain. The mixtures
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cells or ancestors thereof. It does therefore not

i nclude the classical nethod of produci ng pol ycl ona
w@niothbadies, whereby a subject is imunized WETEP2903/007690

antigen or antigen conprising mxture, after which

the anti bodi es produced 15 by this subject are

recovered fromthe subjectss—e.g. from the blood. It

i s anot her aspect of the present invention to provide
may anmghrise abi sk d bbtk estiiereias atardasty tvo 20 heavy

e SRR SELGSED Hhod O 435, e (L4 v

a SSREE ndde LaVENti on. proH depddiel Aol daxtdire of
antibodi es wherein at |'east two different heavy chains

corﬂr@merm e@e@t%@me fmccmkelrmrétpanml@m ofcled el et -
The q:rarqqe 2§ I nl o a :%1 &agémsnéreoern gaﬂ’ﬁé'k? c%; c?lscglsa S€

sor det unan  or "ani na
lipedty Ccud arde egblisk drefissa 2, t 3,0k ain 26,, ?,, zB,, 9, 46,0,7,
or nore heavy chains are represented in said n1xture

8, i dl v XRTIrBRT D AN BRI DG ORI Bl ik tGRER L 1ght
cha?ﬂm I hodi 65,9 cos di g E:pfééte 30d e, 2 9f1ah)al Red

by nmet hods according to i nvention. Antibodies
thq:ﬁr@wr:omms@u to ntlx¢ urergteyngpraf erlebIgreasswpri se a

., CO n I| ch The m xtu 2004/.00 618

i B 008 G TABY 28 SR oo I SN o

mor&fﬁlm e&ntﬁwdf@y &en Yeeaqdd niasn tdmye ikl clsk firtemuse
cl one that was derived from a single host cell, i.e.

off@%l&%@mw%@%@l%m% tft%rﬂtr%a‘{erﬂtrﬂfl%héf@a%ecan e.g.
1n%e el A ndke! §F Cat?@d—dln%lr?é:lﬁﬁsceas% e d A Hets- my

screen an antibody display |Iibrary, as
1n©ﬂsst1m¢)eﬂo?5uqbr1aum<blos obf dihre ZyraBin4,hdndp, an?d negsk,9,

oy SRR EREDS Po0hes SRIBTISIL% R cOEn LI Ly o
hetoldgse Beeordi Hgch tad he-deachingsrof Ndwpprasent 10
dlslongldeengsl omrrlhléél rct:alxjr?l kl)g ?Pe)/ataercie%vlogh rE:E‘lfldela Cn'u”ft&"@fsf ©
according to the present invention include leukemias,
lymphomas, sarcomas, carcinomas, neural cell tumors,
squamous cell carcinomas, germ cell tumors, metastases,
undifferentiated tumors, seminomas, melanomas, myelomas,
neuroblastomas, mixed cell tumors, neoplasias caused by
infectious agents, and other malignancies. Targets for
the antibody mixtures may include, but are not limited
to, the HER-2/Neu receptor, other growth factor receptors
such as VEGFR1 and VEGFR2 receptor, B-cell markers such
as CD19, cDb20, CD22, CD37, CD72, etc, T-cell markers such
as CD3, CD25, etc, other leukocyte cell surface markers
such as CD33 or HLA-DR, etc, cytokines such as TNE,
interleukins, receptors for these cytokines such as

members of the TNF receptor family, and the like. It is

anticipated that the use of such mixtures of antibodies
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nonocl onal anti bodi es can be used is amenable for the
use of the m xtures according to the invention. This
wW@2004009%18 | ncl ude treatnment of auto-inmune di BEHRERR03/007690
and cancer, including solid tunors of the brain, head-
and neck, 15 breast, prostate, colon, lung, and the
l'ike, as well as hematol-egic tunors such as B-cel
tunors. Neoplastic disorders which can be treated
in Whieh tiree tiiexttuogs caaceapdisng iseuklse opr eshetr icowedexon
i ncl ude | eukem as,

5, ., | ynphqmas, sarcomgs, carcinonas,
SRS K A SRR VAL Sl g ot o
virS@lds LN 1 yBLASLALS 1 e sNdiciherenidealodd i~ 1oss
sem nonmas, ‘el anomas, nyel omas, neurobl ast omas, m xed
escegld viaumems,s rdepl dbkasiscagdedipgle moaecilons lagent s,

and at her | ignancies. T ts f t
ant RRedee AR Gaes Be e Bouae e oL e et
mi xR/ Neu arecepidakes, otwhachgeewt kidrdetear frecefonsized

such as VEGFRL and VEGFR2 receptor, B-cell rke
humggish o TaTGIEY. S -CHPGSSCHrEea TESTES E572 ,beet‘-’@,Pq%-C@é{ ?’Y

usen%ﬁk%ﬁﬁa§&${?uﬁ¥% GRo 922 8 G&hel sdreukeose ¢l |

surfape mar kers such as 3 or HLA-DR, etc,
Usecytfokilres: suicttuassTREnR 30 siontiedlede mse decapadits for

t hese cyt okines .,such as nenher.s of TNF receptor
VeLSHATRP tar?:c?]tenczcﬁqnfé. %Intowins +a tt%e S :

_ _ TTan |cﬁﬁé ed that the use
t r s UGt 48 28y es af pgntudeodife it -206A{RG96:1 8
PCT/ EP2003/ 007690 -56 in the treatnent of cancerous
antiibesiies orltotiferarddepp@t ednbhat S Jer eEms i ng
antSHd & QUGN A PSR gai Qlonatl I4FeHMilds dirvane
riseto I'ess occurrence of epitope-loss escape
trammicart sof haomplex use igfenss iyl enforgss] Grgips sing
. anti bodi es. Several t.reatnments nowa S ol ycl ona
ml%ﬁ%&qﬁwﬁy St ﬁé%ﬂﬁ%ﬁ Rﬁﬂﬂﬁ¥%ﬁ%§-d§?¥VE%§$%%;n&§%
acddPBIHFZ 6th tHETBINS,Oft i MRlrs .a TEesedInesd nevd saqeiyh e
replaced by use of the m xtures according to the
stymigwemt bR@RYTign andudainsi 4 et ikttt dreaTao of

infég%fgﬁ%lﬁﬁ%éékégwgﬁe to pathogenic bacteria such as

multidrug resistant S.aureus and the like, fungi such as
Candida albicans and Aspergillus species, yeast and the
like. The mixtures according to the invention may also be
used for post exposure profylaxis against viruses, such
as members of the genus Lyssavirus e.g. rabies virus, or
for therapeutic or prophylactic use against viruses such
as Varicella-Zoster Virus, Adenoviruses, Respiratory
Syncitium Virus, Human Immunodeficiency Virus, Human
Metapneumovirus, Influenzavirus, West Nile Virus, the
virus causing Severe Acute Respiratory Syndrome (SARS),
and the like. Mixtures according to the inventions can
also be used to protect against agents, both bacteria and
viruses, and against toxic substances that are potential

threats of biological warfare. Therefore, use according
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10 versus-host rejections, known in the art of
transpl antation, e.g. by use of anti-thynocyte

wa@pmobadies. It is anticipated that the m xturBST/BP2003/007690

anti bodi es are superior to nonoclonal antibodies in
the treatnment of conplex antigens or antigen
conprising 15 m xtures sugh_as bacteria or viruses.
Therefore, use according to the invention can al so
to itmé udher st cagaiamsta 1 st riaidisidef usac teyaiimsane tinardgis, of
.g., in the treatnent of .infectious diseases due to
bacﬁa“ﬂ%@gewcél (Gafc R 1 LS4 R L T A i &i&?g?trr Tant

boto B BHSE ANt e dd deeia fui Pe Suchh s L@ feandrdaoxin
al bi cans and Asperglllus speci es, yeast and the I|ke

Yefﬁwmﬂﬁ>ﬁaﬂ3§5éuﬂmﬁnﬂﬂﬁ?kkﬁtﬂuianﬁﬁﬂﬁﬂﬁquﬂ%#Qﬂ
busl etglfm Resl; £XR ?Pf%%l%§grqjtyajﬁlsocm&s nvc' %Sc%ém B,

€ 'genu yssavirus e.g. rabies
or \Addisistorvifided Rercipelst iVardrolar mm"g}dractall@ms;ara@aamst
viruses such 25 as Varicella-Zoster Vir
causddrb ViSTHdIICeIRERi dttdry S Wnﬁ%rﬁmﬁ% us VEEYrand

WEE{W% ded AN mVidH B dAETBRnIVBIRRNRUIRMIITES ;such as

nfl uenzavirus, West Nile Virus, the virus causin
Ebd&auﬂMaﬂhunge$%$QRHGHDHMJSyhdHDﬁEﬁ@$ﬁRSerQﬂﬁﬁtﬂﬂ?

| i ke., M xtuyres according.t.o.the |nv 0
Niggh G@erd‘l%’o%aé@tmfgeas St AT eork{eﬁ)%o ch% gpla]%l
and/ivYdisiesy ek agaimst dm@galsimsttaﬁm tehaf. &de-in toxin

potential threats of blolo%‘cal war f are. Therefore,

frqyrs&%m%%lﬁom §9e1 8 iR BT (P F5XLEES o
ac{é¥§(§§/ (¥H¥éﬁﬁa Qrd e dise rRgalds tusy M) s &

as Bacillus anthracis, dostridium
unﬂnnlmuknmndmxmﬂimﬁeiﬁulahLpaqﬁﬁﬁUe&@éﬁﬁxgﬁﬁﬂanttoxin

Ye Pest F | | 5
SRR 195 B G E L B ST AT B O et o SR

beddme ¥ SBd NSt dthidtsiBfe SUEHASyMasrianl anmjbadies
al phavi ruses cau3|ng meni ngoencephal i ti s syndrones

obyHERE Ry, P ARERANaL | §Fe L ¥ RAT H Cause
mAHHE§J€¥gHF JPV§m§n§¥QQ1QﬁThyper—lmmunlzed animals.

The mixtures may be more efficacious than recombinant
monoclonal antibodies in various therapeutic
applications, including cancer, allergy, viral diseases,
chronic inflammation, and the like.

It has been described that homodimerization of tumor-
reactive monoclonal antibodies markedly increases their
ability to induce growth arrest or apoptosis of tumor
cells (Ghetie et al, 1997). Possibly, when antibodies
against receptors or other surface antigens on target
cells, such as tumor cells or infectious microorganisms,
are produced according to the present invention, the
bispecific antibodies present in mixtures according to
the invention may also crosslink different receptors or

other antigens on the surface of target cells, and
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Ebol a, Marburg and Junin virus or against viruses such
as 10 N pah virus, Hantaviruses, Tickborne

wepwepbmis tis virus and Yell ow fever virus orPEQEP2983/007690

toxins e.g. Ricin toxin fromRi cinus comunis and the
like. Use of the m xtures according to the invention
can al so include use agai-ast unicellular or
mul ticel lul ar parasites. Reconbi nant 15 m xtures of
t heartficrediseshaod artdires m@ythe wewenﬁu@mabéy foechad 1ang
afe alter ative to cIona antlb i es d
q&ﬁrﬁﬁﬁ&ﬁ gka &§§e§é |nﬁﬁﬁg§a?ﬁ%% a5F

ledd Qi@s?@rra%l%f hyRe bridgamt 26 ariiFal 8.1 soTheoliixesr es
may be nore ‘ef fi caci ous than reconbi nant 20 mpnocl ona

metdrridshddi g dombiaringly PrecaseuiEtuzgsl Péapnéadodies
c orr{pq}\i1 slimgg?na%%ﬂ émt%l slg%cg.ﬁf 5 VRl pdles 8as egt helr @Rt

IO I't” has been descri be th%t
de standidreshazattihen edff ifcanyr o ff eaekitwentomddhoRdft uximab M

anti bodi es markedly increases thei,r 25 a
(e O MRS Lo AR SR it LoeTRarer ke hti-
cpddNeld & Rii Al wel?9 %)dde%o sgidinpaier tanti bodioes .

agai nst receptors or other suarface anti ens on target
Thegm flas;e s udh iss dﬁmﬂﬂtaﬁel’df@tormqfiﬁ@étomo antibodies

2gdliELOnANISTS, ane r oduced: agerding Lo Lhe esent

|speC| i ¢ an bodles present In
conPrdldines aAtcordinty tant el iiesy emt ithe mHaloefo B-cell

crosslink different receptors or other ?6@ %%% ‘
reqaRE QIR 1 Gat1RA9LEs dRFERAS04 Leivity
of RGH&EP %?l/soqw%mpl@néﬂ%e r8fQl & SLIQ:h HEsX taursRs yesn be

very suitable for killing such cells. Alternatively,
shomertlta“smedlrfnpdeamqnbvdlaéslcm é:och_ts:@ld@sﬁ ragmlgcq%

I nventi.an rOV|de
an Jec(i?fg’néarﬂ fmptl’]o(g’ﬂJ )Ptorrles |%b SeslSS much
mo 10 MBS G TR HA ry ﬂw@_mwfdlmlalﬁdn@im‘iwﬁ:s liin Hase been
descri bed that the efficacy of treatnent with _. |
t r o= 4d et T IR (R =320 BRI aR St | odffg cient

modégnﬂ%ﬂﬁﬁﬁ Nﬁfﬁ%éﬂﬂ'et al, 1997). Many other

combinations may also be feasible and can be designed by

Su

-the person skilled in the art. In general, the use of

antibody mixtures that are capable of recognizing
multiple B-cell epitopes will likely decrease the
occurrence of escape variants.

Another possible target is a transmembrane tyrosine
kinase receptor, encoded by the Her-2/Neu (ErbB2) proto-
oncogene (see e.g. US patents 5,772,997 and 5,783,186 for
anti-Her2 antibodies). Her-2 is overexpressed on 30% of
highly malignant breast cancers, and successful
antibodies against this target, marketed under the name
Herceptin™ (Trastuzumab), have been developed. It has
been shown that targeting multiple Her-2 epitopes with a

mixture of monoclonal antibodies results in improved
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CD59 anti bodi es were added (Herjunpaa et al, 2000).
Therefore, it is expected that inclusion of antibodies

wdaooagedemst CD59 in a m xture accordi ng to thePCI/EP2003/007690

i nvention conprising anti-tunor antibodies in the

formof B-cell receptor recognizing antibodies

i ncreases the sensitivity-59ef tunor cells to

conpl ement attack. It has al so been shown that a
anticymvetlccam&iraity)mﬁ(mklumdm dreati -CDIRr 1&11 line in

vi 800 G PO T ¢ T AREH e A o TR iy (e

théfeadr@nie of duwaN.Srget | £dyphomody iktures
I mrunodefici ent nouse nodel (Flavell et al, 1997).

acRARYiRA Hed thRndF eeehonsn eyt Eso A FRedies crspdik afer
chbE RSB SETLAY 20 (e PRty SNSRI d B s s Tene

m xtures that are
presgabl tnvént Boogni ze hgd imyl dniplleodds ol $p ey tropesods | |
i kel y decrease the occurrence of escape variants.
Anot her possible target is a transnenbrane tyrosine 25

Huﬁaﬁ%i@&&ﬁ@rar@r@@@@@wm hey et + 24 Newr £ & hB2)

proto- oncogene (see e, g. US patents 5,772,997 and
fuBc78sRN 1‘8@ fl@xndumutmmlaw k) .regsRoFs on

over exp % y
e PR AREF teRRsy fmad], a%*‘éi e
andlar §&f,, ﬂiagrlcatnqxiamﬂﬁf ttd*nanm mmd—iarndepmtma‘r'ddct with
(Trastuzumab), have been devel g}% It has _ _been shown

Foy hegcetdagat itey imdudeplantidiody sispeasen twiast la magiatace

oy S Ob A O0Te 3 IR EPao0s SOvEDD S - h T Gt h sSSP
of Of e gp hturedr Pricasst canderetedse |oheinfilammdtoryand in

vivo (Spiridon et al, 2002). Her-2 may therefore be a
megbator ared ¢ ko ke Dodyumaxt Lok sintrearis il to TR,

ent |n ention,-Antibodij f r hi
algﬁr BsE° T tbjeno%ga%%%a%mg i ‘ﬁg?@ &]éleéfgrz? Ce(tél ‘lflr?]dt he
ph@@@éﬁ@ési@v@ﬂtt@ﬂgetn@éyﬂ$ngH@m¢¢bO@Wedt@ptmg nmet hods.

differential distribution of FcyR and FcaR on peripheral
blood cells (Huls et al., 1999), using a mixture of
antibodies directed against the target and consisting of
both IgG and IgA would potentially maximize the
recruitment and activation of different immune effector
cells. Such a mixture of both IgG and IgA could be
obtained by producing the IgG and IgA monoclecnal antibody
in a separate production process using two distinct
production cell lines, but could also be obtained from a
single cell line producing both the IgG and the IgA
monoclonal antibody. This would have the advantage that
only a single production process has to be developed.
Thus when different heavy chains are mentioned, also
heavy chains differing in their constant regions are

encompassed in the invention. The principle of using a
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Human anti bodi es are capable of eliciting effector
function via binding to i munogl obulin receptors on 10

w0 pawunedees f ect or cells. Human 1gG and in partPCUEPR2003/007690

IgGL and 1gG3, fix conplenent to i nduce CDC and
interact with Fcy receptors to induce antibody
dependent cell nediated ggtotoxicity (ADCO),
phagocytosi s, endocytosis, induction of respiratory
compmustliantt releasecaof 4dIdd amratserdy fdr nedi girduanibn of

cytokines. Human IgA interacts with FcgR, also t
2 UGS T ST GRS VG Gl Do P therefore

vePhagand, 0 H it ta gale GO SentHafR U 11 thovide a
differential distribution of FcyR and FcaR on

metgerd pheer girodiwiot celmisfug o fetand] 1hodigo)cony iyl g

. m xture .of 20 antibodies dj.rected [ t ar get
dlé\%]edreégznﬁssqtiyr%esoffr H&)t&hsriog% acﬁed1 ’gz&\?\ébﬁédt%o entially
conped Mirke e st@sraff § ettt anichact inatt arelof dififersintg

i mune effector cells. Such a m.Xxture Ci{ ,botaeli}bégG and
a Nl iguiaFist SYBIAHREMBPPr T Ndthe 1y | gA
nudioelgnal amidodys Zn ddy e eRanalfsPralictd By chains

process using two distinct “production cell lines, but
of cduff fkrargo o tuinai theat faom cepaitylal cddringevith

uci.ng .bot h the, 19gG and. .the I
Saﬁ%t %%hﬁﬁ%’ v%rhcfl%“gh%ovré(%tthleonaédgé}nqd;g%q%g{@ only a
exSit ¥l BOPIOHULL i O DeEs sadias deapdien ctey el Apest:d Bog Thars
when different heavy chains are nentioned, also, heav
thihasred fdlerihry InVemel o0 c ghstiafieHedithey arpins ma

c e | jovention T iNei Pl erof Usi g
2 (i 5000 0001 R EP2005 007690 60 oirars T i gt
corchznt cayialsy be. aisdek fof dhef qreaductsoiypd ard have

Ehg o et SUHRR0 of T I BT RS T ST a pr ot e
1is@typed hshd of sProgucé g aamm xdarendfamnt gbogh®bor IgM,

conprising 5 different isotypes froma host cell, the
pre@g iy c]%}ﬁﬂf i &F nggEhead e}?ﬁ}gf Ot 1 PP 2R FERES cof |
Ig@fquééafmkgGB and IgG4 can also be used. In these
embodiments, bispecific antibodies will not be produced
because the variable regions are the same.

In other embodiments according to this aspect of the
invention, not only the constant regions of the heavy
chains may differ, but also the variable regions, thereby
giving rise to different specificities, paired with the
same light chain. When bispecific antibodies are not
desired for a given purpose, e.g. because the mixtures of
antibodies are less efficacious because of the presence
of the bispecific antibodies, it is possible to use at
least two heavy chains combined with the common light
chain according to the invention wherein said heavy
chains differ sufficient in their constant regions to

reduce or prevent pairing between the different heavy
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a nucleic acid sequence encoding a lIight chain and
nucl ei ¢ aci d sequences encodi ng at | east two heavy

webaisnede1of different isotype that are capabl eP@F/EP2003/007690

pairing wwth 10 said |ight chain, under conditions
conduci ve to expression of said nucleic acid
sequences. According to .ghis aspect of the invention,
di fferent heavy chains may have identical variable
chafiggi, 08Sg.apg erlingdhkbey thathei of dafseanhtr égoogpes,
(|.e. be of different isoty Ee and_have 15 tg sane
e.ggpadi £PELt PRA PR &95ar t(SeR1 i JenbddiREne, SSAFFatLC

repféﬁkxﬁg%lgﬁqprﬁ%el%tan%@%&pﬁﬂebggﬁéﬂdtﬁ% hgAvgndhatns

preferably Igd or 1gG3 and | gA her

of dcnnﬁﬁemanrtowoccwel gaill pgée, mllgGGlaﬁé egEicégntal 6 BE
used. In th

enbaodi nts Lspe i f
allyi FPMREE e 6?5@565& n% useaﬁﬁé v%ﬁF%gﬁaQQQ%%gﬁ it
is aneot hessdme @h@Qhe%&bQﬁbﬁaﬂESeaéﬁar%bﬁgyt@hbhns
aspect of the invention, not only the constant

in thgilansopstend HReghpn @W&Pn§hﬁ§yh&mpﬁémerﬁé@t&P§ol?he
fav%? ?%%xr%@EQF%dl grQQXﬁog'Vbn rb§ethr@HEE§%%nt

Icities alre he 25 ‘same 1ight chain.
sel‘oﬁhebmbllepmﬁarq anttichrediteonar d seet e .dgosiOe@8/&04g1l for

gi,ven .pur pose, heca t he m xt res of
PO%%ﬂblB&&ﬁ§§raF%Kﬁb%§ eﬁgig&§|6ﬁgcﬁe& Se G ite
striRtesaRee (e e 98 /prailhic art iikodhegeficrd ainpasieirbl e
to use at | east two heavy chains conbined with the

aspesnof [thehte 30 &ttai i veet s ﬁ@ PEOVHES JvaRteR for
pro nerein Salid- eV or chalins didd 8% SUld Gn@nihdnt e,

cost ant” regi ons to reduce or prevent pairing bet ween
thel e tthicld errmIIuch]ea;/ytnM) 204 0F09 81P rREHER2(08/2007690

-61 chalns y using heav Ins of differ
req% b ket e o P es R A § PES %
l’Pc d}ﬁ‘a{%ﬁ% HlR)ic ldcii®s s’%d’dfushdh’ﬁ %.’hdd%ﬁlnq e
heav ains of different |soé§Pe w |l pair much | ess
Leagftf |t0\lcer¢tlfﬁ€freﬁt heavy Fedpd ddiato FHE Fand Helvy

varlgkle ‘re Eﬁrghd\%ﬂé% dfe capable of pairing with said
common light chain, and wherein said heavy chains further
differ in their constant regions sufficiently to reduce
or prevent pairing between the different heavy chains. In
one embodiment, said heavy chains are of different
isotype. In specific embodiments, 3, 4, 5, 6, 7, 8, 9,
10, or more different heavy chains are expressed.
Mixtures of antibodies obtainable by this method are also
embodied in the present invention. Such mixtures will
comprise mainly monospecific antibodies.

The teachings of the present invention can also be
used to obtain novel multispecific antibodies or mixtures
thereof. Therefore, in another aspect, the invention
provides a method for producing a mixture of antibodies

comprising dimeric IgA isotype {(IgA)z} antibodies in a
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is also possible to engineer the different heavy
chains in their constant region such that

whesdisses | zation is favored over heterodi merPCEHEPING/007690

e.g. by introducing self-conplenentary interactions
(see e.g. WD 98/50431 for 10 possibilities, such as
" protuberance-into-cavity's2-strategies (see WO
96/27011)). It is therefore another aspect of the
requnésientnt rwesit,i ovhdmeipr exti deass tmgtahad dforsaipr ddoeirig a
m xture of antibodies in a reconbi nant .host,, the
TG AP ATAIE (He SHER tof TPty o 8 F§ch oF
thd SRR AN: NOSt e de th I Woftipt 1agind sequeney @imodi ng
a ‘common light chain and nucleic acid sequences
expezmd ny a2 |essamigendi fiosite i Hedy ypUsH&E s aist
iffer int var j r.egj,.Qn t hat I f
sl hiantini g Bl i T AL R
sedfintdancahainsat urdder 20 diffferdnt tHeeivy cirsha@ntof
regions sufficiently to reduce or, prevent pairin
Lo tSRIemPe HARRT ¥R rentP e AP Gaiied Mg, 11gne
ch8MoqiHEN 1y S&d &y heawse hal e ARe Haidid faremdr in
| sotype. In speci fic enbodi nents, 3, 4, 5 6, 7, 8, 9,
thelid; vorrimivlee dié¢d errentDimeaiye adhidim o fartdi e disie S9d@Cls S

M. xt ures_ of ti bodi es obtai e by thi are
Car’a!bseo erg}ﬂ{b%ﬁfcgg) n heexPprreeSssgLﬁ{bait&nvcé%llno ndysoéﬂge{wéq mq%t ures
1999)l | SimMiter @i Tgay anmyidsrc s irawntivmodipes:i fild ties

teachi ngs of the present invention can also be wused

(sqe It aih Foved ?&ﬂ?m@d&i?qﬁtr%ﬁr}%% WSt ur es
posid YNEr&9fm JREEEEM &and b Her: ASIRC tniddifke) . In

Invention provides a method for producing a mxture of
yetardr didtd esa speriprilse nigrdimeirdre gapvidss ypengihiapn)tor

antibodies in a WO 2004/.009618 PCT/ER20Q3/ 0Q7 -62
Pragtom farftHPaEe ?/\ﬁe‘—‘}ré J%Oa%ﬁseacs%mpgalrzﬁl%éf agla%%
antidBRey Cha Oy a8t | Dogh e scvha e i § fearte ndp dut infrlil aig- dreegi artse

in each of the IgA subunits, the method conpri si ng
methid FEPBEsingxphe syt 9h FKRRHEIhart %dn%coé‘éﬁ apt

hoé%“%éﬂf f@ﬁgcleic acid sequence encoding a common light

chain and nucleic acid sequences encoding at least two
different heavy chains of IgM isotype, wherein said heavy
chains are capable of pairing to said common light chain
and form functional antigen binding regions. Up to five
specificities can be comprised in an IgM pentamer in the
presence of J-chain, and up to six in an IgM hexamer in
the absence of J-chain (Yoo et al, 1999). Therefore, in
specific embodiments, 3, 4, 5, or 6 IgM heavy chains are
co-expressed with the common light chain according to
this aspect of the invention. See Fig. 10 for a schematic
representation of one of the possible forms that can be
produced and present in the mixture according to this
aspect of the invention, when five different heavy chains

are expressed with a common light chain. The invention
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5 sequence encoding a common |ight chain and nucleic
acid sequences encoding at |east two different heavy

webainedsts | gA i sotype capabl e of pairing to BEi/@P2003/007690

common |ight chain, wherein said different heavy
chains differ in their variable region. Dinerization
of the IgA nol ecules 10 cam-be enhanced by
co-expressing J-chain (Yoo et al, 1999). Said dineric
aldogAdmntiidecsdi fese Hagke otlmr@edigﬂ\d Ceritesie(ss e Fegan@ fsor

a sch t|c repres t one SS bI form
havﬂ'rn&d "\é%é:ﬁtryfaet#et‘%e e)ﬁllﬁléf% I ?@t SInot her

mol%ctﬁﬂ(és tcfk?n W e d QI Qe S & 1ot faors1l‘z5_;yle host
producing a m xture of antibodies conpr|5| ng an I gM

Celdntadﬂmgdmlmg e Iléﬂét@tnttwvé1 -diSfrcdy @l espdEsticiti es,
harbou %b%eigﬁq%lcq?éwrﬂl%%% @iﬁ] o let%f(Qfl%s.Eséf&E na

reco ost elic acid sequence
speaticidi ingl s € ararbiridyhti £ fehaint apd tupedseion adied same

sequences_encodi ng at | east two 2 i fferent_ heav
antdififths ﬁwn’%&%&e%&%m%ﬁ%ﬂh OP%H% re

an&%@, rPfaPed didit @ 19al d vy Idrwyslclnadlmg aiHd
formfunctional antigen bi ndi ng regions. Up to five

antsippois it t¢ekl£an be conprised in an | gM pentaner in
the presence of J-chain, and up to six in an | gM
hexamer in 25 the absence of J-chain (Yoo et al,

It 1199%)et Hesg{or easpgart sifeaifd resdeadi nententidn 40 5,

| gM heavy chains are co-expressed w
o r oI OGBS G T s e It i o3
ha\hfr}YgerH Q1 68 el d of el GsdLpr agrNtid iy

one of the possible forns that can be 0 produced
conathsplrI@elme i stemre afi xt)uresldicrbraditiige i & Hifs ardsifadies

wh dj '
in aﬁ' ettué}%p#g%/rgrhgl‘%]%w a%glom%ol d %ﬁegme]h rﬂ].ea%‘tﬁe i nvée}%t i%Gh
saﬂ@r@ﬂ%ﬁﬂ@%%ﬂk@%ﬂyvﬂ{gﬁﬁﬁq s atistyreovdafdes

for 1gA dinmers, |gM pentanmers or hexanmers havi,ng at
an’qﬂé%ql&tsé/\oc%ﬁfﬁe?%tanstﬂé&cﬂ%ﬁ thasEL N OT e SEOMRAS

ch£a0N. be, pf oduced. fL oM & 1906 10fs & il 18 0sits

comprised in a composition according to the present

invention.

The invention also provides a method for recombinant
expression of one or more proteins in a single host cell,
wherein at least four different polypeptides are
expressed in said single host cell. Each polypeptide is
independently expressed, and may be under control of a
heterologous promoter. The protein or proteins may be
isolated separately or as a mixture from a culture of
said host cell. Preferably, the host cell of this
embodiment is a human cell, and/or may be derived from a

retina cell, more preferably a cell comprising adenovirus
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cell according to the invention. Such nolecules, 5
har bouring antigen binding regions with different
W@ p@aiobdets ti es, can bind different epitopes onPCTEPRAN®7690
antigen, different antigens on one cell, or different
antigens on different cells, thereby crosslinking the
antigens or cells. 10 It .ks-yet anot her aspect of the
present invention to provide a nmethod for identifying
El @echjushdes dh ansi bedoes, hagitngraféesbigdaePERGCE n a
functional assay, the method conprising the steps of
Celﬁ) adding a m xture of antibodies 15 in a functional
assay, and ii) determning the effect of said mxture
in said assay, wherein said mxture of antibodies
conprises anti bodi es having a comon light chain. In
Exad referred enbodi nent said m xture is conprised in a
Sﬁﬁﬁkition according to the present 20 invention. The
Thel FENUWIMAlS@mpley des @mm@d feor irldcetirianantthe

expressi on of one or nore proteins |n a S|n | e stt
invegiyion wiéeidFeatolte §khﬁbﬁpn§ oy Pépt i*Ges

llmﬁket%% g%ﬁ%%dth% SR niiRg . eT%%Sbr%%EﬁceE%&hthls
pol ypept i i ndependent|y expressed, and nay be

invemddoncentirlolempfloy, etlerss @g@@gvpﬁmmélrlcaméi,pr otein

r.ot ei.n ated separ. at r
coretiRirs e & oR T Soaa: A e PASIS
mldﬂ&l%q%queldequ pikil® 30 %mapd:let&iﬁibllr&na Imrgn weeldh,

and/ or may be derived froma retina cell, nore

areprv@fté»rlamt;h% KAl edmphiss i -adEfodi s SABPX941:009618

A Nt
o SSUPEPUOALEN0 oot Busmnysngany i augmnan

Marﬁmu,ovm“ﬁge@x*arqm,esl%ﬁ%, pCovrerd Pootdtabs rin dMehecular
Biology, Ausubel FM, et al, eds, 1987; the series Methods

in Enzymology (Academic Press, Inc.); PCRZ: A Practical
Approach, MacPherson MJ, Hams BD, Taylor GR, eds, 1995;
Antibodies: A Laboratory Manual, Harlow and Lane, eds,

1988.

Example 1 Production of a mixture of monoclonal
antibodies with a common light chain and two different
heavy chain variable regions in a single cell

Clone UBS-54 and Clone K53 were previously isolated by
selections on the colorectal cell line SW40 (Huls et al.,
1999) and on a heterogeneous mixture of mononuclear cells
of a patient with multiple myeloma (WO 02/18948),
respectively, with a semi-synthetic library (de Kruif et
al., 1995b). Further studies revealed that clone UBS-54
and K53 bound to the EP-CAM homotypic adhesion molecule
(Huls et al., 1999) and the membrane cofactor protein
CD46 (WO 02/18948), respectively. DNA sequencing of the
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i nvention, and are not to be construed in any way to
limt the scope of the invention. The practice of this

WO pwentdeo Wil | enpl oy, unl ess ot herw se i ndi CBCEEP2028007690

conventional techniques of imunol ogy, nol ecul ar

bi ol ogy, m crobiology, cell biology, and reconbi nant

DNA, which are within thgsskill of the art. See e.qg.

Sanbr ook, Fritsch and Maniatis, Ml ecular Coning: A
clohakoraenyedVenual £ha¢ edirei oniqh889n €her Bertivy chain

Protocols in Ml ecul ar /15 Biolo%y, Aus bEL M gt.al
CDRgds butgghat; fbeyefrasaiBefogs 1 ﬁnﬁﬁfﬁio 6§5t(ﬂ 2deni ¢

ress, (H¢.) 3)PCR2: A.Pragticals ArLacihs-vacRiel sos
seq@ﬁs%%aégq D,3+é§ﬁ§F g&,égngL?%BS; Eﬁ?ibodies: A
werlkealosatraey Matvabn Explrewsipd Vensoregontaindgy zbe

| e Production_of, a.m xture af I
HAVE?%Fﬂg@ﬁég Rfﬁﬂegcgoﬁﬁgnaﬂﬁgﬁ%ecﬁgg%ngggggk%ggfffgpgnt
thehedhstahal Rowalingblog meauans Toca singl @ EeppaCldgdt

UBS-54 and Cl one K53 were previously isol ated b¥ %gv
chadal & ifometdect ke seaitdrddiar sc 8RS riRE ISWBE SLHE s
l\. , .999 heter, e '
20 o A O e Pyl oma
pC D40 3WD/0LBAS) ,( Figespect iThelsy, pliatsinidssweires pvemetieatly

library (, Kruif et al,., 1995b). .Further, st udires
xRS A A GHONE OBa 51 SPAARES Bk e Y e
ce16R- CAM honispicacadhesicafl Apherulves tHuhstfettal. by
1999) and the nenbrane cofactor protein

. CD46 (WO

incuRyatggus)fon dspectrisvaliyph BMA $dqlereitRgtemitige W0 1a
2004/,0096 RP2003/ 0069 o I |

DN i gy e R G0a e s Eharn (o Bt

botrhatir heyroorfiraen @YEM nedsnti eal 37°Ght Adttaim 4 deyuence

endfiy Sl Al O 9088, VR PA A I
gr%gi{'%\é%i'ﬁﬁd%rt sequence1agdyakk thencedbngdsedquaness
and the medium was replaced with Excell 525 medium (JRH
Bioscience). The cells were allowed to grow at 37°C for 6
days, after which the cell culture supernatant was
harvested. Human IgG specific ELISA analysis (described
in WO 00/63403) indicated that IgG was present at
approximately 10 pg/ml for all flasks containing
expression plasmids. No IgGl was present in a control
flask which was not transfected with expression plasmid.
Human IgG from each supernatant was subsequently purified
using Protein A affinity chromatography (Hightrap Protein
A HP, cat.no. 1-040203) according to standard procedures,
following recommendations of the manufacturer (Amersham
Biosciences). After elution, samples were concentrated in
a Microcon YM30 concentrator (Amicon) and buffer
exchanged to 10 mM sodium phosphate, pH 6.7. Twelve pg of

purified IgG was subsequently analyzed on Isoelectric



10

15

20

25

30

the constant domains of a human 1gGlL with a Kappa
light <chain by a nethod essentially as descri bed

w@ Bwelowts al, 2000), which resulted in plasm BPSI/EP2003/007690

pUBS3000Neo and pCD46_3000(Neo) (Fig. 4). These
plasm ds were transiently 10 expressed either alone
or in conbination in PER.ghAIM cells. In brief, each
80 cnk flask was transfected by incubation for 4
focheuhg welb 148rph PirpotestalkEmegelip pH r@hge(8riber

pUBS3000Neo, pCD46_3000( Neo) or 18 g of bo&h& [
categpant? $66) DVENFIBARGRPL VSTE, LARREN 0nbUFsL OYsPin; s
sidd@sniyepkaced fkﬁbhgs@%@%&éﬁ%%&h%gub@da@l bsueer e

grown overni ght at 2l I's were then washed with
(FiBBS5)an@iatke lnetioum wasnséphidgdenbrasereéekp3p2bane 2

medi, um (JRH, . Bi osci ence).. e.ge I
Shogﬁoﬁrﬁpg§56¢%greépr3§§§§ gg?épﬁmékghﬂghg ge%ﬁw@gl%gﬁe
IgGSdRepnat amt twas c201kanveshedh butRnahgGospeéesf werELESA

anal ysis (described in WO 00/63403% in%icated t hat
trapgGemisdpr €d6atlar Kgpeasd NBEsP§ €8CBglalSf 8r UAAYS

pI %&%%Eﬁecgﬂhakﬂkn%agﬁﬁgr%%%hoﬁhglé%gkgﬁsf@@thggﬂs“@%ed

resent in a contr | ask whi ch was not transfected
otheirt lundxpeessiodorplsaswiidth t2® Hadanm LgofPramheaséhg a pl

. supernatant was equen _Ryrified .uysi Protein A
in SRR St R A R R ke, selag
anﬂ%ﬂiﬁ%&edlDQ4Q%Q3ba@Q%Ob&iﬁ@etQh%b&@dabdpmrwheﬁures,

fol 'owi ng recommendati ons of the manufacturer

calicadeteamithi 666 EFeedRrans terlePEPVaASsRpItES REPESY
concent d /i an ngantratoor) , k53
honkegrﬁggeoé)rh%ﬁat%d /ﬁqf‘”’f%’gre%pglf H%ﬁléegﬁygglggn% sodi um :
andEspitat @avieH 86 thecheelive pig odf 8 .gdr ehided -16§G was
subsequent |y anal yzed qn I soel ectric i%OO /009618
reSREHENSI03/ S 38% 155 8§Fh§e§§F§e%ggr@é re- cast

heddEo@8les J#H JraN@B B3-540 heabat IR nd 2866 JoneT NS 35 argalves
were | oaded on the low pH side and after faocussin
chasitrailvesd anitihie agsiiisiadale biafe 8 -Ogi-g Assprlgn ety %\/\%

hetterraonasiim%cht léénem{l%f‘%%&%vhelna%e s%ngle cell translates
both the heavy chain of K53 and the heavy chain of UBS-54
and assembles these into a full length IgG molecule
together with the common light chain.

Therefore, this experiment shows that it is possible to
express two unique human IgG molecules in a single cell
and that a heterodimer consisting of these two unique

binding specificities is also efficiently formed.

Example 2 Production of a mixture of antibodies
against human B-cell markers in a PER.C6™ cell line
derived clone.

A method for producing a mixture of antibodies according

to the invention, using expression in a recombinant host
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5 shows transiently expressed UBS-54 and Lane 3 shows
the 19gG sanple of the cells in which both anti bodies

wowreeg/0ewi8 t ransfected. Cearly, K53 and UBS- 54PEHEP2003/007690

have a unique pl profile and the sanple formthe
cotransfection showed other unique isofornms, with the
maj or i sof orm having a pl-a&03 in between those of K53
and UBS-54. This is also anticipated on the basis of
celheof heos g te pl ighencheah calhat Sored t i £ herPnbt Paaam

tool provided on the. Expasy,, hone e .. .
Cha RRP o TP ARy BRI Appet et HIS TS 1hbHT Ke3in aha
fokBSfodchayead sheohediespliofeberddl Bnted. B6redd and is
respectively, whereas an isoformrepresenting

schenetber bty orovheluBBigs heakBa gt %n(a%@i@%eaﬁsébodies
caé%@%gaofh@iﬁdﬂg(? néré‘es?ﬁgt fale! Of Bafdn @Ségﬂ%y of

het ero r can only occur when a single cel
i.éradB22t eBD7Doahdt Me]j beaiys thavmpaf 1iKEBi andCohelaravy

in_of UBS-54 20 and les th i full
0iRERTRST GE b GEEREE ToOSTRer of (36 CHcORfoneFF gt
pr&fdbiis1yhessf 9red thos expeni rBpitisdons phagei Libsary

possible to express two unique human | gG nol ecules in
(da Bragf ectedl -, ah@Phavar RRY eV Wek flerdeonsigsi fig of

hgue bi ndi cliigities i SO
Lo PR e Ly F Tl e eI A R it B AR Pt ure
segfieant s bofli €lse pgagast chomanBEB cehht iraCR225, i olane I-2
PER C6Tm cel |l lin 30_derived cl A nmethod fo
(aBF b h Wk G@I5T hnt | bOth bs- ALtbr BT KGR L0 LhaS
thégV§Di'@8mt&§th @%P%@ésvyﬁegﬁeﬁcé¢09ﬁblBa@bmhg&tlwght
2004/ 009618 PCT/ EP2003/ 00769 -67 cell of a single
chiighteghanoe afdld hreetldi 41 ef @it heml yCDR hee gisoc apabd e
of pairing to the single light chain to form
functional antibodies, is exenplified herein and is

TheChENBLd Gal krgshewesi BeFicdonfs Bhages-engadi #G-2 are
anti bodi es 5 capabl e of binding proteins present on
clonednoEhtedl | she HAVT20 leader sequences of an
expression plasmid comprising a heavy chain. An example
of such a plasmid is pCRU-KOl (contains kappa heavy chain
sequences, that can easily be interchanged for lambda
heavy chain sequences if desired, by a person skilled in
the art), as deposited at the ECACC under number
03041601. The cloning gives rise to plasmids encoding a
full length human IgG; with binding specificities for
CD22, CD72 and HLA-DR. These plasmids will further be
referred to as pCRU-CD22, pCRU-CD72 and pCRU-HLA-DR,
respectively.
Stable PER.C6™ derived cell lines are generated,
according to methods known to the person skilled in the
art (see e.g. WO 00/63403), the cell lines expressing
antibodies encoded by genetic information on either pCRU-

CD22, pCRU-CD72 or pCRU-HLA-DR and a cell line expressing
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i.e. CD22, CDr2 and Major Hi stoconpatibility Conpl ex
(MHO) class Il (further referred to as HLA-DR) were

wpeevioaess y i sol ated froma sem -synt heti c phaP@I/EP2003/007690

library (de Kruif et al., 1995; van der Vuurst de
Vries & 10 Logtenberg, 1999). DNA sequencing of the VH
and VL sequences of the yggages cl one B28 (anti-CD22),
clone 1-2 (anti-HLA-DR) and clone 11-2 (anti-CD72)
antridvetileed dradded Hey all tdordenipil sssmind su erNdt sfaguence,

but . co n light chain ence (V73 Lth_ap,
el i Cof LorREP agrere b, D Bits AR B i WPissue
cuaguenseshd clones Bldeded) W ddo 2 B $xs aloded

behi nd the HAVT20 | eader sequences of an expression

apnﬁcaisimerte:lcnrrp%i%imgl@ lsedty DRl Alshn aadakskE oyersdeht
smdjs U- ant.ai:ns chain 20
uncgeelg utéehneclerg,r{?rhrg?%c%&r?age%fselcl({/brgielntfln er gﬁla(i}% Zé/dd ¥or | anbda
corlaamyr hatﬂ‘naos' 'rn)aam@‘rf’@ed s imegasklted,ayby tar aperfeart iskisl bee
in the art), as deposited at the ECACC under. nunber
P LRI 1LD THPTTBHT - Givestt |56 §5Pas HBe TEEauiAg
(Irﬁziﬂ‘ﬂgeﬁ eigtd) Pk, 1 9ddle 4y ta’(bcmflﬂjiir[‘t? spest dngitd es
for 25 CD22, CD72 and HLA-DR These plasmds wll
prdugadier weovidddreedthe ranypERIGEY, WORU-adbfrerand 2

= DR, i St T '
ng BEROTITRR o gt T 2techra i Kot Hade Kok
ng e thenpersesn skipdrg-cma heCrRBD-cr12 (ae@ sCRU-NIA-DR.

00/ 63403), the cell lines expressing antibodies,
As ghHET DY Pt TRNTH SRR i ot ot 1T Hrerd p%?i)—gjtﬁfff

ar@%r@@&@éd HLA DR andha-seldedide, axpressd ng:
2004/ 009618 PCT/ EP2003/ 007690 -68 anti bodi es encoded

dighealvithriee pbashiass fatkedfaord, sePER TETM T 1% are

o sl_ie ed in DVEM plus 10% FBS in tissue culture dishes
P di aneter) or T80 flasks with approximtely 2.5

Afed 06 €&l % shpers fi ol B dh ke piastved ntwite with DMEM and

refed with fresh medium without selection. The next day,
medium are replaced with fresh medium containing 500
ng/ml G418. Cells are refreshed every 2 or 3 days with
medium containing the same concentrations of G418. About
20-22 days after seeding, a large number of colonies are
visible and from each transfection at least 300 are
picked and grown via 96-well and/or 24-well via 6-well
plates to T25 flasks. At this stage, cells are frozen (at
least 1, but usually 4 vials per sub-cultured colony) and
production levels of recombinant human IgG antibody are
determined in the supernatant using an ELISA specific for
human IgG; (described in WO 00/63403). Also, at this stage
G418 is removed from the culture medium and never re-
applied again. For a representative number of colonies
larger volumes will be cultured to purify the recombinant

human IgG; fraction from the conditioned supernatant using
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5 under their normal culture conditions (10% C02
concentration and 37C). The next day, transfections

wae@4/oeig or med i n separate di shes at 37C usi NBCT/EP2003/007690

Li pof ectam ne (Invitrogen Life Technol ogi es)

according to standard protocols provided by the

manuf acturer, with either--2 10 pg pCRU- CD22, 1-2 pg

pCRU-CD72, 1-2 pg pCRU-HLA-DR or 1 pg of a mxture of
Preiorin dD22f £ pokty mgom@omhﬂwmdlm@ 2o coran@ard

ox§Lat£EDST EGLL ODB Li,gLontye, LW AISNES, Qe o1 ones 1

rans ect ed™ W

anall ghes ohl §DPePROE, tIﬁdSl—SéB@d’:‘@ﬂl@ﬂﬂo@lﬁﬂ?i/@g a(slma)gadmd/e
15 controls. After 4 to 5 hours, cells are washed

binding Wt FIONERMFIRES rod2d WP {h FPLLATNR Uhs Y Hernl
tra?:?éﬁ&été’ﬁ‘tsTQ§pP§§E1ﬁé‘ythe£@%1ﬂﬁ%ﬁr§n’if@é@§e§n Wty

fresh nedium containing 500 pg/m 4187 Cells are
celbf$@sﬁedeeWErynSfectanUayQXNW¢ﬁsE@gn@@?%wnmﬁwﬂkﬁfwmg
sane concentr. |ons C 20- 22 days
hav?t ?e%e%%?ﬁ lb%d a%d%%gn&%?rggld%legl%ﬁeﬁn€]3|bIe

Lod@hehib& od) eag;b@t r@nsbzzttmnsafeémsﬁ 1386 lsg&n @té&k&ﬁbd
and grown via 96-well and/or 24-well via 6-we
acePedERgt bo ToEME L agketandatd; %r%@%%lére%ew sP%l% eC§ rozen

coldids 'c@&%&lﬂed but, d4sua Fevef} ﬁsP@&tﬁHF? G AT efbry-

col ony) production reconb|nant human
CD23G arRUsGdY 2ar @nd deC8UrHRAd DRN am supeenaﬂarﬁy uECRg on

an FLI specific for human 1 gGlL (descri
a7 554087 s ot iy HerE SR CHTEATS, FRmoRATT f PomEne
thide %ldﬂriéﬁr%dml uphand eumerc f €080 appl iveRk agabductor is
a representative nunber of colonies |arger vol unes
fugfher peorfii rneddoy oPPrs¢JuUeHelR@conbi nant  human | gGL

rekEactions AOMATECSONS oned suppensent veiag unee

fonhtm@apngdaphyoacoﬁrda@@ ¢D shandaree mmm¢EM@res

d. h lgGL f t
DAL e O abet DacEs Py Uit es | iefe el (Pemple o

produce a mixture of more than two functional human
IgG’s. Therefore, a limited number of colonies, which
screened positive for the production of each of the three
binding specificities (both by PCR at the DNA level as
well as in the specified binding assays against CD22,
CD72 and HLA-DR), are subjected to single cell sorting
using a fluorescence activated cell sorter (FACS) (Becton
& Dickinson FACS VANTAGE SE). Alternatively, colonies are
seeded at 0.3 cells/well to guarantee clonal outgrowth.
Clonal cell populations, hereafter designated as sub-
clones, are refreshed once a week with fresh medium. Sub-
clones are grown and transferred from 96-wells via 24-
and 6-wells plates to T25 flasks. At this stage, sub-
clones are frozen (at least 1, but usually 4 vials per

sub-clone) and production levels of recombinant human IgG;
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binding to the targets CD22, CD72 and HLA- DR using
cell 5 transfectants expressing these hunman anti gens

woroottheders cell surface (transfectants expressPODEEDFR007690

and HLA-DR have been described by van der Vuurst-de
Vries and Logtenberg, 1999; a CD22 transfectant has
been prepared according 470-sim | ar standard
procedures in PER C6TM. 10 Col oni es obtained fromthe
antcideddwtsrfeeodémexirtdd ﬁ@t&h@ﬂﬁ@em@mm a human

CRU- HL d b DNA _f
o SDsraddrod e iantenca SRPERER OFiRE EHPEE of Sub-
cl&p&st ructSer Tmlirﬁ@entaxté/ @f1 tihe PER PHUGt SHe
further confirmned DNA sequenci n%éew Next, it is

rece;éwrrsamatféanarhaﬁgca Eramafonelfirom hacacesdatéonesr the
f e
su&é@%ﬁ%ﬁt |§lsngeaé:%t%|folr 0\?3? n%{ﬁ%atgyar%%&?atocgéﬁp I's abl e

acctcﬂ:dnptg)dmes@amadwrpe:cﬂfedmraas than two functional
human G s. Therefor alimted n r of colonies,

Pusghf igd fﬁ%%‘?:'i‘ ekdféd T56% fg'ih\?evia&loflﬁe SBEO&E@P?énléf each

suksgecgmeenﬂiy €6ha Dy AUl NG R ivdd iBsoddatdy byunRER @fc,

DNA lI'evel as well as in the specified binding

ob@sﬂssgpé Tigram rishe QEREnta@DrRl ek HUIA-DRRY &8 Filsjfectlead-

eleQ% '@g%r C&SJ(J#%C%&EL( rE]Bga %%%é{ﬁl nson A%?GE

CDBE)andA\ HIeK 3Rt | Vﬁlky—claﬁiemlvasllarﬂscséﬂﬂed:raier&& by PCR

cell s/well to_guarantee clonal outgrowh. _ C onal [
on GFRRAELG I T It AT SR Ghate PRSI -O k| ofy e

thi&d reshed-once Gempaio t hdaesdbmedimg c%mm@imnes

are grown and transferred from96-wells via 24 30 and
Thes-inken sl fy avsthe OIS Hiadkals Ats tiiEmmgenidugmed by
DN Ioenes are. frozen (at least 1, but usually 4 vials per
RS 1rhelj %nd production | evels of reconbi nant human
Ot HGSIn AN 20 4 OO Gl8 R HRA0 Q3 O 268 o HX Sahtddrodyl so

be SptRd 116 BT S o rE  6Suh & VR I GO te
are present in the clonal cell line.
Sub-clones that are proven to be transgenic for each of
the three constructs are brought into culture for an
extensive period to determine whether the presence of the
transgenes is stable and whether expression of the
antibody mixture remains the same, not only in terms of
expression levels, but also for the ratio between the
various antibody isoforms that are secreted from the
cell. Therefore, the sub-clone culture is maintained for
at least 25 population doubling times either as an
adherent culture or as a suspension culture. At every 4-6
population doublings, a specific production test is
performed using the human IgG specific ELISA and larger
volumes are cultured to obtain the cell pellet and the

supernatant. The cell pellet is used to assess the
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clones, larger volunes are cultured to purify the

reconbi nant human 1gGlL fraction fromthe conditioned 5
waapenemtant using Protein A affinity chronat oRCEPP2003/007690

according to standard procedures. Purified human | gGl

fromthe various sub-clones is subsequently analyzed

as described above for human |gGlL obtained fromthe

parental clones, i.e. by SDS-PAGE, Iso 10 electric
préveuce ngt (L) tanek bdows tguetos tie thee gersonCl2 2DNA CD72

.and HLA- Sub-cl.ones w il al b eened by PCR
el%heﬁe%%?nDlg% PErRGHE k\flﬁl’%i—se ‘if%lfe%%@ihc 9f each of
supdinatirieei §onsdd Ued SoeRty GO, r dXSdRb Gl aféhan IgG;

PpCRU- HLA-DR. The identity of the PCR products is

fra¢ieiPrerae ofe § ¢ hys URER DN B Rt drHepn Gidar oRseHeds
F d
at SUed @§r§8&m§1ﬁlﬁ8§%ﬂ@£%ﬁg®%€4ﬁ £an, 80, cbe ysed to

det er m ne eac ee constructs are
degresieed, | 1. ¢ heo| MM PAGH | IsoreslSutrid aimsudiag ATEE)

an SR s ar P RrSU T O oul tRre 701 St oY
ce PEI £6h § Ho Ehed o 41 &1 M1l tHes Prasencen Hf the

transgenes is stable and et her expression of the
anti body m xture remains the same, not only in terns
of expression levels, but also for the rati o between
the 25 various anti body isoforns that are secreted
Exdmpbe the cel$crddimf o, cldtes Wxmteaysing ifulkeipbe

mai ntai ned fo at | east, 25 popul ati on_doubling tjnes
hugigh (190e For theeTh PREFT G REUET IR, OF SRRTATH
hmﬁé&tp?-@s At every 4-6 popul ation doublings, a

specific production test is 30 perfornmed using the
Fungipeena 3 g peti thie @idodnduisiyes 1vcnaeszed eln

1.t ur ec(éj t 0_ obt ai ;f r\%t

ceJEs:iju p%ar Ta a%%aﬁgté]eﬁhteep%ﬁ Ilé? Iq’lﬁllsétﬁéseelg o zra}glsné%% %%1 WO
mi 2004 ODA6I81 BT FRRO08F DOV Cand /dr pireberee afophesis

three constructs in the genom c DNA
of B-cell lines, such as for example Ramos. Other cell
lines can also be used. In addition the antibody mixtures
are analyzed for their potential to induce antibody
dependent cellular toxicity and complement dependent
cytotoxicity of for example Ramos cells.
In each of the following experiments the functionality of
the antibody mixture recognizing the targets CD22, CD72
and HLA-DR is analyzed and can be compared to each of the
individual IgGl antibodies and to an equimolar

combination of the three individual IgGl specificities.

To assess the ability of the antibody mixtures to inhibit
the proliferation of Ramos cells, these cells are
incubated in 96-well plates (0.1 - 1.0 x 10°/ml) with
several concentrations (5 - 20 pg/ml) of the antibody

mixtures against CD22, CD72 and HLA-DR for 24 hours. The
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either via PCR, Southern blot and/or FISH The
supernatant is used to purify the reconbi nant human

WO g@8l/00denct i on as descri bed supra. Purified hee®EBEP10g$3107690

obtained 5 at the various popul ati on doublings is

anal yzed as described, i.e. by SDS-PACE, |so-electric

focusing (I1EF) and bindingto the targets CD22, CD72

and HLA-DR using cell transfectants expressing these
prahifgeaSioﬂOoExahplee3lScieeméagunédcbpnﬁs~@xpnb$$mmg

. multiple., hu n.I st pot ent ture of

infinepPabiet Aanknd) geechahrsonarr Byt oruhatant i body

IthEEﬁR@nl§fa§§bMZEdlbnde%érﬁ@hédbg§egléﬁﬁﬂﬁé tRe
determ ne whether the human 1gGl m xture inhibits

peaﬁéntﬁ@eapforﬁaﬁwmdiwmw@@@ cqtpaee| o
unk LRES dSH Plgséggﬁ?ﬁxg F?Eeréﬁ Sr %fh%% lines
I on bo X

can a € an tures
are analyzed for their potentlal to |nduce anti body 20
dent celtular to icit endent

de
BRI SRR R Bty

celhsg E@élQw&ﬁglgxesrhﬁemgswéM§ Eyaﬁésom@lzty ofo khe
10?ntl m xture recogni zing the targets CD22, CD72

afvel HLW@R geveiril ﬁ@w%midr%@prtﬂa t&anpa?rcédlq/ome)accﬁ ofhe
an%gg ﬁﬁ @Egtvkggaégégﬁ%taghéb99k ?D%? aBpequL B! Af a-

ation o nd|V|
DRSpeei picoti €8. hoJDSaSBES§rthEeabntubatbéntperaﬁﬁlbbdy

m xtures to inhibit the proliferation of R?nns cel ls,
PhopRRATLEN] sSQFENS0SKAREHEE AR APOBEARTF PPatesif0. 1 -

anélgzédeﬁé hadi Ehe tsgyer@b9@pn0@3&£§£59@s éﬁe c@@ls
of t anti body 'm xtures agai nst CD22

aranuarM¢§tEdfowaaheﬁouwsceTheth[PE©0am@0@6§81ncubated at
rr L EPR 003 OTPR 0 00 [ PO SLALY 00, Olnfbes gyl s | o

Sured by I Acofr porati on during anot her
Céﬁtb@pralﬁﬁtéd|lUBB in annexin V binding buffer

(Caltag). Prior to the analysis of the samples by flow
cytometry (FACSCalibur, Becton Dickinson, San Jose, CA)
propidium iodide (PI) (Sigma) is added to a final
concentration of 5 pg/ml to distinguish necrotic cells
(annexin V-/PI+) from apoptotic cells (annexin V+/PI-,
early apoptotic cells; annexin V+/PI+, late apoptotic
cells).

In an alternative assay, apoptosis is induced by
crosslinking the antibody mixtures against CD22, CD72 and
HLA-DR on the cell surface of Ramos cells with 25 pg/ml
of F(ab)2 of goat-anti-human (Fc-specific) polyclonal
antibodies (Jackson Immunoresearch Laboratories, West
Grove, PA) during the incubation period.

In another alternative assay, apoptosis is induced by
incubating the Ramos cells with several concentrations (5

~ 20 pg/ml) of the antibody mixtures against CD22, CD72
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Inhibition of growh is determ ned by plotting the
percentage of 3Hthym di ne i ncorporation conpared to 5

wanimmedeesl cel | s (taken as 100% ref erence val uPQT/EF®03/007690

anal yze apoptosis induction of Ranos cells, these
cells are stinulated in 48-well plates (0.2 - 1.0 x
106/ M) wth several concentrations (5 - 20 pg/m) of
the 10 anti body m xtures agai nst the targets CD22,
anCO7IA-aPRI WLiAke DROf brc@dabingl 8t iburel LiAftles t he

i ncubat i on hos hati dy in osure on
cheiSioRt 1 TR BN (St oPbS SRR R I P gE LS ¢
dedheseh Hsne t BVCE) Usreaie, haty asdigthr Vasded. twi ce with

PBS and are incubated at 15 RT for 10 min with 100 pl

FITC-| abel  ed annexin V (Caltag) diluted 1:25 in

An@f@ %grbéﬁéﬁﬁ%%ﬁgcgﬂiﬁfg é?%ﬁé&ﬁc1€)'é¥ {1 tdet ibody

ana e sanple ow cytonetry
mixEACSCal bamalﬁeedomsﬂlgkp@srphe&h b]bm rmonuclear

i di did (Si f I
ce D oRani s e erobr sl hh) i T ot o ek reArBR. 288RY s
(HéaNeXidn V-189) fT@%l@P@pﬂé@ﬁp&s@eH% (anmEXiRaméy Rlells
early apoptotic cel | s; annexin V+/ Pl+, |ate apoptotic

areelilsgllda antial 1 @0 nati veqrwsﬁyam,apﬁlmlosmgharsshmcéﬁﬂ

by 25 crossli nki nghft he anti body m xtures against CD22,
fox:o?zhgwa AHLNITR df e té*éqqe We Wt TRAIRSS W (the

oGP Bl H Lo, PR NG o e

atl mnm%maﬂ@yueaum aam;e&ra\zmmoo@r ovsorA)Ledur iaed 1s
the incubatjon period. 30 In @not her aI ernaf i
b

thaksape Appte? st Feni REREEYY KON Ubht h@oﬁlgfﬁ%%e

deg8ity ?&écﬁhé@t\!@fﬁke CORERNLA@LH ORNS dch w@plpsfm) of
the anti body m xtures agai nst CD22, CD72 WO

ef E@@mnot%@eipmm@ommmofrowﬁ Gl PR ALDOR wht | e
bGPPI A8 LIETLVELD 1., SIEISETSId Hi0a, 200t
presence of various concentrations of the antibody
mixtures (5 — 20 pg/ml) in a final volume of 200 ul.
After 4 hours of incubation part of the supernatant is
harvested and 2'Cr release is measured. The percantage of
specific lysis is calculated using the following formula:
$ specific lysis = ([experimental cpm - spontaneous
cpm] / [maximal cpm - spontaneous cpm] x 100%). Maximal iy
release is determined by adding triton X-100 to a final
concentration of 1% to the target cells and spontaneous
release is determined after incubation of the target
cells with medium alone.

Complement dependent cytotoxicity is determined in a
similar assay. Instead of the effector cells, now 50 pl

human serum is added to the target cells. Subsequently,

the assay is performed in the same manner.
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dexanet hasone (UMCU, Utrecht, the Netherlands). 5

Ant i body Dependent Cellular Cytotoxicity of the
wa@pdokboadys mi xtures i s anal yzed using peri pherBtT/BP19081007690

nmononucl ear cells as effector cells in a standard

51Cr rel ease assay (Huls et al, 1999) . To this

purpose, 1-3 x 106 Ranpos cells are labelled with 100

VC (Anersham Bucki nghanshire, UK) 10 for 1 hour at
AlB&thaitely}t hAbeCwastieSDQ ¢ h tihesli amg ibddy mowosréarget

cells are plated Ln U bottom 96 well pl ates t 5 x
def gamindt rhbfy S Py SREIL| THl SRR TRl Sare ferne
Bo%ﬁ?tlﬁgg) obtah 8efgf sAM.bgatd TWa SONDESa PY (Shields et al,

i coll-Hypaque density gradients are then added to

20@4th well at 15 effector:target ratios ranging from
80:1 to 10:1 in triplicate. The cells are incubated
at 37Cin the presence of various concentrations of
the antibody mxtures (5 - 20 gg/m) in a fina
vol unme of 200._I. After 4 hours of, i ncubatjon it of
ExERRL er nat HES| SF AR BHRIPR e SAE L ES dRBLE R fs
phd8a8s W Leh JHeiBHhELRLR0E, HequilRE fddailnkt S ipredefined
cal cul ated using the following formula: %specific
target s(Hexrf2kperndeprafiuephen TpontreeemRinant host cell

C ' tggg C ) ]@%xinal
°f5§§lﬂzre %2@% %g%?éggngne y addi n%f?‘r}:?!?%nt -100 to
tangétnal 25 concentration of 1%to the target cells and

spont apeous ,release is determ ned after _incubation of

Phages t &F gt 2YERE| SCHW t AT ATRFUNT aF PP L ol Biedt 9

muﬁ€pgfge@§i@aﬁegogkégéﬂtiénd@ﬁ@rﬁaﬂ@dpfat@inﬁiﬁ&kar
assay. Instead of the effector cells, now 50 | 30
exhopd® Skee uapideaddbdorovthefacigetree¢psor Her-2, can

e hRRETE S0 Y3847 oBBb L8 BT ERro U B obbb L2 (de Kruif
etAbl ey naoHye) ) . ADECL anpo£BbE tdei @t bogysavatar est

is determ ned using a Europiumrel ease assay éPateI
sugRdeh#g53, 219985 18F L uSPRGORFS LERIR T 2hRe BReagame light

chb Bhi 8L88efte@l for further use according to the
invention. The semi-synthetic library is formed by mixing
7 sub-libraries that each contain a different light chain
(de Kruif et al, 1995a,b). It is therefore particularly
practical to use such a sub-library, containing only one
light chain and many heavy chains, for screening so that
multiple antibodies with an identical Vi sequence are
obtained, and further used for expressing the antibody
mixtures according to the invention.

For the selection of phages against Her-2 several fusion
proteins are generated comprising different parts of the
extracellular domain of Her-2 that are fused to the CHZ2
and CH3 domains of human IgGl. For this purpose a
PCDNA3.lzeo expression vector (InVitrogen) has been

constructed that contains in its multiple cloning region
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2001). 5 Exanple 4 Use of phage display to isolate
multiple phages with an identical VL sequence agai nst

w@2preasis ned target (Her-2), and production PCI/EP2003/007690

reconbi nant host cell 10 of a m xture of antibodies
capabl e of binding this target. Phages displaying
scFv fragnments capabl e of-1si-nding nultiple epitopes
present on the same protein, for exanple the
anepidBrnastgionibnf atter in ecleptloindier r@gicanids5fbame

i solated fr a_sem,-synthetic e, Kruif
oriSPLES Cnocele nai bas Eing, &F il ranntory - LSupg
Hepf2 SDIGA @D@ﬂ@Sagng s6hETité NBCRNESa §RENE E ST BJgEhErated

sanme |ight chain sequence, for further use according

usiRg t HEANFAYENTP SACUTAE BEPE 0B nEPRRRETREBr KRgWRStO 2
pei&%ﬁ’egkﬂ’l XngFﬁQ 48U }Hé? aff%&m%ll?@% 8%8;5&9”%9'

eren Ilg charn rU|
unigu¢ hetr eteserpatiooukatéy ap&b@ttcabdbm ﬂskleueh ay a

sub-Iiprary, .containin one chaiLn and many
uRRRIL bhat eaSF oF Salr R T s oL T kit £7 pF 2
cifid i boglh egovh i NepBrhdenthtad Mic PEAMBALE 8FEHEP-2 or to
obtai ned, and further used for expressing the antlbody

a paxE wéstla@cﬁedﬁﬁ@am ohellepventhan. iFofol heved| &gt i on
fr%epé‘g Qﬁgtnééstﬂ 2158 <$ veral ff'ﬁéé’é‘ Pd?%%?é&ﬁeﬁ?
gener te 8 % e e

npr1sing rent parts
areX$mm£@¢h@hﬁlydoman@dOinFEmaﬂbtwmmhatBefOBEdCHB Ihel
30 and ins of hunman @ . For this
re%h?%o%%t% EQE»@@DHQ oléiﬁr%§%¥%ﬁ§% t BFCEPRVI tFogen)

addesi beefo €RBSELYELRULLERL i €O ASniAgi £8e MUbL AP £C
cl oni ng regi on WD 2004/ 009618 PCT/ EP2003/ 007690 - 75

doraalln(h@f Iﬂ@@tZ» csevarsitendhlehef wshoe pegrtemnsnateane
RN R R T
Hegemem@t@dmaln. These constructs encoding the Her-2-Ig
fusionproteins are used for transient transfection of
293T cells using the lipofectamine reagent (Gibco). Five
days after transfection the supernatants of the 293T
cells are harvested and Her-2-Ig fusion proteins are
purified using protein A affinity chromatography
according to standard procedures.

Her-2-Ig fusion proteins containing non-overlapping
fragments of the Her-2 EC domain are coated for 2 hours
at 37° onto the surface of Maxisorp™ plastic tubes (Nunc)
at a saturating concentration (0.5 - 5 pg/ml). The tubes
are blocked for 1 h in 2% fat free milk powder dissolved
in PBS (MPBS). Simultaneously, 500 upl (approximately 10%3
cfu) of a semi-synthetic phage display library (a sub-
library according to the terminology used above) in which
only one Vkappal light chain is represented prepared as

described by De Kruif et al (1995a,b) and references
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usi ng standard nol ecul ar bi ol ogy techni ques known to a
5 person skilled in the art. These fragnments consi st
w@hooa/0096m$ que 5' restriction site, a start codPCI/EP2003/007690
foll owed by a eukaryotic | eader sequence that is
linked in frame to either the total extracellular
(EC) domain of Her-2 or toge-a part of the EC domai n of
Her-2 that is followed in 10 frame by an Xhol
themsin, cis cadded eto TheserdGhhd s agfrest MPBS £ In addition,
subsequent|y cloned in frame wwth the CH2- CH3 Irlg%Gl

humagyi S Tt b° t AEIPEDMAT | 78 xRt P it rf §e and
b1 &9 1 ONs 91 1 BB UShH P #1056 24 i ith | hend afed-EC

domain of Her-2, several smaller fusion proteins are
Ig-i% gferd ratiees cone a¢mp HigechandvVigre dphd aked rtepent sllofary

. h -2 EC in. Th [
1o Waof oy SGulemL NS PSS NG TE

folYansd sy i Drhobr 293TbLel drs wisimgut heot dpofect e naibes
reagent (G bco). Five days after transfection the
are e ke @anted ofaghed 2Bt e T el SPBY SR 3B Gin'

Twéréfer;—_—z?o,' gf5ﬁ§$x9é‘d%39tx%§}§ir?§e5 Purddied pisd ngy protein A
atfinity chromat ography according to standard
glypriovediCls. 0 Heb -12, | pH fUs? ors praded nsandntlzé nfwige 1is

non- over | [ agnment.s of the r-2 EC donmmj
rOURRR O TS hohr s ToR Tl Shied HaarT At gt o
i 1 i Gy tubes : : ur-atd
50(2%102% gﬁ%nﬁ?%. %H -F'S@'pgifm . s‘l’ﬁltél}?cu%éés' %rgér}% o%fked
exgarerit talhy 28 datndg rde-Inib kuedwere di sk ot wkdure ni PBS

2049y, Bhe st LHnT SoRt MR pHAGEO S LB B [Tbr 1o (s
shaPihd br enys 8geoneing i thect &F 16 notOgyl atsed aboye) in

whi ¢ only one Vkappal |ight chain is represented
aggf epbileels agon etk eaMbiC el K ui ?e@fa%ﬂ’cfll@@?&?%) and

glécﬁcﬁgé .enﬁff‘ely\oog&grﬁgg?%c i{ﬁ?rgo g@?gwg%gétel'%aat

erein, 1s adde wo vol unes o
37widi thencol bnims see Wnispadidedon otlze fplmtes and used
to(§¥E§g§éaééogngic%§°°ﬁﬁgge library, essentially as
described by De Kruif et al. (1995a). Briefly, scraped
bacteria are used to inoculate 2TY medium containing
ampicillin, tetracycline and glucose and are grown at
37°C to an ODgoonm ©f ~0.3. Helper phages are added and
allowed to infect the bacteria after which the medium is
changed to 2TY containing ampicillin, tetracycline and
kanamycin. Incubation is continued overnight at 30°C. The
next day, the bacteria are removed from the 2TY medium by
centrifugation after which the phages are precipitated
using polyethylene glycol 6000/NaCl. Finally, the phages
are dissolved in a small volume of PBS-1% BSA, filter-
sterilized and used for a next round of selection. The

selection/re-infection procedure is performed twice.

After the second round of selection, individual E.coli
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bl ocking is allowed to proceed for 30-60 mn. The
Her-2- | g-coated tubes are enptied and the bl ocked

w@bagmodeibrary 5 i s added. The tube is seal ed BCTEP2003/007690

rotated slowly for 1 h, followed by 2 h of incubation
wi thout rotation. The tubes are enptied and washed 10
times in PBS containing 0-7t% Tween-20, followed by
washing 5 times in PBS. 1 m glycine-HCL, 0.05 M pH
colpriées adeedsednio theepate nenddl ot lat@thed owl byidati <o

in,. T | ut ed dded t 500 | M Tri,s- HC1
esfiftial Fre PhEtr IEE ST B g ugit ol og e
andl DWW &G & - i bt w@eig;a?ﬁ efhade £ W 1€ wisi cladsietye The

tubes are incupated for. 30 mn at 37C wi t hout shaki ng.

antSipREYURFPIYCL 19 bac ekIWedrtee PPERERPDP eIV 1A agar
: . o LLi vl '

B P A e S e e o o
ELBIAC, £dheb tod md esclaiel tserapate frOn dtel HGtes @k ads b

to prepare an enriched phage library, essentially as
we kS 1S by De Kruif et al. (1995a). Briefly, scraped

20 bacteria are used to inoculate 2TY nmedi um

containing anpicillin, tetracycline and glucose and

Selgeted oW ae aByibedeh WEbraLe ofbtained Hel gdre prramsn
. e Qyﬁq- i nf.ect i.a..after
de%ﬁ%ﬁg?h%bﬁpé%ﬁ u?nlLél s ¢C %\ér?cgéé&]d kﬁg %Wa%ﬁ%gﬁfl&ty'
Foantts | phnposet ridey€d-4 T funsh &5 aiasiyes ncortreciubiatg on
is continued overni ght at_ 30C. The _next day, the
NOIRY | PRI | ERRARAIYT G {HEE 18 el BiALn ate
co rid ugaki oprpftersap ched e phagescse iy eairy t at ed

usi ng pol yet hyl'ene gl ycol 6000/ NaCl. Finally, the
plyptegesre dpkodiedolivets iIMPRS sille selentedPIRRS: | % BSA,

ang_{t%éc%{egoaf%_efljlé&gﬁecdec?ﬁqq lﬁsf c%hﬁ{l a&zcﬁetﬁe ro%”lfj% %EBS .
selection.” The ~“Selection/re-i ection procedure 1s
TheesTraedatev aept it eradted seocondin BBR, offtset edtian,

i ndi vidual E.coli WD 2004/009618 PCT/ EP2003/.007690
the 77l ekt R2 %82 R P4 Pr eﬁﬁ‘gomllo%aﬁsl to

prdMdPOEL£S1 h, the plates are washed in PBS 0.1% Tween-
20 and bound phages are detected using an anti-M13
antibody conjugated to peroxidase. The procedure is
performed simultaneously using a control phage antibody
directed against thyroglobulin (De Kruif et al. 1995a,b),
which serves as a negative control.

In another assay the selected phage antibodies are
analyzed for their ability to bind BT474 human breast
cancer cells that express Her-2. For flow cytometry
analysis, phage antibodies are first blocked in an equal
volume of 4% MPBS for 15 min at 4°C prior to the staining
of the BT474 cells. The binding of the phage antibodies
to the cells is visualized using a biotinylated anti-M13
antibody (Santa Cruz Biotechnology) followed by
streptavidin-phycoerythrin (Caltag).
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Essentially, individual colonies are grown to
| og-phase and infected with hel per phages after which

w@bagmeoveeht | body production is allowed to proCREHEP2003/007690

overni ght. 5 Phage anti body contai ni ng supernatants
are tested in ELISA for binding activity to
Her-2-total EC-1g coated-96- wells plates. Selected
phage anti bodies that are obtained in the screen 10
descri bed above, are validated by ELI SA for

specificit For this. purpose, Her-
ALt W§lcﬁ>(;ntp§1aﬁ| nj‘ntﬁ@ﬁ @r |r§§;€?gﬁldzﬂfl gﬁ]\%1 tgp&[e t he

epl'ﬂ%' e [ dRupaion a@ree sclQated 1@ iMaxiss el hbld BAsplate®n
After coating, the plates are bl'ocked in 2% MPBS. The

compesitddtioh paghats Siniddedi &9 Feg -i2nedtdt Sdnidd ngn ofqdrdie

ol % _NPB e _pl ALe V\@ﬁﬁ{%
Wel\c;anC aracﬁé Mﬁ%mcwg al?ltq“n%%bl gckglgqpﬁgggg are %
HEmeﬁhd IHERImAL (isp risloal leawed tQOOer)oce"@d thds purpdske

lates _are washed in PBS 0.1% T 20 and bound

2X1r91a§$§7ér cedéfedfadinsrhRgtan ahtfi: ﬁ/ll‘ﬁlE]G ant i body
aprY eatead, tl‘blpeéf{i(' ORSE . miTheo 1 OCRL s it hder & sk

Si mJ]1 taneously using a control phage anti body
disgilraactledb ragal st Wlh)nhogﬂrxﬂb/ulqm (ibepkedi fLightalchain is

b whi ch erve e ¥e]
t ep&r?osteﬂ]etre)da§ aegﬁ)atrﬁ $é ec‘:atS cdf %ﬁel?ie%%g)rt\éﬁ k?o té% %éjrkg grith
2 ﬁﬁﬂﬂﬂéﬁﬁbﬁ(ﬂbdﬂmmIbdﬂwdﬂﬂﬂhg(ld%Imf 3@@74Th@naﬁjhnHESUS

cancer cells that express Her-2. For fl cyt %réetry
sloafal yitateshage dant if0ddiZedoate Ly & s@lag@lge

une, ,Qf ) W re
Suly Ssta ne?nnt\&%} ogpot goéﬁﬁéqeg a&%h?eg}%ldﬁgygftﬁe ag;hage

witdntibodi est 3l ntdqialmeld@’uastnmr@eiIQ’zé@Su3|H@gfe&lfter,

bi oti nyl ated .anti - antih Sant V4
Phagjes R % &W%&aofp gctc%ept avi %1 ﬁcrr %hf}i&)eere]t 5
by (EHIABNd MG 20Q4/H109611 & LAY ERRA0HI0GE6HD1 d Hedium

Alternatively, phage antibodies recognizing mul t| |l e
containing saturating concentrations (5-20 pg/ml) of the

HER50, HER66 and HER70 murine anti-Her-2 antibodies. The
cells are left on ice for 10 min, spun down and the
supernatant containing the anti-Her-2 phage antibodies is

used to reinfect XL1l-Blue cells as described supra.

From the panel of Her-2-specific phage antibodies
generated by de screens described above, three phage
antibodies are selected that are recognizing three
different non-overlapping epitopes on the Her-2 protein.
The Vy sequences and the unique Vkappal light chain
sequence of these clones, provisionally designated
VK1HER2-1, VK1HER2-2 and VK1HER2-3, are cloned behind the
HAVT20 leader sequences of expression plasmid pCRU-KO01
(ECACC deposit 03041601), or a similar expression

plasmid, to obtain plasmids encoding a full length human
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epi topes on Her-2 are selected using a nmethod based
upon conpetition of phage binding to Her-2 with
whrendioogiof the 5 well characterized nurine aneGCFER2002007690
ant i bodi es HER50, HER66 and HER70 (Spiridon et al,
2002). To this purpose 2x106 BT474 cells are
i ncubated at 4C with apprwmd mately 1013 cfu (0.5 m)
of a sem -synthetic phage display library in which
Ig6mt keppe Wwikap dalndirghts el i ¢ st 165 riepr ésant2d These
repared_as_described, supr.a and pl gcked with
oL RS b R et of R L S LY iR dosest reCHIETRTURGRSL
pCRE-VERILAMRY-2 0438 eHCRY- ¢ ARR2 23 NodESpé Bt BvsERl ed tube.
SubsequentL%,gnon-bound phages are renoved by two

StaasneEERwFbh SeTrAIvedf Cedild Libgisumreoarartpigdr0% FBS.

e e ogni g R opes
acpBEEgAG o forRORO RaLEE000 EhOSe DYook Paf SRLAPPESLAR,
arh} oOhecotdl nkihes egpneasnnggasaibedténgencoded by

copncentrations, (5-20 g/ of e ER50, . HE and
sefpRee harpHeReHon - ok Solhe  pohPeux R L PRyl
VK1gER2 0D bEepdRY-— R AERZ - $PHRG d9VWBeBNd1 1 RE 2Rpressing

super nat ant contalnlnglthe anti - Her-2 phage anti bodi es

antsbodsed eecededflrtaklitBreae pépsmids. dekerebede,
pEﬁP?é'ﬁ“- Ehem the pangl of \Hefmgr gﬁ%‘é' g'o% %Egg n_tissue
ARt 1 bodi €s g q by de screens

enerate r escri bed above,
culbuee ghages 260 amhi dbahesenyeoseTett£tasbatwatke

recogni zi hree different non-overl apping epitopes
=DBRCFRBEFEFT 2 pf o et SO VIR'o sbincelt Pt Fe G e
undKappRéi ki 88Emshaknl t $2EUEHEE: PLohbese0 S| @pES,

provi sional ly de5|9nated VKI HER2- 1, VK1HER2-2 and

COMREMERRL 8on gared cBoried Hdte mexthalald HAErEfd@aders are
f ' ' KO1 - . .
pe §EHE0G 50 Lo SAPL eSS P0nRL AR 47RO 1 (e an e

PoOSI or a sim r expres
(Ihoipbbaen PlBsnTashedtodiag) aatdbtdlienotd Huspoa O
2004/ 009618 PCT/ EP2003/007690 - 79 1gd -kappa with
PrRFAePhy BERET4¢Ci BY ekhe oParetast uites eV bk adht R8T at &2

ng PHeNY SRRk Y- fesi gpat g doaRu PEREMG HER?r 12 11 peRru-
VK1HER2-3 or 1 ug of a mixture of pCRU-VK1HERZ2~1, pCRU-
VK1HER2-2 and pCRU-VK1HER2-3. As a control for
transfection efficiency, a few dishes are transfected
with a LacZ control vector, while a few dishes are not
transfected and serve as negative controls.

After 5 hours cells are washed twice with DMEM and refed
with fresh medium without selection. The next day, medium
is replaced with fresh medium containing 500 pg/ml G418.
Cells are refreshed every 2 or 3 days with medium
containing the same concentrations of G418. About 20-22
days after seeding, a large number of colonies are
visible and from each transfection at least 300 are
picked and grown via 96~well and/or 24-well via 6-well

plates to T25 flasks. At this stage, cells are frozen (at
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pCRU- VKI HER2- 2 and pCRU- VKI HER2- 3, respectively.
Stabl e PER C6TM derived cell lines are generated, 5

w@emaenaionyy t o net hods known to the person ski | PEHEP2903/007690

the art, the cell lines expressing antibodi es encoded

by genetic information on either pCRU VKI HER2-1,

pCRU- VKIHER2-2 or pCRU VIgoHER2-3 and a cell Iline

expressing antibodies encoded by all three plasm ds.
leddieref aset UHuLER, COTWA £k | sear euiseaded:red DMEM Y usand

10% FBS in tissue_ culture dishes (10 cmdianeter) or
PrWCtoRILETR Ih 06 pHT CRRNRRHy BUTeAT, LR Wt 1ROBErALe

dedd S Ao i‘r‘?thQV%lE);g@&'i‘éta#E‘dﬁiﬁ&‘eér{ Pof SR s Sab1 B € for

conditions (10% concentration and 37C). The next
hurgay , I¢Gandflect,i @is tdries 8 quer Cdilfed si weggyadatieradi thes

t 37C using Li pofectam ne nvi trogen

cufiuid RS MRt A i LT AP 0 2
reprovétied: Hye thempEAUS ACE I GfiiesM Tdrgit hes1lumes deg

fﬂ%Ru VKI HER2-1, 1-2 pg pCRU- VKI HER2-2, 1-2 %%?pCRU-
CUlYFERAS RITHEpgte BeremR inan bWy WG HERACSE 1HCRY

HERZ4 1 CE{E HER?2- ; cont 10l af L

fr%@é%%%ectldﬁte |%ienc%$ﬁa fé%ﬁﬁ%@ﬁ%gPare {gé%s?gi%%ify
chwddnt ag taely contondingctorstamdded pfevedishes Ruel hbed

transfected a serve as negative controls., Aft
ot oG Ot S At o IO SRR G g PS5
PAWE | h1 §6-e5te dBei dNFbEHONG SELEC) | Mdbayidie BExditayto

medium is replaced with fresh nedi um contai ni ng 500

Hepr? ndd GMBion Gereketipe pefflebfhd Averinalvred &ays
b1l "B B CONLAT BhO0s L, SANEE CORPRNESL] ONSy OF1 0w

ays after seeding, a |arge nunber
cyodmeiotpni es are 30 visible and fromeach transfection

at least 300 are picked and gr via 96- _ _
CLEhe ettt At e hern LT et YA Qe BV RIS HEK2
1, SheRe-vREHLS2 28 €ahid OBERU{ vk 1 MR 2094 £H986dBeened by PCR
CT/ EP2003/ 007690 -80 least 1, but usually 4 vials

on pgenaybe A ufed et opyFsamee or absence of each of the
three constructs. The identity of the PCR products is

further confirmed by DNA sequencing.

Next, it is demonstrated that a clonal cell line accounts
for the production of each of the three binding
specificities. Therefore, a limited number of colonies,
which screened positive for the production of each of the
three binding specificities (both by PCR at the DNA level
as well as in the specified binding assays against Her-
2), are subjected to single cell sorting using a
fluorescence activated cell sorter (FACS) (Becton &
Dickinson FACS VANTAGE SE). Alternatively, colonies are
seeded at 0.3 cells/well to guarantee clonal outgrowth.
Clonal cell populations, hereafter designated as sub-
clones, are refreshed once a week with fresh medium. Sub-

clones are grown and transferred from 96-wells via 24-
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production | evels of reconbi nant human 1gG anti body
are determned in the supernatant using an ELI SA
W@ p@aiobdees f or human |1 gGl. Al so, at this stagePCHLB2003007690
renmoved fromthe 5 culture nedium and never re-applied
again. For a representative nunber of colonies |arger
volunmes are cultured to miify the reconbi nant hunman
IgGl fraction fromthe conditioned supernatant using
an®rotwee Nl A pidteastyo ThE ofibd oigy aphly Eccorsiiange t osub-

standard procedures._ Purjfje 0 hu IgGlL fromthe
13580 RS PLoee 188 LR i o b e Ry el T eY
subogtsh &g éﬂl&@ﬁo@l&é@y&@ Dipdi 105 £ Ore diiib 21d 9 FRSHOD 1gG;

proteins by SA, and analyzed for binding to Her-2
anbhbetie aIf fAdeecvN1BIA 74N cell¢ ssuBefnavant i oheg rg . human

Q .Qht Al fr e _Cco-tr f 0 f _

o GRS HIREREL LA O VTR 5 h ey g RO TR, $8re
cleneeenedrdyr PER unes geneneel tiNfed oro ther pfesemee or

absence of each of the three constructs. The ide%ntity

regeml HA PRV HRYY Ut P € i i 3t Re f TO8h &P 5y THIGR
suSEAUENCH NGy s 205 NeXbtelt A Sagerpnsy r&{%é{@rﬂo@{ onal

cell line accounts for the production of each of the
acehrdindi teli agandpedi precedeses Therefore, a linmted

nupber .of col onie l,ch I e osj-tive f.qr the
Puf)% oldeuct}il%nrl}a%f f@%bﬁfro%m%hee Vfa%rlgjgl%b%ﬁzjl ndgl Oé?f)%ci Icities
sulf bedniebyl PChatyide DNAdeyelbad asowel foashuman hBgG,
speci fied binding assays agai nst Her -

2),
obkHpet t BEPT o-BF nighESRER T SHPMG Ty st nd°3)é S URA Fec et
el@ctiyat @&c&giﬁA?S@tt@r AFAGRINd BeF 199 der Db Ckinsom SRS

VANTAGE SE) .

ternatively, colonies are seeded at
wiDl 3aked |is¢ wetteeneduay aRtReor | ggradmibtit RFdWEdL Boe

R T
VK BubR2 €1 pneSrR@F eK YHERA- ANghd reTed VK BER2 03 9fasel | s
sasnfify P AR08 Jpraaticts e furthes Gonffrned by DNA
sequencing.

Other methods such as Southern blot and/or FISH can also
be used to determine whether each of the three constructs
are present in the clonal cell line.

Sub-clones that are proven to be transgenic for each of
the three constructs are brought into culture for an
extensive period to determine whether the presence of the
transgenes is stable and whether expression of the
antibody mixture remains the same, not only in terms of
expression levels, but also for the ratio between the
various antibodies that are secreted from the cell.
Therefore, the sub-clone culture is maintained for at
least 25 population doubling times either as an adherent

culture or as a suspension culture. At every 4-6

population doublings, a specific production test is
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and 6-wells plates to T25 flasks. At this stage, sub-

clones are frozen (at least 1, but usually 4 vials per
w@aip4obwne) and production |evels of reconbi naPCT/BP2UASI007690

IgG antibody are determined in the supernatant using

a human 5 1gGl, specific ELISA. For a representative

nunber of sub- clones, |argper volunes are cultured to

purify the reconbinant human 1gG fraction fromthe
pegbngnefdonedngstiper hamant I1g6i agePidl ei BLASAS &nhdi lgrger

ToEl BT, aon oS aGL Pr BREHS DAE GRS SHB. CRonBos £n0

sugabﬁﬁquﬁatlyhanabyzegeaieﬂesgrub@a aboyeskek huaan
, obtained fromthe parental clones, i.e %
PrS@@“@%GEf F88- thiragt FPESEBBEES g (FEF) 98REMBENENAg t o

eiFRET v1§u?C§|oggﬁthékhlbﬁbﬁoagﬁ/éfr?ggﬁd By PCR on

genom ¢ for presence or absence of each of
suphengdhape tenssedcts pGE&EyVKheEEEemepﬁEMkVKhﬁEﬁQIg@l

CRU—V | HER2- 3.. Th t duct
e B0 B e, Ces Rt PRl HE TP UE L e Ch S T REY | St R

at SHES ﬂ§r§©u§h@bﬁu@b@&oﬂ”@é@blfﬁé%lQénaﬁb§92eaoabe used
to determ ne whet her each of the three constructs are

deﬁ?é%%ﬁ@rlﬁ ehebyl 6REFPBEEI Ispeclsubrérohesushag AFeF)
an3r8¥§&lﬁ$898 ﬁégn§gﬁgtEL£§ﬁ gﬁ?tuggf%éwe %Qgﬁgtr using

construc are brou Into or an extensive
BTpeti cedlis.det erm ne whet her the presence of the 25

transgenes is stable and whet her expression of the

anti body m xture remains the sane, not only in terns

ruREti6XRL €6 68 LA¥ehftibylyahserhipe bheanalinebepween
the various antibodies that are secreted fromthe

anEé¢@dleqhéﬁeﬁ@ﬁéyzﬁﬁelguﬁeélﬁm@s%@l§@$@sttﬂaﬁﬁtﬁrmb@e

whiPhe Al R0 %Sﬁéﬁ ?geg%%QéﬁféﬂldHﬁﬂﬁﬂéf?fdfﬁﬁ%f%ﬁf@ﬂ as
an adheren Oor as a suspension culture.

anéyer yiddécepoppbatbshsdofibBT 494, cal specifii edpt bdont tloa

an%fgod§sm¥£%%ggg/ggg6%§a YZQEREOOS ggzgggotentlal to

induce antibody dependent cellular toxicity and

complement dependent cytotoxicity of BT474 cells.

In each of the experiments described below the

functionality of the antibody mixture recognizing Her-2
can be analyzed and compared to each of the individual
IgGl antibodies and to an equimolar combination of the

three individual monospecific IgGl molecules.

To assess the ability of the antibody mixtures to inhibit
the proliferation of BT474 cells, these cells are allowed
to adhere overnight in 96-well plates (1.5 x 10°/well) and
are subsequently incubated with several concentrations (5
~ 20 pg/ml) of the antibody mixtures against Her-2 for 72

hours. The proliferation of the cells is measured by ’H-
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-82 performed using the human 1gG specific ELISA and
| arger volunes are cultured to obtain the cell pellet

wa@pa4pbme18 super nat ant. The cell pellet is usedP@DEP2003/007690

assess the presence of the three constructs in the
genom c DNA, 5 either via PCR Southern bl ot and/or
FI'SH. The supernatant is-8sed to purify the
reconbi nant human I gGl fraction as described supra.
thPM1dinedlhgnunorgcioobdarmed the thetvérhouss of

ulatig oublin IS a ze s_descr,i ._hy

cu R AR B3 BE, bPpBER T RodelrRoRsE BRGobping
thé Opél_eeeatageEbESA{audydmydiﬂ@vmcydmwlmI E@mp 4T 4vith

cells. Functlonallty of the antibody m xture of
unbreptedr collanttpéanedsi $08nargiesacnfecBrlUBased

assays to determne 15 whether the human 1gGl m xture

inhibits proliferation and/or induces apoptosis of
ToBIAFdyeel hpoptnsaddindontibe oanBTHBdyceiXbur eBeaee

ceflSchEEne L ERIEH: 5P BORFER: vahRiokb iR c4Bnte dopbhate
(2¢5t t 0FY Ghd V1 ofn B/ L8l |$Sre 2hiddepastc Bf id®ubated

experiments described below the functionality of the
wiahtsbwdyahixbncenteabgohzing He202ugdmh) befahaéyzed

and conpared to each o ndi vi dual
ang oG8 Rk EnaS: Soainet REr & Tobndi RaRFES BereAstess
thé hegelsndicyi HH@beB@Q@S}Bﬁthylgsiﬁ&at@bﬁ?Uh@é wd8hed
assess the ability of the anti body m xtures to inhibit

tww% BBl f—’@ﬁaﬁpénaéﬁ Bravizated| at Rﬂeg@rcépl@lar‘élth

rofouf vEFrs SaBESEed, MG ek PR AT BaPReR 10 e

anSEY eh alr EQH@@H&VEEE9Q§ g@altagp géﬂléroﬁotﬁﬁeaﬁﬁéPQQYs
m xtures agai nSt Her-2 for 72 hours.

of ptlo¢ | sawpi anbyf fipe @E¢®@etsynéﬁég$@dlbpu3klBﬁpton

p1 ERPALIND648, PSILEP2CRP 0048901 uinBPodie (PT) (sigma) is
added to a final concentration of 5 pg/ml to distinguish
necrotic cells (annexin V /PI%) from apoptotic cells
(annexin V*/PI~, early apoptotic cells; annexin V*/PIY,

late apoptotic cells).

Antibody Dependent Cellular Cytotoxicity of the antibody
mixtures is analyzed using peripheral blood mononuclear
cells as effector cells and BT474 cells as target cells
in a standard *!Cr release assay as descibed supra (Huls
et al, 1999). Complement dependent cytotoxicity is
determined in a similar assay. Instead of the effector
cells, now 50 pl human serum is added to the target
cells. Subsequently, the assay is performed as described
supra.

Alternatively, ADCC and CDC of the antibody mixtures is

determined using a Europium release assay (Patel and
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t hym di ne incorporation during the last 6 hours of
culture. Inhibition of growth is determ ned by
wek@uniwe the percentage of 3Hthym di ne i ncoP@DER100DON7690
conpared with wuntreated cells (taken as 100%
reference value). 5 To anal yze apoptosi s induction of
BT474 cells, these cells-a8te allowed to adhere
overnight in 48-well plates (2.5 x 105/ well in Inl)
BoyRld P8 Jubs edsitid |30 | Idibet kehsaviassaeveitalelds et al,
20 %qqcentratlons (5 - 20 g/m) of the 10 anti body
m Xt ures against Her-2 for 4 hours. Hereafter the
cells are harvested by trypsinization, are washed
Thtmnce 1§y and are i ncybated at RT for 10 m n mnth
foduge #Pfé1| ePlredhgnABEilROGY( RARLHAFESIPPaLRET1 HRE -2
isl Bls@NRexitRdV Riingl Ag QE%EGEnQQ%htﬁghelgr'QECBO akheor
anal ysis 15 of the sanples ow cytone
ln@FAGS@aUﬁﬁ@mle@cnonSpmmaﬁpnsam a%an200ge, cwo
propidiumiodide (Pl)(Sigm) is added to a fina
concentration of 5 gg/m to distinguish necrotic
cells (annexin V-/Pl+) from apoptotic cells (annexin
V+/gl early apoptotic cells; annexin V+ Pl +, 20
Expup aaoptotic cel Is). Antibody Dependent Cell ul ar

Ex§¥E9596hcb¥ydQEfEE@nenEhh@@ion?&xhuﬁgﬁ Fgngﬁhy?ﬁg milk

usi ng peripheral bl ood nononuc ect or
ofctrhpsgruiBTAN4medEl s as target cells 25 in a st andar d

r el ease assa as i bed su a Hul s al
Th%ggré)a“‘?:onﬁmseer%% “depé Ghaene RS G ;Pr°§elns present
ondhhﬁam Bedeumsa $i gil @ap2assaynel BQB??dCDﬁzt he1ehteetop)

hunan serumis added to the target

anéeﬁPé D§u6§éaﬂ§nFF§ {hégasdhyars péppefnidtas
exgﬁégéheﬁdp1§9m§ap%§c1A‘égfgéBbyaéM ﬁDEEégﬂgcgﬁggg%e

he anti body m xtures is et er mned usi R

Mitk| Bapseassay FPRateh, ahdvidra9en/ DOP61Bechnologies) to

quéEﬁggggégoé?and ané lactation-specific expression of
these human IgG molecules in transgenic animals,
according to the manufacturers instructions. These
mammary-gland specific expression vectors, encoding the
antibody sequences for anti-CD22, anti-CD72 and anti-HLA-
DR are introduced into the murine germline according to
the manufacturers instructions. Obtained pups are
screened for the presence of each of the three constructs
by PCR on DNA isolated from the tail. Pups, either male
or female, confirmed for being transgenic for each of the
three antibodies, are weaned and matured. Female
transgenic mice are fertilized at the age of 6-8 weeks
and milk samples are obtained at several time points
after gestation. Male transgenic mice are mated with non-

transgenic females and female transgenic offspring (as

determined with PCR as described above) is mated and
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Boyd, 1995) or using an LDH rel ease assay (Shields et

al, 2001) . The functionality of the antibody
WOorRoose%ss agai nst Her-2 5 is al so tested usi NRCT/RP200Y/@7690

ani mal nodel s, such as for instance described in

Spiridon et al, 2002. Exanple 5 10 Expression of

di fferent functional humangsl-gGs in the mlk of

transgenic animals The VH and VH sequences of phages
midgadngs pgesceilpsdprleseat foontihenfen&teettansgemic CD22

cl one B2 CD72 (cl one 11-2 and HLA- cl one, 1-2
fofndRfs it ensHE Ao T, Tathle MRagtolF of e REE
fo(ASe ps oY gefat 8d t her PR+ MOHS@en A Ki EXPESSISE Ofble to

stem Invitrogen Life Technologies) to obtain

Sy Vi S) t
obhakfraf Y §i ahen B Eet at 9 Bnt 5peeINEC dxbllesEebreash
n I L n. tr i j ,
o R aT i o The hartf antF obe FREPFIE ER e e 20
preasenae yo §l huwas pEgt fw Lt lexpriessdonl y@ ctoms sl £ 2o coull $7y,
the . antibody sequences for,_anti-CD22, anti-CD72 and
YhiGE | JREA- TOR GF @S T T OUuCEHE M el Hard e YRt i oiese
mi BRCOSEbBPchOs . LiMEnAMNMG@CE $IM S 51 § 1Sd I £hedrh ONSan £t 2d wed
pups are screened for the presence of each of the
moype el Engbi gt Brotehy A BN DNA ¢heteateuraniy t he

N e . _ f |
2ep B in g R0 o Rt Phes @i frer B 0N R o 1
anat gzee ame dS pEEPAGE Ur Btbe Fentat -  fs@nsigeniandrisiend@iegy on

fertilized at the e of 6-8 weeks and m ]k sanpl es
they EAEBTES Bt QRLarad (HHA Ho MGtk ty oF the

an9£86@Y I RxtBL €1 § rm%%@ 48 G B¢ e eglid h non-
transgenic femal es and femal e transgenic of fspring (as
determined with PCR as descri bed above) is mated and
WD 2004/ 009618 PCT/ EP2003/ 007690 -85 mil ked as
descri bed above for the femal e transgenic founders.
ExMfiehevér needexbhdictidre of anl EghyIgsgmikture against a

predefined target in a PER.C6™ derived clone.

The Vy-Vi sequences of the phage UBS-54 directed against
the homotypic adhesion molecule EP-CAM (Huls et al.,
1999) was not only cloned into a vector encoding the
constant domains of a human IgGl with Kappa light chain
(expression vector pUBS3000Neo), but also into an
expression vector encoding the constant domains of a
human IgAl with Kappa light chain (expression vector
pUBS54-TgA, Fig. 8). Hence, antibodies derived from
pPUBS3000Neo and pUBS54-IgA do bind to the same epitdpe on
EPCAM. The only differences antibodies derived from
pUBS3000Neo and pUBS54-IgA are in the sequences encoding
the constant domains of the heavy chain, resulting in
either an IgG; or IgA; isotype. The Kappa light chain

sequences of these two vectors are identical.
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founders are mated for another generation to be able

to obtain sufficient anounts of transgenic mlk for
weawho®eiounder |ine. Transgenic mlk is anal yp€dEPIIN3/007690

the presence of human 1gGwith a human 1gG specific

ELI SA, which does not cross-react with nouse 1gG or

ot her nouse mlk conponendss. Human 1gGis purified

fron1trani%§nic nmouse mlk using Protein A affinity
StahteneERQEéPhsietivadcoedingihesstapdasdipgoartibedies

Purified h nlgGils analyzed - PAGE,
enGaRRT Hot 9T ol D PR T e TR g s P A -
1A Re ashdtfr dR b tonatdd Yol theowantd Ysons

m xture is anal yZed as descri bed sypra. 15 anple 6
skPkbefdiciih orhofanh. | YT e xtRER- Gai aslla apeederidadd

. target | D' eriyve 0 The VH.VL s ences

in EE o1l S SDRR I8 VERS 60 AT iiRts oh e

d1i @tkesi pno ol & uf 2 58 GAM K Hubsretindtel P2 1999) 10fasells
not only cloned into a vector encodjng the _ constant

Pelao%ﬁlhsargﬂl KRl RS TR i $RAKAPRE 1T JHY TRk Fulture
coh KPR £SS | be%\/%gorco‘i’lg%%%q,@%@ angUtz78E$0 iI‘H_E"n@Q%c gay,

expressi on vector encoding the constant domains o
tramgbect gois it tepharneghin chepar {exptiestonvedl 6t

25 BS54- 1 gA.. Fig,-8)., Hence,. antibodi es. derived from
usﬁ%@%gﬁb ?ﬁ%ﬁ&P?ﬂkﬁﬁ&&?Eﬁ@?ﬁ>%ﬁiﬁi#%éh?é?% %%ﬁgpitope
acOrdEREANM sthendity st df ec e esr@ntddddb estiger i ved

from pUBS3000Neo and pUBS54-1gA are in_ the sequences
maRrERAF WELT 4 Hel dorst Ei T dbmrai e RIBIHY HieR y2rfap B o4+
TgA SSM 1d Nt 30 £ NEFa RBFd OG o Te f B8 1 450§ Y PE- £dihe

Kappa |ight chain sequences of these two vectors are
dishentdcal t ranG 20026 Q0868 PATHEP2OUB/ 1007 688cteB86 while

A t abl e PER.aCGTM der%ved e(I:I iane £X reesassi; N9 cative
g%‘fl%o%kf‘eess Shtted lb‘”ﬁ‘/n %e??ci | qsor?m f oh onJ
coPtBSBHPOO0Neo and pUBS54- |1 gA are generated by
Afgggcfggr§§h¥§¥|c£{§gwg£g &ggéggmkwice with DMEM and
refed with fresh medium without selection. The next day,
medium is replaced with fresh medium containing 500 pg/ml
G418. Cells are refreshed every 2 or 3 days with medium
containing the same concentrations of G418. About 20-22
days after seeding, a large number of colonies is visible
and from each transfection at least 300 are picked and
grown via 96-well and/or 24-well via 6-well plates to T25
flasks. At this stage, cells are frozen (at least 1, but
usually 4 vials per sub-cultured colony) and production
levels of recombinant human IgG and human IgA antibody
are determined in the supernatant using an ELISA specific
for human IgGl as well as an ELISA specific for human
IgA. Also, at this stage G418 is removed from the culture
medium and never re-applied again. For a representative

number of colonies larger volumes are cultured to purify
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skilled in the art. Therefore, PER C6TMcells are
seeded 5 in DMVEM plus 10% FBS in tissue culture dishes
W@ 1@400m6181i aneter) or T80 flasks with approxi nBCEER2083/67690
x 106 cells per dish and kept overni ght under their
normal culture conditions (10% C02 concentration and
37C). The next day, transf8eetions are perforned in
separate dishes at 37C 10 using Li pofectam ne
the fecorggaanti hempec feshoghdshumancbeli Aigacbienafdandthe

o%d%%§%% puggg%ﬁg%bo an&g%ﬂﬁp%%%fﬁék %%%e W%g% %@Jaag; n

oft)yr ansftedhi @n oef fACiaeTdyity fdwonditshespare Haanshect ed
wth a LacZ control vector, while 15 a few di shes are

X HEIFa FEF SRRERIEAB  Yer VY IXOPRERALT Fateaantions. After
ch@b%aﬁ%@&%ﬁh?e%h% 8 W@ﬁ%%gtEthePW&HE&QMEMhﬁ% refed

fres di umw t hout sel ection e next day,
lmm@@pa#pbylﬂeplém@m\MmﬂwWhm@gmswedpuﬁscambaanaﬂgz&@oon

g 1 ar e refre every y
SD% nédggﬁmééggggﬁﬁ'n&cuﬁéngaﬁgﬁg5négﬁtp&9|&R@ %P the
ta@@b& EADAMt ud0n3d2 ceday s iablehaveadi AJhighl akgecrEABEr of
of colonies is visible and fromeach transfection at

thPéa?Pl§GBl§reTBﬁc@é@nﬁﬁdWléﬁoﬂﬁ39lQegécﬁéﬁpeﬂnﬁﬁo?CR on
ge%@mﬁ%leX'§o§ Wﬁ%lpgkggﬁ? Fngséﬁcgl agks UB@%O@%N}

st age, s are frozen east 1, but “usual
andl@Ugséérlgab EhbtudedtQGWonﬁ)thadPﬁRopmoduGMS hevels

nb t d h | gA anti bod
quEPEEE?ﬁggn?ﬁeghgysﬁgérﬁgﬁgﬁpcgggﬂg gn EEIgAés%ec?;EC

A flemibegaAuhgEl 8% Webheas aRiEhl SAcspeekbhedf phshunwa
30 IgA. Also, at this stage (418 is renoved fromthe

foéuFP@rEroﬁEQF&ﬁPaﬁé Retlr EPEAYppOFe g aF PCANOFgR, are

PP Ee a0 P EPI Py Wb 2004 009018 Rer EbsBbSPB07a50

act8vathe cetodnbomart NERES )| dB&chod hupkhnkgA FRaActi on
VA%iggghgﬁhafgggE%hg ive g?eég?gggésugkggsgg&ed a%ancg
cells/well to guarantee clonal outgrowth. Clonal cell
populations, hereafter designated as sub-clones, are
refreshed once a week with fresh medium. Sub-clones are
grown and transferred from 96~wells via 24- and 6-wells
plates to T25 flasks. At this stage, sub-clones are
frozen (at least 1, but usually 4 vials per sub-clone)
and production levels of recombinant human IgG; and IgA
antibody are determined in the supernatant using a human
IgG; specific ELISA and a human IgA specific ELISA. For a
representative number of sub-clones, larger volumes are
cultured to purify the recombinant human IgG; and human
IgA; fraction from the conditioned supernatant using for
instance (a combination of) Protein L or LA affinity
chromatography, cation exchange chromatography,

hydrophobic interaction chromatography and gel
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of) Protein L or LA affinity chromatography, cation
exchange chronmat ography, hydrophobic interaction 5

wa@e booenegteoyr aphy and gel filtration. Purified hRemEBP2003/007690

i mmunogl obulins fromthe various clones are anal yzed
on SDS-PACE, |so-electric focusing (IEF) and binding
to the target EPCAM usinggcell |ines having a high
expression of this nolecule. The clones will also be
fiboradeined, BuPOR ah Hdnge nomun dNOFwlrindhef mmesBnee or

absence of pUBS3000 d -1gA._The jdentit
vafroinE se b i 2ed ih Rt g 1 R e ¢ Y
FoSESUNCI TR Avhd b 16 iynbered ol anes EMAe sty cell

~screened positive for the production of both EPCAM
lineschairidh ERCAM Il o xmress I suibjlattedrieale @ik e cel |

Ci : . .

suf b IS0 AL I SCRIER 5L e RS dndfld S

foAlties nate vty €0l Ans@scaref SEmERD @NE Ind gpUBS et |
t o guarant ee, cl onal outgrowth. C ona]

|
IoBoptitat Bt herehf te? i%?%%%t%sl%fﬁﬁérchb%s, are

cortBs FRfd ashesNONcS @ etk th fresh medium Sub-cl ones
are grown and transferred from96-wells via 24- and

Otlgemetd thogs asech tas ToGuthamkeloh andiontBhyl may also
sub-cl.ones are .froze a t V.4
be Vlllsdﬁcg tp%rges% quEBIS x)lhen%l]:%e ﬂo%%a(:cicgns@ﬁ%ec\:/% ;ﬁ%«% present

one pro i on

inrgeonidraat demmanligél and | gA 25 anti body are
determ ned in the supernatant using a human |gGl
specific ELI SA and a human | gA specific ELI SA. For a
representative nunber of sub-clones, |arger volunes
are cultured to purify the reconbi nant human 1gGlL and

Exdmpim 7 | gAl [Poeduobion ovf thdweanl 19GrdgCupdKRaTant

<o SH0 i P RRSES (2 £ 0L IRAE B0 Btk ke

Ph&de BdRgramdys4 aydrophedi ks nfetact3pnvere obtained
chromat ogr aphy_ and fel WD 2004/ 009618
as psy Erdeerd) Do 769 lesl i The af 6md Par PFi €4ORENHRS 24

wad R0 OPUl i8S §f0M L REssion vector containing the
HAVT20 leader sequence and all the coding sequences for
the constant domains of a human IgG; with a Kappa light
chain by a method essentially as described (Boel et al,
2000). The resulting plasmid was designated as
pPUBS3000Neo (Fig. 4). It will be clear that expression
vectors containing heavy chain constant domains of any
desired isotype can be constructed by routine methods of
molecular biology, using the sequences of these regions

that are all available in the art. The Vy and Vi sequences

- of Phage clone K53 are cloned into an expression vector

containing the HAVT20 leader sequence and all the coding
sequences for the constant domains of a heavy chain of a

human IgGs with a Kappa light chain by a method
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vari ous clones are anal yzed on SDS-PAGE, |Iso-electric
focusing (1 EF) and binding to the target EPCAM usi ng

wa@edos/oodeihes havi ng a hi gh expressi on of this PUI/ER2WOE007690

5 Sub-clones will also be screened by PCR on genom c
DNA for the presence or absence of pUBS3000Neo and
pUBS54- |1 gA. The identity-84-the PCR products is
further confirnmed by DNA sequencing. O her nethods
essgaliad 1oashees wlidedandhel BESHLlrag0803e Th@sbe used

oSS G L SIS LR T

onal “cell n of a human

Thbgéﬂpﬂg@&lmBXGWEGtrh&sagﬁtmyteﬁpkéb@ba tatgetsSalbnd or
, _clon PER C67m cel | Je Phage clone UBS-54 and
INCFER, 1R§§l€@1 g f)ERwé:ﬁ é’&%%e&n & igdgcmasdy §%h cm?

r1E%ampke tlanthecYdsand thgﬁaﬁheﬁefy§845ﬂou%@swﬁﬂﬁeﬁﬁ@d

into an expression véctor containing the
ulléaaefegéqmen@e+ad@ all DNVRe (edthag péaséﬁeéﬁebor 20

PKpPORES Bhath by &onEPRGk basont AL Fyehe HEGcFERRn ot

37CBoeAfebraM ho2@Q0) thibeisesdbl hBgdplasal MRS+ 10%
ignated as _pUBS3000Neo (Fig. 4). It will be clear
FB?haFﬂ@xEP@sgﬁéﬁs &6t GESVRoRVEFAiARthakhvy 7 chai fells are

th@ﬁn§ta§HEddQ/%hn§>B9f a8BY+tR3 ﬂgaaﬁgdlgs?égﬁgcganw@;
constructed by routine nethods o I ology,
ExqslthEEemsdqumndéﬁHoBlbhesencegLomhe thalsaneeabllowed

avail abl e e art. The and VL sequenc of
topHhgY @fL'oﬁz (F(S Char %‘F%’?Yecfiﬂﬁ% W xp q’é%s‘?%ﬁl Vatgire
sup@ahatahag1bhﬁaHA¥52@dlegﬁﬁansgggegﬁscgﬁﬂcaﬁtxshe

codi ng 30 sequences for the constant domains of a

anﬁéa§98chauﬁ -ofeasukiREnal §GBIGI sWoat Kappa LFgHeNehbPn
aePYrfi HE! d ¥§G 9%&8@8@&? EIQT_‘LEF’@Q%E’féggggSQQ aronon-
essentla ad ‘described  (Boel “et a
trenpfesSeanEBcﬁép‘m$1d63|@nmbedlg@ K68l gé&h These
sugerng%ggtagg g& 2%&82£L¥ye§€£f SERQSrPgéggEnqg
affinity chromatography (Hightrap Protein A HP, cat.no.
1-040203) according to standard procedures, following
recommendations of the manufacturer (Amersham
Biosciences). After elution, samples are concentrated in
a Microcon YM30 concentrator (Amicon) and buffer
exchanged to 10 mM sodium phosphate, pH 6.7. Samples are
analysed for binding to the targets EPCAM and CD46 using
cell lines having a high expression of these molecules
such as LS174T cells. Twelve pg of purified IgG, either
transiently expressed UBS-54 IgGl, K53 IgG3 or IgG from
the cells in which both antibodies were co-transfected,
is subsequently analyzed on Isoelectric focusing gels
(Serva Pre-cast IEF gels, pH range 3-10, cat.no. 42866).
Samples are loaded on the low pH side and after focussing

stained with colloidal blue. The pI values of the major
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in conbination in PER C6TM cells. In brief, each 80
cn2 5 flask is transfected by incubation for 4 hours
wawaohoaos pl |ipofectanmine + 10 pg DNA (ei t hePCT/EP2003/007690
pUBS3000Neo, pK531gG3 or 10 pg of both) in serumfree
DMEM nedi um at  37C. After 4 hours, this is replaced
with DVEM + 10% FBS, and-phe cells are grown
overnight at 37C. Cells are 10 then washed with PBS
isafiernfe feedieashi samppeased dethrmired! ko525 losdirate

ST e o BT Hapes BPEG: SURFERSERG B8l PECPPuTgtls KO3

Igsaperna&apécuf1bah%eatedlméuaandéggha@ﬁ@lBhChEbléﬁe
inal sis, i.e. neasurlng al | gG sub-types, is done to
ced&sUpERmEREBNEAECESE: cERechBPRELEACRALPRARSf ect ed and

heP8Podt haprsf gehed RER: CHTM e&gkss%h'ggancé%sf nfpeach

supernatant I's subsequently puri using Protein A
trahgilated bhtbnﬁhegEgﬁﬁyhe&WthhapnPDﬁtEBB AnHPthe IgGl

cat.np.. 1-Q4 3). ,according ¢ t andard oced
nef 8y Slrig 28 Peconfonta FERETBFHnbARARUF AR e UL
1eﬁ&@ﬁr§§@nmoBeea@eeﬁN?éihe£¢&@thetﬁéleamméﬁnmhgﬁtaeﬁaln.
concentrated in crocon YMBO concentrator  (Am con)

ThangPpareer ofeRéFRAGEEL Eohabenmrinaraniposphasethphl it
b t rget
1sg%%iiﬁgg§ g%ngEgnsﬁgeégﬁgg lgﬁlnegganﬂeégy Bﬁ?%ﬁ g¢' R53

usi ng avin
an@xpheségeh béavyeshannleﬁuUBS 54ucth asngBé7é§lmeLIBut

g.o0 r i fied ei t he nS|e
th%§ #%§§§ d%B@ 4aF§%ﬁbi§F%n?ﬁC% %Fli ?95 %ﬁe cells
mol@chéCBoQ@tHe@nhhbﬁdtﬁé @@mﬁ05011@§ﬂs&ﬁgiﬁd,l ES there
subsequent |y anal yzed on |soelectric focu5|ng gels 30

ls(E%?ﬁ%rﬁﬁéleésblnéFn@e@E IgEl rangelgGioheeny. Aoains.
8 | oad d
£2800)14 DBIRLER 218! paded-phihhg Lo pll sLde ap oo~

ocussi ng alned W
exyaéﬂssonfofhéBﬂabérlgmiZﬁﬁﬂﬂﬂﬂgGﬂﬁbPCThEE%&@3éOOE69®le

1580 SRLP TR fer cach sanpl € e delormued Lo,

pK 4B 6% éﬁ&ﬂgeﬁé§ated by procedures as such well known
to persons skilled in the art. PER.C6™ cells are seeded
in DMEM plus 10% FBS in tissue culture dishes (10 cm
diameter) or T80 flasks with approximately 2.5 x 10° cells
per dish and kept overnight under their normal culture
conditions (10% CO, concentration and 37°C). The next day,
transfections are performed in separate dishes at 37°C
using Lipofectamine (Invitrogen Life Technologies)
according to standard protocols provided by the
manufacturer, with either 1-2 pg pUBS3000Neo, pK53IgG3 or
both. As a control for transfection efficiency, a few
dishes are transfected with a LacZ control vector, while
a few dishes will be not transfected and serve as

negative controls.
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| gG3 or bispecific heterodinmers, depending on how the

cells were transfected. The identification of 5
whedoenaodisrer s woul d i ndi cate that single cell SPCEHER2003/007690

transl ated both the 1gG3 heavy chain of K53 and the

IgGl heavy chain of UBS-54 and assenbled these into a

full length IgG nol ecul e-bogether with the common

l'ight chain. The absence of bispecific heterodiners
Afitgdi dattehotrat, icelle ks eposshelde tivdcer anshaDeENOtRC he

K53 nd the._l heavy chai n of
re BT h ¥ fain Bogerte ERPUE RatonieR dfbRopert day,
meaiﬂmﬁbbeﬁé@léd%dfwhkh|Q@@%B h@@1 uiP eeikent ageter 1q/ml

h the cormmon [ight chain, i.e. there is
G4ﬁ§ef€@éﬁ§|éFebFﬁJFﬁghéﬁ PyErvaRdorgd3dreay yithamesiums
'y | 0 r | th K,@f
o e onoF cResEr ol Phd Rs s s bREy aP5r2
dayﬁabﬁéercb@@dungelb Lamge emmbessoﬁgcb@bhip@BS@O@@H&ble

K53l t ch wel |
A RAR Ba e Leane EREEPBdSEn [EASEarD0 PER BRFRFELPRG
grawe s@@d@@—%gluna@NENkpbuSwéQ%ﬁ555 BDWEU§SE§aEHEtHBeT25
di shes %éo cm dlaneteraéor T80 fl asks wt

TlaphpoxPratbiy 2t89%, 106186l hte pepzanshaanderept 1, but
BB IeE Ll -HOUTBLLRULLYER, SO b BacLIle
levednsbéctiecnsbananpehfinameligGnasepbodycadesbescainidée
. Zg usi n Lipgfe tam, ne %InV|trogen Life Technologles)
in;Eh6, GPHGEG Shhntat BIprBt BESFS BPBYLALd ByTtReL Subs

typaBUB@Chumah, 19t haekbhent 1+ R1 p0spHBS30Q9heos PKR3LEES

or both. As a control for transfecfion efficiency, a
fregwthi sHésugpenedansf aodetewerhra-eppZiednagalin. For a

f hes MA be not.transfected
i e e R e e ST
cuPG'ﬂ:EE’ZﬁGBbO@IGQOtheQieébmbﬁ.nénﬁ horas, 166l £S0MAr €he

E ce with DVEM and refed wth fresh nedi um
CoRE hEpdeFBEEFBALAThou abRe BEGLein A affinity

chromatography (Hightrap Protein A HP, cat.no. 1-040203)
according to standard procedures, following
recommendations of the manufacturer (Amersham
Biosciences). Purified human immunoglobulins from the
various clones are analyzed on SDS-PAGE, Iso-electric
focusing (IEF) and binding to the targets EPCAM and CD46
using cell lines having a high expression of these
molecules such as LS174T cells. The clones are also
screened by PCR on genomic DNA for the presence or
absence of pUBS3000Neo and pK53IgG3. The identity of the
PCR products is further confirmed by DNA sequencing.

A limited number of clones, which are screened positive
for the production of both EPCAM IgGl and K53 IgG3, are
subjected to single cell sorting using a fluorescence

activated cell sorter (FACS) (Becton Dickinson FACS
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mediumis replaced with fresh nedi um contai ni ng 500

p.g/mM (418, Cells are refreshed every 2 or 3 days
wowah/oemses um 5 contai ni ng the sanme concentr at i POIFEP$003/007690

(418. About 20-22 days after seeding, a |arge nunber

of colonies is visible and fromeach transfection at

| east 300 are picked and -sgrown via 96-wel | and/or

24-well via 6-well plates to T25 flasks. At this
VANSTAGR, SRl | Al trmndtriorsly ( atoladists BrepweeEdisiiald g 4

vi al s per, sub-cul tured col any) .and pr.odygctio | evel s
Ce]offs r"éecﬁ]rrbtr?]a%a%ﬁ*? I(b]@rh‘ﬁt |%Jotc%/r 'dLe@@I}'ﬁqhectFe“‘l n
popUTBa BUNES Nat i 5 tsd Nk Sl 1A specddd-cidte ) lasaib-

types of human 1gG Also, at this stage (418 is
refeamed oneom twrelk witr ef rradl UrRBHER NS TRl a1

gr iﬂid F@#a@sée%feefrﬁ%?t%—byﬁellwme% ﬂlf— %Q{CP%_ 1ls
?arger vol unes ‘are cultured to purify the reconbinant
pldtw@antd g2 roimdie. Kondiis onedyesupainatlante s g

Protein A affinity chromatography (H ghtrap Protein A
FEGHEN GIAT Mt OWOTUY) LI g Y-S P o tone)
and®OESAUE €on fodJoM N 20 dgeemndatints 1fc tdiecibody

manuf act urer (Anmersham Biosciences). Purified human
ar¢ metroghbbed | Hs fhomuprrnatanouss didreduman adlf yzed

on, S- lso-el e e ' i ndi ng
SP§% the '%‘D%gét sﬁcﬁbékl\ﬁc‘%}% SC?EBEL%Q&?JVLS%] %bdni:k%pﬁ) C?J{]gse@ havi ng
clcalelkt:s,ghlﬁ@éh aelsxsdnnn@é affmmm elmallpgscjsﬁmftlas LS174T

cells. The clones are alsp screen PCR on noni ¢
re g PN HEb o & TRCT IS Crcl o IRESBOONERE Bind

;péﬁg@ﬁt ' iddn of dHeinAGR RIS+ SpHpr t her
Sucon i rmed %{/@nmﬂq%e%ci ng. J,"Anllpl&g}f:; t ed nun?gogera%?)fyI
(Hidlomesp Whdthimrke By esrtediposttG4&203B0 Fasponding to

roduction of both EPCAM I 3 !
st ERT aile i S AR Al e AL cne
maraet 4 vad edr Cehrhe SR rB{ FAEYndBect opuhi fikd d JoumdACS WO
2004/ 009618 PCT/ EP2003/ 007690 -92 VANTAGE SEf.
impyned Hek by, LA dhesvar Pk adenet aF g analyzed on

SDS-PAGE, Iso-electric focusing (IEF) and binding to the
targets EPCAM and CD46 using cell lines having a high
expression of this molecules, such as for instance LS174T
cells, or transfectants expressing these molecules.
Sub-clones are also screened by PCR on genomic DNA for
the presence or absence of pUBS3000Neo and pK53IgG3. The
identity of the PCR products is further confirmed by DNA
seguencing.

Other methods such as Southern blot and/or FISH may also
be used to determine whether both constructs are present
in the clonal cell line.

Once the clonal sub-clones are available and confirmed
positive for the expression of both UBS-54 IgGl and K53
IgG3, the presence of functional K53 and UBS-54 shows

that it is possible to generate a mixture of functional



10

15

20

25

30

cells/well to guarantee clonal outgrowth. C onal cel
popul ations, hereafter designated as sub-cl ones, are
wo edonmedsesl once a week with fresh nmedi um Sub-BPCDRRR03/007690
are 5 grown and transferred from96-wells via 24- and
6-wells plates to T25 flasks. At this stage,
sub-clones are frozen (atgideast 1, but usually 4
vials per sub-clone) and production |evels of
Tg@Eesowbthadi f herant | g anpebodyth atlee detrenom nkdghh ¢haein

. _super nat ant ing a human LgG 10 specifjic ELLSA. For a

0 R DR baEhEarP b TAMBLYSOF SHOENCI SHRESSTH0ReT  vol ures

bigpectLul tUEREi bOAPYE I BYndiley HEERNDLERNt aAN®DA 6 Ofi 11
fraction fromthe conditioned supernatant using

repeatef@ whalk fexieyt chronat bbeaphy heavyhehapneribeeing
dif?er&g%-é‘&’bt '%’4&%9??9%9%{‘%5&111’3 f@?pﬁgﬁée the

pr ocedur es, | owm ng reconmendat 1 ons ©
amoantf aft bt epe  Afree sdmani Booses epred)cedPuritfi 26 dupaoted

[ nogl obul ins fromthe variopus c]ones are anal yzed
th%ﬂmr{%[i%? PAGE f%‘t’)- %%fm?fmg? 15 BB CHRAd b Ad hyt
pet Pothe ik a¥Res ScERCAM and CD46 using cell |ines having

a high 20 expression of this nol ecules, such as for

i nstance LS174T «cells, or transfectants expressing

t hese nol ecul es. Sub-clones are al so screened by PCR

on genom c DNA for the presence or absence of
ExahifE3 08 0 Neel el ¢ 53 géitagd hearryliomnd | 4 ingle t tlea PCREv

roducts is furth confirned, b 25 sequengin
fr%’ﬂ%?tﬁe%% Js%ﬁ{sasr%smww%%%m/wﬁ Wé%
prété&fn PRVEBEud IngereEping Mheiberphotdiconshgucts are

present in the cTonal cell line. Once the clonal
expudseioncal anixtures aof canbtbedigs ragaingo phei rabhies
vi%ﬁé the expression of both UBS-54 | gGlL and K53 |gG3,

e presence of functional K53 and UBS-54 shows that
it Tisipossamp e t de genebas etlde npxdduiet 0dn fahiohl obare WD £
2004/ 009618 PCT/ EP2003/ 007690, -93 _

antibodies against the rabies virus, as another potential
target. As an antigen, the Rabies Virus Glycoprotein
(RVGP) is chosen, but other rabies antigens may be chosen
or included as well for this purpose. Several monoclonal
antibodies recognizing RVGP have already been described
in the art, and polyclonal antibodies have been
recognized to be useful in treatment of rabies infections
as well (e.g. EP0402029; EP0445625).

Antibody fragments are selected using antibody phage
display libraries and MAbstract™ technology, essentially
as described in US patent 6,265,150 and in WO 98/15833.
All procedures are performed at room temperature unless
stated otherwise. The sequence of RVGP is available to
the person skilled in the art, for cloning purposes (e.g.
Yelverton et al, 1983). An RVGP-Ig fusion protein

consisting of whole RVGP fused genetically to the CHZ and
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IgGs with different isotypes with the common |ight
chain in a single cell. Analysis of the expression of

whe@peadsis c anti bodi es bi ndi ng bot h EpCAM and EDHEP2%03/007690

reveal to what extent the different heavy chains

having a 5 different subtype wll pair, which wll

i nfluence the anount of bd4specific antibodies

produced. It is expected that no or very low levels
CH3f dbnzsjpesi ¢ £ chiamén bdgéesis prodbeed cuntng nvébisrcase.

le 8. S ction of phage I I YD ingle chain
Do T et 12 e PRREP P 5o cocr o e BB eSO Trs Tor
2 BbYEO aPrytei in{RVER ustngcKVEP-axfsste™ prakeiin,
and expression of mxtures of antibodi es agai nst the

tubepi 4unglb & rascommeRtexbhen eoflebc? bed/mhe The tubes
argfgﬂé‘éﬁécﬁmfé){ 1 XU €89 OF . 1 af‘f%@gﬁifg‘ ag?gvg{igf‘;giggolved

ables virus, as another poten |
inaPB$ gEMPBS he Rabiksaneousl @ ysoOpriot el app RYEhatsly 10"

chosen, hut other rabies antigens may., be chosen 0. or
cEf P s ot s V! Fra by el SR RS S Ra e crhL

Fvaptibpdies [£6PgNLY| @gs&/@ail@yeﬁ;ﬁéwﬁ@a beefescribed
described 1in the art, and polyc

. ycl onal anti bodi es have
by peenkrektoghi 2bd (199, bsetnd Feferencaenthefetnbi &8

infecti.on | (e, q. 4 -« EPQ44 25
édggéig%d§w r%ﬁ%%n % %ﬁe4gé%gggég%ggg%bga%??gggéé%ﬁége
selésplays | 4 bs apé esoandd Mibsh ¢ attddt 1 @edhnof oglye original

_essentiall as described jn US patent 6,265,150 and
LibRagp %}ﬁ%@%%?edmlw ot r@ee ﬁ%ﬂ%ﬁ%ﬁﬁeﬂbi? fb%m

ch SHPEERL WSS ML £SBe . §1 a4 edv@iheimﬁry{ hersegyeneeonf
RVG” I1s available to"30 the person skilled in the art,

hufign e¢oem ngs padped ebo (. inaYetorcennratian, of983% . amap
o1ehetd ot 15100 Phet Gbrafeb e Shod ubate - Te RERES
1gPETAERZ00 O 7HPO emPBdied and the blocked phage library
is added. The tube is sealed and rotated slowly for 1 h,
followed by 2 h of incubation without rotation. The tubes
are emptied and washed 10 times in PBS containing 0.1%
Tween-20, followed by washing 5 times in PBS. 1 ml
glycine-HCL, 0.05 M, pH 2.2 is added, and the tube is
rotated slowly for 10 min. The eluted phages are added to

500 pl 1M Tris-HCl pH 7.4. To this mixture, 3.5 ml of
exponentially growing XL-1 blue bacterial culture is
added. The tubes are incubated for 30 min at 37°C without
shaking. Then, the bacteria are plated on 2TY agar plates
containing ampicillin, tetracycline and glucose. After
overnight incubation of the plates at 37°C, the colonies
are scraped from the plates and used to prepare an
enriched phage library, essentially as described by De
Kruif et al. (1995a,b). Briefly, scraped bacteria are

used to inoculate 2TY medium containing ampicillin,
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CH3 domai ns of human 1 gGl is produced using vector
pcDNA3. 1 Zeo- CH2- CH3 expressed in PER C6TM and coat ed

wo oro4/0®elour s at 37 onto the surface of Maxi sor@ITEP2003/007690

plastic tubes (Nunc) at a concentration of 1.25

pg/ M. The tubes 5 are blocked for 1 hin 2%fat free

m | k powder dissolved in-PBS (MPBS). Sinultaneously,

500 pl (approximately 1013 cfu) of a phage display
teltirbrgry iexpressigigcesisrgbedchbabnn By &r sgmertrat(gseFets)

37 R068a28) Ofetint dor ahes HNEFS RPA%Pe10 IR b

a1v6lieaes o0h ndUrMPBS b ckBirS .eXPeEIMRALch $8keabHONS is
are perforned using fractions of the original Ilibrary

chepastr tet édYusongasnipdonarsirhglénvakcpibpreyrighre and
kaﬁggp? ﬁe”%n RRGHEB N 850k oft ; ggédtngEﬁﬁﬁht LB 30°c. The

unan serumis a
neamndaytraheobauteka%)amé tembiredkifmgmi shal RoWedetidum by

roceed for 30 coat ed tube
R B N TR A TRT S Wt g S R o
us&HBepb§yé%ﬁb@@n@n@l&%bqt%@O@Vﬁﬁti feindihy, takl pnedes
i ncubation wi thout rotation. The tubes are
ar@nﬁ@seélaﬁd W@sﬁeémﬁgltNﬂé@mﬁnOﬁBBB§oﬁFaB§Amgf@lI%¥20

ooBYSTAER, el RN B NSOGB bLER LBaE08s o T,

seﬂ@bated/ﬁbGtheEQﬁohOprﬂedﬁhe ebupedfphmgdstaﬁeeadded
to i MTris-HC1L pH 7 To this .m xtur 3.5
Afger é%soﬁ@ﬁppé|Fyu&ﬁowﬁnaekECElBPuelB&&FéPPa Ealclirte

coﬁ%ngésagggdusgﬁeth%%%pﬁE% hBeEbabed1f phadl HhRidbA3£S.
hout shakin the bacteria are plated on 2TY

EsagatlpﬂéVeslnd@anMﬁﬂnqoénpneslatﬁ gt@Wﬂaéycﬂpgepaﬁae
I uc fte verni gh ncu Lon h tes at
), S8R Ru R hiine B TkRe BhpirBE o APk o R BrBc®

col'oni'es nged rom g and
an@i@ddyop@bdnat&o@n130a&ﬂbW@hedopbaQEebdbbaeynlght
essentially as described by De Kruif et

al
Ph@EQQEQtBPOdBrF@Pﬁ?lnééﬁaﬁéBeEHEFéPFﬁ are teségc: ¢n

EL%% y ate; %Excgegb%qwq% t @bnhRaaMRvebLIGN colPed 96
47009618 PCT/ EP2003/ 007690

wells plates.

Selected phage antibodies that are obtained in the
screen described above, are validated in ELISA for
specificity. For this purpose, human RVGP-Ig is coated to
Maxisorp ELISA plates. After coating, the plates are
blocked in 2% MPBS. The selected phage antibodies are
incubated in an equal volume of 4% MPBS. The plates are
emptied, washed once in PBS, after which the blocked
phages are added. Incubation is allowed to proceed for 1
h, the plates are washed in PBS 0.1% Tween-20 and bound
phages are detected using an anti-M13 antibody conjugated
to peroxidase. As a control, the procedure is performed

simultaneously using a control phage antibody directed
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-95 tetracycline and glucose and grown at a
tenperature of 37C to an 0D600nm of -0.3. Hel per

w@bagosteas e added and allowed to infect the bBCT/EP1083/007690

after which the nmediumis changed to 2TY contai ni ng
anpicillin, tetracycline and 5 kanamycin. |ncubation
is continued overnight at-803C. The next day, the

bacteria are renoved fromthe 2TY nedi um by
agetnsti Fhysepéabuiier Rﬁl%hu%ﬁeebh@be51%95apbé6|%hl%@ed

seyﬁéggagogyﬁgggggg éxggélGOOO/NaO Finally, the

phages are |sso ved 1n a small volunme of PBS-l1o0 BSA,

filTee phagteanhtibediasndtiisedoind @onkwhanokvdrelyg are

selectio The gelectlon/re i nfection procedure is
bt wpgse

SUbBFABFIE APE eP L RAENS ek D N PRUNEC BFR sEFBCES on,

exkDEhY I dH8l pEsEObE 1160 ORALSHIRL Hé@@gﬁ?z@£99§éch art
nonocl onal ~ phage anti bodi es. ssentially, |nd|V|J)

of cohenfesianepygpoamnt o Iog phase 15 and infected with

il R T i T e A
foﬁoﬂmaiﬁlagl$mp§rﬁatﬁmﬁs BER ¢e@teélﬂa tEthAxb@éss RVGP

bi ndi ng acti vit coated 96 wells
Topthtgsk uEEOS%IBé5e96ph&ﬁélénPFﬁo%Fé§sﬁﬁ§Fe§r¥1EBtélned

plé@mi@eca§f$§ﬁ§ QeéﬁﬁAbQQq@QQHS eﬁé@dfﬁé RoEedot Ny B SA

for specificity. For th pur pose, hunman RVGP-1g IS
th@o@mpUytmeCKQX|sndpSEﬁbEE\tiameéecwamb$ goat sabscided

| 5 ked 2% MPBS. Th | h
us Do ERafaEr & kO REEhat D TR oo s T S ot CRETE e gt
thdPBS: Thegpl abesgang Jemptéesdl . washed) opgerém: PBS,

after_which the blocked phages are_added. |ncubation
PretoePldwed PECpEoBedaltRFe L VRl URPe! pl 4PR3 B tCViashed

sohd, PBR:0. &4, TveeR; ZOFan%p&Jgg%ﬁ,%g%?gﬁgeénﬁys%t gkgﬁ&e

u5|ng an anti-ML3 anti bo to peroxi
antAsbadtent abé, fihet pbbcekied ein sapeedonhedolume of 4%

upS5 L aEoysty, s bg BeLonteol phage, ant body giregied
and control transfected PER.C6™ cells. The blocked phages
are added to a mixture of unlabelled control transfected
PER.C6™ cells and RGVP transfected PER.C6™ cells that
have been labelled green using a lipophylic dye (PKH67,
Sigma). The binding of the phage antibodies to the cells
is visualized using a biotinylated anti-M13 antibody
(Santa Cruz Biotechnology) followed by streptavidin-
phycoerythrin (Caltag). Anti RVGP scFv selectively stains
the PER.C6™ RVGP transfectant while they do not bind the
control transfectant.

An alternative way of screening for phages carrying
single chain Fv fragments specifically recognizing human
RVGP, is by use of RVGP-transfected PER.C6™ cells.
PER.C6™ cells expressing membrane bound RVGP are produced

as described supra. Phage selection experiments are
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WO 2004/ 009618 PCT/ EP2003/ 007690 -96 agai nst
thyroglobulin (De Kruif et al. 1995a,b), which serves

w@go00a/00sg@mt i ve control . The phage anti bodi es tPEr/EP2002/007690

to human RVGP-1g are subsequently tested for binding

to human serum1gG to 5 exclude the possibility that

t hey recogni zed the Fc par?7- of the fusion protein. In

anot her assay the phage anti bodi es are anal yzed for
berfeimedbis i d9seoibetos HER C6TH e ’¢f$e$¢1a¢ebi§ar@%s RVGP

hi PER. .C6T S, &l ransf e 1th a
vaggel 8 PHEEEREn Bl P R R S o
sciwtphaddepenpiyl¥ecioin@nshby abhe $1mdgbé estBntspatees
sel ected using st andarlq techni ques known to a person
(5&Ki ) ecepproxhrabely (B0 g.cBl i pakldcked eriih 4 20D1)

Reh{ LGRS EP RS, Bk NG Vo ) R Sl O CORA

cebnal ysisr1phaee1sanbirboduasdate thespeRl gekrucPNcanls
equal vol ume of 4% MBS for 15 min at 4C prior to the
(~5t QI H ngF ol Hhe TIEGPMIZTRTContS A48 ASt édttedpPERSTM

11 &8t | Shaiherbl ock - 0; B 4 e Of

l(l%nl aﬂgeﬁ1 edrcont rgﬁe%)r ans %c%%%%gg%n% OG@I’CM cell sefand

2, ROWP whansf etdety PER O6M cet | 8°d.hatubshapentasn the
| abel l ed green using a |lipophylic dye (PKH67, [

celthe "H%d‘f’ﬁﬁh%‘f‘ ERECOIRRRE BHEF LERIF T %eira;g’w?l? )
pris,sy@%r@ 5431 Dec LA é@%ﬂ{f%@@%&%%ﬁwc@@ y

anta Cruz Bi otechno | owed by streptavidin 25
aniphyoder yBacton (Tatlagon)Anfol RUGR sefFva sgit eote wetlyrin
tains. the PER C6TM RVGP t ransf ect ant iJe they do. .,
G2 L LR NS S LSRR S LR RN ARER A TR
on fcSCIreesi gL or a phagesh £ArsVe N tan@i g es et dd Fvo a 4
fragments specifically recognizing human 30 RVGP, is

nl pyke ©flRVEPEE M sT e R PEECETM 2 S VPER TBTM
£16GLL ScEXPL ESSE Y- PRI ANE bound, RMEE- a5e B Odueesh) and

RVGP (PE positive) cells are sorted. The sorted cells are
spun down, the supernatant is saved and the bound phages
are eluted from the cells by resuspending the cells in
500pl 50mM Glycin pH2.2 followed by incubation for 5 min.
at room temperature. The mixture is neutralized with
250pl 1M Tris-HCl pH 7.4 and added to the rescued
supernatant. Collectively these phages are used to
prepare an enriched phage library as described above. The
selection/re~infection procedure is performed twice.
After the second round of selection, monoclonal phage
antibodies are prepared and tested for binding to RVGP-
PER.C6™ cells and untransfected PER.C6™ cells as
described supra. Phages that are positive on RVGP-
transfected cells are subsequently tested for binding to

the RVGP-IgG fusion protein in ELISA as described supra.
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as described supra. Phage sel ection experinents are WO
2004/ 009618 PCT/ EP2003/ 007690 -97 perforned as

wale@anidsesl supra, using these cells as target PCHEP2003/007690

fraction of the phage library conprised of scFv-phage
particles using only one single scFv species (500 I,
approxi mately 1013 cfu) is%8p ocked with 2 nml 5

RPM / 100FCS/ | %NHS for 15" at RT. Untransfected

PER B TRELeer¢d FCHO-AmERenhy aFe GERRRF tih thehuman

- RVGP, s k- * I Thi X erds
e A R R T N S
Bogphage-41 pr20§0andl¢ nchibaitmarpose, 201 WL whid@nathiow y

rotating at 4 ubsequent] v, e 10 cells are washed
S SR et S5 T TR S P SOOHIL HATY 1R and
olidwubatieshk Wadd Bogitbp s Bat e SMILL 8o | Hodys ( BeCS DK 1ar
D cki nson) foll owed by a phycoerythrin o
Profejurdn} tigased ot i theuse- Iy ant Thedyrnqdaf 1edgyerep
5 i ce. | ed-once %]g nsferred
ar%oClaoxg&iSﬁﬁi e%-%%eeg%lflﬁés%?—t%r]g ?Es per f or rre%{%n a
0 3FHAGSYVANt agiel cH | tegeisee nioe - &oh it &vad Boh cetdt @y t@tcoding a

cotgE A0 DFHEE L TR G e SpeATRKE s LLGhE
ch&UPeFdrad At vy E@H’@dsaﬁfﬁ@ dhecPounc phages,e asei @lad ed

fromthe cells by resuspending the cells in 20 500pl
phamEiv gy MyHIh s et tloakd Hres clibBiswsnt dredvyr ¢hains

ar Gl SR NS S oL Gt (5 WS Y
oneé uperited andct G lreddy ety ddgsei phages @snenats edi dioc

prepare an enriched phage |jbrary as descri bed above.
chapfy SAIUIERt | THITR-F5HHERIT AP procedit 5% perf or ned

prdWd Efona N § eled N SREPNEERUBE L S§I@RIRRIB-2, and
nonocl onal™ phage anti bodi es are prepared and tested

PCRGIR Praff ngh oo VvAR-vePER. GET @ ek seaarice am st e ctaek
L TR ER R T W S
foumH etedpardtddistirdssion vector not encoding a heavy
chain. It is also possible to have Vi sequences present in
all three or two of the three vectors comprising the
different Vy sequences.

Stable PER.C6™ derived cell lines are generated,
according to methods known to the person skilled in the
art (see e.g. WO 00/63403), the cell lines expressing
antibodies encoded by genetic information on either pCRU-
RVGP-1, pCRU-RVGP-2 or pCRU-RVGP-3 and a cell line
expressing antibodies encoded by all three plasmids.
Therefore, PER.C6™ cells are seeded in DMEM plus 10% FBS
in tissue culture dishes (10 cm diameter) or T80 flasks
with approximately 2.5 x 10° cells per dish and kept
overnight under their normal culture conditions (10% CO,

concentration and 37°C). The next day, transfections are
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the RVGP-19gG fusion protein in ELI SA as descri bed
supra. WD 2004/009618 PCT/ EP2003/007690 -98 The

wa@eleoowds scFv fragnments are cloned in a humanPCT/gE003/007690

format, according to nethods known in the art (e.g.
Boel et al, 2000). To this purpose, the VL fragnent
shared by the selected scF®¥+s PCR anplified using 5
oligo's that add appropriate restriction sites. A
pesitairmad ipr eepauaeel digbed tbr3tfe uﬁir@del@ofrem‘fsamme

ied g one n $sSi o
(PR epSHROEerE B56a5000F o hnrarBFaLap Eor R aRRrELsi on
pry¥eetols 9@@0@8@@ By @ﬁ@ph@hafautgﬁérheayyhcbatneand -2
| ete human_|ight 10 chain gene having the sane

UgsﬁggprﬁgﬁPylaslrﬁeuarPQBHaBVGBhage 1oP oke. PERUCRYEE-3 or
1 [EBed, bueerdi LEerent Roguy1chabhe. nace- ! gnedohaha

parate expression vectors, whife on one o
RVGEeBorssneedsntcotoﬁprlseanhéecbmnnneffghienchala few

. S uence. , Thes ress vectors are 5 s
a1 3R REE LTS hett Bhor iR e POt Fa b pgkpr . Witk
a @§RUHBMEBs3w1£&tﬁbaabevekansteeﬁgdtaﬁ@esageéoag may

| ack DNA encoding the VL region, which can then be

negptddedcPAtiolfourth, separate expression vector not

Af@EEOQ'EQ g NBaAYY 8@?19 E%Eakﬁsgkéotﬁ9éé'9£€htBM AVE&nd

sequences present in ree or two of t
refhde31v50fmeshcme¢mumlwgthbet deléeteon. VPhseqaehcdsy,

meg t abl e PER er| d_cel P Hes are_gener at ego
tB8r 8ffigt 8 ﬁﬁ? oH% nbWASEomEAEBereBha SR Fed P

ngvhe cans.(8eels. 8reVWL00EEB4Q3 vethezcell 31 HA9S with
expressing 25 anti bodi es encoded by genetic

meﬁﬁﬂmrﬁaﬂtéﬁnéﬁgethﬁesa@@ggonﬂwapr4¥lg@Ruoﬁv@PlQ ofbout
20 g b ST TRP ALl aBntaEOe HRAPSF op D, CPER CHINETS
visgéblle ane §eeﬂedabh BhEhhpéusléﬁ@aEBBsasn BDBsaee

018 BBRoR N EEPY 2y 55 S S0BS LUl FECHF GAKebhd kapb Vel
plates to T25 flasks. At this stage, cells are frozen (at
least 1, but usually 4 vials per sub-cultured colony) and
production levels of recombinant human IgG antibody are
determined in the supernatant using an ELISA specific for
human IgG; (described in WO 00/63403). Also, at this stage
G418 is removed from the culture medium and never re-
applied again. For a representative number of colonies
larger volumes will be cultured to purify the recombinant
human IgG; fraction from the conditioned supernatant using
Protein A affinity chromatography according to standard
procedures. Purified human IgG; from the various clones is
analyzed on SDS-PAGE, Iso-electric focusing (IEF) and
binding to the target RVGP using an RVGP PER.CG6-

transfectant described above.
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overni ght under their normal culture conditions (10%
CO2 concentration and 37C). The next day,

w0 ecaasbwes i ons are WO 2004/ 009618 PCT/ EP2003/ ORCH8B2003/007690

-99 perforned in separate dishes at 37C using

Li pof ectam ne (Invitrogen Life Technol ogi es)

according to standard pr-dd@eols provided by the

manufacturer, with either 1-2 pg pCRU-RVGP-1, 1-2 pg
CoporiERVEP: 2inad 2f pom p’GRL’J- wep.c@@fecstqorpgwwh DFRYE ur e

RV@%? cﬁgcf\{&P -P @@9—?% a%’%’er? :ﬁ\\éaPCR

ransfec n ef I Ci ency, s are
ont gansheet BUAWE O H ﬁhéapZeQQﬂtéObrV%hSemceVMf|@ach bEwthe
dishes will not be transfected and serve as_ negatjve
thegnt eenstryetaf t Bhe 41 dansihpues, t%%|?%RaE%O%%%ﬂ%dls

fué%&? %ﬁf&ﬂh@" Bﬁ?dDNAeééé_‘éué\h&Ihéfesh medi um wi t hout

ection next day, “nedium are replaced with
A 1imshededumhenoufacnlogléso wmg¢h1SQMa@ne@Ep®slblée for
efre e .every 2 or days um cont ai p
th?h8r8§ %ﬁc%ﬁt?%??oﬂg €¥ Cﬁﬁﬁeeﬁ% élQ% e%ﬁ ﬁ%ysles
(b8thepyseerli 9, tRe | BNl 8Wsbes s ofie LD H6i £5 €€ syeésibled
and fromeach transfection at |east 300 are picked
blléﬂéln@r BRRAYS 22981 08T | RYAR) orava- siepiecied staefingle

ce§ 58?1:58?T\%gléﬁa§kfluﬁeggé§cétQg@lvg@é%%é‘ 3 EBP%@P

eas usually 4 vials per su ture
(FA@SbnyBeananQ onbunsbnnFAQSeV&NTﬁGEe%@hblnant human
I antib determned in the ernaf a
m1b e P ey 2 Fanf € “E R nERe P TR SEumr PRLET He i B9
quQéﬁ@éQ:%&loﬁé}S0®u@§rb\ht§ stagral &AdB1 i po@@n@ugdnér om
the culture nmedium and never re applied again. For a

her@@fégén@l@ww@ah@ﬁb@s sEbrelontes c'zlseua%wslv%@u%ge a
%{Jﬁ ﬁgééwﬁgdi&mpuéhéyci%‘?eé ecoam P&m afiyman 1 gGL

ron from the conditione superna ant usi ng
trﬁhsferneA atémnd6ywehi smat @g2 4phyndceowel hg poates to

ro3LEPS2LS, BLOSEAN Sp Rur Ll e huren, Lo Luam e |
1eb96Usi nguf | EhadNg 4 vials per sub-clone) and
production levels of recombinant human IgG; antibody are
determined in the supernatant using a human IgG; specific
ELISA. For a representative number of sub-clones, larger
volumes are cultured to purify the recombinant human IgG;
fraction from the conditioned supernatant using Protein A
affinity chromatography according to standard procedures.
Purified human IgG; from the various sub-clones is
subsequently analyzed as described above for human IgG;
obtained from the parental clones, i.e. by SDS-PAGE, Iso-
electric focusing (IEF) and binding to the target RVGP.
Sub-clones are also screened by PCR on genomic DNA for
the presence or absence of each of the three constructs
pCRU-RVGP-1, pCRU-RVGP-2 and pCRU-RVGP~3. The identity of
the PCR products is further confirmed by DNA sequencing.
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30 binding to the target RVGP using an RVGP PER. C6-
transfectant descri bed above. WD 2004/ 009618

weEOARPRRDH3/ 007690 - 100 Col oni es obt ai ned frpOT/ERZH03/007690

co-transfection with pCRU- RVGP-1, pCRU RVGP-2 and
pCRU- RVGP- 3 are screened by PCR on genonic DNA for
the presence or absence ofioppach of the three
constructs. The identity of the PCR products is 5
Oother therhcdnf suokdabySOhthseguehet rnd Aot | KT SR dcannbbso
colonies, which screened [

f t] f th
be HEBRRICET IO BT BHER BRCEREE tHTee Bf ndiig- pRE) FPRPEFESts
arébptbsbyr POR ahet BEoRNA tevel1asewel | as in the

speci fied binding assays agai nst RVGP), are subjected

SulpocEpmrys ethat care BBPYRRAgtasPagt 2RIV EScEREecach of
(o3 e t ( o) . CkkEnson. FACS
th%Af\h%%é_ gﬁgkk‘i\??érﬁg i%g y; %o on{) e@%%éegggdggt
exfeBsted| sénebd to dguarmnheewlcdonat e gpoasbncel ofathe
cell popul ations hereafter designated as fuﬁiglones,
u

trapgdpiRts eshedtante andsvigERe i FRPFTRShONeD

an§@9@§§qa§§t@£§ gEanandhet sansf efisedoh1 M 6t wehkSof
via 24- and 6-wells plates to T25 flasks. At this

exprageiosubevebnesbuteal pozbar (Bie rebsp ketwaenushally

4.vi al s (o n a p ugct % o]
o if e RS Pk S DR P ope b b ano e
celhe Bhpesnatant thsi sgbachonanchgGirspesi hatnt&LhSA. for

For a representative nunpber of sub-cl ones, Iarger
atybfafkslareCrblabien g8uBLEReyEHRRS r @EbABT ndfit “Runan

ad QE%ntfééﬁﬁh?e_E&OHbtQesﬁgﬁgﬁsi@ﬁegu§gﬁ§épaAenevégyn@-a
rotein A affinity chronmatography according to,
poptihataod Poobdduges. a 26ePUFLEi pdoRuabhongEEstr M t he

i b- cl ' . d
oo o bR Ha8. B o Lia O i bt STBLYSR 578, paroes
vopamest akectanesred. €o bytSDS- PAGEcelsopeklett ahd the

focusing (1EF) and_binding to the target RVGP,
supgbhefanks GRE &PsH Qﬁﬁéégeasbys?@$$8na§§ﬁ8ﬁiEhBNA for

presence of the three constructs in the genomic DNA,
either via PCR, Southern blot and/or FISH. The
supernatant is used to purify the recombinant human IgG
fraction as described supra. Purified human IgG; obtained
at the various population doublings is analyzed as
described, i.e. by SDS-PAGE, Iso-electric focusing (IEF)
and binding to the target RVGP.

The efficacy of the antibody mixtures against rabies
is tested in in vitro cell culture assays where the
decrease in spread of rabies virus is measured, as well
as in in vivo animal models infected by rabies. Such
models are known to the person skilled in the art, and

are e.g. described in EP0402029.
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constructs pCRU-RVGP-1, pCRU RVGP-2 and pCRU RVGP- 3.
wab@4ioabemt ity of the PCR products is further pOREP2008G7690

by DNA sequenci ng. WD 2004/ 009618 PCT/ EP2003/ 007690 -

101 O her nethods such as Southern bl ot and/or FISH

can also be used to deterWnre whet her each of the

three constructs are present in the clonal cell line.
Exguplel 8nes t hBroduetionyefi mombaturansfemntibodieschith

a Bhundn' BohU BRGNS cheed! 8; REQUANE hALGCUbLYLe

or an ensi Ve perio term ne
vapiabéeceegﬁohhelntEa&aggneScéilstable and mhether
reSS|on of the antlbodé m xture remains the sane,
¥

A ws hBH| FOrnPreFNS1Br 2eRpK §?oﬂflé9EP§°dBGF ACSELAGRY
tol BRer %kr@n‘@%\ﬁeeﬂsﬂ% %Qﬁ‘fééb%ﬁ apt sbggxom%%&rs host

that are secreted fromt Ther ef or e,
cegdlibo€l sneivglleuddghs whenhapnddthoee dufﬁeasntzﬁeavy

coBIRELPRbEPIEeS egand on EOrc o B0 140BF, chen to

fopapghattobndoubhitngsdiasspesi Ekemplodteti BBrkest ahg 158
Berforned usi ng the human 1 gG specific ELISA and
sc ﬁW@EicaééVuﬁ§§W§réncgﬂﬂuréd to obtain the cell pellet

nufBf ther SUB%%QagﬁatK5§h§ﬁ8§hﬁtp@hEeEPLéAHSﬁgmbgyﬁlc

assesS the presence o ree constructs in
adgeamnncmDNApuleltﬁeﬂsvea BEOR, B@BBheandbtbe aadbmane

coFgebibi HARt Shlinah 1PalD PPaEPER) aorBebert kd ¥uprae

deReribéadi AURRAM qgﬂlobhﬂbﬁﬁér anoheetmatlwag identified
popul ati on doublings is analyzed as described, i.e.

tob?l@ﬁfivmegfap§@repé@tﬁﬂ@ €Bkbsvag clery 0&nd3Bi ndi ng
sé&uéﬁ@etéfggﬁ §¥ éé IHeFf%f'ﬁg?y BﬁAtgganBEQngof

m xt ures agal nst |es ested I'n vIrer
thmalthoneassayslmﬁethathet denteasedlnhspsemd afighabi es

ch%%éggglﬁﬁgggfgégd§5§ b%ﬁ%'asgghagel ¥b¥oc thabarlable
sequence (see alignment in Fig. 3). As a result, the CDR3
of the heavy chain of 02-237 differs at 4 positions from
that of K53 (see alignment in Fig. 13). The heavy and
light chain variable sequences of phage 02-237 were
cloned into the expression plasmid pCRU-KO01, (pCRU-K0l is
deposited at the European Collection of Cell Cultures
(ECACC) under number 03041601), which contains the heavy
and light chain constant domains for an IgGl antibody.
The resulting plasmid was designated pgGl02-237. Due to
the cloning strategy followed, the resulting N-terminus
of the light chain of 02-237 as encoded by pgGl02-237
differed slightly from the N-terminus of UBS54 and K53 as
present by pUBS3000Neo, pCD46_ 3000 (Neo), respectively
(Fig. 3). Plasmid pgGl02-237 was transiently produced in
human 293 (T) cells or stably in PER.C6 cells. It appeared
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nodel s are known to the person skilled in the art, and
30 are e.g. described in EP0402029. WO 2004/ 009618

WO BaFREO3/ 007690 -102 Exanple 9. Producti onPGI/ER2003/007690

m xture of antibodies wwth a comon |ight chain and

three different heavy chain variable regions in a

single cell. A nethod for-1p3educing a m xture of

anti bodi es according 5 to the invention, using
thaekppessfoadi A2a2B@cogbi hadt a hogch hégheufaﬁf$thYefor

et 2hsr 5. PR LR RoFEsr | BRE BRGInLeS: FBPnRifATey
hafupstieaakdartbRodi esx 19" émem@IZszkhgoélm Fad KS3

schematically shown in Fig. 6. 10 Human 1gG s UBS54
andn@2 k837 agaEABECEhESEP- AonBLYRs ¢ baanasmeﬁh better

coZPEER LD Shather PRy 001 b UEIDLoBEs e

(Fﬁ@scnsbed in Exanple 1. Another clone that was
identified to bind to cofactor protein CD46 was cl one
02- 237 15 (sequence of VH provided in Fig. 12). DNA

St88UHEPERNAcT! ddhiveLlene neveal espirbalsing ®ontalned
the sane light chain as UBS54 and K53, but a unig

comban§t¢hauﬁfvéheaﬁﬂésms@quﬁﬁaé3@@@Eear|eﬁﬁéﬁL3990FN@0>

S e R R A R E R T S
acﬁbt@ﬂﬂ@ntolmeEhgdslﬁhowﬁhesheauy aodthéi ghtsohashkilled

vari abl e sequences of 2-237 mer clone
int hReeRpEedSFENS pgaswpdggggiﬁ (EE?&@ 8. £0HO

ceﬁ@§0§ékédséedeee EUBﬁﬁﬁaﬁlﬁglh@%thg oh EEékuéubﬁytﬁge
( ECA under nunber 03041601), which contains th

dlhbasy(ls amddﬂaghtechaWhtboﬂBPaﬁKlm@hﬁlMSZf5rxaﬁ0$g%?lls

popoting. 389, kBhe £4trhhae oiAG HPLr cBNHAR) Slki v ene

coh@stlbhBg ( Mo%ecmznusnceﬁttaelbnghhdcha?m oleoe’z 23 aday,
encoded by pgGl02-237 differed sli htlé on1tge o
trappEpRt hasSoMebBSERLARYIRE31sSepardte dishes at 37°C

using Lipofectamine (Invitrogen Life Technologies)
according to standard protocols provided by the
manufacturer, with 2 pg of an equimolar mixture of
pUBS3000Neo, pCD46 3000(Neo) and pgGl02-237. As negative
control for selection, a few dishes were not transfected.
After 4 to 5 hours, cells were washed twice with DMEM and
refed with fresh medium without selection. The next day,
medium was replaced with fresh medium containing 500
ng/ml G418. Cells were refreshed every 2 or 3 days with
medium containing the same concentrations of G418. About
20-22 days after seeding, a large number of colonies was
visible and about 300 were picked and grown via 96-well
and/or 24-well via 6-well plates to T25 flasks. During
sub-culturing, production levels of recombinant human IgG

antibody were determined in the supernatant using an
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30 present by pUBS3000Neo, pCD46_3000( Neo),
respectively (Fig. 3). Plasm d pgGl02-237 was

woec@asient | y produced in human 293(T) cells oPCHERIN007690

in PER C6 cells. It appeared WD 2004/ 009618

PCT/ EP2003/ 007690 -103 that purified 02-237 1gG had a

much higher affinity for -1ptirified CD46 (Fig. 14) than

K53 IgG i.e. the affinity had increased from9.1 X
EL1@A7sm¢p@f2c2faxlbu8amn$@@1K5@689h@b©9 PB7WO 00/63403) .

Ab58§p§§t|¥%l%llp%890n9gsz%éﬁ%%#gce s ?hﬁ%gﬁgﬁée(g?égﬁ?s

hurman Col oncarci nona
high)y §pabheleEEs€5§hAThmiyedduetiohiDQSeBxpmessmngdaat
conmbi nation of the plasm ds pUBS3000Ne
theDa628000E KRB0 T OMRBT ARLE phesL 92%9V%%%oﬂ?ﬁ@ AUFERITHG

19821 ﬁ%@%égsgsn@ﬁapﬁﬁ @@moe@lmg t(@xg%lag%nkeewa @?Lngle
such to the person skill the art (see e.g.

IgG0¢iesa03hedTher ébnes, ePEE&CBTR@OQELIétm95e1m@@ﬂ§dntnto
t |t
stEPanerhr® TREREBLIE HhRT RS Soh e Ter ! AOFR SqBathha

Wlﬂhéﬁtaﬂﬂykﬁﬁthﬁdgrﬂbghémpnﬁﬁic&hﬁbﬁ OOrome cohhsigene
conditions (10% C02 concentration and 37C). The next
anﬁayhattFBﬁgf@6?P6n§tm%r%O%e?@BYn%HmPﬁrs%BaF%?e di shes

ﬁ g%_u3|ng Li pofectam ne (Invitrogen Life
Tec ol ogi es) according to standard protocols
Thgr&@iUedtbprbdeczﬂgnemh@ate&reeremfrhzanp@omm am vials

j Ti xtu f . pUBS3000Ne Ne d
ang o1 B T R Rt u B e o RE PR UPTEeP BLTrORe BT o
pudi shestweheonotntr agsf ecdpte 1Af tBhed HOrd HOHSultured

cells were washed twice with DMEM and refed with
inf FRenhfheakannift RBHan sEPecEfrom. canl ﬁ%??edﬁﬁs 25

suﬂ??ﬁ#géﬁﬁg EQEF?SSQ Mélﬁ B35 eﬂRdAUQE§9H£€yn'n9 500

S were r fres ed every 2 or” 3 days
chmpmhtogedphy1c@héaeﬁong,thé 2anel cohceondationsd ofhedium

B L
(pREPYAaNI Bi88cWBhkes). The column was washed with 4 mM
phosphate buffered saline, pH 7.4 (PBS) before elution
with 0.1 M citrate pH 3.0. The eluted fraction was
subsequently desalted on a Sephadex G25 Fine HiPrep
Desalting column (Amersham Biotech) to PBS. The
concentration of the purified IgG fraction was determined
by absorbance measurement at 280 nm using a coefficient
of 1.4 for a 0.1% (w/v) solution (Table 1).

The purified IgG samples were analysed on non-reduced and
reduced SDS-PAGE and IEF. Non-reduced SDS-PAGE (Fig. 16A)
showed that all IgG samples migrated comparable to the
control K53 or 02-237, as an assembled, intact IgG
molecule of approximately 150 kDa. On reduced SDS—-PAGE
(Fig. 16B), the IgG samples migrated as heavy and light

chains of about 50 and 25 kDa, respectively, comparable
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30 and/or 24-well via 6-well plates to T25 fl asks.
During sub-culturing, production |evels of

wo ewamiontant human 1gG  anti body were det er m neCI/EP20031@07690

supernat ant using an WO 2004/ 009618 PCT/ EP2003/ 007690
- 104 ELI SA specific for human 1gGL (described in WO
00/ 63403). About 25% of -alob-col oni es appeared to be
positive in this highly specific assay. The
toptBauberdl Padelsohbashréd af thhi sostagé WeBeor 02-
o360nparable to the levels when a single 5 1gGis
expressed in PER C6TM cel |l s (expression of a single
On| g&Fdesbei pedifhedobgs €taation20R8re Firks toRpELaAt to
stres% t hat . these high ression levels wer

{
= BEELRRBGOT wPEHBh “ERG" hBt AEGE P or URRBHI APEab?OASer (Fhe-
17§ [ apsgeney, aBemé hat EH@ysgﬁﬁyésa&oﬁté?ﬂéﬁofgofagﬂgrw9£h

the 10 transgene. The 30 best producing colonies were
a PRHgen BSWArPAlveal kheandornpardd hoghestmproduei ng

cofhBE iy bERE &0 88 ima bt hiaTr 5780 $9heidSin
unhguani $ g6 fnenheas ha b Dnen ViIBst dSe s UDSEQEENG F YK 9YT b ed

usinhg Protein A affinit chromat ogr aphy. Therefore,
021§5250%106? E%%@i?@%H%%¥§%d?%n¥h96%tm%éd@@n@n Bhisnds

155 04k 1 | 9551 eges) -
T S VD (ATl B o) g
cakap}aesd pHL 7h At {PBZjobRd vare bt | pro@Dded tdn Otle Mixpasy

' e 3, The eluted fractio S . sub ent |
norferadt S LR L uhenitnr oS H iR pri 2 bosal 170y K33,
02-€p3 Linemd ADBS Shata i of egidotdr PBST The g concentsati.an

the purified IgG fraction was determned b

¢
7. Gl o ARG HEBSr offHe A B0t A UL PR @RI iRg ent
hetZorMided $OMofe QeldB4 Vﬂé’a)vﬁi%ﬂﬁir?%ﬂ&ra&{ee #d3 i ex%d

purified I gG sanples were ysed on non-reduce
chaigt utetl SO eNGE iaradl IEF. o Noh- 0 led iceskn3S: RAGE (& ga

he%egﬁ‘%%ierﬁeh 10 V\c’:(:"adn tohnafy %lclculrg C\,;vhseann'pa{ (:"ss_"urlr{gi lger aé eeldl Ctor r? sr laabi‘! ee s
both the heavy chain of K53 and the heavy chain of UBS54
and assembles these into a full length IgG molecule
together with the common light chain. Hence these results
suggest that certain clones at least express two
functional antibodies. To confirm the unique identity of
some of the isoforms, samples of the most interesting
clones were run in parallel with K53, UBS54 and 02-237,
either alone or in a mixture (Fig. 18). This furthermore
showed that some clones expressed at least two antibodies
(241, 282, 361). Moreover, it provided evidence that some
clones express all three functional antibodies (280 and
402) .

To confirm that the clones expressed IgG mixtures
comprising all three heavy chains, peptide mapping

(Garnick, 1992; Gelpi, 1995) was used to analyse the
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control K53 or 02-237, as an assenbled, intact 1gG 30
nol ecul e of approximately 150 kDa. On reduced SDS- PAGE

W@ Eiog/009%68) , the 1gG sanpl es m grated as heavyP@mEP2003/007690

light chains of about 50 and 25 kDa, respectively,
conpar abl e WO 2004/ 009618 PCT/ EP2003/ 007690 -105 to
t he heavy and |ight chain-w6-the control K53 or 02-
237. On IEF, the purified IgG fractions were first
p0¢gn¢aned fgG aratkione WE pgealioarbuntspddy&E83pepBHI4
-23 sone of the sa Ies

ma BB ing: o PeOTaEnaDhi OF CheLAFaLeLn] SRRaRre. oRnaRd

BaseapPahednhtoptbee MhXEHEBeA0Bt BBV NEcAUL LT Fed. Kp3, LBS54
and 02-237. Some major unique isoforns have a pl in

mapet peehhehehperetivgd hnyptoe- peptodesnef hdhd, aHBS54

BS54 I d
enlE594090 LUE EAVEADON. TULs. £:30,00SELphchpRte
uniQeePpepEadaH1fooleachvmded oaulhebExpasytlﬁD@apage e.

/ | 3,
fofpi bR aRE. LRREa A BeRt L REs: EbF akbi, of 2o237 SntaBPEHA

W1€h6§ Mk eSpesiiyeby, »hsneas anqi 59H9r Myrepresenting a
15 heterodi ner of one UBS54 heavy chain and one K53

reppagyivehsi nNaas, aat heyppeiccdigpst obf 8POLylAZ8@nhy of

t C onI Qceur i ngl el
pr% %E%?a?eg @%Q?hﬂgée ﬁ y “Chafn"'® ﬂ@g@s ﬁgl9hefﬁgavy
Pephadesow1UBSﬁA oﬁnﬂlasseﬂbBESaﬁ&eBEOBnm@ arépkéséﬁﬂgh@

G nol ecule_20 together with the ght chai n.

th?bﬁ%éqPﬁeggR?e%%??%deéu@§e§§3th%? %%?t%?% EPorés at

regﬁ@éﬁleéppe8§e£&ode£889éaon@heaﬁLé@QQéeémlﬁe gengi rm
t unique identity of sone of the i1soforns, sanples

segfienpe absthépeepestidgs éa@nbssmgdelmuﬂabhepafabIeas

colf Pyt B A0, 0207 L1 glone g ing

al€bopestexpeessied piebenst bﬂot@@tt@@dmﬁﬁquéZwitezﬁﬁmal
11308 cnd R Sestiats BIoY e o f Vb E80°Snd 585 8T,
respectively. The peptide mapping data unequivocally
showed that a mixture of antibodies comprising a common
light chain and three different heavy chains was
expressed by PER.C6™ clone Polyl-280. Also clones 055,
241 and 402 were screened by peptide mapping. Clones 241
and 402 were confirmed positive for all three heavy chain
sequences, whereas clone 055 only showed expression of
the heavy chains of K53 and 02-237, and not of UBS54.
This confirms the IEF screening (Fig. 18), where no UBS54
related band was seen in sample 055.

Polyl-280 was analysed by BIACORE for binding to CD46
(Fig. 20). The affinity of polyl-280 for CD46 was 2.1 X
10" M, which shows that the IgG mixture contains CD46
binding molecules having the same affinity as 02-237 IgG

alone.
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cl ones express all three functional antibodies (280

and 402). 30 To confirmthat the clones expressed |gG
wOorRoou00wss conprising all three heavy chai ns, PEPEPIIE3/007690

mappi ng (Garnick, 1992; Celpi, 1995) was used to

anal yse the WO 2004/ 009618 PCT/ EP2003/007690 - 106

pol ycl onal 1gG fraction. W7 previously enpl oyed

peptide napping to recover 99% of the protein
Takeguengetnér K58h1s Baxpdronethesipews eipasetjueheepossible

ided in Fig. 12, .t f tical
toPPSREFES b hEurSroksstneRian= 1id B 89 Thac”
cofpt eyl gy eehtdabheihe aRdat | ¢hafnd ein ans Unigl Pepéidesnd

for each 1gG could be identified, i. e. for instance
thahenepR3t peplhe dedmedinkss, bRt OBRYIHM TBSHASL G+ RI a0 My
f 5 ; 7 est |
Bl FAE 020 0007 0009 T o Dk sPoni el vons
thanfirthusnempsofinal ysed espngstrd/Biiffeg. didjerePephédes

with Mv of 2116, 2057 and. 2308 representing he
Ch g R ERREL Bepi Hest of Kb an b2 B4 SRt Dssks PPt
clbREPeskh¥esyinyese teheet ef. sTHE MELS| 156a Yl EiIa 86

sequence of these peptides (as listed in Table I11)

ushag thecorne rRBACOUB- VBN apakgsis (Tabf ke | 44 LA gyt

V| C ' he. e t ni que
to Pbap i o Ts RO ER IRk B PAEE NG Rs, OF BERsYanc
ch2bhd, Da, cloesperpreetyng Tae pepst de meppy nghalaba

unequi vocal | showed that a m xture of antibqdi es
SCEBRALTE iy BERORTERTEBOT| GRE BRARTEANGP t i bEOUREF SPRFE

heQ@?Vthbﬁlé NSnWASseBXPhEESEuRY PER: £81d6ton6n, for
- Polyl -280. Also clones 055, 241 and 402 were screened
inbyapept beustppi agditfenest 23glegntodopaike®: confi r med
positive for all three heavy chain sequences, whereas
cl one 055 only showed expression of 25 the heavy
Negbai b5 wis KE8mandt 02t237thandansing@ie UBSHU. isThbde to
confirms the | EF screening Fi%. %8 .. Where no UBS54
produce a mixture of more thHan two functional human
IgG’s. Therefore, clones 241, 280 and 402, which were
screened positive for the production of each of the three
IgG's, both by IEF and MS, were subjected to limiting
dilution, i.e. seeded at 0.3 cells/well in 96-wells plate
to guarantee clonal outgrowth.
Clonal cell populations, hereafter designated as sub-
clones, were refreshed once a week with fresh medium.
Sub-clones were grown and transferred from 96-wells via
24- and 6-wells plates, T25, T80 and T175 flasks. At the
T80 stage, sub-clones were frozen. Production levels of
recombinant human IgG; antibody were determined in the
supernatant using a human IgG; specific ELISA. For each
parental clone, 3 sub-clones were chosen and cultured in

a few T175 flasks to obtain sufficient conditioned medium
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rel ated band was seen in sanple 055. Polyl-280 was
anal ysed by BI ACORE for binding to CD46 (Fig. 20).

wab@4mbdonsi ty of polyl-280 for CD46 was 2.1 X PGDERDOB007690

M which shows that the 1gG m xture contai ns CD46

bi ndi ng nol ecul es having the sanme affinity as 02-237
| gG al one. WD 2004/ 0096180%CT/ EP2003/ 007690 - 107
Taken together, this experinent shows that it is

f%o@smoﬁié:aiwooréxwe%% Rl sdiirie Lt | ghepmagrgraphy
as n@é%@g? SO0PLi sing three unique heavy chains in a
ce

single and that next to the honodi ners,
Puhifsrddiumers To®sifStamd hef 551bt-wdomelsdmags $pvéxsefqlxeimtil@/s

f d, th th f |
an El S A T TSP 0 ot e Vo e PR IRt
thétpa\/ﬂéﬂtéﬂ SOL b€ POSHI Pé@—épeéﬂ}_tlai FFodl £Nes @J?@E“)GSSI'H@

| east 4, 5 or nore heavy chains, using the same
rewace?eﬁjrséwwm Faskigt %ul el anas iam arne Rbtni e

241 0065 EXPL S84 NG,y J%é &g&fo%& o %?@f’yfr&ﬁ‘a& a
eas 'h

cl one expressing at eavy Chai ris accordlng to
paiétetalnvcelrttne)mmatrhi)te tiseyl dppeant roducies srorertdisavyands.

sufhBeBie e o Sl oo AL SoreH o ebfEras som
eaé\i@@théﬁ ARs gesmnsid gieskdiial @ Sidglmicelind o hed

produce a mxture of nore than two functi onal
by hlﬁft‘arifon gGleclanes ef ople, PatHesl ong g knd 24932 are

1R i GBSt POR L s fnd e R e

Fratubjfestedidion |11 ¢amdoe didndiwded ithaat selestesl 402 01 S8

cells/well jn 96-wells plate arant eclonal
%bgrmwcmarﬁmmﬂeéwr%o%% Br
deﬁ&%w@ﬁ @S2 15 UPr fé Oﬂ@asmm &d %ﬁf&ﬁk&g &G@ﬁx@aﬂ@%f

with fresh nedi um Sub- cl ones were grown and
an' Yorbifes raafltjcwfé)m@&%th% Miwention from a single cell

clone. The clones have undergone about 25 population
doublings (cell divisions) from the transfection
procedure up to the first analysis (shown in Fig. 18)
under selection pressure, and from that point on further
have undergone about 30 population doublings during the
sub-cloning procedure in the absence of selection
pressure, before the material analysed in Fig. 21 was
harvested. Therefore, the production of a mixture of
antibodies from a clone from a single cell can be stable

over at least 30 generations.

Purified IgGl from the parental 241, 280 and 402 clones,
and subclones, were also analysed for binding reactivity
towards the CD46- and EpCAM antigens. To this end, cDNA
of EpCAM, CD46 and control antigen CD38 were cloned into
expression vectors pcDNA (Invitrogen). These vectors were

transfected into CHO (dhfr-) cells using Fugene (Roche)
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24- and 6-wells plates, T25, T80 and T175 fl asks. At
the T80 stage, sub-clones were frozen. Production

wo eooglogses reconbi nant human 1 gG anti body wWePE&I/EP2003/007690

determined in the supernatant using a human |gGl,
speci fic ELI SA. For each 30 parental clone, 3

sub-cl ones were chosen andd&ultured in a few T175
flasks to obtain sufficient condl ti oned nmedi um WO

2CoRYOLTID 96 8L IPETP EF2003) 0vmenbied 1o e munufachuren.
ffini d b

R e e N I

an@&tﬂsmwﬁéryemana@y]md) asz-\m rcub]etr.hnahmgefcﬁr)rz haaps,

obtained from 5 the arental cIo
ce A TG TOLe Y (L L TR A | S Sppased i
PR BIL. (U] ones fsom ¢l pies palyn 15’-41 each have
the sane pattern, but differ fromt parental clone

Puﬁﬁx%th%wﬁp@@%rcl@neﬁ szsrqrém:aiqw ‘@%ﬁld&lxtml @fles

0] ear to d| ffer
angl Ciza %%%&%n@?%ﬁ&% par aﬁs c(f org. JPa(tT']% fﬁ‘g’ an
anubtcmmchn&mdﬂ: { @z - cabc) CHESNéJ[Dfﬁspéﬁreﬁk%d:Eé@nﬁrom
antf Ieg 1- 402 are |dent| cal for all three subcl ones and

Fi?a“rl‘%rﬁl%m%n[éB ‘#r%?ﬁﬁfé‘s“e Cd%&% CFJtOTB:%% 53 ce | reed

ng,& xt u f
23% tel%l S 1]‘35§é m)ns ra(% r%r}% ?n |Osf fezeé)lsu%llegGl
/mlt o zm QHI.UCC‘?f AR S &idecﬁrﬂd bﬂﬂj 850 AoCU i AG-{ oy ther 15
i nvention froma single cel cl one. The cl ones have

andiriderduiedbputias Hopul attqum Tdmxtﬁtaftgsr,(creélls were

vi sions). fromth ion cedur
we e PR T S e TS Foly B e Tl e
us PIESsididatainsh fFOMm tdwdt paidit- mimérurjtdt&rblckm&e followed
under gone about 326E§opul ation doublings during the
Y sigsEtoi iy priveediir et i thidadbsardel it SRt ohls

verl SRS 10 A8 MBI ATEL B b B L v
100&@@”@@@&@ﬂé§m@r§|£{tﬁlﬁ§éﬂncﬁl o ngles catAcsahigye,
Beé%gﬁﬂﬁicklnson). Live cells were gated and Mean
Fluorescent Intensities (MFI) were calculated from the
FACS plots. The results are represented in Fig. 22. As
expected, UBS54 bound selectively to EpCAM transfected
cells and 02-237 and K53 bound selectively to CD46
transfectants, while unrelated antibodies did not bind to
these transfectants.

The results demonstrate that binding activities towards
both EpCAM and CD46 were present in the purified IgGl
preps of most clones expressing a mixture of antibodies
according to the invention, demonstrating that a mixture
of functional antibodies was produced by sub-clones that
have undergone more than 30 cell divisions, and that

result from a single cell. In subclone 280-015 binding

patterns towards CD46 and EpCAM were similar as in the



over at |east 30 generations. Purified 1gd@ fromthe

parental 241, 280 and 402 cl ones, and subcl ones, were
wa@b@a/oegsas ysed for binding reactivity 30 towaPdUBEP1963/007690

CD46- and EpCAM antigens. To this end, cDNA of EpCAM

CD46 and control antigen CD38 were cloned into

expressi on vectors pcDNA-{10avitrogen). These vectors

were transfected into CHO (dhfr-) cells u3|ng Fugene

pareRdc o ngo mriod/ 0GEE1L8 IPCHORRAGE @@7@@@ Qthggy clones.

It 3R qi ors tsocg%g{h%{to%%e 911:'1% eqt of é:hls
manu acturer wer e c ure i um

assagntia matg ddp kRS 1 ard ddie Swmdtan‘ﬁntsc(r@dwmm)g, Af.ter by

culturlggafor ’a%axkégbcelIsi¥§ggjggéyested bé Fhfbr
des4$@d "é)fp@@%saﬁﬁfl Y E 1 1RUr 'dda@ﬁllﬁ%v@ alsgi%@dsoﬂﬁsy also

producing the m xtures of antibodies and control
g@milueﬂ@obflrarﬂucmnaen%n Sught SCCEERD Ia¥ iddddyps for

4) S t 0 tis lLane
theu‘é Vi Sl st e St O 0! S T
mlxd.ldxiéi eif ianBSRitas aridtneentivat duneft i2hagdg dygGh a/ m .
20 | of each was added to 200.000 transfected cells
quagird tiaddmedne B AP 1 F BT hour. Thereafter, cells
were washed once in ice-cold PBSB. Bound IgG was t hen
detected using incubation with goat-anti-human
IgG biotin foll owed 15 by streptavidin-PE. After a
final washing step, cells were suspended in PBSB
containing 1 g/m propidium iodide. The sanples were
anal ysed on a FACS (FACSvant age, Becton Di ckinson).
Live cells were gated and Mean Fl uorescent
Intensities (MFI) were calculated fromthe 20 FACS
plots. The results are represented in Fig. 22. As
expect ed, UBS54 bound sel ectively to EpCAM transfected
cells and 02-237 and 'K53 bound sel ectively to CD46
transfectants, while unrelated antibodies did not bind
to these transfectants.



25 The results denonstrate that binding activities
towards both EpCAM and CD46 were present in the
w@uohiwds | gG  preps of nost cl ones expressi NBCHEP2003/007690
m xture of antibodies according to the invention,
denonstrating that a m xture of functional antibodies
was - produced by sub-cl oneslit-hat 30 have undergone nore
than 30 cell divisions, and that result froma singl e
Tm%ﬂ|@m@%m@%@@@%ﬂ@%ﬁmm@ﬂmm@0
1 6 and EpCAM were simlar as in the WO 2004/ 009618
9%CT/ EP2003/ 007690 - 110 parent clone poly 1-280, in
contrast to the other clones. It should be stated

that the quantitative aspect of this assay is not
conpl et el y (Iﬂeeﬁq,% lne sPpEdfigatieng hi a

f theam®nal 1 estgy a0 et 3 %ﬂfg_le@a with the
5Pgdyilred expr ofifeedQJawut(q‘t?l)ve aspect s may
al so be ing¢l u?e‘i/ SLthug)’lméE)ns screeni ng

alloys for |the gdentifii catpgn of | dedi.rkgd c| ones,

whigis express the,om xjure g8 ant|bodi,gs wiih a given

f’% onmat i y |T18 3. quam | tigfi vel /Stahiie mnner. WO
4 5618 ﬁ = . Overview
f\;-l- VAVAVAON Ne) I’bng UUOI UUIO if J.J.J.;Lp%lé!_e

oot g =Y

el Screenin
TC *ul Ull\ o Tul Pul r.r-cact Uil T 1_9 g
tiomn ﬁ e ELLSA c—Ii-h Dl\gr'ijllp'jl_vu Pol y| -

(- n%ﬁﬂn\ fpe£din§1\3(1 rjnri\3690q L 1080 37 233 10. 0

53 2875 234 8. BH1 0.71 261 6 6191148 D50 12.5

11728910 280 6.8.86 0./80 33 0.64
304 7.2 161 3.91
320 6.3 43 0.83
322 15.2 168 3.27
340 6.0 109 2.64
361 10.4 71 1.73
379 9.5 78 1.75
402 39.9 135 3.14
022 16.2 83 1.69
040 7.8 67 1.43
048 6.5 43 0.94
055 11 55 1.04




282 8.5 67 1.48 289 8.2 33 0.64 304 7.2 161 3.91
320 6.3 43 0.83 322 15.2 168 3.27 340 6.0 109 2.64
w@em4omeds 71 1. 73 379 9.5 78 1.75 402 39.9 1BSGT/BPA43/007690
022 16.2 83 1.69 040 7.8 67 1.43 048 6.5 43 0.94
055 11 55 1.04 5 WD 2004/009618 PCT/ EP2003/ 007690
-112 Table Il. Tryptic pepides of the variable
domai ns of the |ight chain of K53/ UBS54 and 02-237.
Peptide First Last Mnoi so- Mnoi so- AAl) AA topic MV
TabilepiLT .Myl (EBm)1da3/dBIHe 022 PRb1d dodi 2586 3the
, %%é 554. 28 %%% L2 25 59 4039.02 4039.02 L3 60 66
11750 851706 3553/ #BE P 4791830267 '1302. 61 L5 80 82

374.23 374.23 L6 83 107 2810.2912) 2810.29(2) L7 108
111 487.30 487.30 18 112 112 174.11 174.11 5 i> AA
pePi R ¢idst | Last | Monoiso- Monoiso-
aab AA
topic My topic My
(Da) (Da)
K53/UBS54 02-237
L1 1 24 2580.31® | 2554.28)
L2 25 59 4039.02 4039.02
3 60 66 700.35 700.35
L4 67 79 1302.61 1302.61
L5 80 82 374.23 374.23
L6 83 107 | 28190.29 | 2810.29¢?
L7 108 111 487.30 487.30
L8 112 112 174.11 174.11
Y AA, amino acid

2)

One Cysteine residue alkylated



2) One Cysteine residue al kyl ated WO 2004/ 009618
PCT/ EP2003/ 007690 -113 Table Ill. Tryptic peptides of
wo a0dabdees domai ns of heavy chains of K53, 02-PGWERI03/007690
UBS54. K53 02-237 UBS54 ABCDABCDABCD HL 1
12 1267.68 HL 1 12 1267.68 HL 1 12 1267.68 H2 13 19
685.41 H2 13 19 685.41 H21m3- 19 729.41 H3 20 23
492.24 H3 20 23 492.24 H3 20 23 492.24 H4 24 38
Tablgn3IBY. HIryat8g Pe9yidesHe D yagialrgy domahes 39feheavy

5178:3 3 8(%52 9 63 2646.33 H6 64 67

ch %)%&36'4%(32?%4%72 Eféﬂgsé%? 506.26 H7 68 84
1906. 87 H7 68 84 1906.87 H7 68 87 2174.04 H8 85 87
374.23 H8 85 87 374 .23 . _ . HO 88 08 1310 55 L9 283

OO0——= = =3 = g= =pw g

98 £ 55 H8 88| 98 1333.%%23%0 99 107 493. 21

RPN

A P24 25 /Y 99 TA9 R3@7- 15¢ HIT H3 124 21H5.[0%¢ D
103]122 2057.99 | - -|- 5 Key: | A peptlide |B. flirst

H1 dm nolaci d26Ge8l sl api Ao pcid 10243 6AgnBl sotlopi d2Mlv 1267.68

Hz | (Ba) THemEgdeST L 11'12)' Hi5 T JTO| ek ta T SHQ °13 ISzga 729.41

pvraoagl utam c acid penti des and H

m d
BI85 4975 DniPopeht| 0B | L apdt 18, dPLUES4PednEhiln Bnd. 72"

H4 akkyl ated 1<5y518a| nens epi :Efue 15 3) 1&h8.que pept edgs IBhgt 1587.77

ha 11 nf i e o £ + 1 P
LN LY L 1 IC C Ié.sﬂ.zg)l h— bgbp%tl \79646.33
B | Pocls ar AR G o S TheTeR ] bR e e

H6 | PCT/EP?20034 007690 HG 14 64 | 67 | 472.28 | H6 | 64 | 67 | 506.26

H7 68 84 1906.87 H7 68 84 1906.87 | H7 | 68 87 2174.04

H8 85 87 374.23 H8 85 87 374.23 - - - -

HO 88 98 1319.55 H9 88 98 1319.55 | H8 | 88 98 1333.56

HIO 99 102 493.21 H10 99 102 475.25 H9 | 99 119 2307.15

H11 103 122 | 2116.05 | HI11 103 122 | 2057.99 - - - -

Key:

A: peptide

B: first amino acid

C: last amino acid

10 D: monoisotopic My (Da)

Remarks:

1) for H1l, amino acid residue 1 is a pyroglutamic acid
2) peptides H3 and H9 from K53 and 02-237, and peptides
H3 and H8 of UBS54 contain one alkylated cysteine residue
15 3) Unique peptides that can be used to confirm the
presence of the respective IgG’'s are indicated in bold

italics




Table V. M5/ M5-data of CDR3 peptide (H11l) of K53,

obtai ned by <collision induced dissociation of doubly
webangedisy z 1059.06. lon mz lon nfz Y'' 1 1BCT/ER20BI/007690

n. d. Y' 2 248.18 B2 157.10 Y'' 3 335.21 (1) B3

304.18 Y" 4 406.25 B4 419.22 YY" 5 507.30 B5 582.31

Y' 6 594.33 B6 768.38 Y'' 7 693.40 B7 825.39 Y" 8

794.46 B8 953.43 Y''9 893.344B9 n.d. Y ' 10 1006.63

B10 n. d. Y'' 11 1107.67 Bl1l 1224.65 Y" 12 1164.68
TabB&2 19323568 -Yath3 2 IRl B IR 4(179L ) Yof H3A313dbtI¥ined by

B14 1523.86 Y ' 15 1535.85 B15 n. g Y 8 1298 ng 06
colpigign dnduged ¢fs89¢3ag50R1911989068 cHarggdiB6p. §7°°-06-

B18 n. d. Y" 19 n.d. (2) B19 n.d. 5 1 Underlined

m z-values are main _peaks in the M5/ MS-spectrum 2

Ionh. d] is nai/=zdet ect ed] I¥® 2004/ 009@¥& PCT/ EP2003/ 007690
115|Table V. M5/ Mstdata of O peptide (H 1) of

Y’ r02- 237, obrtained by|sollision induged dissociation of
doubly charged mz| 1030 blonmz lonjmz Y'1

yrr3147)12 Bp4ad.d3 Y"| 2| B48. 18| B2 1897 00

Y75 335.21 (1) Bs 304.18

Y, 406.25 By 419.22

Y''g 507.30 Bs 582.31

Y77 594.33 Be 768.38

Y, 693.40 By 825.39

Yr''g 794.46 Bg 953.43

Y’/ 893.54 By n.d.

Y710 1006.63 Bio n.d.

Y’ 1107.67 Bi1 1224.65

Y712 1164.68 Bi2 1323.68

Y’ 13 1292.81 Bis 1424.79

Y774 1349.77 Bis 1523.86

Y7 15 1535.85 Bis n.d.

Y’ 16 -1698.95 Bisg n.d.

Y77y 1813.95 B17 1782.96

Y’ 18 1960.97 B1s n.d.

[Y"lg n.d. (2) | Byo n.d.

5 ! Underlined m/z-values are main peaks in the MS/MS-spectrum.

2 n.d. is not detected.
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Y'' 3 335.20 B3 n. d. Y' 4 406.24 B4 451.22 Y'' 5
493.30 B5 n. d. Y'" 6 580.32 B6 n. d. Y '7 679.40 B7
W 2@4/009618 780.44 B8 n.d. Y"9 879.53 B9 n.d. PYI/ERD03/007690
992. 60 B10 n. d. Y '11 1093.65 B11l n.d. Y '12
1150. 67 B12 n.d. Y '13 1278.80 B13 n.d. Y'' 14
1335.80 B14 n. d. Y'' 15 1521.83 B15 n. d. Y"16
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——
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Y’ 'Bevel opi Bg5.20fi ci ent Bstrat egi es360t16he ge¢neration of
transgenic cattle ich produce biopharmageuticals in
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Y’ 893.53 Bg 1144.57

Y’ 10 1006.64 Big 1201.59

Y’ 1107.67 B1i1 1302.68

Y7795 1164.68 Bis 1415.72
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Y74, n.d. Big n.d.

Y’ 5 n.d. Bis n.d.

Y77 16 n.d. Big n.d.
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Y’ 719 n.d. Bis n.d.
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! Underlined m/z-values are main peaks in the MS/MS-spectrum.

2 h.d. is not detected.
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10 according to any one of clains 1-7. 9. A mxture
according to claim@8, wherein antibodies present in

wa@ a00d/0odexg ure bind to different epitopes of theCT/ERPI083/007690

antigen and/or to different2santi gens present in one
15 antigen conprising mxture. 10. A reconbi nant host
cell conprising a nucleic acid sequence encoding a
l'ight chain and nucleic acid sequences encodi ng at
| east three different heavy chains 20 of an anti body,

ClagRérein said |ight and heavy chains are capable of

Dbt 500 PERR AN, FRoR hE O 0rE & i e 1m
t hreecotib feaenthob, hety ymetiavd senprencasg atles step of:

represented in, the mxture of reconbi nant antij bodi es,

12. SFOLIHPHRY t 1Bn? abe W HRPAR L RPSF nrakl et et € Hcid

I'T 0 qu&hidk NS OhusBd L Bl | HOSHk @Fe COTPT & $E@LEPMMPM cast one
sequence. 30 WD 2004/ 009618 PCT/ EP2003/ 00769 127
13.ligklonplosini and axlokeh iy tlored adhffgrent Ireavheskains

sai ' r I ses_bispecific antjbodi 4. .
corpil b SeEeRE O el el 6 BT Theadt o 1ione
whetledin sai d m xture of anti bodi es has been produced

by reconbi nant host cells according to claim210. 15.

A conposition according to any one of clains 11-14,

e Ghdi18bq ! §<§‘§5r&3{¥gg OéAo s@i &l @nt | bl £51 hayes @i fd &5 nant

10 specificities. conmposition according to claim

15, hawiereé hl sePuprté ¢4 e emickpiei ¢4 teguence dreediny a
to different pitopes .on the sa ntigen.. 15 17.. .
corfiBuET oht aRE SPGB 1 4 (4 T ik it i th sata
di fiteresd sspectéé cdifOsrame whaegt@hims diddet ethat the

produced antibodies comprise common light chains.

3. A method according to claim 1 or 2, further comprising
the step of:
recovering the antibodies from the host cell or the host

cell culture.

4. A method according to any one of claims 1-3, wherein at
least two antibodies comprising a heavy-light chain dimer
in said mixture of antibodies have different

specificities and/or affinities.

5. A method according to any one of claims 1-4, wherein said
recombinant host cell is capable of high-level expression
of recombinant proteins without the necessity of
amplification of the nucleic acid encoding said proteins

in said cell.
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antigens present in one antigen conprising mxture. 20
18. A conposition according to any one of clains

wd ts0d4p961herein at | east two of said anti bodi PET/RR2083/007690

different affinities for 13e sane epitope. 19. A
conposition according to any one of clains 11-18, 25
wherein said conposition has an effect that is greater

than the effect of each individual antibody present in

sai d conposition, wherein said effect_is nmeasured in a '
ﬁunétmsggpda§§§9¥d3092©9 AniePRBdofoflaiient 119 ngharein said
| caskigneshasks ekl (EbANE nbhsh BROCYERSCABLXAUT €01 that
ant 1 bodi es, erein sard mxture of antibodies has a
deshaedbethettmactaitiad o arids200MeéA08G18denoviral EL
PCT/ EP2003/ 007690 128 functional assay, the nethod
conﬁ?ggﬁﬂathe steps of: (i) providing a host cel

wi th nucleic acid sequence encoding at |east one

| ight chain and nucleic acid sequences encodi ng at

Y eaBt MEhBOdi REEPEAINGcBOYyCERENNG, Bhekeiei satdi dohbavyll is
and;Li chapns.a capa of pairing wth each
oth%%?g?%g)gghﬁt%r?ﬁé'gg Pégéf one clone of said host

cell under conditions conducive to expression of said

ucleic acid equences; 10 (iji) screening said at

bR oRESES onE S ETRET g thet | 15 b Colmoks oK afmathod
m x54E6r@ingntd body esnbaykng i hgs depired effect by a
functional assay; and (iv) identifying at |east one

clone that produces a mxture of antibodi es having

§ hepdrehl6deCliestaidy 20, IRt 0d, Accor i ng. Lo 6l alm
0, erein said host”cell ~~conprises a nuclelc acrd
seqoeasen entondsayd antotmda bightto chbf fetdrat ¢Sitopes of the

capable of pairin ith said at least two different
hea%m%h%\ﬁlﬁgge%@ﬁdW%tt? hL bt tERick P Rint §EeRli REesent in one

antigen comprising mixture.

10. A recombinant host cell comprising a nucleic acid
sequence encoding a light chain and nucleic acid
sequences encoding at least three different heavy chains
of an antibody, wherein said light and heavy chains are

capable of pairing.

11. A composition comprising a mixture of recombinantly
produced antibodies, wherein at least three different
heavy chain sequences are represented in the mixture of

recombinant antibodies.

12. A composition according to claim 11, wherein the light

chains of said antibodies comprise a common sequence.
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20,

conprise common |ight chains. 22. A nethod

according to claim20 or 21, wherein said culturing

WO roogiegs1$ i ) and said screening in step iii) iBCT/EP2003/007690
performed with at | east tw®7clones. 25 23. A nethod
according to any one of clainms 20-22, wherein said
culturing of step ii) and/or said screening of step
iii) is perfornmed using high-throughput procedures. 30

24.

A net hod according to any one of clainms 20-23,

l/%erléqummﬁﬂctmtawndl@ dapatlaimfl lhiqgh-1%vefherein said

i e et Wit Bootila  RE Ep200a 007690

129 nucl eic acid encodlng said proteins in said cell

{ir

erfei TPIRAIF Q) 1290

A net hod, accordln 0 any one of clains 20-24,
la%r AT 4 eh Rt s ot oL 3/

r ety okl Bstsa Ry tidtc f1as deahd eyt iied en produced by
transforned by adenoviral El sequences. 26. A nethod

accegaimynantelhaigh 281 heraardiaigl teostlagad |104 s
derived fromPER C6. 10 27. A nethod according to any
one of clains 20-26, wherein said m xture of

Bt i b ashngso Cictr sescatddenasio tay @ idrodilesinmviing 4,
different specificities and/or affinities. 15 28.

A
TetHRFOM foddiTly Whiok e rRHstGeqave different

com%géifgbfgyégnep of: (1) culturing a host cell
clone identified by a method according to any one of

cl ai ms 20-27 under conditions 20 conducive to
%%pre55|on af .t he nucl%l ds enco

h
£ it 10t AP G RS G R e sl e

chalitferent specificities are directed to different

17.

18.

19.

20.

epitopes on the same antigen.

A composition according to claim 15, wherein said
different specificities are directed to different

antigens present in one antigen comprising mixture.

A composition according to any one of claims 11-14,
wherein at least two of said antibodies have different

affinities for the same epitope.

A composition according to any one of claims 11-18,
wherein said composition has an effect that is greater
than the effect of each individual antibody present in
said composition, wherein said effect is measured in a

functional assay.

A method for identifying at least one host cell clone
that produces a mixture of antibodies, wherein said

mixture of antibodies has a desired effect according to a
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29. A nethod according to claim28, further conprising
the 25 step of: (ii) recovering the antibodies from

wo b@4tastis cel |l or the host cell culture. 30. RCTYERI003/607690

of antibodies that is obtal2sable by a nethod 30
according to claim28 or 29. WO 2004/ 009618

PCT/ EP2003/ 007690 130 31. A nethod for making a
reconbi nant host cell for production of a mxture of
anti bodi es, the nethod conprising the steps of:
mtf\@@@mw@al M oS3 dthosrethed comprl elrg akhe steps of:

SequENSEom NEOUl o2 | Lg 1AL gl (wolel § akdonce

sequen encodl ng a | eas eren

chaemsodied @it elegapadhe Dfgipai chaigh vaiid sactel s ghéid
chain, wherein said nucleic acid sequences are
|nt?%ﬂﬁ%§ﬁa%dﬁ%%%%%?@e¥? %?aSEOH%%n?%%%%¥?nt1@9%?Y ghains,

method-d O JRkd Nge &y e£0aD1 NaE host §e$]{j of &% able of
production of a n1xture of anti bodi es

conmalﬁﬂnq;wi@hs¢@®ho¢th¢ntrodu0|ng nuclelc aC|d

sequences codlng | east t \Wo_ ferent. heav
cha %% |Hf§ a Tetor |na% tc'hos ?We Erﬁﬁl% %% g de11 under

nuct ehdi Bcd it S@@h@m@ﬁv@n@@%i@r@séi@moﬁh@am capavl € acid
of pairing with at |east two of said heavy chains. 20
33. S Yeni ¢ non-human animal or a transgenic

pl ap&u COSRr d b 119y 3s£‘i'&| £t CLacid SRAUSNGR: BREOMIOhEst cell

light chain and a nucleic aclid sequence or sequences
encoalf rfgrcaiuc’ctmwf vw i fferemnt avibehbénshahbng arlee

cap blf 0 a%d light chain %Mereln
sai o huci®ic c?%l ngﬂl%(ﬁ Je%nae c%sd?% <H i ght and
heayyvﬁfﬁﬂéﬁtiﬂyﬁquﬁﬂ 1dder cod rdlord #hat produces a

tissue-specific pronoter.
mixture of antibodies having the desired effect.

21. A method according to claim 20, wherein said host cell
comprises a nucleic acid sequence encoding a common light
chain that is capable of pairing with said at least two
different heavy chains, such that the produced antibodies

comprise common light chains.

22. A method according to claim 20 or 21, wherein said
culturing in step i1i) and said screening in step iii) is

performed with at least two clones.

23. A method according to any one of claims 20-22, wherein
said culturing of step ii) and/or said screening of step

iii) is performed using high~throughput procedures.

24. A method according to any one of claims 20-23, wherein
said host cell 1is capable of high-level expression of

proteins without the necessity of amplification of the
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34. A mxture of antibodies obtainable froma
transgenic animal or transgenic plant according to

wa@b@unovsds 30 35. A pharnaceutical conpositi onPCT/EP2003/007690

conprising a mxture of r&onbi nantly produced
anti bodi es and a suitable carrier, WO 2004/009618
PCT/ EP2003/ 007690 131 wherein at least two different
heavy chains are represented in said m xture of
reconbi nantly produced antibodies. 5 36. A
phatuekeit | 2ald conpoding ose bt qoreli¢igns ole| s@hd3Gell.
wherein said m xture conprises bispecific antibodies.
37. A mxture of antibodies wherein at |east two
25 § fementhd@aaycehal ng ©s canepses et ecllafms 23e24 N dierein
treatment or 10 di agnosis of a human or ani mal ,
subfetd .caBl 1R eISFIVCH| XEQMR & JHIBAR | HHF ¥ hhef ol fneklast
| eagtad Wos s dbEd £ Btho PEAVY, Al NS AL 8 # SRRES EHY Efhied S iral
the preparation of a nedicanent for use in the
t r €&t mequemcds. di agnosi s of a di sease or disorder in
a human or animal subject. 39. A nethod for producing
a m xture of antibodies conprising different isotypes
16 0m andtrsdd cettordhey 20 critwwdbTonmpiésetNg shedshiep: cell
of 1 expressing in a reconbi nant host cell a nucleic
acikp epe el 8P oRFRCa: 1 i ght chain and nucl eic acid
sequences encodi ng at | east two heavy chains of
different isotype that are capable of pairing with
3ai A Ingtto@5achardingOto fametdroel @ cokalimg 20-26aiwherein
39, mq§rejn sai d %sot es..conprise at |east an Lg?
andPa AT RE° 495 TR RS T SrOTte?E T £5F gt A i X Ur e
of antidweies having dardesddedkpideetcitias famgtdonal
assqy _conprising the steps of

affinities.

28. A method of producing a mixture of antibodies,
comprising the step of:
(1) culturing a host cell clone identified by a method
according to any one of claims 20~27 under conditions
conducive to expression of the nucleic acids encoding the
at least one light chain and the at least two different

heavy chains.

29. A method according to claim 28, further comprising the
step of:
(ii) recovering the antibodies from the host cell or the

host cell culture.

30. A mixture of antibodies that is obtainable by a method

according to claim 28 or 29.
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WD 2004/ 009618 PCT/ EP2003/ 007690 132 i) adding a

m xture of antibodies in a functional assay, and ii)
waledoanodons ng the effect of said m xture in sai BCHEBAY3I/007690

wherein the anti bodies inis&di d m xture conprise a

conmon 5 light chain. 42. A nmethod according to claim

41, wherein said mxture is conprised in a

conposition according to any one of clains 11-19. 10

43. A nethod according to any one of clains 1-7,

2D: 28, mSGhodr £49, makimg recosdomantamostosel ¢e b clordi ng

to claim

10,
cel PrAELOr 4P RgPT 1D BHEF WS 1Ohr2

or a npet hod of rrakijzl{}g%ciliésef(ra %grg%n,%%ggst

nons s 84 MBhe 06t dSs tg@Nsgeni ¢ plant according to
cl ai 3, whérein the nucleic acid sequence or,
seqirbreduehtadinge atai@dersoreel bfa sanel ¢ ghchhdigruence

heaélr)fcgorl]ﬂgs? h?éggfegﬁaﬁptﬁcg%@%el%pl %@f@ggee%uences

conprising”a

one an tiron

St epnc@@idd. aA Dedbodiiose plioffetangt sheaxy wekeaofs that are
anti bodies that are capable 9% ijgin tp a tar
S B?.ti§h

t heCRREPbY SONPRIEIRY THe! ]E

I .
Bl e Said

ant,j botly: di SpLaYsbiRERtYs £QOPIHSHIEE | bodsiesut INOLly or

contact with material 25 conprising a target, ii) at
| eastnoomiseeplvf sel ecting antibodies binding to
said target, iii) identifying at |east two antibodies

binding to said target, wherein said at |least two
3nt | hodéEBoEOAPEi Beking cambacdmightachahost ¢o)l for
i ntroduci ng a nucleic acid sequence encodi{ﬁ%t he 30

| i gRECERETF AORNAT a2 nIL¥ERES af cPREHRRMLRS or

drefied

aci donSEeaYeRsesnensedh ngr L he heavy chains of said at
| east tTwo antibodies into a host cell, v) culturing a
cl ohetopdsaidg nucleic acid sequences encoding at least two

33.

34.

35.

different heavy chains into a recombinant host cell
comprising a nucleic acid sequence encoding a light chain
capable of pairing with at least two of said heavy

chains.

A transgenic non-human animal or a transgenic plant
comprising a nucleic acid sequence encoding a light chain
and a nucleic acid sequence or sequences encoding at
least two different heavy chains that are capable of
pairing with said light chain, wherein said nucleic acid
sequences encoding said light and heavy chains are under

the control of a tissue-specific promoter.

A mixture of antibodies obtainable from a transgenic

animal or transgenic plant according to claim 33.

A pharmaceutical composition comprising a mixture of

recombinantly produced antibodies and a suitable carrier,



WD 2004/ 009618 PCT/ EP2003/ 007690 133 host cell wunder
condi ti ons conducive to expression of said nucleic
waeiod/oswsaggiences. 45. A nmethod for produci ng a PEREPR2083/007690
of antibodies in a 5 recomti nant host, the nethod
including the step of: expressing in a reconbi nant
host cell a nucleic acid sequence encoding a conmon
l'ight chain and nucleic acid sequences encodi ng at
| east two different heavy chains that differ in the
var wabreinegtoheanat twat daféecapabheat® ohapabramng

' ' 0 1ight chaj wher ej id h
chat RBCPaPERER arr PaFY: fLRkare "BEnEPaREL Fagibhy BEBdYced

suf fhelibotligst o reduce or prevent pairing between the
di fferent heavy chains. 15 46. A nmethod according to
cl ai m 45, wherein said heavy chains are of different

BBOt XPBnafhacbufBLAPd, §859.ant908%?55%&?6&%@2%%&”35,

said different isotypes Include at [east

| g@Bhepoingsapdmet hodraccondihges ootbpeni A6c aheikbdies.
said different 1isotypes include at |east an |gG and

an | gA isotype. 49. A mixture of antibodi es obtainable

By. annihedraceor ghbdbodbe s OwnBYe OReaOf 1648t MBw45448ferent
50.. A nethod for producing a m xture of antibodies

conpPREY nghaiReraee | gpreveyped( (foR) vyeahti bodi seppment or
a Lhant - hos erei e - t of said

i s g R g e il o f | Bhal PAELIEBEL, D D

regions in each of the two IgA subunits, the nethod

nprising the.step of. expressing in a, reconpi nant
HEST D881 2o LT eTEe of ) DOBAT DOgRTRELn S¢ Tedet tuo
PCT4 EPROOSH O0HESRy 134k 188 IHEHCLSREOS A8 A £9ATBRe

| i ght chain and nucleic acid sequences encoding at
| eaR¥CPABRHIPRePEM PRAVGaRPAF nEOBfuse in the treatment or

diagnosis of a disease or disorder in a human or animal

subject.

39. A method for producing a mixture of antibodies
comprising different isotypes from a host cell, the
method comprising the step of:
expressing in a recombinant host cell a nucleic acid
sequence encoding a light chain and nucleic acid
sequences encoding at least two heavy chains of different
isotype that are capable of pairing with said light

chain.

40. A method according to claim 39, wherein said isotypes

comprise at least an IgG and an IgA.

41. A method for indentifying a mixture of antibodies having
a desired effect in a functional assay, comprising the

steps of
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| gA i sotype capable of pairing to said common |ight
chain. 5 51. A nethod for producing a m xture of

wa@pdaloadies conprising an | gM anti body havi ngPeEl/EP®az007690

two different specificiti®g, the nmethod conprising

the step of expressing in a reconbinant host cell a

nucl eic acid 10 sequence encodi ng a common |ight chain

and nucleic acid sequences encoding at |east two

di fferent heavy chains of IgMisotype, wherein said

heaty sfiding armirzhpabl efoéntphpdiag in zafdncbinpal assay,

Ilght chain. 15 52. An |IgA diner, an | gM pentaner or
%Ihexaner having at |east two different

spe@iflﬁetemlnﬁﬁg Aheuktpeetobrcehbl s pigEueengnasaid assay,
m xture of jnmunoglobulins froma single cell, said

m xvhegeinotenprtsbagias F@aé@lﬂhméét@¥$f@@@Hflﬁéaéycommon
Chaiﬂght5 ghgulture according to claimb53, further
characCteri ze in that said culture produces said

m xture of |nnunoglobulins froma single cell for

EBreAtHthg acc r89£8t£8”c ggﬁ'h?gsWheggin said mixture is
comprised in a composition according to any one of claims
11-19.

43. A method according to any one of claims 1-7, 20-29, 39
or 40, or a recombinant host cell according to claim 10,
or a method of making a recombinant host cell according
to claim 31 or 32, or a transgenic non-human animal or
transgenic plant according to claim 33, wherein the
nucleic acid sequence or sequences encoding at least one
of said light and/or heavy chains have been obtained by a
method comprising at least one antibody display selection

step.

44. A method for producing a mixture of antibodies that are
capable of binding to a target, the method comprising the
steps of: i) bringing an antibody display library
comprising antibodies into contact with material
comprising a target, 1i) at least one step of selecting
antibodies binding to said target, iii) identifying at
least two antibodies binding to said target, wherein said
at least two antibodies comprise a common light chain,
iv) introducing a nucleic acid sequence encoding the
light chain and a nucleic acid sequence or nucleic acid
sequences encoding the heavy chains of said at least two

antibodies into a host cell, v) culturing a clone of said
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45,

46.

47.

48.

49.

50.

133

host cell under conditions conducive to expression of

said nucleic acid sequences.

A method for producing a mixture of antibodies in a
recombinant host, the method including the step of:
expressing in a recombinant host cell a nucleic acid
sequence encoding a common light chain and nucleic acid
sequences encoding at least two different heavy chains
that differ in the variable region and that are capable
of pairing with said common light chain, and wherein said
heavy chains further differ in their constant regions
sufficiently to reduce or prevent pairing between the

different heavy chains.

A method according to claim 45, wherein said heavy

chains are of different isotype.

A method according to claim 46, wherein said different

isotypes include at least IgGl and IgG3.

A method according to claim 46, wherein said different

isotypes include at least an IgG and an IgA isotype.

A mixture of antibodies obtainable by a method according

to any one of claims 45-48.

A method for producing a mixture of antibodies
comprising dimeric IgA isotype {(IgA),} antibodies in a
recombinant host, wherein at least part of said dimeric
IgA antibodies have different binding regions in each of
the two IgA subunits, the method comprising the step of:

expressing in a recombinant host cell a nucleic acid
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51.

52.

53.

54.

134

sequence encoding a common light chain and nucleic acid
sequences encoding at least two different heavy chains of
IgA isotype capable of pairing to said common light

chain.

A method for producing a mixture of antibodies
comprising an IgM antibody having at least two different
specificities, the method comprising the step of
expressing in a recombinant host cell a nucleic acid
sequence encoding a common light chain and nucleic acid
sequences encoding at least two different heavy chains of
IgM isotype, wherein said heavy chains are capable of

pairing to said common light chain.

An IgA dimer, an IgM pentamer or an IgM hexamer having

at least two different specificities.

A culture of cells producing a mixture of
immunoglobulins from a single cell, said mixture

comprising at least three different heavy chains.

A culture according to claim 53, further characterized
in that said culture produces said mixture of
immunoglobulins from a single cell for more than 20

population doublings.



