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production of m xtures of antibodies Field of the invention The presen

invention relates to the field of medicine, 5 nore i

n particular to the

field of production of antibodies, nore in particular to the production of

m xtures of aphhhosle&s- Background of the invention |
function of the Inmune systemis the defence against

0i %‘JT}ZE@? oﬁy%ﬁo%gi?ﬁg hurnor al

i mmune system conbats nol ecul es recogni zed as non-self, such as pathogens,
usi ng i munogl obul i nes. These inmmunqglobulines, also called antibodies, are

rai sed 15 specifically against the infectious agent,

whi ch acts as an

anti gen, uporitfler:SRecatiimant (Rodduct iEsseMmiaturésmmanegyodiisackwel |
Scientific Publications, fifth wedition, 1984; all references cited herein
are incorporated in their entirety by reference). Antibodies 20 are

mul tival ent ¥isdldcof eshe dmyensiong heavy (H) chains and

known, 1 ncl ihgrFon® et of Gelieiey PR

cont ai ns 5t weendeeanyparid ander| Fghithec lfae b ofErthdediaian

l'ight (L) chains
of anti bodi es are
é‘E,(a%%lnn(f'l gM An 1gG
odnt ai ns 25 const ant

(O and vari ghlie (VA regqiqn i e nhr 9k wh Lpto domains

desi gnat ed ,l%&g%s'cﬁig‘l,r%va? %\gr?dtqr&&ggp\% (Fi gI.9 (%-h.éjc}nti Eody binds to

anti gen vi a mirdurearehipndipegi®oh domai ns contained in the Fab portion, and
after binding can interact with nolecules and cells of 30 the imune system

t hrough the constant domains, nostly through the Fc
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10 The essential function of the immune system is the

defence against infection. The humoral immune

system

combats molecules recognized as non-self, such as

pathogens, using immunoglobulines. These

immunoglobulines, also called antibodies, are

raised

15 specifically against the infectious agent, 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).

20 are multivalent molecules comprising heavy (H)

Antibodies

chains and

light (L) chains Jjoined with interchain disulfide bonds.

Several isotypes of antibodies are known, including IgGl,
IgG2, IgG3, IgG4, IgA, IgD, IgE, and IgM. An IgG contains

two heavy and two light chains. Each chain contains

25 constant (C) and variable (V) regicns, which can be

broken down intec domains designated Cyi, Cuz, Cpz, Vi, 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

30 the immune system through the constant domains, mostly

through the Fc portion.



B-1 ynphocytes can produce antibodies in response to exposurgr Jonidw) paprcal
subst ances |i ke bacteria, viruses and their toxic products. Antibodies are
generally epitope specific and bind strongly to substances carrying 5 these
epi topes. The hybri doma techni que (Kohler and MIlstein 1975) makes use of
the ability of B-cells to produce nonoclonal antibodies to specific

anti gens andv@e4ii88equent |y produce these nonocl onalPCAHEIBHEEE by fusing
B-cells fromm ce exposed to the antigen of 10 interest to imortalized
murine plasma cells. This technology resulted in the realization that

nonocl onal anti bodi es produced by hVBTidona's could be used in research,

di agnostics Ql pLes,d neat didfibenesd i Kigdsonfe diseases |ike cancer
and auto-inﬁﬁggméﬂﬁéﬁegléﬁS?g%sgrdégg} Becquég angé%péaes that are produced
in nouse hylsxpdewee $o bhellrsd callr rRptiansan el ks PoRsEEId/ N VRGHESS, it has been

appreci at ed j.d the Akbxt B3 ARELBOLRI et 184 Eoferaugcessful treatment of
humans needed to be less or 20 preferabli non-i mmunogenic. For this, nurine
h:|

anti bodi es eméFers ispefiEhyiandePend by Ho8pacih§UPREARAS FETEGHRE ant  regi ons
Wi th hunah GRSt tbe8k ONthel MObeldsrh tecsi quehi(RBRi&L anki bodies) .
Subsequentlﬁ@ domai ns_between the conplenentarity determ ning regions
(CDRs) in tREL1oEimAPABl ddistarie, of HeesaRtdibedt i F2ifdviSr kOr egi ons, were
repl aced by grb@ite MoABO1 SUINtaQE PBSd S o 6 S5dcadiboamsi gdhismaAd 280 ant i bodi es) .
The final stage in this humanization prgggg; has. been t he production of
fully hunaf RAETHIETEsPT %0 G FRRRS APPCC™G BREPRYTSS Pint i bodi es, whi ch
have bi ndi rfgsspgB-ckeCl | BxSonf ahcé exptiskliet € theabht g@dts ofhave been

e 0o  IAER P TP AEL A 4Tl 8L, 21, JANARY 2007 VO
technology resulted in the realization that monoclonal
antibodies produced by hybridoma’s could ke used in
research, diagnostics and therapies to treat different
kinds of diseases like cancer and auto-immune related

15 disorders.
Because antibodies that are produced in mouse hybridoma’s
induce strong immune responses in humans, it has been
appreciated in the art that antibodies required for
successful treatment of humans needed to be less or

20 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

25 varilable 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.

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

been described. These are generally used to target a



-3- therapeutic or diagnostic noiety, e.g. T-cell, a cytot o g NidiB98507

nol ecul e or a chelator that binds a radionuclide, that is recognized by one
vari able region of the antibody to a cell that is recognized by the other 5
vari able region of the antibody, e.g. a tunor cell (see for bispecific

anti bodi es Segal et al, 2001). One very useful nethod known in the art to -
obtai n ful | Worzotswep6rBonocl onal anti bodi es w th desi r abp@ir2evahdrgoo properties
enpl oys phage display libraries. This is an in 10 vitro, reconbi nant

DNA- based, approach that mmcs key features of the hunoral imrune response
(see for phage display nmethods e.g.-3GF Barbas Il et al, Phage Display. A
| aboratory manual . Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York, 28O¢FaP®yrict e %@rﬁ@??ﬁh‘? iftetB. - phagecisg ay |ibraries,

col | ecti ons cgtobeiaN tr I ko aku B tdrbadyndieavy eyt Ibighk ghain variable
region genes are expressed on the surface of bacteriophage particles,
usually in §FH@?%“C§HQFn BRAY deFEgenizRd Ran °“FOV?1’é’t?bllfarr§gl‘?’? braries of

anti body fragnens -axpbpeasitiga2ephages ypidighyz&edMydithe®tiged han 109

anti body specificities and be assenbled fromthe _imunoglobulin V

regi ons exprésidls Feener pf gﬁ%h%‘b‘iﬂtb«?gyf ot I mAuhYSCeSF ABFR | rmruni zed

i ndi vi dual s forAbifyarativedntibpbage sbgapl &y d1,bpasies may be constructed 25
from i nmunogl obul i n vari abl e re%i:ﬁ)ogﬁ t hat ha\égﬁbeen ially assenbl ed or

: “one. vesy. paH: , .
rearranged in vi?% €6Yi MFE3uR PPYRr B8Rt FHody aPURtRity in the
i brary (serfuillgymiraatnenddibnali @s)ibbdéiks wifthetlealrabl@9bbhdideor exanple, in

vitro assenblrede}/tairei agrlnglor %gi QOs, cant @i n §i%r E:rb%ﬂc%gsogssggtﬂeti cally
pr oduced, r andom zed or B’arpl a??y “EnaonT ze i'nthose regions of the
mol ecul 68 t dtrar eceicopbinantt DNBrbagwd, bapyragwbc thatiniyni c87kgANUARY 2007
features of the humoral immune response ({(see for phage
display methods e.g. CF Barbas III et al, Phage Display.
A laboratory manual. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, 2001). For the construction
15 of phage display libraries, collections of human
monoclonal antibody heavy and light chain variable region
genes are expressed on the surface of bacteriophage
particles, usually in single chain Fv {scFv) or in Fab
format. Large libraries of antibody fragment-expressing
20 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
25 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
30 stretches of synthetically produced, randomized or
partially randomized DNA in those regions of the

molecules that are important for antibody specificity.



WO 2004/ 009618 PCT/ EP2003/ 007690 4- The genetic information ??ﬁRHbﬂHvtzbfw
anti bodies identified by phage display, can be used for clonin

antibodies in a desired format, e.g. 1gG IgAor IgM to produce t he

anti body with reconbi nant DNA rret hods (Boel 5 et al, 2000). An alternative
met hod to provide fully human anti bodi es uses transgenl c mce that conprise
genetic mat eWPa0®AE0di ng a human i munogl obul i n r epdiGTEFHEONBhwi | d et

al, 1996; Mendez et al, 1997). Such m ce can be imunized 10 with a target
ant i gen, and the resulti_ ng i mune response w | produce fully human

anti bodi es. The sequences of these anii bodi es can be used in reconbi nant

production mgth Qg&lCngﬁ%ﬁﬁatq@nognmqﬁl enal . ANLER gg[ es routinely is 15
uc

perfornmed by usé of reconbinant expression of the n eic acid sequences
encodi ng t hédanghbigd éﬁaph%g%fdléﬁi@bodla@sbe|‘¥ﬁeﬁ’o§Prc‘é1qT§-an‘é1@e e.g.

EP0120694; ERQ3d4dLL iEPRARIA9Qy sbmdtat gnk. 419%16131@70: WOMO0{£ £3403) .

date, many different diseases are being treatéed ei t her humanl zed or
ful | y hunan BFSABES dh&l anhikedodiEls . reaRipant t?&’é‘eﬂe’é?f)%r@@?bnal ant i bodi es

that are cwirgn}lapoapproved for use in humans include HerceptinT"
(anti - Her 2/ Neu) Reopr oTM (anti-G ycoprotein |1IB/ 111 A receptor), MlotargTM
(anti - CD33) ATRPL TRV JBEYhRd 2 PEdY 871 loDPOY2n PHRADSSETH (ant i - CD25) |

Reni cadeTM (saRt i rab¥gkni SyRag &EM(@JMpn%\@ene%aeaﬁaa@na(ﬂ L2-receptor),
CAMPATHTM (anti - CD52). Despjte these successes, ?re is. still roomfor new

anti body pr @&ﬁ89§“%ﬁdhf”6?“cjd‘ﬁ§“in88 i Fﬁ%?ﬁ?éﬁ@n FhihveddsfF ng anti body
products. Tha, U$939@;f Ma3fdapnaclaanal sant.i Badh asi den ceAnserinmhaatsent has shown
that so-call. %g nt| %gn I 088 t unor, vari antftl can _arise, making the

treat ment’ wi't POl Bod)” FEgRtting tmuune Pesponse
will produce fully human antibodies. The sequences of

these antibodies can be used in recombinant production
methods.
Production of monoclonal antibodies routinely is

15 performed by use of recombinant expression of the nucleic
aclid sequences encoding the H and L chains of antibodies
in host cells (see e.g. EP0120694; EP0314161; EP0481790;
US patent 4,816,567; WO 00/63403).

To date, many different diseases are being treated

20 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™

25 (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

30 monoclonal antibodies in cancer treatment has shown that
so-called “antigen-loss tumor variants” can arise, making

the treatment with the monoclonal antibody less
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with the very successful nonoclonal antibody Rituximab (antl E has for
i nstance shown that antigen-loss escape variants can occur, leading to

rel apse of the |Iynphoma (Massengale et al, 2002). In the 5 art, t he pot ency
of nonocl onal antibodi es has been increased by fusing themto toxic
conpounds, swoheeasessisadi onucl i des, toxins, cytokines, mitkebddgodréose. Each of
t hese approaches however has its limtations, including technological and
production problens and/or high 10 toxicity. Furthernore, it appears that
the gain in specificity of nonoclonal antibodies conpared to traditional
undefi ned pol ycl onal antibodi es, goes at the cost of loss of efficacy. In
vi vo, anti befifeatéyponbesatment poltfcitbaarerys spacesginlemonoelonglni xt ure of

anti bodi s L3¢ HAgugLdix RBEAYSE: M RDLOH S ¢EL! &ét%%%@”gh&% the antigen,

resulting in various specificities being present 1n the polyclonal
anti body ni %kaj entpPesyciassarsatnd Yealants#anaPee e 1658ENT fter t herapeutic

appl i cati onge1£s@- of ¥nPaASRENEnLAMMESI J1ALI R QI fZQrOZ?CtirVQ:h'emmnOt her apy,
and currently “are usually derived from pool ed serum from i muni zed ani mal s

or from hundh% WHB PRENFr €8 Penaalepel dinddhedies 11#é BeePed serumis purified

into the prohetdaaegosks wsmgaﬂm &b0bsbtid comB&lind), s&enhnaygred because it
contains 25 predog&nantl | gG nol ecul es. Pol ycl onal anti bodies that are

currently uSeUPBFLEIRS HOHEPF nWTQELRER 1 2PACERR L156r yERGh AL anti bodi es,
gama- gl obuthésd @ﬁp@me\éeho‘lwmaat iw,llal.thtWE1Menm]ﬂr@O| ycl onal

(CroFab), Thynogl obul T"dfor al l,ogr af ect/o anti-digoxin to 30
neutral i ze F‘Fl%mﬁggﬁcﬁllr N} dPﬁ%‘;(‘f%log %H‘te c’eost hh8fyclonal . In currently
mar ket edo t hessaipauyl c anti bodi es,

Furthermore, it appears that the gain in specificity
of monoclonal antibodies compared to traditional
undefined polyclonal antibodies, goes at the cost of loss
of efficacy. In vivo, antibody responses are polyclonal

15 in nature, i.e, a mixture of antibodies is produced
because various B-cells respond to the antigen, resulting
in various specificities being present in the polyclonal
antibody mixture. Polyclonal antibodies can also be used
for therapeutic applications, e.g. for passive

20 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 proteinaceocus or
gamma globulin fraction, so named because it contains

25 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

3¢ neutralize the heart drug digoxin, and anti-rabies
polyclonal. In currently marketed therapeutic antibodies,

an example of the higher efficacy of polyclonal



an exanpl e of the higher efficacy of polyclonal 17 JANUARY 2
2004/ 009618 PCT/ EP20031007690 - 6- anti bodi es conpared to rmnggl'?]éHg}?RY 2007
anti bodi es can be found in the treatnment of acute transplant rejection with
anti- T-cell antibodies. The nonocl onal antibodies on the market (anti-CD25
basiliximab) are |l ess efficacious than 5 a rabbit polyclonal antibody

agai nst t hy mQAMIM6I8Thy gl obul i NTM) (press rel eases BEFERIGEITEN 12, Apri
29, and August 26, 2002, on www. sangstat.com. The use of pooled human sera
however potentially bears the risk of infections with viruses such as HV
or hepatitis, with 1C toxins such as %1 popol ysaccharide, w th proteinaceous

i nfectious i QNs it h_ un Lnf ecti agents.
Furthernore?ggﬁéégﬁﬁgpvﬂ?ﬁg%ﬁﬁ% m%@%ﬁﬁﬁ%ﬁeaggﬁﬁgﬁgfe&, g%dkgﬁgﬁfficient for
w despread iuthe tresdimepht ot Jubs| oransadsotizsiedtdwn witheastirent : 5

app! | cati on (lciel yifl el o 8NAROHL S5c14RRL VERk I ATkaNRl,e Sera in the clinic
i nclude a strong i nmune response 0 the human i nmune system agai nst such
forei gn ant iNse#rEs(antir€Ped oras iddsimaid| pEe okrlss edfécamtousuthaml e for

repeated s t r£aLBBN pAlychBhal 1LALPEN Qb ihoditddualeed hat were 20 injected
previously with other se%yn1preparat|ons from "the sane animal species. The
art descri bedhiRedidee i6f )t HBTEhéraeitif Srtednfarabs 1 tAPrd thuman

i mrunogl obuldy) ER@eliRiste2e MU, CaN wwiUBsRgant l¥nbe edsEogr | mmuni zati on
with an antigen to 25 obtain pol yclonal ant]bodies against this antigen from
the transgedPO1&Hi Prilad EAFR NIEY85HCtepbhRYEY Pedtientlis adikoPbgi cal hurdl es

still will hiafectohe water ¢0fsesbehicl @sSHEM & SepheMis aipractical reality
in |arger ni mal s than m'}ce, nd it wll tals:lei1 ears, of devel opnment 30
before stith SFPRMETad SprORTRISYEATTHOITEI o™ RACFBURES S

infectious agents such as prions, and with unknown
infectious agents. Furthermore, the supply that is
available is limited, and insufficient for widespread
human treatments. Problems associated with the current

15 application of polyclonal antibodies derived from animal
sera in the clinic include a strong immune response of
the human immune system against such foreign antibodies.
Therefore such polyclonals are not suitable for repeated
treatment, or for treatment of individuals that were

20 injected previcously 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

25 obtain polycleonal 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

30 before such systems can provide the polyclonal antibodies
in a safe.and consistent manner in sufficient quantities.

Moreover, antibodies produced from pooled sera, whether



in a safe.and consistent manner in sufficient quantities. NBrRRV&Ry 2007
anti bodi es produced from pool ed sera, whether 17 JANUARY 2007 WO

2004/ 009618 PCT/ EP2003/ 007690 -7- being from human or animal origin, wll

al ways conprise a high anount of unrel ated and undesired specificities, as
only a small percentage of the antibodies present in a given serumw ]| be
di rect ed agawpzeodpdversant i gen used for 5 i nmmuni zati on. HJdI/EPS008/a7690 NSt ance
known that in normal, 1i.e. non-transgenic, animls about 1-10% of the
circulating i mmunogl obulin fraction is directed against the antigen used
for hyper-immuni zation, hence the vagt- majority of circulating

i nmunogl obuLi ns i noF_l sgeci fic, 10 One, appr.Qach_towards expression of

pol ycl onal P&MRY HFE PRBPArqTe8nHRRA ﬁééﬂll?j'es“ﬂ'rlilb%ﬁwﬂm@@??b%)f US patents
5, 789, 208 aRtglp,akdmnt63¥ . urkepatyd amal uhddsiafey epeciflianéspady fragnents is

expressed usi a phage display v or, and selected for reactivity towards
an anti gen. oﬁggﬁeg%@g?e%?%?fpnﬁéé%ffgﬁfhel %"btfﬁ%"@ﬁﬁF PAEPPEbER 3 egi on gene
conbi nati ongiesre deranskelY e@d diremes, agsiddthkad paiigen teed afcrukaryotic

expressi gn vector that provides constant , reqi enes, to obtain a
subl i br argy SF R EE OB {/%olﬁa or afﬁ‘tsi%SB‘a‘F e@ow%pgﬁa'?r]ﬁnélf’é’@ﬂ'on of this
subl i brary in¢o rh-tryehsmenicel dsimadisabbeutc|icnes @f adtece nonocl onal

ant i bodi es Lhal, can e Mhedabe, O 3k0. 2 Aoluckonal gkl ody mxture. Wile
in theory it wou B possiole 16" obtarn pol"yclona antr bodi es directly
from a singkke arddaebi need foroblymtn-dnmpn badsonushenyet the vatthod by 25
culturing a,m u i (F=Tsk .cells, .p ! pr obl ens woul d
occur conce?‘%?ar(l%qtyﬁgﬂs%gﬁﬂ%gﬁgo taégﬁkﬁfe&&%gelk$ npoécpg gtgﬁ)% and hence the
consi st éAcy of Qnite appoeReiedopatdglegnaesainn bddyoriclionré. The control of a

whol e popul ghi b Rf 19bEieranhasalded bBs@rived (WO 95/20401; US

patents 5,789,208 and 6,335,163). A polyconal library of
Fab antibody fragments is expressed using a phage display
vector, and selected for reactivity towards an antigen.

15 The selected heavy and light chain variable region gene
combinations are transferred in mass, as linked pairs, to
a eukaryotic expression vector that provides constant
region genes, to obtain a sublibrary of intact polyconal
antibodies. Upon transfection of this sublibrary into

20 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
cbtain polyclonal antibodies directly from a single
recombinant production process using this method by

25 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

30 pharmaceutically acceptable large (i.e. industrial) scale
process, 1is a daunting task. It would seem, that

characteristics such as growth rates of the cells and



30 pharnaceutically acceptable large (i.e. industrial) scal g7 mNsa852007 a
daunting task. It would seem that characteristics such as gromh rates of
the cells and 17 JANUARY 2007 WD 2004/009618 PCT/ EP2003/ 007690 - 8-
production rates of the antibodies should remain stable for all the

i ndi vi dual cl ones of the non-clonal population in order to keep the ratio
of anti bodi &%° f¥%PHR nol ycl onal anti body mixture nnr@c5ﬁyyﬁﬁ@“§%nstant. 5
Thus, while the need for m xtures of antibodies nay have been recognized in
the art, no acceptable solutions exisf to make m xtures of antibodies
econonlcally in a pharmaceutically acceptable way. It is the object of the

present invepbaedt i RROYE A RAYEinHBRAS e Mhdu1adushdl atdp1a1 xture of
anti bodi es 1.n reconbi nant hosts. _Brief description of the figures Fig. 1

Schemat i ¢ r &BF e3EntRE SAIHFIRALAGHTTIGE Fe "OB5ChRRAY and | i ght chains are
pai red via pspelshiainn mdbs«uézf Itelek@é;ndme( daticdt bAeH)oditBeiheavy chain can
be either %F t he or SOt%@ﬁ The light chain_is either X or K An

anti body of G@O%YC&W‘S SM““%‘: i 4% B NhERRLTE -EBFesent ation of a
bi - speci Bi CThﬁEnam:mealtharnteedeyr i yiurepect fanezlaadiiémdgaycbmeal ns two

di fferent fuctional Q é qglns |nd|cat%%é%¥ éhfferent patterns of
the VH VL r&GFBnecCcossigey. s B8 qikkcdaf SoPSNEEAERY SR B K53, UBS- 54
and 02-237. tBI\téa]semie:ltoees)foﬁ:annbbbdﬂ_esoécdﬂBﬁﬁlbaaﬂm K53 is SEQ ID NO 1,
while the a ven Q..LD sequences of
VL of 02 237" %&{ﬁﬁg%g&%ﬁﬂ% ad oﬁt%%’?e"%ﬁgt o5, B 3, 5, 7 and
9, 30 respe@trres'@rw inpginkéon Hep anvmﬁ%@pdeéemﬁewcésr Frdgicdaa 4n SEQ I D.
NGs. 4, 8 8:3P0rd Gr LRSPEGHIECEY - rdcbnbANARY, 2007

Brief description of the figures

Fig. 1 Schematic representation of an antibody. The
15 heavy and light chains are paired via interchain

disulfide bonds {dotted lines). The heavy chain can be

either of the a,y,1,8 or € isotype. The light chain is

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

20 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 V-V, regions.

25 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 segquence is given as
SEQ. ID. NO. 2. DNA sequences of V, of 02-237, and Vy of
UBS54, K533 and 02-237 are SEQ. ID. NOs. 3, 5, 7 and 9,

30 respectively, while the amino acid sequences are given in

SEQ. ID. NOs. 4, 6, 8 and 10, respectively.



WD 20041009618 PCT/ EP2003/ 007690 -9- Fig. 4 Overview of plag mﬂaé%?WONeo
and pCb46_3000 (Neo). Fig. 5 A IEF of transiently expressed

5 pCD46_3000( Neo) and a conbination of both. B. The upper part shows a
schematic representation of the expected nolecules when a single |ight
chain and -a single heavy chain are expressed in a cell, leading to

nonocl onal wokisoesss UBS-54 or K53. The | ower part urad@priobra7eenr ow 10
shows a schenmatic representation of the conbinations produced when both
heavy chains and the common |ight chain are co-expressed in a host cell,
with theoretical anmounts when both heavy chains are expressed at equal

charn 15 i ndilabd wiRETHE 04 Preariy euEr et ReBgt 00T o P

represent at i(®eopf a possi bl e enbodi mrent of the nmethod according to the
invention (see e.g. 20 Exanples 9). (1) Introduction of nucleic acid
sequences encoding one light chain and three different heavy chains
capabl e of pHdigri fig td&thEF01&nﬂman$iqﬁﬂiyeba@redaadngESBdﬂ@Nebional ant i bodi es

into host5 cel-hds 5@(}0 FCE} |dog g{)rﬁbdllsntr?gyﬁ % Qes: 3)Th cl ggg%écan be screened

for e.g. 25%expressi on Peve expand clones production
of functi on@arh shenes @thmatiibodémsasescmmm ofakhe ofxpetcgpd 2-5 coul d be

performed siny E@g&oqﬁllexdg sm@ledﬂ‘;%gg’(mg@ B%%&:li‘%g?%v)(ﬁequence of VH

and VL of phages ected agai'nst cl one clone 11-2) and
HLA- DR (cl asbaln;arg|egreesseg) inpDa/Csldquenedinptovmonrgclenghes B28, 11-2 and |

17 JANUARY %QQZbo&’R@%élw%@lﬁs?ﬂz‘rﬁp%@@é QLe890nadOthe arrow

10 shows a schematic representation of the combinations
produced when both heavy chains and the common light
chain are co-expressed in a host cell, with theoretical
amounts when both heavy chains are expressed at equal
levels and pair to each other with equal efficiency. The

15 common light chain is indicated with the vertically

striped bars.

Fig. 6. Schematic representation of a possible embodiment
of the method according to the invention (see e.g.

20 Examples 9). (1) Introduction of nucleic acid sequences
encoding one light chain and three different heavy chains
capable ¢f 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.g.

25 expression levels, binding; {4) expand clones; (5)
production of functional mixtures of antibodies. Some or
all of steps 2-5 could be performed simultanecusly or in

different order.

3¢ 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 V, of clones B2B, II-2 and I-



2 are SEQ ID. NGs. 11, 13 and 15, respectively, while the fmyaeuast 8007
sequences are SEQ ID. Nos. 12, 14 and 16, respectively. DNA sequence of
the common light chain of these clones is SEQ ID. NO 17, while the am no
acid 5 sequence is SEQ ID. NO 18. Fig. 8. Mp of pUBS54-1gA (pCRU LOL
encodi ng human | gAl against EPCAM. 10 Fig. 9. Dineric bi-specific IgAwth
a single |i gWPZEO%’&?S’HIB (indicated by horizontal |y stri p&d/i53%§/9076%e net hod of
the invention will produce a m xture of forns wherein different heavy
chains can be paired, and only the nost sinple formis depicted in this
schematic representation. 15 A J-chaith~is shown to join the two nononers.

Fig. 10. Pentgperig myht igpechhi cq4 hEh ' lJ aft,;1&hain (indicated
by hori zont gl ?y sth:\Ql ggd btﬁ%g) .1 ‘I'hle gJr}r41§1}tl\’1|£|%)d %fsﬁ%ﬁgi‘?enl\))énti (:SJI’-I wi |l produce a
m xture of FRAyaPIEFLersatuepeeasrthEER NI FPer e, Hda?ydcHai ns can be

pai red, and_regbxcéi%lpvsmsis%ahené@rcm ‘éﬂgncoimghfif#l‘?@tchaﬁﬁac‘/ﬁ’ chains are
expressed with a single light ‘chain, and all 5 different heavy chains are
i ncor por at edPEASt HePnegeht a%é}r aRd Wai rdd ¥Wileheheaamieedydchain, is

depi ct ed 525 seRutfds iECHEHRLIGC KEPresentation. Pentaners with |ess
specificities can al so be formed by incorporation of less than 5 different

heavy chains. Especially when the J- chain is not expressed, hexaners can
al so be obt aiigeds. IpFbg. puEbs4EXPK egGHROALOT sacBUXhdINareh hymwen | gG i sot ypes
consisting of a co n. light chain, but with different binding

specificiti é‘gai‘ﬂsﬁr@%ﬁﬂ e cell to avoid the formation of bispecific

anti bodies. The different binding 17 JANUARY 2007 WO 2004/009618

PCT/ EPZQSf” 47699 ‘D%zlné#; eb%'—‘;?:pn%)'ci £ 18h° it’%d'a?%‘helg%ebylfgﬁg gidferent colours
of the 'VH séduences. e Co A-TTQAT chain i S7Indi cate

{indicated by horizontally striped bar). The method of

the invention will produce a mixture of forms wherein

different heavy chains can be paired, and only the most

simple form is depicted in this schematic representation.

15 A J-chain is shown to join the two monomers.

FPig. 10. Pentameric multispecific IgM with a single light
chain (indicated by horizontally striped bars). The
method of the invention will produce a mixture of many

20 different forms wherein different heavy chains can be
palred, 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

25 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.

30 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



with the vertically striped bars. The g3 isotype is indigg ﬁ[qt dﬁ?
grey Fc, the 1g&3 isotype is indicated 5 with the black Fe pa 2.
DNA and protein sequences of variable domains heavy and |ight chai ns of

K53, UBS54 and 02-237 1gG 10 Fig. 13 Alignnment of the variable sequences
of the heavy chains of K53, 02-237 and UBS54. CDR1, CDR2 and CDR3 regions
are indi cat eoizonsh@®sd. 15 Fig. 14 Bl ACORE anal ysi s of #T&racnsloidide237.
Affinity purified human CD46 from LS174T cells was coupled (640 RU) to CMb
chi ps (BI ACORE BR-1000-14). Binding of 1000 (A), 500 (B), 250 (O, 125 (D),
63 (E), 31 (F), 16 (G, 8 (H or 0 {w} nM 02 237 or k53 purified from
stable 20 PER C6TM derived cell lines to was nonitored using a

Bl ACORE 300CFPSfafEmtdesagre insdiggted iy té?p%lr-ﬁfr%ﬁflél ckurgpofa Kd of 9.1 X

10-7 and 2. Zn¥ ¥f-dbqueased QUL EommddI ignd &xiddis (R$Reatlvel y. 25 Fig. 15
Bi ndi ng of K53 and 02-237 to LS174T cells. ~Serial dilutions of purified

02-237 (U), "R&EB Fhg verdlepkly 9&gaped Pacsnt The 1e8SI 151D d8nj ugated to

bi otin were indiedbai @dtw tie lgb47Tc calHes 1pE®iineRpe etk Wridicapedral  human
serumto bl ock Fc t eraction. Binding 30 (MFlI, ordinate) was
det er ni ned BY E%éﬁta@g E‘hcﬁﬂf tion wth streptavidin

conj ugat ed- phycoeryt hrin. 17 JANUARY 2007 WD 2004/009618 PC1/ EP2003/ 007690
-12- Fig. 16. SDS-PAGE analysis of purified 1gG fractions. Three pg
purified 1 gG was anal ysed on a non-reduced (A) and reduced (B) 4-20% Nupage
gel (Novex) Edgcorzl rtglAt end rppedre nskxfueness off tMaeigbheifdotanner . Protei ns were

5 vi sual | 2ed, iy, SLal R1,00: W2 GOLEOkEIA! oBLUP LIDYSX, SRz N0 LOS025)

accordi ng tore OI’TTT'EI’] IOI']S (0] e nEnu urer
10

Fig. 13 Alignment of the variable sequences of the
heavy chains of K53, 02-237 and UB354. CDR1l, CDR2 and

CDR3 regions are indicated in bold.

15 Fig. 14 BIACORE analysis of K53 and 02~237. Affinity
purified human CD46 from LS174T cells was coupled (640
RU) to CM5 chips (BIACORE BR-1000-14). Binding of 1000
(p), 500 (B), 250 (C), 125 (D), 63 (E), 31 (F), l6 (G), 8
{H) or 0 (I) nM 02-237 or k53 purified from stable

20 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.

25 Fig. 15 Binding of K53 and 02-237 to LS174T cells.
Serial dilutions of purified 02-237 (W), K53 (%) and the
negative control GBSIII (¢) conjugated to biotin were
incubated with LS147T cells preincubated with normal
human serum to block Fcy receptor interaction. Binding

30 {(MFI, ordinate) was determined by FACS after incubation

with streptavidin conjugated-phycoerythrin.



Clone identity is indicated on top of the SDS-PAGE. Each ge

control, which is either purified 02-237 or K53. NR, Non- re%jzj‘z‘ggﬁﬁg@om
reduced. 10 Fig. 17. IEF analysis of purified I1gG fractions. Ten pg
purified I gG was anal ysed on an |Isogel 3-10 gel (BMA) according to
reconmmendati ons of the manufacturer. Proteins were visualized by staining
wi th col | oi d¥P2¢P@6185 (Novex, cat. No LCB025) accor difitJEeePoy¥i8hmendat i ons
of the manufacturer. Clone identity is indicated on top of the IEF. Each
gel contains a control, consisting of a 1:1:1 m xture of 02-237, K53 and
UBS54. 20 Fig. 18. IEF anal ysi s of pd?ycl onal m xtures 241, 280, 282, 361

and 402 in g@l&pa{é SO@nbopﬁéé‘%'n‘élL?éfs 22z §17f1%fadél obBS4« 1580, Py purified IgG

was anal ysed on an |sogel 3- accor to recomendati ons of
t he manuf actlires .PPpPptef Hed \/W@ﬁeww sc‘u’@llhléé@ Q;fyasrlaﬂnm\?glqmt A) 25 col | oi dal

bl ue (NoveX,anaa,%edd&dL‘@ﬁPZ@zoascsagﬁﬂﬁéﬁq;e&o NdRGYMHBRMA NS, 0f the

manuf acturer. 1gGidentity is indicated on top of the I'EF. Fig. 19. Mass
chr omat ogr argCeRmaIRY L pRpt 3 idddheoranszctaper S@IE’B?M%JBSE& and the two unique

l'ight chainaepiides bl skaHiHESetcnrd1bd1d37 v1he! Ghedd@cht 0ol yl -280. On
the right- hand si de of each mass chromatogram the isot op1 c 17 JANUARY 2007

WO 2004/ 0096+8° %@T/@ﬁ?é@%?%@%%wwndﬁaﬁ%? PLofPe MBAHESCFBERT s shown. The
doubl y char gedné Oitien@tit §1 Zs 1028 c98ed MN Qaﬂaﬂ&haaxnsamdﬁ sg&drom peptide H I -
K53. The doubly ar,ged ion at mz 1029. 96, (Mv 2057 92 esults from
peptide H11.95%- %t%a ﬁe t??rﬁlrﬁlchﬁ?bc l% Fomegt PHFLEPRD Oga%f 2307. 09 Da)
results fromrpepl. de, MSalBShitedThe, dedbtydcharged ion at mz 1291.08 (Mw
2580. 16 1I%a) results from peptide L1-K53/UBS54. The doubly

FPig. 17. IEF analysis of purified IgG fractions. Ten ug

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

15 {(Novex, cat. No LC6025) according to recommendations of
the manufacturer. Clone identity is indicated on top of
the IEF. Each gel contains a control, consisting of a

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

20 Fig. 18. IEF 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

25 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-
30 237, UBS54 and the two unique light chain peptides Ll1-
K53/UBS54 and L1-237 in IgG fraction Polyl-280., On the

right-hand side of each mass chromatogram, the isotopic



charged ion at mz 1278.11 (Mwv 2554.22 Da) results from pepti 5 37.
10 Purified 1gG was dissolved in a 0.1% Rapi Gest TM (Wat ers) H%iﬂﬁgéﬁg%ﬂa
NHAHCO3. The disul fides were reduced using 1 M DTT
(1,4-dithio-DL-threitol), followed by incubation at 65C for 30 m nutes.
Then, for alkylation of all sulfhydryl groups, 1 Miodoacetam de was added,
foll owed 15wbyosneeisati on at room tenperature for 45 momErResoarevodar K.

Al kyl ati on was stopped by addition of 1 MDIT. The buffer was exchanged to
25 mM NHAHCO3, pH 7.5. Finally, the antibodies were digested overni ght at
37 C by addition of a freshly prepan&d trypsin solution in 25 mv NH4HCGS.

20 The peptide, m xture was anal ysed by LC.MS. T LC-system consisted of a
Vydac reveréDé'ei‘1:?)1"%1305I ChE RS, 18 hai’tOX’ﬂ/asTheeldL?PBgyb‘%aa%ﬁfiyjr% a gradi ent of
sol vent A (%tSf/4 1m@eveninw idias. vatnan, rgsultisalt raie gidptidei Wind v/ v) and

solvent B (9QL,10/1 acetonitrile, water, glacjal .aceti idv/ivliv). The
LC was on-| i%’o?é'c@hepldg?&ggg %haéﬁ&fw&mgéégdc??rﬁem‘? %(Oﬁflf’c%nass) . equi pped
Wi th an el eda) osepndyts Soom oeepipde atldd0at237 K\theMasiplgpebtrgedvere recorded in

positive . on _no 0 50, t ac vpltage .0of 35 V. The
i nst r ument all?flegsi’gl'{f{zi gp\mb@ >%, 88@5@% %)edr%ggﬁﬁﬁag ‘?“8 gﬁgl%eet erm nation of
t he char ge, H8ndB3¥br &her doutblhe chasgedfionost n/egnd2sp. G (M | east +7. In this

p007 “Wwo 20007 B0tk 8T pEsr DD 6B rratg 86 thl ey shPel LAl SEuhY, 10 {huence
of the pepticherged iocgontinhed 23§ . M5/ (MB- @Xperd2rbal stesvBANSEspRCt ra wer e

recorded in Jaasifd wg oD gpde from mz 50-2000 with collision energy
5

bet ween 20 and 35 eVolts. Fig. 20. BI ACORE anal ysis of Eol ycl onal 280.
Affinityl0 Purified IgG was dissolved in a 0.1% RapiGestTM (Waters)

in 50 mM NH4HCQ3. The disulfides were reduced using 1 M
DTT (1,4-dithio-DL-threitol), followed by incubation at
65°C for 30 minutes. Then, for alkylation of all
sulfhydryl groups, 1 M icdcacetamide was added, followed
15 by incubation at room temperature for 45 minutes in dark.
Alkylation was stopped by addition of 1 M DTT. The buffer
was exchanged to 25 mM NH4HCO3, pH 7.5. Finally, the
antibodies were digested overnight at 37 °C by addition
of a freshly prepared trypsin solution in 25 mM NH4HCO3.
20 The peptide mixture was analysed by LC-MS. The LC-system
consisted of a Vydac reversed-phase C18 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 (80/10/1 acetonitrile, water, glacial acetic
25 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 mede from m/z 50 to 1500 at a cone voltage
of 35 V. The instrumental resolution of >10,000 enabled
30 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



purified human CD46 from LS174T cells was coupled (640 RU) f—p‘r%ﬁ @2
(Bl ACORE BR-1000-14). Binding of 1000 (A), 500 (B), 250 (0O ?

(), 31 (F), 16 (§Q, 8 10 (H) or 0 (I) nMPolyl-280 to CD46 was m)nltored
using a BIACORE 3000 systemat 37C. Fig. 21. |EF analysis of sub-clones
from cl ones oloy 1- 241, poly 1-280 and poly 1-402 produci ngwﬁ m xture of
15 anti bodi S¥02084009§18nes noly 1-241 and poly 1-280. LERFER2RUNIEN ns a pl
mar ker (Anersham Cat. No. 17-0471-01). Lane 2 contains isolated 1gG from
the parent clone poly 1-241 (as in F% 18). Lanes 3, 4 and 5 respectively
contain isolated 1gG 20 from3 i ndepé 1dent sub-cl ones derived from poly

1-241 by wm% 9 16! Hhi QN ac&@rg%q@eﬁe@t@f el ﬁ%@fd%dwlagG fromthe parent
cl one poly anes 7, respectively contain

0 (as in Fi
i sol ated |ge°$¥3emetdhpéel‘4$ r?’t%e‘ﬁé%l@ment§ud‘ﬂ%4“{§néée‘éi"eﬁai vedeform poly 1-280 by

limting di kbtbied 38 &sﬁl%el&wnﬁbdé #0zn rl/angs-doc@ngliéncontain a pl
marker. Lane 2 contains isolated |gG fromthe parent clone poly 1-402 (as

in Fig. 18) ?oiﬁfésonsenﬁr%d’eﬁw?%%;?ch‘f‘ge?%/ eVo4htain isolated 1gG from 3
i ndependent sub-cl ones derived frompoly 1- 402 by limting dilution. Lane 6

30 contains_a coptrol 1:1 mxture 2- 53 and, UBS54). 17
JANUARY 20052920 2?%%@%’1@“&&1%@13?60%‘1 é‘ 21%}-(- %F&l N3 FACS anal ysi s
of m xturespafifirdd haslaescrarodteed.siffeoneslll- ehonasip0bdpoban 1- 241 (A), poly
1-280 (B) a ol 402 ( n t he ur es o tibodies to
cells transgglzt'gd C%%f’t RP %Pc@glp‘ %%@N\)l‘”drgga af’lfv control (CD38),
was det er mi ned, vidtch (BACEnakysi25 dnil, ¢kam)f| Borgycent (Gitemdsity (M) is
shown fqp the, varioys) AL SAANeS 8pfk LNeRoh NISRENGENL, stb-cl ones of

each.
BIACORE 3000 system at 37°C.

Fig. 21. IEF analysis of sub-clones from clones poly 1-
241, poly 1-280 and poly 1-402 producing a mixture of

15 antibodies.
A. Clones poly 1-241 and poly 1-280. Lane 1 contains a pI
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

20 from 3 independent sub-clones derived from poly 1-241 by
limiting dilution. Lane 6 contains isclated 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.

25 B. Clone poly 1-402. Lanes 1 and 7 contain a pI marker.
Lane 2 contains isclated 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

30 contains a control (a 1:1:1 mixture of 02-237, K53 and
UBS54).



Control antibodies GBS-111 (negative control), anti-CD72 (GZA3jaRESRIT Ve
control) and the single antibodies 10 UBS54, 02-237 and K53 are al so

i ncluded. Summary of the invention In one aspect the present invention
provides for a method is of producing a mxture of antibodies in a

reconbi nant host, the nethod conprising the step of: expressing in a
reconbi nant woste4o®bis a nucl eic acid sequence or nuclmiTEPamB/oh7eE@QUENCES
encoding at | east one |light chain and at | east three different heavy chains
20 that are capable of pairing with said at |east one light chain. A
further aspect of the invention is t-R& elinination of the production of

potentially non-_fungtional ht - hea chain pairi by using, pre- selected
conbi nat i ond18f #eal ;‘Cﬁnﬂn?]ﬁ@ﬁ? %&llﬁgxr?? ‘?g§n’2'5b?) %’583 ed that phage
di splay i blfabmealﬂawlbhe&rdmpaly si-iglie (h) ghoighai-ps@na)many di fferent heavy
chains can _enco r i sti.nct b|nd|ng

properties. p?ﬂ?’sp'f }r‘g g%ﬁldbg u%‘g& i mf’f%‘bre&yP?e?réq‘hb ©d3R?i Hodi es havi ng
the sane i gbnlsl“talamshiutteh fwflenedﬂm.l\?@fheaw&', deRMs, oxagaanagtatixhe sane target
or different erei targ | e antigen or an

epi t ope thel eo{: OJS tcgﬁg8Yvnf""e‘3‘rseﬁ‘f@?r<'§1“rlgrfets ey k?fcrs PR ENEe 3% JANUARY 2007 WO
2004/ 009618mEéff/ER®&@3b6ﬂﬂﬁQﬁenaﬁty bMFoh {hesanmefeurthaceattoup cell or

i ssue) . SugheeAndady [raqWEDL o, piahned Wy phage.diiplaun oan be cl oned

into vector esire and the nucleic
aci d sequen@estmc@@rtngoqli%@S-Iﬂ rmtesat;ave ongsed + @nttrtaﬁ%?%ct host cells.

n one apprgachys Hiand L ehahos, HaRRe RO DI dilusbgnt  constr uct s

t hat, upon transf eCtI on Into a wherein they are expressed, give rise
to |ntadP |85ﬁ§ﬂ€Hg3P@§7 and K53 are also included.

Summary of the invention
In one aspect the present invention provides for a method
15 of 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
20 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
25 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
30 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



When different H chain constructs are transfected into a 10 pﬁﬁANﬁgﬁ¢2@07
single L chain construct, H and L-chains wll| be assenbled to formall
possi bl e conbi nati ons. Fbwever, in contrast to approaches where different
light chains are expressed such as for the production of bispecific
antibodies, this method will result only in 15 functional binding regions.

It woul d be PRAPWEW¥r1y useful when the host, e.g. PEHERYUESD| |ine, is
capable of expressing acceptable |evels of r ecombi nant anti bodi es, w thout
the necessity to first anplify in said cell the nucleic acid sequences
encodi ng the 20 anti bodi es. The advaﬁfage is that cell lines with only a

limted copyenynbere %faméaé&fgugl ‘?éﬁ%.a%E% 8 2.18xpef! %%cbet be genetically

nore stable, because there wl ess reconbi nation ween the sequences
encodi ng thé“ﬁélaw feRareRt s Pﬁéﬁllﬂ?ﬂ &% Phagealsphay ccan w8l titude of these 25

copies is presgsd - 1ercela&tAﬂsn@o§Utﬁ@leie@,ﬁ@a f&ﬁ:ﬁat” dhe gmth according to
the invention is the human cell |ine L%lng thi's nethod a m xture

of antibodi & WW¥h ardefPAdtrdFéei 35 ﬁﬁége%ﬁﬁ? Bécﬁﬁ¥ﬂﬁu§§§5Fron1a single cell

clone insa sakRat£ i’ Bkl @gbd aBdr £FesteRbstRRBOCE . B ohe invention
provi des a nmethod for_ production of a m xture of antlbodles in a

reconbi nant 2ABEPaChhé ABE HoFhadBRpFasiPRgeRtrRAS By dFifeggptessi ng a nucl eic

acid 17 JANJARY: 208 E tmzmoesme%ﬂéﬁméoeaﬁﬁ&mkzmsequence or

nucl ei c acig sequences e %%f at_| east one ght chain and at |east three
different h B$¥ THaisres edﬁﬁﬁbFB %ﬁtﬁﬁ%irrﬂf%ﬁqﬂ}e§aid at | east one
i ght chai when mﬂ*meﬁblma:ndalhos&nmiubtslar@ tmaﬁéﬂédt@h aspecd, 5 the
reconb|Q%nt a. nucl ei encodi ng a comon

| ;
li ght chalncﬁﬁgf"Q%lgapéB Ch%%?rfﬁékguéﬁl |an%%?ng§§PSthree di fferent

heavy chai ngill be assembled to form all possible combinations.

However, in contrast to approaches where different light
chains are expressed such as for the production of
bispecific antibodies, this method will result only in

15 functional binding regions., It would be particularly
useful when the host, e.g. a2 single cell line, is capable
of expressing acceptable levels of recombinant
antibodies, without the necessity to first amplify in
said cell the nucleic acid seguences encoding the

20 antibodies. The advantage is that cell lines with only a
limited copy number of sald nucleic acids are exXpected 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

25 coples 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.

30 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



such that the produced antibodi es conprise a common |ight g¢hghRusRRW0OYS! Y,
those of skill in the art will 10 recognize that "commopn" also refers to
functional equivalents of the light chain of which the amino acid sequence
is not identical. Many variants of said light chain exist wherein nutations
(del etions, substitutions, additions) are present that do not materially -

i nfluence 15wohesbmsisati on of functional binding regi area/ErIdogoorédwent i on
further provides a conposition conprising a mxture of reconbinantly
produced antibodies, wherein at |east three different heavy chain

sequences are represented in said mfdre. In one 20 enbodi nent, the |ight
chains of such m xtures have a onmon sequence. The re of antibodies

can be prodfEEEREY ThE fetHod Al cBrMsRGS oer’tcﬁ’éiipﬁv%%me&ﬁ “Bieferably, the
m xture of aﬂtg'hbodlhm aad Dy deabti Cdeodsridramtt heavydinaiidsal anti bodies it

Functi onal H8eky 2 THERRRGEAT SRLFUN AL P ol b La4TCCORERRT host cel I

for produci r@aﬂnximra&&eobn@iﬁanlnoﬂoes cedd Ietahedefefrsd mmkeoyg, such host
cells. 3Q | q:qlepend obt ined fromthe t ansf ectl on of nucleic acid

sequences encodi ig & ﬁnaﬁﬁt csht CRIANPREFE® thARCSRES SATY chain may express
t he differemeqartcdoshicediny BJW 20T cWMO2@84t0DH e aPTE/HEP2003/ 007690

|0 the Xt Yt gho GIEECEN JeuBLe: divckSoPRALIGE ASARPLRaRL Lhe | nventi on

to select a'clone’using a functional "assa ) st pot'ent mixture of
anti bodi es. spsb thaty dhei prpcmv@ﬁeﬁ@tﬂéwfdéﬁﬁhmmpgneei dezrmomet hait f or 5

| denti Tyi ng cilash ey 10181 P0SnosE! be ciane iAnPhedueey a mxture of
anti bodi es, wherein said mxture of antibodies has a desired effect

accor di ng t FeROPIHER thAk “eaep,” ke refers to functional

equivalents of the light chain of which the amino acid

sequence is not identical. Many variants of said light

chain exist wherein mutations (deletions, substitutions,

additions) are present that do not materially influence
15 the formation of functional binding regions.

The invention further provides a composition
comprising a mixture of recombinantly produced
antibodies, wherein at least three different heavy chain
sequences are represented in said mixture. In one

20 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

25 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.

30 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



met hod conprising the steps of: (i) providing a host cell w7t WMy ¥2gp72ci d
sequence encoding at | east one |ight 10 chain and nucleic acid sequences

encoding at |least two different heavy chains, wherein said heavy and |i ght
chains are capable of pairing with each other; (ii) culturing at |east one

clone of said host cell under conditions conducive to expression of said
nucl ei ¢ aci d"8%¥¥3Ences: (iii) screening said at | edSHEEHEWBhe of the

host cell for production of a m xture of antibodies having the desired
effect by a functional assay; and (iy)_ identifying at |east one clone that
produces a m xture of antibodies having the desired effect. This nethod 20
accordi ng t @nt hige imiveRid At Ganrdeeenkoen®d 1Sk H0artitler EBgaitghput
procedures, if desired., The cl ores i dentified b% %he net hod can be used to
produce ant PHot® HPYERTEY TRcEBIY NG FOCrNESTRAT AT BTELPRRY i nvention furt her

provi des trassgeniforntifie husNpoléntamivahse afdaht Bftsesi.cTpé ant s or
transgeni ¢ pl ant, .cel capabl.e of expressing m xtu of anti bodies, and
m xtures of “ARETHOHi gge’berfgd%&cgﬂr%?e’i ﬁgg‘é% thg Fﬁéé%[ ?%’ﬁ further provides
phar maceuat i ddénticiyipgsat ilerstconpricsitnge Bl rilwher ehaf predosds nantly 30
produced ant, bogiescang. & olLable Garr Lol nIhe fovantien dardher provi des
m xtures of "an |eb05i &s for use 1nine tréalment ordi agnosi's and for 17
JANUARY 2007%as WD d2804¢Q 00T tPET¢ ERADG3L O/ 690ct idhalt kespyepdreat i on of a

medi canment i r.eat [ dia b Ss a.dise or disorder
in a human %r8£héa€1i%ﬁg€r£s%gteg§.@ gﬁ%ﬁ r?\?énﬁ)o%ggﬁﬁﬂgr aprhg\%?d%:lela met hod for 5
produci ng awitRktnucdedt agitd IsSedherce eappibingtdli¢isy ame light ypes from a

single hgst .g8lh dORGe1eic acid 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
15 sequences; (iii} screening said at least one clone of the
host cell for production of a mixture of antibodies
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
20 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
25 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
30 produced antibodies and a suitable carrier.
The invention further provides mixtures of

antibecdies for use in the treatment or diagnosis and for



The invention further provides a nethod for indentifying a m xture of

anti bodi es having a desired effect in a functional assay. 157 FEUARY, 2007 on
further provides a nethod for producing a mxture of antibodies that are
capable of binding to a target, the nethod conprising the steps of: i)
bringing a phage library conprising antibodies into contact wwth material -

conprising awiox@besis | ) at |east 15 one step of sel eciiPgRRAgEs Pinding to
said target, iii) identifying at |east tw phages that conprise antibodies
binding to said target, wherein said at |east two antibodies conprise a
common |ight chain, iv) introducing_.i& nucleic acid sequence encoding the

| ight chain and a 20 nucl eic acid sequence or sequences encodi ng the heavy
chai ns of s#&hd ptepagation wif anmedichnesti fivmo wwehdst tioeltdreatngntcul turing a

clone of salg o3 o%?gloy%g%gglsn?iéd:i gi‘éor&e‘?:“%c%"x&

“ﬁ% expression of said
nucl ei ¢ aci @ sequences. escription o Henvention It is an

obj ect of jtheilpallewhtiﬁ:hventi on to provide a method for producing a mxture
of antibodies i@ sh6COINANLLAOS brobfedrl hadngemRy Sing the step of : 30

expressing in a reconbinant host cel'l a nucleic aci sequence or nucleic
aci d seqlen®&8deHdgdR Bl siutecadt anfridodie g ompraphnafd fderpetast t hree

di fferent heauyyshairismly SIAYVARYo200E€11 WA 204/ 009618 PCT/ EP2003/ 007690
-20- that are capable of pairi nglpvvith said at |east one light chain.

According to the'iendBHERbYPR EhetheymrodideheaPpthehaidts when paired form

functional aRbémeryRhdh NG xtd@EBS NSntipbdiisd haRahg A tded@Reli Ndi ng domain is
capabl e 5 of speC|_Ty| cally binding to an anti gen. ?n one aspect according to

the inventi 8AfStthdnndt hytFtrgpal assay.

10 The invention further provides a method for
producing a mixture of antibodies that are capable of
binding to a target, the method comprising the steps of:
i) bringing a phage library comprising antibodies into
contact with material comprising a target, ii) at least

15 one step of selecting phages binding to said target, iii)
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 seguence encoding the light chain and a

20 nucleic acid seguence 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 said nucleic acid sequences.

25
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:

30 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



producing a m xture of antibodies according to the inventiofy jANGASF 2007
conprises the step of recovering the antibodies fromthe cell or the host
cell culture to 10 obtain a m xture of antibodies suitable for further use.
I n one enbodi nent of the invention, a nmethod is provided for production of
a mxture of _antibodies, the method conprising the step of: expressing in a
reconbi nant BEH*P8 a nucleic acid sequence encodinﬂg%E M9 i ght 15
chain and nucleic acid sequence or sequences encoding at |east three
di fferent heavy chains that are capa? e of pairing wwth said common |ight

it™ are produced conprise comon |ight

chai n, such that the antibodies t_ha produc _ ( _
chains. In Q’R%t%f@@ap%ﬂ@ecmﬁriﬁcﬂ%tﬁ 8l % hdent 'cﬁ'@_ 13&1'& n each light
" as used herein neans a

h
chai n/ heavy chain pair. The term "anti body J
pol ypept i de B4R aiMiRGIdRe 1 ther B EmrhPRs thfat iBPRRh hea@py t ope on an
antigen, whehgissGhdopak PSd HBndeliMednal ramigenhBueisRAUENCE identity with
the variable region 25 of an antibody. The structure of an antibody is
schemat i cal 19P™2 &7 edeAUBALINAE GRFLIBRAIEY GrmaiptipsdPeklaccording to the
inventions i gl vpecifildalhenetdningnts kedegsigant i body fragments, bispecific
ant i bodi es, _ i nmunoconj ugates,, and the |ike. An antibody according to 30 the
i nvention mdy* BB eg?ﬁﬁqlnﬁg@,’chlegf%‘,’eqtd@@,’ t’l’fyﬂ‘?%f’&éﬁ’r | gD, IgE, IgM
and the |ikero@ticinger miatuye ofohntestes Aidddradyigf t@giment s i ncl ude Fv, Fab,
Fab', 17 JANUARY 200%. @Q 20041009612 PCT. EP2%03/007690 -g%- F(ab') 2
fragments, andothel iTRESIRRtTBBILEE 08P UG 6°CPHE W ERRi on can be of

any origin, anntbediiasg fromi ties cefll ewrtdet hast ard locabiure itoe. chimeric,
ity AER 00 85 LTMGO0 OB S SoBE s€ i gen o
In one embodiment of the invention, a method is provided
for production of a mixture of antibodies, the method
comprising the step of: expressing in a recombinant host
cell a nucleic acid sequence encoding a common light
15 chain and nucleic acid sequence or sequences encoding at
least three different heavy chains that are capable of
pairing with said common light chain, such that the
antibodies that are produced comprise common light
chains. In one aspect the common light chain is identical
20 1in 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

25 of an antibody. The structure of an antibody is
schematically represented in Fig.1l. Examples of
antibodies according to the invention include full length
antibodies, antibody fragments, bispecific antibodies,
immunoconjugates, and the like. An antibody according to

30 the invention may be isotype IgGl, IgGZ, IgG3, IgG4,
Igal, IgA2, IgD, IgE, IgM, and the like, or a derivative
of these. Antibody fragments include Fv, Fab, Fab’,



a radi ol abel, an enzynme, and the like. An "antigen binding Ln"
preferably conprises variable regions of a heavy and a |ligh J@éﬂ‘ﬂ‘"%‘wg i's

responsi ble for specific binding to an antigen of interest. Reconbinant 10
anti bodi es are prepared by expressing both a heavy and a Ilight chain in a
host cell. Simlarly, by expressing two chains with their respective |ight
chai ns (or aweasmideee1s| i ght chain), wherein each heavy wiramdobogés chai n has
its own specificity, so-called "bispecific" antibodies is can be prepared.
"Bi specific antibodies" conprise two non-identical heavy-light chain

conmbi nations (Fig. 2), and both antkgen binding regions of a bispecific
ant i body max r,eCﬁﬁgi ze di ffequfgnt antigens or different epitopes on an
antigen. 20YAR0gBIINSRr RMAITHe LHr APAGPRH EhECFARATS 5B refers to

| i ght chai ngshavhirfenteyn bear denéf caly oFidmy,e inaludihaudisequence

di fferences, Saitg_ﬁlight chai,ns mat%/vn ﬁo rise nmutafions whj do not alter
the specifi BP1§ WP PR® AriGiBod SthERTBUMS nEYmAR 13 h8T s Yheavy chain, 25
wi t hout depaatam@nftibodide Iaapeo@nibjetdy esaprise meeageon. It is for

i nstance pogsi bl e \éyithi n_the scol{)e_ ?f tcPe defini tion of common |ight chains
as used Rer 8FHI"% §OBFERRARDP FIRETHIITY BREENE Th&® artHdY identical  but
still functaorediolabgli val entzyme, gndbyhe ntikedusn NtaridGgand testi ng
conservati vg. am no Ld £ es. of i aci in regions that do
not or onl ygb'ga;gtr{%/d%fcé%n rirbgrtr%gg%boﬁl;l%ﬁﬂ?%lgsesspgg?%i;%e[ ;reakﬁcéljhs ﬁafier ed with the
17 JANUARY 20oFavw\end 0941036 tRaiPCTAER2DD 378076912 Zor heavy chain, and the

K. ot | SoPRLAAREG A8l nd G BE S380Gen ] AN ARLODSE O diRBnABLAATTON |1 ONt chain

one identica Jjht ¢ to conbine wth erent heavy ains to form
ant i bodiles antibddigst pomalrepareddry BrpRIRigohathsa heavy and a

light chain in a host cell. Similarly, by expressing two
chains with their respective light chains (or a common
light chain), wherein each heavy chain/light chain has
its own specificity, so-called “bispecific” antibodies

15 can be prepared. “Bispecific antibocdies” comprise two
non-identical heavy-light chain combinations (Fig. 2),
and both antigen binding regions of a bispecific antibody
may recognize different antigens or different epitopes on
an antigen.

20 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,

25 without departing from the scope of the 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

30 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



5 The use of one comon |ight chain avoids the formation of yheiasol pegs | n
whi ch pairing of Iight and heavy chains results in antigen binding domains
that are not functional, in other words which are not capable of binding
to the target antigen or antigens. The use of a 10 common |ight chain and
two heavy chains has been proposed by (Merchant et al, 1998, WD 98/50431)
for a differ®At¥Mi¢Bose, viz. to increase the fornat PEHEBRYWHER i onal

bi specific antibodies at the expense of antibody m xture conplexity. These
publications teach a nethod for 15 QEze-f erentially produci ng one defined and
desired bispecific antibody, thereby mnimzing the conplexity of the

produced m xiak e chHeAS andVBhE NBINe .SRECLE I fRlbYect RACRRS pRfm@vent the
production of nonospecific antibodies, because these are undesired

byproduct s fRVIHE 20t Priftteds FIFW Lpely fGheiantiddderpi6ttct i on described in

those publi ¢caghionsaifl eardbiidiari@nl 81 ppedRChEDG, icRatRE tPrior art to
prepare a conplex m xture of antibqdies fram a reconbinant host cell

avoi di ng t hE°¥BAREPBH ST YAbR-TURFECrah AP HIORAI i dofaf iRt he benefits
t hereof , sl e’mhelbhs@ Qﬁe%rli@\&oml_n??tlﬁejhlﬁeﬁhé)ﬂq @ﬁ;@@ﬁ@limhtfermeicm eﬁeglt f
invention, at |east three different heayy .chains at are , capable o
pairing w tﬁe‘f %?}B‘ﬁﬁﬁn”} iwg’ﬁ?h cﬂ?dirﬁngr%%[ Jé?g?e?:%% cavy 6 enbodi nent s,
t he host cetéswiazondi agtidea bheldiingydbhais ithaprasd cied wi t h nucl eic acid

sequences 39 [ eavy chains
p

encoding for .4, 5 6, 7, . 9, 10, or e
con bl oCor pariiohand {Porher e finilh ape fde SloalBESAREARY SOOI

2004/ 0096 18bPCTrgP20 08O FAB9Et -2B-igencoeasdighes cDigel exetyt of t he produced
m xt ure

e a8 pAEOdLS b Lo Sl BB S 0SioAERRACLAG IR he ! rventon
by (Merchant et al, 1998; WO 98/50431) for a different
purpose, viz. to Increase the formation of functional
bispecific antibodies at the expense of antibody mixture
complexity. These publications teach a method for

15 preferentially producing one defined and desired
bispecific antibody, thereby minimizing the complexity of
the produced mixture. Hence, Merchant specifically
teaches to prevent the production of monospecific
antibodies, because these are undesired byproducts in the

20 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

25 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 sequences

30 encoding for 4, 5, 6, 7, 8, 9, 10, or more heavy chains

capable of pairing with the common light chain, to



5 constant region. In other enbodinents, where it is clear 1§0QRGLRS 2007
context, they may have the sane varlable region and differ in the constant
region, e.g. be of a different isotype. The use of a m xture of antibodies
having different constant regions, such as the Fc-portion, may 10 be
advantageous if different arnms of the i mune system are to be nobilized in
t he treat nenwoabospddeishuman or ani mal body. I n yet ot hereredesshreoent s, al so
to be clear fromthe context, both the variable and the constant regions
may differ. 15 A "m xture of antibodi es" according to the invention
conprises at |least two non-identical-2anti bodies, but may conprise 3, 4, 5,
6, 7, 8, 9, ,10, or nore different anti bodies, and may resenble a poncIonaI

or at |east 18ATe314 GBEl 6RALERALY KOy DR REQFSSH PHEYESaCd to complexity 20
and nunber ahtimsdigidsonal anti gen bi ndi ng nol ecul es The m xt ur es produced
according to the present invention ysuall rlse ecific

anti bodi es. |f de[gllfrf&’ient SATE L FloH 6Y ﬁ%%/%‘é‘@ T‘?c £P868 % in the mxture
can be faveayedifieer ihhend @ambm x@fglbnsalﬁnmfave e ishedi es. 25 When n

heavy chai ns_and qne ¢conmon ht c [ esse d,acc rdlng to the
|nvent|og i FORS Y r@@ﬁ?n gﬁ%ﬁ ﬂ@} gF qi %ﬂ%retléaf P& cent age of

bi specific fanml’hmdlcestext)dumed iy ﬂvlaeen‘emshcaimcmﬂmg tregidre invention is
(1- 1/n)*100@6 1£§% gl nbersggncu&;erent 30 ntypod|e§f|n the m xture
produced by *Pfe N SPATRT T SR 1nvé%t|on | & PREEFEcal 1y

n+{(n2- n)/2)15c>tme \Ah‘hehua(mbfnﬁzr)manerebpspactiiibiodlemthalyamges Distortion of 17

JANUARY 200%4 f%g%%ggéﬁt %%avrggﬁ% Zgggﬁqgg % gé_ %okathg of expression

| evel s of the ai’'ns ma ues ating fromthe
t heor et il€al bevadiantaggpes a}rfodmﬁf@ferm §p@@|¢ﬁ (Fhan%mmm @yscarn al so be

are to be mobilized in the treatment of the human or
animal body. In yet other embodiments, also to be clear
from the context, beth the variable and the constant
regions may differ.

15 A “mixture of antibodies” according to the invention
comprises at least two non-identical antibodies, but may
comprise 3, 4, 5, 6, 7, 8, 9, 10, or more different
antibodies, and may resemble a polycional or at least an
oligoclonal antibody mixture with regard to complexity

20 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.

25 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

30 antibodies in the mixture produced by the method
according to the invention is theoretically n+{ (n-n)/2},

of which (n?-n/2) are bispecific antibodies. Distortion of



decreased, conpared to these theoretical values, if not 5 al 17551%')(1&?@715
pair with equal efficiency. It is for instance possible to engineer e
heavy chains, e.g. by introducing specific and conplenentary interaction
surfaces between sel ected heavy chains, to pronote honodi mer pairing over
het er odi nmer %iz[)d“;agmscontrary to 10 what has been proposed by Merchant,
supra. Heavy chains may also be selected so as to m MY ZFENEE0odi ner
formation in the m xture. A special formof this enbodi nent involves heavy
chains of two or nore different isotypes (e.g. 1gd@, 1gG, [gA). Wen heavy
chains of 15 different isotype are expressed in the sane host cell in
accordance vhé hrdthe pf esgitbskvenidvensade thsed] f GHenehRksvy that can pair to
t hese heavy chains, the anmount_of bispecific anti bogi es will be reduced,
possi bl y t oVt "PEW T &Peltt BT URGELRIIDEET 8 PRt athen bi speci fi ¢
20 anti bodi eslws RS Santtesitr abl el spelciEsc pO%Sbbled @¢apr atsic®e a m xture of
anti bodi es gccording to the invention wherein a.nuclei¢c acid sequence
encodi ng a g%%eoaﬁepf oRTPERSi EO gcﬁ'lfsﬁu{é]l“%cfrce%é‘é?g Vsaeldlﬁéhcég rﬁ’rq’rcodi ng at | east
two dif#ferehl Heayycohiaisnpaiw téith eéghdereffticvatdyablleé tegicon 25 capabl e of
airing to Ld c l.i.aht chai. e..expressed.in a_recqnpbi nant host, and
P 9 Zgﬁganc%ngg.ﬂsubl% %ar%]r?éellt}leg}:c %el" )%i%asi ehalns e i.n,%y

wher ei n sai eavy ai ns f A Y hel T const regi ons
suf fici ent| ynteoduedngesmrcifievant quableémgntheywodrerekgiodi f f erent heavy

chains. ThesplXldl-CBetfedNEROC &P 139, ACGARAL NG Q:bRgebnvention may be
produced froma clone that was derive roma single host cell, i.e. froma
17 JANUARY Rogxdimg® poiding098e8 REFCERPRUD3LeOTHID <2Birptptoati on of cells

cont ai Nipg [ L SAXCHESS YHLBABL by ek ehiniaCistpSLIURAGESchdinawi | | be
understood that the different heavy
may also be selected so as to minimize heterodimer

formation in the mixture. A special form of this
embodiment involves heavy chains of two or more different
isotypes {e.g. IgGl, IgG3, IgA). When heavy chains of

15 different isotype are expressed in the same host cell in
accordance with the present invention and one light chain
that can pair to these heavy chains, the amount of
bispecific antibodies will be reduced, possibly to very
low or even to undetectable levels. Thus, when bispecific

20 antibodies are less desirable, it is possible to produce
a mixture of antibodies according to the invention,
wherein a nucleic acid sequence encoding a commeon light
chain and nucleic acid sequences encoding at least two
different heavy chains with a different variable region

25 capable of pairing to said common light chain are
expressed in a recombinant hdst, 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

30 according to the invention may be produced from a clone

that was derived from a single host cell, i.e. from a



chains according to the invention can be encoded on 5 separatey{ M} Sofr! d
nol ecul es, but nay al so be present on one nucleic acid nol ec {e conpri si ng
different regions encoding said at |east three heavy chains. The nucleic

acid nol ecul es usually encode precursors of the light and/or heavy chains,
whi ch when expressed are secreted 10 fromthe host cells, thereby becom ng
processed t oW{i2e44809618he mat ure form These and ot her asIEPL®3/@IT69XPr €ssi ng

antibodies in a host cell are well known to those having ordinary skill in
the art. A "reconbinant host cell" as used herein is a cell 15 conprising
one or nore so-called transgenes, i -éﬁ.— recombi nant nucl ei ¢ acid sequences

not naturall esent _in_ said cell se transgenes are expressed in said
host cel | %p"gl;a&dﬁﬂe of &8 'ﬁ%ﬁﬁal&ﬁf‘?b é@m%nrc%(‘f’g‘g B§Pt hese nucleic acid

sequences, wherbjt&eaedcsﬁdusnaég cul tur ed 20 under condl tions conducive to
expression of sajd nucleic .acid enc ceII according to the
i nvention can % B?gget?ﬁ Pﬁef?ﬁeocfdo t%f g4 ’Pf S‘Pﬁ’%{ clone that is
derived fromhairsi agkerdiost toethe vﬁmeetibrt leant bansgeded omave been

i ntroduced. S;'I'é) Ioal%t aj n?lexlpr &8sl ? nolge%uggcl %u Z%Yaacls% ggqgenc%% encodi ng

ant i bodi es, ose I'ledin th Y% %at sequences
capabl e of 0drq>ma mgcSerich a@xprmmecammmasmmcd:ﬁmabhy teqilced to the

nucl ei ¢ aci d, sequsnGers ACIULD0 HHS ALIRAdNERs  FHACKLONAId v | i nked s

meant to descr elc sequences encodi ng the anti body
fragments oﬁcnpr!@damstﬁr% Uﬁhélbbfencgdmpmrsgrs hef $bgqueh@les capabl e of

driving exp t i NUARY 2007 WO
50041 009615 18 |IE%§%%§P: or%aggéb M%g& ggggﬁggg%?gﬁgg? #ﬁeggﬁﬁ %’3 es or

precursdfs £hHeR dde. ho%éfet}llsex*ﬁr%?b’ohe%éflsrBr%ﬁetsséﬂaf—@aﬂeé-dl n the art,

€. g. the mature form. These and other aspects of expressing
antibodies in a host cell are well known to those having
ordinary skill in the art.
A “recombinant host cell” as used herein isg a cell
15 comprising one or more so-called transgenes, i.e,
recombinant nucleic acid sequences not naturally present
in said cell. These transgenes are expressed in said host
cell to produce recombinant antibodies encoded by these
nucleic acid sequences, when these cells are cultured
20 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 ocbtain expression of nucleic
25 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
30 acid sequences encoding the antibody fragments or
precursors thereof is linked to the sequences capable of

driving expression such that these sequences can drive



the pcDNA vector series of Invitrogen. Were the sequence T??QNHQR§5607

pol ypeptide of interest is properly inserted 5 with referenc 0 Se nces
governing the transcription and translation of the encoded polypeptlde t he
resulting expression cassette is useful to produce the polypeptlde of
interest, referred to as expression. Sequences driving ressi on may

i ncl ude prorm(“?’ 04%093?18}1ancers and the like, 10 and conb’:’% 20048076Ner eof .

These shoul d be capable of functioning in the host cell, thereby driving
expression of the nucleic acid sequgnces that are functlonally i nked to
them Pronoters can be constitutive regul ated, and can be obtained from

vari ous soUrGsesdinl BE! Ul NG cYhEURAS o PEAKAINBEL Cendiiestukaryoti ¢ _sour ces,
or artificially designed. Expression of nucleic acids of interest my be

fromthe natspaf! pﬁ"@ﬁﬁf’ﬁo%r"eﬁépif%a?cﬁevéva%J’f?é’rlé’oﬁno?hef ragthraf-Entirel y

het er ol ogoushB! ERNAC e c S Bse YMRL | o KNRWAL ASKLHTUGRE HS 6ch P1sRARERLS fOr
expression in 2c eukaryotic cells conprise pronoters derived fromviruses,

such as adeff8GPiing tiegpotyRertige miodbterestienBrererlydérpeEeY r om

cyt omegalsoviwiys ﬁéﬁmncéuw RYubhCeLCYYvetmmRditabet fadatipt Bn pronot er,
pronoters derived from Siman Virus 40 (Sv40 and the like, SU|tabIe

pronot ers 25°8anr31d8 Ha" iy iN8ISTTUIR b ieec et reshihings

net hal | ot hi expi-esiMh) c@ﬁ@éﬂﬂeeﬁ.s usdfngesd i produaet 61‘1e|p&blyﬁ)EEtid9§ pronot er,
actin prono an i_mmno 8§ }% ronot er,, heagt shock %ronDters and the
#%ﬁ* rpr

li ke. Any 6&oﬁ%ﬁ?£§58r & FRFC TSR0 &S TSV ARG S expr essi on of
t he sequencexptedgiboar sy incltuke bmanteebJ eﬂhﬁnﬁarbahkﬁtmn Lhe,i nvention. In

one_ enb |mant %:3?%2 gquen p%ﬁ expr Si O@ COFTpI’I Seés a
region 1 ARDA 06 %gﬁ léﬁ286 0°727_ froma CW
pronoter, pﬁehexzdﬂymgthe thgﬁmQﬁtccﬂmﬁflghempby driving expression
of the nucleic acid sequences that are functionally
linked to them. Promoters can be constitutive or
regulated, and can be obtained from various sources,
15 including viruses, prokaryotic, or eukaryotic sources, or
artificially designed. Expression of nucleic acids of
interest may be from the natural promoter or derivative
thereof or from an entirely heterologous promoter. Some
well-known and much used promoters for expression in
20 eukaryotic cells comprise promoters derived from viruses,
such as adenovirus, e.g. the El1A 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
25 can also be derived from eukaryotic cells, such as

methallothionein (MT) promoters, elongation factor 1la

(EF-la) promoter, actin promoter, an immunoglobulin
promoter, heat shock promoters, and the like. Any
promoter or enhancer/promoter capable of driving

30 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 region



nucl eotides -735 to +95 of the CW imediate early gene enRanGRi/ \,gzm,@
The skilled artisan will be aware that the expression sequences used In th
invention may 5 suitably be conmbined with elenents that can stabilize or
enhance expression, such as insulators, matrix attachnent regions, STAR

el ements (WD 03/004704), and the like. This my enhance the stability

and/ or | evel woagébodogpsessi on. Protein production in racardpeecastebost cel | s
has been 10 extensively described, e.g. in Current Protocols in Protein
Sci ence, 1995, Coligan JE, Dunn BM Ploegh HL, Speicher DW Wngfield PT,

| SBN 0-471-11184-8; Bendi g, 1988 G@T-t uring a cell is done to enable it to
met abol i ze, and/or row _and/ or c&ﬁ produce 15, reconbi nant

proteins of ‘Fitet .P’fﬁ‘?‘%tedfanpfi% 584 OB Y MEHRSHLS wel | known to
per sons ski hheﬁedﬂ’idetshe'lwtt,o and ¢mcth15detsv RiwimedSatotedrdly &tk t 0 provi di ng

nutrients for, the cell. The t hods .c se grO}M_g3 adherl {L0 surf aces,
growh i n sSEPERETRTOBITIG BROPRAREaNS Lharast Lt &8 &Mare Cur i ng

conditions the é)epretspﬁbm i@:;ixebyesre.tsh@ldmmid ikmembi om rialye art to optimze
priot el n B OduEE LA, Yotk A LI N RN DS leng ] Alcahistange 1 O shes,

roller bottlés or S Chroreac ors, usin atc cont i nuous
systens, hokhbandea kepre@sieand suhb ds kasulatmdematmia(amtevmekm ge scale

(cont i nuous) prAdCLigR Ofef:56e L33 oBE FA] Mk cecobl LUl Lure 11 s

preferred in rt to have cel grow ng i n suspension, and it
i s preferredayenhsage thé|stabdpaby @ndf’Ot)elwl@ubfmmelsnl@lhe absence of 30

ani mal - or BugBILAefLUEH: & UM PLcdpiRBhe lﬁfsthHH’EI‘s HAE" bugd serum

conponents. Thus purification is easier and safety 1 s enhanced due to the
absence 8f &HEERIigRaAY 39sRMGARYS ZD0EN G¥F TROG4FDOYEAY SPEY/ EP2003/ 007690 - 28-

Protein Science, 1995, Coligan JE, Dunn BM, Ploegh HL,
Speicher DW, Wingfield PT, ISBN (0-471-11184-8; Bendig,
1988. Culturing a cell is done to enable it to
metabolize, and/or grow and/or divide and/or produce

15 recombinant proteins of interest. This can be
accomplished by methods well known to persons skilled in
the art, and includes but is not limited to providing
nutrients for the cell. The methods comprise growth
adhering to surfaces, growth in suspension, or

20 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 bioreactors,
using batch, fed-batch, continuous systems, hollow fiber,

25 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

30 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



ani mal or human proteins derived fromthe culture nedium while the system
is also very reliable as synthetic nedia are the best in réﬂr } J
"Host cells" according to the invention may be any host 5 cell capable of
expressi ng reconbi nant DNA nol ecul es, including bacteria such as Eschericia
(e.g. E.coli), Enterobocter, Salnonalla, Bacillus, Pseudononas,

St rept onycesyo ywasbassuch as S.cerevisiae, Klactis, rergesbarsy Candi da,

or yarrowi a, filamentous fungi such 10 as Neurospora, Aspergillus oryzae,
Aspergillus nidulans and Aspergillus niger, insect cells such as Spodoptera
frugi perda SF-9 or SF-21 cells, mam&i+ an cells such as Chinese hanster

ovary (CHO cells, BHK cells, nousge cells SP2/0,cells and NS-0
nyel oma cel F”élmaplr i°Taf8™a% Q:réﬂtfeén§§(ﬁ'71§§d Cf(%’maﬁh ‘f’n]gcuéglrf‘%d ek cell's, BRL
3A cells, hybrd domnsystemrs abbd Sreriynperiadliezed pyrivmetryc melilas, human cel |s

such as \/\138 HE 1080 or enbryonic retina ceI | s such as
PER. C6T14, 3E%F§H¥3%eﬁlk%n Kﬁucﬁq%lleXpreSS|on system of choice wll

invol ve 20 aﬁmlllaﬁ a;ectdrdexxpr‘ess:lhenwwtolonamdy Hestngohtdtat t he
ant i bodi grf erg% %? gEyﬁi E@&ﬁ%& thHﬁﬁqFﬁ%l leélne preferably
to |

PER C6TM can a ageous Btai n an ies’with a conpl etely
human gl ycosyd:htdl(m bpat¢xia suffheaa:@ﬁdhﬁtml@ flerg gribwead) or nul ti plyi ng

cells 25 (S§§S§&é$%?I%ESu§%f%#ngwigé %% ggfﬂg(:gD@gggmo use and Paterson,

editors (19 e ‘conditions expreSS|on of "the reconbi nant
product mayStréftemycssmeydrrts aneh @pt Prtekavichaef KHacpiecess is usually

performed 1. bicrease ehfafioduetyatiehds, aﬂq/a%n%@émfmngi dfifhe cells with

respect to each ot her, accordln? thods gener al nown to the person
skilled Pn BREVEHTOSPOFA, TRETAL LY |°ﬁ<¥F?)¢esASP|§F@%bJé%ﬂ @ld’ah@rwpr actical 17

JANUARY ZOOanm%&@@@@&l—l%ee,cﬂrﬁaﬁoééﬂpg@%gh as Spodoptera

frugiperda SF-9 or SF-21 cells, mammalian cells such as
Chinese hamster ovary (CHC) ce}ls, BHK cells, mouse cells
including SP2/0 cells and N5-0 myeloma cells, primate
15 cells such as C0S and Vero cells, MDCK cells, BRL 3A
cells, hybridomas, tumof-cells, immortalized primary
cells, human cells such as W138, HepG2, Hela, HEK293,
HT1080 or embryonic retina cells such as PER.C6™, and the
like. Often, the expression system of choice will involve
20 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
25 (see e.g. Tissue Culture, Academic Press, Kruse and
Paterson, editors (1973)) and the conditions for
expression of the recombinant product may differ
scmewhat, and optimization of the process is usually
performed to increase the product yields and/or growth of
30 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



-29- techniques for maxi m zing the productivity of mammal i a es
can be found in Mammalian Cell Biotechnology: a Practical %Jjgﬁﬁﬁﬁﬁ*ﬁﬁy .
Butler, ed., IRL Press, 1991). Expression of antibodies in reconbinant 5
host cells has been extensively described in the art (see e.g. EP0120694;
EP0314161; EP0481790; EP0523949; US patent 4816567; WD 00/63403). The
nucl ei ¢ aci dWRAM40062E:  encodi ng the |ight and heavy chaiEmosmyse present
as extrachronosomal copies and/or stably integrated into the 10 chronosone
of the host cell. Wth regard to stability of production, the latter is
preferred. The anti bodies are expres&ed in the cells according to the

i nvention, n%?n,a be _recovered, fromthe cell s or referably fromthe cell
cul ture nedif nlb%‘eﬁeifﬂﬁd%axigl@’é}%rtgﬁl pr VibY (i E81RakiaN 1 ed in the art.
Such net hodslimyulitneksdearpbeciqindatihomameaibni fe@ati on, filtration,

si ze- excl usion_chronat ogr aphy,, af f.igit hr ogr aphy, catjon- and/or

ani on- excha%b%te%wrogaﬁﬁi(bgﬁ' gﬁﬁg?lﬁﬂ}dSBBﬁ%ﬁ%c (Plg?%‘r"glﬁr"o%achr tography, 20
and the |ikeredsr 189m xtExprestiantifbadt #sodiespin stdagmbiifantrol ecul es, protein
A or protei f fi0i hr.omat.oqr aph an_b ui tably use see e.g. US
pat ent s ,883%%‘?%%“%%?%%%lfgﬁy%ncgesé:r%g m%lnt%?ea?r‘fe §t(3 t wo

anti bodi es #romiHrId208%4 mEROAL41§37080C &/ 72OCOEHDFRBMG; t B8 | nvention conprise
g heavy | gltehakh dhTPluo"a) ol | T AL HLSRECH TG hbesenand or

affinities. e specificity determ nes tigen or epitope thereof is
bound by t henegdiingotipe Tiubt afd jheiavy ¢haimsnmayube fresenrheasstrengt h of

bi nding to I r i epl e. %et% uCi;hindibng is defined
as bi ndi ng %f%"g‘%qé‘? %%?t fg}(g%;l?%gfj 92{%55)2? %n CEEEP[ %@Eﬁ%&l@e, nor e
preferapfy shromgpge aprihel iogAMEARY Py regard to stability of

production, the latter is preferred.

The antibodies are expressed in the cells according
to the invention, and may be recovered from the cells or
preferably from the cell culture medium, by methods

15 generally known to persons skilled in the art. Such
methods may include precipitation, centrifugation,
filtration, size-exclusion chromatography, affinity
chromatography, cation- and/or anion-exchange
chromatography, hydrophobic interaction chromatography,

20 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

25 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 antibedy. The
affinity is a measure for the strength of binding to a

30 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



WO 2004/ 009618 PCTf EP2003/ 007690 -30- preferably nore than 53% g\ GELry 3687 |
nore preferably 5 10E7, or nore. Typically, nonoclonal antibodies may have

affinities which go up to 10E10 liter per nole, or even higher.
of antibodi es produced according to 5 the present

The m xture

i nvention nay contain at

| east two an that bind to different epitopes on the sane antigen
SRRk,

nol ecul e and

ntain at |east two anti bodies th’é@’“ﬁ?“ﬁ@‘"ﬁ% di fferent

antigen nol ecul es present in one antigen conprising mxture. Such an
antigen conprising 10 m xture nmay be,g mxture of partially or wholly

purified antigens such as toxins,
envel ope pr@teféﬁabky'mbterﬁnanbe a.IQEﬂ t Byilreddre préhéﬂﬁmi@dscell

of cells,
human 15 or

epi t ope onIy,

menbr ane conponents and proteins, viral

a mxture

sue_ or ture f tissu org a conplete
1Bk het Sppectotitt Sho et tonal ntiBast L ri B act o f
cul ture, a wffisitoresviwhilsh ook, tcdfiiltalions peof mbheser anent he | i ke.
Unl i ke m)no%l F%e aﬁltel b%gtluerse t@a%ntbl r%lggl erotdqlgte)ang c’goor lnal le e antigen or

{'4F 25 “an cor

€ “present

i nvention

20 may t Rker @hergréfmm faygntaont hay amhn&auag@is lelash pm wlltghad:lles)r ol i gocl onal
D oady M KBUECoi ' B A e SRR nd NEnDOSIC G according to the

nmet hod of the Invention 1's capab

eve

expr ssion of human

i mmunogl obulmphecyle angy ot eyt CQnQaSlrp@/tcéFMﬁagwo prefladilslsythat | east 10

pg/ cel | / day ,apg t‘?a/%lfoPéx‘?c RLek

wi thout the need for |ca?|on of the nucleic acid nol ecul es

é@%dﬁe@hlé@%sggtpﬂ{ Ghle! / day or nore

encodi ng

t he heavy aﬁﬁthiﬂquwﬁﬁi$EP§ W1§5P€Ptuﬁyphc@mIantlgﬁéf%ﬁmﬂﬂlylnﬂost cells

according t @ikbgrd MEgNbE O riRLAL NoBPalri 418} rIGROTE, hekvweesy 1 and 10
copi es of each reconbinant nucleic acid to be ex ressed In" the art,

anpl i ficati GRT6FSRhSUEBPYS PFBBF/ JReTFENA LIRS REF (Pnd

15

20

25

30

proteins, viral envelope proteins, or it may be a healthy
cell, a diseased cell, a mixture of cells, a tissue or
mixture of tissues, a tumor, an organ, a complete human
or animal subject, a fungus or yeast, a bacteria or
bacterial culture, a virus or virus stock, combinations
of these, and the like. Unlike monoclonal antibodies that
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/dell/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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protein of interest in e.g. CHO cells can be used to increase expression -

| evel s of the reconbinant protein by the cells (see e.g. Bendig, 1988;
Cockett et al, 1990; US patent 4,399,216). This is 5 currently a wi dely used
met hod. However, a significant tinme-consumng effort is required before a
clone with aWoké®opstd hi gh copy nunber and hi gh expr esmiTmp280@k® has been
establ i shed, and noreover clones harbouring very high copy nunbers (up to
hundreds) of the expression 10 cassette often are unstable (e.g. Kimet al.,
1998). It is therefore a preferred-&mrbodi nent of the present invention to

use host cells that do ngt require such , anplification ategies for
hi gh- | evel éﬁ%qeétc?isoﬁn%‘?dltnﬁeaq%lfﬂtiedBdPgs”&rngﬁ'f e’rrbset‘.g'Tﬁﬂ&é al ows fast

gener ati on 6&llsH cahabé auseldoResimdrdagst exledssibhatevedpr @gstiiehe m xture of

anti bodi es according to the invention.in a consistent.. r. W provide
evi dence t hﬁ?c%bslf‘aﬁa%“géeo%% f:8li? h@elen?/e?ﬂi oeﬁd&gm%dbt ai ned,

subcl oned aqdckettt keral priopagati®datent a4, 39%@ast6pr amid 39 cel |l divisions 20
(popul at L on_doubl.i-ngs). mhi.l e _expressing .fhe m xtur f .. ant.i bodi es accordi ng
to the i%veﬁ?f%ﬁ?ﬁlﬂ %‘gﬁg%Veuﬁ% ﬁgﬁiogiﬁh?ﬁge5b§%ﬁ§ggéFlggFéction pressure.
Theref ore, time-mastaing affect sid requietébddsiofe thelioneewititor i ncl ude

cul turing the. £8ld fufRicdll, hemsl- 20y RIS UBPLYs &5 180CF; Fagr ef erably 30

popul ati on doublings; i n ot her aspetts ost cells according to the
i nventi on hbeen esgepybihed, annd geosteoer praskeer hdptypwr3angnpery pref erably 30

popul ati on » lou bl §0Ru@0e 5218y SUd IHun208D] e0tneXhizaskgy a mixture  of

antibodi es acCording to the invention. The invention 30 also provides a
cul tureldf eassettsr offer Rgeaunssallee (879- iKirunbg obullPA8) f ’"dm a single cell,

sai d m XtUres therefore a preferred embodiment of the present

invention to use host cells that do not require such
amplification strategies for high-level expression'of the
antibodies of interest. This allows fast generation of

15 stable clones of host cells that express the mixture of
antibodies according to the invention in a consistent
manner. We provide evidence that host cells according to
the invention can be obtained, subcloned and further
propagated for at least around 30 cell divisions

20 {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

25 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

30 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



conprising at least three different heavy chains. The 17 JANUARW@EOSY 20000
2004/ 009618 PCT/ EP2003/ 007690 -32- invention also provides a culture o?
cells producing at |east three different nonospecific inmunogl obulins from
a single cell. In certain preferred aspects, said culture produces said

m xture or i | east three different 5 nonospecific i mmunogl obulins in a
single cell S\?g%%%ﬁ than 20, preferably nore than 25°€ T%?@3’W9@Perabl y nore
t han 30 popul ati on doublings. Preferably host cells according to the method
of the invention are derived fromhyrman retina cells that have 10 been
imortalized or transformed with adenoviral El sequences. A particularly

preferred h@ﬁ‘frerﬁﬁloh ALEOHRYded & R BEES 3f cbhes @f:@aaaing nention is
PER. C6TM as 1gogl t ed _under ECACC no. B 96022940, derivative thereof.

PER. C6- der i V& hES Weﬁénbé?%?oﬁéal#%ﬂmﬂ%o%éf LGS ciFfaPn a 1inited
Eumﬁelr of | cephgise @:abDutInlclae);anofprteherfécﬁl&%@@ﬁ@s asyddaeerameabl e of
g eve

ressi on, of, reconbi nant, ant.i bodi es (Jon et al, 2003).
Ther ef or e, Eﬁcﬁctﬁsoﬁ@sd &R et eaﬁlfloa'?n%l i % tdég?%re’btopy nunber over
nmany gener ahomsepecihi € hirimunagl asldnsage i@mglé hee 1ar ddycheren of
bi ophar mace haye been ext ely characterized and
docunent ed, g}tl ?ﬂ?ﬁs?’fE%r%-[é’o%%repscgégsggofmg%aﬁ% r&H s‘ﬁ% yensi on grow h
and grow h f:}aa:rtdm popieparidendeub Fingsher nore,  PER CGT" can be incorporated
[0 2, Suspenst 9.0 ol AL 25 SLROMEY) fo BN eenBKLAG L par Tl oul arly

suitable for |arge-sca is reg ara
| i ne has beénvertidoacies |d@€dV9@rf¢nﬂbhéa@m Gretgrl@théhllwménb hgve can grow to

very hi gh dsg'éatlnﬁsrtaﬂezelaseroirflél%o(;ﬁ;r&/lmftgraa&m Rap{ production of
anti bodi es has been 30 described in detail in publication WO 00/63403 and in
sequences. A particularly preferred host cell according

to methods of the present invention is PER.C6™ as
deposited under ECACC no. 96022940, or a derivative
thereof. PER.Cé6-derived clones can be generated fast,

15 usually contain a limited number of copies (about 1-10)
of the transgene, and are capable of high-ievel
expression of recombinant antibodies (Jones et al, 2003).
Therefore, such clones are expected to maintain a stable
copy number over many generations, which is an advantage

20 in the production of biopharmaceuticals. PER.C6™ cells
have been extensively characterized and documented,
demeonstrating good process of scaling up, suspension
growth and growth factor independence. Furthermore,
PER.C6™ can be incorporated into a suspension in a highly

25 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

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



(Jones et al., 2003). 17 JANUARY 2007 WO 2004/009618 PCT/ER%QQQ&QQ@Q&Q7 33-
It is another aspect of the present invention to provide a mXxture

anti bodies that is obtainable by a nethod according to the invention. Such
m xtures of antibodies are expected to be nore effective than the 5 sole
conponents it conprises, in analogy to polyclonal antibodies usually being
nore effecti W@ 22HAP6ONOC]| onal anti bodies to the sanerdrzr@so7&ch m Xt ures
can be prepared against a variety of target antigens or epitopes. 10 It is
anot her aspect of the present invention to provide a reconbi nant host cel
conprising a nucleic acid sequence-&coding a |ight chain and a nucleic
acid sequence nuclel acid sequengces encodjn lLeast 15 three

di fferent heaquahélngn %ﬁﬁaﬁﬁ?g% % ?h?WRﬁQSFﬁk %h%fntFPBhY chai n and heavy
chai ns are pagaliec aohipaird g, anfibebeéeabinatt dlsfﬁhsma:ma‘omacby @nal binding
domai n. The Q@u{ed hgg %nd Le nvenpaln %%E ctlonak antigen binding

cC l ure
regi ons agaln ?ar |gen or arget ns. The host cells

accordi ng t@ntiimdmvemre (pr&DEed usebsl more telféen’eﬂmcthaoc’omejl ng to the
| nventi og. l@ﬁ¥<§ﬁ@on9§%¥§ﬁ@ bQo Y %“th;9ﬁ§18&gres O%QEEQQQIGS according to

the invention TS anot her aspeét 0 Irnvention to provide
a conpositi GntMBﬁsuwldyrrbmm agwogk efictrive nelmr yoppodersdd ant i bodi es,

wherein at Legnlodiateee did fehenlaeryyshiahi BeaUnagsare represented in

the mxture reco |nant ant Nbnocl onal~ anti bodi es 30 are
routinely pP&eRAEEG B?aw&:tor@brfﬁamtmﬁh*metm@tliﬁ@s@ﬁt i nvention discl oses
m xtures of ¢gntddaadi es useful

10
It is another aspect of the present invention to

provide a recombinant host cell comprising a nucleic acid
sequence encoding a light chain and a nucleic acid
sequence or nucleic acid sequences encoding at least

15 three different heavy chains of an antibody, wherein 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

20 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.

25 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

30 are routinely produced by recombinant methcds. The
present invention discloses mixtures of antibodies useful

for diagnosis or treatment in various fields. The



for diagnosis aor treatnment in various fields. The 17 JANUARY, rﬁﬁgﬁ Al2007
2004/ 009618 PCT/ EP2003/ 007690 -34- conpositions according to the 1nvention
conprise mxtures of at |least three different heavy chains paired to |ight
chains in the formof antibodies. Preferably, the light chains of the
antibodies in said mxtures have a common 5 |ight chain. The m xtures may
conpri se bi sPEMHOPSI3ant i bodi es. The mi xtures may be PHIFERRWHON$BmM a cl one
that was derived froma single host cell, i.e. froma population of cells
contai ning the same reconbi nant nucleic acid sequences. The m xtures can be
obtai ned by 10 nethods according to “the i nvention, or be produced by host

cel I's accor dibfighdi®ibhs b&E'cYc?z'?jtlthto Itrmeom\%ntl%%be%ﬁmesmlm?rerwnber of heavy
chains represented in said mxture is 4, 5, 0, or nore. The

opti mal m xPhrat fisass EbFeaidi fargissbenny CHbal&ét E@%ﬁ%&olsl‘@ﬁpl rically by

met hods knowRaims tike tRET 8Oy i hhethddRel Nepratlab 0y, RN fds provided by
t he present invention. Such conpositions according to the invention may

have sever §hab?s (afe thavatiiihgededrim sgof yEI GRS abd Y EdFOmRe Xt ur e, Wi t hout

the di sadvant ggeschasual tive inikeuesd Inay20oassiae at sgeMiftik pol ycl onal anti body
t he manner in which the roduced It is

m xtures, becapse, of are

furthernore mé;ib%eé‘d TRa ™I TRT {aYr Eeo?r%ﬂﬁ%ﬂoﬁf‘@‘g 3 §1ABfe efficaci ous

t han separ ataaﬂwmldemabecamohodlﬁ&zgleThwtefdme thes dgzagea and hence the
production ca ity 25_required, may be |less for t ures of antibodies
according t8° S‘i?\]gaﬁﬁ?\?eﬁfi%%ltﬂtsnﬁﬁh?%ﬁﬁr?ﬁn%?osrﬂ\e rﬁﬁ?ﬁé’af‘ s. It has for

i nstance beenctescrichdds¢daincabt Miugminbured nghebenrioelionalbynt i body to

bot ul i nu nGUEeLeXI 300 (RPN She SHUnEL SANY pBeHLIRILBeH, Loxin. 2

conbi nat i
host cells according to the invention. In cther

embodiments, the number of heavy chains represented in
said mixture is 4, 5, 6, 7, 8, 9, 10, or mecre. The
cptimal mixture for a certain purpose may be determined

15 empirically by methods known to the person skilled in the
art, or by methods provided by the present invention.
Such compositions according to the invention may have
several of the advantages of a polyclonal antibody
mixture, without the disadvantages usually inherently

20 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 moncclonal antibodies.
Therefore the dosage, and hence the production capacity

25 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

30 (BoNT/A) significantly neutralized toxin, a combination
of three such monoclonal antibodies {(oligoclonal

antibody) neutralized 450,000 50% lethal doses of BoNT/A,



of three such nonocl onal antibodies (oligcclonal antibody) |
450, 000 50% | et hal doses of BoNT/A, 17 JANUARY 2007 WO ZOOJWMYZ%'I

PCT/ EP2003/ 007690 -35- a potency 90 tinmes greater than human hyperi mmune

gl obulin (Nowakowski et al, 2002). This result denonstrates that

ol i gocl onal m xtures of antibodies conprising only 2 to 3 different
specificiti esonmyodeese 5 very hi gh potency. Further npcamEpidogoocdances of a
m xture of the invention losing its activity due to target or epitope | oss
i s reduced, when conpared to a single nonoclonal antibody. In particular
enbodi nents, 2, 3, 4, 5, 6, 7, 8, 1038, 10, or nore of the antibodies
present in the mxture according to the invention have different

speci ficiti 8sPOtesgyqoYi FimeseArealifecthpritures hBPHE™dNtect ed to different

epi t opes ongidwuisanmenSHigeRiasnd/zar payz)be riikeedfdtto different antigens
present in one antigen conprising 15 m xture. A conposition according to the
i nvention fﬁ?"i‘cﬁ'b'srtragrﬁ?/ H}a§o°&b9&9810§élzr?l’§iur&? gt gptibodgesg 10 or nore
anti bodi es bawnigidyf berent raff iqliciceesnt apekhei siyRs Py PR Anti bodi es
with differin ffinities for the sane epitope may for instance be

generat ed by® Sﬁghsp%tfe“ﬁ‘affi nity maturation, known to the person skilled
in the art. |nrmrpaeihetd, athy qaatesrefl emietdurentt thee conposition

according to th 'gv ntion.has_an egfye t t%a%ais reater, than the effect of

|
each indi vi dba n%r%gnos?oselcrfgf &S HB3EY % SresqhiCY Ris 8P - T hposi ti on. Sai d

ef fect can besmEzsueddced,nwaef Loprordl tassayngle Monaclomxlal assay”
according 1 g {1 BT 28 Sy DNEIV IQlohPa it S92V L NAL sCap, bE ysed o
re de p

det er mi ne one or sited paraneters of the 'anti bbdy’ dr the mixture of
ant i bodites 8ubjlGcortmoxhefatbayantibodies present in the mixture

according to the invention have different specificities.
Saild different specificities may be directed to different
epitopes on the same antigen and/or may be directed to
different antigens present in one antigen comprising

15 mixture. A composition according to the invention further
may also comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, or more
antibecdies having different affinities for the same
epitope. Bntibodies with differing affinities for the
same epitope may for instance be generated by methods of

20 affinity maturation, known to the person skilled in the
art.
In a particularly preferred embodiment, the composition
according toc the invention has an effect that is greater
than the effect of each individual monospecific antibody

25 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

30 conditions. Suitable functional assays may be binding
assays, apoptosis assays, antibody dependent cellular

cytotoxicity (ADCC) assays, complement dependent



30 conditions. Suitable functional assays may be binding aspaygnyAPPROPE! S
assays, antibody dependent cellular cytotoxicity (ADCC) assays, conplenent
dependent 17 JANUARY 2007 WD 20041009618 PCT/ EP2003/ 007690 - 36-
cytotoxicity (CDC) assays, inhibition of cell growh or proliferation

(cytostatic effect‘g assays, cell killing (cytotoxic effect‘%? assays, cell
signal i ng as¥Qy¥R68ays” for measuring inhibition of ETAIRNE$? pat hogen to
target 5 cell, assays to neasure the secretion of vascular endothelial

grow h factor (VEGF) or other secret_?giﬁ nol ecul es, assays for
bacteriostasis, bactericidal activify, neutralization of viruses, assays to

neasure theyabtdadikgn (Ofc)CARPARENtisnObi e bETIMIE. S¥Slemdo the 10 site
where anti bodi es are bound, including in situ hybridization nethods,

| abel i ng nePRBHLEeZtdoRhECY T oREat1SEAPFY) aasayst nealilv §1448aYs such as ani nal
nmodel s, i ngkydbigkirDuseedtimassapsielcsll nodal9ial MEQismMupgayLi sease,
virus-infected or bacterja-inf ectzzgf E)ode_nt or_ 15 primate nodel s, and the
like, can b&°TSEPFGAPnPILIHIRA PHREI M PfcRETIM A thi X3 TH% of anti bodi es

accordi ng t eelhe d9pugbt tOMmedtrdecrogparedidnocifnediadudeal anti bodies in such
nodel s by nethods .general | nown t e person skilled in the art. 20 It
i s anot her Sgg%%felgfﬁt HE°D e?gﬁfoﬁ n(&g‘ﬁwo toﬁ‘eﬁr%e\ﬁr&ée net hod for
identi fyi ngmaletglast, enmsaysbrceddterdbst@sishabaptadicdeala ni xture of
anti bodi es, Juherain Sl T ALe &f BOLLbodies, has adesired ef fect
0 a the net’'h6d"co

according t f'unctronal assay, conpri sing the steps of: (i)
provi di ng athesatiecticonph icorpepentisuck eilre doindng enyisdeeetoefiendi ng at | east

one |1ghh clatd Autenuft Blduids! fre SRAMANCAHALAIAGUGGIRNCOdI NG at | east

two differen
hybridization methods, labeling methods, and the like.

Clearly, also in vivo assays such as animal models,
including mouse tumor models, models of autoimmune
disease, virus~-infected or bacteria-infected rodent or

15 primate models, and the like, can be used for this
purpose. The efficacy of a mixture of antibodies
according to the invention can be compared to individual
antibodies in such models by methods generally known to
the person skilled in the art.

20

It is another aspect of the present invention to

provide a method for identifying at least one host cell
clone that preduces a mixture of antibodies, wherein said
mixture of antibodies has a desired effect according to a

25 functional assay, the method comprising the steps of: (i)
providing a host cell comprising a nucleic acid seguence
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

30 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;



heavy chai ns, wherein said heavy and |ight chains are 30 Caﬁ?ﬁfﬂdﬁ hd+ ng
wth each other; (ii) culturing at |east one clone of said host ce under
conditions conducive to expression of said nucleic acid sequences;
JANUARY 2007 WD 2004/009618 PCT/ EP2003/007690 -37- (iii) screening said at
| east one clone of the host cell for production of a mxture of antibodies
havi ng the WM fect by a functional assay; and fcmpreosde@sdoi fyi ng at
| east one clone that produces a mxture of 5 antibodi es having the desired
effect. Preferably, said host cell conprises a nucleic acid sequence
encoding a common |ight chain t hat -B% capabl e of pairing mith said at
| east two different heav i ns h t hat. prodyc i es conprise
common | i ght *tHaifiEeeaE? @5& %%dﬁfﬁ aﬁd@éﬂog gﬁ%fl é i ments said
cul turing |ﬂostpﬁmduCtiénenfdasmixturereenammyboﬂleﬁemawymgiyhef the nethod is
per f or med “héghfgd & tg} cku nes. ge et og nay‘roptionally i ncl ude an
assay for neasuri ng %p?ess?o onpd, Y5t “Pe Janti bodi es that are
pr oduced, vvii]iierintiaiyeag a15 Mmytb@ndwliong tratafpredustem (niikyuzaaccp(irdi ng to the
met hod, 6%d1e% BQ@:&? %Fegugpf Sa¥Pe Al S %ﬂ?mn to the

e art, ne fra

person siil e protein ~conce I on assays,
i munogl obuhont Steddi fsprcpla@saye rs-mihtlcaeCELlsgAuemeA erppding\ a and the like. In

par ti cul ar 20uRIbadients.1af A2l d JreLbad 2copding.d qutheadgwention,  the

host cell conprises nucleic acid sequence or ~sequences encoding at |east 3,
4, 5, 6, 7,288, lapstigwogiifiggeet heayy ehaints euphbit@tobrpayeechg with said at

| east one bh&¥oddRa! BomdzdRet EGRRAIN §§§§V$ﬂ%§ﬁEU|a§(HésEQ§b&EthOd 25 according
to the invention may be assays for optosis, . ADCC, CDC, cell killing,

i nhi bi t £&n &POYR-olIFf EPRRITS, em%@@%men g3l ICHAERBNY BAcEEPR al opsoni zati on,

receptor- (ii) and said screening in step (iii) of the method is

performed with at least two clones. The method may
optionally include an assay for measuring the expression
levels of the antibodies that are produced, which assay

15 may be during or after step (ii) according to the method,
or later in the procedure. Such assays are well known to
the person skilled in the art, and include protein
concentration assays, immunoglobulin specific assays such
as ELISA, RIA, DELFIA, and the like, In particular

20 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

25 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-

30 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



nmedi ated signaling, cell signaling, bactericidal activity, png\diery b7
Useful screening assays for anti 30 cancer antibodi es have for instance been
described in US patent 6,180,357. Such assays nay al so be used to identify
a clone according to the nethod of the present 17 JANUARY 2007 WO

2004/ 009618 PgT/EP2003/007690 -38- invention. It is for instance possible to
use enzyme PR A Brnosor bent assays (ELISAs) for tH&RPEQHPHEO of

anti body binding to their target. Using such assays, it is possible to
screen for antibody m xtures that nogf_5 avidly bind the target antigen (or

m xture of target antigens against ich the mixture of antibodies is to be
tested). AnghbhettiRRASSIPIid toprt mﬁétaﬁmé p@s@mleor:sduses en@ymdi rectly screen for
cytotoxicity,or cytostatic effects. passi bl e t hat upon such a

di fferent screksf IBRHRYSOHPGE ?ﬁ%a%sarf@Lﬁ%ﬂe@ﬁr%&eﬁélﬂﬂx‘f%r es of

anti bodi es mtibodgebe:h@ﬁaﬁ tbhﬁﬁeﬂ\tttl’érbbe Hdinh BBdH izragsabpve. The
screening for cell

or ssati o f growt h of  cancerous cells nmay be
suitably uséd BREGP EFnbo FHe ?5@?&?8& “%éfc}‘r‘a%atthr? t.BRSbe neasured by
vari ous 45 emntiphi miiad tmluadigeg érktagabsedsnca\mfcuﬂet@ﬂomlalrggtor t he

denat uration Qf eenrgz% BS..d 055|lb nt %fs ;L g Rresent

i nvention, fhe" ssay 95" Ton e'by f'5¢h u5| ng th 5t 0%i ¢ act i vi ty toward
cancer ous c@bk‘seda)s anotlmftd;p@sanblﬁdiy thas sesay, eaﬂlqmel/ dea!cb assay kit, for
20 exanpl e t (L-3224) by
Mol ecul ar Pr og can Sul té’ﬁl c?ﬁéédﬁ%é%ﬁ}%?‘a%%%’ﬁ%é%@é assessing cell

viability, §t|chs a@Stsnlymrtlbltuepowxmiqhsaodllffe@ent es@xse, Chherin-AM Al amar
Bl ueTm ,pDH,§ Faa{é @a&&cmss?%{i] 1I{EE¥nti'Qgt§re%ana£r§tng%| Qidgeghi The 25 assays

may al so include screenin mxture of ant es for specificity to
t he desiredbanehqpen than w1th the ELISA mentioned above. The

screening for cell killing or cessation of growth of
cancerous cells may be suitably used according to the
invention. Cell death can be measured by various

15 endpoints, including the absence of metabolism or the
denaturation of enzymes. In one possible embodiment of
the present invention, the assay is conducted by focusing
on cytotoxic activity toward cancerous cells as an
endpoint. For this assay, a live/dead assay kit, for

20 example the LIVE/DEAD® Viability/Cytotoxicity Assay Kit
(L-3224) by Molecular Probes, can suitably be used. Other
methods of assessing cell wviability, such as trypan blue
exclusion, °}Cr release, Calcein-2M, Alamar Blue™, LDH -
activity, and similar methods can also be used. The

25 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

30 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.



conprising tissue. The antibodies according to the inventiqnRYyARFR0?
limted tissue distribution. It is possible to include testing tﬁe m Xt ur es
of antibodies 30 against a variety of cells, cell types, or tissues, to
screen for m xtures of antibodies that preferably bind to cells, cell types
or tissues of interest. 17 JANUARY 2007 WD 2004/009618 PCT/ EP2003/ 007690
-39- | rrespeWoi20d/0¢9618a f unct i onal assay as descri bed avEP003bdI90pr €esent
invention also teaches ways to deternmine the identity of the antibodies
expressed by a clone, using nethods such as iso-electric focusing (IEF),
mass 5 spectrometry (MS), and the |i-R®&: It is therefore an aspect of the

i nvention t rovi de_use_of nd/aoqr 1EF in selegti a clone that

expr esses a(}ﬁ??feﬁc L3 ogneliégg&?é%naglcéﬁfﬁﬁgs F8SFHJ§)?J;\%‘§’HY?OW When

nonocl onal ahki podieas Afivenyieduaksb packeoiyBand ddifkrdmiat €ells, a
screeni ng st, IS usuall rformed to assess expression,levels of the

i ndi vi dual cl;aoﬂjtca]st}'i ﬁgt J“"%'//\/e nglfﬁgﬁ%?sateéﬁ?eﬁeede}adFt'i?j;) "ot "Rord heavy chains to
produce m ximetbsdsaddshaat elsel-edéciconplfexnding dIEAE, m@rseducti on of

ant i bodi gs. C S ct 15, W ycl.ei ¢ acid nol ecul es
encodi ng%t hé ?gﬂ{}%ﬁ\:ﬁ E%%Vyghgh%$%g§}§étﬂswﬁ%l tﬁ%%ér]nfc{}ﬁeaﬁi xture of
anti bodi es depeeedf thadopeandénn o erevidmyussr pEeM® amddioni BRF t he sane

genetic inf.argpid byt e I | ri0g; | ression |evels,
t her eby pr o&gc?%ig ??I?P?e%ecnlt%\réaﬁ%g 0 ?Fﬁééége%cg\ gahgeo%a%ﬁti bodi es, giving rise
to differentnfikediessaptordimgi bodihes ihvemtidie same genetic repertoire. The

et hod _accghdhNboRibig! BN IsteUsildlicekObyl ARRLIINEAG 2 clone that

produces an optimal m xture f a certain purpose. 25 The culturing and/or

screeniﬂ@ a@@éFCHQﬁjstoasﬁ%ﬁﬁﬁning step is usually performed to
assess expression levels of the individual clones that

were generated. The addition of more heavy chains to
produce mixtures adds a level of complexity to the
production of antibodies. When host cells are transfected

15 with nucleic acid molecules encoding the light and heavy
chains that will form the mixture of antibodies desired,
independent clones may arise containing the same genetic
information, but nevertheless differing in expression
levels, thereby producing different ratios of the encoded

20 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.

25 The culturing and/or screening according to steps
(ii) and (iii) respectively, may be suitably performed
using high-throughput procedures, optiocnally in an
automated fashion. Clones can e.g. be cultured in 96-well
or other multi-well plates, e.g. in arrayed format, and

30 screened for production of a desired mixture. Robotics
may be suitably employed for this purpose. Methods to

implement high-throughput culturing and assays are



(ii) and (iii) respectively, nay be suitably performed using yanuary 2007

hi gh-t hr oughput procedures, optionally in an automated fashion. ones can
e.g. be cultured in 96-well or other nulti-well plates, e.g. in arrayed
format, and 30 screened for production of a desired m xture. Robotics may
be suitably enpl oyed for this purpose. Methods to inplenent high-throughput
cul turi ng anO3WeBM18are 17 JANUARY 2007 WO 2004/ 0096HE BB 29003/ 007690
-40- generally avail able and known to the person skilled in the art. It
will be clear that also for this ne[di according to the invention, it is

beneficial to use host cells capable of high | evel expression of proteins,

5 without thenpeeth avadiphid i@l kOt ot AR HaGkBHCsRRIdg gRcodi ng sai d
proteins in said cell. |In one enbodi nent said host cell is derived froma

human enbr yd®ecartetitn¥bt hste CARRr ekt ahes fedefhisnfitthedi zed or

transfor med hyoagaip\tior ahe Bnweaguencas. i noandielel resd k@ gopodi ment, said
cell is derived fromPER C6T". This cell |jine has already been shown to be

ER. ) . .
amenabl e t o Kigh-CAHPSGgRb Ut Fran PPt SXPERES 19 MO uBFNF Gt uri ng (WO
99/ 64582)s.  lwitEpecithieC nead ot manp 5i fifcat ben pres@Bt nhéMad moid 15 said

m xture of antibpdies,according to the nethod of identjfying at |east one
host cel | actsPatT ot RECTS VenbiHE Eomr i Be8ns STRAMMS s 4 5. 6, 7,
8, 9, 10, creidofestarkilbods ekriged nfroti &fleument espegodici ties and/ or

gffb&)ékgfbﬁ%ﬁé§%§%§&3%§§#bﬁ%ﬁggh%?%E%%O%Q%”gﬁéggg%ﬁ%%hsP?,t?ﬁé Lgnbrgglions
i nherently itmehathmgd he ageresdmed Rif sbigsepesisi.i Enamtpiedairesdi n t he produced
moxture. , Ther gEQl R0 §aFQ M1 LONS 1G8R Plort BBREHe™Nathis ce11
line has already been shown to be amenable to high-
throughput manipulations, including culturing (WO
99/64582) .
In specific embodiments of the present invention,

15 said mixture of antibodies according to the method of
identifying 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,

20 A potential advantage of the method will be that it
will allow exploring many possible combinations
simultaneously, the compbinations inherently including the
presence of bispecific antibodies in the produced
mixture. Therefore more combinations can be tested than

25 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

30 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



25 by just mxing purified known nonocl onal antibodies, bot iy jiQuRREBeH7 Of

conbinations and in ratios of presence of different antibodies in these
conbi nati ons. The clone that has been identified by the nethod according to
the invention, can be used for producing a 30 desired m xture of

antibodies. It is therefore another aspect of the present invention to
provi de a newtnem4/abéispr oduci ng a m xture of anti bodi eecTiER®mosmwtdond
conprising 17 JANUARY 2007 WD 2004/009618 PCT/ EP2003/ 007690 -41- the step
of : culturing a host cell clone identified by the nmethod of identifying at

| east one host cell clone that prod#ices a m xture of antibodies according
to the invention, said culturing being under conditions 5 conducive to

expressi on BRe t1E€PnAEl T tACHBI blheet| erl! &denai HentHéiad Y¥%ast one |ight

chain and t bge atetheasét iamtdedigy apt 1608V Bbnehabss.cehecpsduced anti bodi es
may be recovered fromthe host cells and/or fromthe host cell culture,

d/, :
e.g. from tE‘éatclBrPHPge?TﬁdiW}ﬁntuﬁéfn?Rchﬁcéél?é 8FcAFtingodPePan be recovered

accordi ng t onweradbhgt yaid culechiigivesng nawert echdiejpisson skilled in the
art. It | et anot her aspect . of the Eres nt, inventiqn t provide a m xture
B d‘tS’ﬂ&F

of anti b%Zi QAT S} §° oBtEeRERPR By tRRS U HE foacH Btft o the invention,
descri bed abeueiinGatHe l&t mesttr @ ¢aghbecimedahartiee war iedst of purposes,
i add: ¢ ontY TG ERE O 8T BB el ShEI P AEr Dot S B Y et hods
accordi ng tbe tdezoperesénframeeat haxt reyls suid/abl raseheubdsi ¢ aci d nol ecul es
for encodi ng, fine.,; @ntL bodies réé)‘f."t%@ YELGLC 1261 G MOhRCHE 8, Rave been
obt ai ned by any sui ?a%’l e et ﬁo , ] ncPudl ng in vivo, €.g. | munization,
met hods 16r ¢h antibedies (rarabei bexpyeded pdepording to a variety of
techniques known to the person skilled in the art.
It is yet another aspect of the present invention to
provide a mixture of antibodies that is obtainable by the
method according to the invention, described above. Said
15 mixtures can be used for a variety of purposes, such as
in treatment or diagnosis of disease, and may replace, or
be used in addition to, monoclonal or polyclonal
antibodies.
20 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
25 methods (A. Plilckthun 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
3c and evolution of protein-ligand interactions by ribosome
display. In: Protein-Protein Interactions. A Molecular

Cloning Manual, E. Golemis, Ed., Cold Spring Harbor



25 methods (A. Pliickthun et al, In vitro selection and evoluyi e 2007
proteins. In: Adv. Prot. Chem, F.M Richards et al, Eds, Academ c Press,
San Di ego, 2001, vol 55: 367-403), such as phage display, ribosone display
or nRNA display (C. Schaffitzel et al., In vitro selection 30 and evol ution
of protein-I] d | nteractions by ribosonme display. In: Protein-Protein

| nt er act i ons‘ivgz&ﬂﬂ'}@@ul ar doning Manual, E. ol eni s, PEEP2¥N @O Spr i ng

Har bor 17 JANUARY 2007 WO 2004/009618 PCT/ EP2003/ 007690 -42- Laboratory
Press, New York, 2001, pp 535-567), _gﬂd yeast display (e.g. WD 99/ 36569).
Met hods of identifying antibodies to a certain target, which target may be

a known antigontehyaprddKNRUR VMK, 0800 0] §3LBEs156AN an@njdgeni ¢ m xture, by
phage di splay are known to tZe erson skilled in the art. In general, a
library of ptRIGes (Bhat BXFPEe3%08M -alfetipd? BEndPRy 1d8H8¥n or  derivati ve
thereof on &heidodivkl 666 cRatdimniargen, biHidhngargimaal BaCGHded by genetic
mat eri al prgsent in ,said 10 phages, is jncubated with the antigen or antigen
m xt ure P ABSE IR ¥ APV IR B ABF T b P &S SbdGpatati on of the phages
t hat di spl ayntadgdndenmbkindielgbgigregebibgh Yy tave kiwvndesi tied antigen is

obt ai ned whereas the. non-bindin phages are discarded. Such sel ection steps
may be 15 rRBpEited bﬁg‘?gt%f:g%r%%rgnt?%esr 0 ?)bf%irﬁrﬁ Bopul ati on of phages

that are nopeagys lteas sfpeaski an faortighe lantdiggndomdin nterest. Phage di spl ay

net hods to gbtai n %Qtébodi on t%%r.ts r-.derivati ve§iéher enf ,.have been
g. (

. i o , 5
ext ensi vely Yo &HiBed TR “Bar ﬁfsaﬁﬁ I Sefdaa‘n, Fﬁ'}tge"L lsnﬁl ay. A 20

| abor at ory demaial enCodled $y oagetdar metetEblompatseyt Rmessid Col d Spring Harbor,

New Yor'ko 20fddes THE 1ARIAILAUSAG kAL atinSGE CRI:AGn TR EOeNer At ed. by
using the geneti¢c 1 nformation of one or re light chai ns, conbi ned with

of interest, after which binding of a subpopulation of
the phages that display antigen binding sites binding to
the desired antigen is cbtained whereas the non-binding
phages are discarded. Such selection steps may be

15 repeated one, two, or more times to obtain a population
of phages that are more or less specific for the antigen
of interest. Phage display methods to obtain antibodies,
parts or derivatives thereof have been extensively
described in e.g. (CF Barbas III et al, Phage Display. A

20 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.

25 The library described by De Kruif et al. (19%5b)
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

30 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



genetic information encoding a plurality of heavy chains. 254ljg ?6
described by De Kruif et al. (1995b) conprises 7 |ight chains. ere ore,
in a panel of phages binding to a target, which can e.g. be obtained by

met hods described in De Kruif et al (supra); US patent 6,265,150; not nore
than 7 different light chains will be 30 represented, and if the panel is

| ar ge enoughWOs884899818 phages with the sane |ight chairTErapsedswo unrel at ed
heavy chains nmay be found. Such phages can be used to 17 JANUARY 2007 WO
2004/ 009618 PCT/ EP20031007690 -43- obtain the nucleic acid nol ecul es useful
in the nethods according to the predemt invention. It is anot her aspect of

the present | pventian to rOVId od f produci n xture of
anti bodi es P%pal% tthgr Ig“é ﬁchgcﬁét%oqﬁcgéﬁpﬁssel Hb f%gclﬁstrélggﬁ% i) bringing
an anti bodyadcsypling Itpbtlm yreeemr iisivegtfert.i bodi es or anti body fragnents

[0 cont aCt, W4 N RREL! AlpclOTBE IHINGre el 8L 141 (8" pl SRR, 0N Step of

sel ecting ant Ant i bod |ng to arget, iii) 10
i denti fy| ngaamemmstfm:vmrmnb@ch ergxguramﬁ taodybcw:aeg!nﬁnts binding to said

Lo et ICERLfo it LEASLLIR 01801 LAOUED 00e AN RO TNt o corr oe

a common | i chain ntroduci Ag a nucfei ¢ aci'd seqlience encoding the
| i ght chai naanzhtibedy| 4 erlagi élweﬁe@msmcﬁ@twoﬂgeawﬁ sequences

encodi ng th‘a’n'ﬁ'?@d@& %Qélf;rﬁb%t%f 1§@6 C!:o%ttabé’aﬁth h&é@eﬁnatl' Refbessidyf 0 a host cell,
v) culturing a clone o host cell under conditions conducive to

expressi on @ofaxggtd Alic] & c,leaé’F ana?e&Eéhc‘éfs Sefpeting iepsdyodieplay library

may be a phagearmlmhyyffad@(reaw bﬁid’lh@oﬁ@r'%laotgtg%ﬂ ayihybrary, an nRNA
display library geast I |ibrary. Step i) and i |n)tsmay optionally

be repé&tea %ﬁﬁ}§¥lnﬁn Ee%qaﬁﬁstw an ibodies or antibody fragme

binding to said target, wherein said at least two
antibodies or antibody fragments comprise a common light
chain, iv) introducing a nucleic acid sequence encoding
the light chain and a nucleic acid sequence or nucleic

15 acid 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 said nucleic acid sequences. The antibody display
library may be a phage display library, a ribosome

20 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

25 display method may be converted to encode any desired
antibody format such as IgGl, IgG2, TgG3, IgG4. Igh, Igy,
1gD, 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,

o 2000).
It will be clear to the skilled person that libraries in

which only one light chain is represented are especially



The nucl eic acid sequences encodi ng the anti bodi es obtained
di splay, ribosone display or yeast 25 display nethod may belﬁgﬁ§g$¥gza€g
encode any desired anti body format such as I1gd, 1g&, 1gG&, 1g&4, [gA | gM
I gD, IgE, before introducing theminto a host ceII using standard

nol ecul ar cl gni ng net hods and nmeans known to the person skilled in the art
(e.g. descri B@dt® (gf? el et al, 30 2000). It will be CPEHEPHORTFM skil | ed
person that libraries in which only one light chain is represented are
especially 17 JANUARY 2007 WD 2004/ 009618 PCT/ EP2003/ 007690 -44- useful in

|l ight of the present invention, sincé all antibodies that can be obtained
from such aybéfrany, 14gid ofh€N§ ﬁe%%HHDIhJénQBBn,CQQ'n'&et bei is functional in
bi nding target antigen with each of heavy chains. In other 5 words, in

accordance MEHPadiesnebdogencbe t%allﬁ%rﬁﬁoéhsmﬁfh@ AdPEREY 01 1L

non-functi oRate |4 @GRlmealRmBeaNyihabe 14icnmEsidriniaval geshidghage anti body
di splay li brarl es having extensive H chain repertoires and uni que or very

few L chain %E%ﬁfeﬁ@éég%\yétﬁe%?ldﬁlosfcFB%el?falVN tringrt 120°N5Ssimet al, 1994;

?)/aughan gt aJérdsL996) ?cédrcgﬁaer@ithbthheméﬂmﬂbfbﬂlhttné thaﬂtﬁﬂil body appgﬁrs to
e determn 0 a_large extept hy vy chain i.s .even possible to
screen for g’ﬁ‘?ﬁl ’{Od"gﬁf‘ﬁ‘f’?/gcﬁ Qﬁf"g?féﬁtﬁé’ fu 315 ﬁ}batm’@&ﬁf’?l MAE significantly

t o bi ndi ng aiméﬂe iankiduoshy,. ﬁﬁagdﬁiamlnlbb@htdlebmylalablrsme@uI d be suitably
used accord he inv ossible to follow the

e
t eachi ngs o Jrfég ﬁﬁ‘%gﬁsn v fﬁ rbﬁep&rj?%ureg 8%‘2 e °tha™ and vary the
| i ght chai nfew Howdaen, setche:mee lofveabeenmhimelbsghtinchakenasnd di fferent heavy

h I o I t th
chel e $ppeqit, 20, teler athe, Al ol owns ohsepualions support (he

the specificity of an antibody appears to be determined
to a large extent by its heavy chain. It is even possible
to screen for and identify light chains that do not
contribute significantly to binding of the antibody,

15 which light chains also could be suitably used according
to the invention. It may also be possible to follow the
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

20 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

25 harmful autoantibody, B-cells expressing an autocantibody
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

30 light chain can successfully dimerize with multiple heavy
chains to form different antibody specificities (Nemazee,

2000; Casellas et al, 2001). Series of transfected cell



dom nated by its heavy chain sequence. In the process of receptor editing,
a mechani smof B-cells to nonitor if their inmmunogl obulin rlg WRYeHddes
|y 25 harnful autoantibody, B-cells expressing an autoanti body ~
repl ace the expressed heavy chain with another heavy chain while retaining
the the expressed light chain. Thus, a new antibody specificity is

a potenti al

generated that does

not encode an autoanti body. This shows that a single éO

i ght chai n YR'%I¥8¥sstully dinerize with nmultiple heREPHUTHE o form

different anti body specificities (Nenmazee,

2000; Casellas et al,

2001) .

Series of transfected cell 17 JANUAE%;?OO? WO 2004/ 009618 PCT/ EP2003/ 007690

45- lines using a single heavy chain gene wth different
have been repgaesathinhhg HHJ1ROHESSy JRLOH

t heir speci

Di fferent antBBbdigdnnagneshdaredpren FeaCF s ANei BRtaRpP

ficity, regardless of the light chain (Radic et at,

1991) .

diegat has been

construct edphshii@ed t8l A0l & del BRteN@Malnt4Miny Mheir alpeci294ity Ve have

obt ai ned several antibodies fromth

brary descrj bed
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| i ght chai n genes
WQ+R 4EHfQ8 8Kt ent mai ntaini ng

y De Kruif et al

. e | i b
(1995), whir€Bahdeseonst FifcdddPtisthitg7 (Regift e€hat ns!®*at " have the 10 sane
| i ght chai npheteflirdtl ahebodSREChi & ieeaSokiSfifed. Grom examphery: anti bodies

EpCAl ang to CD4$, descri,bed in 0 [éﬁgS and WO 02/ 18948,
TRt i Pase CsRrheT SRyt TErar bt Retna tar oot it
be al so posqubbein @tstay t1984hh B radviel bothirddakehasall mnalibedilys proven its

bi nding to
respectivel

nerits, and_us

i brary of

e the. lLight chain.of, .this ant.i-body_jn t
450, pab e R Rt b DB R B R )

Wil |

preparation of a
r"T'i §ht chain only,

accor di ng t ehiel hads cknondtedt beimge7s bhglskidhkéds ) nchidte hagetthesuch as phage

di spl ay.,,Usi
a mxture OP

15

20

25

30

example 1: antibodies binding to EpCAM and to CD46,
described in WO 01/48485 and WO 02/18848, respectively).
Besides screening a phage library against a target, it
will be alsc possible to start with an antibody that has
already proven its merits, and use the light chain of
this antibody in the preparation of a library of heavy
chains combined with this particular light chain only,
according 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

Qfe LI heSEA e 81 £ELIRVOGLENG: 2P1 L POk CANgbe used to obtain



antibodies according to the invention, functionally resenbl if\gA]@‘ﬁmWé»pnal
or oligoclonal antibody to the sanme target. Alternatively, a nethod

rem ni scent of the nethod described by Jespers et al (1994) to obtain a 25
human anti body based on a functional rodent antibody can be used. The heavy
chain of a known anti body of non-human origin is first cloned and paired as
a tenpl ate cHRAIPYMt%h a repertoire of human |ight chaPFRERYBES | n phage
di splay, after which the phages are selected for binding 30 to the antigen
or mxture of antigens. The selected light chainis in turn paired with a
repertoire of human heavy chains di'§?)Tayed on a phage, and the phages are

sel ected 17 ARY £20Q7 004480 P2R0O3/ 0,,:46- again to
find severala& eavy C a?nsse‘}t/éggg gﬁ%e‘a’opg%grégqﬂaighagt!ﬁe%q%gatw%:ﬁgi n are able to
bi nd to thetaatiydt ehaimisgeupbleftamingets the PAEEFRIS©Or This enabl es

creating a pEkxbid @rohnDNEN 3REIHAMIGS , 28R NShaB1d&TGRL GRS phich S thus
far only a non-human nonoclonal antibody is described. It ©s possible that

a mxture afésk@inh@Lit Bumgfe anfibedifts agoenst on targebdiPthadisknefi ci al

functional rehfefd:s owhgna the-hodhy isalb1 a1 Bedissqglasnot have high
affinities for the target, whereas high affinities are 10 often required for
nonocl onal &fEFFHRA%sItolhPaspibLe el aThiursureceedi@dt he Hfvant age t hat

affinity mapheaéhtonnveRYide d1e4uiy aths BehSicianstaneonzor net hods and
Xt o5 FOGRLding L2 e, Riesell Lenil o Lo aler 5 agproach with
sequences catfifbeitiest fofuced tairget | ameouss yhigh edfsetildsveky into the host
e " R T R Po e T gL ke, ool
This would have the advantage that affinity maturation
may be required in less instances for methods and
mixtures according to the present invention than when an
approach with monoclonal antibodies is envisaged.
15
The heavy and light chain coding sequences can be
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
20 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,
25 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 meolecules
encoding the heavy chains may be introduced into said
30 host cell concomitantly. It is of course alsc possible to
introduce them consecutively, e.qg. by using different

selection markers, which can be advantageous if not all



20 a light chain of an antibody. Such a cell can for instance be obtai ned by
transfection of said nucleic acid, and optionally a clone ddWANIARIHOT | ed
that has a high expression of the light chain. An established clone may
then be used to add genetic information encoding 2, 25 3, 4, 5, 6, 7, 8, 9,
10, or nore heavy chains of the invention by introducing the nucleic acid-
nol ecules e i ese into cells of the clone that read contains the
| i ght chain. hebﬂgggmi c acid nol ecul es encoding the %@M(’%ﬁ%{’f%s may be
introduced into said 30 host cell concomtantly. It is of course also
possible to introduce them consecutjyely, e.g. by using different
sel ection markers, which can be advantageous if not all 17 JANUARY 2007 WO
2004/ 009618h&54Y ER20AS/ &4 R0 in¥rbduteavyimunabnsowdly becamdd adaced
si mul t aneousl y, because the cells do not take u nou copi es of

T7 BoH3E e R

r econbi nant “Rtic] &°c™° SroPeBUTHES. R H0ds T5°¢ G &¢6nbi nant

nucl ei ¢ acediddcdedhbss i Methhdsttaceht sodrce wetdmikimawn paclieie 5 person
skilled in Lhe, 3hecapd, inglufle.d [ansiecld oy FlEE! LoppRAtion, cal cium
at Tecti an%i e ke

phosphat e préci pi ron, vVirus infeéection, [ The skilled person
has sevepal pepossiskil led ds tbeianttr,odud einmdude verdrmfechi ¢t nucl eic acid

sequences o0f- j 0t o ; C : ) anbr ook, Fritsch
and Nhniati%}éﬁéﬁégg%%} 5%?%E@ggﬁpEg%3¥3§%%§l§g%ﬁng’ééﬂggition, 1989;
Current Protogesitdohn ambltdeul ke BiTbeoghilladsporsorFiaseserdraleds, 1987; the

series Met hggssiv) 1ERZYAOIOTY: L ARRLCRD o RIEBrs | MG nucBlid aBhg domi nant

sel ection markers for _introducing i5 nucleic acids _into eukaryotic host
cel | s accor 8¢MFrCE8st ak 1nterent i BHnhle bre4r8sbresidonyes re-@geneti cin)

hygronyghn s@kbrds&PPRENAArC 28 MhniRYE OMM1Rcuddd dik@ihiken for which genes
encodi ng resi stance are avail gbl e on expressi on ,

Laboratory Manual, 2™ edition, 1989; Current Protocols in
Molecular Biology, Ausubel FM, et al, eds, 1987; the
series Methods in Enzymology (Academic Press, Inc.).
Suitable dominant selection markers for introducing

15 nucleic acids into eukaryotic host cells according to the
invention may be G418 or neomycin (geneticin}, hygromycin
or mycophenclic acid, puromycin, and the like, for which
genes encoding resistance are available on expression
vectors. Further possibilities include for instance the

20 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

25 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

30 mutations, introns, or weakened promoters that render
them concentration dependent {e.g. EP0724639; W001/32901;
US patent 5,733,779). Alternatively, a selection marker



vectors. Further possibilities include for instance the 20 ugeyRbuXREHEHP
cont ai ni ng DHFR genes or glutamate synthetase to select in the presence of
nmet hotrexate in a DHFR- cell or the absence of glutamine in a glutam ne
auxotroph, respectively. The use of expression vectors wth different

sel ection bl es subsequent 25 transfections with heavy chain
sequences g?&hg@%ngﬁ into the host cell, which aIredH?“?W&ﬁwvé@ontains

ot her heavy chains introduced previously by use of other selection

markers. It is also possible to use_gelection markers that can be used nore
t han once, e.g. when containing 30 nutations, introns, or weakened pronoters
that rendermay hemreeonsenioyatie Détidgpendfitin tRe ghodtP@é24623erW01/ 32901; US
patent 5,733,779). Alternatively, a selection marker 17‘%$NUARY 2007 WO
2004/ 009618 " FCTFER208%3/00 P68 A< Fr%‘i/"“g’emf‘g-lﬁ%ed‘ 55188fat®ng it from the

host cel|l afdmer Useated Getbyesidequepesd frecogrtonbibyaki oite-A sel ect abl e

mar ker Iocatqgjgggmeeqxaﬁggggcgg recogni.zed by a site-_specific reconbinase,
e.g. | ox- si T8s or CFRI- 31 tes 1 5 us®l For °t he gengra?an of the first
st abl e t 5ansfesctfant th¢ spmefroti@r @f| bixe siitretspeaih fd ¢ rapsbadiianati on W1 son and

Kol a, 2001), %U%%%qeﬁg-tl'ag sng—%%'c?ﬂé‘bée%o%E $L5 drS w1 §XG1 Sgd from the host
cell DNA by THe "mat ¢ Ing site- speciTic reconbi nase, €. Q. e or Flp. A
subsequent Hda,r 34481 bctiupsecaaentsyi: t bl ysaleetabhke gmmiesel®cti on marker.

Different hogt; 28l k-Gl %%h@%%%e‘i@”ﬁﬂ% @nkNgE. Q8NeL! Gicdnformation encodi ng

a different light chaln may prepared. If the antibodies are identified
by an anti beBFLidrspeesrbiBeRed, e ot F58 tHus lposhi pihsegveyt epare several 15

host ceh}s, + RAGFCOMPL | SIMNGuoARly 9Bt haisAnpr £SRAL 1bA ndh@ant i body displ ay
library. After identifying_ _antibodies that bind to a target using anti body
di spl ay, Different host cell clones each comprising the genetic
information encoding a different light chain may be
prepared. If the antibodies are identified by an antibody
display method, it is thus possible to prepare several
15 host cells, each comprising one light chain present in
the antibody display library. After identifying
antibodies that bind to a target using antibody display,
the nucleic acid molecules encoding the heavy chains can
be introduced into the host cell containing the common
20 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
25 a nucleic acid sequence encoding a light chain and
nucleic acid sequence or sequences encoding 3, 4, 53, 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
30 simultaneocusly. 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



the nucleic acid nolecul es encoding the heavy chains can b7 jNNiRGHCRfH7 Nt O

the host cell containing the common 20 light chain that is ?Zpalfde% of 7 -

pairing to the heavy <chains. It is therefore an aspect of the present

invention to provide a nethod for making a host cell for production of a

m xture of antibodies, the nethod conprising the steps of: introducing into

sai d host ceMOB/Og%6HC]l ei c aci d sequence encodi ng a | pgimr2abas7eoand

nucl eic aci d sequence or sequences encoding 3, 4, 5, 6, 7, 8 9, 10, or

nore different heavy chains that are capable of pairing with said |ight

chain, wherein said nucleic acid neffecul es are introduced consecutively or
ourse also ‘gegfysi ble to it[_]troduce at | east two

R

30 simultaneousl.y. It _ is .of )

of said nuc?‘é‘i%ﬁcelﬁciaalw%lt?ﬁlug%s OPFEFYERETYs] v ¥ 3PRFPYUuce at | east one

ot her of saasbelct JAMARMNGEP BA7thd\On200E1A 961 BePRdd ER2PO34MHEA90 - 49- nucleic

aci d nol eculges ca%nsecuti vell}%.. I n ¥lettan% h as%gct ,acco dai ng to the

i nvention, 2 hetHold%i & PITPIRY T £8P nE 1n§r°§ Pe i"RAnt* Host cel | for

producti on mfxturenoft ameioidiant ithedneshod lempel hioth cbapstep f:t he step of: 5

|t oduci ng, & Nuelghs achd)aeguence.on, ual gio,aeid . segyences encoding 2,
/., 8,779,710, of nore di

3, 4, 5,6, erent heavy Chalrns into a reconbi nant
host cell eeagmniceisngnecdingl @i 3.adi-d5sequéncé  edcddi.ngraméieght chai n

capabl e of patiddags Whify AlorlheRsts 80s Ofc Skl nlEA el OcEhiai s, I case it

woul d appear that a reconbli nant host ce according to the invention does
not expressceuffisingne nudlght atisl seaeentianenceding tah 1apht gthatiie expressed at
| east w0 negyap1chaie5as bl i GPRCSepL: 1R BECLEIS ragvyl 15 mol ecul es
encodi ng the Tight chain nay be transfecte into the cell.
10 chains.
In case it would appear that a recombinant host cell
according to the invention does not express sufficient
light chain to dimerize with all of the expressed at
least two heavy chains, extra copies of the nucleic acid
15 molecules encoding the light chain may be transfected
into the cell.
Besides random integration after transfection,
methods to integrate the transgenes in predetermined
positions of the genome resulting in favorable expression
20 levels, can alsc 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).
25
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
30 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



Besi des randomintegration after transfection, nethods to i
transgenes in predeterm ned positions of the genone resultigzﬁgﬁﬁégyépg%le
expression 20 | evels, can also be used according to the invention. Such

met hods may for instance enploy site-specific integration by honol ogous
recomnbi nati o, { e.g. WD 98/41645), or nake use of site-specific
reconbinasesqfﬁﬁﬁﬁ&ﬁ"gnd Bul | ock, 2000). 25 It is yetP%HEPWBPmE§peCt of the
present invention to provide a transgenic non-hunman nanmal or a transgenic
pl ant conprising a nucleic acid sequence encoding a light chain and a

nucl eic acid sequence or nucleic acid 30 sequences encoding at | east two

di fferent hgay)heehgl PRaiddate AiRiczaRABL| EorfroRabf iNG1Wshb-said Iight chain,
wherein said nucleic acid sequences encodlng said light 17 JANUARY 2007 WO

2004/ 0096185 ERSH/IEL2DOFIUFT6 9B IHF- TSN Sciay 74 sqr B iftfer the control of
a tissue- spesddd epREOITY,Eand REeHEHEE! §ehd) RbaBESi JRY18N6RcNE Non- tissue
specific, and general gene_expression elenents, such as the CaW 35S
promot er antiHbFS A8 t R3S PPN AT AU APPROFS iSYE tRATE A% dPpe used. Said
| i ght chai nad&itdonCent®rcani ghéo dwaiuBeac cridi DPgHO dhlaeéni fyention. In

specific enbodinegts tt e.trangg;pic nLHPI.or glant Iaccording to the

i nvention coMPiisddaBt Falp ageorfing ty the dnventign-oMeayy chain sequences.
Besi des cel bpeuilftivr emddtiaenas priocuckreosgeayist enifiadr orepbait nant protei ns, the

art also discloses %h use_of t.ransgenic animal s,  transgeni pl ants, and
ac ordan e o?ﬂghﬁeﬁentlon c m%ﬁfses 5 § ?ﬂ %

for instance trans ens to produce brdthné’in’ e "éggs, and the

| i ke to proticer ecoabharant chapirotseignsnods .| Beeiést cePdl tottumt al, 1999;
Larrick,and, 15 TouBse: 0Qbst P AY 08248 inaleseorisnd! | yns Yy i se the
also discloses the use of transgenic animals, transgenic
plants, and for instance transgenic chickens to produce
proteins in the eggs, and the like to produce recombinant
proteins of interest (Pollock et al, 1999; Larrick and
15 Thomas, 2001; WO 91/08216). These usually comprise the
recombinant gene or genes encoding one or more proteins
of interest in operable assoclation with a tissue-
specific promoter. It has for instance been shown that
recombinant antibodies can be produced at high levels in
20 the milk of transgenic animals, that contain the nucleic
acids enceoding a heavy and a light chain behind a mammary
gland specific promoter (e.g. Pcllock et al, 1899; WO
95/17085). Particularly useful in this respect are cows,
sheep, goats, pigs, rabbits, mice, and the like, which
25 can be milked to obtain antibodies. Useful promoters are
the casein promoters, such as the B-casein promoter, the

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

promoter, the P-lactoglobulin promoter, the a-lactalbumin

promoter, and the like. Production of biopharmaceutical
30 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-~



reconbi nant gene or genes encodi ng one or nore proteins offﬂy d%ﬂv
operabl e association with a tissue- specific pronoter. It has I'ns ance
been shown that reconbinant anti bodi es can be produced at hlgh Ievels in 20
the mlk of transgenic aninmals, that contain the nucleic acids encoding a
heavy and a |light chain behind a mammary gl and specific pronoter (e.g.

Pol | ock et aWO2®®E9618\O 95/ 17085). Particul arly usef ubctapr20diiosrssoespect are
cows, sheep, goats, pigs, rabbits, mce, and the like, which 25 can be

m | ked to obtain antibodies. Useful pronpoters are the casein pronoters,
such as the 0-casein pronoter, the -&Sl-casein pronoter, the whey acidic

protein (WAP) pronoter, the (3-1act ogl obulin pronoter, the a-lactal bumn
pronoter, afBetHeq PR%‘“"’-’I’-@rrédﬂEYlQ?n uged | GesE Hag e EXPTSTF Mot eins in t he

mlk of traasgﬁm G 18BAAIS nBASsdE6A , Q%&Qﬂﬁe' veky. descpeheshtieny. Pol | ock et
al, 1999) §S| des rrarrmar%ggl and specific prormt ers gl so other tissue 17
SANUARY 2009% iOB06hT0 PEIES66% FEFERIRHE. "SpERTT i3 onoters mmy

be used, di fneI;éct\ﬂgzst hes oepnesstaisivedyt deoubleatsld, Wndngaysaliva, and the
i ke. i on of, tragis1 eni.c ani mal s cogg)rl shn%ﬁrteco i nant nucl ei c
£

gene
ncid of eonhebtn B ESr R EEReT i §OTPERATE ol ude
m cro-inj ecClark,0flsedrytrasleaeetmngfelVd Mer anshsfecaikn (O91), nucl ear

Feconbi nant orHRge St L 1802F, ngsPROh o tolbnaple 1 1Y Rucl ear
transfer afd. ol @i pgtméi 1688374 @i, rmdnﬁhe drkeel¥Nwlzee knmsrfetro the 10 person
S o o, PHE Ahundfe Rt ARGEILIF LTy BB | 1020, L
possi bl &0 t persamekibied dh thesartaniand| are tegggeqf?@rtmléeiil s of animals that
are geneticaklyHdenkt GAl,, 1996 FhiNGRHEeES 41t 1997; Dinnyes et al,
2002; WO 95/17500; WO 98/39416), It is nowadays possible
to clone most of these animals, to generate lines of
animals that are genetically identical, which renders it
15 possible for a perscon skilled in the art to create such a
line once an individual animal producing the desired
mixture of antibodies has been identified. Alternatively,
classical breeding methods can be used to generate
transgenic offspring. Strategies for the generation of
20 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
25 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 189S5 promoters,
Agrobacterium promecters nos and ocs. Other useful
promoters are light inducible promoters such as rbcS.
30 Tissue-specific promoters can for instance be seed-
specific, such as promoters from zein, napin, beta-

phaseolin, ubiquitin, or tuber-specific, leaf-specific



15 possible for a person skilled in the art to create such ayqlki n
i ndi vidual ani mal producing the desired mxture of anti bodi éLJ%ggAgggﬁﬂﬁ
identified. Alternatively, classical breeding nethods can be used to
generate transgenic offspring. Strategies for the generation of 20
transgenic aninmals for production of reconbinant proteins in mlk are
descri bed i nVBAHR®®® al | 2000. Transgenic plants or ARV pr oduci ng
anti bodi es have al so been described (Hi att et al, 1989; Peeters et al,
2001), and useful plants for this purpose 25 include corn, maize, tobacco,
soybean, alfalfa, rice, and the liké. Constitutive pronoters that can for

i nstance be (eUgediseupl anttBakESs) Aot hEpdAMY c35@nthel 9SkPI Ot er s,
Agrobacteriym pronoters nos and ocs. O her useful ronpters are |ight
i nduci bl e pronbt¥ SIS Lo BERSIRFRTERY RFashét| P12 N5ioRobers can for
i nstance behseeTbgospeteddnbinatibn A PeRPPIY prbtomezainnplafps N, bet a-

phaseolin, ubjquitin, or tuher-specific, |eaf-specific 17 JANUARY 2007 WO
5004/ 009618 YPER 2B GTFoS6" . 852 4815 e BFGFSIIF tdbacco), r oot - speci f1i ¢,

and t he ki keechiibinaat aplmtpossi pded ahereadSl ornrédenyinasti plartganel | e by
honol ogous reff)nbi nation taﬁex res roteins Met,hods and neans
[

for expressFSn ocfulﬁlr‘lﬁ?'eiaffse ORI Y i%%ﬁo%ﬁgﬂ%gé%gtn;éwsa{%ereof, or
reconbi nant apﬁahretve_ beéh o tiupeanar @eknodwpdrdbbbeiqpe(rtﬁ@disgis ldted in the art
01/ sa0zo; vbro7£9a1le TLeaRen A SHHuTRt VeoRbbRt RsB el et cal
gui del i nes; A8 TEds See A Moketidalr gBidébipesvoMetd®ls' Pnant Gene Transfer And
Expressign Bholanal:ShiovAesolh d99Phantidble LLaRSANIGg SYStems for
produci ng reconbi nant protei ns have al so been escri bed, including the use
of transgenEepprgsdent brotocols”, Jones H, 1995). Other transgenic
systems for producing recombinant proteins have also been
described, including the use of transgenic birds to
produce recombinant proteins in eggs (e.g WO $7/47739),
15 and the use of transgenic fish (e.g. WO 98/15627), and
can be used in combination with the teachings of the
present invention to obtain mixtures of antibodies. It is
also possible to use an in vitro transciption/translation
or in vitro translation system for the expression of
20 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
25 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 seguences in said
systems. In another aspect of the invention, a cell from
30 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



produce reconbi nant proteins in eggs (e.g WO 97/47739), 15 qﬁgAhﬂgRyggoqf
transgenic fish (e.g. WO 98/15627), and can be used in conbination wth the
teachings of the present invention to obtain mxtures of antibodies. It is
al so possible to use an in vitro transciption/translation or in vitro
transl ati on systemfor the expression of 20 mi xtures of antibodies according
to the presewp2ommeperstion. It will be clear to the skiddrawgeesen t hat the
teachings of the current invention will allow producing m xtures of

anti bodies in systens where reconbinant nucleic acid encoding the |ight
chain and 25 heavy chai ns can be intﬁbduced and expressed. Preferably such

systens are .able to produce a t|b0d| encoded b sai d._nucleic acid
s)e/quences \?VPY‘ﬁ’b‘iftmfﬁ}ésh%% t(?fcgnéﬂ’fﬁq PEEE i th & g‘F é%ﬁ%f’rh&(li‘llﬁ%‘?aci d sequences

in said Syiheﬂme alrfy, am&rh&rs aspeedr atrah$ifer I’(b\teathéhﬂ kn&bwﬁel | from30 a

transgeni c ng %% |na Oé ? transgenlc | ant __accor to the

i nvention i& gP% dEPrs YA HES E aniéguﬁe £ ani mal s or
pl ants accoredilhg EQGOEHEHG.TCQ]ANUARWeﬁﬂﬁan i 0 %Q@dlﬁé)&ﬁ:]t&18€&/ﬂ5?20031007690
53- invegtiQp, Mgl Ng technigues %ﬁ@l&gséhﬁﬁP§£§9n Ki;lled inthe art,

such as nuclear transfeér or other cl"oni ng whol e organi sns
from si ngl e seghé¢rzesThato ceddlatadcorldisngt t mort-themanvarinadis ray al so be

obt ai ned byggaﬁpﬁt Q,M%hn(gelt eag:bgggrga%qg &t Qe%ﬁgn%vpa{lvngw chain sequences

into isolat non- unan a s or ich cells are capable
of becomi ngtpalflftge@ﬂcaanlm%ﬁnSDgeHﬂ-%nfaanﬁatl@*laglla(ntlseﬁdrtfpéuﬁlaq?hy useful for

such - pur poses,ales abr Al bonibeBtapldes: s Thans iy capiribute 10 to the germ

line, and therefore the genetic information introduced into such cells can
be passéd t &°f kg8 MgeheR atdingnsherafogadihe sisneptantnicamptEen t ures of

cotton, introduced into such cells can be passed to future
generations. In addition, plant cell cultures of cotton,
corn, tomatc, soybean, potato, petunia, and tobacco can
be utilized as hosts, when transformed with the nucleic
15 acid molecules encoding the light chain and the heavy
chains, e.g. by use of the plant transforming bacterium
Agrobacterium tumefaciens or by particle bombardment, or

by infecting with recombinant plant viruses.

20 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

25 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,

30 10, or more different heavy chains are represented in
said mixture. Said mixture can be obtained by mixing

recombinantly produced monoclonal antibodies, but may



corn, tomato, soybean, potato, petunia, and tobacco can be 4 yli

hosts, when transfornmed with the nucleic 15 acid nol ecul es enco |ng t

|l ight chain and the heavy chains, e.g. by use of the plant transform ng
bacterium Agrobacteriumtunefaciens or by particle bonbardment, or by
infecting wth re%c;mgl nant plant viruses. 20 It is another aspect of the
present inve iZEHP8! provi de a pharmaceuti cal corrposﬁq @rﬁ"{?ﬂﬁ’ﬂ@?si ng a

m xture of reconbinantly produced antibodies and a suitable carrier,
wherein at |east two different heavysghains are represented in said mxture
of reconbinantly produced 25 anti bodi es. Pharmaceutically acceptable
carriers as alsedbe tdrtainedrigy meenndié faicedrd:bu; tbothéipﬂﬂetsedtt 0o, adjuvants,

solid carrlersé wat er ‘ljlffers arriers used in the art to hoId
tion, Sai

or er
t her apeut i ¢ "CORPoNaHt 8213 r™EE Fn%ﬂ E’ ref 16t ESFPEHH FartT et ar enbodi ment s,
3, 4, 5, 6, Iigh®, cr@,mS@oiOsa:‘ar anbileodliebi e it ml:leau.yecnlrw ns are represented

[ d S b nbi I
or oduced oRCEY G CAAPEBol ben OTesy 1 IRORHE 2007 S50 2004/ 009615

PCT/ EP2063/ G0p69¢=d S4omak soldre @ba’aim@dd@ylm Hods actiowdengedto t he present
| nvention. Sahd, m X UkCoRY Jduen gl pse o%omli%oﬂtgpﬁ@amlgmde chain for

sai d antibodies. Said mxture nay rise bispeci Said
m xture may I@éoﬁbmuééﬁlﬂ%rﬁ%dcﬂl@%u@-hﬁ Thestgeri ved froma si ngI e host

cell, i.e. f‘«reea&ﬁ%w T%pauu%fedeeilé %s@Q“ﬁ@fél' ngew@s $ae  reconbi nant
nucl e| ¢ acid nol ecul es. e term "reconbi nantl gr oduced" as used herein

refers to W@G%’%Q?nbﬁyh?ﬁ)"stceééﬁl%hatth&FO‘i‘H%@élél piidfogresdehcoded 10 by
reconbi ngnt pRUetEdndbidGhdSnidlldiRdHEEL, 1Rt BoElEI0Sh skl Inpser ancestors
thereof. It does therefore not include the classical nmethod of producing
pol ycl onal éﬁ%}ﬁdaiégcestors thereof. It does therefore not include

the classical method of producing polyclonal antibodies,

whereby a subject is immunized with an antigen or antigen

comprising mixture, after which the antibodies produced

15 by this subject are recovered from the subject, e.g. from

the blood.

It is another aspect of the present invention to

provide a mixture of antibodies wherein at least two

20 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

25 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

30 invention, or obtained by methods according to the
invention. Antibodies present in said mixture may

preferably comprise a common light chain. The mixtures



whereby a subject is inmmunized with an antigen or antigen [

m xture, after which the antibodi es produced 15 by this subﬁ%”&fdwom
recovered fromthe subject, e.g. from the blood. It is another aspect of
the present invention to provide a m xture of antibodies wherein at | east
two 20 heavy chains are represented, for use in the treatnent or diagnosi's
of a human OVOMH#p@é18subj ect. | n another aspect, the ACAERDI@®MOPr ovi des t he
use of a mxture of antibodies wherein at |least two different heavy chains
are represented, for the preparation of a medicanent for 25 use in the

treat rrent or di agnosi s of a disease-8Y- di sorder in a human or ani nal

subj ect . articular . enbodi.nme 7, 8 9, 10, or nore

nts,.2,.
heavy chal f‘u‘ Y FEOF&RT e%lestﬁe&lff“f‘l %‘3&80?‘&‘?& uragd B2y d’ m xtures of antibodies
may be m xt ueesnkdhaahly hotidesedcramdangldre tthet 3Gad ReentedrEroor obt ai ned by

met hods accgrdi ng .t i.nvent i Ant i I r n said m xture may
preferably %o?rpr seggggocngrrl&r’l Fi gh%gﬁa?fomg%mgtoﬁes&i% JANUARY 2007 WO

2004/ 009618 cPTHIER2Q0BI® AE@0re&@mbimayt comleiscadid pedetilesant i bodi es, and

may be | BeCRIDINALY BLARICEI.d ML ELOTS LhetodRP ddsplypd Trom a singl e

host ceII I om a popul atron of con sanme reconbi nant
nucl ei ¢ aci éilmrefoulaESdeS&flihédtarL‘g@t stoegptigdnudedt d,sér een 7Tan ant i body

di spl ay |'E’ra§cf”waso£|q§<§£é Bed:saed: ob Iq}%tlﬂbc?'gﬁonémﬁzlll 6, 7 8 9 10,

or nore anti bodi es conprisin acommn |ndtothetarget
and produceche¥fi ¥hatebbid tohéhe wewskdi PEOHRee tRFEHERER O the present 10

i nventi on. %éé@%'clcbﬁr@ﬂyg %Beﬂhgfté&ﬁhﬁzbé'%f"ﬁ%ﬁéepré%(ﬁd onal antibodies can
be used is anenable for the use he m xtures according to the invention.
Thi s carfle. gnventlon Vlrtually any area of medicine where

monoclonal antibodies can be used is amenable for the use
of the mixtures according to the invention. This can e.qg.
include treatment of auto-immune diseases and cancer,
including solid tumors of the brain, head- and neck,

15 breast, prostate, colon, lung, and the like, as well as
hematologic tumors such as B-cell tumors. Neoplastic
disorders which can be treated with the mixtures
according to the present invention include leukemias,
lymphomas, sarcomas, carcinomas, neural cell tumors,

20 squamous cell carcinomas, germ cell tumors, metastases,
undifferentiated tumors, seminomas, melanomas, myelomas,
neurcoblastomas, mixed cell tumors, neoplasias caused by
infectious agents, and other malignancies. Targets for
the antibody mixtures may include, but are not limited

25 to, the HER-2/Neu receptor, other growth factor receptors
such as VEGFR1 and VEGFR2 receptor, B-cell markers such
as CD19, CD20, CD22, CD37, CD72, etc, T-cell markers such
as CD3, CD25, etc, other leukocyte cell surface markers
such as CD33 or HLA-DR, etc, cytockines such as TNF,

30 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



include treatnment of auto-immune di seases and cancer, incl ugh '
tunors of the brain, head- and neck, 15 breast, prostate, CO?ZJEHN@S%B,%(%
the like, as well as hematologic tunors such as B-cell tunors. Neoplastic
di sorders which can be treated with the m xtures according to the present
invention inglude | eukem as, |ynphomas, sarcomas, carcinonas, neural cell
tunmors, 20 sﬁlgz} {1%Bel | carcinomas, germcell tunors, PGRERRVPAYEY

undi fferentiated tunors, sem nonas, nelanonas, nyel omas, neurobl astonas,
m xed cell tunors, neopl asias causec_isé)_y i nfecti ous agents, and ot her

mal i gnanci es. Targets for the antibody m xtures may include, but are not

limted 25 tgQ,tH@ rEEbndNRY EQCRRMNAE, t DINRs gEoMEHEf @6hples €CEPtOrs  such
as VEGFR1 and. VEGFR2 receptor, B-cell markers such as CD19, CD20, CD22,

CD37, CD72, Mgt -=ptdgpp KEF NG FEHR 1S a2UMDEs REBEPOTSRRL ST [y | eukocyt e
cell surfacein®ydees 1l sgiohe a$s&£033 166s HbARenbl Cor Gplitkpaesossuch as TNF, 3o
i nterl eukins, recgptors f se C togi nes .such aslﬁ) m_alnbers of the TNF

AE

r th
receptor fafiff3Pe dRGERES Bihl?g.t § W5 Lt El5alers the use of such
m xt ur ess of aatibdadeisesSdve rAANUARY 200 nMRd20644 600 Hwl§cPedd EP2003/ 007690

-56- in the_treatnent of cancerous.tissues, or_other cqnpl ex lti-antigen
conpri si ng PEFTEESER t]‘rcﬁoréf‘%%’r d‘iﬁfsn%r%rder\lliv?ﬁs P 'lF;Fm‘éH/eeé?i se to | ess
occurrence bima&Ep teapenimsls. Thespe reatnantss makabe tieplasedaby si ngl e

monocl onal g anid hadi g5, sevelalo et Ipnts. nowedays yse.pghyel onal -
m Xt ures of antibodi es, vﬁnch are derive rom I Amuni zea %umans or ani nal s.
These treat featst mMigsbenidprasethrbplsgsimafudehesen ixt grestaccording to the

present 1bnvGeLAlnostBee AlcthBESE MHEhULLSiLAR, R 5p I ncl ude use in graft 10
ver sus- host rejections, known in the art o transpl antation, e.g. by use of
anti -t hynocyfansplantation, e.g. by use of anti-thymocyte

antibodies. It is anticipated that the mixtures of
antibodies are superior to monoclonal antibodies in the
treatment of complex antigens or antigen comprising
15 mixtures such as bacteria or viruses. Therefore, use
according to the invention can also include use against
strains of bacteria and fungi, e.g. in the treatment of
infectious diseases due to pathogenic bacteria such as ;
multidrug resistant S.aureus and the like, fungi such as
20 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
25 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
30 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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15 m xtures such as bacteria or viruses. Therefore,

al bi cans and Aspergillus species, yeast and the |Iike.

The

cording to the invention nay al so be used for post exposure
agai nst viruses, such asShenbers of the genus Lyssavirus e.g.
r Jfor therapeutjc qr prophylactic yse, agai nst_ viruses such
b1 BordbPEPL U (8% AP RHSEalesRagp sk GE9 T8 R {1 um Vi r s,
Human | nmunbalete ilsesayh \as Baci HimarnthBiapnewaoytrihuml nf | uenzavi rus, West
Vi rus._causj,ng, Seyere Acute Respiratory, Syndrone (SARS)
S Srart 537

o T RE™ T AR oS e 3

Hl so be used to

prot ect agakastimagePestidotfitabatdelliaatabariansinsetgximidaagai nst toxic
Therefore, use

substancgs

accordi ng lfinéﬁﬁﬁkgﬁ%g&f‘a\?\%ﬁ%ﬁ 883%@@%&%&%%/3 3@%’8%16335
i nventi on can aa@esitneiudesuseclags Verista aiajerpfalppagtienses such as Bacil |l us

&L ostd qlieHﬂhg%%%%ﬁi&e’j{ﬁi%otég{x‘droqe%s.t(ﬁéﬂ URIERG! f&g&‘gens epsi | on

ant hraci s,
toxin Yers

nia Pestls,®Franci ariensi's, Coxiella

7-

to the

burnetii,
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20

25

30

from Ricinus communis and the like. Use of the mixtures
according to the invention can also include use against
unicellular or multicellular parasites. Recombinant
mixtures of antibodies according to the invention may
become a safe alternative to polyclonal antibodies
obtained from pools of human sera for passive
immunization, or from sera of hyper-immunized 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



and Yellow fever virus or against toxins e.g. Ricin toxin f{®5RigkPY4807
comunis and the |like. Use of the mxtures according to the Invention can
al so include use against unicellular or nmulticellular parasites.

Reconbi nant 15 m xtures of antibodies according to the invention may becone
a safe alter Wzioéﬁﬁostsf’s pol ycl onal anti bodies obtained frompools of human
sera for passive —1nmunization, or fromsera of hyper-YERAPIEH N8N nal s.

The m xtures may be nore efficacious than reconbi nant 20 nonocl onal
antibodies in various therapeutic agplications, including cancer, allergy,
viral diseases, chronic inflammation, and the like. It has been descri bed

t hat honodi neerefdriecoBuch miktnres mMeacbeveenpradctaved famt kbdires mar kedl y

i ncreases their abj git 0_1nduc rom h arrest optasi s of tunor
cell's (Chet is‘éc%tceai,s'l}é %%a%’(l)‘s’%?%’l Vi belnSpaeﬁf‘%b%dalnetg%ogg%?nasﬁe receptors or
ot her surfadesamdasgjenblon thar ge¢serdelingentsitmhaaso tppmorideel | s or i nfectious

i o 00T gani §lpnoq g PLOANGERRLFrAiNge L Llg BT esent sOYENt i on, the 3o
bi specific an i Bodi es present | Xturées ‘according to € 1 nvention nmay
al so cro8sl cakpdisingr eainlveoepetopsidic attidodaasi gendagnbedre surface of

target cellgqsang,ehy/ (d4ANARY 2004, V\Qf?QPZ‘{t%%B@l#- ﬁ%%ﬁ%ﬁ%ﬂmﬁ% - 58-
therefore such m xtures may be ver.)}{ swta% e tor Ki l'tng such cells.
Al t er nat i vel(gntigtdR Opinepredioniad apftibdedyl) edasriacréassyd gbsnrabliie;, the present

i nvention akg9g PIAMbEESes TREBOLSad P (HecPmiaant | y1 pregu¢e m xtures of
anti bodies 5 conprising nmainly nonospecific antibodies. It has been

descri bed t BBerefrEeef it chic PBP i drEnt nGHUShOR 2XnaNFEBPRL e ant i - CD20

nonocl onal  aghikadybsvas, ingheesed iMepatny ito SR % mRhikhedi es were added

(Herjunpaa et al, 2000)., Therefore, it is expected that inclusion of
anti bodi es comprising anti-tumor antibodies in the form of B-cell

receptor recognizing antibodies increases the sensitivity
of tumor cells to complement attack. It has also been
shown that a triple combination cocktail of anti-CD19,

15 anti-CD22, and anti-CD38-saporin immunotoxins is much
more effective than the individual components in the
treatment of human B-cell lymphoma in an immunodeficient
mouse model (Flavell et al, 1997). Many other
combinations may alsoc be feasible and can be designed by

20 -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

25 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

30 Herceptin™ (Trastuzumab), have been developed. It has
been shown that targeting multiple Her-2 epitopes with a

mixture of monoclonal antibodies results in improved



10 against CD59 in a mxture according to the invention CORRI,RUARY 2007
anti-tunor antibodies in the formof B-cell receptor recognizing antibodies
i ncreases the sensitivity of tunor cells to conplenent attack. It has al so
been shown that a triple conbination cocktail of anti-CDl9, 15 anti-CD22,
and anti-CD38-saporin imunctoxins is nuch nore effective than the

i ndi vi dual cWepBMEss in the treatnent of human B- cel RCT/RPa@SONTE20i N an

i mmunodeficient nouse nodel (Flavell et al, 1997). Many other conbi nations
may al so be feasible and can be desi ned by 20 the person skilled in the
art. In general, the use of antibo mi xtures that are capabl e of

recogni zi ng nwh%mheaghg&éy 881§ RERIbLLd0 Kshrfosragend g, ocourrence

of escape varia osslblet is a rane tyrosine 25
ki nase receptisre anscodevity tsnerHétm Zé/tNeLh (IEOISBZ)H@I-OR oayoncogene (see e.g.

US patents Qggzgf&y pahnd %O;cﬁl%?}ﬁ% fQl a dggﬁ‘%xag dpodies). Her-2 is

over expressed on 30% of l'ignant t cancers, and successfu
anti bodi es agaPrging ﬁPsth%r@@ﬁenmﬂ&@é@w@nd’élrtlbh‘élmn@eggl Heacept i nt

(Trast uzgm%as%o@ee@a%@b%%ed tbyhﬂétho%@.eee§9&%dt hatefgar geting

mul tiple Her-2 epitopes with a mxturé of nonoclonal antibodies results in
i nproved 17 PFARRERINYEDYiIonpinchuding godilpedy gipriaEreEddldn07690 - 59-
antigrowth activity of a human breast cancer cell line in vitro and in vivo
(Spiridon et al, 2002). Her-2 may therefore hbe a good target for antibody
m xtures adlBREi MTiPBIIER aﬁreegéﬂ‘i‘b%en\?énﬂ’cfr’rtlﬂﬁt? @ uyseful for s this

pur pose can fhﬁcamxﬁwmgdbﬂydlm@t Bedsmfigsglobed i RebbStofy @8ENt i nvention,
i ncl udi % ant i body d| ) thods. Hunman anti bodi es are capabl e of

elicitig effEERpeL ﬁﬁ‘é{ |‘iﬁrﬁ\?| MBIt EG” t3Y HRURBE SBURFN $%cept or s on

and IgGs;, fix complement to induce CDC and interact with
Fcy receptors to induce antibody dependent cell mediated
cytotoxicity (ADCC), phagocytosis, endocytosis, induction
of respiratory burst and release cf inflammatory

15 mediators and cytokines. Human IgA interacts with FcoR,
also to result in efficient activation of ADCC and
phagocytosis of target cells. Hence, due to the
differential distribution of FcyR and FcaR on peripheral
blocd cells (Huls et al., 1999), using a mixture of

20 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 monoclonal antibody

25 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.

30 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



10 i mune effector cells. Human 1gG and in particular 1gGlL and 1gG3, fix
conpl ement to induce CDC and interact with Fcy receptors tol7 hhisrRwa@0Dbody
dependent cell nediated cytotoxicity (ADCC), phagocytosis, endocytosis,

i nduction of respiratory burst and rel ease of inflamatory 1s nediators and
cytokines. Human IgA interacts with FcaR, also to result in efficient
activati on ofyoAb¥eoosaikd phagocytosis of target cells. JeG8ssmddget 0 the
differential distribution of FcyR and FcaR on peripheral blood cells (Huls
et al., 1999), using a mxture of 20 anti bodi es directed agai nst the target
and consisting of both 1gG and IgA-wsould potentially maxi m ze the

recrui tment and activation of different imune effector cells. Such a

m xture of K6FROR JEIBARICHYA 30l Blie Peobsed Hod BYe pperfivsitaghtde | gG and | gA

nonocl onal  ankiRady: 88 isb@ype@Parat & BHeEUEdoNTpr o§egedgbpg two di stinct
production cell lines, but could also be obtained froma single cell line

produci ng bdth FEPPEGERRFY 19 FBRA PHRSABEI BERtARR BORFOVEARs? woul d have t he

advant age t hatho®@moyr pré&dwdiing Ar @okGire0r HRG®S81i8ascdpieidgvel oped. 3o
Thus when different heavy chains are nmentjoned, also . heavy chains differing

in their *cofSfifteedfBhP ST éTOBMR dIfFhsSe i FhenBeH*%Enti on. The principl e
of using a kémdAMIARYtREO0stepNOf2004/H296d & RGELER2DOD HdMp£680ng 60- common
l'i ght chai n_can flel.soabedused for énhe pgloduci:ili n of .aag]ircfdure of isotypes
froma host cBPFLSYT 2FE ( FRINEPEP S SR A bt HEP taS PR Y the present
invention taupleid deid sempidmodsf encqiiadust rigaatntws ureavyf chatidodi es
tep of: bt HE Bk LR Saet S e R pat £ P *Be uence. encoding
a |ight ®haisaidntightuchein, apiddrseepudndess emngdicayge ato | east two heavy chains
expression of said nucleic acid sequences. According to
this aspect of the invention, different heavy chains may
have identical variable regions, and only differ in their
constant regions (i.e. be of different isotype and have
15 the same specificity). In a particular embodiment, said
isotypes comprise at least an IgG and an IgA and/or IgM,
preferably IgGl or IgG3 and IgA. Other combinations of
IgGl, IgG2, IgG3 and IgG4 can also be used. In these
embodiments, bispecific antibodies will not be produced
20 because the variable regions are the same.
In cther 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
25 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
30 chain according to the invention wherein said heavy
chains differ sufficient in their constant regions to

reduce or prevent pairing between the different heavy



of different isotype that are capable of pairing with 10 said |ight chain,
under conditions conducive to expression of said nucleic adi’7dAdnrandy.
According to this aspect of the invention, different heavy chains nay have
identical variable regions, and only differ in their constant regions (i.e.
be of different isotype and have 15 the sane specificity). In a particular-
enbodi nment i i ypes conprise at |east an 1gG an d/or IgM
preferably |§g1ﬂ'3?d°3%§es and I gA. O her conbinations ofg‘:ﬁ‘g%ﬁ‘%f’%%z | gG3 and
| g&4 can al so be used. In these enbodinents, bispecific antibodies will not
be produced 20 because the variabl e _ggegions are the sane. In other

enbodi nents according to this aspect of the invention, not only the

const ant reghairss,ok.hebhamiyig kéiynshanys diff HEFfednt absoyddse vari abl e

regi ons, thereby LMl n ise.to different specificities,,paired with the 25
same |ight Ch&in" %ﬂé?’l %’?éﬁ@cilg‘?% aﬁ'ﬁ?i o e@‘ 2% hotehegakited for a given
pur pose, e.geplmseEanseitme. Mitxtiarasticfipated ithadi ebe dreaviyeskaigfsf | caci ous
because of €, e; he. bj s i fi iLbodies, [t i ossi ble to use
at | east t\%)v?) %l?};lf\%gg a}sncgy(?tgnﬁll%egggmgt u‘%hggtggmgrg%lﬁsﬁeélkf Jngalf:')'hai n accordi ng
to the iAveallorrompered ntesdihg hameyneathathesingi. f Abtemaftfivelontitin their

constant reggo t 0 n {srd t i fferent heavy
17 JANUARY 3 o%lssc’vx%c’i%’f‘o%gogté’e%g%%%&g}%%ft%%gg HEY %ﬁ%’%s e.g. by using
heavy chai nénothedicf Feraanti gepypesiuchetlpt dpmpdBreniratann| g3 (see Fig. 11
for a schemfigred %péesﬁé\;@o&i@faériéattlibﬁ, a@.]tdf.%pamdrome&nahe heavy chains

of different isotype will pair nuch l'ess efficient, if at”5 all, conpared to
t he sanme he&9yfIPAPASTent ATy AREPTRADIONS t (SHes eaPs HPAIIPBEE tf®rengi neer the

di fferenb hgayyirihatnss, idudnhghrGRRebENNdILIN0B-SHER yvhat honodi meri zat i on
'S strategies (see WO 96/27011)). It is therefore another

aspect of the present invention to provide a method for
producing a mixture of antibodies in a recombinant host,
the method including the step of: expressing in a

15 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

20 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 specilfic embodiments, 3, 4, 5, 6, 7, 8, 9,
10, or more different heavy chains are expressed.

25 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 alsc be
used to obtain novel multispecific antibodies or mixtures

30 thereof. Therefore, in another aspect, the invention
provides a method for producing a mixture of antibodies

comprising dimeric IgA isotype {(IgA).} antibodies in a



favored over heterodi nerization, e.g. by introducing self-c
interactions (see e.g. WD 98/50431 for 10 possibilities, sucgﬂgéﬁﬂgﬂ§aby7
"protuberance-into-cavity" strategies (see WO 96/27011)). It is therefore
anot her aspect of the present invention to provide a nethod for producing
a mxture of §néibodies in a reconbinant host, the nethod including the
step of : exples@iy®®n a 15 reconbinant host cell a nRATEPRYFOsequence
encoding a conmon |ight chain and nucleic acid sequences encoding at | east
two different heavy chains that diftg%_in the variable region and that are
capable of pairing with said comon 1ight chain, and wherein said heavy
chai ns furtlﬂecﬁoxﬁﬁndgf:fﬁcﬁsﬂ,n wlr}]lheé:_[r; f@@niéaﬁ gaegi@ﬂ%_as.uf a%@éﬁmly ?Tg (rjeduce
or prevent pairin tween t he, erent heavy chains. In_ one enbodi nent,
sai d heavy E%i%qé?f’gl%? e*tﬁ"fer 8%8#&““&‘8% g ¥ﬁg’s?5b3cilf’i eaghifodi nent's, 3, 4,
5, 6, 7, 8, tHe IgkDsubuniid e tlief hetteat chemisiahatine step 6Kpressed. 25

M xtures of antibadies obtainggé%“ﬁypthis thod are alsp, enbodied in the

present i nvERTIGI "8uth #iS& OS5 Gtfiari 8e™WHiHHCy 2fbhospeci fi ¢
ant i bodi es. sdtpericeaehcodingfa thengpr ésght dchadenthdmwearial smide used to

obtain novel ful i aPealidnAdti POLeS, 8l afF Xt UEES o 30 LSr L0l Therefore, in
anot her aspec ,the Fnvent 1o provides a net od- for Hro ucing a mxture of
anti bodi es Iebnimotypagcapatse of IgpAnisot ypesafidl geyin daghbodies in a 17

JANUARY 20045, 40 G808 009G '8%?%&%%@013%%&7 R80:5025: dgpOlpl nant nost,

wherein at [east’ part o said dineric gA anti I'es have different binding
regi ons i n &helr oRrighte |gpyisabubinesizahionmethblle dafpmpieéeiglashe step of :

expressifg bon bd ea8IREORMy RS RISk Ag ichelf ki ep ggquence encoding a
common light chain and nucleic acid sequences encoding at |east two
di fferent hég%y.cﬁapﬁsd{werlc IgA antibodies have two specificities
{see Fig. 9 for a schematic representation of one
possible form produced and present in the mixture). In
yet another aspect the invention provides a method for
15 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
20 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
25 the absence of J-chain (Yoo et al, 1999). Therefore, in
specific embodiments, 3, 4, 5, or & 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
30 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



| gA i sotype capable of pairing to said common light chain, wheng

different heavy chains differ in their variable region. D nerization of the
| gA nol ecul es 10 can be enhanced by co-expressing J-chain (Yoo et al,

1999). Said dineric IgA antibodies have two specificities (see Fig. 9 for a
schematic representati on of one possible formproduced and present in the
m xture). | nWORe/08pat3t her aspect the invention provi desczEm®shoeof or 15
producing a m xture of antibodies conprising an 1gM antibody having at

| east two different specificities, the nethod conprising the step of
expressing in a reconbi nant host cef}-a nucleic acid sequence encoding a

comon | i ght ls(():hal n. cleic acid scfg%enc s encodi n g at least two 20
di fferent h8avy pcrhal ns o gtﬁ?'\ 6157 5e, THRFEATERT LhEFFF " thai ns are
capabl e of pavinqgtt desat otm:odﬁrﬂfeﬂenghspeéfahmtaasi f'mnremef unctional antigen

bi nding regions. 1 to fiv C|t|e can _be_ S n an | gM
pent anmer i not eculpelr%’eézgﬁc% °§8 Frai rlfom Ad” 5‘ t 8" s xsjinﬁlgng?g'%\/l hexamer in 25
t he absencecell Jaccmridmném the aiven.t%ﬁ) Sudremeleceles,n specific

embodi gL S nadbodhinty 28 0o SVMBGAY YCEDBLDS, Aca; pRsRKRT essed Wi Lh Lhe

common |ight chain accor ect of the'invention. See Fig. 10
for a scherrﬁpﬁelflroe;triesemm b@nddilfdﬁeemt aigopessiibltdef same t hat can be 30

pr oduced anaﬂewe%entdﬁ@?f&& Th¥i 4l BGCHELIdG 1t 0ot mlsffeéégﬁct of the

i nvention en fi've different heavy chains are expressed with a common

| i ght chai nantrhgensneenti brerent JENUARYtheosby W?@M’G@%EBE PCT/ EP2003/ 007690
-63- al so prpaviges tercipiy diners, I gMpentaners or hexamers having at

| east two different specificities. These nolecules can be produced froma
cl one of'%a single host cell according to the invention. Such nolecules, 5

harbouring agtigertbbAdindr RgeONoMchE ghddeRteNfivention to
provide a method for identifying a mixture of antibodies
having a desired effect in a functional assay, the method
comprising the steps of i) adding a mixture of antibodies

15 in a functional assay, and ii} determining the effect of

said mixture in said assay, wherein said mixture of
antibodies comprises antibodies having a common light
chain. In a preferred embodiment said mixture is
comprised in a composition according to the present

20 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

25 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

30 embodiment is a human cell, and/or may be derived from a

retina cell, more preferably a cell comprising adenovirus



specificities, can bind different epitopes on the sanme antigﬁjAN@A§¢gg@ﬁt
antigens on one cell, or different antigens on different cells, thereby
crosslinking the antigens or cells. 10 It is yet another aspect of the
present invention to provide a method for identifying a mxture of

anti bodies having a desired effect in a functional assay, the nethod

conpri si ng tﬁgngggéwof i) adding a mixture of anti bod!C@EPIWIPNIEM f uncti ona
assay, and ii) determning the effect of said mxture in said assay,
wherein said m xture of antibodies_gﬁﬁprises ant i bodi es having a common
light chain. In a preferred enbodi nent said mxture is conprised in a

conposi ti ongACLRKEhBEs 113 1RE PIRIRNt med: igPeeRtioN: aTherRIMWention also

provi des a nethod for recomnbi hant expression of ‘one or nore proteins in a
singl e host°®¥%l:l, wherein at |east four different polypeptides are 25
expressed in said single host cell. Each polypeptide is independently
expressed, and may be under control of a heterologous pronoter. The protein
or proteins nay be isolated separately or as a mxture froma culture of
sai d host cekdwpiBseferably, the host cell of this 30 enbodinent is a human

cell, and/oyf e derived froma _retj el | re preferably a cel
conpri si ng %*been?f'y&}?%é“?nexj‘ \?rfoa’?o"’v%adzgﬁﬂHdggfgtgcgﬁepzoos1007690 - 64-
El sequencesnientiibs, gambrze nosttopbef eswdiiryed HERnGEwagetd. 5 Exanpl es The
(o1 ou 19 SKARTY SR0°EER ¥ B L9LLLUSL b Ept R ke, 3nd e ot to
of this invention will empley, unless otherwise indicated,
10 conventional techniques of immunology, molecular biolegy,
microbiology, c¢ell biology, and recombinant DNA, which
are within the skill of the art. See e.g. Sambrook,
Fritsch and Maniatis, Molecular Cloning: A Laboratory
Manual, 2™ edition, 1989; Current Protocols in Molecular
15 Biology, Ausubel FM, et al, eds, 1987; the series Methods
in Enzymology (Academic Press, Inc.); PCRZ: A Practical
Approach, MacPherscn MJ, Hams BD, Taylor GR, eds, 1995; !
Antibodies: A Laboratory Manual, Harlow and Lane, eds,
1988.
20
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
25 selections on the colorectal cell line SW40 (Huls et al.,
1999) and on a heterogeneous mixture of moncnuclear 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
30 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



invention will enploy, unless otherw se indicated, 10 conven{4 ‘r 2007
t echni ques of i mmunol ogy, nol ecul ar biology, m CI’ObI ol ogy, ‘f

and reconbi nant DNA, which are within the skill of the art. See e.g.
Sanbrook, Fritsch and Maniatis, Mol ecular Coning: A Laboratory Manual,
2nd edition, 1989; Current Protocols in Ml ecular 15 Bi ol ogy, Ausubel FM et
al, eds, 198WO200380%# i es Met hods in Enzynol ogy (Acaderger4se68ssw | NC. ) ;
PCR2: A Practical Approach, MacPherson M), Hans BD, Taylor GR, eds, 1995;
Anti bodi es: A Laboratory Manual, Harlow and Lane, eds, 1988. 20 Exanple 1
Production of a m xture of nonocl onabs- anti bodi es vvi th a common |ight chain
and two different heavy chain variable regions in single cell done

UBS- 54 and B} MRS RSTait tBFEv‘f’?ﬁYsl"ﬁrFs‘H}Jﬂ“@dl‘byt%H§él"éc‘ft}adl‘i's on the

col orectal cpRd, IUur&etJ&MQh(eW&@ufatmah an ﬂa%a@ic@nql@ﬂtacﬂiﬁtrer ogeneous
m xt ure of rmnonucle ce3I tlen% with multi %g?ma (WO,
02/ 18948), SPELTREE: iveTy,> wi ?IFF "Hs% ey Rt 1FEOPES| it 368 uif et al.,
1995b) . Furwdss iSisedtes Jrneweajledq:trbatai@ﬂ mth&c&ﬂcaaﬁla@dtﬂéSS bound to the

EP- CAM hono si on nol ecul e | s t he nmenbr ane

oo satorSTokY B 35058 A5aTRAcS teant I te SoaitaL s BRbe S ditonci ne ot fre 17
JANUARY ZOO’E'he Won2684¢ 06 18s PﬁT/aEBﬁﬁ&S/I@(MGQDth &BKapb@nbsghteveal ed that
they wer e unh ajltje i natIQeethH%avgsen Iﬁ,[]UYCDRSd‘“—fEUt‘Qﬁ;a(tB e?ﬂ_gt aqnt ai ned an

i dentical |Tgh sequence of ¢l ones UBS-54 and
K53 were |21@(w)t,edhmlt1 cr%nlegqbriess:ileammwBsﬁmﬁWonang t he 5 HAVT20 | eader

sequence andosld 8 (e 18 3OUENRE.L ook, SN pOLodoaings of a human

lgGlL with essential I'y s ri bed (Boel et
al , 10 expressed either alone or in combination in PER CG

cells. In brief, each 80 cm® flask was transfected by
incubation for 4 hours with 140 ul lipofectamine + 10 pg
DNA (either pUBS3000Neo, pCD46_3000(Neo) or 10 pg of
both) in serum-free DMEM medium at 37°C. After 4 hours,
15 this was replaced with DMEM + 10% FBS, and the cells were
grown overnight at 37°C. Cells were then washed with PBS
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
20 harvested. Human IgG specific ELISA analysis (described
in WO 00/63403) indicated that IgG was present at
approximately 10 ng/ml for all flasks containing
expression plasmids. No IgGl was present in a control
flask which was not transfected with expression plasmid.
25 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
30 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



2000), which resulted in plasm ds pUBS3000Neo and pCD46_3000( Neo) (Fig. 4).
These plasmds were transiently 10 expressed either al one ot7JRNGARDPR0ATI ONn
in PER C6Tm cells. In brief, each 80 cn2 flask was transfected by

i ncubation for 4 hours with 140 pl lipofectamine + 10 pg DNA (either
pUBS3000Neo, pCD46 3000(Neo) or 10 pg of both) in serumfree DVEM nedi um at

37C. After AwlOudsmesss® this was replaced with DVEM + the cells
47096 AR R R

were grown overnight at 37C. Cells were then washed and the

medi um was replaced with Excell 525 nmedium (JRH Bioscience). The cells were
allowed to grow at 37C for 6 days, .gfter which the cell culture supernatant
was 20 harvested. Human |1 gG specific ELI SA analysis (described in WO

00/ 63403) i hakwsingdgeFmt(Skg® W waes eTRF gelsappt orngat 230,10 pg/m for all

fllasks contalning 47688) 202 hgny agii%@' P8re N%ahggon""ac%epigée;g{s ina control
e .

flask which was not trans ected W th exXpressron Human 1gG from
each super naidhtargdaaf b foguaniny sﬁaméd edthutswlrﬂgnldlaét Rlee A affinity

chr omat ogr aPPJYg ( @')ghﬁgr%o 1PERL®E N rafs HBhnt 1 é/gtexﬂpessjedof(ggosﬁarécgor ding to

standard procedures, follow ng recommendations of manuf act ur er
( Arer shan ﬂi‘@é%ltéﬁ’é%’s%ntlﬁif Péﬁ’r‘%ﬁlsﬁﬁl BPS-danpd esenfese skomt diterated in 30 a

M crocon YIVB%; et Atak éé’iﬂé?%x) wBl¢h Bkhesnedaangege teo 0 MM sodi um

phosphat e, 6.7. Twel ve purified | gG was subsequently anal yzed on

| soel ectric {@SfﬁﬂmY CZ‘GG??YV@@OGH?‘O‘@G% TS BRY603/ WOES0 - 66- f ocusi ng

gel s (ServapPrgrogasé ddd tgel sampld kapgend LBtranstleci®@on 4R The sanpl es
were | oaded on the |low pH_ side gnd after focussi n%Kstal ned wi.th col |l oi dal

blue (Fig.°%)er FRAE ISREQRE™Sr aHSPehtt yradRpr BRE™KB3V1 1% ReP2 5 shows
transi ens | yiexptessedHdss b4 wivl dnaness-mhonsis hies allge sanpl e of the cells

Ln which bOthtfgybg g Ié%?tﬁerba31s of the theoretic pI when
calculated with the ProtParam tool provided on the Expasy
homepage (http://www.expasy.ch; Appel et al., 1994). K53
and UBS-54 have a theoretic pI of 8.24 and 7.65,

15 respectively, whereas an isoform representing a
heterpdimer of one UBS-54 heavy chain and one K53 heavy
chain has a theoretical pI of 8.01. Assembly of such a
heterodimer can only occur when a single cell translates
both the heavy chain of K53 and the heavy chain of UBS-54

20 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

25 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

30 derived clone.
B method for producing a mixture of antibodies according

to the invention, using expression in a recombinant host



transfected. Clearly, K53 and UBS-54 each have a unique pl profile and the
sanpl e formthe cotransfection showed other unique isofornsl7 JNUARNINR; or
i soform having a pl 10 in between those of K53 and UBS-54. This is also
anticipated on the basis of the theoretic pl when calculated with the

Prot Param t ool provided on the Expasy honepage (http://ww. expasy.ch; Appel
et al., 1994&‘)&%2/?0 1gnd UBS-54 have a theoretic pl of 8,24 and 7.65, 15
respectively, B8 an isoform representing a het efGAEREPYB7bne UBS- 54
heavy chain and one K53 heavy chain has a theoretical pl of 8.01. Assenbly
of such a heterodiner can only occurg;when a single cell translates both
the heavy chain of K53 and the heavy chain of UBS-54 20 and assenbl es these
into a full deangdh d gEngbhé eciighe chagetahar tiwdeh di liee caitd@aly ght chai n.

Therefore, this experiment_shqows that it is possible to, express two uni que
human | gG ot 8ehf esaplahirg % er’IltglE%IhWO téﬁdsz't ° il%‘f e%inngg consi sting of
t hese two urfiogmefittctional rgntsipediés ciilsi egemsl iflisd éfaioi endl is f or ned.
Exanple 2 Pr ti.0 ixture. of antjbodi es ai nst .hu B- cel |
markers in aS%gE&‘l(f%lg&I %J}“{ulnnteﬂ‘l gbg'dee(r’j}i %ié%gec one- %’?Teatntﬁégog%? produci ng a

m xture &f aapebbalicdsbandirgliprgteins toresémy em homan WBiaed lexpression in a

recombi nant ;hast .5 Jébwrl%}ctg%rgégr\éﬁsﬁgrgél{ﬁé)&ﬁ%%gL%Eﬁ%&PﬁQQSlOO?690 -67- cell

of a singl e T ght chai'n a eav al'ns capabl e of pairing
to the singlMHC) ghasscRAi hfurthefrorefdunedt torrd BAAtPRLdIere, is exenplified

herein and igeySANATRLLERL0N SHONM, IdbnfLoyn fheiRRABRS ERARYLRY antibodies S

capabl e of binding proteins present on human B-cell: e. 22, CDr72 and
Maj or Hi st od@gpkryitsi et §1 GorfItéx vEMLEFcYewest de(Yuithdr referred to as

HLA- DR) er &ogtenberg, 1999). DNA sequencing of the Vy and Vi
sequences of the phages clone B28 (anti-CD22}, clone I-2
{anti-HLA-DR) and clone II-2 (anti-CD72) revealed that
they all contain a unique Vy sequence, but a common light
chain sequence (VA3)} with an identical CDR region (Fig.

15 7).
The Vy and V, sequences of clones B28, I-1 and II-2 are
cloned behind the HAVT20 leader sequences of an
expression plasmid comprising a heavy chain. An example
of such a plasmid is pCRU-KO0l (contains kappa heavy chain

20 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

25 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

30 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



previously isolated froma sem -synthetic phage library (de;K ,
1995; van der Vuurst de Vries & 10 Logtenberg, 1999). DNA seaugm‘??\g{%@7 he
VH and VL sequences of the phages clone B28 (anti-CD22), clone 1-2
(anti-HLA-DR) and clone 11-2 (anti-CD72) reveal ed that they all contain a
uni que VH s(,:eDﬁgenocle0 but a common |ight chain sequence w th an

i denti cal ey (gﬁls( Fig. 15 7). The VH and VL sequ @‘“é” #0098 nes B28,
-1 and 11-2 are cloned behind the HAVT20 | eader sequences of an
expression plasmd conprising a heavy,chain. An exanple of such a plasmd
is pCRU-KOL (contains kappa heavy chain 20 sequences, that can easily be

i nt er changednt &odiaBbdacodan vy Qbﬁlﬂhrééqlb@é‘lﬁﬁ%isl frelesdroed, by a person
skilled in _the @gt%e& as deposited,at _th CC under nunber 03041601. The

cloning gi v&&&r§ 151 85t %esedéﬁcf)%%“apl‘ﬁl]loﬁ &Rt 1 HfdvaRe | gGL with
bi ndi ng speecuitetd id@shéor (2D wDAamdEldF? andrddA1BbRks Wiese plasmds w ||

further be _referre pCRI CRU- HLA-

respectivel ¥ ’é‘?"éllg\ag IEDERE(%T‘TME (f@ﬁ%e‘gercéillls I f”h‘gg( zﬁ’geoﬁ"‘éﬁ&ﬂ%ed accor di ng
to met hods Iundem theitheopeis@nlsird lcedditide (186 @t (see e.g. WO

00/ S3405), Ui sh LR s B 100, o EREL By e
expressi ng IﬁérﬂWﬂldARYnZE)éﬁara\ﬁ@ Q@MSOGQGEL‘B’CP@ﬁrEPZﬂ@MéGﬂaﬁ@@e68 anti bodi es
encoded by g&hvféyéggnpif§gnfg%hngﬂg 2 %ﬁiﬁ{gﬁg is g“%éﬁ a§dare seeded in DVEM

plus 10% FBS i n tissue “culture d| or T80 flasks with
appr oxi mat epyoe® e peeviddd dypehe diaghfanthicapt wovkeraiitgler 5-dinder their

{‘?;g‘:} eC;d: glﬁée%@&ﬂ%tzbonf 4 T%ERE-crrancen naft beRyaRt 3RCy, 1The next day,

ug of a mixture of pCRU-CD22, pCRU-CD72 and pCRU-HLA-DR.
As a contreol 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

15 controls.
After 4 to 5 hours, cells are washed twice with DMEM and
refed with fresh medium without selection. The next day,
medium are replaced with fresh medium containing 500
pg/ml G418. Cells are refreshed every 2 or 3 days with

20 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 %6-well and/or 24-well via 6-well
plates to T25 flasks. At this stage, cells are frozen (at

25 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-

30 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



perfornmed in separate dishes at 37C using Lipofectam ne (I qyiﬁkggﬁs Jephe
Technol ogi es) according to standard protocols provided by the manufacturer,
with either 1-2 10 jig pCRU-CD22, 1-2 .ig pCRU-CD72, 1-2 pg pCRU-HLA-DR or 1
pg of a m xture of pCRU CD22, pCRU-CD72 and pCRU-HLA-DR As a control for
transfection efficiency, a few dishes are transfected with a LacZ control
vector, whi|woaoshmeossisdi shes wi Il be not transfected ardTaeresoa®onegative 15
controls. After 4 to 5 hours, cells are washed twice with DVEM and refed
with fresh nedium w thout selection. The next day, nediumare replaced with
fresh medi um containing 500 pg/m G848. Cells are refreshed every 2 or 3

days with Zgrgg ir%er %%?tgi 2‘} ng L héat sane, concentrations, of .(418. About 20-22
e a nu

days after seeding, érbt o7 °§fra88?'o%cfcé)§dépg t?/isécfaﬁfiaer%nd from each

transfecti opratedwast. B0Oifiel hprokddGantragr ohe vaEod6- whdrdesand/ or 24- wel |
via 6-well t _ ks, . At L.$.S . ce a frozen (at 25

| east 1, buta%!s?%ﬁﬁ f%4§\8/|§a Asﬁfﬁeis%ébl-e%uﬁﬁr%%%c% gnuﬁgnégdpr oduction | evels
of reconbi n®andingndie tHS bandebsd{P2e,e CD@ARt ardrilBAdDR mimg sebler nat ant  usi ng

an ELI'SA;DeChhifod:ne UL oLIG] GISSChLREN 418 MO.0003408) . A so. at ‘this

stage G418 is renoved fromthe Culture nedium a never re 30 applied
agai n. For &elépyefaseat tyanafesbentsofexpoeovinas COMArapd HpdrPRes will be

cul tured t 0 Vel daer b8 SEOUDLIARN, DR LEChe! y2Ed ol rom the condi tioned
supernat ant _using 17 JANUARY 2007 WD 2004/009618 PCT/ EP2003/ 007690 - 69-

Protein A af-PEREHRRIGhr dRBR b &BRY HFEESEAFFRP L bast BermderpFetedur es.

Purified hugesot@ay tboBLAiNE VLA ACHOAESIIres Anappzed™yn SDS- PAGE,
| so-electric Eocusi ng él El?éjcand binding to the targets CD22, CD72 and
HLA- DR Ui nGotePess PPEmtesct SFts Ehor €85F R 36t donudiPamGRens on their

CD22, pCRU-CD72 and pCRU-HLA~DR are screened by PCR on
genomic DNA for the presence or absence of each of the
three constructs. The identity of the PCR products is
further confirmed by DNA sequencing.

15 Next, it is demonstrated that a clonal cell line accounts
for the production of each of the three binding
specificities, i.e. proving that a single cell is able to
produce a mixture of more than two functional human
IgG’s. Therefore, a limited number of colonies, which

20 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

25 & 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-

30 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;



cell surface (transfectants expressing CD72 and HLA-DR havel-p?mm%d ed
by van der Vuurst-de VWries and Logtenberg, 1999; a CD22 transtfectant has
been prepared according to simlar standard procedures in PER C01). 10

Col oni es obtained fromthe co-transfection with pCRU- CD22, pCRU CD72 and
pCRU- HLA- DR are screened by PCR on genomic DNA for the presence or absence
of each of tW&X¥APEE constructs. The identity of the HCEPHOUWIRPs is
further confirmed by DNA sequencing. 15 Next, it is denonstrated that a
clonal cell line accounts for the prpduction of each of the three binding
specificities, i.e. proving that a single cell is able to produce a m xture
of nore thaantisvdyuaeti @admibe®nin k86 Supekhatehorasing ki Wined nunber of

col oni es, ich 20 scre positive for the production of each of the three
b1 nd ng. spelPF SPEFEELT BUTHA by GBCR. SEPTARS BRI TE RIS OHeiE at | n ¢ he

speci fi ed brhoteryy Aasgys wjamastareD2atufdd 2oapdrHyAtBR), are subjected to
single cell _sorti.n usin | yorescence activated.cell sorter (FACS)
(Becton 25 ﬁéﬁ)c ﬁ“%&%nﬁﬁk%sﬁgfi\ﬁﬁéﬁégﬁ. TRM él?%actqr\/é %/o,net | onies are seeded
at 0.3 cel | shpetrateot guadranPeetelrodakf dinigryowhhomatCgoaghycel | popul ati ons,
hereafter d '?_qﬂ d.as - Gl refreshed once a week wth fresh
medi um Sub-g(%%: onfan Sgesg#%\?ﬁg n e%?&%é?érred from96-wells via 24 30 and
6-wel | s pl aPesifiedTaBmah akdés . &M the svatiage, swerslopkenes are frozen (at

Feconbi hant "Rl TV ARGAR 565 M0 4588 Shoe i hciTEp20031 007600 70-
ant i body ar eberinedritned the PREerRipdechanesw 1usi nBy SOPTRARRE, | BFEE specific
ELI SA. her @1&8&81:eseBLakinte (REFP&InObiSihg ¢LOPRS td:3eg8r ey unes are
cultured to purify the reconbi nant human%gGl fraction fromthe conditioned
CD72 and HLA-DR. Sub-clones will also be screened by PCR
on genomic DNA for the presence or absence of each of the
three constructs pCRU-CD22, pCRU-CD72 and pCRU-HLA-DR.
The identity of the PCR products is further confirmed by
15 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
20 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
25 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
30 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



5 supernatant using Protein A affinity chromatography according to standard
procedures. Purified human | gGlL fromthe various sub-cl ones 17JANGABYIH0ENt | v
anal yzed as descri bed above for hunman 1gGL obtained fromthe parental

clones, i.e. by SDS-PAGE, Iso 1o electric focusing (IEF) and binding to the
targets CD22, CD72 and HLA-DR Sub-clones will also be screened by PCR on

genom c DNA far t resence or absence of each of th [ nstructs
pCRU- CD22, p l?foé%%ﬁand pCRU- HLA-DR. The identity o&qT?#gz‘ﬁ'&ﬁ%?oducts is
further confirmed by 15 DNA sequencing. O her nethods such as Sout hern bl ot
and/or FISH can also be used to detgfm ne whether each of the three

constructs are present in the clonal cell line. Sub-clones that are proven
to be transgessendorofeand tfree2Boddteruchsetn cum:st_;émm:s: anNa, brought into

culture for -an, .exten e od t eter ether the presence of the
St i G SRR et et

transgenes | 3 expre Qnt i body m xture remains
t he sane, n@bpemq’tam tier me=cbfto B\leﬂrfa'S$henréce>thsanthtumhs©g$zor the ratio

bet veen t he (25 VAL QS (B0LLfadY o 1,500 OB ENAY vapey SRR L fdagm the cel .

Ther ef or e, one cul ture S ‘mai ht ar ne eas popul ati on
doubl i ng5ti ra@stbqe t\fae:lloas porulathen evubdahgsiries enadgzed swspensi on cul ture. At

every 4-6  papulatdpn ;dgubly %%%»gi@épg‘ékféfec&rr‘igufééﬂlntge%ﬂ"ft30 perf ormed

using the human IgG speC|f| ar ger unmes are cultured to
obtai n the @aflbpudingt tanthe KeragupH&itRd arv’2 Fnd BeA1DRp@isiag i s used to

assess the 1Z; JANYRY¥ 200 s @nggpﬁrgogﬁgge Peth 553903/ 007690 -71- presence

of the three constructs 1 n the genomc DNA, her via PCR, Southern bl ot
and/or FISH The supernatant is used to purlfy t he reconbi nant human | gGl

10
Example 3 Screening of clones expressing multiple
human IgGs for the most potent mixture of functional
human IgGs
Functionality 'of the antibody mixture is analyzed in

15 cell-based assays to determine whether the human IgG
mixture inhibits proliferation and/or induces apoptosis
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

20 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

25 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

30 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



fraction as described supra. Purified human 1gGs obtained 5 at the various
popul ati on doublings is analyzed as described, i.e. by SDS-PABNUARY 2007

| so-electric focusing (IEF) and binding to the targets CD22, CD72 and
HLA-DR using cell transfectants expressing these antigens. 10 Exanple 3
Screeni ng of clones expressing nmultiple human 1gG for the nost potent

m xture of fwoedowopeds human XgGs Functionality 'of therapidobssyse M xture is
analyzed in 15 cell-based assays to determ ne whether the human |gGs

m xture inhibits proliferation and/or induces apoptosis of B-cell Ilines,
such as for exanple Ranos. Ot her celi72-1ines can al so be used. In addition
the antibody m xtures are analyzed for their potential to induce antibody
20 dependentPTeafFeafionoRf ciltsy cghds chhpramnetrd Sapdhiddnrmidisg ot oxicity of for
e?arrplhe Ramglcgeﬂ)éﬁatiloﬂ e@cthghnbbge qlﬁl TR o&xag%)gﬁzrf@.tCE?tz he fﬁ”ﬁt iAoBgl ity
of the anti .M xture recogni zing the targets : an - is
anal yzed an&ngéﬁlwleﬁp%?%"ﬂ: dSedt rdrflnfeﬂeblgE?lPﬁH?Woﬂéﬂ | gGs anti bodi es
and to an egueirgBhtdge o@MH-RaynoM 0f ihberpdévareohnelbmgateal tbgGs specificities.
To assess the_ abi]i EL t&e ant i bo]?qv10 m x%ures to inhibit the proliferation
il cub

of Ranps ceI"Ir‘%,re?*f‘neeCpée L 9 SFRLFNST 88 Wel1 plates (0.1 - 1.0 x
103/mM) wth several concentrations (5 - 20 pg/m) of the antibody

m Xt ures agan nst 2, 72 .anq H&@%R:R 1:0 ngﬂbsh%%& 5 Ttr}leesl7 JANUARY 2007 WO
2004/ 009618 5&?@%0??%%%@0’ _?3- prol i ?era 1"on o? the' ¢l 1s is measured by
3Ht hym di neellacorgpetanibrteduinngs aredtlthptatids HOUBs-of.CwW ture. I nhibition
of Larouth |9 o#ALA Tl BAcdbe-ah obLidihe-08: oRPT@OD! 295 ok Mol o ne
I ncorporati on conpare (0}
10 antibody mixtures against the targets CD22, CD72 and HLA-
DR for 24 or 48 hours. After the incubation period the
phosphatidyl serine exposure on apoptotic cells is
analyzed (Koopman G et al, 19%4). Therefore, the cells
are harvested, washed twice with PBS and are incubated at
15 RT for 10 min with 100 pl FITC-labelled annexin V
(Caltag) diluted 1:25 in annexin V binding buffer
(Caltag). Prior to the analysis of the samples by flow
cytometry (FACSCalibur, Becton Dickinscn, San Jose, CA)
propidium iodide (PI) (Sigma) is added to a final
20 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
25 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.
30 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



5 untreated cells (taken as 100% reference value). To analy

i nduction of Ranpbs cells, these <cells are stinulated in 484\?\6 P%RPg?g§7(0 2
- 1.0 x 106/m) with several concentrations (5 - 20 pg/m) of the 10

anti body m xtures agai nst the targets CD22, CD72 and HLA- DR for 24 or 48
hours. After the incubation period the phosphatidyl serine exposure on
apopt oti c cewbsoimosssnal yzed (Koopnman G et al, 1994). pdmmpredosneest he cel |l s
are harvested, washed twice with PBS and are incubated at 15 RT for 10 mn
with 100 pl FITC- | abelled annexin V (Caltag) diluted 1:25 in annexin V

bi ndi ng buf fer (Caltag) Pri or to tifé-anal ysi s of the sanpl es by flow
cytonetry (EA ect on k| fson, San.Jo propi di um i odi de
(P1')(Sigm) |§Sa de {"Sig fcl:onéLlncE S SAEP At |t3)"n%o? 5 pg/m to di stinguish
necrotic celdhsmogemmidieany-ddRintp fdoomugpopt otdadbéethen)( @rnexi n V+/ Pl -,

early apopt oblncald B 0aRH BLE o laka pnoghatic cells). n an

alternative assay, apoptosis ‘i'sTInduce oss* inking the anti body
m Xt ures agal nst CD22, CD72 and HLA-DR on the cell surface of Ranpbs cells

with 25 pg/ édf(nagnﬁd@ét sm&u}?ﬁ anlgHmc(ltg 8&&&4 &ZuBQéQ’C' onal

ant i bodi es son nor esearc ratorie ove,” PA) during the
i ncubati on mxrbdes 36 ppahyrachesing trariaheyal évégagl m@mmcésas i s induced by

i ncubating te; Reqws reeltsr VMetllisS%YeJ %Itaﬁé?é‘&?mdzatx‘e99§ d 2ssay20 pg/m ) of
the antibody m xtures against CD22, CD72 17 JANUARY 2007 WO 2004/009618

PCT/ EP2003/ 08#690P% 73, hpeP)HLAoDRh ihinvaPesri cdbit +Hg ReRemSALR t he
chenosensi ti, ;bng%@é;_q%s gﬁgml bhEl n(P&nQ?‘Ep%}'PC%@(l é ?Fﬁtdﬂ,@sone

(UMCU, Ut rech e Net he 5 Ant i Depen | ar’ Cytotoxicity
of the amntilfodyl hour at 37°C. After three washes with medium, the

Ramos target cells are plated in U bottom 96 well plates
at 5 x 10° cells/well. Peripheral blood mononuclear cells
that are obtained from healthy donors by Ficoll-Hypagque
density gradients are then added to each well at

15 effector:target ratios ranging from 80:1 to 10:1 in
triplicate. The cells are incubated at 37°C in the

presence of various concentrations of the antibody

mixtures (5 - 20 upg/ml} in a final volume of 200 pul.
After 4 hours of incubation part of the supernatant is
20 harvested and °!Cr release is measured., The percantage of
specific lysis is calculated using the following formula:
% specific lysis = ([experimental cpm - spontaneocus
cpm] /[makximal cpm — spontanecus cpm] x 100%). Maximal Sicr
release is determined by adding triton X-100 to a final
25 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
30 human serum is added to the target cells. Subsequently,

the assay is performed in the same manner.



m xtures is anal yzed using peripheral blood nononucl ear celjsjasafy eesor

cells in a standard 51Cr release assay (Huls et al, 1999). To this purpose,
1-3 x 106 Ranos cells are labelled with 100 G (Amersham Bucki nghanshire,
UK) 10 for 1 hour at 37C. After three washes with medium the Ranps target

cells are plated in U bottom96 well plates at 5 x 103 cells/well.
Peri pheral bY83W*ABM8nucl ear cells that are obtai ned ¥TSHREY PRy donors by

Ficol |l -Hypaque density gradients are then added to each well at 15
effector:target ratios ranging from3gp:1 to 10:1 in triplicate. The cells
are incubated at 37Cin the presence of various concentrations of the

anti body nmipkdegstitRly, 200@ Bhh tvc aif ERalantabuap Rfxt2QQ@sl is After 4 hours
of incubatio art of the supernatant is 20 harvested and 51Cr release is
neasur ed. TﬁgtBE’FH’eﬁﬁit HJEnDia BISERTYR Fef§RT% §55a¥al Bk 89usi ng the

foll ow ng f @ogdl a1995% speasiri ahysbis relésexpRishyensmlelamet Spont aneous
cpnl /[ maxi ng) Oigm- spont aneous cpn] x 100% . Maximal 51Cr release is
determ ned% ding triton X-100 to a final 25 concentration of 1%to the
target cells and spontaneous release is determ ned after incubation of the
target cells with nedium al one. Conpl enent dependent cytotoxicity is
determned in a simlar assay. Instead of the effector cells, now 50 | so
human ser umExsmptiied t o tVee tokr ghage elibplaySitios égudate ywultthplassay i s

f di . NUARY. 200 0
IIg?:[l'/ (I%IrDrZrSOSII 8’6‘%@%% - ﬁ gﬁln:t[%érnr%t% %&éﬁ‘y ?%ga%aa%%f é%191(g&ginjnt%idbody m Xt ures
is deterni rkaggeti fera2Eurans prrdettipseinss mpcpbindntyhpstBesdl 1995) or
usi ng amqlDide gl RASRIrASSAYardtiboalids GbaBle o283Ading this

target.
Phages displaying scFv fragments capable of binding
nmultiple epitopes present on the same protein, for
example the epidermal growth factor receptor Her-2, can
15 be isolated from a semi-synthetic phage library (de Kruif
et al., 1995%a,b). It is possible to identify several of
such phages and select the ones comprising the same light
chain sequence, for further use according to the
invention. The semi-synthetic library is formed by mixing
20 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 V, sequence are
25 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 CH2
30 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



Exanpl e 4 Use of phage display to isolate multiple phages v cal
VL sequence against a predefined target (Her-2), and productl‘g%ﬁ?%mgmj

reconbi nant host cell 10 of a m xture of antibodi es capable of binding this
target. Phages displaying scFv fragnments capable of binding nultiple
epi topes present on the sane protein, for exanple the epidermal growh
factor recepwonrodkiersid, can 15 be isolated froma sem -mEyErb@soRs9phage
library (de Kruif et al., 1995a,b). It is possible to identify several of
such phages and sel ect the ones conprising the sane |light chain sequence,
for further use according to the im#éntion. The sem -synthetic library is
formed by HIXIRg ﬁ llbrarles that each contaip a different |ight

t

chain (de ¥u reé?ltrl‘i@@%’h SFe 11 506 PRI 5SeoBatR ii@™ariy practical to
use such a s;ulieklttﬂam)e, CEDmd rcmagddmilylsoae hura@htt gehaiusiagda many heavy
chains, for ge g So that _ nulti bodies with an _identical VL
sequence ar el'F o‘%%% ﬁ§8“ea?~ﬁd ¥ GPTR feaPc uggg #ﬁg"@% et EA®Ant i body

m Xt ures acamﬂdgrg:andatbemﬂmimrohmdﬁqy tachsefuest koswoftophages agai nst

Her-2 severa| QN RG0L € ar nerag ed corrpr|S| N dlfferent parts of
t he extracéﬂel’:ui51 X &rlrgl n oftqﬁe g gIﬁ‘at aF EFIRES £ THE ¥ 30 and cH3

domai ns of hlmnaneIngresEmciIerSSptle,p@setarme%a fz&bowescdobgsai on vect or

Fegi on 17 JROARY 30072085 A0 rB0e 1B ot BB BRI s Pan ol
restriction edither ithet hetal mygraegi brlarm (Eehmomapni of Herheri2 and CH3
domai ns of 31 paR: | Cne Ust P%;n%m"@f H%ngl’\Nghé:é ane £8%1wd LRl ate PCR fragnments

is generate usi ng standa nol ecul ar techni ques known to a 5
person s¥i | |fEame rP&t Ra ¥hel mEdsécEiHyREAes 'E’Eﬁ?@l SERofrggments

are subsequently cloned in frame with the CH2-CH3 IgGl
regicn into the pCDNA3.lzeo expression vector. In
addition to the fusion protein containing the total EC
domain of Her-2, several smaller fuslon proteins are

15 generated containing non-overlapping fragments of the
Her-2 EC domain. 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 233T

20 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

25 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 dissolwved
in PBS (MPBS). Simultaneously, 500 ul (approximately 10%3
cfu) of a semi-synthetic phage display library (a sub-

30 library according to the terminclogy used above) in which
only one Vkappal light chain is represented prepared as

described by De Kruif et al (19%5a,b) and references



unique 5' restriction site, a start codon followed by a eukpryghisry Sager
sequence that is linked in frame to either the total extracellular (EQC
dormain of Her-2 or to a part of the EC domain of Her-2 that is followed in
10 frame by an Xhol restriction site. These PCR fragnments are subsequently
cloned in frame with the CH2-CH3 1g@ region into the pCDNA3. | zeo

expressi on VEREWHI$E  addition to the fusion protein éﬁﬁt’%ﬂ“?{?%ﬁ'ﬂthe t ot al
EC domain of Her-2, several smaller fusion proteins are 15 generated

cont ai ni ng non-over | appi ng fragrrents f the Her-2 EC donain. These
constructs encoding the Her-2-1g gl onproteins are used for transient

transfecti oRn@feirn93L 6844 45kRY \;oh.%mlebp&f eRt aphee feagaMtidfd bco). Five
days after transfect i on the su?'ernat ants of the 293T 20 cells are harvested

and Her - 2- | §UFRfi B UPr F A9Aedafe a Pt eenqRitAgtEemId AR 21G i nity

chr omat ogr aphyckaff QkdhDUoked Sbaptic@dPEOF eHE@SmifierThe- Herf2isi on proteins
cont ai ni ng non over | apgl ng fragnents of the Her-2 EC donmain are coated for

2 hours 25t9rc%tegnty ?ﬁ@@u?ﬁ&?&%?“%ﬁ?%&lﬁ?ﬁeﬁl%ﬁﬁe PR (Nunc) at a
saturating eengddd.atrhentdd 3 s- séalR@ ghy. rdthacdubeswiarrerbl agked for 1 h in

2% fat free Kk er -dissqlved in PB taneously, 500 pl
(appr oxi mat 5%1%5%3\&“ % 1ge Eléarﬁloé’yﬁf‘ﬁé‘%‘fl\écprﬁﬁabéorb‘rg Bfay* P§Hrary (a sub
30 library aeeosmfitrigdt andih&sthedmmoimgy Lnsemasalaeneammgmmw only one
Vkappal lig h e ent ed .prepa ed as crlb by De Kruif et al
(1995a, b) e e S S s Bt s S804 006 18 ey Er2003/ 007696
76- therei nglysiraddi€d, t 6. @5, voH uhes 1@f ad@ed\/PBS.d the anhdxet isn, human serum

i s added torgt;il%glsﬁggﬂg ﬂ%xf 3ty o, of h‘LSg&m %g%_; eét}%angdgél Wed to proceed

for 30- 6 mn g- coat ed tubes are o bl ocked phage
l'ibrary 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. Subsequently, the bacteria are plated on 2TY

15 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). Briefly, scraped

20 bacteria are used to inoculate 2TY medium containing
ampicillin, tetracycline and glucose and are grown at
37°C to an ODgyomm ©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

25 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-

30 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



5 is added. The tube is sealed and rotated slowy for 1 h, h
of incubation without rotation. The tubes are enptied and v&a@%‘%@%%@nﬁs
in PBS containing 0.1% Tween-20, followed by washing 5 tines in PBS. 1 m
glycine-HCL, 0.05 M pH 2.2 is added, and the tube is 10 rotated slowy for
10 min. The eluted phages are added to 500 | IM T Tris-HCL pH 7.4. To this "’
m xture, 3.5woleoabsssxponentially growi ng XL-1 bl ue bactrapem@bocssht ure i s
added. The tubes are incubated for 30 mn at 37C wi thout shaki ng.
Subsequently, the bacteria are plated on 2TY 15 agar pl ates containing
anpicillin, tetracycline and glucosé&”-After overni ght i ncubation of the

pl ates at ?éngntehse col onléas,c are scr ag{ed f];omthe &) ates, and used to
prepare an &nritHeEd BRadest it6r BFSP & TEAPF HiN3y BB2 %é‘é‘E?P‘B By De Kruif et
al . (1995a) EsBem’eifdl)ly,sd:ma‘paduaD dzﬂmhéeisaaﬁ grogrdcd AdogRpkadeat e 2TY. medi um

cont ai ning _anpicil tra e and uco are grown at 37C to an
ODGOON' of 2 ggl.n teg Wl% Eg a&&éd FF%\B&’& %0 infect the bacteria

after whi chah"nﬂ:crrbdlpumfdustlomhamgae]cldwedZﬂ'd( ];mmaadnmwg:nagbtm I'1in,
tetracycli ”ﬁh?@ ﬂé%QZ%%‘tQinLg;g%g@%%g{.‘%an%ﬁg%' Ugd 0y gr ni ght at 30C. The

next day, Ferra are renov di-um by centrifugation
after whi chELRE8A Fﬂve:gbsnaireg Pretv vt delertkitogapolGrdighybated f6ycol

6000/ NaCI E%_g lp}i’a the phages are dissolved in a snall volune of PBS-1%
BSA, filter sterilized and used for a next round of selection. The

sel ectl on/re-infection procedure is perforned twice. After the second round

of selecti Oﬁeléé@dv?ﬁﬁeé 4nt48bdi ey’ tHANUARY £0Q1ned\Q2 004/ HOGLS
PCTI EP20031007690 col onies are used tolég gare nonocl onal phage

ant i bodit@s. deE=%ind aPPye. iafgi Valhstegobyr er gsrhfidi1¥g- phase and
infected wi tbr heliRepuppages nabt £rrgtusloPhA@Reins containing

non-overlapping fragments of the Her-2 EC domain are
coated to Maxisorp ELISA plates. After coating, the
plates are blocked in 2% MPBS. The selected phage

15 antibodies are incubated in an equal vclume 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

20 antibody conjugated to peroxidase. The procedure is
performed simultaneously using a control phage antibody
directed against thyroglobulin (De Kruif et al. 199%5a,b),
which serves as a negative control.
In another assay the selected phage antibodies are

25 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

30 to the cells is visualized using a biotinylated anti-M13
antibody {Santa Cruz Biotechnology) followed by
streptavidin-phycoerythrin (Caltag).



anti body production is allowed to proceed overnight. 5 Phage;agi\BRRY 2007
contai ning supernatants are tested in ELISA for binding activity to
Her-2-total EC-1g coated 96 wells plates. Selected phage anti bodi es that
are obtained in the screen 10 descri bed above, are validated by ELISA for
specificity. __For this purpose, Her-2-1g fusion proteins containing

non- over | app"Ag°¥*%4Went s of the Her-2 EC domain are XJ4FWBNaxi sorp
ELI SA pl ates. After coating, the plates are blocked in 2% WPBS. The

sel ected phage 15 antibodies are incypated in an equal volunme of 4% MPBS.
The plates are enptied, washed once in PBS, after which the bl ocked phages
are added. Incubation is allowed to proceed for 1 h, the plates are washed

in PBS 0.1% Jween- .20_and bound phages are detected using an anti-ML3 20
anti body coPt R TEDY pHBEF CREDORRES SFeReBanF oY TULEEPFBr med
Si mul t aneouspytdtsisn@naHeD?t aok ¢Hlageeantisiindy métHerbadeagaddst

t hyrogl obul in Kruif_et al. 1995a, b), ich serves as negative
control . |ncgﬁ%5ﬁ§ﬁ°8585§ﬁFﬁ8 %EV%ﬂWeggﬁﬁagg ghf?gﬁﬁlégga?gtf§ anal yzed for
their abbli wgll cchhiradt8d%A4 hunare hnedsier-canaetbaiEledsSHEREG, express Her - 2.
For flow cy r SiaS age.an iq?Qi s are f.irst_blocked in an equa
vol unme of 4&%%%%§%Poggggyﬁﬁﬁiﬁég% ﬁgrf%f ozsheﬁ%ﬁgPﬁiﬁﬁrp%ﬁe1:he BT474
cel | s. The Bkhefi Bg4dé ¢didsphemdnanbabetliads 430 widht he cells is visualized
using a biotinylated.antipM3, atd bady JeSanta,;C | qQte 6\%9 ogy) followed
by streptavF%?n-%hygogryphrlH_?Ca?tag)? I% f%ﬁgiﬁéjg%g% B _%004/009618
PCTI EP2003/ 00980y 11Brany tigr nbi¢hveinly pheigéagnel bodings chetodd zing mul tiple
epi t 0pesoONn bhfs Rrdbl SAlRGEA0: 4ISIdAg 2Rt Hpdabased uRRBa wapetition of
phage binding to Her-2 wth binding of the

2 volumes of medium containing 10% of FBS. The mixture is

slowly rotated at 4°C for 2 hours in a sealed tube.

Subsequently, non-bound phages are removed by two washes

with 50 ml of cold medium containing 10% FBS. Hereafter,

15 phages recognizing multiple epitopes on Her-2 are eluted

by resuspending the BT474 cells in 1 ml of cold medium

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

20 supernatant containing the anti-Her-2 phage antibodies is

used to reinfect XL1-Blue cells as described supra.

From the panel cf Her-2-specific phage antibodies
generated by de screens described above, three phage

25 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

30 HAVT20 leader sequences of expression plasmid pCRU-K01
(ECACC deposit 03041601), or a similar expression

plasmid, to obtain plasmids encoding a full length human



5 well characterized nmurine anti-Her-2 antibodi es HER50, 0
(Spiridon et al, 2002). To this purpose 2x106 BT474 cells gﬁﬁﬁﬁgﬁﬁgﬁg at
A4C with approximately 1013 cfu (0.5 m) of a sem -synthetic phage display
l'ibrary in which only one Vkappal light chain is 10 represented prepared as
descri bed supra and bl ocked with 2 volunes of nedi um containing 10% of FBS.
The m xture wa200s000688y rotated at 4C for 2 hours in aPSEEPBHE/OIIE.
Subsequent |y, non-bound phages are renoved by two washes with 50 nml of cold
medi um cont ai ni ng 10% FBS. Hereafter, 15 phages recognizing nmultiple
epitopes on Her-2 are eluted by resi®pendi ng the BT474 cells in 1 m of

col d nmedi um tal nin turating concent.rati 20,9/ ) of the HERSQ,
HER66 and Hél%g Fn%&élnglpﬁé}g- ant i bodiEs. fcﬁ'le r gl I gg%grge |l eft on ice for
10 mn, spuplelsmnisaractethmvzalsupblmaieamgnmd asnp@@t}-t\hﬁﬁﬁﬁﬂrlHer-Z phage

anti bodi es | el X'n%j ye, cel | .d cri bed supra. Fromthe

panel of I—|e#3‘§§uspeC|E%‘9 5 nt Hg €s ’gI(‘aenS ? de screens descri bed

above, threétphhgé’ERZSG%ndﬁhomdeseal el iselseeteddaneabtede recogni zi ng t hree

different n I It VH sequences
%Bch\’/flAgggP rﬁ&glﬁ:@ ER&& 0 the né;%soﬁ Qhﬁf‘éd‘ in 1R

and the uni que aln seque ese clones, provisionally
desi gnat ed avki HERQ-CEll\MIHQEREXBIWD‘QKEFMGSWQC@%@& behi nd the 30

HAVT20 | ead%@né@py%@eﬁﬁm%xeﬁeéﬂm Bbﬁ@mmam KQlcpy(.ECACC deposi t
03041601), or a simlar exEres& on lasm d, to obtai'n plasm ds encoding a

ful'l IengthVKLHBRZ-27 03 KpHpR2- 3\/\91'120@4‘?@@%&86%9@!32@03/ 007690 _79

| gGL- kappa %Ebb&ll@i' @Hc&%cbgR git lt@ﬁ:efeoﬁlé‘ﬁrhd% TheSE ol asm ds are
provi si onal | skgnated as U- VKI HER2- pCRU- VKI HER2- 2 and

pCRU- VKIlFlIERf%?# Cé es?felc}tsl FES yseegﬁgbi'é pHEN Eéu?jérq%vgascéq‘ ItisSHEs are

generated, 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

15 performed in separate dishes at 37°C using Lipofectamine
(Invitrogen Life Technologies) according to standard
protocols provided by the manufacturer, with either 1-2
ug pCRU-VK1HER2-1, 1-2 pg pCRU-VK1HER2-2, 1-2 ug pCRU-
VK1HER2-3 or 1 ng of a mixture of pCRU-VK1HER2-1, pCRU-

20 VK1HER2-2 and pCRU-VK1HERZ-3. As a control for
transfection efficiency, a few dishes are transfected
with a Lac2 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

25 with fresh medium without selection. The next day, medium
is replaced with fresh medium containing 500 png/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

30 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



5 according to methods known to the person skilled in the ag¥y kDSrE80O7
| i nes expressing anti bodi es encoded by genetic information on either

pCRU- VKI HER2- 1, pCRU- VKI HER2-2 or pCRU VKIHER2-3 and a cell |ine expressing
anti bodi es encoded by all three plasm ds. Therefore, to PER C6T" cells are
seeded in DNEM g)l §s 10% FBS in tissue culture di shessq%lo cm di aneter) or
T80 flasks W PR ™&BE¥oxi mately 2.5 x 106 cells per di SETERPHWIE? over ni ght
under their normal culture conditions (10% CO2 concentration and 37C). The
next day, transfections are 15 perforped in separate dishes at 37C using

Li pofectam ne (Invitrogen Life Technol ogi es) according to standard

protocol s pnedktier, Bytt heudmaRulacianLper Wil @l tieEd lead onpy #HRU- VKI HER2- 1,

1-2 pg pCRU-VKI HER2-2, 1-2 p CRU- VKIHER2-3 or 1 pg, . of a m xture of
oL UK HERPY RIS 367 KRB Sou o ErRl PERD2 L EREY 22 Bt 101 T or
transf ecti orleebihiricRingy, tite fRpedhsthat akend maNsL.esh eshelitiB fod acZ control
vector, while a ff diélhes age not tra(r}lsf cted and serve at} negati ve

n

controls. AfPERT 5 FoursiSCel PE B #hehe i £8 TN OVERPBRd' S efed 25 with
fresh nedi umuitthouteddeh enid orveFheeapplicthugatedi Bor a S repl aced with fresh

medi um cont ai_ni.n 00.pg/ M 18 | .s _are refreshed every 2 or 3 days
with medi um ¢bn %?nﬁ:la%ég h%uns‘b?%c’go%og:orr\l ??ifllad:ﬁgroyo 5. “ABout 20- 22 days
after seedi mgltarédrtgepnunterthef rewimmnest dremad0lyésitflvhetderd from each
transfection Ligasd  HS shbeked .anpd, growa yi g 96- well [or 24-well
via 6-well E): ates ttgnggglﬁeasﬁs# %t% taﬁ?s sgltnggefx{é%r?g arg ?r zen (at 17
JANUARY 200Zhryymtzeuaphp 96k rROTE BRR G03ha0rb pgocgdurdseadurifi¢dit usually 4

vial's pef S%%sHlfdale&&pltﬂgy}aﬁ%s RLGECY L0, L BVRIS off speconbi nant human
| gG antibody are détermned in the supernatant using an ELI SA specific for
PAGE, Iso-electric focusing (IEF), assayed binding to
Her-2-Ig fusion proteins by ELISA, and analyzed for
binding to Her~2 on the surface of BT474 cells by flow
cytometry.

15 Clones obtained from the co-transfection of pCRU-VK1HER2-
1, pCRU-VK1HER2-2 and pCRU-VK1HER2-3 are screened by PCR
on genomic DNA for the presence or absence of each of the
three constructs. The identity of the PCR products is
further confirmed by DNA sequencing.

20 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

25 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.

30 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-



human 1gGL. Also, at this stage 418 is renoved fromthe 5 culture nmedi um
and never re-applied again. For a representative nunber of 12dJAdHMRY 2087 ger
volunes are cultured to purify the reconbinant human 1gGL fraction from
t he conditioned supernatant using Protein A affinity chronatography
according to standard procedures. Purified 10 human 1 gGl fromthe various

clones is a SDS- PAGE, |so-electric focusin ayed
binding to nﬁle)%@g@qggﬁf usi on proteins by ELISA, and ang"léﬂz}%@?’?ﬁ%bi nding to

Her-2 on the surface of BT474 cells by flow cytonetry. 15 Cl ones obtai ned

fromthe co-transfection of pCRU- VKIHER2- 1, pCRU- VKI HER2-2 and

pCRU- VKI HER2- 3 are screened by PCR on genomic DNA for the presence or

absence of eadhéofelilbeplateseeoc0nStflacks. Athehidestade, ahbthe PCR products
denpnstrated that a

is further nfirmnmed.b equenci.ng 0. Ne Pt
clonal cell cIﬁlgﬁ'geS aa&?oaﬁgéenfc?r% ?ﬁaesr}prldda%giuosﬁlaéﬁyejéc‘ﬁlacs‘}fs PR® three binding
speci ficiti esb-dheredf ené, productiided eveibert ofecombbmirgs humahi Tdeiscr eened
positive for, tk Clil f thr indi ng cificities
(both by Pcﬁnqé?g? e%%&%gﬁquga% the) %‘Eg%r“uaﬁaﬁﬁegés’%’ L. ng assays
agai nst Her 198) sperefsulijldéhedFen asiraptesepdklivorninsgrusf myba f | uorescence
activat ed celbnSOr tiekgb FARSuleBeEt Onule FLEHINBAR: FAGRVANTAGE SB) .

ed at 0.3 celFs/well

Al ternatively, coloni és are see . 1 to guarantee clonal
out gr owt h. Fecenyii@ntchwpapdEgh afashson Haomathercaulitgane@d as sub- cl ones,

are refreshed oncs satWestn Vet b8 JFed) c’ﬁk.lgma%g&%%% are grown and
transferred from96-wells via 24 17 JANUARY 2007 2 OZ/ 009619

PCT/ EP200316678%8 "éh#°65 i3 dpPaReadures 125 flasks. At this stage, sub-
cl ones ape PhLeIefed Alumhfasdc,lfrdM it hdSatildnsd sibadorRer issub-cl one) and

production ggggléhéggl;eggglJQQ%ngsQﬂﬂggigégngove for human IgG;

obtained from the parental clones, i.e. by SDS-PAGE, Iso-
electric focusing (IEF) and binding to Her-2. Sub-clones
will also be screened by PCR on genomic DNA for the

15 presence or absence of each of the three constructs pCRU-
VK1HER2-1, pCRU-VK1HER2-2 and pCRU-VK1HER2-3. The
identity of the PCR products is further confirmed by DNA
sequencing.,
Other methods such as Southern blot and/or FISH can also

20 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

25 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

30 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



anti body are determined in the supernatant using a human 5 |gGaspast 2607

ELI SA. For a representative nunber of sub- clones, |arger volunes are
cultured to purify the reconbinant human 1gGl fraction fromthe conditioned
supernatant using Protein A affinity chromatography according to standard

procedur es.ﬁ(gﬁug%,@oi%éi ed human 1gGl fromthe various Sé?i&%@@%ﬁ%jﬁ

subsequent | & as described above for human l g alned fromthe
parental clones, i.e. by SDS-PAGE, Iso- electric focusing (I EF) and binding
to Her-2. Sub-clones wll also be sgseened by PCR on genomc DNA for the is
presence or absence of each of the three constructs pCRU- VKI HER2-1,

pCRU- VKI HERDe2f armek o CRUnYKE HHERZm3n Id®e spedehid ERISRA 4wk IRERepr oducts is

further confysed. by DM, Seapenchid, OLher ! Dods. sugh g3, Sout her n bl ot

and/ or FI SH can al so e use et érm ne eér edch of the three
constructs sapermrtesdnt The ¢dld pebdhell iseh$ed itwe asSabs dihenes that are proven

to be trans%gggngeorofggggtggreet Iggnggyu%\(%ﬁc%ﬁzgrﬂeu LRoff & difpought into culture

for an extensive perio determ ne whe the presence of the 25
transgends iedtBempiia ZRB. whattherndyintessiber dtlSHheThaint i body mi xture remains

the same, nQipoplatdn? L& i%Plto ?iﬁpfﬁs%henré@dﬁ%'iﬁan@tﬂuﬁns@gcﬁOr the ratio
between the Vvarious anti bodies that "are secreted fromthe ce]] | Ther ef or e,

the sub-cl of&2EtiquPe FeseRitRoasHRER f Suriafieh hugastI9% pBRRINEd on doubl i ng

times eitherptagn@R24REEEPspuIGHEbHI 181 1AGs & S WBREPSdPscul ture. At every
4-6 popul ation doublings, a SD%E(E;JIL\fI c _productiagn test is 17 JANUARY 2007 WO
g 9A

2004/ 009618 9eBTTEYS003F 60 7RO Ghye 1FBT frEtF idCn O E W MU ) gG specifi c
ELI SA angd | angerindi@lguiBsér-@ oyl tursedahe wptAich theoidy peldget and the

BT474 cells.

Functionality of the antibody mixture of anti-Her-2
antibodies is analyzed in cell-~based assays to determine
15 whether the human IgG; mixture inhibits proliferation
and/or induces apoptosis of BT474 cells. In addition the
antibody mixtures are analyzed for their potential to
induce antibody dependent cellular toxicity and
complement dependent cytotoxicity of BT474 cells.
20
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

25 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
30 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-



supernatant. The cell pellet is used to assess the presenc 7gLNb§?YQh ee
constructs in the genomc DNA, 5 either via PCR, Southern b ot an

The supernatant is used to purify the reconbinant human 1gGlL fraction as
descri bed supra. Purified human |1 gGl obtained at the various popul ation
doublings is analyzed as described, i.e. by SDS-PACE, |so-electric focusing
(IEF) 10 ar®ORioweno¢ig to Her-2 by ELI SA and by fl ow c\yCEFRI03000EP ng BT474
cells. Functionality of the antibody m xture of anti-Her-2 antibodies is
anal yzed in cell-based assays to determ ne 15 whether the human | gGl

m xture inhibits proliferation and/ o¥¥fnduces apoptosis of BT474 cells. In

addition thegy E‘&irpé) gkggfgﬁ%na&er qﬁagxéepa;tlors tngﬁké Jot ential to induce

anti body dependent cel r toxicit ement dependent cytotoxicity
of BT474 celquétum) ITmhdhéhief qfher%mﬁﬁnéﬂtesmdegdrbbedobémw t he

functionali tt}ﬁeoﬁefctlﬁlt%@@ bedy;_ gﬁﬁl‘éﬁﬁe;ﬁaml g%ggort@on%argé‘rhl% anal yzed and

conpared to each of thé individual odies and to an equi nol ar
conbi nat i on UgFreaked ZBlLpr eakepdpdi | rabeessFeciveleel gG nol ecul es. To
assess the ability of the antibody m xtures to inhibit the proliferation of
BT474 cells, these cells are allowed to _adhere overnight in 96-well plates

(1.5 x 105/ W@l PRat¥7f 35°RFeSSUBBRLINY §1i BEthfarced i tHheséver al

concentrati @@s1§5re adQo@édivo @binéhe ovakhbgsly iM Xbukerm ggakast Her-2 for 72
ells is neasured by 3H 17 JANUARY 2007 WO

hours. The prolifergtion of th
2004/ 009618 (ﬁc%’ é%ibb?‘@géﬁésa“dt ﬁej%%ﬁhﬁéqilﬁ%]rib&“&f‘%he uring the last 6
hours of  CuylitHr favdr3hi BhhEON AL 1 GEOWSN -1 S0 dRL /AN aedumf plotting the
percentage of 3Hthym dine incorporation co ared W th
10 antibody mixtures against Her-2 for hours. Hereafter
the cells are harvested by trypsinization, are washed

twice with PBS and are incubated at RT for 10 min with
100 pl FITC-labelled annexin V {Caltag) diluted 1:25 in
annexin V binding buffer (Caltag). Prior to the analysis
15 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*/PIY,

20 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
25 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
30 supra.
Alternatively, ADCC and CDC of the antibody mixtures is

determined using a Europium release assay (Patel and



untreated cells (taken as 100% reference value). 5 To anal yzg Bwapnrsi®?7

i nduction of BT474 cells, these <cells are allowed to adhere overnight in
48-wel | plates (2.5 x 105/well in Im) and are subsequently incubated wth
several concentrations (5 - 20 gig/m) of the 10 anti body m xtures agai nst
Her-2 for 4 hours. Hereafter the cells are harvestedpwmi,{oyﬁ%i,@& zation, are
washed twi CEOMMHH*PBS and are incubated at RT for 10 mn wt 100 gqil

FI TC- | abel | ed annexin V (Caltag) diluted 1:25 in annexin V binding buffer
(Caltag). Prior to the analysis 15 ofgsthe sanples by flow cytonetry

(FACSCal i bur, Becton Dickinson, San Jose, CA) propidiumiodide (Pl)(Sigm)
is added t Bayd;i ha®dconceringasn diPHofrebeageg/agbay o(Shiistldaget s necrotic
cells (annex%'dbly-_/ Pl +) from apoptotic cells (annexin V+/ Pl , early
apoptotic cells; annexin V+/ Pl+, 20 |late apoptotic cells). Antibody
Dependent Cellular Cytotoxicity of the antibody mxtures is analyzed using

peripheral bhQog,ARPAMNLGLeRM o Gok! SnetoRhf BEEAlrLeLb S and fBT474 cells as
target cells 25 in a standard 51Cr rel eaSe assay as desci bed supra (Huls et

al, 1999)5 denpleferstesheptRhtincyive aaigel ynedelsdepeeriatedorn a sinil ar

assay. |nsteaitahct he£i8640Im spekligon NAWLD0 g2 human serumis added to
the target cells. Subsequently, the assay is perfornmed as described 30

supra. Alternatively, ADCC and CDC of the antibody m xtures is determ ned
using a Europiumrel ease assay (Patel and 17 JANUARY 2007 WD 20041009618
PCT/ EP20031 7692 -84- Boyd, 1995) or using an LDH rel ease assay (Shields et
al, 2001). g%ﬁg‘p Bnttionality of the antibody m xtures against Her-2

10 Expression of different functional human IgGs in the milk

of transgenic animals
The Vy and Vy sequences of phages against proteins present
on human B-cells, i.e, CD22 clone B28), CD72 (clone II-2)
and HLA-DR (clone I-2) (Fig. 7) are cloned into

15 expression plasmid pBCl (as provided in the pBCl Mouse
Milk Expression System, Invitrogen Life Technologies) to
obtain mammary-gland and lactation-specific expression of
these human IgG molecules in transgenic animals,
according to the manufacturers instructions. These

20 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

25 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

30 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



5is also tested using in vivo animal nodels, such as for RLAPARY 2007
described in Spiridon et al, 2002. Exanple 5 10 Expression of different
functional human IgGs in the mlk of transgenic aninmals The VH and VH
sequences of phages agai nst proteins present on human B-cells, i.e. CD22 .
cl one B28), CD72 (clone 11-2) and HLA-DR (clone 1-2) (Fig. 7) are cloned
into 15 expreggedmopiBasm d pBA (as provided in the pBO/ERMIZ®6M | Kk
Expression System Invitrogen Life Technol ogies) to obtain mamary-gl and
and | actation-specific expression of these human IgG ol ecules in
transgenic aninmals, according to thé3manufacturers instructions. These 20

| a t d ti bod
TR Y- 9 20150844 B ALAPSLBDe VRSt O68 BISACLDG, NG, cont | body sequences
gernl i ne acdondfers + #henbeemaeafiadt Lﬁeeﬂielmunauettmge@mt:al ned pups are
sor eened f oreige pf SRNGELA 2k AndiBALIAT OIS HGLS, 28, DY PCR on DA

isolated fro ups, either éonfirmed for bei ng
transgeni c fobtadacinigiciert amonpes aft |tbed$w10amelh\e@¥eeaahd mat ured. Fenal e

transgenisC rR,GRq&F elln%”ﬂér?s%@n% rﬁmc 3g€a001 B8 1‘1‘\&9@ and m |k sanples are

obt ai ned at several time points 30 after gestatlon e _transgenic nice are
mated with mERsererpfglpNn fIgfaresh andumeral e spaashenEEI8Rf spring (as

det erm ned it B RER A9 0de8ddsheda@boreh hsud@irgd aPdbthéJANUARY 2007 WO
2004/ 009618 PCTI EP2003/ 007690 -85- mi | ked as déscri bed above for the fenal e

transgeni ¢ “‘Féﬁnﬂ%@“eﬂﬁ%n&)’é‘ﬁnn&gﬂéﬁ PPEHEISS SFOTEt @ SP8RLGeni ¢ founders
are mated f @ioua8ohilel ugenE Hlotein t atfezlabt}e drgom@bcsg%aphguf ficient ampunts of
transgenl c mlk for %ach 5 gnder ne. Transgenl c mlk |s anal yzed for the

according to standard procedures. Purified human IgG i

analyzed on SDS-PAGE, Isoelectric focusing and binding on

the targets CD22, CD72 and HLA~DR. Functionality of the

antibody mixture is analyzed as described supra.

15
Example 6 Production of an IgA/IgG mixture against a
predefined target in a PER.C6™ derived clone.

The Vy-Vy sequences of the phage UBS-54 directed against
the homotypic adhesion molecule EP-CAM (Huls et al.,

20 1999) was not only cloned into a vector encoding the
constant domains of a human IgGl with Kappa light chain
(expression vector pUBS3000Nec), but also into an
expression vector encoding the constant domains of a
human IgAl with Kappa light chain (expression vector

25 pUBS54-IgA, Fig. 8). Hence, antibodies derived from
pUBS3000Neo 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

30 either an IgG; or IgA; isotype. The Kappa light chain

sequences of these two vectors are identical.



presence of human 1gG with a hunman |1 gG specific ELISA  whi c{y §RREARPR007
cross-react with nouse 1gG or other nouse mlk conponents. Human 1gGis
purified fromtransgenic nouse mlk using Protein A affinity chronatography
10 accordi ng to standard procedures. Purified human 1gGis analyzed on

SDS- PAGE, I focusing and binding on the tar CD72 and
HLA- DR. Func ?)&ﬁoé{o&lgf? of the antibody m xture is anal 2‘%51%@%9&;” bed

supra. 15 Exanple 6 Production of an IgA/1gG m xture against a predefined
target in a PER C62" derived clone. gthe VH VL sequences of the phage UBS-54
di rected agai nst the honotypi c adhesion nol ecule EP-CAM (Huls et al., 20
1999) was ncttabié yPEH. @ﬁ%dbﬂiﬂecﬂd&&(ﬁt Dineiﬁl@@pli:é‘@sﬂd@eantmmdmt domai ns of a

human | gd vvlth K&lqpa |I% 195 clkrll rma rogs%éé)&ﬁ\b%gtor rpéJB%%QQQNeo) but al so
r 6] t

into an expr eSS| on v EEt encodi ng el s human | gAl
w t h Kappa |lIgghtre hginerbiexprias pronesecstsowelb lpidBSSﬂel@sA;sdﬁlsg 8). Hence,

ant i bodi es A f S n Ug%ﬁ A b o0 the sane

epi t ope on %%{5&%? ﬁgmgngé@dﬁ?'gg?[\gﬁ%egs%gﬁ odT elg dgrg?véé q%Fdom pUBS3000Neo
and pUBS54- ligADMEY plust hed sRRfuéncess srecodilhgre tdhehe@nSlQamn domai ns of the
heavy chai “’dlaﬁék'é#)'thehé‘o Bﬂa@kghgit@%gkvgg%l elgA% B%E;t%)‘ZfoA e Kappa |ight

chain sequences o se two vectors nti 2007 WO
20041009618 HRCTAES? GoRll ReTs IyergdahiStwigles PER CHPamabriwiddreel | |ines

expressing anhhpegies (1690&516901%1&%%55& draf 879LT @R Ofe AURIF000NEO and
pUBS54- | gA are generat ed by procedures well known to persons” skilled in

the art. Thé'-rréf‘é etippR THTMSEEPFBeGrid §§Eﬂ~'§'ﬁt95 dighemE 70 10% FBS in
tissue cul t Ws@ngi siFeclnti® (GhatBt&fon @hrd 8 hhaskgiodit h approxi mately 2.5

x 106 cells

according to standard protocols provided by the
manufacturer, with either 1-2 pg pUBS3000Nec and pUBS54-
IgA. BAs a control for transfection efficiency, a few
dishes are transfected with a LacZ control vector, while

15 a few dishes are not transfected and serve as negative
controls.
After 4-5 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

20 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

25 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

30 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



per dish and kept overnight under their normal culture congyghR0ar{ 206G CO
concentration and 37C). The next day, transfections are perforned in
separate dishes at 37C 10 using Lipofectam ne (Invitrogen Life Technol ogi es)
according to standard protocols provided by the mnanufacturer, with either
1-2 pg pUBS3000Neo and pUBS54- I1gA. As a control for transfection

ef ficiency, wotmwewoseldshes are transfected with a LacZPEBEPI0EY0068Et or, whil e
15 a few dishes are not transfected and serve as negative controls. After
4-5 hours, cells are washed twice with DVMEM and refed with fresh nedi um

wi t hout sel ection. The next day, medi’am i s replaced with fresh nmedi um

cont ai ni ng ; S e r ays with
medi um con?‘gl%n?%é t %’%g?n%&g%ﬁgﬁ rﬁ{qﬁg%@é%}ﬁ%?;ﬁ&%&&?rg%_%fd days after
seedi ng, a Iw@étg@mrﬁuﬁﬁr@@ﬂm gsing fiprsipstancgndaf gomisachorr ansf ecti on
at least 30Q,4r @rpi&kPY, B00LA WP VY ArI0niebdr A8, Obardsitel | via 6-wel |
plates to T25 25 flasks. At this stage, cells are frozen (at |least 1, but
usual |y 4 vieicdapee chyeratPgTarRy chy oghd Vrtedaetion |evels of

reconbi nant &iﬁmat&,&@g\?daﬂalm e A AR ROy r i@ qdRTuRE M Ned in the

supernatant using an ELI SA specific for human Ig3@ as wel| as an ELI SA
speci fic forlMRasldriga tagm dheapariqus sianps @Fe3anal¥38¢pP8d from the
culture nedipsyract, Ne\eE]1EEr ARPIfoeds AGRI(MEFFHnA L BRI RS st ahkve nunber of

colonies larger volunes are cultured t uri-fy 17 JANUARY ,2007. WO
2004/ 000618 PEFFEPBAY 58765 Fe 17 Lineh havans ibiiah SREFRIPLP8GEE and human | gA
fraction framishfoleninei.t Theaedd epew Nl anko Usd ngric@hed Nst AT®eofa conbi nati on
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Purified huremd pUBS54-IgA. 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 IgG; and EPCAM IgA, are
15 subjected to single cell sorting using a fluorescence
activated cell sorter (FACS) (Becton Dickinson FACS
VANTAGE SE). Alternatively, colonles are seeded at 0.3
cells/well to guarantee clonal outgrowth. Clonal cell
populations, hereafter designated as sub-clones, are
20 refreshed once a week with fresh medium. Sub-clones are
grown and transferred from 96-wells via 24- and 6é-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 Igh
25 antibody are determined in the supernatant using a human
I1gG; 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
30 instance (a combination of) Protein L or LA affinity
chromatography, cation exchange chromatography,

hydrophobic interaction chromatography and gel



i mmunogl obul ins fromthe various clones are analyzed on SDS{#4Fuary 2007

| so-electric focusing (IEF) and binding to the target EPCAM using cel

| i nes having a high expression of this nolecule. The clones will also be
screened by PCR on 10 genom c DNA for the presence or absence of pUBS3000Neo
and pUBS54- 1 gA. jdentity of the PCR products is further confirnmed by
DNA sequencfﬂézmgpﬁfﬁited nunber of cl ones, which arelggpgawaﬂwﬁ@sitive for
t he production of both EPCAM I gGlL and EPCAM | gA, are 15 subjected to single
cell sorting using a fluorescence acfggvated cell sorter (FACS) (Becton

D cki nson FACS VANTAGE SE). Alternatively, colonies are seeded at 0.3
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Example 7 . Production of a human IgG:/IgG: mixture
15 against multiple targets in a clonal PER.C6™ cell line
Phage clone UBS-54 and Clone K53 (Fig. 3) were obtained
as described in Example 1. The Vy and V, of clone UBS-54
was inserted into an expression vector containing the
HAVT20 leader sequence and all the coding sequences for
20 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
pUBS3000Neo (Fig. 4). It will be clear that expression
vectors containing heavy chain constant domains of any
25 desired isotype can be constructed by routine methods of
molecular biclogy, using the sequences of these regions
that are all available in the art. The Vy and V. sequences
of Phage clone K53 are cloned into an expression vector
containing the HAVT20 leader sequence and all the coding
30 sequences for the constant domains of a heavy chain of a

human IgGs; with a Kappa light chain by a methcd



5 Sub-clones will also be screened by PCR on genom c DNA fprjidealy geEnce
or absence of pUBS3000Neo and pUBS54- |gA. The identity of the PCR products
is further confirnmed by DNA sequencing. O her nethods such as Sout hern bl ot
and/or FISH may also 10 be used to determ ne whether both constructs are.
present in the clonal cell line. Exanple 7 Production of a human 1gG/1gG3
m xture 15veyd4mesisrul tiple targets in a clonal PM CBIUVEPRE[P76P4 ne Phage
cl one UBS-54 and Clone K53 (Fig. 3) were obtained as described in Exanple
1. The VH and V, of clone UBS-54 was inserted into an expression vector
containing the HAVT20 | eader sequerié%‘ and all the coding sequences for 20

the constanresggﬁﬂ@imyogsadéwfmeagﬁ%ew &go%\l),K%ee)!i t; chain by a method

essentially as described (Boel et al, 2 The resulting plasm d was
desi gnat ed &¥PIHIBSTOUERED (1B gesignatpd af IRKIFd9€Bear that expression

vectors conkgbgé o Haavy £RAiRaANHAY Lordias 0+ MY a28ngess red isotype
can be constructed by routine nethods of ~nol ecul ar biol ogy, using the

sequences ofiNt FEREINAEdPBNE RBRafCareclds- Avhiiafi-ecprantifec@rt. The VH and V,

sequences @fabhage tehpBedtRd By Cindu@aedoh Nt ANh&XEY REEHOIu Y eCt Or
cont ai ni ng the HAVI20 | eader .sequence and all the coding 30 sequences for

. nd al
the const an®ldbRAGRELENIBE HedPyHe RV, (BEther RYREACYQEP with a Kappa |i ght
chain by a prEBDgE3 Br ANUARYGE2007h) W 3004-G3261 BMECLRR2A08/ 007690 89

essentially . gs.descri bgd%Boel i a!s, go 02. Thi re j on vector is
desi gnat ed 32 %K&#&@. e Bﬁjassr‘h dgeRIE TG gr‘r%ﬁe’?‘lﬁi@ ei@# essed either
al one or i rFBSpymimahiepneils RER. §itolinh oe{ai:asigﬂtn aer'e’rC_,. earls @@ecnR 5 flask is
{ranst eqbed Bt ERAl Lo 'ls GBSkt 140 cpladdpRliggtam ne + 10 pg DNA
Excell 525 medium (JRH Bioscience). The cells are allowed
to grow at 37°C for 6 days, after which the cell culture
supernatant is harvested. Human IgG specific ELISA
analysis, i.e. measuring all IgG sub-types, 1s done to
15 determine the IgG concentration in transfected and non-
transfected PER.C6™ cells. Human IgG from each
supernatant is subsequently purified using Protein A
affinity chromatography {(Hightrap Protein A HP, cat.no.
1-040203) according to standard procedures, following
20 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
25 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
30 (Serva Pre-cast IEF gels, pH range 3-10, cat.no. 42B866).
Samples are loaded on the low pH side and after focussing

stained with colloidal blue. The pI values of the major



pK531gG3 or 10 pg of both) in serumfree DVEM nedium at 37G7 HiNrRYRG0IUr S,
this is replaced wwth DVEM + 10% FBS, and the cells are grown overni ght at
37C. Cells are 10 then washed with PBS and the nediumis replaced with

Excel | 525 nedium (JRH Bi oscience). The cells are allowed to grow at 37C
for 6 days, after which the cell culture supernatant is harvested. Human

| gG speci fi VEIPERIHa) ysis, i.e. measuring all 1gG sEETEIELYSY done to
15 determne the 1gG concentration in transfected and non- transfected

PER C6T" cells. Human |1gG from each ggpernatant is subsequently purified
using Protein A affinity chromatography (H ghtrap Protein A HP, cat. no.

1- 040203) adeordimy fior shamctamplerocedetesnifed towi hpustdateconmendat i ons of

t he manuf acturer (Anersham Bi osciences). t lLuti on, npl es are
concentrat ed Fﬁhe’é tlr&%ﬁog%% Rﬁ\e?l?oe’époﬁecséﬁ%’%‘?%rﬁsﬁ%c%%@’aﬁggbuffer exchanged
to 10 nM sodiggh phdsippatefi@pHaierodisarsl, edeparelingnah yissd ther bi nding to the
targets EPCA usi 25 cell .jines.havi.ng a-hi gh expression of these
nol ecul es sc%/gggg"ée es?ﬁﬁ‘g%%ﬁeg.' &V\%Il\(/iéa‘ngbf%%tﬁﬁrgi f)Fed | gG, either

t ransi entdl y hexprediged sUBSs &} iingGtatK3akg&Bnalre kgGlértmme the cells in which

bot h anti bodi wir f j t I on
| soel ectri chggﬁfs\?{]egj %glté g?(@%%\?gegyeéggg?sﬁggge%%d% )rféﬁge 3-10,
cat.no. 42666pvy Smiml ef BBRE Jloavdsmembhed | dwssHistede fivdlaft er focussing

stai ned w .Gl of daloblugre Tagele Y HRSHAL doARHR] Qlhel EndAUARY 2007 VO

20041009618 PC1/ EP2003/ 007690 I soforns for each npl e are determ ned

to illustraffée apraneer of hetwatasipdatearpinasy dndératpsthat §, K53 1g&3
or bispeg fijg peierndi Fer sraflAResdidia, @Rehoys hravoetisinvekexss ansf ect ed.
The Tdentificat O Qo nosry Saunees vidsd 14,5318 Lol shag! e cells have
that these do not assemble into a full length IgG
molecule together with the common light chain, i.e. there
is preferential binding of IgGl and IgG3 heavy chains.
15 This could however also be explained by the lack of co-
expression of UBS-54 IgG; and K53 IgGs;. Therefore, stable
clonal cell lines expressing both pUBS3000Neo and
pK53IgG3 are generated by procedures as such well known
to persons skilled in the art. PER.C6™ cells are seeded
20 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
25 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

30 a few dishes will be not transfected and serve as

negative controls.



translated both the 1gG heavy chain of K53 and the 1gG@ hepyynGhRY Roof
UBS-54 and assenbled these into a full length 1gG nolecule together with'
the common light chain. The absence of bispecific heterodinmers indicates
that it 10 is possible to translate both the 1g&@ heavy chain of K53 and.
the 1gd@ heavy chain of UB5-54 in single cells, but that these do not
assenbl e i ntwoo zodiwbdis | engt h 1 gG  nol ecul e t oget her w PATEPSOIDBTPON | i ght
chain, i.e. there is preferential binding of 1gd and |IgG3 heavy chains. 15
This coul d however al so be explained by the |ack of co- expression of UBS-54
| gGL and K53 1 gG3. Therefore, stable®clonal cell lines expressing both

pUBS3000Neo Ko 3| a eper at e y. broced such well known to
persons ski ﬁ%ggriﬁgﬁlgggr?f.éegé% Egﬁ' acsg‘Ie st‘glrcee é’égég’%‘% ainﬁ DVEM plus 10%
FBS in tisswefedl winle fdtieshemeditl eimhalitanelerioor T8O rfdxasksymi t h

appr oxi mat e .. pe [,S . e e Tps r their
normal cult #gguﬁo%dsr%?éﬁgéé %d%R(fﬁgécho%g’gggT l;cﬁ%tgﬁgéﬁﬁo&#%) }JH?IEE next day,
transfecti of418r eCopldrst erpetefinesbepagwny @i shed days3widmHedsimg Li pof ect ani ne

(I'nvitrogen Li.fe; O0gLES JoonBeH Al t da 069l s provi ded by
t he mangf ag{oﬁ%%ﬂ_ﬁ%{%ﬁkegé erCOR-Z pgac%%%%S(nggiN%gf %%5‘% 3&35% both. As a

control for dgvansfieat iserderd @ épEge rampew oflicsRenies d vaRsPRted with a

LacZ controlanMest &k cdthi LeaFedrion LI 3B8s: WMdd ke %mketdr angfected and serve
as negative controls. 17 JANUARY 2007 WO 20041009618 PCI/ EP2003/ 007690

-91- After ATSWRAQTH S6cupll anddotiadtiawliwta GuveplDpanesmde Feled with fresh

medi um wi t heutsrel ent itBRs JhReNext1Rhre FBSEAIM (LS 1&YRQedpwith fresh
medi um cont ai ni nﬂ:{SOO /m  (A18. Cells are refreshed every 2 or 3 days

P .
wi th medPumSURohY A WiRGStPRF SHRECEIMEERt Fat9bis 2B REPEICtABBUt 20- 22

levels of recombinant human IgG antibody are determined
in the supernatant using an ELISA specific for all sub-
types of human IgG. Also, at this stage G418 is removed
from the culture medium and never re-applied again. For a

15 representative number of colonies larger volumes are
cultured to purify the recombinant human IgG from the
conditioned supernatant using Protein A affinity
chromatography {(Hightrap Protein A HP, cat.no. 1-040203)
according to standard procedures, following

20 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

25 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

30 for the production ¢f both EPCAM IgGl and K53 IgG3, are
subjected to single cell sorting using a fluorescence

activated cell sorter (FACS) (Becton Dickinson FACS



days after seeding, a large nunber of colonies is visible apfyfteMxeagsy
transfection at | east 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 | east
1, but 10 usually 4 vials per sub-cultured colony) and production |evels of
reconbi nant human | gG anti body are determned in the supernatant using an
ELI SA speci f‘?’gz‘?"ﬂf”g%ﬁ sub- types of human 1gG Al so, PAUVEEHO¥0EPY e 418 is
renoved fromthe culture nmedium and never re-applied again. For a 15
representative nunber of colonies |agger volunes are cultured to purify the
reconbi nant human 1gG fromthe conditioned supernatant using Protein A
affinity cHROTREIEOGESP AL Hekdngbi velp, Pcol eniesAaldl, seatednar 4-940203)

according tao andard, procedures, follow ng 20. reco ndat j ons of the

nmanuf act ur efej?%r@ﬁﬁgﬁa %135§8¥%?lc°e]s°)néhpﬁ‘f‘tl‘%°¥ghhu er{lg?[rrﬁﬁ gl obul ins from

t he vari oupopllmtd®nal eharalfyzed«ar gobBePAE subsat@ieact ake focusi ng (1 EF)
and binding_to the targets EPCAM . an 6 sing.gell. 1ines having a high
expressi on 5?P€%seseéj 2%9%61 &EG e“éltg'h%ﬁ%ﬁ “il_eéJf%T ! Icg‘.on‘f'ﬁea%ﬁ ones are al so
scr eeneds by gBGR @mdgenandieribhld foum tfewpl esenee2dr angbseneklnf pUBS3000Neo
and pKS310Gy , The odaphi {305 A€ o RERPLAGUGLS. LR, ddar Lher confirmed by DNA

: }A imte nun]ber s, i‘char

sequenci ng of "clone e screened positive 30 for
t he product Fopzesf (ast heERCAM bgdusard LK58 Wigds, rer esubsghpret ed to single

cel | sorting,ysing.a:tbilorsssence re%%y@ér&dhﬁﬁéﬁ ta«arti§5 ) (Becton
Di cki nson FACS 17 JANUARY 2007 WO 2004/009618 PCT/EP2003/ 007690 -92-

VANTAGE SE) ar@|dedesained|ip, the| inacdaspet sudaada tumgn3 Ig€el | s/wel | to

guarant ge cLPad riQUERE OGN hrorCh opdlr&Rhtar RRPVLALL O shgreafter designated
as sub-clones, are_refreshed once a week with fresh nmedium Sub-clones are
clcnes, larger volumes are cultured to purify the

recombinant human IgG fraction from the conditioned
supernatant using Protein A affinity chromatography
(Hightrap Protein A HP, cat.no. 1~040203) according to
15 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
20 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
25 sequencing.
Cther 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
30 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



5 grown and transferred from96-wells via 24- and 6-wells RBhFERGARY

flasks. At this stage, sub-clones are frozen (at |east 1, but usua

vials per sub-clone) and production |evels of reconbi nant hunan IgG

anti body are determned in the supernatant using a human 1gG 10 specific,
ELI SA. For a representative nunber of sub- clones, |arger volunes are

cul tured to WOrRYséMe reconbi nant human |1 gG fracti oPCES?NOIWE¢0oNdi ti oned
supernatant using Protein A affinity chromatography (H ghtrap Protein A HP,
cat.no. 1-040203) according to 15 standard procedures, follow ng
recommendati ons of the manufact urer-%Amer sham Bi osci ences) Purified human

i nmunogl obul | S fr vari ous cl ones . anal ze S PAGE,
| so-electri cg ocusi rr?g ? ent %WPC? g}(‘)qfthﬁ co arrge]gghEPgiﬁIQnd CD46 usi ng
cell lines Ravengirmlei geuzo mpyessqunthé ¢dpresgpbecefi es, such as for

i nstance LS I n t S | ecul es.

Sub- cl ones zjgrzgge is:%és%%g%oe& 5 g%@nggtﬁxﬁﬁﬁﬁ&%@%ﬁ?presence or
absence of g@B@@DGW\l@bahn@{qﬂn%l@@ﬁlffheent deaviyt ghaing MavP®R roducts is
further gonfy; ke fty 'E?B'@yp@@ﬁ? 1C1 Rdi cLhan Eg%i‘@éi&eslﬂﬁg as Southern bl ot

and/or FISH may al so be ‘used et'erm ne whét both constructs are
present i naPREnt|gh&iseetdfic ﬁétllf@ﬁfé-ést peodycedal I5uls @xpretedire avail abl e

and confirnmedat3Q r&sb&weﬁmew& Q:?f%%% dQFi0f 2 REINL MRS wé11 9d and K53
| gG3, the presence of functional K53 and UBS-54 shows that it is possible

to generate®§ fPYtdide BRig F¥E€ional 17 JANUARY 2007 WO 20041009618

PCTI EP2003/ 007690 -93- 1gGs with different isotypes wth the comon |i ght
chain in a single cell. Analysis of the expression of bispecific

anti bodi*8s binding both EpCAM and CD46 wil |

Example B. Selection of phage carrying single chain Fv

fragments specifically recognizing rabies virus glyco

protein (RVGP) using RVGP-Ig fusion protein, and

expression of mixtures of antibodies against the rabies
15 wvirus,

This example describes the production of mixtures of
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

20 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).

25 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

30 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 CH2 and



reveal to what extent the different heavy chains having a 5 g i« a0 2007

subtype will pair, which will influence the anount of bispecific antibodies
produced. It is expected that no or very low |levels of bispecific
antibodies wll be found in this case. 10 Exanple S. Sel ection of phage

carrying single chain Fv fragments specifically recognizing rabies virus
glyco protetRAPH¥E$ using RVGP-1g fusion protein, afdVEEIBYWIEP on of

m xtures of antibodi es against the rabies 15 Virus. This exanpl e descri bes
the production of mxtures of antibggies against the rabies virus, as

anot her potential target. As an antigen, the Rabies Virus d ycoprotein
(RVGP) is cliasedomdink 6f himahaby€s anplrgenssdmygihe edwsaen 20 or included as

well for this ose. Several nonocl onal _antihpdi es recogni zi ng RVGP have
al r eady beeﬁcaggé'ﬁi ﬁéa_cf%'({"'ﬁeeﬁﬁ”f‘?ssgﬁd1’|60ETE§FCIC8-naIan n‘?‘i’?ﬁﬁﬂgggrhave been
recogni zed Rohberaisef ave ionta eat nenifack 6Abhipg sopp®cplonsic as wel |l (e. g.
EP0402029; EPQ445625 25 Anti body fr.agnent re sel ected _usi ng anti body
phage di spl%élge?i @r%él)r:? 2" ghdORkBY J?aéccltog'l\ﬁfelcsfhz??oflg Ii‘/i g%f’eﬁf‘?%? ly as

descri bed | preSpatkedt £6r 265, 165020nthti ArfOI3/k1 8B r dldsopretedures are

e aval | abi "t 050 ERE hor Sbr CRTTTRd T RO e arpeepkpne T oces (0. 0.

is available to erson s i ng purposes (e.qg.
Yel vert on etcfab , ofl 38BhagAiRYGRY | ifnagiyoexprestsdng stwonis shihy of whol e RVGP

fused genet iseakl ydedeLep OHE nd, I AN 20074 Y0 20041005012

PCT/ EP2003/ omal ns of humen i's produced using vector
PCDNA3. 1 Ze&yCPe-HoMd fesprakssiddobar IPERNGGTM cnedcedaterrsfigy 19 hours at 37

onto theosuibiaeg &f tWBXtSAMREVLE! #6hipBs. In this experiment,
éelections are performed using fractions of the original
library constructed using only one single variable light
chain gene species (e.g. a ‘VKl’-library). In addition,
human serum is added to a final concentration of 15% and

15 Dblocking is allowed to proceed for 30-60 min. The RVGP-
Ig-coated tubes are emptied 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%

20 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-HCl1l pH 7.4. To this mixture, 3.5 ml of
exponentially growing XL-1 blue bacterial culture is

25 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

30 enriched phage library, essentially as described by De
Kruif et al. (1995a,b). Briefly, scraped bacteria are

used to inoculate 2TY medium containing ampicillin,



tubes (Nunc) at a concentration of 1.25 }1g/m . The tubes 5 for
1 hin2%fat free mlk powder dissolved in PBS (MPBS). Si ﬂf‘ﬁéﬁﬁw 500
pl (approximately 1013 cfu) of a phage display library expressing single
chain Fv fragnents (scFv's) essentially prepared as described by De Kruif
et al (1995a,b) and references therein, is 10 added to two vol unes of 4%
MPBS. | n thiwoeopemément, selections are perforned usiorgrisambtéoons of the
original library constructed using only one single variable light chain
gene species (e.g. a VK1'-library). In addition, human serumis added to a
final concentration of 15% and 15 bl &king is allowed to proceed for 30-60
mn. The RVGP- |g-coated tubes are enptied a{1d t he bl ocked phage library is
added. The CiREAFECNRg ARYahHIBEaREY WER It bt SFPREALYLS Coved by 2 h of

i ncubati on v@7°kotd Ar0OBEJoRNof THE. 3.UuHespenpRagaPtdsd agaddvashed 10 tines in
PBS cont ai ni 0.1% 2Q _Tween-20, followed b shing 5 ti,nes,in PBS. 1 m

gl yci ne- HCL,2 .OB%&I\HO 6!51%‘.:; e g&ﬁgﬁr,laaﬁgt?%e‘ykﬁfg’et?g m ddtuglt 84 slowy for 10
m n. The el uhedgphageRTar ecwickdied nyoamB@A 11 iA M thtirackiClirpHand4. To this

m xture, 3. Ekaglam%in.e_)&plgggg%ieogﬁl I%rgr %nﬁgd;(%_‘;l lg\%l’m%t?ggﬁ}td%l'ajr ecuI ture is 25

added. The tubes are incu m n shakf(l ng. Then, the
bacteri a ar eeptadad dhe2bychgrin prat emiovednfximitig aRPimgsdikimnby t et racycli ne

and gl ucose.cohl erucMBRL oL, ASUBALIOMGLoL e PLaLER AlacfC, Lhe col onies

are scraped fromt ates and used to prepare a enri ched phage
library, ess@ingapdiyesbylienerdlyedlb§0e/Nakt uiFingllyl . tielPd8ged). Briefly,

scraped bactgfl @i M vedSe 4 ArlA9CH Al &F YoARAIUBLEONE All0g anpicillin, 17
JANUARY 2007 WO 2004/ 009618 PCT/ EP2003/ 007690 _95- tetracycline and gl ucose
and grow? atstgrithisst apdresed fog7e pextagoumdoUmeedectoems, TRl per phages are

added and  selection/re-infection procedure is performed twice.
After the second round of selection, individual E.coli
colonies are used to prepare monoclonal phage antibodies.
Essentially, individual colonies are grown to log-phase
15 and infected with helper phages after which phage
antibody production is allowed to proceed overnight.
Phage antibody containing supernatants are tested in
ELISA for binding activity to human RVGP-Ig coated 96
wells plates.
20
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
25 blocked in 2% MPBS. The selected phage antibodies are
incubated in an egual 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
30 phages are detected using an anti-M13 antibody conjugated
to peroxidase. BAs a control, the procedure is performed

simultaneously using a ceontrol phage antibody directed



allowed to infect the bacteria after which the nediumis changed to 2TY
containing anpicillin, tetracycline and 5 kananycin. | ncubat VoPANUARY AR0 T ued
overni ght at 30C. The next day, the bacteria are renoved fromthe 2TY

medi um by centrifugation after which the phages are precipitated using

pol yet hyl ene gl ycol 6000/NaCl. Finally, the phages are dissolved in a snall
vol une of PBSelimbés filter 10 sterilized and used f aicTars@xtorssound of
selection. The selection/re-infection procedure is perforned twice. After
t he second round of selection, individual E.co.i colonies are used to
prepare nonocl onal phage anti bodi es."%Essentially, individual colonies are

grown to Io 'B §t t‘}xyro ??kgnlfect Bd R’\%ul'% hglgfr 1%%?&?) ’Phther V\/m ch phage

anti body proguc ron I°'s proceed overni'g age anti body
cont ai ni ng s@pEenaA Rt seaa‘e,uteewgblrcph ELI SA for bi nd| ng activity to human

RVGP-1g coated 6o uslls plaliem: 2058l 8ehed Piage,anfdhad go that are

obtained in the descri b ove, are va %A for
specificity. Subéﬁqwﬂtslﬁfp@ﬁpb@é folulrbird iIRGGPO | yprias @gatnedlq%towam sorp ELI SA

plates. Aftei 08¢ idiQ pBQQlkpll §§Stﬁa{@ thRy %Q&:K;l% zb8 &30 I\!Pl\g 2rdNe sel ected

phage anti bodies are incubate n an equa ume of 4% MPBS. The pl ates
are enptiedf whshitbioncBre®eiPBS, after which the bl ocked phages are added.

| ncubation is al t&vxﬁ%tm@rpw%ﬁ%éofshaﬂge Bnt{dR1iRLaL e A8 vaghed in PBS 0.1%
Tween- 20 and bound 30 phages are detecteg using an anti -I\/[YB ant i body

conj ugated %8 E’é?’d%(laé}’ééé Y A R1BnREROICE tﬁé“pfr deedurErTESHEVEBr ned
si mul t aneousioy tHSs EhrpogeNPERIcePhagel anddbedyn didaeted: dy a) ANUARY 2007 WO

2004/ 009?018 PCT/ Ec|132003/ 007690 5 -96- against t C}/rogl obulin (De Kruif et al.
1995a, b) whhi eﬁml carrying a cDNA sequence encoding RVGP or with

the empty vector and stable transfectants are selected

using standard techniqueé known to a person skilled in

the art (e.g. Coligan, J.E. etal. (2001) Current

protocols in protein science, volume I. John Wiley &

15 Sons, Inc. New York). 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 RVGP-
and control transfected PER.C6™ cells. The blocked phages
are added to a mixture of unlabelled control transfected

20 PER.C6™ cells and RGVP transfected PER.CE™ cells that
have been labelled green using a lipophylic dye (PKHE7,
Sigma). The binding of the phage antibodies to the cells
is visualized using a biotinylated anti-M13 antibody
(Santa Cruz Biotechnology) followed by streptavidin-

25 phycoerythrin (Caltag). Anti RVGP scPv 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

36 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



serves as a negative control. The phage antibodies that bing7tQNARE2007
RVGP-1g are subsequently tested for binding to human serumligGto 5 excl ude
the possibility that they recognized the Fc part of the fusion protein. In
anot her assay the phage antibodies are analyzed for their ability to bind
PER C6TM cel | s that express RVG® To this purpose PER C6TM cells are

transf ect ed wottnsmosdd pl asm d carrying a cDNA sequencercaveroms/mgedRVGP or Wit h
the enpty vector and stable transfectants are selected using standard
techni ques known to a person skilled in the art (e.g. Coligan, J.E etal.
(2001) Current protocols in protein $érence, volume |I. John Wley & 15 Sons,

I nc. New Yor flo tonetry anal ysis,,.phage nti_bodi es are first
bl ocked in gﬁ%éaﬁg d VOl ﬁlﬁ%g% %g%?ly%Su ?rjgl er?l%ncg%ﬂﬁéspri or to the
st ai ni ng of temgeRVE-Lranticomtir bhe tulayef dthod yPERnESIMIcelfl s. The bl ocked

h € ] ; tected 20 PER C6TM
el s and. REB cre BapLltiHeRefnd ey bhE L ST, Sord SRR IR P 0 gr cen
using a |ipaphyl i, dperéRiddaly Bi'greh) Theblhickdingiwd 2t ke phage anti bodi es
to th 1ls_ is. V] i i ng, a biotinyl at ti-M3 i bod Sant
G uz B otecPRUTOIATRE HERE A48y 18 Aapelyt B PSsstsRbed BB AP (Caltag) . Ant
RVGP scFv seleétsi (elor19f akdss) tare RERCABVERYGER.ICERBYER tamrllswhi | e they do
not bind th§~1985'f66°'c?ﬁs “S.frﬁf%:\"’/‘m“ + g h :‘E‘.lE tRlat £¥f%h‘é%a¥>)1/83ké&ree“' ng for

phages carrying singlfe chain ragnents specl recogni zi ng hunman
30 RVGP, islbhghtsehadin RyERiatedsplenteed IPERCGTN dathlnte@EROE6TM cel | s

el ect i on eRper huidcaP e TARUAY 2005 C W BBtAI 09818 PLTI EP20031007600
. 97- 10 cells are washed twice and were resuspended in 500nl

RPMI/10%FCS and incubated with a murine anti-RVGP
antibody (Becton Dickinson) followed by a phycoerythrin
{PE)-conjugated anti-mouse-IgG antibedy (Calltag) for 15’
on ice. The cells are washed once and transferred to a 4

15 ml tube. Cell sorting is performed on a FACSvantage
fluorescence-activated cell sorter {(Becton Dickinson) 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

20 500pl1 50mM Glycin pH2.2 followed by incubation for 5 min.
at room temperature. The mixture is neutralized with
250ul 1M Tris-HC1 pH 7.4 and added to the rescued
supernatant. Collectively these phages are used to
prepare an enriched phage library as described above. The

25 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-

30 transfected cells are subsequently tested for binding to

the RVGP-IgG fusion protein in ELISA as described supra.



performed as described supra, using these cells as target. ¥ JANSARYOT00T
the phage library conprised of scFv-phage particles using only one single
scFv species (500 pl, approximtely 1013 cfu) is blocked with 2 m 5

RPM /1 0%-CS/ | 90NHS for 15 at RT. Untransfected PER C6TM cells

(-10*106¢cel I s) .are added to the PER C6-RVGP cells (-1_0*1 8 cells). This
mixture i s addé¥’B%%®he bl ocked i ght chain restrict J&qﬂ:ﬁ% gqoﬁﬂ')rary and

i ncubated for 2,5 hr while slowy rotating at 4C. Subsequently, the 10
cells are washed twi ce and were resuspended in 500p] RPM/10%CS and

i ncubated with a nmurine anti-RVG® antibody (Becton Dickinson) followed by a
phycoerythrin (PE sedafirfhtsedvaitdonepyseargyGlaned bgdy be@aprtag) for 15  on

ice. The cehbg; A& mMRSNEA DGR, AdiABIL CkARA: 1A ehet ak2 b, gube. Cell
sorting is Eerfor med on a FACSvantage fluorescence-activated cell sorter

(Becton Di cRPRY0H) 2dnd208RIGPTePE bodurPpees, ddie Ylafed6ited. The sorted

cell's are gRYReJAWN thEhSe1MRBANSE AN 5| BeRAMRA 18064 tha ngound phages  are
eluted fromthe cells by resuspending the cells in 20 500pl  50mM d ycin

pH2. 2 f oFl oRRHIDYS ithelibad] GPPFEPr YA FestaictiodnPidhefafiPelaThe m xture is
neutral i zedpwhtdaurddQB! udd Forstklyldehe 4. anthsadeerkited HBges escued

supernatant. Collectively these phages are used to prepare an enriched
phage |i br aPy®aS A AP pEEPIEESYRN ~381 s B 87995 nfection procedure is
performed tosceleolAf,t Qhithaesacondid @upde ofisehact s enk@aOEy anal phage

anti bodi es are prepared and tested for binding to RVG- PER C6TM cells and
unt r ansf ect gamg,%:g%%?&'ggﬁmesavgsch%@ﬂdbgdc g? kﬁﬁléad’eshgﬁst are positive
on RVGP180 thahsfesiectactid shar samallzpeqientity testied drdigibahding to the
RVGP. | oG f ugl,on. pLoLel nak . ELI BA 85 9e36LL bETG RURAA nebly ANLARY 2007 VO
are cloned into separate expression vectors, while only
one of the vectors needs to comprise the common light
chain sequence. These expression vectors are
15 provisionally designated pCRU-RVGP-1, pCU-RVGP-2, and
pCRU-RVGP-3. Alternatively, these three vectors may lack
DNA encoding the Vi region, which can then be encoded in a
fourth, separate expression vector not encoding a heavy
chain. It is also possible to have V, sequences present in
20 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
25 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
30 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



The selected scFv fragments are cloned in a human [gGl for g %10"79 to
nmet hods known in the art (e.g. Boel et al, 2000). To this purpose

fragnent shared by the selected scFv is PCR anplified using 5 oligo' s that
add appropriate restriction sites. Asimlar procedure is used for the VH
genes. Thus nodified genes are cloned in expression pCRU X01 (ECACC deposit
03041601), vWMDew4/pM6&dl ts i n expression vectors encodi rRETEP209HM4%8t e hul gGl
heavy chain and a conplete human |ight 10 chain gene having the sane
specificity as the original phage clone. By this nmethod, three different
heavy chains are cloned into separatgé‘expressi on vectors, while only one

of the vect o .$¢8 tOg S 59 qug Resepence. These
expressi on \%ct o%ggcgrle 1 8&%&\% gil(%%g ”32?1 élna{;lé:dL CREJ- RVG%&% pCU- RVGP- 2,

and pCRU W@”Qtrwqreﬁaméelwwol@@% eRreedirgctorstandandack DNA encoding
the VL regi %ot%bfé‘{;&@%&&?%yb@hg%ﬁgﬁgcwf& @%Bté‘zrtr%%p%r-@te Expression

vector not éncoding a heav hai'n so possible to have VL sequences
present in 23 BFRUtBHGEelor 11wt 9oPCRYEME e e igr BERGTRYGESBngr t he

differents VH ggayencesxestalyse B@%Wldeﬁéw(iv@ﬂ-i didgeraLe generated,
according to nmethods known tao tp illed inthe art (see e.g. W

00/ 63403), HYEPER} 1R PnEsntsdr £85i gbarn;%g&%%?’bc?élfé§l‘é‘?fé§bdédfﬁy genetic
i nformationdaghektdey tpeRFed®¥aPuith w&w&ar&omrv@% Rwé&Pi8 and a cell
i ne expressing anti bodies encoded | three plasmds. Therefore,
PER. C6TM cel® §e§ ‘Z”é’(?édgﬂl% BVER b ffﬁ%‘%@@ PRTYY &le cul ture dishes (10
cm di anet er negat 88 ddnasébs 30 Wit h approximately 2.5 x 106 cells per di sh
an kepty OSBRI AR R e el el sre e i B 8
2004/009619rB@EﬂEEﬂﬂDEkGQﬂGﬁﬁuum without selection. The next day,
medium are replaced with fresh medium containing 500
pg/ml GA18. Cells are refreshed every 2 or 3 days with
medium containing the same concentrations of G418. About
15 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
20 production levels of recombinant human IgG antiboedy 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
25 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
30 binding to the target RVGP using an RVGP PER.C6-

transfectant described above.



-99- perforned in separate dishes at 37C using Lipofectam neyy ﬁﬁmﬂgg@*p

Li fe Technol ogi es) according to standard protocols provided by t

manuf act ur e

RVGP-3. As a 8ontrol for transfection efficiency, a few_ dishes are
48" %z control vector, while a few diSHELNHPI0n0t be
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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; 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
subseguently 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.

above, 17 JANUARY 2007 WD 2004/009618



_100- Col onies obtained fromthe co-transfection with pCRU -
pCRU- RVGP- 2 and pCRU- RVGP-3 are screened by PCR on genom clg}\li,gﬁfl%\?"tzr?g]
presence or absence of each of the three constructs. The identity of the
PCR products is 5 further confirmed by DNA sequencing. A limted nunber of.
col oni es, which screened positive for the production of each of the three
bi ndi ng specVPiesP9e (both by PCR at the DNA | evel acTeRdo3/eg69n t he
speci fied binding assays agai nst RVG), are subjected to single 10 cell
sorting using a fluorescence activated cell sorter (FACS) (Becton &

Di cki nson FACS VANTAGE SE). Alternalflvely, colonies are seeded at 0.3

cel [ s/vel | tnefUaankee Chonal souliaront . ol gebl daapuiadone.

hereafter dtgm as su oneés, are refres ohte A 15 Week with fresh
medi um Sub-bel Qmt@rdegemweanhetmerraresfzbrmi'ed:hEr ohr&s-ammlsicsuvtiaa 24- and

6-wel | s pl ates Pﬁe-ﬁ%51£| %10'3‘51%% %’Ir@? sub-cl ones are frozen (at

| east 1, but us 4 V|a s per and production | evels of
r econbi nant ShbnalpﬂegGIhahtartﬁo@yomre t@Obdetleamﬂgnedm fot le@cbup€r nat ant using a

human 196l specifide BhbShictEOhrd B RRIGRE OIS Vi QHODES, af, sub-cl ones,

| arger volunes are cultured to purif y t he reconbi nant human | gGL1 fractl on
from the cofdtend¥ied Pstped it &IﬁFeH@fWgWPF@tQ}T fFha pe¢dentet pfcHromat ogr aphy

accordi ng tQ@rgh sdiBr 9eaAWr gad wrethBHI &fd A shUpedE Iigfel from the various
sub-cl ones is subsequently anal yzed as descri bed_above for human | gGl

obt ai ned frGRFEPRAYALEREEE RoMghBS, the gampy TSHSOPRACELD |W$dMsePEctric focusi ng

(1 EV) and bieagragsilon LhBeeifr gatk RMP.£or Stk Glaanespafieal saescreened by PCR
on genom c DNA for 30 thg}bpresence or absence of each of the three

constructs "BERRFRIESLROIHCRISRIRD-P3AndTHFAITRYED- 35°THES dentity of the
PCR product el 5. fanelrBebr&priter gBB-dibrNAuBRGUEC A6 AGinthindANEARY 2007

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

15 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
presence of the three constructs in the genomic DNA,
either via PCR, Southern blot and/or FISH. The

20 supernatant is used to purify the recombinant human I1gG;
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.

25 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

30 are e.g. described in EP0402029.



WO 20041009618 PCTJEP2003/ 007690 -101- Qther methods such ag7wigmdarot
and/or FISH can also be used to determ ne whether each of the three
are present in the clonal cell line. Sub-clones that are proven
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adhesion molecule (Huls et al., 1999) and the membrane
cofactor protein CD46 (WO 02/18948), respectively, are
described in Example 1. Another clone that was identified
to bind to cofactor protein CD46 was clone 02-237
(sequence of VH provided in Fig. 12). DNA sequencing of
this clone revealed that it contained the same light
chain as UBS534 and K53, but a unique heavy chain variable
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-KO01 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 K353 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.C6é cells. It appeared

100p4At l:Ré‘uP'%‘AB' {:ﬁ‘n_ﬁ’e"e 'd%fggf‘éﬁ’@%@a@?o descri bed,

he target
is tested in

abi es. Such



-102- Exanple 9. Production of a mxture of antibodies with, M.pht
chain and three different heavy chain variable regions in a S|ng e cée

met hod for producing a mxture of antibodies according 5 to the invention,
using expression in a reconbinant host cell of a single light chain and
three different heavy chains capable of pairing to the single Iight chai n
to form funMO20M8M6ENt i bodies, is exenplified herei n pcwER2e30&eReMati cal |y
shown in Fig. G 10 Human 1gG s UBS54 and K53 against the EP- CAM honot ypi c
adhesion nol ecule (Huls et al., 1999) and the nmenbrane cofactor protein
CD46 (WO 02/18948), respectively, aréd®described in Exanple 1. Another clone
that was id i f A tor o] n s ¢l one 02-237 15
(sequence of Brsgﬁlcfaeddta 9I}JJ-OI 15?8. Iﬂﬁ%{lséq heenr(?::)%gllaqf %ﬁl s cl one

reveal ed thanuriltfie@rfﬂm&we(d’lghel@am’eathin':‘ist IgGhal re ashblBﬁSﬁhrarhgl K53 but a

uni que heavy [ I q e {,S lLi gnnend

result, the hg%%%%lagl% ggviﬁclﬁgrlﬁ o?‘ g‘%%& ferds@a }% p05| t| ons from
20 that of K88 @Qe%ﬁ'érl inpspentivelyki Ylsa,302-Fhe hlrmmviymaml betitght chain

vari abl e se e o] pression plasmd
pCRU- KOL, %p%&% %gog%r%% nga Iﬁgéggggcré%tg F%%?I%é of Cell Cultures
( ECACC) undeGFlﬁun‘b@)r 03041601), whi ch contains the heavy 25 and |ight chain
constant domains for an 1gd antibody. The resulting plasm d was designated
pgGL02-237. Due to the cloning strategy followed, the resulting N-term nus
of the IightStéharnPER- C@i serized @iedddbthasy S¥gERDILIBE differed slightly
fromthe N-t&mgnssi @f JsBER4 @mmﬁé% ;ﬁﬁas@@o@ﬁ@&efi}cnw PARSFAEGPNeo,
pCD46_3000( Ne , res ectively Fig. 3). Plasm. d pgGlD2-237 was transiently
producedi{ n @ ) e&‘é‘l"l"é‘%?“‘%ﬁ“’éﬁlgﬁ PA-PERYesec8F1FatPe appeared 17

JANUARY 2007accord1ng to methods known as such to the person skilled
in the art (see e.g. WO 00/63403). Therefore, PER.C6™

cells were seeded in DMEM plus 10% FBS in tissue culture
dishes (10 cm diameter) with approximately 2.5 x 10f cells

15 per dish and kept overnight under their normal culture
conditions (10% CO2 concentration and 37°C). The next day,
transfections were performed in separate dishes at 37°C
using Lipofectamine (Invitrogen Life Technologies)
according to standard protocols provided by the

20 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,

25 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

30 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



WO 2004/ 009618 PCT/ EP2003/ 007690 -103- that purified 02-237 h
hi gher affinity for purified CD46 (Fig. 14) than K53 IgG iigﬁﬁgkg%wity
had increased from9.1 X 10-7 Mto 2.2 X 10-8 Mfor K53 and 02-237,
respectively. Al so, 02-237 bound nmuch better 5 to CD46 on hunman

col oncar ci na LS174T cells than K53 (Fig. 15). Stabl e PER C6TM deri ved
cell lines X ?@%’g@ﬂé a conbination of the plasmds JG%@:?EP@%N&%? pCD46
3000(Neo) 10 and pgGl02-237 encodi ng human 1 gG 02-237 were generated
according to nmethods known as such tguthe person skilled in the art (see
e.g. WO 00/63403). Therefore, PER C6TM cells were seeded in DVEM plus 10%
FBS in tissueIgdldngcfidi Sdeshumdd TgAldi(dewteibednwit WQEP/62803tely 2.5 x 106

cells 15 per,di nd -k nj ght hei_r ; I condi tions
(10% C02 corj?gglﬁﬁba% %ﬁ gﬁ% %%&Qéghmepp%gggéd%y%e F?%Ins eectglgo%}glfﬁere per f or med
i n separ at e hdoBhessmciZI€ asmiyngThe pofodothivmeéefbhyinaasgerdlLat e

Technol ogi eg).: agﬁﬂ_gd' t o p i ded.. he 20
manuf act ur er%?ua/i t E‘SQng%"ﬁ’gggﬁ?éngﬁﬁ?H%i g%ueﬁg C(;?é’ﬁ %J%égéa)%meo
pCD46_3060( Me6) i arrknygSs o2 - 8 PER AS6 T egriilisv dexpuntsion ¢bHra sdheéeion, a few

dishes vere 18at qLaNBhCtSlronchl LETart L 9083 O4ES i ChldckryREeeyashed wi ce
w th DVEM an refed wwth fresh nmedi um w t hout sel ection. The next day, 25

medi um was FEpEaEddali these duighnepiafséont H¥HligWeso® ofgArrdA18. Cells were

refreshed ev@iMowk Qny3mdaiSadisbh amPdiruBheoi aifnkAg 4R s3aHE concentrations
of (418. About 20-22 days after seeding, a |l arge nunber "of col oni es was

vi si bl e and 28Bot2BERNePESY @ked 01H GPHWHHRASX 96-Wd | 30 and/ or 24- wel |
via 6-well plahe§eden T25 flasks. During sub-culturing, production |evels of
recombi nant bungp | 96 _ant] body uere deterrined inithe superpatant using an
and the 19 highest producing clones were selected for
purification of the IgG (Table 1). They were sub~cultured
in T80 flasks and human IgG from each clone was
15 subsequently purified using Protein A affinity
chromatography. Therefore, 15-25 ml of conditioned medium
was loaded on a 5 ml Protein A FF Sepharose column
{Amersham Biosciences). The column was washed with 4 mM
phosphate buffered saline, pH 7.4 {PBS) before elution
20 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
25 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. 16Aa)
showed that all IgG samples migrated comparable to the
contrel K53 or 02-237, as an assembled, intact IgG
30 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



WD 2004/ 009618 PCTI EP2003/ 007690 -104 ELI SA specific for human | gG
(described in WD 00/63403). About 25% of all col oni es appedi daANUARN2007
positive in this highly specific assay. The production | evels nmeasured at
this stage were conparable to the levels when a single 5 1gGis expressed in
PER C6' cells (expression of a single 1gG described in Jones et al., 2003).
It is inportant to stress that these high expression_|evels were obtained
wi t hout any WRN##E¥or anplification of the transgen&CTERIYWE? t hey occur
at a | ow copy nunber of the 10 transgene. The 30 best produci ng col onies
were frozen down in vials and the 19,hi ghest producing clones were sel ected
for purification of the 1gG (Table 1). They were sub-cultured in T80

fl asks and hwrahe | g6aviyr ey eBiGMtCERAEN WIS thE Saliseqursd lor pari fied usi ng
Protein A af2f3i nity chromatography. Therefore, 15-25 m of .conditioned

medi um was 4°daded on a 5 m Protein A FF Sephar ose colum (Anmersham

Bi osci ences)on TRE, cleupnrifiedrvagbetradtiibnd wdde Fiesphadmpareéif €s ed sal i ne, pH

7.4 (PBS) bef gt ut ji-on with 0.1 Ltr pH_3. __Ege luted fraction
was subseq%e%ﬁ%f/@%eesoaf??g%aqor?m%u%%?ohoaéc\i%)%b62@%%8“% %rez If)g%%ﬂ ting col um
(Amer sham Bilgt ec®)edmd yPBSonel lod thencemnileat cort adhetihsqfiomsi etith gG fracti on
was determ ned.. ce ure t .at Qn sing a coefficient 25
of 1.4 for % g?i@%ﬁ&#ﬁ?gggﬁﬁ?igﬁgffgg]ggf??t%ﬁgmpﬂg%ﬂﬁgh | gG sanpl es were
anal ysed oncaohaimihg edraficed KédudiRbQDEnPAGE231d | e Negoreduced SDS- PAGE
(Fig. 16A) : - I g : ] d_co to the control
g?fi&&‘@dlécl}%kmé‘ ,}iﬁng d§ ?f‘”ﬂl %%tg%grggcth% 0P aAD LGy

K53 or 02-2 as an asse , Intact | nolecul e of "approxi mately 150
kDa. On red@@ed36ps paechagdriagd 4BH)4 ophehe githeanperd. Mhgsated as heavy and

light Ghai Rgs8fabRUEaBOd adthe kd¥s LESPRCHnEk¥ri EYPIhak! e
calculated with the ProtParam tool provided on the Expasy
homepage (http://www.expasy.ch; Appel et al., 1994). K53,
02-237 and UBS54 have a theoretic pI of 8.24, B.36 and
7.65, respectively, whereas an isoform representing a

15 heterodimer of one UBS54 heavy chain and one K53 heavy
chain has a theoretical pI of 8.01. Assembly of such a
heterodimer can only occur when a single cell translates
both the heavy chain of K53 and the heavy chain of UBS54
and assembles these into a full length IgG molecule

20 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,

25 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).

30 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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| ight chain of the control K53 or 02- 237. On I|EF, the purified IgG
fractions were first conpared to a mxture of equal anounts of K53, UBS54
and 02-237 (Fig. 5 17). Cearly, sone of the sanples contained isoforns

with a uni ﬁ*ﬁzogﬁqogégf' | e, when conpared to the m Xt“%‘ér&?ﬂ{;ﬂ{oﬁ%rﬂg purified

K53, UBS54 Sonme maj or uni que isoforns have et ween t he
pl of K53 and 02-237 on one hand and UBS54 on the other hand. This is 10

al so anticipated on the basis of thefheoretic pl when <calculated with the
Prot Param t ool provided on the Expasy honepage (http://ww. expasy.ch; Appel
et al., 1994)>ly¢£5cihal 036 2Zacandn UBEbdreaveuslyt bepleed pebtofe 8. 24, 8. 36 and

7.65, respe LS frmre resentin terodi mer of one
UBS54 heavyg%l |n and Bne 5§Bhea€yton CRar i Has 8 the eorélff{g pl of 8.0L.

Assenbl y of Bsaet en thet qunhlnneseqmnmpyommﬁ inhBiga 1, nghe ceI | transl ates

both the he chai.n 0 pﬁ n v 5 d assenbl es
these into g‘%ﬁl&ltglﬁgh%éqwﬁ qgog?% %t %e V\ﬁ%ﬁ :ﬂ]ﬁgggommn | i ght

chai n. Héncenghése Jlewastealoylgyedt (Tavde I:’éramll AIE] ofedeat | east express two
functi onal ama;@@dg Fiado AONELEM 1 he HBhﬂ&'ecié daBhiis Y, 1SOgE Of the

i sof or s, Fes 'of the nost rnterestin ones were run'in parallel wth
K53, UBS54 éﬁé prtzpre P SDRRepent v éPr|K153a A?x2UF @n@FPBSS548). This

furthernorey;shoyagd; LRas sOM., ChoneSoLxREessed 18t pheast two antibodies
(241, 282, 361). Nbreover, it provided evidence that some clones express

all three faREPEIAClAntNHE i @st{ P8y cafdgeApBf. Py e &oHPFrm t hat the
cl ones axprpsepdrdddGndl XhiN &8s SRADFI 09iRd lnct-hEeergavy) chai ns, peptide

Mappi Ng Peptides with Mw of 2116, 2057 and 2308 Da, representing
the unique CDR3 peptides of K53, 02-237 and UBSS54,
respectively, were detected. The precise amino acid
sequence of these peptides (as listed in Table III) was

15 confirmed by MS-MS analysis (Tables IV, V and VI). We
also confirmed the presence of the two uniqﬁe N-terminal
light chain peptides with Mw of 2580 and 2554 Da,
respectively. The peptide mapping data unequivocally
showed that a mixture of antibodies comprising a common

20 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

25 the heavy chains of K53 and 02-237, and not of UBSS54.
This confirms the IEF screening (Fig. 18), where no UBSS54
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

30 10"® M, which shows that the IgG mixture contains CD46

binding molecules having the same affinity as 02-237 IgG

alone.



(Garnick, 1992; GCelpi, 1995) was used to anal yse the 17 JANYARY

2004/ 009618 PCT/ EP2003/ 007690 -106- polyclonal 19gG fracti on%ﬁwl\g&g{\é{i 200193 y
enpl oyed peptide mapping to recover 99% of the protein sequence of K53.
Based on the protein sequence provided in Fig. 12, the mass of the
theoretical tryptic peptides of K53, UBS54 5 and 02-237 was cal cul at ed
(Table |1 an¥WO2004009%% f ew uni que peptides for each | gEsT/ERINBEO7IR0
identified, i. e. for instance the CDR3 peptides for K53, 02-237 and UBS54
with a Mv of 2116.05, 2057.99 and 23Q7. 15 Da, respectively. Next, a tryptic
di gest of Polyl-280 was 10 prepar ed '¥d this was anal ysed using LG M (Fig.

19). Pepti i f 16, : ep. k t he uni que
CDR3 pepti dcejlgaﬁctt)a:‘fsf1 EK%%M(?%' 2%%%#5%% %r%%&d sﬁé@%e@?vé?z{gﬁg&gﬁ ected. The
%

preci se ami ri® &&pyessaqméRberollt Hunet inapli HES medschieted in Table 111) was
15 conf i 1 meddrhBidS 1aRaL YS! S TABLES chi¥ind @14 Vig1d¥eordl spaconfirimed the

presence of thée two unique N-term na ight chain peptides with Mv of 2580

and 2554 Da,thatedpsltboyEhg hoppdipepsi detrapdinegsdaPasisddqd ¢6cally showed

that a msxt unR 8inditld BRELESi GRTREI $+d1Gi130 CANHYA . 2Putidiinoghai n and three
di fferent heavy chains was expressed by PER C6T " clone Polyl-280. Also

cl ones 055, thEnfraaipnfy2ohefErnssr SERERS P9 pepiacd 8ttty he@VBnes 241 and

402 wer e condraifedspReistsvendoritaklill iee beapsssebaknto ss¥gdences, whereas
cl one 055 onlyy showed expressi ﬁ’g of 25 the heavy chains of K53 and 02-237,
and not of UBSB%S S*RTESSLBAIIT mE3Fhe* 1 BFOE PUMPRGYY FFR17E8), where no UBS54

rel ated bandisiag Bieersame paddHdr@55In Ralsyl 1 28duwidsbanad s&ediby Bl ACORE for
bi nding to 6 é\lgl%% 20%. The atfiqjd.:gé of Lﬁ)ﬂg}leyl-Z faovr CD46 was 2.1 X 30
10-8 M Hni PSRBT (REPSE HRFTiGES APt E NPT y
chains, a clone expressing at least 3 heavy chains
according to the invention can be used to introduce more
heavy chains in a separate round of transfection, for
instance by using a different selection marker.
15
Next, it was demonstrated that a single cell is able to
produce a mixture of more than twe functional human
1gG’'s. Therefore, clones 241, 280 and 402, which were
screened positive for the production of each of the three
20 IgG’'s, both by IEF and MS, were subjected to limiting
dilution, i.e. seeded at 0.3 cells/well in %6-wells plate
to guarantee clonal outgrowth.
Clonal cell populations, hereafter designated as sub-
clones, were refreshed once a week with fresh medium.
25 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
30 parental clone, 3 sub-clones were chosen and cultured in

a few T175 flasks to obtain sufficient conditioned medium



bi ndi ng nol ecul es having the same affinity as 02-237 119G al pngsndamd 2044°RY
2007 WD 2004/ 009618 PCT/ EP2003/ 007690 -107- Taken together, this experinent
shows that it is possible to express a mxture of functional 1gG nol ecul es
conprising three uni que heavy chains in a single cell and that next to the

honodi ner s, Q%@%@g%gers consisting of 5 two binding §ﬁ§&%%$%%ﬁ%?s are al so

formed. Furt the frequency of clones expressi fferent
heavy chains suggests that it will also be possible to obtain clones
expressing at least 4, 5 or nore heawg-chains, using the sane procedure. In
case it would be difficult 10 to obtain clones expressing higher nunbers of
heavy chai A8F Ruréfénatompuedspniraeinehff3nheavshrgrgitagrapitcording to the
invention cal Heusedqtodvetroduce nore heavy chains in a separate round of
transfection, for instance by using a different selection marker. 15 Next,
it was denpRSFIEEEdP IR T9Gs| HeAte the| Ful-§19PFR a5 SPPeBE tdYni xture of nore

than two fugghipial abudedtribe® shovthebelirin ehONRBLédded 280mand 402, which
were screened positive for the production of each of the three 20 1gG s,

both by PEFCBRAPIVEItHErEenj BEt BIP EIeFF it FRGUSHIY ukSESh; Th%. seeded at 0.3

cells/well kBs@G Wl kot aneFih0 HUakabE RSl ghah Qidngr gvi{.1-Cl onal cel |
popul ati ons ere%fter designated as sub- clg efreshed once a week
[

} AFa (TS £B
with fresh AR N3%e S5 CPBRCRATAELE: RBWILAAG: t BT £8Pred from 96-vel |'s
via 24- andpbrewdallscpbed es, thab, the30 appehrl 165mi b asdexrtah bdreds . T80 st age,

sub- cl ones wey %%gzr% Fﬁoductgfnfh |$102 recqui t flpﬁn lgGL
anti body were g%%ern?ﬁéﬁ Hﬁnfhg %upgyﬁdiéhtpﬁg?ﬁg acﬁ%%ﬁﬁ #dﬁh specific
ELI SA. Eor each other and from the parental clone. Patterns obtained
by IEF for subclones from parental clone poly 1-402 are
identical for all three subclones and the parent clone.
From these data it can be concluded that clone 402 is
stably producing a mixture of antibodies. This
15 demonstrates that it is feasible to produce a mixture of
antibodies according to the invention from a single cell
clone. The ciones ha#e undergone about 25 populé&ion
doublings (cell divisions} from the transfection
procedure up to the first analysis (shown in Fig. 18)
20 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
25 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
30 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)



30 parental

affinity chromatography as described above.

sub-cl ones

clone, 3 sub-clones were chosen and cul tured iny73,48XRY 2007
flasks to obtain sufficient conditioned nmedium 17 JANUARY 200/ WO
20041009618 PCTI EP2003/ 007690 -108- for purification using Protein A

was subsequently analyzed as descri bed above for h

uman | gG

obt ai ned fr &Y@ 20848088 par ent al cl one, by |so-el ectric PEVEBIWYPOTSPEF). The
result is shown in Fig. 21. Subclones fromclone poly 1- 241 each have the
same pattern, but differ fromthe ental clone in that they

m ss certa

fromio eachcidaghgand e Bh@cdla%ﬁfiﬁﬁiedﬂb?)n%he Raldehpsupdt ai ned by | EF
for subcl ones from parental clone po

n bands. Subclones fromclone poly 1-280 all appea

y 1-402 are identical fo

appear to
r to differ

r all three

subcl ones ahASh¥epar SHEUEREnE? 19508 § M UBafantaindgd be® d83cl uded t hat
clone 402 ignd $trabhyp enRACi(0Q @) KEtée cfltapihPodires. adyd,s 15 denonstrates

that it is

i nvention ¢

popul ati®n

f%ﬂfible to produce a m xture of ant| bodi es accord
SavEF gt VESIFRY RY JiePs THF A GRe hAHEPERERT gdhe
PEEIRBEAYEPHIM! lfodi wdesiiansAcd rao@uyBes L ransf ecti on

to the fi | ys] in Fig. 18) 20 upder sel ecti
{rom Chat pOILIBN 7L et ORISR e bt ™0 5GR0I 9 i on

during the
before the
producti on
be stable

astiiivodli e argi ploac eoliriyGilnsidyel eabs€nget ipfcEsall 2ctdron
t.eri anal.ysed in Fi.g. 21 har vest ed. Ther ef

%%laclr%?%(tﬁ@@% yzébgnoﬁll%bd?sésww@raoﬁfaa% lcs'):’ gl??orﬁoén S

avidr-EpCAY ealsine30B§eh gt ponis-CLRGr clomes IKPE ahd did-t h

Ceacti ity 50 EaRaTHS e (O SR ERCADAREF tnST 79 B gC

15

20

25

30

/ml. 20 pl of each was added to 200.000 transfected cells
and incubated on ice for 1 hour. Thereafter, cells were
washed once in ice-cold PBSB. Bound IgG was then detected
using incubation with goat-anti-human IgG-bictin followed
by streptavidin-PE. After a final washing step, cells
were suspended in PBSB containing 1 pg/ml propidium
iodide. The samples were analysed on a FACS (FACSvantage,
Becton Dickinson). 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 bkind 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

ing to the
about 25
procedure u
essure, and
doubl i ngs
pressure,
ore, the
i ngle cell
e parental
r bindi ng
nd, cDNA

Purified human 1gGl fromthe.

p

can



of EpCAM CD46 and control antigen CD38 were cloned into expyassuff 29@gtors
pcDNA (I nvitrogen). These vectors were transfected into CHO (dhfr-) cells
usi ng Fugene (Roche) 17 JANUARY 2007 WD 2004/009618 PCT/ EP2003/ 007690 - 109-
according to the protocol supplied by the manufacturer. Cells were cultured
in Iscove' s“@%' ntai ning 10% FBS and HT suppl e 1 . After
culturing for b a;gé,) cells were harvested by tryps?ﬁﬁ%‘%@gﬂﬁgﬁd suspended
in 5 PBS-1%BSA (PBSB) for use in FACS analysis. Purified 1gGL of the clones
produci ng the m xtures of antibodi-é®-and control |1gd sanples of
anti-GBSIII, an anti-CDr72 anti body (02-004), as well as antibodies from

ant i - EpCAMPEFeie UB9%4Pahy Hitd0: CEUGOSt6AES JSIhgnatnsr F80R8Y: were di | ut ed

in PBSB tora spacRNtdeabt@Pedltnd® thd GGhntitdsiR0akpot @aChny@s added to
200. 000 transfected cells _and incubated on ice for 1 hour. Thereafter,

cel I's wer e 25FA%hed AGrc E°PRL§ (2 Yc ot P PBEBYE Bou PP - Adrs St AenPYet ect ed  usi ng
i Pcubati ?n aMfFﬁﬁbﬂit&hh -1a|ﬂt::isthwmlmloé gfsdd @bi ﬂifﬁdﬂald@\gleﬂe Loidhy tBEr ept avi di n- P/E-m
After a final,washing step, cell re _suspended in PBSB containing 1 g

pr opi di dm gFSﬂf%‘i.e’*ﬁngS%%)Ip@?f&\z‘?‘e%&ﬂ]g%ﬁvﬁn aépﬁ?%"(affA&g?/%nt age, Becton
Di cki nson) beliveligid $nweueh gatreehsandubhascrddrniogesthis lfntensities (M)
were cal cul ated fram.the.20 F | of s, The results are represented in Fig.
22. As exﬁgﬁtje%‘?nt@ré@égigb%%nofggfg% |\$%P§}e?’o 65hl\f’t($?r?§'f ggf’ed cells and
02- 237 andnksBubowid aseliecdieseckyth @ Gi46n furantsbeelant sin whil e unrel at ed
ant i bodi es _di of, .hj th ansfectants. 25 The results denonstrate
t hat bindi ﬁgag%ﬁavﬁltmeﬂ %%\ll%redgag%% 'h EpCAM and CD46 were present in the

purified 1gGL preps of npbst clones expressing a m xture of antibodies
according to the invention, denonstrating that a m xture



of functional antibodies was produced by sub-clones that 30 P?FENHHQ?Qg@ﬁe
nore than 30 cell divisions, and that result froma single cell. In )
subcl one 280-015 binding patterns towards CD46 and EpCAM were simlar as in
the 17 JANUARY 2007 WD 2004/009618 PCT/ EP2003/ 007690 -110- parent clone
poly 1-280, in contrast to the other clones. It should be stated that the
quantitative WM} this assay is not conpletely cPEHEP20§390T6Phe
screening, e.g. by a functional test, can be used to find a clone with the
5 desired expression profile. Cpant[gﬁyive aspects may also be included in
such screens. Such screening allows for the identification of desired

cl ones, whi clab@spIesovdiviewi of whe Oforvst Lbedi &5 WukbrBeativancfunctional ity
ina quantitatively stable manner. 17 JANUARY 2007 WD 2004/009618

PCT/ EP2003/ 690 -111- Table I. Overview of the clones used for
purification of 1gG Screening Purification Cone ELISA Conc. in Purified
Pol yl - ( pg/)y—teed—(rp—(oi)—2096-1-981-37 233 10.0 53 0.75 234 8.0
51 0.71 241 6.8,91 1.42 s@béenidg 1y Puridgeabiang 2135 0 g0 282 8.5 67
1.48 289 §.2 3? Oy04 304 mumal6l FFL- 2 | purified

o1yl (ng/ml) sed (mg)

(ng/m1) ns

209 6.1 98 1.37

233 10.0 53 0.75

234 8.0 51 0.71

241 6.6 91 1.42

250 12.5 117 2.10

280 6.3 36 0.80

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

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




320 6.3 43 0.83 322 15.2 168 3.27 340 6.0 109 2.64 361 10tHAIANUARYP007379
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 5 17 JANUARY 2007 WO 2004/009618 PCTI EP2003/ 007690

-112- Table I1. Tryptic peptides of the variable donmains of the |I|ight chain
of K53/ UBS54, %g/ 837- Peptide First Last Monoi so- Ngg ) AA topic
Mv t opi c MW K53/ UBS54 02-237 (2) LI 1 24 2580. 31 2) 2554.28 L2

25 59 4039. 02 4039.02 L3 60 66 700.35 700.35 L4 67 79 1302.61 1302.61 L5
80 82 374.23 374.23 L5 83 107 2910129121 2810.29 (21 L7 108 111 487.30
487.30 L8 112 112 174.11 174.11 5 1] AA amno acid 2) One Cysteine
resi due al kyl ated 17 JANUARY 2007

Table II. Tryptic peptides of the varlable domains of the

light chain of K53/UBS54 and 02-237.

Peptide | First | Last | Monoisc- Monoiso-
aal aAA
topic My topic My
(Da) (Da)
K53/UBS54 02-237
Ll 1 24 2580.31'% | 255428
L2 25 59 4039.02 4039.02
L3 60 66 700.35 700.35
L4 67 79 1302.61 1302.61
L5 80 82 374.23 374,23
L6 83 107 | 2810.29% | 2810.29%@
L7 108 111 487.30 487,30
L8 112 | 112 [ 174.11 174.11

1)

2)

AA, amino acid

One Cysteine residue alkylated




WD 20041009618 PCT/ EP20031007690 -113- Table II1.

vari abl e donmai ns of heavy

Tryptic p
chai ns of K53, 02-237 and UBS54.

PRt 2007

US54 ABCDABCDABCD HL 1 12 1267.68 111 1 12 1267.68 HL 1 12
1267.68 92 13 19 685.41 H2 13 19 685.41 H2 13 19 729.41 H3 20 23 492.24 H3
20 23 492.24 H3 20 23 492.24 114 24 38 1693.81 H4 24 38 1693.81 H4 24 39
1587. 77 115V8F'WA%ik3 o3 15 39 63 2783.28 H5 39 63 2BUREPIN3IENG4 67
472.28 H6 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 - - - - HI 88 98 1319.55 HO
88 90 1319.55 H8 68 98 1333.56 HI D 99 102 493.21 1110 99 102 475.25 H9 99
119 2307. 15TaElé 108. 12¥p2idGp@ el bB3vaR2aAR5 Aolins -of hediyKey:

pepti de B: f?]
Remar ks: 1) Tor

1t &

naeed el

H3 and H9 from K53 and 02-237, and peptldes

A

S%T no acid 10 D. nonoi sotopic MV (Da)

dire?t is a pyroglutam c acid 2) peptides

H3 and H8 of UBS54 contain one

al kyl at gd—cysteirfgg-esieave—45-3) w cpﬁuw t+hat—eapnhe—used—tg confirm
the presence of ﬁe respectjve 1gG's aPe indicajed in SU?%P; italics| 17
JANUARY |2@07| ®\O{2®@04y 009618 RCTI EB2003 0076®0 114n [T&bllecl V| M¥ Ms-|data of
CDR3 peptier{{iioof il‘z'%;:ssf’ubﬁﬁd red Y zer e [ ET | 1T | 1z | 1267 ¢8
H2 13 19 | €85.41 | H2 13 19 | 685.41 | H2 | 13 | 19 729, 41
H3 20 23 | 492.24 | H3 20 | 23 | 492.24 | B3 | 20 | 23 492. 24
H4 24 38 | 1693.81 | H4 24 38 | 1693.81 | H4 | 24 | 38 | 1587.77
f5 39 63 | 2783.28 | H5 39 63 | 2783.28 | H5 | 39 | 63 | 2646.33
H6 64 67 | 472.28 | H6 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 | BB 85 87 | 374.23 | - | - - -
H9 88 98 | 1319.55 | H9 88 98 | 1319.55 | H8 | 88 | 98 | 1333.55
HIO | 99 | 102 | 493.21 | H1O | 99 | 102 | 475.25 | H9 | 99 | 119 | 2307.15
H11 | 103 | 122 | 2116.05 | Hi1 | 103 | 122 | 2057.99 | - | - - -
5
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 HB8 of UBSS54 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



collision induced dissociation of doubly charged nlz 1059. 06 n
mz y", 147.12 Bl n.d. Y" 2 248.18 B2 157.10 Y"3 335.21 (1}7%éﬁgﬁﬂ??gbﬁY“4
406.25 B4 419.22 Y"5 507.30 B5 562.31 Y, 16 594.33 B6 768.38 Y"7 693.40
B7 825.39 Y'g 794.46 Be 953.43 Y119 893.54 B9 n.d. Y" 10 1006.63 B10 n.d.
Y1111 1107. G‘io?@ﬁ/ 0]@%4 65 Y" 12 1164.68 612 1323. 68 ]y/,13 1292. 81 B13
1424.79 Y"1 §”77 B14 1523.66 Y15 1535.85 B15 n.*EVERPOEH G938 95 Bl B
n. d. Y'17 1813.95 B17 1782.96 VY"19 1960.97 Ble n.d. Y"19 n.d. (2) B19
n.d. 5 1 Underlined nlz-values are nain peaks in the M5/ Ms-spectrum 2 n.d.
is not detected. 17 JANUARY 2007 WD 20384/009618 PCT/ EP2003/007690 115

Table V. M5/ Ms-data of CDR3 peptide (H11l) of 02-237, obtained by collision
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chain. 2. A nethod according to claim1, wherein said reconbinant host cell
conprises a nucleic acid sequence encodl ng a comon |ight d AN UARY: 2009
capable of pairing with said at |east three different heavy chains, such
that the produced antibodi es conprise conmmon |ight chains. 3. A nethod
according to claim1 or 2, further conprising the step of: recovering the
ant i bodi es fwomwahe@sisost cell or the host cell culturecteo0oeemedohod
according to any one of cl al s 1-3, V\ﬁérel n at |east tvvo anti bodi es
corrprlsmq TR AVAY naAbnklapplicah have

di fferent ﬁ‘s'fpfw?ef [ CI t I es oandlcmocmbfl nitl es 5 A rret hod accord| ng toj any one
of clains T-4,Wherern —sard recomnbirmant nost celt—Ts5 capabte of—tigh-| evel
expression of recombinant proteins w tjpgut the necessity of anplification
of the nucleic acid encoding said rotel ns in said cell. 17 JANUARY 2007
126 6. A method accor dVNGATIBNRRERA ?ﬁé ?W@@R%%l n saidcell is
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transforned by adenoviral El sequereesie138isy A net hod according to claimé,
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one antigen conprising m xture. 10. A reconbi nant host cell conprising a
nucl ei ¢ acid sequence encoding a |ight chain and nucl ei ¢ adi’7daANBRYeHWES
encoding at |east three different heavy chains of an antibody, wherein said
i ght and heavy chains are capable of pairing. 11. A pharnmaceuti cal
conposition conprising a m xture of #§§onbinantly produced anti bodi es and a
suitable <carrier, wherein at |east ttree different heavy chain sequences
are represented in the m xture of reconbinant antibodies, and wherein the

| i ght cha %ﬁg said antibodies conprise a comon sequence. 17 JANUARY 2007
127 12. A ﬁharnaceutical conposition according to claim1l, wherein said

m xture conprises bispecific antibodies. 13. A pharmaceutical conposition
according to claim1l or 12, erein said mxture of antihodi es has been
produced by r&cBRHicth Orh8§?§@‘é{3r%n accér 8irfighto Ocqoéinr?\l%ﬁ.glﬁ. th 8

phar maceut i cal reedfieisidntomhode¢ ot ik g thedanympnes fg teleaistepldf13, wherein at
| east two of said antibodies have different specificities. 15. A

phar maceut i cal S¢BRPYSING 9 AcEBFATHYES PéFn?%iﬁ a &f 8G+Y different
specificities gegushdeairetutoeid {&RI erRlqueptéoOpescaAinghatsasesandigen. 16. A
phar maceutical _conposit.ion accordiqg}to cl aim wherein said different

m 14,
specificities aradiTEtedo2tdr$3%T ditreant i GEMS by d66rY FR2OME anti gen
conprising m xhaf eard GapAophas Faseittiineak 1 ERMPHBd t4t0N caGE0bHE NYi §ix any one
of clains 11-13, wherein at |least two of said antibodies have different
affinities for “PAE same epitope. 18. A pharnaceutical conposition according
to any one of clains 11-17, wherein said conposition has an effect

2. A method according to claim 1, wherein said recombinant
host cell comprises a nucleic acid sequence encoding a
common light chain that is capable of pairing with said
at least three different heavy chains, such that 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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that is greater than the effect of each individual antibody present in said
conposition, wherein said effect is measured in a functiondl7 JASdaRrY 2097 A
nmet hod for nmaking a reconbi nant host cell for production of a m xture of
anti bodi es, the nethod conprising the steps of: 17 JANUARY 2007 128
introducing into said host cell a nucleic acid sequence encoding a |ight
chain and nucleic acid sequences en ing at |least three different heavy
chains that are capable of pairing with said |light chain, wherein said

nucl ei c ids ence re_inatroduc secutij v Qr, jtantly. 20. A
met hod fgg nak?ﬂ@eéb?ié%ﬁ%fﬁghé ﬁ%§§gégﬁg ?gréi%g%%dbﬁVoﬁggggglnixture of
ant i bodi es, theangtdmld isonrpriseagttdre ashepanfenbhmntoraducehgnauctel ¢ aci d
sequences encogdj ng af; least m&&@&%e“d“ SLePL NeAVY, ‘H‘%'ynﬁpéﬂﬁx?i?a{]e.co”b' hant
host cell conprising a nuclelic acid sequence encoé?ng alrg chain
capabl e of pai Elngequdrveat. | east two of said heavy chains. 21. A nethod for
producing a m xture of antibodies conprising different isotypes froma host
cell, the method conprising the step of: expressing in a reconbi nant host
cell a nutl ei chasethodequendéngntodilzgma 6l | ght¢ rehaisaigndontictel L iaci d
sequences encodi ng_at Jeast avy,.chains of different isotype that are
capabl e of paig?ﬁgvﬁét]xghﬁd%??gﬁf(%lérn. 22. A method according to claim
21, wherein said isotypes conprise at least an 1gG and an I gA. 23. A nethod

accordingsto a ym%‘tiLbrOJ & 2hM8hdades Tha?' 18200t X ndb I LRI RADY Jost cel
accordlng to clal , Or a

according to any one of claims 1-7, wherein said mixture
comprises antibodies of isotype IgGl, IgG2, IgG3, IgG4,

IgAl, IgA2, IgD, IgQE or IgM.

9. A mixture according to claim 8, wherein antibodies
present in said mixture bind to different epitopes of
the same antigen and/or to different antigens present 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 saild light and heavy chains are

capable of pairing.

11. A pharmaceutical composition comprising a mixture of
recombinantly produced antibodies and a suitable
carrier, wherein at least three different heavy chain
sequences are represented in the mixture of recombinant
antibodies, and wherein the light chains of said

antibodies comprise a common sequence.



met hod of making a reconbi nant host cell according to claim19 or 20,
wherein the nucleic acid sequence or sequences encodi ng at17 dasvABr@087
said light and/or 17 JANUARY 2007 129 heavy chai ns have been obtai ned by a
met hod conprising at |east one antibody display selection step. 24. A

met hod for producing a m xture of antibodies in a reconbinant host, the
nmet hod i ncluding the step of: expres%?%g in a reconbinant host cell a
nucleic acid sequence encoding a comon |ight chain and nucleic acid

sequences nCO%I 1 Lwo %lfff{fn} h%av ghalns]jhnagldlffer in the
vari abl e t glo arT?ﬁﬁuare 1 &R4BY & 6t pa|?| % th F4d ¢ofmon i ght

chain, and wheMEEnelsawahdummn¢u@hatumpﬂuﬁebhensdetiEIc|3hﬂﬂhydneeonstant
regions sufficiently to reduce or prevent pairing between the different
heavy chains. 25. A nethod according to claim?24, wherein said heavy chains
are of dififerent phaohypeutizal Aompbhbdnﬁneatdkdgn@Ot@l@ﬁammZSJ wherein said

different isotypes, include G3., 27.. A nethad according
to claim 25, \Mﬁér el'Re5aty Scﬁlr%f @ﬁéﬁ?re ‘gfgé\}%érg"d%%? U e RS ggﬁe(ﬁgG and an
| gA i sotype. 28y AecbbxihiMantothoamnt tbbis escaehiiangabd ecbyira et hod accor di ng

to any one of clains 24-27. 29. A nethod for producing a m xture of

anti bodies conprising dinmeric IgA isotype {(1gA) 2} antibodies in a
reconbinamn.hoslphahﬁﬁeéwtiﬁallea&po@ﬁﬁiomﬁac&akdld@nemianyIq@é afit i bodi es have

different binding.regjons in each of th e tmo | gA subunits, the method
conpri si ng thecﬁgé #?—ﬁ% pPELS R nt SR S Hﬁbgnaﬁ?‘%6§F1@?FFe§ nucl ei c
acid sequenceheneodnﬂgeﬁaﬁomﬁﬁnlknghﬁuﬁhaln and nucleic acid 17 JANUARY

2007 130
15. A pharmaceutical composition according to claim 14,
wherein said different specificities are directed to

different epitopes on the same antigen.

16. A pharmaceutical composition according to claim 14,
wherein said different specificities are directed to
different antigens present in one antigen comprising

mixture.

17. A pharmaceutical composition according to any one of
claims 11-13, wherein at least two of said antibodies

have different affinities for the same epitope.

18. A pharmaceutical composition according to any one of
claims 11-17, 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.

19. A method for making a recombinant host cell for
production of a mixture of antibodies, the method

comprising the steps of:



sequences encoding at least two different heavy chains of |IgA isotype
capabl e of pairing to said common light chain. 30. A nethod7fJaNUpRYRM7ng a
m xture of antibodies conprising an IgM antibody having at |east two
different specificities, the nmethod conprising the step of expressing in a
reconbi nant host cell a nucleic acid]_%equence encodi ng a conmmon |ight chain
and nucleic acid sequences encodi ng 4° least two different heavy chai ns of
| gMisotype, wherein said heavy chains are capable of pairing to said
comon |ight chaj : NUARY 7 4/ 0 . EP. 7690 1/18
SEQUENCE LI sn% P‘ﬁ%ﬁ%ﬁ% LSLgPH%_hLOAS\IGSC%Q% 55’92%%5 %gn{%?ﬁ%ﬁr?&pr oduct i on
of m xtures of eapedbuorices igki30a00ANANOLODe DR iIBEequ8Nnced <170> Patentln

version 3.2 < 1 <211 <2 < rtifici 20> <223>
VL seqguence ofgﬁéég%l %#tﬁ?%ggAH%§§%§%§§§ %ant?- é@ag§% gé%%>?§%221> Cos
<222> (1)..(338yralkk AfOPritigaavhtit sgdg étghtcthaxiag wberetn ®atdtcc ctg ccc

gﬁg 8‘35 cct 998,48 FaLild §eGhlnlOY NV i G RoRRLe SRty BE e bFL Fr o Val Thr

concomitantly.

20. A method for making a recombinant host cell for
production of a mixture of antibodies, the method
comprising the step of:
introducing nucleic acid sequences encoding at least
three 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.

21. 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.

22, A method according to claim 21, wherein said isotypes

comprise at least an IgG and an IgA.

23. A method according to any one of claims 1-7, 21 or 22,
or a recombinant host cell according to claim 10, or a
method of making a recombinant host cell according to
claim 19 or 20, wherein the nucleic acid sequence or

sequences encoding at least one of said light and/or



1 510 15 30 gag ccg gcc tcc ate tcc tgc agg tct agt cag age etc ctg cat
agt 96 Gdu Pro Ala Ser Ile Ser Cys Arg Ser Ser A n Ser LeulZdANHARYSN0720
25 30 eat gga tac aac tat ttg gat tgg tac ctg cag aag cca ggg cag tut 144
35 Asn Gy Tyr Asn Tyr Leu Asp Trp Tyr Leu G n Lys Pro Ay Gn Ser 35 40 45
cca cag etc ctg ate tat ttg ggt tct eaét egg gcc tcc ggg gtc cct 192 Pro Gn
Leu Leu Ile Tyr Leu Gy Ser Asn Arg A4d Ser Gy val Pro 40 50 55 60 gac agg
ttc agt ggc agt gga tca ggc aca gat ttt aca ctg aaa ate 240 17 JANUARY 2007

VD 2004/ 009618, PCJ) ER2003/ 90709021 16,4549 Phe. S chiSer, @y Ser Gy

Thr Asp Phe Thr agc” age gtg gag gag gat gtt
ggg gtt tat tasttlgasit preaangebo@BBiisprSey Aebedalor@sikepl.a A u Asp Val Ay
Val Tyr Tyr Cys Met G n Ala 85 90 95 <cta caa act ttc act ttc ggc cct ggg
acc sag gtg gag atc aaa 333 Leu G n Thr Phe Thr Phe Gy Pro Ay Thr Lys Val
Au lle L3s 10A108cHGH D0 pra@iOin® <alikruid lof <RitA®oPAEs15n<@13> Artifici al

<220> <223> VL_sequence  of UBS54 (anti -EpCA nd K nti-CH46) 20 <400>
2 QAulle Au E%%g'%lr“aétnﬁ‘gég’ P?%é L“[e‘L'l}h§§rl ‘g%u‘%r“é \?2‘1% %‘%F”%P‘F% y 15 10 15
25 G u Pro Al aeSereddimgSen €ysedongpiSemtSepsU celSera bewwlkén &iEsd Ser 20 25 30

Asn Gy Tyr Asgeg;- éncLea%n%%BiI&pangmmlb%ulggﬂt L&?ai% %n@ %u%gicsezgcid
seguences 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.

25. A method according to claim 24, wherein said heavy

chains are of different isotype.

26, A method according to claim 25, wherein said different

isotypes include at least IgGl and IgG3.

27. A method according to claim 25, wherein said different

isotypes include at least an IgG and an IgA isotype.

28. A mixture of antibodies obtainable by a method according

to any one of claims 24-27.

29. 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

sequence encoding a common light chain and nucleic acid



35 40 45 30 Pro dn Lau Lau Ile Tyr Leu Ay Ser Asn Arg Ala Ser Gy Val Pro
50 55 60 Asp Arg Phe Ser Ay Ser Ay Ser Ay Thr Asp Phe Tht7 JaduUAR¥200% 35
65 70 75 80 Ser Arg Val Au Ala Gu Asp Val dy Vval Tyr Tyr Cys Met A n Ala
85 90 95 40 Lau G n Thr Phe Thr Phe Ay Pro Ay Thr Lys Val Gu Ile Lys 100
105 110 17 JANUARY 2007 WD 2004/ 0096J1 0PCTI EP2003/ 007690 3/18 <210> 3
<211> 333 <212> DNA 5 <213> Artificia <220> <223> VL sequence of 02-237
(anti-CD46) 10 <220> <221> CDS <222> (1)..(333) <400> 3 15 gac atc gtg
atg act cag tct C acc. ceit 8 .. Val Met Thr
Gn Her Pro Leuseg%%n%tg% I%ﬁgO(\g/%?gT r . %‘%tef“f’/o l&lgt%%%ilé haggpc%:kl@aelgnéég tcc atc
tcc tgc agg tctol@gigicdgoaype ctearatly o4t pagrimp tR@GadducProonl bid®dr |1 e Ser
Cys Arg Set Serclgim_Ser Leu Leu H's Ser 20 - 25 - -- 3D aat gga tac aac tat
ttg gat tgg tac ctg cag aag cca ggg cag tct 144 Asn Ay Tyr Asn Tyr Leu Asp
Trp Tyr Leu Gn Lys Pro Ay Gn Ser 25 35 40 45 cca cag ctc ctg atc tat ttg
ggt tct s €gg, gcc. .t cc g cct 192. Pro G U lLle Tyr Leu Ay Sex
Asn Arg Al%g) .SerA%le;;/d\?aﬁ f%?opgégucﬁlg Ja %1x€ure %fn alh%l{bggleg

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.



50 55 60 30 gac agg ttc agt ggc agt gga tca ggc aca gat ttt, atc
240 Asp Arg Phe Sex Gy Ser Ay Ser Ay Thr Asp Phe Thr Leu ggNP%ﬂYg?B;

75 80 35 ago age gtg gag get gag gat gtt ggg gtt tat tac tgc atg caa get
298 Ser Arg Val Qu Ala Qu Asp Val @Ay Val Tyr Tyr Cys Met G n Ala 85 90
95 <cta caa act_ttc act ttc ggc cct ggg acc aag gtg gag atc aaa 333 40 Leu
G n Thr Phe TI2H¥*Ey Pro Gy Thr ﬁf Val Qulle g’CI’GW"&’G‘S“MO 17
JANUARY 2007 WD 2004/ 009618 PCT/ EP2003/ 007690 4/ 18 <210> 4 <211> in <212>
PRT 5 <213> Artificial <220> <223> VL sequence of 02-237 (anti-CD46) 10
<400> 4 Asp Ile vVal Met Thr Gn Ser Pro Leu Ser Leu Pro Val Thr Pro Gy 15
10 15 15 du Pro Ala Ser Ile Sex Cys Arg Ser Ser G n Ser Leu Lau H's Ser 20
25 30 Asn Ay Tyr Asn Tyr Leu AspSERPR¥CE{AST™M&y G n Lys Pro Ay Gn Ser 35
40 45 20 Pro Gn Leu Leu Ile Tyr Leu Ay Ser Asn Arg Ala Ser Gy Val Pro
50 55 60 AspoArqudEhe s8env@.y. Ser Ay Ser Gy Thr Asp The Thr Leu Lys Ile 25
65 70 75 BO Ser Arg Val Qu Ala Qu Asp Val @Ay Vval Tyr Tyr Cys Met G n Ala

85 90 955 <120> Recombinant production of mixtures of antibodies
<130> 0079 WO 00 ORD

<160> 18
10

<170> PatentlIn version 3.2

<210> 1
<211> 333
15 <212> DNA
<213> Artificial

<220>

<223> VL sequence of UBS54 (anti-EpCAM) and K53 (anti-CD46)
20

<220>

<221> CDS

<222> (1)..(333)

25 <400> 1

gaa att gag ctc act cag tct cca ctc tecc ctg ccc gtc acc cct gga 48

Glu Ile Glu Leu Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 5 10 15
30 gag ccg gcc tecc atc tcc tge agg tct agt cag age ctc ctg cat agt 96

Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser

20 25 30

aat gga tac aac tat ttg gat tgg tac ctg cag aag cca ggg cag tct 144

35 Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45
cca cag ctc ctg atc tat ttg ggt tct aat cgg gce tcec ggg gtc cect 192

Pro Gln Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
40 50 55 60

gac agg ttc agt ggc agt gga tca ggc aca gat ttt aca ctg aaa atc 240



30 Leu G n Thr Phe Thr Phe Ay Pro Gy Thr Lys Val Gu || e {npNnidd 1607 110
<210> 5 35 <211> 345 <212> DNA <213> Artificial <220> 40 <223> VH
sequence of 08554 (anti-EpCAM <220> 17 JANUARY 2007 WD 2004/009618

PCTI EP2003/ 007690 5/18 <221> CDS <222> (1)..(345) <400> 5 5 cag gtg cag
ctg gtg cag tot ggg got gag gtg aag aag cot ggg tcc 48 dn Val Gn Lau Val
A n Ser d ywakes@oaisVal Lys Lys Pro Ay Ser 1 5 10 15PCHEM0080¢6%gg gtc t oo
tgc aag got tot gga ggc acc ttc agc 8o tat 96 10 Ser Val Arg Val Ser Cys
Lys Ala Sex Ay Ay Thr Phe Ser Ser Tyr 20 25 30 got atc ago tgg gtg cga
cag gcc cot gga caa ggg ctt gag tgg atg 144 Ala lle Ser Trp Val Arg An Al a
Pro Ay dn dy Lau Gu Trp Met 15 35 40 45 gga ggg atc atc cot atc ttt ggt
aca gca adrtrag Pigcsercay seagivt fe€ 619 2hr KSb\phdryr ldueiyd ltee Pro | le Phe Ay Thr Al a
Asn Tyr Al G n Lys Phe7s80 55 60 20 mag ggc aga gftse aog att ace geg gac gaa
too acg ago aca gcc tac 240 An dy Arg Val Thr Ile Thr Ala Asp Gu Ser Thr

Ser Thr Al gcT¥d ¢85¢26Qcd FaBBhe 2D o8¢ G088 &l 8,209 A0GCt g 3ga tot gag gac acg
get gt taf, Aagcvzlg&lu%% Vbl A W) GH 587y S8k kRUafhgh Ser G u Asp Thr ‘Ala Val

Tyr Tyr Cys 8 % 95
cta caa act ttc act ttc ggc cct ggg acc aag gtg gag atc aaa 333
Leu Gln Thr Phe Thr Phe Gly Pro Gly Thr Lys Val Glu Ile Lys
10 100 105 110
<210> 2
<211> 111
<212> PRT

i5 <213> Artificial

<220>
<223> VL sequence of UBS54 (anti-EpCBM) and K53 (anti-CD46)

20 <400> 2

Glu Ile Glu Leu Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15

25 Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser
20 25 30

Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser

35 40 45
30
Pro Gln Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
50 55 60
Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
35 65 70 75 BO

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln Ala
85 30 95

40 Leu Gln Thr Phe Thr Phe Gly Pro Gly Thr Lys Val Glu Ile Lys
100 105 110



gca aga gac cog ttt ctt cac tat tgg ggc caa ggt acc ctg gtc pCEapd3bRry
Lou Val

Arg Asp Pro Phe Leu H's Tyr Trp Ay A n Gy Thr

tog aca 345 Val

Artificial

<223> VH sequence of UBS54 (anti -EpCAM <400> 6 5 dn Vval @&
YO F0k44p%618,

Ser Thr

of 02-237 (anti-CD46)

35 115

Ser Ay Ala s Lys Pro
Lys Ala Ser Ay Ay Thr Phe Sex
Adn Ala Pro Gy An dy Lau Qu
the Gy Thr Ala Asn Tyr Ala Gn
Thr Ala Asp A u Ser Thr Ser Thr
Leu Arg Ser A u Asp Thr Al a Val
Lau H's Tyr<sI®p3dy An Ay Thr
115 <211> 333
<212> DNA
5 <213> Artificial
<220>
<223> VL sequence
10 <220>
<221> CDS
<222> (1)..(333)
<400> 3
15 gac atc gtg atg act cag tct cca
Asp Ile Val Met Thr Gln Ser Pro
1 5
gag ccg gcc tcec atc tec tge agg
20 Glu Pro Ala Ser Ile Ser Cys Arg
20 - '
aat gga tac aac tat ttg gat tgg
Asn Gly Tyr Asn Tyr Leu Asp Trp
25 35 40
cca cag ctc ctg atc tat ttg ggt
Pro Gln Leu Leu Ile Tyr Leu Gly
50 55
30
gac agg ttc agt ggc agt gga tca
Asp Arg Phe Ser Gly Ser Gly Ser
65 70
35 agc aga gtg gag gct gag gat gtt
Ser Arg Val Glu Ala Glu Asp Val
85
cta caa act ttc act ttc ggc cct
40 Leu Gln Thr Phe Thr Phe Gly Pro
100

<210> 6

Ser ?

Trp Met

<211> 115

Thr

100 105 110

<212> PRT 40 <213>
<220> 17 JANUARY 2007 WO 20041009618 PCTI EP2003/ 007690 6118

n Lau Val dn

3o

gtc

15 10 15 SeFCNERNROYRDal ser oys
20 25 30 10 Ala Ile Ser Trp Val

Lys the 15 50 55 60 A n Ay Arg Val Thr I

Ala Tyr
Tyr Tyr Cys 85 90 95 Ala Arg
100 105 110 25 Vval

Lou Val Thr

ctc

Leu

tct
Ser
25

tac

Tyr

tct

Ser

ggc
Gly

g99
Gly

999
Gly
105

tece
Ser
10

agt

Ser

ctg

Leu

aat

Asn

aca

Thr

gtt
val
90

acc
Thr

ctg ccc

Leu Pro

cag agc
Gln Ser

cag aag
Gln Lys

cgg gcc
Arg Ala
60

gat ttt
Asp Phe
75

tat tac

Tyr Tyr

aag gtg
Lys Val

gtc
Val

ctc

Leu

cca
Pro
45

tcc

Ser

aca

Thr

tgc
Cys

gag
Glu

acc
Thr

ctg
Leu
30

ggg
Gly

gg9
Gly

ctg

Leu

atg
Met

atc
Ile
110

cct
Pro
15

cat

His

cag
Gln

gtc
Val

aaa

Lys

caa
Gln
95

aaa

Lys

gga
Gly

agt

Ser

tct

Ser

cct

Pro

atc
Ile
80

gct
Ala

48

96

144

192

240

288

333

65 70 75 80 20 Met du Lau Ser

Asp Pro the
Ser Thr

Arg

3540 45 dy dy llelle Prolle

l e
Ser



30 <210> 7 <211> 354

JANUARY

<212> DNA <213> Artificial 35 <220>1%3R30A¢ 2007

sequence of K53 (anti-CD46) <220> <221> CDS 40 <222> (1)..(354) <400> 7 17
2007 WD 2004/ 009618 PCT/ EP2003/ 007690 7/18 <cag gtg cag ctg gtg cag
get gag gtg aag aag cct ggg gcc 48 dn Val Gn Leu Val A n Ser Gy

tct ggg
Ala u

tct ggt
Tyr Thr
caa ggg
Gy Leu
gca cag
Lys Leu
gcc tac

Val Lys Lys Pro Gy Ala 1 5 10 15 5 tca gtg aag gtc tee tgc aag get
t ac wC004(0p61ce age tat 96 Ser Val Lys Val SeET/ERMOINBIN a Ser Gy
Phe Thr Ser Tyr 20 25 30 gdf!8ate agc tgg gtg cga cag gcc cot gga

ctt gag tgg atg 144 10 Ay Ile Ser Trp Val Arg A n Ala Pro Ay Gn
AQu Trp Met 35 40 45 gga tgg atc age get tac aat ggt aac aca aae tat
aag ctc 192 Gy Trp lle Ser Ala Tyr Asn Ay Asn Thr Asn Tyr Ala dn
15 50 55 60 cag ggc aga gtc ace atg ace aca gac aca tcc acg age aca
240Q10-Gyn Ay Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr

65 70 75 80;1-2Q;atg gag ctg agg age ctg aga tot gac gac acg gee gtg tat tac

tgt 218

MBl,,G:pp Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys 85

90 95 QS.gggcﬁggﬁ%gﬁ atg atg agg ggt gtg ttt gac tac tgg ggc caa ggt ace

336 Ala Arg

10

15

20

25

30

35

40

t Mt Arg Gy Val Phe Asp Tyr Trp Gy A n dy Thr

<220>
<223> VL sequence of 02-237 (anti-CD46)

<400> 4
Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15
Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser
20 25 30
Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45
Pro Gln Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
50 55 60
Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80
Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln Ala
85 90 95
Leu Gln Thr Phe Thr Phe Gly Pro Gly Thr Lys Val Glu Ile Lys
100 105 110
<210> 5
<211> 345
<212> DNA
<213> Artificial
<220>
<223> VH sequence of UBS54 (anti-EpCAM)

<220>



100 105 110 ctg gtc ace gt
<210> 8 35 <211> 118
sequence of K53 (anti-CD46)

PCT/ EP2003/ 007690 8/ 18 G n Val
Gy Ala _1 510 15 5 Ser Val

Pro
Thr
Au
Adn
Thr
Val
Ay
354

Wo3"B¥8 ay
35 40 45 10 G

50 55 60 Gn
15 65 70 75 80

Ser Tyr
Trp Met
Lys Leu
Ala Tyr
Tyr Tyr S

dnd 9Z%r0°3

<222> (1)..(345)

<400>

gtg
Val

5
cag
Gln

cag
Gln
1

ctg gtg
Leu Val
5

cag
Gln

tcg gtc tec
val

20

gtg agg tgc

10 Ser Val Arg Ser Cys

atc
Ile

gct agc gtg

Val

tgg
Trp

cga
Ser
35

Arg
15

ate
Ile

atc
Ile

atc cct

Ile

gga
Gly

g99
Gly
50

Pro

20

att
Ile
70

cag
Gln
65

ggc
Gly Arg

aga gtc

val

acg
Thr

25 atg

Met

gag ctg ctg

Glu

agc agc

Ser Leu

85

Leu Ser

ttt
Phe

gca ctt

Ala Arg Asp

aga gac ccg

30 Pro

100

Leu

aca
Thr
115

gtc
val

teg
Ser
35

6

115

PRT
Artificial

<210>
<211>
<212>
40 <213>

<220>

<212> PRT

85 90 95 20 Ala Arg Ay Mt Met Arg Ay Val
100 105 110 Leu Val

c tcg aca 354 30 Leu Val Thr Val{Sg(ndARy 2067
<213> Artificial <220> 40 <223> VH

<400> 8 17 JANUARY 2007 WD 2004/009618

Gn Leu Val Adn Bar Ay Ala Qu Val Lys Lys
Lys Val Ser Cys Lys Tyr Thr Phe
Ile Ser Trs@s Val Arg Gn A Qﬂcgﬁig@/ﬁg"é”n Gy Leu

y Trp Ile Ser Ala Tyr Asn Ay Asn Thr Asn Tyr Al a
Gy Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser
Met Qu Leu Arg Ser Leu Arg Ser Asp Asp Thr Al a
Phe Asp Tyr Trp
Ser Thr <211>

Thr Val 115 25 <210> 9

tct gct cct tcc 48

Ala

g99 aag

Gly

gag
Glu
10

aag 999
Gly

15

gtg

Ser Val Lys Lys Pro Ser

ttc
Phe

gct tet acc tat 96

Thr

aag

Lys Ala

gga
Gly

ggc
Gly

agc agc

Ser Ser

30

Ser
25

Tyr

cct caa ctt 144

Gln

atg
Met

tgg
Trp

cag
Gln Ala
40

gee gga

Gly

999
Gly

gag
Leu Glu

45

Pro

ttt 192
Phe

55

tte
Phe

tac
Tyr Ala
60

aca
Thr

ggt aac

Gly

gca gca aag

Ala Asn

cag

Gln Lys

aee tce acyg tac 2490

Thr

geg agc aca

Thr Ala Asp

gaa
Glu

gce
Thr Ala

gac
Ser Ser

75

Tyr
80

tct acg gct tat tac 288

Thr Ala

gtg
val

aga gag tgt
Glu Asp

90

gac

Arg Ser Tyr Tyr

95

Cys

acc 336

Thr

cac tat caa ggt ctg gtec
Leu Val

110

acc
Thr

ggc
Gly Gln Gly

tgg
His Tyr Trp
105

345



<212> DNA 30 <213> Artificial <220> <223> VH sequence of O b 6)
35 <220> <221> CDS <222> (1)..(354) <400> 9 40 cag gtg ca§7§?§Ué?gzgg§cht

ggg
Au

get gag gtg aag aag cot ggq gcc 48 dn Val Gn Leu Val An Ser Ay Al a
Val Lys Lys Pro Ay Ala 1 5 10 15 17 JANUARY 2007 WD 2004/009618

PCTI EP2003/ 007690 9/18 tca gtg aag gtc tcc tgc aag get tct ggt tac acc ttt

acc
Tyr
atg

agc t at WIB00408%618/al Lys Val Ser Cys Lys Al a Ser GPGTAR20030AF9Phe Thr Ser
20 25 30 5 ggt atc agc tgg gtg %8s cag gcc cot gga caa ggg ctt gag tgg
144 dy Ile Ser Trp Val Arg Gn Ala Pro Gy An Ay Lau Gu Trp Met 35

40 45 10 gga tgg atc agc got tac aat ggt aac aca aac tat gca cag aag ctc 192

Ay
ggc
Arg
ctg
Ser
ccg
Thr

Trp Ile Ser Ala Tyr Asn Ay Asn Thr Asn Tyr Ala A n Lys Leu 50 55 60 cag
aga gte2mcoHakgemefaBehigacticepea CC acg agc aca gcc tac 240 15 dn Qy
Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr 65 70 75 80 atg gag
agg agaodt g aga tct gac gac acg gcc gtg tat tac tgt 288 Mt Gu Lau Arg
Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys 20 85 90 95 gca agg ggc ttt

CQts acy, by el 1n9AE ol lOP a006 CAY 1998, A66 358 Ala Arg Gy the Pro Arg
Ser Phe Asp Ser Trp Gy dn GI}/0 Thr 100" 105 110 25

Ser Val Arg Val Ser Cys Lys Ala Ser Gly Gly Thr Phe Ser Ser Tyr

20 25 30
10
Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gly Ile Ile Pro Ile Phe Gly Thr Ala Asn Tyr Ala Gln Lys Phe
15 50 55 60

Gln Gly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
65 70 75 80

20 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 30 95

Ala Arg Asp Pro Phe Leu His Tyr Trp Gly Gln Gly Thr Leu Val Thr
100 105 110
25
Val Ser Thr
115

30 <210> 17
<211> 354
<212> DNA
<213> Artificial

35 <220>
<223> VH sequence of K53 (anti-CD46)

<220>
<221> CDS

40 <222> (1)..{354)

<400> 7



ctg gtg acc gtc tcc tca 354 Leu Val Thr Val Ser Ser 115 301 <EAOFARV206211>
118 <212> PRT <213> Artificial 35 <220> <223> VH sequence of 02-237
(anti-CD46) <400> 10 40 A n Val Gn Leu Val Adn Ser Ay Ala Qu Val Lys Lys
Pro Gy Ala 1 5 10 15 17 JANUARY 2007 WO 2004/009618 PCT/ EP2003/ 007690
10/18 Ser Val Lys Val Ser Cys Lys Ala Ser Ay Tyr Thr_Phe Thr Ser Tyr 20
25 30 5 Gy VPa0@6t8rn val Arg Gn Ala Pro Gy G n GRFTRRGT4% p Met 35
40 45 dy Trp Ile Ser Ala Tyr Aso G9 Asn Thr Aso Tyr Ala G n Lys Leu 50 55
60 10 An Gy Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr 65
70 75 80 Met G u Leu Arg Ser Lau Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys 15
85 90 95 Ala Arg Gy Phe Pro Arg Thr Ser the Asp Ser Trp Gly A@n dy Thr
100 105 11029 307 £3@FEVAFI THrtcVaPI SexIageits 1405229 €94 939 I°F

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

5 tca gtg aag gtc tcc tge aag get tct ggt tac acc ttt acc age tat 96
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

ggt atc agc tgg gtg cga cag gcc cct gga caa ggg ctt gag tgg atg 144
10 Gly Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

gga tgg atc agc gct tac aat ggt aac aca aac tat gca cag aag ctc 192
Gly Trp Ile Ser Ala Tyr Asn Gly Asn Thr Asn Tyr Ala Gln Lys Leu
15 50 55 60

cag ggc aga gtc acc atg acc aca gac aca tcc acg agc aca gcc tac 240
Gln Gly Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr
65 70 75 80
20
atg gag ctg agg agc ctg aga tct gac gac acg gcc gtg tat tac tgt 288
Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

25 gca agg ggc atg atg agg ggt gtg ttt gac tac tgg ggc caa ggt acc 336
Ala Arg Gly Met Met Arg Gly Val Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

ctg gtc acc gtc tcg aca 354
30 Leu Val Thr Val Ser Thr
115

<210> 8
35 <211> 118
<212> PRT
<213> BArtificial

<220>
40 <223> VH sequence of K53 (anti-CD46)

<400> 8



25 <211> 369 <212> DNA <213> Artificial <220> 30 <223> VH7SRAHARSS R
clone B28 (anti-CD22 phage) <220> <221> CDS <222> (1)..(369) 35 <400> 11
atg gcc gag gtg cag ctg gtg gag tct ggg gga ggt gtg gta cgg cct 48 Mt A a

Au

Val

Gn Leu Val u Ser dy Gy Gy Vval val Arg Pro 1 5 10 15 40 gga

ggg tcc ctg ago ctc tcc tgt gca gcc tct gga ttc acc ttt gat 96 Gy Ay Ser

Leu

Arg

Leuwseoodys1Al a Ala Ser Ay Phe Thr Phe Asp 1PCUERIORRY76A007 WO

2004/ 009618 PCT/ EP2003/ 007690 11/18 8180 25 30 gat tat ggc atg ago tgg gtc

cgc

caa

Ala Pro

ggt
Thr

aac
Lys
acg
Val

gac

ago
Ay
gcc
Asn
gcc
Tyr

tat’

10

15

20

25

30

35

40

got cca ggg aag ggg ctg gag 144 Asp Tyr Ay Met Ser Trp Val Arg G n
Gy Lys Ay Leu Qu 5 35 40 45 tgg gtc tot ggt att sat tgg sat ggt

aca ggt tat gca gac 192 Trp Val Ser Gy Ile Asn Trp Asn Ay Ay Ser
Tyr Ala Asp 50 55 60 10 tot gtg aag ggc cgs ttc acc atc tcc aga gac

aagin ¥AC 61n0Ru 2406156k Yahd¥s VAl Yy E@ 2heuhia I1e Ser Arg Asp Asn Ala
Ser 65 70 754,B0 15 ctg taf, ctg caa atg,gac agt ctg aga gcc gag gac
gtg tat 288 Leu Tyr Leu G n Met Mh Ser Leu Arg Ala Gu Asp Thr Al a

85.090u %0 $u8%ed B 85298 895, L SLInSYL LEL Oet tee tee tgg tit
2

20 5 30

Gly Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Ser Ala Tyr Asn Gly Asn Thr Asn Tyr Ala Gln Lys Leu
50 55 60

Gln Gly Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Met Met Arg Gly Val Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Thr
115

<210> 9

<211> 354

<212> DNA

<213> Artificial

<220>
<223> VH sequence of 02-237 (anti-CD46)

<220>
<221> CDS
<222> (1)..(354)

<400> 9

cag gtg cag ctg gtg cag tct ggg gct gag gtg aag aag cct ggg gcc 48
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15



20 Tyr Cys Ala Arg Ay Phe Leu Arg Phe Ala Ser Ser Trp the AppJANtiARY0005
110 tgg ggc caa ggt acc ctg gtc ace gtc tog aga 369 Trp Ay @n Ay Thr
Leu Val Thr Val Ser Arg 25 115 120 <210> 12 <211> 123 30 <212> PRT <213>
Artificial <220> <223> VH sequence of clone B28 (anti-CD22 phage) 35 <400>
12 Mt Ala Ju Val @n Leu Val GQu Ser Gy Ay dy VaI VaI Ar Pro 15 10
15 40 Ay GXP Y0096}, Arg Leu Ser Cys. Al a Al a Ser %We Asp 20
25 30 17 JANUARY 2007 V\O 2004/ 00961§’1?>CT/ EP2003/ 007690 12/ 18 Asp Tyr Ay
Met Ser Trp Val Arg G n Ala Pro Ay Lys Ay Leu GQu 35 40 45 5 Trp Val Ser
Gy lle Asn Trp Asn Gy Gy Ser Thr Ay Tyr Ala Asp 50 55 60 Bar Val Lys
Gy Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser 65 70 75 80 10 Leu Tyr
Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr 05 90 95 Tyr Cys
Ala Arg 4 ytPrees bmudtArtge tthe 2l et Sef s8etrec Brp titheccAp tfyr 159400 105 110 Trp
Gy A n d ysefhwel bwuvaVeder Thy ridadia Ser 61Ar Tyr TS pe2€hr ser Tyr
20 25 30
5
ggt atc agc tgg gtg cga cag gcc cct gga caa ggg ctt gag tgg atg 144
Gly Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

10 gga tgg atc agc gct tac aat ggt aac aca aac tat gca cag aag ctc 192
Gly Trp Ile Ser Ala Tyr Asn Gly Asn Thr Asn Tyr Ala Gln Lys Leu
50 55 60

cag ggc aga gtc acc atg acc aca gac aca tcc acg age aca gece tac 240
15 Gln Gly Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr
65 70 75 80

atg gag ctg agg agc ctg aga tct gac gac acg gcc gtg tat tac tgt 288
Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
20 85 920 95

gca agg ggc ttt ccg cgt acg tcg ttt gac tcc tgg ggc cag gge acc 336
Ala Arg Gly Phe Pro Arg Thr Ser Phe Asp Ser Trp Gly Gln Gly Thr
100 105 110
25
ctg gtg acc gtc tcec tea 354
Leu Val Thr Val Ser Ser
115

30
<210> 10
<211> 118
<212> PRT
<213> Artificial
35
<220>
<223> VH sequence of 02-237 (anti-CD46)

<400> 10

40
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15



20 <210> 13 <211> 369 <212> DNA <213> Artificial 25 <229?’JA§8§§?2UU7
sequence of clone 11-2 (anti-CDr2 phage) <220> 30 <221> CDS <22

(1)..(369) <400> 13 atg gcc cag gtg cag ctg gtg cag tct ggg get gag gtg aag
aag cct 48 35 Met Ala Gn Val dn Leu Val Gn Ser Gy Ala Ju Val Lys Lys
Pro 1 5 10 15 ggg gcc tca gtg aag gtt tcc tgc aag gca tct gga tac acc ttc
acc 96 d ywhlesBme1sVal Lys Val Ser Cys Lys Al a Ser QGI/ER0369t he Thr 40
20 25 30 agc tac tat atg cac tgg gi¥8cgs cag gcc cct gga caa ggg ctt gag
144 17 JANUARY 2007 WO 2004/009618 PCT/ EP2003/ 007690 13!18 Ser Tyr Tyr Met
Hs Trp Val Arg Adn Ala Pro Gy Gdn dy Leu Qu 35 40 45 tgg atg gga ata
atc aac cct agt ggt ggt ggc aca ago tac gca cag 192 5 Trp Met Ay Ile lle
Asn Pro Ser Ay Gy Ay Thr Ser Tyr Ala G n 50 55 60 aag ttc cag ggc aga gtc
acc atg acer aWgr@as1 A6 cfsClys AeYs@Uy AGA rAbhe Y SePRE G n Gy Arg Val Thr Net
Thr Arg Asp Thr Seg, Thr Ser Thr,J10 65 70 75 8Q gtc tac atg gag ctg agc agc
ctg aga tot gag gac acg gcc gtg tat 288 Val Tyr Met Qu Leu Ser Ser Leu Arg

Ser G u:') ASGQ -H-le Ser TP \éa?! gy ln%? go G%y Gln Gly Leu Glu Trp Met

35 45

Gly Trp Ile Ser Ala Tyr Asn Gly Asn Thr Asn Tyr Ala Gln Lys Leu

50 55 60
10
Gln Gly Arg Val Thr Met Thr Thr Asp Thr Ser Thr Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
15 85 90 95

Ala Arg Gly Phe Pro Arg Thr Ser Phe Asp Ser Trp Gly Gln Gly Thr
100 105 110

20 Leu Val Thr Val Ser Ser
115

<210> 11
25 <211> 369
<212> DNA
<213> Artificial

<220>
30 <223> VH sequence of clone B28 (anti-CD22 phage)

<220>
<221> CDS
<222> (1)..(369)
35
<400> 11
atg gcc gag gtg cag ctg gtg gag tct ggg gga ggt gtg gta cgg cct 48
Met Ala Glu Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Arg Pro
1 5 10 15
40
gga ggg tcc ctg aga ctc tcc tgt geca gecc tet gga tte acc ttt gat 96

Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp



tac tgt gca aga gac tac
Ala Arg Asp Tyr Tyr Val
ggc caa ggt acc ctg gtc
Ser Arg 115 120 25

Val

<220> <223> VH se
d n Y840%
Ser
Met His Trp Val

dn
Ser
Tyr

Val

Val Lys Val

:

uence

176 n

Cys
Arg

tat gtt acg tat gat tcc tgg ttt gac frtganstry 3007 Cys
Thr Tyr Asp Ser Trp Phe Asp Ser 100 105 110 20 tgg

acc gtc tog aga 369 Ttp Ay G@n @y Thr Leu Val Thr
<210> 14 <211> 123 <212> PAT <213> Artificial 30
of clone 11-2 (anti-CD72 phage <400> 14 35 Met Al a
Ser dy Ala (0 Val Lys Lys Pr%CTf?zqg%(B%fS Ay Ala
Lys Ala Ser y Tyr Thr Phe Thr 20 25 30 40 Ser Tyr
Gn Ala Pro Ay An @y Leu u 35 40 45 17 JANUARY

2007 WO 2004/ 009618 PCT/ EP2003/007690 14/18 Trp Met Ay lle Ile Asn Pro

Ser
Met
Ser
Tyr
Leu

Gy Ay Ay

Thr Arg Asp

Lau Arg Ser

Val TheatTiat

Val Thesp/alr
5

tgg gtc
Trp Val
50
10
tct gtg
Ser Val

65

15 ctg tat

Leu Tyr

tac tgt

20 Tyr Cys

tgg
Trp

ggc

25

<210>
<211>
<212>
<213>

30

<220>

<223>
35

<400>

Met Ala Glu Val Gln Leu Val Glu

1
40

Gly Gly Ser Leu Arg Leu Ser Cys

Gly

Thr
Thr*®Ser Thr
G u Asp Thr Al a Val
AsprEerc T ptPhe @dgpesSera
SeneAseg 1b VAl Brgl@ Ala Pro

35
tct

Ser

aag

Lys

ctg,

Leu

gca
Ala

caa
Gln
115

12
123
PRT

VH sequence of clone

12

Ser

att
Ile

ggt
Gly

ggce
Gly Arg

cga

caa
Gln Met
85

atg

aga ggc

Arg Gly

100

ggt acc

Gly Thr

Artificial

5

20

Tyr Ala Gn

50 55 60 5 Lys Phe G n Ay Arg Val Thr
Ser %hr

65 70 75%80 Val Tyr Met G u Lau Ser
Tyr 85 90 95 10 Tyr Cys Ala Arg Asp Tyr
990689 @Hctgsi B TrpldGdy A n Ay Thr
Gly Lys Gly Leu Glu

40 45

aat tgg aat aca 192

Thr
60

ggt tat gca gac
Gly Tyr Ala Asp

ggt
Gly

ggt
Gly

age

Asn Trp Asn Ser

55

tte
Phe
70

atc tcc 240

Ile

acc

Thr

aga gac aac gcc aag aac tcc

Ser Arg Asp Asn

75

Ala Lys Asn Ser
80

aac agt ctg aga gcc 288

Ala
90

acg gcc gtg tat
Thr Ala Val Tyr
95

gag
Glu Asp

gac

Asn Ser Leu Arg

ttt
Phe

ttt
Phe
105

ctt cgt tce tec 336

Leu Arg

gct
Ala

tgg ttt gac tat

Ser Ser Trp Phe Asp Tyr

110
acc 369
Thr
120

ctg gtc
Leu Val

gtc
val

tcg aga
Ser Arg

B28 (anti-CD22 phage)

Ser Gly Gly Gly Val Val Arg Pro
10 15

Ala Ala Ser Gly Phe Thr Phe Asp
25 30



<210> 15 <211> 360 20 <212> DNA <213> Artificial <220> > nce
of clone 1-2 (anti-class Il phage) 25 <220> <221> CDS <;‘§§J§Al‘?}1{’)‘#\.§%g60) 30

<400> 15 atg gcc gag gtg cag ctg gtg gag tot ggg gga ggc ttg gta cag cct 48
Met Ala Gu Val dn Lau Val Gu Ser Ay Ay Ay Lau val @dn Pro 1 5 10 15

35 ggc agg tcc ctg age ctc tcc tgt gca gcc tct gga ttc acc ttt gat 96 Gy
Arg Ser LeuwbhehsbdsSer Cys Ala Ala Ser Ay Phe Thr Rhamkss@ie5 30 40 gat
tat gcc atg cac tgg gtc cgg caa get 1@Ba ggg aag ggc ctg gag 144 Asp Tyr Al a
Met His Trp Val Arg An Ala Pro Ay Lys Ay Lau Gu 35 40 45 17 JANUARY 2007
WO 2004/ 009618 PCT/ EP2003/ 007690 15/18 tgg gtc tca ggt att agt tgg oat agt
gg-t agc ata ggc tat gcg gac 192 Trp Val Ser Gy Ile Ser Trp Mnh Ser Ay Ser
lle Ay Tyr Ala Asp 50 55 60 5 tct gtg aag ggc cgs ttc acc atc tcc ago gac
aac gcc a C Loaval L he T Ile Ser Arg Asp Asn Al a
Lys Asn SZ,%pgrggfi %eg%ggTrpfgach SG% a%(ﬁc?&)é(l:ﬁ%ga{{é%g%g{uagt ctg aga get gag gac
acg gcc gtg tat 288 Leu Tyr Pau G n Mmet ASh Ser Leu Arg Ala Qu Asp Thr Ala
Val Tyr5 85 90 95

Trp Val Ser Gly Ile Asn Trp Asn Gly Gly Ser Thr Gly Tyr Ala Asp
50 55 60

Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser

65 70 15 80
10

Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr

85 90 95

Tyr Cys Ala Arg Gly Phe Leu Arg Phe Ala Ser Ser Trp Phe Asp Tyr
15 100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Arg

115 120

20

<210> 13

<211> 369

<212> DNA

<213> Artificial
25

<220>
<223> VH sequence of clone II-2 (anti-CD72 phage)

<220>
30 <221> CDS
<222> (1)..(369)

<400> 13

atg gcc cag gtg cag ctg gtg cag tct ggg gect gag gtg aag aag cct 48
35 Met Ala Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro

1 5 10 15

ggg gcc tca gtg aag gtt tcc tgc aag gca tct gga tac acc ttc acc 96

Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
40 20 25 30

agc tac tat atg cac tgg gtg cga cag gcc cct gga caa ggg ctt gag 144



tac tgt gca agg gac ctt tat ctt gcg cat ttt gac tae tgg ggc pﬁ%ﬁﬁﬁwj@ﬂyr
Cys Ala Arg Asp Leu Tyr Leu Ala His the Asp Tyr Trp Ay G n 100 105 110

gg-t acc ctg gtc acc gtc tcg aga 360 Gy Thr Leu Val Thr Val Ser Arg 20 115
120 <210> 16 <211> 120 25 <212> PRT <213> Artificial <220> <223> VH
sequence of clone 1-2 (anti-class Il phage) 30 <400> 16 Met Ala Gu Val Gn
Leu Val G u ®erosdoges@ y Ay Leu Val An Pro 1 5 10 15PCI332@p/o7¢¥0g Ser Leu
Arg Leu Ser Cys Ala Ala Ser Ay Phe ™8 the Asp 20 25 30 Asp Tyr Ala Met
Hs Trp Val Arg A n Ala Pro Gy Lys Ay Leu Qu 40 35 40 45 Trp Val Ser Ay
Ile Ser Trp Asn Ser Ay Ser Ile Gy Tyr Ala Asp 17 JANUARY 2007 WO

2004/ 009618 PCT/ EP2003/ 007690 16/ 18 50 55 60 Ser Val Lys Gy Arg Phe Thr
Il e Ser ArgeAspr AsMeAlnds bySvaASig S8T A1aGRo 60y @12 0 rebelau Tyr Leu G n Met Mn
Ser Lau Arg Ala g u Asp Thr Alg Val Tyr 85,080 95 Tyr Cys Ala Arg Asp Lou
Tyr Lau Ala Hs Phe Asp Tyr Trp Ay Gn 10 100 105 110 Gy Thr Lau Val Thr
Val Ser Arg. . aig

gga ata atc aac cct agt ggt ggt ggc aca agc tac gca cag 192
5 Trp Met Gly Ile Ile Asn Pro Ser Gly Gly Gly Thr Ser Tyr Ala Gln
50 55 60

aag ttc cag ggc aga gtc acc atg acc agg gac acg tec acg age aca 240
Lys Phe Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser Thr
10 65 70 75 80

gtc tac atg gag ctg agc agc ctg aga tct gag gac acg gcc gtg tat 288
Val Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr
85 90 95
15
tac tgt gca aga gac tac tat gtt acg tat gat tcc tgg ttt gac tcc 336
Tyr Cys Ala Arg Asp Tyr Tyr Val Thr Tyr Asp Ser Trp Phe Asp Ser
100 105 110

20 tgg ggc caa ggt acc ctg gtc acc gtc tcg aga 369
Trp Gly Gln Gly Thr Leu Val Thr val Ser Arg
115 120

25 <210> 14
<211> 123
<212> PRT
<213> Artificial

30 <220>
<223> VH sequence of clone II-2 (anti-CD72 phage)

<400> 14

35 Met Ala Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro
1 5 10 15

Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30
40
Ser Tyr Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu
35 40 45



115 120 15 <210> 17 <211> 336 <212> DNA <213> Artificialyy 2,%(& g‘g%
<223> common VL sequence of clones B28 (anti-CD22 phage), f n i -CDr2
phage) and 1-2 (anti-class 11 phage) 25 <220> <221> CDS <222> (1)..(336)
<400> 17 30 tcg tct gag ctg act cag gac cct get gtg tct gtg gcc ttg gga cag
48 Ser Ser G u Lau Thr Gn Asp Pro Ala Val Ser Val Ala Lou Gy Gn 1 5 10
15 aca gtc vw@thofdodsigCa t gc caa gga gac agc ctc age agetieddooi@teogca 96 35
Thr Val Arg Ile Thr Cys A n Ay Asp 8a8 Lau Arg Sex Tyr Tyr Ala 20 25 30

agc tgg tac cag cag sag cca gga cag gcc cot gta ctt gtc atc tat 144 Ser Trp
Tyr Gn Gn Lys Pro Ay Gn Ala Pro Val Leu Val Ile Tyr 40 35 40 45 ggt aaa
aac aac cgg ccc tca ggg atc cca gac cga ttc tct ggc tcc 192 17 JANUARY 2007
WO 2004/ 009618 PCT/ EP20031007690 17118 dvy Lys Asn Asn Arg Pro Ser Ay lle
Pro Asp Arg_Ph 0 a ¢ _tca aac aca get tcc ttg acc
atc act ggg get(E ’éu%;legf:l)g‘;a Asﬁs?r"zgﬁé‘ g@?ly T%gg r Ala Ser Leu Thr Ile
Thr Ay Ala dh Ala Gu 65 70 75 80 gat® gag get gac tat tac tgt aac tcc cgg

gac agc agt ggt aac cat 288 Asp GQu Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser
Ser d y5As hysHi'hg Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser Thr

65 70 75 80

Val Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr

85 90 95
10
Tyr Cys Ala Arg Asp Tyr Tyr Val Thr Tyr Asp Ser Trp Phe Asp Ser
100 105 . 110
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Arg
15 115 120

<210> 15
<211> 360
20 <212> DNA
<213> Artificial

<220>

<223> VH sequence of clone I-2 (anti-class II phage)
25

<220>

<221> CDS

<222> {1)..(360)

30 <400> 15

atg gcc gag gtg cag ctg gtg gag tct ggg gga ggc ttg gta cag cct 48
Met Ala Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro
1 5 10 15
35
ggc agg tec ctg aga ctc tcec tgt geca gec tet gga tte acc ttt gat 96
Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp
20 25 30
40 gat tat gcc atg cac tgg gtc cgg caa gct cca ggg aag ggc ctg gag 144

Asp Tyr Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu
35 40 45



10 85 90 95 gtg gta ttc ggc gga ggg acc aag ctg acc gtc ctapgingely 9667 9ca
336 Val Val Phe Ay Ay Gy Thr Lys Leu Thr Val Leu Ay Ala Ala Ala 100 105

110 15 <210> 18 <211> 112 <212> PRT 20 <213> Artificial <220> <223>
conunon VL sequence of clones B28 (anti-C022 phage), 11-2 (anti-C072 phage)
and 1-2 (anti-class Il phage) 25 <400> 18 Ser Ser G u Leu Thr @ n Asp Pro
Al a Val Ser Waloooassiseu Ay G n 1 5 10 15 30 Thr Val Pe¥/Er2pe3807%Mr Cys A n
Ay Asp Ser Leu Arg Ser Tyr Tyr Ala ¥ 25 30 Ser Trp Tyr An Gn Lys Pro
Gy @n Ala Pro Val Leu Vval Ile Tyr 35 35 40 45 dvy Lys Asn Asn Arg Pro Ser
Gy lle Pro Asp Arg Phe Ser Ay Sex 50 55 60 40 Ser Ser Gy M Thr Ala Ser
Leu Thr Ile Thr Ay Ala Gn Ala u 65 70 75 80 17 JANUARY 2007 WO
20041009618 PCT/ EP2003/ 007690 18/ 18 Asp Qu Ala Asp Tyr Tyr Cys Asn Ser Arg
Asp Ser Sertg@g}fc '%@angdﬂ at a@étc%oaagagty@ét éé@-latPQ@: gtygcQgYC € y 1;}” Lys Leu Thr
Val Leu Gy Al@ AlacH Be sor 200182 $40ser 116 cly Tyr ala asp
50 55 60
5

tct gtg aag ggc cga ttc acc atc tecec aga gac aac gcc aag aac tcc 240

Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser

65 70 15 80

10 ctg tat ctg caa atg aac agt ctg aga gct gag gac acg gcc gtg tat 288
Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr
85 90 - 95

tac tgt gca agg gac ctt tat ctt gecg cat ttt gac tac tgg ggc caa 336
15 Tyr Cys Ala Arg Asp Leu Tyr Leu Ala His Phe Asp Tyr Trp Gly Gln
100 105 110

ggt acc ctg gtc acc gtc tecg aga 360
Gly Thr Leu Val Thr Val Ser Arg
20 115 120

<210> 16
<211> 120
25 <212> PRT
<213> Artificial

<220>
<223> VH sequence of clone I-2 {anti-class II phage)
30
<400> 16
Met Ala Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro
1 5 10 15
35
Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp
20 25 30
Asp Tyr Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu
40 35 40 45

Trp Val Ser Gly Ile Ser Trp Asn Ser Gly Ser Ile Gly Tyr Ala Asp
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17 JANUARY 2007

WO 2004/009618 PCT/EP2003/007690
16/18
50 55 60
Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser
65 70 75 80
Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr
85 90 95
Tyr Cys Ala Arg Asp Leu Tyr Leu Ala His Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Arg

115 120
<210> 17
<211> 336
<212> DNA

<213> Artificial

<220>
<223> common VL sequence of clones B28 (anti-CD22 phage), II-2

(anti-CD72 phage) and I-2 (anti-class II phage)

<220>
<221> CbS
<222> (1)..(336)

<400> 17

tcg
Ser

aca
Thr

agc

Ser

ggt

tct gag ctg act cag gac cct get gtg tet gtg gec ttg gga cag 48
Ser Glu Leu Thr Gln Asp Pro Ala Val Ser Val Ala leu Gly Gln
5 10 15

gtc agg atc aca tgc caa gga gac agc ctc aga agc tat tat gca 96
Val Arg Ile Thr Cys Gln Gly Asp Ser Leu Arg Ser Tyr Tyr Ala
20 25 30

tgg tac cag cag aag cca gga cag gcc cct gta ctt gtc atc tat 144
Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Ile Tyr

35 40 45

aaa aac aac cgg ccc tca ggg atc cca gac cga ttc tet gge tec 192
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WO 2004/009618

Gly

agc
Ser

65

gat

gtg

Val

Lys Asn
50

tca gga

Ser Gly

gag gct
Glu Ala

gta ttc
Val Phe

<210> 18
<211> 112
<212> PRT

<213>

<220>

<223>

<400> 18

Ser

1

Thr

Ser

Gly

Ser

' 65

Ser Glu

Val Arg

Trp Tyr
35

Lys Asn
50

Ser Gly

Asn

aac

Asn

gac

Asp

ggc
Gly
100

Leu

Ile

20

Gln

Asn

Asn

Arg

aca
Thr

tat
Tyr
85

gga
Gly

Artificial

Thr

Thr

Gln

Arg

Thr

Pro

gct
Ala
70

tac

Tyr

999
Gly

Gln

Cys

Lys

Pro

Ala
70

Ser
55

tcc

Ser

tgt
Cys

acc
Thr

and I-2

Asp

Gln

Pro

Ser

55

Ser

Gly

ttg

Leu

aac
Asn

aag

Lys

Ile

acc

Thr

tcc

Ser

ctg
Leu
105

17/18

Pro Asp

atc act
Ile Thr
75

cgg gac
Arg Asp
90

acc gtc
Thr Val

Arg
60

999
Gly

agc

Ser

cta

Leu

Phe

gct
Ala

agt

Ser

ggt
Gly

Ser Gly

cag gcg
Gln Ala

ggt aac
Gly Asn
95

gcg gcc
Ala Ala
110

(anti-class II phage)

Pro Ala

Gly

Gly
40

Gly

Asp
25

Gln

Ile

Leu Thr

Val Ser

10

Ser Leu

Ala Pro

Pro Asp

Ile Thr
75

Val

Arg

val

Arg

60

Gly

Ala

Ser

Leu

45

Phe

Ala

Leu Gly
15

Tyr Tyr

30

Val Ile

Ser Gly

Gln 2Ala

Ser

gaa
Glu
80

cat
His

gca
Ala

common VL sequence of clones B28 (anti-CD22 phage), II-2
(anti~CD72 phage)

Gln

Ala

Tyr

Ser

Glu
80

17 JANUARY 2007

PCT/EP2003/007690

240

288

336



17 JANUARY 2007

WO 2004/009618 PCT/EP2003/007690
18/18

Asp Glu Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn His
85 90 95

Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Ala Ala Rla
100 105 110





