WO 2006/038022 PCT/GB2005/003866 1 METHODS FOR ANTIBODY
LIBRARY SCREENING This invention relates to a method of screening a

library of molecules, in particular a phage display library, to identify or
WaAM(B#B%r more members thereof which are candidate BfntifB2005/003866

partners for one or more target entities, ip particular candidate binding
partners for cell surface molecules. The invention further relates to an
improved method of separating candidate binding partners for said target
entities from other library members. Phage antibody display technology

has proven to be a vapssisiablextaghnistie fardhersCirapinghand
selection of antibodies to defined target antigens (for a review see

Hoogenboom et al., 1998, Immunotechnol., 4:1-20). Most strategies have
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described by Giordano et al., and is_termed the B 1L
Conventional methods for the identification of binding partners for cell

surface molecules are based on the incubation of cells in suspension or culture with
complex phage display single chain Fv (scFv) libraries followed by several
washings (usually 5 or more) and acid or alkaline elution of bound phages (see for
exampie Hoogenboom et al., 1999, Eur. J. Biochem., 260: 774-784; Ridgeway et al,,
1999, Cancer Research, 59: 2718-2723; Wong ef al., 2001, Cancer Immunol.
Immunother., 50: 93-101). This is often preceded by removing irreievant binding
partners by negative panning on irrelevant cell types. A more recently developed
and more high-throughput method is the screening of cells with a phage display
library after immobilization of the cells onto nitrocellulose membranes (Radosevic
et al., 2003, J. immunol. Methods, 272:219-233),

An alternative and time saving approach to the conventional approach for the
screening, selection and sorting of cell surface binding peptides using a phage
dispiay library has been described by Giordano ef al., and is termed the BRASIL



2 method (Biopanning and Rapid Analysis of Selective Interactive

Ligands, 2001, Nature Med., 11:1249-1253). This method is based on a

single step organic phase separation of free and cell bound phages which

has the advantage that the washing steps essential to the conventional

method (i.e. steps in which free phage are washed away from the cells),

which are labor intensive, inefficient and result in cells and potential

ligands being lost, are avoided. Surprisingly, it has now been found that,
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members of the expression library from unbound members of the
expression library by separation through an organic phase, thereby
separating candidate binding partners for said target entities from other
library members, wherein said expression library is a phage display library
and wherein said target entity is a cell surface molecule or a molecule
which is attached to a solid phase.

In a second aspect, there is provided a method for isolating and/or identifying an
unknown target entity comprising the steps as defined above and further comprising: (d)
isolating one or more expression library members which bind to said unknown target
entity and (e) using said library member to isolate and/or identify the target entity to
which it binds, wherein said expression library is a phage display library and wherein
said target entity is a cell surface molecule or a molecule which is attached to a solid

phase.



2a Also disclosed is an improved method of separating from an

expression library candidate binding partners which have become bound

to a target entity from other non- bound library members comprising steps
(a) to (c) as defined herein. The library of molecules to be screened in
accordance with the present inventi@a can be any protein expression
library, i.e. any peptide or polypeptide expression library. Examples of
appropriate expression libraries are well known and described in the art,
and Ahegearsldy #bigrse sdcmetbqshabecarpiing IfParias gorekiandiarary
candMinierghdihe YWASOBM MoCaliaryciatnd W0 240504 ) itpdaieriatfornon-

ex le Samuelson et al., 2002, J. Biotechn 129-154), covalent or
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example via a covalent linkage as in the systems described in

20¢xobdrerasedr Kettrov HoBY ULR B8fiAg proteins in the cis-display
systems as described in W004/022746), or yeast display systems (for
example those described by Wittrup, K. D. et al., WO 99/36569; Wittrup,
K. D. (2001) Curr. Opin. Biotechnol. 12, 395-399; Lee, S. Y. et al (2003)
Trends in Biotechnol. 21, 45-52), or bacterial two hybrid systems (e.g.
Chien et al., 1991, Proc. Natl. Acad. Sci. USA 88, 9578). Alternative types
of expression library can also readily be used such as bacterial '
expression libraries or other libraries wherein proteins are expressed and
secreted as soluble fragments. Chemical libraries can also be screened,
e.g. synthetic peptide libraries. Preferred libraries for use in the present
invention are phage display libraries. The proteins expressed by the
expression library can be of any appropriate length providing that said
length is sufficient to enable a protein to act (or potentially act) as a
binding partner for a target entity. Thus, said proteins may be short linear
peptides (e.g. of the order of 5-50 or 7 -30 amino acids in length), or
longer peptides



or polypeptides which may be folded rather than linear. In contrast to the
prior art BRASIL method as described in Giordano et al., supra, the
methods of the present invention have advantageously been shown to be

WHEEE5 %R reen expression libraries which comprise Ionge?(bg%@ﬁﬁ(%@,“

more specifically antibody expression libgaries, as opposed to short
peptide libraries. Thus, the proteins of the expression library may be

encoded.for ho. enes or fragments thereoft, e.g, the nucleic acids
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When_ an expression library is referred to herein, the term can be used to
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however, such exger.ession Iibr$ les must be present at the protein level in
order for intePSHGIFRAFTHETS gg’éftt@ﬁﬁﬁg’?%‘?ﬁ@ﬁﬂc@?l be of any appropriate

length providing that said length is sufficient to enable a protein to act {or potentially
act) as & binding partner for a target entity. Thus, said proteins may be short linear
peptides (e.g. of the order of 5-50 or 7-30 amino acids in length), or longer peptides
or polypeptides which may be folded rather than linear. In contrast o the prior art
BRASIL method as described in Giordano et al., supra, the methods of the present
invention have advantageously been shown to be useful to screen expression
libraries which comprise longer polypeptides, more specifically antibody expression
libraries, as opposed to short peptide libraries.

Thus, the proteins of the expression library may be encoded for by whole
genes or fragments thereof, e.g. the nucleic acids encoding the expression library
members may be a cDNA or mRNA library or fragments thereof, for example
generated from a particular cell type or may be a genomic DNA library or fragments
thereof.

Preferred expression libraries express polypeptide binding partuer.s which are

candidate ligands, receptors, enzymes, substrates, antigens etc., or fragments thereof,



Methods for constructing such expression libraries and nucleic acids
encoding them are well known and described in the art and any known

exgression library or newly developed expression library can be used in
Vo Oféoﬁg%z. For example such libraries may be comprised %?WMW“S“

occurring polypeptides or fragments thegeof or may be wholly or partially
random or synthetic. For example, in the case of antibody expression
libraries, the libraries may be derived by cloning nucleic acids from a
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Chimeric exptession libraries or humanized expression fibraries may also

be uekantipadyibrsmesimary EY Beearedifed by choosing a naturally
occurring sepffoldi e, meldcing RRAMEZAGSRAINCHCAS Ak BRRTRPHRAICs IgG,

places. Alternatively, the scaffold may be based on one or more bodies of
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etc., are well known and described in the art (see for example the . .
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expr%mgpém@ft@ng&@@ﬁb@n either phage or phagemid vectors may

be used, al h%ﬁ%&f&?%gg%ggﬁé%@ Eﬂ?{ppers%gggﬁgfaﬁes and nucleic acids
encoding them are well known and described in the art and any known expression
jibrary or newly developed expression library can be used in this regard. For
example such libraries may be comprised of naturally occurring polypeptides or
fragments thereof or may be wholly or partially random or synthetic. For example,
in the case of antibody expression libraries, the libraries may be derived by cloning
nucleic acids from a naive population of lymphocytes from a healthy donor (e.g. as
described in EP-A-368684), or from an enriched population of lymphocytes, e.g.
lymphbocytes derived from a patient which has been exposed to antigen, or
immunized with a vaccine or for example tumour cells (e.g. as described in
WO03/093491 of Affitech AS), or from lymphocyte populations which have been
enriched by panning on particular antigens. |

The expression libraries and in particular the antibody expression libraries

may be derived from any appropriate source, preferably from a mammalian source,



Once generated the nucleic acid molecules encoding for different library
members (i.e. encoding the peptides which vary between the library
members% can also be further diversified before screening, usin
WYY EChmques for example by mutation involving tthTcﬁ %ﬁ?ﬂsms%ﬁ
deletion and/or substitution of one or morg nucleotides in a controlled
(e.g. site directed mutagenesis) or random manner, or by domain
swapping, cassette mutagenesis, chain shuffling etc. Synthetic
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dete can also be used to quantltate the amount of a particular library
member pre3aer SerEref ihamerler afithacipeulenearadng iy difisrapidibrary
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nucleotides in a controlied (e.g. site directed mutagenesis) or random manner, or by

domain swapping, cassette mutagenesis, chain shuffling etc. Synthetic nucieotides
may be used in the generation of the diverse nucleic acid sequences. Thus, all or
part of the nucleic acids encoding the expression peptides can be synthesised
chemically or be derived from various organisms or cell types,

The library constructs may optionally additionally contain other appropriate
components, for example origins of replication, inducible or non-inducible
promoters for initiating transcription, enhancers, antibiotic resistance genes and
markers, general tags or reporter molecules, primer binding sites to enable
amplification of the constructs by e.g. PCR, or other desirable sequence elemenits.

Appropriate sources and positioning of such additional components within the



immobilized onto differently sized or differently labelled beads, information
about the content, e.g. the sequence of the nucleic acid molecules can be
obtained. In embodiments of the invention where the methods of the

WIS e combined with the AffiSelect method (see be?&ﬁﬁctﬁ%qqqﬂ‘gs“

inclusion of general tags or markers in thé library constructs and in the
expressed library members (candidate binding partners) is particularly
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pres%&iﬂiﬁé@v?ﬁbtﬁfe Mggl%c%g&ﬂgdo(@ea below) then the inciusion of general tags
or markers in the library constructs and in the expressed library members (candidate
binding partners) is particularly important and such tags are used to facilitate the
binding of library members (candidate binding partners) fo a solid phase.
Appropriate tags and markers are described below in the description of the
AffiSelect method.

The term "target entity" as used herein refers to an entity or molecule of
interest to which it is desired to identify a binding partner from an expression
library, and which is attached to or in some way associated with a moiety which can
be subjected to separation through an organic phase, e.g. a moiety which will
progress through and collect at the bottom of an organic phase when appropriaie
separation conditions, preferably a cenirifugal force, is applied. Such target entities
may be known or unknown molecules for which it is desired to identify candidate

binding partners.



membrane fractions of cells), and in particular cell surface proteins or
peptides, e.g. cell surface antigens. In embodiments of the invention
where the target entity is a molecule attached to the surface of a solid

WHRAGPHRES this molecule can be derived from any appropA&tE EBtiELeEse
can be a naturally occurring protein, carbghydrate, lipid, glycolipid, etc.,
which has been isolated or purified from its natural surroundings, or can
be a recombinant or synthetic molecule, e.g. a recombinant protein or
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"cell" as used herein. Fragments of cells are also included within the
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biopsyetlir ssaiare ettigessample from a mammalian subject), or cell lines

(including immapialsselaalbrandanetaheanainaratasl esRkue

example cells transformed or transfected wit Ic acid encoding a
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with a library: of tardet, eotities, ExGateRNAHhIaY pYdReh taraatRiitiespid,

are then expressed on the surface, of the cells), etc, Preferred libraries of
targetgé}‘ﬁﬂ@édaﬁciwgé@sbﬁ?@&%éﬁqm or punﬁed from its natura! surroundings, or

can be a recombinant or synthetic molecule, e.g. a recombinant protein or peptide or

a synthesised chemical molecule, Isolated, purified or recombinant antigens are
particularly preferred target entities in this regard.

The term "cell" as used herein refers to any type of biological particie of
interest which can be separated through an organic phase. For example this term
includes prokaryotic cells such as bacteria, viruses (in particular aggregated virus
particles, e.g. particles aggregated by antibodies or by chemical modification, or
coated virus particles with a preference for an organic phase as opposed to an
aqueous phase), eukéryotic cells (including lower eukaryotic cells such as yeast cells
and higher eukaryotic cells such as mammalian cells, in particular human cells).
Biological particles that are not normally dense enough to be separated through an
organic phase are generally excluded from the term "cell" as used herein. Fragments

of celis are also included within the ambit of this term, e.g. membrane fractions, cell



disease associated entities, e.g. disease associated cells or pathological
agents such as viruses or bacteria. A particularly preferred library is a
tumour cell library or a viral cell library (e.g. c-DNA library) to enable

ngﬁﬂﬂﬁaﬁg%inding partners to tumour or viral associated pr%?ér'r’r%sfaﬂﬁlgms“

identified. Appropriate eukaryotic cells (agd other cell types) for
transfection, such as for example COS cells, are well known and
described in the art and any of these may be used. Cells whjch

overdidestions estyBEL AERPESN AP RIUNCE B i PR Ldime thsp e tgain or
in theuy eseetriaveIiki i abiliey kabyetsaeals tiomnebmaeniasiars(For

thereof. Especially preferred cells are.those which are associated with a
dico SEBRIR TP RO TR CAESP L SNETAP o8 TeSoh, e g e t
breagiecanearatudling dancdadhtiseaepaiidiore throndynp boaoytes teg).
peripheral blQod lymphogytes) fram a diseased patient, or cells infected

P virus R, o R S € R Rl TR et
cells tisieed Swehin hopsn etisodw ofitbrs imyde fiomcam dvercidincnifyert), amyell
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mammalian subject or can be obtained trom In vitro cultures. If an in vitro

culturexpnpleeriis diosiarned vy Fanyiacd ritherimvr e peifsiappdings: particular

monolgyers.ARf daYIkeIMS e HibeRerihadshheinvantion K‘Iﬁ)}iﬁ‘ﬁ Sarget
fixed state. It is generally preferred that live cells are used because then
the tafBEESnE B RORAITTERe Btk Erteiese R IR RRtRe foinhe surface

whichoftabetit)adtth e aansiddibritiad st past RAmisciec et HeNoaoeid Ziom
the target entity in its native form,Iheregééncreésinﬁ the cﬂgnces at
&

such SREPFOBA LT BT & B SUAT6 65065 Y o R RRRIRRiqy 2gents such
partnessrimids efdttenapeutierodiaignosiicrad éibitdy genarathyr pebiérag ora

that freshly | | '
metha o T LD e L S e e
materfaiigurissifd esibéated pratsansimdstidettifiednyamioprianatdataligeells

enity ataghedia e uiaRerola Qi Ahane AN APBIORIRIE U el

phase may be use %rov_iding it can_be separated through an organic

phasesvse ARdsHASEOSH Hdhsst Spfiaty aehsny maycaredsHegle fhich

achieygdhig,eap seadilsheseleclad by wepeegon skilled in the art.

However it g be SERTL 1P RIHEHA(E SOI PURROIS WOUEE, i s
membrane fractions thereof. Especially preferred cells ars those which are
associated with a disease state such as for example cancer cells or cell lines, for
example breast cancer or lung cancer cells or cell lines, or Iymphocytes (e.g.
peripheral blood lymphocytes) from a diseased patient, or cells infected with a virus
and thereby presenting viral protsins on their surface.

The cells to be used in the methods of the invention can be derived from any
appropriate source, for example the cells can be derived directly from a2 mammalian
subject or can be obtained from in vitro cultures. If an in vitro culture is used then
said cells may be cultured in suspension or as monolayers and may be used in the
methods of the invention in a live or fixed state. X is generally preferred that live
cells are used because then the target entity on the surface of the cell is present in its

native form which means that the candidate binding partners selected then recognize

the target entity in its native form, thereby increasing the chances that such



preferred to achieve this. Particularly preferred supports are beads which
may optionally be magnetic or at least magnetisable, for example polymer

beads carrying superparamagnetic particles may be used. Such Sl%ﬁ)g)orts
WaRRERRHown and documented in the art and it is within tREHERALP/003866

practice of a skilled person to select the most appropriate support for use
in the methods of the invention. Particulate supports, e.g. beads are

particularly preferred because they are easy to manipulate in vitrg and

faci CAR S HAHGS PSR D RE SRty B atselly
sepapastdHdmhaarranpediyal rEll retiedialt drddhenswesh@dls are used in the
Alternatéig% if the beads are Jabelled, for example with. g fluocg cent ta

the bREHO% 95 BE BXETIR FR RO BINES SNt fgen matkrialis

unlalxdlepositdemagnetic beads are available commercially from Dyno

Specialty Pglymer j tE%FQS Nor and Dynal. Biotech .
Particular eggen% g%%%%aé%%&c ea‘agﬁ\)/vv%pﬁegan eeln?g din agﬁ‘r%?t%gh S
descHbdechefeipolifertitechasEpP TG oONE 2805 owd D osad Danvading it can be
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can be used in the methods described herein are 5 gm glycidyl
methaefibanei arbiraadbis pTgadily hsranlsrtes iwa%rm@isvmswéq!m%m
attachipgdhe hismelegdaria gatianitiasia salibRbasacaenisrualy

known and described in the art.."Qne or more" as used herein in

connSEHSTRitR I TE St aF G By PrErEres SUBPRr s AT SradniStiveh meay
typesoptitargbt entibgrialcaxariplsiongsosinge, liffleranpleaibsadrads camrying
molecules or pol tide .lln othegword tge Qwethods of theﬂi vention

can BURERFEI pAsTcles matbeeed SUch Shaperi e well Kncwm

or a phmatispied ibthepnhtalgas entitie shtengrmahplretirsed forkiibedyeusn to

targer S DR AR PR BUE AR
screening, tRascHEs Senarachadbends assosimdariyprethaeddrpenere they are
diﬁer%ﬂéj@@iﬁ&ﬁéﬁ@ﬁ%&% SRR SHRISEIEHIREERAAUON BIOHGR Bhe beads are

organic phase. For example, it can be seen that if the target'entities are

cell siRpEEEHHEIBLEAE D AERERES BB ieeRirSaesistctirgibiien washed.
thereogfithpnicanaidae binding 1aRitee ek arpiaies ofidiferen egl] the beads

e e o W g Seniled (0o ol St

libranpeddasgeteiittiesctakeasplalie ficem Byadd@peadiitPaly asrslibfasy Lillestrom,
Norway and Dynal Biotech ASA. Particular examples of magnetic beads which can
be used in the methods described herein are the M-450, M-270 or M-280 beads from
Dynal Biotech ASA, Norway. Particular examples of non-magnetic beads which can‘
be used in the methods described herein are 5 pum glycidy! methacrylate microbeads
(Bangs Laboratories, Carmel, IN). Methods of atfaching the biomolecular target
entities to solid phases are also well known and described in the art.

"One or more” as used herein in connection with the term “target eniity"
refers to one or more distinct types of target entity, for example one or more
different cell surface molecules or polypeptides. In other words the methods of the
invention can be used 1o screen for candidate binding pariners to one target entity or
a plurality or library of target entities (e.g. can be used for library vs library

screening which is particularly advantageous). If more than one target entity is



screening). Of course, if desired, this procedure can be biased towards
the selection of candidate binding partners for a particular cell surface
molecule, e.g. in the case of a cell having an immunodominant target
WRHI*3%%3% selecting a cell which was known or had beenZefdeBefpossss
overexpress the target entity of interest ofifhad been engineered to
overexpress such a target entity. Further examples of libraries of target
entiti(;gv%liee%-D libraries o other g netic ljbraries, transfected and
expressed m celf FEFER AR pIE°S Bahi) BB GF estoRiAlsrhPaEy the same or
transtétierdrd mbietg ehiscm bakabjeteaiceisphatbutareabralitreadhase.
cour nt.in multiple copies.in the screening reaction (indeed,
s o e L e e S O o et
moleéitiechisd iormisivlsl eclio prasentithisediectrafetinibph thap chreiiias bihihe:
samepggy, QWL ifferen e.n ., ..
particularle%g%red em%ﬁ%ﬁ%ﬁ%&?ﬁ&%ﬁﬁ%g gi%r% g‘l)cr#ne WSPAER}M
is an GRGTRAPIBHERINbAE PreTHaIST ecpitaybetisptasningtifo dynibia pinding
and hedrigel entites oresl siiiRcemelseries ol ?&ﬁ?&ﬁﬁg%ggﬁ%m

Such methods of screenipng are termed CellBased Antibody Sel ‘
(CBAY)? te@&%ﬁdﬁ%ﬁﬁ%%é?@%?@?ﬁ%@ i Redhinget iamritthe selection

T o B Sy Bi%ho case
way er Nnattons .suc appropriate binding partners in tne .
el in ot B B R S A b A —
presdfmosych buhiitio s enitdge neratiynvasythdepeackng oot hehatehall been
the e i ibr. nti nd.the jety with.whigh, the,
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"contagpRgs R P Mt IENSEAlly I GoRL IR SRILIN.OF INAR.aaYeoLs medium .

or in some other context such that the expression library - target entity
mixtuFERATSES WY Sptdd %822 PCT/GB2005/003866 11 immiscible

with the orgZai phaseonis;tbia Wikdaslinle R SULARMGRIBIIAN  the screening
phase esagparaétl%{w sgtetgi Thus, if hespt\%%get ntity is present on a cell WhICCh
is cullGPSd s A RO GIA P BB Gré -8 WH TR A Rstace
subjestpleayldribien suitiphantatiencd lanepistish iihaestie sRrRrOHRRSNY cell
harvegted %ﬁﬁi)ﬁ ed-in_an agueous medium by appropriate
techniquefg}éJI ore e%%!%g%éﬁﬁgggxg@%%ﬁerefgxpe,

in particularly preferred embodiments of the invention, the expression

library is an antibody library (more preferably a phage display antibody library) and

the target entities are cell surface molecules (cell surface antigens). Such methods

of screening are termed Cell Based Antibody Selection (CBASy,
The step of bringing the target entities into contact with the expression
library, or vice versa, can be carried out in any appropriate way under conditions
such that appropriate binding partners in the expression library can interact with or
bind to the target entities which are present. Such conditions will generally vary
depending on the nature of the expression library, the target entity and the moiety
with which the target entity is associated. However, appropriate conditions fo
facilitate binding can be readily determined by a person skilled in the art. Sucha
“contacting” step will generally occur in solution or in an agueous medium or in

some other context such that the expression library - target entity mixture will be



expression library. However, contacting the expression library with a
monolayer of cells is also possible, after which these cells can be

harvested and resuspended in an aqueous medium by apgrog)riate 003866
W%ﬂﬁ@a@%xemplary "contacting” conditions may comprise HUBRIGHSR

ice or at 4C for between 30 minutes and¥ hours. Alternatively, carrying
out the contacting step at room temperature or 37C is possible and may

be preferable.in s cases. The expressian library -target entity mixture
e RN oL RBRm S P a e BRI SRR O WLAFGHCARoranic
additigmstbepaagpnopriptelimagéiits tsrgth @ity cckmgpnige ptsctbwhdiide cultured
non specific_bindina may. be a d..Eor example 1-4% BSA or. other
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example, if the incubation perature Is Increased, for example to'room
tempEFREgraiombrALY Reneyst tHEapRS iR gFeremicmHbRg Dinda nanelayer of
differeat Subaes phiarie-aRtiliasaiths D NIRISaH® CRA-SEIRCERIRIE N nded in an

which are readily internalized. Again such adaptations to the conditions
are Wi JHHARPEIRREE PISSAS The size and complexity of the

expression [ixamplerpecosctins e sdribaosofdienpiRsenijaientanceayat 4°C
be vafieq, as maglothe t%tal%g‘aq\ er of @pies of ar%et entitiets includtggﬁi};\ "
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copiesoskinggaizingis sattivhelvasdidion aherkngrapaatureissnisiurbiesiblpcking
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the target entity is a cell surface molecule, or a polypeptide etc, attache

to a SEHRPEHHEOIE Hrskinsrsrm e Bitarger distsd. cHivBbbs
increagingwir 4e B NE MR NERNEbeS 68l50¢ SRl RRAHSIYLEeRTIE person

the WO 2006/038022 PCT/GB2005/00386 2_contacting mixture, or b
padef T AR e e R
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to cell surface proteins which are readily internalized. Again such adaptations to the
conditions are within the ambit of the skitled person.

The size and complexity of the expression library to be used in the methods
of the present invention may be varied, as may the total number of copies of target
entities included in the contacting step. Por example, in prefemred embodiments of
the invention where the expression library is a phage display library, preferably &
phage titre in the region of 10%-10" is used, more preferably in the region of 10!
phage.

Conveniently the number of copies of target entities can be varied by altering
the number of moieties present with which the target entities are associated. For
example, when the target entity is a cell surface molecuie, or a polypeptide etc,
attached to a solid support, then the number of target entities can be adjusted by

increasing or decreasing the number of cells or solid supports present in the



is a cell surface molecule, 105 to 107 cells might conveniently be used.
The appropriate concentration of target entities might also readily be
determined by trial and error, but for example, when the target entity is a
W% molecule a concentration of 1x105 - 2x106 ceﬁ%}m;ﬁﬁ 003866
conveniently be used. The washing stepdZb) are carried out after the
target entities have been in contact with the expression libraries under the

appropriat conditEonss ch that binding/interaction between. the target
entitiggngaﬁg%ﬁe appr%ﬁﬁlaéye"ﬁ%rreaa‘rsf/n membare: %%c% e%,‘%@f’ des, etc.,
organitaghrdde seprdwvidr! folidisupprtantiminotaetambive of laime dntities required
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expression library members. However, methods which do not involve a
wasHIAtFZeErd RE A28 TS QU e Arampke. Bherdbeimrerbpatvish eak surface

targeimenHiesanndataioa AR tPhageos RRLANORIE Lot R edRRASIE used.
method of Gjordang.et al., s ﬁra) are excluded. The washing steps may
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be carried outir" %’ S GAF a8 FEhAfish Bh et satities bevedbetn in
targetamdity veiris tttea;:}np&im‘ymidﬂnrbﬁﬂa ﬁd&aﬁtﬁp@%ﬁ@tﬁ@@ﬁ@;ﬁ%ﬁ&]ﬁ&m
target entity,is, attached to a cell or a membrane. fraction of a cel], then
con\(/aé’r%en f%gf w%%ggs ?g&gl S%aé%e %n@éﬁ%rﬁ’a%{ﬁa%%%%&?& Boimsmpers
- targie_zs eeityahibutreelmd ergzoiditiesyss spmhtibat Thie teferfantmonptelibbt the
oL S AP IGTEESHAR SRARG S RAEL DBleing caried

appropriate aqueous medium (for examp e same me
contaR%Hi ahep nedclr s dogeiEye S hefaspster (phleginy bellsepatition of the

resuspeRsgNNQ i CORSHWRARES el SHEREONHIRRS WOUID « ¢ in the
generally also Beg a%%)roprlate for the washing of target entities asSsociated

with AW, SRR epiiShRVEP IR iendibranmesigarctowever,
assogiRtodwitinigl doxaaipleirdnagRblig sRlidRbAGe sibs Bﬂ@&nﬁé}ﬁ%ﬁ%ps
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(b) could conveniently be carried out by a ing magnetic field t ,
esadT R R R i PG P SRl Y B SerpEFHn (2
supethaBRASE resspendingithe golid phegeain anchajedropriate aqueous
medium. A J i rticulate solid WO .
2006/0380513ig g%ﬁg’ég%%%%é@é Qﬁgﬁggie%ag ea\?\?éﬁ‘ifh%%v‘ﬁ%daepeﬂdmg oz
persdhesiatieg i thetanzeigtin sutheepstmhoabinkiicts attached. For example, if

the target entity is attached to a cell or a membrane fraction of a cell, then

conveniently said washes take place by centrifuging the expression library - target
entity mixture under conditions such that the cells form a peliet, removing the
supernatant, and then resuspending the pellet in an appropriate aqueous medium (for
example the same medium as the contacting step was carried out in). Such steps of
pelleting celis and resuspension would constitute one wash. Such conditions would
generally also be appropriate for the washing of target entities associated with a
particulate solid phase. If however the target entities were associated with for
example a magnetic solid phase, then the wash steps (b) could conveniently be
carried out by applying magnetic field to the vessel in which the contacting step had
been carried out, removing the supernatant and resuspending the solid phase in an

appropriate aqueous medium. Appropriate methods of washing particulate solid



separation and resuspension would constitute one washing step. At least
one washing step (b) is carried out in the method of the invention, for

exar&ple at least 1, at least 2, at least 3, or at least 4 washin stegs ggr}}ssﬁﬁ
WO . Preferably less than 5 washing steps are camied EI(HI%

preferably 1, 2, 3 or 4 washing steps arel8arried out in step (b). Most
preferably | or 2 or 3 and especially preferably 2 washing steps are

carried out in step. (b) of the method. This.preferred, number of washin .
oo A AT a i /ARCEHS PR (e b e R Sl et fppneti
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will then be removed in s.te%(c)' of the method, i.e. the organic phase .
separFBRS P T IsEmistomistgaiit Mexouinabliiber ditsdtped especially -
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medium for example an aqueous medium are brought into contact_withuan
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medium. Int e former caf?eé when centrifuged, the bound target entities
collect'ahd p%‘é erab yn%(g atin the organic phase, while the non bound

library menilisrs rewsidingisiapevatuemlismikeliemotal thie lattercaseyfiiliremn -

centrfyagd e aaans Mg coraina upBovAd Sression ey

e
members passes upwards through’the organic phase whilst the boun

target@piRiaicedietiemat gt asfithatii epetistheeatthen etorgative phsaion-bound
Alternatiyelyiolt isalsp ROsBIRISI0 M e e ARS8 S, WHISHIBSthod, i.c. the

separate during centrifugation. Thus, the same result is obtained. The
term 'GERIH OIS EEPBYIGES P Perein refers to a fluid phase which is non-

miscible withywaigliarothes i FRadifepiratbie QasIRCHAs RFGaREs (b) the
phases suijtable for use ir&the invention are those whicE, when subjected

to appPOPTATEREHeRAEHREY 1828 BRRTBPEAE RAHG A HIfGRPtRAT aqueous
separatigiuof o bnoh ghrgetoentityct exfaressiganiibpangan Smbeqcampiextism may
from -b expressian librar bers, for exa allow the.

o PGS B HIE U s o
2006/6830R20ROTGBR008/003886:r case, when centrifuged, the bound target entities

collect and preferably pellet in the organic phase, while the non bound hibrary
members remain in the aqueous medium. In the latter case, when centrifuged, the
aqueous medium containing unbound expression library members passes upwards
through the organic phase whilst the bound target entities collect and preferably
pellet beneath the organic phase. Altemnatively, it is also possible to mix the two
phases, which then separate during centrifugation. Thus, the same result 1s obtained,
The term "organic phase" as used herein refers to a fluid phase which is non-
miscible with water or other polar media or aqueous media. Organic phases suitable
for use in the invention are those which, when subjected to appropriate conditions,
for example centrifugation, will allow the separation of bound target entity -
expression library member complexes from non-bound expression library members,

for example allow the bound target entity - expression library member complexes to
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14 pass through but will exclude unbound members of the expression

library, i.e, will exclude non-complexed or free members of the expression
: . . 0

Ilbrar()’/h :%{Iﬁgirly any sgch expe‘rlmental system is not 100 /0' PSF;%%E 0‘59&)538 »
n-appropriate organic phase is one which excludes a majority ora

significant proportion of or which substantidlly excludes unbound

members of the expression library. In addition, an appropriate organic
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analysis steps once they have been collected from the organic phase.
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read i]ﬁ%@%é@rﬂiﬁéﬁd@y agebsninsid edituthe Bk hapadaithetabome for the
funcliefige BAETED Ry CXAMMERQLALABAS BIARES MBICD DN AU the -
in the claimed methods are phthalate based organic phases such as

those Hechsssyamminiora are e abasepenld o scittieyl sorrakateh components are

cyclohanabr f@r hdy i)é]%ti{?’ @ﬁ%%zﬁgm%g&ﬁm}ds alaie. &:ﬁz? l[%ﬂlf\é]?)'een

orawa %fﬁi%m |S<§3(Ee such as Versilube F50 oil (Alfa Chemicals” Ltd.,

WorinGheifif* IHERed MR wHASTSYRMIS ERMET8H i Grsefacieprrarny

exprebsinrfilufisy: itaiggitotibaeoniplekess(anthiRaiclaleP NOGR mixture, the

targett%'ti%lﬁ; elg)g%?%igg} ESunbound Ee?:r;{r)]re sion library members (and

in particular unbound phage pariciesyt ‘é”i\}%‘f RIRAEF BRESCE Srireelly kept -

inventioa MAihemeparation through the organic phase is generally carried

out by centrifugation.at an ap l%ggsa%g %g)eed to pellet or at,least collect

the target enti%g?bwhich?%%e%epomerbo%ﬁld&tlg @%‘emg?%n%%rhé)?ﬁgﬁ?brg? ik be

the e%é‘é%f@ﬁdl it aryertoe skbleddmrg et nsribs) thethbovrdanicipirsequirements.

while slla@fRSigRIGAN FIARPHRRL Haile MaleHnhoLInG YA oo

expreslsllon library members remain in the aqueous
phthalate based organic phases such as those discussed in Giordano et al., supra, e.g,
dibutyl phthalate: cyclohexane (9.1 [v:v}) or dibutyl phthalate: diisoocty! phthalate
(4:6 [v:v]), or a water immiscible oil such as Versilube F50 oil (Alfa Chemicals
Ltd., Woringham). Indeed, the use of a water immiscible oil in order to separate
expression library - target entity complexes (and in particular phage - target entity
complexes) from unbound expression library members (and in particular unbound
phage particles) forms a yet further aspect of the invention.

The separation through the organic phase is generally carried out by
centrifugation at an appropriate speed to peliet or at least collect the target entities
which have become bound to one or more members of the expression {ibrary (the
bound target entities) in the organic phase, while all, or a significant proportion, or
the majority of the unbound expression library members remain in the aqueous

phase. Appropriate centrifugation conditions to effect this separation will depend on



phase. Appropriate centrifugation conditions to effect this separation will
depend on WO 2006/038022 PCT/GB2005/003866 15 the nature of the

target enti'% (and the moiety to which these are attached), an Ege
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articular 6étrganic phase used. However, where cells are used and ce

surface molecules are target entities thert xemplary conditions might be
centrifugation at 10000-11000g for 5 to 10 minutes at room temperature

or 4 C, After the separation step (c) the bound tarqet entities can be
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feCO%ﬁf&%ﬁ%é@&%ﬁ%ﬁ%&z&ﬁwm&%%ﬁ%%ﬂ&%&ﬁ&%ﬁgseﬂefmet

step is included in any experimental procedure. The methods of the

presefRIHIBIREIATRAYIH IR Faliies AortitRE Riapding Sheseatnibiae thbe at the
expresgiﬁaplk?%ta@bma.ysbehmmmg@éed fﬁfﬁﬂmﬁ’é@@mﬁ?@ﬁﬂgﬁgﬁﬂ@@aome firture
expression libra empers or reduce the complexity of the library,
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(non-tadgeteetfifiteseta: dorstacgetdoiiyaniet tiabanitiesgarenats-vrglession
are nqt,of interest, before the ression .library.is brought i ntact

ot 1 T SR S S (AR TRt e BB pnclet
termeth waghlpexpenming bEforeswmnpiéenireinsipied siormiierpsrineayebe
pre-pq;ggg&lyygh cells, or membrane fractions thereof, which are not of

interest, e.g. which do not express the desired target entities of interest or

express the TafjaedRdses the RRsaRaVEion BREMER Y i ah ediipnal steps.

desigrz:%ﬁl éﬁaﬂﬁ%ﬁ,{:Pﬁe%f%%ﬂiﬁ%%@%@ﬁﬁé%Mﬁ@gh&i&ﬂé%@&ﬁﬁtﬁﬂﬁfesimd
type of cancer cgll, pre- papning may be carried out by contacting the .
expreSEIRTIHAHP ARSI HHfRE OBTERS %&ﬁfﬁsyﬁg%?aﬁgcﬁng

differefktyparativmibuigelity it oo - el iypénstiehr @) entities e.g. non-
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library is brought into contact with the target entities in step (a) of the method. Such
pre-panning is also termed “negative panning". For example, the expression library
may be pre-panned with cells, or membrane fractions thereof, which are not of
interest, e.g. which do not express the desired target entities of interest or express the
target entities at a low level. For example, if the method is designed to identify
expression library members which bind to & particular type of cancer cell, pre-
panning may be carried out by contacting the expression library members with a
different or irrelevant cell type, e.g. a different type of tumour cell or a non-tumour
cell type such as lymphocytes or endothelial cells or other cells which are not of
interest. The aim of said pre-panning steps Is to remove a proportion of the
expression library members which will not bind the target entities of interest. Said
pre-panning steps are additional steps to steps (a), (b) and (c) of the method and thus

steps (&), (b) and (¢) of the claimed method do not encompass such pre-panning



expression library members which will not bind the target entities of
interest. Said pre-panning steps are additional steps to steps (a), (b) and

c).of the method and thus steps (a), (b) and (c) of the clai Sz% %%@Gg
WOt g%sr%ﬁass such pre-panning WO 2006/038022 PCT/Gr% g% g“
16 steps. Said pre-panning steps can be ¢arried out by any appropriate

method, e.g. by the conventional method or even the BRASIL method

described ahave. However, prefergbly the pre-panning steps will be
cormet Bt GRS SR TSR 1 2oL R e S Srepthem o by
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organic phase are retained. This depleted expression library can then be

subjefR iSRRI Rs RSB hEDss s FEPe o B any e ashing sigps (b) should

roundsecapReCAadREl AiReSania0n 8 figtenton Ry els VRt MUiB Sibrary
Steps Ea% %)e% f the method of the invention can be regarded as
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libraryTinie repésed Adtiresghn dfierihastealtaiionstea (@) dr thefisgtooued
of paQnirégt.the bound target entities can be collected from the organic

phasengn %)Op?t'ionally subjected to further analysis, generally however, in

order to furtférsetiowesthes conphgxityrch te lexpressiont kipréry same obtififerent

a suitably enriched population of candidate binding partners for said
target entities to enable a productive and time effective further analysis,

one or more TifitRéd famiabthsumuibodat e twansigroean Pardzardsdraienystituting
rounds.gaaerallyr invelve Eﬁ%&@%ﬂéﬁt{%ﬁy anlﬁgé‘;&ﬁktﬁ@?ﬁg&@ sleRdG) of
atlin

the method, separating, detaching, eluting or iso Sgthe expression
nbrary‘*rné?ﬁs AR e Sé?ﬂiifééﬂ(@ﬁﬂ%%w% BARMMESrthe bound target
amplifyiirigidheagxpressiondibmnytipornbats) s sdhisetingisaithiected to further
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expressiprshiomalipuse dnd-ortexanypiebipearighdgemlispiay dibeanyditisbinding

possi@%&%}g eypate fg%é%%ﬁ%qgtgnhﬁgld%%%t}g@% and time effective further
analysis, one or more further panning rounds can be carried out.

Further panning rounds generally involve taking the bound target entities
from step (c) of the method, separating, detaching, eluting or isolating the
expression library members from the target entities (optionally expanding or
amplifying the expression library members) and subjecting said expression library
members to a further round of steps (&) to (¢) of the method. The best methods for
doing this will vary depending on the expression library used. For example, for a
phage display library, it is possible to incubate the target entity - bound phage
complexes with bacteria. This will elute the phages from the target entity and infect
the bacteria so that the phage particies can be amplified ready for example for use in
step (a) of the claimed method.

A sgkilled person can readily determine the number of rounds of panning, if

any, which are required or desired. For example, if the expression library is a phage



complexes with bacteria. This will elute the phages from the target entity
and infect the bacteria so that the phage particles can be amplified ready
for example for use in step (a) of the claimed method. A s Igﬂ&gr ?%%?%866

WEH AR |}2/2determine the number of rounds of panning, if any, w fiC

required or desired. For example, if the eXpression library is a phage WO
2006/038022 PCT/GB2005/003866 17 display library, or indeed a
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sufficient numbpers_ of panning rounds have taken place. As each round o
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suitahlenesiibhimientaie brosne 219 RapRing PRSBAAt A Stests it h
(convgntio&akwm%%tlhod .%{) round 4 (BRASIL). %ﬁ%@ steps (a)ﬁg)H{(ac) ofefﬁseﬂ %

method ean BetBEe LR TS ¢ 8 upnsdatipideniskerungs 5f panning.
timesFeiowewgie,im peefedeschibrdtindiinetisiailoedahvamianos e bls@hOidention
roun ' e, r 3-younds of the steps (a) to (c)) are cajried

out bdﬁc%%%%%%é i?%%ehéﬁ %r%{%z{%%drcg 3? grlg%és tgpaéfggntﬁtfggrgé
subje&@Wﬁ#ﬁ@ﬁﬂéﬁMgﬂW@Msys also show that the

modified mefiggd %?Q@%i @?B?lﬂlé:ﬁ{éﬂ{gé H%JBJP%&Q%BF&%’"&'%O% QMhes, for
increased number of binding partners for said target entities, 1.e. can
resultFFPIRRISIBRtSEDHBE A AReasda Piafabet onbuliteatscibtiesnFanion,

exampily aftee3rannds SfRanmipa. 41% of hesaedidatleinding, () are
carried out before the candidate binding partners and /or the target entities are
subjected to further analysis.

Comparative tests also show that the modified method described herein can
result in the identification of an increased number of binding partners for said target
entities, i.e. can result in the identification of an increased number of positive
clones. For example, after 3 rounds of panning, 41% of the candidate binding
partners selected by the method of the invention were shown to be positive for a
target entity in comparison to 12% for the BRASIL method and 28% for the
conventional method.

Thus, viewed alternatively, the present invention provides an improved
method for the identification of binding partners to target entities comprising

carrying out one or more rounds of steps (2) to (c) as defined herein.



partners selected by the method of the invention were shown to be
positive for a target entity in comparison to 12% for the BRASIL method

and028% for the conventional method. Thus, viewed aIternaPti\%eI 2%@ 03866
W&ré%éﬁ%ﬁ%%ntion provides an improved method for the ideAtifCaRAN

binding partners to target entities comprisigg carrying out one or more
rounds of steps (a) to (c) as defined herein. WO 2006/038022
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generally require the candidate binding partners to be detached,
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said target entities.. Thus, the metho 0 present invention ay
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or are expressed or produced iy jsglation framysaid %ﬁégﬁettﬁo” e L Qe cent
example N the tase where the exp essmn?ﬁbrary 15 a phage fibrary’ an
the taigetnéinitivsyarengelis arfageombitpuiésybaidfurideratidisisintigperiners
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of bacteria and cloning the DNA encoding the candidate binding partner
into a SUtaRS O Predursn \MdsebriTL BRI FriATREE P iEss . CBPF Siesplfoll the case

the amgplification: of-RR s RBdidateRinsinGRaRNeIS QRO eriR@d8re cell surface
libraries, candidatféo%nding partners can be amplified at this stage by
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can also allow the amplification of the candidate binding partners. For non-phage
libraries, candidate binding partners can be amplified at this stage by appropriate
methods, for example by PCR of the nucleic acids encoding said candidate binding
partners or the transformation of said nucleic acid into an appropriate host cell (in
the context of a suitable expression vector).

Said further analysis may involve a further analysis of either or both the
members of the expression library which have bound to the target entities (i.e. the
candidate binding partners) or the target entities themselves. Thus, the methods of
the invention allow for the screening and identification of both novel! expression
library members {novel binding partners) and novel target entities, e.g. novel cell
surface molecules or proteins such as novel antigens.

Appropriate methods for analyzing the expression library members

{candidate binding pariners) would be well knows to a person skilled in the art.
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Said further analysis may involve a further analysis of either or both the
members of the expression library which have bound to the target entities

i.e. the candidate binding partners) or the target entities the lves,
ﬁﬁ@?@ﬁ@%ﬁethods of the invention allow for the screening Iaérij&;zoowoosscsé

identification of both novel expression libt&ry members (novel binding
partners) and novel target entities, e.g. novel cell surface molecules or

proteins such as novel antigens. ropriate methods for analyzing the .
o Ry e 1 KA TR T AR TR g veciy
knowthio theeiscrdkipee vt mty WREO HABEO22 binding partners) did indeed
PCT/GB2005/003866 1.9 Ge Iy, a,fir in_the further analysis_ ., .
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However, in general, as described above, a polyclonal ELISA assay cou

be us¥® Rfifaticagara hsnnse sdseiadiiyes] mrevenitaro Sdpilnangiched for
also pyR\dele temingicationiasdouwhen ihehIrlecteciaryBeMbsis e iShe

sufficiently enriched for binders to the target entity of interest such that
screeMAt d5HH SRASHIHOLTF 5ECH ARt SRBT EHARs of the selected
clones can bEhstaect fbusibeaihteydilicationsigRdstbeengenerally
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analysis can be Carfied out by metho
expresgimtrtibnasiesdsu dloamalypls fnchhdes cipreissgthigbphiag eypleseied

polypg, '{f&%i B%ﬁ%l }?a%gr LG nSIgRL &d@{l CRERENRIRS Y o cloni
into so‘%t) e sc%v or’| a%tﬁpr ég%ndeugingﬁ:%?e o) u%‘lqé afo(r)mz;lt oumat (€.g. cloning
polyp@pagkesreseipseliic BiasAvbk sefis ¢HodyEbebrnd angtbomiuble format
supraj,gi ﬁg&ﬂﬁ@&@@ﬁ&?%@ﬁm%@%i@ : tnd el SE586NNG4) or
assays (Radosevic et al., s&@, FACS (Ridgway et al., supra), Guava
assayRHis AHEBRIRE S ﬁé&%ﬁ%?%ief}]!% FOERSHAT Aatisddypdosevic et al,,
Specifigitiy A RG@gaMe S allPait: A\ssaya Gdava GashRpiogigsing .,
2004) or immunofluorescence assay &(S}N )Ng et al., supra), staining tissue
Slctes ST Lt KA A DEHE SRR i HOE R CHHEB e Pl
methodissay eGveltcTtalitistogbd Iith 2liiet ptuienancdhe estaoreasfdfeiWong et al
may b y c%] e the.clones %%{n tively, direct screenin
et e RO PGS e
(8200 theswerdipdy stevellplohitished in the literature and one or more of them may be
used to analyse the clones. Alternatively, direct screening methods such as those
described in W(G03/095491, or an FMAT analyser (8200 Detection system - Applied
Biosystems) can be used for further characterisation of the clones. Finally, a2 method
termed the AffiSelect method can be used to further analyse the candidate binding
partners. Details of this method are discussed in a separate section below.
For non-phage expression libraries, where display libraries are used then the
DNA encoding the candidate binding partners {which will have been selected
together with the expressed polypeptide) can be cloned into a suitable expression
vector (if necessary after PCR to convert RNA library members into DNA) and the
expressed polypeptide can be analysed as described above. For a soluble peptide or

polypeptide library, the associated tags on the candidate binding peptides would be
used to identify the sequence of the selected peptides and these could either be



Biosystems) can be used for further characterisation of the clones. Finally,
a method termed the AffiSelect method can be used to further analyse

Wthgﬂg&g%iﬁdﬁte binding partners. Details of this method are c}l)igcyggg}dsi}& Bece
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libraries are used then the DNA encoding¢he candidate binding partners
(which will have been selected together with the expressed polypeptide)
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testingthg.Rindinchastividaabihe candidates, extieckardet @attnaf inissest
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are ontHTSREASIFELSRS R screening assays, FACS,
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assays, 8200 cellular detection assays or._AffiSelect assays (see below), '
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partners is facilitated by using reagents which recognize some kind of tag
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other types of display library or soluble library are used, then again detection can
occur via the use of an antibody to a tag which is incorporated within the library
members, for example an antibody to a myc tag. Appropriate tagging and detection
systems are well known and desciibed in the art.

At any stage the diversity of the candidate binding partners can be tested by
restriction digestion of the encoding DNA followed by sequencing or PAGE
analysis. Again such methods are well known and described in the art
(Hoogenboom ef al., supra, Ridgway et al., supra).

In the embodiments of the invention where the target entity is an unknown
molecule, e.g, an unknown cell surface molecule, In particular an unkpown tumour
surfacé molecule, then the nature of this can also readily be analyzed and the target
entity identified using a specific binding partner identified from the expression

library as a tool. This is particularly convenient when the binding pariner 1s an



occur via the use of an antibody to a tag which is incorporated within the

library members, for example an antibody to a myc tag. Appropriate
tagqing and detection systems are well known and describggd, | t
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restriction digestion of the encoding DNA followed by sequencing or

PAGE analysis. Again such methods are well known and described in the

art (Hoogenboom et al., supra, Ridgway et al., supra). In t
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Alternatively, the binding partner can be immobilized on a solci\id hase
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deter%%ﬁiw?geﬁggeﬁggﬁg?gﬂ&g ang.cloning,using methods wellknown,

and describe the art. atively, DNA encoding the unknown .
proteiprefiitghiyreadipliss dutoieisihe by [Bursenipgbbemred. [Beasrampianéthe
identified bind E}Qtaﬁr%reﬁa@@@%@&%r%%an‘iﬂ&%ﬁfi@&@lﬁ@zpe then a cDNA

appropriate source could be used in this regard. However, ,preferaiol , a
smallébriesthceacbdiaditnar Remduss wseabes Apimirantheruld
unknQuwivBRReIR wWas Arress et ile sirfasaaidaxparticLbaided typser (see for
then a cDNA library (e.g..a cDNA display library such as a ph displa .
library-¥BIa TRy Wfrﬁgf%r éoﬁ?kweel%%p&@ﬁggﬁgasﬁ?gz%zg%%% solid
the bipghpgripastneldsee identified binding partner is attached. o addition, if the
binding partner identified from the expression library is an antibody then other

antibody based assays such as immunoprecipitation, Western Blot, expression
profiling or immunohistochemistry could be carried out in order to isolate or
characterise the target entity.

Thus, it can be seen that not only can the methods of the invention be used fo
select and identify binding partners to target entities from appropriate expression
{ibraries but they can also be used to identify novel and unknown target entities,
This is important as it may lead to the identification of novel cellular targets for
therapy or diagnosis, as well as novel agents with potential for use 1n therapy or
diagnosis, i.e. the binding pariners.

Thus, the present invention also provides a method for isolating and/or

identifying an unknown target entity comprising steps () to (c) (and optionally



example Ridgway et al., supra), for example by panning the display library
on solid supports to which the identified binding partner is attached. In

additi(?ngif the binding partner identified from the expressi%%%%dg Rs66

Wgn%%%%i/ ¥hen other antibody based assays such as immunopremplta{lon,
Western Blot, expression profiling or imn##nohistochemistry could be
carried out in order to isolate or characterise the target entity. Thus, it can

b ' ' dt t
e A e Do Ml

librarig$Bhethedienhinkt Beidiselheovitsremy snbvetah Ui swidtibgay
entitiggenfiisiisiiRIRRIAML AL MaVIe st 40 %ﬁf%ﬂ&é&?&{iﬁ%iﬁﬁgove'

cellular targets for therapy or diagnosis, as well as novel agents with

potential for W&t E tapyrsrntipirmscius ke wediiitlsghodratidicorpriate
the presaiidPYRRQTRISe.RIQ\UReS Meihad {aEiselalipgang/Which can then be

identifyi unknown target entity comprising steps (a) to (CS (and o
optio%#?@'&%%? S5EE BIOOBHS SBE BE A dHith i SEUFR) Higding

definguittesaiproidins otatingtaneitis ndena e ssianctirany snremiiiesss of the

which.bind,to said u wn target entity and (e),using said librar
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invention. Thus, a further aspect of the present invention provides a

methdB} LRI g AboriigriduAdIsIoRd sigay & fehasd ahaivirersalpr madecules
a speeificchiniging pariehiopadasaat optibn0y Methad B selPaRGiating the

identifying and/or isolati arget entity per. se, from an. expression ,
Iibrary,egeg ‘hﬁe{ﬁgdr%%’ﬂi;glf%%ﬁ%ﬁc gfsg%%‘r%cﬁé‘éﬁh‘?ﬁd’%{ﬂl%? %éEFotﬁrgEt entity
libraryeudimgistdps({a)dngcri@htragtinnalyadditonilysiens)as detnedwhich it
abov elect molecules which display certain properties and optionally

(e) identl??/ing and/or isolating the relevant library member (s) which are

specific bindiPippapiepsidty thelvirget dntitpeamdroptiondiipdhusigsaid target

library.membsrs Q48N 55 It LA IQMMERI! the nucteic acids enco diﬁg
the polypeptides can, if desired, be subjected to affinity maturation, for example to
try and identify binding partners with further improved properties. Such affinity
maturation can be performed by carrying out any conventional form of mutagenesis,
inchuding but not lunited to the addition, deletion and/or substifution of one or more
nucleotides in a controlled (e.g. site directed mutagenesis) or random manner, error -
prone PCR, domain swapping, cassette mutagenesis and chain shuffling, ete., prior
to repetition of the screening cycle. Such affinity maturation can if desired be
performed after the verification steps described above and before the single clone
analysis takes place.

When one or more binding partners or target entities have been selected,

identified, isolated and/or purified using the methods of the invention, these
candidates, or a component, fragment, variant, or detivative thereof may be

manufactured and if desired formulated with at least one pharmaceutically



binds. Once appropriate nucleic acid fragments encoding binding partners
or target entities with particular properties have been identified, the

nucleic acids encoding the polypeptides can, if desired, begq,p)fé&&g.ﬁ%s%ﬁ
artn

WEHHT y’“r”r’fg %Jration, for example to try and identify binding partners wit

further improved properties. Such affinity 2maturation can be performed by
carrying out any conventional form of mutagenesis, including but not

limited to the addition, deletion and/qQr substitution of pne or more
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chain,shuffling, efc., prior. tq.repetition of the screening cycle. Such affinity
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identifi and urified using the methods of the invention,

theseThandivelais 20¢ melsswerrase dng e Rinhrmpir o eE onlagobemiisopr

may he raanfaciysad.and:ifdesikaddermulaiechwith.pkIRast BRer aspects of the
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carrief8F# R Ipient. Such manufactured molecules, or components,

fragments, vetanis; #fidgiMatves hereobareaisaencomuassachiy thegment,

present invention, Alternatively, these molecules may take the form of .
el A< E A AP OhdE T THOTEIGIER: AN Stncieic ARG ARy it
turn bthénoesporateshtiviptianeaprsopnatecex pressing trectdeandondeg partner or

contaifed 0. suitable ot ool T ANEISic add molegyles, SRG0 e

., tafoeten Caf real
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variant, or derivative thereof, has been selected, identified, etc., in

accorduPRBaHIN theeqires epppRiéitio A B aER sTe Ssig P indins rerieadpipr tareet
the selggiad RIRFINGRAMIBE! B otBEgebABIRAGAA JBag e Renisadikal synthesis

adapted for use).to produce, sufficient gquantities, of the molecule by
expre St TRSIBISAIAATE AR LI8IRTRH L IR R IRIAG the™ B rtiAge host

molecutas ffomiihe hastaeition system or from the growth medium or

Thus, a yet further aspect of the invention provides a method of
manufacturing a specific binding partner or a target entity comprising the steps of
identifying or selecting a specific binding partner for a target entity or the target
entity per se accordiﬁg to the methods of the invention as described above,
manufacturing said identified binding partner or target entity, or a component,
fragment, variant, or derivative thereof and optionally formulating said
manufaciured bindiﬁg partner or farget entity with at least one pharmaceutically
acceptable carrier or excipient.

Said variants or derivatives of a binding partner or targst entity include
peptoid equivalents, molecules with a non-peptidic synthetic backbone and
polypeptides related to or derived from the original identified polypeptide wherein
the amino acid sequence has been modified by single or multiple amino acid
substifutions, additions and/or deletions which may alternatively or additionally

include the substitution with or addition of amino acids which have been chemically



supernatant thereof, as appropriate. Alternatively, said binding molecules
or target entities may be produced by other appropriate methods, e.g. by
chemical synthesis of the nucleic acid encoding the binding mo le

W r"eés3 %r?éln a suitable host or in an in vitro transcription %/srre/(r%ﬁéh&%&%ﬁ
yet further aspect of the invention providesgta method of manufacturing a
specific binding partner or a target entity comprising the steps of
|dent|fy|ng or selecting a specific binding partner for a target entity or the . *
targefedifigipe e S segbieh é’% P ABther S ERS YRS VBB afich derivatives
descr@%ﬁaevmymawiardwmg Faickiflentifiedriviordingypartecdanitargahe

entity, Qr.a component, _fra ariant, ord ivative thereof and
optioN A& RRLTRAH, gé’iﬁ%‘iﬁf ?&Pé% g partner or target entity

with at Ieastwnegphwma&mgtpaalhyz mmabbelgca:rmiecrﬂe %Gimmﬁm
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polypentitiesfretatett© omdervedifront thecoridinat identitise poihpeprdasion
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amino aC|d substitutions, additions and/or deletions which may

alterneavesion s anisriinimaleminie aaBSiRu® ﬁlwrtﬁfcﬂﬂaéaﬁrdﬁ%rwle (es.

aminqacidgwhieh Maﬁﬁ@@d‘}hﬁ@%@@l@%@ﬂg(ﬁmg&eﬁof e.g. IgGlor
PCT/GB2005/003866 24 madified, e. deglycosyl tio
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least 60, 70,504 98 Hhs@f %0 8BGH GRteidecitite thdhescoligioabl bmdmg partner
polypeptide ‘rom which they are derived. Where he bindin .
antibdd$ 8 S%Wéarsgﬁcf’%%gn% %[lhtgrlvaf1 vesnﬁrrfﬁmrp inclt 19‘5%&% iy 10
convessinnpdd tnestdrhiatiof mmﬁmgwsqnwf amctherfognatfergor target
conversion fr .
any formlua ofogg%tr %’S mo ecu éeé)\écﬁr%%dS {fﬁ%%%ﬁrt\é&égr%?n %%%&%ﬁlatedmlth
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subclass thereof, e.g. 19Gl or IgG3, which are particularly suitable for

therapeutic dnifBEHiday RS 0 HGAGVBE YO TRETI GRS arients, of
assoCiatieneFhneing @a@rermm@&amsleﬁmga@ﬁhemmam&y fetthetheir

functional components which ma
orragmalr? ctlona_sr actw(ity in tgrms of binding ability or have improved functional
activity.

The binding partner molecules (preferably antibody molecules) or target
entities isolated, detected, selected, identified or manufactured using the methods of
the present invention may be used in any methods where binding partners specific to
a target entity (for example antibodies specific to a particular antigen) are required.
Thus, the binding partners (preferably antibody molecules) or target entities can be
used as molecular tools and a further aspect of the invention provides a reagent
which comprises such binding pariner molecules or target entity molecules as
defined herein, In addition, such molecules can be used for in vivo therapeutic or
prophylactic applications, in vivo or in vifro diagnostic applications, or in vitro
assays.

The binding partners may be used in therapeutic applications, either in the

form isolated from the expression libraries or engineered or converted forms, e.g. it



example be useful in the downstream applications of said binding partners
or target entities. For example the binding partners or target entities may

be associoated with components which target them to a particular site_in
Wt%“ﬂ%’&iﬁ &t detectable moieties useful for example in imag‘l?ﬁafg%?ﬁ%?oss“

diagnostic applications. Clearly, the main sgquirement for such
components, fragments, variants, or derivative binding partner molecules
or target entities is that they retain their original functional activity in terms

of bindy bbirsiabin iV eampriovetrienkaale o aURSCTH SoBhtiHecH apthreptides.
molecylRsHBrafarabbrasiandy vb efesse Byah iRkaal «aRbliesdiaakatody upon the

detectﬁd, selected, identified or manufactured using the. methods of the
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specifimttytigatges. gridtuéias excpupie @ntibosiosspesaitetorapatitutted cells),
antigen) are required. Thus, the binding partners (preferahly antibo
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applications, either in the form isolated from the expression libraries or
engind/¥aBHesTIvER S IR RSO RISk W ér YbuehssEpsic and prophylactic
PCT/GBRRARINA3866 2y ARide skakiaiote gaMaitiansaisepHRGA @ viduals

to an IgG ar to multimerized peptides. The therapeutic effect might be
effect -W%%WH&H&%&?%%WWﬁ&g‘%ﬂ@%ﬁ%ﬁﬁ%ﬁé Rffeiet@romen,

showing@agehisideniantagofisitdinrding (@ thetargd ititytigaditsa:@.capable
inducing a 0sis (f xample of cancer,or viral infected cell .

bt A AR & C0RRL R IRERIRG B0k caministerd 10
naturahnigmmophiginsolrdihty ¢onthet diypasthiBittgmitielanaitbspee dor other forms -

tumousy, kel JNSraneulic SHER MIO0kaeAGH) \%agaﬂy%#@&f@eﬂﬁgisaﬂs, eg.

the target entity/ligand’ itself, or a multimer thereof (someé receptors are
activatBchip e s SeRmtgmnl mploope e treleindriegpareeiaudaesapd targeted

identifigristsse @@ RpENARAMPERIdesham essIcan ARy aEfel iRis.

vivo therapeutic and prophylactic , . ) )
Purther therapeutic effects might be achieved by other functions engineered into the

agent to be administered like the ability to activate macrophages, complement or
cytotoxic T cells conferred for example after changing an scFv 1o an Ig, generation
of bispecific molecules, e.g. hinking tumour cells and killer cells.

Alternatively such antibodies (or indeed other types of polypeptide which
interact with target entities associated with particular tissue or body sites, or cell
types, e.g. tumour cells or virus infected cells) can be conjugated 1o labels, e.g. dyes,
fluorescent or radioactive labels or enzymatically detectable labels, and used for in
vitro or in vivo diagnosis, for example by imaging or standard immunchistochemical
procedures. Other preferred uses include theranostic uses (i.e. antibodies or binding
partners used in both diagnosis and therapy). In addition, such antibody molecules
or other binding partners may be used in affinity chromatography procedures to

isolate target entities.



applications, e.g. to confer passive immunity to particularly susceptible
individuals (e.g. immunocompromised patients, small children, the fetus
Wo&z)}rﬁagant women, people in endemic areas for disease, ﬁ%, %JZI

r
Ehe antibodies are capable of neutralizing infective or %eesé{}sﬂg%é

related agents then these can be adminigteéred to an appropriate subject
to combat disease. Alternatively, antibodies (or other forms of binding

partner) can be attached tg other therapeutically effective, molecules, e.q.

to cytotoxic W@Fﬂﬁﬂ%@éﬁe‘%ﬁg\;ﬁeﬁﬁ ?%%%%(Pﬁ%?%ﬁ%? ‘Gf%égasvgeu
and tasgetped tnrliseasmiifsikecuspasiiicdestibpent enawniiagnaxitsaod
virus infected.cells. Further therapeutic effects might b eV
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bispe%:ﬁ’lc molecu €s, €. Ing tumour cells and killer cells. Alternatively
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e.g. turnout cells or virus infected cells) can be conjugated to labels, e.g.

dyes, SHRISFet B Hraariaed 08 B TS B oEi FRHARESR JotMtan BULFERY new
and uggehfRrdNsudl &9 IneMiver diRgROsIScifs AXAIilS bindRagger - would
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diagnositedmntldhealig yhtibo agpitidats fiehAdrtiD deyath dlewple ©ver titvenbinant
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and therapeutic drugs. This is particularly the case in the cancer field,
where the -kA&wleugeatipe eritaeancst theetherrisrbeastiar acoines, in

antibogligs-HindineiR:theMisiSinaidernbatiiene ckdrsArig denelrp@ntaard
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wouldregulating cell growth. The target entities may also be used as a target for further
screening, to identify even more molecules able to do some of the things described
above. In some cases, the target entities or fragments thereof might also have an
effect in itself, like competitively binding of molecules naturally binding to it.

Suitable and appropriate adaptations of the antibody molecules, if necessary -
for such uses, e.g. the conversion to IgG1 or IgG3 classes for therapy, the
incorporation or addition of an appropriate label for imaging, etc., would be well
known to a person skilled in the art.

The most snitable antibodies for the various uses described above can be
readily identified using appropriate tests which can be designed by a person skilled
in the art. For example, in applications where high affinity or avidity of an antibody
or a binding partner is important these criteria can readily be tested in candidate

antibodies using standard assay technigues (e.g. Biacore assays). In addition, where



open new possibilities in the treatment of cancer. Possible applications

span from naked whole IgG antibody products for ADCC-based therapy,

over recombinant oligo-specific/oligo-valent constructs, to %’3’%98&%8%@866
W AA8E8%ins and radio- labeled antibody fragments for tissue-spéecific

and targeted therapy, as well as dye- or raglio-coupled antibodies for in

vitro and in vivo diagnosis. The target entities, or fragments thereof could

be used.as vaccines, in particular.vaccines for use in the.treatment for
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descr above. In'sdme cases, the tardet entities or fragments thereo
mightaatsty idsasigribeffegtanidettslike competitively binding of molecules
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molecules, if necessary for such uses, e.g. the ¢onversion to IgGl or IgG3

classEEREEHA AByhes deeaivrstBaGH &P Hathtio f8rhidippiopieite Ribel
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most suitable antibodies for the various uses described abgve can be

readilPIEEHHFEF Haitt] FRESTERPESAHRT HRES JauRgASG Bipgated with
persopaskilidar dixtheegrtenriexamplénriicappkaaticrissbere foighaffbnitye

or avidity.of an.antibody. or.a binding partner .is important these criteria ,.
o e B Rl Bl S SR MR ES GRS Brigens
techniques (¥.¢.[Bithco rerastsayshel meidivio nyovhisrenvh Golaed/ 088024,
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e.g. a bacteria, virus etc., have been identified, appropriate tests can ge )
carrie@7GHae eRseds IR BilpemY Haivvdieamsisices wedtrans el other

infectigusiagank FehSsamiey e Lane el Regieda Pasteraidal@olecules
opsonophagocytic activity a%alnst the bacteria in question can be

assesSIP TIPS RYIRICASY BY SRt FEEE YR tHe ATHSAIER Shidredicappent or
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inventj:gs?eggelzjsﬁ 58 iﬂ%“’ P&%n%gg 81f h %gt}!g%%{ of the other applications mentioned
above. Methods of treatment of a patient comprising the administration of an
appropriate dose of such an antibody molecule (or other binding partner), or target
entity, are also provided.

When said antibody molecuies (or other binding partners), or target entities,
are used in the above described uses and methods then these may be administered in
any appropriate way. For example such antibody molecules (or other binding
pariners), or target entities, may be administered locally at the site where action is
required or may be attached or otherwise associated with entities which will
facilitate the targeting of the antibody molecules (or other binding partners), or
target entities, to an appropriate location in the body.

Pharmaceutical compositions comprising the antibody molecules {or other

binding partners), or target entities, as defined herein, together with one or more



expression library as described herein to isolate, detect, identify, select or
manufacture one or more antibody molecules which bind specifically to
wan§ oﬁfo?&(?zrze target antigens, fqr exam.ple one or more targ%@#g%@mss“
which are‘associated with particular diseases, cells, tissues or foreign
agents. This could for example be carrieggout by screening the antibody
expression libraries with the target antigens. Yet further aspects of the
invention provide such isolated, detected, identified, selected, or
man RETIREEPHAMDG BRPPRENRIG A 1605 SR ﬁ%&é{%é&% gl the
_entitigg, fggd4se in therapy or in vivo diagnosis or for use in any of the
other applications mentioned above. Alsp covered is.the use af sugh ;
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entity, are also provided. When said antibody molecules (or other binding
partnéde)tifiedasglsctaditiss, frae the expissti Absvics e5Srbidy 1668 Bjy equally

methqds, (bt hess, May B8 AJENRIBIeReckiB.ARY ARNFONHBLS WaptobRlte, .g.
example such antibody molecules (or other binding partners), or target .
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or may.hettashadanatherwise associated with entities which will

facilitate the targeting of the antibody molecules (or other binding . .
partners), or fﬁ%é?%ﬁﬁﬁae%? {8 %tgg}?%%iig%gfﬁ%ga18%"1#{%5%8 }’/.mf ectious
Pharnaagessicahsediposifiorisisanmtising thenantih dehearmlenites fomeotfiepases
bindin&/ artners), or target entities, as defined herein, together with one or
more 50067 3%85’5 ET/GB20051003866 28 pharmaceutically .
acceptable cErrdesor ‘dxaimishts tomieeyttdunisdrhgsgiadedptdsgrophylactic
invention,, %@Q&@SQ&&%@%@%Q&W@M@&WM Bf disoase

patient comprising the administration of an appropriate amount of an _
antibodyinfesTensd b rLstiralysindingoparieR obrSHR Rty issasgeR Agetion or
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oay

of the anti molecule in the patient.

AffiSelect Methed
The AffiSelect method provides a novel technique to indirectly identify the library

member (candidate binding partner) via detecting its ligand (or at least by detecting
an entity with which the figand is associated) as opposed to detecting the library
member (candidate binding partner). This is of particular value in screening small
libraries against complex ligands like live cells, although the applicability of the
method is not limited to those applications.

Thus, at its most general the AffiSelect method provides a method of
screening a library of molecules (in this case the candidate binding partners which
are to be subjected to further analysis) to identify and/or select one or more members
thereof which are candidate binding partners for one or more ligands (target entities)

comprising:



The antibody molecules (or other binding partners), or target entities,
identified, selected, etc., from the expression libraries of the invention may

Wg)g%}agé be used in methods of diagnosis which are carried out jn vitro, if

ﬁ%ﬂtzéz, e.g. carried out on a tissue sample or some oth&H GRH Gy 03868

sample, e.g. blood, obtained or derived fgm a patient. Preferred diseases
to be treated or diagnosed, etc., are cancer, infectious diseases caused
by infectious agents, inflammatory diseases, autoimmune diseases or

degenerativa) diseaeisctiteaparpsestiordibyarsof raatideird Bdingaamsraii

includgypEgptviacite dhaidRYighhgsterms “therapy” and "treatment” include
combating or cure of disease or infectigns but also jnclude the controllin

or alleviatiohof diS@AYEIBE HARAHAIBER IS SPRIPIIHRS TS B PAfR g more mdmbers
thereyithe AflsSaiRe IMaihoshibhesaiiSalsst anethod provides a novel
technique to indirectly identify the library mem candidate. bindin

partner) via Qetect é%@‘}?g%d’%F%ﬁSﬁ%M?ééﬁ%ﬁ dgﬁé&l}ﬁr}gﬁﬁemme of
whichotheligrne isassacidtbe asrappndéotty ddtebtimg drsliitayinding partners
mem%(;:'r %ndidc?te binding partner). This is of particular value in

screetith Miibraries against complex ligands like live cells, although
the applicablitysofiies weesttiodambroationiwithéersseerippireations of ligpragent

15 most generahtn Aol BEIEHITONURRR RIIAL OF ORI Rve been

library o €cules (in this case the candidate binding partners which are

to be lenjilteddhe AfiReleaarrans) somasstinhsTEBt Telect one or more

members thgrefwhich aracandislater bintinadpansessiios paenermnseiution
ligands (target entities) comprising: WO, 2006/038022

PCT/GB2005/0088B6 § = esiBEH Hifexpression library of candidate
binding partrgrs dnsisehiierdsithone ehitotedighads by eapturing:ligands of the
which have become bound tq.one or more members of the expression

library onto a sol?mtg%g;b % €)p&e eeé%iﬁﬁt?haescﬁggsp}r?g% %gcfliga_md, :
thereby deteiitingl¢hetpre Senpesshoené oiargdrentizrtiraedofdeisting the presence

expression libraryhich ate, cansliale ARSI, RRKALES: the faget entty

Thus, taking the terminology used in the description of the screening methods of the
present invention, in the discussion of the AffiSelect method below, any reference 1o
an expression library can be taken to refer to one or more of the candidate binding
partners which are to be subjected to further analysis and any reference to ligands
can be taken to refer to target entifies.

One of the main requirements for the expression libraries (in this case the
candidate binding partners which. are to be subjected to further analysis) to be used
in the AffiSelect method is that they must be in solution when they are initially
brought into contact with the ligands (target entities) against which they are being
screened, By “in solution" is meant that the expression libraries are not attached to a
solid phase when they are initially brought into contact with the ligands against
which they are being screened, 1.¢. the initial expression libraries are non-
immobilized expression libraries.

The expression library (candidate binding partner) constructs for use in the
AffiSelect method {and therefore also the candidate binding partner constructs

making up the expression library screened in step (a) of the methods of the present



for the ligand. Thus, when used in combination with the screening

methods of the present invention, in order to further analyse the
e e oo e of AR
candidate binding partners in solution witfp one or more target entities; ii)
capturing target entities which have become bound to one or more of the
candidate binding partners onto a solid phase; and iii) detecting the
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squtidmw@gn they are initially brought into contact with the ligands
(target entitiqs), agAIRSLVUNCILEY AR PRING RCTeEReMBY cihSRNHORHIS the

meant that the expression fibraries are not attached to a solid phase )
when eFRspssed IFtmamynsEBbgR{ FsdairhRdine PaBHgas d’s'*%afﬁéi’ R 1o

they ate belng S6Ra8NEMed R 1R IDHIRl EXITERSIARITARES Rkd RR-are used to
immobilized expression libraries. The expressio Iit[garéz (candidal?e id
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also tha sandigistepirdingmsiriheneansirustaranaddng fapifivecetpressionstep.
library screened in step (a) of the methods of the present W s e
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enhancers, antibiotic resistance genes and markers, general tags or ~
reportehsnohschiednp tinTarasingi ﬁ@ﬂt@%@ﬁ%@%@hﬁ!ﬁf@a‘iﬂ&f’% gyandirectly

CONSYELS BY sotid phase. Exemplary tags may be c-myc tags (which can for example be

captured via an anti c-myc antibody) or His tags (which can for example be captured
via a Nickel surface) or biotin (which can for example be captured via streptavidin
molecules), or a phage surface protein such as gp8, (which can for example be
captured via an anti gp8 antibody), or antigen peptide tags such as FLAG or HA
which may be recognized by an antibody. Such tags or markers may conveniently
also be directly or indirectly detectable, Such tags or markers are typically general
tags or markers which are present in all the library constructs and can be used to
capture the library members onto a solid phase. Such tags or markers are not
required for the detection step of the AffiSelect methods (as detection is carried out
via the detection of the ligand rather than the library member, see in more detail
below). However, if desired such tags can be used to detect the presence of library
members. Their presence can prove extremely useful in determining the affinity of a

ligand for a library member.



e.g. PCR, or other desirable sequence elements. Appropriate sources and
positioning of such additional components within the library constructs so
th% tgfgysg)ﬁ%rform their desi.red function Wo_uld bg well Withiq) dﬁ%@%ﬂ}oss 66
practice of a skilled person in the art. The inclusion of general tags or
markers in the library constructs and in thg; expressed library members
(candidate binding partners) is particularly important in the expression

libraries for use in the AffiSelect method and such ta%%ﬁare used to
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general tags or markers which are present jn all the library. constructs and.
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tags ophmar kesaiennoteremgireeiodtdescidiiedicrestepahthe AffiSelest be the
methods (as detection is carri via the detection of the ligand rather
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for screening and for use in_step (i) of the method in appropriate
expreéérﬁfﬁm%ly DNA molecules, xrv?rh(ic):h can then be detectecf) E%r n%cketlc acid based

methods. A preferred method of detection is by PCR but any appropriate method

can be used, for example hybridisation of a labelled probe. Alternatively, the ligand
may be attached fo a non-magnetic fluorescent bead, or to another population of
beads of a distinguishable size that can be counted/detected in microscopy orby a
Coulter Counter ZM (Coulter Electronics Ltd.). Thus, it can be seen that such
reporter moieties can take a large variety of different forms providing detection of
said reporter moieties is possible.

Such reporter moieties may be inherently associated with the ligands (target
entities). For example, if the ligand (target entity) is a cell surface molecule, then a
preferred reporter moiety to be detected would be a DNA molecuie, e.g. a gene (i.e.
a reporter gene) which is present in the cefls on which the ligand is
expressed/displayed. Appropriate and preferred reporter moieties are therefore

moieties which are present in all cell types, e.g. a housekeeping gene such as B-actin.



systems. Appropriate conditions and methods of expression are well
known and described in the art. The target entities for use in the
AffiSelect method can take any of the forms as described

W?c?ggésﬁ%sé’ Fhethods of the present invention. Thus, for exam,éége&!{%g(r%se%“
entities may be cell surface molecules prawded for example as a
component of whole cells or as membrane fractions of cells, or may be an
isolated target entity of interest attached to appropriate solid phase.
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Appropriate and preferred reportér moieties are therefore moieties which

are préSEMIntaf BeIrypeY 58 o RAGRUEBHIAG Hens stichead tadkemoany a
WO 20R84380P% itieiHzB 200021003806 32 Alternaiiveyoiyhexoaeedter

reporter mojety may be associated with the
11gand5.

It can be seen therefore that such “association” between a reporter moiety
and the ligand (target entity) may comprise a direct interaction between the reporter
moiety and the ligand, i.e. the reporter moiety and the ligand are part of the same
molecule, e.g. the ligand protein and the reporter moiety are conjugated to one
another as part of the same molecular entity. Alternatively, such “association” may
be indirect, e.g. the reporter moiety is attached to or contained within a moiety to
which the ligand is attached, e.g. is contained within the cell on which the ligand is
expressed or displayed or inmobiiized onto the solid phase to which the ligand is
attached.

Such reporter moieties are preferably general reporter moieties which are
associated with all the ligands (target entities) being displayed and can thus be used
as a general reagent to detect the presence of any and all target ligands (and thereby

the presence of a candidate binding partner).



ligand (target entity). For example, in the case of cells, an exogenous
reporter moiety (e.g. a reporter gene) may be introduced into the cells by
standard methods, e.g. transfection, including but not limit -
Wﬁb%)@é%‘f%?ﬁzretroviral systems or electroporation. If the Iiga(ra? %acr%zé}{} 3003866
entity) is a naked molecule, e.g. a naked-fplypeptide then this may be
tagged or associated with an appropriate reporter moiety using methods
well known and described in the art, for example if the ligand is associated
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contained within a moiety to which the ligand is attached, e.g. is
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bacteria (e.g. by culturing them in a bacterjal expression medium such as L Broth)
and clones can be taken directly from the expression plate for use in the AffiSelect
screening methods. Preferably such bacterial expression mediwm is made isotonic
(e.g. to approximately 140 mM NaCl, (LB is usually approximately 171 mM NaCl))
before the ligands (target entities) are added but after expression of the library
members has been induced. This step of making the bacterial medinm isotonic is
especially preferred when the ligands (farget entities) are cell surface molecules on
live cells rather than on beads.

Exemplary “contacting” conditions may comprise incubation on ice or at 4°C
for between 30 minutes and 4 hours, However, these may be varied as appropriate
depending on the nature of the ligands, expression libraries, etc. The eXpression
library — ligand mixture may optionally and preferably be subjected to gentle
rocking, mixing or rotation. In addition other appropriate reagents such as blocking

agents to reduce non specific binding may be added. For example 1-4% BSA or



33 The step of bringing the ligands (target entities) into contact with the
expression library (candidate binding partners) or vice versa in the
AffiSelect method can be carried out in any appropriate way under
WEHIGREéuch that appropriate candidate binding partner ChCRryssoe
with or bind to the ligands (target entities}4vhich are present. Such
conditions will generally vary depending on the nature of the expression

library (candidate binding partners), the ligand (target, entity) and th
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person skilled in the art. Such a "contacting', step will generally occur.in
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resources and may not be available in large numbers. Thus, to be able to carry out
screening on such low numbers of cells is an important advantage. It has been
shown that where detection takes place by PCR and the candidate binding partners
are antibodies, only 40 pg of antibody is required to enable detection. This means
that the AffiSelect method should be suited for analysing candidate binding partners
for ligand molecules which are expressed at a very low level, for example when less
than 1000 molecules are expressed.

One or more types of candidate binding partners (i.e. one or multiple
candidate binding partaers) may be present in the same reaction vessel or assay
compartment {e.g. assay well) for contacting step (i) of the AffiSelect method (and
hence in the following steps of the method). Preferably however only one type of

candidate binding partner is present in the reaction vessel or assay compartment for

the contacting step (1).



agents to reduce non specific binding may be added. For example 1-4%
BSA or WO 2006/038022 PCT/GB2005/003866 34 other suitable

locking agent (e.g. milk) may be used. It will be appreciat
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person depending on the aim of the scregning method. For example, if -
the incubation temperature is increased, for example to room
temperature, this may increase the possibility of identifying binders to a _.
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methog (@Bskdance with the AffiSelect method involves the interaction of a capture
molecule on the solid phase with a partner molecule or tag associated with the
members of the expression library (candidate binding partners), i.e. the capture step
is facilitated by a molecule or tag on the candidate binding partner. In this way only
ligands which are bound to members of the expression library are captured onto the
solid phase. All ligands not binding to members of the expression library can, if
desired, be removed by one or more steps of washing the solid phase, or simply by
separating the solid phase from the reaction mixture after capture has taken place.
Thus, it can be seen that as the capture'step is facilitated by the expression library
members rather than the ligands, the isolation of the solid phase from the rest of the
mixture will allow the removal of ligands which have not bound to library members.

The interaction between a capture molecule on the solid phase and the

partner molecule or tag on the expression library member is conveniently based on



hence in the following steps of the method). Preferably however only one
type of candidate binding partner is present in the reaction vessel or

S artment for the contacting step (i). WO 2006/0
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5/003866 35 Once ligands (target entities) have been
contacted with the expression library (caggdidate binding partners) under
conditions such that the ligands can become bound to one or more
members of the expression library, the ligands which have become bound
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members of the expression library are captured onto the solid phase. All
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solid phase, which is then brought into contact with the mixture containing ligand
(target entity)-library member (candidate binding partner) complexes. Alternatively,
the antibodies may be allowed to bind to the library members in the reaction mixture
before the antibodies are bound fo the solid phase (e.g. via a secondary antibody) to
facilitate ligand-library member capture. Indeed, this is a preferred embodiment of
the AffiSelect methods. Appropriate capture conditions in terms of temperature and |
time can readily be determined by a person skilled in the art. However, exemplary
- conditions may comprise incubation for 10 minutes to 2 hours at room temperature
or 4°C (depending on the stability of the ligand or library member), preferably with
gentle rocking, mixing or rotation. The amount of solid phase to inclade, or the ratio

of solid phase to ligand to include in order to facilitate capture of the ligand - library

member complexes can be readily determined by a person skilled in the art.



Thus, it can be seen that as the capture step is facilitated by the
expression library members rather than the ligands, the isolation of the
solid phase from the rest of the mixture will allow the remo éﬂ%%ﬁssﬁs
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hich have not bound to library members. The interaction between a
capture molecule on the solid phase andsthe partner molecule or tag on
the expression library member is conveniently based on WO 2006/038022
PCr/GB2005/003866 36 an affinity interaction, although any other .
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to the lifrary: rpembersin the/eagtionmbd dckeforedfezaniibodies are
bound to the solid phase (e.g. vﬁ,as ondar antg‘)f%j& to facti[(l_ﬁiﬁt)ate
el

figand MeesAPAREHsr esept el Taraet LS, refore

KHEq embodihent of ofa

the Affigglectmnathedsbippiepliaiactptuse-congitionsligtetnbold have been

tempez%}:%se%%?f the capture step as they will not have become bound to the solid phase)
is conveniently carried out by detecting the presence of a reporter moiety on or
associated with the ligand. Appropriate reporter moieties are discussed above. As
described above, said reporter moieties are usnally present on or associated with all
ligands, i.e. are general labels for all ligands. Thus, as the same reporter moiety is
present on (or associated with) each ligand, the presence of a positive signal
.indicates the presence of a ligand-library member conjugate and therefore a library
member which is a candidate binding partner for a ligand. It should be noted
however that if the reporter moiety is present within a cell, i.e. in embodiments
where the ligand is a cell surface molecule, then this will have to be exposed, e.g. by
cell lysis or other means of cel! disruption, before detection can take place. Thus, in

these embodiments of the invention, where the AffiSelect methods are used for



time can readily be determined by a person skilled in the art. However,
exemplary conditions may comprise incubation for 10 minutes to 2 hours

at room temperature or 4C (depending on the stability of thg Iﬁa}qg OF 03866
W%Fg‘??/%?@ﬁ%ber), preferably with gentle rocking, mixing or Sl RE

amount of solid phase to include, or the rgafio of solid phase to ligand to
include in order to facilitate capture of the ligand - library member
complexes can be readily determined by a person skilled in the art. WO
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in the griEhe siep atdsiecingithaaumsanes ehadigasds(tarahentiithis the
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step prgHisiascaEanbaRshRipenaEoathetls wheiesdetediiest forvdralhydigests
occurs by detection of the library member ich is boun 1e ligand
ratherﬁ??émﬁ&%@fé%%vghﬁé%%%}ﬁ&é% éﬁ 6§ ?ﬁg%erteﬂsee%etc%cﬁ%@gﬁ Other
ligandfintigaiee niigh{ahd teenefoded fretiwdpenbaffraidigandalthrabyiiSelect
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remov&d By
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solid phase) 4s denvibedendy cRFR& dhs BiyfEedonated effteesier ipfhe
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moieties are discussed above. As described above, said c{,%;;)orter
i

moietieg i eigbashy: Brazdst ol A s HaErTR: Gads, different size beads, etc
(see above). PCR is preferred because of the high sensitivity of the method (even

one ligand (or cell) may be detected using PCR), and also because it allows
information to be obtained about the ligand, for example sequence information (if
for example the ligand is associated with the nucleic acid encoding it), or
identification of the ligand if for example the ligands are tagged with DNA
molecules io enable identification of the ligand, e.g. tagged with DNA molecules of
different sizes, or tagged with DNA molecules with specific sequence tags which
can be used to specifically identify the ligand.

Conveniently the PCR reaction is carried out in solution (although it could
also be carried out on a solid phase) and the presence or absence of a PCR product
detected in standard ways, such as on an agarose gel (for example the E-gel 96

system, Invitrogen, makes it possible to analyse 96 samples in 20-30 minutes).



ligands, i.e. are general labels for all ligands. Thus, as the same reporter
moiety is present on (or associated with) each ligand, the presence of a
ositi ignal indicates the presence of a ligand-library m -
“&?‘}%@%@%&d therefore a library member which is a candi?gtg%ﬁ%g?ﬁ/gmss“
partner for a ligand. It should be noted hgwever that if the reporter moiety
is present within a cell, i.e. in embodiments where the ligand is a cell
surface molecule, then this will have to be exposed, e.g. by cell lysis or
otheGarany icealigissuption] heford wétectamyomiikbedtade (GFlotsrin
these embodiments of the invention, where the AffiSelect methods are
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subjected to thorough screening, e.g. by cell-ELISA to identify the colony (library
member) which expressed the candidate binding partner for the ligand. Appropriate
analysis can then be carried out to further identify and characterise the binding
partner at the gene and protein level.

A positive signal, generated by PCR or otherwise, is conveniently
determined by comparison to a background signal or a known negative signal.
Means and methods of measuring and comparing said positive, background, and/or
negative signals are well known to a skilled person. In embodiments where the
target entities are cell surface modules, preferred negative signals for comparison are
provided by carrying out the screening on irrelevant or negative cells, e.g. celis
which do not express the target entities on their surface, or express the target
entities only at low levels,

The invention will now be described in more detail in the following non-

limited Bxamples with reference to the following Figures in which:



for example the ligand is associated with the nucleic acid encoding it), or
identification of the ligand if for example the ligands are tagged with DNA
molecules to enable identification of the ligand, e.g. tagged Wit}) DNA
WEREUREL St different sizes, or tagged with DNA moIecuIesP\(/jv]iiﬁné%%}éi’ T
sequence tags which can be used to spegjfically identify the ligand.
Conveniently the PCR reaction is carried out in solution (although it could
also be carried out on a solid phase) and the E resence or absence of a

PCR produdtigiseccsberin Bidndlanal vyiyel ats apthndygarase [derigy and 2

examﬁ@k%ﬁ%éxgﬁé@@y BYS IRV RGN e JRKASHRASSIDIR AR SRS cells
samples in 20-30 minutes). WO 2006/038022 PCT/GB2005/003866 . 39
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of the reporter moiety are selected according to the sequence of the
reporfé?‘%i@?y%y methods well known and described in the art. If the

nucleic acid EigntentsbhthreaassiaiTellS Ssaapyrio peiates foamzemtip difiding of
ligand is encoded. for. by, nucleic acid which i .
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appropsiaite shperiet viohet))is spehiéititaiid sassouritomantlitheepiyed whereas
encoding Ity (e RGR IMEIATRLDREslasErda ampliy the nucleic acig

encoding the ligand sequence as well as the reporter moiety. This can be

advantageo¥égurefathpesrPoRcipratipkigeddba eflied ehredmmmesibline A-549

approgiate Ve @i iehRegueneing JheirlY -4qRulling inileldentbcatiobrginic
the ligand sequence. The detection of a positive signal, %@CR or
othen#ts s iccTrEifgatRdOsBIRN PRSLL SRR M paRRH P RE Mbdstigation.

For examplepibie R dsosartiee:anibie csoleivade theRvelisiofaovasgayplified
plate, a positive signal is indiqgtiv%thtattt ey Il or ggﬁgs ina es {gnto ells (A-
contaifes &8 Bt bifuihg BarSr fof X 1igand (arget entity)
which & Hewhe subjaite RiedlsthhesatysisnekjmosstiyatiopleFare shown (in
example, the bacterial colonies rtothgr i B%Q/rm%rmg@ﬁgr entinL0at nies
well c& eﬁgmécuqﬁjgeer ed tot OI?SSQ% gg?eé_#?rwg_, e.g. by ceII-ELelsg)A to identif%;
the cotbmyskibredyumurpsifin Btk eqriésettbthe candidate binding
partner for the, igand ADRIOPHRE  ANAIYBIERR AR PRI SR @ Watihing using 2
further identity and characterise the bln_dlngr
washes and organic phase centrifugation, The scFv was tested on the same cell types
that were used in the panning and pre-panning steps (A-549, HUVEC and PBL).
Figure 6 shows a filterscreening result for the antigen identification with
scBv 2. Five tumor cDNA expression samples are shown (circles) with high binding
signals towards the scFv 2-coated filter. These samples were negative on a PBS/3%

BSA-coated filter (not shown).

EXAMPLES

Materizls and methods

Cells
Two human breast carcinoma cell lines (PM-1 and MT-1, kindly provided by the
Department of Tumorbiology, Norwegian Radium Hospital (DNR), Oslo, Norway),



partner at the gene and protein level. A positive signal, generated by PCR
or otherwise, is conveniently determined by comparison to a background

signal or a known negative signal. Means and methods of g{%q i
W?c?r%ogg)ﬁ%ogmsaid positive, background, and/or negative signals 5%5\;{\;&3{?}[3966

known to a skilled person. In embodimengs where the target entities are
cell surface modules, preferred negative signals for comparison are
provided by carrying out the screening on irrelevant or negative cells, e.ﬂ,
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binding to cells (A- 549, HUVEC and PBL). Results of the same scFv

expre&ﬁ%‘ﬁ%ﬁ’ﬁﬁes}a/?esgﬁ%n\}ven (ﬁl‘ﬂiﬁg%gr%é order) on the three cell

types PAirhesirbarkdthensbbuyesiSss)oresasubits! fiom Skgnagnan blood or buffy
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the scEV foun ‘ using 2 washes and organic phq}se .
centrifuegationsbThenservith 2B fo station apdresirerdar iR S/3% BSA or PBS/4%

sicim milk.

L ectin-coated magnetic beads

M-450 epoxy beads (Dynal) were coupled with lectin (WGA: Wheat Germ, Triticum
vulgaris, Calbiochem) according to manufacturer’s protocol, In short, epoxy ~beads
were washed and subsequently incubated in 0.1M borate buffer, pH 8.5 with 10ug
fectin/107 beads rotating overnight at room temperature. Beads were washed three
times with PBS/0.1% BSA and stored at 4°C in PBS/0.1% BSA/0.02% sodium azide
at 4x10° beads/m!.

Phage scFyv display library

For the panning experiments an IgM scFv library was used that was constructed
from PBL of 6 healthy donors and cloned into 2 phagemid display system based on
pSEX 81 (Welschof et al.,, 1997, PNAS, 94:1902-1907, Leset, et al,, 2005, I,



that were used in the panning and pre-panning steps (A-549, HUVEC and
PBL). Figure 6 shows a filterscreening result for the antigen identification
with scFv 2, Five tumor cDNA expression samples are sh i %8&3
; . . . 9#\43[ 3866
W\%ﬁﬂgﬂl‘gﬁﬂﬁndmg signals towards the scFv 2-coated filter. These samples
were negative on a PBS/3% B SA-coatetffilter (not shown). EXAMPLES
Materials and methods Cells Two human breast carcinoma cell lines

Norv e e TN Geie R e SRR of re
PCT/GB)5/1088662 41 sangpcaidiinmescalieges (A-549, ATCC

CCL-185, kindly provided by Viventia Biotech Inc.; SW900, ATCC
HTB-59, kindly provided by the Department of Tumorbiology, DNR), and

ViVGF‘P&%Q?ﬂ WREE LSS tofRmBARRING SXReIMeRts! Beihodareasiul library
carcinoma cell [ines were cultured in RPMI-1640 mgdlummeﬁgeg umor
supplefeentes Wikl 0o es TeieeRiad MRk Egritaite (5 RbPaRymmo
BV Ak B arcl 2M Gtagine. The.
ioWhittaker) supplemented wi % utamine. The
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with 19%nkE Gt PRI xensiathtltalthgromthi fagtersuppletept ASkymegative pre-
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with RBSedlirarstpidasity Bk EBTREP BSleiashatbRéd WimsPBB gl as

counted. For ' iments, cells were either resuspended in
gy

PBS/ igmay) or PB5/4% skimmed milk (Merck). Peripheral
blood Tyansiess,nened® B MRHEISORRSHTRORE HERhPHIRRETBIDGE iRy the

coats LUsingdyRROPIERAAis-ablields s8R @AY iactibeess PIADBY #oidescribed
details). Cells were washed once with PBS, counted nd.resu%ﬁ) ded in ..
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S

ePOXY JpRAdH{IAVAR D:UvRE SRMR Glraiplectino(WiSAs upkeet Gevrare incubated
T“tlcu\rxri]ith HUVEC in a blocked tube rotating for 1-2 hr at 4°C as a second negative pre-
panning step. After two washes of the second negative pre-panning, the supernatant

plus wash-supernatants were incubated with lung tumor cells as described above

(panning).

Washing/Separation

Four methods were tested to separate free phages from cell-bound phages:

1) Single step organic phase separation according to the BRASIL method
(Giordano et al., 2001, supra).
After panning, 2x150ul of the tumour cell suspension were directly lavered
on top of 2x300u! organic phase solution (dibuty! phthalate:cyclohexane 9:1
[vivl d=1,03 g mi™). After centrifuging at 10.000g for 10 min. at room
temperature (RT), the tubes were snap frozen in liquid nitrogen, the bottom
of the tube was sliced off and the cell pellet was transferred fo another

{blocked) tube.



vulgaris; Calbiochem) according to manufacturer's protocol. In short,
epoxy -beads were washed and subsequently incubated in 0. IM borate

uffer, pH 8.5 with 10g lectin/ 107 beads rotating overnigh% <
, : ?IIJ 05/003866
W e%%’“p"’e’"?g Uite. Beads were washed three times with PBS/0.1% @gg(]aan

stored at 4C in PBS/0.1% BSA/0.02% sagium azide at 4x108 beads/ml.
Phage scFv display library For the panning experiments an IgM scFv

library was used that was constructed from PBL of 6 healthy donors and
cloned into a phagemid display system based on pSEX 81 (Welschof et

al., 1995\ PNAS - 8l DA k9T ohdsakn6 1akhR00%p WO 1200PHIIBA22BS A

PCT/GB2005/003866 42 Immunol. Methods :47-62) after N-terminally
moving the MHREHTSHEPSRIE W@Piﬁﬁﬁﬁﬁ r$ %AZ i“grz#ﬁ%ma?c? tifiker

sequence. Rannringdaentacting Step To remove phages binding to
common cell proteins 3.75x1012 phages (1500 library of approx.
2.5x1013 cfu/ml) was incubated with 2x105-2x106/ml cells of non-tumor
origin in ) bloiekeidalubettodating for 1 hr at 4C (= negative pre-panning). As

blocking reagnt eifer PS(326 B30\ Of ERSHR Ml Mele 4556 45988 e

project PBL Weerreplajg%%i%r e néegative pre-panning step. After negative
pre- panningdtie: RBL wasired\fiasHiseksvid With BovR-€41dtsh, after which
the reduced phage library plus two wash-supernatants were incubated
with breast tumor cells as described above (panning). In another project
two negativdpieg paaamiely $8388 were performed one after the other. In a
first pre-pangifg: ?ﬁﬁiﬁ@%@ﬁﬁﬁé%ﬁsiwwﬁ Wit Blo@s descrtey

above. After the first pre-panning the PBL were washed twice with blagk, .
solution, affesFWRRKSAEBRECLH DRIGNBFR ﬁ?ﬁé W\}g‘n\élmw\gatte‘;jm% lectin-

wash-superpataaiyuase inceliabesk with) rbvECrin 20hidokes AAFE. The beads
rotating for 1-2 hr at 4C, as a second | re-pannin two
washes of tHEE&E8bER g AoE 61}2 - ng%ﬁgi%egs%%g T a%gdr?}tg gg Rﬁg&ﬁ
wash-supernatasysndet éniA60pERES RitbelBRg.tumor cells as described
above (panning). Washing/Separation Four methods were tested to
separate free phages from cell -bound phages:

Infection ‘

Cell pellets or beads were added to 10 mi E.Coli XL1 blue in log phase and
inocubated at 37°C for 15 min. at 60 rpm, then for 45 min at 200 rpm. Bacteria were
plated at different concentrations on LBrac plates (LB added 30ug/ml tetracyclin
(T), 100pg/ml ampicillin (A) and 100mM glucose (G)) for evaluation and on two
large rectangular plates (243x243x18 mm; Nunc) for later packaging. All plates

were incubated overnight at 37°C.

Packaging
Bacteria from the two large plates were harvested by scraping. The bacteria were

propagated in liquid culture, and the phagemid in those cells was packaged into
phage particles with M13 helper phage (Stratagene), overnight at 30°C. The next
day, phages were precipitated with PEG/NaCl and resuspended in 1 ml PBS of

which 100p! phages (approx. 10" cfu) were used for a new round of panning,



1) Single step organic phase separation according to the BRASIL method
(Giordano et al., 2001, supra): After panning, 2xI50p.1 of the tumour cell
suspension were directly layered on top of 2x300I organic A u
W((a' alate:cyclohexane 9:1 [v:v]; d=1.03 g ml"). After%cj%%l’f%&glé%%“
at 10.000g for 10 min. at room temperatge (RT), the tubes were snap
frozen in liquid nitrogen, the bottom of the tube was sliced off and the cell
pellet was transferred to another (blocked) tube. WO 2006/038022
PCT/B2006/008866143/9) As method 1, but with one or two washing
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differdht concentrations on LBTAG plates (LB ad 304g/ml tetracyclin
(T), 10Begel ampicillin (A) and 100mM glucose (G)) for evaluation and on
two large rectangular plates (243x243xI8 nun; Nunc) for later packaging.

All plates were mcubated overmght at 37C. Packaging Bacteria from the

two |aES8IBIENAE AR PG HSHAL By Pl The bacteria were
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inding (polyclonal phage ELISA) was cloned into the secretion vector pHOG21
(Kipriyanov et al., 1997, I. Immunol. Methods, 200: 67-77) and individual scFv
clones were expressed in E.Coli XL-1-Blue as described previously {Dérsam et al.,
1997, FEBS Letters, 414: 7-13) or in 96 deep well format (100-200 microliter
volume). Deep well expressions were performed overnight at 30°C with ImM IPTG
(Sigma). The next day the plates were centrifuged for 10 min. at 4000rpm, 4°C and
the supernatants (containing the expressed scFv) were used in further exp eriments.
In case the expression samples were to be used in AffiSelect, the polyclonal
collection of cloned scFv DNA was transformed into competent XL.-1 Blue E.Coli
and plated on LB-TAG 22x22 om bioassay trays (Corning). Individual clones were
picked using QPix2 robot (Genetix, itd., UK) into 384-well plates containing LB-
TAG growth medium [30ug/ml tetracyclin (T), 100pg/m! ampicillin {A), 1% (wiv)
glucose (3)] added ~ 4% glycerol and grown ovemight at 37°C. Single scFv clones
were re-inoculated in 384-well plates containing LB-TAG medium and expressions
were done with 100uM IPTG. The next day 50ul PBS/3% BSA was added to each

well (containing 1001l expression) before centrifuging the plates.

Expressed scFv were tested for their binding to cells using 5 different methods:




phage particles with M13 helper phage (Stratagene), overnight at 30C.
The next day, phages were precipitated with PEG/NaCl and resuspended

ng %0@8}93%%52 of which 100l phages (approx. 10 13 cfu) Wereg%?%é?orﬁ:%‘%%ﬁé

new round of panning. WO 2006/038022 PCT/GB2005/003

Polyclonal phase ELISA After blocking 3@3anin. 4C with PBS/3% BSA,

tumor cells and PBL were incubated for 1 hr at 4C with 100l phages
(1:10-1:106 dilutions) from each panning round. After 3 washes with PBS,

the céli§siEdliddubated for 1 hr at 4C with 1001 rabbit anti-Fd (Sigma;
1:4000}anibadyg AdtatiivastingtB RBESWHR £ BE dhes B ABARBAswere incubated

developed with 8 monoclongl horseradish peroxidase (HRP) gonjugate
S R
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was C o the secretion vector pHOG21 (Kipriyanov et al., 1997, J.
Immunol. Methods, 200: 67-77) and individual scFv clones were
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384-well plates SORGINING 4 Br-fA aow i agdinmd3Raridetrasyclin
(T), 100g/ml @mpicillin(A), 1% (w/v) glucose (G)] added - 4% glycerol and

grown overnight at 37C. Single scFv clones were re-inoculated in
384-W§)I%g@(gontaining LB-TAG medium and expressions were done

. 0,
win 100V IETG: The fext day SOLPESSH BSA a5 S04SH. 02361, by

HUVEC using the AffiSelect method. For this, 2.2x10° cells were pelleted (1600
rpm, 4°C, 5 min.) and incubated shaking for 1 hour at 4°C together with 5pl
expression sample and 45p1 PBS/3% BSA. The cells were washed with 150ul
PBS/3% BSA and centrifugation (1600 rpm, 4°C, 5 min.). After the adding 50ul
anti-c-mye antibody (Invitrogen, 1:500) to the pellets, the plates were incubated
shaking for 1 hour at 4°C.

The cells were washed twice as described before and incubated shaking for 1 hour at

. 4°C together with 25111 M-450 pan mouse IgG bead (Dynal) suspension of 5%10°

beads/ml (cell:bead ratio = 1:5). After washing the beads twice with 100ul PBS/3%
BSA using a magnet, they were resuspended in 100l PBS/3% BSA and transferred
to a PCR plate.

The bead samples were incubated overnight at 55°C in 30ul PCR buffer containing
proteinase K (200ug/mi), 0.45% Tween 20 and 0.45% NP40, and stored afterwards



well (containing 1001 expression) before centrifuging the plates.
Expressed scFv were tested for their binding, to cells using 5 different

methods: WO 2006/038022 PCT/GB2005/003866 45 1) S
Wﬂffg?%q%%%%ng 30 min. 4C with PBS/3% BSA, tumor cells an%%&#v@@gms“
incubated for 1 hr at 4C with scFv (100l gieep well expression or 10g/ml
purified scFv). After 3 washes with PBS, the cells were incubated for 1 hr
at 4C with 1001 mouse monoclonal HRP conjugated anti-c-myc, .
(InvittbgRPrCLe00ycaRdisoligaARRFITABRIRG BRIHBS M PES iR EP Sk the
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(AppliedBiosystems) or a combination of mouse anti-c-myc antibody
(Invit?@@é’ﬁ,‘mﬂ%cﬁ%l) plus goat anti mouse IgG-Alexa Fluor R647
(Molecular Probes; 2.5g/ml). After 2-4 hour incubation, binding of the
scFv %i}htﬁe ﬁ;ells was measured using the 8200 Cellular Detection
System, F(‘ the signal intensities of only secondary antibody- and '
irrelevaht KEFeelbindinganeabistiveoso At BInSsct depn Belbexgespon.

well Y, QHRigS 1205 WEIF {CFBH 0 UROL GRS AGIN BBoRNd min, 4°0),

HUVEC using ) elect method. For this, 2.2x104 cells were pelleted
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with 1501 PB'S/3% BSA and centrifugation (1&(})}? rpm, 4C, %énin. After
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platesyugsgHackRRtCH AsIsaking ey (Chawrat 4C. The cells were washed
twice as described before and incubated shaking for 1 hour at 4C

together with 251 M-450 pan mouse IgG bead (Dynal) suspension of 5xI06
. beagsimideell:bead ratio = 1:5). After washing the beads twice with
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FACS. To avoid internalization, in some cases cells were fixed with S0ul PBS/1-2%
formalin (30 min, 4°C) and washed three times with PBS (1600 rpm, 5 min., 4°C)
before incubating the cells with the scFv expressions. Visualization of the bound
scFv was performed with an FITC-conjugated anti-c-myc antibody as described for
FACS, or with 2 combination of anti-c-myc antibody (1 hour, 4°C; Sug/m}; Sigma) -
followed by three PBS washes as described for FACS and an incubation with a
FITC-conjugated anti mouse IgG antibody (1 hour, 4°C; 1:200; Dako). After three
PBS washes and fixation as described for FACS, the samples were stored at 4°C

until being measured with a Guava EasyCyte (Guava Technologies).

Cellular filter screening experiments

Test-strips

To determine the optimal concentration of cells for immobilization onto
nitrocellulose membranes (Schieicher & Schuell), test strips (approx. 6x4 cm) were
coated for 2 hrs at RT with different amounts of cells (5x10°-5x10° cells/ml) in PBS.l

After washing twice with PBS, the membranes were incubated with a mouse



The bead samples were incubated overnight at 55C in 300 PCR buffer
containing proteinase K (200g/ml), 0.45% Tween 20 and 0.45%NP40,

and stored afterwards WO 2006/038022 PCT/6820051003% é

WO BUS(RE se. After heat-inactivating the proteinase K for 3 ér?ﬁ%%@ @‘8,866
the samples were placed on a magnet aqgd 5ul of the supernatant was
used for PCR with human beta-actin specific primers. In this assay, the
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FITC-conjugated anti-c-myc antibody (Invitrogen; 1:30) for 1 hour at 4C.

Cells were washed 3 times as described above, fixed with 200x1

PBS/A2804 EPalin (Sigma) and stored at 4C until being measured with a
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scFv was performed with an FITC-conjugated anti-c-myc a??bod as
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with a Guava te (Guava Technologies), Csllular filter screening
experWé%fSSt%:g%s r?bfs‘%m&é’ elrz%ﬁ%k iTi)ag(rnlpt%?%%%concentration of cells

for immobilization onto nitrocellulose membranes (Schleicher & Schnell),

SN ore o o2 vs T vl
Construction of tumor cDNA library and panning
A cDNA phage display library was constructed as described before (Fossi et al.,
2004, Cancer Immunol. Immunother., 53:431-438) from tumor cell line SW900. To
find the antigen corresponding to a scFv of interest, biopanning was performed on |
scFv coated maxisorp tubes (Nunc). In short, maxisorp tubes were coated rotating
overnight at 4°C with 10pg/ml scFv ic PBS/3% BSA or PBS/4% milk. The next day
the cDNA phage display library was blocked for 15 minutes in PB S/3% BSA or
PBS/4% milk before adding into the scFv coated tubes. After incubating the library
rotating for 2 hr at RT, the tubes were washed 10x with PBS/0.05% tween followed
by 10 washes with PBS. Binding phages were eluted by incubating the tubes 5
minutes rotating with 500pl 100mM TEA (Sigma). After neutralizing the eluted
phages with 500p! 1M Tris-HCI pH 7.5, 500ul was used for the infection of 10ml
XL1-Blue (as described above). After packaging as described previously, the phages
were used for a new round of panning on scFv coated tubes. Recovered phages from
3 rounds of panning were tested in a polyclonal phage ELISA (see above) on scFv

coated maxisorp plates (Nunc).



After washing twice with PBS, the membranes were incubated with a
mouse WO 2006/038022 PCT/GB2005/003866 47 monoclonal anti-MHC

class | antibody (Dako; 1:600) for 1 hr at RT. Coated cells isuali
Wgyzﬂ%[&%%’ﬁ%n with a HRP-conjugated rabbit-anti-mouse Ig ﬁﬁu{g‘é\ég"%}%%é

(Dako; 1:10.000) and ECL detection (Amggsham). Test array ScFv clones
that have been shown earlier to be positive in cell ELISA were tested in a
filter screening assay (Stacy et at., 2003, J. Immunol. Methods,
283:247-259). In short, scFv clones were arrayed onto a nitrocellulose

filter. jAffer QyespighbrexprassionMiit N ibr.scFv were tested for their
binding to a cell-coated filter. The filters w%g incubated with a mouge
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biopanning was performed on scFv coated maxisorp tubes (Nunc). In
shortehbitisofprigpesaRdredy APPSR SvdHidh e vith 10g/ml
scFv in PBS/3% BSA or PBS/4% milk. The next day the cDNA phage

displaé library was blocked for 15 minutes in PBS/3% BSA or PBS/4%
f
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Recovery after panning on human tumor cell lines (PM-1 and MT-1) and PBL was
tested. It turned out that PBL have to be freshly isolated. Thawed PBL from a frozen
aliquot tend to become sticky during the panning procedure. After centrifugation 75
% (PM-1), 97 % (MT-1) and 71 % (PBL) was found in the cell pellet of the organic
phase. These percentages are t00 high to have a biological significance: it is
expected that only a few percent of a whole natve antibody library will bind to cell
surface proteins of a given cell type. The number of free phages that slip through the

organic phase was only 2x107 % and\ can be ignored in the future.

Thus, the BRASIL method turned out to be not useful as such: by using only organic
phase centrifugation as the separation step, too many (non-specific) binders were

found in the cell pellet.



coated maxisorp plates (Nunc). WO 2006/038022 PCT/GB2005/003866
48 Filter screening of expressed tumor cDNA clones The tumor cDNA
from the panning round that showed an increase in scFv-specific. bindin
Wfb%q%f'gﬁ%zphage ELISA) was amplified by PCR and clone%ccll{éi %Pd&%ogm
modified secretion vector pHOG21 contajging an HA tag. Tumor cDNA
clones were arrayed onto a nitrocellulose filter and after overnight
expression with IPTG tested for their binding to a sckv coated filter (de .
WildE-rampla At GomppriterRh B nedods @) sas Ao B e Rt 1M S
incu%m%m@@ouse monoclonal anti-HA antibody (0.2gg/ml; Roche)
and binding was visualized by an HRP- conjugated rabbit anti-mouse
antibody (1:10000; Dako) and ECL detection. Example 1 - Testing the
BRASILyyethote twp breas: priesepetinssantion Ble WBASTemafugkd
through an grganic phase %t%r 1-2 hour incubation with the phage-library,
and their re%%\?é giq%'e%us (upper phase) and organic layer (pellet)
after organia phasecenifaidnftesutests ¢ suspratatverotesty daypred
phages were centrfugsein Syallalsite AHIRE TR AlABAS Sk Hitxae o
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through the org p very after pannlnh%on human tumor cell
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be freshly isglated, Thawed RBhimatazstatduRtipntirbeasome botom
sticky during the panning procedure. After centrifugation 75 % (gM-lehes%?
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phase. The%w@f@@f@&es are too high to have a biological significance: it

is expected that only a few percent of a whole naive antibody library will

bind to cell surface proteins of a given cell type. The number of free

phages thpt slipriftredgh thewatgariophaseasasoyipoxitd's 54 BRE/B4H RS A
ignored in the future, Thus, (e, BRASbBRACHUMER UL IR R RS

useful as su ﬁ.%y usin onlﬁl organic phase centrifugation as the

separation stepirtbgatiamy (non-specific) binders were found in the cell
pellet. WO 2006/038022 PCT/GB2005/003866 49 Example 2 -

Comparison of four methods to separate free phages from cell-
3) Classical method:

After panning, the tumor cells were spun down (500g, 5 min. 4°C) and the
pellet was washed five times with 1 ml PBS/0.4% BSA.

4) Magnetic beads:
After panning, the tamor cells were spun down (500g, 5 min. 4°C),
resuspended in PBS/0.1% BSA and incubated with lectin-coated beads (1:4
cell:bead ratio) rotating for 20 minutes at 4°C. The beads were washed 10
times in 1 ml PBS/0.1% BSA using a magnet and resuspended in 200yl
BS/0.1% BSA.

In a first experiment the new method (2) was compared to the BRASIL method (1)
and the classical method of 5 washing steps (3). The tumour cells used were the
PM-1 breast carcinoma cell fine and negative pre-panning with PBL was carried out

as described in the Materials and Methods section.



bound phages 1) Single step organic phase separation based on the
BRASIL method (Giordano et at,, 2001): After panning, 2x150i of the
umour ceII suspension were directly layered on top of 2x3 r

WS&%%"’ &Blttion (dibutyl phthalate:cyclohexane 9:1 [v:v]; d= J?%gﬁ%ﬂ?ﬂéﬁssﬁé
After centrifuging at 10.000g for 10 min. g room temperature (RT), the
tubes were snap frozen in liquid nitrogen, the bottom of the tube was
sliced off and the cell pellet was transferred to another (blocked) Sgé
As nithsdhes BRREHREE e ER e WRAHPR R Flf e fhe
beforg J6BUSRANSIRIH3EALIE BRR 4XhepRA R gfggm(fﬂahﬁsal—bound phages
centrifugation. 3) Classical method; After éﬁanm%g the tumor cellsl\[vle d
spun(@sthadsbo h%tﬁﬁ‘?ﬁuﬁ@fﬁuéﬁﬁe%@etﬁ W R A S A
Ml PReg/BA%rBSAnigag BBL hepHEVEEwasoniie] te dudesrrieisin the
were_s un down (5 éYfﬁg& 5 m| 4C) resuspended in PBS/0.1% BSA and
incu ?)"'\?&}Ftﬁl}g %%fté%g ¥ids (1:4 cell:bead ratio) rotating for 20

minutes at 4C. The beads were washed 10 timesin 1 ml PBS/O. 1% BSA

usin ng}t2 a %6(51 Rep i 2001 BS/0.1% BSA. In a first
exper it w method (2) was compared to the BRASIL method (1)

and thdel assmmémmmswm(mwsshwe ARRBUISCEIR RS KED):
were the LML cinomacaliing ﬁa%a% PEN S RFRPRAIBG:WIEy on

PBL was carried gut as described in the ials and Methods section.
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inthe ﬁlﬂgé}ez a':llssc %ﬁ?\ \ggssp% {I)cr)irxlzed with 95 clones from round 3 of each
method. Method 2 turned out to be best method considering not only the time point
of enrichment (round 2) and but also the amount of scFv binders (39/95) as

compared to method 1 (round 4, 11/94) and method 3 (round 3, 27/95}.

Comparison of methods 2 and 4:

Results of the polycional phage ELISA revealed that after only 2 rounds of panning
an increase in phages binding to the tumor cells was seen with both method 2 and 4.
In contrast, method 2 showed an increased enrichment (curve is going up after
diluting the phages 10 after the third and fourth round of panning when compared
to method 4 (Figure 3).

Thus, method 2 (L.e. the method of the invention) shows significant advantages over
prior art methods, especially in terms of being able to conduct fewer rounds of

panning and identifying more positive clones.

Example 3 - Successful panning projects using organic phase separation after 1

or 2 washes.



Comparison of methods 1, 2 and 3: After 4 rounds of panning, separation
(using method 1, 2 or 3, as appropriate), infection and packaging, a
olyclonal phage ELISA was performed separately on pha r e
W?? %EEROf the 4 rounds to detect an increase in phages t%%%fﬁ%%{fﬁgg 66
tumor cells but not to the PBL. After onlys3 rounds of panning such an
increase was seen with method 2, whereas method | and 3 showed an
enrichment after 4 and 3 rounds, respectively. After, subcloning into th
o BP0 AserRbIgAcH e FRRBABENA S5 ToHESs and
from gound. 3k eaghirmesthod. Method 2 turned out to be best method
considering not only the time point of enrichment (round 2) and but also
the amount of scFv binders (39/95) as compared to method | (round 4,
11/9%@355@@&@%&9;@&8, 27/95). Comparison of methods 2 and 4:

Resulis of the palyclonal. pha revealed that after
pannﬁ&rﬁ‘ﬁti%?é%ﬁﬁ%ﬁgﬁ%@ﬁﬁﬁ%s t?%)e?ﬁél ﬁ‘:r%ngf g%ﬁ%sm\%%éege%lﬁagﬁlﬁ%v
both digihgdigragdi¥egitcomrastningtiesd 2shonsscoantibrazsary PBL as
enrichment (curve i i f Jting " I

i R e e ,%%f%’i%ﬁﬁ%ffgff o
Thus prding @< oiceortaaimplhtscot i gatiemh foh IS RORRPERM 3’6 classical
adva%g%%ﬁ %gﬁngé@{gg{ém@g}gg&,egspecially in terms of being able to
conduct fewer rounds of panning and identifying more positive clones.
Example 3 - Successful panning projects using organic phase separation

after Jy it 21039R8 SRR G/PRB R22HTe B 20RTKNBHE6 abl-clle scFv from
panning projects have successfal ysed thg_} combinfﬁtiﬁ

nIgfloégA hes
and SRYAART PHECEIEE PEFERIEHET Y BrdLReE Eﬁﬁfolrrﬁ%epro“écféﬁ&%reas
carcingssuesiidineBMsi phas:héer used taljarntigewitnigusragesemcell
display library..Negative pre:panning w erfar f wyan :
as d eﬁ%egl ﬁﬂ%%ﬁa%gﬁgfsg%%%%%&%%ﬁdg gg%t, ﬁ? ’Iaﬁ{% %%%%%perim%r%%s SO
the effeith dfe R2hitejiblafdPetergam BypleasenddrpaTa qerrsi emanis five more

com p%{lilsq%ré wihdhe s é%ﬁ%ﬁ%%h{i‘é&‘ﬂ?@ gNas e sHgRIeELES 56: 3ROVR): Closer

investigation of the first three clones at the Norwegian Radium Hospital (DNR,

Oslo, Norway) in FACS experiments showed that one scFv clone (1) binds primarily
breast carcinoma cell lines, whereas another scFv clone (2) binds to tumor cell lines
of different origin, .g. prostate, glioblastoma, lung and colorectal fumour cell lines
(Figures 1 and 2). Results have also shown that the target antigens for both these
clones on tumour cells are not Her-2/neu, EGF-R nor CEA, thereby suggesting that
they might recognise a novel tumour antigen. FACS and confocal microscopy data

showed that in this case both scFv clone 1 and 2 bind to internalizing antigens.
Thus, it can be seen that the methods of the invention can be used to identify
specific binding partners (in this case scFv antibody fragments) for molecules

expressed on the surface of cells.

2) Lung carcinoma project



After one wash and organic phase centrifugation, single phages as well as
scFv from round 3 of panning were tested for its specificity in cell ELISA
and FAGS measurements against PBL and the tumor cell |j g
Wgrﬁ&%éoﬁs%ztumor cell line-specific clones were found (clonllé%erﬁ-}r 5&?{%0%:32_366
Testing single scFv expressions with thg-8200 Cellular Detection System
and Guava measurements, five more unique and tumor cell line-specific
clones were found (data not shown). Closer investigation of the first thr
c|oné‘siaﬂmmm@1hlmaé$uﬁﬁﬁ&§5ﬁ&w@m%WW&%BL#%&? v
eXPefRERIHSRAVREIALANE S EonR foiibinds primad fukresBBL and an

carcinoma cell lines, whereas another scFv clone (2) binds oyt cell.. |
o <SP ALY oro B A EHER AT 27K MoTBrageton o
tumogegelklieam tigiipscl eata)sResuim idvealsersthewrdiat thieg 2

target antigens for both these clones.on tumour cells.are not Her-2/nev
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ecognise a hove
tumolstianigerd MG Starsbebrincabaitiosebpyedfon sHbhwudriesetikisethod
case%oth scFv clone | and 2 bind to internalizing antigens. Thus, it can

be seén that the methods of the invention can be used to identify specific
binding partners (in this case scFv antibody fragments) for molecules

expre 8580060 5hR) EURGERAGII0NAPEAIREEVYR from round 3
2006 3%0 2 gé%#%é%&oorgloosg% 52 A |U§l£ carcinomag{elsl‘ lin EA-549)PBL

has bdare fergssshipitnreepiaie SchiFaestarfisr Agowst

e (O B bty o Matel a.and Mathods section I fase
ine as described in the Materials. an thods section. In
expertnidsie st @&%mﬁa%&mgﬁa%%‘ﬁ%%%ﬁ‘%em eo%‘?gf%ﬁ ;’ R-
washipggiisriDrerpeganiDNha st eeatrifvgaiomdduetivad SearvdthEidiRoad
using_lectin-cogted magnefic beads fQr,separatio free f -

oSt CHOEY RO OHS SAERey LR 8 el U el e
scFv expoessiblisefiamnoundid VEanhiig Whes cenfiea e feoopeelfiéng specific
AffiSelect. an i e '
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expre&biBmenshptes tesstutiatsandivmoisaibiRemredis riney e tound.

amplified beta-actin DNA, whereas no such product was seen with

HUVEC and . _ .
Thus, it can again be seen that the methods of the invention can be us ed to identify

specific binding partners (in this case scFv antibody fragments) for molecules

expressed on the surface of cells,

Example 4 - Testing different brands of PCR tubes

0.5 ml thin walled PCR tubes of different brands were tested for their stability

during organic phase centrifugation and cutting afier freezing,

0.5 ml thin-walled Eppendorf PCR tubes (#0030 124.502) and Axygen PCR-05-C
(#321-05-051) were the best tubes tested. After freezing the organic phase, tubes had
to be cut just above the V-shaped area to avoid splitting of the tube.



PBL. This shows that in this case 8 of the tested scFv samples were
binding to the tumor cell line, but not to HUVEC or PBL. After confirming
tumor cell line-specific binding by FACS (Figure 5 shows an exemplar

W&&?&ﬁ’%&zéuava measurements (data not shown), ten uniﬁﬁgﬁﬁg’??fﬁqgf"%
cell line-specific clones were found. Thusz4t can again be seen that the
methods of the invention can be used to identify specific binding partners
(in this case scFv antibody fragments) for molecules expressed on the
surfa@xahnpdtS. -Bireipié ot samieshasel fre Rz isFIS¥EP CR tubes 0.5 ml
thin walled PCR tubes of different brands were tested for their stability
during qQrganic Bhase centrifugation and cutting after freezing. 0.5 mi

thin-w&eaEPpentramperhebwElA08 S0 BN B s Lt Rigsp e eedds efect

(#321:0%:054% werethe besiibastesiad IAfteihe eringrhevergatigbated at
phase, tubes had to be cut just above the V-sha§ed are%ao avoid Iittir%g
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Effect.ehesgianicRhaenanage infectivinifitanoitiAibh phetiesttogethber of
with 1OO?§and 2001 Oﬁ%ﬂc phase were used to infect 10 ml of E.Coli XL

1-BIué Pr‘gfa‘ﬁ@ncéj)u ig phase. Bacteria were incubated at 37C for 15

min, at 60 rpm, then for 45 min at 200 rpm and plated at different
conceptrations o T ‘ ight 4 j 7 :

b BB b L e A i phase
comphrdch teegOive)shlset (resvstion off aimy 2RlE e IRkt Rt ot digphage
(redugtion of ap. 2R%):Q0 dhe infectivity rate. At high phage titer, no such
effect was seen. As it can be seen from the results and discussion herein,

with the described methods for screening antibody expression libraries

with callsy sgraaniag iesantibadias impaisdspendentoniie tyalshiigiohethods
purified and/or recombinant antigen nd even, ev\g cell t e-s ecifi odies is not
antigefs ReBE A BOS T PTHE LD MBI TR G EEiul S baRRING U8y

the mekheeg-at theliewentisility comivifiatiendidthecethiimmfittenttpre emrryor new
other methods, such as AffiSelect or.the 82 ellul ] ie .
(oo B8 B R R e 2RIl S e Y e Bhoning
high-thiagtiputstrebrihthamtesimctionnbaatibodish eghilesfiden siprises or
antigeNHier methods, such as AffiSelect or the 8200 Cellular Detection System (Applied

Biosystems), thus provide a technology platform for high-throughput screening and

selection of antibodies against cell surface antigens.

Example 6 - Target identification of tumor specific clenes from successful

panning prejects using organic phase separation after 1 or 2 washes.

Two scFv clones (clone 1 and 2, see Figures 1 and 2) from the breast carcinoma
panning project using organic phase centrifugation after 1 wash were used for the

identification of their target entities.

For the target identification a tumor cDNA phage display library was constructed
from a positive cell line (SW900; highly expressing antigens to both scFv 1 and 2).

This library was then used for panning on tubes, coated with scFv 1 and 2



Example 6 - Target identification of tumor specific clones from successful
panning projects using organic phase separation after 1 or 2 washes. Two
scFv clones (clone 1 and 2, see Figures 1 and 2) from the ?r
Wgaﬁ%ﬂgﬁgizpanning project using organic phase centrifuga |§rﬁ %éz?o 1003866
wash were used for the identification of gaeir target entities. For the target
identification a tumor cDNA phage display library was constructed from a
positive cell line (SW900; highly expressing ars:{%%en% to hot scF\é dlones
2). TeipemiEly wikeidr s o orpERR FEPETTIORe S  E8%EEWith Scriv £
and 2 WO 20060 38022 RET3BA005/ 0038660 SeFrebpad DulyteA fidieds.

rounds of panning, expressions, of single tumor A clones wer .
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scFvR antigen deniification(Fidiuemey. SBiAnciomalyriesbooehthabal! igtpnes
to the scFv 2-¢oated fiIteergége%r&g . Seealggnce analysis showed that all 5
clone?rﬁ??ﬁ%%%% {548 Shime nuciebtide sequence. In case of SCFv |
antigam detenifficaicnat2¢uidontEas| 67 et TRmehe ek tipdipe to
1-coafed filter gggt@@ Wi 3 adig)of the tumor eDNA clones to the
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scFv was verifi on scFv coated plates.In addition, both scFys
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be seen that the methods of the invention can further be used to idge?p%i%g s
tndin ‘
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_ partners identified by the improved organic phase separation methods

described herein. 55 Claims 1. A methad of. screening_a.li Ao

i d to identif’
moIecﬂi’é’%t’é?ﬁ%hﬁﬁ%}@aﬁ? W%%gsrﬁoree %g%lﬁ%%%ﬁag?%?%h%ﬁ?arg HoeEY
candiggie-binding gritecsstongre atigosd tighimeritewikohmisHgs @ytners
contacting.an expression library with ene qr %Eﬁ%ﬁmﬁﬁﬁgtﬁ&ib@herem
subjeéi&ﬁglgg%ebggtéee{%ﬁﬁg%(%’é\{ﬁbegsr%%ng washing step; (c) separating
target entities which have become bound to one or more members of the
expression library from unbound members of the expression




library by separation through an organic phase, thereby separating
candidate binding partners for said target entities from other library
members, wherein said expression library is a phage display library and
“wherein said target entity is a cell surf&ce molecule or a molecule which
is attached to a solid phase. 2. The method of claim 1 wherein said
expression library is an antibody expression library. 3. The method of
claim 2 wherein said antibody expression library comprises scFv
antiliwidies. 4. The method of any one of claims 1-3 wherein said cell
surface molecule is provided as a component of whole cells or as a
membrane fraction of cells. 5. The method of any one of claims 1 to 4

wherein saithtal g€ eetifinis antaatigeNméedilesneibadiof anerRReRE or more
claims 1.to 5 wherein Sé%iﬁd cells %lrgﬁtransformed or transfected with :

nuclBTRSES HMESAN I A1 rERtCAlRyOIE S RATRSTS feons 05 gore target entitie

trangf@geidingth nucleic acids encoding a library of target entities, or are
cells which qverexpress said target entity. 7. The method of any one of

claims 1 to ®wheR R RS NS TERIRD NI RIL cBerHdIMsBas earges:
one of clains) Ito 7wbRkRiNSAId eaitsPipmssasialechwtnavdisaasatsiate.

9.The method of any one of claims Ito 8 wherein said cells are cancer

cells. 10. TR metAtRIFGHRS e Pt SMush hersih eame bnmsh g g or more
a particulate, gRlidrPbegR: dbrdRMEsiaY alan¥aPs aHGIUMSHON he expression

wherein more than one target entity is provided in step (a). 12. The )
method of aNAEhEHFHATAONEIATEharetarnis adtese dhasly SeRating candidate

least 4 washihg!BR&RIE fAERE Ak S8R IO ofihe MRlRPthehbers, wherein

anyone of claims 1 to 11 wherein 1, 2,3 or 4 V\_/ashin?_ steps are carried
out in step (814 BXPTHE MReNEY Bty RReOHislAYs ibtary Fnvh arbareimiepid target

separation Haygl aRar9anisPRRISIS CarnNe okt comifugatapdbio a solid

The method of anyone of claims Ito 14 wherein said method further
comprises BH8ser

2. The method of ciaim 1 wherein said expression library is an antibody expression

library.

3. The method of claim 2 wherein said antibody expression library comprises scF.v

antibodies.

4. The method of any one of claims 1-3 wherein said cell surface molecule is

provided as a component of whole cells or as a membrane fraction of cells.
5. The method of any one of claims 1 to 4 wherein said target entity is an antigen.

6. The method of any one of claims 1 to 5 wherein said cells are transformed or

transfected with nucleic acid encoding said target entity or are transformed or



more pre-panning steps carried out before step (a) of the method, wherein
said expression library is contacted with one or more non-relevant
entities. 16. The method of any one of claims 1 to 15 wherein steps (a) to
(c) are repeated one or more times. 5% 17.The method of any one of
claims 1 to 16 wherein steps (a) to (c) are repeated 1, 2 or 3 times.
18.The method of any one of claims 1 to 17 wherein said target entities
which are bound to one or more members of the expression library are
subjected to further analysis. 19. The method of claim 18 wherein said

further analysis.is a further. analysis of.the candidate hinding partners, . .
T e e o0 R e e S S e
furtbetreoprising aagtepentitgrein said candidate binding partners are
detached, removed, eluted, or isolated from said target entities, or are
expressed or produced in isolation from said target entities. 21. The
methodef rekibod b arydam 20w d reid séicdinrthercaltadysimilafribac cells.
candidate binding partners comprises the steps of: i) contacting one or
more of said candidate binding partners in solution with one or more
targetlentitibsdiof eaptingng damget enfitibsarhsell belisateasawiatdibuititadiscase
one %Eemore of the candidate binding partners onto a solid phase; and iii)
detectinig the presence of a target entity, thereby detecting the presence
of one or more candidate binding partners for the target entity. 22The

methef of Sl £ L WRRLRIR-Rald troetStity is. a8 defined.in.anypne of

the “preceding claims. 23.The method of claim 21 or claim 22wherein said
candidate binding partners comprise a tag or marker to facilitate the

capigre slemiilod 4 Ieomashadiat anyaneiakHainsidhiQ &3 WhaksiRe solid

saigytgsget entities contain or are associated with a reporter moiety to
enable the detection of the target entities. 58 25.The method of claim 24
wherein said reporter moiety is a DNA molecule. 26.The method of claim

24 qn clgin ZeiacieiRysaie JAERehe DY dsdGeth $a88n one target entity is
provided in step (a).

12, Themethod of any one of claims 1 to 11 wherein at least 2, at least 3, or at least 4

washing steps are carried out in step (b).

13. The method of any one of claims 1 to 11 wherein 1, 2, 3 or 4 washing steps are carried
out in step (b).

14. Themethod of any one of claims ! to 13 wherein said separation through an organic

phase is earned out by centrifugation.

15. Themethod of any one of claims 1 to 14 wherein said method further comprises one or
more pre-panning steps carried out before step (a} of the method, wherein said expression

library is contacted with one or more non-relevant entities.

16.  The method of any one of claims 1 to 15 wherein steps {a) to {c) are repeated one or

more times.



molecule and said reporter moiety is a DNA molecule present in the cells
on which the target entity is expressed. 27. The method of claim 25 or
claim 26 wherein said DNA molecule is an endogenous housekeeping
gene or is an exogenous reporter mofety. 28. The method of any one of
claims 21 to 27 wherein said solid phase in step (ii) is magnetic and
preferably particulate. 29. The method of any one of claims 21 to 28
wherein said capture step is facilitated by an interaction between a
capiyreypaieside oresaelid ahase with 8 Jat:in MglRuleAesariatgfated 1, 2
with. the candidate binding partner. 30. The method of any one of claims
21 & 2dH#Kerein said detection step is carried out by detecting the
presence of a reporter moiety on or associated with the target entity. 31.
The method of claim 30 wherein the detection step is by PCR. 32. A

methbd 16 msHhad Ry amamsiciabrigiing i Unwhewi sHgdesasispEsm prRighyare
the 5IRRY A5 ARG dR-aRYANSsAfrtiBselQidh ARCI RSN GBRAS Birther
(d) isolating one or more expression library members which bind to said
unkA&YFarget entity and (e) using said library member to isolate and/or
identify the target entity to which it binds, wherein said expression library
isa hag}t;iisplay library and wherein said target entity is a cell surface

molé2uldhsrasihsrd et danith rhateienad fyrhesmiypisde adorhenamabgis of the
of Sgﬁﬁﬁlﬁ_‘&e_@ﬁ@i@%@rﬁ%%@@ﬁﬂ@gﬁg@@%{@@mber which _is a

specific binding partner for a target entity, or a method of selecting,

identifying and/or isolating a target entity, from an expression library, said
method FRMRLSIHG ﬁ%n‘xﬁ@rx%@?&ﬁﬁﬁ ¢fipad iﬂlﬁﬁ% %ﬁﬁﬁ@@%&ﬁ%&% said
select molecules which display certain properties and optionally ée ,
ide Rt RO RGNS SREIRAIBERY V P FABIE ALY ASEReg igom said target
specificRinding partnets.foshe lralianity-a0H pelenalYALsingsaid

library member to identify and/or isolate the target entity to which it binds.
34.The method of claim 32 or claim 33 wherein step (e) of claim 32 or step

(f) of claifhe AR ERNBFSHAMSNG S8t DI IGMERY BIERLAGONe

library prepared from cells on which the unknown target entity is
exp%éééﬂte binding partners comprises the steps of:

i) contacting one or more of said candidate binding partners in solution
with one or more target entities;

i1} capturing target entities which have become bound to one or more of
the candidate binding partners onto a solid phase; and

iii)  detecting the presence of a target entity, thereby detecting the

presence of one or more candidate binding partners for the target entity.

22The method of claim 21 wherein said target entity is as defined in any one of the

preceding claims.

23.The method of claim 21 or claim 22wherein said candidate binding partners

comprise a tag or marker to facilitate the capture step (ii).

24, The method of any one of claims 21 to 23 wherein said target entities contain or

are associated with a reporter moiety to enable the detection of the farget entities.



36. The method of any one of claims 1 to 34 farther comprising the step of
manufacturing or expressing said binding partner or target entity, or a
component, fragment, variant, or derivative thereof, and optionally
formulating said binding partner or tafdet entity with at least one

h rgg.a([: utically acgeptable carrier, or excjpient. L
pha . l?e mea{{xgc? 0? cl%&m 54 &erem saldeeporter moiety 1s a DNA molecule,

26.The method of claim 24 or claim 25 wherein said target entity is a cell surface
molecule and said reporter moiety is a DNA molecule present in the cells on which

the target entity is expressed.

27. The method of claim 25 or claim 26 wherein said DNA molecule is an

endogenous housekeeping gene or is an exogenous reporter moiety.

28. The method of any one of claims 21 to 27 wherein said solid phase in step (ii) is

magnetic and preferably particulate.

29. The method of any one of claims 21 to 28 wherein said capture step is facilitated
by an interaction between a capture molecule on the solid phase with a tag or

molecule associated with the candidate binding partner.

30. The method of any one of claims 21 to 29 wherein said detection step is carried
out by detecting the presence of a reporter moiety on or associated with the target

entity.
31. The method of claim 30 wherein the detection step is by PCR.

32. A method for isolating and/or identifying an unknown target entity comprising

the steps as defined in any one of claims 1 to 31 and further comprising;

(d) isolating one or more expression library members which bind to said
unknown target entity and
(e) using said library member to isolate and/or identify the target entity

to which it binds, wherein said expression library is a phage display library and
wherein said target entity is a cell surface molecule or a molecule which is attached to

a solid phase.

33.A method of selecting, identifying and/or isolating a library member which is a
specific binding partner for a target entity, or a method of selecting, identifying

and/or isolating a target entity, from an expression library, said method comprising
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the steps as defined in any one of claims 1 to 31 to select molecules which display
certain properties and optionally (e) identifying and/or isolating the relevant library
member(s) which are specific binding partners for the target entity and optionally (f)
using said library member to identify and/or isolate the target entity to which it binds.

34.The method of claim 32 or claim 33 wherein step (e) of claim 32 or step (f) of claim
35 comprises using said library member to screen a ¢cDNA library prepared from cells

on which the unknown target entity is expressed.

36. The method of any one of claims 1 to 34 further comprising the step of
manufacturing or expressing said binding partner or target entity, or a component,
fragment, varizint, or derivative thereof, and optionally formulating said binding
partner or target entity with at least one pharmaceutically acceptable carrier or

excipient.



