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is the use of "-this nethod to generate cells which produce a desired

| evel of secreti®@ BHdtaRAICHOBecreted protein of a
particul ar.characteristic(s), and organi sms which O possess such cells. In
particular, the method allows rapid isolation of high expression

reconbi nant anti body- produci hg cE]dldJ_nhﬁﬂ]e_dmLennnn
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" The field of this invention is a method for _i_dentifying and isolating
cells wh.ich produCe'Secretéd prot_e_ihs. This method is base_d. upon a
spécific éhéracteristicor the-exbre'ssio.n ievel_ of the secreted
- protein by transiently capturing the _se'creted_‘ protein on the sﬁn_‘ace
15 of an _individualr cell, allowing selection of rare Céll clonés from a
héterogen'eou?s'" population. The field also énc_:ombiass‘es the use of
this method to géherate cells which produce a desired'level' of
secreted protein or secreted protein of a particular )
Chafact_eristic(s),, and orgéhisms which possess such cells. In
| 20  particular, the method allows rapid is_élatioh of high expression E
. . recombinant ant‘ibody.—p-rddulcing cell Iinés, or may be applied directly
to rapid isolation of ?speCific_:"hybr,idOm'as, or to the isolation of '
aniibody-producing tranégénic animals. This method is applicablé |
 for any cell which secretes protein, |
25 o
Introduction

The method of the invention provides substantial advantages over

_current. methods for isolation and. identifiéatidn' ‘of .protein-sécreting
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secreted protem produced may be directly quantified, unl:ke many
10 methods in the prior art wherein production of secreted protein is

| indirectly quantified. -

The present invention thus provides foi‘ a ra'pid,' conyenient, ‘and
_acc’ur'a.te method for systematically i'sbiati'ng protein-secreting
15 cells. | |
7 'Many proteihs thét. are of potential pharmaceutical value are _'
20 . secre’fe_d proteinfs,' inélu’ding g,rov'vth factors, soluble _recep_ior
) - 'ddmain'sl and most. importantly mbnoéioh‘al antibodies. Production g
| 'methods employmg recombinant DNA technology to produce these
: and other proteins use genettc expressmn systems which’ employ
host cells and expression vectors. '
| The expression vectors. carry the gene of interest (GOI), w'h'_ic,h is to
be introduced, into the cell. These expression véctors introdljce

genetuc information, including the GOl(s) which integrate mto the

host cells own genetic material. Fotlow:ng stable mtegrat:on of the .
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nmet hod f or I sol at'1 ng oduce secrefed
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expression | evel of the secreted protein by transiently capturing the .

secreted prt eerpamiedharsust@eaed 1r giroductiondiofi tdjeaprutellnl of mtemtng

selection of rare cell clones froma heterogeneous' population. The field
al so encorrpassé%ol)hby slirech meagusemeph el R Q@ﬁh‘éWatté’ FRMUBOIRHSA produce a .

char acter | ot l cPeseeianco P g LY afer s REEE le e ofifes? BRCesfpes”
particul ar, ? %‘?Ml@ |iRuicleiR! Bx ﬁ ;Fér?sr@é' Qﬁd%ehnl%b@(@fr IEHEY that

reconblnant an oducing cel Ines, or may be: applied directly to

rapi d isol ati.opaffbesBRENEEE iSYBUAMPIRMedAd 4 dewheuridrediati on of -
anti body- produci ng transgeni.c aninals. This nmethod is appllcable for any

ee[l mhlchISecretes protein.

= The iarge degree of heterogene:ty in protein expression by celis |
following. stable integration requires that many. individual clones be
-screened in_an effort to identify the rare integration event  that .7
results in a stable, high expression production cell iine. This |

15 requirement calls for methods that enable repid i_dentiﬁcation and |

- isolation of celis expressing the highest level of protein production. .

'Moreover the collection of clone pools, or hand plcked colomes
risks Iosmg high expression cells, WhICh often grow more slowly to
faster growing low expression cells. Therefore, a need exists for

20 methods that allow rapid screening and isolation of individual cells - -

' capa.ble of high level expfesSion of a secreted 'PO_I.

Incorporatuon of flow cytometry into- methods used for the |so|at|on
| of stable expressuon cell lines has improved the capablhty of
25 ‘screening large numbers of mdnndual clones, however, currently
- available methodsremam madeq_uate for diverse reasons. Early ‘
application of flow cytometry to the identification and isolation of
hybndomas wuth a defined specificity (Parks et al. (1979) PNAS
76:1962, and Pallavacml et al. (1989) J. lmmunol Methods 117 99)



25 Introduction The nmethod of the invention provides substantial advantages
over current nmethods for isolation and, identification of 15 4 005
protein-secreting 15 July 2005 WO 02/ 057423 PCTI US02101208 cé”ylzs. The '
met hod described .is nore efficient, nore accurate, and _m)reqtﬁEl dl
applicable. SpEA®O¥4H y, any cell which secretes a proteirt '&%H%ﬁus
‘isolated by the nmethod of the invention. This aspect is particul Srl y

i nportant as migdyReéPapaluane Haraerberg 41883k dr dnaninal, Metheds 62d _
ted t ei_ n-pr. [ | i,sol t: ' f th
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ovidity. or i SERBHSELIN e GRfectiof oPArEEofies (At Wi nORYDECIRENY. 1 ced

may be direct| yhogHanbl fhieccell BOthke. MPRysel thathbbodssimedha. cartélationr t
wherei n production of secreted protein is indirectly quantified. The

present i nvént betwednsherawdadsof sudacegicdindc andesdceeled antdbodiccur at e
met hod for systematically isaolating protein-secreting 15 cells. Rackground .
of the Inventi GHfusiAY of élee@Pr%l bakiean ceds Pobbiprenl CRATACIRICEIRS WaF val ue
A it R L R e Tt L O
o' o, 0%, ecatgtaety il st nclembcdr RN MipRgROlh Mckmorpopt i
vectors. 25 - stable high expression cell lines. o ' -
; 10 -
- The first method involves modiﬁbatibn of the expression'piasmid to
include a transcriptional rerad_ out fof the GOI mRNA. This is most
often. accomplished by inSerting-an_‘intema!' ribosomél éntryr site'
(IRES) and a gene whose protein p_roduct'i‘s easily 'monitored'by flow
15 cytometry, most-freqﬁentlny_green fluorescent -prote-in'_(GFP),-_'
" between the stop codon of the GOl and 'the 'terminal poly A site
(Meng et al. (2000) Gene 242:201). The presence of an IRES allows
the POI and GFP_ to be translated from the same mRNA. Therefore,
the expression level of the GFP gene is indirectly related to the
-20 . mRNA,I_eveI for the GOI. Clones that acbumulate'the GFP. at high
1evelé are is-olated. by flow cytometry and.thén' screened for POI
' _‘produqti‘on. Because this method dep_én_ds on the’boupling of GOI
expression to the reporter gene by use of an IRES in a recorhbina_nt :
- construction, it is not applicable to the isolation of hybridomas. |
25 | | | | |
- The use of flow cytometry in the.iso_létion of expression clones
arllrowsfor the rﬁpid analysis of‘iér‘ge nu_mbérs 'bf 'clc_)nés in a hi'gh o
throughput format, Moreover, ‘use of flow cytometry _signifiéan_tiy

1

reduces the direct handiing of cells. Unforiuna'teiy. the- level. of. GFP



The expression vectors. carry the gene of interest (GO), which i's to be.
i ntroduced, into the cell. These expression vectors int rodqg%u e%t%%l (o
information, including the GO (s), which integrate into the "host. "cell's
own genetic materjal. Followi ng stable integration of the 1 5 WO
02/ 057423 PCTI US0%"072bs gené of interest (G ), standard é%z@%&s
i sol ating high expression. cells may involve collectjion of cell epool S,

I

hand- pi cking G6P@Nfities r Bel gl dired, measiitd PhihePradugiian el OTHe| i ni t ed
dilution, t hod in th Pool i ndiyi | -
criuton, o SE AT LRRah a0 Ml ot TP aleldifbY sl ors,
(PQ) by direcipciepshy aamiHuliof ot ¥tV WiirefhckSTHI2bAGMIR of éé ecti on of

PO, or by other suita ni ques. These procedures are. | aborious,

i nefficient, e%”éhd&he@ﬂﬂr@oﬂﬂéﬁbﬁa%%smt ¢raes diffetencearintaeanal yzed is
usually limted to a few hundred. 10 The | arge degree of heterogeneity in-

pr ot ei n. expises siamsiddipnc efficdendyolof dirve niyvo gesiese secretiprataficieney i e t hat
many. individual clones be screened.in. an effort to identify the rare
i ntegration evélfd!, tastabilibs of e ipplyCismE eNREMAYh expr essi on product i on
cell-l'ine. This 15 requirenent calls for nethods that enable rapid

i dentification and. isolation of cells expressing the highest |evel of

protein producty hewcﬂﬁggrmai Re8OHLRCEY By § QAR Uprediiohand pi cked

col onies, risks losing expressi on ce Ich often grow nore siowy,
to. faster growidibs PioReR" €scHpBulaRIN 8 céhenafrin agaroseeniceodreps for 20
met hods that allow rapid screening and isolation of -irndividual cells

capabl e of 16i glfWeawel edxgr €6390)nMethagissEorymeld 284).1 h dhisomethath of flow

cytonetry into nethods used for the isalation of stable expression cell
I'ines has i npr &ieltnyidied pisdies gpegific for the PO are bound to the

‘biotinylated agarose through streptavidin such that secreted POl is "
captured and retained within the ‘microdrop (Gray et al, '(1995) J.
“Immunol. Methods. 182:155). The trapped POI is detected by |
_ 15 immuno-staining with an ‘anfibody sbe_cific for the P'OI.'To reduce the
encapsulating agarose from absorbing POI secreted_fro__m adjacent
cells, the cells are placed in a low-permeability medium. Those'celis
' .with the highest antibody staining of the POl in the embe_dding |
agarose are idehtifi.ed and isolated by flow cytometry. The gel
-.20 E microd'rbp appr_oéch screens cells_directly for ’V('h'eir ability to _
secrete'PO_!,' rather than indirectly screening- for e-xpr'ession‘o_f- GOt
mRNA, but requires the availability of suitable antibodies. for
trapping and Staining the secret'ed POl and the procedure requires
" special equipment to generate the agarose gel microdrops.

25 Mbredver. some cells may be sensitive to the encap_éUlation process.
A variation of this method Circumvents the requirement for
-émbedding cells in a matrix by directiy bi-ndihg an antibod'y', specific

for the POI, to the cell surface (Manz-et al. 1995, -PNAS 9271921~

5



25 screening |arge nunbers of individual clones, however, currently. _
avai |l abl e net hods renmai n i nadequate for diverse reasons. Ee}%lﬁ/” (?@le I cation
of flow cytonmetry to the identification and isolation of hybri d wth a
defi ned SpecificiAt% {Par ks et al. (1979) PNAS 76:1962, and Pall avaci ni et
al . (1989) J. MMAHIET23 Met hods -117,:99), 15 July 2005 10 WOOEYHEYL8%

PCT/ US02/ 01208 i sotype (Dangl and- Herzenberg ' (1982) J. ‘I munol. Methods"
52:1), of avi dB§).. (Ihattis ghefhod, mor‘aSpeC(iﬁtggﬁg:timylaﬂimnﬂiotteil sudace 624) - al |
depended on 't he detection of antibodi es that were non=specifj cal'l.¥ bound
to-the cell suPfeles M%Q'%H%@X&%B%'H“Qec%’t%I’ﬁtfioggwege

betveen cel |5 SR HEATOIREsAEbERERMH corgb e SE bR s Peentry,
tho add t} onal Bk Qeeliftnd!Pal S&thg‘geﬁlegzﬁemiw tha Yo IbRARhAg WRERPE for

t he hi gh throughput 1so lon of sta expression cell lines. The
first method i demdoted . witkoinf apﬁwpﬁatmﬁ labheted xpaormel antipddys miHbwaverj ncl ude a-
transcriptional read out for the GOTRNA. This is nost often acconplished

by. inserting diffusiererofd?OF betwermineigiboyingi ealls sl pEdiematic.aap@dkiswhose
protein product is easily nonitor

I red by, flow 15 gytonetry, no f.requently.
green f1 uor esc&RthBHRIEP Teguirps a ?‘Eﬂﬁ go@@ﬁStt}ﬁéng H‘é%d’@ﬁuc%fa{hl'ﬁéo'@%* and?/

the termnal p ]t . al a2 n 2:.201). . Tk rasence of
an | RES all omgq’hévabf%a{ﬁ%?ﬁ'%aggug'r g%g%%l%dﬁ}er%érr’? '@ﬁ?’s%"gﬁg 'rﬂé i -
Therefore, th | I Qf ¢ P b Sl Eddh b € renhgted to
(he 20 A | ool TPQEREY 1B, dReRBLIAG Rel b IRE Sels TUSTha et hd R 1°
| evel s ar e tpsobiiced by af heviwy tsuitabley fanekll sbimgsit reeedesiréaqr PO o

production. Because this method depends on the coupling of GO
The problems associated *with identification_ and isolation of high A
‘expression recombinant cell lines especially applies to the :isolatio'h
of hybridomas that express an antibody of interest. -However, the
, 15 identification of useful hybfidomas includes several additional _
- probi.ems';. they must be screened first for antig'en-bi'nding. activity,
- then for immunoglobulin i_sotypé‘. Moreover, GFP-b'ased methods are
not applicable to the identification and isolation'of ,hyb‘rid_omas
_ beca_uSe construction of h.yb'r‘idomas‘- does not include a rec'ombinlant
C20 ‘Zconstru'ct such that eXpreSsion of the "antibody 'gerjes can be linked
) to a transcriptional reporter such as G'FP, Hybridohﬁa screening is’ a
- SIow, Iabdribus endre‘a\‘/br where the number of clqn'es'screened is

limited by existing technologies.

25 A similar probleh- involves the selection of'ra're cells producing an
antibody, ‘_an-'r'S_cFv, é~fragm_ent thereof, or anything fused to an
antibody c_ohstant region, with a desired specifiéity, 'isot‘ypre,_.a'nd
avidity for 'alparticuiar antigen, from a het_eri:_ogeneous p’obgiatipn of

oy

oy



expression to the reporter gene-by use of an IRES in a reconbinant
construction, it is not applicable to the isolation of. hyQgi RS, 25 The
use of .flow-cytonetry in the isolation of expression cl onelsq%"gjﬁll ovvg for the

rapi d anal ysis_of |arge nunbers of clones in a high throug t. '
Mor eover, use 8’2’?2{0 cytonetry significantly reduces the g:?jel{:sﬁlﬂﬂgi?\&dl I ng
of cells. Unfortunately, the. level. of, G-P_15 July 2005 ,%02/ 057423
PCT/ US02/ 01208celf sxneessing i diffaeant antindies nBgE¥F e f@Iments stk i%n | evel

f the PO. Vari echapi J duct i f td'POr
{1 om acouml at PBAITIS Gad 1 1uRary BTN sbBr¥on of the Por and the CFP

reporter may result fromdifferences i'n the 5 translation efficiency of the
two genes, secretion efficiency of the PO, or stability of the '

pol yci stroni c TR)¥.a Aeetihexistseidraal rapidt and estfitienv mgthodedfr identfyisp! at e

expression clones involves encapsul ation of cells within -agarose

mi crodrops 40 gnddselating .cedls. expressing Marivvgssaaietatb POl frga)a larga t hi s

met hod biotinylated anti bodi es specific for the 58! ﬁr bound to the

bi oti nyl at ed aBaP@alon K giells- sMoshdasirable isL@Hnethed w @Ecm@%‘éfeﬁcﬂ"ei s
captured and retgined within the, ni.cr - N J

- I'munol . Met hoBgoi?TSE’.(ﬁ@g?'.olan? e{ P%@Sgﬂﬁ%tﬁ%'%ﬁéf%c%c}h%yrﬁégé)re of

| muno- st ai ni ngyAiyANofdéh HeSDRGY asBFaldl CrehBEt e 1RRls ofproteliicRniche

encapsul ati ng agarose from absorbi ng secreted from adjacent cells, the

celI's are pl acedl uRintatbRMbeeIroBakdd. i Ty avelitionn aTheee exits Sor wirbrd he
hi ghest anti body staining of the PO in.the enbeddi ng agarose are
i dent'i fi ed1@ndeffiintt sdthyd ftboigeatifyosells ythalrogere 2pamitales RUPAIRS oach
screens cells di rectl¥ ifor thejr abjlity t ecrete PO, rather than

f .

) s
indirectly scrt@n Mhat figcussgntysaygjiable dp t&l aﬁ.-

, 15 The present inve‘_ntioh _describes a high_-throughpu‘t screening method
for the rapid isolation of those cells that secrete protein by diréctly
s.creenin'g for the POL. This invention also aliows for- the convenient
rﬁdnitofing of Pdl expression on a single-cell basis.during the
manufacturing process. Furthermore, ‘t'hi‘s technology can be

- 20 -directly ia‘ppiied to screening of antibody producing cells.

This invention rélatés 'to the construction of cell Iinesrthat express '-
cell surface capture molecules that bind varibus’-secret’ed POIls, and
~the use thereof to identify and isolate the cells that secrete the
| 25 | POL. Isblétion of a cell by the methods of this _invehﬁo_n may be
based on the expression level of the POl of a specific characteristic
o ‘of._the' POI. Through the construction or use of such a cell, any
secreted protein méy, be captured by the cell surface capture

1

molecule provided there is a.corresponding affinity _t_ieiweeh.-.thé"twd.



MRNA, but requires the availability of suitable antibodies for trapping
and staining the secreted PO and the procedure requires ﬁg%i ajoogqui.pment
to generate the agarose get mcrodrops: 25 Moreover, sone cell g'may be-
sensitive to the .encapsul ati on process. A variation of this '

ci rcunmvents th‘@or"é(ﬂﬁ]i‘gerrent for embedding cells in a matri XP@EJQ@&&‘:]?I y

bi ndi ng an anti body, specific for the PO, to the cell surface (Manz -et
al : 1995. PNASA®zxpigiaad fushanlany20@becne oray Prio@nmeiatedosue v i1o25). In -
this method, non-specific biotinylation of cell s rfa.f,e IJoroteiﬁls wth

bi ot i n- hydr oxy@an BenisRdiases cell sustacs) ‘F%EP-H;P'%‘E}ﬂ?ac hengfqrg. Js |
strept avi di n-conj ugat ed anti bady ,cap Q L el - , '
secreting the 'ﬁt‘f"‘"‘%&é‘ﬁ’e\’ ggc@ﬁ%gdt%vﬁﬂﬁ? h%‘@@gmmggg%séna gﬁgé@éct ed

w th an appr oDl shnioleatigh i HAEORGy 208 I ibATbrecitIeY Blodudh Sebizien of POL |
bet ween nei ghboring celfs i's pro Ien¥t1c, and this nethod also requires a
hi gh vi scosj t yprsihgmahd thedsfoee Gvehuseln tiudt dé@loteseyeter proteinsr #ssing
cells. Because these high viscosity nedia are required for .discrimnating
celI's, the celtheimmstivbstateshey bedsobted aseaesreted peeieimpsoduediBe for cell .
sorting if so desired. The problens associated 'with identification and ,
i sol ation of hihgaugR:pe crlisAtieR InBiRdRYEHAN | i nes especial ly applies to -
the isolation of hybridomas that express an antibody of interest. However,
the 15 identification of useful hybridomas includes several additional

pr obl ems; - t heynaetioR%iSHEIRCWith b digiiafed PEinmay il Bacemblisdd.  then

for i nmunogl obul'i'n™ I sotype. reover, sed nethods are not
appl i cabl ejg o fheudiianst idsecat aap mokdukolcapabie of ditpbily dorindiredihcause -
construction of hybridomas. does not include a reconbinant 20 construct:
stch that expreisdingnthef displayednPObodsugedetectian meleculaeeay facilitate
the detection and/or isolation of the cells displaying the POL In one
émbodiment, two molecules that bind each other and are |
deferentially labeled are utilized. The detection and/or isolation may ‘

.15 .be accomplished through standard techniques known in the art.

* Additionally, this invention may be applied to the isolation of
antibody-produciﬁg cells. Specifically, an antibody pfodUcing'ceil :
o rﬁay be fused to a immortalized cell which expresses a cell surface
g capture molecule which birids the POI, which is an antibody in t_hjs B
case. The an_tibody-prodﬁcing cell may be a B-cell or a derivative
thereof, such as a plésm’a cell, a hybridoma, a myeloma, o a .
recombinant cell. 'T‘he. invention can also be used for isolation of -
cells thét express desired levels, specifically high Iev'els, of a
25 recombinant antibody or fragments thereéf. This invention also .
‘aIIO\;vs for thé isolation of rare‘cells expressing an antibody, ScFv,
| fragménts thereof, or _an,yt'hing‘ fused to an antibody constant L
region,' -wit-h a desired spé(:ific’ity. isotype, and avidityrfbr' 'a. |

*particular antigen from a. population of heterologous- cells. -~



to a transcrl ptional reporter such as G FP. Hybridoma screeni ng is a slow,
| abori ous endeavor where the nunmber of clones screened is 1 (ﬂo .
exi sting technologies. 25 A simlar probleminvolves the se ecutlfg f rare
cel | s pre@dueikfig:; an antibody, an ScFv, af ragnent thepepisoz@izeanyt hi ng

fused to an antibody constant region, with a desired specificity, isotype,

and avidity for a rtic . I f ef ous popul ation of 15
a2 Skl opce TR A Al 50 TR AR U, PoP |
anti bodi gSecifGH n\)’ SisofypBINRRE avidig’ eRoreOsped@vally, Nef seatiée antibody

constant regio Thus a need exists for. a rapid and efficient nethod of

i denti fyre]319551camnlellsehﬁfﬁadt@)rc@ﬁIatte)qaiyeﬂmdmgmgaruedﬂstmeoamresls PAs froma
| arge popul ation of cells. Mst desirable is a nmethod which neasures the
protei n sagretakiaotibpdies| ofr atctﬁeadretdtéﬁetih@ﬂmm isofype, s Medsafe of nRNA

of t en_does _.no uratel ct the le els of protein which wll
ul ti nat eFS}mB‘éAB?J Bt & %pﬁCﬁ ? ande%[r%g &fM8RPsts. for a. more 10

efficient nethod to identify ceIIs that produce particul ar antibodies than
what is currently available in the art. Summary of the Invention 15 The.
present invention describes a high-throughput screening nethod for the
rapid isolation of those cells that secrete protein by directly screening
for the PO. This invention also allows for the convenient nonitoring of
PO expression on a single-cell basis during the manufacturing process.
Furthernore, this technology can be 20 directly applied to screening of
anti body producing cells.. This invention relates to the construction of
cell lines that express cell surface capture nol ecul es that bind various
se¢reted PA's, and the use thereof to identify and isolate the cells that
secrete the '



© 25 POL Isolation of a cell by the nethods of this invention may be.based™-om-

. the expression level of the PO or a specific charact eristi1(‘5 ugz(%glge'l?a oo
Through the construction or use of such a cell, any secreted’ rotei n may
be captured by the cell surface capture nolecule provided there i's. =~ -
a.corresponding affinity between.the two. 15 July 2005 WD 02/ 057423 PCUUS02
/01208 As expl ai ned further, any nolecul e may be mani pul ated such that it -
can be used as a cell surface capture nolecule. Therefore, this invention
may be utilized to isolate any cell which secretes a protein. Furthernore,
many cells may be transfected to produce secreted 5 proteins, and therefore
even cells that dgpRotyeRB6H BloRiddt QLR of dtectiRgfid RBLtIME calsBha piddnche
i sol ated as secreted protei'n producers through the application of this

i nvention. Detseatticdpraéintdienterebt (BON, tbmphiengti spl ayed PO may be

acconplished 10 through. the use of, any no] ecul e capabl.e of dir r

‘i ndirect !y bi ndi n@a)tm%wgmgpﬂ t&iiéanwaﬁmg%ie Cé&h%gn%%%ﬁﬂ%eﬂﬁﬁ@ dnd’
facilitate tect.i r..i [ f j i e PO .
| one. enbodtagae SR ERBRs ool SRR AR mORAIE Tapdhl )AL B8 PO

def er enti al | whestethegueler avid dnicadiflg thEkecreted BOI bothe ancléioncidsatmiingthe oy 15
be acconplished through standard techni ques known in the art. Additionally,

this inventi éﬂ'fﬁﬁﬁfah@fealﬂﬁlqc_@& ot arg %@S&L‘Jteéﬁm@fthe &#bi body- pr oduci ng |
cells. Specifical l(%clzu?t%ﬂglgéﬂebc%ﬂ}ﬂn@gr% %ﬁi&%iﬁg}é’%’éﬂﬁ%y%gp J&bﬁﬁﬂrf@&c ture

inmmortalized cell resses a ¢ sur ure nol ecul € whi-ch

bi nds t hej(POmoledtY 4B ex sresdad atl ialP@ycapfird MbRcule2bplekiie fantet hadyelpiatiuci ng
.cell may be a B-cell or a derivative thereof, such as a plasma cell, a

hypri doma, aang alisphayed on the callswwsfabd;nant cel | . The invention can al so be
used for isolati O?c)_o(];ontacting the cell with a detection molecule, which binds to the POI

displayed by the cell; and
(d) detecting and isolating the cell based on the detection molecule.

15

20

25

30
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cells that express desired |evels, specifically high levels, of . a. 25
reconbi nant anti body or fragnments thereof. This invention qu%i Z'Htolsows for
the isolation of rare cells expressing an anti body, ScFv, fragr¥en S

t hereof, or anything fused to an antibody constant region,. with a desired
specificity, isotype, and avidity for a particular antigen froma

popul ati on of .heterologous-- cells 8 15 July 2005 WD 02/057423 PCTI US02
/01208 expressing a library of antibody genes w th varying binding
specificity, isotype, and avidity. Mre specifically, the invention
relates to the identification of antibody-producing cells that express
secreted anti bodi : i LELGt 4 ; :

anti bodi o that ans® Bag i aniEemERIEL btk ily TH7 () SAERRU S Buchlpy
i nventi on pr evingesesaramefebioe the nddtieatidregeading iteakaticd @Ol ehd thetrvaleiqacatiuce
-a secreted protejn of interest (PO), caonprising: (a) providing a cell ‘
conpri si ng® a cAtRdiRg tegell quifapscapitecgaelscyle sie tha & PO and a nucleic acid
‘that encodes a cell surface capture nol ecul e capabl e of binding the PO,
wherein the nucleic acid encoding the secreted PO or the nucleic acid
encodi ng the-cel | 1,34 SAGKIHBRL the Budleic@eidl Bcodihg RIEH s@fRe biRRepeGkRads | Nt o
the cell: (b) culturing the cell under conditiohs in which the PO and cell
sur f ace: capt tiresfediod inbdd the gtlkbelpe teaprodssand emoding tRGectgdtRileAHemaidydhe

complex is fornmed_ intracel |l .ul arl and di spl ayed.on the cell surface: (c
c_om)acti g t WP TEIIC gGi¢ ﬁnfgda?&at@%‘tyqﬂow;ma@@af LR Y e s nespe | ©
di spl ayed; py ﬂﬁ&%cfé?édifieoﬁél}gu%ggfe&@éﬁ% QAR lIBaL&lstyng the cel | based on

t he detection nolecu

The method of the invention may be performed on a population of cells, wherein |
the isolating step isolates the cells binding to the detection molecule from the
pOpulatiéh. The cells fnay express different levels of the POI and the isolating step

15  isolate cells based on relative expression level of the POL

20

25

11



25 .30 10 15 Jul‘y_ 2005 I na particul ar enbodi nent, the providing step (a) of

the nethod of the invention conprises transfecting the nu gq’l @@%é
encodi ng the secreted POT and the nucleic acid “encoding th cdl
capture nolecule into the cell. In one enbodi nent, the nucleic acid

encoding th

before the ﬁﬁ ‘
- nucl eic acid encoding the cell surface capture protein and the nucleic acid:
10 the secreted POT are transfected into the cel

encodi ng |
The nethod of the invention maybe performed on a popul ation of cells,

wher ei n

the isolating step isolates the cells binding to the detection’
nol ecule fromthe population. The cells may express different |evels of

I'éic aci d encoding the secreted PO1. Alternative

the PO and the isolating step 15 isolate cells based on relative

expressi on | gvahdmbnt i RVENtER cdhtempleles akRiinkd'aymepilirak® £hohob 1423
PCTI US02101208 In addition, the invention contenplates addi ng a nmenbrane

anchor t@ 5agrptaeih eiuchshehittieataing anetvarets irmrcbalr etkrnbraaec exbosethbr ane,
exposed to the outside of the cell, and functions as a cell surface capture
mol ecul e. Suéhtireebidde CAribe o @t Bnctionanssrenbelaseriase neaptuer a GPI

i nk, and mir\ﬁ be native ,to the cell r econbi nant,, or sgnt het i %Orlo

15

5,
S’
-

10

20

olecule. Such membrane anchor may be a ttansmembrane anc

or a GPI link, and may be native to the cell, recombinant, or

-

synthetic.

The invention also embodies the addition of a signal sequence to the

amino terminus of a protein, such that th"e protein is transported to

the cell surface, and functions as a cell surface capture molecule.

Such signal sequence may be natfve to the cell] recombinant, or -

synthetic.

In another embodirﬁent, a blop.king molecule which binds the cell
surface lcapture molecule is added to reduce the diffusion of the POI
from the expressing cell to a neighboring cell. In an additional '_
embodimeht, the diﬁusion of the POI from the expressing cell to a
neighboring cell and its adherence to that cell is reduced by

increasing the viscosity of the media.

'This invention furither relates to the identification and selection of

cells that express secreted proteins inciuding ligands, soluble

‘receptor -proteins, growth factors, and antibodies. Suéh secreied

protains rhay be recombinantly produced or naturally occurring. In

addition, th.e nucleic acid that encodes a POl may be selected from a

£

@%Efbsﬁﬁrface capture protein is transf eéL.edPCJl,,ﬂg@g?m?hga 1

si mul t aneousl y.



()

The invention al so enbodi es the.addition of a signal sequence to the am no_
termnus of a protein, such that the proteinis transporteqst o ZtOBE cel l
surface, and functions as a cell surface capture nolecule. S! dH s gnal

sequence nmay \%BH% y§ to ‘the cell, reconbinant, or 15 Sy””ifctrt%mfnﬁ%sl n

anot her enbodi bl ocki ng nDIecuIe whi ch blnds t he ceII surface ,
capture nolecule is added to reduce . the dlffﬁé rhof t he fromthe .
expressing cel *!bfﬂal dneledipeh bt Agt dmited ona FONASHRTRBHAS @ g%gﬁl%nt t he

di ffusion of t PO fromthe expressmg cell to a neighboring cell and its
adherence to t! rta Eell I's reduced by increasing the viscosity of the
media. This invention further relates to the identification and sel ection
of 25 cells that express secreted proteins including, |igands, soluble

receptor protejmsne BABbHinie! eush groWtarfacioesiimay bdusklesbad dtoeu ther ot ei ns
may be reconbi nantly produced or naturally occurring. In addltlon the
nucl eic aci$l thmiup eonwislisg af PdlerteniirodLd| deedlf4, dlln'% 26,1 8-Fully82005 WO

02/ 057423 PCT/ US02/ 0120 8 |ib , | { ted, t DNA
library or a génb®si b FBblllerr1|)5 rlf':?%(ariienﬁ? gdf%e'?r?m-ng:@@%r %Eerﬁtro?)ga& grs may

Pe STt :;d PRk P‘?op?n%r°§ytfmﬁé‘€l%3ﬁﬁ,”9§8:gula} r?@tﬁ%{dt’%ﬁd%#getbh s
IL-21, G , 06 |
Endot hel | a ary%@@ﬁpg S B A e

| nt er.f er on- gang’F, GG F[ESENFTIRE¢Shtor NasiBaganteins, dtmd;ladramrrovm ns, and all
approved 10 therapl es made in animal cells.

10 therapies made in animal cells.

- in another embodim'ent_,rt_he antibody is _seIeCted from the group
consisting of 1gM, 1gG, IgA, IgD or IgE, as well as vari.ous subtypés of
| these. - | '

PR _ ‘ _ -
In yet éndther embodiment, the invention employs a ligand-specific
-receptor,.a. receptor-specific ligand, or an antibody binding p'rotéin.,
és the cell surface capture molecule which binds the. POI. Such cell

urface capture molecule may be recombmantly produced or

20 ,naturally occurrmg

_In one embodiment, the cell surface capture molecule is a ligand-~
specific_ receptor, a receptor-spécific ligand, an antibod.y-binding
| ~protein, an antibody, an ScFv, a 'fragrﬁeht thereof,. anything fused to
25 a constant region of an antibody, and a peptidé from' a phage display'
| or peptide libfary and Ideriv-atrives'that bind the POI. In another
.embodiment, the cell surface capture molecule is selected from the.
group' consisting of Tié1. Tieé, \/EGFRI (Fit1),' VEGFRII (Flk1),

13



I n anot her enbodi nent, the antibody is selected fromthe group consisting
of IgM 119G 1gA 1gD or IgE, as well as various subtypes 1gf t%ge. 15 In
yet anot her enbodi ment, the invention enploys a |igand-speci phuly ceptor,
a receptor-specific |igand, or an anti body bi nding protein, el |
surface capt ur BOM3¥¢ e which binds the POI. Such cell - sur: a‘cghig@‘g{éure
mol ecul e may be. reconbinantly produced or 20 n?turally occurring. In one
enbodi nent, t heyiekine seeamiek coapanesis®rugians ef dwoy pynere Cw&\%ﬂ c
receptor, a rece t?r-s ecific ligand, an antibody-binding protein, an

anti body, an S g f&iﬂﬂ%ﬂ?nﬁsher eof,. anything fused to 25 a constant
regi on of an anti body, and a peptide froma phage display or peptide

| i brary and derivatives that bind the PO. In another enbodinment, the cell

surface captur g ekt thd Smagiieat Rthtbs o tHeeidergificatos wisBaellagnd of Tiel
Tie2, VEGFR (Flt1), VEGFRI| (F ki ), 13 1 5 July 2005 WD 02/ 057423 |

PCT/ UM 01208 dgtiokiives tkeraf oor cotpoioenas that faxpress secrétgd or nore
cytokine receptor conponents. In additijon Ef_he_ invention relates to the .
i denti fi cati onabfiberigs| ¢ls aadesirest gepriigtty v afinityePed$OlyBe- TRELINVEBHRR  t hat

The. inventi on ceAmISe & Hesadan SR Bl sENenal Ckbldes Prafd avPle BF LT el

llevels. of anjanti ; OF A ddabigrents. 10 The invention further
relates to .thé use o anti -1 nogl obul i n anti bodi es,

anti-i munogl obulin ScFv, Protein A Protein L, Protein G or Fc receptor
(FcR) "as the cell surface capture nol ecul e that

10 The invention further relates to -the use of anti-immunoglobuiin
}

- antibodies_, anti-immunoglobulin ScFv, Protein A, Protein L, Protein

5

G, or Fc recepior (FcR) as the cell,sUrface_-capture molecule that

binds the POI, wherein the POI is a secreted antibody.

FIG. 1 repreé.ents the construction of pTEO84, designed for the

'constitutive‘expression of human FeyRl from the upstream CMV-M!E_

promoter. ' '
20 S S - |
o - - FIG. 2A shows a flow ‘cytometry single parameter histogram of
L unstained CHO K1 cells. ' ' -

' FiG. 2B shows a flow cytometry single pa,raméter hiStogram of |
25 FITC-hFc stained CHOK1. . -

FIG. 2C shows a flow cytometry single parameter histogram of
FITC-hFc stained G418-resistant CHO K1 cell pool after pTE084
- transfection. " ' ' :
130 o o ‘ |
FIG. 2D shows a flow cytometry single parameter histogram of -
FITC-hFc stained RGC3 cells. :

14



bi nds the PO, wherein the PO is a secreted antibody. 15 DescrintlO E 20
FIG 1 represents.the construction of pTE084 , designed. %M-e 00
constitutive expressi on of human FcyRl fromthe upstream Y2 Brorrot er.
FI G 2A shows tonetry single paraneter histogram of ed CHO
Ki cells. Fl G% 2@?17353\5/ a flow cytonetry single paraneter hi st}é{fg&?%@nb@f 25
FI TC-hFc stained CHO K1. 30 FIG 2C shows a flow cytonetry si ng?l e paraneter
hi st ogr am of FIG'CmallwnarlZmlt?@mnlﬁﬁsifsig&from-@ variety| of pig1alaf t er pTE084 .-

transfection. IQ@?) thgc%bQWr&Mt@iﬁHH Yios Rt € ceg.amet er hi st ogram of
FI TG hFc st ai ned l's.. 14 15 July 2005 10 WD 02/ 0. 57423

PCT/ US02/ 01208 FIG 3 sumrarl zes the ability of IgGfroma variety of :
ani mal-  speci eBlG.o 4l sbewsSTERAY faybombtridsinglet parpmtes dhistogramcept 4A shows a
flow cytomeiry,séaflcd R&CANBART histogram of unstained RGC1 cells. FIG 4B
shows a flow cytonetry single paranmeter histogramof 4SC622 binding to -
Fcle expreSS| ng RGCL cells as indicated by PE- :

- FIG. 4B shows a flow cytomefry single parameter hlstogram of

450622 binding to FeyR1-expressing RGC1 cells as indicated by PE-
_ AG184 binding. |
10
FIG. 4C shows a flow cytometry single parameter histogram of rat
1gG blocking the bmd[ng of 45Ce622 to RGC1 cells as indicated by loss
of PE-AG184 binding.

15 FIG. 5A shows a flow cytometry dual parameter histogram. of RGC2
- cells, which express the gene for hFeyRl and GFP, stained with PE-

AG184.

| FIG. 5B shows a flow cytometry dual parameter histogram of RGC2
.20 cells, which express the gene for hFcyRIl and GFP, incubated with 1

ug/m 480622 for 18 hours before being stained'-with PE-AG184.

FIG. 5C shows a ﬂow cytometry dual parameter hustogram of RGC4
cells, which express the gene for hFcyRI and 480622 stamed with

25 PE-AG184.

| FiG. 5D shows a flow cytometry dual parameter histogram of RGC4
cells, which express the gene for hFcyRI and 45C622, incubated

~with rat 1gG (1 mg/ml) for 18 hours before being stamed wsth PE-
30 AG184

N .

FIG. 5E shows a flow cytometry dual parameter histogram of a
- mixture of RGC2, which express the gene for hFcyRl and GFP, and
RGC4 cells, which express the gene for hFcyRI and 4SC622, mixed
35 - and incubated together for 18 hours prior to staining with PE-
 AG184. -

15



AGl184 binding. FIG 4C shows a flow cytonetry single paraneter histogram of
rat 1gG bl ocking the binding of 4SC622 to RGC1 cells as |qg aﬁg’Pby | 0ss
of - PE- AGL84 binding. 15 FIG 5A shows a flow cytonetry dual p’cf -

hi st ogram of RGC2 cells, ‘which express the gene for. hFcyRl a%cjig

stained with PEORE®IMB Fl G 5B shows a flow cytonetry dual P %{n&)s

hi st ogram of RGC2 20 cells, which express the gene for hFcyR and GFP,

i ncubated wit hFIIGuanBhM@@QZIGNDIcyﬂcBnetuurd;J’ctbeﬁaIamebeﬂ hiptegramed &t h

PE- AGL84. FIG: nﬁﬁuréBPFﬁa@ﬂWﬂWthi&@S&rtNe ek fbﬁ'hF&?IQEénblGFpgaﬁdn of RGCA

e beiad o FACE ol e s Dy WPt S R o o

cells, which eapdeaeubattedgmgetrierr forFts Riouas dvittsds ay/mil mratidgGedriomta h r at

IgG(l ng/ nk) being stained with PE- 30 AG 184. FIG .5E
shows a flgévc% m"]’g IJi’ftll:'l?jgf?;t{r)&?!{ﬁ\eter hi stogram of a m xture of RGC2,

whi ch express the gene for hFcyRl and GFP, and RG™4 cells,. which express
the gene for hFpxRe simsivgSCHRdY oyiormetrisingd pmmmeueedm:togemmem flor 18

S 0! 9 SOVE RIS b 5, e S WSy AROPE ¥ 026957423

PCT/ US02/ 01208 ar amet hi st ogram of a
m xture of RGCEElGHD dheéﬁﬁr%ésgﬂtﬁe(ﬁ?én@ ok Qﬁ%%ﬁ&aﬁﬁd dlﬁjg R%Cél

cells, whigh egw)esﬁeréhﬁ)lmm Joxp amaeﬂ?larmmasmzanmmcmmw i ncubat ed
together for. ulRHtfated" gy &nrmd*ktah%g' 9G prior to

FIG. 7 summarizes a comparison of-th.e specmc pr'oduc.tivities of
- 45C622 expreséing cell lines. CHO K1 transiently transfected with
o 15 pEE14.1-622, hand-picked stable MSX-resistant clones of CHO K1
transfected with pEE14.1-622, and MSX-resistant 48C622
production clones isolated after transfection of RGC1 cells with
PEE14.1-622. | |

20 FIG. 8A shows a flow cytometry single parameter hustogram of
' RGC1 cells stained with PE-AG184.

FIG. 8B shows a flow cytometry single para'meter histogram' of
o RGC1 cells incubated with 1 ug/ml 4SC622 for 1 hour prior to belng
25 stained wuth PE-AG184.

O - FlG. 8C 'shows_ a ﬂow cytometry single parameter histogram of.

- RGC1 cells that were incubated with 1 Lg/m!- 450622 for 1 hour,
_then incubated in medium’ without 45C622 for 18 hours prior to
30 staining wnth PE-AG184. :

- FIG. 9 shows that exp_ression of the gene for hicyRlI resul'ts' in Io'ss
of 45C622 from the culture medium. RGC1 cells, or CHO K1
- parental cells, were incubated in medium containing 2 ug/m!
35 °4SC622. The concentration of 4SC622 remaining in the media was
quantitated by immuno-staining after 24 hours, and 72 hours
_incubation. | -

16



staining with PE-AGL84. FIG 6 shows. a flow. cytonetry single paraneter
hi stogram of a MsSX-resistant pool of RGC. 1 cells transfect )q W&h§5 '
pEE14. 1-622. Cells in the top 3%gate (R3), 7-11 %gate( 15-19%
gate 10 (R7) Wre col | ected, expanded, and their 4SC622 pro

quantitated byVPAié¥st aining. FIG 7 sunmarizes a conpari %%&Hg&ﬂ{%og
specific productivities of 4SC622 expressing cell lines. CHO Kl
transiently trEGf #0tregpresarts ibep&msituction2of pdkd 58i dlesionadaip allow .

MBX-resi st ant tigesgnatddexffessioras freehad Ry, w&slmpba@s?af thean det |

VBX- r esi st ant 4SC622 roduc '%303' ones is gja?tled aft ra&s{&c#w of RGC1

cells with peERR9ai0TsseAuense-(Tety Are iRined XVF%‘Q/’? par anmet er.

hi st ogram of RGGioteelihspTE&SGBed with PE-AGL84. FIG 8B shovvs a flow

cytonetry silngl e paraneter "histogramof RGCl cells incubated with 1. ug/n
h

4S5C622 for r|or to bei ned th P E: AG .184. FI 8C shows
a flow cytonet kﬁs & &h B!ﬁ’ﬁaﬁeﬁ]‘f&’ Cw?%'f‘ﬁgv El',eéq“ qgfag %e
i ncubat ed: w t GHO KJ/ cdlis4siam2d with FITGrnire, then incubated in nmedium

wi t hout 4-SC622 for 18 hours prior to 30 staining with PE-AGL84. FIG 9
shows that expression of the gene for hFcyRI esults in l.oss of 4SC622
from the cul t FEGrddBushorem QW |Gylopprg RN @e PRERERTEL NISIAYram Oy e

i ncubat ed im NBAICHD coid sigew wthUGTE-hRS 4SC622. The concentrati on of
4SC622. remaining in the media was quantitated by inmuno-staining after-24

hour s, and 72 hours incubation. 16 15 July 2005
FIG. 11C shows a flow cytometry single parameter hlstogram of

e RGC10 cells induced with 1 ug/m! doxycycline for three days prior to
"/ . staining with FITC-hFc. -
i5
FIG. 12A shows a flow cytometry single parameter htstogram of
CHO K1 cells sta:ned with polyc!onal FITC ~conjugated anti-human IgG
(H+L) F(ab’ )afragment .

20 F!G 12B shows a flow cy’tometry single parameter histogram of
. MSX-resistant RGC10 cells transfected with pEE14 1-622 and
incubated with rat 1gG (1 mg/ml) for 18 hours prior to staining wnth .
polyclonal FITC-conjugated anti-human 19G (H+L) F(ab’ )afragment

25 ‘FIG 12C shows a flow cytometry single parameter histogram of
| MSX-resistant RGC10 cells transfected with pEE14.1-622 induced

)\ o -with 1 ug/m! doxycyciine for three days then incubated with rat ‘lgG

(1 mg/ml) for 18 hours prior to staining with polyclonal FITC- .
conjugated antl human IgG (H+L) F(ab’ )zfragment

30 _ _

FIG. 13 summarizes the __specific produ’ctivities‘ of MSX-resistant '

stable clones of RGC10 cells transfected with pEE14.1-622
FIG. 14 represents the structure of pTE255, designed for the

- 35 constitutive expresSioﬁ- of human FbyRI from the upstream MoMuSV.

LTR promoter. o T de e

17



WO 62/ 057423 PCT/ US02/ 01208 FI G 10 represents the constructl on of pTE158
designed to allow TetR-regul ated expression of hunman Fc ‘%@Srepeats '
of the tet operator sequence (TetO are immediately dovvnstrear’ﬁ the CW
pronoter in pTE158 . FIG 11A shows a flow cytonetry. single ranmeter :
hi stogram of WA®2RY4¥el |s stained with FITCGhFc. FIG 11B SPEFJW:,S %Olﬁ?sow -
cytonetry single paranmeter histogramof 10 RGC10 cells stained with -

FITC-hFc. 15. FIG 11C shows a flow cytonmetry single paraneter hi stogram of

RGC10 cells induced with 1 ug/m doxycycline..lor three days
staining with FIG-CJIW’C shppwg, alfm sqymeayfwawez:wmﬁw Qﬁsi‘/@ﬂ EmeF anet er

hi st ogr am of d:els;l(gﬁzOSt qtsned wi th polyclonal FITGC conjugated _

anti - human IgGu agment . 20 FIG 12B shows a flow cytonetry
singl e parameter histogramof MSX-resistant RGCLO cells transfected with
pEE14 .1-622 and incubated with rat tgG (1 ng/m) for 18 hours prior to

staining wiih Fpgl e RAbwsl AGIELNveREeY single paremeteyChistddram of
F(ab')2fragnent . 25 FIG 12C shows a flow cytonmetry single paraneter

hi stogram of CybhFestahadtSERICICelsel | s transfected with pEEL4 . 1-622
induced with 1 ug/m doxycycline for three days then incubated vvith r at
1gG (1 ng/m ) for 18 hours prior to staining .wth polyclonal FITC

ho '“ESteﬁ.df e F et PevsL S o oy %ﬁﬁfé“psﬁ%r@fﬁ" fﬁ”?%'czes i
cel s transf eclfighathdd §EFd%ch-1083ls.

= 10

FIG. 15D shows a flow cytometry single parameter histogram of :

Cy5-hFc stained Sp2/0-FcR-4 cells.

, FIG. 16 represents the str._uctu're of pTE208, designed for the
, 15 _constitutive expression of 45C622 ffo_m_ the upstream CMV MIE -

~ promoter.

| 'FIG 17A shows a fiow cytometry single parameter histogram of
~ unstained hygromycm B- resastant Sp2/0- FcR 4 cells transfected

20 with pTE209.

FIG. 178 shows a ﬂow cytometry singte parameter histogram of
hygromycm B- reSIStant Sp2/0-FcR-4  cells transfected with pTE209
_ and incubated with rabblt !gG {1 mg/ml) for 18 hours prior to
-'25. “staining w;th polyclonaf FITC conjugated anti- human IgG (H+L) F(ab’)z '

fragment



FI G 14-r'epre$ents the structure of pTE255, desi gned for the 35

constitutive éxpression of human FcyRl fromthe upstream \/
promoter. 17 15 July 2005 WD 02/057423 PCTI US02101208 F:\/gguﬁyén;gﬁom a

flow cytonmetry single paraneter histogramof unstained Sp%g |]ls.. FIG
15B shows a fIW¥8f4Ghet ry singl e parameter histogram of gl_‘rﬁﬁ;g}eg:,[osai ned
Sp2/0 cells. FIG 15C shows a flow cytonetry single paraneter histogram of

unst ai ned Sp2/BIG-cR7G shaws a flowrcgomslry sgle RareMstet WYRBET ingl e

par anet er hi stogram of Cy5-hFc, stai ned Sp2/ Q-FCR- 4, . ek

represents t h@@@@@gﬂlso?xm,roﬁbg?egﬁ% 1f/grmPﬁteﬁ3é'1§%88§{sgeltis&?? ve

expr essi on of flgcgéz from the upstream CW ME pronoter. FIG.17A shows a

fl ow cytonetr 'gi gt e par aneter hi stogram of unstained hygrornycin

B-resi stant Sp2/0-FcR-4 cells transfected 20 with pTE209. FIG 17B shows a

flow cytonetry single paraneter histogramof hygronycin B-resistant -

Sp2/ 0- FcR- 4 cetiice 1vPnsiices e flomwt oyofe2d simglei pataioeated histogramb®it | gG (. 1

mg/ M) for 18 hours prior to 25 staining w th -polyclonal FlTC conjugated

anti - human | gGheteells stpanded froradieeion 128 mesttiigreseent e sIB57423

et T_SOZ/ 0120&?&3, incubated with rabbit_ 1gG (1 mg/ml) for 18 hours prior to
staining with pclyclona[ FITC-conjugated anti-human 1gG {H+L) F(ab’).

~“fragment. |
10
" FIG. 17E shows a flow cytometry single parameter histogram of

| | | unstainéd clone 5H11 cells.

: FIG. 17F shows a flow cytometry' single - parameter histqgram of -
' 15 clone S5Hi1 cells ,in,cubated with rabbit IgG (1 mg/ml) for 18 hours
o prior to staining with polyclonal FITC-conjugate’d anti-human 1gG

. (H+L) F(ab),fragment.

FIG. 18 shows schematic diagrams of domains of Protein G and

© 20 Protein G/hFeyRl fusion protein encoded in pTE300:

FIG. 19 is an outline of the construction of pTES300, c_i'e'signed._‘for
the expression of a chirﬁefic protein containing the 'H(_)Fil signal_
s'eque.nce, the F_c binding domain of Protein G, and the

25 - transmembrane and intracellular domain of hFcyRI from the

‘upstream CMV MIE pr'omoter.'

FIG. 20A shows a flow cytometry single paf_ametér histogram of

'Unstain.ed RGCM cells. S N

-y
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FIG 17C shows a flow cytonmetry.. single paranmeter. histogramof unstained
cells expanded fromthe top 1% nost fluorescent cells ' i n, FIU@ Oﬁg .FIG
17D shows a flow cytonetry single paraneter histogram of tﬁé‘ Y&

expanded fromthe top 1% nost fluorescent cells in Fig. 4B, I d with
rabbit 1gG (1 ﬁﬁ’/%ﬂﬁﬁ?%r 18 hours prior to staining wth po?éﬁﬁ%%@%&

FI TC-conjugated anti-human 1gG (H+tL) F(ab')2 fragnment. FIG 17E shows a
flow cytonetry single paraneter histogramof unstained clone 5H11 cells.

FIG 17F shows flow cytonetry single paraneter histogram,of 5.cl one
5H11 cells i ncﬁgﬁt &?%%‘H%Bbﬁ?wl‘@%’"\egwnﬁWé% AR hg'ﬁﬁ'tg.gr&"i}oqj to
staining with I - ELT ] ted anti-human 1gG (Ht+L) :
F(ab') 2f ragmnﬁ%ﬁﬁ%nﬁémgho%@gh%an%ﬂ c diagrans of dommins.of Protein G .
and 20 Protein G hFcyR fusion protein encoded in pTE300. FIG 19 is an
outline of the construction of pTE300, designed for the expression of a
chi meric pret eFiGE@0Qishions ahiioRGNtoriainakingie eracster histogamiafdi ng
domain of Protein G and the 25 transnenbrane and intracellul ar_donai n of
hFcyR from t hensigired &4 &rasisirt RGRddere! poel transfessdswihi P Ut onet ry

singl e paraneter histogram of . unstained RGC14 cells. 19 15 July. 2005 WO~
02/ 057423 PCT/ US02/ 01208 FI G 20B shows a flow cytometry single. paraneter

hi stogram of  BACHEE HAldadnEFdtorfthS single parameter histogram of
FITC-hFc stained G418-resistant RGC14 cell pool transfected with
10 pTES300. o a

{ ;
I

FIG. 20E shows a flow cytometry single parameter histogram of .

- unstained RGC18 cells.

15 F!G.'ZOF. shows a flow cytome’iry single parameter._histbgram of -
,RGC.'178 cells incubated with 1.0% _fetei_! bovine serum for 2 hours prior’
o staining with polyclonal FITC-conjugatéd‘anti-bovine 109G (H+_L)
F(ab’);fragment. | ' |

20 - FIG. 21A shows a flow cytometry single parameter histogram of
unstained hygromycin B-resistant cell pool derived from RGC18

" after transfection with pTE209.

| FIG. 21B shows a flow cytometry single parameter hiétpgram of

25 the hygromycin B-resistant cell poo! derived from RGG18 after
wransfection with pTE209, incubated'with rabbit 1gG h mg/ml} for
18 hoﬁrs prior to staining with .po!yclc-m-al FlTC-conjug_ated an_ti-' '

human IgG (H+L) F(ab’), fragment.
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5 FIG 20C shows a flow cytonetry single paranmeter hist ogr am of unstai ned
(A18-resistant RGC14 cell pool transfected with pTE300. Fl Gg Jé% ows a.
flow cytometry single parameter histogramof FITC hFc staine

(418-resi st ant Il pool transfected with 10 pTE300. hows
a flow cytonet Wﬁ”ﬁg par anet er hi st ogram of unstai ned chfgg ﬂi Ss

FIG 20F show_s flow cytonetry sin qpiar amet er hi stegg %fm of 18 cel I S
i ncubat ed wi.t hF1G0,42A Ahoyes, ignHowef ﬁm By single Rargmeler siogiam ffhg with

pol ycl onal FI Tﬁaﬁ%ﬁ%ﬁ@?‘@% bovine 1gG (H+L) F(ab')2fragnent. 20 FIG

21 A shows a f y- Sl le par anmet er hi stogram of unstained
hygronycin B-resi stant cell pool derived from RGC18 after. transfection
with pTE209. FIG 21 B shows a flow cytonetry. single. paraneter histogram

of 25 the hygFiGy@22B Bhons ot dow cﬁbl'nel:hqoksi-rcgbeipe&drﬁetarmmra& afft er
transfection with pTE209, incubated with rabbit. G (1 for 18
hours prior 5t0%61&a&jlsvﬁnphbptﬂdymltbné$0522d109§fﬂ] af@éd B@ﬁ!r pllﬂfnﬁh | gG
(H+L) F(ab")2fragrnent, 20 15 July 2005 WO 021057423. PCTl:ﬁ'FSl E %%ég FI G
22A shows a f | SWIRYIGNHR MPlsieRA FITErepnivertes arlshRaIANIOG (HsthriRRi)racls
cells. FIG 22B shows.a flow cytonmetry single. paraneter histogram of
RGC18 cells in W@Htwth 4SC622 (1 gg/m) for 1 hour prior to. staining
wi th polyclonal FITC conjugated anti-human i gG (H+L) F(ab')2 fragnent.

FI G 22C shows a flow cytonmetry single paraneter histogram of

FIG 22C shows a flow cytometry smgle parameter histogram of
10 RGClB cells mcubated with 45C622 (1 pg/mi) .and. rabbit IgG (1
mg/mi) for -1 hour prior to staining with polyclonal FITC-conjugated

anti-human IgG (H+L) F(ab’),fragment.

3 FIG. 22D shows a: flow cytometry singlé_ parameter histogram of
15 RGClB cells incubated with 48C622 (1 ug/mi) for 18 hours prior to
staining with polyclonal FITC—conjugated anti- human IgG (H+L) F(ab);

fragment

| FIG. 22E shows a flow cytometry single parameter histogram of
20 RGC'lB cells incubated WIth 48C622 (1 pg/ml) for 2 hours then wuth
| 480622 (1 ‘pg/mil) and rabbit 1gG (1 mg/ml) for 18 hours pnor to |
‘st.atnmg with polyclonal FiTC-c_onjugated anti-human lg.G (H+L) F(ab’)z .

| “fragrhent.. :
25 FIG. 22F shows a flow cytometry single parameter histogram of

| unstained RGC19 cells derived from RGC18 cells by transfectlon
with pTE209
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10 RGC18 cells incubated with 4SC622 (1 gg/m) and rabbit 109G (1 nmo/m).for
1 hour prior to staining with polyclonal FITC conjugated %%t%ui %Hg.,n | gG
(H+L) F(ab')gofhagmmnt.. FIG 22D shows a flow cytonetry ¢t ﬁf'l)pms amet er’
hi stogram of 15 RGC18 cells incubated with 4SC622 (1 gg/m ) for 18 hours

prior to stajining,wt l yclon - CONj i i) %'IQG(H&)
F(ab') 2 fraémzm%?HFFE,OR@2@@6%@‘;&%&@9%@5%9@nrfq' e “par amnet er o
hi st ogr am of LAG i -4 AtddlamohomhnfleG 2. hours
then with 45%8%(21“‘% gs'ﬁaﬁﬁ%@m%’g‘ﬁ?ﬁaﬁm 1§%§m) for 18 hogrs prior to
staining w tn_Hq_al %&@?ﬁl‘aﬁh@ﬁt.wni ugated anti-hunman | gG (H+L) F(ab')2
fragnment. 25 2F shows a flow cytonetry single paraneter histogram of
unst ai ned RGC19 cells derived fromRGC18 cells by transfection- with

pTE209. 21 WO 02/057423 PCT USOz101203 FIG 22G shows a flow cytornetry '
si ngl e pat anBtGr 2RHsskowarh dow RETIvelry| sisgier ARmEBCIAt HSIRArg® Bhal :

FI TG i t ed ti-h lgG . (H+L). F(ab' )2 f 1t.. .5 FIG. 22H sh
1 ow oyt ovaBar B helie RMRANEE afrh AR, 16 0f MOERS BT gl PBYBNaE ed w th -
bbit igG (1 ngld) far 1 i or . t.al.ni | LA I I '
F7e oy ugsteatmpg wiharbel Rl B Enaded Ahidati B, BRUICLONE
Descri ption E&a&%ﬁ%@%ﬁﬁ“ on This invention descri bes a novel. and
no t ho

previously-u of identifying and isolating the cells which
produce secreted proteins.

This invention describes a novel and preViou_sly unknown -method of
identifying and isolating the cells wh_iCh p‘rogju_c'e secreted proteins.
The invention is based 6n the production ;(:Jf"a cell line that expresses
15 | a molecule, localized to the cell surface, which binds the POL The cell
surface-displayed POl can thén be detected by labeling with'various' |
detéction molecules. The amount Qf POl displayed on the cell
surface, under speci.ﬁc; conditioné,r is a direct measure of the total
amount'of_ POI secreted. PO| producers may then be isolated from

20 non-producers, and levels of production or POI characteristics may -

S

- pe differentiated. The advantage of the invention is that it directly
' quantifies the secreted POl rather than indirectly measuring the

MRNA.

25 This invention relates to the construction or use of celis that
express cell surface capture molecules which bind various secreted
~ POls in the same cell that produces the POI. As the celi secrates
the POI, these- cell éurface capture molecules bjn‘d.'it_, or complexes

- of POI and cell surface capture molecules form intracellulatly

30

22



The invention is based on the production of -a cell line t hat expresses 15°
a nolecule, localized to the cell surface, which binds the Egl 2§§§ cel l
sur f-ace-di spl ayed PO - can t hen be detected by |abeling W|th vari _
det ection nol ecul.es. The amobunt of PO displayed on the cel
under specific QBH%??ons Is a direct neasure of the total ECE@%‘%&}%E . PO
secreted. PO producers may then be jsolated fraom 20‘3111%‘}[;rr oducers and

[

| evel s of procﬁm itign get perreiedr RingNdsMaysotRl BAT; MENREF OThe :
d t f th t t t t ted PO
Foather than i AR AATE BBl e, ERIEIIG BrouciRd debtetpd P61 BRY L°F

the Construct'ﬁeg%e Y5éntfledCahd %s&??eg: esa&ﬁsaemﬁldatbnrérm:mmwre

nol ecul es whi i nd vari ous secre PO's in the same cell that produces

the PO . As thgagahd based aireghatdeterdics dfhteePOtl prasiuctian eofchpt ROE or
mol ecul es bind. it, or conplexes of PO and cell surface capture nol ecul es

formintracgl uabhrthgreoepozznylspedﬁeq levals mwquastmmMmos and

t hen get secreted. Binding may occur ut ocrj ne nan il e being
‘secreted. The @thpge medecyle ansier theeP gﬂc’?‘@i’gﬁa d“ﬁ&? b\f @'R\A@nt ified

2Egr :az'?la?lt g'([jl c'ga \fe tsﬂagnt o' i %egﬂéﬁﬁ%%éstg ?’E}rjgo%&! %%qﬁ?&c@ﬂ}eﬁé@r‘oelof. or by '

speci T1ed | ev ey Obe %B&‘r\%aﬁﬂ!y giaRuees! ?Hf&t@bethecaeﬁsmﬁ:tml seuse and/ or
p

the PO .may be oducedb ell inits native state, or the cell
surface capt.urgf sntieQUESS m&dé@Creﬁé@ pl?éleln neyy be cagtordu bartheycelpr oduced.
Through the construction or use of such a cell, any secreted protein may

be capt uredjo bysuface eapture molecule provided there is a corresponding affinity
- ' between the two. As explained further any molecule may be
'mampuiated such that it can be used as a cell surface capture
molecule. Therefore, this invention may be utilized to isolate any
_cell which secretes a protein.
s - |
Most any proteih has the capacity to function as a cell surface
. capture motecule as described by the mvenhon What is necessary
is the ability of the dessred protem to be anchored to the cell
membrane and exposed to the extraceliular space 0 the desired
.20 coeell has a sngnal sequence then only a- -membrane anchor, including
| but not limited to a transmembrane anchor or a GPI linkage sugnal
| need be added to the cell surface capture molecule such that it
remains anchored in the cell membrane exposed to therouts;de of
the cell. Furthermore, if the desired protei'n_ lacks a signal sequence,.
| 7257 ~a signal sequence may be added to the amino_: termjnus of the
| -‘desired'protein,,such that it isltransport'ed‘ to the cell surface. A
'sigpaI 's_equence and a membrane anchor may be native to the cell,

~ recombinant, or synthetic.
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10 surface capture nDIecuIe'proyided there is a corresponding affinity
bet ween the two. As explained further, any nol ecul e may be15r]}a[i}iz%ﬂéat ed
. : 6]
such that it can be used as a cell surface capture noleculée.” " THerefore,

this invention e utilized to isolate any cell which segigRk&Rifs
protein. 15 Nb‘g{mé???“ﬁrotei n has the capacity to function as a c%ﬁ)l surface

capture nol ecul e as described by the invention.,K Wuat @ necg@sary Is the -
ability of theCeligspften sruels a vislepsatplyneh REPIERS RNGENOURYBE ane and

exposed to the extracellular space. If t i 2 ell.. a signal
:(sequencgbt hen Teleying. ﬁlﬁw‘ﬂ?té%%’ 'ﬁ@h%fr {eq%hlﬁﬂlgﬁﬁgﬁ%m Eﬂgté‘t}g%?fedé;}o a |
ransnenbr ane chor _ or P @gf ; isbtéde ce
surface captur@af%ﬁeng%{ eb%sﬁeﬁt'b%gt | tt}%erg}gl?rg’srogﬂ@ﬁ riegn%‘thlgcéll menbr ane

exposed t0 t hegQidrdingetcPthe nheg! of. thigiiavetion. e Sudh sberetediprotims ot ei n
| acks a signal sequefice, 25 a signal sequence may be added to the am no

termi nus of5 t hacludesbuedrermitelimjtedsioc grovwitit factors grawidptaated to the cell
surface. A signal sequence and a nenbrane anchor ma% be.nat.ive tq the cell,
reconbi nant, deceptaraeligands,2soluble; (RGEPIOH SOMRINEINSH53ABROBESy 8882101208

Che i ntroduct 1 ERPIS PefibtieharmuenaSciaty’ SRRl BRAPBF &MY ¥, | Genciti a0
and the cell PiRgifHifghe,! TR B2 the Sertaifbn &F Wb Wotéink her méread of Lhi s

i nvention. Such secreted proterns I nclude but are not limted to growh
factors, growtfiofhatHeoHebREERICN May hepkekuire ahebhtrodackion af addifienent s,

anti bodi es, and peptide hornones. Such secreted proteins nmay or may not be
10 nucteotide sequences. For example, the secretion of antibodies _ '
from B-cells or plasma célis is not the resul't of introdUctio’n of
recombinant nucleotide sequences inio the B-cell or plasma cell.
Recombinant secreted proteins may be produced by standard
_ molecular biology techniques well known to the skilled értiééri (see
',15 | e.g., Sambrook, J., E. .F. Fritséh And T. 'Mania_tis.. Mo!écular CIoning:.’A
7 L—abo'ratbry Manu_a[, Sécond Edition, Vols 1, 2, and 3,"1989; Current
Protocols in Molecular Biology, Eds. Ausubel et ai,, G-ieene. Publ. '
Assoc., Wiley Interscience, NY). Thesé secreted proteins are useful
| for many commercial and research purposes. This invention
' ﬁ0- encompassés the-product'ion of such secreted proteins t'hroug_h the
'.methodologies of the invention. Detection of the celis with the
| displayed POI may be éccompiished through the use Qf any -nio_lecu!e '
capable of _direétly or indirectly. binding the displayed PO!. ‘Such
* detection molecules rhay facilitate the detection and/or isolation of

25 the cells displaying the POI. -
The irivention is épplicable to .the isolation pf inter alia, a) Iig_a_nd-—. |
producing cells by using the I_igand-specific receptor as the cell

surface capture molecule, b) soluble rece;itoﬂprdduciﬁg:.c'e'l'is"“l'),fs"i",
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reconbi nant. That is, the secretion of some proteins of interest fromthe
desired cel |l may not require the introduction of additional 1JQ| -eot | de -
sequences. For "exanple, the secretion of antibodies from I I's or pl asma

"cells is not t@ﬁﬁﬁﬁ%’ﬂz& of introduction of reconbinant ”“Clﬁ%fbgo?mnos

sequences into ¢ell or plasma cell. Reconbi nant secreted proteins m
be produced by standard, nol ecul ar 0 echni ques | kno to the
skilled artisanStih@ §urface b OUQQn'I?ICSBﬁ)F %Yeczfg: Ilgan&rqst &cﬁﬁcﬁu\ﬁ] aC%ani ati s.
Mol ecul ar C oni 0 _ 0 .1, 2, and
3, 1989; @rrentggt%ﬁgpgteaq%% %r {%PM pgﬁﬁﬁ)@ cgﬂ%tby ';@\sdrslgbe et al .

G eene Pub 1. a?ﬁﬁ@@y«bn’(&uh?yproltélheéss‘ih@'m stifface gﬁﬁesme_rétwi proteins
are useful for many” conmefcial and research purpos Thr's i nvention 20
enconpasses the. production of such secreted proteins through the

met hodol ogi es of the invention. Detection of the cells with the di spl ayed
PO nay be éccémnesnqumneugﬁhehavc@rst@rbfs anphcmhl@dmtbe igeiptipn ®fof

d I bi nd di spl h d I les. .
may T act || ¢ at o IBRBIREDRREGEHI B USVHl 459 dapr-snsctoresePla’ 8 dBeayi ng t he
PO .. Th h I I

| gahd-fa ! B\r/ggkgﬁnrbgdrgae §5%\§’?%ﬁ%ég¥'h eM"E‘gn Spelbglﬂ?l Eé&r 2%%@@& uggat he cel |

surface capt ur grredgiicte tsakgn@sg ée@eﬂpfsgﬁaéé%t%fwmolecﬁﬂék%dﬁh 15~
July 2005 I WD 02/ 057423 PCTI USO02/ 01208 using a surface bound

recept or - speci fof bihdingnd grewtihdacter lorsardysskine caPhese cetl setdce, captued
anti body- produci ng cells by using an antibody-binding protein as the cell
surface cagfur enoiecweumay igciudeobet aiehoet fimited tonbiel nV &R, i\GHGFRI appl i cabl e

tojthe: isol ati ?Iglt?) 'VEGFRII (Flk1), cytoklne receptor components or fusions of
| two or more cytokine receptor components. .Such receptors may
bind -a POI, sﬁch as cytokine or a growth factor. The cytokines and
growth factors may include, but are.not limited to, Interleukin (1L)-1,
, 15 IL-2, IL-4, IL-5, IL-6, IL—?, IL-g, IL-10, IL-13, IL-15, IL;16, IL-17, IL--
- 18, IL721,'CiIiary Neurotrophic Factor (CNTF), erythropo'ietin,, :
' Vasc-ular'Endoth'eIiai Growth F.actdr-(VE_GF),'angiopoietin 1;
angioboietin 2, TNF, lnterferon-gammé, GMV-CSF, and TGFB.

" 20 - In another embodiment, the invention ‘is appIicabIe to the isolat_i_o_n of
 antibody-producing cells by using an antibody-binding protein as the
cell 'surfacé cabturer,l"noiecule. In one embodiment, an antibody |
producing cell may be fuséd to an immorta_lized"cell which expresses - |
. a c'eII surface'capture' molecule which binds the POl whiCh isan |
' 25 | antlbody in this case. Such antlbody producmg cells mcIude but are
~not Ilmlted to B- ceIIs and denvatwes thereof, espemally plasma |
cells, hybndomas (e. g NSO0), myelomas (e.g. SP2/0}, recomblnant
cells (e.g. CHO celis expressing recombmant antabodles) or other

- cells producmg fusaon protems cons:sting of antlbody fragments
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i gand- produC'i 'ng. cells by using.the | gand- specific receptor as the cell B
surface capture.nol ecule. Mre specifically, cells can be q%e%yﬁos
constructed that express a cell surface capture nol ecul e capa I’ f

bi nding a grow h factor or a cytokine. These cell surface.capture 10

mol ecul e may i N B#e“?but are not linited to Tiel, Tie2, VEC%%?US%%’?}F% ),
VEGFRI | (FlIki) , cytokine receptor conponents or fusions of two or nore

cyt oki ne recepk@eh GRIMRSHGRpIe Stid Feaegfthonisiromylgii ntihe FRA mayusd aas
cytokine or a growth factor. The cytokines and growh factors may incl ude,

but are. not | antibedy pooducetieby sukhreelllwhich,indlBde but, anelnat, limited to] -6, .
lL-7, IL-9, IL-10, IL-13, IL-15, IL-16, 1L-17, IL- 18, 1L-21, C bi &[y
Neur ot r ophi ¢ FiVoleQ.dsFIgD endtlaEopsivgli as vaeus GERlyPes @bLeS: ab ety owt h

Fact or _( VEGF), i opoi etin 1 Lopoietin 2 TNF. Lnterferon-ganm, =
G CoF, \and Tepanacesapire molas FEBR ek B cied By bRE: SHEIED - bl e to
Che Tenp ot o ' . s . . bp. 1 G
brotern as The Mol E R ALY "FL rBpdiofis! erds BE baRKa D! N0

anti body. . progucddimackli, PBYyaRemAUSRd dh@-idmdioEstain 2etbouedd, Mbtain.
expresses a cell” surface capture nol ecul e which binds the P01. which is an
25 anti bady i nAg reteinde. P@tein GntarkoByotpirotiycirniyncibhal iraginedts but are
not limted to B-cells and derivatives thereof, especially plasma cells,
hybri donas (e. thensd), nyel onas (e.g. SP210), reconbinant cells (e.g. CHO
cel Il s expressing reconbi nant antibodies), or other .cells producing. -
fusion proteins consisting of antibody: "fr-a.gments, 25 15 July 2005 WO

The PO g0 be TR InANTaG e EPalE £ by oA ) dRpcty SRR SR J0S
not limted togqyg be used to identify and isolate cells that express antibodies -
-' -with a désiréd specificity, isotype,' and avidity. ‘Moreover, detection |
‘with a peptide or a protein fragment would allow identification and
isolation ‘of antibody_producing cells that express antibodies _speci'fic' -

15 for a desired epitope.

In accordance with the methodology of this invention, a cell is first
transfected wfth_ a vector containing a nucleotide sequence that |
'e_r.xcodes- a cell. surface 'captu_re ,n_ﬁolecule that is capable _'of 'bihding
;7"‘)'\- : 20 fhe 'secreted PO, Under,cohdi'ti'ons in which such cell surface o
| capture mol.ecull.e is _expressed. -Tran'sfected cells which are
appropﬁate producers of such cell surface capture mpleéuies"are
then detectéd and isolated, and s_uch cells are cultured. -Thelse cells .
may. either naturally produce the POI, or-the POI may be |
25 -recombihantly produced. [f the rcélls' naturally prdd_uce' the PO;, they
arehready for detection and isolation. If the POI is to be
recombinantly pro-d.uced,- t‘hen the i'solated and cultured cells -
: ._expressing the specified cell SUHéce capture mol_’ecuie_‘are
L .trans'fécted with second nucleotide"sé_quéhce‘that encodes the'
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IgM | gG i gA, IgD and | gE, as wel | as various subt ypes of these Oell'

surface capture nol ecules that nay be used to bind anti bod|1% uﬁ;id&%l u
but are not limted to, Fe receptors, such as Fc gama R, F" ana

Fc ganma R || “%rb%s_,hgwnogl obulin antibodies, Protein _A Pﬁ(gﬁ/q‘éﬁﬂm'zos

Protein G and Protein H or functional fragrrents thereof
I nventi on, | ed t I sol ation.of a |bod cells, .could
be used to |d§$ﬂp retgp gﬁﬁ 3%9@@813!‘% " H‘éﬁ'c f(‘?ﬁ 8“@8@ with a .
desi red speci f Lglt¥eod s @r%x@g%sgy &ysec('.\-@bp%r ’b:ﬁjt‘f'st ?&tug@raeuwth a

pepti de or ap? OWI I frcation an I sol ati on of
anti body prw“%bﬁﬁcé’%be\nﬁﬂ%hﬁéleﬁﬁ%eéﬁ%b@@@'d@éi)lé)ﬂﬁglﬂdlmd PDIfe a desired
epi ope.. I n accordance t he net hodol ogy of this .invention, a cell is
first transfegbrdtad tdmdaisceatedr contai ni ng a nucl eoti de sequence that
encodes a cell surface capture.- nolecule that is capable of binding 20 .
the secrete@ PO, under conditions in which such cell surface capture

nol ecul e is ex resse .Transfected, cells ich are a producers of -
such cel | surf4dBedZ@! if BatHsp E?f%%”%ﬂeby\éﬁf’eﬁeﬁ’e{r@cf’gﬁ ﬁ cﬂated and

such cells are t%}ﬁ{ I pr-ﬂqéjr he PA.,
or-the PO naytréHg%g{eﬁf&%'ngﬁﬁgﬁﬁby pr ng ofcﬂ?gﬁ] %eﬁmﬁs' nat urga rfe .
produce the POpjg ta‘%%éct 8f tnd %%htbﬁﬁs%pﬂi@hbl@nt@ﬁﬁyl@(d atlicels | f the PO is
to be reconbinantly produced, then the isolated and cultured cells ‘
expressing thepsjReify adPOR! [Insadditerg it dpd cet smlaeeca:amueaf enoleculerrignsf ect ed
w th second nucl eoti de sequence that encodes the

EEREEEEEEE 10- - naturally producegb by uhg Q@jbahmejhmeedm petransiosiodowih
S ~nucleotide sequences encodmg the cell surface capture molecule.

Therefore, this aspect of the invention is applicebie tq any and all

cells producing a cell surface capture molecule.

15 Transfection and expression are effected -throug'h the use of
various vectors comprising different 'expression, cassettes and |
promoters, either constitutive or regulated, alnd' may also include
enhancers, transcription term'inatoi‘s splice donor end'aeeeptor
sites and other nucleotide sequences (Kaufman et al., (1'991),Meth.

20 Enzymology 185:487).

 These vectors are generel.ly_'commercia‘liy a.ve'ilabl'e or can be readily"
prepared by standard techniques known in the- art and provide_fer, .
| expression in a host either by .maintenance as an extrach‘rromosorr'_aalrr .
25 element or by integration into the host genome. For a mammalian
.- host, a wide variety of vectors'lare known b'ased on viral replication
systems, such as Simian vErus, bovine papilloma virus, adenoyifus,
- Epstein Barr Virus, retrovirus, ahd the like. T’hese vectors can be

~ used as expression vectors where. transcriptional and translatipnal
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~the PO is naturall roduced by the cell, the cell will no
e 5

secreted PO, under conditions Ln which, the secreted PO s . expressed.
Upon expression, the secreted PO binds to the cell. ,sur.fq%g] RARHr €.
nol ecul es and the cells displaying bound PO are detected andvisorated. If

Dfirsoasor

transfected wiYR? oti de sequence encoding the PO . ThereFore, i s

aspect of the invention is applicable to ang and all, cells producing a
PO . In additiiiiation apgd teEMinayonssigrale feuPesept @0g eNe Lr1HMit ural Iy

d d by th [l he cell - t . ) Lty i de.
P equonces. ancomeuibtion. s e pRTaGCBY HSerhl 3t 86T, Wbl thb T
aspect of the {ouEAl ankfly 3Rbbi GADLE MArARarRE AP alibs RFoduci ng a cell
surface capture no ecur}g. 121%% anst ecti on anJ expression are effected :

through the usgglabtia® of didsAUselewhRhScERENT itisd rEpaéddien arct@xThessi on
cassettes and pronoters, either constitutive or regul ated, and may al so

i ncl ude ermhancerker tanpoovige ifon pretotiopdyotos anspuxeteophindrosinbicnidept or
sites and other nucleotide sequences (Kaufman et at., (1991) th. .
Enzynol ogy ‘185FesstEnceahede, vewsianse dpeagihiaties. sueh 18} 19 | abl e or

S?‘Evib Sﬁr? o LR R 4 agh@‘é‘f?aoé?ﬁﬁiﬁ*?%;ﬁ#ﬁ{%@@ﬁé@@ﬁ%@iﬁ%‘m@”d o
extr achr omsonzln 43 SleRal ibg[@)hg?g 8 VaRbLe bdibdheritiesi@s hsapBome. For a

mammal i an  ho ~ofvectors are known based on viral
replication syslieaonSsédleS hafRe?d, whtiufanbenpiiondlagnd | tearmsiaticns,
adenovirus, Epstein Barr Virus, retrovirus, and the |like. These vectors
can be usHll amsegulatpredsitiation ertdtermihatien sigrals dni genjonetioramdth the
translational 27 15 July 2005 o ' ” L
R . GOl. Frequéntly, a vector will include a prokaryotic replication

- system, which ,all'ows for cloning, manipulation, purification, and

expansion of the desired DNA sequence. . .

15 A wide variety of transcriptidnéi and translationai fegulatory
 sequences may be employed, depending upon the nature of the host.
The 'transc-ri_ptional and translational regulatory_signals may- be
d'érived frbm virai sources, sUc_:h as c'ytomegaloviru's, a'denqvirus,
bovine papilloma virus, Simian virus, or the like; where the |
20 ‘-regulato‘,ry-signa_ls are associated with a partiCuié_r gene which has‘-a"
| : high Iével_ of expréssion.r Ai_temativély, pro_mdt_ers from mammali_an
expreésion products, such as actin, collagen, -and myosin, may_. be
er_nployed. Transcriptional initiation regul_atory signals fnay be
o v_s'e_lécted' which allow for repression or activ‘atid‘n, so that expression:
25 of the fused Qénes can be_mddulatéd; -Regulatory _éignals may be .
-~ derived from natural sources or may be chimeric in that sequences

with the _ré.gﬂlatofy signal may briginate from different sdurc;es. .
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WD 02/ 057423 PCTI US02/ 01208 | nitiation and termnation signals are present |
and. one or nore restriction sites are available for i nsergi oln&% a &.
In addition, the vectors normally have one or nore mar ker $*WHY &% | ow for

sel ection of host cells which contain the expression vector p~fhgR08r ker
may provide fﬁgﬁz/%ﬁ%?rophy to an auxotrophi c host; biocide. resistance,

e.g., resistance to antibiotics, such as 0418, or uch as.

) heayy. netals..
copper; or thdurthesmare, H&inué‘tﬁ,we%@gﬁ%PSHC@%&PBP'QYG\Q{JRF theB?r@B‘Qf‘ed by
Z R ‘he vari ' h ad ; . _ K 1
Lnd transcri piifcid: VAR T Pa: TR T &y yREB) BF skBfbey hise gor ver s
term nation -Si&”u?é%aird%{b%’gb?g@fwicoﬁmtébm?syr%tie pNgdEsat 1y, a vector

will include apro I'cation system which allows for cloning,

mani pul ation, gymibihkGeid BereaNdrheypaosicoDNA hhp atasay ewtBNAudsequence. 15
A wide variety of transcriptional and translational regulatory sequences:
may be enplsoyeutudsiyenctiurgngpotionse e UPHAopbiairechdom natyel

transcriptional and translational, requlator i gnal .be . .derived fr-om_
viral sources,So{iees. RS Jhe Janemic ,Aeﬁfe‘?%b'?‘r 8r§y Bﬁgﬁfﬂeeﬁdﬁi% | oma
virus, Siman virus, .or the,like e 1 ' S Shar e
associ ated wi tYf'%® b tW%ﬁ'iﬂoﬂe(ﬁ%’Sm(ﬁ@ﬁgh@E tég qﬁesg%hﬁéev %r?);fe g@% r%e;lsi on.
Al ternativel y,isagpé@ttﬁy@s d?m#;mn@mmg}ﬂ@nbe eﬁﬂﬁrﬁéﬁﬂeﬂ[‘ cBhogniehtly byucie as

y.

. drf oiet ot as
actin, collagen, and o%| n, e ‘enployed. Transcriptional initiation.

regul atory si gsrahforaeseshictioebagbadelohied, ahtiothef cesultiny ésagmentsr may
activation, so that expression 25 of the fused genes can be nodul ated.

Regul at or yl(si grealctoneslyane sgeranesdwith canprielbefen theopreseacerofniig BNAChi neri ¢
in)that sequences with the regul at or si,%nal nay_ ori iqate beE(‘ dti fferent
sources. 28 155enuepcgoeiing for the po.ly}/pepu e sequence orinterest. Unce he .

cloned fragment has been identified which contains the desired DNA
-s-equence, this ffagment may be further manipulated to remove
superfluous DNA, mo_dify one of both termini, remove all or a portion

15 of intervening séquences (introns), or the like.

Once the vector haé be'én prepared for expression, it m'ay be
introduced into a.n apprbpriate- host. Various techniques may.be
employed to introduce nucleic acids into host cells including, but not
E 20 limited to, éalcium phosphate copfecipitation, DEAE-dextran- |
| 'mediated tran.sfection, électroporation, polybrehe-_mediated
ftransfebtidh,_Iipid-mediated transfection, lipofection, DNA
micro_inject_ion', and microprojectile-mediated_ge‘ne transfer (Keown
et al., (1990) Meth. Enzymology 185:527.)
25 7' . : | | : : : :
N The skilled aftis_an will be aware that well Kknown _téchniques exist in
the a'r't:_which_. indlice stable integration of GOl and subsequent
' :ex'pression_ of proteins to be identified and isolated for fur,tl"zér-use.'
Kaufman et al., ((1991) Meth. Enzymology 185:537) reviews several
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W 0 210 5 7 4 23 PCTI USQ21 01208 Furt her more, the nucleic acid sequences

enpl oyed for preparation of the vectors may be derived frqgl\%m\g%get-y of
sources. These sources include genom c DNA, cDNA, synthetic . and
conbi nati ons thereof. The genom c DNA may or nmay not. include naturally
occurring introns. The DNA obtained fromnatural sources, nanely the
genom ¢ DNA ayo cidA2s may be obtained in a variety of waysepctiostocs | s
coding for the desired sequence may be isolated, the genonm c DNA may be

fragnent ed, GAHERRIHIY dhitoRBR. OISR BedrfdChian iendentahpases, and the

resulting fragnents may e. cloned and Screened with a probe for the

presence of tdifeldNA ®e@iteNee ikddding, ot ddielirppky peptidusegrnence of
interest. Once the "cloned fragnent has been identified which contains ‘the

desired DNA reeqoepe®,vechirs, fnuagarens cwalylimes, famd [idbvensandwidrat ed to renove
super fl uous DNA, nodify one or both termni, renove all or a portion 15 of
i nterveni ng SONGiEs (introns), or the like. Once the vector has.been
prepared for expression, it may be introduced into an appropriate host.

Various techm G4esyirty e hospdIRMaEy be tiankfeethde el tuselcells wallitdsofi nt o host
cells including, but not 20 limted to, cal cium phosphate coprecipitation,
DEAE- dext r aneuk®giotit edigit.afhé eells oill ofleadter opor ati on, pol ybrene- nedi at ed
M cr of nj et i SAMTRIZHR e CPI. ABH B BRI TGAG. (FAREFDRN Helbun ot al .,
(1o00) \eth  Encym 806 LSS, S50 s [B0 PP HRED Yk fomvere
=97 L0E0 L) HBLE, BB o @APLeTE) SHISBRLL ARG o be L dent 1L e
185:537) . reghiGomeVRaALy cells (HEK293), leukocytes, myelomas, and B

embryonic stem cells. The cells may alsc-be non mammalian cells

includih‘g bacterial, fungi, yeast and insect cells, including,' but not |

limited to, for example Escherichia coll, Bacillus subfilus, Aﬁpﬁtgﬂlus

15  species, Sarcharomyces cerevisiae, and Pichia pastaris. All cells
may be grown in cultyre trays medium under appropriate . conditions
or in a synergistic host. The most desirable cells will be mammalian

cells capable of culture.

> _ 20 The secreted POl bound ta the cell -surface capture molecule may be

detected and isolated by various techniques known in the art.

" Cultures cells displ.aying the secreted POl may be contacted with (a)
'rno'tecule(s) capable of directly or indirectly binding the secreted POI
wherein such detection molecule(s) may contain a detecticn label,

25  such as, for example, a chromogenic, fluoregenic, colored,

fiuoréscent, or _magnetic label. The label bound io the detection

| ‘malecule .may be detected and the cell isalated using various
methods. - Most preferably, within a cell population the label will be

<t

detected and the cell isolated utilizing flow cytometry: * ™
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29 15 July 2005 5 WD 02/ 057423 PCTI US02101203 transformation protocols.

Such techniques may utilize many different conditions i ncl1t§dJ| Eygzoo}gut not'

limted to, various art- recogni zed vectors, nunerous cell i

di verse culture nditions. A wide variety of host cells

transf ect ed. TW&‘E%@I’?S will be of eukaryotic origin. Thgaic/%ﬁqﬁsw"l

often be imortalized eukaryotl c cell s and in parti éa %\7 I | an ceI | s,
a

for exanpl e modigynativ@hsythee dptectionsnolaskile,daay Heie s 10

Col 1% (rikzos) STatoey Pl SRl flE D B0 ¢ #35@/@9“#@%@%“"%2 cells”

TRy & s0-be_noBoRfEARbhAY G Usteciph! HBlaLas £idMure Tgkite . veast and
i nsect cells, | ng, Imte for exanmpl e Escherichia
roli, Bacill Upacarﬂaégﬁ@msslneseczﬁes bhehymhes pzmmwo‘n golid anppBitcbln a _pasta

s. All cells may be grown in culture trays nedi um under appropriate :
.condi ti ons5 ordilitica, sispayed i maytbe Tetectedt dickatiyr blae poepary af the be -
manmal i an  cel | s capabl e of culture, 20 The secreted PO bound to the cell .
surface capt ur 8etantiopumelasie 9e thgRQ@et ed and i sol at ed by vari ous

techni ques known in the art. Cultures cells displaying the secreted P01
may be contacted with (a) nolecul e(s) capable of directly or indi rectly

bi ndi ng the segy B RoMBodibRY &ét%&ﬁ&?trﬁﬁlbbﬁiés”@Ja$cbi'h@(e%)ch”@ﬁﬁeﬁont aina
det ecti on | abel,

such as, for exa , a chronogenic, fluorogenic,
col ored, fluomagcsret d;f@remweﬁabelddabﬁd usdtietd dbrlct kodispldyed he det ecti on

nDIecuIe may be detected and the cell isolated using various
‘ 10 secreted POI that blocks that interaction. If a cells dtsplays a
o - secreted POI ihat._binds the first detection molecule and blocks f[he
-interacti'o.n between the first and second detection'melecule, ihat
cell may be isolated based on the: presence of only the fil'St
detection molecule on its surface. On the other hand ifa celi .
15 displays a secreted POl that binds the first detection molecule but
‘does not block the interaction between the first and second
,.detectlon molecule, that cell may be isolated based -on the presence\
of both detection molecules on its surface.- For example, antlbody |
producih_g cells expreesing antibodies that specifically. block, or do
: 720 “not block, the forr_mationf of a receptor-ligand complex may be -
o identified. If the detectien molecuies are a receptor and its iigand
~ which are differentially labeled, then an antibody producing beIl that
expresses antibodies that bl.ock the receptor-iigand complex from}_
' formmg may be detected by the presence of one label on its
25 “surtace, whereas an ant:body producmg ceII that expresses
antibodies that do not block the receptor-.llgand complex from
'fermihg may be detected’ by the presence of both labels on its

surface.
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met hods. Most preferably, within a cell population the label will be
detected and the cell isolated utilizing flow cytonetry: 30|51ﬁ11 I%Bdé 2005
WD 02/ 057423 PCTI US02 /01208 Alternatively, the detection nolecule may be
used for. the direct isolation of cells displaying the PO p .s% be
acconpl i shed byO ¥dR[*dYati on of the detection nolecule to a ¢ u?fgﬁgﬁf at'e,
paramagneti c nol-ecul es, or any other partjcle or sol i%ﬁﬁort. N '

5
addi tion, di splaay pothengyndimentscapd With JEORTASHIP $ Fmre&ﬁ'rﬁ%e'
detecti I the POX. | =) ' d t ] . ecul
Chat bi nd each CHIRdFSm i Breresei e PRl LIRS Iatkneh RocEHBe Jriof et o°
di spl d 10 | t t:al Bt | § Lsadi spl
o eheroted o Pl difleulies: WHeRF ks PR is B! ShcketeddBrotoin, B iusion SP! &S

i nteraction belgigep] lbbﬁuéémteig‘rmd)rm?cwm.dwm@a iras exiticel thdtadny cel | may
be isol ated based on the presence of only the first detection nolecule on -

its surface5 Osystesn dhakis Hesignedftoacamure Ute desptadsFQl oacthe: eell PO t hat
binds the first detection nolecule but  does not %I[Iock the interaction

between the fi ssffagdmyst pravericthec diftusion ol dheeP Hiemcke exgiessing sol at ed. :
b d th f _both d ti e { . F
oxampl o anti bea) oo bt FFL B P8 dBRRES L To, Hhtedel, pif iffiSion™"
speci fically. : iblp6ledoo 9‘)9/(:%2 aRAt é%!t;ﬁtgdfnine% bens YedBhicoBebrated with the

receptor-Iligand conplex ma I den ied. It the detection nolecules are

a receptor and getfetetii AN dheihseparatiendbff delisehdsat] Lpoh gheldedred RéP@N
anti body producing cell that éxpresses antibodies that block the - '
r ecept or - i ilgandiecongticex will éail 16 aliscrirginaty High depsessiag ellsHeopr eglisnce. of
one | abel. on its 25 surface, whereas an anti bod%/' p{; oduci nq cell that o
expresses  Wwith low expression levels, and may fail to effectively solate

expressing from non-expressing cells.

- Therefore one'. aspect of this invention is to block the-diffusion of
15 the secreted PO! between neighboring cells. This may be | . )
accomplished by the addition of a blocking molecule that binds either .
the é.ell'sur.face capture molecule or the POI and prevents the | |
binding of the secreted POI to the cell surface capture mdlecule. ‘In
this aspect, the deté_ctio'n molécules do not bind the plccki.ng | o
- '20 —moléche. - For example, if the cell surface receptor is the hFc
- jga’mmat RI and the_secfeted POI possesses the human igG Fc e
- fragment, ,the-n_ diffusion of the secreted POI b.e_tween' neighboring
cells may be blocked by the addition of exogenous rat IgG to the
| culture media. Detection of cells diéplayi_ng secreted POI, and not - .
25 bound rat 1gG, is ‘achieved by usé é_f antibodiesspeciﬁc“forr hu.man S

IgG Fc that do not recognize rat IgG.
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ant i bodi es t hat do not block the receptor-1ligand conplex fromformng may
be detected by the presence of both labels onits surface.q ‘ﬂ? 50 uIy 2005
WO 02/ 057423 PCT/ US02/ 01208 I n any of the enbodi nents and W|t regards to

i sol ating expr ceI | s from non-expressing cells or | eS8l ssi ng |
cells, one of ZB%F? ncipal . difficulties, when the PO isa ssgié'ﬁéged :

protein, is diffusion of PO between neig borl n ceI l's '
critical that Ehgnstheyaspect Iﬁ’itth'iss'"étﬁgt'%eg “Ejﬁ‘gc hihe @%F@egeﬁégt ed PC] on

LA St e S

al 'owed to occify nfdiia nei ghboring cell s becone decorated with the secreted
PO, then separation of cells based upon the degree.of PO 10 decoration ‘
will.fail to discrimnate high expressing. cells fromcells' wth |ow
expression levels, ‘and may fail to ef fecti vel y isolate expressing from

non- expr ess$ nglrtahbther'l’a‘weet of dhisniavestiestt thef sedreted MHnisi avt allower bl ock

the diffusion o 15 the secreted PO Dbetween nei ghbor i s may be
acconpl i shed bip BReIHHES iIBAhemedig) o%ﬂ'ﬁn‘@abhﬁ%é‘ $%’“Ph§?ecﬁgﬁof§98tatnﬁgr “the

cecretod por 1 B MBSO B Angisddfied bluindbr ¥ dul Blnatetaplyd’ L 0e
det ect | on_ ol ofi s B 1piklidehexegsknner 2 FOERdus Fosufcim! e if

the cell surface recept or Is Fc gamm R and the secreted PO

possesses the porag biad e cél agment, cdgiare didléadeobputonsulficiedcret ed PO
bet ween nei ghboring cells may be bIocked by the. addition of exogenous rat
| gG to theld amounts for diffusion.

,I'n. yet ancther aspec_t of this invention, cells may be removed from

the media containing accu'mul.ated POi, the POI bound to the cells is

" stri.pped off,-and POI exbressi‘c’n is allowed to continue for a Iimited

' .15 period of time such that secreted POI does not accumulate in the :
- media; Proteins may be stripped'by methods known in the att, for

example, washing cells with low pH buffer.

.According fo this invention, those ceI_Is in a cell population that bind -
20 - the most detectioh mclecules also express the most secreted POI'
In fact the more POI that an individual celi secretes the more POI IS
d:sptayed on the cell surface. This correlation between the amount
- of surface -displayed POl and the-expressuon tevel of the POI m_that_
cell allows one to rapldty identify cells with a desared relative

o _25 expressmn level from a populaﬂon of cells.

ln.one embodiment, a DNA library may be used to express secreted
: protem which may be d[splayed on the cell surface by the cell .

| surface capture molecule For exampte a Ilbrary of DNA. may also ‘
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culture nedia. Detection of celds displaying secreted. POI', and not 25
bound rat 1gG is achieved by use of antibodies specific fosjfymeos | gG Fc
that -do not recognize rat IgG 32 1 5 July 2005 WO 021057423 PCT/ US02101208

I n anot her asRﬁcﬁan%tnghi s invention, binding of the secretegcbgkozonsween
nei ghboring celTs 1S Teduced by increasing the viscosity of the nedia. 5 .

I n anot her aspect of. this. invention, the secrt.et . i ) allowed to -
accumul at e i n Behgenedted fﬁqmsthﬁa?pdigg JE85H5 ?@F&%%%ﬁu‘%&@n&g t he '
expression of fhe.. PO . r : Sl a | ecul e
such t hat brié*orﬁ%ﬁggg"g’f‘ﬁ"cﬁi&t%g@ f@‘?‘égﬁﬂl@@ﬁ éﬁ e BN i

the cell surqub??ﬁa%yr@,eﬁobgwp?éﬁéd imaugdli eznéxpr8ssemantel! surface

di f.fusion. In yet “another aspect of this invention, cells may be renoved -
from the nmedigapiomnt Aio@ge aspuoific éorednimbdies ieudhCthatotindes @t desiad | s i s
stripped off, and PO expression is allowed to Qi&ii nue, for a limted 15 -
period of t5 mspassicityhisotypeceevidityonayobe . ideptitiad and isolated PHhdNe neqi a.
Protei ns may be stripped hy nethods known in the art, for- exanple, washing
cells with | ovWBT-fI‘OtS’uPFéP‘? 'ﬁ&%’b‘r‘?ﬂ'ng to this invention, those cells in a
cell population that -bind 20 the nost detection nolecul es al-so express
the nost secreted PO. In fact, the nore POl that an individual cell

secretes, the ppakotRE} dnSoodifichi! BuRShaHIc higmeedls rauy fac eredbd swiionr el at i on.
bet ween the anpunt of surface-displayed PO and the expression |evel of

the PO in. thatpreseld patiomer ocele sufacapsafityrel twiecyle iDedne Ofi MArG desi r ed
rel ati ve 25 expression |l evel froma popul ation of cells. 1n _one enbodi nent,
a DNA |ibriry calytypesudte cellsfionesuchdeanggegic mammals may then be

e screened directly for the production of a POl. For example, it may

) “be desirable 'to‘expres.s a cell surface capture molecule, specific for
antibodies, in plasmar cells. Accordingly, plasma cells fr'om.'
immurﬁzed mice may be harvested and those cells producing' '

.15 antibodies specific to the-dgsired antigen may" be -isolated by the -

- method of the invention.

lh a further embodim'ent-of_‘the invention, antibody_pfoducti'on is
measured through the use of a GHO celi line that expresses the
" 20 human Fc gamma R1 receptor (FeyBl)"which binds the particuiar

~ antibody that is the POL.
Example 1

25 Constructién, of pTE084: pTE084 was constructed by ligating -the
:'1,436 bp _Xbé I fragment from pCAE‘iOO that encodes the humén -
Fcyﬁl‘('hFc_le;. GenBank acceéSion nUmbe‘.r"M21 091) into. the Xba | ;ite -
of pF{G__1821. The orientation of hFeyRl in desir%able plasmids .re_s.glrt.ing” .

_f'rom the ligation was examined by-reStf_iCtibn_ mapping -With:Notf -



protein which may be displayed en the cell surface by the cell.. surface
capture. nolecule. For exanple., a library of ..-DNA may ahsqQuiy3804 5 July
2005 - WD 02/ 057423 PCTI U802/01205 be generated fromthe codi ng regi ons of
the antibody vV@id@hkAzs domains from B-cells isolated from i npagsseos
animals. The DNA .library rray t hen be expressed |n ‘a cell that expresses a

cell surface- %%piutgo rf_al gﬁg %uﬁ ﬁ.gt__-dl)%d ()\%"s @é’gl G&Stthr uf Qlatlg\aé cl ones of

desired 5 speci 5 vidity nay i sol at ed

by the ”et.hode\sﬂtgréégron rareﬁrr;mr the egﬁtmhuyeraequme rebdROB GNite Mmameal s

may be created Ich express a particular cell surface capture nolecule in

one or nore 10 ReelidbmilPes hufiad RS 1 cohtiins tob indepergiimt expeessids may t hen
be screened directly for the production of a PO. For exanple, it my be

desirabl e to expsestiess Qre lcassetfentsea daypyRi genel drivencby élp%&MVdVileor _
anti bodi es, i'n plasma cells. Accordingly, plasma cells from inmunized mce
may be har vést eomaten I%‘@et%l‘s%mfﬂ @eeeetle is theaneemYeiNes specific to the

d d b f th
o A e Tt B ahRHANE 1 o Sond SHARH Slrsbh U e
t hrough t he usejfg%ﬂ f—ﬁ) rc]%lslh?h%{éegt@ﬂ 2xpresses the 20 human Fc ganma 'Rl _

receptor. (FcyRl ar anti body that is the PO.
Exanple 1 25 Construction of pTE084 pTEO84 was constructed by ligating the
1,436 bp Xba | fragnent from pCAE100 that encodes the human FcyRl (hFcyRI;
GenBank accessiConstuctien o4 @HP Khtderivativihal esptessesthAsRB821. The
orientation of hFcyRl in desirable plasmds resulting _

: 10 ‘

CHO Ki cells (4 x 10° were transfected with pTE084 using
Lipofectamine™ (Life Technologies; Rockville, MD) following
| m'anutacturer’s suggestions The cells were placed in the culture
medrum (10% fetal bovme serum, 90% Ham s F-12, 2 mM L-
.15 . glutamrne all reagents were from Life Technologres Flockvrlle MD)
o 'contarnmg 500 ug/ml G418 (Life Technologies) for 15 days. The
cells that survrved G41B selection were tryps:nrzed pooled, -and
‘ starned with FITC-conjugated human IgG Fe fragment (FITC- -hFe;
o Jackson lmmunoResearch Laboratorres West Grove, PA). Brreﬂy,
20 .- the cells grown on 10 cm culture plates were washed once with
'Dulbeccos phosphate buftered salme (PBS) without calcium chlortde_, '
~and magnesrum chlorrde (ere Technologres) Three mls of 0.25%.
frypsin (ere Technologres) was added to each plate The plates were .
.swrrled untal the cells detached from the plate 10 ml culture
25 medfum was rmmedrately added to each plate of the detached cells.
o The cells_were then collected by centrifugation at 1,000 x g for 4
" minutes. After removal of supernatant, the cells were resuspended
in- 4 mi ot 2 ug/ml FITC-hFC diluted in culiure medxum The cells were

- then. placed on a platform shaker and stamed tor one -hour- at room
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fromthe ligation was exam ned by -restriction mapping- Wth Not I, 15 July
2005 WD 02/ 057423 PCTI US02/ 01208 Pst |, Eco R, and Stu |. 18TGe8bosas
designed for the high level expression of hFcyR, the high affinity cell
surface recept gfo§asbhe Fc domain of human IgG It cont ai ngcttwsaz/o1208

I ndependent expression cassettes. One cassette is a hFcyRI gene driven by

the CW-M E pr, S "Fhé?
phosphotransfe §®§Eﬁmr nﬁﬁ Rgsq’w}%uﬁawmﬁgb‘rgﬁﬁ ance 0 fg

driven. by the Qyf@ \lvﬂﬁQOOﬁFP’PE§rTh@@B§FééJ§f FOrCMfFcaabbibifithél eeily aldsve t hat
expresses hFcyRI: 10 CHO K1 cells (4 X 106) were transfected with. pTE084

using - Li pof ectragasigdd iy ifloe Egmetrypoinea; MBliokesll serteMpLyfoshdttmsi; ng _
manuf acturer's suggesti ons. The cells were placed in the culture. nedium
(10% f et al- boviRest Eelling, GO FHhe EITC-bEc didmatistain maskdrnséeciadt| reagents

were from Life Techn ai‘.ni ng 500 ug/m (A18 - -
(Life Techndl o@ﬁé%ﬁ*ﬂf@?%?‘dag% %ﬁl"ﬁ'jé 2%@:\/5)2@@{’ oaye \ﬂ%\‘? %&’%é“%‘étl'o&:t i on

vveretrypsiniz , F n 1gG Fc
ragment " F TOOHIRGR5Ednce WiineS CAA AL B, T EOBANIA GRANABE L 9C,
Briefly, 20 therpg! be) 9rpe 16 130 radBtolldrEseantitdilsefonelhe vasbrd gose W th
Dul becco's phosphat e-buffered saline (PBS) w thout calciumchloride .and

magnesi um chl onate pllacée imee i96ekelyipsips dthi eeelfvell diy ﬂo%%tometljypm n (L| fe

Technol ogi es). .was added to each 81 ate. The plates were swirled until the
cel | s detached Nmerﬁamsdatﬂrateé cel cbneaunttheéﬁzwaﬂwam wake prpaned el y

SRR A o MK RN A AR
the cells were raes%‘éﬁp&?odee%th 1 ml PBS, stained with 0.5 ml of 2 ug/ml FITC-hFc
" o for 1lhour, washed twice with- 1 _ml- PBS: and examined for cell
' surface staining under a fluorescent microscope. The thirty thréé '
most fluorescent clones were chosen, expanded, then screened by |
15, flow cytome’try. The FITC-hFc staining of one such élone, RGC3, was

_shown in FIG. 2D.

Diffusion of secreted protein between expfessing cells and non-
expressing cells ar;non'g celis was blocked by adding IgG: |
2 - o o
o :As all cells in a hFcyHl clonai cel! hne express a cell surface hFcle
- they aII possess the ablhty to blnd IgG or fus:on proteins consisting
of the Fc domain’of igG. Because hFcyRI binds 1gG from a variety of
o Species (van de Wi_nkél and A_ndersoh, 1991), 'a ",panel of a’nimal' lgGs
','25, was'teéted for the abiiity'to block the“bi'ndin'g' of a protein containing
a human IgG1 (hlgG1) Fc tag (480622) to hFcyRl-expressing cells.
480622 is a chimeric molecule conStstmg of IL-2R7 extracellular
' _domaln fused to the hIL 4R’y extracei[ular doma:n Wthh is then fused :

to the hI_G-1Fc domam in this expenment cultures of RGCT, a
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in4mM of 2 ug/mM FITC-hFc diluted in culture nmedium The cells were then
pl aced - on a pl atform shaker and stained for one :hour at raogmuy Apsl5. July
2005 WO 02/ 057423 PCT/ US02/ 01208 tenperature. To renove Unbouna’_ FI TC hFc, -
the cells werew@gshgehstwice with 20 ml PBS. The degree of RFedfutkeidabel
on the cells was neasured by flow cytonetry on .a Mdflo cell sorter

%mma&%%&mwwmwm%eewmo
a distribution peh étas% 3F_MAGTed Wit 8 TEHEA; WAseS Ikbatddil W1 L i gyraf ect ed

pool (FIG 20C. 1% nmost fl uorescent cells fromthe selected pool

were placed Int@@@eahw 18RS imtthd presérowbl dnsehbowfcytrogiilrigG N ne

days later, 88 cell clones.in the 96-well plates were expanded 10 into
24-wel | pl at es from tdifferend apeciest imeacd’ I°C tisstue dikituicr dmcubsitors \ﬁsatle washed
once with 1 m PBS, .stained with 0.5 m of 2 ug/m 6 FITC-hFc  for hour, -
washed twicé wisuifagendindimy gh #SG628 was fj@rterérélﬂﬁd EerfoXE&VEQ'H?HYn%ﬂ%fnder a

I R R s

'staining of an%ewceoﬁbeeﬁaa RER, 12 AR Ry #0812 bfysi on of

secreted protein between expressin non- ‘expressing cel l.s anong

cells was bl Oclte%éahe@a@@f%d@@g@mﬁrﬂhd &€l $an iDlego,NEAY, Rollewingal cel |

| ine express a cel'l surface hFcy hey a possess t'he ablllty to bind
| gG or fusion protedures cuiinest feng:ellostatrmg t?atrdEthﬁ;mRmt Fif&:. 3Bdoasse hFcyRI
binds 1gG froma variety of ‘species (van. de Wnkel and Anderson, 1991).
a, panel of l&ni faat higG complete!y blocked 4S5C622 from binding to the hFcyR1
“expressed on the surface of RGG1. Rat, rabbit and canine-derived
IgG aiso effectlveiy blocked binding whereas bovme and ovine-derived
IgG did not block The ability of exogenousty added rat- igG to biock
the b:ndmg of an exogenously added h!gG1 Fc- tagged proteln :
, 15 (48C622) to cell surface hFeyRl (FIG. 4) suggests that rat IgG can
also block transfe_r between cells expressing a higG1 Fc-tagged
- protein at different levels. To test this, two cell lines that can be
dlstmgwshed by the presence or absence of the green fluorescent . -
_ protein (EGFP) were generated from RGC1 Bnefly, to mark RGC1
20 cells wath EGFP 2 x 105 RGC1 cells were co-transfected with 0.5 ;tg
|  PTE073 which encodes a hygromycin B phosphotransferase .ge_ne :
driven by ph_osphoglyeerate kinase promoter, .and 5 pg pBGBtS-EGFP '
which encodes EGFP gene driven by 'CMV-MI'E promoter. The
| tr'ansfected'celfs were selecte with 200 ug/mi hygremyeinr B
25 (Sigma; St. Louis, MO) for two weeks ' G'reen fluorescent cells wete
-lsolated by tlow cytometry One EGFP and hFcyFtt expressmg clone
RGC2, was used m cell mixing experiments. The other cell llne used
in these ‘expe_nments, RGC4, was generated _by stable transfect_;.gn )

of RGC1.with plasmid pEE14.1-622. pEE14.1-622 is a plasmid i
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25 was .tested for the ability te block the binding of a prbtein cont aj ni-ng .
a human 1gGl. (higGl) Fc tag (4SC622) to hFcyR -expressing 1gelulys20054 SC622
is a chimeric nolecule consisting of IL-211y extracellplar domain fused to

the hlL-4Ry ex{ybasmifaal ar domain which is then fused to thechhSeioikas
domain. In this experinment,' cultures of rRGC;, a" 36 15 July 2005 .. WO

02/ 057423 PCT[ ' hFc i Ng.C i S ¢CHO K1
cells that hav‘gﬁf%/eg%ﬁgg glgﬁy&ﬁr;%ﬁé?éeg??é%nt% E%ggﬁysmmgagﬁ%%g{ﬁed wth 1-
gg/m 4SC622 jrefudkd a @Q%Hrﬁin'e”sah’ﬂﬁe&fsésﬁﬁﬁi@eﬁé, s eonedrs restancd gG
fromdifferent species Tnh a 37 Ctissue culture incubator. Cell 5 surface

bi ndi ng of 4SCaRthevasatbef erethiorthebyulfdxiwiroy (B¢ pndfallows fokesgiectiorcel |s
wer e stained wi th phycoerythrin-conj u‘_g*at ed nouse | gGl_monocl onal AGL84

( PE- AG184) speet stablé integration everrty. RE6ibertn expresssabodl( @bl &M ngen;
San Diego, CA), follow ng :procedures, autlined for cel ai nkng with . .
FI TC- hFc. -F G sariagpagdigeqraig the Btg%brﬁ%%-tﬁg&eg’ BT%%'Peﬁéﬁégzzbf‘go‘\?%‘{ﬂ ndi ng.
to the hFcyRl xpressed on th ge ) t bhit. :
cani ne- der i vedo{e\"'ﬁf@if’g% 8&@88?‘?@& §al§i 5@%@%’?. AR er%%';{ﬁs‘3 %i ne and :
ovi ne-derived | | Q6 heigbisht g RbueXpEsP Y Styinafdadnr at . 1 9G
to block the bilrﬁglbggébo%n@eﬁggemng{tsilg?égseg hi SGI ch-taggeldm?rj'otei n 15

(4S€622) to cePE-agrBactehFexdrhingl! 5y fid)v. cpogusat s RAIGabA showg@ean al so
bl ock transfer between cells expressing a hlgGlL Fc-tagged rotein at
di f ferent | eveEGFPrioutescente of RGER cells andd&. Gfashews that RGC2:¢8l§ui shed

gener at e 18 onfReCENOEYGERNpUSlAJAC IRGEEEoH GITY A IRIGEISHOYAL, 106
nyor onyei n B PGSR FaRErAedes fjogscentetFiG, 50 Shalld fdt HEERT
not fluoresce in the EGFP gate. Significantly, exogenously added
‘rat igG did not reduce the percentage of RGC4 cells that stained
‘positive fdr c:el‘l. surface 4SC622 (FIG. 5D) suggesting that the
, 15 binding of 45C622 to ﬁFcyFll occurred while the proteins were |n .
 transit to the cell Suﬁade. When RGC2 and RGC4 cells were mixed
“(FIG. 5E), the 45C622 protéin secreted from RGC4 cells ‘
accumulated in the medium and bound most of the RGC2 cells. -
. However, the addition of 1 mg/ml rat 1gG significantly reduced the
20 percentage of RGC2 cells that bound 4SC622 (F:IG.-SF) N
Y |  :, ~ demonstrating that rat IgG blocked the fransfer of secreted higG1

Fe-tagged protein from expressing cells to non-expressing cells._ |

. Example 2
25 - | |
Cell surface fluorescence correlates with' the expression level of

4SC622:
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driven by phosphogl ycerate kinase pronoter, and 5 gg pRG16- EG-P which
encodes EG-P gene driven by CW-ME promoter. The transfegkgdiycrigss were.
sel ected with 200 ug/m hygronycin B 25 (Sigma; St. Louis, M) for two
vweeks. G een f{yespaeant cells were isolated by flow cytorretrmsozfamsEG:P
and hFcyRl -expressing clone, RGC2, was used in cell mixing experinents.

The ot her cel | phie b 3
st abl e transf ecbldgncaﬁﬁegﬁ&?o\)\nhﬁ%% ﬁg@%ﬁegf@%@h %4 1V@§2EE14 1856(52}%I | g a
plasm d id 37 g §tah!éMr@r%?éctﬁ@t@%a@%ﬁ%n%dfwgé@ﬂ;ﬁm fmhlzslwmkpr @ssi on. of
4SC622 is driven by the CW-ME pronoter and includes a gl utam ne

synt het ase ni ningdien ctmmisecoof ¢0% didyzadfeiel bomnemmnim%ﬁ’/o met hi oni ne

sul foxi m ne (M and allows for selection of stable gration events.
RGC4 cel |'s exp@iééﬁﬂﬁﬁcfm Dmbemwwdif%reﬁmsem%d@%rw éghe hi gG 1 |

nd. 505 Ro3r cOIRISREBt. 41t Sp AR MG RGP R bafe TP I 16 0w pri or o
staining with BBEG{%%Eé'R@ ag?@n nR ty%f‘jvg%/ gbgr@tthg cutufe nRAighows the

EGFP fl oorescence . hows that RGC2 cells 10 al so

bi nd exogenousiqy 1 aadadl 183848 riortadiminunastdinidgcarre defisamerd ncrease in
PE- AG184 fl uorescence. FIG 5C shows that RGA4 did -not fluoresce in the

EGFP gate. Si gmypsiniet| washedgeito RBS, addestainedt witha.8iug/mbtofr@duce t he ,
per cent-age of RGC4 cells-that stained  positive for c face 45C622
(FIG 5D) suggesyeiegat RAECaeajumsten mﬂlwmandgésﬂ#k)oglﬁﬂ)y RIBENr red while

;[/\/g(ra pr ot eh{los(\éf e | n tran é to ttlsqtﬂ 3r~1ﬁm§%@ glegn%\hrg(ﬂ{rl? o@ﬂfjl RG4 cells
e mxe S.
accurrul ated i nteﬁﬁﬁeﬂﬁﬂb“f@[i@%&%&é’edﬂ?ég & deRerib&dof #ite-hFc staining

_in Exampie 1. Cell sta:nlng was then analyzed by fiow cytometry
The distribution of fluorescence suggested that the selected pool
cqntained cells wit'hr a wide range of 4SC622 expression levels, (FIG.
15 6). Cells in the top 3% (R3 bracket), 7-11% (RS bracket), and 15-
19% (R7 bracket) with _respect to their immunoﬂtjorescencé were
- ‘sorted into three distinct poois ahd expanded for 9 days.' 'Average
450622 production per cell for the pools was determined by |
measuring: cell-nurhbers_ and 45C622 levels in the media- after 3 days
- 20 'grt_jwth' by an immuno-bésed Pandex assay (Idexx_; Westbrook, I\_/_lE)r
'_foliowing the ma_nufactuf_éf’s feclomme_n’dations. in the Pandex
as;say,'_fiuoricon p,c_jiy'styrené assay particles'rcoated with goat anti-
human igG, 5{-'cha_in'.spec_:i'fi_c' antibody (Sigma) were used to-capture
o "480622 frorh the‘-rried'.ium ahd a FITC-conjugated goat anti-human
25 IgG Fe specuflc (Slgma) was used to detect bead-bound 45C622.
Known amounts of purified 4SC622 were included in the assay for 7
- calubratton Celis in the top 3%, 7—11%, and 15 19% pool were found
to produce 4SC622 at 1 42 0.36, and 0.22 pg/cell/day, |

respectively Thus, there was a correlation between cell surfaqe '
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However, the addition of 1 nmg/m- rat |gG si gnificantl'y reduced the 20.
percentage of RGC2 cells that bound 45C622 (FIG 5F) denpRstpgtiong t hat
rat 1gG bl ocked the transfer of. secreted. higGl Fc-tagged protein from

expressing cel s -expressing cells. Exanple 2 25 Cell s&¥f@SRi0s
fl uorescence cc‘)f(ﬂéﬁ(?oas 4gg.with the expression |evel of 4SC622: 38 1 5 July

2005 WD 62/:0574 1.,USD2101208 RECI cells (4 x 106 fect ed
with pEEL4. 1 6?@%&%&%86\9 a?%fspﬁFR%’l BF‘?‘PQﬁgg%‘%‘i(%'ﬁ{‘s) T Feed dee; er
Serum 905 o1 ueHaoRsry it RV SRR H3F ReBlpa SRR EERIF Il b o ¢

suppl enent, andngy sEVoManédltly kepgRDt Selketmitiwers dRhedimrpitendss thdenexa,
KS). Rat 1gG was added to the culture nediumto 1 ng/m 18 hours prior to ‘

i mmunost ai ni ng.polysocal FIE¥ Greomjugatedpanivhoeddn 1gG Het-L)i ElabRBSagmenist ai ned

with 1.5 ug/m of a polyclonal FITC conjugated anti-human 1gG (H+tL) = -
F(ab')2fragment 10 (Jackson | munoResearch Laboratories) for one hour at
room .tenperat&@e fpgl I$vvi ng procedures as 'described for FITC hFc staining
in Exanple 1.. M€ a? ni ng was then anal yzed by flow cytometry. The .

di stribution of fluorescence suggested that the sel ected pool contained -
cells with a wide range of 4SC622 expression levels (FIG 15 6). Cells in

the top 3% (R3 |BhRGKARTE Exfrddsioh Ondy RcRei01: and 15- 1.9% (R7- bracket)
with respect to. their immnofluorescence were sorted into three distinct
pool s and expanded for 9 days. Average 7 S ' :
| 10 Il-4 Trap. To directly demonstrate the efficiency in generating
clonal cell fines with high level secreted protein production by our
methddology.' clonal 48G622 producing cell fines were generated . |
from RGC1. RGCH cells (4 x 10%) were transfected with pEE14.1-
- 622, and selected_fdr two weeks with 25 uM MSX to_obtainla pool of -
. 15 stable trahsféctants. MSX-resiStant__ cells were pooled and =~
incubated with 1 mg/ml human IgG for 18 hours, prior to staining "
- with PE-AG184. Six cells _from' the top 5% gate, as determined by
flow-cytometry analysis of cellr-s‘urféce 480622: staining, were )
_ isolated and expande‘d.‘ 45C622 production from the SiX clonal lines .
| 20 was determined'and compared to 45C622 produCtion 'from‘clo:né_s '
| obtained by hand-picking_selected"coloni'es.folrlow.red.by dilution o
: clonihg and amplificaﬁon. One RGCi-de’rived clone, RGC4, producﬁed, R
45C622 at 12 pg/celiday (FIG. 7). This level is similar to that of
. | _ the b_est 45C622 producer iso!ated 'by- ha_nd-piéking ‘and analyzing_ |
25 2,700 clones. Thus, cbmpared with hand-picki.ng 'colon'ies,f the
e metho_dolog'y'outlined' in this inventioh proves to be far more

efficient in the screening and cloning of high producefs.



4SC622 production per cell for the pools was determ ned by measuring cell
nunbers and 4SC622 levels in the nedia after 3 days 20 grestihiypogn

i mmuno- based Pandex assay.(ldexx; Westbrook, ME) follow ng the

manuf act urer' syferanendations. In the. Pandex assay, fl uorp&0ekozoros
pol ystyrene assay particles coated with goat anti- human 1gG y-chain .

Ina a Fi T conRak AR peEss HiRQRDuRrRIEOR: RERETE RReSIE "Vl e

to detect bead‘\ﬁEGlPGl'ré&CW%GF#{ﬁ%_naWE&ﬁFPIfHS?UWEG@hma wer e

included in the assay for calibration. s inthe top. 3% 7-11% and

15- 19% pool "weichirheriddnolbouipr eshiistingSEb Me dirstligd@omirB6f MEGBR22
pg/ cel |/ day, .respectively. Thus, there was a correlation between cell,

sbrfage 39 15 fused rod® vecoxl ik Hopmirof/ \WWEGFB22eBichseshen Juaethitag and
specifi-c protein pro tjon. This result  suggests that jndividual cells

t hat ei(p.resi g%%&gﬂ%d%mew%@ lb%ao‘gﬁ-ﬁ\eﬁgdnﬁ cP@o?%ﬁ'%ﬁ‘%@fl-_lsghat
wer e stained. br, S e - = n 1gG .
(H+L) F(ab')2 F'b%@ifrgﬁg 8%’“%}‘619{)?&]%%@2@?%Egéﬁg%ggﬁéggo%@n@i n RGCL:
10 ILIL To di r gstdaragrmmet iskcer Aisedl fo tlecey FOIGRRRY alr fsec! onal cel |
lines with high level secreted protein production by our. nethodol ogy, -
clonal 4SC622 mpiaghidsnthecgbhe fomie VEGH Jeaeisatieven bydhe RBIY-MAECL cells (4

X 106) were transfected with pEEl4.1- 622, and selected for two weeks with
25 gM MBX to olpremeter podla glutamine tsybihetasampinigans, i wRichMpalpesi st ant

cells were - pooled-and in ted with 1 /m hupman | for. 18 haurs, prior
to staini n’dB :-registance to H‘&? s expressednHJr' selection of gs?able in -eg_ra%on- P |

S events. __—F{GC1 cells were transfected with '_either' of these plasmids
- and grown in medium contaihing 25 uM MSX for 2 weeks to select for
‘cells'- in which the plesmid has s_tabiy integfated. MSX-resistant_ cells
were incubated with 0.1 ug/ml Ig2a and mouse 1gG3 for 18 hours.
15 prior to-staining with 1.5 ug/ml polyclonal FiTC-Conjegated.anti--
' humae IgG (H+L) F(ab’), fragment. Cell were.s.tained for 1 hour then -
washed twice with PBS prior to flow cytometry. Sin.gie cells Were |
- sorted into 96-well tissue culture plates from the pool of cells
| whose fluorescenice was among the highest 1%. The ceils iln- '
‘2'0'7 .individuel‘-wells. were expanded and their prod'ueti\'rities. were ‘
l determined by Pandex aesays..’FlG. 7 shows that -FIGC.-deri'ved. clones
o 'Aexpres‘sing both .hVEGFRm? and hVEGFH1R3 had- higher specific ., -
productivities and were isolated by -screening fower clones as
corhpéred to the 'highest-expressing”hand-.picked MSX-resistant

25 colonies.



W th PE-AGL84. Six cells.from.the top 5% gate, as determ ned by - flow
cytonetry anal ysis of cell surface 4SC622 staining, were i1gQRtRMsand
expanded. 4SC622 production fromthe six clonal |ines 20 was determ ned and
conpared to 4W0ﬂﬁgdUCt|0n from cl ones obt ai ned by hand- pcekjsmgmos _

sel ected-colonies followed by dilution cloning and anplification. One RGCl
-derived cl one W Rroduced 4SC622 at 12 pg/cell/day .(FIG 7). This

l evel is sim IE?‘ Phat of the best 4SC622 producer isol ated by

hand- pi cki ng and anal yzi ng 25 2,700 cl ones. Thus, conpared wth

hand- pi cki ng col oni es, the. nethodology outlined in this invention proves

to be far noreCekfdurfacestolina higS s Eceagged paoteire isointerpatizedibynRGldducer s.
15 July 2005 WO 02/ 057423 PCT/ US02/ 01208 VF(' Tr ap Plasmid s pTEO80 and
pTEO81 encode the genes for VEGF Traps, hVEGFRL R2 and hVEGF Rl RS.

hVEGF-Rl R2 t f
NVEGFRI  f ugéih?evt?he"&%a&& BoliseaRRTR Rl AR et S e (o

the higl FC d t f th
first Ig domai I8 5d. *V%%@aétﬁsﬁfﬁb@%!%%&gﬁﬁgéﬁ‘aﬁ%%h & which
I's then fused bou ﬁ&‘ s@@%q g%m' ASCEB21 &S 8ddel a6 RAE 1, célefagenaolior - t he

VEGF Trap- is driven M E -pronoter and a gl utam ne synt het ase

m ni gene, whi cbneqnéﬂrtaeléblrseaneséameematetgsmodessegptoemszer sel ection of
stable integration events. RGCl cells were transfected with either of
t hese pl asm dsimmandsigiriag with r%tﬁﬁﬂ%ﬁndlfﬂﬂ\ﬂhg?ymﬁwmw%ia PPeels to

el 15 wer 19 nlismeele Haince posiyenion goh sarata et P EIGL Bhe hour o 15
heshed tui oo wAT RSy Do %ﬁgﬁ?'ywéﬁeﬁd%@@%é? ogite oY, hoer
. then the cells were washed and incubated in culture medium without
480622 with PE-AG184 for 18 hours. Flow cytometry analysis
_ toltewing immunostaining for 45C622 showed that 9% of the cells
15 ';retaihecl 48C622 on the cell surface (FIG. 8C). To further _
"charecteriie the loss of su-rface-bound 450622, purified 45C622
| protein was added to the media of RGC1 and parental CHO K1 cetls
| then levels of 480622 in the media were. measured over time.
Flgure 9 shows that 45C622, added to.2 pg/m! to the culture media
‘2lO ~in a 10'c-m plate, was significantly' Iowet in RGCt conditioned medium
| _ after 3 days mcubatlon as compared to the CHO Ki1 control. These
results show that the. concentratton of 45C622 in the culture
medlum is reduced by the presence of hFcyRI on the cell surface .
_ _‘ The results suggest that the depletuon of 480622 from’ the media
- 25 | ~was the result of hFcyRI-48C622 complex mternal:zat:on This
| mternatlzatlon of receptor-ltgand complexes may - facilitate the
B effect:ve removal of all 480622 from non- expressing cells in the

presence of blocking 1gG dunng the 18 hour blockmg step. |
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sorted into 96-well tissue culture plates fromthe pool of cells whose
fluorescence was anong the highest 1 % The cells in 20 indiy 5 =wel |l s
wer e expanded and their productivities were determ ned by. Pandex assays.
fl1G 7 shows t®algRezderived cl ones expressing both hVEGFRcrRRoviths
hVEGFRL R3. had hi gher specific productivities and were isolated by

screeni ng femeé ghﬁﬂgs 5as conpared to the highest-expressing hand-pi cked
MBX- r esi st ant 2% onfes. 41 1 5 July 2005 WD 02/057423 PCT/ US02/ 01208
Exanpl e 4 Cell surface-bound higGl Fc-tagged protein is internalized by
RGC1l: 5 hFcyR is known to induce internalization of its cell surface-bound
li gand. To anaCyastridtisinhei CRECK1ced!l ineowith indueibleahFeeRkexpresgionace- bound -
450622, 1 ug/m 4SC622 was added to RGCL cells for 1 hour -and then-the -
cells were imrediately processed for 4SC622 irnnunostaining with

" PE-AG 184 and f| t omet ysis. 93%of 10 th i ned positive
for cell sﬁihf atEl® %v 3 Og%f{%sangﬁzmwg%éﬁg(ﬂiﬂﬂ '?eﬂjéﬁ# g%@égemggzh;e\ée

to RGC1l [1s f 1 ted i

ol ture e e e S5y R BhlSal e R SE 800y AR U, Ty

analysis foll %gei rﬂe@iﬁ ed ?urFé§é5%§ Pa%%dt B?Bteﬁloé) Qfﬁeﬁ he cells

15 retai ned 4S on t he sur ace further

characterize thg logigeaf
added to the nedia of RG% and parental CHO K1 cell s then | evel s of

45C622 in the ggsheasingcallsn®esidrissh 1ﬁhEFf@,¢HIFe)gJIess®nsﬂmM behat 4SC622,
added to 2 jig/m to the culture nedia
10 1nh|bsted during the productlon period. To thls end, a: CHO K1 cell ime
in which the expression of hFcyRl is induced by tetracyclme or the |
analog doxycychne,_ was constructed. - In this sys_tem, CHQ K1 celis
were'first engineered to express the tetracycline rep'ressdr protein
(TetR) and hFcyRI was placed under transcrlptlonal control of a
- 15 promoter whose activity was regulated by TetR. Two tandem TetR
-_operators (TetO) were placed _mmedsately downstream of the CMV-
M.I'E promoter/enhaneer in pTEO84 to generate pTE158 (FIG. 10). |
Transcription of hFcyRI from the CMV-MIE promoter- :n pTE.'iSB'was:
blocked by TetR in the absence of tetracyclme or some other
v : | 20 “suitable inducet. in the presence of inducer TetR prote:n was .

) . . mcapab!e of blndmg TetO and transcr:ptlon of hFcyFH occurs

CHO K1 cells were transfected with 'pcDNAsz R, a-’plaerﬁid that -
confers resietahce' to' blasticidin in which ex‘p'ress.iofn of TetR" .
'- 25 originates from the CMV-MIE promoter (In\iitrogen' Carlebad CA)
- After two weeks of select:on with 2.5 ug/mi blasticidin (Inwtrogen) _
the stable transfectants were pooled. This pool was then B
transfected with pTEi58, a plasmid that confers ressstance to

. G418 in which the express;on of hFcyRi is dependent on a CMV-
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;e%t:ﬁ@ﬁn@qnecbéb‘ﬁéi@& rdwihl by e;hgfirﬁsma hHUyBIIel n.was



in a 10 cmplate, was significantly [ower in RGCL conditi oned medium after
3 days incubation as conpared to the CHO K1 control. These {segy)dgpsshow
that the concentration of 4SC622 in the culture nediumis redudced by the

presence of hR Qpsthe cell surface. The results suggespciRgiiie
depl etion of 4‘@@‘? ‘Pr’omthe media 25. was the result of hFcyR -4SC622

conplex inter lzation., This internalizatian r -k : | exes
maly‘I facili ':1 at ﬁ{%&(éfq%@\%om@?ﬁfvaﬁﬁgfc f% Cﬁg%%ﬁ’%ﬁm‘oshécg%%@gmg :
cells in the f b ' i kackid tep. .
32 15 July 2000 A o HeTh G R R R P WBM S BTRST O o
K1 cell lines g/ biastiesdin! @r hllécmﬁ%;(s e pesiean: TheFpeoy wys dmtucey- foased -
aut ol ogous secretion trap methods that utilize the hFcyR allow rapid

i sol ation of Hvghdaypbgsthicoadditiomed.1 poel doxydyclinectien stained &dth ur nover

of Fc-tagged proteins, then the realized production of the secreted '
protein by SendiliEehEd thFHdgmify esils thedigxgress hEcyidll dhedoRidyhd¥ GellShFcyR

expression could be 10 inhibited during.the production riod. To this end,
a CHO K1.cel | @xpsessing Mg were eslisetesspp QO'WEW‘G‘%@? rn@ﬁ’é‘é!ﬁ By

tetracycline,. or the | og doxycycline, was constr his
system -CHO th:@e@qsse%r‘gpé?’ﬂg‘tyc@?%i%dﬂ“’@&é ta(gagg(ﬁfaéggd tleﬁé"eﬁ «LI(#QE c,:'?ne
repressor prot ‘he " i t b IP I
control of a 1@’ g‘?%%ﬁ é&%ﬁ%&”@%ﬁﬁvi y-\/\tgéa?ggﬂllﬂgt@ g‘d'.‘-ﬁ?‘a-'?g%‘_'m%"ﬁo%? andem
TetR oper at OrielaldhpieerataRach e abahun ¢ontahngamiaiml of CW- M E
pronot er/ enhancer 1n pTE0O84 to generate pTE158 (FI G 1%). ~ Transcription of
hFcyR -from t hfoxp/ciMeE o aifebetays FRELSGoIWRES then stained for the

- presence of hFcyRl and were isolated by flow cytomefry. Cells that

i ]
p P
p—

" expressed the highestrlevells of hFcyRI (top 1%) were sorted onto 96
wéﬂ plates at one cell per well. These cells presumably contained .ce.ll
'that had low non-induced expression levels 6f FcR1 and high ind'uc'ible.

15 _‘levels' of FcRi. After expansion, the induction of hFcyRI. by

- doxycycline in 20 ‘c_!ones.:_was confirmed by immﬂnbstaining_-with
FITQhFc and f_io_w_'cytométry. One,clbne was chosen for further
characterization and was named RGC10. FIG. 11 shows that m the -
ébserice of ,dd)'(ycycline'F{Gmo-did not exbress detedtabie‘levels of :

20 hFoyR, whereas high levels of hFoyRl were observed in cells that

) __ - were induced with 1 pg/ml of doxycycline for ihree_'days. The mean

fluo'rescenCe_ of RGC10 cells increased by more: than-1,000‘fold P

after induction by doxycycline.



bl ocked by_ TetR in the absence of tetracycline or sone other 20 suitable _
i nducer. In the presence of inducer TetR protein. was inca,ga‘}g,\ye%db% bi.ndi ng
Tet O and transcription of hFcyRl occurs. CHO K1 cells were transfected with

pcDNAGI TR, . a hat confers resistance to bl asticidi i
expr essi on of &a@ % originates-fromthe CW-M E pronpter &dr}!\}ils\tﬁg%%%n;

Carl sbad, CA) After two weeks of selection with 2.5 ug/m blasticidin

(1 nvitrogen th@xﬂ%\_eestransfect ants were pooled: .-This pool. was then
transfected with pTEL58, a plasmd. that confers resistance to 418 in
whi ch t he expressi on of "hFcyRl is dependent on a CM/ 43 15 July 2005 . WO

02/ 057423 PCT/ @&%%ETE@%EQ; Fﬁh@.@ﬂ' ocel I's consecutively

transfected. wt pCDNAG/ wer e .se cte wth 400 ug/m (418
and 2.5 ug/m bl asticidin for 12 days then pooled. The pool was induced
for two days by the addition of 1 g/m doxycycline then stained with

FI TC- hFc t 05i deRGGH0 cell$ svereatransipctesks witRcpRE14Th622 o pnd oMEX-resigtant
expressi ng hFcyRl were col|lected as a pool expande%ﬁf 6 days . in -the
absence of doxy€§/& weee parledaafier é@'&?ﬁo%t"‘ﬁ hea Wit %Cf “é&" St he

presence of hFcyRl

expanded i n cul %W@Sﬁ’&!ﬁ th%m%gwﬁﬁﬁﬁﬁ'i"‘sﬁi‘fgbmé‘%fa% ﬁe q:‘ l)(ract ﬁ(rjegnd .

days. Th |
faarated by fl o%&ﬂﬁ” O ANBHAE, (BaiR TOE R gl Cy@heiﬁ% WS of
hFcyR (top 1 9 aé@é&?@tﬁé‘t&m@% rﬁ%:um%c%tﬁﬁnr?é d@ﬂﬁcﬁ:ﬁhé er vell.

These bells pre umab y contalned cell that had | ow™non-1nduced expression
| evel s of RoR1 l@mlﬂshp@dst tngtathinewith pdiyolensl BITG-cBhjughtedanésueman on, the

: nduction of hFIE(/':‘[ H {) Fczgé%c E(‘:I i net i nd 20 (!:Isosr.lebs %Ii\gvﬁ cc?gr;gtr rred_ (?g/”.s
m\mnostal ni ng + ragment and anaiysis by y ry.
that expressed the highest levels of 480622 (top 1%) were sorted
_into 96 well plates at 1 cell per well (FIG. 12C). Figure 12B shows
that’ wuthout induction othcle expression by doxycycliné,' staining o
.15 | wifh poiyclohal FITC-conjugated anti-human IgG (H+L) F(ab’), |
| fragment fails to -detect ‘cé‘i[ surface bound 43062‘2. Sixty clones
were expanded in the absence of doxycycline. FIG. 13 shows the
specific productlv:ty of the 13 hlghest producers as determined by.
'Pandex assay. “The specific productivity -of cione 102 was 17.8

. ﬂ.;' R  20 pg/cell/day, sngnlfacantiy better than ‘the 12 pg/cell/day observed."

) A .for the best 480622 cell [me prevuousiy isolated usmg the

. unregulated hFcyRI cell lme RGCH.

25 'Ex'a.mple 7

- Sp2/0 myeloma cells can be-'engineéred to express a cell surface - -

capture protein:
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FI TC-hFc and fl ow cytonetry. One clone was chosen for furt her
characterization and was named RGC1 0. FIG 11 shows that ijg Jrugezhogbsence
of doxycycline . RGCLO did not express detectable -Ievels of FcyRl

whereas hi gh | guels ?fz hFcyR were observed in cells that wWekudeRgaeed -
with 1 g/m of oxy€y4c ine for three days. The ‘Mean fluorescence of RGCL

ce: s i ncreasegri%%ng%nbg%ﬁor%?%f Ol'I(AE&Q;ﬁ&'EI nd Clﬁﬁeg[v'q b e&fﬁe&yecd 'We. - 15
July 2005 WO
45C622- pr oduci i tﬁ/gxé drbgg%#({yﬁmtmonmo '!h% Yhtdio c?@é“%&éFétEﬂ'\ with

pEE14. 1- 622, an resrstan cel wer e pooled after selection with 25 M
MBX for two Wegls, mefiidd %%léﬁcbne&m@ﬁeyﬂu WRSs bitirapdnhyHDIeTREdjdrieon of 1
g/ m of doxycy ine to the 'ture medium for three days. One ng/m rat .

| gG was added tor hFeyRUWasr itrogdcednisionthe myeg)rdaxee:lb/bylneeroﬂctsallo hour s

prior to staining with polycional FITC conjugated anti-human 119G (H+L)
F(ab') . 2f r agnennfeation.anbé ydasmidypt XBN (Slootash: )PaI@eﬂ-itCs Cé\haﬁ reik@yieised. the
hi ghest |evels of 4SC622 (top 1% were sorted \tnpt% wel | Iat eﬁ at -1
cel | per wel | ON& vepzfe)w ﬁregurae 9ene GhENErest AY Wer ROUESSPREm dReof

hFcyRl expressiaon, b cI i ne. st D 0 I o
FI TC- conj ugat ed’F’&HP?’”hMR ?b@“ﬂ q_fgﬁ%ggg)‘éas%i@rﬂ ‘%H’?%E ﬁ%g)eta& det ect cell
surface bound t

doxycycline. Fl Wvﬁowtﬁoﬂ@%gc | S‘S%?o gigﬁ?/ﬂa% rg ?ﬁ?%@éﬁggﬁest
producers as dQﬁ@rHFdZﬁd vie. PEngl @ X368 BpYXhd herapesnt! IromppTEOS4,i vity of
clone 1 C2 was 17.8 pg/cell /day, significantly better than the 12

py/ cel | / dayloobemoveihg thef mamaheFdyEs ed€CB2S dlendd intadheiéhd beisd pf i sol at ed

usi ng the unregul ated hFcyRl cell |ine RGCL:
- pLXRN A plasmid in which hFcyR! ¢cDNA expression was dependent on -

the MoMuSV LTR was chosen and named pTE255 _(FIG. 14). '

" Pantropic retrovirus for the expressien of hFele was generated
+ 15 essentially following the manufacturer’'s guidelines. The pec_kaging
¢ell line GP-293, a HEK 293-based cell line that stably expresses the
viral gag and pol protems (Clontech Palo Alto, CA) was Co- _'
transfected w:th 10 pg each of pVSV- G and pTE255. The plasmld |
pVSV-G aliows expression of the viral envelope proteln VSV-G that

. 20 confers broad host range upon the infective particles.
" Construction of Sp2-hFcyRI-4:

| .The' pantrbpic hFcyR-I 'retfovirue was used to infec’t 1x107 ‘Sp2/0-

25 Ag14 myeloma cells (Amencan Type Culture Collection; Manassas o
VA) at a multlpltclty of about 10 mfectlve particles per cell Three '
| days after infection, cells were stained for_ 1 hour tnen washed
‘twice with PBS prior to analysis by flow cytometry. Those cells

. expressing hEcyRI, as indicated by bound FITC-hFc, wére collected as
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25. Exarrpl e 7 Sp 210 nyel oma cel-l s can be engi neered to express a ceII
surface capture protein: .45 15 July 2005 10 WO 02/ 057423 RETy,}yShdk501208 In
thi s.exanple, the Sp2/0- Agl4 nyel oma cell line was engineered to 'stably
express hFcyR _tao nonstrate that the autol ogous secretion Y od
was appl i cabl ewtooozlggwp lines other than CHO The gene for Pﬁﬂ%ﬁﬂﬁ%ﬂh _

i ntroduced into the nyel oma cell by retro iral inf Lon,, The asm d
PLXRN (Cl ont ecd; Pqﬁéltly fpwytemptrys” Flae 90 r‘%ﬁs emﬁ%@ﬁ%ﬂ%ﬁgﬁﬂhea gene of -

one! o o BRSBTS MRS B IR PprR om v e
retrovirus encg&ié}g%d t% ﬁgﬁﬁﬁ%ﬁﬁspﬁﬁ\éﬁ%té’ B-F@Egbosgp[gdlcé‘ngaﬁg@t from

pTEO84, = encoding ned rnto the Xho | 'site of

PLXRN. A pl asni@iniradVihi £0% B RoviridNAerimratms | Dilbweso's deditied tEaghets t he
MoMUSV. LTR was chosen and nanmed pTE255 (FI G 14) Pantrorl c retrovirus for
N

t he expresss onmfdldrﬁqWEM)swgbn@ﬁa;/bg!ucmseeambmmbtl plutdroineckar @y t he
manuf acturer's gui delines. The H_ ckaging cell |ine GP-293, a HEK-293= based .

cel | 1ine thatweeks slaings witbek tQTBFCvﬁF‘QIthQa%elﬁin‘d'thPeﬁ? JlGreRceneont ech;

Pal o Alto, fecte

The plasmnid p(?SWBGtQﬂ ﬂj?,\g?éli%rpggyﬁaaw tgef%glwwgﬁ@? %ﬁ q?gﬁgfjnp;r/g\z/%
oottt o ShRDABANSEH, SR LD ARt Wcdriin® tR?yeﬂo%rctytcﬁhs for

Const ruction o pantT opi ¢ retrovirus was used to.
Infect 1x107 Saﬁpﬂr%smn of hFcyRL, as described above, and one clone, Sp2- hFeyRI-

10 4, was chosen for addmonai character:zation (FIG 15).
Isolation of Sp2-hFcyRI-4 cells expressing 45C622 protein:

| | 'sz ‘hFcyRI-4 cells (1 x 107) were transfected with pTE209 (FIG.
| 15 16), a plasmnd ‘that. allows constitutive expressmn of 450622 from
.the CMV- MIE promoter and confers resistance to hygromycm The |
| transfected cells were placed in medium containing 10% FCS 90% D- '
MEM and 400 pg/mi hygromycin for 14 days. Hygromycm resrstant
cells were mcubated wnth 1 mg/ml rabbit 1gG for elghteen hours
| 20 - prior to- stammg with polyclonal FITC- conjugated ant: human igG
) : : _' (H+L) F (ab )Zfragment Cells were stained for 1 hour then washed
_,twrce with PBS prior to analysrs by flow cytometry Labeled cells - ;
were collected as a pool by ﬂow cytometry then cultured for 5 days
) | and sorted as described above Cells from the expanded pool that .
2'5 rbound the most po!yclonal FITC- con;ugated anti-human lgG (H+L) F
" '(ab )zfragment, top 1% populatlon were then cloned by single ceII
- sorting (FIG.17). Production of 480622 from ten cl_ones was
, .arl_a!yze'd'_.by ELISA'and all 10 clones were rf_odnd to-express 480622

.y .

_clone 5H11 produced 48C622 at 0.5 pg per cell per day.” Thesé data -
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25 Agl4 nyel oma cells (American. Type Culture Collection; Manas'sas VA) at a

multiplicity of about 10 infective particles per dell. Thr &I{a%@ after
infection, cells were. stained for 1 hour then washed tw ce BBS pri or

to analysis by flow cytonetry. Those .cells.. expressing h 02/02%8
i ndi cated by b¥AH q‘:“fl‘yfc-hFc were' collected as 15 July 20056@021057423

PCT/ US02101208 a pool by flow cyt onet

then agai n_ sisfioves Wathoenee. sasotng 25092 AS Rt tiRRbiie L d:ys ._
T0% forl bovithB Suokiacks FesTESNTA mARoR ALk HetEEbgenatfis pobitbl ti Bd 11

with 4.5 g/l 0 t Fisaicenrs with h

FI TG hFc, and %?ze wf%m%gg% ?ngtégfé'ggn%esb?ﬁﬂ?ge top 1 % of the
popul ati on vverFET jfa?)gted by single cell sorting. After expansr on, 24 clones
wer e exam ned by ow cytonmetry for expression of hFcyR as descrl bed
above, andspne clone, Sp2-hFcyR . 10 4, was chosen. for addl tional
characterization (FIG 15). Isolation of Sp2-hFc -4 cel Xpressing

Rl
4SC622 pr ot ei nTo SezfinAcirt 45G623 sWE(SlaiétqemU% Ft'?té‘tf%foé'chb"d 8f€ pTE209
FIG 15. 16 d _that. all t f 450622
from the' o/ By Bl cels sarassa. BT S5EER2, Hld hEofRiE dage 8hudy, 259022
t fected cel| 0 9 MEM and.
400 g0/ i - nyor g dfFLfyBY 35 1, T HBLE 36621 19 nbtite theh StlMed, N ot ed
with 1.-ng/m T@ﬁﬁ'ﬁlTbg&rggﬁat%H%tﬁﬁﬂnmU@@ (QQLPfP(%Z)Jf@aeﬁémnaﬁc wth

pol ycl onal conj ugat anti - human )2 fragnment. Cells

~were. stai f(ﬁd foRRd lichaigpldyheall wastaed 4$@622 V\BEbreEBS profedn was anal ysis by.
flow cytonetry .. Labeled cells were colleécted.as a pool %J ow cytonetry
then cul t ur ed-dieplayedayder spanditionsetn wdhicke swissHead 'é‘lo‘O’éS Q@‘g’t PYom t he

expanded pool ;a%%t[t IgG, demonstrating the autologous display of 45C622. These

data indicated that the autologous secretion trap method described
' above was not limited to CHO cells and may be extended to myeloma

.15 and other cell types as well.
Example 8

A Protein G chimeric protein can function as a cell surface capture

20 protein:

To demonstrate the ':appticaticn of the autolcgous secretion trap
R method to a cell surface capture protein other than hFcyRl, a cell
._ line expressmg Protem G was constructed Protem G, from the
25 Streptococcus strain G148, binds to all human and mouse IgG
| subclasses and as such has utility for the isolation of recombmant
L cells expressrng antibodies or 1gG Fe fusron protelns To 7
demonstrate that the Prctem G lgG Fe bmdmg domam couid be used

.y

7_ as. & cell surface capture protein capable of brndmg to- all- human and
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25 bound the nost polyclonal FITC conjugated anti-human 1gG (HtL) F (ab")2
fragment, top 1% popul ation, were then cloned by single celqs dosng '
(H 6137)I Pr Oductio? of 4SC622 fromten clones was analyzed .by ELISA and
all 10 clones were found to express 4SC622; clone 5H11 pro 4, 22 at
0.5 pg per celVOBEP#Hay. " These data 47 15 July 2005 V\!pD O%ﬁg’gjg%%z%g |
PCT/ US02101208 showed that clones secreting 4SC622 were efficiently

i sol ated by tmeousel@Boyheiasses: we emsiiugiedatGlde kine @XBressing 8geneous. pool

SITEZS'Q:. *5°T0. F&ﬁﬁe?i%r?er% ER smpiaihof 1 SeogBrzy Ml &) rolih Ge "sur t ace
(0] el ona ce ‘ ‘ . |

“ncubat ed i t niuseP AR Yehsfeiiind and eyl difarll £ vas
FITC: conj ugat efk@nfd): MRBEY il bomBirabt PRoeROTPBbntaRfEltr#Bef OUNd o

di splay cell surfac S¢ ted protein was I spl ayed under

condi tions §n Mhnslbgeuasepbardbngsvasird acidedohy (Gusshet al.g(3986) _ ‘

dermonstrating. the autol ogous display of 4SC622. These data indicated that

t(:lrjl(e‘) ault Iol _ogogsEvmrétiﬁﬁV_tandp Sielorng eti@bc (1980 J.aBiekeChem. #86:39%i ted to
cells and may be éxtended to e . 15 and_other_cel| t s as well.-

Exanpl e 8 A Praft ieﬁct‘sréﬁ?%'ﬁi(@ﬂﬁbg@* ﬁ{%éﬂg Of‘%ﬂﬁgi o af ﬁne@lv¥q§ﬁr.face |

e 2 SRl RIS B I CO,  SRBS
a cell line expifisfi BNATQRHiEh hadigriap BehiRsS FonkiRé thouse RORM t he
10 gene was fused to the Fc binding domain, amino acids 303 to 497, of -
Protein G (aécession # X06173). This synthetic DNA was generated
by a combination of oligonucleotide annealing, gap filling, and PCR
amplification. The Synth'etric DNA 'Was_ then fuéed, by. PC-R,'_'.tQ DNA .
encoding the transmembrane and intraceliular domains, amino acids
L15 279 to 374, of hFeyRI (accession M21091). The resultant DNA
éncoding the Protein G/hFcyFiI chimeric pr’ofein was cloned into |
oTE158 downstream of the CMV-MIE promoter, replaCihg {he gene
- encoding hFcyRl, to yield the plasmid pTE300 (FIG. 9.

o 20 . A CHO Kt cell line adapted to grow in serum-free r:nédium,. RGC14,

' ) R WQS‘t}ansfected_ with pTE300, and after three days 400 leml

| G418 was added to the culture medium to select for stable :
integration of pTE300. Two weeks after the _Start of selection, the
cells were étained w_ith FITC-hFc tb identify '_de!ls that 'expr‘esséd,'

25 hFcyRl. These cells were analyzed by flow c_yt_‘ometry and éélls o

_'expres_éing- hFeyRI rwére col_lected as a bool (F!G 20)." The cells were

expahded -fo_r 10 days and the population of cells expréssin_g hFchi' .
was .-again' isolated by flow cytometry. 'The‘_ cells W.ere a‘gain.,,__ -..__,,,  L

- expanded, stained with FITG-hFc, and single cells oxpressing high

9



25 Strept ooocous'str_ai'n ‘G148, binds to all human and rrouse' I gG subcl asses
and as such has utili ty for the isolation of reconbi nant @mr essi ng
anti bodies or 1gG Fc 'fusion proteins. To denonstrate that th Protein G

| gG Fc bi nd| ng ¢oul d be used -as a cell surface captu

capabl e f B’lﬂg%ng to gall. hunnan and 48 15 July 2005 V&ﬁs%ﬂg@%’% o
PCTI U802/01208 noyse .l constructed a n ressing a
chinmeric prot eI]‘F'I %rﬁgrtﬂgeéjmg?mt ﬁ@ﬁ's%%%eﬁ& G &@pnweaqe ﬁpiﬁtg‘ﬁrpvﬂo‘l’vused :
to the hFcyRi %P‘or I Rrena‘ )

bi ndi ng domai n cé’?d}ﬁ el §fﬁ@@§§ Iéa?'tr]léstagﬁr a)rgsﬂ rroog %‘Eﬁ%%eba?ghgf

ani no_aci ds | onigee Qe intg! modiuh&binp oeuacz;ﬁmwetaneoﬁh@bgernm eéoeel

(1991) J. Biol. Chem 266:399) and each repeat is capable of binding one

| gG Fc. To i nprHam'st A¢2, argr4s ugnnioGA-tHSL s Afteirneeiol wegkstirtubationCH® cel | s,

we constructed a synt hetic DNA in which the si gnal sequence fromthe nouse

RORL 10 .gené wadpriassweera examéndet fdyi bidding wohavme g pteseotdtﬂms to 497, of

Protein G (acceSS| on # X06173). This synthetic. eneraﬂad by a
combi nation of Cft P@Q)W&Q'%t b)déia'%‘ﬁﬁe‘é{lth erch%‘?JnIPQ?tleﬂnﬁnt“ AYne

Ee 1 anarenr SEB5 GRS LAY SgbRET s oo Rt BRSPS o
hFCyRi (accessiggy B!'Zi#ﬁl)o $MGoné SHEAR ¢ t§|%8cbd§tniehﬁntﬁrtﬁ¥se'n G hFcyRi

chimeric protein was one into pTEL58 downstream of

promoter, repl agitibgd hﬁageﬂﬁbseﬁﬂfmdIthélfFQ;Y@raetteﬁzall@fhd the pl asm d PTE300
(FIG 19). 20 ACHO KI cell.- line adapted to grow.in serumfree medi um

RGCL4, wad0transfected with pTE300, and after three days 400 gg/n (G418

was added to the culture nediumto select for stable
lsola'non of expression clones in RGC18:

RGC18 ceils (6 -x1'06) were tfansfected with pTE209 and selected
for integrafion of the plasroid' by bgrowth in 400 pg/mi hyg’romy_cin
.15 for 18 days. Hygromycin-resistant cells were incubated with 1
‘mg/ml rabbit 1gG for eighteen hours prior to staining with .p_olyclonal_
FITC-conjugated anti-human 1gG (H+L) F (ab'), fragment. Celis were
stained for 1 hour then washed twice with PBS prior to analysis by
flow cytometry (FIG. 21).. ‘The miost fluorescent cells (top 5%) were
20 isolated by'sing_le_'Cell sorti"ng_ and ._expanded for 3 weeks. Ten c,[onee_'
N ’ | were examined for 45C622 secretion. Al olones t'e.sted-secreted
- 450622 at high level, and the best clone, RGC19, had a specific
' 'produCtivity .of 6.4 pglceli day. This result demonstrated that |
45C622- expressmg cells were ' effacnentfy isolated from a |
‘2.5: heterogeneous pool of cells derived from stabie transfectton of
o RGC18 w;th,pTEZOQ by the autologous secretuor_z trap method. |
Furthefmore, these data ‘c_iearly demonstrated that a-fr_agr'ne_nt_ of

- Protein G could be engineered to include a sighal sequence and
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integration of pTE300. Two weeks after the start of selection, the cells
were stained with FITChFc to identify cells that -expresseqsgf‘éfy%@ Ri. __—
These cel'ls were anal yzed by flow cytonetry and cells expressing hFcyRl
were -col l ected_as a pool (FIG 20). The cells were -expanded ng‘ES 19 2?6‘3/5
and the popul atY&#%Bf**tel I's expressing hFcyRi was again i sol 2t 8By ow
cytonetry. The_ cells were again. expanded, stained with FITC hFc, and
single cells eXgneswimiyanegtomsin sarmx fynctizns ape ¢ellosyiace peptso2/ 01208

| evel s of the Pro%ei n G hFc7R chinmeric protein were isolated by flow
cytonetry. Sin§f€%Bi s that stained positive for FITC hFc binding were
sorted into medi um conposed of 10%fetal bovine serum .90% .Hams F12,
and 400 gg/m.G418. After .two weeks incubation, 48 clones were exam ned
for binding toTeobafn IIPASESLD Whs tdifiologeubly GispRAicdToRYthet Surfddeg Wi th
FI TC-conj ugated anti-bovine 1gG F(ab')2 fragnment (Jackson: | nmunoResearch
Labor at ori es, \RGGHOveellsRépressiagdbathelroRa018/HtyRI sthamedd grotaini ve with
this antibody was chosen for further characterdzation. 10 |Isolation of -
expressi on cl orad 4HCEEL1BGAIRECHasciniclbaled withe) ma/md rabhitdpeetasdl 8 t h

pTE209 and selected for integrat]j of the plaspid b r i\n 400 g/rﬁ- -
Pyoronyeln 15 FOH hempiained fionb i Gropatbetdhantten il Hidlat ea with
.1 ng/ M rabbi t,] ' e ri Q al, Ni- Bek A ¢ | ycl.onal '.
FI TC- conj ugat eé:(éﬁ?? 'fr%ﬁmghp pbg M%ng b?a‘_rl)&? Zéy?c?@éﬁght ﬁ%(geﬁ fs& e\agrvg&-bst ai ned
for 1 hour thef,R3bgRstuts @ett diHdtRS4B0622 LAd@NtHasw BoMitiohs W Cytonetry
(FIG ~21).. The nost. fluorescent cells (top 5% .were 20 isolated by single
gel)_l sorti.ng amhiehparsieiteting Jaschlbsked &y rbbitelgG, suggesting :
7 autologous display of 45C622 (FIG. 22). Rabbit IgG effectively
blocked binding of exogenous 45C622 protein to RGC18 cells, but did
~ not block display of 48C622 on the cell surface of cells expreésing_ 3
45C622. These data demonstrated that the properties of the =
. 15 Protein G/hFeyRl chimeric protein were similar to those of hFcyRI as
" a cell surface capture prbtein,_ and suggested that the autolc_igo_us -
~ secretion trap method can employ other proteins as celll_ sur_fa_ce _,

capture proteins.

20 ' Example 9

\_\ i

“isolation of antibody-producing cells from F{GC10:_

~ To demonstrate the-ut'i!ity of the a'utoiogoLJs 'éeCretiongtrap. method
o 25  for the isolation of CHO cell lines that express recombinant
| antibodies we cloned the DNA encoding variable light and variable
heavy genes from the KD5 hyb_ridomé. KD5 is a'hybrido'r_na that
expresses a mo_noclbna[ antibddy specific -f,or.‘the 'humran_ '_Ti_ge-‘z_j L

~_receptor. e e a

51



were examined for 4S0622 secretion. All clones tested secreted 4SC622 at |
high | evel, and the best clone, RGC19, had a specific prqgu‘ﬁy%qogy of 6.4
pg/ cel.l day. This result denonstrated that 4SC622-expressing cells were

efficientl y isQ roma 25 heterogeneous pool of cells 066 Hohd: om
stabl e transfecb?’%ﬁ’ﬁéﬂ[@%3 RGC18 with pTE209 by the autol ogousq‘s%{ecrg{}(luorfli trap

met hod. Furthernore, these data clearly denonstrated that a fragnment of
Protein G could be engineered to i ncI ude a signal sequence and 50 15 July

(Z:glol5 g?r?ii:fcﬁ%% "5@%@5%9 ! @ngﬂ‘?r Eﬁ%@% regﬂgbt{ ol ogoagl 38 ?

di spl ayed on t5en)6f AusPbpRER IA?UR?NR m&&etngpammt&’re i 8ingldiFcyR1
chimeric protein ang) 4806522 pRGCiFg)gvas |nc)l(1{bat ed Wi th ng/ lM?rabrgt s[€]

for 18 hours sthamded DA was hsyRtAdSizen]usied eiumnSCHanﬁa'et Byan@H- L) .
F(ab') 2fragnent and anal yzed by flow cytonetry. RCC19 cells were found to
possess cel§ sSynthesisaSgsem dﬂd&T-F@&epf@Bﬁﬁlwlﬂbn§0P9 Oflﬁﬂﬂﬁﬁbh

crass-feedi ng was bl oc ed by ug IrTS‘ qous dtspl ay of
450622 (FIG 2D§XarRgishi f‘Vtt@@‘?@fa'fE%tr%ET??lg %?%i%?é‘g’ ofOlR%Bgenous
4SC622 protein SC622  on the
cell surface o¥é®%é§88§ gf@@&@%c@&g@é ata Z%%sf&vaat%ed that the
properties of aﬂhenfné’d@tcﬁhrthﬁ aﬁﬂn% FTARIGIRg MR tRinferses’engiLN1l ar to those -
of hFcyRI as a cell. surface capture protein, and suggested that the
aut ol ogous s_ec_(ranttmgtrap met’hod can errpl_oy_ot her proteins as. cell ~surface
10 (5-CGGGCTGATGCTGCACCAACTGTATCCATCTTC-3)and3 -

- mCLK1 (237499) ‘ | ' ' ,

. (5’-ACACTCTCCCCTGTTGAAGCTCTI’GACAATGGG-S) The mouse

‘IgG2a constant region DNA sequence {(accession # AJ294738) was

- ,aiso,amphfted from this cDNA by PCR using the primers
15 F mCH2a(AJ294738)
': (5’—GCCAAAACAACAGCCCCATCGGTCTATCCAC 3) and 3’
o mCH2a(AJ294738) '
l ' (5'-TCAT'ITACCCGGAGTCCGGGAGAAGCTCTTAGTCG 3). The PCR
' products were cloned into pCR2.1 TOPO using TOPO TA Clonmg kit
'\‘ o 20 -(Inwtrogen Life Technolg:es Carlsbad CA) and the sequence of the' |
) " constant regions were vermed |
The KD5 varieble region genes were amplified by RT—PQR frqm KDS'_ ..
| hybridoma thA and:c!oned into pCR2.1-TOPO using the'heaw and
25 - Ilght chain vanable reg:on pnmer mixes from Amersham Pharmacia
Biotech (P:scataway NJ). The vanable heavy chain gene was PCR _
o ampllfted usmg the pCRz 1-TOPO cloned vanable region as template _' :
 with the primers 5' BSpM[IKDSVH N- term
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capture proteins. 'Isolation of antibody-producing cells from RGC10: To
denonstrate the -utility of the autol ogous secretion- trap gejﬁ 082 for
the .isolation of CHO cell lines that express reconbi nant antl I es we

cl oned the DNA encodi ng variable |ight and variable  heavy r t he
KD5 hybri doma. WRBE7€35 hybri dona that = expresses a nonocl o%gf g Ol@g]d

specific for the human Tie-2 receptor. 51 15 JuI 2005

fPCT/ usoz10120&5%6&&@5@@5@@%%%%5%@% @t&&oﬁﬁg@é@ oned
rom. 500ng of S YA+ RNA ,Cl ont ech Palo Alto, CA). Single
gtr?nde]g cDI}IR¢ %@r@yﬁ ﬁ@g*ﬁgb% ] E:ri pt First-Strand-5 Synthesis
ystemf or d)?,@@p $N¥igbsregen Life
Technol gi es, éﬁ?%éeﬁﬁ?g% m)use PLappaqu ght coﬁ‘gj\lt-rgtn{Wfi £“@gequence

(accession # 43 mag d % kdd Ceq-,é Bedl-H ePNfGRY doaRtans i he primers
5 nCLK1 (237499) : n %SGCT QCAACTGTATCCATCTTC-h??g)WandpS °
NCLK1, (Z37499)gdrké emwgtm@prmmmmm Bs3l/Cligs Nodeien | gRa

constant regi on DNA seqguence (accession # AJ29473 (TBI | fied
fromthis cDNASHEABRCGHTHGTCACASCEAASADCAACAG é@%&?@%?

(5" - GCCAAAA% CTATCCAC-3') and. 3' nCHZa(AJ294738)

(5 - TCATTTA GCTCTTAGICG 3'). The PCR - products were cl oned

into pCR2. 1- TCBQG?’!%@@TE%@G@C&E@WQWA@CCGGAGTCCGGGAGAA~3) This

fragment was then ligated into the Bsle and Notl sites of pRG882.
10 | The resulting piasmid, pTE317, was capable__of expressing the KD5
""" -_recombinent heavy chain gene, thSed to the mF{ORt '.signal sequence,
from the CMV-MIE promoter. The variable light chain gene was PCR
amplified using the pCRz.t-TOPO cloned variable region as template
with the primers 5' BsmBI/KD5SVL N- term (5'-
.15 GAGAGCGTCTCATG'CAGACATCCAGATGACCCAGTCTCCA—S’) and 3'
" BsmBIKDSVL C- term (5'- | |
: 'GAGAGCGTCTCACAGCCCGTTTTAT!TCCAGCTTGGTCCC—S’) digested
| wuth -BsmBI and ligated to the Bsal-d:gested kappa constant light
, gene PCR fragment amplified- with the pnmers 5 Bsal/CLK N- term
: 20 (5- GAGAGGGTCTCAGCTGATGCTGCACCAACTGTATCC-S) and 3
_ ” Bsal/CLK C- term (5— _ ) '
: GAGAGGGTCTCAGGCCGCTCAACACTCTCCCCTG‘ITGAAGCTC'ITGAC-
‘3) Thas fragment was then llgated into the BspMLI- and Notl sites of
, . pRG882 The resulting: ptasmid pTE316 was capable of expressnng '
'25. the KDS recomblnant light chain gene, fused to the mFtOFtt signal |

N sequehce, from the CMV-MIE promote_r. _

. The 1450 bp EcoRlI-Noti fragment from pTE317 encoding the KDS |

: 'heavy cham gene, was cloned mto the: EcoFtt and ‘Notl sﬂes of .
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20 (1 nvitrOgen Li fe Technol gi es,. Carl sbad, - CA) and the sequence of the
constant regions were verified. The KD5 variabl e region gengs,, %@
anplified by RT-PCR from KD5 hybridonma mRNA and cloned into p TOPO
using the heavy and 25 |ight chain variable region prinmer mxes from

Aner sham Phar n&@%’“ﬁ“&% ech (Piscataway, NJ). The variabl e heBAUEHERH gene
was PCR anplified using the pCR2.1-TOPO cl oned variabl e region as
tenplate. witIipRGBO,paivests Biat Bxplierskmsstante toehygromycin andyalogss wo
02/ 057423 PCT/ US02/ 01208 (5 - GAGAGTACCTG CGTCA'II;& GATGT CTG

CAGGAGT CTGGCCCEXPE2ssigh &f SGC%BWRMS@H*@P . promoter, to yield

s 1o ch R TEREEs SHB TR o A Houbdeieonfen,
(5" - crsnaaerr el R AR el G yesglorpd i e oo, (5

GAGAGGGT CTCECCREONoA TETACOPERGHBE Catdr Bhat. cdifers résismeet tovas t hen

ligated into the BspM and Not| sites of pRG82. 10 The resulting '
pl asmi d, pTE31burmmgc:namablaﬁows espression iy recemobmnteganesi fanthendbly chain

‘gene, fused to the nMROR1 signal sequence fromthe CW-ME prormter The

variabl e Iight pémpfﬁrgéﬂéﬂ sPiagmid Em'i:ﬁagq ed using the pCR2.1- TOPO cl oned
vari-able region as tenplate wth the primers 5 BsnBl/KD5VL N- term (5' 15
GAGAGCGTCTCATGCAGACATCCAGATGACCCAGTCTCCA 3') and 3' BsnBlI/KD5VL G term

(5 SOTEIRES Rl o) ETCEASHECIERS foresaesiots iy 1 oot

and ligated to appa const ant

o , 10 pTE322 and selected for integration of the plasmids by growth in -

F12 medium supplemented with 10% fetal calf serum with 20 pg
puromycin and 400 ug/mi hygromycin for 14 days. Exp_reséio_'n of
hFcyRI was induced by the addition of 1 pg/ml of doxycycline to the
culture medium for three days. Double- resistant cells were |
© 15 incubated with 1 mg/m! rabbit 1gG for eighteen hours pnor to
.stammg with goat polycional FITC-conjugated anti-mouse igG (Fcy) F
{ab”), fragment (Jackson lmmunoResearch L.aboratories,’ West
Grove, PA) Cells were stained for 1 hour then washed twice’ wnth
- PBS prior to analysis by flow cytometry. The most ﬂuorescent cel!s :
) ) | - ~ 20 ~ (top 5%) were isolated as a pool and expanded for_ 10 daYS. after
‘which the protocol was repeated but the top 1% most fluorescent .
| cellsWere isolated as a pool. This pool was expended for 10 days
then the top. 0. 1% most fluorescent cells were isolated as sungle
cells into 96-well plates Clones were ana!yzed by ELISA for
25 expression of antibody and seven clones were chosen from 53 _
) clones anaiyzed The average specific productivity of these clones o
was 35 pg/cell/day and the best cione expressed the recombmant

KD5 monoclonal antlb_ody at 54 pg/cell/day.
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gene PCR fragment ‘anplified with the priners 5 Bsal/CLK. N- term 20
(5' - GAGAGGGTCTCAGCTGATGCTGCACCAACTGTATCG-3') and 3"~ Bsallqgﬁug (h%rn1(5
GAGAGGGT CTCAGGCCGCTCAACACTCTCCCCTGITGAAGCTCTFGAC .3') . " This gnent was

thenligated ipto BspM and Not| sites of pRGBBZ The r
pTE318?° %@%ﬁ f]%g ht

pl asm d, @apabl e of expr e55| ng 25 the KDb5 reconbl nant
chain gene, fused to the nRORL sij g\&?}\ nce fromthe CW- %@E ronoter.
The 1450 bp EcHihough the F%’Eﬁ@t‘ﬂg i t'B'f' e@ﬂ(,qﬁﬁcﬁ‘ edHa 388eHERY chain

gene, was cl ongd Sist 02/ 057423
PCT/ U802/012088 ﬁ%gﬁﬁln&@g@ ?W%&Fﬁpﬁcﬁg)ﬁr}l’f Iérvgﬁrtgéslrégd'ﬁg }SPg%gér‘\grrym n and
all ows expres n ddw& @eDARd. tO yield '
pl asm. d pTESZZﬁk%?m ¥ gﬁ@ﬁ?@hgm%‘oﬂ?ggcg%& Not | IﬁJ]?%gglrnent from pTE316,
encodi ng the K%duﬂcmlnbnshnhg o€ nradevas thieoteadhingsoot e Eoweritioh witbodbt |
sites of pR&85, a vector that confers resistance to cJourorrym n and all ows
expr essi on ®f . depamipgnisom thenepiritorr seepesst therapagndea cleigsel d pl asmi d
pTE324. RGC10 cells (5-x106) were transfected with 3 g pTE322 and-3g 10
pTE322 and sel ected for integration of the plasmids by growth in F12 medi um
suppl emented with 10% fetal calf serum Wth 20 pg puronycin and 400 = .

pgl rnl. hygronycin for 14 days. Expression of hFcTRI was induced by the
addition of 1 g/m of doxycycline to the culture nediumfor three days.
Doubl e-resi stant. cells were 15 incubated with 1 ng/m rabbit 1gG for

ei ghteen hours prior to staining with goat polyclonal FITC conjugated.
anti-nouse 1gG (Fcy) F (ab’' )2fragrrent (Jackson ‘| mmunoResear ch -
Laboratories,"” West Gove, PA). Cells were stained for 1 hour then vvashed
twice with - . -
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PBS prior to analysis by flow cytonetry. The nost fluorescent cells 20 (top
5% were isolated as a pool ' and expanded for 10 days, af L8y v%iogh t he
protocol was repeated but the top 1% nost fluorescent cells Were rsol at ed
as a pool. This pool was expanded for 10 days then the top OA % nost
fluorescent cells were isolated as single cells into 96-well plates.

Cl ones were anal yzed by ELI SA for 25 expression of antibody and seven

cl ones were chosen from 53 clones anal yzed. The average specific
productivity of these clones was éi R /gell/day and the best clone
expressed the reconbi nant KD5 nonoet+oratr=anti body at 54 pg/cell/day. 54 15
July 2005 WO 02/057423 PCT/ US02/01208. Al though the foregoing invention
has been described in sone detail by way of illustration and exanple, it .
will bd.rkeadilod dpjeaacting ahd idohase ofukargiticaryl thid prbdiucestasecatdd grbtein cert ai n
changes .and . . qi fications may be' made to the teachings of the invention
Wi t hou -.fmt‘?‘i?étp@&}’r‘fﬁmplr’é}ﬂgf he spirit or scope of the appended clains. 55 15
Jul ¥y 2005 I -1 t : 4.ng: i j r ic cell
hat pr oduc i Phadined O AR RingPheabicht i (RRR L BB HRNE ¢ )
provi dinngle sl thacempiies & neil surfael capiratioteduhatapidodebindigehe ®dd PO and
a nucleic acid that encodes a cell surface capture nol ecul e capabl e of

bi ndi ng’herdn By nucie peideneeding the sseretacb @l entwdiuslpie peldsasedingthell or t he

nucl ei i | I f capt ur | ecul e, or both, are
transf g‘é‘f}%&g Iaﬁ&%@%&&g&%}ﬁ;%?% a@ﬁfﬁ“&f"%ﬁ?& lﬁﬁoet%ggleﬂpunder conditions in which
the PO and(yeddiusiabiitBe eclCamied kBnditibRs HDKRCH!tBe ROE AXIdetiShigfice dijfud

PO -capture nolecule conplex is fornmed intracellularly
10 molecule are expressed, and a POI-capture molecule complex is formed intracellularly

and displayed on the cell surface;
(c) contacting the cell with a detection molecule, which binds to the POI displayed
by the cell; and .
(d) detecting and isolating the cell based on the detection molecule.
15
2. A method according to claim 1, wherein the providing step comprises transfecting the
nucleic acid encoding the secreted POI and the nucleic acid encoding the cell surface

'~ capture molecule.into the cell.

.20 3. A method according to claim 1 or 2, wherein the cell is detected in step {d) by flow
cytométry.' '

4. A method according to claim 1 or 2, wherein the detection molecule is linked to a
solid support or particle.
25 N
5. A method according to any one of the preceding claims performed on a population of
_ cells, wherein the isolating step isolates the cells binding to the detection molecule from

the population:
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and di spl ayed on the cell surface; (c) contacting the cell wth a detection
nol ecul e, which binds to the PO displayed by the cell; aqugﬁkxﬁﬁtecting
and isolating the cell based on the detection nolecule. 15 2. met hod
according to clairm1, wherein the providing step conprises transfecting the
nucl eic acid encoding the secreted PO and the nucleic acid encoding the
cell surface capture nolecule into the cell. 2Q 3. A nethod according to-
claiml or 2, wherein the cell is detected in step (d) by flow cytonetry.

4. A mpt hod AGGAd A% éc?))rcgéiﬂir @p%@%@igﬁ%g‘é’g@{@%p@%s@{é%%h?ﬁ%@ de il sspl € is

linked to a solid su according tG any one

of theapt gedsilmgncitap Tdlney (dimasedm teladpuxpidseidbndtvel o€kllesPOVher ei n t he
isolating step isolates the cells binding to the detection nolecule from
t he popul ation. 56 15 July 2005 6. A nethod according to claim5, wherein

t he cell ras ifferent |evels of.the P and the isol ati tep -
2ol at s D foRZe Moy BT s Bhinel TS B S pRe B Rt B o
accor didl with amyodkites AblRURCEM KEdLINRIJH suffdéd EueanRIELEE BEtHeOR®RL | Ng t he
5 cells with a bl ocking nolecule that binds the cell surface capture

nol ecubleckthea gigfupon af gecrgteddOk batwder felis. on of secreted PO between cel | s.
8. A nethod according to any one of the preceding clains, wherein the
nucleic acid encoding the cell surface capture protein is transfected into

the cegl AbREGLA abbGdiCosinG ond i hepeesiing cldnfs Sekdehafe R} leicSeid® Met hod

according to any one of clains 1 to 7, whérein the nucleic acid encoding
t he cetrdcodingfthe eclt aptfaneecaphue prateiand tirhefected igbdhaciltbahoodic mgelehe secr et ed

Pq)() ar fid 1é:rrlc(‘?‘o n];geﬁiteesgcge?édoP(SPe cell similtaneously.

9. A method according to any one of claims 1 to 7, wherein the nucleic acid encoding
- the cell surface capture protein and the nucleic acid encoding the secreted POI are
transfected into the cell simultaneously.
15
10. A method according to any one of the preceding claims, wherein the POI is an
antibody, an Fab, a single chain antibody (ScFv) or fragment thereof, or a molecule fused

" to an antibody constant region.

20 11 A method according to claim 10, wherein the antibody is selected from the group
» consisting of IgM, IgG, IgA, IgD, and IgE, and their subtypes. 7

12. A method according to any one of the preceding claims, wherein when the POI is a
k ligand, the cell sufface capture molecule is a receptor for the ligand; when the POl isa |
25  receptor, the cell surface capture molecule is the ligand for that recepfor; when‘ the POl is
a protein or peptide, the cell surface capture molecule is an antibody specific to the POI;
or when the POl is an antibociy, the cell surface capture molecule is an antibody—binding_

. protein.

57



15 10. A nethod according to any one of the preceding clainms, wherein the
PO is an antibody, an Fab, a single chain antibody (ScFv)15(?JqJ Bio?%ment

t hereof, or a nolecule fused to an antibody constant region. E’ . A

met hod according to claim 10, wherein the antibody is selected fromthe
group consisting of 1gM 1gG IgA, 1gD, and IgE, and their subtypes. 12. A
nmet hod according to any one of the preceding clains, wherein when the PO

is a ligand, the cell surface capture nolecule is a receptor for the
| i gand; e POl 4i S [.ec [t Ll surface capture molecule is
the 1 bind M8 ahhraled @ PR eroh R itogS W BFE pERERGS S BB, e, *t he

cel | sictpee MmamiilUinemiRbE6MIM Artitddy a0t ARPHMMSReE b SR, TeoRA A, Or Wwhen
the PO is. an antibody, the cell surface capture nolecule is an

ant i bobspteindai avdungiramakfragmsms erdefl y 2005 | 13. A nethod according to
claim12, wherein the antibody binding proteinis an Fc receptor, an
anti -i mmunogl obulin anti body, an anti- imunogl obulin ScFv, Protein A

Prog ei iy GA @EthbHRet AR to AN Wthet QIR iROdecretdd POR BB SRS AGHANEI Ng tO
claim 12, wherein the secreted PO-cell surface capture noleéecule is

sel ect woldoutas tshiecgd dupn dongiosp cogsisginglofElie higlgl, Tie@2AAY NEGERERI - VEG-
and VI - V| 8. A nethod according to any one of the preceding
cl ai s, i ﬁ%ﬁ'ﬁq}éwi c cell is 20 a mammalian cell. 20. A nethod
according to claim 18, wherein the manmmalian cell is an antibody- 25
producing cell fused to an inmmortalized cell. 15. A nmethod according to any
one of 15.hA mpethoddragdiigaobnmy onvbé€ i preédiing elhlms wheadi® theegll sirrfaceol ecul es
(‘;o‘n&)ri ses a nenbrane anchor added to a protein such that the protein

) capture molecules comprises a membrane anchor added to a protein such that the protein

remains anchored in a membrane of the cell and exposed to the outside of the cell.

- 16. A method according to claim 15, wherein the membrane anchor is a transmembrane
anchor or a GPI link.
15
17. A method according to claim 15, wherein the membrane anchor is native to the cell,

recombinant, or synthetic.

18. A method according to any one of the preceding claims, wherein the eukaryotic cell is

| ‘\20. a mammalian cell.
19. A method according to claim 18, wherein the mammalian cell is a CHO cell.

20. A method according to claim 18, wherein the marmmalian cell is an antibody-

25  producing cell fused to an immortalized cell.

21. A method according to claim 20, wherein the antibody-producing cell is a B-ceHora -

derivaﬁve thereof which is a plasma cell, a hybridoma, a myeloma, or a recombinant cell.



remai ns anchored i-n a menbrane of the cell and exposed to the outside of
the cell. 16. A nmethod according-to claim15, wherein the grrane anchor
is a transmenbrane anchor or a GPl link. 17. A nethod accgE;‘4K?QQ§ claim
15, wherein the nenbrane anchor is native to the cell, reconbinant, or
synthetic. 19. A nethod according to claim 18, wherein the mammali an cel

is aCHOcell. 21. A nethod according to claim 20, wherein the :
anti body-producing cell is a B-cell or a derivative thereof which is a

pl asme_cel |, hybri doma, a nyel gma, or a reconbinant cell. 58 15 July 2005
22. A fet AoCRed SPENTAELD 2By 9o Abthefpreprsl g eaiwes, MrcEsin tigsdetofidnei n t he

ai 11 or BAeAlEr e BAT R T 9 (TR SEHL el g S e R pREa C  Bti ng

clains, wherein the method is 5 conducted in a high viscosity nmedium 24.
A net hod according to claim1, which is substantially as hereinbefore
descri BddA wpthrd pesedidgde anp oppef thermyecasinexavms, sdierdn the method is

5 conducted in a high viscosity medinm.

24. A method according to claim 1, which is substantially as hereinbefore described

with reference to the forgoing Examples.
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