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- (57) Abstract: ‘A method for identifying and isolating cells which produce secreted proteins. This method is based upon a specific

== -characteristic or the expression level of the secreted protein by transiently capturing the secreted protein on the surface of an individ-
ual cell, allowing selection of rare cell clones from heterogeneons population. Also provided is the use of this'method to- generafe
cells which produce a desired level of secreted protein or secreted protein of a particular.characteristic(s), -and organisms which
possess such cells, In particular, the method allows rapid isolation of high expression recombinant antibody-producing cell lines, or -
may be applied directly to rapid isclation of specific hybndomas or to the isolation of antibody-, producmg transgemc ammals Thxs )
method is apphcable for any cell which secretes protein. . e i



characteristic(s), and organi sns whi ch possess such cells. In 20
particular, the nethod allows rapid isolation of high e'xprigﬁi o?

reconbi nant anti body-producing cell lines, or .may be appli ﬁi’ 8% | y to
rapid isolation of specific hybridomas, or to the isolation of

ant i body- pr odudiog/fM2hsgeni ¢ ani mal s. This nethod is appl i CABIUSO2/HYE any
cell which secretes protein. 25 Introduction The nethod of the invention
provi des subst ant i dSCLVENGGEL & EXPRESSING SECREEED PROIEINSi on and
identification of protein-secreting: 1 15 July 2005 WD 02/057423

PCT/ US02/ 01205 cells. The nethod described i's nore efficient, nore

te, and. ‘e _br.oadl opl i cable. ifically, an | which
Seoretes a pr e aeRlgas pEORs AT oS kBl aRtAth R i

t is partg e S6f th ' 9t A |
scoreted. 5 1n OO ogY, MR aRlan e E00r, N RBGLAO G RS AIRAIR ) atea
on the basiss @hriblg Mitcations #eaersreacedt | The distioswespbfethesel | s t hat

desi red,  speci frublitgiioraviinithgir entiretes yare. heteby hiocotpa atach byaratenenceof
secreted protein produced may be directly, quantified, unlike many 10
net hods. i n t he ipPi BHS ARPIRAEPRI n production of secreted protein is
indirectly quantified. The present invention thus provides for a rapid,
conveni ent, and accurate nmethod for systematically isolating

protein-secreting 15 cells. Bacmmmﬂme_ﬂhmmﬁngnt I on
10 | __ o B |
‘The field of this invention is.a method for idéntifying and isolating
cells which prqduceéécrétéd proteins_. This__method is based upon a
specific éhéracteristic or -the'expr,e'ssion level of the secreted
protein by transiently capturing the“sécrétédi proteih on the sﬁrface '
15 of an individual cell, allowing selection of rare céll cloné_s from a
heterogeneous‘p‘qpu‘lation. The field _atsd éncompiass‘es the‘use of
this method to generate cells which prodice a desired level of
Sebreted pfotein or sécreted protein of a [-)articulfa.r |
éhafacteris_tic(s),_ and orgéhisms which possess such cells. In
20 particular, the method allows rapid iselation of high expression
| recombinant ant-ibbdy‘-'p-rrdducing qell lines, or may be applied directly
| to rapid i_éoiation of Iépécifit; 'hybridomas, or to the isolatidn of |
anﬁbody-produ'cing tranégénié animals. This method is applicablé
for any cell ‘Whi(.:h secretes. protein. o
25 | | N
Introduction

The methpd of the invention provides substantial -advantages over

_current- methods for isolation and. identifiééﬁdn ‘of .protein-secreting



Many proteins that are of 'pbtent_i al pharmaceut i cal val ue are 20 secreted

proteins, including growth factors, soluble receptor domatlgﬁul 385]5 nost .
inportantly nonoclonal antibodies. Production nethods enployi ¥|

reconbi nant DNA. technol ogy to produce these and other prot enetic
expressi on syst@E%Wtch enpl oy host cells and expression \?g@%gﬁﬁi?zo% The
expression vectors ry

t | GO, which i '
i ntroduced, inf®ish elmewggg@ &ﬁ{ﬂig\[&é?'@ﬂg mﬁ’{é %&‘gh%\té 8@“ ?i c
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i sol ating hlgh expression cells may involve collection of cell pools,

hand- pi cki ng @Eanic&ﬁaﬂy dmppttaheas rrsaﬂyatharapeﬂtls|mgteensarassewetedn ted
dilution, or nmet hods known in the art. Pools or individual clones -
are then 5 &xphmadditiand seerete@emotecw PRBHIRG icelis gnay the tﬁoéﬁt@?j Prothq nt er est

(PO by--di-rect -measurement of -PO--acti-v al, -.detecti-on-of
PO, or by ot hBAsiguPk i Sreteimsi @Cte*'r'ﬁt%%% p’?%'cgﬁﬁw?e gglgs Iﬂ?fﬁorl ous,

|neff|C|ent t. f edis
usual Iy 1imi teggf'%? \éﬁéwgﬁdﬂgﬁrﬁ%@ zi\rfd Baﬁ%grgggy (I)@ﬁtet erogenel ty in
protein expr es%@i?e@ép@%ifioﬂy, feQidigWidrdisofiprb| eFurticreicat] e rameuritest t hat
many i ndi vi dual cl ones be Screenéd in an effort to identify the rare

i ntegration. eveatretdwiprotedts produded mat kbl dirediyghuantifiest sirdikepmatyct i on
cell line. This
10 methods in the prior art wherein production of secreted protein is

indirectly quantified.

The present invention thus provides for a rapid; convenient, and
-acc’u-rate method  for 'systematically isolating protein-secreting

15 | cells.

.Many prbteihs .thé.t are of potenti‘ai pharmaceﬁt‘ical value are |
'éo - se.cr'e'ted proteing, including g_rthh factors, soluble receptor_
dbméins | and most. importantly nﬁﬁnocioﬁal antibodies. Production
‘-methods employmg recombmant DNA technology to produce these
: and other proteins use genetlc expressnon systems ‘which employ
host cells and expression vectors. '
The expression vectors carry the'géneidf interest (GOI), which is to
be introduced, into the cell. These expression vectors introduce
genetic information, including the GOI(s), which integrate into the

host cell's own genetic material. | Following 's'table'_inte_g__ratiqn-'_pf‘-Athe



15 requifenent calls for nethods that enable rapid identification and
i sol ation of cells expressing the highest |evel of protein1§ropgﬁbgon. -
Mor eover.,, the collection of clone pools, or hand-picked col L0051 sks

| osi ng hi gh expression cells, which often grow nore slowy, r :
growi ng | ow exPPY¥&8H cells. Therefore, a need exists for Eé’?f}%{{lﬁ%@g t hat

al l ow rapid.screening and isolation of individual cells capable of high
| evel expressi @enefof antaseste(@Qlpetandaid onphiogs O iselatinghight onetry into

thods -used for the isolation . of stable.
proved the cSPIEFRRDERIE BaYSBTo i eRin Bt RS pandatielar ¢l ones.
hovever, curt eghiblies. YA bAReE E5RABAS GBI cERABIMARED WRiGh 8F S
reasons. Early ~application of ow cytonefry to the 1dentitication and

i sol ation of  BirerifeimBasridwrRirde{d BR] PPER bF didividi&Hacisaestaralthet1979)
PNAS 76:1962, and Pal |l avacini et al. (1989) J. I mmunol. Methods 117,:99),

3 15 July 2905expiddizf @hd4e3eeadd Ueo prodadn ofdhg pwotabarafl inderéster zenber g"

| munol .. 141: (RPV)by girect maashirmednot FOIRGRMY b iFmupRiPglsal es that were.
- i1 ficall th | f o Ih : - ,
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or bl em Recentity FHORES AAERR SefferShld, MR nE el Slorks MAT B! have

been deve'*Opedc-é@fbetél@al?imié'hé@&l@hmﬁttedi3@|a‘3fé\@mLerec‘p‘.t_ab| e high expression

cell lines. 10 The first nethod involves nodification of the expression
pl as'm"d tol0 ' | : .
o The [érge degree of heterogeneity in_protein expression by cells o
following.stéble integration requi'res that many individual clones be
screened in an effort to identify the rare integratioh event that
results in a stable, ‘high expression productioh cell Iiﬁe; This
/15 requirement calls for methods that enable rapid identification and
isolation of cells expressing the highest level of protein production.
Moreover, the collection of clone pools, or hahd-bjcf:'ked Coldr_nie_s, ,
'risks.tdsing high expression cells, which often grow more slo‘.WIy..to
faster growing low expression cells. Therefore, a need exists for
20 .meth.od$ that aliow rapid screening and isolation of"individua_l cells

 capable of high level expression of a secreted POI.

Incorporation of flow cytometry into methods used for the isolation
) of stable ‘expreslsiori {;ell lines has _impr'o'ved the -capébility_ of
25  screening large humbers of ihdivid_ual clohes, 'howe\}er, currently
avail_able metho-ds rem'ain inadeduate _for diverse reasons., Earl.y
: applicétion of .ﬂow cytometry to the identification and isdlatiqn bf |
hybridomas with a defined specificity (Parks 6t al. (1978) PNAS
76:1962, arid Pallavacini et al. (1989) J. Immunol. Methods 117:99),
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include a transcriptional read out for the GO nmRNA. This is nost. often
acconpl i shed by inserting an internal ribosomal entry Site g”ﬁgﬁ an_d a
gene whose protein product is easily nonitored by fl-ow 15 cy ry, nost
frequently green fl uar. escent protein (G-P), between the st f the
G and. the t¥OHRBpoly A site (Meng et al. (2000) Gene%%&g%%ﬁg The

presence of an IRES allows the PO and GFP_ t e tra sla t he sane
NMRNA. Ther ef or 80tYRen EDasgr ad iHerzenhasg éi'%%)es R M§ $£g}

e s St MR R, 2 SHEPUBRELLPSREY e o a
producti on. Beﬁ@géﬁde(g'o% R B %ﬁgﬁR@ggn%&@g 1t N drB & sFEdificRKPr essi on

to the repor ter ene use O a reco I nant construction, it

i s not applicabbgntiaotthe ¢elbkaffacs Ofhduebniediontss as@bmetea woeretdtidn ow
cytometry in the isolation of expression clones allows for the rapid

anal ny| fsI of 51 abgbvernritiee sanadund| einewrface donghand tﬁe@[ﬁjﬁgmnffhﬂd]’at Mor eove.r
~USe 0 ow-cyt-omet.ry--si-gni-fi-cantl redyce e-di-recth of cells:
Unf or t unat el y, Diffésip@ e ﬁ‘@f P@in@lW)I/i?“J Ge ﬁo@ﬂem O@Q)’S‘?%Z t'ﬁ%%’%ﬁsozl 01208
production is nnt adlr PO .
Various mechanfX bfﬁ%‘@ % Hﬁ‘ﬁ %8@@@@ %ﬂ”ﬁét@ég %{Fyhﬁifotngﬁdr

accunul ation Ofcgﬁz tetpp'hfafv@r %eb@lo@b@df&rtth@nhi@h fritSugtiisdt @Bi&t”bheoﬁFP

reporter nmay re rom d| rences'in the 5 translatlon efficiency of the

two genes, seckgibi®migh felxpr@@mn oéll tihes. PO, or stability of the
pol yci stroni c mRNA. Anot her nethod that uses flow cytonetry to isolate

expressionl0

- The first method involves moc_lification of the expression..plasmid- to.
include a transcriptional read out for the GOI mRNA. This is most
often accomplished by inserting-an internal ribosomal entry site'
(IRES) and a gene whose protein product is easily monitored by flow

15 cytometry, most- frequently green fluorescent protein- (GFP)

" between the stop codon of the GOI and the termmal poly A S|te
(Meng et al. (2000) Gene 242: 201) The presence of an IRES allows
the POl and GFP to be translated from the same mRNA Therefore
the expression level of the GFP gene is mdlrectly related to the

'20. ‘ mRNA‘leVeI for the GOI. Clones that acoumu!ate_the GFP at high
levels are isolated- by flow cytometry and. then screened' for POII

'productlon Because this method depends on the couphng of GOI
expressron to the reporter gene by use of an IRES in a recombmant :

_ construction, it is not ap_pl;cable to the lsoiano_n of hybridomas. |

s . . ., , N |

 The use of fiow cytometry in the 'isolation of expressioh clones
allows for the raprd analySIS of Iarge numbers of clones in a hrgh
throughput format. Moreover use of ﬂow cytometry sngnmcantiy

T

reduces'the direct handiing of cells. U_nfortunately, the: level. of..,GFP




cl ones involves encapSuI ation of. cells W thin agarose nicrodrops 10
(Weaver et al. (1990) Methods Enzymol. 2:234). In this net t11$ Qiz%jsny_l at ed
anti bodi es specific for the PO are bound to the biotinyla “dgar ose

Tl et e I Rt o T

The trapped PO is detected by 15 i nmuno-staining with an aptlbody speC|f|c'

for the PO . @f@@dﬁ]@@ tSheot érﬁﬂéﬁpﬁédﬂﬁﬁﬂr‘f& ﬁbé!?%QéO‘WCéWa@é’s ©f igePa

medi um Those S8t S ANRUHERBATPERCEEY TGS 1BF EedetRar 8%“’%28%%9@ 0 the
enbeddi ng aga %Iefrd{x{neaééiﬁﬁ\ﬁléﬁor?dofi@g:l?SO'[ﬁftf@f@n%s fih OGBS the The gel

20 m crodrop approach screens cel rectly for their ability to secrete

PO, rather th@DIi aditRetGHP Sepeest may oesk foes sifturentesSM thaRNA, but.
requires the availability of suitable. antibodies for . trapping and

staining thé smiﬁwnPeﬁlcwm:yt bt the dved gepesegecradion effisienty @ﬁdhpment to
~-generate-the- a%’ar ose - -m-crodrops: 25 -Moregver,; - sone celts -may-be - : o

sensitive to t h e §Ql“ﬁft PBH‘?)rR?d@éﬁrO”’%WENAatlon of this method
circunvents the requirement for enbedding cells in a. matrix by directly
bi ndi ng an anti body, specific for the PO, to the cell surface (Manz et

al . 1995. PNASAQ%H&Z%QW%@ tﬁgi Y15BQ0foW R ABHRE P €5 te] ERPRRIDS 1925) .

In this nethod, non-speci
bi ot i n- hydr oxy stsHshinvbllesegiczipsutatical boweis mtrmora@am«se wittodaops

strept avi di n-conj ugat ed ‘anti body capable of binding the PO. Cells
secreting tlhe MeaNecmldémOaththmﬁfEmM@OZ 3\314 chln thig Héﬁﬂ‘@ddet ect ed
wt h an appropy Iloat}n?/llgéecli aabn%lbce) |essegge]cqﬁa :tarl i ed¥>O| 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 im_muno—etaining with an antibody specific for the POI. 'T.o reduce the
encapsulaﬁ_ng agarose from absorbing PO secreted from adjacent
| cells, the cells are placed in a Iow-permeabiiity 'm__e'dium. Those cells
with the highest antibody staining of the PO in the embedding
agarose are identified and isolated by flow cytometry. The gel
' 20 g microdrop approach screens cells_direotly for their ability to
. secrete POI, rather than indirectly screening- for expressionof- _GOI :
mRANA, but requires the availability of suitable antibodies for
'trappin'g and staining the secreted POl and the procedure requires
: spec:al equipment to generate the agarose gel mrcrodrops :

25 Moreover some cells may be sens:tlve to the encapsulatnon process.

A'_vari‘ation of this method oiroumvents the requirement for
embedding cells in a matrix by directly binding an antibody, specific
- for the POI, to the cell surface (Manz et al. 1995. -PNAS 92:1921-

lotinylation of cell surface proteins with



di f f usi o-n of PO bet'ween nei ghbaring cells is probl ematic, and this - nethod

al so requires a high viscosity mediumto reduce diffusion way from
expressing cells. Because these high viscosity nedia are reunredéifor

di scrim nating_ cell the cells nust be washed and 10 placed in a nedi um
suitable for c&4 25’61"?4 ng if so desired. The problenms associ'&t e Ueh

i dentification and isolation of high expression reconbinant cell lines
especi al | y applP@§).t dnt this insethatl ewn-egedib bictnviationat cellpswWreean anti body
of interest.. However, the 15 ideptificati,on, of sef.ul gbrl onmas t ncl udes

several additi BFEFINS MBI Bigin-RydroxysugCInRIde (qslele if Aplidyed fy conta

Gp. based net nddt” &rdtentayioln il dael"FtRRY Patade (T iBED HRPRIS L on
of hybridomas chfeaysfetifHd PEl titortie Bé@éﬂa@@d‘ﬁﬁthdﬁfésttwhlwllyﬂﬁ?erﬁ |

reconbi nant .20 construct “such that expression of the antibody genes can

be.linked 5o detoctesavithoanca@mbropdately dabeled rseaenGrantibdylyr i Howevetr eeni ng :
~i-g-a--st-ow—+-abort-ous - -endeavor--where-t-he- nunber-of - cl-ones screened-i s
limted by exi giffusipn ot il beliveaen peighbering|callsps dypBlamatitel angs thige

ts ﬁesg%;‘,ono?f anfisingq A5 Taduiess,i niih vESasRe SR & irud MR otesi v o0
hoter ogeneous. Lothingzy 3 eXbéising Pl d Rlse e HOA YBest S de 00
celI's expressiBgq qeatiul?éb&%r @&bhﬁﬁﬁatﬁ'ﬁg cOlS Vihe EEIROFRN e Weictel . arkd

anything fused to ody constant regions. Thus a need exists for. a
rapid and ebfi plaved imeahnddiafn isditablef foir el §orang if soldﬂsure@ cel I's expressing

vari ous secreted Pd s from a large
- The probiems 'associated’with irjentification and isolation of high' |
‘expression recombinant cell lines especially applies to the isolation
of h'ybr'idomas that express an antibody of in_terest." However, the
, 15 identification of useful hybridomas includes several. additional
probtems‘;. they must be screened first for antigren-binding activity,
- then for imm‘uno’globulin isotype' Moreover, GFP b'ased methods are
not applicable to the identification and rsolatron of hybrldomas
_ because construction of hybr:domas does not include. a recomblnant
© 20 -:construct such -that expre-ssnon of the’ anttbody genes can be linked
o foa transcnptlonal reporter such as GFP Hybrzdoma screenlng is” a
slow laborious endeavor where the number of clones screened is

hm:ted by ex1st|ng technologles

25 A similar problern'i'nvolves the selection of rare cells producing ‘an
anttbody, an ScFv a fragment thereof, or anything fused to an
antlbody constant regron with a desired specmcnty, 1sotype and

'avudlty for a partrcular antigen, from a heterogeneous populatnon of

“y



popul ation of cells. Mst desirable is a nmethod which neasures the protein
expression level rather than. the nRNA, as the neasure of {) en does.
not accurately reflect the levels of protein which wll uI é/
produced. In ag,gl 2)972 a need exists for a nore 10 eff|C|en

identify cells A f)r30duce particul ar anti bod| es than wha |s currently
available in the art. Summary of the | nventi The pr

15 t
descri bes a hi¢gils BXBIRFEHS fé@’@@ﬁl%'ﬁ?@f% CWﬁ ft"ﬁ@"’ﬁ&& gﬂersea '\eltgfr']olnogf :
th [ 1 t hat f the PO . Thi
rvertfon o soyREHL FisBaPld ERBatY (ATEM Yoqidf To0' 0F bol exnr 0SS on on @

single-cell basis during the nanufacturlng process. Furthernore, this
technol ogy can be 20 directly applied to screening of antibody producing -

cells. This invVens iaonesd|edsts fop o hepidoasd reffidientnmefthor|df identfyinghat
express cell surface capture nol ecul es that bind various secreted POs, -
and the us® taed desflating cdl&&nexppem vapus secrried APk frAt aslaeget e t he 25

ot PO S0 at f thi: s ‘based-
on' Che. expr os ORI BT GPIEh MBSk JFTaPIa fac me&h%?ﬁrﬁ&éﬁé‘eﬂ?s% the

PO . Th h t t ei
may, be capt urddel SeEubR ey téiﬁer"&*te?tﬁ“‘e hiEfa.ache S erei < a
correspondi ng ﬁtfﬁwm'dfténbabe@%tti&dra\tézy ?eﬂéctJthleyle%@%‘S OWBer%er

PCT/ US02/ 01208 expl ai ned further, any nol ecul e may be nani pul at ed

such that it cam blﬁmaﬁelst s peodurdeld. sl haditionaps needokistsufos. a Tureef or e,
this invention may be utilized to isolate any cell which secretes a -
protein. Furteéfficient enethady te diestifyagele thafalﬁﬁ@ﬁee@af@%@b@tﬂébog@ér eted

than what is currently available in the art.

, 15 The present invention Vdesc'ribes a'high_—throughput screening method
for the rapid isolation of those cells that secrete protein by directly
screenin-g for the POI. This invention also allows for. the convenient
rhenitoring_ of POt expression on a single-cell basis during the
manufecturing process.’ Fu‘rthermore,‘ thi_s tec_hnotogy can be

- 20 directly iapptied to sc'reeni.ng' of antibody producing cells.

" This invention relatee to the construction of.cell lines that express '-
cell surface capture molecules that bmd vanous secreted ‘POls, and
_ the use thereof fo |dent|fy and isolate the celis that secrete the -
'. 25 POl Isolation of a cell by the methods of th{S invention may be
be'sed on the- expression Ieve! of the POl or a specifie characteristic
~of the .POI ' Through the'construction or use of such a cell, any
secreted proteln may. be captured by the cell surface capture

motecule provnded there is a corresponding affmlty between the two. ;




5 proteins, and therefore even cells that do not secrete proteins in their
native state may be isolated as secreted protein producers1 t&nggQ-the.
application of this invention. Detection of the cells with ?He I'Spl ayed
PO may be acconplished 10 through the use of any nolecul e of
directiy or indPPEYY4% binding the displayed PO . Such det%@?ﬁgg%l Y ecul es
may facilitate the detection and/or isolation of the cells displaying the
PO . In one echbeaplaimd funtvenranycmbisuleh maybbadnaspniaied suchnial e

deferentially | abeled are utiljzed. The detectjon and/or jsolation may 15
be acconpl i she@n ReHRGY 38 a8l SUlechfiaplies Wﬁlﬁﬁﬁ'!‘?'ndﬁn‘f‘ée@?i fhis '

Addi ti 1y, this.i ' , ; ' L ' - .
ant 1 body- pr oadbraie iy b&TulRks I8 ERte By it BRArE SR aBrgtain. | e
fused to a '?TP%.{I@AJQ@%E TRany W\%}!§hﬂ§%ﬂ§é§$éﬁ§f@t&g|tb_ srdugeeseftemabt ure

mol ecul e whi ch _ PA", Ich Ts an antibody in this c;ase.'The'
ant i body- prpdusrofding,ehhd ntherdierea eBenetdlisothad dienbt seicvete prodeiesfin such as a

can al so. be- ustadirf natives statei maydse iselpies apgecsieteprotads PrRACeEY el s,
specifically high'levels, of a 25 reconbi nant antibody or fragnents
thereof. This WhiRMgh it apriigation | b i8Is g}vepﬁgni sol ation of rare cells
expressing an anti body, ScFv, fragments thereof, or anything fused to an
anti body constant region, with a desired specificity, isotype, and avidity

for a partic i#8hef itH i) I VR dOPON§h &Y BPleOaeitsinplishlelds 8 15
July 2005 WO %98%23 P%T%%%B@/Olzogﬁde%r essi_nggg Iibrarypof antibody

genes w t hvarthigwgtbitnsliugse shpany fmsletyle camblpeaf dinebtiyvodindireciipre

specifically, the iInvention _ _ : o
binding the displayed POl. Such detection molecuies may facilitate
the detection and/or isolation of the cells. displaying the POL. In one
émbo-diment, two molecules that bind each other and are
deferentially iabeled are utilized. The detection a—nd_/or isolation may

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

Additionally, this invention may be applied to the isolaﬁon of,' |
éntibody—produciﬁg cells. Specifically, an antibody prodUcing'ce'll .
“may be fused to a immortalized cell which expresses -a cell surface -
“ 20 'capture .,molecule which birids the POI, which is .ain antibody inl t_h,ris‘ _
.'case. The antibody-producing cell may be a B-cell or a derivative
thereof, such as a p!ésm‘a cell, a hybridoma, a myeloma, or a o
recombinant cell. 'T.he. invention can also be used for isolation of -
cells that express desiréd levels, specifically high levels, of-a
25 recombinant antibody 6r fragments theredf. This.inv'ention_also"_
.'arlloﬁ(s for thé isolation of rare'célls expressing an antibody, ScFv, - )
' fragmentsthereof,' or _anyt'h'i_ng- fused to an antibody ,cbnsta.n‘t'
region, with a d_eéired sp'eci.fic'ity, isotype, a.nci avidity for a

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



relates to the identification of antibody-producing cells that express
secreted anti bodies of a desired specificity and isotype, ?%J\AP%‘J@ gs 5.
anti bodies that are specific for a desired epitope. 9 15 §/'y 95 | The
i nventi ogoRe@Mides a nethod of detecting and isol ati nge@@bdesoizbat produce a
secreted protein of interest (PO), conprising: 5 (a) providing a cell

conprisin ucl ei Ci ' d .,and a nucleic acid
t hat encS%%@Sgn@e? Ihﬁgﬁp’f%cé@opﬁgggﬁiI@c@ﬁg%ggagﬁegl% binding the PO,
wherein § .fwg a56typel rRNGORItDY WMiRe SsE@fi@ilyPGhe Ghvbforuc] ei ¢ aci d.
encoding the ceéll sSurface capture nolecule, of both, are transfected into
the cell telétes gukiharidegtifidmiorebf amittedyqooducingnselis thht exptéss PO and cel |
surface capture 10 nolecule are expressed, and a PO -capture nol ecule
conpl ex - becretadraatipedieace & uleaited spewficilys pndyisatye. AseWeHl|3s sur f ace; (c¢)
contactin nol ecul.e, which binds to the PO

th | ith a tecti :
di splayefl Wcﬁ?é? af \Igﬁ,re a'?r?gfc @) ?Q%e%gfg‘ﬁ'ﬁ‘?& §RHPPS ol ating the cel | based on -

enbodi ment, the providing step (a) of the method of the invention
conprises transfecting the nucleic acid encoding the secreted PO and the
nucleic acid 5 encoding the cell surface capture nolecule into the cell.

I n one enbodi nent, the nucleic acid encoding the cell surface capture
protein is



transfected into the cell before the nucleic acid encoding the secreted ™ -
PO . Alternatively the nucleic acid encoding the cell surﬁgg gﬁ@%ure
protein and the nucleic acid encoding 10 the secreted PO ‘are Yi sfected
into the cell simultaneously. The method of the invention maybe pérformed .
on a popul ation of cells, wherein the isolating step isolates the cells
bi nding to the detection nolecule fromthe populaticon. The cells may
express different levels of the PO and the isolating step 15 isolate
cells based on relative expression level of the PO. 20 25 11 15 July
2005 WO 02/ 057423 PCT/ U302/ 01208- '.. In addition, the invention .
contenpl ates addi N§eaJERADE AR9IRIE %Eh&d%fﬁe%cﬁﬁ%’m 1@015 il @at | ¥odﬁ@ém' ns
anchored in a cell nenbrane, exposed to the outside of the cell,
functions asaaau@bﬂpsﬂmﬁa@aﬁmaﬂﬂﬁ@ﬁ compretug:e. Such nmenbr ane anchor nay be

a transne rane a hor ., or a | li.nk, and may natiye to the
T econbi nant, ORRYIARE 2 cpf compriping & murlsic 3&}@@%@% S@ssefelﬁ&eda@ o of
gy €q ld%ﬂ&@lc a91c1t ?c en@tgq]egg cfe 1{}}"3'39? ﬁre%(ﬁé&?ﬁ E@%aibgelrﬁ@é K lﬂggttlcﬂéplel,

proteln is transp orte e ce sur

surface capt wherdnmihemu&lew acideabodingihakecsaglPOC@ thawudddc aad erveding thdwzlicel |,

reconbi nant, or. 15 synthetic. In another enbaodi nent, a bl ocking nol ecul e
‘whi ch binds fW&EcEsppPuresmpleads. Q?é’ﬁﬂh?’é’ trriestsiantpdbesslled to reduce the

di fusi on of the el cuGAEEN GXRE 50 AGS e hicha, b OELBNRALHACB . 17 an

additional 20 enb u5|on 0 fromthe expressing cel
to a 10 molecule are expressed, and a POl-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 '
20
25
30

10




nei ghboring cell and its adherence to that cell is reduced by increasing

the viscosity of the nedia. This invention further relates g?
identification and selection of 25 cells that express secre H pr%telns

i ncluding ligands, soluble receptor proteins, growmh factors, and

anti bodi es. Such secreted proteins may be reconbinantly produced or
natural Iy occurring. In "addition, the nucleic acid that encodes a PO . may
be selected froma 12 15 July 2005 WD 02/057423 PCT/ US02/ 01208 library,
including but not limted to a cDNA library or a genomc library. In one
enbodi ment, such growh factors may be selected fromthe - 5 group

consi sting of I ntegleukifadddbodimert I-th%z]v_rol/idlrfb]stéfl-(aﬁeftﬂéméhod bt the inkbritRdn
lL-10, IL-13, IL-15,"IL-16, IL-17/, I 1ary Neurotrophic

Fact or ( CNTFrpmeriytshranpoctatg the nﬁﬂac utid endoniiigg the kécadtedPOWIE TRaabdeic atNEGF)
‘angiopoietjn 1, angiopojietin 2, TNF, Interferon-gamm, GW CSF, TG(err),
TNF Receptbr enfqdingoilie 5716 FHTacs canimig I%?IFCI%S‘?)BW)Q’&?GEO t her api es made in ani el

~-cell-sv-I-n-anot-her-enbodi-ment-; - t he -anti-body-i-s-sel-ect-ed f-rom-the group

consisting of IgM 19gG 1gA 1gDor IgE, as well as various subtypes of

these: 15 In yet aneih@hb QM tHERloleik Iﬂ@id'eﬂé’&lm% 88 cAIRERAYScapture Iotem 18 ‘
|i gand-specific receptor, a receptor-specific 1igand, or an an é
e PO

bi ndi ng- pr ot elansfecta:émtdiee cadl befarg tHeameledegoidameoding ﬁxcubteem PR Adiermwrz

Such cel | rfa ure nol.ecu be reconbi nan r.oduce r
naturally o Cﬁéﬁ' éc ac% encoding the ceh surr}gye capture prot'ran and the Xucﬁ)elc act enco

10 the secreted POI are transfected into the cell simultaneously.

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
populatien. The cells may express different levels of the POI and the isolating step

15 - 1solate cells based on relative expression level of the POL

20

25

i1



I n -one enbodi nent,” the cell surface capture, nolecule is a ligand- specific '

receptor, a receptor-specific ligand, an anti body- bi ndi ng pr t el an
antibody, an ScFv, a fragment thereof, anything fused to 2% éa¥§h§?ant
region of an antibody, and a peptide froma phage display or peptide
library and derjyati;ves that bind the PO. In another ..enhodidiehL,s t he cel
surface capture nolecule is selected fromthe group consisting o? Ti el ,

- Tie2, VEGFRI (FIt1), VEGFRI| (Flkl), 13 15 July 2005 WD 02/057423

PCT/ U802/ 01208 cytoki ne receptor conponents or fusions of two or nore
cytokine receptor conponents. In addition the invention relates to the
identification of B; cells and 5 derivatives thereof, or hybridoms that
express secreted antibodies of a desired specificity, affinity or isotype.
The invention can also be used for isolation of cells that express desired

level s of am aaditibediheomvantibbedyitdmparentsadingOa ThembryenbheRof w t her

relates to the use of anti-inmmnoglobulin antibodies, anti-inmunoglobulin
surface capture nolecule that binds the PO, wherein the PO is a secreted

anti body. 150BHepusids of pi¢ Gellofnahbincligns &5 pIeell SUFReR S3BIWE t he

construction (F)?I CﬁTEO%iF desi gned forhthe constitutive eeress' on of human
Fc(err)R f rioRaae updeh el IQPECNY, Bt BF 2 BNEeMIIANg Ch flow

cytonetry sigoh & PRIATELRS it Sb@HLA 8 miNhA-agtatHehKbcel I's.
synthetic. ' . ’
10
The invention also embodies the addition of a signal sequence to the
amino terminus of a protein, such that trlevpr'oteir-w is transported to
the cell éurfacé, and functidns as a cell surface capture molecule.
Such signal sequence rﬁay be nati:ve to the cell, recombinant, or -

15 synthetic.

In anocther embodifnent, a bio_cking molecule which binds the cell
surface ‘capture molecule is added to reduce the diffusion of the POI
~ from the exprt_assing cell to a neighboring cell. In an additional "
20 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 further relates to the identification and. selection of
25 celis that express secreted proteins including ligands, soluble

~_receptor broteins. growth.factors, and antibodies. Suéh secreted

proteins may be recombinantly produced or naturally occurring. In

“addition, the-huc_[eic acid that encodes a POl may be selected from a

¥




FIG 2B shows a flow cytonetry singl e'par amet er hi stogram of 25 FITC hFc 7
stained CHO K1. FIG 2C shows a flow cytonetry single par aiitgtll@r Qbétogram
of FITC hFc stained (418- resi stant CHO K1 cell pool after: 6§

transfection. ows a flow cytonetry single para |95 ogram
of FITC hFc s\§§"%{£§2§e& cells. 14 15 July 2005 WD 02/ 057?%/%502%

PCT/ US02/ 01208  FI G, 3 sunmmarizes the abili Gfroma variety of

ani mal  speci ddrey, bi‘@é‘ﬂ'"@s@@tzﬂoi limjedi lRgd ﬁ%’o "RE%Y PRI SENGHIE  4A shows a-
fl ow cyt onet ry n?l e paraneter histogramof 5 unstained RGCl cells. FIG.
4B shows a ro ometry si.ngl e paranmeter histogram of 4SC622 binding to
FcyRl-expressing RGCl cells as indicated by PE- AGL84 binding. 10 FIG 4C
shows a flow cytonmetry single paraneter histogramof rat 1gG bl ocking the

bi ndi ng of 4S0p28né eeEdinmsit] suels dqrodticaatﬁdrsbynd)obe selbcteB- iarBthebi ndi ng.
15 FIG 5A shows a flow cytometry dual paraneter histogramof RGC2 cells;
whi ch express grloepgesrsisting bFdytRrleukio (tER], 81-8i Ned, Wtk 1PB, AGielh-9.F1 G 5B

—shows—a-f1 ow-cy tometr - dual - par anet-er--hi-st.o m of ..RGC2-.-20--cel l.s, ~whi-ch
express the gethel§.ol- 09-R|15aﬂd’@FﬁL 1|7mclib12§?ég

hours ‘before’ bﬁa&gr S(bﬁﬁf)‘d erytnroplt:j éaicﬁle’éascular Endothelial Growth Factor
(VEGF) angiopoietm 1, angiopoietin 2, TNF, Interferon-gamma, GM-
CSF, TGFp, TNF Receptor, fusion proteins and ali approved |

10 therapies made in animat cells.

" In another embodiment, the _antibody- is se[eoted from the group
_conSIstmg of igM IgG, igA, IgD or IgE, as well as various subtypes of
_ these.
In yet enother embodiment, the invention employs a ligand-specific
| receptor, e receptor-speoiiic ligand, or an antibody binding protein,
as the cell surface capture molecule which binds the POI. Such cell
surface capture molecule may be recombmantty produced or’ |

20 aturaily oooumng

_in one embodiment, the cell s.uz-'f_a'ce capture,molecuie is a. iigand-" ,
Specific. receptor, a receptor-soecific ligand, an antibody-binding |
| ~protein, an antibody, an SCFV:,' a fragment thereof, anything fused to
25 a constant region of an antibody, and a peptide from a phage display
or peptide 11brary and derivatives that bind the POL In another
embodiment the cell surface capture molecule is selected from the |
group -consisting of Tiet, T|e2, VEGFRI (Fiti), VEGFRII (_F[kt),

13
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FIG 5C shows a flow cytonetry dual paraneter histogramof RGC4 cells,
whi ch express the gene for hFcyR and 4SC622, stained with 25 PE— AGL84.
FIG 5D shows .a flow cytonetry dual paranmeter histogram of Tidihy 208¢) | s,

whi ch express the gene for hFcyR and 4SC622, incubated WI g; (1
my/m) for 18 WOIME'3tore being stained with PE- 30 AG 184. cppémg@ shows
a flow cytonetry dual paraneter histogramof a mxture of RGC2, which
express the gepokise reasptor gampappntsany fusions ektwe, oMYA expkiegs t he
gene for hFcyR an 480622 mxed 35 and incubated together for 18 hours
prior to stai ni8f§PIPR FOBRRONRES4. 15 15 July 2005 WD 02/ 057423 -
PCT/ US02/ 01208 FIG 5F shows a flow cytonmetry dual paraneter histogram of
a mxture of RGC2, which express the gene for hFcyR and GFP, and RG4
cell's, which e?fﬁbﬁﬂﬁ:ohhmegmnisaﬁ raflgyRtoand #Herffdatidh ve®-asik andubat ed
together for 18 hours with 1 ng/m rat 1gGprior to 5 staining with

PE- AGL84. H G dérigdtows thdreoly oythymeidonas tldte eppremsesecrdiédt ogram of a

- VBX~r-esi-st-ant-pool--of  RGCL cells-transfected w th-pEE14.1-622. - Cells-in

the top 3% gat @niiiRsyies of1a %a;mdespﬁsslcﬂsen%ﬁmsywb/dsg%x#@ 16h¢ ARYeRiane
i, T e b SRS o O P
Fransf ect ed vef%ﬁfarf@%@fﬁﬁ@%?? BB ked "ot abl o o : 22?2?2?& ’ ¢l ones
of CHO K1
10  The invention fu_rther relates to .the use of'anti~immunoglobulin
antibodies', _'anti_-immunogiobulin ScFv, Prbtéin A, Protein L, Protein
G, ._or Fc receptor {FcR) as .thé ce!l_surface'-_capture molecule that 7

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

FIG. 1 represents the construction of pTE084, designed for the
‘cons_titutive‘expres_sion of human FcyR! from the upstream _CMV-M!E
prom‘oter. - ' ‘ -
S20 | -
- FIG. 2A shows a ﬂow cytometry snngie parameter hustogram of
' unstamed CHO K1 cells.

FIG. 2B shows a flow -cytometry sihgle barameter histdgram'of .
25  FITC-hFc stained CHOK1. - |

FIG. 2C shows a flow cytometry single pa‘rameter" histogram of
- FITC-hFc¢ ‘stained G418- remstant CHO K1 cell pool after pTE084
. transfection '

30 | . -

FIG. 2D shows a flow cytometry smgle parameter histogram of -
| FITC- hFc stained RGC3 cells.

‘14



transfected with pEEl4. 1-622, and MSX-resistant 4SC622 production clones

i solated after transfection of RGCl cells wth pEE14. 1- 62% 20 FI G BA
shows a flow cytonetry single paraneter hist ogr am of 2V ned

w th PE-AGL84. FlI. shows a flow cytonetry single parane ram of
RGC1 cells inc&@a@é’ﬁﬁath 1 ug/mM 4SC622 for 1 hour prior t%%’&%\%ﬂtl%g
stained with PE-AGL84. FIG 8C shows a flow cytonetry single paraneter :
hi st ogr am of - Ri&1 3cefummariaes ting ability Wdgedfram a vanefy mf arsos2 for 1
hour, ~ then '“gﬂ@@é@%'moémdsméw&ﬂ%méﬁ@&Rm1 t8ugours prior to 30
staining with PE-AGL84. FIG -9 shows that €xpression of the gene for hFcyRl:
results in loss of 4SC622 fromthe culture medium RGCL cells, or CHO Ki -
parental cell sFIGedd ishomfaaaeﬂbw cytwdetpn Siogleaparameter lystegras alsc622.  The
concentratign ghg 1?11 rrgé“g ng in the media was quantitated by

| mmuno-staining after ours ~and 72 hours incubation. 16 15 July 2005 .
WO 02/ 057423 PCT/ US02/ 01208 FI G 10 represents the construction of pTE158

-desi-gned-t-o -al-Ft@ 4B sRowsgal fidve dyexpe iy ssingleopatameder Figtegrarml of - Two -

repeats of thesbelg2oaRRAR % ﬁﬁ{ﬁﬁeémeégﬁ%@G@ﬁecél@@irﬁﬁtﬁté‘d ¢gwWpEt ream of
the CW pronoter in pTE 5 FIG '11A shows a flow cytonetry single ,

par anet er hi st 6§14 bind lrtQ—IO K1 cells stained with FI TG hFc
10 ' '

FIG. 4C shows a flow cytometry single parameter histogram of rat
1gG blocking the blndmg of 45C622 1o HGC1 cells as indicated by loss
of PE»AG184 blndlng

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

- AG184.

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

ug/ml 4SC622 for 18 hours before being stained with PE-AG184.

FIG. 5C ‘shows a flow cytometry dual parameter histogram of RGC4
© cells, which express the gene for hFcyRIl and 45C622, stained with
25 PE-AG184. |

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

with rat igG (1 mg/ml) for 18 hours before being stained W|th PE-
30 AG184

FIG. 5E shows a flow cytometry'dual parameter histogram of a
- mixture of RGC2, which express the gene for hFcyRi ah_d GFP, and
RGC4 cells, which express the gene for hFcyRI and 45C622, mixed
. 35 and incubated together for 18 hours prior to stam:ng with PE-
| AG184 :

15



FIG 11B shows a flow cytonetry _single paranmeter histogramof 10 RGC10
cells stained with FITC hFc.. FIG 11C shows a flow cytonetry sjngl

paramet er- hi stogram of RGCLO cel |'s induced with 1 ug/m d&éy’ﬂb‘%flﬁe for

t hree days prior to staining with FITChFc.. 15 FIG 12A shows a fl ow
cytonetry si ng™® BaFURt er hi st ogram of CHO K1 cel |'s stai ndd HiSPHv1208

pol ycl onal FI TG conjugated anti-human 1gG (H+L) F(ab')2fragnment.. 20 FIG
12B shows a. f Fi &F shewsya Jiomglcgtqmaetayeatuat paratrederahistdgranbxf r@si st ant

SS/C%O) Cfelolrs trﬁnﬂh?ecbfﬂ@zcymhwg{%glﬁx e@@%@@@ne'fﬂfiﬁpﬁ%ﬁdam GFp iénd the((]I 1
i ni
anti - human | QG%E)C%E*a‘BhUSEf B?e ggnglfgpﬁ‘fé%l %EQE% 3)‘@ onetry
si ngl e par amet andhinstivgtedmogithdvShérr t8 instuas twiRGT1 thgéml Irat ig@nsriarctoed with
pEE14. 1- 622i n doxycycline for three days then incubated
ti.; ?%‘ﬁqgrﬂtﬁfor Al{%{%u e i ni ih ) :

w th rat. rs prior to staining wth polycl onal
FI TG conJ ugat ed anti-human 1gG (H+tL) F(ab')2fragment. 30 FIG 13
~-surmari-zes-t he FHREG Showpradioat cyidmesy aindiBXparsicteahistogtzabiaf &l ones--of -

RCCLO cell's trm?8$|§gnwrﬁclb§gﬁ%écg‘f %%ﬁ F{I'a%sf&éteﬁe\mtﬁmﬁuﬁ@z tructure

of pTE255, de5|gned Ive expression man FcyR  from
t he upstream VRISV theropSmaate (RBr. 15 15a19at gdﬁ@ 39 451 h pede

PCT/ US02/ 01808 (RF) Gierd Scbiishtut éxpdndeds namtisiy 4S0eg2epratuativiter i st ogr am
of quantltated by. immuno- -staining.

FIG. 7 summarizes a comparison of the speciﬁc prbduc.tivities of
, 480622 expressing cell lines. CHO K1 transiéntly transfected with
15 -pEE14.1-622, hand-picked stable MSX-resistant clones of CHO K1
transfected with pEE14.1-622, and MSX-resistant 4SC622
production clones isolated after transfection of RGC1 cells with
PEE14.1-622. | o

‘20 FIG. 8A shows a ﬂow cytometry smgle parameter hlstogram of
RGCA1 cells stained Wlth PE-AG184.

FIG. 8B shows a flow cytometry single para‘meter histogram' of
, RGC1 cells incubated with 1 ‘ug/ml 480622 for 1 hour prior to being
25 stained W|th PE—AG184

FIG. 8C shows a flow cytometry single parameter histogram of
RGCt cells that were incubated. with 1 ug/mi 4SC622 for 1 hour,
- then incubated in me'dium'without 45C622 for 18 hours 'prior to

30 staining with PE-AG184. -

FIG. 9 shows that expression of the gene for hFcyRI results in foss
of 45C622 from the culture medium. RGC1 cells, or CHO K1
‘parental cells, were incubated in medium containing 2 ug/mi
- 35 48C622. The concentration of 45C622 remaining in the media was -
quantitated by immuno- stamlng after 24 hours, and 72 hours
) ;ncubatlon ' : -
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unstai ned Sp2/0 cells. 5 FIG 15B shows a flow cytonetry single paraneter .
hi st ogram of Cy5-hFc stained Sp2/0 cells. FIG 15C shows %f | ow _cytonetry
si ngl e :paranet er histogram of wunstained Sp2/0-FcR-4 cells. {4y %?Qﬁy 15D .
shows ‘a flow cytonetry single paraneter histogram of Cy5-hEc_stained :
Sp2/ 0- FcR-4 ce Pé’.z“’flif% 16 represents the structure of pTEzgéT’Uﬁﬁé@fzﬁ?led f or
the 15 constitutive expression of 4SC622 fromthe upstream CW ME

pronot er. Fl GFIGIAI8 tepmesents dhe cdnstrectign sifngTE1par desigeedhtosale am of

ugétz glgnecFil gygrlpmm %éblﬁﬁtbﬂ??ﬁél@@éioﬁpé’{ GulR #eﬂ}ﬁl.l'ﬁw@rrtapéétﬁpmeme 29 i th

p : shows a flow_cytonetry sin par anmet er_ hi.st.o 0
Pyoronyci h B @R Sibi keess. B0y Arel snedidiely BRMETTRAM, b 2pS 86Ty

i ncubat ed wi t hpmoaidtet ih g E158rg/ mM ) for 18 hours pricor to 25 staining with
pol ycl onal FITC conjugated anti-hunan 119G (H+L) F(ab')2 -fragment. 18 15
July 2005 M0 021057423 PCTI US02/ 01208 . FIG. 17C sho eh.fliow cytometry
singl e paramet@G-hl1iAoghaws 3 flowhsyiamelny shgle r3RamRiern M$8Aa MLt op 1%

singl e paranmeter histogramof the cells expanded fromthe top 1 nost

fluorescent cells in Fi'%;. 4B, incubated with rabbit |Ig%ét1 %M‘) for 18
hours prior toFlG. 11B shows a flow cytometry single parameter histogr of _

10 RGC10 cells stained with FITC-hFc. -

FIG. 11C shows a flow cytometry single parameter histogram of
RGC10 cells induced with 1 ug/ml.doxycycline for three days prior to
~staining with FITC-hFc.. | -
15. | . | 7
FIG. 12A shows a _ﬂow' cytometry single paraﬁdeter histogram of
CHO K1 cells stained with polyclonal FITC-conjugated anti-human IgG
(H+L) F(ab’),fragment. | | -

20 FIG. 12B shows a flow cytometry single parameter histogram of =
. MSX-resistant RGC10 cells transfected with pEE14.1-622 and

incubated with rat IgG (1 mg/ml) for 18 hours prior to staining with
polyclonal FITC-conjugated anti-human igG (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
- with 1 ug/mi doxycycline for three days then incubated with rat IgG
- (1. mg/mi) for 18 hours prior to staining with polycional FITC- o
conjugated anti-human IgG (H+L) F(ab’),fragment.
30 : : - - ‘
FIG. 13 summarizes the specific p'roductivities- 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 expression of human Fcle from ihe upstream MoMuSV.

LTR promoter. - | L e
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staining with polycl onal FI TC-conj ugated anti-human |1 gG ( H+L) F( ab')2 -

fragnment. 10 FIG 17E shows a flow cytonetry single pararre ggi ﬁé‘ggram of -

unst ained clone 5H11 cells. FIG 17F shows a flow cytonetry

paraneter histogramof 15 clone 51-111 cells incubated wth rabblt 119G (1
my/m) for 18 WOWRES™¥Brior to staining with pol ycl onal Fl TCPESNSGRYA98
anti-human 1gG (H+L) F(ab')2fragnent. FIG 18 shows schematic di agrans of
dormains of Protein G and 20 Protein G hFcyRl fusion protein encoded in _
pTE300. FIG 19 i.s an outline of the construction of pTE300, designed for
t he expressi onFl é5éhiSH@WiSca|cfiQW&Yﬁﬁ'ﬂ@iﬁ}'aﬁlﬂglﬁgpﬁf?@@@fﬂh'§i°§ﬁ%’[‘ Osequence,
t he Fc bindi ng domain otein G and the 25 transnenbrane and-

i ntracel | ul ar %%éif}?do%ﬂ#é ?l Sfromthe upstream CW ME promoter. FIG
20A shows a flow cytonetry si ngl e paraneter histogramof unstained RGCl4
cells. 19 15 July 2005 WD 02/057423 PCT/US02/ 01208 FIG 20B shows a flow

cytometry singfgsPasaBhewsha AN GyBAtry @lﬂ'@ehﬁﬁraﬁﬁ@mﬁqﬂsmﬁ sfells. 5
~FI-G20C-shows-a flow cytonetry -si-ngl-e-paraneterhistogram of - -unstained-

(418- r esi st ant CyREFA stadhéd [Bpt/Oteelissf ected with pTE300. FIG 20D shows a -

flow cytonmetry single paraneter histogram of - FI TC hFc stai ned
A18-resi stant RGC14 cel | . pool transfect ed with 10 pTE300.

FIG. 15C shows a flow cytometry single parameter histogram of
unstained Sp2/0-FcR-4 cells.

10 - | |

| FIG. 15D shows a flow cytometry single para_metef histogram of _

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

FIG. 16 represents the structure of pTE209, designed for the
. 15 constitutive expression of 45C622 from the upstream CMV MIE

promoter.

-#iG 17A shows a flow cytometry singie parameter histog’ram of
7 N unstalned hygromycm B- resustant Sp2/0- FcR 4 cells transfected
20 - with pTE209 '

. FIG. 178' shows a ﬂow Cytometry single parameter-histogr'arh of
hygromycm B- resnstant Sp2/0-FcR-4  cells transfected with pTE209
_ '_and mcubated with rabb:t I9G (1 mg/ml) for 18 hours prior to
-1'25. _stam:ng w:th poiyclonal FITC -conjugated  anti- human IgG (H+L) F(ab’)z

fragment



FIG 20E shows a flow cytonetry_single par amet er hi 'st'ogr am of  unstai ned

RGC18 cells. 15 FIG 20F shows a flow cytonetry single par gg_rﬁter hi st ogram
of RCCl8 cells incubated with 10% fetal bovine serumfor B'Mr%’%ri or to
staining with polyclonal FITC conjugated anti-bovine 1gG (H+L

F(ab') 2f ragmneWO 0P84 G 21A shows a flow cytonetry single peps

hi st ogram of unstai ned hygronycin B-resistant cell pool derived from RGC18
after transf edtliGon1RCt ShVEZ0 Sowrtgonzeing syrtesparameier &jatedrdm isingl e

par anmet er histogram of 25 the hygronygin B-resistant cell po derived
from RGC18 af tléTStamPﬁn%qlléc?i‘WWt{ﬁo &‘ﬁ)‘fpp i1(r?'s(§d53%e@”%e?ﬁe&a§%]9‘tﬁ] gG (1

mg/ M) for 18-.hoyrs prior to staining with polyclonal FlITC conjugated

anti- human | ?dg( E]EL) F(ab')2fragnent. 20 15 July 2005 WD 02/057423

PCT/ US02/ 01208 FI G 22A shows a flow cytonetry single paraneter histogram

of unstained RGC18 cells. FIG - 22B shows a flow cytonetry single paraneter

hi stogram of BGERCCIDBskkeNs sa ifloeu bgtoatktvy tdngleQepan(ctey idtpgfaoe of hour
F(ab')2 _fragrbatcels expamiedsitomsthe topd% yeoswetyareseen elisanahidk er

(1" o/ )t ordBniebgtecoiorabblh fend! bt o) dtohan PR 18 upared O
ant i humen | oG LFith iR GhhASFRE.coflGatel? B haifartidd QMety FRESY Y
fragment. : - , :
10 o |
| FIG. 17E shows a flow‘_'cyt-ometry single parameter histogram of

| | unstained cione 5H11 cells.

- FIG. 17F shows a flow c_ytometryi single - parameter histogram of -
.15 clone 5H11 cells ‘in_cub‘at_ed ‘with rabbit IgG (1 mg/mi} for 18 hours .
. prior to staining with polyclonal FITC—conjugated anti-human 1gG

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

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

20 - Protein G/hFoyRI fusion protein encoded in pTE300.

FIG. 19 is an outline of the construction of pTESOO,.designed_-fdr
the expression of a chimeric protein containing the 'HOF{I signal_
sequénce, the Fc bind-ing‘d_omairi of Protein G, and the

25 - transmembrane and intracellular do'main of hchFu from the'r

‘upstream CMV MIE prbmoter.

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

‘unstained RGC14 cells. Lo TR
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15 RGC18 cells incubated with 45C622 (1 g/m) for 18 hours prior to
staining with polyclonal FITC conjugated anti-human 1gG (HtL) F(ab')?2
fragnment. FIG 22E shows a flow cytonetry single par arreter1ﬁr’§[§’égpgm of 20
RGC18 cells incubated with 4SC622 (1 gg/ml) for 2 hours then with 4SC622 -
(1 g/m) and r 3HIHOST4GG (1 ng/m) for 18 hours prior to st Y HRE,

pol ycl onal FITC-conjugated anti-human |gG (H+L) F(ab')2 fragnent. 25 FIG
22F shows a fl ow cytonetry si ngl e paraneter histogram of unstai ned RGC19

cells derlvedfr RGC18 cells by transfect] with. pTE209. 21 5JuIyV
2005 VIO 021057488 S%@Z@oézﬁ@" Gyt Q"WZGSW%E’WI%@V E&fg s. ngl e
paranet er hi st tai ned wth polyclonal FI TC— conj ugat ed
anti - human 1gG %@TL'% ﬁ?%@gﬁgéﬁ%ﬁ 5 FIG 22H shows a flow cytonetry
singl e parameter histogramof RGCL9 cetls incubated with rabbit 1gG (1

ng/m ) for 18 hours prior to staining wth polyclonal FITC conjugated

anti - human kgGHRIGHL20C fshalis) af ﬂ@gn@nbmei@ Bieighe |padaiesar hitogranofoft he

~|-pyent i-on-Thi-s-i-nventi-on-descr i-bes-a-novel -and- Erew -ously unknown nethod -of -

i dentifying andinstained Gl 8-resistant sq@ﬁ‘[éhcfﬂf@@o dranstecied gvith U130, The
invention is based on the production.of a cell |line that expresses 15 a
nol ecul e, localized to the cell surface, which binds the PO. The cell

surf ace-di spl d t he e ' > d: I i e L1 iQuUS
det ection nol eﬁﬁésfogrr?@%gﬁognﬁo‘gfCﬁ@@%mg\@%‘dﬁgﬁﬂe%- ‘gdesﬁtt zﬁbr}éﬁ{ of
FITC-hFc¢ stained G418-resistant RGC14 cell poo! transfected with
10 pTE300. | | B

FIG. 20E shows a flow cytometry single parameter histogram of
unstained RGC18 cells. | T

15 FiG.'ZOF'shqws a flow cytometry singlé parameter.'._ histogram of
RGC18 cells incubated'with 10% fetél bovine sérum for 2 hdurs prior
- to stammg with polyclonal FITC- con]ugated anti- bovme Jo]€] (H+L)
F(ab) fragment

20  FIG. 21A shows a flow cytometry single parameter histogram of :
 unstained ‘hygromycin B- remstant cell pool denved from RGC18

after transfectlon with pTE209

| FIG. 21B shows a flow cyto'metry,'single: parameter h-ixstogram of

25' the hygrbmycin B-r.e'sistant cell pool derived from RGC18 after
transfection with pTE209 mcubated wnth rabbit. IgG (1 mg/mi) for
18 hours pnor to staining w:th po!yclonal FlTC-conjugated anti- '

human IgG (H+L) F(ab’ )zfragment



surface, under specific conditians, is a direct neasure of the total

amount of POl secreted. POl producers may then be isol at edTI‘Srolmr?é s
non- producers, and | evel s of production or POl characteri st ey be

.differentiated, The advantage of the invention is that it dir |
quantifies thegv YHP¥¥Ed PO1 rather than indirectl y measuri nquTﬁ%Bz’%ﬂﬁA 25

This invention_relates to the construction or use of cells that Xpress

cel | surface cEMRur2Avshews asfiow @fomely §iRgle parametes BI§IOPATS i n t he
same cell that produc PQ.. As the cell secretes the PO, -these cell
surface cathrBRﬁ%f'}?gﬁﬁg@éﬁ ﬁg.is'it, or conpl exes of POl and cell surface
capture nolecules formintracellularly 30 22 15 July 2005 WO 02/057423
PCT/ US02/ 01208 and then get secreted. Binding may occur in an autocrine

nmanner or whi FEGb@i2B) shewiseheiow TdigometlySsingrt paradete histograsy ef ed PO
may then be identified and isolated. Such identification and i-solation may
be based on5ch&G{ct&mcedsiiosubdtedhwitP@SCE2Ddligrg/on) &ar 1 Heup@riasrto 5 | ack :

I
nol ecul e. and/ obtainiag math pelyckmabFdliucaniugated @ndidhyman lgBs(bie B@bdt ate, or
t he cell sur_faﬁ_e‘caﬁttjre nol ecul es and/or the PO {  nmay be reconbinantly
produced. Thro @ﬁr? Blconstruction or use of such a cell, any secreted '
protein may be captured by the cell 10 surface capture nol ecul e provi ded
there is @ corresponding affinity  between the two. .As expl ai ned further,

any ol ecul e nEKGb@20BALNE at fsly Stiabmichgt sihgiecgarmete_?eﬁisa?rarm_ef | surface
capture nol ecule. Therefore, this invention may be utilized to isolate any
16 RGC18 cells incubated with 45C622 (1 ug/ml} .and rabbit 1gG {1
mg/ml) for 1 hour prior to staining with pelyclonal FITC-conjugated

anti-human IgG (H+L) F(ab’),fragment.

- FIG. 22D shows a flow cytometry singlé parameter histogram of
15 RGC18 cells incubated with 48C622 (1 pg/ml) for 18 hOLirs prior to
‘'staining with polyclonal FITC-conjugated _anti-hufnan IgG (H+L) F(ab’);;

fragment.

7 F‘IG. 22F ‘shows-a flow cytometry single parémeter histogram of,‘_

20 RGC18 Cells incubated with 4SC622-(‘| ug/mi) for 2 hours then___with'
| 450622 (1 wg/ml) and rabbit 1gG (1 mg/mi) for’. 18 hours prior to
'st.ainin'g'with polyciohal FITC-Conjljgated anti-human IgG'_(H+L)- F(ab), |

‘fragrﬁent.
- 25 FlIG. 22F"shov'\is '_a flow cytometry single 'parame'ter'histogram of

_unstained RGC19 cells derived from RGC18 cells by_tranéfecti_on
* with pTE209. | o |
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cel| which secretes a protein. 15 Mbst any protein has the capacity to’
function as a cell surface capture nolecule as described &g tlhgﬁgﬂventi on.
What is neceggafysaiss the ability of the desired protein p ored to
the cell nenbrane and exposed to the extracellul ar space. If the desired

ot 1 it ed R TePanaaNET S SRR MIERERRGBEIIbg HTL0T o

added t0 thepeety stisf AameeaRl R VENEA FCSiilugdtal ddii-nirfiiqe anchor ed

in the cell rane exposed to ‘the outside of he cel Furt more, if

t he desired (ﬁ){_‘q_t)ei:(htj')gcf@f@eﬁi_gnal sequence, 25 a signal sequence may be
added to the am'no term nus of the desired protein, such that it is
transported to the cell surface. A signal sequence and a nmenbrane anchor
may be native to the cell, ‘reconbinant, or synthetic. -23 15 July 2005 WO
02/ 057423 PCIVRJISEZH IO aCHPWs CyToreeirs srale eDarameler vistrefdm o proteins, -

.endogenously or_ followi ng the introduction of recqnbinant DNA. _An
secreted proReiG hragindclatad MiBralwt 1% (&Pl dandBneYE B be

i solated. according to th th f this | o] et ed proteih§
5 incl ude buf S #WvﬁH&ygﬁn?ggﬁﬁéﬁPﬂﬂﬁ@ﬁgﬁsgb*gﬂ%ﬂfﬁ&$éﬁﬁgi receptors,
| i gands, sol rﬁﬁﬁﬂ conponents, antibodies, and peptide hornones.
Such secreteﬁe%fggel sgﬂgy or may not be reconbinant. That is, the
secretion of sonme proteins of interest fromthe desired cell may not
require the introduction of additional 10 nucleotide sequences. - For

exanpl e, 1¢ he secreti on[ftadadi Medicription of the Invention

This invention describes a novel and pre'vi,oqsly unknown method of
idéntifying and isolating the celis wh_iCh pjrog:iu‘c'e secreted proteiné.
The invention is baserd bn the produection __,t::>f"'a cell line that expresses
15 a molecule, localized to the cell surface, whiéh binds the POI. The celi
surface-displayed POI can thén be detected by labeling with‘various’. |
detéction moieéules. Tﬁé amount of POI displayed on the cell
“surface, under speci.ﬁc.i conditions, is a direct measure of the total
amount‘of POl secreted. PO! producers may then be -isolated from
20 non-producers, and levels of production or POI characteristics may
- pe differentiated. The advantage of t_he' invention is that it directly
" quantifies the secreted POl rather than indirectly measuring the

mARNA.

25" This inveniion relates to the construction or use of cells that
express cell surface capture molecules which bind various secreted
~ POIs in the same cell that produces the POl. As the cell secretes
the PO, these cell éurface capture molecules bjnq_it! (f)r_complexes

~ of POT and cell surface capture molecules form intracellularly

30

22



fromB-cells or plasma cells is_not the result of introduction of

reconbi nant nucl eoti de sequences into the B-cell or plasm |l

Recomnbi nant secreted proteins may be produced by standard 19dihe 20%

bi ol ogy techni qgues well known to the skilled artisan (see 1

Sanbr.ook, J., @90#937ﬁ3i tsch And T. Maniatis. Ml ecular d on?%jg:"& [01208
Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989; Current
Protocol s i n NbnkdemgeBiseCried. EisdingualePccat i an agiceing Papher Ohssoc. |

Xvo'mgér cal Sfﬁiﬁﬁi%: Seind, SRR ed ‘%ﬁ%@:rﬁiﬁ{?bﬁﬁe 3 sheBid poChdl™
i or t.gi 198 bR i@pnof th
Phwent i on. Dot BER b8 Grre SAFighiia, ™, QSN heingROR IR Relpre The

acconpl i shed tRaoUEH HaRBdUSE cRAraddtishies afuthe PORDpRIdecttn ¢f thetROL of
indirectly binding the displayed PO. Such detection nolecul es may

facilitate 3heladktthetéain cary epedified devels aff progihictioe. cEhe sellisysfadg ng t he

then gl

elb i} 118" sur f ace

produci ng cel | eamyire: §olgcyinand/gaiie: EpRMay Lo BEIWCEH s

capture nol ecul e

WD 02/ 057423 g@ﬁ{g@@@%h%éﬁeL@@ﬁgﬁiégcﬁﬁsﬁgﬂ@egﬁm?pﬁ%%égpﬁorr_@%é%?)flijg' 1 Sggg |

t he cell T : | tj [ l1s b
3:i-ngeaﬁe anf?@g&iﬁ%ir%g{?ﬁlﬁrﬁa B! 5oHlEed O TRioudh! iNeOEYndFREBAI Ause! | s by

_ _ I'ng protern as the cel surface capture nolecule. 5°
I'n one enbodi ngNkuch REceMVER sebretéd Pﬁﬁtbifﬁﬁiﬁyebbcndﬂwrddsw até @ellof

| i gand- producing cells by using the [igand-specific receptor as the cell
surface capd ursuniate captureMnoteciie @rovidad| theredsl & asdrespendingdaffty
construct ed thgétweexe%r teh_seS tv?o.ce)\sl eigira];n%%efucrt etr?%%ynr?aloﬁe%ﬂ eem%?/p g e
' m.anipulated such that it can be USed as a .cell surface capture
" molecule. Therefore, this invention may be utilized to isolate any
cell whié:h secretes a protein. . o
15 |
Most any pfoiein has the capacily to func_:tion as a cell surface
captljre molecule as described by the inVention. What is necessary
" is the ability of the desifed protein to -be anchored t'b_ the cell
-membrane and exposed to-the extracellular space. If the desired
'20, -cell has a signal s'equence then only gwmembrané anch_or, including" '
 but not fimited to a transmembrane anchor or a GPI'linkage signal, . -
- need be added to the cell sun‘abe capture moiecﬁie such that it |
remains anchored in the cell membrane exposed to the outside of
the cell. Fu'rtherm.o‘re,: if the desired protein lacks a signal _sequen_Ce,
| '25 “a signal sequence may be added to the amino terminus of the
' Vdesired"protéin,_sﬁrih that it is‘transp'orted' to the cell surface. A.
"sighalr 'seque'rjce and a membrane anchor may be native to the cell, -

~ recombinant, or synthetic.
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of binding a growmh factor or a cytokine. These cell surface capture 10

nol ecul e may include, but are not limted to Tiel, Tie2, VI,I:_gBF I %:Iti),
VEGFE_I I (Fl'kl), cytokine receptor conponents or -fusions of tij%ZB& nor e
cyt oki ne receptor conponents. Such receptors may bind a PQ, _
cyt okine or a Y8 W¥*factor. The cytokines and growth fa-c%(r:gﬁ%ﬁa@u?%cl ude,
but are not limted to, Interleukin (IL)-1, 15 IL-2, IL-4, IL-5, IL-6, -
IL-7, 1L-9, |lGalts oftenisecrete- 2 5vidpLvanety| of proteins. epdogepoysly @ | ary

Neur ot r ophi ¢ Fagt oy F),, /t h i et V I Endat hel,i al
El?/ftcglr: (VEOclaF)T Jfo q.\gnnaséﬁgfrftwd%%ar P%@?‘Pﬂm& F?Am%tnsgﬁgggln?gagrgwh

, -an , 4 r | he . ' | | i cabl
Co the i ool at iORtal maf de Befffed ShartHs CalpRoqucidld it Megrbe Kok PE | Cing:
protein as th ccﬁ%ihg:ﬁfr@%e@m& WrahPinetion. | Suenessurersti pesteinsan

anti body producing may be fused to an immortalized cell which :
expresses ‘s datludeubfibaes aapt limigedabe grdvethwidatbrshi grewth HaclRm  which is an

3

Ro; | ij i ted( t JeBeptars s ligaisicalybie REEPLPe FRBIPONEE]fe ATHINOH ISR, cells,
ybri domas (e.g. 0, el o . 9. SP2/0).. . nbi . 0. :
cells expressi%t&gc%ﬁ’rw ngrs‘l‘f:f‘g%%‘ifg d?p&c%teg{sﬁ&ll%y é@ﬁ%’ Bﬁﬁhéilgg ?usicgg

protei ns consi Sti.pG:of ~rantd il o | ; 2/ 057423
bCTi so2/ 01208 coR bR AP &Y e 3BERoR, of B3k et R e P may

be an anti bodyomr gruaesirdy c%uqaa?erhd)tsrmui@wmmﬂxm&m of additional mi ted to
lgM 19gG IgA 1IgD and.IgE as well as various subtypes of these. Cell

surface capt urmudiedtdzbegquerntas. nipr lexansad, the Iseaetont baotibediesi ncl ude,
but are not limted to, Fc receptors, such as Fc gamm R, . :
from B-cells or plasma cells 'is not the resulf” of introduction of
recombinant nucleotide sequences intb the B-cell or plasma éell.,
Recombinant secreted proteins may be produced by standard
_ molecular biology techniques well known to the ski"ed artiséri (see
| 15 e.g., Sarﬁbrook, J.,. E. F. Fritsch And T.-_Maniatis,.. Molécular Cloning: ,'A_
| L—aboratdry Manual, Second Edition, Vols 1, 2, and 3, 19-89; Current '
Protocols in Molecular Biology, Eds. Ausube! et al., Gfeéne Publ. -
Assoc., Wiley Intersciénce, NY), Thesé secreted pr;)téins are,ru'seful
| fdr_ many commercial ,a.nd research purposes. This inventioh '
© 20 -encompasses the. produbtion of such secreted "proteins thrbugh the
| ‘methodolog'ies of the invéntion.' Deteciion of the cells r_with' the
displayed POl may be accomplished through'thé use of ény molecule
- capable of _direct!y or indirectiy- binding the displayed PQL _' Such B |
detection molecules may. facilitate .the detection ',andllor isolation of

25 the cells displaying the POI. -
The invention is applicable to the isolation of inter alia.- a) ligand-.
producing cells by using the ligand-specific receptor as the cell

surface capture molecule, b) soluble receptor-producing.cells by .
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Fc gamma RI|, Fc gamma Rill, anti-imunogl obulin antibodies, Protein A :
Protein L, Protein G and Protein H, or functional fragments , f t&%égof,' 10
The invention, as applied to the isolation of antibody-produci Hg | :

coul d be-used Wo‘éz%?ﬂ&:i fy and isolate cells that express ant%&%}{ﬁﬁlﬁﬂﬁ th a

desired specificity, Tsotype, and avidity. Mreover, detecti 8
peptide or a protein fragnent would allow identification a i.sol ation of
anti body produdFHY &Y Q%quﬁgﬁﬁgﬁgtoé'rﬁﬁeﬁgﬁi é@a@%élél ieccg'g§”f16Pea desired:

epitope. In ac ] t he & X this. L.hventiaon, a cell is
first transfegg égﬁ%‘?ﬁﬂl‘@gh@ec O;)"%@Wogﬂ)nﬁ %uginﬁugélggowd‘gsm%ﬁence that
encodes a cel | afYBbagifiRy WiBtdR|LCE dolladurldue-aaaele mblekLpdi ng 20 the
secreted PO, Sndere%o;l It ngteiqﬁ év-%chimch %Bc 3 cel l sur?gce capture nol ecul e
I s expressed. Transfected cells which are appropriate producers of such.

cell surface capture nolecules are then detected and isolated, and such
cells are c6lt i @te ambedineent) she nmvendionnisrapplicabl to/ the doletion bt PO, or

the PO they” igRad PESPIRa el Bh ot Hins st -appeic Tebobis #0NG s o be
reconmbi nantly ' { | at Gl e e ssing
the specified géﬁ%’%@?? aé%qg'gpﬁiéaﬁn%'l e@gr%gg?é'%%‘%n%‘@c@e@ b&nﬁf)%éagecond
nucl eoti de seqeengmisiiidted®HedeRpredS a 2@I115urade/ c\'é,’ﬁﬁﬁe MO eépdble o
PCTNS02/ 01208 secreted PO, under conditions in which, the secreted PO is
expressed. Upoof dindiegsi growthéacter oetedyfRindi Miweseoctihsueate capiurkace
capture nol ecul es and the cells displaying bound PO are o
' ~10  molecule may include, but are not limited to Tiet, Tie2, VEGFRI
(Fit1), VEGFRI (Flk1), cyfokine receptor components or fusions of
two or more cytokine receptor components. Such receptors may
‘bind a POI, such as cytokine or a growth factor. The cytokines and
. growth factors may include, but are not limited to, Interleukin ‘(IL)-1,
, 15 IL-2, IL-4, IL-5, IL-6, 1L-7, IL-9, IL-10, IL-13, IL-15, IL-16, IL-17, IL-
18, IL-21, Ciliary Neurotrophic Factor (CNTF), erythropoietin,
" Vascular Endothelial Growth Factor (VEGF), angiopoietin 1,

angiopoietin 2, TNF, Interferon-gamma, GM-CSF, and TGFp.

20 = n anothér embodiment, the invention is -applicab%e to the isola’t_i_on of
- antibody-producing cells -by'usilng an antibody-binding protein as the
' .-'cell'sur-face capture molecule. In one embodiment, an antibody |
.-produci_ng cell may be fused to an immortaliz_ed LCQI{ which expresses
~ acell surface capture molecule which binds the POI which is an
25 antibody in this case. Such anti‘body producing celié in:cludel but are
not limited td B-cells'_ar]d _dérivatives therecf-,m especially pla'sma
cells; -rl‘]y:brido_mas (e.g. NSO0), rﬁyeiomas (e.g. SPZ/O), recomb_inant
cells (é;g. -CHO celis expressing' recombinant Jantibodies), or other

cells. producing fusion proteins consisting -of antibody;.: -fra.gﬁiehiét,'. “
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det ected and isolated. 5 If the_PO is naturally produced by the ceII the'

cell will not be  transfected with nucl eotide sequence encg% ng hgg
Therefore, this aspect of the invention'is applicable to 433 | cells
producing a POL In addition, if the cell surface capture nol ecule is 10
natural |y prodWOdd®2% he cel |, the cell need not be transf CTESAHIA

nucl eoti de sequences encodi ng the cell surface capture nol ecule.

Therefore, thi §u@f§ﬂ§cf0roéxén|‘itﬂe' ﬂ"\éelf‘&'ff%ibrn&tafﬂﬂhllg@m ETHS POYMmape &nh

cell's producing a cel | surface capture nolecule. 15 Transfection and
expressi on ar eagfifeht prbduvedugh suble cetis vetfich vaclude bul erbonct ioitgsl (s ng

di fferent expression cassettes and pronoters, either constitutive or

regul ated, andlghhylgs.JeAi Dl aad Igenaaeliras vaieusssubtppenal thasai faelbr s,

splice. donor and acceptor sites and other nuc ces Kauf man et
al. " (1907) wepWIaCeGSpilgriaplagy crobalany! bensssgdsgteas&ﬂﬁ S fu an

known i n tnb e B cled®l iR L eoBiBR HehleS SR AETT QuES

i ntenance asgan RN PEREATAL R, 8heTARurldhih M RBbadsoPrbialD C he

host genone. For."a mamalian™ host, a'w de variéty of vectors are known
based on viral Ar dnbidiatl, omrotemsﬁermd Brtéinald, Sirrfuactional Usagrbentsne papi | | oma
virus, adenovirus, Epstein Barr Virus, retrovirus, and the like. These
vectors can betherssd. as expressi on- vect ors where. transcri ptional and .
translational 27 15 July 2005 -WO 02/ 057423 PCT/US02/01208 '.. -initiation
and termnation signals are present and one or npre .

10 The invention, as applied to the isolation of antibody-producing celts,
_cou!d be _used to identify and isolate cells that express antibodie_s
| ‘with a desited specificity, isotYpe,' and avidity. '.Mcreover, detection
with a peptide or a 'protein fragment would allow identification and
isolation ‘of antabody producing cells that express antibodies specmc ‘

‘15 for a desired epltope

in accordance with the methcdology of this invention, a cell is first
transfected with a vector containing a nucleotide sequence tha_t
encodes a cell surface capture .molecule that is capable _of bind‘[ng.
20 _the 'secreted F’O'I',' Under.conlditicns in which such cell surface
capture molecule is expressed. Transfected cells which are |
apprcpriate producers of such cell surface capture molecules are
then detected and isolated, and such cells are cultured. .These cells
may either naturally produce the PO!' or-the POl may be |
| 25 recombinantly "produced' if the ceils naturally produce the POL, they
| are ready for detection and isolation. !f the POl is to be
"recombtnantly produced then the {sclated and cultured cells
expressmg the specified cell surface capture molecule are .

'_.transfected with second nucleotide sequence that encodes the
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restriction sites are available for insertion of a GO . In addition, the
vectors normally have one or nore markers which allow for %Hﬁ 0|$n of
host -cel I s which contain the expression vector. The 5 narker 8 ovi de

for prot otroph%(i&{)gﬂ%@uxotrophlc host; biocide resistance, pcrého2/01208
resi stance to rof1cs, such as G418 or heavy netals, such as copper;

he like. If d b ed b h
vari ous Loﬁponeﬁ@%?éfi% &85 25ndlars Shirien i@é‘e@%é?%éﬂ%é P& P MM e
t I pti
Signal s I conf 5@*%%.5%‘?16‘5&5%?‘* REEsckh ROl PO! S AT Reh LT 6o 2"

prokaryotic reglg8d Icaaturéyrﬁbeamewﬁaﬁtwé ceus diémaﬁhgrbdwd eem'arael ati on,
purification, and expansion of the desired DNA sequence. 15 A wide variety

of transcri pti detdctachdarid isrdhtetli onal regul atory sequences may be enpl oyed
dependi ng upon the nature of the host. The transcri ptional and
translationdl, regulatory signals may be derived fromyviral sources, such

fhe 1 ko wnor & PRcP8DTT Belivali pyoiogAiol e ol ol vl i Bl K80 pir el
gene whi ch-has ane il Laehykofi01EaRte dicofithy Bos, mpRERES from

manmal i an  expression produ SUER RS ac nyosi n,

be  enpl oyed. Tm@fh%,%bpbf @rﬁ@hn\)e’hhbh%'éﬁbhbﬁglélﬁiﬁﬁy ﬁitﬁﬂﬁ'c&llﬁﬁy be
sel ected which allow for repression or activation, so that expression 25 of

the fused genegroxiutinge anPOUl dh edidititeg ut me)cgllaugﬂaalascamurebmolemde ved from -
natural sources or may be chinmeric in that sequences wth the regul atory
si gnal may 108ri grivaely pregucad byrtbatcalbiheceell peed mature transtected with 057423

PCT/ US02/ 01208
~nucleotide sequences encoding the cell surface capture mo!ec_u!e.

Therefore, this aspect of the invention is applicable to any and all

cells producing a cell surface capture molecule.

15 Trenefection and exp_reSsion are effected Athroug'h the use of
various vectors comprising different -expre'ssion, cassettes and -
. promoters, either constitutive or regUla'ted,‘ a_nd' may also rinclude
enhancers, transcription terminators, splice’ donor and'aeeeptor
sites and other nucleotide sequences (Kaufman et al,, (1991) Meth.

20 Enzymology 185:487).

These vectors are'generally 'commercia‘ily 'available or can be readily-' -
prepared by standard technlques known in the art and provnde for _‘
expression in a host either by malntenance as an extrachromosoma! -
25 element.or by __|_ntegrat|on-mto. the host: genomef For a mammalian
- host, a wide variety of vectors are knowh based on viral replicetioh
systerﬁs, euch as Simian virus, bovine papilloma virus, adenovii‘ue,
~ Epstein Barr Virus, retrovirus, and the Iike. These ve_ctore cen be |

used as_expression vectors where. transcriptional and translational

27



Furthernore, the nucleic acid sequences enpl oyed for 'pre‘parati'on of the
vectors nmay be derived froma variety of sources. These s%l‘rjcego' cl ude
genom c DNA, cDNA, synthetic DNA, and conbinations thereof” 4 g%nom'c
DNA may or may_not include 5 naturally occurring introns. Th ai ned
fromnatural S8IFEEY nanely the genonic DNA or cDNA, nay B&’%@@Q%ﬁ%d in a
variety of ways. Host cells coding for the desired sequence may be

i sol at ed, the igdiabiancamiermipation Signate e resomvent ana ¢r B0%Enhe or nore -
tricti d | , dth l.ti f ' d d
Soreencd w t h ZORLRE T pkb ayORn R shedHieh igtH R EREadBef i For '« he
| tid | ] ; t b
Paent it ed whi giaSendimay f658 one B g maft@ s M EhARBRF foR o8 PPe Ty be

further mani paé&ibri of MRBP\:ells SHneh fdomaip P expredsion veectoer Theth ternini,
renmove all or a portion 15 of intervening sequences (introns), or the |ike.

Once the vect anaties imegnproviseafedpfaiotrepby desamrauxotrophic hest;i bibcideuced

nucl ei ¢ aci-ds feaistanesst e.gel fesistanee 4o rantibinticsn uchoas (GF 1Bdot Heayvil ci um
phosphat e coprecjpitation, DEAE-dextrans: iated transfection,
Bl ectropor at | Retabl SR, GRkeR Bt the ieC b EBRERe. PRERSRLYAsiot
transfection, 1] Wals® QEIAE LRI O i
m croproj ecti |¢e4rﬁ§%$%’thgg'%§en J 1{1?92?‘% Oén%l%)émﬁﬂgntpégﬁpt,s, (nggo?s IE/rlleet h.
Enzynol ogy 185gphdation &ysteis, sidrkbrs]l and it@msoniptionBe amdatanshaionge! | known
techni ques exist in thé art which induce stable integration of GJ and
subsequent 10 exegaktomgninitiatiproasd ntermindien dignalst iredoajunctisol witedheor
further use. Kaufman et al., ( 199_1? _Meth. Enzynol ogy 185:537) reviews
sever al - GOl Frequently, a vector will include a prokaryotic repl_tcatlon B
system, which allows for cloning, manipulation, p_uriﬁcation, and

expansion of the desired DNA sequence. 1 ' .

15 A wide variety of transcriptibnél and translati.on.al' fegu_lato,ry '
sequences may -'be employed, depending upon the nature of the host.
The franscriptional and translationai‘reg'u_latory'_signals may be
dérived from .virai sources, such as cytomegalovirus, adenqvirds,
beine papilloma virus, Simian virus, or the like, where the
20 regulatory signals are associated with a particular gene which has a
| r'high. lével of expression.'. Alternative!y, prombters from mammalian -
expression products, such 'as actin, coliagen, and myosin, ‘may be |
employed. Transcriptional i'nitiation regul_atory signals may be
- 'sellécted which allow for repression or‘activatid'n, so that expression
'.25- of the fused ge'nes can be mddulatéd. ‘Heg.ulatory signals may be_
‘derived from natural sources or may be chimeric in that sequences

with the régU[atory signal may originate from different sdurc;es. .
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29 15 Jul y-‘ 2005 WO 02/ 057423 RCT/ US02101203 transformation protocol s.
Such techniques may utilize many different conditions incl *?l lﬂg 6)§t not
limted to, various art--recogni zed vectors, nunerous cell T’ go nd.
diverse cul turg. ditions. A wide variety of host cell sl,(gx@?' oPFr208
transfect ed. -fﬁ%%’Z‘BZ@ s will be of eukaryotic origin. The cells wll

often be imortalized eukaryotic cells, and in particular, mam"rFI ian cells,
for exanple ntFrH(Hlﬂrmoﬁ?reW%@IUF?'?Géé,Se@;i“IP?l"e%seelmQY% BURISPEIPE 10
(CHO, HelLa cell h r. ki : .S 1K) ' e ni-c ki dney
cells (HEK293)°,f qﬁgug%c%'fse@wnﬁgl (E%%ygﬁﬁ aeﬁéry n?%ggmséﬁ%.e The cells
may al so-be n @g@, i ic DRA. WHNg, héfid @NAfamgi , yeast and

i nsect cells, cg|E)rti|c udl'hg@bgﬁé@!{c T m ted t%))’?ﬁ:tforl exanpl e Escherinhia all,
Bad subtil s, oiwftingtidrisnthetbokprne genolie ONA onyces roay ewt dnclede and Pichi a
pastoris. Al cells my be grown in culture trays nmedi um under

appropri at &, owidtadly opeeursng jintransy nEngiNA obiained free mgtdraliesi rabl e cel I's

the cell . su'rfﬁ@r%%twiwﬁ%&ﬂn@%@%% Ordﬁh@gt BlaYahe Og)gad'l‘%q d4%y vari ous

t echni ques knqwn. i.n rt u I i ' ed PO
may be cont ac%'e\w Pﬁ]wé}}% %ﬁt%{se%@nggégmé; d%?lr %‘r%g{u}eseg?ﬁlg% Irectly

bi ndi ng the saggigiaf thE genMiREEDRASHEY BetRYmditedPLemMmésly bpyoreontain a
detection |abel, 25 such as, for exanple, a chronogeéenic, fluorogenic,

colored, fl uasreapeatrestrictivngeatiocudlabsds, Atk thabeisubimgntragoents iay ecti on -
nol ecul e may be detected and the cell isolated using various
. 10 be.cloned and screened with a probe for the presence of the DNA
séquence coding .for the polypeptide séquence of interest. Once the
cloned fragment has. been identified which contains the desired DNA
s-equenc'e, this fragment may be further manipulated to remove
‘superﬂuous DNA, m_odify one or both termini, remove all or a portion

.15 of intervening sequences (introns)_, or the like.

‘Once the vector has been prepared for expression, it may be'A
introduced into an apprépr_iate- host. Varibus techniques may be
| employed to introduce nucléic acids into host cells including, but not
0 ~limited to, calcium phosphate coprecipitation, DEAE-dextran-
| 'mediated t_ranrsfect_ion, electroporation, polybrehe-mediated
'.transfe-ct'ion, iipid-mediated t'rans.fection,_ lipof.ection, DNA
microinjection, and microprojectile-mediated ge'n'e transfer (Keown
et al, (1990) Meth. Enzymology 185:527.) |
25 - o | |
o ‘The skilled afti‘s‘an will be aware that well Kknown téchniqu'es exist in
the ar't-'which_. ind-l.'tce stable 'integr_at.ion of GOI and subseq'uent' |
' V.éx‘press,iori_ of proteins to be identified and isolated for fur_thér use.

Kaufman et al., ((1'991) Meth. Enzymol_ogy" 185:537) [é\ti.ev&é "s_'gé\'lerél h
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met hods. Most preferably, within a cell population the label will be
detected and the cell isolated utilizing flow cytonetry: 338%5[é%bg 2005
WO 02/ 057423 PCT/ US02/ 01208 Alternatively, the detection ¢ may be
used for the direct isolation of cells displaying the PO. This may be
acconpl i shed by conjugation of the detection nolecule to a culture plate,
par amagneti ¢ wobemw2es, or any other particle or solid supportsebingd

addi tion, displayed PO may be:detected directly by a property of the

detect | on Mol ESHiBREISNSE0koln ARIEIRAHARN mdyiaufigt sfkhpn, ol eou! es

that bind eac are fferentla I are used to detect a
di spl ayed 10 @ﬂ@@ﬂeﬂar&%or@ﬁci@dﬂaﬂgk%u& hadt lfrﬂtt@ﬁai@t'@?}odsf af- cel |'s displays
a secreted PO that. binds the first detection nmolecule and bl ocks the
interaction letwgrinet heectdnss tnuamstoas amiidlickes, exnd aiverebeswiiuge that  cell nmay -
be isol ated based on the presence of only the first detection nolecule on.
its surface. ONditien®sther hand, if a cell 15 di spl ays a secreted PO that

~—pi-nds-t-he-Tirst detection nol ecul e ‘but- -does -not- bl ock the interaction-
bet ween the fA G88c angkiseFUE colRt ST befraiBleefad| eThdsbatliselill bemyf be i sol at ed

based on the presence “of both detection nolecules on its surface. For
exanpl e, ant |eblaﬂyot1promgun@| Mhe celld s/ikxfeadsi ng anti bodi es that specifically

bl ock, or do_ 20 no Io%'gi, the fo rratlon of a receptor-llgand conpl ex may
be identifi @amqrfa iZRE aéz@%ﬁe | 8GR sPATIEURTr BREpTGHEarE!lft s | i gand

expr osaes. anteToeBEr ARy i n bR LE eSOt ae PR R Bl £ o ng
my be dgpect@Ad)yHels RIESBASS HaMmRBeKHARS ceRE (BHK), human |
- embryonic kidney cells (HEK233), leukacytes, myelomas, and

embryonic stem cells. The celis may also-be non mammalian cells

inciudiﬁg bacterial, fungi, yeast and inseé’t cells, including,' but not

limited to, for example Escherichia coli, Bacilius subtilus, _ASDBLQ.LUMS

15 species, Sacchammyces cerevisiag, and Pichia pastaris. Al cells
may be grown in cultyre trays medium under appropriate .conditions
or in a synergistic host. Thé maost desirable celis will be mammalian

cells capable of culture.

20 The secreted POI bound ta the cell surface capture molecule may be
detected and isolated by various techniques known in the art.

" Cultures cells displaying the secreted POl may be contacted with (a)
molecule(s) capable of directly or indirectly binding the secreted POI

- wherein such detecticn molecule(s) may contain a detection label,
such as, for example, a chromogenic, fluorogenic, colored,
fluorescent, or magnetic label. The label bound 1o the detection
‘molecule .may be detected and the cell isolated using various
methods. - Most preferably, within a cell po'putatibn the label will be

detected and tp'é cell isolated utilizing flow cytometry. = *
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25 surface, whereas an antibody .producing cell that expresses antibodies
that do not block the receptor-ligand conplex from form nq m&ﬁ&édet ected
- by the presence of both labels on its surface. 31 15 July 504

02/ 057423 PCT/ U802/01208 In any of the enbodinments and with regards to
I sol ating expr&%?zﬁa *tell's from non- expressing cells or | esseY ‘953 & si ng
cells, one of the princi difficulties, when'the PO |sasecreted :

protein, is di fpfit%""t‘)twe%f Phﬂcﬂei?@tlﬂéefﬁoffﬁﬁ%ﬁﬁﬂr@ sspddfor therdiregte, it is
iti |t hat t t h L. t he d PO

tCLe l:gﬁ sﬁrfa af ESF 5@3@?’% IL'{ig ﬂ? Fg& gﬁh'gfnqlg épe%cqmpﬂﬁ?][eﬂed)gxpr ess?_zg

cell to a nei gmﬂfdgﬁgoﬁ%fl H@‘O%fetcﬁoﬂdr“ %gur{:@ 1% tctﬁﬂﬁrcfgdel 3 If diffusion 1is

al l owed to occur nel ring cells cone decora th the secreted

PA, then Seloafp%i'amﬂgﬁétl@ﬁﬁdlécm%edr dapgrothbe pa(?ﬁldléeoroéolmsuéﬁoﬂecm ation
will fail to discrimnate high expressing cells fromcells" wth | ow

expr essi on BevalddltloanaﬂlspﬂaydchlPIOItmagfbegdteﬁeceed disgitlytley aepopestyi oigtifer om
~-non-expressi-ng-cell s.--Theref ore-one: aspect of -this-invention is-to black-
the diffusion GEtection; melasels of doe MY bet ween nei ghboring cells. This may
be acconplished by the addition of a blocking nolecule that binds either
the cell surface capture nolecule or the PO and prevents the binding of

the secreted PRl or EhboBthbot? Wb AR HilelhlesHaP bird eabhi dinaspect the

detection nol ecul es do not ecu or exanple, i
the cell surfagedreeegifferentialiynabbiee agaEged Rb eeect Aedisphivetied PO

possesses the human 1gG Fc fragment, then diffusion of thé secreted PO
bet ween neilghbsecreded POI that blocks that interaction. If a cells displays a
 secreted POI fhat.binds the first detection molecule and blocks the
interaction between the first and second detection_'m.dlecdl_e, that
cell may be isolated .based' on the presence ef only.th'e'ﬁrst'
_detection molecule on its surface. On the other hand if.a cell -
15 dlsplays a secreted POl -that binds the leSt detection molecuie but -
does not block the interaction between the flrst and second
. detection molecule, that cell may be isolated based on the presence-
of both detection molecules on its s_urface, For example, antzbody |
producing cells expressing antibodies that speCificaIIy.,block,_or' do
20 - not block, the fo.rmation of a reCeptor=Iigand complex may be -
 identified. If the detectien molecules are a receptor'and_its._ligand |
which are hdifferehtia'ﬂy labeled, then an antibody _produeing cell that
expresses antibodies that block the receptor-iigand. complex from _
' formmg may be detected by the presence of one label on its
25 surface whereas an antlbody producing cell that expresses
antabodres that do not block the receptor-ligand complex from |
formlng may be detected by the presence of both labels on |ts

surface
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cells may be bl ocked by the addition of exogenous rat IgGto the culture
medi a. Detection of cells displaying secreted PO, and not 15@}@%& rat

| gG is achieved by use of antibodies specific for human | at .do
not recognize rat- 1gG 32 15 July 2005 WD 02/057423 PCT/ USQ2/ 01208  In
anot her aspect Wd}mf‘}%{"? i nvention, binding of the secreted PACTHEVHAEN
nei ghboring cells is reduced by increasing the viscosity of the nedia. 5
I n anot her aspd®tanyf ok fes em enignand H’é'g’éé%g%*fjédolﬁ'@)’qtg‘gn%’fpfﬁﬁ'ﬁ'ﬂﬁed to

accurul ate | 1L Mfs TEfb dent ke el S L VAL S P AR o9 o
tSﬁCh that brie ri%@ia%‘?f‘fieﬂitiﬁé, When e PEAYULLS ée'&r?tlé%rb:‘é‘téﬁ,t is Bfffusish bi nd
e cell surfaCe capture nolecule but I nsurficien anounts tor

di ffusion. In yetp@nBbivaierfRBREboARgt AU, | THERfbAY) it & lchificaiethabanyenoved
from the nedia containing accunul ated PO, the PO bound to the cells is-

stripped of &, aysteROthaixisr desigoed ite cdptosethe secreted Ml dortha ddlivited 15 |
Proteins may b&ugacepeat pievantHbesdiivsian oh thad @l drom dhe XRIREPIBY washi ng
cells with | ow buffer. ,Accor di ta this invention, thos ls in a ’
cel'l popul ati oﬁ%Fﬁgta &efﬂ:hboﬁ'@gt?\%lpﬁﬂgt'tsdggﬁgﬁei%ﬁqﬁoﬁgéLﬁeﬂs 'ﬁlcﬁgh--%;Bress the
nmost secreted i i s BBchme! yeHtaledCRith tRECT et es,
the nore PO i E&H?‘é"%ﬁé@;‘?"é’ﬁ' tgﬁ%rﬂt%re‘ﬁ'&gt?rq} gges. Tﬂlbs_ correl ation between
the amount - of saufdies POl ey Sepditiord dele rsedagsdrpthd eegleeobf PD? PO1 in
that cell allows one to rapidly identify cells with a desired relative -
10 decoration will fail to discriminate high expressing .celils from cells’
with low expression levels, and may fail to effectively isolate

expressing from non-expressing cells.”

" Therefore one aspect of this inventi(jn is to block the - diffusion of
15 the secreted POl between neighboring c_elié. This méy_ be }
accomplished by the addition of a blocking molecule that binds either
" the éell'surface capture mole_é,ule‘or' the POI and prevents-_th‘e | |
binding of the secfetéd_ POI to the cell surface cépture mrole_cule.. ‘ lh
this aspect, the detection molécules do not bind the blocking
o :'20 molécu'le.\ For example, if the cell surface receptor ié the hFc
~ gammaRI and the secreted POI possesses the human 1gG Fc '
- fragment, theh‘ diffusion of the secreted POI bé_tween nei'ghbo,rin.gz
cells may be blocked by the dddition of exogenous rat IgG to the
| 6ulture media. Detection of cells diépl_ayi‘ng secreted PO, and not - -
" 25 bound raf [gG, is achieved by use of anfibodies specific.:‘fcir human

IgG Fc that do not reCoghize rat IgG.
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25 expressi on Ievel froma populatlon of ceI I Ss. In_one enbodi nent, a DNA
library may be used to express secreted protein which nay Q%ng'z?)ﬁéayed on
the cell surface by the cell surface capture nolecule. For ex a
l'ibrary of
gener.at ed fronwpﬁ%/x%&ffl ng regions of the antibody variable Y% om

B-cells isolated fromimmunized animals. The DNA i bra@y %then be
expressed in alfcangthepaspeghpkdhissinyertian, dndingcef theapeeredbhiQUcul e

e SR T R A e .

I n anot her e transgenic mammal s may be created which express a

particul ar cel s’urpac'e capture nolecule in one or nore 10 cell types.. The

cells fromsuch transgenic rramml_s may then be screened - directly for the
production of a PO'. For exanple, it may be desirable to express a cell
surface capiurkm and)tdaeulaspesbef:|ttﬁ|sanflmt|0f‘arthe tﬁﬁﬁr@ted PRI s awtwlloveds .
~Accordingly,plasna cells.from inmmnized mce- be harvested and- those

cel I's produci n§ accumilpisoin de é"pﬁ%@f i Ehig d"%h@ed%%qqf@ﬂ'%'ﬁgl B FEgHigtIng:

B o5 RSl of e |RERIB P shel i o SR PRy, Lo
[ ne that expr a4 Rech2Ral TN S GRIDR ElireepeRt RuiEahosudtthr whi oh
bi nds the particular = anti y that 'is the PO .. Exanple 1 25 Construction

of pTE084: pTEPEH thasingahet é4lt safaby daptatl n@Iedme but4a§uﬂnpnehba | fragment
from pCAE100 that encodes the human

10 amounts for d:ffusmn

‘IhA yet another as'pect of this ihvention, cells may be removed from

"fhe media containin-g accumulated POI, the POI bound to the cells is

' stripped off,-and POl expression is allowed to continue for a ['im.ited

15 pe_riod._of'time such that secreted POl does not accumulate in the -
media. Proteins may be -strippedby methods known in the art, for

example, washing cells with low pH butfer.

According to this 'inVenticn those cells in a cell population that bind -
20 the most detectlon molecules also express the most secreted POI
| In fact the more POI that an md:wdual cell secretes the more POI IS
K dlsplayed on the cell surface This correlation between the amount
~ of surface- dlsplayed POI and the expression Ievei of the POI in that_
cell allows one to rapldly |dent|fy cells with a desired relatlve

25 'expresszon level from a populataon of cells.

In one embodlment a DNA library may be used to express secreted
: protem whlch may be dlsp;ayed on the cell surface by the cell .

surface capture molecuie For example, a library of -DNA. may also 7

oy

also .33 15 July 2005 WD 02/ 057423 PCT{)éJﬁé{zﬁl'z’s be



FcyR (hFcyR . GenBank accessi onnunber M21091) into the Xba | site of

pRGB21. The orientation of hFcyR in desirable plasni ds I’ejél ?g fromthe
| i gation was exam ned by restriction mapping with Not ‘fg P?/ 2005

WD 02/ 057423 PCTI-US02/ 01208 Pst |, Eco RI, and Stu I. pTE084 s desi gned
for the high I'BQ&¥5"pr ession of hFcyRi, the high affi nltyI"E1e'[\1I{\]IT‘r51 200" ace
receptor for the Fc domain of hunman IgG It contains two i ndependent -
expressi on cetsss@etnesatedﬁeoma&wecmcbng§e§!m9hﬁhg@ﬁ@b@tdtf\»@ﬁlablﬁthe CW-ME
5 pronoter, and the secon cassette I@ﬂt e neo

phosphot r ansf €IE8INS| TeMpE cels feolatpd mcHWI“é'P? Q?@taiﬁceTneoDMB driven

leji_p} 2235\5/4EFL3{Q'?W ﬁ@icﬁ[gnK%gcéhrgﬁ{efnt % vver e! %‘erggé ée/g:é PS&H%&G TE084.
using Li pof e%a@f&f@ﬁ%lé&ﬁ[é%@ﬁ%ﬁﬁhﬁﬁmd@@%ﬂ kitat &Bhed Cdﬂm:r@ﬂ |
S sug e cel

manuf act ur er.’ gestions s were placed in the culture medium -
(10% f et al ﬂJO\/SpBizlﬁimwﬂEot?ﬁé@ bierividify- A2y Be ritfehtifidd gindt solated byl the eagent S
~-were-from-Life Technol ogi es, Rockvi-{l e, -MD)---containi ng -500-ug/ m- G418 -

(Li fe Technol ggiedd D(f)rthQSIndaWQn The cells that. survived G418 sél ection.
were trypsinized, pooled, and stained with FI TG conjugated human | gG Fc
fragnment (Fl TC—hFc Jackson | munoResear ch Laboratories, -West G ove, - PA)..

31 EL Y 20,8 St SRl AR APl Shal e chle g W th
magnesi um chl ogydtesé ld baritetdinetiPgLAae ciptee Motedliie Gn 2% or more |
10 -cell types. The cells from such trahsgentc'rﬁammal_s may then be
screened dire_c'tly for the production of a POL. For example, it may
- be deSirabI_e to express a céit surface c_apture molecule, .s;jecific for
antibodies, in plasm'a‘ cells. Accordingly, plasma cells from
immdhiied mice may be harvested-and those cells producing '
.15 antibodies ‘specitic to the-dt_asired antigen may: he isoIatéd by the

" method of the invention.

Ih a further embodiment of the invention, ‘antibody production is
_ ' measured through the use of a CHO cell line that expresses the .-
20 human Fc gamma Ftt receptor (Fcle) which blnds the parttcular'

- antibody that is the POI.‘
' E-xatnpte_r 1

25 .Construction of pTEOS4: pTEOéd was consttucted by Iigatihg the

SR 436 bp Xba | fragment from pCAE100 that encodes the human _ |
FeyRl (hFcth GenBank access:on number M21091) into. the Xba I site
of pﬂeazt ‘The orientation of hFcyRI in deszrable plasrmds resultmg

_from the ligation was examined by restnctlon mappmg ‘with Notr! :

u



trypsin (Life Technol ogi es) was.added to each plate. The plates were
swirled until ‘the cells detached fromthe plate. 10 ni -cuI élghel %a medi um
was i mredi atel y added to each plate of the detached cells. E€™ s were
then coll ected b }:entrlfugatlon at 1,000 x g for 4 mnutes, After renoval
of supernatant, (i/%é’ ¥8 s were resuspended in 4 m of 2 ug/HSYEPHERC
diluted in culture medi um The cells were then Iaced on a platform shaker

and/ st ai /ned forpsbﬁneECan(ﬂ]r agd Stadm P@&%Wﬁt&l@ﬁ%lﬂﬂchr:\(ﬂl@ﬂfs .
PCT/ US02/ 01208 I T F

washed dt\t,)VI c]el \ﬁlx%)ﬁe 0?95”§ﬁhéh§3ﬁ lq'g'l“ Esl’rlf@clegf?él g?fCFF g\glelrg was
Corriner &y B GAnaRELl HufiBnAgkPN| Bofiflie 16 ifdeddibfBAASIANT L G0

cell's (Fl G 2Ac§§§’e@ ONE cHSMERe IsSE HFRyRI 9eﬁérdrﬁléh'%ltheof3lvf\l wpeEescence in
the (418-resistant, pTE084-transfected poo (FIG 2C). The top 1% nost

fluor escentscelpt@mbtetmahﬂettfeee@cﬁr&ﬁ caesétte \l@rtaentcaﬁ@ﬂ:irh nto 96-well plates

—at--1-cett/-welt-by fIow-cytonetry. - N-ne-days |l ater, 88-cell clones-in-the -

96-wel | plates phesphelxpasfamseltl (npl gbm&vadlllucblcﬂr‘éers reisisdande dayE418,he
cells in’individual wells were washed once with 1 nl PBS, stained with 0.5 -
m of 2 ug/m EfYeDnRt the VA0 hafer PrafBRI®Ed twice with 1 ml PBS and exani ned:
for cell surface staining under a fluorescent nicroscope. The thirty three
nmost fluorescent clones were chosen, expanded, then screened by 15. flow

cytonet ry. The cnbfrufisn o al LS 1of d%'ﬁ@%ﬁ\lrlé?'ih&t' ERfiesBRFyAe shown in

FIG 2D. Diffusion of secreted protein between ressing and non-
expr essi ng1gel | s anong cells was bl ocked by addl ng I gG ' :

CHO K1 cell_s (4 x 10%) were transfected with pTE084 using
Lipofectamine™ (Life Technologies; Rockville, MD) following
manu-facturer's_suggestione. The cells were placed in the culture
'medium (10% ‘fetal‘bovi‘ne eerum, 90% Ham’s F-12, 2 mM L- :
. 15 .\gllutamine; all reagents were from Life Technologies, Rockuville, MD)
| contaihing 500 ug/ml G418 (Life Technolog'iee) for 15 days. The
| .cells that’ surwved G418 selection were trypsmtzed pooled, -and
"stalned wnth FITC- conjugated human IgG, Fc fragment (FfTC :hFg;
‘_ Jackson ImmunoFtesearch Laboratones West Grove, PA). Bneﬂy,
20 .- the cells ‘grown on 10 crm cuiture plates were washed once with
Dulbeccos phosphate buffered salme (PBS) without calcium: chloride
: and magnesnum chlonde (Life Technolcgtes) Three mls of 0.25%.
| trypsin (Lrte Technologles) was added to each plate The plates were |
swirled until the cells detached from the plate 10 ml culture
25 B medsum was tmmedlately added to each plate of the detached cells.
L The cells ‘were then collected by centrifugation at 1 000 x g ford
) mmutes After removal of supernatant, the cells were resuspended
| in 4 mi ot 2 ug/ml FlTC hFc diluted in culture medlum The cells were

- then placed on a platform shaker and stamed tor one: hour at rocm

35




20 As all cells in a hFcyR clonal cell line express a cell surface hFcyR,
they all possess the ability to bind 1gG or fusion protei ni on%i ing of
the Fc domain of | gG Because hFcyR binds 1gG froma vari ?35 pe‘ci es
(van de W nkel _and Anderson, 1991), a, panel of ani nal I gGs 25 was t est ed
for the -ability3B{*6tk the binding of a protein containi nd TSR 1 9o
(hl'gGl) Fc tag (4SC622) to hFcyRi - expressi ng cells. 4SC622 is a chineric:
mol ecul e consi deMAgraserer L rgmaye uabeund| Bl C-kiterethe. ¢Ql§ewef&)vwa|saeﬁ| L- 4Ry -

extracel | ul ar donain. fused hi Fc,.do [n thi s
oxper i rent - cutbpetit 20T RS. N bE3REG of PUKERC eke) R i gBls nat

PCT/ US02/ 01208 I | egt cells that
have been -st abl yé]%:r ansftg)(pf)ﬁsgxtpﬁ.'eq%}Ebgf m\j\%frf(g cl%ﬁcﬁg'te%rr ?Mgﬁgt'ﬁ‘g/ m _
45C622 for 18 Weur Sollis! gpr Erﬁéwcﬁcnhr:@ltﬁ@m shin ImBBk-fiankieted r om
different species in a 37 C tissue culture incubator. Cell 5 surface -
bi ndi ng of 4SCparenmasCHE Mnteied(ﬁjﬁ faﬁoand)aﬁjnimtrgfa\m‘ tise tomdlstrcbutiehl S vvere

~stai-ned-wt-h- ph¥coerythr| n--conj ugat-ed nouse - g&l nmonocl-onal-AGL84
( PE- AGL84) Spe@l fiiuorpegenage imithe 28 1 Buesisdartntp Dr08dstrepstaotes MM ngen;

San Di ego, Wi ocgdur e tI|ne r cell, stainin
" FI TG hFc. FI G ('5 Cgh%@s 1o, fon ?% iéﬁ'ﬂr%ﬁ"&“ %éi?é‘a tﬂ%@@i%ct?ﬁ?&ﬂoin ndi ng
to the hFcyR - f
cani ne-derived é%?so e fggﬁll Paqéfoagkk 8 f témgﬂ'gl ne and
ovi ne- deri ved Nng@d@yd 8Kk, 88 el claﬁ@s abithe ©B- wén glfﬂ@@%é'dx gd rat 1gG
to block the binding of an exogenously added hlg Fc-tagge rotein 15
(480622) t d0celintos24- WaﬂqalaiésyRNteFlfiEdayﬂs tmgmmm Mdaxldmwltwe@gsme
washed once wnth 1 ml PBS, stamed with 0.5 ml of 2 ug/ml FITC-hFc
for 1 hour, washed twice with- 1 ml PBS- and exammed for cell
surface stalmng under a fluorescent microscope. The thirty three
most fluorescent clones were chosen, expanded, then screened by
15 fiow cytomeiry. The FITC-hFc staining of one such clone, RGC3, wis

shown in FIG. 2D.

Diffusion of secreted protein between expfessing cells and n’onQ 7
expressing cells éfnong-cells'was blocked by adding IgG: '.
I o B
 Asalicellsina hFeyRl clbnai cell line express a cell surface hFcyRl,
they all posséss 'tlhét ability to' bind IgG or fusion proteins consiéting
. of the Fc d_ofnai_n of 1gG. Because hFcyRI binds IgG from a variety of
o 's'peciesl (van de Wi_nl_cé_l and Anderson, 1991), a"panel of animal IgGs
| 25 was tested for the ability to block the"b'inding of a prdfein cdntaining -
a human IgG1 (hIgG1) Fc tag (430622) to hFcyRi- expressmg cells. .
480622 IS a chimeric molecule COﬂS[Stlng of iL-2Ry extracellular
' domam fused to the hiL-4Ry extracellular domam whlch is then fused 3

L to the hIG 1Fc domam In this experiment, cu!tu_res of: RGC?, ar
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al so bl ock transfer bet ween cel l.s expressing a hl gGl' Fc-tagged protei n at
different levels. To test this, two cell lines that can be1 qlls ui shed
by the presence or absence of the green fluorescent protelﬁ E‘? wer e

gener at ed from%% ief'ly, to mark RGC1 20 cells with EGk 6 RGClL
cells were co- tran%?e j[’ed with 0.5 g PTEO73 which encodes a%?%%%%é% n B

phosphot ransf erase_gene driven by phos&qo&eycera ki nase pronoter, and 5

g pRG]Ec316 Ec(j;‘FP l'\ﬁﬁr@ eéweelaee @#@@éﬁ@c e Meli_s ShahbA& . The

' ; St.
Lout s, w0yt or pen aBNe Fagstegted With, BTEQHE WarfLRGarYea wlins? @Sﬂr&”ﬁ ow
cytometry. One, r%t@;é%ﬁ@g {g%ﬁe ﬁf‘ﬂ%ﬁ?éé&c%d@ﬁbseﬁéeﬁfg% Hﬁ?ﬁe' ncell -

m Xi ng experl nme her ‘ce ne use

was generated by idrent rsﬁ@é’egclh'QrB? of tsub Ebf‘tlh\'epin%ﬁﬁhibrplfééﬂ 1- 622
PEE14.1-622 is a.plasmd in 37 15-July 2005 WO 02/ 057423 PCT/ US02/.01208 -

~whi ch expressi enrfaf:eélﬁﬁﬁﬁ’@ ob 4GGean wag doter@ined by ﬂowrmymmargd aftencl udes
—a-glut-am-ne-synt hetase m-ni-gene, whi-ch confers resistance to the-analog-
met hi-oni ne sul M&shetneelisverye Sémaealwelmmfwﬁeeséhecﬂoeweaéed Jnese

Socrote the hi JuAT imOFSHIgR ARoBA! FERelea) Serbitsi BF dhe LR ?Sﬁ o ﬂ |
[0 for 18 houbOTBPTBpt Bb4EEkER TP ?’ﬂ%hﬁ*"ﬁ%ﬁﬁf@%%ﬂ%&aﬁ%ﬁ 11 ow
cytometry. Eégr&‘écﬁr'ﬁé&"’%uﬂ{h%d %%Bufétew wRAE T hRECFI6E é?lé‘\ﬁ)g FIG 5B

shows t hat ls 10 a bi nd exogeriously added 4SC622 gg/ m-) as -
i ndi cated tm althatlhﬂgGeacmpteieIE?Eatééﬁéw4St3lmeeﬁrcenbmdnrfg @ the o9y that RGCA

@ d “expressed on the surface of RGC1. Rat, rabbit and canine—deruved
IgG also effectlvely biocked binding whereas bovme and ovine- denved
- 1gG did not block. The abrlrty of exogenously added rat 1gG o black
the binding of an exogencus[y added hlgG1 Fc—tagged proteln
. 15 - (48C622) to cell surface hFcyRt (FIG. 4) suggests that rat IgG can
‘also block transfer between cells expressmg a hlgG1 Fe- tagged
protem at different levels. To test this, two cell lines that can be
' dlstlngmshed by the presence or absence of the green: fluorescent
. protein (EGFP) were generated from RGC1 Brleﬂy, to mark RGC1_
20 - cells with EGFP 2 x 108 RGC1 cells were co- trensfected with 0.5 ug'
|  PTE073 which encodes 2 hygromycin B phosphotransferase gene
* driven by phosphoglycerate kmase promoter, and 5 ug pRG816-EGFP
- which encodes EGFP gene driven by CMV-MIE promoter The
transfected cells were selected with 200 ug/ml hygromycm B
25 (Sigma; St. Louis, MO) for two weeks. Green fluorescent cells were
o .Isolate_d by flow cytometry, One EGFP and’ hFcyFiI-expressmg clone,___ :
RGC2, qu used 'ince_li mixing experimenrts'. The other cell line used
in these experi'rrients, RGC4, was 'generated by stable transfecr_jcn"__

_of RGC1. with plasmid pEE14.1:622. pEE14.1-622 is  plasmid it

=



not fl uoresce in the _EGFP gate. _Significantly, exogenously edded rat 1gG
“did not reduce the percentage of RGC4 cells that stained q?iséh’lz%)% for cell’
surface 450622 (FIG 5D) suggesting that the 15 binding of S o hFcle

occurred whil teins were in transit to the cell su
and RG4 cel | gw\ikgglgyﬁgxed (FIG 5E), the 4SC622 protein se%régtﬁrg lm]om RGC4

Fovever 1 EZ:L@ i %?prfs?gcﬁfé}l‘#”%%é‘é’ 5 gevenghi ine WY ECHREdet Aoz
"ot TG bl ookelOIHESE  Fuldifher SHlfie G5 Fipigens: hlch, sERTREYEpBIAME, (T

expressing cel lostﬁeoaﬂalb‘geﬁié'il%ﬁlnﬁgstﬂfﬁxlirﬁrne WSRB" gnd a?l%\u@el‘ol’ selddtiae

fluorescence correlates™w th the expression | evel of 4SC622: 38 15 July

2005 WO 02/ 056%@&%1’1#@@@(0@1@%& RRECeLels expressObician theaoslf ect ed
wi th pEE14.1-622 and a pool - of stable transfectants was obtained after
sel ection fHr Quiaekandnsearetd the blyGt iFceldgged 19eteln A5GE2R.f g phadei ne

--serum 90%- gl ut am ne- free-Dul-becco'-s nodi fied eagle"s di ym - Lox -GS B
suppl enent, an@f Qﬂ\ﬁ%@%'ﬂpl'sqtbﬁbﬁmf%m?eaﬂ%%%F@ﬁgglﬁﬂﬁl‘@f?ces Lenexa |

e o 8° YRR ARG | e BT, Eg‘ 8@icnRY 1, BB E! o7 ee”

with 1.5 ug/ nm pef | S0 ] nEigh L)
F(ab’ )2fragrren|t3E %G1§R égn Imr'ﬂggl? sgg‘?c Labor at Elr(iaeg))wéhgr%ﬁour at’

room EGFP fiourescence of RGC2 cells and FIG. 5B shows that RGC2 cells
7 10  also bind exogenously adde'd 45C622 (1 pg/ml) as indicated by an
" _increase Er_r PE-AG184 fluorescence. FI‘G. 5C shows that RGC4 did
not fluoresce in the EGFP_gate. Significantly, exogenously added
‘rat 1gG di.d'no_t reduce:th"e_ percentage of RGG4 cells that st.ai‘nedr
'poslti\re for cell. surface .480622 (FIG. 5D) srugge‘st'ing that '_the _
,'15  binding of 4SC622 to hFcle occurred while the proteins were in
| transit to the cell su'rface.' When RGC2 and RGC4 cells were mixed |
(FIG. 5E), the 4SC622 protein secreted from RGC4 celis
accumulated an the medium and bound most of the RGC2 cells
, However, the addition of 1 mg/ml rat IgG srgmflcantly reduced the
_20. percentage of RGC2 cells that bound 430622 (FlG 5F)
demonstrating that rat lgG blocked the transfer of secreted hlgG1

Fc-tagged protem-from expressing cells .to non-express:ng cells.
)  Example 2
- R
Cell surface fluorescence correlates with the expressron level of
480622
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tenperature foll owi ng procedures as described for FITC hFc staining in

Exanple 1.. Cell staining was t hen anal yzed by flow cyt omegéy“ gglﬂg
di stributi on of fluorescence suggested that the sel ected podl uly ai ned

cells with a e of 4SC622 expression levels (FIG 1 s in
the top 3%(&&5%&%@5 7-11% (R5 bracket), and 15- 19%( ?@?’%"8‘@@%§ Wi t h
respect to thepr SOrt

f t t |
and expanded fBQCQ' 85{/]%)(‘{ ,li\c/) e gfggr%zg\fﬁ\g%gcﬁdoﬁﬁgt?%g %é :‘%S)rdopﬁe nglz

aiter 3 days 28 SRR nra At el BaEGe iﬁé@a@*?ﬁdex%‘%ﬁ‘ﬂ?g;ﬁ

MVE) - fol | owi NgrbRRInTRRMREEd 6f 1694 BRNFERNEILI BOine Iserihe 9Bspdex  assay,

fluoricon polystyrene assay particles coated with goat anti- human |gG,
y- chai n speci f giataninekfesty Dufberoe)s wiodiicd sadld' nosfitm; d x458622 from t he
medi um and a FITC-conjugated goat anti-human 25 19gG Fc specific (Sigma) -
was used t oS desuplemeni-ancuddl L’i&@ﬂﬁé (A"I{ﬁ@@ﬁn§m¥afﬁ goor Jbr i fi ed 4SC622

—wer-e-included L n the as for t-he:-top 3% 7-11%
Bnd” 15 30% pooPORERECRBLARNO R, KSfloutiak (ikars dved 10 5hé huu madhut oy |

pg/ cell /day, rgs . . ther en cell
surface 39 15{%\1313@'5%'6@ l’(@g%r&g‘hﬁzgﬁé@@?%@@ﬁ @%é%%g%%g%%stal ni ng and
specific protej S@Gﬁﬁeeucwaeﬂedwlte FESUAhd s‘iaiﬁBQSW% t1remgvmwovladual cell's
that express 4 22 at high levels may be obtained by isolating cells that

wer e stained bpolgéibask FﬂSC-bbajugated/ahDMmﬂ T@c(mmgaabdahagmhurmn I gG
(H+L) F(ab )2 fragnent. 5 Exanple 3
(Jackson ImmunoResearch Laboratories) for one hour at room -
- temperature fol_!owrng procedures as descnbed for FITG-hFc staihi'ng
. in. Example 1. Cell stainih'g was then analyzed by flow cytometry.
: The.distribution' of 'fluorescence suggested that the selected pool
contained cells wifh_ a wide range of 4SC622 expression levels (FIG.
15 6). Cellsin he top 3% (R3 bracket), 7-11% (R5 bracket), and 15-
19% (R7 bracket) with respect to their'immunoﬂljorescence were
_ 'sorted into three distinct peols and _expe_nd-ed for 9 'day.s.' 'Average
45C622 produstion per cell for the pools was determined by |
" measuring cell numbers and 4SC622 levels in the media. after 3 days o
' 20 tgrowth by an immuno- based Pandex assay (Idexx Westbrook ME)
| "followmg the manufacturers recommendations. In the Pandex
assay fluoricon polystyrene assay partucles coated with goat’ ant[-
human igG, y-c_ha‘ln.specrfl_c a-nt_;body (S:gma) were used to capture -
 45C622 fro;ﬁ the'.medium, éﬂ_d, a FITC-conjugated goat anti-human
25 | igG, Fc.s.pec'iﬁ'c-_ (Sigma) was used to _cle'tec_:t bead-bound 4SQ622. '-
'Kr_lown 'amouhts of purified 4.80622 were: included in rhe assay for
"~ calibration. Gells in the top 3%, 7-11%, and 15-19% pool were found
to produce 45C622 at 1 42 0.36, and 0.22 pg/cell/day |

respect:vely Thus there was a correlatlon between cell surfaqe ‘
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Isol ation of Expression Cones iin RGCL: 10 I LA Trap. To directly

denonstrate the efficiency in generating clonal cell lines_with high |evel- |
secreted protein production by our nethodol ogy, clonal 4S é@yﬁp%uci ng
cell lines were generated  from RGClL. RGClL cells (4 x.106) were transfected

with pEE14. 1- 8UDI20§HEP sel ected for two weeks with 25 M MSX RGGGHVHRE a
pool of 15 .stable transfectants. MSX-resistant cells were pool ed and
i ncubat ed wi t h 46GREastainingnamd)Gpieoific1groteinr grodpction. t Shist egssiitng with

anal ysi 5 of celUOgERELRt inbubel call e thg! ehuiees JSEPascH el E¥Bnded.
45C622 d [ f 1x .cl L 1] or M. ] d
to 4sc65rz:p:rjf‘§él£§$¥ o Byl b 8o RBRb g8 hag el otpled ﬁb%%i@?f&ﬁgw o
Clone, ot protsen® LRG0 A AORRA IR (147G FIOSRRQRERL T (v

simlar to tshat of  the best 4SC622 producer isolated by hand-pi cki ng and:

met hodol ogy outBxampléd B this i nvention proves to be far nore efficient in
t he screening and cloning of high producers. 40 15 July 2005 WD 02/057423
PCT/ US02/ 01208 VEGF Trap Pl asm ds pTEO080 and pTEO81 encode the genes. for

VEGF Traps, hV N\ BVEGF-RL R2 is a chineric nolecule.
consi sting of Fﬁgﬁ?@[ %ﬁgf%gﬁgﬁﬁi‘ﬁgﬁ%géf fused to the second I g domain
of hVEGFR2 which is then fused to 5 the hlgl FC domain. hVEGFRL R3 is a . :
chimeric nol ecule consisting of the first 1g domain of hVEGFRL fused to

the second jbg domeifmmf To directly demonstrate the efficiency in generating
o clonal cell fines with high level secreted protein production by our
: methodology,e clonal 45C622 producing cell lines were generated :
from RGC1. RGCH1 cells (4 X 10‘6)7'__Were transfected with pE_E14'.1-__'
© 622, and selected for two weeks with 25 M MSX. to obtain a pool of
.15 stable transfectants. MSX-resistant cells were pooled and -
incubatedrwith 1 mg/ml human IgG for 18‘h'durs, p'ri'-or to staining f
. w_ith PE-AG184. Six cells ffom thé top 6% gate, as _de_‘.rermi'ned by -
flow cytometry analysis of c'ell.surfé'ce 480622 staining, were |
| |  isolated and expanded. 4SC622 productioh from the six clonal lines
A _20 - was determined and compared to 45C622 prqductibn from.clo,né_s 7
. obtained by hand-picking,selected"colo_ni'e_s'f_ollow:ed by difution
- cionihg and amplificaiio_n.' One RGCi‘-de'rived clone, RGC4," prdduéed, =
450622 at 12 pgiceliday (FIG. 7). This level is similar to that of
_ ‘the best 45C622 producer isolated by hand-pi_éking ahd 'analyiing
25 2,700 clones. Thus, cbnipared with hahd_-picking colon'ies,- the
o methodoiogy_'outlined in this inventio_h proves to be far more

efficient in the screening and cloning of high produéefs.
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hVEGFR3 which is then fused to the hlgl FC domain. In these plasnds, the
gene for the VEG- Trap is driven by the CW-ME pronoter zgg a gé@tam’ ne

synt het ase .m ni gene, which confers 10 resistance to MsX, ‘5%? ed for

sel ection of stabl ntegration events. RGCl cells were tranSfected W t h

ei t her of theséﬁg‘?@gﬁ%s and grown in nedi um contai ni ng 25 TSR3 2

weeks to select for _cells in which the plasnm d has stably integrated. :
MBX-r esi st ant cEFRE Tra@r &P 'iaﬁﬂl!%'iapggoﬁptafﬂdop-ﬂ;g@? fncpgedheagngsdee 1 g3 for

anti - human | oG s SR e TR BR BV ERRATREE 4 Rour "t hen
washed twi oo WehfinBRES bloelle! Eold Qe Yt MP R 10Shki BPLMEIERE SOt o

into 96-well tissue culture ates fromt

fI uorescence wagsemes thé Isecdmwh'@%fonia‘%h oThﬂ/EJ@Fhs WwhicROs itheh Yushirto vel | s
wer e expanded and their productivities were determ ned by. Pandex assays.

FIG 7 shows t itae l'#@;tFlaeionwaad bVeGdER1 R swlm@rlbdnhlehwﬁmlmgamfd
-~ hVEGFRL - R3had- hi ?her specific E{r oduct i viti es and-were-i-sol-at.ed- by
screeni ng f ewetN f5deld damaiyph 5

Do o o ol 1 TYERPERY v@ieu#aﬁﬂbﬁ&eﬁ tﬁqgégu&?r%%c?rﬁéf‘” %%%39?283283
RGCL: 5 hFcyRpdsinid80WMe honé feuGR veeweigéaa 8y thé% ¢liE

surface-bound '|igand. To anal yze whet her s could 1nternalize cell

L S, SOt i e ke g dtor L
10 resistance to MSX, is expressed for selection of stable 1ntegratzon
events. RGC1 cells were transfected with either of these plasmids
| and grown in medium-_conta‘lhing 25 uM MSX for 2 w_eeks--to_ se!ect _for
cells in which the plasmid has stably integrated. MSX-resistant cells
were :ncubated with 0.1 ug/ml IgZa and mouse IgGS for 18 hours
, 15 prior to- stammg with 1.5 ug/mi polyclonal FITC conjugated anti-
human 1gG (H+L) F(ab’),fragment. Cell were stained for 1 hour then
| washed twice with PBS prior to flow cytometry Single cells were
' sorted into 96-well n_ssue culture plates from the pool of_ cells |
| | whose fluorescence was among the highest 1%.  The cells in .
S0 individual wells were expanded and their productivifies were ‘
o determmed by Pandex assays FIG. 7 shows that HGC—denved clones
'r-express:ng both hVEGFFHRz and hVEGFFHRB had higher speclf:c
productmtles and were |so|ated by screemng fewer clones as
compared to the hlghest expressmg hand-picked MSX resistant

25 colonies.
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--450622- fromthe media 25 was the -result  of hFC7R - 4SC62

i mmunost ai ni ng with PE-AGL84 and flow cytonmetry analysis. 93%of 10 the
cells stained positive for cell surface 4SC622 (FIG 8B). 15& tﬂ;—%@}éi vely, 1
ug/ M 4SC622 was added to RGCL cells for 1 hour, then the LR re

washed ‘and i nc%%%ﬁ%éi n culture medi umwithout 4SC622 wit hPF?ES@gﬁng or
or '

18 hours. Flow %3ry anal ysis follow ng i mmunost ai ni ng

showed that 9% of the cells 15 retained 4SC622 on the cell surface (FIG
8C). To furtheExaPHdPadt erize the | oss of surface-bound 450622, purified
4SC622 protein was added to the media of RGCl and parental CHO Kl cells,
then levels of 4SC622 in the nedia were. neasured over tine.. Figure 9

shows t hat 450@%5’5@%%&@@[1@@? Fedabfied prbloH & MainaliZéy by RGEA: cm

pl ate, was significantl ower “i n RGClconditioned nmedium affer 3 days

i ncubation as conpared to the CHO K1 control. These results show that the
concentration of 4SC622 in the culture nediumis reduced by the presence

of hFcyR of t hEcyRl Is knewade. indoee intesnalizetiegfdts cethsurigpe-tpapdet i on of

i nt ernal i zat i ohgandhi o Rz arheiher BF Gt celie Sp Lﬂt‘?ré‘éﬁﬁgggﬁrﬁe'-@@@@' may
facilitate th ff ' I 1 4S8 f - ' I'ls.
| the. - presenPelind TSds. HoURAR 400RR Wi qas sb LT OE TohO, 57 o
July 2005 WO - P I“],gfg sl U ) f CHO K1
cgl Iy i nes w t%g{j%ﬁéﬁi Ieeg%li"?cy i@pr es%ﬁe%.ﬁmg%éﬁgv%eg%%%% g?bgsed

aut ol ogous seciminufBstaitig @t FESACh@4 andiflow eytdmetnFayBlysid.| ©8% agi d

I sol ati on of high expression clones. However, if hFcyR - nedi ates turnover
of Fc-taggéd ptre eelis staihed positive for cell surface 45C622 (FIG. 8B).
Alternatively, 1 ug/ml 4SC622 was added to RGC1 cells for 1 hour,
then the cells were washed and_. incubated in ‘cu_'lture medium without
| 4SC6E22 with PE-AG184 for 18 hours. Flow cytometry analysis
. flollowin,g immun'ostaining for 480622 showéd that 9% of the cells
15 '_-retai'ne'd 45C622 on the cell surface (FIG. "BC). To further _
| ch'arégteriie the loss of s'u:rface-b“ound '480622, purified 45C622
| protein was added to th_e'-rne'dia of RGC1 and paréntal CHO K1 cells,
| t'hen.!evéis of 45C622 in the'me_dié Wé;e measured over time.
Iéi_éure'g shows that 45C622, added to 2 pg/ml to the culture media
20 ina 10:,cm plate, was significantly lower in RGC1 conditioned médium
- ._Kafter- '3 déy’s incubation aé -cqmpare_d to- the CHO K1 control. These |
results show that the c'oncentration‘ of' 45C622 in the culture
‘medium is reduced by the presence of hFcyRl on the cell surface.
. The results suggest ithat thé depi;etion of 4SC622from'the_ media
.25 ' was the result of hFeyRI-4SC622 complex inter_nalizatio_n. This
| ihtérnaliiatioﬁbf receptor—li'gand- corr_iple)cés may-faéi!itate the
- effectiVe removal of all 4SC622 ffém n_dn-expressing' cells. in_.the

‘p're-sen'ce of blocking 1gG during the 18 'hou_r blocking step.
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"the realized production of the secreted protein by engineered hFcyR -
expressing cells would be hi gher I f hFcyR expression coulq 2 Jzﬁoazhl bited
during the productlon period. To this end, a CHO K1 cell iRy ich the
expression of hE i.s induced by tetracycllne or the an

doxycycl i ne, 8“%8?‘7% Pructed. In this: system CHO K1 cells gk/g/gr&f‘%ozﬂlurﬂst

engi neer ed to express the tetracycline repressor protein (TetR) and hFcyR
was pl aced undExamplaser i ptional control of a 15 pronoter whose activity
was regul ated by TetR -Two tandem TetR operators (TetO were placed

I edi atel y downstream of the CW- M E pronoter/enhancer in pTEO084 to
generate pTE1S5 0, S f M E
pronoter in pngégtlnvg\é:/a{lso}‘l %)fl %ypeo%b(g/éllrgﬁé§ﬁlgﬂtlnglﬁ§%?ep1€%m£‘ %@F%@gcl i ne or.
sonme other 20 suitable inducer. In the presence of .inducer TetR protein was
i ncapabl e of binding TetO and transcription of hFcyR occurs. CHO Kl cells
ver e transfgct EbwiicytorpeDNAGSER, aatofdgousi dectedion trapf methedsithatance to

~blasticidi-n-in which:expression-of TetR 25-originates fromthe CW-ME- -

promot er (1 nvi tﬂi' t?@eﬁ‘e G prllew cagid inplalipn (iR SXPregsiaR Son with 2.5

o200 st hen Hoaer cbERIE] rhegbRs Biave) G PeSRERR NaBR RSl S ance

July 2005 W0t /%@%ﬁéﬁ@?%%t&%e%ﬁtetie@%‘*ﬁwﬁhgﬁ‘%g%%%cw  cells

ﬁgf‘%ec&'lée%déﬁﬁggéiﬁgt ﬂSVMr ICI @Iaﬁgt Facgﬁola}?é%en poo EI@CtTﬁg E“of)r \Z/t/gg

'an'ﬁced fofg tiRitiRdSINng fhe aﬁfi'tlubtu@rﬁ‘ pet.oa Ot érthid Bhe; - OHE Kiheall kgl ned

: in which the expression of hFcyRl is induced by tetracycllne or the '

analog doxycycllne, was constructed. -In this system, CHO K1 oe_lls |
were first engineered {o express the tetraoyciine' repressor protein
('t'etF_t) and hFcyRl was placed under transcriptional control-of'a =

15 promoter whose activity»was regu[ated'b-y TetR. Two tandern TetR
operators (TetO) were placed immedrately downstream of the CMV-
MIE promoter/enhancer in pTEOB4 to generate pTE158. (FIG. 10)
Transonptlon of hFcyRI from the CMV-MIE promoter rn.pTE158 was .
blocked by TetR in the absence of tetracyoline or some other |

20 "3uitab!e- inducer In the presence of inducer TetR protem was

mcapable of bmdmg TetO and transcnptton of hFcyF{i occurs

CHO K1 cetls were transfected with pcDNAB/T R, a plasmrd that
confers resrstance to blasticidin in which expressron of TetFt
| 25 -ongmates from the CMV-MIE promoter (Invrtrogen Carlsbad CA)
o After two weeks of selection with 2.5 ug/mi blestrcrdln (Invatrogen) :
the stable transfectants were pooled. ThIS pool was then -
transfected with pTE158 a plasmid. that confers resrstance to N

, 'G418 in which the expression of hFcyRl is dependent ond CMV-
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5 FITGhFc to identify cells that express hFcyR . The top 5% of cells
expressing hFcyRl were collected as a pool, expanded for 6 gzay@ iH the
absence of doxycycline, and were again stained with FI TC hit 8P%? he
presence of hFcyRI . Cells that did not stain for hFcyR were |} ected and
expanded ‘i n cd’?’%ﬁﬁ"@"'ﬁédi um containing 1 g/nl of 10 doxycyclf%Téﬁ#)%’IPnﬁ ree
days. The pool was then stained for-the presence of hFcyR and were

i sol ated by fIMNE/TgtQrytorid paanotert hibe csalisr esnsecufivelynirghsiectaccywiths of

hFcyR 9 ed 96 wel| plat. | Cwel | .
Tﬁg)s/e | cfalt IOE ;r&&%ﬁgﬂﬁt%fggﬁ é“@r?mseqlﬁ‘ﬂgd ?Ytﬂﬁ's I‘@\g{’/ &Qﬁ‘lfﬁﬂlmg‘ﬁ'ﬁeﬁr essi on
| evel s of FcRl i gh. i.nducibl e ' A5 | & ion, th
nducti on of HEPREHSTCRITTEC P davs: o FURed, oThE H3by vl FlayegBage! on. the.
| munost ai ni ngwWi ddys BY Te efitsif of Hopgmmt ¥linéNRef | aamedawitahosen for

b @cssghsr
further characterlzat*on and was naned RGC10. "FIG 11 shows that in the -
absence of sdOXTEChFD g0 REEAIRy tHelisnhht expressshiEeiRict Hid ¢op %k colls 20

i nduced wi th Jkxpagggihg diFeet el dotlectedrag brpeml deymandedefordadays inuor escence
of RGC10 cells increased by nore than 1,000 fold after induction by
doxycycline. 4de Ebsgorg cfodbycysinez/aps7wes rgginusiaineth vl Fifkahft e 6

oLt on o SRRz RaSt B ey LR A ORTS  OpH 2er e,
FoL et o, oy B Y re BN gENBly |puced o
days. t-Che 1r69/ 'rgoxgzéstrcliné for three days. The pool was then stained for the
o presence of h.FcyRI and were isolated by flow cytometry. Cells that |
~ expressed the highest levels of hFcfyFiI (top 1%) were soried onto 96-
| well 'pl‘ates' at one cell per well. These cells presumably contained _ceil_
that had low non-induced expression levels of FcR1 and high inducible
| ‘15 levels of FcR1. After expansion, the induction of hFcyR! by
. doxycycline in 20 ‘crlqnes' was confirmed by immunostaining with
Fl‘ﬁC__—hFc_ and fllo_w'.cyt'ometry. dne_ clone'Was chosen' for ‘further |
chaf&ctérization,andj was named RGC107._ FIG. 11 shows that |n the -
| | " absence of ,do;l(ycyclirne RGC10 did not express de_teétéble levels of
\ .. 20 hFeyRI, whereas high levels of hFeyRI ';vere observed in cells that " |
| | were ihduced with 1 ug/ml Qf doxycycline for three 'days. The meén .
fluofescence of RGC10 cells increased by more than 1,000 fold

_ aﬁelr\ in_ductidn by doxycycline.




| gG was added to the culture nedi um containi ng doxycycline 18 10 hour s
prior to staining with polyclonal FITC conjugated anti - hurrﬁg | %g éH+L)
F(ab')2fragnent and analysis by flow cytonetry. Cells tha 8%5 Ped the
hi ghest |evels of 4SC622 (top 1% were sorted into 96 well plates at 1
cell per well WOWAZEC). Figure 12B shows that without indGEUSEHAIYE
hFcyR expression by doxycycline, staining 15 with polycl onal

FI TG conj ugat e&Exampleh@man | gG (H+tL) F(ab')2 fragrrent fails to detect ceII :
surface bound 4SC622. Sixty clones were expanded in the absence of
doxycycline. FIG 13 shows the specific productivity of the 13 hi ghest

producers as d rm ne ande ass The 8 productivity of
cl one '1C2 was %“%Ogé%eﬁf%'e’ ucg\igglﬁ IRe% ¢ r@n&%{ib@p than the 12
pg/ cel | /day observed for the best 45C622 cell line previously isol ated

using the unregulated hFcyR cell |ine RGCL. 25 Exanple 7 Sp2/0 nyel oma -
celI's can bs enaGEEY edlld WersPiessiedtedelith PEE AL -6ZAPAN MPXIbSITENT4S 15

~July--2005 W0 2/ 0 -5 74 -23 PCT/ US02/ 01208 i-n-this exarrpl e; t-he -Sp2/0-Ag1s -

nyel oma cell | icalswaereepgoledeaftar salectiirallitn é&mhéﬂ\ﬂsxﬁoymotweeiesmnst rate

t hat the autol ogous secretion trap nethod was applicable to cell |ines

ot her than CHO Expiesgieneok BFcHRlcyrs tmeidnby @&@ddftmt@ ime/rﬁi/eforra cell by
retroviral 5 infectiopn. The plasm d pLXRN ntech; Palo A

retroviral DNA@%&VBF"QM‘%FBE& t”@%rﬁ'@e‘iﬂf‘m re &¢ - hONEx Fg%go\?fromthe'

o ormrar v UG WS SR T LD hRRRA S %@mgr&@ﬁ%’rchf‘ewy“sv -

10 hours prior to staining with polyclonal FITC-conjugated anti-human
1gG (H+L) F(ab’),fragment and analysis by flow cytometry. Cells :
that expressed the highest levels of 480622 (top 1%) were sorted
into 96 well plates at 1 cell per weil (FIG. 12C). Figure 12B shows
that wrthout induction of hFcyRI expression by doxycyc[ine,f staining -
: 15 with polycional FITC-conjugated anti-human 1gG (H+L) F(ab’), |
"fragment fails to detec'trce'll surface bound 4SC622. Sixty clones
were expanded in the absence of doxycycl:ne FIG. 13 shows the |
_specmc productivity of the 13 highest producers as determrned by
| _ - Pandex assay. The specrflc productivity of clone 1C2 was 17. 8
- ‘20 :: pg/cell/day, significantly- better than “the 12 pg/cell/day observed
o ~ for the best 450622 cell line prevrou_sly isolated using the |
unregulated hFoyRI cell line RGCT. o

25 --‘Exa_mple 7

Sp2/0 myeloma cells can be engineered to express a cell surface

capture protein:
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the hFcyR "gene. The 1,363 bp Xho | fragnment. from pTE0O84, 10 encoding the
human FcyR gene, was cloned into the Xho | site of pLXRN,1 Al&)/égggd In

whi ch hFcyR -cDNA expressi on was dependent on the MOMISV 3P hosen
and named pTE255 (FILG 14). Pantropic retrovirus for the expr L.on._of

hFcyR was genévroaézé’a"’mw essentially follow ng the manufact %F%ﬁ%gﬁom%

gui del i nes. The packaging cell 1ine GP?-293, a HEK 293-based cell [|ine that
stably expressés thiseeXxampla) thea§pafttAgds pyelogiasell dingnvasengingeyed oo, ca), -

DVSV-G al Love SceiRsteoARHET Io amENTiatG,Ban B cricept FrdEtbs,

f broad. -ne i ' kL i f
Sp2-nroyR -a: TAD BRRECwHE Relght Kot IMesOhE AT oHG THLERNER 57
Sp2/0- 25 AglassygEerm wab!isrbditdd G0 tREPRyEldmd!call ) kepdvipn; Manassas,

VA) at a multiplicity of about 10 infective particles ‘per cell. Three days -

af ter infecki omfestdd. STV brassiiai JISCRK qCIdnteoh PalteAltoaSrgd a tetianérawi t h .PBS
—pri-or-to-anatysi s by flow cytonetry. -Those cells - expressing -hFcyR, -as-
i ndi cat ed by bOWNAl Vecke- Wiereimer gene|df dotardstamayebe expiessed?bop thvD
02/.057423 PCT/ US02/ 01208 a pool . by fl ow cytorretré/. The pool was expanded
for 13 days th&RsStraga Molanay,Bwripe: sarePma Nitks 4pR0 derMmieag ePedsi ng hFcyR

were .col |l ected, a by c TRLLY . T 0 .cells were -
cultured in 1022\)/‘934%\?8'3]\'/:1%@@%%%{1 %nﬁéﬁg%éec@%?i%d{éﬁgﬁgaﬁceoﬁﬁﬁ Medi um
(D-MEM with 4 e I ' m stained with
FI TG hFc, and g%eg(:ﬁgFIIqLagmﬁ§hﬁn@ﬁ?ﬁ?%‘?éﬁ:%%%a”{eﬁ% tﬁh%é-n op 1‘%’ of the )
popul ati on jger gneb@nRgthByhurhatd FeyRELENE 0k Rhned into the Xho | site of

. | pLXRN. A plasmid in which hFcyRl cDNA expressioh was de'pend.en_t_on

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

~ Pantropic retrovirus for the éXpreésibn of thyRI was generated
- 15 essentially following the manufacturer’s guidelihes. The péckaging’
© cell line GP-293, a HEK 293-based cell line that stably expresses the
viral gég and pol p:rqtéins (Clontech; Palo Alto, CA), was co- 7:_ o
transtected with 10 g each of pVSV-G and pTE255. The plasmid
pVSV-G aIIoWs expression of the viral envelope:protein VSV-G _‘that. ) :

N 20 co_nf'ers‘ broad host range upon the infective particles.
' Construction of Sp2-hFcyRI-4:

| The pantropic hF_;:yR"I retrovi_rus was 'u'sed_ to. infect 1x10? .'Spélo- |

25 . Ag14 myeloma cells (_Ame_ric'an Typ'e'-CuIture_-Colle_ctio_n; Manassas,
VA) at a muttiplicity of about 10 infecti\}e particles per'c'e!l. --Th_rée
days after infection,'célis were stained for 1 hour then washed
“twice w’itﬁ PBS prior to _analysis- by ﬂdw _c:ytometry. 'Tho_se ___cqllg;_‘

. expressing hFeyRl, as indicated by bound FITC-hFc, wére collected as

%




After expansion, 24 clones were_exam ned by flow cytonmetry for expression
of hFcyR', as descri bed above, and one clone, Sp2-hFcyR 18 Aj a5
chosen.for additional characterization (FIG 15). |Isolati Wy 2005
Sp2-hFcyR -4 cel l.s expressing 4SC622 protein: Sp2-hFcyR -4 cells (1 x 107)
wer e transfect W& 0WE7H23pTE209 (FIG 15 16), a plasmid that aPlCHK§02/01208
constitutive expression of 4SC622 from the CW-ME pronoter and confers
resi stance to &ygobiycliow cftemetryariEiepoet wasl éxpansied folr e days thetli um
contai ning 10% FCS, 90% D MEM and 400 g/m hygronycin for 14 days.

Hygr onyci n- r esagAIArAtainegd with ﬁbT%hﬁGc%thP@Eﬁ WPWSQ“SQV’%@ et | gG f or

ei ght een hours 20 prior to s wi.th | onal on at ed '
anti - human | g&oltagiad ag %eﬁ?o} %yf 'an‘ém’me&yrl e\ﬁ@r%o@? g%l ‘4’%% 1ehour t hen

hed t B I
ﬁfeecoll\emctcgdg\ﬂiﬁ ‘i [S.@I% étaﬁ %8% orre %)/{r[\g#cu ture ed—EEﬁ!?%d C'elalnz
sorted as %SCM@E&@@BQME 3%&&%@% hB@s@éﬁéﬂﬂﬂwp@QﬂanﬁrheHoBé bound the

~most--pol-yct-onal conjugat-ed ant™t -human- 119G (-H+L) (ab*)2-fragment

top 1% popul at wesks,vétamedhwith CFITEeHFbyasd nigé e:edelvlnth man figotescends) .
Production of 4SC622 fromten clones was anal yzed by ELI SA and -all 10
cl ones ‘wer e f oiinthet iPpekPr ok ther gapatationcveigeclored by sigleegelh seding.at 0.5 pg

Eﬁgwlﬁﬁ' {nt ol Biie SSeanEPTngd ié@i?ﬁ‘]\‘o‘r's?%%%%?wr IR BT T %
Ger ved 1 om sPeih R bERTCRe HRSSIS RROLY HREBHE AR 2&5@? 5

10 4, was chosen for additional characterization (FIG 15).

. ISoIation of Sp2-hFcyRI-4 cells expreesing 45C622 prote_in; '

| "Sp2-thc%{Ri-4 cells (1 x 107) were transfected with pTE209 (FIG.
15 . 16) a plasmid that allows constitutive expression Of-4SC622‘ from
the CMV-MIE promoter and confers resistance to hygromycin.- The
, transfected cells were placed in medium containing-m% FCS, 90%-_D-_ _
‘_ :MEM'and 400 pg/mi hygromycin for 14 days Hygromycin reeistant o |
celis were mcubated wsth 1 mg/ml rabbit 1gG for erghteen hours
| 2{) - prior to staining with polycional FITC conjugated antl human igG
| (H+L) F (ab )zfragment Cells were stamed for 1 hour then washed ..‘
twice wuth PBS pnor to analysis by flow cytometry Labeled cells .
,we_re collected as a pool by ﬂo_w cytometry then cultured - for 5 days ’
) | and sorted. as described above Cells from the expanded pool that |
25 jbound the most polyclonal FITC conjugated antr human IgG (H+L) F
| (ab’) fragment top 1% population, were then cIoned by smgle cell
: sorting- (FIG 17) Production of 480622 from ten clones was
) ana[yzed by ELISA and all 10 clones were found to express 480622

“q .

, clone 5H11 produced 480622 at 0.5 pg per ceii per day These data
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To confirmthat 4SC622 was aut o] ogousl y di spl ayed on the surface
nyel oma cells expressing both 4SC622 and hFcyRl, clone 5H1‘JFEJVYa% {]J cubat ed
with 1 ng/m rabbit 1gGfor 18 hours then stained with FI Pgated

anti=human 1gG (H+L) F(ab')2 fragnment and 10 found to displ rface
4S0622. Secr et®@? %5‘?%‘{ Bin was displayed under conditions mgé(v%&%k/hu%l

cross-feeding was bl ocked by rabbit H%% denonstr tj n t.he ?%ci, ogrous
di spl ay of 4S(§6@2V8dTMeCIOBQSeSQQEGHITGQA Q%ﬂ”qrﬁee Ges Mg'@BLa et ion trap-

hod d bed ded :
gél gma eigr;r{ o%ﬁ@ QOS] 5?‘5’5@9" JEaR/\é‘g?tBSExqg%l g %aﬁ% e nb@ chi rGrgrlec Ho
protein can f L{%(ﬁ%f 8%}\?@1 ot draSid’ rBRSIeCABA LﬁfeSng};ﬁg{yﬂ‘i-ﬁ' BellsT witenonstrate

the applicatio he aut' ol ogous secretion tra hod to a cell surface
capture proteidrgidgr than hFcyRI a cell” line expressing Protein G was
constructed. ote| n G fromthe 25 Streptococcus strain G148, binds to all’
human and mpusée 1 gG subcl asses, and..as such has utility for the isol atlon

—of--reconbi-nant - cel | s expressing antibodi-es-or G Fc fusi ?’@eg teins.
denonstrate thée CDnBrmrtbltaélﬁQﬁaag@aScabﬁM%'ﬂ@Eﬂl'W%Qﬂd as a :

5005 VD 02 0STABYERER Gel RuhE PAq‘?{aﬁM%@@%ﬁQEs@“%ﬁ%ﬂ fﬁctl 2dJ;| ’
CHO,1 0, o8 S e S ol SHEHE IR 2% ool e i g o
(FIG18). The [ biiPeloshdeelmAf-nirahoigl GHELNFRBY, fldyeént and -
10 found to di'sptay cell surface 4SC622. Secfeted protein was
 displayed under conditions in which cross-feeding was blocked by
rabbit 1gG, demonstr_ating the autologous display of 480622.'-_ These
data indicated that the autologous secretion trap method described
" above was not limited to CHO cells énd may be extended to myeloma

. 15°  and other cell types as well.
Example 8

A Protein G chimeric prbtein' can function as a cell surface capture

20 protein:

To demonstrate the' 'rapplication of the autoldgous secretion trap
| méthod to a cell surfécé capture protein other than hFcyRl, a cell
| Ime expressmg Protem G was constructed Proteln G, from the
25 - Streptococcus strain G148, b:nds to all human and mouse IgG
B '.subclasses and as such has utility for the isolation of recombinant-
- cells expressmg antlbodles or IgG Fc fus:on protelns To .
'demonstrate that the Protein G igG Fc blndmg domam could be used ‘

_.as a cell surface capture protein capable. of blndlng to-all human and
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5 honol ogous repeats of 55 amino acids long (Guss et at., (1986) EMBO

5:1567 and Sjobring et al., (1991) J. Biol. Chem 266:399) _and zﬁﬁgh r epeat
is capabl e of binding one IgG Fc. To inprove the expressi LR tHF's
chiméric protein.in CHO cells, we constructed a synthetic DNA in which the
si gnal sequenc¥ofrei#Bhe nouse RORL 10 gene was fused to t hBCRESBIORES ng
domai n, am no acids 303 to 497, of Protein G (accession # X06173). This

synt hetic DNA yaasgeg@raibethssby, weammnstroatedoa CHiOONeyexprebsiogiale anneal i ng, -
gap filling, and PCR anplification. The synthetic DNA was then fused, by
PCR, to DNA eclimeriogprotain tacanpsisedbehathe Eadbindingadempin af Paet®id &, anmi no

acids 15 279 to 374, of H;Fcth (accesgi on I\/IZ%O%\%@ -L[hle-r 2sul.t ant DNA
encodi ng the PUsegilp et Rl tEaNsReTergiio RPN CRYIBh &P M40  pTELS8
downst r eam of -M E promter. repl aci h - ing hFcyRl, to
yield-the pl aswﬁ'%’éﬁ%‘a (FI%I @%Tg)qmﬁgaAgpch%ﬂﬁ&] @egﬁﬂ%nﬁgﬁggapt ed to grow -
in serumfrge '%ﬂh t Aipef  t B304, @odepfter three
i ntegration of MBS saMande s sbrafg e at. hei gt13rd. Bibl. Chem! 266.398he cel | s
were stained with FITC-hFc to identify cells that expressed 25 hFcyR . .
These cel |'s weard @aahyepéatbiy dapatlecyt bimgingyoa@doGdre.s Togrprevs ity hFcyR.
were collected as a pool (FIG  20). The, cell ?_la\e\/é_g ex andé'tglllfor 10 days
and the popul a€XrRseiPnce This ERjmeris PrRICHFEY K lso 446 FORIHHCIBL A by 1 ow
cytonetry. The lls e agai,n, .expa 95 | ' | LG and
single cells e%}cfﬁété‘? Pﬁ%i"bwﬂ”%t%g@ﬁ 958@%"5%9@?%%%%502101208
mouse |9G §§ibclass Gas HReBORSHEUES BthdinG dBmAiRS aRifRG $BRIsN903 to 497, of -
' Protein G (accession # X061 73)'.: This ‘s_yhtheiic_ DNA was generated
by a combination of oligonuclectide annealing, gap _fiHing, and PCR
amplification. The synthetic DNA was then fused, by PCR, to DNA
encoding the transmembrane and intracellular domains, amino acids -
L 15 279 to 874, of hFcyR! (accession M21091). The resultant DNA
- .éncoding the Protein G/hFcle chimeric protein was_clo’ned into
pTE158 downstream of the CMV-MIE promoter, replacing the gene
" encoding hFcyRl, to yield the plasmid pTE300 (FIG. 19).

A\l 20.- ~ A CHO K1 cell linlé adapted to grow in fserum-freé_rhédium,'RGC;1 4,

| , wast.ransfected with ‘pTE300, and after three days 400 j.Lg'/nt
G418 was added to the culture medium tb 'seiéct for s_ta'ble. '
integration of pTE300. Two weeks after the start of selection, the
cells were stained with FITC-hFc to identify cells that éxpr'e_ssed

25 hFcyFii. .These t:eils _Were analyzed by' flow c;ytometry and r_;é]ls .

expressing. hFcyRi were collected as a pool (I_—'IG_; 20). The cells were
expanded for 10 days and the populatioh of C_ells' expressing hFchI g
was again isolated by flow cytometry. The_ cells w:a_re agéina_':,‘ S

. expanded, stained with FITG-hFc, and single cells expréssing high
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chimeric protein conprised of the Fc binding domain of Protein G fused to
t he hFcyR transmenbrane and intracellular domain (FIG 18)._The Fc_binding-
dormai n of Protein G contains three 5 honol ogous repeats of 184ulyZ0H3 aci ds
| ong: (Guss et al., (1986) EMBO 5:1567 and Sjobring et at, (1991) J. Biol .-
Chem .266: 399) WOR@57d¥ch repeat is capabl e of binding one | JETRBI2/0EEYS

I nprove the expression of this chinmeric protein in CHO cells, we '
constructed a neyseHgl suliitdsses, we construeted gnGHGs g @xpeessingrat he nouse ‘
ROR1 10 gene was fused to the Fc binding donmmin, am no acids 303 to 497, of
Protein G (accekigiasic proipiganprised of $08tfebindimnaomain @ HCiRIBL by a

nbi ' f.oli I ' | i £illi d [
anpl i 1 cat on. a8 e BerEf GarRgEmEne AfRL it ageMBias BB encodi ng
the t nb d i | RIS 1 I, 79 to 374, of
hFeyR - (accessiag WB1000F ForRreHE i FRT ohRroRH B oBri I8l ei n & hiey R
chi meri.c prat ehamﬂgoq&}sof@%aigﬂbpsspaﬂ&ﬁaew% c@Usef of BE, OGN E =

(FIG 19). 20 BAMB® %1562landl iSjebanp et ed., t{t99t)odw Bivl.sGhem: fA66c398di um
RGC14, was transfected with pTE300, and after three days 400 (err)g/m
A18.was addedand aagd repeatisccansdie pf bindiey one gy Fat JH EnpiovedBeat i on of
pTE300. Two weeks after e start .of selecti t -cells re stained

B Ch R TC e exreasion o Hie ohahenS prafe d ot e ojeoRefibBaaT) S her o
anal yzed by fl olr: i . ' | I cted as a
pool -(FIG 20) gmﬁé{"gﬁ‘é ’-%%Cﬁgﬁ%)%%%egrﬁahggégny%d §(;e E?p% ation of
celI's exprggsi gan@wsﬁkus_éaaﬁ) fR2F8 mﬁeﬂn%tF %ﬂnbhﬁ, ferfinb AtiesTBLBYI0 4918 otel |'s

were agai n expanded, stained wth FITC ~and single cells expressing
high 49 Protein G (accession # X06173). This synthetic DNA was generated
o by a combination of dligonucleotide‘ a_nnealling, gap _fil!ing,‘aria PCR"
amplification. The synthetic DNA was then fused, by PCR, to DNA |
'en‘co'ding the tfansmembrane anrd intracellula'r,domai:rl\s, amino éCids_
.15 279 to 374, of hFcyRI (acc-:essi(jn M21081). The résult_antDNA-' i
: encoding the Protein ‘G/hFcn,'RI chimeric prbtein Was'cl.oned'into,_ :
| pTE1.5'8 downstfera‘r_'n' of the CMV-MIE promoter, replacing. the gene
; ehéoding hFcyRl, to yield the plasmid pTE300 (FIG. 19).

o ‘20' A CHO,-K.1‘ cell Ii-ne adapted to grow in serum-free medium,‘RGC‘M,
B was t'ransf"ecte-d- with pTESOO, and after three days 400 ug/rhl‘ .
G418 Was added to the CUItu;e medium fo select 'f'or‘Stab'ie .
integration of pTE300. Two weeks after the start of selection, the
cells were stained with FITC-hFG to identify'celis that eXp'r'es‘sed_
25 hFeyRI. Th.é_se cells were analyzed by flow cytometry and cells |
| expressing hFcyRl ‘were collected as a pool (FIG. 20). The cells were
expanded for 10 days'and the population of c;elis_"expre'ssing hFcS(Rl ) | |
| was again isolated by fiow cytometry.. Thé_ cells w,ei'e ;again__,_ﬁ e .

_ expanded, stained with FITC-hFc, and single cells expressing high
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—wer-e--st-ai-ned-f or--1-hour--t hen-washed-t w-ce -w-th

15 July 2005 WD 02/ 057423 PCT/US02/01208 '.. levels of the Protein

G hFc(err)R chineric protein were isolated by flow cytorreﬁéhl § ﬂ% e cells
t hat stained positive for FITC hFc binding were sorted in e dP '
conposed of 10%fetal bovine serum 90% Hanis F12, and 400 m 418.
After two weekVeHUH&t i on, 48 5 clones were exanined for b| ?‘ﬁ&z"tlo"sbow ne

| gG present in the culture nmedium bé staining with FI TG conj ugat ed
anti - bovi ne | gtevelg gb'the RrotinephFCIBL kbinenionPreisre yeie dRCIBEISH PHL W es,

ant i body was cAVGEREHbr SHOGIenEPI% Riftap BB BRTOYS Tab I LGTH BiRdglo
12200 and set SETeorg: Ho, B Gibpotd o R R AR RERTr gtk "

(err)g/m hygr ‘Pt@tﬁ’bantzl rf)cghob%@ﬂ?tseztwgfﬂﬂuﬁtm nREeRd ftubglbh S4ger e

I ncubated with 1 ng of eighteen hours prior to staining with

pol ycI onal 5FI -E@rfé@r\tve'@aéﬂﬂnme'fdl fol Wilkding 4 ddvina | P%Es(tﬁbsér& inrerent . Cell's

pri-or-to analysis by
fl ow cytonet ryc(rtﬁur@ mtjum Byhstainisg withu & ES-wenjugadééd santithgyimsdgler e 20
| sol ated by .si %%Be cell sorting and. expanded for 3 weeks. Ten clones were

anmi_ ned Ijor h4 %, §reerr@ntototacmn &mmwpﬂesﬁfaé@ 4@&%@@&%&&@? at high
I, j i 6.4
bg) ool 1 day. TATEHEAR: ncitE HE 1B BRP Sladge sBRRREAY ¥ 011 O Ver e

efficiently is f e e ells derived from
st abl e transf eghﬁgﬁ% ng(%i% ﬁ#}r ﬁ#ﬁ?& eﬁéra%ﬁ% éaﬁ{ ol ogous secretion trap

met hod. Fypthernore, these data cl early dem)nstrat ed that a fragrrent of

Isolation of expression clones in RGC18:

RGC18 cells (6 x10°) were transfected with pTE209 and selected
for integretion of the plasrrtid‘ by ugrowth in 400 ug/ml hyg’romjrcin
.15 for 18 days. Hygromycinéresis',tant cells were .inlcubeted- with 1 -
mg/ml rabbit IgG for eighteen hours prior to stair_ting with polyclonal
FITC- conju’gated anti- hurnen IgG (H+L) F (ab")'ztragmen't Cells were
stained for 1 hour then washed twuce with PBS prior 1o analysns by
| flow cytometry (FIG. 21). The’ most fluorescent cells (top 5%) were
20 isolated by sungle cell sortmg and expanded for 3 weeks. Ten clones
| were exammed for 480622 secretion. All ctones tested secreted
f ‘480622 at hlgh level, and the best clone, RGC19, had a specific
'productlwty of 6.4 pg/ce!l day. ThIS result demonstrated that |
480622 expressrng cells were effrmently isolated from a
zsf heterogeneous pool of cells denved from stable transtectron of
o RGCtB-wrth pT-E209 by the a_utologous se_cret!on trap method. |
Furthermore, these data 'ctearly demonstrated that -a‘fregment 'of'_ |

- Protein G could be ehgineered to include a sighal sequence and
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Protein G could be engineered to include a signal sequence and 50 15 July
2005. WD 02/ 057423 PCT/ US02/ 01205 transnenbrane donain, an% fu %on as a -
cell surface capture protein. To confirmthat 4SC622 was & t'ltgygé sly

di spl-ayed on the .surface 5 of RGC19 cells expressing both Protein G hFcyR
chineric prot e 028pH23SC622, RGCL9 was incubated with 1 ng/AATTSEHHRES | gG
for 18 hours then stained with FITC conjugated anti-human | gG (H+L)

F(ab') 2f r agnmentrapsthearaayie edomyinf land furiotiont ay .a BECIirfaelel saptere. found to .
possess cell surface 4SC622 under these conditions in 10 which

cross-feedi ng pesteih.ocked by rabbit 1gG suggesting autol ogous display of
4SC622 (FIG 22). Rabbit 1gG effectively blocked binding of exogenous
4SC622 protein to RGCL8 cells, but did not block display of 4SC622 on the

cell eurt e OrocsllihgP RsRg, JSPSRRoThces gt daranshe dadibal the

those of hFeyRhi #RaCH9 (R Sifrbasifg TR PiBtdih WAIFyRARAIALGOPRdtRsh t hat the

~-aut ol-ogous--secretion trap nethod ¢an enpl oy other proteins as cell surface

capture protei gad ACEAMRGE R Waeliatilsatedfwightli gy paobitidg®dordBl s from

RGC10: To denonstrate the utility of. the autol ogous secretion.trap nethod:

25 for the i sohatisothenf s@H@d with FliTGesonjhgateskaniebumascgbi(bahl = anti bodies

we cloned the DNA encodi ng vari abl e | ight and variabl e %ﬁﬁvg@ enes from -
0

the KD5 hybri d6k@P")«fRImentanganaleed Prdlow exjaresiees BG et i body
specific _f or tPu::»eunrHJf'oarfaca-ls-is&':s‘2 cell surface 45C622 under these conditions in -
10 which cros-s-feeding was bi()cked by rabbit ng, suggesting
autologous display of 45C622 (FIG. 22). ‘Rabbit 1gG effecti\}ely |
blocked binding of exogenous 4SC622 protein to RGC18 cells, but did -
not block display of 45C622 on the cell surface of cells expreésing_ L
'4-50‘622. These data démo\nstrat‘ed thét the prbpzertli'es of the .
- 15 Protein G/hFcyRl thmefic protein_were similar to those of-hch(RI as
| a cell surface capture prbtein,, and suggested that the autoldgous .
secretion trap methd'd can emp!by other proteins as cell s_urrfa,ce'.;

capture proteins.
20 " Example 9
Isolation of antibody-producing cells from RGC10:

' To demonstrate the -utility of the a‘utologcﬁs 'éeCretion;:trap. -method 3
25 fo_r.the isolation of CHO cell lines that express recombinant .
o ahtibodies we cloned the DNA e’ncod.ing variable light and variab[e. -
heavy genes from the KD5 hybridomé. KD5 is a hybridoma _t_ﬁat |
_ expressés -a monoclonal antibody spécific_forh_the 'human_"Tifa'-_z_' o

~_receptor. R “ e A
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f

receptor. 51 15 July 2005 WO 02/057423 PCT/ US02/ 01208 The nouse |gG

constant region gene sequences were cloned from 500ng of ) | een

pol yA+ RNA (O ontech, Palo Alto, CA). Single stranded cDNZD\%é 5ﬁt hesi zed
usi ng SuperScrlg First-Strand 5 Synthesis Systemfor RT-PCR prinmed wth
50ng of randonVOHHABrs (Invitrogen Life Technol gies, Carl 2GZ SOXEA308 The
mouse kappa.light constant DNA sequence (accession # Z37499) was :
anplified fromthis cDNA by PCR using the pri rrers 5" nCLK1 (237499) 10

(5' - CGGGCTGAT GCACCAACTGTATCCATCTTC- and 3 nCLK1 ééﬁ' tﬁé '7
(5' - ACACTCTCC%%%!'PWMQ%IE’PGA@QAT%"SQ ne PREVABR VOIS fant region

oo seauence (85678 B Modo SARAIIRAL IALER BB LECHi SO0 RngR A

5' - GCCAAAAI BFQSI pEEb
ES - TCATTTACCCGGAGT Hé TAGS? gg %l%gi"lg3_|$ue PCR tﬁ%%ﬂ%l?gh?/\ere cl-oned-

into pCR2. 15 TCB@M%GMSTQE@I T@r BITGIHCFPQ prirhe@ @il nB0ng efeandome Technol gi es,

—Carl-sbad;-CA)-and t'he ‘sequence-of the -constant- regl ons -were-verified:. TFhe-

KD5 vari abl e r egxamee tiovitinges !afepTech@Q]g@,s Sar f% KIBe QB8 doma mRNA -
o on b ner Ralin TP ArteRCAh aREEY Rl o PeBLRES ) e
vari abl e heavyaﬁxﬁﬂﬁ@d You tﬂﬁsclﬁ)!@R by PCR using the primers 5’ mCLK1 S
| ‘(237499) :
S10  (5- -CGGGCTGATGCTGCACCAACTGTATCCATCTTC-3) and 3’
~ mCLKY (237499)
(5’-ACACTCTCCCCTGTTGAAGCTC'ITGACAATGGG 3. The mouse
‘IgG2a constant region DNA sequence {(accession # AJ294738) was
- also. amplsfled from this cDNA by PCR using the primers
15§ mCH2a(AJ294738) |
a (5’-GCCAAAACAACAGCCCCATCGGTCTATCCAC -3') and 3’
- MCH2a(AJ294738) |
- (5’-TCATTI‘ACCCGGAGTCCGGGAGAAGCTCTFAGTCG-B) The PCR
- products were cloned into pCR2.1-TOPO using TOPO TA Clonlng kit
20 -(lnvitrogeh Life Techne_lgies. Carlsbad,-*QA) and "the' sequence of the -

. constant regions were verified.

The KDS5 variable region Qenes were amplified by RT-PCR from _KDS" o
| hybridoma mRNA and cloned into 'pCR2"1¥TOPO' using the heavy and
'25" 'Ilght chain vanable region pnmer mlxes from Amersham Pharmama

'Blo‘tech (Plscataway, NJ).. The variable heavy cham gene was PCR

_‘ ' ampimed using the pCR2. 1 TOPO c!oned variable region as template
| with. the prlmers 5' BspM[/KDSVH N- term
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anplified using the pCR2. 1-TOPQ cl oned variable region as tenplate wth R

PCT/ US02/ 01208 - (5' - GAGAGTACCT GCGTCATGCAGATGTGAAACT GCAGGA

and- 3 BSpI\/I/KD5VH C term(5 GAGACACCTGCGT CAGCTGAGGAGACGGTGACCGTGGT- 31 ),
di gested witW®B8W4I2ANd | i gated to the Bsal -di gested | g&RaPoHIE/anRes heavy
5 gene PCR fragment anplified with the priners 5 Bsal/CH2a N- term

(5 GAGAGGGTCTQWW&TGMC@GMAGT@F@QQﬁoTﬂ m (5'
GAGAGGGT CTCCGGECCGCTCATTTACCCGCGAGT CCGEGAGAA . This fragment was then
ligated into t¥eaBdp B%Fﬂ‘d'/NBﬁV"bﬁtet@”Bf(%RGBBZ 10 The resulting plasnid,

PIESLY, s CaBRlR I EHREERING dNSCHAD CEERINRatia bR sGhaLT gene.

variable |i ght ﬁgﬁsgenp% ﬁt(ﬁ Eh%gggélf%égsfégl Iﬁéztahﬁorﬁ)étjgﬁ t hed@PO cl oned

the priners 5 BspM/KD5VH N term 52 15 July 2005 WO 02 742
G%%’f‘&é@%‘ 3')

\&&%&gl on rs 5" “BsnBl / KD5VL N- term(5 15
%@A ?ﬁm Gmﬁ he ﬁmér§5 RaIVBHXKDI/Lien t er m
--(5 -GAGAGCGT Geecd TIHTATT GCTTGGTCCC 3, gested - w th-BsnBl - and
ligated to t hqsaewemeeamdskepmmmmm@ecccgﬁ@mRarrdr%gaﬁ@lﬁ
arrpllfled with th rimers 5° Bsal/CLK N term 20

(5" - GAGAGGGTCaA T CACCAACTGTATCC- 3 ) and 3' Bsal/CLK G term (5"

T Gated | nto. (AL Gl RAG A Ta8 fRCCEURRTCCOBEACAARY TR, Vs L hen

~ fragment was then ligated into the BspMI and Noti sites of pRG882.
10 'The-resuiting' plasmid, pTE317, was capable_'_of'expressing the KD5
recombinant heavy chain gene, -fnsed to the mFi_ORfSigna! sequence,
from the CMV-MIE promoter. The variable light _chain gene was PCR
amplified using'the pCR2.1-TOPO cloned variable region as template -
with the primers 5' BsmBI/K05VL N- term (5 o
.15 | GAGAGCGTCTCATGCAGACATCCAGATGACCCAGTCTCCA—S) and3
' BsmBI/KDSVL C- term (5 |
GAGAGCGTCTCACAGCCCGTITI'A'I‘]TCCAGC‘ITGGTCCC-S’); digested
.vrith-BsrnB! and ligated to the Bsal}dig_ested kappa constant light
. gene PCR fragment amplified with the primers 5’ Bsal/CLK N- term
20 (5 —GAGAGGGTCTCAGCTGATGCTGCACCAACTGTATCC 3’) and 3
| Bsal/CLK C- term (5-
: GAGAGGGTCTCAGGCCGCTCAACACTCTCCCCTGTFGAAGCTCTFGAC—
_3). This fregment was then irgated into the BspM! and Notl sites of
. nRG'88-2 The resu!ﬁng pla'smi-d pTE316, \rvas'r:‘apable' of expressing
25 - the KD5 recombinant light chain gene, fused to the mROR1 signal

sequence from the CMV-MIE promoter

}The 1450 bp EcoRI- Notl fragment from pTE317 encodmg the KDS

' heavy chain gene, was cloned mto the- EcoF{I and Notl srtes of .
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pRG882. The resulting plasmd, pTE316, was capabl e of expressing 25 the KD5

r econbi t light chai . f d to the nRORL si . '
inant |ig chai n gene use 0 e si gnal sggg&ggﬁgﬁ)f romthe

CW-ME pronoter. The 1450 bp EcoRl -Notl fragnment from pTE di ng the
KD5 heavy chain gene, was cloned into the EcoRl and Notl sites of 53 15
July 2005 WO 8 ©GBY4Z3 PCT/ US02/ 01208 pR®@80, a vector thICTEGHEE
resi stance to hygromycin and allows expression of reconbinant genes for’

t he UbC pronopt @RGYISD, va aledtorpihas wohferEERBstaiantsd drigromybim 460 dlows

EcoRl -Not| fragnent from pTE316, encoding the KD5 |.ight chain gene, was

cl oned into thexpasRionsohecuobinast wesesfop @ dhC preawter. tohreidonfers

resistance to uronyci:n and allo xpr.essi on. of_ reconbi nant genes for the
UbC pronoter, %Wﬁ&%ﬁ%@%srﬁ'ﬂ’"ﬁ#&%ﬁ 7&@1@1@%9@?1'&?@?%%”%@9’8

of he i aont BTy E: BRARa P Suat AT IERen e 00 0EY S 00e RO "

serumw th 20 %ﬁﬁr BRT' Qt&soﬂi’giﬁti@é‘ﬁ #QctsH fHat Noemton fddisthfte k4 days.
......Ex.pr.es.s-l.On....of I FCy .. (

to the cultureurmtycimdmr allbweexpegssiorDotibbeombinast ayenesedbl shewtiteC 15

i ncubated with 1 nmg/m rabbit 1gG for eighteen hours prior to staining

wi th goat pol ypronalerFiagieldnplagmie@®Tad¥24- nouse | gG (Fcy) F  (-ab") 2fragnent
(Jackson | mmunoResearch Laboratories, West Gove, PA). Cells were stained
for 1 hour then washed twice with PBS prior to analysis by flow.cytonetry.

The oot oo oL FREETS A8, £d e el A 2L B8 R RRR 0, Sapen e
fluorescenty  ,TE322 and selected for integration of the plasmids by growth in.~ -
- F12 medium supplemented with 10% fetal calf serum with 20 ug
* - puromycin and 400 pg/m! hygromycin for 14 days. Exp,ressidn of
hFcyRI was induced by the addition of 1 pg/ml of doxycyclrine;to the
~culture medium for three days. Double-resistant cells were |
© 15 incubated with 1 mg/ml rabbit IgG for eighteen hours prior to
étaining with goat po!yclon'al FITC-conju_gated ant_i-mouse 'lgr_G (Fc'y)' F
(ab’), fragment (Jackson ImmunoResearch Laborator_ies,'Wést_ '
' Grove, PA). Cells were stained for 1 hour then washed twice’ with
- PBS prior ‘to‘analys'is_‘ by flow cytometry. 'Thé_ ,rﬁost“ﬂudrés'centi cei!_s'
20 {top 5%) were isolatéd as a‘pooi'énd;lekpan-ded for‘ iO days,'after.'
which the protocol was répeated but the top 1% rho_st fi‘uore_sc'ent_'.
o ce[ls'ﬁrere isolated as a pool. This pool was ex.panded for 10 days |
then the top 0.1% most fluorescent cells were isolat'ed.as'.i single
| cells into 96-well plates. Clones were analyzed by ELISA for |
25 expreséion of antibody and seven clones were chosen from 53
' 'clbnes.ana'lyzed. The average specific pr'oductiv.ity of theée clones,';
was 35 pg/cell/déy and the best clone exbre_sséd the reéombinant

KD5 monocional antibody at 54 pg/cell/day.
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cells were isolated as a pool. ‘This pool was 'expanded for 10 days then the
top 0.1% nost fluorescent cells were isolated as si ngl e egl s into 96-wel |-
pl ates. C ones were anal yzed by ELI SA for 25 expression. of Hf“yt?(%?? and -
seven cl ones were chosen from 53 clones anal yzed. The aver eci f| o
productivity oVAR&@S¥t| ones was 35 pg/cell/day and the bes"?: B’rﬂ
expressed the reconbi nant KD5 nonocl onal anti body at 54 pg/cell/day. 54 15 -
July 2005 WO &ithosghaiBe pomaosip irveption Mg ﬁ@ﬁ@lﬁ&%bﬁﬁrlécﬁﬂrﬂ@ def’ibnt i on

has -been descrjbed in_s det ai illustration an anple, it
will. be readil§¥ roer\'?”n?@t'oph% ‘%P"tﬁ! |V1&W'b Q& regdl ’ynaPiPI%"egfﬁot hat
certain change s b ngs of the

i nvention w th@u@Soﬁgg@ %‘fgk?’% énsﬁ} ri oaﬁﬁs(%:ﬁéglgb ?&{Hne appended
claims. 55 15miiificatidfs m@Z%é@néde %Wﬁbh@@cﬁfng‘ée@)ﬁﬂié vedidni WRhEUH N9 a
eukaryotic cell that producés a secreted protein interest (PA), '
conpri si ng: 55 dabaMmgvfrdnnmeispH'Itlorcmmm mfngeaappmkmd:clacmsl t hat encodes a
~secreted-PO- and a--nuclei c-aci-d-that-encodesa cell surface- capture
mol ecul e capabl e of binding the PO, . wherein the nucleic acid encoding the
secreted PO or the nuclteic acid encodl ng the cell surface capture

nmol ecul e, or both;, are transfected into the cell; (b) culturing the cel |
under conditions in which the PO and cell surface capture 10 nol ecul e are
expressed, and a PO -capture nolecule conplex is forned intracellularly
and . di spl ayed on the cell surface; (c) contacting the cel | W|th a det ectl on
mol ecul e, Whl ch b| nds to the PO d| spl ayed :
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by the cell; and (d) detecting and isolating the cell based on the
detection nolecule. 15 2. A method according to claim1, @ggreia %he

provi ding step conprises transfecting the nucleic acid en WM& Phe
secreted PO and the nucleic acid encoding the cell surface capture

nmol ecule into the cell. 20 3. A nethod according to claim11 or 2, wherein
the cell is detected in step (d) by flow cytonetry. 4. A nmethod according
to claim1 or 2, wherein the detection nolecule is linked to a solid
support or particle. 25 5. A nethgngééiéding to any one of the preceding
clainms perforned on a popul ation S, wherein the isolating step
isolates the cells binding to the detection nolecule from the popul ati on:
56 15 July 2005 6. A nmethod according to claim5, wherein the cells
expresq. A hfeticRindf deettihg and isbheinB@ eukafdbicicBR thaPraducega sé@ptetippbeines cells
based on relative expression |evel of the PO. I 7. A method according to
any on®l sttergtdPET). sgMPrisings, further conprising contacting the 5 cells with

fo 5ot ock « ME PR feignh sPhibine Cuiityy <l hAh-BaR A R RO PEE ol ;
accor dnagetcucaNthap@olts 4 bl firpeedhMbrchaidEle VHRLE 6f Bihginpykd POE, acid »
encodi ng the cell surface capture protein is transfected into the cell

bef or e whiseein thel micteic agd goealing hedeargtadROkercthe madieRGicid encoflingthesell
according to_any one of clai l1.to 7, erein the nucleic acid encoding

t he ceFTg%ﬁﬁPﬁﬁ%e85%?3&%056%E§Wﬁtﬁﬂﬁ%?ﬁﬁﬂﬁ@éb%F@Eacid encodi ng the secreted
PO are trajséttiad thddbddl ddt@r 66ditishs I WIRBE MESPHIT and cell surface capture

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
cytometry. |

4. A method according to claim 1 or 2, wherein the detection molecule is linked to a
solid support or particle.
25 '
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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15 10. A nethod according to any one of the preceding clains, wherein the
PO is an antibody, an Fab, a single chain antibody (ScFv) 9L %b%gnent
thereof, or a nolecule fused to an antibody constant reglo%. . A

met hod according to claim 10, wherein the antibody is selected fromthe
group consisting of IgM 1gG 1gA 1gD and IgE, and their subtypes. 12. A
nmet hod according to any one of the preceding clainms, wherein when the PO
is a ligand, the ceII surface capture nolecule is a receptor for the

l'i gand; n 251 e cel a | ecul e
st hed PR G e b D R e pblepfss AR SEBH AT e e
cel I sud meescqﬁmgtﬁtq) ﬁ@la@@slﬂeﬁs basedbraRidiRe @ peRash ldvel bomehoPa ;  or "when
the PO is. an antibody, the cell surface capture nol ecul e is an

ant i body- blndlng protein. 57 15 July 2005 13. A method according to claim
12, wh ti.b di t
ant i -1 ireiBaT DA T AR BBty e 3P EEF B MR EBET FHRBERLE e BREeThA

~Proj el gelfewiel a Bw&ﬁfdgq{’léﬂecﬁl@@m& B eER irface c%ﬂtur@‘nfﬂ?édﬁ@éjoﬁﬁe W't@g to

claim112, wherein the secreted PO-cell surface capture nolecule iIs

sel ect black therdifthsiog b sgeretod SiHthietgeor celisel - Angl , Ti e2- Ang2, VEGFRI - VEGF
and VEGFRI | - VEGF. 15. A nethod according to any one of the preceding
clainms, .wherein the cell surface 10 capture nol ecul es conprises a nenbrane

anchor g adgeknb aBodiifle@h Bnp UAD of IRIprEOGMY OhEhS) wilARIRMISnANGRQLRT Th @

menbrane of the cel nd eXxposed t tsi

accor dtuwgdmsg thd: aa:llmﬂﬁ;cewhpﬂue& protéie ineadntenal ane tiercellbedore nhnsimeeibr ane

anchor a link. 15 17. A method according to claim 15, wherein the
rdﬁ% g Hﬁﬂﬁ§sﬁ§FW9ékpb the cell, reconbinant, or synthetic.

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 POl 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.

12. A method according to any one of the preceding claims, wherein when the POl is a
7 ligand, the cell surface 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 antibody, the cell surface capture molecule is an antibody-binding

protein.
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18. A method according to any one of t he precedi ng clai ms, wherein the

eukaryotic cell is 20 a mammalian cell. 19. A nethod accorg tg claim
18, wherein the mammalian cell is a CHOcell. 20. A met hod>4H 5p8§ng to
claim 18, wherein the mammualian cell is an antibody- 25 producing cel

fused to an inmmortalized cell. 21. A nmethod according to claim 20, wherein
t he anti body-producing cell is a B—ceII or a derivative thereof which is a
pl asma cell, a hybridoma, a nyel ong, a reconbinant cell. 58 15 July

2005 t hod accordin Qne of th recedin clalns wherein
t he deﬁcﬁ Wﬁnﬁl Hfi’ﬁ‘é t@cﬁlr%m &eéﬂ%’ 0 ieA @E{h gg%errﬁa?gm einds#hldt her and
are di t nhﬁ.g °f the

pr eCedl?{?g{)%?aa%nﬁidt%du@?%{;%@bﬂu?%&b@gﬁ S congﬁg%lgguqirﬁsgm%lp?ﬁgw‘Is‘com ty
medi unPrddin A orduhaibmat dagaieng thaeefl ai m 1, which is substantially as
her ei nbefore described with reference to the forgoing Exanples. 59

57 14. A method according to claim 12, wherein the secreted POI-cell surface c'a'ptﬁ'ré' o

molecule is selected from the group consisting of Tiel-Angt, Tie2-Ang2, VEGFRI-
VEGF and VEGFRII-VEGF.

15. A method according to any one of the preceding claims, wherein the cell surface
10 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 marﬁmalian 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 mammalian 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-cell or a

derivative thereof which is a plasma cell, a hybridoma, a myeloma, or a recombinant cell.
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22. A method according to any one of the preceding claims, wherein the detection

molecule comprises two molecules that bind each other and are differentially 1abeled.

23. A method according to any one of the preceding claims, wherein the method is

- conducted in a high viscosity medium.,

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

with reference to the forgoing Examples.
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