; €3e0$$%0) * 06<0T08) 5 | SOLATI NG CELLS EXPRESSI NG SECRETED PROTEI NS Thi s
application clains priority to US provisional application nunber

601 261, 990 ddidsepszJanuary 16, 2001. Throughout this appli Gt E§20M80US
publications are referenced. The disclosures of these publications in their

entireties are ' i tedyl i cation.
Fleld of the | IRBRATING CREDSEXPRESEME SECRETED FROTENS o5 i nod
for identifying and isolating cells which produce secreted proteins. This
nmet hod i s based upon a specific characteristic or the expression |evel of
the secretmfs I ABY gl RESE i } i i kp on the
surface of angl‘ﬁﬂ?\%ﬂgﬁa?‘agglgl ?ﬁglltl1yg\t/m§§g$£qdé%'?ﬁﬁl ?mlgégggglhﬁhgegnes from
-a het er ogge2es, g9 Ufilld danudhe f6,.eRdoal soreioaghons sess tAlplieagiodf this
met hod to generate cells which produce a desired | evel of secreted protein
or secset sdripust publicdtienparei rfeegncethr atherdistioswses efnthewegani sns whi ch
'possess such cells. In particular, the nethod allows rapid isolation of

hi gh expr galicatioasoirbitmeint enptiretiesdarervehebyn inaceporaiede by referapcede
applied directly to rapid isolation of specific hybridomas, or to the

i sol ationinto Hhisi Bpplicahieduci ng transgenic animals. This nethod is
applicable for any cell which secretes protein. The nethod of the

i nvention provides substantial advantages over current ne

isolation and identificati OnE%hﬂjﬁ%égﬁw 1 W m@m%“mmmmm
PCT/ US112/1112(18 cells. Thenetho escribed 1s nore efficren nor e
accurgpe, and nore broadly applicable. Specifically, any cell \R/ﬂf%h

secretes a protein may be isolated by the nmethod of the invention. This

aspect i s T fietd!girthys linventicgmtis a6 maod e rigitifyihgoaateisdfatiig secr et ed.
5 1n addition, secreted protein-producing cells may be isolated on the

basi s of tcedispwhich produdensactetedspioteinsFoThiskangthed isebhsed hgjorsecr et e
anti bodi es may be rapidly and conveniently isol ated based on desired

speci fi ci topecific dinaracteristicooypiie Expréssionr level hef dheusecretedecr et ed
protein produced may be directly quantified, unlike many 10 nethods in the
prior art pxataisi by piraasientiyncaptuing dhedseewmtednpreteimdin dbel sudaaeati fi ed.
The present invention thus provides for, a rapid, convenient, and accurate
met hod5f oiof s individuali 68)l, i allawinonselpetior of- kaer eell wdones d@ma  vany

oLl i Bepn i DR T G 4 0 S A1

T 20 A, BB ARCAS s TR e R AR TR0 oo mant
systenms Wildthe il ¥tdIAShr SEdrétéd rBtdhe st £ harbictfyrs:

characteristic(s), and organisms which possess such cells. In

20 particular, the method allows rapid isolation of high expression

recombinant antibody-producing cell lines, or may be applied directly

to rapid isolation of specific hybridomas, or to the isolation of

antibody-producing transgenic animals. This method is applicable

for any cell which secretes protein.
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Introduction *G00002*

The method of the invention provides substantial advantages over

current methods for isolation and identification of protein-secreting



25 The expression vectors carry the gene of interest (GJ), which is to be
introduced, into the cell. These expression vectors introduce genetic

i nformati ¢ oddasiMdi ng the GO (s), which integrate into thgPeshosak! 'S own
genetic material. Follow ng stable integration of the 2 WO 112/05p23

PCT/ L1S11 12 i J f. , r t r.hsol ating
hi gh expr éé@%‘onf%gl F@aﬁh@d |dr#(tjcl?\b§ac5’l( F@:%}i Sﬁkg%q@e'ﬁp?%o%%an%ﬁ%i cki ng
col oni es o i 0 i e I Lk g i Lution, or

ot her net ch’g‘ et??m‘ﬁi%ﬁ? ea%glér}'t T"'S@%%ifﬁgﬁg*, ?ﬁgié/eﬁldt%'émgoér?zgt%ré then 5
expanded BRitehf ThaP e i861al@ BiF e Maindd 81 Rhe! Pventibn! NTHiIEHspeEH! ) by
direct neasurenent” of PO activity, by 1munol ogical detection of PO, or
by ot her mligaatit@ldrBC imipauit asemany dsedpeRRicAproteing ArdisecrdrRid.i ci ent
expensive, and the nunber of clones that can be analyzed is usually limted
to a few huradidition 18ediatetapareitepratucifg redlsr agandia jsolatea ohethe
expression by cells following stable integration requires that many

i ndi vi duabasisoésthiee psotedr’isedharacterisfi€er t Foo éxampid,ycetlie thate i nt egrati on
event that results in a stable, high expression production cell line. This
15 requi r eseratecantibodies mayhbesrapidly andganveniently deelated basednoand

i solation of cells expressing the highest [evel of protein productjon.

Mor eover , degsedospesiicdy, cﬁv'gltbn@rp@@Fﬂ?e-orFHﬁtﬁ'@fﬁlQEﬁ‘edh@oﬁmﬂ%, ok i sks

| osi ng hi gh expressi.on cells I OW nor to faster

Il.s, which often . S| owy,
or owi b | SRCEBHCBLGI FEpHaCedimay: Becdatil dwantiiat Volke 67T nods  hat
al l ow, rapid screening and iso]ation.of individual cells ca L. e .of high
evel 105 pmaRgE R e ot 38t Waseif nroRfstaf 8, soire@stBEGRINaS i hro
met hods u t ' tion of stable expression cell |ines has inproved
t he capabﬁﬁﬂ{é8%¥ Q@abﬁﬁééhing | arge nunbers of individual clones, however,
currently avail abl e net hods remai n i nadequate for diverse reasons. Early

application of flow cytonetry to the identification and jsolation of
hybri domad h&i Preserfevesdioshs ipcpvidespiarka r@pid) copvenigntpand 76: 1962,
and Pal | avaci ni. et al 'ﬂ]?%gg J. | rrrrur‘& NIEthods 117 9%%, % WO
| 12/ (1 S7. 8SGURRLE RBYIOM 11963SYSIeMAHca!Dh igPlating IPIYIANEeeretings2) J.
Irmungé. I\/Et‘“hods 52:1 ), or avidity (Jantscheff et al. (1988} J. |nmunol.
141: 1624) C&I'F- depended on the detection of antibodies that were
non-specifically bound to the cell surface. These nethods assuned a
correlation 5 between the anount of surface bound and secreted anti body.
D ffusion of the PO bet ehlind ol thieeIaVedtighact eri stics was also a
problem Recently, two a nalr netnods tnat U ze flow cytonetry have
been devel oped for the high throughput isolation of stable high expression
cell lines. 10 The first method involves nodification of the expression
plasm d t aamg!pidteinst firitsard i po@intiaehariadeutidaievdioe giRNA. This is
nost often acconplished by inserting an internal ribosomal entry site
(| RESpoandezrgett prbteinsprintieidngrgdwth factess, splubisi receptoby flow 15
cytonetry, nost frequently green fluorescent protein (G-P),

domains, and most importantly monoclonal antibodies. Production

9

methods employing recombinant DNA technology to produce these
and other proteins use genetic expression systems which employ
host cells and expression vectors.

25
The expression vectors carry the gene of 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 stable integration of the



bet ween the stop codon of the GO and the termnal poly A site (Meng et al.
(2000) Gene 242:201 ). The presence of an IRES allows the PO and GFP to be
t ransl at edvf iparyf2be same nRNA. Therefore) the expression |lgvels®inihe G-P
gene is indirectly related to the 20 nRNA | evel for the GO . Cones that

Seroonea 8neeed TieReetcl GON. “Rnkiedh rieiod e RolabBHER T he caupl i ng o
constr et PR oEI0h St PR oL A7 R B A Brcke EhddE n Ao ERERES. 25 The

use of | euiohié TRimYplafted "RoiaRb R d18ingle weeﬁfgﬁﬂgﬁa%ﬁﬁgﬁ,'w for the

rapid analysis o arge nunpers of clon&s in a roug rmat .

-Mor eover, i KnovAeh 'rhesagni pi Vi S dj andl i ng
of cells. Otlﬂfr‘ﬁ?o'?'tem%?yévl Y, theﬁltg\?eilmof pggggﬁglr Ing\o I?@%&bi&%ﬁ rli§02/I ||
2(18 g odegpanded sandtscredneec fompasdiictiorl dfthePppdteihi o imteyest of the 5 10
15 20 25 PO . Various nechani snms nmay uncoupl e the production of secreted
PO from gROUnbYadirect nfeaSeirentartl of P@leactivityyr bylusimonoleigiddle PO and the
GFP reporter may result fromdifferences in the translation efficiency of
the two gdetectioheof RObnoelyi othercguidablentedrdiques. Thasel procedurebe

pol yci stronic nRNA. Anot her nmethod that uses flow cytonetry to isolate

expr essi ofre|lapedousy Mefiisienc axpensiveonand thel numbarnph cigredbatr cr odr ops
(Weaver et al,. J£KK2 Met hods Enzynol . 2:234). In this nethod biotinylated
ant i bodi egagﬁ&igi“laé\" st i weuplly lupidedhdora few WAt i nyl at ed agar ose

throﬁﬁ@ streptavidin such that secreted PO is captured and retained within
t he rodrop (Gray et al., (1995) J. Imunol. Methods 182:155). The

the Por . Ther B4l FEaEe. AL HsTRas TR L b Betein R aBBian By OBl “sccr et e
Those cel TAIONIEE YD iEERL SR ealeE Hiat, et AN BB, ohes a8 erbedi ng
g2 ose agerddifnd if & e R '8bAHNPINS! AiteCiHBBRign gyaflaym o odr op

approach screens cells direc hel 0 SsecC r at her

than i ndi r@émisvars@rg%l@,ghggrif g&??é@sﬁ?h%}o%c% nePutrpigquires the

avai lability of suitable a odies for trapping and staining the secreted

PO aml t hequiremedtrcaliseoivr hesthoRieCtitdt eAdbrR™Aapid MEsifiaich tdiRy agar ose
gel mcrodrops. Moreover, sonme cells may be sensitive to the encapsul ation

process. isolatiomtafooelts expressipightite diiglestv toved o proteinipredeatiohor

enbedding cells in a matrix by directly binding an anti body) specific for

the PO, Morebeerelhe soléelien (@fbcipnet poadls, bIAsanduipicke? cod@iie§, WO

02/ () S7-423 PCT/US112/1112118 1925). In this nmethod, non-specific

bi ot i nyl afisk® l@singehighs expaeesipn ctelisswhichhofieot growyaets oy, o de est er
contact with a streptavidin-conjugated antibody capabl e of

L?nL?LBO%t%Qrowg JoweexpresRjonHeeliso hereheraied gieg@ eXistshiarhe PO
e el A T RO Sk PSRl
PO “avay FroaPRel B 167 e et ERE SO BRIV ooty media are
required for discrimnating cells, the cells nust be washed and

Incorporation of flow cytometry into methods used for the isolation

of stable expression cell lines has improved the capability of

25 screening large numbers of individual clones, however, currently

available methods remain inadequate for diverse reasons. Early

application of flow cytometry to the identification and isolation of

hybridomas with a defined specificity (Parks et al. (1979) PNAS

76:1962, and Pallavacini et al. (1989) J. Immunol. Methods 117:99),



10 placed in a mediumsuitable for cell sorting if so desired. The probl ens
associated with identification and isolation of high expression reconbi nant

cell lineywyesnrcial |y applies to the isolation of hybri dongsyt&iainig%pr ess
an anti body of interest. However, the 15 identification of useful

Y O B G e e " e P, nehBE IR B3t oo
o cover. TR UATIRONR G181 PYoOE b HiG) e amy ol lon ang

2. ecombi elondfRa B Hid HotBtith |ShnBEBBRISIRR flers ModBpicRafa gencs, can

be Iinked a transcriptional reporter such ma screening is

-a slow, | 3RINdONS tREASEN Surfaeer € THaeNHERDAS ag8 N8 & Cdredlaflohs |im ted
by existing technologies. 25 A simlar probleminvolves the selection of

rare cgl | pewedncthie ammoant o Elface bSund addf segreted amstedy.) or anyt hing
fused to an anti body constant region, with a desired specificity, isotype,
and avi di Biffusiora gfathie ROBbedweiegeoells rafrdidfdrent rairaeteristipspwas i on of 6
WO f12/f1S7-423 PCT/ US02/ 1112fI R cell s expressing different antibodies,
ScFvs, frasera probemeoRecantlynytiwe additial methkeds dbat utilizetow r egi ons.
Thus a need exists for. a rapid and efficient nethod of identifying 5 and

i sol at i ng Qy¢ometryx paveshagndevelapedetarethel high dhroughrut igolatignmfi ati on of
cells. Most desjrable is a nethod which nmeasures the protein expression

| evel rat SablenBigh sEPrAR$ION £elk HRe$measure of nRNA often does not

accurabel y reflect the levels of protein which will ultinmately be produced.
In add tion, a need exists for a nore 10 efficient nmethod to identify cells

t hat produgce I cul ar | i n. ' ent I l.able in the
et prodiite RREE nhdtRL ANARESLBAIRBRON B ghB. SO SHRRMANE Lo i
for the r‘iﬁélﬂdksglt%wimfoﬁat?%ﬁdcﬁbf fort fHY qﬁphﬂa@mreﬁﬁgqst}xog{rectly
screening for the s I's Tnventioh al so alTows for the convenl ent
nonitorin R | iShn I | [
manuf act u?)lf%n pargggiﬁs(@.rﬁ%uﬂr me?fr?o%ﬁbtﬁai‘ ghf%gﬁrllgf%%imﬁg[\_éggré%ﬁgi rectly
applied tqIREE§INd'@ §&nd8nWh88s orBfeif Ysrtodaict 8 leasily henitBrahbyoflowel ates to
the construction of cell lines that express cell surface capture nolecul es
that hisnd oyas medsy, saostt ieqbensly green fluorescent protein (GFP),

between the stop codon of the GOI and the terminal poly A site

(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 indirectly related to the

20 mRNA level for the GOI. Clones that accumulate the GFP at high

levels are isolated by flow cytometry and then screened for POI

production. Because this method depends on the coupling of GOI

expression to the reporter gene by use of an IRES in a recombinant

construction, it is not applicable to the isolation of hybridomas.

25

The use of flow cytometry in the isolation of expression clones

allows for the rapid analysis of large numbers of clones in a high

throughput format. Moreover, use of flow cytometry significantly

reduces the direct handling of cells. Unfortunately, the level of GFP




the use thereof to identify and isolate the cells that secrete the 25 PO.
| sol ation of a cell by the nethods of this invention nay be based on the

expr essi ofyd @y@hse8f the PO or a specific characteristic 'p®fuinRe
Through the construction or use of such a cell, any secreted protein may be

oo BT LATS B AT o oA i ”
PCT/ US112 1 I . J '

T USLLERRA Rl EENaRE T T TR, BB P TR o ¢
el B RO R S, B AR ST S o

protei ns, prgdahbefe el Sepor! finyt FuIARrdif aifieremis i Ghgl ns 0 their

native state nmay be isolated as se ted protein producers through the
gpopl i cati gian@iation f%f'fi@lf?ff%ﬁ of- thaetwe! heRes8! ddtFefigh! éfﬂw?ﬁcy hsi thepl ayed

may be acconpli she t hrough thé use of any nol ecul e capabl e of

directly @Ol rsh seility bf e nsolybistrdns®ImMRNAPO . Such detection nol ecul es
may facilitate the defection and/or isolation of the cells displaying the

PO . In one enbodinent, two nol ecul es that bind each other and are
deferentially | abeled are utilized. The detection and/or isolation nmay 15
be acconpAnsiker trhethamh tbahrwesd flove loytgomedrk towisolatet kxpaessionddi tional |y,
this invention may be applied to the isolation of antibody-producing cells.
Speci f i caclanesainvaives e’ncapssdaiiompiceells withipeagarwse Mmiceodrapdrtal i zed
cell which expresses a cell surface 20 capture g&l ecul e which binds the

PO, Wi ckWeaver eihal.nd@P0) nMetheds Enzymak &rtbodi phisdiethedcel | may be
nyel o) Biotiiglesh nibRele FRecice iy FIOh rarbeiid hafigoed for -
o oAbl o RS R0 R AR AR ok Ron SRR AABlA O Love! >
o Lo ! aiia S il YOSER PUEERTIGR Ml R i
et =, SIS, MU 8RR TP AR BEShIab a9, o
15 immuno-staining with an antibody specific for the POI. To reduce the
encapsulating agarose from absorbing POI secreted from adjacent
cells, the cells are placed in a low-permeability medium. Those cells
with the highest antibody staining of the POI in the embedding
agarose are identified and isolated by flow cytometry. The gel
20 microdrop approach screens cells directly for their ability to
secrete POI, rather than indirectly screening for expression of GOI
mRNA, but requires the availability of suitable antibodies for
trapping and staining the secreted POl and the procedure requires
special equipment to generate the agarose gel microdrops.

25 Moreover, some cells may be sensitive to the encapsulation process.

A variation of this method circumvents 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-



expressing a library of antibody genes with varying binding specificity,
| sotype, and avidity. Mre specifically, the invention relates to the

i denti fi c@id @nsofzanti body-producing cells that express ' gegi&haths
anti bodies of a desired specificity and isotype, as well as 5 antibodies

| nventi 353?&%&%2@@% %?tliaiaid;erﬂ%@-%bt@%ﬁfcég'é&ﬁﬂﬁﬁ%észﬁE‘éﬁ?éﬁﬁé‘é¢|°f sur' ace
CoTconcd Broto w0 R BydisRlabieE it aR PR re e e RIACE, <
ecroted Bl & ROSPGEEEToRR ] HhrloReh LaRloRTr dindlg MEROE *2 el

11ne tanpa éé%gtsn@tﬂm Pcﬂxgéeéﬁnbneﬁ%@gg lvsnﬁftﬁeq_:eﬁmwibﬁ iggdlh@ﬁul e,

whi ch bi nds the by transtecting t l'ine with a nuc c acid that

encodes s ifedteld with' AACEp SrRPrishely RiRIed Secthd antibady! eHoweverai d cel |

si mul t aneously or subsequently with a second nucleic acid that encodes a

PO wher eigiffggioh TOPOIsbetwgen edighbodry esdlisnis pheblemdtio;eantd thisayed PO by
contacting the cells with 25 a detection nol ecule, which binds the PO ; d)

i sol at i ng eethiosl aistedequiresea deglcviscosityplmedivm t® redi@eg tifusisn- a3 PCT/ U

S112/ 01208 The invention further relates to a nethod of detecting and

i sol ati ng R@I awayhfronpexpnessingycallscr daghusel thasanbighs ivisgosily @@aa r uct i ng

acell line transiently or stably expressing a cell 5 surface capture

nol ecul e ‘Eceqsiness femdiseomipatingaaeliscthengells t must e washege aadt hat

encodes such cell surface capture .nolecul e; b) detecting a cell from(a)
dapeel f

that &Qpr&iaeed dn;q pedium gutadie esorting if so desired.

The problems associated with identification and isolation of high
expression recombinant cell lines especially applies to the isolation
of hybridomas that express an antibody of interest. However, the
15 identification of useful hybridomas includes several additional
problems; they must be screened first for antigen-binding activity,
then for immunoglobulin isotype. Moreover, GFP-based methods are
not applicable to the identification and isolation of hybridomas
because construction of hybridomas does not include a recombinant
20 construct such that expression of the antibody genes can be linked
to a transcriptional reporter such as GFP. Hybridoma screening is a
slow, laborious endeavor where the number of clones screened is

limited by existing technologies.

25 A similar problem involves the selection of rare cells producing an
antibody, an ScFv, a fragment thereof, or anything fused to an
antibody constant region, with a desired specificity, isotype, and

avidity for a particular antigen, from a heterogeneous population of



nol ecul e; 10 c) isolating and culturing those cells detected in (b); d)
transfecting said cell in (c) sinlutaneoulsy or subsequently with a second
nucl ei ¢ awighZdzafzzencodes a PO wherein such protein is 15@e6d@lhefs ©)
detecting the surface-di splayed PO by contacting the cells with (a)

cel 5 basedrohrEsita. it Rnt BBy, SHrvs! Tiadals cnefpot et her -
rel at es t%&f‘tfﬁﬁ%%@e@f tdjeérgg;dc;w 6?\%%!%0'!'3@?0% cells that produce any

secreted conpri si ng tec i'ng cell that transiently or stably
expresses said cell surface capture nolecule in high yield; b) isolating
and culturing those cells detected in (a); 10 WO 112/11S7~23

-PCT/ USO2/ Thid98 Medd @xistsciorng aipid el leffidieht) métHdy Ebf“ﬁ@lnﬂf)ﬁﬂgd d that

encodes a PO wherein such protein is secreted; d) detectingth
sur f acke- dangl isglatingCtely expressingngatibes wddreted PO fram delage on

ol ecul e(s), one or nore of which binds the PO; e) isolating cells based

on the depepuliadionnol cells e(Mpst‘dwmaNem:|a)rnnéltmoﬁhwhm:relmeasures fngret hod of
detecting and isolating 10 cells that produce any secreted PO, conprising:
a) const rRteHYy expression|leyebxpthersthan the sNRNAY aacﬁle:arpeasw'ermf ecul e

whi ch binds_the PO by transfecting with a nucleic acid that encodes such
cel | sur f@&NAagﬁanedfm e éccq@taby aefieet they lavels! pf protaip avhidkat

e cel |l surface capt
express SWﬁF ﬂ,mate|y %e produce cP n addmon a need exists for a more

10 efficient method to identify cells that produce particular antibodies

than what is currently available in the art.
Summary of the Invention

15 The present invention describes a high-throughput screening method
for the rapid isolation of those cells that secrete protein by directly
screening for the POI. This invention also allows for the convenient
monitoring of POl expression on a single-cell basis during the
manufacturing process. Furthermore, this technology can be

20 directly applied to screening of antibody producing cells.

This invention relates to the construction of cell lines that express
cell surface capture molecules that bind various secreted POls, and
the use thereof to identify and isolate the cells that secrete the

25 POl Isolation of a cell by the methods of this invention may be
based on the expression level of the POl or a specific characteristic
of the POL.  Through the construction or use of such a cell, any
secreted protein may be captured by the cell surface capture

molecule provided there is a corresponding affinity between the two.



nol ecule in high yield; c) isolating and culturing those cells detected in
(b) and allowi ng 20 sufficient tinme for said cell to secrete the PO ; d)

det ecti ngwigw/&syrkace- di spl ayed PO by contacting the cel lgemiigodntmg
detecti on nol ecul e(s), one or nore of which binds the PO ; 25 e) I sol ating

Eglnl ﬁ;ﬁgﬁ S Sxniained dHEBeR: AQY-mEIRSUIR: biaycEs B NUSE 5ok G
maycont aPAtpE e 38, 4580 sPHEER §€%&’iﬁp@“§@éqﬁé%fn¥@egg . 200121)8
ant i bodi eﬁye&ﬂgﬁd&%){]%@u ghn?% ?Sei%to'léie 51‘? hﬁnﬁ&? s%%‘ijétré% pane

anchor to renaln anc a ce nb r ane,

exposed teytikerfdrel 4Rafy & n?sqﬁhg be8nahsRictednd gﬁoéu@@'éeo‘?éfécﬁce capture

nol ecul e. menbr an or nma e a transne e anchor or GPl |ink,

and ey bgrmﬁms/eaha trré?er@rlel evéﬁceérrm nagt doohotysddieté proidindhia i nvention
al so enbodi es the addition of a signal sequence to the am no terminus of a

protein, swhgib ridtile tSiatednvdeibe iiSolated saw seedeted pPreteirl prozluckease, and
functlons as a cell surface capture nolecule. Such signal sequence may be

native tothiotighetthe amplivdtiorant,this idBesyyonhetic. In another enbodi ment, a
bl ocki ng nol ecul e which binds the cell surface capture nolecule is added to
reduce the diffusion of the PO fromthe expressing cell to a nei ghboring
cell. In an additional 20 enbodi nent, the diffusion of the PO fromthe
expr essi ngatection mfatheechmMItm@ealsplauedu PO! rapyrke@scopnlishedcel | i s
reduced by increasing the viscosity of the medl a. This invention further

rel at 8¢ t $hriowgh Hasyse ehiamh Melgchig capable A giseclly jaf Wte Cl¥press
Factors, BieiaE: hsoalesave OB i dteich maSiaBy s Fiedk Sttt 1y
produced et tg{: drlmyanoclglfrlédlaﬂon & the cells displaying the POI. In one
embodiment, two molecules that bind each other and are
deferentially labeled are utilized. The detection and/or isolation may

15 be accomplished through standard techniques known in the art.

Additionally, this invention may be applied to the isolation of
antibody-producing cells. Specifically, an antibody producing cell
may be fused to a immortalized cell which expresses a cell surface

20 -capture molecule which binds the POI, which is an antibody in this
case. The antibody-producing cell may be a B-cell or a derivative
thereof, such as a plasma cell, a hybridoma, a myeloma, or a
recombinant cell. The invention can also be used for isolation of
cells that express desired levels, specifically high levels, of a

25 recombinant antibody or fragments thereof. This invention also
allows for the isolation of rare celis expressing an antibody, ScFv,
fragments thereof, or anything fused to an antibody constant
region, with a desired specificity, isotype, and avidity for a

particular antigen from a population of heterologous cells



addition, the nucleic acid that encodes a PO may be selected froma 12
WO (12/11S7-123 PCT/L1SI12/1112118 library, including but not limted to a
CDNA | i br @fyois7@3genom c library. I n one enbodi nent, suchp@royhfaiiogct ors
may be selected fromthe 5 group consisting of Interleukin (IL)-1, IL-2,
IL-4, IL-5 1L-6, IL-7, 1L-9, 1l-1 |L-13,. . 1L-15) |L:-16, |L-17, IL-18,

| L-21, Ci IqXQWSFf{QQr%t“L&%W 9?%{58&( @ﬁ?ﬁ?,w@?y\@r{y&%i RiNdiNG vascul ar
Endot hel i al . G.owt h . r (V - Tafe] i €L Qe ngy Letin 2, TNF,
Interfer oﬁ%&fﬂ?‘é{yl %%@%WRQ@%&%!B%@PU% g’b%ﬁg}"ﬁbhggnd al |
appr oved rapi : 1.RyAaRT Qe . h ié@} t he
ant i body &glégge@?z@éf@g%ﬁ{'hgngaogﬁ acrgﬁisdlo?t P’f]@@%gﬁé"f%ﬁﬁl gA, bFBD or
1O as velderdidd’ahtifbdiest B ¥hERsRbd! ShaGIiciy At YSbtyBRO e keifragd] mEnt
the invention enploys a Tigand-specific receptor, a receptor-specific

l'i gands oramibodiéd RREY al?é”%)é'&ﬁ@rfi’irea Ndedifed Népifspd. surface capture

nol ecul e which binds the PO. Such cell surface capture nol ecule may be
reconbi nantly produced or 20 naturally occurring. In one enbodi nent, the
cell surface capture nolecule is a ligand specific receptor) a

r ecept or - 4peandther lerpbodimant ahttheoithywebtiod| nansgersd ranimalsmapday, an
ScFv, a fragnent thereof, anything fused to 25 a constant regi on of an
anti body, credted phait edpréssom achrsurtack capyreomalepulade Thercellg and
derivatives that bind the PO . In another enbodinent, the cell surface
capt ure ndrepuskch dransganiedanimah ey e bea seseeneddisgctly far theeo,
VEGFRI (FIt1l ), VEGFRII (Flk1 ), 13 WD 02/(1S7-123 PCT/ US02/ 01208

cyt okilfe fuedpelen AffhenERs or fusions of two or nore cytokine receptor
conponent s.

The invention also relates to a method of detecting and isolating

cells that produce any secreted protein of interest (POI),

comprising:

15
a) constructing a cell line transiently or stably expressing a cell
surface capture molecule, which binds the POI, by transfecting the
cell line with a nucleic acid that encodes such cell surface capture
molecule;

20

b) transfecting said cell simultaneously or subsequently with a

second nucleic acid that encodes a POl wherein such POI is secreted;

c) detecting the surface-displayed POl by contacting the cells with

25 a detection molecule, which binds the POI;

d) isolating cells based on the detection molecule.



In addition the invention relates to the identification of B-cells and 5
derivatives thereof, or hybridomas that express secreted anti bodies of a

desired spgpddisgly, affinity or isotype. The invention car@&gnpmsused
for isolation of cells that express desired | evels of an antibody or

i bod f h
P ey Btiors R BeeirBliea 0 2 HAtAGH: of sRrsCund An 18381 Ran

Protein L rec .cell surface capture
nol ecul e Fﬁﬁ%qb&@gﬂg&ﬁy @%P@e%ﬁf'g' ‘secreted anti body. 15
Brief Description of the Fi gures FIG 1 represents the construction of
pTEO84, designed for the constitutive expression of human FcyR fromthe

. t t I
o et or B CHSHURRED aCeel Ahd fangichily"@iPs oy TR Bical 10
cyt one ry sgHagkecHsiureEheledlis WEIcH T bNds? thé& PGt fb‘iﬁt@h@fé@ﬂw e FIG 2C

shows a flow cytonetry single paraneter histogram’of ' FITChFc stained

(A18-r esi pluadic Gk Khat edcadud sathecelp Suplret caPajrecmab@cul_ao FI G 2D shows
a flow cytonetry single paraneter histogramof FlITC hFc stained RGC3 cells.

14 WO 02/1157.123 PCT/US(12/ (112118 FIG 3 sunmarizes the ability of 1gG
froma variety of animl species to block 4SC622 from bi nding to RGCL

cel I's. FI G) detestingsaacéll droroy(nthatyexpresisespaaisheelrsunfaceqaptutd ' S
unstained RGC1 cells. FIG 4B shows a flow cytometry single paraneter

hi st ogr amno®!eg8®22 bi ndi ng to FcyRl1- expressing RGCL cells as indicated by
PE AGL84 binding. 10 FIG 4C shows a flow cytonetry single paraneter

hi stod®am of rat 1gG bl ocking the binding of 45C622 to RGC1 cells as

i ndi cat ed 0ss of PE 8 Lnding., 15 FI 5A shows a flow cytonetry
dual par aﬁgt §?Iaz‘i"9t Bap O ¢&lls aﬁit"c‘ﬁegxﬁ‘r Zgh)s the gene for hFcyRl
and GFP, stained with PE AG 184.

d) transfecting said cell in (c) simlutaneoulsy or subsequently with
a second nucleic acid that encodes a POl wherein such protein is

15 secreted;

e) detecting the surface-displayed POl by contacting the cells with

(a) detection molecule(s), one or more of which binds the POI;
20 f) isolating cells based on the detection molecule(s).

The invention still further relates to a method of detecting and

isolating cells that produce any secreted POI, comprising:

25 a) detecting a cell that transiently or stably expresses said cell

surface capture molecule in high yield;

b) isolating and culturing those cells detected in (a);

10



FIG 5B shows a flow cytonetry dual paraneter histogramof RGC2 20 cells,
whi ch express the gene for hFcyRl and GFP, incubated with 1 ug/m 4SC622
for 18 howgohghpre being stained with PE-AGL84. FIG 5C shemes@/oiiogW

cytonetry dual paraneter histogramof RGC4 cells, which express the gene

for hFcyR, apd 45C622, stained wth 25 PE-AGL84 .Fl 5D shows ow

cyt onet ryC uﬁ?nﬁgchgmgt §?'£P§ﬁd6\rﬂ®n‘ﬁﬁh F&B@&’C%FI %Q'dvxﬁia& t?%%i%ésgaptéie gene
for hFcyR .4 2, l.ncubat e ith rat 1gG (1 ng/m) for 18 hours before
bei ng sta?"’ﬁ%rdagw SﬁgéEEEét% i%fedqf'\g@ '5E shows a flow cytonetry dual
paraneter histogram of a m xture of RGC2) which express the gene for hFcyR
and GFP, and RG4 cells, which express the gene for hFcyR and 4SC622,

.m xed 35 dH t i r ' : i i ik h PEAG
Toa 15 oot 205" SRR OR ISRy ed 0B et he Cpe Wi et ry
dual per a(@f getdbtiirP eiciBtale(§), Brd 'drémete REGAhick batue e 20|;t he gene for
‘hFcyRl and 'GFP, and RGC4 cel'l's, which express the gene for hlfcyRI and
4SC622, m xed and i ncubated together for 18 hours with 1 nmg/m rat 19gG
prior to S staining wwth PE-AGL84. FIG 6 shows a flow cytonetry single

par anet er ehiisolagingntells daged oesthea aleteqtan moleROE(stel | s transfected with
pEE14. 1-622. Cells in the top 3% gate {R3), 7-11 %gate (R5), and 15-19%
gate 10 (R7) were collected, expanded, and their 4SC622 productivity
quantitated by imuno-staining. FIG 7 summarizes a conparison of the

speci fi c gihedinxentian dartber 1e@8es o gr swiheg etidetecting. anghdsatatingansi ent 1 y
transfected with 15 pEEl4. 1-622, hapd-pi cked stabl e MSX-resistant clones of
cHO K10t r §rYS dbab Pradusepany secreted POl QRPFIENSGt ant 450622 product i on
clones isolated after transfection of RGCL cells with pEE14. 1-622. 20 FIG
8A shows a flow cytonetry single paraneter histogramof RGCl cells stained

Rac! Egi ' & Gansitthel 1o S %Bﬁéﬁ%égﬁééﬁaikﬂ%ﬁpﬁﬁé@?ﬁéﬁ@g%éS%ram o

ni ot ogr am'i1oRQASE e PO o MRy B L RN 408, PR BRI o
hen i dai ' ' f 18 h [ 30 i ni

w th PE TR B TR ICOIR AR on of the gene for hFoyRl resul (s

in logg of 4SC622 fromthe culture nmedium RGCL cells, or CHO Kl parental

cells, were incubated in nediumcontaining 2 ug/m 35 4SC622. The

concent r aty) ofle@ictihgCaZéel €ramnn{a)othat éhﬁremsﬁsa saitb opllasuifagbecature
i mruno-staining after 24 hours, and 72 hours incubation. 16 WO

02/ (157- 1280leCuleJB( highl Yietd;18 FI G 10 represents the construction of
pTE158) designed to allow Tet R-regul ated expression of human Fc~yR . Two
repeats of the tet operator sequence (TetO are imedi ately downstream of

the CW pronmoter in pTE1S8. 5 FIG 11A shows a flow (égtomatry, single
par amet er O)i iI§elading apd eutyriag deese callg detecipd HnAbyEREAlawiIRg 11 B shows

a flow cytonetry single paraneter histogramof_ 10 RGCLO cells stained with
FI TC- Rfc. SF’I?EQ'G\EI‘!L LGRS P%ﬁ/ t@y?@ﬁﬁqﬁyﬂjﬁ rPgéB par amet er hi st ogr am of
RGC10 cells induced with 1 ug/m doxycycline for three days prior to
staining with FI TC hFc.

d) detecting the surface-displayed POl by contacting the cells with

(a) detection molecule(s), one or more of which binds the POI;
25 e) isolating cells based on the detection molecule(s).

The invention relates to a non-human organism containing a cell

produced by these methods. Specifically, such non-human organism

11



15 FIG 12A shows a flow cytonetry single paraneter histogramof CHO K1
cells stained with polyclonal FITC conjugated anti-human 1gG (H+L)

F(ab') 2f re@m@nk74220 FIG 12B shows a flow cytonetry singl @daaiaomiBs

hi st ogram of MSX-resistant RGC10 cells transfected with pEE14.1-622 and

i ncubat ed_w o o) 8 haour rior, to,staining.wth

pol ycl ona\'ﬁ%}l ‘?Ehgédﬂ, ggéaé"éaﬂ%g éﬁ[lré‘fﬁch%%ﬁﬂfe ﬁ%%ll?c}'? ﬁP&&#A&nI‘?r 25 FIG
12C shows ﬁti{)bBYé§yt onetry single paraneter histogram of MSX-resistant
RGC10 cel ?s ranstected with pEE14. 1-622 induced with 1 ug/m doxycycline

for three days then incubated with rat 1gG (1 ng/m ) for 18 hours prior to
staining with polyclonal FlITCconjugated anti-human 1gG (H+L)

-F(ab") 2f rpp tior80tHed i i i ki ey of
VBX- r esi st amzoabl e cl ovr%glﬁ%%g?etlélgga%ggs?e@tegﬁd&vq\nht%hhg%%?ﬁ?%- 622

FIG ¥ rappregeint suthehat iueémaimanehbred.in deSeinaterhbrarid) eexdiosed
constitutive expression of human FcyR from the upstream MoOMISV LTR

pronot er . talThe oMIsid @8 the28ePCahdStitictibha08s Fa Gelll SArfabevwsaptuire ow
cytonetry single paraneter histogramof unstained Sp2/0 cells. 5 FIG 15B
shows a fMoAecyleom&uch Biembraneaachoemay hegr transmemmbrarie asichoned Sp2/ 0
cells. FIG 15C shows a flow cytonmetry single paraneter histogram of

unst ai nedosg2IHiNk, sare Imay beb natige tosthes Bells recambinanit ofretry singl e

par anmet er hi st ogram of Cy5-hFc stained Sp2/0-FcR-4 cells. FIG 16

repr esent%yf‘ﬁéeg?'r ucture of pTE209, designed for the 15 constitutive
expressi on of 4SC622 fromthe upstream CW ME pronoter. FIG 17A shows a
fl ow cytonetry single paraneter histogram of unstained hygromycin

1 ow cyt orbe ) enfificarénbbgléd ik Sdfoond sufgcsetiencdia iig, =" °
worm) 1 of THROHSTIAGE XS, B sfelr BRI BRTAR Rt bReAgEd gar o

antt Numthe @@ stitthod  aRd furlctRMEas- a ‘e sWRdcE?capturd2mhdiédin. 502/ 1)

Such signal sequence may be native to the cell, recombinant, or

15 synthetic.

In another embodiment, a blocking molecule which binds the cell
surface capture molecule is added to reduce the diffusion of the POI
from the expressing cell to a neighboring cell. In an additional

20 embodiment, the diffusion 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 cells that express secreted proteins including ligands, soluble

receptor proteins, growth factors, and antibodies. Such secreted

proteins may be recombinantly produced or naturally occurring. In

addition, the nucleic acid that encodes a POl may be selected from a

12




FIG 17C shows a flow cytonetry single paraneter histogram of unstained
cells expanded fromthe top 1 % nost fluorescent cells in Fig. 4B. 5 FIG

17D showswgy §di@%M.Gyt onetry singl e paranmeter histogram of tfergahls8xpanded
fromthe top 1 % nost fluorescent cells in Fig. 4B, incubated wth rabbit

1gG (1 ng/,g for 18 hour rior,.tq staini i th pol ycl onal .,

FI TG conj {i ‘é%@d_!%ygl%g’ﬂi 'f@d'mﬁﬁa)t%?afgb&% %@vn%@t 9epgMIC G 17E shows
a flow cyliﬁmat'ry si ngl e paraneter histogram of unstained clone 5H11 cells.
FIG 17F 69@"@ flow cytonetry single paraneter histogramof 15 clone 5H11

cells incubated with rabbit 1gG (1 ng/m) for 18 hours prior to staining
with polyclonal FITC conjugated anti-human 1gG (H+L) F(ab')2fragnment. FIG

-18 shows Q;H'ga ' W ﬁ{nsmgn j r i teidr G hFcyR
fusion pr gr'?EI n tedr?g% %g in'p g?gﬁ?%%a%rlgsmg_ gg_to?lél%gt%#)_fﬁ@ fg.‘dennjst_ruct i on
of pTEZ00gr8§s | cHHdst dfhﬁtéﬁé’tﬁlﬁﬁngm9fIL52,Ch_'-H?fIL£5,I0|'L06?'IID-79Q|11@,' ning the
‘RORI si gnal sequence, The Fc binding donmain of Protein G and the 25

transmenbyang, andignir-aseljLu @r jldareiln-rd, hEMRCiapNagrowsgHieam CW M E
pronoter. FIG 20A shows a flow cytonetry single paraneter histogram of

unst ai ned Faetdr (CNTH), Eythropoigtin)-VadSulBETE hFodUal (GROVANGFa2dt shows a
flow cytonetry single paraneter histogram of FITC hFc stained RGC14 cells.

5 FI G 20QVEG)s andidpoietint bprangiopietin &, pENErdnterférontgameara,dEMinst ai ned
(A18-resistant RGC14 cell pool transfected with pTE300. FIG 20D shows a
fl ow cyt ofaky TGh{y ENFaRegeptar, fusioograteios, and all approved

10 therapies made in animal cells.

In another embodiment, the antibody is selected from the group
consisting of IgM, 19G, IgA, IgD or IgE, as well as various subtypes of
these.

15
In yet another embodiment, the invention employs a ligand-specific
receptor, a receptor-specific ligand, or an antibody binding protein,
as the cell surface capture molecule which binds the POI. Such cell
surface capture molecule may be recombinantly produced or

20 naturally occurring.

In one embodiment, the cell surface capture molecule is a ligand-
specific receptor, a receptor-specific 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 library and derivatives that bind the POI. In another
embodiment, the cell surface capture molecule is selected from the
group consisting of Tiel, Tie2, VEGFRI (Flt1), VEGFRII (Flk1),

13



FI TG hFc stained (418-resi stant RGCl4 cell pool transfected with 10 pTE300.
FIG 20E shows a flow cytonetry single paraneter histogram of unstained

RGCL8 cel {yg) 02k3725G 20F shows a flow cytonetry single parﬂﬁ%ﬁ)"z/omo togram
of RGC18 cells |7ncubat ed with 10% fetal bovine serumfor 2 hours pr?or to

staining with polyclonal FITC conjugated. anti-bovine 1gG (H+L), .F(ab')2
fragment . C!@q‘f"ﬁ@i pé?PpAOEWKBPQW'P@V\gé SRS i stwey & rz?m%’b:gk'ﬂést ogr am of
unst ai ned hﬁyﬁgronyci n @gs stant cell pool derived from RGC18 after
transfect{® Wiotrhcﬁ’i'ﬁg% °M8 G 21 B shows a flow cytonetry single paraneter

hi st ogram of 25 the hygronycin B-resistant cell pool derived from RGC18
after transfection with pTE209) incubated with rabbit 1gG (1 ng/m) for 18

(B ol AeRifiof e yriaghPalifod 16 s, Keqifiiaten) Bf B2l 0% Snovs
a flowscybgm}aWeéi ﬂ%@&ar&nﬁngidbhﬁmha{né)tpﬂeggt 3bBRstedCCL8 cells. FIG

22B shows a flow cytonetry single paraneter histogramof 5 RGCL8 cells

i ncubat ed awitibbdfea"A2a (desir€d dpedificityl, BEfiHity° Or Oisotypst Thei Tvekition
pol ycl onal FI TC-conjugated anti-human 1gG (HtL) F(ab')2 fragnent. FIG 22C

shows a flcaw gisoobet usedifoglisolativanet eellbithab@xpress ddsirsdC1évals! dfs
I ncubated with 4SCfi22 (1 ~.g/m) and rabbit 1gG (1 ng/m) for 1 hour prior

t o staini ag antibopyl pelantdody Tragmeptsgat ed anti - human 1 gG ( H+L)
F(ab") 2f ragnent .

10 The invention further relates to the use of anti-immunoglobulin
antibodies, anti-immunoglobulin ScFv, Protein A, Protein L, Protein
G, or Fc receptor (FcR) as the cell surface capture molecule that

binds the POI, wherein the POI is a secreted antibody.
s Brief D inti f the Fi

FIG. 1 represents the construction of pTEO084, designed for the
constitutive expression of human FcyRI from the upstream CMV-MIE
promoter.

20 .
FIG. 2A shows a flow cytometry single parameter histogram of
unstained CHO K1 cells.

FIG. 2B shows a flow cytometry single parameter histogram of
25 FITC-hFc stained CHO K.

FIG. 2C shows a flow cytometry single parameter histogram of
FITC-hFc stained G418-resistant CHO K1 cell pool after pTE084
transfection.

30
FIG. 2D shows a flow cytometry single parameter histogram of
FITC-hFc stained RGC3 cells.

14



FIG 22D shows a flow cytonmetry single paraneter histogramof 15 RGCL8
cells incubated with 4SC622 (1 p,g/m) for 18 hours prior to staining with

pol ycl onalydd2Jifs7.£9nj ugat ed anti-human 1gG (H+L) F(ab') 2 frremgdbuifikG 22E
shows a flow cytonetry single paraneter histogramof 20 RGC18 cells

I ncubated with 4SC622 (1 pg/m ) for 2 hours then with 4SC622 (1 pg/m ) and
rabbi t | gBl@1 drpsummarszes ghacabilitpaf oG éroh =3 vatetyi athapngle onal
FI TC- conj ypatied t@nbiodkuﬂsmd&GfrUr‘rﬂﬁinEh@btd RGCagesms.. 25 FIG 22F shows a

flow cytonetry single paranmeter histogram of unstained RGC19 cells derived
from RGC18 cells by transfection with pTE209. 21 WO U21057-423
PCT/ USO21FIG2 YR shdws 22 Glowogpométrpveingteopatranetendlistograsmefer hi st ogram

-of 9 ' | pol ycl onal FI TC-conjugated anti-human | gG (H+L)

F(ab") frggﬁ?é& ?@% 8\%@{1 shows a flow cytonetry single paraneter

hi stogram of RGC19 cells incubated with rabbit 1gG (1 ng/m) for 18 hours

prior to I T4 | I i | tHi G (H+L)

F(ab') 2f rgé%z%lw\%tQSiw %&@M&ﬁwﬁgﬁt%CﬁW%% L nventi on

descr | bes pingiRl gb v L BYPLRASIBA AL h 68T 88 et B Piia

i sol ati ng AGE84 ®indinghi ch produce secreted proteins. The invention is based

on thgq production of "a cell line that expresses 15 a nolecule, localized to
I

the c surface, which binds the PO . The cell surface-displayed PO can
then be dFIGct40 $hyowsbal flog oytometryi singlalgiaratmater rustograas.of Tkt anount

i rect el BB, teCoffding B dSCRo2HBIRBEP TRIY' &3 AHICHILBT I8 0 | e
be i sol at 6t RE-Ma P84 hindingoducers, and | evel s of production or PO
characteristics may ' '

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

AG184.

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

ug/mi 48C622 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.

FIG. 5D shows a flow cytometry dual parameter histogram of RGC4

cells, which express the gene for hFcyRl and 45C622, incubated

with rat IgG (1 mg/ml) for 18 hours before being stained with PE-
30 AG184.

FIG. 5E shows a flow cytometry dual parameter histogram of a
mixture of RGC2, which express the gene for hFcyRl and GFP, and
RGC4 cells, which express the gene for hFcyRl and 4SC622, mixed

35 and incubated together for 18 hours prior to staining with PE-
AG184.

15



be differentiated. The advantage of the invention is that it directly
quantifies the secreted PO rather than indirectly nmeasuring the nRNA. 25
Thi's invegpig @psresates to the construction or use of cell spdnasoRxagess
cell surface capture nol ecul es which bind various secret ed POs in the sane

cell that {;od r%(snthe Pg‘. As t he ceHL@iecretes t t hese cell
surface CEE QWS &41ay foytometryy rRAT&rRates 'P@g@ﬂl‘j efl surface
capt ure nmirtureexf RAC2 owhichexpredd tHeagene2dr hRWR| lad&FR3and

n an aut BGOSR ?&wﬁ%ﬁéﬁné”ﬁsﬁ%ﬁ BPeaRF onE 250e2 HhPeg e the
secret ed l@d meopbahed togethientor i18dhaods iveibh at edg/nSucat 1g@nprior ¢ati on and
-isolatio @Klr@evﬁﬁ?% %?ggr acteristics of the PO, production of the PO

or |ac ereo or by specified | evels of production. The cell surface
capture rml ecul e and/ or the PO may be produced by the cell in its native

state, or Flae & Yhowd!" er?r il 6§ra?rﬁ€fé?r histégrsh aRy be

K Aaai ol s b L il R S

provi ded Qulisein theatop (R8), a‘iﬂm%t gatbe(RBeand¢5t187% dateexpl ai ned

Sur f okl i%h%%%@@&?éﬁd ééﬁ%ﬁ@% S e ey zea o

i sol ate anuaammatemlbtyhlmmmm&amlm)got ein. Mdst any protein has the
capacity to function as a cell surface capture nolecule as described by the

invention. \Wat is necessary is the ability of the desired protein to be
anchor ed 3Gt he BUNMariZas &neoamAnsabNdthe spesifiscpragectivities ebace.

the desirqdcss? é)@)”‘re@;sﬁi Géll memtmq?”trﬁﬁéhénﬂéﬁ ﬁh&%ﬁeé“ﬁﬁﬁr

i gnald ek | RRaheBokes sae Mk TBaistaRoansscal SHACK T hat i1

remai ns amcinefectedn witte pEaEIi4m622armwwmssedes|etame4smmzie of the cell.

Cequonce REIAUCIONCIERBE" BRIAEH bl oPsiReR SR BRGEd PRI BS B sucn

that it | pEEBhIp6RRed to the cell surface. A signal sequence and a
menbrane anchor may be native to the cell, reconbinant, or synthetic. 23
5 10 15 20 25 WD 02/ 11s723 PCT/ US02/ 111208 Cells often secrete a w de
vari e29 ofFIG: BAi AROWSHaoHewoGyIgMelry Sinaba PR anmRier nhistrRarém o of
reconbi nalﬁG@mAceugﬁgtaiﬁé@qmeﬁl PEAGHB4may be identified and the cell
producing it may be isolated according to the nmethod of this invention.
Such secreted proteins include but are not limted to growmh factors,

growt h fadiGr. 8Bcshbwssa flogacgtometrlusingle gramanuatee dniptograns ofant i bodi es,

That "1o, | TRCILERS Tnpubistedt fih) oMk SRR e, 8 g B 48fbeq cert
may n@f refained with Pii-Ail@4.i on of additional nucleotide sequences. For

exanpl e, the secretion of antibodies fromB-cells or plasma cells is not

the result_of introduction of reconbi nant nucl eoti de sequences .into the
B-cel |l or d%as% sapws Reﬂe%%ﬁmewc%@éﬂ PRIGMSIRE tPl'ﬁii"glf@"berduced by

?tandard maquban?( lthat Q%éret mdimF Faqg@aNmaH mMYI$©6_EBEf0€Fk? |Heast, artC: san

see e.g., hr o o . Fri njatJ s. . ar oni ng:
A Labor at Jpéﬁp}gﬁHﬁPFG%&o’ﬁ'&dﬁHPt \thh%ﬁ?/ @? Z%at rgqurfg’@gSF%{ar rent

Prot 080! s stainitg evith FPEBAGN8dy, Eds. Ausubel et al., Geene Publ. Assoc.,
Wl ey Interscience, NY). These secreted proteins are useful for many

commer ci al_.and_resear ch oses. This invention escfﬁrrpass ﬁ'sSnth roductl on

of such sddfet®dspevset v 9 PEﬁﬁ@ﬂP'ﬂtﬂé the 88881 19y e
.Detection d?f4S0622eﬂrbﬁ1 Mé buhb@e (i'hé@ﬂu%/eCRG@1 &BMs b6r mmhl shed t i ough

t he use of an capabl e of direc or_indirectl ndi ng t he
di spl ayed Flﬁ(ﬁeX %DLR‘;}F%e‘P’@ ilgeubaied: i é‘%ecﬁfﬁfn containng ﬁém!jet ection and/ or
i sol aBison 48C622. cThbsconcgnteationy of MSCER2 fdmainingrihithe nmedigpivasabl e to

|1 gana- spobiihtfares 6§t ifimide e bl bt SC00 (7 Tt "Sot ubi ¢

r ecept or - ghodbatiag. cel | s by 24
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WO 02/ (157-123 PCT/ US(121012118 using a surface bound receptor-specific

| igand as the cell surface capture nolecule, or c¢) antibody-producing cells
by usi ng wo @nsif2edy- bi nding protein as the cell surface gafbydeenEakecul e.
5 I n one enbodi nent, the |nvent|on is applicable to the isolation of

surface’ el rEBlasrid e B8osliBcliptopt PRl < desnelf Baliay ™ °°!'
constr uEtEGtBﬂQQUB@pﬂe%DE&mm afubhuman dagyRic Twolrepeats ohphol tet ofI bi ndi ng
"ol ude. pperetbr Sodheber T8 BB dfmriGliasaty u8iRsTRAN S i Bl )
), cytoklﬂ@m@t'%ptfbrp%h@@nents or fusions of two or nore cytokine receptor

-corrpon_rents Such receptors may bind a PO, such as cytokine or a growth

factor. 0 es and rowthfactors, i ncl ude, but are not limted
to, Int er r?‘%< 1§Hews 45 qw_gytometyy singls parameter histogram of - 10,

| L-13, | LCHD K1LcéBs stainéd, with- FISC-hEe 21, CI | i ary Neurotrophic Factor
(CNTF), erythropoietin, Vascular Endothelial Gowh Factor (VEGH),

angi opoietin 1, angiopoietin 2, TNF, Interferon-gamma, GW CSF, and TGH(3.
20 I n anoFl@r M showsta fdwe mmm&trprsmgleaplakanmbéle histoghami ¢! ati on of

anti bgygly- RG@W'C@Q In%cpwms;:ﬁgcﬁg; antl body- bi ndi ng protein as the cell
o]

surface capture nD ecu one e di mrent, an anti body producing cell my
be fused to an inmortalized cell which expresses a cell surtace capture

mol ecul e RIGCH G Nefowd e Riaw tBFhétFy %‘"n%l% ﬁa}éﬁ@@%{ 'hﬂstgb'rérp‘?%?e Such

dor i vat 1 VG HE i el iy pva} BV FSING b9 HsResTRS Priowy.

nyel omas $talrgngSJ?ahOEITG-¢rF@rrbl nant cells (e.g. CHO cells expressing
recomyd nant anti bodies), or other cells producing fusion proteins
consi sti 2& of anti body fragnents, 25 WO 02/ 0S7-123 PCT/ Cl S02/ 1112118 such

as, for eRHapIIRA tshows arfhgmawtomeiw lsidy T par@deterhisteogramant i body

pr oduced h I | gG | gA,

| gD and Iégém C%F% SE%N‘@Q‘;\P%Q% g@ts 9%5?'@?%@@%&3@&&?Mé{g%gapt ure

mol ecul es(HHak rfﬁ Jobragyw@nt.o bind antibodies . 5 include, but are not
limted to, Fc receptors, such as Fc gamma R, Fc gamma RIl, Fc ganmma R,

ant i anti badi es, Protein A Proteln L, Proteln and

Pr ot eéoznﬁgﬂg'r q%lﬂ]&rh%%la Of&)%r@f't?@qt%rséﬁﬂ'e parametempistogim g& applied to
theI i sol aMiSoGresistartti a@@mrmmmmﬂe@ wiidU e EJﬂdﬂlﬂP tghd dentify and
isolate ¢ S S|re icit i sotype,
and avi di 'ﬁbhs%r eov'gf%gﬁégag @%&hﬁ fo‘,{f Eépﬁ?'des &“05 t 8faéf"ﬁ'gf nt woul d
al l ow i demWCioﬂﬂtl iFIA Cananjugatted i anti-btimant |I@Gd§H-pt))E(|ah) t)lgragtﬂeintt hat express
anti bodi es specific

25 FIG. 12C shows a flow cytometry single parameter histogram of
MSX-resistant RGC10 cells transfected with pEE14.1-622 induced
with 1 ug/ml doxycycline for three days then incubated with rat IgG
(1 mg/ml) for 18 hours prior to staining with polyclonal FITC-
conjugated anti-human I1gG (H+L) F(ab’),fragment.

30
FIG. 13 summarizes the specific productivities 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 FcyRl from the upstream MoMuSV

LTR promoter.
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~5 for a desired epitope. In accordance wth the nmethodol ogy of this
invention, a cell is first transfected with a vector containing a

nucl eot i dwosegeense that encodes a cell surface capture ngcaeudognidagt i S
capabl e of binding 20 the secreted PO, under conditions in which such cell
surface capture nolecule is expressed. Transfected cells which are
appropriate producers of such cell surface capture nolecules are then

nat ur i 1y KFodtis TRAVSCE, QY CriEaedty Riflol watattel IRBETRY Moaucea. 11

the cells I the PO, they are ready for detection and
isolationgﬂg%ﬂéﬁ% %BFh?gﬂgg'be reconbi nantly produced, then the isol ated
.and cultured cells expressing the specified cell surface capture nol ecul e
are transfected with second nucl eoti de sequence that encodes the 26 WO
02/ 11%. 1RfG PABEB/SERGWS 12 (ldw seoei éiey Rthgle! paea e inisgamn ophi ch the
secreted PO is expressed. Upon expression, the secreted PO binds to the
cell surf@y6-kEptsiameth|SpE2/Decelsrd the cell's di splayi ng bound PO are
detected and isolated. 5 If the PO is naturally produced by the cell, the
cell will not be transfected with nucl eotide sequence encodi ng the PO .
Therefore, this aspect of the invention is applicable to any and all cells
produci ngFEGPAISC | showai & iflow cytomeiry ingleuiphaametapthistogrameoiil e is 10
natural |l y produced b§ the cell, the cell need not be transfected with

nucl eot i deNstained cBB24hEGH-dgcel® cel | surface capture nol ecul e. Therefore,
this aspect of the invention is applicable to any and all cells producing a
cell Hirface capture nol ecul e. 15 Transfection and expression are effected

t hrough t u f various,vectars conprisjing different. expression

casset t espg(ﬁdi&@nﬁﬂ%‘P’§, aefilq\ﬂe?ﬁeg?@fy t%PQ(ﬁe%@r’aF@gﬁT g’l'\%@,ﬁ%‘d Cfay al so

i ncl ude e n S \RtEOR ferqnators, splice donor and acceptor
sites andeg?)hrgfé nﬂg[iﬁﬁé@e&}%n‘ée‘gﬂémuf man et al., (1991 ) Meth. 20
Enzynol ogy 185:487). These vectors are generally comrercially avail able or
can be readily prepared by standard techni ques known in the art and provide

for expresf%pnlé rfeﬁr@@éﬁtseiﬁé‘eitnﬁietuggﬁ gwm,aggéi@r@e t3f @mosomal 25

el enent or by integration into t enone. r Ya manmal i an host, a

wi de ysri gbisWiutivecegpresdicn ToN8 OBz toPh thie! apstrelid @WVOMmIEY St ens, such
as Sim an virus, bovine papilloma virus, adenovirus, Epstein Barr Virus,

retrovirupromuterhe |ike. These vectors can be used as expression vectors
where transcriptional and translational 27 ’

FIG. 17A shows a flow cytometry single parameter histogram of

unstained hygromycin B-resistant Sp2/0-FcR-4 cells transfected
20 with pTE209.

FIG. 17B shows a flow cytometry single parameter histogram of
hygromycin B-resistant Sp2/0-FcR-4 cells transfected with pTE209
and incubated with rabbit IgG (1 mg/ml) for 18 hours prior to

25 staining with polyclonal FITC-conjugated anti-human IgG (H+L) F(ab’),

fragment.
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WO (12/11a7-L23 PCT/US112/U12118 initiation and term nation signals are
present and one or nore restriction sites are available for insertion of a

GA . In agdy §dRRs23t he vectors normal |y have one or nore ”Wdﬁ%%zm%{ﬁh al | ow
for selection of host cells which contain the expression vector. The 5

Kk ' . hic h . hioci
rosi st anch]Ge. b6 shBvel Bohw BVmb Ay SRS WhBnbEr BRlooB ity metal s,

such as ¢ e Qr i f i exp i Eﬁ pr epar ed
by j oi ni n%ﬂgﬁ%nsgr?%@i é&@%ﬁgﬁén[@ﬁ?s’[hgﬂtogs)ft/%gﬁﬁégF'I}Jﬁ%(%{ﬁ&@[%e mar ker s,
and transcp:rri]é pjgonal and translational tO regulatory initiation and

term nation®sighals in conjunction with the GO. Frequently, a vector will
include a prokaryotic replication system which allows for cloning,

mani pul ation, purification, and expansion of the desired DNA sequence. , 15
A wi desvaRigl y1PD shawechi lborgtornbityt Emse gidramtetet cligkGgrany glequences
‘may be enpl oyed, dependi ng upon the nature of the host. The transcri ptional

and transkia iceisl expgnded dromstlimadbp 1oy mustditudreedehnt eallgiinaFigsour ces,

such as cytonegal ovirus, adenovirus, bovine papillom virus, Siman virus,
or the |i K8, iwcebatedhevitd rabbitl lg@ril sig/nd) forrld honosiEtadtov th a

particul ar gene which has a high | evel of expression. Alternatively,

pr onot er s staibingravitfapphcienalr EElG sonjugataedt anti-wmmamdgGe (Hnl) &¢abagen, and
nyosin, may be enployed. Transcriptional initiation regulatory signals my
be sel ect étA@M&H.al | ow for repression or activation, so that expression 25
of the fused genes can be nodul ated. Regul atory signals may be derived from
nat ur &P sources or may be chimeric in that sequences with the regulatory

signal ma rigipate fromgdifferent sources. 28 WO 112/ 05p23

St Ust 1o FHG1 B SRR oNE: Aofien EkEMeles e Riramelen us gt Ry 1 or
preparati . e t e derived froma variety of sources. These
sour ces |E‘2’ﬁg‘%gggeﬁl§ﬁéeg%@,&n@%% synt hetic DNA, and conbi nations thereof.
The genomic DNA may or may not include 5 naturally occurring introns. The
DNA obt ai ned from natural sources, nanely the genom c DNA or cDNA) may be

bt ai ned i i f . | &: i t i
obt ai ned iFiGR YPF! Shiwa a ik ciRshofigl Lihofo didiari ey | figisifiaRf ot seauence

may be isolated, the genomc nte converniently by one or

nore nest iidrié Cﬁ]—lﬁﬂft‘éllscin%@b%ffed6Wﬁ'htﬁé‘bb‘itelﬂ‘g\Gt(ﬁnﬁ\d/frﬁ)J'?@f‘HfB ABYrsl0 be
cl oned and screened with a probe for the presence of the DNA sequence

codi ng f orpridretopstainiogt with pelyetores BITC-cbejirrited QiniehiuneasligBed fragnent
has been identified which contains the desired DNA sequence, this fragnent
may be furHadr) Féatd'pifiragevento renove superfl uous DNA) nodify one or both
termni) renove all or a portion 15 of intervening sequences (introns)) or
the like. Once the vector has been prepared for expression, it may be
i ntroduced_into an appropriate host. Various techni ques may be

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

20 Protein G/hFcyRl fusion protein encoded in pTE300.

FIG. 19 is an outline of the construction of pTE300, designed for
the expression of a chimeric protein containing the RORI signal
sequence, the Fc binding domain of Protein G, and the

25 transmembrane and intracellular domain of hFcyRl from the

upstream CMV MIE promoter.

FIG. 20A shows a flow cytometry single parameter histogram of
unstained RGC14 cells.
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enpl oyed to introduce nucleic acids into host cells including, but not 20
limted to, calcium phosphate coprecipitation, DEAE-dextran nedi ated

t ransf ect w@ygagheat ropor ati on, pol ybrene-nedi at ed transf egid©@iiso2/01208

i pi d-medi ated transfection, |ipofection) DNA m croinjection, and
m croprojectile-nedi ated gene transfer (Keown et al., (1990) Meth.
Enzymol ogy 1 S5:527.) 25 The skilled artisan will be aware that well known

Cechni . , . . . . L q
subsequent G 0BsF 3RS &L GCbHohBMCSIrEAE e GRS aM S o T ¢ her
se. Ka fm latai . Enzynol o 185:537) reviews several 29
\l;\D 02/ 125 -4 %t‘%%ﬂ%gggﬁ%g%%yﬁ%nsf o?%/nti ogyprot ocol )s S\lﬂ:h techxi ques
may utilize many different conditions including, but not limted to,

various artrecogni zed vectors, nunmerous cell lines, and diverse culture
condi t5 onFIGS 200 drower hetlywotytommbtryebingleqyaraenéternbisésgrain dihese cells
‘may be either of eukaryotic or of prokaryotic origin. The cells will often

be i nmort anstaidedu@dryBotesistaritl RGGM ¢ell pool | teahsfectedhnmith ipFE8E0) s, for
exanpl e nonkey kidney cells (COS), Chinese hanster ovary cells 10 (CHO,
HeLa cells, baby hanster kidney cells (BHK), human enbryonic kidney cells
(HEK293), |eukocytes, nyel omas, and enbryonic stemcells. The cells may
al so be nfGaa20BI BBaWSeRl Howneytamaybaidge i parametegi hisjegram aofd i nsect

cells, including, but not linmted to, for exanple r,.oli, Ba .ilJ]l m~ 1~~||
1S, A~~r ~iHITCnh[9Lg spmcbﬁ,ﬂ&fea@imm‘eeﬂéycgﬁ Lol ranstested Withs ori ~.

Al cells be grown in culture trays nmedi um under appropriate conditions
or inl@ s %Pgiic host. The nost desirable cells will be nmammalian cells

capable of culture. 20 The secreted PO bound to the cell surface capture
nol ecul e may be detected and isolated by various techni ques known in the

ol ccul es 1 apRaFe SHPUET potioRchiSTafy: Sl vl MMM "

wherein S%@t%@b@;ﬁtﬁ?‘l%@ﬂgpl es} may contain a detection |label, 25 such

as, for exanp chr onogeni ¢, fluorogenic, colored, fluorescent, or
magnetic | abel. The | abel bound to the detection nolecule my be detected
and the cell isolated using various nethods. Mst preferably, within a cel

popul a5i oIFIGhe20RbsHows |4 frewd t@ﬁﬁ@ﬁbaﬁﬁgléepaﬁl@nheﬂe?ohi%l@g#amiéﬁ zing flow
cytonmetry. 30 WO 02/ (1~7.~23 PCT/US(12/ (112U8 Alternatively, the

det ect i on R@Od@uLellsaychisategedithol 0vh detdi| rirmntine ssera dor & hoatd pridrspl ayi ng
the PO. This may be acconplished by conjugation of the detection nolecule

to a cul t doestpirang , wipapipejonal €1IMGHaanjugatedantiyovinedgG4HtLyl e or solid
support. In addition, displayed PO nmay be detected directly by a property
of the detfdab’bdAragmentie or the PO . In one enbodi ment, two detection

nol ecul es that bind each ot her

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

after transfection with pTE209.

FIG. 21B shows a flow cytometry single parameter histogram of

25 the hygromycin B-resistant cell pool derived from RGC18 after
transfection with pTE209, incubated with rabbit IgG (1 mg/mi) for
18 hours prior to staining with polyclonal FITC-conjugated anti-

human IgG (H+L) F(ab’),fragment.
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and are differentially | abeled are used to detect a displayed 10 secreted
PO that blocks that interaction. If a cells displays a 15 20 25 secreted

PO that Rig@sistg first detection nolecule and bl ocks thedmggbasiokon
between the first and second detection nolecule, that cell may be isol ated

based on e f_oply the first cti | ecul e itss surface.
On the ot EEG %ﬁé Qrﬁ(?wg éeﬁ?‘x’dP¥ﬁq@9£’yas@®i$eééer§%%%rﬁﬁ'gko%ﬁ%ﬁbséft he first
det ecti on not block the interaction between the first and
second deyggkﬁ@%aﬁysggéfggﬁ?hat cell may be isolated based on the presence
of both detection nolecules on its surface. For exanple, antibody producing
cells expressing antibodies that specifically block, or do not block, the

formati ongFe, 322BCER6WS- &I BRI CHRIMERY ﬁm_@qaairémtb?imeto ran st detecti on
nol ecul es are a receptor and its |igand ich are differentially | abel ed,

then an aRGEGe4Ycols dvcubatede Witht hscmr(asggﬂnanrdrbpcﬂio@ﬁ prigit tddl ock the
receptor-ligand conplex fromformng may be detected by the presence of one

| abel on ktain@ig ithepolyefires sFIAMC-edhjurrted pamtihaimgn ¢gG! (H-higk F?ﬁl@")psses
anti bodi es that do not bl ock the receptor-ligand conplex fromformng may
be det ect édhdgmerite presence of both labels on its surface. 31 WO

112/ 05p23 PCT/ US02/ 11120R I n any of the enbodi nents and with regards to

i sol ating expressing cells from non-expressing cells or |esser expressing
cells, one of the principal difficulties, when the PO is a secreted
protein, F&Gdi22Csshawss apttpwpeytaraatricsigial® hargmeter shistograsr gife, it is
critical that any 5 systemthat is_ designed to capture the secreted PO on
the ctf| Bﬁéi@egﬂl{%ﬂ%@mﬂtwﬂhe‘@i&ﬁ?@s b#gﬂp')tﬂgd F‘@gbftnﬁﬁ (l?he expressing
cell to a %ﬁj Eborin cell .and its, adherepce to,that ﬁgﬁ]. [f diffusionis
al l oned tH rfor SnMONEi BAGGLAP nfaling swHBBaRC riEk&ercaniygatad secret ed

PO, then separatio f Il s based upon the degree of PO 10 decoration
will failapg-auman Qs E&a% Féggﬂ‘?{lj-ceus fromcells with |ow
expression levels, and may fail to effectively isolate expressing from
non-expressing cells. Therefore one aspect of this invention is to block

the diffugggn 1 e e 'ggggri .~fThi s may be
acconpl i s?é%’b?éphghg%i 2 ﬁﬁﬁ’éﬁggﬁgﬁ%@k%ﬁ@?ﬁ%@m 2 trh'gftg’tcgﬁr?hi i ther the
cel | rf : n Vet sgt i gyl of the
secre?gd ggﬁcﬁgpFEg§ég?Psgﬁ#ﬁg@gl?gﬁ%ﬁég QDﬁg?ﬁﬁeﬁﬂlﬁat |§§agﬁggg? t he
detection i | gn le, if
he cel | Sn M B e EPL FRRyP
possesses fid@muman 1 gG Fc fragnent, then diffusion of the secreted PO

bet ween nei ghboring cells may be bl ocked by the addition of exogenous rat
lgGto the culture nedia. Detection of cells displaying secreted PO, and
not 25 bound rat 1gG is achieved by use of antibodies specific for human

| gG Fc t h&#&lGdo22Et shewsgai flewr aytarméatry3gingleparameter ABstegrabsasf/ 012118 | n
anot her aspect of this invention, binding of the secreted PO between

nei ghBOr i ngGGéla sells inedbatad mjth ¥&E6R2 g neénl)itecihoursfthenewithdia. 5 In
anot her aspect of this invention, the secreted PO is not allowed to
accunul at ¢5G62Re(Tnbgi/al) aRdsrakbit daGatt drpimBnied B8 hawsl BEIPhEOt he
expression of the secreted PO_ _and/or the cell surface capture nplecule
such that StiNiNG Wiy eelclenal Fi{e-conjugaled aatiihyman 196 EdtLb&(abdz bi nd t he
cell surface capture nol ecule but insufficient 10 amounts for diffusion. In
yet anotthaS ¥ of this invention, cells may be renoved from

25 FIG. 22F shows a flow cytometry single parameter histogram of
unstained RGC19 cells derived from RGC18 cells by transfection
with pTE209.
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t he nedi a containing accumul ated PO, the PO bound to the cells is
stripped off, and PO expression is allowed to continue for a limted 15
peri od of wg ¢Fssieh that secreted PO does not accunul ate pep/ifiRormdi a.
Proteins nmay be stripped by nethods known in the art, for exanple, washing

cel 1 “populier o#denStionEa A% hﬂ*o&ﬁs{ ks %ﬁmttétm'éit@?"ﬁe‘%'xirgé‘sat ne
oot secr gt Epig bl da,wrnr JRIGn AT CRorigd B8l AhtliEimaslpesecr et os.

t he nore surface I's correlation tween the
amount of a tPA and the expression level of the PO in that
cel l allo&gugaeﬁﬁ% jg%@rﬁgrdentify cells with a desired relative . 25
‘expression |evel froma population of cells. In one enbodi nent, a DNA
library may be used to express secreted protein which may be di spl ayed on
the cekl RIG,aZZHhdWe gelldwsoylfometrgapingie paraecetes. histogrmnpl e, a
1ibrary of DNA may al so 33 WO U2/ 11S7~23 PCTI USU2/ U12118 be gener at ed
fromthe RECI® celis onsubdtechwithntalihitiygGati abgémt)diedi 18 Howen Biekel | s

i solated fromimunized aninmals. The DNA library may then be expressed in a
cel | that texgtaiisgwith palyclenaf EEEC-canjygatesl ap lduunanslg&r(H&t_)f or
aritibodies such that clones of desired 5 specificity, isotype, or avidity
may be i dér{abr).doa@mentsol ated by the method of the invention. In another
enbodi ment, transgenic manmal s may be created which express a particul ar
cel | surface capture nolecule in one or nDre 10 ceII types. The cells from
such transgeni ¢ nmammyg 3 .far the production of
a PO 10For “exanpl e, ileigegeLIRA me ' el surface capture
nol ecul e, specific for antrbodres in plasna ceIIs Accordi ngly, plasm
cells frominmunized m ce may be harvested and those cells producing 15

The i nvent TR N¢REoD HeskEipREs iy ond BrelusiC kAo indlighilfr ! "o ©f

ItoLgd“Ct | ONgbAtiffFAS Uil isOaBHE tHd @eUs ewhich? prbLEE! dedrbftd iptBteiR¥PT esSes

The invention is based on the production of a cell line that expresses

15 a molecule, localized to the cell surface, which binds the POl. The cell
surface-displayed POl can then be detected by labeling with various
detection molecules. The amount of POI displayed on the cell
surface, under specific conditions, is a direct measure of the total
amount of POl secreted. POI producers may then be isolated from

20 non-producers, and levels of production or POl characteristics may
be differentiated. The advantage of the invention is that it directly
quantifies the secreted POI rather than indirectly measuring the
mRNA.

25 This invention relates to the construction or use of cells that
express cell surface capture molecules which bind various secreted
POls in the same cell that produces the POI. As the cell secretes
the POI, these cell surface capture molecules bind.it, or complexes

of POl and cell surface capture molecules may form intracellularly
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20 human Fc gamma Rl receptor (FcyR') which binds the particul ar antibody
that is the PO. Exanple 1 25 Construction of pTE084: pTEO084 was
constructwe mpstegating the 1,436 by Xba | fragment from pehirklofhat
encodes the human FcyR (hFcyR ; GenBank accession nunber M21091 ) into the

. yR, G f : per erovs ) AT

ool t?hif??é‘rﬁ‘?ﬁﬁﬁéﬂFggﬁsﬁiagﬁﬁbgﬁqﬁ'ﬁ&dO%@&? [, dn"a e ﬂf%gﬁarﬁbearip:‘;ag Not 1
7

desi gned Foro NG ScBEd 1THG Bl Inat ol MY spbtetbd, PEFIRAYLY® cer

surface riwespberideditifiedeaht idermed. of SheRBRehtfitation mﬁcﬂétiéﬂn

| ndependent expression cassettes. One cassette Is a gene driven by

‘the CW- MnaySherbasecon shdradteristcod thiesPEI produéticn QﬁOt'F%CPg! Qr .
phosphot ransferase Il (npt) gene, which confers resistance to 18, driven

by thé Svackl trexepf,contoyr speoifiedr letsl®rofoprauuBtionkl Ties icelit sugatbat
‘expresses hFcyR : é;% ?HO I((jl/ C%Ie!es il X 1%3) wer e éc;gns;%:tggl\rl]mth pTEO84

i ' ule @rid/er aede Poodwd ceblihoits ng
lrglnﬂgalélt m%tygggggest i f)ns. The cel | 2@a\/\§re 5 aced i nyt he cul t'ure medi um
(10% f et dMAR iSiaS cplutie 0erl Burlasercapture maleculesgaodéor the ROI reagent s
were from Li fg Technol ,(égb?ls, Rockvi |l e) MD) hcont ai ni ng ?_00 ug/mM 418 (Life
Technol od"&y) B recomby e yTRE® Q_dsht i ?fug?%@ftne@?iﬂﬁulg‘?lr]@?m&@n%\ere
Frgment Qe yel i 881 B ShErdled iieleinamay BaneRdkued day Wesela ove, Py .h
Bri efy.y, [ lture plates were washed once wt
DlrJ: gelé)z:/o' %?r;f) %gpcgagitﬁ%%ggbé@gséﬁvﬁgéﬁggﬁ ©Wift ﬂoﬁ?rrfﬁgeggtﬁgtc I@I%g'r"itlﬂe( ﬁn?

nesi u | i € Al 0q] I . rypsin (Life

'rl'rgghnzi og}’éetggég\/\%g?%( h/g;l t%§e%2@ﬁé'§§gﬁ§hh%e ag‘&ag?@ e‘%&feemé\)ﬁ ?’?ed glnglt LI ;he

Il's det tie.
;gdeg to @g@ﬁﬂﬂ?g@% ﬂtwqugtcgbhggi L(J:% s#r %hé I(I:Mét{/\gjepgam{gecol | ect ed by

. . - HAHE RSy BEL OF rnat ant ,
centri f ugablasulet Ih@?é’fo*e,g_trﬁlgzln%eﬁhakl fay B @ﬁhlz'g_%ﬂgc‘éa}%?ﬁé&?e

the cells were resuspended in of 2 ug/m FI In culture
nmedi um Tdedl otich serretéden ppoteied on a platform shaker and stained for one
hour at room 35 5 10
15
Most any protein has the capacity to function as a cell surface
capture molecule as described by the invention. What is necessary
is the ability of the desired protein to be anchored to the cell
membrane and exposed to the extracellular space. If the desired
20 cell has a signal sequence then only a membrane anchor, including
but not limited to a transmembrane anchor or a GPI linkage signal,
need be added to the cell surface capture molecule such that it
remains anchored in the cell membrane exposed to the outside of
the cell. Furthermore, if the desired protein lacks a signal sequence,
25 a signal sequence may be added to the amino terminus of the
desired protein, such that it is transported to the cell surface. A
signal sequence and a membrane anchor may be native to the cell,

recombinant, or synthetic.
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15 20 25 WD 02/0S7-123 PCT/t1S112/(112(18 tenperature. To renove unbound
FI TC-hFc, the cells were washed twice with 20 mM PBS. The degree of

FI TC- hFc Wwabelosanst he cel | s was neasured by flow cytonet r yp@amysuAploko cel |
sorter {Cytomation; Fort Collins) CO. The FITC hFc did not stain

Potr ! b ﬁ%ﬁgfﬁﬂieﬁﬁ%‘?e@ft&?%&%ﬂﬁlvﬁﬁéﬁii’@@l 86 aNdcgAEeRY ?ﬁﬁgf (ralc]ts od pool
FIG 2C .0 , )

hond s nlolEHfink e idtBBon (Y Faddifibirfarls, BNA o AbY coddtelsd N 200L, o' ©

| , 88 i - . ' -wel |
s, apfdtein Mane ideitifedantile Refl SbdiRlify HAMIIER Ididet- wel L

'm PBS, Shé&@ﬁﬁngﬁt‘d‘tﬁe Mmethed ot e Thvéntlén hFSuBR! sée é&gr‘b??méd twce

with 1 m PBS and exam ned for cell surface staining under uor escent

m crossopincldde b rrg hbt eenit@d ttof growes dadtorel arewthefactehosen, expanded,
then screened by flow cytonetry. The FI TG hFc staining of one such cl one,
RGC3, wasredeptors,nligands 2Bolublef tedepropicomponérd, pamisodiebetameen
expressing cells and non expressing cells anong cells was bl ocked by addi ng
| gG As apeptidel BoimonesFc§Bth csenrated ¢rotdinaemayporestala notlbe sur f ace
hFcyR, they all possess the ability to bind IgG or fusion proteins
consi st i nieeambiramte ddati is, dhel gecraiynfesome-protamsdyf injeréstom a
variety of species (van de Wnkel and Anderson) 1991 ), a panel of aninal
| gGs was (68t dherdesirad edll Imay Ret mpadike tthe mtredurjiosy of additienal

to hFcyRl - expressing cells.

gg&gw: gﬂﬁg@r‘#@?lﬁg%f‘églﬁﬁ% éb%a};’%’g'ﬁé%g’i %égrﬂﬁ?”eﬁ la&?i@loldtﬁ%r d(ﬁmaihn
ngﬁgé???'%%ﬁe@g&ﬁﬁléﬁﬁﬁt pBiE s /7L e ReBl of, nGSAUGHSE RN 'y lilzsl Ghl
nave been TIPS BERAE"5H e ik o the B-FRL bl Bl g7 © 1
i1 o ent reboniant | borbfec pFORIAE Hay 28 o Bla LTS etEhdafE. 0T

different species’in a surface

bi ndi ng Ofncﬂégﬁ% BBk &@éﬁmgees%ﬁ'mwmtt@gfgg ¥kelcanigan@geeel | s vere

stained wt ycoer yttiri n-conj ugat ed nouse nonocl onal

( PE- A@84b.§.§@arﬁbfodmu.; e Fl Erif3bh Aﬁﬂmnmani@tis.%@%léﬁ@l&mg!\ﬂmgen; San

Di ego, CA)) tollow ng procedures outlined for cell staining with FI TC hFc.
FI G 3 shbebotstoryhdlahligc SecphetEditioh] Moied ,45C8Ad 81 9080 Glirment 0 t he
hFcyR 1 expressed on the surface of RGCL. Rat, rabbit and cani ne-derived

| gG al so erétacois én WMaoleculardBialogy, nigdshAusabebet iahe GregnevPuabl.deri ved | gG
did not block. The ability of exogenously added rat 1gG to block the

bi ndi ng oAsgACex¥jblnrteyseignse, N Yc1These 3prreted qreteingsanesssehid) to cel |
surface hFcyR (FIG 4) s,ngests that rat 1gG can_al so bl ock transfer

bet ween c&N SaRpcosMeicial mngclesearchgpumPgRas: ei HhigtindentieRent | evel s. To

2bsentd GPNCHAIRARSSS 118 RIOGLICHDTPbEHGH BECHPt, B alelin ARERUaD REm ReCt.

co- tr aner TeTRERIGETES & T ndetion Pelectind ot dfe ots S hés ©

Db 6 SRR PP il e B o RS IARMAP I Tl B BRPRAIRARE - 20 ©
Lout s, wprapapla of WAfRebE fdiFeaty, Binkily theisPlieRrPOT Bueh (o) o ow
cyt omet ry defdctidiRoftlleS cnBly- exdiiis! the dedBetiomGrd/oraisoldifsh idt %g& |

m xi ng experinments. The other "cell line used in these experinents,
.was gefer #iedelly displlying thaPOLti on

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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of RGC1L with plasm d pEE14. 1-622. pEE14.1-622 is a plasmd in 37 WO
112/ 117-423 PCT/ USf12/012118 whi ch expression of 4SC622 is driven by the

CW-M E ppvg@l@egand i ncl udes a gl utam ne synt hetase m ni gaQusidfdl e
confers resistance to the anal og net hi oni ne sul foxi mne (M5SX), and all ows

the el | 3oty PotAs obEeaclOr FBRing. oS o 8, T A28 e
b th 1 P AP il BB Sf dnfeoR BrBSREIR efl? B W BE At then
el s ana EHROBYREHRIE Wibtein; g5 SR8 SO Guiat DS MRy "addod

4SC622 (1 p.g/m) as indicated by an increase in PE-AGL84 fl uorescence.
FIG 5C shows that RGC4 did not fluoresce in the EGFP gate. Significantly,

exogensuslry orédethisadiment, dhd inoéntion us caplicabie aenthagisotdtidisod cel | s that
stained positive for cell surface 4SC622 (FIG 5D) suggesting that the 15

bi ndi ng ofigas@gadducing-cels by aisingdthehligand fspeuific eeceptoeras ithetransit to
the cell surface. Wien RGC2 and RGC4 cells were mxed (FIG 5E), the 4SC622
prot ei n seelswiade caphees maleculeacddord spedificallyheeliedianbandsédund nost
of the RGC2 cells. However, the addition of 1 nmg/m rat IgGsignificantly
reduced t 06 CaNgeycied: thad exprassy acepll ssumage mapidre sagleeule|c@padie
denonstrating that rat 1gG bl ocked the transfer of secreted hlgG 1

Fc- t agged Oprinding ﬁr%@‘@&br‘@%‘@irn@r BefYtokiRe nohbese calk sHEfase ¢apPtuRanpl e 2

FRchEsb SiRSBRGe R TSRS el HReT BB TEEAPS) v
T T TR REE SBald Bl bAPEBAB B BIA AT o
oLl Dovige Seriehe iR pARoH afRBRE SR YobbBhanR 5 U
Lenexa, Kging %abdlggd@?ﬁa#ﬂgﬁgkih% bh& g%\hfﬁ fadiBH Ut %ghbe@'ﬁémé'lahﬁchhour S

prior to immunostarning. celI's wer& trypsinized, %Na ( S, and
stai ned wigrBwih Sabsrdl mify IndobEc R InEE FAREHIRS, ethtenbikiAURY- 1, 9G (H+L)

F(ab')2 fragnment 10 (JacKson I munoResearch Laboratories) for one hour at
room yenper uieq f AllsovL g R-pcade; d6- 15, Hes8r ilbad, flpr1d; MC1hFiLstaining in
Exanple 1. Cell staining was then analyzed by flow cytonetry. The

di stribut i1@) Ibf21] Gilienc Neaosrophés trattohdCNTIE), s edythregopetin, cont ai ned
cells with a wide range of 4SC622 expression levels (FIG 15 6). Cells in
the top 3%asRular Eekdetheliai-Growih Racton(KEGP), angiapaietin(R7 bracket) with
respect to their imunofl uorescence were sorted into three distinct pools
and expandé@ioppietinddyENFalatestason gmpma rGW-ESPhrandTGRBI for the pool s
was determ ned by nmeasuring cell nunbers and 4SC622 | evels in the nedia
after 3 days 20 growth by an i mmuno-based Pandex assay (Idexx; Westbrook,

1 or 28on RCHeF EBAGRANE NG INENORLCAPANSADH 16 SRR PhC

I R N R ke e R R,
vas used todghg5te REAHLAP WGetE®23n one embodiment, an antibody

producing cell may be fused to an immortalized cell which expresses

a cell surface capture molecule which binds the POI which is an

25 antibody in this case. Such antibody producing cells include but are

not limited to B-cells and derivatives thereof, especially plasma

cells, hybridomas (e.g. NSb), myelomas (e.g. SP2/0), recombinant

cells (e.g. CHO cells expressing recombinant antibodies), or other

cells producing fusion proteins consisting of antibody fragments,
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Known anounts of purified 4SC622 were included in the assay for
calibration. Cells in the top 3% 7-11 % and 15-19% pool were found to

produce AgePpdsidzl- 42, 0.36, and 0.22 pg/cell/day, respecidivedosriztus,
there was a correl ati on between cell surface 39 WO 02/(1S7.423

PCT/ US112/ 1112(18 4SC622 staining and specific protein production. This
resul t sugyebtas,tfpatexamiple] doalFa éhgmeantatroex [gléss BROFL maynbghamevel s
may be obtained by isolating cells that were stained brightest b?/ t he
pol ycl onagnibody quedugetely uch- peliswhigs insiude buhargonet Higwegh o 5 Exanpl e
3 Isolation of Expression Clones in RGCl: 10 1L-~ To directl %gqr!mnstrate
the ef ficl@Mcig®nlgpniathangylo, arawedaas variads spbiypes ghthesel (&kret ed

e gonokd éétz‘f 8%@@":5;@“ “Sﬂgkfiﬁ@u%@":wepa' g AReaied 1w hf: f
EE14. 1622 . W 25 ~M NBX i
e by i Bk S5 ol B P et gith AR oo B TGt o o
/m h f [
1 , ; . 0 Withop S
from the Foaottia il £€ it AL Aby AriRg b e BRfeinc, ) ' '
surface 4??;%%@&?'[_”'I%%ﬁei‘ﬁebee%ﬁ(?llﬂlo‘?ginapp &xmgﬁlaggf%@ééggg oduction from

the six c I nes Was deter m ned and conpar producti on
fron1c|ong§eggéﬁined by hand- pi cking sel ected col onies foll owed by dilution
cloning and anplification. One RGCl-derived clone, RGC4, produced 4SC622 at
12 pg/cell/day (FIG 7). This level is simlar to that of the best 4SC622
producer isol ated by hand- pi cki ng and anal yzing 25 2,700 cl ones. Thus,

compal@d Whighirfi@hdion, id R@ptiedord @se isdiationt bodatibodyproducat icellshi s
invention proves to be far nore efficient in the screening and cl oning of
hi gh pr odgoeald bedQsedWO Igetitif}arad Isdiale dedslthat axire8s\atibedigsap)

Pl asm ds pTEO80 and pTEO81 encode the genes for VEGF Traps, hVEGFRL R2 and
hVEGF- Rl REth lavEESirRl Specificitycisotypec anal avidity. cdisreevery ddtectienfirst Ig
domai n of hVEGFRL fused to the second I g domain of hVEGFR2 which is then
fused to Witha peptide®@danpratein YagreeniReauwd altaw ngentifiealier @nd consi sti ng
of the first I g domain of hVEG-RL fused to the second | g domain of hVEGFR3
whi ch is ismationseldangborly Rrafuding deelts tall BxXprasse antivedies spasdfigene for
the VEGF Trap is driven by the CW-ME pronoter and a gl utam ne synt het ase
mi ni géhe, IQhAcHeeBRHPRIABC esi stance to MBX, is expressed for selection of
stable integration

In accordance with the methodology of this invention, a cell is first
transfected with a vector containing a nucleotide sequence that
encodes a cell surface capture molecule that is capable of binding

20 the secreted POI, under conditions in which such cell surface
capture molecule is expressed. Transfected cells which are
appropriate producers of such cell surface capture molecules are
then detected and isolated, and such cells are cultured. These cells
may either naturally produce the POI, or the POl may be

25 recombinantly produced. [f the cells naturally produce the POI, they
are ready for detection and isolation. If the POl is to be
recombinantly produced, then the isolated and cultured cells
expressing the specified cell surface capture molecule are

transfected with second nucleotide sequence that encodes the
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events. RGCl cells were transfected with either of these plasm ds and grown
in mediumcontaining 25 p. M MsX for 2 weeks to select for cells in which
t he pl asmwi das7eBably i ntegrated. MSX-resistant cells werginsgatogd W th
0.1 ug/mM Ig2a and nouse 1gG3 for 18 hours 15 prior to staining with 1.5

ugr ot pol ¥ekAals #o]cuAast KARALAN WHIR TG ARdid gl ) 21 Taoment. cel|
Single Ce%w@e@.swggg rgggﬁe S6n"ehé %czé%?gﬁggﬂrfa@op{oﬁﬁé cfepom the pool

S .
of cells ose fluor was ahong e cells in 20

i ndi vi dua LEe %O [ rd?§b| ind b term ned by
Pandex asgg%bbﬁagl %sho%gﬁka?ﬂgcgl{ézgrép%ed c?gwysbgggg\gggn%%both hVEGFRL

‘R2 and hVgetdtteB3ahddisiateer specific productivities and were isol ated by
screening fewer clones as conpared to the hi ghest-expressi ng hand- pi cked
MBX-re§i stant 25 colonies. 41 WO 112/11S7.123 Exanple 4 PCT/t1SU2/1112118
‘Cell surface-bound hlgGl Fc-tagged protein is internalized by RGCL: 5
hFc~yR i ¥ theoR®ltis naltuaky iproduced ibyatheraets the cedelvill aat bace- bound

i gand. To anal yze whether RGCL cells could internalize cell surfacebound
450622, 1tragsfectadosith ndelegtigedsequena enaading dhe1PRur Thetetaren t he
cells were | nmmedi at el rocessed, for 4SC622 i mmunost ai ni nﬂ w th PE-AG 184
and flow EJ¢ARAGG %{nél£§?‘§?nt!§§%%\apphgab|ﬁet%é‘lnlysaﬁ@aﬁ'hé& Positive for cell

1t el i i
Lglclf ?22ngHEE%H§SF?§ﬁC#8 BXr fseg'g’Ztg?n(ﬁéG:?ﬁat Nl &fy@(?é %ngps‘f’gg lrg"tsgi (r;fed
surface- boHn%%i@%Gés,aH%h?ﬁggi%@OM%%%“ e%%@s ngg‘é% bﬁélkﬁglerrgdi a of
measurod GISrCRTRe T oure o0 A AFPRARRT I8 ipiale o, dnk A 2, 0% e

cul ture npdil§ p8duBing HO0cEM Ui ur efpleearRNt 1y | ower in RGCL
condi tioned nedium after 3 days I ncubation as conpared to the CHO K1

control. These results show that the concentration of 4SC622 in the culture
mediumis reduced by the presence of hFcyR on the cell surface. The
resul 1S siliggesfectibat ahtieedpssionrama e#8Ci? through themageaol5 was the
result of hFcyRl -4SC622 conplex internalization. This internalization of
recept or - vajand vetiorexeampaisingcdifierant expressioscicagsettesoaad of al |
4SC622 from non-expressing cells in the presence of blocking Igg during the
18 hour bPERKOHRSSs t&ifheragonsiiotivez o1 reguiatedexanthireay #ey telude 1112118
enhancers, transcription terminators, splice donor and acceptor
sites and other nucleotide sequences (Kaufman et al., (1991) Meth.

20 Enzymology 185:487).

These vectors are generally commercially available or can be readily
prepared by standard techniques known in the art and provide for
expression in a host either by maintenance as an extrachromosomal
25 element or by integration into the host genome. For a mammalian
host, a wide variety of vectors are known based on viral replication
systems, such as Simian virus, bovine papilloma virus, adenovirus,
Epstein Barr Virus, retrovirus, and the like. These vectors can be

used as expression vectors where transcriptional and translational
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Construction of CHO K1 cell lines with inducible hFcyR expression: 5 Flow
cytonetry-based aut ol ogous secretion trap nethods that utilize the hFcyR

al | ow r apint ag@basi on of hi gh expression clones. However, pdr/idwBRos
medi ates turnover of Fc-tagged proteins, then the realized production of

2R B B TR B T
(11 on) RO el ' A0 bl SBAGH B ORI AERER, b 100

system CluiehsCRbimaltpiiayd bhk 619hORE s SYAERAIbHoIdrCt Tacycl | ne

repressor protein (Tet'R) and aced u ranscri pti onal

control okefedtRnPbp YS! calowMigk teonthin R &xshesalidf viektdietThe Two tandem
TetR operators (TetO were placed i medi ately downstream of the CWM E

pronoter/ Mecancﬁ/znpuiﬁeé#dmpgﬁomhz 1ol B+b & ubotfophi®) hodtt aiisesidept | on of
‘hFcyRl fromthe -M E pronoter in pTE1L58 was bl ocked by TetR in the
absence ofegistarmeycéigne resistanmoe ob hantitiotiss sabheas @448y .orl heaty presence
of inducer TetR protein was incapable of binding TetO and transcription of
hFcyR ocoetals, GuiKasc ebppetieoe theakiiks.clft desined h eppmesddMRjectors asmi d t hat
confers resistance to blasticidin in which expression of TetR 25 origi nates
from t he CAN-WEPrepared &y [QiRvig: theyvariogsrcepraneaty, sucki @srthewo weeks of
selection with 2.5 ug/m blasticidin (Invitrogen)) the stable transfectants
wer e pool ERRICAHAN RyEteMasMaAkkers, r aRds Kansariplienapancsdransiatigsal d t hat

on o b TRDOIERET vRaton ah8 BRI IRt B FOrGIGHSTT QVth Rt or . The

W th 400 b FiEinerf "5 VBT Wil iRaBARL dhRRBROHS FRDSUELY Dol ed. The

I [ d ' . th i1l i i
Phen ot ai Sadifh MtECH, flctRi38Y oMk BB E00r petitica el AR ™ mhe top
5% of cel bzﬁgﬁgyoﬁsgfﬂget&%y@ld Bg\[n% mdeﬁ%_ed as a pool, expanded for 6 days

in the absehce of doxycycline € again stained with FITC hFc for the
presence of hFcyRI. Cells that did not stain for hFcyRl were coll ected and
expanded in culture mediumcontaining 1 ~, g/m of 10 doxycycline for three

days. 13 heAp@ﬂbewaariéhﬁerStrahBeﬂ?innat EndtesRIeRondl regyidtoand were
isolated by flow cytonetry. Cells that expressed the highest |evels of

hFcyR (t epqlighcesrmay dre employed9depending aipem dte oatucelof therhostl | . These
cells presumably contained cell that had | ow non-induced expression |evels
of FcRl addnenir@imscniptionsl @nth transdationd! regrilatoxyt signateanayobe t he

i nduction of hFcyR by doxycycline in 20 cl ones was confirnmed by

i munost aderivgowirom pinad- $urcesd suchvasy eyiasegalowireise |ageNaviBISshosen for
further characteri ZIFti on .and s, naned RGC10. FIG 11 shows that in the

absence oPOYBIE PRPIIAMBa RAfISH BiMRaRoYIrSpPEdRE diktecBBIQ thRvel s of 20

hFCyR50 Wrr]eeéglaa orr)'/i gpgnla?s\;/ %lra gsf;sc)r]clfgge% with & Bgﬁ%ru aeroI gierr]lec\?vlhlicsl'\ %%t a
high level of expression. Alternatively, promoters from mammalian
expression products, such as actin, collagen, and myosin, may be
employed. Transcriptional initiation regulatory signals may be
selected which allow for repression or activation, so that expression

25 of the fused genes can be modulated. Regulatory signals may be

derived from natural sources or may be chimeric in that sequences

with the regulatory signal may originate from different sources.
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were induced with 1 ~g/m of doxycycline for three days. The nean
fluorescence of RGCLO cells increased by nore than 1,000 fold after

i nduct i onwayosksryaycline. 44 WO 112/ 11a 7-t23 PCT/ U S1igd¢dd@$dexanpl e
6 Isolation of 45C622-producing cell lines from RGCL0: 5 RGCLO cells were
and MoX-resistant cells were ooI ed after

ts[aﬁgiz ?g;ﬁé'm?t’h EEJ‘%%S%%’?\H?'Q@%%UG@% &QP@H Gf fCHFE \ﬂf&? mﬂuced by
t
days.  oneofan veeerd ”é‘axzéeaﬁéﬁéﬁéﬁoﬂéﬁeﬁ"%mﬁvBkm%ﬁﬁﬁE%oFl %zﬁ?rng d
' - t
ant | - hurm oL A TS i e, DRAS SONAMRE TN, 3R, o ot Ty Cel Is
t hat expr@éﬁﬂﬂn&ﬁ@n@ltaépédf 'wP%n%hléfﬁﬁ%m%%%r%éﬁg HBE fhct éed into 96

well plates at 1 cell per wel FIG 12Q) re 1l at wi t hout

i nduct § on naturafigyétceringe astroms. by THeXROC Idbiaingd dtd n@atlﬁaw th polycl onal
FI TC-conjugated anti-human 1gG (H+L) F(ab')2 fragnent fails to detect cell

surface bsouarcesS@aABelySthe genbatie DMAr or eBpoNdathy betdistaiizeita of
doxycycline. FIG 13 shows the specific productivity ,of the 13 hi ghest

pr oducer s vasetieoé waysdHogt Ralidecodingafor thiee desiedf seqpencichayibe of cl one

1 C was 17.8 20 pg/cell/day, significantly better than the 12 pg/cell/day

observed fsfatask tB@sgenm@Né\l may he Pagmeniedy cosueaiendlyusy rane he

unregul ated hFcyR cell 1ine RGCL. 25 le 7 Sp2/0 nyel oma cells can be

engi neer e@rtHOE ﬁr@%@cﬁp%eﬂﬂd%@#@&@ﬁe@a@ﬂa éh%r'iﬁséilt:'ﬁg zfsagrlnlmlts)znays7 123

PCT/ US02/ 111208 In_this exa t he 2/0 oma ce I ne was

engi ng(g e glogegha é@é?%@gah‘#ﬁmﬁ e ﬁé%%ﬁr%‘%%ﬁﬁt of the AN ogomds
retion ble.tp cell lines, other The gene

For hF'cyRF»%éQE"E% ot TR, PERDeRyR, SRabeneoc Fubféss Bies e ecti on

Th I

wher 61 - acHufs Wﬁ@éé?%@%@e@b@é’% St PolfEing b el tihne, d

murine sa r | ¢y was use

to generatggaggppgv#&uss e%’co%'ﬁ{\nrﬁ%ﬁ Hﬁ__f Eﬁgg@%ﬁ}{‘l‘h?@l t§6%69§<h0 I

1;( ragment gugaﬁmﬁ%BbNAO n‘?@&lﬂd'd’rga Ohebdntntify, Rerd6ie alNBp aClp%'FﬁG'n' nto the

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

Once the vector has been prepared for expression, it may be
introduced into an appropriate host. Various techniques may be
employed to introduce nucleic acids into host cells including, but not
20 limited to, calcium phosphate coprecipitation, DEAE-dextran-
mediated transfection, electroporation, polybrene-mediated
transfection, lipid-mediated transfection, lipofection, DNA
microinjection, and microprojectile-mediated gene transfer (Keown
et al., (1990) Meth. Enzymology 185:527.)
25
The skilled artisan will be aware that well known techniques exist in
the art which induce stable integration of GOI and subsequent
expression of proteins to be identified and isolated for further use.

Kaufman et al., ((1991) Meth. Enzymology 185:537) reviews several
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PLXRN. A plasmd in which hFcyRI cDNA expression was dependent on the
MoOMUSV LTR was chosen and nanmed pTE255 (FIG 14). Pantropic retrovirus for
the expregs @hsef23hFCYR was generated 15 essential ly fol | QW péhohfs
manuf acturer's gui delines. The packaging cell line GP-293, a HEK 293-based

cell | e ilontalibl SHRESACS ADG eehiclih 8 "Bl sy, o om e
The PLaSTUA. GBS, HEIATS, B hel Tinkbhl, COLEDRRSH AL oY O

that 20 confers broad pon s. Construction

f Sp2-hF ¥y h i ~ J infect 1 x10'
or Sp gét%gﬂlzea Gel@NS ﬁlﬂgﬁ}? s %E 'r’ﬁéﬁ?@@ﬁéﬁs@cﬁﬁﬁgé o infec X

Sp2/0 " 25 Agr4 nyel oma ce nerican i on; Manhassas,
‘VA) at a gohiditibhsl ty of about 10 infective particles per cell. Three days
after infection, cells were stained for 1 hour then washed twi ce with PBS
prior $0 analysis by flow cytonetry. Those cells expressing hFcyR , as
indi cated by bound FI TCG-hFc, were collected as 46 WO 02! (1 S7~23
PCT/ USf | 2/A widé Marietyool hbgt fdells matyobettransféttedhooT hees oeiis béor 13
days then again stained with FITC hFc and cells expressing hFcy wer e
col | ect ed eitbes afoeukbyydticowr oyt prnekarnyotithergins ofheccelksl Msll veften dd t ured in
10% fetal bovine serum 90% Dul becco's Mdified Eagle's 5 Medium (D MEM
with 4.5 §nmotalizsst eukarotiayqglis: Bathdnfpartgularekvammaliaadcells,h FI TG hFc,
and the cells with nean fltﬁrescen e in the top 1 % of the popul ation were
i

cl oned by Qi RYAMRIG| NoBkeYkignenraalls KxBelsCdHnesa hamsies Qxary esllsni ned by
sp2- hESyREHEY. 4oL & CRIRC BaRY Tamaler Kitbmi ool Btk Ehamenon (Fi G 15).
col | o (1 STTBRIGEARY Ge8 TERERRE RuRBs S FRulombSagands o hem o ¢ ha

confers 1 eniry SR SIEREERS L Ther Cefls.héy 2187 B Bin A auRA e T

ryar omyer 1Bl bRt fulgh yRMSY B SASCRT RO rRIRRB R neks 10,

N - haman S (P! XARpIS Ephatolh! SoRPRABNNZ LS, FHABIE | (hen
washedst wispecids, hSEBEhardmyceée eirahviiae, ArdfPighiaCyiaxiBtsy - Alaeased cel |s

were collected as a pool by flow cytonetry then cultured for 5 days and
sorted as mixpsde gedwabirv eultGed Itsays onediben exmordeppopriatehesndiiohgund t he
nost pol ycl onal FITC conjugated anti-human 1gG (H+L) F (ab')2 fragnent, top
1 % popul @riiona symesgistienhestonddebmast rdgsirabde |cedlsr wilhdpe( Matmajian
Production of 4SC622 fromten clones was anal yzed by ELI SA and all 10

cl ones wecellscrRRble ek uliyse4s0622; cl one 5H11 produced 4SC622 at 0.5 pg
per cell per day. These data 47

20 The secreted POI bound to 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 detection molecule(s) may contain a detection label,

25 such as, for example, a chromogenic, fluorogenic, colored,
fluorescent, or magnetic label. The label bound to the detection
molecule may be detected and the cell isolated using various
methods. Most preferably, within a cell population the label will be

detected and the cell isolated utilizing flow cytometry.
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WO U2/ OS7~23 PCT/ US02/ 012118 showed that clones secreting 4SC622 were
efficiently isolated by the autol ogous secretion trap nethod from a

het er ogenq@ygr kel of cells derived from stable transfectiQPr 0oz
Sp2-hFcYRI -4 cells with ' pTE209. S To confirmthat 4SC622 was autol ogously

ey o/ Gheh A, Bl FReREI oA IRAY 5o TG e
Found 1o Ha S1GMs RbERIAG sbe 20T S S, eV e AERridissRERT 2y e uncer
condi ti O”%og@gﬁgloﬂ‘ ch&ﬂ%sdé%%? nﬁ%cgleo‘f(?egi 3 tJr@bBI'gtt?l gG denonstrating

t he autol og I'splay of ese data I cat hat the autol ogous

'Secr eti onphEAMa telﬁedméﬁé@mbé,ewéww?ﬁ [prmﬁclbia'rts%ﬁdt@u cejgs and may
I yp 1.

be extended to ftyel oma 15 and ot her” ce es as we anpi e 8 A Protein

G chingri Qdﬂftiﬁrﬁidisﬁme‘wMIi Atayadeaderidted Udit@sthy b?patpsmpwtypbﬂttﬁé n: To
denonstrate the application of tthe autol ogous secrefion trap nethod to a

cel | surf detectiyt wicdepuld erthetPEl. than hFcyRl, a cell |ine expressing
Protein G was constructed. Protein G fromthe . 25 Streptococcus strain
G148, binds to all human and nouse |1 gG subcl asses, and as such has utility
for the isolation of reconbinant cells expressing antibodies or 1gG Fc

fusi on pr &0 gines enTeodiements ttwat deteciion molecutesi that bigG pachi eitierg domai n
could be used as a cell surface capture protein capahle of binding to all
human and apgd arendifferentiadly7labgtedb@reused A01detect s disBlAYEYG subcl asses, we

T
cont a ns. SREERISE PotloingjdaibcSelrie, it Herebii Mo RBIR i pledsiie of
ach ” epedtteractilf bl shiafher afl destotitl etediiof BloleCE anff csai on of
the"si gnarol il be'iSoldlod Baskd, ofr HiE pragshee St MR £ X R’ Bi nai ng

domai n. - ageRgcsH #oReaId BriE subfadd OlGh NG bARACRANANITRRHLTS) . Thi's

synthetic was generated by a conbination of gonucl eot1 de anneal i ng,
gap fikli eggplapd £Ecre”d PORthANDbINGRE tisey Tireideteti¥n VABIddige Bised, by

PCR) to DNA encoding the transnmenbrane and intracellul ar domai ns, am no
aci ds does not block the interaction between the first and second
detection molecule, that cell may be isolated based on the presence
of both detection molecules on its surface. For example, antibody
producing cells expressing antibodies that specifically block, or do
20 not block, the formation of a receptor-ligand complex may be
identified. If the detection molecules are a receptor and its ligand
which are differentially labeled, then an antibody producing cell that
expresses antibodies that block the receptor-ligand complex from
forming may be detected by the presence of one label on its
25 surface, whereas an antibody producing cell that expresses
antibodies that do not biock the receptor-ligand complex from
forming may be detected by the presence of both labels on its

surface.
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15 279 to 374) of hFcyR (accession M21091 ). The resultant DNA encodi ng
the Protein G hFcyR chinmeric protein was cloned into pTE158 downstream of

t he CW- Myp é@epier, replacing the gene encodi ng hFcyR |, g@yiydherokhe
plasm d pTE300 (FIG 19). 20 A CHO K1 cell line adapted to grow in

300 . g/ " %";@9 87\ tnE Shod Rt SRR T el fF slaunBCexiisstind ol Efl e
'Wgﬁ Egéf‘;i GBS rom AR o R LR Befle ) lr ot Binsting RS ML ol s ' ©

T , . | [ £ S R
were col | BETEIP S FRAEEE, Bhen 3 POREE SN@MCIEE pOIHEIS THIOE 2 0s and
‘the popul gfipp CBeltlﬁl@elns néiﬁﬁbb‘?ﬁid‘@ehE.Cyﬁhbréﬁ?e,agaisﬂchﬁé%laﬂf& anyy f 1 ow

cytonetry. The cells were "agai n "expanded, stained with FITC hFc,” and single

cell's §prsg§térﬁ9tﬁaitgb dSsign¥@ (ol 34pAA8. 1B SBETéteB( PBI0SA A Lelvel s of the

Protein G hFcyR chineric protein were isolated by flow cytonetry. Single
cel I s t hasustadenesustopirdvert g diffusionFof thedP@d frore ther éxprassimng medi um
conposed of 10% fetal bovine serum 90% Ham s F12, and 400 ~.g/m (418.
After twocetlelosai neighboring, céB énc itsnagheranceciathat detlor Ifbdifftision t o bovi ne
| gG present in the culture medium by staining with FITC conjugated

anti - bovi ie allgwed 4'oceur; agdeneighbacingoaell algosmalesh vtk the es, West
G ove, PA). One clone, RGC18 that stained positive with this antibody was
chosen fosecigiefePQInihert separmtiom ot cellsdeasad yposr thegeares @ RPbnes in

RGC18:. RGC18 cel.ls (6 x106 re transfected with pTE209 .and sel ected for
ntegir ecorating WilkisH i ISERIRAS: HiGibGXP! 8PN GEIS ARMnCaUs f or 18
days. Hygra in-resistant cel]l]s were in ated.w t.h / rabbit 1gG for
ei ght een I’Mmﬁo}% P?SP"Q%'%APM?‘?@; n H“%)Sff% ﬁf#gﬁi"f&ﬂycg%ﬂ%&t ed anti - human
1gG (H+L) F " ) tained for 1 hour then washed _
twi ce w.tﬁﬁ%gi'}‘éowﬁrﬁ%%ﬁééﬁi)&ﬁg ‘cytonetry (FIG 21 ). The nost
fluorescent cells (top 59 were 20 isolated by single cell sorting and
expanded for 3 weeks. Ten clones were exam ned for 4SC622 secretion. All

clones te $51¢ d §§§l2 i li ngiddie iffGsioReof RGC19, had
a specifi ?trf)ér*gduct ?b;%t géo 6-%23%6#&%&%}3_}%? resbﬁ?%em@st?at ed t hat

4SC623sexphessadratete POl betweénh fde@ggmﬁtiﬂir)’g ic%gbatwisfrrm}z Be25 het er ogeneous
pool of cells derived fromstable transfection of RGCI8 with pTE209 by the

aut ol ogouaczemplished byatheradaitibn Biird indocking, mblexide dibd bih@sudither
denonstrated that a fragnment of Protein G could be engineered to include a

si gnal sedbencell swifat@ captDre2moficule3ordie WBDL2nall posventantheenbr ane
domai n. arf:)oilnéil:wrécgi‘ ?Rea:ec?efeec; lP(')SIu{c;c ?ﬁee cceal1 tsﬂngcg capture molecule. - In
this aspect, the detection molecules do not bind the blocking
20 molecule. For example, if the cell surface receptor is the hFc
gamma Rl and the secreted POl possesses the human I19gG Fc
fragment, then diffusion of the secreted POl between neighboring
cells may be blocked by the addition of exogenous rat 1gG to the
culture media. Detection of cells displaying secreted POI, and not
25 bound rat IgG, is achieved by use of antibodies specific for human

IgG Fc that do not recognize rat 1gG.
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10 15 20 25 protein. To confirmthat 4SC622 was autol ogously di splayed on
the surface of RGC19 cells expressing both Protein G hFcyR chineric
protei n and ébnastp3d, RCCL9 was incubated with 1 ng/m rabbilscf/ggazfm)josl8
hours then stained with FI TC conjugated anti-human | gG (H+

poasebs. chl BreUnehasBRhes Ihm duye i bRERI o ﬁ?c%%cx%ﬁﬁbh"??éisf Feedi ng
22).  RabbPEUaeh arriahpofin, ST rkBReR &y AT RelB T L ci 1 1

RGC18 cel {5 rﬁga,adl d not bI ock di splay of 4SC622 on the cell surface of
cell s expressing 4SC622. These data denonstrated that the properties of the

‘Protein G hFcyR chinmeric protein were simlar to those of hFcyR as a cell
surface capture protein, and suggested that the autol ogous secretion trap

met hods camn emotisr «atsbect fchéd isverttiorg! thes setmtedcRO Lsener allewed. Exanpl e
9 Isolation of antibody-producing cells from RGC10: To denonstrate the

utility ofo aceuauilateogvibe snedid.i drhis rrpy nee Rotonoplished byotegulatngf CHO
cell lines that express recomnbi nant anti bodi es we cl oned the DNA encodi ng
vari abl e thejlexpaassioar ohithe secrejeddred andiortthe KBE sythacecaptukds is a
hybri doma that expresses a nonocl onal antibody specific for the human Tie-2
r ecept or . MEleculgosugholTal 3befTeygoession 208 the P b uesultgdre sudiciant r egi on

gene sequences WEI‘& f\l oned from SOOn? of mouse, spl een poI yA+ RNA (d ontech,
Pal 0 Altof QiA)O bipcdne sell swrtare: BRRTWES MYIBEHLSs bxé dngYffkdeRuper scri pt
First-Strand ynt hesi.s System for RT- PCR primed with 50ng of random
hexant? s MRH@‘:SOS‘%' ih chnol gi es, Carlsbad, CA). The nouse kappa |ight
constant DNA sequence (accession # Z37499) was anplified fromthis cDNA by
PCR using the primers 5 nCLK1 (Z37499) 10

(5 ACACTW&EQ%%%@D% qls s 51r@§71§§ 0Tt regi on

Bgé 3;‘1%&?{ nQ%@?fé?ﬂgt%ﬂgﬁg@%ﬁ%%ﬁggS@% P@?'béur?d’tértﬂ@ ¢dlisSiscONA by
Fésgion3s) aﬁ’é\ﬁeé d@b‘ﬁﬁh&é B%imited

(5 TCATTTA GTCCGGGAGAA CITAGICG 3"). e PCR products were cl oned
i nto pCR2péribaPeY tishe SutPPhat s btreted PRI tdo%% hof\ddouragiaté iihethgechnol gi es,

Car | sbad, CA) and the sequence of the constant regions were verified. The
KD5 vari amahaechwtegaseraayebe strippetli eyl rhgthHedsPkRotvnoin Kh8 drybfardoma nRNA
and cloned into pCR2.1-TOPO using the heavy and r 25 light chain variable
regi on prexampiexewashing AeﬂssMi#mI@WapHabUéeBi otech (Piscataway, NJ). The
vari abl e heavy chain gene was PCR anplified using the pCR2.1- TOPO cl oned
vari able region as tenplate

According to this invention, those cells in a cell population that bind

20 the most detection molecules also express the most secreted POL.
In fact, the more POI that an individual cell secretes, the more POI is
displayed on the cell surface. This correlation between the amount
of surface-displayed POl and the expression level of the POI in that
cell allows one to rapidly identify cells with a desired relative

25 expression level from a population of cells.

In one embodiment, a DNA library may be used to express secreted
protein which may be displayed on the cell surface by the cell

surface capture molecule. For example, a library of DNA may also
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with the primers 5 BspM/KDSVH N term 52 WO 02/ (1S7-123 PCT/ US02/ 01208
(5" - GAGAGTACCTGCGTCATGCAGATGTGAAACTGCAGGAGTCTGECCCT3' ) and 3' BspM / KDSVH
C term ({HdRRAGAGCT CCGT CAGCT GAGGAGACGGTGACCGTGGT- 3" ), di gesieshawiies BspM
and ligated to the Bsal -digested 1 g&a constant heavy 5 gene PCR fragnent

anplified with th rimers, 5 Bsal/CH2a N- term . .

(5' - GAGACRETESeaE el At g oreinBRERNS Of 6 aptioady| Yaahe ¢ term (5
GAGAGGGT CT TT. GI, - 3 I ra n s then

7 gated | HOGANS TEP Colls rAIaD o0t ariuizgy dnitahe”TEEONAS bi'om o,
pTE317, pakl. e [ ' : r ' chal ene,
fused tomﬁﬁ[ﬁm L@&?@g&éﬁ%ﬁg rﬂ?rdg%é{lh@gg%}{q\lﬁgg%ggi%%égrm%gvari abl e
-I'i ght chaj e ifi WA - C i abl e
regi on asCHRASEMIIECHE sRERllc 1ot aWEibBRice;Rpbh that, ciofies: bf 2Rk
GAGAGgg' AG W fentiid AndBsdRledPbyliHe term
15" GAS %W@%%%T GCT GGTCCC—nS'), dingested W t\r{ BsnmBl and
l'i gated t pmdthedBahlthei Ipadmidrkappa constant |ight gene PCR fragnent
anplified with the primers 5 Bsal/CLK N term 20

(5" - GAGAGGGTCTCAGCTGATGCTGCACCAACTGTATCC-3') and 3' Bsal /CLK C term

(5" GAGAGGGTCTCAGGECCGCTCAACACTCTCCCCTGTTGAAGCTCTTGACS' ). This fragnent was
t hen | i galredanother tdmbadiméntartdamegenisi masn mflp RE3B he Theatesk whicg

plasm d, pTE316, was capabl e of expressing 25 the KD5 reconbi nant |ight
chai n genexpress@ particidanretl surfgnel capiyre nveleaulennt ore GMWMAIE pr onot er .
The 1450 by EcoRI -Notl fragment from pTE317, encodi ng the KD5 heavy chain

gene, 1as cellotyp@si ithe cedsHtom sHeb tepsgeniccdasmmss mapthen/bri7: 123

PCT/ US02/ 01208 80, a, vector that, confer sistance to hygronycin and
al | ows exﬁp&%ﬁmﬁqu’c%ﬁ Rrodiectian ©fra fdl.y "pPZS?rBlpi‘?', }it Bayi el d

0 2 PS5l 6" lorehioa 5 ReR bRk, RIS PRI,
oL, BRBUR I Hdmd BT GR HRT SIS ) e,
PIES2 L EHAZRATIS PR b SR REeAR Bed S produdlg 22 and 2 0.0

Med) U S URMBERIGS Sy gﬁge@aré@'éntﬁymﬂ ty Boladwhofue! n and 400

~, o/ hygr onyci n pressio was | n by the

addi ti on @hetho/of thef ikleiore! i ne to the cul ture nmedium for three days.
Doubl e-resistant cells were

In 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 R1 receptor (FcyRl) which binds the particular

antibody that is the POL.
Example 1

25 Construction of pTE084: pTE084 was constructed by ligating the
1,436 bp Xba | fragment from pCAE100 that encodes the human
FcyR! (hFcyRl; GenBank accession number M21091) into the Xba | site
of pRG821. The orientation of hFcyRl in desirable plasmids resulting

from the ligation was examined by restriction mapping with Not |,
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15 incubated with 1 ng/m rabbit 1gG for eighteen hours prior to staining
wi th goat polyclonal FITC conjugated anti-nouse 1gG (Fcy) F (ab')2fragnment
(Jackson \wgymeResear ch Laboratories, West Gove, PA). Cel p&r/vsnsaisai ned
for 1 hour then washed twice with PBS prior to analysis by flow cytonetry.

for 10 dayest Tty FinAcH SWol pPTEnEs waScoSubBladhPInd i 88y T bt
days ¢hon SHLEPEED0] ERANE (e, Bt i 5L SybRe, MERARRE e ol
cel s it &OfuHelh &f Ahftn BANAScHRtE b RRgRHoEht SRotgtsn expr essi on

of anti body an even C Wer'e chosen tTrom ones yzed. The

average spogshitesPONUIERLYHY 8%a hPEIR) defBodriVER LPHROCARY L2y and the

best cl one expressed the reconbi nant nonoc anti body at 54

P/ oel ] dgponidter, WHOBld BeBAIPETALENS 2% (1RE2ABoMipUTh T he for egol ng

invention 'has been described 1n sone detail by wa il lustration and
exanpl e, ighddgHotRndierele M1 Gppay eeinel awkieasBoffers’ isistayicekid G4 1B,the art
that certain changes and nodifications nay be made to the teachings of the
i nventi on drividroly thelepwqoi lage fpromaetiee. spirit or scope of the appended
clainms. 55 WO U2/ U57~23 PCT/ US02/f112f18 1. A nethod of detecting and

i solating cells that produce any 5 secreted protein of interest (PQ),

conprising: a) constructing a cell line transiently or stably expressing a
cel | surf deenstapctiore ofma deldOe Kindedkativerdbat expressesonFeyBhsf ecti ng t he
cell line with a nucleic acid that encodes such cell surface capture 10

mol ecdPe; b) transfecting said cell simultaneously or subsequently with a
second nucl eic acid that encodes a PO wherein such PO is secreted; 15 c)

det ecti ng @HE &ir eale{dix J08) seredrapgiasted avith T EAB4cesiNg with a
det et on WiBPERdIRGIngd" feriechepies ReEkyWEL MRLIGIWINE protei n of -
The. et hodnanuiadlifars GubRepfiofae S 8IS arernplacad o dhgnounufe™ -
medium (10% fetal bovine serum, 90% Ham’s F-12, 2 mM L-
15 glutamine; all reagents were from Life Technologies, Rockville, MD)
containing 500 ug/ml G418 (Life Technologies) for 15 days. The
cells that survived G418 selection were trypsinized, pooled, and
stained with FITC-conjugated human IgG, Fc fragment (FITC-hFc;
Jackson ImmunoResearch Laboratories, West Grove, PA). Briefly,
20 the cells grown on 10 cm culture plates were washed once with
Dulbecco’'s phosphate-buffered saline (PBS) without calcium chloride
and magnesium chloride (Life Technologies). Three mis of 0.25%
trypsin (Life Technologies) was added to each plate. The plates were
swirled until the cells detached from the plate. 10 ml culture
25 medium was immediately added to each plate of the detached cells.
The cells were then collected by centrifugation at 1,000 x g for 4
minutes. After removal of supernatant, the cells were resuspended
in 4 ml of 2 ug/ml FITC-hFc diluted in culture medium. The cells were

then placed on a platform shaker and stained for one hour at room
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anti body, an Fab, a single chain antibody (ScFv), a fragnent thereof, 25 or
anything fused to an anti body constant region. 4. The nmethod of claim?2
wherein tip @Ml factor is selected fromthe group consigdd € 2®0208
Interleukin (IL)-1) IL-2) IL-4, IL-5 IL-6, IL-7, IL-9, IL-10, IL-13,

L on ARG, Tk Brubrdboutd 0 0B8, M R SBREBSY (ST

it er fer gﬁ‘t"gf&n%ﬁ%%@?%@?%fd%ée@ ELREHFS (Ao e solls wasy a1
approved thes iy %G \g ?Y ?ﬁg ' a vofto celﬂé%rf@?'t gly\ﬂ?ﬁ?ﬁ(%ﬁ' m 3 wher ei n

the antibody Ts se group conS|s i ng of I gA) 1gD or

TOE, as Wedn &o|Ndg, e@ svrweyrrwcmFé fmé%ot%tamwg BahsPbeteljai m 1 wher ein

the nucleic acld that encodes a 10 PO 1s selected froma DNA |ibrary. 7.

The neshopapéntal THOLKheers Ficie2Aehhd RBY BOE gRIB! tEE to™ ehstributiona
1igand-specific receptor, a receptor-specific I'igand, an anti bodybi ndi ng

protein, ai Hobdrdsodinceain Stiev G4 8+registant, t pFEOBU-trangfduted pbof used to a
constant region of an antibody, and a peptide froma phage display or
peptide |i(BtGr 2CInd Ther tomtl% emoshdiuobesaentheellROfron8 thehseleetddgoot claim 7
wherein the cell surface capture nolecule is Angl, And2, VEG-, Tiei , TieZ2,
VEGFRI ( Fiwere) plageg-into 96twell)plabes alimt, catikweR- by dley extooetng recept or
conmponents) fusions of two or nore cytokine receptor conponents) or any
fragment s Nineréays later,TR8 crit Blaness lrtmﬁ B6rwellcplates weaﬁxp@@@@d bi ndi ng
protelnls an _Fc receptor nt| i nmunogl obu] in ant|

ant i - ilAnune) 8604’?& égte&F Aftas; 3; days, A ePPGh%l'ﬂ 'Dd"’li&é@IeW#"@g WEF®tein H or

2ddi ng a MAREnensRNER  LPER SRmetii Ak mi & o/ BREFE n
cell 57 for 1 hour, washed twice with 1 ml PBS and examined for cell
surface staining under a fluorescent microscope. The thirty three
most fluorescent ciones were chosen, expanded, then screened by
15 flow cytometry. The FITC-hFc staining of one such clone, RGC3, was
shown in FIG. 2D.

Diffusion of secreted protein between expressing cells and non-
expressing cells among cells was blocked by adding IgG:
20
As all cells in a hFcyRlI clonal cell line express a cell surface hFcyRl,
they all possess the ability to bind IgG or fusion proteins consisting
of the Fc domain of IgG. Because hFcyRI binds IgG from a variety of
species (van de Winkel and Anderson, 1991), a panel of animal IgGs
25 was tested for the ability to block the binding of a protein containing
a human IgG1 (hligG1) Fc tag (4SC622) to hFcyRlI-expressing cells.
45C622 is a chimeric molecule consisting of IL-2Ry extracellular
domain fused to the hIL-4Ry extracellular domain which is then fused

to the hiG-1Fc domain. In this experiment, cultures of RGC1, a
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WO 02/ (1S7.423 PCT/ US02/ (11208 nenbrane, exposed to the outside of the
cell, and functions as a cell surface capture nolecule. 11. The nethod of
cl ai m 10 wipangism2s he menbrane anchor is a 5 transnmenbrane pai@iesoPoga GPl
link. 12. The nmethod of claim 10 wherein the nenbrane anchor may be native

ot e oo ESBRLRG ot iSRG a0 RE B B e
L1t e, Begh Sl TSR Wt 87t eyl O Rred i AR, 2,5,
I
ant] oy peuoRSilodupes Soarnc TRBLSHINGD fiblogd?, 1Eqy T, 0 ©

thereof . dirfadbebifimpbiohstedsnwas Wisteiinthdd PR | cBfietR) iater S @ 25
I ridoma, | eﬁﬁ? 18. ﬁ%

pl asma cel a hyb a nyelonma, or a reco nant e net hod

of clai m Waghetetslld WerdeeshbaNWITH BRYESSHIRFS- {eRf Wh&$sd hat bind
each other and are differential I\;/v IaEe?‘ed.l)ySBI dvq\gﬁggiﬁ( 15p23

PCT/ US02/ G2 (8ndSlonahAGE8 4P BAG1 84)rspenifier fornthe hIloeRyg nol ecul e
whi ch binds the cell surface capture nolecule or PO is added to reduce the

whorein the G 11 usion of the PO 11omEhe oxprosana cel 1t Snei ghbori ng
cel | and pracegiiiies eutkned fohaell staining with FITC-hFc. FIG. 3 shows

10 that higG completely blocked 4SC622 from binding to the hFcyR1
expressed on the surface of RGC1. Rat, rabbit and canine-derived
IgG also effectively blocked binding whereas bovine and ovine-derived
IgG did not block. The ability of exogenously added rat IgG to block
the binding of an exogenously added higG1 Fc-tagged protein

15 (45C622) to cell surface hFcyRl (FIG. 4) suggests that rat IgG can
also block transfer between cells expressing a higG1 Fc-tagged
protein at different levels. To test this, two cell lines that can be
distinguished by the presence or absence of the green fluorescent
protein (EGFP) were generated from RGC1. Briefly, to mark RGC1

20 cells with EGFP, 2 x 10° RGC1 cells were co-transfected with 0.5 pg
PTEO73 which encodes a hygromycin B phosphotransferase gene
driven by phosphoglycerate kinase promoter, and 5 ug pRG816-EGFP
which encodes EGFP gene driven by CMV-MIE promoter. The
transfected cells were selected with 200 ug/ml hygromycin B

25 (Sigma; St. Louis, MO) for two weeks. Green fluorescent cells were
isolated by flow cytometry. One EGFP and hFcyRI-expressing clone,
RGC2, was used in cell mixing experiments. The other cell line used
in these experiments, RGC4, was generated by stable transfection

of RGC1 with plasmid pEE14.1-622. pEE14.1-622 is a plasmid in
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cell is reduced by increasing the viscosity of the nmedia. 21. A non-human
organi smcontaining a cell produced by the nethod 10 of claiml. 22. A

non- humanw@y @ark.es containing a cell produced by the net hostpis@jodton 1
wherein the cell surface capture nolecule is specific for 1S anti bodi es.

or ot oi n ofel EXBESTRES: A8 Hiacby ftﬁséﬁﬁv-l%%dﬁg%%i‘%n AR o
bi nds. ¢ ne "0e] & QHIAHRler Sy erdsEiin %ﬁﬁ?@ﬁ%bﬁ?’%ﬂ%ﬁaﬁ‘)ﬁ hat
encodes swggge@h&?@ggﬁ 98 WO RIS lo 481094 [9saicesibh 7 om (2

t hat expres ce capture no atrng and

cul turingof Rgase inté?‘iaﬁ[&rﬁ‘@vbﬁtd bIRGEY cel§ dxiptedd IRSyRICIN WhE el 1208 d)

transfecting said ce (c) sinmultaneously or subsequently with a second

nucl ei ¢ aghfacbaingnsettete IENIgEEFR-agye prslein %%62@ e@neﬁﬁﬁte

detecting the surface-displayed PO by contacting the cells wt

det ect i onoffmhired! cellswbompriseddst 5¢% RGAC2fand 50PaRGC4cediIsswagsed on the
detection nolecule. 10 24. The nethod of claim 23 wherein the protein of

i nt erest ircubdtedawith & /bl rat rigGe oo 8phoues rpriarr ta sjaionidy Widet or . 25.
The nmethod of claim 23 wherein the protein of interest is an 15 anti body,
an ScFv, ®B-Adgh@httheneexamineas bynflowi cfomateyl tiolGnSAnsh@wdytheonst ant
regron. EGFP flourescence of RGC2 cells and FIG. 5B shows that RGC2 cells
10 also bind exogenously added 4SC622 (1 pg/ml) as indicated by an
increase in PE-AG184 fluorescence. FIG. 5C shows that RGC4 did
not fluoresce in the EGFP gate. Significantly, exogenously added
rat 1gG did not reduce the percentage of RGC4 cells that stained
positive for cell surface 45C622 (FIG. 5D) suggesting that the
15 binding of 45C622 to hFcyRIl occurred while the proteins were in
transit to the cell surface. When RGC2 and RGC4 cells were mixed
(FIG. 5E), the 485C622 protein secreted from RGC4 cells
accumulated in the medium and bound most of the RGC2 cells.
However, the addition of 1 mg/ml rat 1gG significantly reduced the
20 percentage of RGC2 cells that bouﬁd 45C622 (FIG. 5F)
demonstrating that rat IgG blocked the transfer of secreted higGt

Fc-tagged protein from expressing cells to non-expressing cells.

Example 2

25
Cell surface fluorescence correlates with the expression level of
45C622:
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26. The nmethod of claim 24 wherein the growh factor is selected fromthe
group consisting of Interleukin (IL)-1, IL-2, IL-4, IL-5 1L-6, 20 IL-7,

I L-9, |L-9®ods73, IL-15, 1L-16, 1L-17, 1L-18, IL-21, G |p@EFysdRyset rophic
Factor (CNTF), erythropoietin, Vascular Endothelial Gowh Factor (VEGF))

angi opoi efq@c% oA AROH B B eaﬂﬁlﬁsfdc?é&f\mtﬁﬁgmgsﬁgﬁﬁ% g{;%ﬁ;:, TNF

Recept or usi on- pr telns appr oved cells.

25 27. Thefnghbes tPénéibétéﬁtéE’Wﬁ*éebBtélaneaﬁBF'é&@&tnbﬁ fF! SClvBEKEr M the

group consisting o as vari ous subtypes

of these. nfsliunmeotiprsEdd% 1 el 1ethl HAfne HeruREI 9O, of claim 23

wherein the nucleic acid that encodes a PO is selected froma DNA l'ibrary.

-29. The nglutathiné-fré@iDulBacobier aioditiée exyle’'ssriddiam, cR @S 5 nolecule is a
| i gand-specific receptor, a receptor-specific Ilgand an anti body- bi ndi ng

pr ot ei h, aupalmnent;iyandaQSSuM/M&Xf(Mgmgemsnwv@@‘ froenyAH ng fused to a
constant region of an antibody, and a peptide froma phage display or
pepti de | BiRsaionees bemexatKSds RehIgBi wastaddarDio the coturghmeditrhod of
claim 29 wherein the cell surface capture nolecule is Tiei , Tie2, VEGR
(FIti ), YEdrrg/ ”Q'F1ﬁlh(?U"Sch@kltﬁe'”ﬂ@@@@ﬁtﬁlnmﬂmoﬁmt@llﬁrWleuel ons of two ﬁr
nore cytokine, receptor co one 1. The nethod_of claim29 wherein the
ant i body yRél’Hﬁeivr Haélhﬁd Ptt-’ts'réeap‘itéf@d At -1 BrHa{BY| @bal i n

protein roBeond: FRHER °§§%¢sﬁt Shiifuroan. 58 QzLPTfh’é SiRamBt cl ai m 29
rormi & aﬁ%&éﬁ%ﬁiﬂwﬁgﬁ%&mﬁ@%ﬁ%@w phdRuf 81 FE0B (e 'cte| }
s PR RIS PR TR 5
link. 61 in Example 1. Cell staining was then analyzed by flow cytometry.
The distribution of fluorescence suggested that the selected pool
contained cells with a wide range of 4SC622 expression levels (FIG.
15 6). Cells in the top 3% (R3 bracket), 7-11% (R5 bracket), and 15-
19% (R7 bracket) with respect to their immunofluorescence were
sorted into three distinct pools and expanded for 9 days. Average
45C622 production per cell for the pools was determined by
measuring cell numbers and 4SC622 levels in the media after 3 days
20 growth by an immuno-based Pandex assay (ldexx; Westbrook, ME)
following the manufacturer's recommendations. In the Pandex
assay, fluoricon polystyrene assay particles coated with goat anti-’
human 1gG, y-chain specific antibody (Sigma) were used to capture
45C622 from the medium, and a FITC-conjugated goat anti-human
25 1gG, Fc specific (Sigma) was used to detect bead-bound 4SC622.
Known amounts of purified 4SC622 were included in the assay for
calibration. Celis in the top 3%, 7-11%, and 15-19% pool were found
to produce 45SC622 at 1.42, 0.36, and 0.22 pg/cell/day,

respectively. Thus, there was a correlation between cell surface
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WO 02/ 057-1t23 PCT/US112/012118 34. The nethod of claim 32 wherein the
menbr ane anchor may be native to the cell, reconbinant) or synthetic. 35.
The met hogy@b@hpsm 29 wherein a signal sequence is added g, Gsobfyg20gM NO
term nus of a protein, such that the protein is transported to the cell

surtace, ct,Lons as cell..surface capture nmolecule. 36. The net hod
of claim meﬁtﬂ"}'ﬁ% i rﬁﬂe%fé%lﬂﬁg%nnégpoci}&tﬁhnaﬁ@erqséﬁtt he cell,
reconbi na \:G:i : e t f | ej e isolated
ol 1 n'"( PooEsis A Fidi i oeller MR BRPretn An b R L Wb Ielged Cai ' 1
38. The al g i ' [ : Cj I B- cel |
or deri vgﬁ%}gﬁﬁfg})géﬁk%gy '%gtmﬁgggotﬁagl‘g?%yggé@\%grgﬁﬁhﬁ%{a bE¥ Zr?a I

-deri vati veolycignal BFTE-cstjlgaed 4RtiLaRRh #-QYBF (41'),2rB§REHI nant cel .
20 40. Th? rr%cihod of clal rlngB wherein the @ec?r}e(cti gﬁ (rélﬁ)ezcul gs) are two

nol ecufes that bind each other and are differentially |abeled. 41. The

met hod of claim 23 wherein a bl ocking nol ecul e which binds 25 the cell
surface céuampleoBecul e is added to reduce the diffusion of the PO from
the expressing cell to a neighboring cell. 62 WO 112/ 11S7-t23

PCT/ US02/ 012118 42. The nethod of claim 23 wherein the diffusion of the PO
fromthe expressing cell to a neighbori nq cell and its adherence to that
cel | is résplatianf Expressiom@lenes in RGEilty of the nedia. 5 43. A non-human

organi smcontaining a cell produced by the nethod of claim23. 44. A
non- human or gani smcontaining a cell produced by the nethod 10 of claim 23

111240 DR e S STE ecR d BEBehL . BB o 2
15 2) det efii A% fRbb R nKPIRTRT Seotled BRteirt HrbaGESA My B, ™! ccul e I
methodology, clonal 4SC622 producing cell lines were generated
from RGC1. RGC1 cells (4 x 10°%) were transfected with pEE14.1-
622, and selected for two weeks with 25 uM MSX to obtain a pool of
15 stable transfectants. MSX-resistant cells were pooled and
incubated with 1 mg/ml human IgG for 18 hours, prior to staining
with PE-AG184. Six cells from the top 5% gate, as determined by
flow cytometry analysis of cell surface 4SC622 staining, were
isolated and expanded. 4SC622 production from the six clonal lines
20 was determined and compared to 4SC622 production from clones
obtained by hand-picking selected colonies followed by dilution
cloning and amplification. One RGC1-derived clone, RGC4, produced
4S5C622 at 12 pg/celi/day (FIG. 7). This level is similar to that of
the best 4SC622 producer isolated by hand-picking and analyzing
25 2,700 clones. Thus, compared with hand-picking colonies, the
methodology outlined in this invention proves to be far more

efficient in the screening and cloning of high producers.
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b) isolating and culturing the cell detected in (a); 20 c) transfecting
said cell in (b) with a nucleic acid that encodes a PO wherein such PO is

secret ed; wh) oMRb.£8t i ng the surface-di splayed PO by cont agidmgskhese! | s
with 25 a detection nolecule which binds the PO; e) isolating cells based

of 1 nter WERE T %%ﬁac;s“ﬁ?%ﬁﬁﬁ*ﬁﬂ%ﬁéacérﬁqnﬁeeﬁw“‘&éhéﬁr‘a}Eef eror, o
an ant i bo%Ggsr fac gﬁﬁﬂé% it egk% FQ%ZR% F-R Trﬁ\Q hod of cl ai m46

wherein the @ oup conS|s i ng of

115, e”k'ci‘gﬁbr% oledye gprigifing of hel hrst g hgﬁ}aabmp VEGER o
-er yt hr opoifgsad to YABCSBANdENS dikhindbf M@Pnﬁa%%h GsVESTEﬁ fu@éw'tapm etinl)

angi opoi etin 2, TNF, Interteron-gamm, CSF, and TGFa. 48. The nethod of

claim4g6 wiemngmeonmm bRVEGFER$R3eist ecbrfuﬁwnclﬁ\démcrm|mb$tl ng of
1gM 1gG 1gA) IgDor IgE) as well as various subtypes of these. 49. The

met hod of tieé dirst 49 demeaiei of hMEGER1efusett tal theadecombtpdom&ld of s sel ect ed
froma DNA |ibrary. 15 50. The nethod of claim45 wherein the cell surface
capture nbiVd@GF&3 which igythen fysed to ¢the ddgpECr domaircdptthesepeci fic |igand,
or an antibody binding protein. 20 51. The nethod of claim50 wherein the
cel | surf ®aswids, the ganeten the YEGETrap isodrivercby theeCMVIMIBEG FRI |
(FI'kl ), cytokine recept or conponents or fusions of two or rmre cyt oki ne
recept or EhaEEienand asghtaming s¥ithetass reINgeneowWhieh sonfere anti body

ant - Ao GSRERS HOSMEX. [ arerresed ApbiadIReion Miobiatile antegTatienn H, or
functi onal errfil@.”eﬂtGSC{ herIE‘.Owere transfected with either of these plasmids
and grown in medium containing 25 uM MSX for 2 weeks to select for
cells in which the plasmid has stably integrated. MSX-resistant cells
were incubated with 0.1 ug/m! Ig2a and mouse 1gG3 for 18 hours
15 prior to staining with 1.5 ug/ml polyclonal FITC-conjugated anti-
human IgG (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 tissue culture plates from the pool of cells
whose fluorescence was among the highest 1%. The cells in
20 individual wells were expanded and their productivities were
determined by Pandex assays. FIG. 7 shows that RGC-derived clones
expressing both hWEGFR1R2 and hVEGFR1R3 had higher specific
productivities and were isolated by screening fewer clones as
compared to the highest-expressing hand-picked MSX-resistant

25 colonies.
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64 WO 112/0S 7-123 PCT/US(12/(112(18 53. The nethod of claim45 further
conpri sing adding a nenbrane anchor to a protein such that it renains
anchor ed wp ¢ields menbrane, exposed to the outside of thepepldondsid
functions as a cell surface capture nolecule. 5 54. The nethod of claimb53
wher ein t%}ﬁg‘ﬁéaﬁle anchor is a transnenbrane anchor or a GPl link. 55.
The net ho I ™ 53 wherein the nenbrane anchor may be 10 native to the
cell, reconbinant, or synthetic. 56. The nethod of claim50 wherein a
signal sequence is added to the amno term nus of a protein, such that the

proteln | T sfifAeeURIicP hidiS 1 Fehagued FibleiANd itairialized By paeq.! surface

15 capture nolecule. 0 claim 56 wherein the signal sequence
‘may be native to the cell, reconbinant, or synthetic. 20 58. The nethod of
claim45 wherein the isolated cell in (f) is an antibody producing cell

fused $0 &FogyRItst khowadioc fducedb thteilaizatiomodf dfs cehisurfdtesbeundn t he
anti body producing cell is a B-cell or derivative thereof. 25 60. The

net hod of lighadm 58 ahalyzerwhethe?-BEIC1 dalisveduldeinternalipk acethsadate- a

hybri doma, a nyel oma, or a reconbinant cell. 65 WD 02/1157-423

PCT/ US02/ bb2ihtis4 8C62Phel mglinbd SEE622 avas atldedeieiRGCeceds datt il dmouwrpl ecul es)
are two nol ecul es that bind each other and are differentially |abeled. 62.
The net ho@nek themithe 4eelish sareninamedizteln prasessed ot SG682nds 5 the cel |
surface capture nolecule is added to reduce the diffusion of the P from

the expred®MiNQRiniog WithPrhbrBdgand flowseylompiryanausiss 88 mlas
cell Hia the callsostaiediresifue Top Gl BUNBCReRSLER DI (GroPBlsing the
1150001 Y larhBRviE gl (582 WAE IR TSRS L 08 il P ocveee
produced Byof NR"ELIYYvere washed and incubated in culture medium without
4SC622 with PE-AG184 for 18 hours. Flow cytometry analysis
following immunostaining for 4SC622 showed that 9% of the cells
15 retained 4SC622 on the cell surface (FIG. 8C). To further
characterize the loss of surface-bound 4SC622, purified 4SC622
protein was added to the media of RGC1 and parental CHO K1 cells,
then levels of 45C622 in the media were measured over time.
Figure 9 shows that 45C622, added to 2 pg/ml to the culture media
20 in a 10 cm plate, was significantly lower in RGC1 conditioned medium
after 3 days incubation as compared to the CHO K1 control. These
results show that the concentration of 4SC622 in the culture
medium is reduced by the presence of hFcyRl on the cell surface.
The results suggest that the depletion of 4SC622 from the media
25 was the result of hFcyRI-4SC622 complex internalization. This
internalization of receptor-ligand complexes may facilitate the
effective removal of all 45C622 from non-expressing cells in the

presence of blocking IgG during the 18 hour blocking step.
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of claim45 wherein the cell surface capture nolecule is specific for
anti bodies. 66. A nethod of detecting and isolating cells that produce high

20 | evel syw@ oFfdgazconpri sing: a) constructing a cell |ine gwiesmiig a cell
surface capture nol ecule, which binds the PO, by transfecting the cell

l'ine withgg(ﬂnuc‘eig acid that encodes such cell surface capture nol ecul e;
25 b) det 'HB% ell from (a) that expresses said cell surface capture
nol ecul e in high yield; 66 WO 02/ 057a23 PCT/ US02/ 01208 c¢) isolating and
culturing those cells detected in (b) and allow ng sufficient time for said

11t ; ' : e ; ' b
ggnt ac'? i agﬁ{rﬁzﬁgglpﬁsgﬁ%méé(?a eﬁ@%%tﬁ'ﬁﬁ'%%@%ﬁg?gﬁ‘ %%@F%ér%ﬁrnorg of which
sbinds the PO; e) isolating cells based on the detection nolecul e(s). 67.

The nethod of claim66 wherein the protein of interest is a 10 ligand, a
sol ubl & regapt 8¥to¥?ﬁ@fr21t5hsé’d H AW d @S torefibnafrapndpdrs fifat The net hod

of claim 67 wherein the growh factor is selected fromthe group consisting

of Interl gki& thé'—hFé:lel blidw tdpid.isblatlon bttiigh ldxpfessibnSclohbs 10, |L-13,
I L-15, IL-16, I1L-17, 1L-18, IL-21, G liary 15 Neurotrophic Factor (CNTF),

eryt hr opoiHywéverVas HERIEnifRls dlrnovendf FaaagyedVpfdteinsantbieppoi etin 1,
angiopoietin 2, TN F, Interferon-gamm, GWCSF, and TG-~. 69. The net hod of

TN 106, T aD o e e unl | Ae var] ue ey et Ehee T30, The.
net hod of exbpédBif§ odiier woaid be higbkeeiit hEcyRI Exptressiondzsild be
10 inhibited during the production period. To this end, a CHO K1 cell line
in which the expression of hFcyRl is induced by tetracycline, or the
analog doxycycline, was constructed. In this system, CHO K1 cells
were first engineered to express the tetracycline repressor protein
(TetR) and hFcyRI was placed under transcriptional control of a
15 promoter whose activity was regulated by TetR. Two tandem TetR
operators (TetO) were placed immediately downstream of the CMV-
MIE promoter/enhancer in pTE084 to generate pTE158 (FIG. 10).
Transcription of hFcyRI from the CMV-MIE promoter in pTE158 was
blocked by TetR in the absence of tetracycline or some other
20 suitable inducer. In the presence of inducer TetR protein was

incapable of binding TetO and transcription of hFcyRl occurs.

CHO K1 cells were transfected with pcDNAG/TR, a plasmid that
confers resistance to blasticidin in which expression of TetR

25 originates from the CMV-MIE promoter (Invitrogen; Carlsbad, CA) .
After two weeks of selection with 2.5 ug/ml blasticidin (Invitrogen),
the stable transfectants were pooled. This pool was then
transfected with pTE158, a plasmid that confers resistance to

G418 in which the expression of hFcyRl is dependent on a CMV-
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PO is selected froma DNA library. 25 71. The nethod of claim66 wherein
the cell surface capture nolecule is a ligand-specific receptor, a

recept or - gReeidsh 3! i gand, or an anti body binding protein. &fusod@r20s
(12/057- (23 PCT/USO02/ 1112(18 72. The nethod of claim 71 wherein the cel

vt ok ne. MIECESISY oSt infactsr. 1 Theofeligreannpasfivialy drantiekion: Wikt ept br
component BNl S 5 B RBHAE S Dkl Bof Rt b 59
ot g BN Yr, £ ¥y FRRIGAT, Ene etk Syopaucye, "

'conpr i si “ﬂNégdﬁcyfeEfllb? MHanR)raBFhougrrﬁl i‘ioﬁ(g%géiiﬁesﬂh@h %tmheatwpﬁmi ns

anchored I'n menbrane, exposed to t utsi de of the cel and

functions gppcaneeltb Fd‘éhftiﬁg%eﬂépthﬂi% L& HFeyRIS Tﬁ%rtEEfSZEE%QIEQ‘IQf claim74

wherei n the nenbrane anchor 1s a transnenbrane anc I nk. 76.

The met ho@ﬁgfes?éiﬁb”Ig?élﬁhﬁfe?édellb@té@ﬁ?r@moﬁggﬁg?nd@d’_f@ﬁez@aﬁm ve to the

cell, reconol nant; ynthetic. 77. The claim71 rein a

si gnal SEM%dn%eaQﬂ%x?%élh\%,%ﬁd’WéréW@é‘ihssﬁﬁné’d Wit FITC-KFEh that the
protein is transported to the cell surface, and functions as a cell surface

25 capt ur o prbeendd. of TRECYRE h@elief tredtadion Mgt wizen don hHegR$iwem sequence
may be native to the cell, reconbinant, or synthetic. 68 WO 02/11S7~23

PCT/ USI 12tgRaébed’ andTespamtéddnafultirei medfumhesnianingeijsgindted cel | in (f}
' an10 doxycycline for three days. The pool was then stained for the
presence of hFcyRl and were isolated by flow cytometry. Cells that
expressed the highest levels of hFcyRl (top 1%) were sorted onto 96
well plates at one cell per well. These cells presumably contained cell
that had low non-induced expression levels of FcR1 and high inducible
15 levels of FcRi. After expansion, the induction of hFcyRIl by
doxycycline in 20 clones was confirmed by immunostaining with
FITC-hFc and flow cytometry. One clone was chosen for further
characterization and was named RGC10. FIG. 11 shows that in the
absence of doxycycline RGC10 did not express detectable levels of
20 hFcyRl, whereas high levels of hFcyRI were observed in cells that
were induced with 1 pg/ml of doxycycline for three days. The mean
fluorescence of RGC10 cells increased by more than 1,000 fold

after induction by doxycycline.
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anti body producing cell fused to an imortalized cell. 80. The nethod of

claim79 wherein the anti body producing cell is a 5 B-cell or derivative
thereof. @l o2iilkes20et hod of claim 66 wherein the B-cell der]i(vﬁ%@gﬁ,d@ a
pl asma cell, a hybridoma, a nyelonma, or a reconbinant cell. 1 2. The

met hod of Eg{aﬂtmé% wherein the detection nolecul es) are two nol ecul es that
bi nd each an% are differentially | abeled. 83. The nethod of claim66
wherein a bl ocki ng nol ecul e which binds the cell surtace capture nol ecul e
is added to reduce the diffusion of 15 the PO fromthe expressing cell to

a_nei ghborddgniéieldr. 48¢62B6ramIdig i ﬁhg%ﬂ]&gﬁclgﬁc%ﬁ the diffusion of the

PO fromthe expressing ce anel g and its adherence to

that cell is reduced by increasing the viscosity of the nedia. 20 85. A

hon- human organi sm containing a cell produced by the nmethod of claim66.

86. A ;ion-RGGH0 wedisniverecrahsiotted witle dEEPAodBeed dnd IS XoRisigidnk5 of
claim66 wherein the cell surface capture nolecule is specific for

ant i bodi escelBoweka pooled after selection with 25 yM MSX for two weeks.
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in the top 1% of the population were cloned by single cell sorting.

After expansion, 24 clones were examined by flow cytometry for
expression of hFcyRl, as described above, and one clone, Sp2-hFcyRlI-

10 4, was chosen for additional characterization (FIG. 15).
Isolation of Sp2-hFcyRl-4 cells expressing 4SC622 protein:

Sp2-hFcyRI-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 10% FCS, 90% D-
MEM and 400 ug/ml hygromycin for 14 days. Hygromycin-resistant
cells were incubated with 1 mg/ml rabbit IgG for eighteen hours

20 prior to staining with polyclonal FITC-conjugated anti-human IgG
(H+L) F (ab’),fragment. Cells were stained for 1 hour then washed
twice with PBS prior to analysis by flow cytometry. Labeled celis
were collected as a pool by flow cytometry then cultured for 5 days
and sorted as described above. Cells from the expanded pool that

25 bound the most polyclonal FITC-conjugated anti-human IgG (H+L) F
(ab’), fragment, top 1% population, were then cloned by single cell
sorting (FIG.17). Production of 4SC622 from ten clones was
analyzed by ELISA and all 10 clones were found to express 4SC622;
clone 5H11 produced 4SC622 at 0.5 pg per cell per day. These data
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To confirm that 4SC622 was autologously displayed on the surface
of myelbma cells expressing both 45C622 and hFcyRl, clone 5H11
was incubated with 1 mg/ml rabbit IgG for 18 hours then stained
with FITC-conjugated anti-human IgG (H+L) F(ab’), fragment and
10 found to display cell surface 45C622. Secreted protein was

displayed under conditions in which cross-feeding was blocked by
rabbit 19G, demonstrating the autologous display of 4SC622. These
data indicated that the autologous secretion trap method described
above was not limited to CHO cells and may be extended to myeloma

15 and other cell types as well.
Example 8

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

20 protein:

To demonstrate the application of the autologous secretion trap
method to a cell surface capture protein other than hFcyRl, a cell
line expressing Protein G was constructed. Protein G, from the

25  Streptococcus strain G148, binds to all human and mouse IgG
subclasses, and as such has utility for the isolation of recombinant
cells expressing antibodies or IgG Fc fusion proteins. To
demonstrate that the Protein G IgG Fc binding domain could be used

as a cell surface capture protein capable of binding to all human and
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5 homologous repeats of 55 amino acids long (Guss et al., (1986)

EMBO 5:1567 and Sjobring et al., (1991) J. Biol. Chem. 266:399)

and each repeat is capable of binding one IgG Fc. To improve the
expression of this chimeric protein in CHO cells, we constructed a
synthetic DNA in which the signal sequence from the mouse ROR1
10 gene was fused to the Fc binding domain, amino acids 303 to 497, of
Protein G (accession # X06173). This synthetic DNA was generated
by a combination of oligonucleotide annealing, gap filling, and PCR
amplification. The synthetic DNA was then fused, by PCR, to DNA
encoding the transmembrane and intracellular domains, amino acids
15 279 to 374, of hFcyRl (accession M21091). The resultant DNA
encoding the Protein G/hFcyRI chimeric protein was cloned into
pTE158 downstream of the CMV-MIE promoter, replacing the gene
~ encoding hFcyRl, to yield the plasmid pTE300 (FIG. 19).

20 A CHO K1 cell line adapted to grow in serum-free medium, RGC14,
was fransfected with pTE300, and after three days 400 pg/ml
G418 was added to the culture medium to select for stable
integration of pTE300. Two weeks after the start of selection, the
cells were stained with FITC-hFc to identify cells that expressed

25 hFcyRl. These 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 cells expressing hFcyRl|
was again isolated by flow cytometry. The cells were again

expanded, stained with FITC-hFc, and single cells expressing high
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culture medium by staining with FITC-conjugated anti-bovine IgG

F(ab’)z fragment (Jackson ImmunoResearch Laboratories, West

Grove, PA). One clone, RGC18 that stained positive with this

antibody was chosen for further characterization.

10

Isolation of expression clones in RGC18:

RGC18 cells (6 x10¢) were transfected with pTE209 and selected
for integration of the plasmid by growth in 400 pug/ml hygromycin

15 for 18 days. Hygromycin-resistant cells were incubated with 1
mg/ml rabbit 1gG for eighteen hours prior to staining with polyclonal
FITC-conjugated anti-human IgG (H+L) F (ab’),fragment. Cells were
stained for 1 hour then washed twice with PBS prior to analysis by
flow cytometry (FIG. 21). The most fluorescent cells (top 5%) were

20 isolated by single cell sorting and expanded for 3 weeks. Ten clones
were examined for 4SC622 secretion. All clones tested secreted
4SC622 at high level, and the best clone, RGC19, had a specific
productivity of 6.4 pg/cell day. This result demonstrated that
4S5C622-expressing cells were efficiently isolated from a

25 heterogeneous pool of cells derived from stable transfection of
RGC18 with pTE209 by the autologous secretion trap method.
Furthermore, these data clearly demonstrated that a fragment of

Protein G could be engineered to include a signal sequence and
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10m found to possess cell surface 4SC622 under these conditions in
10 which cross-feeding was blocked by rabbit IgG, suggesting
autologous display of 48C622 (FIG. 22). Rabbit IgG effectively
blocked binding of exogenous 4SC622 protein to RGC18 cells, but did
not block display of 48C622 on the cell surface of cells expressing
45C622. These data demonstrated that the properties of the
15 Protein G/hFcyRl chimeric protein were similar to those of hFcyRl as
a cell surface capture protein, and suggested that the autologous
secretion trap method can employ other proteins as cell surface

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

To demonstrate the ‘utility of the autologous secretion trap method
25 for the isolation of CHO cell lines that express recombinant
antibodies we cloned the DNA encoding variable light and variable
heavy genes from the KD5 hybridoma. KD5 is a hybridoma that
expresses a monoclonal antibody specific for the human Tie-2

receptor.
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109@2& () - kapaaltg)'(E&perst@[mmA(;eQUence (accession # Z37499) was
amplified from this cDNA by PCR using the primers 5 mCLK1
(237499)

10 (5-CGGGCTGATGCTGCACCAACTGTATCCATCTTC-3) and 3
mCLK1(Z37499)
(5-ACACTCTCCCCTGTTGAAGCTCTTGACAATGGG-3'). The mouse
IgG2a constant region DNA sequence (accession # AJ294738) was
also amplified from this cONA by PCR using the primers

15 5 mCH2a(AJ294738)
(6'-GCCAAAACAACAGCCCCATCGGTCTATCCAC-3') and 3’
mCH2a(AJ294738)
(5-TCATTTACCCGGAGTCCGGGAGAAGCTCTTAGTCG-3). The PCR
products were cloned into pCR2.1-TOPO using TOPO TA Cloning kit

20  (Invitrogen Life Technolgies, Carisbad, CA) and the sequence of the

constant regions were verified.

The KD5 variable region genes were amplified by RT-PCR from KD5
hybridoma mRNA and cloned into pCR2.1-TOPO using the heavy and

25 light chain variable region primer mixes from Amersham-Pharmacia
Biotech (Piscataway, NJ). The variable heavy chain gene was PCR
amplified using the pCR2.1-TOPO cloned variable region as template
with the primers 5 BspMI/KD5VH N- term
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5 gene PCR fragment amplified with the primers 5' Bsal/CH2a N- term
(5'-GAGAGGGTCTCACAGCCAAAACAACAGCCCCATCG-3') and 3’ Bsal/
CH2a C- term (5'-
GAGAGGGTCTCCGGCCGCTCATTTACCCGGAGTCCGGGAGAA-3). This
fragment was then ligated into the BspMI and Notl sites of pRG882.

10 The resulting plasmid, pTE317, was capable of expressing the KD5
recombinant heavy chain gene, fused to the mROR1 signal 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/KD5VL N- term (5'-

15 GAGAGCGTCTCATGCAGACATCCAGATGACCCAGTCTCCA-3') and 3’
BsmBI/KD5VL C- term (5'-
GAGAGCGTCTCACAGCCCGTTTTATTTCCAGCTTGGTCCC-3)), digested
with BsmBI and ligated to the Bsal-digested kappa constant light
gene PCR fragment amplified with the primers 5' Bsal/CLK N- term

20 (5’-GAGAGGGTCTCAGCTGATGCTGCACCAACTGTATCC-S’) and 3'
Bsal/CLK C- term (5'-
GAGAGGGTCTCAGGCCGCTCAACACTCTCCCCTGTTGAAGCTCTTGAC-
3’). This fragment was then ligated into the BspM! and Notl sites of
pRG882. The resulting plasmid, pTE316, was capable 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, encoding the KD5

heavy chain gene, was cloned into the EcoRI and Notl sites of
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5 and Notl sites of pRGQBS, a vector that confers resistance to

puromycin and allows expression of recombinant genes for the UbC

promoter, to yield plasmid pTE324.

RGC10 cells (5 x10°) were transfected with 3 pg pTE322 and 3 ng

10 pTE322 and selected for integration of the plasmids by growth in
F12 medium supplemented with 10% fetal calf serum with 20 ung
puromycin and 400 pg/ml hygromycin for 14 days. Expression of
hFcyRIl was induced by the addition of 1 ug/ml of doxycycline to the
culture medium for three days. Double-resistant cells were

15 incubated with 1 mg/ml rabbit IgG for eighteen hours prior to
staining with goat polyclonal FITC-conjugated anti-mouse IgG (Fcy) F
(ab’), fragment (Jackson ImmunoResearch Laboratories, West
Grove, PA). Cells were stained for 1 hour then washed twice with
PBS prior to analysis by flow cytometry. The most fluorescent cells

20 (top 5%) were isolated as a pool and expanded for 10 days, after
which the protocol was repeated but the top 1% most fluorescent
cells were isolated as a pool. This pool was expanded for 10 days
then the top 0.1% most fluorescent cells were isolated as single
cells into 96-well plates. Clones were analyzed by ELISA for

25 expression of antibody and seven clones were chosen from 53
clones analyzed. The average specific productivity of these clones
was 35 pg/cell/day and the best clone expressed the recombinant

KD5 monoclonal antibody at 54 pg/cell/day.

54



- 109Z& ()-+GLO9%&Z&' ()- )10%Z& ()- bC

102310%&'(%)-8‘ 109& ()-3""10%& ()-910%& ()- 10Z 10Z 10Z<109%&Z& ()->4dEbC 10Z
109& () - WDoRs)23 109&' () - 910%&' ()- Y3"109%&' () - 10%& ()- 4@,959%1208

10Z! >l f 2MB109%&' ()- 0 109&' ()- .109%&k' ()- , 109%& ()- 0%&

8 O RSB e b e o g
10=109%&' ( & . : : 0 )
OASE b AT S B RH H 44  anf 6 0

102! 10%&tHdsd™0 1o¥uinary) skilOii™#hé Jart that certain changes and

modifications may be made to the teachings of the invention without

5 departing from the spirit or scope of the appended claims.
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5 secreted protein of interest (POIl), comprising:

a) constructing a cell line transiently or stably expressing a cell
surface capture molecule, which binds the POI, by transfecting the
cell fine with a nucleic acid that encodes such cell surface capture

10 molecule;

b) transfecting said cell simultaneously or subsequently with a
second nucleic acid that encodes a POI wherein such POI is secreted:
15 ¢) detecting the surface-displayed POl by contacting the cells with

a detection molecule, which binds the POI;
d) isolating cells based on the detection molecule.

20 2. The method of claim 1 wherein the protein of interest is a

ligand, a soluble receptor protein, or a growth factor.

3. The method of claim 1 wherein the protein of interest is an
antibody, an Fab, a single chain antibody (ScFv), a fragment thereof

25 or anything fused to an antibody constant region.

4. The method of claim 2 wherein the growth factor is selected
from the group consisting of Interleukin (IL)-1, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-9, IL-10, IL-13, IL-15, IL-16, IL-17, IL-18, IL-21, Ciliary

30 Neurotrophic Factor (CNTF), erythropoietin, Vascular Endothelial
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5 5. The method of claim 3 wherein the antibody is selected from the
group consisting of IgM, 1gG, IgA, IgD or IgE, as well as various
subtypes of these.

6. The method of claim 1 wherein the nucleic acid that encodes a
10 POl is selected from a DNA library.

7. The method of claim 1 wherein the cell surface capture molecule

is a ligand-specific receptor, a receptor-specific ligand, an antibody-

binding protein, an antibody, an ScFv, a fragment thereof, anything
15 fused to a constant region of an antibody, and a peptide from a

phage display or peptide library and derivatives that bind the POI.

8. The method of claim 7 wherein the cell surface capture molecule
is Ang1, And2, VEGF, Tie1, Tie2, VEGFRI (Fit1), VEGFRII (Flk1),
20 CNTF, CNTFR-alpha, cytokine receptor components, fusions of two

or more cytokine receptor components, or any fragments thereof.

9. The method of claim 7 wherein the antibody binding protein is an
Fc receptor, anti-immunoglobulin antibodies, anti-immunoglobulin
25 ScFv, Protein A, Protein L, Protein G, Protein H or functional

fragments thereof.

10. The method of claim 7 further comprising adding a membrane

anchor to a protein such that it remains anchored in a cell
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S transmembrane anchor or a GPI link.

12. The method of claim 10 wherein the membrane anchor may be

native to the cell, recombinant, or synthetic.

10 13. The method of claim 7 wherein a signal sequence is added to
the amino terminus of a protein, such that the protein is
transported to the cell surface, and functions as a cell surface

capture molecule.

15 14. The method of claim 13 wherein the signal sequence may be

native to the cell, recombinant, or synthetic.

15. The method of claim 1 wherein the isolated cell in claim 1(d) is
an antibody producing cell fused to an immortalized cell.
20

16. The method of claim 15 wherein the antibody producing cell is a

B-cell or derivative thereof.

17. The method of claim 16 wherein the B-céll 'derivative is a

25 plasma cell, a hybridoma, a myeloma, or a recombinant cell.

18. The method of claim 1 wherein the detection molecule(s) are

two molecules that bind each other and are differentially labeled.
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5 20. The method of claim 1 wherein the diffusion 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.

21. A non-human organism containing a cell produced by the method
10 of claim 1.

22. A non-human organism containing a cell produced by the method
of claim 1 wherein the cell surface capture molecule is specific for

15 antibodies.

23. A method of detecting and isolating cells that produce any

secreted protein of interest (POIl), comprising:

20 a) constructing a cell line transiently or stably expressing a cell
surface capture molecule, which binds the POI, by transfecting the
cell line with a nucleic acid that encodes such cell surface capture

molecule;

25 b) detecting a cell from (a) that expresses said cell surface capture

molecule;

c) isolating and culturing the cell detected in (b);
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5 e) detecting the surface-displayed POl by contacting the cells with

a detection molecule, which binds the POI;
f) isolating cells based on the detection molecule.

10
24. The method of claim 23 wherein the protein of interest is a

ligand, a soluble receptor protein, or a growth factor.

25. The method of claim 23 wherein the protein of interest is an
15 antibody, an ScFv, a fragment thereof, or anything fused to an

antibody constant region.

26. The method of claim 24 wherein the growth factor is selected
from the group consisting of Interleukin (IL)-1, IL-2, IL-4, IL-5, IL-6,
20 IL-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, TGFB, TNF Receptor, fusion proteins,
and all approved therapies made in animal cells.
25
27. The method of claim 25 wherein the antibody is selected from
the group consisting of IgM, IgG, IgA, IgD or IgE, as well as various
subtypes of these.
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29. The method of claim 23 wherein the cell surface capture
molecule is a ligand-specific receptor, a receptor-specific ligand, an
antibody-binding protein, an antibody, an ScFv, a fragment there;of,
anything fused to a constant region of an antibody, and a peptide

from a phage display or peptide library and derivatives that bind the

PO

10

15

20

25

30. The method of claim 29 wherein the cell surface capture
molecule is Tiel, Tie2, VEGFRI (FIt1), VEGFRII (Flk1), cytokine
receptor components or fusions of two or more cytokine receptor

components

31. The method of claim 29 wherein the antibody binding protein is
an Fc receptors, anti-immunoglobulin antibodies, anti-immunoglobulin
ScFv, Protein A, Protein L, Protein G, Protein H or functional

fragments thereof.

32. The method of claim 29 further comprising adding a membrane
anchor to a protein such that it remains anchored in a cell
membrane, exposed to the outside of the cell, and functlons as a

cell surface capture molecule.

33. The method of claim 32 wherein the membrane anchor is a

transmembrane anchor or a GPI link.
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' 35. The method of claim 29 wherein a signal sequence is added to

5 the amino terminus of a protein, such that the protein is
transported to the cell surface, and functions as a cell surface

capture molecule.

36. The method of claim 35 wherein the signal sequence may be

10 native to the cell, recombinant, or synthetic.

37. The method of claim 23 wherein the isolated cell in (f) is an

antibody producing cell fused to an immortalized cell.

15 38. The method of claim 37 wherein the antibody producing cell is a

B-cell or derivative thereof.

39. The method of claim 38 wherein the B-cell derivative is a
plasma cell, a hybridoma, a myeloma, or a recombinant cell.

20
40. The method of claim 23 wherein the detection molecule(s) are

two molecules that bind each other and are differentially labeled.
41. The method of claim 23 wherein a blocking molecule which binds

25 the cell surface capture molecule is added to reduce the diffusion of

the POI from the expressing cell to a neighboring cell.
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5 43. A non-human organism containing a cell produced by the rhethod
of claim 23.

44. A non-human organism containing a cell produced by the method
10 of claim 23 wherein the cell surface capture molecule is specific for

antibodies.

45. A method of detecting and isolating cells that produce a POI,

comprising:
15
a) detecting a cell that expresses said cell surface capture molecule
in high yield;
b) isolating and culturing the cell detected in (a);
20

c) transfecting said cell in (b) with a nucleic acid that encodes a POI

wherein such POl is secreted:;

d) detecting the surface-displayed POI by contacting the cells with
25  a detection molecule which binds the POI:

e) isolating cells based on the detection molecule.

46. The method of claim 45 wherein the protein of interest is a

30 ligand, a soluble receptor protein, a growth factor, or an antibody.
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rowth Factor (VEGF), angiopoietin 1, angiopoietin 2, TNF,

Interferon-gamma, GM-CSF, and TGFB.

48. The method of claim 46 wherein the antibody is selected from
10  the group consisting of IgM, IgG, IgA, IgD or IgE, as well as various
subtypes of these.

49. The method of claim 45 wherein the nucleic acid that encodes a
POI is selected from a DNA library.

15
50. The method of claim 45 wherein the cell surface capture

molecule is a ligand-specific receptor, a receptor-specific ligand, or
an antibody binding protein. '

20 51. The method of claim 50 wherein the cell surface capture
molecule is Tiel, Tie2, VEGFRI (Fit1), VEGFRI (Flk1), cytokine
receptor components or fusions of two or more cytokine receptor

components.

25 52. The method of claim 50 wherein the antibody binding protein is
an Fc receptors, anti-immunoglobulin antibodies, anti-immunoglobulin
ScFv, Protein A, Protein L, Protein G, Protein H, or functional

fragments thereof.
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56. The method of claim 50 wherein a signal sequence is added to
the amino terminus of a protein, such that the protein is

transported to the cell surface, and functions as a cell surface

15 capture molecule.

57. The method of claim 56 wherein the signal sequence may be

native to the cell, recombinant, or synthetic.

20 58. The method of claim 45 wherein the isolated cell in (f) is an

antibody producing cell fused to an immortalized cell.

59. The method of claim 58 wherein the antibody producing cell is a
B-cell or derivative thereof.
25

60. The method of claim 59 wherein the B-cell derivative s a

plasma cell, a hybridoma, a myeloma, or a recombinant cell.
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63. The method of claim 45 wherein the diffusion of the POI from

the expressing cell to a neighboring cell and its adherence to that

10 cell is reduced by increasing the viscosity of the media.

64. A non-human organism containing a cell produced by the method

of claim 45.

15 65. A non-human organism containing a cell produced by the method
of claim 45 wherein the cell surface capture molecule is specific for

antibodies.

66. A method of detecting and isolating cells that produce high

20 levels of POI, comprising:

a) constructing a cell line expressing a cell surface capture
molecule, which binds the POI, by transfecting the cell line with a
nucleic acid that encodes such cell surface capture molecule:

25

b) detecting a cell from (a) that expresses said cell surface capture
molecule in high yield;
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67. The method of claim 66 wherein the protein of interest is a

10 ligand, a soluble receptor protein, a growth factor, or an antibody.

68. The method of claim 67 wherein the growth factor is selected
from the group consisting of Interleukin (IL)-1, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-9, IL-10, IL-13, IL-15, IL-16, IL-17, IL-18, IL-21, Ciliary

15  Neurotrophic Factor (CNTF), erythropoietin, Vascular Endothelial
Growth Factor (VEGF), angiopoietin 1, angiopoietin 2, TNF,
Interferon-gamma, GM-CSF, and TGF.

69. The method of claim 67 wherein the antibody is selected from
20 the group consisting of IgM, IgG, IgA, IgD or IgE, as well as various
subtypes of these.

70. The method of claim 66 wherein the nucleic acid that encodes a
POl is selected from a DNA library.

25
71. The method of claim 66 wherein the cell surface capture
molecule is a ligand-specific receptor, a receptor-specific ligand, or
an antibody binding protein.
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fragments thereof.

10
74. The method of claim 71 further comprising adding a membrane
anchor to a protein such that it remains anchored in a cell
membrane, exposed to the outside of the cell, and functions as a
cell surface capture molecule.

15

75. The method of claim 74 wherein the membrane anchor is a

transmembrane anchor or a GPI link.

76. The method of claim 74 wherein the membrane anchor may be

20 native to the cell, recombinant, or synthetic.

77. The method of claim 71 wherein a signal sequence is added to
the amino terminus of a protein, such that the protein is
transported to the cell surface, and functions as a cell surface

25 capture molecule.

78. The method of claim 77 wherein the signal sequence may be

native to the cell, recombinant, or synthetic.
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81. The method of claim 66 wherein the B-cell derivative is a

plasma cell, a hybridoma, a myeloma, or a recombinant cell.

10 82. The method of claim 66 wherein the detection molecule(s) are

two molecules that bind each other and are differentially labeled.

83. The method of claim 66 wherein a blocking molecule which binds
the cell surface capture molecule is added to reduce the diffusion of

15 the POI from the expressing cell to a neighboring cell.

84. The method of claim 66 wherein the diffusion of the POl from
the expressing cell to a neighboring cell and its adherence to that
cell is reduced by increasing the viscosity of the media.

20
85. A non-human organism containing a cell produced by the method

of claim 66.

86. A non-human organism containing a cell produced by the method
25 of claim 66 wherein the cell surface capture molecule is specific for
antibodies.
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