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CELL CULTURE This application is related to U.S. Serial-No. 60/528,929,
filed December I 1, 2003, and U.S. Serial No. 60/608,059, filed September
7, 52004, the disclosures of which are expressly incorporated b
reference herein. BAM@%&Q&@%@QMAL
FIELD [0001]The inverdani Xl L s detd-bi (e 57 ddBdtion of
cellular proteins of cammercial inferest, particylarly antibodies. The cell
10lines gf the INvERBoN ga%}gneﬁgﬁ#@gquaot%?c%ng‘?ﬁ%lﬁ s@cﬁg?s?o%gﬁ9a%1@d
regulabonesysien., QDURNG the eXRIeSSIAn AHE0SSCENCRIIHIUS iBGber 7,
peptides STPs%,and may be used as host cell lines for producing .
réconfiinantiSrOtE RS IHAR At Y 2P GHRTprSks i P akatadiBN Todrprsars herein.
inter alia, for the production of monoclonal antibody-producing hybridomas
from BUCKIGToSINIRES lyHEh oW ESEiFORACKGROUND OF TII,
RELATED ART RECOMBINANT PROTEIN PRODUCTION [0002]Genetic
enginéér{nid HdA&cBRBiflant DNA techniques 20provide the capacity to
produce desired proteins_in cultured cells, thereby permitting roduction of
proteiﬁ%ﬂ%{ previously avaifaBigsRigsertiaeminited.  msiiuspsicmthagsaduction
plasmireganiacfiysiomdnstdinmand-paiticiiay antikedies 0Ldeiaasks. The cell
specificity (monoclonal antibodies) can be obtained by protein production
irgcult@ﬁéél eellcHawsmivgous enghoewedlie toataiatvelysrtkentieegulatory

in. 031k cjty f ltured cell t duce
Egéerlo o%g%g%%%ﬁﬁg%ﬁh@&%?@% o o?!%%n%%cgﬁ%e—%g 8&%%3%% 1des (STPs)

st be matched with production of suffrcie
quantitiebrofiyheepredinstdde csblinel fiheptodineartrrecagnizad erdyeins
e . ) ‘ : : tside
"m'te?n’él%&ﬁgjﬁg{efﬂé‘ﬁ%%%? e S B aIn RrRakction putside,
screening for the

production of monoclonal antibody-producing hybridomas from antigen-

15 stimulated lymphocyte cells.

BACKGROUND OF THE RELATED ART

RECOMBINANT PROTEIN PRODUCTION
[0002}] Genetic engineering and recombinant DNA techniques

20 provide the capacity to produce desired protein's.in cultured cells, thereby
permitting production of proteins not previously available in useful quantities.
Erythropoietin, tissue plasminogen activator, insulin and particularly
antibodies of defined specificity (monoclonal antibodies) can be obtained by
protein production in cultured cells heterologous to those cells that natively

25  make the protein. ’

[0003] However, the capacity for a cultured cell to produce a
heterologous protein must be matched with production of sufficient quantities
of the protein to be useful. Hitherto, the art recognized only limited methods
for increasing heterologous protein production outside screening for the

30 serendipitous high producer; these methods, including cell type-specific

promoters, enhancers and other regulatory sequences acting genetically in cis,



WO 3@seredipitous high producer; these methods, including celPtypérsisedificl 742
promoters, enhancers and other regulatory sequences acting genetically
in cis, and combinations of certain cis-acting factors with their cognate

trans;a¢ iRgNSaHRIRDL feHYArs; efainedra- NighWegreeiPtognate rrans-acting
unpredictability in achieving useful production levels of heterologous

protéREUTHIE Y FapisUISINE PioblamderreRyBridorn céatiREs in achieving

prodyging inonocionak antibogi ' age ' in.
secreting n?onoclc?r?g g%ﬁ%%%%e?ﬁ%?ﬁ@%él?gﬁ%gg rﬁglglsﬁ}/nﬁsgg%gélﬁggla
the diffidutiesaiidhybpréclictadilityintidentifytgearparticldarcatitilzrdmeince the
at had sufficiently high antibody production levels to eful. [00041]
e SRR R s kbl
permitithe ceatediliuresie grtvsttosathapfbprigies ud bepeiiellsiiordo
(preferably) decreasing cell proliferation and dramatjcally increasing .
hete}é%@&&a@%ﬁ%ﬁaaeﬁ Hiah¢ gmy%@mﬁﬁmﬁﬂmﬁﬁmcdy
cellsproaid hencrpakiedbeaskrproducing high levels of the heterologous
protein, thereby maximizing the overall yield of the culture. 15Although

soméMliless in perfectingdAdi@nibmeeRAHIRMEWhH A HCUdiHEe made it
1 prokapvofigelln he fpgihedshag %%m?g%@%‘é@%ﬁ&&%g@@ﬁg&c}%@ﬁma of

when using eulcaryotie cells (which generally-are more a
hetcrsibgpumptotaincprothipliceaaasiogintdl piidifeakanyete dpanificcally

postiansiaional mosifiealians, secretian and otheh desirable propertics.
20[036(g]elaher§ |sif Us xneed in the Arn o |dentify methods’an reagen%n

for inonedsing hetdrologddbpreieitbiy oduatibrpio detis.giamicidasis of the
cukayyoatie cells includin bridoma cells that make mgnaclon
O SEHAAR ORI N GENFHICNG DEDBIBI HiE MibihfuLere.

| provigles seatenasaone Risdae EeasiRg hienlosnltSipI I the art

production in cultured eukaryotic, preferably mammalian, cells. The

invermfdReprEUtdEETde SRtsnAR Bbiedsibcepishira sRMéedivgh equal success
SenesgRnCAsiggRing BRRIdeS @ﬁﬁﬁ)éa?é&%?&%%%%{%g%é%r

increase heterologous protein production concomitantly. In preferred 30
embogivieneg exprastionwPSTREbydgithrdutm bivartdspyessiopecific post-

consiygts 5 OHGbln AL ie £eLbY contacting i sellyih.an ndcer
on S

which an expression rol efement that controls expression e 8TS
213 reqdpoasive. There is thus a need in the art to identify methods and

reagents for increasing heterologous protein production in cells, particularly

eukaryotic cells including hybridoma cells that make monoclonal antibodies.

SUMMARY OF THE INVENTION

25 [0006] This invention provides reagents and methods for

increasing heteroioéous protein production in cultured eukaryotic, preferably
mamunalian, cells. The mvention provides recombinant expression constructs
encoding senescence-triggering peptides (STPs) that inhibit cell proliferation
and increase heterologous protein production concomitantly. In preferred

30 embodiments expression of STPs by said recombinant expression constructs is
inducible in the cell by contacting the cell with an inducer to which an

expression control element that controls expression of the STS is responsive.
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wiN0,2096(028480PCIAJS2004/041742 [0007]In one aspect, t%@/@i{um 1041742
Invention provides cell lines comprising senescence-triggering peptides

(STPs), most particularly encoded by recombinant recombinant
expression constructs introduced into said cells. In certain embodiments,
the cdPfif@lis a fusion-panae csitivie theamAsSI FRIGHERY PROTIGEHRRI lines

Ao sheellcally pged AIDAITEN S 1he CRIMB AR Acoded

recombinant expression constract, ecombinant expression
constivctemrabtagecushnenoedes:$Tési dBasimseceisbiraed eogstégisionid cells.

construct also preferably contgins an.inducible transcription regulation

clemelt SOATHG LTS BRa o e e R aPalfpert for
190083 nipafiigutamenibagimeits thes call kpedisiaaly2/Peiilbd MausdiBients, the
cell myeloma (CRL-1581); a YB2/0 Rat B lymphoblast (Accession no.
CRL-T662)08 Raiaps 38 W%@Wﬁ%&%@ﬁ%t rem the

- (CRLIZZ M leknmaily mnheflash §Cika864431,2dnCONMRUSEPs. Each
myeloma (CRE- 151646); a Y3-Ag 1.2.3 Rat myeloma (No. CRL-1631); or

a P3XBEZINHBIEES Gy EISHRICEINTHRERIC PEfF Al BisehRa s Ahinfecible
Am?”ﬁ%ﬂﬂz%%&”@‘éﬁﬁ&@# cHoReManasaas ARSI NG the expression

fusion-partner cell lines for producing hybridoma. [0009]In certain
émbodifibats[iiee STPs comprise containing a 20 Cy motif In certain

Other (ﬁ{rﬁggfiments, the ISnTPeiS ﬁ%gérﬂé%rgsr%b%%gmn&g%@gstjaq}%mg%. a'%é‘i?@—?{gl 4

embodiments, the inventionpprow es a combination of S comprising
both ankytiie-Birdihgigetb@y (GERifs. [ERLOHVEL/OtRert Eripodilnéritst {ecession

invention provid comnpj ession constructs containin

celoctiBle Ko A e SO AR Gt S ARBAyae 9 loma (CRL-
polyadegniation SioPRinThe {rgps iR i aserimiemegutationalemeniiand. (CRL-
polyadenylation site are positioned in operable grientation to the ST

STP t
BE expred8bd: Miceal é%@d%@?ﬁ&%@ﬂwdg%‘elﬁ%\@éd?ﬁﬁigﬁx“‘ngg‘“3
regulafion. RIEMED GRRIANR AN SYABoHARMFBhPIRERISEABSh Type Culture

functional operator sequences such as bacterial lac repressor 30operator.
WO 2008/lee8ag0HaTsss200ADan pier suitable fusion-partner cell lines for

producing hybridoma.
[0G09] In certain embodiments, the STPs comprise containing a
20  Cy motif. In certain other embodiments, the STPs comprise an ankyrin-
binding motif. Tn further embodiments, the invention provides a combination
of STPs comprising both ankyrin-binding and Cy motifs.
[0010] In yet other embodiments, the invention provides
recombinant expression constructs containing a selectable marker, and a
25  multiple cloning site flanked by a polyadenylation signal. The inducible
transcription regulation element and polyadenylation site are positioned in
operable orientation to the STP to be expressed. In certain embodiments, the
inducible transcription regulation element contains an SV40 or similar viral
promoter and functional operator sequences such as bacterial lac repressor

30  operator.



[0011]Another aspect of the present invent_ion provides a method of -
aglusiaga hydridoma cell comprising fusing a cell of the hydrldom

W(fuglgtj)ér}l an%tner cell line with a murine spleen cell. [0012]The invention tig+1742
provides methods for increasing 5 heterologous protein production, _
particulgtyamonoclonal agiisady siadushian n & ybridamea, by SXRIessing: o
STPs |n said cells. [00131Specific preferred. embodlments of'the prese
inventiShRAABEESAd elidentarasth %ﬁuﬂmlﬁ@mﬁecdét@f Ié?d: &ieéudpumn
of certaBreferied EPRHITANS AIEHDS SN 10 BRIEF
DESCRIPTﬁeOg)N OF THE DRAWINGS qu FIGURE 1is a diagram
showindélp53 and Rb PegrHmypsiens mwm@wﬁwﬁc@r increasing
[0615]RikIRE s @ Hiagranueiibe Ba}ac%@éﬁ%éeﬁgéﬂﬁﬂﬂgnﬁ%%@%%ﬁuctlon

following induction of senescence- trﬁgerlng péptides (STPs), and
FIGURE 8% drigraky srarreasmbirarinarisiesdion construct (LNICEX) of

the invgmi@] having a meiipig W&Q@ﬁ'@rﬁ%@@eﬁ&d&i@fﬂglﬁ@é{n invention
promoter, [0016]FIGURE 3 is a %%am of the enhanced production of

secreté”&% QB AdFtEy fP@rifP OBt CanE b RO ERin

STPs. 2R {6047 nGIREA isaidiageam,ef the enhanced production of
secreted alkaline phosphatase from Chlnese hamster ovary cells following

|q(buct|%w§'ﬂ° y owing the process of

di
producmg atan i S OEPAIED-BESCRIPTION 017
PREFHERED] EM BODIMENGSRE 1 is a diagram showing the p53 and Rb pathways

that mediate senescence.

[0015] FIGURE 2 is a diagram of the time course for blocking
cell growth following induction of senescence-triggering peptides (STPs), and
15 FIGURE 6 is a diagram of a recombinant expression construct (LNtCtX) of

the invention, having a multiple cloning site (MCS) and regulatory promoter.

[0016] FIGURE 3 is a diagram of the enhanced production of
secreted monoclonal antibody from hybridoma cells following induction of
STPs.

20 [0017] FIGURE 4 is a diagram of the enhanced production of
secreted alkaline phosphatase from Chinese hamster ovary cells following
induction of STPs.

{OQI 8] FIGURE 5 is a diagram showing the process of producing

monoclonal antibodies.

25 DETAILED DESCRIPTION OF PREFERED EMBODIMENTS

[0019] The present invention relates to cell lines useful for

producing proteins and peptides, particularly heterologous proteins and
~ peptides. As used herein, the term “heterologous” is intended to mean a
protein not natively made in the cell or encoded in the native chromosomal
30  DNA thereof. Specifically, the term is intended to mean a protein encoded by

an exogenous recombinant expression construct introduced into the cell. The
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et S oeptides, parieuiarly hterclogous poteins and paotiL
used herein, the term "heterologous" is intended to mean a protein not

natively made in the cell or encoded in the native chromosomal 30 DNA
thereofcSpacificaliniandedrin iniondetiydssiva pfotahverdodebabsilamly by a

a0 R T R PR IR 8 Vi o
encompassopracedtion whermppagicatl esdlibocdyhbpatingbidomwa cethe art. Tn

produced_hy fusion of an antibody-producing cell with yeloma cell. or .

Ot AT T B HeB o Bt KA IR (78 ST RS & eplcative o a
ensbodpreiisti secthrelhlinascban heisvistedifteln & pisatve 0saii%iosed
productive state in which protein biosynthesis is extended. As disclosed

herein, "SRG SHOBUATS Rakhis ABtERE BERESESRP SRA2IR pheRsflgred
embodimeatstheesthing isimbybrdemadssiialing [3020]Senescence is
defined as the permanent halt in cellular division. Campisi, 2000, In Vivo

14: 183%28kplicative or cetfasergatndaiapasvhs ppsasisibht in cellular
proposgq;; - ' t Julak teyel : IS.200..
aiok TOaE: o ol aado L g Bt R e b

Ebth. CednRensnRs v6850624rveed povpakdealisanecskedlidtly cgiltgretiitheyllular

typicall dergodgounds of cell diyisi dyri owth, byt as they in
cuttre 0 I e SR S BT G Gon s D17
differeridxdinchdd Masishesdyrogfaningd Cell death? andsseagsceneelsiormal
are actulfll% resistant to Iﬁéo%r@med cell dﬁath. Indeed, some sengscent

cells h&TE HE&T AT iR thEPhbAIRAthYStste 3dPURTaRg SdliArgisions
years. Sty &Benpiradmitthel096 PeianeeeARs B8y 1okhese @%'&ﬁsﬁto divide.
very much aljive and metabolically active, but they do not divide. This

2bhondiidiRgeatRcRaE Fediigntito BaneBlesision ByogryBarsrel death, and
chemical Qlodirakagent AL dhisiBiags LI E&%Jg?&f}ﬁh’é'ﬁi%@ﬂih%&.b?ﬁ@eed, some

shown by gene expression that the cells have undergone global changes
compaPEHcEs ehbselbst ineh Yermpmineine npaths i Menditadanskipte for as long as

betwe e g g pressi ellular senescenc not )
g e e L e e S
the charggscaisaisermstentetol whéthatisenbacehee desubtsdivifie This

changes in.gene expression. Gene expression changes that could. |
po@entigﬁi}?rg/ Uce Se&)%%sigsnr‘ggq %ﬁ)ﬁ@ogorgﬁr‘&%ﬁs %f?ge}?ﬁ’gar‘a%ﬁllg’logwal’
inducinghtransdriptioirideiesst. DXL stage of terminal nondivision, it has been

shown by gene expression that the cells have undergone global changes

: ?(}&§/041742

compared to those of their younger counterparts. The relationship betweeﬁ
the changes in gene expression and cellular senescence has not been

25 defiitively established, and it is not known whether any or all of the changes
cause senescence or whether senescence results in the changes in gene
expression. Gene expression changes that could potentially induce senescence
include a repression of cell-growth- inducing transcription factors. Dimri &
Campisi, 1994, Exp. Cell Res. 212: 132-40. However, along with this

30  repression of growth inducers is an activation of the cell cycle inhibitors, p21

and p16, which are more likely the genes that act to induce cell senescence



Campisi, 1994, Exp. Cell Res. 212: 132-40. However, along with this
WRaPapPeEEIBN of growth inducers is an activation of the cell cy € TiHH3RO+E+1742

p21 and p16, which are more likely the genes that act to induce cell

senescence and in fact are the end products of genetic programs that

lead cglisitpfaeneecaRcen PPt BeelasBifto:P8as Ithal 0OR1AIWa0
separate pathways mediate premature senescence (FIGURE 1).

Expresaipi el b Sidisspss BnrtiRb e détivated by cvarious
stimuljpiglyding te'omer"?éﬁ%%é?}% #WM{%QEW%n@%llce

pl42 expression (which in turn results from oricogene activation).
Incred§édgB3ienprBspicnssanseiscalpdar gupisieient fouriddR growectnesy by
Eg(prgéasﬁ%rﬁg fs@rzn%lfp Q{P#LE%S ?&ghosc%pﬁ%}ga“s no?tfe%b f?@e"ﬁ(a%eﬁ')]lbr%gséf DNA damage,
résulting’in repression o activi y%ﬁa promote’s senescence.

Expressiop] ¢f T0eieteddds ifcheséd ydetenieré-indeprngent sigiedsion).

such as MAP kingses. Other stimuli that indyce (or inhjbit repression of
Siema iy GBS B SO R TR TR Bl

Rb phesphekyétienyithati@ndatdasuaioniohseNRSCRMGRy members, resulting

[0022]Attempts to induce senescence by activating only one of 15these

pathwiySPEvE feRfdeire saHs ThstmERPISr B ARISTATSEN duiiesion of
Rpressiprkefl R 16 AOREBS RESH SRONAISRRAUEEAIRYEIRNIE MAP kinases.

phenotype similar to senescence (termed quiescence in th&&rt for
distindtithey fSilmwinthatindysie @reshibimepsessiorodppMolec. TelnBidhily

2 ST S I, SRS S B o

and begth pticlifésatinglici a0 dapaciteresare three potential reasons for

O 8o o RO e ol v PR, e o

haltedisysdipagisvalp ha-hegridedteeenlnsaasidh ¢St Yon 1oy & feervedll culture.

eukaryotic promoter. 25100231 Turning to the other possibilities, one of

skill inBkergsgion of p16 alone has been shown to produce a reversible phenotype
similar to senescence (termed quiescence in the art for distinction) following
cell cycle arrest. Dimuri ef al., 2000, Molec. Cell Biol. 20: 273-85; Uhrbom et
al., 1997, Oncogene 15: 505-14; Vlach et al., 1996, EMBO J. 15: 6595-604.

20 These cells overcome cell cycle arrest and begin proliferating in 7-10 days.
There are three potential reasons for this reversal of cell cycle inhibition; 1)
the cells have stopped producing p16, 2) p16 is inactivated, 3) p16 is
degraded. Itis unlikely that the cells halted synthesis of p16 because its
expression is driven by a powerful eukaryotic promoter.

25 [0023] * Turning to the other possibilities, one of skill in the art
will appreciate that the INK4 family of CKls includes four structural proteins
(pl5, pl6, pl18, and p19), each of which contains four ankyrin repeats. Hirai
et al., 1995, Molec. Cell Biol. 15:2672-81. INK4 proteins bind to
monomeric CDK4/6 subunits through these ankyrin repeat motifs (Sheaff &

30  Roberts, 1995, Curr Biol. 5: 28-31; Serrano et al., 1993, Nature 366: 704-7;
Kamb, 1994, Cold Spring Harb. Symp. Quant. Biol. 59: 39-47) as shown in
TABLE 1, preventing their association with D-type cyclins, and INK4

6



wiylh apRReiate that the INK4 family of CKis includes four structpral o a0./041742
proteins (p15, p16, p18, and p19), each of which contains four ankyrin
repeats. Hirai et al., 1995, Malec. Cell Biol. 15: 2672-81. INK4 proteins

bind to monomeric CDK4/6 subunits throgh these anIC)I/ém repeat motifs
(Sheaff' 'SR Gbw & BILDI- wiority 28 3lndidnd et-4 cCamgdexes. Hirai ef

Nature, ?_?695943102&“@5’ #9941, CﬁdmnngQm‘zlﬁz 134npq Qyang Biol. 11:

59: 39-47) as shown in TABLE |, preventing their association with D-typ

cycling)ahd 3 I\Fl?\dl%oq}@ﬁeh@@ﬁ@e asianibn e astiviejeshts DB 46CDK4
compl rai 1. lle.et

compey 1y R RO Bl e oy
elévat@rthmmlsehem éﬁaEM&swﬁ@B&ﬁzmmmﬁewﬂeﬂylwml rmikimp&@zi , 1993,

Coll cull i BN o 1995 BONEL Bavalon 7B LA3% DUGHPR a1 1355-71.

1993, Genes Develop. 7: 1559-71. TABLE I Ankyrln repeat motifs
ANKYRIN 1l REGION 10 P16 R %&A GFLDTLVWLHRAP19S
PVHDAARTGELDTL KVLVE1-1. 1%% v AR KRR BT LLEZ P

15 IR PITHDAAREGFLDTLVVLHRA (w equence
g identified by SEQ ID NO. 22; pﬂ,géLS ﬂ? E:ﬁ%g N d by
Q IID NO. 23; p18 Ankyrin se ce e 4,
and p15 Ankyrin sequence is ide ) LEF
consensus Ankyrin sequence is: -
Ala-Arg-Xaa-Gly-Phe-Leu-Asp- Thr%eua@:gg? %eu EVI{TBR%) 20

[0024]Expression of p21 alone produces a more stable senescence-like
phenotype than expression of p1.6 alone (Chang et al., 1999, Oncogene

18: 4868heNdhe Bt G nkoos) ES@ileneh wéexﬂfiecbbya?%we\)gp 22;p19
resgionse [ &szﬁ‘ﬁ OWAf Iﬁﬁ#@ de

:ll)r(ﬁllar to ap(ﬁ%giéﬁrgs%?g%? %999 Jg%?rgﬁib%§j4gg§5 9'%3 p21has %%&uence '

two furgdorEeddnaRs) B N@sRdnahEDIS b’imméql@ﬁnamﬁadxamﬁzgl by SEQ

termin at-ass t

polymaiaet Sett Fore o ot i Nt koo Asv-ate-
91: 86390 AarKsetal; 1995 ed- ﬁhpr’ﬂ‘hﬂhencﬂ\a]ﬁxzsléﬂ (Wﬂgd]BtNO. 5)
1994, Nature 369: 574-8. It has been proposed. that the N-terminal region
including 30 the cyclin binding Cy motif of the CIP/KIP family of CDK
idoibitaesoitaien et at, 1996« peleforCeln 13i0Ind 6r dE1ESR ) nsar: intRCt

with the cyclins independently of CDK2. The cyclin-binding motifs of p21

are rediiREECRAICAHE G RATRIGHPRUEEH SrEgesiveeie G ke (Fhwms ghal. 1999,
for groyh-5epREESEIaR (8-iYONOEZ 21BIoCking g Juraoyer of thase 9o.-g),

proteins using an inhibitor
however, expression of p21 leads to mitotic catastrophe, a slow form of cell

death similar to apoptosis. Tsao et al., 1999, J. Virol. 73: 4983-90. p21 has

N]
th

two functional domains, an N-terminal CDK binding region, and a carboxy-
terminal region that associates with PCNA, a processing factor for DNA
polymerase delta. Flores-Rozas ef al., 1994, Proc. Natl. Acad. Sci. USA 91:
8655-9; Harris et al., 1995, J. Clin. Immunol. 15:232-41; Waga et al., 1994,
Nature 369: 574-8. 1t has been proposed that the N-terminal region including
30 ° the cyclin binding Cy motif of the CIP/KIP family of CDK inhibitors (Chen et
al., 1996, Molec. Cell Biol. 16: 4673-82) can interact with the cyclins
independently of CDK2. The cyclin-binding motifs of p21 are required for

7



woahtheasbiguitin-targteing proteosome, M0132 (Hunt eta]., 1999@@@@66&;041742
5Biophys. Acta 1444: 315-25) sustains the levels of IN1C4 protein thereby
enhancing the cell cycle arrest produced by premature senescence.

[00261 Alternatively it is contest d}@é ments. of Cip/Ki d INK
protes G T O e AR it vy
beinguefractoon tin proteasome degradation. 10[0027]An alternative

appr expressing hill-length.cDNA of p16_and p21 is to express . ..
fragr:igﬁ?sf’tgf these gen 13‘?&3 t}f‘?éBHb%V{-%eoﬁlffgﬁﬁ‘(’jgao&?’a‘éd’;%{&&tf]dhlﬁ@bmf
ubiquitirhiargedngi arinattivation Ry HReINDICH IO EBHGERIES oF O J98LARES /i,

the cyclin binding motif Cy motif of the CIP/TCP family of CDK inhibitors
éi:he% ey 1956 Mistde Euit Bisustgingghe leyplse sl érare i@ iseeby

CyC'i%ﬁ%%ﬁ@ﬁ%@&l%ﬁ%‘%@ﬁ?ﬂ&&@éﬁiﬁ o MatFOI Rl AR,

required for the optimal inhibition of cyclin-CDK'Icinases in vitro and for
growlf & fppression in viddicPeptidds, dbiraieimestadyhnb e gsrmitad HCip/Kip and
C-termi if. ially. inhibi lin- kin ivity in vitro .

o L B A A B S DA o
N tertnimsgf Cc2EAtHatisoseparate degnadhaaatalytic domain. Saha et

l., 19 olec. Cell Bigl. 17; 4338-45. Mutations in this motif disrupt the
o o Cacos b SR o B A I SRB R T A GGG DNA of
and sglectivelyinterferedsithtiie sephesphaiyitiomet exstimEyGERItRe Ahe

peptide hased on the Cy motif of sequence of p21 competitively disrupts

the ab&5ERABH OF ¢egeadni b e yliAEBICY gFingbigactivation by binding of
dephespharytation of theddnase. ﬁ@&ﬁ&k@@i&ﬂﬁ%ﬁﬁﬁ%@ﬁ%@ofme CIP/KIP

association and dephosphorylation of CD1(2. Conversely, Cdc25A

assodiataL &yl W@%F@Mbmé’étélit 1090 idtiition BslhBip/CA629A73-82)
|so prot ication:| r ominhibiton,by .. .

T T T o € R DHding

complexass Jhe2Cyumotdseeddocthis dptinthinmhanyi pnot€iogciivaliel ikinases in

cell cyclg da¥1 ics 2%/\f{ 2006/028480PCT/US2004/041742 and th

esod Al EcTon 5 TPB RS Atk AEh BT i oy e -

Cy muifnAnlaligOmentohCy ot iepresening AhTAI 3R TARLENase
Y mgcgl‘cfgnct:yr?r? g’gtro and DNA replication in Xenopus egg extracts. A Cy motifis
20 found near the N terminus of Cdc25A that is separate from the catalytic
domain. Saha et al., 1997, Molec. Cell Biol. 17: 4338-45. Mutations in this
motif disrupt the association of Cdc25A with cyclin E- or cyclin A-CDK2 in
vitro and in vivo and selectively interfere with the dephosphorylation of cyclin
E-CDK2. A peptide based on the Cy motif of sequence of p21 competitively
25 disrupts the assecier’tion of Cdc25A with cyclin-CDKs and inhibits
dephosphorylation of the kinase. p21 inhibits Cdc25A-cyclin-CDK?2
association and dephosphorylation of CDK2. Conversely, Cdc25A associates
with cyclin-CDXK and protects it from inhibition by p21. Cdc25A also
protects DINA replication in Xenopus egg extracts from inhibition by p21.
30 Thus, cdc25A and p21 compete for binding with cyclin-CDK complexes. The

Cy motif sequence is found in many proteins involved in cell cycle dynamics,



wo 1063b2ERH2KR K LDL E2F3KRRLEL 007K R R LFG p120KR &rlaksYoo4/041742
CO08BGRRLVFWWIPRNLt SCdc,25aP RR.LL1:57CR SLFGR
N17 G 021044fl R RLFG p21(C)K R R LF HPV1 51K R RLFT 8S0CKS ti)
LKK 8 SSoC 5 02 b36 dorte LKL herein.the
EoF GRS AR by SR BB Lo ) PR i1 bart, by
identifiedPySER hNBu#nthe mwm p’;‘rd&ﬁ[tﬁﬂeﬁ PRBEQ 1D NO.
8; the p107 Cy motif is identified by SEQ ID NO. 9; the p130 Cy moitif is
identified by SEQ ID NO. 10; the Cdc6 Cy motif is identified by SEQ ID
NO. 11; the Mytl Cy motif is identified yg1FEQ D N2, the Cdc25a Cy
motif is |dent|f|ed by SEQ ID NO. 13; the p57 Cy motif is identified by
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(wherein the E2F1 Cy motif is identified by SEQ ID NO. 6; the E2F2 Cy
motif is identified by SEQ ID NO. 7; the E2F3 Cy motif is identified by SEQ
ID NO. 8; the p107 Cy motifis identified by SEQ ID NO. 9; the p130 Cy
motif is identified by SEQ ID NO. 10; the Cdc6 Cy motif is identified by SEQ
ID NO. 11; the Mytl Cy motif is identified by SEQ ID NO. 12; the Cdc25a
Cy motif is identified by SEQ ID NO. 13; the p57 Cy motif is identified by
SEQ ID NO. 14; the p27 Cy motif is identified by SEQ ID NO. 15; the p21(N)
Cy motif is identified by SEQ ID NO. 16; the p21(C) Cy motif is identified by
SEQ ID NO. 17; the HPV18 E1 Cy motif is identified by SEQ ID NO. 18; the.
S8eCKS(1) Cy motif is identified by SEQ ID NO. 19; the SSeCKS (2) Cy
motif is identified by SEQ ID NO. 20; and the b3-endonexin Cy motif is
identified by SEQ ID NO. 21). The consensus Cy motif is identified as:
(Lys/Arg)-Xaa-Leu. |

[06028] A consensus DNA sequence of senescence-triggering
ankyrin repeat similar to the region of p16 (amino acids 1-60), and similar to
the Cy motif of p21 (amino acids 1-81), were separately cloned into nucleic

acid encoding an alpha helix produced by amino acids 1-40 of the Escherichia

9



wo 3R&ER4P NO. 14; the p27 Cy motif is identified by SEQ ID Nﬁ/ﬂﬁmﬂmumz
p21(N) Cy motif is identified by SEQ ID NO. 16; the p21(C) Cy motif is
identified by SEQ ID NO. 17; the HPV18 El Cy motif is identified by SEQ

ID NO, .18; SSeCKS(1) Cy motif is identified I 19: the

SSoCL &) TP KRR wySEah Mo i f Dot et .
b3-enginexFBSY. potis 1 3pidentifiee Py SEQNDLIR1 heliheseqnaensuaCyn turn,
motif is identified as: (LysiArg)-Xaa.-1,eu, [0028]A consensus.D

NA
seqeMReITNER Ad SO S FRAGERRE AR T8 SR ACSFHRG. 5 HAECFR S0 -
P16 (Aming8cidsi 4o ard simiRr nAQthe Gy matifl bRbIamin®agidsline-

1-81), were Separately cloned into nucleic acid encoding an alpha helix

@rod@de@ib%mmd@mﬂwgswﬁmaf%dmﬂzY%@@&ﬁ%aﬁwmaﬁﬁs
pro@;%@&f&%‘&ﬁ& Qﬂ%gl%c%&?ﬁ%@el@@&gﬁ&%&%ﬁﬁ%ﬁ%cﬁ&%%l filsphate-

379: his pepti p iX sequence was, in barn, cloned into'a
retrovithriegdechingneexprddsiorr cdndi?dst WhersiWeve/GmP-nBoding. After
nucleic acid wa r ranscriptional control of xy-cyclines .

D SR OREL IR oA ot Aoy e g ot enient marker
stornatiisinifahBNAoirte vl grackaplbgqels (BAG Ldivegtiond], dAIeRIMz. J.

hosphate- utilizing techniques. Baldin_et al., 1993, lop. 7:
e e o e T Bl i,
convenietMakak mretsirpRlasmineaeR-Acky R IaR oLl (RA-dpkarifio the

etal., 1998, Int, J. 10Cancer 77: 620-5; Wile-man etal., 2000, Br. J. _
Ophterllinsites medin) Tedie REPBUHRHRPET PSRRI SR RIckIFByvas induced

e TR P e medi
stablE dbrivatiyendfitdtracyelineiolhfortiomediandroiivgingyisdustion, edls, was
gten R Mee el W RORIn B SRR
as 30 rye(FiG URRGR) 00294 Ge (BRGERE H)ffers from other forms of
growt[fd(?zrﬁst, such Senescence differs from other forms of growth arrest, such
as quiescence, in two important ways. First, senescence in somatic cells is
thought to be irreﬁfersible, and it tﬁerefore represents a specialized form of

20 terminal differentiation. Second, it encompasses certain phenotypic
alterations such as charaéteristic morphological changes and the expression of
senescence-associated-S-galactosidase (SA-(-Gal) activity. Recently,
senescence has been shown to correlate with the establishment of an unusual
form of heterochromatin that is present in discrete nuclear foci (called SA-

25  heterochromatic foci (SAHF)). (Dimuri et al., 2000, Molec. Cell Biol. 20:
273-85). In aggregate, these data suggest that senescence results from the
durable repression of promoters associated with growth. This repression is
enforced by the construction of stable heterochromatin-like complexes, the
formation of which is directed in part by hypophosphorylated Rb.

30 [0030] The onset of premature senescence was observed by
staining cells for SA-B-gal activity. Dimri et al., 1995, Proc. Natl. Acad.
Sci. USA 92: 9363-7. Cells maintained this phenotype for thirty days. Cells

10



as quiescence, in two important ways. First, senescence in somatic cells

wo'Sollauglyto be irreversible, and it therefore represents a spegializash Qi 742
of 70terminal differentiation. Second, it encompasses certain phenotypic
alterations such as characteristic morphological changes and the
expressign;of SeRRsGencs AIsRiated Brarlastosidase {5A«(3 3l gal and
activity. Recently, senescence has been shown to correlate with the

establiSRR¥SRCGT BRCBADSTAPRIHE I hetEFo¥HPorTdm AR & Hrseds THI

discrete,pusjaat fackicalled SAr2adketetvehramatistac (SAE IFReéri
et al., 2000, Alolec. Cell Not 20: 273-85), In Q%&regate, these data su %sl%h

that SCHBSEERES RS HSHBH e R oo SPBIOTO (ool
associgiesbnath grayyiheldns sarassisin s @nior cecbbyitns Tahst vksion of

stable heterochromatin-like complexes, the fog, !nation ich is direct

o e Mo O BRSBTS B b Wfagapan el
senescenae:wascahsefveddy stininghcalls fohSK-fdalactiviigh Rimrieten at
al., 1995, Proc. Natl. ? Sc!l. USA 92: QG%QBBzié.ng%%ngiQ% 5?1%9rctih&sm .
phenof§is8 %??Fﬁﬁ?ﬁgég‘. GRS RN SRt f

empty retroviral vector was
infectechatith pdtaxpreds SAs(Spdlanc dispthyed-aphenbtypl identicalctmed

cells with STPs that were treated with doxycyline..Cells exposed.ta . .

By R BT S e S e B RS S PR o inducea
SA-0-galthctivity;véilhcharhoteristidS GESGLihtethedthr S tilfe senededmmde TPs
phenotype (Campisi, 2000, In Vivg 14: 183-8) owninfIGURE 3. The
amoun%%?éﬁﬁ&%g%nﬁgﬁﬁggcf tsfl Cleélggal%srg%%}% cel cﬁltu’reg1 ar °
supernatants:éronbeaisdwitty hadostithioss indudarg\Whilh aéreyirodemagells

each time-point I ' ined from a standard curve
eSO B SRR

ranging 0 ' secreted PM-protein levels were
incread88310by as much kszBoufislg alter & dwpssepPaafturashngs reghecthpoells

cells NoLIBgyg e it ARXXRYIInG @3 SHOWOR BV BN fr Tgsg rshlifanure

indicate that STPs induce long-term premature senescence in mammalian
cells. Sipnitararssuisscrravdi e maptanie PipdaErceian B sHNmERe Creature

and hybrifoma; cells Pradueed romBRAAMASE IVEINPRIEEHS the expression

15[0031]In growing cultures, senescence must occur after the cells reach
an optifidhasridis Feig o repratoe s6 AN PrEpEP R eF Brehtatifiely this

S%GSCFéE;Gﬁ*é%ﬁﬁéeaﬂt@Mm&WPQH%@ﬁeﬂf@é@@yﬁl&ﬁiﬂgaﬁﬁ@eveloped.
premature senescent state. This proper timing can be achieved by placing

the exprassiaiFidr the/s TS uRGer BrerbSRatoPror Jis ineR ERSIE Bromdties or

To satigfy thisr2seguiremeant dadei gxikahyecioewith a nesdifiee: Tt the
system was developed. Bucciarelli at at, 2003, U.S. Patent No. 6,635,448;

see FIGURE Era¥iste CarHEpedsdmsi¥tem used must prevent

expression of the STPs until the culture grows to optimum cell density. 25

CELL LINES
25  CELL LINES

[0032] . In certain embodiments, the cell lines of the present
invention arrest of cell division by conditionally expressing known blockers of
the cell cycle. The stable introduction of the full-length coding regions of cell
cycle inhibitor genes or fragments of such genes undet control of inducible

30  promoters not only stopped cell division, but induced differentiation to a
senescence-like state. As observed for these cell lines, senescence was

characterized by an increase in cell volume, a flattened morphology, and

11



wi99RRlo4R.g6rtain embodiments, the cell lines of the present invention, 004041742
arrest of cell division by conditionally expressing known blockers of the

cell cycle. The stable introduction of the full-length coding, regions of cell.
cycle inhibitorqgenes_or fragments of such genes under control of inducible

30 profbtarshat IR stoppedceliwilisit bt mifnasy Bitepentrarbiyeocanlso
senesganeailise S'ais AR QDSRMBAIRNDAR Fal UNES SENESCaRIE VA pi,

characterized by an increase in cell volume, a flattened morphology, and
incredses Yot {AttnasinButiccdlm baslaadoriger lifeppdmenthaeieegers cell

alsos iall .resistant to environmental stresses, such as .
e R R B R e

lowered pH, ors, dsmiotid cihanges and o
that trigafeis el geatlcdn gmliteiatin g frapuatibprdikiaiconsequineeof As a

this phenotypic Sstability, higher concentratjons of secreted products were
e i G L A S e et
circurmvectestdliscipsadehersihalemasmr)atianeplls (ReledithERiee SR ary
hamstggri%{ﬁgéfHo cells and cell lines commonly used as fusion

partnd BAGhS B B REOMRORE 81586 EngrieBremessprasating
cell CygleiRiLRr a1 AARCO880 DY 1eGamPINARL SX R B RICN SORSHNGS L)

the invention, that switch the cells from a replicative to a protein producing
bematpadssras sepristaiieate et SRENSRifststsing. tHBOB3ntoeTdimt switch
embog{gwgéﬁg, cells at th ion of monoclonal

antibody deve op?r%eng gg[?ﬁg?%% a% c% é}rlal r{gijlt%na 15 an %%Sys cnescent state
produggomedaiRbeShifbkdeddininducing the RP Shift at the manufacturing

stage jnvention is useful in that it allows federal requlatory validation .
conc&@rﬁvith the initialii?l\?eeé%é%t?%&%oé?%?gﬁg&?i\98??%@:5%? fid $h iy, fusion
[0034}fasiar pavtioet aedl inedoshicheas]SRAM aasiNS eARABLE 203b @fal
f gineered to contain the STPs under the control of the RP_Shift

d | I
quIEORY QPRI RAYHILR WS s Rl e f R iR R Ih Rl cé e
using standacdybridama teghnglegigs familianioiang.ski 'ﬁ?’o@é'&*@c}%&l

The resulting hybridoma cells are screened for production of monoclonal
antibd@Bd iy 1 Bidateracergetea bntigehoinifieldsy eatig i caffeet the

25antigipatedblologicalfungtion. After a primary determination of any
cohort of hybridoma fusion clones to identify monoclonal antibodies (mAb)

having#diesired immutiokigicabspecificityirmsiditychrastiB2 flinatioNsll (TABLE

spres e LS S pol s e ot gt

encodeglyithe system. These cells are then fused with mouse spleen cells using
standard hybridoma technologies familiar to one skilled in the art. The
resulting hybridoma cells are screened for production of monoclonal
antibodies that 1) bind to a targeted antigen of interest, and 2) affect the

25  anticipated biological function. After a primary determination of any cohort
of hybridoma fusion clones to identify monoclonal antibodies (mAb) having
the desired immunological specificity, avidity or other functional property, the
RP Shift can be used to producé sufficient quantities of mADb for further
mvestigation and commercialization. Advantageously, STPs encoded by the

30 recombinant expression constructs of the invention are not expressed in said
cells until an inducer to which regulatory expression clements controlling

expression of the STPs are responsive, such as doxycycline is added to the cell

12



waQrecomiimant expression constructs of the invention are not ?ﬁ%)ressed
in said cells until an inducer to which regulatory expression eldr

HEZOO4/O4I742

controlling expression of the STPs are responsive, such as doxycycline is
addegl} the cecli. WO .2006/028480PCTILS2004/041742 culture medium.
qediy

e

Upon induction, cell divigiBh!

lines T&RAEE

lines sheulddnaintainanrregiahlie similaLty

characteristics, and extent Of RP Shift capabi

i

Bﬂb%%h@%?%iﬁ@%ﬁeé@é tleeyliketer a

states’Mn@msﬁm@a@em@}ﬁg@%{gﬁtﬁﬁmﬁ%ﬂ@l{&%ﬂﬁ%%Xgecte
quantities of mAbs. The benefit of engineering RP Shift into precursor
IHRAP QIS Qieddueriiyesherieativon tese praB i oel

AR U oy

or cell

ﬁybrialéﬁﬁme%i%ﬁﬂdmeﬁlso@eﬂma'm@;ixe@;asfeceibmpeﬁeia@riﬁ%ncﬁon, growth
SP2/OABMATIC GrAEsesan N GBL-1581 Mouse B cell myeloma

Kohler et al., 1978, Eur. |

Inzinunot 127: 1839-

ununo

fﬁ&oss etal., 1981, J

Table 3
Widely used hybridoma fusion partners
Cell line Species/ cell type Reference
Sp2/0-Agl4 Mouse B cell myeloma Kohler et al., 1978, Eur.

A.T.C.C. Accession
No.

J. Immunol. 8: 82-8;
Auchincloss et al., 1981,
J. Immunol. 127: 1839-

CRIL-1581 43

YB2/0 Rat B lymphoblast Kilmartin et al., 1982, /.
A.T.C.C. Accession Cell Biol. 93: 576-82
No.

CRL-1662

K6H6/BS5 Human B Carroll et al., 1986, J.
A.T.C.C. Accession lymphoma/Mouse g?’{;zzuwz' Methods §9:
No. B

CRL-1823 myeloma

NS1 Human lymphoblast US Patent 4,720,459
A.T.C.C. Accession

No.

CRI.-8644

FO Mouse myeloma de StGroth &

A.T.C.C. Accession
No.

Scheidegger, 1980, J.

Immunol. Methods 35:
1-21

CRL-1646

Y3-Ag1.2.3 Rat myeloma Galfre er al., 1979,
A.T.C.C. Accession Nature 277:131-3
No.

CRL-1631

P3X63-Ag8-653

A.T.C.C. Accession
No.
CRL-1580

10

Human myeloma

13

Kohler & Shulman,
1978, Curr. Top.
Microbiol. Immunol 81:
p. 143-8



wHARMB2MsA. T.C.C. Accession No. CRL-1662 Rat B lymphoblastKirmantingi 742
etal., 1982, J. Cell Biol. 93: 576-82 K6H6/135 A.T.C.C. Accession No,
CRL-1823 Human B, lymphoma/Mouse myelorna Carroll etal., 1986, 1
Inzmunol. Methods 89, 61-72i NS1 A.T.C.C. Accession No. CRL-8644
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[0035] In certain embodiments of the present invention, a fusion
partner cell line is used in the production of monoclonal antibodies. The
production of monoclonal antibodies requires the steps of: immunizing an
animal; obtaining immune cells from the animal’s spleen; and fusing the
immune cells with a cancer cell (fusion partner), such as cells from a
myeloma, to make them immortal. The animal used in normally a mouse,
however, other mammals may also be used. The fused cell, termed a
hybridoma, secretes monoclonal antibodies. A typical procedure used for
producing monoclonal antibodies is illustrated in FIGURE 5.

[0036] An investigator who wishes to target a particular protein
or other molecule associated with a particular disease state generates a cell
line that secretes monoclonal antibodies that react strongly with that protein or
molecule. One method of manufacturing a cell line that produces monoclonal
antibodies is to fuse mouse lymphocytes with an immeortalized myeloma cell
line (See TABLE 3) known as a fusion partner, to produce monoclonal
antibody bearing hybridomas. In order to achieve large-scale production of
monoclonal antibodies, however, hybridoma cells must grow and multiply to -
form a clone that will produce the desired monoclonal antibodies. On an
industrial scale, the method of choice for growing these cells is large
bioreactors containing cell-culture medium. This technique requires some
expertise, requires special media, and can be expensive and time-consuming.
There has been considerable research on in vitro methods for growing
hybridomas and these newer methods are less expensive, are faster, and

produce antibodies in higher concentration than has been the case in the past. |

USE OF TRANSGENIC ANIMALS IN THE PRODUCTION OF
MONOCLONAL ANTIBODIES

[0037] In other embodiments of the present invention, transgenic
animals used for producing monoclonal antibodies. Laboratory and domestic

animal transgenesis has enormous potential, inter alia, to create transgenic

14



WO 20¢9/R25489. C. Accession No. CRI,-1646 Mouse myelonia de Bf3rEi2084/041742
Scheidegger, 1980, 1 finnzunol. Methods 35: 1-21 Y3-Ag 1.2.3 A.T.C.C.
Accession No, CRL-1631 Rat myeloma Galfte etal., 1979, Nature 277;
131281RBX6S: AgR-Eh3ofs Tok 1Ge prabssion dDiduESRIL 80 dumaN as therapeutic

my
p.1

10

eloma 1973 Cutrjb-. A’op. Kohler & Shulman, Microb tot lininunol 81:
ntibo

J3o4ems and ar ies. Transgenic animals (mice, for example) were first
generated by in vitro microinjection of a fertilized egg with the foreign DNA
gene, implantation into pseudopregnant foster mothers and identification of
transgenic progeny (for example, by PCR). In mice, the development of
embryonic stem cell technology has simplified the initial step because these
cultured cells can be easily transfected, manipulated in vitro and then
implanted into a multicellular blastocyst, leading to transgenic animals..
Homozygous progeny can be generated from the crosses of the chinieric
mdividuals produced from these transgenic animals.

[0038] There are many examples'of the application of transgenic

mouse technology in the field of recombinant immunoglobulins, to create

animals that constitutively produce recombinant antibodies or antibody

fragments capable of neutralizing common pathogens. Animal transgenesis

15

20

30

can also be used to create mice that carry human variable and constant gene
segments in germline configuration. These animals produce rearranged
human antibodies in their B cells and produce human antibodies after
conventional immunization procedures. Glockshuber ef al., 1990,
Biochemistiy 29: 1362-7; Mendez et al., 1997, Nature Genet. 15: 146-56;
Neuberger & Bruggemann, 1997, Nature 38: 25-6; Yang et al., 1999, Cancer
Res. 59:1236-43. Transgenic mouse strains that produce high-affinity human
monoclonal antibodies after immunization with antigens, including human
antigens, using conventional hybridoma techniques are obtained when large
size (mega-base) human genomic DNA fragments containing heavy or light
chain genes were introduced into murine embryonic stem cells. These cells
are then used for blaétocyte mnjections. The resulting transgenic mice are
crossed with mice having disrupted endogenous heavy and light (k) chain loci
to produce mice having human antibody chain-encoding genes.

[0039] These transgenic mice produce human IgM and IgG
antibodies at relatively high serum concentrations. The antibodies are

composed of a high proportion of human k (not mouse k) and the

‘usage/patterns of heavy and light chain ¥, D, and J germinal genes are similar

15



WO \lo\{)g/ég%GIOZS%OPCTIL82004/041742 PRODUCTION OF ,
 ONAL ANTIBODIES [0035]in certain embodiment8 QF f#2004/041742

present invention, a fusion partner cell line is used in the production of
monoclonal antibodies. The production of monoclonal antibodies requires
the stepsabis ifonmdnizihgraamapémphecobitdiiod ipmpine wells Both the length of

animal: leen; and fusing the immune cells with a cancer cell (fusion
partier), s%%@éagélg%o#eac%&F&%F h?’a\ggfﬂ?&n ﬁ*% %%I.&gﬁ%mom CA)
anirffébnsenind)amdallie damaude RNV PHTRIIABMEISIOANAHSAh loped
used. The fused cell, termed a 10hybridoma, secretes monoclonal
antiBBRTSETI FYS1Sn Traveithat feedves prodermpsridocionan armrsre

sis ilkafisacinbiaUBken QA3 IMybiINYESHORINM L WISHSS IR0 Bped in

particular protein or other molecule associated with a p'articular disease

state GefiaYAESSEEH e thetctebraie s mowws|of i ahtibaies (Risspeirion
stronglywith:that Rratgin ey 45 Mftﬁﬁ%ﬂgg@? method of manufacturing a
n

cell line that produces monoclonal antibodies is to fuse mouse

lymPHbBites with an indmtihatizedmybioedebyeldisrer(SeeiBABIHE Bnitation,

m as a fusi artner, to produce monaclonal antibody bearing

Py bAAB A, [brher (6. RERTE e TSHUe- SESTa I G o D oHaSthal
10antifideliesh Aol el\9 hivariga el pist gror gritmpbiply 49 8R4aum &k to

clone that will pﬁ?duce the qesir,ed monocl.onal antibodies. On an

inddStH& SR, THE PR F\%Fésf?&?ﬁ@‘%&a% & delcrligevhich have
biorgpeieimeminioingleelbauliere Mmadim, TS ehnAUe LPRUIRS SaMe

expertise, requires special media, and can be expensive and
tim&IEdHEhsifeyr rrreratiRac S msniadr e hedBaratlbatianvitro
methods for growing 25hybridomas and these newer methods are less
expensive, are faster, and produce antibodie's in higher concentration

15thard Wa$bdeh HeEREL NI QSN UBODESRANSGENIC ANIMALS IN

'el'rl;l]lioﬁgiﬁ)DUCTION O&EMONOC 9 AL ANTfI%CgDIES 3t0’{{§)£§{}7 g]?%lho%ride

Qus embodiments o TESE
odiments of the present inven |on,r?ransgen|e 1(inlmél]ls
prodemingbmamioattindhantibodie shiabriratgiy-andrdemesiictanimahumanized

R R e R S o S e

fragments to be produced at useful yields. Chimeric hybrid immunoglobulins

20 retain the original murine variable regions and the constant regions are
switched for those of a human antibody to try to reduce HAMA and gain
human effector functions. These antibodies are used in therapy when effector
and other Fc~associated functions and properties are needed. Humanized
hybrid immunoglobulins possess murine residues that conform to specific

25 complementarity antibodies determining regions and others of possible
structural relevance are “transplanted” to a human antibody framework. From
here, the oorrespendihg regions and residues have been eliminated to try to
abrogate HAMA and gain human effector functions. These antibodies are
used in therapy when effector and other Fc-associated functions and properties

30  are needed.
[0042] Recombinant immunoglobulin fragments also may be

produced in bacteria or yeast. These fragments include Fabs, fragments Fv
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WORO2086/028480PCT/US2004/011742 animals as bioreactorsdorthis 4174
production, of userid proteins such as therapeutic proteins and antibodies.
Transgenic animals (mice, for example) were first generated by in vitro
micreinjestion of afertilizeg eggpyith the foreign DNA gene, implantation
into pseudo%?le_gnant fogter motflwygpté glr? i}j’%ﬂ%}&%ﬁ&ﬁ%? 't &
prog&y}fonetiamplendyRERpdnifiodiathel deyelopmeint fambRNE and
Stemfﬁﬁ%te(%@ y.has %i?ngglifieghthe initial step because these cultured
cells can be easily HSASdE S IRERS G ABH O S R R imBRasmsdpinant
into anmbhidelfiantiasthaystbleadingdddransgen %ammﬁﬁuxﬂﬂ@@%ﬁ%q%d in
progeny ca?ﬁot%%?enerated from the crosses of the chimeric 10individuals
produced ot thasE FaREy R Sna R Mobagriak delavernaleasifonsles of

of therapplicatinnofsiranseesycHIRuSeIaaRRRlagy in dhe:field.of
recombinant immun.qglobulins, to create animals that constitutively

prodURe AEL SRR LRpEEs W dngbedcrgmernndapalyeief These
neutggﬂ@egfg@éﬁ%hgag{@g@g%d%@ I enesis 15can aFlﬁgO b o
used to create mice that carry human v ?la%%}?gjﬁg constan ¢ cells provided
segrﬁ%‘ﬁ-’t%lin germline configuration. These animals produce rearranged

1dwman antibodies in their B cells and produce human antibodies after
conventional immunization procedures. Glockshuber et al., 1990,

Bioch&/REN OO F3s N TTRENTeY ek BIGTLNQ 1 NEWEIGRO & R 1ASRE N T

70 N%bggéiféﬁ%ruggemann, 1997, Nature 38:-25-6; Yang et al., 1999,

Cancer Res. ' 59:'1T236-43. Transgenic mouse strains that produce

highta@itily human monedoralmbbemiesaltebimmuszaon it oo
oma

human antigens, using conventional hybri

tigens, mcludi
?enc L%ﬁgélégacg)rbl%g BELFEE Freomina s pibadins-blspphaniamgenamiobulin

| DNAragmaniecesianagibaa.of iah 2ohaln gensswere Intaduced

into murine_embryonic stem cells. These cells are then use fSPE]QQ%%tO

inje dGREST RECroSTHHHE War SGedtonmiie e aresanbbsetl hithryniEd havinght (1.)

disrgptg 3 Y, ight{k) chain. loci to produce mice o
vy o e AR SEuH e e g nding
mic&ifrodiiseinilinkel dgivimatityBuaeghithddieseat selarvelyded SSIMM ction
con i0ns. antibogd e .composed of a high proportion of
o e T R S A s b raintrom
2017, Dloand e@hmipbdoengrs Similtioty whak 'B-fﬁﬁﬁgrieem%%%)ld s
ition

periﬁhera blood Lymphaocytes. Both the length of CDR3 and N-
are RhATACERSEAIRY AlMEA RS Jenager dmprresap(Seitsmahseoand

MedmnensitRfipeeionnen (i N %ﬂ%@oﬁ?f\/gﬁg cvelppedlr ae@(%gt%?é%a Shigen the

Mouse strains that produce antigen-specific human monocional a
using B RERSITalhifBf domiaeiciRLisypainytnidsltey etopeddes, thisoead

are st ANCSSEIRLS A9 mounts of high-affinity (dissociation constant
in the order of 10-9 M) antibodies.

25 [0044] The development of the polymerase chain reaction (PCR;

Mullis et al., 1986, Cold Spring Harb. Symp. Quant. Biol, 51:263-73), and
its application to the field (Larrick ef al., 1988, Prog. Clin. Biol. Res. 272
383-93; Larrick et al., 1989, Biochem. Biophys. Res. Commun. 160: 1;5;-6;
Orlandi et al., 1989, Proc. Natl. Acad. Sci. USA 86: 3833-7), greatly

30 simplified the cloning of V region genes and set the stage for extraordinary
advances in antibody engineering. To amplify the VL and VH

immunoglobulin regions by PCR, ¢cDNA is fabricated by reverse transcription
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, [OO40dAntibodies produced by these mice have the limitation, however,
Wotﬁ%%f %?%kpress a mouse-specific glycosylation pattern 10(BYRLABREEK041742
1999, Nature Biotechnol. 17: 620 that poses a potential risk to using these
"human' antibodies therapeutically. Thus, CHO cells, which have a pattern
of glyltosylBitoA mdrecsimnifenrtottilatidbhuman Basnphay epreferalie for

recombinant "humanized" antibpdy production.. 15 TYPES OF )
THEIQE?IBE%%E‘OR&%@%@?@Bﬁ%@arf&@mﬁ%ﬁs%ﬁ%@f&ent
inventiamyikavigatiecombinant celsHaatneunibehinans AYRSIL. The PCR primer

irnmunoglobu!ins, humanized hybrid inanunoglobulins, and recombinant

antibBfy fRPHTGGISEMM Hagrian e kpBecpYed et it kesaisprugaces that exist
€himarig dyrechiryogiobling 2 retal ’ﬁé@ﬁ&?gmlr@%'ﬂ?e\ﬁ@f‘%ethe \%
regions and the constant regions are switched for those of a human

antibbe8 e krpthecerte s Nioadt gegmisnindFRffeetdefmmetions:d V region)
Thesg gntibedi i p ffector and_other

Pc-associg:gl::%i ﬁrﬁ%ﬁ%ﬂgg ?%d%glra%@rt%\g%% tr‘lareg doe%gHur%rglr%%ézé Chlyblr?ag 9, 1d
irmuABdfbulins posseRerumineliffsidued/thatl dordnrinid spesifigobably

25complementarity antibodies determining regions and others. of possible
strucﬁ]%i%r% (—%8%7(":3 are bl?rgﬁ%%}ﬁ%an%g% SHRATBEERFr ielveHes —

1Bronmcherbirthé wotehpandiibitagionsandiresidues,bave Recneliminatad
to try ta abrogate HAMA and gain human effector functions. These

antibBHE are (RRFHPERAhs ST e pdaoR U atife PHES J5a8Hadde Prime at
functipessangharaperirso3d e neetod- d084ZIREEOTRINAMY 1o a minimum.

immunoglobulin fragments also may be produced in bacteria or yeast.
ThesMARY HeEisdNdRer 5815, foadhsdrtsRrsloaimpergintsgisnFsaiderfound by
dsFvietheil;Mariapts:Ripihadi ifunctional.and multi-specifi
diabogies, trigbodies, t%%'s?agbo |e’es) %?ﬁggéqc%ﬁl%fﬁﬁ?fi ngmgbma%)ngf {ﬁ)rary
lammigsbaalgsyihrnsiedttxins el ok érsmbidantdstibedy felighlentss of

oo oL o Tt ES JAT SRt AORGLly, BEORfchtialof 999,
drug$and toking, dirdctlGRirRlBecTOattBlizatigh SfMIUSEBaRY J Inmunol.
23:206-11. When designing antibody PCR primers, other characteristics to
bear in mind include particular restriction enzyme sites and tags; expression
20 strategies and specific vectors; and detection and purification strategies. In
the case of mouse hybridomas, special care must be taken when designing the
synthetic oligonucleotides to avoid the amplification of an aberrant kappa
RNA transcript that is present in many of these cells, inherited from the
original MOPC-21 tumor from which most myeloma fusion partners are
25  derived. Carroll et.al., 1988, J. Exp. Med. 168: 1607-20.
[0046] Conditions for successful antibody PCR have improved
tremendously since the first reports. Now available are RNA extraction and
cDNA kits, error- free thermostable DNA polymerases, designer reaction-
buffer compositions and other PCR paraphernalia, from sophisticated
30 thermocyclers to custom reaction tubes. Also, the large amount of
accumulated information on new antibody sequences has decisively

contributed to the explosive use of this simple, powerful technique.
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WOReraB#8hisms, homogeneous diagnostic assays and catalyisisy T288/041742
antibody fragments are also advantageously produced using the cells
provided herein. 10 CLONING OF ANTIBODY V-REGIQN GENES F.OR
RECO1VIBINA_NT ANTIBODIES [0043]In other embodiments, cell lines

of the present invention are used for producing recombinant antibodies.
|mpom%§%WM§M@MWM&mN%EODES

ani d for antibod i ' roceed are varigble (V)
(rjnomgli)g%?nes of both h%%’;\e%g(H a%qd%ﬁggﬁﬁﬁl}lgﬁzﬁhgetﬁg?%t&b‘ ?l@%sgﬁ
compEEtisicahasedricnirsloétbiantie nddiding site dHhednitial glening

i ' ' d the canstruction of libraries of genomic
DN o S R o A R e of what i

(hybni@IWrﬁaQMBLngmﬁd@ﬁ@%w?”@ef}ﬂ%%ﬁ%ﬁ%ﬁ, g Sipas.
d tedi se itisnec ry to identify clone; ‘
eartanas: SOCRE s bacl VERGS, 1A ondSeding BiSeA tRecsigrib]

peptitte;d/ ol dosigtaot @5@9@@&38%%?9% Wghﬁgér&’%ﬁﬁ?%%%ﬂﬁ Wood et
dditional technical difficulties. 75[0( e develop fth
So|§f£%r§é§c%‘ﬁ’€aﬂﬁin4ﬁﬁc%; hishetres sogaroblenspfing HAIA
1®ympsEhinstaiohbiiRO0 LD« 3nckis anplisalon o dhs fisld (Eamiek
etal., 1988, Frog. Gin, Blot Res. 272: 383-93; Larrlc. etal, )
Biocﬁ’éﬁ?ﬁi@épm% IRbSICEMAELINAY 86 ins0-eoObamdtitatarapO8% Ri6Godies

, ' j : -7 2atly 30simplified the cloning of V
rNeEglglilgné %%%re%%rr% Ss’ﬁitt %%e%% e ?ct)1 rgsét?( rzjgl}é)rrtlj f??;%% a%&ﬁ’@e%%ﬁfﬁ% 15](96’9/31115 by
engfEBHAQIFS afipiifiatheriginafbMikinnnuneg)atsdin regianshy RER.6:

CDNA icat E verse tr riptio 0Q ) ) o
200 Saa B %&%ﬁﬁ&?&#ﬁ?@x@&rz&%%&orﬁ%}bﬁd&ﬁi&@tﬁm et
151.3-lpplidsanits the conpsficatenabite sesiremaure Misginn by
genes, this step. ayqids completely the interference by rearranged gene
andrﬁﬁﬁ%el’i‘s‘%erh%ogéﬁlﬁ?ﬁ%g}eés&Y%Héﬁaﬁba%ﬁsﬁéqo‘dsﬁggm@ nééheed
flankivgabastsagiencestbad £¥ist be cloned by PCR and inserted into vectors
carrying human gamma and kappa (or lambda) constant domains. These
vectors can be prepared to include both chains for tandem expression, or they
20 can be produced as separate plasmids for the heavy and light chains. Different
host cell lines have been transfected with these chimeric genetic constructions
using electroporation, liposome fusion or the calcium chloride method.

Recipient cells include myelomas, Chinese hamster ovary (CHO) cells and

-insect cells. After seeding in a selective medium where only transfectomas

o
W

will grow, the cultures are screened and cloned in a manner similar to
conventional hybridc;nlas. Among host cells, CHO cells are preferred because
of their more human-like glycosylation pattern and adaptability for high-
density, large-scale cultivation in serum and protein-free media, an ibmportant
aspect for production (Reff, 1993, Curr. Opin. Biotechnol. 4: 573-6), the

30 contents of which are incorporated by reference. Compared to hybridomas,
transfectomas secrete much lower amounts of antibodies and frequently lose

antibody secretion. One approach to solving this problem has been to use the
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wo h@aldheheoinning of VI-1 and VL genes (corresponding to the FR1~ih the W

V region), at the end of the 311 or IL segments (FR4 in the r8SraRgaLHP+41742
region) and at the proximal CL or Cll1 constant regions. Lan-ick et al.,
198%@&1. [0%451]Because different V and J germinal genes probably

evolVBIrofR AsiFrslugsree R bR dHravsislontdequiic e kimiladties-5 1), the
10cepnhinedorithibg pessipili infraducing degeperate positions in.the .
primer -- the number of synth%i%%%ﬁ'gogr%ﬁef%a ecgpaﬁ?eéerce(ﬁﬁ B'pRHHecation
the &ySiend S1Pardy @ﬂgﬁycgmem/ersgmmb@m&uegdatm AHBIAYBM: higher
Ma%@gg@p&&g gl sets for the PCR cloning of V regions can be found

by searching the literature. The development of antibody combinatorial

SlibrdfP48technology bobside tihieselefiosis RBndibagwreduoath SRYRaks use
d

10

15

20

30

relighle sets of PCngéiﬁgers for both mouse and human V regions. de

Haard et &%, 1660 S BIST EhBticione qady Bosauscenicnsienrsious REIFR
1998;tkuty.J AiholiRianti v 40Rnldy AL oA SIgNIRG ARUPAAYRER 1 ant

primers, ofher characteristics to bear in mind include particular restriction

en Ukss heetlel sxyrlaision goshasdyien dricebpifimvedtonsybnsinine
detegtianand Auitsationstategie fpoyse hybridomas,
special care must be taken Whe%dias%rg?r%%ﬁ%‘%s%rﬁﬁseﬁg%l%%%ég%ﬁ%%

to AVl aATslihcAtisvorarratsa g tapph RN A0S OtPEARALIS wih

PregBRb BRI .P faﬁ%ﬁe Iy hen ??(Oj %ﬁ}g gé‘irfég? § ggtﬂciéé%é%%o{;f

from which most my&loma fusion paltue

1988hiFEAp: ivepotsd 1607R0:10048]G0neitionstbssuecessiihe same

antj have.improved tremendously since the first reports. Now

ava%%gbqéf%% A%&%Xt?@gﬁ%l@%ﬁwm,@FFB?@@@H%%%@@@I%WA

polyhfieiasdy, edigtiag raantion ahﬂﬁ@ﬂ?%?&ﬂ@ﬁ@ﬁﬁ@poﬁﬂén?e% atoxicity
edct

1
par rnalia, from sophisticated 30 thermocyclers to custontr ion
tu b@m fﬁ‘é RGP s dbradicanin dhadwinteravation. oimemantibody

sequeRtasbasoderisiaboptRued: iye use of this simple,
powerful technique. CHIMERIC AND %;tMH AS%E%E&E“&%WN% ses the
AN‘?*I‘BI%‘FEJSilE’é@ﬁTIW@/%rther embodiments, cell lines of the present

invemgie are used to %%@F&ﬁﬁ{&]ﬁ;” e%sr,}%nhsug% %%%e%%ﬁ%?e@%gggg murine

antibodies have been evaluated in clinical trials (Khazaeli et al., 1994, J.

Immunother. 15: 42-52), the contents of which are incorporated by reference.
From these studies, it has become clear that, while in some cases
chimerization caused a total disappearance of the HAMA response, many
chimeric antibodies remained immunogenic as a result of the presence of the
murine V regions. Another way of reducing the immunogenicity of murine V
regions was reported by Mateo ez al. (1997, Immunotechnology 3: 71-81), the
contents of which are incorporated by reference. These authors mufated
mouse V region T-cell epitopes to the homologous human sequences, leaving
the complementarity determining regions (CDRs) and the Vernier zone
untouched. The antimouse response in primates was nullified by the chimeric

antibodies produced by linking the remodeled mouse V regions to human

constant domains. -



WERHIMo9ake80 In the early 1980s, several groups developed the PesigQho4/0417 42
what is now known as antibody genetic engineering. Gillies c/at., 1983,
Cell 33: 717-28; Neuberger, 1983, EMBO J. 2: 1373-8; Oi et al., 1983,
ProcC. Acad. Set. USA 80: 825-9; Sharon et al., 1984, Nature 309:
364-7;{%?)% et al., 1985, 'Stiglr“%%ﬂ?&%—‘é‘?\%ﬁéffﬁéﬁﬁPé?ééiﬁ@"%‘ﬂﬂem of
an HAMANPESHbASH aftarprotine MAbRIeatment apdthe Jask o gesiret . 393
effecto}r f%lecggg% i% IS ;FOIIS rprising that the first recombinant therapeutic_
antibodies were prepared With Ao StledBricRTBTapee sineg hematnt D52
domaifis\byP siffiifat enesmabbuinan eriginLBowianneRera T %Hﬂﬁéﬁée
%2: 643Morri§on et at 1984, PrOC. Ncztl. Acad. Set. USA 81: 6851-5;

2ubetgErat Y EoP e DX irdes rrdamileyewre CYrtbneyef whidh H8S,

incorpsratesbipg vefesence) T I imaric antibodies, the V
regions of thewtﬁé'rapeu'g? m(l?rlii% g?l%?gg )?%g%?%ég ca%nﬁg%lf §%<§” 4 5quupletely
inserté8iHfaN eCisiE eansing sramarcgandormatiorkfppatier GDFda)m the
const [ can be prepared to incl oth chains
for taﬁ%ﬂ%ﬁ%%ﬁ%@ﬁ%%% %%rﬁ%g ;55 r(\)%%u{lcgcf %@g%%%%a%é‘m%t% Rigework
for thd FRawgoasddight bhaiew, Differeitdiost egidines-bavedLeNsuitable human

gr@nsfggg%ga}g\@tll%these himeric g.eneti onstruitions using

electroporation, fiposome FURIGH orufa EEIGRPLAIE AEE HRREIRD Hiscibretheir

cells inprdecmydlontasi@hioese lhasistep e M4aH Qe colsANHRRES e oion for
cells. {After S egi in a selective medium where only transfectomas ZSWE%

grow, %ngl?ﬁﬁ e%?ﬂ%%n@&%%@d%f&lﬁw Kpeikader abolished the
convelsiticingt Byhrrgsy AMopdhostosl! ,&W&%‘éoﬁg%zlﬁf%{é?bﬁﬂ%ﬂ mouse

because, of their more human-like glycosylation pattern a apta

for hid| ﬁ%%i‘?e%i@?%&@@-@% el atgingl Sérdingobiaproteiisiiteamediaored.
B9 IMPRERNLASRECH 96 Prodystion ( 93, Cum, Opin. Bi ol. 4:.
573-6), the 30 contents dfgvsrﬁhggfeﬁggg’r%)%rgf%leoff%%/”rlégérggt:%t?é%%pﬁgﬁ work
to hybiesoine felpsktionthstseiiate roimh Dveigminduntscipamtioadies CA.

and fr@g@;@n fi secretio ne approach tO solving this

problem ha%%%%%s%gﬁéaﬁ?éy%}o@o%ﬁ 58%&35(20(61 E%;Wgﬁdﬁ(f% edVal.
al., 1988 eive BASABB1)31@ THNHDIsewhiehpieiRgarmerated Byion
referesréc%es%!aectio r]?d am }Ijgﬁi%ation system as part of the vectorsto
ensure muticopy mtegr A" t%ﬁWﬁh@PHHﬂ@&?@é&@?@§§i§W§ available
Bjoo4siwbilesshisselpatianineiective iRt BIRT6Ysdils HES.D ﬂg@?éfe murine
more corg&lex in myelonia cells because of endogenous DI-11-12 activity.

An _alf&_qun _%tb@EfB?]%?g@ﬁ?ﬁﬂfﬁ%@ibﬁé§%~ réwlebinanino acids at these
antibedigisibnealls &EWM%QJ@\E@@'ﬂlﬂ?‘fh?%%ﬂqgﬁﬁﬁ%ee\xdfo?ﬁ,s?odgggler with the

glutamine ,
CDRs themselves. While these engineered antibody molecules should not be

considered fully, humanized immunoglobulins undisputedly have shown far
25  less HAMA response in clinical trials compared to their chimeric siblings.

Rebello et al., 1999, Transplantation 68: 1417-20; Woodle et al., 1999,

Transplantation 68: 608-16.. They now account for a substantial percentage

of immunoglobulin products in ongoing clinical trials.

[0051] Immunogenic epitopes can still be present in the reshaped
30 Vregions as a result of somatic mutation. Biovation offers the so-called

e " . L
Delmmunisation” technology to remove immunogenic epitopes, even from
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WOgyneietase as a selectable marker and the almost absolute depeRdencs 174>
of 10 myelonias and hybridomas on exogenous glutamine for in vitro
growth (Bebbington et al., 1992, Biotechnology (NY) 10: 169-75), the
cont f whi incorporated by referenge.. Chimeric antibadie
o e R &7 S mAAIE a BB o 251
are cdpable of efficiently mediating ADCC, antibody dependent
macrophage cytotoxicity 15 (ADMC) and complement fixation in the
human context. In general, substitution of the murine constant regions by
the MOFIARRNESTIBEASTFS T uRyicatigifdife in vivo. [0049]Many
ghimﬂ@(ﬁersions of potential therapeutic murine antibodies have been
val n clinical trial RIS AaAImgnY antsmdipsmsmrdaed as

42-523n e COBIEA1SOTMNGH: AT foInR0 RRTRted Dy fafRrense F1om thesE .1

studies, it has become clear that, while in Some cases chimerization
causE@ EPhtacnBagstan chedt erasHAMRTEEps iealierathe chigirsiceffector

anti ' j i enic.as.a.resylt of the presence of th
o B B e e

V 25retird sedsrepurtachbydtatd osit @l ¢h 087t imah biydtedhitzo legh@logy.

1-8 con ich are incqrporate reference. These
1 e e e St b Tt o099,
huméamnsequbnie3; leEing, Benseirplem et it ol mining Se0i0Ns] 29-58
(CDRs) and t%VerniF one untogghed. The antimouse response in
primatEEWHRE Hfifitied é;ﬁﬁ%oéfﬁﬁﬁ Blsmathidodies prads e isgndng 4: 52-

the remogeledinopss:dhieaiansdbar ¢rRsta demains, , [00I The:
first glng huma;ﬂze% (reshaped) antibody (CA PAITI-l?%T%vrgsgﬁ%é%%BOdy

by RIS Aemkes af@ desntdunae BaoelBsurizcers earitantd nfswhicheandes have

. ' . i TH-1 antib .
1 9;50 ?ﬂ%ﬁ%@é’ 4€ f%%?&ﬁ)f# %‘Q?ef'ﬂﬁ@%%’f ?&?@&%@%‘S@omm&%@%% r?t%e%\éns in

t and the CDR-grafting technique sorig pose
and BsHBaEges Ve gsoisrshastibndies8X Bugre@l3t 9BBMNG)ure Biotechnol. 15:

CD ing i e nthesis.qf a completely. artificial V region
s e G R R T e reigkatet are
antisbtiypr eonibine drvithre glyplatible thenpduct amgwarioit Rﬁo@@%’ﬂce

The newﬁhumaﬂ‘iééad \%{Fegion are linked to suitable human 10constant
regié%léqo?%g(]ﬁr fon ot e At IsdiIRknpstgipT short foreign

20 peptides using the V region framework and the characteristics of the constant

antibody domains create promising combinations for immunoprophylaxis or
immunothqapy. They can also be extended to the peptide hormone field and
the rational design of new drugs. Finally, Lunde ef al. (1999, Nature
Biotechnol. 17: 670-5) have recently engineered anti-IgD antibodies with T-

25 cell epitopes insertegl into a constant region. This improves the efficiency of
B cells to present antigens and stimulates specific T cells, an approach that

may be useful in generating new vaccines.

ANTIBODY FRAGMENTS
30 [0053] In another embodiment, antibody fragments are produced.

Antibody fragments have identical specificity and affinity to the parent

antibody molecule. They can be produced with similar or increased avidity
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wapproazhisuVinter and coworkers proposed using thg same hupeaiiVsgoq 041742
region for the needed framework. If grafting the murine CDRs .reduced or
abolished the binding affinity, new constructs are prepared to incorporate

iti ] [ ar the, CDRs, until qriginal bindi _
charac e e R 38 RS miensy
Biotechii#°68: Qnensy alkis fnrkvas soanitalbneddbydhal@hheRigieind ry)

[ F t, CA, USA), which was also base_q on _
R eV Nl At im0 Tasbemgati uses

Howeveratire pﬁmhﬂtabmwmmesiééeg_'ﬁ@%iﬁ@gggné%igﬁ Jié%rggé%ﬁ%%ﬁﬁd
imi i llable a .
Moty hu?@%&%’%ﬁaﬁ@?@% 1168 fatv-tridAfie re&iduesiiudt §: 443-50..

modellngalrél%ﬁ%

ke Kely Chuiacts Wi EPRsBR0es iNQ 4G} aiihese positions1
zTrz tieegntroduci%%}t?% hﬁﬁ%ﬁrameé&?ﬂ t.oge_fﬁé; Wllg%ﬂ%l CORENEY
themseNEXT RS thisé %ﬁ@iﬁ?@@f@d@mﬁmmtemmjhﬁmmﬁm
' bernanized, | bulins undispute ave shown
?;ﬁ;é?fﬁég%ﬁ respons%%r%%a%%&%%eﬁg?ég {5 %ﬁé}?%ﬁ%}%ﬁ‘&”ed by
sibling8eRepencaties. and 9o artakpiphiatiom 68nd 415 20 MeedIERE alfHoultes

99, 1ra%sp ion 68: 608-16,. The account for a substantial
%grce#%;ge oﬁ%%it%eg—%ﬁﬁ %)r%%%%: gﬁ:‘%&%@ﬁ?ﬁ%l cAifianatic means. The
[0051]ksbmenogenitaepitapiys feamssittpr paeseatinhest aphRRRY 39%{‘6 than 10

regio S a resuylt of somati tation. Biovation offers the so-calle
28R mg

"Dehmiunisation’ leehAcTba) 16 Temovasmihoderié e&?bp@§ﬁe&§n8678-82.
from Vi@ ME/W@PMS%QQ&@&%%;S@%%?%§ %%&&g%%%%it%mﬁm

Forster et al., 1994, Molee. Biotechizol.

CONSTRUEHEN &8I0 TIRATGE hembotmb et aittodies gies are linked
Wodused asiseraliefusianipolesnipding oS Eaymes and alner |

functional groups and modified in their ant domains1o a
origin@IQa‘f Brivssh B EMisZariar prdPeRie’ ot theanhtibeedy melecals4 85: 8678-

Suchmodied oribades e ronPTisE S toneniond o\

Penidhetrephpbiomderfaces of the VH-VL heterodimer. ScFys are stable at 37°C,
retain the specificity and affinity of the original Fv (about 27 kDa) and are

20 easier to express when Compared with recombinant Fab, where two separate
proteins must be expressed and then fold together. Also, scFv genes can be
easily generated by PCR. Davis ez al., 1991, Biotechnology (N'¥) 9: 165-9.
[0054] Antibody fragments have also been expressed in fungi
(Davis et al., 1991, Biotechnology (NY) 9: 165-9), mammalian cells

25 (Riechmanneral,, 1988, J. Molec. Biol. 203: 825-8) and insect cells
(Kretzschmar et al., 1996, J. Immunol. Methods 195: 93-101). Production of
antibody fragments from yeast cells (Romanos et al., 1992, Yeast 8:423-88)
merits special mention. Antibody fragments have been expressed in
Saccharomyces cerevisiae (Kotula & Curtis, 1991, Biotechnology (NY) 9:

30 1386-9) Scizosaccharomyces pombe (Kotula & Curtis, 1991, Biotechnology
(NT) 9: 1386-9) and most recently in Pichia pastoris. Eldin et al., 1997, J.

Immunol. Methods 201: 67-75; Ridder, 1995, Biotechnology (NY) 13: 255-60,
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wo 20pzensizzol. 163: 4421-6; Sensel eta?., 1997, Chenz. 1771MIIZ]J$‘2&1/.0657.42
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129-58 Immunoadhesins (Chamow & Ashkenazi, 1996, Tends Biotechnol.
14: 52- 60) are fusion proteins that combine the hinge and Fe regions of

?@iﬁ‘ggé{p\ﬁggkgW%S%%HQ@{E%I%Q{%QHQ&%Q@{[% GEERIRLINESEnd

an

molecules have 15advantages as laboratory experimental tools and as
promisivigeilications lifeatotising higitigeriedy ahtibugied exidprdstaagment
1997, Nature Biotechnol, 15; 382:6) are made | ' pi S
e S B O B L R e
of the GDR |Bopdenf BN Bimeghuloddioy THE)cohfadhetibndlhy feditiofed

exposure, of short foreign.20 peptides usjng.the V region framework and
e EHAPIEERAR BP e ERRRET nRbOE HorvATme LRERLAIRR GO
corgRinatiensHerimpaurpiepiidexis O dmNMureibesammiheyatan asehets

extended to the peptide hormone field and the rational design of new

drugSrema i ielmidmes seboongnecBislinline 1696 70-65pilecoupling
recentiy,en B@@Lﬁ%%@tﬂgai@ﬁgpgﬁjﬁﬁmm,%@%b@ﬁm snnserathin

into a ponsgnt region. This improves the efficiency of B ceIFs to present
antigeibodivd sfiniliietestspecific TrighsagriapSHeh astmaiioes jedhd e
generati vacgines. I ‘ 0053

il IS e sl K B Sl
ideB68), specifiChyiandeafimity/toltheSgarefit Rntidudymdedlteyldérayanant 999,

OB I oA A5 TR e s s g laped
the fyigity;0b tagivhetganiitesitinoleculn (MeralidlgrtiRoERMEborough ef

Antibody fragments (Fab. F(ab)2 and Fv) have potential advantages over

whéilb: dritibedids fdr frary téraos OUEEs WEERRSE SFr Siiandr diggunol.

andpoieniadlyibetier gissue.pepelrationsand clearanse DalAaseS 1: 261-73;
Carter, 1998, Cum Opin. Struct. Blot. S: 443-50.. Fab (about 50 Icf)a) and

Fv WeuTbEKIskrantibotys Fagriemise/iablygiybd atdexia {darifiapn ef
faV?gE, t@@?ﬁ%%@%ﬂ 1 ygastpRese %@M&?%@@%?Q&&?%E?W&
antibody fragments’in yeast was stimulated by their properties an

pot&eial ApdkaE0 re dridcdésr deé cassmet theddiffic([B8IV)-targeted delivery.

Melani et al., 1998, Cancer Res. 58: 4146-54..

PREPARATION OF RP SHIFT CELL LINES COMPETENT FOR
PREMATURE SENESCENCE

[0055] Cells useful in the production of recombinant proteins,
particularly antibodies, more particularly monoclonal antibodies and
therapeutic antibodies especially, or antibody-like proteins or polypeptides,
such as those listed E;S fusion partners m Table 1, CHO, NSO , or other
eukaryotic cell lines can be prepared by transfection or infection of a vector

harboring STPs mnto actively growing cells.

30  RECOMBINANT EXPRESSION CONSTRUCTS FOR EXPRESSING STPS

[0056] The present mvention provides recombinant expression

constructs allowing tight transcriptional rezulation of an encoded polypeptide
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WO 2@ ip2&tiftrolled large-scale production of fragments by enzfiaafIESAieHpEL742
The first reports of antibody fragments produced in yeast appeared more
than 10 years ago. Horwitz et at, 1988, Proc. Nati, Acad. Sci. USA 85:
8673-82pT higwypekdBsiuded hasentalled single whalukv fragnanisure
(scFv), artificial constructions where the individual heavy and light chain V
regichssaradinie g telintcasiiatd fratsivunity of SAGEIRIIFOPNHE sABStruct.
rrexifshptyneptce IMke AAAUBBIERIOWIE 818 [rd R8P0t NAthined
Acdd. Set. USA 85: 867/3- 82) made of amino acids that will not interfere
withtthiecpatkingrosf thertoydmegholitrime fapes oo theousHVEheepsdiaxe or
ScFvs are stable at 37C, retain the, specificity and affini rgin '
P b T e L e e
recéimshipant Fab, where two separate proteins must be expressed and
then fold together. AlsQ, scFv genes can be etgsil ilnerateq by PCR.
Dai¥0a3). 1991, BioteRRBIGIRRAIG RS ?rgfa% %%?%81%7 an

fragmenishiaye alsedasen espaseeediRdung (38\is ebalralf9kf Cy protein
Biotechnology (NY) 9: 165-9), mammalian cells 25(Riechmaim ‘et al.

1088 foRICOBIAIT 2O3BSER) AR BAIRY REPSERARRHy 8F 4P lurality of
1019961 @?ﬂ%@éﬁ?ﬁﬁl@ﬁ%ﬁ%%ﬁ%ﬁﬁlﬁhﬁﬁﬁg%Hﬁ?spf antibody fragments

from yeast cells (Romanos et al., 1992, Yeast 8: 423-88) merits special

merfl8A9Antibody fraghfesnteceavei el FERE8EBE M SEIEcRaIoAYeagmple,
is] tula & Curds..1991, Bigt Y).9;.301386- :
ceredHi Q&%r%zaoc%a Lﬁg%ﬂﬁ(géﬁﬂg&e‘?ﬁ gglc}é;ég! O)f hﬁ(%%h(ﬁ%)é?y)dﬁglﬁpnate

Scizosaccharomyees pomhe urtrs, 1, Biote
9: 1386l4}) anitl mapterewently iheHictiaefastoribe Elditoebala 199ty of

Immunol. Methods 201: §7-75; Ridder, 1995, Biotechnology, (N1).13:.
25 BOC N el LERIAL M o YAt SRR BrRL A

1 schaeagteristicaandeemnbines thehornerakiraturasht high Yapaesityoehiponents
secreted antibod fra%;lnent expression with fast growth and low |evels of

conERfTalY JRotEffs R tREsRebm ede PRFUS T RIGRE ARGy Tiavsnce. an
1.3: 2981601 Thnitigid f SiecrmbinantantibodydsagmaiHsrscpreloalt, a

where imagination has most expanded the range of potential products.
MorirOBRRIShHUIdASTROREIG YT GTHTHIPBiFRTEAR FpdsOBfifgletisn of suitable
bispeeific b '99&8&98%"6%(? gENENG cauRlag é&ﬁﬂ&?&ﬁf@&%ﬁ#ﬁ@yr@owiﬂﬂﬁ{a
groups and, more recently, single domain antibodies of differént species

2 Qorigihgatecartrahg e s omstructionsiestetheosskOtkstertihatson & Kortt,

199 ununol. Method S 231: 177-89; Hudson, 199 T, pill.. .
|171?‘9'5}f W1. 11; 548570 %é%: ar%a%?ﬁ%eﬁﬁb"yff&é)r’%ﬁ]g%%?%%gg C(ﬁ‘rlﬁh%%é}fmem
Methetb s¢3hie2Se IBattuntibielyt ragowois@rehming devaopechtor iselduted host

radioimmunodetection and in sity radiotherapy (Kettlebarough ci at, 1993,
Eur JR 22! $9SBRET HTORISThCI0 W 215653 MRAGHE. Yeast, and
15Methads 231h: 24280 Nayecft@l 64999t Mununohdtethods dddible for

261-73; drug (Huennekens, 1994, Trends Bioteciznol, 12: 234-9), toxin
2%Kreippah(@@m-negative bacteria, the 2 micron plasmid origin is suitable for yeast,

and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are
useful for cloning vectors in mammalian cells. However, in mammalian
systems, it is preferred that the construct integrate into the genome thereby
becoming dependent on the host for replication. Thus,v in certain

30  embodiments, the construct comprises a retrovirus-based vector.
[0061] Recombinant expression constructs will typically contain

a selection gene, also termed a selectable marker. Typical selection genes
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9,.Blood 94: 3340-8; Pastan & Kreitman, 1998,Adv. Drug Deliv.
wo %dg?/go%gl%%&%) and biological response modifier (BRM)-tardétéd detidiqi7+2
Wain et al., 1998, Cancer Res. 58: 4146-54.. 0 PREPARATION OF RP
SHIFT CELL LINES COMPETENT FOR PREMATURE SENESCENCE
[003B[@sitsrustsfinisithie Produftionafitecembinaiiiptateinso prsticnaly oo

antibod o] rticularl noclonal antibodies and. 25therapeutic

e SRS s B oF bbb ebiHES Elas

thosaulistecpas-fdsitrigpaitsers:itc ¥ alpe 1, e NeQerds atheraukery etisn

cell lines (fan b%ge;are by transfection or infection of a vector harboring
o

STPS TR A iR SBoRERDNBINAN TR PRESIIGRCI.
SCON®BRIUCTS FOR @%&%ﬁﬁ%@%%@éi@@@&%@%%ﬁ%%&%ﬂ?a
S

provides recombinant expression constructs allowing tight transcriptional
req RERTBRIET AReslydadseip iineliarestife-Suepdioasmabeicara diseduknce
in methrds:ohoAS| . ' nsfected, . .1
transformed, or infe%?%?ﬂ?ﬁ%ﬁ%ﬁ?‘ggﬁggﬁ%ﬁb egrtg%lgkﬁ)f&%%%%}
cell§aecsHscrieatedl Imaineind theteto ataizbbnouseorsttepasibinatit hosts
exp ' 3t oding.one or 5 more proteins that contribute to
e e G 1 e e YooLBL RCstgtase,
10emitogitnehes, (tre)geiblineaontains amdiegembpnani@xy essipRaaRsHICt
encodin one gr %E}Iyraﬁl]i‘% of Cy protein An]otifs, or one or a plurality of
miky%ﬁ\qg?néingrﬁ) IR (o]l ot bﬁﬁ@lﬂ? SPBHOREY PrdkErmEABfsRrie-
an|@airgmmmmEQu@%%ﬁa%mgaﬁm@a@@&%@l&ﬂ%@&@%&ﬁ‘ig@%gon.
age.

for example, be in the form of a plasmid, cosmid, viral'particle, or ph
Thel%@%h)priate nucleiERiPdey0Enedabiaprmatagad duentvs teotoe ith

a vaHely RbRLasede st dhasnsl DA igﬂBE%ﬁ%}EE%@ %%%E?a%ia& er

restriction 15endonuclease site(s) using tech nown in the art.

15 Vecﬁmmmﬁ@lgﬁ m&lﬂ@?,lﬁiyaﬁeammﬂﬁeﬁmpepbaw more
Of IR HRALEN SR ARSI Sl RPN, DO DL e e IO e,

an enhancer element, a promé ranscri

seqaiekesc-Cansirpbitnisd suitatie Irpbiorshopiiaiiing ARRRE MIaRfte kinase,
the%%o%%ﬁpoos?)%g% _1esron leg)z/isse?% \6%?3 i%gr?lllcose isomerase, and glucokinase.
[0064] Other yeast promoters, Whiéh are inducible promoters
20 having the additional advantage of transeription controlled by growth
conditions, are the promoter regions for alcohol dehydrogenase 2,
isocytochrome C, acid phosphatase, degradative enzymes associated with
nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate
dehydrogenase, and enzymes responsible for maltose and galactose utilization.
25 Suitable vectors and promoters for use in yeast expression are further
described in EP 73,657.
[0065] Transcription from recombinant expression constructs in
mammalian host cells is controlled, for example, by promoters obtained from
the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus
30 (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40 (SV40),

from heterologous mammalian promoters, e. g., the actin promoter or an
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w@gligattemstechniques that are known to the skilled artisan.  pcr/ys2004/041742
[0060]Recombinant expression constructs may contain a nucleic acid
sequence that enables the vector to replicate in one or more selected host
cells..Such se ces are well knqwn for, a varjety, of bacteria, yeast, and
virus R S B FLSRRSHBn HrT OB I G S0 1 S ABI g such
25masio@raernagaiehatiesiaithend misreripBsmigorigin is suitable for

yeas various viral Qrigins (S\(40,‘polyom_a, adenovirus, VSV or BPV)
are ui@%%}lor cloning veﬁ@%sm%ﬁé%h@élﬁl%(ﬁmqﬁ heabrreared by

- systemserifiig pieteriad dhasiherengifuchinegralR AR s 8809 n hancers and

thereby becoming dependent on the host for replication. Thus, in certain

30entBBERMErtS i cardtac emnpRsd PN roswalivishead fectotd to 300 bp,

[006%1{%%9%%%51%%8{&5@%&8 e aw.él!:{;‘g%%%?ﬂ.lYﬁgﬂyierr]lﬁa%ecleg%%%ences
gene, also termed a selectable marker. Typical Selection genes encode
proteiis oy (a)mmf&’pmsm:anneliamgﬁftdmﬂgmbmmlesmniﬂﬂﬁ@m, a-
anapicillin, neomycin, methotrexate, or tetracycline, (b) complement

auxg fop ?gqgg}fc%(g%i%%&ér} (c) <8pyt %ﬁ?f&\é{gﬁﬁ’frigﬂ% ﬁt‘é??aﬂ%tﬂ@%ﬁ‘?f from a

compiekanerlia,cely viiie. gBRarapreding 2=iapiow 1acamaseefasBaeithte side of
1gj[oogﬁ%}ecﬁmbinant expression constructs usually cOntain promoter
fi

per RREANBE8E Qp%%%?%%@ﬁ%@gaé@ﬂ%mc@'@om
dire%ﬂaﬁi&&,%t?%@%ﬁar%%&{ eragRized Q}{@o‘ﬁﬂg%ﬁﬁggﬁ%%@ﬁgm, and

host cells are well Icnown. Promoters suitable for use with p okaryo_tlc
hosts*HEQHB RS AGaiHase and lactose promoter systems, alkaline

phospigape. a 10UYPIORIaG () RIAMAIRLALIeM, ANd YBNId framolers

such as the tac promoter. Promoters for use in’bacterial systems ARSI
contalpngt8Hihe Ddigancse(S. iy sspeovedpe rabiy dikaddadhponsive element to

ly ide encoding region. JOO63]E les of suitable promaoting . ,
1?e)q l?e%r?g%% o{rht?sgrevlfhcyggs O5TS |H§$£%fﬁé%%?h difgmal amplification of
3-phdbpliogiyatratekitiasaopoitan thﬂyﬂ%@r&x@%&ﬁﬁga Sescence-
enolase, glyceraldehyde-3-phosphate dehydrogenase, hexolcinase,
pyru&gfg %é&g?bec%( E&}%@ﬁr‘%ﬁ‘?@&% 481 ﬁﬁ%ﬂé@l@maﬁémh as the
IsomeREe p3cRhosRN QUSRI 3BT IR B RVRHY BIEKUARSES been defined at the -89
to -66 sequence (5-AGGATGTTATAAAGCATGAGTCA-3’ (SEQ ID

20 NO:2)) of the human collagenase gene. Development of the senescence

phenotype by expression of the STPs activates senescence-specific
transcription factors, thereby further accelerating transcription of the
recombinant protein of interest. In certain embodiments, the senescence-
responsive element may be operably connected to a bicistronic construct

25 comprising a combjnation of desired recombinant product and the IRES-
driven cell cycle inhibitors separately or both transcribed from the regulated
promoter. Such a bicistronic design provides simultaneous regulated
expression of the target protein and the cell cycle regulator.
[0068] In certain embodiments, an recombinant expression

30  construct of the present invention contains elements that allow tight regulation
of gene expression. For example, the recombinant expression construct may

contain one or more tetracycline repressor binding sites (tetracycline
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wo 24hiogspesphate isomerase, phosphoglucose isomerase, a%g}ggg&jgﬁﬁ;z -

[006410ther yeast promoters, which are inducible promoters 20 having
the additional advantage of transcription controlled by growth conditions,
are the promoter regions for alcohol dehydrogenase 2, isocytochrome C,

aciansHASER-adee EYRAativeEeR Wh e yestviatll SRR R fBwiments, the
metanolsIy, d@ﬁfﬁﬂ%@iﬂﬂﬁ%@%&ﬁﬁiﬁﬁy@@o@%m RRAE minimal promoter

dehydrogenase, and enzymes responsible for maltose and galactose

utilizationseeSuitdbldvertoesend incsimetdys foe (Riraly Geasoprsrtsiene

5
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areﬁé%i‘%ﬂ%j%&%‘%@é?i%ﬁ %ﬁ?ﬁoﬁx Qe Era%%%QPe‘}‘?ﬁﬁ%ﬁ&?%&ﬁ%"‘ﬂ%@m
expréession constructs ifma alian host cells s controlle , for exam ?e,
by pramdiersvohihined feancthdigenpiniesons irisssmichdisystyosna from the
virys, Ipox virus, adenovirus 3Q(such as Adenovirus 2), bovine

e o SSRGS R BTG SR agRRRLs upstream

hegaditistReViTus Angiaias Virus 40 (SV40), from hetcrologous
mammalian promoters, e.g., the actin promoter or an WO _

20088 480P CT/US FHBEIDAa I RIS RBNSER B FRAHDIBE BrRIaFoRs binding
heatsshRRk AL QRRLErSi HOYILest S 46 BHIMAIN S S GRMRABIE With 1 he

host cell systems. 100661 Transcription in higher eukaryotes may be
incrsalsethpseinser tmoriaantradiabprepretssr sdd\gdrbiedredittverepressor

co t. E r ressors.are-cis-achi A .
e S B R S A R LA b wsing
trai®diiptmntdtany emipheriernsedpe veetarefow theswprirdneenanitwatian

genes (glohin, elastase, aloumin, afetoprotein, and insuljn). Typicall )
TS e e M
inclesierdherp i erhapearepralied late side-ohdPihef apligasioncerigi fap,
100-270), the cytoinegalovirus early promater enhancer, the polyorna

enHEHONISh HE LAY siGe U8 e hepheatisidrigii farer iiasoiihie
enhancerse ARRGHANRESAIN RABYJIRRME 8 15 ARMBIRBIN RXEIEESIOf o

expression of the delivered CKI or other cell-cycle inhibitor may then be
induced by adding doxycycline (a stable derivative of tetracycline) into the
media.

[06070] Recombinant expression constructs used in eukaryotic
host cells (yeast, fungi, insect, plant, animal, human, or nucleated cells from
other multicellular organisms) will also contain sequences necessary for the
termination of transcription and for stabilizing the mRINA. Such sequences
are commonly available from the 5' and, occasionally 3', untranslated regions
of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide
segments transcribed as polyadenylated fragments in the untransiated portion
of the mRNA encoding the polypeptide.

[0071] The RP Shift construct useful for expressing STPs is
described in United States Patent Number 6,635,448, the contents of which
are fully incorporated for all purposes by this reference. ’The recombinant
expression construct, must be (1) tightly regulated, to allow robust cell growth
when in the OFF position; (2) highly inducible by inexpensive and FDA-
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woconstiesoef the present invention contains a senescence-respepgivgy, 0
element to 15increase the production of a recombinant protein. Additiona
amplification of the desired recombinant protein is achieved by
engingeing /15 NERC skesponsive element intg the vector upstream
ofa v%gl promo?er, s’u@a@iﬁe%lﬁvrﬁ%ﬁ%&%ﬁ% M SIS dapRmeation
elemaid halssbeeentiefipeth dbthm B9 tde GarsagUENEd]s. For these reasons, the
(5'-A TGTTATAAAGCATGAGTCA-3' (SEQ ifi 20 NO;2)) of the human
colIagj%e‘zg?i%{‘:%gcgGI gene. %@tgfgbh?é)ﬁ(ﬁ@; s dhesustpREpbEAsEchy This vector
expressidmiif fhenSTIR Betplates §eReRaEIE018BREHICWARIEIRIQ Qﬂ@(?fﬁ&%’tions.

gwereé%/ é;%rrgr accelerating transcription of the recombinant protein o
intereStIPC TR OB eries st Eemeseahtan ecisponishla@lem 6hTR) (1) a

may RecepefeRixrkeneried o [o% u mprising a
combination of desire?ﬁecombinan%%gggj%tﬁ gr}g{%hg)é%ﬁ%?@é;x tell cycle
inhibRBPEEep¥Iaion sigpatii4anscribegiirsed tromaguiatsyl promoter.
Suchgpbigistronic designrpoyi | equs requlated expression of
the trf[;lrgeilﬂprotein and the cell %:d;%?e&rlggu ator 10668 Iﬁr&%l?'%fhgn’ or other

embsdithEnts, diiltecsthbirdnt expfelsiom3teanstictal thepresesthe

nvention contains element t allow tight requlation of gene

1§xpr%%%?é‘§% é%ér% z%rsr%pﬁméé o bfiﬁg?ﬁsé %Q%W%B‘?%%}Bﬁdrﬁé%mmf (5).
contdiheorgWntebre deitacy elideptapiasagihindisgesiies tetanidine W Qs.
2006/028{1?0P T/US2004/041742 operatars) in the promoter region of

the VBLIOF Y R&RANE emBolfmisentReadshenush Evmpiel Fultitecby

tetraelelinetbREI AR S Amd BIURMAL RO RIS LOMANANGA TATA

sequence. Preferably, the tetracycline operators are arranged to provﬁreSe
tight PRGRIaHER of Rdypdsmpieion sstcfoss angirtaits mtlugesdmic RNA
1 pha&%geggﬁﬁgiﬁg&%g%@{% 2k basepairs downstream from the TATA
tet

sequence and two phase racycline operators 11 basepairs upstream

from! 89 3ﬂA.TA' sequen eﬁdm@w@ﬁfmﬁm%@@ﬁﬁ%@wiﬁmm@
repr : e used,.it is necessa iver the
tetra%%%%%gf?gr{r}gys% r%%%fﬁ%fﬁ%%ﬁ‘gecﬁggﬁaﬁﬁr%é%ﬁgﬂW&égﬁﬁ%ﬁ‘)m the
prodlictich sithenet oy pineaépraasot inayoberntaduces MQHBLSEof the

pro ells via a redoviral trapnsduction using 1RES-containing ‘
sinﬁ%ﬁgﬁggﬁg{a 1\}8%tgﬁr?ﬂﬂ§]rl?h@&%8mf§%e@1&6%56}%@&% BRpiesss a
2Getratghiipeotepressor trresrapielingd eauialad.CORSHYE SPRIAID Hﬁtﬁ%emﬂn

CCis intecgrated info the genome of the producer cells by 15retrovira

infe BN CEHE AHURAGTRERPIShsiiscobiniiatuble frinssuisiots may
be sp{gfégd@w@m&&%@@t{gﬂ%\gﬁ&%gﬁs%%{% ion of the . :cant

delivered O(1 or other cell-cycle inhibitor may t ein uceél%ef Ad
doxydhkiiielis deatite delivatvelviteehyolythpintoihbititedifi fortuitous
ZO[QQJ%ﬁﬁ%Hpinant expression constructs used in eukaryotic

1742

25 [0074] The second component of the system is the tetracycline
repressor, modified to incorporate a nuclear localization signal. Triggering
the senescence phenotype by expression of the STPs should activate as yet
undetermined senescence-specific transcription factors, thereby accelerating
transcription of the recombinant protein of interest. Experiments testing

30 several modifications of the regulated cassette, including a combination of
desired recombinant product and the IRES-driven cell cycle inhibitors

separately or both transcribed from the regulated promoter. Such a dicistronic
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WO bm@gugg(yeas_t, fungi, insect, plant, _anlmal, humgn, or nucl%%%g%lloaé?ﬂnz
from other multicellular organisms) will also contain sequences necéssary
for the termination of transcription and for stabilizing the mRNA. Such

seqlé%nces are ¢ mmonly available from the 5' and, occasionally 3,
untrafSIEtel! PGS PBBH auRAN sREdrieH SDIeAR oR 6DMIASarBisepeotein and

regiohs &AN3ivayelantige segments transcribed as polyadenylated
fragments in the untranslated portion of the mRNA encoding the

polypeptide. [0071]The RP Shift construct useful for expressing STPs is

desasiped IRUNESS b6,

which 30are fully inbo%%r%t%%%‘rg)g%g@?%sﬁé%%mm{mmLE
YecomdBifant expression construct, must be (1) tightly regulated, to allow

rob growth when in the OFE position; (2) highly inducible by

inex %;Or?gﬂ/e and F%/R BPproV &%ﬁﬁ&?&ﬂ&e PUeRY SremietERuene BifeW-B/c
efficieitincohpbiatan et SOSCAURRLAXREC SSIORBER MRS MALCHY Rfrified

cells. F-qr these.reasons, the tetracycline-regulated retroviral vector is the
systsgr?“%%f H&%&@?‘ﬁéﬁf&?&mﬁ@%wmﬁﬁm@wm%@tﬁs complete

(Inviidygemih sRVeFa MRAHGAHAAS THe final %%Brﬁgfbt?é '%%g%%r%sf%‘%‘%he
from_viral long terminal repeat (L'TR) (1) a selection marker (2 and a
Lhuifiplowisrity sitoesymamkestinysa PondldeAydatisrbeignatid fasidm
reg 1 : for the CKls, in sense qrientation, or_. .
othgﬁgﬁ]%%g?t{g{g %Iﬁhéﬁgﬁéggzgﬂg%sgﬁo %\%\X%Osug E i%@ﬁogrtea%igxgﬂti n{%‘e fusion
the 20mumpfesploningaieaiMaS iohe elpréssedHBomIhe seEHaIUTCC CRL

promegar )5 ulated promater and polyadenylation site are
positione’dg %in rié%@réseegolrsl & r?%ﬁ% n(:‘t!gt ?r?egESIC@ES Preddih ﬂ(?l]&h kg
the [MRytdy &by 2Hmninating LTR-initiated expression leakage. At the

Sa ime reverse orienta ionf)tgf polyadenylation signal does not interfere
”witﬁ%g(}jq%o?mic RNA 15tr3ﬂé?§?i iPEITHRERAEA RS 1s terminated and the

(o e S S o

:1 with myeloma cells growing at the logarithmic phase. The cells are fused
in the presence 0f0.5% polyethylene glycol (PEG 1500; Boehringer
Mannheim GmbH, Mannheim, Germany) while being maintained in a 37°C

20 water bath. The fusion products are diluted in 40 ml of complete Dulbecco's
Modified Eagle medium containing 10% fetal bovine serum and are plated out
at 100 pl per well in four 96-well plates. After 24 h of incubation, 100 pl of
selective medium containing hypoxanthine, aminopterin, and thymidine
(HAT) is added to each well. Two more HAT changes are made at 3-day

25  intervals. After this the cellsare grown in hypoxanthine and thymidine
medium for the next 2 weeks with frequent changes of the same medium.
Aliquots of medium from wells with growing hybridomas are screened for the
production of antibodies against CAP by enzyme-linked immunosorbent assay
(ELISA). Positive hybrids are subcloned by limiting dilution in 96-well

30 plates, and hybridomas are selected for further study and production.
[0077] Samples of the chosen hybridoma cell lines are tested by

triggering senescence-associated beta galactosidase activity by adding 2 uM
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WO TRTMRIHE and two phased tetracycline operators 11 bp upstmmrub:fmhemmz
TATA sequence within the CMV promoter. This configuration positions a
20 tight protein clamp of two dimerized tet-repressors both in front of the

TRIMrepoiaatsite and slasexestiy-pidhe site,pf injuation of Kansgriptian, 1 g

Moreover, binding of dimerized tetracycline repressors induces a

significdat Rintdipetie. dogbléimrsist fertherined delrig e pesbabilty ofing
fort%{%p@%ﬁ@'tquﬁé%gFWe second component of the system is
ifie

the tetracycline repressor, mo %?ﬁ'corporate a nuclear localization
signdl¥T8lggering the séddtsaericehpipeaatypm bynéxprassiboenf deecSEES with

hould. activate as yet undetermined senescence-specific transcription
factg?s?ﬁ%%%%%%%accgl k|}"a]‘_tie e?é%#ﬁ&?:‘?ﬂfﬁdﬁ ’8ftﬂ1nger 8?36’[?15?%%2%8?8
interesipfpesindentsiiesing 30 sexeral merifications Afpheireotitatethe spirit

cassette, includén a combination of desired recombinant L;_ro,duct and the

IRESMHrERTEN BrciB ARt rsI SedaMERp S DR iFBtdN the
reguigfed Rr@matels Such a diciStron ¢ WO 2006/028480Pcpu
S2004/041742 design provides simult eous regulated expression of the
Cre protein and the cell cycle regulator. PREPARATION OF HYBRIDOMA
CELESEMRFRINING | B SEE BRSNS ANG BS

1@ arriBRGUHN MG RIELER S BhES/B REBONA (hiebIn&kdPHhtoneal

injegi at 2-week in £ purifi P ifi P is emulsified -
in tr@%ﬁe amount of Elfg%?r%@ %%#n%%%e%%%/gaﬁ (?rgttl%é%ﬁlr%? igﬁ?ag %%Smess of
and jmcEreune scincomple tmeitijodzaint forthactiiuiollemdrig givenbdosteducing cell
injections. Finally, 3 days before the fysion experiment, the antjgen is
inje(é%relasiné’%llvlenr?é)(L)Jrst f%ﬁ?\%ﬁ?ﬁ ﬁjrv%lr%%'lﬂ%é’ )Losli) el&??‘ﬁfﬁﬁﬁ)@@s S‘éﬁftcé}%h mAb
and toyelnpiategiis(ricaP 2u® 3aAg& hnidastedict: RO a8 vasedbable skkreting
Is carried qut as described (Kohler, et al, 1978, Eta" J finnzunol, 8: 82-8).

1 B B AL ARSI U S B N RO o] ines
remayee prRepcatyubiog SRIAERERIS Weks: er vaixpeRhavatia of 3k 1ack of

with myelonia cells growing at the logarithmic phase. The cells are fused

in thB'PRBEFREBY 0530 PRIRmIR AR gigeoFPRE USIBIBERM#HTRAN enhance
Mangheif faii ManaRebr (REEMAR, WD @&Q&Q%Mmﬂé&%@

20 water bath. The fusion"products are diluted in 40 ml' of complete
Dulbdéessis Modihiedi Enpleshrediimic onthimmpuoss fatalldpovimé. s€henefore, the

20 AIERIRIGT AL S AR RIsRE AR RUGBAY S PRISEAASIN 60 s
producing IgG toward L1CAM, MH70 producing 1gG toward rhodopsin, and
CH450 producing IgG toward CD24. These hybridoma cell lines were chosen
for their different levels of mAb production, LG53 (20 pg/ml), MH70, (100
pg/ml), and CH450 (500pg/ml). All hybridoma cell lines were grown in

25 Iscove’s modified Bagle’s medium. To design a senescence-competent cell
line, 1t is necessary to deliver tetracycline repressor (TetR) or other suitable
regulatory system into the cells chosen for biopharmaceutical production. As
disclosed in more detail herein, the TetR was introduced into these iﬁroducer
cells via a retroviral transduction using IRES-containing single-transcript

30  vector (Levenson, V.V, et al., 1998,. Hum Gene Ther,. 9: p. 1233-6). The

full-length tetracycline repressor was cloned into a retroviral vector
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selective medium containing hypoxanthine, aminopterin, and thymidine
- wo %?—?i%gféggdded to each well. Two more HAT changes are ma§d A3 ¢4+ 17+2

25intervals. After this the cells are grown in h-ypoxanthine and thymidine
medium for the next 2 weeks with frequent changes of the same medium.

Aliqergtsesfimepinnmisanin We s atjthigoirg hybReéRnas es8 BorkenstbforAn
th tion .of antibodies against CAP by enzyme-linked _
N Rt OO A BUC s A onh B TAHRGTeIR.
dilutegiindedeli3 pateswanehhybeidomas am selecreek efRriber siydied to

and productjon. [00771Samples of the chosen hybridoma cell lines are

test¥tf BSPIrgG SrmEessiftseb i sanssemmrsdip s gam ctcimnse Betmhgenge of
saddng 2 Ml RcBr eI (it Gf il 199, Proc Nall

Acad SCI US A,. 92: p. 9363-7). Cell lines are examined for mAb .
prod@¥Bh using standake Samdwiie FISSM wehnispbs [(BOFSL Mitheiviral

the ent.j ign.h desceri ith Sre Ice to particular
e B LS e
mogificatontsmaip buatmde wiiti eutgepaotired! rdmothehsipirit dicdscope Of
the invention. The invention is.only tq he limited e.appended clajms.
ey AL DR RPN E RN CE Bt AR OE o BRI EdNe: U S
10SECREDIQNEENT IEfﬁBb@Qkal@ﬁLll Vi@%ﬁ@@?@lﬁ)@ﬁrmﬂﬁ W%ritfﬁ%l, Proc
designed to determine the robustness of premature senescence methods
in vﬁ%gﬁcg%%iﬁh %As-p%%@}xg‘?g@ﬁ%@wmwwé@md on
for @b%@iﬁ@@ﬂ%ﬁl%@éé%&é?ﬁﬁ@,%@%H&Bﬂ?h“@y%%iﬂr&ﬂlﬁi% RERNERLn of

and early clinical studies. Often, bybridomas secreting 15high affinity
mABBYhASHUER i ke erlinABe. medsehiadbais cantineiartrtypicdlly

excluged;fom %B&ﬁ'%%ﬁ,}g@? @’8@&98:%%?%‘8%%%%&?5&% GP2-293

necessary to complete the’st remature senescence can enhan
15the prbslustiunstapdmidy (Of-hlesspluie teabmyods¢Besrsititas thedel 69 eProc
R PP 518Y SENIIYE. By RIRRR IS S S R e e e,
culture medium with infectious virions was collected, filtered through 0.45um
filter to remove stray packaging cells, supplemented with Polybrene™ (4
ug/ml) and added to 250,000 target cells. Twenty-four hours later cells were
20  trypsinized and re-plated: two 60-mm plates were seeded with five hundred
cells each, while the rest of the cells was plated into 150-mm plates at a
density of 10° cells per plate. Populaﬁons of cells containing TetR were
selected with puromycin at an infection rate of 55%. Puromycin selected cells
were confirmed to express TetR by reverse-transcription PCR using the
25  Enhanced avian RT-PCR kit (Sigma, St Louis, MO) and primers that flank the
region 2360-2575 of the TetR (TR1:5’-GGAGGGCAT-
GGATGCTAAGTCAC-3’ (SEQ ID NO. 3); TR2:5°-
TCTCCCTTCTCCAACCGG AGGATCAC-3’ (SEQ ID NO. 4)).
[0081] After hybridoma cells were modified to express TetR,
30  retroviral vectors with inducible tetracycline-regulated promoters containing
senescence-triggering factors and the selectable marker for G418 were

prepared as follows. Senescence-triggering factors derived from the Ankyrin
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wo hylwiesusa target cells used in these feasibility investigationsweresb @1 742
producing IgG toward LICAM, M1170 producing IgG toward rbodopsin,
and CH450 producing 1gG toward CD24. These hybridoma cell lines were

R ey P NS e st M PR
growcid A lisesived 1N esfisHrhagle s Mediuiebeidesign lunt end cloned

senescence-competent cell ling, it is necessary to deliver tetracycline

repri¥Sdtierelt) snsaskrs thabidveginatonesys mming tits eifbeHbospmal
for hipphatmacesticalereialion, A3 HigsIoss thip, P defail dersingthGo the

TetR was introduced into these producer cells via aretroviral transduction

Usin§aRES ehtsiising Singteeraralcristeodesttb tdeenso nPupvlaeoss. of target
199811 A% 6;,888 J&dﬁrm%&nﬂhzgigﬁ%)gw:%g %g%m&e(%%%%léﬁnfected with 4

repressor was cloned into a retroviral v
20061028 480P S IVtB200410A 0T &BX}f18ssillg pudeseyitiad\dacetyl Cells

transferase, LXIP, at Eco ?bﬂf s.. An L RES-containing rejroviral ~
constr A S e B 0 Patho g HELra o
nuclssietoedhzatign7sigpahl Thig J etR was required to prevent the

expression of the senescence-triggering factors in the absence of

1Ging uring growth SHABiERA AlSHD I deTERids To0gE PReescence was
Panyepicisysterpyrssred i deliverine bR VARG Ine.ce ul%xy@jcﬁne

Pantropic system uses VSV-G, an envelope gly-coprotein, to mediate vir

entr{Oirks eeliditaroligh I By tard prdlsnivesieaistand firtonyBymeynting
J.C., -2d S 80337 Emi, etal, .
5 O U0 LT

1991 J Virol, 65: p. 1202-7
91: pu@56d g Bermseddiidoystane dives mur o pendodispecifitniel inducer

urf receptars; the Pant-opic m allows tran |an of an
L L e eSS e O el Afe
the viechos cioryiogcines genédetiinipdestiwasdransiesigdditondR2md3d from
15cells using standard Ca-phosphate techniques. (Pear, W.S., et al,1993,
Proc T AEAT LB O RCB0)SAbSEE) oy i REn LR o1 ey 1o
transfsptionievltaie Medidaumithdnfectiauraiionswas solRaied dilieratkated
through 0.45 um filter to_ remove stra}éggckaging cells, supplemented with

PolyBreferh @i oty biddemss g ooct gk cafscrivensbtepked and
2dourgiatanealls WerR IYRSINIZE S ARG e RIRIed:TWe Q0 IB F&E@E%ﬁ%flfgegs

seeded with five hundred cells each, while the rest of the cells was plate

into Wheckasicp) diaingt helbrsity esfiaobeodiis pBiguieaé.. Populations of cells

cont '@ Ted: were selected witrl uromycin at an infection,rate of 55%.
y%% gnescence é)&fpéyﬁgn{%g{)na%w%ghnes were 1solated

Purom selected cells ' were con 0 express
revebyelitratisgr ipfiotioR GRIusingithelRE dualgnoe ddviandd pRGRKin of

(Sigma, St Loui 0) and primers that flank the region 2360-2575 of the |
et B8 oA L e B ARG FORL TS (et NG opfiston of
2T R2tpbriiche CEldTiikes ANBLGH AEATEAG 3e(BEQHRINPiAD cach well

of a 96-well plate. Single colonies were expected to grow in most wells of the

plate. Each single colony was recovered from the plate, and grown éeparately
as a cell line. Each cell line was seeded into a single well in each of two
identical 96-well plates (one control, and one doxycycline-treated). Inducer
30 was added to the wells of one plate (treated) to a concentration of 2 ul and
allowed to grow for one week. Production of IgG from each culture was

determined using anti-IgG-horseradish peroxidase in a BioCoat kit (Becton
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0081]After hybridorna cells were modified to express TetR, 30rettoviral

WO 208e45r¢fith inducible tetracycline-regulated promoters contBRfHgS2004/041742
senescence-triggering factors and the selectable marker for 6418 were
prepared as follows. Senescence-triggering factors derived from the

Ankipiiki¥6h P ODBORBABORUCTEAY 52 Q407 d2b ik regioniaftpdtifEabe in the
1) and the N-termipal Cy region of p21 (Table 2) were synthesized as

oo R TSR tHaS o B BB & LB G b BN aliquot of

encodingdneibiniermnah wen hiasuine ALRSRIIT8PasaM3lprot8ifck frashing
from Eschericlzia coil (SEQ. ID, No.1) and were cloned into the

5ECHIabEP e e rbinsv iRl ivia ioherssEribiel BexsvadmspiRstiefdedfand
starggabashe@R. 990 cellsdp 6AIRRL disheRlwee iapeaiely-(4 times)

>

infected with 4 ml of viral supernatants from GP-293 Cells’as described
abow&ageliBydperifidaly sortamingthe®vdshift vevibateartiorid grimiuclisRe.
ST erg.selec ith-Q.(nig/nil 0418. 10[0082JT he ability of cells to
e e G S 8 AR G Broance
cellstishp Bdulitioreaditiee inda péatdaxydychnicitio e wutur€he hendiiagivepacity of

growth, of cells measured directly by counting cells under the

icFBERORE o RS EPERR AR S s Lo Totgvane 1o be
10follewing addisaseatrmestia (ee AR HREHISeANAIANEdNEIHGR(0.05-5 1g/m)

15(treated). Cells were seeded into 12 well plates at 25,000 cells per welf?:

ARt AW ER g e R s pHedcddged i amere vlpeimmerndsd antibody

remeyRAAM RIGAISIVE! "l ' ters £
changed on dza/( 8 to bomﬁgtggfg%gﬁégtse gﬁ%?ﬁ?ﬁ%@%ﬁﬁ \)lfatll)ﬁﬁ{)s/ from

of dexfaiRdinethdaterrelise Théugrsinbrotdegbdichonadicelly (rsatmetivith 10-fold)
ind%%?%@%@&?@ﬁg%@%‘a” viability remained intact over three weeks,
[ lls wh

in contract to control ¢ ich died during the first week of culture
15Figure 2. [0083]Senescence-competent hybridoma cell lines were isolated
by limiting dilution and tested individually for enhanced production of

mRasPPR L PHPG A ARERSURLPSENR NG MeepRYn Ry
Se e

mogou&ils of the plate ﬁammlﬁfqgmﬁgﬂﬁéﬁm&éﬁ@%ﬁ& RIAIO cell
ell ll

and grown separately as a cell line. Each cell line was seeded into a

singfé¥eliah BIER 8D BRHCAPOETR A MRt tsha commbETaid pregluction of
20doxyeslingriigaedodye8t immunoglobulin fragments. CHO cells were also

chosen because they have been demonsirated to undergo senescence. A
secretable alkaline phosphatase recombinant expression construct (SEAP,
Clontech) was stably introduced into CHO cells to monitor enhanced protein
expression. An IRES-containing retroviral construct was used for delivery of
25  the native TetR that was engineered to include a nuclear localization signal.
The Paniropic system (Clontech) was used to deliver the retroviral DNA into
the cells as described in Example 1. Cells containing TetR were selected as
described in Example 1. Senescence-triggering fragments from Cip/Kip and
INK4A proteins were introduced into CHO cells as described in Example 1.
30 Senescence-competent CHO cells were selected in grown in neomycin

containing Iscove’s modified Eagle’s medium as described in Example 1.
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wonasadded to the wells of one plate (treated) to a concentrgtiqn Qb @ tih.17.42
and allowed to grow for one week. Production of IgG from each culture

was determined using anti-lgG-horseradish peroxidase in a BioCoat kit
(Becton WO 2006/028480PCT/US2004/041742 Dickjnson). The kit .
compHSES N m&a&ﬁﬁ?@%&ywﬁwwém A68E oMU cells into
medig Qigdpianinlg e seairdenheriales AR AIGH! Rhs measured in

IgG-containing media was added to each well for 1 h at 25 C. After

washiWith [resipe fleval ehliniecanalige (inderdinfrserokivase dvdays for a
addeqland, pingubatedforLh #h2aG, ANt WASNEEydIP AR (2%4/49%)

teta-amethylbenzidine substrate was addéd and incubated for 8 mim a

35C. Slopolubibiedse Bsvafre Mphodphs PR d fhoagnhebesattioveranght at 37°C
Absorban t 450, urn. meas in.a.plat d ithin,30 Min. Th

bindir\{ggfgl%;tzlagragfiéj:%f:ti)f/1 So‘gf)bggr&evaeﬁ)%eg?grﬁ%%&’%ﬁ’a%é?és g%?ﬁ% ﬁcﬂéa cé
lines Miayseedt to 98 ABdutéthc«Gonnbatrafionsarendetdtsnméctdrarmad by

standard curve (Q.05-5 ughril) of commerciall ilable ified 19G . .
o AR S S o (e e e B AL llgigption) at
slightymehekeaslanghedyitersdiiom eginsamiitnaeryoyctivgiingsaaining
increased dramatically l(as much as 10-fold) over three weeks Figure 3. 15

ExansLes PREMATURE SENeSEEREE ERRRREESSRO PEIR>55% will
SECREHGNAN: RO EA- 555084 ke pffects of inducing

premature senescence in CHO cell lines was investigated, since they are
widel{-HéegaH taemvesesanplagddin haf Puesiigiecshand Aefipd dissvagieplly for
immu%ﬁgigpéarir%lf@gmg $ glls were also chosen because they
have been demonstrated to undergo senescence. A secretable alkaline
phosplififiide recombinaiiaxesessior SdivsttuvoifsEonm oCIoH R alt) lvvass
- stably introduced into CHO, cells.to monitor enhanced. pratein expression.
B I T TS B LR RS R SrTee
nativeuetiRdhat Wasenginesisieininsidgshausleabiocatization igoaing the -

The Pantrgpic system (Clontech) was used to_deliver the retrovirai DNA
into tAOTREIES G HEQMBI TS BLoManmy s Etidie oreased

selectedrag sieseriredribranple teBenasee RIESHIBGHRAIHRAMABEover one
from Cip/Kip and INK4A proteins were introduced into CHO cells as

describeekifExdfhiiie RLesonse fisskiieds Sorhpeteatemodens el The
selectaddngroraHA PeATVGIR FARIRINNG RSN REINCHIREFRRIR Ssed stightly

medium as described in Example 1. Induction of premature senescence

was meesansavseklatthersss 008 Getis inndh8 eseliplades yoydline inducer increased
expression of SA:(3:Cial in these cells wa sured in.cultures lackin

Ccon e e T B e
cells vieys fixeti S thPadetey ide hirddio inatdeb v €2%0dd¥aining the senescence-

triggering factors without being exposed to the inducer doxycycline.

ﬁad Sci

25  [0086] .- It will be understood in the art that production of
antibody-related proteins in a non-hematopoietic cell as demonstrated herein
illustrates the generality of the claimed reagents and methods to increase
heterologous protein production for any such heterologous protein in any
cultured eukaryotic cell.

30 [0087] It should be understood that the foregoing disclosure

emphasizes certain specific embodiments of the invention and that all
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wo 2090/tiape Fixed cells were washed with PBS, then incubated oveisight @t 742
37C with X-Gal substrate at pH 6.0 (Dimri, G.P., et al., 1995, Proc Ncztl
Acad Sd USA,, 92: p. 9363-7) . The number of senescent cells is
deter counting cells under the 0 t

RSB L A ey AEeriE et 0 S . Cope

\ m@@lmemt@mmgl 10indfoerh(fredtedpptndad ekperted that a high
percentage of cells >85% will display staining for SA-S-Gal (See Figure 5).
CHO cell lines were isolated by limiting dilution and tested individually for
enhanced production of SEAP. [0085]Expression of SEAP from control
CHO cells was 15monitored as enhanced alkaline phosphatase activity
from cell culture supernata.nts using p-nitrophenol phosphate as substrate
and monitoring the absorbance at 420nm over 5 minutes in a BioMek
plate reader. Increased secretion of SEAP from CHO cells under RP Shift
was determined over one week time in the presence (induced) or absence
(control) of 2 inM. The 20 amount of SEAP measured from cultures
without inducer increased slightly over one week, whereas that from
cultures with doxycycline inducer increased as much as 30-fold in just a
few days. CHO cells harboring empty vector displayed SEAP activities

- similar to those of cells containing the senescence-triggering factors
without being exposed to the inducer doxycycline. 25[00861, It will be
understood in the art that production of antibody-related proteins in a
non-hernatopoietic cell as demonstrated herein illustrates the generality of
the claimed reagents and methods to increase heterologous protein
production for any such heterologous protein in any cultured eukaryotic
cell. 30[0087]It should be understood that the foregoing disclosure
emphasizes certain specific embodiments of the invention and that all
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modifications or alternatives equivalent thereto are within the spirit and
scope of the invention as set forth in the appended claims. MCSLLP
CLAIMS: 1. A cell line comprising a recombinant expression construct,
wherein the recombinant expression construct comprises a nucleic acid
encoding one or a plurality of Cy motif peptides or one or a plurality@t-LP
Ankyrin repeat motif peptides, or a nucleic acid encoding one or a plurality
ofl @AY peptides and one or a plurality of Ankyrin repeat motif
peptides, and wherein the recombinant expression construct further
comprises an inducible transcription regulation element comprising at
least twol tetraciiclivsdl opesatomitsiementscombianiecaplichisierofeorgirngt,
wherein tha cellling is.a myelpmass! lnsengellingfuliable fatsioniq
with mouse splenocytes to generate hybridoma. 15 3. The cell line of
cleierding 2n@ivereiptmaliscoriSiamoskpresiies constucr enpbdeltvnel

OrAh RUHHRLGIY: O Seif g&%%@?,Q&W?ﬁ&?&@&ﬁf‘eﬁ@ﬂ&&&?@e%ﬁ%@ﬂ?ﬁity of

(LyslArg)-Xaa-Leu, where Xaa is any amino acid. 204-The cell line of any
oke shetdineptides 3ndvheeainamdurabibnebinaky Erpirpssion eoieentistes, and
eRGedes annHUBHaky o G SRUi RERIIAES AR ATPRORG inducible
sequence (Lys/Arg)-Xaa-Leu, where Xaa is any amino acid, wherein the
miGRESHEIRIOT CEwBtipelsteRy spmprsies sedcast A ptigeeyslitanseensitor
sail, mejifs. 25 5.The cell line of any one of claims | to 4 wherein the Cy
motif peptides encode a peptide having an amino acid sequence identified
by SEQ 1D Nos. 6 through 21. 306.The cell line of any one of claims 1 to

5, wherein the recompinant SXRLESSION GANSIHA! e1Peres M Rlisial

Cy motif peptides having the swim or different amino acid sequences.

7 lingeelbdlhdiBe afitahle oI fitpion tovBhvhersh thicpeeptebitvargenerate
expissgmeonstruct encodes one or a multiplicity of Ankyrin repeat motif
peptides haying an amino acid sequence
Xa.a-Xaa-Xaa-His-Asp-Ala-Ala-Arg-Xaa-Gly-Phe-Leu-

5Asp-The Leu-Xap-XaarLgHe WiHegXRa 1S @y amiReaGidie recombinant

expression construct encodes one or a multiplicity of Cy motif peptides having

an amino acid sequence (Lys/Arg)-Xaa-Leu, where Xaa is any amino acid.

4. The cell line of any one of claims 1 to 3, wherein the
recombinant expression construct encodes a multiplicity of Cy motif peptides
having an amino acid sequence (Lys/Arg)-Xaa-Leu, where Xaa is any amino
acid, wherein the multiplicity of Cy motif peptides are expressed as a peptide

multimer of said motifs.

5. The cell line of any one of claims 1 to 4 wherein the Cy motif
peptides encode a peptide having an amino acid sequence identified by SEQ

1D Nos. 6 through 21.

6. The cell line of any one of claims 1 to 5, wherein the
recombinant expression construct encodes a multiplicity of Cy motif peptides

having the same or different amino acid sequences.
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8. The cell line of any one of claims 1 to 7, wherein the recombinant
expression construct encodes a multiplicity of Ankyrin repeat motif
peptides having an amino acid sequence Xaa-Xaa-Xaa-His- Asp- Ala- 10
Ala- Arg-Xaa-Gly-Phe- Leu-Asp-"Thr-Leu-Xaa-Xaa-Leu, where Xaa is any
amino acid, wherein the multiplicity of Ankyrin repeat motif peptidé4C&id-P
expressed as a peptide multimer of said motifs. 9. A method of
increasifig yieldlbf agtdbedroframy eneukanypatis 15cél whkttre, themprising:
(@) comacting o el eR AcePLding {0 A0y O ol 6

3#{511?;/10 A%P(Nl ha
compoun uces an inaucipie transcription reg ation element

coeppuisingié ieptadsclime gpanaioieiewidstquedoh Xeot atintpa- Pretdisp-
fr%(fg%g[gm the c lc ure. 20 10. The method of claim 9 , wherein

the recombﬁﬁén?%xp?’éss%n Construct encodes one or a multiplicity of Cy
matif-fdptides XawiKgaheauminsrcdsequeneaifioystitg)-Xaa-Leu, where
Xaa is any amino acid. 2511.The method of claim 9 , wherein the
recombinant expression construct encodes a multiplicity of Cy motif
peptidesshavindlan axlindiacidSeqyence (Listhrgis Xhatd etls, whereiXdhds

any amino acid, wherein the ulyplicit of g 'f1 tiﬁf,a%% - ¢
eﬁ%cr%ggén g%s: %XB‘éeS ide rﬁ%‘ﬁ?nﬁ%cr oefn s?g?ﬁ %10'[%%@%% %%Q'T e me%%l& 8efpaere11y
on®of pleptided bavitg whemaincheiQ s eqotiipe plideX andoddlaspdptideila-
hayino 4, amine Acid sequsneg dantiied by SEQ D Nog, 6 ioNoR21,
S%Ejﬁh‘g%aé?% of an)e/ one of c}i);ﬁnns to 1é?w ereien the récom%?nlesint Y
exprassiarGowsitah gheodedialmitjtipicitynly @y raptiftpeptidaspadasgare
resaneerdlissmamieAdd sequenes. 14 The method of claim
9, Wherein the recombinant expression 10construct encodes one or a
multiplicity of Ankyrin repeat motif peptides
9. A method of increasing yield of a protein from a eukaryotic
cell culture, comprising:
(a) contacting a cell culture according to any one of claims 1 to 8 with
a compound that induces an inducible transcription regulation element
comprising a tetracycline operator element; and

(b) collecting a protein fraction from the cell culture.

10. The method of claim 9 , wherein the recombinant expression
construct encodes one or a multiplicity of Cy motif peptides having an amino

acid sequence (Lys/Arg)-Xaa-Leu, where Xaa is any amino acid.

11. The method of claim 9 , wherein the recombinant expression
construct encodes a multiplicity of Cy motif peptides having an amino acid
sequence (Lys/Arg)-Xaa-Leu, where Xaa is any amino acid, wherein the
multiplicity of Cy motif peptides are expressed as a peptide multimer of said

motifs.
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having an amino acid sequence
Xaa-Xaa-Xaa-His-Asp-Ala-Ala-Arg-Xaa-GlyPhe-Leu-
Asp-Thr-Leu-Xaa-Xaa-Leu, where Xaa is any amino acid. 15. The
method of claim 9, wherein the recombinant expression construct encodes
a multiplicity of Ankyrin repeat motif peptides of a having an amin
sequence Xaa-Xaa-Xaa-His-Asp-Ala-Ala-Arg-Xaa-Gly-PheLen- _
Asp-Thr-Leu-xdaiscastived ofvier el igarys rinbl atibciwmehisit thaotif
mutiiplicent Arky iR epeahmeliReRidRs Al RRISRseHian®aeBYdeEQ

multimer of said motifs. 20 16. A recombinant expression construct
céR%ﬁn@?}(éf)uélh%imal promoter comprising a TATA sequence; (b) two
phased operators downstream from the TATA sequence; and (c) two
phased operators upstream of the TATA sequence wherein the

recombirdant exphés&sthednsfudtys a8 8detialasincliim!2, wharginyihe
racoBMRHAN YRS aRstuctafslaim &@1%%@%@;@1@%@3@%5
e

expression construct encodes one or a multiplicity of Cy motif peptides
h&YHgaRamme dotifaquipia Jehegiuracei-eu, where Xa.a. is 30any
amino acid. t 8.The recombinant expression construct of claim 16 or
wherein the recombinant expression construct encodes a multiplicity of Cy

motif peptides MM SRdnth6!at Seduhsier dsTargyRiaant siphmEns
Xaanssagy aminRactde Wheseindhpulinlicivael Gy methpeplidesaredes
expressed 5as a peptide multimer of said motifs. 19.The recombinant

eXraBgiah EBHGRRE SFANSPERE Bt AR e 15 1S PriéraiR thesey Moty
peplidesue eI PeptieRYING QN RRMR0KAGIH saguenes ideatified by

SEQ ID Nos. 6 through 21. 10
15.’ The method of claim 9, wherein the recombinant expression
construct encodes a multiplicity of Ankyrin repeat motif peptides of a having
an amino acid sequence Xaa-Xaa-Xaa-His-Asp-Ala-Ala-Arg-Xaa-Gly-Phe-
Leu- Asp-Thr-Leu-Xaa-Xaa-Leu, where Xaa is any amino acid, wherein the
multiplicity of Ankyrin repeat motif peptides are expressed as a peptide

multimer of said motifs.

16. A recombinant expression construct comprising: (a) a minimal
promoter comprising a TATA sequence; (b) two phased operators
downstream from the TATA sequence; and (c) two phased operators upstream
of the TATA sequence wherein the recombinant expression construct is as

defined in claim 1.

17. The recombinant expression construct of claim 16, wherein the
recombinant expression construct encodes one or a multiplicity of Cy motif
peptides having an amino acid sequence (Lys/Arg)-Xaa-Leu, where Xaa is

any amino acid.
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20.The recombinant expression construct of any one of claims 16 to 19,
wherein the recombinant expression construct encodes a multiplicity of Cy
motif peptides having the same or different amino acid sequences.
1521.The recombinant expression construct of claim 16, wherein the
recombinant expression construct encodes one or a multiplicity of ¥pikykh
repeat motif peptides having an amino acid sequence Xaa-Xaa-Xaa-His-
Asp-Alad &la- ATgeX aacGipirhe- LegpispeT hodstrothacX adaimu, | wherel 7,
Xaa is any amlno 22 The recombinant expressio f
c|a|%m"§1f wﬁerreecl% aﬁlen?élco ﬁ%saslhotneﬁ(ﬁregsgneggnstruct gﬁ%o%%l{-g:%? Cy
mubipfipitytofeAhkyiig laelpeahm eufdomqtuxdeser(&w@\m‘)éhmb@zclwhere Xaa

S(i.‘sqgenge >r(1ca>la X a )éaa rlx_l i{: Otlf tides are gxpressed
Xaa- rE’]h LFh g Le ere g(a?a IS any 55 amino

aaxjamler@mthblmmimﬁluam}'mhﬁ\ﬁkynn repeat motlf peptides having an
amino acid sequence Xaa-Xaa-Xaa-His- Asp- Ala-. Ala-
Arg-Xaa-Gly-PheLeu-Asp-Thr- Leu-Xaa-Xaa.-Leu, where Xaa is any
amino adigl are Eh(pneseeﬂb'msra pEptide mutnsetof shrhmotifso B3d28Fhe

cell line o e fclalm | t [ i

o e T e L R e
K 6464485 idalm@ncBblyﬁs@QdﬂﬁaNm@siemBQ@ﬁa, MCSLLP N SI Human
lymphoblast; FO Mouse myclomm Y3-Ag .2.3 Rat myelomm or

P3X63-Au8-653 Human inyeloma. 24. The cell line of any one of
claims 126.8 ori8; whemdimane caltdineis @HT el fime one oDgaithe 16

o5l 10° ofamnane ALelainnh OR Rl Wheeln B cal g RAHH0 of

fl ine. A meth producing a hybridoma cell comprising fusing a
Cy motif peptldes having the same or different amino acid sequences.

21. The recombinant expression construct of claim 16, wherein the
recombinant expression construct encodes one or a multiplicity of Ankyrin
repeat motif peptides having an amine acid sequence Xaa-Xaa-Xaa-His- Asp-
Ala- Ala- Arg-Xaa-Gly-Phe-Leu-Asp-Thr-Leu-Xaa-Xaa-Leu, where Xaa is

any amino acid.

22. The recombinant expression construct of claim 21, wherein the
recombinant expression construct encodes a multiplicity of Ankyrin repeat
motif peptides having an amino acid sequence Xaa-Xaa-Xaa-His- Asp- Ala-
Ala- Arg- Xaa-Gly-Phe-Leu-Asp-Thr-Leu-Xaa-Xaa-Leu, where Xaa is any
amino acid, wherein the multiplicity of Ankyrin repeat motif peptides having
an amino acid sequence Xaa-Xaa-Xaa-His- Asp- Ala- Ala- Arg-Xaa-Gly-Phe-
Leu-Asp-Thr- Leu-Xaa-Xaa-Leu, where Xaa is any amino acid are expressed

as a peptide multimer of said motifs.

23.  The cell line of any one of claims 1 to §, wherein the
hybridoma fusion partner cell line is Sp2/0-Agl4 Mouse B cell myeloma;
YB2/0 Rat B lymphoblast; K6H6/B5 Human B lymphoma/Mouse myeloma,
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cell of the hybridoma fusion partner cell line of any one of claims 1 to 8
with an antibody- producing marine spleen cell. 27. The method of
claim 26 Therein the hybridoma cell produces an antibody. 28. The
cell line of claim 7 or 8, wherein the ankyrin repeat motif peptides encode
a peptide having an amino acid sequence identified by SEQ ID No¥C2%LP
through 25. 20 29. The method of claim 14 or 15, wherein the ankyrin
repehtomngepidedlepicdde M pesivedemitigiah Amind hiet sexplemae or

ideRtfiad /QQ,@%%@I@MI%QUW 25. 2530. The recombinant

expression construct of claim 21 or 22, wherein the ankyrin repeat motif
peptides encode a peptide having an amino acid sequence identified by

SEQ ID Ngs. 2Z1{raughigeor any one of claims 1 to 8 or 23, wherein the cell

line is a CHO cell line.

25.  The cell line of any one of claims 1 to 8 or 23, wherein the cell

line is a NSO cell line.

26. A method of producing a hybridoma cell comprising fusing a
cell of the hybridoma fusion parfner cell line of any one of claims 1 to 8 with

an antibody- producing murine spleen cell.

27.  The method of claim 26, wherein the hybridoma cell produces

an antibody.

28.  The cell line of claim 7 or 8, wherein the ankyrin repeat motif
peptides encode a peptide having an amino acid sequence identified by SEQ

ID Nos. 22 through 25.

29. © The method of claim 14 or 15, wherein the ankyrin repeat
motif peptides encode a peptide having an amino acid sequence identified by

SEQ ID Nos. 22 through 25.

30. The recombinant expression construct of claim 21 or 22, wherein
the ankyrin repeat motif peptides encode a peptide having an amino acid

sequence identified by SEQ ID Nos. 22 through 25.
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