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Field of the Invention

[0004] The invention relates generally to the field of recombinant protein expression
technology. More specifically, the present invention provides methods, cell lines,
and kits for enriching for recombinant proteins in cell culture as well as methods of

purifying such proteins.

Background of the Invention

[0005] The advent of recombinant technology, allowing the production of
recombinant proteins in desirable host cells, has opened the door to various uses for

recombinantly produced proteins. Production of recombinant proteins suitable for



beconme increasingly promnent. Typically, the process
for producing a reconbi nant protein ranges from

w0 deasfoy: ng a cl one which produces a desirabl BCT/US2008/000244
product to scaling up manufacturing and product

[ and sual l'y i s arduous a
use afHincberliesn Otiiasie B sRAtchdReosRE wggfv%wraw&hm the
resour ces. Wt h recombi nant proteins becom n
biotecpelogydieids Netabl, ovesthe dast decarg. tberapawtie Péﬂei'rtﬁ Baye
ways of producing and purifying reconbi nant products
beconea intesasingly prominente rTypically| the proceas forgpnodudingta secamibinant
a reconbinant protein is not sufficient. For exanple,

proteimﬁéﬁ?és?ﬁéﬁhdéﬁﬁﬁying fcisherbichrproduoss ardesirabrepioduat, to
conpl ex m xtures of products, which nmakes the task of
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a need for inproved technol ogies which result in
ways of prioducingaand puefyingsregembiaant productsds gliesirable. dflowewer,
protein produced. Summary of the Invention [0007] The
merelpireseading predudtion ¢frprecbesbinahhprdteihds netsuffisiemy. For example,
reconmbinant protein in cell culture, for exanple, by

most re@eibinghthy SroldB¥8d préteiraredpreSBAEINCEIHh Bk Maitres lof prod ucts,

certai n enmbodi mrents, the invention reI ates to 1 nproved
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previ ously described nmethods suitable for th
Administeatian regiirements epdrpteain genpistansy nauality| iPnQ)PHEW better
enbodi nents of the present invention provide astably
methodsaof pireteiregrachictiohianel pumifidation aradesiredo make, easi er
to grow and | ess expensive to nmaintain than previously

[000BRssUTHipgH, Sherel iy o et fardimpllovet technbRiéowhidheresult in higher

production of reconbi nant proteins. Yet other
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Summary of the Invention

[0007] The present invention provides methods for enriching for a recombinant
protein in cell culture, for example, by reducing the levels of one or more
contaminants. In certain embodiments, the invention relates to improved methods,
kits and cell lines for the recombinant production of proteins. The invention thus
provides, in some embodiments, methods that are simpler to perform, more efficient
and less expensive than previously described methods suitable for the production of

a recombinant protein. Still other embodiments of the present invention provide a



a nmethod of harvesting a reconbinant protein froma

cell culture that is faster, sinpler, safer, and nore
w@RG08nsi9vEe. Proteins as used herein include fuPdT/U8200%/600244

proteins, protein domains, protein fragnents,

ol ypept i des .and tides ¢ rising.t or _npre . an no
stably fiangtecteq, celjide s eamer & MekRorasint to,olocRnd 1658
expressed using the_ nethods of the present invention
expensive te meaipfain than previusiy deseribed sigbhetrapsissiad.esit lines for the
reconmbi nant proteins expressed using the nmethods of
production ¢frresembinantgnoieins. aY et ather eothadimentsaof thggnvention provide
bi ndi ng fragnments thereof. [0008] In sonme enbodi nents

a mettist-of Kamesting birecomearant protednfroana call Taltbsithet is faster,
enriching for a reconbinant protein in cell culture is
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sequence encading at | eagt one anti-a Qﬁt otic grotei n

two orgpore amina ?@Eﬁi lr?ﬁawm PR, r%meﬁa ok proteins expressed

~nucleotide sequences are operably linked to one or

using ther methodscofdhe mresentiayeiast arepberanewierprotaing  kmyetother
mai ntai ning the chromatin in an open state; and (b)

embodinrents, iregormnbinant proteirbeexpressiéd using theahethioas dfltlee present
reconbi nant protein is produced in the presence of

inventioRthteahtibB¥fisSoroantifed IIhdig fPagiABh&NthBAsSfS. thereby to
enrich for the reconbinant ‘protein in cell culture. In
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contani nants. [0009] In sonme enbodi ments, a cell .
compriggst (a)rntigducing intect celb astigt BHEleicoacid dnolgeule camBpiging@
protein or a functional fragnent thereof is further
nucledtiderssiqeened enicoting a cedarnbinantiprajeincanda secpnd siuclpiaacid
nucl eoti de sequence encodi ng a reconbi nant protein
molecoleesoripiisihg BkRULIéstide Seqlarid eifcaiing atkaist anekinti-apfoptotic
openi ng chromati n and/ or maintaining chromatin in an
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operably linked to one or more DNA elements capable of opening chromatin and/or
maintaining the chromatin in an open state; and (b) culturing the cell under
conditions such that the recombinant protein is produced in the presence of reduced
levels of one or more contaminants, thereby to enrich for the recombinant protein in
cell culture. In some embodiments, such a method further comprises the step of
harvesting the recombinant protein from cell culture, where the recombinant protein
is produced in the presence of reduced levels of one or more contaminants.

[0009] In some embodiments, a cell containing a nucleotide sequence encoding an

apoptotic protein or a functional fragment thereof is further transfected with a nucleic
3



t he reconbi nant protein in the presence of reduced
| evel s of one or nore contam nants. [0010] The one or
woreeos/0g396t ani nants i nclude, but are not |in teRCT/US20081@00244
or nore host cell lipids, one or nore host cel
: roteins, one or e host cell carb drat es,, one
acid nffiein GOMRTBING RUMCIRANEE Resiienta GiraaR0 Adreomdant Bratein
DNA nol ecul es. In a particul ar enbodi nent, a
operablydigked ta atnusientislenseaugncetianable af openipgcheamatirand/or
reduced | evels of one or nore host cell proteins,
maintaihiegechromatinén an operestats and éd tulfuredainderaoadjiioasdatproduce
in an amount |ess than 1000 ppm or less than 900 ppm
the re€@dmbipat prABInGAAhE Presélicd e52dLbad I1eils BPBhe @F M&es
than 600 ppm or |ess than 500 ppm or |ess than 400

contarﬁ %3 | ess than 300 ppm or |ess than 200 ppm or
ess than 100 ppm or |ess than 75 ppm or less than

| ess han Less than.1l p ar
100107 theb 8% of o St et PRAE bub 375 ol Finued 187ehe 8F more
le of the total protein. Host cell contam nants,
host cell @pldshgg@ OEQQTGM éPHsPTOt@HH; ggercgdﬂp[q,hggﬁjr@dbohydrates
usi ng one or nore assays known in the art and those
one orcooree hostatalyRNAainbledutey and onefarano@yiyostcell DNA molecules. In
Technol ogies, Inc). [001 1] The |l evels of the one or

a partichlae eptbddiment s redomybihant gdtsinds pyoduvedsindhée présarideyof
significant anmount when a reconbi nant protein is

reducé@re‘%l%r oMfridre %sﬁﬁéﬂ pAREIRE Olvherd i Sh@ of 'inore host cell

functional fragnent thereof using a DNA el enent
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contam nants are reduced by about 20% or about 30%
less thain 4KbppMy ovdessithan 00 prIT, oblesgiiban 260%mprar orlges than 100
70% or about 80% or about 90% or about 95% or about
ppm, @déss thramBbppn drless thanch@ ppBTor tessathant2DPpMm, or less than 10
nore, when the reconbi nant protein and the

pom. s REES PO 0SB PPN Asbal PapRTYL S8Rty
Host ceft CoAtdrRiahts, & §S RBSt cell proteins, can be readily measured using one
or more assays known in the art and those commercially available (e.g., from
Cygnus Technologies, Inc).

[0011] The levels of the one or more contaminants may be reduced by any
statistically significant amount when a recombinant protein is co-expressed with an
anti-apoptotic protein or functional fragment thereof using a DNA element capable of
opening chromatin and/or maintaining chromatin in an open state, relative to the
levels when the recombinant protein is expressed alone. In some embodiments, the

levels of one or more contaminants are reduced by about 20%, or about 30%, or

about 40%, or about 50%, or about 60%, or about 70%, or about 80%, or about 90%,
4



when the reconbi nant protein is expressed al one.
[0012] In one enbodinent, a host cell is first

wo eans$mwer ed with a nucleic acid nol ecul e conpPCEUSZP0OE000244
nucl eoti de sequence encodi ng an anti-apoptotic protein

or abei} 9320 ARG 9P o SRR O 0ot AP 0BTk RAHS 99 rf rROTe

nucl eoti de sequence whi ch encodes a reconbi nant

when theotesombinati@pteain anddheantieaneniptie protein erdunctienal fragment
transfected with both nucleic acid nolecules at the

thereof ane cotexpregseilr]atiMectof thedévels of ene arrhereutentaminants present
second nucl eic acid nol ecule may be cloned into the

when SRR COAWIRANtYProtel fs ERQPRISEEE ak@d ors. I n sone
enbodi ments, the vector is a plasmd. In other

[0012ﬁﬂtb9\q-:' %ngﬁneén Sa‘ht%%i eglll Eszi?r%}] Eré gillegi’egog\svgﬁ al rl[ugcgél;é]adl&‘ molecule
nucl eoti de sequence h encqodi ng a .
compr}%ﬁ et Sliee Sobii B8 ERa AP PG R unctional
nmore DNA el enents capabl e of openi ng chromatin
fragm%micth@feq?é?lmvmw bréracwfestien with A nucleip akidsmalacule gomprising a
particul ar enbodi ment, the first nucleic acid nolecule
nucleatidel &emlencamhiohleeoodelea reequnbinard protein.encodi ng f or
the light chain of an anti body and the other encodi ng

[0013TlaranotitererabydiatetitNa tlose Bel R trévmsfgctedOUilB botinselsie acid
enbodi ments, the recombi nant protein is a therapeutic

molechleSttithe shﬂwé’ﬁrﬁ@r enbodi nents, the reconbi nant protein
I's an antibody or an antigen- b| ndi ng fragnent thereof.

l°°14lﬁie?@§§93'9?%oﬂfﬁféh%ie ebHnE SB5aRT bR PR pleE may be
cloned i B e SR SRS SRR o5 S er . e
sequence capabl e of enhancin translatlon (b) a ‘
vectorrig e plasmish ﬁ\e@b@hemmsn@, gh!e veetoeisa Ngatwt@t i on;
and (c) a nucl eotide sequence capabl e of increasing

[001561]tIh soméNémbiodiméentsy thevfiest eutledéc acid moleculeecomptised tvie
sequences set forth in (a)-(c) are operably linked to

nucledgtédgtsgq(inleﬁ@és AsacHEaNEdWiRg Y YeedhitndriteroRs® dHd18a¢éh operably
linked to one or more DNA elements capable of opening chromatin and/or
maintaining chromatin in an open state. In a particular embodiment, the first nucleic
acid molecule includes two nucleotides sequences, one encoding for the light chain
of an antibody and the other encoding for the heavy chain of an antibody.

[0016] In some embodiments, the recombinant protein is a therapeutic protein. In
other embodiments, the recombinant protein is an antibody or an antigen-binding
fragment thereof. In some embodiments, the antibody is a monoclonal antibody.
[0017] In some embodiments, the first nucleic acid molecule further comprises one or

more nucleotide sequences chosen from: (a) a nucleotide sequence capable of

enhancing translation; (b) a nucleotide sequence capable of increasing secretion;
5



[0018] In sone enbodinents, the cell is a manmali an

cell such as, for exanple, a BHK21 cell, a CHO cell, a
wWERHOsMas96El |, a CHO DUXX cell, an NSO cell or e@I/Bs0$000244
cell. I'n some enbodi ments, the mammalian cell is a

Chi nese nster Ovar 1. (CHO cel |). 9] l.n so

and (c§ ARG SoqUR OB APabieyof Boraaed VA stanifty”§fere the
openi ng chromatin and/ or mai ntaining the chromatin in

one oranoEpeHcleptide saauencrssset forthin (A)fc) @ie operahly dinked to the
extended nethyl ation-free CpGislands; (b) one or nore

nuclectigersequenta@meeding thei resembjrgdntqretein. nore stabili zi ng
and antirepressor regions; and (d) any conbinati ons of

[0018](IR)sohfe embdbdiRERtsS ROEEIMRN Mmarhfalian eeNisutRi=R, fortaamesie, a
nmet hyl ati on-free CpG islands are derived fromthe

BHK2P'cBII74 BHO 28128 cﬁgwcgn, HOPAY &egﬁishm%ﬂféﬂso‘r?% Sp2/0
genes. enplary ubiquitously expressed’ genes incl ude,
but are not,. limted to. hupan hnRNPAZ .gene,, [a
cel. IpspreomBaHimens, fe RRARPARLEALE # ChifssFoagBier Ovary Cell
nmouse TBP gene, human rpS3 gene and nouse rpS3 gene.
(CFK)S@WMences of exenplary extended nethyl ation-free CpG
i slands which may be used in the nethods, kits and
[0019]deIsome embodiévenishiite bre or meredDNAtelements capaire of Dpening
NG 1 , which depicts a 3.2 kb fragnent derived from

chrombtif apdorahaintdiaiigathedhrofatinon 3@ opErstaes ard Seddermitom: (a)
Accessi on Nos. AY999160 and AY043296) and SEQ I D NO 2,

one o%b@aﬁ%%&*q%@m@%fﬁﬁﬁg)r&fég igﬁﬁay;e(@%ﬁhemrtrﬂ&e matrix

pronoter region o uman hnRNPA2 gehe ( Genbank

avacr 8080 % o6 e ARG sty BRREL S o
any carghalioes ot 4Gl ol Bome nbodimants piaiRSore gxtended

i nvention.[0020] In sone enbodi nents, the one or nore
methylatiandresEpGistatsisnare dgriveddiemdhehremetentegian ef one or more

mai ntai ning chromatin in an open state are naturally
ubiquitotsily exprgss@thgehese Exemplaryaibiquitaudip dxprassed gemesanelude, but

or nore DNA el ements capabl e of
are not limited to, human hnRNPA2 gene, rat hnRNPA2 gene, mouse hnRNPA2
gene, human TBP gene, mouse TBP gene, human rpS3 gene and mouse rpS3
gene. Sequences of exemplary extended methylation-free CpG islands which may
be used in the methods, kits and cell lines described herein are set forth in SEQ ID
NO:1, which depicts a 3.2 kb fragment derived from the promoter region of the
mouse rpS3 gene (Genbank Accession Nos. AY999160 and AY043296) and SEQ ID
NO:2, which depicts a 1.5 kb fragment derived from the promoter region of the
human hnRNPA2 gene (Genbank Accession No. D28877). Additionally, larger
fragments derived from the human hnRNPA2 gene set forth in SEQ ID NO:3 (4 kb

sequence) and SEQ ID NO:4 (8 kb sequence) can also be used in the methods of

the invention.



openi ng chromati n and/ or mai ntaining chromatin in an
open state are artificially synthesized DNA el enents.

WO 008085961 her enbodi nents, the one or nore DNAPET/ERNS/600244
capabl e of opening chromati n and/ or nai ntai ni ng

hromatin . in.an n state are onbi nati on of
10020155573 PRSEITRP e AEE e e PN Jetisnt Bapag Qherening
el enents. [0021] In some enbodi ments, the nucl eotide
chromatip @alier realtainig enrematin inarpepen statease @awraﬁv eﬁ@%wg DNA
from a nucl eoti de sequence encodi ng bcl-2; bcl - ;

elementd. - By other embiodimentsy thehoaeior mdredpNA elementfmwalgﬁ of
P21 ; nyrPHK; HSV-1 g 1 34.5; and beclin, or a

openu‘ﬁgJBﬁltdrﬂétﬁd ah@roP nedin®iinih§ TBRGAkLIH heéﬁprenEtat@bw artificially
nucl eoti de sequences of anti apoptotic genes which may

sy SN B ol AR e 88 i3hofeDN
ctemeficAPAEE P PR BN RO SRR A B

represents the nucleotide seque
state ajg 3 ep@binationof Naturally aegun H’& Q‘i?ﬁg{ﬂﬂ YaﬁY@%?‘?sdﬁ‘?ﬁsw
of these sequences may al so be used, so long as they
elemestshi bit one or nore functional activities associ ated
Wi th the respective anti-apoptotic protein.
[0021Ahtsome@ embidimenty, ltise nagleetide segaerce entodipgrthé iamti-apoptotic
I solated anti-apoptotic proteins or fragments thereof.

proteiftiCEMd Y frém A'Audiebtids %%ﬁéﬁéé eﬁEoéﬁﬁb'bcﬂ‘-QO BEPI( 5cl-6; survivin;
proteins are set forth in SEQ | 6,

xiap; HQ&?%aé@ CEGY;% i pr Bq bﬁl@ﬂé\? 1“??@45)0 nd  beclin, or a

roducl eln are culture

functhr}aéﬁom&%iOﬁ%b&%aﬁ?@o et e%%eud%nigs ot anti-
nmediumis free of protein.[0023] In sone enbod

apoptetigeneswhighangy henesedihe metiosisofibe dﬂ‘fﬂﬂt'@é‘uﬁr§§eérf%nh in
introduced into a host cell by: (a) placing the host

SEQ 1BeNO: 5 andrSEQd Pt NOps rwihich reprasent humaor ard mpusebaraléctide
havi ng an opening suitable for receiving the host

sequefeés for(the anti-apoptotic gene, aven, respectively, and SEQ ID NO:9, which

represents the nucleotide sequence of the human E1B-19K gene. It is understood

that variants and fragments of these sequences may also be used, so long as they

exhibit one or more functional activities associated with the respective anti-apoptotic

protein. Alternatively, cells maybe contacted with purified or isolated anti-apoptotic

proteins or fragments thereof. Exemplary amino acid sequences of anti-apoptotic

proteins are set forth in SEQ ID NOs:6, 8 and 10.

[0022] In some embodiments, the cells used for producing a recombinant protein are

cultured in a serum free medium. In some embodiments, the medium is free of

animal products. In other embodiments, the medium is free of protein.



securing the host cell in the opening; (c) contacting
the host cell wth an electric current such that the

w@eeosestoepasses t hrough the host cell; (d) nonPEDUR2008/000244
the ratio between the current and voltage in the
| ect roporation I C adj ustln t he .
[0023139 S BEegrprts, e st 3p6dyibe FebERAEE lea%as'ﬂdppmwes are

OOZWL?N so provided are kits for producing

introdyceshinte adiest selbbyi (@)imaging the besheell igran elﬁq&@aoraém device
of one or nore contam nants. In sone enbodinents, a

comprising adzoriei having anhepéning suitabledfonpedeiwdng tiieahoat d:elh £b)
nucl ei c acid nol ecul e conprising one or nore DNA

securifig ¢i& Abst €alPialthe openiilf c)eortati@ thenhastddelrwith an electric
mai ntaining chromatin in an open state and a multiple

current SB8A B5hatthé Sup! 'ni Bgﬁ&g fHro n‘gﬁ M Hodt BIEk é:?f)r‘nangor 9 the ratio

sequence enco ng the reconbi nant pr ot ei
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or a functional fragment thereof operably linked to
magnigjle ¢frth ﬁmogamoap@ﬁ@m §le,°&m9r%t'qs¥ openi ng chromatin
and/ or maintaining chromatin in an open state. In sone
[0024]ehbo girondded are kits ?oramoduqmlga tecambinant/proteiorin the presence of
conprises one or nore of a cell line conprising a

reduced levels éfyortd ohprire contaminaintsibinesdrne enbadicherits, ankioccording
the first and/or the second nucleic acid nol ecul es and

to the ﬁw\iernﬂaﬁfc%ﬁﬁbr%'ésr BAEfifst Bluckid BaRThBRICUR cSIAYHiSRg %@Sr more

Instructions for using the transfection reagen

o g Sl oS A5 B i i g oo
open it &b AitniRplebfaniaTHe Siatie Kridon Rl A0SR sRayence
used for producing an antibody or an antigen-bi nding
encodingalfegacombinantprotein; anek (k) mérpanshrucleiciacid maleeide i s
a nonocl onal anti body.[0026] In sone enbodi nents, the

comprisirg amunleatidenepiencerencodinpat ieast omantimpcxpihmt@mdtein ora
and/ or nmaintaining chromatin in an open state in the

functidfial fragment ehéreve Bperiblplinketicdoné by nisre WNArglefaits capable of
el ements. In other enbodi nents, the one or nore DNA

opening chromatin and/or maintaining chromatin in an open state. In some

embodiments, a kit according to the invention further comprises one or more of a cell

line comprising a plurality of host cells suitable for introduction of the first and/or the

second nucleic acid molecules and a transfection reagent or a transfection device

along with instructions for using the transfection reagent or device, e.g., an

electroporation device as described herein.

[0025] In some embodiments, a kit according to the invention is used for producing a

therapeutic protein. In other embodiments, the kit is used for producing an antibody

or an antigen-binding fragment thereof. In some embodiments, the antibody is a

monoclonal antibody.



el enents capabl e of opening chromati n and/ or
mai ntai ning chromatin in an open state are

w@rios0sopal | y synt hesi zed DNA el enents. |n yetPOL/082008/000244
enbodi nents, the one or nore DNA el enents capabl e of

eni ng _chromat i nd/ or naintaini,ng chromatin in.an .

(o026 f}fcnte sfbealipents, 3 R andis DA IPTSrY* Gobebleibfppening

and artificially synthesized DNA el enents. [0027] In .
chroma§peansiofoariftaining ehnematiciAnepgn state iz the,sits, of invention

i ncl udes one or nore nucleic acid nol ecul es conpri sing
are naturallgocoorringdDNActlemeants. dapthisrendbodipentsgheome or more DNA

chromatin and/ or maintaining the chromatin in an open
elemepttapablb of opeHing draHeiipeandioemaittaiing M4 incae open

or nore an extended nethyl ation-free CpG i slands; (b)

state és’r{éa rﬁf‘?'?ﬁ* §yr'i‘tﬁ§§izédﬁ3ﬂﬁ%l€%ht§. e @%théﬁ%m?g)ﬁing%r}@?frﬁe one

o ol R B0 kB e B A i s ot

in an QRATEEID AL § <ORBNGLY ofBALEAIY GeRETINg andgBTCialy synthesized
enbodi nents, a nucl eoti de sequence encoding the

DNA elementsopt otic protein in the kits according to the
invention is chosen froma nucl eoti de sequence

[0027 Hnaomhen enibddirdentss la- kit accdrding@o the émverttiorvingiudes xan@por more
hiapi ; hiap2; E 1B-19K; P21 ; nmyrPHK; HSV-1 g 1 34.5;

nucleié‘%id’ﬁ@'léd“ule@éor%ﬁgf‘@ih@t6&“8} moré UeA leléthe Ay ®dpble of opening
thereof. [0029] The present invention further provides

I ' r i j
the chforah ahBor AHinARICE th8 ot POMENA i drioddif OBl ikre such
nore contam nants., | n_sone enbodi nent,s,, a host. cel |
sequeighs are Baosgr To ok Pas o B g Ao RElHat BV LioRgTee CPG
] nucl eoti de sequence encodi ng a_recaonbi nant protein. . .
islandgpdy speyon marematiix aitackynenbregions (el ene of Srgsdapilizipg and
openi ng chromati n and/ or mai ntaining chromatin inan
antirepiessostegiens; and (d)any combinatiorss oti(ajeckcln soroergmbaediments,
a nucl eoti de sequence encodi ng at | east one
the or@éri mappektehded Mhethgiatiobrfrée DP® islantl afer derivgset from the

t hereof operably
promoter region of one or more ubiquitously expressed genes.
[0028] In some embodiments, a nucleotide sequence encoding the anti-apoptotic
protein in the kits according to the invention is chosen from a nucleotide sequence
encoding bcl-2; bel-x.. bel-6; aven; survivin; xiap; hiap1; hiap2; E1B-19K; P21,
myrPHK; HSV-1 y1 34.5; and beclin, or a functional fragment or homolog thereof.
[0029] The present invention further provides a host cell suitable for producing a
recombinant protein in the presence of reduced levels of one or more contaminants.
In some embodiments, a host cell comprises: (a) a nucleic acid molecule comprising

a nucleotide sequence encoding a recombinant protein operably linked to one or

more DNA elements capable of opening chromatin and/or maintaining chromatin in
9



linked to one or nore DNA el enents capabl e of opening
chromatin and/ or maintaining chromatin in an open
wae@sm®ss9p0D030] I n sone enbodi nents, a host cel PCT/US2008/000244
i ncl udes one or nore DNA el enments capabl e of opening
chr tin d/ or mai nt.gi nin hromati.n i n_an open
an opeR s1AI%. i () 2 PUCiFii aFidimoleEule famnsiBad ielaelie seqyence
ot her enbodi ments, the one or nore DNA el ements
encodinghableasbene getirappprévtiopiatein rufunctiaaalitagmengthereof operably
chromatin in an open state are artificially
linkeddg minecari rmoce DNA elesnemts caphbleyeft opertieg chrdroatimandr
the one or nore DNA el enents capabl e of opening

maint&iRing&tromaaindh &in oFémbeitel ng chromatin in an open
state are a conbination or naturally occurring and

[0030@?1@0“1& bﬁ{ddﬂirﬁ%m& %ﬁ&ﬁ%e@%lgkgggﬁé%r H\Hresﬂgb?lgmo%nts

nbodi nents, the one or nore enents cap

ing.the,chr tin,and/or_.maintaining.the chro in ..

capatfi SEopehbd SbfolnatE Aol g ibeRiaiihiy STaMalfih dh Gt SEhe Which
extended nethylation-free CpG islands; (b) one or nore

areé “%@“V)@CSFFHG%EW e'legﬂﬁfﬂﬁs In Pﬂ)er@ﬁ@:b‘?ﬁ'"'lﬁﬂt% the e PTZNRES DNA
and antirepressor regions; and (d) any conbinations of

elemefts cdpghle jofi openingechrotativrand/ot maintaining chtaneatyx ircaniepen
nmet hyl ati on-free CpG islands are derived fromthe

state grecartificially sgnthesizbd A iements. uldi yatidthesémbedmentsethe one
genes. In some enbodi ments, a host cell according to

or mofd BNAERMHERE chBébléfj@fSoﬁérﬁg’% CRRIrh&h aRAN? @ﬁeﬂn@?ﬁiﬁgzdg\gomatin

a reconbi nant protein operably linked to a nucleo

in an G SRS afs coffidiatich SEbebRelibraHo Shc s IR Sl dthesized

rotein or functional fra nt thereof sp oper abl

DNA dibieBts' ' serie enaipdimentS dhE e danore PR BRragits taphble of
NG 1 and/or SEQ I D NO 2., or honol ogs or fragnents

opening teehiromaimzand/ph maintaining die slaranatin ifcamepen séatesare chosen
conprise a nucl eoti de sequence encodi ng an

from: @)taneapropoe an exteridechmetindatiori-freen CpG-ifands;) (bxiong or more
bcl -6; aven; survivin;xiap; hiapi ; hiap2; E 1B-19K;

matrixRttachniertPelfionsSié) orn@ dr Pbrd stabiliziniPahd antifsprassor regions; and

(d) any combinations of (a)-(c). In some embodiments, the one or more extended
methylation-free CpG islands are derived from the promoter region of one or more
ubiquitously expressed genes. In some embodiments, a host cell according to the
invention includes a nucleotide sequence encoding a recombinant protein operably
linked to a nucleotide sequence set forth in SEQ ID NO:1 and/or SEQ ID NO:2, and
a nucleotide sequence encoding an anti-apoptotic protein or functional fragment
thereof, also operably linked to a nucleotide sequence set forth in SEQ ID NO:1
and/or SEQ ID NO:2., or homologs or fragments thereof.

[0031] In some embodiments, the host cells comprise a nucleotide sequence

encoding an anti-apoptotic protein chosen from bcl-2; bcl-x,. bcl-6; aven; survivin;
10



functi onal honol og or fragnent thereof. [0032] In sone
enbodi nents, a cell line according to the invention

weowps®es a plurality of host cells descri bedPdiEUS1008/000244
Exenpl ary host cells include manmal i an host cell s,

viap: AR DRRZ, ETP- TS, RRD iy MY ¥ 5. A begfla e

enbodi ments, _the mammalian cell is a Chinese Hanster
functiopgh hgmoleg O(ttamn?@ltltf)erept)oss] In some embodi nents, a

host cell further conprises one or nore of: (a) a
[0032]insoate enbodimertsca aedidinel acaoirdiagarticé inyentian siomprises a

of the reconbi nant protein; (b) a nucleotide sequence

pluraliesfaitst cefls dBsErissd Rerei®.C Eﬁbma@fhdéﬁeewﬂwmmmmﬁmmahan
protein outside the cell; and (c) a nucl eotide

0 reqs bj |
ot SUPECA BTRSY 1% SHOLMR RIS LK S GG O, o

NSO GGt BRE 0. Al IR R RERSE P8 bl 260 iR Chinese

nmet hods d ri pbed herein. In sonme enbodi nents, a
Ha”“ﬁ%ﬂhﬁﬂygkﬁﬁg%ﬂg§? ilhg a reconbi nant protein is
provi ded, where such a nethod does not enploy the use
[0033]dn sprme embodimentss arhost cab firtken complissts enerat mare of: (a) a
enpl oys one or nore steps chosen from precipitation of

nucledtide segenbe caphbler of enhlvarfoimgrtransiation wfitmntecombinant protein; (b)
crystallization; high performance tangential flow

a nuclébﬂldé 34 Wehde 2 -B:d'ale of irifeading Yekretivnosrhe 36 8dmbinaMt protein

adsor ption chromat ography. Inh sone enbodi nents, a

outsndg‘?ﬁ%1 EQII O%nvdg ?égr?]ﬁééé‘ |c§$‘§eé§&9c?8’%é}?{lf|% %‘i’ @Lc‘r?%é‘n%ﬁ@ ?l?% gkélﬁhty of
p_Wwhi ch [ chapge step. In sone
the mlé Q?éir'ﬂgs hea er?Qf'ﬁB X‘fpfﬁgévesu ng the reconbi nant
tein does not include contacti ng the protein with a

[003413%I$o egeampassed by thepresentjinventiasy arerpsthadsefharyesting a

met hod of harvesting a reconbi nant protein includes at
recombinast posteincproducéd gsingthesmethdds0degcribedswerein. In some

enbodi ments, the nolar ratio of a reconbinant protein
embodifrate; &miethod of harvesting a recombinant protein is provided, where such
a method does not employ the use of protein A. In some embodiments, such a
method employs one or more steps chosen from precipitation of the recombinant
protein from a supernatant; crystallization; high performance tangential flow filtration
(HPTFF), flow through chromatography; and adsorption chromatography. In some
embodiments, a method of harvesting the recombinant protein according to the
invention employs an adsorption chromatography step which is an ion exchange
step. In some embodiments, a method of harvesting the recombinant protein does
not include contacting the protein with a stringent elution buffer. In other

embodiments, a method of harvesting a recombinant protein includes at least one

centrifugation step.
11



the presence of an anti-apoptotic protein or
functional fragnent thereof by a host cell according
W 008kgs9%nventi on to the one or nore contanm naPCBHUBIW0&000244
cell supernatant is increased by a statistically
i gni ficant rmutco redtoacel whi ch expresses .
[0035]ﬁﬂgopéec€?ﬂ5’|°ﬁ§ﬁ?“§r r@ﬂ@ of-ﬁq@cgmt?m%rgocgpfﬁop groguced in
protein or functlonal fragrrent t hereof nmay either
the presgncesefan apti-apaptofictpratein o funglionahiiageent ér@rgefqméﬁapst cell
encodi ng the anti-apoptotic protein or functional
according fprthe inveatiento the ona onostrecntaminartis il a ced sppesatant is
t he reconbi nant protein or such a host cell may be

increaS@d bge sativtiddllyaignificant &floant toraparidid £ cell WhitiheRpresses
functional fragment thereof. Detalled Description of

the reéJ}‘ﬁFiln%HFBthQ?ﬁ élgﬂé(s]'l'hy?ntpégéﬁt%hc'd?ﬁ i bPfurlctioRaf®agment

I'n part, on the di covery t , reconnl nan
rot ei when produce uItur
thereck iy il ¥ SrprBS SRy B sl ariiects , bilkBolRk 3RfRance
such as, for exanple, host cell debrls cor,
encodingthgrardiapoptatie protsin ar Biictiesalfagmest tbﬁr%?f 'mf’ng hgst cell
for a reconbi nant protein by reducing the |evels of

which als® expresses thentegombinast prot®s or sush\aahostigell may be contacted
enbodi nents the invention provides inproved nethods of

with aRigplatedrantigapoptotié pesteth oefunctionalsiragment thieaddfy
transfected cell lines, to produce optinmal quantities
of a desired product, e.g. reconbinant protein, while

Detailed D dtiptiow oF e IAventibAe | nvol ved in devel opi ng,
screening and purifying the product. These

[0036] THY |9|‘é%€ﬁf‘ﬁﬁ/eﬁf18n ?&Bb@é’& ht 184stlif Palt, bR tRa'discd¥éry that,

reduci ng the levels of one or nore contani nants

recompgnaﬁ?ﬁ}otg}ﬁs Seh ife gﬁ:%g E.I% Hqgc&[)%@flﬁf %ﬁ%@ﬁ%oél%fre%%t ina
B3 b3 5 BEL 5 P 8
Accorqﬁgg l:y: i&g@gﬁ; ;r]glptnlggg Sbr35|§e§ (?rt1etfhg{1; rc])f temlg#%g%g; atrgcomblnant
protein by reducing the levels of one or more contaminants.

[0037] In various embodiments the invention provides improved methods of
engineering transfected cell lines, e.g. stably transfected cell lines, to produce
optimal quantities of a desired product, e.g. recombinant protein, while reducing the
cost and time involved in developing, screening and purifying the product. These
improvements are achieved, at least in part, by reducing the levels of one or more

contaminants present during the harvesting of the cell culture for isolating a desired

product.
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[0039] The terns "cell,"” "cells,” "host cell,"” and
"host cells,"” as used herein, enconpass aninal cells
w@nasiosiobude i nvertebrate, non-manmal i an vert ePCHUS20881600244
mammal i an cells. Exenplary non-manmmal i an vertebrate
cells include, for exanple, avian cells, reptilian
cells and anphi bian cells. Exenplary invertebrate
cells i ncI ude, but are not limted to, insect cells
I Qﬁﬁ NITIONS: exanpl e, caterpillar (Spodoptera
frugi perda) cells, nosquito (Aedes aegypti) cells,
[0038]fln wirdeér that tbreopmsleht discidsane gt ke cwdregeadibhupderstood, certain
cells, and Bombyx nori cells. See, e.g., Luckow et
terms e firsBuefifes hAalitibh b definitions 988kt fortetheslidifoutale betailed
di fferentl ated, partially differentiated or
|fferenti at ed e.g. stemcells, including enbryonic
e cel |'s and henat opoietic stemcells. Additionally

ssue sa W yed fr ans, oL, O
l°°39mvf BEmBoE Coed NS ERTRRnPER: PO FE0a8y Hereh
Exenpl ary mapmal i an cells include, for exanple, cells
encompass\AuMe} ealisand ncludminvergRr e hep-8)armaliagygrtebrate and
sheep, goat, cow, horse, pig, rabbit, rodents
mammalianwesillag Emﬂarmammmmaiianamte@mts@ellpi include, for example,
i nclude, but are not limted to, BHK21 cells, CHO
avian cells, septhia0 cetls lahd aimphibiaecelis. Erémpiaty dievertetirateeselwiiclude,
progeni es thereof. [0041] Additionally, hybridom

but ar€ Abt fmfted t& |ﬁ§’e&ebéﬂ§%@chrhst "P& éﬁﬁirﬁﬁlés cherﬁlhﬁr (Spodoptera

I nvention. The term "hybrid refers to a

i ) .égﬁéf@sﬂsﬁgﬂ@m@?gow% T
s, Sl B AL . SR

descri

man cells and a myel oma cell Iine
Bio/T %bng@qu@'&hﬁf(a%g) V\nThﬁ c@is aaay be differeptiatesh partialywn
as a trioma cell line. Furthernore, the termis neant

differentiatedcrudwifferentiatent, tead.i stenh ¢siisy irrd:lurﬁlhg ehibryonicistém cells and
produces anti bodi es such as, for exanple, quadronas.

hemat_Sl_ﬁﬁletlé stem d&llésmﬁidﬁtlcﬁia@'tlssué@am;ﬂes 88rived Hdnt dRFhs or organ

e hybrid cell Ilnes can be of any species, including
I n sone enbodi nents, a
SVSterﬁ%ﬁﬁylll)éngQ%%'g gbsﬁrr.{eetlhgg ? the invention is an

[0040] Exemplary mammalian cells include, for example, cells derived from human,
non-human primate, cat, dog, sheep, goat, cow, horse, pig, rabbit, rodents including
mouse, hamster, rat and guinea pig and include, but are not limited to, BHK21 cells,
CHO cells, NSO cells, Sp2/o cells, and any derivatives and progenies thereof.
[0041] Additionally, hybridoma cells can also be used in the methods of the
invention. The term “hybridoma” refers to a hybrid cell line produced by the fusion of
an immortal cell line of immunologic origin and an antibody producing cell. The term
encompasses progeny of heterohybrid myeloma fusions, which are the result of a

fusion with human cells and a murine myeloma cell line subsequently fused with a
13



ant i body- producing cell line. Antibody-producing cell

lines may be sel ected and cul tured using techni ques
wowrdoB/ogsewnn to the skilled artisan. See, e.g.,PCUUSINE/000244

Protocols in I munol ogy, Coligan et aI Eds., Geen

Publ i shi ng Associ at es nd W | Int C|ence hn .
plasmayael, CETosiy ERowg asva fioma selingp Fejrthermpes b8 is meant
incorporated by reference in its entirety, including
to inclydp gy iemartalized4upridcelidinerwhichafpduess astivadies §U¢|Eb @as, for
reconbi nant protein expression in cell culture can be
example equadrottas. Seeheds, blilstdir ef al.eNafura, 531030583 (1883 nEhe hybrid
enbodi ments, the cells used in the methods of the

cell lln@é%‘aﬁrﬁe bﬂdwlkpé’élegﬁhchﬂ‘iﬁgiﬁern%nh&étﬁﬁnpérwﬁ#tﬁjs%uc| eic
aci d nol ecul'e whi ch encodes a desired reconbi nant

[0042]![]5‘%{?es| r o%m Fe}tsé)rgg‘fg?l E‘t?t%%"ﬁ@qbﬁ'rﬁ%@h?% ItItP ﬂ%ﬁ/e\ﬁ{ﬁbﬁhs an
ant'bOf’ﬂZ)efﬁ?lé@eatceﬁMosn?#'fsi?% yBrofigae F5 'nsﬁaa@e eﬁ?ﬁﬂg and

titers of a desired reconbi nant protein, e.
culturgchusipg dgehniages well knewryio thestylled artisae- &9@5 e Cé'f rent
reduced | evels of one or nore contam nants. [0045] The
Protoaoés in Insluhologlyt Goligan eéaky Bds.o Green Puiplishingi Associates and
suspension, roller bottles, flasks and the |ike. Large

Wiley-fritelstietive dohh &Vileysand msb Nevwe¥oHOo(199 1) mHictl isigerein
adherent cells growing attached to mcrocarriers in

incorp§Fété6 %g rEfdrBREE M fis edfifetd! |ﬁ€|u@ﬂ@%ﬁ£}zﬁgﬁ\% nly the term

ulture.” Moreover, le to not only

[0043]tm e Séldggngep@ 3 ABIRE et g?lﬁh%ﬁ{%}gﬁ’%@ﬁ%g%ésg?ﬁjﬁhgélhgulture
d | ud
bquf»ec? torRead AR Yo, pl asti ¢, gel at n and
el lul ose and others as described in Butler, Spier &
[0044]@1 ispme ebogdjmednts, the cellsi used: imbedygtrodssy ttse@rﬁ@usr)ventlon
Porous carriers, such as, for exanple, Cytoline(r) or

may incjudepa me(erblogwsvmjdleiasacdbmm@adm encodes 8 desired
as DEAEdextran (Cytodex 1(r)), quaternary am ne-coated

recomBéint Prbté@(teaji ey tRérapkutit pisledi bﬂbﬁﬁl%iiy?ﬂhrdheié%esﬁ'éé o be
as gelatin-coated dextran (Cytodex 3(r)) may al so be
produéé??ﬁ'sm&%é methods of the invention. In a particular embodiment, the
methods of the present invention are useful for producing high titers of a desired
recombinant protein, e.g., a therapeutic protein or antibody, in the presence of
reduced levels of one or more contaminants.
[0045] The term “cell culture,” refers to cells grown in suspension, rolier bottles,
flasks and the like. Large scale approaches, such as bioreactors, including adherent
cells growing attached to microcarriers in stirred fermentors, are also encompassed
by the term “cell culture.” Moreover, it is possible to not only to culture contact-

dependent cells, but also to use the suspension culture techniques in the methods of

the claimed invention. Exemplary microcarriers include, for example, dextran,
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cul ture procedures for both large and small-scal e
production of proteins are enconpassed by the present
WO pwengioen. Procedures including, but not [|imPEHUSIHNS/@00244
fluidized bed bioreactor, hollow fiber bioreactor,
roller bottle culture or stifrred tank hi oreactor .
collagef-p BRIl e 608 eeiglosh a5 heroat Sseme T BLS:, Spigy &
__operated alternatively in a batch, fed-batch, or
Griffithse AiniabaekBintechnelagy 31383-8@3 (1988)e| Foroyscariers, such as, for
medium " and "culture nmedium refer to a nutrient
example| Cytaline@sauCftopoge®as wellrdsndextrari-basead cgrriers, such as DEAE-
manmal i an cells. Such a nutrient solution generally

dextran@ytesx 1@),| qutitefritiy nsinesvatsddExiran (Cplodex 2®) or gelatin-
attachnment, growh, and mai ntenance of the cellular

e . \ .
basedafHeR) gﬁgg as %{g@-@ﬂé@f%f%ﬂ%hd@%@@&%b§%|0U6é 88ed. Cell

t
may | nélu I on, rio

suppl ement ependi ng_on_th | : ,
cultur BRSRSEUER for Beif fargR L saf 68l mrolBu G Re prateing are
nutrient solution may include at |eas )ne co or],ent
encompassediy e presenbinvention.oPresadiges i PQeQ‘:Jtrr’%t igited to, a-
energy source, usually in the formof a carbohydrate
fluidized beddxorgiactars bollow fiber binseactor,abllanboiteatiltuse, arradirred tank
usual ly the basic set of twenty am no aci ds plus

bioreaeysrtdystem Inay beaiseds withdgrovittdut enicro@arnes, andpenated
required at |ow concentrations; 4) free fatty acids;

altern@fblyin 4 bafch, BRI or YafRidH RoBet! ements are

defi'ned as 1 norgani c conpounds or naturally occurring

[0046 ofﬁ%g-:mrﬁs ot flfe @ﬁi@ﬁ:”h&ﬁ*‘%ﬂ%r{e‘sﬁwﬂfuﬁ‘eF%‘ﬁ,é gi_"é futrient

rations, "us € mcronolar r

oA Vit SRR o P TER S

_categories: 1) hornones and other growh factors as,
solutigrogenrsratty includess viatioys fackersinacessaryfenesll atashmegt. @iewth, and
factor; 2) salts and buffers as, for exanple, calcium
mainteranoesofithe catidiap eoyirbament.3 Fonexampde, detypioal nbtrisrd solution
such as, for exanple, adenosine and thym dine,

may ir’ibhﬁt!é(éfﬂdgalﬂﬁied?éilfbn’ﬁulﬂﬁ@ﬁ,Gidﬁioﬁ@%ubbfé‘rﬁ@nt@d&pﬁrwﬂf{{)eﬁ-the cell
y be

In general, any suitable cell culture nedium m

e 3ol DL 1 SR g e ¥Rt sl may
includte%(:t‘ Iergasqiolﬁrg gﬂponent from one or more of the following categories: 1) an
energy source, usually in the form of a carbohydrate such as glucose; 2) all essential
amino acids, and usually the basic set of twenty amino acids plus cystine; 3)
vitamins and/or other organic compounds required at low concentrations; 4) free fatty
acids; and 5) trace elements, where trace elements are defined as inorganic
compounds or naturally occurring elements that are typically required at very low
concentrations, usually in the micromolar range. The nutrient solution may optionally

be supplemented with one or more components from any of the following categories:

1) hormones and other growth factors as, for example, insulin, transferrin, and
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be serumfree, animal free, or protein free. [0047]

The terns "operably |inked" and "operatively |inked,"
W@2008081961 nt er changeably herein, refer to the PCT/US2008/000244

positioning of two or nore nucl eotide sequences or

epiderfia] Grouth 45T e) 52t AaHBLeRb ARelr SXATBI e aICiUT, Mégnesium,
enbodi ments, a nucleic acid no|ecul e accordin to the

and phesphete:ch nusieqsides and hasemsuch arafar examnle, adenesine gnd
openi ng chromati n and/ or mai nt ai ni ng chronatin in an

thymidinesrhygptoxanthiperarid $) proteimdandtissueubydrotysdtess elpugeneral, any
encodi ng a reconbi nant protein. In other enbodi nents,

suitabR BICd Biute MedlufPnayWeeuséd! THE ediamPmayieecéMprised of
el enents capabl e of “opening chromatin and/ or

serum”B'd“fé‘ﬂa'i‘ BGiné%r PR cBIfisRr@h d’rﬁﬁ@ liRE 2 pGtePRiVAIN hé Iné&dm may
a nuc eoti e seduence encodi ng an apoptotiC protein
unc. nt.thereof. In still other
be Ser@ﬁbﬁﬁ?n@'ﬁ'ﬁ? ?rgenﬁﬁpg&g"bfé?ﬁ nol ecul e may additionally
nclude gne or mopre nucl eotide sequences chosen from
[0047](Tei)e termgcresfakie linked and "epasatively dnkegc aéésﬁeﬁgnterchangeably
translation; (b) a nucleotide sequence capabl e of
hereinj refeetosthegpasitioning of twb armeorestuientidensequenasisior sequence
outside a cell; and (c) a nucl eotide sequence capabl e

elemenfs inncremdienwhidrepafhits tHerhitd functiontiatieeis intbnded manner. In
nucl eoti de sequences are operatively linked to a

some EHﬁJo‘?i%éHf% §erﬂ}8i‘élé%cﬁﬁﬁﬂﬁéélﬂe %cb@ﬁﬁ’r’i@tdiﬁiét inpéﬁ‘t‘i&# [hcludes one

Ceneral ly, but not necessarily, the hucleotid
or mo eigﬂgin& gnee;ngg Béiglﬁ ai%w"gg Hig)ﬁ&i ﬁ%@@%éiﬂﬁ%ﬁ%%ﬁ%matm

an abI nt ca ab e of o
in an Garoatals st VOKW%PHF@UGW Bnfe Bodig fbeombinant
state is general |y | ocated upstream of a nucl eotide
protel&em@ih@é@ﬁmlmgné BeRepigicRg Maleeweingudes pne|asdnegDNA
sequence encodi ng an apoptotic protein or functional
elemehtsacapatiie bhepeping ¢hromatincndiecmsasdaining clomniatiroinsan open
with it. Operable Iinking of various nucleotide

state cﬁjé‘iidﬁl?qued F0 ACNRITBO i 6qdndecendBring ah aﬁﬁdtl@l@iﬁpméin ora

known in the art, e.g. using PCR nmet hodol ogy,

functidai{irﬂgrtgpIﬁ1;]legrf"l"tlgy Ztﬁ‘! %ﬂl[ﬁﬁfggﬁﬁr@ el gteg %ﬁniﬁﬂ?igkgrid molecule may
additio%%ﬁ%r%l&dg 3e or more nucleotide sequences chosen from: (a) a nucleotide
sequence capable of increasing translation; (b) a nucleotide sequence capable of
increasing secretion of the recombinant protein outside a cell; and (c) a nucleotide
sequence capable of increasing the mRNA stability, where such nucleotide
sequences are operatively linked to a nucleotide sequence encoding a recombinant
protein. Generally, but not necessarily, the nucleotide sequences that are operably
linked are contiguous and, where necessary, in reading frame. However, although

an operably linked DNA element capable of opening chromatin and/or maintaining

chromatin in an open state is generally located upstream of a nucleotide sequence
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be used in accord with conventional practice if
suitable restriction sites are not present. [0048] The
W@ 200810838 Pr essi on” as used herein refers to  PCT/US2008/000244

transcription and/or translation of a nucleotide

sequence with host cel | . .. e ression
encodiid & FeambbanhPislarion s nckBtdS senicnes SpeStBoETARgRoti

on the basis of either the amount of corresponding .
proteinRiunctignal fsagmentinereef, itrie neknecessartiy,gontigiiaus \U%h tthe

desi red pol ypepti de encoded by the sel ected sequence.
Operabte linkingf eariof@\Auctleatide seheendesis accoaipished byerggombinant

can be quantitated by Northern blot hybridization,

methotls RATIHKARAS th ¥ el € geasingPCRMétHod Ib?lﬁg%tlbﬁfattseltable

cellular RNA or by P Proteins encoded by a selected
restncﬁ@ﬁ‘#@@@%g!: Bg Stlﬂﬁﬁg |t %&f}ﬂ%‘ilc%ﬁgéﬁgb@%ﬁg?@hk@ﬁ; aecgar{)tors can

be useacL‘“ 3R i ayERBRAGS Bfoa SRR BRI 4BR arp not

y i mmunostai ning of the protein follomed by FACS
Wese@haly3|s [0049] The term "reconbi nant protein" or
"reconbi nant polypeptlde produced by the nethods of
[0048]t Fre temneiexpessipniaasaised hefeain sefers to fsapsdripionrand/or translation
protein, typically nore than about ten am no acids in

of a nliclegiide pequisrrrdwithincehbst dell. CThd level ubexyreseionasfsa désired
the invention. A polypeptide produced by the nethods

produﬂﬁn@ﬁ‘?ét'&éﬂ'?ﬁé?Be'o%téﬂﬁl'néaldd/th@%&ﬁé‘ﬁpérthér the-amount of
rol ogous or foreign, to the cells producing the

corrsBRnARET i Sl B BB, o AL 4
oL BAR B SRR e o rapesgpoc

the present invention are fusion proteins. [0050] The
from a sglacted paauegre isani be quantitated by, Merthers blpt hybndlzatlon
I nterchangeably herein) refers to a protein having a
ribonuctesise RNArprptectipapiri sity bylaridizatioruto: celkularcRbliAsor by PER.
two heavy and two |ight chains, said chains being
Proteifé @Rtbde¢ By o %Ie@%éﬁ'ﬁéflelnbé dant s qhantitaticsby Vadeus methods
e a

bonds, whi ch has ity to specifically bind
includ gt bgFHot iAked 5, B.gS B196R; W&t blotting, radioimmunoassays,
immunoprecipitation, assaying for the biological activity of the protein, or by
immunostaining of the protein followed by FACS analysis.
[0049] The term “recombinant protein” or “recombinant polypeptide” produced by the
methods of the invention generally refers to a peptide or protein, typically more than
about ten amino acids in length produced by cells in culture using methods of the
invention. A polypeptide produced by the methods of the invention is typically

exogenous, i.e., heterologous or foreign, to the cells producing the polypeptide.

Exemplary polypeptides produced by cells in culture using methods of the present
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i mmunogl obul in" or "single-chain anti body"” (used
i nterchangeably herein) refers to a protein having a

wo w8ogdoypept i de chain structure consisting of PET/DEZENNS000244
and a light chain, said chains being stabilized, for

. exanp| e, rcha i,.nkers, ich hgs the
inventl Lo Beapauie pEdleihs Bhaandhed§e nc miel g tiégments
"domai n" refers to a gl obul ar ion of a heav or
thereof; 4igo eneempatserhlythelpresand mvginggn @@ fugian pse
(e.g., conprising 3 to 4 peptide |oops) stablllzed
[0050] Tdve texamirineuringldbying ar éaintijosyt’ (aseld 'mltenchangealal'ymerein) refers
di sul fi de bond. Donmins are further referred to herein

to a pratein HaNFigPA basi folr-pblypptide dpafestr@dtuieiConsisiiid vPtwo heavy
| ack of sequence variation within the domains of

and t\%ﬂ %ﬂ%aﬁ@?ﬁnd@%ﬁé ?) r{a%%t'%ﬁllfiéa Cto? exam;ﬁ@n&s’ E’ﬂ‘érchaln disulfide

e Ssigni varration wt

o YRS BFSND SHRETRAT I it o35 st

are oftenreferredtomterchan eab in th
immunggiedny o5 sipgleygrainiandibody gy fRrein) refers to a
domai ns of an anti body |ight chai n are referred to
protein havingreatvye-pblypeptide chaimt stewetlre consisting of @dieany and a light
"“light chain constant domains", "CL" regions or "CL
chain, daiththains Daing stabilized! forctmamma by imerchain peptyden trakers, which
chain are referred to interchangeably as "heavy chain

has théodbﬂft?% shesifieany blndhﬁﬁi@énc P eterNSfofilinRITBIS 1D a globular

egi ons or domai ns). The "vari abl e" domains
regnon?égta:ﬁ%%&gﬁﬁﬂméﬂgﬁbffvgﬁw%%gw%ﬁda Shide loops e

", chain, variab| e S _or
comprmé?ﬁeﬂ pepiide ksvapﬁbﬁiag"'zeenfqr@amp'%nb\ghtnq%w M@ndfor
chain are referred to interchangeably as"heavy chain
intrachaimslimﬂﬁde bgrhdeQmaiheavg futhenreternad tonbherginasisonstant” or

"VH' regions or "VH' domains). | mmunogl obulins or

“varialsis?, ibaeedesh theyreltiveriack op seduericepvaationwithiartherdomains of
exi st |n m)norrerlc or polynmeric form for exanmple, 1gM

variou8tidd: '|rFEh§5és°é of & “B5HEtaRE dofndiR! & ﬂ‘\%dé@ﬁlflbﬂﬁt variation

ant1 bo |es exli st 1 n nonomeri c, di'meric of

i L 5B g RS S P
Antlbody or po?nsenp(%ld%q‘ldgrr{aei‘r?é dalljr%So ehnapefgrr}ecli rt1ct> ?n%erc%ange%'y |nethe art as
antibody or polypeptide “regions”. The “constant” domains of an antibody light chain
are referred to interchangeably as “light chain constant regions”, “light chain constant
domains”, “CL” regions or “CL” domains. The “constant” domains of an antibody
heavy chain are referred to interchangeably as “heavy chain constant regions”,
“heavy chain constant domains”, “CH” regions or “CH” domains). The “variable”
domains of an antibody light chain are referred to interchangeably as “light chain

variable regions”, “light chain variable domains”, “VL” regions or “VL"” domains). The

“variable” domains of an antibody heavy chain are referred to interchangeably as
18



anti body or anti body chain. Fragnents can be obtai ned
via chem cal or enzymatic treatnent of an intact or
w@e 0vplogtoe2 ant i body or anti body chai n. Fragnent BC/ES2008/000244
al so be obtai ned by reconbi nant neans. Exenpl ary
o fragnents,include Fa Fab, ,. F(ab'.) 2, . Fabc an r Fv
neavy pAganstant oI Bept Ahain AT BAtsGR R -1 VG resions or
wn. Tefers to a polypeptide portion of an i munogl obulin
VH" damains). bmuﬂﬁﬁ%bﬁﬁﬁﬂ or aptibgdigs snay: baeereciopaleringly@enal
antibody (i.e., with the intact antibody from which
and milyexistén enaremerc pr polynaeria tpem, fomrekamgplei 1gM antipediesiwhich
bi ndi ng). Binding fragnents can be produced by

exist ih pentamend forPNand e g Gntibodies vaiYick RISt fordmeric, dimeric or
chem cal cleavage of intact immunogl obulins. Binding

. t 1 F ] i
mulilGrROBER! THEIH ont”Sidrs 8 abr s P 188k or
. "pol ynucl dde": and _"nucl ei i lLecu ) e
antioop A EHEBHLAG RERLArHG ai Rt S Befiat Fragtdd Fopotete
., hucleotjdes of any | ength, either ribonucleotides or )
ant'bOBW;mﬂbeam 8’9'@6!- i %r@g.menmanm fARtained vaehemicalpreenzymatic
doubl e- or triple-stranded DNA, genonm c DNA, CcDNA,
treatmeRtof BrntRsohgeMplete @antibogdy by aptibedyrphaisi fgagmente can also
and pyrim di ne bases, or other natural, chemcally,

be obtairethieyrextinhlyinantimeand, Exemyalany fragmenteincirls Esll Fab’,
nucl eoti de bases. The backbone of the pol ynucl eoti de

F(ab')2 3Pals@BRé/oF FvSfrdghénind phosphat e groups (as may
typically be found in RNA or DNA), or nodified or

1 H . ! I
(0051 ittt o8t 08 RS Letofk, B A bopybote it ofgn
. singl e. st randed | ypuc| eot.j de product, of .chem cal .. )
mmuniddlShdin o SRt B! Blfisiatiosn & CnaSesRyrf i Bptioody Gie.,
. strand and anneal ing the strands_under appropriate .

with thepiptact japtibody fropy whigt theyi wenedenued) deparligan binding (ie.,

strand de novo using a DNA polynerase with an
specifedpnding).aBinding fragmehts cahdiecpmadiudediysecombiranttDINA

many different forns, e.g., a gene or gene fragnent,
techniqés,0dr BYPERZ\ENANS or BREémMival El¥avap8iof dmtact ihidnogiobidlins.

rRNA, ribozynmes, cDNA, reconbi nant
Binding fragments include Fab, Fab', F(ab'),, Fabc, Fv, single chains, and single-
chain antibodies.
[0052] The terms “polynucleotide” and “nucleic acid molecule,” used interchangeably
herein, refer to a polymeric form of nucleotides of any length, either ribonucleotides
or deoxyribonucleotides. These terms include a single-, double- or triple-stranded
DNA, genomic DNA, cDNA, RNA, DNA-RNA hybrid, or a polymer comprising purine
and pyrimidine bases, or other natural, chemically, biochemically modified, non-
natural or derivatized nucleotide bases. The backbone of the polynucleotide can

comprise sugars and phosphate groups (as may typically be found in RNA or DNA),

or modified or substituted sugar or phosphate groups. In addition, a double-stranded
19



pol ynucl eoti des, branched pol ynucl eoti des, plasm ds,
vectors, isolated DNA of any sequence, isol ated RNA of

w@poosegsgeence, nucl eic acid probes, and pri merBCT/BS2008/000244
pol ynucl eoti de may conprise nodified nucl eotides, such

a hyl at ed, nucl eqti des and, nucl eot j de_anal o
polynieqlie Sast hie coliifed drom e SRuleg R dehRol flRe2E3e product of
fluororibose and thioate, and nucl eoti de branches. As
chemigalesynthesis githemasyrthesizing e ¢erepleagnianestrangt and @annealing
not only bases A, T, C, and G but also includes any
the strahds nader apptapgiate conditiohs cor by synthesizingsthe domplementary
such as nethyl ated nucl eotides, internucleotide

strandr@slhbv e atingns DN BoRsnéracB avitieahn applaigiete prichdrhiNaleic acid
use of sugar anal ogs, and nodified and/or alternative

moleclRy e%éﬁgg Ie‘?ént forns, é.y.,g?gléﬁg‘:o‘?%%ne'ﬁa eent, one or more

particular e ment, a nu aci d"nol ec _
exons BA¥ o Hi s, TN (RN IR Rkt RO degpfibffant

an anti body. I n another enbodiment, a nucleic¢ aci
polyn G RiESe DEASAHEASRBAGIERUGRS: PIASTIEE a6 IRARISAONA of any
anti -apoptotic Protei n or a functional fragment
sequenberisolated BNFSPf any sequemceymucleip apidopriobegr andipnimeras A
used herein, refers to any protein or functional
polynudiegtidenhal vengnise mbdified muckestivbsd sbygh as methylated nucleotides
anti-apoptotic gene and/or has the ability to reduce,

and nURIERIE aRdlob8VEias!, diferSugdrs andSinkiHgegrolPS RRAGSS fluororibose

associ ated W th apoptosis.” Apoptosis’i's known as an
and thﬂfatté,yﬁcf ﬁbl:l%bﬁ‘&e Bra Rl PAQ ﬁéé‘&“h%%ih"‘i?ﬁﬂ" gr "rﬂ:él&?tﬂiet
of either extrinsic or Intrinsic sighals, such as
ser,um deprivation, nutrienglim.tatiqn, oxyge .
sequeie PELIORR NG ETRERASHR Rl - Cr PBLS: Bifgies fTdides any of their
characteri zed by plasma nmenbrane bl ebbing, cell volune
analogspaismodifieddarms & iesbases, sieh asfasthylatedyructeotides,
degradation of DNA at nucl eosomal intervals.
internudleatidé mgidifications soeh astotwhasged linkagesnand Hpoatest Lise of sugar
protein or functional fragnment thereof is capable of

analogss dndi Medifiet eindr diteraatives BREKDOTE SgctafesT8UEh @fs polyamides.
pl asma nmenbrane bl ebbi ng, cell volunme |oss, nuclear

In a p&fiEdaN&AEddimeRt)th RIIBRU G hdIbEuld ¥andsiidson natleBhie at

sequence encoding a recombinant protein such as, for example, a therapeutic
protein or an antibody. In another embodiment, a nucleic acid molecule comprises a
nucleotide sequence encoding an anti-apoptotic protein or a functional fragment
thereof.

[0053] The term “anti-apoptotic protein,” as used herein, refers to any protein or
functional fragment thereof, which is encoded by an anti-apoptotic gene and/or has
the ability to reduce, prevent or reverse one or more cellular responses associated
with apoptosis. Apoptosis is known as an active cellular suicide program activated

as a result of either extrinsic or intrinsic signals, such as serum deprivation, nutrient
20



nucl eosomal intervals in a cell. In sone enbodi nents,
an anti-apoptotic protein or functional fragnent

wo b@segfoeenhances survival of a cell in which PET/US2008/000244
expressed. In sone enbodinents, an anti-apoptotic

roteno uctlo fraqgnment thergeof .i S express
imitatBny GSyvders imitaoh PP dneeiAICE SrsbeiAPontp e b Bhatcterzdd by
conpri sing a nucl eoti de sequence encodi ng the
plasmagmpempiif bleibelrm seldiveluneess husiear cpnagn%aﬁort, [R8de of
operably linked to a DNA el enent capabl e of opening
endonulealytint degraddtion ofiBINA at nuolgosbmadhirtérvaisa Accardingly, in some
state. Exenplary nucl eotide sequences include, but are

embodifients, art thi-bgopfdﬂe‘;l proteéin Q>r$l¢rﬁmi@h©eﬁ'agméhd lthiérebbrs capable of
bcl -2 (Genbank Accession No. ML4745); bcl-xi _; bcl-6;

reducii‘ngﬁ%gﬁbti C‘“ogié\llégﬁlr%gonwgrbo}él%%laﬁﬁﬁ?{ gr;()éirﬂbrﬂea@lebbmg, cell
volum Y&k, nideles Eod e%%%y"?%% Whiledide dﬁgégﬁﬁf?@ﬂ%at

1 34.5; and beclin (Genbank AcceSS| on . .NM 003766) ,
nucleqsomalinteeyals imA q@éimin S9MK embagiraabts; ﬁeraétslrammog%ﬁéotem or
enbodi nents, host cells are contacted with an isol ated
functicnal fragpent shereop eohances sunvivat of arcell inavhichn i io expressed. In
fragnment thereof. The functional antiapoptotic

some efibodirmgnty, aararithapoptotio edtein pr funetionallfragrneat ihiereof is
fragnent thereof can be readily determ ned using one

expreégedfﬁraehéﬁsééipo)kﬁ‘\%ubﬁ\gté‘ﬁuéfe‘ic aad rhbrealefEshpHSIAg a

herein. Exenpl ary assays i1 nclude TUNEL assay, AnneXin

nuclec%(la% n:fe%fenﬁgseqﬂ:%%lr&?ﬁ%ygntl gﬁ{)m&tleg:rgfefrggfaﬁ.gfctﬁbﬂé%gment

stdiniTg propl cridine

erecERBAESY LAl STINR LHEE 3555 TR B Gt

Cytonetry, John Wley & Sons, Inc.). !0054] The term

maintaigingpghrematigin anQReNn §ta(t)ep @mpﬁ@’y enseguenses include,
mai ntai ning chromatin in an open state" refers to any

but ar®Nat Emitad foenucleetidersequemsesheaxling fordinl-2i (Genbankekecession
chromatin nore accessible to transcription factors and

No. Mflaza4); bal % . berso@enbdirk Axcussisr NO. B00ans51); survivin; xiap

oper abl y-1i nked gene, where such a DNA sequence or
(Genbank Accession No. NM_001167); hiap1; hiap2; aven (Genbank Accession No.
NM_020371, SEQ ID NOs:5 and 6); E1B-19K (SEQ ID NO:7); P21; myrPHK; HSV-1
y1 34.5; and beclin (Genbank Accession No. NM_003766), or a functional homolog
or fragment thereof. In some embodiments, host cells are contacted with an isolated
anti-apoptotic protein or functional homolog or fragment thereof. The functional anti-
apoptotic activity of an anti-apoptotic protein, homolog or fragment thereof can be
readily determined using one or more assays known in the art and those described

herein. Exemplary assays include TUNEL assay, Annexin V assay, caspase assays,

acridine orange/ethidium bromide staining or propidium iodide/acridine orange
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element is not derived froma |ocus control region.
Open chromatin or chromatin in an open state refers to
w@hoosnstosn i n a de-condensed state and i s al soPCEUS200£€)0244
to as euchromatin. Condensed chromatin is also
: .referrﬁd to as het.erochromatf' n )ghror{ati n Ii n ? cl osedC ¢
staining\%ipa EQESS%PS?@'PEWFPBM%{%? RAIGYY d1q'¢siE (see. e.g., Lurren
Whereas, chromatin in an _open (de-condensed) state is
Protoqols:iseyiometanalong \Wiay 8 Saps, IMBd. est abl i shnent of an
open chromatin structure is characterized by DNase |
[0054 SEhvesterim/ia PNADBlanenicapabld oft opening ¢hroratimand/or maintaining
hyperacetyl ati on. Standard nethods for identifying

chrom@fAin aRrepEr staterrefers td awp OWAtsequease ofldldrhent whichttas the
art and are described in Wi, 1989, Meth. EnzynolL, 170,

o Sl an 0 S S
oG Bl kT ARl s A Sgapencs o

of a eukaryotic host cell and which, when |inked Eg a . .

elemepbiscnelrdariyed,fram alegus gealphiesien. nPper Cﬁﬁ?%@&fé: pmatin in
host cell, confers tissuespecific, integration site-

an opemégtate nefers to cloynatiminea desjondenned siateand isralemrafaged to as
gene of interest. [0056] Reproduci bl e expression neans

euchrératint GridsfAsed ehedrhatih énalzpaefdrted to ak édtdroclaropeatin. of
i nterest gives substantially the sane |evel of

Chronfatitf iﬁsasblf‘égeef(cérﬁkf‘er%é%‘) apdtelis raRdchstithally e WHepsaed

period of tine irrespective of its chromatin

i. d_j e :
chromGf i AT AR eulddTiREy BlAlR i lrahaendfinan ¥ofpdidnt P
ans a_level of expression which has a_stan d
establFHRTENt QAT SRa SNOIATL R Iule 5 eragietizen By Tiigse s sensitivity
| ess than 40% or |ess than 25% on a_ per-gene-copy
DNA hypomethylatien @adi hisione hypesacetyiationy Staedashmet fogf
expression neans that the | evel of expression varies
identifpingl apen chramatih drel wiell keswntthdinoge skilled irnthe ad andrare 3
fold on a per gene copy basis. In sonme enbodi nents, a

describbd it VeS8 S Apedl Enefmopen7oRehregatCranarRbiBinson et al., 1997,
mai ntai ning chromatin in an open state

Methods, 12, 48- 56 ; Rein et al. , 1998, N. A. R, 26,2255-2264.

[0055] A “locus control region” (LCR) refers to a genetic element which is obtained

from a tissue-specific locus of a eukaryotic host cell and which, when linked to a

gene of interest and integrated into a chromosome of a host cell, confers tissue-

specific, integration site- independent, copy number-dependent expression on the

gene of interest.

[0056] Reproducible expression means that the DNA element when operably-linked

to a gene of interest gives substantially the same level of expression of the operably-

linked gene over an extended period of time irrespective of its chromatin

environment and irrespective of the cell type. In some embodiments, substantially
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i ncreases the expression of an operably-I|inked gene by
at least 2 fold, or at least 3 fold, or at |east 4
wo eod/083962 at | east 5 fold, or at |east 10 fol dPCDUSHDS/000244
| east 20 foId or at least 30 fold, or at |east 40
f ol east 60.fold, or a
the Saf‘b’a@%’egﬁf ?’ERFSSS'BP ra?an%aﬂ%veﬂ@f%%essan % 'qhe'é‘l%% agtatdard
fold, or at least 95 fold, or at least 100 fo or
dewaﬂogégcpmgoaygnage value of lassthand8%. d;rdess)thqmﬂ@% or Iess than
relative to the expression wi thout such an
25% ompz pabigenkictpyddsiéy Altermatively, substantialiypthei samedeval of
DNA el enent capabl e of opening chronmatin and/ or

expresgiom hiddisat tHeORRE| Of éXxprassiofsariet dydesdtians0dold, less than 5
reproduci bl e expressi on of an operably-1inked gene

fold, oP leRls C}ﬁan@(fo?d‘eﬁ% D& %%r‘ije e{upyg1 piEss. Eﬁfsoﬁ%@QHb%degt%O%NA

I'ments, an oper ed gene Is expresse

subs t he samaleve over. a.peri

elemet BHAHIE f opkplnt i Tfa G R o B GG, ngﬁfﬁ?wim 353’%6" state
days, or at |east 30 days, .or at |east 40 da

'aneaF%%ﬁe BXPIESHION erathpﬁ@éé\f -ligheciggae bg,atg@aqt@\é id 7Q3’ at 'eaSt 3
days, or at |east 80 days, at |east 90 days or nore,

fold, or et leaist 4 fold, ohat tegst 5sfeldon>r labledst uQdald; be ap least 26 falsk, or at
operably-linked to a DNA el enent capabl e of opening

least 30foldyedridt |@ast/40 foldhi artatileastOciold roxtat east 60 ol T at least 70
state. In other enbodi nents, an operably-I|inked gene

fold, of §t @é@f 86389 Bk abigdiae 90'f8l\‘.le b? aP}é%%t 85 fSRSt BREE_aRER DG%Id or

time relative to the Tevels entegenels not

at Ieasqpl% %l&’ ldr?{i Oéjastt‘ioﬁ fﬁ[}h ?ln?%nkelgﬁ@?m oé)éégrggglgﬁ%nhout such

chro ning ¢hrona

an opaiRPhsinked ORA ¢ %wtnﬁégﬁeﬁ%&@ﬁpﬁlﬁ%ﬁtﬁofg RS 8ent capable of

state include, but are not limted to
openmer@rmrmamfpamamtalmleg chpenatin #has apeni state eblging Aec
pronoter regions of ubiquitously expressed genes
reprodudibGEexpression af amadperatdydinked deng over actewtended perad of time.
(MARs) and stabilizing and antirepressor regions

For ex(aﬁTd}leh sdmé epibddig@nts) érh@pé’rbbly‘llﬁfke”deg’éhé i expRrasséd at

such DNA el ements usi ng well known assays in the art

substagﬂn‘%"%:ﬂ?rééﬁ?gﬁsl%%b@% |‘r|]c‘t3H 821 gg%r%t g;a ggﬁ(l) rqus or at least 15
days, SP 5P |mgg{ 20 %%% Obr at least 30 days, or at least 40 days, or at least 45 days,
or at least 60 days, or at least 70 days, or at least 80 days, at least 90 days or more,
relative to the expression level when the gene is not operably-linked to a DNA
element capable of opening chromatin and/or maintaining chromatin in an open
state. In other embodiments, an operably-linked gene is expressed at higher levels
over an extended period of time relative to the levels when the gene is not operably-
linked to a DNA element capable of opening chromatin and/or maintaining chromatin

in an open state. Exemplary DNA elements capable of opening chromatin and/or

maintaining chromatin in an open state include, but are not limited to, extended
23



mai ntai ning chromatin in an open state is a naturally

occurring DNA el enent. By naturally occurring DNA
web@sestos2 it is neant that the DNA el ement 0cCCREEHUBI008/000244

nature, e.g., it is isol ated fromthe pronoter regi on

el 44 48 B TN o o

[0058] In other enbodi nents, a DNA el enent capabl e
expresgeghaenesciieREs) makiy fmd/ﬁéﬁ%fé?'ﬁinlgamtlfﬁQi‘WSa(MARS)
open state is an artificially synthesized DNA el enent.
and st8bilizingi didcanfirepressar tegione S TARS) s Onenskilled irt thehart ORA readily
el enent does not occur in nature, e.g., a DNA el enent

identify $tRDNVA fel@iehizeuding Walleknove a8sayef indthieRirtiand evsse/described
expressed gene which is combined with a second DNA

herein! enent isolated fromthe pronoter region of another
ubi qui t ously expressed gene thereby resulting in an

o075 e LA ook 15oSb T Hebade i anr

. .DNA el enent, may be nodified i n segquence usi vari ous

maintaipipg ghiomatindn nQRgihstate s namra@ ¥ 8REYITIBY r@ﬁﬁrej?m"t-
occurring sequence, thereby resulting in a DNA el enent

naturaily accdoing DNA element] i isomeant that the \ ejeroeit ogaury én nature,
anot her enbodi nent, a DNA el enent capabl e of opening

e.g., itd§ isotatedfram dhe provabteraegiomoofch ubimitbosly expresseeingene, and its
state is a conbination of naturally occurring and

sequefté '|§ héﬂ Altdréd Fomh BES harfaNocAlfing Yetueh@Q60] The term

nmet hyl ati on-free CpG i sl and” refers to CpG i sl ands

oo 1y PR3 19 sy ERERRET B g s
maintyigag ihiaReta s AnApertSle e Bt ey neisrey DN EREent
and G sequences, which are well knovvn in the art.

By artifigiay sypthesizcso #ds meantibat therlPNA elamest dges astoceur in nature,

i slands can be found in, e.g., Gardiner-Garden et al.
e.g., aDNA(teIenBinbisolateefromglﬁe pédmeter regioorgfa abigditbysly expressed
reference herein, and using conmputer programs such as

gene fﬁ?ﬁﬁll@lbgnﬁmllqrgédaﬂtﬁfag ﬁbﬂdﬂ?ﬁg%ﬂ i$Slattefrérh theqromoter
region of another ubiquitously expressed gene, thereby resulting in an artificial
construct, as the two elements do not normally occur together in nature.
Alternatively, a DNA element may be modified in sequence using various techniques
well known in the art from its naturally occurring sequence, thereby resulting in a
DNA element that does not normally occur in nature.

[0059] In yet another embodiment, a DNA element capable of opening chromatin
and/or maintaining chromatin in an open state is a combination of naturally occurring
and artificially synthesized DNA elements.

[0060] The term “methylation-free CpG island” refers to CpG-islands have an

average GC content of approximately 60%, compared with a 40% average in bulk
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identifying CpGislands (e.g.,
http://ww. ebi . ac. uk/ enboss/ cpgpl ot/) and G ail exp

W@ hioBpsy96Tonpbi 0. ornl . gov/ grail exp) . [0061] TheCT/882008/000244
"an extended nethyl ati on- free CpG island,"” as used

reip, refers to a nethy atLo d which
oNA. 130 sRietp Hiartiiah SR gl acisiaps ybihg Sndfid
1000 bp, or at |east 1500 bp, .or at |east 2000 bp, or
technigues éugh aggestrision @nzymesesspacifienion Gand & s%wgemp% which are
derived fromthe pronoter region of a ubiquitously
well keown érs thexlage fxentplaty inethodisfoatie identifikatiomof €pChislands can
and are described in detail in U S. Patent Nos.

be fouhd9hde I 1GardinérSGarddri ebaBll MEISBiolang8®, 19EI286-82and
PCT Application Publication No. WO 2004/067701 , each

incorpBtatiél! t{fy‘re‘f?'gggg‘ﬁ"efﬁihzgrﬁrg L%ﬁ)&)gtlﬁﬁgm S%raﬁfa‘?hg shgé gE%ﬁGplot

entire exten

L T

enbodi nent s n extended ne
identitying %%S'anﬂﬁgﬁ&:é?ﬂ%g{ Eh% U&mn‘% %Wﬂot/) ﬂn@@a"exp
ot her enbodi nents, an extended nethyl ation-free CpG
(http:/icomphio.jonrllgovégrailexplal or bi directional pronoter.
Al t hough an extended nethyl ation-free CpG island may
[0061] Tieed tetn ‘@rpextented methylation-frew Cp@ istard)” as usad herein, refers to
typically used in conjunction with one or nore

a metﬁ)ﬂéﬁéﬁk@@@ﬁGﬁélﬁﬁBWﬂﬁnéh ‘M‘bﬂéa@f QO(D‘%b by Bt st 800 bp, or at least

assom ated with the island human or gU| nea pig
S r S
1000 P'oND gggértgqu ac@% he Q%ogeno S ?orré;{rrlg %r?‘# ound Wi ?t Ieast 3000
o in 5B AR APl R BT B P e Fscea

borders of such |slands For exanpl e, the borders of
gene.  Buchjelandsearenwelh nawndn the agt Wi%dm@%iam detail in U.S.
defined through the use of PCR in conbination with

Patent Nesr 6964095 % 16882,606 26 884 1E56rend$, 846,381 and {?GToApplication
di gest (cut) DNA at their recognition sequence is

Publica€iofiNG. W¥ G 2004706 7RO 1yé#dH ohwhichtis inatrperate@b$ reference herein
resi dues that are present.

in their entirety.

[0062] In some embodiments, an extended methylation-free CpG island includes one

or more transcription factor binding sites. In other embodiments, an extended

methylation-free CpG island includes a promoter and/or enhancer sequence. In yet

other embodiments, an extended methylation-free CpG island includes a dual or bi-

directional promoter. Although an extended methylation-free CpG island may

include a promoter, as used herein, such islands are typically used in conjunction

with one or more heterologous promoters which are not typically associated with the

island, e.g., human or guinea pig CMV promoter. In some embodiments, a

25



One such enzyne is Hpall, which recognizes and di gests
at the site CCG5 which is comonly found within CpG

WO gd0answe2 but only if the central CG residues BCEUSIINS/000244
met hyI ated. Therefore, PCR conducted with

Hpal t ed ndovrare i on harbori,ng,. Hpal |
neteroidaus PaiensPRFS Shor8 PRIt BUDE LTS e CpC

Hpal | di gestion |f the DNA i s unnet hyl ated. The PCR
islandwi || only give an anplified product if the DNA is

net hyl ated. Therefore, beyond the nethylation-free
[0063])Exdended hiethylatiohifreeoCp i igkadstdan NdetinedCre. gnblyi ilentifying the

product will be observed thereby defining the

borderfdsfiRhiislangs. Floage exanigis.dne borési efitheextemtedimethylation-free
island.” [0064] Exenpl ary extended nethyl ation-free

Cpo 55 AT rouin U6 BEECK B Sk Witppvicton
encors S VB el T BRCH SRR RO ARNR

NT_ 039474 RPL5 gene (Nr 039308 RPLI Ca gene

sequeng@ issensitivas thermetudatn statys ebaneteq lesIQuES et Age present.
NT_039420), RPL1 9 gene (Accession No. NT _039521),

One s@ch enzyprds Hratk vdiich reaognizesoand digests e essiteGE GG, which is
(Accession No. NT_039433), Terf2ip gene (Accession No.

comm&BY4bahd Wwithin CRIG {Hlarnds, Wudehlidiétie péntealCGaesidues are not
dehydr ogenase gene (Accession No. M2599), tubulin

methyl%t@c’i‘"J‘TiLneFé]'éfé1 FISR&onOGERTEWRAR Hikul-HE34tE) DWQn&{B\%‘r a reglon
gene (Accession No. AKO1 1207). Addl ti onal exanpl es of

harbo%%’aﬁl%gydgéﬂﬁ??g geﬁ{] a%g) |cs Q@%ugggﬁégéw(ﬂ%glo%ljgestlon if
the DNASS iRgediyisted ngﬁfefpl?%/g R Five; h006 Pontied B @ﬁ{;@?tpe DNA is
regi on ‘scaf fol d/ matri x attachment region,

methylam Tberdqumwndéhamhvml@némm yHpah a-,mlhnot digest the

refers to a DNA el enent which is capabl e of binding
DNA & PGRaamwlified peaduct evill bel abseovedhthereby definingdbe haundaries of
vitro with high affinity. (See, e.g., Hart and Laenm i

the “e)(téﬂagd néthylatishiffee CRP®islarieVv. ., 8:519-525). It has

been reported that R DNA
[0064] Exemplary extended methylation-free CpG islands include, but are not limited
to, those derived from the promoter regions of the human RNPA2 gene (SEQ ID
NOs:2, 3 and 4), RPS3 gene (Accession No. NM012052; SEQ ID NO:1), RPL4 gene
(Accession No. NT_039474), RPL5 gene (NT_039308), RPL10a gene (Accession
No. NT_039649), RPL13a gene (Accession No. NT_039420), RPL19 gene
(Accession No. NT_039521), RPL24 gene (Accession No. NT_096987), RPL27a
gene (Accession No. NT_039433), Terf2ip gene (Accession No. AB041557), human
glyceryldehyde-3 phosphate dehydrogenase gene (Accession No. M32599), tubulin
alpha-1 chain gene (Accession No. M13445), and RPS11 gene (Accession No.

AKO011207). Additional examples of ubiquitously expressed or housekeeping genes
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el ements can i ncrease expression of a heterol ogous
gene in cell culture. (See, e.g., Kalos and Fournier
W@ 1®956%598bD1 . Cel | Biol. 15:198-207; Phi-Van etP@l/US2008/000244
(1990) Mol. Cell Biol. 10:2302-2307; Kl ehr et al.
991). Bi ochem str. 0: ,1264- 70 ol jak e al

can bg KN N e STl Gonstich o 952085 (Ehaltoinkp Pt

el enents can be found in, for exanple, U S. Patent No.
reference pgre2, i ncorporated by reference hereininits

entirety. In a particular enbodi nent, a MAR el enent
[0065)iEitarm ‘inhatrinettacimertt region| rord'scaffoldiattaghoient kegion,” or

| ysozyme MAR el enent, as set forth in U S. Patent No.

“scaffold/A&ri @tachfert vegibh orel “MARUSETS/MARE iagQisedeerchangeably
skilled in the art can readily identify MAR el enents

|
herein?ﬂéf@% aWA??rheﬁm%h?%%,}ﬁ?enoﬁﬂ@g@ Ei?glgﬁ ﬁ@cl@‘a? h

ose describ ereln, . g. ose

sner .. (2003) .Pr I Aca Ci_. 281- .
scaffolfEeiusigardnayices ikt ffin i arorfCdseele g, gt ant Clemmi
23(24);: .8953-8959. I|In_anather enbodi nent, a R
(1988) yrfeﬁ%p"bsfgan%a% Gal BoE) oft haﬁebemé@ﬁqrzﬁ%@t% DNA
human b- gl obin MAR el enent. Exenplary MAR DNA el enents
elements ¢an inejease expressiontdfa hetenelagous gene in oel cultare. a(See, e.g.,
set forth in SEQ ID NGOs: 11-14. [0066] The term

Kalos ‘anti fdrhier (1088)dVehCelkBiot skt 98-207 pRhi-Wan"é BAR"1990) Mol. Cell
refers to a DNA el ement which has the ability to bl ock

Biol. 10830880 PRERP 2B (POS0 BibBRERRIS, SOA 262_54'27'('}& andPdljak et al.

el ements can be readily identi'fied using known

DNA el
(1994)&@@5“ 58ed Po. Mb@ﬂ?.f %kﬁ&gﬁ%xg\?l“ﬂgsﬁghgélbﬁ%gg% can be found

l"at’'ng properties o

in, for EXATRBALE. Palenthor HaPAIAas. Ly oFapiaH Y 'RIEERee Pirein in it

~ their entirety. Non-limting exanples of STAR
entiretye do @rparicwar embagjmeet, @Mﬁ% glementisagoiadhemethods of the
i nvention include sequence set forth in SEQ |D. NGs.
inventibnGé a chitlkerPlyserymBlNARcalementNas seliéihlin 1557 Pateatdyd.
The term "a nucl eoti de sequence capabl e of increasing

7,129,062nahd furdtionbEfragments therdst. €Ohk éRillkEdH 2R artvdircieadily
capabl e of increasing the synthesis of a pol ypeptide

identif%i\{!’%iéip?i g‘écgﬁébg ?tﬁ] gﬁé‘g@n;@@ﬁ”é&eﬁ}sﬁn%e%coupled with those
described herein, e.g., those described in Mesner et al. (2003) Proc. Natl. Acad. Sci.,
3281-3286 and Weber et al., Mol Cell Biol. (2003) December; 23(24): 8953—-8959. In
another embodiment, a MAR DNA element used in the methods of the invention is a
human B-globin MAR element. Exemplary MAR DNA elements which may be used
in the methods of the invention are set forth in SEQ ID NOs:11-14.

[0066] The term “stabilizing and antirepressor region” or “STAR” refers to a DNA
element which has the ability to block heterochromatin-mediated transgene

expression. STAR DNA elements can be readily identified using known techniques

for assaying for gene transcription modulating properties of DNA elements, e.g.,
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increase in the overall anount of the pol ypeptide
produced or an increase in the rate of synthesis of

wo b@spgdogpept i de. I n one enbodi nent, a nucl eot PCBEUS2008/000244
sequence capable of increasing translation is operably

[,inked o ' odi L, nant
those gegiiaies PWOLHFFIOA e AOHRERERE B R refeasT s
. capabl e of increasing translation and be nmeasured b¥
incorpgeaiag ibiygefesenes herrip da dheir antiely- aNeorimiginggxamples of STAR
reconbi nant protein produced in the presence of the
sequenaes ahichimaydpiesed irctneaniethads ofioventiminctudensequence set
or by the rate of synthesis of the reconbinant protein

forth iPBEQ.LIDTNO$.0088]in U Patsrit Publicatibe NG, 2006044¢57 2.
capabl e of increasing secretion" refers to a

0067 @8] S0 SSBUAE SN OF Bkl i Feer 0 2
nucte g oo RIS AP B Bho SRS BB bGpeptae

conprises an apprqpriate natjye or heterol ogous signa

from a@ggﬁ% (ndpereasedg syRthesis eoQF&YR‘%PtlS{e %ﬁ'bﬁgfl‘ef be'an
pepti de or | eader depends on the type of host cells in

increassiic the deenal @ondrintafithe polypeptide produeed oovandrereasain the rate
het er ol ogous si gnal peptide can replace the native

of synthiegiwdf thepotypeptidex dndrie gmbedimentea mitledtideaseduenceechpable
in the nethods of the invention include, for exanple,

of incr@aSingtAnskRin idperabIyakEH 30 PnldEdtids 38qudrRitcehddtiihg a
GausSia princeps (CGenbank Accession No. AY015993).

recomBIH%nZ?%tgﬁ\. Z’Fﬁé' Sgﬁﬁomécnuéé&i&@ggﬂéarb% %%}g%tﬁé‘%if iHbreasing

Secr I on, sOo referred to as si g

equences, can be identified usi.ng soft. e _progra
transIQHER S BRmEaP R By dSSayingionEn Mgraspdfine Rl e
Server (http://ww.cbs. dtu. dk/servi ces/ Si gnal P).
recompg@md protein pdeced inthe prrsencefdbe Rusleslidgifesugnce capable of
increasing nRNA stability," as used herein, refers to
increasingucarstatiateosky thencate ofisynthesiseof thpeeabmpinantipedteinm oser
nucl eoti de sequence encodi ng a reconbi nant protein,
time. i ncreases the half-life of the nRNA which is
transl ated into the reconbi nant protein. Typically,

[OOGSPng‘té?hHOIaeﬁﬁ&IQ&ide sequence capable of increasing secretion” refers to a
nucleotide sequence, which when operably linked to a nucleotide sequence
encoding a protein, has the ability to promote secretion of the protein outside the
cell. Typically, such a nucleotide sequence comprises an appropriate native or
heterologous signal peptide (leader sequence). The choice of signal peptide or
leader depends on the type of host cells in which the recombinant protein is to be
produced, and a heterologous signal peptide can replace the native signal sequence.
Exemplary sequences which may be used in the methods of the invention include,
for example, a signal peptide derived from a luciferase gene from Gaussia princeps

(Genbank Accession No. AY015993). Nucleotide sequences which are capable of
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sequences are derived fromthe 3" or 5 wuntransl ated
regions (or UTRs) of genes. |1. EXEMPLARY CELLS [0070]

wWaeaRo08R962M shing to be bound by theory, it is PCT/US2008/000244
cont enpl at ed t hat any ceII line which is capabl e of

e e R

cells used in the nethods of the invention ar

using splwarepragsamstwelhkpewn dp theyartdsugh as, Jpéeééi’ﬁﬂ'ﬁ stiggaly Server
nucl eoti de sequence encodi ng a reconbi nant

(http:/froiy robystdtdelk/sergicesiSighalPapeut i ¢ protei n or an
antibody. In a particular enbodi nent, the cells used

[0069] Thé tenmei hesleotide &éqwmeeaépmwfmcﬁehﬁhgmmﬁc@ﬂabmty * as
e.g., mammalian cells. Exanples of mammualian cells

o IR K 102 o o
nuc'eétn%l%%%%&%%?)%n i aﬁ%ﬂ'& ofthe

Gen Vi roI ,.. 36:59 (1977));. bab ter (fg/
mRNA which isgrausiatedintethe 7eFomeNant HEOtRHHs wca%w ‘nueidotide
cells/-DHFR (CHO, Urlaub and Chasin,. Proc. Natl. Acad.
sequeBces ausAerived fronetheldsm) 5 untansiates regiphs ¢et UTRSTRA genes.

Mat her, Biol. Reprod., 23:243-251 (1980)); nonkey

. KEXEMPLARYSCELNS ATCC CCL 70); African green nonkey
ki dney cells (VERO 76, ATCC CRL 1587); human cervi cal

[0070]°Witﬁbﬂ%h?f@ fosbé H%liﬁd b? |§)con€élﬁ‘alﬁféd<tlfﬂﬂ%)‘1y cell line

buf’fa o rat 1iver cel

which M @B@&ﬂq éﬁ%@émﬂw&@ ﬁﬁé} @%gg@& % thAéTﬁ;t%thods of

the m@g&%ﬁe?/ngpﬁmc&l%ﬁﬁ%@s Iigent Ac;-léﬁc syise dﬂ tﬁ%TthQgggghhe invention

(1982)); MRC 5 cells; FS4 cells; NSO nouse el oma
are traft§|f¢¢éeq mitharnugemvagid malecHlencomprisiaga puglep idre seae@nCe
&) . Additional exanples of useful cell lines include,
encoding a aeeombinahnt polypeptide, mlcmmmapemiqmmmmammody. Ina
MCF- 7 breast cancer cells (ATCC BTH 22), K-562

sl v4 B2 65 S el et ommne o o
cells, 9.?{., mammalian cells. Examples of mammalian cells include, but are not
limited to, for example, monkey kidney CV1 line transformed by SV40 (COS-7,
ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for
growth in suspension culture, Graham et al., J. Gen Virol., 36:59 (1977)); baby
hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR
(CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77:4216 (1980)); mouse
sertoli cells (TM4, Mather, Biol. Reprod., 23:243-251 (1980)); monkey kidney cells
(CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-

1587); human cervical carcinoma cells (HeLa, ATCC CCL 2); canine kidney cells

(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human
29



Blick, A M et al., Cancer Res. 48:5927-5932 (1988),

Raji cells (ATCC CCL 86), Jurkat cells (ATCC TIB 152),
woagvalosierel | s (ATCC CRL 1432), HL-60 cells (AIQCZULIONS/000244

240), Daudi cells (ATCC CCL 213), RPM 8226 cells

lung ol &ﬁaﬁ%ﬁ%cgﬁﬁ 7@%%%%@%”% @gvﬂ@%@ﬁ% TRHse

cells (ATCC CLL 75. .e% ce ATCC CR
mammagg 2ymos {MMET P6AS67 EQ&?%&@RE:@H%( ateta- pinnals N.Y.
fusion of human cells and cells of another species.
Acad. Boks8834d-68 (1982 IMBCab deliw| FS4 icelis; NSO moase anyeloma cells
commercially, for exanple fromthe Anerican Type

(ECA(§29I SIGRAGoAh @ atHUMRaKk Hepatdméumél‘\m)af) G@)WA@GlH@halc@ldmples of

lines are known in the art and w | be famliar to the

useful%re‘ﬂ I|ﬂ%§'u’1é1 S&I bt eeﬂott'll OUHT 1980/ gllbg C{g‘e@@_f "?2?) MCF-

be use equally wel n the nmetho present

7 eSS o PR AT AERIMER e ATtSEE) o o

cells. [00Q7 ég{}%_brl domas and anti body- produci ng c\)
carcinga esllsdAJE i1A)14/SONH pYadar catdromavelsi(ere Vap der
EXEMPLARY NUCLEOTI DE SEQUENCES AND VECTORS £0072] In
Blick, AoMe e¢@bo Bancer Resa48i5927-5232 €988 cRdji celip(AECEICaL 86),
nucl eoti de sequence encodi ng a reconbi nant protein of
Jurkatic#lie(ATCG F1B nb62pNaadiwatells(ATPSC CRLI1432) aHR-88 tdllsxATCC
second nucl ei ¢ acid nol ecul e conprising a nucl eotide

CCL 2%2%8&& c%ng QAT @@Lams)ampme eéné ?AﬁC@f CCL 155), U-937

ct i onal ragment t her eof . For exanpl e, first
ot BRESEERY T TERRR AsTA Y R R

subling@@f W’ﬁggﬂ.}ézglﬁ cgmiliton V@J&Ofr%C%L%SZ) as well as

reconbi nant protein operably |linked to a DNA el enent
heterobyprdemaciells psndueed Ry dusion of hnmast cefis aﬂbeﬂHSw@f another
chromatin in an open state. Additionally, a second
speciesuclhese amd dtharlcels laadosiidinesiarg availableccomohersiatiydfoc e
encodi ng an anti-apoptotic protein or functional
examplé &% He ARRIrRah TypecCanak Colisctidhe(Virginia, USA). Many other cell
lines are known in the art and will be familiar to the ordinarily skilled artisan; such cell
lines therefore can be used equally well in the methods of the present invention. Ina
particular embodiment, cells used in the methods of the invention are CHO cells or
NSO cells.
[0071] Hybridomas and antibody-producing cells may also be used in the methods of
the invention.
L. EXEMPLARY NUCLEOTIDE SEQUENCES AND VECTORS
[0072] In some embodiments, a first nucleic acid comprising a nucleotide sequence

encoding a recombinant protein of interest is introduced into a host cell, along with a

second nucleic acid molecule comprising a nucleotide sequence encoding an anti-
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same expression vector as the reconbinant protein or a
di fferent expression vector, where the nucl eotide

W@ e@smsive2 encodi ng the anti-apoptotic protei n PCT/US2008/000244
functional fragnent thereof is also operably linked to

. DNA el enent ca | e of eni ng chromati.n and/ or . .
apopt Gl O R L QURHITTAL ATt SR B6E s Rt So@TIBo3 3fStahpleic acid
sui tabl e vector may be used according to the ) _
molecplecaiPpPosing AUV Eeelidr seaidrrG-eRCHNg Bedesirggl recombinant protein
integrated into the host cell genone using, for
of inteeastip tionedantoca suddbléMXpressiod 988tor Guhich ifdpdes the nucleotide
Mcrobiol. Imunol. 158:1 ; MIller et ai, 1993, Meth.

sequehbé ¥iebdingthe ré8dmbiHar (eoleirneperibd) Mtked fod DN\Element
vectors (Mizyczka, 1992, Curr. Top. M crobiol.

capablyBHifining Kifbmsth shuflrfiafifinkd bmabitdn anctiith SR,
Additi(@iﬁc@g h%séc&élg lnglr%géig %ﬁ%fr%rg?qt@q \f’:\”?rtg{;])'rigﬁgg% ﬁg&%&l'dg astehﬂgnce

replication such as those fromEBV (Yates et al., )
encodingsa aMﬁWt@@Pr%@E)QF fHOﬁtﬁ?Faé éﬁé‘@%ﬁnt ,tl[ygregkls( ¢lgned into the
Benedetti and Rhoads, 1991 , Nucl. Acids Res., 19:
same ggpressiomoyantonasi the remomklioast pratein cGandifferant. expressdan vector,
and BPV-1 (Piirsoo ef a/.,1996, EMBO J. 15:1). [0074]

where\Bé inuickectided seejuende eneodigtbiel aritl-aporstotic imar fugictienal
and/or cell lines to express a protein of interest are

fragmd® thel@b‘?‘{@afﬁﬁ_ dﬁésgﬁgkibpﬁg d DNASlefint capabféfMdpéhing

vari ous techni ustrated i n Current

oo R e R B ondlHe. o, 220,

nbraopk et al ., Mol ecul ar, d oni.ng: Labor at or nya
1007315 B BENE Mg StckinimL b8 s o azerding sofhe RrerBan raCigetde
J., Large Scale Manmalian Cell Culture (1990, pp.
sequeneesgan ably iniegratedrato thedinsdcell gesemeHeiag, &mexample,
al so be included in the expression vectors described
retroviradr(Milter, T982eCuamy Tbp. Microbmd Immanofkdttal j Kiler et al., 1993, Meth.
m crobial, viral, and/or insect genes. Exanples of

Enzynicio2A Rt581) crefiepocassooibtbd deral (RS vedtbrMlzyczka, 1992, Curr.
pronoters, operators, and enhancers, ribosonme binding

Top. i Myt 15610 A8 o G, o5 oo or. 2 357
AlternétﬁvaerfS,Cr{dc?etét%aéeqau%dnces encoding proteins can be incorporated within
self-replicating episomal vectors comprising viral origins of replication such as those
from EBV (Yates et al., 1985, Nature 313: 812), human papovavirus BK (De
Benedetti and Rhoads, 1991, Nucl. Acids Res.,19: 1925; Cooper and Miron, 1993,
Hum. Gene Ther. 4: 557; and BPV-1 (Piirsoo et al.,1996, EMBO J. 15:1).

[0074] Vectors and methods for genetically engineering cells and/or cell lines to
express a protein of interest are well known to those skilled in the art; for example,

various techniques are illustrated in Current Protocols in Molecular Biology, Ausubel

et al., eds. (Wiley & Sons, New York, 1988, and quarterly updates); Sambrook ef al.,
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transl ational term nation, and pol yadenyl ati on signals
(see e.g. MLauchlan et al. (1988), Nucleic Acids Res.

WA g008829%683). In some enbodi ments, expressi on REDUS088/000244
used in the nethods of the invention include a human

0 ui nea pi ono 07 Spne co
motectilas T 3pao Rdrathratty ﬁé@bﬁ@ﬂ@@i L PEraIER s 1970) and
viral genones, for exanple oma Vi rus, adenOV|rus 2
Kaufmans iRviJarLargefcale Maonmjian éuﬁuﬁe P90neBal 8ED us.
For exanpl e, the human CW pronot er/ enhancer of
[0075]M:ﬁﬂbmleegaldtqrywenceaynageabedm ihchwledandhe expression
Patterson et al. (1994), Applied M crobiol.

vectorBidiisefibed herdifi: Ghkesadhay B demadeerasmeaminalizth, imierobidieviral,
SV40 vir al genorre for exan‘pl e, SV40 origin, ear | y and

and/of ﬁ%@cﬁian eExar‘ﬁ to Teg Iﬁagbfy‘c;sfeh u%ﬂ@e@%éf@@@ﬂ)éh@&ﬂlﬂfbnal

e USG er genetic el erren S

promO&%r% BERRaEGHS. Al 1R s sk b RO DS Kbl ?%@k

ef ul because both are easily obtained from a vi
(19915%@;@! Ghem. f2,6§g11%§{§7 79)“%quggﬁe§,mqtmg| gaptrgl ggnscnptlonal and
contain a viral origin of replication (Fiers et al.
transiqticoag jermibatiors anzispdlyadenyatiomeaignaisoGeg, e. geMeLaughlan et al.
Enzynol . 185:487-51 1). Smaller or |arger SV40
(1988, e tAcidsRes| $6:9323u33)d . In[d¥d7e Enbodiments, expression vectors
enbodi nents, a nucl eoti de sequence encoding a
used ih@REMREtABAS oP RS RivBntiSn %ma@ hmdmaﬂf eel atguﬁ@@ Pw cmve
nucl eot1 de sequences chosen from anucl eotide
gauence capabl e of increasing transl ation; (b) a
ucl eoti de sequence capabl e of increasing secretion;

[0076],‘2%93123Sn%agrw71a 'e%[c{)ge ROtk ang:¢ n%gbgeq%elgne%;%gs ed from

shown to i nprove expression of heterol ogous genes f

viral geRames; taf exapIRie PolrPNoa virys sadeRqvis 2 wnian Wk #4 (8Y40), and
t he expression augnenting sequence el enment (EASE)

humanl eyioneeydlovimsCHEDCexampleyttihe hemetn @MV, pramhatelr/eBbancer of
Technol ogy, pp. 529-534 (1997); U. S. Pat. No.

immediafel@afpdelfe 1: mbly Be Idd (S¥e, e.g., Patterson et al. (1994), Applied

promo

Microbiol. Biotechnol. 40:691-98). DNA sequences derived from the SV40 viral
genome, for example, SV40 origin, early and late promoter, enhancer, splice, and
polyadenylation sites can be used to provide other genetic elements for expression
of a polypeptide in a eukaryotic host cell. Viral early and late promoters are
particularly useful because both are easily obtained from a viral genome as a
fragment, which can optionally also contain a viral origin of replication (Fiers et al.
(1978), Nature 273:113; Kaufman (1990), Meth. in Enzymol. 185:487-511). Smaller
or larger SV40 fragments can also be used. |

[0077] In some embodiments, a nucleotide sequence encoding a recombinant

protein is operably-linked to one or more nucleotide sequences chosen from: (a) a
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6,027,915; U.S. Pat. No. 6,309,841 B 1) and the
tripartite | eader (TPL) and VA gene RNAs from
wo\d@nosiosus 2 (G ngeras et al. (1982), J. Bi ol PCTZO82008/000244

257: 13475-13491) and Internal ribosone entry site

|1 RES) sequences, that al |l ow 10 t ransl|.at ed
nucledtiiFSaRALY CapaBIRLRT RoRARL RRDHRHATAES & RIS Sequence

marker is often used to facilitate the identification .
capablgr ofriperaasingsecretion;sands(g)a pueaotide seauancs aapakle of increasing

be perforned using nmethods such as, for exanple, the
mRNAdstabiityof ol at e reduct ase (DHTR) sel ection schene or

resi stance to cytotoxic drugs (see, e.g., Kaufnan et

[0078]Addifidrf @ontridb§équeritesenovin toimpdvedkprédsidn of Aeterologous

suitable cell line for DHFR sel ecti on can be, for
genes RV Sy 4B loR vibortdud SR il el Efressior

avam SR P GRS B e T CHO BRI 4 8., animr
con TEidhSS s 5aB 5k B 8 BN YA BB i 208l o

for a selectable marker is not necessary due to the
6,027,848, UiS.sPaiNNoe= Be3fith84 t &phbard Hie tipantitedeaden(il)rand VA gene
and/ or maintaining chromatin in an open state, as

RNAs ffrooh Adehovielis 2 (Givigdrasletel (1082 akl Bibl. Them R5701341548491)
a particular clone which expresses a reconbi nant

and InRSrAGEIBoddIRS Ehtrl Bite QIRE SYREHLEREESthaR BIISWIARRASo be
nucl eic acid which i's used for producing a protein by

transl#tgge%%gﬂ& according to the invention is isolated

roma library or a genomc library. For exanpl e,

o075l b Srebdn bk ot SRECEA R "

_ .fpr obes designed to identify the gene or a cDNA cl one
identifisation of ;eqarabipapt eslls. Pelecionaf krpstosaagts cambgrierformed
sui tabl e probes include nonocl onal or polycl onal
using methdutsdswch asdor examgie, 2be aiydspfadatei reductasbi(BHTR) selection
protein of interest; oligonucleotides of about 20-80
schemageresistahc @ Eytbioxic drugs (see, e.g., Kaufman et al. (1990), Meth. in
Enzymology 185:487-511). A suitable cell line for DHFR selection can be, for
example, CHO line DX-B 11, which is deficient in DHFR (see, e.g., Urlaub and
Chasin (1980), Proc. Natl Acad. Sci. USA 77:4216-4220). Other examples of
selectable markers include those conferring resistance to antibiotics, such as G418
and hygromycin B.
[0080] In certain embodiments of the invention, a gene encoding for a selectable
marker is not necessary due to the use of a DNA element capable of opening
chromatin and/or maintaining chromatin in an open state, as pools of cells can be

used instead of having to select a particular clone which expresses a recombinant

protein.
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encode known or suspected portions of the protein from
the sane or different species; and/or conplenentary or

whomwshgigers cDNAs or fragnents thereof for thePGEIE2008/000244
a simlar gene Appropriate probes for screening

(008113 s3Baembsciet. abeosenpus uihin e Wahst Ushifor Sroducing
encode the same or a sim|lar gene, and/or honol ogo i
a protejarynthe Methodsraccredng e she invesgion issisolatad fepra laechMAlbrarv or

or genomc library with the selected probe may be
a genaoicdibrasd fosn examnsplen idmodigrito isolatess nucleiteacidigneadding a protein
chapters 10-12 of Sanbrook et al., Mol ecular C oning:

of intefesta @DN A libraMr e bé N@VéeY@&wﬂl@?k@b@déglgné@tdv entify the
Laboratory Press, 1989). [0082] In various enbodi nents

gene ﬂ%f&b'l\fﬁ?gloh@ CBd"ﬁa{an protéih., ‘éﬁ?@/?%xé?é%ﬁ I aries, suitable

elrn as vve l'ogs and fragnent

proved BB cFay abo8belhe o U8 Jrpbelfpg it docthcaly

sone enbpodi ments enc that are
bind tq @éserof@%q?drgﬁquaaphgqswcéﬁond@asq Shosi 20:80 basgs molrena%h that
| east 90% i dentical, or at |east 95% or nore
encode deowrcel suspeched ponimwrofstbq peoteinsfremcibenarse or igiffarant
present invention are useful in the nethods of the

specidshaadior@ompldmenéryfdrAid Aidig o ud\eDRIKST o Cfr&idenits tiereof for the
PROTEI NS[ 0083] There are two general ways by which

| q
S M e e e

'ncmdﬁoneos?q]%q libiel t%: oI‘n ne%bg%? ffd#[n‘fgﬁtlgtfb_&reof that

asi's occur’ vv| oss ne |
ulation of. osnotic sure results and l's
encodg fR¢ RaIROF T SANFY 94T /or%me@gpaﬁaeneaﬂi:éﬂ?és & gagments
then spilled into the surrounding tissue space a
thereofis §resninaithe APNAnpageBRMiclirans wits tke sslected @fQ’ﬁ?y"W be
contrasted with a second formof cell death,
condueiedpisisg star{d2dd pyocgrhpes fisdeascribed i ehaptessi 16 tR26f Sambrook
pat hway or "progranmed cell death" often
et al., Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor
Laboratory Press, 1989).
[0082] In various embodiments described herein, particular sequences described
herein as well as homologs and fragments of such sequences can be used in the
methods of the invention, so long as they have the desired activity. For example, in
some embodiments, sequences that are at least 70% identical, or at least 80%
identical, or at least 90% identical, or at least 95% or more identical, to particular
sequences encompassed by the present invention are useful in the methods of the

invention.

IV. EXEMPLARY ANTI-APOPTOTIC GENES AND PROTEINS
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occurs rapidly and is a process in the cell actively

participates in its own dem se. Apoptosis is defined
w@e@dosiosant | y by norphol ogical criteria. The PCT/US2008/000244

characteristic features of apoptosis include cell

ri nkage, chromatin condensation,. and DNA .
100837 Hesméie Svp GPnetaovars Gu e cebmite’ i ges i esoanizedpathway
_ Finally, fragnments of the dying cell form seal ed o
is necasis, @ process PEgethgepthousuallygeseltingfram severe apd gugden injury.
renoved by neighboring cells (Wlie, et al., 1980,
In nectasis, dRange€yn ckllylabBogtebstagi® 088Jr witimlodsesf mmémipeairs intagrity.
eukaryotic cells have been identified which inhibit
DereglilftioBsfJsnidtic ;réesare fsutts fapeit el fswalioaidiinally ©pt@re0fThe
these genes inhibit caspase dependent apoptotic

cellap SOFNENS a € e LpCF 5 166 QU AulGalRsEnelaby iy 388k, an

I oreactors snow an I ncrease scept Ity to

: apoptosi s perhaps due in part to,th er,umfree

inflam iR TRBRRSe, P ey ThiEZaRy ke eihtiasted Wil d secand fomm of cel
Bi oeng.. 64:108). O her conditions possibly

death,.apQARtP$I8t i ng to apopt osis incl ude growt h factor
wi t hdrawal , ionizing radiation and oxi dative stress.

(0084 [Arontosistar itihe cell ‘suigideh patimmay ot (programsmied cefledaath” often
descri bed (Al -Rubeai et al. 1998, Current Opinion

occurtapidig and(i8)a: proteéss it edIeadtivedy Fahicﬁpatés In its own demise.
anti-apoptotic genes may be useful in prolonging the

Apoptbsit §s 88fh | eﬁaaanhmhhuy Bg rbRINASHEAErREHA STHE QMArati8astic

bi ol ogi ca demandi ng Condi'tions, thereby creating a

' t 0 u b
feature B apbahe BB FER 4N Rk Rak BStnall ResfeisBlighn. and DNA
engj.neered to express lLevels of anti-apoptqti c gene
fragmeHlRHPE RER OB ORASGeh BAGIRE sizeoiis 1 EBALY JradipeRisadtoe
~incell culture, e.g. culture vessels ranging in size
dying eelbfarmpsealed yrsiclesrcalled argptotie bedigsevhigh ire rapidtygesoved by
or larger. The cells may be transfected wth one or
neighbaring calisi (Weylief, ednl. ah980,apbRev. iCytger@B8:261R f uncti onal
fragnent thereof. A functional fragnent of an

[0085]130huntie? R gEhes HeBakamvtic @8RS hade lbeep idéatTidd Whichl ihhibit the
| engt h sequence of the cloned gene, but still maintain

onser Bl SBO0G SO et 48K ity canges
depenggm éS&’&B&c‘? tpiaﬁwgaeyse% &I E’:Seeﬁg grown to high density in scale up
bioreactors show an increased susceptibility to-apoptosis perhaps due in part to the
serum free conditions for growth (Zanghi et al. 1999, Biotechnol. Bioeng. 64:108).
Other conditions possibly contributing to apoptosis include growth factor withdrawal,
ionizing radiation and oxidative stress. Transfecting cells with apoptotic genes has
been described (Al-Rubeai et al. 1998, Current Opinion Biotech 9(2):152).
Transfecting cells with anti-apoptotic genes may be useful in prolonging the life and

productivity of transfected cells grown under biologically demanding conditions,

thereby creating a healthier more robust cell.
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the genes may all be the sanme gene or may be conprised
of a mxture of 2 or nore different genes. Exanples of
W@0BA896ePt ot i ¢ genes suitable for use in the m”B’I;TEmDS/OOOZM
i nvention include bcl famly nenbers such as bcl -
nbank .Acc MLA.745 I | -6; n
(0086 Ry G eI Tes)S o it Tnventar Giaude eqﬂccg"ssa%eﬁered to
No 6,077,709); xiap (Genbank Accession
expresﬁelﬁyefsmfa?ﬁntl apqrptggg geves suffigienittogduce ﬂ'gplgn@fgr eff[gcts of
1B-19K (SEQ ID NO:7) and P21 ; nmyrPHK; HSV-1 g 1 34.5
apoptddis # célhcaliureNe.g. CUltues, veisdels eangling i sige (frans.T284taskss, or
No. 6,432,914); p35; ced9; G mA, BHFR (Al -Rubeai et
smallet! to %up@i@r@%@tor@mﬂﬂa rBi THee 68IIOMAY: belﬁabnsfeb@a&ﬁith one or

In some enbodlnents ells are transfected with a
more SYTLER! ASTRURILE, ?@?@g%@@ﬁgﬁ%ﬁwﬁt@%@ﬁg S fntons!
r.eof [ i nke
fragme iRt A aBAR ol SRR el iBrg Tt m%i&ﬂﬁeﬁwﬂa%?que"ce

en state. 0Q88] .In sone errb i ments, use
of the sf%merae%pakswl Blainkgish iepeis {BRHCIRRdhe onset or efietts of

mai ntai ning chromatin in an open state results in a
apoptegigin eultyred celis.aéhere maltiple cepigs, of antirapontotimgenes are used
| east 50% at |east 60% at |east 70% at |east 80%

the geats Ineas iill B8%he 3ameegeihe 3b¥hayobe konMrisedufesmixtgred 62 or more
operabl'y-linked anti-apoptotic gene over an extended

differeR€HERES. OTE XdriiBies ¥f ainti D@dﬂoﬂ@béﬁe%ﬁﬁ@oléh@r 89 the prekent

oper abl y- I|nked to a el enent capabl e of opening

invent ABRLE DAY rEBhBLA! DIcAE BEOTRSL Aok ABCS88HN No.

S8 herey |mnat|ngt Ion

M147‘25t9b89' Fehtd %@@Qi‘éﬁéﬁ B Eﬁm%l?f'oﬁd%m@ﬂg gatent No

need for gene anplification step. [0090]
6,077 @ﬁﬂbdﬁl%éﬁignbw Ascesgier dg. rﬁ‘ﬁ\/l_ao%luﬂ)eblapéebiﬁﬂ%@hﬁ Patent

protein in conjunction with an anti-apoptotic protein
No. 5, @19(912)t EdBal19K (S NO1&) anfl R2ss umyrPHK;aHSWwey 1138 (U.S.
of one or nore contam nants relative to cells which

PatenEXB! 63721047 )! as@ BeLhe (U. rRdtehtnNal 632,91 pBSB; ced9; Crm A;

i mproving the overall quality as wel | as quantity
BHFR (Al-Rubeai et al. 1998, Current Opinion Biotech 9(2):152).
[0087] In some embodiments, cells are transfected with a nucleotide molecule
comprising a nucleotide sequence encoding an anti-apoptotic gene or functional
fragment thereof operably linked to a DNA element capable of opening chromatin
and/or maintaining chromatin in an open state.
[0088] In some embodiments, use of a DNA element capable of opening chromatin
and/or maintaining chromatin in an open state results in a greater percentage of cells
(e.g., at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least

90%, at least 95%, or more) expressing the operably-linked anti-apoptotic gene over

an extended period of time relative to cells where the gene is not operably-linked to a
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of the reconbi nant protein produced as well as
reduci ng both the tinme as well as the resources
w@az®eosmbed with the harvesting of the reconbi P@NUS2008/000244
protein. V. EXEMPLARY RECOMVBI NANT PROTEI NS [0091] The
t hods _of, the invention can be used.to.produce any.

DNA diEineRE fabaiti i ot BRor A o BE STanBrihE bl in an open

some enhodi ments, a reconbi nant protein produced using
state, tharey efigvRatingthe; nred faracselectionystepe ?Qﬁ&ﬁﬁrbarﬁpliﬁ‘@tﬁn step.

I n other enbodi ments, the reconbinant protein is an
[0089HNtsomelgmbrodiments, thamethadsrohthet ingentidn eliminale dhe need for a

whi ch nay be produced using the nethods of the

gene ampkfiddtion stepl ude, for exanple, pol yclonal,
nmonocl onal , nmonospeci fic, polyspecific, fully hunman,

[oogogﬂ%_e%boﬂnﬂght%—, ‘&Bgéo gxpfé!%'s 4 Gesii¥l rréﬂ?mﬁ}ﬂa?ﬁ Bfbtein in

grafted anti I'es, and anti gen-bi ndi ng
. t r . ! .
conjurdiBRIRY 8o it Giptofly PRidfe’ Rhefd MRt EmeRinpidtigg ditin a
esirable antigen conprising a suitapl e epitope.
lower [§58) PEBIG oEMATB TR AN Flative B cORLNBIcD Sxprass the
found in or associated with a mammalian cell, a marker
recombinast ipsetein alone, therahyimprovingrtheceveral swiality asiwgllias guantity

di sease or condition. Exanples of tunor nmarkers

of the recdrobiaaht proteimnprodacedasMéll a$ veducimg botiethegime dsGiell as the
(which is a gene product that is expressed in

resourdes ssatiatst Withhe Wasvestinges)the fEEbAbinaint protein.
t unorassoci ated gl ycoprotein, and tunor antigen MJC 1.

r ' TERT (Ferber et al.
V. IR RECOMBINART PRAMART (o ot al. 2002, Am
Surg. Pathol ... 26:1501 cyclin E (Yasneen et al.
008 1ot br B jnveiion ek e Vst RrosyeS ARV Riedlrefle 1o
Rakowi cz- Szul czynska, et _al. 1996, Cancer Biother. .
recom n$ pretein onfraginent thrreof. Insaypeendadioents@recombinant
met hods of the invention are used for producing high
protein pragucedfusing the tietbods descrikpshhéieinlisng therapeetic protein. In
thereof. An antibody may be specific to a cell surface
other @mbbdintersts Cthearecontinahtprotaiih ¢ anantibodyp oe furtstiopabfragment
thereof. Antibodies which may be produced using the methods of the invention
include, for example, polyclonal, monoclonal, monospecific, polyspecific, fully
human, humanized, single-chain, chimeric, hybrid, mutated, and CDR-grafted
antibodies, and antigen-binding fragments thereof, such as, for example, Fab,
F(ab’),, Fv, and scFv. The antibodies can be specific for any desirable antigen
comprising a suitable epitope. Desirable antigens may include for example, a
marker found in or associated with a mammalian cell, a marker associated with a
tumor or a marker associated with a disease or condition. Examples of tumor

markers include tumor antigen CA 125, tumor antigen gp72 LCG (which is a gene

product that is expressed in association with lung cancer), HER-2, a tumor-
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[0093] Antibodies within the scope of the present

i nvention include, but are not limted to: anti-HER2
wa@pioshogrdses i ncl udi ng Trast uzumab ( HERCEPTI N( r QT/US2008/000244

(Carter et al., Proc. Natl. Acad. Sci. USAl

19 U.S,. Pa 725, 8 anti -
e?% E«ﬁpp amégn@ile@oaen@aﬁﬂéw%ﬁth@a i e
Pat. No. 5,736,137 (Rl TUXAN(r) imeric
mcludﬁmﬂﬁrﬁE écerpgr ehal 2903 RncogenaR2: %%‘fﬁ) k67r(KUJ3§ ebah : 2002,
No. 5,721 ,108, B 1, or Tositunmomab (BEXXAR(r));
Am. Ja8uig. IFEatBoI(,QG:JIf»@m), eyclm E.(Yaspwen ai0d: 23(23,(5)&9237 Rexnol.
I nternational Publication No. WO 95/23865); anti-VEG-

Diagn?a8(5)8ad1) emdi Histondi H® (Rak&WiczeSzeg/nekaéf ani 996 nBaHE&d
anti - VEGF anti bodi es such as the humani zed anti - VEGF

Bioth nkhgﬂ’g’y’ Wi1§ﬁ AVASTIN(r). (Ki m et al ., Qomh

act (1992), International Publication No.
WO 96/ 30046 andV\D : .ished el . .
(oos2}fs3yhe SiciBRts, etios 20 i ERlio 365 uS8H for Riggyeing high
anti bodi es, i ncl ud| n% S2C6 and humani zed varij ants
titers Qfmt@@ﬂlqsxm menpinding.iragmepts therees. d\n ppiibogymay be
5,622,700, WD 98/23761 , Steppe et al., Transpl ant
speciﬂcmola cell suﬂa¢elpg)1¢in suah agagrewth facten or hormone receptor.
Transpl antation 58:377-380 (1994)); anti-lgE (Presta

[0093FAntidodies withinthe! scopalof:tRé HreSerRraAndradp) inchude, but are not
International Publication No. WD 95/19181); anti-CD18

limited 18: %ntlﬂ*i'ERZ'\&htlb%df?sanZ%mg ?%é‘?@'zdiﬁéb éﬁ%Rd@ﬁTlN@I E@érter et
In WO 97/26912, published Jul. ); anti-lg

al., Prbk et AR 1. USAO B8 8@2%28%?99%“ §%af; N, 5,728.856); anti-
CD20 55§85 8igs Sishad cfimenis V&%ﬂ&%@“b' 258 A o 575,137

filed Jun. 30, 1998, U S. Pat. No. 5,714, 338)
(RITUXAN®)gchimess @sthsimanized yagiaptef t@s/isﬁgstlb@w agjinl.S. Pat.
Nov. 19, 1998); anti-TNF- a antibodi es including cA2
No. 5,(IREEN|08ABE( oy )Fpsmﬁﬁﬁiam(B:EWR@S agtde-8 (StJohnaat.alN&:hest,

5,672,347 issued Sep. 30, 1997, Lorenz ef a/. J.

103: 93m&aﬂ@ Pritérnatitdd Pllbﬁéa"tldrilﬂ%WOWZM)nﬁhﬁ-\ﬁEGF
Crit re Med. 23(9): 1461 -1469 (1995)); anti-Tissue

antiboﬁo?b\% uﬂfg*lu?nggl&r)ﬁ!a\h;&%tﬁfé}hdl?% ﬁﬁmtg';?n?tﬁtré;%rgpﬁ %F]arﬂlbéme%dsuch
as the humanized anti-VEGF antibody huA4.6.1 AVASTIN®. (Kim et al., Growth
Factors, 7:53-64 (1992), International Publication No. WO 96/30046, and WO
98/45331, published Oct. 15, 1998); anti-PSCA antibodies (WO001/40309); anti-CD40
antibodies, including S2C6 and humanized variants thereof (WO00/75348); anti-
CD11a (U.S. Pat. No. 5,622,700, WO 98/23761, Steppe et al., Transplant Intl. 4:3-7
(1991), and Hourmant et al., Transplantation 58:377-380 (1994)); anti-IgE (Presta et
al., J Immunol. 151:2623-2632 (1993), and International Publication No. WO
95/19181); anti-CD18 (U.S. Pat. No. 5,622,700, issued Apr. 22, 1997, or as in WO

97/26912, published Jul. 31, 1997); anti-IgE (including E25, E26 and E27; U.S. Pat.
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98/ 06248 published Feb. 19, 1998); anti-EGR
(chinmerized or humani zed 225 anti body as in WO

wO 080262 publ i shed Dec. 19, 1996); anti-CD3 apCT/DSm0&600244
such as OKT3 (U.S. Pat. No. 4,515,893 issued My 7,

w» anti- 5 ,0r, ti-~tacantibodi ch as
No. 5,279.358, ARupiimete A 1988 a1 ) 85 FRRAIG S PPT S Rslied ep. 25
No. 5,693, 762 issued Dec. 2 , 1997); anti-CD4 |
1992, ¥Qi e £43 publishes Mas 419881 o intermasiapal ApplicationaNo.
Arthritis Rneum 39(1):52-56 (1996)); anti-CD52
PCT/USA8/H34i11 @ filesudiin. 30, CAOBAULS 1P &t. (NR. Schitdh 338k tardi-Apo-2 receptor
Nat ure 332:323-337 (1988)); anti-Fc receptor

antibo@ (WO 9851 7 pulsishe@N M 21 A NIDYBY hnhtHTNECH efhtiBedieRShcluding
FcgRl as in Graziano et al. J. Imunol.

Az (R ARERERTRAT RAdMAK. B (SRR PP ARD T2 347 issued
sep. G182k e atals Ll SOASIBABL R CIGH). g Painaut et

including huBrE-3, hu-Mc 3 and CHL6 (Ceriani_et al.

al. Critcrere rMﬂgsZ3(QBGQ@)-.M@@S(ZQQQE&SGBU(H%@ Faeted (FF - (htaapean
al . Cancer Res. 55(23 Supp): 5916s-5920s (1995));

PatentNboi 040337 Batgranted Nov.c 18940 aamti-hamarceiBrantegeh (W0
C242 (Litton et al. Eur J. Inmmunol. 26(1):1-9 (1996));

98/06248 publfdhdd FeB.i 1 digeB): SHtBEGFR IcHifmerizblicy imanized 225
| mrunol . 155(2) : 925-937 (1995)); anti- CD33 anti bodi es

antibod 83 it YyCtadh8214 pbfistiedbel; 10 T8, ahETrR ghhodies such as
td - CD22. ant, LS su as Lynj i-de uwei d
okTa '8 PR oBoS eisalyay 7 18855 arIReEIs( AR
. anti- EpCAM anti bodi es such as 17-1A ( PANOREX(r));
antibogigs; suchi A HHOR THaIMUILE G EO Ad (ENARAKPIEBeeU-57at. No.
Fab (REOPRQ(r)); anti-RSV anti bodi es such as MEDI - 493
5,693,763 ssBes Deg. 2,a1897) Canti-6i24 Botibedies subh as theoMVdrkErantibody
anti-HV anti bodi es such as PRO642; anti-hepatitis

(Choy ®tal. rthritis Rheima3o(i R62:68 (1398)); RntirC DB2dhntiBEdiRd s¥(ch) as
anti-CA 125 anti body OvaRex; anti-id iotypic GD3

CAMPﬁWrH-Q PE(FaBERRaRY SBEENafind 33213039517 i(b&%bf)z;\ﬂn-lfﬁ{xb receptor

(r).; anti-human renal cell carcinonma antibody such
oo ST 2 R o G 8 aciano ot
Immunol. 1565(10):4996-5002 (1995); anti-carcinoembryonic antigen (CEA)
antibodies such as hMN-14 (Sharkey et al. Cancer Res. 55(23Suppl): 5935s-5945s
(1995); antibodies directed against breast epithelial cells including huBrE-3, hu-Mc 3
and CHL6 (Ceriani et al. Cancer Res. 55(23): 5852s-5856s (1995); and Richman et
al. Cancer Res. 55(23 Supp): 5916s-5920s (1995)); antibodies that bind to colon
carcinoma cells such as C242 (Litton et al. Eur J. Immunol. 26(1):1-9 (1996)); anti-
CD38 antibodies, e.g. AT 13/5 (Ellis et al. J Immunol. 155(2):925-937 (1995)); anti-
CD33 antibodies such as Hu M195 (Jurcic et al. Cancer Res 55(23 Suppl):5908s-

5910s (1995) and CMA-676 or CDP771; anti-CD22 antibodies such as LL2 or
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(A33); anti-human nel anoma anti body R24 directed

agai nst @GO3 gangl i oside; antihuman squanous-cel |
w@a008/08r96m. ( SF- 25) ; and anti-human | eukocyt e aP€T/Js2008/000244

(HLA) anti bodies such as Smart | D10 and the anti-HLA

ant i bod) colym (L e re r .
Lymptigh BR Vel e CAReP Y S aeieRD @etgrsod A 8Sles)): ant-
VEG-, |gE, CD20, CD1 l1la, and CD40. [0094] The
EpCANb%ramq?@msum 88 di'n1A4PANOREX®)| antirGpilbillla; antihadiesguch as
a receptor (e.g., nenbrane bound or cytosolic) or a
abciximabuartaniEa Fab REOPRO®); anti-RE\daktibadias spicbtas MEDI#83
reconbi nant protein nay be cellular factor secreted by

(SYNAGES® lanticCMusaatibaties Bath usiPROTOVIR®RINt-HI\gaatibodies such
transduction pathways. Non |imting exanples include,

os PR PSRl eie 0o B PHnBRrgBh SSTAVIRe
a5 Bl SRR 5o B sty st B

I L-4_receptor,. |IL-6 receptor, IL-1 3 receptor, |L-18
antibogy M pASING:AM-humappepal egl-carenamaAnt SF%‘%@B(’%&’Q;%Q
hepat ocyte growth factor, osteoprotegerin |igand,
ING-1j antéhusram1 GdwnantitRdyy(3622Yy84); entifumarn cologectal tumor antibody
conpl ement TAG 72, integrin alpha 4 beta 7 , the
(A33);iaritielgtirnan YhélafhionRantibady R4 direBiid againspGOIBgdnglidside; anti-
and 4 , RANK, RANK |ligand, TNF, the adhesion nol ecul e
humaﬁ’éﬁ’uémou@ﬁ!leql'Bé'réiﬁbnfae(SF-Q@ﬂea?fooﬁnﬁtﬁgmﬂsl)éukgaﬁé@nﬁgen (HLA)

i ntercel lul ar adhesi on nol ecul e- 3(

antibob%ﬁlﬁﬁ?&%%r@‘%hﬂd th %gﬂlﬁmlﬁ aﬂ{i%&p%‘?!}{ﬁa Wym-1).

ardr ac nyosin avy chain, para

har non rNAPc2, apd CTLA4 (which.is a toxic, T
The pierirn o6t aatigpni e anfigbrly hereinges: HRB BEsRiaruFeF.
rotein may al so be derived froman infectious agent
IgE, CEI?@n, G11a,\AndyeD48. bact eria, or fungus. For exanpl e,
the protein may be derived froma viral coat or may be
[0094]aThe remontingmteprotein maay bei peelhiarf protein suThaspa ceeeptior (e.g.,
may be derived from a bacterial nmenbrane or cell wall,

membeanéByuRe ofl @g«o‘é@ﬁc)f éroanstroeturaigirotdinl(e gy hasbskeldtal protein).
protein may be a yeast enzyme, transcription factor,

The reédoniBih A ptofdin may be cellular factor secreted by the cell or used internally

in one or more signal transduction pathways. Non limiting examples include, but are
not limited to, CD2, CD3, CD4, CD8, CD11a, CD14, CD18, CD20, CD22, CD23,
CD25, CD33, CD40, CD44, CD52, CD80 (B7.1), CD86 (B7.2), CD147, IL-1., IL-2, IL-
3, IL-7, IL-4, IL-5, IL-8, IL-10, IL-2 receptor, IL-4 receptor, IL-6 receptor, IL-13
receptor, IL-18 receptor subunits, PDGF, EGF receptor, VEGF receptor, hepatocyte
growth factor, osteoprotegerin ligand, interfferon gamma, B lymphocyte stimulator

C5 complement TAG-72, integrin alpha 4 beta 7, the integrin VLA-4, B2 integrins,
TRAIL receptors 1, 2, 3, and 4, RANK, RANK ligand, TNF, the adhesion molecule

VAP-1, epithelial cell adhesion molecule (EpCAM), intercellular adhesion molecule-3
40



protein. The yeast protein may be nenbrane bound,
cytsolic, or secreted. Exanples of infectious agents

WO pBO8E62 but are not limted to, respiratory BYRUS1008000244
virus, human i mmunodeficiency virus (H'V), hepatitis B

Vi[ H . h Pt i,r r
(cAMz S IEolisbrinAGRRR . ik Hlatelet Slykortidein deh (FATE. S5hdize myosin
al bi cans. [0096] The net hods of the invention can also
heavy ghaijgs @@ratbym*@@@c@on@c BWPadnand GJiLdd (yhiehisia cytotoxic T
conprising all or part of any of the above-nentioned
lymphpeyiesissociaked aptigeml e, reconbi nant fusion proteins
conprising one of the above-mentioned proteins plus a

[0095]mHet tgeMbiRantrotkimdy akote dérived fUR Af irfedlisls agent such
coiled coil, an Fc portion of an antibody, or a

as a vﬁﬁ? %t\egbl 3r ﬁj‘ kaFdeafigle ﬁl%rbrgfelﬂrnWSs‘ae'r'ﬁéagrom a

e I nventi o See ‘e. g. nt ernat | onal

vira C@ﬁi"%’r{ﬁ% be% %sev%ﬁ% %Eégﬁa?fﬁ@ o, TRleploteln hay be

N TR INEC TN L
Al so enconpassed by this invention are pharnaceutica
cytosot ofpepiroteimmayriae adieagt engyroe, transcriptioprfaictaanor structural
protei ns produced by the nethods described herein. In
proteirs 0TRe gehstproteih snay bermesbrane boundpasolic, onsetreteder
i nclude a pharmaceutically acceptable carrier. The

Examﬁléé BF iffEQISTRCEIE NS MI¥de rRira ot Ilﬁﬁt(eﬂ' t8r réb’im‘é?&? syncitial

herei n means one or nore corrpatl bl'e solid or IC]UI

virus, 'i%’{“?ﬁ[h gﬂfﬁd&?&%n%&s i ISP, q{%d?ﬁ’lté 2} fl*?é\\//}(‘megétﬂé% virus

or a ration’’i

(HCV) SHPBIREOPRHE TS 3150 SIRPTIVPGIS (AT Efl\‘!‘(’:}EfQAPaV@rﬁ’Pﬁﬁ”S

are useful for the production of reconbi nant proteins
[0096]iTihet fﬁ@”tﬂdés‘éfrtbé inyertioneanalsera ysed topwdsicefseembinant fusion

contam nants, and in particular, for the production of
proteinshegorapesing callmrcnaﬁ ofany df thet albovt-seritionet roteirsse nEer example,

reduced | evels of one or nore contanm nants. Protocols
recombipant fsicd proteipsiophSing @neasfuRe eddveentdidd protéing plus a

cells are well known in the art including various
multimerization domain, such as a leucine zipper, a coiled coil, an Fc portion of an
antibody, or a substantially similar protein, can be produced using the methods of the
invention. See e.g. International Application No. WO 94/10308; Lovejoy et al. (1993),
Science 259:1288-1293; Harbury et al. (1993), Science 262: 1401-05; Harbury et al.
(1994), Nature 371:80-83; Hang.kansson et al.(1999), Structure 7:255-64.
[0097] Also encompassed by this invention are pharmaceutical compositions
including one or more recombinant proteins produced by the methods described

herein. In some embodiments, pharmaceutical compositions further include a

pharmaceutically acceptable carrier. The term “pharmaceutically-acceptable carrier”
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commercially avail abl e reagents, such as the cationic
l'ipid reagents LI POFECTAM NE(tn),

WO RBORECIAM NE(t m) - 2000, or LI POFECTAM NE(t m) - RUTBS2008/000244
(I NVI TROGEN), can be used to transfect cells (see,

e g., . Feigner et al. (1987).. Proc. tl.. Acad. .Sci
as usegiflerein MERTS o9 moRe SaRTRAtblE SOickF oy AR itpts or
bonbardnent with microprojectiles coated with nucleic
encapgyiadiag sahstances shieh are sHiakletforagdminisisation fite @csHbiedt;
such as those in Sanbrook et a/., Mdlecular Ooning: A
VI. |IMETHODRSYORINTRQDUGINGINUCZLEOTIDE SEQUENCESAND
NAECTORSUINTOL OELLS ess, 1989) and
Fitzpatrick-MEIligott ((1992), Biotechnol ogy (NY)
[0098]HHS MmetASESof Rk intEMEIH SrecGSBIPRI M8 pFSilttioRfTecombinant

I nclude, but are not limted to, transfection,

: f ' i AN ,
potef 38Rt Al BURSANEE HTnflc CBRIAAS, g i

. and .gene activatio see e.g. U.S Pat. No..5 272 071

partiglgr, i heattpautiion oF ikt ase fibrolsing 2nd antihdiiekn the Présence

transcription factors (see e.g. S;J%al et al. (1999), )
of redugest levels of ong-agmoge icontaspingpiss ) Proteenls £9r. infroduoing) ucieotide

particul ar enbodi ment, high efficiency controlled
sequeates andvectdrs omtoi cells srd well known adthe ar indleding nviaviosis

nucleic acid nolecules into a host cell. Exenplary

commepdiaeavailableTRidyehits fUchnd fher catittic il rehyesits
el ectroporati on can be found, forexanple, n US.

orE AR PRSI O e P
SR R0 SRR e BB . oo
et Ao S5 b L5V ot P Toh g e

~ the electrical inpedance (which as used herein neans
with mi¢reprejectiies coatad with nuslejo acidgeandie used ke tnaogfestcells using
cell or of a conductive nediumthat includes the

procedurespgictaas titdde in‘Baribeostiastal,lMoleeulanCleningt &-Nabdratory
rati o across a biological cell occurs when the cell

Manufll?ggem %ggy%gcﬁgsgggggﬂﬁﬂﬁlﬁr%ﬁ LhBor§ PreisBBl089) and
Fitzpatrick-McElligott ((1992), Biotechnology (NY) 10(9):1036-40). Genetic
engineering techniques include, but are not limited to, transfection, transformation,
and/or transduction of cells with expression vectors, targeted homologous
recombination and gene activation (see e.g. U.S. Pat. No. 5,272,071 to Chappel),
and transactivation by engineered transcription factors (see e.g. Segal et al. (1999),
Proc. Natl. Acad. Sci. USA 96(6):2758-63).

[0099] In a particular embodiment, high efficiency controlled electroporation is used

for introducing the various nucleic acid molecules into a host cell. Exemplary

devices and methods for performing controlled electroporation can be found, for

42



current-to-voltage ratio through a fl owi ng conductive
fluid occurs when the fluid draws a bi ol ogi cal cell

WO ni08/083962 r egi on between the el ectrodes in a PCT/US2008/000244
flowthrough electric cell. Thus, by nonitoring the

examiT T Befboice % ShO0HT S 45 hotln BB o oA B

detect the point in time in which pore formation in
6,482,618, €58, Qﬁe‘ﬁﬁa&h@fmgfﬂ are wqmnat% by riefereneg hetein in their

degree of cell nenbrane perneability due to the pore
entiretyor mati on. This informati on can then be used to

establish that a given cell has in fact undergone

[0010G) ect r QDontadlicelebiropOrationtis ®aséd @ipehaht dissyvary that the onset
process by governing the selection of the voltage

and e)HE fféig@tr?;g&%%ﬁl in 8%bi6lo féarl CRREahH bR cdlaftlSR c?‘%nges in the
si mul taneo s el ectroporation of
ural it sin

e'ectr'Eﬂdm@séﬁﬁﬁ SR pfedPéutib rain £ e?&oécc?*?%&s fayplaee) of

an indication of_ the degree of el ectroporation
the b'%‘?@ﬁﬁb‘@i Qhefra cprdyetiviesmedivin thatiipgludes the aiglegicalcally An
in the electroporation of biological tissue (rmasses of
increabeé in the currentetiobvoltaigetratioradrgsma dicregicabealbpcsurs when the cell
sane reasons. [00101] Controll ed el ectroporation

membranbeesmes penpheable dile & pote fapmiatibh ol ikiavise ca idecrdasehin the
a biological cell can be placed and which contains a

curren??é-%ﬁé é Patfo ﬂ’irégév?,ﬁ 2 ﬂd%ﬁn 'c%ﬁHDbﬁ‘vé:ﬂhlﬂ%chfé AWeRtAe fluid

hence t e ton fl throug a flow path t hat passes
draws@léﬁ% f&?flsﬁtﬁ Oﬂglrégftornlcbeetbveﬁﬂ § tl%ub ftpetg' |H%[Eow-through

cell. 1t vol ves, the an r at
electr Gl o\ hiagbY (RPritcaiadPemPREAGCE AL AL poIdeA el dfn,
barrier that is substantially erneable to an |
electralytecotutiorcinrwhigh. therwell@suswnﬁme@weﬁbmwlﬂhmtlme in
is smaller than the biological cell such that the
which pod fogimadiondelthe celt enérabgee occurbecaopeliiasgheirelativedegree of
or close the opening. To achieve el ectroporation, the

cell m&MBrAE peimésbilityl FuesRCthegsbrevierméatien ORI |ﬁ€brhtat|on can then be

mechani cal or chem cal neans, e.g., in a reversible
used t%ﬁ%ﬁﬁ%éﬂé‘?ﬂé&\jﬁh@é??ﬁ'tuﬁ?{aﬁ c())g%geg*e S;F?rl%ﬁ n, or to control

v o FEb oY a5 A Lo BB bt

Controlled electroporation may also be useful in the simultaneous electroporation of
a plurality of cells, since it provides a direct indication of the actual occurrence of
electroporation and an indication of the degree of electroporation averaged over the
cells. The method is likewise useful in the electroporation of biological tissue
(masses of biological cells with contiguous membranes) for the same reasons.
[00101] Controlled electroporation involves the use of an electroporation
device in which a biological cell can be placed and which contains a barrier that

directs the electric current flow and hence the ion flow through a flow path that
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and across the biological cell residing in the
openi ng. The passage of current between the chanbers

WO 2008/88962 estri cted to a path passing through PEEUS2008/000244
openi ng and hence through the biological cell. By

nitori the current-yoltaqge.relation.in the .
passe§ frpughuhe siolooLEdubllS petBfung sBhePanipflhp Slectric current to
detected and the degree of pore formation is _ . o
bypass ¢he bislogigal eell. dbinyolvesthe usef an aeparghsy eentaining two liquid-
occurring and to prevent excessive pore formation and
retainingldhadezers sephmtad dyy a batrfershalf is sutbstandially ghpgrmeablede an
know edge and control of the condition of and the fl ux

electriseufent.t The Hapli@Otsrhineedn oﬁ@rﬁfhg anat is Bhealiée thae th@piological
thus conprise two el ectrodes. The polarity of each

cell sm{CﬁstﬂﬁPfhithﬁo%bﬁféq 'i:@ﬂ'%n%“oé’iecﬂnttﬁbrbgie?'%é’mki)@p%rfﬁéé the

us permitting penetratio a tdrget” nuc Cc aci
.through, the cell nenbrang fr.om at |l east i Sti .
openiig FE3nielE SctaRaatbRofeulifotal i spiifadicier B opening
180 apart in a plane of the cell. . 00102% The . .
by meghanicalpighamisal means ceighyinbryersiesmanhersn that the biological
support to hold a single biological cell, or a
cell capl latexlbet renadves witbgutcdamage ite theahivlegicalmedl fance the bislogical
that restricts the electric current flowin the device

cell is s@careld owerphé lbpehirg, pagsieRetisimpobed between thie twd chambers
cell. The el ectroporation device nmay conprise one or

and aéJPE@ t@ﬁyﬂkgié%lsdélltr@md%é i thepkiring 2 TRE fRsagdticar@nt

uralit hanbers i's present each chanbermay hol d

betwebAthé @Wann'}?)léfr{) gngrre%@’té fd 5?&!?55&%% tmﬁggrlﬁ% ©opening and

vol'tage'is a Structure™can be uUs

[ffusiye transport alone nassjsted b .
nenceJhiquadithe io@BHED 6k BYRantHS s Ciresiwattage: siatign in the
the barrier, and the two chanbers in enbodi nents that .
electric gell. the angst oh glastroporatiomisidetected @nd the degree of pore formation
el ectroporation cell, and can vary wdely while still
is contrelled, ig biotts apsunedbat elgictropolationdgiocalirrogy ard &0 prevent
m croscopic in size, however, the apparatus nay be the

excesSivé popé ferhetionoand célndpath. f Te ueék —hy afforded a highly precise
m crof abri cati on techni ques such as those used in

now 455 BRABRYELOPHEEBH o U, ADRBRERS B8 Ggca ol
memeF37E e Moyl 4 A SRR oo db e oty of
respective electrode may be alternated back and forth thus permitting penetration of
a target nucleic acid through the cell membrane from at least two distinct points. For
example, the points may be approximately 180° apart in a plane of the cell.

[00102] The electroporation device may comprise an internal support to hold a
single biological cell, or a plurality of biological cells, and an internal barrier that
restricts the electric current flow in the device to a flow path that passes through the
biological cell. The electroporation device may comprise one or more chambers

suitable for holding a buffer. Where a plurality of chambers is present each chamber
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of the user, and to allow changes in the

concentrations, pressure, and other conditions as
wme@dessosn achi eve cl ose control over the passBOEUST008/000244

speci es across the biological cell nmenbrane. The

at us conpri | ayerss o | atel ets wi.t h
may hafFPsrrarae BUlipt iy e erent e MVB6H paolles Vi
| ayers or platel ets are bonded together. 3001
structtrrecﬁm be uaed fentiiffusive ttanseprttaien%mwaﬁsgé@ &y voltage induced
permtting the successive entry and renoval of
pore formaiatiord uBihe cohfigurationiodthé bagernant éhe twd cbatribergim be
treated in succession. Flowthrough chanbers al so

embodlﬁ’féﬁté thRhElnd s we thadibers)! igtrivt deiEESttedhs @ledticptration cell,
that concentration gradients can be continuously

and oL UREH, WHEP oﬁf?ﬁf‘ﬁ’ﬂ%ﬁé\é’%’ & 23‘.“5@%6'89#8? BRI
mierod RSB, el il s B i civs

pport for the biol ogl cal cel I in th| S &ructure can

fab"CﬁiédehW“Qfﬁa@@('G?téo'ﬂ krghniques such as thass wrpdin eleetrenic chip
fixed position and that allows the passage of electric

manufagturentTheTthambers roey bentanstrustgshas flowsthzeugipehamgersto allow
the barrier. Securing a biological cell over the

the pagpage of treeligifds irocontimaussiion, interplittenttfloey @z flongat the direction
thereby directing the passage of electric current,

of the %EF SIS élfo@ﬁélﬁ’éﬁg’es Wth@QfdhcehﬁéﬁéﬁH‘ préssre! bné'@ﬁher

el Tmnating or m zi ng | eakage around the' cel

condltfﬁfwgssu ré&geﬁagé‘m? ftﬂ' eé’drﬁﬂ}l ??UéPtHe pé&dq?&ssepe%les across

erén across e “opent ng
rec vv|II resst e cell ai ns
the b"ﬂﬁ%‘ﬁPL{j&P Plike (L Sroa AL DX AP BueRiel plafelets ith
t han t hat of the cell, and the cell upon entering the

appropiitaropenings that fersy flowrassages whenethelayerserriateletsyare
increasing the pressure in the chanber in which the

bondeddbgethesi des, or | owering the pressure in the other
chanber, the cell will be forced agai nst the opening,

[00103] osi nq:lbW-mfréugrmﬁ@mibbes Bﬁéﬁﬁ@ﬁ(ﬁ/arﬁag‘@@gétrﬁﬁﬁng te
cell is readily released fromthe opening

succeSSVE ety Yhd Ren Vi F HdividLa LIk do'that @H@%ﬁ’nbers of cells can
be treated in succession. Flow-through chambers also permit replenishment of
solute-depleted solutions so that concentration gradients can be continuously
maintained when desired. A further function that can be served by flow-through
chambers is the increase and decrease of pressure, a function that is useful for
various purposes as described below.

[00104] The support for the biological cell in this structure can be any
structure that secures the biological cell in a fixed position and that allows the
passage of electric current. The most convenient support is an opening in the

barrier. Securing a biological cell over the opening serves to close, seal or plug the
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or by reversing the differential such that the higher

pressure is in the chanber other than the chanber in
wanioshsobe cell was introduced. The flow of | iPCi/tiS1008/000244

the chanber in which the cell was introduced will then

.renove. th fromthe ope Si t he,_openi
openiricy Theyby firectng thé Phbseis Shaaittc i, BRishiscsiipor or botn
the opening with the cell is by the use of a
tthUQBdB?lQ‘i‘g and elimainpting .%mgumﬁzweleabag%a@und@er ¢6Hl. oft ragghanical
: openi ng, of a substance that binds to the cell
meansefiachiedng $hisde thirpose agiressire ditffetentinbacrase the opening in a
negati vely charged, the coating may be a substance
directibh &hatheiftpsess tHestdll againbethecop énm% Thelhamelst dfehe opening
pol yar gi ni ne, or polyhistidine e bi ol ogi cal cell

may b%%?’?él%r%ér?ﬁ{aQ%fWe EEE SREMH CeIPYpéh Eﬁfﬁ?ﬁtﬁrt ﬂpggra%ls will

erential across the opening and

pass iRGrorie Bt oo "%Vﬁbci?%ﬂabigg HELFHE b

increasing the flowrate of the |]j in th chrrb
which the eeltresiges, or leweking gbeeﬁu%m qg; e[ﬁbgg] @t ecell will be

reverse pressure differential across the opening t
forcedagpinstiee oplehingaslosing ihafh <Onpe ither grceducs |s q:cpmalabedmethe cell

aspect, controlled electroporation is perfornmed using

is readily releastd dim dihé opeditlg Ineequalizing theepessurkssinrthbeawoi chambers
Wang et al., Anal. Chem (2006) 78:5158-5164. [00107]

or by rleOeF?s"lfg fheP@ifereritiad Bugh fth:—ﬁ' tRE FigH&Bregsiirads in the chamber other
el ectroporation is perforned using a device ch

than tHJ‘&ﬁéﬂﬁ?r Wp@@ttﬁg %rllgo?ﬁo‘nltr%rd'u%éd W%tiﬂﬁ Bf ﬁ%l% |¥| th(-'-1 chamber

contro ed e n conprises
orati

in whidfL el Swn tardSedwil st r%weveﬁ@%gﬁl' Foph e pEsGiRG. exposing

havi ng a Iunen conprising a first end and a second
the opening fanapethescellt he first end and the second end open
into reservoirs and where the one or nore cells can
[00108]l ow t HArpaliérnatiee Inethodadf seaingthé epeningnwitic e célhisyby the
and into the reservoirs; 2) contacting the one or nore

use ofeEtdating drittfe baigietistrfaee donBverahb&ing ofEe 6p8ringNef @'substance
nore DNA el enents capabl e of
that binds to the cell membrane. Since biological cell membranes are negatively
charged, the coating may be a substance that bears a positive charge, such as
polylysine, polyarginine, or polyhistidine. The biological cell can be directed to the
opening by a pressure differential across the opening, and held in place by the
coating. Once the procedure is completed, the cell can be released from the coating
by momentarily increasing the flow rate of the liquid in the chamber on the cell side

of the opening, or by imposing a reverse pressure differential across the opening to

urge the cell away from the opening.
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openi ng chromati n and/ or mai ntaining chromatin in an
open state operably linked to a nucl eoti de sequence
wWE@n®eMsIIR t he reconbi nant protein; 3) contactiPOI/Uk®08/000244

one or nore cells with an electric current such that

he current ,passes hro one or .nore cells; 4).
1001080 £ orinaathe Ssiec Gxtrlel Gnghorareut 'sdnaﬁem%aémg an

in the el ectroporation deV| ce; and 5) adjusting_t
electropgyation devise sush 3 @9, Aeseibed H‘e\ﬁ@m elala Anad| @hem (2006)

strength suitable to achieve el ectroporation of the
78:5158:6164. nore cells. [001 08] In sone enbodi nents, the

di aneter of the lunen of a capillary is no greater

[00107]han ahipline?@9pat, high eﬁfl@éﬁé)e&oﬁtfrolﬁad?élbbtrbﬁoﬁdi@n' |§'ﬂ§éﬂformed
I'n sonme enbodi nents, the dianeter of the |unmen of

using S%‘élvliéﬁa\ﬁl c:h.si{\aﬁd %"?\Teeér Ta?é‘cé’&ﬁﬁﬁeszo?/ﬁgfmét%d%f%%ﬁfr%ﬂed

cells meter aro

etectrdftifiof frsgﬁ‘%éﬂséé the Sl o) bt ing br i ffg in,an

the optinmal] local field strength suitable for
ebc"%RRT?EQ" HQVFﬁé’Oé'I‘%T&'F@B@)Hﬁﬁt Qﬁecﬁloragatsrqapdl%hawm a lumen

type can be readily determ ned using known nethods in
comprisirg arfirst @ndyand laysacomg end,fwhere kothtioe ficst.end, anththe second

increase) in cell dianmeter over tine when the cell is

end o Pie dedaTving Mnd gvierel tHeineedranbee célls samtlow through the lumen
enbodi nents, the local field strength which is used in

of the tat‘ l%d'é?bh@ %%pﬂl“ar* BRd '|ﬁ‘t\SetHb' r@Qeﬂv%lr@b?)UéorithQm@Q'ueVéﬁénor hibre

her enbod [ ocal fledstrength wnich is

cells e%nh?leﬁ%ﬁg@%?%‘éﬁ é%r{r‘]\gﬁalhgeo‘?{gb @lé%? q’j@& #Lerﬁ?r?tgﬁ%ﬁble of

opemr(gec@rorr?qtfph%e%é?ér ggaq@qﬁnegﬂ%gl rma/ rgﬁﬁg_nr:dpsépﬁs atje{q%perably Ilnrued to
enbodi ments of the invention transfection na

a nuclgetide paadencs enceding dhe ceeombingahproteion 3heor r:ﬁnsm e one or
phosphate as precipitant, or cationic lipids and the

more ¢ellsawithe ag.elesi:t[iofoaueatr'suet(l tmat thé NulreROpasseCHrbeglathe one or
CA). [001 11] Wthout wi shing to be bound by theory,

rore Sl 3) ST 16 A 5toeen il SR TE A
electrdpbfafibh QBviceah@3 adjusting the magnitude of the local field strength to a
field strength suitable to achieve electroporation of the one or more cells.

[00108] In some embodiments, the diameter of the lumen of a capillary is no
greater than about 20% of the diameter of a cell in the lumen. In some
embodiments, the diameter of the lumen of the capillary is no greater than about
20% of the diameter of a plurality of cells (e.g., the perimeter around a group of cells
in the lumen).

[00109] in various controlled electroporation methods described herein, the

optimal local field strength suitable for achieving the electroporation of a particular

cell type can be readily determined using known methods in the art, e.g., by
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as it is capable of achieving at |east 50% or nore, or
at |l east 60% or nore, or at |east 70% or nore, or at

WO 2@sNsB6260 or nore, or at | east 90% or nore, OPCHUS2008/000244
| east 95% or nore, or at | east 99% or rmre of the

sl 6115 AT sl SRl e PR conis
i nclude, e.g., use of nagnetic nanopartlcles

exposed o Naring field $enathsi dsEome @mboamenaqapﬁquabﬂeld strength
transfection (e.g., see kits sold by SI GVA-ALDRI CH).

which Imused)'mﬂ'iecmbthodsrﬂfdue rieventioany atweuhd80<&d8aViom.ofn other
achieving transfection of at least 70% of the cells is

embodifitthts, thé NecadTtiehPsite Bdthtvasich & 68éd fthe mMedidtdd 6l the invention is
enbodi nent, any net hod capabl e of achi eving

sbout DRUTPY)C" P4 gl lae B RSy el e
methos B il Efiof s G Gt It bl 78 9D By o

in the nethods of invention. Suitable culture or
[001 1Q]eed mdniather embodimerts of dhe inantiop dransfedtian may ke performed

~ the host cells and polypeptide ofinterest. Suitable _
using a chemiealgeageriosunidasinalcium phesphatecaspiaecipitant,aon catiathic lipids
include, but are not limted to, commercial nedia such

and thedikeaelgs Lipdfettahiive™ (IMVITROGENS ©arlsbhd Med) um
(Sl GIVA) RPM -1640 (SIGWA), and Dul becco's Modified

[oo11§agl e’ IniREUtANISh) 35@ %uéﬂiﬁyﬂhb@d w.s%h{émbraeed {h%t any

cells. [00 t1on,” any of the nedi

swtab%eré%giok&e%;{%éﬂgéﬁcgpg% | ll%%gl inlygé E%%tﬁ%a’s ’o{age: %‘Igntlon, so long
as it 'S@a@f%ézegaaaﬁvwga%dewé% %@rgé%wga?%?ggi’/eeﬁwe or at

U S Pat. No. Re. 30,985; or U S Pat. No. 5,122, 46
least 708 ofimarEogLAbleast 88%4 oMoy, @Hatdeast 9% qssnares @r at Ieast 95%
herein by reference, may be used as culture or feed
or monegor at feaist 98% hostoreelf thee cdiiy/beihgttrarsfected Addityoried exemplary
suppl emented with additional conponents to neet the
metho88 9fHith tdyeied sisedl irh fife ARithadef the iavéntidreinclude, e.g., use of
magnetic nanoparticles (e.g., see kits sold by OZ Biosciences) and nanoparticle
transfection (e.g., see kits sold by SIGMA-ALDRICH). In a particular embodiment,
any method capable of achieving transfection of at least 70% of the cells is used in
the methods of the invention. In another embodiment, any method capable of
achieving transfection of at least 80% of the cells is used in the methods of the
invention.
Vil. CELL CULTURE MEDIA
[00112] Any suitable culture medium or feed medium suitable for cell growth

and protein production may be used in the methods of invention. Suitable culture or

feed mediums are chosen for their compatibility with the host cells and polypeptide of
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VI1I. CELL CULTURE METHCDS [ 001 14] A pol ypeptide of
i nterest may be produced using any schene or routine
wao b@s/ossy2 be suitable for a particul ar cell -t yper/asmos/000244
the particular production plan desired. Therefore, it
Q at e| her a sin este or .

interesiy, SRS BuEyecn BaH ahe b ﬁlﬁkn%ﬂu U3 PRt qgkinclude, but

nmet hods of the invention. For
are not firnited-ter epmmarcial eﬂedméugmasé*ames Fh%‘él@ﬂé\d Minignah Essential

cul ture environnment and the subsequent addition of any
Mediunmu(SIGMA}Y, RIPMi-18d0g(HGMA), and iuilbgech'siMadifiech Eagleys Medium

producti on phase of the cell culture. Alternatively, a

SIGMA)JhIé sﬁtaﬁﬂ@f&t&dlwrmgftﬂé dmmusedlls. | n the multi-stage
cul ture I's may be cultivated in a nunber of steps

10011 " o s, i B e fosked Bl St WRI < Wt
enz., ML) ﬁgfﬁégﬁ@?eﬁﬂ% Aoal %‘éﬁ@éfﬁvg}ﬁ?&% {5‘#69”0}% Pt

e maintained in the growth phase
Nos. 45128000 8Rb: ok O2 HE2b0 ¢ RECRR twgﬁgqusﬂﬁﬁsw?o 87/00195;
mediumto the host cell culture. In a particular
U.S. Ratbdi Ren80,988¢c0c b).BsPat. Nayrn 2 4h9athedisclosuegseof all of which
cul tureconprising one or nore growmh stages and a

are ingurpotated dersih dnereférensemagrtmdse as cultlird befewel imedia for the
of the invention, the growth stage includes from about

host célls5. '—Aﬁ? 'og ‘tﬁ&é’ﬁ!‘eﬁfﬁen{agl BO8UpplBnted Wlﬂhtéﬂcﬁtldr%llé@?nponents to

production phase ncludes about a 150

meettﬁé %én age VI ag%";gﬁ'@ca@“ _enbodi nents, a h| gher

(e are tound in cell culture,

t a production of high quality
Vil ﬁtgﬁug?ugég%t€§|ﬁ§y i nproved yi el ds over other
net hods well known in the art. [001 16] Various cell
[00114]Jul t ur A Behweptidaof interestanay be rieduertuSipgARY-3Gheme or
tenperature and pH may be controlled to obtain optinmal
routingthetenay peaditabiedior feparticular belifttype amed theparticutes production
duration of the cell culture process and also to

plan desided.e Thatefbre, at' is dontérhplatsd! ehatMher bi smgle d¥p oF inhdtiple-step
be controlled at the growth phase or the
culture procedure may be used in the methods of the invention. For example, in a
single-step culture, the cells are inoculated into a culture environment and the
subsequent addition of any nutrients or supplements is employed during a single
production phase of the cell culture. Alternatively, a multi-stage culture may be
used. In the multi-stage culture, cells may be cultivated in a number of steps or
phases. For instance, cells may be grown in a first step or growth phase culture
wherein cells, possibly removed from storage, are inoculated into a medium suitable
for promoting growth and high viability. The cells may be maintained in the growth

phase for a suitable period of time by the addition of fresh medium to the host cell

culture. In a particular embodiment, the cells are grown in a multi-stage culture
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production phase of the cell culture process or at
bot h phases. [001 17] Additionally, it is contenplated

wWQ b@B/0si9y2 sui t abl e node of culturing cells (e.BCT/US2008/000244
fed-batch or continuous) may be used in the nethods of

t he present inventjo odi ment s t he
compriadieBhS CEMeRTa OGS R A RSROUFURR B308 TBisome
continuous cell culture conditions are used to enhance
embogjmants obthe: methagdsenef tharinvention, ithe grawthrsage inslades tiem about
the cell culture. In other enbodi nents of the nethods
a 5L caftuteneolpmesterdbdut ae2@0Lloaulturebudltmeeivhile the preduantiohqihase
is devised for cell growh. During fed-batch, or

.ncludégabbaumsogeLIcuﬁufévmanfemdltl ons, the growth phase
| s are grown under conditions and for a peri od of

[001152]I me t NAtsdnte %HLHo?ﬁlr'lgnfsor H‘?Kéwgﬂc%h%é;% \?#){e;ﬁeqls are found

nditions, such as tenperature

e XYy [ t hat..ar
in cell FYRaE. X%?ffeﬁx&%aFr'béfo@%erqﬁ@{ﬁ?an@E?‘mﬁv%‘m o
ordinary skil|l in the art or can be readlly determ ned
signifi WWHEWRBPV%’ yields gvengther metheds well knowsminithe aff.so
enconpassed by the present invention are nethods of
[0011&]Jul t ur i Variaus ¢all culture monditionszsuchsas, ifenexaraple, bsmolality,
i.e., one that can accommodate variations andstill

tempepdtaceiaad ipHpreiyease gostrolfedfo gistaireoptiraabprotéintproductidd (e.g., a
viability, for exanple, by introducing a nucleotide

high tlﬁ%@éﬁﬁ f‘dl%?@ﬁbﬁ‘ 8f ftHe ﬁé{;ﬂ talfRerBEESs Qﬁ@ta%d‘toor%duce batch

nctiona ragnment thereof into the cell |ine and/or

vt S5EA BBty i o ERPATS| Feltoun phasep e

nment s, ess results in
produgtasp AN o R caaT GRS PRESRSS %&4‘?@@@%@% Smul ti pl e
cell culture batches. In a particul ar enbodi nent,
[00117et hodAdditiomallypitds @ﬁﬂtemm@%d that gnysuitableomerdetaf pulturing
viable cell densities and percentage of viable cells,
cells (exgt fodibatoh oosentinwous) may bduwseddgndhe nyethadsl of the ptesent
production levels. I X KITS [00120] Al so enconpassed

inventi. 1M SoleasiAbbdinierfs of @ie Aiedhbdé 6f fhe preg@HEinventids, fed-batch

or continuous cell culture conditions are used to enhance growth of the mammalian
cells in the growth phase of the cell culture. In other embodiments of the methods of
the present invention, a bulk cell culture method is devised for cell growth. During
fed-batch, or continuous cell culture conditions, the growth phase cells are grown
under conditions and for a period of time that is suitable for maximum growth.
Culture conditions, such as temperature, pH, osmolality, dissolved oxygen (DOy),
and the like, that are optimal for a particular cell type would be apparent to one of
ordinary skill in the art or can be readily determined by one of ordinary skill in the art.
[00118] Also encompassed by the present invention are methods of culturing

cells that produce a resilient cell line, i.e., one that can accommodate variations and
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| evel s of one or nore contam nants. In sone
enbodi nents, a kit according to the present invention
weowpns®es: (a) a first nucleic acid nol ecul e PCT/US2008/000244
conprising one or nore DNA el enents capabl e of opening
. . Chromatin and/qr i ntalning chromatin .ip.an_open
stil pragduge mprgvad Miids B BrtPiy R matEin e Wabuty. 5o exampley by
_ a nucl eoti de sequence encodi ng a reconbi nant protein .
introdyqging atmmiclentidecsgquenseenagding ae @pticepArietis prateingor functional
. nol ecul e conprising a nucl eoti de sequence encodi ng at
fragmémtaherend éntarthe -cep dipe@ndiopearitactingtheacdibLling withan isolated anti-
fragnent thereof operably |inked to one or nore DNA

apoptaticeprordin of Finidtiohad fragArstit igerebf.omat i n and/ or
mai ntai ning chromatin in an open state. [00121] In

o0t 110 TR B, 165kl R SRR Py
cnara BB bGP S B 6 A i G e

functional fragnent thereof operably |inked to one or
methogg of the\presestiiveationpieyvide songistent taklg calidensitigsoarnd
mai ntai ni ng chromatin in an open state; and (b) a
percentage of viaide deliminetabelismpransistgnan eroductogualibynand protein
el ements capabl e of opening chromatin and/ or
produdtionleaeli Nng chromatin in an open state operably |inked
to amultiple cloning site suitable for cloning a
IX. 'Kiqiscotide sequence encoding the reconbi nant protein,
where the nucleic acid nolecule is capable of being

{;ntrod [ t S -
10012017 i ARE enBbhezsBed By of Hrspeit IRFe Rl A< Aoy covupino the
levels ?)Eg/gg:gr%grggé I gl?\:l{@ﬁ%:{l{églg%lﬁl %ﬁkggw gg% %tlasccording to the

transfection agent. In general, a kit may include one
presengrinygntionggompisess ((Bbaifiigt nucleig agid malerile Ggempsising epe or more

use: one or nore nucleic acid nol ecul es conprising one
DNA elementsecdpdable bE opehingaipaimatinanddpemairgaining ohatanmatin in an

and/ or maintaining chromatin in an open state operably
open dtafk&td Bmaitiplel dlbRing sileosliitd|s foreidiing & Mitl8stide sequence

nucl eoti de sequence encodi ng a reconbi nant protein;
encod iy a PoMbingR Frdtéinl iftd thdGh8IddRle HHde®) a second nucleic acid
molecule comprising a nucleotide sequence encoding at least one anti-apoptotic
protein or a functional fragment thereof operably linked to one or more DNA
elements capable of opening chromatin and/or maintaining chromatin in an open
state.
[00121] In some embodiments, a kit according to the invention includes: (a) a
host cell stably transfected with a nucleotide molecule comprising a nucleotide
sequence encoding at least one anti-apoptotic protein or a functional fragment

thereof operably linked to one or more DNA elements capable of opening chromatin

and/or maintaining chromatin in an open state; and (b) a nucleic acid molecule
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conpri sing one or nore nucl eotide sequences encodi ng
one or nore anti-apoptotic proteins or functiona

w0 e@gnesess t hereof operably |inked to one or nMRCEUSINAS/000244
el enents capabl e of opening chromati n and/ or

compr”m'?‘bitoﬁ'sﬁrfrﬁ%%héﬂ%aefsﬁb%l s ErpSREG g Chiacheth, htor

fragnents thereof; (d). one or itable cell |jnes
maintaiBingi GRIPRAUBN & GRen Riate apeealy inkedia:a spyitiple cloning site
mol ecul es; and (e) one or nore reagents and/or devices
suitablg flor slgning arnuclentiiecsequencerenasding thenkesonjpoamtyyrotein, where
Sui tabl e transfection reagents may include one or nore

the nucleitracial molseoke ksatapabie sf beingrigtrodliced intd thexhosicdedi. ¢
such as cal ci um phosphate, or conmercially prepared

[0012%2t i oni |ﬁ édrﬁ? @ﬁ\bdaug.enké mﬂé%ét@%@ﬁéﬁe{m u{dmﬁ/é r¥t'detions and/or

her COIT]TETCI al y aval | e reagents

promo&@%ﬁ&%}% %l%@ﬁé %énap ?é?ﬁ& Lﬁ; :‘egﬂrr] sf on device or

devi ces ﬁ i nclu electro oration deV| ?

transfactics 49T 4R 9Enealr 8 e ERY SIFuR PEE of BT tﬁmlﬁﬁv'ng along
SCl ENCES, Menl o Park, CA). The Sé/stemmy al so include

with instrostiens &Jp@ey ong of ¢npie Bycleis. agid maleewss oMpyisig enre or more
i ncl udi ng suitable software and hardware for

DNA etemients capable of openimgochtontatithedred/oegwintaiming ehfomatin in an
viability, and growh, transfection efficiency, pore

open $tataBpeabIy kriked 8@ hﬁﬂﬁ’rﬁlétdl&ﬂ %utés'r@udéma #hotrbotide
P proé%%tl on}( X.  PURI FI CATI ON I\/E% 012 Al so

sequeﬂ[:@\’-:’n@ﬁg r@eé fé |ﬁaﬁFngg%iﬁlcg@ g1 ¥P§Hr@ Aulei %@géihf¢5%ules

Feco ern usi ng the net

B G AT MR SR AT —
descri bed herein sinplify the r| fication ocesB'\PA/
proteipgap tuneyonakiragroents therepforaraby liak ked 10 SRETTGTe

general ly present during reconbi nant protein
elemeetgeapable of openingaziromalintand/onmaintadining chromatin in an open

state; (c) one or more purified anti-apoptotic proteins or functional fragments thereof;
(d) one or more suitable cell lines for introduction of the various nucleic acid
molecules; and (e) one or more reagents and/or devices suitable for transfecting the
cell lines.

[00123] Suitable transfection reagents may include one or more chemical
means for transfecting cells with a nucleic such as calcium phosphate, or
commercially prepared cationic lipids, e.g. Lipofectamine™ (INVITROGEN,
Carlsbad, CA). Other commercially available reagents include
silmporter™(MILLIPORE, Temecula, CA); FuGene® (ROCHE, Indianapolis, IN).
Transfection devices may include an electroporation device such as a controlled

electroporation device (EXCELLIN LIFE SCIENCES, Menlo Park, CA). The system
52



[00125] In sonme enbodi nents, a nethod of harvesting a
reconbi nant protein in cell culture does not enpl oy

wao b@siswenf protein A In sone enbodi nents onePOT/USINE000244
chr omat ogr aphy steps, e.g. one chromatograhy step, two

hr.omat ogr aphy steps, _nore than two chromatograph .
may aBPdRGUARE POUSE SRR v JOMP U e ih ROFORGNBITRHIET including
] roduct froma cell culture. The chromat ography steps
suitableegoftyareranguhardwarie fosmopitodng angeaitreaarting datfkragarding cell
elution buffers. [00126] In sonme enbodi nents, the
viabilithaand: growtl, sraepfactioh edficiency; rare ifénmgtioro(if eleefroporadion is
a reconbinant protein is found in the cell supernatant

used) bAd Ph6teii prRiietioff reduced | evel s of one or nore
contam nants. [00127] The harvesting or purification

X, $l9ﬁl(ﬁbﬁl9?ﬁm psel ected by the skilled artisan

based upon e product protein. Exanples of suitable

urification ste far purifyi [eC i,Lhant praducts
mmz‘ﬁccor di"ﬂﬁot%o‘('ﬂ%g?‘ﬁ\r/ thqgﬁnﬂ%'?agﬁé%@g\é%b%ﬁg r&f{ﬁg'égtﬁ
the followi ng: precipitation of the reconbj nanlt
recompingné preteoprodivsed wsina tesmethads afithe invention, lgraenggal, any
of the reconbinant protein; high perfornmancetangenti al
suitabliel puification scheme( kirowaF)n thel arvmay be gised hrHowewyr msiiyods
wherein contam nants are retained on a solid support

describad herein strplifpithe purificatibic prddeseyt fedagiply thedevels of one or
chromat ography nedia (e.g. Intercept(r)) (M LLI PORE

more %ﬂgg%ﬂt engi'éﬁger!r&é‘nt Mg REESPRIhA RN piR¥Eih [dxpPédsidh using

I on eXchangé chromat ography, affinity

0 phy. [00128] O her suitable purification
cell Cuﬁpé“‘pﬁ‘%ﬁﬁ‘g‘iie chosen from any chronmat ography neans
nown in the art, e.g.,size exc]usion, ion_exchange, .
1001287} 1 1 sopas Binbiodidins’ anatiad eharestiig a racaBBHa, protein
_ enbodi nents the chromat ography step may include an ion
in cell gultwrgrdeescneiemplayrthpiisesefqrotain Aot INcsoraaiesaberiments aae or

chromat ography step may not require an affinity
more cHronraiography sfeps, epg.aone theomatograhyastep, tveo shromatography
conditions frequently used for elution.
steps, more than two chromatography steps, may be performed to harvest a
recombinant product from a cell culture. The chromatography steps may not require
the use of stringent wash reagents or elution buffers.
[00126] In some embodiments, the harvesting step includes a centrifugation
step, where a recombinant protein is found in the cell supernatant in the presence of
reduced levels of one or more contaminants.
[00127] The harvesting or purification step or steps may be selected by the
skilled artisan based upon the product protein. Examples of suitable purification
steps for purifying recombinant products according to the invention may include one

or more of the following: precipitation of the recombinant protein from the

supernatant; crystallization of the of the recombinant protein; high performance
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[00129] In sone enbodi nents, a reconbinant protein is

produced in the presence of reduced | evels of one or
WOrRe08/083961 am nant s, where contam nants are hosPCT/E51008/000244

proteins, present in an anmount |ess than about 1000

tangerf ngullrafisn (BRF R0 tpusk SPeealaciab s sliere

ppm or |ess than about 600 ppm or |ess than about
contarpm@ngpaie wtained on & salidisuppod @ndgpemresempinant prgghuct flows
about 300 ppm or |ess than about 200 ppm or |ess
throughithe chibomatdgrappy media (&.gs intercapt@MILLIROBEC ORPOBAF ION,
t han about 80 ppm or |ess than about 70 ppm or |ess

BmendahM]Aﬁka@@br&@npmmﬂc@noheé@ idirexctitige SitoRiHtbgRIphlyeaffinity
t han about 40 ppm or |ess than about 30 ppm or [ess

ut 20 ppm or |less than about 10 ppm of the
chrom?t@?ﬁﬁfotel n. [00130] This i nventi on is further

100128} conBe sOabR i Ficah s ARV e ipdny "

references, patents_and published patent appl i cations
chromafqgsaphy, mﬁfﬁﬁdﬂ'towfh!rbth&piﬁsl%ﬁt s8R exglusign. |ion &xchange, affinity,
Figures, are incorporated herein by reference. EXAMPLES
reversBxphgsedolnan@z bat atfewn Infcestairbembodineets| thel ahematography step
[00131] Stable clones of CHO cells are generated by

may ifdledesaeidn agchidiyecehromatbgraphytdiep. imotharrergibodiments the
operably Iinked to a DNA el enment capabl e of opening

r
chromﬁwaqfﬂﬁﬁ% r@tegﬂﬁi/g‘} ﬂg% |Séé Eg'aéfgg% %’rﬁ?mdi% r‘eéw é?@ﬁ And the

and/ or
potent%&ﬁf%%m%ﬁﬁaﬁhﬁsﬁﬁqﬂﬁﬁﬂk u§ﬁ52p§%3é e (eq.. an
xt end rreth tlonf and l.n. anot he

100128 por s 18 SOME PRISTER Dl & BROBHAArateln i GRuicas dq the

t hat aretransfected vvlth bot h the aven ne and the E
presenge gfedyead leveds pf epe oiigre| Gantaminants, \mﬁweec@ﬁeﬁvnants are

capabl e of opening chromati n and/ or mai ntai ni ng
host celhpmoteinisppreseat irnar mnsduitdegsethan atzoutebO0Onpiarts per million (ppm),

net hyl ati on-free CpG i sl and).
or less than about 900 ppm, or less than about 800 ppm, or less than about 700
ppm, or less than about 600 ppm, or less than about 500 ppm, or less than about
400 ppm, or less than about 300 ppm, or less than about 200 ppm, or less than
about 100 ppm, or less than about 90 ppm, or less than about 80 ppm, or less than
about 70 ppm, or less than about 60 ppm, or less than about 50 ppm, or less than
about 40 ppm, or less than about 30 ppm, or less than about 20 ppm, or less than
about 10 ppm of the total protein.
[00130] This invention is further illustrated by the following examples which
should not be construed as limiting. The contents of all references, patents and

published patent applications cited throughout this application, as well as the

Figures, are incorporated herein by reference.
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[00132] Foll owi ng generation of the stable CHO cells
i ncl udi ng one or both of the anti-apoptotic genes, the
w@eiBesssEe stably transfected with a nucl eoti dBCT/US2008/000244
sequence encodi ng a reconbi nant protein (e.g., an
anti body or a light or in of an anti body)
operably linked to a Dﬂ&§8¥éﬁéﬁs capabl e of opening
chromatin and/ or maintaining chromatin in an open
Exampleste (Generation efstahleCHE ¢8Il alangs free CpG i sl and)
and optionally, operably |inked to one or nore
[0013Hucl eotStdbleselqnes of €HMicells iane geaemted bydtarsfedting the cells
reconbi nant protein outside the cell, increase
with eithigra aver_opeﬁé opefablg fiAREd featDRAIeMendBapabiersfaspRning
MRNA stabillity. [00133] Pools of stably transfected
I . R
chrom?ﬁh aﬁd%r@néﬁm‘iﬁﬁfﬁ%ﬁe@ﬁaﬁﬁqn%ﬁ opE ¥{éa‘i€\=7‘mar%rh§|# EEBS1 9K gene

ereby reducl ng ne assocl at e

el.ection essS. . Further 0. gene lificatipn is . . .
operafiy jffeed8 A EEment spghe I ori fBmatit Ry Bl mdintaining

are transfected only with the nucl eoti de sequence
chromatig i AR PPeN datenia. dadn priendedmetlylationf eE iglang). In

DNAel enent capabl e of opening chromatin and/ or
anothereexpegimentgstableoetanes of CHO aglie are generated that arertransfected

one or nore nucl eoti de sequences di scussed above.

with b&thahelaved: gdneccandtned E18£19K gene| baclh operaty libkeditd a DNA
protein production [001 35] Pools of stably

eIemehLé‘é‘ﬁétﬁéb?@PQHQgC&lrb&aﬁfnearﬂieﬁﬁ%ﬁ%Hiﬂg ENRINAdBfh AR bpen state
t on d the

e product f the anti-apoptotic genes an

[ [ sion of the
(0.9 4F BRI Bhed EREIMEDS . "o g oy ¢ agman
nal ysis, and the expressjon, of t reconbi ngnt
001385, 37 Falghia, beaetaiforcoghe gbls ol Seisriaiig one or both of
bi ndi ng_of the reconbinant protein to a_known binding
the angapopieticogengs, the kells ase stiabintiansfegtad wish appicleetide sequence
for the detection of a particular reconbi nant protein.

encod[ngld B&jontleinantpmdeina(ieagnt an antibbdy or adight oe hebwy chainoof an
host cell contami nants, e.g., host cell proteins,

enivot) eSO HRSSRSSION ckron Al 50 indcrgpg andor
maintdifingThréfMatin $Y BR'SherP&tate [&.9ManféttEnded methylation-free CpG
island) and optionally, operably linked to one or more nucleotide sequences which
increase secretion of the recombinant protein outside the cell, increase translation of
the recombinant protein and increase mRNA stability.

[00133] Pools of stably transfected cells are screened instead of individual
clones, thereby reducing the time associated with the selection process. Further, no
gene amplification is required.

[00134] In a control experiment, CHO cells are transfected only with the

nucleotide sequence encoding a recombinant protein operably linked to a DNA
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expressing both an anti-apoptotic proteins and the

reconbi nant protein are conpared with those fromcells
wezEses®sng only the reconbi nant protein. [001B7{/UT1v68/000244

cell supernatants obtained follow ng centri fugati on of

cells i ch express t re na rotein alon
elemefiFeaRaRlo o OBBH RO PIRYB AT LU BTG, Ehisaatss Moappen state
| evel of host cell contam nants, e.g., host cel
and opfionadly ene granate neclegtide sequ@memrsamsmb@b@\rewed from
cell's which express the reconbi nant protein al one.
Exampl&02:38] Evidlaatipacoff theat éltsh forsrecmsnbinamt parotéin production
understood in light of the teachings of the references

[00135] t ed VPAls Bf sBbly Bafsfdcted CHO Rl Brers gbejurintly evaluated for
|ncorporated by r'eference. The enbodl ments within the

A
the mef%. e SRERIDEE BRnos aHd hereimBmaRERARLEF THe
The skilled artisap readily cogni. zes ,t hat

expressic S RcanteABaRee dEbed e eaﬁﬂaa%isesgd by jag i &ialyslg, and
invention. Al publications, and invention ar

the expfﬁ,séicﬂb@fafth@d e59mb@1aﬂteme@m it eyaluatedneig- by aSW'Fﬂ dor the
extent that the material incorporated by

binding ef the: recorabinantiproteindo a knowie dirking pattner ohanyether assay
present specification, the present specification wll

that migh? ©eCasteopiitesiae théraéwctuah of Bhsartittlar redorabinany protein.
references herein is not an adm ssion that such

[001 3?]‘3‘c er e{@ﬁﬁf@ﬁé‘rnaﬁh f? lis ébﬁeéted [ %vﬂgﬁ?@ﬁr Hdé‘( @Bfl icBAtaminants,

00140 ess otherw se I ndicate ers

9. BELEG g Ak et o d e A, 4 Yt H ShL it

speci ficati.on, |ncI cal are t unde t ood
availalle feém«egaswash%acﬂﬁ igine B GH Pecelisy fﬂgsw&rnﬁ ants from cells
"about." Accordi n% , unless otherw se indicated to
expressing both anapti-apeptefimpioteias angrthegeeembinant protein are
approxi mati ons and may vary dependi ng upon the desired
comparedwith theseSrong ltells expressirigaoniydthe yetdrabipvasd pmtein.
i nvention. Unless otherw se indicated, the term"at

[00137)east " ﬂﬁ@é@lﬁsmﬂerﬁaﬁaﬁﬂs Pbtdlhed fSIBWIhG cehtrifdg@fon of cells which
understood to refer to every elenent in the seri es.

express eSretbhbliftht grofeis afd ntgt\&itlk 'thé% 8Ynokh aﬂfl;@%tp?{:’t? %éﬁ’es

ascertaln using no nore an TOU I ne experil

includd & Rower Veve‘ffl f Hg)g’t ctzecfl con“:iamD r(?a(\:r'\tfsI & g., host cell proteins, relative to cell

supernatants obtained from cells which express the recombinant protein alone.
[00138] The specification is most thoroughly understood in light of the
teachings of the references cited within the specification which are hereby
incorporated by reference. The embodiments within the specification provide an
illustration of embodiments in this invention and should not be construed to limit its
scope. The skilled artisan readily recognizes that many other embodiments are
encompassed by this invention. All publications and invention are incorporated by

reference in their entirety. To the extent that the material incorporated by reference
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enbodi nents of the invention described herein. Such
equi valents are intended to be enconpassed by the

wo edoBosiosy cl ai ms. [ 00141] Many nodi fi cati ons BEMUS2008/000244
variations of this invention can be nmade w t hout

departi.ng from.it.s it an 111l _be I
contrgf8ds it theg el WiF e bre¥ify ﬁéé’@ﬁ?at%%i“%sa%ﬁw gpecification

enbodi ments descr.i bed herejn are_offered by
will Sl’é%@&ﬁ%q’%aﬁ}ﬁ sych meptgrial. nbe pHagian %a'i!ﬁéquﬁﬁrlqeﬁd‘qfﬁ'“dﬁ;mt an

way. It is intended that the specification and
admissiemihiat suple refenencisr are rrioreactiepthergresantinvention.a true

scope and spirit of the invention being indicated by
[00140he f ol Unlgssootheniis® ifdicated, WHATMERrEleAbMEsindSquantities of

met hod of enriching for a reconbinant protein in cell
mgrediéht‘suf;éll chifgreMBreARHe FOEBHdItTd MY and)sd BHNAKE RdhkHpeciication,

, a first nucleic acid nolecule conprising a

mcludr}ﬂﬂ:l‘ﬁ%é dgrest?%e nﬁ&ergfb%‘?féggfeﬁgrrﬁw e '?r‘fi‘%'il |R§t9hfe,é§' P?Eﬁie term

cond muclelc aci conprising a

sl RTS8 Sl PR RS bl B e

nucl eoti de sequences are operabl i nked to one or

paramgiees er@m@r@awbrr@yo\famQ@ﬂengln@mmthend%wdoﬁaropemes
mai ntai ning the chromatin in an open state; and b)

sought wb berabiginedeyctblel presdet ingemntibr. | Uniessiathetviae indieated, the term
reconbi nant protein is produced in the presence of

“at ledstUpreeeding/2k8erief oPBRNMENETS B 5O UinABTNS8HE $o réfbﬁtcﬁéVergO
enrich for the recombinant protein in cell culture

elemeng Trﬂﬁwer@éﬁlé%d ?Ifl%é% leﬂé%{)n frd A il %ﬁ; bbhébléttﬁ%scertam

arvesting the reconbl nant pro rom the cel

using §i8 BHE et roblife B BRetia i i Ay aaulEfehts 1d 1% i

harvesti_n te
embodlments of trge |Snve|?1t|on described herein. Such equivalents are intended to be

encompassed by the following claims.

[00141] Many modifications and variations of this invention can be made
without departing from its spirit and scope, as will be apparent to those skilled in the
art. The specific embodiments described herein are offered by way of example only
and are not meant to be limiting in any way. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the

invention being indicated by the following claims.
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4 . The nethod of claim1 or 3, wherein the one or
nore contam nants are chosen from one or nore host
W@ edoB/0839pi ds, one or nore host cell proteins, PCEUS008/000244

nore host cell carbohydrates, one or nore host cell

RNA nol ecul es and one or te host cell DNA nol ecul es.

5. The nethod of claim4 “@{R& ein the I evel s of one

or nore contam nants are reduced by about 20% or
WHATAISoGLANED &: about 40% or about 50% or about 60%

or about 70% or about 80% or about 90% or about
1. Fopretiood abenticKifgifora recombin@ntprateinsinccell Atlre dhe method

about 99% or nore, when the reconbinant protein is
comprish@xpressedw th the anti-apoptotic protein or

functional fragnment thereof relative to the |levels of

a) introdl i a8 ERTA AL rRAGEMETOntRiRng Fhudleqtide

sequede BRACGIIEoaananbh BN g & SeFORL ACPRIGAT g QI
vector. 7. The nmethod of claiml1, wherein the first |

comprising ainicleatdersnasence encedingakleashene apti@propieticprotein or a
nol ecul e are cloned into separate vectors. 8. The

functional fragmeint therieof, Gviverein bothheuaéotidensequarnaes are gperably linked
plasmd. 9 . The nethod of claim6 or 7, wherein the

to one\ti Ghéfe DNAReléhidHts \caphble oflébenihg chrsrath ahd/rahaintaining the
wherein the second nucleic acid nolecule is introduced

M}{g f't & rplucl eic acid nolecule. 11. The net hod
chrom%ﬁ cl alntr%tb%,n éWﬁer’& n the first and the second nucl eic

cid mol ecul es are intrao | y, T
o B Rl s St BB gy Bocucad
nol ecul e conpri ses | eoti d h
in the pissacR@f TSGR lmer QI PEMPre SARIAIRIBANES, thEIGBY to enrich for
linked to one or nore DNA el enents capabl e of opening
the recanbivant pratein inregllQultyeg.nt ai ni ng the chromatin in an
open state.
2. The method of claim 1, further comprising the step of harvesting the
recombinant protein from the cell culture.
3. The method of claim 2, wherein the levels of one or more contaminants are
reduced during the harvesting step.
4, The method of claim 1 or 3, wherein the one or more contaminants are
chosen from one or more host cell lipids, one or more host cell proteins, one or more
host cell carbohydrates, one or more host cell RNA molecules and one or more host
cell DNA molecules.
5. The method of claim 4, wherein the levels of one or more contaminants are
reduced by about 20%, or about 30%, or about 40%, or about 50%, or about 60%, or
about 70%, or about 80%, or about 90%, or about 95%, or about 96%, or about 97%,

or about 98%, or about 99%, or more, when the recombinant protein is co-expressed
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13. The nethod of claim1l, wherein the first nucleic

acid nol ecule further conprises one or nore nucl eotide
wG@emsmswes chosen from (a) a nucl eoti de sequePCEUS2008/000244

capabl e of enhancing translation; (b) a nucleotide

sequence capabl e of |ncreas sec tion, d (c), a

with theaGapPRIOUS SARIEILer LIsHaNal BRamaRH Dsssviy el Rips levels of
stability, wherein the one or nore nucl eotide

the oneayumarsccontaminants iproduged when the seeqrabimany protaiceis expressed
the nucl eotide sequence encodi ng the reconbi nant. 14.

alone.The nethod of claim1, wherein the cell is a manmali an
cell.15. The method of claim 14, wherein the mammli an

6. CIEHé nie%é‘d“@ﬁ%%nxniu( MO Wh@r&H@é fiz&t ﬁuclacGth@@Ié an@tr@&d@\d

, an NSO cell or an Sp2/0 cel

nuclel%gderggléE%ﬁe]Q%a&tnpééiWﬁé's&\aﬁ?% the mammal i an ceI |

ceII) 17. The
t hod, of , clai m there obi n rqtein.is
7. Tedesed ot 8afh o whreinahe st AETAG Ao Mo 3nd thE second
wherein the reconbi nant protein is an anti body or an
nucleig acidyaalasuiripigyclionad iiersanasateofectars. The net hod of
claim 18, wherein the antibody is a nonocl onal
8. arte meﬂ}od abclaith® orel,hwhierein theavecttr isvplasmidt he one
or nore DNA el enents capabl e of opening the chromatin

9.  @HY Pletiidd Bf slaih Blort Navkéiciiriid Vedtdr RNa OPgIvettat e are
chosen from (a) one or nore an extended

10. A aﬂL M PBr El%\ff‘ﬁ 1%&?%‘%@%&%8 ritfeil %Clq)@i%kéﬂ% hsx

ment reg one or nore stabi

introd g fBre B rs%ﬁﬂd%&f’ﬂeﬁ"ﬂ?'ggﬂ?ar”nyzé"”bm}@?g " the one
1", Sém%ﬁteﬁ%ﬁg TR B PGP THeHReR fFigl aci

ubi qui tously expressed genes. 22. The nethod of claim
molecdleswdrerirtroducded simsltaneausly. DNA el enents capabl e of

12.  The method of claim 1, wherein the first nucleic acid molecule comprises two
nucleotide sequences, each encoding a recombinant protein, and each operably
linked to one or more DNA elements capable of opening the chromatin and/or
maintaining the chromatin in an open state.

13. The method of claim 1, wherein the first nucleic acid molecule further
comprises one or more nucleotide sequences chosen from: (a) a nucleotide
sequence capable of enhancing trénslation; (b) a nucleotide sequence capable of
increasing secretion; and (c) a nucleotide sequence capable of increasing the mRNA
stability, wherein the one or more nucleotide sequences set forth in (a)-(c) are
operably linked to the nucleotide sequence encoding the recombinant.

14. The method of claim 1, wherein the cell is a mammalian cell.
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openi ng chromati n and/ or mai ntaining chromatin in an

open state are naturally occurring DNA el enents. 23.
wab@sioebnd of claiml, wherein the one or noreCDNE2008/000244

el enents capabl e of opening chromati n and/ or

i ntain chromatin in, open state
a qme&hﬁ 8§/C§W|t eWhesginiRa rhe r@m'@@ 3'Sﬁh‘83ﬁa€ﬁ9&aaBHK21
of claim1l1l, wherein the one or
cell, a&pQied, afCld@elm @gllc&mtmuw|bﬁnrﬂ$ﬂ%ﬁ|hﬁ”@ Sp2/0 cell.
chromatin in an open state are a conbi nati on of
16. nEheamelthod ofclaim i1dg winedeiarthe framatdliansoelt ih esChiesBNtamster
el enents. 25. The nethod of claim 1, wherein the

Ovary'céll ﬁq.qQQ,@uyequence encodi ng the antiapoptotic prote| n
is chosen froma nucl eoti de sequence encodi ng bcl -

u [
b@ ﬁg&h@{ﬁ clglmsl me‘fﬂg\}h§ réecimg A{%E’I,t pro%Yrg EHef}EéerautE:
.functi onal hom)I og or fragmsnt t hereof . 26. The met hod
'bf claim11, wherein the cell is cultured in serumfree
medi um 27. The method of claim 26, wherein the nedi um
18. i Ehe methed ofiglaialt, whedeiethe regompiantPretsin israrnpafibedy or an
26, wherein the nediumis a protein free nedia. 29.
antigeiﬁktdndiagrfcagméntdha'renfl, wherein the first and/or the
second nucleic acid nol ecul es are i ntroduced into the

19. CHid mithod 8f clalmcignwHeh€inahklantibody ishenbnogonaltartibody.
device conprising a barrier having an opening suitable

20. ffle Fn%‘ﬂ%c}/ igg‘SIaH?el Q\ﬁ{e'reln(tﬁe s r'n%ﬁe pMA %%rheht% ddpRble of

openi ng; contacting t VVI th an electric

openir% hreﬁﬁf{ofrt%ﬂﬂ %ﬂﬁé H{éi@t%ﬁﬂ@im%gﬁr%ﬁ%l Cf&[éﬁg% eh Ilgatgeﬂrla 'chosen

Itage in the el ectroporation devi .
from: é&%ﬂ&qrﬁa%er\ destipelivatn-iee @ane% Htb)ppg or more
el ectroporation. 30. The mnet hod of claim29, wherein
matrlXtatt@quentéegloaﬁpéq)Q@@ or mpee stebilizinchane antireprgssor regions; and
nmet hod of claim 29, wherein the opening conprises a

(d) anylicemttiratichisedfl (a)-(c).

prote

21.  The method of claim 20, wherein the one or more extended methylation-free
CpG islands are derived from the promoter region of one or more ubiquitously
expressed genes.

22. The method of claim 1, wherein the one or more DNA elements capable of
opening chromatin and/or maintaining chromatin in an open state are naturally
occurring DNA elements.

23. The method of claim 1, wherein the one or more DNA elements capable of
opening chromatin and/or maintaining chromatin in an open state are artificially

synthesized DNA elements.
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than the cell. 32. The nmethod of claim1, wherein the
DNA el enent capabl e of openi ng chromati n and/ or
WOoreiososiont ng chromatin in an open state i s choBENUS20081000244
a sequence set forth in SEQID NO 1 and SEQ I D NG 2,
nation thereof. 33. A kit far producing a
24, nomethvthol HRG di MAeroritbegnesenmere PN Betsn Erbeble o
of one or nore contam nants conprising: (a) a first
openingehrematitcantl/ab maintainiog ehrersatiy éiman epepcitatesiie a combination
el enents capabl e of opening chromati n and/ or
of naturallybacuriring arid artificiatly isynthresizezhDBlra¢lenserds.a nul ti pl e
cloning site suitable for cloning a nucleotide

25. Wﬁ]@%cﬁ&ﬁ@lﬂlrﬁg WHerénanetHutisbtider séRiehcerérieodify the anti-
nol ecul e; and (b) a second nucleic acid nol ecul e

apopt&Wo'teclh n\? chodkty #rsﬁtb %%cﬂ“?%u%ﬂﬁ@ ‘Qr{égd F?'nl(geﬂ)-? B HcPRE bel-6;

apop Ot | c pro I'n or Ional

oS DR, WA IGRE, REEICIS L EJF4: aa

chromatin |n an open state. 34. The kit of claim 383,
becling ¢fra ﬂ-énCt'@Bﬁb'ﬂQ@ioi@ ar tragment thereehpri sing a plurality
of host cells suitable for introduction of the first
26. ditee methabobeldimug Whiereincthe cetllis cultered idserdmdrée meagfium.
claim 33, further conprising a transfection reagent or

27. THd meIiEEbf €1aird 26, Mherain thetmediuf —drédef anihsdl prodicts.
the second nucleic acid nolecules into a cell, and

28. he a2 gﬁnésfafsclﬁi?ﬁ 2§S fhetin tﬁ@‘?’ngﬁhhnpfs ég?dtﬂ?n%e Wdigi n

ection device 1s an electroporation devi ce.
20, 3 B b o o T i B e
molecbQié?wqgﬁ“ﬁﬁiﬁeogéyﬁ'y%?p%wﬁhé Séll‘@fa‘f.neﬁf‘e;c%o%?v%on
wherein the one or nore DNA el enments capabl e
deviceogpampriging Ia barsier haxing an opaningzsuilable fﬂﬁrfeﬂ%ﬁ/linl the cafl; (b)

open state are naturally
securing the cell in the opening; (c) contacting the cell with an electric current such

that the current passes through the cell; (d) monitoring the ratio between the current
and voltage in the electroporation device; and (e) adjusting the magnitude of the
voltage to optimize electroporation.

30. The method of claim 29, wherein the barrier comprises a dielectric material.
31. The method of claim 29, wherein the opening comprises a diameter smaller
than the cell.

32. The method of claim 1, wherein the DNA element capable of opening
chromatin and/or maintaining chromatin in an open state is chosen from a sequence
set forth in SEQ ID NO:1 and SEQ ID NO:2, or a combination thereof.

33.  AKkit for producing a recombinant protein in the presence of reduced levels of

one or more contaminants comprising: (a) a first nucleic acid molecule comprising
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occurring DNA el enments. 40. The kit of claim 35,

wherein the one or nore DNA el enents capabl e of
wWo@p@siostyezhr omati n and/ or mai ntai ni ng chr onat i PCT/DSZN8/000244

open state are artificially synthesized DNA el enents. 4

1. Th it of claim 35, erein the one or, nmore DN
one orgngi N elsianits aPablEet PRETERG SHERMAUEAGHSH Mantaining

mai ntai ning chromatin in an open state are a )
chromatiniin aatopen ssateand aanulfipleeloninangjteasiitaiie for dening\a

synt hesi zed DNA el enments. 42. The kit of claim 35,
nucleotidersgiquenbe emceding tiverrecOhtbirdrd protein odp die enadécule; and (b) a

openi ng the chromatin and/or maintaining the chromatin
second hudlki®aeid @b@cﬁleﬂé&n?h@ﬁ@rb huelebtidéseqiends efBdEing at least

extended nethyl ation-tree CpG islands; (b) one or nore

; :
one arffbodoll pGRIES! a kR fishinet indeoF BREHITIked id e or
-(c). 43. T kit of .claim4 wherein.the .one,or. .. .
more A IBkiesits caPaiae i ondnita FhBinShglol mirih&iiRg Enfémgtin in
fromthe pronoter region of one or nore ubiquitously
an opeixptat®sed genes. 44. The kit of claim35, wherein the
nucl eoti de sequence encodi ng the anti apoptotic protein
34. iEhekibsbdaim @3, further comprising @ealbine eoropdsing spluraity of host
bcl -xu bcl -6; survivin; xiap; hiapi ; hiap2; aven; E

cells stiftaBior MRbductivn BFike filsYahddhé sééohd naiid acidi moledules.
functional fragment or honol og thereof. 45. A kit for

35. fl'é kit SPP|aﬁn r33C g{%é%m Brﬁ%bg itramsfbBforPFetgtt 8r aftransfection

uce evel s one or cont am nants ‘conpri Sl ng:

soviod G e 3186330558 AL Rl AL 1y con,

. least one antiapoptotic protein or a functional

and ingiraghiRns: for N8Beof operably linked to one or nore DNA

el ements capabl e of opening chromatin and/ or )
36. rEhenkitphelaim 3% wiherein the teansfectionsdeniee isaan) elastroporation

nucl ei ¢ acid nol ecul e conprising one or nore DNA
devicezl enent s
37. The kit of claim 35, wherein the recombinant protein is an antibody or an
antigen-binding fragment thereof.
38. The kit of claim 37, wherein the antibody is a monoclonal antibody.
39. The kit of claim 35, wherein the one or more DNA elements capable of
opening chromatin and/or maintaining chromatin in an open state are naturally
occurring DNA elements.
40. The kit of claim 35, wherein the one or more DNA elements capable of

opening chromatin and/or maintaining chromatin in an open state are artificially

synthesized DNA elements.
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capabl e of opening chromati n and/ or mai ntai ni ng
chromatin in an open state operably linked to a
wOoreioBogde2 cl oni ng site suitable for cloning a PCT/US2008/000244
nucl eoti de sequence encodi ng the reconbi nant protein,
erein_the cleic acid nol ecul e i apabl e of bein
41, the Kixgtelim 15 wWhetelRdbe Q18 of mere ANA Rlemepts Gapahlesf
further conprising a transfection agent or a o,
opening ghroreatin and/ee majetainiag ichsematininAl apen ate aigra cerbination
kit of claim46, wherein the transfection device is an
of nateratlg bcopwingt armhadificiatly .syathesizatbBNACelementst abl e f or
expressing a reconbinant protein in the presence of

42. TEsBIRiedf LrRIAI35, Whet8id the 0 6r ;¢ DNA @ldrhentshea of
cell stably transfected with: (a) a nucleic aci

orerfEIEMET RSB I SRCITAERER SHERUR g croser
vom: AR R R PR AR OB AR TOHhAS ) oge or mre

_nucl eic acid nol ecule conprising. a nucleotide sequence
matrixgttashmantdegioass(c) ane rmprepianiizing.apd gndirgprgsser regions; and
functional fragnent thereof operably |inked to one or
(d) anyrsombibhgtiarisesfe@)4c)capabl e of openi ng chromati n and/ or
mai ntai ning chromatin in an open state. 49. The host

43. CEid kiobf elaith 2} Svhelbiey thierorieer midee extended rbithydatiorefres CpG
capabl e of opening chromati n and/ or nai ntai ni ng

island§ A& BRtiléd g@ﬁ%@ﬂ%é@ﬂ iBh ®f %ﬂb%rﬁﬁgk QEi@M&bhﬂ? rﬁa('i?blﬁessed

el ements. e host cel of claim wher ei n

enes?N€ Or nore DNA el enents capabl e of opening chromatin
9 and/ or maintaining chromatin in an open state are

tificiall ynt hesj zed DNA el enents. 5 1. The Qhost ..

clite kbt Elainh a4 TR BE NUalRSlsS SR isgiiag TRt

capabl e of opening chromatin and/ or mai ntai ni ng
apopteti pigieinris chogen feehanugleotidessequenesienaading Bel-2; bel-x.; bel-6;

natural ly occurring and artificially synthesized DNA
surviviel, eiapnthsap1; hiap2; aven; E1B-19K; P21; myrPHK; HSV-1 y1 34.5; and
beclin, or a functional fragment or homolog thereof.
45. A Kkit for producing a recombinant protein in the presence of reduced levels of
one or more contaminants comprising: (a) a host cell stably transfected with a
nucleotide molecule comprising a nucleotide sequence encoding at least one anti-
apoptotic protein or a functional fragment thereof operably linked to one or more
DNA elements capable of opening chromatin and/or maintaining chromatin in an
open state; and (b) a nucleic acid molecule comprising one or more DNA elements
capable of opening chromatin and/or maintaining chromatin in an open state
operably linked to a multiple cloning site suitable for cloning a nucleotide sequence

encoding the recombinant protein, wherein the nucleic acid molecule is capable of

being introduced into the host cell.
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52. The host cell of claim48, wherein the one or nore
DNA el enents capabl e of opening the chromatin and/ or
wWoreiososiont ng the chromatin in an open state arBCTOSXE$1000244
from (a) one or nore an extended nethylation-free CpG
i.sl ands; (b n r norematri x attachnent regions; :
46, Jhe B Srighih ¢Babirfer oy iming A nsgs i rod ddrahansfiition
~ (d) any conbinations of (a)-(c). 53. The host cell of
devicerand ishRctiop®fasiuse: he one or nore ext ended
nmet hyl ati on-free CpG islands are derived fromthe
47. phenkit ef claingid6n wiiereinehe transfectioni dpyiceissary etectnopesatibn
genes. 54. The host cell of claim53, wherein the one

devicedr nore ubi quitously expressed genes are chosen from
human hnRNPA2, npuse hnRNPA2, hunman TBP, npuse TBP,

0. TR, GO RH T55 E BerRSil f s o
oG E S BB e ARG i o

Xi ap; aven; hiapi ; hiap2; E 1B-19K; P21 ; rcrl_erHK; .
\Acid grolecie sompiisinganusleqtidesequenceanecdingaregempinant
fragment thereof. 56. The host cell of claim 48,
proteimbperably lifcechtosone of mare RNAwiemientsncapablle of ppeming chromatin
host cell of claim48, wherein the manmalian cell Iine
and/or Aait&iRingestrohigtidt iararupéry staté] and (19 4 frleizeadid Imoletule
58. The host cell of claim48, further conprising one

compr;&:i]%ggﬁ r@cﬁdtid@@ﬁ@éﬁ%'%&iﬁ? SEIBHSNSSe aARaYoPtSc protein or a

cilng transl ati on; nucl eoti de sequence
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.operably linked to the nugl eotjde sequence encodi ng
openindEhomARATHIAT MaRiAUIRg CHESMAliR{n AB PP SalSvest i ng a
reconbi nant protein expressed accordi nth o the
49. The host cell of claim 48, wherein the one or more DNA elements capable of

a nucl

opening chromatin and/or maintaining chromatin in an open state are naturally
occurring DNA elements.

50. The host cell of claim 48, wherein the one or more DNA elements capable of
opening chromatin and/or maintaining chromatin in an open state are artificially
synthesized DNA elements.

51. The host cell of claim 48, wherein the one or more DNA elements capable of
opening chromatin and/or maintaining chromatin in an open state are a combination
or naturally occurring and artificially synthesized DNA elements.

52. The host cell of claim 48, wherein the one or more DNA elements capable of
opening the chromatin and/or maintaining the chromatin in an open state are chosen

from: (a) one or more an extended methylation-free CpG islands; (b) one or more
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nmet hod of claim1, wherein the harvesting step does

not conprise the use of protein A and conprises one or
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reconbi nant protein froma supernatant;

. Cr al li.zat.i on; erfornmance. tangentjal flow .

matrixgACh SN 9 APTHE) oY ot SHDNIZS SHLADUFERSFSO! regions; and
adsor ption chromat ography. 60. The net hod of cl ai m 59,

(d) anmemriattqmé ofdabf®t i on chromat ography step is an ion
exchange step. 6 1. The nmethod of claim59, wherein

53. tTre hestoeditofredpist 8, whereimthe bne londeoremxtendéed meathyation-free
protein with a stringent elution buffer. 62. The
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i ncludes at | east one centrifugation step. 63. The

expreg?etdrgéjnég. claim59, wherein the | evels of one or nore
contam nants are reduced.

54. The host cell of claim 53, wherein the one or more ubiquitously expressed
genes are chosen from human hnRNPA2,' mouse hnRNPA2, human TBP, mouse
TBP, human rpS3 and mouse rpS3.

55. The host cell of claim 48, wherein the nucleotide sequence encoding the anti-
apoptotic protein is chosen from the nucleotide sequence encoding bcl-2; bel-xi; bcl-
6; survivin; xiap; aven; hiap1; hiap2; E1B-19K; P21; myrPHK; HSV-1 y1 34.5; and
beclin, or a functional homolog or fragment théreof.

56. The host cell of claim 48, wherein the host cell is a mammalian cell.

57. The host cell of claim 48, wherein the mammalian cell line is a Chinese
Hamster Ovary Cell line (CHO cell line).

58. The host cell of claim 48, further comprising one or more of: (a) a nucleotide
sequence capable of enhancing translation; (b) a nucleotide sequence capable of
increasing secretion; and (c) a nucleotide sequence capable of increasing mRNA
stability, operably linked to the nucleotide sequence encoding the recombinant
protein.

59. A method of harvesting a recombinant protein expressed according to the
method of claim 1, wherein the harvesting step does not comprise the use of protein
A and comprises one or more steps chosen from precipitation of the recombinant
protein from a supernatant; crystallization; high performance tangential flow filtration

(HPTFF), flow through chromatography; adsorption chromatography.
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60. The method of claim 59, wherein the adsorption chromatography step is an
ion exchange step.

61. The method of claim 59, wherein the harvesting step does not include
contacting the protein with a stringent elution buffer.

62. The method of claim 59, wherein the harvesting step includes at least one
centrifugation step.

63. The method of claim 59, wherein the levels of one or more contaminants are

reduced.

66



