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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



Field of the Invention [0004] The invention relates
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merely increasing production of a recombinant protein is not sufficient. For example,
most recombinantly produced proteins are present in complex mixtures of products,
which makes the task of purifying the desired recombinant protein challenging as
well as time consuming. Furthermore, due to the strict Federal Food and Drug
Administration requirements on protein consistency, quality, and purity, better
methods of protein production and purification are desired.

[0006] Accordingly, there is a need for improved technologies which result in higher

quantities as well as improved quality of the protein produced.

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 produétion of

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



reconbi nant proteins becom ng entrenched in the

t herapeutics market, nore efficient ways of producing
and purifying reconbi nant products is desirable.
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enbodi ments of the present invention provid
enriching for a recombinant protein in cell culture is provided. The method
comprises: (a) introducing into a cell, a first nucleic acid molecule comprising a
nucleotide sequence encoding a recombinant protein and a second nucleic acid
- molecule comprising a nucleotide sequence encoding at least one anti-apoptotic
protein or a functional fragment thereof, where both nucleotide sequences are
operably linked to one or more DNA elements capable of opening chromatin andlo_r
maintaihing 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 proteih
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 .



stably transfected cell line which is easier to nake,
easier to grow and | ess expensive to nmaintain than
previ ously described stably transfected cell lines for
the production of reconbinant proteins. Yet other
enbodi nents of the invention provide a nethod of
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[0011] The levels of the one or nore contam nants nay
be reduced by any statistically significant anpount
when a reconbi nant protein is co-expressed with an
anti-apoptotic protein or functional fragnent thereof
using a DNA el enent capabl e of opening chromatin
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[0015] In some embodiments, the first nucleic acid molecule comprises two
nucleotide sequences, each encoding a recombinént protein, and each 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;
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[0015] In sonme enbodi nents, the first nucleic acid
nol ecul e conpri ses two nucl eoti de sequences, each
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human hnRNPA2 gene (Genbank Accession No. 02887‘7). Additionally, larger
fragmeﬁts 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.



NO 1, which depicts a 3.2 kb fragnent derived fromthe
pronoter region of the nouse rpS3 gene (Genbank
Accessi on Nos. AY999160 and AY043296) and SEQ ID
NO 2, which depicts a 1.5 kb fragnent derived fromthe
pronot er region of the human hnRNPA2 gene (CGenbank
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[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.



[0023] In sone enbodinents, the first and/or the
second nucleic acid nolecules are introduced into a

host cell by: (a) placing the host cell in an
el ectroporation device conprising a barrier having an
opening suitable for receiving the host cell; (b)

[OO?EBE ﬁ%dn‘i@eﬁgﬁiﬁ%ﬁfs el flrsﬂ dhdidigh L B&dhE %ucl@@ahc?cflﬁg%hﬁg%re

ost ce h an electric current suc

mtrdbﬁf:&? Mo ? ﬂé&%ll 52. @z gf%cfnp%g H§§t ?n 18 trd PRt o‘ﬁrdéw:e

e rati o petwee rent an tage Int

conﬁalgﬁpta ?rré'}tHaQ %Vc%p%ﬁmgaéquqalslé)forngéﬁﬁ#; tHe ﬁcﬁ;?cell (b)

of t to optimze ectroporatlon

sec&r@%ﬁ% héétsééllm{ﬁ\é'o%%qmg f‘c%tﬁbﬁéctf [th® hest el \khan electri

I nant protern I e presence of reduced levels

currEBt UL 1t Etﬁr&\?%?é@sth h tHdhosP B8l|; gtgf‘s}ﬁ&‘ufﬁﬁﬂb e F‘atio

accor g to e |nven |on conpri |rs

M%é‘hl é%uﬁ&ﬁt%nﬂ%ﬁ&#& A the BRCHSh It Gevile; HRE ?e)%stmg the
el ene

nts capable of opening chromatin and/ or

madﬁ?ch&‘é 8f thb QSltzde?zL t?@ ifriizel éle@thp%F}ﬁanSt ate and a multiple

cloning site ble for cloning a nucleotide

[Ooﬂ?ﬂlégga‘?@w@é'bc%'kﬂg f&r'ﬁo&lgc%q@fé%mblrﬁrn%r%'té?n lrﬁtﬂg pr&dende of

second nucl el ¢ acid nol ecul e conprising a nucl eotide
red el WRRESFIMe QA 'rﬁl‘ge 2bntaRASNtO NG BRid élﬁm@ﬁﬂsca Rit 9E€dr8mg

or a functional fragnment thereof operably Iinked

to tmﬁvé{tloﬁﬁbﬁlp% &) Rt fuddaPabil %&éc@%ﬁ%l@é% iBre

/or maintaining chromatin in an open state. In sone

DN/ BNt EHpablef obEnifi§ ‘éﬂfd?'heﬂﬂ ér(é/dr'?!ﬁaalhtﬁlhﬂ@f ¢HISmBtM Il

conprises one or nore of a cel l'ine corrprl Si ng a

opeR ktdt@hhd ¥ niti dﬁl@énbnmglshté sawém@wr%ld‘nﬁfg 4 Rlidsslidetseqlente
the first and/or the second nucleic acid nol ecules and

enc@dlh%m%biﬂﬁnﬁ R8@f n8'(b)3 $6dN8 haekictitiFMvieetieal ong
i nstructions for usi ng the transfection reagent

comPFisifl§ Wi riRlecBddsequiince eABSdiRP At BhdtDnhe G ®%ic protein or a
m?lescrgl bed her ei nq [ 0025] Iﬁé)sorre enbodi rfaggfs ap kit

funcliBRAlFbigh@nt thetdt? opEIBIIINRBd tSontS GImbiRr DIDA@IBdﬁérﬂQ cépable of
therapeutic protein. I'n other enbodi nents, the kit is

opehif§ @hfoiatinzdLet inftdntamird éHrOREln P arddhed dtataein Bbrdi ng
fragment thereof. In sonme enbodi nents, the antibody is
embddifReHs,| DkphcdRfind@bte 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
electroporatibn 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 prpducing an antibody

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

monoclonal antibody.



[0026] in sonme enbodi nents, the one or nore DNA

el ements capabl e of opening chromatin and/ or

mai ntai ning chromatin in an open state in the kits of
the invention are naturally occurring DNA el enents. In
ot her enbodi ments, the one or nore DNA el enents

[0086RRBbRe @MmUBBRRENTS 15 6AETBE thBreADNA erf@nts Eapdbid 8f opening
chromatin in an open state are artificially

chrtéﬁléaﬁﬁ‘ﬁﬂléﬁqai%i i R1a%in irl &n ¥Sén SbRAR tRRRAUFTRS fn¥ention

e one or nore el ements capabl e of opening

areGTRERARL ddeuRig/DNA BRI, htthek RAHRIndhts, IhéBn&BEMore DNA
state ‘are a conbination of naturally occurring and

elefehisicapaiib IoVoﬁéﬁﬂr@@rﬁbmﬁn BRdoehalRalhifg chipatih ih BnTRER
enbodi nents, a kit according to the invention includes

staf¥ e QFtifiCRNEsyHikdsRicd IA GIMnes UnGet 6MEPEMBLMePRE tHY one
nore DNA el enments capabl e of opening the chromatin

or AGE/INA BRintn®d Sipasie éf%pehmg EREdnatinnbrifor iRdRtafiRy Ehromatin
where such sequences are chosen from (a) one or nore

in aAbpRK &N arb aABSAnalidrPer dat@alyBéeutrilgedtdsartifidiily @yRtHesized
nore matrix attachnent regions; (c) one or nore

DNAle}héAtgi Ng and antirepressor regions; and (d) any
conmbi nations of (a)-(c). In sonme enbodi nents, the one

* [0027] INB6Re IURAREhtSTRY KitAdbtdil foltRE ifvBRidrSinalRdes 8h& or more

derived fromthe pronoter regi on of one or nore

nudidit BelH isduleseeRipRB Mg tbriéastesore DN 8lenlentsseipable of opening

enbodi nents, a nucl eoti de sequence encodi ng the

the @REIMARHAWr infaiftbidirg the cArdnitdinkh bA opes efate, Wher@ stidre
invention is chosen froma nucl eoti de sequence

secﬁ_@ﬁ&dﬂ 418 chédendror 4y ¥Ae ob®idredan xendedsmEthylation-free PG
iapl; hiap2; El B-19K; P21; nyrPHK; HSV-1 v1 34.5;

islap@€l (Besid 6. mére niatfix BRAHINEH rdédiGriTed) tonelor ure k&ilizing and

- thereof. [0029] The present invention further provides

antitegtesdor eajionss dhd )|y fcombiatihe biN@)-tc)! B sorhe BAbodiments,
protein in the presence of reduced |evels of one or

the BDE @r ARNé 8xtended Bethlyatisnfiee QP Blanestase darivedsions tHe
conprises: (a) a nucleic acid nolecule conprising a

profidtdr e@gibnl of Ganprancre ubdusly eRpreesagenaant prot ei n
operably Iinked to one or nore DNA el enents capabl e of

[0028]&m s tvge ehbodmbdnts, antlaleotidaisag@ente kycoding thed anti-agoptétic
open state; and (b) a nucleic acid nol ecul e conprising

proteimincthe kits abtosditginthe irveatioh isghasen framta mutdeotide sequence
anti-apoptotic protein or a functional fragnent

endolizg daf-2 cyndxia bEG; laverk;edintivin,atiap; hiapt) hiapDNAI B11OKERR §;
capabl e of opening chromati n and/ or nai ntai ni ng

mydHIQ H8V-1 yil 13426) aag decli, at a furkdiosdl Fragmenb pehomolog thereof.
enbodi nents, a host cell 'includes one or nore DNA

[002%]dimeresend mabhtioncfurtbgreprovidess & hostedellsudaltlé or producing a
mai ntai ni ng chromatin in an open state, which are

recombinaal prgtedrciodhe pregebérofaieduaatt Isvel$ of oérer more contaminants.
enbodi nents, the one or nore DNA el enents capabl e of

In soperembgpdinentspa hostazetl comprisesa (@) anualeic bridmadleculé comprising
open state are artificially synthesized DNA el enents.

a nliciegtisle setihencearivoding@rresombinantpretedr opeyably Dhitedcloamenirs
capabl e of openi ng chromati n and/ or mai ntai ni ng

morshD ISAwdennerits capablgpefiopsnirtgechaomatin gnadfbt matntaining chromatin in
naturally occurring and artjficially synthesized DNA
el ements. I n sone enbodi nents, the one or nore DNA
el enents capabl e of opening the chromati n and/ or
mai ntai ning the chromatin in an open state are chosen
from (a) one or nore an extended nethyl ation-free CpG
i sl ands; (b) one or nore matrix attachment regions;
(c) one or nore stabilizing and antirepressor regions;
and (d) any conbinations of (a)-(c). In sone
enbodi ments, the one or nore extended nethylation-free
CpG islands are derived fromthe pronoter region of
one or nore ubiquitously expressed genes. In sone



[0031] In sonme enbodi nents, the host cells conprise a
nucl eoti de sequence encodi ng an anti-apoptotic protein
chosen from bcl-2; bcl-xi; bcl-6; even; survivin;

xi ap; hiapl; hiap2; E1B-19K; P21; nyrPHK, HSV-1 yl
34.5; and beclin, or a functional honolog or fragnent

an b §8tk: ah PP AlnukRiSATE nIERAR dBRbriRing® Mihdotiib RBquence

according to the rnvention conprises™a plurality o

enc{&eﬁp off RlaksEorfieafita t'&eﬁrgt:e}?\- or@gﬁg’.&!oﬂgb’f %ntgtge%r%’éf %perably

T
i nclFude manmmal | an host cel | s, ) B

linkedtd &&d br m@re@'ﬂ@l\ Klent&lts caghnie Kt JPditgc@rdmatiarldrsy cel |

or an Sp210 ce In sone enbodinengs, the manmal i an

mafﬁﬁiiﬁin? ehrdnfallh eSS op@shfy. Ovary Cell (CHO cell).
[ 0033] I'n sonme enbodi nents, a host cell further

[00S@HPEbHE SndRBINENSIR KosPLell nallidés BHELERbICISNARIIRERS

capabl e of enhancing translation of the reconbi nant

capabRidt oBenihg EhidnidiinAeldr AtiReRHRPForRaRAR A dPen state, which
i ncreasi ng secretion of the reconbinant protein

areMaiutallCodclifing BINA eRAfEAS) IndHEIEnfldinténts @R&I8RE 8r more DNA
capabl’e of increasing the stability of the nmRNA

elePBAREapsblb BEop&HIRY 8 rBARtin BROLEMAINtdiARG ShroMatia ir& an open

enconpassed by the present invention are nethods o

stateddry aﬁffihiB% é&n&r%%@!&i mfeld?ﬁé?ﬁﬁi n et SheE éﬁhbﬂéi'h'l&tst, 'ﬂ% one
net hods descri bed herein. In sone enmbodi nents, a

or iGN fenttmis/GifabROofpefiing ERididatin didPdr@hdintafing chromatin
provi ded, where such a nethod does not enploy the use

in affopRh @tRé Brefa codmbmatidh eMMaActalebEsurrirfgiarit artifi@aIlyCsnthesized
enpl oys one or nore steps chosen from precipitation of

DNARSermé&ft& R doril erfbedifiehts, tHBrie GriGeBNA Blements capable of
crystallization; high performance tangential flow

opéhirlgtth@ch@madtinRhfar mdihtaiidgthe eBlontdlinaah eperBlae a@hosen

adsor ption chromat ography. In sone enbodi nents, a

fromEaesk 6f mbRY aeektbided MethyREeHes TPG RMAHS (B) 86 6F fibRY
to the invention enploys an adsorption chromatography

matik @Radithét réGioss) (&)WhefdrThere GfalizRig. arld arftigdRessor regions; and
enbodi ments, a method of harvesting the reconbi nant

(d) BhYESThBingis$ of @d)-(c)) Chwdmecamibadiine s, theenelddintire ewtended
stringent elution buffer. In other enbodi nents, a

metiplationlfreé Opd kRats Bk derived dioki tharirorabier fagion dfcdrigdsranerie

| east one centrifugation step.
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 1D 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; bel-x.. bel-6; aven; survivin; -
10



[0035] In sone enbodi nents, the nolar ratio of a
reconbi nant protein produced in the presence of an
anti-apoptotic protein or functional fragnment thereof
by a host cell according to the invention to the one
or nore contamnants in a cell supernatant is

xiapé H%‘E?aﬁ 2bél1 B 1 §{(315%\ﬁ%\ﬁ9|-|ky H%'vgﬁg{ hk: %nén@gﬁﬂt ora

ared to a ce expresses the'rec I hant

fun@%ﬁél%ﬂqoﬁ’#goé}%ragmm éofapopt otic protein or

unction ereof may elther be expressed by
h
oo Akl EABRARRHLDR B b ROk EpUFRERRBHAHAR 4 1

pIurblﬂnge ﬁos@ esils &‘e%h}lbéqjll‘\é:rgmal n%:ﬂ{( Eé&%llé Iﬁ%luﬁg?ﬁémhgﬁéﬁ

In or SUC ost ce e contacted wth an

dg
hosiﬁéﬂreog g{ ?&gp %tl—lécé’lf%t(ﬂllﬁf}@f;%||UQ‘§H@WX)(Eé\9%ﬁm

SCTIptIOﬂ o) e I nvention

NS 99@9& Jrhggﬁb %gf? Nin éo%’@é%h@&\n’n‘eﬁtsbﬂl%erﬂam%héﬁ@éf isiaChinese

part |scovery t reconbl nant proteins,

Harﬁ‘ﬂ@rrbﬁrz eng cell culture nethods, are present
in tur one or nore contam nants such as,

[0053?’ In mﬁodlh@ﬁfs S bkt fgéﬁl?ﬁhﬁ'er cégn‘gﬁ&%‘. S5t ¥ B%Soff (gn a

esent 1 nvention provi nmet h eanC

nucié@ﬁdli@d&@ﬂ&e BAbRd & eah&RY %Hélat'iJPﬁofH%Pég%nﬂfnaﬂFF%o@éln (b)

nore contam nants. [003711nh various e I ments

a ndBeRas k@dihd%e\éh e bf‘i%u%‘é@ﬂg 'E%Er'éﬂgﬁ' opﬁ'le‘?é‘&in'ﬂﬁﬁéﬁtrﬂﬂotem
transtfected cell lines, e.g. stably transfected cell

outéld@tﬁé cell:anar ey ﬁ@cl@&fde@qu%@‘édp‘ab%sof ‘H’fcré’a hé%blllty of

product, e.d. reconbi nant protein, reducing th

the mAér'ﬂz%ngWﬁe ké&bﬁ{b\(%t%glcbt&ﬁ.\/@ opi ng, screem ng and
purifying the product hese i nprovenents are

[0032F Ais8\ePeompBhsde@@Yithé Bred@hi invéhtioh@ré! feftbds vt hbﬁl‘égilrig[ 4

one or nore contam nants present during the harv

recdMhbindft pf&tein preducel fisinglthé RttRSdsHeserittRtdrefl. Iy ssiHst -
embodiments, a method 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 exéhange
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



| . DEFI NI TIONS [0038] In order that the present

di scl osure may be nore readily understood, certain
terms are first defined. Additional definitions are
set forth throughout t he detailed description. [ 0039]
The ternms "cell,” "cells,"” "host cell,"” and "host

[oofeﬁ It §o(51'~'ie 8mbldi ntee!heé rﬂola?%r@'ﬁ%sréccﬁ'ﬁ‘bi@nt g?&leinspraa‘igced in

e |nver ebrate, non manmal | an vertebrate and

B
accGr%F ngdto "i‘iiléjiln@%iii%% #e &% oﬁnorlé)i%ﬂtHngﬁé(nt‘s e Eél?g.'i[ﬁatrﬁ?tant is

but are not |im I nsect ce

mcr?é'ée?i tglsa %}Eggﬂcs ! iﬁcarﬁ AR cl:dn?arédsﬁpéj ea} whin [ expresses

nosquito ( es aegypb) cel
I I
eSSt USRI THIRORRE iR by g

therg %Efgﬂﬁ?g;t%% Fégggd Pgl fa%ﬁﬁ@nsfe@hﬁ aFlubRofidY sdfience

eren | ated or

encHH‘iFib fti{ee fs‘édad;? drﬁ% epr@tegr orsfﬁﬁdpoﬁgll ftaﬁ% én‘t‘ ﬂie‘r'é’dfnrﬂo @IHYsY edll ©

stem ce mat opoi et c st I's. Additionally

wh.&ii §I§ @@@%&ﬁe?&f rit bRIRIAP 0¢h Qho&rcﬁﬁ"r\w%’yﬁé &Riacted

e us according to the invention
wrth'-:diﬁgﬂbgrdyarfﬁ%mtdt@%r&&hlo?fuﬁlﬁbh‘@l?vagﬁ%t @Vé?ﬁﬁ?' e, cells
derived from human, non-human primate, cat, dog,
sheep, goat, cow, horse, pig, rabbit, rodent s
Detailéd DEscriptigiioEthellav@ition rat and gui nea pig and
i nclude, but are not limted to, BHK21 cells, CHO
[00363The predsat ioeddton iSpadenl, atlebst in aad, @anthedlisdoveryithats and
.progeni es thereof. [0041] Additionally, hybridoma
recarabihantpaotems swhdreprodeced usindgheelhatithimethiods hare present in a
i nvention. The term "hybridom" refers to a hybrid
mixtee With one opmodeicadaminantsssuch sispfor ekaraplej inosdcethtehre. |
l'ine of inmunologic origin and an anti body producing
Accosdingly, Tivee presemt imventiop asavidespneth eds/ ofsfnricbing fatg tecothbinant
myel oma fusions, which are the result of a fusion with
proteimyredading therlevals alionener myrel comtargipamts] i ne
subsequently fused with a
[0037] In various embodiments the invention provides improved methods of

engineering transfected cell lines, e.g. stably transfected cell lines, to produce
optimal quantities ofe 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.

12



pl asma cell, commonly known as a trioma cell line.
Furthernore, the termis neant to include any
immortalized hybrid cell |ine which produces

anti bodi es such as, for exanple, quadromas. See, e.g.,
Mlstein etal., Nature, 537:3053 (1983). The hybrid
cell lines can be of any species, including human,
rabbit and nouse. [0042] In sonme enbodi ments, a cel

LT F\fg‘ﬁbﬂlﬁ the met hods of the invention is an
ant1 body- prod

o ucing cell Iine. Antibody-producing cell
1003 eGP aPie St A BReTtnd 88 Fibre a0, LERARGGN RErtain

i, | _ . .
o 68 . AT 0Byt ol
desMﬁhﬁX and Sons, New York (1991) which is herein
I'rcorporated by reference in its entirety, i ncl udi ng
[oo5d} R SSFRRtSell, QA3 “nb& AP SHhE ‘shoét‘%)éuf,ehé used héle for
reconbi nant protern expression n cel'l culture can be
enclfigee SuhnoE b ple AP F ALy
e o, O e ra6i SOBIITIA A6 Safple.
_ e oL , , .
vl RS ot deois o FEREREfs PER AN IRLIIP YL Pokle

but LR GinR8d td, ThsRcPaMIs isGbh 85, fsg%ﬁ%ﬂ@@aterbih& @bhﬁﬁgﬁpf

the present ‘invention are us for producing

frugider&d) e, nbs6Rd g@&m&f&gﬂ?ﬂp%ﬁg, fiit @rBsoghild meldnogaster)

therapeutic protein o body, 1 n the presence of

cell%,%ﬁ@ﬁell &118! shdPBoMBx Alori'EBIIE §é&“|teag“ NiRbw-et GRO45] The

erm"cell culture," refers to cells grown in

Bioﬁ@éﬁ%ﬁﬁ%?-s@k{%’a).b¢hé lkeffs mby B& Gitrerdtliatdde phitiky Lar ge

scal e approaches, such as bioreactors, including

diffrEMRRENSr Filifeterdia®l, Y. 3tdn? ORI incRIdINgE fik 8fetn £élis and
stirred fernentors, are al so enconpassed by the term

hemdt&pdieticWidr cBiis. ARIIRSHARY tisdde datndlSddrived floth Hi@and B ¥rgan
to culture contact-dependent cells, but also to use

e MEBEIAR SN nIRaNSS |1 L2 TR0 O
[0040) EXEMBlary PamPreliaR cBils MBXEESBr example, cells derived from human,
non-human primate, cat, dog, sheep, goat, cow, horse, pig, rabbit, brodents including
mouse, hamster, rat and guineé pig and include, but are not limited to, BHK21 cells,
CHO cells, NSO cells, Sp2/o ceils, 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



col l agen, plastic, gelatin and cellul ose and others as
described in Butler, Spier & Giffiths, Aninal cel

Bi ot echnol ogy 3:283-303 (1988). Porous carriers, such
as, for exanple, Cytoline(r) or Cytopore(r), as well
as dextran-based carriers, such as DEAEdextran

plashtey §61 8dmrohly knoRtH A& & tidfi cRINIRE - EQEePMofS e @Fn is meant
(Cytodex 2CI D) or gelatin-based carriers, such as

to irdRldatdn)-raAritarkedhybrid Bell (AL WHiBK Raﬂhc@@yntmoa@s lRech @8 tor
Cell culture procedures for both |arge and small-scale

exaMpRd4aadromasf S&¥, @l MAstain®t 8NCOAMAS 5873053 t1983pr BreRYbrid
i nvention. Procedures including, but not limted to, a

cell fihéd elinzesofl) Spe6IES aRdlIading RoMbAVYabbibafd Ricgseact or ,
roller bottle culture, or stirred tank bioreactor

[0042] §f SumeTBYbEGIMenRda céil lifle QSedVintthe etHBde o Y inVétitdn i8Nl -
operated alternatively in a batch, fed-batch, or

antiBedyi proH Gding BélRine[ AMiBbdylpRduEhg.ell ids! m&pibé Bélected and
medium " and "culture nediunt refer to a nutrient

cultéreld Wisingne ek Qlellkhowh g iy ekl aftRlans See, 8.g., Current
manmal i an cells. Such a nutrient solution generally

Proioa6lk Wél Bsmimslb@i Eofigdi! or 1., Bas. Sieery/PilisishieglAssociates and
attachnment, growh, and mai ntenance of the cellul ar
WilgAvitersuisrie| JoHnoNil@XaPEens, ey Porkal 99m) twhichis hedinit | on
may i nclude a basal nedia fornulation, various
incoparaledmyneferahepenis sgatirety, indrRidigl Juppieptentsnd,
occasionally, antibiotics. In some enbodi nents, a
[0043) 1T geielral SarlyLdallGitamy forrecamisinait prétemt expressionip sk oiilture
fromone or nore of the follow ng categories: 1) an
can®earsgy irsthemiethodssofahé jnventidrhe form of a car bohydrate
such as glucose; 2) all essential am no acids, and
[00443 reddnye &inbodia®nts, fhet calit usad i the anathed sasfithes prasast invention
cystine; 3) vitam ns and/or other organic conmpounds
may iadudé adthetrolbgouscriuttedt hicid imaleile Whichredeodeatd gleshaidds;
and 5) trace elenents, where trace elenents are
recahafinare pratein| a.gr, getherapeotipprotelts ooantivatly whichyis desitedrto hg
el enents that are typically required at very | ow
prodized esingdhe methods ofithe ifvemionhén apartisnial embodingnt, thée
nutrient solution may optionally be supplenented with
methods afithepresentinypantientase Useful fanyrodbcihdg bighditérs\of aglesired
categories: 1) hornones and other growh factors as,
recdnubinant pngieia, e.ignathemapeutiapretaim or antibadyl, in #ye presemde of
gromh factor; 2) salts and buffers as, for exanple,
reduced devels ofragroe snarencoatachipdrdsphat e; 3) nucl eosi des and
bases such as, for exanple, adenosine and thym dine,
[004%) pbetemtrticelbculiungl” Eferptotelisgrawd in ssspeosibn diobénitiass .
In general, any suitable cell culture nmedium may be
flaskssadl thelike.nbalge scateyappeoacbenrsusk ds bioreantons) ineludingfagiherent
bovine serum calf serumor the like. Alternatively,
cells growingdattachediio nicracariiers fin staredsfermentors; ate alsp epsampzissed
free. [0047] The terns 'operably |inked" and
by thefesmdtelelityre.T Mareoveraitisussiblertoeot balli de altuye hentactn,
refer to the positioning of two or nore nucleotide
deperdant neliss botralsetpusedbe shispansion quiture teaimiguwesinithshmethods of
permts themto function in their intended manner. In
the glsimeddnierdione Exemplannongretarriersiincluds, éergxampia; dedlirary t o
the i nvention includes oneqpr nore DNA el ement s
capabl e of opening chromati n and/ or nai ntai ni-ng
chromatin in an open state operably |linked to a
nucl eoti de sequence encoding a reconbi nant protein. In
ot her enbodi ments, a nucleic acid nolecul e includes
one or nore DNA el enents capable of opening chromatin
and/ or maintaining chromatin in an open state operably
l'inked to a nucl eoti de sequence encodi ng an apoptotic
protein or a functional fragment thereof. In stil
ot her enbodi nents, a nucleic acid nol ecul e may
additionally include one or nore nucl eotide sequences



encodi ng a reconbi nant protein or a nucleotide
sequence encodi ng an apoptotic protein or functiona
fragnent thereof, it is not necessarily contiguous
with it. Operable |Iinking of various nucleotide
sequences is acconplished by reconbi nant net hods wel |
coll%@éﬁ’,"'ﬁjdsﬂc,t tAldnd c@lifloseGhd'6thBisRag BdseAse ABUtlePYSpier &

fgation at suitable restrictions sites or by

GriffihRE AN celFyBldeBhbI6gRb 2891308 | £388) dPotduBle@Frferdsuch as, for
adaptors can be used in accord with conventi onal

exaRAE [AVGInE® ot Wyicdh&n ! &5hdIl 44 dddirapltla88d 8afieROsuch as DEAE-
present. [0048] The term "expression” as used herein

dexirah ¢ ytolidk I®R RSt amirttiatdd déxdan! (8lioaex 2®) ar gelatin-
nucl eoti de sequence wthin a host cell. The | evel of

bas@d I%ﬁé?él, QWciwhs ?elgﬁﬁjcbﬁﬁd Béﬁtﬂéﬂ: yitdheﬂ d@)ﬁﬁay‘?ﬁéé bER¥edECell
determ ned on the basis of eithér the anmount of

cultGRY FreSRRINEL 108 bBIRNAY gAY dnfallicBRIbdidlioh REpfotdihs aRf the
anmount of the desired pol ypeptide encoded by the

encORIpASIRCbySRE HPEkeRt inVeRtidAX mé&uréﬁ%uahgmrﬂob Rditéd a -

a sel ected sequence can be quantitated by Northern
fluidiz e bty RbleALHBAHMEW ﬁbéP&Pllléﬁlb@ﬁSrSHé?%tﬂéf@}lt@@, bPBtirrddtank

situ hybridization to cellular RNA or by PCR Proteins
biorRBEBFSFteM nfayIR] @Elde With AURRER ntididchfiefs) ARl bbaidtsl by
various nethods including, but not limted to, e.g.,
alteFrdtipdly i\d pafthnfelliitdt, B8 peffi@ibrompaéinoassays,
I mrunopr eci pitati on, assaying for the bi ol ogical

[0048]tTheitéhsOcel BRtups Rielliumn,” Bhd RyitiIHEAGMBIIEMS Ohutfidif
protein foll owed by FAGS anal ysis [0049] The term

solUtioR GREY FarYRéwiRg @hRhd] celld, e.d. SaamBidiantelR0| SUthRd hatfént
produced by the nethods of the invention generally

solutidh&efefally fhchRRRE VERoW faBtof Rdc@ssdry orcsel latacimeént! §iwth, and
about ten amino acids in |length produced by cells in

maifténbbte ot RelluEidafisn®Ent, For exataple] #fypidal RotrigAEsylutbe
produced by the nethods of the invention is typically

maygelids @Usasalmedia fo@t@atiing garibtis @Upplemendepending®naRé kéll
produci ng the pol ypeptide. Exenplary pol ypeptides

typd and] weeskibyallg caritibidtias C IH $omieemBbodithents, Aodsrient sdlhton may
present invention include therapeutic proteins and

incladé atiegstemeadrhpanéntdfeom bhe dr mard sfapetollodvirigeategdriesAl1s an
enconpassed by the present invention are fusion
enepgyodairets .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
15



[ 0050] The term "i mmunogl obulin” or "antibody" (used
i nterchangeably herein) refers to a protein having a
basi ¢ four-pol ypeptide chain structure consisting of
two heavy and two |ight chains, said chains being
stabilized, for exanple, by interchain disulfide

epideARERgroWN fﬁ&oh% sbl'i’@ar?cpbufféré( aé, JoSPRfidlé, @aldium bl‘hé@hesuum

antlgen The t'erm "si ngl e-chai'n i nmunogl obul i n"

and p‘h'oQ;SﬂaQe 03) RuBleBEIHED AR baddssReh 8] BF SIS, aéuemo&ﬁé %'nﬂ)
refers to a protein having a two-polypeptide chain

thyridndC hoRaktAmat 8hd Wﬂpr@fen@aﬁ@ﬁé%e@ﬂdro%sht&htln @Eﬁérﬁl any
sai d chal ns being stabilized, for exanpl-e,

suithtle eémaﬂtu% ﬁ@amndﬁ\avbek%a méh@a.dhaﬁqay% @mdrisbu of O
specifically bind antigen. The term "domain" refers to
seridin 3.8 FelafboVieds im0 tafsE@AVr thé likd. MiterfdtRely, the medium may
pol ypepti de conpri si ng peptide | oops (e.g., conprising
be seriif fréePARnafPed, @PBFoteinli@Rl | i zed, for exanple, by

p-pl eated sheet and/ or |ntracha|n di sul fi de bond.

[00479 TRE R&rar8pdrbly fked @inarbétativelyRiked N a8 used AisicAAigeably
or "vari able" ased on the relative |ack of sequence

heréﬁﬁrrbﬂatr&@fhe%o%lﬁbﬁlny&t\ﬁ@ﬂﬁﬂneﬁs Riclastitle Qugueicas or S&qUeAES
in the case of a "constant” domain, or the signiticant

eleri@its #H & Raned Whibh pBENIEABMNS F@ctiviRi 1AL IrRérRA MBFRET Sin
in the case of a "variable" domain. Antibody or

sonferBErheAte, a AEBicHRId MblcaIEbetortRbes tRdnténtion mcludes one
|nterchangeably in the art as anti body or polypeptide

or mdré WNISlementsecapabRSdf @pening eRfIMsin Gind A nédiitainingychromBin
chain are referred to I nterchangeably as "light chain

in afl @pei 8fate HKFEOIY Sinked fol DMicladiide Bequézb @Mtodingairassmbinant
"CL" regions or "CL" domains. The "constant” domains
protefn. an ofHer ehdAlinien®y/\a ivRiidacid endieduly ihekldé®one or more DNA
i nt erchangeably as "heavy chain constant regions",
elemét8 ¢iipad@bNopemirif ebmeimahdIsr main€ifing efropnEindn an Gbien
domai ns). The "vari abl e" domai ns of an anti body |i ght
staté lbperabsrimkee tea hadlebdtild sdgaestwagRaNgyarespoptdtighiroteinedrra
vari abl e regions”, "light chain variabl e donains",
functighil fragenenn thepsof.' YA Stilldsthax émshodinhBnts, & auclaiblaeld doleaile snay
of an anti body heavy chain are referred to
addltmhelryohdu@sa:bé ¥r more ntlltﬁa)twe&bauemcée mhbﬁn froraglad asnucleotlde
"heavy chain constant domains", "IF-1" regions or "VH
seqdema caphblel ohincnesgsirgbtrnshetioar (baatriubledtidasseqn,enbe capable of
nonocl onal or polyclonal and may exist in nononeric or
increadiygreedretidnosfithe femmomdiramp peoteih gitsideta belt) ined (o)d mitleotide
exi st in pentaneric formand/ or |gA antibodi es which
seqeancet capablenf noezasing iemeRINA stability vihene suich funlentidéhe -
term"fragnment” refers to a part or portion of an
seqaeridels @ig operatively limdad to lanutlentide sequange feeveding airecoralinaht
residues than an intact or conplete antibody or
protaimt i Bereyaltyhbutmnot Feeegsarilystheancleetidd sequendes that atecopecatly
or enzymatic treatnent of an intact or conplete
linkechaielnwatiguousaand, vbdie nécaissary Fnagading famean Howsyeth although
obt ai ned by reconbi nant nmeans. Exenplary fragnents
an apecablylinked ) NAakemerf capab)l@ of drdmingetipmatif-and/ongwintaising
[0051] The term "antigen-binding fragnment” refers to a
chrqrodtinge @i aghen state isogensrallyrio¢ated npsjtesibudi snuclectidei sequgnce
that binds antigen or conpgtes with intact anti body
(i.e., with the intact antibody from which they were
derived) for antigen binding (La, specific binding).
Bi ndi ng fragnents can be produced by reconbi nant DNA
techni ques, or by enzymatic or chem cal cl eavage of
i ntact i munogl obulins. Binding fragnents include Fab,
Fab', F(ab)2, Fabc, Fv, single chains, and
singl e-chain anti bodi es. [0052] The terns
“pol ynucl eoti de" and "nucl eic acid nol ecul e,” used
i nterchangeably herein, refer to a polyneric form of
nucl eotides of any |length, either ribonucl eotides or



pol ynucl eoti de can be obtained fromthe single
stranded pol ynucl eoti de product of chem cal synthesis
ei ther by synthesizing the conplenentary strand and
anneal i ng the strands under appropriate conditions, or
by synthesizing the conplenentary strand de novo using
encadifhi4 r@éura{tnﬁérﬁ%?ot@mtd? aPHUCRIDBAO BEd hnBe BhédHg arfapeitbid C

acid nolecule can take many different fornms, e.g., a
protgﬁ‘-\"kﬁ f&’r‘ctl%ﬂ?ra@ﬁéglf'ﬁl’é?eof Qe n@f né@s@arﬁ% eoftigu Dﬁp\@ﬂ@Wﬁﬁ itor e

I ntrons, MRNA rRNA, ri bozynes,
Opér?&@ Wlﬁ’é‘ﬂf vé?i@hé’ HH&E&R}%‘ éé%ﬁen&rsa@ ﬁ&ﬁﬂn&i@hé@ B feR@hbfiemt
asm ds, vectors, 1solated any sequence,

methé@el RIPRh I Qlfne 8fYe.§ AGHIIRPER rﬁ'étﬁb@dl@gyaﬁy qigﬂrdhba%u.témé

primers. A polynucl eotide may conprisée nodrf

restﬂé’cﬁin@%ftéﬁ&ﬁby &S%@&Ilﬁgs Qﬁtﬁé‘ﬂca&lggntﬁ&@dtﬁ@thh%?s oﬁEQaptors can

nucl eoti de anal ogs, uracyl, her sugars and |inki ng
be (#e8 WP Sccid WitR SonldHBbRdlipPatiite Araditadle G’@Jtr%tloﬁ'%ﬂes are not
nucl eoti de branches. As used herein, "DNA"
presdhgCl eotide sequence" includes not onIy bases A T, C
and G but also includes any of their anal ogs or

[OO4U]’¢h£ tetth ‘ERBEEsiON” 428 HASIR FefelUS fraRScriptibh ¥halof thansiation

nucl eoti des, internucl eotide nodifications such as

of aunueléeﬁ@@é?edueﬂkélmsmm%s& BeIpatiRsSlevel Tt eRpreSsIBAbf A AaLIRGS
nodi fi ed and/or alternati ve backbone structures,

pro@u& fh B RbY Az BRdetdrinifeddéH thebdsil of @fthérth8aRHountof
nucleic acid nol ecul e conprises a nucl eotide sequence

corr@SSEHAiImRNASRAITE ipRsyeht iAMtAé 82N of theharAdunt bPthealsamatie, a
t herapeutic protein or an antlbody I n anot her

polypEpRl éfatied By HeCd b stedSédliciBs EF o Exapfi® MRNA tRanscribed
nucl eoti de sequence encodi ng an anti-apoptotic protein

fron®é sdlettedGeoitle dana@ @udntitatea BPNorthéH bt hybrdizetion)
"anti-apoptotic protein,” as used herein, refers to

riboAidledyeORA pratection) f dinibridicagmaotcetliiar RNA,or\wlRﬂR.l S
encoded by an anti-apoptotic gene and/or has the

Protinsl dricydédby 8dbReted¥equénde &in beeyiRintitated by GdriotBIreethods
cel lul ar responses associ ated with apoptosis.

incl 4O thais hét linsiteldtoVe g AEL ESA, AWedted ticttihg radioBurnonsissays,
program activated as a result of either extrinsic or

immiunbpicepitaticH, @ssdying fotitHe tislogicalwetiviBnofithapiotein, orwyr i ent
[imtation, oxygen limtation and nechani cal stress.

immiypoptainirigsofitie plotginddlieweady AACPbasipsis.nenbr ane
bl ebbi ng, cell volunme |oss, nuclear condensation, and

[0042) T ba tdra0iredantbinkad pestaint on‘redontbitfard polypeptixzs praduced by the
intervals. Accordingly, in sone enbodi nents, an

methods efdpe jrivention geretraliynmefers foumpéptideadr protaippicatihmoenthan
i s capabl e of reducing, preventing or reversing one or

abonbtes aofingheidsrin [epgth pacdiicet dylwelhgin adtlfe wsihgimetiods of the
nucl ear condensati on, and endonul eol yti c degradati on

inventioNA patypepiidecoredasdd bynthe mvetheds of the awkhtion s tgocetly
enbodi nents, an anti-apoptotic protein or functiona

exofermmseid., hdterdogious ohforeigs, touhe cellsl producing tiel polypeptides h
it is expressed. In sone enbodi nents, an -

Exemplary aplypéputides ppodatced by aelld innmituenading mathods of tHeqressnt
is expressed in a host cell by introducing a nucleic
acid nol ecul e conprising a nucl eotide sequence
encodi ng the anti-apoptotif7protein or functiona
fragnent thereof operably [1nked to a DNA el enent
capabl e of openi ng chromati n and/ or mai ntai ni ng
chromatin in an open state. Exenplary nucl eotide
sequences include, but are not limted to, nucleotide
sequences encoding for bcl-2 (Genbank Accession No.
ML4745); bcl-xL; bcl-6; (CGenbank Accession No.
U001151); survivin; xiap (Genbank Accession No.

NM 001167); hiapl; hiap2; even (Genbank Accession No.
NM 020371, SEQ ID NGs:5 and 6); E1B-19K (SEQ ID NO 7);
P21; nyrPHK; HSV-1 y1 34.5; and beclin (Genbank



[0054] The term "a DNA el enent capabl e of opening
chromatin and/ or maintaining chromatin in an open
state" refers to any DNA sequence or el enment which has
the ability to make chromatin nore accessible to
transcription factors and facilitate reproducible

mve‘?ﬂﬁ@ﬁ FeRide '?hé?gpémlc‘b?&@ﬁﬁ'a)ﬁd|dnﬂl5€di'eé3§r{beant¥1€ﬁ rbﬂ'no%ﬂ:ﬁag"ments

DNA sequence or el'enent 1s not derived froma locus

ther%@f‘t/(I&; eh &R HRsed B ’Ehe%?é@&ﬁ‘idv@nﬁ’&n SRBTOSBA prbtéiRs.an open

state refers to chromatin in a de-condensed state and

[0056’] TAE & %ﬁﬁﬁ@@oﬁ@maér YHEDER RiskeR interRRERGSDIY herem) refers

hromatin 1s also referred to as heterochronati

to ag?ét@ﬁq{dvﬁwg' d"bé’suﬂo@? Sglyﬁéﬂﬂg%ﬂﬁﬁﬁd&ruﬁu?é Bonststing of two heavy
transcriptionally silent. \Whereas, chromatin in an

andR8 NghtdParNesa eRsihs Séuﬁ% %tdb%zé& Fop&tanPié, AYahteYchain disulfide
conpet ent. The establishment of an open chromatin

bon§§ NHFEHRAS 1he ablif) REPREKEAN bt 4NRER. The Wi Singld-¥haifNA
hyponet hyl ati on and hi st one hyperacetyl ation. Standard

imnfTRoBESirF 8f “Siftfslthdi aRlodtye (Lseh iR hiryctbsy Nabin) Kiieino o

hose skilled in the art and are desScribed in W,

prot&?ﬁé%w 3 ﬂv'\c/)éﬁ%%égﬂﬁﬁ cz:ﬂglg ’sfraglgrgﬁlsﬁlg Bﬂﬁh’g"é\? AHRPA i I\Ffﬂt

chan(ﬁ sﬂ)s chaﬁs Eaﬁésm&edm%ﬁm&e mﬁtéicrrawpé;mdemﬂgé@nwmcn

refers to a genetic el ement which I's obtained

’ hasftlﬁ@%lﬁlyttd) §§ét§#‘rc,%mr3§|hﬁlafhtl%éﬁ UBhedfer "@oHi@inY fiférs t& agloimdr
whi ch, when lTinked to a gene of interest an

reglbfﬂbﬁﬂ haa®Lor IPhpcﬁherBélﬂ%%ﬂi@lﬁ%oﬁfpnﬁn@ peptidelobps @S er s
ti ssue- speci integration site- independent, copy

I
corrFﬁg’gg 3-t8 AUPHEE looP PEtEEHEE) fexhBIed S?E méatwkﬁééisatnd/or

Repr oduci bl e expressi on neans at the

intr&h& e ulideesbriaP %&Muﬁibi&ﬁﬁﬁeﬂr@fe@reg 98 Befdin b@t&hgﬁht“ or

gl ves substanti al | e same | evel of expression of

“varidbfe’ aRRkalintné \'é’lglﬁfi- 19806F s%\ﬁ@ént@’ha‘ﬁéﬁ@r\"@ﬁﬁ’in (S H&qaﬁ’ug of

time |rrespect|ve of I1ts chromatin environnment and

variblig &é&%eﬁlbh‘u‘bers% tﬁé‘@aé‘e%f'a ‘Q:MHéiant' AormaiREoeRB & niRBhfvariation
substantially the sane |evel of expression neans a

wntﬂllﬁfﬂg|doﬁ'fa|rﬁsxcﬁrv§ﬁ§ué361a§§"h1%h1bg?§ln4h§ Eagalsr o vERNDIat dld?ﬁ‘am
froman average value of less than 48% or less t

Annﬁ&% orPolypRphdé IMARIORE ofte? ﬁifer@&ﬂ% |ﬁt@ﬂ5hah?éé\tﬂy in the art as
Al ternatively, substantially the sane |eve

antiBSdY G olypRpli®aRegibhstt Thaechitait” @dmAd bESS hRtbodNigRtchain
We??)?%gn 10 ?old | ess than 5 fold, or Iesdéﬁt 3I

are fré?éﬂ'edifb iAtePéang Ay 69 PghPaskdis cohdlarRQ é@oﬁg’bﬂ hf@{aiﬁcor%tant
DNA el enment capabl'e of opening chromatin and/ or

donfEs"t“BILN o drOCR! émhins 2IThe PshsEnBtddnmding efstantibody
expression of an operably-linked gene by at |east 2

healptishin 8fe R¥erteRitdtintérchahgeably asithea@pshaidt chbpdtant regions”,
| east 5 fold, or at |least 10 fold, or at |east 20

"heé@ldﬁamfonatant éavahingQ "CHl thgidhs oat'cHea§marﬂae).fuhed':vaﬂablat
| east 50 fold, or at least 60 fold, or at |east 70

domiaiisthf @ arﬁ’bod(ifl@'ﬂ cRéinfapé ebfer@éd ﬁimie&ﬂ%hg@éblf/ at dighoEhdlh
| east 95 fold, or at least 100 fold, or at |least 150
variflsle degiénis” 2ighteshain vddblead dinaifg”, ro @egldsn‘id ot ‘M edbmainBR The
expressi on w thout such an operably-1inked DNA
“varRibRmdbinairsiof 20 Entibodokk 4w thain fte R¥érred enptdrclemyahble asf
openi ng chromati n and/ or nﬁ%ntaining chromatin in an
open state obtains a reproduci bl e expression of an
operabl y-1inked gene over an extended period of tine.
For exanple, in sone enbodi nents, an operably-1linked
gene is expressed at substantially the sanme | evel over
a period of at |east 5 days, 10 days, or at |east 15
days, or at |east 20 days, or at |east 30 days, or at
| east 40 days, or at |east 45 days, or at |east 60
days, or at |east 70 days, or at |east 80 days, at
| east 90 days or nore, relative to the expression
| evel when the gene is not operably-linked to a DNA



met hyl ati on-free CpG islands derived fromthe pronoter
regi ons of ubiquitously expressed genes (UCOES),
matri x and/ or scaffol ding attachment regions (MARS)
and stabilizing and antirepressor regions (STARs). One
skill ed in the art can readily identify such DNA

“hed M o %n@%di@r{s’ “h@%r@ﬁ?&*&dn@déﬁﬁmytvﬁ”‘%g'id?ﬁscﬁ

scrl herei™. ['0057 n some enbodi nents, a

“vH 'd%ﬂﬁms c ﬁ'tﬁ’rﬁ@l‘\@gl&ﬂuhﬁ? BPAMtboalE MR A mBREKISHal or Polydonal

nalntalnlng chromatin 1 n an open‘state Is a na

anaol?lﬁyI EXisH ng}'(%nﬁiri%'ﬁ? RblymidYic fﬂ'ﬁ‘f %r@xbbﬁp%ﬂ Eh%ﬂ\ﬁuhuch

[ ement, it meant t hat DNA el erre occurs I n-

exné’i?ﬁ Hérﬁam@n&form' dndict 14/ Qhﬁﬁo%%sfwméﬂ EN& iR hIHRhMRYric! §ifeRiB or
a ubi quitously expressed gene, and its sequence IS

muf[ﬂﬁfené‘lférﬁf efhel R dmdlt &k kyva %NA%F Fbl’ﬁGn of 88 8RSody or

I n ot her enbodi nents, enent capabl e “of

antBEPERSIN EHNBShY fevidh Snfifo 484 ﬂéﬁdd@s"iﬁar@’é’ﬁ Mg bP copRE:

open state Is an artiticially synthesized DNA el enent.

antﬁﬁd@fﬁ érftlb%?l:lkéin S¥Rignesti 85h bé bbtbﬁeHW@heHl@él or Bﬁzﬂﬂﬁlc

el enent does not occur in nature, e. g., a el enent

tredthBhBSFem ihtaBBridom p%t@ BRkisddy' & Qi'nf?ﬁbd?/fch%lriJ h*rﬁg'ﬂnbﬁ!é%a)ﬁ also
expressed gene which is conmbined with a second

be EHIERBA by réUniivsht s @eﬁnb@i‘%ﬁr@éméﬁg lirAUdef F ) %Ber
ubi qui t ously expressed gene, ereby resulting in an

F(aB‘)i'ﬁdb%'aﬁhlo?FOWa@Hféhts as the two el enments do not
normal |y occur together in nature.” Alternatively, a

[00SAYA he ! tEie fHintigsry. bme.n@qfagfmew referS R4 BOIg Septile HOritH df As

techni ques well known in the art fromits naturally

imnsoglobulit os&HiBBAY that bias @RNgdresidompeted witRinklhanriitod®iLe.,
that does not normally occur in nature. [0058] In yet

witifhetiftatt aﬁﬂ’ﬁ@%; figAtwhich B were B8rivedy /PP abligerPbin@ing 1ie1g

chromati n an mai ntai ning chromatin in an open

spetiio bihdirfy) 8 BiAY fagnhérls 6an Ba@brudakbd b ftenbinkt HINA
artifi c@%l Iy ggnt hesi zed DNAbeI ements. [0060] The term

techrigidty baby enzynitie orekemrhPdgavayeiop iradt imfRkoglebainds

have an average GC content of approximately 60%
BingingMage’nt ihdlude RSO FRILEIRREIS),| PalidiFk, single chains, and single-
chain antibodies.
[0052] The terms “polynucleotide” and “nucleic acid molecule,” used interchangeably
herein, refer to a polymeric form of nucléotides 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 comprisih/g‘ 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



DNA. One skilled in the art can easily identify

CpG i sl ands using standard techni ques such as
restriction enzynes specific for C and G sequences,
which are well known in the art. Exenplary nethods for
the identification of CpGislands can be found in,

polyubleotiderdah BEeobtanEd BBnfthalsingddtraBded polyAdoleditie: ptdudt &f

i ncorporated by reference herein, and using conputer

cheiicaUEHIFesk SitheR By SPtRESEInYHeCEbrRIEMEtas dtdand\ehidl pkaling

to one of ordinary skill In the art for analyzing and
" the b@&itls! UndeNgopebridts tamdifons] 606dynTieRizirgy thie ‘campRmhe&itaigd
net hyl ati on-free CpG island,"” as used herein, refers

strah@ d@ ndbd Dyhghi wgbgﬁneﬁmﬁ Wit andppbpiedie ipfimat. Aerigleic3tid
bp, or at |least 500 bp, or at |east 1000 bp, or at

mole€LAs tard BRE nidhy diferait foRas te. 2 09 Gempor genedtagn®sia,tonébétinore
bp, or at least 3000 bp in length and is derived from

exoh$)©nRIdP Are intfoR 8] rARNA, tRNADRNNA, riBb2jnyes? ¥DNAS Seubnisimnt
Such i sl ands are well known in the art and are

polyhasiedlidddbianchigd polynudiedtidss, pRahedd, veeers, Golftdd BN of any
6, 689, 606; 6,881,556; and 6,949, 361 and PCT

seqd@iel, Ralate RRAR ahpbbquEnde; nUMRIZAEE pRfbés0dnd pramérsofa
which is incorporated by reference herein in their

polydtlebtdeymay 06 Blisd modiied nacibetiic8pslich, asanetbylattdedieotides
nnet hyl ati on-free CpG island includes one or nore

andtriuglediide ahalogs, Lieadyn otHer 8dg4rg ant ligking Yroupk lkach as fluororibose
enbodi nents, an extended nethyl ation-free CpG i sl and

andithichtedasd augksctidetieanchied/ ds usat hocit, “BRAUeNtTrRiciebtidy et
ot her enbodi nents, an extended nethyl ati on-free CpG

sequenceh thcludes ndesnipbdssad A OF, Qyiadit G dut alsalingiudestingrof their
Al t hough an extended nethyl ati on-free CpG i sl and may
analoge lou ddified forat efithesesbases dsuchrasimethygated nusleatides, ar e
typically used in conjunction with one or nore _
intemecleotideogodiicatiomsueh as wheltdiged Enkagés apgthicdtey, use of sugar
associated with the island, e.g., human or guinea pig
analdyl¥, arrdomodified ahdiosalternativiedcicktomesstruatures, such as polyamides.
In a particular embodiment, a nucleic acid molecule comprises a hucleotide
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



het er ol ogous pronoter replaces the endogenous pronoter
found within the CoG island. [0063] Extended

net hyl ati on-free CpG i sl ands can be defined, e.g., by
identifying the borders of such islands. For exanple,

the borders of the extended nethylation-free CpG

Ilmlfaﬁbﬁrbqg%é?ﬁﬂnlpﬁ oﬂ%"lh thH&QILQJESE hﬁpbﬁ@s@fs EHaradtSrized by

conbi lon wt restriction endonucl ease enzynes

plasiiPSenRrle B1¥otify, Sef §8iimeqsds) n%@a%nﬁ@ﬁ‘éeﬁloﬁ%ﬂgm tion

sequence Is sensitive to the methylation status of any

end%@emglfﬁdh 3 e%%%%ﬁtzo(fe ?hg\n&rrgﬁ%%mmﬁtew %Y%ﬁn 'dBRle

I gests at the sit

emmlrﬁ%ﬂé sanczmm otfc%&‘t@m%rtf@hdﬁo@ﬂ@a'gﬁ{eﬂf‘ﬂ\%red?'15 cépdlole of

‘cent r al resi dues are not frethyl at ed

| redJdAsd, ptetiind &Re@@r@%“&n%%r%érg oF PR Mmath&RSaRE b@%lrﬁ}{‘ gell

over a region harboring Hpall sites, does not give an

volm'og inkRlehPBorieRdAtidn, dHE eﬁ@oﬁﬂi&ﬂlﬁlc@bgﬁﬁhh@mof HNANR

I's unnet hyl ated. The PCR nl'y give an

nuc%@%r‘n&l‘ ifdrRIGAECdeN fin b6Re Q%okiﬁné’fﬁé bl a‘-iftleéi)opfgﬁe rp%t@fneor

beyond the nethylation-free region, Hpall w!l

fundlicB8iFtaghttdt IdFedt R RNV 8 QE@IﬂM‘WhM‘M # is é@ressed In

observed thereby defining the boundaries of

someeé?ﬁmﬁgntgeémi(ﬁtﬁ&bémotﬁé ;?rSte@P&" fuRktdnd: fradn%)rﬁ‘ﬂﬂereof is
Exenpl ary extended nethyl ation-free CpG 1 sl ands

expfé%@édlﬁ'\ea h&dtlceb§ wﬁr‘éﬁubuhﬁhtrﬁj@lei&amd hRRkRuedontR i
the pronoter regions of the human RNPA2 gene (S QID

nuclﬂ%de?se eﬂB@'eﬂ&odl 3&1&3 obﬁﬁéﬁﬁ:ﬁélﬁ%rhﬁmtlm%a mént
, RPL4 gene CCGSSI on No. NT_039474),

A8
%‘ﬁ%&"%ﬁ?ﬁﬁﬁeﬁ??ﬁ%ﬁmm@e@mﬁ‘asgﬂ’%%?d’”

malﬁlBhll% ERBRaliFCaPSpestiie. ENEnPRIDP Addleotidelsbyueriss include,
(Accessi on No. NT§%96987) RPL27a gene (Accession No.

but BFe fbi Arhed to, hetledtide ﬁhijifénéé@m&lrgrfoﬂ\lm -2ABRABSF Accession

human glyceryldehyde phosphat e dehydr ogenase gene

No. (178555 iberx Nsol-6MiZdribahk Alcbédsidn NG| Wite151); Bakvivirg ed
(Accessi on No. ML3445), and RPS11 gene (Accession No.

(GeAlsENKIAELEssio AN, NIVD I03H 18X anBab Eshi@l2; abérm (Géribadk ccession No.
expressed or housekeeping genes can be found in,

NM 020371, T8EQID NOs:Sang 6);,051 B 99K ES2QIBNQ: 2P FN,; myrPHK; HSV-1
incorporated by reference herein. [0065] The term
y1 34fmtafnd>bealiﬁ tlFehmaﬁk Acegssioh No. MM 8a37i66Y ot a&hlﬁcﬂ@haﬂrﬁmolog
region," or "scaffold/matrix attachnent region," or
or fralyfent méreoB/ MAdrrie @mbodia@nts) hestaledds gradunyadted with an isolated
refers to a DNA el ement which is capabl e of binding
antitapoptie groieinlog functicrd) hohtogodr frageiemtthenedfr iThe Sunational anti-
vitro with high affinity. (See, e.g., Hart and Laenmli
apoptblig artivity of an @ptiapofietie protélrvhomdod dfragthent thérebBsan be
- been reported that MAR DNA el enments can increase
readilypletarsiirea wwingoreedranolecapsags kreoven inrthe aitland dhdserdescribed
(See, e.g., Kalos and Fournier (1995) ML Cell BioL
herdib.. EQ&mBiary, addays MeludetTUNEL a831)) AMpexirOdldss@y, @laspase assays,
10: 2302-2307; Kl ehr at al. (1991) Biochenistry v
acridife bengellfifiumaincnifde stalnirag orgiropiflileiddidBlacridiAe iodariges .
22:4386-4394). Exenplary MAR DNA el enents can be found
in, for exanple, U S. Patent No. 7,129, 062,
i ncor por at ed by reference’vﬂ reininits entirety. In a
particul ar enbodi nent, a el enent used in the
met hods of the invention is a chicken | ysozyme MAR
el enent, as set forthin U S Patent No. 7,129, 062,
and functional fragnments thereof. One skilled in the
art can readily identify MAR el enents based on the
wel | known assays in the art coupled wth those
descri bed herein, e.g., those described in Mesner at
al. (2003) Proc. Natl. Mad. Sat, 3281-3286 and Wber
at at, Mel BioL (2003) Decenber; 23(24): 8953-8959. In



anot her enbodi nent, a MAR DNA el enent used in the
nmet hods of the invention is a human 13-gl obin MAR
el enent. Exenplary MAR DNA el enents which may be used
in the nmethods of the invention are set forth in SEQ
I D NGs: 11-14. [0066] The term "stabilizing and
staiﬁﬁ%h&iﬁ? ?Iﬁﬂé@ier{g@%leﬁscé}fy or%%%ytdn?étﬂf %atlﬁlsa(s% g., Current
men

as the ability to bl ock
pro{a@&sq,pemm@p,;,%mw@ggohg apsgene expression. STAR

el ements’can be readily identified using known

[0054??Hé‘léii'ﬁe‘§ DN eRARAY bé}%bﬁé’éf cﬁa@ﬂﬁlgtdh?&ﬁélm ﬁd/é’rrlnamtalmng
modul ating properties of DNA el efrents, e.g., hose

chrdhestinTih Qﬁ‘?sfbﬁ‘ SMAOILAAMEhy DIGA 39%&5@9%@:’&'?\@th® has the

EP0120258 , |ncorporated by reference herein in
abnlN‘t%'rﬁal@EHrérﬁéﬂh mB@aédegélbleﬁg trﬁK@dﬁBhSﬁfééior§5&§3facnhtate '

sequences whi ch be used in the nethods of

reprb@é{s.%lé leQprek&i6h Hfjﬁn Eﬁ&ﬁﬁlﬁ}ﬂiﬁké@ber{é’ Whire SuchEDNAReqVERee or
- in US Patent Publication No. 20060141577.

eler{'lém(fsmcw&%n@&f fidma IBHE @irofiRgRAT G EcHRREE 6 Hromatin in

i ncreasing translation"” refers to a nucl eotide

an o‘b%ﬁ P2 ?efwal t6 RhiotatRiR Bl de-@ndbRsddeastetidid 81s8 Yerehed kS as
of a polypeptide froman nRNA. ‘An increase in

eucBbMHaliRS C%n@énsfeh%hmhémﬁeuéé&emd 6 hY AEteRschedmAtiter ease
in the overall anount of the pol ypeptide produced or -

Chr@fﬁaﬁrﬂﬁlraeéléééd ohdéhsedf fatefis %Mﬁ%dﬁlﬁﬁbr%ll?fsuér’ﬁe Whereas,
pol ypepti de. 1n one enbodi nent, a nucleotide sequence

chroh?dlinlh 8n @beh (dd-EstidenSed) stats igfrareriptorae Eepeteht. MRed
to a nucl eoti de sequence encodi ng a reconbi nant

establiginRérit of 2R ©pé® bhriohatif strlibtard s ¢haricietiged BY DNEE | sensitivity,
capabl e of increasing translation and be neasured by

DNARAFRIMEBYIARIN &t hitohe A§SerabetylBforf "St4Rta@fimétheds for
reconbi nant protein produced in the presence of the

identifilgesdntihreraatiCareavalididiingo Hosedkilead s the drf &ibarat i on
or by the rate of synthesis of the reconbinant protein
desénitrd it WK 19BO.0USH. Ehgyrhalr, 70 226928 % 0C fadle-Rubinsones al., 1997,
capabl e of i ncreasi ng secretion" refers to a
Methods, 821 481 56S REieBES. , 1998¢ IV. AhRN26)p25:PPE4.1 | nked to a
nucl eot i de sequence encoding a protein, has the
[0055pAl“Iokis Entful eagidre (BECRY Riférgno @fgehéitic glemeat Whiohissolstgined
the cell. Typically, such a nucleotide sequence
fronC& i uesspecilib IetuB o RrduRdgoti@hbst eeld and) ehishpwhem liskeri tgrzal
, pepti de (| eader sequence). The choice of signa
genp epintalestaindlistegetediafen derofosbime df wrosbéell) ostfersctissaed n
whi ch the reconbi nant protein is to be produced, and a
spetifid, dtegragion sitss ligdepengent! capy manberelebandertt egpreasion en the
si gnal sequence. Exenplary sequences whi ch nay be used
gené of intezestet hods of the invention include, for exanple,
a signal peptide derived froma luciferase gene from
(00883 Repicd ugiblersx@ s sioBandanskthattbe £NAoalehieent Wiiérl 5p&@ply-linked
" Nucl eoti de sequences which are capabl e of
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
22 '



I ncreasing secretion, also referred to as signa

pepti de sequences, can be identified using software

prograns well known in the art, such as, for exanple,

Si gnal P Server

(http://ww. cbs. dtu. dk/ servi ces/ Signal P). [0069] The
the 58MBNeva] BHSIPsI G ESRUL RGE! &%Rﬁf'&lsﬁom:vhidﬁq{a%ahsétagd&ﬁm

stability,"” "as used herein, refers to a nucleotid

devifigh fdfan Mrﬁéb YAI6E oPRES ﬁ‘ﬁhm% oK s tarPa 0% %ﬁ@éé fign
sequence encodi ng a recombi nant protein, increases the

259%'8h & de‘r—fg%nQ-fcob)hSaé'ﬂ?’\lﬁitéﬁ’ﬂhtﬁ?\}%h,J §ul§§témﬁ|llﬂt%dsdrﬁ‘é RvENS

reconbi nant protein. Typically, such nhucleotide

expPRSIANREMsARS tHE Tév‘é?&# SxpRiSsioRades N@[Ie’és tHeH TPfoRd, M kdhan 5
regl ons (or UTRs) of genes. |LEXEMPLARY CELLS [0070]

foldVbf 1B ThaWi 35Bidth & Belbé‘erﬁ%ﬂbg baYis! E&nie eh%od%ents a I?NA

contenpl ated that any cell I'ine which is capable

eleA&MLApLRE o@oﬁ@rﬁmhraﬁia&.n&heioe mairt&Wing hksHeatin iR atnftﬁ‘pen state
methods of the invention. In a particul ar enbodi nent

incré8ddsthdl 8RprekSioh Bﬁaﬂi@bé}ﬂgﬁ linked B&wé wsﬂéém faldSor at least 3
transfected wwth a nucleic acid nolecul e conprising a

fo|dnuﬁ>ét€ré5§t d9olaesruicaat 8161806 Ichst 8 MDioRableast 20 fold, or at
pol ypeptide, e.g., a therapeutic protein or an

leadt B0 ARCE-atIéhoR 40 4 | ok RaseSDRAT, GPEL leattsn o beatissst 70
in the nethods of the invention are eukaryotlc cells,

foldCodat le4ER BUBbIH 26} =t Rdls6 90 FId R la€Ras 95WRIETBI hEiBa&teldoSold, or
include, but are not linited to, for exanple, nonkey

at ldst NS0/ fofld/ br bt REst 200eld0 bRidre) YelatW&Qo (k& Bxpfeshdiwithdtlt such
1651); human enbryonic ki dney line (293 or 293 cells

@é@éﬂlyxnmcédf ONASIMER. INsEHE BRIBBURTENEL! lat DA eldréHtaapbabie of
Gen Virol., 36:59 (1977)); baby hanster kidney

opeﬁmglo‘hrdrﬁéitﬁ artiféXméiblairiRy chrohiaif ftaapar sthteOdtAdils a
cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad.

repro@cibldehpressiofdt Bn 0 RBIY-inkeB 4ehe oostan éxtemdddSperiblithf time.
Mat her, Biol. Reprod., 23:243-251 (1980)); nonkey

For Iéb(éltlﬂﬁl‘é Peddnse é:ﬁ%m%ﬁ@ aRlopéfbly-ihked gane i @ressed ey
ki dney cells (VERO 76, ATCC CRL1587); hunman cervica

subsRhtallyan@ samklleve( bddra peibdef @head)s daRNH 0dals, biay least 15
cells (MDCK, ATCC CCL 34); buffalo rat liver cells

dayé Bdilat Bhst 20 day< ok aflié42t)30 duyspor atllessy 40 dbys of Wl RAst 45 §dys,
CCL 75); human liver cells (Hep &, HB 8065); nouse

or arasEe Y daysyor at 1IbASE 706y6 2or abldast SICHAYS), at [BBEt 9®ddyS or more,
(Mather et al., Annals N Y. Acad. Sci., 383:44-68

relatiiedtohe explecsion delel wher e gatilelis notNsperatyHinkev/tel0DHA
cells (ECACC, SIGW), and a human hepatona |ine (Hep

eleriént.capdiletof operiing slvopiatia aptl/on sedinthiningl dhrératirsini amcopethe,
but are not Iimted to, HT1080 cells (ATCC CCL 121),

statdChyotheecambodiments; an @bemab(yAinked Béhe By xpréésedat highkelkevels
cells (ATCC CCL 243), KB carcinoma cells (ATCC CCL

oveildn ext2n8€d\perindofitinte @iative tothe leedls whés de déane id@ot operably-
Blick, A M etal., Cancer Res. 48:5927-5932 (1988),

linkéth}d a DAIA alefhaitzapable d@peninhgrchedmatiel drsl/drAvidittairiing dtFdmatin
Namal wa cells (ATCC CRL 1432), HL-60 cells (ATCC CCL

in aB 4pgn sfateldExareplbyy DA ERMSHs 2439hle BRMendRPchrombtis and/or
(ATCC CCL 155), U937 cells (ATCC CRL 1593), Bowes

maiMairdngcieomalih i1 drAdien SRte iBE0dS, burbre3®rAifrited ud | extend2R4
cells (ATCC CLL 75.1), and T-4 cells (ATCC CRL
1582), as well as heterohy% doma cel I.s produced by
fusi on of human cells and ceIIs of anot her speci es.
These and other cells and cell lines are avail able
commercially, for exanple fromthe Anerican Type
Culture Collection (Virginia, USA). Many ot her cel
lines are known in the art and will be famliar to the
ordinarily skilled artisan; such cell lines therefore
can be used equally well in the nethods of the present
invention. In a particular enbodinent, cells used in
the nethods of the invention are CHO cells or NSO



LALIVELAIVT  INULL LU UL OLA\MJLINUL O AN VLT UV | VU 4] i
some enbodi nents, a first nucleic acid conprising a
nucl eoti de sequence encodi ng a reconbi nant protein of

mefggltaﬁérgﬁée cpa i&%ﬁ@@g&%difﬁrrfth@ pGRbtef %dions%f@r%ﬁg‘é\’it)?ﬂ% a

cond nucl el c acl nol ecul e conprising a nuc

expféasgl'!& B&ﬁeﬁe@}t‘é& ImatixcHalor scéﬂ?&&h%ﬁ&&clﬂé}ﬁ zégﬁoﬁg (MARs)

unctional " fragnent thereof. For exanpl e, Irs

anonéﬂgﬂi(%ir?g A ShthDrBS3r e SONPISTARRY. BnBURNIED I tHE aPEUNGBEGIY

encodi ng a desired reconbli hant protein of Interest iIs
iderd] A Riineiitd LERY Fef kREWS Sb&dYs 1P Helrt aninGBe described
I eiﬁ% udes the ﬁﬁ“%eot#gg sequen&gﬂgncoding t he © cesclibe
heréigconbi nant protein operably linked to a DNA el enent
capabl e of opening chromati n and/ or nai ntai ni ng

(0057 1P E&Hhé Erribgdi%n@sl? DA Ritnerf2dp Ao BRAehingcHt8maRA and/or

nucl et ¢ acid nol ecul e conprising a nucl eot’l de sequence

maiBRFIY SStoRBLAMN dn ,@rPé?‘P%thé i§ amaﬂirﬁli){]b&ﬁrrfnﬁr[ﬂw\ @ddhent. By

fragnent thereof I's cloned into tthe same expression

‘natWr8fy Sécufring IRA leRmH iR Mhedtt Hat ke BNARISHEMICBHTS in nature,
expressi on vector, where the nucleotide sequence

6.9 SR5O8bIBEdl e HaldroMBRR FEibif o4 AbigLITRIlY xpResskd %ﬁ/}le, and its
fragnent thereof is also operably linked to a

seqBbRIEB hof ARAE] RoMith® REIIFAIY JebBliRngsequetied! Or
mai ntai ning chromatin in an open state. [0073] Any

[0058]irt 8iAkEeMBEdifentsil DMA BRANRESSILIE Mﬂeﬂiﬁg{)tfhromatin and/or

i nvention. Nucl eoti de sequences can be stably

maihf3irfe ir8fhatiMirCart BSer@ste i§ ah lart@RREAYByRédIEEd DRA element.
exanpl e, retroviral (Mller, 1992, Curr. Top. -

By aMtifidialy sYhthe8EA atlis hastint thaViild BRNARNIsthent dbBS Aot d&BuRin nature,

Enzynot 217: 581) or adeno-associated viral (AAV)

6.9V 8UNX elet¥nt is6Raled frdf % pretioter régibn obh GbRRItGdsly expressed
| mune! ., 158: 97; Flotte and Carter, 1995, Gene Ther.

gend:whidh/is .coMbirRnath & 8édbndMINA eRIMHE isORABENSAING PRt
proteins can be incorporated within self-replicating

regiofiop _ﬁﬁmh_er\/lﬂﬁcﬁtﬁlb&slﬂj@%ﬁfeis%m?eﬁé, tidrelsy fegulifig @f an artificial
replication such as those fromEBV (Yates at at, 1985,

conbiidt! 45 thd Iwo BleRlent\dERGE MstpRNIRYEdUY Soddthdr RenBgRedet t i
and Rhoads, 1991, Nucl. Acids Res.,19: 1925; Cooper

Alteritslivily| @ DNALSISRentingy beansdifidten sedueriee lisirgndriBBY tekhniques
(Piirsoo et at, 1996, EMBO J. 15:1).

well known in the art from its naturally occurring sequence, thereby resuiting in a

DNA element that does not normally occur in nature.

[0059] In yet another embodiment, a DNA element cap_able 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
24



[0074] Vectors and nethods for genetically engineering

cells and/or cell lines to express a protein of
interest are well known to those skilled in the art;
for exanple, various techniques are illustrated in

Current Protocols in Ml ecular Biology, Ausubel et at,
d -
DN;A 3%?%3 hl&%arﬁ;moo cg@%\gtsmpﬁ%n @9%?7@& i) Cﬁgﬂp%@bﬁ&tbﬂdam
abor ato LY~ Press
techGURS sHALAS TRetigtion eneyaE SRRt CaRaYs shdietiaeh, ich are
(1990, pp. 15 69). [0075] Additional regulator _
welb known drethenary. Eb(emplaryunneihodeﬁonthe identifigaticnsef épG islands can
vectors described herein. These may be derived from

be ramaﬁh' 8w, Gar@ir@w@érdewert%l/ Jawe/. QToI' mgsrt1%eze1582
arrpl es of regu atory sequences i ncl ude

tran onpt e nge
inchir BB e Ehes BEtU 4rtkustRS GBMBl Ty PkisBly 40F4E CoGplo
Bi ol . Chem 266 19867-70), sequences that can control
whichzaie ceadilyi awailablerta rdinaanskill rethei arhfar @malyzing and
pol yadenyl ation signals (see e.g. MLauchlan et al.
ideﬁﬂﬁﬁg)(}:p@kiﬂbﬁw Acids Res. 16:5323-33). In sone
enb nents, expression vectors used in the nethods of
the invention include a human or a gU| nea pig CW

[Oogﬁﬂancgérm 00080 n R QWeﬁee e VI ‘ §¢ udag he"?m'r refers to

r sequences are a genone

a rpatbWeyon diee CRimsnd Mt e st a0Dig. cEahlnask 505 ke, or at east

human CW prom)ter/enhancer of imedi ate early gene 1

100G pp per atdealst(1506, bps oy at lezst 2608 bp, et atieastZB0Y) bp, or at least 3000
Applied Mcrobiet Biotechnol. 40:691-98). DNA

bp #F nggﬁ%geq)érmﬁ ffcfrﬁ'fhé 'Pfon%fé?r bR lof Smtroﬁﬁfexpressed

exa origin, and te pr
geTR 0 gUEk SRR %r%evaselﬁf@mo@ it fecart plhart sepgibadipreds) s

of a pol ypeptide in a eukaryotic host cell. V| ral
Patemt Nosa6®64:25 ; 616886@6,5,88 5 566y and 6/949), 361uamsd RCT Application
because both are easily obtained froma viral genone

PuBﬁca’i‘loﬁrW 40! ZOMOWVGﬁ%a%ﬁtdf WHiEH 1% |ﬁb§r?oﬁé2€(tj %grreférence herein
al . (1978),

viral origin of replication (Fiers et
t%laturg ?&3 113; Kaufnman (1990), Meth. in Enzyne!.
in thel SN 1 1) Sl ler or larger 5V40 fragments can
al so be used. [0077] In some enbodi nents, a nucleotide

[0063}nesaree embwdiments, as extarndedrmethylationrfréesCpG island includes one
operably-linked to one or nore nucl eoti de seguences

or f1ofs BBnSéription(fadtorbinding 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
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nucl eoti de sequence capabl e of increasing translation;
(b) a nucl eoti de sequence capabl e of increasing
secretion; and (c) a nucl eotide sequence capabl e of
increasing nRNA stability. [0078] Additional contro
sequences shown to inprove expression of heterol ogous

heté}ﬁlﬂﬁéusf broMotE FERhEANNE BREGTEHORS pNAFStEr Puhd GﬁtHiﬂQh? (9%
ele ement

nt's as the expression augnenting sequence e
islandEASE) derived from CHO cells (Mrris et al., Aninal
Cell Technol ogy, pp. 529-534 (1997); U. S. Pat. No.

R o e G It rt e oader (Th) endoR e

bordkté QT SNAIsIEARN A RaMblel theth drdRra Bf trSex@ndel - méthy8Ban-free
J. Blot Chem 257:13475-13491) and Internal ribosone

Cp& Rlidn¥s Thh Be Gkfifed) thrGHHaR g§e bIPERGH LOMLIMBIAS Wit rd8riction

transl ated efficiently. 0791A gene encoding a

endSRhG&dsengyBE kRbsd Sbifl 6 igesE@ut DNA&I thii AdcRghitien
identification of recoibinant cells. Selection of

seqhiémdast QERTHeSo FRImBhyRAbA SiailRAofbhy ThGTRISTRAS tHdtGie Plosent.
for exanple, the dihydrofol ate reductase (DHTR)

Onéﬁlcﬁ@n&%e%ﬁﬁﬂﬁ viHicH RebghiZ&snd Mgésts at Psiske DCIIE, which is
(see, e.g., Kaufman etal. (1990), Meth. in Enzynol ogy

comb¥ShiyHd(n@ Within ChG Widrida! Butcly if then@nfrar CErkdt s &etricen
can be, for exanple, CHO line DX:B 11, which is

metf@hieai ahbrdfole DPER dopBEate with HodliLdigHbtaNONANRRI dVer a region
(1980), Proc. Nat! Mad. Sci. USA 77:4216-4220). O her
e

hartﬁ%m?mp%ﬂ sitbs, SRle8 Hobgive aRBInAifiSatioR Pratirt B &LHpall digestion if

conferring resistance to antibiotics, such as 0418 and

the DXV i8 iiiethyfated. ARBAHCR WilF6HIy give aRrdmssiiis® prsduel if tHEEDNA is
i nvention, a gene encoding tor a selectable marker is

metﬁ?]hteﬂ.e qpefetorg, Beidnt@hé Arkthigionffred rBHiOn EHPATEWNI rok BRgebEthe
0

openi ng chronmatin and/or maintaining chromatin in
DNAA FOR BmplifddprodSct R@PbS obéer¢éd herdbyriefiing 188! bbursdafiad of

_ of having to select a particular clone which expresses
the GextetfedPhétRylatidi deCPG island.” '
[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.

AK011207). Additional examples of ubiquitously expressed or housekeeping genes
26



[0081] In sone enbodi nents, an exogenous nucleic acid
which is used for producing a protein by the nethods
according to the invention is isolated froma cDNA
library or a genomc |library. For exanple, in order to
isolate a nucleic acid encoding a protein of interest,

can’beGbRY ih! DEaTYertRYn BRNBALORNSH2 065 I hRcorpBtaEy! ¢ O

ent1fy the gene or a cDNA'clone encodlng he

refefdrRk $lefbin FOr CDNA expressi on I ibraries, suitable

probes 1 ncl ude nonocl onal or polyclonal anti bodi es

[00és}&he E&ﬁ@ﬁ%rﬁ@at@d&ﬂm&ﬁﬁl“e'gfdn@%r"‘é(ca'ﬁbf&%tfa@hﬁm@ﬁt egRheld Of

I Nt er est I gonucl eot i des of about 20-80 bases In

“scaffizrhrik Qﬁ&clﬁﬁ?g AegikMOV MARSHISBATARY 2R Uskd ﬂ'ft‘ércﬁénéé%%ly

protein fro sanme or different species; and
her&ﬁ 'FEfe‘?éTt%lH BNA EmBRTHiQREapaERI0 bi%m(;ﬁ?&ﬂé&hﬁclbﬁﬁr eof

for the sane or a simlar gene. Appropriate probes for

scaﬁ&ﬂ@@ﬂ"r‘ud’bﬁaagﬁﬁ@me% il itP g H Sﬁre)ilt\\ﬁg({gééee b arfdrdl Emmli
limted to, oligonucleotides, ragnents

(19&57 BpPopin) BerRP TRAL &:1B- %7‘5‘ tas dedh %dcﬂedgﬁ’é‘c%ARWRr

honol ogous genon ¢ DNAs fragnents thereof

elen%ﬁt%é}h I?xgretaﬁé eXpitibsioh ofl8 ﬂ@f@r&oéd&rg%rn)é |H\'célhcdlﬂﬂ?e (See, e.9.,
sel ected probe may be conducted using standar

KaldH é}faerﬂdirrﬁér @%95)%6! Cep Bid/M EAvLEr; Phi-Vad 2t af (@@@‘pwl@e//

tal., Mlecular Coning: A Laboratory Manua

BIOIYm BaoLodal: mr@gargggfdgqy Blogh&matrp 39: 126851270 laaﬁweuak etal.

[008211n vari ous odi ment s descri bed herein,

(1998 NUcCALRSEAGHBA 391D S EixeRPFaryI MIAR DNASeIémbhtsQ.%n be found
honol ogs and fragnments of such sequences can be used

in, fbmexalifpldT®). § oPiste Aff NG 781291082 incorborated b Hefepsnck heYeiR avis
the desired activity. For exanple, in sone

ent@?D Olﬁld‘ﬁiﬁcﬁjlarse@ﬁb&mﬁ&& hIMAR Blethent us@bPintthe Aféthods of the
entical, or at |east 80%identical, or at |east 90%

inventiémisi a:@hckeﬂnysﬂzymemR%ﬁ}ﬁm a4 férghERtl. 6aPatehPNo.
particul ar sequences enconpassed by the present

7,129)062) bih@ furifiénal §ra§mknisithéraef. n@hdSilfeddih théarticaN esHdilgn.
| V. EXEMPLARY ANTI - APOPTOTI C GENES AND PROTEI NS

iderftifOAR eléifénts dased BPtHRONEI owitassaly inihié aft coapled vithethose
An easily recogni zed pathway is necrosis, a process of

des6ribled HéedihNe. g sk e @ribiddtin Misheoen 42603 Rod Natdead. Sci.,
injury. I'n necrosi s, changes in cellular honeostasis

328043286 and Weuemsamfmmémmwe(zooe)egécémberpem(egy 18968-c8959( In
osnotic pressure results and cells swell and finally

anotheptmbedimEné aClARUDIA etemdrtiséd i e infethodepoflthe thventian is a
the surrounding tissue space and, usually, an

humianf-globatVAR efetsgrin Exepne MARTDNA gi@viete whicti mag bedised
with a-second formof cell death, apoptosis.

in theGh&Abdpoiithe riventisn arecset &drth ih SEQ IDINOsphit-hdvay or -
"progranmed cell death" often occurs rapidly and is a

[0066] Bbe te3mi “stablizing @nl aatitepredsyr @gidn” or (BIAR refers tcsa OMA
dem se. Apoptosis is defined predom nantly by

elerment pihidhdgscthé abilitytte biozk héheocthamatit-atadidted tramsgenees of
apoptosis include cell shrinkage, chromatin

expressiden STARIDNA afeindité\cam be neadilg idemtifiedhiging known techniques
ol i gonucl eosonmal | adder size units. Finally, fragnents

for askayihg falgeneg transdription moslektieg propertelsast DNA Eledhents, e.g.,
apoptoti c bodi es which ar%grapldly renmoved by
‘nei ghboring cells (Wlie, At 1980, Int. Rev.
Cytot, 68:251).



[0085] A nunber of genes in eukaryotic cells have been
identified which inhibit the onset or reduce the

ef fects of apoptosis. Some of these genes inhibit
caspase dependent apoptotic pathways in cell. Cells
grown to high density in scale up bioreactors show an

thoéé%s%ﬁﬁﬂug%é@@l@bh%i Wi %94@8@@@&*\05@@{5@@32 Que in

part e serumfreée conditions for growh (Zanghi

mco%or@fedllog/ﬁgferr)%iggfr%@ﬁ‘m thBir @RSty. MonlARking Sk&Rbles of STé\R

condi t contri but| ng to apopt osi S incl

seqERMEWHIALHhAY b¥iukEd fnatﬂﬁlmeth&ﬁ' of 'lrﬂ@nﬁéﬁjln@uﬁ@ Redihce set

oxi dative stress. Transfecting cells with apoptotic

forttgﬁun@EQ NS NeRE 76858 U/ PaEn( F“d:bn&'thﬁﬁuo adoosb14 16398,

Current Opinion Biotech 9(2): Transfecting cells

[OO!W] frhe I?&Fn‘ 2‘51@%5%(& Sedifengs cH@ébl@Sf |H§r%5§ih% 'tr%nQé%r@ Refefdto a

productivity of transfecte I's grown

nucléﬁﬂé’é s&juehe®ivhich iy ARG iRGesaRgltHe @Hihesustd? %r@%peptide

- creating a healthier nore robust cell. 0086

fron® 8h FRtNIA B AR QebrddRatis s%théil? of ﬂﬁ\é?ﬁ VpBptidy &QH @lfhef' 86 apel | s
engi neered to express levels of anti-apoptotic genes

incréadd ih Qh@Ner&lPahSG‘MCd? tﬁé"ﬁol?ﬁﬁiﬁ&e BFodBEES6F 8n McredRaRh B dite

in cell culture, vessels ranging in size

of sfrﬁtﬁé@lg 3f5thfa |p%%§ptldér Iﬁ R leBibodinfert CahEclédtide! eGaakdePEspable
larger. The cells may be transfected with one or

of .ﬁ&éa@,.r@qmr@raueﬁ iSPEpeRaBIY 1R @f Auelcdaae s@(ﬁue@\cé whebdingal
fragment thereof. A functional fragnment of an

recéHibihamtPPRER! ITheGRRy HRte AOBBbIidEsdqB8Acd baabld 6t ihstehsing
| engt h sequence of the cloned gene, but still maintain

trankRGorRBAd bé YneaSiired Y B hﬁ aAN&&bady inahd BRoBINDIF the
apoptosis in cultured cells. Wiere nmultiple copies of

recatibihart PRREDLIréd H2A6S tfﬁﬁes@ﬁfé df e AREStidEREqaéncekaphbie of
same gene or may be conprised of a mxture of 2 or

incré@dify HandiAioRtr by B fate BRSYNNERTs ¢Fithé Rddonbitiipt Pdtéin @08ES
suitable for use in the present invention include

timdel fam |y nenbers such as bcl-2 (Genbank Accession No.
ML4745); bcl-xL; bcl-6; aven (SEQ ID NGOs:5 and 6),

[0088} Thé termUa\Hiuiedtidd séquenat eBpabie of ifcleaging @8gretishaRfers to a
(CGenbank Accession No. NM 001167); hiapl , hiap2 (U.S.

nuclEatigsediencd, wHidiPwhd bperablyBinke 16 4 Sl dtideNeqdgnand
P21: myrPHK; HSV-1 yl 34.5 (U.S. Patent No.

encbding a,pvdién, hagithelkaslity to gromdie Ktrétitih d¥ithe Profdd ofsle the
p35; ced9; CrmA; BHFR (Al-Rubeai etal. 1998, Current

cell Oviypically, ikt £alclédtidl:skidence dptbfises an appRopeiateoshtive ok S,
cells are transfected with a nucl eoti de nol ecul e

heterolopsusssigoal deplidy geided ecqande)) CEheeshict dfgsignal peptide or

- anti-apoptotic gene or functional fragnent thereof

lead@ipeepdrids dn thi @petal hasbélls én whiehtthe reabibinant papeinisitg be
chromatin and/ or maintaining chromatin in an open

prodiicati cand # H&ietoldgous aighat pbptitienoantreplace theaiatiae Bighal sequence.
el ement capabl e of opening chromatin and/ or

Exenmpiary aequenges hizhahaybé nsechindpe mesicuseof tesinvéstiannnélude,
greater percentage of cells (e.g., at |east 40% at .

for dxaamtie, 20lgnah peptiesderiv@@droat a lueideriase gene &bml BasdsidMnceps
at least 90% at |least 95% or nore) expressing the

(Genparkadegssiom Ned AX0159%3) 0 Ndleatidg sequences vavicreareerageble of
period of tinme relative to é:ells where the gene is not
operably-linked to a



DNA el enent capabl e of opening chromatin and/or

mai ntai ning chromatin in an open state, thereby

elimnating the need for a selection step, and/or an

anplification step. [0089] In sone enbodinents, the

met hods of the invention elimnate the need for a gene
incré8Bihy sb&ralior RIsdireferel 19 80 kightll FepiBe SEARMCEE Hah beliBbhtiied

expressing a desired reconbi nant protein in

usifPEI RS bRIYraths WefRnEWH i tREAR! Qﬁdhcasofd?"eﬁétﬂpiér SignalP Server
functional fragment thereof result in a |ower |evel of

(httBHRMAN. cEDdte. dkRBAAEs g atPy el ative to cells which
express the reconbi nant proteln al one, thereby

[ooe@jprrhe\tém"é MIA8E @bhuémaldababla%f weréasm§ rﬂﬁﬁﬂtsltébﬂlt?f’ as
t he reconbi nant pr oteln pr oduced as wel as reduci ng

usdHdreih Rfdr fa aﬁclwlde SJuEMER, m&ﬂtwm&)@ﬁm@m@éa%w th

the harvesting of the reconbinant protein

nucletlE L&) %n%@%uﬁ%\bﬁec%ﬂq ifarratiADihbredbes tRiHH e 6f the

the i nvention can be used to produce any desired

mRNRCARBh RafnsRi€Yd iRt thelreédrSINE prétBRl a9pically) sE8HRucleotide
enbodi ments, a reconbinant protein produced using the

seqiBh&xdfre @eﬁ@éd & tREB s’ Listrahsldied RigRINsi(6r DTREESYenks.

ot her enbodi nents, the reconbinant protein is an

L. antExEMb'Lngyfoqu_ts onal fragnment thereof. Antibodies
whi ch nay be produced using the nethods of the

[oovm]\wmcmw.sjm@l to®e,.boufd bvwm* 6t is RehteAlpRitéd that any cell line
nonocl onal , nonospecific, polyspecific, fully human,

whibh! i@égggsré ,of pratiticiig A RcBmbahirotein may Beiuded MAhatrasthods of
grafted anti bodi es, and anti gen-bi ndi ng

thefm@ﬂant B d ﬂsmfanér,erﬁwdwnaﬁn célRrused anheanethalls ofthamvéntion

Fv, and scFv. The anti bodi es can be specific for any

aredu%‘hbfe@bkiemm h@slc aermholet g cemptisih@ B Inacleptided®yuence
Desirabl e anti gens may i ncl ude for exanple, a narker

" encotingt reBodbinastgsulpeptde Vd.§.ha therapeicippateidedrlan amtidedk eh a
associated with a tunor or a marker associated with a

parfié i@ amebodiméntNfietdeNd usdkiarthié Aetidstof IR inv@itioarsse eukaryotic
i nclude tunmor antigen CA 125, tunor antigen gp72 LCG

cell6 W G mantmaliagedetls. pERaktiples oh alamimaliaxets melideout are not
associ ation with lung cancer), HER-2, a tunor-
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 suspensioh culture, Grahafn 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



associ ated gl ycoprotein, and tunor antigen MJC 1.

O her markers for cancer include hTERT (Ferber et at
2003, Oncogene 22:3813), Ki-67 (Kruse et at 2002, Am
J. Surg. Patna, 26:1501), cyclin E (Yasneen etal.
2003, Expert Rev. Mot Diagn. 3(5):617) and histone H3

Iun%?%?ﬁhﬁ?é@%‘?ﬁﬁhgﬁﬁﬁ\ ﬂ\tler]c%ﬁﬁgH%ng aqanggggﬁ &ouse
AP (ORI KT €8 R 14 SRH LAt (BSRBLSIO ARKAR ..

I es or antigén-bi ndi ragnment s

Acatdthle%f834’§2?1 bBBS‘q\‘AR cdlS; BEEELs! s@maugeeﬂngefamer a8

ot € YOV\I fact or or ornone receptor.

(EdA@l??lem)'%gféfé&mé‘%hEbéioﬁ\%né G2). AH&%tnMaﬁ%ﬁQﬁmE es of

I nvention’i ut are not ted to: an

useﬂpﬁélp@@sﬁrz%u&p bHPér%gonhrﬁfé%dJﬁ:UUgﬁh0%@5@%5*29@%(11% tl\ﬁ(‘iF-

7 brléa§ cartler cOR: (A?C@ﬁﬁ@@% K-568 Iegmrﬂla%éﬁlé @QF&@%@.W&B)GIRB

chimeric anti-0020 "C2B as In

car<§|'1(7nf="’lﬁ~ ceid/ A(rB'CTéESﬁWP)WB@AQ rHvHﬁér’l Ee.urel’homér&ﬂé VaH d&nt
ant1 body"as 1n U S. . 1,108, B1,

BlicRI A. TMSéttéi ”@Hﬁ&r(ﬁ%%XXé\B@h 508 §T9|8b) &aﬁu%%llé clctse),
Chest, 103:932 (1993), and International Publication

Jurm cehéQA‘?r@c?ﬁ%G’@Z) Rathaiwdels A eo @hLeﬂ:Jquwéb Rglls (ATCC

humani zed ‘and/ or affinity matured anti-VEGF anti bodi es

ccgseh, MM payet ol any b LTo s 40 oot

cell$ ﬁt@@ﬂ@@s? Wésq%lbﬁ&nél%eué/g% @ﬂ@%omw Y¥VA13
98/ 45331, published Cct anti -

subﬂr‘ﬂat P2RH @él%S(A(I'WQO@(_E@§Q9)andmLTQ%Qs o QIRLG*F‘:BBZ) as well as

i ncludi ng 'S2C6 and humani zed vari ants t her eof

hetdr¥@HHidémeARls pRIdubéd by fididnléf Puntdatoelidiand Eelﬁ%f a?n@EherV\D
98/ 23761, Steppe et al., Transplant Intl. 4:3

speéné@gﬂfhes@éﬁh slagr ééilﬁtanﬂtcemmes'rérélﬁﬂila’ﬂlﬁ éémﬁércﬁﬁly&%? 380
(1994)); anti-19E (Presta et at, J Immunol.

h C oRI6EtRAL(VRGiAla, DS MRy th |
exaﬁ%’eﬁv%agsﬁg%ggﬁgﬁeuq%ﬁs (Utg{ﬁ (\F(a?n aNo % 622|y7ooerce

lines SRIBTbWNIIN the?drt ah8 Wil b fanfifaritd th¥driraAR Fkidlled RHRIFahSEEMH cell
Jul . 31, 1997); anti-19E (including E25, E26 and E27;

line¥tridreford carl¥s used/ddlialip Rell irsthieeretheds ofdhe pRIZBnOIRVeALEN. Ina
Pat. No. 5,091, 313, issued Feb. 25, 1992, WD 93/04173

partiuirietiidinhérit, cells us8P ih themdtRdé &y dfahé PIvahtidhoareiCHO icells or
“ No. PCT/ US98/ 13410 filed Jun. 30, 1998, U S. Pat. No.
NSO céllgl, 338); anti-Apo-2 receptor antibody (WO 98/51793
publ i shed Nov. 19, 1998); anti-TNF-a anti bodies
[007 N &lybrkidroas A 4bgdEpkidtcing @b Filayaitsb Bésedin thSamthods of
U S. Pat. No. 5,672,347 issued Sep. 30, 1997, Lorenz
the &dveation] | mmunol . 156(4):1646- 1653 (1996), and Dhai naut
et at Git. Care Med. 23(9)1461-1469 (1995));
. anED(EMEIsAEYEﬂIﬂLcEOTIUBSEEUENGE&AW\EECTNRS 0 420 937
Bl granted Nov. 9, 1994); anti-human 0437 integrin (WO

[00E D68 emibbtinsemes] aHieét nukRic 488 8pmpHsihg alUefRotide sequence - -

(chimerized or humani zed 225 anti body as in WO
encBdihg @2&Combihantphetdinifdntededt isigddduced irito atiddt eell, alond iveth a
such as OKT3 (U.S. Pat. No. 4,515,893 issued May 7,
secdfBbicleiamtid-Md@éule comptising atualebtitoseqenseehcading an anti-
CH -621 (SI MULECTO) and ( PAX0) (See U.S. Pat No.
5,693,762 issued Dec. 2, 1997); anti-CD4 anti bodies
such as the cM 7412 anti body (Choy et at Arthritis
Rheum 39(1):52-56 (1996)); anti-CD52 antibodies such
as CAMPATH 1H (Ri echmann at a/. Nature 332:323-337
(1988)); anti-Fc receptor antibodies such as the M2
anti body directed against FcyRl as in Gaziano et at
| mmunot 155( 10) : 4996- 5002 (1995) ;
anti - carci noenbryoni c antigen (CEA) antibodi es such as
hM\- 14 (Sharkey at at Cancer Res. 55(23Suppl):
5935s-5945s (1995); anti bodi es directed agai nst breast



LynphoCi de (Juweid et at Cancer Res 55(23

Suppl ) : 5899s-5907s (1995)); anti EpCAM anti bodi es such

as 17-1A (PANCREM ; anti-Gollbillla antibodies such as

abci xi mab or c7E3 Fab (REOPROS); anti-RSV anti bodi es

such as MEDI -493 (SYNAQ S(r)); anti-CW anti bodies
apoE!d)‘ﬁB prsteil BPRIAtibHdPrragiEht therdoR N FoPEgiingsie SAfiRt Afcleic a0|d

anti-hepatitis antibodi es such as the anti-Rep

mol@ctﬁé‘hb@ﬁﬁynﬁ-ﬁwbgﬁ’de efubnéeedcdding 4&XHEY rédcMiiNant 3protem
anti-idiotypic GD3 epitope anti bo y BEC2; anti-avi

of irdéres08 &londd teh Ntkable e%ﬂeséwmébté.e AAlchGréildésAhE inlieléBtide
anti body such as ch-&50 anti-human 17-1A

seqaéﬂde%?%duﬁi N8 dbiraRt pmt&maﬁeraslwhee“d @la bnmnement

ant i body ( anti - human nel anoma anti body

capdbléeﬁbséh.ﬁ@ahramat@@ﬁdfaaﬁﬁhdtﬂﬁmg%hroasﬁatinhu I&mpen state
squanous-cel | carcinoma (SF-25); and anti-human

AdditRRERL Bisecamt hadéic bEliMoladlié BEfbRsingH fhhcleénm eh&d 0
and the anti-HLA DR anti body Oncolym (Lym1). e

encéalgg%hraﬂﬁ- P@btﬁﬁé ﬂ)?élh@?ﬂﬁ\cf"é}{m th ﬁltthbn%éihs'lﬁné'dfintértﬁe
recepto VEG-, |gE, CD20, 1la, and CD40

samel@dssibnesechs ag e RBbmBiahEprotdiir # Bifferehe bkptb@élon vector,
protein such as a receptor (e.g., nenbrane bound or

whefe Sl cledlid @ bequeick EREOUIRY tHeY giitiedgopldtic Brotdin or functional
cytoskel atal protein). The reconbi nant protein may be

fragffint tHepdof i2816® bp&raB iy aihRel foya DRA €iéhbntapEBle®f opening
internally in one or nore signal transduction

chrqpaativEndior MiRtalriing &HroMagi anan eser sialeude, but are not
linmted to, CD2, CD3, C04, CD8, CDlla, CDl14, CD18,

[0073PAty sCitddble védterImay b bsed-bEsdrdifdPthe (h¥ehtiok . ONdcle 0
(B7.1), CD86 (B7.2), CD147, IL-1., IL-2, IL-3, IL-7,
sequénceés chh be,stdblly Biegrated thto ke Rost e6legérdme Using, foe&PHmE,

IL-6 receptor, IL-13 receptor, |L-18 receptor

retréwialMiller, 1692 Eurt=Gopr MizegBislr imnvinidf. 168 eWiiler et al., 1993, Meth.
hepat ocyte growth factor, osteoprotegerin |igand,

Enzymiot 2fi 2 581) gaadeno-asdogipdinviral (AAW) vestord (Muyazka, 1992, Curr.
conpl ement TAG 72, integrin alpha 4 beta 7, the
Topl Micgbibh /nvindnd,, 1B8: 97 Fhgte arel CarkeN 1995 GapledTer.12: 387). 3,
and 4, RANK, RANK |igand, TNF, the adhesion nol ecul e
Alte¥fsitivaly, middiide isaquarees eadduisg proteind earubeincbipcrdted within
i ntercel lular adhesion nol ecule-3 (ICAM 3),
selfireplicating egsomaladbizss compiiginglied! eligihs of seplipativheiush gp those
11b/ 111a, cardi ac nyosin heavy chain, parathyroid
fronhBBVU(Wetesrelarc85aNa i BAS: §12fi iuimanspapovgtintsdBK (D
| ynphocyt e- associ ated anti gen).
Benedetti and Rhoads, 1991, Nucl. Acids Res.,19: 1925; Cooper and eron 1993,

Hum. rGene 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 intereétrare 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 et al.,
31



[ 0095] The reconbi nant protein may al so be derived
froman infectious agent such as a virus, a bacteria,
or fungus. For exanple, the protein nay be derived
froma viral coat or may be a viral enzyne or
transcription factor. The protein may be derived from
Lt al i
Mo g TE PR B Colf iy Loy o oty

Ka-@ﬂéﬂ,r@u.,tﬂ §Eél9ﬂé?ﬁ}n%|ga‘htn<gﬁjocﬂfuré 194! H|5.3i5-6,t§0t ein.

yeast protelrn nmay rane bound; cytsolic, or

' o : .

[oozﬁgﬁﬁfgﬁﬁ?l !r % t eg}yte%_,qg%g%%i rﬁg{ %lrggsgyn_czl ti aIII:1 EH\%: éf%tg)g?ssﬁﬁﬁnan

vecw%ﬂ6£a AERIEYTHE rﬁ@gm Sarivel §oRT inbtndRal ] rméﬁodié&l?wau,
epatitis Cvirus (s , Streptococcus mutans, an

and%?%f/&&@gv%xawno@é%f.rggyaga hgé\q%sbﬁ&@a?«ar{s%a@naThe

s of the i1nventi al’'so be used to produce

profBef b aars | dii SHhaRE&s SlitbsoffBiidind SitbsAsbe 8lg. RZAK Of

any of ' the above-nentiohed proteins. For examnple,

(19%@99@5P@Hémf D54 PIBEY£0) Sk dtitieh BTt b B a8l PndchBtional and

ove- ment 1 oned proteins plus a mul timerization

trand2¥Bhd] terfittdtioRSary pAYEdenGlaboPBi§hals ?séé?é.#;.QQCIQéﬂch}ahaé? dre

portion of an antibody, Or a substantially simlar

(1988)ONBEBic AE:‘?H% Aiss. A6 3308.88). U ddthe éRbsminBRES eltireddish %tors

I nvention. See e.g. International Application No.

used M HeH&hodOURhE vBhfdn inkii88 Ahumenl & ir?e':ac-’;:)i%_'a@\ﬁv 1293;
Har bury et at (1993), Science 262: 1401-05; roury et

prombter1994) , Nature 371: 80- 83; Hang. kansson et at(1999),
Structure 7:255-64. 100971 Al so enconpassed by this

[0076]) 8RHHe! DrAdikly BEE ProARIE 4 erhaRB Sehlidritesiané igiledrom
one or nore reconbi nant proteins produced by the

viral"%ém, iR eRamPRD NI Wirus! BdSTRIVRUS TDARMAFBIUS 40 (SV40), and
p

armaceutical conpositions further include a

hunfPEABHEIHIAVGHRL| ¥oPEXRRSIahE haahiGNIV pidiRote@émancer of
"pharmaceuti cal |l y-acceptable carrier” as used herein

imniERFHIE eBiEgéte TTHIG beaideat(bdd, @ ¢ Obatteredn éf 41U dod) Apphed
di l uents or encapsul ati ng substances which are
MicFobiidl aBib@chRdl. £569 NOS) IBNA @Bqlidtces defidd festh 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 eipression
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 él.
(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 nuclectide sequence encoding a recombinant

protein is operably-linked to one or more nuclectide sequences chosen from: (a)a
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VI . METHODS OF | NTRODUCI NG NUCLEOTI DE SEQUENCES AND
VECTORS | NTO CELLS [0098] The nethods of the invention
are useful for the production of reconbi nant proteins
in the presence of reduced |evels of one or nore
contam nants, and in particular, for the production of

nucfé&ﬁ&é‘@&wéh@e BAHLR HSnSreHsiAg traROGHERS (B)a Adtfedlitle $8GGEhcRf
reduced | evel s of one or nobre contam nants. Protocols

capssaé of rﬁcféa@m@s%aréﬁaﬁl Rl (cT8 nEOEVIRRCRYuBAEE dRRbRY & ihdtb8sing

cells are well known in the art including various
mRRANEYIRy.al |y aval, | abl e reagents, such as the cationic
l'i pid reagents LI POFECTAM NETM LI POFECTAM NETM 2000,

[0078] AHH#RQE:E@EMINE&M%H%MM i PeiR\Expreésiorbsf HeterdIdgBus

transfect cel (see, e.g., Feigner et at (1987),

genBé &6m rh’arhhwalléﬁ éﬁbre&én vé&rhrs foiudelaich4lehhents Bs Wéﬁﬂr@é’slon

el ectroporation or bonmbardment with mcroprojectile

aughfeatifg sedueRcd BrRhiint (ERSESdiREd RemUSHO defls (Marisfe? @l Ammal
cell s using procedures, such as those in Sanbrook et

CelﬂTechP:@fogﬁ, ?82529535941(1@7) :AJ Babat. No06 81M88YHE |; URIPHLMNo.
Vol | d Spring Harbor Laboratory Press, 1989)

6,02MaH 5;1U. g 4t N6 ke, Bbd-B41 Botytand &H&Q@hmtaeea@c(hmb asy vahgéne
10(9) 1036- 40) . Geneti c engi neering techni ques

RNASfbmMIRenblitusa @Gingdras efal eO8LY J. Biod GHeRE 1250 11,3475-13491)
transformati on, and/or transduction of cells with

andantRFef AbSSdnESita/l site (IRESRictle AeEThAIMW MRMARRG bat i on
and gene activation (see e.g. U S. Pat. No. 5,272,071

trankltddéffiently. and transactivati on by engi neered
transcription factors (see e.g. Segal et al. (1999),

[0073] AqgendaincodiAg adelebtible taked & dlend A8 16 Bcilitato @] 1 n a
particul ar enbodi nent, high efficiency controlled

idertifiestiohQ escdimbimant 8ellss esbléctron iofitrapsfoghanis tée by peformsed
nucl eic acid nolecules into a host cell. Exenplary

usindevietheds sucth a8 fdrestambply; theedifiydrofolge cafuictaske |(PHTR) selection
el ectroporati on can be found, for - exanple, in US.
schétat @n tesidtancetop 390 tckitBdrufs e, 604, Kaufid8n e64/1(1990), Meth. in
6, 403, 348; 6,482,619; 7,053,063, each of which are
Enzymofogy d861483-311).r Afsaitabie eelhlirecion DHF R sedection wan et for
. [ 00100] Control |l ed el ectroporation is based upon the
exanhipts; OHO lind DXEB ti hewltds &tdeficient 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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and extent of electroporation in a biological cell can
be correlated to changes in the electrical inpedance
(which as used herein neans the ratio of current to
vol tage) of the biological cell or of a conductive
medi um t hat includes the biological cell. An increase

[0081] Ir} §6imé HinbBMhteh; ‘éﬁ'e‘k@?&ndu@tnhele%cdcﬂﬁﬁhi@h R MeRFbEBloducing
ceéll occurs when the cell nenbrane becones perneabl e

a pféttth bPtHeah&thbey a&bir&n? td-hK®WehBon B iSKIStE8 %D & BDNASibrary or
current-to-voltage ratio through a flow ng conductive

a gériomii€ lisraRM rFor WhapleN  drbierl 18 ishiada uckihdd ef@ddifgh lprotein
into the region between the electrodes in a

of irftén‘é‘é% BHONAIbraly Ry “’f sé8bhed \Z:Uiglvlémbey dfaaghécpfoi iBenttf the

i npedance of the biological or of an electrolyte

gend@r AldONA £1BneBhéddirg e Rotbinl Fof EDRAIPELssRNQiIbFRIRs, suitable
detect the point intime in which pore formation in

probdtein6igld mdRBH6RM) %Frgé%llbﬁal amBibdMbd thasrdcbgniké bAd spécifically
degree of cell nenbrane perneability due to the pore

bind RtA8bdEin of MteFredtNbIYoMBEIEOIHEEDR abORPOLBD beRE if fength that
establish that a given cell has in fact undergone

encBiERAVAPEN slspdted Pbrtiofs BPthepRbteinTRoNe RCAnNPOr differeft
process by governing the selection of the voltage

spebiB§Hridvsteoniplitidrdary @ hehRiigb0P BDRIAL @R frEBNeAlsIRer@ef for the
useful in the sinultaneous electroporation of a
~ sanfd 6HzRdimildr g¥neC @ldp&)prralt@?l%béé fdpiseideflidg genBmicCDNA libraries
i ndi cation of the actual occurrence of electroporation
inclédi] batlarenfdt fiafted®, Bfigdriveleddsse EDNAS Sorefrdgntaes Bick€dT that
averaged over the cells. The nethod is |ikew se useful

encbdle thessapeeaiid Siplargere) apd/obhehoIBh6w gériohsit ONABGFRYNMnts
bi ol ogi cal cells wth contiguous nenbranes) for the
thersmssmemm{me dDNKLOd G érnitic Gblaptwith thetgetqutadipriobd may be
' i nvol ves the use of an el ectroporation device in which
condudie® Lisigy erinda’ grocétiuréeagpl espfided michahters 1002t dfiSaentrook
barrier that directs the electric current flow and
et ahgolectilheCionimgf A R abbiztery gdanaaf (Naw YakhColdea8pringddarbsr
through the biological cell while permtting
Labstdtery Préssabgo)no el ectric current to bypass the
bi ol ogical cell. It involves the use of an apparatus
[0082) 1 drivius @nibodinkengsi tdsaribed ihareny paltivoize sequeaeas deectibey
a barrier that is substantially inpernmeable to an
hereih as well@stvrotoys ahderdgmneriteof suchisequences capdel usgdtimtie
is smaller than the biological cell such that the
methodd ofghe &lventidr, solugy asitigy Haventheldesed activity Wbt exdrogle, in
or close the opening. To achi eve el ectroporation, the
sont® erhngdimahtscsdduencessthatiarecht teast 70%dderieal, ngatdgast 80%
mechani cal or chem cal neans, e.g., in a reversible
identiealner atdeast 98% itaetidal, @r atleast 956 bl moanideatieal, tb earticular
renoved wi t hout danmage to the biological cell. Once
sequéreebiencampassed byl the psessetioventiooaze uséfol iopkeimeghods of the
vol tage is inposed between the two chanbers and across
invenktien.bi ol ogi cal cell residing in the opening. The
passage of current between the chanbers is thus
IV. r e EKEMRLARY ANT I AROP QTG GENES ANDPROATEMNSNi ng and
hence through the biological cell. By nonitoring the
current-voltage relation in the electric cell, the
onset of el ectroporation i§4detected and the degree of
pore formation is controlled, to both assure that
el ectroporation is occurring and to prevent excessive
pore formati on and cell death. The user is thus
af forded a highly preci se knowl edge and control of the
condition of and the flux across the biological cel
menbrane. The device may thus conprise two el ectrodes.
The polarity of each respective el ectrode may be
alternated back and forth thus permtting penetration
of a target nucleic acid through the cell nenbrane
fromat least two distinct points. For exanple, the



single biological cell, or a plurality of biologica
cells, and an internal barrier that restricts the
electric current flowin the device to a flow path
t hat passes through the biological cell. The

el ectroporation device may conprise one or nore

[0083] ?H&%ra?e A0 §ara s yobrlEnselR cﬁ’é*ff\ﬁ EaamWi@éc?gn"i‘zed )})athway

pfurality of “chanbers I's present each

is n@&hgstehﬁroééé’éeofk&ﬁ ESéth RUalfy @shilicd #h s’éU&feeJnd s%@@n MHury.

VOt&gEIS applied, the structure can be used for

In ngbr&: Qséﬁéﬁﬁééu W@IEF h@rlng&%su&' BE&R With 5% membrane |nte?r|ty.

tage- i pore formation. The configuration o

Derécflﬁat%rdf 'o@hotn@ﬁﬂasglm‘é bY@t fPRERRE %élnamx mesth. thy

I'nclude two chanbers, Is not critical

cell@heSIntO LRI then sifidd mtc?f?\g suffBuNdthy tlé@.u@%'pﬁcé\@hdi Qistihlly, lan

serving its purpose. Since biologrcal s are
inflafrRatRPGeRdhsk enSiids THIOWRY Pe: cohhﬁst@@ WPIE %t deBoR@YorRFoflcaf
size of electronic chips, ‘fabricated by
deatH, ap&itadlsi cation techni ques such as those used in
el ectronic chip manufacture. The chanbers nmay be

[0084 ApbpESE %thl'f'égcefll lgueiber &iﬂhaf@ﬁ%’ﬂﬁr&nﬁ'@d el Qeathhsften

passage of the liquids in continuous

occu@ﬁ%n%tﬁhﬁrg a ﬁ)l’db\é’ss Wthfe'c@"vaéﬂveiyr&rﬁﬂléeﬁéé anfé & Hé\'ﬁlse

user a | ow ch anges 1 n t'he concentrati ons,

ApoBtdaisS Gefi nﬁﬁe@érﬁiﬂén BinotgHdfogisal BREALATRS cﬁ&ﬁb@ﬁ@tlc

cl ose control over the passage of species across the

featle8loP 8p&Rbsi§ McludeRiEN sARMkagEnEnrdMagh dbntfendBiior’; ARE DN
| ayers or platelets with appropriate openi ngs that

fraghféntatioh @b Bﬁ%ﬁﬁ@fé&s%ﬁlﬂa&d& siZ2)fitS. Pial, FaRhtints Gfthe
bonded together. [00103] Fl owt hrough chanbers of fer

dyingltell fehrpedafdirvediclddeddied bFBﬂtoin@Bocﬁé@@ﬁﬁ:ﬁ la¥e& repidly Yerdd\ibd by
renmoval of individual |'s so that | arge nunbers of

neighBblifg 618 (PG/lié, 3l E1080) IURER THitEIN 681250)\- t hr ough
chanbers al so permt repl eni shnent of sol ute-depl eted

[008BPALHUNRS of feridiah eGRATGEIY dellk ihale Beatlidentfreda@iicimhibit the
continuously maintained when desired. A further

onsétitGed e thé affecta of ?ﬁ:gﬁ@gs/ egomy of thade lgbres mhibitaspades
is the increase an ecrease of pressure, a function

depéulmtnt apoptets pathivays imadell O LSellBWrHWE &Shigh demsityrih Begle up
blore:ctgrvs\,/ show an increased susceptibility to-apoptosis perhaps due in part to the
" serum free conditions for growth (Zanghi ef 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 anﬁ-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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[ 00104] The support for the biological cell in this
structure can be any structure that secures the

bi ol ogical cell in a fixed position and that allows
the passage of electric current. The nobst conveni ent
support is an opening in the barrier. Securing a

[ooa%':[ ﬂ'uf?@ée‘ﬁ%l? &RbddiR¥Rts o B iRRSHIOR rovide/BF cbiR dHgRteredRA!
or plug t

e opening, thereby directing the passage of

expr%%? fétvéfﬁ‘bf EHtri-EE totiéj%érfe‘é%uﬁ%ietni YeBREd theWUnsOQribffects of

~ through the ce and elimnating or mnimzing | eakage

apo?lrogig M cdinRierR), b.g. GulllRe b@éﬁﬁangﬁ?%si% frRRNT B/ MidBs bt S
s to Inpose a r?ressure differential across the

smaflBe i fhid {J;b ﬁioFHa'bfb‘Fé,id?'ihrgQ?FTH@ ddils Fl’fa?fb% trdHafee®dd with one or
aga d

I nst the opening. Th i ameter of the opening may

mor8SofiBR bt & ﬁﬁthéﬁb Sl gee dr:%lquﬁ&‘olnal_ PdYindrit eherEdil r,fUﬁ!xﬁauﬁtional

entering the apparatus w pass I nto one of the two

fragﬂ%ﬁ%ﬁa&ti%oﬁ&i& SRAL Aehy! ddfnpPic8 $exdftRarl !P\etfblﬂeﬁﬁmrﬂéﬁﬁehéé

resides, ‘or l'owering the pressure in

of tHelWorld fehe CHRERF haiﬁt&?ftﬁ&%)}iliwﬁdf ted®@ing K& BAseA @R EfG4ts bhe

opening, closing it off. cé the procedure is

apobRERiSE@fired &isC Fherk SnURAELYies 6 @ﬁ%pﬁdﬂ@@%@@ are used

openi ng by equalizing the pressures in the t

the ?ﬂ?ﬁ%}ﬁalpﬁe e dafeegeiedt maEodlbdrmpriiatdfal mtied of D@k more

ler pressure is in the chanber other than the

diﬁeﬁé}ﬁ@@ﬁés.i Ex¥ihbel df BRt-apbptot@gerddidumabie a6k usEhe tid prasert

rquid in the chanber Iin which the cell was introduced

inveltibn intli88 bERERME niditbereblicH 4PHRINGeABEK Atces8isAMd. NY
the opening for another cell. [00105]An alternative

M14725 861K bek8ahveh SETEIPRERITEhAE), Mcl-esureilih (US. PatérfaNo.
use of a coating on the barrier surface, or over the

8,077, 709 xid @& ibank AbecestionaNG. NN G067 }; Ihtip1bhiags (U.S. Patent
cell "nmenbrane. Since biological cell nmenbranes are

No. Begfd, 0¥v8! #18RaKISEQ DO ahH FR 1Ry rAIeK,EHSWaS{1a3%:8 (U.S.
that bears a positive charge, such as polylysine,

PatéHING2BAI7RI042); 2Rl beeliy {U.St PatleRENo. T8)8310 v4)pa35; aedgetim A;
can be directed to the opening by a pressure

BHFR (A1t ubehi éfl al. 210085 Suirbet Ofeioh Bloteene(2neb2).i n pl ace by
the coating. Once the procedure is conpleted, the cell

[00873Th finé 8MBaGiREnty, ealls 418 tepsfecied with amualedtideirhylecule
increasing the flowrate of the liquid in the chanber

confpish@ rMridotiée Sequinck Racodifg an @nti-@popiptic gesomfgnetional
reverse pressure differential across the opening to

fragtic€tHefeof @pblabRvinked toarDNAcelepent 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 toa
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[ 00106] I n anot her aspect, controlled el ectroporation

is perfornmed using an el ectroporation device such as,

e.g., described in Wang et al., Anal. Chem (2006)

78:5158-5164. [00107]1n one aspect, high efficiency

controlled el ectroporation is perforned using a device
DNAVRigfibnt BEIEST SPRRing chidhatirtandi/dd RainRning! BroRRtiA Afa®bpen

control |l ed el ectroporation conprises the steps of: 1)

statB! tAeleBy eliimaB@ tHe nd&aITer & SéIb&ionTstél) aARF hh ARYIIALALRR step.
devi ce conprising at | east one elongate capillary

(008 SEnSembBBIMeARTRHd Piethdds of theSiveRtioh afifinateStie PREd for a
end, where both the first end and the second end open

genkRimplifi@fivhép S and where the one or nore cells can
flow through the |unen of the at |east one capillary

[008U) th $dth® enBBdIFRAEY, ¥OllY Sipressinganiddidet Recdniin ARt rétein R €
cells with a nucleic acid nolecul e conprising one or

conjiEfONNith 84 SARAHSptERDGTBLeM 6 fuREiRIAaMBadhér AR rbof rRBGH Pra
mai ntai ni ng chromatin in an open state operably |inked

lowérQevel BEIShEO meR: coREHIRIAGRs PEIBNE BTl Which GRPIRIsE Y
protein; 3) contacting the one or nore cells with an

recéthisiBaritipoteinrdIeHy, tHeisty rrrﬁ?éviﬁdﬂme%ramrduam@%%%entdywhty

the one or nore cells; nonitoring the ratio between

of thd@cembinant prafeth prodluedPad Well 8¢ rediuging HRRDhattinagiveil 6€ the
and 5) adjusting the magnitude of the local field

reséifréedi¥sbeibedavifh the thaplesfiipéfithé rédoattirtant praaéini eve
el ectroporation of the one or nore cells. [00108]1n

V. SOEXEMALARYRECOMBINANT PROTFEINSf the | unen of a
capillary is no '
[0091] The methods of the invention can be used to produce any desired
recombinant protein or fragment thereof. In some embodiments, a recombinant
protein produced using the methods described herein is a therapeutic protein. In
other embodiments, the recombinant protein is an antibody or functional fragment
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
tumér 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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greater than about 20% of the dianmeter of a cell in
the lunmen. In sonme enbodi nents, the dianeter of the
lumen of the capillary is no greater than about 20% of
the dianmeter of a plurality of cells (e.g., the
perimeter around a group of cells in the |unen).

assbEAEE YycBproein, Qindl tGPBE aitideRdMIBt C LOABOMAIKeA foRBARGA'S
described herein, the optiml local field strength

inclSdd hPERP (Ffé?beraétfyl 2008 90hERyeRb 201IBABYR KRBT PKrusE e al. 2002,
particular cell type can be readily determ ned using

AmKN @Ry, Ptk d 2611801 N 8ydlihte SY%sﬁ\een Ry al. 2663\ ExpertiRYY. Mol.
change (e.g., an increase) in cell dianeter over tine

Dla?w 5)i619) 6RY husmewm@wt&-wwmd beAId1 506, eaabes .
n sone enbodi nents, the local freld strength which is

Blomgnfadeddvibphaﬁnnﬁtﬁ;ds of the invention is about 150-500
/cm | n other enbodinents, the local field strength

[oogﬂgurcgbmé ethbBdinights, hRutissTde Pleiton dre viead fop PrdducMHigh
0-400 V/cm In a particular enbodinent, |ocal field

titerS lof 8AAied R Antigler-BIRIAE fFia ?ﬁfén&fthéﬂé@f | A aﬁﬂibdap may Bdout
400 Vicm (e.g., in case of CHO cells). [00110]In other

speelg‘g &g? ﬁgédﬁ&é& prétgini sUER B ilaCftokihfasior 6t harmoma Yediptor.
[005?3] Antibodies within the scope of the present invention include, but are not
limited to: anti-HER2 antibodies including Trastuzurﬁab (HERCEPTIN®) (Carter et
al., Proc. Natl. Acad. Sci. USA, 89:4285-4289 (1992), U.S. Pat. No. §,725,856); anti-
CD20 antibodies such as chimeric anti-CD20 "C2B8" as in U.S. Pat. No. 5,736,137
(RITUXAN®), a chimeric or humanized variant of the 2H7 antibody as in U.S. Pat.
No. 5,721,108, B1, or Tositumomab (BEXXAR®); anti-IL-8 (St Johnk et al., Chest,
103:932 (1993), and International Publication No. WO 95/23865); anti-VEGF
antibodies including humanized and/or affinity matured anti-VEGF antibodies such
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 woO
98/45331, published Oct. 15, 1998); anti-PSCA antibodies (WO01/40309); anti-CD40
antibodies, including S2C6 and humanized variants thereof (WOO00/75348); 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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using a chem cal reagent such as cal ci um phosphate as
precipitant, or cationic lipids and the |ike, e.qg.

Li pof ectam neTM (1 NVI TROGEN, Carl sbad, CA).
[00111) Wt hout wi shing to be bound by theory, it is
contenpl ated that any suitable nmethod of transfection

No 5T 42838)33ded Feb® 1988 /0pUSS WPat! NS 5,006813, Miued cebom
as it is capabl e of achieving at |east 50% or nore.

1992r vm 0803513 Qc%sﬁéd Wk &4, 1993 3dr nhte@@hoﬁél%p@rcdmhm o
| east 80% nor e, or | east 90% or nore, or at

PC#&@S/%% Wed%heso orgod! U@@%& N %o7a, 388, anBifAgdI2 receptor
cell's being transfected. Additional exenplary nethods

ant%ﬂy‘f M@%B/@ﬁ%%@hé%dtﬁ@v AB! Nouds: Hhi- TN d?\‘t‘S@&léQ theluding

i nc g., use magnet 1 ¢ nanoparticles (e.g.,

I [ | d
o) per Eoang g, P PRETBEOR g

Sep.B021 8F. Lozt PU‘OIPI%M?H%@M&EH%@,@ ($GIB AR @ﬁ inaut et

achi evi g trans ection |'east 70% of the cells is

al. gﬁﬁ @‘g}'é”MEB 2476 U1 4 (t1 b@f‘))?) ré‘ﬁﬁﬁﬁés@@ chfbr et (E%Fopean

I ment, any net ho capabl achievi ng

f f |
e 0 pine, 00 R

98/085kblR e dSitdd. 40! foouy! édﬂlr@GPﬁ‘ééHiﬂbﬁiecf &GlintE2dd b5

suitable for cell' growh and protein production may be

antib%ﬁydaé h W@Qéﬁ@%b‘%héd"ﬂ@@ﬁ@o'i‘996'§uéﬂtia@b§ aﬁ%édiés?s&&h as
medi uns are chosen for their conpatibility wth
OK‘T@W.@P&.W. b5 18HH30uBNMY Fe1985); anti-CD25 or anti-tac
antibodies such as CHI-621 (SIMULECT®) and (ZENAPAX®) (See U.S. Pat. No.
5,693,762 issued Dec. 2, 1997); anti-CD4 antibodies such‘ as the cM-7412 antibody
(Choy et al. Arthritis Rheum 39(1):52-56 (1996)); anti-CD52 antibodies such as
CAMPATH-1H (VRiechmann et al. Nature 332:323-337 (1988)); anti-Fc receptor
antibodies such as the M22 antibody directed against FcyRI as in Graziano et al. J.
Immunol. 155(10):4996-5002 (1 995); 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 huBrg-3, hu-Mc 3
and CHL6 (Ceriani et al. Cancer Res. 55(23): 58525—58563 (1995); and Richman et
al. Cancer Res. 55(23 Supp): 59165-59203 (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 (19995)); 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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interest. Suitable culture or feed nediuns are well
known in the art and i nclude, but are not limted to,
commercial media such as Hanis F10 (SIGVA), M ni nal
Essential Medium (SIGVA), RPM-1640 (SIGwW), and

Dul becco's Modi fied Eagle's Medium SIGVA) are suitable

LymocRie Qi ds ol EeBl Rege Gtz Supplp FBde TR Tede i
EpCH)A apuBRidish 3607 B ARRRENS) SBiton i prffb 85 fhon 2o
abefiniét e Bl RECHIO8R:anR S elistifs e BANEEM
(svﬁgépéléﬁﬁ %Jyﬂ-fc@p\?%nﬁéocﬁéé stth Mﬁ@Téﬂ/ﬁR@;w[}ﬁ’W éﬂtﬁggiga such

erence, may be used as c ure or

as ﬁﬁ@'ﬁ@z;faﬂfi-ﬁegﬁt&aﬁﬁﬁigg@% §ucl'ﬁf‘§/thgfanﬁi- B AREH Y TYTREIR®;

suppl enente I'tional -components to neet the
o SPR 3o ARESaR  y BOBEA Ly idy o
antiBSPYAAXERE.: 4Ati AdnARYer4i e TBainoma antibody such as ch-G250;
ING-1; anti-human 17-1A antibody (3622W94); anti-human colorectal tumor antibody
(A33); anti-human melanoma antibody R24 directed against GD3 gangﬁoside; anti-
human squamous-cell carcinoma (SF-25); and anti-human leukocyte antigen (HLA)
antibodies such as Smart ID10 and the anti-HLA DR antibody Oncolym (Lym-1).
The preferred target antigens for the antibody herein are: HER2 receptor, VEGF,
IgE, CD20, CD11a, and CD40.
[0094] The recombinant protein may be a cellular protein such as a receptor (e.g.,
membrane bound or cytosolic) or a structural protein (e.g. a cytoskelatal protein).
The recombinant protein 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, IL4, 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, interferon gamma, B |ymphocy_te stimulator
C5 complement TAG-72, integrin alpha 4 beta v7, the integrin VLLA-4, B2 integfins, '
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
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routine that may be suitable for a particul ar
cell-type and the particul ar production plan desired.
Therefore, it is contenplated that either a
single-step or nmultiple-step culture procedure nmay be
used in the nethods of the invention. For exanple, in

(ICA?M %2 ”&lk%urﬁ i ddtlebi! fhe C#Iél@le?&l%o?)r&bﬁm 0 Hla2ESdicdcHhybsth

ure en ronrrent and t he Subsequent addition of any

heaW‘&Hdlr? 'Ha?atﬁ&‘roﬁ%@ﬂ@ rmplcé m?w(mn 8% Gtétbrghe

producti on phase of the cell culture. Alternatively, a
|ym‘mgc§,fe_a°stsaagﬁeglgnh§lérﬁ may be used In the nulti-stage

ure I's may be cultivated in a nunber of steps

[0095;] TRE AstBbirfafl profsth ﬁﬁf'}lealsd:!?é Y&rivERYroRPal Irfdétiolid agedti sueh
ep or growt h phase culture wherein cells, posSibly

as d \ﬁFQV:?Qaétén‘Pé“o??Lﬁ'fgﬁgeFo?‘é)@arhpﬂQCtHb %Fcﬁé’in'rﬁﬁf’o@dé?ﬁ)%qmm a
suitable for pronoting growh and high viability. The

viralc®at 8r rﬂﬁy b8 VBRI eHZHEst tiansédpitio Faueh Tﬂié%ﬁ@tefrﬁha? be

suitabl e period of "'tine by the addition of fresh

derlmr&ﬁ‘at&cié?ﬁl r'i‘@ﬁ{bré?% br &M 8- mhyb@ dBANdd ffoth ®e bacterial
mbodi ment, the cells are grown in a nulti-stage

cyto§Hl| tmq)rofémmay 5t BY/ea8CeRYMED{rEndifipid i fasloR AR StraBhral
production stage. I'n some enbodi nents of the nethods

prot@.fn tThe yeB¥SitbteMmay BE ntri¥aRe BbGUE cltd6lidi @ Sedréted about
L culture volune to about a 200L culture vol une,

Examfuésa)fwgcﬂ%@ dyérts LRI BE 4rB Hlov iffedd) kaspﬁatbﬁﬂ%mal

culture vol ume. [00115]In some embodi nents, hi‘gher

viru® HufRintidgRinelefidiaity &irG8 (V) Hepatiy B eruQ(HW)l hép&ﬂtlﬁr@wrus
thereby contributing to a productl on of high quality

(HCWY, BtRipfocdtedss hiiahk Caritk StphWBdceus dubbus) dtfd Qumdid®bibfsans.

net hods wel | known in the art. [ 00116] Various cell
[009B} el Frid tHoAIR B tHeOiRvertiof tad Jisof BY usDEABPI®Iuce 388NNt fusion
proteins comprising all or part of any of the above-mentioned proteins. For example, :
- recombinant fusion proteins comprising one of the above-mentioned proteins plus a
multimerizatioﬁ 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 ef 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 prqduced by the methods described

herein. In some embodiments, pharmaceutical compositions further include a

pharmacéutically acceptable carrier. The term “pharmaceutically-acceptable carrier”
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tenperature and pH may be controlled to obtain optinmal
protein production (e.g., a high titer) over the
duration of the cell culture process and also to
reduce batch variability. Such conditions may either
be controlled at the growh phase or the production

as Lﬁgg?%ﬁﬁp\g%gﬁs Sﬁé ﬁ\Bl’% !tzﬁrﬁpeﬂfb%cﬁa o ﬁ?@% fltllﬁ GIRARSES -

|t|ona Y, I's contenpl a at any

encapd it Su ﬁcé%fwl%’ill Ly étﬂgbl%% 3°an ﬁlsgatwr?C R Q@&lﬂlj@ctpr

cont1 ndous used In esent

VI. | NWRAH sdﬂl\ﬁfﬂljﬁa 6ERENEME|§oﬂbEt§\?QUEN@E§SAﬂb the
%@Tgﬂ HEFO CRilLS l?e -batch or continuous cel

culture conditions are used to enhance growth of the

[00§@3'cm@|rﬁ d%%flt |h{?er§n‘{i)‘)?\ dé?é a¥éH) fehﬁé%r&fucrtlﬂﬁ of Felo lfﬂmbhnant

tur ments of t met hods

prot%fn%ﬁﬁg% ﬁrgye%te'o@ Reduled ;gv@sfcff ohe sghfg% @or{fsﬁqnﬁﬂtg and in

evis ror cell growt Duri ng bat ch,

partﬁ:‘&fbtr' fBPfP\QSpchﬁJclnoﬁ H{’ ﬁw%F eﬁﬁ@ ?r‘oﬁélﬁ’sn%d 5r“ﬁ")ogfe9‘m theogﬂ'%?nce

I's are gromn under on Itions and for a perio

of réddE‘éd idvels dfoné %Fhﬁa*?é Softairn A, rmmo%e%hntrsaﬁcﬁﬁg Sucleotide

condi tions, such as tenperature, pH, osnol

squéﬁc%@'aﬁe‘:»i/e&éyﬁﬁfb ddi2le w@ﬂﬁn&vﬂ?m'thl‘@ﬂ ﬂMm?\V@nd@Bt i mal

for a particular cell type would be apparent to one of
conﬁﬁ&bﬂaw Svatbbikreddbnitd) Sudh hs He &ﬁBmE‘ﬁpi’deré hdrts det er mi ned

by one of ordinary skill in the art. 0118] Al so
LIPORECTARARED DYPOBECPARBRE tm-D60E B LI‘P*Q)IfE@T ARiNPespais
culturing cells that produce a resilient cell Iline,

(INITROGEMN, tdlbe GS8Y RAFMTRIBEIR (¥&¥, I62d.] PO§n& Y al. (1987), Proc.
Natl. Acad. Sci. USA 84:7413-7417). In addition, electroporation or bombardmént
with microprojectiles coated with nucleic acids can be used to transfect cells using
procedures, such as those in Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd ed. Vol. 1-3 (Cold Spring Harbor Laboratory Press, 1989) 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. VNo. 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
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still produce inproved yields of protein and maintain

cell viability, for exanple, by introducing a

nucl eoti de sequence encodi ng an anti-apoptotic protein

or functional fragnment thereof into the cell |ine

and/or contacting the cell line with an isol ated
exaﬁagte' #POR. Patent b8! EB00,968; 6562 647 8! 387673 "8 AD3 3Agr eof .

119]1n sone enbodi ment's, the process results in
6, 483206‘159 $t65@t06@.ué‘édhtdﬁ viHieH Aelifédrdrafed tﬁt“féfé‘iénd@ﬂetréuﬁhﬁthelr
culture batches In a particular enmbodi nent
mﬂﬂﬁghods of the present invention provide consi st ent
viabl e cell densities and percentage of viable cells,

[0015%) 2bOl | SERtFMBS bRERDSHatidH BBaséd G?@H !hb)ansc%(?&yﬁﬁé’cttﬁé 'anet
production levels. I'X KITS [00120] Al so enconpassed

andekferP bESIBEFodoPHRAtA Thicb e 'CEFF caPbe £ aieago Ehﬁndévﬁ 'tl'?e
of one or nore contam nants. In sone embodi nents, a

euedmc.tal ARRREALA Gtich 485 RFEBRAmMELNLARS AR FRUREHIBVoIthdd) of
first nucleic acid nolecule conprising one or nore:

the %gﬁ!a%@mr%f RAGLQive ImQRGR itk ifdUdeeahéd Blo%%/a%ell An
mai ntai ning chromatin in an open state and a nultiple

incré4sTh Mgk &rF&t%Vél%b%ﬁ@ hereb 98 bilodicdl 86l 8&3urSFhen the cell
sequence encoding a reconbi nant protein into the

merfiB{afé Be8omad ferrtabf GROBIPérE fHinatich. AGkélvis®) @@éﬂréase in the
conprising a nucl eoti de sequence encodi ng at | east one

curr8Atto-vaRags Rituthrléﬁ?ﬁ aifldwiHg cdbriduiiieifRitPdcduFP@R@the fluid
thereof operably Tinked to one or nore DNA el ements

 drawB BRIy cOPRE e rEHibR BBIWERNANE LREIro@iSTha flw rough
chromatin in an open st at e.

electric cell. Thus, by monitoring the lmpedance of the biological cell or of an

electrolyte solution in which the cell is suspended, one can detect the point in time in
which pore formation in the cell membrane occurs, as well as the relative degree of
cell membrane permeability due to the pore formation. This information can then be
used to establish that a given cell has in fact undergone electroporation, or to control
the electroporation process by governing the selection of the voltage magnitude.
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 bf
electroporation and an indication of the degrecs»l of electroporation averaged over the
cells. The method is |ikewi$e useful in the electroporation of biological tissue
(masses of biological cells with contiguous membranes) for the same reaso‘ns.
[00101] Controlled electr‘oporation 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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[00121]In sone enbodi nents, a kit according to the
i nvention includes: (a) a host cell stably transfected
with a nucl eoti de nol ecul e conprising a nucl eotide
sequence encodi ng at | east one anti-apoptotic protein
or a functional fragnment thereof operably Iinked to
pas8BEtRSugithe bl esPRhife SerRMBhE sHstaiay AE elRBErRBRkdeRt to
and/or maintaining chromatin in an open state; and (b)
bypaséthel blegiadlicall Mo the 088061l & dithafdts edntaming tWbUiquid-
el enents capabl e of opening chromati n and/ or

retdithd ERArMbely sepdrafEatby barrianthapieBubstanifallp ifpéeabld Bl
toa multiple cloning site suitable for cloning a

eledtHé b@Pdrit dThe BEHIRAEENtAINE A dpening ehates SrfiBidradn thedittbgical
where the nucleic acid nolecule is capable of being

celliSHER @& grRcbibiByieal de@ oAes lodged iin thb%@ﬂiﬁ%; Al plag®er close the
enbodi ments, kits featured herein include instructions

openity. oo duhieldisthabormibe thabridgisl béli i8 Besirbaiolér the opening
regarding using the transfection device or

by meatiicae bt eHenfigl Mteank e ge eh déverdblsintariney so trelt tikchioigical
or. nore of the followng along with instructions for

cellbaf latonse AmdveH vithdt ddrfagirtodhébloRgidabsellC ADdd thik bibleyieal
or nore DNA el enments capabl e of opening chromatin

cellangécureddeitivg Spdting; Arvalage B imposet BgtwBes tad tvoafhaibery
linked to a multiple cloning site for cloning a
andattose0the GlsHicl eaIC R sRINTDIE i thg opertifg: OTHE pastage bb t@verit
(b) one or nore nucleic acid nol ecul es conprising one

betweenrhechambesOs itliles reewicidde s paltic paisig throughtheropening and
anti-apoptotic proteins or functional fragnents

herich¢tireogh thedsialbgivalloehk By nienitorieg the cupeat-iiage relatior i the
capabl e of openi ng chromatin and/ or mai ntai ni ng

electiic oghthenoriset afelegimposdtivhds détegted add diie degree ptiporkifednation
anti-apoptotic proteins or functional fragnents

is cohtesliedf to bioth assuee that slecroporaticrbis @codrting bhd &spriegent
i ntroduction of the various nucleic acid nol ecul es;

excasgive pjre dovenation rmd €ell dagtanThe aisdr isithudeaffarded 8 bighdlyprecise
for transfecting the cell lines

knowledge and control of the condition of and the flux across the biological cell

membrane. The device may thus comprise two electrodes. The polarity of each
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 electroporafion 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 cbmprise one or more chambers

suitable for holding a buffer. Where a plurality of chambers is present each chamber
- 44



[00123] Suitabl e transfection reagents may include one
or nore chem cal neans for transfecting cells with a
nucl ei ¢ such as cal ci um phosphate, or commrercially
prepared cationic |ipids, e.g. Lipofectanm neTm

(I NVI TROGEN, Carlsbad, CA). O her comrercially

ma@VGi k4 eind BERR Ndrsa 6|H8ﬂehﬂ&1fﬁe'r| AR V-Bﬂé%@ ls'—ddﬁ% the
emecul a, CA); FuGenee (ROCHE, | ndianapolis

struIru?éléérﬁSé LSSy fAPYiFGSITGe IFNsHONCAISHES uRBsHEted by O&EHg%tlh@lﬁ’ced
devi ce such as a control l'ed el ectroporation device

poré fetrbBlion. \rid Ednfighrakible68ihe Martep, 471 the thd\thantb&rssy St em

may al so include a power supply, a conputer, e.g. a

emtﬂﬁ!‘rﬁ@rﬁt@kha@ HEUdevo IcREMBEISN S rfot kiitl ® theklastbporation cell,
hardware for nonitoring and or recording data

and'c@g 3/af) WdelySiHile \StilBétvingits puinsbse! Sida biblbginalf s han
ef ficiency, pore formation (if electroporation is

mick6B66bic fTslzd) heiveldr, HeOsppatdt@maybe thdbiké cOdibeRbMEENEES
[00124] Al so provi ded herein are nethods of harvest| ng
fabriatdd by micrdt8britation techniques such as those used in electronic chip
manufacture. The chambers may be constructed as flow-through chambers to allow
the passage of the liquids in continuous flow, intermittent flow, or flow at the directjon
of the user, and to allow changes in the concentrations, pressufe, and other
conditions as needed to achieve close control over the passage of species across
the biological cell membrane. The apparatus may comprise layers or platelets with.
appropriate openings that form flow passages when the layers or platelets are
bonded together.
[00103] Flow-through chambers offer the advantage of permitting the
successive entry and removal of individual cells so that large numbers of cells can
be treated in succession. Flow-through chambers also permit replenishment of
solute-depl'eted 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
étrﬁcture 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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reconbi nant protein produced using the nmethods of the
invention. In general, any suitable purification
schenme known in the art may be used. However, nethods
descri bed herein sinplify the purification process by
reducing the levels of one or nore contam nants

opeRiRgSthaleby dRe&mg ke Sé'édaﬁg of BeeffRichABAt, BIffA5i9E Bransport, or both,
expressi on using cell culture methods. [00125]In sone

throBGP 21l dER Bhd ehlﬁlrﬁﬁﬁ Bﬁﬂlmﬂﬂ{g\ﬂéﬁdg@%ré\ﬂfa@lﬁ@ 1¥Bil.NAMhechanical
protein in cell culture does not enploy the use of

| mea‘h‘s‘btf @tileding tHis &5 FnSsEROHbIZBEIS difRferitfal #8168S the opening in a
chr omat ography steps, e.g..one chromatograhy step, two

d.re&lanmmwb?é&,BXhé&apsga.mmé Spihg WheCdiiaTet BOhaRIpENINg
steps, may be perforned to harvest a reconbi nant

maybsisiler tHaPthat sFehd callhd iR celllpoh RN WS aphuraBiseRR
may not require the use of stringent wash reagents or

pas€Intd bdofaHé 166 EharhBéts 2 Bl limcresiRy BBHPEL IR Inthe th&mber in

harvesting step includes a centrifugation step, where

which the efrisitRRt oMbWeMditheprésuunslini the bitRr 6RArhbérU R dEltvil be
in the presence of reduced | evels of one or nore :

forcé@ B§ANSNIRObSenind) GloditlgTinef.Nehv@ el plecefurdid dohiptatbd Qfe cell
step or steps may be selected by the
is readily released from the opening by equalizing the pressures in the two chambers
or by reversing the differential such that the higher pressure is in the chamber other
than the chamber in which the cell was introduced. The flow of liquid in the chamber
in which the cell was introduced will then remove the cell from the opening, exposing
the opening for another cell.
[00105] An alternative method of sealing the opening with the cell is by the
- use of a coating on the barrier surface, or over the rim of the opening, of a substance
that binds to the cell membrane. Since biological cell membranes are negatively
charged, fhe 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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skilled artisan based upon the product protein.

Exanpl es of suitable purification steps for purifying
reconbi nant products according to the invention may

i nclude one or nore of the follow ng: precipitation of
t he reconbi nant protein fromthe supernatant;

0 L8Rk oA ARR R R o
iR e SR8 BB AR SO0 AR, i

. =@C fl ows through the chromatography nedia (e.g.
78'él)'r?t%ggrl'§gpt e) (M LLI PORE CORPORATI ON, Bi | | erica, M) .

0BT o dBPaBHE 4 b P BrPealitle RS Falbrs periraye
oo AR 8 8 P 1 S B SROTRNG OTcAe
oo ls 1S BRRE, Gl PLPTER AT oh
oI I0 Lo i PlodEnd et SRIBIPAAANF men
oSSR AR SRl T2 U G AT e socon
endSHRA14 SIS R Rte U2 S el KR RERITRen
of the at least one capillary and into the reservoirs; 2) contacting the one or more .
cells with a nucleic acid molecule comprising one or more DNA elements capable of
opening chromatin and/or maintainihg chromatin in an open state operably linked to
a nucleotide sequence encoding the recombinant protein; 3) contacting the one or
more cells with an electric current such that the current passes through the one or
more cells; 4) monitoring the ratio between the current and voitage in the
electroporation device; and 5) 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 df the lumen of a capillary is ﬁo
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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presence of reduced | evels of one or nore

contam nants, where contam nants are host cel
proteins, present in an anount |ess than about 1000
parts per mllion (ppm, or |less than about 900 ppm
or |ess than about 800 ppm or |ess than about 700

ass@Rf B’SE‘] éhgf@? éés?@”aﬁ%%ag@ﬁﬂ & g\arﬁéte,' &RP |Fn'éav5h«{1hbl%tcell is

than a ppm or ess t

AN 451 4 M
whi%lj Eﬂ'}’{h %Setﬂ&fg ofdhe rﬁlﬁﬁtl&ﬂé‘%b Old. \?/Eﬁﬂ. IR'o tI}eerSS
han &

m or |ess than about ppm or 1ess
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and the like, e.g. Lipofectamine™ (INVITROGEN, Carlsbad, CA).

{00111} Without wishing to be bound by theory, it is contemplatéd that any
suitable method of transfection can be used in the methods of the invention, so Iohg
as it is capable of achieving at least 50% or more, or at least 60% or more, or ét
least 70% or more, or at least 80% or more, or at least 90% or more, or at least 95%
or more, or at least 99% or more of the cells being transfected. Additional exemplary
methods which rhay be used in the methods of the invention include, e.g., use of
magnetic nanoparticles (e.g., see kits sold by OZ Biosciences) and nanoparﬂc|e
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 in»vention. In another embodiment, any method capable of
achieving transfecfion 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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[00131] Stabl e clones of CHO cells are generated by
transfecting the cells with either an even gene
operably Iinked to a DNA el ement capabl e of openi ng
chromatin and/or maintaining chromatin in an open
state, or an El B-1 9K gene operably linked to a DNA

inte?és?.nsﬂﬁaﬁéea%g oneeﬂPﬁéH dls S\RJ @&Pﬁriomn"’m?‘é)ért and include, but
mal ntal ning chromatin i e (e.g., an
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to one or re nucl eoti de sequences
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00133] Pools of stably transtected cells are screened
vili NgMRadcol TURE MEYH®DS | ones, thereby reducing the

time associated wth the selection process. Further,
[o0fHuj9€NE ABRlyoEpR diGtetett FiaY We'gi8duced using any scheme or
routine that may be suitable for a particular cell-type and the particular production
plan desired. Theréfore, it is contemplated that either a single-step or multiple-step
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. Inthe multi-stage culture, cells méy 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 rémoved 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 muiti-stage culture
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[00134]In a control experinment, CHO cells are
transfected only with the nucl eoti de sequence encodi ng
a reconbi nant protein operably linked to a DNA

el enent capabl e of opening chromatin and/or

mai ntai ning chromatin in an open state and optionally

i3 B e B BRI,
em%rg%ng%tﬁl h%?rﬁetbﬁg%%ﬁgg m%?bf eugl%\élgwt %ggé( mc‘u%@g ffr%?r]f gtgout
a 5L culture volume to about a 200L culture volume, while the production phase
includes about a 15000L culture volume.

[00115] In some embodiments, a higher percenfage of viable cells are found
in cell culture, thereby contributing to a production of high quality protein at
significantly improved yields over other methods well kn.own in the art.

[00116] Various cell culture conditions such as, for example, osmolality,
temperature and pH may be controlled to obtain optimal protein production (e.g., a
high titer) over the duration of the cell culture process and also to reduce batch
variability. Such conditions may either be controlled a.t the growth phase or the
production phase of the cell culture process or at both phases.

| [001 17] Additionally, it is contemplated that any suitable mode of culturing
cells (e.g., fed-batch or continuous) may be used in the methods of the present
invention. In some embodiments of the methods of the present invention, 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 (DO),
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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the production of the anti-apoptotic genes and the
reconbi nant protein. The expression of the
anti-apoptotic genes is evaluated, e.g., by tagnan
anal ysis, and the expression of the reconbi nant
protein is evaluated, e.g., by assaying for the
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IX. | Nkltght of the

[00120] Also encompassed by the present invention are kits for reducing the
levels of one or more contaminants. In some embodiments, a kit according to the
present invention comprises: (a) a first nucleic acid molecule comprising one or more
DNA elements capable of opening chromatin and/or maintaining chromatin in an
open state and a multiple cloning site suitable for cloning a nucleotide sequence
encoding a recombinant protein into the molecule; and (b) 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 accbrding to the invention includes: (a) a
host cell stably transfected with a nucleotide molecule comprising & nucleotide
sequence encoding at least one anti-apoptotic protein or a functional fragment
thereof operably Iinkedbto 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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teachings of the references cited within the

speci fication which are hereby incorporated by

reference. The enbodi ments within the specification

provide an illustration of enbodinents in this

i nvention and should not be construed to limt its
conSisHRAG: onElf nsdfk IDNIdeldhientsrdapaBrRUf berifg @Bidn7tin anbAlr

many ot her enbodi ments are enconpassed by this
maintiieRg tifBmatih in aBpdrcathiesperadidlinked @6 hirfitisié eloning site

i ncorporated by reference in their entirety. To the

suitﬁﬁlb%ﬂclémﬁé ahbaeﬁmjeegéq%bné@élwoﬂﬁb&héféd@khmrﬁn@ pRASIR, where
contradicts or is inconsistent wwth the present .

the sREIBicldcirnblRBule id\CapabfSEbeirgiftoduceatintd thethdst cell.
supercede any such material. The citation of any

'[oouﬂg er enCissolfy @hbodimeRR! kit feaWfadkdrein ihdidde PEltctions and/or
references are prior art to t he present 1 nventi on.

profnofdrHd hdté Risinellbing \Wetfls iréghirging @ding ahd traneTé@io device or
expressing quantities of ingredients, cell culture, ‘

trarisfeRBbMBEENtC DNgeriarANg kit aiky ifCludebhdoneré ¢fthé flowing along
speci fication, including clains, are to be understood

wittpinsta@tiogs fopdisé:l @@ drinérelnucleid &N RdIeRMiek lkBripesiYy one or more
"about." Accordingly, unless otherwi se indicated to

DNAlReententé tgiable dfupeningaihreraatiro@idiorahaihiirffig@chromatin in an
approxi mati ons and may vary dependi ng upon the desired

opeprstyie bpe@blydinugdi to 4 munipleobibhing eite for cldnthgd Ascedtide
i nvention. Unless otherw se indicated, the term"at
sequercd éndotiingaetieb@mBinast proir f(b)drenrmicreinticlieit duid molecules
understood to refer to every elenment in the series.
comiptisiig ohlel drinsate indclebiideasdquentds éreddipgione, or diord @antkabeptotic .
ascertain using no nore than routine experinentation,
proteis\or éunctivaal EnRgments thereos pperably dinksdbtotneortnsoreDNA e
i nvention described herein. Such equivalents are
elemante rdpablé of dpenimpechp@atie dndryr inaimtdinihg ehrongatialimianopen
[ 00141] Many nodi fications and variations of this
statenfcpobe onmoesnpifiedad#-apoptotic proteins or functional fragments thereof;

(d) one or more suitable cell lines for introduction of the varioué nucleic acid
molecules; and (e) one or more reégents and/or devices sﬁitable 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, Indianapoilis, IN).
Transfection devices may include an electroporation device such as a controlled

electroporation device (EXCELLIN LIFE SCIENCES, Menlo Park, CA). The system
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wi t hout departing fromits spirit and scope, as wl |
be apparent to those skilled in the art. The specific
enbodi ments descri bed herein are offered by way of
exanple only and are not neant to be l[imting in any
way. It is intended that the specification and

mayeXScRige R owain SRy, eficcifp R¥E BTY. arpersuhlalcoriputsr iclubing

scope and spirit of the invention being indicated by

suitaB1e sbflare \int hatdvidréFor méAIRIING aWréc&o@lg%é(E%éﬁdmé oéll
met hod of enriching for a reconbinant protein 1n cel
viabfit}, lart Qrovith etrarsfdtdidn efficiency, pore formation (if electroporation is
used) and protein production.
X. PURIFICATION METHODS
[00124] Also provided herein are methods of harvesting or prurifying a
recombinant protein produced using the methods of the invention. In general, any
suitable purification scheme known in the art may be used. However, methods
described herein simplify the purification process by reducing the levels of one or
more contaminants generally present during recombinant protein expression using
cell culture methods.

-[00125] In some embodiments, a method of harvesting a recombinant protein
in cell cultﬁre does not employ the use of protein A. In some embodiments one or
more chromatography steps, e.g. one chromatograhy step, two chromatdgraphy
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 recbmbinant 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 stéps 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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conprising. a) transfecting into a host cell, a first
nucl ei ¢ acid nol ecul e conprising a nucl eoti de sequence
encodi ng a reconbi nant protein and a second nucl eic
acid nol ecul e conprising a nucl eoti de sequence
encodi ng at | east one anti-apoptotic protein selected

tangdritig) FRovPfil@ ARIn (HPITFFY,| W iBrdugh cAfBridtograpHy GAaketIce set
ané orlt h in|SEQI NO "6, 8 E)rdglo or a %R@t’l onal

contdniBam8 ard REJIFSS oMa \sbiWs@ipott-sMaARE Ricofmbirdnt piddict flows
wherei n both nucl eoti de sequences are operably |inked

thrdu@h ahed PHoh Kg’?éﬂ?é (&4 NBtefcePUB)(RNLIRORESTIDRPORSBON,
forth in SEQI 1, wherein the DNA el enent is

BillsrtBaRIAS; dfsofBR plBficaNibRe. ien éitﬁ'/aﬁ?e BRioAdgTa Py, ity
chromatin in an open state; and b) culturing the host

chréfhfogitpfigr condi tions such that the reconbi nant
protein is produced in the presence of reduced |evels

[00948]ONE . OOIHER EGitbRNG FHTicEAGH Stefemag bedhbssTrb@sinycel |
protein and DNA, thereby to enrich for the reconbi nant

chr@ﬁ%ﬁi@phy Pneab knéwh inihe arl? e B Siz8eké1asioRfiok eRcHange, affinity,
further conprising the step of harvesting the

revéres pRBdRMHani Witel fawl NP Beitdle efdlolintdhtsd thesshremdtdgraphy step
nmet od_of claim2, wherein the | evels of one or nore
mayg ihdfud8laRadH Exchange chromatography step. In other embodiments the
chromatography step may not require an affinity chromatography step and the
potentially harsh conditions frequently used for elution.
[00129] In some embodiments, a recombinant protein is produced in the
presence of reduced levels of one or more contaminants, where contaminants are
host cell proteins, present in an amount less than about 1000 parts per million (ppm),
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, of less than abqut 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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selected fromhost cell protein and DNA are reduced
during the harvesting step. 4. The nethod of claim 3,
wherein the | evels of one or nore contam nants
selected fromhost cell protein and DNA are reduced by
20% or 30% or 40% or 50% or 60% or 70% or 80%
or 90% or 95% or 96%gpxAMPFE& or 98% or 99% or
nore, when the reconbinant protein is co-expressed

Exathplb I NeGéndration OF sitié CHOPEAI Blopks f unct i onal fragnent
t hereof having anti-apoptotic activity relative to the

[oom\fel S OdtapleforRESF CHIBEIR é?@@éﬁé’?afé@fﬁy&réﬂsfé&lﬁ@%é/@l@
t hé reconbi nant pr oteinis expr essed al one. .

wﬂh”@fh@?gn alertdéidBpbrati fhiRidto WI@Ateié?nédt 'bébatﬂé‘ Bf Sgb&ung

nol ecul e and the second nucleic acid nolecule are
chré&th@itEshd s rRaiftafintPbiitor@Gh f an open state; or an E1B-19K gene
operably linked to a DNA element capable of opening chromatin and/or' maintaining
chromatin in an open state (e.g., an extended methylation-free CpG island). In
another experiment, stable clones of CHO cells are generated that are transfected
with both the a\)en gene and the E1B-19K gene, each operably linked to a DNA
element capable of opening chromatin and/or maintaining chfomatin in an open state
(e.g., an extended methylation-free CpG island).
[00132] Foilowing geheration of the stable CHO c;ells including one or both of
the anti-apoptotic genes, the cells are stably transfected with a nucleotide sequence
encoding a recombinant protein (e.g., an antibody or a light or heavy chain of an
antibody) operably linked to a DNA 'e|ement capable of opening chromatin and/or
’ maintaining chromatin in an open state (e.g., an extended methylation-free CpG
island) and optionally, operably linked to 6ne or more nqcleotide sequences which
increase secretion of the recombinant protein outside the cell, increase translation of
the reCombinant protein and increaée 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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6. The nethod of claim1, wherein the first nucleic
acid nol ecule and the second nucleic acid nol ecule are
cloned into separate vectors. 7. The nethod of claim
5 or 6, wherein the vector is a plasmd. 8. The

met hod of claim5 or 6, wherein the vector is a viral

7 elerH@ﬁttc%bable ?f oﬂ—é}ﬁnd@raﬁlgtlﬁgn@/o?hﬁ}rﬂamlwg ChRInhtinhe aﬁ %9@H dtate

nucl eic acid nol'ecule is I ntroduced before the first

and%bﬁél@ el i nfee ﬁGHb@hde sued iR JIELBOSH Mbove! a| m 1,

wherein the first and the second nucleic acid

Exampl8 | evaliftidmbf HUTRd 5t FRddnIRANSPr6tein Jp]!odﬂ—élﬁ:n

met hod of claim1l, wherein the first nucleic acid

[oo’gﬂr?lﬁc gg%gmg&fgt ég§l§l§ Hgﬁ?e%?g 'tcg-@ 8 A8 QUBERRtiESFluated for

the production of the anti-apoptotic genes and the recombinant protein. The

expression of the anti-apoptotic genes is evaluated, e.g., by tagman analysis, and

the expression of the recombinant protein is evaluated, e.g., by assaying for the

binding of the recombinant protein to a known binding partner or any other assay

that might be appropriate for the detectionv of a particular recombinant protein.

[00136] Cell supernatant is collected to evaluate for host cell contaminants, .

e.g., host cell proteins, which can be measured, e.g., using ELISA, or assays

available for measuring host cell proteins in"CHO cells. Cell supernatants from cells
_expressing bofh an anti-apoptotic proteins and the recofnbinant protein are

compared with those from cells expressing only the recombinant protein.

[00137] The cell supernatants obtained following centrifugation of cells which
- express the recombinant protein along with the one or both anti-apoptotic genes
include a lower level of host cell contaminants, e. 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
incorporate‘d by reference. The embodiments within the specification provide an
iIIustrationrof 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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12. The nmethod of claim1l, wherein the first nucleic
acid nol ecule further conprises one or nore nucl eotide
sequences chosen from (a) a nucl eoti de sequence
capabl e of enhancing translation; (b) a nucleotide
sequence capabl e of increasing secretion; and (c) a

cod%#é‘éllc@&ﬂ1Q%c§ﬁ§§t@ﬁﬁﬁntl¢ﬁ@%¢é@n9§péméﬁ&$ Itﬁwprtesanrsa%f.canon
stability, wherein the one or nore nucleotide

wull%@ﬁé&@&@ﬁnf@&ch“ MhtetiBe THe ditBlior( &)arrEfeRRREZREMI isHER En
to the nucl eoti de sequence encodi ng the reconbi nant

adrﬁfs@’bﬁ'tﬁht sué&?’refé'?@ﬁcé’@ér@%opértfdtﬁb'ﬁrésenmeérﬂldﬂ t he host
is a mammlian cel 14. The nethod of claim 13,

[oomgr fel 2 tétj%sggm@f\hlbam&@téd afl ngmaa@,rb fé?gg@ cﬁ'dﬁﬂt’lesa%f

mghﬁ@n@@ ek @ultu@é] tl%é%@f\t%hbltlonsl énd -EB SorfRlidtdn ¥le §parifi¥ation,

3, V\/nerelnt e mammal i an cel is a Chinese Hanster

mcl@di&b)ﬁla@ﬂ& lark ¢ GRYSrstood B8 bem%m&ﬂﬁ AMfingthedbl the term
wherei n the reconbi nant protein is a therapeutic
“abBli10t Akdbrdingly, unless otherwise indicated to the contrary, the numerical
parameters are approximations and may vary depending upon the dgsired properties
sought to be obtained by the present invention. Unless otherwise indicated, the term
“at least” preceding a series of elements is to be understood to refer to every
element in the series. Those skilled in the art will fecognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are intended to be
encompasséd 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.

57



antigen-binding fragnent thereof. 18. The nethod of
claim 17, wherein the antibody is a nonocl onal

anti body. 19. The nmethod of claim 1, wherein the host
cell is cultured in serumfree medium 20. The net hod
of claim 19, wherein the nediumis free of ani nal
products. 21. The nethod of claim 19, wherein the
mediumis a protein free nedia. 22. The method of
claim1, wherein the transf&tdimag step conprises: (a)

pl acing the host cell in an el ectroporation device

co rki er having an opening suitable for

regghéfﬁg@?ﬁMgﬁl$ (b) securing the host cell in the
ni ng t | h L 1. 18C

cart ent AP RAATIG R A Pt BBlen HeblafiigaRibepGe

celsbmof monitoring the ratio between the current and

volTAge 1h the el ectroporation device; and (e)

adj usting the magnitude of the voltage to optimze
el @ttlrangieetingiieta a host cell, a first nucleic acid molecule comprising a nucleotide

sequence encoding a recombinant protein and a second nucleic acid molecule
comprising a nucleotide sequence encoding at least one anti-apoptotic protein
selected from a protein comprising the amino acid sequence set forth in SEQ {D NO:
6, 8 or 10 or a functional fragment thereof having anti-apoptotic activity, wherein both
nucleotide sequences are operably linked to a DNA element comprising a nucleotide
sequence set forth in SEQ ID NO:1, wherein the DNA element is capable of opening

chromatin and/or maintaining the chromatin in an open state; and

b) culturing the host cell under conditions such that the recombinant protein is
produced in the presence of reduced levels of one or more contaminants selected
from host cell protein and DNA, thereby to enrich for the recombinant protein in cell

culture.

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

selected from host cell protein and DNA are reduced during the harvesting step.

4, The method of claim 3, wherein the levels of one or more contaminants
selected from host cell protein and DNA are reduced by 20%, or 30%, or 40%, or
50%, or 60%, or 70%, or 80%, or 90%, or 95%, or 96%, or 97%, or 98%, or 99%, or
more, when the recombinant protein is co-expressed with the anti-apoptotic protein

or functional fragment thereof having anti-apoptotic activity relative to the levels of
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23. The nethod of claim 22, wherein the barrier
conprises a dielectric material. 24. A nethod of
harvesting a reconbi nant protein expressed accordi ng
to the method of claimi, mherein t he harvesting step

do S not co e .th ein and. conpr.ises

= T TG R MG LB Br o G, 5 3 ressec
re% inant protein froma supernatant
crystallization; high performance tangential flow
filtration (HPTFF), flow through chromatography;
adsor pt Tesamethvd okdiagriaphgrein 5 thd fist meldivmoledule aad e
24, wherein the adsorption chronmat ography step is an
i orse@ndrmaclgle asigl gpleculzgare mhr@dn’etpmmg&rve@loai m 24 wherein
the harvesting step includes at |east one

cetrif Vfﬂﬁ}hbfﬁed ot &Qm 1, whereihRe it AR cidcmh@bdlie?4nd the second

wher ein evel s of one or nore contam nants are

T eQUEIEIE acid AbleclidRrd1Bibitdnte lsedrate Medtorswher ei n
transfection conprises el ectroporafion.

7. The method of claim 5 or 6, wherein the vector is a plasmid.
8. The method of claim 5 or 6, wherein the vector is a viral vector.
9. The method of claim 1, wherein the second nucleic acid molecule is

introduced before the first nucleic acid molecule.

10. The method of claim 1, wherein the first and the second nucleic acid
molecules are introduced simultaneously.

11. The method of claim 1, wherein the first nucleic acid molecule comprises two
nucleotide sequenées, each encoding a recombinant protein.

12. The method 6f claim 1, wherein 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; and (c) a nucleotide sequence capable of increasing the mRNA stability,
wherein the one or more nucleotide sequences set for the in (a)-(c) are operably
linked to the nucleotide sequence encoding the recombinant protein.

13. The method of claim 1, wherein the host cell is a mammalian cell.

14. The method of claim 13, wherein the mammalian cell is chosen from a BHK21
cell, a CHO cell, a CHO-K1 cell, a CHO-DUXX cell, an NSO cell or an Sp2/0 cell.

15. The method of claim 13, wherein the mammalian cell is a Chinese Hamster
Ovary Cell (CHO cell).

16. The method of claim 1, wherein the recombinant protein is a therapeutic

protein.
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conprising: a) transfecting into a host cell, a first
nucl ei.c acid nol ecul e conprising a nucl eoti de sequence
encodi ng a reconbi nant protein and a second nucl eic
acid nol ecul e conprising a nucl eoti de sequence
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an pggaim.state; and b) culturing the host cell under
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22. The method of claim 1, wherein the transfecting step comprises: (a) placing
the host cell in an electroporation device comprising a barrier having an opening
suitable for receiving the cell; (b) securing the host cell in the opening; (c) contacting
the host cell with an electric current such that the current passes through the host 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.
23. The method of claim 22, wherein the barrier comprises a dielectric material.
24. 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.
25. The method of claim 24, wherein the adsorption chromatography step is an
ion exchange step.

26. The method of claim 24, wherein the harvesting step includes at least one

centrifugation step.

27. The method of claim 24, wherein the levels of one or more contaminants are

reduced.

28. The method of claim 1, wherein transfection comprises electroporation.
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29. A method of enriching for a recombinant protein in cell culture, the method

comprising:

a) transfecting into a host cell, a first nucleic acid molecule comprising a nucleotide
sequence encoding a recombinant protein and a second nucleic acid molecule
comprising a nucleotide sequence encoding at least one anti-apoptotic protein
selected from a protein comprising the amino acid sequence set forth in SEQ ID
NO:6, 8 or 10 or a functional fragment thereof having anti-apoptotic activity, wherein
both nucleotide sequences are operable linked to a DNA element consisting of a
nucleotide sequence set forth in SEQ ID NO: 1, wherein the DNA element is capable

of opening chromatin and/or maintaining the chromatin in an open state; and

b) culturing the host cell under conditions such that the recombinant protein is
produced in the presence of reduced levels of one or more contaminants selected
from host cell protein and DNA, thereby to enrich for the recombinant protein in cell

culture.
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