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relates to protein expression systens and in

particular to a mnamualian protein expression system
Specifically, the present invention provides a 5

rRéiRAL Egfredsioni Systeiis UkiliSing ROIy6kla Wits @hd EpSteit Balrt Virus Sequences
capabilities. The invention also relates to eukaryotic ~
cl oning and expression vectors and related nethods, .
dNBCHINIGATL FEBLBr t o DNA vectors capabl e of high | evel
expression of a protein of interest. The invention

al | ovishefiRésehOiRgeritRnFelaRl $@ pratei Bl frt SRHANGSteik and in particular to a
expression vectors in manmalian cells. 1o BACK ND

r‘ . o .
A LA e e i Y S NI it B ention provides a
admi ssi th such prior. art,is w del.y .known or forns
Foitent 391 B abh RheR hictkin St utter SRHEST ol o 1 n
reconbi nant protein production, the chaoice of host
cel | Ths igpgngion glserelates to qukaryotig sloging and sxpressigr Vesters and related
for reconbinant proteins are avail able and include
baetheds; and pamsticularfto MNA veiemsetpabid efittighakesrelaapmasbionof a protein of
cells. The suitability of each host cell for
rigeesshi Tiagthvertiodtatiows €xil68s srrepibohifabmairtérantd ofexptdsyion vectors
and affects both the product formation and subsequent
el Athanndnsfication of the final protein produced.
Expressi on systens such as bacteria are incapabl e of
produci ng specific classes of proteins, which require

K‘%ﬂ]? ﬁﬁ\fﬁl ational nodifications such as
g@§§osy é&lon for bioactivity. Furthernore, many

‘th ti. .ot ei i | . . .
post - (A GircSsigR aF thegaior prt dirotehous fiepegifiation sowld in peyway be

in order to be biologically active, The use of

rRERRIATIEAAS ax piraissipp thad guchaivior ad s widshUlenovg: erfermapeajt piccommon

reconbi nant proteins has been well docunented.

Nznemal krenwledde is theafigldt he ability to carry out WO

2005/ 024030 PCT/ AU2004/ 001224

In recombinant protein production, the choice of host cell is very important. Many

expression systems for recombinant proteins are available and include bacteria, yeast,
fungi, insect, plant and mammalian cells. The suitability of each host cell for recombinant
protein expression differs significantly and affects both the product formation and |
subsequent isolation/purification of the final protein produced. Expression systems such as
bacteria are incapable of producing specific classes of proteins, which require post-
translational modifications such as glycosylation for bioactivity. Furthermore, many
therapeutic protein.s require complex post-translational modifications such as glycosylation
in order to be biologically active.

The use of mammalian expression systems for producing therapeutic recombinant

proteins has been well documented. Mammalian cells have the ability to carry out



10

15

20

-2 authentic protein folding and conpl ex
post-transl ational nodifications, which are necessary

wo o00soh@3d her apeutic activity of many protei NSPCHAU2004/001224

such, many host cell |ines have been approved by
regul atory bodies for use in the production of
t herapeutic proteins. Expression systens such as human

cell lines. .and PER have heen pro ed 5 as

fbenge B TR D s T opo Lo A o eayons. whith are
therapeutic proteins. These cell lines were devel oped,.
PSFCESARhION Mﬁrgp%mmu@%@%mwwwwwhgnwmst ggiblines have
human enbryonic retinal cells (PER C6) with the

beearnpbrvrd hy regutdtgryrbmdies fior(usk jn thie paetbicbon pfiterapyyte fFoteins.
(ad5). Since cell lines such as 293 and PER C6 express

t he Agpebsidregisms subleys iaimean &llllihet 293 aitPPERRTY, hhvicbeen proposed
growt h of defective Ad5 vectors, which have been

- &I hRR! B RN rdicHEN B fefbmBinaf huntdWBMEPeutid pr&t@ind! §h& cell lines

regul atory i nportance associ ated wth Ad5- transforned
| &1 i Gj i
e e bitpld Fulrp SRR Horh G RGO TS cells Copypng tympan
th e of Ad5-t sfarned cel |l s. poses ot.ent j al )
BB et Sl (PRCC Ol 1hirapRob RSy Fosigh (g of adenovirus

tunorigeni ¢ conponents of the cell substrate used for

hee érfb&ia Finggrcell dings sush ah d9% aits] BER. (fedxireess theaddUE] tagion, they are
Chi nese hanster ovary cell lines are routinely used

flde td tamplementche growah of défegrherAdicestdrs avhigh bdveibesn crppled by
nunmber of characteristics make CHO cells very suitable

a8letiIOSHE IC allbweved] DOftatfOstuesulh@¥eingpor@AcdRsbEREH QGkhi AU5-

CHO cells; they provide a safe production systemfree

BI04 B M ) g U s

suspensi to high cel sities . in. bioreactors _
TR R T PrBd A p A BarsisRd U PES L Putn &y epeppenic risk
for gene anplification in CHO cells have been

He dbe 1igelf tranpmptingthe{pmongsmi¢ rRpensAtsiod thave)l: supsirie wsed for
Sydenham 1991, Baker et al, 2001 and Bailey et al
rooRpinafiossl 1o the subjeoHbeiKg tieatsdf or ned the basis for

the generation of a variety of CHO cell |ine

der i v@hin¢ashamsidr dvapr @lldthes h@rractimily sdedd6r ths pedtiuaton e
Super-CHO cell line (Pak et WO 2005/ 024030

Mﬁﬁ‘%@&ﬂ'{c%&%ﬁls. -Mnumber of characteristics make CHO cells very suitable as

host cells: high product levels can be reached in CHO cells; they provide a safe production
system free of infectious or virus-like particles; they have been characterized extensively;
they can grow in suspension to high cell densities in bioreactors, using serum-free culture
media; expression systems for gene amplification in CHO cells have been described
(DHFR, GS and metallothionein (MT); Page and Sydenham, 1991, Baker et al, 2001 and
Bailey et al 2002). .

The cell line CHO-K1 has formed the basis for the generation of a variety of CHO

cell line derivatives with improved characteristics, such as the Super-CHO cell line (Pak et



al 1996). Super-CHO cells were derived from CHO K1
cells which were genetically engineered to express
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| G=-1. Polyoma Virus Pol yonmaviruses are a famly of
smal | DNA tumour viruses conprising the siman 5

virus 40 (Sv40) and the nouse Sdlyona Vi rus.

Pol HHVIFUSGS have served as nodel s i

FhAPR)i SHPF ROty wers dsrivediiam CHEYK a?li%wluah gvere genetically
tunDrlgeneS|s (Griffin, 1982). The COS-1 cell line
sopipeeres tepipsesnthe ganepéricoding dransferrisvard the gegwih factor, IGF-1.
contai ning plasmds (d uznman, 1981) and was devel oped
by transformng CV1 cells mﬁth an origin defective
Rolyotha ¥irusV40 virus which codes for 10 wild type T
antigen. (Quzman, 1981). Viruses are host specific

and caRyheRadssQrd 2 fAnfig} 6f snREIMNASAOUNOiFdseS ebth rlsmg the simian
SV40 virus can propagate in nonkey cells (CV1).

d
RUDISVIAHG BERoGpRTaRRaRLe 1 m ce and Some
o % RS b B on D1

can_bind DNA and has two_15 nucl ear | ocalization

Jepjiratien and tW@P%FétSs{Cgﬁ’é@u 1982k The GPBH %Ug’feaﬂupports episomal
pentaneri ¢ sequences , (GAGEC) at the viral origin of
Dhplicatiph DESY #origilitventazing:plasraids (GbwmahsiP8dpebweedeveloped by
DNA helicase activity. Helicase activity is crucial

freansformilg ONAcEIBPVitiCat ordgin dsfécti emuta@sof $VME Vireswahich codes for
ATPase activity and the ability to bind Polyomavirus

Qgi&? th@ iy dnﬁ &ﬂ QGIL&BI&EOi IRTBY S arddDstpbbiiR ahd f:ﬁr?fn%gagate in their

eqU| speC|f|c 20 functional viral orig
ggrrpﬁflg? g%t cglzsl ggﬂto v1r%r 95 rogcg%altcg%gn@gg ﬁ?éC {) lr)g 1S a mouse

i.e. the only viral rotgln necessary for

VeI B4 1B RTOPAGAlE HuMICeAgd semEEedegisn. " vi r al DNA

replication differs fromcellular DNA replication in

that Thedarge Taantigen of Polpemairusds arnultifynetianahproteiiy having enzymatic
S phase, whereas cellular DNA replication is WO

2005iti02 4Bhe BEITityAM0A0GAcOG/itR 24]1uldr protegist IIycandnined DINAednd has two

to prevent any region of the genome from being

il chEREALatTBn Sighd&NIt interacts specifically with several pentameric sequences
(GAGGQ) at the viral origin of DNA replication. The large T antigen also possesses DNA
helicase activity. Helicase activity is crucial for viral DNA replication and requires
functional ATPase activity and the ability to bind Polyomavirus DNA.

Replication of Polyomavirus DNA within infected cells requires a specific

functional viral origin of DNA replication, large T antigen and a set of cellular proteins
known as permissive host factors i.e. the only viral protein necessary for DNA replication

is the Large T antigen. Viral DNA replication differs from cellular DNA replication in that

the viral origin can fire multiple times during S phase, whereas cellular DNA replication is



once in a single cell cycle. A study by Heffernan and
Dennis in 1991 (Heffernan and Dennis, 1991)

waeomseswdul |y denonstrated the use of eukaryotPCT/AU2004/001224
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expression vectors in viral large T antigen- 5

expressing CHO cells. However, transient expression of

t he desired protein was shown t'o only | ast 48-72

hours. The plasm d was not stably maintained within

fightly émtrqihé tQuBESVeRfiany kegjonjelfthe gerprag rp@&elweﬂlqa#é more than
cell underwent division. Episomal replication and

shebina sipglncelhaynde of the DNA in nouse enbryonic stem
cells was al so exam ned by Gassmann et al (Gassmann et

al  19963tudp by Heffekdan Rad ®Rhniblén 1990 H2ER A0 kA6 BBAnis T
descri bes the use of Pol yomavirus-based plasm ds and

-tstﬂ@cegs?ﬂ?}ngﬁﬂ&%trﬁfed% ﬁs@%‘%@l@?&f@é I}})F@%ﬁbh G8&thR%n Qﬁaltlﬁ‘x%e T antigen-

expression of large T antigen: ave observed

E%Pr%gﬁggdcwgf E%)Iwe\égrc h%s; rﬁB&é}%gfﬁﬁofgtﬁg EI%JHQH @g)tﬂ{ was shown to

cafro ase

ca te sever times within the cel

SOy S clshy | anid Tt P charpigrrieh v Bekihe gl and was
expressi on system where plasmd 15 replication
qveskiphddgnaded e last whemtielopll pnderyentdivisost cell within a
few days of transfection, CHO T cells transfected
Wi t.h  MBpisomia replicatidnedndi stagplqahqaiatdndlscedlf thoDNAenl maat entboyonic stem
such an extent. This is presumably due to the '

REIN whELA150 SdnYifedBy Ghssninn lehfl (Ga6neinlet HOT99RY, akiith US Patent No.
replication. In this systen1p|asn1d DNA har bouring the

?ﬁO?/@M@GSbo@hlc dEEUrfl’)e% g@éé of)f’ol %ﬂﬁfs—e&ats%ﬂagﬂﬁs b the

gradati1oh and/or ce Pvisi of reco nant gene

- TBoR St et exfradtpmor i spal cﬁm"he&ﬁp&eaﬂwb%&r% Tapjigen.

Epi sonal vectors In theory, gene therapy is th

del i ve¥§ haye ehseved thay By Qéﬁétewereﬁsa?lmomrs M@l%méé Fordaiping Py origin
all eviate the synptons of a disease or to correct a

€ DA rapdicgears likesMdeasadectorscangepligemssvetakbtimps/within the cell and
require 1) high-level and stable expression of the

aeania Hgh ¢copyat@sier. 20 canthisgio (MOCDBARIIRZAR360n system where plasmid
PCT/ AU2004/ 001224 -5- transfection efficiency, 3) no

itr%}gﬁ:gfiéﬁ HERWhALR BQEMEATALIIONG HoSt @NALithigh F&6 HSysUT transfection,

CHO-T cells transfected with Py-origin containing plasmids do not replicate to such an
extent. This is presumably due to the semi-permissive nature of the CHO cell for Py DNA
replication. In this system plasmid DNA harbouring the Py ori is lost within 3 days of
transfection due to degradation and/or cell division and recombinant gene expression is

lost. This limits the time to maximize transient protein production to up to 3 days.

Episomal vectors

In theory, gene therapy is the delivery of corrective genetic material into cells to
alleviate the symptoms of a disease or to correct a defective gene. Optimal vectors for

gene therapy require 1) high-level and stable expression of the gene of interest, 2) a high



cell's own DNA, and 4) no transformation features that
may result in secondary cancers. Vectors neeting al

wo bese4Bo t eria are not avail abl e. Gene transfBCT/AY2004/001224
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nonviral vector- nedi ated systens has been shown to be

a safe and sinple, but relatively inefficient, 5

nmet hod for gene delivery. Many 0f the systens

currently available utilize viral vectors _derived

firapierian oiF nen ) an dntagratioyiniydemoxeTal 3NA p avoid effects on the
noni ntegrating viruses for the construction of an
afeflisaivenDNgfg laed dho wensformeatipo fedtarss thatmay n¢sahsebgcondary cancers.
studied. In particular, EBV-based expression vectors
I@actorb aRBLAOAIS tHEes SiteriFpeiRt AvdBable. \Gohd $radsteBensRifDdector-

of achleV|ng hlgh expression |evels wthout affecting

LR&i&El b : epﬁllirgndﬁn fo%eléss%feeaﬁid%?rﬁﬁfer Pﬁt"’}@l litely 1nefﬁcxent

vect ors te extrachronosoha p|sona
o Cpo‘ifqr §ﬁ&e égfve ! MC & (Sf;[glx ts}’Sath e ? e?‘l N av%%/abgenutﬁlbze 1rgl vectors

expressi on of cloned genes and gene t erap

éisgﬁﬁqf Eromarﬁtrmgttsy %Pde%qepovw%slglzeewo gerin EP“;S‘Eé(é‘ﬁ‘??f for the

15 Epstein-Barr virus (EBV) is a human gamma her pes
vionstsuctivh of e eHicient generdadiveryecpgior as bagn lmvwlseitu@@draln particular,
replication and nuclear retention are the cis-acting
rEPVibasdd expressioh gectofsdiav®peanf conbidedeBY gene and the EBV

nucl ear antigen-1 (EBNA-1), which interacts wth the

ori P regiqon. Plasm ds containing the ori P and EBNA-1

mai ntai ned as | ow copy nunber DNA

epi sones in the cell nucleus and replicate once per

cel | 9ud meihnd 26aghvi¢ving bighekpressiathlevelh mothoybafiectngdierngllular
activity of EBNAL secures the separation to the

daenght &4 toask kpisomal plgsnnidtvestoss. wiiBlyrdplisstd exeathossospireally. Episomal
mainly used in primate cells. The failure of

E\%vfo% WhY&ijrepH@éié SftPachRniRBInaRR el ofBSE 10h8 PEA8d are useful tools for
s, i1 ncluding nouse and hanster, fornms a Serious

d aﬁﬁ t
ST S S0 I S RO NG B Epcn
PCT//?EJéS,%{ ?ézl4 @ cul ture, such as CHO cells, was
pY B © P'8¥P¥d to be inpossible. In particular,
Epstein-Barr virus (EBV) is a human gamma herpes virus. The viral elements
required for both episomal replication and nuclear retention are the cis-acting replication
origin (oriP) of the EBV gene and the EBV nuclear antigen-1 (EBNA-1), which interacts
with the oriP region. Plasmids containing the oriP and EBNA-1 sequences are maintained
as low-copy number DNA episomes in the cell nucleus and replicate once per cell cycle in
primate cells. The chromosome-binding activity of EBNA1 secures the separation to the
dauéhter cells during mitosis.
EBV-based vectors are mainly used in primate cells. The failure of EBV-derived
vectors to replicate in most rodent cells, including mouse and hamster, forms a serious

drawback for gene therapy, since testing EBV vectors in animals, such as mice, and in



CHO cells do not support EBV viral DNA replication.
Previ ous studi es using EBV-derived vectors in rodent

w@edosm2408ve shown that only some rodent cel | sSPETZAU2006/001224
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L6) are capable of replicating plasmds containing EBV

ori P 5 and encodi ng EBNA-1 (Mézuguchl, H. Hosono, T.,
Hayakawa. (2000)), and only for a limted amount of

time (i.e <5, dayglzl Replication in CHO cells was anl
pbiarep Fechgs &HO icglly avas pryifbycopsideasy tobe imppssiblte dn phrticular,
human DNA sequences were inserted in the expression :
vedOarell§ Ho yetasmpﬁbnﬂ EBahdrdViDiNwe repliCatias. (1993)). Such

| arge plasmd constructs are not anenable to gene

t r ansfmevishslgtu@iss Gy EBVLORived st@abisén astdnticedie haieshown that only
nature of such 10 an expression vector, which affects

Aslci}gngg?%g l%SE/l',lso([Ch%ngtLr@ gﬁ‘%}é aF {e);ShEJ’cﬁ{géﬁPa%H{lH§ccﬁﬁélﬂfﬂ§tEBV oriP

i o for aln expr|eSS| on
Sl SN, T BB, o

random human pi somal vectors h en use
i pertechaBoyy of flm@dh%ﬁé §aysy. Repltheton i HDETS B SRfcpeSble when

achieve reliable transgene expression in many cell
tlymeiragmm\@tl,(bmfemdggmdwwm R4 ceiiragesepers onggrted in the
vectors, for exanple, based on Epstein Barr Virus

(dxB¥ssion vEMEO(KrgsageP. T aad Migksie Baloe. [de93)ns$uchtlage plasmid constructs
limtations both in host cell range and mai ntenance

e hBGarhQHAB1elS %gﬁect%ds&& QtudRs aabarde kinghblahnd 488%ned afiWre of such

Hef f ernan and nnis (1991)). Recently, large-scale

t [ t

din%&‘e%@ién ?f%(%&? @1% zﬁﬁ%& thé) gru gﬁétgb%dogftﬁ?}gcﬁe@%gﬂéhera%euu]p product.
co an rotein W|th ields . up to 20

(BErRBOnES bR b Snbtor e Pah e TP orbRE oL sl cpisomal

al 2001; Jordan et al 1998). Such Ilarge scale

tTenheation end mersensnen vathonbiantainas {aran Srgpents ofiapdem human DNA.

enbryoni ¢ kidney (HEK293) cells and those engi neered

t o expEmisemilhectepsitaye he@aused W inoeagebiBY freguaricg af stable transfection

antigen-1 (EBNA-1). As such, there is a need for an

| 41t el e veRIRTIED b @ANSENE &55ERIdNSY Bia@iceNiipel Hawevetppreiously
used for the production of proteins, in particular

rcf(%%_l_ AU éigk%ﬁ})g%ggézc%ﬂ? Wot Ex Rt ®adl (ﬁir@pswi}l BARS/PEARRY) or SV40

large T antigen have demonstrated limitations both in host cell range and maintenance
during long term culture (Piechaczek et al (1999); and Heffernan and Dennis (1991)).

Recently, large-scale transient protein production methods have been described for
the rapid production of large amounts of recombinant proteins with yields up to 20mg/L
(Durocher et al 2002; Girard et al 2002; Meissner et al 2001; Jordan et al 1998). Such
large scale transient expression employs the transformed human embryonic kidney
(HEK293) cells and those engineered to express the Epstein-Barr Virus (EBV) nuclear
antigen-1 (EBNA-1).

As such, there is a need for an improved mammalian expression system, which can

be used for the production of proteins, in particular recombinant therapeutic proteins and



can al so be useful in human gene therapy nodels. Since
rodent cells (eg. CHO, BHK, NSO are routinely used

WO eoopopsce reconbi nant protein therapeutics, PeT/Mo008/001224
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be beneficial to have an expression system capabl e of
plasmd replication and retention at work in these

cells. The ability to quickly groduce reconbi nant

proteins early in product 5 devel opment phase in the
samelshbe psefellih huynge genestheigpy mpdelsk e§|11}ﬁet§@£§)e@ﬁp¢lt§;(éa GHE, BHK,
the final bioprocess would clearly be advant ageous.

N§9) are putihedp ugedrie ebduoe reenmbitpanemsteimthsyaptwioshiawonlyl be
enhanced transfection efficiencies, which result in

BERFCR] 16 RARIHRI APREsION S sBink cApaBleeTIBMid Fiplit e MBideetention at
there is also a need for cloning/expression vectors

A BRI B G SRRl, BBIARL Moo caty nproduc
oLl S abg  REE e aEE E0" B b forhe
di sadvantages of the prior art, or to provide a useful

RIqPEPGest VVorld clnaplykred (antagaeus. NVENTI ON According to a

first aspect, the present invention provides a protein

expr eddewris A50 sys¢dfor ao eppressiomsyateno g erdancedtthpmsfection
rodent cell conprising a gene encodi ng pol yoma | arge

Effeodric@snwhich kedshltan greafer Rcbinbivaint pptdiy ekpredsionh éluedérmore, there is
According to a second aspect, the present invention

RIs8\ 68 & o%&ﬁﬁéfbr@s’é%%%ﬂo%haﬁé@ E&IRbUTRpisSiABreBlication and
rodent cell and a vector, the vector conprising a

ol el j caf | . functi ona
B R bl Bl oo bR o’ ST LETE ¢ o
20 eanessi n of ﬁ BroteLn of. interest. Accoiding to a
t hi r d 158 g8 OPlect ¢fdhg; Preseat dnveRtigh 9 BHFrEImAAr FaETigraly gileash one of the
expression systemconprising a rodent cell, the
disddvantageb pf e ppier &ty taprpvide awebdiakgmpéteyona | ar ge
T antigen (PyLT) or a functional equival ent thereof,
and/ or a gene encodi ng EBV nuclear antigen- 1, EBNA-1

W&?g@gjﬁwf@ﬁ t hereof . WD 2005/ 024030

According to a first aspect, the present invention provides a protein expression
system comprising a rodent cell, the rodent cell comprising a gene encoding polyoma large
T antigen (PyLT) or a functional equivalent thereof.

According to a second aspect, the present invention provides a protein expression
system comprising a rodent cell and a vector, the vector comprising a polyoma origin of
DNA replication or a functional equivalent thereof, wherein said cell is suitable for
expression of a protein of interest.

According to a third aspect, the present invention provides a protein expression
system comprising a rodent cell, the rodent cell comprising a gene encoding polyoma large
T antigen (PyLT) or a functional equivalent thereof, and/or a gene encoding EBV nuclear

antigen-1, EBNA-1 or a functional equivalent thereof.



It wll be clear to the skilled addressee that when
nmention is nade of a cell “conprising’ a gene, the

w@ens/ opmy0 be within the genonme of the cell or REDATR004/001224
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borne.. 1 n one enbodinment the protein of interest is a
therapeutic protein. In another, enbodi nent the

protein of interest is a monocl®bnal anti body. In a
further enmbodinment, the 5 protein of interest is

sui t alt wilk b cleasdo ghe Séullﬁd@éﬂw&seem% &hen mpntion is maderafia cell
aspect, the present invention provides a rodent cel
t‘hcahpris’mgi sitgeheltthey géne maypbewihin thaggenike afithé gdhorpreotoe borne.
or a functional equivalent thereof. Accordingly, in a

fifth [aspeehbodikRNPIME PRALInIOAVREEEANA BHePMed8S pRSfein. In another
expressi on system conprising a rodent cell, wherein

telifbol Ehegﬁl) ki H Rlete3ER a(rﬂar%o%lo\ﬁg%rﬁfboﬁy 'TE'{A filr@gr anodlment the

gene d|ng a protein of Interest nmeans
initiate ation of the vector and (c) the
FFetpn or‘fdnt%s iuléaé’i %OBPseEaﬁsa}‘éﬁcﬁmgar r Virus fanily
(EBV) or functiopal_ equivalents thereof. Preferably
the exXHicesinoiR aslpurth asnest: HheqrasnbIny RN RIPVidesa Todsht Cﬁlj that
system It will be clear to the skilled addressee that
icansthetivetnexpressest latgedl atigsr ptoteip ok A dartdtional eqaalehethereof.
term"stable" refers to expression of a desired :
pr ot eiAvcorlyy id 8 fifthsaspddt ghe prboént inveftion pRPides ah edpression system
and retention of the plasm d expressing the protein of

£iSin a r@@én% cEIRTwIRFGR R rod i B E&ﬁﬁﬁséﬁ@%@vector comprising a gene

e era repllcatlon Is initiated
gggfalggahg,@?g b L3698, 6 Aehges n%tveq?ﬁé%gigﬁaa%@ b the vector and (9

et Gud BB gensotiiiee ﬁ%ﬁ%ﬁw@w@ﬁ% R el AL quivalents

thereof is expressed froma gene integrated into the
gesterfe of the rodent cell. Wthout wishing to be
bound by theory, the expression of large T antigen or-
a fundiréforably theekpratsiot systear s afstabie efisoenal ogpdreatingedyktem.
may assist in translocating DNA into the nucl eus of

the r qg®il b&@bdr-to kiie sMilldd dderegie@Ahat i tHet@ntelt bit tBE present application,
addressee that the neans for initiati ng DNA

Pl AR redrshd eﬁﬂ?@ssfo?lmtdegﬁéd p Q@yoﬁﬂ tﬁfg %%so CFreferably, the

IranS|ent y or constitutivel Yy expressed nt

rephcatlon 2<P re?enggrAf gi’?’ 816 gg (P g)gpcl)ré"s{spn%]tge protein of interest lasts for greater

than three weeks.

Preferably, DNA replication is initiated by interaction of large T antigen or a
functional equivalent thereof with a polyomavirus origin of replication or functional
equivalent thereof. More preferably, large T antigen or a functional equivalent thereof is
expressed from a gene integrated into the genome of the rodent cell. Without wishing to
be bound by theory, the expression of large T antigen or a functional equivalent thereof in
the rodent cell may assist in translocating DNA into the nucleus of the rodent cell.

It will be clear to the skilled addressee that the means for initiating DNA replication

in the rodent cell may be either transiently or constitutively expressed in the rodent cell.



-9 1t will be clear to the skilled addressee that the
EBNA- 1 gene or functional equivalent thereof may be

wexpseseed froma gene integrated into the genp@EATR004/001224
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the rodent <cell, or it may be expressed transiently
within the rodent cell. Preferdbty the expression of

the large T antigen or functional equivalent thereof 5
provi desill be cl%@xdt@riﬁe §8l1dd Mdrdasderhgitho BBIN ¢ pehé bSfunctional
Such benefits include, but are not limted to, an

ﬁf&%ﬁtbefko? ﬁ?aﬂsbfe%%hfeg&dq{d‘n'\ G o BRCHiecPRORRESHie genome of the rodent

ression o e ge encodi n the proteln 0

erest ; he abi 0 to grow as a
sﬁeﬁg?fel? R S AL A T T
medi u nd resi stance of the c toma s the onse
of apgﬁﬁgﬁw thecXpreasioy 0% the Jargs taﬁu&%"p netjopal gyt thereof
i nvention provides an expression vector for 10 use in
aprovidenthe exdentedi with Synstieng] benefite x Prahdisnefits yeadedss but are not limited

conprising one or nore viral elenments, wherein said
efogireintasy 16 teasfevttah dfficiengo Ieylmme:d/éxpmssmndif aolie gene encoding the
Epstei n-Barr Virus (EBV) and include at |east one

r[)ﬁhn Off ih@kdt; the MWty SThd fRAEMQRIL t& gﬁyfweﬁsa@ilﬁ%le C8Ie sispEion culture
enents conprise the polyomavirus origin o

ﬁ&rbt‘éﬁ[ ﬂré)er}ne(ilgxﬁmé EM% 1|;] @fgfyng 01I tﬁg C Ft\év%#sgtgﬂﬂﬁget Pf %ﬁoptosm

I on an e nuc ear an

EBV. 5 Pr.ef erabl the yector i.s c f epis

Fopi | CAROBING R PosPE e P IMep DO GRS oA E KRR vector for
in the rodent cell. According tq a seventh aspect, the

prsede mmdeﬁt/@mwaswnwﬁvmd@@ CAPIFET O HEOL AT CONPYISHG NG gt grore viral
protein of interest conprising culturing a rodent

celements, hehereid eaitl ebamhdnts are dpnivesii fingm (paly omagere andiooBpsigin-Barr Virus
the protein of interest on a vector, (b) neans to '

| (BBV 2ind igdluddNA 16RPbneCvtAl @ﬂgmfoftmeA\tqmc@ﬁon and (c) one
or nore viral elenents derived fron1Epste|n Barr

Virus. ﬁ@f@réﬁl}',(tgg%%al iGHs St ds% SRERRs r?oglgm of replication

expressi on o protein, reco ering said

P{?\?%S}) %Mﬁ&%\rﬁj\z gngl ré?f‘@ 9{’ (t2) rﬁtﬁ% guc%ya% aRﬁEe%e ﬁBNA 1 of EBV.

PR B TR 008 R i

antigen (PyLT) or a functional equivalent thereof and
agpisomal maintenance in the rodent cell. ‘

According to a seventh aspect, the present invention provides a method for
producing a protein of interest comprising culturing a rodent cell, the rodent cell
comprising (a) a gene encoding the protein of interest on a vector, (b) means to initiate
DNA replication of the vector, and (c) one or more viral elements derived from Epstein
Barr Virus family (EBV), under conditions promoting expression of said protein, and
recovering said protein.

According to an eighth aspect, the present invention provides a method for

producing a recombinant protein, comprising culturing a CHO-K1 cell comprising a gene

encoding Polyoma Large T antigen (PyLT) or a functional equivalent thereof and an
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recovering said protein. According to an ninth aspect,

the present invention providesg_protein produced

according to the nethod of the invention. 5 According

to a tenth aspect, th resent inyentipn provides a ion of
SRRFRIOR e LA CodB e ISR rdeE ontions miprapfine Sxpression o
produced according to the nmethod of the invention, and
agaldﬁPfﬁFe%é@@JPP%%aﬂys ISEQEHDESRIE PEQIPIA er . According to

an el eventh aspect, the present invention provides a

host ciddording torsyf ontedpeutithe prevant irprentercprodidey a pooteingroduced
invention. 10 Preferably, the host cell is of rodent
Qick@tidihgad thd methud 8 tHeuhvensionot linmted to CHO cells.
According to a twel fth aspect, the present invention

provi degofliARIPEnM aspAChE prekdfl ivRatisH Ao Riel @ pharmaceutical
apoptosis in a rodent cell conprising expressing

pol . T i . |V . .

RS Ton 3o P Rafng At B bR Ba R e Wi RUANEERE invention, and a

agpect, the prese i nvention provides a nethod of
aﬂP%"IeHT‘ngye?cffé’& ¢ “'H%pi somal formin a rodent cell

conprising_inclusion on said vector of an EBV origin

of rephicertingte areleventhnesppdntie peegentuayeation praidesfa host cell

and/ or the nuclear antigen, EBNA- | of EBV, or a

f teamsformpd vithquieclr eodording tethe.invkation.di ng to a

fourteenth aspect, the present invention provides a

Pr Ot ei PreRbB) MRt 8411 8 YT ERIETEN bid HElles BEEGOhoCighited to CHO
the rodent cell conprising a gene encoding polyoma

h%ﬁge T antigen (PyLT) or a functional equival ent

thereof, wherein the rodent cell is not a CHO cell

It mﬁh% be.cl(gr £ theﬁk{%Ie% %9956 See 5h t thet £

pr es erftCCHEATA DIVGHHY 23heEY HeRErsgid Vgt Srovidyse Brthed e
features comonly found . in c|oning and expression

VBEIERTIRE resigtagce to apoptosis in a rodent cell comprising expressing polyoma large T
antigen or a functional equivalent thereof in the cell.

According to a thirteenth aspect, the present invention provides a method of
maintaining a vector in episomal form in a rodent cell comprising inclusion on said vector
of an EBV origin of replication or a functional equivalent thereof and/or the nuclear
antigen, EBNA-1 of EBV, or a functional equivalent thereof.

According to a fourteenth aspect, the present invention provides a protein
expression system comprising a rodent cell, the rodent cell comprising a gene encoding
polyoma large T antigen (PyLT) or a functional equivalent thereof, wherein the rodent cell
is not a CHO cell.

It will be clear to the skilled addressee that the present invention may also include

one or more of the features commonly found in cloning and expression vectors. Such

components may include, but are not limited to, a selectable marker (e.g. a gene encoding
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multiple cloning sites (a polylinker region) to allow
easy sub- cloning of the fragmgpts into other vectors,
a bacteriophage origin of replication to al | ow

product.ion of single s nded .co t he .cl

b io fhsaisubisd Sl APHEE se e Bkt b Rila casy sub-
creates an easily detectabl e phenotype for

i denpg pf @@tfra@mea?; iptgthez apq:tgrssa E%ﬁt?rwnh@gwegle p§repligation to allow
inserts (e.g. LacZ al pha.fragnment or EGFP) (Sambrook
girodiictiop®f ingle stranddaecopizn béstte chinetl peoduct seda gene spanning the
invention, the term"protein of interest” includes any
Pedriihg eitOwhivh@ieated. anAasibr dbterglbye pHehetybe fon idemificaisn of host cells
but is not limted to, insulin, alpha interferon,

haRakdd e3tds SithfiReas .1 DR al oﬁ:‘%: er@o@ﬁFP?tS%%jorook et al. 2001).

clottlng tactor VIII, erythrop strep oki nase

hurran %&t% 8??{% n%egeg @l5érﬁronr ?1@ Qt%lﬂi “ 1nf of i 1Ptere]st includes any

|nterleu I NS necrosi’s’ or “an

stimylating.factor he cont t he res

ePDHE PRt AL inE o e Pt But it RRGSE Ry, insulin, alpha
limted to, nobuse, hanster, beaver, gui nea , rat,
Giafesieron, begyisaRueriapos s SM-CRE o1, Bloodshatingior VIIL

| emmi ng, marnot, gopher, or squirrel. In the context
Céryﬂ'hqooﬂm'ms e‘rﬁpt(bkimn,thtmmn dgroetht lermohé, ralakinpreahin, the interleukins,
equi valent" includes, 15 but is not limted to, an

ethﬁiaseﬂ&crbmfacebrfaﬁ@f@h&e@ﬁmhtaqngvnfacebrt ype by virtue of
single or nultiple nucleotide deletions, insertions,

or t r 3 £
CO rrbl nlgtthgg&t%l%?tﬁgp g%gt 1&@%&&%& thid! aﬂfsrggildrt]cﬁcglrﬁlgi but is not limited
t he |nve
B mepTEo R8RS SR itea g £4) %eeﬁl&&sg%a@ngwgplflﬁac%“mhl“a
are phylogenetlcally related to the viral elenents
pok, il@pming, myEmaty gepher.C5saWHehNnd t her eby share
functi onal ity or, elements 20 that are not
mthe Condd £ thel presedt ingention. thieterim lunettomplkequivalent” includes,
exenpllfled in the specification but that performthe
sais hatnizhitedto am dlnar tiedt diffsns fropheplilidftypeby nirtubef single or
specification. Unless the context clearly requires

ohhRIHM SiR1edtine QHMERKY insE8oAkE B MulltioR S tRNGo h&tCeitter 8loRB or in
t he words Conprlse', COﬂprlSlng', and the Ti1 ke are

t&npoqneﬁ%ﬁ,s Eléplf'ievg tlilé]elglﬂeﬂtrb?litg %&r}/c%onalitv for the purposes of the invention. The

term “functional equivalent” also includes elements that are phylogenetically related to the

viral elements exemplified in the specification and thereby share functionality or, elements

that are not phylogenetically related to the viral elements exemplified in the specification

but that perform the same function as those elements exemplified in the specification.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“including, but not limited to”.
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BRI EF DESCRI PTION OF THE FIGURES Figure 1: Plasm ds
vectors used in this study. A_1pBK-CW-LT: Expression
pl asm d encoding Py large T antigen. The CW pronoter

j i Kan/ Neo gene confers
?éesn St g%mﬁl%nﬁ&ﬁlacm@ﬁsan cells and to

nanmycin i n bacterial gell]s. B. pCEMT-PyOri: was
@E‘é'ferlic @d"’t@“ﬁ@ﬂ’sa’ffﬁfli’* i’)(',"&fti" of Py on using Clal
restriction ends. PCR anplification with Tag DNA
ol y ARG EMVALT { Fepressiompismd Favesling Rue Lasgech anfigsmi e CMV
of PCR fragnment into pGEM T-Easy vector. C. pEBV(A)
grompteBirid& b issidh of By hife rIhe & anv¥ed genepGhfeds asistance to G418 in
renamed 10 pEBV in this study. It encodes the gene

ERNAmAlianeklfshad & Kahdiyein ANActesiR] ¢t i on  named Oi P
of the Epstein-Barr virus. D. pPyOi and pPyOri-d2EG-P

s c Ut v el oni R : _
pEBV gr ev@gﬁé{fv 9 rgivé%sc?g%fﬁt% rgnggggg%&%ﬁéarﬁ&tﬁ (E.Ptlsmg Claz
Thi s vectar res S,.a Positi control for
i e, PER g ot Sh A T an v Ot ase, (R shp s allows
and pEBV- PyOri - d2EGFP: Expressi on vector constructed
pe-stapoiemBe PYRER fragmept WEpROGEM-Trims vectangd

pBasi c- d2EGFP: pBasi ¢ was constructed fromthe parent

oCas mipEB Y B\andp OBV eECE BN camuale@idl Pect@ pQERAOwas fEnamed

. Polyomavirus Large T antigen and the Py origin were

i;ﬁEB‘aiiremis‘ Jtady. 126ndoRyd the fefieTBRA-aaad feyoAinl o BNEGEplication
respectively and cloned into pNK, a proprietary

VREIQIOEP LR TsEFBark GRaL L er (Bailey et al. 1999).
Figure 2: I munofl ourescence detection of Py large T

P! | g%i i%ﬁ}%}li-%Zk W\fvgsc éoqutmcted by cloning PyOri into the vector of

pEBYV previously digested to remove EBNA1 and OriP. This vector represents a positive
control for episomal replication in CHO-T cells. -

E. pEBV-PyOri and pEBV-PyOri-d2EGFP: Expression vector constructed by
,cloning PyOri in to pEBV.

F. pBasic and pBasic-d2EGFP: pBasic was constructed from the parent plasmid
pEBV by deletihg EBNAI1 and OriP.

G.  pPyOriLT : Polyomavirus Large T antigen and the Py origin were isolated from
pPyLT-1 (ATCC) and pPyA3-1 (ATCC) respectively and cloned into pNK, a proprietary
vector encoding EGFP reporter (Bailey et al. 1999).

Figure 2: Immunoflourescence detection of Py large T antigen in CHO cells transfected

with pBK-CMV-LT: untransfected CHOK1 (A), CHOK1 cells transfected with pBK-

CMV-LT (B). Cells were observed under light microscope (top) and under UV (bottom).
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CW-LT (B). Cells were observed
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2005/ 024030 PCT/ AU2004/ 001224 -13 Figure 3: Freguency
distribution of large T antigefsexpressing CHO-T

cl ones: 9? cl ones mere anal ysed by i mmunof | our escence
PRI Gl f G R y a2 TRl P oRes: 2

defined area (8xl 2sq 5 Fi ure 4: Squt h

S RiSE %r@flyée@qb rra@ﬁvﬁr%@rtcat%m g FHEXPEssPR gf Py large T
plasm ds (5ug of pNK-Ori -EGFPR was transfected into
@rtigen. diasget expresuien ismotsribythe “HBpresgaaceln Bidgfined area (8x12square
pCW-1 arge T antigen are co-transfected into CHOK1
(chye control for transient replication), 5ug of
pPol y- M2. 6- EGFP was transfected into CHOKL (2nd +Ve
control). 48 hr post transfection |ow nol ecul ar

VEZE 4: DXNAuehern b6t driddysRG PYasii@ réptichfich: UThé'l‘e[c)}brtélg)lasmlds (Sug of

extractl on The state of nethylation of pNK-

NIRRT s R rPERUT P anslaliae dbrﬁﬁfms and 2.5ug

gestion with bot’
orne

R ee E appebiise Patdiafttadiias db@%ﬁ@fﬁ?}ﬁo bRt

manmal.i an_replicat ed NK- Or i - EGFP_and .pPal
CPICAH 0 SUEOHPP At A b psrenateletilia PR 9 da Ve controD). 48
because the plasm ds contain one Spel site, the
hapogrtiaasfeqtiorlepi melacwar weight@NABGERx&Rcted by the method of Hirt
pPol y- M. 6- EGFP Dpnl -sensitive plasm ds appear as
sxahdtionf Thg v ofirethylaton 6fp YK ABFdE R ard it aly-MD. 6 EGFis
one Dpnl site. In the above Southern blot |ane].

Goakhiel af QK m@ﬂr@ét%éa?v' of&%khﬁéﬁ ?ﬂdl@éﬁﬁm At %@m akdbpe] after

pl asm d di gest ed w Spel : lanes 2

gﬂ‘p I([i‘rgéél%‘lfl conce rlal 5)%139 {s&%ﬁ%@e&%@@ q]‘sse Ogggfgbgﬁed EGFP

TR TR e T T
P2 E12Iane 17 P1-E | _Oane 21. P2-D4 lane 6. P 1-C
Plagradsjappeqas dpperidaspds boravsy theyplaggidspontam enegipghsite, the bacterial
22. P 1-D2

replicated pNK-Ori-EGFP and pPoly-M2.6-EGFP Dpnl-sensitive plasmids appear as small

fragment because the plasmids contain more than one Dpnl site. In the above Southern
blot lanel. Control for Bacterial replicated plasmid (pNK-Ori-EGFP plasmid digested with
Dpnl and Spel: lanes 2 to 4. Control for Mammalian replicated plasmids loaded at
different concentrations (pNK-Ori-EGFP plasmid digested with Spel, lane2. 25ng, lane3.

50ng and lane4. 75ng);

lane 5. P2-H8 lane 9. P2-G8 lane 13.P2-E12 | lane 17. P1-E10 | lane 21. P2-D4
lane 6. P1-C1 lane 10. P2-G6 | lane 14. P2-G9 | lane 18. P1-F10 | lane 22. P1-D2
lane 7. P1-H2 lane 11. P1-C11 | lane 15.P2-F2 | lane 19. P2-B7 | lane 23.P1-H8
lane 8. P1-G9 | lane 12. P1-G2 | lane 16. P1-F2 | lane 20.P1-G8 | lane 24. P1-B1




lane 7. P 1-H2l ane 11. P 1-C | 1l ane 15. P2-F2l ane 19.
P2-B7l ane 23. P 1-H8 | ane 8. Pl -®&| ane 12. Pl -@&2l ane

wdad gnosPi40B2] ane 20. Pl -G8l ane 24. P1-Bl WD 2005P0R2A03@4/001224
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PCT/ AU2004/ 001224 -14 Lane 25 Bacterial +Ve contro
(CHOK1 transfected with pNK-OLijzEGFP); |ane 26.

Manmmal i an +ve control (CHOKL co-transfected with

PNK-Ori - EGFP and pCW-large T antigen); |ane 27.

Manmal i an +ve contr ol (CHOKl transfected with

pPol y- MP. EGFP); | ane 2 F caont rol CHQKQ.

e 2 BitriohV o st (e PO s acl oS qViloh WG, O EGEP); lane 26
denstitonmetry, BABS, UNSW Figure 5: (1) Southern Bl ot
Mahyslign vye Eoutroh (BHOMH swatr ted yith pidkrQrivdistiifaand BNV -large T
was isolated using a nodified Hirt extraction nethod
(drigen) 1 2é 7. Rliasmhlan +eptomal (OHOKAStrahefcert &dthyPoly-M2.6-
resi stance to cl eavage by Dpnl, which cleaves only

WERP); Udne 1B, I 8L0RkbI @HOKLE Ré)lﬁﬁtteh)ﬂm 88ndsMe quantified using

purlfledfroma damt+ strain of E. coli is a substrate
fcf%BsUtB% a@%msm d DNA whi ch has undergone one -
Hore 16 (o] replication in mammalian cells

|s reS|stant to Dpnl cl eavage. (2) Plasm d pPyOri-EG-P

RS 7 Sonnech it Ay @%&%&rgﬁwwl%ﬁ%@@'&owmﬂ

Unreplicated DNA (A and r i cated DNA
dPN O wRfUsIped ubigg ﬁgnq%edlﬁnﬁettwtle@ msthod Eslétfr 1969). Plasmid

restriction digest of Hrt extracted DNA as descri bed
ireplidatien was detasted bividsiatase td¢lgamage By DpakPvhastpelesss only when its
in transfected CHO cells in the presence and absence

abcoghitidnaitg &s rhe@ilategic DN AGhfiekRsassdaant dtdidef E.rol 188 substrate for
t he percentage of fluorescent cells multiplied by

t § |
Ibﬁil i WHER? Ell'aﬁg?tli 18‘%@\ (’Cv:‘lrhg\%t Has Eﬁ(?]%%?}g&s&r% ot Rfokd rou%@g &t EWAerephcatlon

Glg?ri(a%grgahan CEﬁcleS]i‘ea%GHt tw n?cl(eaaa 8525 Eg’ %f(ll i&gﬁrbﬁGFP replication.

out I NAET
cells/n Ex%ellSOZ

C Cells _are s ded at 3x10
r@]a@&e herReessinedaUates Toantiesn areccan Py? SHpportng geplicatipr of pPyOri-

study CHO-T cells had a doublln%)tlne to 21.23 hr with
@)]él%/;kUg@phcaj@chBNtAy(@)f and replicated DNA (B) were distinguished using the

methylation-specific restriction digest of Hirt extracted DNA as described in Materials and

Methods.

Figure 6: EGFP expression in transfected CHO cells in the presence and absence of
Py large T antigen. EGFP expression is defined as the percentage of fluorescent cells

multiplied by their mean relative fluorescent units (RFU).

Figure 7: Growth kinetics: Growth kinetics of CHO-T (A), and CHOXL99 in Excell302
media (B). Batch culture is carried out in a 250ml spinner with 50 ml’s of culture. Cells
are seeded at 3x10° cells/ml Excell302 media and cell counts performed every day. From

this study CHO-T cells had a doubling time to 21.23 hr with a peak cell density of
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cells/m. CHOXL99 had a doubling tinme of 20.01hr with

w@2psakiosel | density of 2.75x106 cells/m . Fipor/avsi04/001224
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Vectors constructed to conpare expression efficiencies
in CHO cells. Detailed plasm digmaps are shown in
Figure 1. 5 Figure 9 A. G-P Expression in CHO T cells.

53%&%@‘2. Yot G YREOT b B8 T 20 B Epeak cet demsiy of

d pEBVPYOri - d2EGFP was  si gn| fi cant ly greater
Eﬂé n‘é:l-@ﬁ?/nﬂel |s transfected with pPyOri - d2EGFP,

pEBV- d2EGFP or pBasic-d2EG-P. 1o B. Mean GFP
Expression over tinme. In a transfected pool of
&agure 8: (\Gr®rs censtricied 50 eespare ewﬁgsmwfﬁele@cw%mg@e% cells Detailed
antigen) the nunber of cells expressing GFP using
pESVRY aps al2 kkbwh imEigessles i n nunber where ot her pool s
show a decrease in nunber and expression. Figure 10:
Long term stabl e epi somal nai ntenance study with
wetd on (% of 15 d2EGFP expressing cells): CHOT
(A), CHOXL99 (B) and HEK293 (C) Cells are transfected

W th Fep E&Bz%ﬁynq‘lg LT P&léoﬁcsda%gg:ﬁ’ revealed that the number of cells
pEBV- PyOri - D2EGFP and pBasi c- d2EG-P pl asm ds. 48hrs

post eGli S t r

@weam}g?ﬁff’ eyl R ol R v
xpreSS|n . Fi ure 1 e

ﬁ%gat A bg@aﬁféfhagﬁﬁfﬁ eyl wtarpi’pfgbﬁqui%%é” PEBV-d2EGFP

transfected with 20 non-replicating and replicating

oexpBesisiddhGYBctors. In 6-well plates, CHOT cells (A)

and CHOXL99 cells (B) were transfect ed Wi th expression

M. as mMMeamG FPEiprasséah overltinneri Inga trénsfeestdgobl o CHOET kalls, (CHO
were seeded at a density of 5 X 106 cells/m in a

Q%@éxp\’&ki&iﬁ%o%n%vﬁhs lal¥e B aR/eAPde 3AnfBed 67 8eN0 84H e I2dFP using

pEBVPyOri-d2EGFP increases in number where other pools show a decrease in number

and expression.

Figure 10: Long term stable episomal maintenance study with selection (% of
d2EGFP expressing cells): CHO-T (A), CHOXL99 (B) and HEK293 (C) Cells are
transfected with Sug of pEBV-d2EGFP, pPyOri-d2EGFP, pEBV-PyOri-D2EGFP and
pBasic-d2EGFP plasmids. 48hrs post transfection cells are selected with hygromycin

(400ug/ml). FACS analysis performed to measure the % of GFP expressing cells.

Figure 11: Recombinant protein production in CHO-T cells transiently transfected with
non-replicating and replicating expression vectors. In 6-well plates, CHO-T cells (A) and
CHOXL99 cells (B) were transfected with expression plasmids as indicated. Following

transfection, cells were seeded at a density of 5 X 10° cells/ml in a total volume of 2 ml.



Cell counts were determ ned using a haenocytoner and
viability was determ ned using the trypan bl ue

woredohozio3dHGH concentrati on was det erm ned usi nECEAUSM4/001224
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(Roche). Figure 12. Batch study or reconbi nant protein

production in CHO T transfectegg_with A) pBasic- and

B) pPyEBV vectors encodi ng hGH Cells were transfected
into 1 . .

\;%?lec &ﬁﬁg%%g ﬁetarmmeé) usuég g%%b%&%&neg%gg Vla%ﬁ (f&’ vxl?ag g?ﬁte_?r[lgrlled using the

was det erm gthetr an bl ue, thod C

B e e e b CH ot B0 dr nTned Bk BAISA (Koche).

(Roche). Squares: total cell nunbers; triangles: tot al

vi abl e cell nunbers; circles: hGH |eId Fi gure :

HigngsriZd Batohstudy prrecpmbinant pretein am@émdn H‘H-T transfected

pPYEBV/ PyOri -HGH. A, 10 Follow ng transfection, cells

weitle A3 pBasid- amd B) pPyEBYpieatoas en¢alihg h6H. deelts were tringected and

105 cells/m in a total volume of 50 ml. Cell counts

\$edded defoei00ind ?ﬁinﬁ@iﬂhgksa Ceneomity wersedeteraittedvisaty d hdeyhocytometer

was determ ned using ELI SA (Roche). B. Accunul at ed

j r C
BB SO S BB i conpon v

gﬁga‘:?n% S AT PR S R ERPSES S Bip E fhyotg nstes: oal

ific productivity duri g bat ch run. I\/Iaxurum
b 55! lcn%b%&erﬂ%wg -det erni ned. Figure 14:

Large T expression in CHO cells mmcs effects of

sodi um butyrate. CHO and CHO T cells were transfected
viigwret ke NEbmpdystinitn TECHP- T veids isuetoptsdrwith BP YRS/ PyPsir HGH. A.
the selective activation of expression of the protein
dollowirey eatsfeetiondells yretshededén 60 m pidfert feskasidichsionof 5 X 10°
of metal. CHO T cells, expressing the large T antigen

eld/fk @tla tdid voliree st 52 ml, SOSli ekt ab&ﬁamaaﬁ@ athaBiocytomer
EGFP gene expression. WD 2005/ 024030 PCT/ AU2004/ 001224

4 viRpRiWRE et d Hhnk BY! Q@&LH’ eper, c%HmﬁIK&Qi BRMH S

a% E%E ?ﬁvent [ on vﬁea n% EM esc bed y way ocBr
exa%lggtlon OVé{‘ tlme T If)e%g cn[g:rgduc%wty Svad QERTRAHY Iby%alculatmg the
change in accumulated protein concentration divided by the change in accumulated cell

number. Calculated specific productivity during batch run. Maximum specific

productivity was determined.

Figure 14: Large T expression in CHO cells mimics effects of sodium butyrate. CHO
and CHO-T cells were transfected with the vector pNK-d2EGFP. The pNK vector allows
for the selective activation of expression of the protein of interest encoded by the vector by
the addition of metal. CHO-T cells, expressing the large T antigen mimicked the effect of ‘

sodium butyrate by activating EGFP gene expression.



The exanpl es bel ow descri be the devel opnent of a
manmal i an expressi on system 5 capable of long-term
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hanster ovary (CHO cells. The expression system
conprises 1) a derivative of the_parental CHO K1 cell
line having in its genone the large T antigen gene of

ect ed 2) a DNA
5¥pr$§&?8 6@%%3@&. ng of one or nore viral

ol a ERGHeFEN RGRANEE of s PERSHRY “H oW Fofiesehlprdsypgof example

large 10 T antigen, naned CHO T was devel oped for
t%W&gg@E@@m@th?! acroinpanyipg HEEsi on of reconbi nant
therapeutic proteins. Several advantages of the CHO T

cel | |Theexamipkesibtlowpdestrilsuhea deyelspmdne df & atanirhalian expression system
production of therapeutic proteins. CHOT is a fully

ClApiAe bﬁfoh%-@éi’n{jﬁéﬂs‘i/eﬁ produéfon@iedohbihdnt @R ih Chinese hamster ovary
single-cell suspension in protein-free nedia. Due to

t(ﬁ?{(&q{%lﬁg{ gﬂéy%gers?f@gﬁtél‘n%nﬁfns Bgi%eﬁygt?\%f\é&‘tﬁe ngehtjaf ¥HO-K1

to | cont al ni ng

.on, xhi.bi ts en tran
DS BN . iR 6 aefe%e&eenaoﬂﬁh &?ﬁu E@ﬁes transfected
protein (GFP). and human gr ovvt h hor none
HEdPNA KepsstipregifoasisingRipir o mare Vtralasrk@‘g@ﬁ%for ‘episomal
expression. Cells were transfected with pPyOi, an
axplicagen aml/oestatde plremidinaintegandee Thy GO headl luBNApressing Py large
replication, or pEBV, an expression vector containing

thentipeh Fhaamed CEBOAT Wap dolctiped @dr the firgd-scakatidnsieadphddastion of
(EBV) or pEBV-PyOri, a hybrid expression vector

GRUrRWiRAR ghe*?éﬁehtlg?ro‘?&hg' Sevang ad\%ﬁ}ég% bfihd @-I(E%H]hne make it
Results indicate that both pPyOQri and pEBV-

cp%?*ﬁc%‘ﬁaﬂu s%?oéﬁf?ebgéﬁs%w%f’o'e@é’e euliEBlgh “?ﬁd f ls%iug
e B BT B PN Yt P O niomin proten.ree

PyOri GFP or pPyOri HGH. The prol onged and el evat ed
g@wba e theeossiaitive prryessm\abage T pad is ailitn to igitiatg Py ori-
conbi nation of plasm d replication, episomal WO
200610224 PR TATIN AUR ek 00, 1R dell }inelﬁ(hliiﬁtsrmhmmed graaspdne expression
pl asm d segregation during cell division. The Py-based

%EpRRSinPRoducE6h 0GsecdTotddeent pF&élthPPPXﬂcﬁlﬁnﬁirf gréWeilhormone
CHO expression systens for the production of

(HGH) were used as reporter genes to demonstrate transgene expression. Cells were
transfected with pPyOri, an expression vector containing the Py origin of DNA replication,
or pEBV, an expression vector containing thé oriP and EBNA-1 protein of Epstein Barr
Virus (EBV) or pEBV-PyOri, a hybrid expression vector containing both Py origin and
EBV oriP and EBNA-1. Results indicate that both pPyOri and pEBV-PyOri vectors are
capable of episomal replication in CHO-T cells. Prolonged gene expression is evident in
cells harbburing the hybrid vector pEBV/PyOriGFP or pEBV/PyOriHGH compared to

cells transfected with pPyOriGFP or pPyOriHGH. The prolonged and elevated gene

expression using pEBV/PyOri is a result of a combination of plasmid replication, episomal



reconbi nant protein. The hybrid expression system
conprising the expression vector pEBV/PyOri and CHO T

w@edos®24030 particul arly useful for the | arge- sCBBAU2004/001224
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transi ent production 5 of reconbinant protein in
i ndustrial applications. Exanpk 1 Materials and
Met hods: Cells and l\/bdi a CHO K1 (ATCC CCL 61) were

12. co tain 0% 10 . T .
Jiir oy MRtz et 8 wgoﬁﬁglevam T BGhisn Frizgssion
medi um (Excel1302; JRH Bi osci nces Kansas) and
meetpéﬁqﬁl diRQ-Trelspmoigs et eno6HOg4nTess108 sy Eemefor the production of
Kansas). XL99 cells (a suspension CHO KL cell |ine
acmbdehnt progeiowiThe hybridieypeessionsystem compuising teexpectiian vector
(Nei |l Kitchen 1999)) were grown in Excell302. NSO T

PEBVSPOfilahd (HOIT cetle iepartignlabusse fuhfer therbar gebdate) transient production
(ECACC 85110503) were used to transfect plasmd

‘%‘?‘f&féhﬁﬂlaﬁ‘@%ﬁb@gﬂ 1d’inﬁH§r1£43&i)9§caﬁoﬁ§‘t i gen.
El ectroporation of NSO El ectroporation of NSO cells

was carried out using an adapted protocol described
Bxatdide get @l 1987. Briefly, 1-1.5 x 107 NSO cells
wn to nmid-1og phase and 20 el ectroporated wth

Mﬁ%ar ge-T-Antigen plasmd at 250V using

Sn ise for 15ns. Cells were selected 48

hours post transfection in 418 (400ug/m). .
L'Q_e‘éléﬂé&\_’f;_“élﬁ of NSO Li pofections were carried out using

the |i pofectam ne2000 reagent (Invitrogen) according

t o t heCHEA(T BTOCLChs 64l) weretgrows in BMENIGOONS F12 containing 10%

concentrations of DNA and WD 2005/ 024030

FBE. ALHOOR L& G1wetd adaptéd ol sasdedsiba gk dvaB QR Servii feddnediamaBxcell302;
in Optinmem nedia at room tenperature and i ncubated

fIRH Bio%iBite€ K ankhS aPAArAGE- ﬂée%&&hi‘ﬁk&ﬁggg)qm%mlences

conbi ned and i ncubat ed t oget her
Kansas). XL99 cells (a suspension CHO-K1 cell line adapted to growth in suspension in

serum-free media (Neil Kitchen 1999)) were grown in Excell302.
NSO-T
NSO cells (Non-secreting mouse myeloma cells) (ECACC 85110503) were used to

transfect plasmid encoding Polyoma virus Large T antigen.

Electroporation of NSO

Electroporation of NSO cells was carried out using an adapted protocol described
by Chu G et al 1987. Briefly, 1-1.5 x 107 NSO cells were grown to mid-log phase and
electroporated with 10ug of pPBK-CMV-Large-T-Antigen plasmid at 250V using a square

wave pulse for 15ms. Cells were selected 48 hours post transfection in G418 (400ug/ml).

Lipofection of NSO

Lipofections were carried out using the lipofectamine2000 reagent (Invitrogen)

according to the manufacturer’s directions. Briefly, concentrations of DNA and



a further 20 mnutes before addition to 5 x 105 cells
suspended in 500ul in 24 well plates. Cells were then

waeaspswe usi ng FACS (Cyt omati on MoFl o cyt onet eC)/Aubdoeno1224
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24 or 48 hours. 5 Transfection Transfection quality
DNA was prepared using Nucl eobggd(r)AX col ums
(Macher ey- Nagel , Duren, Germany). DNA concentrations

nd ri.t re i ndependent |. assayed usin .
Tnartmi2iveor BeBREA I Delier FESY Al wprtfhonaptig and incubated
di gestions_and __spectrophotonetry. 10 Suspension cells
vier 2 minuies ke {A¥A a8d fipefeeiarne?PAl werqombiied gaddncubated together for
carried out in 6 well plates (eg. Iwaki, Tokyo,
Jefpethgr.20Qeinugesibefore additen fohas 40 ealle swapshdad inis0Pulin PBSvell plates.
(phosphat e-buffered saline: 137 MM Nad , 2.7 mM KOl ,

L eBls Mdrd\Nhe iRy S8dASing IE AICSHC ytsild 26 Mo eytanneltet )gter 24 or 48 hours.
resuspended at 0.75x106 cells/m Opti-MEM nedi a.

1.5x106 Cells were transfected with 5ug of plasmd
aensEtidgul  of Li pof ectam ne 2000(r) (Life 15

frechnology). 12 hr post transfection cells were

resus i ,
w th SOREatich ey B AN bR A Ao 8RS Eolumnas

rachr sonal and. S ern bl ot hybridisation
A8 B Neel Piter hauiiina DNASHES s Hi RS Bised gpendently
resuspended at 0.93x106 cells/m Opti-MEM Media (Life
?é%?ﬁﬁ‘g}lﬁggr angitical gelelestroplergsip dpidelanangyipe digsstions apd
20 transfected with 5ug of (plasmd) and | Qul LF
3p&dophotometry6 wel | plate. 6 hr post transfection 2ml
of Excell302 medi a was added. 24-48hr post

t r ansfRepdrBidnGRllS Sremafsfedad\ue $1Rsvs2 Mehnk R 6y voste bartied out in 6
wei ght DNA was isol ated according to the Hirt

. Coue . ), ot
N e T
l.d 0. 6% SBS /.0, OLM, EDTA . Aft i nGU i:n [
BoPue b Relis 30650t pAN R B AR ISR, 14 mM
at _roomtenperature for 20m n, 250ul of 5M NaCl S

Ran gnearndghn @S%ﬂam}?ﬁ%ée-ﬁ@ﬁ%qe S/t QRUMEM piedg. 1-5x10° Cells
m xture was then incubated at 4C overnight.

sygye raesfedied weth Sug of plasmid and 10-15ul of Lipo?ectamine 2000 (Life
Technology). 12 hr post transfection cells were resuspended in 2ml of Excell302 media

and treated with selection reagents as required.

Isolation of extrachromosomal DNA and Southern blot hybridisation

Cells at mid log phase were washed once with 1xPBS and resuspended at 0.93x10°
cells/ml Opti-MEM Media (Life Technology Inc). 2ml of resuspended culture was then
transfected with Sug of (plasmid) and 10ul LF 2000® in a 6 well plate. 6 hr post
transfection 2ml of Excell302 media was added. 24-48hr post transfection cells were
harvested and low molecular weight DNA was isolated according to the Hirt extraction
technique (Hirt, 1967). Briefly cells were harvested and washed with 1xPBS then

resuspended in 1ml 0.6% SDS /0.01M EDTA, pH7.5.After incubating this cell suspension



collected by centrifuging at 15,000 g for 30 mn.
Super nat ant sanples were first extracted twice wth

w@b@sot40ad| or of orm and then with chl orof orm DNA/AES004/001224
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i sol ated by ethanol 5 precipitation and resuspended in
20-30 ul of TE buffer pHB8. Isohgtion of
Ext rachronosomal DNA and Replication assay

AR A S L g

;laost transfection. Briefly, cells were washed with
il e Tostingamisénraen tisndngubpid eb# g pYaInight. Spirnatant was

soI ution for 20 mn. NaOH was then added 10 to a final
coliestett byatantmfuging bt 15,8001 fére3 Ormaiac Siprmatarst samipteaecere Hrst extracted
i ncubate at 4C overnight. Sanples were centrifuged in
awicEpansiendl ddstbforinu@d ther widldahlorofded. [DNW Rehs isolated by ethanol
extraction wth phenol: chloroformlsoanyl alcohol

OktbitatiBB and Rs@Penddddn 20050 wpbof TEQRr pﬁ@ USA) and

once wth chloroform (Sigma Al drich),

pr eci pi tat ed with absol ute ethanol and then

i3y

gt-and Bi ol abs,

Bever | [ 10 MM Tri 1

o d.%ﬁt“a@ﬂmﬁq%tl lﬁtgm‘: e q&hﬁ%a Rt et fethod

on. an 0.8% agarose gel for h, Sout hern .

KBt 1 7 at 2br8vaad 72 pp%draatfﬁctweBrlsﬂwetlé werrewagie ydth PBS and
of Ausubel, 1997. Briefly, cells were soaked in

dequbatied atithdh6%ADR (wiv)/1 0 nd8 BN THACEglufion {3 @0mnin, NaOH was then added
denaturating solution (1.5 MNaCl/0.5 N NaOH) for 20

% a fﬁﬁﬁcoﬁi@éﬂtfaﬁbh &8 WA d(tRMeéticir Wi dI R wWHdNG S clibdte at 24X overnight.
DNA was then transferred to nitrocell ul ose

%[e@ﬁﬁeré Qet&tqiuxeé ﬁcagnui go&g}éiﬁiﬁ? g%roihmOmlgp?%{lgxtVH%extractlon
hemlee TR B0V 0o P fEiehoti B A?én% 884,31, 0, USA)

Denharts/O 5#6DS, 100 g/ m sal non sperm DNA

@ndhohee wisk ahlproferns (Rizma Almhb,é'f)mewasamwptt@ﬂd with absolute ethanol
32P-1 abel | ed EG-P probe (C onetech). After 12 h

lafd tHeatreulpeided GCTE I{EO MO RIBOS{t 240 ITIN RGVdsALZR A/ VP 824 and Dpnl
-21 menbrane was washed once in 50 m of 2

?ﬁx & %%5%301%& "HROBNT, MREUBAYE£50 RINE N ltﬁ) mﬁpTﬂ*% -HO, and 1 mM

0. 1% SDS at r'dom t enper at ur e an ‘once W t
(c)iltl1i thref? % 97"%@0‘?% and electrophoresed on an 0.8% agarose gel for 1h. Southern

hybridisation was carried out according to the method of Ausubel, 1997. Briefly, cells
were soaked in depurination solution (0.25 M HCI) for 30 min, denaturating solution (1.5
M NaCl/0.5 N NaOH) for 20 min and neutralization (2M Tris-HCL/2 M NacCl) for 20 min.
DNA was then transferred to nitrocellulose membrane in 20 X SSC using a vacuum blot
apparatus. The membrane was allowed to dry for 30 min at room temperature before
baking at 80°C in a hybridization oven. The membrane was pre-hybridized in (5 X SSC/5
X Denbharts/0.5%SDS, 100 pg/ml salmon sperm DNA (Invitrogen)) at 68°C for 6h before

addition of **P-labelled EGFP probe (Clonetech). After 12 h incubation at 68°C the



(wv) at 68C for 20 min after which the nmenbrane was
exposed to autoradi ography film and DNA was

wa@e@sn2fosed using a Bi orad-525 densitoneter. S5PAEAUDNN/001224
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construction pCEMT-PyOri: pGEMT-PyOri was
constructed by PCR anplificat i_%?_of the 548 bp Py
origin of DNA replication (PyOri) from pPyA3-1 (ATCO

usi Oi-C.al-AS tise Oi-dal-S _r
PRty s MRS g T rciog SSGTU D e pigeaRggure, once vith
then cloned into 10 linearised pGEM T Easy vector

0rimh alr Y SHC/0.HHeS PEEMOPEFgmPFTaBia g enceaith & 14nBHC/0.1% SDS
in Figure-1. Table 1: Priners used to anplify PyOri in

A3t 6890 s 20dniRyGer which theBefpfane wak akpdSed to autoradiography film
act acat cgat cagt ct ccct cgat gaggt ct act a

Gl FACA 3L AuatlRAal Ao BORICIR! Bastiten@gasi ¢ 15

pBasi ¢ was ‘constructed by digesting pCEP-4

(I'nvitrogen) with Clal and re-ligating the fragnent

AGkd g, o4 and OiP. pj Oi: pPyOri was

cmrs*rrm‘%?glﬁ%y isolating and ligating the Clal

fg{@g@;&é&gycl eotide 9 to 541) in pGEMT-PyOri (grown

i “'dam ve) bacteria) to pBasic plasmd (grown

in 20 GQwl 63,6d_am ve) bacteri aéRl inearised using Cal .

( nuc| &StEMel-PyOspstopstsiddt @R amplifieationofjthe 543 bp Py origin of
i ntestinal al kaline phosphatase (Cl AP). WD 2005/ 024030
RONA AL BaUH0 Py fr@R pBPi&li (ATCC)Ringotyri-Ole- A% (aptisdnse) and
antigen and the Py origin were isolated frompPyLT-1
PyOri-Clal-S (sense) primers shown in Table 1. Amplified DNA was then cloned into

linearised pPGEM-T Easy vector (Invitrogen). The pGEM-T-PyOri plasmid map is shown
in Figure 1.

Table 1: Primers used to amplify PyOri in pPyA3-1 plasmid

PyOri-Clal-AS > actacatcgatcagtctccctcgatgaggtctacta’
PyOri-Clal-S > cctcaccaccatcatggatacgtagatcgatgagta
~ pBasic:

pBasic was constructed by digesting pCEP-4 (Invitrogen) with Clal and re-ligating

the fragment lacking EBNA-1 and OriP.

pPyOri was constructed by isolating and ligating the Clal fragment (nucleotide 9 to
541) in pGEM-T-PyOri (grown in GM2163 @™ *pacteria) to pBasic plasmid (grown in
GM2163,193mVe) bacteria) linearised using Clal (nucleotide 1) and dephosphorylated with

calf intestinal alkaline phosphatase (CIAP).




(ATCC) and pPyA3-1 (ATCC) respectively and cloned into
pPNK, a vector encoding EGFP reporter. 5 pEBV-PyQOri:

WEERBYORWEN i was constructed by ligating the C BEtT/AU2004/001224
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(nucleotide 9 to 541) fragnment in pGEMT-PyOri (grown
in GWR163 (aam-"'e) bacteria)ppo pCEP-4 plasnid
(Invitrogen) linearised with Cal (nucleotide 5939)

%@@lﬁgosphor ylated with Cl AP. pEB V-d2EGFP,

-U2EGFP, pEB V-PyOri- d2EGFP and pBasi c- d2EGFP:

10 pEBV- d2EGFP, i - d2EGF EBV- PyOri - d2EGEP an
oBabt COSRERBUSEREY TRTHEER Bt 0 IEULMERS g URom DPYLT-
encodi ng the destablised EGFP protein d2EFGP as a Kpnl _
(AJEIC and aBy B3I (ATE @rrespeptiYely arifbelenad igto ph8§ey vector encoding EGFP
fragment from pCW-d2EG-P (C onetech, USA) and
lrepeter.ng t o Kpnl (nucl eotide 625 in pEBV, 4875 in
pPyOri, 4875 in pEBV-PyOri and 4875 in pBasic
pl snj sé .and Notl (nucleotide 648 in pEBV, 4898 in
@%—&——4’ /74898 in 15 pEBV-PyOri and 4898 in pBasic
pl asm ds) di gested pEBV, pPyOri, pEBV-PyOri and )
pBasi @ agnﬁ%ﬂsvawewr%@d,bwwg thecHal ey to fdpifragment in
and pBasi c-hGH The DNA sequence encodi ng for hunan
PCEMT-Rp@ riigre whhmigMAa 5630 Ge St battdriay o pEEBHGHanRdi(Insjtrogen)
et al 2002) and ligated into the Kpnl site of pBasic,
Pid¥4dided WaBRMaPQubSlide 5989Y aidEEphospHovy15288 WethKIIAP.
Anal ysis Al data presented were gathered on a
Cytomati on Mo tone tomati on, Fort Collins,

BV - KT R (4 { nE. - B & Paynd pBasic-d2EGFP:
argon-ion | aser operating at 200 mWand tuned to 488
nm i n pEBjri2E@BRY rtylQnird2EGEP, fEB Wiy Oriad2 @F Rt pBasic-d2EGFP were
si de-scatter WD 2005/ 024030 PCT/ AU2004/ 001224 -23 ‘

|cbdttucatbly b1 MRIgEDNACShchdink dRHesfalliddHGEP pridth 3P EPGP as a Kpnl
whi | st doubl ets were excluded using forward angle and

gHﬁ(ﬁé‘b‘t% 488 5 ¢ N6 (HRHIAIRe 180D PaghieRt ABR hCRAPI2EGFP (Clonetech,

Icnroilc mrror was

)

USA) and ligating to Kpnl (nucleotide 625 in pEBV, 4875 in pPyOri, 4875 in pEBV-PyOri
and 4875 in pBasic plsmids) and NotI (nucleotide 648 in pEBV, 4898 in pPyOri, 4898 in
pEBV-PyOri and 4898 in pBasic plasmids) digested pEBV, pPyOri, pEBV-PyOri and

pBasic plasmids.

pEBV-hGH, pPyOri-hGH, pEBV-PyOri-hGH and pBasic-hGH

The DNA sequence encoding for human growth hormone (hGH)was digested from
pCBhGH (Bailey et al 2002) and ligated into the Kpnl site of pBasic, pPyOri, pEBV-

PyOri, and pEBV.

Flow Cytometry Analysis

All data presented were gathered on a Cytomation MoFlo cytometer (Cytomation,
Fort Collins, CO), equipped with Summit 3.0 software and an argon-ion laser operating at

200 mW and tuned to 488 nm in light regulation mode. Forward angle and side-scatter



used to separate eGP fl uorescence. eGFP em ssion
(whose em ssion maxi ma occurs at 508 nn) was detected

w®@okhZHossi ng a 510/ 23-band pass filter. A conper/at200€001224
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anal ysis was 5 al so made using a 555-nm | ong pass
dichroic mirror to reflect eGemssion to FL1 but
there was no statistically relevant difference noted

i,.n n fluorescence..int. SItI . usi
el ERe ST Upad8 i bria s BoRfiRe “ﬁggﬁ O e xcluded using
n1rrors qdata not shomn M occa3|on a 3ND filter

angle an @dﬁﬁcmdé@mﬁﬂ gAogs ée?m%seminrﬂl@ﬂ Presdighapigpirror was
the 4 h 1og decade. PMI voltages were adjusted to
essltoseparato cOFRdhuwseseense. a6EBemsseeh (wholse d¢ifission maxima occurs at
untransfected controls descri bed a Gaussi an
@08 tnf) ks idetectat bR IFL4tingfd 519123-ghrddrsafiRer. AAtuthpBatde analysis was
was mai ntai ned at an event rate not exceedi ng 600

%f‘sbln%adé%mﬁea%%lﬁMga?gso&@lhroﬁ:fmir?&’t@ RO1eBV&B e MREIBN to FL1 but
acqui red per sanple nparati ve assessnents of nean

ftl!letlllg Wash& gt%ﬁst cqa% ?el%\raﬁ{reh‘ﬁre e%%gﬁ&%ii ?@fﬁ@&f ﬁué’i@gc%{lémﬂfeﬁaities using

resp uorescence s

i on of Lar ti gen ex si.on., he -
ferife gfinmhﬂﬁm he o en TGRS b pirors (et not shown).
were detached with EDTA/ PBS and t he seeded at 3x105 "
&1 pespsien p 13N filtpweseused fq tefece ¢(alaR Huorgsagaed infsingityebelow the 4
containing sterile 1/l cmglass cover slip. Once the .
ted datiadPMaaoheges>wGe%djostad tauamsore autchﬁyommeaca/\ﬁsdmated with
once with phosphate buffered saline (PBS) and fixed

%ﬁrb]néféﬂtecﬂfon?r%s desdripal d ehndaaDdisfibhtibh Gth the @irst Mg-decade.
n1n on ice. Cells were then washed three times 20

el %g %Zr@ﬂnfaﬂféﬁg§%§ﬁeglpl&aé$%@e f@etdf(I{ ﬁ@% spldtdEnd a total of
PRS/ 109-BS for 22 m nut f

SR s Wb SBRE COmiPH A et ghéd huorescence

antigen, lug/mM Oncogene Research Products, Santa

daiz onafre?ta@m sagmRles Were made ayith ispecti9| q08tQlsr e washed

three times with PBS as described above. Cells were

i ncubated with 25ul of FITC conjugated ANTI-RAT |1 gG WO

Jmosmoflueresvenceytainiygaad deteotion of Iateg Wiantigenmxiprassipey)

(1:32 dilution) (Sigma), for |Ihr at roomtenperature

i n t hdhdaak befoed insmumifmoreasdned stalmivg CHOET cells were detached with

descri bed above. The cells were then incubated in PBS

IEDTA®BS and the seeded at 3x10° cells/well in a tissue culture treated 6 well plate

d usi

containing sterile 1/1cm glass cover slip. Once the cells had reached >290% confluence
they were washed once with phosphate buffered saline (PBS) and fixed with 1ml of 2%
formaldehyde/0.1% Triton X 100 for 30min on ice. Cells were then washed three times
with PBS and incubated for 5 min at room temperature between each wash. Cells were
blocked using 2ml 1xPBS/10%FBS for 22 minutes followed by the addition of 25ul of
Ab-1 (monoclonal antibody to Py Large T antigen, 1ug/ml Oncogene Research Products,
Santa Cruz) at room temperature fér 1hr. Cells were washed three times with PBS as

described above. Cells were incubated with 25ul of FITC conjugated ANTI-RAT IgG



dark until observed under a fluorescent m croscope.

HGH determ nati on and protein quantitation 5 HGH was
woreasz4eb f r om condi ti oned nedi a usi ng an ELI SACRAU2004/001224

(Roche). Exanple 2 Episomal replication in CHO cells

The expression vector pPyOrilLTogFigure 1 G was

transfected into CHO cells to denpnstrate epi sonal

(9l (il g BB R Il o RPLAARREUSE i @R rk. cens
ffi .
S B BT P L e

DNA repl | cation was nonitored over 3 days. Low
darkeaniil abseprgdgmdepaBluorgsceptmiqrose@re.r om t r ansf ect ed
cells according to the Hrt extraction technique as
descrl bed above (Fl gure 6(1)) Plasmd replication

. fleteoming P anditationc| eavage by Dpnl, which
cleaves onIy mhen its 15 recognition site is

5 et hy |HGddvasDiNAsired ififoneebriditivited ntbdustiiel i FLISA Kt (dche).

(lanes 1 to 4) is a substrate for Dpnl (lane 5)
wher eas plasm d DNA whi ch has undergone one or nore

mﬁegf DNA replication in mamal i an ceIIs i's
reststant to Dpnl cleavage (lanes 11-20). - As shown in

g«{,rn?al% BeatiodSn alceﬂjsmunt of non-replicated DNA
apidly from 7000 copi es per

cel | .fol | owin tou 1000 co

ol | THR BB et VoRE P S dd i FOE e rrsttedtd i OO cels to
al t hough CHO ceI | s. support the episomal repli catl on
éﬁmppmtiqplsq% replisatdony dicpidengly, pRY Qs TcconiainssRyddri and encodes

after transfection limts the duration of transient

10  gehd, diepwe ysnbelements newsshryl aydsufieRQ0 wif2é BBmid DNA replication
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PCT/ AU2004/ 001224 -25 Exanple 3 (a) Devel opnent of

Grhe préxehde dfi premibhioe OPMACEIRIarictbR! Peasthid® DIN A Splid@fon was
obt ai ned from ATCC and cloned into the expression

\?ﬁﬁﬁ%&?ﬁ& %S& rggQ/rlﬁ(Sl@&hAr woibht ]?Nﬂrvgacs%u?l[ﬁeﬁ 23 Shstected cells

according to the Hirt extraction technique as described above (Figure 6(1)). Plasmid
replication was detected by resistance to cleavage by Dpnl, which cleaves only when its
recognition site is methylated. DNA purified from a dam+ strain of E coli (lanes 1 to 4) is
a substrate for Dpnl (lane 5) whereas plasmid DNA which has undergone one or more
rounds of DNA replication in mammalian cells is resistant to Dpnl cleavage (lanes 11-20).
As shown in Figure 6(2), the total amount of non-replicated DNA (Dpnl-sensitive) drops
rapidly from 7000 copies per cell following transfection to under 1000 copies per cell on
day three. These results indicate that although CHO cells support the episomal replication
of PyOriLT, the rapid decline in plasmid DNA soon after transfeétion limits the duration of

transient gene expression to 3 to 4 days.



5 1) was used to transfect CHO K1 (ATCC, CCL61). Cells
were selected in (418 (400ug/ M) for two weeks.
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i mmunof | uorescence staining as shown in Figure 2.
I ndi vidual cells were isolatedoby
fluorescence-activated cell sorting (FACS) using a

@ﬁnﬁ’ lggt onet er (Dako-Cytomation, Fort Collins,

, USA). Several clones were isolated mhlch had

Vv 'ng | evel s I e T antigen as indicated in

H with different |evels of
large T “ant | %en expressi on were expanded and tested
for t HElerclb itor By laggesTppfigep viomabragiad;feam iAohi°C and ‘Flﬁéed into the

Py ori-containing plasmd, pNK-Oi-EG-P as shown in
tdxpreSsion Mector BIOICMV (E]lqmﬁ&e‘h). AThexiraSsion EEEMiIdEBK-CMV-LT (Figure
transfected into CHO T cl ones. Low nol ecul ar wei ght

DYAvasased ®xtdnafet€OHOYK HATOEY, 00W60J. Jdils tweexidl@tdd iTGHS
descri bed above. The state of nethylation of 15

Nf?@’/ﬂnt G R @%Pfe@goﬁétmeé&g T ﬁﬁ%eﬁ%@%nﬁfﬁned by

|cat|on H|rt extracted was purified and

hy ??I}tﬁ)?ls gies eHCG tglnln%g%fsﬁg&n clﬁ f:l&%re i’\h fnﬁwu%?alll %{1 5 werg ];so‘iated by

obe consi s

32P- | abel | ed EGFP S .us det ect asm d

R AT M M Pl I e U Ww%g%kmwomatm
that is resistant to digestion mnth t he endonucl ease
drort/aellinprlolonao. 1S A n Seessalickanes mgrepiselsied vibpiphadsvarying levels of

sensitive to Dpnl 20 digestion and results in a nunber
dargeribdrtigen aginditated e Figurd B.e Tmvantyesneadories siithekifferent leeels of large T
plasm d. Results indicate that a nunber of CHO T

CArPiBes expré@ioh wdrd Bgsanded shdztééte@fcﬁ tkAPAIIE to @t[%grt DNA replication
supporting replication of ori-cont ai ning

SR Pt s ek
hankhr b b s Rstosd B RS s 9% 'fémelssgwelght DNA was
Devel opment of NSO-T.cell |ine A stable NSOT ce

| QXﬁr@cRﬁﬁby dhasertopd af Hit exieetionas desgpbed a}hﬁﬂv%gmﬁt% Ofﬁlethylatlon of

PpCW-LT in order to provide a ready made | evel of
| YK FESiTR wanmeasTiedfasranfinditecbassayaoitiephcation. Hirt-extracted DNA was

purified and digested with Dpnl and Spel after which Southern blot hybridisation was
performed. A probe consisting of **P-labelled EGFP was used to detect plasmid DNA.
Replication in mammalian cells results in plasmid DNA that is resistant to digestion with
the endonuclease enzyme Dpnl, while non-replicating plasmid DNA is sensitive to Dpnl
digestion and results in a number of small fragment due to the number of i sites in the
plasmid. Results indicate that a number of CHO-T clones (Fig 4; lanes 5 to 24) are capable
of supporting replication of Py ori-containing DNA as evidenced by resistance to Dpnl
digestion.

Clone P1-C11 (Figure 4, lane 11; CHO-T) was chosen for further studies as

described in the following section.



transfection of Py-ori containing plasmds. In this
way plasm ds may be replicated quickly 5 to high copy
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expressed. The stable integration was achi eved using
el ectroporation. Briefly, threggcultures were
el ectroporated containing: no DNA (negative control),
qﬁgkp I S In( Q3 '.ive control) or pCW-LT
then gromn in selection
(418), t e if ot resis ance gene
carri dxstehle SL ]é‘?ea'ﬁff‘ S 0@5 ht%ﬁéta s wyteaifipn p{PCMV-LT
of the culpures was recorded over a.perlod of three
eendsr toprendtlen ngady madedevel shlepgecE-aptigant(d T éqydtifupetramsient
positive control were acquired using the fluorescent
arahsfeaioadf Pyadrl cawdihiap pldswit) Irathi ewayplakoids snay Heirsplwated quickly
to determne if any plasmd DNA had successfully

ehigh @EpE RhthBerlvAtl QYMime wWalRdeh Saiting[Fer BT it®Be BXREREU! €.
The positive control exhibited EGP fl uorescence

whi | e 7j §ta9§931{?g1)éﬁofij Widls g&ﬁe&eﬁ%gﬂg@éctﬁgﬁfﬁgan B]r%ﬂ}hﬁ-u‘ee cultures

viability o positive contr neg e cont

B b el o GO S 8 it i

posi t | ve culture reached a viabiljty of 93% af
ganteol) arRCMYghT iplasmid (Lo ﬁlh%W%fﬁéheéngFOWBé‘hﬁeé‘?%lPﬁéG418) to

culture both followed a simlar curve to each other
fetermine if the seoriydmyesistdfke gemeggati¢édsen plohtvas btablyvietegrated. The
did not decrease as nuch as the pLT culture for the

fviability biMhe 201tai@Y Svas AfcbRied over $p&tvdchfdiage ileekstoaleiehining this.
of each decreased rapidly. The negative contro

'Sﬁﬁ‘i?h:@ df glé’dégé’tWel dnHBf)o@iftﬁ/@ Eorkrol JRYS aéaQ%irE@ u§1H§ t}ﬁl-ﬂ-lﬁorescent activated

contai ning sanpl e roppedto 2% ity after

3908t
FPLRGREIPACS ORI Y5, H b gt o
SYECERID CUTTPS gl ing (8t B HUPERIOn PHOCCGS, TGRA Ve contro
line (clone P 1-C 11) was adapted to growth in

sulipesEGRP iflporeseange fhie thearfigatiyedid et Gloz)nos glapwn).
protein-free nmedi a Excell325.

The viability of the positive control, negative control and the pLT cultures all
dropped immediately post transfection before they recovered after 2 days. The positive
culture reached a viability of 93% after 4 days. The negative control and the pLT
containing culture both followed a similar curve to each other for the first 7 days. The
negative control however did not decrease as much as the pLT culture for the first two
days. After the second day the viability of each decreased rapidly. The negative control
reached 0% viability after 15 days while the pLT containing sample dr(;pped to 2%
viability after 9 days before recovering to 88% after 21 days post transfection (data not

shown).



5 CHO T cells can be grown in suspension in a highly
reproduci bl e manner, which nmakes it very suitable for
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in mammalian cells has noved fromattached culture to
suspension culture. Suspensionjpycultures are
relatively sinple to operate and easy to scale up

§§§Eegguon cells can attain higher biomass per vol une
for increased productivity. Furthernore,

usi ng. 10 suspension cells, honobgenous conditions can
whi ch woul d all ow precise

nonitoring and control of process paraneters such as

t enperGtowtie in dispansioned he reedlrienedFlong@A el 1) was adapted to growth
woul d al |l ow nore products to be produced and harvested

\ih stispessisieinadertnfired naed e xca IO anndlisropednt-fiee medlExell325.
characteristic is superior to adherent cells for

pr ot ei (HOLPEIGIdaR Be glovriRlsusPensios RS s ARMGErepfddtkibleahdr®r, which

can be cultured and grown to high cell densities in
e Ve S B e e Ao RO bR PBRROGRR in

culture. Gowh kinetic studi,es were carri.ed qut b .
GhatiAGin trS Bay mevedhirom ghipete FRIE S prbersion eilfige-SSpspension

of media. Gowmh of CHO T cells was conpared to that ‘
sultmerreoglatizely sonleite pperae ppd pasydo stadoup ddpperpigmoells can attain
suspension growth). Cells were seeded at 3x| Gbcel |/ n

imglex behiR0 penredirae afmedie for inoeased pratuetivigk eFurt®ithyre, using

for 8 days or until the viability dropped bel ow 50%

Raspénkion aEies, H6@vEerols Eor@iitichs@an bEprolidedlih & bidvatd vagak would
viable cell density of 2.85x 106 cell/m with a

SO 0 8 ST S ER 0 e, e

doubl i ng, t of .20.01 hr. WD 2005/.02403 .
ST BB g ey P By b prapvge gnd harvested wit
expression vectors replicate in CHO T cells Pl asm
@3 AL RTPIORESH TORFIRUQPS PRHFRA! g deracterigiiei S uRererdo adherent cells for
followng three elements: 1) a viral origin of DNA
rrepieincRIpfuntion) t he associated viral transacting
protein to initiate

Serum independence: CHO-T cells can be cultured and grown to high cell densities

in protein-free synthetic media. Thus, safety is enhanced due to the absence of human or
animal proteins in the culture.

Growth kinetic studies were carried out by growing the cells in 250ml spinner
flasks using S50ml of media. Growth of CHO-T cells was compared to that of CHOXL99 (a
CHO-K1 cell line also adapted to suspension growth). Cells were seeded at 3x10°cell/ml
in Excell302 media and cell counts were taken daily for 8 days or until the viability
dropped below 50%. Results are shown in Figure 8. CHO-T cells havé a peak viable cell
density of 2.85x10° cell/ml with a doubling time of 21.23hr compared to CHOXL99

having a peak viable cell density of 2.75x10° cells/ml with a doubling time of 20.01hr.



5 DNA replication and 3) perm ssive host-specific
proteins. W have conbi ned these elenents in an
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expression vector, the transacting viral protein,
| arge T, expressed constitutiveky in the host cell
line CHO- K1, which is permssive to Py replication.
P asrrildspPyOri -EGFP was transfected into CHOT and
DNA replication was nonitored over 3 days by
determ ning the a t of 10 plasm d_DNA that has
1INH Xpre (0 'lé;,n_‘!,\ ._!;.’@ L €8 on usi ng .
t he (120 L : ' ' .
'ﬁésgiﬁg gédilQQu%g@gh& am Bllﬁﬂéem%%l’%&‘?ﬁé ftfogltggﬁﬂngt R elements:

descri be ve. own I n Figure t he

unt ;of. non- licati.n dro consj stent| . .
014 Bl Ryl IR s Ftion 2 aSSeR BT ripPting prgtefang intiate
i ncreases .on day 2, but |ater drops (as shown in Fig
RS A S8 608 e s minive o SpReific pRayenT.. MeHve combingd these
replicates several tines in a CHO cells 15 expressing
Ricmentyia an exptesgjom systan nepsistisg of thetlyyiri-copyiningrelspressien vector, the
cell as shown by an increase from 500 copies on day 1
tteans{e60g ofrpl @etetn) ldgy T 2exphdsged enétitieanEnsi thathest dehdihe CHO-K1,
the increase in plasmd copy nunber is followed by an

WL RS Rrh RsiFERP £ ¥pli8 & RIn0 Plasmiil ?P%r@filBGFIawg§ﬁ£r?s?e°c?edi ifito CHO-T
pl asm d copy nunber on day 3 is followed by a decrease

SIRB S B 7 DS g o
U R O A —

expressi on system Accordingly, it is desirable to o
angtylatiamgpegifisdnnl 6nzyree digestionmegkerbdesqpbedsbpynh . Axghown in Figure
this end, we devel oped, episonmal vectors that not only

ay, the tompahbentof norpilicatingPNANdrGhiCrasistentlip fidllcawing trhissdection,
capabl e of stable plasm d nmai ntenance as epi sones

Whtileth&lof aéplicatid PNOSintRasdsiofRlap @l b@datkPdrops ?@ Sh®&M in Fig 5B).
expression of proteins in 25 transfected cells.

choserTea Vb HRsSABTE RRA REEE 8%91%8‘%5 e RS 1. CHO cels
I - d. pl id.repli i on. EBV
GRERSPRE B, Lithe MRS S 5 © P ip HehPt e ea as shown by an

hi gh-af fi ni matri x_attachnent .region caontaining the

RGTRASE é@&éﬁé@commé\ﬁpéﬁ%eows on Gys2. fighre p gempnsirates that the
1999). Interaction of OiP with the origin binding

increase in plasmid copy number is followed by an increase in EGFP expression.

VECTOFS L

Similarly, a decrease in plasmid copy number on day 3 is followed by a decrease in gene
expression (Figures 5 & 6). The drop in plasmid DNA, and hence recombinant gene
expression, soon after transfection limits the use of Py ori-containing vectors to 3-4 days in
a transient expression system. Accordingly, it is desirable to extend the window of
transient gene expression. To this end, we developed episomal vectors that not only are
capable of replicating in CHO cells but are also capable of stable plasmid maintenance as
episomes which greatly extends the time period for transient expression of proteins in

transfected cells. Epstein-Barr virus elements (EBNA-1 and OriP) were chosen to



protein, EBNAl1 is required for EBV vector replication,
mai nt enance and segregation 5 (Lupton and Levi ne 1985;
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in primate cells. Episomal vectors based on EBV
conponents have been used extensgively for transgene
expression (Sclinmenti, C R, 1998). EBV ori P and EBNAl
t £ i I j anc
D%&ﬁ@‘laﬁé (B ese gy %ﬁhéagféﬁ-e IR RS Ao Loty brcar mati
EE% E Lcient.for retention and replication of the
ANy gt plachmeptiegionicopiathingthe &y sequence

|ncI udqug human, nonkey and do% (Sclinmenti C R, o

lev ﬁé%leﬂ”?&Matvé et »r1899)aduterpstion AHANPrwith the origin binding
repllcate in CHO cells due to the cells' .
rmnteple EBNsI isgequitedrfer EBVEButor wipliahtiqn; opagedanos and:sugfe gation
pl asm ds were desi gned and constructed containi ng Py

qupid/and LERYe 1985 PoMifio-BodAaRing ISeRaftd? 1BDBUY fedet al. 1984) in primate
Pl asm d pEBV contains the cis-acting sequence EBV

%llg'Ebls‘?)fmaﬁ)b@tt&% F?)'aée‘aa&d P8V (o f@%@%‘é&? fised! e%?enwdy for

Epstein-Barr Nucl ear antigen-

q%%%&'ﬂy %ﬂ@é 5% on@gl lﬁ% Hﬁ)rﬁggv I%%Eé:\leﬁ%? \F;J@ﬁ:’gﬁlgﬁl S¢gepypr confer

PIH% m dp %SI ¢ |l acks %:ﬁg EBV .and viral elenents.
MAGERRAECE 9 DY Afethesste Thpssriag sergances are necessary

t he above pl asm ds under the control of the

cod sufficient {os rgrptiqy andoeplicatiDe phihie &B b veon id arpistyarfestablished

shown in 20 Figure 1. Retention and Segregation of

peNERYwag) lnmdaHohke yCddo3q Salideith€. RIUNFIR). e Al 0dt, EBV vectors
ki dney (HEK) 293 cells were each transfected with

iafelhotikeleovh 1 reptihtd if CPRY EdlGidRe %‘ﬁl@ ARG rohs ?eﬁﬁfsgl% nature to EBV

protein EGFP and selected in hygromnycin-contailning
oncentration of 400ug/m . Cultures were WO

%Lﬁ&?%%ﬁm AU2004/ 001224 - 30 anal ysed by fI ow

cyto followi ng . transfection to determ ne t

per cgﬁ:t Hé@l wld@ﬁrg‘éma@ QOW@F@dfﬁtﬁﬁl‘%ﬁ ]@VA?“ g]p,cyor EBV

the relatjve nean fluorescence Figure 9B). CHO

Flespantssasdepigtedrin digra Bl Plasmidpk quqntamt gig@ntingeequénce EBV

GFP expressing cells when
origin of DNA replication (OriP) and encodes the Epstein-Barr Nuclear antigen-1

(EBNALI). Plasmid pPyOri contains Py ori without EBV sequences. Plasmid pEBV-PyOri
contains OriP, EBNA1 of EBV and ori of Py. Plasmid pBasic lacks both EBV and Py viral
elements. The reporter genes d2EGFP or hGH were cloned into all the above plasmids

under the control of the constitutive CMV promoter. Detailed plasmid maps are shown in

Figure 1.

Retention and Segregation of pPyEBV vector

CHO-T, CHOXL99 and the human embryonic kidney (HEK) 293 cells were each
transfected with individual plasmid constructs encoding the marker protein EGFP and

selected in hygromycin-containing media at a concentration of 400ug/ml. Cultures were



transfected with pEBV-PyOri -d2EGFP (Figure 1 OA).
Fi gure 10A shows that the pool of 5 transfected CHO T
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expressing cells when transfected with
PEBV- PyOri - d2EGFP, the ef fect _Bging nost marked

bet ween days 11-15. ). Howevef CHO T cells
t f dwiheit vvlth V- d2 » i -
doaasetty ﬁgﬁgg}oewaqéh oA Selroniee prrerssee of OFP
expressing cells over ti rre(Fl ure |OA). In contrast
tGXRFESFIBE 9%& (Ergore 94) urd e feéatl‘@sljleaarfblqwsawéswa (Figkre 9B). CHO-

10 (Figure | OC). do not show an increase in
Greellsshowswiovgratiehdreasg éx thepercentaganf GHP tekplessingical Bagen

PEBV- PyOri - d2EGFP in CHOXL99 cells). These results

i trehisfeated Wil EB VPyOHTHEEGFR(Figino 1 0AgeFlgaird T4 i@t the pool of
t he pEBV-PyOri-d2EG-P begins to increase presumably

dpRsfbRIRIAS np k115 SRA SR b &Qnéﬂeﬁegﬁ‘ tﬁre R dn 9&%@ of 'E@FPaééé?)?essmg cells

repl I cation rom or| an p asm d mal nt enance an

tﬁa@%ﬁgﬁd%ﬂﬁ%@?tﬁy nl-s I%ﬁﬁ\iﬁelefggcgrb%gaosg %ﬁ?? i)letween days
E;)d %%% r(g‘ibcgf? rqngf%@pﬁ)% Iﬁhgé"EVGE Iﬁﬁfﬁﬁéﬁ?(eg? p%yOri--

fI uorescent cells decreases wth tine gos& bly due to

tREGHser pHasistda TP i nargush dperense imd bl iespressieg eadis|over
division (Figure 10C and 10E). CHOXL99 cells which do
noheFigupot @A Pyl@rcbattanittansiecgd CHX LT (Rigured0B) tuad trivasfected HEK
absence of Large T antigen) denonstrate an increase in

f €$0E)Ho 661 howHhEAcréRetih GFPL&GHERGinWIcENs (except for an 1n1t1al
(F@? 0§P-d2EGFP and sel ected |éz®hygrgﬁny0|(n f(%)r up t

X n%g P?/bﬁh&}ig(]ﬁsﬁ in"@fﬁo&'ib@ %El‘fs)?‘qlﬁ):%e ﬂegulfssln(ﬁ%te that the number

rstood a Is time e reason

ﬁ‘iﬁiﬁffﬁ%ﬁhﬁ?ﬁ%b@?ﬁﬁ%ﬁ%bsv(ﬁyﬁﬁ?@%@eglﬁﬂamwe Prgnably de

nunber of fluorescent cells declines rapidly for

dembasmid replieationdhareei antigen uwatﬁSargph%ﬁtwa diom Pyred) fnd plasmid
replication of pEBV-d2EG-P and pEBV-PyOri-d2EGFP in
HEMnRBaRGAnd et dregation limtegirtion Qﬂ/BBH\HA-ﬂ@nthéb)t(édptbh and Levine,

t hese plasm ds woul d be capabl e of DNA WO 2005/ 024030
POBSAUPKIO A (D bBskdvedFdr othexplashaiticonstiuetsHE thddgh @BV OH.d2EGFP is

due to the interaction of EBNA- | and Oi P and the
Rlap518 6 Lepisomal replication in CHO-T cells the number of fluorescent cells decreases
with time possibly due to the loss of plasmid DNA through degradation and cell division
(Figure 10C and 10E). CHOXL99 cells which do not support PyOri-containing constructs
(due to the absence of Large T antigen) demonstrate an increase in fluorescent cells when
transfected with pEBV-PyOri-d2EGFP and selected in hygromycin for up to 8 days, but
then declines (Figure 10B). It is not understood at this time the reason for this
observation. HEK 293 cells demonstrate high transfection efficiencies (Figure 10C).
However, the number of fluorescent cells declines rapidly for all constructs tested. This

study has not confirmed replication of pEBV-d2EGFP and pEBV-PyOri-d2EGFP in HEK

293 cells although it would be expected that these plasmids would be capable of DNA



of host-specific factors in the perm ssive HEK cell
line. Exanple 6 hGH production in transient
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production was determined in CHO T and CHOXL99 cells
transfected wwth each of the fpuw expression vectors
encodi ng the human growth hornone gene (H&). Cells
epHcdtloans Hrg eos @&1@&%&9@&@&9&%_@@%@&%@9 fggé fhd the presence

6-well mcrotitre plates at a density o

. : 8 d i th
o P St S R BB ) TV bt 1y

and HGH productivity were recorded daily. As shown 10

igxﬁhgﬁr()e 11, transfected cells reached a peak cell

f approximately 3.5 - 4 x 106 cells/m for

each set. of transfections. Cells transfected with
patigproduction i ransignf transfectionsing, S (i 99
(pBasic-hGH, pEBV-hGH, and all vectors in CHOXL99

cel | s)Profeir pradoctéinwvas detetmined in (IO aralt @HYXLIOGENS transfected with
hGH or less, while yield in CHOT cells transfected

wiath ofthe@vur- dxprésviag vedtogiehboding GRHumahréRMMHoARbne gene (HGH).
CHO- T cel I s harbouring the 15 expression vector

PEERN- Wt OiranstEdte D A0GREM R dBoVd ﬁ]dgse%?egcﬁiﬁﬁ)eé%veﬂg?igrolf@!e rf>1lates ata

These results indicate that evel

t ' I i [ is likely.to be _dye to the

AeAE) B8 P Bt | CHB VG el e e e ot aditon of fresh
repl.i catj on and segregatiqn. Although the plasmd

SRR 8 e SR fnd i spadshvityesetecorded daly. As shown
t.hese cultures resulted in a final product yield of
dRFeweny 1 Ltramyistsd cglis isachediaqmak celhdgnsith of aprfroxinmmde3i5n-4 x 10°
product 20 concentration is due to nore than sinply

sels/nil doreaph setaf transfedtione. CEtit abngaded wathvecté®lthat are unable to
densities of both transfected CHO-T and CHO cells were

geptidagyy ini CHIO CREIRYpBAS-hE P, ?EHWLhGHeB{d ﬁ%c%%%§?8§%9 cells)

adversely affect growth of these ceils.

P AAARCIE s Sy OIS0, YR BT 7o

hGH Lar ge-sca rans

f t f roducti on of _ mlligramamounts .
ARG A Ock Bt R B huBiengt 1mconnss CHOTY sedmrbouring he
et al .1999;, Wirm ) o
expression vector pEBV-PyOri-hGH had protein yield in excess of 6 ug/ml. These results
indicate that the high level of transient protein yield is likely to be due to the increase in
copy number as a result of plasmid replication and segregation. Although the plasmid
pPyOri-hGH is capable of replication in CHO-T cells, these cultures resulted in a final
product yield of only 2mg/L. These data indicate that the difference in product
concentration is due to more than simply plasmid replication alone. Total and viable cell

densities of both transfected CHO-T and CHO cells were similar indicating that episomal

replication does not adversely affect growth of these cells.
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expression system (CHO T cell line 5 and DNA
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protein production of hGH Cells were transfected
with either the replication-caonpetent expression
vector pPyEBV-hGH or the replication inconpetent

V§ctai’Jdt Q@ﬁgﬂtc-gﬁg ﬁ&?' tﬁcﬁere seeded at a
[Is/mM and cultured in

spi nn cuI re fl.asks t al ume of
hown Tarespli Ganest o Mediaid selsdias ﬁB’&r%fidrﬁ%ﬁ PF st production of
maxi rrum Vi abI e cell 10 numbers with viabi

riefhgrammnensé e ropwpkinant praieing @prdaﬁ@ﬁﬂlewi%u&hlaﬁgm ) $999; Wurm
post i noculation followed by a rapid decline in
vandBdrnarg, 1998sDineizher efl akb2@02).nlihe present dppriessiorogystem (CHO-T cell line
Product yields were IOng/L and 30ng/L in pBasic-hCGH

(N DA eRPhessBYvEsEt (BB V -PlyOai) sfae tdstdd for scsddagd pré@in/production of
The increased yield in productivity in CHO T cells

Sf EEliSHeret J\&l@&&%@\(ﬂ@ éltﬁ&' RS iRt éorfll%é?gﬁt RkA2Ei¢h vector

|cat|on and segreation. In a subsequen

S}%elfrgt gbk‘gbr S e 1tca(.:t?f)§1ﬁ§l'1'cl:otvr\ﬁpr ?én% 8t%‘f CpB%é ﬁgjﬁlgcﬁﬁn@s were seeded at a

viability of _t i gur.e 13 sho

progeettign ot é.xgﬁuealsml 3 i R APPSOt T B ot volume of
transfection in CHOT cells transfected with )

pERBwml OAsho Wk Figareal 2; bl aultufes zeashet] similapmasionsn viable cell
feeding strategy follow ng inoculation. Although the
neoh e with abibdite edrhaigiean abovee30% efinhddelvanmbsisnipltad dags post
those obtained in the previous batch 20 study, the
ﬁﬁéﬂlﬁig)nsﬁ)ﬂ@&f@(%{y akdprestiinetin Vlﬁ&'ll@}yﬁl@s&ﬁéﬁl% b dutdisht depletion.

| onger periods w thout wundergoling a sharp

ST PS8 b PP BE T By o o
C 7 n Cf n%agl%:#%gatg{ql}gﬁ{lr@e i&f:re?segaréglg Zrlx g%bg%;?vqua Elll—g?)l-rfl cells transfected

_feedl ng strate pr esumablpx allows for continued cell
H‘é\g%é £

avits PERVardeP rgsplisskiom plasplid eeplicgipn and segrgatingl yin a subsequent

pl asid replication, WO 2005/024030 PCT/ AU2004/ 001224

- @Bhifcentamtous hatal dub&g,r@gadlia weplacakent stodrely(60%reastyl 48hhgyas used to

in an increase in reconbi nant gene expression

Caxpenal thé ViaBiitpoihe Rbltuies dFiplieddGhows ElethrowapmliR ahd productivity
obtained from a transient transfection in CHO-T cells transfected with pEBV-OriPy-hGH
as a result of a media replacement feeding strategy following inoculation. Although the
maximum viable cell densities reached were similar to those obtained in the previous batch
study, the feeding strategy allowed for improved cell viability for longer periods without
undergoing a sharp decline. Using this strategy, cell viability was maintained and
cumulative protein yield reached a concentration of 75mg/L with a calculated maximum

specific productivity of 7.8pg/cell/day. Such a feeding strategy presumably allows for

continued cell dvision and hence plasmid replication. Accordingly, plasid replication,



Large T Antigen can inhibit the onset of apoptosis 5 A
conparison of viabilities of CHO T and CHOXL99 cel s
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have cell viabilities that exceed that of the parental
cell line, XL99. CHO cells expgessing | arge T antigen
may al so exhibit the beneficial effect of being

resi stant, to apoptosis. karyotic. cel.l culture has
seeBi e P BR R SR oA et i e 1 B ep eone
of conmerci al inportance over a span of decades.

IS RESSUPN capgbilities ppdenhaneaddredict Ykt abl y more fragil e
than bacteria and environnments typically associated
with |arge-scale culture often | ead to significant
|Exampledf cell death due to progranmed cell death or
apoptosis. One of the nbst comon causes of apoptosis
iImrigy i Aafigdn eanciabibit theanketqfrapbptasis i s t he
deprivation of nutrients or specific survival factors

from tAeofipdriso b ViabRitIE 6f GAO-TandVaHOXLIFEAR a8 ABtrated in Figure
been undertaken to identify nutritional strategies

gﬂ; ?*ovflﬂﬂate@ltiénﬁ Celid Bve \éél?piiai){hjl(ti)és ﬂlgpee){/&g%?ﬂ‘ﬁ{ dfthe ¥m9£tal cell line,

nes used rn comercially re

' C | ogi cal rqcesses.. By prol ongj. el | .
L 0 R8s e igloEa e pRG Plsp ek B ofiheneticial effect of
nonocl gnal anti badi es can, be i nproved, as pratein .
MeBBUETFtaRt tp aboRtpsiar Bvkaryotic sl cilivredps berome; adpilioncdgliar industry,
popul ati on. 20 The mechani sm of apoptosis intervention
igengratmg produgs pheamueseal ithpettdnoe oerla sBarl Okdsmwadgsr dlwvaver,

It has been shown that polyonmavirus LT can overcone

RoRaryo@s ertogsidwhblyansre $tagilvktiaa batteds snd ervidoagiearRmBsically
cell death or apoptosis (Rodier et al., (2000)). It

aGERIMd Wik fargd-Bake Bitubd %%ﬁ&?io%%r@@caﬂ feDe1@BEcell death due to
i nactivation of the Rb proteins. 2005/ 024030

E%#%@Hggg%éﬁgﬁéﬁéﬁéﬁﬁé xanpl e 8 Sodi um Butyrate

I son Sion is enhanced in CHO cells

expr essi large T antigen. Not taq be bound b ..
¢ heorJPe qiithg WoRiFgmyRN sase of abepiesis i) aiceblpieadprepntigurations is

large T mmc the gene . )
the deprivation of nutrients or specific survival factors from the cell-culture medium.

Many studies have been undertaken to identify nutritional strategies that can enhance the
viability and productivity of cell lines used in commercially relevant biotechnological
processes. By prolonging cell survival the yield of valuable proteins such as monoclonal
antibodies can be improved, as protein production is primarily a function of the viable cell
population.

The mechanism of apoptosis intervention is similar to that described for E1B 19kDa
protein. It has been shown that polyomavirus LT can overcome p53-induced growth arrest
which leads to programmed cell death or apoptosis (Rodier et al., (2000)). It accomplishes

this by its association with and inactivation of the Rb proteins.



5 activating effects of sodiumbutyrate, that a
simlar nmechani sm may be responsible. Sodium butyrate
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i ncreases gene expression presumably by inactivating
the cell retinoblastoma proteig Ro (Buquet-Fagot et
al ., (1996), Luo et al., (1998), and Struhl, (1998)).

di u utyrate has often been used in production
;&@88&%35 to increase reconbi nant gene expression and
pratein productivity. 10 However, the addition of
S9diumBy esults in cellular growth arrest
and the onset of apoptosis; and therefore, is only
added Gemeehpressiomis eshanged ingEHE qsHlo gxpressing lprgm?éa@gen Not to be
The constitutive expression of large T antigen in
Guhd by tHebsy, itisihoaglitithatafk GO selbsfexprasihg tarpei Tiniiadie tHeqiene
i ncreasi ng gene expression w thout causing growh

ALhi@iting cARets of BRI &hBLEraaNhAS Hast hEdHaREhOMhy bE esponsible.

production process toyield consistently hlgh specific
SPHREP B s.a%n%ﬁéﬁ%ﬁa@et%ﬁéé R ﬁﬁ*ﬁ“?‘%ﬂaﬁ %!f‘f Srygeme
syorrytor Braa e Bsrdiehe e eRodiedortf biARERD BuquetFagotet

, expreSS|on when transfected with pl asn1ds carryln

561 18R0). L gtalohl LisoupadSdmihl 2PN Sadirm Rytyrase bes gen used in
by theory, it is assuned that the transfection
girdéductiempyocedses CHIEIFasese@mitanae denerexpoaspian iasd pratein Grductivity.
due to the presence of nuclear |ocalization signals

(Hwskr, @ didlitfon dlsSdi@bEbitpaw nlidrehgtsiin ¢ellM@dgrowtt Avgest and the
active transport of exogenous proteins into the

Q)lﬁg tofta (yit@sﬁ Rl thelrdThRS %Q;n'l}o&id\éﬁ 'irbshte %apé’cﬁééi?)rf a éﬂ?c?fcﬁon process.

i ne Nagasaki ef al

o D %%%’eﬁ”ﬂmgﬁ%f%o?%en% DRl e o

can. |ncrease the expression effici pl asm d DNA.

PPAYF RHLYIRIE TOR BiREeaPIng ﬂ@n@@i%ﬁ@nwﬁﬁﬁ WS@gmw@@érest and
contaln a nunber of PyLT binding sites to which PyLT
hergfore @indeutsed toughout the production process to yield consistently high specific

productivity (Figure 14).

Enhanced transfection efficiencies in CHO-T cells

CHO-T cells (CHO-K1 cells stably expressing polyoma virus large T antigen,
PyLT) provide a mechanism of enhanced transgene expression when transfected with
plasmids carrying polyoma virus ori sequences.

Not wishing to be bound by theory, it is assumed that the transfection efficiency of
CHO-T is enhanced in comparison to CHO due to the presence of nuclear localization
signals (NLSs) on PyLT. NLS are knoWn to be involved in the active transport of
exogenous proteins into the nucleus via their interaction with the nuclear import machinery

(Nagasaki et al., (2003), Dean., (1997)). It has been shown that plasmid DNA — NLS



5 This work describes a mammal i an expressi on system
that is not only capable of episomal replication but
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expressi on system consists of the vector pEBV-Oi Py
and CHO- T cells and is desi gnegstor use in | arge-scale
transi ent producti on of reconbinant protein for early
ct dev u
BB opl s SR TbteoSy TR R e s PR oilEe I@Ei%és Plggmid DNA
systens to 10 manufacture reconbi nant praoteins
§ea'|aam Kgfélye% mmar@w;@?@cswagbaaa‘er@laertqfé’aréff&%ag sites to which
human enbryoni ¢ ki dney HEK293( EBNA) host cell s,
dhygilridedsed t o express EBNA-1. In conbination Wi t h
pl asm d vectors harbouring the OiP origin of
replication, this system enables both nucl ear
sansionn and aut ononous replication of episonal
plasmi d DNA (Langl e-Rouault et al. 1998; Sclinenti

and CaiteswdaOdscriii a ARG &Pedssibh sy’zﬁtemzﬁlﬂ@not bAly capable of
HEK293( EBNA) cel I's have been enpl oyed in batch

?QQHEJ tef gcﬁfoﬂ%‘g@ ?Px%tefnﬂf)n gt the'e ﬁ&éﬁe o C%(?Eé?fs’b e @{K%ressmn system

proteins derived fromtransiently trans ect ed

éiOp%l( g’ihlé%ect%é]g%%m %cg&’g?‘fg fis $i iflemg{leg?fgﬁgqeéﬂtlarge scale

expression system at | east as efficient as the

irarsignt refyction p& Fespmbiigat prateiyos garky produgdeyelppment purposes. To
scal ed-up transient production in CHO cells. It is

watel, thermoow sudrassfd@xainplee pEthe ukoof tramsidnt expressionspstems to

di fferent post-translational nodifications, which may
Shgnifichea rddoyhbadane piotdileat RE NP Bive dSployedt Susperpiot tadgpted transformed
reconbi nant proteins. The sane reconbinant protein

W%ﬁ%r%@ﬁfdﬁefﬁ@%mgﬂ&@élisser@ﬁ/eep@’t@ el rejss EBNA-1. In

different” bi oact|V|ty ih vitto (Haack et al

éEé%?n iR lVJI&][;hlgsmlg sqfar gpg %rzf)%rlg f(ﬁfﬁ‘gplkc\?gﬁn, this system

Fespec roc
oeck et aI 2000 WO 2005/ 024030
e?’ﬁi\i%ﬁwﬁs&rzzﬁmwwd%%w&us ggplicademngt epyqmalpieppid DNA
to transiently produce reconbi nhant proteins at

an
dhangle-Rozgdt efiah 19980l imendiraad tiatay/ 1888 eV epFrasnenbrogeket al. 2000).
sane host cell type that would Iikely be enployed for

tHEK 2 93(EBN ) apllobasdebs emploged in Bathhaprbduion processes for a variety of
Epst ei n-Barr-based vectors are incapable of

rE¥nh iAot Eﬁbtélﬁs §&# gt dnS troMmsidnfl§ i tFanOfeted bBolk [¥idldmigihto 20 mg L™
we have shown that transient gene

(Durocher et al. 2002; Girard et al. 2002; Meissner et al. 2001).

A transient expression system at least as efficient as the HEK293(EBNA) system
has not been utilised for scaled-up transient production in CHO cells. It is well known that
different host cell types confer different post-translational modifications, which may
significantly affect the properties of therapeutic recombinant proteins. The same
recombinant protein produced by both HEK293 and CHO cells may have a different
bioactivity in vitro (Haack et al. 1999). HEK293 cells for example, are known to differ

from CHO cells with respect to N-glycan processing (Van Craenenbroeck et al. 2000;
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5 expression is greatly enhanced if replication occurs

via the interaction of PyOri and Py LT. The rodent
w@elogormso r us origin of DNA replication interapti/ay2004/001224

with PyLT results in extrachronosomal plasm d

replication in CHO cells. Nucleggr retention and

segr egati on of transf ected DNA to daughter cells is

| n a :?g%{) i)ﬁlt)b &t tlr o%g:\gfhy E@H@cé‘re@@%b%&hﬁ%rgtﬁh% at an early stage
{u? E%b?%@k%ah@ dﬁgsi 91335 45 i TR Id¥s Bakomddikly be employed

protein production in CHO cells. W have shovvn t hat
theth@ fiprleeprogess ystleanlyhsly antpgroys hEperin-Rainbpsed eetersigpe incapable
to 75,g/L of reconbinant protein with in 10 days of
tof eapd;ibamtg' iarfCHCeakY arstheirownEkt thiscttudynwe bawd shoemtthatsransient gene
that replicate stably and are retained in cells over
teRpreddion RNPedt§eRhaiced USehlidatib® Ot suré Gia thd MEFAABNGEPYOri and Py LT.
expressi on, replication, repair, reconbination,

id r&&e'ﬁ‘?[)ol‘iz?hqh%'r@sror@lﬁ EPEN%?rep%@Qw'ﬁq}ﬁ%r&%E Wlt‘h"’Fy%T results in

| rrportance or gene erapy vect ors” have

B T s AR G l on o

ol ogy of manmmal j an systens. There_ are sever
é@@#ﬁ%ts@ DINAto daviehisrag!ls s spsyrest by the dnteragtipn ?%%Nﬁeband OriP. The
gene of interest 20 cannot be interrupted or
satmbawatien of both Pglloatayirys amhEB Vascquancesneswlts infincaensed gane copy
from integration into cellular DNA Secondly, the

puadeNEithidf thé iensf@sal detld ahd betaihalogins egpmgiomlmrmatn production
| ead to rearrangement or interruption of the cell’

NVEHOBALE apt h&\%@h@ﬁlﬁ thak fhd QJpYessi%H's§QE§ﬁlde¥&%@ h§rem can produce up
perSISt |nmJt|peCOp|eS|nt e nucl eus, resutlng

t(g] 73 gﬁpgf lfelz&rﬁ%lhglﬂ %teltnl'\g]ttlg ﬁlnﬁ)f c?%fts 'of {r%s?gcltvg] enever the

neceSsary Virtar trans-ac are
2005/ 024030 PCT/ AU2004/ 001224 -37 supplied. Finally,

the use of episomal vectors often results in a higher
ti‘%—ﬂ&ﬁlf’é@gi on efficiency than the use of
chrompsone-integrating plasm ds. Long-termreplication

and erﬁa%naeleranxoﬁ@ﬁ@lgyéﬁt@wet}agtrrégléqa&wstaw gedareggtained in cells over the

PEBVPYOri - based vectors in manmalian cells is a
Ueredf tatm aeobsefud todlhier syt g genelenpréssionoDNsufeplictomt repair,

recombination, and other cellular processes, and have potential importance for gene
therapy. Such vectors have been previously unavailable for rodent cells even though these
cells are commonly used in understanding the biology of mammalian systems.

There are several advantages of episomal vectors; first, the inserted gene of interest
cannot be interrupted or subjected to regulatory constraints, whicﬁ often occur from
integration into cellular DNA. Secondly, the presence of the inserted heterologous gene
does not lead to rearrangement or interruption of the cell’s own important regions.

Thirdly, episomal vectors persist in multiple copies in the nucleus, résulting in

amplification of the gene of interest whenever the necessary viral trans-acting factors are
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a gene encodi ng pol yoma | arge Tfpantigen (PyLT) or a
functional equivalent thereof A protein expression

syste %mgﬁ,%l rl@aéc%é:lrllo 1t ?;ﬁ ar?delussglﬂ g)gg(‘ﬁgﬁ&%l%%%l%‘ricalto{a%?ﬁ a

vector  conpri'sin onma orl

or a functional equiyv nt her eof , wherein sajd cel

is sui i?g?ﬂaéorf’ W”é‘gg@Z‘Lgﬂw&#{argobﬁ%ho&tﬂryo?m?%&?est .
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protein expression system according to claim 6,
wherei n the gene encoding .20 _pgl.yoma large T antigen
or a functional equivalent thereof is constitutively

CloRF 3 L RPN AEH: BT ENTION ARE A FORLBYS - e

gene encoding EBNA- | or a functional equival ent
thereof is constitutjively expressed by .the rodent -
cel ll: VOARBSI TP OPEH S OO 98 3 3udent goll ghe regnt cell

protei n expression systemaccording to claim?7, )
wher ei n térepisinga gerecdicoding papams large {lrantigere MYLL) or a functional
expressed by the rodent cell. 10. The protein

expr essi equisylsiteimerecfcor ding to claim8, wherein the

gene encoding the polyoma large T antigen is

transiently expressed by the rodent cell. 5 11 A
rodént cé I?ro'ieﬁhﬁfxl’é‘??ﬁ’é’flis%iﬁ?fpx?é’lnyﬂé%g rdedent cell apdha yector, the vector

antigen protein or a functional equivalent thereof.

12. An espnprsingapelyeme wrigongfrPNArgplicatiodena funstipnal equivalent
wherein the rodent cell conprises (a) a vector

conpri si dgrafgelnecianaiddelds suitabletfer expoéssiontod gsdtein cflnterest.
(b) nmeans to initiate DNA replication of the vector

and_(c) the oriP of Epstein Barr Virus (EBV) or .a i

f unét i ondhe BENID SXRIRTSIARSEBY acsArging Reslatmnga whegrdp ghegprotein of
EBV or a functional equivalent thereof. 13. The

expr essi oversstds ethepdpentiapmeici2, wherein the rodent cel

is provided with one or nore functional benefits

Zfe lf ?glt :ﬁ@@}é Brr(r)]te]irsl C)QII)I)CSS?OQI s!ygt%l%eeﬁ‘:%grcfirpg ttor'c aﬁlsnff, %ﬂe?eQn the protein of

interest is a monoclonal antibody.

S. The protein expression system according to claim 2, wherein the protein of

interest is suitable for use as a vaccine.

6. A protein expression system comprising a rodent cell, the rodent cell
comprising a gene encoding polyoma large T antigen or a functional equivalent
thereof, and/or a gene encoding Epstein-Barr virus nuclear antigen-1 (EBNA-1)

or functional equivalent thereof.

7. The protein expression system according to claim 6, wherein the gene encoding
polyoma large T antigen or a functional equivalent thereof is constitutively

expressed by the rodent cell.

8. The protein expression system according to claim 6, wherein the gene encoding
EBNA-1 or a functional equivalent thereof is constitutively expressed by the

rodent cell.



(ii1) enhanced gene expression, (iii) the ability of
the rodent cell to grow as a single cell suspension
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the cell towards the onset of apoptosis. 20 14. The
expression systemof claim12_gu _claim 13, wherein the
nmeans to initiate replication of the vector is

oL R SRR N RSP G5') o oG rcoine

means to_initiate replication gf t he vect?r is
t r ansi enENPAs) by Gansisatlpgxpsesed 5y dha rodentcellinp
2005/ 024030 PCT/ AU2004/ 001224 -45 16. The expression

sysiem o TR . hereel 3 -
L8, oI ARE RN Tl bty A URlPig one ccoding
the exprgssion of the. Large.T antigen or nct 1 onal

e val olfE B RRFBdrtes 4o i s Brprgised PR s B8 cell.
replication or functional equivalent thereof. 5 17.

The 1 EXPr AS5HéHD c8lY HafEOn3 GG By e8 picSsed it g®TRnfAerChdiebor a
12 to 16, wherein the expression systemis a stable

epi sonal f‘{“@&l’ﬂaﬁg‘ﬁdi{’%ﬁﬂ%@& 18. The expression system

according to c m erein the replication and
retention of the plasm d expressing the protein of

I nt €2.est Ahaspesdiar sygteaat@nptidiana rddentaellywebésin the rddent cell
An expression vector for use in a rodent expression
system tdifp@%pr ession vector conprising one or nore
viral elenments, wherein said elenents are derived
from pol yoma virus and/or Epstein-Barr Virus (EBV) and

i ncl ude ) a Vestos cowmpusing pgkeneencglmgafprokin ofdplerasat i on.
20. The expression vector according to claim19,

wher ei n {H)ansaws toinitizte Dpatdphicatfon cftheeydcroamd
replication and long term stabl e epi somal nai nt enance
in the radané oriP ek Epstein Barr Virus (EBV) or a functional equivalent thereof and

the EBNA-1 gene of EBV or a functional equivalent thereof.

13.  The expression system of claim 12, wherein the rodent cell is provided with one

or more functional benefits selected from

(1) an increase in transfection efficiency,

(ii) . enhanced gene expression,

(iii)  the ability of the rodent cell to grow as a single cell suspension
culture in protein free medium, and

(iv)  resistance of the cell towards the onset of apoptosis.

14.  The expression system of claim 12 or claim 13, wherein the means to initiate

replication of the vector is constitutively expressed by the rodent cell.

15.  The expression system of claim 12 or claim 13, wherein the means to initiate

replication of the vector is transiently expressed by the rodent cell.



21. The expression vector according to claim 20,
wherein the viral elenents conprise the polyomavirus

w@eadogiozwosd replication (oriPV) and/ or the EBV BCT/gU2004/001224
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of replication and/or the nuclear antigen, EBNA-1 of
EBV. 20 22. A nmethod for produggng a protein of
interest conprising culturing a rodent ceII t he

rod || conpri SI encq

£f or Do SitRon St P bnf ofERARE 12 P ds P herBythinbans to
repllcatlon of the yector, and WO, 2 05/024030
PCT/ AU200% R DRureplicasion of thenvector isthe expression of thekarge T antigen
derived fromEpstein Barr Virus famly (EBV), under
condi t i orrsupetiomel dquiyaksnp theswif ovithos ptzlmrda‘prustoengm ofgeplication or
recovering said protein. 5 23. The nethod of claim?22,
wher ei n fuhetichadeguitalertlidréaft € DNA replication of the
vector is constitutively expressed by the rodent cel
24. The nethod of claim 22, wherein the, neans
i ni 17-at el IexPrespion e4tten aggording tQ apy epe @fsclqumad&t%@ ‘yherem the
expressed in the rodent cell. 25. The nethod of any
one of cixaressionaystendsia stablerepisomahesplieating sysieini t i at e
DNA 10 replication of the vector is the Large T

ant OHHVIrUS or equi val ent .
ehel€or Dha FPsSBR D Bl Pioitg SlrB T wheREAH teRgion and
functlonal eqU|vaIent t her eof . 26 The net-hod of any
one of CrmHpnef ths phasmidewressinghe peasein of Hersst lastralop geeater than
or nore viral elenents derived fromthe Epstein-Barr
Vi rus f athideyweeke 15 constitutively expressed by the
rodent cell. 27. The nethod of any one of clainms 22 to
. east

rein at of .the on nor e
P el R nares e st e i A S Eeress O sgstpiyy fie gxpression
are tranS|entIy o ) o
vector comprising one or more viral elements, wherein said elements are
derived from polyoma virus and/or Epstein-Barr Virus (EBV) and include at

least one viral origin of DNA replication.

20.  The expression vector according to claim 19, wherein the vector is capable of
episomal replication and long term stable episomal maintenance in the rodent

cell.

21.  The expression vector according to claim 20, wherein the viral elements
comprise the polyomavirus origin of replication (oriPV) and/or the EBV origin

of replication and/or the nuclear antigen, EBNA-1 of EBV.

22. A method for producing a protein of interest comprising culturing a rodent cell,

the rodent cell corhprising

(a) a gene encoding the protein of interest on a vector,

(b) means to initiate DNA replication of the vector, and



expressed by the rodent cell. 28. The nethod of any
one of clains 22 to 27, wherein the viral el enents

wa@eoopnes0 20 the Epstein-Barr Virus Nucl ear AntT/ge2001/001224
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EBNA-1 29. A nethod for producing a reconbi nant

protein, conprising culturing-asCHO Kl cell

conprising a gene encoding Polyoma Large T antigen

(PyLT) or a cli l; j . . . .
t ransf or ned R?\nj‘% a{r?q %}Eg}rggég%ﬁé%{tsg%?%éraqgog@%P %tielﬁlgB%Vlms family
2005/ 024030 Eg(/)AUZOOM 001224 -47 to any one of

clains 19 to( 1,” under conditions pronoting expression

of said protein, and recovering said protein. 30. A

prot ei n QideslbsiRNkicHs pRsHbtiME dxPrdstien GBI rdilin i rBe Rering said
or claim29. 31. A pharmaceutical conposition

conpri Siﬁgte protein produced according to the 5

met hod of claim 22 or claim?29, and a pharnaceutically
acceptable carrier. 32. A host cell transfornmed with a
vecor dbdwonethod)of daimn2,ovteraif tied raeas td thitigste DNA répBication of the
The host cell according to claim 32, wherein said cell

i's of rodewtiddnstititiveld expresiel BPthedbdifictgasi ng

~resistance to apoptosis i'n a rodent cell conprising

expressing polyoma large T antigen or a. functional

equidval ehte methedof clpim 2hevhetdin thel theang %o iriftise MNA oapliodton of the
claim 34, wherein polyoma large T antigen is expressed
const i t wettoelsytramgientie exmeend ircthk rodedbeelllThe net hod of

claim 34, wherein polyoma large T antigen is expressed

tr |e:]1]ItIy bﬁ?fishf rodent, cell . 15 37. A nmethod of _
mei Tt ai niTgReiodet B ang ofglauBad (o b herein thegarans teiaitiate DNA
conprising, inclusion on said vector of an EBV origin
of repl ireplicatipn ahide yectohis theilbirga antigen gfpnlyEBNAruE ook functional
EBV, or functional equivalents thereof. 38. A protein

ex Io :r essieqnivaleat tanreo O Wjith iagiol@neavirasefigineEliréplichtiéh rofl8&tional
ce

equivalent thereof.

26.  The method of any one of claim 22 to 25, wherein at least one of the one or
more viral elements derived from the Epstein-Barr Virus family are

constitutively expressed by the rodent cell.

27.  The method of any one of claims 22 to 25, wherein at least one of the one or
more viral elements derived from the Epstein-Barr Virus family are transiently

expressed by the rodent cell.

28.  The method of any one of claims 22 to 27, wherein the viral elements comprise

the Epstein-Barr Virus Nuclear Antigen-1, EBNA-1

29. A method for producing a recombinant protein, comprising culturing a CHO-
K1 cell comprising a gene encoding Polyoma Large T antigen (PyLT) or a

functional equivalent thereof, transformed with an expression vector according



conprising a gene encodi ng polyoma large T antigen
(PyLT) or a functional 20 equival ent thereof, wherein
wa espodent cell is not a CHO cel . PCT/AU2004/001224
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32.
33.

34.
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35.

36.

37.

38.

-47 -
to any one of claims 19 to 21, under conditions promoting expression of said

protein, and recovering said protein.
A protein produced according to the method of claim 22 or claim 29.

A pharmaceutical composition comprising a protein produced according to the

method of claim 22 or claim 29, and a pharmaceutically acceptable carrier.
A host cell transformed with a vector according to any one of claims 19 to 21.
The host cell according to claim 32, wherein said cell is of rodent origin.

A method of increasing resistance to apoptosis in a rodent cell comprising
expressing polyoma large T antigen or a functional equivalent thereof in the

cell.

The method of claim 34, wherein polyoma large T antigen is expressed

constitutively by the rodent cell.

The method of claim 34, wherein polyoma large T antigen is expressed

transiently by the rodent cell.

A method of maintaining a vector in episomal form in a rodent cell comprising
inclusion on said vector of an EBV origin of replication and/or the nuclear

antigen, EBNA-1 of EBV, or functional equivalents thereof.

A protein expression system comprising a rodent cell, the rodent cell

comprising a gene encoding polyoma large T antigen (PyLT) or a functional

equivalent thereof, wherein the rodent cell is not a CHO cell.



