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Systens Utilising Polyoma Virus and Epstein Barr Virus
‘Sequences TECHNI CAL FI ELD The present invention
relates to protein expression systens and in
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In recombinant protein production, the choice of host cell is very important. Many
15 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-
~20  translational modifications such as glycosylation for bioactivity. Furthermore, many
therépeutic protein.s require complex post-translational modifications such as glycosylation
in order to be biologically active.
The use of mammalian expression systems for prociucing therapeutic recombinant

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



-2 authentic protein folding and conpl ex

post-transl ational nodifications, which are necessary
for the therapeutic activity of many proteins. As
such, many host cell |ines have been approved by

bodi es for use in the production
'ﬁﬁQH e ??c prot eins. Expression systens suéﬁﬁgynﬂﬁﬁgﬁn4

er apeu

cell lines 293 and PER C6, have been proposed 5 as
hosts for the production of re¢onmbi nant hunman

t her apeuti c, protelns These cell lines were devel oped
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5 c@b hesty 51 thh praducspad rdcymbinpaktdimeit thempeicipioteins, These cell lines

i mmunodeficient animals such as nude mce. Therefore,
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%T ﬁa%%geﬁlgaq pro%ems 1§ number 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

t he genes encoding transferrin and the growmh factor,

| G=-1. Polyona Virus Polyomaviruses are a famly of
d2Rg t unour viruses conprising the sim

V|r35 40 (Sv40) and the nouse pol yona virus. PCnaanosonz2s

Pol yormavi ruses - have served as nodels to study

mamal i an gene expression, DNA3-replication and

tunmorigenesis (Giffin, 1982). The COS-1 cell line
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containing plasmds (G uzman, 1981) and was devel oped
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nmut ant of SV40 virus which codes for 10 wild type T

~antigen. (Quzman, 1981). Viruses are host specific

anHelyema Vixwsagate in their pernissive host cells.

SV40 virus can propagate in nmonkey cells (CV 1). Py is

a nous ePolxpnayisusshare earmity Slsagl N A tummiue wirasesicauprising the simian
rodents. The large T antigen of Polyomavirus is a
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for viral DNA replication and requires functiona
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i.e. the only viral protein nécessary
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replication differs fromcellular DNA replication in
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(GAGGC) 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 replicat-ion, 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)

successfully denonstrated the use of eukaryotic

expression vectors in viral large T antigen- 5

woRbRsiag CHO cel I's. However, transient exps&ssiee iz
the desired protein was shown to only | ast 48-72

hours. The plasm d was not stably maintained within

the cell and was quickly degréded or | ost when the

cel | underwent division. Episomal replication and

st ightly cpmralied foopievenbmyrpgompidhs genpmg femdipneyemicated mep than
cells was al so exam ned by Gassmann et al (Gassmann et

al onee 06A singlpeeli gyclds Pat ent No. 10 2002/ 0146689, whi ch
descri bes the use of Pol yomavirus-based plasm ds and

t he depesiddnbeHefferegntand Benwpins®Fh (Hefégphancad Deomin A9 he
expression of large T antigen. W have observed that
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origin of DNA replication) Iike SV40 based vectors
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attain high copy nunber. In contrast to the CCS cell

e xquiest 487 2shomise Mhabiasaidpbaa am thbhbmaigined adthidnhe cell and was
overwhel ns and eventually kills the host cell within a
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with Py-origin containing plasnds do not replicate to
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sem -perm ssive nature of the CHO cell for Py DNA
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Epi Somal vectors In theory, gene therapy is the
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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

20 . 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

these criteria are not avail able. Gene transfer by

nonviral vector- nedi ated systens has been shown to be
sinmple, but relatively inefficie

‘ﬁg? 5@‘@%? gegg delivery. Many o¥ t he SysteQ%HWEHMMMMZM

currently available utilize viral vectors derived

fromretroviruses and adenovi ryses. The use of

noni ntegrating viruses for the construction of an
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studied. In particular, EBV-based expression vectors
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of achi eving high expression levels wthout affecting
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vectors which replicate extrachronosomal ly. Epi sonal
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over a long period are useful tools for studying the

SeXRie@eS foR Bef detil QD eﬁlaﬁ? BeSe FREnBROUBedtANSRYle ke viral vectors
exanpl e, an Epstein-Barr virus (EBV)-derived plasmd.
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virus. The viral elenents required for h epi sonal
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replication origin (oriP) o6f the EBV gene d the

UL OHasitd, 4E0 Hve(:%%vé%een%ﬁs‘f&rﬁm eracts with the

ori P region. asn1 containing the ori P and EBNA-1
segéggéggﬂgizﬁnalntalned as | ow copy nunber DNA

ep e cell nucleus and replicate once per
cell cycle in 20 primate cells. The chronobsone-bi ndi ng

loact i vi tYneghetERNABckiedng bigh ekmessiop devalsivathonigiiebiang the cellular

daughter cells during mtosis. EBV-based vectors are
meagemome isleaksd epigpriahpiienidetkdtsrs whivh ré@ichie egtraghromosomally. Episomatl
EBV-derived vectors to replicate in nbost rodent

C evdesors, whahureblivgte episbroardohalysih eel]s dver engapas@diacuseful tools for
drawback for gene therapy, since testing EBV vectors

I nstadyiinpths expsession ascloncdeenandd pene\IRrAQ O 624026 an Epstein-Barr
PCT/ AU2004/ 001224 -6 culture, such as CHO cells, was

pr evisgBBVY-dabraipthemel]l t o be inpossible. In particular,

15 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

20 primate cells. The chromosome-binding activity of EBNAI 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
cell s have shown that only sone rodent cells (C6 and
L6) are capable of replicating plasm ds containing EBV

[ d encodi ng EBNA-1 (M zuguchi, H
ﬁgfﬁqgm?m?[p(ZOOO)) and only for alimted armun‘pj;h)?d;")l224

time (i.e <5.days). Replication in CHO cells was only
possi bl e when | arge fragnent35(21Kb) of undefi ned

human DNA sequences were inserted in the expression

v eatlre, fuchys EHOR:els, vam greviousie censideteddo bg mg@83ihle. Bumkticular,

| arge plasmd constructs are not anenable to gene
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nature of such 10 an expression vector, which affects

t he pr detendbusaudiss ukihg EBVtdeavedydeyord inesdepetells havgrsbeMac that only
Accordingly, there is a need for an expression

pl asmd Wdent aPRPES anf 1S apddapatpd f3eihting Rphiidssdoh@higy BV oriP
mai nt enance, w thout containing |large fragnents of

s aposmcsuimERBIPAL. (MERhSOBIRH. N&OLA TS, FadiewReE0003,.edd bty for a
i ncrease the frequency of stable transfection and to

achin@¥Earhdiint aftlefe G628 ag;%r ER&IRAtRASH CHO RIIERAY orl$ FJ)SS]ble when
types. However, previous 15 descri bed epi soma
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(EBV) or SV4 | arge T antigen have denonstrated

' | Bl kabibn o&tmmsamp nos Meglele ¢ANOE 995? s’%?:h %g@%l%‘ﬁg copstructs

duri'ng long termculture (Piechaczek e

Hef § GhNaRknaNe:d g%ﬂ@ hﬁnsgal %%ehlae due tﬁ%gmthme aﬁ%gggﬁﬁéa%ﬁ@ of such

transi ent prot n production nmet ho ave
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reconbl nant proteins W th s up to
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large T antigen have demonstrated limitations both in host cell range and majntenance
during long term culture (Piechaczek et al (1999); and Heffernan and Dennis (1991)).
Recently, large-scale transient protein prdduction methods have been described for
the rapid production of large amounts of recombinant proteins with yields up to 20mg/L
20 (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 enginecred to express the Epstein-Barr Virus (EBV) nuclear
antigen-1 (EBNA-1).
As such, there is a need for an improved mammalian expres_sion system, which can

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



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

to produce reconbi nant protein therapeutics, it would

be beneficial to have an expression system capabl e of
gplication and retention at work i

@b@ﬁﬁhﬂ@%e ability to quickly produce reconﬁ?ﬂhn?&ﬁmmzm

proteins early in product 5 devel opnent phase in the

sanme host cell type that woul d7Fi kel y be enpl oyed for

the final bioprocess would clearly be advant ageous.
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enhanced transfection efficiencies, which result in
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there is also a need for cloning/expression vectors
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T antigen (PyLT) or a functlona equi val ent thereof.
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provi aes a protein XPressi on rrprl Sin
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and/ or a gene encodi ng EBV nucl ear antigen-1, EBNA—l
or a functional equival ent thereof. WD 2005/ 024030
PCUMMARY /(MOTHEANVENTHON be clear to the skilled
addressee that when nention is made of a cel
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.



‘conprising’ a gene, the gene may be within the genone
of the cell or vector borne. |In one enbodinent the
protein of interest is a therapeutic protein. In

anot her enbodi nent the protein of interest is a
wonasshenad antibody. In a further enbodi mentpceqd b@ofsmo1224
protein of interest is suitable for use as a vacci ne.
According to a fourth aspect, the present invention
provi des a rodent cell that cénstitutively expresses
large T antigen protein or a functional equivalent

t her eoflt willkecdgagiorth¢ skilladrddressed that wkapaeention frangsle oS 2l

i nventi on provides an expressi on system conprising a

r ogemprigied’ |2 gendh dheagene mhebs willein theashdme ofithe tadlag via)r tarne.
.vector conprising a gene 10 encoding a protein of

i nt er esdh ong ghbavigans thepratein of ateeesDNA thegicutapiorin. dh atdiper
vector and (c) the ori P and EBNA-1 gene of Epstein
Bagmbodimans thegndtéiy of MBYAst 3ra sianoclbn naibodgulnsafughdr @mbodiment, the
thereof. Preferably the expression systemis a stable
seppraeitedf iftapiticaitablg {6 yisd gmvatdinem | | be clear to the
skill ed addressee that in the context of the present
appl i caAdcoring td 5 fiure b1 theSh@bltenven®SEFrEvill& a rodent cell that
expression of a desired protein beyond 48 hrs.

Pr @heftailely exph@ses 128 T &tipk® Profitflor tfdtohARq @l albh hereof.
pl asm d expressing the protein of interest lasts for

gr eat eraccbaaRiyt [ LEAWRBES. théh8dal Abdnfion PRIdER] dpRk:IM system
is initiated by interaction of large T antigen or a

f %ﬁr@ﬁ? b (SR ! §idreih BRIERt Wlltéaflﬁripéél(é/)%%%f c':bt?nprising a gene

origin of replication or functional 20 equival en

10t h&ﬁ:@cﬁﬁg a P@gc% i iﬁtfeﬁﬁlaﬁyb ¥1eaxllsqg> g'lﬁtée;&: Bl @ fhag&% & the vector and (c)

functional equival ent thereo expresse rom a
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in thée rodent cell may assist in translocating DNA
A e R AT R TN e
DX 810 MG OSEBy SRl B poicion
15¢ etlhtla tem\‘{pstgbqg%/eggsﬁg %QprgssqynAo% ggséilr/eg 81']6 e%f' bey_or?d 48 hrs. Preferably, the
replication and retention of the plasmid expressing the 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
20  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 wiil be clear to the skilled addressee that the means for initiating DNA replication

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



It will be clear to the skilled addressee that the
EBNA- 1 gene or functional equivalent thereof may be
expressed froma gene integrated into the genonme of

the rodent <cell, or it may be expressed transiently
W'ot}ﬂilsrh A6 rodent cell. Preferably the expre1$ {/00 ”

arge T antigen or functional equival ent er 1 A

provi des the rodent cell w th fgunctional benefits.

Such benefits include, but are not Iimted to, an

i ncreasg i b(% 51@'{}‘% BekkiPRg %d‘}ésﬁ:ée%lﬁ Yhe ERINIRNGRAE > r functional

expression o e gene encoding the protein

. _ ;

'Sintﬁgl]ﬁgzﬁ%né l'{e&?ﬁ gngg h{é’ {z%ﬁr&ge f%:bgl} é ggll%gﬁtggrgée% m:t]cg);fhg gQrWn?esof %he rodent
mediy 2 i 1K %ggr‘%ss&{‘r?a%m%{ugf \Q%mﬁ erodd¥Rds the onset

of arjo h-aspect, the present
g fege%?ye@s Ak o AT Bt

£ Tl e 18 reRGur BB P sy e O birelapdids STa not imitea

o B 31“5%%2‘%5%@& e g@hggg e 2epr ghooding the

vi ral rrents co IS the omawrus origin of
r elﬂfqted’éf’ ﬁzrest Heiab n‘@t)ty%ﬁta? E?Ide @@90\6@? @elﬁglagell suspension culture
replication and/or the nuclear antigen, EBNA-1 of EBV.

15 ppratelt fgs pedippeang Eststncg of th%??gki?‘éar at the ﬁi‘@bﬂfé’ipopmsm
replication and | ong term stabl e episomal_ maintenance
in the AEPEHPS e sixth apeesy BF Agsbinyeion Frtvifles apegrcssipp pector for
present invention provides a nmethod for producing a
1pr gsceing redent eRPESSERR SHSIORP HIeSKPIGSSENII VELIPT 995 1paising @emer more viral
cell, the rodent cell conprising (a) a gene encoding
t helepnemsewhtrm sdithelemenss arg derived diwtopolyquis) vime aprd{or Epstein-Barr Virus
initiate 20 DNA replication of the vector, and (c) one
-or (EBY kandiincdidest kas obes vidd piigiedf DNaﬁmeE'b@tiei.n Barr
Virus famly (EBV), under conditions pronoting
expr essPeferafly, sizi drapeloneaithgonamide the elyvmaving osginaf replication
protein. According to an eighth aspect, the present
i n{@iitV)and/pr thy E8&sorizimefrbgiaticorandfor the natlerg astigen, EBNA-1 of EBV.
reconbi nant protein, conprising culturing a CHO Kl
icel | coppfersiy) theavegtonie capbleeifiegistinig réplibationand Bhgecr stable
antigen (PyLT) or a functional equivalent ther eof and
an epiEdrA4) i AhO30n e b Adde &lid/ 001224

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

20 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

25 encoding Polyoma Large T antigen (PyL.T) or a functional equivalent thereof and an



-10 expression vector according to the invention,

under conditions pronoting expression of said

protein, and optionally, recovering said protein.
According to an ninth aspect, the present invention
Q&QM&Q&&B@ protein produced according to thg. ﬁﬂﬁﬁmum;
of the invention. 5 According to a tenth aspect

present invention provides a pQﬁrnaceutlca

conposition conprising a prote| pr oduced according to
the nmet hod of the jnvention, a pharmaceuti cal

ac CBPIR YA CrIing - 108 I“B’F’ij’nt Hldahm@fhaemrﬁma%wresmn of
the present invention provides a host cel

tr éﬁ‘igi’@?%&“%ﬁtf?nél% ECPYTINGSRE PRSIy to the i nventi on.

10 Preferably, the host cell is of rodent origin and

i ncl udedcosting ¥ an sinth asppgtdle prgsenHoventiep providag @ progiimproduced
to a twelfth aspect, the present invention provides a

me B¢reEliRg to thmﬂg@@fﬁ@: ingefitiek-ance to apoptosis in a

rodent cell conprising expressing polyonma |arge T

ant i genAesording igraderit pkcielie presdntinvention peyides a phdrenaceutical
cell. 15 According to a thirteenth aspect, the present

i neempdsiion pompiighesa protest prodicod accmdingttathaimaghcd of dletiovention, and a
in episomal formin a rodent cell conprising inclusion

on phaindcevecilymccepfableram®y ori gin of replication or a
functional equival ent thereof and/or the nucl ear

ant i genAcdaRlNA: th anfelekrBih apectathé priesdnt DRaltios gruvidek @ hbst cell
thereof. According to a fourteenth aspect, the present

I Nwamfortied pith\divdasr ac@tdibeed the 2eftidar €ssi on system
conprising a rodent cell, the rodent cell conprising a
1gene eneefltadyy, tiedbyesmis cﬂ&@ﬁnﬂor@m drg @ IUdRY bifis 8t lighited to CHO
functi onal equivalent thereof, wherein the rodent cel
iscdiRt a CHO cell. It will be clear to the skilled
addressee that the present invention may al so incl ude

one or ARGLALSY tolaNReBALPLEE e GRIER M yndR sk iR 2Ghaidg
and expression vectors. Such 25 conponents nay

in @chﬁﬁng RiktaRde0 gﬁ;ptdsisrﬂl b RehiQell Romfishfl ABleSsinPhdifIma large T
(e a gene enco
antlgen or a functional equivalent thereof in the cell.

15 According to a thirteenth aspect, the present invention provides a method of
maintaining a vector in episomal form in a r_odent cell comprising mclusion on said vector
of an EBV origin of replicatioc 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

20 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

25 components may include, but are not limited to, a selectable marker (e.g. a gene encoding
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resistance), nultiple cloning sites (a polylinker

region) to allow easy sub- cloning of the fragnents

into other vectors, a bacteriophage origin of

\Fv%%dsﬁ)%o?@n to allow production of single (fﬁfl%? 001224
Ies of the cloned product, and a gene spanning e

clonlng site which creates an eaS|Iy det ect abl e

phenotype for identification of'host cells 5 carrying

vectors with inserts (e.qg. .LacZ. al pha, fragnent or

ECPppntiitichpsresgrced Halﬂtlpl @&I}g sitef (@ quﬁémE‘EfﬁF%%t) tefliqrpgasy sub-

present invention, the term"protein of interest”

i nelrpig of e Jragmens ingeother vpgters hacterigphageiptigin of repligation to allow

termincludes, but is not |limted to, insulin, alpha

i npredpesion ef singlp atrandedcopies of tha slenethprodish andvE@@Rpanning the

G CSF, blood clotting factor VIII, erythropoietin,

st ¢lepm9 kitarnelsieh criaalesan egsibiveteciable Phertype dorasentificationof host cells

the interleukins, 10 tunor necrosis factor and

sf otdﬂy@dwestoisrmﬂﬂamim’g (§.aclasi, alpha. ftapmemon EEXP) ($hmbivek et al. 2001).

present invention, the term"rodent" includes, but is

not | i ninttidconteat ofitbangesenhiavesition, thdieaw Grrotempuif ireerep? mcludes any

rat, gerbil, capybaras, porcupine, chinchilla,

C hpgpride b, prbeimn Avgordimglyiriie termdpdiedes, it issgulimhited to, théulihhepha

context of the present invention, the term"functiona

eqinker k@ hepatinch wteRe antibln, IENI-CSF, GOCSF, blbok @Bbtitn, fadét VIII,

element that differs fromthe wild-type by virtue of

si agh@o;metinr@ﬂﬂeﬁ RinBse M@k dviB hoRhdik] reRaRin, feiEifthd RRSleukins,

or mutations that do not, either alone or in

10C Ofti o Abdr s fa@kape[dd\fahue@uﬁhﬁmctef its functionality
for the purposes of the invention. The term

"funct i gRRd coRfist HRhEFtbsenBih$itibh GhAdBS “Bh&FERLIaddsNRk is not limited
are phylogenetically related to the viral elenments

exfbnﬁlloh;e' ﬁgnété? Ee%r%ﬁﬁh%igcﬁE g@l%lla%y&iﬁfsr ?&yup'ﬁﬁ?&ﬁnchﬂla,

functionality or 1%enen G that are no

h | el t
kA L W%%f S L0t That perform the
sane f Lllﬂ(fllié cQJQlthlSO W5 Esefi n%ﬂ&’i tﬁ%@#]‘fugétﬁgal egungglgnt” includes,

speci fi'catron. €SS

fthﬂﬁ é/%gg Bmifeli 10 g, %Qﬁgﬁiémttﬁh? dﬁ%?scﬂidnﬁ’}ge‘%ﬁl% ﬁg ﬁn@é (ﬁisi@le or
t Omeﬁlgﬁeon%feog&ddeleﬁHrellsnt i)glgi nr‘t:xclml'és’g érvﬁutat‘f’qegﬁn ?Ha’[ gﬁc’ nqqipe?tﬁgsrea‘iionteoor in

t hcomsblna%on Jepnve the element of its functionality 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

20 that are not phvlogenetically 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

25  “including, but not limited to™.




25 "including, but not Iimted to". W) 2005/ 024030
PCT/ AU2004/ 001224 -12 BRI EF DESCRI PTI ON OF THE

FIGURES Figure 1. Plasmds vectors used in this
study. A pBK-CW-LT: Expression plasm d encoding Py

{g?;%gsm'éqr@@ti gen. The CW pronoter drives exlgéﬁ%ﬁﬂéﬁ%lm

The Kan/ Neo gene confers resistanc
in 5 mamualian cells and to Kﬁgarryci n in bacteri al
cells. B. pCEMT-PyOri: was consiructed by PCR
amlifl ron of Py op using Clal restriction ends.
P@hﬁthﬁ#@gpﬁgﬂ?w&)ﬁﬁaﬁl@wgol ynmerase A at the
tg(&:m ni _all ows one-st(yq cloning of PCR fragnent into
pCENure o &lpsurids pesitors psed it 3mg- and pEBV- d2EGFP:  The
commerci al vector pCEP4 was renaned 10 pEBV in this
st ddy. RRE-EMIGEES Expressipaylasphmcediag 8y daiee Beitigen Ble CMV
DNA replication nanmed OriP of the Epstein-Ban virus.
D. Pyomptyr idrivgs¢xpregsn of §2 EEFFhakeniNen senacontes togistarico tri Gl 8 in
PyOri into the vector of pEBV previously digested to
5 ergmEmaliaNglls ambto Ban@nycinindasteralerlls. epr esent s a
positive control for episomal replication in CHO T
ceBl s. PEEM-T-BFON- WeCranstawettdpB\GCRPyplifica@B@FPy ori using Clal
Expressi on vector constructed by cloning PyOri in to
p EB¥tricfion @BasPCR amglifiBten witel PR{-DRA pibasdrasewast the termini allows
constructed fromthe parent plasmd pEBV by deleting
EBbifd-stgndorfig . PCB. frighhedx intolpGENAOI-Fayyavettot)s Large T
antigen and the Py origin were isolated from 20
PPELT- pEBY CO)and pEBPRZESG FIP: (TREGOn S &6tbMRIBP 43 renamed

cloned into pNK, a proprietary vector encodi ng EG-P

10 epEBY 6xi th{sBaidy eyt efitodad the EARDBN i 10H#H €heorigin of DNA replication
I mmunof | ourescence detection of Py large T antigen in

CHRAreRll (hr$P b1 tBOBHRGH-86r vidhd h pBK- CW-LT: untransfected
CHXKI (A, 1l cells transfected with pBK-
D.  pPyOriand pPyOri-d2EGFP was constructed by cloning PyOri into the vector of
PEBV previously digested to remove EBNA1T and OriP. This vector represents a positive
control for episomal replication in CHO-T cells. -
15 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 deleting EBNAT and OriP.
G.  pPyOriLT: Polyomavirus Large T antigen and the Py origin were isolated from
20 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).



CW LT (B). Cells were observed under |ight m croscope

(top) and under

WV (bottom). WD 2005/ 024030

PCT/ AU2004/ 001224 13 Figure 3: Frequency distribution
of large T antigen expressing CHO T cl ones: 92
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of pNK-Ori-EG-P and 2. 5ug

5ug of pPol

Large T e
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c otIphes ereenalyepd; bytimmuppilqurgseapse saRingdor expressionsgfdiyderge T
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ess

s

en are

y- M. 6- EGFP was transfected

i ntieeHdares Dexpresyien isqietaddly Yhe “Agluotgscepessin atde Brpsifaseat(Poldsquare

| ow nol ecul ar wei ght DNA was extracted by the nethod

oferekrt 10 extracti on.

pNK- Ori - EGFP and pPol y- M2. 6- EGFP i s

i ndi rect assay of

The state of nethylation of

measured as an

replication by digestion with both

Spphigueatty Syygherm blotenalyss of ploseid nepliastipn:oThaiyporied ploside (ug of

was
TheV.

erformed with the use of p32 | abel |l ed EGFP
O FBhwasgpsinifeete bt RO ¢lomesRRSuerd pNK-Ori-EGFP and 2.5ug
pPol y- M2. 6- EGFP Dpnl - r esi st ant

pr obe.

pl asm ds appear as

| i elghiMIblaagnd deider amwedrahdfectql in®rGIHSK & OFieatontralfer Bmsient

site,

the bacteri al

15 replicated pNK-O'i - EGFP and

p PebNcalitn) 65 g GF PPOp 2. 6 EGFIPhwas erapdfased ide GHIPER(2"SsVe control). 48

smal |

fragnent because the plasm ds contain nore than

onlg popritangedtion Idwimbleeulabeaight BINK hves extrable® by thamethod of Hirt

Contr ol

for Bacteri al

replicated plasmd (pNK-Oi - EG-P

10p| @smttibnd Tyeshte df sethblatibPsH pANKNOriSPEF P akdp RS- B2IOEGEP is

Contr ol

for

Manmmal i an replicated plasm ds | oaded at

di héBnehs SORGIERL 4584y ATREDICANK-HOigeE$InRyild WAKTDEAT and Spel after

di gested with Spel,

| ane2. 25ng,

| ane3.

20 50ng and

| awiiéh SAPitgn blot RS dRatidB2vds@ertf@Rd Qith 12681 h BNEvelidd EGFP

P2-E12 | ane 17. Pl-El

| 10r i
R

Pl - D2

| ane 11.

P1-

Olane 21. P2-D4 lane 6. PI-C
lidefled ﬁ&f-@i-k(%ﬁ% adBp Pl AL 6L

BP®phLresistant
1" ’ane 15. P2-E2

| a1 2smh& apPdar BYlike@PPlashids Bbals8 the plasmids contain one Spelsite, the bacterial

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

fragment because the plasmids contain more than one Dpn/ 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.

20 50ng and lane4. 75ng);

lane 5. P2-HS

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. PL-F10

lane 22.P1-D2

lane 7. P1-H2

lane 11. P1-C11

lane 15. P2-F2

lane 19. P2-B7

lane 23. P1-HS8

lane 8. P1-G9

lane ]2. P1-G2

lane 16. P1-F2

lane 20.P1-G8

lane 24. P1-Bl




lane 8. PI-& lane 12. PI-& |ane 16. PI-F2 | ane 20.

P1- G lane 24. Pl -Bl1 WD 2005/ 024030 PCTI AU2004/ 001224

-14 Lane 25 Bacterial +Ve control (CHOK1 transfected

with pNK-Ori - EGFP); | ane 26. Mammal i an +ve contr ol

Sy e e ~transfected wth pNK-Oi - EGFP and -

T ant‘iug%g); | ane 27. Mammal i an +Ve contr ol g‘%%é“%‘{’aﬁm
transfected with pPoly-M2.6 5 EGFP); | ane 28. -Ve

control (CHOKI). Replicated DRAYbands wer e quantified
using denstitonmetry, BABS, UNSW Figure 5: (1

Sout hern Bl ot anal ysis of Extrachronosoal DNA:
Extrachronosomal DNA was isolated using a nodified

Hi Lemsedt PastariabhY qreontrel GHGK & trapstsvted with 8% @i-EGFP); lane 26,
replicatjon was detected by resistance to cl eavage by

Dp ammiap {ve seagro e HOK ) carhiensfected withgMKe@uditiRR owl KIME large T
is nethylated. DNA purified froma dam+ strain of E.

Cco Iarﬂfges)? &n¢ 4B s Maatrealipn i+ Ve ppttol (BIRQK & srapifcatedivathpibady-M2. 6-

whi ch has undergone one or nore rounds of DNA

¥ e pFCAtme?S. i-Y ervamindd (CHEKA | Replicaed BSAdadstwdre qidmrified using
cl eavage. (2) Plasm d pPyOri-EGFP replication. CHO
celérstioxstre FABS UWYSWarge T antigen are capabl e of
supporting replication of pPyOri- EGFP. Unreplicated

DNA (A) and replicated DNA (B) were distinguished

us Figyre Hre(1) Sonthem/Blnt amaly soeddExitrachropsisoal QN AxrExtiagiesinosomal
of Hirt extracted DNA as described in Materials and
MeDRgdwas iFilged esify a BGHERcENpt esmitnm rahddr(Hits f 0. eplasod®
cells in the presence and absence of Py large T
antedpgention BEFRt@xqirtyysdiomet © defvhgeas Bs] tecHeEaR e ddg &hen its
of fluorescent cells nmultiplied by their nean
1or eteadgmitéonfsitel regindatd. DNA sudfffdWom 2 0anlrt ol . c6X RWskbstrate for
kinetics: Gowth kinetics of CHOT (A), and CHOXL99 in

Ex OpAlb@d2eas plasthid INB) whBthahukdetdobé 6nd & nfodd fohfdk JTIINA Replication
a 250m spinner with 50 m's of culture. Cells are

s epdadhiailiad xd0s esislasl B1DpRKaeMAE0 ) Prstuid BPPORSLEFP replication.
counts performed every dzf?( Fro%n&&t)hi s st Egs()CHOT replication

ceCH® RBdepredadPby Depel T MRigtPard LaddleM sWpbitind rdpRdtiofh §F bryori-
donsity of WD 2005] 654030 SR ABosAl SOTIFAC ptiettio beyori
EGFP. Unreplicated DNA (A) and replicated DNA (B) were distinguished using the

15 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).

20 Figure 7: Growth kinetics: Growth Kinetics of CHO-T (A), and CHOX1.99 in Excell302
media (B). Batch culture is carried out in a 250ml spinner with 50 mI’s of culture. Cells
are seeded at 3x10° cells/m] Exceli302 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



.15 2.85x106 cells/m . CHOXL99 had a doubling tine of
20.01lhr with a peak cell density of 2.75x106
cells/m. Figure 8: Vectors constructed to conpare
expression efficiencies in CHO cells. Detailed
] ps are shown in Figure 1. 5 Figure GFP
ij‘%r%égé‘gf“gﬁ in CHOT cells. Facs analysis rev%(gv’gwo%oa‘hm“
the nunber of cells expressing G-FP when transfected
with the hybrid plasm d pEBVPYy&1 - d2EGFP was _
signifigantly reater than CHO T cells transfected )
wi APy esiisino %@ﬂi LY mhad/a dobbpptimg of BAKY svith 2meppeell dynsity of
B. Mean, G-P Expression over time. In a transfected
pod00 ellgnt. cel|s, (CHO cells expressing
pol yomavirus large T antigen) the nunber of cells
expressing GFP usin PEBVPYOri - d2EGFP i ncreases in
nufiglFe &ih¥ecdors eonsirugiip sompisnespression eflisiencies i eells. Detailed
and expression. Figure 10: Long term stabl e epi sonal
nePlAtEA A1eears shann iiFigyrsk| ecti on (% of 15 d2EGFP
expressing cells): CHOT (A, CHOXL99 (B) and HEK293
(Q.Cells are transfected with 5ug of pEBV-d2EG-P,
SpPVierre42EGFP, pEBV- PyOri - D2EGFP and pBasi c- d2EGFP
plasm ds. 48hrs post transfection cells are sel ected
wi &h  hygFREyeression indoig hrrdlls. Exssnalysd spusatedsat thermyedper of cells
to neasure the % of GFP expressing cells. Figure 11:
Re®prissing T phen wanstogicd eMitbithedry biid pEH@d PEBMPyOri-d2EGFP was
transiently transfected with 20 non-replicating and
r epgrifeanin greatenthas CHORT vadls trongectddrwiér pRyOlri-FAIRPs pEBV-d2EGFP
CHO T cells (A) and CHOXL99 cells (B) were
t rapPeacd@dGiP.t h expressi on plasm ds as indicated.
Followi ng transfection, cells were seeded at a
10deBisi t YMein GFRKExPfesciak beeftimd. 1in a thodfakedpobLoteHb-TZelid, (CHO
WD 2005/ 024030 PCT/ AU2004/ 001224 -16 Cell counts were
dedetis exprasing polpgmavitug LirgCy hmiges) thaslinienbf dell§ ¥xpé&Sing GFP using
determ ned using the
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

15 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-d2EGTP plasmids. 48hrs post transfection cells are selected with hygromyein

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

Figure 11: Recombinant protein production in CHO-T cells transiently transfected with
20 non-replicating and replicating expression vectors. In 6-well plates, CHO-T cells (A) and
CHOXLI9 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.



trypan bl ue nethod. HGH concentration was determ ned

usi ng ELI SA (Roche). Figure 12. Batch study or

reconbi nant protein production in CHO T transfected

with A) pBasic- and B) pPyEBV vectors encodi ng hGH
transfected and 5 seeded into 1

gg:zkﬁé?@?fasks Cell counts were determ nedOIE}JESIEMI{;;Z004/001224

haenocytoneter and viability V\ﬁbs deternmi ned using the

trypan bl ue nmethod. Product cohcentration was

e LI

o Pl it et

FoI | owi ng transfection, cells vvere seeded in 100 m
nner_ f densi ty of X 105, cell s/
¢ OB 2 BREA 31 o reomatpat pRotpg radydion at HR hetaaﬂsfected

eV S 52 e

conc tratlon over time. C. Specific productivity was

5 deteErstitiad Ot %?&F]E{Jﬂ%{‘ﬁ gl fv‘wéﬂs Wﬁﬁ@t@mmﬁ%w@m@vwomﬂer

protein. _concentration divided by the change in
acfasimﬁ afte oyag determineg ugingHsiteyp glewaﬁle@ Broguqt pergentration was
productivity during batch run. Maxi mum specific
Dr ST EE WY T8 A RiH(Rede). Bngfurssiofa ool aimejestsT iangles: totel
expression in CHO cells m mcs effects of sodi um
butighle el numbers; eirdlesGréH Yiekdkl | s were transfected with
the vector pNK-d2EG-P. The pNK vector allows for the
sel ective activation of expression of the protein of

i n¥Fignessk3: dHE geduesivity HeCHOCT enllstggnsiertedethapRYEBVARYy of-HGH. A.

rretal CHO T cells, expressing the large T antigen
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EGFP gene expression. WO 2005/ 024030 PCT/ AU2004/ 001224

- 1zlgEE R PRl oNwar off 10 &l | GlENTtONRrdefeaninediusing a haemocytomer

enbodi nents of the invention will now be descri bed by

weandofiabdawps deteromieyd using BLIS# @Roehe)e Bt Adeireulated protein

acconpanyi ng figures. The exanpl es bel ow descri be the

d escatappraent ovef time.nEnlpdcifapre@ipti egsivanlegysinediby calculating 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.



5 capable of long-termtransient production of

recombi nant protein in Chinese hanster ovary (CHO
cells. The expression systemconprises 1) a derivative
of the parental CHO- K1 cell line having in its genone

%VB%{; EzﬂboT anti gen gene of Py (Py), into &PA]II!]Z%M&OIZM

rans ed 2) a DNA expression vector consis

one or m)re viral elenments for_episomal replication

and/ or stable plasm d nai ntena}fg The CHO Kl cel |

lin ssin | ar eloTantlgen named CHO T was
depgsgﬁﬁg% (?'T{g BN transi ent producti on of
reconbi nant t her apeutic protel ns. Several advantages

of t hePrelmedrernladimentyyef thelexertion wiknaw budlespnyedduiivrag@f example
for the production of therapeutic proteins. CHOT is a

f uptly Witk efergaqede thesgeamenanyiag figeeof CHO-KI. It grows in
single-cell suspension in protein-free mnedia. Due to

t he conBeicramplosbaiopdessabathe develoamget of aarhrnalion akpirkssioy system
toinitiate Py ori 15 containing plasm d DNA

5r epapilda of long-tarmdraggient ptadnesionyoh rdsbinbinentiparieiedn Chinessdemster ovary

expression - and protein production. Geen fluorescent

pr 6RO cellGFR)e eaputssiemeystemyrcomphisel df ardevsyatieHidthe pueeneal CHO-K 1
used as reporter genes to denonstrate transgene
exgaidiasihoving Hats genamed the ldrgesl sritizen echewf Ph (IDyigXo whielis transfected
expression vector containing the Py origin of DNA

r ep) 4 B Aie@fressicr veplaBiinsiatingeofphe Shore vitalcdl@hengOfdt &isdinal

the ori P and EBNA-1 protein of Epstein Barr 20 Virus

( ERMication MR <Byldplasmad MyiBtehshce X PRESHOM ¥k lexpressing Py large
containing both Py origin and EBV ori P and EBNA-I.
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vectors are capable of episomal replication in CHO T

C ek SmbilkrR (HR AP cHREEInE XPvea i nthdes B¥ ihd emo 'l"rl:ell GRd hske it
har bouring the hybrid vector pEBV/ PyOri G-P

l&y@g sg@d fBPﬂEQ 9&@%&9 of eﬁfab&tkrﬁ&aw Ctt:ﬁé ﬂstahfuuy

Oi G- he prol onged and el evated

g9 e&ﬁra%ér1§8%ﬂfeﬁ§ﬁiv@ 'Bf QMI pﬁ@)ﬂu@éﬁ)&hgk %el@sﬁ?fﬁ {oby i profbin-free

combi nation of plasmd replication,  episo

20915419 ?fﬁQ%Q thp%ﬂsﬁ%‘%%é Klia %f {Arge 72hd h&&ﬂfj}%% %g’tﬂge Py ori-

p asm d segregation dur| ng ce [ vision
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expre e produc

resRy t&ﬂ%“odﬁ&%%e 'Cﬂeenm%relgé’en{ ]Protelnx(EF%§ 3 Idoh Sg,trc?ﬂh hormone

conprisin € expression ve

(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 th(; oriP and EBNA-1 protein of Epstein Barr
Virus (EBV) or pPEBV-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 pPyOrGFP or pPyOriHGH. The prolonged and elevated gene

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



pEBV/ PyOri and CHO T cells is particularly useful for
the large-scal e transient production 5 of reconbi nant
protein in industrial applications. Exanple 1
Materials and Methods: Cells and Media CHO KI (ATCC

re grown in DVEM OOONS F12 contai nj
?OgﬂF%;S&MdéﬁOT cells were adapted to suspensi o@%ﬁ%@/wzﬂ
in serumfree nmedi um ( Exce] 13Ofﬁ JRH Bi osci ences,
Kansas) and protein-free mediu (Excel 1 325; JRH

Bi osm ences, . Ka XL9 cel | u nsj on. CHO K1
eSS &adagle%%ﬁtsa@rgaﬂm Fi ool it Th besca Srestion
serumfree | t che 999 were grown in
ExtErsgy C }f@& eplls R@Vlﬂseﬁwm é]H%?NasPre osptie Ay oRdigpeoduction of
nyel omg cel |l s) (ECACC 85110503) were used to
t r ERUPREnt profiny Hhediybrid PHECSEIEN S CAmRYiSing dhefaprpssion vector
antige El ect roporation of NSO El ectroporati on of NSO
PP RiGricns FHET ool i Bieylal JeRipetenmon seiansicn: poduction
described by Chu Get al 1987. Briefly, 1-1.5 x 107
NS reesinbinapepreteyy g wrustalpplidabgnsphase and 20
el ectroporated with | Qug of pBK- CW- Large-T-Anti gen
plasm d at 250V using a square wave pul se for 15ns.
CeExamplede sel ected 48 hours post transfection in 418
(400ug/_ m ). Lipofection of NSO Li pof ecti ons were
$:t he | i pof ectam ne2000 reagent
(I nwtrogen) according to the manufacturer's
di EellstandMediaBr i ef | y, concentrations of DNA and WO
2005/ 024030 PCT/ AU20041001224 -19 |i pof ectam ne2000
wer e prepareld(ATCORECL %8 hwere direavnan DB @ @08 FA? coreaiming) 10%
incubated for 5 mnutes. The DNA and ‘
10| | Pid%.eCHAAT redl2 0RE: adepted montyiendch gndth incerhatfed niedfet (Bxcell302;
for a further 20 m nutes before addition to 5 x 105
c e/RE Biusipeasd &dhnian) &d@uiteih-fre? hediabhd (EREAB2% . JRH Biosciences,

Kansas). X199 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
15 NS0 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
20 electroporated with 10ug of pBK-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



Cells were then anal ysed usi ng FACS (Cytomati on MFl o
cytoneter) after 24 or 48 hours. 5 Transfection
Transfection quality DNA was prepared using
Nucl eobond(r) AX col ums (Macherey- Nagel, Duren,
%Ry 3B sdeso DNA concentrations and purity Werepcr . v2004/001224
i ndependently assayed using anal ytical ge
el ectrophoresis, restriction egéynﬁ di gesti ons and
spectrophotonetry. 10 Suspensiofi"cells were

ect.ed fol | ows: Transfectlons were carried out

f
r Fgosfemlpe %ﬁt\z\@§ I{T%Qj"-'e i pmew at o ieynperaRg apdjipcubated

ﬂ% hase were washed wi th 1xPBS
(of S pavies. pie PEnddiaferaminedg00 enerembingt and ingubatyd together for
MM Na2HPOA. 7H2O0, 1.4 nM  KH2PO4) once and then

T e% &gﬁb@h?d%!am&tes befomadigen e} § $0°reellpyspentiin 580N in 24 well plates.
1.5x106 Cells were transfected with 5ug of plasmd
anbielisorersthen gpalysed biiecFAGH (eytopadnNoklp cytemdtsr) after 24 or 48 hours.
Technol ogy). 12 hr post transfection cells were

resuspended in 2ml of Excell302 nedia and treated

Wi t ion reagents as required. Isolation of

extrachr onosomal DNA and Sout hern bl ot hybridi sation

Cel | s atremsfestippguatifiaRN Avas Prepassh asing Nodeationd®AXRBBMand
resuspended at 0.93x 106 «cells/m Opti-MEM Medi a

( LiMachmey-iaetiogyren.fégrmamiil DHA ¢cmsensiptiordeod purity wee independently
then 20 transfected with 5ug of -(plasmd) and | Qul LF
20®8¢neyl uping anabytigelidel géctophor&sifirespoton ertzyme dfgestionomd2 ml

of Excell302 nedi a was added. 24-48hr post

t r smetfapbotonetrgel | s were harvested and | ow nol ecul ar

wei ght DNA was i solated according to the Hirt

10ext r actJuspensive ctiBivepetrdnsfected asd @A dWs: TRirseblions @ekd @rwdrat in 6
harvest ed and washed with 1xPBS then resuspended in

| ntvelDple®s GBS WaRi, Ty oEDipan). Q. ib nhd fog fphisacrebalashed +1h $xPBS
cell suspension WD 2005/ 024030 PCT/ AU2004/ 001224 -20

at (phesphatt-bufiaedidine 180 mM 0RCH 2 2AMKCRE 3SAMNGIIPORELO0, 1.4 mM
added to the cells and m xed gently. The resulting
M KHYF®,) e ahd @idn kddGapbaieadt ar5x40° @NemliopBMEM media. 1.5x10° Cells
Supernatant was collected by centrifuging at 15,000 g

f OWerd GrasBfstted SURETURRY BRAEmBIHR N 63 SWRE €ifotdcimifdonae gl
15 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
20 transfected with Sug of (plasmid) and 10ul LF 2000% in a 6 well plate. 6 hr post
transfection 2m! 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



twice with phenol chloroformand then with chloroform

DNA was isol ated by ethanol 5 precipitation and
resuspended in 20-30 ul of TE buffer pH8. | Isolation
of Extrachronosonal DNA and Replication asses

somal DNA was isol ated using a noglifi
ﬁi)ﬂr{ogél?idx}fhrgggti on method (Hirt 1967) at 24, 4 {:{Jr*]gg%““m“
hr post transfection. Briefly,_ cells were washed with
PBS and incubated with 0.6% S5 (wv)/10 mV EDTA
solution for 20 _m_n. NaOH \IQI%S then added 10 to _a fi nal
c o AR FSRASHrB for LOmina APl Ao dabt Wevrdslad todhe eslle and mixed
i ncuhat.e at 4C overnight. - Sanples were centrifuged in
angﬁ‘égis-e Jrsultpg mixsurctns thegrincubapchat 426 overpiehty Supernatant was
extraction wth phenol:chloroformlsoanyl alcohol
( t SRilestpdpycentsifyging 2 13/00@ B forg0 mip Sipernatem satogisy weeerfitst extracted
once with chloroform (Sigma Aldrich), DNA was .
pr @8sepvithphsaohghioro feis asidithen wittheingpformddNAvens isolated by ethanol
resuspended in TE (101). Hrt-extracted DNA was

5di pegpigadiopprdregppendahin 20919 ul 66TE NefferBhi§l and Bi ol abs,

Beverly,* MA, USA) in 50 nM NaCl, 10 mM Tris-HCl, and I

mVv dithiothreitol at 37C for 2h and el ectrophoresed
oniselation e dixtrachremesomal DIVAand Replicsiin dssayn

hybri di sati on was carried out according to the nethod

of AusUbBérchrapopmaBPNafwag isobdd wsing\wemali SaldkiedExitmction method
depurination solution (0.25 MHC) for 30 mn,

d UPED ey, 48kt 7200 post tBnstddiidia Briefly Scelks NaasheaarwiOPBS and
mn and neutralization (2M Tris-HCL/2 M Nad ) for 20

mi incub2@d BiA Ovieds SPR éw/vi/il andd EDTadotution Fdr 20 @gh.| NHOIS @as then added
menbrané in 20 X SSC using a vacuum bl ot appar at us.

10 Thte afieatroacsmtiish oAl MosRdhd Radhby waOilloHedTd hedatd RAPT overnight.
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tenperature before baking at 80C in a hybridization

OVRAnplch R BRABITARE iNASEReRIM R # Zq6r 20hik SFatiownty i
Denhgri s/ 6 5%8DS, iOO g;i/FH% sal mgn gEper m l#f\lAFgﬁo ektradtion

(v pHen@@RIofBim: B8EMFIAIcoRE (RS MR Si@%? iAtlélr%ZQI;Louis, MO, USA)

32P-label | ed EGFP probe (C onetech) ter

| NG BAL \Gith @iorBB8Gn té]Enéé{@lcﬁféf?ﬁ,Pﬁ%%%@%@@é%&ﬂb@%é%ﬁmol

-21 nenbrane was washed once

S d P BTIR s ORS oy T o

0- k& ngad Biokat® Ferly, MA, USA) in 50 mM NaCl, 10 mM Tris-HCL and 1 mM

dithiothreitol at 37°C for 2h 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 NaC1/0.5 N NaOH) for 20 min and neutralization (2M Tris-HCL/2 M NaCl) 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 Denharts/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



(vv/v) at 68C for 20 nin after which the menbrane was
exposed to autoradi ography film and DNA was

quantified using a Biorad-525 densitonmeter. 5 Vector
construction pCEMT-PyOri: pCGEMT-PyOri was

FAH d by PCR anplification of the 548

ori gP%Mg(%S@DNA replication (PyOri) from pPyASPéi)U A;!TQDC‘:%:O1224
using PyOri-Qal-AS (anti sense% and PyOi-dal-

(sense) prinmers shown in Table h- Amplified DNA vvas

then cl oned |nto 10 lLin T FEasy vector
(1 H\?‘Pﬁ%@ &'ﬂﬁ washg @m?:g% ?s@ﬁ%"ﬁ%s Adpom éer@w&me once with
'n§&i9u%' . Table 1l: Prinmers used to anp I|f¥ Pky

Al lp?iﬁg/(alw at qox) temgerature and once with 0.1% SSC/O 1% SDS
act acat cgat cagt ct ccct cgat gaggt ct acta PyOi-dal-S
SetvEhe 68U fr avggaﬁqc@m Aghe weabgagves cxpmed fo dutargdiography film
pBasi ¢ was constructed by digesting pCEP-4
(1 ad DPNAgess quantified Gisgla Bmdrﬂ-Sldegﬁimmntgr. the fragnent
| acking EBNA-1 and OriP. pPyOri: pPyOri was
constructed by isolating and ligating the C al
5fr?ig@iﬁtﬂt{l_ﬂt:usm'b;reot|de 9to 541) in pCEMT-PyOri (grown
in GW163 (dam " )bacteria) to pBasic plasm d (grown
i np@BMEP1@8; (dai' ""e) bacteria) linearised using d al
(nucl eotide 1) and dephosphorylated with «calf
i nt est i pEEMal-Re0ii nas inssydnait yRCR £hifcationOf 2Q0HEE B3 PQIdgin of
'PCT/ AU2004/ 001224 -22- ppyoriLT: Polyomavirus Large T
anDiNgereplivadoit {PgORY fromi plPiy A3 IGAGGCS akiag BeDrA-OCm AR ghilsedse) and
(ATCC) -and pPyA3-1 (ATCC) respectively and cloned into
P NEy Ot Ql S @énseN it o Tabl€ ROAnPlified DNA was then cloned into

10 linearised pGEM-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 ? ’actacatcgatcagtctccctcgatgaggtctactas‘
PyOri-Clal-S “'ccteaccaccatcatggatacgtagatcgatpagta®
. pBasic:
15 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
20 GM2163,"™V bacteria) linearised using Clal (nucleotide 1) and dephosphorylated with

calf intestinal alkaline phosphatase (CIAP).



5 pEBV-PyOri: pEBV-PyOri was constructed by ligating
the Cdal (nucleotide 9 to 541) fragnent in

PpGEM T-PyOri (grown in GW163 tdai' -el bacteria) to
pCEP-4 plasmd (Invitrogen) linearised with d al
wousssarlisgle 5939) and dephosphorylated w th £l.AB.

DEBV- 02EGFP, pPyQri - d2EGFP pEBV- PyQri - d2EGEP and /w124
pBasi c- d2EGFP: 10 pEBV- d2EGFP, ,pPyOri - d2EGFP,

pEBV- PyOri - d2EGFP and pBasi c- GFP were constructed
by, i i ng DNA encodi ng the destablised EGFP protein
d%@s a Kpnl (nucleotide 889) to the NotI

I d 1806) f t f CW- d2EGF
E&“Sniﬁeaw%avw af%r }%%?ﬁ‘ﬁnl’ OREIA r*'emaféfﬂs%ffpla@l’é%l

i n( igd B‘Z%‘H Eg@%ﬁ%em?t?\?efyn@gp&yﬁy@?&% 4 %Q%Eg%;gmg EGFP

4898 in pPyOri, 4898 in 15 pEBV-PyOri and 4898 in
pBERY T p| asmi ds) di gested pEBV, pPyOri, pEBV-PyOri and
pBasi ¢ plasm ds. pEBV-hGH pPyOi-hGH, pEBV PvOri-hGH
sangEpBage- hGH The DNA sequence encodi ng for human
growt h hornone (hGH)was di gested from pCBhGH (Bail ey
et al Z{BR)p whié @akRsktddHyQichfie: KP0lar fhbRotde
pPyOri, pEijaﬂ.jzﬁoJI PyOri, andyg Bﬁ\'}% Fl ow tonrtgCf rg;tggm)cﬁagmemm
ANREIL B P Gl !
Cytomat i o}f}\d) I\/t() |l o g);dt}lg%rrg%r (mcﬁagtr?gal tgﬁbﬁﬁ ég?at‘sﬂlé% IPYIE%%en)
arusat W?S%%%%@?E%‘F@n? S PUDREARIEAVITIAP, & 4es
rimin li ht reul atl on node. Forvvard angl e and
s| eV dafs Y - NEIEOEE) v pBasic-d2 BGEP:
ght gat| wer e used to i dentify viable popul ations
10Whl | st PEBYHIZEE Pupl ¥Ore A2k Gidk 9EBYHrwri-8 3Gt ahdgrighie-d2RA@FP were
pul se-wi dth scatter gating. A 525-nm short pass
di eohstoicted i isobting BN A erceding the degiahlia¢deE@EI-Rotein d2EFGP as a Kpnl
fluorescence. eGP em ssion (whose em ssion maxi ma
oclowleptidt 389 @8tha Motaeclabsitie 806 fregmdrt Arots pOBIVad2EGFP (Clonetech,
510/ 23-band pass filter. A conparative analysis was
USA) and ligating to Kpnl (nucleotide 625 in pEBV, 4875 in pPyOri, 4875 in pEBV-PyOri

and 4875 in pBasic plsmids) and Notl (nucleotide 648 in pEBV, 4898 in pPyOri, 4898 in
15 pEBV-PyOri and 4898 in pBasic plasmids) digested pEBV, pPyOri, pEBV-PyOri and

pBasic plasmids.

pEBV-AGH, 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-

20 PyOri, and pEBV.

Flow Cytometry Analysis

Al] 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



5 al so made using a 555-nm | ong pass dichroic mrror

to reflect eGFP emission to FLI but there was no
statistically relevant difference noted in nean
fluorescence intensities using either the 525-nm
SloohbsBase or the 555-nm | ong pass dichroic g

(data not shown). On occasion a 1.3ND fil te&l\rf\é@%ﬁ%ﬂem 24
to reduce eGP fluorescence intensity bel ow the 4s’

| og decade. PMI vol t ages were adjusted to ensure

aut.g-fl uorescen ssgciated with 10 untransfected
o ol SR B D i B BL R BRPUAOPS TR FBsPIGH wHE Axelpsd using

fipst l.og-decade. Analysis was nmintained at an event

r a{Oé‘Vﬂgf“g?é&?ﬂ‘é@Bi?ﬁﬁawéfédc%@r ging oA SLaghthor pass dichepigming was
20, 000 events were acquired _per sanple. Conparative

o Ul o eparale SO Diprefacnisr SGED RRissIon AYEese FBifhioR BaKimarpsours at
s%%%le were made with respect to controls.

| R3S FefsetechernFlat wsing avy] 024 baad pass filtem Aofoniparagjme Fnalysis was
antigen expression: 15 The day before _

5i nalepiBddepsing 3 davram lengnans dighroicHirror oatflest e@ileendetarth#@ 1 but
with EDTA/PBS and the seeded at 3x 105 cells/well in
a there e ne siptisgedlytelevantdiffsronesi iotesl iatrean Huortsaémic irgensities using
sterile 1/1cmglass cover slip. Once the cells had

r eabpictie 5509 elomf pageerche 535key long pesswirbhddmirree(dniatdt shown).
phosphate buffered saline (PBS) and fixed with | m of

290n pesesied d BAYDETIGr 396 Bed toanduée £GBP flosreRRndenntoisity ®elow the 4™
Cells were then washed three tines 20 with PBS and

i nogBeradal INT voltagenwat adjoned henpes alivHlaobetnResoeReh with
wash. Cells were blocked using 2nml 1xPBS/ 10%-BS f or

10 2 Amtrieafidced chntkdloduactibay athassae disolinmion wiBfthe st lofechde.

(rmonocl onal antibody to Py Large T antigen, lug/m

Ontdeievdlastalindd H0a0eheat Sie noﬁé&%@ii%ﬁﬂl))ce@stpef QBhd and a total of
tenperature for 1 hr. Cells were washed three tines

Wi 20t00B BentiSwerél @b DR sARNY eCorkdrhipic WeleQnle R WPAL SO
with 25u1 of FITC colﬁefEI uﬁg‘?ed. it 10G - 24- (Whol e e

Mla@aHIneredirben? SarbihlbdhvdrO hadd Wit PRpect foQonthdls, at room
tenperature in the dark. Cells are washed three tines
as descri bed above. The cells were then incubated in

PBSnivRoflitgescehat kaidlHeiahd 806N 661 APEE andech elRESRRENt
m croscope. HGH determ nation and protein quantitation

155 HGH wasddyaredi Bmidodibeetclst-a088 CBOLIPcS WaR Rched with

ELI SA kit (Roche).
EDTA/PBS and the seeded at 3x10° cells/well in a tissue culture treated 6 well plate

containing sterile 1/1cm glass cover slip. Once the cells had reached >90% 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

20 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, Tug/ml Oncogene Research Products,
Santa Cruz) at room temperature for 1hr. Cells were washed three times with PBS as

described above. Cells were incubated with 25ul of FITC conjugated ANTI-RAT igG
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Exanpl e 2 Episomal replication in CHO cells The

expression vector pPyOriLT (Figure 1 G was

transfected into CHO cells to denonstrate epi sonal
replication. Accordingly, pPyOrilLT contains PyOri and
encodes 10 PyLT, the two viral elenents necessary and
sufficient to initiate plasm-d4DNA replication in the
presence of perm ssive CHO cellular factors. Plasmd

OMBole eypdl eadst)i (13 2 ubiiatiom(Bigataddfor Okeat rora srSperdtomy in the dark. Cells
nol ecul ar wei ght DNA was purified fromtransfected

feWaShar®sedin@ dsQesdribed khde, THS EAGIW QO tHeR GiUb A 1R PBS in the
descri bed above (Figure 5(1)). Plasm d replication was

E%ﬁflpéjos ol SR AR esb it GhiBRYAGR, by Dpnl, which
o RO

eaves only en 1ts recog site is 15
nethylated DNA purified fron1a damt+ strain of E col

. 4 substrate for Dpnl (| ane 5)
ﬁé@@é@a@g@%ﬂﬂ%undergone one o1 Tor e

round ep] L cation in manmalian cel
resi s?@?f{ WRAHTIBATE Jcﬁr@a\?a pitippedyasdig ysipgpn EM,S% IKE\)(BOFIFP)
Figure 5(2), the total amount of non-replicated DNA
E Dpnl -sensitive) drops rapidly from 7000 copies per

| ow ng transfection to under 1000 copi es per
cell on day three. 20 These results indicate that

Epitshmabieplidatice il €Hpglrt t he epi somal replication of
PyOri LT, the rapid decline in plasm d DNA soon after

tranﬁﬁee@plrés@lohlvebtbﬁ By DD EELRN Pfwids AR se68d intd €O cells t
expression to 3 to v )g?;/s ( %QZ%§524038 cens o

%%r@ygtg%?i(spl ne ﬁhg&t@%\ﬁ%&%@fﬁé@ ﬁPaé(ﬁ'ﬁL'?é %199 ﬁﬁﬁh a?lh encodes
6&?6 il i ngﬁﬂe?%sglﬂ?’naggﬁg%@ E)Slg}t lfr}?%élh&g&ﬁ replication in

BK—CI\N LT (Figure used to transfect CHO Kl
& CHAl% &

2 Presenceot @esmisgiye &t e BlapmiddiNg rerbieatign yas monitored

for two weeks. Expression of Py Large T antigen was
exsnBidays d.opymolecular weight DNA was purified from transfected cells according to

the Hirt extraction technique as described above (Figure 5(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 Dpul cleavage (lanes 11-20). As shown in
Figure 5(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 transfection limits the duration of transient

gene expression to 3 to 4 days.

420520 1 DOCH



i mmunof | uorescence staining as shown in Figure 2.

I ndi vidual cells were isolated by

fluorescence-activated cell sorting (FACS) using a

MoFl o cyt onmeter (Dako-Cytomation, Fort Collins,

W) REAEMz USA) . Several clones were isolated which had
varying levels of 10 large T antigen as i ndi %(gpéﬁzopﬂonuu
Figure 3. Twenty-one cl ones V\A%g different |evels of
large T antigen expression wefe expanded and tested

for. thejr, ability to support DNA replication of the
Pyi“g%@'-gice-o‘?’m aining plasmd, pNK-Oi-EGP as shown in

th ut hern bI(t: f _Figure 4. pNK-Oi-EG-P was
tri@%&&&M VLI ILiees. Low nol ecul ar wei ght

DNA was.. extracted by the nethod of H rt extraction as
descri bEf gqr%q*ﬂaégg”{g{négegfw apabtairdirp ATHC aml cloned into the
PNK- Ori - EGFP was neasured as an indirect assay of

r e FYATESON ertormBit- CMYM (CGeretagh ke gieressiparplfsmidipBIR@MV-LT (Figure
igested wth nl_and Spel after which Southern bl ot

d
Shy b 12 uset fodrnsiees CHOLKA §AREE, CALEY obdlsarmsickicied gn 6418

32P-1 abel | ed EGFP was used to detect plasm d DNA.
Regl00vgimDdpr tvie weshsrdixipesssiendl Ry Iraegail angigem was eomfiiroe A

that is resistant to digestion with the endonucl ease
eniymwofiserescengsistagningas-shewh inckigirag. pldadddaticdlblveresisolated by
sensitive to Dpnl 20 digestion and results in a nunber

of fleredcenck agigpatedteeld stinD(RAS) nsinpe Mobto dyt@ndt@$Dakv-Ct6mation,
plasm d. Results indicate that a nunber of CHO T

c| BereSol(ifs, olbradoatiBs). 5 Severa? 4lonasvecre Bplatet evhicbfhad varying levels of
supporting replication of Py ori-containing DNA as

10e viageicant gtryasimiicasddan Eeguted. Dpwdnty-cheQBsiles Aith dEea€levels of large T

P1-Cl | (Figure 4, lane 11; CHO T) was chosen for
f uarttiger exprastlorese@ expadBedliateéstddgsl théir iﬂiﬂyft@!;dpgw't DYIA replication
section. WD 2005/ 024030 PCT/ AU2004/ 001224 -26- (D)

DevfahopymivtondinibBHlamideNK OB CAP 55 #oki iNEOSbuf&hlblot of Figure

line was devel oped through the stable integration of

POMYMKTOr i} BG I 98 tranSfeQEOMIACHO-T 8864, TBHGJIQUE! wlisht DNA was
| arge-T-antigen (LT) for future transient _

t r amGéehy M6 nefholP¥t Birl ex¢ARIRI28 18Gr i BSH I Fhe ﬁ&e hh‘n@th lation of
way plasm ds may be replicated quickly 5 to hig cop§/

15sNWRIROrMEG AP BAs blefBrodas hiefhdirkkt WRLY b 8pifcQfiod: Tirtk-2ctABted DNA was

20

25

expressed.
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.
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. The stable integration was achi eved using

el ectroporation. Briefly, three cultures were

el ectroporated contai ning: no DNA (negative control),
pEGFP-Cl plasm d (positive control) or pCW-LT

ﬁh@@&hg“ﬁpLT) Cell's were then grown in sel egdy Qho04/001224
(418) to determne if the neonycin resistance gene
carried on pLT was stably |nteg§ated The 10 viability
of the cultures was recorded over a period of three

‘QQOQS &L PNGE. ph Sanples_of t he negative and
uired using the fluorescent
nyae A . Thi
? St dor &f d n%‘f%‘laﬁlsf | 570 g%—?#eﬁsﬁﬁﬁ el lgap E@mﬁm@pzm ASMv-LT
ent er ce 0 e.electro rocedure.
TH s o Rrwd fb‘f?f’"ik olrla&gm?sf e e &J&?%é‘g wct@nswnt

whi l e_t he gative did not not shown).

vi B fertap Ogs’ywob%@m& R'/aéméfs)“'n ﬁ’rtg‘ls way glagmidy gay 8?. ﬁpaf:ated quickly
and the pLT cultures all pped i mmedi atel y post

t rQAEhCEPY B PR go ttlﬁ@y”’%s@é &vw@?l@es for L to be expyessedThe
positive culture reached a viability of 93% after 4

days. Tihe stablgantegrationgyms aehicvsd gsipg alegoporaiom Baicfly +ibgee cultures
culture both followed a simlar curve to each other

f owere glsctrqpegtedTogiaiping: mhBNAn@egetivey eongroht rESIFPREplesmid (positive
di d not decrease as nuch as the pLT culture for the

f i qogtrol) arp Qg Vdalyplasmifl (dy Dt Gdlsyenothdn gayntimselagtian((G418)to

of each decreased rapidly. The negative contro

r edetdmmehe 00w hetmycintrysisidrice gertsantmyg ©n whi ves sthldy pritdgrated. The
cont ai ni ng sanple dropped to 2% viability after 9

10d amisbiligfobthe cnlboepreasiregrded 088% afibé of tRice dayis tpdsttrmine this.

15

transfection (data not shown). WO 2005/024030
PClanAlLEB @0 he0Oda2iRd and phétivExa@nipl ek aGinidiall Dsing the fluorescent activated
characteristics of CHOT cells G owth in suspension:

The:l1Ghi@: TFA€8$) aflet Behdued. OhR vk tddetebhindafand aRMEOIDNA had
gromh in suspension in serumfree nedia (Excell302)

andhcgklg) dntdrédr 1R FinptEed 1 dodéPorafior@rbledure € HeSosiale Bfitrol
grown in suspension in a highly reproduci bl e manner,

Whix@bitedBEEB fludredteict vl H;ﬁa*l*le?atfv@ idid 0t @RtaS AR wn).
producti on. Bi opharmaceutical production in
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

20 days. After the second day the viability of each decreased rapidly. The negative conirol

reached 0% viability after 15 days while the pLT containing sampie dropped to 2%
viability after 9 days before recovering to 88% after 21 days post transfection (data not

shown).



~manmmalian.cells has noved fromattached culture to

suspensi on culture. Suspension cultures are

relatively sinple to operate and easy to scale up
Suspension cells can attain higher biomass per vol une
®o 208dhdsf or 1 ncreased productivity. Furthergmr8eoo0a/001224
usi ng 10 suspension cells, honobgenous conditions can

be provided in a bioreactor m@%fh woul d al |l ow precise
nmonitoring and control of proceéss paraneters such as

t epper LYr e, di ssol ved oxygen and pH. Hence this

WO w nore products to be produced and harvested

W th ase at a prol ed continuous pattern. This
chéiﬁ%ﬁ%iﬁgﬁﬁgﬁﬂgﬂgé&gaﬂéﬁﬂﬁo adherent cells for
protein_production. 15 Serumindependence: CHO T cells

can be ¥MhiredsrarEe B¢ HE TiEY Hng elane Rd{3il) wasedaptad to growth
protein-free synthetic nedia. Thus, safety is enhanced

d U sEgpeptien issamcizecanredin (R eelBP2) 2aA pradgin-biee meflia Expall32he
culture, Gowh kinetic studies were carried out by

5gr owi ngCHA @b pan Hergrosoinpuspshsigrein a highdgteprodediblg meowet, which
of media. Gowh of CHO-T cells was conpared to that

of ARSI QL [uiable fr &Fgs-wple pedductiong Biephemnagaistlguioduotion in
suspensi on growh). Cells were seeded at 3xl| Cbcel | / n

i nnEgweliaeells hsdiwed hdmaghdbed oultkstowespendiakatutaiShypension
for 8 days or until the viability dropped bel ow 50%
Regufiutes agrrelaiteipwimple td-ogpatearsl caGHOsTale ap. | Suspagion aclpeak attain
viable cell density of 2.85x 106 cell/mM wth a

d ohipher higpntasnper obludd oPdbdia 6o ifpadaedl produchiail Frthéraerd) gsifg
peak viable cell density of 2.75xl 06 cells/m with a

10d osulspeinsign telREhddiogaibubkdtiditiont cAMBe200544d34 @ Bldreactor which would

PCT/ AU2004/ 001224 -28- Exanple 5 Py ori-containing
exgloRssitdit W@tibafiGarkiephtrd aF Srobds blibndteseliiSas Ringserdttle, dissolved
replication within a mammal 1 an cell requires the

f obdypir 4@ pH) @@ eI Bl Gallowlhord pYddudts tdbd [Fbduced aldWArvested with
replication 2) the associated viral transacting

Pr @kt prélohddi thrdnGo1R T eRk bRRAk@RER%uptior to, adherent cells for
perm ssive host-specific proteins. W have conbi ned

t hgSRin production.

15 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 50ml of media. Growth of CHO-T cells was compared to that of CHOXL99 (a

20 CHO-KI1 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.



el ements in an expression system consisting of the Py
ori-containing expression vector, the transacting
viral protein, large T, expressed constitutively in
the host cell line CHO KI, which is perm ssive to Py
welbnizen. Plasm d pPyOri - EGFP was transfe
CHO T and plasmd DNA replication was noni t%‘?@ %’@%ﬁum
3 days by determ ning the am)ugé of 10 plasm d DNA
that has undergone one or nore ounds of DNA
reEI | caltl on using the nethylation specific Dpnl
gestl on nmethod descri bed above. As shown in
Fi ur ‘ the total am)unt o_ non replicating DNA
HEgpinne i CEQIsrgpileal BU-Leells while that -

of r epIHlﬁsﬁtlﬂ P@h%nlmﬂﬂ‘afrﬁﬁﬁﬂﬁmﬁ)lﬁhnd:@hl re%lmr&%e fofib &g #r@PSements:
(as shown in Fig 5B). These studies indicate th aF

PPy birdt GHEIn' F PN A %ﬁ@atféﬁ YPha hsshéilRs virdl t@noti g)%t&ﬁ to initiate
15 expressing Py Large T antigen givi ng rise tg

sCOpMANEpREioPSid 3? BrmiAsve HBAWPeHc &Btelrfs n We%@co@ﬁb%@dﬁgege

copies on day | to 3000 copies on

degpnstd ﬁtaﬁ%xﬁrgﬁton PGem | 'c%fsﬁﬁg@f s P? hﬁ%&tgnﬁg Q)Ypr%ﬁ:g%ctor the

is foll owed an i hcrease in

Si Eﬂﬂsé’&lhé’ \ﬂéﬁﬁsﬁ 2@%@”[‘ & s?eﬁ@ogstﬁvﬂ&xlgqymg %ost %%lkﬂ%ycﬁg-m

is fol reas ene ressi

gene%g @‘gﬁ%@?o qe@ﬁ%?towa el i AN ﬂgﬁ?wﬁ af%ﬁ)fmtgé]tnﬁo CHO-T
ir aglrc]@flasg{d ﬁNA 1 {Eaf’j‘(l)nn\krglsq[néln?t%%e rog/grtr%lalg@ PX’ get&%/r{nit}igg the amount of

expr essi on sys
d d f [ . .
0o, PR e R eriehf o o G o ONR SBtiefton s e

that ot onl abl.e aof ating in CHO cells __
It o BedachEn EBRC Gertpn ot et shovenAncaoa n Figure
ep s which greatly extends the tine perl od for
CPalE N o IPPIG R LON & KPS APy blepingstetgsfection,
ellrc, g ln Barr virus elenents (EBNA-1 and Oi P
wetRiledhs F?P I%t%%@mm%dw@mumdmmmwnnz ig 5B).
conpl emi?l on-pased plasm d replication. EBV
vect or %?‘chﬁtﬁitestrﬁi“t%hﬁlﬁ’@ Y@ErEGHE replicates paveighimes in a CHO cells
high-affinity matrix attachnment region containing the
15 orgxpresaRpfonkaee T antigea giinedise & bigh copygambenpst edllaasshown by an
1999). Interactl on of OiP with the origin binding
priBeresh FomgAopiss eredpyilite d0G0mopEBYN dasct: digurecplenpabirages, that the
mai nt enance and segregation
increase in plasmid copy number is followed by an increase in EGFP expression.

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

20  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

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



5 (Lupton and Levi ne 1985; Pol vi no- Bodnar and Schaffer
1992; Yates et al. 1984) in primate cells. Episonal
vectors based on EBV conponents have been used
extensively for transgene expression (Sclinenti,
&doos/0b908) . EBV ori P and EBNA | toget her CoP{:}ermo 1001224
stabl e epi somal nai ntenance of viral DNA in the ceIﬂT.
These two sequences are necessapy and sufficient for
retention and replication of thé EBV vector in a

rocnEbtrl AN A oo EBG sCtoRdndiara tpypclear marix
i.cate i.n, CHO cells due

known  t I
APy O PR e 6
b F 1 d desj d and
SR R S 8L SRR B e
depj ct. W, Fi 1d pEBV t ai- th
e ey P et S

I P) and, encode e. Epst ei n-Ban Nucl ear antigen-1

% (E)@%R%‘)“.” F5%RT &%%WO@?H@WY\% Sehpffernl SRt Yases et EBV984) in primate
se&tﬁg es. Plasmd pEBV-PyOri  contains Oi P, EBNAl1 of
EB ¥pabyecisys baspdandil YV spmpenents devesbenn nsed ERnsividy Ry
viral elenments. The reporter genes d2EG-P or hGH were

c| BHEgEne sERression (BeleneatioG & pOa®MESY orifhatedrERNve] Dgethéralonfer

of the constitutive CW pronoter. Detailed plasnd
mﬁ%blﬁP%S%mlmmamz Of Firgl A in thiRedlle fhesniwaseljuences are necessary
Segregation of DPVEBV vector CHO T, CHOXL99 and the
hu#srsulieisnt on regenkipal pres replidErgn (Xl BBV lvsctovein@ veAad of cstablished
transfected with individual plasmd constructs

e needlainslidingduman, kemkey artdeion (RERRNANR., 53I8% CleWeven EBV vectors
hygronyci n-contai ning nedia at a concentration of

4008 §Ptrinowidtd replicets IveIHO W0s 200G AK2A03 Qon-permissive nature to EBV
PCT/ AU2004/ 001224 -30 anal ysed by fl ow cytonetry

f otifabpiopggatieransf ecti on to determi ne the percentage of
GFP expressing cells (Figure 9A) and the relative

mean f [Fooreoddoesré Risidned dsohen@B -cox@ﬁﬁ}n&f’g%?i' dnd/oS PRV

an overall increase in the percentage of

exgmensi asdedabd b Mo, Phandi@ehvednidshhe cis-acting s EBV
PEBV- PyOri - d2EGFP (Figure 10A). Figure 1 OA shows that
15t ReigiodIDNA replication (OriP) and encodes the Epstein-Barr Nuclear antigen-1
(EBNA1). 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 proxﬁoter. Detailed plasmid maps are shown in

20 Figure 1.

Retention and Segregation of pPyEBY 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



5 transfected CHO T cells underwent an increase in the
percent age of EGFP expressing cells when transfected
with pEBV-PyOri-d2EG-P, the effect being nost marked
bet ween days 11-15. ). However CHO T cells

d wwth either with pEBV-d2EGFP, p I -
g@%@%&géﬁpmsi c- d2EGFP show no such i ncr eaZE%"ﬁUwﬂu“
expressing cells over tine(Figure - 10A). In contrast,
transfected CHOXL99 (Figure | “"€B) and transfected HEK

tolngFl H%e | OC). do _not show an increase in '
GF -@&% ¥ e gyemelry fqlloxdngdtansiggtionro fdeierniind the percantags of GFP
PEBV- PyOri - d2EGFP in CHOXL99 cells). These results :
i nGFRIStSEEcak (Figve Humpé the reativermar flueiescente(RFUN @ipoe 6B). CIHO-
the pEBV-PyOri-d2EGFP begins to increase presunmably

dud cellpshomasmverall gysreassin ithsrpeceatrgreol GRRXprpasing eullk ivhtes
replication fromPy ori) and plasm d naintenance and

s eresieetqdonth nER\ePrQ1iid3RGBP (HEBNAL AA R Rigu@s 1 0 sHouttPlia® the pool of
and Levine, 15 1985). This is not observed for other

| - trewalettad Q@ TuetisundatvdnoangherpRy @ the g EGIRREei0S EGERRARERing cells
of episomal replication in CHO T cells the nunber of

f | vbersrsficted alith pEBYCP RS AZEGHH, the effetbeine 9:isDidrkeBethvéen days
the |l oss of plasm d DNA through degradation and cell

di V1-45.9n Hopey g uIHO-TQeN eurechs fe ) witkkidhé: Q9th GBBNVSI 2t Fph p i1
not support PyQOri-containing constructs (due to the
abdZEGE afpHasic eEGFRHowaR BuctiRoiRastih & eﬁ%&eésﬂ&rc%@sst?vei‘ n
fluorescent cells when 20 transfected wt

pERMe@ydid tAEGFRnand, sabRGtEOHORLOY gf; ' |

8 days,é{)utmt hen decl i nes (Figur ebggﬁgg}?q??)%nguﬁg‘%&&HEK

toundegeé 00ch. & ndt Bhéwv id MBredsB & G?ﬁ-%%egsﬁﬁg _c%%@é(%xcept for an initial

observation. HEK 293 cells denonstr at

tr ﬁBﬁB&QﬁWPﬁﬁ—H%@Fin@iéﬁL?ﬁeﬁs | Gdse reééllﬂy %Elfe é]itle{t] the number

nunber of fluorescent cells d es rapl
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15 P B8 C'ﬁ‘lis[ 8 Bo%%@e?rlpqﬁrg J}t&ér%lafs%% c%glssugcg. EAHt%OlFiJ rp‘ﬁy%?ii-d\é%GFP is

20

25

HEK cel

capable of episomal replication in CHO-T cells the number of fluorescent cells decreases

I ne.

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 hygromyein for up to 8 days, but
then declines (Figure 10B). It is not understood at this time the reason for this
observatiop. 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



hGH production in transient transfection using CHO T
cells and CHO XL99 s Protein production was determ ned
in CHO T and CHOXL99 cells transfected with each of

the four expression vectors encodi ng the human growt h

ﬂpﬁ@ ne (H&). Cells were transfected

g@;crl 4e%gabove and seeded into 6-wel | microt}L{eri0s/001224
plates at a density of 3 X 105 cells/m. Cells were
cultured for up to 8 days wi thout addition of fresh
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replicatj nd segregation. Although the plasmd
pPyTHi Hti&i@ E%‘;?/é‘gi Eelby were pyitusest foowp ford dayiOwFhar kddition of fresh
thesg. C I{ur es resulted in a final product yield of
onfy lir.é?l nuneh S/l wabikty and HEGEH prodintivity heredidokdadelnite Adishown
product 20 concentration is due to nore than sinply

01 Wstiiee d bprapefagtedorellareashed aPetkadell alagkity iodhppeoxt@biely 3.5 — 4 x 10°
densities of both transfected CHO T and CHO cells were
si FRIF/M! forrasteset phtemefaciions piCs Bednsfer e With atdtors tHOQS uRds to
adversely affect growth of these cells. WD 2005/024030
PCFPIME00 4 T2eUs (PBase-hGHapERIVhGa) ahd4ll vepioadid CHOXL of cells)
hGH Large-scal e transfection of mammalian cells has
endgeeteingieldstd appretimpretyding bl OB HDSr les3j WhileQhddiPOROOE Sells
of reconbi nant proteins (Jordan et al 1998; Schl aegar
et raasfegi9® o/jth Wty Gni-heshithvaBestiplattychi gk 9 colldsQ €S- Tk N Alarbouring the
2002). The present expression system (CHO T cell I|ine

155 cxpupsdNAvesiop pEB Y RyDrivieGH Gad AoBMr RY@in dxcbRot b S md THAQE results
scal ed-up protein production of
indicate that the high level of transient protein yield is likely to be due to the increase in
copy number as & result of plasmid replication and segregation. Aithough the plasmid
pPPyOri-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
20 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.



hGH Cells were transfected with either the
replication-conpetent expression vector pPyEBV-hGH or
the replication inconpetent vetor, pBasic-hGH Cells
were seeded at a concentration of 5 x 105 cells/m

ed in spinner culture flasks in a
sgﬁﬁﬁ%b% b 100n1.pAs shown in Figure 12, bot%g%%#?%wggm‘
reached simlar maxi nrum viabl e,cell 1o nunbers with
vi ability remaining above 90% of "total cell numbers up

to 4 days post inocul atigp followed by a rapid
de§ﬁﬂﬁgﬁﬁ%gﬁﬁdﬂﬁﬂﬁﬂ¥mé&b@gﬁabIy due to nutrient

depl etion. Produc i el.ds wer.e | /L and 30mg/L in )
pBasi - HEFF T %ﬁﬁ‘aiteﬁgf) oEBpOE @ﬁgﬁﬁ%@é&?&ﬁ? st production of

respectively. The increased yield in productivity in
CHEUHIEEE Jraounisof sgcgmpiagnt NigteiRs Jesen @af B{P3neghlacgarst ald 999; Wurm
fromplasmd replication and segreation. In a )
suBaeBeresd, H89ddwpchendial ABUsT Isaresnicypicerian syserd@HR-T cell line
repl acenent strategy (50% every 48h) was used to ]

e x eehBNAREPIepses Yecioy P8 V {RyOriy whs gpted for iajadrup praeispondction of

t he ow h profile and productivity obtained froma

tr aﬁgli- e fells vern spesdeatadrwithreittteactheareplitatign-corapridng expsessian véetor
pPEBV-Oi Py-hGH as a result of a nmedia replacenent

f eeByER)Y -btiHaardhp replidatigninpampetent vitert pRasic-WFHLhCeltphwarhigeeded at a
maxi mum vi abl e cell densities reached were simlar to

t hoseewhtian nElx 16 cchgmparehdubusd bedpoimefiitsteutivks ib Atal volume of
feeding strategy allowed for inproved cell viability

f ol 0¢roin gershpen inddgurai 2, hotitculturadended Kighilar shgimpm viable cell
decline. Using this strategy, cell viability was
1ranmhBéretth adabllityCremuinidei abeve 0Ot @ toraldetl ndmbaaap et days post
concentration of 75nmg/L with a cal cul ated maxi num

S péiciithtondbRslueitiy\a ripid Géclifie BPGAMIY Ipfd@yabl Pi§dto Autrient depletion.
feeding strategy presumably allows for continued cel
dviPsddas yaalh vied CEn @l asdBGing/E M pBALLITH (ACHQ e BBWVLGH (B)

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

- 3%akis@lcRiisir@pe@nelyS T8¢ RERhdcd Hid Bl ProduBBaiyNe CHORE Wbils tRsfected
in an increase in reconbi nant gene expreéession
CapaRipEBYLE8PARGHEPNANESH pREAIIEH MG fhd sE218Rh 1nla subsequent
Large T Antigen can inhibit the onset of apoptosis 5 A

1£0 E@}ﬁféoﬁ%ogg ba¥dtARidel d £8diffepfabiiheht SR GTSH% 39%erF 88H) Svas used to

as illustrated in Figure
extend the viability of the cultures. Figure 13 shows the growth profile and 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
20 siudy, the feeding strategy allowed for improved cell viability for longer periods without
undergeing 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,



.7 shows that CHO- T cells have cell viabilities that

exceed that of the parental cell line, XL99. CHO
cells expressing large T antigen nmay al so exhibit the
beneficial effect of being resistant to apoptosis.
FoRty@lkde cell culture has become a billionsdglliAbieo1azs
i ndustry, generating products of commerci al

i mportance over a span of decg?gs. However, 10
eukaryotes are considerably nore fragile than bacteria
andeeer[llvi ronnment s. t)é/ﬁ%cal It\{1 as?oci.at ed wth X

| afGETSRFFSRERIP ARG fBRIFTISTIING '8 Py ERepe AR Fecprabiapy gene
of cell. death. due to  programed cell death or
apBHFHEPe ca t‘ﬁ?a“fiﬁgha%@tgpre hofi9causes of apoptosis
in typical bioreactor configurations is the

deprivati.on of nutrients or specific survival factors
frgﬁ@ﬁfg—’]cel | -culture medium 15 Many studi es have

be ken to . identify nutritional strategies
t haBl8egaAttsencan mhibit the opsetaf apoptpsis b oquct i vity of
ipes used in _comercially rel evan

I . t
Sbi Ot ecHh GBS of Yifhliss b HOR, anst GHEREPeells e iitustrated in Figure

survival the yield of valuabl e proteins such as

oA SEPBHAR CHATT ssahes celhmiabidities it syesed thaofghapasentel cell line,
production i's primarily a function of the viable cell
pophiPat $8Q celbexpressinglareg i aptieer maspdlist ebiby thateoeficial effom of
is simlar to that described for E1B | 9kDa protein.

| t bingsreidtant o pponfosish tkanpitig eathowliugshas Pecvene adiléipe-dofar industry,
p53-i nduced growt h arrest which | eads to programmed

c egancrgbing productsagfspmostioial (IRodiaace otr afpan of ROAR}S.) Howtver,
acconplishes this by its association with and

10j newkeiyotas iremousiderdbly Mixepfragi@ihas bactdBa ARDGEWARABEHS typically

15

20

PCT/ AU2004/ 001224 -34- Exanple 8 Sodi um Butyrate

c ompaidiglonittCarpe-sealprasd dftenilszden bigmifesit lenel ChiQetl@kith due to
expressing large T antigen. Not to be bound by

t h@rogrammiet c¢lbddathoarghdptbédat as CHO cel | s expressi ng
large T mmc the gene 5 activating effects of sodi um

but yr aim,of theahostcdimion EiuseTRE E}ﬁip'tcﬁmiﬂ@}zﬁcﬁl%idr@&ﬂﬁ REhueations is

Sodi um butyrate is a historic deacetyl ase (HDAC)

I nthe BépriettiondfinGliehtd of §REES s@SRE! 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.



expression presumably by inactivating the cel

reti nobl astona protein Rb (Buquet-Fagot et al.

(1996), Luo et al., (1998), and Struhl, (1998)).

Sodi um butyrate has often been used in production

to increase reconbi nant gene expre

protelnﬁ%?oductivity. 10 However, the additi%%hgﬁm&&%nm‘

sodi um butyrate also results ip cellular gromh arrest

and the onset of apoptosis; a‘ﬁ'therefore, is only

added in_the final stages of a production process.

Thﬁgﬂgﬂgéitutive expression of large T antigen in

CHO-T cells mmcs the effects of sodiumbutyrate for

i NSHIRRAHBVIAEGOMPAKEAL sj on Wi t hout causi ng grow h

arrest; and therefore can be used throughout the
pr oductFes cppresivsds enbagded indC B eliisstxpresying larggT atiger. i to be
15 productivity (Figure 14). Enhanced transfection
ef peuail bn deesy, it ks top@bithatets (IS Txpressing lar@HONKimictbe bane
stably expressing polyonma virus |arge T antigen,
5Pyactiyatimgsifedie ofsodmottayiraim thit asimhitan oechanisanmgeberesponsible.
expressi on when transfected with plasm ds carrying
pobadiua butiyratess @ hiswee dewetgkse RIDAQtinkibigij wigich mchasds gerred
by theory, it is assumed that the transfection
ef fxipass o presimab GHP-ifactisatmghianeH detinobleaopa piosdmn R b B EGu&-Fagot et
due to the presence of nuclear |ocalization signals
( NUSED996) LRy &(BL., (YRSB)aknd Sl 998)).bSodiny Bliyew hdd oftBi€been used in
active transport of exogenous proteins into the '
nueb@itsion pracdshiRité incrrbRmainibdanVdehd et @ sioH ahERbtel dlctivity.
machi nery (Nagasaki et al., (2003), Dean., (195???.

10| t Howevel @RIRdHONDL $odaim PASEIatio RN ts inNe1RIMQrowth arrest and the
2005/ 024030 PCT/ AU2004/ 001224 -35 peptide conjugates
CaghsttRE b ist A (BFBORS BIRIY Rhdd it Rl QiR bAS Plodudd¥ process.
Pl asm d cont ai ni ng Pol'yoma virus on sequences

C OTHeloRstiRut Ve RS EssRh oPYkck PARELNS b aScelt®miicS the eR¥4d of

binds. Discussion 5 This work descri bes a mamal | an

eXfuRAShRARa Y5 iR B leheSex &Esi&%ﬂhe‘ﬁ@@a"ﬁ?h ? ﬁg)fwé% arrest; and

epi sonal Treplication but of retention o I Sore

| Nh G C&h b8 uselfEofsRIERS bﬁﬂu&%ﬁ bfo®ess to yield consistently high specific

15 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.

20 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 kno% 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



consi sts of the vector pEBV-OiPy and CHO T cells and
is designed for use in large-scale transient
production of reconbinant protein for early product
devel opnent purposes. To date, the nost successful

VI BR:pf the use of transient expression ls%ﬁﬂﬁﬁﬁu&n?m
10 manufacture reconbi nant proteins at scal € have
enpl oyed suspensi on adapt ed trﬁgsforned human
enbryoni ¢ ki dney HEK293( EBNA) "10st cel |l s, engi neered
to_express EBNA-1. In conbinati% W th plasm.d i
ve B‘f%‘ﬁ% CHWHEZEE CEHGCEE R PSS ﬁ‘”%‘?cy & plrireid Ny, Plasmid DNA
this system enables both nuclear retention and )
aufBIRRBE Solyemp VEut 9 bYsapmees seaiging nugbsseh Ry Liblymding sites to which
(Langle- Rouault et al. 1998; Sclinmenti and Cal os 1998;
Vaﬁﬂ%&gléﬁ%nbroeck et al. 2000). 15 HEK293(EBNA) cells
have been enpl oyed in batch production processes for a

vari ety of reconbinant proteins derived from

trgﬁ-ﬂl—%ﬁﬂly transfected pools, yielding up to 20 ny

L"1 (Durocher et _al. 2002; Grard et al. 2002;

SVei ssnelhisivork descpihema mammelagpxprepionsy premdkst ismos gy eanable of
at | east as efficient as the HEK293(EBNA) system has
notPiipeehreptisation st of sgtention PEde apjsameaindiH eellsr Fheietprassion system
in CHOcells. It is well known that 20 different host

c efansisiy gé e yeetpERN-PHBY end CHOSY cdlls andisaltsigmdlfor use in large-scale
nodi fications, which may significantly affect the

pr bpeieni medustion bigeepeiinantproetdivbéankyprodocateesloysnent pposes. ‘To
sane reconbi nant protein produced by both HEK293 and
CHlxtg élhe reostranyccésafinbexgugieh bEthe nte ofiansiet: iexprésgioh Byswinsto

(Haack et al. 1999). HEK293 cells for exanple, are

10k noamufgaturel rdebmbinadtipeoteifd-iDscd hase vinplyédspgation dapted transformed
N- gl ycan processing (Van Craenenbroeck et al. 2000; WO

2 ORSAD2ADBHNRATARYZITIDOBEBAAY host3611 @h@ceid t@bxprdkfBANA-1. In
The ability to transiently produce reconbi nant

pr ednehimsion vith Plasid Wcdisd@boutiny e OFPrigin of replication, this system
screeni ng/ devel opnent in the sane host cell type that

WogHablled bdtR hivcl & retdhitibR M@ Thutdnotid¥eplidalad oRpRBMAGRSHid DNA
clearly advant ageous. Epstein-Barr-based vectors are

| ngapablReualliet bEPHISE Blintatiland CHIGS P8l §aPOrtiBbloe OV al. 2000).
In this study we have shown that transient gene 5

eXRERSSIBBNAS c&is@ald BeeS AR ' biGRh | :
15vi a the(i nt e?gctsi on 01“3 Py fe%g%'gét%sﬂ@#}&@#h@e?sgﬁgg{émay of

b : i i ek . e _
prlte%&g?%d# ?lgéeg’lfstdgh‘ipeﬁicﬁonm%sfeﬁ@y 5 RELRE pblt, Siffihd B0 20 mgL”

(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
20  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;



extrachronosomal plasmd replication in CHO cells.
Nucl ear retention and segregation of transfected DNA
to daughter cells is ensured by the interaction of
EBNA-1 and Ori P. The conbination of both Pol yomavirus
qguences results in increased gene
ﬁﬁﬂ%gﬁuaﬁﬁhin the transfected cells and sust%ﬁ@é&%%gwgb‘
expression and protein product§§n in CHO cells. W
have shown that the expression system described herein
Icﬁ{litgsr %%ygsgtblp { p%ﬁg]}g ’é(? {r!@'ﬁ%};‘i&ﬁ% lenfg:rgq%gr}bnpaxrlg }Ergtlell;ls \ell\g E}nqaarly stage
Ext rachronosonal vectors that replicate stably and are
r eVERRIAL SerFepiag/evelppaient péhe sgme hoi gelt Wpsibat wowld Bkgly be employed
tools for studying gene expression, DNA replication, .
r efpathe finalhioprptessis Plgﬁr,ly afyantpgerey: RasteinBair-besed wectayaare incapable
and_have potential inportance for gene therapy. Such :
v el replicatingie G eells oateieainy Infhissaidy aisihave hewn drbhansient gene
cells even though these cells are commonly used in
Suneraraessiom i aneptly hiehapéed|ibrgplicationresvires| viathe dyesecsion of Ay{rt and Py LT.
are several advantages of episomal vectors; first, the
i nEleg odent §elyemayfirus ptigin of DNA2@phationintdresting with PupT echultrin
subjected to regulatory constraints, which often occur
f r etmachromespmad plosmii mpdicatenlin CEIO dONK. NEdeo nakdngion tftbsegregation of
presence of the inserted heterol ogous gene does not
| eaghsfeoted EANA Brigegiedriceldy is emuedrbyplid iarRraofion dFERMA1"'agd OriP. The
own inportant regions. Thirdly, episomal vectors
pecdmtidation ofbdth Pl emoofs asd BBV tseifreids€ tedulss, in iR fedbedigage copy
in anplification of the gene of interest whenever the
10N efEBtER Wthi thedfrankfeatds cals ahMghstaal @bk expRsHMA and protein production
2005/ 024030 PCTI AU2004/ 001224 -37 supplied. Finally,

t hia ©13@ célfs. apd BREBloWHERLARSe:Plds8bh /881 deScribBd Rerbih @Bfroduce up
transfection efficiency than the use of

C NiORRS0 FBret dH IR nAblofth Wit EM(dRys dQRGsE&IM I epl i cation
and enhanced transgene expression induced by

PEBVPYOri - based vectors in manmalian cells is a
usebidludieidl for the rapid production of sufficient 5
amounts of reconbinant protein for structural and

funct i onddaciab@bireRBvRtes MaGBplicheQERME areSEhRENINEHs dvRr the
conbi nation with gene transfer nechani sns such as
15C aloh PR ald RERIPobRIfS studying gene expression, DNA replication, 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
20 cannot be interrui:ted or subjected to regulatory constraints, whicfz 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, resulting in

amplification of the gene of interest whenever the necessary viral trans-acting factors are



expressi on system provi des an experinental nodel for
gene therapy and for gene transfer experinents.

Al t hough the invention has been described with

reference to specific exanples, it 10 will be
JPheGA6d by those skilled in the art thatpéﬂﬁuwmmmxn4
i nventi on maybe enbodied in nany ot her forns,

keeping with the broad principl es and the splrlt of

the invention descri bed here.% WO 2005/ 024030
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THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1.

An expressi on system conprising a rodent cell, wherein

the rodent cell conprises: (a) a vector conprising a

gene encoding a peptide or protein of interest; (b)

Wo2085:8%836 capabl e of expressing a pol yorma I@&gﬁl(u-gn 001224

antigen or a functional equivalent thereof an | |3’ a

pol yomavirus origin of repli cqt&qn or functional

equi val ent thereof to initiate”DNA replication of the

vect or; C) e i P of st ej Vi rus (EBV

or a fuﬁ%?n?rgél%ul,%ﬁpglg%& an l}sgeilf B. é%{)tﬂﬁ‘é[g%%ﬁé ”}‘/)’g"a

gene of , EBV or a fungt.i gnal i valent thereof. 2. The

expr essfagﬁmé‘%f"é’ﬁ’i’ £ ol gPﬂ?glﬁgaﬂé@g?rﬁtoﬁh%fe?%Ne\ﬁt cel |

is provipded wth one or nore functiqnal benefits

el bot oSt Lk nd g loncekg9EhEesi b imotpoions for gene
~efficiency; . (ii) enhanced gene expression; (iii) the

abi | i t ySXPrespipiag taaéﬁfer&wren? Qrigion i Bigteghmolagy) D 4de

suspensjon culture in protein free medium and (ivV)

Y esi st an@dldf- (1 $78) Histonetagizlaiipp and &rapsssiptionsf reaylefptyondchanisms.

3. The expression systemof claim1l or claim2, '
- wher ei nCets & Hevglormeanl?, 8608  functional equi val ent

thereof is constitutively expressed by the rodent

cel | . Yan Grencapieds &.dankoesachen Bf amsl Baegerhag G..qReI0MNEDjsomal

wherein the large T antigen or functional equival ent

t her eof victprs jon ggieenplessicaxip megsediabsells.h Buopaeniues! bf.

5. The expression system according to any one of

cl ai ns BiotlemisirwWBEK B8)56657@8.expressi on systemis a

stabl e episonal replicating system 6. The expression
18y st em HatehH 1 gl Waered,ON.CRabmarh D. whisSugiien, Bha 9844 cisattimlement

and retention of the episonmal replicating system :

| ast s fhem giecisein-Biranirdl Reesnamalpsrmitsdbel feplithon of recombinant

protei n expression system according to any one of the
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the peptide or protein of interest is a therapeutic
peptide or protein. 8. The protein expression system
according to any one of the preceding clains, wherein
the protein of interest is a _ponoclonal antibody. 9.
The protein expression systeh according to any one of
THE GLAIMS DEFINING THEINVEASION ARENASROELOWST- pr of ei n
of interest is suitable for use as a vaccine. 10. The
protei n expression system according to any one of the
preceding clains wherein the rodent cell is a Chinese
l.HansArex@ession (ySlie@) comaprisitigla rofbe ool ptvbérainghpraaiest el comprises:
system according to claim 10 wherein the CHO cell is a

CHO K1 1. 12. A nethod for produci ng a, peptide ar.
orot ei #of  rHEEPB MBI P SPRRATEORINE APRBLASE Prolgiatinterest

cell, according to any one of the preceding clains )
under ¢bhd) 2igshe canaBlfoel ergpressingr & paliyemadarge hle anfigsnj efen functional
or prot ei ¢uinalgnmythereediandind recovering the peptide or

protein of interest. 13. A peptide or protein

produced @) copaiymgatimst drigin®elf heplicafiore baifumclidnal lduivAlent thereof to
phar nmaceuinitixtd DNAMRPEEdtioaD G REios] 4 a peptide or

protein produced according to the nethod of claim12,

and a phar mgeeHlp GRIEpktcAf BERUAPLS(EIRATY 554 functional equivalent thereof
and the EBNA-1 gene of EBV or a functional equivalent thereof.
2. The expression system of claim 1, wherein the rodent cell is provided with one or

more functional benefits selected from:

(i) an increase in transfection efficiency;

(ii)  enhanced gene expression;

(i1i)  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.

3. The expression system of claim 1 or claim 2, wherein the large T antigen or

functional equivalent thereof is constitutively expressed by the rodent cell.

4. The expression system of claim 1 or claim 2, wherein the large T antigen or

functional equivalent thereof is transiently expressed by the rodent cell.

5. The expression system according to any one of claims 1 to 4, wherein the expression

system is a stable episomal replicating system.

6. The expression system according to claim 5, wherein the replication and retention of

the episomal replicating system lasts for greater than three weeks.



10.

11.

12,

13.

14.

-44 -
The protein expression system according to any one of the preceding claims, wherein

the peptide or protein of interest is a therapeutic peptide or protein.

The protein expression system according to any one of the preceding claims, wherein

the protein of interest is 2 monoclonal antibody.

The protein expression system according to any one of the preceding claims, wherein

the peptide or protein of interest is suitable for use as a vaccine.

The protein expression system according to any one of the preceding claims wherein

the rodent cell is a Chinese Hamster Ovary (CHO) cell

The protein expression system according to claim 10 wherein the CHO cell is a

CHO-K1 cell.

A method for producing a peptide or protein of interest comprising culturing the
rodent cell, according to any one of the preceding claims under conditions promoting
expression of the peptide or protein of interest and recovering the peptide or protein

of interest.
A peptide or protein produced according to the method of claim 12.

A pharmaceutical composition comprising a peptide or protein produced according to

the method of claim 12, and a pharmaceutically acceptable carrier.



