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RECOVBI NANT PROTEI NS BY TRANSI ENT TRANSFECTI ON OF SUSPENSI ON- GROW NG
MAMMALI AN CELLS 5 FIELD OF THE | NVENTI ON The invention relates to
processes for producing reconbinant proteins, in particular to a new
process for an enhanced transient expression of a reconbinq?%ggroﬁgkg in
host mammalian cells, and to new expression vectors, cell a

culture nedia 10 adapted to carrying out the process. BACKGROUND OF THE
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for the production of recombinant proteins (r-proteins). In contrast to lower
eukaryotes or prokaryotes, mammalian cells provide active r-proteins that possess
relevant post-translational modiﬁ’cations.' However, in order to obtain sufficient
amount of protein for structure/activity analyses or high-throughput screenings, one

20 needs to go through the long and tedious process of stable transfectoma isolation
and characterization. As an alternative, the small-scale transient transfection of
mammalian cells grown in monolayers can generate significant amount of r-proteins
(Culien B. R., Methods Enzymol., 152, 684 — 704 (1987); Blasey H. D. et al,
Cytotechnology, 18, 183 — 192 (1996); Cachianes G. et al., Biotechniques, 15, 255 —

25 259 (1993)), but scalability of this process is limited by culture surface availability.
The use of the well-established calcium phosphate precipitation technique or the
recently described cationic polymer polyethylenimine (PEI) (Boussif O. et al., Proc,
Natl. Acad. Sci. USA, 92, 7297 — 7301 (1995)) provides cost-effective ways of
introducing plasmid DNA into mammalian cells. A major breakthrough has recently

30 emerged for the fast production of milligram amounts of recombinant proteins.when
these gene transfer vehicles were shown to be effective for large-scale transient
transfection of mammalian cells grown in suspension culture (Jordan M. et al.,
Cytotechnology, 26, 39 — 47 (1998); Schlaeger E-J. et al, Cytotechnology, 30, 71 —
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For an optimal |arge-scale transient transfection and r-protein expression
in mamualian cells, four key aspects are to be taken into account, nanely
1) the cell 5 line, 2) the expression vector, 3) the transfection vehicle

and 4) the culture nmedium The human 293 cell line (a human enbryonic
ki dney cell line containing the El region of human Ad5 a%x;'novi rg é)NA)
is wdely used for r-protein production as it offers many 88 ,

such as high transfection yields with nost common gene transfer
vehicles, is easily grown in suspension culture, and can be adapted to 10
serumfree nmedia. Moreover, two genetic variants of the 293 cell line, the
293E and 293b wmedoksszl i nes, expressing the Epstein-Barr wpirek0d8Y) Nucl ear
Anti gen 1 (EBNAI) and the SV40 large-T antigen, respectively, allow
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The second important issue for high level r-protein expression is the use of vectors

20 having promoters that are highly active in the host cell line, such as the human
cytomegalovirus (CMV) promoter (Foecking M. K. et al, Gene, 45, 101 — 105 (1985)).
This promoter is particularly powerful in 293 cells, where it has been shown to be
strongly transactivated by the constitutively expressed adenovirus Ela protein
(Gorman C. M. et al., Virology, 171, 377 — 385 (1989)). Moreover, a highly efficient

25 expression cassette using this promoter has been recently described that provides
adenovirus-mediated transgene expression levels reaching up to 20% of total cell
proteins (TCP) (Massie B. et al., J. Virol,, 72, 2289 — 2296 (1998); Massie B. et al.,
Cytotechnology, 28, 53 — 64 (1998)).

30 ‘The third aspect is related to gene transfer reagent efficacy. Even though many
highly effective gene transfer reagents are commercially available, only few are cost-

effective when considering operations at the multi-liters scale. For large-scale



satisfies nost of these criteria, as it has high gene transfer activity in
many cell lines while displaying |low cytotoxicity (Boussif 0., supra), is
cost-effective, and efficiently 5 transfects suspension growi ng 293 cells
(Schl aeger E-J., supra). This polyner is available as both |inear and
branched i sonmers with a wi de range of nol ecul ar weights a(?

pol ydi spersities, which physicochem cal paraneters are crit Lagpany 006
efficient gene transfer activity (Godbey W T. et al., J. Control Release,
60, 149 - 160 (1999). 10 The | ast key aspect for efficient r-protein
expression by transient transfection relates to the culture nmedium Sone
gene transfewoeagents work only in serumfree nedia whef€asofi;ners are

| ess sensitive to the presence of serum Also, as the presence of
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limtati onsfficig® dsiobMaRYfeORCtlitE (GOMENTY.ON ek, Ungemntd taigakdbodago a new
process foq6d g ﬁroducti on of reconbi nant prot eins, by transfection of
suspensi on- grow ng eukaryotic cells with an expression vector 30

conpri 4Png a first DNA sequence coding for the desired protein, said first

DNA  sequengeiabeied Gspetd & Fitnt RproRin é(p?éé'sfoﬂtyyQraREIQMFa%Efegt?omldre%t second DNA
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15  vyield, it is often necessary to perform a complete medium change prior to
transfection. However, this step does not satisfy the need for a robust large-scale
transient transfection process.

Transient protein expression system are known in the prior art, for example the
20 transient expression system disclosed in US 5,024,939. However, these systems
generally suffer from the above-discussed and other drawbacks and limitations and
are not well suited to large-scale, high-throughput production of r-proteins. The
present invention provides a transient expression system and process which is free
of many such prior art limitations.
25

SUMMARY OF THE INVENTION

The invention provides a new process for the production of recombinant proteins, by
transfection of suspension-growing eukaryotic cells with an expression vector
30 comprising a first DNA sequence coding for the desired protein, said first DNA
sequence being under control of a suitable promoter, and a second DNA sequence
enhancing transcriptional activity of the promoter and increasing nuclear import of
the expression vector. In a preferred embodiment, the second DNA sequence
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The eukaryotic cells are preferably mammalian cells, nore preferably the
human enbryoni ¢ kidney 293 cell line and its genetic variants, nore
preferably genetic variants stably expressing the EBNAL protein or a
fragment thereof. The expression 5 vector is preferably a plasmd,
conprising the first DNA sequence as a part of an express%%n asagbée
the cassette further conprising the promoter, preferably a°’2ud

cytonegal ovirus (CW) pronoter, nost preferably the CW5 pronoter. The
second DNA sequence is preferably of a viral origin, nore preferably the
ori P sequence of Epstein-Barr virus (EBV) or a fragnent thereof. The
transfecti orvo &opusef erably carried 10 out using pol yet pyt/exizovsee (PEI) as
a transfection reagent, nore preferably using the 25 kDa |inear isoform

of PEI. Tbﬂdtﬂémﬁ%ﬁp&ﬁl@’tﬂnn@;ﬁsdﬂibl&e;ﬁicaﬁ}irﬁofsﬁléﬂe&tbﬁinCmHtr@l&@d{eh,cells.
transfect n and rot n ex fe%m is.car rlhed out
ol reRiRY
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t o achi evembinghicekipneys2dDoell évelasd iits gemetih oatantemad whferabie gerldtie process
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f th t t
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first equence en econbr nant. protein.
sequeri@e Obfelllsmgl mnw@w!e@mw TEIbss atrprsdentioe Feagew fard ngfeﬁf—é’ #singntde ect ed

cel I's undes (eaNHLLA iQISPor PEAYPhd PracEsRioRdRHe8h #EinhiB&tdpahe BN Qx@WEh protein,
and harvesting the expressed protein. According to another ct, the

i nventi on rﬁ?%f%?ttﬂ’@sa“grf’@‘?b‘r eSIony B Fasred it waing éﬁ?&ﬂ%@&g@w&e Bon of a
r econbi nanitheut@harding the aulttrermaliuarn aaa bllowssaiachisecigh explessnpevetsiing a first

DNA sequence encodi,ng the reconhi napt prote al d f| St rQ\IA gquence
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e RSO SO ML R s disshag vector

proteins.

Thus, according to one aspect, the invention provides a process for the preparation
20 of a recombinant protein, said process comprising the steps of: providing eukaryotic
host cells suspension-growing in a culture medium; transfecting the host cells in the
presence of a transfection reagent with an expression vector, said vector comprising
a first DNA sequence encoding the recombinant protein, said first DNA sequence
being under control of a promoter; culturing the transfected cells under conditions
25 favoring expression of the recombinant protein, and harvesting the éxpressed

protein.

According to another aspect, the invention provides an expression vector for an
enhanced expression of a recombinant protein in a mammalian cell, said vector
30 comprising a first DNA sequence encoding the recombinant protein, said first DNA
sequence being under control of a promoter, said expression vector further
comprising a second DNA sequence enhancing the transcriptional activity of the
promoter and increasing the nuclear import of the expression vector.
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According to still another aspect, the invention provides a human
enbryonic kidney cell line derived fromthe 293SF-3F6 cell |ine (ATCC
Accession No. CRL-12585), said |line constitutively expressing the EBNAL
protein or a fragment thereof. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
is a graph showi ng effects of DNA to PEl ratio on transfect) n eff| ency.
293E cells were transfected with linear (A) or branched ( a?BaIP(

vari ous DNA (pG-P plasm d) concentrations, as described in Materi aI and
Met hods. DNA 10 concentration (pg m-1) used were: 0.25 (circles), 0.50
(squares), 1.0 (closed dianopnds), 1.5 (triangles), and 2.0 (open

di anonds) . Twanefeisi on ef ficiencies were determ ned by @Yyt onetry
analysis 72 hpt. Fig. 2 is a graph showi ng effects of ce‘”ﬁlne and vect or

on transi entcorfiAto s]tﬁ a@%ﬂ%ﬁﬁﬁe@ﬂtheﬁﬁ\)erﬁ&?ﬁﬁwﬂ@@e} htﬁn:ﬂ?&ﬁb g@gﬁ (l eft)

and pTT (”%P}ﬂ'&‘ﬁ rs dr awn g vect or

i denti cal {8} they -F8rcallifige (A7 ﬁs@f@ﬁ@'@kﬁ?e@&-ﬁ%@sset te.
The pTT vesdidlinevamstitbtiaiynegrdssing mal EBNA ©rord or@f fraghiefit thy@bemyci n and
EBNALl expression cassettes and replacenent of the ColEl origin for the
pMBL on, as described in Material and Methods. TPL: tripartite |eader; 20
enh I\/LP5 maj or | ate pronoter enhancer; SD:. splice donor; SA:. splice

acceptor; BRIEF @W@@?@WUFWHEB@AWNGEV of repeats. (B) Cel | s were
transfected wth 1 of linear PEl and SEAP activity

measur ed 729npf.2 gr?@ Hepingitestyiof DM\ t& PEptatio wa drapsfedtion effisiéntn 299€
condi tion tells wené trafisfé@sd Withmaéaqh) onbrhEhe @?st KROPESEAR ariged biial | €S were

normal i zed 0 ah Y boxes 3. 1/ SEAP; hat ched 25 boxes:
pCEP4/ SEAP, (p%% @QE il: 60”5@%? d%ﬁ@@%i\iﬁef'%?ﬁﬁs Pogect BNA Fig. 3
is a gﬂ%phw@ﬁ@v/ﬂaﬂgn eﬂJQe@t 3 !@fedsueremaﬁﬁ trisies) ef 80 exquaessy aro (A8 cel | s

\(/)\?r ([a)NAt raﬁrkﬁélﬁsﬁd%‘i] 31]‘;\’.; thar@-r‘]_yargﬁacﬁ d&%}n ef Hﬁ&}ﬁ%@f@%l‘ @ctqr?glxﬁg 5§C|éjss\’vn Olpg 519

br anched F‘f%ter Wlf&?&e}ryﬁﬂaﬁ‘%g%h@er umfree or serum suppl ement ed
media. In one experinent (0--.1 %, cells were transfected in serumfree

nmedi a and,§i rymwas a ded 3 ho s | tﬁé to a final concentration of 1%
GFP-positive cefls L SEABG " 9tlst?/fa lne and SYRCkoy oy tiRpgientsSEAR anuar y

2006 WD 0508838 (A) shows genetic maps of pCEPS5 (left) and pTT (right) vectors drawn to
scale. The pCEPS vector backbone is identical to pCEP4 vector except for the
transgene expression cassette. The pTT vector was obtained following removal of
the hygromycin and EBNA1 expression cassettes and replacement of the ColE1
origin for the pMB1 ori, as described in Material and Methods. TPL: tripartite leader;

20 enh MLP: major late promoter enhancer; SD: splice donor; SA: splice acceptor; DS:
dyad symmetry; FR: family of repeats. (B) Cells were transfected with 1 pg of DNA
and 2 g of linear PEl and SEAP activity measured 72 hpt. The pGFP plasmid (0.1
Hg) was also added in each condition to monitor for transfection efficiency and SEAP
activities were normalized accordingly. Empty boxes: pcDNA3.1/SEAP; hatched
25  boxes: pCEP4/SEAP; gray boxes: pCEP5/SEAP; black boxes: pTT/SEAP vector.

Fig. 3 is a graph showing effects of serum on transgene expression. 293E cells were
transfected with pTT/GFPq (A) or pTT/SEAP (B) vectors using 1.0 pg of DNA and
2.0 yg of linear PEI (hatched boxes) or 1.5 pg and 2.0 Mg of branched PEI (gray

30 boxes) in fresh serum-free or serum-supplemented media. In one.experiment
(0—1%), cells were transfected in serum-free media and serum was added 3 hours
later to a final concentration of 1%. GFP-positive cells and SEAP activity were
measured 72 hpt.



PCT/ CA02/ 00683 Fig. 4 is a graph illustrating the progress of transfection
of suspension growing cells. Cells were resuspended in 10 ml of fresh
HSFM containing 1% BCS to a density of 1 x 106 mi" in 125 m Erl ennmeyer
flask. Three hours later, 1 m of the DNA-PEI conpl exes were added and
the culture incubated for an additional 3 h. The volunme 5 \éga theg 06
conpleted to 20 M with fresh culture nedium The DNA- PEl %B 8 wer e
as follows: 40 lag of linear or branched PEIl was added to 1 of HEPES-
suppl ement ed HSFM cont ai ning 18 | ag of pTT/ SEAP and 2 | ag of pEGFP or 27
|l ag of pTT/ SEAP and 3 pg of pEGFP, respectively. Open synbols: |inear
PEl ; cl osed weymhrlzs: branched PElI. Circles: SEAP acti it daoro6kar es: %
GFP-positive cells. 10 Fig. 5 is a graph showing effects of cell density
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| nt ens| tyvsfﬂ% S ?qlla\slg n%w rquZqﬁQ%rg?r' ﬂar?c?'-emP fw%s e@o@g}clﬂ SHPB pEpRsed HSFM at

a density ore trans ion medi um was t hen
| ef t unchangﬂdmérdemtlBFmea@m"m%UQ:PfrﬂTé%ﬁA%ﬁnci%}b'D:%éEGﬁFPh?-?@QM 20 of

fresh nedi pOéﬁ‘di 3C %'fep‘EbFPThé RN DeAt imbokelihsarwerie closasf ect ed
by the ﬁl on lrjg %c HII exdes e T/ SEAP and 40

pg of i né&'?"b“PI*_’I“a”Ch?-‘i' gE! @"F'?S aSFg'?% ?Prﬁ“” hSWFT: th t£72 gFéé’ﬂ? ?Yao‘%l? ‘on of FR and

DS dommi ns on transient gene 25 expression. The pTT(delta DS) vector was

o et B AR o SR o Rihodbcls Lol S8 kP BondkRRd RECAIRLIA) TR 1as

obt ai ned re-circu arlsatlon The
pTT(del taTmnsfe)ctmeefr@wnwa@néme@ﬁmdotalyGRBaexme%wmm REreFE8t P¥ANed i | | -in

and re-Ci ‘i&\‘dlmﬁ‘lb'tr%ﬁéfb&fbn Jélma SRR @&ﬁﬁi@hi‘ a@ﬁ@d%@ﬁ’s SEAR oneelR atcl ned into
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pTTM G-P ¥\ CtRO atwe f%ta? %tF?’I voa?sdobl%é/ingci %ﬁg\nt/iﬁgn%uﬁigﬁa%r? of’ §e%e% G%E;ﬂ)siti@a
cells by the mean fluorescence intensity. (B) Cells were seeded in 20 ml of 1% BCS-
supplemented HSFM at a density 2.5 x 10° mI* 24 h before transfection. The
medium was then left unchanged (conditioned: open circles) or replaced with 20 mi
20 of fresh medium (closed circles). Three hours later, cells were transfected by the
addition of 2 ml of DNA-PE! complexes (20 pg of pTT/SEAP and 40 pg of linear

PEI).

Fig. 6 is a graph showing the contribution of FR and DS domains on transient gene
25 expression. The pTT(delta DS) vector was obtained by Apal digestion and re-
circularisation. The pTT(delta FR) was obtained by Miul — EcoRI digestion, fill-in and
re-circularisation. The pTT(delta oriP) vector was obtained by Apal — EcoRl
digestion, fillin and re-circularisation. The cDNAs encoding GFP and SEAP were
cloned into these vectors, followed by transfection of 293E cells. SEAP and GFP

30 were measured 3 days post-transfection.

Fig. 7 is a graph showing the effect of various oriP truncations on transient gene
expression. The pTTm/GFP vector was obtained by digesting pTT/GFP vector with
6



6 January 2006 WD 02/ 090533 PCT/ CA02/ 00683 EcoRV - Mul, followed by
fill-in and re-circularisation. In this construct, the oriP still

contains the conplete FR and DS donai ns. The pTTn/ GFP vector was obt ai ned
by digesting pTTm GFP vector with BstXl, followed by re-circularisation.
This construct has an FR fragnent containing only 9 EBNA |nd| r%ggltes
(see Fig. 8). The 5 pTTo/ GFP vector was obtained by di gestl Y/

vector wwith BspM - EcoRV. This construct contains intact FR and DS
domains. 293E cells were transfected with these constructs and GFP | evel s
measured 3 days later. Results are expressed relative to pTT/G-P vector.
10 Fig. 8 shayseliigs;sequence of the oriP's Famly of Relpeats FR) The FR
contains 20 EBNAL binding sites (EBS) (boxed). Spacers FEARYEEBS ar e

had d. | { Xl t t te
ol ot | de purRt g 1R b B o AR iRl e cepeiuckfiofatibox
i ndi cat es ERUBANSs met@mplese FR@andD$ Qoraalgs dijie SMOIGARyvete vefsfabtdinef byt he
presence OHig&lngPHInirGrib &é&&f%&ﬁs?&l f&lfo@v@& 'b? Qérﬁ'%%ﬁ remis 'cgrt;%tr the FR

vect or- constructs used are shown 1 n panel Ita ori /GFP

vect or was'@eRveER f%WbWt@PQV%X@rEBUM Juding E&‘y’ see FigaB). Hegesti on,
T4 DNA pol weds/ase vbbt@ﬁhﬁ?ﬁbtaiﬁ:@d bp%ﬁsﬁ@mr/esatvb@ter wil'BspMiT4alGRE  vect or
cont ai ns tlﬁg: )(ru tFCR(; rrtent 41@3 Nl ng} p%ﬁggs cloned in the EcoRl

site 20 of pﬁ'ff'&sé 8 'rﬁ)?éﬁtﬁ: V8l Ofpds Jeteperiansiectedivithi ns t he
BsV 1 FR meagwenﬂtrucismleldGFH lbvets Badabursd tledafs IpfET (Riedulta =6 iekhre&ddd vect or .

The pTT4cIGRR HIGES ins an FR fragnent containing 9 EBS and was
derived fromm'al“lge‘(?jg?ctga %(;btr“?rP)/G:P vector by BstXl - Apal digestion, T4 DNA

pol ymer ase treatnment and re- circularisation. 293E cells were transfected

Wi th vegt oFig. &biW thé‘s&f&@ﬁ&e &% tROEriMG FQm%f@%EEé%?FR‘)e?EQFR Ghbingap anal yzed

by flow cy ur al ues ressed relative to the
val ue obt ‘%%’gg]i \R{"f’ psril?? @S—EFé)%‘?:’ieg? éjp(?ﬁﬁ’lséiemeﬁ@ Broarechizgpwece Raubly) are
shown in pawetlingd régions ih@icate Bstxjr mpinictizinosilen.gNadieotie fire bidobniointiRaten nucl ear

i mport of Q{ggrfpg ?% | 3E cells were transfected
wth pcDNArg.f alsm ncogl ng &ﬁ é(;éraR\lMg hout various ratio of pTT4

vect.or (containing the oriP) or pTT I\/D vector (no oriP). SEAP activity
was negsurEg 9% BYush SRR thé effect of the presence of various FR fragments on

transient géne expression. The FR vector constructs used are shown in panel A. The
pTT(delta oriP)/GFP vector was derived from pTT/GFP vector following EcoRl — Apal
digestion, T4 DNA polymerase treatment and re-circularisation. The pTT4a/GFP
vector contains the BstX] FR fragment (containing 10 EBS) cloned in the EcoRl site
20 of pTT(delta oriP)/GFP vector. The pTT4b/GFP vector contains the BstXl FR
fragment cloned in the Sall site of pTT(delta oriP)/GFP vector. The pTT4c/GFP
vector contains an FR fragment containing 9 EBS and was derived from pTT(delta
oriP)/GFP vector by BstXl - Apal digestion, T4 DNA polymerase treatment and re-
circularisation. 293E cells were transfected with vectors shown in panel A and with
25 pTT/GFP vector. GFP was analyzed by flow cytometry 72 hours later and values
expressed relative to the value obtained with pTT/GFP vector (contalnlng the

complete oriP) are shown in panel C.

Fig. 10 is a graph showing the effect of oriP on nuclear import of plasmids and
30 gene expression. 293E cells were transfected with pcDNA3.1 plasmid
encoding SEAP with or without various ratio of pTTA vector (containing the

oriP) or pTT-AA vector (no oriP). SEAP activity was measured 72 hours later.



6 January 2006 WO 02/ 090533 PCT/ CA02/ 00683 Fig. 11 is a graph show ng the
ef fect of peptones on 293E-GFP cells growh. Peptones were tested at 1%
(Wv) in HSFM1 % serum Cells (293E cells stably expressing G-P) were

seeded at 1000 cells/well in 96-well plates and fl uor escence 5 was
noni tored daily using a fluorescence mcroplate reader. g?r ase 08
fluorescence indicate cell growh. Control is wthout pept ?naat

peptones; CP:. casein peptones; TN tryptone; GP. gelatin peptones, SP:
soy peptones; WP. wheat peptones; ME: malt peptones; PP: plant peptones;
YE: yeast extract. 10 Fig. 12 is a graph show ng the effect of peptones
and their conegpbdsation on transient transfection of sFfc&Rbisss Peptones
were first tested at 1 % (wv) in HSFM The effect of concentration of
sel ect ed peptones was then tested at concentrations 0.5% 1.0% and 1.5%

GFP was npgi t1erigda bzadmoam@wh@&rer effact fdf Qeptoriee nat LY3E-GEPI callggdrowtr at i on
was significant when, u 0 t wn) .
Cont r ol iée&i'%es\/\)”ﬂ?offt5§ %t% seﬁﬁg?fdggrg% %%ﬁ—s g%ﬁfa"é]'g 4 r aph
i |1 ustr at expgessiror QRR) were seeawlsateWOD@n“a/\Melhln@Gswlh Rlales apd frerasaenee (A)

293E cgl | ﬁ?g\eﬁﬁn@o@@@e&% gt u@in%eélsﬂﬁdfeé%fenc?e %%ro%%'@e rri‘eader' Mnéreféesl iwf fr esh

HSFM suppl enent ed CS. Twenty-four hours |ater, the transfectl on
mxture ( %QSCEOCQ)F’C'IC?W&%" o th- SRl | d""l@@t RePteRsENME L MERT RERIGNSS: 85 my -

pTT/ SEAP apdcddeth F&)t()lﬂﬁg’?ﬂ ﬂ{/;ﬁ&fﬁ @P: gaasingufetet SR hwy hieptopast\wp: (sol i d
i nes). One hour

th
bi or eact o¥! %ﬁfcﬂ’@ﬁ%ﬁ%ﬁ’iﬁ r”é% Fieﬁtoge%ﬁ?jg ap{% ag\,\%é yg%%}tg?%%&?(rjnashgd li nes).

SEAP acti vi ty (circles) and GFP-positive cells (squares) were determ ned

as des‘ r| PI 1é gm’;&g@; ér%v@wg?gg ?&tt Be r‘e)@an@!%‘r{]\'téangéh'ir‘s’\ﬁrﬁ} Sifi-ieRnds) . 25

V|ab|I oreactor (solid
| i nes) antﬂansﬁmmpf SFE gslls. E‘@Iraigmﬁéd"quﬁ ﬁ@ﬁ}es'felﬂ@"/"l(&!’/‘{)@ HASPHMol e ash showi ng

resul ts ofs JRAEh LA bt %&Wp@%e@%@% este®ht Qirﬂ&@rﬁtratn&@!)o G%E‘d .0and

intracel lular r-proteins. go% g“ftl’C{EM/ A g&ﬁﬁi (?n ter of 30
cul ture ndMl LAve rctfrﬁ yaRmeniprad i Bew t?fr W @g?m%/ﬁ pa9'© wﬁ? Phaded ont o
a TALON WM. &Mé}ﬁcmlwnéﬁ ysihg meat laed casdinipeptonézo(datamal ghew)e fontve imashi ng,
bound ,_mat u?| e&@g sl&&_ﬁ § 150 mMim dazole (20 m). Ten mcroliters

of cul'tur¥™9 |un1 ane ow-through (lane 2) and eluted nateri al
(lane 3) were resolved in 8 6 January 2006

Fig. 13 is a graph illustrating a transient transfection in a 3.5-liters bioreactor. (A)
203E cells were seeded at a density of 2.5 x 10° mI" in 2.85 | of fresh HSFM
supplemented with 1% BCS. Twenty-four hours later, the transfection mixture (6 mg

20 of linear PEl added to 150 ml HSFM containing 2.85 mg pTT/SEAP and 150 ug
pEGFP plasmids) was added to the bioreactor (solid lines). One hour later, 25 ml of
culture was withdrawn from the bioreactor and transferred in a shake flask as a
control (dashed lines). SEAP activity (circles) and GFP-positive cells (squares) were
determined as described in Materials and Methods. (B) Growth curves (diamonds),

25  viability (triangles) and yO. (gray line) in the 3.5-| bioreactor (solid lines) and shaker
flask (dashed lines).

Fig. 14 is a photograph showing resuits of SEAP purification and production of other
secreted and intracellular r-proteins. (A) SEAP purification by IMAC.. One liter of
30 culture medium from the 3.5- bioreactor harvest (Fig. 13) was loaded onfo a
TALON™ IMAC column (10 ml bed volume). Following extensive washing, bound
material was eluted with 150 mM imidazole (20 ml). Ten microliters of culture

medium (lane 1), flow-through (lane 2) and eluted material (lane 3) were resolved in

8



WO 02/ 090533 PCT/ CA02/ 00683 duplicate on a 3 - 8% NuPAGE Tri s-acetate
gradient gel. One half of the gel was directly stained with Coonassie
blue R-250 (left panel) whereas the other half was transferred onto a
nitrocel | ul ose nmenbrane and probed with anti-Mc antibody (right panel).
(B) Expression of secreted C-termnal Myc-(H s)s-tagged r-protein in a
14-1 5 bioreactor. Lane 1, human Neurophilin (1 - 824; uppeé?@%‘a)zoﬁﬁd
VEG- (1 - 165; |ower band) co-transfection in a 1:1 ratio; lane 2, hunan
Tie2 (1 -- 723); lane 3, human Cripto (1 - 173); lane 4, human c-Met (1 -
931). Transfections were perforned as described in Materials and Met hods
and cul ture veslizmsksar vested 120 hpt. Fifteen mcrolitggscQbodsy ture

medi um were | oaded per |ane and tagged proteins 10 detected using anti-Mc
anti body. (duplidaxpseass o NuPABEARRLAIA glauRhOL&)! BRe hhRRP ik gl WEL/ SIGFP;

| ane 2, pT‘I;{.BIﬂ; tl‘aerlhﬁ-wgr&(fprr en%)%' vegé or; lane 4, %g:DNAS. 1/ an%] ane 5,
pTT/ G, q; 146 2 ROpassi Blye Rr250,qefy pang!) wheseasgthe piver half wagk: | ane
9, pTT/ hexwkshaseentb anetrdd@|lulpselmginb@ok anapmbedalithanudiye dhasossigd 72 hpt,
rinsed wt iSHOL | i ﬁéﬁq e buffer follo by

soni cat | onrb(alngiﬁggijl quera%,aﬁg# %)r e)e(ég r% a% i n?ﬁa@ﬁ)%taggﬁg rOEeI"éWe%qg'l- 10) as
i ndi cat ed iNPRaASr banest, dnanaveietserhilin (dro824; nepergrand) endbMESH (Or- 654 - 12%

Bi s-Tris Nukicibag)pel-@aisfatibn and £ 3t thndl 3 MunfRPTRE S & PhdieRs 250. Fig.
1ot c_reslstance cassette

15 is a graph _show ng, the_effect of an antjb .

added to a%%nv t%%?_*\ﬂﬂgi\ 3R° gheusTas: F‘e’{eﬁééiEtgg’H?:eT'@a%fg@Pf‘% wese added t o
t he vect or pgiformedias desaitpd & Maierigd and Methbds ashelitarez@edium haxpses 3pon
cassette) ibLatic i the .cell cultyre after.
transfecti g,ﬁ{j Fg#%g? g’@%ﬁ'ﬁ%‘%&%&’_@%ﬁ%@@ %c‘tg%fes'gaedfgrp%éllsﬁnﬁganf’n%ggte é’fé‘@f@?\e (in
this ex&npldetegem)sivgmnidiysaniberyd (§)sExpession e intacelsr -pra@dnsilgne 16 i s a

h showi i i ) j i SFE
gr aph showipng/syGemaRns, mﬁwzegfégvfp%gg?w@cﬁmlnsﬁ&la?%%%aw%' WYSe

cl ones co ar%g/ to the parental,, F- cel I ne @gc"ésm on No.
CRL- 12585y PEMGes RS & tATdfRer ect &mewl .+ W RECHirne SEAPT HEHR'm: daneSBE cl ones
WlerREs obt apMetefoainasmilag 10, @ngﬁ&gl:dﬂéheoteﬂsp@elrlagrlaﬁﬁst%gaé%ﬁk |1rin£écm%itiw th ghe
p - Neo t )._vector odi t he - | engt protein an
sel €cti on ﬁé Snagjggg%%z%dgﬂﬁ? up(ff%%8?{8'?'?(?l“ﬂerff8'r°"‘ﬁﬁoby\/\%’é'f5§?'orﬁéa§]e§t1a‘n?) cells
wer e sdéde@r gxtracted|in /lygd buffer (BGesvél + 10pasindicateddinaviategals gnd IMetesisanpl i f i ed
and t est edpfdiing K@B3:RINed BRNE4 e)‘l@%e@i@"rﬁ?Nug\gEtd{"gdi Bl ARTaiRd Lige! at eg

1 depogl te

only four %re sho in the graph, the clone January 2006
oomassie blue R-250.

Fig. 15 is a graph showing the effect of an antibiotic resistance cassette added to a

20  vector. When an antibiotic resistance cassette is added to the vector (in this example
the pTTz vector and a zeocin expression cassette) and the antibiotic is added to the
cell culture after transfection, a stable population of cells expressing the transgene
(in this example GFP) can be obtained is less than a month.

25 Fig. 16 is a graph showing transient gene expression levels reached in various SFE
clones compared to the parental 293SF-3F6 cell line (ATCC Accession No. CRL-
12585). Cells were transfected with the pTT/SEAP plasmid. SFE clones were
obtained following transfection of the 293SF-3F6 cell line with the pIRES-neo
(Clontech) vector encoding the full-length EBNA1 protein and selection using 50

30  pg/ml of geneticin for two weeks. Resistant cells were seeded at 1celliwell in 96 well

' plates and emerging clones amplified and tested for transient gene expression. Of
the 20 clones so isolated, only four are shown in the graph, the clone 41 (deposited



WO 02/ 090533 PCT/ CA02/ 00683 under | DAC Accession No. 020502) being the one
showi ng the highest transgene expression. Fig. 17 is a graph showi ng the
effect of the addition of serum sub-fractions on 5 transient gene
expression. Panel A shows the bovine calf serum (BCS, chlone) protein
profile following gel filtration chromatography using a Sup é@g HR
16/ 60 colum. Fractions were tested at a final concentratl %0
(v/v). Panel B, 293E cells were transfected with the pTT/ SEAP vect or and
SEAP nmeasured 72 hours later. Active fractions were pooled for further
anal ysis (11-14: "fraction A" and 24-25: 10 "fraction B"). Fig. 18 is a
graph show ngobhe®osifect of the conbination of serum "fpcagihbsmnesd’ and
"fraction B" on transient gene expression. 293E cells were transfected

with pTT/ EEPIDAT e6esadh QL ©20500) RFRYNBE oAk shawingUbe highest tainsgdreact i on A"
and "fraction B' 15 (see Fig. 17B). SEAP activity was neasured 96 hours

| ater. PoSPI&%&°Rontrol was medi umwith 1% BCS and negative control was
pl ai n medi um DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 20 Thev

present i pyeni} on Pl oy giﬁ«szgq S eREATH e "aRbitB o RORAE Sl b ARAL

expressmn rec otelns (r-proteins) in eukaryotic cells,
pr ef er &bl ytrangient gens emesscam Panelfy showsy éTee?meyca'fnseéu@p@% StyelgPomi ng 293

Cfe:j |t' ne?rot@ﬂ%r@ﬁl@?&&ﬁm@@? fiflRNiBh @I?@%aﬂ)@fibpﬁ?hélﬁ@ &Sdpbriex ROV BRMIGEHL | Ng tge
effects of various  paraneter roce i on,
transi ent QNN FERlIPRH WETe tﬁgeéﬁ’g eﬂ’i’?ﬁ ?fﬁ’ Eﬂif P‘c“é:( R¥/O t?aﬁa'e%p%&%s d
pol ycat i om’eas mirey mhsfaméq/sﬂthythemWSEAF( Pﬁitc)r aml SEABBéamred2 reagent. In a
f d, d TT
preferre ﬁgcﬂ?ﬁywﬁgr%@gr}gref}.{aﬁﬁr%ngm {Acha: Hddion BOLELALEY P

expreSS|on ine; expression |leve
intracﬁ]ldﬁaﬂwnEb)oteln representing up to 20% of total cellular proteins
(TCP) have been achieved. To the inventors' knomﬂedge such high
expreSS|on | evel s have never 30 been achle ed 93 cel ls. usj, t ransi ent

transfect ifd® Hhis & a@eR sheviey dhe elfegt of 5L '%1'? REBETHY HgCiony us di at ed
tr ansgene “gy@IOAS B O6h (HHASISIte gBne adxpRission. 1 QOBE Jaelsi awgre 2 GA6sAMERD 24BO0533

PCT/ CAD2/ Opor%s?‘EAP in the absence or presence of various ratio of “fraction A” and “fraction B”
' 15 (see Fig.17B). SEAP activity was measured 96 hours later. Positive control was
medium with 1% BCS and negative control was plain medium.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The present invention provides a new process for an enhanced transient expression
of recombinant proteins (r-proteins) in eukaryotic cells, preferably in mammalian

cells, most preferably in suspension-growing 293 cell lines.

The process was developed and optimized by investigating the effects of various
parameters of the process on r-protein expression, by transient transfection of
25 suspension-growing cells using the polycationic polymer polyethylenimine (PEI) as
transfection reagent. In a preferred embodiment, by combining the optimized oriP-
containing pTT expression plasmid with the 293E cell line, expression levels of
intracellular r-protein representing up to 20% of total cellular proteins (TCP) have
been achieved. To the inventors' knowledge, such high expression levels have never
30 been achieved in 293 cells using transient transfection and these levels rival those
obtained using virus-mediated transgene expression (Massie B. et al,

10



Cyt ot echnol ogy, 28, 53 - 64 (1998)). Expression of the human pl acental
secreted al kaline phosphatase (SEAP) protein, one of several proteins
expressed using the process of the present invention was found to be at

| evel s exceeding 20 ng/l. 5 It would be obvious to persons skilled in the

art that many different eukaryotic cell Ilines, in particul an
and human cell lines, could be transfected using PEI as trﬁ?g'f‘%%hg

agent and that such cell lines could be used for the process of the
i nvention. However, the efficacy of transfection, and protein expression
| evel s as a result, vary considerably for various cell lines (see, for

exanpl e Boussiofo2@dessal ., Gene 10 Therapy, 3, 1074 - 108(},&&%9%283and is one
of the highest for human enbryonic kidney (HEK) 293 cell Tine. Al so the

act Vi y bbby My DTSN STo4 BB £kl O, e adah I BBLrlb ™ HEK 293

cell line, 'as co lan ce
consi der al V"P‘Prﬁ’h@'iﬁ@@aéﬁ P EAR) Ripteine pae o several droteive eiprassed ysingt then when

this prormb&ssobtht prskehiinfeMibH WA folhd 10idelht VB BRELBING Y GR/C Ki dney (HEK)
cell line. An 15 additional inprovenment nmay be achieved by using the HEK

293E cell line (a genetic variant of 293 cell line, constitutively

expressd nat wh@d Eedukiols BRpErsYts $kfilel ErBV)e 5&3%1 mdﬁ&%‘fﬁe‘ré& euké}y(ﬁgrg%'l nation

w th an egﬁre35|on vector conprising t orl sequence’ or a fragnment
t her eof coRESi"™PRYCHANRIMBRNR 71 ’L*in%aé’sce('é%s Py bzeﬁansfeﬁfaﬁ sbaIPH | y
advant ageassrdnefectiray agdnngndtiat 5id qeiicines soudi bt iged Forand bﬂh@ew evad t 0 be

20 the SF I eLd ti he cell Jine HEK29 3F6 (AT

Accessi onlgr‘l\%Sii @Ho%g%ra h%% o o}elﬁa rséeécté'l P ar}dh%'otgw F'8P Vﬁ'ls Fhd SFE ceI I
line was desud méonwr@hhafm/@rws ﬁg" tines (Q%SF-QXE@M@EBOIUS:M etealwiGehe t he

P! RES-te0 Meripp! 3 e15AdL ngss h@gé»llalnd ib %n&to*ﬁu%BNﬁﬂeswf&t PO 5@k at i ng and

arrpl i fy| C\%%enetl ci n-resi st ant ¢l ones so t ai ned Iﬁi | ow ng pr ocedur es
wel | kno Y (9L SSiGel! gy Alge the actiyjty of thﬁé?"ﬂ‘ée{oaioéfa apgedrs ¢mbe ohRr e t hen

tested forof 'tHealﬁlghe%flforQ-lﬁN 283 t8INinef ad BEmSHrdP Witk Reher Mafiredlan el e, 41)

showi ng th hest ression |evel s .deposi ted under
| DAC g\ccé@éqh ‘% eraglg(%eﬁv CSTREregREn ieé(fg‘r% OI? “T’Fe'%B‘?'f“ﬂ%@tlpFPée'ag('ﬂﬁﬂlﬂaﬁe over
t he comeponadteryis uasedinl @ipibinakibikKwii93 Bumah Ithrymeuodﬁdrbgl(h@K)C@qmanbéeArof gr owi ng

in a s&rurga&feragﬁﬁbw %H%Ehu doc{){@%rtﬁ%e&@g% %ﬁme; (a s Sefumffee

medi umconsi d tes se uen uri 11 6
January 208G mwwsgyomwtw,@xmm the Epstein-Barr virus (EBV) EBNAT

protein), in combination with an expression vector comprising the EBV oriP-
sequence or a fragment thereof containing EBNA1 binding sites (see Fig. 2B).

Particularly advantageous for carrying out the process of the invention proved to be
20 the SFE cell line, a derivative of the cell line HEK293SF-3F6 (ATCC Accession No.
CRL-12585) stably expressing the EBNA1 protein. The SFE cell line was developed
by transfecting the 293SF-3F6 cell line with the pIRES-neo vector encoding the full-
length EBNA1 protein and isolating and amplifying geneticin-resistant clones so
obtained, following procedures well known to those skilled in the art. The isolated
25 clones were then tested for transient expression of the SEAP gene. A clone (clone
41) showing the highest expression levels (see Fig. 16) was deposited under IDAC
Accession No. 020502. The SFE cell line offers the advantage over the commercially
available HEK 293E cell line of being capable of growing in a serum-free medium.
Production of secreted r-proteins in a serum-free medium considerably facilitates

30 their subsequent purification.
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The use of anplifiable expression cassettes in mamualian cells, such as
the dihydrofol ate reductase or glutam ne synthetase systens, have been
shown to result in the isolation of stable call |ines showi ng very high
| evel s of r-protein expression. As an alternative to these stable
anplified systens, vectors with viral-derived elenents 5 t al | % r
epi somal replication and anplification, such as the |arge- aﬁH@Wg@h SV40
on, or the EBNAl/ori P, are well suited when using transient expression
systens (Van Craenenbroeck K et al., Eur. J. Biochem, 267, 5665 5678
(2000)). Although plasm d DNA containing the SV40 ori was shown to
replicate i Rvd émodsayr ge-T antigen expressing 293T cel | pbi/0g2bédel Nzel S. S
et al., J. Virol., 62, 3738 - 3746 10 (1988)), it was now shown that it

did not p;@%‘&% b QrtFlFﬁﬁaB{ aeﬁasgyfonewse@ N rdmmARH céﬂ@' k@ch\/\@erth@orrpar ed
with the arenta l'ine. In contrast, the u \gntalnlng

pl asmi ds dibyoobiae Edugtass afrﬂ"ﬁt?t’f‘éﬂ?t%y?‘h?ﬁ&? SYRLERS. NPY%R 5@%}1%‘039 £ esd
conpar ed Vi thb idoRBonenstagé ealﬂmbyeh&%g ey high I6Ubisf spgEs bxprédsan. Ahe

| noreased . LLANSINE £XBIS5SL S ARLL AEd. URIg. ERY. SR e bgRghel 1 g

menon di omits ability to
suppor 5 efas oatiw rferplepummabnrephcﬁhors arsi famptifieatios,uspoh t @8l thy eree-Fact that

removal of np%n%% 8 the Bﬁm%r‘ I sﬁlf'e%l%'&krﬁ tffa‘%ueht@ Fie§§|b|9n of DNA

replicati posi | ve ce Wsokensk Virol .

63, 2657 sysiE6S (\(erﬂg@gpwenbmqg:k ot glh M @m?w 1256&6@% %ﬁw@dé‘?@»
expr essi Onub S&A pelsthid BNA Bhirlidd4Re Evﬁ@@ha’ag sRoVoto r’égnoateqn iR 1ageint ed

i ncreased 20 expression could arise fr e E ndent
enhancer &8tigap; ¢Xpressing 93P C(ehé’P%rfﬁ?fnﬁ tS ﬁ? aP ?/b{/'o %@I %B %ei%a 6, 3838

- 3846|O( 1%% .Swgmcsw Bhovet thad it did dot perda)‘ingherﬁapsggﬁééxpremn@QQBQ) Gahn
24 Ei %dwﬁed" Vi e i n@ 533 s o 19 ponienR et igcont ai ns

24 EBNAl 5F nz nol
328 (1999 xcpntaiig EBARKRIdR &b %ﬁﬁEemiansanitlcaml'eq?aer%*cérﬁﬁg&ﬂ? cﬁi‘%eﬁﬂﬁ'él 25

(Ambi nder , \ 61t Ets( #120We ilorsrgke- Rouaul t
F. et al. aj'pgreef%ﬂ\alme gn- pé/n{&w_e %%geﬂszll%és SW t | ndlenI | asm ds

beati ng otfamsaeRg eXPIEESon ﬁb?aé'!?geusﬂﬂge’ﬁﬁvﬁ F@'&Fg'?tﬂ'ﬂﬁptp @ﬁﬁ%ﬁ%l ng
transgene euit&s sy Q'bheﬂ_&héncﬁ\fdlﬁﬁ%t frém ltts lablist toasupgdort BpiBorgal réﬁl;catnher e

co-transfection of t asm.d ri P enpty
vector in T&IS 'éthTH‘eBTSUB‘?&S?MchHFﬁAE?t ﬁ'og% oé(q?dgééﬂPOfpr odmh? |Ho% 30 In
contrast, résponsible fordiitationan DNA reglidatien maFRNA BtV aehs BNysolensiy Pect or

t hout P 8s f f : j t
\-?Mhl soguggi&lté lﬁ%ﬂ/ "Phe pdrséZengéeééoﬂggﬂ?ad?&Bb @?ﬁ‘%nf'*l%d%g&ﬁamg%gﬁgl Ieggs i's

suffici entexpresslm(@@s@gnﬁm @ug ligely mechanism for this oriP-mediated increased
20 expression could arise from the described EBNA1-dependent enhancer activity of

oriP (Reisman D. et al., Moll. Cell. Biol., 6, 3838 — 3846 (1986); Sugden B. et al,, J.
Virol., 63, 2644 — 2649 (1989); Gahn T. A. et al., J. Virol., 69, 2633 — 2636 (1995)).
The EBV oriP contains 24 EBNA1 binding sites (Mackey D. et al., Methods Enzymol.,
306, 308 — 328 (1999)). As EBNA1 has an efficient nuclear localization signal
25 (Ambinder R. F. et al., J. Virol., 65, 1466 — 1478 (1991); Langle-Rouault F. et al., J.
Virol., 72, 6181 —~ 6185 (1998)), its binding to plasmids bearing oriP may also
increase their nuclear import, thus enhancing transgene expression. This effect is
illustrated in Fig. 10, where co-transfection of the pcDNA3.1/SEAP plasmid (no oriP)
with an oriP empty vector in a ratio of only 1:9 maintained specific SEAP production.
30 In contrast, a co-transfection using the same ratio with an empty vector without oriP
lead to a five-fold decrease in specific SEAP production. This suggests that the
presence of an oriP vector in PEI-DNA complexes is sufficient to increase nuclear
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6 January 2006 WD 02/ 090533 PCT/ CA02/ 00683 inport of non-ori P vectors that
are present in the sane conpl exes, thus increasing protein expression.

| ndeed, the nost inportant barrier to transfection seens to be the
limted mgration of plasmd DNA fromthe cytoplasmto the nucl eus (Zabner
J. et al., J. Biol. Chem, 270, 18997 - 19007 (1995)). Cbnt buthBB

this nmechanismto 5 the enhanced transgene expression coul & %IIy
hi ndered when using PEI as the transfection reagent, as this polyner was
al so shown to actively undergo nuclear |ocalization (Pollard H et al.,
J. Biol. Chem, 273, 7507 - 7511 (1998); Godbey W T. et al., Proc. Natl.
Acad. Sci. USép2®633 5177 - 5181 (1999)). However, datappies@rbgsl in Fig.
9 clearly show a significant contribution of oriP to an enhanced nucl ear

10 tranqum;,orpgf A& fiac%hav\ﬁi%r&@%dt fm@:@rsa%'é é&%lé?cgé thES intRBSIHY ed to
efficiently medi ate nce of serum (Boussif 0. et

al ., Gene Praigp ex"f?ss'g’bfﬂdee%g@d“?ﬁg@B?r}am Pg%rl'ﬁétj’ef‘i@s‘c@?ﬂ é%%'P%fP Redi at ed by
t he br anc htiediimisafroigratiovasf Sdsovith DNA\ flen thedytophsd-té ¢Hethudcleub {Zabnpr £3eNnce

(Schl agger, J‘]BIOFE‘FQAPP] ’279‘{8%5‘7:hn@089y19 ! gé%%buﬂo%tcﬁilgs afee)cha Th' Cont rasts

15 W|thf|nd € present i1nve fer was
al so i grhef erdmmpdawtrammeasmeﬁmnr@utdh@ bafaaikyffmwezéﬁi wien f§iihg PEI poSI t ive

effect of (REEHTAToRITMARRL pBhyrieh G b Uh Gl B lc fB;PEh&ePcfd‘rﬁf ge)%f'

efficiency an rotein expression was al so observe se

mechani sm‘%?"za\ffﬁ" grpllard st ndr @8‘5@3@@#@3 07 by 1 éfﬂ?ﬁbﬁqdbah%éne

expressi 0Bt AiS AGE. NEBLAGHESY .- USA) 9§eswmmt(1mt HoRENe?, dota BleSamad
transcri pti onal chvu’;ﬁvﬂof the pronoter as the CW inmediate early

enhancer #bnt%ai*hseadn gy a W’Hféﬁa { cQitiikudtion of %'gri?n?'éc?f’l’%@d’uc'ea’
t ranscioi ptmmpohaﬁbtasmnd(mocshart M et al., Cell, 41, 521 - 530 (1985);
Brightwell G et at., Gene, 194, 115 - 123 (1997)) However, only a

partial reaesYinebr is ROS BENGas ?éﬂéh@@?d emcm@ R&iAL YRfe ‘ﬁ‘aﬁéffersfﬁ [N Was
added to the cells 3 hrs after ection in serumfree nedi um

Thi s sugg@ﬁsgnqelﬂtser%(eéfﬂiﬁ'ftq) ¢ af' G?’f?e”f%t %’I’ﬁq7élr 10§8Kmﬂ6ﬁeﬁf’r§9§'¥ cwW
pronot er exmesssn pediaed aszthe\/labn@\ad iSfoTE \B&Y showa Qorpe nediiceés B-foldiighs | ncr ease

t fect ff h h Fig. 17

¢ 16 domoAGPP e FRATET 5T o LB 0530 Thasr ST TS PBrS R omponent s
(such 1as B#A) firgingsbef tenpvent anenfiorachpweing thahaeoe ngarnsfangdecdlscon and/ or

30 transggy ﬁm g%%agéhmtngbfa%%@&%jkDA:#ﬁ her purification of the

active co

A positive effect of serum as a component of the culture medium on transfection
efficiency and protein expression was also observed (see Fig. 3). The mechanism by
which serum increases gene delivery and/or transgene expression is not yet clear.
20 Serum might contribute to augment transcriptional activity of the promoter as the
CMV immediate early enhancer contains multiple binding sites for serum-activated
transcription factors (Boshart M. et al., Cell, 41, 521 — 530 (1985); Brightwell G. et
al., Gene, 194, 115 — 123 (1997)). However, only a partial recovery of transgene
expression was obtained when serum was added to the cells 3 hrs after their
25 transfection in serum-free medium. This suggests that, in addition to the potential
serum-mediated CMV promoter transcription activation, some serum component(s)
might increase transfection efficacy of DNA-PEI complexes. The results shown in
Fig. 17 & 18 demonstrate that following serum fractionation, inhibitory components
(such as BSA) can -be removed, and fractions enhancing transfection and/or
30 transgene expression can be isolated. Further purification of the active components
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13 6 January 2006 WO 02/ 090533 PCT/ CA02/ 00683 will allow to obtain an
additive with mninmal protein content (conpared to whole serum, that
will greatly increase production yields. As attenpts to adapt the
commercially available 293E cell line to serumfree nmedium 5 were
unsuccessful, it was decided to create an EBNAL-expressin é*%ell i I3
growing in a serumfree medium by stably transfecting the UW?VPQQ
adapted 293SF-3F6 clone with an EBNAL expression plasmd

(pl RESneo/ EBNAL1). Among multiple clones tested, the clone 41 showed the
hi ghest transgene expression followng transient transfection of the
pTT/ SEAP pl agfosestasten-fold increase in SEAP 10 expresgireAcmapared to
t he 293SF-3F6 parental clone; see Fig. 16). Using this clone, the

ST U 11 TRy LRI LA Sin i or BT QR [ EongiAar o Bniigach

hi gher transien expressi on vari ous peptones tested as additives
to the séﬁmmfﬁhétaw'ﬂrstﬁaﬂmncﬁﬁ‘ée Berkdtion Viskdst ones  GPN3 proved to be the
nost suitable for this purpose. Qther peptones were sinmlarly effective
(see Fig. As2jterripts toiaddptobel cdibmsiciptly Avadiable 268 celblinglto perrat fragrnedigm

undes| EOWLPURIRERAAN | oS HSARRSL e oh EERO cxprebsiig Sell AIENEMINGO! M | he

cul ture medi teln proved to significant the -
t ransf ect iin@ @ﬁdﬂ@féﬁén%@t‘m‘ é%!ﬁti‘ﬂ*b’ (’E!b?ﬁ%t‘%fhes%k)\m)ﬂee@q%]eﬂrzgg%gv%gck of

usi ng pol y§aki QIS " EBRAI10Bkdredsioi ﬁl&sﬂnﬁl (ﬁNQESWEBNmy Am‘othltnumble
condi ti oned medi um on gene gﬁ iver

ase of ¢ | |ds this
i nhi bi ti orflopgs \/Bé%te‘éh%‘ﬁnc'?'l? ?PQWF%ttQ% 'Y?{'/"e?thﬁa'ﬁggg S‘re%sf? sgoé'r e
gl ycos am negbigetaRansiédRiopoen tHd pET/S&EAP, pBsmthianterBfoish hty:seaSAcmaSE&}BB 331 -

341 (1 5 2
(100010 aenvi Soaipef s apF i Bodiarr (i Gine, SE ri Ty Uind iR

conpl exes.cloAbetheaserir-frarsmediawriotiation ovasi @ﬂbﬁdmpmé’é?’ lH?TPfd&G\VéF%@By r educed
PEI - medi aty Séj’l krtépégrﬁcéén‘éne@?esg%ﬁEO@QBlllo'ils(@bWrégg@gtecEag .ad@itivéd to, thdS supra),

no signifi was observed eédﬁ |nveng h he re:ilstﬂn for this
di scr epanégrunsfragmedjusy the gelatinpepienasdaiiNg Proveiitq %ﬂiey'ﬁgﬁcﬁ” W {Ur e nedi um
;Jﬁefl the tmg%rﬁa‘set H?\é?lﬂéptb’r@? vasre fsirnifarly hasfectadel (set? regrstd) vies. 'ng‘g@df act

at, accordin e __inventjon "
24hr - cb%dlsfqngﬁg’(’f Gl ROFIOMESEN i U {H%Deesmée:ntr?g% RP‘Q ‘"%wez‘ﬁ‘ Hecij rgém on,
greatly siBBA ihé esmpredciess tive allieraimedg, Iaﬁ toi® weqteis ipseyed 4o §IQQH'PEP’Ptb’ant

| MPr OVenrentikifknk ARSEERG FURERS Skhessidn! auiBgsHowansi ent

A major drawback of using polycations or cationic lipids is the inhibitory effect of
conditioned medium on gene delivery. In the case of cationic lipids, this inhibition
20 was shown to be mediated by the presence of secreted glycosaminoglycans
(Rupoen M. et al., Biochim. Biophys. Acta, 1415, 331 - 341 (1999); Belting M. et al.,
J. Biol. Chem., 274, 19375 0 19382 (1999)), which are expected to efficiently
displace DNA from lipid complexes. Whereas it was shown that conditional medium
adversely reduced PEl-mediated transfection of 293E cells (Schlaeger E-J. et al,,
25 supra), no significant effect was observed by the inventors. The reason for this
discrepancy is not clear, but might result from the type of culture medium used, the
age of the culture, or from the cells themselves. The fact that, according to the
invention, transfection of cells in their 24hr-conditioned medium does not reduce

gene transfer and expression, greatly simplifies process scale up.

30 In conclusion, a significant improvement in transgene expression following transient
transfection of suspension-growing cells using PEl was obtained by combining
optimized parameters, such as the pTT expression vector, the 293E or 293SFE cell
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transfection of suspension-growi ng cells using PEIl was obtained by
conbining optimzed paraneters, such as the pTT expression vector, the
293E or 293SFE cell 14 6 January 2006 WD 02/ 090-533 PCT/ CA02/ 00683 Ii nes,
the culture nmedium and the transfection process. Under these conditions,
-60 ng of purified SEAP could be obtained froma 3-1 cultu foll%gﬁng a
single IMAC purification step. Vol umetric expressions of ténuary 2006
intracellular proteins G-FP and RR1L were, respectively, 20 and 50 ng/l| at
72 hpt, representing up to 20% of TCP. As this 5 technol ogy is robust,

i nexpensive and easy to perform it is fully adapted for high- throughput

production ofygthhdei;@r am quantities of r-proteins neede%&%%;=§ Ri icé%hem cal or
structural studies and hi gh-throughput screenings. 10 p AL

NATER! ALS 080 NETHIGRS SR 534 o oG sl B BaF B, QB nec

fromAdrich (M| waukee _ I near ysCi ences

(VAAr r i ngt oMY PAPUTfEd REAR sPYlf jbgrebtginechiioria §- auliuee fo¥pwiparasingle IMACer |

neut r al i zeglrifibdtion Widp. Velutetrild @@ebdBisné of heaktrRBIS- RtePDcrRbidrRYed and
stored at\Mgoqh 20,%$II cuI% re Hﬂ n gnbrgonLc ki dney 293S (293) cells
(Cote J. e¥®rsi"esPesivilecRREH SUmel gg PE&ePr 5\?@*7“9-“%‘7’6%6/(9?93‘83)‘“5&% genetic
vari ants steetlologeiprobesti mgxikeRisiké (rAABEY to pénfarint itdg éully adaptes bachigcA) or t he
| arge- T- antyj ; _ : ; L. . Bial.. 7, 379 -
387" (1087 ?*ﬁg'?be‘“ éﬁ?ﬁ%%*?ﬁ?ﬁ’?‘"%ﬂ‘é@e sf’@r‘?sgtf ﬁﬁfeé"%eld8%@£'°€f’%‘?ﬁ%§’hybri dora
ser um f r eeiyelyral udipsseng higodhreughpuitcregnings.supr a) suppl emented with 1%
bovine calf serum (BCS), 50 pg mM "' Geneticin (for 293E and 293T cel |l s),
0.1% Pluronic F-68 (Sigma, Oakville, Ontario, Canada) and 10 nM HEPES.

For culture, i jareactors, HEPES was omtted fromthe nmedium Cells were
cuIturL(% i%ﬁ%lvgh@éger flasks (50 or 125 m) using 15 - 25% of the
nom nal volune at 110 - 130 30 r.p.m (Thernmolyne's BigBill orbital

shaker, TakpiSe rrebonne, Quebec, Canada) under standard
NP LN '?g%oéﬁd 506 Q02) 15

Chemicals

15 A 25 kDa branched PEl was obtained from Aldrich (Milwaukee, WI) and 25 kDa
linear PEI from Polysciences (Warrington PA). Stock solutions (1 mg ml™) were
prepared in water, neutralized with HCI, sterilized by filtration (0.22 pm), aliquoted
and stored at -80°C.

20 Cell cuiture
Human embryonic kidney 293S (293) cells (Cété J. et al., Biotechnol. Bioeng., 59,
567 — 5765 (1998)) and genetic variants stably expressing EBNA1 (293E)
(Invitrogen, Carisbad, CA) or the large-T antigen (293T) (DuBridge R. B. et al., Mol.
Cell. Biol., 7, 379 — 387 (1987)) were adapted to suspension culture in low-calcium-

25 hybridoma serum-free medium (HSFM) (Coté J. et al., supra) supplemented with 1%
bovine calf serum (BCS), 50 pug ml”" Geneticin (for 293E and 293T cells), 0.1%
Pluronic F-68 (Sigma, Oakville, Ontario, Canada) and 10 mM HEPES. For culture in
bioreactors, HEPES was - omitted from the medium. Cells were cultured in
Erlenmeyer flasks (50 or 125 ml) using 15 - 25% of the nominal volume at 110 — 130

30 r.p.m. (Thermolyne's BigBill orbital shaker, TekniScience Inc., Terrebonne, Québec,
Canada) under standard-humidified conditions (37°C and 5% COQ,).
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6 January 2006 WD 02/ 090533 PCT/ CA02/ 00683 Vectors The pl RESpur o/ EGFP
(pEGFP) and pSEAP basic vectors were obtained from Contech (Palo Alto,
CA), and pcDNA3.1, pcDNA3.1/ Myc-(H s)6 and pCEP4 vectors were from

I nvitrogen. The Superd o GFP variant (sgGFP) was from Q Bi ogene 5
(Carlsbad, CA). Construction of pCEP5 vector was as follows:_ the m
pronmoter and pol yadenyl ati on signal of pCEP4 were renoved 60‘!?“3%‘3[ Pi al
digestion and self- ligation using Sall and Xbal enzynmes, resulting in
plasm d pCEP4A. A Bglll fragnment from pAdCW5 (Massie B. et al., J.
Virol., 72, 2289 - 2296 (1998) 11) encoding the CWS5-poly(A) expression

cassette wasybhgrbss in Bg/ll-1inearized pCEP4A, resul tpgadkidodsh PCEPS
vector. The pTT vector was generated foll owi ng del etion of the hygronycin
(Bsnl and\Qak,sexcision followed by fill-in and |igation) and EBNAL (d al

and Nsil _excl 5| on foll owed b\F/Pfl Il-in and |igation) expr ession cassettes.

The Col E1 Thei BIRFSPRJEGFR (BREFPY rag mIRAP iPAsE MErieE Weee pbtaingd em
fi-1actanggsnt&ERHipanpAid, eml)a%dpml/te f di@NAs-ummlé)g a«g:rrsospi edtoreC DNA3. 1
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DNA3. 1/ H t
e Va0 pr ehgpdlvaderdldith LERABDACELIRRIEE MLy dafonle BB Aol TS
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extremtl es

d tt ) t BspH
sites of PMVYBRYEY eXR(PI?S?% %%f%swa%%t%ﬁlé@" @%af'?dé%fweg?ﬁ“ Ngol |Sp
ﬁA DH5a)10 giPPOEPS védiorTERk prm geutornasi denerdtedollnginyiiéletipn epthe dlygmommycia Qdalgen .
ssi ssau Can u t ilute
" Somm Teeym e Sat Sl RBYg il BN W) AL peRnE R e O b
Only pl asmidsipn éplawed byfibinanthigat2B) %@B’szfmssedm osh&eplkdenigin (F&pland 2. 00
wer e used. S%Waéfn?ﬁlakn%luhﬁ'o ent 5 Ir}{n q éée%ﬁF)Wser@plQQéH \ﬁlﬂpﬁ:%le

transfecti on s'were resus end fresh 30 HSFM
medi um s uSel drremestfram ppPNAS. B@@tamm tﬂ%ﬁMBﬂ V”Qﬂ* (e!E‘dth Si‘UG M Br1. Five

hundr e@d miLhahideCHRF). OA |\A1,J@(ms>6 @-terﬁﬂﬂai fu%iéﬁp@ﬁa@admstods@m (Fbined per wel |
of a 12 well plate, or in haker

res V, DNA was
di | uted i et §§W“§‘é‘rf[ﬂ'i‘? P?‘@%P bla@?)l\/l c("iOW'"Q ‘Qgﬁﬂﬁig%t V 'Ozﬂggﬁ'tb‘la @"%cnlé' Stenth of
t he cul t ugiavitrogdp digeateafvaat/eiayil aREIEcoRS. To insert a SV40 promoter — zeocin -

SV40 polyA expression cassette into the pTT vector (resulting in pTTz vector), the
cassette was first amplified from pZeo(SV2+) vector (Invitrogen) using primers with
20 BspHl sites at their extremities. The amplified cassette was then ligated between the
BspHI sites of pTT vector. All plasmids were amplified in Escherichia coli (DH5a)
grown in LB medium and purified using MAXI prep columns (Qiagen, Mississauga,
Ontario, Canada). For quantification, plasmids were diluted in 50mM Tris-HCI pH 7.4
and the absorbances at 260 and 280 nm measured. Only plasmid preparations with

25  AogolAzgo ratios between 1.75 and 2.00 were used.

Small-scale transient transfections

Three hours before transfection, cells were centrifuged and resuspended in fresh
30 HSFM medium supplemented with 1% BCS at a density of 1.0 x 1 0° cells mI™. Five

hundred microliters, or 10 m!, of cell suspension was distributed per well of a 12 well

plate, or in a 125 ml shaker flask, respectively. DNA was diluted in fresh serum-free

HSFM (in a volume equivalent to one-tenth of the culture to be transfected), PEIl was
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16 6 January 2006 WO 02/ 090533 PCT/ CA02/ 00683 added, and the m xture

i mredi ately vortexed and incubated for 10 mn at room tenperature prior
to its addition to the cells. Following a 3 h incubation w th DNA-PEI
conpl exes, culture nmediumwas conpleted to 1 m (12-well plate) or 20 m
(shaker flask) by the addition of HSFM suppl emented with 1% BCS. @3
Transfection in bioreactors A 3.5-1 bioreactor containing %guqry 045FM
suppl emented with 1% BCS was seeded with 293E cells to obtain a final
cell density of 2.5 x 105 m"'. Twenty-four hours later, cells were
transfected with 150 ml of a m xture of pTT/ SEAP: pEGFP 10 plasm ds (19:1,

3 ng total) aghplkss(6 ng). Agitation was at 70 r. f#"@% @J}el i cal
ri bbon inpeller (Kamen A. A et al., Chem Eng. Scl , 2 75°% 2380

(1992)), ol n t 40% u rface aeration using
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15 culture medium. The same conditions were used for transfection in 14-} bioreactors.

Flow cytometry

GFP was analyzed by flow cytometry using an EPICS Profile II (Coulter, Hialeah, FL,

USA) equipped with a 15-mW argon-ion laser. Only viable cells were analyzed for
20 the expression of GFP. Data are representative of at least two independent

experiments. Error bars represent +SEM of one experiment done in duplicate

SEAP analysis
Determination of SEAP activity was performed essentially as previously described
25 (Durocher et al., Anal. Biochem., 284, 316 — 326 (2000)). Briefly, culture Medium
was diluted in water as required (typically 1/50 to 1/1000) and 50 pl were transferred
to a 96-well plate. Fifty microliters of SEAP assay solution containing 20 mM
paranitrophenylphosphate (pNPP), 1 mM MgCl,, 10 mM I-homoargin}ne and 1T M
diethanolamine pH 9.8 were then added and absorbance read at 410 nm at 1-2 min
30 intervals at room temperature to determine pNPP hydrolysis rates. Data are
representative of at least two independent experiments. Error bar represent +SEM of
one experiment done in duplicate. For the bioreactor run, error bars represent +SEM
of two SEAP measurements.
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of two SEAP neasurenents. 17 6 January 2006 WD 02/ 090533 PCT/ CA02/ 00683
El ectrophoresis, western anal yses and quantification |Inmunodetection of
C-termnal Myc-(Hi s)s-tagged SEAP was done using the anti- Myc 9E10
antibody (Santa Cruz). For analysis of intracellular proteins, cells were
5 directly lysed in NuPAGE sanpl e buffer (Novex) or extracE%«-:AJg18 Il%b&/m S
buffer (50 mM HEPES pH 7.4, 150 mM NaCl, 1% Thesit and 0.5 By 0
deoxychol ate). Insoluble material was renoved from|ysates by
centrifuagtion at 12 000 g at 4C for 5 mn. Concentrated NuPAGE buffer
(4x) was added to clear lysates. Al sanples were heated for 3 mn at
95C. Protei Rgo BR6R33 €sol ved on 4 - 12%Bis-Tris or 3 - p8PAdiléssl0 acetate
NuPAGE gradi ent gels as recommended by the manufacturer. GFP and ot her
non-tagged proteins were quantified relative to purified bovine serum
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t he enﬁané”‘@%t %%E*‘&A%%Q%&eﬁ gae% ?Se(r[:)% P'gﬁg ngetjr éwe ' Léﬁl"ggtuﬁesrl $$(g2 | s grown
as nonol ayéhes npmtapgedwefdieins wp@sm@nhﬂe@ﬁﬁla@wpﬁom'ﬂ% boydre ?@a@lﬁ"é@'"}’z hour s

| ater by fbeny fswclvmgeéxéatropﬁb.%sﬁfa%e%oﬁufasé}!\lemb@zBEIster.mﬁg 9§ng>fhetma§f ection
30 efficiency is shown I n_Figure usj ng ched}éB) PEI .

n
The i ndi cAVe@! SeifRREntagss SfBFlW éﬁ%dﬁﬂ}"f??@jr §"“&r“ée Kgﬁ 'bﬁ’ég'%g ¢encgntlii ni ng
5x105 cel IuﬁageoahMy@s 2bftRgre 0érsioNA3 pE(Easenidn WaSalsulle tis#nt Reireash a 50%

e R b ETG MBS R R A Ba e e REOEERB P ALTY of 1.0
using a monoclonal anti-RR1 antibody. Other Myc-(His)s-tagged proteins were

quantified relative to purified SEAP-Myc-(His)e.

20 EXAMPLES

Transfection with linear and branc'hed 25 kDa PEI
Preliminary results showed that linear and branched 25 kDa PEI were the most
effective among various polymers tested (including branched 70 kDa, branched 50 -
25 100 kDa and branched 10 kDa; data not shown). In view of the above, transfection of
293E cells was optimized with both finear or branched 25 kDa PE! polymers using a
plasmid encoding the enhanced GFP (pEGFP). Transfections were performed using
cells grown as monolayers in 12-well plates and GFP expression was measured 72
hours later by flow cytometry. The effect of DNA to PEIl ratios on transfection
30 efficiency is shown in Figure 1 using linear (A) or branched (B) PEl. The indicated
amounts of DNA and polymers are for one well containing 5x10° cells. Only 0.25 ug
of DNA per well was sufficient to reach a 50% transfection efficiency when using

linear PEIl, whereas a minimum of 1.0 g was necessary using the branched isoform.
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18 6 January 2006 WD 02/ 090533 PCT/ CA02/ 00683 Transfection efficiencies of
-70% were reached with both Iinear and branched polyners at DNA: PE
(pg:pg) ratios of 1.0:1.5 and 1.5:2.0, respectively. Increasing the
amounts of both DNA and PElI did not |lead to higher transfection yield. 5

Cell line and expression vectors Two commercial ly avail abl %@Er e?ﬁ@gn
vectors containing viral sequences allowing for episoml tion
in permssive cell lines were tested. The first vector, pcDNA3. 1,

contains the SV40 origin of replication that allows cellular polynerases
to replicate the DNA up to 1000-copies in cells expressing the large T
antigen 10 (G &mengen T. et al., J. Virol., 65, 5944 -,608J04k$291)). The
second vector, pCEP4, contains the EBV origin of replication oriP that

replicates Wr&ﬁéﬂldw [BhiBicHBled Of 9G09F QRIS $eédﬂe8‘ E{Mhs b&ﬁ plf(n%éﬁ Lagg ﬁr%fchggl\m‘l

rotein (Y Nat ure, 313, 812

gener at ed %tggmteﬁ LQ/NEEE’E@%@ ratigsof HAT5) %\‘H‘SB)P (RSPRefvVEN. Incipgpibged CW
, expreSS|onﬂ¢Qaameurtteequ@§1 Di¢s @nd PEUdiH mot lead fdeghey tra@fedtibRpRiger vector 15
pPAdCW5 (Massie B. et al., Biotechnology, 13, 602 - 608 (1995)). This
expression _cassette has been shown to confer very high | evels of

r-prot en &@Hr"@§§i‘éﬁxpl}¢52‘98me®r$s (Massie B. et al., Cytotechnol ogy, 28,

53 64 (1 erci f Ma |
o Wt hods) oo terily BRI URE R velfiss bty WISkl lel 3GRE ' ' °

smal | er, Z‘%ﬁ&é"sﬁ PHi“rfﬁp'f%P@ @p@ﬁ!@lﬁsw qeé\ﬂlg@s waweeuedn'rhﬁgﬁrstrmctao cDNA
encodi ng f pEDNAR 1y @pwiirsakie BYAO Bfidin S%Flldé@én fnBeaotk QBRALH JoyARFLLeO, t hese

four vect t X SSI | eve itored follow ng transient
transt oot eteRl dnk ONESRT 5 S0BE uSEE in ol SUREHRE 1t HpgS Beamien

t r ansf d@t | Grhittsnden I Tetmb| J. Wnoheﬁﬁzvﬁg«m %Iﬁ%‘SM@OQHDI’IheGédSﬁrﬂN&stQ plOERaM d
PODN3. % dbshuald i 209 LR &ibiicafod BS TR Gy LLALSIRAR, LRULLESS 5B Vhen

conpared with transfection of arenta
t ransf ect i 6P N PeESPEaSERg the EBEEEIPM@!@({Y@@S pels gt tabdNalurea?»zs B1ol d

i ncrease i 31§l(':$§%5))em%eﬁie€med3%B&h@dpomishvédi&”ﬁgecéﬁl qgft éy 28i0g %n 293T

cells with.t a d|t|on t he use of vec?or further

or,.
i ncr eased g@&@%%%’?@?'%%ﬁ?ﬁ%t% ‘?f‘F”beﬁ' iB tF%Iaﬂe"QY&Eﬁéfﬁﬂ'ﬁf?g vegior he cel |
line. M nabAJGMYH@Marsie BfettdheBlolebhna6g)OM 3] 60229868 CrIbD. THESKIb&HN N a 33%

v ot SR L AR B3 Bes IR et B s et % b < ne
pTT vect orCQH@mMaSFS&Ivattdh pebhdsBndiogye 28083 — 64 (1998) 12). The pCEP5 vector
was further modified (see Materials and Mathods) to yield the pTT vector (Fig. 2A,
- right) that is 4.6 kb smaller, hence providing more space for large cDNA cloning. The
20  cDNA encoding for the reporter protein SEAP was then cloned in each of these four
vectors and its expression level monitored following transient transfection in 293,
2937 or 293E cells. As shown in Fig. 2B, transfection of 293T cell line with the SV40
ori-containing plasmid pcDNA3.1 did not translate into an increased transgene
expression when compared with transfection of the parental 293 cells. However,
25 ftransfection of 293E celis with‘pCEP4 vector resulted in a 2-3-fold increase in SEAP
expression compared with transfection of 293 or 293T cells with the same vector. In
addition, the use of pCEP5 vector further increased SEAP expression by a factor of
2-6-fold, depending on the cell line. Finally, the use of the pTT vector in 293E cells
resulted in a 33% increase in transgene expression compared with the pCEP5
30  vector. The overall SEAP expression level in 293E cells was 10-fold higher with the
pTT vector compared with pcDNA3.1 vector.
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19 6 January 2006 WO 02/ 090533 PCT/ CA02/ 00683 Effect of serum Theeffect of
serumon transfection efficiency (GFP) and r-protein production (SEAP)
nmedi ated by both |inear and branched PEI was evaluated. Fig. 3 shows that
when transfection mxture was added to cells in fresh 1 %
serumcontaining nedium a 4-5 5 fold increase in SEAP acti th%q 7§r96163t IS
obt ai ned conpared with its addition to cells in serumfred

I ncreasi ng serum concentration to 5% further inproved PEI- nediated
transfection efficiency and production. Wen transfection m xture was
added to cells in serumfree nedia followed 3 hours |later by serum
addition towooemengentration of 1% (0-+1%, a 2-fold i acresmmossn transgene
expression was 10 obtai ned; however, this |level was only 50% of that

obt ai ned Effedt SPos2REHM Process optim zation for transfection in suspension

Next eval uated wa ene transfer fici of, both |in a anched
PEI on sh&pefegt Bﬁ-"g’w&ﬂ”ﬁ@"?@%@"ég ‘i'e‘é‘czj?‘gﬁﬁ g 'f“é}e'ééé"@ﬁ{b%\ @%@H ed HSFM
Shaker f| asNliatebSbychidth lines ane bearcbed PEhwhe evaldated.t Riga3 shawsithat ohen

pTT/ SEAP: r, kr=ansfection
effici enc?/?h%:%f%ﬁh‘é%? v?a%nrggg;éd %ﬁ%gﬁrfﬁ%ﬁﬂggg%@?‘ Cg%%ﬁ@ a'@%?}rlr% a%gd in the
cul tur & nisdl wereher inBEARGBINHELRRS iehisined eomparedwitholts 2ddiiop te Fellg.in 4) | but

gene ”an§% 51ﬁé&dn%&%ﬁwr%.dgey@bmwneem%mItcgb%rfunuéﬂ mqar&\rée pEpear
i sof orm ese results clearly denpnstrate that a 20 | esser

ext ent br Bedistay ispnsfestian @ﬁi"@GE’Y wad fRspdysiion: tvl‘"’a‘?%*’%'? ?'?‘WO% lﬁ%‘ﬁt@??si"’aﬁ gr owi ng
cell's. | nagdidi o &ms .ﬁEéBwem fegiacBlidvided Boomstlaten ey seiuthaddition to a

suspensi on ow n l, ing | r. PEI C r t hose

obt aji ned ﬁ?rﬁ’ﬁ"féﬁ gr Bﬁtmgsgr(?)_’? A’g Ee?{?@g NE8Fs% ']r%gxg g gpresszg%sg’ﬁgssed

bel ow,10 onbytainedgeaowels, thisdsveligasl oni 50%aof thad ebtained de‘s%gﬁrum robust, sinple
and scal abl e transfection process, two steps had to be sinplified: the 3

hrs incubation of DNA-PEI conplexes with cells in a reduced culture
vol ume, aRtpcense optitiization ferfansteqtion ipsUspensien r ansfecti on. The first step

was perf Qeiedaaidy Was g@ﬁé ﬂaﬁéfénoamh@a&y bt bMﬁUtharpérQﬂWaﬁchd’dt PERGH i on Of

t he DNA- PEI co I exes o ion
ef fici enc?”Sp?Hﬂ %\%QE ﬁf?fBW% "‘aié’%% ?ﬂfp B"th Sﬁﬁg\ﬂ s%h%E fF%'t(
del et api ousitueds eete ob-transfelitéd euitbca mextuenofopTT/SEARYESEP &11)emla$rmrdency

(SChl aegefFEE'%F]’ w%g a‘%}ded A%o%t?rc*})gq}agg%ctw%oﬁq&%ricgé8%m- V\ﬁ@) lincaldR@NEN M et

, Bioc reas
branched PEI SEAP accumulated in the culture medium for up to 96 hours post-

transfection (hpt) (Fig. 4), but gene transfer and expression level were 50% higher
using the linear isoform. These results clearly demonstrate that linear, and to a
20 lesser extent branched PE| are effective for gene transfer in suspension-growing
cells. In addition, SEAP expression levels obtained with suspension-growing cells
using linear PEI were comparable with those obtained with adherent-growing cells.

For all experiments discussed below, only linear PEl was used.

25  In order to design a robust, simple and scalable transfection process, two steps had
to be simplified: the 3 hrs incubation of DNA-PEI complexes with cells in a reduced
culture volume, and the medium change 3 hrs prior to tranéfection. The first step was
performed with the assumption that it would promote interaction of the DNA-PEI
complexes with the cells and thus increase transfection efficiency. The second was

30 done according to' reports showing deleterious effect of conditioned medium on
transfection efficiency (Schlaeger E-J. et al., Cytotechnology, 30, 71 — 83 (1999);
Ruponen M. et al., Biochim. Biophys. Acta, 1415, 331 - 341 (1999)). Whereas
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20 6 January 2006 WO 02/090533 PCT/ CA02/ 00683 nedi um exchange is sinple to
performon a small scale, this step represents a significant hurdle at
scales greater than a few liters. The effect of cell density at the tine
of transfection was first evaluated (Fig. 5A) by 5 transfecting high
density (hatched bars; 10 ml at 1 x 106 cells nf) or |ow deanitg CLdI éures
(gray bars; 20 m at 2.5 x 105 cells m-1) in shaker flask J2rR#EL0RGur s

| ater, the high cell density flask was diluted to 5 x 105 cells m-1 with
fresh medium and GFP expression nonitored 72. hrs later. This experinment
showed that cell concentrations prior to transfection could be omtted,
as only a sl mgheodesr ease 10 (<109 in transfection ef fpcai@agHsaNd a 15%
decrease in G-P expression | evel was observed when cells were transfected

in a | argemnediumt eNchavgd sn@mpidhe peersim Onad Wadaft ScieStHidStef fbpieted a

condi tione Lum on SEAP expressi on_usin suspensi on grow ng cells. For
this studyggﬁcgpgh%@?g%‘@gea@é%tﬂt A EV e sks at a 15 density of 2.5 x
105 cells m"'. Twenty-four hours later, transfection was performed wth
or -wi t houtT GRIFP N in _Fig. . n i gni ficant
difference in SEAIl%ﬁ%e?pdrgggdi orﬁﬁﬁ@%ﬁ?@?é&%’é@aﬁ% Z'f%gg?lggﬁiﬁg%'t%g}yms
carri ed odfansfegtingebioh feasitydhatraselrrsot0 o ahi & 10°mells at )y Iowalensidi um
exc hangeI ich_ltllii_@*s (43¢ 3BA2Y m 302§ &atrmét;@lrstﬁlnﬂ inl dﬁal@ér?k%@&ﬁ{e% hbRrsdgfpnst rat e

e scalagpility rpcess, a. 3.5- i oreactor culture was
t ransf ect gﬁe\pdg%hce dﬁp?&ﬁaé Wsmféggz’b IS i s Wity dreshh fpdivm. @Rd hour
| ater, a GRimpberdsg®nnminoniasd W2 hds alateranthist rexpesieint esholwal othat sdaaker f 1 ask
as a contr L he . hiar - j 3A. .solid |jnes), SEAP (circles)
accumul at e hfjepnltijtag&tlaﬁmﬁpttg ‘ga??%;e? koerflléélgd rbjeea@ﬁg%g'aa?)loglyea ,'g%‘g‘?%ée(fge
accunulbat i(6H %ointtransiegtianeficenzy @ni et 15% detreassointGRA exsémicarledd ask (dashed

lines) . ThBsaesFRAEPEas VerdiRsReR i ¥ & &chﬁm@a ges) at 96 hpt reached
54 and 50% for the bioreactor and the shaker flask, respectively. At the

end of the culture , cell density was 4.1 and 4.7 x 106 cells mM"" with a
\r/iazbiel:!t |t zmé nG)?ti@amaﬁ:}aRl%ﬁfﬂmElr %f(t)éw?]m;?? gﬁl 30e<!g21|dloh @Ens' t EerSSiEh g%‘bﬁ | ower in
g . . 0
e’ bt or esuthenbiol o cefs FBPHE st ciefs ieg Seecofl i sheniy dBdieap =
pr odudibi videpsitienf 2:8 Kot celistrol'd Tentirdour hSisi lhter, trapsfebtich wey performed
s%st emat |2 oith o ABRSEY ¥ @8mpiBtef h¥@uhNIBRGRECRE SRIREH FENES, {d EJiklant Not
S OW) ' :cI]ifference in SEAP expression was observed when the transfection was carried out

in medium conditioned for 24 hrs, indicating that medium exchange is not necessary.

20  Transfection in bioreactors _
To demonstrate the scalability of the process, a 3.5-1 bioreactor culture was
transfected with a mixture of pTT/SEAP:pEGFP plasmids (19:1).One hour later, a
sample (25 ml) was withdrawn and transferred into a shaker flask as a control. In the
bioreactor (Fig. 13A, solid lines), SEAP (circles) accumulated up to 144 hpt and then

25 reached a plateau, whereas accumulation continued up to 216 hpt in the control
shaker flask (dashed lines). The percentage of GFP-positive cells (squares) at 96 hpt
reached 54 and 50% for the bioreactor and the shaker flask, respectively. At the end
of the culture , cell density was 4.1 and 4.7 x 10° cells mI"" with a viability of 62 and
72% for the bioreactor and the shaker flask, respectively (Fig. 13B). Although viable

30 cell density was 25% lower in the bioreactor compared with the shaker flask,
volumetric SEAP productivity was almost 2-fold higher. Similar results were

systematically observed in five independent experiments. (results not shown),
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6 January 2006 WD 02/ 090533 PCT/ CA02/ 00683 indicating that the
productivity of secreted proteins m ght be increased when using a
controlled environnment. Purification of SEAP and production of other
r-proteins 5 Purification of Myc-(H s)s-tagged SEAP harvested fromthe

bi oreactor run (Fig. 13) by immobilized netal affinity chro r?éB
(IMAC) is shown in Fig. 14A. The left panel shows Coonassi %i ned
protein pattern fromthe culture nedi um before | oadi ng on the coI um (| ane
1), flowthrough (lane 2) and eluted material using 150 M i m dazole
(lane 3). The right panel shows immunodetection of SEAP in the sane 10
fractions uswagremss - M/c anti body. This figure shows t ratcabdooess the

Hi s-tagged SEAP was retained on the colum, whereas very few, if any,
ser um pr otireidatibg thad tHeroducti(itpbABedretgd dt@sins\hiight Be irepiased whemusiegdl ar

wei ght sli Y hi an BSA). SEAP quantification in the eluted
fraction l?gmgélgf'%‘e’%réﬁkehppr otein assay showed that -60 ng of His-tagged

SEAP coul d be recovered by I MAC fromthe 3-1 bioreactor culture. 15 As

shown i n IBygisicddéh o%@&b@%@bmw&wl:?MﬁJe?r-betQihQr eactor were al so obtai ned
with other secreted r-proteins. Fourteen- (lanes 1, 3 and 23 or 3.5-liter
[6:%1]

(1 ane 2) Kudficatier of é"yc\kﬁ‘lsb‘t‘l‘grgﬁﬁécf‘-:é’ﬁ barvested rpthe pioksactss rem&dei WY f or

y)euroghl | bR -irhmaBitlzedatEta( aﬂnﬂuyrafmrﬁatog.’apme(lmm) i @nz\avﬁhrﬁﬁ?i A3, Thd eito (Il ane
and C s _\were est ays.

post-tr angfﬁ%fs}%‘ﬁs CV\%TﬁSSf%%uee t@'é'ﬁg%oﬁe'ﬁp a%rm\{ tﬁ%‘i’@ﬁe Wéé'”B’ebeeﬁor?epor ted
20 hi ghl quﬁdyugcmyﬂwatoeummr(lamerlo rf@w—lhmugbrﬁlan@aaaw elgled meajened ugiBghbbfer S. G
et al. éﬂhazoleq%:% ). PrGigh dth@gsrg“%Mﬁg nd Ve{&bn éP3eAlinhesyhat i on of

t he expresse protei ns pear e ere enous, as_suggest ed

by t her ﬁ?gtfoaﬁmwgt?@wypaﬁﬁbodw&%wwg SSP\wsﬂlaA of thp ag9akSEARN [ evel s

;?n;] intr aCWaEUét’éfneB &thedoﬂﬁnrv\mh%réﬁs%ry W, af ARl sasint PRI bBuld & it14C. I n
I S exper

or s e PR ia e uh sourerep! mRea sy sop R e Beh S SEAE . T

| ane 2), qoasificAtag it teneutey frabhmausurpg?ﬂ'llé imivr potein B3say\shawéd that beat e
0t DOXY! 3536, ARNC ook BAISEAP <ol SROUEANRT it s Blor BP0k nase |

( HK, uman g uco I 'nase ays after
t r ansfiéct Aershowelin Eig. WéB.chigh expsessidnt iavelB|, bigrepeidr Wergealsd ebtainegwéh buf f er

(G-P, RRI1 aadsLaadhdq Pbro?éﬁé' @G&r?éénBQad@sHhSlaM@ |4§0|b31;’f> fiter (l:-frﬂszﬂ ISideactdiyC,
E1B19K, HK and &X) protei ns ana '_QJantl fication of
r- prot ei nye%qu%dw'& pﬂ@'?%“'gﬁﬁﬂ%"%?efﬂ’ N%‘"‘?%M\" ! ?L"d ‘2‘56 (1:1 ratio,
lane 1), Tie2 (lane 2), Cripto (lane 3) and c-Met (lane 4). All cultures were harvested
5 days post-transfection. With the exception of Cripto, which has been reported
20 highly glycosylated on serine, threonine and asparagine (Schiffer S. G. et al., J. Biol.
Chem., 276, 37769 — 37778 (2001) 22), glycosylation of the expressed proteins
appeared to be relatively homogenous, as suggested by their migration behaviour
following SDS-PAGE. High expression levels of intracellular r-proteins were also
obtained as shown in Fig. 14C. In this experiment, 293E cells were transfected with
25 pTT plasmids encoding for sgGFP (lane 1), herpes simplex virus ribonucleotide
reductase (RR1, lane 2), mouse Gqq (lane 5), human p27<*" (lane 6), yeast pyruvate
carboxylase (PYC, lane 7), adenovirus E1B'* (lane 8), human hexokinase 1 (HK,
lane 9) and human glucokinase (GK, lane 10). Three days after transfection, cells
were rinsed with PBS, solubilized in sample buffer (GFP, RR1 and Ggq) or extracted
30 with lysis buffer (p27"", PYC, E1B', HK and GK), and proteins analyzed by SDS-
PAGE. Quantification of r-proteins shown in Fig. 14 is summarized in Table 1.
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6 January 2006 WD 02/090533 Table 1. Summary of r-protein expression |evel
PCT/ CA02/ 00683 r-ProteinTagLocal i zati onCul ture node Concentration (ng/l)
Human SEAPMyc- (Hi s) sSecreted3-1 bioreactor20a Human

Neur opi | i n- 1Myc- (Hi s) sSecretedl4-1 bioreactor8b Human

VEGFMyc- (Hi s) sSecr et ed14-1 bi oreactorOb Human Ti e2Myc- (Hi s)sSecr e&g

bi oreactor9 Human Cri pt oMyc-(Hi s)sSecretedl4-1 bioreact or 9%

c- Met Myc- (Hi s) 6Secret ed14-1 bioreactorl sgG-PNonel ntracel | uI ar Shaker

fl ask20 Herpes virus RRLNonel ntracel | ul ar Shaker flask50 Mouse

GagNoneMenbr aneT-fl ask16 Human p27K' P' Nonel ntracel | ul arT-fl ask1l4 Human
hexoki naseNowepHgeel | ul ar Shaker fl ask40 Human PCT/CA02/00683

gl ucoki naseNonel ntracel | ul ar Shaker flask30 Yeast PYCNonel ntracellul arl-1
bi or eact orhbhdbr&mnnarsoﬁl;m@lﬁl\dmpebmn mal | ul ar T- fI ask3 20 a Af ter
purificati ~ : A n the
case of RRL, voI urretrl c production was 50 ng/l representl ng 20% of total
cel | protdlieleinTCP) . TheTABuse Cengaligatiorex Subiorsenbdat CoBoemiyAtion (Cwipar ed wi t h
a barely 25 detectable | evel (by Coonmassie staining) when expressed from
pcDNA3 ctor__ (lane 4&@ Al t hough vari ous E.arti cul ar enbodinents of the
present® | Wl%%ave bF(Higles SF¢'BEE her 21 RBERECE for BYT poses of
illustrat |Hmman|Neuijllnd1 betyc-afipar @@treteml thow| Boregttbl | €d gt the art that

nuner ous t ut d artin v fromthe spirit
and scope\‘%w ?he |nvent| g’ﬁ %% regd’ol n HIP '3ﬁ8ﬁ% ded c? ims. 23 6
January 206U8andsR | S CLAMM‘EWISF)S Sfcrem expRédiireattorect or §or an enhanced

expr essi omuRfanTripRF OMDI NERPE-(HAE)O ebreted 14-1 bioreactor 9
10  Human c-Met Myc-(His)s Secreted 14-] bioreactor 1

sgGFP None Intracellular  Shaker flask 20

Herpes virus RR1 None Intraceliular  Shaker flask 50

Mouse Gaq None Membrane  T-flask 16

Human p27"*! None Intracellular  T-flask 14

15 Human hexokinase None Intracellular  Shaker flask 40

Human glucokinase None Intracellular  Shaker flask 30

Yeast PYC None Intracellular  1-| bioreactor 4

Adenovirus E1B'™  None " Intracellular  T-flask 3

20 2 After purification by IMAC
® Neurophilin-1 and VEGF were co-transfected

In the case of RR1, volumetric production was 50 mg/l, representing 20% of total cell
protein (TCP). The mouse Ga, was expressed at 16 mg/l, compared with a barely

25 detectable level (by Coomassie staining) when expressed from pcDNA3.1 vector
(lane 4).

Although various particular embodiments of the present invention have been
described hereinbefore for purposes of illustration, it would be apparent to those

30 skilled in the art that numerous variations may be made thereto without departing
from the spirit and scope of the invention, as defined in the appended claims.
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in human cells which stably express EBNAL protein or a fragnment thereof,
said vector conprising a first DNA sequence encodi ng the reconbi nant
protein, said first DNA sequence being under control of a CW5 pronoter,
said expression vector further conprising a second DNA sequence of the

ori P sequence of Epstein-Barr virus (EBV) or a fragnent th%.fa':ﬁ?g %Bgnci ng
transcriptional activity of the pronpbter. 2. An expression Vec o

according to claiml1, wherein the vector is a plasmd. 3. An expression
vector accHA RS CAAIMEDISE wherein the fragment of the EBV oriP
sequence conprises at | east one EBNAL binding site (EBS). 4. An expression
vector according to claiml, wherein the fragnment of the ori P sequence is
sel ect ed ft.oW exrregsionyecion&ran enhasicegexprassior df eagaembinaat petednl  EcoR |

FR fragnent, ' . . Ldney cell

| i ne desi ghaq%g%%gtaggg%(s[{r%%gﬁgﬁdgrwﬁg&@m %%gssmgw%qé(%%ng,
cell's of saatbraminhprisingea first DN A sequenuet éncadingxthe escimibinantgarbtein,as def i ned
inclaiml, .6. A cess for_preparin ransf human ki dney cel |l s of
the 203 caig T ONA S Gan B e R ieniniobd s FENG ediatgr S0 hurmn ki dney
celI's W t hexplesrPU&ssr fuRtheLebdprising @rslicBEd DNA kéduBnke of thé\oRPOCESS
according to claim®6, when carried out in the presence of

pol yet hyl e¥faYeAee PPEPStelsBarrvirya sEBY) PhA fiagrgehthereof enhapeibess accor di ng

to clai m 4z agpkrih bBRiHUFXRS PXdReeri ne is a Iinear polyethyl enimne or
a branched pol yethylenimne. 24 6 January 2006 9. A process according to

claim8, wherein the average nol ecul ar weight of the polyethylenimne is

from about, 1 corqj . 0 i 1M, 9,
wherein th2e' ggtg?glgele%g%wéeggqr?r% %%KOA%%W? ’ﬁér?%%ﬁqy@fa S{?Pg)rgbsn'? %lieaaslnga'about 25
kDa. 11. A process for preparing a reconbi nant protein, which process
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4. An expression vector according to claim 1, wherein the fragment of the oriP
sequence is selected from the group consisting of BstX | FR fragment, a BstX |
EcoR | FR fragment, the FR domain, and fragments thereof.

5. A human kidney cell line designated 293SFE and deposited under IDAC
Accession No. 020502, cells of said cell line transfected with an expression
vector as defined in claim 1.

6. A process for preparing transfected human kidney cells of the 293 cell line,
which process comprises transfecting said human kidney cells with an
expression vector according to claim 1.

7. A process according to claim 6, when carried out in the presence of
polyethylenimine (PEI) as a transfection reagent.

8. A process according to claim 7, wherein the polyethylenimine is a linear
polyethylenimine or a branched polyethylenimine.
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13. A process according to claim 11, wherein the cells are cultured in a
culture nediumfurther conprising a serumor a subfraction thereof. 14. A
process according to claim 11l wherein the cells are cultured in a culture
medi um further conprising a peptone. 15. A process according to claim 14,
wherein the peptone is the gelatin peptone N3. 16. A proce accgwﬁéng to
claim1l, wherein the process is carried out in a culture hout
changing the culture nedium 17. A process for preparing a reconbi nant
protein, which process conprises transfecting human kidney cells of the
293 cell line with an expression vector according to claim1l and then

culturing saig Ab%@é@ﬁé&% %malm éjr\‘tﬂ%h&ﬁltl%esa\;e(?a%é/ﬁwgﬁegulﬁna\kglaP{&ttﬁ n.
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10. A process according to claim 9, wherein the average molecular weight of

the polyethylenimine is about 25 kDa.

11. A process for preparing a recombinant protein, which process comprises
culturing transfected human kidney cells prepared by the process of claim 6 to

yield said protein.

12. A process according to claim 11, wherein the cells are cultured in a

serum-free culture medium.

13. A process according to claim 11, wherein the cells are cultured in a culthre
medium further comprising a serum or a subfraction thereof.

14. A process according to claim 11 wherein the cells are cultured in a culture

medium further comprising a peptone.

15. A process according to claim 14, wherein the peptone is the gelatin

peptone N3.

16. A process according to claim 11, wherein the process is carried out in a

culture medium without changing the culture medium.

17. A process for preparing a recombinant protein, which process comprises
transfecting human kidney cells of the 293 cell line with an expression vector
according to claim 1 and then culturing said transfected human kidney cells to

yield said protein.

18. A process for preparing a protein, which process comprises culturing the
human kidney cell line as defined in claim 5 to yield said protein.
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