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t her apylhe invention is directed at methods and eukaryotic host cells for transgene expression.
Transgene expression is boosted by favoring homogous recombination (HR) over non
homologous end joining (NHEJ). The invention is also directed at providing, in an non-
primate eukaryotic host cell, proteins involved in primate, in particuar human, pathways
that mediate or influence translocation across the ER membrane and/or secretion

across the cytoplasmic membrane.

BACKGROUND OF THE INVENTION

The biotechnological production of therapeutical proteins as well as gene and cell
therapy depends on the successful expression of transgenes introduced into an
eukaryotic cell. Successful transgene expression often requires integration of the
transgene into the host chromosome and is limited, among others, by the number of
transgene copies integrated and by epigenetic effects that can cause low or unstable
transcription and/or high clonal variability. Failing or reduced transport of the transgene
expression product out of the cell also often limits production of therapeutical proteins
as well as gene and cell therapy.

The publications and other materials, including patents and accession numbers, used
herein to illustrate the invention and, in particular, to provide additional details
respecting the practice are incorporated herein by reference in their entirety. For
convenience, the publications are referenced in the following text by author and date
and are listed alphabetically by author in the appended bibliography.

The fact that the DNA of eukaryotes is highly compacted into chromatin allows the

entire eukaryotic genome to fit within a nucleus which is a few micrometers diameter.
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expression, is gene anplification (Kaufrman, 2000). An alternative is to

optim t he expression vector by the insertion of synthetic or natural
rggul af@rpe@gaugrﬁ@gqus, such asycalcium—phosphate DNAy co-precipitation, the

polyethylenimine method, electroporation and polycationic lipids have been developed
to facilitate gene transfer with variable transfection efficiencies. One way to augment the
copy number of the transgene and thus increasing transgene expression, is gene
amplification (Kaufman, 2000). An alternative is to optimize the expression vector by the

insertion of synthetic or natural regulatory sequences.

To increase and stabilize transgene expression in mammalian cells, epigenetic
regulators are being increasingly used to protect transgenes from negative position
effects (Bell and Felsenfeld, 1999) and include boundary or insulator elements, locus
control regions (LCRs), stabilizing and antirepressor (STAR) elements, ubiquitously
acting chromatin opening (UCOE) elements and the aforementioned matrix attachment
regions (MARs). All of these epigenetic regulators have been used for recombinant
protein production in mammalian cell lines (Zahn-Zabal et al., 2001; Kim et al., 2004)
and for gene therapies (Agarwal et al., 1998; Allen et al., 1996; Castilla et al., 1998).
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present invention.
al. (2008) reported that exogenous SRP14 expression in WT human celis (e.g. in cells
that were not engineered to express low SRP14 levels) did not improve secretion

efficiency of the secreted alkaline phosphatase protein.

Thus, there is a need for efficient, more reliable transgene expression, e.g.,
recombinant protein production and for gene therapy. There is also a need to

successfully transport the transgene expression product outside the cell.



SUMMARY COF THE | NVENTI ON The present invention is directed at a nmethod for
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The nucleic acid of said initial transfection is, in certain embodiments, a vector

comprising a transgene. The vector of the initial transfection and at least one vector of

said at least one subsequent transfection may form concatemeric structures prior and/or
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may reach a subsequent level that is more than additive, preferably more than twice,

three or four times that of said initial level. Alternatively or additonally, after the initial

transfection, the transgene copy number integrated into the genome of the cell may

equal (n) and following the at least one subsequernt transfection, the transgene copy

number integrated into the genome may be more than 2(n), 3(n) or 4(n). The transgene

may be integrated into the genome of said cell as a concatemeric structure at a single

locus.

The MAR element in (b) may ameliorate expression, substantially or fully prevent
inhibitory effects from co-integration of of multiple copies of the vector comprising the

transgene.

More than 50%, 60%, 70%, 80% of the vectors of the at least one subsequent

transfection may be transported into the nucleus.



(b) a transgeni c sequence expressing one or nore HR enzyne or HR activator,
(c) a mutation inactivating or downregulating a NHEJ gene, and/or (d) a

mut at i on WwehaNwzBgsexpression or activity of an HR enzy wer/18s 162381 I vat or
or a NHEJ suppressor, WD 2011/033375PCT/1B2010/ 002337 wherein the

r econbi nant eukaryotlc host cell has an HR'/NHEJ ratio nore than 2, 3, 4, 5,
6, 7, 8, 9, 10, 15, 20, 25, 30 tinmes higher than a ratio found in the cell
not conprising said transgenic sequence of (a) and/or (b), and conprises,

opt i onalftey thetinitedl traksfektian BAMItal IR @ﬂrér\‘éf&@he@xﬁf&%n er@ubt@/rﬁﬁéﬁ m‘hdl s al so
directed at a reconbi nant eukaryotic erab manmal i an, host cel
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transfection, the level of transgene expression product may increase to a subsequent
level and the initial transgene copy number may increase to a subsequent transgene
copy number, wherein the increase between the first and second level of transgene
expression product may exceed the increase between the initial transgene copy number

and the subsequent transgene copy number by 20%, 30%, 40%, 50% or 60%.

The vector sequence of said vector of the at least one first transfection may have 100%
or at least 95%, 90%, 85% or 80% sequence identity with the vector sequence of at
least the vector of a first of said subsequent transfection(s). The vector of the initial
transfection may comprise a MAR element and said MAR element may have 100% or at
least 95%, 90%, 85% or 80% sequence identity with the MAR element of at least the
vector of a first of said subsequent transfection(s). The vector of the initial transfection
may comprise a transgene and the transgene may have 100% or at least 95%, 90%,
85% or 80% sequence identity with the transgene of at least the vector of a first of said
subsequent transfection(s). The MAR element may be provided in cis as part of the
vector in (b). In certain embodiments, the transgene is flanked by at least two MAR
elements. The MAR element may be located upstream of a promoter/ enhancer
sequence of said transgene.

The MAR sequence may have at least 90% sequence identity with: SEQ ID NOs: 1-3 or
is a variant thereof.

The invention is also directed at a recombinant eukaryotic, preferably mammalian, host
cell, comprising
(a) a transgenic sequence expressing a NHEJ suppressor,
(b) atransgenic sequence expressing one or more HR enzyme or HR
activator,
(c) a mutation inactivating or downregulating a NHEJ gene, and/or
(d) a mutation enhancing expression or activity of an HR enzyme, an HR

activator or a NHEJ suppressor,



(b) a transgeni c sequence expressing one or nore HR enzyne or HR activator,
(c) a mutation inactivating or downregul ating a NHEJ gene, and/or (d) a

mut at i on wohanei3egysexpr essi on or activity of a HR enzymecraBidRye@sinvat or or
a NHEJ suppressor, and a transgene integrated into the genone of said cell,
and optionally, a MAR el enent, wherein said MAR elenent is provided in cis
or trans to said transgene. The one or nore HR enzynes nmay be Rad 51, Rad
52, RecA, Rad 54, RuvC or BRCA2 and/or the HR activator nay be RS-1 and/or
the NHEJ supprehsin thayreoemBuivaR @uragbtic h?strdelt&md iarhbllﬂﬁmHEU&taﬁcgmmﬁie WHK be
functionally |jnked .t tyal el t for _inducible expression such as
an i nduci blg p{hél'?tﬁé)‘rﬁ %@%i%%éﬁd?ﬁ&@ﬁbé@t%\e&rﬁﬁ@r tha aﬁ?%%&nﬂyna
pronot er acti vgyeadll bPrisihgSdiid - Kk mcally
such as pr onnt?r e&aé(;ltCHih\\‘(/gtb‘g_\?}; a PTG B?ﬁ%ﬁ%%ﬁ%g °%32%n3ﬁaﬁt(%n%§ in (c)
or (d) may be ¢RMBsas EPIiondlyaaxmalix ajtacbmenhredios (MAR) elemertf er ase gene, a
DNA- dependent protein kinase gene, the Rad 52 gene, the RecA gene, the Rad

54 gene, the RuvC gene and/or the BRCA2 gene.
The invention is also directed at a recombinant eukaryotic, preferably mammalian, host

cell, comprising

(a) a transgenic sequence expressing a NHEJ suppressor,

(b) a transgenic sequence expressing one or more HR enzyme or HR activator,

(c) a mutation inactivating or downregulating a NHEJ gene, and/or

(d) a mutation enhancing expression or activity of a HR enzyme, a HR activator
or a NHEJ suppressor, and
a transgene integrated into the genome of said cell, and
optionally, a MAR element, wherein said MAR element is provided in cis or

trans to said transgene.

The one or more HR enzymes may be Rad 51, Rad 52, RecA, Rad 54, RuvC or BRCA2
and/or the HR activator may be RS-1 and/or the NHEJ suppressor may be NU7026

and/or wortmannin.

The transgene may be functionally linked to a control element for inducible expression
such as an inducible promoter, wherein said inducible promoter is optionally a promoter
activated physically such as a heat shock promoter or chemically such as promoter
activated a IPTG or Tetracycline.

The mutation(s) in (c) or (d) may be mutation(s) in a xrcc4 gene, RAD51 strand
transferase gene, a DNA-dependent protein kinase gene, the Rad 52 gene, the RecA
gene, the Rad 54 gene, the RuvC gene and/or the BRCA2 gene.



WO 2011/ 033375PCT/ 1B2010/ 002337 The transgene may be integrated into a
single | ocus of the genone of the cell and may form a concateneric

struct ur ewobha/@ssTsat eneri c structure may conprise at | egsuBRA0902390, 400,
500 or 600 copies of the transgene. The invention is also directed at a
reconbi nant eukaryotic, preferably manmalian host cell, conprising
Integrated into a single |locus of the genone a concateneric structure of a
transgene functionally linked to a pronoter, wherein the concateneric
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two of ﬁ@iﬂv%@n% %Mi?ectgéslébéf%o@ﬁa@@kgﬁgggl SISRhb A m/a%gﬁthgé alstD

90% sequence 1 dentity wth y be a varra
NOs: 1-c8llagaiprisimy be | ocat ed upstream of a pronoter/ enhancer sequence of

said trans he. cel | . be a cell, a HEK 293.cell, a stemcell or
a progeni tgfﬂggﬁaﬂ-@eﬁ%aisﬂ{ﬁ%mcﬁ qu_!egg%rbora? P&gngaﬁe&qertqérqﬁtge 3any one of
t he reconbi tansgenkfungtibnallylinked ¢ hlprombtir] wheih tHeeddhcatdm@d dtreatlrar f or

the expression of sajd transgene. The invention is also directed at a kit

conpri si ng §°MPHSES At leapt g%t‘*og%épt? 05608 cPBies & i IransaeeANGAIPast alevAR

el ement  and MAR ldrRéhtOWhBdiR SaldMARBIEMEAL isProRlied if ERTGIIRME tb 8hR Sai d

vector,
transgene, and wherein said cell is preferably part of a cell population that has

been synchronized.

The at least one MAR may be provided in cis, the majority of said transgenes may be
provided with a MAR for each of said transgenes and/or the transgene may be flanked
by at least two of said MAR elements. The at least one MAR element may have at least
90% sequence identity with SEQ ID NOs: 1-3 or may be a variant of SEQ ID NOs: 1-3
and/or may be located upstream of a promoter/ enhancer sequence of said transgene.
The cell may be a CHO cell, a HEK 293 cell, a stem cell or a progenitor cell.

The invention is also directed at the use of any one of the recombinant eukaryotic host

cells mentioned herein, in particular for the expression of said transgene.

The invention is also directed at a kit comprising
a. in a first container, a vector comprising optionally a MAR element and
restriction sites for integration of a transgene into said vector,
b. in a second container, a recombinant eukaryotic host mentioned
herein, and
c. instructions how to use said vector in transfecting said cell for

transgene expression.



b. in a second container, a reconbinant eukaryotic host nentioned herein,
and c. instructions how to use said vector in transfecting said cell for

t ransgeneyeX¥pi1assign. WO 2011/ 033375PCT/ 1B2010/ 002337 Phe/risrdio/@g3al SO
contain a synchroni zing agent or instructions on howto synchronize a cell
popul ati on conprising said cell(s). The vector may be used to transfect the
cell at |least twice, each tine when the majority of the cell of said cell
popul ation is at the Gl phase. The invention is also directed at a

non- pr imRatigt rhag arsdl dbntdin QUK cuﬂimﬁn@agéntc&hhstﬁwmhé dhHdvitd SyRARRINE
sequence _encodi ng at | east ‘one ﬁl’l nmate protein or primate 'RNA i nvol ved in

t r ans| GEAPPBHIatien 69XPFiRIIgMRAI $hn@%¥ﬁ¢@rm§é@eetsue§ﬁ0émf@§t theecell at
O L OP TS BB B cH e Silh 8 rRaB il L1 & SR oBh pBodBRls difig@ 1 on
(0] ex ans

partlcle or a protern cretory conp ocon)

subuni tphaber eof . The cell may further conprise a transgene functlonally
attached to a signal peptide coding sequence, wherein said said transgene
may be present in the cell in multiple copies, preferably in formof a

concat ameringergionus hilsoadirethed sted hompyintRdrsdoptbiRdntl RkakyotiethosBEEll 400, 500
or 600 cg&ﬁes of the transgene. A signal peptide encoded by said signal
pept i dEOBHESHY sequence may conprise a hydrophobic stretch of amino acids

and may g eARSRLCHBE BneSHIHG BF F;%sf Sfe P%%féﬂ‘ﬁrfo'tém ofy sd} gﬁﬁ%ﬁﬁ\lﬂ%%@ | may

al so conpri Se an epigenetic regulator elenent, such a el enent
| ocat edn trangipeatipn agresssthedEs aembranesansier. setrmlqmranresmtmrcmnﬂasmmol ved in

L ol et AR 2 Brofh &7 BRELALSioBR1eBParfigh Baith RHERGIA

cytopl asm ¢ nernbrane € a pro itul ar

SPR9, PRitéih, of SPRIIetoBPESMpleXRIRERsIoEHI} o sasublumit tR&GiBNA. The pr Otel n of the
SPR may be a human SPR14, preferably conbined with one or nore other of
said proteins or RNA involved in the transl ocation across the ER nenbrane

and/ or T%@Cdeﬂtrhﬂﬁftﬁﬁl'é?éémbh@eﬁﬁé?@ aﬁm&qdisﬁaryaﬁﬁachzaqow I PR ot her of
said proteins nmay be hunan SR and/or human Transl ocon %e protein

of the csmgrﬁ@ﬂus@cenumemmsaigr sapsganeyMay hpipesentin t’nedmil ipmuitiple ot her
o o SoPBSLeiiagl Bl g bUak e SRS AR IS,
ot her @D0s30@] 4000560 s 608 copies uf e traRsgard, &rsignatpeplidaeatodanbpsaitiei ns.
signal peptide coding sequence may comprise a hydrophobic stretch of amino acids
and may have one or more sequences for interacting with SRP54. The cell may also
comprise an epigenetic regulator element, such as an MAR element, located in cis or
trans to said transgene. The protein or RNA involved in the translocation across the ER
membrane and/or secretion across the cytoplasmic membrane may be a protein or
RNA of the SPR, in particular SPR9, SPR14, SPR19, SPR54, SPR68, SPR72 and/or
7SRNA. The protein of the SPR may be a human SPR14, preferably combined with one
or more other of said proteins or RNA involved in the translocation across the ER
membrane and/or secretion across the cytoplasmic membrane. The one or more other
of said proteins may be human SR and/or human Translocon proteins. The protein of
the SPR may be human SPR54, preferably combined with one or more other of said
proteins or RNA involved in the translocation across the ER membrane and/or secretion
across the cytoplasmic membrane. The one or more other of said proteins may be
human SR and/or human Translocon proteins.



WO 2011/ 033375PCT/ 1B2010/ 002337 The protein or RNA involved in the
secretion and/or translocation across the cytoplasm c nenbrane may be one

of the prwbebngs:efst he transl ocon, in particul ar Sec6laByriga6HdpzHec63
and/or a subunit thereof. The protein or RNA involved in the secretion

and/ or translocation across the cytoplasm c nmenbrane nmay be a conbi nation
of SRP9, SR14 and a Transl ocon protein. The transgene may a i mmunogl obulin,
a subunit or fragnment thereof or a fusion protein. The non-prinate cell my

be a rottRNprotsih br RNERbREeHYN thddK2rewdn and/betrahslbadtichesiiess thec odi ng
sequence ma%/ have at | east 90% se(:}uence identity with SEQ I D NGs: 4-11 or

may be XRPARSMIGIMIMDERNE HAK bgronepTdhe prpteins &f themansﬁlﬁ%htm earticylag| so |
di 1 ect Secitabesersd, SecbBEnBRI-LLUHT e 6P TheABlei? Bk RNAI6IBAT el | S 11
the secretion and/or translocation o transgene expressi on product across
t he cyts@pr%t@maﬂd/mdtamabbntanm@ethe cytDiptasnio ergmiraniesnay be adianalwinatibrat a

comr | S SR ahdp HEnSBRTRRT . TRE B e AT IR iReAce

encodi rsgmbamt be&agmnEtm@dfmrm fasion protein. el ivetlphirhate ed1biag dei Dibdaat 0Ss t he
ER nmenbr cret| n across the cytoplasm c nmenbrane, such as a

d/o
prot ei rFS r é? o ' %?ﬂh IR SeALSRF ing sRAYSsIe) May haveableasth of a
secr et @y, §86@érﬁ9é .eéﬁmpw.mc@@o I NOS ubvﬂbﬁmtay%eé){/anérh)of afly Sne s ©

contai ner, at |east one vector conprising restriction sites I ntegration
of a trS@ﬁyg@Pfé; into said vector and optionally a MAR el enent, and (c)

I nstructions for expressing and secreting a transgene expression product of
said transgene using said cell. The invention is further directed at a

met hod erinpemitoemi in amx:di&tdtmabﬁheajsterafnls@eo&-pmlmaw recorgbinpniostikdinngicenost
non-pr Ic ells in t%eksaerc e%on and‘?grt tré:r%loca? on of a tran%gene expression product across the

cytoplasmic membrane of the cell.

The invention is also directed at a kit comprising

(a) in one container, non-primate recombinant host cell comprising, as
part of the genome of the cell, a transgenic sequence encoding
at least one protein or a RNA involved in translocation across the
ER membrane and/or secretion across the cytoplasmic
membrane, such as a protein or a RNA of a signal recognition
particle (SRP) or a protein of a secretory complex (translocdn) or
a subunit thereof,

(b) in a separate container, at least one vector comprising restriction
sites for integration of a transgene into said vector and optionally
a MAR element, and ‘

(©) instructions for expressing and secreting a transgene expression

product of said transgene using said cell.

The invention is further directed at a method for protein secretion of a transgene
comprising:

providing a non-primate eukaryotic host cell comprising

10



WD 2011/ 033375PCT/ 1B2010/ 002337 (a) a transgeni c sequence encodi ng at | east
one primate protein or a primate RNA involved in secretion and/or

transl ocaybaniiansHss t he endopl asmic reticul um and/ or theragsRph@ssh C
reticulum and/or the cytoplasm c nmenbrane, such as a protein or a RNA of a

signal recognition particle (SRP) or a protein of a secretory conmplex
(transl ocon) or a subunit thereof, and (b) a transgene functionally
attached to a signal peptide coding sequence. The transgeni c sequence may

increase a_ tgf akraRSgemit sefudhicd ehdbdig ANBadtOr prifatebrofes 8 h PRnfRg!/ or
transl ocati on across the cytoplasm c nmenbrane present in said cell by nore
than 10% 20% RB@vinvalyed §psecretion andiay trausipcalon arroso tim endopdasmicevel f ound

n the cell Pridicuiuh GRS i QUSHREILAAIGR SRS Eiidpfashfigluence. The

transgene may be presen as a concateneric’structure integrated
i nto the genonmegfbrane suehigs atprotsimort & RNFootasigmat recoghition tpartcle (SRR a(tj)l y
conprises at |east 200, 300, 400. 500 or,  60Q copies of t trapsgene an
ma;/m be i nt egr aP'ed PRI YidRfLCOR: EAMBEX {traiy BWBCW as%{ftﬂ"n@zh?r.eoﬁagpgnal
peptide encqeed thahsgete Futitidnaheaithsteded ﬁ%nél%&iﬂé%oﬂﬁﬁg defiehtee a
hydr ophobi ¢ stretch of am no acids and may have sequences for interacting
with SRP54. The transfection in (b) may be a subsequent transfection and

naybemgpﬁﬁg(é hBE A8 inkfeaRaf | | el ) iAs a

vect or oreel?luc eingy%egﬂgh??ag Irrllt s@g%??%delgﬂ]odrﬁwng?f Ph‘gé'ﬁrﬂqt@gﬂ&ﬂzvr%gfr??f'@ct i on

may corsessgiondanddon transleaation acrossidhe cytoplasmic membrane present in said cell by
more than 10%, 20%, 30%, 40% 50%, 60%, 70%, 80%, 90% or 100% above a level

found in the cell prior to comprising/expressing said transgenic sequence.

The transgene may be present in the cell as a concatemeric structure integrated into the
genome of the cell, wherein the concatemeric structure preferably comprises at least
200, 300, 400, 500 or 600 copies of the transgene and may be integrated at a single
locus of a genome of said cell.

A signal peptide encoded by the signal peptide coding sequence may comprise a
hydrophobic stretch of amino acids and may have sequences for interacting with

SRP54.

The transfection in (b) may be a subsequent transfection and may be preceded by an

initial transfection with nucleic acid such as a vector or nucleic acid fragments.
The vector of the initial transfection may correspond to the vector in (b).
The transgenic séquence may have at least 90% sequence identity with a sequence

selected from the group of SEQ ID NOs: 4-11 or may be a variant of any one of said

sequences.
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The transgeni c sequence may have at | east 90% sequence identity with a
sequence selected fromthe group of SEQ ID NGs: 4-11 or may be a variant of
any one oko3gihssegquences. WO 2011/ 033375PCT/ 1B2010/ 00383/482760d283yEnt i on
is also directed at a nethod for identifying a protein secretion and/or
transl ocation increasing activity of a transgeni c sequence conpri sing:
nmonitoring a first manmalian cell conprising a transgene encodi ng a

reconbi nant protein, wherein said reconbinant protein is secreted by said

cel | atTte ihvértionl ie\atlo difsvted atf & AetRod RSt WshtifARGBI drafire Séérei@BAYSE NY sai d
transgene encqodi ng sai d reconbi nant protein, erein the reconbi nant

pr ot ei rranslogatioRiNsEeasng arlivityaf|a transgesicsagyenes 6PMPAEEEi n sai d second

| evel excee rifafd i | ian rwg}% | | | mral i an cel |
t he transge(rill'?()crﬁtg,j'é_qt%enIcrg’f rgr?co Jflhnag?| é;étll east Io %%%ﬁg?%?%e@égéogﬁ% i nvol ved in
secreti on afegambinaahpioteint whereicsaid secdnebiogntqpbtesmiscsevceted dyssaicioell at

det er m ni ng cfﬂgngsél in the secretion | evel of said reconbinant protein in

said first &e »
monitoring a second mammalian cell comprising said transgene encoding said
recombinant protein, wherein the recombinant protein is secreted by said cell at a
second level,

wherein said second level exceeds said first level,

introducing into said first mammalian cell the transgenic sequence encoding at
least one protein or a RNA involved in secretion and/or translocation across the
cytoplasmic membrane, and

determining changes in the secretion level of said recombinant protein in said
first cell,

wherein an increase beyond the first level identifies the protein secretion

increasing activity of said transgenic sequence.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1(A) to (F): Analysis of the effect of MARs and successive transfections on
gene transfer and expression and lllustration of transgene expression levels obtained by
the double transfection of MAR-containing expression vectors.

Figure 2 (A) to (D): Determination of the optimal timing between successive
transfections and cell culture progression through the cell division cycle.

Figure 3 (A) to (E): DNA transport, integration and expression upon successive
trasnfections and relationship between mean GFP fluorescence and transgene copy
number in monodonal cell populations.

Figure 4 (A) to (C): Subcellular distribution of transfected DNA and effect of DNA
conformation on gene transfer and expression.

Figure 5 (A) to (E): High transgene expression via MARS, plasmid homology and
homologous recombination and model for improved expression by repeated transfection
with MAR.

12



wherein an increase beyond the first level identifies the protein secretion
I ncreasing activity of said transgeni c sequence. BRI EF DESCRI PTI ON OF THE

FI GURES RyguoaRsdfR) to (F): Analysis of the effect of MARgeRAGloGYSCESSI Ve
transfections on gene transfer and expression and Il lustration of transgene

expression |evels obtained by the double transfection of MAR-containing
expression vectors. Figure 2 (A) to (D): Determ nation of the optinal
timng between successive transfections and cell culture progression

t hr ouglFighee 6qlA) tdi (G)siONarsetigation GlUhe Redvi) ab® Ligat .chBM of AMBRSEILbilin
I ntegrati on and expressi on upon successive trasnfections and relationship

bet weerPXRERSE DY Nighiapd 4w rreombinant Ighsyyeducers SsHAWRNES i n monodonal  cel |
popul atrigiife 7EICHArctériddion! 8 e ERSURARY labAPR! HEERRRHEO e Gligh LRSI 6! e

DNA and effect o conformati on on ransfer and expression. Flgure
5 (A tleG¢mrpducdrgh transgene expression via MARS, plasnmid honol ogy and

e 34 R R, SRR S ke 96 AT Y AL 35 o7 B
abolished light chain aggregation and rescued IgG secretion.
Figure 9: Increase in MAb production in CHO cell pools expressing various
combinations of SRP9, SRP14, SRP54, SR and Translocon.
Figure 10: Map of an expression vector showing the expression cassette for the

transgene of interest which is flanked by two SGEs.

DETAILED DESCRIPTION OF VARIOUS AND PREFERRED EMBODIMENTS

A transgene as used in the context of the present invention is an isolated and purified
deoxyribonucleotide (DNA) sequence coding for a given mature protein (also referred to
herein as a DNA encoding a protein) or for a precursor protein or a functional RNA.
Some preferred transgenes according to the present invention are transgenes encoding
immunoglobulins (Igs) and Fc-fusion proteins and other proteins, in particular proteins
with therapeutical activity (“biotherapeutics”). As used herein, the term transgene shall,
in the context of a DNA encoding a protein, not include untranscribed flanking regions
such as RNA transcription initiation signals, polyadenylation addition sites, promoters or
enhancers. Generally, the term transgene is used in the present context when referring
to a DNA sequence that is %‘ntroduced into a cell such as an eukaryotic host cell via
transfection (the term also includes, in the context of the present invention, the process
of introducing foreign DNA via a viral vector, which is also sometimes referred to as
transduction) and which encodes the product of interest also referred to herein as the
‘transgene expression product’ or “heterologous protein”. The transgene might be
functionally attached to a signal peptide coding sequence, which encodes a signal
peptide which in turn mediates and/or facilitates translocation and/or secretion across
the endoplasmic reticulum and/or cytoplasmic membrane and is removed prior or during
secretion. The term “transgenic sequence”, on the other hand is used, when referring

to a DNA sequence that is introduced into a cell such as an eukaryotic host cell via
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Figure 6 (A) to (©: Characterization of the Heavy and Light chain of

I mmunogl ubilin expressed by high and | ow reconbi nant |gG producers CHO

cl ones. Rwvouoa/s337€har acteri zati on of the ER fol di ng anectuRBorecizsseri es of
H gh and Low | gG producers. Figure 8(A), (B): SRP14 transfection of

reconbi nant 1gG produci ng CHO cl ones abolished Iight chain aggregation and
rescued 1gG secretion. Figure 9: Increase in MAb production in CHO cell

pool s expressing various conbinations of SRP9, SRP14, SRP54, SR and

Tr ans| damsfediipgand wviltich Mopease the expprssisi amd/vesdaetiarhofithegrodect @kpr essi on

cassett.e for the transgene of interest which.is fla d by two SGEs.
DETAI LETCFREScA Wﬁnéwn&§ﬁgﬂﬁn%§@e@%®ﬁ URNCPansgene as

used i Mrhhsgermnssodenets oh theppresent invempintareNe igS, tABsé Bt %E)@élﬁé’é’lﬁ dhitahéé ed
deoxyribonucl eoti de (DNA) sequence coding for a given mature protein (also
r ef er r dBR{Bomelegous;Eecompination) ¢r dgcreape soa hgmajogays and jeiping INHEMDt ei n
or a fl’:(‘é‘stpj p n i i r ’ (oF : nt

i nvention gr@{ei\?é[ ?ansgseﬁgégaléc'ﬁgtg;g i nlgqﬁ%%ru%g%?gﬂgﬁlf ﬁgﬁ%fg{sr ﬂ%gﬁ]%uég&?%gsr}%g%

pr ot ei rase thasedhakengndet protein(s) ar BAA($)dovaelveginothei precesisiny, tslkeeretimut i cal

activit " bi r tjcs d herein, the .termtransgene shall, in
the con Q?nghgﬁﬁaﬁgﬁnéccg%?%@e%ﬁaépm rﬁ%ﬂ""ﬁ"ﬁ@m}é’é cnhp[agrqg ri bed flanki ng
r egi onsnemblanas. RN ‘traasgaiic Beiwendes! triagtih€lnds henatahsidied yasesty| at i on
addition sites, pronoters or enhancers. Cenerally, the termtransgene is
used i ®HAHENGSesent context when referring to a DNA sequence that is

I ntroduced into a cell such as an eukaryotic host cell via transfection
(the termalso includes, in the context of the present invention, the

pr ocessABfenhancement af the expipssbRrand/ar secretian iy éeeanuredinelative 4o @l vajue

. . . : _ ¢
ot or eop g8 FORPA chfleBedit AREAES horilite b TSRS FRusiEnBisBilithee o,
" het er dAnygstatistivaty significamhenhamesgEnieclatigdito the falue tof @nedrtiol gubkfidsess 40 a
Si gnaeréﬁ_fe)E{ éde codi ng sequence, which encodes a signal peptide which in

turn OYnd/or facilitates translocation and/ or secretion across the
endopl asm ¢ reticulumand/or cytoplasm c nenbrane and is renoved prior or

dur i ng THRCHHE/NMES Fiflo! B5TH] O8RiifityS PSHEE NS The Gt |
used, when referri ngﬂ?o@gmﬂﬁlg@uggg\gtyt ﬁéa}%b?ig’ ithnet ?gg%gkgdﬁd‘nﬁgo@%!:%o}ésuch

as an darembisatien)HeshNHEd| (nonihemaieyQus end 33BingPativiB2ocu R 8B4 cell such
as a eukaryotic cell, e.g., a recombinant eukaryotic host cell. The HR/NHEJ ratio is

generally measured in a cell population, that is, a group of, e.g., eukaryotic cells of the
same kind, e.g., a CHO cell clone. When reference is made herein to, e.g., optimizing
or enhancing (increasing), e.g., the HR/NHEJ ratio of a cell it is to be understood that
the fact that such optimization or enhancement occurred in the respective cell
population. The reference point for any such optimization or enhancement is the ratio
that exists in a corresponding cell population in which no measures were performed to
enhance or optimize HR/NHEJ ratio. This is, e.g., the parent cell population of said cell,
i.e., the cell population from which the enhanced or optimized cell is derived. The
HR/NHEJ ratio (or HR/NHEJ activity ratio) can be enhanced to exceed more than 2, 3,
4,5,6,7,8,9, 10, 11, 12, 13, 14, 15 times that of the reference cell population, which
may be referred to herein, e.g., as a “cell not comprising said transgenic sequence
and/or not being mutated.” Optimization and enhancement measurements include

treatments in which the cell is “treated” generally without being genetically modified.
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transfection and which increase the expression and/or secretion of the
product of interest. A transgenic sequence often encodes a protein or a RNA
sequence.whheg@sssC sequences of the present inventionpgife2e82331 hose
that specifically enhance HR (honol ogous reconbi nati on) or decrease non
honol ogous end joining (NHEJ). Respective proteins are discussed in nore
detail below. QOher "transgenic sequences" are those that encode protein(s)
or RNA(s) involved in the processing, secretion and/or translocation across
t he endybhas tieatment includes ahd/simple)rheas ae ifeymeRtynaes thel Bell pbpalBE&EB8bC
sequen may i ncl ude norl transl ated control sequences. An enhancenent of

t he exégéts &i%n? ARIPEY Sealls f e PePwat AR 3t dhatimasot iransfeetione inbleaFhed
from a ghaskr gifféaht mefifddsdaekndWn &%&Bh@ﬁ%ﬁ B6cH §SPREAURAlEAARE FtGde,

sequence. Any statistically significant ancenent relative to the val ue
of a cdimtraie pelalimitedstoasise of oemical. agends HRYMHEONiZINGI ch¢micaldR atkEJow
activit i i he i .o i.hation) . to.NHEJ (non
honol Ogt%r&@@’;edrt]@r)ej. oc? %llglﬁg?lr gﬁ:t(?gl )y%%@%%ﬁg%ﬁggﬁc%ﬁﬁ%tﬁ%}]bglss)ugjeegltmgﬁégti C
cell, eefs, toaa teatmbnhaith sediamybtiyratbost Gessjéan Ehel HZ0SAFHesatibe that a

general ly. npasyred in a cel opulation, that is, a u f, e.g.,
.eukaryd?gjer' gprsceF gife %%#i;aﬁqgheebgrqefag%eeeme %It’gn%?é)\ﬁfghag%f@eénce
i s madexdieiniiratié® of eniflosin@Phs g},ﬁmanerngeat@ﬁ@hngsfur@ar 8081, 19973)Cddberibk he
HR/NHEJ ratio of a cell it is to be understood that the fact that such

opt i m AADFyRNEINGGHEhe!Iseting thymnidieg. i n t he respective cell popul ation. The
reference point for any such optim zation or enhancenent is the ratio that

ot ) L i \ ;
bor for 3 a5 Beb 18BBALA o Equrl Rt R B, KRDET e BRI WelfiBnn) o
celhl pafnus atHRo namfb&sehlubrlmieb! by 'grcw_.idin% mppbiﬂl_?rpﬂpIElJRa;deMné Em myﬁlr_?g)\] he
enhanced or optinzed cell is_ derived. The ratio (or

acti vi 566 Fﬁ’tI?'p‘ﬂ’h'ghﬁn‘aHg%n?r&nc%%‘? d g?é’egg 'ﬁ%ﬁ%l\ﬁﬁgrﬁ“z,m@’,é ar BRCAZ2. HRg g
10, 11,aclivatofsdmalalsd et émipRybdatTHYselilQua s BiiteareendtainitddPRy RS- qRDaMDI ch

may be referred to herein, e, g , as a "cell not conprising said transgenic
sequen&MURIPYr compodRd n. MR-At eahancept thei hemplegods decamiinating ractivity of

i Chout By oo dheuly e 1Btk o Sy A Sy ks Ameb b TANAEEEL AL L,

t r eat n2008). M b d das thieenseppited e aswive, of maymoaliancdisngve peoteial donpuipxdsat i on

so that o ) } QI f cells of. .t |ation are,, at. the tj of
transf 60§ ﬁg%rog'ﬂqe?ﬁg&{éikéﬂqgé.so% e‘?"&bﬁé’? %ﬁsangr 1935§ Wit 'tﬁc@"]ﬁg{%irs h
such a XROChrDsiazatd el 22002)1CISugBressbis 6F'the MHEJ iviite thdyalse smphiyeangni cal
agents ésynchr oni zing chem cals) and | ow tenperature. Golzio et al. &6002)

descri Bee 1qantexd| of dhe presant ipventiony indisle NYALE He-(marpkolingd-yiihesgednt

Wi th sogl te. asy i al S B Ok b Tl OF
el 1's SO DK B! 8 DI anioRbr, . Surseeriidn e, RE1e Rindholucihy the

admi ni sheai¢abnNb70R6 noEyn dacilitatey rackesmi ofi BINA hendsc 40 . aBj intaat| homblogbus
(1973) 1 he izl cel | s L9 khyamidi ne. 'HR ha n.
Feport ST ibafior RS BAURNAT/Rbedt o5 200Eh° MEER S UPREEon 0 N E s, 1
ol 5 b e e B R A T e R
cells, i ch include, e.qg., - , RecA, , . RuvC or :
act i vat%?@'%‘?aﬁ?'swﬁlfg @n'ﬁ?%go medide PNA dawblesitangd: eenadt (Bquitph el alo,

RS- 1 (F{I@@é)_ stinmulatory conpound 1). RS-1 enhances the honol ogous

reconmbi nation activity of hRAD51 by pronoting the formati on of active
presynaptic filanents (Jayathilaka et al. 2008). NHEJ has been reported to
i nvol vd hei MRMEdIration ot al dedl, maybepenitanicad bynplesexessing theseeHEdemeymes,

Ku80- Ki iat i - nd_I | V. wi.th it -factor XRCCA
(Dol acdle BHoapr'5esl) Nre T Spbessdecor bRATR, ecfiveling or e tar 5P 8ieifey ca

i n the phgsicakdr centibal trrpsents. | DfNvapBf atdurhplidhing B GsHoan overexpression is
(2-(nmorpholin-4-yl)-h nzoéh%._ chonen-4-pone), a DNA-PK inhibitor. Suppression
of t he MRS on “HENSYeife SARURNCS] 9 Rpht SBZYMEat BtcaclBis S8 DA
ends t iti I i i i ' ' @éﬁ?éh Yehg:

20009) . Pedfbctiae %Eﬂ'pg?‘ il "Elﬁ%%nsgrt‘?%gnﬁ?ﬁ%deﬁ%sk e RO ighiy 2110
Pl 3 kinase, which also inhibits DNA-dependent protein kinase, which is
known to nedi ate DNA doubl e strand reggir (Boulton et al., 1996). The
HR/NHEJ ratio of a cell nay be enhanced by overexpressing those HR enzynes,
HR activators and/or NHEJ suppressors or by HR activating or NHEJ

suppressi ng physical or chem cal treatnents. One way of acconplishing such
an overexpression is by introducing a "transgenic sequence" encodi ng such
enzynmes etc. into the respective cell. Such a sequence is referred to as
"transgeni ¢ sequence” to signify that



WO 2011/ 033375PCT/ 1B2010/ 002337 it is not part of the corresponding

unnodi fied cell. The transgenic sequence is often integrated into the
genone ofwohe1esbi7’s The proteins descri bed above, such azeThBmi16i283ZYNES,
activators and/or the NHEJ suppressors may be expressed in the nodified
cell inductively or constitutively. A person skilled can readily ascertain
the appropriate vector constructions that allow for an inductive or
constitutive expression. Simlarly, cells have been nodified by nmutation to
enhanceét idRhatnparoof thee ceasspdiiding andicdifieeinded c@hé tearisBehidEskquante ivfoftencel | .
Several ubI |§ tt ﬂées descri ﬁ}ﬁthﬁ inhibition of the NHEJ pat hway, the

pat hway " FaSIBHINR e 980E R4HIG ¢9t egrati on of pol ynucl eotides in cells, as
a nmethod for inproving the HRY NHEJ rati o (see for exanple Krappnann et al.,
2006) . 1N / t t I Lagl ude
B0, K0 e e o e R BRI R B it NHES

mut ant )SURREESEAKS May baecexpsessed: inthe meodifiess eall induadivelyonr coestitutivelyn vary

oxpr os AEayon SAME EER A asdqlfid hey Shoblhle”y 160 LERGRKTERS ndl alplR72°"5

or everampdmmlvéaarfonhdtlwnwe egmessipnaver age of transgene expression.

Simlary, certain mutations nmay enhance HR by, e.g., enhancing the
expressj.on of c ai n endoge HR enz mes or activators of a

Y N 0a. (IS HRY RSN A0Pd by gasiBanio shane i aneies deseeaseiNIEYc! o
of a Cejn/RUnHants o PIR/RHEI ARG 0f 2%l Sefra u&'&ai’ﬁ‘ P@crfb%tt'hg |hh°1b@5ﬁvat ed
and peaks. If, in context of the present I|nvention, erence Is nma

HR/ NHEPfpdiagx HHEJ cpathwayt trse uRadweayo Jespoasibleeffor ermdqm integrationa of el |

of ac ] nodi fi.ed by
2 1 andguREReLes flodls, b5 RaMBATol Enyfipund HIENHEP Rl sp8 TrBnnie
encorrpa@appmanm ietral.j ﬁﬂ%wﬂemmmﬁort thmghmmahlmd\lﬁﬁd:twﬁtedatb blotk(MHEJt I p

¢ epr ot KBRRNseA biodhed ekReRe Tooe B efFreRdhoin R e Vi3 mutant

t ransf eggi rﬁﬂ]hﬁ thetontext drthEiRroddnt .r%ﬁhoﬁ EreQult # vérb%ugﬁﬁfda?ﬁ%ﬁhsﬁcénh&tgel |

cycl e) at DNA reaches the cell nucleus as the tine around the tip of
the pe&ﬁﬂcq)blﬁéNHEﬂ ragio @nd impsoeragrt dirasisasee pxpiessioneguely asp todh.fi, 7.n
tinme at Y%k I g= O ] ) val ue
at ai; ch T e 12,28 25, 38, 35,40 580 ol RybR i el6b gl Ereallon SR B

val ue' )tranWBrIé)emmgaﬁSBEﬁ‘larﬁmmmstkrtsanahenhapce)HR bg epgalenhascibgeen
reache into existen m ni mum nunber of cells
0t he e PAES AR A BEnal ehdBieFRE B etfies PvARR Bt S 48ace when PR
activity is known to be low, and/or when the majority of cells are in the S

phase o HRINHEQ ,Sé’amtmewwm@m aem.gc;séau)w alﬁeriwomufg%@ecéu GRESbf aRefOl Nt

intime when the magjority of the cel of a cel ulation are in the Gl

phase iPoPHiadign défnmf)’%ttceéeﬁlﬁwat Hehieft ﬁﬁwwmq ns re eyated ang)peaksr df, tine
per (Ii/’e”tcﬁﬂfex?fof wg%%g ﬂweﬂgoﬁsr%?&‘eﬁ&é‘i’s m" < @?&@F@/ﬁl’ﬂ&%?%ﬁo?%atg;ﬁ tq’& S,

is Indicate € 'seen from igure nore
than 85ftderstoed thatnefeBroeris evale tooa ecll bba cBbYophlatibe of &id saroé kiftc e.g., a

popul at | depi.ct ed ntified to be eith 51;, /M p

R R T R

this exgRPNEEJtpedre elnﬁoﬁ'lﬁﬁsfés ahmee irkéhval aksundomeshighést IRRINISRY lelléi/aﬂf)nGl

phase cells was thus highest corrpar ed to the percentile of S or &/ M phase

cel | s. (the tip of the peak, peak tip) in a graph plotting time against a value representing
HR/NHEJ or just HR. The preferred time interval for a transfection is before the
HR/NHEJ peak (e.g. at the G1 phase of the cell cycle), so that DNA reaches the cell
nucleus as the time around the tip of the peak (peak tip, e.g. late S and G2 phases),
defined by the point in time at which a 50% rise or more of the HR/NHEJ (or just HR)

from the value at which the line towards the tip of the peak starts to rise (“bottom value”)
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A functional RNA includes any type of RNA that produces a direct or
indirect effect in the cell that differs frombeing translated into a
protei n. wypboialszzsanpl es are anti sense RNAs or snall i rtenBani/o@3RNAs ( Si
RNAs) . An eukaryotic host cell is a cell that does or is designed to "host"
a transgene according to the present invention. A reconbinant eukaryotic
host cell is genetically nodified, that is contains additional sequences,
either as part of its genonme or as part of an extrachronosomal el enent,
such adoahe diptafrthe p;eakernaaal bgen ceahiednce\ paak essiesrinty exisiencé,| €9.,0fhéha

transgene. expressi on duc oncatemer ar concatemeric structure is a
| ong cdnwfﬂﬂfgldy%%f h]'e?ﬁif %t'otnl‘%{fe g dhe nQrﬁﬁTY%plPr@s@oﬁiFg?SSf t he

same NoARE HRE aaNﬁtysigquﬂerefﬁo lbenio@d drid/srelvhes thé ndjBAtyContat al%f intthe S
present invention the nononeric sequence i s or conPrlses often a
t r ansgdifiasepidn herfedPbasei whean HiR astivily i knaven ta be bighest. whi ch ni ght i ncl ude,

e.g., pronoter and enhancer sequences, generally integrate into the genone

f th | |
Y TN ST S IR
500" ?oagm(ldetm' oot han 800, aoRenEL C V0 S0 635 m?f?ﬁ%’?ﬁ?@o%#“ﬁﬁ&
sequend®PU Hﬁrqs§9ﬁ'8pe§gwgh ﬁs‘;&@ﬁé(de\{ks\?ﬂé é;l{ égﬁ)dﬁr‘ caled; s F¥hbBReri c

DNA s eae@RCRsm ithisPFighry rdné itedn Bo%os(ﬁér\éemanTw)ase@a@shém@bfy@bﬁem thdr@ be
present in a cell in multiple copies may have a concateneric structure. A

MAR el dhamPp%qoivir callpaf ﬁhﬁ,popala depiglashwere idegtifigtktabe jeitber in GARS or
accordi r [ [ r e or
oo (o Bndgte SHRRERlS E@“?Qhr@eh%ﬁi%f?ﬁ%%ei?.“%%eesvﬁ'?%”Sd‘%ﬁ 3R]
occur r ithig exaaipleolo BevikRthead praasenaftert21 basts. ofiee peogetitey of Gatprfasei dellsat es
protein ressi,on, of _an influ i.d MAR MAR el enment has

Bl ot s BR TR SormPAteeR e PinetiEich 8Y SRMMinneen saliet ef ¢ aci d wi th AR
activity, in particular, with transcription nodul ation, preferably

enhancwmmct&mau\RNA,mauaes':tbﬁ? tyde bf RRIAgthat S?G@fu‘éé§ O iRt eftct in
acti vi tg@and/or other activities whi are al so descri bed under "enhanced

MAR cort pa&thatdlffwzfr@rrbh@ngérabélatmbmm)a@rwemerTmm!@xamp@ﬁ genantisense
regul atega El"?gﬁ‘gﬁ%ﬁ%ﬁ'ﬁ?%( JRpNiAg boundary or insul ator elements, |ocus

control Tregions rzing dnd antirepressor (STAR) elenents, and
ubi quitously acting chromati n opening (UCOE) el enents. MAR el enents may be

defi ne basdo.telde i.fied are. priinarily, A MAR S4
const ru &co sr’ig‘f?r)f ' %ﬁ@%ﬂé% ¥higt IGF/gaed 481 g\”f*?y gfa'?‘?l%f‘gotl de
(50% plmbr@ﬁget&a@qﬁee@nmsb%n Seve&@hbmmlwmguﬁa%mm geheticdilp A
and T content have often been found wthin SARs and/or MARs, but for the

most  pdPedifiechdhat is retainsagdditionl seanercas githeiasnarhef ipaeneme gt es partfs
been Uaneé)ﬁHé‘Fﬁjomg&ﬁﬁQI I@ﬁ{e‘rﬁfi%}fcggaf‘é%gtoré hgeljrerl%‘ﬂ to ENAaHEYERSH eQ?PH‘Hr' fs,
ox, A/ T/ C25) an

SATB1 binding sites conSensus t opol soner ase sites
for versestsationef the transgepaiebtaressionmtiﬂuqt nucl eotide rich bent DNA region
(hereinafter referred to as "AT-rich region") as conmonly found in MAR
el enents is a bent DNA region conprising a high nunber of A and Ts, in

parti clA aconcatémem of comeatémurit estrudtureAE andonlA. contindoys EDMAT ech or
enbodi ne it contains at | east 100/%) f di nucl eotide TA, and/or at | east

{
12% of "BPIREWRBRE cRNARS JRULiPlE; GoRies, b they BrMEe JREAYTIBHS DN sepuences linked
prefer ghlgsrias, Ine@et comaktods ﬂ‘\'e”b'r%géﬁlt indEntidh t@ﬁ*(d?lbnfgncl BRA seRénet is or

di nucl eoti de AT on a stretch of conti1 guous base pairs (or on a
r espectdomprisgsoften astrarsgsmennthe cwabamfem: atrutegesoaf the teansgroe wérich mmth)

whi | e }?f’i‘r\ﬂbﬁ'& é”.‘g.t,)ﬁ%mgt%?gﬂgaern%aﬁ%luscéqlffeﬁm{%\é%lry |F\Q3raté‘Tntro tﬁgI geﬁgh@qﬁ may

the host cell. This integration can happen at multiple locations (loci) (integration sites)
of the chromosome of the host or at a single locus. A single concatemeric structure
might include more than 200, 300, 400, 500, 600, 700 or more than 800 monomeric
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WO 2011/ 033375PCT/ 1B2010/ 002337 be as short as about 30 nucl eotides or

| ess, but is preferably about 50 nucl eoti des, about 75 nucl eotides, about
100 nucl egbidaRssgout 150, about 200, about 250, about pd@Qp203lees37350 or
about 400 nucl eotides Iong or |longer. Some binding sites are also often
have rel atively high A and T content such as the SATB1 binding sites
(Hbox, A/ T/C25) and consensus Topoi sonerase || sites for vertebrates

( RNYNNCNNGYNGKTNYNY) or Drosophila (GTNWAYATTNATNNR) . However, a bi nding

site raulAareqIBMtdsdomprisingEaidatdngede TRER4EBLEN ardlics e RIBABIRSE A
cluster of bindjng Fseét es, can be readily distinguished fromAT and TA

di nucl S6AMaREES: SFHefesmnbialy ebsarved c fransgensssthat are saidaR e eresensimagellin A
and T qemaﬂbuebaoﬁeswﬁw@a c%c%t@ﬁet?@%ﬂ‘ue rgattern of the regions. For

exanpl e, for human MAR1_68, the lTatter mg have an average degree of
curvature exceedi ng about 3.8 or about 4.0, V\:hl | e a TFBS region m ght have

an aver r f gu bel.ow t 5 or abo 3. Re f an
i denti fAla ggA%A%egrgenrﬂal %o%g{ %8@%?‘{% naga&% SPAYSIES |%/egh>é§ﬁs°f S@A‘F?but
not | i ractedirigoto the! m’esmt inedtiongis teeNpgeGide %?ueh%e%%ﬁhg%‘é &'rﬁ@l@”‘@b@h

her ei n. :}oweve | ues are specie specific and thus may \éllal)ﬂ’ from .

speci e BFWOpHUPE, °r3?i‘éf) ﬁE@racéerbstlcs muth @ Raturalty accurriag "SAR: of v and TA
di | f
di nuc g@mr@g&} éé%sﬁ{bnéﬁﬂbﬁ@ﬁ% fr fiamstekgw@[@uﬂs%sﬁog% SHY gghawu%%& gy, rom

: rom about 3. rom about
about 3a@l MHRY /c\H\éAﬂ:Blsmergﬁ bas aleeytheafeatyse of dreing aal isplateshand e rusified of

cbout Je5eiq RUEfn JAAR"ABRAY, it paric)r Wil Batssfnton, Modllaflf Hrefoudon ° "

sel ect emhhagcerhentsactivitgdbat alseawith, Tag., tee(pressMN?stebﬂllzaftbn abiNycamdior otHer a
MAR sequence .S/ MAR or just. a, MA aI sQ in enhanced MAR constructs
Phae PSS wlidh B el deEHbRn (e o aneer AR ORI MAR Glaments

occur I ijabriyte/Pivided grd g bﬁ@b@@ﬁétm lafdt e@e%‘ﬁswﬂéﬁ Blselin@lG8&beLIRGary ®rt he
present invention nmay be based. Suc &rcté)ﬁgrtles i ncl ude, but are no

|i mi t ednguator glamenis. logYs woptrphiagienst stabilizingnanth ankirapressosdSTAR) ng
d/ f ,
enhancaidfizhisy ! ubidfitodap BofEEATHAY e O COEPBIFCSC MRS blements, | o,

a corrblrmu berdefined emlsedmmedidleghﬁed MAREhey areeptimahipt basedeohaAdmeerrﬁy

2011) 05995% ‘;‘E%ﬁ ll%%%'i / Mz%%t’?z %’6‘8&5&2‘&@83%\?@!9’&%PEOH?'S?%‘?%@V o PlSd t han

about Zdtbabes dntMAR 880 8eVePahsinpld %ﬁlefnbéﬁn@tfglllﬁ?ﬁﬁ?/wﬁnd Teonterppavef
nucl eotides of an identified MAR seg\tljlence A MAR el ement % enhance ene

expr es$I6A BRRY HUNd WK ShRoAnelor MAREn Syt fer i mestaprrt. ot usRtieral a
appr Opﬁm%ﬁaﬁ&a' and'pbiential HogeBshE éé“rﬂ:ﬁr'e%{iﬁ@& TRedY RERUBINY ALBRET ted

W hag'
upstream of a pronoter region to | oh ene of interest I's or can bé
oper abltie | Thiexd. DNAwaavinding owtifsai ﬁﬁé'rﬁiocblwngs&tes (Hsbaxlv T APSYuandhat a

MAR el S S gam or j ust downstream of
a gene nuc%ngu itéé&géﬁgr%%qlﬁjSﬁ%g?og?'eiqﬁ%@e% ?rdﬂasﬁéb "l ti pl e MAR
arrangenents both in cis and/or in trans are also within the scope of the
present invention. The present invention is also directed to uses of MAR

el ementsh @OTPARESUON dtiieO fizhObefo DNA ORgMAR (Fdreliftfef reROHALET s SUqhries, but
not limted to hi stone nodi fiers such as_hi stone deacetyl ase (HDAC), other

DNA el SR8IONS) 2EEPEERTY faund iatMARelementsis 2 et BNA weinn @Qmpnsang eejgbns
LCRS) il !
<(31nd a)nt r epr gg;so\géﬁde?gcmrﬁﬁ f@%ﬁ%rrﬁwa n%%i%% 'd% g‘rﬁ% eﬂ'{cf T Ol'gas pﬁj&ﬁgg |T|z_Uer

and O temb&@ment, it contains at least 10% of dlnucleotlde TA, and/or at Ieast 12% of
dinucleotide AT on a stretch of 100 contiguous base pairs, preferably at least 33% of

dinucleotide TA, and/or at least 33% of dinucleotide AT on a stretch of 100 contiguous
base pairs (or on a respective shorter stretch when the AT-rich region is of shorter

length), while having a bent secondary structure. However, the “AT-rich regions” may
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Synt hetic, when used in the context of a MAR/ MAR el enent refers to a MAR
whose design involved nore than sinple reshuffling, duplication and/or

del et i on Wb 58@485¥€es/ regions or partial regions, of idegiiki@eodBEs or
MARs based thereon. In particular, synthetic MARs/ MAR el ements generally

conprise one or nore, preferably one, region of an identified MAR, which,
however, m ght in certain enbodi nent be synthesized or nodified, as well as
specifically designed, well characterized el enments, such as a single or a

seri es bef ad lSRo&, asvabelit 30 muddbtided @ feES elShtelgb;S}@féfﬁﬂl'y aby R B Alcleotides,
synt het | cal Igg fw&rﬁ se desjgner elenents are in nmany enbodi nents relatively
t

short, @PRup oijides. aaut 1100 @'é‘ﬂ‘é‘?t&iqsy aheut e eah%rgoﬁbébputiw hoUtong,
prefer%’@b}’aﬁ'&ﬁtﬂ%cﬁ‘réﬂb@“@@‘ﬁﬂfﬁe%ﬁ@esl%h éﬁ; rabout 40, about 30, about 20

or about 10 bps long. These elenents certain enbodi ments, be
mul tinmerized. Such synthetic MAR el errents are also part of the present

! . >HC 1 Chat I ,
2011/ 059 BlbritassBeh 20 i PR BRE ieiliveloRhA e foantih sicuas the
L s s o T N sl g
synt heti ¢ u |

i éent i fVPQE &ﬁﬁgw{"@ﬁ}'@@@@wm&dea PFPW@"%b&@ENMYﬁ%{NM NINR) ong
as t he)HdWév’é? Y\ Blﬁdiﬁgts'lt%ﬁ’épiﬁn anuﬁe)a'lﬁ PBAIcURS atBSss 'r@g’ﬁﬁn qpﬂi\é@ comwﬁ?

preferred identif enents include, but are no imte
168, Rustustenof bingirg sites, sasrbesmadilpristinguished frormATand TAdinuciestides ech ons

as dis TN 0 pu Welg 0 9, . which
are sp%@?ﬁ%a(l I ymﬁcg%gﬁ%y(ﬁ@ e%génrggﬁtlsnt lg]‘qhhiﬁ p@e%@gt a‘%oﬁ?'gawo% for
t he di somparsen of thenbesding eattes offthehegnenan(Fomtelxemd}dARoehemientMARTh_@&

chi cke s al so a refer ed enbo n e, US Pat ent No.

o 56° o R EF Tt &0 BuiBeR ol of EimuSlibS Pueseing. A6t 3.5y0r About 4.0,

di scl oswhile anfrﬁsﬁ?r%@mgﬁt) ha¥d anl &fe?age H@ﬂﬁééeopba%[[ﬁétbél’cf)wtéﬁbut)@ gref €
elenents (such _as chromatin el ements) on the same nucleic acid nolecul e

such adl OBW 3nBegiangiafan @G“t'ﬁ%'\@%ﬁaﬂ/élﬁoobe gsceltaingeh by miermptiya meastsers t o
the plageent Wit ﬁéﬁolnﬂft §96e réh v@%émﬁgl&%pﬁ&?tﬁ ﬂ%f 'dBP??IJ O&{HE% Swnpe t he

two or more Auclelc acid nDIecu es suc W0 OF mor e
vect or dergin.c Homerneych Aakeglanecepacie spealfic anddhus may yapnftomr specianto on,

€9, %pgag,e a%?ﬂa)i/,teﬁ?fetg_et ?ovéletr.s ‘?ﬁltjsi,vthteyrefs;r)gc ive RJI'S/ tJ ?del'nﬁ’&%%é gens' rich
regions may have lower degrees of curvature such as from about 3.2 to about 3.4 or
from about 3.4 to about 3.6 or from about 3.6 to about 3.8, and the TFBS regions may
have proportionally lower degrees of curvatures, such a below about 2.7, below about
2.9, below about 3.1, below about 3.3. In SMAR Scan I, respectively lower window

sizes will be selected by the skilled artisan.

The terms MAR element, MAR construct, a MAR sequence, a S/MAR or just a MAR
also includes enhanced MAR constructs that have properties that constitute an
enhancement over an natural occurring and/or identified MAR on which a MAR
construct according to the present invention may be based. Such properties include,
but are not limited to, reduced length relative to the full length natural occurring and/or
identified MAR, gene expression/transcription enhancement, enhancement of stability of
expression, tissue specificity, inducibility or a combination thereof. Accordingly, a MAR

element that is enhanced may, e.g., comprise less than about 90%, preferably less
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A transgene or transgenic sequence of the present invention is often part
of a vector. A vector according to the present invention is a nucleic acid
nol ecul e wepahls3zys transporting anot her nucleic acid, ggrhBzao/BsANSgENne
that is to be expressed by this vector, to which it has been |inked,
generally into which it has been integrated. For WO

2011/ 033375PCT/ 1B2010/ 002337 exanple, a plasmd is a type of vector, a
retrovirus or lentivirus is another type of vector. In a preferred

enbodi rtean abbut 8@%i eventraone, preferablydess than bbowtar0%etbssrthan dbout 60%, or

transf | pn. Th Gl aor .sequence of a vector _is the. r,. RNA sequepce of
t he veg%osr %@c‘?tﬁ) t@}&r‘?{/ th%ﬂH er 3&“8‘e8ﬁ§%§ gk aedéﬁ"fgmz\%aéw&m s Ael |
as gendMAR elementinsays ssharise déie ekeBsibh andfenrdieripfiesenh tﬁé?@%éﬁé @pbh ON
refers to "plasm d” or "vector"” honology, the termrefers to the honol ogy

( her ei Aransimalinn qf A8 gerigrriate el wHe sa frug) of the entire plasnid or
vector including MARs and genes. An eukaryotic, including a mammalian cell,
such as a reconbi nant eukaryotic host cell, according to the present

i nvent ifoMAR eleapritisprsferablyrigsemechupstraam ofid@rometdr regionito evhicmdigene s .

Non- | i it X f IS Ly f cgll are non-primte eukaryot.jc host
cells gﬂ'}% &gsﬁcﬁm‘%ﬁ t%‘ar?é){éé I%v@ﬁ(f%( oﬁSXVGX%“ 1'g 8ﬁ§aﬁ‘a§§net?9éﬁ§?5 ’ H} dhey
cel | s (dEMntag@Q® GGt alMAR Biemeatds dodcaed apstedrasds welllas dawohstam or fust
human I(ﬂervi&al cajcinoma ce|ls (HELA, ATCC CCL % and nonkey ki dney CV1
line t PONEPERATA oL Qeg%]@m{e@fﬁé 7acidseguente 19fginfereat. ; dethieni multiples yotic
host celrlangesiehtd 86t irf &id ahdasr ha b ki jyon
W th tr_ansgeni c sequencgJ and/a(;i"}r byﬁﬁuhfg??ﬁgé %’gﬁ%ﬁg%?tp%oﬁg@%igﬁ% are
abl e t "&EEPBr m post -transcriptional nodifications of proteins expressed by
said cells. In certain enbodi ments of the present invention, the celluar

counterpart of the eukaryotic (e.g., non-primate) host cell is fully
f unct i dinel presemt. invértnnistalde ditecteddo ,usies axf tNMARt etembyitstdrabined. witfebheort he

el 1o Sorg SEReMRRCRio S seadlalor® iidn.as 4 PoF Bt ld. mone xstieds such ane
pr esenthistowe deadtylase YABAC) bBEHDINATEIGheAtsEplRINe AYuthtbNERNfeMSCIsAERNT

eukaryotic cell, such as, but not |limted to, by electroporation,
| i pof e@8i lgpus ¢ratral (agiens (IdeRek insidaters sueh @sr e P4 prt antirepressan stemantsn )

or via(ggendiasiizdrans drititdptdsds LIBARAY (YPAR B9 URVDY AbnRRtsS dr RétdShots
(Kwaks THJ and Otte AP).

Synthetic, when used in the context of a MAR/MAR element refers to a MAR whose
design involved more than simple reshuffling, duplication and/or deletion of
sequences/regions or partial regions, of identified MARs or MARs based thereon. In
particular, synthetic MARS/MAR elements generally comprise one or more, preferably
one, region of an identified MAR, which, however, might in certain embodiment be
synthesized or modified, as well as specifically designed, well characterized elements,
such as a single or a series of TFBSs, which are, in a preferred embodiment, produced
synthetically. These designer elements are in many embodiments relatively short, in
particular, they are generally not more than about 300 bps long, preferably not more
than about 100, about 50, about 40, about 30, about 20 or about 10 bps long. These
elements may, in certain embodiments, be multimerized. Such synthetic MAR elements

are also part of the present invention and it is to be understood that generally the
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WD 2011/ 033375PCT/ 1B2010/ 002337 Transformati on as used herein, refers to
nodi fyi ng an eukaryotic cell by the addition of a nucleic acid. For

exanmpl e, wohhanskpsnmed a cell includes a cell that that phgggRReM2337
transfected with a transgeni c sequence, e.g., via electroporation of a

vector conprising this sequence. However, in many enbodi nents of the
i nvention, the way of introducing the transgenic sequences of the present
invention into a cell, is not limted to any particular nmethod. A single

transf geésam dezenptidrhsan thee udésistddaethat raa?ﬁﬁmgcmamsi Sai@ b Yappr {raMRgARNCeE.
Tr anscri‘?ti on neans the stynt hesjs. of RNA froma DNA tenpl ate.

" Tr ans §§PeMtorRaually 2ppligsto 3 gynthetic MAR elemitdene that is being transcri bed.

Identity nmeans the degree of sequence rel atedness between two nucl eoti de
sequences as deternmined by the identity of the match between two strings of
such sddgneheral, fragmentgsoft Aucleatide seduences of idendifiad AR etienments yareasisbe

. . _ . ; hod
| dont 1 1O T8 Eno¥R efinkB 28 160 3 d MUEh BoeiBrs R ves: SRERLE
known tdesefiheéd aisbver t i sans ( Conput ati onal Mol ecul ar Biol ogy, Lesk, A M,

ed., Oxford University Press, New York, 1988; Bioconputing: Informatics and
Genone Proj ects, 1 Academ c Press, New York, 1993;

Smith, D W, ed., ! W
Conput &1°Mé Prefeired greriifipds MAR sleraentsapelude, byt pre ot Amited, toa MARY 1 168, n, H,
G, ed S MW sle , i égﬁg i Sl ar
Bi ol og?{l Asdwn_r%qéﬁﬂnﬁg?l‘g , Acgtﬁrlr\? %ngggl@ufg@;gﬁm equ%%!(':@s'A%aP@lsjﬁgg
Pri mer in &VOBORDWOM7 and WS vpatenik publicatiods2007013846%.t whidhr eare, spémificatly k

1991). . c egl t etermne_i.dentity be en two
sequené@é\oﬁ%ﬁ% %dgyl, %ui%r)ég?,gpk\% ﬁem'%tr%(fr&oge?ﬂ{?@hgﬁi fs°<5l ed}'ﬁosﬁﬁ?dg ttBe Huge
Co rrplult aequendest défnthése Birshother &AR é}é';?\gﬁ}ﬂ CcTRe Qmﬁ:kegaysﬁiggéﬁ) Ml,ﬁggg? alsanal
Carillo, H , .and Li.pman, D., Al i . ) .

Pref er rpé‘?fngFﬁf’ h%‘QOE’@"‘HQt 555 n@gi ga@ﬁﬁrltt @oar e1£b§%ﬂé‘§“?'b i§i %80t pREqifigal st
mat ch hedonssratdd 1eerbitfop RS URMfRerd BEMARR elghfdntdjet hods are codified in _
conput er prograns. Preferred conputer programnethods to determne identity

bet ween two sequences include, but are not limted to, GCG (CGenetics

Conput ¥; j " :

| of & eriaes jo YeCbRETShE of ol 8P L IANEHE (B S tandun. ABmAS) enchu

et al . the\Bapt HUBRESS 7ZERCThAIBR0I0S0ER 337 but not limited to, the same vector or
chromosome.

Trans refers to the placement of two or more elements (such as chromatin elements)
on the two or more nucleic acid molecules such as, but not limited to, two or more

vectors or chromosomes.

A sequence is said to act in cis and/or trans on, e.g., a gene when it exerts its activity

from a cis/trans location.

A transgene or transgenic sequence of the present invention is often part of a vector.
A vector according to the present invention is a nucleic acid molecule capable of
transporting another nucleic acid, such as a transgene that is to be expressed by this

vector, to which it has been linked, generally into which it has been integrated. For
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(1990); Altschul et al. (1997)). The well-known Smth Waterman al gorithm
may al so be used to determne identity. As an illustration, by a nucleic
aC|d conpwogbﬂgngngucleotlde sequence having at |east, perIBX3A0d2837 95%
"identity" with a reference nucl eoti de sequence neans that the nucl eotide
sequence of the nucleic acid is identical to the reference sequence except
that the nucl eotide sequence nmay include up to five point nmutations per
each 100 nucl eotides of the reference nucl eoti de sequence. |In other words,

t 0 obt adxanple\Uf pRemidlR & 8)plenss v@cloiCh fstidviteis DR BHINGEs &f an®RST tyBe%f k/é@tBF i cal
to a reference nucl eotide sequence, up to 5% of the nucleotlges in the

r ef er erlB@ RigiRTERMRagimant gk the igventions thesyeater is dinaafizeda REORS transtedioni de,
or a nunber of nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference sequence. These
mut at i ofhe vectaresequeneeaf scvectordsnting oDbUY oatRNAes&quence3of ttiee niectdr

positiaq nucl.eoti d uence aor_an

term na ugjii? 8Ihl%nt Ef@ﬁ'&rg%@s ésluf:ﬁe ﬂﬁﬂ?QﬁQﬁ?a‘?? e\gwnﬁ%g?eﬁﬁh?gi‘?mﬁ& in
t he refsﬁmamd\nsﬁcmematsor in one or nore contiguous groups within the

ref erence sequence. Sequence identities of nore about 60% about 70% about
75% about 85% or about 90% are also within the scope of the present

| nvent iviRen And rbsirt spielcHicafsh PEreRs RAVPIAEMIYD Sr2ielcadr Hsmdléqy tfeABRhNer
nucl ei c acid sequence refers to a sequence having point nutat

del et i defergito hrihomeiegy thereis useduavmosymiods withyeequense idantiynaf thmemtuence
on the C is often reflected by one, two,

t hree odl%ﬁﬂﬁ &r%?%%@ﬂpﬁ%&%ﬁggﬁﬁge |nvent| on is directed to both

pol ynucl eoti de and pol ypeptide variants. A "variant"” refers to a

I tid tide diff f t h I t d
pol Y pegt BEkY ol Ry BG B maiybelarE Rel ke 4 & kP et PRI B gt el

t her eofaccEringd % lthie présémhverdion RVEspHble @fcvémg/ nidifffalr@d aRder SellMBiiYure
regions, |dent|cal t o _the pol ynucl eotide or polypeptide of the present

i nvent iSORditiPAE \Nen-limitingnexarerias Af dhis tyee f icel sire monnrirpale eukaryeficonest
non- COCHe(i]Q s[x@tghg%ﬁmeg é(]er o%i@ﬁgsg Eg éﬁﬁaﬁgager a%q(g)do’no’gy(,\ﬁﬁge(%'l-ﬂ& |y

preferred are polynuc eotl al ni ng ns chprdduce
si | ent AUBCStGCLOpn L rimatdicukarystic dostieélst inclusle, big, lomantcealita rcardieoma

br oducad by ELRehT e B Bland enhae kel ey Bk haPaieyMen W STa 2P c o
are pref, ATEOU.CRIDI1EBYEN A regomdliiant e0kaybfid hbstlébll dighifie®a delPthabhag baehds
are SUbStI% ed, deleted, or added in any conbination are aI so referred.

The i nvBefifiesh §i%o b¥ntiaRsfastion with dransaenici seuence andiar J yhulatient Thes. An
al leli Ceu‘kﬁfyoﬂethdi?'&@@%ré‘%lé)io ?)\éﬁoﬁﬁ d& ﬁéérﬁftlﬁﬁél' tHod fﬁ%ﬁ@né)Bf grcﬂ@lﬂ?
occupyl ng t'he sanme chronosonal oCcus I cC varliation arises natura Yy

t hr ougtexprasser dy, saiddcaliay Inesantain emq@diryermsmﬁ tbenpresentrinpeivnathe nslluaéene
nmut ati g n id or

encode %@P@?’g%'?ﬁéﬁ{se avf’?] a@@r g%' gﬂﬂ?gee}ag{;% %gdﬁﬁﬁllcy fgﬁ&kﬂ] EI)1 e'I I’S/Pziri ant
of a pdiegpeptd. ﬂmacavaeacﬁwmmtiaﬂ;e Rattberde teynsgyenid k@du@céa(rel.ga,nbnm‘atea igene.

expressed in addition to its cellular counterpart (e.g., non-primate).

Transfection according to the present invention is the introduction of a nucleic acid into
a recipient eukaryotic cell, such as, but not limited to, by electropofation, lipofection, via
a viral vector (sometimes referred to as “transduction”) or via chemical means including

those involving polycationic lipids.
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A pronoter sequence or just pronoter is a nucleic acid sequence which is
recogni zed by a host cell for expression of a specific nucleic acid
sequence.wdhe1iR393%t er sequence contains transcri pti onalpce¢apigi@boggquences
whi ch regul ate the expression of the polynucl eotide. The pronoter may be
any nucl eic acid sequence which shows transcriptional activity in the host
cell of choice including mutant, truncated, and hybrid pronoters, and may
be obtai ned from genes encodi ng extracel lular or intracellular polypeptides

ei t her Tamefomation as kg hetdls oréfers 3o MRlifyPgtart&likaryJHtEcdlr B Meddditfon of

"functionally linked" to a specific nucleic acid sequence iT it exercises

its f un%welﬁ%oﬁcig-aiFcpr;ﬁ@ml@,ra transfaeeed aeell indudes amglidhahihat Hastbespa,

|1 P J : t
o ot W o Bahboditc bbagite e £ O SEC B ftid 8 a el BopB AT '
al pha- ftbisogaquesce, Howeviensalmanyeembodierentsraf/ thednverdibn, Hweveag of irdrodeningncer
i ' b - | i n¢lude ,.SV40 the late si f th
Fepl | cal PR e e R PPl ey BibRobal il B fany®

pol yonmgpartitidacekthod. t he | ate side of the replication origin and adenovirus
enhancers. WD 2011/ 033375PCT/ 1B2010/ 002337 Exponentially -as used herein is
not an exact mathenmatical term but describes a biological gromh curve of

cell's, MBRIQEIrahs¥6Eion Aleahy GRatth'dR¥EMbdStrafife@dras ShiyAh&iirmlddhcebut is a
curve that points upwards and, at |east over a certain’'period of tine,

continously becones steeper. In any event, it connotes a nore than

addi ti 1 Labi i ] u i n. nt ext
21 he TroScRpUBRTREARE I ANLAD S i Honf HBRALAPIAS, o7 Blhdchioipogiy
t r ansf cactive” cefets toea Fassgeneat that istbedmpfranseeitbedel | of the same kind. This
variability is a result of differing transgene copies and/or the site of

transgene integration. Also, the co-integration of nmultiple copies of a

t r ansggdentity mBans MEdéfredof SBYubfittrelRedidsBdMBeA o hlbRofdd s&qltHRs t O
the variability. Mireover, the termconprise and derivations thereof do not

excl udea%‘ﬂfﬁéﬁn%ﬁé iyribe idantist ehbibe mateh beweantwa stengs absigh sequances|seicha”
O derivati o A

Sover al 25, nd B6fPRte CBqfited hiaiiFesh Bo ealil datoufeq: VTP KRS it

uni ty. ahember afmstiiosisdomessuye ideintityt hetarpen o matiebtidendquéneesi the term

exact |y Y T uPUERBRGD SENS =Bioe TS Fha ot Bolestlasilioed Lasboher namt o
(HR),  NONedOERIUSvENRy FobE Naw (SHEHD88NBIGELPRERYITRESAMATES YAR! ABI LI TY
OF TRANSGENE EXPRESS| ON The variability in transgene exgr_es& on anong

i ndeperfd@MMe FAREFSy REHts O- Vi ﬁﬁi,lf@ﬁés@'%erQSﬁeNﬁw%ﬁ% 699 rrrBpyienbl v

i ntegr i SNV Ba@f a i Ofqd N ion. Wile
st udyi ﬁ&ﬁéj él?lgogggqi n par?@éﬁ%gﬁ’ %}H@Adgg'e% %Pﬁf%?l\/%%% r{/‘iﬁgTaz’Ehi gher

expr esstress.dlewrgrsayei884; Srauange Astalysis/iatMolesulae Biologi ontdeinieeSul t elddi B
broad _. =g iy . ;
ot oven AGenk BERCISAP and SBAUERS Mdtis Sy SIS M A BRI at e

i n the eisndvitstodiiens Prasss Nevs Yotk 90am). iMdtrodpeavimanty erapioyedas detenminee
observat,i o Sib% imet al.

£ 1 vor ecteRtly phMe8r e ssdusnsss Indhden aht srenasiiniigadinase Shelored Beuidsr

st abl e p&llge’@8puters, Martin J. Bishop, ed., Academic Press, San Diego, 1994, and
Carillo, H., and Lipman, D., SIAM J Applied Math. 48: 1073 (1988). Preferred methods
to determine identity are designed to give the largest match between the two sequences
tested. Such methods are codified in computer programs. Preferred computer program
methods to determine identity between two sequences include, but are not limited to,
GCG (Genetics Computer Group, Madison Wis.) program package (Devereux, J., et al.,

Nucleic Acids Research 12(1). 387 (1984)), BLASTP, BLASTN, FASTA (Altschul et al.
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WO 2011/ 033375PCT/ 1B2010/ 002337 showed hi gher intensity of fluorescence in
cells transfected with MARs, thus confirmng the increase of transgene

i nt egrat iWwe-20fW3sHREr investigations, resulted in the fipdiragdihigsszafter a
single transfection with a transgene and a respective MAR, the MAR excerted

no significant effect on the amount of plasm ds transported to the cell
nucl ei after transfection. A possible explanation was that
concat eneri zati on and/ or integration explained the high copy nunber

i nt egr g edo)i Altsdil @€AP EOIH)). T Wall-kSowr B%ilHV\fa!é’fhdrﬂﬁﬁoﬂmﬁ] maglaldYes may
play a role as DNA reconbi nati on signals. Because of their structural

pr oper tYsgd to datesmine ideBLIYY- unwi ndi ng and unpairing potential, the
possibility existed that they could augnent the frequency of honol ogous
reconbi nati on between transfected plasmds, thus allow ng the formation of
bi gger Asoan Bustiatian, byc nunleigrasid comprising gmuclectide sequehashaving apleast,

S dl ; i ti gat ed that d t '
ot oo b staltp By SR ER R §YeiRtentE icieolRt seligiie FRADS 1Rt thesnst ect i on
and subgepotide seqescedfithe aubleit acid tis identide td tHedsraAcekbguerte@icept han

additive jpcrease in transgene expression rather than providing just an
addi t i Jaat tE?@P?'eP%e ﬁ%%efi'f%cm@w&luqehw tofive RRIDY Autatioas Per egeh 30 . two

i ndepe i ' i i PR S 3 hat
the hi ﬁ?ﬁé{ﬁéﬁéﬁ@%ﬁ%ﬁ%‘? o ot ol BRRRSS RIS

was badwdinga augeetidesequaiseiat deash 96%oiflentical taiatrefererice mickeptimieed t r ansgene

w1 o (hapEheel b b RoR of IRTAIGESRRTHRT{etorRRed SRS iR e BEToslP BT vt cue,

it was substitbtad witty astthgahecleofidd, loeia ridrebdr gfmuclestides ap td BY/EOF takastal r ansgene

copi es in successive R transfections nmay, at |east 1n part, be due to
bort or TLBIeDHAEN B the Teldsen st Saiaon S by BleeriaH ARG TTRTeBSeaHoN R o ¢ he

cel | s dies8InitAforEIAs FofePer detstuRAES PRE: oe%ugbpﬂ@sz? dr@V%rHiﬁHJ plaei'ﬁlehggpus

reconbi nati on was suspected and tested by studying the effect of plasmd

horol o the ieferenee purigptide seayenceraryuberehetwaendhpse tesriral pasitiansgli f f er ent
b . . . _

Fveal TTRRPere Sl EESRANRTan AR BB RN g PRl SBRehel e el Sone

as wel lor axoriERntigumisogrpypsasthgetherrafdrgncecspguende f Geghegbeidentifiesofanore of

i nt [ d_t i i i.iher th f

expr osaPghT e one o cerii Ze % mopnaShau e Bblsrerse BT bR sgoes

i nt egr af tpreedntinaastpane WO 2011/ 033375PCT/ 1B2010/ 002337

A nucleic acid sequence having substantial identity to another nucleic acid sequence
refers to a sequence having point mutations, deletions or additions in its sequence that
have no or marginal influence on the respective method described and is often reflected
by one, two, three or four mutations in 100 bps.

The invention is directed to both polynucleotide and polypeptide variants. A "variant"
refers to a polynucleotide or polypeptide differing from the polynucleotide or polypeptide
of the present inveniion, but retaining essential properties thereof. Generally, variants
are overall closely similar and in many regions, identical to the polynucleotide or
polypeptide of the present invention.

The variants may contain alterations in the coding regions, non-coding regions, or both.
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expression. In fact, the observed effect of double transfection was totally
abol i shed when all sequences differed. In addition, the timng between
successi Weohhanskeeti ons was shown to be very inportant pr@asdih/gyest he
optimal protein expression. It was hypothesized that, at the tinme of the
second transfection, cells should be in a cell cycle state that is
favorable for a higher reconbination rate, leading to a formation of bigger
concatanmers and integration of nore plasmds into the host genone. As

di fSCUfSiﬂi#)eaiéﬂY]@reféﬁéd &R Bl ALALSIidARihtd Eorta TSRS atiIoRY whRhHrbdddedm t wo
princi pal nechanisms that exist in an eukaryotic cell, one is HR and the

ot her isienygubstitpigss, aditiasns; eedelgtienssbut e net alkker tha prorertiesipr activitigssifect i on
were t L Shticfdl - er ' r
ot 1 ci api SfieodedlpdPecic MBIEfte S piSi b I SIREC USRS BTt F e
f ound tdegenetacy NHEhE pendticagoderaragoefemred. bfeaieentariantsniagerieh 5rmledr&tdron and

expression. .whil.e a functiongl  ho 0g0 reconbi nat.i o at h and

honol oa‘agémag'ga&é%éﬂ‘gst%tesh%gF{‘%qQ? @@3%%"\/%@? %qrﬁﬁlpaweae %fgéh-l evel
expr esgpreferredhen nutant CHO cells that relied solely on honol ogous

reconbi nati on were used, transfections of MAR-containing vector yielded a
very high increase in the | evel of transgene expression as conpared to
non- MutTHeSvéiftionalsd\Atompasddsidliy fartarlt & Sk RMURINABY! AR Bldiic
integration events wth successive transfections ‘at specific tine

i nt er vaRgantdenstesi any of o omalotsaaltergativeafiorras lof argenegmeopying dge aamd at one

chrono : effe f hps ells deficient in . .

non- hoﬁrr\'ti))1 og%%@ﬁéej’ﬁ%qfrsg%E'FH%@#"%%‘%F&%6‘8@‘“’?%%‘1’9&5?\”@%'0&aPﬂ{'&}’r%‘?ﬁF'&H‘ of

t he :\/AlaoihmcbmaiscremthinqommiensJ (Bdnéml.]ftaﬂiﬂrﬁackﬂbb@gimmrgo gum}i@ mttag L 0 MARs,
namely tha ransgene i ntegration i avored by HR an i sfavore y NHEJ.
Thus, ﬁ@ca@?ﬁ gg@p%%ﬁﬁmé "zﬁq{demm%e@ﬂﬁﬁagawéa@'tstﬁﬂaﬁmwea%ql this finding
to i ncrsegiénddsaAnasiBhic Valigictal plypubtided!a polypRpEGE 8nEIEEP bR ileii e

met hods i nclude nethod to increase the HR decrease the NHEJ and/or

i ncr eadarigheoftageN4E) ratio at the tine of integration with treatnents, such
a chem cal or tenperature treatnments or other treatnents that that allow a
synchroni zation of a cell population. Other treatnents and nodifications

ar e dedgcprdradtartsaagecnne er just promstanss aaiuctdic abid sdejusiHEsd writh @& retbgnized
construycts werec%[i nmar i | \éa%el | s . havi ng..t he <ﬁUi tahl,e makeup tq allow for a

HR enh&¥c8nBARt ol NRIEFXRERSSION OF h FPSFINIGnNUARIS BRI eBRAYRNCRN kpiggter

r at i on.seqWéhc0édntaine3raiecliblicRal ldnbeP séduehtesdesicr asgulbietid-Exdpragslbrrof t he
enhancenment of HR or the HR/NHEJ ratio in the host cell has also a

parti cld&molyrnuglegtidagdbaspomalet may brearymusieic @cids segeange, whichasBewst i ons
whi ch q ol i i.nd

bt oces 2 asSfiptipRe: BabuilyH it folt BAor SRAIEY Ficudify RtbR (YAEA(eRT BRERGBIN. e
expr es promotersiRand miayt e obégined fesn geneguéendtasting sxiratelprlawy od éntragellhizr

advant . PL.Op L es t in rt. _can be expl ained by favorabl :

i nfl ue%%fyg)éawg‘?ﬁ)Iegb%ﬁglopicgmlfsng? ﬂb%er EOQ%'ISI Foagh%)}’o ? rﬁ??{l g[ﬁrg%lg,r Rome
of whi Cfurittionallgdinkbd® toss sgegficviuceR! acid Sequemcalif it &lerbrbs s fBHGidncah i on
US 2007/0178469). MAR el enents have been described to have the ability to
i npr ovESATRRENE®e expression by reducing popul ation expressing | ow | evel of
protein by protecting transgenes fromthe silencing effects, which |ikely

result fromthe integration in non-perm ssive heterochromatic |oci (Bell
and FelEhapneess argods-acting elgments 10nBNAg usiully tfrarnsabadd10 ot Akoylr 88@nce

of MAR ' h [ di f.i i.on , '

hyper ad eﬁ? %Ogg?%ﬁ&ngﬁ {q%n‘{i eé%g iot?’e5 34;8{'}0 g%r srqg e'qué}el%%% e'%r g?ﬁ%‘ﬁm{'éﬁc Fbﬁérg@eelrg rﬁ(:fén et
alj'd’ Z@M?T,Yems'taset aalbumirﬁoa[phadeto@rme'@esaridﬁ inseukbiﬂuehﬁamcelrgcmfka'yztaf1 i wged.

Addi tigna , MARs may recruit. regul ator roteins that i chropatin to
Sopt SGHRvET. 2t RBBARGRT GATAIG yiris MAvass vbedt GramPies Induge SUAT o the I

t ranscrsidd 6faRe ragiicalion oAgin, #% EpteiRgaRNRUS ¥BFIF ?Fdrﬁ&e(' EAREACE tHal polyctRE2:
Hart and Laenm i, 1998). "Alternatively, but not exclusively, I\/AF? nay

r ecr ui t€NPABESS oisthedatesidrief theeplieation asiginuend adenenipusenhanceisen state nore
perm ssive for integration events. Al so the transcription of transgenes can
be inproved by an activation of the transgene pronoter or enhancer by MAR
MAR may al so favor integration in a péPnissive |ocus within the chronpsone.
Finally, they may enhance the transgene copy nunber integrated in the host
genone by a nmechanismunrelated to HR In this context, it should be noted
that the perception that a higher copy nunber always supports stronger
expression of a transgene is not necessarily valid since the presence of

mul tiple copies integrated into the host genone favors silencing, resulting
fromthe propensity of repeated elenents to pair and assenble in
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WO 2011/ 033375PCT/ 1B2010/ 002337 cel |l fluorescence |evels were shown to
correlate well in the presence of MAR Thus, an increase in transgene

expr essi omoi2s11/G3EEy not only to result fromthe integracirab2mboorsse
transgene copies in the genone of cells, but to be favored by MAR-nedi at ed
i nhi bition of epigenetic silencing events that are associated wth the

I ntegration of tandem gene copies. As noted above, especially in the

cont ext of successive transfections, the increase in transgene

i ntegration/expression in the experinments perfornmed, could be in part

| ai dit tifyi th t of .t t ted | th
puel o Expementiay S Lspd' el GuACT A Xiat MG CAb Lo oo P ESGsIbRE F ds
Wi th twlbdieaisfroett edfe dicdIR! Whewdiala Yiaph dAfeh @@%mr&iwla%ré%trﬁlghm

the second transfection, since the first transfection may facilitate
upt ake 1BRaPWLE BgUrve dRAtHBRINts YPWREISc and sallgashgvena@ sedainderiashef e on.

| ndeed ' L ragel byl raffi.cking !

quantif,C 3?%’5 t eségé}gg%?‘f ?ée&%)rf th?lgye%;eg éorqméiegl %ﬂé?;%fﬂqg%r\l@fjﬁ@ge’sﬁ'gh as

| ysosoingseaseucl ei and cytosol after each transfection, it could be shown

that plasm d DNA bearing a MAR seened to escape | ysosone degradation and to

enter the nucleus during the second transfection nmuch nore efficiently. An

expl anat variabilityhof éepriessior A upbaimindscontext pitiié présant inbeAkorPfeféfdao fthé St
saturate the cell ul ar degradation nachi ner

transfectiaqp, .na y, thus

al | owi Ha”%blﬁwﬁ Pressiahef engtiapaioemedicell yersis aethel ¥apsiormgd el of dhend
t ransf ' T eral] ' . i
enhance S At/ rs YRREONT. R s of e JrRQoRe KBPies mitbe 1HeAbe of

ef f ect tragsgene indegration.ohlsphthepee-idegration of muwtiple TiapiedEQHANKBISBe@E at the

HOVOLOgQUd BEECNE T : A END- JO NI NG ( NHEJ)
Tr ansgenegluse t g%&c%%ﬁ?ﬁ%ﬁ@%?ﬁ%%?ﬁ?%&ﬂye at a doubl e
strand break into the host genome. Doubl e-strand breaks (DSBs) are the
bi ol ogi cal | st, del eteri.ous type. of gepon c damage potential|ly |leading to
cel | “aMliFrovhr TR e lB SARPESS 20 RealvE e s Al anre e e SNl i s
esfsent b?a!psf SUrthB@n&reC 8RS HMdefini8i dHiQ82AC and HLrREAGRY Bidredf @b riotexerastd ¢
i nf or mati on.

plurality. The functions of several of the features mentioned in the claims can be fulfilled

by a unity. The terms substantially, about, approximately and the like in connection

with a characteristic or a value in particular also define exactly this characteristic or

exactly this value.

HOMOLOGOUS RECOMBINATION (HR), NON-HOMOLOGOUS END-JOINING
(NHEJ) AND THE REDUCTION OF VARIABILITY OF TRANSGENE EXPRESSION

The variability in transgene expression among independent transformants is influenced

by the number of genes stably integrated in the genome of the cells and by the site of
integration. While studying MARs and in particular while determining why MARs yield
higher expression of transgenes, several observations were made that resulted in
broader, MAR independent, finding:

First, via quantitative PCR it could be proven that MAR elements increase the number
of transgene copies integrated in the genome. These results substantiated previous
semi-quantitative observations (Kim et al., 2004; Girod et al., 2005). In addition,

fluorescent in situ hybridization analysis of metaphase chromosomes of stable cell pools
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WO 2011/ 033375PCT/ 1B2010/ 002337 There are two major DSB repair mechani sns:
non- honol ogous end-j oi ning (NHEJ) and honol ogous reconbi nati on (HR).

Honol ogougonea@ibigati on is a process for genetic exchapgerbBgahueessONA
sequences that share honology and is operative only the S/& phases of the
cell cycle, while NHEJ sinply pieces together two broken DNA ends, usually
with no sequence honology, and it functions in all phases of the cell cycle
but is of particular inportance during GO-GL and early S-phase of mtotic

cel I's (Wdord rgiterGatessithiof lOREcem®] ncale trmdfdctRehithAAARS,; thus wﬁrtrﬁthgat es,
HR and HEJ differentially contribute to DSB repair, depending on the

nat ur e (B N7 UANFIEAR THRIIOB: the cel | cycle (Takata et al., 1998).
NHEJ:  Iragier nﬁmghﬁaﬁs %@GE&] #lthe firldity oo GHeAE SRGRALANEfod Ui bE
process seems to be Si a set of -enzynes captufe the Br oK

mol eculteansggng andlaelt%‘rpaﬁtl\m Md(j’e thénMAR ekerrted he significaNbeBiectornt thgeanhmnn s

f or rred I ted To for
reacti on Sﬁfgg ﬁ%&g6%ﬁ| nery%]“n%%aﬁt?&?{ gﬂ'l'scfg FYa-; ﬁ\/%?% ﬁ?'éWﬁs
conpl esxtbat, cdrivaténegrization rmrd/Muafyglfatm agsiaineaties high dsb@l\bﬁjrﬁtsésm(égahebmhl C
subuni t, of DNA- de endeniJ tein lﬁl ase\%l and DNA ligase |V with its

Bthe, s ol Bedialg

co- f act!BF geReme piihere ﬂ%é@athMﬁﬁ%m@eH@y@ raiggasdyA
pr ot ei et@abdaEon SiYHAIAS Béf:é@é@ of fHakk Qﬂ%ﬁ':tlﬁréRﬁF?fbe'rl'lé%e su%ﬁta%r heﬁrurgﬁﬁ&Hgnos)

(Del acote et al. 002). NHEJ is frequently considered as t e error-prone
DSB r epidrunparingseotentiali el possiklity existesk thaé thayweould elgmentithesfregueney ol | y

th

(Woor o NSTTIREEErS D A POt een AEIRAEET clathie LS 2 cRi0 B Sliiabb s o
t he rtepmbrgg@f cﬁ)ﬁ;ﬁemlerésiagd\douegrtarengéhighmml?er dj;ptatsmudcdolpmrttrcil ?r ol

| or C and ear - pna of mtotic cell]s aKatl a a
1955: - CTCRBAVe R ahEagmERon e nveRESERdnat gifdsEseRef RrgutTangtR e ved | §
or gani suBcastNG thgndrectioriza@t fhgla ihifalPaRsié ctionl dil S@ded@iehhdhed) willes NpeRN

conserved durjng evolution. Aiter DSB formation the key step in NHEJ repair
pat hway'ext tQ e 8@@965? 3liewt appore itaan @dditye WEeRase DNKARSARNE RIMEGS$iON

initiat €e U7 X to
both orgaenina Brqaag e el die 8 B Rl haeAte, Whalold Holid BBLA
and cr dmneeq. i\&eirfctﬂpenﬂemttrmf%@eﬁbly of the other NHEJ key factors. The

DNA- bo K di LUl t t.o the DSB, a 460kDa

protein %\D gﬂ%ﬁ%@&)@%l} é?@g%%%teae% r %h t{FRISSERR expression

( phosplassaciaiedi dith3uctassiee MA@ trlaasfecliony was cbtaee@ ol A 8ipsiRY hidgkointldagl cand

Jacksor%h 19932) \Hg activat es its serine/threoni ne kinase function (Yaneva
e

et al. rpteds TARSEeNg <conien afier: Mubiple HEansiestioss everis pas,
t hus f%mda@editd@rhéﬁ% Rfedritdge between both broken DNA ends and i nhi bit
their deﬁradatl on (DeFazio et al., 2002). Then, DNA ends can be directly
| i gat edVhiig thesegras Be lnﬁte@rsetlp rafmbesr off plastidsethat enteredrihBSBIdRuUse it wabe

r oper | 0 i at e
Phe nato o FRESEcuEA el LA dohEH? 3 Chidlaest TRt Btietdacei ng
enzynesunegssh&e Mé&ﬁlliransfet:tmrgaeney aatdeastripptartbbe dm\eetbhge'@@r cdgmaf)elrﬂtérikzlagdﬁaps
removin or secon ructures urro ndi ng the brea is
step i rp%f"ﬁ%e'?\ll-‘gnﬁpgeﬁsp'ﬁ ‘gﬁt %H@ﬁa'écc?dt dnige t %sﬁ%'r?s 4H g‘gf dhe { piecgssiNRi onal
| 0ss oftrangfdcaohd. deR (BEE8d AVRAVIMNG tfhowtdtebdlepaédommﬁ.dﬁemengu RS ahdg
enzyme in manmalian NHEJ is Artems nber of the netall o-13-1actanase

super f desteq byrstudyipedbe effect Bf wiasmid sh@mﬁé%a\d &% peHiculan deebledeansfeqtionse

f d t
(Nbshodtergpefirmes I Ehithedridhinahiy BP b B, Bash B baadbolerboBR ' o°
a DNA- Mk&RBs d%ﬁ@Scha’r&tlysesd@Neal that bighcplasintdy homokngy S veliar sequenaei rntgndlsgyss

t it d i i Ma et | . |

egur a0l T RReRr B SSUAR, holiyEwas gnardy uliriftor Hidner sTiekrid o o
DNA- dam@gratleﬁp@lﬁtﬁit&nsbbﬁ@\@(prewdrv Ghandingteibler DG dafd @n%xgeﬁmanah@
repaired by Artem s, as no n&or defect 1n_DSB repair were served in

Ar t eni YEFIEI§E9YeRES o WMgsgreducgd bothoibs, efﬂaﬁn@wf iptegsation 208 AjanspRAE gaps
must be filled in to enable the repair. Addition of nucleotides to a DSB is
restricted to polynerases t and 2,, (Lee et al., 2004; Capp et al., 2007).
By interaction with XRC4, ponnucIeo??de ki nase (PNK) is also recruited to
DNA ends to permt both DNA pol ynerization and ligation (Koch et al.

2004). Finally, NHEJ is conpleted by ligation of the DNA ends, a step
carried out by a conplex containing XRCC4, DNA |igase |V and XLF (Grawunder
et al., 1997). Qrher ligases can partially substitute DNA |igase IV,
because NHEJ can occur in the absence of XRCC4 and Ligase IV (Yan et al.
2008) FurthernDre studles shomed that XRCC4 and ngase IV do not have

o o o o o o, oy o S o



WO 2011/ 033375PCT/ 1B2010/ 002337 As the person skilled in the art wll
readily understand, any nutation in or around one of the genes of the above

referencegopoplsis (e.g., the heterodi mer Ku80/ Ku70, DiNARKeZ010/b02537 N
particular DNA ligase 1V, XRCC4, Artem s and XLF (XRCC4-1ike factor; or

Cer nunnos), PIKK (phosphoinositide 3-kinase-like famly of protein
ki nases), that will decrease or shut down the NHEJ is within the scope of
the present invention. Simlarly, any protein or transgenic sequence acting

on any expfesdiort. hén 386tV ehd dbbuRKE dffecf IdbR tranSfeclidi ivdst tdﬂawabcﬂls%a hin
the scope of the present invention. HR basic nechani sms Honol ogous

r econbi¥an Jhsgayences dbﬁﬂ?@‘ﬂy accurate repair mechanism A honol ogous
chr Omalh dad@figies 1S tinihgBLR) f%Hcé&%.Jeem% SreBliond'S %%ﬁw%a
an C

t akes pl ace during t ases of en t it er
chr orratllinasrtantetoaaalnlez@ Itbe o@tlm|p¢etlelr1-lézxpressmnnItwammyaoﬂ’esnzeddhby athhee

steps: 1) I Cli f t ken en vasi n and
exchandbe Pl TCSarBhe Kars iR el BRdT ol cyoRlails Pl s BERBRGE on -
i nt er neditigres. rddohitgnatiin patd)werdingaro conlmakorPYI? bRjgar cordapsnsisnangn t he
ability to erform strand invasi on, and include the synthesis-dependent

st r and-RRAERION O (5EER) PlagMifsayntor Hhe chestsgeRPMEoubs eliscrssed boNR. tBoaj r

( DSBR) |

1 Lot naCTaprleriitioh of fkgench ey TERl 18R GBI cciiiiqy Tat A ¢ o
are i ntieo@nkapwle caldonshisrkiR madyheptharis NEEsk edwis, heeefféetoinesirdhe ofheal | HR

el cashang ik BRpRaRTea ot MEd BRER 20k Rls, Wi CRERRMB R Bred Mty
NBS1, fvmrel‘dujhleegmﬁciene:akalga rmmmiogo& énd-jainidg@r RofhologBus meesmbinatign. It
protein 990 The resultin

t Hab
gener at %?un eh?% @iené'?&l‘fép | e ap OP?%rgb‘F cp&% §'@é\59ﬁ”?dptegmg1%%%ous

sequenegpreERfn, WiaR anfupktiéhg mbggwse&smbmét.éﬁ M‘W’EA R¥mBlogous
nucl eofi |l ament conposed of the 3'ss-DNA coated with D51 recorrbl nase

pr ot ej rPl‘éfBéﬁgbﬁnf‘eqs Q) the trayfected yectors faveeaskhighdevel Igxpressiane ¥Yhemmptastei n A
(RPA) , f i v lic
processes I| IE tgét[@%&ss%@fn eu‘ﬁgr yg{)]lgssp(%%%ﬂatidég\&g ?ge&rig(r:%s\és?%ér@hggﬁ t he
assenbIMARBfcontainiRgDeLtdrivieldetha veBohighdnctease i th208®)! .of Tiaesg&dBipressienact s
with RAD52, which has a rjng;like ru hen taI 1996 di spl ace
RPA no@écﬁ‘i"geare\ﬂd%é‘fff@%{?é&s 1%%(918:“%%' gé Y&lR fjaE‘?tI PhoY A rg-’(Aﬁl’)Lﬂt F?'%zgdl ng
(Song amegeitiog evéROyith E«iactfe%sivé trdmth'dtlaﬁé af SpedifcMABiimnaival) eF®2EHsaks, i N
yeast (Sym ngton, 2002) in vertebrates, BRCA2 (breast cancer type

2 susc F@I'lgltf@f ﬂiﬁ?%gﬂ"eﬂﬁﬁg@tetj@éﬁ"ﬁ/&m%ﬂﬂ%’ PeHSpl ay an inmportant role
in strafs 't’h\éae?f ?oﬁﬁ)@ fﬁi&?@@f@@ef{d@r\{'lﬁﬁoﬁ'ﬁ@{rﬁ o] rérﬂi-ﬂ)lrﬁlggzr hgﬁ@@bﬁ%\t

al ., 2007) D52 interaction is stab ndi ng
RAD54 pe@qmblaats@w an dhtegrationhef rthe uMAR omﬂuﬂnceéctnantmgm dadi tot er nhmh@res

ft : Ln . the .oth nd RCAL
(br ons COBERe PRIGRELTE UARY. SRR AR rarSHBAG 6Bl BoaFhedIoRE M) ana
BAtCHl gd&Ta/caed b@l‘ml-lt E?nmrggywéédetvmau?hétlwoﬂsIangaﬁunsggdctzfltabtl l@&é%d?&ﬁia@?ﬂﬂl rt .
acti vi ective eenberg et a al so interacts wi
CtIP i ﬁp{'a éfﬂs{'ﬁ) éBeW&ﬁ\%(sgnHﬁﬂﬁge@gH’tﬁW@é'Pﬁo%@? G%ﬁ’%}dfaﬂsﬁﬁf‘?ﬁﬂrﬁsg%pEH%e to

DNA _darRé@fods iftARiemethod to iftfease the?HROMRERIRBARe NIREM andidr! lﬁcﬂz@\gettﬁé MRN

complex play a role in the activation of HR-nediated repair of the S
and & datie hat dbe| timgcloé. integsation awitho riregtments, nau¢feoa|¢hﬂmnal roesul ts

| nvol vASPRENB el LP LR Rl iy ARG RPREi) et Aok b

st r and papdlatibe. palOthag traatimentse aat haodifithtions %aedeécnld@dpabdmmmdeaﬁhe

e scdinsioaob o fot HERLERaloSEe Bermdsibo bATa" fela RRuRD joe guiable *°°

reci pr oealeuhARILfor (£ HRSERNA R MPGHE Y BBCcleaBB | prmitSart eﬁné;@ée%aﬂd)ft he
broken DNA nol ecul e may be or may not be associated to HR repair.

Cr ossole 5IRINYEdg@tion.npor t ant geneti c consequences, such as genome
rearrangenents or | oss of heterozygosity.
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As the person skilled in the art will readily understand any nutation in or
around one of the genes of the above referenced proteins (e.g., proteins of

t he MRN ocQapRbEY036YRELL, RAD50, NBN (previously NBS1, fopchibiraenspr eakage
syndronme 1)) and QIP (CtBP-interacting protein), RAD51, the replication

protein A (RPA), Rad52, BRCA2 (breast cancer type 2 susceptibility
protein), RAD54, BRCAl (breast cancer 1) interacts wth BARDlL ( BRCAL
associ ated RING domain 1), BACHL (BTB and CNC honology 1)) that wll

enhanceThdRdesredtsé hhe NHEJ SHaRs 10k drirangemeanbf HR @Rth@ HR/AIHEJ fdtloyin @By
protein or transgenl C sequence act| ng on any one of the above pathways to

enhanc'9%t Gell (as AISP 1oh Pagkicurlyopdy ase@&@ﬁeph\véﬁheowntewf successive
2011/ 032365 bhd BaRdP ggﬁiﬁga);rn@t it € s \igRween DNA DSB-repair pat hways

NHEJ and HR appear to b he two mal n eukaryotic DSB-repair pathways.
Never t Hdoweysr, while e MAS? indapeadant process pfavide edniidgrableoprggsgsedn eterms

Vert ebr gt r ast. .One.explanatio
Uhat i e, ity s SqbEAbET MARS AAR . SRRE lepiddest g aib ot °
honol ogyronidecfusthey akdoantdBeons Eprdpérftlegtthht in pasdcan ibenexplamedi By fb‘ﬁ:)tablyOf
repet|t| eness &5’%8 e danger ous for\agen tic stability if case of ecto

r econbi H HEN9 QUS Jeeqmbiggtien ps wellas by gther £ae¢hanissag sontsreiwhig d

Artem %aﬁ@%é‘m@cus@eu%ﬁé\ﬁ@uﬁp ?s%eb\ét gk pdteb{tqa@énca{.an DHY A0 1764695, Known
that NHEJ and HR operate in etitive and col [aborative nmanners, and

st udi es MﬁRr @!ﬁmntéeha\s‘e abﬁﬁrhlﬂe&ﬁﬂ der hae | thei abilitth4o cimprove transgenke
choice y t age

provi des a ne%mmr?E Eﬁ%@%@%@f&%ﬁ Ié)‘&rof\e%%ooﬁt B{Cﬁe'ﬁcggl rg&%ﬂﬁ& but
i s of peartsigenésifrommploe tsaen@ngluaﬁengs @Ehi&i linelg reaultyfrdﬁa fthadetegfationt iat nen-cel | s
(Takata et .al 998: Del op 008) ereas HR js actiye in
s heishiie béR R nspate dod (BB Arel EdeTaray 1040 T elbsiensaselient of

t he chaibserketineRe passdhcBalf MBRSmay Bé'nh@blﬂﬁdrtggéﬂraﬁ%n%@dlﬁéﬁldﬁ@ s@BH as
phosphoryl ati on of repair proteins, chromatin accessibility for repair

f act or NiSIeAY ht/ﬁ@raaearlatm atithe siie Ofﬁéfﬁﬂﬁgﬁﬂm@t%%@f‘r (RegilfAsal 2792 ek akeg092ict or
that r

Surpri SfaRBEEL T00R) ot Ehatieq hsubRIRGS! EodlaiioR AN nally, MARS fH4Y 88t

cycl e viegnlatirg tpsoteiisr ttmm@lmeMOMnltata@plba:m trtalmeynpimaﬂh@efmlsewm te
te Iat for. HR (Drankert, et 000 ref erence can i ned
by on- expecp” {BvsABIRR et G ReD P (T Bhy Tor m
in S praeo2; Hirt bntNeyersadr egegy NtempBI&Sbut Bot ekbesivels AR @by ecruit

honol ogo us tenplate  is not sufficient for HR conpetence. |ncreasing

evi den FRBOHBIA ENTOMANE, P HCtHFR, FVEES ArbARPD fiptes are | RS s
from G]m!egracﬁoﬁze\/énﬁc'[ | A6 Vthee@dhsdription | S ¢@Asg é %ah' SQthr et g by
CDK- dependent cell cycle controls in mammalian ce has been

denonstadiivaiipn 1efttheDikansgsngt @@Ofpﬂt%pWoﬁjﬁhamainbY)fMé& i MéRa’may s BRay
D ocks By 26h0 st d gt iRl e Byfance e
downr egrdragede (dopasiumiedr imtegrafe@Oin) theAdskt tgemoatd Yy a nieomdasemiuatelstetifter ence
bet vveer]_”l_iiB and NHEJ is
In this context, it should be noted that the perception that a higher copy number always
supports stronger expression of a transgene is not necessarily valid since the presence
of multiple copies integrated into the host genome favors silencing, resulting from the
propensity of repeated elements to pair and assemble in heterochromatin. Alternatively,
expression of repeated genes may lead to the formation of double-stranded and/or
small interfering RNAs, which in turn may lead to epigenetic silencing. However, in the

context of the present invention, it could be shown that the transgene copy number and
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WO 2011/ 033375PCT/ 1B2010/ 002337 that HR-nedi ated repair requires DNA
resection (approx. 100-200 nucleotides) for honology searching and strand
i nvasi on wauot/@BstsKl ein, 2006). It is now clear DNA 5' pcgiggdoh@gsction,
is a key step that contributes to the choice of DSB repair, by initiating
HR and inhibiting further possibilities of NHEJ. Resection depends on CDK1l
activity. Interestingly, blocking CDKlL led to the persistence of MREL at
the DSB site, suggesting that CDK1 activity is required for the regulation
of end deliFrRGIdszRNCE RSVRRS wehashdvor td\ED¥réIaRr Well Btk presdi@KEMVIARISTHUS! anet
al ., 2004r) Finally, RAD51 and RAD52 expressions increase during S phase
and corlf¢esse in tt@'ﬁﬂeﬁ%@ix%ﬁsﬁm ig tikely net oaly to rmt?ﬁromltheéraiﬁgraé@ﬂ of KMES i s
down-r e%‘pb r;,@&ﬁ | .
1997). Q%Hgggﬁﬁg%ltésp tﬁl@%%ﬁé@? (?ffrﬁ erf a@go efa\r(’le)g | on o %&hqﬁh'%mﬁ

bet weerpfrepigenetigzileneing eveptshthat ane tas!sbcedteljwltm#\eeaﬂegraaom iofi jaqdent gene t hat
act in ?)é% repair pathways. MRN conplex and ATM are anpng them and al ong
wi th thelr~medi ator and transducer proteins forman efficient network that

senses mdomdgawd\& &3pelhily datmgeonteii 6f BedoaBEve Starsfectiont kKthadineridsefinst
after the danmage and.is swtch off soon after the task is accorrpllshed The

VRN coﬁfﬂ'@ﬁep% ﬁ”Fﬁ%PWH%W%)NQ“r@p&? PRSAMFEHsPeriqrRIedascoyid BeED, PERA
repl i cadipfiined ﬁ'tf?f@lfaﬁ*'ntlwdg"irf‘é‘%%ﬁnﬁ&ﬂtréﬁhgre%s gﬂaaegbhéﬁm {rfe ﬁlme.C%g?édC' e

checkp0|nts (D Amours and” Jackson ; “van 0SC 200
first dtépuldnbershonanthal ealbalele seadive mrecplasinists whth MRIo tranpﬂegt(orzﬁs in

het er ot d 001
oy euorPaaE wl{iARs and, baftichlaf g the led ubigedfit sifte fhe 101
gl obul drardéection may Haditat) DINA Iuptakeawn’mt]lc Brl:l)gﬂfééarf Bgasnbr’ob%/dbetdam\ d_}l:ﬂh(gﬁlﬂhées
MRN t nsor S a va rzoeva
. Porieta gbibtioh, desoby “pEnS LoEsRiacilig raiouneb DA Shicc
concentd@ht@mg)fhﬁ@m@ﬁdﬁe bP |abelRy pONR R célrulﬁgsfg%nélTéé SDARIR' lygeddrags, Then

NBN bi ndi n onverts it into active conformation (Dupre’et al.

2006) . &% apd wyipsebaftercaghdraisiection, it sauidde shawn that plesmjd @M beagn@ad
phosphq\,'xhag @d ‘f@rés%héqu?&gd?ﬁg'dégg%fﬁ%b Sand” ? it ﬁuclé]_%\/ld'uﬂﬂactﬁégcel |

cycle arrest rough t I on of erne | at e ( nman e
Wat er nesecend a‘ans.fem@ﬁs)nuo@mele efﬁblenﬂ)ab‘msexmalgatldrBﬁgghlk/BElhatBRémasn@HKZn WO

2011/ 033375PCT/ B201 02337, FANCD2... Artem s

phosphcﬁ%ﬁ cé{]%rd h% g@? i 6’:?{ @ %ﬁ%"na@@yaﬁﬁpué?%o?@ﬁﬁ?r A89rRdatiPh ne
t he fatrﬁa(ﬂfnérlyethlﬁ laflowingp bamofe lefficiént DNA traRshdrt t6ethk Gydié®s @afihgdhe and
transcri ptlon The MRN corrpl ex and ATM are interdependent in the

r ecogniSECORd YARSIECHORI | i ng of DSBs (Lavin, 2007).
Thus, combining cells having an enhanced HR/NHEJ ratio, enhanced HR and/or a

decreased NHEJ with MAR elements can be highly effective and is part of the present

invention.

THE MECHANISMS OF HOMOLOGOUS RECOMBINATION (HR) AND NON-
HOMOLOGOUS END-JOINING (NHEJ)

Transgenes use the recombination machineries to integrate at a double strand break

into the host genome.

Double-strand breaks (DSBs) are the biologically most deleterious type of genomic
damage potentially leading to cell death or a wide variety of genetic rearrangements.
Accurate repair is essential for the successful maintenance and propagation of the

genetic information.
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A rapid phosphoryl ation of H2A by ATM at the Cterm nal S139 residue is
al so observed in response to DSBs (Burma et al., 2001; Stiff et al., 2004).

Phosphor wyatefl/33AX (7H2AX) was found on negabase regi opergibBsi@uidinng DSBs
wi thin seconds and function as a DNA danmage signal transduction by serving

as a docking site for several proteins (Kimet al., 2006). The nucl ease
activity of MRE11l has been found to regulate the generation of
singl e-stranded DNA in cooperation with CGIP in mammalian cells (Linbo et

al ., 20PHere3aé tW6 im&br BEB, repl Medhaninds ¢onLlitmblBgods eARMIngaNPEW iR site
for RPA (Wiite and Haber, 19990). The RPA-ssDNA conpl ex inhi glts any
f ur t herNpelPgaYs reramkination (dRpr ldomalegous seepmbingtion,ds isoprosess égragenetic

hi . N BRI B q
o ther Dy PUIRGEORA pecktrées Mot shaindthoBay and i fheralle nlvthe R o8 ces,
pr ot ei rphasgal oft thencelndyddewbile dNHIEJ sevplytpieces Rgethert twad brok2BODNA ends? was
(car bosy ey Wit Be s TRrBliadh A ihArofs & 4 ailised o che R Segebutts”

r egul atefr gartiqwahiragortdrcer @uring KBRS oarRd RaAY €3-phass! oBRGtic( EéI%C(WGﬁ%QI'nd,
1998; Schaeper et al., 1998; Wng et al., 1998). CQIP is known to have both
transcr ?)‘i“‘?ct‘}ﬁ'-' dgééhgéh‘x’%ﬁ“q haeserPOR- InsriebEates MR andNHEJ diffarentially

Pr ogr esgintibute k! DY rdgRfn, ggg&ﬁiin%n%g_n%ﬁﬁe AMSbsH an%%Ns’Aé ngéb bPthet

central role 1n the cell cycle checkpoint response to recent work
suggest@®@la HakataetrlcdAPBLl s the decision to repair DSB damage by HR by
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ENHANCED SECRETI ON OF TRANSGENE EXPRESSI ON PRODUCT | N NON- PRI MATE
EUKARYOTI C HOST CELLS In transfected cell populations there are generally
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(RLUs)) and cells that hardly produce any transgene expression product (| ow
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Protein secretion pathway
restricted to polymerases p and A (Lee et al., 2004; Capp et al., 2007). By interaction
with XRCC4, polynucleotide kinase (PNK) is also recruited to DNA ends to permit both
DNA polymerization and ligation (Koch et al., 2004). Finally, NHEJ is completed by
ligation of the DNA ends, a step carried out by a complex containing XRCC4, DNA
ligase IV and XLF (Grawunder et al., 1997). Other ligases can partially substitute DNA
ligase IV, because NHEJ can occur in the absence of XRCC4 and Ligase IV (Yan et al.,
2008). Furthermore, studies showed that XRCC4 and Ligase IV do not have roles
outside of NHEJ, whereas in contrast, KU acts in other processes such as transcription,
apoptosis, and responses to microenvironment (Monferran et al., 2004; Mller et al.,

2005; Downs and Jackson, 2004).
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The secretion of proteins is a process conmon to organisns of all three

ki ngdons. This conpl ex secretion pathway requires nost notably the protein
t ransl ocavoanfogsmst he WO 2011/ 033375PCT/ 1B2010/ 002337 pcytiBENb/0@3370SS t he
cytoplasm c nenbrane of the cell. Miultiple steps and a variety of factors
are required to for the protein to reach its final destination. In
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the ER_ Foll ow ng post-transl ational nodification, correct foldi n% and

mul t i memeist ster ofr 3t EifhEeachiane corespendinte thegieaeetiamot Hie Eoprfledabiokeat us
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envi r or{pEgyiously NBS1, for Nijmegen breakage syndrome 1)) and CtIP (CtBP-interacting
protein) (Sun et al.,, 1991; White and Haber, 1990). The resulting generation of ald
single-stranded DSB is able to search for a homologous sequence. The invasion of the
homologous duplex is performed by a nucleofilament composed of the 3'ss-DNA coated
with the RAD51 recombinase protein (Benson et al., 1994). The requirement of the
replication protein A (RPA), an heterotrimeric ssDNA-binding protein, involved in DNA
metabolic processes linked to ssDNA in eukaryotes (Wold, 1997), is necessary for the
| assembly of the RAD51-flament (Song and sung, 2000). Then RAD51 interacts with

RADS52, which has a ring-like structure (Shen et al., 1996) to displace RPA molecules
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Remar kabl y, secreted proteins have evolved wth particul ar signal sequences
that are well suited for their own translocation across the cell nenbrane.
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An i nportant paraneter driving high expression upon repeated transfection
was found to be the tine interval between the transfections. The
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this period is close to the duration of the cell division cycle after cel
passaging (Figs. 2 C and D), this suggests that high transgene expression
upon consgeubivgsikansfections mght be linked to parti eghagd@he®es of the
cell division cycle. The distribution of the cells along the division cycle
was determ ned by propidiumiodide staining of the DNA. This anal ysis
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3(B) shows the effect of the MAR and successive transfections on integrated
GFP transgene copy nunber. Total genonei ntegrated transgene DNA was
extracted fromthe previously descri bed GFP- expressing cells after 3 weeks
of selection of stable polyclonal cell pools, and DNA was quantified as for
A. Figure 3(C) shows the effect of MAR and successive transfections on GFP
expression. The GFP fluorescence |levels of the stable cell pools anal yzed
in B were assayed by cytofluoronetry. Figures 3 (D) and (E) show t he
rel ati onshi p between nean G-P fluorescence and transgene copy nunber in
nDnocIonaI ceII popul ations. In Figure 3(0) the mean GFP fluorescence
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WO 2011/ 033375PCT/ 1B2010/ 002337 In Figure 3(E), the relationship between
GFP fluorescence levels normalized to the transgene copy nunber is

repr esentyw@ 2as/@3379ncti on of the nunber of integrated tpapgaRAgoep €S per
genone. The cal cul ated regression curves are represented by dashed |ine and
R2 indicates the correlation coefficient. The results show that cells
doubly transfected with MAR-GFP exhibited 3.8-fold nore GFP transgene
copies in their nuclei than cells transfected just once with MAR-G-P (Fig.
3A) . Wraylsroepaili nenog) INijniégurs besdie@evsyidrbhies eNeish f @iy variapfritsien of
expressing either G-P or DsRed ("RED"), 1t was observed that the nucl ear
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perfornmed on confocal |aser m croscopy performed for A except that
endosorf8Pal; BBy dhes ashticaltraterin Jumer ereyeatioed with LysoTracker Red DND- 99.
The pixel area of clusters derived fromrhodam ne or Cy5 fluorescence were
used to estimte the anmobunt of plasmd DNA in approxinmately 120 cells.
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nuclei ,after a first transfection with or w thout R, whi rrel ates
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qPCR ( Enanc8AhandRMMHE Natibe @l g.plbys shitting! tHe ehsiceehEtwaleperepRfit pathways
essentially all the cells after two transfections. WO )
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decrease NHEJ and/or enhance the HR/NHEJ ratio is within the scope of the present

invention.

ENHANCED SECRETION OF TRANSGENE EXPRESSION PRODUCT IN NON-
PRIMATE EUKARYOTIC HOST CELLS

In transfected cell populations there are generally a small minority of cells that produce

considerable amounts of the transgene expression product (medium or high producer
clones/cells displaying more than 10-100 and 100-1000, respectively relative light units
(RLUs)) and cells that hardly produce any transgene expression product (low producer
clones/cells, e.g., displaying less than 10 RLUs). However, in some cases, no high

producer clones/cells can be obtained from specific transgenes. It could be shown that
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The transport of transfected plasmd DNA in CHO cells, which is known to
conprise cellular uptake, |ysosonal escape and nuclear inport, is limted
by endosogslwiysesenal degradation (Akita et al. 2007). pEhtBr01b/68337
intracellular trafficking of transfected plasm d DNA was assessed by
quantifying its distribution in cellular organelles and Tm-«ve icyt pqp} 3
after each transfection, after specific staining of the endosomal /| ysosonal
and nucl ear conpartnents to distinguish themfromthe cytosol. Results
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When assessing GFP expression and transgene copy nunber in individual cell
cl ones ,i',l;sollﬁto gaifnr Qm L h .§ol ég%ﬁnal popul ati ons, a good overall correlation
was fountt berween tr§ﬁ§§é‘ & BRpr¥8%i on and copy number (Fig. 3D). This
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i ncreased expression upon the double transfection of MAR-cont ai ni ng
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detected from MAR-cont ai ni ng cl ones having co-integrated very high nunbers
of transgene copies and MARs (Fig. 3E). Thus, it was concluded that the MAR
was able to prevent inhibitory ef f ect $°% hat may result fromthe repetitive
nature of the co-integrated plasm ds and/or fromantisens transcription, an
effect that can be attributed to the potent anti-silencing properties of
this MAR el enent (Gal bete et al. 2009). However, the average |evels of
expression did not always match perfectly the copy nunber, as noted when
anal yzing individual cell clones, or when conparing GFP WO

2011/ 033375PCT/ 1B2010/ 002337 expression fromthe firstly or secondly
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As the high GFP fluorescence observed from successive transfections of

MAR- cont ai ning plasmds results in part fromthe increased transgene
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ef fect was assessed. For instance, the integration of a MAR-contai ning
plasm d during the first transfection m ght pronote secondary integration
at the sanme genom c |ocus during the second transfection, as could be
expected fromthe ability of the MAR to maintain chromatin in an accessible
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GFP fluorescence |level fold increase over that of control cells trasnfected
once W t hybhgiiMiks-devoi d pl asm d. Fl uorescence val ues obtgiigadomszsy | i near
or circular plasmds are presented in dark or light grey, respectively.
Asterisks indicate some of the significant differences in GFP expression
(Student's t-test, P<0.05). A nore than additive increase of transgene
expression was al so observed with circular plasnm ds, however, the overall
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DETAILED DESCRIPTION OF THE FIGURES

Effect of repeated transfection on transgene expression

Certain human MARs, e.g., MAR 1-68, have been found to potently increase and
stabilize gene expression in cultured cells as well as mice when inserted upstream of
the promoter/enhancer sequences (Girod et al. 2007, Galbete et al. 2009).

An analysis of the effect of MARs and successive transfections on gene transfer and

expression is shown in Figure 1. Figure 1(A) depicts the flluorescence distribution in
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Simlar trends were noted for successive transfections, in that G-P
expression fromV3.3 cells was increased both by the presence of the MAR

and by thgosufagssisve transfections as conpared to pareprghpidosses1 s (Fig.
5B, note the different scales of the top and bottom panels). Overall, a

35-fold increase in transgene expressi on was obtained fromtwo consecutive
transfections of NHEJ-deficient V3.3 cells wth the MAR when conpared to a
single transfection of the control plasmd in parental cells. In contrast,
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t hat diMetephase ghrosnodommesvepreads cefcstable dadlpoals weerst luybiriized with the GFP
plasmid without MAR, and representative illustrations of the results are shown. In
Figure 1(E), enlargements of chromosomes are shown to illustrate differences in
fluorescence intensities.
The Figures show that co-transfection of a GFP expression vector and an antibiotic
resistance plasmid, followed by antibiotic selection of cells having stably integrated the
transgenes in their genome, typically yields a bimodal distribution of the fluorescence in
polyclonal cell populations when analyzed by flow cytometry (Fig. 1A). A first cell
subpopulation, which overlaps the Y-axis in this experimental setting, corresponded to
cells expressing GFP at undetectable levels, while another subpopulation of cells

express significant GFP levels. Inclusion of MAR 1-68 increased the level of expression
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Various clones of CHO Kl S expressing different reconbinant 1gG were
generated. Figure 6 depicts the characterization of the heavy and |ight
chai n of weynagkimi | i n expressed by high and | ow r ecompiciapiordeszspr oducer s
CHO cl ones. Figure 6(A) shows a Western blot of intracellular (cell

| ysates) and secreted I1gG (nmedium using an anti-human |1 gG anti body. Hi gh
(HP) and I ow (LP) 1gG producers CHO K1-S were subjected to total cell
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transgene expression and the duration of the cell division cycle. Immunoglobulin G

expression vectors containing human MAR 1-68 upstream of the SV 40 promoter and
each of the light and heavy chain were co-transfected with an antibiotic resistance
plasmid, and antibiotic-resistant cells were selected for three weeks. Monoclonal cell
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it remained in the stacking gel, indicating high nolecular mass aggregates
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The Western bl ot denonstrated an increased expression of Bi P, a sentinel
mar ker of UPR activation, in the two | ow producer clones. In contrast, no

i ncrease Wo 2Bisbeyel was detected for the high producepcghgngo/bdzber 7)
These results suggested that |ow producers clones expressing a

m sprocessing LC triggered a ER-stress response nedi ated by Bi P
over-expression. In contrast, the lowlevel of Bi P protein expressed by WO
2011/ 033375PCT/ 1B2010/ 002337 hi gh producer cl ones suggested that these
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peptide signal, and it argued in favor of an inefficien
selection, mean GFP expression of the total polyclonal populations was determined.
Fluorescence levels were normalized to the maximal values obtained and are displayed
as the fold increase over the expression obtained from a single transfection wherein (n)
corresponds to the number of independent transfections. Asterisks indicate significant
differences in GFP expression (Student’s t-test, P<0.05). Figure 2(B) shows an analysis
of the cell cycle progression. At the time of first and second transfections, CHO cells
were harvested and stained with propidium iodide and fluorescence was analyzed by
cytofluorometry. The distribution of relative propidium iodide (Pl) fluorescence
represents the amount of genomic DNA per cell. The percentage of the population
associated to each cell cycle state (G1, S, G2/M) is as indicated.
The results show that when the second transfection was performed after 18h, 24h and
27h, a 3 to 3.5-fold increase of expression was obtained relative to a single transfection.

However, this increase was significantly lower than that obtained after 21h (Fig. 2A). As
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WO 2011/ 033375PCT/ 1B2010/ 002337 targeting and/or m sprocessing of LC
pre-proteins to the ER conpartnment. Thus, it was possible that signa
peptide nyspiAwRsHsNg and aggregation of the 19gG Iight obgiiB2@b06B8
reconbi nant 1gG nmay results frominproper targeting and/or translocation
into the ER Recent studies suggested that the bioengi neering of the host
cell lines to express ER stress related proteins such as BiP cQuld inprove
secretion of heterologous protein (Peng and M Fussenegger, 2009). However,

thi s wethisnsériodns eRist Qo the Helatioh ®f feCEadlvisonyCleCartd cefl pabsading $iig! 2t ei n
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mul ti prot npl ex that, binds affini tféCSI gnal peptide and nedi at es

t he doc%?'ﬁ@ “Bﬁ hgiassm;spﬁsg@gofﬁ@ﬂc%ﬁmg@tran% fiore (B dBnHatROt svd andal |y,
(1) therigyrae wmmghéw thetelPcdliid ra%gregﬁeﬁfmrs@ mﬁ@e%u alisidie fd@D

(FAS-associ at ed deat h domai n) protein Inv inth reuatlono cel
apopt osﬁlsumﬂéc)em@eﬁmﬁ times p:&éles 73 oeB)cypl%pr@gr@smredsr@mﬁﬂétc@nla warea

ronoct di/ed FARRY cole i e Y5 Tyt HE0s RRFuf B FE LN duabkBidge ana

one expwhisis icggeapdsﬁ@toylml optividl t(rmlng fot tla!(.sjt" 1554 lﬁr@gb%ecﬁﬁn eeg%s W@ﬁemé@&ﬁd
rot ei ar bou sang. si tide, an cells were
Iroe t raﬂémgd’i’%s{ﬂ"i% ‘B’tlﬁgor BP'dﬂ'l”ég?Ffl@e E’ﬁ Riarguiston ﬂdﬁh@aqlléﬁe%lcél IqelRf
el ect r oPoGY icels. (Mga?@PmT%wéaﬁe\eetaﬁmﬁau&vIo$ethbl &8 Egéie%lﬁ’r;éh&ﬁs)l’he” ter

m croporation, the cells were added to SFMACHO nedi um
suppl erR&feeage oh cellsrin @mplaaﬁenwaarﬂset@rﬂmed BYBrVaNes hptheaftert passagingstheer e

t f t
v Kor (Ehg0" e PraCREf RlcSteiml BAREERING riptiria Writh s 1ridy BiE oHlle
appr oxidusatidny (14\d10we)ks'[hejrexgen®di Bitshrdyclee lof s18heise pextpdmdiedei:aumake:eill ask

" Vo Pasa90a R SEBcand b FBlAyGs AR ) e =GiohnL fo R geatited il o°
pr esentcals e hdherdao ehg enltiratdish sarfdtecatid tocleaine ceNidSidh @ckhﬁo@r@dt@ﬁ) ed

protei ns. Enhancenent of Mb producti on by SRP14 expressio
A ‘similar pattern and over-representation of G1 cells was obtained 21h after the first

transfection, which again corresponds to the timing that yields the highest expression
levels upon a second transfection. If expression is indeed linked to cell cycle phasing,
another optimum for transgene expression should be observed when the second
transfection is performed at an interval corresponding to two cell divisions. After 42
hours, the synergistic effect of the two transfections was lost, as expression was similar
to that obtained for one transfection. However, a second, albeit lower, synergistic
increase of transgene expression was observed after 48 hours. The higher levels of
expression observed from a first transfection at 18h and for a second transfection
performed with a 21 or 48h interval imply that optimal DNA transfer and/or expression

may occur at specific cell division stages.

Effect of MAR and consecutive transfections on cellular DNA uptake
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Firs, the Tx solubility of intracellular HC and LC was determ ned and the
secretion level of the high and | ow | gG producers cl ones expressing the
SRP-r el atwe 2p{1@ai38378s. Figure 8 shows that SRP14 transfegtir@B@bodeg0onbi nant
| gG produci ng CHO cl ones abol ished |ight chain aggregation and rescued 1gG
secretion. Two differents CHO clones, the high (F9) and | ow (A37)

reconbi nant |1 gG produci ng CHO cl ones, were subjected to transfection with
cDNA constructions coding for various control or candi date proteins

expect EFdSHOarliaﬁﬁsweu% t@erth@pélepét@aeé@rémn@ﬂd §ﬁ%ﬁ§&é£"\/é)fraﬁ§éé‘ﬂ°6ﬂs%a§' 1 gG
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by bl adtamsgensv betedng nbtigir st &adh sfamefectioe, Sepelearfsmtprsq@@tawdtaouble
of F9 and A37 clones before and after transfection
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western bl ot analysis indicated that the over-expressio l'engt h
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opect ed URE 3 "shoyis SONAClhondit iReliafiohc 3! MBlesbio nfodlrsisesMhe and
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over - ei‘b‘Fl@ééfué'ﬁgf?lpgg‘? ﬁ%lqoé‘ﬁﬁ% ri?ﬂs'ﬁﬂgltréﬁé g N"'tthg@)h&of %%I‘@EQ Action

(Fig. $fasrbigstwith RRNRIthout EXMARS IMARCEEPhe MARLRED E6ResbHAR! b & doifit
i mprove WO 2011/ 033375PCT/ 1B2010/ 002337 protein solubility, nor did it

r est or drapstastien whare MARGGEP is Heansterred durinpathe A7 dranpfectiopr whereas MARSRP14
had f h
20 oo 80 ke OREH R (HE SRAnk MM AIHOMRRLER RBIA S (BT DR Mol
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transl %?(?)Fels%l%nb rT5-F¥:’(qu'luorescence I%vels of the stable cell pools analyzed in B were
assayed by cytofluorometry.
Figures 3 (D) and (E) show the relationship between mean GFP fluorescence and
transgene copy number in monoclonal cell populations.
In Figure 3(D), the mean GFP fluorescence levels of distinct stable cell clones
transfected with GFP, MAR-GFP or transfected twice with MAR-GFP are presented as

a function of their transgene copy number per genome, as determined by qPCR.
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The action of the exogenous SRP14 expression is unexpected. The expression
may have caused an extended delay of the LC elongation in the

di fficul twbaoprmeisee |1 gG producer clones, given the funetir@B2aboéBss
subunit in the el ongation arrest nedlated by SRP. Proper processing the
Mabs of the | ow producer clones may require an unexpectedly |ong
transl ati onal pausing, possibly because the kinetics of docking of the
conpl ex nediating the translocation of these particular 1gG onto the ER
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Figure 9 depicts the increase in MAb production in CHO cell pools
expressing various conbi nati ons of SRP9, SRP14, SRP54, SR and Transl ocon.
The | ow pyedyfaissH37 cl one was subjected to transfecti opciibiniehiss7
constructions driving the expression of the indicated candi date proteins.
Cul ture supematant were anal yzed by ELISA, and the titers of Mab secretion
was determ ned As can be seen fromthe figure, expression of SRP14 or SRP54
led to a strong increase in Mab secretion, whereas SR and Transl led to a
smal | eHdwdves tonly feaw @sild eﬁ@;@ksémgmmﬁ agireérﬂéhfewtﬁ 'breViBus %b%iﬁianaﬁ@ﬂ%t did
not significantl nprove exgre55|on Fig. 9 and data not s ozg%
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p05|t|w90§ifects obt ai ned by the expression of SRP14 and/or 54
(SRP9+SRP14+SRP54 | ane), indicating it is not the sinple expression of any
SRP protein that |eads to i nproved secretion. SR expression nodestly
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MAR elements increase the copy number of genome-integrated transgenes
Next, it was tested whether the increased transport of plasmid DNA elicited by the MAR
and the consecutive transfections may increase transgene integration into the genome

of CHO cells. Stable polyclonal cell populations were selected as for Figure 1, and the
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Transfections were performed with these cells using Lipofect-AM NE 2000,
according to the manufacturer's instructions (INVITROGEN) . G-P or DsRed

fl uor esceppeolagds were anal yzed using a fluorescence- agtrhEahi g8 |
sorter (FAGS), one, two or three days post transfection (transient

transfections). Stable pools of CHO D344 cells expressing GFP and/ or DsRed
wer e obtai ned by cotransfection of the resistance plasm d pSVpuro WO
2011/ 033375PCT/ 1B2010/ 002337 (CLONTECH). After two weeks of selection with
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stable transfections and 10' 000 for transient transfections.
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When assessing GFP expression and transgene copy number in individual cell clones

isolated from the polyclonal populations, a good overall correlation was found between

transgene expression and copy number (Fig. 3D). This indicates that the transgene

copy number is the main driver of the increased expression upon the double

transfection of MAR-containing plasmids. Furthermore, no significant decrease of

expression could be detected from MAR-containing clones having co-integrated very

high numbers of transgene copies and MARs (Fig. 3E). Thus, it was concluded that the

MAR was able to prevent inhibitory effects that may result from the repetitive nature of

the co-integrated plasmids and/or from antisens transcription, an effect that can be

attributed to the potent anti-silencing properties of this MAR element (Galbete et al.

2009). However, the average levels of expression did not always match perfectly the

copy number, as noted when analyzing individual cell clones, or when comparing GFP
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WO 2011/ 033375PCT/ 1B2010/ 002337 30 m nutes at -20C and cells were
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the high number of integrated transgene copies observed from successive transfections
may result from a more efficient concatemerization of the plasmids introduced during
both transfections, as may be mediated by the high concentration of extrachromosomal
episomes in the nucleus. Homologous recombination was proposed to mediate the
formation of large concatemers of transfected plasmids (Folger et al. 1985), which may
lead to the co-integration of multiple plasmid copies upon recombination with the
genomic DNA. In the latter model, homologous recombination may occur between
similar plasmid sequences on the plasmids used during the first and second
transfections, and thus the efficacy of transgene integration and expression should
depend on DNA sequence homologies.

This latter possibility was first assessed by analyzing the effect of plasmid homology on
transgene expression by performing successive transfections with different
combinations of transgenes (GFP or DsRed), plasmid backbones (ampicillin or
kanamycin baterial resistance) and/or MARs (chicken lysozyme MAR or the human
MAR 1-68). |
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(Student’s t-test, P<0.05). No stably transfected cells were obtained from the double
transfection of 51D1 cells.

The results show that transfection of distinct MARs, transgenes, or bacterial resistance
all decreased the high expression normally observed with successive transfections (Fig.
5A). The double transfection effect was almost fully abolished when using different
MARs, transgenes and vector elements (MAR{-GFP + MAR,-RED constructs),
suggesting that plasmid homology is required to achieve high expression from
successive transfections.

Homologous recombination is often elicited as a DNA repair mechanism of double—
stranded breaks, in a process that was termed Homologous Recombination Repair
(HRR, ADD REF). Thus, it was tested whether plasmid linearization prior to transfection
mediates the high expression obtained from successive transfections.

Figure 4(C) shows the effect of DNA conformation on gene transfer and expression. In
order to compare transgene expression level after a single or successive transfections
with linear or circular plasmids, the same equimolar amount of GFP and MAR-GFP
circular DNA or Pvul-digested plasmids were used for transfection. After two weeks of

- selection, eGFP fluorescence of stably transfected cell populations was analyzed by
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using CHO cell lines mutated in a key component of either pathways, and which are
thus only competent for either HR or NHEJ.

The 51D1 CHO mutant derivative lacks the RAD51 strand transferase and is thus
deficient in homologous recombination, while V3.3 CHO cells lack the catalytic activity
of DNA-dependent protein kinase DNA-PK that plays an essential role to initiate the
NHEJ pathway (Jackson 1997, Hinz et al. 2006, Jeggo 1997). A 3-fold increase of the
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V3.3 cells was increased both by the presence of the MAR and by the successive
transfections as compared to parental AA8 cells (Fig. 5B, note the different scales of the
top and bottom panels). Overall, a 35-fold increase in transgene expression was
obtained from two consecutive transfections of NHEJ-deficient V3.3 cells with the MAR
when compared to a single transfection of the control plasmid in parental cells. In
- contrast, inactivation of the NHEJ pathway had little effect on the expression of the
MAR-devoid plasmid, indicating that the presence of the MAR and high HR activity are
both necessary to obtain very high transgene expression. Consistently, cells deficient in
HR yielded low expression levels a smaller effect of the MAR in single transfections,
while no antibiotic-resistant colonies were obtained from the double transfection.
These results clarify the significance of the HR pathway in the integration and
maintenance of the two selections genes used in the successive gene transfer process.
Figures 5(C) to (E) show a model for improved expression by repeated transfection
with MAR.
As can be seen in the scheme shown in Figures 5(C) and (D), the exponential increase
of transgene expression is partly explained by an increased entry and genomic
integration of plasmids into the cell nuclei, resulting both from the MAR element and
from the double transfection process. After the first transfection, the presence of the
MAR may augment the frequency of homologous recombination between transfected
plasmids, allowing the formation of bigger concatemeric structure and integration of
more plasmid copies. In addition, MAR may recruit proteins to remodel chromatin
structure towards an open state. As can be seen in Figure 5(E), plasmids of the second

transfection may be more efficiently transported to the nucleus, as a consequence of
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hSRPO9 Fw Hindl I 1filled TACCGCCACCATGCCGCAGIACCAGACCTGGGEA PCR of hSRP9
(NM_001130440. 1) hSRP9_Rv_Xbal CTAGICTAGATCAGGAGGCTGAAGCAAGAGGA
hSRP14_Fwyael 1/0583%% GCCATGGTGI TGT TGGAGAGCGAGCA PCT/IB2010/002337

the first transfection and of the possible saturation of the degradation compartments of
the cells. The MAR elements may act to promote recombination as before, allowing a
better concaterimerization of homologous plasmids from both transfections. The cell
cycle state is also a parameter to achieve optimal protein expression. By performing
transfections when cells are in G1 phase, plasmids may reach the nuclei in a latter
phase of cell cycle (e.g. S or G2/M) that is more favorable to homologous
recombination, further contributing to the formation and chromosomal integration of

larger plasmid concatemers.

PROTEIN SECRETION

Characterization of recombinant IgG produced by low and high producer CHO
clones

First, bottlenecks or defects that may affect the expression and secretion of IgG heavy
and light chain by CHO cell clones that display high or low Mab production levels we
studied.

Various clones of CHO-K1 S expressing different recombinant IgGs were generated.

Figure 6 depicts the characterization of the heavy and light chain of immunoglubilin
expressed by high and low recombinant IgG-producers CHO clones.

Figure 6(A) shows a Western blot of intracellular (cell lysates) and secreted IgG
(medium) using an anti-human IgG antibody. High (HP) and low (LP) IgG-producers
CHO-K1-S were subjected to total cell extraction and analyzed on Laemmii SDS-PAGE
8%. Immunoglubulin heavy and light chain are labeled in the Figure as HC and LC,
respectively. Figure 6(B) depicts a TX-100 solubility analysis. Cells were lysed in PBS -
containing 1% Triton X100. After centrifugation at 10.000 x g for 10 minutes, Tx-soluble
proteins containing supernatant and Tx-insoluble proteins containing pellet were
resolved under reducing and non-reducing SDS-PAGE 8%. Fig. 6(C) depicts a
Cycloheximide-based chase analysis of folding and secretion kinetics of IgG. High (HP)
and low (LP) IgG-producers CHO-K1 S clones were cultivated in the presence of 100uM
cycloheximide. At various time points, cells were harvested and lysed in 1% TX-100

containing buffer. Tx-soluble and insoluble fractions were then resolved on
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PCR of SRP14 (human variant of NM 001131937) hSRP14_Rv_Xbal
CTAGTCTAGATTACTGTGCTGCTGITGCTGCT  hSRP54 _Fw Ncol
TCATGCCAMEO RO FT0A8XIAGACCTTGGAAGA PCR of hSRP54 PCT/IB2010/002337

non-reducing SDS-PAGE 4-10%. Free, dimer and assembly intermediates complexes
of immunoglobulin were labeled as free-HC or free-LC; (LC), and (HC);; HC-LC and
IgG, respectively. Arrows indicate properly processed structures while arrowhead

indicate anomalous structures.

As can be seen from Figure 6, the Mab titer in the supernatant of cultures culture were
highly variable depending on the Mab protein that was overexpressed. However, the
results were highly reproducible with some Mabs consistently yielded lowly-producing
cell clones while other consistently yielded high producing cell clones. However, the
level of expression was unrelated to the plasmid construction used for transfection, and
it did not depend on the signal sequence that was used, which was indeed the same for
all Mabs (data not shown).

The intracellular heavy and light chains (HC and LC) expressed by each clone were
analyzed in order to find a correlation between polypeptide biosynthesis and IgG
secretion level of the different clones. Total cell extracts and secreted IgG immuno-
precipitates produced by CHO-K1 S clones at steady state were resolved under
reducing condition by SDS-PAGE. The protein migration profiles revealed the expected
50kDa and 25kDa bands of the HC and LC of high IgG-producer clones 12B, 16D and
S29, respectively. However, the light chain expressed by the low IgG-producers C24
and C58 migrated at an abnormally high apparent molecular weight (Fig. 6A). The
same anomalous behavior was noted when analyzing the secreted proteins. PNGase F
mediated deglycosylation experiments performed on cell extracts and secreted IgG did
not alter the LC mobility, indicating that the slow electrophoretic migration of the LC of
low producers was not due to the addition glycan moiety (data not shown).

To assess the biochemical nature of the anomalous LC, we extracted the intracellular
HC and LC content in PBS solution containing 1% triton X-100 (Tx) and separated the
Tx-soluble from the Tx-insoluble proteins by centrifugation at 10.000 x g for 10 minutes.
After complete protein solubilization in SDS-containing Laemmili's buffer supplemented
with urea 9 M, the fractions were resolved by reducing SDS-PAGE. The LC and HC of

the high IgG-producer clones were detected only into the Tx-soluble fraction as
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(NM_003136.3) hSRP54_Rv_Xbal CTAGTCTAGATTACATATTATTGAATCCCATCA
hSRPRal pha_Fw H ndl 11 TCCCAAGCTTACCGCCACCATGCTCGACTTCTTCACCATTTTCT PCR of
hSRPRal phwso(2biM/(3853339. 3) PCT/IB2010/002337

expected (Fig 6(B); S29 lanes). However, a significant portion of the LC of the C24 and
C58 low producer could not be solubilized by the Tx treatment, indicating intracellular
precipitation and potential polypeptide cross-linking. Surprisingly, this Tx-insoluble
fraction of the LC could not be resolved under non-reducing condition, as it remained in
the stacking gel, indicating high molecular mass aggregates and formation of disulfide
bonds. These data suggested a default in the LC folding or assembly process leading to

its aggregation in the Tx-resistant form.

Cycloheximide-based chase assays were then performed to investigate the IgG folding
and assembly kinetic as well as the fate of the IgG aggregates in the CHO cell clones.
SDS-PAGE analysis of the high-producer clone under non reducing condition revealed
an accumulation of free LC species and the formation of HC and LC dimers. The HC-
containing species appeared to decrease progressively with a concomitant
incorporation into HC-LC complexes and in completed IgG tetramers (Fig. 6C). In
contrast, LC was detected only within aggregated forms in the low IgG-producer (Fig.
1C, Tx-100 insoluble panel) or incorporated into intermediate complexes of the
assembly such as HC-LC and in the completed IgG (Fig. 6C: Tx-100 soluble panel).
Interestingly, the amount of detergent-insoluble LC form remained constant over time
and thus did not participate in the 1gG folding process (Fig. 6C: Tx-100 insoluble panel,
Agr-LC). This demonstrated that the LC-aggregates were incompetent for any further
folding and assembly process.

These results prompted the following hypotheses: (1) the ER folding machinery and
secretion capacity of the high IgG-producers are close to saturation by the large
biosynthesis and accumulation of H- and LC, but that the cells could nevertheless
proceed with the assembly of normally structured Mab; (2) the accumulation of
assembly-incompetent LC aggregates produced by the low IgG-producers explained a
secretion defect of these clones; and (3) the potential lack of LC signal peptide cleavage
and concomitant aggregation of the LC in low-IgG producers, which might indicate a

default of the co-translational translocation of the polypetide in the ER.
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hSRPRal pha_Rv_Xbal CTAGITCTAGATTAAGCCTTCATGAGGGCAGCCA hSRPRbet a_Fw_Ncol
TCATGCCATGCCTTCCGCGGACTCGCG PCR of hSRPRbeta (NM 021203. 3) PCR of

WO 2011/033375 PCT/1IB2010/002337

To assess a potential malfunctioning of the ER in the low producer clones, the
expression of different sensors of the ER protein folding and stress responses were
investigated. Over-expression of recombinant proteins beyond the folding capacity of
the ER has been shown to trigger a set of cellular responses collectively called the
Unfolded-Proteins-Response (UPR). Although these cellular mechanisms may act to
improve the ER folding capacity, to reduce ER stress and to restore ER functionality,
they can also reduce the yield of recombinant proteins (Khan SU et al, 2008; Kang S-W
et al, 2006). For instance, the activation of ERAD (ER-associated degradation) gene
expression upon UPR can target unfolded or misassembled ER-retained recombinant
proteins to degradation pathways. Moreover, in the case of severe ER stress, cells that
are not able to adapt their protein secretion machineries may trigger the apoptosis
pathway.

To assess if LC misprocessing and/or the over-expression of recombinant
immunoglobulin chains may induce ER stress and/or UPR, low and high producer
clones were cultivated for 7 days and analyzed at various times along the culture

procedure.

Figure 7 shows the characterization of the ER folding and UPR machineries of High
and Low IgG-producers. High (HP), low (LP) IgG-producers clones and parental cell
were cultivated in batch-culture. At various time points, day 0, 3, 5 and 7 of cultivation,
cells were harvested. Cell extracts were then analyzed by western blotting using anti-
BiP antibody (upper panel) and anti-CHOP antibody (middle panel). Protein loading
control was estimated by GAPDH content (bottom panel). CHOP precursor and active

forms were indicated by asterisk and arrow respectively.

The Western blot demonstrated an increased expression of BiP, a sentinel marker of
UPR activation, in the two low producer clones. In contrast, no increase of BiP level was
detected for the high producer clone (Fig. 7). These results suggested that low
producers clones expressing a misprocessing LC triggered a ER-stress response

mediated by BiP over-expression. In contrast, the low level of BiP protein expressed by
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hSEC61A1 (NM 013336.3) PCR of hSEC61B (NM 006808.2) hSRPRbeta_Rv_Xbal
CTAGTCTAGATCAGGCAATTTTAGCCAGCCA hSECB1AL Fw Hind | | |
TCCCAAGCRY AGHGRGABSAT GGCAATCAAATTTCTGGAAGT CA PCT/IB2010/002337

high producer clones suggested that these cells can handle and secrete the very high
levels of recombinant IgG without activating the UPR cascade.

The expression level of the CHOP pro-apoptotic transcription factor, whose expression
can be induced when the protein-folding bottleneck or misfolding cannot be resolved by
UPR, was also anayzed. Both the low and high IgG-producer CHO clones exhibited
over-expression of CHOP protein when compared to control cells that do not express
the Mab (Fig. 7). Interestingly, the CHOP protein progressively accumulated in the two
low producers clones up to day 5 of the culture, while the cellular CHOP level and pro-

apoptotic pathway seemed to be constitutively elicited in the high producer clone.

These observations implied that a BiP-mediated UPR responses of the low producer
clone resulted in the terminal phase of UPR and in the activation of apoptotic cell death
programs. In contrast, the high producer clones did not trigger BiP-mediated UPR
response, although a CHOP-mediated pro-apoptotic response was induced in these
clones. This suggested that the abnormal and huge over-expression of the recombinant
Mab may have initiated the cell death programs independently of the main ER stress
sensor BiP.

It could also been shown that the different IgG-producer clones exhibited various folding
and processing status of the recombinant IgG proteins and that distinct cellular and
molecular responses of the host cell were induced during their expression and
secretion. Therefore, these various low and high producer clones may both face
limitations that may negatively affect industrial production of easy- or difficult-to-express
recombinant proteins. We thus went on to use these high and low IgG-producers CHO
clones as cellular models to identify novels means to improve recombinant IgG

production using bioengineering approaches.

Strategies for correcting the processing of proteins and rescue efficient secretion
The lack of solubility of the LC in the low producer clones and its slow mobility

suggested the presence of peptide signal, and it argued in favor of an inefficient
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targeting and/or misprocessing of LC pre-proteins to the ER compartmen't. Thus, it was
possible that signal peptide misprocessing and aggregation of the IgG light chain of the
recombinant IgG may results from improper targeting and/or translocation into the ER.
Recent studies suggested that the bioengineering of the host cell lines to express ER
stress related proteins such as BiP could improve secretion of heterologous protein
(Peng and M. Fussenegger, 2009). However, this was not an option likely to succeed in
our case as ER stress protein BiP was found to be already spontaneously upregulated

in the low-producer clones.

Attempts to improve protein secretion by the over-expression of components of the
protein translocation machinery have not been met with success in mammalian cell
lines. For instance, SR14 expression beyond normal levels did not improve secretion
efficiency from cultured human cells (Lakkaraju et al., 2008).

Irrespective of these results, attempts were made to enhance protein secretion by
expressing proteins of -or related to- the Signal Recognition Particle (SRP), which is a
multiprotein-RNA complex that binds affinity-signal peptide and mediates the docking of
SRP-RNA-Ribosome complex onto the ER membrane. Specifically, (1) the human
SRP14 subunit, (2) a dominant-negative mutant of the FADD (FAS-associated death
domain) protein involved in the regulation of cell apoptosis were expressed, as well as

(3) the unrelated GFP protein as a control.

Two clonal cell lines were used, one expressing a low yield monoclonal antibody (e.g.
infliximab, a difficult-to—express protein) and one expressing a high yield MAb (e.g.
trastuzumab, an easy-to-express protein) harbouring the same signal peptide, and 5.1 x
10° cells were re-transfected with 5 ug of plasmid encoding the indicated proteins by
electroporation (MICROPORATOR, 1250V, 20 ms pulse time and 3 pulses). After
microporation, the cells were added to SFM4CHO medium (HYCLONE) supplemented
with 8 mM glutamine and 2xHT. Two days later, the cells were transferred in T75 plates
at an appropriate dilution of the selection marker (300 ug/m! G418) and the cells were
further cultured. After approximately two weeks, drug-resistant cells were expanded in

shake flask and the SRP14-expressing populations were diluted for single-cell cloning in
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a limiting dilution process. Results presented below were generated with cell clones

expressing the indicated proteins.

Enhancement of Mab production by SRP14 expression
Firs, the Tx solubility of intracellular HC and LC was determined and the secretion level

of the high and low IgG-producers clones expressing the SRP-related proteins.

Figure 8 shows that SRP14 transfection of recombinant IgG producing CHO clones
abolished light chain aggregation and rescued IgG secretion. Two differents CHO
clones, the high (F9) and low (A37) recombinant IgG producing CHO clones, were
subjected to transfection with cDNA constructions coding for various control or
candidate proteins expected to rescue the correct processing and secretion of
recombinant IgG (A: GFP; G: SRP14; H: FADD-DN).

In Figure 8(A) TX-100-soluble and -insoluble fraction of cell extracts of low and High
producers CHO clones co-expressing proteins A, G or H were analyzed on 4%-10%
gradients SDS-PAGE and IgG proteins detected by chemiluminescence. Light arrows
show the free and unprocessed-LC produced by low IgG producers (light arrow head)
and the unprocessed-aggregated LC. The free and properly processed LC produced by
low IgG producer clone after transfection of G or H proteins were labeled by black
arrow heads.

Figure 8(B) shows the specific productivity distribution of F9 and A37 clones before (-)
and after (G) transfection with the SRP14 expression vector, as assessed from ELISA

assays of secreted Mabs performed on cell culture medium supematants.

Interestingly, the western blot analysis indicated that the over-expression of full length
human SRP14 (Genebank access number X73459.1, which is incorporated herein by
reference in its entirety) led to the conversion of the pro-LC into a species migrating like
the normal LC mature form competent for folding and assembly with the HC, while the
migration of HC was not affected (Fig. 8A, lane G of top panel, see arrows). Even more
strikingly, SPR14 over-expression fully abolished LC aggregation in the TX-insoluble

fraction (Fig. 8A, bottom panel). Expression of the control GFP protein did not improve
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subsequent steps in translocation become rate limiting

The action of the exogenous SRP14 expression is unexpected. The expression may
have caused an extended delay of the LC elongation in the difficult-to-produce IgG
producer clones, given the function of this subunit in the elongation arrest mediated by
SRP. Proper processing the Mabs of the low producer clones may require an
unexpectedly long translational pausing, possibly because the kinetics of docking of the
complex mediating the translocation of these particular IgGs onto the ER may be slower
than that of other secreted proteins. Modulation of the translation kinetic by the
exogenous SRP14 components could in return influence the co-translocation of the pro-

LC in the ER and thus restore the efficient processing of the signal peptide.

The effect of another control protein, namely the FAS-associated protein with death
domain (FADD), was also evaluated by expressing a dominant negative mutant of
FADD (FADD-DN) (Newton, Harris et al. 1998). Unexpectedly, the over-expression of
FADD-DN was also found to abolish LC aggregation, as found for SRP14 (Fig. 8A,
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localization. For instance FADD phosphorylaﬁon and nuclear entry regulate gene
expression and activate both the cell cycle and mitotic progression (Tourneur and
Chiocchia 2010). Furthermore, the ER-bound protein termed RTN3 can recruit FADD to
the ER membrane, and FADD itself can be secreted by an atypical microvesicle-based
pathway. However, so far, FADD had not been implicated in the regulation of protein
secretion via the ER. Our finding might therefore indicate a novel function for FADD in
the context of improving the processing of over-expressed Mabs. Alternatively,
expression of FADD-DN may have saturated the translation machinery, somehow
slowing down this process and allowing proper targeting to the ER. However, neither
FADD-DN nor GFP over-expression was found to significantly restore 1gG secretion at a
high level. Thus, only the exogenous expression of SRP14 was capable of restoring
Mab production. Thus, it was hypothesized that the modulation of SRP-complex
functions might by specifically needed for the recruitment of ER-lumen translocon
partners and/or for the interaction of the neosynthetized L.C with ER folding chaperones.
Very high Mab secretion levels were maintained for more than 6 months, indicating that
it is a stable property of SRP14-expressing cells. In fed-batch cultures, more than 8
grams of Mab per liter of culture medium were obtained, which is a great titer that we

had not achieved without SRP 14 expression for this difficult-to-express protein.

The good results obtained after the expression of SRP14 prompted the testing of the
effect of other proteins that may contribute to proper translocation of nascent
polypetides in the ER. Other proteins of the Signal Recognition Particle (SRP), which is
a multiprotein-RNA complex that binds affinity-signal peptide and mediates the docking
of SRP-RNA-Ribosome complex onto the ER membrane, or proteins that relate to SRP

function were also tested. Specifically, we expressed (1) the human SRP54 subunit, in
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Figure 9 depicts the increase in MAb production in CHO cell pools expressing various
combinations of SRP9, SRP14, SRP54, SR and Translocon. The low producer A37
clone was subjected to transfection with cDNA constructions driving the expression of
the indicated candidate proteins. Culture supematant were analyzed by ELISA, and the

titers of Mab secretion was determined

As can be seen from the figure, expression of SRP14 or SRP54 led to a strong increase
in Mab secretion, whereas SR and Transl led to a smaller but still significant increase of
secretion, while SRP9 alone did not significantly improve expression (Fig. 9 and data
not shown). Combinations of these proteins were also testéd. SRP9 fully abolished the
positive effects obtained by the expression of SRP14 and/or 54 (SRP9+SRP14+SRP54
lane), indicating it is not the simple expression of any SRP protein that leads to
improved secretion. SR expression modestly increased the effects mediated by SRP14
and Transl| alone, however it strongly increased secretion obtained in presence of SRP
9, 14 and 54 (compare SRP9+SRP14+SRP54 lane with SRP9+SRP14+SRP54+SR
lane). However, the highest gain in secretion was obtained when over-expressing
Transl in addition to SRP14 and SR (SRP14+SR+Trans| vs SRP14+SR). It will be
obvious to a skilled-in-the-art individual that other combinations of SRP14, SRP54, SR
and Transl will also contribute to improve protein secretion, and that all such

combinations are therefore embodied in the present invention.

MATERIAL AND METHODS
I. TRANSGENE INTEGRATION AND EXPRESSION

Plasmids and constructs
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proteil iy e fiotd BRcitdmy thel8fnatedd, from pCMV-DsRed (CLONTECH) in pGL3-
basic (PROMEGA). pGL3-CMV-DsRed-kan was then created by exchanging the
ampicillin gene of pGL3-CMV-DsRed for kanamycin resistance gene from pCMV-DsRed
(CLONTECH) by digestion of both plasmids with BspHI. Then, the chicken lysozyme or
the human 1-68 MAR were inserted into the pGL3-CMV-DsRed-kan plasmid. They were
inserted as Kpnl/Bglll fragment containing the chicken lysozyme fragment, or as
Kpnl/BamH| human 1-68MAR fragment, upstream of the CMV promoter in pGL3-CMV-
DsRed-kan, resulting in pPAG01GL3-CMV-DsRed and p1-68(Ncol)filledGL3-CMV-
DsRed, respectively.

Cell culture and transfection

The CHO DG44 cell line (Urlaub 1983) was cultivated in DMEM: F12 (GIBCO)
supplemented with HT (GIBCO) and 10% foetal bovine serum (FBS, GIBCO). Parental
CHO cells AA8, NHEJ deficient cells V3.3 and HR deficient cells 51D1 (Adayapalam et
al., 2008) were kindly provided by Dr. Fabrizio Palitti and were cultivated in DMEM: F12
medium with 10% foetal bovine serum and antibiotics.

Transfections were performed with these cells using Lipofect-AMINE 2000, according to
the manufacturer's instructions (INVITROGEN). GFP or DsRed fluorescence levels
were analyzed using a fluorescence-activated cell sorter (FACS), one, two or three days
post transfection (transient transfections). Stable pools of CHO-DG44 cells expressing

GFP and/or DsRed were obtained by cotransfection of the resistance plasmid pSVpuro
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carried another resistance gene, pSV2 neo (CLONTECH). The two transfections were

timed to follow the cell cycle, unless otherwise indicated in the text. Twenty-four hours

after the second transfection, cells were passaged and selected with 250 pg/ml G418

and/or 2,5 pg/ml puromycin (250 pg/ml G418 and 4ug/ml puromycin for AA8, V3.3 and

S5A1D1). After three weeks of selection, GFP and/or DsRed expression was analyzed by

FACS.

Fluorescence activated cell sorting

Transient expression of eGFP and DsRed proteins was quantified at 24h, 48h or 72h
after transfection using a FACScalibur flow cytometer (BECTON DICKINSON), whereas
expression of stable cell pools was determined after at least 2 weeks of antibiotic
selection. Cells were washed with PBS, harvested in trypsin-EDTA, pooled, and
resuspended in serum-free synthetic ProCHO5 medium (CAMBREX corporation).
Fluorescence analyses were acquired on the FACScalibur flow cytometer (BECTON
DICKINSON) with the settings of 350V on the GFP channel (FL-1) and 450V on the
DsRed channel (FL-3) for transient expression, whereas settings of 240V for FL-1 and
380V for FL-3 were used to analyze stable expression. 100’000 events were acquired
for stable transfections and 10000 for transient transfections. Data processing was

performed using the WinMD software.

Cell cycle analysis

At the indicated times, the cell cycle status was analyzed by flow cytometry of CHO
cells after staining of the DNA with propidium iodide (Pl). Cells were first washed with a
(PBS), trypsinized and harvested in 1ml of growth media by centrifugation for 5 min at
1500 rpm in a microcentrifuge. After an additional PBS wash, cells were resuspended in
1 ml of PBS before fixing with ethanol by the addition of 500 pl of cold 70% ethanol

dropwise to the cell suspension under agitation in a vortex. Samples were incubated for
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. Fluorescent in situ hybridization
FISH (Fluorescent In Situ Hybridization) were performed as described in Derouazi et al.
(2006) and Girod et al. (2007). Briefly, metaphase chromosomal spreads were obtained
from cells transfected with or without the 1-68 human MAR and treated with colchicine.
Fluorescence in situ hybridization was performed using hybridization probes prepared
by the direct nick translation of pSV40GEGFP plasmid without the MAR.

Isolation of nuclei and DNA

Nuclei were isolated one, two or three days after transient transfection(s), from
proliferating and confluent CHO DG44 cells grown in 6-well plates. 1x10° cells were
washed twice with cold PBS, resuspended in 2 volumes of cold buffer A (10 mM
HEPES (pH 7.5), 10 mM KCI, 1.5 mM Mg(OAc);, 2 mM dithiothreitol) and allowed to
swell on ice for 10 min. Cells were disrupted using a Dounce Homogeniser. The
homogenate was centrifuged for 2 min at 2000 rpm at 4°C. The pellet of disrupted cells
was then resuspended in 150 pl of PBS and deposited on a cushion of Buffer B (30%
sucrose, 50 mM Tris-HCI (pH 8.3), 5 mM MgCI2, 0.1 mM EDTA) and centrifuged for 9
min at 1200 g. The pellets of nuclei were resuspended in 200 pul of Buffer C (40%
glycerol, 50 mM Tris-HCI (pH 8.3), 5 mM MgCl,, 0.1 mM EDTA) and stored frozen at
—80°C until required (Milligan et al. 2000).

Total cell DNA was isolated from CHO DG44 stable cell pools or from isolated cell
nuclei using the DNeasy Tissue Kit from QIAGEN. For stable cell pools, 1x10° confluent
CHO DG44 cells growing in 6-well plates were collected. DNA extraction was performed
according to the manufacturer’s instruction for the isolation of total DNA from cultured

Animal cells. For isolated cell nuclei, frozen pellets of nuclei were first thawed and
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following  primers  were used to quantify GFP DNA: GFP-For:
ACATTATGCCGGACAAAGCC and GFP-Rev: TTGTTTGGTAATGATCAGCAAGTTG,
while primers GAPDH-For: CGACCCCTTCAT-TGACCTC and GAPDH-Rev:
CTCCACGACATACTCAGCACC were used to amplify the GAPDH gene. The ratios of
the GFP target gene copy number were calculated relative to that of the GAPDH
reference gene as described previously (Karlen et al. 2007). To determine transgene
import into nuclei after transfection, quantitative PCR was performed on DNA extracted
from purified nuclei using the same GFP and GAPDH primer pairs as above.

The number of GAPDH gene and pseudogene copies used as reference was estimated
for the mouse genome, as the CHO genome sequence is not available as yet.
Alignment were performed by BLAST analysis performed using the NCBI software of
the DNA sequence of the 190 bp amplicon generated by the GAPDH primers on the
mouse genome, which gave a number of 88 hits per haploid genome. As the CHO
DG44 are near-diploid cells (Derouazi et al. 2006), we estimate that 176 copies of the
GAPDH genes and pseudogenes occur in the genome of CHO DG44 cells. This
number was used as a normalization reference to determine the GFP transgene copy
number.

Confocal microscopy

pGEGFPcontrol and p1-68(Ncol filled)SV40EGFP plasmids were labelled either with
rhodamine by the Label IT Tracker TH-Rhodamine Kit or with Cy5 by the Label IT
Tracker Cy 5 Kit (MIRUS, MIRUSBIO) according to the manufacturer's protocol, and
purified by ethanol precipitation. For transfection, DNA transfection was carried out with
the Lipofectamine 2000 Reagent (INVITROGEN) according to the supplier's
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instructions. The fixed cells were then washed twice with PBS and mounted in a
DAPI/Vectashied solution to stain the nuclei.
Fluorescence and bright-field images were captured using a CARL ZEISS LSM 510
Meta inverted confocal laser-scanning microscope, equipped with a 63x NA 1.4
planachromat objective. Z-series images were obtained from the bottom of the coverslip
to the top of the cells. Each 8-bit TIFF image was transferred to the ImageJ software to
quantify the total brightness and pixel area of each region of interest. For data analysis,
the pixel areas of each cluster in the cytosol si(cyt), nucleus si(nuc) and lysosome si(lys)
were separately summed in each XY plane. Theses values (S’z-{cyt), S’z(nuc) and
S’z=(lys), respectively) were further summed through all of Z series of images and
denoted S(cyt), S(nuc) and S(lys), respectively. The total pixel area for the clusters of
labelled pDNA in the cells, S(tot), was calculated as the sum of S(cyt), S(huc) and
S(lys). The fraction of pDNA in each compartment was calculated as F(k) = S(k)/S(tot),

where represents each subcellular compartment (nucleus, cytosol or lysosome).
Il. TRANSGENE EXPRESSION PRODUCT SECRETION

Plasmids and constructs

The expression vectors contain the bacterial beta-lactamase gene from Transposon
Tn3 (AmpR), conferring ampicillin resistance, and the bacterial ColE1 origin of
replication. As derivatives of pGL3 Control (PROMEGA), the terminator region of the
vector bears a SV40 enhancer positioned downstream the SV40 polyadenylation signal.
A human gastrin terminator has been inserted between the SV40 polyA signal and the
SV40 enhancer. Each vector also includes two human 1_68 SGE flanking the
expression cassette and an integrated puromycin resistance gene under the control of
the SV40 promoter. All the vectors encode the GOI under the control of the hGAPDH

promoter (Figure 10).
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M ell c6gplaxecnisiribety arddyende efnthesCHTaWIDNA thiabtasrying andompatiis
e e Bher A1, 12l e RSP oo s ori o) e o
human Athel RGR praduccng. thé eRprdssidmevectoriver8figdstdd by the appropriate restriction
enzymes (NEW ENGLAND BIOLABS or PROMEGA). The digested DNA were
electrophoresed on a 1% w/v agarose (EUROBIO, CHEMIE BRUNSCHWEIG AG) gel.
The vector band and the digested PCR product were cut out of the gel by visualization
under preparative UV lamp that does not damage the DNA (UL-6L, VILBER
LOURMAT), transferred into a 1.5 mL microtube and purified using standard techniques
(WIZARD SV Gel and PCR CleanUp System™, PROMEGA) following the
manufacturer’s instructions.
Both purified fragments (the digested Selexis™ expression vector and PCR product)
were ligated together using LigaFast™ Rapid DNA Ligation System (PROMEGA) in a
final volume of 10 pL for 5 min at RT (=Room Temperature) following the
manufacturer’s instructions. The whole ligation mixture was used to transform 50 pL of
competent DHS alpha cells (INVITROGEN) following the manufacturer’s instructions.
The integrity and proper structure of the newly created plasmid was checked by
restriction analysis. One bacterial clone was expanded in 5 mL of LB + 100 uyg/mL
ampicillin in shake tube for bulk extraction of plasmid DNA. The plasmid was extracted
using WIZARD Plus SV Minipreps kit (PROMEGA) following the manufacturer’s
instructions. The integrity of the plasmid was confirmed by sequencing the GOl and
associated flanking sequences.
Upon confirmation, a maxipreparation of the vector was done with a standard DNA
isolation kit (JETSTAR 2.0, GENOMED) from a 150 mL overnight culture in LB
supplemented with 100 pg/mL ampicillin to obtain very pure plasmid DNA. After
purification the DNA was resuspended in 300 uL sterile deionized water. Linearization
was performed by Pvul digestion and DNA quantification was conducted using Quant-iT
PicoGreen dsDNA assay kit (INVITROGEN/ Molecular Probes).
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hSRPRalpha_FWw_Hindl| TCCCAAGCTT. GCC ATGCTC‘GACTTCTTCACCATTTTCT PCR of
1 hSRPRalpha
hSRPRalpha Rv Xbal | CTAGTCTAGATTAAGCCTTCATGAGGGCAGCCA (NM_003139.3)
hSRPRbeta Fw Ncol | TCATGCCATGGCTTCCGCGGACTCGCG PCR of
hSRPRbeta_Rv_XbaI CTAGTCTAGATCAGGCAATTTTAGCCAGCCA hSRPRbeta
(NM_021203.3)
hSEC61A1 Fw Hindlll | TCCCAAGCTTACCGCCACCATGGCAATCAAATTTCTGGAAGTCA PCR of
hSEC61A1_Rv_Xbal CTAGTCTAGATCAGAAGAGCAGGGCCCCCATGCT hSEC61A1
(NM_013336.3)
hSEC61B_Fw Hindlll | TCCCAAGCTTACCGCCACCATGCCTGGTCCGACCCCCAGT PCR of hSEC61B
hSEC61B Rv Xbal CTAGTCTAGACTACGAACGAGTGTACTTGCCCCAA (NM_006808.2)
hSEC61G_Fw Hindlll | TCCCAAGCTTACCGCCACCATGGATCAGGTAATGCAGTTTGTTGA| PCR of hSEC61G
hSEC61G Rv Xbal CTAGTCTAGATCAGCCACCAACAATGATGTTATT (NM_014302.3)

Transfection of CHO cells and selection of the stable transfectants

CHO cells were passaged one day prior to transfection at a density of 300'000 cell/ml.
On the day of transfection, the cells were counted and 510’000 cells were harvested by
centrifugation. The supernatant was removed and the cell pellet was resuspended -in 30
ul of resuspension buffer (Buffer R, INVITROGEN). Four micrograms of linearized
plasmid encoding one protein to be tested was added to the cells and the cells were
electroporated using the Microporator-mini device from DIGITAL BIO TECHNOLOGY.

The settings used for electroporation were 1230 volts, 20 us and 3 pulses.

The electroporated cells were cultured in 6 well plate containing 3 ml of culture medium
(SFM4CHO, Hyclone™) supplemented with 8 mM glutamine and 2xHT. One day post-
transfection, the selection of stable transfectahts was started by adding 500 ug/ml of
G418 to the medium. At day three of culture, the cells were harvested by centrifugation
and the medium was renewed with 10 ml of fresh culture medium supplemented with
antibiotics. After a week, 1,5x10° cells were transfered into a 50 ml minireactor tube

(TBS) containing 5 ml of culture medium supplemented with antibiotics and incubated in
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evident that a person skilled in the art can make changes and adaptations without

leaving the scope of the following claims. In particular, the invention also comprises
embodiments with any combination of features which are mentioned herein in

connection with different embodiments.
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(a) providing an eukaryotic, preferably a manmmalian, host cell, wherein
said host cell has been nodified or treated to increase honol ogous
reconbi nawpan1(dsby7s decrease non honol ogous end j oi ni ngp(CiRtB2)10/602d30r tO
enhanced HR/NHEJ ratio in said cell, and (b) transfecting said cell, with
at | east one vector conprising said transgene, and with, optionally, a
matri x attachnment region (MAR) el enent, wherein said MAR el enent is
provided to said transgene in cis or trans. 2. The nethod of claim1,
wher ei n t he GellB%1e&6i10B1L N (b) is a subsequent transfection and is
preceded by an initial transfection with nucleic acid such as a vector or
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6. The method of claim3 and any one of the follow ng clains, wherein the
cell cycle is synchronized by subjecting the cell population to a chem cal
or tenperwbuos/dssEatment. 7. The nmethod claim 2 or any eoenioid/bes3iol | owi ng
dai ms, wherein an HR enzyne, an HR activator and/or a NHEJ suppressor is
adm nistered to said cell prior to said initial transfection. 8. The nethod
of any one of the above clains, wherein said cell is a reconbi nant
eukaryotic host cell and conprises a transgeni c sequence encodi ng an HR
enzynme, an HBnhomblogoas eaddoininga CEREdr Repp6£4020-4030/ or wherein sai d cel

Is mutated in a NHEJ or a HR gene. 9 The met hod of any one of the above

cl ai ms Wahgreti 41. ¢2005b5)s Aatehﬁ@cué:ﬂc @tDNAheéﬁbleﬁrJtﬂanan&ebheregslraorTe
said cel | T yepatk angdafitOmi %}atﬁ id Qﬁér%aRﬁf (}% g(ay' A4 cell
activity of atl | east ane activa arorcat

| east one NAESCHPYFEILBr: eﬁf%“ﬁﬂ?%a 2 or any one of the

foll ovmwg dai ms, wherein the nucI eic acid of sal dinitial transfection is

at | eadVaisRman &t T2 AT slepgndentraciivation o RAScinuplyes Adephaspheyiationne of
sai d vect or apfl asheciation with 1r33gfreteinso Nahenet 19et43-188e vector of said at
| east one subsequent transfection formone or nore concateneric structures

prior Nedtps.GfR003) Notspuddriviews of cedofebigationnErotding Bad aiedit codtiol. NaeReet hod
of clai m 10pdMeuiasigl 9akgsaus! east one vector of the initial transfection
and said at |east the vector of said subsequent transfection form

concat t ruat egk I
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wherein an int egrat ed copy nunber of said transgene integrated into the

genone \Qischakf a‘Fe ' Ry %' §clﬂ£o a%@ﬁéro?r%é“;?&rﬁg@eﬁﬁ d83 afigf ﬁ/ﬁew nis

nore than t ce val ue repres ed, copy

nunber obt aw iy t dlapgccﬁp ?@EngﬁsP grqe'ﬁft"ﬁ "PH&%‘E'S&?“%F" db).

Jomlng and telomere ength maintenance. Nucleic Acids Res 27, 2655-2661.

Wold, M. S. (1997). Replication protein A: a heterotrimeric, single-stranded DNA-binding
protein required for eukaryotic DNA metabolism. Annu Rev Biochem 66, 61-92.

Wong et al. (1998). Characterization of a carboxy-terminal BRCA1 interacting protein.
Oncogene 17, 2279-2285.

Wong, E.A. and Capecchi, M.R. (1986) Analysis of homologous recombination in
cultured mammalian cells in transient expression and stable transformation
assays. Somat Cell Mol Genet, 12, 63-72.

Wu, G., and Lee, W. H. (2006). CtIP, a multivalent adaptor connecting transcriptienal
regulation, checkpoint control and tumor suppression. Cell Cycle 5, 1592-1596.

Xiao, Y., and Weaver, D. T. (1997). Conditional gene targeted deletion by Cre
recombinase demonstrates the requirement for the double-strand break repair
Mre11 protein in murine embryonic stem cells. Nucleic Acids Res 25, 2985-2991.

Yan et al. (2007). IgH class switching and translocations use a robust non-classical end-
joining pathway. Nature 449, 478-482.

Yaneva et al. (1997). Interaction of DNA-dependent protein kinase with DNA and with

81



14. The method of claim2 and any one of the subsequent clains, wherein
said at |least one initial transfection is a single transfection. 15.The

met hod ofwel.8i1Msdshs wherein the nucleic acid of the inipghpicigpebection is
a vector conprising a MAR el enent and said transgene and, wherein,

following the initial transfection, the expression of sald transgene
reaches an initial |evel and, mherein t he expression of the transgene
foll owi ng the subsequent transfection, reaches a subsequent |l evel that is

more than addi: tblowl,errﬂézﬂfaﬂdaélbmlc—ﬁfré@hl@o§¢dt9) Sugiebsefben 14 rsestseti on,
nore than twice, three or four tines that of said initial I'evel. 16. The

met hod Pind: legidn @1@96?‘“%:%6)0!3?’%&6% b § FAGLF tt'\ét ?ét%ﬁawtfﬁ‘thé”qo‘é‘?tg%éls' ng

al\/AReIemet | ereln elnitra
transfecti on% ?ﬁ%t?g ansge@%8 |nt egr at ed into the genonme of the

cell equals 4@63 \rg;tgg:elp foII the at égeast one subsequent

t r ansf et3FWF #h fin iremegetipg do; fﬁswat%eeg%mﬁ%r lo89nor e
t han 2(n), 3%%?“@33 Natyre, 479, %‘eGﬁ‘ét hod of claims 15 or 16, wherein the at
| east one subsequent transfection is a single transfection. 18. The nethod
of cl aiYoulét alr (2009) VB dinks DINA doablegtmead ibsealn$ewiag &drasattion. Moldeeipda; of
said cell asa-ggmcateneric structure at a single locus. 19. The nethod of
any one of the above cI ai nms, wherein the MAR elenent in (b) aneliorates

expr essy g, |\|/|SHb 33 gfoéécj loHFRBR t&ddﬂ t@é b Xh&”fcéecfftmf\rcﬂmble
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t ransgene.

wher ei [zqrﬁ)rf téﬁqan 509% ng 70% 80% of the vectors of the at |east one
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21. The nmethod of any one of the above clains, wherein, follow ng the
initial transfection, an inital |evel of transgene expression product and
an initiayohhansgese copy number is reached, and wherei perfigdd10weRey sai d at
| east one subsequent transfection, the |level of transgene expression
product increases to a subsequent |level and the initial transgene copy
nunber increases to a subsequent transgene copy nunber, wherein the
i ncrease between the first and second | evel of transgene expression product
exceeds the increase between the initial transgene copy nunber and the
subsequent transgene copy nunber by 20% 30% 40% 50% or 60% 22. The
met hod wHAAWEGeAN iI8he above cl ai ns, wherein the vector sequence of said
vector of tThe at Teast one first transfection has 100% or at |east 95%
90% 85% or 80% sequence identity with the vector sequence of at |east the
vect or of 1 i fection(s). 23. The net hod of
claim?2 Orﬁé}g{eﬁ?ﬂ?{ﬁ?hgg%{%?)g%ﬂgﬂ&éﬁéﬁ\ﬁlgﬁ%erei n the vector of the
initial trarsfeoviding aoepkaryetic, préfaRaldy ampamnnetidnskost ckMRvhéreiresdid hast 100%
or at |east 95%,.90% 85% ar. 80%,sequence identity with the NAR el enent " of
2t feast the veRl® Brenmonifed ool (Q MbeRmshRToPaRSs EXOMNERIe 24, The
net hod of cl ai (AR), ecAddseish RbmbIdYolie h8biRmgINMED andlft6leRhhhéedvect or of
the initial transfection conprises a transgene and the transgene has 100%
or at |east 95WR/NIE ratipinsaidoel Asfuence identity with the transgene of at
| east the v?@t Wangfefcﬁné]-béﬁtceﬂf sai d subsequent transfection(s). 25. The

t

nmet hod of any one o e above clains, wherein the MAR el enent is provided
in cis as part of thewithatdeast onélypctopccorprisimgsaiddravkgeany, ante of t he above

cl ainms, wherein said I t _ane. MAR.el nt i.n (b) i rqovided in cis as
part of the vector ina%tg)géti%q?lx,amaér%atg% mentde 'Rbém eggrinant | east two
MAR el ements. 27. Thewierdiodaitf MAR/elefenofis phviddibioesdid &aAsgendiarc or t he
MAR el enent is | ocated upstream of a pronoter/ enhancer sequence of said
transgene. 28. The msfrﬁﬁg‘ of any one of the above clainms, wherein the MAR
sequence has at |east 90% sequence identity with: SEQID NGCs: 1-3 or is a
vari ant thereof. ,

2. The method of claim 1, wherein the transfection in (b) is a subsequent

transfection and is preceded by an initial transfection with nucleic acid such as a

vector or nucleic acid fragments.

3. The method of claim 2, wherein a cell cycle of a cell population of said cell is

synchronized.

4. The method of claim 2 or 3, wherein the said initial and subsequent transfection
takes place at a time when a majority of the cells of the population are at the G1
phase of the cell cycle.

5. The method of claim 4, wherein more than 30%, more than 31%, 32%, 33%,

34%, 35%, 36%, 36%, 38%, 39%, 40%, 41%, 42%, 43%, 44% or 45% of the

cells of the cell population are in the G1 phase.
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29. A reconbi nant eukaryotic, preferably manmalian, host cell, conprising
(a) a transgeni c sequence expressing a NHEJ suppressor, (b) a transgenic

sequence WwyRHASE3Y one or nore HR enzyne or HR acti vat epyisidadodssrut ati on
I nactivating or downregul ating a NHEJ gene, and/or (d) a nutation

enhanci ng expression or activity of an HR enzyne, an HR activator or a NHEJ
suppressor, wherein the reconbi nant eukaryotic host cell has an HR/ NHEJ
ratio nore than 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 times higher

than a ratg oTheunsthbd of BRI S and'8hy 6REBS ihel folowiRh ¢IdifrNAABRIS tiegience of
(a) and/or (b), and conprises, optionally, a matrix attachnment regi on (MAR)
el enent . cycle is synchronized by subjecting the cell population to a chemical or

temperature treatment.

7. The method claim 2 or any one of the following claims, wherein an HR enzyme,
an HR activator and/or a NHEJ suppressor is administered to said cell prior to

said initial transfection.

8. The method of any one of the above claims, wherein said cell is a recombinant
eukaryotic host cell and comprises a transgenic sequence encoding an HR
enzyme, an HR activator and/or a NHEJ suppressor and/or wherein said cell is
mutated in a NHEJ or a HR gene.

9. The method of any one of the above claims, wherein cell is a recombinant
eukaryotic host cell and the genome said cell is mutated to inactivate NHEJ, to
increases expression or activity of at least one HR enzyme, at least one HR

activator and/or at least one NHEJ suppressor.

10. The method claim 2 or any one of the following claims, wherein the nucleic acid
of said initial transfection is at least one vector comprising a transgene and
wherein said at least one of said vector of the initial transfection and at least one
vector of said at least one subsequent transfection form one or more

concatemeric structures prior and/or after integration into the genome of the cell.

11.The method of claim 10, wherein said at least one vector of the initial
transfection and said at least the vector of said subsequent transfection form
concatemeric structures integrated into the genome of the cell, wherein said
concatemeric structures comprise at least 200, 300, 400, 500 or 600 copies of

said transgene.
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30. A reconbi nant eukaryotic, preferably mammalian, host cell, conprising
(a) a transgeni c sequence expressing a NHEJ suppressor, (b) a transgenic

sequence Wwy¥RHASE3Y one or nore HR enzynme or HR acti vat @pq/ifsoie/@o33d at i on
i nactivating or downregulating a NHEJ gene, and/or (d) a nutation enhancing

expression or activity of a HR enzyme, a HR activator or a NHEJ suppressor,
and a transgene integrated into the genone of said cell, -and optionally, a
MAR el enent, wherein said MAR el enent is provided in cis or trans to said

transgene. 1231'he'ﬁ|%ih§@|o¥ aff ofik Jf He2SbdVe éleé’\’Qﬂfe‘?élﬂ tﬁé‘ﬂR?NﬁE?fraﬂB'b?tHéR
enzymes are Rad 51, Rad 52, RecA Rad 5 vC or BRCA2 /or the HR

activator i scﬂslslthWd? ot 4 ReONHED) %d@pﬂ%s%rzﬁ §0N0ﬁ$2lﬁgb¢rdheﬂ afetio nranni n.
32. The cell gfynoligig ?gll H()tczgg l‘ﬁ?ﬁd €Lig tHﬁ@ |@r§%gﬁ5'ﬁcé Snd Hgﬁtélﬂgal l'y Tinked

to a control el1 ement e exp ressp as” an i nduc

pr onot er, Hnéatﬁdsdeecmm!mobWhemmﬂmmHEusactmty equls 9. a pronot er

acti vat ed physically such as a heat shock pronpoter or chem cally such as
pronoter activated a | PTG or Tetracycline.

13. The method of any one of the above claims, wherein an integrated copy number
of said transgene integrated into the genome of said cell following said at least
one subsequent transfection is more than twice that of a reference value
representing the integrated copy number obtained by directly transfection the
cell with the vector of (b).

14.The method of claim 2 and any one of the subsequent claims, wherein said at

least one initial transfection is a single transfection.

15. The method of claim 14, wherein the nucleic acid of the initial transfection is a
vector comprising a MAR element and said transgene and, wherein, following
the initial transfection, the expression of said transgene reaches an initial level
and, wherein the expression of the transgene following the subsequent
transfection, reaches a subsequent level that is more than additive, preferably,
after a single subsequent transfection, more than twice, three or four times that
of said initial level.

16. The method of claim 14, wherein the nucleic acid in (a) is a vector comprising a
MAR element and said transgene and, wherein, after the initial transfection, the
transgene copy number integrated into the genome of the cell equals (n) and,
wherein following the at least one subsequent transfection, the transgene copy

number integrated into the genome is more than 2(n), 3(n) or 4(n).

17.The method of claims 15 or 16, wherein the at least one subsequent transfection
is a single transfection.
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33. The cell of claim?29 or any one of the follow ng clains, wherein said
mutation in (c) or (d) is a nutation in a xrcc4 gene, RAD51 strand

transf er age 208MR3378 DNA- dependent protei n ki nase gene, ph¢nBadedrsgene, the
RecA gene, the Rad 54 gene, the RuvC gene and/or the BRCA2 gene. 34. The

cell of claim?29 or any one of the follow ng clains, wherein the transgene
Is integrated into one | ocus of the genone of the cell and forns a
concateneric structure. 35. The cell of claim34 or any one of the

f ol I owi ng 18l BhemethidtLoREIRING a5 Gr ABNRAERIMPfHeCraiIgenbUs MEGERId inRSthat | east
200, 300, 400, 500 600 copies of the transgene. 36. A reconbi nant

p
eukaryoti c, S!ﬁ'lﬁ’%‘?&gﬁ‘dﬁ&!h?ﬁlq eenaRNeresiructyienga singlg Ipeegrated into a
single locus of the genonme a concateneric structure of a transgene
functionally linked to a pronoter, wherein the concateneric structure
conpr i ses 18 Themethabof amoone shihemboselaimsi whersfin theeMARaelegené irafo)  at

I t one . t er.ej a.d.MAR el enent is provided in ¢is or trans
Lo sai d 1 andyeI IR exlORiGh LRSI S B Byl BfoB Shedls o &
popul ati on tintdgraticn dlesfrmaltipleluopiszsfdhe Yéctoll bempeising dhe Gaasgarts, wherein

the at least one MAR is provided in cis and the majority of said transgenes
are provided with a MAR for each of said transgenes. 38. The cell of claim

36, wher ei2n THE it EEASiIN 2 anbiMy sheddf thE fIRMNIhg EMIETwisdter MNBR flagment s.

f
39. The cell _of claim?29 or any one of the follow ng clains, wherein the at
| east one MAM%| 80%n170%n S04 of taesectnywt theuatrieastioneraubsgquentirapstection NOs:

1-3 or is a A 3 . 1-3. 40. The cell of claim?29 or any one
of the foll o%{mr%ggﬁgpgﬁ%%,ﬁﬁ%ﬂéér)& A ttie MAR el enent is | ocated upstream of a

pronot er/ enhancer sequence of said transgene.

21.The method of any one of the above claims, wherein, following the initial
transfection, an inital level of transgene expression product and an initial
transgene copy number is reached, and wherein, following said at least one
subsequent transfection, the level of transgene expression product increases to
a subsequent level and the initial transgene copy number increases to a
subsequent transgene copy number, wherein the increase between the first and
second level of transgene expression product exceeds the increase between the
initial transgene copy number and the subsequent transgene copy number by
20%, 30%, 40%, 50% or 60%.

22. The method of any one of the above claims, wherein the vector sequence of
said vector of the at least one first transfection has 100% or at least 95%), 90%,
85% or 80% sequence identity with the vector sequence of at least the vector of

a first of said subsequent transfection(s).

23. The method of claim 2 or any one of the following claims, wherein the vector of
the initial transfection comprises a MAR element and said MAR element has
100% or at least 95%, 90%, 85% or 80% sequence identity with the MAR

element of at least the vector of a first of said subsequent transfection(s).

86



41. The cell of claim?29 or any one of the follow ng clains, wherein the
cell is a CHO cell, a HEK 293 cell, a stemcell or a progenitor cell. 42.

Use of anyoo9f,Rks3she reconbi nant eukaryotic host cell spef/gh@ah239 or any
one of the following clains in the expression of said transgene. WO

2011/ 033375PCT/ 1B2010/ 002337 43. A kit conprising a. in a first container, a
vector conprising optionally a MAR el enent and restriction sites for
integration of a transgene into said vector, b. in a second container, a

reconmbi narg4. Ehé afetRdd of Bamh 2CcﬁldnyQ5‘neCdfahérfom%Mrfg didim&Wherein the Veber bpns how
to use said vector in transfecting said cell for transgene expression. 44.

The kit of cihgiifiigkirangfestion mefﬁ%aq&ga@g@y\ﬁ@nddhezramgggg@has §p0% or at
| NStructi onsieggt ¥ b@esS BBG ECE0% Sequehcd idBRRY\AH PR thAgEhE PGt RaLL

cell(s).
the vector of a first of said subsequent transfection(s).

25.The method of any one of the above claims, wherein the MAR element is
provided in cis as part of the vector in (b).

26. The method of any one of the above claims, wherein said at least one MAR
element in (b) is provided in cis as part of the vector in (b) and the transgene is
flanked by said at least two MAR elements.

27.The method of any one of the above claims, wherein the MAR element is

located upstream of a promoter/ enhancer sequence of said transgene.

28.The method of any one of the above claims, wherein the MAR sequence has at
least 90% sequence identity with: SEQ ID NOs: 1-3 or is a variant thereof.

29. A recombinant eukaryotic, preferably mammalian, host cell, comprising

(a) a transgenic sequence expressing a NHEJ suppressor,

(b) a transgenic sequence expressing one or more HR enzyme or HR

activator,

(c) a mutation inactivating or downregulating a NHEJ gene, and/or

(d) a mutation enhancing expression or activity of an HR enzyme, an HR
activator or a NHEJ suppressor,

wherein the recombinant eukaryotic host cell

has an HR/NHEJ ratio more than 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 times

higher than a ratio found in the cell not comprising said transgenic sequence

of (a) and/or (b), and

comprises, optionally, a matrix attachment region (MAR) element.
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45. The kit of claim44, wherein the vector is used to transfect the cell
with said vector at |l east twice when the majority of the cell of said cell

popul ati agoixg1iaisziee Gl phase. 46. A non-prinmate reconbi pagpipaklaiyeti ¢ host
cell conprising a transgeni c sequence encoding at |east one primte protein

or a primate RNA involved in translocation across the endoplasmc reticul um
(ER) nmenbrane and/or secretion across the cytoplasm c nenbrane, such as a
protein or a RNA of a signal recognition particle (SRP) or a protein of a
secretory conplex (translocon) or a subunit thereof. 47. The cell of claim

46, wherein said cell further conprises a transgene functionally attached
to a si gnail-pepeorpRinapbewprvetin errferabhh@ammealian, Hosteall, compsgisge i s present

inthe cell in i 2 0p) r %I?H i concat eneric
structure. 48. (%E%Q%ﬁﬁgegﬁgﬁnﬁﬁ%ﬁé er%‘;11 rﬁ%‘?é&c@%ﬁ@%rbrrpri ses at | east
200, 300, 400, (boatreansgdic seqiarvenExpréssing ams gemore HenAyme oeHR of cl ai m

47 or 48, wherein & g nal peptide encoded by said signal peptide coding
sequence conpri selYy dr ophobi ¢ stretch of am no acids and has sequences

for interactingcyva rMut@iihbihachtinglor dodinredqiflatiigh NMHEY genéirndmsie of the
follow ng clains, further conprising an epigenetic regulator elenment, such
as an MAR el eméfh2 Muttigneenhaficingsexpiressign or agtivityicd at i esgyme, asiR The cel |

of claim46 or ar‘é{ctﬂaferfratr@ﬁEﬁ%ht)E?@sQSr ghai ms, wherein said protein or RNA
involved in translocation across the ER'menbrane and/or secretion across

t he cytopl asni ¢ neifBnsgrnd istegratedtiniorthe gerimeadf saftecalPBndi n parti cul ar

SPR9, SPR14, SPRl@ptioﬁgm;’,% WR&e&em?ﬁ%e%?ﬁﬂsgfd I\;Iﬁa\léatement is provided in cis

or trans to said transgene.

31.The cell of claim 29 or 30, wherein the one or more HR enzymes are Rad 51,
Rad 52, RecA, Rad 54, RuvC or BRCA2 and/or the HR activator is RS-1 and/or
the NHEJ suppressor is NU7026 and/or wortmannin.

32.The cell of claim 29 or 30, wherein the transgene is functionally linked to a
control element for inducible expression such as an inducible promoter, wherein
said inducible promoter is optionally a promoter activated physically such as a
heat shock promoter or chemically such as promoter activated a IPTG or
Tetracycline.

33. The cell of claim 29 or any one of the following claims, wherein said mutation in
(c) or (d) is a mutation in a xrcc4 gene, RADS1 strand transferase gene, a DNA-
dependent protein kinase gene, the Rad 52 gene, the RecA gene, the Rad 54
gene, the RuvC gene and/or the BRCA2 gene.

34.The cell of claim 29 or any one of the following claims, wherein the transgene is
integrated into one locus of the genome of the cell and forms a concatemeric
structure.
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52. The cell of claim51, wherein the protein of the SPR is human SPR14,
preferably conbined with one or nore other of said proteins or RNA invol ved

in in trags9aaizsey across the ER nenbrane and/ or secr epic@ipahaheessi he
cytoplasm c nenbrane. 53. The cell of claimb52, wherein said one or nore

ot her of said proteins are human SR and/or human Transl ocon proteins. 54.
The cell of claim51, wherein the protein of the SPR is human 5PR54,
preferably conbined with one or nmore other of said proteins or RNA involved

i n transl @sathéeBelp6f Q15N Bh%rﬁﬁymémf@ﬁ@foﬂﬂdﬁr%’cléﬁ% WHePBina@Pss the
cytoplasm c nenbrane. 55. The cell of claim wherein said one or nore

ot her of sai éPNSRANESHGSEYEURGRIMPERSAdeast 2@9@%%508&5@%&@0@8@‘ 56.

The cel |l of qkmséﬁngr any one of the follow ng clains, wherein said
protein or invdlved in in translocation across the ER nmenbrane and/ or
secretion across the cytoplasm c nmenbrane is the one of the proteins of the

t ransl ocorss. Amneddhbinght é\fka‘i@&ﬁ;lﬁﬂé‘arabﬁ%%mé‘m%s@eeﬂ Qfon‘?prfs'i’l%ni t thereof.

57. The cell of claim46 or any one of the follow ng clains erein said
protei n or MRNRORIRHINRA single Ipcyfs@m%a%nqmaac@néa@mef@ sHuchERtnf ane and/ or

2nd 5 Tranel ansgers bR dFREG 108 ERSADRr, PndrchRiTR icalinetle stidhye™
fol | owi ng ckampssesmatleash3q 40 bad o©g60@ copiea of mmtnalgﬁgmw ang atdeastlomei t or

fragment th 59.. .The c 6 _or, any one

of “the t ol | B gletfert wHEleE B MAR kiomBnt SHFaiifed ibpis rifai {5 a8, “Coi I

preferably @&attferesMherein said cell is preferably part of a cell population that has been
synchronized.

37.The cell of claim 36, wherein the at least one MAR is provided in cis and the
majority of said transgenes are provided with a MAR for each of said

transgenes.

38. The cell of claim 36, wherein the transgene is flanked by at least two of said
MAR elements.

39. The cell of claim 29 or any one of the following claims, wherein the at least one
MAR element has at least 90% sequence identity with SEQ ID NOs: 1-3 oris a
variant of SEQ ID NOs: 1-3.

40.The cell of claim 29 or any one of the following claims, wherein the MAR
element is located upstream of a promoter/ enhancer sequence of said
transgene.

41.The cell of claim 29 or any one of the following claims, wherein the cell is a CHO

cell, a HEK 293 cell, a stem cell or a progenitor cell.

42.Use of any one of the recombinant eukaryotic host cells of claim 29 or any one

of the following claims in the expression of said transgene.
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60. The cell of claim46 or any one of the follow ng clains, wherein the
signal peptide coding sequence has at | east 90% sequence identity with SEQ
| D NGCs: 4wdlbofozsssa variant of any one of said sequencegqiBiniobgsof the
non-pri mate reconbi nant eukaryotic host cell of claim46 or any one of the
following clains in in translocation across the ER nmenbrane and/ or

secretion across the cytoplasm c nenbrane of the cell. 62. A kit conprising
(a) in one container, non-prinmate reconbi nant host cell conprising, as part
of the genone of the cell, a transgenic sequence encodi ng at | east one

protein orgzas RNA dinin translocation across the ER nenbrane and/ or
secretion%é'?‘ossobﬂ)\égﬁ:n opl asm ¢ nenbrane, such as a protein or a RNA of a
signal recognition painta Gistcé@BMera vectpr coraprising optiseallyed MARGMESRX

(transl ocon) or a subunit ther.eof .i.n a _separate container, at |east
one vector conprising ?E’ts'ieﬁﬁé'%ﬁitgé F‘%ém?g'iat'PHtﬁﬁﬁﬁqsgﬁnﬁﬂ'_‘ta SelLYRYRne i nto
sai d vector and opt pomak b¥cehd\IRtFhEM e tecomBihané bukdl§blidiRb4tQRN of efaim
expressing and secreting a transgene expression product of said transgene

using said cell. 63. A4%OYd adr protein secretion of a transgene

conprising:  provi dgngh&rtABrP hbRb §is8 WARY VetdiGin akrefihy SAEREA RINY

transgene expression.

44 .The kit of claim 43 further comprising a synchronizing agent or instructions on
how to synchronize a cell population comprising said cell(s).

45. The kit of claim 44, wherein the vector is used to transfect the cell with said
vector at least twice when the majority of the cell of said cell population is at the
G1 phase.

46. A non-primate recombinant eukaryotic host cell comprising

a transgenic sequence encoding at least one primate protein or a primate RNA involved '
in translocation across the endoplasmic reticulum (ER) membrane and/or secretion
across the cytoplasmic membrane, such as a protein or a RNA of a signal recognition

particle (SRP) or a protein of a secretory complex (translocon) or a subunit thereof.

47.The cell of claim 46, wherein said cell further comprises a transgene functionally
attached to a signal peptide coding sequence, wherein said said transgene is
present in the cell in multiple copies, preferably in form of a concatemeric
structure.

48.The cell of claim 47, wherein said cell comprises at least 200, 300, 400, 500 or

600 copies of the transgene.

90



(c) a transgeni c sequence encoding at | east one primate protein or a
primate RNA involved in in translocation across the ER nenbrane and/ or

secreti onygohpgsziRe cytopl asm c nenbrane, such as a prerehB2@bo@3BNA of a
signal recognition particle (SRP) or a protein of a secretory conpl ex

(translocon) or a subunit thereof, and (d) a transgene functionally
attached to a signal peptide coding sequence. 64. The nethod for protein
secretion of claim63, wherein said transgeni c sequence increases a total

anount of 49 Theicall 6f clRNA4T7 B¢ ABY @Metdin larsugﬁaa@ébw@bhc%ueapw%dts%aﬁ
menbrane and/or secretion across the cytoplasm c nenbrane present in said

cel | by mor ePeRiigle casting SRMENTHXPMRTIRLS FRY dseplobro sireBO%f agTve aeids @0%h above
a |level foungyd Fle(?%ggglfér 'Eﬁf"g& r@%ﬁ%‘@h@% ng said transgeni c sequence. 65.

The met hod of rern sal transgene is present in the cell
as a concateneric structure integrated into the genone of the cell, wherein

the concatsanehé gels bf ¢lginiue opraapefn@tdfyh@fanammams f@¥ser cotprisiiyPan 400, 500
or 600 copies of the transgene and is mtgarate at a single locus of a

genone of safRigeRetic regylatoririemenh sychars@ANVAR element,desated in eis orrans to

fol |l ow ng C'?élgﬁnan‘ré;% &£in a signal peptide encoded by the signal peptide
codi ng sequence conprises a hydrophobic stretch of am no acids and has
sequences for interacting with SRP54. 67. The nmethod of claim63 or any one

of the fol31oVhe geltbbtiain 48/te ol onkhd the AMSAL ¢8ind, WHdbein saidpftdis @puent
transfection_and is &meceded by an initial transfection with nucleic acid

such as a veRNAyin¥elvad i tEapsliaeatipniacigsiieER membrane anglorecation agress7,
wh t | f t
erein sai dhecgicHiadthictmembiirid ! a prAER! GRNADS U SPROABaricAial F’EF??EC or

in (b). 69. The nethod clarm any one o wing c
wherein the SPBﬂégéﬁRdgs§Rﬁé|4c§Pﬁ@ SPR72and/@0B6RBNAuence identity with a
sequence sel ect ed fromthe group of SEQ ID NGs: 4-11 or is a variant of any

one of sai % _? P fe
52.The cel of claim 51, wherein the protein of the SPR is human SPR14, preferably
combined with one or more other of said proteins or RNA involved in in
translocation across the ER membrane and/or secretion across the cytoplasmic

membrane.

53. The cell of claim 52, wherein said one or more other of said proteins are human
SR and/or human Translocon proteins.

54.The cell of claim 51, wherein the protein of the SPR is human SPR54, preferably
combined with one or more other of said proteins or RNA involved in
translocation across the ER membrane and/or secretion across the cytoplasmic

membrane.

55.The cell of claim 54, wherein said one or more other of said proteins are human
SR and/or human Translocon proteins.

56. The cell of claim 46 or any one of the following claims, wherein said protein or
RNA involved in in translocation across the ER membrane and/or secretion
across the cytoplasmic membrane is the one of the proteins of the translocon, in
particular Sec61ay, Sec62, Sec63 and/or a subunit thereof.
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70. A nethod for identifying a protein secretion and/or translocation
I ncreasing activity of a transgenic sequence conprising: nonitoring a first

mammal i anyeehl1/eesteri sing a transgene encodi ng a reconbipggfiB2de/M285M,
wherein said reconbi nant protein is secreted by said cell at a first |evel,

nonitoring a second manmal i an cell conprising said transgene encodi ng said
reconbi nant protein, wherein the reconbinant protein is secreted by said

cell at a second |level, wherein said second | evel exceeds said first |evel,
introducing into said first mammal i an cell the transgenic sequence encodi ng

2 beast S7erRE BLPbTuim 36 BAn KBl Bk 1M ANLRRE WA SRS IR oF = .

menbr ane secretion acr rane
changes i n tRBAsiecolged onmltearfslloorallosaccbssebeﬂﬂ mrnbran@aadmrsecmbd first

b d the f h t
ecretion | iy ool RGO AR AR PBctalie s ShebBafin oESHERL 71 ara 871 €1

Translocon protein.

58. The cell of claim 46 or any one of the following claims, wherein said transgene is

a immunoglobulin, a subunit or fragment thereof or a fusion protein.

59.The cell of claim 46 or any one of the following claims, wherein said non-primate
cell is a rodent cell, preferably a CHO cell.

60. The cell of claim 46 or any one of the following claims, wherein the signal
peptide coding sequence has at least 90% sequence identity with SEQ ID NOs:

4-11 or is a variant of any one of said sequences.

61.Use of the non-primate recombinant eukaryotic host cell of claim 46 or any one
of the following claims in in translocation across the ER membrane and/or

secretion across the cytoplasmic membrane of the cell.

62. A kit comprising

(a) in one container, non-primate recombinant host cell comprising, as part of the
genome of the cell, a transgenic sequence encoding at least one protein or a
RNA involved in in translocation across the ER membrane and/or secretion
across the cytoplasmic membrane, such as a protein or a RNA of a signal
recognition particle (SRP) or a protein of a secretory complex (translocon) or a
subunit thereof,

(b) in a separate container, at least one vector comprising restriction sites for
integration of a transgene into said vector and optionally a MAR element, and

(c) instructions for expressing and secreting a transgene expression product of said
transgene using said cell.

63. A method for protein secretion of a transgene comprising:
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providing a non-primate eukaryotic host cell comprising

(c) atransgenic sequence encoding at least one primate protéin or a primate
RNA involved in in translocation across the ER membrane and/or secretion
across the cytoplasmic membrane, such as a protein or a RNA of a signal
recognition particle (SRP) or a protein of a secretory complex (translocon) or
a subunit thereof, and

(d) atransgene functionally attached to a signal peptide coding sequence.

64. The method for protein secretion of claim 63, wherein said transgenic sequence
increases a total amount of protein or RNA involved in in translocation across
the ER membrane and/or secretion across the cytoplasmic membrane
present in said cell by more than 10%, 20%, 30%, 40% 50%, 60%, 70%, 80%,
90% or 100% above a level found in the cell prior to expressing said transgenic

sequence.

65. The method of claim 63 or 64, wherein said transgene is present in the cellas a
concatemeric structure integrated into the genome of the cell, wherein the
concatemeric structure preferably comprises at least 200, 300, 400, 500 or 600
copies of the transgene and is integrated at a single locus of a genome of said

cell.

66. The method of claims 63 or any one of the following claims, wherein a signal
peptide encoded by the signal peptide coding sequence comprises a
hydrophobic stretch of amino acids and has sequences for interacting with
SRP54.

67.The method of claim 63 or any one of the following claims, wherein the

transfection in (b) is a subsequent transfection and is preceded by an initial
transfection with nucleic acid such as a vector or nucleic acid fragments.
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68. The method of claim 67, wherein said vector of the initial transfection

corresponds to the vector in (b).

69. The method of claim 63 or any one of the following claims, wherein the
transgenic sequence has at least 90% sequence identity with a sequence
selected from the group of SEQ ID NOs: 4-11 or is a variant of any one of said

sequences.

70.A method for identifying a protein secretion and/or translocation increasing
activity of a transgenic sequence comprising:
monitoring a first mammalian cell comprising a transgene encoding a
recombinant protein, wherein said recombinant protein is secreted by said cell at
a first level,
monitoring a second mammalian cell comprising said transgene encoding said
recombinant protein, wherein the recombinant protein is secreted by said cell at a
second level,
wherein said second level exceeds said first level,
introducing into said first mammalian cell the transgenic sequence encoding at
least one protein or a RNA involved in translocation across the ER membrane
and/or secretion across the cytoplasmic membrane, and
determining changes in the secretion level of said recombinant protein in said
first cell,
wherein an increase beyond the first level identifies the protein secretion

increasing activity of said transgenic sequence.
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