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Is also frequently observed. Wen exogenous 25 genes are integrated into

t he chrbhos BACKGRAIND O TER INVENEIONS in vitro, many of the

i ntegration_events resylt jn rapid silencging.of the transgene and the

remai nder  ditg SUYTERGRO %lr‘i’fja"gﬁr@m o FW%r‘é?%ﬁe%tEWP%,&&Wég@tﬁﬁgﬁ i on

ffect ‘| N ineftici | ' | i,cati bot h
effects rengﬁ}o,g%%@écgﬁlgf‘dggﬁ%%r €55 n'xe[ﬁﬁn cjctnl?zlélgsgére efisRedd B! i h tndrY PO

basi c resea | ogy ~ applTca
condensed, “closed”, transcriptionally silent state, or in a de-condensed, “open™ and

transcriptionally competent configuration. The establishment of an open chromatin
15  structure characterised by increased DNasel sensitivity, DNA hypomethylation and
histone hyperacetylation, is considered a pre-requisite to the commencement of gene

expression.

The open and closed nature of chromatin regions is reflected in the behaviour of

20  transgenes that are randomly integrated into the host cell genome. Identical
constructs give different patterns of tissue-specific and development stage-specific
expression when integrated at different locations in the mouse genome"s. A
variegated expression pattern within a given transgenic mouse tissue, known as
position effect variegation (PEV), is also frequently observed®, When exogenous.

25 genes are integrated into the chromosome of mammalian cells cultures in vifro, many
of the integration events result in rapid silencing of the transgene and the remainder
give large variability in expression levels’®, These position effects render transgene
expression inefficient, with implication for both basic research and’ biotechnolpgy
applications.
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LCRs appear to be comprised of two separate, although not necessary independent
components. First, the establishment of an open chromatin domain, and second a
dominant transcriptional activation capacity to confer transgene copy number
dependent expression®. The molecular mechanisms by which LCRs exert their

1141
function remain a point of contention>" 2,

The generation of cultured mammalian cell lines producing high levels of a
therapeutic protein product is a major developing industry. Chromatin position
effects make it a difficult, time consuming and expensive process. The most
commonly used approach to the production of sucﬁ mammaltian "cell factories” relies
on gene amplification induced by a combination of a drug resistance gene (e.g.,
DHFR, glutamine synthetase (Kaufman, 1990, Methods Enzymol., 185:537-566,
which is incorporated herein by reference)) and the mainatenance of siringent
selective pressure. The use of vectors containing LCRs from highlyexpressed gene
domains, using cells derived from the appropriate tissue, greatly simplifies the
procedure (Needham et al., 1992, Nucleic Acids Res., 20:997-1003; Needham ef al.,
1995, Protein Expr. Purif, 6:124-131, each of which is incorporated herein by

reference).



dOITB.I ns, using cells derived fromthe appropriate tissue, greatly 15 MAR 2005
si fpl |f|es the procedure (Needhamet al., 1992, Nucleic Acids Res.,

20: 997- 1008 oixewwstham et al ., 30 1995, Protein Expr. Puri, 6p¢R&BbBi421€ach
of which is incorporated herein by reference). 2 1 8 MAR 2005 WD 02124930
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_establishing an open chronmatin structure across a‘locus that consists

excl usi vel ytisshesdsirepuiitedus| y  expressed, housekeeping genes. These el enents
are not derived froman LCR The 10 invention provides a pol ynucl eoti de
.conprisi’kng a ubi qU| tous chromatin -opening element (UCCE) which opens

chromatin Op, {18 BLADE raheABbidAbR FROT/ARED/FBY (VRO D0/ A3, fdbidorated

r epr oduci bl € "exp ESSI operably-11nk gene in cells”of at |east two

di fferent thysiferehdtPhGeinyiesceibes tlemeptsl thatakaetpodsibiesfonestabléshingeah bpaam a
| ocus contro region. 15 Methylatjon-free CpGislands are %ell-k,no I n
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element (UCOE) which opens chromatin or mamtams chromatin in an open state and
facilitates reproducible expression of an operably-linked gene in cells of at least two
different tissue types, wherein the polynucleotide is not derived from a locus control
region.
15
Methylation-free CpG islands are well-known in the art (Bird ef @l (1985) Cell 40:
91-99, Tazi and Bird (1990) Cell 60: 909-920) and may be defined as CpG-rich
regions of DNA with above average (>60%) content of CpG di-nucleotides where the
cytosine residues are ﬁot methylated and which extend over the 5° ends of two
20  closely spaced (0.1-3 kb) divergently transcribed genes. These regions of DNA
remain unmethylated in all tissues throughout development (Wise and Pravicheva
(1999) Genomics 60: 258-271). They are associated with the 5 ends of all
ubiquitously expressed genes, as well as an estimated 40% of genes showing a tissue

16,17

restricted expression profile and are known to be localised regions of active

25  chromatin'®.

An ‘extended’ methylation-free CpG island is a methylation-free CpG island that
extends across a region encompassing more than one traxllscriptional start site and/or
extends for more than 300bp and preferably more than 500bp. The borders of the
30 extended methylation-free CpG island are functionally defined through the uvse of

PCR over the region in combination with restriction endonuclease enzymes whose



remai n unnet hylated in all tissues throughout devel opnent (Wse and
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denonst ning methyl ation-free CpG i sl ands
enconpassi ng dual, divergently transcribed pronoters fromthe human TATA
bi ndi ng protein (TBP)/proteosone conponent-Bl (PSMBI) and het erogenous

nucl ear 15 Weohawe! deprosigtnd ADAB TREIOhn REARNE hemetipdatiantdies nCpioistands | Hsy
(HPL Bsi geggcompassing dual, divergently transcribed promoters from the human TATA

binding protein (7BP)/proteosome component-B1 (PSMBJ) and heterogenous nuclear
‘15 ribonucleoprotein A2/B1 (hnRNPAZ)/heterochromatin protein 1Hsy (HPI 1y gene
loci give reproducible, physioclogical levels of gene expression and that they are able
to prevent a variegated expression pattern and silencing that normally occurs with

transgene integration within centromeric heterochomatin.

20 We have shown that methylation-free CpG islands associated with actively
transcribing promoters possess the ability to remodel chromatin and are thus tﬁought
to be a prime determinant in establishing and -maintaining an open domain at

housekeeping gene loci.

25 UCOE’s confer an increased proportion of productive gene delivery events with
improvements in the level and stability of transgene expression. This has important
research and biotechnological applications including the generation of transgcnic
animals and recombinant protein products in cultured cells. We have shown
beneficial effects of UCOEs 0;1 expression of the CMV-EGFP reporter construct and

30  with the secreted, pharmaceutically valuable protein erythropoietin. The properﬁes
of UCOEs also suggest utility in gene therapy, the effectiveness of which is often
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effective in"one orientation than the ‘other). In sone circunstances, such
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di vergent| yeiégrésgio% uungﬁ'aﬁsg&%%e 1vet1)'gevé[n%%rr}t}} et] %Ofi Ql%ga%e& Between them, there is
an advantage in being able to obtain balanced, high-level expression from both
15  promoters, which may not be possible with a natural UCOE. There is therefore a

need for artificially-constructed UCOESs that are effective in both orientations.

STATEMENTS OF THE INVENTION

20  According to the present invention there is provided a polynucleotide comprising a
UCOE, which opens chromatin or maintains chromatin in an open state and
facilitates reproducible expression of an operably-linked gene in cells of at least two
different tissue types, wherein the nucleotide sequence of the UCOE does not occur
in nature.

25 ‘

Genomic regioﬁs comprising regulatory sequences from at least two genes were
combined to form a chimeric UCOE which significantly enhanced gene expression
over a prolonged period of culture. Such a chimeric UCOE constitutes a nucleotide
sequence that does not occur in nature. - Accordinély the phrase “does not occur in
30 nature” refers to a situation wherein the nucleotide sequence of the element

constituting the UCOE does not naturally exist as such and is man-made or
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significantly enhanced gene expression over .a prolonged period of
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have been brought together in a non-natural organization, to create a chimeric or

artificial UCOE.

15 As used herein, the terms “artificially synthesized” and “artificially-generated” in
reference to sequences in a UCOE, refer to sequences that are non-natural; ie.,
sequences that are not naturally-occurring and are wholly synthetic. ‘Such “artificially
synthesized” and “artificially-generated” sequences can also be combined with
naturally-occurring sequences 1o make up or create an artificial UCOE.

20
According to an altemative aspect of the invention there is provided a nucleic acid

molecule comprising a DNA sequence selected from :

i) the DN A sequence as represented in Figure 2 or Figure ?;
25 1) DNA sequences which hybridise to the sequence presented in Figure 2 or
Figure 7 which encode a polypeptide according to the invention.

Ina preferred embodiment of the invention there is provided an isolated nucleic acid
molecule which anneals under stringent hybridisation conditions to the sequence

30 presented in Figure 2 or Figure 7.



10 natural l'y-occurring sequences that are- nornally disparate (fram MAR 2005
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PCT/ GB011042tGechtmictejeatid mydedultisofnisperified hemglag¥nsi t i ons are wel | known in
the art. For exanple, nucleic acid hybrids that are stable after was i ¢

in 0.1 x SSC ,0.1% SDS at_ 60C. it 15 1] kn L n. t he t hat opti mal
hybr i dil8at i 85:5diG T 3R kemNse) tQI@&Vgﬁeﬁq!iF%}t@eMJfg’étaﬁB% of the nucleic
acid is known. For exanple, hybridisation conditions can be 5 determ ned by
the GC content of the nuclei.c I d.subj ect to.hybrjdi | ee
Sanbr ook etPrsiergblpgdy P B‘éﬁ‘?@% Qf&ﬁ? nﬁﬁes%tLgB}éfg{é Igrf;%gl k%%oécé{g%ﬁcgg%rmn

expression of an operably-linked gene non-tissue specifically.

15 Preferably the polynucleotide of the present invention facilitates reproducible
expression of an operably-linked gene in all tissue types where active gene

expression OCCUIs.

Preferably the polynucleotide of the present invention facilitates expression of an

.20 operably-linked gene at a physiological level.

Preferably the polynucleotide of the present invention comprises an extended

methylation-free, CpG-island.

25  Preferably the polynucleotide of the present invention comprises one Or more

naturally-occurring sequences associated with the control of gene expression.

Preferabl}; the polynuclectide of the present invention comprises one or more
naturally-occurring promoters.

30
Preferably the polynucleotide of the present invention comprises dual or bi-
directional promoters that transcribe divergently.
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reproduci bl e expression of an operably-1linked gene non-tissue
specifically. 15 Preferably the polynucl eotide of the present invention
facilitates reproduci ble expression of an operably-linked gene in all

ti ssue types where active gene expression occurs. Preferably the

pol ynucl eot Priferablytthe polwsehdotidavititei praseht divention esmprgeseths ihomaoff-aetin 20
operabl y-1inked gene at a physiolagical |level. Preferably the

pol ynuci eot CEE iskandfpropaderaggiopn A t 6 ses an ext ended

met hyl ati on-free, CpGisland. 11 25 Preferably the pol ynucl eotide of the
present invention conprises one or nore naturally-occurring sequences

associ ated pidifrabliethiepitymhclaftide afiehe prisestsintbntidly edrepidel Yo DINA. fragment

pol ynucl eoti de of "t he present invention conprises one or nore

nat ur al | y- owithirn thegapgoabi @bbp to30ktPspabringthy htinen Bedofin(tn@ idandléd ppomotes

present invention conprises dual or bi- .directional pronoters that

transcri be FHElen gehiipgment therpohnR 2005 . WO 02/ 24930 PCT/ GBOL/ 04210

Preferably the polynucl eotide of the present invention conprises the human

P-actin CpGisland/ pronoter region, or fragnent thereof. 5 Preferably the

pol ynucl eot Peige@blyt the pplnariotiis viic ppesenpimyehtses caniidds thameat PDGDRI n

the range of 100bp to 3 kb spannin%h;he human 3-actin CpG island/ pronoter
0  CpG island/ promoter region or a fragment thereof.

Preferably the polynucleotide of the present invention comprises a DNA fragment
within the range from 100bp to 3.0 kb spanning the buman PDCD2 CpG island/
promoter region, or a fragment thereof.

15 )
Preferably the polynucleotide of the present invention comprises a DNA fragment
within the range from 100bp to 3.0kb spanning the buman B-actin CpG island/
promoter region and a DNA fragment within the range from 100bp to 3.0 kb
. spanning the human PDCD2 CpG island/ promoter region. Preferably said fragments

20  are directly adjacent with their promoters oriented divergently.
Preferably the polynucleotide of the present invention comprises a 2kb DNA
fragment spanning the human B-actin CpG islahd/ promoter region and a 1.8kb DNA
fragment spanning the human PDCD2 CpG island/ promoter region. Preferably said
fragments are directly adjacent with their promoters oriented divergently.

25 |
In further preferfed embodiment the polynucleotide comprises the sequence of Figure 2

or a fragment thereof, in either orientation.

Preferably the polynucleotide comprises the human RNP CpG island / promoter
30 region or a fragment thereof.



region or a fragment thereof. Preferably the polynucleotide of the Wﬁf@'ﬁbs
I nvention conprises the human PDCD2 10 CpG i sl and! pronoter regi orl r

fragnent wW@ogefozo Preferably the pol ynucl eotide of the prespot/Geoyvesrioon
conprises a DNA fragnent w thin the range from 100bp to 3.0 kb spanni ng
the human PDCD2 CpG island/ pronoter region, or a fragnent thereof. 15
Preferably the pol ynucl eotide of the present _invention conprises_ a DNA
fragment ~ \Rreferably itke palygecléatisie coogisises & 4rbORNAs agment gpapeing the AURagct i n
CpG i sl and/ ‘Er,grr,pter r eH%i on and.a DNA fragnment within the range from 100bp
to 3.0 kb FFBAMGEIaHY HomalsT B85 CpG i sl and/ pronoter region. Preferably
said fragnents 20 are directly adjacent with their pronoters oriented
divergently. Preferably the pol ynucl eotide of the present invention

conpri ses @PrafdpatidiNAhe fpohauelebtidepeomprispestareettandod Rethotationdpe CyGaistind
pronoter region and a 1.8kb DNA fragment Sﬁ)anni n%g}tge hunman PDCD2 CpG

i sl and/ Spr cwotaringdidiyerzent psepter A1 2CAPHO 8t leash RIS N tCTSCGREE CPYPPRGBEc ent

with their pro IS i 3 j vergently. 25 In further preferred
enbodi nment qowgﬂﬁiﬁfﬁﬂﬁéee@?%gsga%mmr i ses the sequence of Figure 2 or a
fragnent thereof, in either orientation. Preferably the polynucl eotide

conprises the human RNP CpG island / pronoter 30 _region or a fragnent
thereof . 8 BreferAR DEOBolyRctEDtidd IROIPETy EB0 bugwp1BNDr £pby igand Ypremoter

ol nd 1 prisaoecn s BROh repRerdn di oendons GhooreSerhie B Biten eyt
ext endqg MeERliabh@PpldufRaGRGohS! and -

In a further preferred embodiment the polynucleotide comprises the sequence of Figure
7 or a fragment thereof in either orientation. Preferably the polynucleotide comprises
one Or more promoter sequences.
15
It is known in the art that initiation of transcription may, under some circumstances,
be inhibited by read-through transcripts from upstream promoters (Youssoufian and
Lodish (1993) Transcriptional inhibition of the murine erythropoietin receptor gene
by an upstream repetitive element, Mol Cell Biol 13 (1) 93-104). Therefore, one
20 . embodiment of the invention comprises the polynucleotide of the present invention
wherein one or more of the promoter sequences are mutated in such a way that they

are incapable of initiating transcription.

Preferably the promoter is selected from CMV, EF-1a, RSV LTR, or HIVZ LTR or
25  combinations of sequences derived therefrom. More preferably the promoter is a CMV

promoter. Most preferably it is the mouse CMV promoter.

Preferably the polynucleotide of the present invention comprises at least one
sequence which is artificially synthesised.
30 '



5 contai ni ng bidivergent pronoters. adjacent to at |east one further

sequence conprising a nethylation-free CpGisland. Preferably the
pol ynucl eqt i rises the human RNP CpG i sl and / pronoter ' d a
DNA fragn&égﬁﬁ&?ﬁ range 100bp to 3. 0kb spanning the hurranp%ig%toffﬁdﬁqo CpG
pronoter region. In a further preferred enbodi ment the
pol ynucl eoti de conprises the sequence of Figure

i sl and |

ei ther ori entat .o i%&'ﬁghia%é{#&?dg@q Yo &ﬁﬁﬁﬁt‘i‘rlg?iﬂ‘lrﬁ)g[iél?@lﬁcleéﬁt& 6Xf thgor e

pronot er sequences.
transcri pt ifgesef@ihveriigler some circunmstances,

own in the art that i ati on of

transcripts fromupstream pronoters (Youssoufian and Lodish (1993)
Transcriptional inhibition of the murine erythropoietin receptor gene

an upstrea
one 20 enb

ey Sr ol Fbmpliiel Tero ChBhidiiol ittt dfhe IR

present si nvention wherein one or nore of the pronpter sequences are

nmutated in such a way that they are incapable of initiati£ t.ranscr.i ption.

Pr ef er abl y Thscahosait exdaptatior inndudes, by sHamplg, amgFnploby wag\o
or 25 conbinations_of sequences derived therefrom r r . 1 he
promot er i SPTRVISMR 0&%&&“@%@@?&9@%& G’I?IPO?%E SF?I\@mrr%sgse %%‘8{&0'[ er.

Preferably . 0 de: of the present invention conprises at |east
SPGRAE KHERCRlESicR

one sequence

2005 PCT/ GB01104210 The present invention also provides a vector
conpri sliong t he pol ynucl eoti de of the esent in

15

20

25

30

Promoter and enhancer are terms well- hown in t cva%natuildo Hiclude the following
features which are provided by example only, and not by way of limitation.
Promoters are 5°, cis-acting regulatory sequences directly linked to the initiation of
transcription. Promoter elements include so-called TATA box and RNA polymerase
initiation selection (RIS) sequences which function to select a site of transcription
initiation. These sequences also bind polypeptides which function, inter alia, to
facilitate transcription initiation selection by RNA polymerase.

Enhancer elements are cis acting nucleic acid sequences often found 5° to the
transcription initiation site of a gene (emhancers can also be found 3° to a gene
sequence or even located in intronic sequences and js therefore position
independent). Enhancers function to increase the rate of transcription of the gene to
which the enhancer is linked. Enhancer activity is responsive to frans acting
transcription factors (polypeptides) which have been shown to bind specifically to
enhancer elements. The binding/activity of transcription factors is responsive to a
number of environmental cues which include, by way of example and not by way of
limitation, intermediary metabolites (eg glucose), environmental effectors ( eg heat,).
(See Eukaryotié Transcription Factors, by David S. Latchman, Academic Press Litd,
San Diego) ' ‘

Adaptations also include the provision of selectable markers and autonomous

replication sequences which both facilitate the maintenance of said vector in either

the eukaryotic cell or prokaryotic host. Vectors which are maintained autonomously

10

18 MAR 2005°

7 or a fragnment thereof

be inhibited by read-through

tadiony jthgo | TR

cially synthesised. 30 9 WD 02/24930 1 8 MAR



Preferably said vector is an expression vector adapted for eukaryotigf gene

expression. 5 Typically said adaptation includes, by exanple and not lgyM%az)DUF’

of Iimi ta@gﬂmﬁgg provi sion of transcription control sequeRERB0{/RIPFOLer
sequences) which nediate cell/tissue specific expression. 10 Pronoter -and

enhancer are ternms well-known in the art and include the foll ow ng
features which are provided by exanple only, and not by way of limtation.
Pronot ers agre réferred té apepisoigal vectotsa Bpispmabuerdors es: dtisirale Isinck ithayeate sdlf-t he
initiation of transcription. Pronoter elements inclyde so;called JTATA box
and RNA pol ipplieating arichsa persisbwithentcibe insed {07 igjegmalighe FRSSMh VEHOBHSon t o

select a site of transcyri knitiation. These sequences al so bind
éyp ec#s?%nﬁ%c{ Hn@l&b@@/&%?ﬁ

pol ypepti de inter alia, to facilitate transcription
initiation selection by RNA pol ynerase. Enhancer elenents are cis acting
nucl ei ¢ acid sequences often found 5 to the transcription initiation site
of a gerfe (Adhptatensswhioh fcdiatoctht cupiessiontef Heqiernencoded; BSHe® U‘%\/@W
‘located in intronic_sequenges and is therefore.position, 28 . t).
Enhancers f Bi¥isihof HanscopEaR @W“Pﬁpé’?y e‘?)ﬂﬁqu‘csreﬂﬂ?%%z@?lg ?%gqgéﬁggﬁ 0
whi ch the eplaneslide of e BfirP GkdsV(TRES) WHi@S RERG0H Qo tBatifdes
acting transcription factors (polypeptides) which have been shown to bind
speci fi cal | gxpressi@n N sestore leaomiets gerbis eatrangindy dicistuiniy of muldeddionist i on
factors is responsive to a nunber of environmental cues which include, by
way of exanPFRIC3sen ¢assettdy. way of 25 linmitation, internediary metabolites

(eg gl se), environnental effectors (eg heat,). (See Eukaryotic
Transcription Factors, by David S. Latchman, Academ c Press Ltd, San D ego)

Adapt at i ons TRb&O 28AMEAHHR 4rbOwI-RNbwh R #E &8 eDepdblie ansighidicantaadoantt shomous
30 replication sequences whiich both facilitate the naintenance of said

vector in epublshed igeratirawitht tespaskte expregsiark uegier sonstaaton e resPIbMBNEh ar e
mai ntained gt ORIy irl entral. Plebve 200, Bambrook et al (1989) Molecular Cloning: A

Laboratory Manual, Cold Spring Harbour Laboratory, Cold Spring Harbour, NY and

15  references ‘therein; Marston, F (1987) DNA Cloning Techniques: A Practical
Approach Vol Il IRL Press, Oxford UK; DNA Cloning: F M Ausubel et al, Current
Protocols in Molecular Biology, John Wiley & Sons, Inc.(1994).

Preferably the vector comprises an expressible gene operably-linked to a promoter

20  and the polynucleotide.
Preferably the vector is an episomal or integratin'g vector.
In a preferred embodiment, the vector of the present invention is a plasmid.

25

Alterpatively, the vector may be a virus, such as an adenovirus, adeno-associated

virus, a herpesvirus, vaccinia virus, lentivirus or other retrovirus.

Preferably the operably-linked gene is a therapeutic nucleic acid sequence.
30

11



WO 02/ 24930 PCT/ GBOL/ 04210 are referred to as episonmal vectors. Episonal
vectors are desirable since they are self- replicating and so persi$§ MAR 2005

wi thout the need for integration. Episomal vectors of this
descri bed™AI¥%8%) 07876. 5 Adapt ations which facilitate the @%ﬁa@@ﬁ%b‘h of

vect or, encoded genes include the provision of transcription
ternihation/polyadenylation sequences. This also includes the provision of

i nternal r'ﬁ?@ﬁ% Y $obtet doRfprisbREW sitddi foh idseftivni sffopen readingifseesanpeessi on

of “vector enco genes arranged in bicistronic or_rulti-cistronic
expr essi on expasedd, each eonstHbsk fratap distinerpromoterneid PReBONSTS beirgaranged There

Is a significant anount, of, publish terat essi on
vector cons®r 8% (9 JFRUSFADG SEGREIHY N eddBRék PEER Frau%égﬁgngpgeeneﬂlfi%l%e(%e see,
Sanbr ook et, a é;}% hRBOr oW wak ,UCDEMaSpr i ng
Har bour Laborggfmrgp Hy%@g?t.b% %a@%gtr}%twﬁﬁ? and 15 ref?arences -therein;

Marstons F Kcéﬁ&a)co%cﬁmltli@e'Eﬁammdmth Arietaigerisc aThis Wb@éﬁlweﬁ;lu | RL

Press, Oxford UK; DNA C oning: F M.Ausubel et al, Current (#gc l.s in
bl ecul ar a’oolfbgyprodbﬁmwfd?o@ngoﬂ?t QORRPIISE 9 BYe orF’in@Feerpé?W b Eetor

pol ynuc! sor PEREES SRR IRERTe: Pr AR NIRRT Tet DT Qe RATE

vector. In Al?c Hsehed bamh AnagdiaBRNncoling diffelent pelipéptielepioédntetest, indndingn i s a
pl asm d. ternatively, the vector may be a virus, such as an adenovi rus,

adeno- assochuttred limitedue, ansopiee reaskng frame epgeding PR ImMussglobulie PEAW AAAR of her

retrovirus., Prefer all)j }/ él_s gé)erably l'inked gene is a therapeutic nucleic
acid sédueniwmupgglobulin light ¢

Preferably the vector comprises the sequence of Figure 2, the CMV promoter, a
multiple cloning site, a polyadenylation sequence and genes encoding selectable
markers under suitable control elements. It will be apparent to one of skill in the art

15  that the UCOE can be inserted in both orientations.

Preferably the vector comprising the artificial UCOE is CET 500 as shown
schematically in Figure 3a.

50  In an alternative embodiment, the vector is CET 501 as shown in Figure 3b.

Alternatively, the vector of any of claims comprises the sequence of Figure 7, the
CMV promoter, a multiple cloning site, a polyadenylation sequence and genes
encoding selectable markers under suitable contro! elements. Similarly, it will be
25  apparent to one of skill in the art that the artificial UCOE can be inserted in both

orientations.
In an preferred embodiment of this alternative, the vector comprising the artificial

UCOE is known as CET 600 as shown schematically in Figure 8a.
30

12



WO 02/24930 1 8 MAR 2005 PCT/ GB01/04210 Preferably the vector corrpai SﬁER 2005
two sites for insertion of open reading franes to be expressed, ea ﬁ?
transcri baa dxmmea di stinct pronoter, said pronoters bei ng FITVGROEEIZIE0 as
to transcribe divergently and both pronoters being operably-linked to an
artifcally-constructed UCOE situated between them and wherein said UCCE
has 5 been so constructed as to be effective in both qQrientations, This is
parti cul ar Iy aifgsherialtefnative embpdigennt: the weqior 15t B PRE 21 spovne aticallydp or
nore pol ypeptide,chains, including, but not Iimted to, inznmunogl obulins.
The insertifd&%%®es in the vector may be inserted with nucleic acid

encodi ng different pol ypeptides of interest, including, but not limted to
an open readi ng frame encodi ng an i mmunogl obulin heavy and an 10

i munogl obTienpresanhinvehtion alsBriedddabh hostreellvibat isriransfepied Suidh theavestag fince of
Figure 2, the  COW promater, a nultiple cloning site, a pol yadenyl ation
sequencé aﬁBCBE?ﬁ%%“’é‘F?@HBPng sel ectabl e markers under suitable control

elements. It will be apparent to one of skill in the art 15 that the UCOE
can be inserted in both orientations. Preferably the vector conﬁ)ri sing the
artificial ket GREni@Dalas paivides the pblgmadleatidel yedtor drithehest 3all faousen an

al ternative enbodi nent, the vector is CET 501 as shown in Figure 3b.

Al t er nat i velythergps vect or of any of clains conprises the sequence of Figure
7, the CW pronoter, a multiple cloning site, a pol yadenyl ati on sequence
and genes encoding sel ectabl e markers under suitable control el enents.

Simlanly, The g’egént%cgﬁogmr}ﬁaﬁdbguwef ik wityrlcldotidé, hectir tor thbstt ceflhia
artificial can be inserted in both orientations. In an preferred
enbodi ment e manudacaire of agbinpesitiomfonuse irogenedhergP¥i ng the artificial UCOE
I's known as CET 600 as shown schematically in Figure 8a. 30

The present invention also provides a method of treatment, comprising administering
to a patient in need of such treatment a pharmaceutically effective amount of the
15 polynucleotide, vector or host cell of the present invention. Preferably the patient is

suffering from a disease treatable by gene therapy.

The present invention also provides a pharmacentical composition comprising the
polynucleotide and/or the vector and/or host cell, optionally in admixture with a
20 pharmaceutically acceptable carrier or diluent, for therapy to treat a disease or

provide the cells of a particular tissue with an advantageous protein or function.

The polynucleotide, vector or host cell of the invention or the pharmaceutical
composition may be administered via 2 route which includes systemic intramuscular,
25  intravenous, aerosol, oral (solid or liquid form), topical, ocular, rectal, intraperitoneal

and/or intrathecal and Jocal direct injection.

The exact dosage regime will, of course, need-to be determined by individual
clinicians for individual patients and this, in turn, will be controlled by the exact

30 nature of the protein expressed by the gene of interest and the type of tissue that is
being targeted for treatment. '

13



12 1 R MAR 2005 WO 02/24930 PCTf GBOX/ 04210 In a further alternativ

enbodi nent, the vector is CET 601 as shown schematically in Figure glg M#ReZDDS'
present i guppdiQsy al so provides a host cell that is transfegépepibirishe
vector of 5 the present invention. The present invention also provides the
pol ynucl eoti de, vector or the host cell for use in therapy. 10 The present
invention also provides use of the polynucleotide, vector or host cell in
the manufacture of a conposition for use in gene therapy. The present
invention al so provides a nmethod of treatment, conprising admnistering to
a patient iThngiodagsf adsgctwillr dgpendnupan pilgr Aiseasst ‘Fﬂﬂ;@nefi’ﬁ‘éc"lﬂPv@“é‘ﬁtﬁfﬂt of

the 15 I I ' t t t
bret or apl y TR Dl THESUShRr G piiEibustl HREBE BRERE. BPLBR ey
t her apy. Th@ﬁ@ﬁg SEQinidd gkl on al so provides a pharnaceuti cal corrp03| t i on

conprising t ynucl eotide and/or the vector and/or host cell,
optionallly in adm xture wt h a 20 pharmaceutically acceptable carrier or

di luent, for therapy fo tre a, di sease vide.th | |'s of

particul ar The ageugj ‘Pi Wa‘b‘e pﬁg‘fa‘eﬁﬁlo‘(ﬁr dfefﬂ{cfieff 5’ﬁve Ffiee thérapy

pol ynucl eot L YT HRFwdenss 1oResut | cal

conposi ti oné%ﬁgfh%ég %lﬁ?‘g{ﬁ té}gﬁ%ge&ﬁbl){)ut e e| ncl fjvgles system cqLgt

i ntranmuscul §f vecy DNANP/RIBUSeiglRe s@bBlore pxefdratﬂym ihd rangel ofchetwledhaaboy 1-

topical, ocular, rectal, intraperitoneal and/or intrathecal and | ocal

di rect injet®0 ppvekoeDbMekg. dosage regine will, of course, need -to be

determ rﬁed by individual «clinicians for individual patients and this, in

turn, wi be controlled by the exact 30 nature of the protein expressed by

the gene of AihEdiPRls PRétedrbif adotRfin@lo tHeSiWhtichAb ddfniniGfeh B pejARAGSdeO"
vector or host cell to 2 mammal for in vivo cell uptake, an ex vivo approach may be

utilised whereby cells are removed from an animal, transduced with the
polynucleotide or vector, and then re-implanted into the animal. The liver, for
15  example, can be accessed by an ex vivo approach by removing hepatocytes from an
animal, transducing the hepatocytes in vitro and re-implanting the transduced
hepatocytes into the animal (e.g., as described for rabbits by Chowdhury et al,
Science 254:1802-1805, 1991, or in humans by Wilson, Hum. Gene Ther. 3:179-222,
1992). Such methods alse may be effective for delivery to various populations of
20  cells in the circulatory or lymphatic systems, such as eryth:oc_;ytes, T cells, B cells and

haematopoietic stem cells.

In another embodiment of the invention, there is provided a mammalian model for
determining the efficacy of gene therapy using the polynucleotide, vector or host cell
25  of the invention. The mammalian mode! comprises a transgenic animal whose cells
contain the vector of the present invention. Methods of making transgenic mice
(Gordon et al, Proc. Natl. Acad Sci. USA 77:7380 (1980); Harbers et al.
Nature293:540 (1981); Wagner et al,, Proc. Natl. Acad. Sci. USA 78:5016 (1981);
and Wagner et al., Proc. Natl. Acad. Sci. US4 78:6376 (1981), sheep pigs, chickens
30  (see Hammer et al., Nature 315:680 (1985)), etc., are well-known in the art and are

14



1 $ MAR 2005 WO 02/24930 PCT/ GB01/ 04210 The dosage also will dependwpqm 2005
t he di sease indication and the route of admnistration. The nunber of

doses wi |wOdepess# upon the di sease, and the efficacy dataPKIdGB@rd4allcal
trials. 5 The amount of pol ynucl eotide or vector DNA delivered for

effective gene therapy according to the invention will preferably be in

t he range of between 50 ng -1000 g. of vector, DNA/ kg, body. weight;,and nore

pr ef er abl ycontemmétmiaftgem@ﬁcmhm@ﬁhé%wtlﬂ?n Puen gualy PIYT AP t hough
it is prefeire ac to the invention to adninister the
pol ynucl eof’tg¥’ c‘f‘ host cell to a mamal for in vivo cell uptake,

an ex vivo approach may be wutilised whereby cells are renmoved from an
ani mal, transduced with the polynucleotide or vector, and then
re-i npl ant a&amsgbmctalmanaalslcnatamﬂ'glélcl polgcldotide D§ tlwmpm@n dam oz becwsedsed by |

an ex vivo approach by renovi e tes froman aninmal, transducing
the hepat odx @@gﬂmm‘i&}%ﬂao %P"IOH%‘ ﬁ’ﬁ){ &t he transduced hepatocytes into

the animal (e.g., as described for rabbits by Chowdhury et al., Science
254:1802- 1805, 1991, or in humans by WIson, Hum Gene Ther. 3:179-222,
1992) . SuciThgephesds abestiomylsbeprefides for msé cmtf ttlel folpnpleotids anflion svector

popul ations of 20 cells in_the circul ator E%/lrggh ti.c,s ste such as
er yt hr ocyt exad/or hegt| qed], in g cel|cuituzg YsteR AR OF eﬁﬁ%f’ ?Sérﬁfié ?%‘ anot her

embodi ment NSk Y 1O ot AR e déHéHBéd frOthe
determ ni ngsolilﬁhp p 5‘2 é%&engr:%g%ﬁe@g%ﬁuﬁg t he pol ynaygl eoti de, vector
or hostgceldodsr Bterhtiee kitanid @ose skiledtan@ditan model conprises a
transgeni c animal whose cells contain the vector of the present invention.

Met hods of naking transgenic mce (CGordon et al., Proc. Natl. Acad Sci.

grsé(:??N;? ?OT]%(::L 3%2 H@%ﬁ%@ 58 d’f%“flisgﬁ usreegfg Bie> 4(%1(&?&&1113 Y4888 hseChed! - »
expression of an endogenous gene comprising inserting the polynucleotide into the
genome of a cell in a position operably associated with the endogenous gene thereby

15  increasing the level of expression of the gene.

The present invention also provides the use of the polynucleotide of the present

invention in producing transgenic plants.

20  The generation of transgenic plants which have increased yield, resistance, ete. are
well known to those skilled in the art. The present invention also provides for
transgenic plant containing cells which contain the polynucleotide of the present
invention. Some or all of the cells comprising the artificial UCOE may originate
from plants.

25
The present invention also provides for a transgenic non-human animal containing

cells which contain the polynucleotide.
The present invention also relates to the use of polynucleotide of the present

30 invention in functional genomics applications. Functional genomics relates

principally to the sequencing of genes specifically expressed in particular cell types

15



and Wagner et al., Proc. Natl. Acad. Sci. USA 78:6376 (1981), sheep giggﬁm 2005
chi ckens 30 (see Hammer at al _, Nature 315:680 (1985)), etc., are )
wel | -knowwo m2adeso art and are 14 1 8 MAP, 2005 WD 02/ 24930 PCTIEROLANG210
contenpl ated for use according to the invention. Such animals permt

testing prior to clinical trials in humans. Transgenic ani mals containi ng
the pol ynucl eotide of the invention also nmay be used 5 for long-term
product i on @f disease Gtaténamf nowtprodes thibhsands efewive] genenseiquences o6 potaiebes

for use of the pal ynucl eotide and/or vector and/ gxﬁb&hos.t cell, in a cell

cul ture sysinterest fobdatey diseovsay a7 Aene HEEPY RIUBRYE JORIT PreRieriy ysing,) |

cul ture systens_.are wel no j la&r%g- : ' kg he 10
body of Iitmﬁw&/éﬂr% Sisogmtggf?%%ve?n t elgsap%g%dgﬁgggggﬁﬁmibr@véention
al so provi dggicfiss &Bmesd gehes. LB ehedtivded tip 4 manbasef filvetiopalgersmion of
an endogenous gene conpri si ng I nserti n%‘ﬂ{ he pol ynucl eotide into, the enone

of a celd iapplicpidistinoerdepty deteynias dhe fancdign ol §6oe HeTkmeey e AdGSugeham
thereby 15 i ncr.easing.th | of. . i f .. The. t
vent! on ESTE aoplidos et B Fresrry REBLERIRARME b B8 F Dfyclif, Lo en

i nvention in producing transgenic plants. 20 The generation of transgenic
pl ants which have increased yield, resistance, etc. are well known to
those skill@d i nUshee ahd .polymucieotideraf theypresentninvestoprigyachieve ghstained
transgenic plant containing cells which contain the pol ynucl eot iﬂ_&g f the
present inventi B¥PIESAMR ‘b‘? agfiysepie VRSIWS| PL BB iSRPRES oFt | |9%3‘f UCCE

may origjnate fiomupl ANt Surades, HiSelY Sa&RMiningBE bHBRs 3F SRV Al Ile degt

transgeni c non-hunan ani ma coitaini'ng cells which contain the
pol ynucl eoti de. on cell phenotype.

| (2) Using the polynucleotide of the present invention to prepare expression
libraries for the gene sequences, such that delivery mto cells will result ic

15 reliable, reproducible, sustained expression of the gene sequences. The
resulting cells, :xpréssing the gene sequences can be used in a variety of

approaches to function determination and drug discovery. For example,

raising neutralising antibodies to the gene product; rapid purification of the

protein product of the gene itself for use in structural, functional or drug

20 screening studies; or in cell-based drug screening.

(3)  Using the polynucieotide of the present invention in approaches involving
mouse embryonic stem (ES) cells and transgenic mice. One of the most
powerful ft-mctiona] genomics approaches involves random insertion into

25 penes in mouse ES cells of constructs which only allow drug selection
followirig insertion into expressed genes, and which can readily be rescued
for sequencing (G.Hicks ef al., Nature Genetics, 16, 338-334). Transgenic
mice with knockout mutations in genes with novel sequences can then readily
be made to probe their function. At present this technology works well for_

30 the 10% of mouse genes which are well expressed in mouse ES cells.
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The present invention also relates to the use of polynucl eotide of thg
present 30 invention in functional genom cs applications. Functi onall 8 MAR 2005
genom cs WO ewmse3qrinci pally to the sequenci ng of genes speRCTGBAINAZ1O
expressed in particular cell types 15 1 P MAR 2005 WD 02/ 24930

PCT/ GBO / 04210 or disease states and now provi des thousands of novel gene
sequences of potential interest for drug discovery or gene_.therapy .

pur poses. The ndpoorppratioheofl UCQES Agfo thei mt¢ﬁ#@&ﬁ9pm°?%mllh@@éﬂ/é@épnent
of novel therapies lies i,n how,tpo detersine the functions of these genes.
UCOEs can be uséacsii%q‘é‘: Lt cDBff’dO\‘”dH‘érHi? Igeﬂ‘é?w%?*’h‘fség%ma%%ﬁei cations in
order to determ ne the function of gene sequences. The functional genomc
appl i cationg £f attdifatiicCSBhdiinBNEHt HRNnbatlodd herbd$ pASBIADE rhéthdd &6t the: (1)
Usi ng the polynucleotide of the present invention to achi eve sustained
expr essi on pubdution-of dnspolypeptito asconding trethgdreensien gempaisingr ri bozyme 10
knockdown |ibraries, thereby determning the effects of inactivating the
gene on cell phenotype. (2) Using t olLynucl eqti de of .t he.present
Povent | an b pr aparidis sel; BRPrsArRBLeeR, it ARGt RO U
that deliv i Ll result it 15 reliable, reproducible,

sust ai ned g%%?llggﬁsﬁqgﬁﬁ%ﬁfﬁ%éﬂgene sequences. The resulting cells,
expressing the gene sequences can be used in a variety of approaches to
function det)er m gratigy saikd cell uip domdiberr yondimive xanthiee mannfachiragof said
neutralising antibodies to the gene product; rapid purification of the
protein prdmlmepﬁfle§t4§’é‘ gene itself for use in structural, functional or
drug 20 screening studies; or in cell-based drug screening. (3) Using the

pol ynucl eot.i.de o l{q%ﬁ? ks i J %ﬁgﬂﬁ i it{hg nouse
enbryoni c s‘%lgm (égi'@% S %e Pgﬁgggnﬁhérﬁ]%gp% eo %tnﬁg&?%és%t power f ul

functional genom cs approaches involves randominsertion into
10  In a preferred embodiment of the invention said nucleic acid molecule 1s the vector

according to the invention.

In a preferred method of the invention said vector encodes, and thus said polypeptide

is provided with, a secretion signal to facilitate purification of said polypeptide.

Alternatively, other preferred embodiments may include further refinements to
15 facilitate purification of expressed recombinant protein, such as affinity tags or

epitopes, or enzymatic cleavage sites.
DETAILED DESCRIPTION OF THE INVENTION

20  The invention will now be described by way of example only and with reference to

the accompanying figures wherein;
Figure 1 is a linear restriction map of the artificial UCOE Nco I fragment. The

PDCD2 and actin transcripts are shown as shaded arrows, with the direction of the
25  arrow depicting the direction of transcription from their respective promoters.
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25 genes in nouse ES cells of constructs which only allow drug sel eqtg o@mp 2005
followi ng insertion into expressed genes, and which can readily be rescued
for sequenpng24o8) 1-1icks et al., Nature Genetics, 16, 338-B8HGBoInaIegeNi C
m ce with knockout mutations in genes with novel sequences can then readily
be nade to probe their function. At present this technol ogy works well for
-30 the 10% of nouse genes which are well expressed in nouse ES cells. 16
WO 02124930Figusge Mrshondabe nrdsetiEroEqetRe 0f theciP G2 ¢timartficisgbOGOE déco Tt he

i ntegrating.constructs. wi.ll, enable this technique to be extended to

i dentify al %%m%§“§¥%W8§%§W‘FWWﬂW%a In an alternative enbodi nent of the

I nvention, there is provided a nethod for the production of the
polypeptide according to the invention conprising: 5 i) providing a cel

t ransf or nedfigiseds 82 aineld3bi tdepiet pleshdd anapsi of thel BDCIDR/Acthx artificlg UCGHwe
invention; ii) growmng said cell in conditions conducive to the manufacture
of said3 deWﬁ@yPgGéPﬁ%ﬁ@ﬂﬁﬂﬁWﬁylng said polypeptide fromsaid cell, or its
grow h environnent. 10 In a preferred enbodi ment of the invention sai d

nucl eic acid nolecule is the vector according to the invention. In a

preferred nﬁghpdsefshém OE'IVmU icompsiging tMe PDUDHACHH astifi @sldUCOESSstiedm
pol ypepti de provid a Secretion signal to facilitate

purificati oof ﬂlf: CéMinpmmfyp'emd sl uliiple elorang vie suitablenfor ipsesien pEthe open

of oxpr eos A SRBITETe FFERErh, TLUErPaac g Frpogmidftbe g ang gk "
enzyeljC G GHRGBCEDIES an PRkt FRLENR)REb AN Hicdbinde MEAT- | ON 20 “The

i nvention w | w be described by way of exanple only and with reference

to

Figure 3b shows CET 501, comprising the PDCD2/actin artificial UCOE in the

reverse orientation.

15  Figure 4 shows levels of expression of a reporter transgene (EGFP) in pools of
stably-transfected CHO cells maintained under G418 selection over a period of 85
days. Expression was driven by the CMV promoter alone (CMV), or in combination
with the 8kb RNP/HP-1 UCOE (CET 220) or artificial PDCD2/actin UCOE CET
.510) and was measured as median fluorescence by FACS .

20
Figure 5 shows the proportion of cells expressing the transgene in the above

experiment expressed as % positive cells on FACS analysis over a period of 85 days.

Figure 6 is a linear restriction map of the RNP/HP-1l/actin artificial UCOE
25 fragment. The methylation-free islands are shown as shaded arrows, with the
direction of the arrow depicting the direction of transcription. from their respective

promoters.

Figure 7 shows the nucleotide sequence of the RNP/HP-1/actin artificial UCOE

30  fragment according to the invention.
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the acconpanying figures wherein; Figure 1 is a linear restrictionymampofis
the artificial UCOE Nco | fragnment. The PDCD2 and actin transcripts are

shown as @p@edosar rows, with the direction of the 25 arrowckeeBetisng t he
direction of transcription fromtheir respective pronoters. 17 1 8 MAR 2005
WO 02/ 24930 PCT/ GB01104210 Figure 2 shows the nucl eoti de sequence of the
PDCD2/ Actin artificial UCOE Nco | fragment according to the invention.

Fi gures 3aFigure3B ddgpicts plhsusidi nhapshof (-1 podparpbeiah WEOFdoptadinglCOE- 5
cont ai ni ng expression vectors. . Figure 3a shows CET 500, conprising the
PDCD2/ Act i FXBYEHIPR ¥FEPTSUCOE upstream of the CW pronoter and a nultiple
cloning site suitable for insertion of the open reading frame to be
expressed. In this particular enbodi nent the plasm d backbone 10 is from
PEGFPN- 1 arfig@as Baeshawk agaAT ¥00,ntomposiygi ther BNPEHB+idactipe metifidalg LMEOBD
shows CET 501, conprising the PDCD2/actin artifjcial U% in the  reverse
ori ent afi onpstEnERf the Hyemoleg gad @ myltiplecleniag e spitaple dofotsertiop ofnsgene

el ecti on Serpy franbigBaheof T TOEME, IHAETiIE JURARS BE )

pronot er  alaBehdne ¥y Fron?pEGFPROMNd Gt & Mirabhylclie néddiy JiNR/skianke @eRE ( CET
220) or artificial P [actin UCOE CET 510) and was neasured as nedi an

fluorescence by FACS . 20 Figure 5 shows the proportion of cells expressing

the transgene in_the ab periment ex S,.% .t |Is on
FACS anal y<Siigues,8b SEOW%%G@ SYNRASFE gﬁ%ﬁ?gﬁg 1&"5“3 a&&i‘:éﬁlr[\jﬁgé%teﬁ i on
map of iphe = edd.n artificial UCOE 25 fragnent. The

nmet hyl ell?i oﬁ%ﬁéﬁ?ﬁtgﬁ s are shown as shaded arrows, with the direction of

the arrow depicting the direction of transcription . fromtheir respective

Figure 9 shows levels of expression of a reporter transgene (EGFP) in pools of
stably-transfected CHO cells maintained under G418 selection over a period of 127
days. Expression was driven by the CMV promoter alone (CMV), or in combination

15  with the 8kb RNP UCOE in either forward (CET 220) or reverse (CET 221) or by
RNP/HP-1/actin artificial UCOE in either forward (CET 610) or reverse (CET 611)
orientation and was measured as median fluorescence by FACS. It will be
understood that CET 610 is therefore the equivalent of CET 600, but containing
EGFP as the inserted gene, and that CET 611 is the corresponding EGFP-containing

20 equivalent of CET 601. |

Figure 10 shows the proportion of cells expressing the transgene in the above
experiment expressed as % positive cells on FACS analysis over a j)eriod of 127
days.

25 A
Figures 11a - 114 depict plasmid maps of the bi-directional UCOE vectors for the

expression of immunoglobulins.

Example 1
30 Heterologous combinations of UCOE fragments

We have found that the substitution of the A2/HP] fragments in the 4.0CMV and
8.0CMV constructs with the comparable region from the TBP/BI locus gave
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pronoters. Figure 7 shows the nucleotide sequence of the RNP/HP-i/actin
artificial UCOE 30 fragment according to the invention. 18 1 R MAR 26BN
02/ 24930 404210 Figure 8 depicts plasnmid maps of R

artifici amggont ai ning expression vectors. Figure 8a Nﬁows B@E@&%BO
conprising the RNP/HP-1/actin artificial UCOE 5 upstream of the CW
pronoter and a multiple cloning site suitable for insertion of the open
readi ng fragge 'Qtin%n:?‘&e%a,ﬁ levB LAl Sy besloHP aTpRdioAeAbnURe e
backbone is tTrom P carries a narryC| n/ neomycin resistance

gene. Fi gurﬁo%t@homeﬁncﬁﬁés mCﬁsﬂmeuaﬂmga chits fRiddPevdidact i thatardgidniscofal

UCCE in the 10 reverse orientation, ure 9 hows | evel s of expression of

a reporter DNfnsuroepassoERy oxif @)@)ICSPCBFS ivergepidy BanscHbedprapiess

mai nt ai ned under ectd on _over r A . n was
driven by tHE X aﬂ?nﬁﬂgg‘?’rg?ref:o‘gj? & Wﬁea@g lh?ﬂegrﬂﬁa?%g‘nﬁiw ‘%‘?@1% 8kb
RNP  UCO5 ‘Pdnwerszér@ﬁdﬁﬂyl Toved0) trffsgérty eéxgRessionT &dll) a Ofreddtance to
RNP/HP—l/actln artiticial in either forward (CET 610) or reverse (CET
611) ori entradscriptiousd silersingevsn fiwd withirecingronterio detssersnereatity FACS. 1t wi'l |
be understood that CET 610 is therefore the equival ent of CET 600, but
containing EGFP as the inserted gene, and that CET 611 is the

cor r espondi ag, ECEP: contal nkn ass &% egﬁsl B8 Urdith Haﬁg_elégﬂm Flegiby Gssh@iathipws
t he proportlon g S expr [ e transgene in the % bove experi nent
expressed a@ithoapRsgle preneter wﬁreannfb%@ aﬂ’lfelc;tmsisual\cempmsmamb(ﬁitbﬁpﬁiﬂandjays

25 Figyres Ila - lid dep| ct plasmd maps of the bi-directional UCOE vectors
for theld from the 5° end of the human B-actin gene’ joined to a 3.2kb fr- vment containing

the CpG island from the 5" end of the human PDCD2 gene. The promoters were
divergently transcribed and their transcriptional start sites separated by 1.9kb.

The entire 5.2kb combination was tt 2n linked to an EGFP reporter gene driven by the

15 CMV promoter (PDCD2/ACTIN). As a comparison, the fFactin CpG

. island/promoter region alone was also inserted upstream of the CMV-EGFP
expression vector (ACTIN). |

Materials and Methods

20  With particular reference to Figure 2, the CMV promoter was removed from pEGFP-
N1 by digestion with Asel and Nkel followed by blunting with T4 DNA polymerase
and religation to produce pA-EGFP-N1. A p-Actin promoter EGFP fusion was
constructed by digesting MA39 (HSACCYBB) with Bsml and Ncol, isolating the
appropriate fragment and blunting it with T4 DNA polymerase. This fragment was

25  ligated -'intol pA-EGFP-N1 that had been digested with Agel, blunted wlith T4 DNA
polymerase and then digested with Smal. This produced an in frame fusion of the
first codon of the B-Actin gene with EGFP, expression of which was driven off the f-
Actin promoter/MF1 (methylation free island). The-construct, pActin-EGFP, was
shown to express EGF P in stably transfected CHOK1 cells.

30
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expression of immunoglobulins. EXamle 1 30 Heterol ogous conbi nati ong 0f
UCCE. fragnments We have found that the substitution of the A2/ HPJ fraZr@e?‘VBPSZOU5
in the 4. @Wa\MéAamsh 8. OCW constructs with the conparabl e r agiwGBir@mME he
TBPBI | ocus gave 19 WD 02/24930 1 8 MAR 2005 PCT/ GB01104210 substanti al
increases in the level and stability of EGFP expression from the hCw
pronoter. These findings in tissue culture cells provide evidence that
regi ons of ToRMAseBOQMPRSFIwith Birdigxtiondqdofpters aldemdexdended imethplation free
transcribed pronoters are responsible for conf er_r_i_&%[ an in r@e}gea n the
pr opor t i oniD&nd;itadPRGIN gepeanf GAMS O S RramOker §i2s £11g .I‘?P‘?‘f?gr & P”‘
transgene. ression and,a.r.esj tQ. - | P | i even
From w thi AR (ERRERORdPUEEHP TR IS BERRRCE) hBRend SREPRIS G
i slands fr £ %88 RLK Glcaed afto PRIQRLADEE+ Wat Radibednndibested ot BroRWr e
conbi ned. The construct conprised the 2kb CpGisland 10 fromthe 5' end of
‘the hunfin fahd aGRah(EERIKS)oi Awthis vectondidiawtfoonginethe wheleafthaFPER2 CpG

island fromthe 5 end o he human P ene. . The ter re

di ver gent | yoethyladen lsii’ﬁév ﬁﬁeﬁefnaflinﬁﬁ r?e%iqnoﬁ% et @hﬁﬁg Pfeé@ylé%%ﬁgf ed by
1. 9kb. The. hr | ' t Bz ihihide 0 TNgporter
gene dri veﬁa%éa’ ﬁlééh%g& pr%?n%{cg}o%%%%bgv/a i%%#d%ﬁgkcgﬁglarg%gn, t he
fl-actin OnfSidgsthrnidlipwaimpredrs 58GCGHTAOCCA ABSCEATT CTRAAIGIT ABEIG-8arh-of t he

W B> oXplise on Vet LACTIN Mot ol ang MeLbods 20 Wil e en,
SR RN TR I T
fusi on.was s, and Kpnl, and the PDCD2 gene was removed from pPDCD2-KS by digestion
| with Sall and Stul. All three fragments were ligated together to create pPDCD2-
Actin-EGFP .

15 The region containing the methylation free island of pF-PDCD2-Actin-EGFP was
removed as an Neo I fragment (approximately 5.2kb), this was blunted with T4 DNA
polymerase and then ligated, in both orientations, into pEGFPN-1 that had been
digested with 4se I and then blunted. These vectors were called CET 510 (UCOE in
forward orientation) and CET511 (UCOE in reverse orientation). The comresponding

20  empty expression vectors with no transgene inserted into the multiple cloning sites

were termed CET 500 and CET 501, respectively (see Figure 3).

Constructs were linearized with Pvz I, transfected into CHO-K1 cells and selectied
under G418 selection (0.6mg/ml) for both experiments.

25 _
¥t will be understood that one of skill in the art may adept these procedures for

preparation and testing of other polynucleotides of the invention.
Results

30 As shown in Figures 4 and 5, the artificial UCOE construct gave levels of reporter
gene expression that were comparable with those achieved with the 8kb RNP/HP-1
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constructed by digesting MA39 (HSACCYBB) with Bsml and Ncol, isolat] Q E
appropriate fragnent and blunting it with T4 DNA pol ynerase. This f 3@5 05~

was 25 | i @ga$ @thqofif 0 pb- EGFP-N1 t hat had been di gested wi th Regpbrofdiig ed
with T4 DNA polynerase and then digested with Smal. This produced an in
frame fusion of the first codon of the t3-Actin gene with EGFP, expression
of which was driven off the ~3- Actin pronoter/ M-l (nethylation free

island). TReCOEGansimssfimediACiiuoressdnce, andslighsiyobetict in exps of thehbPortionst abl y
transfected CHOKI cells. 30 20 WD 02/24930 1 8, MAR 2005 PCTI GO1/ 04210 To
construct @freds exprassing dyer tiertimne rowse Opths SEPEHEMNd an ext ended

nmet hyl ation free island, the PDCD2 gene and sone of its pronoter was
initially renmoved from pCP2- TNN (approxi mately 160kb of the TBP | ocus in
PCYPAC-2) by, gdhgstion with Swal and BspEl and sub cloned into

pBl uescri pt bad been digested with EcoRV 5 and Xmal (pPDCD2-KS). As
thi s veft orHefetiologbus osvinehinatites whb| BQOE t hed Pmmlam-limoat(?pﬁ fisland
island, the remaining 5 region of the PDCD2 nethylation free island,

whi ch al so feegmanﬁed t he pronoter, was obtai ned by PCR from pCP2- TNI NN
using the f 09y HH%&E]E%%{ GOGGTACCAAGGGCATTCTGAAGTTAACC- 3' , 5-

AGCTCCACA l§ product was then digested with Kpnl (site 10

gener at ed vvm&adﬁﬁnemaymﬁmﬁeanﬂaxﬁi vias téméwsdrfadm pitich-EGHR by digeShéh with
digested with Sall and Kpnl, and the PDCD2 gene was rermved f r om pPDCD2- KS
by di gest i d¥eo ki bhingl fOlbﬁ@dSlP)UIdlgeAthﬂtWﬂbé@ﬂrJagr%ﬁthReﬂéb fraggepl was

rethyl 491 orf PPeEd PR CR Tof0 b TSRO s KDELANT 0 K0 1538 B0 et
fragment (apaombiBeRel iRo RS Wik haavek digbaed WithhCIRAL BiVtedehd toaase

and then ligated, in both orientations, into pEGFPN | that had been
cut with Hind TIL. This gave the artificial UCOE in pBKS.

The artificial UCOE was then removed from pBKS by digestion with Sal 1 and Hind

15 1, blunted and ligated into pEGFP-N1 that had been digested with Ase I and blunted.
The UCOE was inserted in both orientations to create CET 610 and CET 611
respectively. The corresponding expression vectors with no transgene inserted into
multiple cloning sites were termed CET 600 and CET 601, respectively (see Figure
8).

20 |
Constructs were linearised and transfected into CHO-K1 cells and selected under

G418 selection (0.6mg/mi) for the duration of the experiments.

Results
25  The effects of the | artificial UCOE (in both orientations) on levels of transgene
expression were assessed by comparison with results obtained with CMV promoter
alone, and the 8kb RNP/HP-1 UCOE (in both orientations). Figure 9 shows that, i
terms of median fluorescence on FACS analysis, the CMV promoter alone gave very
low levels of expression. Both the RNP UCOE (CET 220) and artificial UCOE
30 (CET 600) gave greatly increased (30-fold) exbression in the forward orientation and

were comparable. However, a directional bias seen with the RNP UCOE was less
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digested with Ase | and then' blunted. These vectors were called CET 51
(UCCE in forward orientation) and CET511 (UCCE in reverse onentaﬂﬁMﬁR 2005

The corregandisgy 20 enpty expression vectors with no tranggangsisent ed
into the multiple cloning sites were terned CET 500 and CET 501,
respectively (see Figure 3). Constructs were linearized with Pvu I,
transfected into CHO K1 cells and selected under (A1 8 sel ection

(0. 6nmgl mM ) rhdkedotith txpetificiRlUCOE5.¢l in tiel deviree oricidaterothe artificiab hCQHE Skl |1

o it el S R s e
t h
Lhe a1 U111 ol H0C RO HEL o Lokl ot RSN RIS iR 0

WO 02/ 2493%;1:?@&1@@@1:&1%13:%@)&@%3%& (rﬁéﬁ&hﬂfll(ﬁdhyﬁ)’l fl uorescence, and

slightly bet in terns of the proportion of cells expressing over the
ti me cofirse of the experi nment . Exanple 2 5 Beterol ogous conbi nati ons of

UCCE and tion-free .CpG, i sl an rrent te Bt The
actin nethy FF‘ > e CREFURART 08 anlPFB‘?P{e’&‘ éjl\% Fﬁ&fi@ﬁﬁ%y ar'g 3\Tg‘tggo
wth Nco I e v\g(g[h e T BensithEntk Betfgragnent
was 10 rer%?ec? Eloérke%cl':ﬂlj'hg yq%(lzg‘eméi%kggml %h&%ﬁr?ﬂla gﬁ‘ée H nd Mﬂﬁ'h?ase t wo
fragments wesgdtstthem ONIYadlenk (appmmﬁt(ﬁl)micwmh ahatnp eelts ehqgemnglnmﬂlcrﬂatlva I,
blunted and then cut wth_Hind Thi s gave the art ci al UCCE i BKS.
The artifi claat of kberexRedmERgn M\f&deqqe PR PG ’l&'é]’s?‘feﬁr‘owetrr?e% and

H nd iﬁdl ! ,?1%% o"%ﬁ)q pl)i)\gl%ﬁgrg bﬂ&%&sﬂ%%%g R RS Mnfll 9?%9‘1 wi th

ZIN

| se |
days only approximately 10% cells were still expressing. This contrasts with

maintenance at approximately 90% for both UCOEs in the forward -orientation, and
only slightly lower levels (75-85%) for the reverse orientations by the end of the
experiment. |

15

Example 3
Co-expression of two genes on the same vector

Efficient functional antibody production requires appropriately balanced expression
of the heavy and light chains. Transfection of the two chains on separate plasmids
20  makes the maintenance of an equal copy number difficult and provides the potential
for transcriptional interference between the genes if the vectors integrate close to one

another in the genome.

A series of new vectors for the co-expression of two genes on the same vector have
25  been constructed to compare neo versus puro as resistance markers and hCMV, beta

actin or mCMV promoters to drive light or heavy chain expression (figure 11).

Material and Methods _
The two Sfi I sites of pORT1 (Cobra) were changed to Me I sites by introduction of
30  adapter molecules comprised of annealed oligos Mfe.F, 5-AACAATTGGCGGC

and Mfe R, 5°-GCCAATTGTTGCC.
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The UCCE was inserted in both orientations to create CET 610 and CET %1&
respectively. The correspondi ng expression vectors with no transgene1 AR 2005

i nserted iwbo224mbtiple cloning sites were termed CET 600 apéyr/ggbifdhe
respectively (see Figure 8). 20 Constructs were linearised and transfected

into CHO- K1 cells and sel ected under (418 selection (0.6ng/m) for the
duration of the experinents. Results 25 The effects of the artificial UCCE

(in both or TheHERV dns polyrh kiew alas mpuﬂmm@ﬁwmmi@@a@rﬁm?ﬁﬁﬁ&ed by
conparison with results obtained with pronoter al one, and the Skb

W
RNPI HP- 1 UCBK-Ksi p " BEIGLGT CONGH TMMGCAGHGAA TAGREWA A Gatandi TKRer 53 of

Tovers of  oGERReTCoARAIRIRARSID Rp il B STh Ml RS R 30 "
(CET 600) gnMertar Ras the SAT 825 The BRHAOPEX SNPACHEI Of hfiplifiss BonY Rk

orientation and were conparable. However, a directional” bias seen with the
RNP UCOR waBAlL&¥e 2zerongicMARINAOS (Chintoch)2498mgPCHIriERa/ 0AAGK R kSt wi t h

th tifici o in th i e ti th tificial  UCOE
e o e CronbARR N SR8 biRL " s Lo Pl S
forward . or GAHEGATRTGARGEARPGHGCTERICECT A AR he | BYRN 9 1 XBHCRS! o1
and ability to maintaln expression over a prbl ongedc period (nore 't fan 120

days). 5 Wéaghbe wargorediato theBambbbsienal ysed i nterns of proportion of
cells maintaining expression over tinme, both UCOEs, in both orientations,
gave consistently better results than CW al one (approximately tw ce as

i er oo TRE4ETRet TARREoLboPRIt) Cabitiad BROR TR vl eheettin
popul ati on peROGeeRE With T4l DRIANFoIHREAESTifded & k5o T Whkéds (5% GIOTAGTC).
| The Spe 1 fragment was then cloned into the Spe 1 site to give pORTneoF or the
EcoR 1 to Not I fragment of CET700 (Cobra) carrying the puromycin resistance
cassette was treated with T4 DNA polymerase, ligated to Xba I linkers, and the Ybg
15 1fragment was cloned into the Xba I site to give pORTpuroF.

The Hind I to BamH I murine CMV promoter fragment from pCMVEGEFPN-]
{Cobra) was subcloned into the Hind III to BamH I sites of the Hybrid UCOE in
BKS+ (Cobra). The human CMV promoter was then amplified from plasmid
20 pIRESneo (Clontech) using primers hCMVF, 5°-
CTCGAGTTATTAATAGTAATCAATTACGGGGTCAT and hCMVR, 5.
GTCGACGATCTGACGGTTCACTAAACCAGCTCT and the Xho I to Sal 1
fragment was cloned into the Sal 1 site. The BamH I to Sal I fragment was then
cloned into the BamH I to Sal 1 sites of pORTneoF to give pBDUneo100, or into
25  pORTpuroF to give pBDUpuro300.

The two ATG codons upstream of the Sal I cloning site in the Hybrid UCOE in

BKS+ were altered by site-directed mutagenesis and the BamH I to Sal 1 fragment

was cloned into the BamH I to Sal 1 sites of pORTneoF to give pBDUneo200, or
30  into pORTpuroF to give pBDUpuro400.



days only approximtely 10%cells were still expressing. This contrasts
with. maintenance at approxi mately 90%for both UCOEs in the forward & MAR 2005
orientati owpogfi@seonly slightly lower levels (75-85% for thercReesisso
orientations by the end of the experinent. 15 Exanple 3 Co-expression of
two genes on the sane vector Efficient functional antibody production
requi res appropriately balanced expression of the heavy and |ight chains.
Transf ect i oHuebn ahébddyolighahain cydisepauedoes preas nloded 10 aithier thet BamH 1
mai nt enance of an_ equal cop¥‘nunber difficult and Brovides t he potentia

&

f Ior t r anscronptd dities oilbfone beAEeclRelBERR Heters (i Hnee HY, pigned2Dbi egr at e
t .
cor expr eso DRG0 ik SHLARHEM), AofBled by o BBHNBHIE el A

conpar e Neocyfhs Usqiitc® &S theSiehiadileg BEHKeENSoASh hCMIonikgt dite a@t igiveor MOW

-pronoters to drivé |ight or heavy chain expression (figure 11). Materi al
and Met BodspBhEneeld 25f ipBDEhecdd 1 of- pﬂ@’dﬂe‘b@tfgb r g3 DiWoee2 b arpfBldUparaid 8, |

152 G by PR BB AU SIS "
oo el 0 EOY B M i

TKR 5'- {BE KPSl RANAEI O, BN sBlattel with X0© pg/ihl G4i®ifkeonas
inserted into the Sal | site. The nmurine PG po]yA site was anplified from
mal e GAAGATCRREAGHARTI NGO GROSATAn, (premadettoss)BanH | to Bgl ||

10

Pools were selected and antibody production rates compared between the different
constructs to determine the optimal promoter and selectable marker combination for
antibody expression in CHO cells.
Re§ults

15 Table 1 demonstrates that vectors containing the light chain expressed from the
murine CMV promoter gave the best expression of the antibody. No significant
difference wa:o, observed between production rates obtained with vectors containing
the G418 or puromycin-resistance cassettes. The production rate from the pool of a
co-transfection experiment performed separately is compared. Clones from this pool

20  were isolated with production rates of 3-18pg/cell/day. However, clones above
5pa/cell/day were unstable and rapidly decreased in expression or stepped producing.
Clones expressing approx. Spg/cell/day were. used for imitial fermentation
experiments. These preliminary indications are very encouraging that higher
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CLAIMB: 1. A pol ynucl edt ipdbynuckepiide iCAFPESHBI %IEH ERGAGTE §Sgn g eren
el enent UCOE) conpri si.ng .an, ext : Y| @4 98akd, e@hichGop&lsanhomahincéer
opens cWé)(ﬁﬁiicﬁnlﬂnanrﬁaiaﬂt t%degh?ngﬁlt?lﬁg?#aan@%pen state and facilitat es

.reprodugi bl.e- eXLS8inOth 8k opén @RRE aht yfacilitates reproducible expression of an operably-

- Jinked eene in cells of at least two different tissue types, wherein the nucleotide sequence of the

UCOE does not occur in pature.

2. The polynucleotide of claim 1, which facilitates reproducible expression

of an operably-linked gene non-tissue specifically.

3 Tke polynucleotide of claim 1, which facilitates reproducible expression

of an operably-linked gene in all tissue types where active gene eXpression OCCurs.

4 The polynucleotide of claim 1, which facilitates expression of an

operably-linked gene 2t 2 physiological level.

5. The polynucleotide of claim I, wherein the UCOE comprises an extended

methylation-free, CpG-island.

6. The polynucleotide of claim 1, wherein the UCOE comprises at least one

naturally-occurring sequence associated with the control of gene expression.

7. The polynucleotide of claim 1, wherein the UCOE comprises at least one

naturally-occurring promoter.



linked gene in cells of at least two different tissue types, wherein the
nucl eoti de sequence of the UCOE does not occur in nature. 2. The 18 ?
pol ynucl eotide of claim1l, which facilitates reproduci bl e expression Mg? @F’]
operabl y-linked gene non-tissue specifically. 3. The pol ynucl eoti de of
claim1l, which facilitates reproduci bl e expression of an operably-Iinked
gene in all tissue types where active gene expression occurs. 4. TgeEll or bi-
pol ynucl eoti de ofg cl ai md powiclofigebf tiaands véepradiy Si-OF cafpprises U
operabl y-l1inked gene at a physiological level. 5. . The polynucl eotide of

cl ai m LirestienaiprombeerUBERTasaPPG SUEIEEANEXt ended nethyl ati on- free, |
CpGisland. 6. The polynucleotide of claiml, wherein the UCCE conprises at
| east one naturally-occurring sequence associated with the control af gene
expression. 7. The pol yhegogaticretios oﬁbbﬁmnll,wlwdn@nethﬁlﬂ(ﬁ@EU@@E’rb%ﬁﬂ}e?% Tat
| east one naturally-occurring pronpter. 35 1 MAR 2005 g. The

pol ynucg-aedin deGablanilaromdter vgemed i FHEEGRETESnpr i ses dual or bi -
directional pronoters that transcribe divergently. 9. The pol ynucl eoti de of
claim1, wherein the UCCE conprises the human Q-actin %&G i sl and| ronﬁﬁ{
region or a fragngnt theregdlymikfeotiBeeopolaymui;| ebeicte tef QF moyPitht e

the UCCE conprises a DNA fragment within the range of .. ;B @k Omoter
spanni nfaghenthwuitiin therangei of @%@3 it@ Bethi ﬁwgeweqﬁ%ﬁﬂoﬂn%‘g‘?@?&f?gﬁerﬂf o

t hereof . 11. Th%agrgl Ié/ltngc_l ef.c))ti de of claim1, wherein the UCCE conprises the
human FEEEOI FAnbF5Pomot er region or a fragnent thereof. 12. The
pol ynucl eotide of claim 11, wherein the UCCE conprises a DNA fragnent

wi thin the range of 100bp to 3.0 kb spanning the hu es the human -

i sl and/ pronoter  #bgi onl & PR YRSt tcﬁ@%gf Wﬁerem FR"UBER Lo PG
PCDC2 CpG island/promoter reglion or 2 fragment thereof.

12 The polynucleotide of claim 11, wherein the UCOE comprises 2 DNA

fragment within the range of 100bp to 3.0 kb spanning the human PCDC2 CpG island/promoter

region or a fragment thereof.

13, The polynucleotide of claim 1, wherein the UCOE comprises a DNA

fraoment within the range of 100bp to 3.0 kb spanning the human §-actin CpG island/promoter
region and a DNA fragment within the range of 100bp to 3.0 kb spanning the human PDCD2

CpG island/promoter region.

14. The polynucleotide of claim 1, wherein the UCOE comprises a 2.0 kb

DNA fragment spanning the human B-actin CpG island/promoter region and a 1.8 kb DNA

fragment spanning the human PDCD2 CpG island/promoter region.

15. The polymucleotide of claim 13 or claim 14 wherein the promoters are

onentated divergently.

16. The polynucleotide of claim 1, wherein the UCOE comprises SEQ ID
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.13. . The i :
fr agnent &Olﬁpﬁcl ﬁgtl de of claim1, wherein the UCOE conprises a DNA
i sl and/ promoter range of 100bp to 3.0 kb spanning the human 0-acti
kb ‘spantii ng t he hurergl on and a DNA fragment within the range of 105)aCtI o3PS
pol ynucl eot i de of n PDCD2 CpG islandl pronoter region. 14. Th bPBtf‘&R?)UD?
fr agment spanﬁig claim1l1, wherein the UCOE conprises a- 2 0- kb eDNA
Kb DNA  fra tgst he human (3-actin CpG island/ pronoter .regi on and a 1
The pmmdcq%‘gﬁ?%&ﬁ@% ik BehdwrentRDED2 CpG i sl andl pronoter regi a8
o en?l claim 13 or claim 14 wherein the pronot ersg;?n' >
conprises SEQ | D36 7 6 %/2' ;865'00' ynucl eotide of claim1, wherein the UCCE
'?[1 i eﬂt ation. 17. 1The.p75h?ﬁ§é?%‘g??tﬁg %%a%ilngiu;n{@gmvmthd Ummm@ﬁéﬁtﬁérhuman
e human_ R ' _ , erein the UCOE :
pol ynudtdBG isﬁiﬁé@r‘n%&%égﬁw@fxagmgmanemf.a fragnent the UCOE compr ses
D o R e oner el BrgngtUCCE conprises a 4kb DNA f'ra;?rgnt
of claim1, conprisin an er region. 19. The pol ynucl eotid
gl di v_er%ent pr ormkSersgng ag%gaggg%%”&lt!e]és f’)d(r?]z!?e}ie]fcréiﬁ?l?]e OOGE sd:xapds@@rﬁkégiwgg
in ethyl i on- : urther se i si
ain ethyl atlon i 86 G Biphs AndEhenpo Jaid) o doof claima o9
DNA fragment in th i'ses the human RNP CpG i sl and/ pronoter regi ’
i sl and/ pr onot er reei gﬁn931| _(I)_gbp to 3.0kb spanning the human 0- glc?innandea
_llgﬁOE clorrpri ses SEX1 D -%13'2313}11%]1%gf&%&;ffbllét?ﬁteir,g%fxﬁriseﬂghﬂmeil&ndwm@ﬁ@hﬂatéq{é e
e po ' : ineith ' -
pol yﬁuc@ﬁ::igg}%g g%ﬁ%{?%gibmmergéw bfbﬁ’(ota@rmﬂjmsﬁnhgtoa ab,—lg%sgt g{xé e@l%t%gﬂr%gque%ge
, wherein the UCCE i Lo
ro . : conpr :
pr oot er.,seALRBGEmEMyAtien fitce (pé3 isk¥dpabl e of im)t: Zte?ngtt'riﬁitcr?g?i i,

polynucleotide of claim 1, wherein the UCOE comprises the human

20. The
to 3.0kb spanning the

RNP CpG island/promoter region and a DNA fragment in the range 100bp

human B-actin CpG island/promotes Tegion.

21, The polynucleotide of claim 20, wherein the UCOE comprises SEQ ID

NO:2 or fragment thereof in either orientation.

22. The polynucleotide of claim 1, further compnsing a promoter.

23. The polynucleotide of claim 1, wherein the UCOE cdmprises at least one

promoter sequence mutated to be incapable of initiating transcription.

24. The polynucleotide of claim 22 or claim 23 wherein the promoter is the

CMYV promoter.

25. The polynucleotide of claim 24 wherein the prormoter is the mouse CMV

promoter.



24, The pol ynucl eotide of claim?22 or claim23 wherein the pronoter is the
CW pronoter. 25. The pol ynucl eotide of- cl aim 24 wherein the pronoter is

t he mouse CW pronoter. 37 1 8 MAR 2005 26, - The pol ynucl eoti de pg§ MARaNIM
1, wherein the UCCE conprises at | east one sequence which is artificrally
synt hesi zed. 27. A vector conprising the polynucleotide of claim1l. 28. The
vector of claim27, further conprising an expressibl (—mggge oper abltxr/l- aItior;lléed
to a pronoter angsthe T polvnicdattidgef chom hehgraw: (e ISR Y SR
28 wherein the vector js . an e is.ongl or integrating vector. 30. The vector
accor dbegpenes whishnt eRLHPHERE vector is a plasnid. 31. The vector
according to claim 27, wherein the vector is a virus. 32. The vector
according to claim 28, wherein the operably |ined gene is a therapeutic
nucl eic aci d seqoence.A33ctoT banpesitpthegiolyiugient®y oI GHeRdin the UCCE is
effective in both orientations, said vector further conprising a) a first
and a second pronoter, said arranged to transcribe divergently; and b) a
first and a secopd si t—ﬁhg ?gctg)p%e&g;jnpQr;pfurggleaoﬁqpﬂghggmferx@msibﬂmgm operably-
expressed, wherein each of said first and second pronoters is

oper ablykkd fkegrdnfotthend 4BORelymheleetide. t he first site for insertion is under
the control of the first pronoter, and the second site for insertion is
under the control of the second pronoter, and further wherein the UCCE is
si tuated between bhe fifst.and,feGAADTNEOMBLERS wikdeinTihe veetot o3 a@fepisdnraialrwr
33, further conmprising a nucleic acid encoding an irnmunogl obulin heavy
chai n ijpeerdiad viesiop. the first site for insertion, and a nucleic acid
encodi ng an i1rnnunoglobulin Iight chain inserted into the second site for
i nsertion.

-30. The vector according to claim 27, wherein the vector is 2 plasmid.
31. The vector according to ¢laim 27, wherein the vector 18 a ViTus.
32. The vector according to claim 28, wherein the operably-linked gene 1s 2

therapeutic nucleic acid sequence.

33. The vector of claim 27, wherein the UCOE 1s effective 1n both

orientations, said vector further comprising

a) ~  afirst and a second promoter, said arranged to transcrbe divergently; and

b) 4 first and a second site for insertion of open reading frames to be expressed,
wherein each of said first and second promoters is operably-linked to the UCQOE,

wherein the first site for insertion is under the control of the first promoter, and the
second site for insertion is under the control of the second promoter,

and further wherein the UCOE is situated between the first and second promoter.

34, The vector of claim 33, further comprising a nucleic acid encoding an

immunoglobulin heavy chain inserted into the first site for insertion, and a nucleic acid encoding

an immunoglobulin light chain inserted into the second site for insertion.
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38 1 8 MAR 2005 35. The vector of claim 27, conprising SEQID NO 1|, the
CW pronoter, a nmnultiple cloning site,.a pol yadenyl ati oa sequence and
genes encodi ng sel ectabl e markers under suitable control elenments. 36. The
vector of claim 27, conprising SEQID NO 2, the CW pronoter, a multiple
cloning site, a poI yadenyl ation sequence and genes encodi ng sel ect &MAR 2005
mar kers .under. suitable control elenments. 37. The vector of claim35 or
claim 36, wherein the orientation of the UCCE i.s reversed. 38. The vector

CET 500. 39. The vector CET 501 40 The ,vect T or
. CET 601. 42. A hdst cellhetveatosfoéstad WFWP%%@%%%&@&“ P%?‘T‘aé?‘crr%

27 or 39-41, 43, A. corrpo itio npri si £ Lak fhde
44. A CBMYBY FIoBH LBl AR %e‘flﬁéh?lbs?qu@éﬁ%gmgpge @Pg%‘?{n‘%&&% %E}éc?%&%frr;}fg“ on with

a phar mﬁﬁfétc'oﬁﬁéi Meﬁ@ﬁt‘%‘pt abl e excipient. 45. A nmethod of obtaining a
desi red gene pro uct conprising using the polynucleotide of claiml. 39 18
MAR 2005 46. A nethod of obtaini ng a desired gene product conprising using

the host <cell of claim42 in a c.ultures H tthfted
desired gene prodifet. 4he ‘/&CWﬁcﬂfé ma?c/P BO'HBT%BBI e rrgi(lgsi ﬁfe LA seqﬁer%ce

sel ect &d MR lA6g HOURDIAEHFHBY «QfueREQndDydNe: &nwmhﬁmdtibm@zazkermder

suitable control elements.

37. The vector of claim 35 or claim 36, wherein the orientation of the UCOE

is reversed.
38. The vector CET S00.
39. The vector CET 501.

4(. The vector CET 600, -

41.  The vector CET 601.
A2 A host cell transfected with the ;'eétor of any one of claims 27 or 38—41.
‘. ;3‘ A composition comprising the polynucleotide of claim. 1.
44. A composition comprising the host cell of claim 42, in combination with a

- pharmaceutically acceptable excipient.

45. A method of obtaining a desired gene product comprising using the

polynucleotide of claim 1.



providing a | claim47; A nethod for preparing a pol ypeptide conprising:
cel| transfornedlt;' ansfected with the nucleic acid nol ecule acco glﬁ}g 2hdg
growing said cell in conditions conducive to the production of sa

pol y- peptide; and purifying said pol ypeptide fromsaid cell, or its growh
environment. 49. A conposition conprising the vector of any one of claimns
27 or 38-41; in conbination with a pharnmaceutically acceptabl e excipient.
54, A. et hod of 46bt ai nh ngethodie$ |ooem1ggmelepm@ijgme D‘@I@Lp?tl SRR UBE ﬁlsélgttﬁé host

vector of any one. of clainms 27 or. 38-41 in a ¢ 8“ tureds¥§tem|n order
to obt afFfﬂl%tf‘ﬂ@@ii fédn @éﬁ]éculfgw&wgf:m 13@1(16; to obtain & ecne gene produtt.

47. A nucleic acid molecule comprising a DNA sequence selected from the

group consisting of SEQ ID NO:1 and SEQ ID NO:2.

48. A method for preparing a polypeptide compnsing:
prbviding a cell transformed/transfected with the nucleic acid molecule according to

lalm 47, 7
growing said cell in cenditions conducive to the production of said pol}/pepuue and

punfymg szid polypeptide from said cell, or its growth environment.

49, A composition comprising the vector of any one of ¢lainis 27 or 38341, m

combination with a pharmaceutically acceptable excipient.

50. A method of obtaining a desired gene product comprising using the vector
of zny one of claims 27 or 38-41 in a cell culture system in order to obtain a desired gene

product.
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