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5 OCTOBER 2005 WD 02/081677 1 PCT/ GB02/ 01479 | MPROVED GENE EXPRESSI ON Fl ELD
OF THE I NVENTI ON The present invention relates to a pol ynygl-qeigeiSegOMPr i Si ng
a ubiquitous 5 chromatin-opening elenment (UCOE) together with a selectable
mar ker el ement. \Wen operably linked to, and flanking, an expressible

nucl eic acid sequence, the conbination of elenents provides high and
reproduci bI'¥O %}E]’s of gene expressionl The present i nvelffi/GB2AN4 rel at es
to a vector conprising the polynucl eoti de sequence, a host cell conprising
the vector 10 and use of the polynucl eotide, vector or host cell in therapy,
or for applications involvin rotein expression in cell culture. BACKGROUND
OF THE | NVENIMBROMED GRNR FXFRERSION chromatin structure in hi gher
eukaryotes postulates 15 that genes are organised in "domains"” (Dillon, N &
G osveld, F. Chromatin domains as potential units of eukaryotic gene
function. CufFtELD QF MHEGNVENTIORev. 4, 260-264 (1994); Higgs, D.R Do LCRs
open chromatin domains? Cell 95, 299-302 (1998 Chromatin domai ns are

envi saged tolrﬁﬁipé?sﬁrﬁ inventen relates fxa e @H,clgamgcf%éé'apr}m@g aNDIYtBES onal Iy sil ent

state, orsincarofCatrRAsaNSEElenedt (VOO tayathdr WAthsE 5 1BéthBIRFhAskeF ONPEL ent
configuration. The establishnment of an open chromatin structure

char act er i seélementndVeers epemhiydiaked th gndifianking, amexeressioavusigiaacidn and
hi st one hyper tyl at,j o I; NS e- regui si the camrencenent
of gene expr 8%@36 C.e-gdf%{‘é&@%@ﬁ‘ %n%%?%s?}cﬁgﬁg?suﬁ'gﬂéb aé%@gﬁg%‘b% regions is

refl ected inigvbl ofapinevexpussivh. tThansrgsearednigntion alse refatetotsl ayvédibegr ated into
the host cell genone. Identical, constructs give different patterns of

ti ssue-speci FPPRHARY R palvusieoideseqyened &hqst celbcPRRing heawRSton nt egr at ed at

di fferenygl ogagi | g e s éni R Brinster, R L.
Anhn. Ref?oeeﬁg‘? .uggo%,ft%%p%g?{ﬂ%%ﬁ(ig%); Affolgglr:] 'FIQI.Q'E;.Hae' arlf& Nat ure 333,

852- 855 ( 1988pplidatione irvojving protein expression in celi culture.

BACKGROUND OF THE INVENTION
The current model of chromatin structure in higher eukaryotes postulates

15 that genes are organised in “domains” (Dillon, N. & Grosveld, F. Chromatin
domains as potential units of eukaryotic gene function. Curr. Opin. Genet.
Dev. 4, 260-264 (1994); Higgs, D.R. Do LCRs open chromatin domains? Cell
95, 299-302 (1998)) Chromatin domains are envisaged to exist in either a
condensed, “closed”, transcriptionally silent state, or in a de-condensed,

20 ‘“open” and transcriptionally competent configuration. The establishment of
an open chromatin structure characterised by increased DNasel sensitivity,
DNA hypomethylation and histone hyperacetylation, is considered a pre-

requisite to the commencement of gene expression.

25 The open and closed nature of chromatin regions is reflected in the
behaviour of 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 (Palmiter, R.D. & Brinster, R.L. Ann. Ref. Genet, 20,

30 465-499 (1986); Allen, N.D. et al. Nature 333, 852-855 (1988); Bonnerot, C.,
Grimber, G., Briand, P. & Nicolas, J.F. Proc. Natl. Acad. Sci. USA 87:6331-
6335 (1990)).



Ginber, G, Briand, P. & Nicolas, J.F. Proc. Natl. Acad. Sci. USA 57:6331-
6335 (1990)). 5 OCTOBER 2005 WO 02/ 081677 PCT/ GB02/ 014795 OoCTABER2#Sgat ed
expression pattern within a given transgeni c nouse tissue, known as position
effect variegation (PEV), is also frequently observed (Kioussis, D. &

Festenstein r. Opin. Genet. Dev. 7, 614-619 (1997 exogenous
genes are Wﬁtﬂép)a?lgfléd into the chronosone of manmmal i an c)gllal sc'%cu it%Eor es in

vitro, many of the integration events result in rapid silencing of the
transgene and the renainder give large variability in expression |evels
(Pikaart, , MJ., Recillas-Targa, F. & Felsenfield, G GCenes Dev. 12, 2852-
2862 (1998); Fussenegger, M, Bailey, J.E, Hauser, H & Mieller, P.P 10
Trends Bi ot echvariggat ezqme(salgg@)ﬂ)term@y@am@nttrwgenwempgsetm*der transgene

expression ipeffi of research and

bi ot echnol og n%‘ﬁ%%?%@%F@Hs?we?hzﬁlﬁ#%%ﬁf%wdgnﬁ% ﬁ.ﬁggént?yo or gani sati on
suggest s t hatKigessi,i[. &Fést@(neterrolR ebienedpis Gvedt. Bee. 'B,tmet-@ts @soapl i sh and
maintain a transcriptionally npet ent g pen chrorratl n structure shoul d be

associ at ed w/YPRHPFQIRIOUR 86[‘6?1?%‘!’“9(%@9 dHe e chirerpsomshet BRrMalirdns ( LCRs)
are a class gfd étﬁt@l?&{ }nmlﬂr&’rlﬁbn\l? Sﬂﬂﬁle@r‘iteéﬁétlo@@v@r'ltg?Eﬁlﬁln%bi‘a éu@g& %ange

chromatin renodelling capability. LCRs are functional defi ne t ransgeni c
m ce by theief til@ltrartsgen@ a@dﬁh%rergaméemrve |a|!‘@€ég$rﬁbil|ﬁwfi ﬁmpém@l@iﬂvelt‘»t ransgene

copy nunber - dspengeny MURLALAALE & EXEhR!G BRES LA SbsBonene | nked

incis,, espec Iy "sTi ransgenes Fr'aser G'osveld, F. Curr.
Opin. Celt BReb62 ﬂﬁﬂS)&&Jss%ﬁEg@& M.Mbey, LE,, Hausekdd j & MUBllek et er son, K R

Trends Gepet.. 15: 40 |aII suc ression is
ti ssue- spBci f7ends! CQr 27 a?tl)ﬁgzg -bgg(g;&t E’O” reégcpf eHfeHERRISBRr onat i n,

prevent PEV (e%%n‘é%%h%efﬁheﬁt ﬁﬂ’cﬁtuﬂgﬁéaﬁlbﬁ,for%oth QH§1E re§®drbh afignet . Dev. 7,
614- 619 (1997)) and consi st eries of

biotechnology applications.

The chromatin domain model of gene organisation suggests that genetic
15  control elements that are able to establish and maintain a transcriptionally
competent open chromatin structure should be associated with active

regions of the genome.

Locus Controt Regions (LCRs) are a class of transcriptional regulatory
20 elements with Iong—range chromatin remodelling capability. LCRs are
functionally defined in transgenic mice by their ability to confer site-of-

{ integration independent, transgene copy number-dependent, physiological
levels of expression on a gene linked in ¢is,, especially single copy
transgenes Fraser, P. & Grosveld, F. Curr. Opin. Celf Biol. 10, 361-365

25 (1998); Li, Q., Harju, S. & Peterson, K.R. Trends Genet. 15: 403-408 (1999).
Crucially, such expression is tissue-specific. LCRs are able to obstruct the
spread of heterochromatin, prevent PEV (Kioussis, D. & Festenstein, R.

Curr. Opin. Genet. Dev. 7, 614-819 (1997)) aﬁd consist of a series of DNase
I hypersensitive (HS) sites which can be located either 5' or 3 of the genes

30 that they regulate (Li, Q., Harju, S. & Peterson, K.R. Trends Genet. 15: 403-

408 (1999)).
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| hypersensitive (HS) sites which can be | ocated either 5 or 3 of the genes
30 that they regulate (Li, Q, Harju, S. & Peterson, K FOCTOBER:2@Snet. 15:
403- 408 (1999)). CONFI RVATI ON COPY 5 OCTOBER 2005 W O 02/ 081677

PCT/ GB02/ 01479 3 LCRs appear to be conprised of two separate, although not
necessari | i ndependent conponents. First, the establis AN ' open
chromatin %B&ﬁ‘ﬁqlﬁ% and second a doninant transcripti onapgﬁgﬁa?é\i@f?on capacity
to confer transgene copy nunber dependent expression (Fraser, P. & Gosveld,
F. 5 Curr. Opin. Cell Biol. 10, 361-365 (1998). The nol ecul ar nechani sns by

RARN S a?’?g'%’éﬁiwéﬁ“g@?ddmaég B a8 992 oo 77
(1099): | G osmgeendent c;hgma%ip.n Firek trea es@'“&”“ﬁ”ma%?ﬂ?gmaﬂg ng;jer L MA,
ul ger, : ose, J. udj ne : - : - . : e
generation o orga\nt,Lﬂngaseﬁgp@glcﬂogﬂh%%{:tiaq'\s/?ﬁ%tgnslafg\yg "?{bc?ﬁabcr\tyljf%\(;éf‘%rof a
therapeutic tpafégRine dop9ahuaiber GepetRing expre¥sibe Fmgei, Pd@sGrasveldniFonat i n
position effects make 1t _a diff] culett()1 time_consuni ng and expensive process.

15 The nost EMBRIY CRECaPhrifdctPd d PRe Hroanacush rerchsnemsymal i an " cel |
factories” rghicRy Hy a%‘%ﬁggﬁgrréﬁbﬁ%m%éBQinsﬂcMerﬁioﬁgwwﬁﬂ of a drug

resi stance gene (e.g., utam ne synt hetase (Kau Met hods
Enzynol 185, CBB955%0-002 91H598); Birigen e SnaraudineaMt SasfesdPev. i§eht65sel ecti ve

Gommime, usi 28] LOIT(ERIAS T AR PPk e 8 el Py S o 1 s

t he procedurBendgiry MDA, Bulgr de., Dieeo UL BaBroaiing) Mnallo/cekll 5| Bar393showi ng st abl e
hi gh |l evel s of expression (Needham M Gooding C, Hudson K, Antoniou M
Gosfel d® a®@0PbI1is M Nucleic Acids Res 20, 997-1003

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.

15 The most commonly used approach to the production of such mammalian
"cell factories" relies on gene amplification induced by a combination of a
drug resistance gene (e.g., DHFR, glutamine synthetase (Kaufman RJ.
Methods Enzymol 185, 537-566 (1990)). and the maintenance of stringent
selective pressure. The use of vectors containing LCRs from highly

20 expressed gene domains, using cells derived from the appropriate tissue,
greatly simplifies the procedure, giving a large proportion of clonai cell lines
showing stable high levels of expression (Needham M, Gooding C, Hudson
K, Antoniou M, Grosfeld F and Hollis M. Nucleic Acids Res 20, 997-1003
(1992); Needham M, Egerton M, Millest A, Evans S, Popplewell M, Cerillo G,

25 McPheat J, Monk A, Jack A, Johnstone D and Hollis M. Protein Expr Purif
6,124--131 (1995).

However, the tissue-specificity of LCRs, although useful in some
circumstances, is also a major limitation for many applications, for instance
30 where no LCR is known for the tissue in which expression is required, or

where expression in many, or all, tissues is required.



(1992); Needham M Egerton M Mllest A Evans S, Popplewell M Cerillo G 25
McPheat J, Monk A, Jack A, Johnstone D and Hollis M Pros@aroBeR200%ur i f

6, 124-131 (1995). However, the tissue-specificity of LCRs, although useful in
some circunstances, is also a major limtation for many applications, for

i nstance 3\90%,%@7@0 LCR is known for the tissue in whi chcexpoession is
required, or ere expression in many, or all, tissues is required. 5
OCTOBER 2005 WD 02/ 081677 PC T/ GB02101479 4 Qur co- pendi ng pat ent
applications PCT/ GB99/02357 (WD 00/05393), US 091358082, GB 0022995,5 and US
60/ 252, 048 i Pocpeeatied Mafentefnptieatvas Atel/SiBIS/ PSS (e 061GH388), I hat are

responsi bl e, i | r r I f bl i shing an open
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ubi qui t ousl yhexepr, eieserdhe blerseketat ag gepassiblEhietheir abensnhsorassomat deri ved

froman LCR and cogPriﬁgwgglended ne q¥lation- free QEG I sl ands. We have used
e i 9

the term Ubi G €% NE SRR ORI R ClEGEReEPSE B IS dhabe such

el enent s. 5 10cdAkigtaenaLsRBly [ ObIdURSLLH BIYSTEeSdd, hRuSBadping §sa@niTHRiteby a DNA
met hyl transferase enzyne that nethylates cytosine to 5-nethylcytosine.
However, 5- neleRmantsawsheidaryed forain ECRANG corppiincepierdadmetiyidtiva- As a

result, CpG gy .@BHngs? W&‘h‘é.(/eB%i%%érrﬁﬂﬁﬁﬁﬁﬁfb%&ﬁrﬁﬁ%ﬁﬂ%fe%d expect by

chance. Sone sections genom ¢ nevert hel ess ave a ency 15 of
CpG that is Eleoswnt (HEOQHd0 despritet suth elerdenisese sequences are known as " CpG
I sl ands". As used herein a "CpGisland"” is defined as a sequence of DNA, of
at | east 200bp, that has a GC content of at |east 50% and an observed /

expect ed1@pQrepahpidliahddig, e dibudiedist Ch® iy lecegnigedpa DNAuUC] eot i de cont ent
of at |least 60% of that which wyul d be expected by 20 chance) (Gardiner-G een
M and Fr ommeMefyitrneierage gnzvog ,thaégrp_tbggtes cytosine to 5-methylcytosine.

However, 5-methylcytosine is unstable and is converted to thymine. As a
result, CpG dinucleotides occur far less frequently than one would expect by
chance. Some sections of genomic DNA nevertheless do have a frequency

15  of CpG that is closer to that expected, and these sequences are known as
“CpG islands”. As used herein a “CpG island" is defined as a sequence of
DNA, of at least 200bp, that has a GC content of at least 50% and an
observed / expected CpG content ratio of at least 0.6 (i.e. a CpG
dinuclectide content of at least 60% of that which would be expected by

20 chance) (Gardiner-Green M and Frommer M. J Mo/ Bio/ 196, 261~-282
(1987); Rice P, Longden | and Bleasby A Trends Genet 16, 276-277 (2000).

Methylation-free CpG islands are well-known in the art (Bird et al (1985) Cell
40: 91-99, Tazi and Bird (1990) Cell 60: 909-520) and may be defined as

25 CpG islands where a substantial proportion of the cytosine residues are not
methylated and which usually extend over the 5' ends of two closely spaced
(0.1-3 kb) divergently transcribed genes. These regions of DNA are reported
to remain hypomethylated in all tissues throughout development (Wise and
Pravtcheva (1999) Genomics 60 258-271). They are often associated with

30 the 5 ends of ubiquitously expressed genes, as well as an estimated 40% of
genes showing a tissue-restricted expression profile (Antequera, F. & Bird, A.
Proc. Natl. Acad. Sci. USA 90, 1195-11999 (1993); Cross, S.H. & Bird, A.P.



(1987); Rice P, Longden | and Bl easby A Trends Genet 16, 276-277 (2000).

Met hyl ati on-free CpG islands are well-known in the art (BioaroBER2005 1985)

Cell 40: 91-99, Tazi and Bird (1990) Cell 60: 909-920) and nay be defined as
25 CpG islands where a substantial proportion of the cytosine residues are

not et hy{v?tﬂ%l whi ch usual |y extend over the 5 endscplphysed osely
spaced ?(b divergently transcribed genes. These regions of DNA are

reported to remain hyponethylated in ald tissues throughout devel opnent
(Wse and Pravtcheva (1999) Genom cs 60: 258-271). They are often associ ated
with 30 the Buremisn, QﬂendtilqwtapasgwM)(pB@Sﬁaﬂi grekaswnas bedbtalgedan esti mat ed

40% of genes show ssue-r strlc pressio rofil Ant equera, F. &
Bird, A Prt@w%?{]agct%%& rorgin (16 JggeB"Plé Cfﬁ§@98Q§9§éX?§@()oss, S H &
Bird, A.P. 5 OCTOBER 2005 WO 02/ 081677 PCT/ GB02/ 01479 5 Curr. Opin, Cenet.

Dev. 5, 309-314 (1995) and are known to be |l ocalised regions of actlve
chromati n ( TAwi ‘extgnded Brgtaylation-tree £86; iskugligaonetiggtion-frag Crkistanted'

ot hyl atl gn- G e, ol aadh fehich SRMALIAMAE 6B Lahalihugnal N2t ext ends

across a region éenconpassin one“transcriptiona site and/ or
extends for meSitdwam@Oé)db@mrfdr pméérabﬁi@ﬂbmam ptrbﬁmmablgiﬁmrp thame borders of

t he extended hylation-free CpG, i nct ally, defined through

t he use of Pé@é@ h'ﬁ?ﬁgrqeéﬁpﬁw Fﬁ‘t%#@ %N@HOHV{F?#F)?E ri/dc‘?l fon endonucl ease
enzynmes whose,dbiohhityddfipeditdBagh (altide &WatovéBthteh@gronme@agwlﬁat@ﬂ sequence is
sensitive to the nethylation status of an resrdues that are present.

One such enzWﬁ? restriefien ¢ndqmup@ﬁse@eégﬁﬁgwgow]ablhtmt@@mt gautk BNAgtt e ccea
whi ch 1s480
16 OMERLY eécB mﬁh ng iag%mme mthgné%mhgftétbstﬁpgqy%l gested DNA

resi dues are not . ore conduct e
and over a r egﬁlmmmabmarnrasyrﬁp@he sudibesiytresis Fdwabl wiith rgicegniaes angl i fi cation

product due bl el ARt Wk oo Mgl To MIBARW S Rt fT 10! | 071V

met hyl at i on- bnkef t‘r‘egientraHpGIrésmiudaé armbot methy1ated Therefore, PCR
conducted with Hpall-digested DNA and over a region harbouring Hpall

15 sites, does not give an amplification product due to Hpatl digestion if the
DNA is unmethylated. The PCR will only give an amplified product if the DNA
is methylated. Therefore, beyond the methylation-free region Hpall will not
digest the DNA a PCR amplified product will be observed thereby defining
the boundaries of the “extended methylation-free CpG island”.

20
We have demonstrated (WO 00/05393) that regions spanning methylation-

( free CpG islands encompassing dual, divergently transcribed pramaters from
the human TATA binding protein (TBP)/proteosome companent-B1 (PSMB/)
and heterogeneous nuclear ribonucleoprotein A2/B1

25 (hnRNPA2)/heterochromatin protein 1Hsy (HP1 51y gene foci give
" reproducible, physiological 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 heterochromatin,

30 As used herein, the term “reproducible expression® means that the
polynucleotide of the invention will direct expression of the expressible gene

at substantially the same level of expression irrespective of its chromatin



di gest the DNA a PCR anplified product will be observed thereby defining the
boundari es of the "extended nethylation-free CpG i sl and"5 O2ZUOBER[2885
denonstrated (WO 00/05393) that regions spanning nethylation- free CpG

i sl ands enconpassi ng dual, divergently transcribed pronoters from the hunman
TATA bi ndiwg oHéset®i n ( TBP) / pr ot eosone conponent - B1 ( PSVBPYT/GBMB 1Bt er ogeneous
nuclear ri bonucl eoprotein A2/Bl 25 (hnRNPA2)/heterochronat|n protein 1 Hsy
(HPI "s') gene loci give reproducible, phy5|olog|cal | evel s of gene
expression and that they are able to prevent a variegated expression pattern
and si | enci ngnvileamendrang Piefeebly krespeetiver phitkgy€ak tyns @grtﬁﬁu@dyw tifi n

centromeric @ﬁ.&;ﬁrw%gawﬁbendégnﬁé HREHORTAS) B, TRt GrIRIHERE ARtugiP!

expressi on" means nacl eot'i he Tnvention w
expressi on orrecbgmzeﬂbaéssbsihmlaygrtbe sama U anf teixpiesgionhef Eharrepdenahtyl- of

expression |rre pective. its chr or’rxabal e[H'S 200€ i 081@77

PCT/ GB02/ 014 SHPIY ntgeﬂ?ld'spra P4 ﬁ%@gg 8f Amagy! type or
tissue type émvironfriem of ke pleinyémpélwmaﬁud@t ahll @raforadiyt imrespe@yehsd.thdhose of
skill in the art will recognize that substantjally the sane |evel of

expressi on ofeltiee opwsuaNNg Nat thaeal i@ cppads dhpet & VPRIV ed, irrespective
of the chromatin 5 environnent of the clainmed polynucl eotide, and preferably
irrespective of the cell type, assum ng that the cell is capable of active

gene expr essV\tmha\A%Shwe WMO%M)MMB@QB'FU@W&BGtﬁ?mfﬁgﬁlamﬁson free CpG
islands as S a‘?gd Wntﬁ@cﬁ%&lg\’rﬁh%’q{ r@@@ﬁgﬁ%@%&%@éﬁhs Bngptgsr%ﬁ?ocf he ability

to renodel roma I'n-an etermonant in
est abl i st ngcr&nmatlnmndtax'emhwngjthaugmnerbecmnmne caterminss kreegtabig hgenand oci . UCCEs
confer an incr e?sed proportion of rod ctive gen delivery events wth

i'npr overment sTRMAAEY Y erhﬂ‘ﬂ“@‘f'a% PHEY P S 8fe expr ession. This

UCOEs confer an increased proportion of productive gene delivery events
with improvements in the level and stability of transgene expression. This

15  has important research and bioteéhnological applicaticns including the
generation of transgenic animals and recombinant protein products in
cultured cells. We have shown (WO 00/05393) beneficial effects of UCOEs
on expression of the CMV-EGFP reporter construct and with the secreted,
pharmaceutically valuable protein erythropoietin. The properties of UCOEs

20 also suggest utility in gene therapy, the effectiveness of which is often limited
by a low frequency of productive gene delivery events and an inadequate
level and duration of expression (Verma, |.M. & Somia, N. Nafure 389: 239-
242 (1997).

25  Given these significant implications and wide ranging applications, there is a
desire to further optimise transgene expression levels. There is a need to
further increase the levels of expression obtainable by the use of a UCOE
alone, particularly in the fields of in vivo gene therapy and for in vitro
production of recombinant proteins.

30
The expression of a nucleic acid operably linked to a 5’ UCOE may
surprisingly be further increased by the presence of a selectable element 3’



15 has inportant research and bi otechnol ogi cal applications including the
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cultured cells. W have shown (WD 00/05393) beneficial effects of UCOEs on
expression of the CW-EG-P reporter construct and with the secreted,

phar maceut weahhdical uabl e protein erythropoietin. The propecBogsised UCOES 20
al so suggest utility in gene therapy, the effectiveness of which is often
limted by a |low frequency of producti¥e gene delivery events and an

i nadequate |evel and duration of expression (Verma, |I.M & Somia, N Nature
389: 239 242o(th®exresHt Giclein achiese thatdnd exprassibiemidaiaacidiseqaencen de rangi ng

applicati ons, ﬂ%ﬁl‘?é'ceb ;%éan@f%ﬁ&?ﬁteér)Sggg{ag%rmgﬁ{?‘irm se transgene expression

| evel s. There is a rncrease el evel s of expression
obt ai nabl e by the use of a UCOE alone, particularly in the fields of in vivo

gene therapy, and f inVvifro r.oduction, of reconbinant proteins. 30 The
Sxpressi on o SdeRaBledriEmant (2 pBaEHY mPIian o TAnSIOR GEHRR/: SEd pr i si ngl v
be furthey ifcpeasRd PyclbOabRIASARE s Vel as HRIreasindeRpRssiRIF a3' S5 OCTOBER
2005 WO 02/081677 PCT/ G802/ 01479 7 to the expressed nucleic acid, so that

t he expr essi®nesablylinkadcoens. @llews gendelctips of mark eempgctanst effigert and a 3

sel ect abl e n&(*@e{?iorﬁve%?drg.m abl e el enent that perfornms nore than one function
in a vector, guc as providing a selectable marker as well as increasing
expression of an operably |inked gene, allows construction of nore conpact

and v | L g R SO AT, bRan g 33U BBy el Bartionst ructs
conpri siTy areeRpLed (20600680 comstaltyYomyreniaphy ekpraksiglel gerRn(BLCR and a

pgk | puromycin resistance elenent. However, this work teaches that it is
the conbi natd'eRinberapb¥lipredta 3 kCheas a pgk / puromycin resistance element.

However, this work teaches that it is the combination of an expressible gene,
and L.CR and a tk / neomycin resistance element that is important in
imposing position effects on gene expression, with the pgk / puromycin

15  resistance element being used as a negative control. This paper teaches
away from any beneficial effect being gained from the use of a pgk/
puromycin resistance element. The paper does not disclose constructs
comprising an extended unmethylated CpG island (or UCOE), an expressible
gene and a pgk / puromycin resistance element, since the constructs

20 comprise LCRs. Similarly, the paper does not disclose an expressible gene
operably linked to a promoter with which it is not naturally linked, also
operably linked to a pgk / puromycin resistance element, since in each case

the B-globin gene is expressed under control of its endogenous promoter.

25 Anrelt et al compare the influence of neomycin and puromycin resistaﬁce
genes on cis-linked genes in eukaryotic expression vectors (Artelt P,
Grannemann R, Stocking C, Friel J, Bartsch J and Hauser H Gene 99, 249—
254 (1981). They conclude that neomycin resistance genes may have a
silencing effect on linked genes, but that “the gene conferring resistance to

30 puromycin from Streptomyces alboniger does not influence adjacent

promoters”. Accordingly, there is nothing in this paper that discloses or



and LCR and a tk | neonycin resistance element that is inportant in inposing
position effects on gene expression, with the pgk / pur TOBER 2008 osi st ance
el enent being used as a negative control. This paper teaches away from any
beneficial effect being gained fromthe use of a pgk | puronycin resistance

el enent . W@u ., does not disclose constructs conpri spaigcBi@xivended
unnet hyl at'e g%%&irsl and (or UCOE), an expressible gene and a pgk | puromycin

resi stance el enment, since the constructg 20 conprise LCRs. Simlarly, the
paper does not disclose an expressible gene operably linked to a pronoter
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puromycin resistance, el ement, since in each case the p-globin gene is
expressed uﬂﬂ%émﬁ@ﬁ??ﬁlﬁﬁﬂ“??§ﬁéﬁawﬁﬁﬁﬁus promoter. 25 Artelt et al conpare
the influence of neonycin and puronmycin resistance genes on cis-linked genes
i n eukaryotic expression vectors gArteIt P emann R__Stocking C, Friel

G
3. Bartsch JOunabRandin natassAepbBops §C Y6 RORDEERT (WEhAY/O5aRE: Uie t hat
neonyci n 4 eshGLaBGH ¢l 882535 AN S 68/252 08B ML RILGy RREHlBEedngenes.  but
érring resi pur omycl onyces

that "the gene con stance to rom Strep
al boni ger doestorstcompirisirensderatijdacetivylafpreiiet Ep§'islands opdiablyl linkethere i s

el caoz/ 01496 e Rae PUE e AFT Anliofs SERE Rkl Ean HeRad I use o

resi stance geagspleasisdicset obedntibiotib gepe &seuttadigueht arad 8'an.th€ur co- pendi ng
pat ent applications PCT{ GB99/ Oi.gS? WO, 0010 3@3), gS %hogl 58082, GB
0022995. 5 antfARsEpeswslemacidi Jpe SLEPriskc sandftien QEsuehan adidgeeBt s conpri si ng

ext endedyp neddpydtableQRaikePR (kBsk Tt aksiozraorthpidd. nked to expressible
nucleic acids with antibiotic resistance genes. However, in the exanples

di scl osed, the antibiotic gene is not adjacent and 3' to the expressible
nucl eic acid. The surprising contribution of such an adjacent

STATEMENTS OF THE INVENTION

15  The present invention discloses that the influence of extended, unmethylated
CpG islands (UCOEs) to upregulate expression of operably linked nucleic
acid sequences may be further increased by the presence of a selectable
element providing that said selectable marker is situated 3’ of the expressible
nucleic acid sequence and adjacent to it.

20
The terms 5" and 3’ are herein used with respect to the sense strand of the
expressible nucleic acid sequence. Hence the 5' end of said sequence

corresponds to the start of transcription, which proceeds in a 3' direction.

25 As used herein, the term “operably linked” refers to a relationship of
operability between elements in the polynucleotides of the invention.
“Operably linked" is a term, well known to those of skill in the art, that
describes a functional relationship between cis-acting DNA sequences. The
exact structural relationship may or may not be reievant and differs for

30 different types of elements. For a promoter, it implies an essentially adjacent
(usually within less than 100bp) position 5’ to the open reading frame that it
drives. In the case of extended methylation-free CpG islands, it appears that

a regional effect on chromatin struciure is responsible for increasing the level



T —

10 sel ectable marker is Iikew se not disclosed or inplied. STATEMENTS OF THE
I NVENTI ON 15 The present invention discloses that the inklodgosgrebosext ended,
unmet hyl ated CpG islands (UCOE5) to upregul ate expression of operably |inked
nucleic acid sequences nay be further increased by the presence of a

sel ectable_ el enent providing that said sel ectable marker, | Ltuated 3 of

t he expresgfﬁp@smﬁhcleic aci d sequence and adj acent to if?&§8%¥hgﬁ§erns 5
and 3' are herein used with respect to tthe sense strand of the expressible
nucl eic acid sequence. Hence the 5 end of said sequence corresponds to the
start of trapsg¢romlib@Rcy Whell BXRESSES BP waydf clhiBl kilelefRnf'S Used herein,
t he tern1"operab?yl+ink%d"brefeHQ to a rglayipnshig 6?_.885%2bility bet ween
el ements in toepisng Aocdetdedevethiylatine-fiea\lepti-iband is'poséioabtly | i nked" is a

term well k ; o) f L) in th t. ribes a functional
rel ati onshi pwﬁ@g(\;\%gerl& g [ éﬁggtef(ﬁ%’sﬁm eenc?ug_r'\@éés\’.erTﬁgg{e%Piz—ﬁ&etdr uct ur al

rel ati onshi pembyaces thaypossibilityeofrtaigypotitiomed elidflars, dolbnd@sdi diéer ent types of
el ements. _For a,.pr e it iymplies an essentially adjacent (usually within
| ess than51055‘55’%%%%!3{)%3”5%39%8&%& reading frame that it drives. In
the case of extended nethylation-free CpGislands, it appears that a

regi onal effect on chromatin structure i.s responsible for increasing the

| evel 5 OCTOBERRrbedar Wy Hanking sfan pxereesipio/aeng roth @ US{E ebiheiXeadcy of gene
expression. Byy fl lsld3d iRl

met hyl ati on- %e%ﬁ?@%%@@ atstggel %%ﬁgg t.si' m{ngfég%% '@' X@?E?Eg%gxpr essi bl e
gene. Howeveapprogipatalyltyolfpldk da'somenasas & inbreape ssgisiaterttiarofivestlag

position el I r unctional effect can be

denonst rgﬁedpa?er\r%ﬁ%;%t?@%gé&ﬁg? %@9% lgdr:él%nagljg%%‘ an expressible gene with a UCOE
at the 5 end and a selectable element at the other results in an increase

‘N expressi Ochgrding to the present invention, there is provided an isolated
polynucleotide that enables increased levels of expression of an operably
linked gene to be obtained as compared to those obtainable using an

15 operably-linked UCOE or extended methylation-free CpG island alone.

The isolated polynucleotide comprises: an extended methyiation-free CpG
island, an expressible nucleic acid terminated by a polyadenylation signal
and a selectable marker operably linked to a promoter, wherein both the
20 CpGisland and the selectable marker are operably-linked to the expressible

nucieic acid, and the components are positioned in the order: extended

) methylation-free CpG island, expressible nucleic acid, selectable marker, in
the 5' to 3’ orientation with respect to the sense strand of the expressible
nucleic acid, and the polyadenylation signal at the 3' end of the expressible

25 nucleic acid is within 2000bp of the proximal end of the selectable marker.

As used herein, “proximal end" means the end of the selectable marker gene
(including its promoter) that is closest to the 3' end of the expressible nucleic
acid, as marked by its polyadenylation signal. It is envisaged that the

30 selectable marker might be in either orientation, so that the proximal end

relative to the expressible nucleic acid might be at either the 5" promoter end




approximately two-fold. In some cases the increase is greater than five-fold
10 over that obtained with a single UCCE al one. Accordi fgO€TOBER 2 esent
invention, there is provided an isolated polynucleotide that enabl es

i ncreased | evel s"of expression of an operably |inked gene to be obtained as
conpared to }qugrobtainable usi ng an 15 operabl y-1i nkedpdEBo14BXt ENded
nethylatid%g ee G island al one. The isol ated pol ynucl eoti de conpri ses: an
extended nethyl ation-free CpG island, ®n expressible nucleic acid term nated
by a pol yadenyl ati on signal and a sel ectable nmarker operably |linked to a
promoter, whies Belaetabld MarkeP ot 8'slemthalibH of rans@ipash ablictakigker are
operably-linked to the expressible nucleic acid, and the conponents are

posi ti oned iand easdrairg aceidieadethe sanse\at@nd of e salectpleiBadRl, expressibl e
nucleic acid, selectable marker, in the 5 to 3" orientation with respect to
t he sense strand of the expressible nucleic acid, and the pol yadenyl ati on

si gnal at thereferabhq theftrameeriphipnal starbbetheSetastdbdd magdsirds withini 1300bp2000bp of

h imal d.of th J i ! i mal d"
meant. Che erf 107 3 pt SEnE S BRI RBE X Bt S BRGSO not er) Uhat i s
cl osest to tguyadlengiationbignbeofakeiattsi Pere pusfembly, itas mthinaDotepked by its

pol yadenyl ati o S] |, It IS i saged that the 30 sel ectabl e nmarker m ght
be in eit herMB‘Tr}iFEﬁ{eg{‘l?at%H,'s ‘Q’Bh'f‘@ﬁgphe proxinmal end relative to the

expressible nucleic acid mght be at either the 5 pronoter end 5 OCTOBER

2005 WO 02/ QB bhé adpedy s8R ir2AlIGh, tAE selectdbie slement skircaritibidtier or the 3',
termnation of transcription end,  taki n%P,S'_ and 3' as being according to the
sense st randedistanse ggaee Erigrabiniisar anfipigiciegisiancegeseqbiziaed oM onal start

of the 9@l ect 8RLIIIRLEESpbdiedt Mewpﬂe?@f%'eg/, said Ghiibibe fbsidtfitkPheddip expressible
nucl ei ¢ aci d sequence, as marked by i1ts pol yadenyl ation sign of the latter.
More pref er aipleyabiy finkesd tmia hriomommébe phieefitogiycefate &lvlapei(pgh)genet hi n 500bp.
Most preferably, it is the promoter of the murine pgk gene (Adra, CN, Boer
PH and McBurney, MW. Gene 60, 65-74 (1987). Alternatively, it may be

another mammalian pgk promoter.

15
In a preferred embodiment, the antibiotic resistance gene is the puromycin
resistance gene from a Streptomyces species. Most preferably, it is the
purcmycin N-acetyl transferase gene from Streptomyces alboniger (Vara JA,
Portela A, Ortin J, Jimenez A. Nucleic Acids Res 14, 4617-4624 (1986)

20

Alternatively, the antibiotic resistance gene is a modified form of the
puromycin N-acetyl transferase gene from Streptomyces afboniger.
Preferably this gene has been modified by manipulation of its codon usage,
in a manner commonly done to adapt bacterial genes for expression in

25 mammalian host cells. Such codon modification leaves the encoded amino
acid sequence unchahged, with the result that the expressed enzyme is
unchanged from the wild-type puromycin N-acety! transferase. Most

preferably, the modified gene has the sequence shown in Figure 15.

30 Alternatively, the antibiotic resistance gene is a neomycin resistance gene

derived from a Streptomyces species. Preferably it is the aminoglycoside



In one aspect of the invention, the selectable elenent is an antibiotic

resi stance gene. Preferably it is an antibiotic resistansecyeBEResaI ned from
10 a Streptomnmyces species. Mre preferably, said antibiotic resistance gene
is operably linked to a pronoter of the phosphogl ycerate kinase (pgk) gene.

Most pref egglbysisit is the pronmoter of the murine pgk geperiodisms7LN, Boor
PH and McBurney, MWN Gene 60, 65-74 (1987). Alternatively, it may be "another
manmal i an pgk pronoter. 15 In a preferregd enbodi nent, the antibiotic

resi stance gene is the puronycin resistance gene froma Streptomyces

speci es. Nbﬁ{osBﬁSerﬁﬁg}éée de‘he'fr%nﬁ Rerep %ﬂ@%?ﬁa@rd&éﬁﬁ@ﬁ%koﬁ Cang{er ase gene

from St reptorryces al boni ger(Vara JA, tel a , Jinmenez A Nucleic

Aci ds Res 145rayg3$- &’62-‘4N€1198&7320J$ﬁt8@r ha8 0150, (1883). ant i bi otic resistance

gene is a nodified formof the puronycin N-acetyl transferase gene from

Streptonyces atboniger. Preferably this gene has been nodified by

mani pul at i oninan mltesnatu.daoemhsmg'ent ithe anmmmteneststanmrgeyleds)aehygsoaQamt bacteri al
on nodi fication

genes for. ex sion in an hpst ce

| eaves tHe é% ea‘?ﬁﬂ‘?o%@%ﬂ%b%'ég érﬁ%ngmEWQdelfSpaPtﬁf’st?@s?@?Uﬁt that the
expressed erﬂafﬁ%tr@to;w?@éwny@?@ls&oﬁf@mt he wi |l d-type puromycin N-acetyl
transferase. Most preferably, e nodi fi ed gene has the sequence shown in

Figure 15. 30 Alternatively, the antibiotic resistance gene isS a neonycin

resi stance g # t bly it is the
am noglycosi e & Oeh BERe OB RSO b e 1By PP e S sr 87651 2

phosphotranshl@mrag@ngeﬂetamce@ﬁ&rBrﬁfarraplyeﬁ i$ trmnla@ny@frhmmamro@nand Gray GS.

Proc Natfg Acg S 5B ARSI (ARER) 1 d Bedlehigo AL ve embodi ment,

the anti |ot|c resis ene 1s an {€¢ &hce gene.
Pref erabl y, adstylsatdferdsedranmdtrieptophyespvetticiinsf er ase gene

" In another embodiment, the antibiotic resistance gene is a blasticidin
resistance gene. Preferably, it is the blasticidin S-acetyltransferase gene

15  from Streptomyces verticillum.

In another aspect of the invention, the antibictic resistance gene is not
cbtained from a Streptomyces species. In one preferred embodiment it is
the hygromycin resistance gene encoding aminocyclitol phosphotransferase

20 from Escherichia coll.

In another preferred embodiment, it is the neomycin phosphotransferase

gene from transposon Tn5, originally derived from Klebsiella pneumoniae.

25 In an alternative aspect of the invention, the selectable marker is not an
antibiotic resistance gene. Alternative selection mechanisms involve using
genes encoding thymidylate synthase, thymidine kinase or dihydrofolate
reductase. Such selection mechanisms are well-known to those of
appropriate skill in the art. In a medium {acking methionine, a gene encoding

30 glutamine synthetase may be used as a means of selection either in cells
lacking an endogencus glutamine synthetase, or where use of an inhibitor,

such as methionine sulphoxamine, has rendered it inactive (Kaufman RJ.



from Streptonyces hygroscopicus. In a further alternative enbodi nent, the
antibiotic resistance gene is a bleonycin resistance gem@CTPBER@MEbly, it is
t he bl eonycin binding protein 10 from Streptonyces verticillus .
Alternatively, it is the bleomycin N acetyltransferase from Streptonyces
verticill uggo hig@not her enbodi ment, the antibiotic resispencsigens® is a

bl asticidin resistance gene, Preferably, it is the blasticidin
S-acetyltransferase gene 15 from Strept'dnyces verticillum In another aspect
of the invention, the antibiotic resistance gene is not obtained froma

St r ept onyces Ssfstibe andlcoanpéfigitehesfhettroloho ge@ds ihtmarAmalifve cBygr onyci n

resi stance gene encadi ng 1.nocycl itgl phosphotransferase 20 from

Escheri chi a &#tody ﬁ”%ﬂﬁ’agb' pr 'f@sr(gggg)nbodi ment, it is the neomycin
phosphot ransferase gene fromtransposon TnS, originally derived from

Kl ebsi el | a pneunpniae. 25 In an alternative aspect of the invention, the

sel ect abl e mht Réurthes aspectad scearnableonpeker 6an be 4red heniostanceea gang ve

sel ect i ong mechaniing (L AYAILR: MotdA, s BENRSHERSALAIERYEIghLAT e synt hase,

t hym di ne ki nase o y uct ase. on mechani sns are
wel | - known t dubtessentqiroteap{§ifcy, baeehaided|variants lof itdEGF Pl nmay bedised | acki ng

nmet hi oni ne, a gen ncodi ng 3 | ut am ne synt het ase ma e used as a neans of
sel ection ei @ﬁ%r?q(?%&%@ﬁ pgarﬂ?ragpigﬁa%egf?n&%ﬁgﬂlggg %ﬁm%%@eﬁ‘?ﬁ?r %se, or
where use of t@thd @it irdentiors Wierais thetbleorbrRanatkepPBRXGIES'GFR, Mag rendered it
I nactive (Kaufrman RJ. 5 OCTOBER 2005 WD 02/ 081677 PCT/ GB02101479 12

Sel ecti on an@esSHRE bYHIrghinegh obflupresesnaeriori EAGSNn 8% a o Fe!-snPwel | s.
Met hods Epzyipihe 4@5uSiﬁ§_¥m5§§1y&&a@§)de Afrth@irwﬁﬁd?ﬁéna%gﬁﬁaﬂng wifr eenabl e

mar ker can be used. For~instance, ene 5 encodi ng uor escent protein,
such as the AspEssibie sanstruetsavity tberpelectable marker situated either 5' to the

UCOE, or 3' but remotely from the transgene (expressible nucleic acid),
higher levels of expression of the transgene will be found for comparable
levels of brightness. Selection of the brightest cells will, therefore, allow

15 selection of cells with the highest level of transgene expression.

In one aspect of the invention, the extended methylation-free CpG island
comprises a 16kb DNA fragment spanning the human hnRNP A2 gene with
5kb 5" and 1.5kb 3' flanking sequence. Preferably, the extended

20 methylation-free CpG island comprises an 8kb DNA fragment spanning the
human hnRNP A2 gene (WO 00/05393).

Alternatively, the extended methylation-free CpG island of the disclosed
polynucleotide is an ‘artificial UCOE’ as disclosed in our co-pending

25  applications GB 0022995.5 and US 60/252,048, comprising the human p-
actin CpG island/ promoter region or a fragment thereof. Preferably this
fragment is within the size range of 100bp to 3.0 kb and spans the human p-
actin CpG island/ promoter region or a fragment thereof. Preferably the
artificial UCOE also comprises the human PDCD2 CpG island/ promoter

30 region or a fragment thereof. More preferably the human PDCD2 CpG
island/ promoter region comprises a fragment within the size range of 100bp
to 3.0 kb. Further preferably, the extended methylation-free CpG island



fluorescent protein (G-P), or enhanced variants of it (EG-P), may be used as
a selectable marker. Transfectants contai ning a pol ynucl soOTOBER2OEN di ng to
the current invention, wherein the sel ectable marker encodes G-P, may be

sorted by brightness of fluorescence on a FACS, by a process well-known 10 in

the art. UgigBhfie; pol ynucl eotide of the invention, and g@ArRafoB7M th
expressible constructs with the selectable nmarker situated either 5 to the

UCOE, or 3' but renptely fromthe transdene (expressible nucleic acid),
hi gher | evel s of expression of the transgene will be found for conparable
| evel s of brcghpriessa LHéA feginent within liee bize gingssef K¥bpgo Bid kb spammiefore, al | ow

15 selection,of, cells w,ththe highest |evel of tr ne _expression. In one
aspect of thg‘%%ﬂ?iﬁa%‘f“”_[% é%ﬁ”éﬁ&é%l“?ﬁ&fﬁ%ﬁ'%’l?Bi?ﬁ@gﬁé%eﬂgwﬁﬁ@ conpri ses
a 16kb DNA f fragsies tarffeasiniongp td 8. O kbrearniigNReAngenBDBDRCp8kdlakd/ and 1. 5kb

3" flanking sequence. Preferably, the extended 20 nethylation-free CpG i sl and

conpri ses anPERRCIBREFgnent spanning the human hnRNP A2 gene (WD

00/ 05393)5 Alternatively, the extended nethylation-free CpG island of the
di scl osed polynucleotide is an "artificial UCOE as disclosed in our

co- pendi ng 2Blosppteferablydhe cEBned pey9scisotigrioliisganRsiimensef thenpri si ng t he

human (i- actin G ] r ] A for hereof. Preferably
this fragneﬁtv i %Cé'ﬁ})ﬁgﬁaerpéﬁg@gfg%ggg %@ﬁ&@%ﬁaﬁo&%w’bﬁ%ﬂaeg ans the
hunan (i- acspandi@ticsh@ngh pRICNTPES islagl prordteprdgicroamna 1téks @A Preferably
the artificial UCCE al so conprises_the human PDCD2 G island/ pronmoter 30
region or a fRAgEEhePaNUIEhe NUMA PR CFREISARHPTAMARS 02 CpG i sl and/
pronot erqgegi on conprises a fragment within the size range of 100bp to 3.0
kb. Further preferably, the extended nethyl ation-free CpGisland 5 OCTOBER
2005 WO 02/ 0861 ordsd GBa 2ectondemprisgng theppdlgusleotibrlaf anagnenf thé t hi n t he si ze

range of 100 3 N naGt L | i S| a r onot er
a0 o i SBBs n RRR PhuediBmBY BB ) bB RSt AP LRGP
or an integrating vector. Depending on the intended use, episomal vectors
may be desirable since they are seif-replicating and so persist without the
15 need for integration. Episomal vectors of this type are described in

WQO98/07876. Also preferred are non-replicating, non-integrating vectors.

Also provided is a vector so constructed as to deliver, when linearised and
integrated into a chromosome, a polynucleotide comprising an extended

20 methylation-free CpG island, an expressible nucleic acid terminated by a
polyadenylation signal and a selectable marker operably linked to a
promoter, wherein both the CpG island and the selectable marker are
operably-linked to the expressible nucleic acid, and the components are
positioned in the order: extended methylation-free CpG island, expressible

25 nucleic acid, selectable marker, in the 5" to 3’ orientation with respect to the
sense strand of the expressible nucleic acid, and the polyadenylation signal
at the 3’ end of the expressible nucleic acid is within 2000bp of the proximal

end of the selectable marker.

30 Preferably the vector is a plasmid. Alternatively, the vector may be a virus,
such as an adenovirus, adeno-associated virus, a herpesvirus, vaccinia

virus, lentivirus or other retrovirus.



the size range of 100bp to 3.0 kb spanning the human PDCD2 CpG i sl and/
pronoter region. 5 Mdst preferably the cl ai ned pol ynucl eSQGI®OBER 2008 s

enbodi ment of the invention conprises an artificial UCCE conprising a 2.0 kb
DNA fragment spanning the human P-actin CpG island/ pronoter region and a

1.8 kb DNA, Gd' agent spanni ng the human PDCD2 CpG i sl andhcRicdPhQbe r €gi on. 10
Al so provi L€ L vect or conprising the pol ynucl eotide of any one of the

previ ous enbodi ments. This vector may all¢ernatively be either an episomal or
an integrating vector. Depending on the intended use, episonmal vectors may
be desirable since they are self-replicating and so persi st without the 15
need for integration. Episomai vectors of this ty are described in

W96/ 07876. Nfgf?f?ﬁ'éﬁékdr‘@ﬁtoéﬁsea%éwrleéijPF(Yﬁ@tphadamg%fqrrﬂt@éﬂ@f'f?@Qneectors Al so

provided is a, gpeggg,rn nzfsélH%Id%ﬁta@éntuﬁbhﬂfés' B?Exal’{‘fpﬁe”ar{d AR, g’x\,?ﬁ and

integrated into a chro a polynucl eotidé co S|ng an ded 20
met hyl at i on- fof émitalion éhapmw&m mm@sspmﬂrecqnnrol eecwamceal (rremoierat ed by a

P omoter ) Sansrare s lritimBaRl EilRRLE sEBGHECIREIOL, Fromdifend o, o
oper abl y-| i nikptiaheertdre t@mwslsmlnivm mubéertcar&i:mdludamb follewihgfpaesy s are

positioned in the order; extended thyl ation-free G i.sl and, expressible 25
nucl ei ¢ aci dWigh i@ RigYide Vﬁéﬁmp,%o'i]}‘rea nqt@yg’vayoqf?gﬁ?gppoﬁ’rquwm espect to

the sense styagdcpf aéthlg r@%lﬂé@ﬁssé&&neéé‘fﬁﬁé&ly%ﬁkgd the ihifgtiqroby adenyl ati on
signal at the 3" en e expressible nucleic_acid is wthin 2000bp of the

proxi mal en@‘aﬁﬁc"dn*t@nsBr%@@bﬁ@ﬁmﬂ&'@ﬁmdg@o%@@ﬂ'éB'IA/bQWd/BUﬂor is a
pl asm d. 1’6' tgt %érggéYmtlét% s\é%%c?r‘i us sggu&c\ébrtl’@t fun&fb?lq %@%e%{]a%ﬂgnov' rus,

adeno- associ er eSV| ccinra virus Vi PUS or ot her
retrovirus. bof @@ﬁ@lﬁﬂoamﬂﬁaﬂm (liﬁésﬂﬁﬂﬁ]énces also bind polypeptldeS that
function, inter alia, to facilitate transcription initiation selection by RNA

polymerase.

15 Enhancer elements are cis acting nucleic acid sequences often found 5’ to
the transcription initiation site of a gene (enhancers can also be found 3' to a
gene sequence or even located in intronic sequences and are therefore
position independent}. Enhancers function ta increase the rate of
transcription of the gene to which the enhancer is linked. Enhancer activity is

20 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 (e.g. glucose), environmental effectors ( e.g. heat,). (See

25  Eukaryotic Transcription Factors, by David S Latchman, Academic Press Ltd,
San Diego)

Adaptations also include the provision of selectable markers and

autonomaus replication sequences which both facilitate the maintenance of
30 said vector in either the eukaryotic cell or prokaryotic host. Vectors that are

maintained autonomously in eukaryotic cells are referred to as episomal

vectors. Other adaptations which facilitate the expression of vecior encoded



PCT/ GB02/ 01479 14 Preferably said vector is an expression vector adapted for
eukaryotic gene expression. Typically said adaptation i 8gcId®ER 2095 exanpl e
and not by way of limtation, the provision of transcription control
sequences (pronoter 5 sequences) which nediate cell/tissue specific

expr essi ongolteeier and enhancer are terns wel | - known iparigie:z adabe and
include the followng features which are provided by exanple only, and not
by way of limtation. Pronoters are 5% cis-acting regulatory sequences
directly linked to the initiation of transcription. Pronoter el enents

i ncl ude so- gaEnesdndiddeé\ timproaistbrRNArabechtioprtensis ationipblyatemtatoal ecti on (RI'S)
sequences that function to select site. of . transcription initjation. These
sequences aIS?G‘”Sf‘ﬁ%s'J&’?Bgﬁt'ri"aﬁé‘iesttﬁﬁtpm‘?ﬂ%f’f l('.')‘ﬁﬁ'm?“rﬁ o1& &Pty i8St aci l i tat e
transcripti QIRES8) vhithi fORCER 8GhaemideYessidrob iR e codddgdidrancer el enent s
are cis acting nucleic acid sequences often found 5 to _the transcription

initiation sIangsd in bipsiEoeANAHEHSrYUh X '8esiBR cagniigs3 These a  gene sequence
or even 'EPC%&%tﬁ%ds@ré%&ﬂ%%ﬁ@ﬁ@fémaﬁﬂe% i8 é&&ﬁiﬁéa{t%{ncﬂﬁﬁb%' on-

i ndependent). Enhancers function to increase the“rate o transcri ption of
the gene to muhlished literatnreawite respect forexptessnh@gtacoastrustionyands 20 r esponsi ve

to bind specerrEb ) ERVRIARELEE e PRRE shE Sambdck af {pagg =" ="
tr arﬁg; i pL i @norbagf?agxodis?:;msamﬁictmgﬁa@agl, mg][daislibrh_mjt Htafbdumiam?atcﬁyea ;:gres whi ch
ot abor | t o0 98 SPripeniaRey Nihatd iRty tereincliton. & oBRLaNA ' (5le 25
Eukar yotig TriaRmg TehnRuekasreasticaPXppaythl Vol ptrih PRsss, A5R#GUKc Press Ltd,

San Di ego) Adaptations also include the provision of selectable markers and
aut ononous ridNAiaringnF 4& fusnkel ot ahiCerrepb Proteerts in MatesulanBiakeght enance of 30

said vector jpnahfiB¢k $4Hs %ﬁ@g@}_i c cell or prokaryotic host. Vectors that
are naintai neg autononously 1 n eukaryotic cells are referred to as epi sonal

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

15 polypeptide.

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

tags or epitopes, or enzymatic cleavage sites.
20 Preferably the expressible nucleic acid is a therapeutic nucleic acid.

Alternatively, the expressible nucleic acid encodes a recombinant protein for

expression in an in vitro cell culture system.

25 Alternatively, the expressibie gene encodes a non-polypeptide product, such
as RNA. Such RNA may be an antisense RNA capable of inhibiting
expression of a particular gene at a post-transcriptional level, or may have an

enzymatic (ribozyme) or other function, such as a ribosomal RNA.

30 One preferred embodiment is a vector comprising: an extended methylation-

free CpG island, an expressible nucleic acid terminated by a polyadenylation



vectors. O her adaptations which facilitate the expression of vector encoded
5 OCTOBER 2005 WD 021081677 PCT/ GB02101479 15 genes i nc$ Qd®OBRR 2¢050vi si on of
transcription term nation/pol yadenyl ati on sequences. This al so includes the
provi sion of internal ribosone entry sites (IRES) which function to naxim se

expr essi onwgfm,gﬁghor encoded genes arranged in bicistropefgahord7o
mul ti-cistronic expression cassettes. These 5 adaptations are well-known in

the art. There is a significant amount & published literature with respect
to expression vector construction and reconbinant DNA techni ques in general.

Pl ease see, Sgidirprka séledtablEl@8&er obbrabiyuinRed (3 aprdigotef Widteinas&hy Manual ,
Col d Spring Harbour Lacggé{;tory, Col d Spring Harbour, NY and references

therein; Mar9edPGsiax the\pelagialyie ATk arE OREY \elinked torthRt i cal Appr oach

Vol . 111 1 RigRressinle AutRicadlf; and A cbirPBhBats dre ModHsHESIn Ak Rdler; Cur T ent
Protocols in Mlecular Biolog ohn Wley & Sons, Inc.(1994). In a

ogy, Jo : | _
preferred negxtondas metw!ationeiiee 6pGdslnad, vaxpressibie pudleis, acithdelegtabls ai d

pol ypeptigde | rovi v 4N of | i | Ll purification
of sad 45 BAHEAEE B trefteOfuRh Chept o st b BER Ct <y
i ncl ude f urt&eressiblemeckit acidtand theipoiyaderylpiion $igoaltdt dme 8fereigf wesed

reconbi nant protein, such as affini ta or_epitopes, .or enzymatic

cl eavage si t%@re%&%’%‘f’ 8¢ ‘%WE“‘E%P%‘&%_&‘@H“E Pﬁ%f”éfg"i_ef@‘ei s a therapeutic
nucl ei ¢ aci dselédthelenahikse! Preféagiyerrtae polya@empstici sigaslial tRNgasifpof

reconbi nant protein for expression in an in vitro cell culture system 25

Al ternat i vel ¢ exeessigle agslpisl asidjiséthentyiibp of the Rraxémgirstofdee product, such
o part ] ol ar AR R R L WA, oS bRl o Penzymati o
(‘ri bozyne) of0Gpher function, such as a ribosomal RNA. 30 One preferred
enbodi nent is a vector conprising: an extended nethylation-

A preferred embodiment is a vector comprising: an extended methylation-

free CpG island, a multiple cloning site, an antibiotic resistance gene

15 obtained from a Strepfomyces species, wherein both the CpG island and the

selectable marker are operably-linked to the multiple cloning site, and the

components are positioned in the order; extended methylation-free CpG

island, multiple cloning site, selectable marker, in the 5’ to 3' orientation with

respect to the sense strand of the expressible nucleic acid, and the multiple

20 cloning site is within 2000bp of the proximal end of the selectable marker.

More preferably, the multiple cloning site is further operably linked to a
promoter. Further preferably the promoter is selected from CMV, EF-
1a, RSV LTR or HIV2 LTR or combinations of sequences derived therefrom.
25 More preferably the promoter is a CMV immediate/early promoter. Most
preferably it is the mouse CMV immediate/early promoter. In a preferred
embodiment, the vector comprises a CMV promoter, a multiple cloning site, a
polyadenylation sequence and genes encoding selectable markers under
suitable control elements.
30
A preferred embodiment of the vector comprises nucleotides 110551 of the

sequence of Figure 8. A most preferred embodiment is vector CET 710.



free CpGisland, an expressible nucleic acid term nated by a pol yadenyl ati on
5 OCTOBER 2005 WD 0 2108 1 6 7 7 PCT/ G802101479 16 si gnas oemOoBER@isect abl e
mar ker operably linked to a pronoter, wherein both the CpGisland and the
sel ect abl e marker are operably-linked to the expressible nucleic acid, and

t he corrpor\gﬁfgzlgqa}%ﬁeposi tioned in the order: extended @%@ffﬁgggﬁqzirgg CpG

i sl and, ex nucl eic acid, selectable 5 marker, i

orientation with respect to the sense strrand of the expressible nucleic
acid, and the polyadenylation signal at the 3' end of the expressible
nucleic acid is within 2000bp of the proximal end of the selectable marker.
Preferably, the the pol yadenylation signal at the 3' end of the expressible
nucl ei ¢ aci dAlfesngiivety, iha sectbpcanpiises Mctpetidas Tehib4i oftthe sequensecaft abl e

mar ker . Mor e-.pr.ef Voo bt ol AV , host preferably, 500bp. A
preferred e%ﬁggﬁrrﬁdritaﬂdsfsg}%fé%bm\;éc%ﬂpcfl?g?gg? an extended nethylation- free
CpGisland, a multiple cloning site, an antibiotic resistance gene 15

obtained fr St rept onyces .speci.es,, wherein both the CpG island and the
sel ect ablge %rﬂ‘@rpﬁ i e%“ibq%'ﬂ‘g%‘??éfab%s e nmultiple cloning site, and the
conponents are positioned in the order: extended nethyl ation-free CpG

i sland, mul tigl e cloning site, selectable marker, in_the 5 to 3' orientation
with respectETd4PHe Beqiuramycinresisianesgena ol GEE 72045 esntaced d, and t he

mul tiple 20 ,chom ' hSi Wint B j of the

sel ectabl e n@ﬁ@?%?g%ﬁ?gpggf@@ﬂggﬁ%ﬁ?%ﬁr@r%{%é@ﬁ% is further
oper abl y |i nketlae asdisted onfoipare. 13Fuhish erefprrefl @radstotsHavpmgoenpressitils sel ect ed
from CW,, EF R TR 0 i i ; es derived

t herefr o1r91 %%?ggp#gﬁgﬁé ﬁby%ﬁéed lﬁoo{hrrgtcrggm‘)@ aC?%'?%%é@éﬁ?gﬁ early

pronot er. Mosich gr@E€r7aldly it is the nouse CW immedi ate/early pronoter. In a
preferred enbodinent, the vector conprises a CW pronoter, a nmultiple
cloning site, a polyadenylation sequence and genes encodi hg sel ect abl e

mar ker s undetET 760 in which the puromycin resistance gene of CET 720 is replaced
with the aminocyclitol phosphotransferase from Escherichia coli (as listed in
15  Figure 17). Also preferred are vectors having expressible nucleic acid
sequences inserted into the muitiple cloning site of CET 760, such as CET
761.

CET 780 in which the puromycin resistance gene of CET 720 is replaced

20 with the modified form of the puromycin N-acety! transferase gene from
Streptomyces alboniger (as listed in Figure 14). Also preferred are vectors
having expressible nucleic acid sequences inserted into the multiple cloning
site of CET 780, such as CET 781.

25 CET 820 in which the human IE CMV promoter, operably linked to the
multicloning site in order to drive éxpression of expressible nucleic acid
sequences inserted there, has been replaced with the murine IE CMV
promoter. Also preferred are vectors having expressible nucleic acid
sequences inserted into the multiple cloning site of CET 820, such as CET

30 821.



suitable control elenments. 30 A preferred enbodi nent of the vector conprises
nucl eoti des 1-10551 of the sequence of Figure 9. A nost5 QFRIRERMES enbodi ment
is vector CET 710. 5 OCTOBER 2005 WD 02/081677 PCT/ GB02/ 01479 17

Al ternatively, the vector conprises nucl eotides 1-13545 of the sequence of
Figure 10,w@psosis7pr ef erably vector CET 720. 5 Further prefieseads@rbodi nent
of vectors are: CET 740 in which the purorryC| n resistance gene of CET 720 is
replaced with the ami nogl ycosi de phospfotransferase gene from Streptonyces
fradiae (as listed in Figure 15) Also preferred are vectors having

expressi bl e GBT BASlirewhidhc i edeguadettmsthyradiontiee @mﬁdslﬂ:hrécambtiéipgemcl oning site

of ceT 720 WO Fitery P oE sl ped P RAE2 BB BPGRAiFRLE 7rom °°"

Escherichia e)@@ided(rﬂétHyla‘?efbﬁdrddCﬁ@ |§'Tal§lﬂécﬁmir7§mg &h 8b Fragh&int egadtifg vect or s
havi ng expre55|ble nucl |c aci d ences inserted into the nultlple cl oni ng

site of CET MBmUrEEM @@Tgen%(@ss N 7B $PARANER Ot RIGUFLIDm/ABR resi st ance
gene of GET ;2Rriey efr@@bé‘&)‘?éjhaﬁ 5&&.9@ iR id a@e sbonsAQs lﬁ%egsur onycin

N-acetyl transferase gene from tre ces aiboniger(as listed in Figure
14). Al'so prletodhe@wlwledmmgﬁ@ ofH{al Tﬁé eSushasst bl Zﬁucl ei ¢ acid sequences
inserted into the multiple cloning site of CET 780, such as CET 781. 25 CET
820 in which the human I E CW pronoter, operably linked to the multicloning
site in ordeklst prdmde&isémpf@aibﬁrmf@n‘tecewﬁhes;sbbtre emabbdimengcofdhesequences
inserted the e l%F en replaced with the nurine |E CW promoter. Also
preferred ar Y& ‘Haw ng expressible nucleic acid sequences inserted
intothe1mu|t|ple cloning site of CET 820, such as CET '

Alternatively said polynucleoctide, vector or the host cell may be used in a cell
culture system to obtain expression of a desired gene product. Suitable cell
culture systems are well known in the art and are fully described in the body
of literature known to those skilled in the art. There is provided a method for

15  the production of a polypeptide according to the invention comprising:

i} providing a cell transformed/transfected with a nucleic acid molecule

according to the invention;

ii) growing said cell in conditions conducive to the manufacture of said

polypeptide; and
i 20 i) purifying said polypeptide from said cell, or its growth environment.

In a preferred embodiment of the invention said nucleic acid molecule is the

vector according to the invention.

The present invention also provides the polynucleotide, vector or the host

25 cell for use in therapy.

The present invention also provides use of the polynucleotide, vector or host

cell in the manufacture of a composition for use in gene therapy.



30 821. 5 OCTOBER 2005 WO 02/081677 PCT/ GB02/01479 16 CET 823 in which the

extended nethyl ation-free CpG island conprising an 8kb DNSTOBERA#t spanni ng

t he human hnRNP A2 gene is replaced with the extended nethylation-free CpG

i sl and conpri si ng an 8kb fragnent spanning the nurine hnRNP A2 gene (as

shown in ;iw, gnce of Figure 19). Also 5 preferred argvess@isshavi ng

expressrble hucl ei ¢ acid sequences inserted into the nultiple cloning site

of CET 823, such as CET 824. Also provi'8ed is host cell transfected with any

of the enbodi nents of the disclosed vectors. 10 Alternatively said

pol ynucl eot im,pr‘ee@rﬁtomva:rrtrohlmsdﬂmuidealalmmwd loé traatrdentpcempedihg cul ture system
i duct. Suitable cell culture

to obtain expressjo es'red e

systens are “P'S{?ﬁ ﬁ/ﬁo arPat'ﬁQ @rrﬂeegjrﬂr}SHE@?PGﬁm‘?Pt@e%'@’FHQHUV%”Vhe body of
literature kifRnivd embhesss tﬁélpblyﬂdcreendéreeatbr or Frds@rceuwtrmeﬁésemd a nethod for
15 the production of a pol quptr e accord he invention conprjsing: i)

provi di ng a i@ntiopy zﬁ’rﬁ%fﬁbﬁrtr% patiest ecché‘arlm ?Fﬁmaa Aisepes treatable byl ecul e
accordi n? QLT”BGE éﬁégntr on; ii) growng said cell in conditions conducive to
t he manuf act o} id polypeptrde and 20 iii) purifying said pol ypeptide
fromsaid cell, or its growh environnent. In a preferred enbodi nent of the
i nvention s e is,the according to the

i nvention. '?Jm? FH?%%% qunﬁggﬁﬁo Sr%urdsﬁaﬁﬁma%g“%@%gc%r% eoti de, vector or

t he host 25:oﬂﬁirisrnfg(1help$>6/numebﬂ@é apa/orwewa@tcﬁeaatorlhmeeén opticnal|y ifpr ovi des use
of the polynucl eotide, ctor or in the nufacture of a
conposi t i on A ngawrtlha @ﬁ%tlrtg@ y accep able carrier or diluent, for therapy to

10 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 a route which includes systemic
15 intramuscular, intravenous, aerosol, oral (solid or liquid form), topical, ocular,

rectal, intraperitoneal and/or intrathecal and local 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
20 exact nature of the protein expressed by the gene of interest and the type of

tissue that is being targeted for treatment.

The dosage also will depend upon the disease indication and the route of
administration. The number of doses will depend upon the disease, and the

25 efficacy data from clinical trials.

The amount of polynucleotide or vector DNA delivered for effective gene

therapy according to the invention will preferably be in the range of between

50 ng -1000 pg of vector DNA/kg body weight; and more preferably in the
30 range of between about 1-100 pg vector DNA/Kg.



5 OCTOBER 2005 WD 02/081677 PCT/ G802/ 01479 19 The present invention also
provides a nethod of treatnent, conprising adm nisteringoCWOBERAISENt N
need of such treatnent a pharmaceutically effective anmount of the

pol ynucl eoti de, vector or host cell of the present invention. Preferably the

patient is ng froma disease treatable by 5 geneptfigh 479The present
I nvention %ﬁﬁﬁ”sgﬂéw des a pharnmaceutical conposition colr)r‘%:)r|§s‘|§-,2?1%i )h

pol ynucl eoti de and/or the vector and/or2host cell, optionally in adm xture
wi th a pharmaceutically acceptable carrier or dil uent, for therapy to 10

treat a di seasieouh ;prsq:\ref@ereafa%c@@uﬁ%toqﬁemmmrh tdh@hinidteste Wi th an
advant ageous proteln or function nuc| eoti de, vector or host cell of

the invent i oPPlgRudIeRtidsh¥RGtaC@IqsE S0l t%mﬁs%m?h BR/MYo BRll Hefkei N exed via a
route which jnsbpges n@&%{yg%el @g%éd'ﬁﬁér@ﬁ?‘éé]gla% r?de\tré@HSﬁ MPanBR]0S0 . oral

(solid or Iiqui , ocul rect I nt raper | toneal and/or
i ntrathecal tansdusedMithitnepolynuglectideoor veThe, enditiendesapeantegimethe | |, of

course, ed e I ndi lini cians f vi dual

pati ont s BncPUL. THE SR Slpipie, 85 BB oo A HEVD6 s BE
protein exprmmg)wendt@cygamﬁomfari amlmaesmnadmm@awa yaymtofyted irswtte that is
being targeted, for treat also w depe upon the di sease

i ndi cati on afef f%@*%ﬂd{”@qgﬁtffaaa‘#ﬂf?ﬁcg F%?‘?%S 1RO Lﬂ?ﬂg (gfg d&ses will depend
upon the di sgagfibedist rhbisits taﬁcaé\fvurs@qxét@atsméﬁmmwmzalaogrmms(ﬂhe anount
of pol ynucl eotide or vector DNA delivered for effective gene therapy

accor di ng t ointEnansantilsen.iym. Geee dnapidy! 19235 1988).r aHgemethastt ween 50 ng
-1000 pg, fer t he 30 range of
petvech Kot 1R G GeRy a0 HolF R oy Bl B RES el h 48

circulatory or lymphatic systems, such as erythrocytes, T cells, B cells and

haematopaietic stem cells.

Another aspect of the invention provides an isolated polynuclectide

15 comprising a first promoter operably linked to an expressible gene to which it
is not naturally operably linked and a selectable element, also operably
linked and 3' to the expressible gene, comprising a pgk promoter and a
puromycin' resistance gene. The use of such a polynuciectide to obtain
reproducible expression of said expressible gene in at least two tissue or cell

20 types is also provided.

In ancther embediment of the invention there is provided a non-human
transgenic animai comprising an artificially introduced extended methylation-
free CpG island element and an artificially introduced selectable marker

25 element wherein both elements are operably-linked to an expressible gene
situated between them and wherein reproducible expression of said
expressible gene occurs in at least two tissue or cell types. Methods of
making transgenic mice (Gordon ef al., Proc. Nafl. Acad. Sci. USA 77.7380
(1980); Harbers ef al., Nature293:540 (1981); Wagner et al., Proc. Natl.

30 Acad. Sci. USA 78:5016 (1981); and Wagner et al., Proc. Natl. Acad. Sci.
USA 78:6376 (1981), sheep pigs, chickens (see Hammer et al., Nature



WO 02/ 081677 PCT/ GB02/01479 20 Although it is preferred according to the
invention to administer the polynucleotide, vector or hsetroBkk2008 a mammal
for in vivo cell uptake, an ex vivo approach may be utilised whereby cells
are renmoved froman aninmal, transduced with the pol ynucl eotide or vector,
and then RgyhBlaated into the 5 animal. The liver, for sxeoplei4man be
accessed by an ex vivo approach by renoving hepatocytes froman ani nal,
transduci ng the hepatocytes in vitro afid re-inplanting the transduced

hepat ocytes into the aninmal (e.g., as described for rabbits by Chowdhury et
at, Sci ence 2BASABOEBILBOBLC., 1206 Welldenownnin tiverar sntaré\tbstempléiechfoiGesee Ther .
3:179-222, 1992}. Syc{g} net hrgds 10 al so may be effective for delivery to

vari ous pOpLﬁCg‘P PG 1B GEION, "t he ¢ rcul atory or |lynphatic systens, such
as erythrocytes, T cells, B cells and haematopoietic stemcells. Another
aspect of the invention provjdes an isolated polynucleotide 15 conprising a
first promotHCOFRISISNE an'rﬁﬁ@ocqnéa'awgé&%P@@gw@w?{ﬁ&&féh%Wﬁﬁt*%alsp i s not
natural | 5 opga@BEYiskH MsaengfsinfpRiuetdrpdl £pRtdieninterakg0 operably |inked and
3" to the expressible gene, conprising a pgk pronoter and a puronycin

resi stance gene. The use of such a polynucleotide to obtain reproducible
expr essi on I; i ] | . cell 20 types
is also proﬁhfzgfsd?ﬁégﬁﬁﬁiéeo?égn o@‘%ﬂ%ﬂﬁ tg]? | @ﬁgétlehﬁ\?@rﬁq @%@ﬁ%ﬂ Oﬁs provi ded a
non- human tgemestherspy usingnthe potymuiclestide vastaaot hostaiedlldf yhe mveotkrced ext ended
met hyl ati on-free island el enent and an .artificially introduced

sel ectabl e nalwER g@i“&ﬁ%?‘n% SRAEY &R 336%’1?98?'8%%34%"4}08% Q?QBF&IW i nked to an
expr essiibl e tgenectos of thatpresdratinedtion hSucardindie peinnit te3finggrer ) € expressi on
of said expressjble gene occurs in at least two tissue or cell types.

Net hods of SHAIKR E}'a@r'gﬁbé‘ﬁ'?ﬁ‘isc mce (Gordon et at., Proc. Natl. Acad. Sci. USA
77:7380 (1980); Harbers et at, Nature293:540 (1981); Wagner et at., Proc.

Natl. 30 Acad. Sci. USA 78:5016 (1981); and Wagner eta)., Proc. Natl. Acad.
Scl . The present invention also provides'the use of the polynucleotide of the

present invention in producing transgenic plants.

15
The generation of transgenic plants that have increased yield, or increased
resistance to disease, pests, drought or salt are well known to those skilled in
the art. The present invention also provides for transgenic plant containing
cells that contain the polynucieotide of the present invention. Some or all of

20  the cells comprising the artificial UCOE may originate from plants.

The present invention alsc relates to the use of polynucleotide of the present
invention in functional genomics applications. Functional genomics relates
principally to the identification of genes specifically expressed in particular
25 cell types or disease states and now provides thousands of novel gene
sequences of potential interest for drug discovery or gene therapy purposes.
The major problem in using this information for the development of novel
therapies lies in how to determine the functions of these genes. The
polypeptides of the invention can be used in a number of functional genomic
30 applications in order to determine the function of gene sequences. The
functional genomic applications of the present invention include, but are not

limited to:



USA 78: 6376 (1981), sheep pigs, chickens (see Hammer et at, Nature 5 OCTOBER
2005 WD 021081677 PCT/ GBO2/ 01479 21 315: 680 (1985)), etcsocaoBERR2DIS known in
the art and are contenplated for use according to the invention. Such
transgeni c animal s containing the polynucl eotide of the invention also 5 may
be used f &vo b@R®g7rer m producti on of a protein of interesPCT/TREN®479s al so
provi ded a manmal i an nodel for determ ning the efficacy of gene therapy
usi ng the pol ynucl eoti de, vector or host cell of the invention. The
manmal i an nodel conprises a transgenic ani mal whose cells contain 10 the
vector of the present invention. Such animals permt testing prior to

clinical tri(@j S iuashfpejfmgbr%,yn feo!ﬂ&@%?'fﬁe mgﬁ“ﬁ?‘%ﬁ@ﬁg aeﬁ%\(/le%%taweg use of the

pol ynucl eoti'de of t esent 1 nvention transgenic q ants. 15
The gener ati on ofexpressogarfiactiseane setdans dfdve geme seasadegiairitbozgmnei ncr eased

' the art. The \ppaciaP THaten Mol efeniiliade YR o Ret R Ao et T

contai ni 8g cell gehbain einphansdtypbBe pol ynucl eotide of the present invention.
Some or all of 20 the cells conprising the artificial UCOE may originate
fromplants. The present invention also relates to the use of polynucleotide

of the presepf iUdRMHeYBIYARIClHBNGE b@ﬂ%‘(ﬁ@@é}ﬂﬁﬁ%ﬂéﬁ% :pﬁe?id'réms- Functi onal
genom cs relates principally to the identification of genes specifically

expressed in par expigsaion 2gragissifot geasnerseqrsecese syghathas dafiveniévopr ovi des
t housands of ”OV%Ell@%ﬁleresﬁ?ﬁ#ﬁg%ié,or‘r%bo‘r&g%ﬁg ﬂgtaln’éheéx%t?«%ssfic%o hag di scovery

i
or gene therapy purposes. eth I B US| ng I's i nformation for
t he devdDopnent gEnaseelendelerThpiresultingselisnekwwssing et geme sequdreckunct i ons of

t hese genes. The | ypept.i des .of the invention can he used in a nunber of
f'uncti onal genom’cég%e LPSG in a vVariety of approac%es 10 Hlncﬁon Qetermlnatlon 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 screening studies; or in cell-

15 based drug screening.

(3) Using the polynucleotide of the present invention in approaches
involving mouse embryonic stem (ES) cells and.-transgenic mice. One
of the most powerful functional genomics approaches involves

20 random insertion into genes in mouse ES cells of constructs which
only allow drug selection following insertion info 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

25 function. At present this technology works well for the 10% of mouse
genes which are well expressed in mouse ES cells. Incerporation of
the polynucleotides of the present invention into the integrating
constructs will enable this technique to be extended to identify all
genes expressed in mice.

30



30 applications in order to determ ne the function of gene sequences. The
functional genom c applications of the present invention5O€FOBER20ut are not
limted to: 5 OCTOBER 2005 WD 02/ 031677 PCT/ GB02/ 01479 22 (1) Using the

pol ynucl eoti de of the present invention to achi eve sustained expression of
anti - sensayyesghons of the gene sequences or ribozynme kpoUkB®M419 braries,
thereby determning the effects of inactivating the 5 gene on cel

phenotype. (2) Using the pol ynucl eotide of the present invention to prepare
expression |ibraries for ene sequences, such that delivery into cells

h
will result Q%T‘ﬁ@ﬁ%BEéC‘%IE% G BHE WMENHPMed expression of the 10 gene

sequences, The resulting cells, expressing the gene sequences can be used in
a variety of approaches to function determ nation and drug discovery. For
exanpl e, r aildiengvertian willinewip deaarbedibyvayrfieprampiearly gnddvdt : rapi d
purificatio f e i - ne itself for use in
structural, ’F?%rr]%rﬁ%é&ﬁ&ﬁ@%?&ﬂpﬁ%ﬂi@?ﬁe%ﬁ{eﬁy%{%ﬁI es; or in cell 15 based drug
screening. (3) Using the pol ynucl eotide of the present invention in

approaches _.nvol yi nouse enbryonic ste RS d-transgeni c m ce.
e of the NBLE® %o ; Wa?%ﬂggf%ﬁyalvea@ﬁ%ﬁkﬁi@gpﬁ%Qang af“?ﬂgpves 20 random

i nsertion i MgerHenes tHdEfmeed EF66 FlubréfcerPPritéiHIESFPigehe irBliHe al | ow drug
selection followi ng insertion into expressed genes, and which can readily be

rescued for "dfelandormieresulisdr&Edt 230, .711andur, respretivedy, Algectess- 334) .
Transgeni ¢ RAEEiAM,t i | | | sequences can
then readil gb galﬁn\%ddé\\ﬂpgﬂgrlﬁg%zfm?lbkggﬁsféﬁgtﬁ%.g%,&%\%%é}ggg%? t hi s technol ogy
wor ks wdll fHeweves, indhe cdsaoUSET 236 11ard itk ESH Fagxpresging defivativeed i n nouse ES

cells. | ”Cob‘i%fqﬁd)%'&h%gh L% APINENES §8Rd dBRIdYe AdkkeRTSE DA YRRt on Tnto

the integrati
a pgk ! puromycin resistance element in the plasmid, the latter is not

immediately adjacent. More importantly, it is separated by a Pvu | site used
to linearise the piasmid before transfection. After integration into the host

15  cell chromosome, this results in the gene no longer being flanked, since both
the UCOE and the pgk / puromycin resistance element will integrate in the
same side of the gene. In the case of CET 710 (and its EGFP-expressing
derivative, CET 711) and CET 720 (and its EGFP-expressing derivative, CET
721), Pvu | linearisation results in the integration of the gene closely flanked

20 by the UCOE cn one side and the pgk / puromycin resistance element on the
other. CET 210 (and CET 230) and CET 720 (and CET 721) carry hnRNP-
derived UCOEs, while CET 710 {(and CET 711) carry an ‘artificial’ B-actin /
PBCD2 —derived UCOE.

25 Figure 2 shows expression of EGFP from various vectors transfected into
CHOQO-K1 cells as measured by median fluorescence on FACS analysis
measured on the indicated days post-transfection. 'EGFP’ depicts cells
transfected with a control (pEGFP) non-UCOE containing plasmid. CET220
shows cells transfected with a plasmid where the EGFP expression unit is

30 operably linked to a hnRNP-derived UCOE but not to a pgk / puromycin
resistance element. Instead a SV40 /neomycin resistance element is used.



constructs will enable this technique to be extended to identify all genes
expressed in mce, 30 5 OCCTOBER 2005 WO 0 210 816 7 7 PGIOoCBORER10059 23
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention will now be described by
way of exanple only and with reference to the acconpanying figures wherein;
5 Figure §oshe¥grmaps of "enpty' vectors CET 200.1, 210,rCti®Boands7%20.

I nsertion of the Enhanced G een Fl uore%ent Protein (EGFP) gene into the

mul ti cl oni ng site results in CET 230 1 and 721, respectively. Al vectors
contain a pronpter from which inserted _[genes are expressed. 10 However,

in the case B? r@ﬁ?“’?ﬂ@)c?@nﬂe tagsagies] with CEIs 23Ry Tddranvali the strugtaneso) al t hough

such an |nsgf%ﬁ@h%g%hmlnq,:@%$I1anked by a UCQE. and a pgk / puromnycin
resistance elenment in the plasmd, the latter is not inmediately adjacent.

More inmportantly, it is separated by a Pvu | site used to linearise the

pl a4 bef Bl b IRREYA OB orA A ot ML BAALIAN LI RBAMO R SEL!

chr onosone, S resu ene n onger- bein anke
UCCE and5t haidpgH t6 bpuyrasitiveifor emseﬂcanoretrm mdmatedmiéyls dost-égnafeetibn. t he sane
side of the gene In the case of CET 710 (and its EG-P-expressing :

deri vati ve, CET 720 its, - ressi ng derivative, CET
o 2 bvu’ Fidured chafbde Plartetieh PREAE T gy Sl PUR B ae st ii® ol cuely

flanked 20 bé’ctbhseCEJ@qioomgnﬁzﬁéerTﬁﬂdsh%sﬂgiﬂ bPHea@iubrégsinskance el enent
on the other. CET 210 (and CET 2302 and CET 720 éand CET 721) carry hnRNP-

deri ved uc_@errecwﬁmteamcvma(leﬁmw texepeding the agfection capasitalof 0-actin /
PDCD2 - glgr i yede n 2l UL hodRME B ?&?«be?fge{)offﬁé’ngw vari ous

vectors transfected int s as measure | uor escence on
FAGS anal ysbalectable marker {puro') either 5' (CET230) or 3’ (CET721) to the

expressible transgene (EGFP).

Figure 5 shows the expression of EGFP in CHO-K1 cells transfected with
15 vectors CET 701, 721, 704, 741, 705, 751, 706, 761, 708 and 781 as
measured by median flucrescence corrected to allow comparison without

exceeding the detection capacity of the FACScan.

Figure 6 shows the expression levels of EGFP in CHO-K1 cells transfected
20  with vectors comparing 5" human and murine hnRNP UCOEs with a 3'

puromycin resistance gene.

{ Figure 7 shows the effect of position of the Streptomyces neomyecin
resistance gene on EGFP expression. CET741 has the selectable marker 3’
25 of the transgene, CET 745 has the marker 5’ of the transgene and UCOE.
The UCOE is the human RNP UCOE in both cases.
Figure 8 shows a map of plasmid CET 700
30 Figure 9 shows a map of plasmid CET 710

Figure 10 shows the nucleotide sequence of CET710

Figure 11 shows a map of pl'asmid CET 720
35



measured on the indicated days post-transfection. 'EGFP depicts cells
transfected with a control (pEG-P) non-UCOE cont ai ni ng p5@STOBERGE220 shows
cells transfected with a plasm d where the EGFP expression unit is 30
operably linked to a hnRNP-derived UCOE but not to a pgki puronycin

resi stanceyplyeg®pi; | nstead a SV40 /neonycin resistance etcemsnioids used. 5
OCTOBER 2005 WD 02/081677 24 PCT/ GBQ2/ 01479 The remaining cells are
transfected with CET 230, 711 or 721, tfie structures of which are shown in
Figure 1. Figure 3 shows the proportion of the populations of cells shown in
Figure 2 5 iglm'gedzts@ow tpegivciepeds sequsnsee@s SEIT26n t he indicat ed days
post-transfection. Figure 4-shows the expression of  EGFP in CHO K1 cells
transf ect ed Rigune 1\3att0ws§hé:|51]cl2mde Qamenﬁebf&rm\ﬁ!?dlﬂypass redxgugaerd by medi an

fl uorescence correq:&ed (Eygt fOW ari son without exceeding the detection
capaci ty of HAYOMHETFAGSER FHHRCESA Xt y shows the conparative effect of

pl aci ng the sel ectable marker (puror) either 5 (CET230) or 3 (CET721) to
t he expre55| bl e transgene (EGFP). Figure 5 shows the expression of EGFP in
CHO K1 cel | sFiguamdfedoig thip ncleot %%ql{?ﬂ§eeéﬂ"err@9d! ied 5. algmiger41, 705, 751,

706, 761, 708, 3RfcifBN- a@gm Eg ?@t@Edl an fluorescence corrected to allow

conpari son w thodt exce ection capacity of the FACScan. Figure 6
shows the expression |evels of EGFP in CHO KI ceI | s transfected 20 with

{ei st ance gawsre 3 sPHETRe ANKleBH e Sa AR e S g e Bintan BB oy ce <

neonyci n1o rqﬁntﬁpabtrengemseogmiEGZP expression. CET741 has the sel ectable
mar ker 3' 25 of the transgene, CET 745 has the marker 5' of the transgene and
UCCE. The UCCE is the human RNP UCCE in both cases.

Figure 16 shows the nucleotide sequence of the S. hygroscopicus

hygromycin phosphotransferase gene.

15 Figure 17 shows the nucleotide sequence of the E.coli aminocyclitoln

phosphotransferase (hygro) gene.

Figure 18 shows the nucleotide sequence of the transposen TnS (Klebsielia

pneumoniae) neomycin phosphotransferase gene.,

20
Figure 19 shows the nucleotide sequence of the mouse hnRNF’ A2 Hindlll
fragment.
(
Figure 20 shows a map of plasmid CET 1010
25

Figure 21 shows the nucleotide sequence of CET1010

Figure 22 shows a map of plasmid CET 1020

30 Figure 23 shows the nucleotide sequence of CET1020

Figure 24 shows a map of plasmid CET 1030



Figure 8 shows a map of plasmd CET 700 30 Figure 9 shows a map of plasmd
CET 710 Figure 10 shows the nucl eotide sequence of CET7100CFOBER20051 shows a
map of plasmd CET 720 35 5 OCTOBER 2005 WD 02/ 081677 PCT/ GB02/ 01479 25
Figure 12 shows the nucl eotide sequence of CET720 Figure 13 shows the

nucl eoti dg,spRygRAse of the wild-type S. al boniger puronpehesddoacet yl
transferase gene. 5 Figure 14 shows the nucl eoti de sequence of the nodified
S. al boniger puromycin N-acetyl transfBrase gene. Figure 15 shows the

nucl eoti de sequence of the S. fradi ae am nogl ycoside 10 phosphotransferase
gene. Fi gur Eidi@esfosisovwhdermucientitie deqsetpecrfdeEDf03the S. hygroscopi cus

hygr omyci n phosphot ransferase gene. 15 Figure 17 shows the nucl eoti de
sequence of the E.co/i am nocyclitol phosphotransferase (hygro') gene.

Figure 18 shipsretdeesiowd & oidplel sasihi@rCET afi10he transposon Tn5 (Kl ebsiell a
pneunoni ae) neomyci n phosphotransferase gene. 20 Figure 19 shows the
nucl eoti de sequence of the nobuse hnRNP A2 HindlIl fragnment. Figure 20 shows

a map of 5pl pejlird FEJhddklPe RRIdEE s8qddnceNovBET e gnucl eot i de sequence of
CET1010 Figure 22 shows a map of plasm d CET 1020

Figure 28 shows a map of plasmid CET 1120

Figure 29 shows the nucleotide sequence of CET1120
10 ‘
{ Figure 30 shows a map of plasmid CET 1130

Figure 31 shows the nucleotide sequence of CET1130

15
EXAMPLES

Example 1 Flanking of an expressible gene with UCOEs and selectable
elements

20
Materials and Methods

Construction of PGK-Puro CET expression Vectors

25 CET700
The CMV-MCS-SV40pA cassette was removed from CET31 (A CMV MCS
pA SV40Neo based plasmid) as an Asel/Afl fragment, blunt end filled with
T4 DNA polymerase and ligated into pPGK-Puro (mPGK promoter,
Puromyecin resistance gene, bGHpA in pBluescript) that had been digested
30 with EcoRV.



30 Figure 23 shows the nucl eotide sequence of CET1020 Figure 24 shows a map
of plasmd CET 1030 5 OCTOBER 2005 WD 02/ 081677 26 Fi gus ©CIOBERGWS t he

nucl eoti de sequence of CET1030 Figure 26 shows a map of plasmd CET 1110 5

Fi gure 27 shows the nucl eotide sequence of CET1110 Figure 28 shows a map of
pl asm d Cilo d21ed97Fi gure 29 shows t he nucl eoti de sequencerc¥/cBRItk4DH20 10
Figure 30 shows a map of plasmd CET 1130 Figure 31 shows the nucl eotide
sequence of CET1130 15 EXAMPLES PCT/ GB#2/ 01479 Exanple 1 Fl anki ng of an
expressi ble gene with UCCEs and sel ectable elenments 20 Materials and Met hods
Constructi orC®T 7REK- Pura CET expression Vectors 25 CET700 The CW-MCS- SVAOpA

cassette wa =) ed f 1 (A Sva 0, based plasm d) as an
Asel | AFITT ﬁ%ﬁﬁg‘%ﬁ%%ﬁraﬁ qngm/ R’A%ﬁscr% W%%P%W'gb’dﬁ?&m |i gat ed

i nto pPGK- Pys ebfdiPHe SKHORNIPED COERHIOMIS0NASs Hedi|gheiCiatde BE 70l Bd Aaid

pBl uescript) that had en_%h”Pested 30 with EcoRV. 5 OCTOBER 2005 WO

b
02/ 081677 PEIGRR) @thwlgﬂ Hip
5

CET710

The Artificial UCOE was removed from CET 21 (Artificial UCOE in

pBluescript) as an Xbal/Clal fragment, blunt end filled with T4 DNA

polymerase and ligated into CET700 that had been digested with Hindlll and
10 again blunt end filled with T4 DNA polymerase.

CET 230
This vector was constructed by digesting pUC19 with Nart an EcoRI to
remove approximately 160bp, followed by blunting and religation. This

15  removed cone of the two Pvul and Pvull sites in the vector backbone. The
CMV-EGFP-SV40pA cassette (with its MCS deleted) was excised from
pEGFPN-1 (Clontech), as an Asel/Afill digest followed by blunt end filling,
and then inserted into the pUC18 vector backbone that had been digested
with Ndel and E£co109 I and again blunt end filled.

20
The PGK-Puro-bGpA cassette was then removed from pPGK-Furoc as an
EcoRlI/Xhol blunt end filled fragment and inserted into the unique Pvull site
of the above vector. Finally the 8.3kb hnRNPAZ2 fragment was inserted into
the unique Hindlll site of this vector as a Hindlll fragment derived from

25 CET20. '

For clarity:

CET230 is the EGFP-expressing version of the ‘empty’ vector CET210

CET711 is the EGFP-expressing version of the ‘empty’ vector CET710
30 CET721 is the EGFP-expressing version of the ‘empty’ vector CET720



CET 720 CET20 (8.3kb hnRNPA2 fragment in pBluescript) was digested with

Hndl Il to obtain the 8kb RNP UCOE and this was then | i5CEABERZWSCET700
that had also been cut with Hndlll. 5 CET710 The Artificial UCOE was
renoved from CET 21 (Artificial UCCE in p8luescript) as an Xbal /G al
fragment, wa gls1eond filled with T4 DNA pol ynerase and |prgeGBe/awmeo CET700
that had been digested with Hindlll and 10 again blunt end filled with T4 DNA
pol ymerase. CET 230 This vector was corfStruct ed by di gesting pUCL9 with Narl
an EcoRl to renove approximately 160bp, foll owed by blunting and rel egation.
This 15 r endiestiorerb@sedl arheET i@ 0mvith differeénPantitliotid tesistant gehes aad mMdth backbone.

The CW-EGER- | ' | from
PEGFPN-1 ( o%ﬁ&é@%ﬁrg@ggﬁgﬁéﬁ%%% % g@itﬂ%‘ﬁ @&éﬁ*@@“ﬁﬁ@ﬁg% filling,
and then i nSket RGK promdidrebp UCIBH-1 €834 mndab& bghpA (inatl 2 86it 1 B823) cingested with
Ndel and Ecql I d agai nt end. filled. 20 The PGK-Puro-bGA cassette
was t hen re%&féﬁ‘%ea3{%&@{@6%%ééeﬁFH%OE'cAdﬁﬁ%Rﬂo?h%ﬁ%ﬁ?"@ﬁ uqqq tP‘gg f r agment
and i nserst ednddMe@ ihietheMBIuSs pubhci®ohs sueth tdleegtheitd yRGtpE. Finally the

8. 3kb hnRNPA2 fragnment was inserted into the unique Hindlll site of this

vector as a MBieiIE forthgdngaitionef ax@sklasse Benerseaoentasy (dervad By: CET230 i s
t he EGFP-ex ' ' ' ' 711 is the
EGFP- expr esg(ﬁg%tg%§¥§@o@a?ﬂ@n5 Eﬁ%y[e%mb%&%fﬁ%ﬁﬁro}%ﬁg%gge t&ﬁ%‘% is the
EGFP- expr essiunl avsasnegmaoio allew empessionveicthat geTET 726 GVGMIOBER/2095 WO

021081677 expression cassette can also be removed from CET 720 (bp 10533-11380)
10  and inserted 5' to the PGK promoter in the above vector; alternatively the
c mCMV-MCS-SV40pA expression cassetie can be placed in the same
position (CET 801, 821, 824-EGFP expression versions). The hnRNPA2
UCOE can be removed from CET 720 {(bp 2240-10525) by restricticn
digestion and inserted 5' to the CMV expression cassette in the above
15 vectors, alternatively other UCQOEs (e.g. murine hnRNPA2) can be inserted
into the same position (CET 824-EGFP expressicn version).

For clarity:
CET741 is the EGFP-expressing version of the ‘empty’ vector CET740 and
20 comprises a 5' human RNP UCQE and a 3' S fradiae neo’ gene.

CET761 is the EGFP-expressing version of the ‘empty’ vector CET760 and
comprises a 5' human RNP UCOE and a 3' E.coli aminocyclitol
phosphotransferase (hygro') gene.

25
CET781 is the EGFP-expressing version of the ‘empty’ vector CET780 and
comprises a 5’ human RNP UCQOE and a 3' modified S. alboniger puromycin

N-acetyl transferase gene.

30 CETB821 is the EGFP-expressing version of the ‘empty’ vector CET820 and
comprises a 5" human RNP UCOE and a 3" wild-type S. alboniger puromycin



PCT/ GB02/ 01479 28 Vectors based on CET 720 with different antibiotic

resi stant genes and with alternative pronoters or UCOESS @QEGFOBER ¢¥hst r uct ed
in the followi ng manner. The PGK pronoter (bpl 1384-11894) and the bghpA (bp
12567-12893) can be renoved from CET 720 by restriction digestion. These

el ements gaydagic7® i nserted into the pBluescript backborrcTzeliz/0047at ,
restriction sites are available for the insertion of any resistance gene
sequences (derived by PCR or restricti?don digestion) between the PGK pronoter
and the bghpA in such a manner as to all ow expression of that gene. The

CW- MCS- SV4(pcetgxmanséeibea genss Expeessian odlthsEGE Prisansgede fis drive@ETy 720 ( bp

\10533- 11380%&%@%%&8%&2&%@@ n%tglrmter in the above vector;

alternatively t expression cassette can be placed in the
same position (CET 801, 821, 824-EGFP expression versions). The hnRNPA2

UCCE can be ved fr T 720 .(bp 2240-10525) by restriction  digestion
and i nserte&%dsgﬁggﬁ%%% gi?fs@gs@é?? (?”%myt“i‘?@?oéﬁ%%ﬁéé@sa%pt ors,

al t er nat Bvekymptifes 2 UORRHiIneqrdhe MAEH REMARRNRAZ) COImahe al MeMALRSE Sinto the
sanme position (CET 824- EGFP expression version). For clarity: CET741 is the

EGFP- expr es ${09§/Gps PergRYSR N-Aestyldraisierasaaesd CET740 and 20 conprises a 5'
human RNP UCCE and a 3' S fradiae neo gene. CET761 is the EGFP-expressing
version of the 'enpty' vector CET750 and conprises a 5 human RNP UCCE and a
3' E.coli apChegciensol phosphotransferase (hygro') gene. 25 CET781 is the
EGFP- expressing version of the 'enpty' vector CET780 and conprises a 5'
human RNP UCTBE iandsariés ofheatitdrs ddat@ashy) dww therqoostropticinof MNE@Eet yl transf er ase

. 30 CET821 is the EGFP: express; ' f Lenpty' . vector CET820
and” conpr 1 SEPSHEN REinEh RRLEOE SEHLEa el DB Soi ger pur omyc

cassette-resistance cassette) when integrated into the chromosome.

CET 900 is an empty cloning vector in which pairs of rare restriction sites
15  flank the MCS. CET 801 and CET 902 contain the hCMV and mCMV
promoters respectively, an MCS and the SV40pA. The same pairs of rare

restriction sites also flank these cassettes.

The CET 1000 series of vectors contain various combinations of UCOEs and
20 ‘resistance expression cassettes. They also contain the same rare restriction

sites as the CET 900 series at a position 3’ to the UCOE and 5’ to the

resistance cassette. The vectors also contain linearisation sites 5' to the

UCOE and 3’ to the resistance cassette.

25 Expression cassettes for any transgene can therefore be constructed in the
CET 900 series and then easily be transferred into the CET 1000 series such
that the ultimate configuration when integrated into the chromosome is the

desired UCOE-expression cassette-resistance cassette.

30 As described above the antibiotic gene can be exchanged within the CET
1000 series by restriction digestion or PCR.



5 OCTOBER 2005 WD 0 210 3 16 7 7 PCT/ GB02/ 01479 29 N-acetyl transferase gene.
Expression of the EGFP transgene is driven by the nuri ngoCraBhRRroShan human)
CW | E pronmoter. CETS24 is the EGFP-expressing version of the 'enpty' vector
CETB23 and 5 conprises a 5 nurine (rather than hunman) RNP UCOE and a 3'

w | d-typewd ox08ida@ni ger puronmycin N-acetyl transferase germecBpGiAvectors 10
This is a series of vectors that easily allow the construction of UCOE
expression vectors with the final optirél configuration (UCOE-expression
cassette-resi stance cassette) when integrated into the chronosone. CET 900 is
an enpty cl dirangfeetionor in which pairs of rare restriction sites 15 flank

the MCS. CET and CET 902 contain the h an nFM\/ ronot er s

respectivel ﬁﬁ§k1@3%ett@3§%@€ﬁnd WEC@%CB%{?W% ooﬁtarﬁ)%ﬁrgomqtégq% ction
sites also fiands &é@%ﬁse@aﬁﬁ@técﬁgencm%agﬁﬂsaﬁ&@inaefpoeﬁeefbyv@@m{c%. contain
vari ous conbi nations of UCOEs and 2 resi stance expression cassettes, They

also contain the sane rare restriction sites as the CET 900 series at a
positiong3' A fifae UCCE and 5' to the resistance cassette. The vectors al so
contain linearrsation sites 5 to the UCOE and 3' to the resistance
cassette. 23VHxpaeksiannefeeswettodsgdrer2, anyparisomseferadis dmnsiaotadeditr e be

const [ uct €0 P an k08 886185 AN R TR W R Lot 0 L
t he chr onos@pkainhed Wte CEIRFRI eThEiwengrtes HroBintir e tHat botsiftyeqce cassette.
1000 ser i o5 By ENH e Sh Do eOraRN KRS s RFLRERSICEVD 02/ 051677
PCT/ GBOa'bOVE@Fﬁ@ene and both carry the pgkfpuromycin resistance gene element.
: However, following linearisation with Pvu [, integration of CET 230 into the

host cell chromosome results in the elements being positioned in the order:

pgk/Puro, hnRNP UCOE, EGFP gene. The same process with CET 721

results in the EGFP gene being flanked by the UCOE and the pgk/Puro. The
15 levels of expression obtained with CET 230 are not significantly higher than

those obtained with CET 220, a vector carrying no pgk/Puro element but with

the same UCOE and promoter driving EGFP expression. .

All UCOE carrying vectors show greatly increased expression compared with

the basic EGFP expression plasmid.
20

Figure 3 shows that increased expression as expressed by median

fluorescence is also reflected in an increased proportion of cells within the

transfected population judged to be positive, in terms of expression, at all

time points following transfection. This is a measure of the lack of pesition
25 effects, since random integration of the construct would normally result in a

range of expression levels within the (non-clonal) population of transfected

cells. This is overcome by the combination of 5 UCOE and 3' selectable

element, resulting in a homogenous, highly-expressing population.

30 The levels of expression in some of the pools of cells in Figure 2 are so high

that the fluorescence produced has exceeded the capacity of the detector.



Transf ecfion CHO K1 cells were transfected and sel ected according to
standard nethods and as described in the co-pendi ng appl $ ogtro8RR 2005

i ncorporated by reference. 5 Results Wth particular reference to Figure 2,
conmparison of cells transfected with CET 721 and CET 230 shows a

consi st ent oy Jhhgler | evel of expression obtained wth CeEriGaboiliese two
vectors are si mlar in that both carry an 8kb hnRNP-derived UCOE
operably-linked to the CW pronoter driven 10 EGFP gene and both carry the
pgk/ puromnyci n resi stance gene element. However, following linearisation with

Pvu I, integi@Figare fmEEurddRntnhavd theen duvsictezktol the lineamegiven dfekel ts in the
el errents bei n posj ti oned m@ijhe or der; 8 k/ Puro, hnRNP_UCOE, EGFP gene. The
same process ARECHreEFSPYEe P AlgM OMRRIEAR NFERETHESNG NS SIS by t he UCCE

and the pgk/ Riyiehe E&ﬁbl?ﬁét;d)r%?b@ﬁéaﬁé@rﬁaﬁﬁlr@%&éﬁ@é!@%%ﬁ%s@ﬂnmo are not
significantly hl_/gzber than those obtained with 220, a vector carrying no

pgk/ Pur o el et lﬂaé‘V\P'tOHUC@%én%W&mﬁfyaﬁ@%ﬂﬁmsérmd@\iah Ay EGFP
expressi o essi on
conpar ed i ¢ FPPREUSE ERE ARediRaR WAl M SRR MHIEOR SERE TS hat

i ncreased ex(EEE22Qrr dsatobpaiosd aithihe seldttahle eﬂ@mer\b@@md@ia@daﬁ 4o reflected

o be post 11 08 UETRF o In Ty baf it Uit cbh BRI S no” | v

t ransf ect i onand Bekciablcamaeias s eequired Iﬂ@obtac'kthefbope’smtemms%ﬁ)ref fects, S| nce
random i ntegration of the construct would normally result in a range of
expression |evels within the (non-clonal) population of transfected cells.

This is qyer ¢RRR:fRA% &%t@@gmttea%arbmcu@rsb’@a%b@@du&kers%@ﬁbabl e elenent,

resulting in a honogenous, expressing popul ation 0 The |l evel s of
expressi on i ﬁo@éﬁﬁstﬁx?f%'%@g&@%\a aperabie linkeditg@ ® humareRAE WEHE that the

f1 uor escence 5 aiGagsRE 4 B9 e 417PREL B, FhallhdlfhRst o - 5 OCTOBER

resistance gene. There is almost a doubling of the already high expression
fevel.

15
Example 2 Effectiveness of other 3’ flanking selectable markers
Results

Figure 5 shows the effect of flanking the EGFP transgene with a 5" human

20 RNP UCOE and various 3’ flanking antibiotic resistance genes. CET701is a
control containing no UCOE, but with the wild-type S alboniger puro’. CET
721 has both the 5' UCOE and 3’ puro’. CET704 contains the S fradiae neo’
but no UCOE, CET741 has both, CET705 contains the S hygroscopicus
hygro” but no UCOE, CET751 has both. CET706 has the E coli hygro” but no

25 UCOE, CET761 has both. CET708 has the codon-modified puro” but no
UCOE, CET781 has both. In all cases the boosting effect of the 3' flanking

resistance gene is evident.

Example 3 Combination of other UCOEs and Puro selectable element
30



WO 02/081677 PCT/ GB02/01479 31 f In Figure 4, neasurenents have been
corrected to the linear region of the detector's responsgdforEr 29

conpari son between constructs. This shows that the conbination of UCOE and
3" flanking selectable elenment used in CET 721 has produced an approxi mately
7-fold i ngeaamidh | evel s of 5 expression of EGFP as conpawesoziiia t hat
obtained with the UCOE al one (CET220) or that obtained with the sel ectable
el ement (purol) placed 5 to the UCCE.33t is clear that flanking the
expressed transgene with the UCOE and selectable marker is required to
obtain the IRemtits n expression. 10 This effect is not restricted to a
particul ar sgl.ectable.marker. Fi.gure 7. c ares ression.pof EG-P operable
i nked to a /A STRINLA FRE DR 20 PP ErINLPOR SoOTEEPPEaSS (CET74L)
plhaceld S. df rcﬁsﬂﬂyﬁ@ Areaificiay caszlmir@:}t@:ntlzgzong ﬂﬂ?)rv%s} sorabaedle @ tel]gubl ihng gf

t he al ready hi expr essi evel . 1! anpl e ectiveness of other 3

f I anki ng s oI GRABEY Bthdng GNP UG bt fﬁifﬁfmgg%“?ﬁa%’”??f@c@ﬂ?%e&'d of flanking

the EGFPs5t 1 s 96:418n W bbsiBvdcellRUMBls déMoRbirtb Pt aloNadosisorsor f | anking
anti biotic resistance %nes. CET701 is a control containin UCOE, but with

star 701 ) g no
the wil d-typnsifiaptsheibesitest of @ELO0G by apgsondflianking CpG-teoelemant3a' puro’ .
CET704 cont gi r ach NeQ ; ; i CET705
cont ai ns thgré %ﬁ?@g%&?@%p@u@%ﬂﬁggF%T%ﬁ%&%ﬁ%ﬁ‘aﬁﬁéﬁ@ﬁg@gg% CET706 has
the E coli hangrtbe pgutPuno siBnéi@OR heGETm@tishasf B&Th, 1 1CETT C&EThéz! t he
codon-nodi fied puror. hut ng, . él%(% T has . both. In _al.l cases the boosting
ef fect of tﬁép?%sﬂndﬂ%ﬁ%ﬁe 4r‘8 |8 %?n%@ég)]ﬁ!é’we? ‘%K%}" 8% )fpre%égwaé 3 Conbi nati on
of ot her QUCQEsaiasd with ICET &1 ¢ chatlthie viedsestitiat least 6-fold higher than that
"‘ obtained with a UCOE alcne.

Figure 8 shows the comparable effect obtained with either a human hnRNP
UCOE using the murine CMV promoter to drive expression (CET821) and

15  the murine equivalent (CET824). CET721 comprises the human hnRNP
UCOE and uses the human CMV promater.



30 5 OCTOBER 2005 WD 02/081677 PCT/ GB02/ 01179 32 Results As shown in Figures
2 and 3, expression froma conparable plasmd - carryi ngseacToBERr200s al | y
constructed UCOE (CET 711) was conparable to that obtained with the RNP UCCE
both in terns of nedian fluorescence and 5 proportion of positive cells. This
denonstrates that the phenomenon of anpfification of the effect of a UCCE by
a second flanking CpGrich elenent is a general one, not confined to a
particul ar «ikiMS&ti on of the RNP UCOE and the pgk/Puro el enent. The
conparison of CET 711 and CET 721 expression in Figure 4 indicates a
slightly lower |evel of expression was 10 obtained with CET 711, but this was
still at | edstApisajaiedpelyeycieatide eprmprisioat ai ned with a UCCE al one. Figure 6

shows the conpar Laed i | r a human hnRNP UCCE usi ng
the nmurine 'p?a?n%ftgba%g}%é}%@{@ﬁ(grre\egsés%ﬁél%’@gm21) and 15 the murine
equi val eft ( CHIB2H exprEdsiBle muslpicisbihtdrminatoddy 2 pbliEdend@afiomsignakes t he

human CW pronoter. 5 OCTOBER 2005 33 CLAIMS 1. An isol ated pol ynucl eoti de
conpri sing: a.Car® gsleeiablaimasienanarably linked te-a@remolerd 5 b. an expressibl e

Dot oy 1 TS e CoRTREALSIN B e lharter o SRERRI"L ToL K
mar ker are opelirkedyto therexperessible mucksipaeigs ahd the componeats are postticried
L N T e U A
10 acid, selectable marker, in the 5' to 3’ orientation with respect to the
sense strand of the expressible nucleic acid, the selectable marker is an
antibiotic resistance gene obtained from a Streptomyces species, and the
polyadenylation signal at the 3’ end of the expressible nucleic acid is
within 2000bp of the proximal end of the selectable marker.
15
2. The isolated polynucleotide of claim 1, wherein the polyadenylation signal
at the 3’ end of the expressible nucleic acid is within 1500bp of the

proximal end of the selectable marker.

20 3. The isolated polynucleotide of claim 2, wherein the polyadenylation signal
at the 3’ end of the expressible nucleic acid is within 1000bp of the
proximal end of the selectable marker.

4. The isolated polynucleotide of claim 3, wherein the polyadenylation signal
25 at the 3’ end of the expressible nucleic acid is within 500bp of the
proximal end of the selectable marker.

5. The isolated polynucleotide of any one of claims 1 to 4, wherein the
antibiotic resistance gene is a puromycin resistance gene.
30
6. The isolated polynuclectide of claim 5 wherein the puromycin resistance
gene is the puromycin N-acetyl transferase gene from Strepfomyces
alboniger (SEQ 1D NO: 5).



10 acid, selectable marker, in the 5 to 3" orientation with respect to the
sense strand of the expressible nucleic acid, the sel ect ablcromerkess i s an
antibiotic resistance gene obtained froma Streptonyces species, and the

pol yadenyl ati on signal at the 3' end of the expressible nucleic acid is

wi t hin 2000bp of the proximal end of theé4selectable marker. 15 2. The

| sol ated pol ynucl eotide of claim1l, wherein the pol yadenyl ation signal at
the 3" end of the expressible nucleic acid is mﬁthin 1500bp of the proxinal
end of the selectable marker. 20 3. The isol ated R ynucl eoti de of claim 2,
wher ei n t he 7pol hairsistednalynusieptige of glaim@ whereindhemure@yeingesistangee nucl ei c

acid is within e marker. 4. The
i sol ated pol yn%é?ée)ot [ Hg ﬁéHEPm m |ﬁ7wna€é}?| t?%mﬁ%g?%eﬁﬁeﬁﬁ{?@t ion signal 25 at
the 3' end of Streploxproessa/bbrigen(SEQdIDNOA3).s wi t hi n 500bp of the proxinal

end of tphe selectable marker. 5. The isol ated pol ynucl eoti de of any one of
clains 1Yto 4, wherein the antibiotic resistance gene is a puronycin

resistance gonthe Midted Py RMAkRCRA A LEIAIHL 126 \biafin g ol Lhe

puromyci n resistance ne |'s e puro clin gene from
Streptonyces am&tDMCgEBSIS(tSEs‘.@ gamlﬁ aﬁpon@eﬁf@@iﬁﬁh&)géne4 7. The isol ated
pol ynucl eoti de of claim®6 wherein the puromycin resistance gene is a

nodi fied puronycin N-acetyl transferase gene from Streptonyces al boniger

(SEQ 1D NO 93)Th§l|3 laté8 Polifl e ideRT JAHES SRhédh He ASYmPEIR reistdrite™ 1 to 4,
wherein the antibiotic resistance gene 1S a neonycin resSistance gene. 9. The
i sol at edOpol yngm’neemthaeamrhoglyaoalﬂe,phmlsphetransfaeasee@me:fram Streptammyes

fradiae (SEQ 1D NO: 4).

10.The isolated polynucleotide of any one of claims 1 to 4, wherein the
antibiotic resistance gene is a hygromycin resistance gene.
15
11.The isolated polynucleotide of claim 10 wherein the antibiotic resistance
gene is the hygromycin phosphotransferase gene from Streptomyces
hygroscopicus (SEQ 1D NO: 6).

20 12.The isolated polynucleotide of any one of claims 1 to 4, wherein the

antibiotic resistance gene is a bleomycin resistance gene.

13. The isolated polynucleotide of claim 12 wherein the bleomycin resistance
gene is the bleomycin binding protein from Streptomyces verticillus.
25
14. The isolated polynucleotide of claim 13 wherein the bleomycin resistance
gene is the bleomycin N-acetyltransferase from Streptomyces verticillus.

15.The isolated polynucleotide of any claims 1 to 4 wherein the antibiotic

30 resistance gene is a blasticidin resistance gene.



10 gene is the am nogl ycosi de phosphotransferase gene from Streptonyces
fradiae (SEQ ID NO 4). 10 .The isol ated pol ynucl eoti desotTesgrams of cl ai nms
1 to 4, wherein the antibiotic resistance gene is a hygromnmycin resistance
gene. 15 11. The isol ated pol ynucl eotide of claim10 wherein the antibiotic
resi stance gene is the hygromycin phospfiotransferase gene from Streptonyces
hygroscopi cus (SEQ ID NO 6). 20 12. The isol ated pol ynucl eoti de of any one
of clai nms 1 160THe issiatedipolyriveledtidiel dfickdinc15 edies¢iarthe biastieidis resibtanogyci n

resi stance gene. 13. The isolated polynucleotide of claim12 wherein the

bl eonyci n resi ®hisdhe I “ﬁ@cﬁyhéﬁérﬁs%gﬁﬂggﬁ%ﬁ?’?ﬂtq’f"y%ﬁn Strept onyces
verticillus. 23 didijuhe isol ated pol ynucl eotide of claim13 wherein the

bl eonmycin resistance gene is the bleonycin N-acetyltransferase from
Streptonyces verticillus. 15. The isol ated pol ynucl eotide of any clains 1 to

4 wh ipt tibiqti 30 | St ' bl ast.i ci di | St
genc. 5 BordBER SOUAla baMURRPIR M HS AT e bl S, WIS DS whor ei n
the bl asticidi éktéﬁéfééh?élﬁ?lﬂi@ﬁl%éé@g%h@l%ﬁg%%H;lfris@%QanSBIﬁ?BN’A ?ré?ﬁ%fn?r ase gene

from Streptomyces verticillu I sol ated pol ynucl eot'i de of any one

of the above c$panning thechwnanthndRNRAZgeral et hyl ati on-free CpG i sl and
conprises an 8kb DNA fragnent spanning the human hnRNP A2 gene. 18. The
i sol ated pol ynucl eotide of any one of clains 1 to 17, wherein the 10

ext ended netByfié isonatbd pRIAUCIddtiderst 419 BHd 6Rclaimis B4b 1PNYHer&ietREt spanni ng
the murine hnRNP A2 &ene. 19. The isol ated pol ynucl eoti de of claim 18 wherein

the extéBded e¢wengedimelhylatier-freepGiisland comsirises amdigh BHA fragment898 of t he
spanning the murine hnRNP A2 gene.

19.The isolated polynucleotide of ciaim 18 wherein the extended
methylation-free CpG island comprises nucleotides 1-7898 of the
15 sequence of Figure 19 (SEQ ID NO: 15).

20.The isolated polynucleotide of any one of claims 1 to19, wherein the
extended methylation-free CpG island comprises a 2.0 kb DNA fragment

spanning the human B-actin CpG island/ promoter region and a 1.8 kb
20 DNA fragment spanning the human PDCD2 CpG island/ promoter region.

21.A vector comprising the polynucleotide of any one of the previous claims.

22. A vector so constructed as to deliver, when linearised and integrated into
25 a chromosome, the polynucleotide of any one of claims 1 to 20.

23.The vector of claim 21, wherein the vector is an episomal vector.
24.The vector of claim 21, wherein the vector is an integrating vector.

30
25.The vector of claim 21, wherein the vector is a plasmid.



15 sequence of Figure 19 (SEQ ID NO 15). 20. The isol ated pol ynucl eoti de of
any one of clains 1 tol9, wherein the extended nethyl at$ooTOBER 2643G i sl and
conprises a 2.0 kb DNA fragnent spanning the human R-actin CpG i sl and/
pronoter region and a 1.8 kb 20 DNA fragnent spanning the human PDCD2 CpG

i sland/ pronoter region. 21. A vector cor%ﬁri sing the polynucl eoti de of any one
of the previous clains. 22. A vector so constructed as to deliver, when

| i neari sed @6dThevecgtoabedny ohe of Lhaims@r 26 whereirhthepeiprassibleatudleicof any
one of clains 1.30 2?. 30 23. The vect_ar of claim 21, wherein the vector is an
epi somal vect i€ 19 thergpeylic pyrleig acidyi m 21, wherein the vector is an
integrating vector. 25. The vector of claim2l, wherein the vector is a
plasmi d. 5 OCTOBER 2005 36 26. The vector of any one of clains 21 to 25,

wher ei n t he 2éxphevector of any beeof claimg 21stoa26, ivharpinuthecexpressible nugleic 27. The
vect or o,fé any on ins 21 .to 26 V\:hE{OEi n_the. expressi b}e nycleic 5 acid

of gl a
encodes reco &ﬁ’&ﬁ? ?ﬁatr@f;ﬂmp&a qutgg’s HEXPIESSION R AN TR EE!  culture

system 28. Thenpespstei. any of claims 21 to 27 having nultiple cloning site
operably Ilinked to a pronoter. 10 29. The vector of claim 28, wherein said
pronoter is a cytonegalovirus i1imediate/early pronoter. 30. The vector of

o eonere 1 gu By Rl 8y Ay CRURE %ot hR Ao e s ghantlly S50
wherein the vefiked tbs plomatép. 32. The vector of any one of clainms 21 to 29

conprising nucl eotides 1-13545 20 of the sequence of Figure 12 (SEQ I D NO
2). 33.10e vector of any one of clainms 21 to 29 wherein the vector is CET

720. 29. The vector of claim 28, wherein said promoter is a cytomegalovirus
immediate/early promoter.

30. The vector of any one of claims 21 to 29 comprising nucleotides 1-10551
15 of the sequence of Figure 10 (SEQ ID NO: 1)

31.The vector of any one of claims 21 to 29 wherein the vector is CET 710.

32. The vector of any one of claims 21 to 29 comprising nucleotides 1-13545
20 of the sequence of Figure 12 (SEQ 1D NO: 2).

33.The vector of any one of claims 21 to 29 wherein the vector is CET 720.

34.The vector of any one of claims 21 to 29 wherein the vector is CET 740.
25

35.The vector of any one of claims 21 to 29 wherein the vector is CET 760.

36.The vector of any one of claims 21 to 29 wherein the vector is CET 780.

30 37.The vector of any one of claims 21 to 29 wherein the vector is CET 820.

38. The vector of any one of claims 21 to 29 wherein the vector is CET 823.



34. The vector of any one of clains 21 to 29 wherein the vector is CET 740.
25 35. The vector of any one of clains 21 to 29 wherein soeToBEkRaoes S CET
760. 36. The vector of any one of clains 21 to 29 wherein the vector is CET
780. 30 37. The vector of any one of clains 21 to 29 wherein the vector is
CET 820. 38. The vector of any one of cl®ins 21 to 29 wherein the vector is
CET 823. 5 OCTOBER 2005 37 39. The vector of any one of clains 21 to 29,
conpri sing nucl eotides 1-12039 of the sequence of Figure 21 (SEQ ID NO 9).

5 40. The vector of any_one of clainms 21 to 29 wherein the vector, js CET 101
21 The vect o8- Bhe SrciBnnE SBY ofe.hesine Totosd. commiaies NuchaEres 1283 11640

of the sequenc Ieh -%ﬁg} 1 . 42. The vector of any one of
claims 21 to 2@%5?&9% teﬁ?g\'/:q tord 8#%6%%104 . The vector conprising

nucl eoti des 1-9027 of the sequence of Figure 25 (SEQ ID NGO 11). 15 44. The
vector of a ne of, clains 21 to, 29 el he vector CET 45. The
vector cBmAsTHS vtior oh e et 1 Eime of to 28 wieteibibie VeraEia bR 3910 st0 1
NO 12). 20 46. The vector of any one of clains 21 to 29 wherein the vector

CET 1110. 47. The vector conprising nucleotides 1-11828 of the sequence of
Figure 29 @3EDhe pestor of any ope ofglaimise? vioc2% rcomiprisiyg oueleotides a+#648. t o 29

wherein the vector CET 1120. 49. e L LOompri sing nucl eoti des 1-9209 of
t he sequence o?fttﬁﬁgﬁ.?rqé‘e\'ﬁe O{Eﬁﬂrﬁ%ﬁi[?.NéoiT@O.The vect or of any one of
clainms 21 to 29 wherein the vector CET 1130. 51. An isol ated pol ynucl eoti de

conprising: 5 OCTOBER 2005 38 a. an extended nethyl ation-free CpG i sl and
10 42.The vector of any one of claims 21 to 29 wherein the vector CET 1020.

43.The vector comprising nucleotides 1-9027 of the sequence of Figure 25
(SEQ ID NO:; 11).

15 44.The vector of any one of claims 21 to 29 wherein the vector CET 1030.

45.The vector comprising nucleotides 1-12221 of the sequence of Figure 27
(SEQ ID NO: 12).

20 46.The vector of any one of claims 21 to 29 wherein the vector CET 1110.

47.The vector comprising nucleotides 1-11828 of the sequence of Figure 29
(SEQ ID NO: 13).

25 48.The vector of any one of claims 21 to 29 wherein the vector CET 1120.

49. The vector comprising nucleotides 1-9209 of the sequence of Figure 31
(SEQ ID NO: 14).

30 50.The vector of any one of claims 21 to 29 wherein the vector CET 1130,

51.An isolated polynucleotide comprising:



b. an expressible nucleic acid term nated by a pol yadenyl ation signal c. a
sel ect abl e marker operably linked to a pronoter 5 wherei §deaioBeEr0LpG i sl and
and the sel ectable marker are operably- linked to the expressible nucleic
acid, and the conmponents are positioned in the order: extended

met hyl ation-free CpG island, expressibfe nucleic acid, selectable marker, in
the 5° to 3" orientation wth respect to the sense strand of the expressible
nucleic acid, the 10 selectable marker is the antibiotic resistance gene
an1nocyclltol phosphot r ansf erase fromEscherichia coli (SEQ ID NO 7), and
the pol yadenf a@h SRT 3 &ty%'ﬁ’é‘ feee ORGP 81andhe expressible nucleic acid is

b0l ynucl oot i 48 ¢ @Q?@SEM'@E“C%W%‘E{’&@"‘H%&W??ﬁ(#”{‘ﬁ BB 2nd b, an

pol ynucl eoti de conpr Island b. an
expressi bl e mmclaselem:m'llletrmrkenapemhblwlurd(endbmnmnmter| on signal c¢. a

sel ecta mar ker . o ked to.a pr erei both the Gisland
and the Bel act anveotran Bet e CeBasiaBr e Rl R arter ais BB e nuc of c
acid, and the Colim@aetﬁttﬁe%rxﬁreé%ﬂﬂétnh@lﬁ@ablﬂ 5H@ttﬂ=§ g6mpoRshinsied

met hyI ation-free CpG island, expressible nucleic acid, selectable marker, in

the 5 to 3' oripositieneshin thﬂtmdeegmdaddneﬁwlatmﬂe@ee@mmmd.t he expressible
nucl eic acid, the sel ab e, AL ene

neomnyci n 25 phos‘ﬁ’fﬂf??%f 'é'f%[g'g qci'(grﬁef‘? %@E@%’%I’rﬁlﬁ(%’t@%éq[e Iqs\lg%‘ %tjo and the

pol yadenyl ati on \ﬁltﬁ'ﬁé’é &t to B §enéi=ﬁ§iréﬁd bﬁ@\e%r@%bl@' Rudleie!RicE thei d 1S
Wi t hin 2000bp of theagrom mal end of the selectable narker 53. A host cell

transf €ldt ed wi t hselaetablecmarkertis dre aptibiotieresistance gepe .amiposydittOBER 2005 39
54. Use of the p cl.eot t he
vector of any oﬁh%#i\ N%% %q§88§8%p§§8{;%@hﬁ%g§h é%’%@ @fONgoZl %}'ggh?o obtain
eXpression polyadenylation signal at the 3' end of the expressible nucleic acid is

within 2000bp of the proximal end of the selectable marker.

15 52.An isolated polynucleotide comprising:
a. an extended methylation-free CpG island
b. an expressible nucleic acid terminated by a polyadenylation signal
c. a selectable marker operably linked to a promoter
wherein both the CpG island and the selectable marker are operably-
20 linked to the expressible nucleic acid, and the components are
positioned in the order: extended methylation-free CpG island,
expressible nucleic acid, selectable marker, in the 5’ to 3’ orientation
with respect to the sense strand of the expressible nucleic acid, the
selectable marker is the antibiotic resistance gene neomycin
25 phosphotransferase from transposon Tn5 (SEQ ID NO: 8), and the
polyadenylation signal at the 3' end of the expressible nucleic acid is
within 2000bp of the proximal end of the selectable marker

53. A host cell transfected with the vector of any of claims 21 to 50.
30



of an expressible nucleic acid. 5 55. Use of the polynucleotide of any of
claims 1 to 20, or 51 or 52, the vector of any of clai ms@drégePshesor the
host cell of claim53 in cell culture system to obtain expression of a
desired gene product. 56. Use of the polynucleotide of any of clains 1 to 20,
or 51 or 52, the vector 10 of clainms 23to 50, or the host cell of claimb53
for therapy. 57. Use of the polynucleotide of any of clains 1 to 20, or 51 or

52, the vechkarysebf me%dlﬁn@deétﬁhégf afyf of&lﬁuﬁ@*?fto 28l br 8f o?'@' hedelfdr the

manuf acture of a onposition for use in gene herapy 58. A A pharmaceuti cal

conposi tion ccQﬁ?rﬂYserﬁéﬁlmﬁ’e?‘th Se.en thethast cell obelain 63 f@IQabt&El expression t he
vector of clai 2 or the host cell of claim53 in
conbi nati on V\A({f%n é’fﬂ{g?ﬁg'?e Lh'%é q%gyaccept abl e excipient. 20 59. A non-hunan
transgenic animal conprising an artificially introduced extended

met hyl at| on free CPG I sl and el ement and an artificially introduced

sel ect ab? e RBrUiss of thepalynudestide alampef ¢laimsd ta28. oré1 ofdiZedhayestatar ker are

oper abl y- I i nk 'g% are

posi tioned i n%ﬁﬁtgg %‘Fwﬁ?&pﬁ ‘86)0& #q'lq@tf, é* ar g@@‘%n gcq@pgér)éﬁi%xpr essi bl e
nucl ei ¢ acid, teeibmhaalxbeesmﬂ(efa dle@wédjlgeﬁe prod@t. orientation with respect to
t he sense strand of the expressible nucleic acid, and the pol yadenyl ati on

signal at the 3' end of the expressible nucleic acid is within 2000bp of the

proximal  enggQligd BEHAGIAFHIREGHIPOKS Y of claims 1 to 20, or 51 or 52, the vector
10 of claims 21 to 50, or the host cell of claim 53 for therapy.

57.Use of the polynucleotide of any of claims 1 to 20, or 51 or 52, the vector
of claims 21 to 50, or the host cell of claim 53 for the manufacture of a
composition for use in gene therapy.
15
58. A pharmaceutical composition comprising the polynucleotide of any of
claims 1 to 20, the vector of claims 21 to 50, or 51 and 52, or the host cell
of claim 53 in combination with a pharmaceutically acceptable excipient.

20 59.A non-human transgenic animal comprising an artificially introduced
extended methylation-free CpG island element and an artificially
introduced selectable marker, wherein both the CpG island and the
selectable marker are operably-linked to the expressible nucleic acid, and
the components are positioned in the order: extended methylation-free

25 CpG island, expressible nucleic acid, selectable marker, in the 5’ to 3'
orientation with respect to the sense strand of the expressible nucleic
acid, and the polyadenylation signal at the 3’ end of the expressible
nucleic acid is within 2000bp of the proximal end of the selectable marker.



