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[0005]  Currently, tissue- or cell-type specific promoters are employed to control
specificity of expression of a transgene. This strategy is especially appealing to
expression of a suicide gene in cancer treatment, which employs either toxic genes or

genes encoding enzymes that turn prodrugs into toxic compounds.
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employing expression of suicide genes often involve direct intratumoural injection of
vectors expressing a toxic suicide gene, thus confining therapeutic gene expression to
the tumour tissue. However, since natural infection spectrums of most of viral vectors

are not confined to the tumour tissue, potential leakage of intratumourally injected
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cells without targeting healthy cells of the CNS.

SUMMARY OF THE INVENTION

[0014] In one aspect, the present invention provides a nucleic acid molecule
comprising: a glial-specific promoter; a coding sequence for a transgene; and a

plurality of miRNA target sites; wherein each miRNA target site binds an miRNA



[001 6] The plurality of m RNA target sites may
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[0021]  The glioma cell may be an in vitro cell, an ex vivo cell explanted from a

subject or an in vivo cell in a subject.

[0022] In a further aspect of the present invention, there is provided a transgenic

cell comprising an expression vector of the invention.

[0023] In yet a further aspect of the present invention, there is provided a

pharmaceutical composition comprising an expression vector of the invention.



enbodi nents of the present invention: [0027] Table 1:
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[0031] Figure 4: BV-HSVtk-ctrl and BV-HSVtk-mix9F displayed same
therapeutic effects on glioblastomas. (a) Two representative glioblastoma-bearing

mice injected with BV-HSVik-ctr] (right brain) and BV-HSVtk-mix9F (left brain). A
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[0034] Briefly, miRNAs are a recently discovered class of gene regulators that are
abundant, endogenous small non-coding single-stranded RNAs of approximately 19-
25 nucleotides involved in down-regulation of gene expression in both plants and

animals.

[0035] miRNAs are initially transcribed by RNA polymerase II from different

genomic locations as primary-miRNAs (pri-miRNAs). Pri-miRNAs contain hairpin-



el ongati on and/ or degradati on of nascent peptides

(Filipowicz et al., 2008).Mst animal m RNAs bind to
woredoviiglea partially conplenentary sites in theCBSG2008/000423

untransl ated region (3" UTR) of an nRNA transcript.

The conpl enentarity is usually restricted to the first

2-8 bases of the 5 end of the nmature m RNA sequence.

The fate of a target nRNA is deternined by the extent

of base-pairing between the mRNA and its target
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[0038] Studies have been done to identify the tissue expression patterns of
miRNAs and the role of these small RNAs in organ development. Some miRNAs
have been found to be expressed widely in the human body, whereas others display
restricted expression in development stage-, tissue-, or cell type-specific manners.

miRNAs control almost every cellular process investigated so far, including



conpared with normal tissues (Lu et al., 2005).
Consistent with the notion that m RNA expression is

W@ Lk@9as2601 i nked to differentiation, poorly PCT/SG2008/000423

di fferentiated tunmours have | ower gl obal |evels of

m RNA expression and gl obal expression of m RNAs
increases with differentiation of the tunour cells (Lu
et al., 2005). [0040] Several studies have used
reporter systenms to track m RNA expression in situ
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differentiate transgene expression between tumour and normal cells of the same

lineage.

[0042] miRNA activity results in de-targeting rather that targeting of gene

expression in cells in which the miRNA is active. This mechanism functions at the



down-regulated in a glioma cell conpared to a nor nal
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that act to enhance or regulate the |evel of
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protein pronoter (Wi, Q, et al., Gene. (2003)
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bedg g &1%?%&1&'@ Rt 5AP4) r(Qm?,§ 81340326 )I e M in bhsic

L O

T CGRBELACEATAGTIRAGE 0T CRAGEBCACCCCAGOCCOCCT CAAA
TGOCT TCCGAGAAGOCCAT TGAGT AGGGGGCT TGCAT TGCACCCCAGCCT

%%UMMIWWW
oS el e

t@r@ﬁ@@ﬂ " @zm yrd

P e

mmmx@m@@ammmﬁmmme
AGGTTCTTCOCATCTCTCCAGGCT GATGT GT GGGAACT CGAGGAAATAAA

Tfebesy ClE# AP A A T G IRl M RRls of

glial origin (Eng, 1985). The protein has been used as pathological marker of

astrocytic malignaﬁcies (Rutka et al., 1997). Although the GFAP protein is not
detectable in many glioblastoma multiforme tumours due to hypermethylation of the
GFAP promoter, the promoter in a gene transfer vector is nevertheless active in
gljoma cells (Condorelli et al., 1994; Fukuyama et al., 1996). Hence, the GFAP
promoter has been extensively tested for selective transgene expression in glioma

cells (Chen et al., 1998; McKie et al., 1998; Wang et al., 2006; Horst et al., 2007).

[0054] In particular embodiments, the glial-specific promoter region comprises,
consists essentially of or consists of the sequence of the human GFAP promoter or the

rat GFAP promoter, as shown below:
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ATAAAGACGAGCCAGCACAGCCAGCTCATGCGTAACGECTTTGT GGAGCT
GI'CAAGGCCT GGT CTCT CGEGAGAGAGGECACAGGGAGECCAGACAAGGAA
WOBBHTQACCT GGAGGGACAGAT CCAGGEEECTAAAGT CCTGAT AAGEDARG2008/000423
GAGAGT GCCGEECCCCCTCT TGCCCTATCAGGACCT CCACTGCCACATAGA
GGCCATGATTGACCCT TAGACAAAGGGECT GGTGT CCAATCCCAGCCCCCA
GCCCCAGAACT CCAGGGAAT GAAT GGECAGAGAGCAGGAATGTGGGACA
TCTGIGT TCAAGGGAAGGACT CCAGGAGT CTGCTGEGAATGAGECCTAGT
AGGAAAT GAGGT GECCCT TGAGGGTACAGAACAGGT TCATTCTTCGCCAA
A GAGTGAGATAATGCCTGEGT
AR AT R A R R G caTeTacT acacoo
TTCCTTCCCTTTTTTTITTTITTITTITTITTTTTGI GAGACAAGGTCTCTCTCTGT
TEASE GO I A PARREAB A A FAAEFECABCE FERAEEFAEHC
WWWQWW@%EXAMGT

)

e A e i meggc
TCGCCAT CCCAGGAGCGAGCAGAGCCAGAGCAT [ 0057 GFAP

P ASIRSIGG GG AR S ACREC T CTGLHHEEFAGAAGT CAAGGACACAAA
WM@@%@E&W@MMAGTGGAG

AJ@@&@@%&%@%@E@%@F&%&%T
GAAGCCCAAGCGGTACAGAT GECECCT GEEEEEGAACT

TAGEHAOSSETGAGATET
GGGGTGACCTGGAGGGACAGATCCAGGGGCTAAAGTCCTGATAAGGCAA

GAGAGTGCCGGCCCCCTCTTGCCCTATCAGGACCTCCACTGCCACATAGA
GGCCATGATTGACCCTTAGACAAAGGGCTGGTGTCCAATCCCAGCCCCCA
GCCCCAGAACTCCAGGGAATGAATGGGCAGAGAGCAGGAATGTGGGACA
TCTGTGTTCAAGGGAAGGACTCCAGGAGTCTGCTGGGAATGAGGCCTAGT
AGGAAATGAGGTGGCCCTTGAGGGTACAGAACAGGTTCATTCTTCGCCAA
ATTCCCAGCACCTTGCAGGCACTTACAGCTGAGTGAGATAATGCCTGGGT
- TATGAAATCAAAAAGTTGGAAAGCAGGTCAGAGGTCATCTGGTACAGCCC
TTCCTTCCCTTTTTTTTTTTTTTTTTTTTTTGTGAGACAAGGTCTCTCTCTGT
TGCCCAGGCTGGAGTGGCGCAAACACAGCTCACTGCAGCCTCAACCTACT
GGGCTCAAGCAATCCTCCAGCCTCAGCCTCCCAAAGTGCTGGGATTACAA
GCATGAGCCACCCCACTCAGCCCTTTCCTTCCTTTTTAATTGATGCATAAT
AATTGTAAGTATTCATCATGGTCCAACCAACCCTTTCTTGACCCACCTTCC
TAGAGAGAGGGTCCTCTTGATTCAGCGGTCAGGGCCCCAGACCCATGGTC
TGGCTCCAGGTACCACCTGCCTCATGCAGGAGTTGGCGTGCCCAGGAAGC
TCTGCCTCTGGGCACAGTGACCTCAGTGGGGTGAGGGGAGCTCTCCCCAT
AGCTGGGCTGCGGCCCAACCCCACCCCCTCAGGCTATGCCAGGGGGTGTT
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GAAGGT GGAGGT TGGT TTCCCAGACCTACATAT CCCCCAGAGACCTGGT G
TATGAAAAT TCAAAGGAGGT AAGT CTCCT GAGAGAACGGGEGEEECTCACA
WORIDEAMGUCAGCT GT CT TACCCT AT CAGGACCTACGT GCAT TCCTRCITSETI008/000423

CTGCCCCCTAAACACACAGCCAGAGCCTCAAATTGATTCTGGAGT CACAA
AGGEGEECT TGAAACCCCAGCCCCCCACT CCTGAACT CCAGGAATGAGAAG
ATAGTATTGGAGGEEGET TCAGAGGAGAGGECTCTGCACATCTGT TGAGAAT
GGGEEGT CCCAGGAGAGT GTAAT TTAGGCT GATCCCGGAGGAAGGGAATA

GCCTCTTCAAGATCCTAGCATCTCACAGGCCCACAGAGAAGT TCAGAGT T

AHTCREACACGTGTGTGTTTATCAC
ACAAATGI TCATGTGTGTGTACATACATGT GT TGAGGECCAGAGGTCAACC

TRAGRCACHGREA prohiotel TNEDADMGATAACATTTCCCCCTGEEGACCTG
GGATTTGCCAATTAGT GTGACCCAGGAAGCCTACT TATTTTCATTCCT CAG
A

G@@@@é’é’éﬁ@@ﬁ%@@%&%&ﬁ&é&@%ﬁ%o
CCCT TGACT CTGGGT ACAGT GACCT T GGT GEGGT GAGAA

GE@?#@T@%@K@E@@‘?%W@@W%@%TGG GAG

COATGECASTGORCT A GGCCACBRAGTCAGEENCAGA

A A A R

" COASTSAGRg ARTSEATTGGAG TAIGATRAITA GAYIGTACreA GUAT@GGCAGI d
R R T e R AR

O CAARC PARHETA CABA TEHEECCRECREERGANEICARTAGASIG@RA

bems%T%GMTGA@A%T@AAYA@ﬁ@%Ad&fm@dc@A@AA@@T
nucl ei c .acid secgrﬁrence In a%(%lptlonto ceII-tGype

S &é*éQ‘?T&%G,GW TTTQFQAC@%&S% AN THT
09RGEAIAR AOTCRAR AdRHN TG A TOrcERNAGA hecapycGCrapaaed

8 e BT R o B GR chon
emmcammﬁcamcammcmnmsmimﬁmmmmmA
SRR B ol ity SRR OSSR Bl
[ 6dB6GT AW@%@@C@T@ CAGAG TGP ETATCOACHREEG N AGAAT
Pl dtoc NcdR AR ¢ L ORITA GGCTGATCCCGGAGGAAGGGAATA
GGCTCTTCAAGATCCTAGCATCTCACAGGCCCACAGAGAAGTTCAGAGTT
GGGGCAGCCCTGGCTTACAGGCTCTAAGAACTGGAGGCAGTTTACCCAAC
CCAGCTGTGTGCATGCTGTCCCTCTCTCTGTCTCTGTCTGTCTCTCTCTGTC
TCTGTCTCTCTGTGTGTGTGTGTGTGTGCTCACACACGTGTGTGTTTATCAC
ACAAATGTTCATGTGTGTGTACATACATGTGTTGAGGCCAGAGGTCAACC
TCAGACACTGTTGACTTGGTTGTATGAGATAACATTTCCCCCTGGGACCTG
GGATTTGCCAATTAGTGTGACCCAGGAAGCCTACTTATTTTCATTCCTCAG
CACTGCAGTTACAAGTATGCACTGTCAAACCAGGCCTTTTITTITTTTTTITT
TCCAAACCAGGCCTTTTGTATTCGCTCTGTGGCTAGAACTTGGGTCTCCAT
GCTTGACAGGCAAGCGATTTATGGACTAAGCTGTTTCCTCGGCCCTCTCTT
GACCCATTTACCAGAAATGGGGTTTCCTTGATCAATGGTTAAGCCAGGCT
GGTGTTCCCAGGAAACCCTTGACTCTGGGTACAGTGACCTTGGTGGGGTG
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sequences. An "m RNA target sequence" is a nucleic
aci d sequence that is recogni zed by, and is capabl e of
wheevditeegoan m RNA nol ecul e, including an m RNAPCIE@Z008/€00423
incorporated in a RISC. Inclusion of an m RNA target
sequence in the 3' UTR of a gene may result in
recognition and binding by a R SC containing the m RNA
that binds to the target sequence, and nay ultimately
result in reduced expression of the gene, including

r ogHIC Aéf?@ﬁéﬁdA%dﬁTdd&ﬁﬂ%éé@m@fdc@{cé& c}ﬂ@xGG

gene. J target sequence 1s ca
b i TH Aé\ﬁ ﬁWCTMWWAQW@é@@EﬁcéEEG%@@C@s
atgTcersicARaNAACRUEIERN@IOA deh ddea Gt AW 8eABSHCA T
and has the capaC|ty to be recognlzed by and nay bi nd
BT b R P R e PSRRI B ¢ e
p et the uaddihasid sequedientyluded @e ot Bere n@ilqviidedrabey, including
r %ﬁ{n%ﬁbcs% JeHCG%P atr@ng“’% {h%ﬁgs%f th:%%ﬁ%@lﬁg Suftiat tlfe%ﬁdlﬁéngfjl ng"
&r I'nds” an m

an m RNA nmeans that

t é‘ﬂ‘{j@ﬁldﬁs@qﬁé’ﬁ @et materighyaifsrtahefngsipmef thegnueth@ apiil FRQAEIIS® t

not that the target sequence is necessarily occupied

afoeaoy ginwdditiod m’EelbtypﬁpEwﬁHﬂﬂ HighRMA] edprasdidnar tl{e&@ﬁﬁ]:

E?glejnre%l S.0 [c\lliA de%f’riarbggt Rp£A gr tgegraﬁp o&0 &SR nt aelsdg e(%léeir c%}p.\%ar grogloters

r iFaPi mndt%mssssnﬁreltathelymtrﬂmcmntygdambitwf devihgsexaession of

CQRRAL, . e
gr{\i, re es&flkgﬁl% E'c])gt)ﬂr@hmgt@l? |0§ g%tag %Ialﬁﬁ"& f gﬁ;ﬁﬁi] egf‘{d

chosen areen N norma
cé\fe’f"’{;’bléb‘fﬁ%gr €899 SeyPstdhe): é@l‘l% and thus are

rel atively downregulated in gliona cells in conparison
t @00&11 Wajfhegiu'blallc a€ié mbsculdddo oexxtam):i lﬂuralith ef miRRMAtalgetvel 1N
a.s uences An m1 takrJ & aboelﬂt e’ 1s a nugﬁlc a01d seg[aen%é £1t’i about 3
tinmes or greater, Shoat s gr ater, “about 5

t irsvesnizsd by redis efrpablg pf lmsl@ngtan 1r@RNA m@cuie, igptudingen mik¥van

' Eho‘?ecﬁlle in@&ﬁor&t@& in a I{IQ@ %llusu}leof lal? }ﬁﬁiN@ farg%pseﬁﬂem g3

g I al g IOFTH cell can be assessed usin

r SUR; qﬁ 8 gFrﬁB‘%?V &V 1 repegitingsand binding el mRYSRiqentaining the -
O UARKTA fifla€BihdsQR the @eRNIcGMBSe, ardilhidy uﬁﬁna@%esﬂi‘lﬁﬁ RalckdY

t hods assessi ng actjvit
GFITIFSBbpA eerg ieblie Sared R pice b garspgh ot e
egaﬁple assaying for the ability of a given mRNA to
silence a reporter gene that contains an appropriate

Myddud) L Akl ﬁﬁRﬁ@ %P&%en@i?&'ﬁﬁélﬁéof‘%fndﬁlg Gh mh‘«@@}(‘ %e%ﬁ?thfito r

assessi ng the 1 evel i ncl ude

d&sdaresh eguenge i ﬁtele%swartkmowgle%% fogthe W@@aewa?egae@ has
S @R} LaREIB S0 beFecsinEN byl M@ ina@bifd folthd MIRING, ﬁ@@nda@amlt& t he

nucl ei ¢ aci.d ecul e jnclude t uences f or

h 8%ncmtrlgl%11the F aﬁ,fcﬁte ‘r2t}1e @Vlrﬂ%enltﬁ? g?n%j} ns an presence of

other binding molecules. Similarly, reference to an miRNA target sequence as “for

binding” an miRNA or that “binds” an miRNA means that the target sequence is
capable of binding the miRNA but not that the target sequence is necessarily occupied

at any given time by a bound miRNA or RISC.

[0063] Each miRNA target sequence contained within the plurality of miRNA
sequences is selected based on relative levels of the miRNA in glioma cells as

compared to normal glial cells. Target sequences are chosen for miRNA that are
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[0066] In particular enbodi nents, each m RNA target
sequence conprises, consists essentially of or
w@ogilgx682 of t he sequence of has-m R 31, has- nPGF/IQN08000423

hasm R- 143, as shown bel ow. [0067] Has-m R-3 1 [ SEQ

ID NO 3]: CAGCTATGCCAGCATCTTGCC [0068] Has-m R- 127

[SEQ ID NO 4]: AGCCAAGCTCAGACGGATCCGA [ 0069]

Has-m R- 143 [SEQ I D NO 5]: TGAGCTACAGIGCTTCATCTCA

[0070] Each m RNA target sequence within the plurality
ent

o P e o W 1 AR B Sl e

e sehlaiefl iRghoma pelain compryispicie npranat glial eplisrg of gragwle, the

S QARKGA GKel i Egl?al Qa'llfnfﬁ b€ o RRd 0P Bdter, SHBGHS tfﬂegbwgr&a@e? get

sequence is a different target sequence.

I n
d F‘P%‘f WRES % Riswer Phapt>, times & %F*’Eﬁr’&r F‘?‘S‘/‘t HotesiohE e%’rtgantlﬁ an
oaeglighd JBr ent target sequence but at |east two target
of the individual m RNA target sequences are the sane.
T
S, T el ool  JRLGSHLA GRTLAL ity 2phi sy
it lehboraiey n@@q@ﬁem@e@nmh apentificatip taehaidpesysuclky aSaRNA

s%&b&ﬂaﬁﬂl@m&gn&ﬁfho&sofo@sée@mgfa@ﬁv@Qmm@ghhl b &f
expression of a transgene wthin nornma ial cell

wistiprer el manplsgyberused, 0% preelsiassaying fof the alflk%mg@%‘ﬁ%l HENA n
a tile@B8 repBitdr gerfeaiiat wﬁ&m@ laleapptdpﬁata IniR0aA takget ;Qﬁueli’ﬂ:eRNA

t sequ

2 SIS 2 I S R B B o
nmdeseril@d irliBe fotlowing Bxampih. vi dual m RNA t arget sequences.
In certain enbodi nents, the plurality of m RNA target

S @6U6B]) C € Bark Mg 3dnb& ft rhiRNASHat &6 G\Hﬁﬁle €5t usin HRMBGSic acid
sequences or 9 tar get sequences Z“él%‘d% N artj c Iar

e MOSaH AP de the REEeiSPAHeRes 1oy fmlﬁq3#er!e&5 é%q‘i‘}&
contai ns one each of the target sequence for has-m R—3
1]0064% - ninRadizdaremiodimentsyedeh miRISA tagget sequened sosipdses.ar get

S %&ﬁgﬁ %§§nt1aﬁ’§l é}f c&)}@iERt? gf éc%@s%?&eﬂge%? hasslﬁlﬁuﬁnﬁa@ fiRI127 or has-

has-m R-143. I n other
eﬁﬁ%dﬂ?ré?ﬂhgwanﬁ@” ‘plurality of ‘ni RNA target sequences
cont ai ns one each of the target sequence for has-m R 3
1 [006a% - NHE-riR73 1G8ED MBSO REAGEBATGEPRGCANCTRECE for a
total of 6 target sequences, or contains one each of

t hgoefr 9Bl SHRUUERGR) fmnohqum&ﬁGéTcn@gc@cR—rb&aAand

has- mR—143 repeated three tinmes for a total of

AR ARSI T SR Rl Rk, 2

the m RNA may i ncrease as the nunber of target
S é@p]@h c eBach meRMe4 treget seavpgesswithirgthe Platallww@m%@rgebf

L ARG t1RIshiRSoriditrefdnt ﬁaMhéfrﬁﬂRNﬂfséc#i@rﬁg CIntaR&rtdie Vel
of ans ene repression, possible due to an iIncreased

p epbedinen; te@ch@p qurgpé peélutﬁ]é@é %éi}rge target sequence. In a different

embodiment, each miRNA target sequence is a different target sequence. Ina
different embodiment, the plurality contains more than one different target sequence

but at least two target of the individual miRNA target sequences are the same.

[0071] The nucleic acid molecule contains a plurality of miRNA target sequences.
The number of individual miRNA target sequences within the plurality is a sufficient

number to allow for down-regulation of expression of a transgene within normal a
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bi ndi ng event taking place. As well, repression of
target nMRNAs has been shown to be acconplished by the
W@ ovpieaddri al action of different mi RNA speci BGI/SG2008/000423
(Bartel and Chen, 2004), and present results as set
out in the Exanple bel ow suggest that different m RNAs
can act cooperatively to reduce transgene expression.
Al t hough only a handful of m RNA:mRNA interaction
pairs are known in aninals, there are already

ﬁeh gaﬁ%ﬁle aﬂowq% ﬁpe)ﬁfegsficﬁlro?%t&s A REG g%mmvle feen

regu e sane targ ts (Bartel and Chen,
2@M)ple ho plugkiEpB MERNA i9e2chicmRINnEss ey bej2 e ikprs. & oF otghor

t BRid 5 bah&els HRVAST b nhtsrd 4.0r Inbf; Q&amdré 6-19br AbE Iﬂailillldull (
Rei nhart et al, 2000; Abrahante et

n
aPiRN feet sequanpssy I cgitain pmbodisgsgts the P#Wéhtg P% %@%@ge’f

- C @anérﬁmsntaiay:; RigkTeduentas, 6adrkyf s@ju@besl or 2 Brg@neq@nassher or
cooperati vely interact to nore effectively inhibit

oS EEE T I B SR e th*g?g;%o@eﬁﬁmt’ Hpeifines®
Tleemainsene pash ekthe targetipquineg €95 dips-1BiRo? lo BasomiR- 1@%@&5& hé‘é iRy

SY#, %f@mdﬁ%h@%@k@hh amq;raﬁg afe&afget bdghitet ha@lﬁﬁRBﬁl
gene re ul at 1 on | ow a ce

to finet
S KT AR
blsé’qdbrfd% ohtaidé drfe@sicBRE th&afﬁ‘dé&;{ﬁeﬁcd fﬂﬂlaamlMRSlaQmeH-m and
a opert m R
B e Pt Buc e A ! (alegBior B Ehdtn R pY
déscargdd eadlume:foehas -n@R43dl, hmhﬂt: U1} 7eant! baseniﬁaﬂéﬁemeh@d three
S e gene expression in normal
gllﬁl&g ]%§§ %Poﬁtg%{}%ﬁﬁ%‘ééek m RNA t arget sequences may be
separ ted fromeach ot her nker nce wthin
t E&"F{ic | Yiithout beipg lippjfed q Ang Pa’%ﬁﬂlaré@? %ise"% 01 Igpresglon &een 4 g
0 Rmtﬁﬂfe&n1RNA| n@@ﬁﬂcﬁb@seﬁ&ﬁﬁ ﬁul’ﬁ‘&y oh@rgbtﬁﬁc@éﬁo@ﬁnb@k?ﬁ@geﬁﬂg h
tar S in ur.al RNA
i B h R REEASPES ol s a0l ek e Rt O
g triagskens p@cﬁssfwn; pcpsxblmiueep amindrepediprababtlijy offa sirglRN#essay g et
f
SBAUEREES: AR gRer fpkm | hdosSich b HRNAIAaSRAHERG 100

atra sgene nucl ef ¢ aci Sequence IS
o percapipplishadrby dh cognbinateriak action ef diffesens iR N precieeGaeh andl

WRBEL, bHR), SRAMERR S U6 se@ bacqleﬁte ERanfb]d B Ju¥dH that different
relati onshi p. For exanp a codi ng sequence

o FERRDT §An IaFtﬁR‘é’araW?lYato ﬁda?fﬁfaéﬁgﬂ?efexr?fﬁ%wﬁr ofthaueh oy a
aq‘aﬁnmbﬁﬁlmmmnmaadnpﬁ pm afknbireinanigiaRghGestd elmey I n

rth t ‘
O e T e e
s mw{Benal findtChat, 20@y Ubratxanple, sequiBNee /in-9 amialptabdné tl@fr
J ?ag#alt %I e g ]z;z-q§ 15298 rlﬁzsﬁ I 294 hﬁf] (tliég‘tg&fpg 'ap @O@(ﬁ g‘ﬂﬁﬁ&% etal,,

i nc In COO eration Wt tional ¢is-

t 2e¥3sLiact ilng00B a‘i@mpf«rs et ol.0¢00é) ArppfilencingRprgpiexes may either

mutually stabilize one another or cooperatively interact to more effectively inhibit
transgene expression, or both mechanisms might be operative at the same time
(Doench et al., 2003). These examples, as with other biological regulatory systems,
most notably, cooperative interactions in gene regulation, would allow a cell to fine-
tune the expression of an mRNA by regulating the degree of binding of different
miRNAs to the 3’ UTRs of the mRNA..(Bartel and Chen, 2004). This property of
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[0077] Thus, the transcription of the transgene is
regul ated at least in part by the glial-specific
w@e@aniwn2 and transl ati on of the transgene i s PENSGZ0S000423

at least in part by m RNA binding to the m RNA target
sequences. This arrangenent reduces expression of the
transgene in cells that are not glial-derived, while
the m RNA control reduces expression of the transgene
in normal glial cells, which have a relative

Rk F@Gltatl&xfme[y%le @e’&aﬁ&alﬁn um the éxggeﬁﬁ} de-gg}ﬁ')e& halkraehe
may be any transgene that I red be expressed

i ﬁwECﬁ? iosRkaneeehg supgressiop Rfér@pﬁgénefgﬁne W@@fﬁ@é? gormal glial
dedigcti on, or treatnent The transgene nmay encode any
expressi on product having clinical useful ness, such as

odu rotein that 1s ol v
F(g)\?g ti ohre nix t%‘%arge? nézlnet'nces may%e segara%ed ?ro UCC?I ol[herl% {
t brguenbeigitian the hiiclaiegid radlenlp. Ecﬁrfeemlplet, ﬁa‘t 6i& 10 ovdryed | n
g hﬁc%ﬁdeq{ag‘eg &2} bORseRed beidh Q::EH hﬂ%%‘g @arg%ef %ﬂ§ &Nl Aduct
ng% protein or a peptid certaln
@HWﬁ%HM%NAEW%ﬂ$ﬁ%ﬁ§§ene product directly targets
t heexpression of a particular gene required for tunour
cfdo7spr OAM dfat@lr abS\te[ e ylal- speﬁlﬂ@ﬁ&]noﬂe]mnd @lutatityrof miRNA target
[ {rans rodu |ncludes a

CREPLTEY ey Pl RP B S R e e eut i

protein or peptlde may substltute a defective or

n{°s°§ Phg 4 8renysteisagidsedupicsisepsrabliplinkedpith ¢ gegendapelpis acid
efdgesite \bvlﬁbntﬂkk%etﬂiehdéﬁﬁe 91@&&1 in 4 MEHBRY rédatisihiph goﬂ@xhﬂx}bla g of

Lioma cel ntion or eat nent i oma
calieR e o OB IS TSGR 0P e
I radseripeiorgeiee qodiag segtichcd. Hab furlhdu&ﬁnp.‘ié & esglilatolyl siequegceof

}-[%\/h %{(a%%f{ﬁﬁttgrget Qéquér{éé es%he?’a S)ghnk(e) 0a Cgélrrlﬁ s(efl ne.gr:lcel’ﬁ‘:I hid

such as
pB%mmgﬁﬁmnmmp?mmmébeﬁﬁﬁ@mmeﬂw¢wmem®yofmﬂwﬁmemumgwat|on

pfn@ﬁl@h@ﬁl c()oﬁ}éfeho@@nﬂ ddd#ional Jns—%r trérls-act}r% fackdr: Nf(ﬁ‘ @Qamﬁ\é'% a),

| ogenesi's inhibitor proteins, tunour Suppr essor
'p ins, suicide proteins, apoptosis proteins,
anti-angiogenic proteins and anti bodi es (including
f [00TT] oriEtus, ftheagneriptionof thaninsgraelisespulated beledshie papButhe C

Ip %l%ggﬂgaﬁ??%rrﬁle§ &dl?rgnsti Ii}gn g)ﬁﬁ‘ tfaﬁéé%{l%?ﬂé ﬁ‘at@{ gtle%gtrllﬁ ?4!1.'(%)28 2]

' ar’ enpbodi I'ment’, I'C prote
im@ﬂﬁﬁb@mpa@ﬂy8®Ry%dmeﬁnammm@ ﬂhememmmmﬁnﬁﬁewpss

ag@[:gsgé{ of t}[}%ﬁ@ﬁ@ﬁé 11( ce‘ﬂ??ha@?é IQ)Y\@Y&I @Jr%@ '\Jﬂﬂé the M‘Q when

expressed in a gliom cell may I nduced cycle
afqrlelireqypes sRRIpFH8 Pty ﬁﬁanf&?ee grpeiheliabeels, wAzwbesveea@lﬂwsy
peRicBRhdht bSeldvapt AIR&IAR. | ocated in the p53 apoptosis
pathway that is involved in effecting or inducing

aﬁﬁFg]gS I 'ﬁlet en%%l gpop tSI en%%%alﬁfg 'ésrlr%(?:{nbe [ ‘%lé’sm 34 £ tGﬁm

pglg)n}ggplh \Kgyxample for diagnosis, detectlon or treatment The transgene may
encode any expression product having clinical usefulness, such as a gene product or
protein that is involved in glioma prevention or treatment, or a gene product or protein
that has a cell regulatory effect that is involved in glioma prevention or treatment.

The transgene product may be a protein or a peptide.

[0079] In certain embodiments, the transgene product directly targets the
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protein may be a protein that activates p53, that
regul ates p53 activity or expression, that is
wa@ewviseerl by p53 or that is expressed as a r eBCH/SG08/000423
p53 activation, and that is involved in the apoptosis
response related to p53 activation. [0083]
Over-expression of the wild type p53 gene is a
strategy to either inhibit the growh of tunour cells
or pronote death of the cells by apoptosis, based on
reggg‘l?(;f\é?aﬂtiaﬁé gErl}Ef%qéJHQcpﬁ%ﬁqgﬁrl c@l‘fj 1?%% L:tht/al many
tunours re t ast 1n part, fromthe [oss or
mut at j on of p53. gene. Restorjn ormal wild-type
é@@hnc@ucﬁﬁlwog‘%‘&g é‘"r?ﬁraﬂst,g%“eé’ﬁ%iﬁftg‘t“ﬁ]‘@esaf’c TERTEICOf
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tloss or muta‘uon of the p53 gene. Restoring normal wild-type p53 function may
also enhance apoptotic actions of radiotherapy and chemotherapy, when given in
combination with such treatments. Several viral vectors have been tested for p53
gene delivery. One study reported the use of baculovirus vectors carrying the p53
gene under the control of the CMV promoter to kill Saos-2 tumour cells (Song et al.,

Exp Mol Med, (2001) Mar 31;33(1):46-53).
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delivery to and stability in an expression systemfor
use in an appropriate expression systemthat can

WG ep042602 r anscri ption froma glial-specific pPOIBGENS/000423
For exanple, the nucleic acid nolecule may be incl uded
in a plasmd, chronosonme, mtochondrial DNA, plastid
DNA, virus, or nucleic acid fragnent. [0088] Thus,
there is provided an expression vector conprising the
present nucl.eic acid nolecule. As stated above, the
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aﬁﬂ“@ﬁﬁ@wéﬁy®m¢®éﬁﬁ§98|otechnol (2002) 20: 173- 180;
Kost TA, et al., Nat Biotechnol. (2005)-23:567-75).
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as a gene delivery vector include a broad tropismfor

anlsspr O Huf, 8lied ik ﬂ@wﬂé’dchnrémes@lbﬁ){/dcfoe Eabprisigg e ptesent t he

: nucll(elc ac1d mo ecullés thtgdo a%ove ﬁle expression vector may be a plasmid, a
chromosome including an artificial chromosome, a mitochondrial DNA, a plastid

DNA, a virus, or a nucleic acid fragment.

[0089] In certain.embodiments, the expression vector as provided is a viral vector.
Baculovirus vectors are particularly suited for expression of a transgene in neuronal

cells, or in glial cells, particularly astrocytes and cells derived from astrocytes.
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effects, large cloning capacity and easy preparation

of high titers of viruses. [0093] Used as a gene
wowvo#260Dr system c delivery, bacul oviruses aP@r/SG2008/000423

i nactivated easily after exposed to serum conpl enents

(Hof mann et al., Gene Ther (1998) 5: 531- 536). The

central nervous system (CNS), protected by bl ood-brain

barrier (BBB), is virtually isolated fromcircul ating

i mmunol ogi cal factors including conplement conponents
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baculovirus vectors to the brain, using a thin needle and slow mJectlon speed to avoid
hemorrhage, usually gives satisfactory levels of transgene expression in the organ
(Sarkis et al., (2000), supra; Li et al., Mol Ther. (2004) 10:1121-9; Li et al. Exp
Physiol. (2005) 90:39-44). Attractively, baculoviruses display a high tropism for glial
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97(26):14638-43). A skilled person can readily
construct any suitable baculoviral vector for use in

W@ hiog/14002nt i on. The bacul ovi rus may be so nodpET/862008/000423
usi ng-standard techniques that will be known to a
skill ed person, such as PCR and nol ecul ar cl oni ng
techni ques. For exanpl e, bacul ovirus can be readily
nodi fi ed using conmmercially avail abl e cloning and
expressi on systens such as the Bac-To-Bac(tm
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glial-specific ™
available cloning and expression systems such as the Bac-To-Bac' " Baculovirus

Expression system (Gibco BRL, Life Technologies, USA).

[0096]  The nucleic acid molecule, including when incorporated into a suitable
expression vector, are useful for the expression of a transgene in a glioma cell, for
example, an astrocytoma tumour cell or a tissue dulture line derived from glioma or

astrocytoma tumour cells.
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pronmoter, including in the presence of any
transcription factors or cell signals required for
W@ e@ns€sdpti on fromthe particul ar pronoter beP@SGHO8000423

For exanple, if the pronoter is a hybrid pronoter that
requires a viral protein or a particular cellular
protein not typically expressed in glial cells, such a
grow h factor or protein should be supplied in the
growt h medi um or be expressed in the transfected cell
f qoogTx anmhe, Bte isedsétly BRviald AmdENGRHRMIN Fg tﬁﬁ‘s‘éghe@n a
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protein not typically expressed in glial cells, such a growth factor or protein should be
supplied in the growth medium or be expressed in the transfected cell, for example by
inclusion of a gene encoding such a factor in the expression but under control of a

promoter that does not require such a factor.,
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be commercially available (e.g., from BioRad). [001
09] To deliver the nucleic acid nolecule specifically

W@ 200gl1#mpm or astrocytonma cells in a particul aPCT/6G2008/000423
of the brain, the nucleic acid nolecule, particularly
a viral expression vector, nay be adm ni stered by
injection, including stereotaxic mcroinjection as is
known i-n the art. For human patients, the stereotactic
frame base will be fixed into the skull, and the brain
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le’cl.d:ﬁo&ﬂﬁaf @8 leEﬂtit:)? fﬁlaﬁﬁe del®oradith bissls Wi d Qul?@& udind AEHA sich
eftective, a
P%lr reg iy eﬁﬁwf% PRt gF)g\PAa‘tﬁt% ﬁ?f?le‘B?ﬂ‘aéedl s in the
f mamﬁecjfon ar Itmom’alamns*fmpn aidiipie bhea tthiefkttionsalhd@svhichidal e t o
ﬁvcﬁyettgé é\%ssxo% VX%%{E gsbc{eg}:rlg?d’ hexlie%{) l}?vgfyeqpaqga S (b E_, a

t ol erat
a'};gﬁiilergug't) éqrerdeoghg)DNd e cqlly @ vivo may be used. Such an apparatus may

be commercially available (e.g., from BioRad).

~ [00109] To delivér the nucleic acid molecule specifically to glioma or
astrocytoma cells in a particular region of the brain, the nucleic acid molecule,
particularly a viral expression vector, may be administered by injection, including
stereotaxic microinjection as is known in the art. For human patients, the stereotactic

frame base will be ﬁxed into the skull, and the brain with the stereotactic frame base
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m ni mal anount that produces the desired result. In
vari ous enbodi nents, a dose of about 109 pl aque
wo eoogitgpgouni ts (" pfu”) of bacul ovirus as descrP@ESG2008/000423

herein is adm nistered to a human patient. In other

enbodi nents, about 102 to about 109 pfu, about 106 to
about 109 pfu, about 105 to about 107 pfu, or about

105 to about 106 pfu may be administered in a single
dose. [ 001 15] Effective anounts of bacul ovirus can be

giwilele imegrd atinglhiyh recb@pion BIRN gUsiMpio?@atf‘itér@&qungfMﬁ
[ a dm ni strations are
metuh%ef \tv{lleb ttransll’]a"’reél rnigngla ge 815{1511%}@1 Wldinétewmopréqi? ﬁ@thgny
r etsrp@iﬁ@e frame fmatgetebmjacmngmeczce@m&y a skilled person
that |ower or higher dosages than those indicated
afomq $0]rmy e rﬁlblhfl@ Roid ﬁGl@&ﬁéihi}gneta@mﬁlﬁ%reﬁ Nl 3hda0 0t
s%ggqul (@1 q g gg sel ected. [001 e nuclerc
a8 IR Iéec PEd e’é?&’r?ilen?’%?feé?@d’fﬁ’@ transg%ﬂeéﬂ hhtareshy or
{T@ls .bior axhimptel $it &fjo&ﬁb dcidhn(ikﬂdlfblle 31211 b@iﬂrﬂ&ﬁ%’c&ef&@@zfn{uﬁes and
pel udi n radi ation erapy
o P o P R Ao e G BBl oo G | )
abineionoto @&Q}'ﬁa@e, maJyOVb,emaghm amefoeite dalﬁmztehﬁnilbln Ijafe@ént to or

f @bl t unour

pri o(?m% ﬁgvegtl(;[%égg Grr e%ffr ?‘gwmeﬁ‘%hr@ b ¥d§f Slon g" f‘fr%?:uglffﬁl?ﬁ

) @gﬂ% nlstratlon of radlotherapy or conventiona
c hera 8 GtiPEveAmAyat to peadgynistesedis gpattent can vae nucl ei ¢
adspehdingloe ﬁlﬂh}&‘faaaﬁ sueR aﬁﬁé’fplﬁhﬁdc&fyﬁﬂmb Prop@iRioP AL h@kiM t h,

o | uen f.ashi.on Qlytic virus
o IHOI 8 uc ges éesc’?%d nypISiLtign, It}fe a?‘h g?a?tg é%‘g t phihetubiset
wm lﬁahtrh andenic| oﬁthp disariler 0B disda@Ghate] thE rAjuSiy PF B8 GBdthdht

.Q@Hh@@ﬁk%%&ﬂmﬂkgi%aﬁlﬁO% e various nucleic acid
mol ecul'e constructs descrrbed herein for expressing

ene and for treating a glioma in a
S[B@q]%gt Q"S8%&%L‘f*8ﬁﬁ%ﬁ@%}ll@e@§é@r@rlaﬁ@ BEOWPA bases ign
rthpadbevecfacacnrs dTenhddehod G olBGld i ths a&iﬁiﬁfétfefebﬁﬁjnaﬁl? el n for

r dIC ment. for treating ioma in a
LRl e e o L bidFen T G e
r?éﬂle Refieat Thnkfiaiie aoonpof sickly amumormcas editbe deternfied aC| d

Rehtlyein@ Hep Rk S8 5PNk E
el a@“ Eer o B i PR IO ETE By
&ﬁ?@@ﬂF re6Faf%1¥<pre55|on vector may be fornulated as an
i ngredient in a pharnaceutical conposition. The
doNfd8ki t i Yisn Mayuddtiicdiedlycu@Bifiss PHAl BRI veabd, Y

I trati f salt, huff agent s,

R o BRIV LTS« B Bebmiee riBfeor
@PPyents. For all forns of delivery, the nuclelc aci d
nol ecul e or expression vector nmay be fornulated in a

P00Ad4p| ogP&atulHR] Whe MewhidlQPacid molecule is in the form of a

baculovirus, since baculovirus has little to no cytotoxicity in vertebrates, large doses

may be tolerated. However, the amount of baculovirus administered should be the
minimal amount that produces the desired result. In various embodiments, a dose of
about 10° plaque forming units (“pfu”) of baculovirus as described herein is
administered to a human patient. In other embodiments, about 10* to about 10° pfu,

about 10° to about 10° pfuy, about 10° to about 107 pfu, or about 10° to about 10° pfu

‘may be administered in a single dose.
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[00120] The proportion and identity of the
phar maceutically acceptable diluent is determ ned by

W@ b@oa#opDUt e of adm ni stration, conpatibilityP@u/s¢2088/000423
nucl eic acid nol ecule, conpatibility with a live virus
when appropriate, and standard pharmaceuti cal
practice. Generally, the pharmaceutical conposition
will beformulated with conmponents that will not
significantly inpair the biol ogical properties of the

NEgoh §51C  ackGhctiRAioufts bBlab)oviiERn 'bé gibéh rBpe %'ldgffénﬁlﬂg?
expression vector. Suitable vehiclés and diTuents are

R et et of (e indliakigagiment regimese Adupibigrrtienspredy Rierds altvm: al
Spdrrameﬁls \(Aﬁenﬁdag&ﬁig aﬁy Bb}ﬁﬁd&&@ﬁﬂﬂtﬂe@@bgrﬁ‘& E’%gs ﬁéiued

stQn USA
Sglfltl}?wer ﬁgﬁ%]?er E%gge% g‘loi? l%fré‘iaﬁgﬁ]?ﬂv g5 %‘Bar ed
theadnptmyu;atmhsngedn&bhgﬂmuestsalbétﬁi buffer. Under ordinary
conditions of storage and use, these preparations

Crodl f81n a ’Fl{e%ﬁél};’ Q&él ?ﬁ@leéu@e xﬁ’a[y%\é Sithin{sfafd 8¢ QMer{hé?gpy or
m Croor.g ani SNe, hat w | not | nactivate or

dBgt %?cfémtfvféﬂr?ﬁ’u& Pféliﬂenaaeql leﬂ’rﬁﬁ]lleé thgrapies, mchyding ghpmstheraped i n

t fagiatdntthdtapyt loflothidt @eneROMmeaienR! B&%&ﬁnﬁ& itedBé18c acid molecule
nventi o ta]:lf’é«eroce ures a d i ngredi ents

£ S s s o P B8Ry SEsHPAFPmeH Phgpyimary tumour
f @rpoiol tatdonnuseaiyevities thllbwiag tredimdnt @xRagHdMnistation of
I nces and Uni t ed

g%gf{ofggg ar%?%g);&{ogﬁ %ﬁeﬁcﬁheﬁ u?g dr%%ﬁ 9 froucen boﬂmer?%gﬁ:
NrEBic apid iplojesyie elam be adgigBterefl GO Pinatidnevithoorima sfudntid
PRGHiFRA U &%lympﬁaﬁm&s HdisbablA tﬁa%ecblﬁés%é&é& Aglise
include sterile aqueous sol utions or dispersion an
sPepIcPi¥tiodttter s for the extenporaneous preparation of
sterile injectable solutions or dispersions; wherein
t1961t7dr m salsr présenttjoestemplttedat asadofttie \ariyushidéic ¥id us
t ecul.e that.is to

H&Ecg%xllsgrtggy 58 aér ﬁ)le& Qe??l{? H)? g@re?sn?gﬁtraq?gnge n [@rgll(%m% % for e r | | e
alfrdting peliopa inf4 sybidett 4lsp hentamptated aretusestof tha grious nuclelc acid
SM&lédﬂQ:%thltrh&y deBeibed §er61{1 RP e Rkatikh bSa Iﬁéﬁ%aﬁm rtr%étﬁﬁ% a
packages containing the nuc el c acid nolecule
cBNLE it Bedescri bed herein, including an expression
vector, or kits and conner0|al packages containing a
plaat ‘riﬂc e utTraagenzanirosi trimvgenksontpetani shiedishemgising tikr e

kage w ||
IS5 RABAL B mllh Bl B EBMIFLE) QuRBREERS
L@ﬁjp_@jed nucl ei c_acid nol ecul e or, _pharnmaceuti caI
i ti obf,2idippdpisiion the pugleip aciq me’gful%\orgmreﬁ%lﬁn or

f\@ﬁtoﬁx@r tes“armagtea a$ z[rﬁﬂ@gﬁéhemlalbh@m@&ehﬂwipcoﬁ@bﬂltlon[ R 24]

com g)Sltl%%selrl]lt nuc E/c e g mac, 1culhr ﬁe pr eSSIt% f
vecP NNEHNES ﬁlg 08e¥ %F‘g Far 8}3 SRUPPETE AT by
vealy, boiffertng egdno| presaivatiyenamd-vhiiows t@tpatikiacapliegs or[d0EhR5 For
Eﬁi%ﬁls lc:rf (lielivery, the nucleic acid molecule or expression vector may be

formulated in a physiological salt solution.

[00120] The proportion and identity of the pharmaceutically acceptable diluent
is determined by chosen route of administration, compatibility with a nucleic acid
molecule, compatibility with a live virus when appropriate, and staridard

pharmaceutical practice. Generally, the pharmaceutical composition will be
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[001 26] To test the hypothesis that the use of a
ti ssue-specific pronoter could . increase transgene

wexprassd)on preferentially to a specific type BET/SG2008/000423

tissues or cells whilethe additional use of m RNA
regul ati on woul d provi de another | ayer of control to
differentiate transgene expression between tunour and
normal cells of the sane |ineage, a bacul oviral vector
was constructed for glioma suicide gene expression in

‘ tfmmbﬁtad With c{oQ@aneatZ}haEmm rdPGRH Mt 3hpalQES Bblofigfi bour s an
ibrillary acidic protein (GFAP) gene

|neer
Pﬁsteeé P?‘g%)%tﬂe C\Féldslfff*&rl B fewdt ipa prcalowius ﬁXHr?-f»SIewqc@r -of
gSmnable oeliigisandMilubmis &padstribgd, fforrednhe) al Remingigaoy t ant

n he rain apd.in
CHERIS, A0S RIRP LRGPl Bl Rl St LR B,
|ﬁ@mmnrfmwral’$yU$Aul%I ed vectors. [00128] In the
current study, the GFAP pronpbter was used to target

t[me1mgpr esﬁilL@ansfotHethclé'b Feid ﬁ&@&lletrﬁlay%%}e ar@fingl 1 al
orl . ﬂlv t?l ng % uni nt ended del et eri ous
819%1 8 gv %1 Upgst prdinargicenqitionggfisiorage #id useithepede
t }h“epat’.?ﬁﬂlﬁsrcaﬂltalﬂ € DReSehBtiSe/ts pRMRnk ﬁiN@oth‘H\ﬁﬁM&frgantshﬁ b@ﬁﬁ&
p\R’(ﬁqB{ 1g£c‘tlvgte or%e%rac{e]% nfuplr:lg a%uij] %?f‘é(d% ]ﬁeés(on alflﬁefdég%e art’

has an expr ess| h
swed lfnowéquItQ/prla@IwesEarblerfomnthlolan Gotiventnmal peebdugesafd t he

Slﬁ dlédtmﬁggseﬁ%n%y%ﬁé%ﬁﬁloﬁ bfjsﬁltﬁ)?qurtm%(aggl%sa?ﬁl (%chibed,
K IS FOXIC _Q norna
a@’f ?Xé‘@glﬁ’ég ?I}Vﬁgt@lh s Bltarlmceutlca@wncemwsm The ltited Btates 2000) ,

NERessogeal TRNABR F&ﬁuﬁfy (0P eI NEQH bivRkneFRL1FHI STB t O
pr ot ect normal glial ce Is whi ch”are abundant in the

q&@,&md pl rt‘%ﬁe in sugﬁortl he. s VI vaI
physi o ogl ca? fitaal |a(CJer%1 ical pompopiigf}uta iDgfta
tuseineludr tesidd agrecpasobeivtser disperdim awégerie patden faroint al ns
(R Rhs BEAMARCR el rpma% LS, 4143%0% At h%hed

in glial cells one” Cel
drrgetericrlopsofeiapd ia Ay élV%‘i’lﬂPé thé‘f lﬁ%’(ﬁp@mﬁe thepmacleie @«n@) rs
trh@écule @ik is @ e @hinkish@ed WRIased he REA N NRQFRR! and nb@hbe

cells wthout |nterfer|ng W th suicide gene expression
fﬁ”i H}?ﬁf‘tel?fgl?af%asyfyﬁ‘ﬁﬁa g%l fe conbined use in a single

expression vector of an engineered glial fibrillary
deVHR3t pr diite sl OBRAR)al prskazeprookining theamdleit hdd melbadt ed
tc@ﬁs@fﬁ&s FEGHBE WeFetn, et gx?e)gl' Gl BH@I& O@Ir @Fma? hed

in glial cells but do re ate
Pafkpges P%W“ﬁ%ﬁplﬁa‘rm%@@lﬁql P@féla)ﬁlflPlyasldﬁqﬁ’ﬂWél@Ireinnarv i v o

sehtenlitvd. tictof kisds |c§1hﬂ@rciﬁﬁﬁ@<a§%(\pﬁl%fs§ 'c(?ﬁ‘aln iTRuctions
[ation . in

i_ncog por.at a
?gs’fﬁ%@r“?ep?fjﬂlfd%ﬁ?udﬁ%?tﬁg@i éeetl & PT Rhgaceicad sampesition e r
Gr esantpile;, uteyto trent PEler@Ndr forf e&pﬁes’sfng @tratspehd 50LHNRma cell.
expressi on.

[00124] The present nucleic acid molecules, expression vectors, methods and

uses are further exemplified by way of the following non-limited example.

[00125] EXAMPLE 1

[00126] To test the hypothesis that the use of a tissue-specific promoter could .

increase transgene expression preferentially to a specific type of tissues or cells while
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[00131] This Exanple set out bel ow denonstrates that
this dual control usingtranscriptional targeting and
WM(RB!AA%&@UI ation resulted in significant reduRCT/8G2008/000423

non-target transgene expression in the brain. [001 32]
Materials and Methods [001 33] Cell culture: Human

cells used in this study were U887, H4, T98G U 18,

U138, U251, Al172, CCF, SWL783, and SWL088 gl i obl ast ona
celt lines, normal human astrocytes (NHA) and human

e hR LyRHYnG] u8d SMIRRIAl reABKibY RSl NGB Both& 1@9&%&%@@ ona
cglfgﬁré&ttnes wer e obt ai ned from Ane rlcan 1y e Culture
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nﬁ@te%@%t’fgeﬁ@ﬁr@&ot@ﬁ){ Hike swigidd! F@n@ @)Q)x@sswr?—m Q@ﬂs of glial origin

L- I ut am 100 eni Ci ny/

sPRP [flvrﬁﬂ?%ﬂsawaﬁ%ngm%aqdr?efﬁb%ﬁea pf wll% 1 thedugp andr |
U&T)‘tﬂetlﬁrgﬂﬁ lil Gisel dTdcalsok BltedicadaRERSS intrbtGhnbiR4IBSGedi&lr €
est{e\bl i shed as described before (Wang et al. 2006).

NOT P&l human ast rocytes (NHA) from C onetics Primary
Cell Systens (Lonza, Basel, Switzerland) were cultured
i 04g-ci al In st ey stadypths SFARIMoter ARy te tsgst Geent ed

Vé ﬁsﬁ&ﬂ)fﬁ@ﬁﬁmyh&@% $f §11aP8}? thﬁyﬁeidﬁfg%ﬂ} &fhiMath 10
n epi dermal growth act or, %%ﬁlne i nsulin,

2 lertfﬁ’/‘)}ﬁ PI® GReqrelighfialls, 5161@%@1}% OrPPTéﬂéfhéF 5OUSTg/ n
fyeﬁemmmspHo@@zeﬁg{emFAarpnm)&ee ruke many camlusw@/séﬁ}afﬁa These

pr| Lypastrocyte cu rom
e e R R

s@d@mtalr vello pf thesatie lingaopand $55§E. suibidergame expisyianioowed by

S

o o e e A MR R ALEE 199 R Rl B 200D,

attecessityting the psgof athgr cmtmmefé%mr@ég preiﬁrctammayshaé eelli;gvhich

NAr&RWIn@HABI Yifel NS SEBal a BNAMES il s8FHoR 8 thefst@¥hl and

gllqblast ma.cel| [ines and normal human astrocytes

URPHYoBeA PFYARS  IRNRYY sol ation Kit (1nvitrogen) in
accordance with manufacturer's instruction. Small RNA
slAfRb?ds  weFhes, gheanpredsios dasspre of thoyrhiot dsvebnthiostht jargand
té@&deﬁce@ Hf thlteé(mYﬁgAgtﬁétg{e@]mgd M AQQTIB% LQQJQQe {}8@' pon

he Agi | Bi oana echriol ogi es,
| 3%1@ma eoAls; gyt to rgelyNeoid éldmfchis oBpewdctss thit Rejaout of the

Mnﬁf)lﬁ@ﬁ hékYby VR FrSdl @fal 8611@ IwﬁlHélft RSy WiSsuieRIE Benk Q¢pression
h-t hr gughput anal ysis. The array consi Sts of

o‘B 112 ﬁ ‘probe sequences for all mature ni RNAs

cat al ogued in m RBase Sequence Dat abase,

[00130] The combined use in a single expression vector of an engineered glial

. fibrillary acidic protein (GFAP) gene promoter and the repeated target sequences of
three microRNAs that are enriched in glial cells but down-regulated in glioblastoma
cells resulted in significantly improved in vivo selectivity of suicide gene expression.
The incorporation of miRNA regulation into a transcriptional targeting vector adds an

extra layer of security to prevent off-target transgene expression.

[00131] This Example set out below demonstrates that this dual control using
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Rel ease 9.0 (Giffiths-Jones et al. 2006) printed on

epoxi de-coated gl ass slides. Thereare 553 triplicate
wW@e@base6edr r espondi ng to human nm RNAs on t he aPCEHYG2008/000423

dual - col our | abeling system was adopted t-o conpare

expression |l evel of mRNAs in glioblastoma cells to

NHA | evels. Small RNA (500 ng) from NHA were

sequence-tagged with Al exaFluor3 ligation mx after

poly (A)-tailing as per the NCode m RNA Labeling

Syrahiseiiptiohdl Vdrgehﬁ@ﬁlﬂ)mlRﬁA%gh@ﬁJ)rﬁ’resuhw in Ei?ﬁiﬁ%ﬂgﬁﬂﬁ&l\’qf
e UI aI ent anount %HE%WRI\IA fromglioma cell Iines

tgtéagffew etxﬁreﬁoéli% 5 ligation mx. The

|I&ﬂtl on m x tags a capture sequence to the small RNA,
38l ng nderials anidMethass t he subsequent bi nding of
ei ther Al exaFl uor3 capture reagent or Al exaFluor5
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Oﬁtr@ﬁbﬁﬂyhn Bysora, d%?@cdz ah@FVeTs3. and’@Wld)sgtv@;g@lgb@a & and the
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h{P¥aiget éﬁ&Op@nISIOIW@l'@Hpe pstroyites a‘]NIéA) frdne ClvhaicoBuimary cee ntre

OfysBinf @Q:lnka? ngﬁ "S@Qze'r:lg&f) bkl 'c@l‘?Ure(iA;c %‘ééél £s§b&%%9

usi ng the Hybridi Sation s omcro Systens,
Mef‘lmr}é&%wlemeﬁt%@mﬂwet thlmﬂgle@uszfé Longe) supgiemantecon

Chﬂ]ﬂﬁﬁﬂi@ml l[uﬁﬁﬂ-eﬁ&}mdl BioRmStadtdr, tRh@mYBSuliBCHYlfRd Usi ng
| ecul ar, Devi ces) after

VPRERFIODE 1 Sagi el e o My Gtaie o0 b L belmeeand
hi36 FBI. Za¢se prisarg adrongeicidiitey werd patblishag freh in6rntabhidlah 9 n
S The resy] tant *. GPR
(b bR B3R o TR o PRy 1 ng O
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aR&hMSfr St al ERGHNAT QRL2GAYL contained intensity value
for NHA (green/control)”and for gI ioma (red/raw).
ﬁ 1| pi xewteny ftﬁl}/ g, ues
CKGF ound™a0BY PRESEY lysisyh Obfni‘RtI\éﬁ Salypisrab RN
sikalated fiver gliohlattamateildiabd aid pirpadnmadast6cytdd aiifg Avanage by
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Technologies, Inc. CA, USA). The NCode Multi-Species miRNA Microarray Version
2 (Invitrogen) was used for high-throughput analysis. The array consists of optimized
probe sequences for all mature miRNAs catalogued in miRBase Sequence Database,

Release 9.0 (Griffiths-Jones et al. 2006) printed on epoxide-coated glass slides. There
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bel ow 10 then 10 was used instead. Per-slide
normal i zati on was done to the 50th percentil e of
wore@s#mnent s on particul ar slide. Biological PCT/SG2008/000423
triplicate slides for eachconbi nati on of ~glionblastom
cell line vs. NHA were grouped and averaged to
" represent a condition, generating ten conditions
having intensity ratios cal culated as gliona (red)
signal vs. NHA (green) signal. To obtain reliable data

ORte}s58 Bplih PdePERRGIndifAD hAths FRRGk S8 HE grraB/r ﬁ%ﬁ'ﬂlcolour
e%%h data fil e under consideration was filtered

ST 0P LR PR BB (PSSl Ellasioma
[ demtm ]f\IMAdévfefs @‘n&tﬂlRlNiSl 1590 &% @ﬂbﬁa\&ﬁ@were B3qNOS talgfed with

g Al xglﬂlsulpar 1gatlgxt1 ?18( aiftgr pggr @), ga}lmg 35 pef %ﬁ@ﬁﬁg IRgﬁAd{ﬁfbgfh{gﬁ )e(r

s tSVstfmg élmtyOgbm)l $imilarfypbut $itdegenddnily, ahulﬁilegmniduﬁlajﬁ sreal( RNA e s t

p\ﬁ%ln%%oma Q119R)s WS, o%%eg t@gdex%l:(?l%%s I?’ 10158‘%' Th hgﬁl e oI

mcCr Wwas per ase re or’te
( BI85 2 eAREITCHEURALY to O EBAll wttx,rprmdl@wecafm for S subsenvent

T@fnaing %hé’@ﬁeﬂaﬁ%r@%&%ré fe%hﬁd? A%@aﬂ&dr?@pﬁ?et OPRnt ¢Sk
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below 10 then 10 was used instead. Per-slide normalization was done to the 50™

percentile of measurements on particular slide. Biological triplicate slides for each
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AGAUGAAGCACUGUAGCUCAAA) [SEQ ID NO.: 8], 5S (5'-
CCGCCTGGEGAATACCGEGTGCTGTAGECTTT) [SEQ ID NO. @ 9]. The

W0 200en1$0pr i mer used was a 3' adapter prinmer (BCT/RADES/000423
outer prinmer in the FirstChoice(r)RLMRACE kit). To ‘
det erm ne absol ute copy nunber, a standard curve was
generated using a synthetic m R-26a RNA
ol i gonucl eotide ( 1lst Base, Singapore). Assum ng that
each cell contains 30 pg of total RNA, CT values for
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GGCAAGAUGCUGGCAUAGCUGAAA) [SEQID NO.: 6], hsa-miR-127 (5'-

UCGGAUCCGUCUGAGCUUGGCUAAA) [SEQ ID NO.: 7], hsa-miR-143 (5-
AGAUGAAGCACUGUAGCUCAAA) [SEQ ID NO.: 8], 58 (5
CCGCCTGGGAATACCGGGTGCTGTAGGCTTT) [SEQ ID NO.: 9]. The reverse

primer used was a 3’ adapter primer (3° RACE outer primer in the FirstChoice®
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of the oligonucl eotides were anneal ed and subcl one

into the Hndlll site. Constructs containing varying
w@eopoaesesf the insert (m RNA conpl enentary seqREn8&)008/m0423

both the forward and reverse orientati ons were

sel ected after sequencing.[001 38] To construct

bacul oviral vectors, the Bac-to-Bac bacul ovirus
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containing varying copies of the insert (miRNA complementary sequencé) in both the

forward and reverse orientations were selected after sequencing.
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Pronega. Measurenents were nmade in a single-tube
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the protein concentration measured with Bio-Rad protein assay kit. HSVtk gene
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anest heti zed by 150 ng/ kg Ketam ne and 10 ng/ kg
Xyl azi ne and positioned in a stereotaxic instrunent
wowak/143ee2 nose bar set at 0. Three nl of bacul PUT/BGH08/000423
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anesthetized by 150 mg/kg Ketamine and 10 mg/kg Xylazine and positioned in a
stereotaxic instrument with the nose bar set at 0. Three pl of baculovirus (107 pfu ) in

PBS was injected into either side of the striatum of the mouse brain (anteriorposterior:
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(Xenogen, Al aneda, CA, USA) at 10 and 20 mn after
Luciferin injection. |Imges acquisition and
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[00153] To investigate whether baculoviral vectors with a miRNA targeting
sequence retained in vivo anti-tumour potency, U87-luc cells, a modified human
glioblastoma cell line that stably expresses luciferase, were inoculated into the
striatum of nude mice, followed by a single injection of baculoviral vectors into U87

gliobléstoma xenografts 7 days later and daily intraperitoneal injection of GCV
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target sites are both operably linked to the coding
sequence for the transgene. 2. A nucleic acid nolecule
of claim1l, wherein the glial-specific prom)ter is an
astrocyte-specif ¢ pronoter. 3. A nucleic acid
nol ecul e of claim2, wherein the glial-specific
pronoter is a glial fibrillary acidic protein
pronoter. 4. A nucleic acid nol ecul e of any one of
"claims 1 to 3, wherein the plurality of m RNA target
sites conprises at |east one has-m R-31, has-m R 127
or has-m R-143 target site. 5. A nucleic acid nolecule
of claim4, wherein the plurality of m RNA target
sites conprises at |east one has-m R-31 target site,
at | east one has-m R-127 target site and at | east one
has-m R-143 target site. 6. A nucleic acid nol ecul e of
claim5, wherein the plurality of m RNA target sites
conprises at least two has-m R 3 1ltarget sites, at
| east two has-m R-127 target
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sites and at |east two has-m R-143 target sites. 7. A

nucl ei c acid nol ecule of any one of clains 1 to 6,
Wab@paia0r he transgene encodes a gene product PBEESG2008/000423

i nduces direct killing of the glioma cell, an

i mmunonodul ati on protein, a cytotoxin, an angi ogenesis

i nhibitor protein, a tunour suppressor protein, a

sui cide protein, an apoptotic protein, an

anti-angi ogenic protein or an antibody.8. A nucleic

acid nol ecul e of any one of clains 1to 7, wherein the

t pansoere emendes HSV-tk or DT-A. 9. An expression
vector conprising the nucleic acid nol ecule as defined

in any,aqne.of.cl ai 1to.?._10. An expression vector
o?‘ cl a‘f“rrﬁme“i%gltm?%crﬂﬁ;ec jacul Gvi r al vectgr. 11. A net hod
of expressing a transgene in a glioma cell conprising:
t r ans feeblispRyIs PR cel | with an expression vector
as defined in claim9 or claim10. 12. A nethod of

cl ai makddingdequreaderfotaienglencomal cell is an in vitro cell.

13. A nethod of claim 12, wherein the glioma cell is
an ex \pdinc@llirRXRirgptied froma subject. 14. A nethod
of claim 11, wherein the glioma cell is an in vivo

cell in a subject. .15.. A trans ic.cell compri.si.n
Che oxleBusrolmBie de ot PR TOA ei e RiAg A1 |
1gliontkGell dnphiad tvero®urhadl ghdl cdlpaplogicteinghe giohypediBe prgmeotkre

exnf. [ [ [ dé; m 10.
PR, YR e S B B R e S8Rt 1 mec
i Peaedngd for Be wansgenai m 10, and instructions for
expressing a transgene in a gliom cell

2. A nucleic acid molecule of claim 1, wherein the glial-specific promoter is an

astrocyte-specific promoter.

3. A nucleic acid molecule of claim 2, wherein the glial-specific promoter is a

glial fibrillary acidic protein promoter.

4. A nucleic acid molecule of any one of claims 1 to 3, wherein the plurality of
miRNA target sites comprises at least one has-miR-31, has-miR-127 or has-miR-143

target site.

5. A nucleic acid molecule of claim 4, wherein the plurality of miRNA target
sites comprises at least one has-miR-31 target site, at least one has-miR-127 target site

and at least one has-miR-143 target site.

6. A nucleic acid molecule of claim 5, wherein the plurality of miRNA target
sites comprises at least two has-miR-31 target sites, at least two has-miR-127 target

-sites and at least two has-miR-143 target sites.

7. A nucleic acid molecule of any one of claims 1 to 6, wherein the transgene
encodes a gene product that induces direct killing of the glioma cell, an
immunomodulation protein, a cytotoxin, an angiogenesis inhibitor protein, a tumour
suppressor protein, a suicide protein, an apoptotic protein, an anti-angiogenic protein

or an antibody.
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8. A nucleic acid molecule of any one of claims 1 to 7, wherein the transgene
encodes HSV-tk or DT-A.
9. An expression vector comprising the nucleic acid molecule as defined in any

one of claims 1 to 8.
10.  An expression vector of claim 9 that is a baculoviral vector.
11. A method of expressing a transgene in a glioma cell comprising:

transfecting a glioma cell with an expression vector as defined in claim 9 or

claim 10.
12. A method of claim 11, wherein the glioma cell is an in vitro cell.

13. A method of claim 12, wherein the glioma cell is an ex vivo cell explanted

from a subject.
.14. A method of claim 11, wherein the glioma cell is an in vivo cell in a subject.

15. A tré.nsgenic cell comprising the expression vector as defined in claim 9 or

claim 10.

16. A pharmaceutical composition comprising the expression vector as defined in

claim 9 or claim 10.

17. A kit comprising the expression vector as defined in claim 9 or claim 10, and

instructions for expressing a transgene in a glioma cell.
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