NUCLEI C ADD MOLECULE AND METHOD OF TARGETI NG GENE EXPRESSI ON TO

GLI OVAS CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application
clains benefit of, and priority from U S. provisional patent
application No. 61/071,814, filed May 19, 2008, the contents of which
are incorporated herein by reference. FIELD OF THE | NVENTI ON

[ 0002] The present invention relates generally to nucleic acid

nol ecul es, expression vectors and net hods of directing gene
expression in gliomas. BACKGROUND OF THE | NVENTI ON [ 0003] Specific
gene expression in a selected cell or tissue type can be achieved by
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[0002]  The present invention relates generally to nucleic acid molecules,

expression vectors and methods of directing gene expression in gliomas.

BACKGROUND OF THE INVENTION

[0003]  Specific gene expression in a selected cell or tissue type can be achieved
by targeted gene delivery through the use of ligand associated delivery vectors that
bind, via the ligands, to cell surface receptors that are unique to the target cells.
Specific gene expression can also be achieved by targeted transcription through the
use of cell-specific promoters and enhancers. Cell-specific promoters are one of the
primary means through which specialized cellular functions are limited to a particular
differentiated cell type. The ability of these promoters fo direct transcription of
associated genes is regulated by the intracellular concentrations and activities of

transcription factors in a specific type of cells.

[0004]  Cell-type specific transgene expression using a cell-specific cellular
ﬁromoter to resirict transgene expression in targeted tissues is a useful technique in
biological studies to investigate cellular functions of a gene, as well as in medical
applications to eliminate side effects caused by off-target expression of a therapeutic

gene.

[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, whlch employs either toxic genes or

genes encoding enzymes that turn prodrugs into toxic compounds

[0006] Previous efforts to use tissue~ or cell-specific promoters or tumour



pronoter to restrict transgene expression in targeted tissues is a
useful technique in biological studies to investigate cellular
functions of a gene, as well as in nedical applications to elimnate
side effects caused by off-target expression of a therapeutic gene.

[ 0005] Currently, tissue- or cell-type specific pronoters are enpl oyed
to control specificity of expression of a transgene. This strategy is
especi ally appealing to expression of a suicide gene in cancer
treatment, which enploys either toxic genes or genes encodi hg enzymes
that turn prodrugs into toxic conpounds. [0006]Previous efforts to
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[0008] Inaddition to the above drawbacks, the unique characteristics of the

. central nervous system (CNS), the most sophisticated organ in the body, present
several obstacles to successful tissue- or cell-targeted gene expression. The cell types
found withiin the CNS are very diverse, many of which are critical to physiological
functions and highly sensitive to any change in gene expression. The use of selective
‘rérget_ing strategy to control expression of therapeutic genes, for example trials
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 fumour tissue, potential leakage of infratumourally injected



[0009] In addition to the above drawbacks, the unique characteristics
of the central nervous system (CNS), the nost sophisticated organ in
t he body, present several obstacles to successful tissue- or
cell-targeted gene expression. The cell types found within the CNS
are very diverse, many of which are critical to physiol ogical
functions and highly sensitive to any change in gene expression. The
use of selective targeting strategy to control expression of
t herapeutic genes, for exanple trials enploying expression of suicide
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development of a selective targeting strategy that can kill tumour cells specifically

while leaving non-target heelthy cells of the CNS intact.

[0013]  Thus, the full potential of treating gliomas using tumour-specific
expression of therapeutic suicide genes would benefit from development of
approaches that permit more precise control of suicide gene expression within glioma

cells without targeting healihy 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



expression of therapeutic suicide genes would benefit from

devel opment of approaches that permit nore precise control of suicide
gene expression within glioma cells wthout targeting healthy cells
of the CNS. SUMVARY OF THE | NVENTI ON [0014]In one aspect, the present
i nvention provides a nucleic acid nolecule conprising, a
glial-specific pronoter; a coding sequence for a transgene; and a
plurality of m RNA target sites; wherein each m RNA target site binds
an MRNA that is dowmn-regulated in a glioma cell conpared to a
normal glial cell, and wherein the glial-specific pronoter and the
plurality of tht R eeejeied in p gliomagelicompred to pagraiieljal k¢l prsavhesing he
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may conprise at |east one has-m R-31, has-m R 127 or has-m R 143
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sites conprlqgﬁﬂnégghﬁggmhgaﬁdﬁgﬁﬁiﬂ&%ﬁamiafget site, at |east one
hasm R-127 target site and at | east one has-m R 143,target site; or
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sites and at get “sI
has-miR-127 or hag-miR-143 target site. In certam embodIments the plurality of

miRNA target sites comprises: at least one has-miR-31 target site, af least one has-
miR-127 farget site and at least one has-miR~143 target site; or 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.

[0017]  The transgene may encode a gene product that induces direct killing of the
glioma cell, an imnmunomodulation protein, a cytotoxin, an angiogenesis inhibitor
protein, a tumour suppressor protein, a suicide protein, an apoptotic protein, an anti-
angiogenic protein or an antibody. For example, the transgene may encode HSV-tk or
DT-A.

[0018] In another aspect, the invention provides an expression vector comprising

a mucleic acid molecule of the invention, as described herein.
[0019]  The expression vector may be a baculoviral vector.

[0020] In yet another aspect, the present invention provides a method of
expressing a transgene in a glioma cell comprising: transfecting a glioma cell with an

expression vector of the invention.

[0@21] The glioma cell may be an in vitro cell, an ex vivo cell explanted from a

subject or an in viveo cell in a subject.

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

cell comprising an expression vector of the invention.

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

pharmaceutical composition comprising an expression vector of the invention.



[ 0017] The transgene nay encode a gene product that induces direct
killing of the glioma cell, an i munonodul ati on protein, a cytotoxin,
an angi ogenesis inhibitor protein, a tunour suppressor protein, a

sui cide protein, an apoptotic protein, an antiangi ogenic protein or
an anti body. For exanple, the transgene may encode HSV-tk or DT-A.
[0018] I n anot her aspect, the invention provides an expression vector
conprising a nucleic acid nolecule of the invention, as described
herein. [0019] The expression vector may be a bacul oviral vector.
[0020] I n yet another aspect, the present invention provides a method
of expressi ngl®324ly afsiilladuingy aﬁeE:}IOF@WGSE@IWe@GﬁﬁP}'%?H@;‘f‘deflﬁgﬁsfecti ng a
glioma cell Wokiprishy @%aiR66 REoWE G Qfveribn, biEnstridtoRfir@RpressiP2 1] The
glioma cell ”%%s@ﬁﬂﬁg ﬁ@a¥h¥ro cell, an ex vivo cell explanted froma
subj ect or an T VIV Ce ™ n a subject. [0022]In a further aspect of

t he present invgﬁtion, there js provided a transgenic
[ooz2 Other aspects and features of the present invention will become apparent

to those of ordinary skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying tables

and figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]  In the tables and figures, which illustrate, by way of example only,

embodiments of the present invention:

f0027] Table 1: Sequence of primers used to construct particular embodiments of

the expression vector of the invention.

[0028] Figure 1: Selection of miRNAs for reguiation of transgene expression. (a)
Identification of miRNAs \lfv’iﬂl high copy numbers in normal human astrocytes and
siéniﬁcanﬂy downregulated in glioblasmtoma cells. The copy number of different
miRNAs in normal astrocytes was estimated based on the average signal intensity of
10 astrocyte samples from 10 microarray assays and the absclute copy number of
miR-31 quantified using real-time PCR, Two hundred thirty-one miRNAs that are
expressed both in normal astrocytes and glioblasmtoma cells are included in the
figure. The dots of three selected miRNAs are decorated in blue. (b) miRNA.

" expression analysis by RT-qPCR. The expression of three selected miRNAs, miRNA-
31, miRNA-127 and miRNA-143, in UB7 cells and NHA were quantified. miRNA
copy numbers were calculated based on a standard curve generated using a synthetic
miR-31 RNA oligonucleotide.

[0029] Figure 2: Combinatorial effects of GFAP promoter and miRNA regulation
on luciferase fransgene expression. (a) Schematic representation of the expression
casseties containing an enhanced, astrocyte-specific GFAP promoter and miRNA
target sequences. pFastBac plasmid (pFB) vectors with a GFAP promoter and
different miRNA targeé sequences were constructed and tested first, CMV E/GFAP: a
hybrid promioter constructed by appending a 380-be fragment of the enhancer of



cell conmprising an expression vector of the invention. [0023]1n yet a
further aspect of the present invention, there is provided a

phar maceuti cal conposition conprising an expression vector of the
invention. [0024]In still a further aspect of the present invention,
there is provided a kit conprising an expression Vector of the

I nvention, and instructions for expressing a transgene in a gliom
cell. [0025] O her aspects and features of the present invention wll
becone apparent to those of ordinary skill in the art upon review of
the followi ng description of sgecific enbodi nents_of the invention in
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illustrate, bjy Lﬁ@%g?c%s &’)ﬁ%%)é g%ne(.)QA%blyA signal. The pFastBac plasmids without
miRNA target sequence insertion and with a mix9F sequence were used as shuttle
vectors t0 generate baculoviral vector BV-fuc-cirl and BV-Iuc-mix9F respectively. (b)
Screening miRNA target sequences that regulate transgene expression in normal
humar astrocytes, but not in glioblastoma cells. The pFB vectors with different
miRNA target sequences were used for transfection of U87 cells and normal human
astrocytes, Luciferase gene expression was analyzed 1 day after transfection. The
results are shown as the percentage of control pFB without miRNA. target sequence
insertion. (¢) fn2 vitro luciferase transgene expression mediated by baculoviral vectors.
Cells were trausduced with increased MOI from 2 to 50 and Luciferase gene
expression was analyzed 1 day after transduction. The results from BV -Juc-mix9F are
shown as the percentége of BV-fuc-ctrl. (d) Luciferase transgene expression in the
brain mediated by baculoviral vectors. Two days after BV-luc—.ctrl or BV-lue-mix9F
injection into the striatum of the mouse brain, brain tissues were collected for
uciferase activity assays. The resuits are expressed in relative light units (RLU) per

brain. Columns, means (n = 4); bars, SD. *: p <0.05.

[0030] PFigure 3: Selective cellular effects of BV-HS¥ik. (a) Western blot
analysis of HSVik expression in BV-HSPtk-ctrl- or BV-HSVik-mix9F-transduced
human neurons, astrocytes and UB7 glioblastoma cells and mouse brain. (b} Cel
viability of BV-HSVitk-ctrl- or BV-HSVik-mix9F-transduced human neurons,
astrocytes and U87 glioblastoma cells after GCV treatment for 2 days. (c) GFAP
immunostaining of brain sections from BV-HSVik-cirl- and BY-HSVte-mix9F-
injected mice show the protection of GFAP-positive astrocytes by incorporating
miRNA targeting sequences into baculoviral expression cassette. STR: Striatum. (d)
Western blot analysis of GFAP expression in the BV-HSVik-ctrl- and BV-HSVik-
mix9F-injected mouse brain show the protection of GFAP-positive asirocytes by

incorporating miRNA targeting sequences into baculoviral expression cassette.

[0031]  Figure 4: BV-HSVik-ctr] and BV-HSVi/-mixSF displayed same
therapeutic effects on glioblastomas. (a) Two representative glioblastoma-bearing
mice injected with BV-HSVik-ctrl (right brain) and BV-HSV#k-mix9F (left brain). A



enbodi nents of the present invention: [0027] Table 1: Sequence of
prinmers used to construct particular enbodi nents of the expression
vector of the invention. [0028] Figure 1. Selection of m RNAs for
regul ati on of transgene expression. (a) ldentification of m RNAs with
hi gh copy nunbers in normal human astrocytes and significantly
downregul ated in glioblasntoma cells. The copy nunber of different

m RNAs in normal astrocytes was estinated based on the average signal
intensity of 10 astrocyte sanples from 10 nicroafray assays and the
absol ute copy nunber of m R-31 quantified using real-time FOR Two
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curve generated usi ng%a synthetic m R-31 gonuc eotide. [0029]
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[0031] Figure 4: BV-HSVtk-ctrl and BV-HSVfi c-m x9F di spl ayed sane

t herapeutic effects on glioblastomas. (a) Two representative

gl i obl astoma-bearing mce injected with BV-HSVtk-ctrl (right brain)
and BV-HSVt k-m x9F (left brain). A single baculovirus injection was
given to each of human U87 gli obl astoma xenografts in the brain 7
days after tunour inoculation, followed by i.p. GCV injection for 5
days. Biolum nescence inmages are shown 0, 2 and 5 days after

bacul ovi rus/ GCV i njection. The biolum nescence signals fromthe
tumour cells reduced to a background | evel after GCV injection for 5

days, but renf@afleaeiayipafolingk fofgraepseisi strarloog segendary sttusireRfant i t ati ve
anal ysi s of biadpitHHopREi6LRERG gmd ricléus emrfbn@dﬁha@besn cdgleg withat t he

Cumour - xenogr ST REE RS ELHIR G h IR St LRl A
BV- HSVt k- ct r | nuclajtidest(pretmi R FheyoeavoiliiNaf s theg ev)iveﬂaetpﬁna:@émfam the pictures

of brain sectﬁ@l&%wﬁh@wﬂ%ﬁﬂ wh@{@%ya%aéavk@ﬁytan Rﬁaeéecﬁamge@a‘u&ﬁﬁa

i njection, onl ows) were found he tissue
sections remPEYf ?’B?H‘“t‘ﬁég vt ‘i‘”ﬁ]§°tidﬁ]d‘é’&°f‘1 Wehds fuksequtlyRvORR b he cont r ol
brai n w t hout helH\é. Thejneaird GIRNAL areggmardicgly dmslpyratdd Riolah effdctstrour masses,

with tunour d& %@%{%@ﬂ?&%ﬁoﬂ\@ ﬂidﬁ&g sx%ﬁ% c'm%tl?x %{Y@é%h{cg %givelPETAl LED

DESCRI PTION [ O e nucl eic aci Xpression”vectors,

met hods and u@@%ﬂf%é@é%qoﬁé'ﬂlﬂﬁﬁq@nwsﬁﬁ%ﬁ%th?Me of tissue-specific
pronoter and differential expression of mcroRNA (m RNA) to
preferenti al | PO:Hr edfteranpaisogrp eRdire miRNA hinetiae mhkttanerigiehdl geng 0033] To

devel op the I tors,
PlofGraseit iG] ifhEra Gk fadilR Jrl@tfbg c@éﬁ.y 8%%%1:%‘&%\1&%%{1?@2

met hods and uses, a mcroarray was_use renti al
nm RNA expres sli%?fﬂ%ﬂfwg%qﬂtwduai%bbwlﬂ:@gn %frvdnsiaﬁorglmflwd%ctc cell's.
m RNA t ar get ﬁcbnrgﬂﬁn fralfor @aghAliAsen bﬂaicerap@txm(ﬂmﬂwdzzbm fmed)Muyt ast rocyt es

but down-regul at s%lﬂd?ﬂ?ﬂtcf\p? %ésrha?lg rpen entt 0k 0&he Muddlndleq

glial-specific ronD ar to expression of a gene
such as a th elieaﬁfe(ﬁttﬂ'—@)t‘?f ﬁh@@éﬁémﬁlpﬁj FFWBIGmWFYéS vy cishigediepr es si on

inglial cellge fnhtrzcémaﬁheaﬁ%ﬁmyﬂeaﬁmre[&ﬁﬁﬂ]s&ﬁwé e faf@oRNQ:getar e a

recently di sc class ul at t hat

endogenous sma glﬁte%% Ih%igﬁ@?‘é{bﬁg Otif ﬁﬁﬁ@bﬁggiﬁ%t ely 19-
25 nucl eoti deléerqutmmr@drchwmmem@g@ﬂ gtieammiBNAgehis tag@BEdB on i n both
plants and anjefRd 8 RISC-induced mRNA cleavage, whereas imperfect base matching results

mainly in translational silencing of the target without strongly affecting the mRNA.
levels.

[0037] To date, approximately 540 miRNA. genes have been indentified in the
human genome (http://microrna.sanger.ac.uk). These miRNAs regulate 10 to 30% of
all protein-coding gestes in the human genome (John et al., 2004; Lewis et al., 2005).
A single miRNA might regulate 100 fo 200 genes and each gene can be targeted by
multiple miRNAs, suggesting a complex regulatory network between miRNAs and
their targets (John et al., 2004; Lewis et al., 2005). '

[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



[0035] M RNAs are initially transcribed by RNA polynerase Il from
different genomic locations as primaty-m RNAsS (pri-m RNAs).

Pri-m RNAs contain hairpin- |oop donains that fold back to form
specific stem | oop secondary structures. The hairpin-loop region is
cl eaved in the nucleus by an endonucl ease in conplex with a

doubl e- stranded RNA-binding protein to |liberate a precursor of about
60- to 70- nucleotides (pre-mi RNA). The pre-m RNAs are then actively
transported fromthe nucleus to the cytoplasm where they are cl eaved
by an RNase. Cl eavage results in a mature product, of 19-24 nucl eotide
dupl ex, whi chPrPlsferétij’BsS?ﬂ’D@%fW’;?m’& HsioREeT) ianpappiosisditferriatiapngr e

m RNAs are ashyeamlisn Gashby &IOdRa, pany sl166kelin @ Piistegd, P@eY or conpl ex

call ed the RNA-induced silencing conplex (RI SC) which negatively
regul at es T ntrﬁé mlﬁlg;pes's%@e%&t {,@ogt%%ﬂtlsw-sgéaec PR and 0036]

After base pairi I at e post ranscrlptl onal gene
repression t hi% f%mﬁew aﬁmb*r’weréﬁweﬁyqemoefﬁraﬂsa@@a@ 5EU13t9R Pt
mR_NAs, and/ oite br@tﬁ,hﬁﬁlshe@&n@fstrdﬁd‘d@égﬁlaﬁw&lﬂ@ﬂtﬁ‘bfa&ﬁp&mcInﬂmm ihi on of

hascent. pept | JubdibeiBlonslicfSionl, Sn3RGRHL0, BENGbY CEMABHAY Lo 1o
mul tiple, par%ﬁ%el(@ﬂféwlﬁdee#emoéﬂ%ﬁb@i%ésZQ% &ehﬂeereetahﬁﬁ%nsl ated region

(3" UTR) of apodsa@Ny, ﬁlﬁ@n&pﬁm exitﬁomrmlb@armﬂéyaéautomodm usual l'y
restricted to_.the fir d of the mature m RNA

s n
sequence. The ¥ r@atb"ln%‘ﬁ dg-4l 3%&%‘?‘1& mf’ seﬂgt&’tgé’?’ﬁ‘? HEGTeRY of d%ext ent  of
base- pai ri ng twtwe@Esquelh&enthRNAd Slack, 200§; Rosantpst et al PRIOR ) bt turggur
near - per f ect &%'nﬁﬁﬁ@ﬂ%ﬁﬁ%ﬁﬁﬁo%ﬁxv\ﬁﬁ Qlas\'ﬂi?%ugl&gcahéeﬁ Jiff G&tor3" UTR

results in RI SC-1nduced eavage ereas .| nperfect base
mat chi ng r es UPRS AR BIPIY; tHOQUF tissiess %Ptdl‘:é‘ﬁa‘l cel g brinzgvasteatisfed t ar get
wi t hout st r onglmparad xﬁwﬁniormhgtﬁsm(Hm&F%XJAzdoe)/eduﬁ;sterit@»G}B&]s ndtian @at e,

appr oxi mat el Ym m HeN& ﬁglﬁé/cﬁo El%glnnlt, aﬁ'o(ill }I%?\Lﬁ%eﬂugte& tlhlgl{)e man

genone (http Thni crorna. sang 10 to
30% of all prWeiower@mﬁlﬁgeige“me%mﬁxnrweowﬁﬁhb@ewwn(oﬁewﬁét al .

2004; Lew s efhcradses, w1t3@@éﬂent1aﬁor§dfﬂﬁ|t®oﬂidamaﬁ[‘ﬁ’kt&htzoﬂﬁgm ate 100 to 200
genes and each gene can be targeted b tiple m RNAs, suggesting a

conpl ex regul y r@%’ét eS¢ John et
al ., 2004, Lel?inbgmet @gs{e}’éﬁnlgbeg[fjp}é‘%%&‘ggb St ué‘?ge]tg %\%\?ﬂeﬁ}géen d%%eﬁto

i dentify the ¥4&dmefiddaiple Q4 3&5&4&0 » hgprevsr liriaeeres der rbrstmes Pl of
'lc)hese smal | dRNRNAI ediafed appEeioe vaples RtamiBo.Re cdilt ﬂ}i&sbm‘esenhﬂlen found to
€ expressed W gg% génnﬂ}n%tg\gd &Q{Eﬁ&ﬁe ﬁ&’m@%@é&%ﬁ bBEJ&%ﬁb&d%&

restricted expre
type- speci f i cregaiieansgenafumpgsign ’ééﬁfefeéﬂ celétym@mwera{/ 2006 LI ar pr ocess

Id nv e;st i gat tedI BOvdv@| the mﬂe;ﬂ.mﬂl 46 coopérg;tvw @M@?aguﬁﬁﬁ@g&elglt chﬂneilfgeSI on,
eve OpITEI’l a er on an et apol 1 sm
(Bushat! & Cobie B8 PERRs TE Yy R BraEt 8F P BG e FB039] The

brain expresses t he | argest E)ro portion of tissue-specific m RNAs and
[0041] The present nucleic acid molecules, expresswn vectors, methods and uses

are predicated on the concept that the use of 2 tlssueuspeclﬂc promoter could increase
transgene expression preferentially in a specific type of tissues or cells, while the
additional use of miRNA regulation could provide another layer of control to
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 miRINA is active. This mechanism functions at the



accunul ati ng evidence points towards w despread post-transcriptional
regulation in the brain, with the denonstrated regul atory effects of
brai n-specific mRNAs in controlling neuronal devel opnent, synaptic
plasticity, and possibly long-term nenory storage (Krichevsky et aL,
2003; Babak et al., 2004; Senpere et al., 2004). Consequently,

i npai red m RNA expression in the brain my |lead to | oss of
differentiation (or de-differentiation), thus resulting in the
occurrence of brain tunmours (Esquel a- Kerscher and Sl ack, 2006;
Rosenfeld et al., 2008). In tunmour tissues, m RNA profi K ng is

i nformative i ppstiraasgptiops fryeliguheffersen mperd fongverrompipstie BritaHenRRAs i n
primary tunDUgurkht$el4@slivai dyseal Gaig tﬁ@lle%pel:ifié‘ﬁ‘ﬁm&&b n@mmg‘\&dﬁcﬁ@uﬁat ed

conpared with normal tis 2005),. Consi st with the
ot on that - nPRRAESEPRESHER b Re bl ries htion S 10 Bh |t on,
poor |y diff er esostdutied cfajispesgcifiapembteviy prgdembiahaﬂsganeb@rmﬁonm RNA
expressi on anﬁ‘on%lgﬁé kel %B!eepil%hﬁﬂ% Rfn 1@e§%pfa&%%%€ﬁa Wik, e

differentiation of the tunour ce [[0040] Sever al
st udi es have tEBatieaobpiRais rgg}‘ﬁ%‘?ﬁdf‘ﬁuﬁ'%%ﬁ(’ WWC@F&”@%@% in situ
(Mansfiel d et pradent nﬁ@@tﬂamdﬁb@dﬁuléﬁ, e@i‘esswn%&%é meﬂﬁﬁﬂé@i&tﬁj’ses nialji@erdﬂtgr ee and

robust ness of r SI on_was . ed Recent

st udi es by Br%@m%%a%%ff emlflg%cﬁ% S etm%lmfﬁm % )f%logenous m RNAs
can be br oad| pressthydeictiked n@féﬁmreéglum@p@m inglwinpeorerossivpyesiorsingh bg n

di fferent cel lsefuyip@Sect BhOWPreRion # trearmdP@Betiod@07) . However, the
multiplicity and cooperativity of m RNA regul ati on pose b| g chal l enge

for sel ect i nogagooanaUsl:BNoR. B ALLAGENL SR Plonffutsansene

expressi on. 04T] The present el c acl xpre ssi on
vectors, et h%ib’l‘bspé‘ﬁ@ RieRaier iy cading seaHeRoA £ @ TaHEwR el aoRERHtoT BIRNA t he use
of a tissue- Sfaget j sfidsC E%@fﬁﬁ& ﬁle\ODtHﬂgd sited Elcgmble of Hilﬂﬂﬂfggﬁ &mmﬁt% si on

preferentially in a specific t JRe of |ssue e v t he
addi ti onal usgéowélfre aﬁ“’ﬁe ghagy, atcf’mr:i“r A& nﬁrm ﬁjrh ogglﬁles}?ecifgyer of

control to di prf)m’ferrﬂlfi%ie@lm@mﬁnfggl@hlét@&ﬁ@ﬁf@%@ﬁ@ﬁ@@tﬂb@ﬁéﬂ@d@ﬁ%r and
normal cells gfiinkRQuendd®r thd RBAGR, hhI0ARHE FNApRGIoh ¥f thd/rda@ael tS 10

de-targeting rather that targeting of gene expression in cells in

whi ch the m R{\dﬁglgna%gtuée}{ I'EJ Q'“gha;r%ﬁh&nglﬁn}e&éﬂ%Eh%ﬁhd Edd&r celts

pOSt transcri eve and-offers roac or overcomng t t he
limtations o “’@L}P'Fhéﬁ%ﬂﬁﬁéﬁ@"%@lyfe@é’fh}”hﬁfé‘%Féﬁ@“ﬁ@lnﬁlﬁow s ubigdploci fi c
pronoters, i ngdt bmluweléo&duemme@&ﬁv&@n gief a V¥ R Bdrefetidniong from

poSi ti Onal eff ?vco%ss’asglfe b-{]zﬁe slin%ﬂd qlalce oerg;treoga&es \aeffﬁc%nSt bt fution of a
tissue-speci f 1T Y Onot 8% “BY prevent T Ry tTansgena expression in

normal gl i al ~eheped gliahpells @dp‘étroimtar beigprdvis @fro'h@aeﬂ moterflasgicgstoggison in

gli orr? cel | st p&{aﬁaﬁ@mg@% 2500{d dHNA He @Y h@&ér%u@ﬁb?ou& hslsfgaﬁs specific
pronoter contro presen nuc elc ac no es

expressi on ve%Cf"grl%am yn'ﬁf 8’53%6 BHG ‘iféhé% Jt %’hélr?ﬁl;r?'gﬁmflﬂcée

ef fi cacy and =spegiidl cdls tnd edffier @@q&n@nmae(;sthenennai ngivine s@®m) Fhus, the
presently des%h{w%‘iel’l‘dﬁ R Enﬁ&‘aﬂxeﬁ&ls%%@ S, “defl GboHE ﬁ’&n E RI &SI on

vectors may be use rect gene expression in ment of
glionnas. [00®Bsthtie!l whisk rSélerr“?d Bﬁ@soélawfiﬂ fEﬂ‘TtRiFdeéféPrE&U#ﬁﬁ]cﬁOéﬁ agliglci d
nol ecul e conpéelisihdhgling an astrocyte, and includes neoplastic and tumour cells, including

gliomas and astrocytomas, including low grade and high grade astrocytomas, and may

be any such cell, including a mammalian cell, for example a human cell, aratcellora
mouse cell. A “normal” glial cell, including a normal astrocytie, refers to a glial cell
that is not cancerous, fumourous, transformed or neoplastic, in contrast to a glioma

cell.
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glial-specific pronoter, a coding sequence for a transgene and a
plurality of m RNA target sites. Each of the m RNA target sites is
capabl e of binding an mRNA that is down-regulated in a glioma cel
conpared to a normal glial cell. The glial-specific pronoter and the
plurality of m RNA target sites are both operably linked to the
codi ng sequence for the transgene, thus regulating the expression of
the transgene. [0044] As used herein, a "glial cell” or "glia" refers
to a non-neuronal cell or cells found in the central nervous system
whi ch act as support for neuronal cells, which do not conduct
el ectrical i ripedsdesThedetmWpalid br “ptllajrefarsiol dnglarel, épaglies aprakiEgener at i on
of nervous thﬁ&#@mﬁ&kbﬁku&?bbﬁmbﬂ&hyQF%@E&&QEFMb&Mc&ﬁhk%m@&@r

S an

astrocytes, are star- a

b ous. aat  Coyt Ul Bbavis SUR Seall it BV BRI "
astrocytes armlﬁdauﬂ@omlsmkyanted fibine sghieety Sn'mlb.xﬁyerefemq:elte“cbﬁsbabms _
astrocytes OGf; ellyu% 1d J%I{%!}%elmﬁegeeco #J Fnlésg' e@ﬁq. spi nal
cord. dial ce al'so inc e mcroglia elt

ol i godendr ocy, nt ce nervous s st em .or. Sch l mcells (in
t he peri pher a[bg%é 6&‘3’“ ¥ §19E 5’?{00 ﬂpr"@&tfﬁor&@%ﬂ?t@ g9 %ﬁ?‘éuc}sa’?dﬁl cel I"
refers to a cefuenoafiricgdy upsreate pf aceding regn ofargemgitinbdoetding #tdmstde | s

di fferentiat %ﬁaﬂ{&%ﬁﬁﬂ e16iftnd sreqlh%lty&lfegﬂraﬂﬁnﬁﬁﬂ 5 RV Eing @Nd

i ncl udes neopl astic tunour ce i ncl udi ng |onas and
astrgcytomsﬁ%ﬁ?ﬂ%ﬁ%ﬁ?%%mémeﬁwwéﬂdﬁﬁf %‘f %VP&H‘%‘?% aRd
may be any s attof bthrt site Bl dit bﬂag)rﬁtrermﬂpmalnlfamr gsnt sO peocaungdl e a hunman
cell, @ rat cehlyQh & IBHEGeEEh g e 2 D0 MBhote el rofiShilyre | NC! Ui ng 2
nor mal astrocy‘“fu mgan?weg . Imcq °& ﬁ{ F s apncer ous,
t umour ous, t reppisbes FABA b?xaﬁé@wﬂé@tﬂlisequeﬁch aé‘b#ﬁ’@lﬁya@#hef @cladew i oma cel | .
[00|45] Tlh'et ter é&@}}egm&d’on‘caﬁ&h b&mﬁﬂfr&ﬁo&r tieméhtsSuldgd 6 thethde proadtenel | as
a plurality c a
popul at | on o{élgé?t|t°s?;ﬁ°e;féﬂ§ez;§§ Ogmﬁm%gmv% °:§£”°§°ior i vive,
er e cont extingeldingeplgncegidneegts n agfosiate 4 diveedrompter.vitro cell s
include ex vivo cells explanted froma subject. Simarly, reference
to "cells" al{po4fInclaidhesiescbes s@Riehptitnt B of el éo, Gredompiidae pleal etint ext
Bl‘e{)?Dt ZI‘ gpl g::snsrnlo %tgagenwgi?lgl” §epcrﬁjcs somghm%i(l) Q’c GJf ?tg%\goudeerﬁ\%gfr rggog{ ZBOOd a
upstream of acoémdiehgswébﬂeﬁlsefasﬁocg@ﬁé‘mF“r‘alti “ﬁi@m’%’ 1gSreprs i east t he

mhm rrald necessakHinPNG @b@ﬂecmaﬁadheiquh& 8ékurs Qn Slial @04 ortimms&fweatl on of
the coding re

ncl ydes, a RNA
pol yner ase t ogcinhéha{ %Eﬂjélw ??3?‘?“8‘%1%‘ °Iﬁ?ct°?rg'f ’Es)lﬁ %t? ﬁfufsuéﬁt E'alfi ﬁ%lorc? ﬁceur or nore
transcri pti onsubsntidly ih hamelinlgelssior moellshoipienyed them glidl n@ilb,lfmengnpé? native

promoter may fRechHess g SR @tfeanq%@&n&a@ger%ssy&% exanpl e containing a
TATA box and an i nitiator sequence, and it may further include a

oo e orBh A AR B RRRKI TR B b IR 5 LS, e o
transcripti onSP?Q‘lﬁﬂnrqnw@r @@rp@ﬁptebwtcgrtrolspmepsgm ﬁ@e@hﬁgﬁ@@mq@]w nts

normal |y assols}ecﬁtn%fwekﬂaeséed ﬁrbe@sr&m&ﬁsrdm{e@%mgnﬁml hﬁﬁ.gcrl bes

sonet hi ng t hat , relate ris | i
g ghoma ce 1s and astrocytes. A g%al»specxﬁc pnPnoter (%rects g:pressmn ofa gene in

glial cells or in cells derived from glial cells, but does not substantially direct
expression of that same gene in other cell types, for example neuronal cells, thus -
having glial-specific transcriptional activity., In some instances there may be some
low level expression in other cell types, but such expression is substantially lower
than in glial cells, for example about less than 1% or about 1%, 2%, 3%, 5%, 10%,

15% or 20% of the ekpression levels in glial cells.
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Simlarly, "astro-gliar describes sonething that is of, related to,
derived from or conprises, astro-glial cells or astrocytes. The term
"glial-specific" refers to sonething that is found, or an activity
that occurs, in glial cells or in cells derived fromglial cells but
is not found in or occur in, or is not found substantially in or
occur substantially in, non-glial cells or in cells not derived from
glial cells, for exanple neuronal cells or cells not found in the
central nervous system [0048] The nucleic acid nolecule includes a
glial-specific pronoter. A glial- specific pronoter is a pronoter

t hat control§°@&Ere§§?6ﬁmﬁPeﬂ@ﬁé@aﬁﬁ&EWQP@mUﬁFdﬁéPWaWﬁ*BW@Hﬁhinantly
ex plr eg sed i In AH itaday ldi&lcﬂ cﬁnsﬁmti{rer&xlﬁ&lsibxsoﬂ%érie\hledglil‘ar @ cicemlieri@@i fhofn
including gli rocyt.es. A glial.-specific pronoter
directs expr eés? i o‘%ﬁ’gk ﬁrél%gée?rﬁ%%}l&p ﬁessgi%l “éfes%ogﬁelg%cebr " Fér?lﬁlgcé . Ségngse?ri ved from
glial cells, ®ltlagrat Foexanplsshamencifrimpy B¢ andeducibl promsteitd of t hat
same gene in Q&8 a falicdlarli¥B]Small QbR RpHA YRS hoehé Sroteih HHS
having glial-s c.transcri onal activity. In some instances

eci f t I
there may be %%HE#HSW?“@V‘@F‘” B‘rtges%r‘?‘%%e"i n other cell types, but such
expression is substantially lower than in glial cells, for exanple
about | ess tHARBo, Ehe nagsentr maphe adyhridggmogyecontgnipe 48R ioRe% of t he

expressi on | exgVeslibitpddific plom6®d ih SombidaB8ARh RHehs AorPiRiBtRimotRY be a

strong pronotgr or .it_. be a I 0 er, and it di rect
constitutive fgrxeﬁ?%psles? %f?%?m"z‘”a%ﬁ%aﬁéhganqggﬁi‘a?ﬁ%?ﬂdeﬁfnta deri ved
froma glial wtegalayirusiinmerigpe edily geo¢. Iewiibe sppreoiated tatresipbride to certain
condi tions, SigHiadrSse@hobB kdidtl A1 SYSRYs. For exanple, the pronoter nay
be an inducible pronoter that requires a particular |igand, snall

nmol ecul e, tr i ption.f r or.hotpone.protein | r.to effect
transcripti oﬁtaﬁér:lgm h?g&&%ﬁr’%%él?n%’ F]Sglgg?peﬁlﬁtgprﬁ?%%l?cgrgesqn%eﬁe Be a hybrid
pronot er, corfPEY MpmegerdkimyB it st al.roiffiod (8)77:83%H40 B thepedin basis pr onot er
in combi nati giotMh bBmEbEWRN S etfal AIBHARLNGN3: W1ORE BE 51006 R € a

viral pronoter. such.as fo the ancer el enment of human
cyt onegal ovi r@?“ﬁﬁ%ﬂ%@ﬁ%é%@ﬁ?@%@#ﬁﬁ@ il be appreciated that any
hybrid pronoter_ used should retain glial-specificity. [0051]In
certain enbodPPi#ht sin oppembdimst. Yo promelst weludes B g@siet he . TC
virus earl y) Qe @kl {ﬂiﬂliﬂﬂg aldiY proteR(GBAR) gend, Whidhad spedifZA0 rocytes )
77:3394-401), el i J ronoter . (Vi t a..,
Gene. (2003) %ﬁ%ﬁi%‘-%f‘)@mo??%f?p @%ﬁ%&%"%&%ﬁ?& 8‘% =07 RESH ef"?’%‘, M, et
al ., FEBS Letdirecty xpession sfafialigraligy aciil oot Inpatierdarembagithenisiibe, t he
glial - speci f i grAP R Eoniphisds 83 kb BeRb:ONRLRY thd RO OF QP o&ib.i al
flbrillary acidic protein (GFAP) gene, which is specific to
astrocytes angpss! | ' 1 . romay
T &F ﬁﬁﬁférﬁeﬁﬁ@fﬂ’ﬁ&eﬁtﬁa?%%ﬁéﬁr%{l@ F,ggﬁeelf{n%mto?

be any pronoter that directs expressio ) riallary acid
protein. | n FEreren e @B biersrrinhes besa vt apaielogien] sarkerdfpr i ses t he
2.2 kb 5" regstanytfclntbidanges (hekatapyGE AR @eNBe 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
ngoma cells (Condorelli et al,, 1994; Fuluyama 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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[ 0053] GFAP is an internediate-fil ament protein, expressed exclusively
incells of glial origin (Eng, 1985). The protein has been used as
pat hol ogi cal marker of astrocytic malignancies (Rufica et al., 1997).
Al t hough the GFAP protein is not detectable in many gli obl ast oma
mul ti forme tunours due to hypernethylation of the GFAP pronoter, the
pronoter in a gene transfer vector is nevertheless active in gliom
cells (Condorelli et al., 1994; Ful cuyama et al., 1996). Hence, the
GFAP pronpter has been extensively tested for sel ective transgene
expression in glioma cells (Chen et al., 1998; MKie et al., 1998;
Wang et al., D8¥3; PopgrCRAP pgmoter BFQAPNQ:dB54] I n particul ar

enbodi ments, the glial-specific pronoter region conprises, consists
essential |y o086] cORETECAAGEAGACCHERLAHDEI IHGAUTEGREFaACTHARG pr oot er

or the rat G':é‘@ @f&%@éAT@éCéM%@%@ébAHHWA%G@ onot er

[SEQ ID NG 1] [0056]  GICTGCAAGCA GECCT GHOOGCCCOCCAG
GGCCTCCTCTTCA ERIRHEH AP EFCCCCCTCAAA

TCGEEGT CEECACAGEICIRCTEGEAG ARG GISCCEICXYIE CRGCCTA CCCAGAAGCCCA

CTTGCTGIGT ANEETTETATTCAGCCTG
TCCCCACGAAAGEAIE A AL AT WM%%ACAGTGGGTGGC

AGGGGGGGAGAGGA CECACAAGT CCAAG
TGGGTGAGGGGAC#%%%?% AT T AT ACEREAGHAGAECAAGGACACAAA
(GO AMCATIICIGEACCTCT@AGRCCAGAGTGGAG

GCGCGTAGATGGACTHT
CTCCTAGT TG EAGT AEX TS S A Eah WEEEtEcAGeTCTCAGG
AGGTTCTTCCCATCTCT(%CTGATGT‘%I’%%%%A
T OCAGT GOCA AT SN AR R RR TP EAAGGACATCCATOO00AG
GTCECEAGTICAGGAAATAAA
' WG@CGCTGCAGGA
N ICCRTARRERCTTTGTGGAGCT

TGCCACATAGA

ATTmww&mm@&@%é&ﬁ%ééﬁ&c&mwwm
TATGAAATCAAAAAGT TGCGAAAGCAGGT CAGAGGT CATCTGGTACAGCCC

TTCCTTOCCTT TS AP FERA PP G AAGACARAE N CAORARG A TGOGACA
TGCCCAGCCT CRAGTTEBIOBTAAAGAGAGCTLEACT CAAGECTCrACIIRENATGAGGCCTAGT

T G perrcacc
MTTGTMGTATTWMWWTGCGTGGGT
TAGAGAOACSCSGTCEE!T@'M : G A mm@TGGTACAGCCC

T MO SO TCTCACAAT A ACOFCAGCCTCAACCTACT
mm%ﬁ%ﬁﬁt@%@%@é E%@%TGGGATTACAA
TCGCAT CCCAGGAGCGAGCAGAGCCA 0057] Rat nmot er [ SEQ | D NO
21 : GCATGAGCCACCCCACTCAG CTTT! CTTCC’ITTTT TTGATGCAT AT

AATTGTAAGTATTCATCATGGTCCAACCAACCCTTTCTTGACCCACCTTCC
TAGAGAGAGGGTCCTCTTGATTCAGCGGTCAGGGCCCCAGACCCATGGTC
TGGCTCCAGGTACCACCTGCCTCATGCAGGAGTTGGCGTGCCCAGGAAGC
TCTGCCTCTGGGCACAGTGACCTCAGTGGGGTGAGGGGAGCTCTCCCCAT
AGCTGGGCTGCGGCCCAACCCCACCCCCTCAGGCTATGCCAGGGGGTGTT
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[ 0058] CCTGCAGGGECCCACTAGTCTGTAAGCTGGAAGT CTGGCAGTGCT
GAGCTGGCCAACCCCCTCAGGACCTCCTCCTTGTGOCCACT GAATGACTCA
CCTTGGCATAGACATAATGGT CAGGGECGEECACACAGCCT GATTCCCGC
TGCACTCCAGGCCCCCTTCAATGCT TTCCGAGAAGT CCATTGAGCTGGGAG
CTTGTACTGCACCAAGGGCTGACATCCT GGCAGCCAGGGAT GAAAGCAGC
CCATGGGEGCTACCCT TGOCGTATGOCT CACT GGOGGCAGAGAACAAGGCT
CTATTCAGCAAATGCCCTOGAGT AGACACCAGAAGT CCAAGCATGGGCAG
AGGAAGGCAGGCGT TGEEGEECT GGAGGEGAGCAGAGCTGTCTGTTTTCCA
GAAGCCCAAGGGT ACAGAT GGCGCCT GGEGGEEGAACT GAGT GGAGGGGA

TAGAT GGGCCT GABATEFE AR ARG NN RIS ECEARCCAACTATTICATAAAGCCC

GAAGGT GGAGGT TRHIA! A AL SRAANAGCTCCTG
TATGAAAATT' CAAAGGAGGTAAGT CTCCT GAGAGAACGOGGGGCTCACA

AATGAAGCCACLCT; T JTCCTTCTOTC
AT JS2Ereroocsorcr

GGGGGT CCCAGGAGAGT GFAIAANUSCTGABCBCEEACRAMAUEESATAACTGAATGACTCA

GGCTCTTCAAGATEST, BAREECREASI ceTGaTTCcCcae

GOOGOAGOCCT GCT T ACAGEET CTAACAACT GRAGCLAGT LT ACCCAAC

CCAGCT GT GT GCAT e H i S SR EFET EHA T S FEFE PP ETEFSTESAGCTCGGAG
TCTGTCTCTCTGTGT & GIGUORCTAR GCECACACACRT (H@IAZ ¢ A G ATARRAAGCAGC
ACAAATGTTCAT .
T@GA@G@T%%%@%@%%W%&GMCM%@
GGATTTGCCAAT TABT B LA CHAAECRRCECFACTABF CAGTONFRECTCAB GCATGGGCAG
CACTGCAGT" TA@A@%@A@@@M&W@G’GGAGCE@A’G@F@@EHTTCCA

TCCAAACCA T I A TSI, LR oo

I f | ATGGACTAA
GACCCAT T TACCATRANTERHL LESACRBGAARAGCCAEICICCCACCAACGAT

GGT GTTCCCAGG%&@@@TE@%%@@I&@@[%E@GAGACCTGGTG

AGAAGAGITCTICT AGCT. CCCCCT
CTATTCAATmﬁ%%w&mfégﬁ@?@éﬁ&egGGGGGm%CA
GTCCCTCAATAAA@GBM@DMWA COACH Nl 'CA[’I@‘CEQT@EG'MBGCI

herein, " CoNSkitSc@sSaMca gJAteA%t:CA%GG%@pﬁtéﬁgrm a0

nmeans that the nucl el ¢ aci d sequence i nc es one or nore nuc eoti de

bases, i ncl udtAGOAEERTFAA4H COHFTRE THMACTICAHAAEHIAMT t he
sequence, but ATharATite ArdtidiTonslacuadsemidoteThesesTore@iacmiteri al |y

ffect the f diti
to cel -tipe“gggg.e ?@%iii@i@ii%ﬁgtéﬁﬁﬁé?é8%%%%??c' genes
is often desi @i gy ECHrs @ GAQA AT GA@ITiTul ar
pronmoters, GABGRCABBLETGGMAIAIBACTRhBAAVEEFASEERBETAIAY

capabl e of 01 99 ERAEAT PR AL LANSRRAE LSRRI AL,
Agi ng. (1998) TEPFAICTCTSTBIGHOGTEI TG O0BIA CAtrecGIEicaiGa TasTeh ol ecul e
al so cont ai nSAéAJQA’P'@f"l*dA’IY}Tg TR T AE ARITPISBURRE R A giTgK'ABE'A target

sequence is nucl el ¢ aci guence that 1's recogni ze and is
capabl e of bl%‘tWWQﬁTWT% EEGTALCAG I ARATI TRRCESTRECAA T Ul e
i ncor por at ed GEARTIMRCAATIBGUSTOACOLAGGAAGEN L ¢ RIAIe TELAHENCAG N t he

Contai i ng-t R AR TS AT dCREBREM A RN R i Ly
ulti mately refelAAMELAGHHITITERPTI BN TOTCEECCREGHLAETCGETITANARY

reduced t ranSd3@ﬁtdm:msd%d@ﬁTM‘éﬂﬁ@TAﬂéC%Tﬁ&%t@é@%cc’t@% An
m RNA t ar get segﬁence IS capa i.ndin nmeani nﬁ1 t hat

the target set %T?Ts‘\C&ﬁ%ééé‘?%&?ﬁ??&ﬁgﬁ%ﬁﬁﬂ%ﬁ@%ﬁﬁc
sequence and GESCTICEMBEANACYCTIGAETCERGEM.EEET dNCETdcragchirad to t he
m RNA, depending on the concentration, the cellular context, the
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enriched in normal glial cells conpared to glioma cells, and thus are
relatively down-regulated in gliorna cells in conparison to nornal
glial cells. For exanple, the mRNA level in a glial cell nmay be
about 2 tines or greater, about 3 tines or greater, about 4 tinmes or
greater, about 5 tines or greater, or about 10 times or greater, than
in agliom cell. [0064] The I evel of an mRNA in a glial cell or
glioma cell can be assessed using routine |aboratory nethods,
including RNA quantification techniques, such as RNA nicroarray

o onm cel T iy el L GO G RoghamobocleAbPret SrhBagtt |1 ¢y of

a given m RNAW&E@A@T@EG@G@MQQA@GWAHMGC@WCAGTaﬂAGW opri ate

m RNA t ar get ﬁégﬁﬁﬁ ng the
| evel of gn n?%%A@P%%?B et osec%gggg?EAg%%%%Fﬂ%%a ﬁ9§ﬁ3§§%2§gnp | e.
0065] Target ences for. m . syitable for in the
ot el ¢ acra AR o e R Pt Sones Fagub Bt Hormbes R NE i R 31
has-m R-127 omemwtﬂlﬂu@ﬂ:@ acid GQBEF idciudgsant éranskeaclenidoigsaypnt@ingeach

rai RNA tar get waegue@&ﬁanepmams esomh%f}ag%m& eqeﬁéeeﬁm thedtﬁafadagao @ COnsists
of the sequence of has-m R 31 hasm as shown

bel ow. [ 0067] "ygfstigpibpsesdo r{ogevyraaﬂy *ﬁ@t %MGWAW [ 0068]

Has-m R-127 [SEQ I D NO 4]: AGCCAAGCTCAGACGGATCCCA [0069] Has-m R- 143

[ SEQ 1D NG SIOOGM@TﬂﬁA@@@FWMF@f@N LD 13! cEaeshiompifidAptuds get

sequence W t higedib @ﬂeﬁldbﬁrﬁlé fodeafter ﬁérmpc&@ﬁxg@{o 0%%mﬁ?§)m'aﬁ% be the

sane or differ é% as anot her n%RNﬁ sequence. In a certaln enbodi nent,

each m RNA tan W@@ﬁﬁ@ﬁ@@”?%r S §EWEaﬁaﬁbéﬁmgéﬁﬁﬁmﬁ%mmﬁﬁ“ﬁ°

di f f erent enbetament eprescting np RANSprisangely 0.8BgfenRCRan frot@in@Sdither 4Nt

t ar get sequeng@mo&gA@mgkﬁbg dquQthgg the plurality contains
ence but

nore than one differen targe seq at least two target of

t he i ndi vi dua tar ces are t anme.  [.0071] The

nucl ei ¢ acid m?]'e]cRul ca"‘ g‘%g? “Eﬁal?ﬁpé?rftat"ﬂfa fmai‘fyw%h sequences.
The nunber pfﬁ%ﬁ#@idmémRNHRNRW%quﬂﬁﬁquema@bwmhmhﬁmﬁshe plurality
is a suffici e%oéﬂli&p@ ankl @ cBlabi® W firfiing AR Wi L PbER ! Audds £ XBHESST on of

a transgene within nornma
9 molecule incorporated ?ﬁ aRISC. Inclusion of an miRNA target sequence inthe 3°

UTR of a gene may resulf in recognition and binding by a RISC containing the -
miRNA that binds to the target sequence, and may ultimately result in reduced
expression of the gene, including reduced translation of the mRINA transcript of the

gene,

[0062] An miRNA target sequence is capable of binding an miRNA, meaning that
the target sequence is at least partly complementary to the miRNA sequence and has
the capacity to be recognized by and may bind to the miRNA, depending on the
concentration, the cellular context, the environmental conditions and the 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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glial cell while allowi ng for expression of the transgene within a
glioma cell. For exanple, the plurality of m RNA target sequences may
be 2 or nore, 3 or nore, 4 or nore, 5 or nore, 6 or nore, 7 or nore,
8 or nore, 9 or nore or 10 or nore individual m RNA target sequences.
In certain enbodi nents, the plurality of mi RNA target sequences
contains 3 target sequences, 6 target sequences or 9 target
sequences. [0072]1In particular enbodinents, the plurality of m RNA
target sequences contains one each of the target sequence for
has-m R- 31, has-m R-127 and has-m R143, or contains 3 target
sequences, al Prighep naeat gligl qeliygmparedde gliaselisgind fusargieirtively down-
has-m R- 127 ofeghast-ingli’mi 43ls inl compdris@ito ﬁdﬁﬁﬂ@}iﬂ%ﬂl@.syorbm;amw ality ?f
m RNA t ar get ne ntains.one each of the target se ce for
o B2, GRS o ERNLAADE o R PR Rl B iR SEEHRNCT o 0
of 6 target stgudiizesor gsater ghoniditines enecaten etrbesft 19 fimesohgreptar threiuence
for has-m R-3glich@sem R-127 and has-m R-143, repeated three tines for
a total of 9 target sequences. [0073]Wthout being limted to any
particul ar thagey, sl Lyeh oflnd SRTLAISLON RGN, LOSTIENA My

e nu farget seq

i ncrease as t nber o rg uences”I ncrease, suggesting that
t he nunber of ropiRIgRoEiaR gethods, ndadiperRIEhqusrideation jrcinifupyaiel® Ride | evel
of _tralnsgene m@%@@?eﬁgga mad&%@tsgéu@gmvlﬁgnoﬂmm&e@l la]&él@&abi lity off
a single necessar i ndj ng eve aki n ce. ., repression o
Carger nRNAS. ARC™ T S it oh B oRee B TE el B RS IAL or 1 al
action of diffoeilara rmoRiNAceiistioatiné Beapprepriagemd RICA danget 2049, and
present resul £33fs FShch Mdkniduls fBJ’ﬁs_eEﬁ? ARG Qe LOWRNAGRGRE mbhat
different m RNAs_can act cooperatively to reduce transgene

expr essi on. AMPHBEYADEMlviae Fxamieul of ni RNAanR_NA interaction pairs
are Inown in aninals, there are already instances in which different
m RNA speci es[M8%e Beaasi sfanenaes fareniRg thebaresuitdble foraneinthempaisacdBar t el
and Chen, 2004)lecufeGfici@XAERLS: sedubRed Tof NORIH-3 NhA-naRd 2} lhasim@ROd3.t hei r
target nRNAslin-28, lin-41 and hbl- 1 (Reinhart et al., 2000;

Abrahante et EhIOSG] Z%r'%mc!éi%%ﬁﬁsduﬂén’cs; ea?l?r%%é{[Ai%lgF?éqgeng% gohlgriseg,ooél) . The

sil enci ng conpl eXes ne er. mut ua ] anot her or.
cooper at i vel y°9rHtiesgetaly of orpeistephithecsequoree ¢ hepmifs? b hsriRd depides-
expressi on, ofnifDB sERGHBsIGE M ght be operative at the sanme tine
(Doench et al., 2003). These exanples, as with other biological

regul atory syRi6f®, HIRAIR-NQEER Y NOCHAREEEEANR dARIcONRETEEAS 1N gene
regul ation, would allow a cell to fine-tune the expression of an nRNA

Ofrs ot he. iR S BRI BEER EP  re
nacler ¢ aci 0 MOPdcorb-pic LRI S BERE TR Y e R ne gene

expression in_nornmal %Lgigal cells. [0074] The m RNA target sequences
may be separ alf%880lf r HasharRNA drasbseauppeegvithingiedturaisoni aRM¥A Wreehi n t he
nucleic aci d seghefees By befY saftX@ et ad another BIRNG, sedidncdl mAERiTNUC] eot | de
bases may be ins rtqd %g{%&gg eﬁch m RNA t ar get se%uen%edgthi n the
plurality of APRNAFaPHEt 3%5%@ EEneY BT SRS REEEABVE " e
glial - speci f i enpdiowst eeh iR Apirgat sdqhange ipd differRNArdebseguence. 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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sequences are operably linked to a coding sequence of a transgene.
[0076] A first nucleic acid sequence is operably Iinked with a second
nucl ei ¢ aci d sequence when the sequences are placed in a functional
rel ati onshi p. For exanple, a coding sequence is operably linked to a
pronoter if the pronoter activates the transcription of the coding
sequence. In a further exanple, a regulatory sequence such as an

m RNA target sequence is operably linked to a coding sequence if that
regul at ory sequence is capable of regulating the expression of the
codi ng sequence, including in cooperation with additional cis- or
trans-acting $ligheelpaile flgyingonpipresion oRhemasgeppimaligma ¢fle For

transcri pti one@fple g JurdRcdNNA Sreb@eikbatathydt 2 beagt, 3iom@ardor by t he
glial-specific rgrim)t er _and tgansl agi on of theetrr ns 91@%d£v§du£legm at ed
at least in pAPT 3 AHHRE BIeH AT ARG & S R%S R KRR Par gel Vs aqlances. This
arrangement refiteerzespressi breetdin entbhedimentss g elvelityof p@NAstagtfat are not

glial-deri yedseqm&eg Eonta}€ 3 fﬁi‘g@\l@q&&@i b koot s%&‘iéﬁc%§or©)f£%e?§§ﬁeﬁ&spf t he
transgene in normal glial cells, which have a relative enrichnent of

I
rel evant m R [0078].The transgen .b that is
desired to bgt%g;%r eg% ald“clglﬁr eﬁlrb%cru?l%?rsht%ecgﬁ%{ﬁyg %@%ﬁéﬁgﬁ%@ggﬁe@?ﬁdi agnosi s,
det ecti on, or canfams enpeph of tharzeisemyenge fre hayayiR S hwtieiRalay awhdsy-B8s| on

PL oguct havi lrlma,cciér!csﬂtﬁllﬁ!s thigRieheARS 311 3%&%?&@5&93{% Rf RAWER-30r pr o; ei {1
at is involved.in i oma_prevention of tre r ene produc
or protein th%‘“ﬂ%’%zfg‘”éﬁﬂﬂﬁ%ﬁﬁ gre?‘b%‘g"f‘eé’& ﬁ?}? ﬂ%‘?hq' gfol?'ﬁsél%%eg in
gl i oma pr eventaqences containg atervadhtof th hge¢seamg@m§asmi36udms-mﬁ%y1%enca
protein or a ﬂagaﬁm@s, %&%%&Jﬁﬁ%&@k@fafgmgaaeﬁt;@g&smmns LRpsgene
product direct ¥mtarge s the . .

e target sequence for has-miR-31, has-miR~127 and has-miR-143, repeated three

times for a total of 9 target sequences.

[6073] Without being limited o any particular theory, the level of repression seen
with the miRNA may increase as the number of target sequences increase, suggesting
that the number of miRNA target sites in an mRINA may influence the level of
transgene repression, possible due to an increased probability of a single necessary
binding event taking place. As well, repression of tarpet mRNAs has been shown to
be accomplished by the combinatorial action of different miRNA species (Bartel and
Chen, 2004), and present resulis as set out in the Example below suggest that different
miRNAs can act cooperatively to reduice transgene expression. Although only a
handful of miRNA:mRNA interaction pairs are known in animals, there are already
instances in which different miRNA species have been found to regulate the same
targets (Bartel and Chen, 2004), for example, the miRNAS lin-4 and let-7 and their
target mRNAs lin-14, lin-28, lin-41 and 7bl-1 ( Relnhart et al., 2000; Abrahante et al.,
2003; Lin et al., 2003; Sempere et al., 2004). The silencing complexes 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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expression of a particular gene required for tunour cell growh or
survival. [0080]In certain enbodi nents, the transgene product

i ncludes a therapeutic protein or peptide. The therapeutic protein or
pepti de may substitute a defective or m ssing gene product, protein,
or cell regulatory effect in the glioma cell, thereby enabling
killing of a glioma cell or prevention or treatnent of glioma cancer.
[ 0081] Ther apeutic proteins and peptides include gene products that

i nduce direct killing of the transfected or infected glioma cel

(i ncluding HSV-tk, cytotoxins, tunour suppressor proteins such as
p53, p51 or pPRNATREAtieRRY hefenghdly psedi R desaled Auclicaeidi ns (such
as IL-2, M4, mblkeulkZg enhirdk e chpiibdsioR)s tradsphle R BBdsS o i RbrBkIle@sl pr ot ei ns,
tunour suppreggor proteins, suicide proteins, apoptosis proteins,
anti-angi ogeni c proteins and anti bodi es (including functional

fragnents of &Blébog¥es .. The therapeutic protein may also be the
bacterial DT- %)]o ‘?f“i?["f@(f@ﬁﬂtis‘?‘l“"é"’eﬁé’iai’ pectgpasgteddiomisashipigt by adipker

t her apeuti c psegieedervithinaiewdesic dchindiadle.Fodtampled, 4,3, RrOLhdie i N t he p53
apopt osi s pat eyt RSABL AR REALELE, L e ED. SxRIgSsed 1N a
glioma cell may | nduce e cycle arrest or anﬁF05|s N the glioma
cel | . A p53 peltiRag Ry &reet seguegcepr ot ein | ocated in the p53 apoptosis
pathway that is involved in effecting or inducing apoptosis in a cell
and may be upE07damAsptatebabnegs the giv-gbcifrhBondter bdiiplpSidy ERORND et

pat hway. For I e a protein that

SARARL B oflfly AR RAT MY B8 Pl nd

activates p53, 'that regul ates p53 ac Ity or ession, that is

activated by or ,that is expressed as,a resul.t of p53 activation,
ond thar i) BB7I0 A PRbvde SBHEERTE oReuh hER rhe okt iy
activation. [B083FGhertheswpueacssiroplawf intafencipnkidelatiopghinp F8r qyemde, ks a

strategy to eichingteqhedtt iDdgerabl) Gri@h M pfonRier I TP LActittdd the PT ONTOL €
deat h of the cel 'S'béffg optosi s, based on the observations that

uncontrol | ed TPEHPHT {12 FHTEH: I 3 ehfr premplesa rpeulotory S8 ¢ | from
the | oss or nautledsimomiRNA tige sgidicgB agerabRémkadne N ding seqedncaif hd- t ype p53
function may f'ééﬁz&” t oL o} and
chenot her apy, . V\heorrlf %?%g‘%qsl %9%%%%%%@%%%g\#’?eﬁﬁgsnuogﬁgtcﬁrgg éﬁg%esi Sever al
viral vect or smHuAg iheaappratian tikaddiipnahss oxjermacies fagep.yor egmpledt udy
reported the mise, of bacul ovirus vectors carrying the p53 gene under
the control of the CW pronoter to kill Saos-2 tunour cells (Song et

al ., Exp Ml et (2001 %&riﬁaﬁh%%é-t)rhéﬁ@ﬁeﬁ@egmmed at least in part by the

glial-specific promoter and translation of the transgene is regulated at least in part by

miRNA binding to the miRNA target sequences. This arrangement reduces
expression of the transgene in cells that are not glial-derived, while the miRNA,
control reduces expression of the transgene in normal glial cells, which have a relative

enrichment of relevant miRNAs.

[0078] The transgene may be any transgene that is desired to be expressed ina
glioma cell, for example for diagnosis, detection, 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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[0084] In another particular enbodi nent, the therapeutic protein is
the DT-A protein. Under the control of a cell-type or tumour specific
pronoter, the.DT-A gene has been tested in cancer therapy
(Massuda, ,E. S., et al. Prue Nati Aced Sci USA (1997) 94:14701-6).
This bacterial protein is highly toxic when introduced into the
cytopl asm of eukaryotic cells and inhibits protein synthesis by
catal yzi ng ADP ribosyl ation of the di phtham de group of cellul ar

el ongation factor 2 and kills cells through an apoptosis pat hway
(Mchl, P. and Gress, T.M Curr Cancer Drug Targets (2004)

4: 689-702) . We%@]lp#ﬁpaﬁe#ﬁé?newﬁdéﬂnwwwﬁw fum‘rqlre t her apeuti ¢
protein is herpes sinplex virus thym dine kinase (HSVtk). The

t hym di ne ki nif8&0] c oimcentdirsentbhdimerts, the trangeoe producirienipdepaatiodrapbgiei r i nto a

conpound t hat, rbtgn Bxﬁ%gﬁfaetﬁe%l'a}uémc g g or %?Me%ﬁ? LRl o &e@aéme% ne

ki nase, followe anci cl ov IS a current net hod
enpl oyed i n i TPERREERY PEGADIFORER PY ceaea%*ﬁoryE@e@efhrﬁbc’%ww&é&cr| bed

nucl ei ¢ aci d exliaguliay eRMiahd el g dréventigh bradeatipi 6f fliofa RmEsOt er and
plurality of m RNA target sequences both operably linked to a coding

sequence f or [Bodf)anaQEAGE Hliche L AYBEIIGAY o hAtoB IANIRk L ecul ar

bi ol ogy and npl ecul ar cloning techniques known_ in the art

exanpl e, as dedesofhedransioederenlentid eligmatell Grobgg ISV SEOPERS: O oni ng: a
Labor at ory Mantadr supglesorgbteinsGadhds Sy p50gr fHay dpeptiosislirabaespt ory Pres s) .

[ 0087] The nuc]| ej oG fgﬂgﬁﬁ%ﬁ?gﬁcﬁ@ﬁp hﬂé‘?ﬁtﬁgaﬂd% AN expr essi on

vector for de |very i'n-an €xpression systemfor use
i n an appr oprangipgenesiginhibyer Rmﬁe%@m@ﬁﬁW@ﬁsowﬁe%WPr%%nscr| ption

froma glial @Bﬁé‘sisfptc@ear@r&ﬁ@ﬁg‘iﬁgemﬁﬁéteiﬂ?@mtieedlés iBchiti] fiticoraci d

ol astd DA TP craeier ot Padard B Ry o0 o B4R RIS A ner e 15

provi ded an exgtisssi on vector conprising the present nucleic acid
nol ecul e. As stated above, the expression vector may be a plasmd, a -
chronosome i rjobeaji n@ aadialiriehbaiivadnt, @b BRAPSOORoteiA inthiackestlr i al DNA, a

plastid DNA q%ﬁ&h ot indhe BS %g&%%ﬁ%ﬁ C?%g%ﬂwag 9 kaltu peertain
enbodi ment s, e exd¥e55|on Vedt vect or.
when expressed in a glioma cell may induce cell cycle arrest or apoptosas in the
glioma cell. A p53 pathway protein is a protein located int the p53 apoptosis pathway
that is involved in effecting or inducing apoptosis in a cell and may be upstream or
downstream of p53 in the p53 apoptosis pathway. For example, the p53 pathway
protein may be a protein that activates p53, that regulates p53 activity or expression,
. that is activated by p53 or that is expressed as a result of p53 activation, and that is

involved in the apoptosis response related to p53 activation.

[0083]  Over-expression of the wild type p53 gene isa strategy 1o either inhibit the
growth of tumour cells or promote death of the cells b.y.aipoptosis, based on the
observations that uncontrolled growth of many tumours results, at least in part, from
the loss or mutation 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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Bacul ovirus vectors are particularly suited for expression of a
transgene in neuronal cells, or in glial cells, particularly
astrocytes and cells derived fromastrocytes. [0090]Bacul ovirus

i nfection does not lead to expression of its own genes or viral
replication in mammalian cells (Carbonell et al., J Vint (1985) Cct;
56(1):153-60; Hofrmann et al., Proc Nall Acad Sat USA (1995) 92:
10099- 10103; Stanbridge et al., J Blaned Bi otechnot (2003)
2003(2):79-91). As a result, even though certain sequences of the
virus could function as pronoters or enhancer.of transcription, they
will be silenf®084) nifnefher astiousr yebodients the thapedisoeirds e Ddvppor ti ng

f act olr s and |g&sinl Uikel tye &o@té&affalculeﬂgﬁor&.ki@up@kdiﬁotpymt@,nm:iﬁ-A@énta}/ ﬁf a
manmal i an praonoter. inserted.into a - ovi rys or, ... 1. Q091] Thus,
in one parti 8hﬁ’f %ere “Eﬁ%dz‘afar‘%%eﬁfhf Ry aflslu‘faglly'ls‘veetg]g%’ro c%@ %C gg‘flod\{/"lg rus

Aut ogr apha ¢ allP¥7p¥nlide -G lhisibpdtesialpertdineis pighly beaid mbrer infuslugeAGRINRY) .
ACMNPV- based Nepiad S RS ofRIChMIHBHs f?oté?l?é%ﬁ@sﬁ% i‘&tﬁl%g@fmg ene
delivery vehi ¢l ei\?ﬁ r'fo 5) Boyce et al., Proc

C fmann et al ., 99 supr a; )
Nati Acad Scihog é %@%@Wﬁ%@%&%}lu@é}%@%@ﬁ%ﬂ2.a{ld Blvrells Nat 1
Acad. Sci. U.thiBughhn afopB8Opatvdy (MidifhIBand KiresEATOR.Cuet Capber DridTurgder

(2002) 6: 5-14; #4ahd Condreay, Trends Biotechnol (2002) 20:
173-180; Kos'g( q%ﬁiétg%%f, Nat Bi ot echnol. (2005) 23:567-75).

[ 0092] Bacul ovj es._are unable t roductively, replicate and express
Viral protei HQUSE i ReuGelE reboltmen i e ica iain  Gesees SRRt er
but not repl imsgymipiana?miﬁ.?ﬁﬁr).dkbthsmidmhlaisassi:cgmrfsiﬂteam-@byic pedugi ng t he
chance of preg‘aﬁﬁféhﬁﬁr!iﬁga%%bﬁﬂd@isQ&ﬁg%rc@ﬁs. ahd, &sﬂe%%h%f%ﬁw@' ty in

c ad e ACMNPV a

mammal s. Qther intrinsi vant ages that have ma NPV an
attractive optfesnicieve bywsiclqur Frap@ieyt i 8 cirsrt mehof aaalows IMHCEs opi sm
for both prolthet adidagh.and non-proliferating cells, the | ack of
obvi ous cytopathic effects, large cloning capacity and easy

Pr epar at ion qgoélfu} ghtid aﬁa@d’esdes?fibefe{ I cibReRid do@_@t&&lo%&ﬁ%tg as gﬁalggeleﬁc er tct or

or system c delivery, hacul oviruses are inactivated easi after
exposed to sé?%t%ﬁ?%qhg%@h%ém}f%f%ﬁﬁq“ﬁ?w fjoth qpgrARdy LFﬁ‘é‘fm@f@fg‘g) 5: 531-
536). The centq@hcefierwenigens ymbesyb GG ysing sotdecitngdtchiyr bidl@pdador ai n

bat her (BBB),.d i g I I i | nol ogi cal
factors incl u%?lﬁgﬁt%%?gé%ﬁﬁ%%ﬁﬂﬁt@ %g{rngﬂg)léﬁgbladr? %%jltr{%:rlu iffe, J

Neur osci Res TERYBYsetss (209 DayolecularCloning: alkabarateryiMagpaled” 6igetld f or
bacul ovi r us- neghgletbugeberaeKPressi on. Direct injection of bacul ovirus
vectors to the brain, using a thin needle and slow injection speed to

avoi d henorrhagsr Uskahbiic gdiafl_ﬁaecﬁ@&da?f;@iﬁgeﬁé&imls eV&hRsRh vidRRsoene
expr essi on |ndfghe organ (Sarkis et al., (200Q), s - Li et al., Mol

r ) upra; L
Ther. (2004) “FOveRT Fgtabifiyy ngn eéﬁ’“?ssﬁ&%“ﬁ’ﬁ%% o m’(aﬁe‘g@?’“’%ﬁ%ﬁé‘%4) .
Attracti vel y,syliechhten supmesragiriptibefonaa gilagipedifaaporsaterf Bur egpmipk) the

nucleic acid molecule may be included in a piasmid, chromosome, mitochondrial

DNA, plastid DNA, virus, or nucleic acid fragment.

" [0088]  Thus, there is provided an expression vector comprising the present
-nucleic acid molecule. As stated above, the 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 certainembodiments, 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 dérived from astrocytes.
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cells (Sarkis et al., (2000), supra). A previous study using

Cy3-1 abl ed bacul oviruses denonstrated that about 70% of
virus-infected cells in the striatumwere glial cells (Li et al.,
(2004), supra). Due to this factor in conbination with the pre-sent
nucl eic acid nol ecul e which incorporates a glial-specific pronoter
and rel evant m RNA target sequences that are down-regulated in glionma
cells-relative to normal glial cells, expression of the transgene
shoul d be predom' nantly limted to glionma cells, thereby m nim zing
pot enti al ﬂﬁ %ifects aon inportant functional healthy cells of the
central nervot®Ohy PP Pigtngdacsaetied i ¥eressien &1 e1ve Bexy Vg pr essi on
of exogenous redireeisn inBraathalineel (Cabohéins: led V4. (gésﬁpmm,saej 158-60eans t hat

EQECETEESSZL%@WE%%B? R Plept s OSEGooe ol Pl RS R AT et
sui tabl e expriédsy erd@elt B@r03) ?Wé@ll%ﬁ 1Y -5 arpsulhlcvapdeougiycegidil particul arly

a bacul ovi rU%eqaa@EMthe Visuls Rl KRB mgto%té}s%f elmrfaér%%‘anéd?ign&ﬂ a8l ng
technlques con ucted vector

e to.tes
to deliver th@(lj be&@?ﬂ?fﬂdﬂ%ﬂ&ﬂ%‘? éité‘ﬁi"éhetahseﬁ’e@fﬁ“@ﬁ’ﬁmé@zﬁo“a§¥ Fflarly, a
ski |l | ed per sdiehniclidflubree tob kedl-ty @ spreifieityif A eamineltah eromateiasetiéddatb ar  vi r al
vector influengesidhessel lular specificity of expression fromthe
present hybrid pronoter using routine testlng, for exanple, by

monitoring e sign of ar e usi varlosvecto
constructs |Ewc?ﬁffeﬁleﬁfn%1ep7rpﬁar%@° é‘%"]‘llﬁ%f]‘%%{?&‘f‘&au Japrus
bacul ovi ruseﬁu@wmhﬂlfommemhdnwcm%i@fewmz(edl\dblﬁﬁ) mmé’vﬁaseal

vectors for Rediahé @ik GaNe . hédRadarh b ne deﬁ'\% ;wa!mags (hbﬁa&?&a
Aut ogr apha Czta or nica are known C et al.

(2000) ProC BTG e S Sy f‘?&é%“g Sﬁ‘éﬁgﬁ (%&9@&31 71’36%236&%% ¢tan

readi | y constakRete. Bl Asudi LoDl £ Aba000) T i 4633- 43/ €bbsirlet dl. QVolTBE (2002)t h| S

invention. Thes PlaﬁzU% Qﬁdo&éremreftﬁ?lﬁ%gfm I%JO?% #3184 k3l andgLd

techni ques that_wl erson, "such”as’PCR and
mol ecul ar cl QWi FigetedHAYGIBS#dr  exanpl e, bacul ovirus can be readily
nodi fi ed using commercially avail abl e cl oning and expressi on systens

such as the BfO2o-BagTiimuBase whietamodaxiyele splie asyspesmvir@ bco BRL,

Li fe Technol ogids in hiSMatial QRORLLRE AN BleCoad Ghd HIRLEEM e il NCI Udi NG
when i ncor porat e mtgé&gsw abl e exp ressi on vectaor, are useful for

the expressi GHEBplag cfl Jeriae 1ilP”é ”gj’l“!g Brehepss|of preyfting guivisl e |

astrocytoma tumwalradelllardnmenity irssarenatsuOherieridsicngvatigges thetchate om gI i oma

or ast ! ocyt OB AARMEY £iblidaiive of RS/ LM Rivoh VRLiS: ihofucbh 3G o PT OV1 e
a nethod for expressing a transq eqn
for both proliferating and non-proliferating ceIls the lack of obvious cytopathic

effects, large cloning capacity and easy preparation of high titers of viruses.

[0093]  Used as a gene vector for systemic delivery, baculoviruses are inactivated
easily after exposed to serum complements (Hofmann et al., Gene Ther (1998) 5: 531-
536). The central nervous system (CNS), protected by blood-brain barrier (BBB), is
virtua11§ isolated from circulating immunological factors including complement
components (Carson and Sutcliffe, J Neurosci Res (1999) 55 1-8), serving as a
suitable organ for bécuiovirus—mediated gene expression. Direct injection of
baculovirus vectors to the brain, using a thin needle and slow inj ection speed to avoid
hemorrhage, usually gives satisfactory Ievels of transgene expression in the organ
(Barkis 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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glioma cell. [0098]A glioma cell is transfected with the nucleic acid
nol ecul e, for exanple an expression vector conprising the above
descri bed nucleic acid nolecule. [0099] The nethod of transfection

wi |l depend on the nature of the cell that is to be transfected, the
met hod of culturing or growing the cell that is to be transfected, as
wel | as the particular expression vector that is to be used.

[00100] The glioma cell may be any glioma cell, including an
astrocytoma, a neoplastic glial cell, a tunmourous gli al ceI:i The
glioma cell e an in vitro cell including an ex vivo ce

expl anted f roﬁ%ﬁég)sﬁlfﬁj“%"&( 2000). s Pravieps piadyersiee 13- pbledbagigyirassy |

[ 00101] St andadahohsuates fhecbivoToEviacsfedta@r cellstiais ftefi @bre Ofial BEREPAI | an
Cel l S WI L h nu&l Fe(cgﬁ)c.!'ug ﬂ£90%1$§ac?r1nco%3r¥\pé w&qhe rI]gsl(e)r} dl?%&? ;a‘QSf ect I on

with carrier cationic
| i pi ds and calelrein Prrddispaerates qahelr‘éBEFCé‘@mqufeb@nd mlwmml‘éttarggh

needl e-free I&Jq@ﬁ&ebﬁhatarﬁioﬁﬁ-tﬂgﬁlﬂt@f xﬁ'bh&ﬁh c@lﬁqaé’lﬁ/b fa%o%kgf;u@m

t he
,E ?g?}‘gf]e\é\?lez)ﬁ %%gefssgo)é%f i An(s?grc]ﬁnev %outlc? be predomma.nﬂy ?m;ted o ghoma cells, thereby

minimizing potential side effects on important functional healthy cells of the central
nervous system that could otherwise be elicited by expression of exogenous genes.
Predominantly limited to glioma cells means that the expression is substantially lower

in non-glioma cells, as described above.

[0094] A skilled person will be able to construct a suitable expression vector,
including a viral vector and particularly a baculovirus vector, using known molecular
biology and cloning techniques, and be able to test the ability of the constructéd
vector to deliver the nucleic acid molecule to a glioma cell. Similarly, a skilled
person will be able to determine whether a particular viral vector influences the
cellular specificify of expression from the present hybrid promoter using routine
testing, for example, by mpnitoriﬁg expression of a reporter gene using various véctorl

constructs in different cell types.

[0085] In particular, baculoviruses are well known and characterized and
baculoviral vectors for mammalian gene transfection, including the use of dutographa
Caléfomz‘ca are known (see for example, Sarkis, C. ef al. (2000) Proc Natl Acad Sci
97(26):14638-43). A skilled person can readily construct any suitable baculoviral
vector for use in this invention. The baculovirus may be so modified using standard
techniques that will be known to a skilled person, such as PCR and molecular cloning
techniques. For example, baculovirus can be readily modified using commercialiy
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 culture line derived from glioma or

astrocytoma fumour cells,
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achi eved by exposing the cell to a virus particle containing the
particular viral expression vector DNA under conditions which allow
for infection of the cell by the virus, for exanple, by addition of
live virus to culture nediumor contacting the live virus with the
outside of the cell. [00103] Foll ow ng transfection with the
expression vector, the transfected cell is grown under conditions

whi ch all ow for expression fromthe glial-specific pronoter,
including in the presence of any transcription factors or cel

si gnal s requi 9 for_transcription fromthe particular pronoter being
used. For ex af*@ g Thus ﬁ%‘e FrBratieproyided 3 melpg f‘)}ﬂe"ﬁ’f‘?ﬁf?ﬁtﬂ@?“s%%aﬂ % equi res
a viral proteglwoereln particular cellular protein not typically
expressed in glial cells, such a growh factor or protein should be

suPplied in t veog)r ow diofe el haitdRa wik B 85kehcliMolebfe, b aBgHRGE ed
cell, for exagB e enge encodlqﬁasuch a factor in

| e.by inclusjon of a )
t he expressi oh*bu OnLyYﬁ%OéFO%ﬁWBIFatl?f’e%sﬂ?”%’fl‘é‘? aqgiqmglecyises not require
such a factor, $00104]In anot her enbodi nent, there is provided a
met hod for trE989Ing The §rthesieh rangfsstion wiedppend omihe ety Sdhpredhthat istn a

subj ect. [ 001B&tansFecealthdethodf @iltsrinkOr £&iSE Be Ll tafis AR HARER.L &
I ncl.uding clinical results.

obt ai ni ng bengf,jci.al _ar desired results

Benefici al orWﬁ%ﬁﬁﬁgaggv?ﬁﬁ%ﬁ?mwggﬁﬁﬁgmgﬁﬁuﬁﬂtlude, but are not
limted to, a*hfviation or anelioration of one or nore synptons or
condi tions, di’ff¥lshnehhe eligmessltmade aw sipnreddnclulingp ssirosaioei of t he
st at edof f did_s emsplastipglay e} d tofouddus glﬁvt&llf'plii;gmbm@cfelldiaﬁm% vip§ &Mgnf i on of
spread of dis _ 0 of . di sease progression, .delay or
sl owi ng of di gggcgneg ag%s%%/o cg%%@afﬂgé %?? R e S |eé‘tg]|? € ]?mtaﬁ‘ébjeﬁf' sease
state, and re"%ﬁhon &yh§t$er artial or total). "Treat%g%f can al so
nean prolongiﬁg sar vi vEPaET rapsiaen ekods oy bingfettinm of angelivedls n t he
absence of t rwigitnvelic acid Fipleates g knoga andinslodamadkctiahiithichkting t he
progressi on ofe Sl aw e r i Qn. .Sease
tenmporarily, a?gﬁgﬁﬁﬁﬁﬁ%_%8%%£%%%§§P9%8gfsﬁﬁ$gﬁ§g%mggﬁfPng t he

progr essi on oﬁwiﬁﬁagﬁ§§§§§bb@#ﬁﬁﬁ@ﬁ?%VﬁﬂFQGTBB?Whéh#EPﬁ@@mPﬁEIudes
admi ni st eri ngustng nékedDpect t he above descri bed nucl eic acid nol ecul e,
for exanple inserted in an expression vector.

[00102] Where the expression vector is a viral vector, the transfection may be

=

achieved by exposing the cell to a virus particle containing the particular viral
expression vector DNA under conditions which allow for infection of the cell by the
virus, for example, by addition of live virus to culture medium or contacting the live

virus with the outside of the cell,

[00103] Following transfection with the expression vector, the transfected cell
is grown under conditions which allow for expression from the glial-specific
promoter, including in the presence of any transcription factors or cell signals
required for tra‘nscription' from the particular promoter being used. For example, if
the promoter is a hybrid promoter that requires a viral protein or a particular cellnlaf
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 nof require such a factor.
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[ 00107] The subject is any subject in need of such treatnent,
including a mammal , particularly a human subject. [00108] Met hods for
introducing the nucleic acid nolecule into mammalian cells in vivo
are known and nay be used to adm nister the nucleic acid nol eoul e of
the invention, such as an expression vector, to a subject for
treatment of glioma. A nucleic acid of the invention nmay be delivered
to cells in a subject using nmethods such as direct injection of DNA
receptor-nedi ated DNA upt ake, viral-nmediated transfection or

non-virat tra tion and lipid based .transfectjio al | of which may
i nvol ve the u et[@ﬁ exg?%né’ ot \9‘8’5‘?“6?@”&%”8‘@%8PF'B%&CP’?‘?@F%V%.& A delivery
appar at us ( e. gliomagwlicharg bgaresyocftoma, inyselfec.ng DNA into cells in vivo
may be used. Such an apparatus nmay be comrercially available (e.qg.,
fr om ]I?I ORi’;lld) ) [({0@&?]_09] TUreat@b? MREs t§ RErsdIGI a@;%rSacﬁfdr dbtilﬂh@?elééﬂl%ial or ) .
specifically Q. ali r..ast.r.ocyt cells in.a particular region o
the brain, t hzéeglﬁ%é- Sgl?sgm‘g%qmcf c?]a%[;ag%aaq?tg.?]s eﬁ%fc{af?ﬂﬁlflsgﬁ @m’éal\f?s}ﬂglcmbxpr essi on
vector, may fineludeelbut arp sat dimitel! thyall¢vislientr roeliorationodf gel an gostspnabsa i C

i croi nj ect i Ofbn@Sods JidkiROWMEn} 33 chib}® offtfiskase, Et%iliﬂ?f&ﬁ%@th@?t%t’e gﬂﬁsgase,t he
stereotactic frame b e will be fixed into the skull, and the brain
with the ster®&8f® *&“i"g Frlonmsriph digeaseypreventigp of sprearbd diserndelariogh

resol uti on NMRilovdsg efgisappiapdsiiat, delstopi@ahbd tisessmtd, WakiRratbhe | mages
wll be trans ] s i i i nat.e proepriate for the
stereotactic Jfm}ﬁ%a"frgr(\% g’%%ﬁ%ﬁ%@ﬁ ﬁirér%\'jﬂ%i@{j?v%%ﬁlgrfp a\%é@? %raﬂu\’l%?atf%ﬁﬁm The
nucl ei ¢ aci d HiSITesEuPralonsng spraivalghe pAtet baversl thay exppeicdrimiinebsenad 4fi ci ent t o

achi eve the desinfeao Tt lan 53 fne@X AT thePrdRf s o Bis@le, ﬂ&lﬁngtﬁ@nsgene ,
yl e may be

in the target lL.s. For exanpl he, nucl ei.c .aci d nol ec

adni ni st er ed ?rﬁg%‘asﬁgnn?f:é S?aé%%%%g)émﬁloglgﬁ‘@'ﬂ?’ée@ée&ﬁ%ltf”é")l@??g?l%%the

suf fici ent queiPEréssipreef thefdisepse reepamprdlt i ¢ product which functions to
alleviate, inprove, mtigate, aneliorate, stabilize, inhibit, prevent
i ncl udi ng pr elpetas] t he Thpmehd nfudesstiamiseingdeh ayictie Psegiession of , or

cure a gli 0Myucieic acid molecule, for example inserted in an expression vector.

[00107] The subject is any subject in need of such tfeatment, including a

mammal, particularly a human subject.

[00108] Methods for introducing the nucleic acid molecule into mammalian
cells in vivo are known and may be used to administer the nucleic acid moleéule of
the invention, such as an expression vector, to a subject for treatment of glioma. A
nucleic acid of the invention may be delivered to cells in a subject usihg methods such
as direct injection of DNA, receptor-mediated DNA. uptake, viral-mediated
transfection or non-viral transfection and lipid based transfection, all of which may
involve the use of expression vectors as described herein. A delivery apparatus (e.g., a
"gene gun") for injecting DNA into cells ir vivo may be used. Such an apparatus may
be commereially available (e.g., from BioRad).

[00109] To deliver 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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[00111] The effective anpbunt to be adm nistered to a patient can vary
dependi ng on nmany factors such as the pharmacodynam c properties of
the nucleic acid nolecule, the node of adm nistration, the age,
heal t h and wei ght of the subject, the nature and extent of the

di sorder or disease state, the frequency of the treatnent and the
type of concurrent treatnent, if any. [00112] One of skill in the art
can determ ne the appropriate anount based on the above factors. The
nucl ei ¢ acid nol ecul e may be adninistered initially in a suitable

anount t hat i dependi ng on _ the clinical
response of tnﬁ%llbpg?alggeyn#ﬁ $ % % gﬁﬁ'ﬂ?ﬁc}pr‘%}? 5*%??6"1"8‘? PP
nol ecul e can qﬁ%m’&%@tséﬁﬂh‘ieﬁ@@ﬁla@ﬁpﬁﬂ Grbrisipnad ruprditepengopdite bitke maxi mal

anount of t hestepdaekie feamd &dr thrddiol B Hloﬁof%@t%rﬁﬁ{' be admini stered safely.
[ 00113] When the nucleic acid nol ecul e conprises a viral expreSS| on

vector, the vpgisggnce r.us . be a fac in
det er m ni ng ;/[Reﬂgf foct) ?J\}gdgl%%oﬁ?&i&f%g%iﬁﬁaﬁg Swéet‘}r“é Py BPouRgA l’“’t“he

nucl ei ¢ aci d AdhisRyhedesiced regult, foeexapplen capressionefdhel towsgens $ thstapete

bacul ovi rus halks. Fitdcpld, Be H@lcﬁ:)ét:l@hﬁ?ébtﬁé Ené& HeanY‘d%Eth‘é&)i‘h% Stiesh@ 9€ doses
may be toler anto%gesnlélcg ver & e ‘ﬁg bacul ovi rus "adm ni st ered
shoul d be the nrni ma P\fssf T o) ﬁ%%‘gaﬂﬁ’épﬂ‘g%li’r?‘g’ﬂt‘?@‘é‘ul t. In
vari ous emo@%%éoallaﬂ%mrm, ngitieatet anteliQSte, p{aaqmemm&f Rie@t UNi t s
("pfu") of bagldeyirfebst BSspEle mhistered to a human
patient. In ot herggnbodl ment s&rdg%gﬂtdg%{) Flﬂt}oé“%% 0{855'3%1{ R about 106

to about 109 jpdqy aboms, L0210 about a?’, about 105 to about
106 pfu nmay be adhi ni st er e V?arlflogqgciubng %‘fgf”pmeﬂtcaﬂvm
depending on many factors such as the pharmacodynamm properties of the nucleic

acid molecule, the mode of administration, the age, health and weight of the subject,
the nature and extent of the disorder or disease state, the frequency of the treatment
and the type of concurrent treatment, if any.

[00112] One of slill in the art can determine the appropriate amount based on
the above factors. The nucleic acid molecule méy be administered initially in a
suitable amount that may be adjusted as required, depending on the clinical response
of the patient. The effective amount of nucleic acid molecule can be determined
empirically and depends on the maximal amount of the nucleic acid molecule that can

be administered safely.

[00113] When the nucleic acid molecule comprises a viral expression vector,
the virulence and titre of the virus will be a factor in determining the effective

amount.

[00114] Particularly, when the nucleic acid molecule is in the form of a
baculovirus, since baculovirus has kittle 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, a;bogt 10% to about 10° pfu,
about 10° to about 10° pfu, about 10° to about 107 pfi, or about 10° to about 10° pfu

'may be administered in a single dose.
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[ 00115] Ef fective amounts of bacul ovirus can be given repeatedly,
dependi ng upon the effect of the initial treatnment reginen.

Adm ni strations are typically given periodically, while nonitoring
any response. It will .be recognized by a skilled person that |ower or
hi gher dosages than those indicated above may be given, accdrding to
the adm nistration schedul es and .routes sel ected. [00116] The nucleic
acid nolecule may be adm nistered as a sole therapy or nay be

adm ni stered in conbination with other therapies, including

chermt‘herapy, ati t.herapy or ofher genetic treatnments. For
exanpl.e, the & @gie §§T°BVW°E%TJ‘P é’a‘i‘fﬁy’“ﬁé 6 &P ereairily denchding pri or

to or follow upg,p @mf@ptcoathe indiixveaimentfregingpr A d@inigirdticinsaerty@dallpgivear t o,
I f
concurrently ﬂéﬁ(gdlﬂ:aw wfm'%l nll%rﬂlg a.ltle?r I&?h ﬂt‘m %lacr@co ze@gm {H’lﬂ%& e%oh on o

radi ot herapy or_ conventi o erapeut i

enbodi ment ,  tFREIONERIr Bigker despags than esa ndicgiedribeye nmﬂh@ mveg{aewecblnatm

conbi nati on Vihe ddminiratidh seBRE eRbitakedcashi on with, an oncol ytic virus
that induces lysis of a cell that beconmes infected with the oncolytic

virus. [Q011TbeHiep br ensnbly o SPRAGARLAY BrlyRhRuiags, Ol dligy YA | OUS

nucl ei ¢ acid nol ecul e constructs erein 1or ex essing
transgene i n %Y iHRstereig CqEinatiereitofgr herapieRdrrtiding cgmetipret Al so
cont enpl at ed rafisionbaspyak ohérgensns treatifnts UGk @daﬁpl&,&heﬁ'mﬂﬂl: amﬁlﬁecmenst ructs

described her e Ildg{lmf%gdoirg%_?u&% orfolg‘w&rgeqr%g Igrrlla \L frar?t%lgrﬁl 0

glioma in a subject ransgeni c on human
ani mal s conprF B tRemsrysathor WUW@@ﬂaﬁ'@m’fdﬂq&m wlpifligraiion o€ x pr essi on

vector are alr&iﬁbﬂ&&pﬁwﬁ@ﬁtﬁﬂﬂcﬁ&@%@ﬂe{[&c@dgﬁl TnRnSGHFbAmadal i on, the
nucl ei ¢ aC|d e or %n@re Sion yector. % ttg formil ated as an
2l atlgrht

i ngredient i ae“fo nﬁ%ccglﬁf BB EPERR FipvERtrHhs may
routinely corf%ShleWﬂham radiptinvircathityndaecipt ebkd] o heentsigtddndthol sal t,
buffering agemtseolteS@r vati ves and various conpatible carriers or
diluents. For all forns of delivery, the nucl eic acid nol ecul e or

express i on V%@d.ﬁl}] mayA}gg pres%ntpucoﬁgmﬁated are us ¥ t?ula '\Qalrig In%&elc acac'f t solution.
molecule constructs described herein for expressing transgene in a glioma, and for
treating a glioma in a subject. Also coniemplated are uses of the various nucleic acid
molecule constructs describeci herein for preparation of 2 medicament for treating a

glioma in a subject.

[00118] Transgenic cells and transgenic non-human animals comprising the

present nucleic acid molecule or expression vector are also contemplated,

[00119] To aid in adm_ipistration, the nucleic acid molecule or expression
vector may be formulated as an ingredient in a pharmaceutical composition. The
composmons may routinely contain pharmaceutically acceptable concentrations of
salt, buffermg agents, preservatives and vanous compatible carriers or diluents. For
all forms of delivery, 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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[ 00120] The proportion and identity of the pharnmaceutically acceptable
diluent is determ ned by chosen route of adm nistration,
conpatibility with a nucleic acid nolecule, conpatibility with a live
virus when appropriate, and standard pharnaceutical practice.
General ly, the pharmaceutical conposition will be formulated with
conmponents that will not significantly inpair the biological
properties of the nucleic acid, particularly when it is a bacul ovirus
expression vector. Suitable vehicles and diluents are descri bed, for

exanple, in . S_Phar naceuti cal nces ton's

Phar maceut i CEF c%gh”cthécsomp%gtg%ﬁmhfl%ﬁ‘?ﬁ a@fg' Byhe %ﬁl%h Pa.

1985) . [ 0012 FreBertieptdt the suctsic atieanticdirlyivdiemitis d bxmlloanu b:@rel&ﬁgn xiaaorpr e par ed
n a physi ol egitbRlifosubd #hki dudeldibed, MR M AR0,GONI L Ons Of

st orage and l#,% t hese preparations_contarn preservative to prevent
the growth of FRFBERGETRemisgon’s Pharmagpufisal chs,d\é@{( Pydishingor degr ade
t he nucl ei ¢ &bmgdangpiaston Pe, Uk @ef)son skilled in the art would know how
to prepare suitable fornulations. Conventional procedures and

i ngredi ents figri2ihe Sﬁh@féﬁslo@ﬂleﬁnm&&aﬁﬁ%feahm bepregzh'édtz@Q' e
formul ati ons re de eni n

Scrib for _exa
Phar maceut i c&f¥588 lg@ﬁl@é%‘taglﬁh“ffeﬁ e %Q’E’Yéﬁn@f‘ﬁﬁ dstopazardaiodeta: The
Nat i onal For mebastion{ doSHin 2 dreddFithe t@prhlentaﬁmmmofhﬂé?&rgabﬁﬁa, 2dhrkhe forns

of the phar NRGELH: 1n§tﬁ%vatg8'rﬁpé?§fegl gﬁ]cle?é%c}d%l? e%ug O}{ %érsrcl)ii qgﬁe% V\%itg g? e include

steril e aqueous _solutions or dispersion an for the
ext enpor aneo FOUIA Fayhiontte EfPPat?fsu@P]é fqreedations. é@ﬂ@bﬁ@alsjmcme@ﬂrsl or

di sper si ons; inghdies fbr ﬂihﬁle&tﬁihm@ﬂr@éiah&l AefshIRimexbRAM de@uiay |ive

virus that cleic.acid nol ecul e is to be

adni ni st er etrzlr%f e ?glglél OIfsrrwl %u?‘?ggct’enﬁeéa@t"éﬁ*’l%“%&%@ﬁ%st be 1 uid
to the exten?hW@Pp%@}ﬁl@Wﬂa}@a@MﬂA}SP@%H\EI%pub[h@lﬁdmpmts and
comer ci al packages containing the nucleic acid nol ecul e constructs

described hef@@2] i nclhadirngofaie peatma@ﬁ&hmﬂmm&mmtab&%ﬂihﬁa@ab&nd
commer ci al  packQAaRs ¢GRI Sgﬂ egpf%g@ﬁea%ktg%egow r’% si,tion as

descri bed herein, are conte cial package
will also coffieHmqraneoss R’WY‘%“?T@@’&FEFFWOI%@S of digpereionsnwheitette nucl ei ¢

aci d nol ecul ennsterfib adesRe &ithil Gahy BRABEShd: e onbMe ﬂ@ﬁﬁémé fiq use to
treat a gl I O%l’ecu?t’! thit% to I% aerlin%lss%reg gmaélltcgsgé grrr]nemuspbe stegle an musgc:gel x

fluid to the extent that easy syringability exists.

[00123] Kits and commercial packages containing the nucleic acid molecule
constructs deseribed hereip, including an expression vectot, or kits and commercial
packages containing a pharmaceutical composition as described herein, are
contemplated. Such a kit or commercial package will also contain instructions
regarding use of the included nucleic acid molecule or pharmaceutical composition,

for example, use to treat a glioma, or for expréssing & transgene in a glioma cell.

[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 ypothesis that the use of a tissue-specific promoter could .

increase {ransgene expression preferentially to a specific type of tissues or cells while
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[ 00124] The present nucl eic acid nol ecul es, expression vectors,

met hods and uses are further exenplified by way of the follow ng
non-limted exanple. [00125] EXAMPLE 1 [00126] To test the hypothesis
thatthe use of a tissue-specific pronoter could . increase transgene
expression preferentially to a specific type of tissues or cells
while: the additional use of m RNA regul ation woul d provi de anot her

| ayer of control to differentiate transgene expression between tunour
and normal cells of the same |ineage, a bacul oviral vector was

constructed for gl.io sui ci ge ne expressjion _in the brajn.
[00127] The ba@%i‘dg%‘f’?"gi%e 8%%‘?‘5?‘ fFﬁgﬁBW"é‘%é’FP‘%’ﬁ5‘}°H'§fe1?Yéa°fg?ﬂffa1 ©Ofiprillary
aci di ¢ pr ot ei ifffr@RAPrangenecxpreivd bewesh Gt ané nembletidef fenmeexpr essi on

ncells of Ok, bl thhd: 2. RALAG LAURGH QR L LIRRESART NeUrOns

and other types of cells in the brain and 1 n othef organs in case of

| ocal or syst®#¥&™ eakage of intratumourally injected vectors.

[00128]In the current study, the GFAP pronoter was used to target the
[60127] The baculoviral vector harbours an engineered glial fibrillary acidic

protein (GFAP) gene promoter to drive suicide gene expression in cells of glial origin
while sparing functionally important neurons and other types of cells in the brain and
in other organs in case of local or systemic leakage of intratuuioura]ly injected

vectors.

[00128] In the current study, the GFAP promoter was used to target the
expression of the HSV#k gene to cells of glial origin, thus avoiding any unintended
deleterious effects on non-glial.cells, either within or outside the central nervous
system (CINS). However, the GFAP proﬁoter, like many other tissue-specific
promotes, has an expression profile that does not differ significantly between normal
and tumour cells of the same lineage and HSVik suicide gene expression folfoweci by
GCV freatment is toxic to normal astrocytes (Maron et al., 1997; Cowsill et al., 2000),
necessitating the use of other control mechanisms to protect normal giial cells, which
are abundant in ﬂ_le CNS and play a crucial role in supporting the survival and

physiological functions of neurons.

[00129] Thus, the expression cassette of the vector also contains the target
sequences of three miRNAs that are enriched in glial cells but down-regulated in
glioma cells, in order to largely avoid side effects of the vectors that leak out of the
tumour on nearby normal glial cells without interfering with suicide gene expression

in tumour celis.

[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 i 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 ransgene expression.

[00131] This Example set out below demonstrates that this dual control using
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expression of the HSVtk gene to cells of glial origin, thus avoiding
any uni ntended del eterious effects on non-glial cells, either within
or outside the central nervous system (CNS). However, the GFAP
pronoter, |ike many other tissue-specific pronotes, has an exPression
profile that does not differ significantly between normal "and tunour
cells of the sane |ineage and HSVtk suicide gene expression foll owed
by GCV treatnment is toxic to normal astrocytes (Maron et al., 1997,
Cowsill et al., 2000), necessitating the use of other control
mechani sms to QL | S i, ch. ar.e abundant in the
O and play. Soer bR AP ikl B ol PP R o

physi ol ogi cal MPiERTaEeneexprsasipndmibe bipig0129] Thus, the expression
cassette of the vector also contains the target sequences of three

m RNAs that ai0§18iri chdaeriais gldiMdthodel | s but down-regul ated in gliom
cells, in order to largely avoid side effects of the vectors that

! e?k out. of t_[w13_3]”PU!’Ceﬂ_@nlﬂﬁé’srmc&ﬁ\éﬁilﬂ;ﬁlad'ig!ﬂﬁs"%%udﬁ%érls@8’?’}11—%4%8?b0130] H

interfering i, Ci X iop in tumour cells. e

[rterering Wi SHLSS B90S BALERS Sl Rl Uit =118 [0

fibrillary achuing hpratagionyi¢EGNAR) ang@meanpmbnroiiestenadi-diied ivpaat ed

target Sequenﬁ@?ﬁc@fagt&rﬁ'{f & 1i1ls %@%sdﬁ&ﬁﬁﬁf&i@mﬁ?é& Gl dofl gl al cells
ed el I's result

but domm-regu%a |né?lloblastona C I'n Sjgnlffcantly

i nproved in vIVGCEEBEEH: VIEG UGR. WIHB 33 AjéhendsGit celisveshmaintised

i ncor por at i onin@fulbaicRMAcBELEaglks BBdiinA IMEM] shflsehiePiitonsd riar get i ng
vector adds ag),.6X §§1.§ urit, revent of f-target
transgene exprgss%%%? ég§ %ﬁﬁ%mg%gﬁ%FgﬂE%?mﬁhbiﬁﬁﬁgw denonstr at es
that this dual™RRCEEITSiSHCOpRYEISE prd HVIARS var glttiedy and ni RNA
regul ation resdiobiesh 1i-1s B hikCemtnotiRiehi R of meNs ahget of F ansgene
expr essi on in&EEen%é?iQ 8&2%132!Nhterl Is_&nﬁ,thhods %qpls3]Cel

cul ture: Human "¢BTCE 4 SEeRtogyER lﬁ’t‘]@‘mﬁ}@ 1gd ingpaton yith 1PER8 gir.

U87-luc cells that stably express luciferase were established as described before

(Wang et al. 2006). Normal human astrocytes (NHA) from Clonetics Primary Cell

Systems (Lonza, Basel, Switzerland) were cultured in special Astrocyte Basal

Medium (ABM) supplemented with the AGM SingleQuots (Lonza) supplemented

with 10 pg/ml human epidermal growth factor, 10 mg/ml insulin, 25 pg/ml

progesterone, 50 mg/ml transferrin, 50 mg/ml éentamicin, 50 pg/ml amphotericin, and
10% FBS. These primary astrocyte cultures were established from normal human.
brain tissue and are cryopreserved after secondary or tertiary passage. Human
embryonic stem-derived neurons were generated based on a protocol deseribed By
Reubinoff et al (Reubinoif et al. 2001). '

[00134] miRNA expression analysis: For miRNA analysis, small RNA was
isolated from glioblastoma cel! lines and normal human astrocytes using PureLink
miRNA Isolation Kit (Invitrogen) in accordance with ﬁlanufacturer’s instruction.
Small RNA samples were quantified spectrophotometrically and their purity was
determined using RNA 6000 NanoChip on the Agilent 2100 Bioanalyzer (Agilent
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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U118, U138, U251, Al 72, CCF, SW783, and SWL088 gl i obl astoma cel |
|l i nes, normal human astrocytes (NHA) and human enbryonic stem
cell-derived neurons. Al glioblastoma cell |ines were obtained from
Anerican Type Culture Collection (ATCC). U887, H4, T980, U118, U138,
U251, Al172, and CCF cells were maintained in Dul becco's nodified
Eagl e's nmedi um (DVMEM supplenented with 10% fetal bovine. serum
(PBS), 2 mML-glutamne, 100 IJ/ml penicillin, 0.1 ng/m streptonycin
at 37C, 5% CO2 and S\/\1783 and 5WL088 were cultured in Leibovitz's
L- 15 rredlumvmt serum (109 2. MM L-glutamne, 100 Umn
penicillin, ?53 1:7“?‘]rllcm ]frgbef:)foérﬁiﬂ?‘?dﬁ‘glt%hu&‘ WMSPP&H%?%SS%E 8O t h
100% ai r. 7121]351!!8% elbth wag ddeptedge ainipyrawrns%slavblut‘mﬂféﬂ&ﬁﬁgﬁm}aﬂoma
establ i shed a&llgém bR Hehehe (é)%@%gﬂcﬁﬁxgglq )mce- Ay NUTAN

ri

astrocytes (NHA) from Cl onetics onza, Basel,
Swit zer | and) WEFEMeGIlegior By ﬁ#erglﬁh(éﬁhwhw&w%% Aelislingn ( ABM)
Suppl enent ed Sysieh (InhieoAGVbifklaG] E@ﬁ%ﬁn&h@@&bﬂ&ﬂﬁﬁ@mﬂﬁ@d{m th 10

|0/ huren S S sl BT, Lo At A5t 9
anphot eri ci n, tagrfcag9seABEce fqﬁesealliﬁﬁ‘fﬁnamyﬁlasme@ﬁw&rdmlsmmwtwer e

efsz abl i sheddf mmmsmﬂ AIBMPTBG3 cdphuftl rBhg ﬁh&%&%%% Fr AR EARET Veg
after secon r uman_enbryoni ¢_stem derive
neur ons wer ea@éﬂﬁf 3@%%&8%5“‘&”8@6?&PE36¥%F9 IyEHdissd orEB nof £ et
al ( Reubi nof f ongtiplizhte arROOM) eac Hioha <] InindWAer tEX PItAIST biratiohod yituse: For
T RNA anal s sraisafids B RRLLShALES A A Sl BLAShaDpel | |1 nes

and nonnal human astrocytes usin |on Ki t
(I nvitrogen) R 1?&6%@?%*{%&9@%&? Het?ﬁét?m@aéﬁqa?@my@d&a@pm&merfewed Smal | RNA

sanpl es wer e fuaiiisf Tredempeat éap hetoenBErid AbdryphoRe ad Jadiak spBMﬂd t y was

Caar 1 ont - TecnaPai ooBRRt R AR Ol e R B R e 77 R
M croarray Vefelrin OQShQIF hxpritiped drage)s. Mhitepmeditefand thifighwashingsteph put

anal ysi s. Thewas ﬁe?f;‘dmﬁ@ﬁb&be%hﬁwﬂfed ol %%E!anﬂﬁé’@@sl§&%’!@@ﬁe@§{ dosy al |
t abase, Release 9.0

mat ure m RNAs_ca d.n

(Giffiths- Josﬁaénéler lg?u? Eﬁvdﬁg&%??rﬁ{c’&gugﬁwg%gﬁt e an YP&Ys sli des.
There are 558 4lpfaplupd fresnpmd AesaFbors(es sinds repetivelpitan m RNAs on t he
array. A dualugediftisns hak rfo‘ﬁged%i/tﬁé ﬁﬁ@rc‘%ﬁg_\/ @qué)#%gopgl% S%%%ﬁ%ﬁxﬁu s

expression |eye % %QPG& | ast oma ce evel's. Smal |
RNA (500 ng) %9 P?/@r”ém%@‘a §Y9r§56@6 sxflemHBiamisreaipteds 821 i gat i on
mx after poIIyek(@i)}L Uh) withg//aI9] Niieer hybtidizNGa dembtRNA Label i ng Syst em
(I'nvitrogen). Simlarly, but independently, equival ent anount of

smal | RNA frqm)gisl Omlr@@lbl{y dhth %ssacm@ﬂ’e@ush@%ﬁ‘éﬁiﬂotdb D 0%9{115}
ligation m Xx. atl n ure sequence he snal |

Devme %%1%? 1sua m Xg S %E? apt © ization
RNA, providing sp Yf&‘i Y1%EPE PRD: WS Atefs oAy prifiza %imtdher
Al exaFl uor 3 cegytally ediistisg@iitto dign Alowxafk sandbd d@pinsee. Tieaganht t 0 t he

hybri di zed R (GEASESUx AL GhbBR: %ﬁf@@h@g@ﬁfsﬁeo pybridised

over ni ght on%ﬁnlplcate arrays for e I'ne. After this
initial hybriPEsEReH0d Cys %ﬂlf"éf“&‘erﬂa@%&lﬂa@d}@:’ﬁ Spehepntained

Al exaFl uor 5f Imtbeit;edhﬁwmqgﬁwmm aﬁ&ﬂgtﬁ&g@&@ﬁwymdl Lell egl to Sa?h
m croarray r.idi zat erformed for
4 hours. Theq{ijt ‘l%ﬁ%gr‘g&e ﬁ%oumgﬁ%g‘}ﬁ?exa Igigpte Tpo 8t %V\ﬁgﬂdggm as wel |

as specific %Gmétwelé@ vt te reintvarage tydiendpring fgdotdhinads Using t he .
hybri di zed mr&ﬁﬁzﬁ&%pﬁbds@%ﬁﬁ@@mﬁlg btqlemmlzaamgs da%%&edfdﬁlgd

targets. i nterme re perforned

i nal washin
as r ecom‘rendeeﬁleh 5?05 F"B?REH%PSW %OEECH oL Yae f%rleﬁc&égdeo’ﬁ"%ﬁéﬁnﬁe Lae0oB
scanner (Mol éelaivap thBell we sseCosipal Ber-kiia norbiagonarae doned, thd48R) at 532

A ot ol ol RE AL Uan GO b SR 3108 L EXBFURER bS] I72!

respecti vel Yy | za S vvere croarray
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conmbi nation of glionblastomcell line vs. NHA were grouped and
averaged to represent a condition, generating ten conditions having
intensity ratios calculated as glioma (red) signal vs. NHA (green)
signal. To 'obtain reliable data only for m RNA probes that are
consi dered present, each data file under consideration was filtered
on 'Flag filter' to exclude absent probe spots. To identify
differentially expressed - mRNAs in glionblastomcell lines, a

fol d-change cut-off of 2X, (intensity ratio is <0.5 or >2), was used

o Val e <o, 02y RARB] Y plnhim g Vo B G BN v
performed baswereon aaondépmrg@rechﬁpgm @odition§ Biving &redsifgiritang]cu2O0B) Wit h
slight nodi fl@@ﬁh@ﬁgm a@@@M%%ﬁ%n5189data$gel ab Hatwﬁf@ k@bl ast oma

cell lines (1787, rea nvi trogen,
Si ngapor e) arfiote; @%tta?c?"’i‘/ﬁdf"ﬁd Wamta@&‘é@?%ﬁ@m%@o{l Rapiliersy on
| ndi vi dual |y, ‘FIaQﬁltdﬂ‘dAS}&}uﬁdS gadnegtoieGhad. TRiﬁéqtlﬁddlﬂf@&atlmgx@@geﬁadenyl at ed

wi th ATP by pg SEe..Usi P ( 0 Anbi on)
according to t rﬁ?? lﬂé/Iggtjormecreﬁ}smels’nas ‘rjl'ulg ge T Ofgr%g#y('“u “E{-}’Irﬁé’ésd t ot al
RNA was puri f?oéd”ﬁ%)r Yie§ uradand it stiingkiicy fift@ifagetiTjicaliggnfpaan (tagapt ed
prot ocol . Brlﬁfubyooiﬁ&%ﬁmg@nol was added to the m xture of

pol yadenyl ated RNA and lysis buffer to a f| nal ethanol concentration

of 70% v/v \A/f[[tﬁmaf.| I o?ygagugg?cﬁgpmg ﬂﬁkw 0t]t,]rgeedbasrrgomm Jraction to

t he col um. urif was rever sert ranscrl bed

with 200 U s@i@?@k@hlpﬁtndﬁbma:e a%@skglﬁms@ﬁqamnagemtmmzm) and
0. 5ug poly (Eon&ﬂ:a@glﬁbla{t&na deB ikl (ETH4, OB bAOROfsire APl rary DNA

ends ( RACE) Fj.rst Ki i on]
according t oa@ﬁ%%g ?ga%cfre f edrvegtegg@{'g@%éa Pg‘@% g%ﬁ‘e((‘%'ﬁ{’/‘f”i)r ogen). The
forward pri ngpditignally, ggMNAsptreaRORta RNAYS g wasmdésylgnedithstiig on

entire known Bty ezyﬂbx%él/ﬂs Jﬂ?ﬁmg&cﬁtg 2 bdcGBRk 1odhe A S at the 3
end i nprove a%ﬂfg |cat|on S e%lhﬁlgmt n_excep t|on was_rnade for

hsa- mi R- 143 i Eerugg lated Poighibig wer P&{Iﬁqdﬁén%RN@Wd due to
conpl enent ar |M1;u KeiQveen utilprnfaiapst pancbll Faefly, 40l0asiesclofas ddiel torak ur e

m RNA sequen Br ncdniiafon 51 €€ 9€ene
for PCR quan?‘?’f“ﬁ‘gﬁf. R R SEED e Bk Bl LB TS

foll ow hsa- MPRY: 1w%®a11°@é@mwe@m%@mwmmmm@ 6],
hsa-m R-127 (pbtified P34 HHEIAGHS HEIMA&);{MEE@&&&J@M Lo it

T LR R G a1

used was a 3'°f gaRjprantary W@d%@ﬁcﬁ@@@t%mt@ﬁupﬁhww@ RIM-RAEE kit;

Fi r st Choi ce( r@mbloﬁmm&@ometammmgggf@ca@orme HGQRY THUIMDEr , A
st andard cur e w &ra ﬁ a s* FFIC m R-26a RNA

ol i gonucl eot | ew?f BASE tug? %gﬁ’g'?’ E?é@i‘ dop iredBe cel |
contains 30 m@m@fmrﬁﬁt\aﬁbqummmddmmé%fsaﬁh%eﬁﬂmﬁmﬁﬁpnﬁ@ﬁdni on were
converted tosﬁéaﬁabuhﬁe&%xnﬁégmﬁéf ﬁsﬁ%ﬁR@ gﬁrﬂexswlﬁ%{h\ﬁﬁag}l (Bp“ mers

used were synt hes(:b%ed by S apor e i opolis
Wy, Si ngapor8)eaepptititey e"&ﬁf“?‘ﬁi"%‘%ﬂ ?‘??HT%§B%@PFIEIﬁFFé@dé@W AH to the
prot ocol for tiEwenst eBNRFeRER MISREA Wi selediar asFﬁléﬁdwal I%Eehmg&@tfblon

lied Bi 6000
ngble?t L: ?Z’}Zﬁ% ?@%ﬂe 5e%%§eb1%§ceo unersD used rrsr?ciq%%gisa-@ lf(ge n?.O mm

fol l owed by %% Céﬁ%ﬁqurﬁm@mwo@] HH®R-6UCf or 1 min).
A|:treaCtIOHSJCMAQIOU@MOEEAUOWCIggﬁ%%A : 1%9@9' 'h@d&%ﬁ Y@%?'Che(?ke? by
nme I ng curv n FUctil on ene ransrer vectors.:
To construct WM%&@%&&%@WWM 2H=F5<§§§Bacl vector, pFB-CW
E/ GFAP-1| uc pC@GC@'M@GS}AQEA@ﬁ@GG’ﬂGGTIEI‘MH}ﬂTaTI‘mSHQ BNOSNY TherTad
o0 PRI R VROl s AR TR SEERS o

starting backbone. This con con arns
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replaced with a HSVtk gene from pORF- HSVt k (1nvi voGen, San Di ego, CA,
USA) . Reconbi nant bacul oviruses were produced and propagated in
Spodoptera frugi perda (S)9) insect cells pre-adapted to Sf-900 I
serumfree medium (Invitrogen). Sfr cells were grown in spinner
flasks at 27 5C Budded viruses in the insect cell culture nmediumwere
collected and filtered through a 0.45-um pore size filter (MIIipore,
Bedf ord, MA, USA) to renpbve any contam nation, and concentrated by
ultracentrifugation at 28,0009 for 60 mn. Viral pellets were
re-suspended-in .appropriate volumes of 0.1 M phosphate-buffered

sal i ne (PBS) BMGRAREI)-Toteiertineshohts o ymberl axtpndard arisivageansitteds, pf u)
were determ n@ﬂg @k&nﬂlﬁtﬁﬂﬁiﬁ 285BI oRHam)eBtide 1% Hase, él@@ﬁ&%] As@uﬁﬁhé th&

transfection, JCt e ression analysis: Cells
wer e seeded sepa éfoé'ams Af%p%(!zﬁlg Q, féesg? g"h&%@?rf’s‘fﬁ?ﬁw%%, 000 per
wel | one day deafegeddo ﬂhselutstcwnmmw ba?fqdamﬁﬁsemtva oyl poifnets heed diefef er ent

‘(:BEET UCts ang nthéaﬁem%tg&elpr He 8 Sl florb e E%“’g‘?ec b ABado $es cauence
(1 nvitrogen). OPQHF&@Q(‘?’F\S pce? %FH’§‘F %’E‘Erii%t"lﬂ@éﬁqc%‘rf"f ToroStepiRS TR MeseE i d  DNA
and 0.5 uL ofMixlf@r@haemymnmudﬂlmmﬁdsmsystaﬁIReMEMeIPcRedlugeetdnu%er um

Medi um wer € a&gﬁ: I-%%ne%%\%or%tfe%&%&% the%l% win, %lo'lx{d Riog %35 %r 5% C2

After the incu contal nin rans ion
conpl exes vvaslorn@bfoé@‘@d bl §5 erelenedlampjifiseiion (%Eé“dfouirﬁﬁéﬁ‘iﬂl fbiulrltuh)eﬁllcul tured

at 37C for 1 @@ons ek rddaciib@iel 1R shécBRIFWAhRRd b5 Slekisie Mk | Ncubat ed
wi t h bacul ovi r%ljlses for 1 hr, followed by renoval of viruses and

addi ti on of rBFHR growt h medium Cells were further cultured at 37C
for 1 day before used for transgene expression analysis. [00140] For

| uci ferase adPPATly a&eusjructionef gong Fansies pesgrrasdiojcapsipyst dlaspidsseters.onc e
With PBS and 4 s@ebmark fRywest] wedid, prﬁftw E/,GFQP-hrcqmroh@}r geﬁ@htéd dnf Si S

buffer (Prone X sed for

| uci f er ase as%%mmx; %engngegg ggﬂng ¥ ec? lrc @%ean%g akrég&ﬁr s wer e
made in a si rﬁgqtaémgih@ébommmmm@?coe@am@tﬂw luﬂﬁase B @@mdersad

Wl dbad, Ger rgamyl oftﬂ[ﬂﬁorﬁo@r aitgh‘dl%bhllﬁf‘icxdiﬂ’lir&ﬁn ) dncMBl@efpORBI | zed toO
the protein copcen |on 8&%#15'%3 V\éjé wg;ngé protein assay Kkit.
HSVt k gene gﬁ%g ‘iV]B g Rag" BiIBeEdNArS si s,

Cells were coinme@@techﬂag@he hysgeh of the GFA P afotneter (CMVREE, Wang asidéiaij on.
Lysates with ﬁoalﬁe@tndﬁp&@hgma&; @k Phc BB thé)ﬁ%e&v%ﬁdm 18is vedir’0 NUPAGE

gradi ent gel (lnvitrogen) f protel n separation. After transferring
proteins on n ?Pﬁﬂ&@ﬂ@@%ﬁ@%ﬁ&t@% HENACEIBH s per f or med
usi ng chem | urkeddiRNA ewérEHidined @b E=inORINA yeiseycriAimer Bha s 2har maci a

Bi ot ech, Piscg i i y a rabbit
pol ycl onal ant |%Vi%¥ ?M(’Jflﬁg%%d?oﬁ&ggge d%%(r)%dl %9%5@ ﬂ 3%@?#@%{ Summer s,
Yal e Uni ver sit®if:1 N@W%@h Th(ﬁfﬁﬁféﬁw@angﬂvegtgwmapp@ ofj# feauehesinof

1: 1000. Second\aerryasammls)mastglaectto bg&rfeeﬁw eﬂeﬂt’é}y@hﬂle gifecﬂﬂv@hhl@%& MO, USA)

v U502, Syl bkon, oSS0k, B LAY MER. 358 L 0201 1o
agai nst | 3- t ubratplem¢nBiymnipncatn the aidr givéndWaldé 1 dnd SOHGe 2a). Each miRNA
target sequence is separated by a four nucleotide linker. The oligonucleotides were
first phosphorylated at tlj.e 5’ ends using T4 Polynucleotide Kinase (New England
Biolabs, Beverly, MA, USA). The respective phosphorylated top and bottom strands
of the oligonucleotides were annealed and subclone into the HindllI site. Constructs
containing varying copies of the insert (miRNA complementary sequenc'e) in both the

forward and reverse orientations were selected after sequencing,
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[00141] Cytotoxicity assay: Cells were seeded in 48-well plats at a
density of 10,000 cells per well. After allowing cells to grow
overni ght, the nediumwas changed to fresh growt h nedi um cont ai ni ng
various concentrations of ganciclovir (GCV) (IlnvivoCGen). After one
day incubation at 37C, cells were infected with 50 nultiplicity of
infection (MJ) of baculoviral vectors (BV-HSVtk-ctrl and

ByHSVt k- m x9F). The nmedi um was changed every two days after initial
seeding to fresh grow h nmedi um cont ai ni ng appropriate anmounts of GCV.
Six days after virus infection, each well was replaced with fresh
growt h medi uP%i3fhout Tezowstssdaaytyvisal vecioss theBasrierBrebesulavitein assay

sol ution (Ce|ekﬂfbsE1&{sy9:§n&ﬁlﬁﬁigbl§ v@@ecﬁ@lvb'lub%sg@hiamﬂggﬂ?’ Mm&mon Assay,

Pronega) was owed ubati on at
37Cin a hum@%syfg i n@%glg‘f of pl\'L/]\?“f”F%gé}J leg%/dr{%r ba‘f%{l %r°§ét§°ntnfansf erred
to a m cropl @eweratedaeidavirgl BeatorReith a helpescsirhpde, VH@AI;IYITU@A%)knta@ (Fi8¥%ur e t he
absorbance atge®, M@Méke?a@éléeﬂe IQEFB"@SJN"ETGFJIF fuP Lﬂd%@ﬁﬁzx@@tvg&dpw@@t ions for

each treat nent we perfor med relative cell vvth rel at ed
to control cd&fAlage WIWfaé@tvgﬁﬁeﬁ%fFW%Ff%W IEXWGFI?’%{ \(7@
cal cul at ed byRetaibsentbaneinsts veamppddaced a:&i};ﬁ@ﬁ@&ﬂﬁﬁ’pﬁﬁopter a frugiperda

bl ank) / ( abs or a6 olus 6N s ARPRLPANGS gﬁfﬁﬂ‘“mr%ﬁ“’@’%%%gwf

[ 00142] Ani mal” "exper | rre ult mC i mmuno-

i nconpet ent  AgEFE RSP TgHE RG7- é'ﬁ’g B“f@ed vigsegfagheghsgyt celleoburg s ed.

Ani mal s wer e naRmtWRelcbILEd Iy k&6l tﬁﬁﬁé?&dﬁiuﬂfﬂofb@dz@-ﬂﬁer d@mpelkg Xyl azi ne
and positi OneBgdtlB §) oteaX| C i nstt rune ﬁg%n %qe Jose bar set at

0. Three ul PIEPTE 0 a‘)nmfﬂ??n CQREEEHHN P ct ed i nto eit her
side of the sﬂmpmtmmat%éowusﬁ@mméﬁml Pelatsverd rosppstdin or: 0.0 mMm

nedi ol at er al app"fgprﬂtemlﬁé@gf S PR SRS Rletered gﬁana (pﬁ@)faﬁcplﬂant}ﬁ@&% and dur a)
using a 10 ul el_S‘%quUﬁgfgla}IIgrl .nge connected w a 30G needl e at a speed

of 0.6 ul/m A" UisPTRiMeEr JriaRRined P%B\IP%W gpayiop P &l of
injection after 5 mnutes. [00143] For experinents investigating
effects of HERWR coVimvawdrareimtionriransdvetiomdirauigengierpressioni n i nj ecti on

of bacul ovi raha:ymtsans wuaesseéd@a 4e9m@iy Bys Sl bivte kM e RRLEAZDODERE | Nj ection
ce were

of either GCV
eut hani zed W't Oneada ]\J?ez‘?’rdo%‘é Cg‘f’n%g’f‘?af 1“?r"'e‘7f>|§]§7lﬁg%feﬁt°°nsgﬁ‘¥soﬁ“ ®per f usi on
was per f or rredortlml m@mﬂ%ﬂlamanytrmBNbﬁamhsem@m -QEVE/CAR-lec) ed f or

western bl ot emhaasm thb%feeﬁmﬁe Bob ml%og%t tob%mrmtiaﬂea%ﬁﬁz
(Chemi con). ?qgléfﬁ@&/t -ochem cal cardi ac fusi on of PBS

was fol | owed “Sﬁfl?] ?ﬂdé’ﬁd‘lLé’cﬁL’(?BfFﬁ%er%IP@ﬁl PP EME 3(‘39,‘%34 n PBS).
Brai n speci rréasm\mﬂarrdmfdaddad tecdllchnd Hcytated fop s hakstelyd e camnaderhours to

overni ght, c g&ﬂ?@%ﬁ%@M é'c&?a&iﬁ%%%néf%ggﬁo%ﬂlglg}ge Qo2& IichéJ hbel g

speC|nens san sect1 one |on
frozen in enﬁ@&’&? E‘i‘@”ﬂ%‘é‘i Rl fythgr Wi“ﬁ%ﬂfémf“?é‘éi AargFarberiariral Lei ca
I nstruments, tEAEGRY fells HEE InbdaSd WRH Ric§ &v@uRefr Us] fclgovﬁzdf)i Renvd eat i ng

nmet hod. Sectl ons i ncubat 0. 3‘V i ton: % I it serum
in PBS contai hing ﬁa%itmlrllor%oﬁla %n‘f’ﬂtgw%ly ag fﬁ%rffuée %{E“’d/itﬁ?%g di | ution
and 4C over nlffgh‘\tdayBﬁfmsusvﬁgrtfaoﬂgbmessyn@hbée PBS wash steps and
subsequent incubation wth FITC conjugated anti-nmouse i mmunogl obul in

secondary anfodiagly ( Sidgnmiferat achvilObsadlitheltiahstdted ﬁsllls Werb @hbh&d dte r oom

tenperature. Af %/ﬁnp %@'?P’ br.ai ections
nmount i ng nedi. um % ect%gg %wzﬁllawﬁlﬁﬁ ot & it d‘%&gmm%&é ‘under
A ynpus m cr §8épden Ll ofiiesdl] Reect wrpEed fﬁiéh‘tlfsmensselswlgﬂtaﬁsmgkitﬁm apeutic
ef fects, mM cerdRELMenCHERAI RS made in a single-tube luminometer (Berthold Lumat
LB 9507, Bad Wildbad, Germarny). The relative light units (RILU) were normalized to

the protein concentration measured with Bio-Rad protein assay kit. HSVtk gene

h(_)
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with 0.5 X 106 of human glioma U37-1uciferase (UB7-luc) cells into
both sides of the striatumfirst. One week |l ater, baculoviral vectors
were injected into the tunmours, followed by daily intraperitoneal
injection of GCV. Tunobur growh in the nouse brains were nonitored by
bi ol um nescent i nmaging of U87-luc cells in isoflurane ‘

gasanaest hesi zed animals. Animals were injected intraperitoneally
with D-luciferin (Pronega) at 100 ng/ kg in PBS just before inmaging.

Bi ol um nescent i rragi ng was then perforned with the IVIS i rragi ng
system coupl ed w t ra (Xenq Al anmeda, USA) at 10
and 20 nin af TEFFIAL asfeé‘?l?u%?‘ﬁﬁn%g’tgftﬁﬁgbﬁ "ﬁﬂgfé" Cells yere E?IIF?tW%HEFd

bi ol um nescent4 tss afferafirs] taestiecting &guatee ity ygsod bl ﬁtﬁfeinﬂ@retl&hﬁedbﬁ:@ kKar ound
signal fromt n_int vvas anal yzed with
the Xenogen Pevli\ﬁ%ﬁL Gl%rgg‘ﬂ %Ltgg%sr,}gnf’{tr\ﬁ%n)ot}aw&gnsefﬁg HPRETAndl i ng and
care of ani mabraieinggyditaps '@$°|Hirﬁel§famaplt0?¢éld@a@enamerfmedlaﬁagml mal s for

Scientific Puahaeﬁﬁﬁnléc&&él@twyet&ﬁéd P (Aﬁféiéha%ﬂ‘h\émﬁ&gm&etﬂ?e for

Labor at Al t al
ot ocol s of PREmhT NG HEAL PRy e Ao Yot RS e onal
Ani mal Car e afedH®Ee(@dinprdvidedby IrAGIE), SuiNats, Gk Unbhisie New Hyvea

Si ngapor e andcﬁhé&hé&@' Lﬁ@d Resgu lﬁée%&td?xg% IP%%Z%?/ g;g(sjn{a]xﬁgncgnce

Technol ogy and Research (A*STAR), gapo
[00147] Prof i | g enidd s YpRRRLBipR & 4 3PWnB wéulinmﬁsp‘é%ta f or
predi cting m BN&keaqirbMind yaddeflctenafk nbge hididcRAMNHES aiinsOf- k@t Or S

that are subj egul ation. Using m RNA microarray chips
capabl e of ex(gfr%klL a?a&@g%p I?Dbr%%d;l m RNAs si nul t aneously, gl obal

expressi on C'}ﬁﬁﬁﬁi m RNAs were _eval uated in 10 human glioma cell
| i nes versus I hGPf‘&H’x’éﬁ pegiEy Pels wergiseipdin A ppibRldtetrt 2 fengi  sanpl es
with a tunourof$@eslcelispor vl Aganpdveng @il tegﬁawzwmgﬁ wonsdidewad as

up-regul ated g %9 %rc}vgﬁmg h Qonfid g&ﬁ@ %‘c’:‘@;trerltxe U| g%necgzl %'Flgwéscog;

up-regul ated an own-regul ate were ra

nunber of di fEEVEHEVIVPERRAATGr ﬁnf’rﬂﬂ)’ ibaticstat G toelss vw&&n@@@dwﬁﬁ@d based
on the aver agml@hgit}adfmf@haﬂmdlyof%ﬁcuﬂ&um&fmm\&l&&ﬁ!ﬁi ]ﬁ‘ﬁd t he
absol ute copzlf{ )O%hemedmmwa aqa fie u l; X USI ng
si gni fi cant downr egu]l: on i n R carl ’5% cf?)eﬂi?g

normal ast r ocgtvakmediun Wéta@iﬂgtamqpaafe arsougie bf G(é‘é Simysw@enmsn

consi der ati Orlnferﬁ'ien B%H%ﬁ@%eﬂﬁc%ﬂﬁ%%ﬁ&ﬁh &@mbﬁ%ﬁﬁo& G@v%dsﬁ%[ y glioma
sanpl es and i rrral ;_Landgraf et

bra )
al ., 2007), ‘12? Brgleﬁeﬁa 91'@"% éé 3@%%86 {*@wa@% ﬁ"ibféq‘?é:e{l ransf er
vectors w t h Faoldeszion demay, Poimegs)stag addedva sachrivie], 3dilowladiby Aicks b27 and

has: M K143 ( Bhcauin ha)-c SRl bifabSahodhl €6, BIhanalysi s confired

down-regul ation of the 3 ini RNAs |omac nes and their
relatively hif ‘F’é@@l@“‘&@%@(fﬁ%@lﬁﬁﬂ Herpdisnted, L84 fogespsuesthq Fi gur e
lb). [00 148] TEbsoGMS b dsedveldipi of @OV, thNcQ!éH&ér&xmaﬁ{Ehs%gadH%&ﬁ%t G-AP

pr onot er ves; used 4, trict tra gxpression
in glial ceI I Qﬁ}ﬁg%bgd gﬁgglaﬁ‘fe Tate Wg‘(nﬁ) ﬁh%ﬁ GG o 033} @ﬁ%{%ﬁ Wi th
perfect conplvaleRCEYieyines) FisRalguatedHyRatagtbappe msmpleferahswba;nc& fe

3' - unt r ans| atvedioN@BiBMeOst cBntlol ANSEEAS: F8NRKAGRST i ct transgene
expression in glioma cells (Figure 2a). Three consecutive repeats of

each [00142] Animal experiments: Adult female Balb/c nude athymic immuno-
incompetent nude mice (weighing 20g, 6 ~ 8 wks old) were used. Animals were
anesthetized by 150 mg/kg Ketamine and 10 mg/kg Xylazine and positioned‘ ina
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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m RNA target sequence (resulting in 3 copies of a particular m RNA
target sequence), or 1, 2 or 3 sets of consecutive sequences of the
three m RNA target sequences (resulting in mxed 3, 6 and 9 copi es of
the different types of target sequences) were inserted into each
vector and the copi és of target sequences were separated by a four
nucl eotide linker (Table 1). Since only one restriction enzyne site
(Hi nd111) was used for insertion, the constructs were selected with
either forward or reverse orientation. [00149] After including the
above regul at to sm d expression vectors with a
firefly Iuci (8 %{‘%’é“r g’?a"er% 0 %d%Pfﬁ‘é’e%Fﬁr -4 gy Gpm hremmpand gl t
sequences to %@EF&@HamdﬂommmogeﬂeimmemeﬂhaBafsb&ﬂ of d.@msfiection in
normal human ﬁﬁ%&@ﬁ%@@mﬁﬂ%H@J%Q!th&moﬁﬁ%éﬁ%n ffm hegged (Figure 2b).

In tunour cells, levels of inhibition were usua ess than 20%
expect a 40% iti const ruct tar get sequences
and forward O[PI en? ati g&r.lll eLH%ﬁm%“és l%ftlgﬁg’ﬁrag???t gg&frﬁg}q

i nhi bi tion viehenoana braindygif inection of teonwiralyedis was)foﬂcaweﬂbﬁ@ﬂﬁ tandem

copi es of Onﬂnﬁalé&@on@il 1rﬁe@ﬁ(ﬂ%§"elﬁ€rq}te\ﬂ£%§§ set%ﬁ/@{ or PREH, BEGALEL | evels
of inhibition wer Egg usi n? e cons |’gucts ear ng a m xed

conbi nation of reteﬁ‘ OSBPfHﬁ elkylpzing, caglisgn aefugipy Yyaswhen t he
nunber of bi n?dnfcprgec’susme 8BS mdtieastidishis Rert adlladtedabr v@st&ﬁ b9t dndl S@et

sequences. Thus 3 copi es
of each of the %%irm:et %E%Eer‘uaﬂﬁg Fﬁ?%hemfcﬁr ee"“s%?“&?ﬁ"ah H’i’cﬁKIA
respectively, St%{ﬂ*’"&%&?"%ﬂ%qfﬁﬁﬁ Wt folawed by foshinsigearrd celtpr essi on i n
nor mal hunan pasformtiehyas (494 i O3HOBLASALImeRARM BY inchid 85 Wer e

denonstr at ed nt vector abl e to transduce
astrocyt es arﬁ’grr aﬁﬁa% Idgﬁé%?rgoucr:g[f’f’ "5&8 P PORHp $@§%°“Par‘?°’i‘/in\?8 %gl i oma
growt h by ové\‘cf‘es‘(fbﬁﬁsmﬁ*mm@ﬁaﬁ& andseptionsi it €Dkn gemesectihngfieebeil .
2006). In thlﬁ@z@ﬁmﬂbedcﬁd@%efimgjuhgs lﬂeazyn %ed%%aﬁrﬁ fion in

nc

bacul ovi ral ctors Wﬁ e ihation of thr ee types
of mi RNA tar gef B 0%, %‘E?eﬂﬁf@ﬁeddlsir‘éf‘g?e‘%?@“@”&?@’ﬁ?§§°“@ﬁﬁ‘5’@9q:) is the
nost effici emcubﬁtmstori&’efntomXam%mshmgmmmmmeimﬁg(méQ‘qiﬁdrpn it was

used i n bacubaithi s eehe 3 1l SHRRLS2PCLLANSIEAS XRheashon | N

subsequent erjments bacul ovi r al W i er ase gene
and the m RN}}E 5?5@‘1““5%&1?%8@3%’“ la‘é’é?f’gﬁa’tﬂe@'fﬁ@fmgﬂﬂleﬂmwm: and t he

control baculmwinoghbbuilegtamtarasmiBidy ($igma bl 1:100 Hingidh Br 28urs HVe6R conparing

the transductd.on.&ff wo vectors in gliom cell
lines, sli ghtémEa ¢ edg&%e\sc\!rv%%t}fgaﬁsgﬁms s o%%“@%@gﬁhw ﬁ“ﬁ R or at i on
of the ni RNA(Yeskgisld) dwamsevirreyicradand smduundewwwelmepscam%l n H4 cells
to 40%in T980 cells (Figure 2e). The different levels of inhibition

of transgene[Wdddl exfoessgirprnt owestgsihetlerbRuicherects ﬁica{v'br‘d goaidgadance of

the three m RiAeskNotdigy el 'u%esno Ib with U7
cel |l s 't hat egﬁr eg%,:::ﬁf: ntea\%eg(fm es!\;/gﬁ@fﬁ%({g#f%} fls el?ng | ess

af fected. Ho Frigter, H@Hﬁﬂfﬂé&%ﬁtﬁdﬁe@ae@ﬁaﬂo txpmews, hi gh

I evel s of thélibwedee datly RiNésritoBeadihfetion dEGE V. OMmbR cHHMAEN BXRIESS! On | evel
was observed nvestigate in vivo jnhibjtion by

bacul ovi r al ?fé@%‘g‘?é&&ﬁ%dP%%‘ﬁ%%msfent “EPg ?frci{sy]"(’flcﬂts inypoflugEe Fhove t wo
viral vector @a?sﬁe%%éafbmdﬁ Anigfals tyetsdni euted intreprpisnetly withb-leiferami Nng t 0

rai RNA seque(esin :98151@0 m%ﬂ(g APERGRER. BUIRN RN IR e RS SS L NE

exact hormlo%s o g nman m RNAS at were te in the in
vitro experi emt ﬂbt VS']%\’FW&%‘Pg ?yﬁ?‘éé?‘@}ﬁﬁwﬁ‘# ceHe R pamgra vectors into
the striat unﬁP@ﬁogmummac@A 28A) averand Evesh afdr Lhdiiind iGje ABE IB¥JRYE €SSI ON

f -/
of fact of 1 ne e ool bOSHILLTE Bt BRI U7 o,

t he inhi biti dHafes fl@.qli@1|81gaaémﬂtthezphm@n ite(ily gias mmalgah) w1t{lﬂh61{5&>kélfo t est
whet her the m x9F m RNA target sequence is able to suppress the
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tested (300 TIM, BV-HSVtic-ctrl induced death in nore than 90%
cells, whereas BYHSVt k-m x9F i nduced -55%cell death. The | Cso val ues
obt ai ned by GCV treatnent (concentration of (ICY that inhibited cell
survival by 50% were 0.8 pMand 1 p.Min U87 glioblastona cells and
7 pMand 30 pMin normal astrocytes after transduction with BV
-HST/tic-chi and BV-HSVt k- m x9F respectively, indicating a 4-fold

i nprovenent of resistance to HSVtk/ GCV-nedi ated cytotndcity in
non-target normal astrocytes. The different cell killing efficiencies
by BV- HSMt k- c]trl .1n.U87 cells and normal astrocytes indicate that the
i nhi bition of %gﬂ%sﬁp&af”zgy (ICY is nore toxic for actively
proliferating tum)ur cells. The difference by BV-HSVt k- m x9F bet ween
1187 tunour c@P148] and inibe bradling andreare pf animalssthe Builelineson the Ceteatd v

attributed t OU.iebﬁArﬁﬁcﬁﬁﬁf&@m@‘fc mﬂﬁsemssu&%_y Naﬁﬁrﬁﬁﬁdv%&g@ﬂﬁlﬂteﬁﬁ)r wel | as
the different. susce

S Cy.
Toget her - ¢ el R ES AR s sPante Tt oyry e Bregaate Hophm
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Gl i obi ast omn. CHIBEREC ANy ReE G e Ao e abe, 10
Condorel li DE et al. Tissue-specific DNA nethylation patterns of the
rat glial fib0 P%zfgzlr y Afprdicdidipe fe abave eHEory glongiinee plsiéerEstn ;. 39:
694-707. . vectors with a firefly luciferase reporter gene, the ability of miRNA target sequences

to repress luciferase gene expression after transfection in normal human astrocytes

and U87 glioma cells were tested (Figure 2b). In tumour cells, levels of inhibition

were usually less than 20%, expect a 40% inhibition for a construct with mixed 3

target sequénces and forward orientation. In normal astrocytes, the levels of inhibition

were also low for the constructs containing 3 tandem copies of one type of target

sequences. However, much greater levels of inhibition were achieved by using the

constructs bearing 2 mixed combination of the three miRNA binding sites, especially

when the number of binding sites increased to a total of 6 or 9 target sequences. Thus,

PFBmix-6F and pFBmix-9F, which have 2 and 3 copies of each of the target séquence

for the three selected miRNA respectively, displayed 80% inhibition of transgene

expression in normal human astrocytes.

[00150] Insect baculoviruses were demonstrated previously tobe efficient
vectors, able to transduce astrocytes and gliomblastoma cells and to suppress in vivo
glioma growth by over-expression of a toxic suicide gene (Wang et al., 2006). In this
study, the foncitionality of miRNA regulation in baculoviral vectors was tested. Since
the combination of three types of miRNA target sequences with a total of 9 copies
(mix9F) is the most efficient construct in repressing transgene expression, it was used
in baculoviral vectors to suppress fransgene expression in subsequent experiments.
The baculoviral vector with a luciferase gene and the miRNA target sequence was
designated as BV-fuc-mix9F and the control baculoviral vector as BV-luc-ctrl (Figure
2a). When comparing the transduction efficiencies of the two vectors in glioma cell
lines, slight-to-moderate reduction was observed with incorporation of the miRNA
target sequence, from 7% in U87 cells, 14% in H4 cells to 40% in T98G cells (Figure

2¢). The different levels of inhibition of transgene gene expression correlated to the
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t hym di ne ki nase: reduced cytotndcity of a truncated HSV1- TK. Gene
Ther 2000; 7: 679-685. 12 Doench JO Petersen CP, Sharp PA. 'si RNAs
can function as m RNAs. Cenes Dev 2003; 17:438-442. 13 Eng LP. di aI
fibrillary acidic protein (GFAP): the major protein of glial
internmediate filanments in differentiated astrocytes. | Neuroi mmunol
1985; 8: 203- 214. 14 Esquel a-Kerscher A, Slack PS. Oncomirs -
mcroRNAs with a role in cancer. Nat Rev Cancer 2006; 6: 259 269. 15
Fi | i powi cz W ™BREEPHERST 3 e ml%‘emwmewhomieﬂémﬁswrei
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mal i gnant gl i Vi¥eesduciiontip geaﬂ@fenessmeéeva_l%spbsmd (mm mzwnvestlgate in
vivo inhibition by baculoviral vectors, the iransduction efficiencies of the above two
viral vectors in the brain of mice was compared, which, owing to miRNA sequence
conservation between human and mouse, express the exact homologs of the three
human miRNAs that were tested in the in vitre experiments. Two days after injection
of the viral vectors into the striatum of nude mice, a lower level of luciferase
expression from BV-Iuc-mix9F was observed. Although the i1 vivo suppressing effect
of the miRNA target sequence was more moderate than in vitro, the inhibition was
still about 4-fold (Figure 2d).

[00151] To test whether the mix9F miRNA tafget sequence is able to suppress
the expression of a fimctional gene, iwo baculoviral vectors containing the herpes
simplex virus thymidine kinase (HSVk) suicide gene under the control of the
engineered GFAP promoter were constructed, one with the mix9F target sequence
(BV-HSFil-mix9F) and one without the target sequence (BV-HSFil-ctrl). Using
Western blot analysis, HSVik expression was detected in human U87 glioblastoma
cells, with no difference in expression level after transduction using BV-HSVit-cirl
and BV-HSVil-mix9F (Figure 3a), In normal human astrocytes and the mouse
striatum, HSVtk expression was observed after BV-HSVk-ctrl transduction, but not
after BV-HSVtk-mix9F transduction (Figure 3a). There was no detectable HSVtk
expression in neurons derived from human embryonic stem cells after either HSVik-
ctrl or BV-HSFrlemix9F transduction (Figure 3a). in vitro effects of HSVik -
expression followed by ganciclovir (GCV) treatment was further investigated and a
GCV dose-dependent decrease in cell viability was found in both normal human
astrocytes and U87 cells, but not obviously in human neurons (Figure 3b). In U87
cells, there was no significant difference in cytotoxic potency between B V-HSVii-ctrl
and BV-HSVtk-mix9F, suggesting that incorporation of the mix9F miRNA. target
sequence does not mterfere with HSVik-related cell killing effects in glioma cells. In
normal lhunan astrocytes, the killing curves from the two baculoviral vectors were
very different, with BV-HSPk-~ctr] inducing much more prorounced cell death than
BV-HSVil-mix9F at GCV concentrations of 10 pM and above. At the highest dose
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in prlmaryc ture foll oW ng novi r us- medr at e
HSVt k gene. &'ﬁ&tw?lﬁ 8’[’011%%% rugouz gells {The difference by BV-HSVilemixSF between

UB7 tumour cells and normal astrocytes is at least partially attributed to the presence
of the mix9F target sequence as well as the different susceptibilities of the two types
of cells to GCV. Together, these results demonstrate that glioma cells and normal
astrocytes display different vulnerabilities to HSVi/GCV-mediated cellular toxicity,
including in particular when BV-HSV#k-mix9F is used.

[00152] To examine whether the mix9F miRNA target sequence provides in
vivo protection against HSF#/GCV-indnced cytotoxicity in the brain, BV-HSVii-ctrl
“or BV-HSVtl-mix9F was injected into the striatum of nude mice followed by daily
intraperitoneal injection of GCV for 7 days. Immunostaining of the brain sections
demonstrated a significant decrease in the number of GFAP-positive cells in the -
striatum injected with BV-HSVik-ctrl, but numeroué cells strongly stained with the
antibodies against GFAP on the contralateral side of the same brain injected with BV-
HSVtk-mixSF (Figure 3¢). Similarly, Western blot analysis of the striatum tissues
revealed noticeable decrease in the staining intensity of GFAP bands in the animals
injected with BV-HS¥#-ctrl/GCV and no obvious change in the GFAP bands in the
animals injected wit.h BV-HSVtl-mix9F/GCV (Figure 3d). Theses resulis indicate
that mix9F-mediated suppression is efficient in protecting normal astrocytes in the
brain,

[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

glioblﬁstoma xenografts 7 days later and daily intraperitoneal injection of GCV
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a group of 4 mice for each treatment are summarized in Figure 4b, showing an
obvious tumour eradication by a single injection of either BV—HS?tk—ctrI orBV-

" HSVti-mixOF followed by GCV injection for 5 days, with no significant difference in
the tumour suppressing effect between the two viral vectors. Tumour growth in the
control animals and inhibition in the animals received virus and GCV injection was

confirmed by histological examination (Figure 4c).
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fibrillary acidic protein pronoter. 4. A nucleic acid nolecul e of
any one of clainms 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. Anucleic acid nolecule of claim4, wherein the plurality
of MRNA 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
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7. A nucleic acid nolecule of any one of clains 1 to 6, wherein the
transgene encodes a gene product that induces direct killing of the
glioma cell, an inmunonodul ation protein, a cytotoxin, an

angi ogenesi s inhibitor protein, a tunour suppressor protein, a
suicide protein, an apoptotic protein, an anti-angiogenic protein or
an anti bodYyHAT I8 . CIMMIEDEPc aci d nol ecul e of any one of clains 1 to
7, wherein the transgene encodes HSV-tk or DT-A. 9. An expression

vect or conpri si h cl ei ' | ecul e as defined in any one of
P guct,li\zﬁz agtd Ihglegulg 861331@%%

clainms Ito" 8. expression O of claim9 that is a

bacul oviral vector. 11. An in vitro nethod of expressing a transgene
in a gliom cehlgligbspetifisippgioter; transfecting a glioma cell in
vitro with an expression vector as defined in claim9 or claim10.

12. A method of claim1l1l y@erein the glioma cell is an ex vivo cell

expl ant ed fronP&OQBSF@Eic P52 tigayeens; A expressi on vector as defined
inclaim9 or claim1l0 in the manufacture of a nedi canent for

transfecting aa@i:Qn® oFelikNANtafoe SilkiseCt -

wherein each miRNA target site binds an miRNA that is down-regulated in a
glioma cell compared to a normal glial cell, and wherein the glial-specific promoter
and the plurality of miRNA target sites are both operably linked to the coding

sequence for the transgene.

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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14. A transgenic cell conprising the expression vector as defined in
claim9 or claim110. 15. A pharmaceutical conposition conprising the
expression vector as defined in claim9 or claim10. 16. A kit
conprising the expression vector as defined in claim9 or claiml10,
and instrdcti odsniaeic exipmadsiuhgofantyromaefelaens htea?,gilicosin theatdnsgene

encodes HSV-tk or DT-A.

0. An expression vector comprising the nucleic acid molecule as defined in any

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

transfecting a glioma cell in vitro with an expression vector as defined in

claim 9 or claim 10.

12. A method of claim 11, wherein the glioma cell is an ex vivo cell explanted

from a subject.

13, Use of an expression vector as defined in claim 9 or claim 10 in the

manufacture of a medicament for transfecting a glioma cell in a subject.

14. A transgenic cell comprising the expression vector as defined in claim 9 or

claim 10.

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

claim 9 or claim 10.

16. 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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