METHOD OF ENHANCI NG M GRATI ON OF NEURAL PRECURSOR CELLS

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains
benefit of, and priority from U S. provisional patent application
No. 60/907,187, filed on March 23, 2007, the contents of which are
fully incorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002]
The present i nvBEETEHIODEOR ENHANCEING MEGRATHON OF dMIURAL ng
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comprise nearly half of gliomas and are the most frequent primary brain timours in

adults. GBM is currently almost incurable. Even with surgery, radiotherapy and
chemotherapy, patients with GBM usually die within about a year; with only a few
patients surviving longer than 3 years. Thus, glioma treatments and therapies have

become a major focus for cancer therapy.

[0004]  Gliomas are among the most Jethal of all cancers and do not respond well
to current therapies. The high lethality of gliomas can be attributed to the ability of |
glioma cells to infiltrate surrounding healthy brain tissue. Glioma cells exploit
misregulation of growth factors, proteases, and extracellular matrix and cell surface
proteins to gain their devastating invasion capacity (reviewed in Tyénes et al., 2001;
Mueller et al., 2003).

[0005]  The failure of current glioma therapies is mainly due to this ability of the
tumour cells to extensively invade the surrounding healthy brain tissue, hence
escaping localised treatments. As localised treatments are thus inefficient and

comprehensive treatments are too damaging to the delicate brain, a preferred solution




[ 0006] In one aspect, there is provided a nethod of enhancing

mgration of a neural precursor cell toward a cell that secretes a
neural precursor cell chenmpattractant factor, the nethod conpri sing
augnenting levels of TMEML8 in the neural precursor cell. [0007] In
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neural precursor cell nmay be derived froman enbryonic stemcell or
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treating a neural disorder. [0012] The cell that secretes a neural
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site of neural tissue degeneration. [0013] The neural precursor
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8 in t he newditanpntbuireaingealelrabdis@sipr essi ng reconbi nant  TMVEML 8
froman expression vector in the neural precursor cell.

[0010] In various-embodiments of the different aspect of the present invention, the
TMEM18 may comprise an amino acid sequence as set forth in any one of SEQ ID
NO.: 1 to SEQ ID NO.: 5.

[0011]  The neural precursor cell may be derived from an embryonic stem cell or
from neural tissue. The neural precursor cell may be modified to include a marker
molecule or a therapeutic agent. The neural precursor cell may comprise an
expression vector encoding TMEMI18, and may comprise an expression vector
encoding a therapeutic protein or peptide. The neural precursor cell may accordingly

be used for treating a neural disorder.

[0012] - The cell that secretes a neural precursor chemoattractant factor may be a

glioma cell or a cell at a site of neural tissue degeneration.

f0013]  The neural precursor chemoatiractant factor may comprise Stromal cell
Derived Factor, Monocyte Chemoattractant Protein, Cytokine Stem Cell Factor,
Epidermal Growth Factor, Vascular Endothelial Growth Factor, Stem Cell Factor or
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[ 0015] The presently described nethods may further conprise
delivering the neural precursor cell to a cell population containing
the cell that secretes the neural precursor chenoattractant factor.
The cell popul ation nay be in. vitro or in vivo. Delivering may
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al pha- hel i xes ( I nan” an 1993 Schematic interpretation
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illustrate the results fromthe program (C) Sequence alignnment of
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C-term nal ﬂmfrésf:@ﬁm@efnubﬁEQ ID NO.: 4] is shown for the dog sequence.
Bold 3 --------- R underl i ned

oredi cted BT odietRASISISRE REMIR SRy SR ISR Rl pIERURHISE,
2. Stabl e mebialprévuedu g:snzsrtoazakds dlionescelly. A3 ¥omwebat ofcDINENDbSiry screen

to identify proteins able to promote neural precursor cell migration towards glioma

cells. Human neural precursor cell line, NT2, was infected with retrovirus carrying a
cDNA library. The infected cells were plated on transwell migration insert on top of
glioma cell culture. The neural precursor cells able to migrate through the insert’s
pores to the opposite site of the insert’s membrane were collected and passed two
more times through the same migration assay. The virus-imported cDNAs in migrated
cells were cloned by PCR and sequenced. (B) TMpred-program predicts TMEMIS to
have four membrane spanning alpha-helixes (Hofman and Stoffel, 1993). Schematic
interpretation of the TMEMI18 protein structure is overlaid with TMpred-graph to
illustrate the results from the program. (C) Sequence alignment of TMEM18 proteins
from human [SEQ ID NO. 1], mouse [SEQ ID NO. 2], rat {SEQ ID NO. 3], dog [SEQ
ID NO, 4], and chicken [SEQ ID NO. 5]. An asterix (*) indicates perfect amino acid
conservation and a coloa (;) one amino acid difference in the sequences. Note that

only a C-terminal portion of [SEQ ID NO.: 4] is shown for the do g sequence. Bold
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Lentivirus inported TMEML 8 overexpression was exam ned by regul ar
RT-PCR (A, D) and by quantitative real-tine RT-PCR (B, E) in NT2
cells and C 17.2 cells. Results are shown for non-infected, parental
cells (ctrl), enpty virus infected control cells (vector control),

and for twgdeapkh atd gﬁ&r SofiROFudBar (RAIDASH sieif Peftidet Brdicwd
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is calcula over expressing TMEML8 and vect or
controls using students T- test One asterisk (*), two asterisks (**)
and three [08029]i s®igures: Y MIEMAS everexpriessian ineses&sqsnah uggrpgion geddgty efnd

0.01, respecti ases
the i or af ROMebERsCuTeh oot (58 sl L TRk Ao IS
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over-expresglegg‘;%m? I I s d re I uorescenh 41ed vggﬁ’
control P Elyeéﬁ 15 783 fr e Pg rﬁ]%gngg} *e Phe
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cells transduced with control viruses. Statistical comparison is calculated between
cells overexpressing TMEM18 and vector controls using students T-test. One asterisk
(¥), two asterisks (¥*) and three asterisks (*#*) denote p-values less than 0.10, 0.05

and 0.01, respectively.

[0021] Figure 4: TMEMI18 overexpression increases the migration activity of
C17.2 neural precursor cells towards C6 glioma cells in the rat brain. Green
fluorescent dye-labeled TMEM18 over-expressing C17.2 cells and red fluorescent
dye-labeled vector control C17.2 cells were mixed and injected into the left side the
rat brain contralateral to a C6 glioma inoculation site (right). Two weeks later, the
brains were sectioned for cell migration examination under a florescence microscope.
The squares on the right side in A and B indicate the front of cell migration towards

the tumour, which were shown in a high magpification in C and D. E is the merged
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over-expressing Cl17.2 cells (arrows) mgrating alone. [0022] Figure
5: Knockdown of endogenous TMEML8 expression inhibits cell

mgration. (A B) Short interfering RNAs against TMEM 8 transcripts
reduced the expression of endogenous TMEML 8 in NT2 and C17.2 cells,
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nucl eus), reas ‘overl ay bet en TI\/EI\/[L and al’pha-tubulin (5) shows
t hat TNENIlS)MEM@déI?é?M@I so outside nucleus, into cytoplasm A
superinposition of all TMEM 8, DNA and al pha tubulin 1is shown in

(6). (O igﬂééés' G %@l\@EMI%&l%lgﬁlﬁﬂw}q a%a%d@ﬂt&ﬁ@%in%es to

nucl eus. S re tran asm vect or expressing
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m croscop e Ct -
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[0025] In oFH e alilgo“q S ond, EMEYY; Vo Tpieser ﬁ&“‘%“gHﬂ%‘%ﬁﬁn@@}r@a

precursor GRbks w1ﬂ1§*1‘ft§ﬁa§ﬁsz$ﬁ$l1DN£ \oﬁm&mﬁm TR tteel acurBNEMIEMISaytein

EXpI‘ESSI on screen to identify 5 cand] e . genes t

over - expr eSewHZTIR CFllicN EA S@lstFae F%ﬁ‘?%“%? T@i‘{;ﬁa&)’%‘% (2), and
alpha-tubulin (4). Overlay between TMEM18 and DNA (3) reveals that TMEMI18
antibody recognises nuclear membrane (a ring around the nucleus), whereas overlay
between TMEM18 and alpha-tubulin (5) shows that TMEM18 is located also outside
nucleus, into cytoplasm. A superimposition of all TMEM18, DNA, and alpha-tubulin
is shown in (6). (C) GFP fusion protein with N-terminus of TMEM18 localises to
nucleus. U87 cells were transfected with plasmid vector expressing GFP, HIV TAT
linked GFP, or TMEM18 N-terminus linked GFP. Light microscope pictures on left

I nst

side and fluorescence microscope pictures on right of the same cells.

DETAILED DESCRIPTION

[0024] Neural stem and precursor cells are able to migrate to the sites of brain

tumours, making them attractive tools for glioma therapy.

[0025] In efforts to improve the glioma tracing ability of neural precursor cells,

the present inventors performed a cDNA library expression screen to identify
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precursor cells for gliomas. A functionally unannotated gene encodi ng
Transmenbrane Protein 18 (TMEML 8) was identified as one such gene.
The inventors then discovered that over-expression of TMEML 8 in
neural precursor cells increased the ability of these cells to
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activity ofredigtsddo beh trensopmbsaneiproteip varasnuckest 10@61{%@315?41@1&1 of TMEML 8
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t ropi sm of migretie w@phdity tcﬁmrdglmm:méls dPaellsi thmilswrbty,aneﬂ'rhﬁbﬂeanmbsll as a
specific e hanc%{a {?Eéf gtpl oma-directed mgration. [0028] The

functi onal © 5 "TMEML 8 is highlighted in the strong am no
acid conservation throughout mammal s and even reaching to | ower forns
of rnul ti cpa027] ar TaMRNeN § otae first entifirdrineseseniociscdiargetexplessed fdf i | e
of TMEML 8, expressed e ags is tr nscrlbed in
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(as found hdlomesndlicdiiont BEBEs srofeBlsifeD No%S tRiinvddtds hive ivdnefiet ) .

[0029] As stated above, neural precursor cells _have an |ntr 5|c
tropism foiﬂ\@hflb%as arioppHa Fotgr ey neural REPYaeTRS! &th’gl%

first by Bgpegetibh OPEhe @hdogditfhs WS €bne @hemal%}giu@sfoi' SQJSFi‘édul’fE{rMo@d"'d

imortalised neuronal precursor cells can be used in gene therapy of

gl i omas i no&migrgionedehsoffimsp eells: Thuseit appears tlzmﬁpremdcfﬁl\@@
2000). 6

required for the mobility of neural precursor cells and overexpression of this gene can
be favourably used to enhance the tropism of these cells for gliomas. Particularly,

TMEMI8 acts as a specific enhancer for glioma-directed migration.

[0028] The functional importance of TMEM 18 is highlighted in the strong amino
acid conservation throughout mammals and even reaching to lower forms of
multicellular enkaryotes. Furthermore, according to the profile of TMEMI18 expressed
sequence tags, the protein is transcribed in most of the adult human tiséues and in
embryonic developmental state (as found in a search of NCBI’s EST expression

profile viewer).

[0029]  As stated above, neural precursor cells have an intrinsic tropism for sites
of brain injuries including gliomas. As shown first by Benedetti et al. and Aboody et
al., engrafted primary and immortalised neuronal precursor cells can be used in gene

therapy of gliomas in animal models (Benedetti et al., 2000; Aboody et al, 2000).
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These engrafted neural precursor cells have been shown to spread
through the existing mgratory pathways in healthy brain as well as
non-typi cal routes when glioms are present (Aboody et al, 2000;
Flax et al., 1998). Besides prinmary and imortalised neural stem
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2004; Sun espAl) chefitthe ha@bdeBZRoWA toPdttract BERE) stenStdllslaad vaﬁe@SDFOI’s t he
glioma cell” mgration, growth factors pronote al so neural cursor

cel | ni gr af¢cspior X ¢hem¢wet§@éwtorﬁwwﬁ19%ti itthindersd fas n‘?ﬁr%}\ﬁleﬁl ‘i@ ctor
Recept or and, Vasc A el ﬁ‘;ﬁz‘ Aﬁ’%ox@é@éﬂﬁ Qoof%k%an{@c% apwd, ﬁ]hﬂﬂa?‘étl ng

can i ncrease neural stemc ration (Booc var et al.
Schmi dt et ahj2004)2@0%) chegickineaMpueatsi Ghemaeieriaet Araieigel (MER-1), rﬂée ceI |'s'

ability to egﬂ%%&o{n%ofk&tﬁ?che&%@%ﬁllukéqﬂ TR e g Fa@t%?&@ﬁ% icnghyo it has

been shown i ona I‘ne" secr et extrac ular matri x
is able to aﬁtﬁﬂtﬁm%rmnroﬁhemal@tameélls (Wbders et a)., 2804). Cytokine Stem Cell

Factor, which is expressed by glioma cell lines and overexpressed in neurons at the

sites of brain injury, is also a contributing attractant for neural stem cells (Erlandsson
et al., 2004; Sun et al., 2004; Serfozo et al., 2006). Similarly as for the glioma cell
migration, growﬁ factors promote also neural precursor cell migration, as it has been
shown that Epidermal Growth Factor Receptor and Vascular Endothelial Growth
Factor mediated signaling can increase neural stem cell migration (Boockvar et al.,
2003; Schmidt et al., 2005). Glioma invasion depends largely on the cells’ ability to
modify the extracellular matrix and interestingly it has been shown that the glioma
cell line secreted extracellular matrix is able to promote neural stem cell motility as

well (Ziu et al., 2006).




well (Ziu et al., 2006). 7 [0031] Thus, there is provided a nethod of
enhancing the mgration of a neural precursor cell. The nethod

i nvol ves augnenting the Ievels of the TMEML8 protein in a neural
precursor cell. The neural precursor cell nmay then be delivered into

a region yIupEg t HRnE thee B pp®lidedRonsthed bshhidbals ﬂ‘f@ﬂngrﬂidnlbi‘@. neuGe! |
that secretes a neural precursor cell chermattractant actor;

i ncl udi ng Bregumerrgllc dhe method Ip/plvas angspenting thsi pyels.of ghe lﬁélﬁ‘i’tﬁllnm
precur sor Wintol} i ABedRAER alﬁﬁw@
progemtor‘aﬁg}dﬁ%’]lﬂrécu Eggbr§%&§?§P F ?gnd ?eferg to a?ce g? IS
not fully dibtfecheatsi aeaetl@opldaia)qihattmwhelndmecﬁllathat@ecrrbte& @/p@nalmcuwnr ch
may have th ot e | aI bec eural ..cell type. Thus, a neural
precur sor 8% (fh% trﬁ%cf(‘%%]i nglggr\gearéi‘ 3°éellcel | that is

undi fferenti ated or partlally undi fferentiated, and which can divide
and proli fgmﬂz; t Asprsediueeinythe téhenentl peeusodt callas uéedﬁzhtyrchangeably

undi fferentl d cell whi. C i.ffere tl,,at uce or
P i {1 or SHiTTES b reap LA OB e sne gt cef gt P SRS
cell incl uek%t ) g‘-ﬂ‘ﬂ‘br%ﬁt&&dﬁrtbla%ﬂﬁuﬁi fearalekll xyplemit wlichgna@rhave the
enbryoni c-derive temcell, that can divide to produ li

ﬁau%ﬁélerem

undi f f er enPpighiéal iq cpme gneughestlines. fFwis.cnisUE arFcwapr ce
di fferenti ?éf@rg &8k il BuRffitleAtdtda éi"ﬂahf‘a‘il?%ﬂ@f%ﬁﬁnat&{ QBUGERN 56! |
i Vi

that can d e to pro uce two partially d ferentiated cells or two
di fferenti divade @élﬁ@lfemteﬁ@nr@ucmaﬁﬁrsﬁmt@@r pastially wediferentiard csHs or

whi ch meang, J%t %itﬁererﬁﬁ{e o ??odﬁgeo t°§ Eg(fé d%kénﬁ&@@? eci #i%d?lf:urai

trans-di ffer evera neur a upon
di f f er ent i atlisoMNeuf0@aBjsTtrellindedes smnndi&bﬂenﬁ'ca@ﬂ stb@ngtit amqlw’dng mom a

variety of sources.in imted .t

neur onal g’gﬁfé’ niczderiyg c#%{e’ﬁé:%ﬁﬁ;#f%? 1d§é? prodice ﬁwu&m igter nlu t%a (E)%lﬁgmst em
cells. Tlhe oBé gﬁdiﬂfa@ﬁtuﬁiai delncaaa ob£d1ﬁﬁfd11’gﬁdd f:eEchlirlaapMaﬂyldiffménUatedcl udi ng
a mammal, and particul ar roma roden recur sor
el e Lo ed PRATERRC B aE e 1 i PW&HHG}@Y@#HG"D%@@G it 2 e
subj ect, MRyrdpentiaitdiceld. AdRutal §f&cm@@alﬁegh@agmbsﬁumﬁotéﬂtomah geaarthaithd he
sane species (allogeneic) or of a different species xenogegelc)

the precur 8t IScS‘@Pf’rb of selimenpavaband ofdrans-difpenyiatoreintostererpldyRes of gl | I

which is acgﬁhll oh%?f‘fer&ﬂﬁﬁ&?e” nodi fied to not express, or to have
reduced or m ni ma expression of, surface antigens that would i nduce

an i mmune response in the subject being treated.
[0033]  The precursor cell can be obtained from a variety of sources including, but

not limited to, neural tissue, neuronal tissue, as well as embryonic cells including
embryonic stem cells. The precursor cell can be derived from any animal, including a
mammal, and particularly from a rodent or a human. The precursor cells used in the

~ methods of the invention, when used to treat a subject, may be subject derived
(autologous) or from a donor of the same species (allogeneic) or of a different species
(xenogeneic). If the precursor cell is -xenogeneié, preferably the cell is a nude cell,
which is a cell that has been modified to not express, or to have reduced or minimal
expression of, surface antigens that would induce an immune response in the subject

being treated.

{0034]  The term “cell” as used herein refers to and includes a single cell, a
plurality of cells or a population of cells where context permits, unless otherwise

specified. The cell may be an in vitro cell including a cell explanted from a subject or
8




[0034] The term"cell" as used herein refers to and includes a single

cell, a plurality of cells or a population of cells where context
permts, unless otherwise specified. The cell may be an in vitro
cell including a cell explanted froma subject or 8 it may be an in

V' vo cell. ﬂ?&@%ﬁ‘éz Vil EEBT RRGBY Orefebelch & “cRlil $QudoNatiisseftRh@teACce tO
single cell where context permts, unless otherw se specified.

[0035] Augsiegie aell where ot pRIgts) wnless othierwise sregdisf- precursor cel |
enhances the ability of the neural precursor cell to mgrate toward

a glioma \ﬁobs Thﬁug&&ﬁﬁﬁfﬁﬂmﬁvﬁ RRLsanY nglhrhl%f@aﬁ:s%k boll drRédcedliRg a

grade |-1 ng a glioblastoma such as a glioblastom
mul ti fonneabﬂﬁ@@ﬁﬂje négratiprecurswedl ahmgeate toovard argliohd esfl. (ldieigiieme gelpar t

on the cel] VI ng_,al on chenopat t.r ut
being lim f“ a@lﬁ?nﬁa i gf}f'%’fl tal%agr 3%%@8%%% gﬁlgwgﬁ%%%%%ﬁbut e
to the abi hgatgfhdbiasﬁm&emﬂaformé.ecur sor cell to mgrate along a

chem cal gradi ent of a factor such as a cytokine that attracts the

neur al or chem,cal i ent be

secretion @?}%g &S%f%}’sée &D[fé(f”onbn}qn %lﬁﬁlflé’rafg%ééﬁfe 0%%%%8
shoul d di r ggndait@c@bd ?E\i@d’coﬂﬂu@“@maﬁlbeﬁig lintifdtio iy p@aiiadhdoyy, any cel |
that secretes a neural precursor. cell chenoattractant fact.or

[0037] AccEMRMY 3ppetth iq gratEIEsia e 4bBitH a6 nefigREREPT 6711 GrUigRavLe

levels in go, Eeﬁtﬁﬁwaqrg%%ﬁgf a ﬁ@ﬂo&sﬂ%ﬁ)&s g BhBRES tab SrrrttgitRtnk@nl of the
neural precursor cell toward any cell that secretes a _neural

precur sor p@bwsmﬂnim ¢heeotieah graflient wry bacregied pasecrgsion Of e MQF |
chemoat t r o bR G lomaloB Chihucl OvAN Sl B i Rot il biddlg B afaiepkl ne.

that when place concentration gra |ent cau m gra I on of
neural pr ethat Bareateddlylanp elhtpat deeretps adewnl preowsnrdeli Henioatiractaati fagjor.
concentration of the nolecule. [0038] Known factors that attract

neural pre rs #ﬁﬁ ¢y &
Chenpat t ractan P%?é%dﬁl%ﬁ&gwse%@m Oeﬁl gagtﬁgg% ermal

G owt h Facharral frasesot eell iaylethandd thé m@ﬂvlﬂnﬂ%‘fa@mmal p&ce%mmll Itowét or
or Fi brobl ast owt h Factor 0039 t.hat ecrek

fact or naya?%%%]%@ Spey &R }%?Wg'lr Ce;[ ?tlﬁaam% factgr hé rn%@ru t of
carci nOgenlp&c@xfsoﬁdémﬁéma&anemfw’&eﬁlrﬁh:lamytnlirﬂecmﬁ inchrdiras @takésyl t  of
genetic nodification, for exa ] e transformation. or transfectlon of

the cel | wiahwaen plagaddp & coRseRTHoPEEAN T PAieS T Eionot 8 REFBUEHHObf
such a factgf aloAsthWetddient REvasPihb ifchAbing concentration of the molecule.

[0038] Known factors that aftract neural precursors include Stromal cell Derived
Factor, Monocyte Chemoattractant Protein, Cytokine Stem Cell Factor, Epidermal
Growth Factor, Vascular Endothelial Growth Factor, Stem Cell Factor or Fibroblast
Growth Factor.

[0039]  The cell that secretes the factor may produce the factor either naturally, as
the result of carcinogenic or tumourogenic events within the cell or as a result of
genetic modification, for example transformation or transfection of the cell with a
nucleic acid molecule that directs expression of such a factor. As well, the cell that
 secretes the factor may produce the factor as the result of an immunogenic response to
a tumour cell. Neural precursor cells have also been shown to migrate toward wound

or injury sites within the brain; upon injection into brain tissue, ieural precursor cells

9




secretes the factor may produce the factor as the result of an

I munogeni ¢ response to a tunour cell. Neural precursor cells have
al so been shown to mgrate toward wound or injury sites wthin the
brain; upon injection into brain tissue, neural precursor cells 9
will tend ] Daﬁ]ﬁ danm n@ﬁ,qb tintd #ea@nt halg i nto
specific n{évg%{a%l@{ ce fIte%)t;?pes, g%%rﬁisg%aneur O%Hsa&{gf%g&& i al %gl | s that
support necelbmypes, Fiches ndweorsahd ghitlaells belcuppeatuiqunenst Feeohe plhal so be

a cell at a wou r, injur ' I..NC i:Ng [ . : : tissue
degener at i %Ef?\r,%tfgﬁe %gtc’%%%%aﬁ‘éﬁg%ég?% en‘lgdéﬁglfi %? |]u@e§5¥t§g§r?%uedrlﬁs%eyl&%lcqfudi ng
neur odegenggailitideucticsmerheins sichcds yebinig nBabiégesaniwe dlostas ecldagage
from stroke, anyotrophic ]ateral, s¢clerosis (ALS), and Huntjington's

di sease. [DOHPHeEPRFTAE gﬁPé@&Sﬁ{mﬁ%{lﬁ%aﬁ?ﬂww &%?38?1 O5PagE T B9R
precur sor &%H)ﬁdpﬁiﬁﬁk@ﬁpﬁ@&oﬁy(wgﬂ&@ﬁﬁﬂnh%@ﬂﬂﬁea@é. TMEML8. The neur al

precursor ce may express endogenous TMEML8, neaning the cell has a
native gene that encodes and expresses TMEML8 Thus, ' au(%gent "
“augment i nPOAN - du Brersartingiiho migretion ol nenyel preppd cel) 1§ e Py g
the level s,g &?éﬁ%@w@w@s d’i"TtI\ﬁEIOHE.hFlhé‘ﬁélﬁ?i?ré&u?s%%&l%a}gﬁ'pk%@mé@e@@

| evel s nor rra% y seen in the cell in the absence of augnentation.
[0041] AugidfEN bl meaing dveaict has a Tatiwenesns that engedss spd enpagssergl MRM1S.

expression.. | ev by Lye. gﬁggu - D e C A inBlealdy
genetic neg%sds%gi%heg{ U%?l%\é&g%ng’gpo r%mgéyga%&l%%&ny%a ?%% conr%p(‘)eunofg

t hat i ncr edsedsvelxfTAEMO 8 vathinhEREGalgneduysor cell aboste tiedey ek notrodlli sgemici d
nol ecul e or expression cassette encoding a regulatory factor that
results inWﬁ‘EF@g%he@ﬁ‘f‘c&ogﬁﬁnﬁa 4tive TMEML 8 in the neural
precursor cell. [0042] Augnenting the |evels of TMEML8 in a neural
precursor ¢@td1lal Sgnreatinglids levgbrd TIMENME § intbdes mbdgatingghmexpreskion

precursor cel o incluyde a lei.c.acid no] ecul e encodi V], 8,

i ncl udi ng *ﬁ’%i‘% PRISS;S @3%@%‘3%3% r°:n§rf1]r‘?6f ‘Frc?é( SRS ﬁ%%f@é(‘ﬁ%
region. It pyickhoshe tblheRsitAQR chhipdundahat TAIRdE& ckprebetored MBS or hyt he
genetically nodified neural precursor cell, the nuclegic aci% nol ecul e

Wil cont alRTqdHEing a gaqlFg 2pid Groberuls o FREIVISIOTbHEICES FYFofinged AE e Phe

necessary gl @ OrNitd BIhGBRed EGALTRGE havelMEEl 18 kPMhe Sskelbrecursor
including a suitable native or heterol ogous pronoter region and

optional | y ceshancer el ements. As stated above, the neural precursor
cells may already express TMEML8, and therefore the nucleic acid

mol ecul e enGEABINY Augmenting the levels of TMEM18 in a neural precursor cell also includes

genetically modifying the neural precursor cell to include a nucleic acid molecule

encoding TMEMI8, including an expression cassefte comprising the TMEM18
coding region. It will be understood that for TMEMI8 to be expressed in the
genetically modified neural precursor cell, the nucleic acid molecule will contain the
coding region of TMEM18 operably linked to the necessary regulatory regions
_required to effect expression, including a suitable native or heterologous promoter
region and optionally enhancer elements. As stated above, the neural precursor cells
may already express TMEM18, and therefore the nucleic acid molecule encoding
TMEM18 may be designed to express TMEM18 at levels above the natural levels of

expression in the neural precursor cell.

[0043]  Genetic modification can be achieved using molecular biology and cloning

methods known in the art. For example, the precursor cell may be transformed or

10




TMEML8 maybe designed to express TMEML8 at | evel s above the natural
| evel s of expression in the neural precursor cell. [0043] Genetic
nodi fi cati on can be achi eved using nol ecul ar biol ogy and cl oning
met hods known in the art. For exanple the pr.ecur sor ceII nay be

---------- premo’ecf -Bﬂd thc-premeter may bea esnsututlve, transierd os indoeiblg PHIedera

vector desi ned express T er, us
promot er, %%W%?n %I\%@r ée@%r)p?%efﬁ 3 Slo\%ggf’lie%g&ﬁl3|8§r¥%ﬁ 2

i nduci bl e Wcﬂii@ﬁl@lﬁlde bavbiaDRshlids 8CHiraxEt@s Sichﬂiﬂvﬂmagﬁioms F\fﬁfl ght ened
| evel s of expression., Suitable, vectors .inclyde bac asm.ds or

vi ral vect@?@PI%QPWJW%?F%FFOG%%%@W?&@Fan ﬁ‘?‘ﬁYI‘ré Ve& %E@QESV?E’PM a
retroviral, a lentiviral or an Adenoviral vector nay be used. [0044]
The TMVEMLS cma} ei fné *Irﬁﬁaws %r&iéﬁﬁtﬁéﬁﬁi extiFbREH @ipetdnetiomadificatiphi on

techni ques may be an protein that, when expressed in a neural
precur sor teglaliques atayi’e ene AMEM ] Sratein thety when expressedin @ 9eyREPIEIASIOL| |

| evel of r I boyoirheisah shesREAL W t h
native exp%@g%?%{ﬁﬂjobggw ot i E{%YSFF\%S{VS% IJEW'genhan(k:\gs the ability
of the neupmburprreellssne lwlslseerowrﬂn grtveexpreseinpfAMBMI8 ithin haicelt es a

neur al pre rsor .cheppattractant f gﬂ‘i’éﬁa&‘a §o?ét9§§' n
(as descrl ﬂﬁ@%m‘é }é S&F 8&%0 E’G_UG%W% has %- e rr?no acid
sequence. ﬁ%&&lﬁﬂééuﬁ&:&iémﬁhﬂ%ﬂaﬂf@'m EPW.MGLATFHALCVLLTCLSSRSYRLQ
GHFLCLVI LVYCAEYI NEAAAMNVRL FSKYQYFDSRGVFI SI VFSAPLLVNA M ]V VMWV V

W CTLNVMT RRXEK D TVEM 8
or ot 61 ( a e ey ekpies paec (S Brired o NEETASERRE 1 as 1 he
3an V?/gAE?I ﬂge%@@@) haég%$MEEMb&$ﬁLL%LLTGS SQRYKLQ GHFLCLV
KL CEERKERARSAT S BT W D3y OB TC TR PR & T S P
descri bed iGuPNERlyTRYSESSHOMNEIA AMNRYRADESRY (ASF DR GRS ISINGSARLDUNACT d

sequence: NASPYS VRVFPVSI PAVI IVETDWI'EP V\LLGLLAFHLLCLLIQTIgzﬁAQQTKLQI
GHFLCLWWL , MR MBI AORBHE R RRBEDHNA

[0046] Mouse TMEM18 protein (aé described in NCBI accession 1no.
NP_742046.1) has the amino acid sequence:
METDWTEPWLLGLLAFHLLCLLLTCFSSQRYKLQIGHFLCLVVLVYSAEYINE
VAAVNWRLFSKYQYFDSRGMFISLVESAP LLENAMLIVIMWVRKTLTVMTDL
KTLQEERKERRRRRKEE [SEQ ID NO.: 2]

[0047] Rat TMEMI8 protein (as described in NCBI accession no.
NP_001007749.1) has the amino acid sequence:
MASPYSVRVEPVSIPAVIMETDWTEPWLLGLLAFHLLCLLLTCFSAQRYKLQI
GHFLCLVVLVYCAEYINEVAAMNWRLFAKYQYFDSRGMFISLVFSAPLLFNA
MVIVIMWVRKTLTVMSDLKNLQERRKERKRRRKEE [SEQ ID NO.: 3]

[0048] Dog TMEM1S$ protein (as described in NCBI accession 0. XP_848731.1)
has the amino acid sequence:

MCEWCCWQR.PYAYLLSARDDFRCEGYGGPTKLRAPSLCITAPVEAACARVA
DPLSSSNGRLPARHRERSPRNFKLTGDVSVQRGLEHRKTGGKLPSQEARVPA

i1




WI VI MWRI CTLTVMSDLKNLQERRKERI CRRRKEE [ SEQ I D NO.: 31 [0048] Dog
TMEML 8 protein (as described in NCBI accession no. XP_848731.1) has
the am no acid sequence:

PYAYL L SARDDFRCEGYGGPTKLRAPSLCI TAPVEAACARVA  DPLSSSNGRLPAR

HRERSPRNFI &1 T IMRYRR &3, Sﬁﬁ%ﬁ?@%@ﬁ\ﬁ&@ﬁmﬂemwww -- -

- APFRNPTCRDAVPPPWGPLLRRVLPRLRLGPRPQTDWTEPWLLGLAVFHVLC

CL L L HHRGREGAADTL PODHEWAVECEVRL OERL ARARARTT GASVTVI OYFDSRG
Al LGVHRPVTHEF M@ﬁ*ﬂﬁﬁﬂ&%aﬁw&&@m{ Q
VPRPGACCHL&@@ Y R ERITY MR CRRASRAE SRR R RERKRK EE [SEQ ID
APERNPTCRD LL LPRLRLGPRPQTDWI'EPV\LLGLAV HVLC

LLLTCLSSQRYRL:AYGHFLCLVI LVYCAEYI NEI AAMNWRLFSKYQYFDSRG M-I S
V\FSAPLLLNAM | VI LW VRI CTLNVMIDLKTLQEKRRERKRI CEE [SEQ I D NO.: 4]

[0049] Chi gdgﬁg Vel %?ﬂ/ﬁﬁ\ﬂ%rﬁ)@%@9§&Eﬁ%1mlﬁ%éesﬁ6ﬁﬁ§§i0” no.

NP_0010127 e am no acl equence:
MVSLAI V\ASSREAMVMS\ZAVME@W@.@QW@W DWAEPW.LG

VorrDsravF S PO YR U AR TR R O TORIY ARRTE Lo

| D NO. : 5] LACHSOIL EFIIeRURSFQfY RKQI GHBL AL Y GAEBINEBARMITOHRLFSK

(ool ogenat i RE oG R VP R doRpguaEses

mel anogastggﬂgﬁgqmgo(o)-] sativa). [0051] Thus, "TMEM 8 protein" as
used herein re ers to any TMEML 8 pr ot ei n and i ncl udes honol ogues of

TMEMLS, and derivative, .variant n t her eq

capabl e of | nc%@ea?ﬁ‘é’if éliap?ﬂ?i gpntgr h’%ﬁ%&?@ AR (&%Pﬁﬁ
glioma cel dg{-an?fo‘iﬁbhofoﬁéls p?@t@ﬁl%@&n@esr(ﬁblﬁﬁlog@ﬁ@ﬁlé;b?e(ﬂ:rate@@lbbmlogous
chei noattractant factor. pol ynucl eoti de sequence or pol ypepti de
sequence |seca1enq¢s)&emof§u’ély(é’r me@r‘wg@m’)ﬁﬁ?ﬁl@gﬁﬂg‘” to, anot her
sequence if the two sequences have substantial identity over a
speci fi ed zmﬂn affls t“'i'ﬁ/[ﬁl\!‘im:% fofdnad as@@éd Neréid r&érs&@@:ﬁﬂ@[&ﬁﬂ@@ﬁotbiﬁ
conserved (as used herein e term ' honol ogous' does not infer
evol uti onaeyd n@mdpse@m(gues qivpMEM18, and any derivative, variant, or ftagment

thereof that is capable of enhancing migration of a neural precursor cell toward a

glioma cell or a cell that secretes a neural precursor cell chemoattractant factor. A
polynucleotide sequence or polypeptide sequence is a “homologue” of; or is
“homologous™ to, another sequence if the two sequences have substantial identity
over a specified region and the functional activity of the sequences is conserved (as
used herein, the term ‘homologous' does not infer evolutionary relatedness). Two
polynucleotide sequences or polypeptide sequences are considered to have substantial
identity if, when optimally aligned (with gaps permitted), they share at least about
50% sequence identify, or if the sequences share defined functional motifsl. In
alternative embodiments, optimally aligned sequences may be considered to be
substantially identical (i.e. to have substantial identity) if they share at least 60%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99 identity over a specified
region. An "unrelated” or "non-homologous" sequence shares less fhan 40% identity,

though preferably less than about 25 % identity, with a polypeptide or polynucleotide
' 12




pol ynucl eoti de sequences or pol ypepti de sequences are considered to
have substantial identity if, when optimally aligned (with gaps
permtted), they share at |east about 50% sequence identity, or if
t he sequences share defined functional notifs. In alternative
enbodi ments, optimally aligned sequences may be considered to be
subst ant i abftye indtertidnaakr 4 $peeified eglvawd hembBigy. Bhé teihs Héentity"ypdi f t hey

share at lgast, 6Q%. 70% 75% 80% .85% 90% % .96% 9 % 99
identity oV ?nhﬁa]s6@8’?@i38‘ﬂlen?ee§é?’gﬁtg’kﬁme%’h&q féetpgges br Q%%l -‘#%er??jlﬁeo/gous"
sequence shalefSled. SRSt} dh HlbdrelRRE b Yompihpugth pusktiocpriattepliegs t han
about 25 % denti ;%é w t'h_a pol ypeptide or ol ynucl eotjde, 12 .of the

i nvent i on Bences. shdegtes elddendgy Bqn%ﬁ?)ﬁ@ gedupPpRes iS¢ fpction gd %ty
and "I de“ﬁ@@éribf{d%mf bOnREAHE AE RO LI LegdsinonPelreery thyqpaRed, des or

two pol ynucleotide nolecu : ntity can be determ ned by
conpari ng eeth spasiiadiregion.nOptimalaligyment of swpjerase &3 POmP@@QP%@ylétfnt}fy
identity between 1.ho_acid » i 2 of
denti ol B RRreRTHETuRGS v SEMENI Rkl s WaIGLRE B ot AP R
sequences, ClusRIW pvgimpavalebie btihetd:/fchgiabm cerOpte atEb, thé logulrhemolagly
sequences for co i.son f idenfity dust ed, usisng a

vari ety of ﬂ&?ﬁ%ﬁn‘%}f%ﬁ% aé’g \g?tmoi/é‘ﬁtli ﬁdﬁépgﬁ{a%? ?2@ ?U@F %@m?lﬁgy

C ust al W pLigghait alg¥@tdndiTheedibmbd b Whieddis1 G0V, 9gsloB®@l. 48:44R,thd he

| ocal honol ogy algorithmof Smith and Waterman, 1981 V. pl .
Math 2: 4gsearalfer sowaTiygyethod ofdierern al%siifglamﬁ%riﬁ?%fP"R%é‘ﬁﬂt@gﬁﬁi ﬁ‘ﬁd

Winsch, 197@, od. oMl . B 8 Pir SHER: S al §drfhh@(shétasTet hod
of Pearsonzgﬁg% L%%ﬁ%ﬂﬁ?gg%m@?%gém&% ?ntAcag.. Sci. ~USA 8{3: 2244,
and the cofidd, BESTEL, FiysTénndt ERATHs inghe Wiscpissia Gyastios RpEwas farkags,

GAP, BESTF|I, FASTA and TFASTA { SCONG| ' Qfdowar e
Package, ééaﬂeeticls'?g “??%9%%‘? ’ agiﬁgl}’gﬁgéjl{gs%&{ %&B%%ggﬁt?%%equence.

i dentity ndyteahined lng e BEASIdgbritian nipseribed BLABThal gjof.i 199 J dé&¥cr i bed
in Altschul_ et_al 99Q, J. L iol. .215 4031 ' ,

publ i shed BI040 "eltjot(}lﬂa%ﬁh.e Pg@f#%g%fg%?e%‘b“e%”r %’Wgﬁé Mﬁk%g’f&‘g%m ysis
may be avaiplaNTear:lyeil ueHy tea@ailibld trvakh GeNationd @enfdt fir@ibkadinopyy

| nf or mat i ogqj%thrpugh the internet at http://. . ncbi ..nbn. ni h. gov/).
[0052] A vA&FPERALOH th&é@%m?@eﬁ?tﬁm&@ﬁ&ﬁ@ém AEPSEIR ragnent, either
alone or contained in a fusion or chinmeric protein, which retains

t he abil it yodselenhangent of dikiabti@nf CMEMOS wiak tos Bagmany eithed dlotteanar d a

glioma cell or a_cel] that secretes.a _neural precursor cell
chenpat t r aéPRiARCd Hict pion gf chimenpRiptean, mbg,&erpﬁn{s ﬁéet a%ﬂété'?%%‘@ﬁnce

migration of a neural precursor cell toward a glioma cell or a cell that secretes a

neural precursor cell chemoattractant factor, or a TMEM18 protein that has been
mutated at one or more amino acids, including point, insertion or deletion mutation,
but still retains the ability to direct migration of a neural precursor cell toward a
glioma cell or a cell that secretes a neural precursor cell chemoattractant factor, as
well as non-peptides and peptide mimetics which possess the ability to mimic the
biclogical activity of TMEM18. A variant or derivative therefore includes deletions,
including truncations and fragments; insertions and additions, including tagged
polypeptides and fusion proteins;' substitutions, for example conservative
substitutions, site-directed mutants and allelic variants; and modifications, including
peptoids having one or more non-amino acyl groups (q.v., sugat, lipid, etc.)
covalently linked to the peptide and post-translational modifications. Asused herein,

the term “conserved amino acid substitutions” or “conservative substitutions” refers to
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nut ated at one or nore am no acids, including point, insertion or
deletion nutation, but still retains the ability to direct mgration
of a neural precursor cell toward a gliom cell or a cell that
secretes a neural precursor cell chenpattractant factor, as well as
non-pepti des and peptide m netics which possess the abj | | ty tommc
the bi ol oﬁm sulfstittion of one apfiner wEd g anotherat b given dncaidien invle Pepads, KEET or e

i ncl udes dgl et.i cI ud dangertions
and addi ti §ub5?ﬁl§%8 I hg T%cgegeglowgﬁﬁ%%%ﬁ?foéggﬂg%d %us%ﬂc%rot ei ns;
substi t ut i pESng feh chuaRR|sebstianvas viiilkieweninsadid tasidues @nbe nsxde en ther ect ed

mut ant s and allelic varjants nd nodj fica ns cl 0| ds
havi ng one Eﬁ]fs ot @‘Vﬁéﬁméﬁ’ﬁt%sté%&a&'SB Feug “&f go k'%uﬂ THGIF Flg? 8&“%
coval ent | Yh d'r glc{tf? hérhﬁbpﬁﬁﬁ@it&,‘iﬁd ﬁﬁdlk@oﬁlﬁ'sﬁéiﬂéiﬁbtﬁhhma:hay be assayed

nodi fi cati ons. used hérein, -the term"conserved am no Aaci

substituti @nﬁleﬂcﬂffecmﬁb@ﬁmﬁmwtmﬂﬂ@ﬁﬂo@ﬁ%@ teﬁ@*gel@nﬁ%}"’ﬁ@ef Rees
substituti hg&gg on in the
pepti de, %raggo Lﬁﬂe %ﬁ%é@ ?ﬁﬁl?%zﬁp%:% aﬁﬁ&e@&ﬁ@?cﬂﬁgﬁ%&sﬁdﬁgtﬁﬁn“ al | oss
of the rel édardatiscuendiicofor exampleydivirergticuofe Ghetingebsidegrioup pfanapers of

i ke amno acid residues can be made on the basis of relative
simlarity®®f side-chain substituents, for exanple, their size,
charge, hydrophobicity, hydroph|I|C|ty, and the |ike, and such
substi t uti {0e53jay Vaeiars sad/daivafies carhles prepefréd dor caampleeby sHbSHIEE, of t he

pepti de by . .routi ne estl n Conservatij ve .changes .c de
the substi £9ft %g 8ﬁ%%i%%ﬁela9u@ealp}(‘)\f§fld%%sdn%b g?%‘?lsgq(aedcggw
derivati segMr Ppioteid @frﬂa@@mdheneomnd @@&hhggrfoﬂﬁmhgfcaﬂmctwmnal si de
group of an amino acjd, [0053], Variants and deri vgi gs can be

prepared, FPeferaslumbsditutions arqsaideryith REservaizp aRiReCBt it ridone or

nor e ami no, At B duaTariphylile, REb§6a1 3¢ bﬁbn&eaw&mdaf AasklleB/EMk&
protein or fragnent thereof, and screening for biol ogl cal_ activity.

Pr ef er abl ywﬂéumatmdthommsw@d@nwmﬁs %‘fﬁsﬂéweﬁsmze% én o
rosi dues, oy redBREGER DR STHoh Hr RiABGA Samblod 00ALC R0

chem cal propetties pberson rC}M nder st and how to make
such deri vaalecedar Glonizg: naelnb@‘atOQSMaguaé,tkrﬂﬂa@lﬁﬁpmﬁ@bourﬂrab?féwy

h od
R o T

Har bour Lalboi a¢w@slypreddrses sdll toavad dgiomaaset] esa cellithat sheretes atnewiekpregursor
variants for_their abili to di.rect, atlon a ur sor
cel |t owar GetheRfmoaH e f%‘@f mﬁluélgg PS’JE‘%?% PSP ggscgg?lde]lﬁﬁé Ex 39{ c(tgjsr sor

set out herein.

[0054] In various embodiments, TMEM18 comprises an amino acid sequence of
any one of [SEQ ID NO.: 1] to [SEQ ID NO. 5]. In particular, TMEMI18 coniprises
the amino acid sequence of [SEQ ID NO.: 1].

[0055] In various embodiments, TMEM18 consists essentially of an amino acid
sequence of any one of [SEQ ID NO.: 1] to [SEQ ID NO. 5]. In particular, TMEMI13
consists essentially of the amino acid sequence of [SEQ ID NO.: 1]." As used herein,
“consists essentially of”’ or “consiéting essentially of” means that the sequence
includes one or more amino acids at one or both ends of the described sequénce, but
that the additional amino acids do not materially affect the function of the TMEM18
protein fo direct the migration of a neural precursor cell toward a glioma or toward a

cell that secretes a neural precursor cell chemoatiractant factor. For example, the
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cell chenpattractant factor including using techniques as descri bed
in the Exanples set out herein. [0054] In various enbodi nents, TMEML
8 conprises an am no acid sequence of any one of [SEQID NO.: "1] to
[SEQID NO 5]. In particular, TMEML8 conprises the am no acid
sequence of [SEQ ID NO.: 1]. [0055{}{ I n various enbodi nents, TMEM 8
consi st s eSNEMISrbiginshonsisingressentialli of ons efjthenbeveomemiiopedrguesce] SEQ | D
NO.: 1] to [S | D_NO, . ti.C . M i :
essenti al I?L%F%ehoél e’gn%lohtglegtiﬁ% Og'génuéé?llcy}!é%%l s %@E&O?BO%Q& O%]tﬂ% (}&gcrﬁ)se gd
herein, "soneicsimoesalehitisatt ypotdin oill posomnsdsthid abifite sedirdc midrytionfof
means that the sequence_ incl.udes one,or am no acids, at one or
bot h ends BRCHHITABEEE SV G AREE Poat 2 CeihGe FHEeS AGFARE R no
aci ds do ngl dmRiBsitradiany takdrect the function of the TMEM 8 protein to
direct the mgration of a neural precursor cell toward a gliom or
toward a cell- that secrefes a neural grecursor cel.l é:cgirmattra t ant

factor. Fot00S8hpikvarions empbodimenig. TMEMIE PR EoNANATMRY RS EEHPIEP y of
one of the, ARG BN I9RRS!: FRGUSHNGES NOTBY. AN, TNIANI1SLBASSs of | Ve

or ten amno aci dsf_a? one or both ends o¥‘ the described sequence,
provi ded t thatemdnecavidseprance ph[33Q I Nposdesses the ability to direct
m gration of a neural precursor cell toward a gliona cell or a cell

h - . [0056
t hat secrefgg%ggdhw{l?b?Q{%ﬁl%gﬁeveﬁ%@r MDA SR BRbuk@Cer - | ]

I n various i men consi sts of an am no aci d sequence of
any one of ifcBEDgbY guGitically mpdiffigEDe nBunkpredirsor call by ranséestiog the TRIEML 8
consi sts of ..the _amno_aci eqguence [ S IIEBH@" 1 i us,
by augmnent iwﬁﬂg1 I &P S6r i Saex?lrgés}% ﬁgr ecur s’oﬂrle %%Pﬁoq%n%ﬁg%i ng
by geneti catebyrsoradil fomirgatt hieng en imsteaging gradior ofmethembstiractan $fabmtis ng
the cell w.th an_expressjon . vector thal directs.exptessiaon of

TMVEM 8, th%“lﬁlﬁ?q%i_tg CIR o O SRafcempt o 8 ?uogéfefersﬁguﬁﬁa]s r8’{)‘3<';?|fong an
i ncr easi NYn@gaghEil a R peleRBEdell8 ebapired ROLOfatd B theathaneed.

"Enhanci ng" or "enhancenent" of mgration refers to jncreased rate of

migration BYeREniRsdeds QSrldEMI By Eakaopingor eRfivperimdt PSRRI A58 TS e
absence of jn AUGHE MeGrboB R ot cBlls Wi BeubPrRAfidI GclPpogtididn eefRal  Of

mgration also refers'to increasing the proportion of cells within a
neural pr eugeses eepargbipihepiopertion af thapppulatipnghatragates do s abwsce o

the pr oporg%g_{én%htehlp&,egq)q%i\iﬂgg_ that mgrates in the absence

[0058]  The neural precursor cell may be cultured in vitro in order to express
TMEM 18 at augmented levels, under conditions and for a time suitable to increase
the TMEM18 levels in the neural precursor cell. As will be appreciated, the neural
precursor cells may be grown in vifro in an appropriate growth medium and at a
temperature and for a time that generally maintains the newral precursor cell and
which may allow for expansion of the neural precursor cell population, if desired.

The growth conditions may be free from chemoattractant factors that attract neural
precursor cells, Where an inducible prbmoter is used in an expression vector to effect
the augmentation of TMEM18 levels, the growth conditions will include any
conditions including any chemicals or compounds, temperature, light wavelength or

level, necessary to induce expression of the TMEM18 gene.

[0059] The method may further include delivering the neural precursor cell with
augmented TMEM1 8 levéls-to a cell population that includes a cell that secrefes a
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of augnmented levels of TMEML 8. [0058] The neural precursor cel
maybe cultured in vitro in order to express TMEM 18 at augnented

| evel s, under conditions and for a tinme suitable to increase the
TMEML8 | evels in the neural precursor cell. As will be appreciated,

t he neural precursor cells may be gro jn_vitro_in an approprjate
gr owt h medPEHRldREFUERCr ghemagtneiant farter %ﬁf@'g@%’ﬁé oqverda PR h
mal ntal ns E%lﬁ?cﬂﬁ}éhéﬁ tPHEREHN R HenGehlecBiR coll dellverBy irdludeyvy fina cell.
expansi on o e neural precursor cell population, if desired. The

growt h con&ii griodes emhgditrent; thesell permal diss o wbich dle nertal prewsersell fat

attract neytfleredth ML 58 difk of HOGEEIB AR s PLRIMLE1 S used

in an expression Vet ugnen Ion o
| evel s, t hdeghenatibn dandiddegenemtive diserdéntheluding Padonobink idsasse, dagdageli ng

any chem cal s or_conpounds,.te ratur i wavel ength or | evel
necessary ?’Gmi %ﬁ%ﬁ?ﬁ?ﬁ&%%ﬁ%ﬁe{%ﬁ (ﬁké*ﬁg‘%ﬁﬁ@.gwpéagsis% he net hod
may further include delivering the neural precursor cell with

augment ed TO48d] 8 Thevell Sopulatidneeivhichdiinental prectubat cellicdalitarsd magdkl
that secretes a 15 neural precursor_cheTDat racta&%%f%ﬁ}or as
described &B&vEro CAll SRETSMIBU bRt VRSS! BWAtOBSHIR # B whi ch the
neural precursor cell is delivered includes a glioma cell. In

anot her enpogi1Tent Thisheh&ethk nB@Braduk0h cdiChavttigthgineged Birelabf pr ecur sor
cell is delivered includes a cell at a_sjite_ of neuralggggfne&g i on,

such as a diMIMA$ isflelivard topaga e e BoPHANOR: the BISaEy &
di sorder, inglddelh BRnRa :%g{rgﬁfa@{eﬁr'éa\ﬁclsi?ﬁﬁ&?mcﬂ@iﬁgg%lioﬁfa% stroke,

anyotrophic lateral sclerosis ( and Huntington's disease. [0060]
The cel | popubdagensrative didoirdds. t he neural precursor cell is delivered
maybe an in vitro cell culture or may be an in vivo cell popul ation

within a Sifgd;)%?]ts : O@&%@&h &Béﬁerﬂg%él %is'&?dé}?,%liseﬁe?@kiﬁxﬁﬂ{nﬁﬁ?b} havi ng

augnent ed TMEML8 i's deélivefed to an in vivo cé
popul at i ondathge tpmesrehitidsye Gebwny bretdeatadton sepairpdby adpaigistratiamn df@dentgl

o <or dor | FoogaY SRR BELHEL Pe 4 ARk fra B BNE P e

wound, injury or damage to neural tissue that may be treated or

repai red byOR@RY niBrergivinemayfbeanyigliat, inq}.w;_ucﬁ@gja ghiome ey describsd am_.
R

may be any ‘gl'i'ong, i nc ove.

[0064] The neurodegenerative disorder may be any disorder characterized by
deterioration of neural tissue, and includes Parkinson's disease, damage from stroke,

amjrotrophic lateral sclerosis (ALS) and Huntington's disease.

[0065] “Treating” a glioma or a neural degenerative disorder refers to an approach
for obtaining beneficial or desired results, including clinical results. Beneficial or
desired clinical results can include, but are not limited to, alleviation or amelioration
of one or more symptoms or conditions, diminishment of extent of disease,
stabilization of the state of disease, prevention of development of disease, prevention
of spread of disease, delay or slowing of disease progression, delay or slowing of
disease onset, amelioration or palliation of the disease state, and remission (whether
partial or total). “Treating” can also mean prolonging survival of a subject beyond
that exi)ected in the absence of treatment. “Treating” can also mean inhibiting the
progression of disease, slowing the progression of disease temporarily, although more
16




That is, the glioma may be a grade I-1V glioma, including a
glioblastoma nmultiforne. [0064] The neurodegenerative di sorder may
be any disorder characterized by deterioration of neural tissue, and
i ncl udes Parki nson's di sease, damage from stroke, amnyotrophic

| ateral sclerosis (ALS) and Huntington's disease. [0065] "Treating" a
gl i oma or prefecabivakt iakendees drling the niegesipaof fherdéseasoRB#ICEPBr oach  f or
obt ai ning beneficial or desired results, including clinical results.
Benef | i al joBipg) ICFhd Gflidkel i 68hny BHLL R nEATbAREIAAE indidingihGeadbt
limted to, a eV|at|oh or anelrrordation of one or nore synptons or
condi t i onsireatineritiof s phiema o nasxdegeneniiive lisedsie | Thetsubiestimat led®y of t he
state of disegfe, Ereventio% Qquﬁ¥$|§ nent of di sease, prevention

of spread %?H"§@Q'5§365F8§ of §fomﬁ%g'%? di sease progression, del ay
or slowi ng of disease onset, anelioration or palliation of the

di sease stp067] andhe seirs gravnrsondedtib edminjséared talthosubjeot byt Jeliveryieasitng”

can al so nmeap prol.ongi ng. survival of a subject be ected
in the abs vi "F”gﬁf’ﬂ@ﬁf‘?lﬂlﬁsgﬁrte{eﬁ&m&r rﬁ?“é%?réég%lﬁqg%f} ing the
progressi opcRfk, iﬁmﬂ@%@ clisthO¥éING atda® aRItOGT RS €ifsue Hiegnsiads®or within
tenporarily, although nmore 16 - ---- TITARE
--------- thgigmivaBisych & gelliang sritisse dalproerp 2l HeoErRERSPHRTSF! Re

di sease pefaRRhl Yite dFARPEomENENDY Ble®EH 2 TRY o HRuAN YsshY Bb£Bbratifh. ed Of
treatment, 1ncluding in néeed of treatnment of a glioma or a

neur odegenevatéliverydnaobaascomplisied usingmethads Jowvayip theast, RN udi ng
a manmal , parti.cul ar] y .[ 0067] The neural precursor cell is
Bty Sta bl oW oter

adm ni st er e su ellivery to a site wthin the
vicinity of the cell that secretes a neural precursor cel
chenvat t r af068] fAmctffective anafuntidfrgurel giecwms ceBs having asmeptied levelsod of

neural tis ener,at i. i 1 Ri I CleRl b c ell and
winin o arSEEESREiRidhePloat hibidl TGl Saflolife Hob SR RC T | ©
the site ohekhenghi atameeit effestive e demizts aad Soit reriofls sfdumeheceisayiie

degeneration. In_  yivo. deljvyer b ccompl i shed i ods
cown 1 ot Aissethe dart iy ke BRb P e R BRI B gl RS

i njection. gl:0RBG8] An effective amount of neural precursor cells
havi ng augnented | evels of TMEML8 are adm nistered to the subject.

The term" ti anount " use her ei n ns .an . .
ef fective, fééeeggos \é@@é} & qfé‘?tgldgﬁagﬁ?cwmﬁe%n%n&agms S a?tgg?g‘}m 3¢Hi eve
the desiredefepamblon séwkal G208 ifcludify the §alerityndgidemMehetlioma or the site
neur odegenerative, _ X ' . . . - .
of neural tissue degeneration, the extent to which the glioma has invaded surounding
healthy tissue, the type of cell that is administered, the mode of administration, and

the age and health of the subject.

[0070] Tt will be appreciated that the neural precursor cells having augmented
levels of TMEM18 may be administered to treat a glioma or a nenrodegenerative
disorder in combination with other treatments or therapies, including drug therapy,

chemotherapy, radiation therapy and surgery.

[0071] When adminiétered in vivo, the neural precursor cell may also be modified
to include a marker molecule to allow for detection or visualization of the neural
precursor cell once it Eas migrated toward a glioma cell or site of neural tissue
degeneration within the brain of a subject. For example, the neural precursor cell may

be modified to include a radioactive label or the neural precursor cell may be
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di sorder. [0069] The nunber of total neural precursor cells to be
adm nistered wll vary, depending on several factors, including the
severity and size of the glioma or the site of neural tissue
degeneration, the extent to which the glionma has invaded surrounding
heal thy tissue, the type of cell that is admnistered, the node of
admi ni str agenctmalland)dlﬂeﬂéo glade nue ¢randre ugeicepid maleguise encqigw Ao aTker

w il be ap reC|ated t the I ted
'evel s of PR Paeyfenr siins & Hidtta bR i ale SR spidlHlononaatten
neur odegengbiin, yalomdﬂmésdait prateiapied finades@nt pmtetn cmltmeferetse,emhmbng & or

t her api es, |ncI ng drug therapy, chenotherapy, radiation therapy
and sur gerRpt @3?%?1VW B-adni ni stered in vivo, the neural precursor
cell may also be nodified to include a marker nolecule to allow for
det ecti on [@072] SUaltb@afiiedy) i@neulue pﬁewﬁ@l cell npiydeuiaibiedte hﬂchrdﬂ ceedt has

mgrated toward a gliona cell or site of neural tissue ene tion
within t hemgqequﬁmgpaléhegm}l@&genis@at asedape delivierrd th tissap OB?E cel |
may be ”Déiltfl c}f‘ﬂ A0 6E eﬁéﬁiﬁaﬁmlﬂes&ﬁ&@l F(ﬁ'rexﬁthﬂen@blh@.iral

precursor ce e 17 genetlca 1y nodified to_ include one or nore

nucl ei ¢ acprdcmmredllltnes be genstcally modifiedterinclydecmicleicoicidyaglerde, f or
exanpl e a puehel ¢ 4acl d abl ,ﬁ%ﬁ‘%‘?" tagﬂﬂaro‘?&g?cgﬁésegfe?e‘ﬁrht{ﬂe‘éﬂé 884 8Hma
protein, yé%Pomﬁ?luo esce lorescent protein or

| uci f er asegell or¢hemierngnasal tmwetdegéneaatﬂous Itcmllme @néarstoof[ ibet7th nucleic

Alternatlvel he neural precur.so | ude
one or nof¥ a&ﬁ?%%ﬁaﬂ‘eﬁqg?lﬁﬁ%&m rﬁ eﬁf{pga‘%,wg? tell &1 e (ge &{;Scojva:l |nd \%er ed
to the sitgeceisady BEiIQOH r@@bhs re@tirddRe eftdt exlﬁésshﬁmfaﬂe thetrapdmﬁc protein or
degeneration within a subject, For exa t he .neural . precurs

cel | may beepgEmEY e 57l yS%% aeelaery Fegions %‘? aa*ﬂﬁ%@f’ BIOPOLEEE M F‘é@m e

encodi ng a,d i‘ﬂh@@%f‘ﬁété‘roﬁg&mpmﬁ%f' adeR af) opliSially! éhhRfes Bemeitedrat t he
site of a glioma <cell or the site of neural tissue degeneratlon I t

will be unm@@d’e@tﬁmm@w@ech@resedéeﬁ@rﬁﬁSrﬁMEM%ﬁm@enFWé codi ng
region for a.lher @ﬁ%@ﬁe&g@% SfreREPbLABRR Pk oRSeptidBCesSar Y
regulatory régi ons requir o effect expr SS|on of t e t herapeutic
protein or peptide in the cell. Such regulatory re |ons |ncI ude a
sui tabl e pk er 2 thglapenticprrtpin on seniida it 3 RateH} OHRsPEIL BEHEL pr onot er
as well as equgsts%@ﬂ%é rgc FRRARE §las Qt}%@@ﬁtﬁr effelf on ﬁéﬁ%@@r R11\bE BeQElL

i ncl udi ng a‘vec to expgress in the neural
that secretes the neural precursor cell chemoattractant factor, or which effects a

desired result within the precursor cell or the cell that secretes the neural precursor
cell chemoattractant factor. For example, the neural precursor cell may be modified to
secrete a cytokine that directs immune cells to the site of a glioma, such as for
example interlenkin-23, or may be modified to express a suicide gene, for example

the Herpes Simplex virus thymidine kinase gene.

[0074]  Although the above.treatment method has been described in relation to
treatment of glioma or neurodegenerative disorder, it will be appreciated that the
method may be adapted to treat any disorder in which the migration of neural
precursor cells along a chemoatiractant factor gradient can be exploited to delivery

neural precursor cells to a site within neural tissue where treatment is desired.

[0075] In addition to the above described methods, there is also contemplated a
neural precursor cell having augmented levels of TMEM1S, as described above. In
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precursor cell, nmay be designed to express a therapeutic protein or
peptide. [0073] A therapeutic protein or peptide is a protein or
peptide, that when expressed in the precursor cell, has a

t herapeutic effect on the precursor cell or the cell that secretes
t he neural precursor cell chempattractant factor, or which effects a
desi red r esutain egibadiments gheeaeal PREHSE R COPPHELSE 28 BINCHINRVELRT r et es

t he neural rﬁﬂf‘ ell chenpattractant factor. For exanple, the
neur al pre%%og%g ce IYH%'By be nodified to secrete a cytokine that
directs immune cells to the site of a glioma, such as for exanple

i nterl euki (PATS] ofThnm yheveismpoesetitlentovidedamaued pregursor eallFonyapiag af or

exanple the Herpes S npl i .17, g i
Al t hough tﬁeémgg et.l}uaggtaﬁ%nrpglﬁ%ﬁ%%%gﬁ%qﬂ%@ﬁ%@é}ggﬁ%ggl%ﬁ?i gg?%%qlron to
treat ment ol @ lkliepsfore@endtizailpohedities tadxipwas aigromtbdriovels o INIEMBS. The

appreci ated that the t ho be adapted to.treat, an isorder in
RhPCh t he: ARSI FIHEAY SrelRprss Reger oles nghgnters rethiics
chenmat t r agtipRhy fidhbOfontrRe b aldleic abd IR, Bictudthg!ad eliplebia vectoneur al
precursor cells to a site within neural tissue where treatnent is

desired. FOBTESEE onp opaare therAPHC Prteing 5 Peprtisscr i bed met hods, there is
al so contenplated a neural precursor cell having augnented | evel s of

TMEML 8, agotgcr iefd AlAMBnistkdiohd 1 Gk hdlelrabpradtdrRBl %o a fibfech Qbthal
precursor cell “conprises an expression vector _encodi ng_ TVEM 8.
F

[0076] Thuss a subiscein neeppEientmpni ofp slpmeer BOGEleasISHATYE disgrler, agpyral
COMPY 181 NG pRouds SERNRNRR bu M1 16, ACSCINBARS W6 1RGAMI G JMEM S, and
ce st enetli cally

whi ch neur precur sor erefore g nodifred to
express audgmpeetiond il epersaceitidl/EMbpesitithe neur al precursor cell may
further conprise a marker nol ecul e. The neural precursor cell may

further coigieie aniGle! fieBS! HolLPEMfinaldlbld Shfifo Ab-RBIASR) N

vect or, ng one or nore therapeutic proteins or peptrdes.
[0077] To akwtal precudsuir nélshaving amgmehted layhls af hIENMI 8. pilembegngcegidel to a

subj ect, such s a supject. i.n.need of tre n i or r a
neur odegen éP@P?@éOW%%E?E gug]%auﬁ%i acﬁ?%%a@&ggﬁe%’%agiel (ﬁﬁgl{l/tl O(rg] 8&21818 nent ed
| evel s of TiMeEMbeStidmiy obe afpetttidrafoachlasinelndesisngs gdimandeuiical aompositions
phar maceuti cal- conpositign. [0078] Therefor therg is pravided a
phar maceut it & E‘gf“iggﬂmﬁgﬁ‘b?‘? ?%ﬁe%rahﬂgf‘ﬁsﬁ’l"c{gbrﬁaﬁpgj%m ™ Havi ng
augnent ed l.eupbsy Rhiaid\iElkBacelilRlp AedepREIe ebhdedirations of salt, buffering agents,

preservatives and various compatible carriers. ‘For all forms of delivery, the neural

precursor cell may be formulated in a physioclogical salt solution.

[00791 The pharmaceutical compositions may additionally contain other
therabeutic agents useful for treating a glioma or a neurodegenerative disorder. In
addition, the pharmaceutical composition may contain growth factors or cellular
factors that facilitate cell survival and induce proliferation or differentiation of the
neural precursor cell when delivered to the site of the glioma or neural tissue

degeneration in a subject.

[0080]  The proportion and identity of the pharmaceutically acceptable diluent or
carrier is determined by the chosen route of administration, compatibility with live
cells, and standard pharmaceutical practice. Gencrally, the pharmaceutical

composition will be formulated with components that will not kill or significantly
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conposition may further include a pharnaceutically acceptable diluent
or carrier. The invention in one aspect therefore also includes such
phar maceuti cal conpositions for use in treating a glioma or a

neur odegenerati ve di sorder. The conpositions may routinely contain
pharmaceutical |y acceptable concentrations of salt, buffering agents,
pr eser vat i iwweir ghecbivlagicd wsonsoirg f ths(lize aeyrel mearsopesilsal | for ms of
delivery, the neural precursor cell maybe formulated in a

Physi ol 001 Gk1pal inoflathi@Btical BRiHARPHEPEBEEYY Lilw:CabRRITb: OnS
may additionally contaln other therapeutic agents useful for
treating ahgbiepaatior ofphamacodginascaptiivle corhpesttihas suifahle fagdi ti on, the

phar maceutical. c si.ti.on ne nt ai

P T R e e L b

di f f er ent i @ldi 20 additibtad active yiilatanps ecubsaices&lcombhed irdemitee adthtao t he
site of the glioma or neur tjssue . eneration i ubj ect.. .
[0080] Th ePb&FB%FSP“tl?ag‘H a&?‘?atag}&é’ﬁ%@y %BF&gfﬁ%%e%bﬂ%Fr%Eleéﬁ‘Pn’?%af"F ﬁ*%&%&? abl e
di | uent orReRERbIoch& PHafndAetRIAMBAGRDR chlt@st6ilre PRAmaHieal Heiences, Mack

adm nistration, conpatibility with [ive cells, and standard

phar maceut P@dishipg &emipeay, BadeibFah UpA 1986)- pha fiwkssts e SPUBEHABE ti on
will be f O{ﬂ?&/ﬂh%%@)@it%{ i < b%t&m& Bgﬁhe%ﬁﬂal F0durdet bE1isO association

significan Inmpalr t ogi c properties of the 1Iive neural
precur sor with bge off 0@ bharfaeeytivalnarceniatile edhidergyddperits and egntasesd in

d b . hqds_f ' : icall
Bccont abl cCEHAURHCRONE. St fapll Fa PRk AR R BREIRERS LCT.

such that an effective quantity of the neural precursor cells and
any addi ti [0082] ac Sointiosuifshemme] precamtrsicina@srdinglcmapbappirpd i 2

mxture with a har maceuti cal.l cce | e.vehi ¢l - Sul :

vehi cl es aP@”{?é%%@H&H‘? &f%‘f‘m%%% € ,S%P%?ebtﬁéffnqlr 'ngflgeﬁsgd%éf#g%&n%g%ﬁts *Lal

gg i ences (Keni Elgidlﬁh'eﬁﬂléﬁa@fdmfaﬁg ioihd déa{aixﬁ@pxemm,b ive hdypievenP it grovih od
npany, Easton, Pa., USA 1985).. On i hj.s basi t he conpositi.pns

i ncl ude, a%??l’g%ﬁmse%‘f thej W‘ili ‘%’?m‘??ﬂ t%? Lﬁ%ﬁatSP?@ﬁégﬁeﬁB rs_cf?r%‘g%a%r

cells, in a3%AGIAd Ribw Miv fb RBRrO§uitBle CorRadivRs eOsrvealidndl pocsdpteabl e

vehicles or diluents, and contained in _buffer be' utions with a

sui tabl e pprdinarefisats fanthe sedeclipr Ardprprargion it swfablq forpelationg 6]
Solutions gf. fLife :é?;ﬁg%%riﬁﬁ‘éﬁﬁ%orﬁﬁﬁémﬁ&‘ﬁ%ﬂ%@ﬁh%s@Bd/irpﬁeﬂﬂrﬁ&ar ed

in a physiologlca phar macol ogi cal | é sui tabl e buffer. Under
ordinary cStttistheamscogeia: The Natjensh Rormydary (VBB 26 NI Bpaubdishedis 188ht ain a

preservative to prevent the growth of
[0083] The pharmaceutical composition may be administered to a subjectin a

variety of forms depending on the selected route of administration, as will be
understood by those skilled in the art. The composition of the invention may be

administered surgically or by injection to the desired site.

[0084] In different embodiments, the composition is administered by injection
(subcutaneously, intravenously, intramuscularly, etc.) directly at a desired site, for
example in the vicinity of a glioma or neural tissue degeneration within the brain of a

subject, including for example intercranial 111_} ection.

[0085]  The dose of the pharmacentical composition that is to be used depends on
the particular glioma or neurodegenerative disorder being treated, the severity of the

condition,'individuél patient parameters including age, physical condition, size and
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m croorgani sns, and that will maintain the live state of the cells. A
person skilled in the art would know how to prepare suitable

formul ati ons. Conventional procedures and ingredients for the

sel ection and preparation of suitable fornulations are described,

for exanple, in Rem ngton's Pharnaceutical Sciences and in The United
St at es Phaweigiotheidurativhef thatrieaiment, thenatireefropwsenblieney 6f apdihe shed
in 1999. 0083 | I csq]gﬂ { f.) zﬁ@%hﬁ Ni stered to
a subj ect %pﬁgg&%ugr]?fe@gﬂ%ﬁ%g’ﬁ%&%gen |%3Fa$ot%gt e se gg?g}g route of
admi ni st r aknosiedgaandktpertize of thedexltht paditioyert Hose faskird dre #nown foltbosgr t .

The conpositign of the Jjnvention be. .admni.stered surgically or
by injecti %éfi{ﬁgm&ﬁee @éiiCtaJége§é¥8§sg¥%ﬁgmmpﬁmﬁuﬁ%?xgﬁ?mgﬁﬁ%&i nent s,
the conposition is adnm nistered by injection (subcutaneously;

i ntravenouploge] i NiThapiesay hiztods amwtwses ardifurdet txenglified bepsiay efthsi te, for
exanple in_the_ vicinj t'Y of a glioma or neural tissue degeneration

wi t hin t hefolpying nop-lunited g8p@RIES- i ncl uding for exanpl e intercranial

i njection. [0085] The dose of the pharnaceutical conposition that is
to be used E§Y the particular glioma or neurodegenerative

di sorder being treated, the severity of the condition, individual
patient pa er gt Aappgi 19 age, physical condition, size and 20
wei ght , thgmgmat ?:on O?Et i; treatnment, the nature of concurrent
therapy (if ani), the specific route of adm nistration. and (?ther

sinmilar fal@088% t Ahis study was dpsignadrie ldepiiynew dgicinn habsd PISed BF t he
heal t h iy ! .
ea pr agﬁ%%&%gﬁ%g dl?%g% g%&%{sﬁ]c%llgfo,eacﬁlw% nrbRaeBilitPlo thké blioths

the art an [ m ni ma routi ne exper| nment at 1 on.
[0086] Thecglses esils thas séroets chembatipstmbiagtots thatsgracknesrs Prechiser Siisway of

the following non-|imt 4 I .

[0088] Thi dhigen y C\K‘%Psd%&eag?% ﬁ&é@@@ﬁ%ﬁ%ﬁ%%ﬁéﬁ ‘%eggaﬁé%eﬁsﬁété*@ae?gﬁ%u| d be
used in bipesgiaserhingcofs diuoatach settered disegselsltes, tnolveoty seatteresin

i mpr oved abi'til [ tgq]%o trace glioma cells or cells that secrete
cherpat t r a8t “Fdct ors that attract neural precursor cells. This
genetic nodification could then facilitate the use of neural

precursor ¢(#g9 ax coNAddsaysereatimpmethvdotonsd abliscaver neaprhtemsshater ed
di sease si tcgn? ’whlerT 8‘!rel%g:éprr]<%sgd? glgécf’lﬁrcgl?y ingrle%s%qlaeur%%étll stem cell migration toward

glioma cells in transwell migration assays. A previously uncharacterised protein

Transmembrane protein 18 (TMEM18) emerged from the screen as a potential
candidate to increase the glioma tropism of neural precursor cells. TMEMI18 was then
characterised to be an endogenous regulator of general cell motility and that it indeed
can confer on neural precursor cells an improved preference for glioma cell-directed

migration.
[0090] Materials and Methods

[0091] Cells and viruses: NT2, U37MG, H4, and NIH3T3 cell lines were
purchased from ATCC (American Type Culture Collection, USA) and 293FT cells
were purchased from Invitrogen. All the previous cell lines were maintained in
DMEM supplemented with 10% fetal calf serum (Gibco), penicillin-streptomycin
(Gibcb), normoxin ([nvivogen), and Non-essential amino acids (Gibeo). C17.2 cells

were maintained in DMEM supplemented with 10% fetal calf serum (Gibco), 5%
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[0089] A cDNA library screening nethod was used to di scover new
proteins that can, when overexpressed, specifically increase
neuronal stemcell mgration toward glioma cells in transwell

m gration assays. A previously uncharacterised protein Transnmenbrane
protein 18 (TMEML8) energed fromthe screen as a potential candidate
t 0 i ncr easkoshgerghi(Givao) peréilimstepnmyrial(Gcek npworxinc GhyisogeEVEML 8 was
t hen charﬁ]cteristeqq to be.&arze%ré genous regul ator of general cell
motility and™tREP YA RFEET MOSY confer on neural precursor cells an
i mproved preference for glioma cell-directed mgration. [0090]

Materi al s fouH2yet Hasien[BO81EICEIN /S litnd sintaisegretthilizgs sugdMBnti#ereand

Nl H3T3 cel |l |]nes wer pur chgsed from AT Anerican, T Culture
Col | ect i pnP“IBlEé}ﬁggﬁﬁ‘ ﬁg?n%@al%gcwaﬁdﬁﬁ% %edw?sr%aﬁﬁoflﬁg‘f Xt ogen. All
the previ obgom@lechddd 13aEe WRpBedTBMEMI 9108k didhed BEMISMpRDendiRER DWAL h
10% fetal calf serum (G bco penicillin-streptonycin (G bco),

nor moxi n ( Hbsaryiséesied celisey Neln neisg ENomAe BFRS® aci ds (G bco). C17.2
cells were,pq| e izl |t A9% fetal calf serum
(G bco), SA%U.E%%: se siédr?gm G'bco ,C?penl giﬂm"r@strept or%éi n (G bco),
nor moxi n ( BhAAGERE] TCERECC NEETGEEERTE 45EQAD AD. 2 ¢l and itk GR a10du¢i0092]

H Daudi L l.i b t ai.ai | :
pur chased PPomRse b lsambdln of STV gihd BB S SR A pak ™ 0
as recomugsdiad ehyurd thet thel piphddeequehbEMASconzst (Reamned Bivlabs)HiMEM Baudi

coll SONA LDt Lntected col | SR, ECR bl ng, Lol OWRoREITES ©

AAAGT CTTCT [T HGE I 16 hdveRty SRS Tate¥ bxpedi@ntt BnRECRO TMEMIZ  was

subsequent|ly cloned into_pLenti 6/V5- TOPO vector (Il nvi tr%%}g,ge)%(8®
rect

Sequenci ng lspgigiruses sgraRso@ivedndng KH AT QW ER Gl satigrd, Harsete

(Research B Kit %bﬂ@g%- HichibiS, 6P Hrdirid8 GseRBEorA B AGhifkeRAHcat | ON
from al ani neB%eggt reoni ne mpgsi ti on 1031, ’ \_/?hi ch'did not seemto
have any effagdbng as recomsnendgpby themransfac@y (IavERESIMEMLE | enti vi ruses
were produced using VI RAPOAERTM Lentiviral Directional TOPQ(r)
Expressi O”élfﬁés'clandﬁm&aﬁldﬁﬁ ShhBduUEEdyR R, vEBIthictaRb R 6 hfal pRBLAGLdeAD, and
cell nmai nt énance s done as recommended by t he manufacturer

(1 nvi t r ogendward glioma cells was examined using Boyden chamber assays. A migration kit

from BD Falcon with 24-well cell culture plates was utilised. Each well of the plates

was separated into two chambers by an insert membrane of 8-pum pores. One day
before assays 50,000 glioma cells were seeded into each lower chamber. The next day
cell culture medium in the lower chamber was removed and replaced with 500 pl of
non-supplemented DMEM. Neural precursor cells (50,000 in 500 pl of non-
supplemented DMEM) were then seeded into the upper chamber. After 12 or 24 hours
of incubation at 37°C, migratory cells on the bottom of the insert membrane and non-
migrating cells on the uppér side of the membrane were dissociated by frypsination.
These cells were subsequently lysed and stained using a CYQUANT™ ceil
proliferation assay kit (Molecular probes). Flurorescence was measured with a
fluoréscence plate reader (Tecan GENios pro). Results were expressed as ratios
between the numbers of migratory to non-migrating cells in arbitrary units (AU). The
average values and standard deviations of 6 to 12 wells are shown. Statistical ‘analyses

were done using Student’s t-test.
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[ 0093] Boyden chanmber assay: In vitro mgration of neural precursor
cells toward glioma cells was exam ned usi ng Boyden chanber assays.
A mgration kit fromBD Falcon with 24-well cell culture plates was
utilised. Each well of the plates was separated into two chanbers by
an insert nenbrane of 8-m pores. One day before assays 50,000 gliona
cell's were[8@34ed cDNdlibeaf strowerOnshmither of NTiecele steredafected asiith cONA ur e

di in the | ._chanb pved d. Wi 500, b 0f
non- supp! e HEREER B RETr U BETPeCy Bar L CRLGRESitteh e g6 20
non- suppl enedioadriddoly toaistretalieshes prAadationtod all fe PPy incheitiay.

After 12 or_24 hours of incubation at 37C, .migratory cells on the
bot t om of {4588 PREAIPWREIRIRSATET %ﬁadﬁwﬁeﬁwgwatﬂ?%wap gedropgRa upper

side of t h%raﬂﬁomﬂrrﬁiigﬁ’ati‘éﬁ%%a%§§é§&hﬁh%grlﬁﬂ MiikHRgk Balsivife collbBegendel | s
wer e subsequently N'ysed and stained using a CYQUANTTM cel |

prol i f er at eBawekisagcoken foy Motwsalirmwhish Hiss syere Fssaddhisyglemewsonhs
measured Wwit.h. r T, i Q8: -

Rocul {5 werbosion teshRCSRERNGE] MM HEAUTE: e POAR, RO ik blaton |
non- m gr at iaegy dbethineninrigmting tndamigratimigtes]s Wil colldveed aad tafelgeccpatiues and
standard deviations of 6 to 12 wells are shown. Statistical *anal yses

wer e done } Student's t-test, 2 0094 I een, e
mllion of Tﬁﬂéﬁceﬁi’g"%sroé“a? ?ﬁ“g%?%%oj&e%‘ﬁ‘?%éﬁ&%%%%g"rr’%i“fr%'{‘/m%&%“@
super nant ansmg QIEASY Ddt @lagayis reconGablded dpthevhanusetiye. tRetrgiietsd 20%
infection efficiency to ensure a pr%{)er. g% ent atilondof. all the ahDNAs
in the |i brporied seayenees wAreregp Y reets ey ivy otogy! 25d GHIELS SPREFIN| ch

they were pavseAPORTEUGAM:] (Stfa@e[%%ﬁ\@! barké gh@ink O cheG GRS DNBSWEY Red
earlier. Mgrating cells were collected and allowed to recover for 5

days af t er IMAPRACTIREmigErtae sad Faareing silgH hy sssewd thek GF &6t sHifedsay,
col l ected apdyali Ho i BESAHRhs biPhin 2eaBRY Sel, FEFRT I Girdd thé BCRI gr ati on
assay both non-mgrating and mgrating cell’'s were coll'ected and | eft
t 0 recover produo® ¥8p pBhivonsisphAalcldiive kiaEiegdn) dB @ Ef cadmeHowensi gr at i ng
and mgratin el l.s ..usi ng DNEASYTM ki t I agen rec nded by

t he manuf a&%?fgxfmﬁe Fho@ie B]%gmgipﬁégﬁsg.acﬁ g%&?e%@%‘sc}v\?@?%l t r%é:glga\%%d usi ng

virus PCR pacttfd @loneneletdhidied andplgoeid DA wianishlaRAPOI TR suhsagadntly

(Stratagene).. .S anount of chronosomal . was .used. .in PCR for
o i or ot T B O s P G GORS i TedtE it fgencSs
verified RynisiiRere Rendbitds Squedcid) & 11 88ER4r146R6RACes FdnbfRrAfeatDel |

before cloning the PCR L. .
cells and 70 sequences from migrating cells were sequenced (Research Biolabs).

[0096] RT-PCR: Cytoplasmic RNA was collected with RNEASY™ Kit (Qiagen)
as recommended by the manufacturer. The concentration and the purity was verified
before equal amounts of RNAs were used from all the samples for production of
cDNA by reverse transcription using oligo-T-priming of Superscript I First-Strand
Synthesis System ™ (Invitrogen). Regular PCR for produced cDNAs was carri'ed out
using HotStart ™ Tagq system (Qiagen) as suggested by the HotStart ™ Taq manual.
Real-time PCR was done using Power Sybr Green PCR master mix and protocdl
(Applied Biosystems), primers for TMEM18 were 5’>-ATGCCGTCCGCCTTCTCTG
[SEQ ID NO.: 8] and 5’-GTCTTCTTTCCTTCTCCTTTTC [SEQ ID NO.: 9], and
primers for beta-actin were 5’-TCATGTTTGAGACCTTCAA {SEQ ID NO.: 10] and
5’-GTCTTTGCGGATGTCCACG [SEQ ID NO.: 11]. Opticon 2 real-time PCR

machine (Applied Biosystems) was used to run the PCR reactions, program for
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products into pDrive using TA-cloning kit (Q agen). DHa5 E. coli
cells were transformed wth the cloning products and plated. After
overni ght incubation, bacterial clones were picked and plasm d DNA
was i sol ated, and then subsequently wused in PCR using the sane
conditions as previously to isolate individual sequences, which were
t hen sent TMEMIGRERCWEYLO Alntg et $EC, Alowed)de opds of 16 sec0nds-arid§iGt i ng
cell's and 70 sequences fromnmigrating cells were seguenced é earch
Bi ol abs). fol ¥ Rydmgret 68V 1 REEEN RIS REASIR 3 i@%ﬂdﬂwf EASYTM
Kit (Q age ) [ a ion
and t he paptey AL GG BEE sl o T A o S R A e
fromall téwecsreakies HCR repiladuat daplagdd asebity dfjantevesSEMEMEBSCRINAL | on
using oligo-T-printing of Superscript Ill First-Strand Synthesis
Syst em TM fplampretd geidactimeiiar PCR for produced cDNAs was carri ed
out wusing HotStart TM Taq system (Q agen) as suggested by the

Hot Start Tigodap "Bd4dedh andRRAIprblifPatideRsiis: CaNVerdplatgl FnyeicfoBy the
Green PCR master m x and protocol (Applied Bi osystena%y, %l Hers for
TMEMLS wer wraich ssvaacosraranat $0fef eoniusey thexlayet asgy. 4hdyer of cells was

S' - GICTTCT, i : [ ' nnPRES chithdddBARl 1A

bet a- act i né\%e%&%fg%&%%%EQ I'D NO. g ToR Rt

5' - GTCTTTCOREBATGRGOAGEs pBBO I wide faken|and tstexae hocatipwwps mprked mrihe
machi ne ( | i ed Bi 0s ens) .wa d ! :
program f o &ﬁﬁ"i"ﬁ@ﬁ%g Wﬁ/%esmi%a%a%ﬁtzggmg#%gg%gaF%g?%l\eﬁg%ig% c;%el es
of 15 secondsvedy oftb&scrirelilamaed by 1 minute at 68C, and program for
beta-actin was 10 minutes at 95C, followed by 40 cycles of 10

seconds at 20 secon at. 55C 2 t : al -1ime
PCR resul t@% e g?%ﬁﬁﬁ?ﬂ%ergéo%aﬁsaf ?dcgﬂc?f’ 195{@%%2{5 Q%T&ﬂgﬁgl ﬁ%lmét 0
amount  of bfxfmﬁ@ﬁi thewiRNAre (IREE] by psihion sathall dunmd 4 fiey periodn
assays: Cell were plated a day_ before the,  scratch assay ta_reach
About 80t BPlEHee e ceret iy ot tereed g 2af e amoc kel Ty E
renoved uskfighiawhi @6l cdunfed dsfr@ ST e@UANIUT denerotEiation sasy Ghanged, and
| i ght m croscopy pictures of the cells were take and the exact

| ocat i on wadolsairachss) asrecomgagnded by thgsepplicatlde Cg%‘il W fRipted Yitghat ed
for 24 hOUQEOIQ%%%‘ES’E’]IQ?:?&&&Q@FWMQJmmgf the recovery of the

scraped ar or cell proliferation assay 5000 cells were
| ated on a 24-well plate, and
P [0099] siRNA: Two sequences, S’TCATCTTAGTCTACTGTGCTGAATA [SEQ
ID NO.: 12] and 5’ TGCTCACGCAGACGGACTGGACTGA [SEQ ID NO.: 13],

were cloned into dowble promoter siRNA. expression vector pFIV-H1/U6-PURO

(System Biosciences) as recommended by the manufacturer’s protocol. A SiRNA
sequence against luciferase provided in pFIV-vector cloning kit (System Biosciences)
was prepared as a control. N'T2 cells were plated to reach 90% confluence on the day
of transfection of the siIRNA expression plasmids, and plasmid DNA was transfected
with Lipofectamine 2000 (Invitrogen) according to the manufacturer’s protocol.
Puromycin resistant cells were selected for 4 days after which cells were used for

migration assay and for RT-PCR study.

[00100] Immunofluorescence: Antibody against TMEM18 was produced in
rabbits against peptide 122-135: DLKNAQERRKEKKR [SEQ ID NO.: 14] (Biogenes
GmbH) and used in 1:200 in immunofluorescence. Antibody against alpha-tubulin

(ah7291) was purchased from Zymed and used in 1:100 in immunofluorescence. 4,6~
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cells fromthe well were collected by trypsination each day during a
4 day period. Collected cells were centrifuged and freezed at -20C

The anount of cells in each sanple was then counted using a CYQUANT
Th cell proliferation assay kit (Mol ecul ar probes) as recomrended by

the supplier. The cells were counted using fluorescence plate reader
(GEN os pr ®iamidpard-phehpligble (cteelar Prabeseld@hoeas, used in conceniration of 2

5 TOCTCACCNCREILT AUERART Bt YR P fed il eeoB o i o

doubl e pr ofminehorsicBNA expr essi on vector pFlV-H /U6-PURO (System
Bi osci ences) as recommended by the manuf actur er's protocol. A siRNA

(oot om by DR o CHRRRE pRls Sl b« B e i fgrneRiddanfiht cen
plated to re@eb n&eﬂﬁxp@mrbmemmmemmerdmshaafmﬂrmmﬁz iwere thdn fited
si RNA expression plasmn

d pl d . W
Li pof ect aniihe™ 2@@@0@&}1\@1’4‘3&‘8‘2}9 gﬁgf%?ﬁywﬁﬁfﬁg SRR egimed\&}é’h

protocol . nﬂHﬁ@ﬂY@dﬂFB%sfo%ﬁﬂutEﬂvlaﬁleWﬁm 86d Sidcife@lin 4% BB IR ST
which cells were used fo mgratl on assay and for RT- PCR st udy

[ 00100] |nﬁ@nﬁ9fmm@tes§‘géxb@@es ereitizerwidh dvoddtA IVERA awi m@aﬁﬂ@a&@éﬁ in

bbi t 14
FORERL NS S e e e e
agai nst al pxabatadwith secofiddry mﬁib)odmm MrﬁﬂzhamdiBS‘ foo thhztgmﬁdfoawdldysf@d in

1:100 in i naf.l uor ence.

(Mol ecul ar %%ﬁ%? un‘%ﬂ uore@ﬁfgcetg%ﬁﬂsf??e C(agﬂ]%gﬁlie aats%ion 0 i’%@%’ﬁmed
Secondary fhigfy e@s@@¥dd, anti bodi es were purchased from Jackson

i mmunor esearch. [00101] Cells were plated sparsely on a 24 well pl ate

dth t he cel | t di
vashed vt 1OMHRY oo rEoeral el St 1 R Y B AR daR Sy 5
m nut es, \A@ﬁm&emjédﬁeﬁ% th@ﬁ,éiﬁ%ﬁﬁtdnh §EMe kAl bEkiR AP0 #061) ME 108 nirh), PBS

for 5 mnutes, washed with PBS, and blocked in 1 %BSA in PBS for 30
i nut es. Amzd@aﬂﬁé%mme&@lhreg@é ‘apfl dpra) vl § 4l malign ayringe GeRneeiad on
cells for 30- 64, Seddo lﬁn'iig Bkl $y0004, 18 3081Hn CalLee
times with %’Sﬁ% ateﬁvﬁth ?2‘0n ary antlbodlesmrll%BSAln

PBS for 1 Hbas mIBehcgre@n @uwgqerdge—lauql@dﬁﬂ\&ﬁw Agverrripresiing ot &3 edlsead
m croscope lcfaJ milli ¥l ﬂ\ﬁ@r%pc%%ygmlébgleﬁ%@ctgﬂ%n&%%f'?efj cells) were injected into

the contralateral side of the rat brain. The brain samples were collected 2 week later
for sectioning and examination. In the handling and care of animals, the Guidelines on
the Care and Use of Animals for Scientific Purposes issued by National Advisory
Committee for Laboratory Animal Research, Singapore was followed. The
experimental protocols of the current study were approved by the Institutional Animal
Care and Use Committee (IACUC), National University of Singapore and Biological
Resource Center, the Agency for Science, Technology and Research (A* STAR),

Singapore.

[00103] GFP fusion protein expression plasmids: GFP fusion protein
expression plasmids were created as instructed in NT-GFP Fusion TOPO®
Expression Kit manual (Invitrogen). TAT coding sequence was formed by annealing
oligos 5’CAGCGCAAAAAACGCCGCCAGCGCCGCTAGA [SEQ IDNO.: 15] and
5’CTAGCGGCGCTGGCGGCGTTTTTTGCGCTGA [SEQ ID NO.: 16]. 15 amino
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briefly with DAPI. [00102] In vivo cell mgration assay: Rat C6
glioma cells (1 mllioncells in5 |) were injected into the right
striatumof the rat brain (AP+1.0 mm M. +2.5 nun, and DV -5.0 mm
frombregma and dura) using a 10 Al Hamilton syringe connected wth
a 30-gauge needle at a speed of 0.5 |/mn. Three days later, 2.5
mllion celdds frofrl TRIEMIGSIN-tomigseen clonebeECB usipg ptigbes| ed TMEM 8

over - expressin red fluoresce

dye- | abel eﬁ%gé%?gTT&;%h@%%l@}g[sc%? ﬁ@mrp}g I nj ected into the

cont r al at ey ala G AeGOR CAREG AGA GN 4G [SEQ e N aISj Befopel temsfaetion intol | ect ed
2 week later for _sectioning and ex &éﬁg\l Eﬁtgge handl i ng ,and
care of arV¥BYS cell Ry Lovfertmipednyios ’hﬂfﬁs TVEFARTYYRYS: f or
Scientific Purposes issued by National Advisory Conmttee for

Labor at or yjofgbdpl Re&eakch, Singapore was followed. The experinental
protocols of the current study were approved by the Institutional

Ani mal  Care and Use Conmi t_t ee (1 ACUC), National Uni v%rsm

Si ngapor e 98408 o o FMEM 18rdensifieddn asfreen to giSEOVRY EHRES ‘fB’foné’éFence
Technol ogy, la,q.q, 5@@&@* &Qm(c%ﬁ nﬁlé@on s@ﬁlg@a%% behﬁeﬂ&&ltocaéabxfew@u on

protein expression plasm ds: CGFP fusiOn protejn. . expressi o, B %sm ds
wer e cr eat ledatagliomast AuDNAlibrarsNFraer maE g U o Teptly mpw 2engsy WRISh 3iheK;

ol 1 gos 5 RS RtintEh B F R g AR e 052, bt

5' cmoceeccnmma&anm&mmsmhsﬁ@cemmmmﬁm aprespadrfpnP5 aci ds

from TMEML8 N-term nu Sl
5' TCAGTCTTEFT TR MR P cﬁeﬁlﬁ“ S?i Fith e@%&%ﬁ%@ﬂ&%&&mwe
[LSEQf I Dt NQ:DNA?llbmr??tna %ﬁalﬁitgdl:%fbfeﬁlbmly ﬂ)il‘lﬂlﬁlr gligAMBireeed migtatlon ability
| poT ect am ne nvi trogen usi on asm ds wer e S u e
[ 08104] Rel Q@SW%E@B‘?“WW8SWJ€W?‘FWW”§“§W§ fqa”%d‘f%sa({over

genes 10 PLOARI K m%l‘dtco éété gﬁl 8B Rr hortdh ﬁfc@ﬂlb@pposﬁ'&eﬂm efithé S
have been shown to be a le to 0

cate glionas, | i brary screen
was set uptremswiel énseft fienbegpegwhegas ﬂﬂﬁr‘@ﬂfaﬁ/ﬁéﬁeuséw D&@?@E%% ®in stem
COl T i hould bbb e BED 5%«&{5@&5 o Rhd bis¥ed ki 8RmBld omiscel | 5.

CDNAIlbrary was rom orra cell line, Daudi, and
expressed frigmiion assay selection, after W]:uch the virus 1mported cDNAs were cloned by PCR

and identified by sequencing, the protocol is summarised in Figure 1. Non-migrating
cells were used as controls for the analysis. Three percentages of the virus imported
¢DNA clones collected from the migrating cells were coding for TMEMI3 gene,
while no clone collected from the non-migrating cells had virus imported TMEM138
sequences. TMEM18 was thus a promising candidate gene for further analysis to

validate its role in neural stem cell migration.

[00106] TMEMI1S8 is a potential transmembrane protein with a C-terminal
nuelear localization signal. TMEMIS is a previously uncharacterised protein with no
published function attached to it so far. A search to find functional motifs from
TMEM18 amino acid sequence using several web-based programs
(ca.expacy.org/tools/) revealed no strong association, though weak potential sites for
phosphorylation and N-myristoylation did appear. As the TMEM18 name indicates,
the protein has four transmembrane spanning alpha—helixes as predicted by TMpred-
program designed for identification of transmembrane proteins (Hofmann and Stoffel,

1993), although according to some other prediction programs the first membrane
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retrovirus vector. Human neuronal precursor cell |ine NT2 was
infected with the cDNA Iibrary, and eval uated subsequently for their
glioma-directed mgration ability in a transwell cell mgration
assay. In transwell mgration assay, cells, which are prined to

m grate, squeeze through 8 mcronmeter pores into the opposite site of
the transspahding paeistessprobatda &mmm@ﬁlm@ 1 B)- iStrgnele hydropily on

the top of the rat ed. ssed

t rough t woCt qs&%ﬁ&afﬁ}iﬁ\{h] LIRS se %%né:;\g%cg {ain%ﬁg%r%?glﬁﬂghl ch the
virus i mpogbesnc(oAs! ster, 2000 apasbably ntelekr lmﬁzatnbﬂmignﬁﬁ (EiguieylC,

sequenci ng, the prot ocol is summarised in Fi gure 1. Non-mgrating

cel | s wer eunfsdied S0l s for the anal ysis. Three percentages of
the virus inported cDNA clones collected fromthe mgrating cells

vere codi ngohey] T'\/El\@luﬁalg&ﬁﬂﬁmgraxﬂ\&hm&t@ig)%s&@édlt&@h@d’l‘mm& he
non-m grating ceII Vi rus m(*gorted TMVEMLS 3#73 ces. TMEML 8 was

thus a pr omomun@q@ms @Wéu@éﬁ@‘l Bk aceessionae- M%Q BOUFal i date its
role in ne 74584 CﬁW@f@b &Io(iﬁﬁhdr@-ﬁ'ﬂ\ﬁ%nﬂ%h@k@pt enti al

transrrerrbr pro th a C—ter nucl ear "1 ocal i zatj on si_gnal .
TMEML 8 i s(}éP _mnemmsmgvrmechmgeonsw@um arress spsoias hFigare 1§0pmpbagg

function a
from Twﬁﬁmfgg%qsﬁs%%qﬂ%%rc%mﬁs| gﬁg%‘%/rfeér g‘)%v%ru S%@Q%Jrn%‘? %iﬁirs
(ca. ex pacyopﬂg&etc@lmls@mfmetadre(mam sdarchyo grars G lotriodvgous hw@fh weak

potential sites far hosp Iat| on and N- ear.
e The TNEREBSHAHBTRAPEaLaoto PRSI ted L R U el 20D
spanni ng ahg@@ r}ggle%r@ﬁw%@@h cted by Thred- program deS| gnhed for
identification of transnmenbrane proteins (Hof mann and Stoffel,

1993), although_ according to sone o redi ct the first
menbr ane Z@Q%ﬁm ng® ﬁ%FPf‘P‘ie@?rb%fsﬂﬂﬁ%ogﬁmPﬁeﬁﬁh‘fglé ‘g%"r&fchree
(Fi gure 1BjyioraltioR Wity BY fERBNbrlebbrsorCediS TVBNSL Svaeﬂeh@:e%&&\ﬁlasSdmnﬁﬁBd)
acid sequenc% had accordi ng to Predi ct NLS- program (Cofeﬂ gll)

ga Nned

2000) a pr ebabtosmatie fastar fprgenral stemicehmigratien topridyio
sequence) . {0010l CroigLa, )ﬁyeo(fbg ﬂf@n @1@ @@Ziﬁéss%gﬂ h¥¥aS néie 8 brdcarset | gn
TMEM 8 proteln sequences accessi on no.
NP_ 690047 T2 avtisise! a (ahmeuza) zoamarsm)cw %well(s NS (PSR R g0 dsterngpgif
(XP_848731. 1 and. chj [ ) eal.adiS
conservati 8 Xg% SS%OH 0@%‘?@5 © %ﬁnﬁgﬁ%@%%ﬁe& th@ﬂ'?%?tﬁdgh B H@s were

used to create NT2 and C17.2 stable cells lines overexpressing TMEM18, The titer of

lentivirus infection was controlled to have one virus per cells. Two populations of
stable cells lines for each type of neural precursor cells that express different levels of
TMEM18 were selected. TMEMI18 overexpression was confirmed using RT-PCR
(Figure 2A for NT2 cells and Figure 2D for C17.2 cells) and immunostaining (Figure
2C). Quantified by real-time RT-PCR, NT2 TMEM18 cell lines A and B expressed
TMEM18 mRNA about 25 and 38 times more than thé controls, respectively (Figure
2B) and thé increases in C17.2 TMEMI18 cell lines A and B were 10 and 25 fold,
respectively (Figure 2B).

[00109] Scratch assays were first used to examine non-specific cell movement.
Both NT2 and C17.2 populations that over-express TMEM18 showed overall
increased migration capabﬂity, as demonstrated by moving into the scratched empty
spaces much faster than parental cells or vector controls (Figure 3A and 3B). Cell

proliferation assays confirmed that overexpression of TMEM18 did not affect the
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that TMEML 8 possesses one or nore key functions. Mreover, using
Nati onal Center of Biotechnology Information (NCBI) search program
for honol ogous protein sequences (Honol ogene), honbl ogous sequences
fromfruitfly (D. melanogaster) to rice (0. sativa) were al so found.
[ 00108] Overexpression of TMEML8 enhances the glioma-specific

m grati on mblifetdtipn edtesefdifidren celtspopolaticss, thes eXdEtBhe pessiygy twsihen

was identified .as a pronoti factor for neural. stem.cell m tion
Covar d gl | e GpTeats B G el ey fiea g eapaih sese WD il
obser vat i OfopdddBoDMRRAKIVTEIIEINS oberBiiBssitgéeltd. precursor NT2 cells
and a rat neural precursor Cl17.2 cells was investigated to determ ne

i f ' | d d - d tl ffect ' ti
Lent ivi v ol [U0840hr o e HRBEFTGY of GREENe el BRI Ghs

l'ines over gxpessi 112 uldENih8:DNAQclebd 811G wad O@kiivd] ttind tdnewéll on was
controlled to have one virus per cells. Two popul ations of stable

cel | s | i newigrgioneseys (Kipwe 8€ ané i) aTMBMES pvsoerreesing Nigand &2 celds

di fferent . : - ; eSShan was
cont  rmod Ui el ARE0ORLARLES, WML ST R0
C17. 2 cel | sdllsandl emptyvecst aintriolsgTiiesE geilsalso2@pondddanoih gebmmeed daps.t | me
RT- PCR, NT2 T cell Lines.A and.B expressed about 25
and 38 t1 ndd HOLE DHORHRS SeHEror Ciov RSN PR B o
the incr eafﬁm(Mm &i%?-eipr)@d\zﬂ[g‘ Bl ot dxhiEtst hiﬁcxﬂikdd i gvetien c;la@ata?ﬂiﬁﬂ v@f&gf ol d,
respectively (Figure 2E). [00109] . Scratc S re fi.rst to
exani ne noRMLIHERINF £ell W:Im?%mafst cefl ding @gﬁﬁm%ﬁﬁﬁsz%ns
that over - ey s rehlVEdMh Be HRAWRH nA¥AHA hssaysNMASRE (HE Ghaknt Sfrcells
capability, as denonstrated by nmoving into the scratched enpt

spaces nuc migratingte plaimpelpaaraaedien reaniegd the et beEBrrr OIEM i)g;_ure 3A
and 38) . CBldrexlOhl baiakh b AABAKHER0IHE fRfbrliEbe PMENFIDT eSSI on Of

TMEM 8 did no proliferation rates of different cells
popul at i onsyerttyuessiag célisdbwardtdiemp osls ibiplies § spepiatisedmele fypdEMI19 in
difference_in co erlig%stegr%ta%{nﬁg%rarea in the scratch assay was due to
i ncreased I%P%’Sg BN capa y of TMEMLS overexpressing cells.
[00110] Next, the novenent of these cells lines towards U87 glioma
cel I's (the[0Quirfpur c&d bupplenentthedbive it higrooBiis,svewapreesied ¢EdMEMAS

o g\r/“e X f’g - ‘r\%'g Q%gaé %"ﬁ’ﬁ%if r‘%@%ﬁgﬁ 817 3% el O bt B othras TVEML
gliomas in the brain could be improved. In a rat C6 glioma xenograft model, green
fluorescence dye-labeled TMEM18 over-expressing C17.2 cells were injected
together with red fluoresce dye-labeled vector control C17.2 cells on the side of the
brain contralateral to the tumour inoculation site. Two ﬁeeks after the injection, the
brain samples were collected for examination. As shown in Figure 4, all cells
migrated towards the tumour side and about half of them already crossed the middle
line of the brain by week 2. At the front of the migrating cells, a significantly high
number of gréen cells were observed, suggesting an improved migration of these

TMEM 18 over-expressing cells towards gliomas in the brain.

[00112] . TMEMIS is eritical for the migration of neural precursor cells. To
verify whether endogenous levels of TMEM18 expression are involved in regulating
neural stem cell migration, an RNA interference approach was used to shut down the
expression of endogenous TMEM18 in NT2 cells. Puromycin resistant siRNA

expression vector was constructed to express siRNA sequences against TMEM18
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di spl ayed significantly higher mgration capacities when conpared
with their parental cells and enpty vector controls. These cells

al so responded to other glioma cell lines, H4 and C6, by displ aying
significant mgration advantage. Interestingly, these TMEMLS8
over-expressing cells did not exhibit increased m gration capacities
when  non-(wreisferéb€bdqubricBdsor ag@iustéudlfeka’sabﬂ’ vas tiffershnt trimsfectiofishd@edand

human ki dney cell |ine__293ET, the tra gration
assays. MOPEGRAFM atippO TR GRS Wﬁﬁﬁq@% ?‘?ﬁeij of ¢ 7‘ﬁ1§ncino %FM g] el

cul ture %H&BEFEEA 84 81539787 Redup el oM éﬁog@‘b&i'ﬂ@l\&%l ng
cells and the contr Hence t he preference of TMEMLS

over expr es@RNg\ lowdls ﬁlmﬂéﬁb Pgﬁll@ﬁﬂhleﬁ‘ﬂ of seduptinn was alsohecred P&dd % ol e
for TMEMLY, ;ﬂE ghglg% RBYSE 2bR 19l %?‘fﬁfﬁﬁ@&nyasgfgp LR aéaﬁ@tlﬂléa}'elgéé

suppl enment Ve inVitro resu over expressi on of TMEML8 was
used to degeae s AeiRINA tdrérohdigmat seem tohavCliajor q:’fﬁtctsn?@llhaﬂ;eﬂp@é@ﬁlpgor

cells towar lio couJ

gl i oma xend ﬁ‘gf“&f*gﬂ%ﬁaﬁw 03}352%“??%5 a§31élﬁc%ye Idg%ﬁ%eé %}R}%\)ﬁf@éﬁ
over - expr egsihb ehifrhifordo€ld Snd €12 bé]]]s eRédmdtion oftfes m@mfmmmms

fl uoresce dye-| abel ed vecto{r_{ﬁaﬁf&yf'? ﬁ‘% Zﬁjellls o Slde f t he
brai n cont Biup0% gt thgao elsiloyeered 39S EFJP%HE? ?ter
the inj eCt&lﬁHmﬁ]&m%)ﬁa@hﬂo&ﬁWTﬁﬁMﬁ&pﬁ&blbﬁ% ?I%Bﬁﬁorﬁfaaﬂlmaéllon As
shown in Figure 4 rated towards the tunour side, and

about hal f 1eM¢IS plwenst atiotished peld ms@al iy srgaletely (Figree o6 IHeresiiglh by
week 2. At gthe rggﬁﬁﬂfm MEMER \gcfeﬁgxggﬁu&%d ar?ol?b(g;ﬂ'tcfvlf&é Eﬁ&lﬁa pdigh

nunber of green<cells were o serv an i nproved migration
of these Iﬁdﬁw&d@l@ané‘sm%Eeth),tscmﬂ@@hﬁm i8ds ethe brai n.

[00112] TMEMLS i crlt for t i Qf
celI's.” To "CRYfF a&ﬂ%{eﬁ@ah%%?garg{;%e&lsm ev ?é) o? : |%Ek%@g 82%?@3% on are
i nvol ved i Bapa€igpbfadeunagsted@slial stem cell migration, an RNA

i nterference approach was used to shut down the expression of

vect or was IUEHISH  uot BN EE et GRIR Rt kel R ey Bl Thfhiq P 20"
(two di ff esxpiétus@OT6 BEESKandCthe Mgetianistns nddrfyérpibe TMIEM1 Sieffdomsy; thet
| evel s of  PRIRRITBABIOn PR L | PESSE 57S TPASRRY 27 SRS AT 37 ¢
65% t he or ipgimah g endeasn PustiddMrVbEodutdiNG dneyed ﬂ:le(cE]l'ghkf lecdtidp of the
St b ar eyt protois. The QPQé?ﬁsm%'o%?he%Bﬁﬁéd%%‘?as' SRamined by
immunofluorescence, in which cellular staining was compared between pre-
immunization serum staining and TMEM18. antibody staining in controls and in
TMEM18 over-expressing NT2 cell lines. Pre-immunization serum gave almost no
signal, whereas TMEM 18 antibody stained both control cells and in a slightly
stronger manner the over-expressing samples (Figure 6A). A closer look to the
structures which the TMEMI8 antibody (Figure 6B1, in red) recognised in control
NT2 cells revealed staining of nuclear membrane (a ring outlining the nucleus),
insides of nucleus, and in restricted areas of cytoplasm (Figure 6B). When the
TMEM18 immunofluorescence staining was overlaid with nuclear staining (in blue) it
confirmed that the ring structure was superimposable to nucleus (Figure 6B3). In
comparison with cytoskeletal structures stained with alpha-tubulin antibody (Figure
6B4, in green) it was seen that TMEM18 localised only partly with the areas of

tubulin network (Figure 6B5&6).
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cells (Figure 5B). In a 24 hour transwell mgration assay, siRNA

agai nst luciferase gene as a siRNA control did not seemto have

maj or effects on the cell magration performance. On the other hand,
si RNAs agai nst TMEML8 did have a strong effect on the mgration of
NT2 and C17.2 cells. Reduction of the ampunt of TMEML8 nRNA into 60%
of the nor [od1t4gvel sId mmheeﬁtnctbmiafelzd)TMEMﬁSmubleetflomligat'amiS&@lalc@msé,

and di m ni ghi t he amount res |on 1% of rmal NT2
cell leve E‘L bg’ﬁm?m%bﬁp%% Wf,‘se?rpp ﬂyﬁg © éo&q eycog%ﬁlp?ﬁetfel y

(Fi gure 5Chlasthit @i €81 lidad to s fli@gstk ighals alTb’EMthéBcalle{mgu&oEC)

m gration. conparably both toward glioma cells yg owar.d ai n ¢
medi um (Fi Batiesably, ﬁ%fﬁmn‘é’u]agé?ﬁ%veﬁ?éﬁmpﬂﬂ%& d grpteip H%BP({SS‘?'IP
factor reg N%Hx? lanﬁﬁ{% dqgﬁdregﬂtealﬁeaoverall
m gration mgg%o%g?ty 0 i eura écé%%gw&mvfgmgﬁi AM ML8 protein

| ocal i ses emong finoedsecasigraisdn eyt oprilens iFigurediC; dEhQJTME\/IWJ(ﬁmE@?@?and t he
mechani snms _under.| ation
of the TNEREPE S%F@%ﬁ”{?\g%{%%? ° ggvt%fei%&mﬂ IR ik é@%ﬂ&‘;gﬁgzaa#‘ﬁ‘g%@ A EME
C- ter m nal ppgide] ﬁellmﬁagmmtiiumetﬂehmclmmcover the cel |l ul ar location of
the TMEML8 pr ot ei n. The specificity of the antibody was exam ned by

i nmunof | uoi@f in which cellular staining was conpared between
pre- i mmuniohtiodn B8 ni ng and TMEML8 anti body staining in
controls and in TI\/EI\/[L8 over-expressing NT2 cell [|ines.

Pre-i muni 60118} serTime gave libtapsireandy iselfnaild smwwavmm%ed

anti body stai.ned both control ellsadln ht S§

manner the? %\l]f@f Egs iegme § P&Prf’ﬁi %BG%,&)CGh%' %lgrgf 71r %%%o t he
structur els mf%ﬁuér{lleteTm& EﬁimH@d«Vas(sEdnngoﬁaeﬁilﬁall.d sTIMEN)18r ecogni sed
in contro NT2 cells revea stainin cl ear ane

outlini ng PHECHIESEESHS aﬂﬁ@?@‘}é@%fmill‘h%f’g{?sw Iﬁrﬁ% PP %’eﬂlﬁ%as
of cytopl aggy ﬁﬁb&ﬁéﬁw@@m\%sy aga%tchlé\@/h whs lse@ﬂtﬁﬁfthwmmr&ﬂs
staining was overlard with nuclear staining (in bl uéis confj rrred

that the rivwege shle tooeeaver ey spsey Fapipobanite cw&ml&@KSe of EPWIFegUg
In conpari §%’g§r§ﬂ ggwgl){ts Qb &a & %ASEUQWJ& %aﬁbﬁ‘ gdiiWih A transwell

al pha-tubulin I gure It was seen that TMEM
8 locali sedssam ’g)ogs‘é:mtﬂhyse\miu&ts sliov ﬂxaéww ﬁ@b‘!&l%ﬂﬁ’ abilifoioQVEcHeY e

6B5&6) . 1 T est the function of the TMEML8 nucl ear

| ocal i zatl 0

[00117] The transwell migration assays demonstrated specific migration
increase of TMEM18 overexpressing cell lines toward glioma cells but not toward the
plain cell culture medium, which was used as a control to detect the rate of unspecific
migration. The TMEMI18 over-expressing cells migrated in an identical manner with
the control cell lines to kidney cell line, mouse fibroblast cell line, and to plain
medium. No increased migration due to TMEM18 overexpression was coupled to
spatial cues. Le., even if an enhanced migration to target cells was obvious there was
no change between TMEM18 cells and control cells. This demonstrates that

TMEM18 does provide a glioma-derived cue sensing advantage for migration.

[00118]} All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The

citation of any publication is for its disclosure prior to the filing date and should not
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GFP fusion protein approach was enpl oyed. Transfection of the control
GFP plasmds in U887 cells lead to green fluoresce signals all over
the cell (Figure 6C). Noticeably, transfection with a plasm d vector
encoding a hybrid protein conposed of the last 15 N-term nal am no
acids fromTVMEM 8 (I CED) and GFP resulted in a strong fluoresce

si gnal s i nbeeddstmeddsensdpisigotiat 8@)prestifanvvEn B noCEDitisd it sndrsate such
appeared as ﬁff ctive as {ator%?v%ﬁti' qle, a wel | -established nucl ear

| ocal i zat i SA™EF %]?YV%?)?' TR ect ng GFP into the nucl eus.

[ 00115] Discussion [00116] The cDNA library screen by itself could
sel ect cel {@0T8Yi ng Ancsedas thds spadifibdtiop ahdtheiagpentied tleingy, thesmgualet | s,

i nproved unspeci fi,c cell, myvement. ar _enhanced _proljferatjon.rate.
The I ast poRERLH/ {4y GRS T RApCe §I5a TPRAE gy dherqpiey oy detdies

OVer expr es $iteeyiss Unsesh askinkl Gilepwis€ @l feciaied endéotintifie tapint hisddMerein
controls. Wen nonspecific cell novenent was studied by

@ scratch
assay it waavethespmaiaeanings PRMEDE wpistood {Rons of prdingry Slflgé’baz‘@taﬂé?rpt y
spaces fastgkt %Jeﬂ@o %T(gd{lggl cells. Also, down-regulation of
r

TMEML8 wi th si educe astically cell mgration ability in a
transwel| assay. Together these results show that TMEML8 affects

cell's' abi 9120 o eughithe faraepingtinveationhastbeen deserded in preye defailipye

transwel | r afi S A ] 4Ok LGH-ease
of “TVENLS CUd BB AR SRTPRELIA0GR T BAR dtmlir bbb i is LAE
t owar d t he appdrait to thesd ofoudibary ekitten theryt intighttolWeesteaphings abthis imumtien| t o

detect the rate, of .unspecific..mgratiqn. The T vVer - si ng
cells mgr é‘eagaeffa?fl gﬁngeg’eaﬂfl ngﬁcﬁ%%}?é?ay\%ettﬁadgﬁ%eer&g(%@P gﬁ (feéaepl'qﬁgﬁlg%es to
ki dney cel lthd dpiiét,or gwgs ef fhiclappdaliedbstlaiasl | |ine, and to plain nedium

No increased mgration due to TMEML 8 overexpression was coupled to

spatial cu e., even if an enhanced mgration to target cells was
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2002. 34«@%#{& Qﬂgkgﬁygqgls 1. An in vitro nethod of enhancing

m gration of a neur recursor cell toward a cell that secretes a
neural precursor cell chenpattractant factor, the nmethod conprising
augnent i nig I evéll & ot Om@ﬂdBJf‘enhﬁmélgnEim@ibn pf en@m Sk)ll equiesiof celDtowTitvea
met hod acgprdin n,the a_neur al
or ecur sorch Shk oy fr ST e BE it Bufiftsin 1ty BE P ofeliilh
accor di ngautgﬁheﬁ:th@l IBvels amEVIEMI 8t1ﬁ\ﬁleﬁﬁl.lfal pﬂ’e&hrsﬁeﬁﬂet es a neural
precursor chenpattractant is a ceII at a site of neural tissue

degeneratj o d acc ding to any e cl ai ns o 3

Shor o - the iR G Sk it Mt cel e et ear pistRon
any one QheRbrhdadi@ctords holisEsxdD NO.: 5. 5. The nethod according
to any one of clains 1 to wher ei n augnenti ng conpri ses increasing

expression levels of native TMEML8 in the neural precursor cell. 6.
The nethod accordniRPdascamipesnelabr | chergin the celd thet méﬁt@arfleatpéﬁ@ﬁwﬁ?fg

CONpr i SeSheRYRLEAH A E&Pﬁ%it@@ﬁﬁeuﬂl’%‘é@@d E QMR- Adn €XPr essi on vector in
t he neural precursor cel . The nethod according to any one of

claims 1 to 6 wherein the neural precursor chenoattractant factor
conpr i sest St r ohgimatkad acpedingdel amaencoi, Cl%ﬁéé@/@ avhereeniba Ml &int

Endot hel | S0 SUTHEAC ey - aPRe R oA Tl he SLRRDIRNAG, 20 SERRE"

Factor. &OTKe nethod according to any one of clains 1 to 7 wherein
t he neural precursor cell is derived froman enbryonic stemcell. 9.

The et hoéj. ac rdl %) accorg 0 %nogneccl cﬁat s:}‘to w%erem augmen%mg con%ﬁs al
precur sor cel erive rom-neur al i SSUG

increasing expressmn levels of native TMEM18 in the neural precursor cell.

6. The method according to any one of claims 1 to 4 wherein augmenting comprises

expressing recombinant TMEM18 from an expression vector in the neural precursor cell.

7. The method according to any one of claims 1 to 6 wherein the neural precursor
chemoattractant factor comprises Stromal cell Derived Factor, Monocyte
Chemoattractant Protein, Cytokine Stem Cell Factor, Epidermal Growth Factor, Vascular
Endothelial Growth Factor, Stem Cell Factor or Fibroblast Growth Factor.

8. The method according to any one of claims 1 to 7 wherein the neural precursor

cell is derived from an embryonic stem cell.

9. The method according to any one of claims 1 to 7 wherein the neural precursor

cell is derived from neural tissue.

10.  The method according to any one of claims 1 to 9 further comprising delivering

the neural precursor cell to a cell population containing the cell that secretes the neural
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10. The method according to any one of clainms | to 9 further
conprising delivering the neural precursor cell to a cell popul ation
containing the cell that secretes the neural 35 precursor
chenpattractant factor. 11. The nethod accordi ng claim 10 wherein the
neural precursor cell has been nodified to include a marker

nol ecul e. 12. The nethod according to claim 10 wherein the neural
precursor,_ jfied to include a therapeutic agent. 13.
A neur al pﬁ%%gl?rrg%er?ncgﬁgtaﬁg%?{ﬁg augnented | evel s of TMEML8. 14. The
neural precursor cell according to claim 13 wherein the neural

pr ecur sorllcel IThegwstid esdang cbsipri@ssliconn theatcoral precodirvgll ThiEB. 15.
The neural ecur.sar,cell ;accordi,ng to claim 14 wherein the TMEMLS
conpri sesmocgﬁe i %u(g:c%ﬂaé(gﬁﬁgﬁﬁ'éle’as set forth in any one of SEQ ID
NO.: 1 to SEQID NO.: 5. 16. The neural precursor cell according to
any one of2.cl ah@BndBod @cdididguts thah 10 ebefein the Aguralpresypice sell has beedt or
encodi ng a t.herapeytic protein or peptide. 17. The neural precursor
cel | acchB"‘H@‘{?Odn‘gﬂéﬁ%ﬁ@ranm’c?Ia&F% 13 to 16 for treating a neural

di sorder. 18. A pharmaceutical conposition conprising a neural
precursorjicel |A gburdieiRr 04l h&kim MBmbied Rvil of INENSE of a neural
precursor cell having augnented levels of TMEML8 for treating a

neural disorder. 20., Use of a_neural precursor cell having augmantied
| evel s of MTVENIDS TieHrat precurpir&pl perordne wrelampBdrbama the reyral presuspifglla

neur al d!&g{ﬁ@gs.an@prelg&u&gor%ﬁg&ﬁ&gﬂg[EM)lggl aim19 or 20 wherein the
neural disorder involves glioma cells. 22. The use according to

claim19 or 20 wherein the neural disorder involves neural tissue
degener ati%n. B nearal meeursgach aewrdngty domaliywhseindie EMEMYS cpgiprigesp2

wherei n the, INEMIS CORRL 885 Pl 36 5H NG&, aFQIBINGHOKL N 1N
any one o%}‘ é%g%% R%% ‘{e to g&%ﬂf%e ES gjg%drﬁe use gccor@i'ng to
any one of clainms 19 to 23 wherein the neural precursor cell

16.  The neural precursor cell according to any one of claims 13 to 15 further

comprising an expression vector encoding a therapeutic protein or peptide.

17.  The neural precursor cell according to any one of claims 13 to 16 for treating a

neural disorder.

18. A pharmaceutical composition comprising a neural precursor cell of any one of

claims 13 to 16.

19.  Use of a neural precursor cell having augmented levels of TMEM18 for treating a

neural disorder.

20.  Use of a neural precursor cell having augmented levels of TMEM18 in the

preparation of a medicament for treating a neural disorder.

21. The use according to claim 19 or 20 wherein the neural disorder involves glioma
cells.
22.  The use according to claim 19 or 20 wherein the neural disorder involves neural

tissue degeneration,
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expresses increased | evels of native TMEM 8. 25. The use according to
any one of clains 19 to 23 wherein the neural precursor cel

expresses reconbi nant TMEM 8 from an expression vector. 26. The use
according to any one of clainms 19 to 26 wherein the neural precursor
cell is derived froman enbryonic stemcell. 27. The use according
to any one of clainms 19 to 26 wherein the neural precursor cell is

derived fy,0m r I T hng. t .
clai e 19750 27 uRerebRSiRe oAPopd PFEIHER 193625 Bhpn' e T Bhprisps
sur gi cal anmpliantad sayuewe as Rgtdath trneny28e oTREQUBP&N@C ¢ os AEQJDINOady one
of claims 19 to 28 wherein the neural precursor cell has been

modi 11 ed i4(.) ! nﬁllelilgg ac%o;[cl}ﬂ?grt%%g)lfj to:'né: ota gzlellq{[s'IQ?fg 23 wherein the neural precursor cell

expresses increased levels of native TMEM18.

25.  The use according to any one of claims 19 to 23 wherein the neural precursor cell

expresses recombinant TMEMI18 from an expression vector.

26.  The use according to any one of claims 19 to 26 wherein the neural precursor cell

is derived from an embryonic stem cell.

27.  The use according to any one of claims 19 to 26 wherein the neural precursor cell

is derived from neural tissue.

28. The use according to any one of claims 19 to 27 wherein the neural precursor cell

is formulated for surgical implantation or injection.

29.  The use according to any one of claims 19 to 28 wherein the neural precursor cell

has been modified to include a therapeutic agent.
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