WO 01/ 31058 PCT/ GB00/ 04103 | DENTI FI CATI ON OF CELLS FOR TRANSPLANTATI ON
Field of the Invention This . invention relates to the identification . of
cells suitable for transplantation into a vertebrate brain. Mre

particul arl this invention relates 5 to the |dent|f|

nul ti pot e‘ﬁ?xﬂé‘ﬂfsal cell's which are able to repair neuralcﬁf‘[l arrggxemf ol | owi ng’
transplantation into the brain. Background to the Invention There is an

i ncreasi ng awareness that damage to a vertebrate brain can. be repaired
using cell transplantation technology. Typically, the cell io transplanted

into a damaged br ailDENTHFICATIONTOF CELLS FORCPRANSPLANTATION i pot ent
neur oepi thelial stemcell which is capable of differentiating into a cell

with a neufigldoftne iwentioRpe. For exanple, Sinden et a/., Neuroscience
(1997) 81:599- 608!'hn§'1§9érﬁﬁﬁns reu%tb%t tsom tudé?ﬁ*:ﬁl:ét)bd BOELN | stRdblal RROCaMpUS
neuroepi thelial stemcells can 15 used to I nprove spatial |earning

af ter transgransplantation intoa Yﬂf&eh@@mm More pattisHladly Hhidaventipnselatese al so
VO A- 971?103%8 th%ﬁ%\é‘ﬁ tldntofhﬁﬁméﬁt%ﬁt rfxaﬂgpcéﬂ@%hl&%reaé e?@l’gﬁ l__r(?)érvﬁ g cell's

can be ranspl or succes repalr of neura exanpl e,
whi | e VHP36 dzwhage (OSDWMrmspwntatim'upM)\edmalm d.repair, an 20 apparently

simlar cel IEA Ilgﬁi“ Mjgjtﬁi l;@i hﬁ to repair. This di fference energes despite
the fact th s were generated fromthe sane tissue

sour ce (narrel y hi‘lmmewmuaweaa‘mgdvm'enesselhandatﬂagetteauenehmmbrplrmanr sor cell
lines, i. both cell |i.nes e the acjty to at e a onpl enent
of by ai - cd TEpRERY VIR oo ansRlepieten, echnp (e HRIEIT iR Rlocyt oo,
25. lThenefortmnsﬁtamwirdo bﬁlahmﬂib@élmw:il behtne«metemeen lelee atplurisbeeriti fy ﬁt an
early stage, the at e Suit o, tr tatl or to have
Che bi 61ty Hesronpiaia sam ol Waich ihcapas of Secemzpho dioa cdiiiet a

transpl ant atpéupapcisll phetype. Sumrmary of the Invention The present I nvention
i s based on the reallsat|on that cells that are 30 suitable fo

transpl ant ati on dRl $¥8FRI& SiRdenst 4f. d&wmﬁweep%ﬂgﬁﬂ)e%ﬁ%?é%fd'i%eﬁ gene

expressi on piaf édritionally-immortalised hippocampus neuroepithelial stem cells can be
15 used to improve spatial leaming after transplantation into the ischaemia-
' lesioned hippocampus. See also WO-A-9711 0329
However, it has been found that not all neural stem cells can be
transplanted for successful repair of neural damage.
For example, while MHP36 cells (Sinden ef al., supra) do aid repair, an
20 apparently similar cell line, MHP 15, fails to repair. This difference emerges
despite the fact that both MHP cell lines were generate& from the same tissue
source (namely hippocampus), and both are multipotent neural precursor cell
lines, i.e. both cell lines have the capacity to generate a full complement of
brain cell types, including neurons, astrocytes and ohgodendrocytes
3 25 ' Therefore it would be beneficial if. it were poss:ble to’ |dent|fy atan early -
| stage, the cells that were suitable for transp!antatlon or to have the ablllty to
modify cell lines in order to achieve successful fransplantation and repair.
Summary of the Invention o
The present invention is based on the realisation that cells that are
30 suitable for transplantation and repair may be identified on the basis of their
gene expression profile.



WO 01/ 31058 PCT/ GBOO 04103 2 The present invention enploys, for exanple, a
technique termed differential display (DD) to investigate the differences

bet ween repairing and:- non-repairing cell lines. Differential display is
used to viMRW3I88 t he differences in gene expression bePGEEHIYM30r nore
cell lines, and it has been found that 5 cell lines that repair have very

simlar profiles of gene expression, but very different profiles from
those cells that do not repair. This represents a mgjor, unexpected

di scovery becaus apart fromtheir capacity to repair, .the cell ljnes are
usual 'y remnar kabﬁgf’%ipﬁﬁaﬂ,'"\’?f’tmr Bﬁ'&?ﬁg@y%ﬁmﬂ'%@a#ﬁ‘&%% ?'H?Jand

growt h fact afiffersmtiandispiay YDD} €0 Mvestighits thd Eiffertficas Befwed! repBRinB fReENt

i nvention, a nethod for selecting a cell suitable for transplantation into

a damaged veMnsgrRIIngelilinesoRptarertial display is usadipiviryalies the diffaienease, or are
capabl e of dfdepeasipredsioitbdtieen o 6€hbre ¥dif ithed, 8/d! it s BBEh fallMetREY Pe;  (i1)

obt ai ni ng the gene exPresslon profile of the celIs: (i) conparing the
expr essi n pealflines that fepaichaves vegytsimilarprofiles maf genecnpressias lbut Neaywn t o be

sui tabl e o gl Briik kb thodd Cotl! tat SEhGGEEE THATERRRLHE dfnbjaya sl ar

expression profile'to that of contro one e nent of® t’he
i nvention, turexpentadslisooreny because; @pan froviteiséapatity taiepairj the celfirngs (i i) may

seetul for | HEnERghniTRaRAg sy i iporbhipfl  Rin el S’ 10”2 e

‘to identify gromdsfantorgesponsivityucts that may be involved in determning
whet her _ar not a RESY; | not ... Accordin o.a. further
aspect 3P the presentr&!“ﬂ\?/ogén'{el O%&::g&’?ﬂ@% h%eagﬁgpverglgn' %&Wﬂh‘ﬁphﬁelﬁd@gne

i nvol ved i n deeksuitable fprtransplantationrintb sadamaget] vertebratednainiodmpriepsti 1 on
transplantation ipnto a mage rain, conprises: (i) isolati cells that
are, or are capabi’e Oflsogstfqgggeilﬁ{ﬂ?aj@ﬁé)rF%Dﬁpaﬁrtéﬁhf?erwstﬁq%wﬁ&ﬁ%ﬂll cel |
phenotype; (ii) obt ai withoa héxgrapesiepisariotygsessi on profile of the cells; 30
(111 comparing {5 e 5ih W Benh xirestion proria of he telidy {2t from @

15 (iii) comparing the expression profile of the cells with that from a

control cell known to be suitabie for transplantation; and

(iv)  selecting those cells with a similar expression profile to that of the

control. _

In one embodiment of the invention, the control cell is from the MHP 36

20 cellline. Step (ii) may be carried out by differential display.

The present invention is not only useful for identifying suitable cells for
transplantation, but may be used to identify genes or gene products that may
be involved in determining whether or not a neural cell can repair, or not.

According to a further aspect of the present invention, a method for

25 identifying a gene involved in determining whether or not a neural cell can aid
repair on transplantation into a damaged brain, comprises:

(N isolating cells that are, or are capable of differentiating into, a cell

with a neural cell phenotype;

(ii) obtaining the gene expression profile of the cells;

30 (i) comparing the expression profile of the cells with that from a
control cell line known to be suitable for transplantation; and



control cell line known to be suitable for transplantation; and WO 01/ 31058
PCTI GBBOO' 04103 3 (iv) isolating those genes that are the sane (or
different) fromthose expressed by the control. Using this nethod, it has
been possi WooiBwWsE dentify a nunber of genes that are exRCT4ERH041()3
repairing cell lines but not non-repairing cell lines (and s vice versa).
According to a third aspect, a nethod for selecting a cell suitable for
transplantation into a danaged brain, cénprises determ' ni ng the presence of .
any of the gene sequences jdentified herein as SEQ

Descri ption of thdV)nviseiating thesergrnesthatare the,same K‘Urf“?ﬁ?rﬁm)@'@@ ft§'°§€mven| ent
met hod for identifyingegslekSed by'fHe dBAYolOt be used in transplantation and
repair in a damaged vertebrate " brain. Usi n% differential display

techni ques, a cel IUsingthig methed, #drasdieen Ragsidiesto idaniify @ numberafgenes ui t abl e

L1 I
nown {or oot e g acess Y Feodl e oGRS b Aol ReNEERdMiECol e 0, 21 °

t echni quesi s yicevensapd. | n surmary, the technique relies on isolating mMRNA

from a popul ati on GLrehd 3 03k U, 4 MendePro SeahAS oA oBieep ©f

expressi on of partlcu enes i'S oS
reverse tr anstmnsptamatldmntnm damagéﬂebxaumcoms(es Béi&minimy thie presence oarrpl i fied

usi ng specific sem uant i tat | MEer . se T esults 20 are
then compar ccAmPHng GRbe Sparcs idenioed hifein EREELFRosi A% 55  cusi on.

Kits for carrpeswiptioh gﬂtﬁeflm’lﬂ gal di spl ay are: avail abI e commercially. The
cells used in the

t ho houij eCﬁEable of dltff |aqte€&|nt a cell
with a néfiral cell ﬁfﬁ iventionproyides gicppygnientmethod for identilyingcalls, g o pt
ei It Iher at Reuhﬁﬂmailfrtdt pe\sed o trahs;geﬁmdhwt@pahwatmgear\eheb@w y, the
cells in e

ren | at e e are nu ent, i have
the capacity t?’é"l:li&éﬂ%‘ﬂ ik aléj(zs? Q'W%P*l’th"?}gﬁﬂ%ﬁs‘%@?q dtﬂ@é'ﬁﬁ{ypes
above. Milti -geémtrdl, él‘itié%ui?ébtec&ﬂmseléﬁddmﬁgﬂﬁéﬁdﬁefo?hdhbt ai ni ng such
cells will be apparent to the ski.lled person, The djifferential display

techni que may be AMhorel ather teRRIAES @18 Known fgierbtaining gene expression
15  profiles, adifferential display technique is preferred. In summary, the technigue

relies on isolating mRNA from a population of cells, and using this to determine
the levels of expression of particular genes. This is most often achieved by
using reverse transcription to obtain the copy DNA (cDNA), which is co-
amplified using specific and semi-quantitative primer sequences. The results
20 are then compared to a control to evaluate differences in gene expression.
Kits for carrying out differential display are available commercially.
The cells used in the method should be capable of differentiating into a
celi with a neural cell phenotype, i.e. the differentiated cell should adopt either
a neuron, astrocyte or oligodendrocyte phenotype. Preferably, the cells in the
25  undifferentiated state are multi-potent, i.e. they have the capacity to develop
into at least two of the neural cell phenotypes above. Multi-potent cells are
known, and procedures for obtaining such cells will be apparent to the skilled
person.
The differential display technique may be carried out on the cells in the
30 differentiated or undifferentiated state. It is however preferred if the celis are
maintained in the undifferentiated state during the technique. Conditions to
maintain the cells in the undifferentiated state are known in the art, and include



30 differentiated or undifferentiated state. It is however preferred if the
cells are nmaintained in the undifferentiated state during the techni que.

Conditions. to intain the cells in the undifferentiate e known
in the ar ,o%ﬁﬁnm ude WO 01/ 31058 PCT/ GBOQ 04103 4 cuﬁg‘?ﬁzﬁ%"ﬁ’é ods

maki ng use of growth factors, and reconbi nant DNA. techniques to insert,
for exanpl e, oncogenes or condltlonallﬁ I nduci bl e oncogenes into the
cells. The present invention provides a convenient way to identify cells

that 5 may &ﬁuk@%aﬂhﬁd&rﬁﬁﬁﬁgaﬂéétdfo roWin f’a@ﬁﬁ‘é r ahd .%c%ﬁrg-%ﬁ DIGAL ebrate

brain. Using the nethod e |nven lon, cell Tines can screened
agai nst a cdﬁwraiques dadingeryifera isxampla, |omqqsenee|c§cp@mmmalwnwmble

devel opnent ., 8 R'&di fferentially expressed in non-repairing cell
| i nes may be eﬁﬁ?\%éﬂ glflcatlon of the genes by, for exanple,

site-directed rrutmﬁe@t inverdiongprovides arqoneenient wayto idaotify cetle thate genes
to provide f r I ntatlon For
exanpl e, gjd| sdrllté)t | on&eﬁf intiqéeﬁ%zaxrg&g&rn g%ég'g%i‘#eéa&%a@a%g ‘(’:éargg}%% %

prepare cel Iusmgthameﬂnsﬁlo&theém?mhon.l\aaimnds cémbe scrednéy agajnsta ccmrot,l vat i ng

t he genes w/ Ki rson dified cell lines, or
cell lines | g??%ggﬁgl? ﬂﬁ%ﬁgic’jfmﬁ?fe ﬁ@’é’i‘ﬂ? 15 as suitable for
transpl ant ati on, Gmeshmuas@dfferemanw@wresswhnﬁﬁr&mﬁr&@mllhﬁésrlnlﬁybé;)ds For
exanple, Sin ows t ti on temcells or

t ranspl ant at' asﬁ"feerfmdﬁ“ls%mg@ ‘593" Erﬁ' e fegNesifasses t he
use of gell sTa;szcdnmg dut)tdlhactIVGtB/métgeﬂB? td proghﬁf]mfc?ﬂgﬁéfthag may
conposition for mage to e vertebrate brain.

Sui tabl e for?fifY aﬁ%&"? ﬁagB?y?:Bf {‘%Pléea'lsg-'ﬂt'en g'neoP BGHORPR2C pe
apparent to dgdiessiay becbm@eut {ooprepard 68IR! fdr tranwlentaﬂéwr Methodgercel | for
t her apeutic us&fw£8é28r| ate anounts of cells eraPeut ICc use, in

addition td"e ﬁwaﬁﬂSm%Qeﬁﬁqmeﬂa%ﬁ‘? F"@r%‘"eﬂlﬂqfs% apparent to
the skilled persqodifssesi l%scéﬂﬁéﬁ'ﬁhéé’i&lnﬂféﬁWh@%éiﬁo&%ftﬂ@%e fion 'he

foll owi ng Exanpl e shows a differential displ ay experinment to identify the
gene expPessFoaUIA fq’ér%‘ﬁplﬁﬁ@“éél mayjbeeysed-ip cmveignal sansplentatiomd SVE

methods. For example, Sinden et a/, supra, shows the preparation of stem cells
for transplantation into the mouse brain.
The present invention encompasses the use of cells according to the
invention, in the manufacture of a composition for the treatment of damage to
20 the vertebrate brain. Suitable formulations for delivery of the celis to the brain
will be apparent to the skilled person having regard to the nature of the cell for
therapeutic use. Appropriate amounts of cells for therapeutic use, in addition
to suitable excipients, diluents or carriers, will be apparent to the skilled person
based on conventional formulation methods.
25 The following Example shows a differential display experiment to identify
the gene expression profile of the cell lines MHP 36, MHP 15, MHP 3 and SVE
10.



WO 0151058 PCT/ GB00/ 04103 5 Exanple The cell lines were grown at 33C, in
standard MHP nedi um containing bFG in 175 ¢nB flasks. Cells were all owed
to beconme 90% confl uent before being transferred to 39C, and cultured fora
further sewernidmss in the absence 5 of interferon. The RSIVGBONR4183 washed
for five mnutes with 20 m of HBSS (G bco BRL). The cells were |ysed by
adding 20 ml of Trizol (Life Technol ogies), and 1incubating at 37C for ten

m nutes. The lysate was then transferreéd to a 50 Ml Falcon tube (Stardts) -

and 5 m of chloroformadded. The tubes were mixed io vigorously for one
m nute and t EX2MB®ses separated by centrifugation at 4,000 rpmfor 15

nnutes. The Uppefhé‘géiﬂﬂié%vﬁ?éﬁ?om3§°®n§¢s¢éﬁdﬁdW!ﬂn{eﬁﬁ.ﬁﬂc§'ﬁalnmg tube and

7 m of isopropanol added precipitated by placing the tubes at

. go C for 1 hBGF, inThed mﬂsﬂaﬁks wllsw@ﬁllypwqgéﬁbswmggpuw lueat beforer pm  f or
m nut es. S
treated wat e;E?’gggﬁJ[ T \ﬁégw sdgr} F%%A% '%b%@get%%[éﬁﬁ%gyp‘dlhtaggg?‘r&%ry at
room tenper of integfdrom. t en mi nutes. The pellet was then resuspended |n 439
Fempve any cont amtTACT ) GRAESPERId Rudiceiiu) 26%) FIRSERERbRE) ° e
?ﬂ(\)/l tB(Ea)Tr ?suipcrgedall;%%!ybeqhbynaddxg@? b of Frizohl(Lifw Technolagiesh and 20 5
0 'Naéfrl I hitor ts. Th
tubes were tl'fé"g’%ﬁ%ﬁ etﬁﬂ{éf fi’ Q‘Hg%%ﬁe}w%% %%%\elk 838.9 Ey thg
addi tion of alcaUabe (Slardts) afd Sahdofiuhtorofolraddedf Gihel tubesimete nilxedhol

(125:24:1) with vorte f ! d f '
(40 T o¥d o iaherent for 1S muie SRR AtEsRn Bl fed ) cattthelbe s 4 bl o P

Epltoen]giorf 55 rbmiIer f’@ﬁ'urﬁlh@s pmﬁ@Qg?@ﬂﬁ@reoﬁﬁphawt:aao*a?sferreep@atfmdhlmti | the

i nterface becane [ 0 the I t
final concent® ét“?%ﬁ”g? m'égssqw °¥Va§d%<ﬂ Q@Awafcgﬁcwi}%}?ﬂ (r:wetg#gsn?g)éer_rhce) 2
RNA was pel | Q&@éééiyzwrbnﬁwatrhemmwaﬁpamw ﬁrﬁ@;aﬁmatnsoommut es; the
pell et was washed with 1_m of 70% et han 2 6%laand al to air
dry for five o 2R minutes: Ihenpeligh was yagh ?‘gé'h g‘gn "’ﬁﬂﬁ'ﬁﬂ i, %E

15 treated water), centrifuged as described above and allowed to air dry at room

temperature for ten minutes. The pellet was then resuspended in 439 pi of
DEPC-water and transferred to an RNase free Eppendorf tube.
To remove any contaminating DNA from the RNA sample, the following
was added to the resuspended RNA solution; MgCl, to a final concentration of
20 5mM; DDT to 100mM; RNase inhibitor, 500 units, and DNase |, 700 units. The
tubes were then incubated at 37°C for one hour and the RNA purified by the
addition of an equal volume of acid phenol/chloroform/isoamyi alcohol
(125:24:1) with vortexing for one minute and centrifugation at 14,000 rpm (4°C)
for 6 minutes. The upper aqueous phase was transferred to a fresh Eppendorf
25 tube and the phenol/chloroform extraction repeated until the interface became
clear. 8 M LiCl was added to the final aqueous layer to a final concentration of
2.5 M and the tubes placed overnight at -20°C.
The RNA was pelleted by centrifugation at 14,0000 rpm (4°C) for 15
minutes; the pellet was washed with 1 ml of 70% ethanol (DEPC) and allowed
30 toairdry for five minutes. The RNA was then resuspended in 100 pl of DEPC

water. The concentration and purity of RNA was determined by measuring the



water. The concentration and purity of RNA was determ ned by neasuring the
111 WD 01/ 31058 PCT/ GBOO 04103 6 absorbance at 260 nm and 280 rim The
RNA was then diluted to give aliquots at a concentration of 200 ng/ pl

whi ch wer 8V@015Y1868 at -70C. Differential Display Anal ysisPEriGBB/e4A®Schori ng
and 5' arbitrary priners were obtained fromthe Genonyx 5 Hieroglyph nmRNA
profile kit. The differential display procedure can be divided into three
steps: cDNA synthesis, PCR anplificatidn and gel el ectrophoresis. First
strand cDNA synthesis was carried using the Q n Omiscript reverse
transcri pt asaksorbargedt 260 ant ans:hZ&%mrng The BN wamgwemzitlmesﬂo givesiquotsgo (dT)

anchored 3 sed to generate enough
cDNA for dupﬁ%&i&eﬁﬁéﬁ?mn“ Eh}'%}éétewg W th ?he same ol i gg
(dT) primer Differqrdiat Qisplay dmalyisisat i on with all four Hieroglyph arbitrary 5'

rinmers. 2 pl of / 2SOl Ut | de 2 nl

!to hi n-wal | edp PCR Atlli;% a%%énga\?‘mhfj %‘tﬁyﬁﬁéﬁﬁﬁéP%W%}%%%ewﬁyﬁored

Erl mer I(AP) dﬂ@r@@&phmRNATﬂrbﬁle\Mts Theeliffénentiab display poécddure éérvlﬁeﬂ‘?/mlelaes bef ore
ei ng pl ace n,ice tur r sol ution.t ol | owi ng was
ndded: 1 oo rs stebssnlva StPestt oK andinediEn S 6osiciophoregis,n antp

2 pl; 0.1 M DTT; firsh sfrand BONBR)dThdsiewas cadtiel Usi ﬂ](lw@magbh(dﬁﬁﬁérs&ﬂ) 1 pl

Omi script (1 unlt/ I and DEPC-water to 20pl. e reaction mxtures were
then i ncubat ®Yere tFANSCTIBESe.or 1 hour. Differential Display PCR for each

sanpl e was then cmowﬁba@ubn uaxngdmaldfciﬁé ¢2 rmoa%hmgst(mdwsf& perforned

using the Hi ero%y éstem 1(% , Clontech Ta ymerase mx, and [a
- P] dATP103, OB s/%ﬂ)ﬁ ﬂ'aﬁir\% was ju5pd 4@ Gene egeﬁgfpé BiVAfaron, a PCR
core nix Conygplidiafed dmenmwwy PER (WPCR?vJ:thQHéGéhEtoﬂ cﬁgpngox and

mat chi ng anchored priners (AP) ‘prepared in"a vaol urre'suf r the
nunber of relfdRal sRIByaationwith alh faur Hiereglyrb arbitrary-$' Iprimess.DD- PCR

conponents wi th g exAERI00AG/MAI RNASscHithin W3¢ ¥dded to a 0.2 ml thin-wailed
PCR tube along with 2 pl of Hieroglyph T7 (dT12) anchored primer (AP) (2 EM).

15  This was then heated at 70°C for five minutes before being placed on ice. To
the denatured RNAlprimér solution the following was added: 10xOmniscript
reverse transcriptase (RT) buffer, 2 pl; 5 mM dNTP's, 2 pl; 0.1M DTT; 0.5 pl
RNASEOUT RNase inhibitor (40p/ul)(Gibeo BRL); 1 pl Omniscript (1 unitful)
and DEPC-water to 20pl The reaction mixtures were then incubated at 42°C

20  for 1 hour.

Differential Display PCR for each sample was then carried out in
duplicate. DD-PCR reactions were performed using the Hieroglyph system
(Genomyx), Clontech Taq polymerase mix, and [a-*P]dATP (3,000 Ci‘mmole,
Amersham).

25 For each cDNA su'b-population, a PCR core mix containing the
appropriate reverse transcriptase (RT) mix and matching anchored primers (AP)
prepared in a volume sufficient for the number of reactions needed. The core
mix included all the DD-PCR components with the exception of the arbitrary
primers to be used, which were aliquoted separately'into the appropriate tubes.

30 Eachindividual DD-PCR tube contained the components shown in Table



prinmers to be used, which were aliquoted separately into the appropriate

t ubes. 30 Eac

Tabl e

h i ndi vi dual

1xreacti onWOR133#5F  \o. (20p1)

dNTP (1:1:1:1
primer 2 pM 2
pClpl 0.25 p
wer e

denaturing c¢

) 250 pM 2 pl
pi 0.2 pM cDNA -
| 0.125 pG | pl

ondi ti ons.

2 pl

PCR Buf f erPCIZRB0R/0
0.2 pM 3" AP
I x 10 [a-33P] dATP 10
radi ol abel | ed cDNA fragnments:

103

under

DD- PCR t ube contai ned the conmponents shown in
1. WO 01/31058 PCT/ GBOO 04103 7 Table 1 DD PCR component [ Stock]
Water 9.35 pl -
20 pM 51 ARP prinmer 2 pM2 pl
Taqg 50x 0.4 pl
Fol | owi ng DD- PCR,
el ectrophoretically separated on a polyacryl am de gel
This invol ved X

Ix 5

t he Genonyx LR sequencer and

LR-opti m zed g5—HR—1T000pU! ydLT T o gety rormutartons.. 4. 5% amd—§%
HR- 1000 gel s (P CRCOFROBEMcchISIRHY t o relfRastion er < “f'ﬁﬁ'ﬂruct i ond; 4.5%
gels were used to resolve fragpents i thq,osczggnr angy of 700 bp td 2 kb,
whi | e 6% gel sl-we+e—tsed—i-o SC“E.fm e—HagHert-s—+A—thedsi—ze—+ange—eH 100 bp
to 600 bp. 7 bWatér each DD PCR panpl e was {f8.3&d with A-pl of sanpl g | oadi ng
dye 20 (CGeno # %neat ed at Ci1or 3 ut es oTrmWe | ed on
ice. 3 pl of GRS t-denaturedsanpl e then added*to a gel |dne.
Duplicateg reagﬂ-rp&“1vxﬁq)e Ioadedzsd\p@dj ac rzt |I anes and >pajip! €s gendr at ed
with the sane e P at-S—tA—EORSEe v q—-aes—6% for 6
hours at 2,50 '\ARP ibﬂﬁleW at 502 pudhd 4.5 Tﬁk@u s were §ORipMor 16 hqurs at
1,500 Vv, 100 % 25 50C.  For £ g elre phor CHIE £ gel Was |dried on
the glass pl afR ATMPIRE" Genonyxt equen Fl("("Ol’dI n*ot
manuf act urer’ At 0col s. An - 2ul
Taq 50x 0.4 pl 1x
10 [a-*P]dATP | 10 uCirpl 0.25 pl 0.125 pCifyl
Foliowing DD-PCR, radiolabelled cDNA fragments were
electrophoretically separated on a polyacrylamide gel under denaturing
conditions. This involved using the Genomyx LR sequencer and LR-optimized
15 HR-1000 polyacrylamide gel formulations. 4.5% and 6% HR-1000 gels were
prepared according to manufacturers instructions; 4.5% gels were used to
resolve fragments in the size range of 700 bp to 2 kb, while 6% gels were used
to separate fragments in the size range of 100 bp to 600 bp.
7 Hl of each DD-PCR sample was mixed with 4 ul of sample loading dye
20 (Genomyx) and heated at 95°C for 3 minutes before being chilled on ice. 3 i
of this heat-denatured sample was then added to a gel lane. Duplicate
reactions were loaded in adjacent lanes and samples generated with the same
primer pairs in consecutive lanes. 6% gels were used for 6 hours at 2,500 V,
100 W, at 50°C; and 4.5% gels were used for 16 hours at 1,500 V, 100 W, at
25 50°C.

Following efectrophoresis, the gel was dried on the glass piate in the

Genomyx-LR sequencer according to the manufacturer's protocols.

An

autoradiograph of the gel was produced by placing a piece of BioMax MR

(Kodak) ultra-high resolution film in contact with the gel, for 16 hours.



aut or adi ogr aph ,of the gel was produced by placing a piece of BioMax MR
(Kodak) ultra-high resolution.filmin contact with the gel, for 16 hours.

WO 011310 OO 04103 8 The aut or adi ograph showed espondi ng
to genes g&p‘ﬁ@@éﬁ in the non-repairing cells SVE 10 anﬁ‘aﬂg&(@g{,"gbut not

expressed in the repairing cell lines VHP 36 and MHP 3. There were al so
bands corresponding to genes expressedB in the repairing cell lines but not
in the non-repairing cell 5 lines. Before excising bands fromthe gel, the

t di h o o
Ut o ad! ogr aph verh S FSRRISapty oS Biltte ASsRondG o béhey dprddtBy, .
mar ker s ( St riat thenagn-repaisingicellsa8VEgt O @ndWdbP $8.cbutenbtadxpnessedeinl theg edge
ith t . D ff Ind ' DE ' tified
1 0 105 e PSSR 4 SRR oYRBobBELL S
were placed torgemes@ppassed irethet repairing icb# liné£But rid in thid Aon-epbiing el 7. 5) and

the DNA allowed to elute at roomtenperature for six hours. The el uted DNA
was storad al"®Spoc. s ngl e Strand Conformati on Pol ynor phi sm ( SSCP) gel

anal ysi s was is Beferk éxcistg bamd feorh tHesgelPIBsi dutoradiohliph wad/wasHegindue t o
t he co-m grﬁéiozn of frélg@antitpg%i entical size but different sequences.
This procedu?@PietRAelapd alowe Agprradiqaraphwas aligned qndep atthe

fragments (SgsiRvitiChe bl bPRE@rdY nidikers JSRAIGRNERN THE élhlsmardg@'ém wagf this

anplification on a SSCPr%ﬁl. PCR condi tions were simlar to those used for
DD- PCR, wi t hSQayEeq Rlangionejong 2dae withtars e Ditiereptially expsesspd teansetiplsed to 2

at the hgw afpEepl weee idenBneadt d‘:,,?c I gh
anneal i rljig tenperature (6QC). éf&}ﬂéog%%seég%%%@%%orr a&:ot?ﬁ)éﬁbv?tggﬁggded to 10

pl of SSCP-|Ratagey B pxsisqmndsoyaraplased imod 00l obelution hufie (EB, 48, 0. 01%
xyl ene CyanollnM’ﬁrim%ﬁ.ﬂgnd‘i”emll@éhzgg%ﬂ@%w&%l%?ng%?%ui%réi m nut es
el . alnpl es wer el e

bef ore bei ng | oaded onto an agarose ctrophor esed
for 16 hour sheursg Theieluted DNA was sigpediate200GA buffer (TBE) on the

CE e sone: e o S, SoU Sl SEHARORDH O o ool U5,
exci sed1&8nd ysestedelimingtel alseppositives that maybarisecdud EB}he co-migration of
fragments of identical size but different sequences. This procedure involved
a limited reamplification of the isolated fragments (SSCP-PCR) followed by the
separation of the products of this amplification on a SSCP gel. PCR conditions
were similar to those used for DD-PCR, with the exception that the number of
20  cycles were reduced to 2 at the low annealing temperature (50°C), and to 10
cycles at the high annealing temperature (60°C). 4 ul of the SSCP-PCR
reaction was added to 10 pl of SSCP-loading buffer (80% formamide, 0.01%
bromophenol biue, 0.01% xylene cyanol, 1 mM EDTA, 10 mM NaOH) and
denatured at 85°C for 10 minutes before being loaded onto an agarose gel.
25  Samples were electrophoresed for 16 hours at 8 W in 0.6x tris borate EDTA
buffer (TBE) onthe Genomyx-LR sequencer. Following autoradiography, areas
of the gel corresponding to candidate differentially expressed transcripts were
excised and placed into 100 pl of elution buffer (EB).
Sequencing and Identification of DETs '
30 The recovered differentially expressed cDNA was reamplified by PCR to
provide significant template material to allow for direct sequencing. The PCR
reactions contained the components shown in Table 2.



Sequenci ng and ldentification of DETs 30 The recovered differentially

expressed cDNAwas reanplified by PCRto
to allow for direct sequencing. The PCR

mat eri al

provide significant tenplate
‘reactions contained the

conponent swalamsg n Tabl e 2. WO 01/ 31058 PCT/ GBOO 04103 FETIGHIP/A4193 PCR

component [ Stock] |xreaction Vo. (Final] (100 pl) Water 49 pl - PCR Buffer
lox 10 pl 1x 5 dNTP (1:1:1:1) 250 pM 10 PI 20 pM 5" ARP priner 2 pM 10 pl
0.2 pM 3" AP priner 2 pM10 Pl 0.2 pM2SSCP-cDNA - 10 pl Tag 50x 1 pl Ix
10 The PCR products were then purified using PCR purification kit

(Q agen), according to the nanufactur €srotocols. The purified products
were eluted purter. OQUCTS Wer g

sequenced us
sequenci ng kit

Pur 11T ed PCR
@F&E‘S r adi p1Xeratiopa: er[%i
1 he react i on@opgye perf

ﬁ’&R Panet noseq
S (Arrer sharr)

&k or cycl

or med using t

a)

-

he ML3

reverse prl ax ( %rS) \ \Jclluuy / —orCC Ottt t~-o—ratttaej-tH-etr—s JISJ’I_U{ rOl S.
Sequencing p Met s were | oad¢eron to a flong Randget (FMC), 8 M Urea,
| XxGTB (gl yce &P%&ﬁrant buiTér) gel an elct rophorjesed 1 or 1our| hours at
2,500 Vv, 100 | XGIB rHX | oW ng radi ogr Enci ng
| adders re Bﬁqu @0. mpual |y angi:,h@ resu{dg’“ng sequgeyiat a was psed to
search t he GprBef—deatabases—iboeth Shet—eant—ESTh- pws t he
gene expr essi| ShARPgfrimer of theiﬁ&e}lM | i nes WEd in thg 0.24pkri nent. | MHP 36
and VHP 3 ar¢_celTs That are S e tor| jyansplant gt Into a damaged
brain. It is éé PrMeL: the exh ?4‘8& on_pr ‘ich?‘p Lo M—IFQB;EM'i 25 MHP S
simlar. Like¢gsep-cHRA profilelin MHP1S angp gVELO is jsimlar.
Taq S0x 1ul 1x
10
The PCR products were then purified using PCR purification kit
{(Qiagen), according to the manufacture's protocols. The purified products were
eluted in 60 i of elution buffer. Purified PCR products were sequenced using
the Thermosequenase radiolabelled terminator cycle sequencing kit
15 (Amersham). The reactions were performed using the M13 reverse primer (-48)
{Genomyx) according to manufacturer's protocols. Sequencing products were
loaded on to a 6% Long Ranger (FMC), 8 M Urea, 1xGTB (glycerol-tclerant
buffer) gel and electrophoresed for four hours at 2,500 V, 100 W, 50°C in
1xGTB. Following autoradiography, the sequencing ladders were read
20 manually and the resulting sequence data was used tc search the GenBank
databases (both published and EST).
Table 3 shows the gene expression profile of the cell lines used in the
experiment. MHP 36 and MHP 3 are cells that are suitable for transplantation
into a damaged brain. & is clear that the expression profile in MHP36 and
25 MHP3 is similar. Likewise, the profile in MHP15 and SVE10 is similar.

However the profiles of MHP36/3 and MHP15/SVE 10 are markedly different.
This illustrates the difference in function of the two sets of cells as MHP15 and
SVE10 cells do not have the ability to repair.

oT



However the praofiles of MHP36/3 and MHP15/ SVE10 are markedly different.
This illustrates the difference in function of the two sets of cells as
VHP15 and SVEIO cells do not have the ability to repair. n. . WO

01/ 31058 PYPOHBESS 04103 10 Table 3 Cel|l Line Honol ogy W@W“ﬁ VHP 36
SVE 10 Gene % C ane23 DD-Band 5 SEQ ID No. ! +++++ _ +++++ _ Human EST
88% over A 68bp SEQ ID No. 2 +++++ - +++++ - G ogin-245 100% B SEQ ID
No. 3 ++++ - +++++ - Mouse EST 95% ovet® 10 C 175bp SEG ID No. 4 +++++ -
+++++ - Mouse EST 99% over D 438bp §E ID No. 5 +++++ - +++++ - Heavy
Chain 94% over E immunogl ob' 108bp %?&9% | D No. B +++++ Mouse EST 91%

over F 84b SEQ TD No.” 7 +++++ Loprotectrvg 100% S pratern dnp 20
; : cdlithe Homdi n,
Anal ysi s of jthe—expredsi-or—piroductg—eveaedthadt—he—Rron liggpe‘.: — VHP15
cells expregsed a gen¢ MHP#ed MHRAS |(MR IS ¢iSVENO [NeuiGere (1998) % 21§
1031-1044), mwhile cellls from MHP36 |di d nof cexgsgss this ggne. Therffore,
neural cell st .ﬂ?(p €55 [ N§ Paxo [gene age notr [expecrted 1j0_De anje to
repair brai 4%%3 ge, while neural del| Ii&gc that do _not his 25
gene ar esabl [eseaiDaiocth 1| epetit . | Pax6 i|s +beki Vved t q sman BRTSI |t 18808 ater
speci ficati oHn gempe, pllaying @ rolelin 68bp
SEQIDNo.2 | +++++ - bt - Glogin-245 100%
B
SEQID No. 3 e - ++e+d - Mouse EST 95% over
10 c 175bp
SEQID No. 4 bt - Aasasd - Mouse EST 99% over
D 438bp
SEQIDNo.5 | +++++ - AR AR - Heavy Chain 94% over
E ; immunoglob’ 108bp
15 SEQID No. 6 To- 4 - et Mouse EST 91% over
F 84bp
SEQID No.7 - e - +++++ | Neuroprotective 100%
G Protein, Adnp
20 Analysis of the expression products revealed that the non-repairing

MHP15 cells expressed a gene termed Pax6 (Gotz et a/, Neuron (1998),
21;1031-1044), while cells from MHP36 did not express this gene.
Therefore, neural cells that express the Pax6 gene are not expected to
be able to repair brain damage, while neural cell lines that do not express this
25 gene are able to aid repair.
Pax6 is believed to be a positional specification gene, playing a role in
determining the position an embryonic celi is fated to adopt in the developing
brain (Fernandez et a/, Development (1998) 125: 2089-2111).
Further analysis revealed that the non-repairing, non-muitipotentiai cells
30 expressed the gene 3R2C (GeneBank Accession No. D25216). The MHP 36
cells did not express this gene when cultured under permissive conditions.
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1. A nethod for selecting a cell suitabl® for transplantation into a

damaged vertepr brain, conprising: (i) selecting cells that are, or are

capable of dif lating into, a 5 cell with a neural cell phenotype;

(ii) obtaining.the ponetoditisehadting ae suitabl@for traasplahtation intd a darf ring
the expression w@gfi le of the'cells with that froma control cell known to
be suitabl e foferePEHE BraR:CAMRSITINGINd (i v) sel ecting those cells with

sinilar gene expregyi ons@lesfind eslisithat &8t or 3 &pabREofCdifbreptiating infb, Bt hod
for identifying a gene, the expression of which can determ ne " whether or
not a neur®l cell can rEBhWRN A nedral Gl PBeRAtRE conpri sing: (i) sel ecting

cells that are, orgre 69%%§tﬁgf%ﬂeféxﬁfé@f&n%rbﬂﬂdfm&celﬁ; cell with a

neural cell phenotype; 15 (il btai ning the gene expression profile of the
cells; (iii) conpafiiihg cempanng thesexpiession prafileof theecells wih hatframa from a

control cell known to bgysHia kﬁo%¥° Eéwﬁa%%{“%gﬁﬁ&"q"@ i sol ati ng

t hose genes that are the sanme (or feren exXpressed by the
control. 20 3. A néivhodselectingthase celisovith similangenelexprassionpinefiles to thate
control c hl does not Smﬁ%%ﬁtr&he gene Pax6 or 3R2C. 5. A nethod according
to any pré&ceding claim erein step (ii) is carried out by differential
di splay. 4. A 2ret hddmethodifeliidentifying aygepedbe exprgssibaiofiwhicheanidetdrininecont r ol

cell is 25 Wﬁﬁe@her or not a neural cell can repair a damaged brain, comprising:
(i) selecting cells that are, or are capable of differentiating into, a
cell with a neural cell phenotype;
15 (i)  obtaining the gene expression profile of the cells;
(i) comparing the expression profile of the cells with that from a
control cell known to be suitable for transplantation; and
(iv) isolating those genes that are the same (or different) from those
expressed by the control.
20 3. A method according to claim 1 or claim 2, wherein the control cell does
not express the gene Pax6 of 3R2C.
5. A method according to any preceding claim, wherein step (ii) is carried
out by differential dispiay.
4, A method according to any preceding claim, wherein the control cell is
25 MHP36.
6. A method for selecting a call suitable for transplantation into a damaged
brain, which comprises determining the presence of any of the gene sequences
identified herein as SEQ ID NOS. 1to 5.



6. A nmethod for selecti ng a call sui t'ab'l'e”f'or transplantation into a

damaged brain, which co i g the presence of any of the gene
sequences identified hemllmm" IHL to 5. @M | ~~I1
11~11 ~ YVOO0153485% 1/ 31058 PCTF GROO/MAK03* ¢ L as SEQUEN6€TL <110>

ReNeur on Limted <120> | DENTI FI CATI ON OF CELLS FOR TRANSPLANTATI ON <130>
REP06134W0 <140> not yet skqaWwee rfdfkg 2000- 10-24 <150> 9925210.8 <151>
'1999-10-25 <160> 7 <170> Patentln Ver. 2.1 <210> 1 <211> 273 <212> DNA

<213> MUSE rend400Q3 figt@pcctcaa ccacattggt actagtcaat agcgcatgtg gcttccecctg
gacaacaagt 6o gagtttatgc cct ggaat gt gtttgatggc aagcttttcc atcagaagta
ccgcagt 120 a ata cttttgg aacaaaat ag atcgtggctc
accaagtf]t?g Vs {0 Rl %g%%% g°<'§1?acl %ﬁ‘g’gﬁ“‘é ‘[9“6‘5 ct gct ccaagga gaaccggcgc

at cgt aggca 240 %aacgcattg ggact ct cct tacacaggga ggc 273 <210> 2 <211> 325
<212> 0> FFp3sH

fBlse <400> 2 cat aatttag aagaccgttt gaaaagatat gaaaagaatg

cat gt gcagc aact gt gggg 60
<140> not yet known

<141> 2000-

<150>
<151>

<160> 7

<170>

<210>
<211>
<212>
<213>

1
273
DNA

<400> 1

gtggecctcaa
gagtttatge
aaaagggata
acaacctgaa
gaacgcattg

<210> 2
<211> 325
<212> DNA

10-24

9925210.8
1599~

10-25

Mouse

ccacattggt
cctggaatgt
tgccgtggaa
ggcagtggte
ggactctect

<213> Mouse

<400> 2

cataatttag
acaccttaca
gagtttgagt
atggccaaag
gaaagagaag
atggactaac

<210> 3
<211> 272
<212> DNA

aagaccgttt
aaggtggcaa
atttgcgaga
ttataaccac
atgctcgtct
agccaccaag

PatentIn Ver. 2.1

actagtcaat
gtttgatgge
gttettttgg
tgcaaggcet
tacacaggga

gaaaagatat
tttgtaccac
agtgatgttt
tgteectgaaa
gatgttgctt
aatgg

agcgcatgtg
aagcttttece
aacaaaatag
gctccaagga

gge

gaaaagaatg
actgaggtct
gaatatatga
ttecctgatg
ttctgttgat

gecttccecetyg
atcagaagta
atcgtggcete
gaaccggcgce

catgtgcagce
cactcttecgg
tgggtcgcga
atcaggctca
tctgtgaaat

gacaacaagt
ccgcagtetg
accaagttce
atcgtaggca

aactgtgggg
agaacctacc
gactaagacc
gaaaattttg
agactgatac

60

120
180
240
273

€0

120
180
240
300
325



acaccttaca aaggtggcaa tttgtaccac actgaggtct cactcttcgg agaacctacc 120
gagtttgagt atttgcgaga agtgatgttt—gaatatatga tgggtcgcga gact aagacc 180
at ggccaaag ttataaccac tg?@g’gaaa ttccctgatg atcaggctca gaaaattttg 240

gaaagagaag Boguiesg ct ga MH'H ﬂmu"at t ct gt gaaat agrRCT/GRU00310300 :
at ggact aac agccaccaag aa 4 <211> 272 <212> DNA 1 WD 01/ 31058

JUITJrr 11r1Jr 11111 11111 PCT/ GB0G/ 04103 131111 <213> Mouse <400> 3
tt gt agt gtRf3et¥p8ett cat ccat aggaag tgtgt gt aaa ttagat gaga gcagtgctga
ggaggccgac aaat cgcgag aaagatctca gtgtgctgtg aaagctgcta ataaagattc
cagt gt cat¥%chaaaggga atttaagcaa tggaaacagt ggctctaaca gcaaagct gt
t aaggaaabtiotgsteaa gfagettagly Feakeage dabekugateaadt tagsiyasndgastwctmadet gt 240
t at ccagageroocgygtamettocyed aasqpaceragbtRgftgty 2@yctyct® btzaagdtec xA12> DNA
<213> Muspgtcadt(Cradaigget agtiaeacsgCanhgoge @cgcahed geaaecdtCagya gcct gacaaa
ccacct gCtiuggbhaal CulchaHfags abaiagidaC 64aaghdang GaGhahadgd) @adagatpt! ggpagagca

60
120
180

t ct gcaat gdecd2fhgg CRAABSAICEE GotAGGLACGHL at cgctgett ctgtttccca gpct cagact
ccaactccaa 180 gtcccatcat ctctccttca gccatgectac ctatctaccc tgccattgat
attgatgcac 240 agactgagac taatcatgat actgcactaa cacttgcctg tgctggtggce

act act agag
cttggct gct
cattgaag 438

t cgagacaag
t gt agagat a

t ggt acaaac
ct ggact cat
at ggt gcaga

agaggagcta gtattgaaca
acagct.ggtc atgttggtagt
<210> 5

cat gaggagg,; o309

aaaggtttia,360
ttgct ggag;lzgf

<213> Mouse

<400> 4
60

taccagttca
accttgctge
caaacactce
gtcccatcat
agactgagac
tggtacaaac
ctggactcat

agcactgcce
tactcttece
tacccacagt
ctetecttea
taatcatgat
actactagag
cttggetget

atggttgtcc
gttaggagta
atcgectgcett
gccatgectac
actgcactaa
agaggagcta
acagctggtc

cacctcagga
aagcagtcag
ctgtttcceca
ctatctaccc
cacttgectg
gtattgaaca
atgttggtgt

gcctgacaaa
tggaagagca
acctcagact
tgcecattgat
tgctggtgge
tcgagacaag
tgtagagata

ccacctgecea
tctgecaatgt
ccaactccaa
attgatgcac
catgaggaac
aaaggtttta
ttgctggaca

120
is0
240
300
360
420

atggtgcaga cattgaag 438

<210> 5
<211> 206
<212> DNA
<213> Mouse

<400> 5

gccatgtact actgtgccag
cttectetgea gggatgetcea
ggatctcttc tggaatctag
agagttctta gttttcettce

60

120
180
206

acacacagtyg tgggaagtcc aatgagagcc tgcacaaata
caaccagcag ggggcgctga ggacccaaag ggacttccca
ggagctctga cctgtgtcta tcagecatgtg tttcaatgtt
cagcaa

<210> 6
<211> 204
<212> DNA
<213> Mouse

" <400> 6
aagtcacaat tactctgata
gaccagttte ccttatgaat
agccaagaat aaaataaaag
catcccaggg atgctgggat

cctaaaccac acaaagaccc aataagtaaa gagaacttca
120
180
204

atcaatgcaa aaaaagectca ataaaatttt cacaaaccga
ccaagaataa aaggatcatc catcatgatc aagtaggctt

ggtt



<211> 206 <212> DNA <213> Mouse <400> 5 gccatgtact actgtgccag acacacagtg
t gggaagt cc aat gagagcc tgcacaaata 60 cttctctgca gggatgctca caaccagcag
ggggcgct ga ggacccaaag ggacttccca 120 ggatctcttc tggaatctag ggagctctga
cctgtgtct VOOHYIM gt g tttcaatgtt 180 agagttctta gttttcctrcr/Gragenss 206
<210> 6 <211> 204 <212> DNA <213> Mouse <400> 6 aagtcacaat tactctgata
cct aaaccac acaaagaccc aat aagtaaa gagaacttca 60 gaccagtttc ccttat gaat

at caat gcaa aaaaagctca ataaaatttt cacaaaccga 120 agccaagaat aaaat aaaag
ccaagaat aa aaggatcttc catcatgate -aagtaggctt 180 catcccaggg atgctgggat ggtt

204 2 AP0 P/ 31058 PCT/ GB00104103 <210> 7 11> 2 67 L 1"t 00 et
[1' 1" 14921}N26%212> DNA C L nl:‘lmm Lm,@ma\ﬂm(» 7 cgcgctttta aatgagaatg
tct at agi®ge> PBACt t cgaa aaggagCanes »00 agtcccagcc gtagctaact
acatt atqza®> aevsecacaat tttactagca aatgcctcta 120 ctgtaatcgc tatttgccta
cagat accct acttcaacca tatgttaatt catggtctgt 180 «cttgtccgta ttgccgttcc
acctt caabg> &t gt agagaa gat ggcagca cacatgcgaa 240 tggttcatat tgatgaagag
at gggggchGJtttBa aatgagaatg tctatagcgt tcacttcgaa aaggagcata aagctgagaa 60

agtcccagee gtagctaact acattatgaa aatacacaat tttactageca aatgccteta 120

ctgtaatcge tatttgccta cagataccct acttcaacca tatgttaatt catggtctgt 180

cttgtcecgta ttgccgttec accttcaatg atgtagagaa gatggcagca cacatgegaa 240

tggttcatat tgatgaagag atggggg 267



