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METHODS FOR THE TREATMENT OF LYSOSOVAL STORAGE

DI SORDERS FI ELD OF THE | NVENTI ON The present invention
wo edoapessyeneral |y to nmet hods for neur ot ranspl BET/ES10061000490

of multipotent neural stemcells for the treatnent of

| ysosomal storage disorders in which a secreted

| ysosonmal enzyne is defective or m ssing. BACKGROUND

OF THE | NVENTI ON Lysosonal storage disorders ("LSDs")

are the result of genetically inherited nutations in

geties that code for |ysosomal enzynmes. The

SONSRAPS TOR ATt TRIJEFMENTVEF 8y SOSENVAY, $FERARSE DfSéEﬁERS

accurmul ati on of undegraded netabolic substrates 1 n the

| ysosonmes that eventually lead to cell degeneration.

{See Futerman and Yap1 NRSE {ews Mol. Cel

Bi ol . 5:554-65 (20323&1)@%. SU%%MC@VWI NVENTI ON

Pr oVihg ®epsere iaieation wlatms ehesddlyde ntefhods fongeurytsosplasthtion of

: ' i i.n._h n by ..

B PR SB PRI o Bcthonet LB B B whicn
segtgtefl Lysespanel pepyoeris defective ovmissingy st em neural st em cel

popul ation to the manmal . Those skilled in the art

will recognize that the instant invention also

enconpasses t heBASCK@ROHNDeOF dHE MEVENTUON of a

mul ti n f z.r enew, central nervous system .

meur APl g ARG LIRER T Pl Ciede Rhprigo
mwuteidins dmegames thot coidb dortly eadned ehzyafes. aThy/@as@i@lce SF Ok dgRctive or

di.sorder in ma | .{e.g., in humans). ecifically,
R P Ehet e EROPRaEth Jupurtier iy At oy Gsda Hoy hhomes
thatiesantadly 1¢ddad célbdepboratine Szl idha and G Mgar,(Naturﬁ Reviews Mol.

ect.i ed | ysosomal enzyne. Moreover, the

Cgﬁé%g%ﬁ§?6§§%$§§e di sorder may al so be characterized

by a nutation in a gene encoding for a secreted

| ysosomal enzyne. For exa the nutation may be in

|
ei ther the paln1@%9ﬂwﬁy%¥gﬁﬁﬁgﬁm¥¥ﬁ¥y%§% 1 (PPTI)

generéfidddhefeditart edRids BYkeaRBPlLABRE! dorhddisdrders in mammals
gene. Preferably,. the nmultipotent self-renew ng centra

(o8 i/ BtrRang) Lot s nislgHag assimieamoupionf naliprent selnaving gentral

neboRiyaAteRtiBAmh] 68mbell pb%{%h%:)he N € rhse Qi@ the art will
nultlgotent CNS neural stemcell population can be

re¢neBis that e amtanhinyention glsa sneempetses the vseorf an sffeciivadmenmmf a
GlthdtéH: SelREdnB¥in QAT B Sl s3Lth:A Rl i iaRfd ©OF

mtobthe %angfag%u?e o# thgSﬁe&?@%ﬁéﬁﬁ$ﬁcapmﬂﬁghggHﬂﬁé

manufacture of a medicament for the treatment of a lysosomal storage disorder in a mammal

(e.g., in humans).

Specifically, the lysosomal storage disorder may be a disease or disorder that is
characterized by a missing or defective secreted lysosomal enzyme. Moreover, the lysosomal
storage disorder may also be characterized by a mutation in a gene encoding for a secreted
lysosomal enzyme. For example, the mutation may be in either the palmitoyl-protein

thioesterase 1 (PPT1) gene or in the tripetidyl peptidase I (TPP-I) gene.
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For exanple, the Iysosomal storage disorder to be
treated in accordance with the nmethods and/or uses of

W0 b@eioTwsent i on may be a neuronal ceroid | i pof uBCT/IARE&E 000490
Exenpl ary neuronal ceroid |ipofuscinoses include, but
are not limted to, infantile NCL and late infantile
NCL. However, those skilled in the art will recognize
that other |ysosonal storage disorders can al so be

treat,ed.Usi Mg n%‘i&gﬁ)fgng %HE: feéﬁi:x@lﬂg Ué}fn aplgel@ou%sttén'? %Lgﬁtstem cell

sel f-renew n reove
PopetesprrebBingfl diemt hleumpgst (b, @dé{u@NStf’f@ ﬂﬂ:sp@ustofuthamuﬂnpmm CNS

|t t .58k ;. Lene
oS B 0RO R
cufligre prioe et ddngnisiratips os heralansnad Dagmrdb giomd@nfatiare of the medicament.

anar o PREE elsdb Va8 ARl R eSS g he
mpﬁhedsemd/edumﬂﬁﬂie lTB’Bilimn rhd}éaermmlﬁulnall Brodd h[bﬂfﬁd&moE&r Exemplary

di
ne;alroggcefdld {1}360 EiCH}OSG u%, E‘% 8%21}9'6 ﬁgute%fot gga?%]gq lsg]rp}an(% lge nfantile
N@Hd waeva thyse skillbe@incib bi$ wlDfecdditzeMRA oBRARBEshmAPMoE: disorders

| ant ed. |nto he cortex.. Thaose skilled in the art
Ca\‘i\‘na %E Sﬁagﬁfﬁ Cff‘f?é‘%}ﬂ“m ﬁd’?‘éﬁ?o@é P E-Feameige (g orn cell

popelatial. sten1ce|| populatlon and/ or the nedi canent for
treﬁh sosomal storage disorder in a manmal can

F é]ill FardeRteoViAhiRe sicthors ofiihe WHat invakpn.dheselfective
arﬁbhﬂhhd)ﬂ’ché ﬁﬁltl@i&ﬂ%lﬂr&%wﬁ@g’@ﬁg nedPRIlRM T dMEloh QIQUSH arfdyb‘? the

propriate CNS transplantation region SUItab e
m?(ﬁ%ﬂ&%@ﬁb@f trgpiing 2 dyspenndl yormge fisprdst i tra@s@lameéé@rdéherwge
adWiihibterdd tilRctt @ Whd/BEins @A) inRf ths kKo R A2EmAT tn scﬁ‘;@/ referred

suitabl e transplantation or adm ni stration net d
enphediRren{sothe FsaBnad i§ 4 usepn; &ot ¢yamate; the gellser s ebdicament) may be
tra%%ﬁlﬁécﬁhﬁ)rthé ﬁﬁp&faxfnﬁfﬁ | Nfer@HRLD gor%.fddl{tllalﬁ %)ﬂtlé Q9 ch Wine

-renemnn central nervous stem
m%déqam@na Y be tr@mﬁélaﬁ@dmta iernorto r Thosesktilletgin shel apsmlaamjgmze that

théﬁﬁft@g@mdsleﬁ%l @/ﬁng{B@N § H&rgﬁas%?éﬁll ﬂ%%)?lgﬁ S a%%p s ?tre M L oot for

i nstant met of non
ﬁe@ﬁ%bﬁ(&ﬂm@t at@@gerrhsnrcﬂﬁe 1AL tmlaeumijcdn;besmahspherﬂtedaaﬂo any other suitable

loéaﬁbﬁsC\Lfﬂﬁﬁ] the NS @tﬁ@}ﬁgﬁl{al Cﬁét?rmu‘l( % Jihg }?{8gréa %Qﬁ% ed

neur ot ransplantatlon OoCO
trajngplaritagion region| Saehle é)rgreatnidn&f aF@steﬁﬂstoNﬁnal Btofyé dBdeller is within

-mgﬂﬁﬁéggﬁﬁéggup%ig by reference.) In accordance with
t he

eScrT bed herein, a range of between about
3X| %ytsmmlmmSplmtm m:aﬂrhﬁustlﬁﬁkﬁn 1BXBOPLR vRab WRe sialQuh the

x| s_or between . about
art 5n @useg to acf) n1n1s%r ILhe efi%ctlve amount of the multipotent self-renewing central

nervous system (CNS) neural stem cells and/or the medicament for treating a lysosomal
storage disorder to the mammal in accordance with the instant methods. By way of non-
limiting example, transplantation may be achieved by subcortical injection, by
intraventricular injection, or by any neurotransplantation protocols known to those skilled in
the art. (See, e.g., U.S. Patent No. 6,497,872, incorporated herein by reference.)

In accordance with the methods described herein, a range of between about 3x10° to
about 1x10'"° cells, for example between about 5x10° to about 2x10° cells or between about
1x10° and about 5x10° cells, can be administered to the mammal. For example, in one

embodiment, a low dose of 5x10° cells can be transplanted or implanted or injected or
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1x1 08 and about 5x1 09 cells, can be adm nistered to

the mammal . For exanple, in one enbodinent, a | ow dose
wo@Ro0sn1038Tel | s can be transplanted or i npl ant eRCDUS2006/000490

injected oradm nistered to the manmal . I n anot her

enbodi nent, a high dose of IxI® cells can be

transpl anted or inplanted or injected or adm ni stered

to the mammal . Those skilled in the art will recognize

adhhﬁgtelteﬁ % ﬂ"}g LRG| aY. eInaaanQlt en%odg Q t %ﬂ @o%{) gf LxlgNéells can be

neural stem ce tion use
trangreergesherl lnlﬁhnwégellmcwd od @dmm&tm dznieto alwrmmmale ﬂhdseeiktmé fin the art

w1'llrfe<9)g-g zg 91%{3%119 Eff%c?i\e/ ll&h{t) 0? Yhe mu?t 1tip nﬁqnt Q\]] g rngt 1 %fierg 8?1b%?pulatlon

usgchtogreatiiveriyisosvenpl simageadlsbréel rcam geadmﬁmiaeteﬁeﬂhelab ot dadx bOm
m*ﬁp@%g % I xI 010 cells, for exanple between about 5x| 8
about” 2x1 @ cells or between about |xI 8 to about
5X| Gemidely, the nfedicamrstifpd teaatlhgla oResoaiabaskiapedibordéli a mammal may

i canent a do of 5x1 08 ceIIs In
co BB e 0 sl RISy Co o st begwgrhout
5xdo'se abdut Rx100Re1ar bstwedihatsoat SKioP {o%%oht’fb'xﬂ bPecc88.tF cW'ekimple in one

nize that the medi cament for the {reatnment of
en bﬁé’ggﬂé‘ © TR HYBL IS 2 ghdqse ohdr nfedls e Freamoiet her

enibddRRAL, #RSRedMandeht 134 ddnki€a HIGR@8se JYRL B EIs, T11Bsevs"’ﬁlleglﬁ§the art
nbodlnents of the invention, the effective anount

wifl ieP ot B Fiedienteemi &un i tresimasnt eb4 lysosopl dornndisder can be

adphtigtieeditler ArorkIBsd BBt Neur al  tissue.
Additionally, in other enbodi nents of the invention,

t he MRIEEVER ét wiourNEbadanenss ofshemversion, the piitcsive @mowwftbe
mifl@pdiMRENT R NEONA %El@b@pulléﬂﬂéﬁ R Ab@amé?lrﬁ”cﬁﬁj lrﬂetmmm dw%rheu{al

neural tissue. In one specific enbodinent, the instan
tissugy dyiditionallys Bipthys emipdisents of thewnsisoidonp thetrméamqtmg CA'S neural stem

ceﬁ‘ E%L@ﬁﬁa 1N ?fb&% laGridelamRi &)'ngtglsﬁ% ﬁ%}éc E'% Al nﬂtflrﬁi[ﬂal Jg%eural tissue.

| at'e i nfanfil e neuronal ceré UsScCl hoses
admlihprst S@ﬁqlﬁgerabqﬁ@s@t,dhe imetawaewnam@aiso Botthin3 8o & mea:bd of treating

a ll%ﬁll)qgl C@% CI fc]%b%sgﬂgsﬁ gl,llcfhhrs%{}gwlg ?l‘ ]%N%lf?]% 1o 116111'01’13?]@@18 %l I's

N nee n anotner specl
hpeﬁrb@mmbn adntihigteiing4 dove of he:te'nd:n abouixg 0° tp ebdm 10K’ oI hfoent

b
self: ‘T‘ﬁe%n&ﬁ%ﬂﬁ ?Rr 5 rc]elelg) %) a su onau aflerg(%(flem %réqtlreg sli)qqlﬁtch e

emlpadmfeat; th¢n$tzmt maen‘tmdlalsa msen:tms‘ ﬁ)rthetlh;e of b@@bdrEibbutafx 1 6@ to about

lxp(?tmlcip ;}ﬁten% tgerlf) rene mE gi\lglsneg gtg% c? ft%slel ﬂ%{‘c@}g& }3 a Qedlcament
forsthda}rMentAlf 50 lelmilm‘]/ taleid lipefusdifiosas @cﬁ”@i WeaE1er 14t ISl J
eur odegeneratjon (z. e., neuroprotection
naﬁ@P%S Cﬂﬁwﬁgmﬂg?Fgﬁi g 5 ering fromor at risk for
dev allpirdigded Heps050 thods of reversing or slowing neurodegeneration (i.e.,

neuroprotection methods) in a patient suffering from or at risk for developing a lysosomal

storage disorder (e.g. a neuronal ceroid lipofuscinoses) by transplanting an effective amount
of a multipotent self-renewing CNS neural stem cell population into the hippocampus and/or
the cortex of the patient. For example, these methods of reversing or slowing
neurodegeneration can be applied to patients suffering from or at risk for developing infantile
NCL or late infantile NCL.

A range of between about 3x10° to about 1x10'% cells, e.g., between about 5x108 to

2x10° cells or about 1x10° to about 5x10° cells can be administered to the patient. In various
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storage disorder (e.g. a neuronal ceroid
I i pof usci noses) by transplanting an effective anount

wW@R00a/0m3B1 i potent sel f-renewi ng CNS neural stePeTE51006/000490

popul ation into the hi ppocanpus and/or the cortex of
the patient. For exanple, these nethods of reversing
or sl ow ng neurodegeneration can be applied to
patients suffering fromor at risk for devel opi ng
awdﬁﬂéﬂté N ARltib &
e A (@mt%odfgl Sout 1# T’%%f réefv%%%%one“ml stem cell
popelatiew hiatis danspbytedsn tayoZR1Govidethts nouropxbmatlmﬂm&th&& i 6x10®
el to, t| e
oo B8 o BB (R R e C R SR DB G 2 Bt e
effegtitd spotuahof thehmltrpe’m&we}fger@&\ﬁlg‘@lﬂﬁ akursl st cal ﬂopulatlon can be

B L SRR (e
rechgsezp toat th‘b)tﬁmﬁiﬂalmﬁg b c(chilfltgijz sdﬁ&ﬁt)c%a% hhsegen eyl 1111@zdlehﬂﬁ1cular

at the effe ve anount
Rt 8 O B A HEHR oat IR Berkiled in e

arp&ﬁlalsatble empldsd berctdransplvan tiedldife@NGr6iR6Ectdh thdthods.
pl e doses. Moreover, those skilled in the art

b TEONFENSYRF P Hetiads hempiiancpl e pergaleism esdlggpulation is

obRInEIURSE R tHel rhathmAIN Rl HeBfa] Bdsu®YMoRbT@ VBB Wultfbledf CNS neural stem
Cehé)f)ectlon However, any ot her suitable transpl antation

PHYLONGIB RO P8 dgﬁzgg érog]kl}eppaé%} Jupenilgeor 2dvplt mamnyligpngyeal tissue.

enpleyedsiindas aRh4ane @ec\ﬁgﬁlﬂe fh&h& @b B Avention also encompasses the
neuroprotect|0n met hods. I n sone neuroprotection

usfret HodfEectiyhmennt of patignetenng i agrile @Yensuedstem cell population in
th@ AR RSB h SneARL AL S rfex;e?s'ﬁé a%lm%uréde R GRL %3[t1|ent

ti ssue. Nbreover t he mul tlpotent neu sten1c
Suﬁfétmg 507 OR 2laisk forl dswelbiingle bisgsomat $t@n¢gmé1§mé¢ra [For example, the

lyiogc\./rﬁﬂ' sltcﬁ'age% o%jzlr‘hlta Wlblﬁﬁ] c&&{drﬂ?)t)ﬁlts 11?{(?51%? mcﬂb?lfﬁ,]{aut not

I the art recogni ze 't
1llﬁ1iﬂ¢éﬁ,tln@ntﬂa N enreto mﬁaﬁé@E’CLh Sucismeditanamtsefid @ithble dor
g t. enew n neur al
a gﬁ’ﬁ]ﬂ%loﬁ faw%?{%ﬂ&%él%%tﬁ)ﬁ intd Eljbefhé ocanmpusand/or tf thi Ic%réer?e rﬁ'hefp&rlent
Suffel\u@‘&q)m gr @ﬂ‘nSklfm\/deV@omwthe djxsgﬁmaﬂ gibfage disasrder pati ent
or deve

suf feri

St or So i e PR e Rt G e he SEHE BB 4 SRER T erine
fraghh sm‘t dEk fcrmy«vebqalm mE'BHsoma] stcﬂegeoilsbrdldr mﬁleﬁhﬂﬁ%ﬁ&en about 3x10°

incl but not lim ile NCL o
o L SR Sepdts- Bhweh Bt Esrupled Db prigbremippuc <o o
abaldrﬁb(m(i)gsieﬂﬁt inozﬁnam%mbditﬂeaﬁsmécﬁmmﬁlt fan rdv@isﬁlgtdﬁ €lowing

%$ ngus and/.or t ?rtex ofﬁ%p L@ent suffering
nepoBRRBRAR g e ToB fig i OF 6 epinglR TEvepEytoree
didk@ocolasing THe°® tRE(16a1H0RE) of 0X10P BMBI(BicRdoddl. BARYWIAGe in the art
eurodeg neratlon in a patient. suffering fromor at

wiflrejesriy Mkl msgicrgey Cfrly‘&ecfgmﬁt@@ti 6F 5@@@7{1@@%&6 gy in one
doSOSiR ntu1tRE WRE MbRer,INdse @illed in the art will also recognize that the

medicament is suitable for transplantation or administration by subcortical injection or by

infraventricular injection. However, any other suitable transplantation or administration
methods known to those skilled in the art can also be employed.

The effective amount of the multipotent CNS neural stem cell population in the
medicament can be obtained from the mammal’s own neural tissue or it can be derived from

neonatal, juvenile, or adult mammalian neural tissue.
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to about IxIO 10 cells, e.g., between about 5xI 8 to

2x1 @O cells or between about |IxI 08 to about 5x1 09
W@ 2006974381 vari ous enbodi nents, nedi cament f orPCT/US2006/000490

reversing or slow ng neurodegeneration in a patient

suffering fromor at risk for devel oping a | ysosonal

storage disorder contains 5xI 8 cells (low dose) or

IxI®® cells (high dose). Those skilled in the art wll

r eCogi gByiab@hre RS IRAHEATERb ok B 1AHT

transpl%ﬁt ed |lﬁ:po t he hlos?wﬁo oneS dose orqu%ggrh?l%m??gg
digpadaas . Suvb cepesitions oy soxskin |b|e@(¢em pbauh3x 14F endmibolrt 116 8 cells or
behPEAUBLAT | & oIBi

transpl ant at ?%%tsgﬁ) %aﬁllés |a§eﬁlﬁgél %%tab < Gegjer or carriers.
Ammfeml@ccntl@ﬂy bgmﬁntlmawmrmhosc lsklélr:d nnjletmt czarhe usled\evi @ddition, the
ARl B Gk 8l AR Rl SRR
COHIIpiSIOWd).ftHéhﬁV@Iftlf)ECtIVG amount of the nultipotent CNS

neural stemcell population in the nedi canent can be

obtai ned fromthe mammal's own neural tissue or it can

be d#fdsy ethefwisndaiided) atl achnibdl UEMbdidntifio erd Ubdd HeRM VL 812 same

neur al tlssu .Al'so g oVi de ar e pharmaceuti cal

mSiHsas cbmRas SRR g g il &t B & &0 Whigl igieention

beflhg) AWEEE nletlAS aniPiatE @M ﬁhﬂaﬁﬁ%hﬁﬁ@ﬂelﬁtﬂ@ﬂbs&@s%eé‘ﬁgem can
abocflgtllé)d O10 cells or between about |xlI O 8 and 5x| 09

bediss SiracHios IR FeRdtgert thecRtp eyt TaveaEpL apitablemethodsiand rnatenals are

deGaibed BEISw. AMypubNadtiBRS Bkt GAPLMHGR! HRLSs, Kﬁ@%ertré’fe;eﬂ&g e
skllled in the art can be used. I'n addition, the

merigRgt heggin atedppospitedsstelrange Bgheinemireit, In the ease ofeonflict, the

préRhtSpERHMatibR ShQudih & RRALIRAR Ubitia! IMHRQﬁ'tFé ngt% {06, m thods,
the invention. Unless otherw se defi ned tec ni ca?

ang GepraRlesetit 1LusEative opky and et PREintsndecHa e lintiingsane  meani ng
as Qﬁm@hﬁeyﬁﬁe&ﬁ%lﬁ%‘és Qf;%hé)ﬁ@erﬁifon Qhiff| 'b%?}%%ég ﬁ!)lk t]%eﬂfogglsgmg

art to which this invention belongs.

detprled deseiantionlasd slafmd. ar or equi val ent to those descri bed
herein can be used in the practice or testing of the
present invention, suitable methods and naterials are
descri bed beIBiNEFADESﬁRHPTm OFBHE DRAMINGS

app IFEIg% Al e C;Hatilst%fl(?\xés dt%%?/heolglplelr & TPhE" ﬁznytct:r%g I.s?rcr:?e ed bynle&s SC

here ref'erence’i
ar@mtema@tzgd byl muttahtéﬂndﬂat oih tleondnnbgt 6-pﬁd3ﬁh4m’ ®6itdr. Co-cultures in

i def i ni Wi | | trol. In. .

BB G bR Do Bt Dottt P Bt By adbcon
ofifilet umhm(ﬁe-bwélospﬂa’ge taodltuddse Inatellutrengee dotviieof duthidt if'BQ)blasts

a feat ures_an adv ta 0 e jn ion will be
o JER i e et ST g TRt e ol WBdF bt v carmture wit
HugINS-88 plus mannose-6-phosphate (right hand bar) of (A) PPT1 enzyme activity in
fibroblasts derived form CLN1 patients and (B) TPP1 enzyme activity in fibroblast derived
from CLN2 patients. Mean + SEM is shown.

Figure 2 is a graph showing the increase in whole brain PPT1 enzyme level following
transplantation of different doses of HuCNS-SC. The mice used in these studies were from
N6 backeross generations and spanned a range of times post-transplant (117 to 199 days).
The mean PPT1 enzyme level for different dosing groups tested are shown. The

characteristics of the PPT1 KO/NOD-Scid mice are described in Table 2, infra. Error bars
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a graph

that shows that the PPTI & TPPI enzynes secreted by
wWhENE0E38are i nternalized by nmutant fibrobl astP@T/ES100€000490

mannose 6- phosphate receptor. Co-cultures in transwell

plates were carried out for 7 days. Extracellular

upt ake can be bl ocked by addition of free

mannose- 6- phosphate to cultures. Intracellular enzyne

|

e g D T R R e s Rl
betwgecagrauik tesigll by ANSENS- SC pl us mannose- 6- phosphat e

(right hand bar) of (A) PPTI enzyne activity in

fi brohhasts, g1 %@Qqﬂchﬁlir opﬁlttéfﬁﬂgg'é?(%g%c@)t J&flex and

enzyme activity in br obl ast derive
hippocapysof ﬂmfwm@@udut%reghml.amsd (fomoap 2) PRT laKGNPR-Scid mice.
showi ng the increase in whole brain PPTI enzyne |evel

f 0| |1:@ng@@ 1star @Mh@ﬂtr@ttheﬁ Buifindedcb &leaith V%%&ﬁlc&f in5s d1ti£%ent

mce used in these studies were from

HUuCNS- SC.
brblaé%‘%‘% N&&@wa/ﬁl’ahé T3is8 vBRIAVENS-SCr teangrl s ftiani pretgcols. Four
110%%915515@5@1@@9@01((@13@7 atngna]lg%ldd[ﬁﬁéé Yrans §Q\‘ﬁteﬁ?@%u§ g-@ee Table 2,

enzynme | evel for different dosing groups test
BRI ShoTiRe Emabfaet@rqsgntuﬂcesst@ﬂandweropﬁ‘rthe mammm dalues above

m@c&@ dfefenB&IEHIRE g-ro!u é ogden&é’]ifo}: ?V?] wed 9L mdlca‘gd tlrhthe Body of

arsrepresent t he St error 0 e nean
thg giaples Thp 6 el ferend bradt @gtoheard: REsy, evstrelscolies ;WBER, ogn«bam p&tex; Thal,

th&lglﬁn%se %Aquﬁl\lg‘/éfbl‘l of Fﬂe% 515 e%m}% alld%ba?ﬁ%be@&nt @ g}f]edage percent

ér of "autofluore
refiicpipo Cangfidspait atdarpeeingagn ficldlis edtahidit ewdnalns plaagplaickd controls

(le(fﬁ %%d%%ﬁsggn edlﬁgrll\@'dgr Clglﬁ{i}fg% éffhé E ure 4 is a graph

aut of I uor S reduced in 5
dlfferent brai n regi ons of NOD-SCld/PPTI-/- m ce upon
Iantatlo? $rotoco|s
&

o TR TR ER RO SRR AP ETOREPIS i thghle FYERS-SCs protect

hds’r @fsphramnd iaPTGSoldanide. He@ad edllks &veds tranBplhdd RIRaid GWPT1-Scid
resen andard_error of the npean

ars re
Migh dﬁfaﬁﬂese&“%’a|“§éesst%%’v%ﬁ?% Ciastdieuie r s CesaBReiiBen
hlgroems(sn@?adtaﬁ@@ml@ﬁﬁ Seelflg_fﬁ ﬂ?% ylglll Ff?l%pﬁh?d Fgfh% @85 8E5A)) The
e | eren raln re IOﬂS
tfaé%ﬂﬁam@&&@ é&nﬂé‘fl f‘gid}etl@?mt@é?& I the, CRIEISP R E@Rea
tranfybaeiSice BAbured I ad ). ahe Eéﬂ)@esgﬁtmqm 1%@ %QJUQ@S from

cerebel lum The average percent reduction
Grgui 6 §li1gurg P Bhalepropprg dBierme 8Cy afeshevsn. cmeaqhe@ct@mtwe efithe cohorts

of PRt KICAROP)- S BEkeCRNHoRhSn (ﬂﬂﬁég /) and transpl anted
PPTI_-Scid recipients (right bar) Fi gures 5A-5C are a

ser Fi@oiD iioeenh Sevipezabmaantifimationof NeuN-postivels@NESGsSIS
imAEO4fRfkis in the CA1 area of the hippocampus above.

DETAILED DESCRIPTION OF THE INVENTION
Lysosomal storage disorders are normally monogenic. However, for most LSDs,
numerous mutations have been described in the same gene for different patients. (See
Futerman and van Meer, Nature Reviews Mol. Cell Biol. 5:554-65 (2004)). The
classification of many LSDs can be made either based on the characterization of the defective
enzyme or protein or based on the kind of substrate that accumulates. Most LSDs exist in

infantile, juvenile, and adult forms. The most severe LSDs are the infantile forms, which
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host cell neurons in PPTI-Scid mce. Human cells were
transplanted in brains of PPTI-Scid mce. Brain

W@ ewblon1387 wer e stai ned wi th MAb agai nst NeuN. H¢EUSA06/000490
area of the hippocanpus showed the neuronal cell |oss
in a non-transplanted brain (Figure 5A). The
transpl ant ed HUCNS- SC provi ded neuroprotection in the
correspondi ng area of the transplanted mce (Figures
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fromG 4 (Figure 5B) and
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MPS IIIB (Sanfillipo) N-Acetyl-o-glucosaminidase Heparan sulphate

MPS IIIC (Sanfillipo) Acetyl-CoA:a-glucosamide N- Heparan sulphate

acetyltransferase

MPS IIID (Sanfillipo) N-Acetylgalactosamine-6- Heparan sulphate

sulphatase

Morquio-A disease N-Acetylgalactosamine-6- Keratan sulphate, chondroitin-
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Morquio-B disease B-Galactosidase Keratan sulphate
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characterized by progressive cognitive and notor

deterioration, blindness, seizures, and early death.
w(abawws/0f4387 no curative treatnent is avail abl e. PATTESNNEL000490

di sorders are classified as |ysosomal storage

di seases. The classification of NCL disorders into

various di sease subtypes has traditionally relied on

phenot ypi cal mani festations such as age of onset,

order of appearance of clinical features, and
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P on-F-Fgrl na—frao AI yntpasei 4|\,
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IIIC L:UIIdI L; ot Uf ouuj Cbto SUTTCTr T g T+ T o1y
deteriorates, and, by the age of 3 years, all
Nawaai Ceroel Iaﬁdﬁlmi)ﬁo@«fs skills are lost. Death usually

occurs between 38 a ear f age. The hi hest

i ncild8 Hﬁlém C?IR@IRR/%}S Biica @“é{:% FFs? $1ﬂ“¥F‘an‘ d dassic
nebi®degenBifafiiid, 1ts8soal-stotabdNGkdrded e BRadtsem b@ﬁltracellular accumulation
Of%Jélnsk Blelﬁhomsk di sease qor. CLN2, was ori gi nal |

QERTeBberToif] IR HE IhTorashvaRigrialni nepronnang giier cells. NCLs are
chBla @l SRR Yo orE4BMB Y&Dnitive AN Kbt R EkeRb8l Gf) BNEd¥ s V&S Rires, and early
unabl e 10 separate this type of NCL fromthe forms
degihy Fhpsepmoshwiye rpbpent \yaypilabiski et al, Neuronal

cerid i pof usci noses: C assification and di agnosi s. .
I n: 1BaNEndipgrdasas clagsifigsas dysesomal sigrage discaspry TReslaasifiention of

N aﬁbﬁ\éﬁ li].'lto Qﬁncﬁlls d1sEeF43g SubtypeSakk @dﬁ%allﬁ%ﬁg@m SheRSt§SiSal

(2001 NCL, the onset of di sease appears
mae 1S tS‘PFél aé@é%Ofd’Fls% QA of agsanesce cfﬁbmﬁal eatures, gimd wprphology
of Iy)sb¥dmal SratsHAlddYr 15RE éuﬁilcé?éétrm?’ﬁﬁ&gécgﬁys ’gﬁ? él%g{éaﬁc%ecﬁgcglbes four

may precede the onset of epilepsy tion
subtypgsyddandidernentonal cerpichhipafuscinosis (“INCL”), late infantile (“LINC L),

juvenile (“JNCL”), and adult (“ANCL”). Worldwide, the most common forms of NCL are

INCL and LINCL. The NCL group of disorders is commonly referred to as Batten disease.
Infantile and late-infantile neuronal ceroid lipofuscinoses are the most severe forms of Batten

disease.

Infantile NCL (INCL), also known as Haltia-Santavuori disease or CLN1, was first
described by Santavuori and co-workers in 1973. (See Santavuori et al., J. Neurol Sci 18:257-

67 (1973)). The first symptoms manifest around the age of 1 year as muscular hypotonia,
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and nyoclonic jerks. Visual failure |leads to blindness

usually by 5 or 6 years of age. Death usually occurs
whedweat3ss and 15 years of age. Al though LI NCLPCBHUSZN&000490

in Finland, it is one of the nbobst common NCL types in

the United States and Canada. Children di agnosed wth

any formof Batten di sease suffer seizures and

progressive loss of notor skills, sight, and nental

[ a
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line term " neural p&g%enltor cel

Digg: ‘gad?‘BICaPr’feﬁﬁr%qul?e)e MEh HRId o thegqnset 9é thie\fisgase raﬁvﬁaes between the
ageﬁw PdndStyRAsC ahé firstfigh bSLINRIL ik tl%llgl eﬁ‘ilé@E}e MR dnfekibnes %@ﬁ?ed

? genitor cells can produce progeny that are capabl
spgfeh qpap asCa i qhgpps,?boﬁ sRflepsip Additipeal syRRiomsa icludy gemenna, atax1a

and! hr%’bbl@ﬁié lj&Rd. nofeatting ©idsdo ﬂﬁl&?ﬁ@é@'u‘é@ﬂly%?%lm %%/eﬁlgg%age Death
unli ke a stemcell, it does not exh

uspiyrficettia hetweemm and \ppieamiof ges: s‘\ltHQ@glgthQIols b@e dofinand, étis one
of R RodP BbhinGH h\]@rL @?@shm Qlfe Iﬂllltg(g 8faked Eﬁ@&h@]@ and wi ||

under appropriaté& conditions, eventually dlfferent|ate

I Nt @nelifed dRY; &%@Wﬁ
S Ot Ay R Lo LR o e

logs pé pw&eeklﬂetsrgherae exitekgapesly eveaﬁqelllsdleeggmnefohneapeemdden and
unfb16 W SRlrhhicNe U dihy, 85 &?éakesls'a ?/ bggn isolated from

several manmalian Species, includfng mice, rats, pigs

Tl@fb?eﬁié@ﬁ%ts iR Rur oﬁal%emlm pgﬁ{agégsg§ - \MF?a? ‘e"/n ? 9 ﬁb 19; WO

5, 9&wrig2 geveg}pme@mftﬂaen@mr@tnea/bus systein ("BNAT) nmRh@ot;entAqu:cursor
cef?sp(falsgy Q1600 ad 1'1‘6%9&@% macl 1 % B%fjﬁa’érﬁf ﬁ{l]é: g P 91Eeat ﬁ;lé(nﬂy tdhwdmg

erence. a 10 XIS
pregguoiter C@‘lﬁhaWYﬁUhalbbdlff@Bmtlaﬁ ietm toeddll tppespleit tomsose the adult brain.

Neural stem cells are classically defined as having the ability to self-renew (i.e., form more

stem cells), to proliferate, and to differentiate into multiple different phenotypic lineages,
including neurons, astrocytes and oligodendrocytes.

The non-stem cell progeny of a neural stem cell are typically referred to as
"progenitor" cells, which are capable of giving rise to various cell types within one or more
lineages. Thus, the term "neural progenitor cell" refers to an undifferentiated cell derived
from a neural stem cell, and is not itself a stem cell. Some progenitor cells can produce

progeny that are capable of differentiating into more than one cell type. A distinguishing
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in their ability to self-renew and to produce the

differentiated mature cell phenotypes of the adult
W@ENBs/0T4385e stem cell s are found t hroughout theCTZNS08616D0490

particularly in the subventricul ar regi ons, and

dentate gyrus of the hippocanpus. G owh

factor-responsive stemcells can be isolated from nmany

regions of the neuraxis and at different stages of

fegﬁi’eeéf‘aw;u’to&:fell Métnﬁnhk@ ggl%ﬂlt ceft nl? d(l;lalé %pex% %: £ %%am(:t‘enance and
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941 671 B;auited SkadyePatddt So. $868,82M0andCaledo? 6L, MdSlCBfaHPR@t ad, pp.

reference, refers to adherent NS neur al
1@1%@:15%43 all srei PSETPOtAfRI PY CRfFTelfd i n suspensi on, ONS

neurmporfill#idh 6€tdlls @kists Wit thy Rduledy, Wlﬁél{‘%ﬂwﬁrp&@lrﬁ%emes
mﬁ&@g@@lls of . a single neurosphere are clonal in nature

8Y Py TERey 4 ar%‘a%%ﬂae diferenatedmetupressllahenntanes of the

adu®IANS. MRede RRnLRME hl‘éli@&dﬁﬁl% \A?[b%?th@fCI\fS and part1cular1E8%1 the
llﬂ%rollferatlon i nducing g factor such as

Ketquias fegﬁﬂnéc@ﬁé@ﬂta@@% ofyibe hinpoeanrupe Grargh tﬁe@toe-responswe
st6R B&1isHEDd Roldie ke ﬁl%%}&leﬁlbﬁ‘sgoﬂtﬂa @ﬂ}%{ﬁ%ﬁ ??’(ﬁfﬂeﬂgntt slfh%es of

size of the neurosphere and t
deyRlapmensy fmirine ggdens apdihureas) ¢N,S tlfNe@} rdsgshstlesarn etheiotesponse to

grb WTAQES 36 ¢ & JFObad pEBFl(ﬁ"TF@% 2%) EEdEuﬁlsf@ﬁlh'% é}g\?&x factor alpha

neur ons), neuronspeC| i c enol ase
(Tiedign.and \;ardve myietained bedépapiedtisuitufdvBRn uad1ﬁf61reh‘ﬁrtecf stite for long
dr.
Ohg&ql‘?%e r@% Y&eél al}l(r:ﬁlrlﬁﬁ ot l\(Ie,u &t ?’Tv‘é’][hf SIFAMWS Q% F‘ﬁr,nmélhan’ including
hulmatnemenrmﬁi stameel chlamen tither ad @ipention oelturds dranydbeypesliofes, is

. di ferentia el ee hndahl _et al., 60
dl%e?SFcf‘ 552 {2@&% %ﬁﬂgof%é&g ot sffﬁ Hy§ Pat. No. 5,851,832,
batlefnesrpmrae) hmﬂ’ﬁhtbyh@ﬁ:;@ﬁe @E@le&lyaldhgm 8. %’2& el gSnFBfSYM incorporated

nes ncl u er anti erred to as
o b et sl 0B EO s St etinres. Wonertiugnddn
subieation | INBmeltdl bemesatl icalireyypitdl§ BAREARbIREeEE! | S

dlfﬁgge g ?te to neurgns and glia. The mature
phe 9‘3 Of 3 SWgleingtogPhigre e flﬁ%alén ptep bpgapse they are fie progeny of

a diyddegeutd @t‘ém@}l Iﬁ%éj&ﬁlhﬂleeq phds@Pe o pfbﬁ?err?t on%h@dﬂn%%lxéwth factor

0] are redom nant y negative for the nest
su%@%% FecBisei Gels Wikip ugyglte@ms;ogxﬂ@m to divide resulting in
anGfdrbaslBY thé’ ﬁge SeHE RSPOBHES akd b fYRbeP G b fRdrentiated neural cells.
Neurospheres are not immunoreactive for neurofilament (NF; a marker for neurons), Neuron-
specific enolase (NSE; a marker for neurons) or myelin basic protein (MBP; a marker for
oligodendrocytes). However, cells within the neurosphere are immunoreactive for nestin, an
intermediate filament protein found in many types of undifferentiated CNS cells. (See
Lehndahl et al., 60 Cell 585-595 (1990), incorporated herein by reference). Antibodies are
available to identify nestin, including the rat antibody referred to as Rat401. If the
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(StenCells, Inc., Palo Alto, CA) are a somatic cel
t herapy product conprised of a honbgeneous aseptic

waempemsson of neural progenitor cells capabl ep@f/US2006/000490

mgrating fromthe inplantation site and
differentiating into mature cell types of the brain.
HUCNS- SCs are under devel opnent as a cell therapy for
the treatment of signs and synptonms associated with
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CLMI-@@S»H@@ aslenitby( 26 thiodNeradeat @PIrNf ant €1.82- é&ledﬁl@&ﬁ;& Ngﬁdyl
h &gﬂgbﬂn the CLN2 gene (see Sharp et al. um Mol

Peel Y-95 (1997): Sleat et al., Science

277:.1802- 05 1997 whi ch codes for tripeptid

pepﬂ]l élglém]llal E:e]rgfg] pgofusgpqqes Qﬂg&,ﬁg rS6Y p@g)eﬁ Aklysosomal storage

ditdri@etihedre listiagleDRbWREh Jthe b Md Bk cEHiOH erﬁﬂgmg B@cermlned
phur. atons of cysteine am no acid residues,
brripe Bt EHEENTBRYPTSR A HYSIEEnS- EfrERIseF GRS these mutations i

ths eelhiufition sAPociatlike Qﬁlbf@:‘é‘d«%ﬁ?ﬁ@lﬁé‘ib{ﬁs 1Q %’E’ﬁdu‘g %@1@%}36& RERh
W odawer et al., BMC Struc Bi ol

cveBibhswls o lislseonerading. 6% Gpgiord))) Ch%wawsl Wawrfg (1995)). The
infAHRIN@NSardidd dligidasM th8 %?J 7 ?@Y@e&s%&a %{f‘;ﬁ a{uQe drvalop (1995);

I NCL di sease synptons I onal enz ne
Sqhgiper|es alg Genepis d%P %@%[1;99@4 hvic18ondes fon oﬁlmﬂoylemmpmhloesterase 1

PPeYE!the 1&@%&11% 6O ¥£§%§s m f {]i—tlilsq{l] ﬁaeTCPLE\TZI epéapge Sh p gtal al., Hum

classified as cl assi cal yS0SO ydr o
MphG@eneap:a9-But1887) Ploan ot Ia?e, Scough? Bnidopi08$192))r ehick uddesfor

tn?mgﬁﬁ%l ﬂe 4381 g}fﬁﬁz OpPP1 érl}gx%g %gdarggge's%@tﬂ%% er6h ageslpe%xreen the

pr ot ortin
pagiyiiosh gwiup emi thy selphasesnsaf eysmner mmd asié m@rthiasr iwfhyle TPP-I has been

[ nt e ape r
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Wilsdlawerst ek, IBMC\SG:BD Bllcé§ 8- ]Kh@OGE)QI Taﬁlahéohhl AIBS 24:355-59 (1999)).

Humans having mutations in the CLN/ gene have been shown to develop INCL disease
symptoms when functional PPT1 enzyme levels are approximately below 3% of normal

enzymatic levels.

The two enzymes, PPT1 and TPP-, are classified as classical soluble lysosomal
hydrolases that are routed from the rough endoplasmic reticulum (RER) to the lysosomes
through the mannose 6-phospate receptor protein-sorting pathway. The newly synthesized

hydrolases are secreted secondarily because a certain percentage escape recognition by the
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(1996); Bellizzi et al., Proc Natl Acad Sci USA
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; Li n..and | obel , Bjiochem J.
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constituti ve§%/7%é?&poe3| ze and secrete both and

Aepdpet UspA e % Leladra M gt tluyFamcYaler ﬁeeﬁslo 6837 5 (2001);

LifMhd AR Bibohe ROt £51 A8 @60 ﬁ? Z]Yé@%}%ﬁﬁﬁép\éhﬁe)ﬁt érﬂio@ﬁic u take is
ysat es ‘and culture nedia. ure

| .
shgia torpppmedigpd snseidicallychivuelathe nanness & nhyst&lg@meptor present on the
cefl Q{HfﬁretaH@ Ban®se @%H&%ll&t@ Hh?blé ReHP PR ahd §PP. ?fnggrg%l?/ on.

that is secreted can be en ocytos Into asts

of pajdreNte nhr e | 'slfbgvnecb Ok N2 d&RR e bo %h PIETI and

nmut ations, respectively. Conpetitive inhibition o
Thhhesseesinskossiadeutiae sprditionst asevidanasd Y deteaimptofendyore

acwl%s& Ef E%Q@éand%ﬁ&%%leﬁﬁc ?@Je% e d). afePpen qgmpmzyh{és

thi's experlnenta system VI VO, neurosp ere
acewyngl plie iis e s pgpntad eampuanigreat Qfd'@man cellstane a gertieh opmgme that is

sea{eéh A%n QJ erfagﬁ;g%g@lfahese Ce?]t? 0 ﬂa%%?ﬁirgér}]] (e'\!%)' §EM’ 2)r CLN2 gene

strain of s‘mgrate 0 Ieg
migtaidang) refpeotimetyh Cgipeticf mhubpioa rof tie ncann @ eb- Idloﬁlﬁlmteefactapair,e:he

nah&lﬂ% %g\%‘l?‘?orgﬂege g’ﬂsigél bR i( r%c Czj*rn? dYate endocyfospsg)rﬁ a%%)ﬁlpé?mental

uron astrocy Focy
systardel of genetic PPTI defl CI ency (CLNI gene knock- out
backcrossed to the NOD-Scid genetic
In vivo, neurospheres establish long-term engraftment in the developing brains of

neonatal NOD.CB17-PrkdeScid/J (NOD-Scid) strain of mouse. These cells migrate into
regions distal from the site of implantation and differentiate into GABAergic and tyrosine
hydroxylase-immunoreactive neurons, astrocytes and oligodendrocytes. In an animal model
of genetic PPT1 deficiency (CLN! gene knock-out backcrossed to the NOD-Scid genetic
background (PPT1-Scid)), transplantation of HuCNS-SC resulted in substantial engraftment
and enzyme secretion. (See Figure 2). HuCNS-SC transplanted into PPT1 K/O Scid mice

migrate, differentiate and produce enzyme in this well-described neural degeneration model.
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background (PPTI-Scid)), transplantation of HuCNS-SC
resulted in substantial engraftnent and enzyne

WG ewret438h. (See Figure 2). HuCNS- SC transpl anP@dus2006000490

PPTI K/ O Scid mce mgrate, differentiate and produce
enzyme in this well-described neural degeneration
nodel . Therapi es for Lysosomal Storage Di sorders
Enzyme- Repl acement Therapy Currently,
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barrier to the en sed i.n enzyne-re nment
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.associated wwth the CNS can be overcone by delivering

ey ReEPRECRTY APy t o the CNS of patients by

t r angptRNEENBeAdpNS- SCs into the CNS of patients.
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thgtmrcean 1 ove-l;l%%ﬁe bymine@ gstﬁgéﬂzpﬁl% 'dﬁ@ct%%‘ tHRRENRE £ JTBBts 6

HUCNS-SCs in th the cell's woul erve as a

ﬁ%ﬂﬁlﬂ‘fﬁ{&d@@%&% éﬁ%}ﬁ EMS of paticies. JTu@e-G65 patppEypiodade and

seg{égeysgglglegg%os&g% F%a nes; H#gg&ln§gﬁg FVfd pﬁfﬁ é)mguxre . ')Fhus, upon
dipgménglien and engpafenant of BgINSrBdeing @CNSFIHP Cdéquuﬂctmcwe asa
tine

o BB RN TR BE b LSRR et 11

ap p rfbgﬁN%rS@ havabees shawit ﬂoe)r@ua@ bgh 8P T pand BiRt-berguieer(SegFigure

1)l W2 | t hese o

m SSI ng eng{%ﬂnh% (ég? Oﬁ%ﬂ ?%gigleg‘fy’ g%lcug%g F )}Isl,%%nozﬁ%l p activity
1llettazsPW$t11nMafﬂeethi15plm1thtjmlo éﬁhnra IplasemmagéHdC}sTS{&ﬂammpdepmte
pllftc%g & tlhv g%]aglgs o %gtlletn s sgﬁ’?rgr}rgl h%?]lé Legan etugécf 3 gesplace these
mizsigh anzyums ebr osi dase, a-L-i dur oni dase, and

sul f(?tﬁ‘erdegcgr%ples QF sollublleclysosgmalrgfgyarﬁés(%ln lea(ri] to lysosomal storage

disorders when inactivated due to genetically inherited mutations in their genes include, for
example, 3-glucocerebrosidase, a-L-iduronidase, and sulfamidase. Specifically, mutations in
B-Glucocerebrosidase lead to Gaucher disease due to the accumulation of undegraded
glucosylceramide in the lysosomes. Likewise, defects in o-L-iduronidase enzyme cause
Hurler (MPS I) disease where dermatan sulfate and heparan sulfate material build up in the
lysosomes. Finally, lack of sulfamidase enzyme results in Sanfilippo (MPS IITA) disease,
where heparan sulfate accumulates in the lysosomes. Other examples include Tay Sachs,
Sandhoff and Hunter’s diseases. Additional examples are also detailed in Table 1, supra.

It is well recognized in the art that transplantation of tissue into the CNS offers the
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0s prepare HuCNS- SC fron1the reci pient's own
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nelfaP P& O8hd2dif e nehfdndtells fohd hBRAGE Seurbh oPEMERC connections with
neighboring neurons, and maintain contact with transplanted or existing glial cells which may
form myelin sheaths around the neurons' axons, and provide a trophic influence for the
neurons.

Survival of the graft in the living host can be examined usﬁlg various non-invasive
scans such as computerized axial tomography (CAT scan or CT scan), nuclear magnetic

resonance or magnetic resonance imaging (NMR or MRI) or more preferably positron
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todepts foplypasemahiiadiiondent i fy any neurotransnmitters,
par tiqe Hﬁl?s'bia}{tstnﬂg fﬁﬁmgﬁ ﬁféﬁ@ AnbL sﬁﬁ tﬁé_lart gxl'l falo %1 chu:xt any

substance P, and zynes I NVO he syn
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Oraaﬂ{?gﬂﬁ‘lfr?é] foZtE%lglltaﬁ%?]gP {rﬁlzﬂsg aﬂ@ed n tHe atrthvcv)1 lel”ec%ié{njzle that grar]nslt)lgr(le‘[ahon
can be accomplished using any neurotransplantation protocols known to those skilled in the
art. (See, e.g., U.S. Patent No. 6,497,872, incorporated herein by reference).

HuCNS-SC are administered in 8 specific regions of the patient’s CNS, including the
lateral ventricles, and the frontal, parietal, and parietal/occipital regions of the cortex in each
hemisphere of the brain. HuCNS-SC are implanted into the brain through a surgical
procedure consisting of six bilateral sub-cortical injections and two bilateral intra-ventricular
injections. The procedure is conducted in the operating room under general anesthesia by a
pediatric neurosurgeon. Three trephine holes are made over each cerebral hemisphere. The

trephinations are centered over the medial aspects of the frontal and parietal lobes. Patients
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regions of the patient's CNS, including the latera
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cells/ml and a high dose of 1x10° cells injected at a concentration of 1x10® cells/ml.

Preoperative MR1 is used to select subcortical target sites in the anterior frontal,
anterolateral frontal, and parietal lobes where the cortical mantle (brain surface to ventricular
surface) is at least 20-30 mm thick. Target sites are selected so as to avoid eloquent cortex
and other critical brain structures. Cortical thickness is measured directly off the MRI scan
images. Four burr holes are placed on each side of the skull, three for access to the selected
subcortical sites and one for access to the lateral ventricle. A stereotactic navigation

instrument such as the StealthStation® (Medtronic, 510K No. K001 153) may be used in
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atfaliméHe actdds48the SbhtBSIe 8hEI0? Bl QEbL I ARLRTiCS, Chéd¥Rhdapeutics or dye
el oquent cortex and other critical brain structures.

infoghe yeicle. niprpEEatelysS mbelsthe patiedis (SEars wishdraywm dirourh the
calfeR ahd'RY S A LusdAUS FudtOhe s & a@tlstﬁlﬁﬁgtl A g?g&ﬁl SiffoNs-sc

of the skull, three for access tot .
SUSREBEION 1Y inigPted mpawnlls nergnbmimgitesadbe sahdiey it fleshpdivigh djml of the

I £ n instrument such
el FeF fa 2t REFLERBASHE o TRRRSATC.  Sio. koo

153)Attgcdyelusigedf haadédura naqiﬂllaﬂ@ﬂmbsdddwdxmmgsm gifoam
ab%IGaBlQ lgltgi %@ﬁ% 0(%% "fcoll'lol(;I@IAI ?995%)‘321{)?{] ax]lrr ﬁole Qb Ve %he dura, and

corres etar et e inj &ct
the galessclosEd evlﬁrt‘étpefb mms (ﬁtlnam) gat therkih nbterdmﬂnMomdrj/ sutures

(Eﬂﬁéc}f l) bﬁzbn%gtﬁg e]c r(r)lcr)m or %ﬁ{lnj !(t: e reglglﬁfg%?t%aﬁl\fael cape ] 1{111‘[6%166% Q&erfugpt after
surgepecu on of HuCNS SC. HuCNS-SC are injected

subg,ort i cal Iry to a depth of approximately 20 mm bel ow

t he "COFEPUBY “SPf ace. One ml of HUCNS- SC suspension is

| nj EDIGNS- Eﬁl’ﬂbﬂl”ﬂhyrapy Bran 3115gefibid tafplant MEhel @Il€ar@implanted into

ect. s hand- nodul.at ed based.on the ability of
S“‘E’Jﬁ!é tﬁ 408“ ST ESSy PR Al %lﬁm%”@F’b‘P%S“P%fF?SW may be

nebésicy & pogert Rgectiee o Be tridpknted IRCRGESS 15 left | n

pl acFe for 2-3 nm nutes
or example, combination immunosuppression therapy using corticosteroids (10

mg/kg/day) and Prograf® (0.3 mg/kg/day) may be employed for up to 1 year post-transplant.
Specifically, Prograf® can be initiated prior to the transplant and maintained up to one year
post-transplant (dosage is reduced to 0.1 mg/kg/day 30 days following transplant). Prograf®
administration can be monitored for adverse experiences at specific intervals post-transplant
to assess tolerability. Toxicokinetic assessment of Prograf® blood levels will permit

customized dosing for each subject. In addition, corticosteroids can be administered
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after each injection and then wi thdrawn slowy. For
the ventricular injections, the frontal horn of the
wo adoenad3s8ventricle is cannul ated. The sel ect edPCHUN®DE000490
shoul d be a well established neurosurgical instrunent
that is used for atraumatic access to the ventricle
and for injection of antibiotics, chenotherapeutics or
dye into the ventricle. prOX|rrater5m of the
r
A RS o %&%%%ﬁé PR B
dipppéevefioh. Two ml of HuCNS- SC suspension i s injected
manual |y over 2-3 mnutes. The catheter is flushed
with 2 n1 of the patlents CSF over 2-3 nlnutes and

1XED)

procgdur r osed
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a Gryl . res (Ethicon) an e
o PR RUR R Sk SIS (ot el ST Pzl eofer o the
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east. oyer nj ght MTUNOSUpPpPr essi on
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cel 118 tiRPPTi1 IOATO BGcid M ddsS b %ﬁog@hbtﬁ@ﬁ’l‘l danRfe RBEow the

t tissue-type natching
1eyeﬁﬂ{‘j§;8§1§ﬁ Jrleetiano S hidiss %@sm@g@ggggey Of &85 L SWHCNS-SC into neonatal
PIFE}ROINOD-Rfd hite ctilsqGeiipa) Sf%ﬂieh'lld%r%f 21695 ofAKERRYIE brain

conbi nation i nmunosu pressi on t hera usi ng
Plcldranrapslesrloifgsausq of thelimgpdiayin mase o egem(al oYY, Yquential

tr B sSRYes WRYe RS8P tQ)ﬂ@lg/ef‘ ﬁ’i%héf@ogeg o%{-IY HERK-SC i ]bltO the brain of

post-transplant. Specifically, Progra can
thessiapinedse G1epR 3 tepsnlants @eematapplanpostmath] nmumrahehwe upedito

ad?rﬁﬁst}éllegg 29%%1‘06 EJIE%ﬁ@%S(tgﬁ?pﬁgﬁs ('p oﬂ'a?a;ﬂ Lb%gtgattaloang il\semle) were

n% ys f ng tr ans
usgdipi adiminipten 3.9 10 aeellbe Seronirtioale th these eagazen@es had HuCNS SC

tafpltdf td @ ‘c‘%g?@ibhmlsd?ﬁ%'r B{Pgoda %Eg \‘@ﬁ e%g me feve 11 ﬁ1 %]Buble 8ansplants

assess to X1 COKI neti c assessmen
avPyaget At Yorand ixd e @hpl@traisslanw I dnzspner Teivdls mgemﬁze@(s@hﬁgﬁg 2 and

T2 B8R Bl f AR5

garZ n?st ecr 4 J:tgl%tlas &ﬂh?g?tlett‘enp co’h{)o Sftl lirPCIg 8 38% In the

exgayfgelm@s@ﬂsd@bneue Gyot@ridnd:lhd}ald th@mtﬁilslblﬁ)nted control PPT1-Scid mice
i S¢ ; ,,Par colo St ud

os R LN BB RO e et ) R ARl o et a single

tnﬂq asrmmyat@st(BQl—iPé)s(“blagle tﬂamlancg’ﬁﬁipl’()t@l@upls lingnddll hfi@rtentplanted

ongg as neonaqes (P0O-P1) and again postnatally (P7-P8), (“double transplants-NP group®);

Group 4 included mice transplanted as neonates, and again at juvenile-young adult as

described (“double transplants-NJ group”); and Group 5 included mice transplanted as

neonates, postnatally (P7-P8) and at juvenile-early adult (“triple transplants group”).
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regi mens of HUCNS- SC transpl antation in
PPTI - KOO NOD- Scid m ce. As used herein, the terns

WO RB¢0744€Y NOD- Sci d mice” and "CLN mice" are uB€dUS2006/000490
i nterchangeably to refer to the PPTlI-/- knockout m ce.
Figure 2 includes data exam ning the effect of higher
dose levels and nultiple transplants on
PPTI - KOO NOD- Scid mice. In the PPTlI-KQO NOD scid nouse
nodel , endogenous PPTI enzyne is below the |evel of

TﬁBﬂEilC g doses of 3-8
X 105 Hué%%hggéﬁﬁggfﬁ%gﬂgﬁgOﬁpﬁﬁf§£§§ﬁ$ﬁg-Scid m ce

cell's (G@HR, tﬁ) . yi el ded Ti‘h' zﬁltr ge—of—2r6 "z@ ‘bosflc_
t ranspl ggng%%enes mernsﬁly%?u @@1 nqdaL én—gﬁlgh
doses of - TRENS SC i nt 23R Epslants NP, p oo Ty AT ¢
G oup 3/4H polst zd- @K 18r
i uveni | 6B 2 Used to Lriple et 5 -1 B0 cel | s

and Group 5 transplants (neonatal, postnatal and
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and in th trans ants, enzyne | eve
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e el s ST, G el ol
non-A pidot s@ﬂjﬁm@dﬁc(bthb lamlomﬁ}BThuteﬁmreiscel’ice én miceahdl @@at tredd with
"), &0 2 incl uded
40:(??)?2 I %ﬁs (1(1 %% e t&%ngootég pattﬁrg v?; ‘rﬁglg géd ﬁ%%‘%?ﬁﬁ@ S I(zlgejgrgfe) and
safrifsded db@ 167 days post lltin@la(ntj@»né anifdaDiageived avetshd@tnsHl G of an

d once,as.neonat es and _agqai
o R B DA R R uF R Bt P e PSR Gy fonon
tre@sloiarpedflcdnncll hmiﬂsd(nﬁEB)‘; enﬂhfa&r’&ﬁied REBATANNEORB RS, a P reduction

a n_a ni un t as descri doubl e.
in 2P Bl bYREP R sk Gl BiEs o e Pippecig AT reion.
THerrﬁnﬂS)BI:s aningd 1@@1«;3?? ﬂi(iﬁgtﬁlot aﬁ@ﬁ f}édé @fn'a?l aﬁdft%e Bh1taRste abt
uvenil e- y riple transpl ants
“%Fgﬁ%' i@t Q? gﬁ@#&@terlstlcs of the cohorts of
PPTlDos@@ﬁfeﬁr,'tsnfin(étealﬁlSFhEﬂiﬂa@kefi3 of thPRAEL¥R %{e%ﬁdu%tté&% a9£1y21ng the
Reductlon of Aut of [uorescent Lipofuscin Accumul ation A

TR repiellBproterit smge materigiHuticcpabiisE e bain ¢fdluCNS-SC
traaselaiRd Bit11000 0D IRRI HIRE Lo SHERAS Inbs- nlaﬁ‘spih%%éfd%ﬁmﬁé‘ d

other cells throughout the brain. The nutant m ce have
Apibypreseat rofhsin loabyanapaticd in naphiratpleripd BRT1-KO/NOD-Scid mice

(ngi)aaﬁ@ el A& WA Dli0gh 5(81]11]1]@1@% REE31aRds n@x%i,l%ﬁ?l Lipofuscin

cell loss in the cortex and I ppoca
acmlwleiw@twaa lauantified ot evermiesrepd L@y ); tBat6va8 Quib £ a@4cknt per image

field in the rostal cortex, caudal cortex, thalamus, CA1 region of the hippocampus and

\U

r

cerebellum. The average percent reduction of autofluorescent in each brain region was
calculated between untransplanted controls, and transplanted PPT1-KO/NOD-Scid recipients.
Significant reduction in autofluorescent deposits was obtained in transplanted mice in
all areas of the brain measured (P =0.0001; see Figure 4). The percentage of reduction in
autofluorescent deposits as compared to controls ranged from 31% in the caudal cortex to

54% in the cerebellum.
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A pilot study quantified the anmount of

aut of l uorescence in mce that were treated with
wa®s000Bs8Tel | s (n=3) injected into the | ateral PCT/US2006/000490

ventricle and cerebellum as a neonate and sacrificed

160- 167 days post transplant (one aninmal received a

second transplant of an additional 100,000 cells into

t he hi ppocanpus one day before sacrifice). Conpared to
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At sacrifice, mice were anesthetized and transcardially perfused with phosphate
buffered saline (PBS). Brain hemispheres were fixed for 24h in 4% paraformaldehyde and
cryoprotected for 48h in 30% sucrose solution. The fixed brain hemisphere was sectioned at
40 pm thickness on a freezing sliding microtome. Sections were collected into 96 well plates
(1 section per well). Every sixth 40um sagittal section was stained with MAb against NeuN
(1:5000, Chemicon International), followed by incubation with a biotinylated goat anti-mouse

IgG and the components of the VECTASTAIN ELITE ABC KIT (Vector, Burlingame). The
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(n=9) ("not-transplanted group”); Goup 2 included
m ce transplanted a single tinme as neonates (PO Pl)

W@ 2608743851 ngl e transpl ant group"); G oup 3 i NPCTIUEZH06/000490
m ce transpl anted once as neonates (PO-Pl) and again
postnatally (P7-P8), (n=5) ("double transplants-NP
group"); Goup 4 included mce transplanted as
neonates, and again at juvenile-young adult as

anqmlhmqmg&aﬁhas@ cgﬂgﬂek Fal IRBSH %ﬂf@a@&%&f@ﬁ obirad fRtor
5 included mce transpl anted as neconates pos ’

Burlrzapg). Bredh septigng wers m@n@%ﬁcrlyglm glides @nd-Gjunet Btampd with methyl
ggnanspl ants group"); and Goup 6 included a
non transpl anted NOD Scids, as a control for nornmal
Nei i/Nags @ignisitign (nd@)absNOD- Sci d ("PPT1+/ + group")).
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Statistical analysis

All data points were analyzed by one-way ANOVA followed by the Bonferroni post-
test. Separate statistical analyses were performed for each region of interest, HC-CA1, HC-
CA2/3 and CRTX. Statistical significance of differences between control and treated
(transplanted) groups was accepted at P<0.05.

Results
Characterization of NeuN positive cells in PPTI-Scid mouse brains
In this study, it was demonstrated that transplanted HuCNS-SCs can protect host

neurons from degeneration in brains of CLN1 mice. The experiments focused on the CA1
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The RO whi ch enconpasses the cortex was del i neated

according to conventional histological Iandmarks from
w@pooait4387 or boundary at the ventral orbital cPCT/EK200€000490

the posterior boundary at the retrosplenial cortex and

ventrally at its boundary with the corpus call osum

The RO which enconpasses the cortex nay al so be

referred to as CRTX. Quantitative inmage anal ysis was
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DNIA Hnnﬁ r%&%ﬂnyéﬁg‘?&gedtlg e El%leﬁﬁdgjenhlfc?eq;‘ @t@és‘ﬁq ?f most post

ese areas are
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characteristics of engrafted human cells in rodent and non-human primate brains. (See Kelly,
Proc. Natl Acad Sci USA 101:11839-44 (2004); Cummings, Proc Natl Acad Sci USA
102:14069-74 (2005)). The cortex and hippocampus of transplanted PPT1-Scid mice were
stained with NeuN and SC121 antibodies and analyzed by confocal microscopy. The image
stacks were inspected in the z-dimension using the orthogonal view tool or 3-D rendering tool
available in the Volocity.

NeuN staining is primarily restricted to the cell bodies of mouse neurons. None of the

SC121 positive human cells that are engrafted in the cortex or hippocampus of transplanted
PPT1-Scid mice were NeuN positive. However, of the human cells that remained in the
injection core, NeuN positive cells were occasionally detected. The cell density in the

injection core was too high and individual NeuN positive cells could not be distinguished to
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especially in the cortex and the CA regions of the
hi ppocanpus (Gupta et al., Proc Natl Acad Sci USA

W@O®3{0847438B8566- 71 (2001); Bible et al., Neurobi BCT/DE206/000490

16(2):346-59 (2004)). The brains of diseased aninmals
are greatly atrophied at the end stage of life. Mce
that were exam ned ranged in age from 165-188 days.

Non-transpl anted PPTlI - Scid control and transpl ant ed
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Ry £ 0P SRR Bl 8L pey B g P BIRT 16 P

Qbalitdtivelgritie NealN dtaltif@sr thekipBocainpiNesiMNon @V Mlied hid€ &S reveals
anti react nore strongly with nouse

I
thﬁ*etﬁng@gw&f eslpﬁ%ﬁy CRh 15d erepily s BipRE ndicahs tapoyal col

1084. aVIbre QLN iRBHESre ARMLD SscerDRAUHPITE- S’cﬁpﬁlluh‘ﬂgre%élg %g{{ﬁé?tdéuble or
m? nduct ed Wi th. NeuN and human specific ni
triplecrpsp]

B ) 7 88rely Bfanaly sugsrsiingasTapEricciing ofhaseoedls by the
trMRpla by hONSIO! P Bdle BN ABLE HeShdaCot N%ENEJ&QE@J gtﬁgmg was

human cells in rodent and non-hufman pri mate brai ns.
quegfiigedias pmeasysp pneurgpEeteAi®ad Sci USA 101: 1 1839- 44

(20 )wnty@b'ﬁm DASeu ﬁ&'ﬁzvy@gl}'s Acad Sci USA 102: 14069-74
(2009)). The cortex and hi ppocanmpus of transpl anted

PPTI ThS(QAdl iegiee ofihe £ 1N lanense hinpedantriue poraists o6 @bidct layers of
pﬁ%id?l%hl%ﬁs @Bdn ADRLYF R 13Y: d;ﬁlg{]lgtgﬁ%l 1m'J%eC£n%§f§8p)fhe yéﬁtal sections

I mage stacks were |nspecte I on us
ofitheise piiaine gisrredtainddewitt aul-NoiN Sutibodendehd totpl stoinkd areas 1n the CA1l

B ol R VELPE) BB B A %e By HEbr c
stgfed dren @@bﬂA bwgioniof hetuprmpanseis [fer dlffabntafaaslmigsrdeg%@d were
Caww$§5%ﬁ>&%géﬁ%%np(gggggggbééof transpl anted PPTI-Scid

ver, of the human cells
th atIn nm:mspkanﬂed PP &-Sicid oemtrcbls; Pny®%e pf lﬁ\Buﬁéuﬁﬁﬁ Istulvi4@ at the time

p({n% examln% Ctes cgoﬁfl:p?%elrdgto%(éﬂ ISS t e%ﬁid ;}H gﬁ phﬂnaeg%?(?qlgté,&@re 1sa
s1@ﬁﬁ¢aﬁ1tly Bigh &dvkisofdauNchosidite b@r@hsﬁdsl dogipst edrrdediehs-ne
I bR B8 o R Rl BATRE S ol oL
mﬁ:@ &Jh}dhlré‘&iveﬂ €@iletheSceil AbRI(€Sdup 5h.MHe MNEuN MR8t ar@fwds BhSeased
w1th mcl}éasmg num%aer of transplanted HuCNS-SCs. The group with double transplants-NP
(neonatal and postnatal) had an unexpectedly lower amount of the area of NeuN positive
cells. This group should have a NeuN positive level comparable to the level of the single
transplant group, transplanted as neonate only. Cell transplantation conducted in postnatal
mice is technically difficult to target to the hippocampus, and as a result, the cells may have

been delivered preferentially to the cortex.
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bel i eved that NeuN positive cells are nouse host
cells. Brain sections were treated with anti NeuN
W@l oEy7 and det ected with i nmunoper oxi dase SPEI/IE2096/000490
met hod. Figure 4 shows representative NeuN staining
from (A) non-transplanted (NT, Goup 1), (B) double
transpl anted at neonatal and juvenile (DT-NJ, G oup
4), and (C) triple transplanted at neonatal, postnatal
and th
ot ai TECAL S G o B bpock Bl bR e Bt e
Ne¢wy strisvbabswedperforrhal C@Athﬁ exgiittvh sectiess pBe \aluley ail€Abporthdih Table 3
cat] ronal cell
asgcﬁeex%teilk}g{aﬁéjrﬁfe&%& ({% (_‘)tg/g g{a: Cyo ?ac prgatmgllé &1?11'1? PPTI - Sci d
ani mamen-treicsplavuied gowidl RET 1 ﬂombahmnaj)sr tHerarqal of Net N popikiaantedls was

s 577 b e R S R e TP iy s

sigiiificat hbsedeuatheara, of N&&N@bﬁﬁv@éall&b@ﬁba@&ﬁﬂo hbﬂ-@raﬁip&infﬂd&@ntrols,

asure of ne r
S‘%&iﬁ& ?’?’e 3164 %ﬁ( STNRBURP RPsy0; ells were Pfﬁgtd? fdkrub edmgpianted-NJ
alﬂftnplheraﬁ‘slpl‘sllntetrﬁaﬁs@rdgp@mggnpus consi sts of distinct
| ayers of am dal neurons whjich nakes it ideal for

qu an@‘?apﬂiaPYFeln1aﬁ%@‘@1Ye§ﬁeﬂf§1§ agea of Nsullagpifiyapells éthp 6piexgras also

peTREE] & @b BipitWeER1iSt, ahM 8 r¥ulthard BihmNeN i idiP2 ¥ Bk 4,
the total stained areas. in regi on per section

t he CAl
mg\%;r\@h&a ghhgsk 1pe§a)n5]>pe§|sgvp%beéecé%]\l9@ﬂ guanficagiop in the hippocampus

a18 §EdwW0 NMRrcedBSes ARADAh1 40 ta@ehns'i hﬁ‘t‘r&%‘a NHB&cidich! eTﬂéoijnean values
regi on of the hippocanpus for different transplanted

regetEds Tokle & repagsenfinenen dotoliares o ReHd dheipaspantase of SewN stained area in
thE UEHHR s of BacR AR éﬁhﬁ%?gorﬁgﬂed%‘&hl?arg@EHI(I@bSSmd (ie.,
only 8% of host neurons survive at me poin
PRMatfihaige. as conpared to NOD-Scid animals. In all
t r anspl 6 '
| evg]flf% ?erﬂtlegglle\:lglg gfé?l?l}gv&efgb?g u/? fél‘;%ﬂ" /Sh&{”crgﬂsgﬁg%h %é%Imo%]compared to
N@Wclmwommql@msplhdmg@dmg@tmrqra@(tdsqellﬁssentmnhplaxgecsai%iocfreased
el t
o RS SR kol PP TG e o
(PEON fsteadﬁri@dNaJoemvmadlsmnmpaad; @cthonittahsplantaderdil iy icheombel.
of transplanted HUCNS- SCs. The group w th doubl e
transpl ants- NP (neonatal and postnatal) had an
TABEEpeCt &dHay vhlovssrf hastowmdonafeell heviasldasedf NeuN positive
cel I s. Tioh ¥NegN quntsieaitntn iaveppmciiepill positive | evel
conparable to the | evel of the single transplant

ayewpup, tramspl ant ed Gsupreeorateupanl V.Gragld Group 5 NOD-Scid
t r anspl ant Bessphantedondinoselaht | |(Trpogin gt Typnsplant | Transplant | Control
CA1 | Mean | 2,902 10,690 7,058 12,186 21002 37,066

% 8% 29%* 19%* 33%* 57%* 100%
CA2/3 | Mean | 17,035 31,440 23,828 33,270 34,947 36,183

% 47% 87%* 66%%* 92%* 97%* 100%
Cortex | Mean | 400,606 447,235 476,413 500,524 523,952 679,231

% 59% 66% 70% 74% 77%** 100%

* P <0.001, ** P <0.05 by ANOVA

A syétematic analysis of specific brain regions was performed to quantify the numbers

of host NeuN" cells in either non-transplanted or HuCNS-SC transplanted PPT1 KO NOD-

Scid mice. In all areas examined, more NeuN positive cells were enumerated in the animals

that received HuCNS-SC transplants when compared to age-matched non-transplanted
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mce is technically difficult to target to the
hi ppocanpus, and as a result, the cells may have been

waledosweed preferentially to the cortex.|n theP@AXBESBENE000490

CA3 regions of hippocanpus, quantitative inage

anal ysis of the NeuN stained area was perforned on the

sagittal section. The values are reported in Table 3

as the nean total area of NeuN positive cells for each
cotnggﬂt gggglﬁ Flg l'hl??rﬁ calsl%gege % t@cﬁ%ﬂ %ﬂ%@g ?1%\./%126%2/:3 Irgg?(\;/\% Sof the
hippgtempas 4nd mﬂﬁfocoftexageranaﬂaaﬂt@chnm Sdbrtovdrcia gememalambw NeuN

pc}s{tgf{g%e sgv?et €8 Fv%é PNhlctg er ?e\c/:gé'\{%?s:deﬁ%fe gigggll i Ic&i%mfnlac C1lsS2RTs those
reCaving ﬂ&ﬂswd:raﬁﬂ dﬁkeC"D]mit mﬁﬂt Smkﬁigrﬁnldlriggi'ay theBYeradtidn Wdrapto 57% of

N_posi.ti ve, cel tecte .the douhl e
i IREE PO SO B AFEr e (G i GepoHEE, n anmals tha
reeaeemetﬁ& hl‘gﬁ el ddelasthpdréd to\oalyi VBag 6f ARAVHSI h@st @éustﬂﬂ fhedbfa
03| cells in the cortex was

tr%éP%tF UBn nt'c}ﬁ@ﬂg&gp thesg micg cgeping the gk @1 Mg,tﬂ7t/s0fa}0@nal

NEINTEREL ZRek defectball €A% arch bf i3l odampiBan val ues of host
neuronal cell survival based on NeuN quantification in

t he IRithp BeUaPRIDECn sk RRtrolpaipln Y sig a¥ailapls forgherage appeppriate
rafgAo e tnp &’f@tnf)ﬁ-%l%glah@m%ﬁrﬂlsmaﬁ@d orbifs. MBRRVERE H%%plﬁ&ts-NP

rep orted in Tab 4 represent nean otal area of

(Grﬁl@3 %@ﬁb@ﬁ@%@@lw 165@%@@!’(&@%@@ igthe £41rang R 2Fed ] thehippocampus,
cdn§RLRNS oftkr ﬁ%ﬁt@@&%@ésa Plthls%%“l% MERNOLATRL feglﬁﬁlcal dlfﬁcultly in

conpared to +/+) mce.
taggetingstix hippagampg olheups 519% nepnpieiand postostaltagem ﬁ@leaﬁp@w

| »
st&@&% 11?1]8&?)%9&1%ug%n&\ﬁ9 g'oﬁth% ?gﬁsg \%]tjg%rt A alccig %[dlﬁgr o%nlﬂtm size,

regar rease ose t
the motheds bdtatieregatof ankdoN ypabthey are abie &0 ennngte witipsidlges for food.

I e tr nore. (P<0. 05)
Mggggé%#@lzléﬁlkl s%g zsq{o? Qﬁtsto %%séc’ g qu gx%{]tgulz ¥k1n 1s not {TansglcenSc. Thus,
visuyadimisp tertled VeFRE] atﬁm relfecapng Ianibda iFd&BLlEdpfﬁcdhbHrfamainI;eBout of 5
do%fﬁgﬁan? l%ngtﬁfg 1 a 15%]19@!}]& th?sl Hlé)%:%l\érg core a t%@ h]lgp%caalpbi) ]\_Jvhll,e i) Oﬁt %f 6
ddﬁb&&rabyplmml/hnmeéylﬁdelmﬁlj eCtl@miireyﬁnoﬁerl}if taigpred id the hippadapus.

ify the .pumbers of. host
TR R B SR A et R e, e gortont o
mitigiepleanpatecReill KO NODScid nmice. In all areas
exa ed mor e ositive cel re enuner at
the tdatvg ﬁﬂ&e@?@%ﬂwﬂ&éﬁ@t %ﬁ%ﬁh&t@f%’@sﬁl %ﬁlouble and
tripraa nleé@ b RlsageteRtpokiack B cémpids B ROPRHICONY héd-Fansplanted

Speci fj cal | re cells were detected in the CAl_ and
o&g},sgwiﬂé&e é‘l%/%le% eveld neuroprotection observed in the triple transplant group.

Transplanted animals have reduced levels of autofluorescence compared to PPT1-Scid

=
—t

controls, which suggest that there is a correlation between neuroprotection and reduced
autofluorescence accumulation. Substantial reductions in autofluorescence were observed in
the CA1 area, which is concordant with the observation that this is the area exhibiting the
highest level of neuroprotection in the transplanted animals.

It is possible that the survival of host neurons might still persist even though
lipofuscin levels increase, as long as the HuCNS-SC continue to provide sufficient PPT1
enzyme levels. A working hypothesis is that transplanted HuCNS-SCs provide PPT1 enzyme

to host neurons, reduce autofluorescent deposits, and increase their survival. The results of
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hi ppocanpus and in the cortex of transplanted ani mal s.
Moreover, in general, nore NeuN positive cells were

wWo@b®enw387 i n m ce that received the high dose BET/IS20861000490

cells versus those receiving the | ower cell dose. The
nost striking finding was the observation that up to

57% of host NeuN positive cells survive in the CAl

regi on of the hippocanpus in animals that received the

[ n
thﬁ s%y g?}rﬁlh?%%&g gl%? ?Lgﬁs?ﬁl ghtgne gfﬂl%/%lﬂ@ %CF Entg' glg\{){ams o P?%%tSCId
mtch é@és 9 Brapeesition mrgthc Rél h@@%@é Ithe himeam@Emdihe raontecml
A b SRl A R PELE o AP0 o Mg sorvival
Figwie saildes well eddesaitheadffeet df timitghef tageplapgionpdeliasérg sitqagecell dose

re non-tr Ianted and transpl anted groups.

1#%(&%?@ et ?%Ogﬁegh 5-NP (Goup 3) exhibited slightly

| ess neuroprotectlon in the CAl and CA2/3 of the

hi ) .co par,ed f’ ?th r transpl anted groups.

A aign fordamical Qaring Dose cpnjcal difficultly in

tar goetangg oflb&wéﬁn(hﬂ)@ﬂ&l’magto@i)oﬂlmﬂﬁoIg\&ell% heefeRBRabecdBout
st er e)Ot actic 1 nj ecti on

> ?912 Eﬂn% gﬁs SF ﬁ@%}%@ ab?lHéXb% gslls,eanipe giiaigigisyed to

paiefe Rk rmmrbﬂ CUNEIClsiide cell e FafRonShd t@ﬁﬁc@ﬁ)g}%hd proof-of-
status and_how wel | the%@are able to compete w

canpept phagaasioeys siustes cppustsd & rodgts TR bRIhs nte a range of

cellbibetivlerLatR@sLx 109€0 Siout 1:10 BREIStHA Ut Haih SveBRE, and the ﬂndllg]lg that
translucent. Thus, visualizing the bl ood vessel

there peFe RSP Rd Ay e P HECts. A dpfting humen dosq of 54 midkncells (the “low
AR pRfvides dosikhe st.r ﬁméa% a0 AR Vﬁth? ﬁﬂéfnﬂ?teste? d%se in the
i njection core in the hippocanpus,
rodRliAns nopAWEIh arimaly Ahesewbses Hadot teeessaile defingrihaior abserved
I b C
aﬁélgf%éde/ legigl (lgl\q}te)?&%Lo of ﬁg@pﬁéﬁ ﬁﬁpﬂﬁlgr yégegl?aségm&ﬁé ﬁ(’fi\una]
dospgtesteds Inpptrnense andoprivents mfezxethwiqu rsmdee,tthamwer'éhm obsewed

hat al ant
QUL AL ARLAIRLOS 0DIG LB L I0RGbe
H‘I!@N$d5§09¢rb45@é PRE] blszym@ iqyak andtdocrt4ved EH@'Ebcunﬁltatﬂn of pathologic
auihofeb ) f E}%o%pstcﬁldm tQIn al al% prbVl\é%(%neutrc}pr%thé%fq ngh%s:g }?%ﬁ(lfns?fl the

neur opr o served
brglnem@PmrlanslmuaNOéHSMnml(BPTﬂaK@/NeM IBayedlos rélhtive brain

d control s,
v eGP RSB0 4R TREPES: L% Wil P Bt Barumead to provide
mnmumnmknhﬁﬁynmnmﬁnd reduced autof| uorescence
Ll bst anti.al t [
aut i 8o B RobB e PTRA driescin reeas s pprchyman

prinsat&@pihe Qheleanst dmntchl ﬁdﬂﬁngmﬁ@wwﬁmﬁ& dultRll by MeSdebife thR@ect a

area exhi biti.n
putative pharmacologic %y active dose. A dose range of approximately 0.3-0.8 x 10%ells in

the PPT1-KO/NOD-Scid mouse increased the PPT1 enzyme levels (see Figure 2), reduced

autofluorescent lipofuscin accumulation (see Figure 3), and neuroprotected host cells (see
Figure 5 and Table 4). The human equivalent to this dose is approximately 500 million cells.
Enzyme activity data from patients with neuronal ceroid lipofuscinosis indicates that
affliction occurs when PPT1 enzyme activity is less than 2-3% of normal. Thus, the human
equivalent dose, as determined by brain weight, for these doses is 360 million and 960

million, respectively.

26



hi ghest | evel of neuroprotection in the transpl anted

animals. It is possible that the survival of host
woewsomssi ght still persist even though |i pof BERDUS2006/000490

| evel s increase, as long as the HUCNS- SC continue to

provi de sufficient PPTI enzyne |evels. A working-

hypot hesis is that transpl anted HUCNS- SCs provi de PPTI

enzyme to host neurons, reduce autofl uorescent

dep C [ r

CCPO Ly ] AEE BT b RN by, B! S iy s
mHIU@\[ﬁqumw dmeﬁ) tbHebibhioaicels (e “IEIEITHessﬁ) Hu@iNS- S peaddestan

acce galﬁ‘g r1gltcgth sgﬁ]aty mﬁ%n[uég%l él&Cé?ﬂ\?? ngl) n%fné%igg aﬁ@ F%%Hécﬁon of

mﬂm&&h&hamBﬂumhﬁehﬂghﬁsthevel of host neurona
survival. Future studies will address the effect of
timng of transplantation, delivery site, and cel
dose of HUCNS- SCs on neuroprotection. Exanple 5:
Justification for Cinical Starting Dose A range of
bet ween about 3 xI O6 to about 1x1 010 cells,
preferably, between about 5 x| 8 to about 2xI ® cells
or about IxIC8 to about 5xI O cells can be
adm nistered to patients with CLNN or CLN2. dinica
cell dose is based on the toxicology and
pr oof - of concept pharnacol ogy studi es conducted in
rodents and non-human primtes using a range of cells
bet ween about 3 x| O to about 1x10 cells based on brain
wei ght, and the finding that there were no observed
adverse effects. A starting human dose of 500 mllion
cells (the "l ow dose") provides about a 1.5 - 3-fold
safety factor relative to the maximal tested dose in
the rodents and non- human prinmates. These doses do not
necessarily define the no observed adverse effect
| evel ("NOAEL") for these species, but, rather, were
based on the maxi mal doses tested. In both nouse and
primate safety toxicol ogy studies, there were no
observed adverse effects at the nmaxi mrum dose tested.
I n proof-of-concept studies, transplanting HUCNS- SC
i ncreased PPTI enzynme | evel and decreased the
accunul ati on of pathol ogi ¢ autof |l uorescent |ipofuscin
mat eri al and provi ded neuroprotection of host neurons
in the brains of PPTI knockout NOD Scid m ce (PPTI
-KO' NOD- Scid). Based on relative brain weights, the
sel ected doses are anticipated to be within the
therapeutic range and to provi de an acceptable safety
margin. As there was no toxicity associated with the
doses tested in rodents and non- human
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primates, the choice of clinical starting dose was

further guided by the desire to select a putative
w@b@eseest ogi cal |y active dose. A dose range 0PCT/US2006/000490

approximately 0.3-0.8 x 106cells in the PPTI

- KO NOD- Sci d nouse increased the PPTI enzyme |evels

{see Figure 2), reduced autofluorescent |ipofuscin

accurul ati on {see Figure 3), and neuroprotected host

cells {see Figure 5 and TQ9¢§HQ%' The human equi val ent

to this dose is approxi mately O mllion cells.

Enzynme activity data frompatients with neurona

Vﬁﬁﬁﬁ&q | i pofuscinosis indicates that affliction occurs
when PPTI enzynme activity is less than 2-3% of nor nal
Thus, the human equi val ent dose, as determ ned by
br ai ight., for these doses is 360 m.llion and 960

e e
and gunacetpephiagyn thahamamuftidme oDi mapaiott Pattehyn0sosomal
mllion (fthe "lLow dose") to 1 billion cells (the "high
dosétﬂragﬁl}}éﬁﬁﬁ%@ HPBPIEEs an acceptabl e margin of '
safety a meani ngful increase in PPTI enzyne |evel and
reduction of .accunul at ed. aut of | uorescent .

21 i pobhyes Af C4imy vy o itthg fyspsomal siaragqdisorferds phsgaciayiged by a
anDUdissifd otdefadtild Retepiitly®8dthal cBA@W N central nervous
system stem cell population in the manufacture of a
medi canment for treating a | ysosomal storage disorder

31 N aTHYRREBY claid 1, WereitShie Bloohl Mrhee WGEG I8 cHaBRterized by 2
| ysosomal storage disorder is characterized by a
m ssHalGyin gepecercodng &a pseweicd lysewakinzeneyne. 3. The
use of claim1, wherein the |ysosomal storage disorder
is characterized by a mutation in a gene encoding for

4a sebrased dyimcs omaieirethe prptation is i e pabaitayl-prsitein fi@sterase 1
wheg@bﬁlggg&nutation is in the palmtoyl-protein
t hi oesterase 1 (PPTlI) gene. 5. The use of claim 3,
wherein the mutation is in the tripetidyl peptidase |
(TPR . . : I o in..the

Sirut +1sop S5 ainy vHIR RS Rt R nal A ulalEr rop-D gene
neural stemcell population is obtained froma human.

7. The use.of. claim1l. . wherei he. cel I.s of the

St ¢ PRareft ere Sullehy mEPElilnl Mafhivits Sl s aneem

pr ol nehei sitradell porlaions pesisdingd feonh & hHian.

7. The use of claim 1, wherein the cells of the multipotent CNS neural stem cell

population have been proliferated in a suspension culture.

8. The use of claim 1, wherein the cells of the multipotent CNS neural stem cell

population have been proliferated in an adherent culture.

9. The use of claim 6, wherein the lysosomal storage disorder is a neuronal ceroid
lipofuscinoses.
10.  The use of claim 9, wherein the neuronal ceroid lipofuscinoses is selected from the

group consisting of infantile NCL and late infantile NCL.
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8. The use of claim1l, wherein the cells of the
mul ti potent CNS neural stem cell popul ation have been
w@embiofesat ed i n an adherent culture. 9. The uBET/U8§2006/000490
claim®6, wherein the |ysosonal storage disorder is a
neuronal ceroid |ipofuscinoses. 10. The use of claim
9, wherein the neuronal ceroid |ipofuscinoses is
selected fromthe group consisting of infantile NCL
and late infantile NCL.11l. The use of claim1, wherein
the nedicanment is suitable for transplantation to the
11ICNS Tfe uae ofeaiaiml 1, whereinThemedieanpdnt ¢l saitahlel by trawsplastation toghe CNS
nann%l aImnqtalhunan 13. The use of claim 12, wherein
the médicanent is suitable for transplantation into
t he hlppocanpus 14 The use of claim 12, wherein the
di.ganent ble for tr antation into the
o R meqr Imelt SBRE b el RRRBRE! 1 e

medi canment is suitable for transplantation by

ﬁf)g@—teltug% g} c}_l 1r1]1J l%]\g 1%%1@% G n%quléf{r]]itlﬁrn?l:\é esgl%ar];[)gfgilc ﬁar{sH]@ntatlon into the
effqggkﬂan@ﬁpunt conpri ses between 3xI G and |x1O 10
cells. 17. The use of claim1l, wherein the effective
anmount conpri ses between 1x1 08and 5xlI 09 cells. 18.
14The TiReis®bf ddifi 17 Where RS Bbdlcdnli@it H%ﬁ'té%%f‘ﬁaﬂ lantation into the
adni ni stered to the mamal in one dose. : e use of
cl ai%9%:, wherein the medi cament is adn1n|stered to
the manmal in nmultiple doses. 20. The use of claim1,
wherein the effective anount of the nultipotent CNS
IeurBie vse efplaim) |1, yhpeindhs wedicamenbis ahitbly for sansplaatation by
nampﬂ{)co?tuﬁﬂﬁ@{loﬁ 61%%/“1&&21\%1111’10&9&11# Of claiml,
wherein the effective anount of nultlpotent CNS
neural stem cell populatlon is derived from neonatal,

ld.élgve ife wSe opcﬁalﬂldll‘il SndP8y I | m {Eeéﬁqcﬂlht %on%%ﬁ?s’ &%Vee%%l(?fand

ective amolunt o pote renew n
CNS xd0Y atllsst em cel |

17. The use of claim 11, wherein the effective amount comprises between 1x10% and
5x107 cells.

18. The use of claim 11, wherein the medicament is administered to the mammal in one
dose.

19. The use of claim 11, wherein the medicament is administefed to the mammal in’
multiple doses.

20.  The use of claim 1, wherein the effective amount of the multipotent CNS neural

stem cell population is obtained from the mammal’s neural tissue.

21.  The use of claim 1, wherein the effective amount of the multipotent CNS neural
stem cell population is derived from neonatal, juvenile, or adult mammalian neural

tissue.
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popul ation in the manufacture of a nedi canent for

reversing or slow ng neurodegeneration in a patient
w@fober438y fromor at risk for devel opi ng a neR€DOS1006/000490

ceroid |ipofuscinoses, wherein the nmedi canent is

suitable for transplantation into the hi ppocanpus, the

cortex, or both of the patient. 23. The use of claim

22, wherein the effective anbunt conprises between

3x10 and Ixl glo cells. 24. The use of claim?22,

wherein the effective amount conprises between | x| (8
22and Usx bf APeftetiVsam@int ofIél’leulthHeﬂfselﬂrﬁkWh%Z}NSf\hﬁnaé istent dedl

neur on cer id li cin s is, selected fromthe
o o BTG B R SRR Rk PabE of HPRRE | e
NCL : neﬁ?deg@h&aﬁtﬁﬁn @ﬁaatﬁ‘dn&ﬁﬁfeﬁﬁ% frofmedrat ilﬁskt foedeveloping a neuronal
transplantation occurs subcorti.ca ectio
i nt CEPERIRY %asmna%esa Hherdr % r’{“eléﬁme‘?"ﬁ’és‘ﬂ@% eder teap q?ﬁt%’n mto the
whe h@jpcdnitis et GaRPdbothofticanspitant ed into the
patlent in one dose. 28. The use of claim 22, wherein
the nmedi canent is transplanted into the patient in

23ul trinBhige Q$88-2220herdi H EhetRctPfe AR nscym,%fv@éeﬂ 3% 108 and
effectiye amount of the multipotent neural stem
cel 1xpopetllti on is obtained fromthe mamual's neura

ti ssue. 30. The use of claim 22, wherein the effective
amount of the nultipotent CNS neural stem cel

24p 0 pdihatiseef dlaimddr iviein tlhesifopirsrramaaint compyieesi Hegveepd x10° and
aduld, ;grapel i an neural tissue.31. A pharnaceutica
conposition for treating a | ysosomal storage disorder,
sai d conposition conprising between 3x10 and 1x10

5° el 1§ o3 (Tzof MuifAr &g&@ﬂtﬂ’l Cl%luro‘flgﬂgpﬁﬁ iﬁ%o‘}{‘scgn%ﬁes% £8cleB%ofh the

ysosomnal “storagé r'Sorder

conpymsumgma&@wéadmm%mﬂcBaahumﬂmmnﬁﬁbﬁﬁlIs 33. AKkit
conprising in one or nore containers, the

pharmaceuti cal composition of claim31l. 34. A Kit

26c onqhesisagf dlaim@2ewhereinmiicetrapspibisativer@eurt he subcortical injection or

phar nqgt?al”\lzte}lt%%lﬂar 1113”@’{?0311' tion of claim

27.  The use of claim 22, wherein the medicament is transplanted into the patient in one
dose.
28. The use of claim 22, wherein the medicament is transplanted into the patient in

multiple doses.

29. The use of claim 22, wherein the effective amount of the multipotent CNS neural

stem cell population is obtained from the mammal’s neural tissue.
30.  The use of claim 22, wherein the effective amount of the multipotent CNS neural

stem cell population is derived from neonatal, juvenile, or adult mammalian neural

tissue.
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32.

WO 2006/074387 PCT/US2006/000490

31. A pharmaceutical composition for treating a lysosomal storage disorder, said

composition comprising between 3x10% and 1x10" cells.

32. A pharmaceutical composition for treating a lysosomal storage disorder, said

composition comprising between 1x10% and 5x10° cells

33. A kit comprising in one or more containers, the pharmaceutical composition of claim
31.

34.  Akit comprising in one or more containers, the pharmaceutical composition of claim
32.
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