SPECI FI CATI ON AGENT FOR PROMOTI NG SELF- RENEWAL OF NEURAL STEM CELLS

AND METHOD OF USI NG THE SAME Cross reference to rel ated application

This application clainms the benefit of Japanese Patent Application

No. 2010-101415 filed on April 26pe@i@aTtbe entire disclosure of

whi ch is hereby incorporated by reference. Technical field The

present invention relates to agents for pronoting the self-renewal of

neur al st em ceRFENRAFORMBRVGASING SHEY 1RENEHAL SG@EURBL BTy ICBLUARE art

Neural stemcells are thengpemiticd) by gifigctrizvesgdanor cells for

transplantation to treat severe neural dysfunctions caused by nerve

i nj uri es such as spinal cord injuries, and are thus prom sing for
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such as r I e i e otent stem
cells (| lXPFJ:()Q ?%m?ﬁsiesz h(eggbg i@rﬁg%%%%;ﬁ gepéﬁgdnc%zakl T,
Enoki® 25 R, Koizumi A, Ishii S, ltoyama Y, Sobue G Ckano H. (2008),
Stem Celd 314908 Dec146(12): 3086-3098) and transplant these cells
into a patient., Oinical applications of ES cells have, however,

probl ens on TR CRITeSHic RYRNGOnr BpLRTS RS RPCRYSaASB| BFTAH1SH, ththi | e
i nduced qdidrirpadwnt o3t eaneLl Issefii 85 16elha) mstHdds Baves seendnsaleed

i ssues associated with, 30 for exanple, canceration and still have
many problens to be solved for therapeutic applications. On
t he 16t hegadhgndund farmeural stemcells residing in the brain of a

[ ving body cgo,ber aeLhvaned Andiacreased. neural. ual uosLi a0s, as,
tr anspfl

expected to be 1 nprove out any ation of neural stem
cells f rtémnéph@mtatmwmu@reatl Eevere Beurhdugntunkaiont daasst by Gllﬂr@m;

of rej eclijaRseansGARGEERLAON Ml i APhy A, SBna Ak r PIESRN Lr o ROVBNL For
growt h factors and regul atory factors of cel | | i neage are maj or

candi dat®@®®LAAEIaVE BEERTFTR/ESTS 5‘3%6“5‘5 a8t or %e?yo%‘iaBPyHbec?gr‘?g’a ¥
i nvalovedvakamtihe wpr eamekors ofiwvaehhi renewghnodry aqbovat | emlasé neweakl

stem cel l %evmﬂopmen a\ieng.rLogyetl‘&b(%?r:] 9§I-Ilry8t)el yFérdeer:]ctaimfp!Le, it has been
considered to generate neural stem cells from undifferentiated cells
such as embryonic stem cells (ES cells) or induced pluripotent stem
cells (iPS cells) (e.g., see, Ckada Y, Matsumoto A, Shimazaki T, Enoki
25 R, Koizumi &, Ishii 8, Itoyama ¥, Sobue G, Okano H. (2008), Stem Cells
2008 Dec 26(12}: 3086-3098) and transplant these cells into a patient.
Clinical applications of ES cells have, however, problems on ethical
concerns or rejections in transplantation, while induced pluripotent
stem cells (iPS cells) still have some unsolved issues associated with,
30 for example, canceration and still have many problems to be solved for
therapeutic applications.

On the other hand, if neural stem cells residing in the brain
of a living body can be activated and increased, neural dysfunctions
are expected to be improved without any transplantation of neural stem

356 cells from other individual. It can be thought that at least problems
of rejections and canceration will not arise.

At present, however, growth factors and regulatory factors of
cell lineage are major candidates that have been investigated as factors
possibly being involved in the promotion of self-renewal or activation

40 of neural stem cells, which have not yet been definitely identified.
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This nmeans that the proliferation of the neural stemcells cannot
necessarily be controlled artificially. To increase the nunber of
endogenous neural stemcells is thus hard to achi eve.

Accor di nTitds vaansbjlect chk phel ifresendn iafvehti geudad 'Saerprcmﬂ.ildec5nnot
agents f céﬁéggyilrg% %ﬁgt§ féﬁ’%@?%@ic allﬁeuHal St%%g}:el % num er of
met hod of using the sare. sclosure o é I'nvéntion € present
i nvent orendrpeactgurriireRasteheceddist 18 efevsahand ttCh@Cll@Eﬂ%ural stem

cells are pr ormtcsgdpfyglwah &kgmc@ egdtﬂ@ péeggﬁﬁ W& =S UPSE NAt @Bt p&ﬁmde
endot hel i al progenitor cel erived from bone marrow, as descri bed

in the fHI9GR Y BXAMRAES. thlehéejpf’ TEBRTAL G He PRLAS pagf method
conpl et esk Ubhg specakiecal |y, a pronoting agent according to the
present 15 invention is a pronoting agent for pronoting the
self-renewal of a neural stemcell, conprising ECF-L or an expression
vect or caiaiibeguntg a snventiCE- L as an active ingredient. It
i s preferabl exﬁga% é&%tEQEvén&%t BLDEd gt DEL P d;%fémshf? AGERLY of the
according to t resent I nvention IS human aci i'nase, human

20 chi t revxesdi dbee, celdmanrovdnetad ot VESpk otwitrikegr e wﬁtumjrran
chiti nas&p%rlnhlsgn@ o@r rtaamelem tﬂraggﬁlé‘bﬂ bgﬁlédemea £ r6m BRInR0G: Ko,

culturing a neural stemcell accor @1 present invention
conpri s&¥® geFtUmeAgtt e ﬁ@f’;?%ﬁ’”&ﬁ% & - ﬁ%%eﬁé’énéf-oEéﬁsLthus
251t i s peef epaple-dshat, in the method of culturi ng neural stemcells
according to the prese t vention, the ECF-L is

chi tinase, human® cHi T %g}%’asaepr%%ﬂ’ \??%%taé:lcoéga%%atr ofé?npﬁesent
pr eclér s cimvent iram 1smmcnr@$en§abeke £2r prohoiny cie e hiasend8whi k€ alnevkal
phar maceytd.cali £OMRAS|t L oN, aceord] is a
phar maceut 1 cal lcorrpg% ti %E\b for pr%)£r]rgatI]|F %x&?ﬁ &f%@%gﬁ%@%&%ﬁ@ﬁﬁeur al
stem cquXPr(?éPrt)W g LEEE-3n @rctaﬁeeixfmr@ﬁ%%’h vect or capabl e of

expressing EChtlis pteis-dpief @fAablge woat L tinsa Phad MRGEIA Mot ing agent
conposition is for treating a di sease associ ated wi_.th neural

dysf unctiGITIRE W $85sR° HhePEEP el Si Rt AC3ALC sPitdragsr fruman

i nj W0y, anrot rHpdidasasl Hlﬁlm’ralovﬁdhetﬂslgﬂycéi:icﬁ't&lﬂmn Préhzease, human

Par ki nso(:@1 i$5 g5§$a§qlk rogress m%g gg&rl%glécl gay . }ioal sy, Hunti ngton's

di sease, e sys em a Spi'nocerebél'lar "at axi a,

i ntracer ebr aI Ahwpﬁha?geumurg@baat achnol dtariret t kagerdimg additei presenhe
neur al cbfﬁrfeﬂegéﬁ %mﬁgYs@se cﬂ§§9§ir§_‘:} %gevﬂ&ﬁaﬁloé’m c@gi ng. tﬁlQIprrelsénce of

preferabl e, in the pharmaceutical™ conposition according to

present EGfvéntion, that the ECF-L is human acidic chitinase, human

chi tast ri osi dase, 1§ll§mlﬁe9¥bwcﬁlﬂ|t gly Rl @kehdd LIPEQCEE SO nBUPRN stem

chltlnase li ke 2 or chitinase 3-1ike 1.
1%5 according orn%e present 1nvent£on, the ECF-L is human acidic

chitinase, human chitotriosidase, human oviductal glycoprotein 1
precursor, human chitinasge 3-like 2 or human chitinase 3-like 1.
A pharmaceutical composition according to the present invention
30 is a pharmaceutical composition for promoting the self-renewal of a
neural stem cell, comprising ECF-L or an expression vector capable of
expressing ECF-L. It is preferable that this pharmaceutical
composition is for treating a disease associated with neural dysfunction.
The disease may be cerebral infarction, spinal cord injury, amyotrophic
35 lateral sclerosis, Alzheimer's disease, Parkinson's disease,
progressive supranuclear palsy, Huntington's disease, multiple system
atrophy, spinocerebellar ataxia, intracerebral hemorrhage or
subarachnoid hemorrhage. In addition, the neural dysfunction may be
associated with normal aging.

40 It is preferable, in the pharmaceutical composition according
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A nmedi canent according to the present invention conprises any 5 one
of the aforenentioned pharmaceutical conpositions. Brief description
of the draw ngs Fig. 1 is a figure showi ng operations in a
BrdU | ongs tierenpgeottpy, iavBndidishabbt t @eNEgFOUpPis anthad Bt iHi shaitidasem
;régegg?ul’%( r&u%o%rlos% as;.f.sgl nf lillSOeVlducttglﬁqgﬁorraotnelnhemﬁ%g J!’es::]ord][human
cells | a@eltedaﬂﬁthlsﬁ@wmvem@ﬁ@ c:witmasm Bsktkd nt.o the brain of mce
in one enbodi BERLsPE.dHE Qwéﬁmgl @xe{ﬁé g@esgﬁtg indehidh féo%wrfeg@g tanQf
a neur osphere assay (Exanples 2, 75, formed in

enbodi netite 6f the %ﬁoé§éﬁf1t3rcmﬁé]nﬁ‘6ﬁmaceutlcal PFCQHPO&lFSOIaS gr aph shovm ng
a frequency of neurosphere formati on when EPC-CM G- cont ai ni ng

EPC- CM I\/SC-CI\/I or GF cont ai ni ng I\/BC-CI\/I was used as nedium at the
first passeag tH fime - one enbodi nent of the present

i nvention; ZOﬁug ]51!383 algm:&phhshmg pgefaficagURNaYBiU Deny-asfrhesoup,
formation us d.as dlum t the first

o TRt o AAGNERT UL 01 M CHLES sUaec R TR mal LD (i teoccn
i nveht i okf infused ihitg. tBEllsraangpépmcsd’low nge aw@rmﬁnExmlgrowt h
factors contaiggd j qs@gr%mwﬁg g\é hﬁmﬂé&e o%@gﬁmaﬁepéd weh Brdu

present invention; Fi'lg. 7 1s a graph show ng a frequenc
neur os pHete& EBF 1Al ilﬁnquhlsadElﬂd‘;od‘sAl@lbé’ahntQ? V\h?%ﬁnn@laaﬁfﬂp%W%Of the
added, a@=eup isvaiiich;growth factors contained in EPC-CM were
neutrallzed Wi_t h ant|b0d| ( + anti - CE rou a rou of
MHM suppl ementéd- wi tF Gr Biﬁf‘ﬁ 0{%‘5 CNJ; a(N?I%F‘-’rS g%ﬁ‘y QEX(?H‘BQ £
enbodi mentd ab péueﬁqa:meslem cbrra/@mbb@merﬂi)létfgthé pr&sanphnt\&gntaph of a
gel showi ng s S Lo Sg e 89?
el ect r ophor es?g&of‘p C%%gﬂ d%é?/%l %réo 6 od| Hﬂf Itehgorr?aé:slé)ﬁt
i nvent i ofenThRC ot §F1mt@atle’€9 By CnEtb ¢58 - £ orrh@F-rchmaenam@ M@ﬁI-QM was
those hawdag, MRCa M EPGOM pi ?S@éa&%oﬁ han- b/ de diPcsi i Dldne ééﬁa&me%t
S

is a figure showng a result o tern blotting using a culture
super nat¥nt6f PFEIGI TR i r ansf ect ed to express ECF-L reconbi nant
protain, contFay. gene- A fdpdusesl ka9l gehts, ofaadut-ﬂriﬁ&&E €€trhaion
wi t hout exo e i n_one enbodi nent of the [esen |nven ion;
o 10 RERSFRREn, 9 NECE O OB SHIROLL TEMopR s, (i BhET S BroF Rt ooty
when a mmosphbsf arlassayervbacshpentocpfmdlef presgoondaeyt imwur ospher es

Fig. 6 is a graph showing an amount of growth factors contained

in EPC-CM and MSC-CM in one embodiment of the present invention;

25 Fig. 7 is a graph showing a frequency of neurosphere formation
in a EPC-CM group to which no antibedy is added, a group in which growth
factors contained in EPC-CM were neutralized with antibodies (EPC-CM
+ anti-GF group), and a group of MHM supplemented with growth factors
(MHM + GF group) in one embodiment of the present invention;

30 Fig. 8 is a photograph of a gel showing spots of proteins separated
in two-dimensional electrophoresis of EPC-CM and MSC-CM in one
embodiment of the present invention. The spots indicated by numbers
in the figure are only those having MSC-CM/EPC-CM of smaller than 1/4
{p < 0.01);

35 Fig. 9 is a figure showing a result of a Western blotting using
a culture supernatant of HEK293T cells transiected to express ECF-L
recombinant protein, control gene-introduced HEK293T cells, and HEK293T
cells without exogenous gene in one embodiment of the present invention;

Fig. 10 is a graph showing a frequency of neurosphere formation

40 when a neurosphere assay was performed for secondary neurospheres
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derived fromfetal mce in a group cultured with either ECF-L

reconbi nant protein-containing VHM group (RcECF-L), a group cul tured
with EPCGCM a group cultured with ECF-L-depleted EPC-CM and a group
cul t ur edaavitviaaMah @t at R cbiinsd g PaSS @B ured RS AFhedizrent, r@f:orﬂkhﬁuant
present invention; 5 Fi 11 is aph showi ng a frequency.o

Peur 0o S r RS RiPH PGPEtP BEEara wh (HToBErE L TRea Hih RS M.
pr ot ei n-cgmbap munguMMgthzp:F( Re&ghtdtled BPQHOO parcUb tatfoad o lith r ERGiEN
( EPC- c i t nt.ed vvlth

factors 1\Q%I\/?t %&%) Pﬂpstt ?%1 ﬁgggéggéeo?ﬁmgléﬁ% Aeu os et?émé‘?srlls}:é'on’
was er f or med Fiigk Jtlertﬁréarg‘yanm Srhemim phéresustayi v@dleflrfgﬁwﬁeeﬁafomacre-omn

one enboﬂ'l Q@%uﬂfcutlgﬁr@cﬁ @§@l@%ck‘nﬂ§@Eb%nant protelgl Qonéa%nlﬁ @IHQI"&Q)QP
showi ng a percentage of wells with neurosphere formation |n a group

cul t ur ed RAECH -EOF- A ¥ 880 AB FEee Bidt BFR=CbAERF iffHg MMV (REEEFSEH) tugisd
a group widnt uaedswidikniEbe s upphegesi@d raict Brgr oiih + 16r f aGkOEBe first
(MHM GF), at the first passage, when neural stemcells derlved from
adul t mREREFe G} EcPedr IF A 8i SPEs 4@ cRP T PAuFer i FrbhaTY

enbodi merdurekphéeephestnid ifruentstan; mice in ondegbodiiesiONS the present
mcrogralp_p,% 39% Wi ng | ocalization of ECF-L (A B, and C (section al ong
XZ- axi s), (sectl on along YZ-axis)) and 20 |ocalization of CD31
(E, F (sectl offigl drRgl XZ-IrePd) showrdg @ percaritegeatfongl Mzwaldh spyrosnigre
co- | ocal i zakk 98n 9% FFslp @ﬂl.ctug@éjwlgﬁl EdF i%%%hgﬂnﬂtoﬂﬂ)t@naébﬁalrﬁﬁg

J (section al o%(anYZ axis)), in pocanpus in one enbodi nent of
the pred8ft (Ra¥emy ﬁndFﬁ @m&a %HG\‘/%E%V& g HP PR PP d §d 51 Favitsn
of HGF- Lfa(cAoﬁBd(MHﬂ@GF), altotrd Ezadd 9AsSigDiled Reabgl @):em|cQQaJsi deativen

f GFAP [mDGEAP | ocal j zat i AQRs i zat i
o1 ort Boattoraka P8 BBReR da Foftafhans O B B g

6cal Zat ion
co-| ocala@@tinmemtofofCIDBQ Bum:beA@Diln*ée]r)tloar.ound the | ateral ventrr cle in

one embodi Ment,;of e, pLL3ant %yﬁp 00y Eiogahfléaé@gg g [HeRLA0aPRS

showi ng | ocal i zation o oca ion o eri‘ved
f r om t heéSofe (PeFTiOR) 24P P"(?C&P*H)at 2l Bf (%193:110@8)&104193@@’1 P¥&$ ) Jorpngf

ECF-4 ( QocabCratsorpbfl c65P (@nd? f acalibaadiRy 0f- 46| ebnbld) (sddtib®1ong
| ateral ventricle in one enbodi nent of the present | nvention; 35Fig

16 shows’ 4iPErBYt aphe %%&%ﬁblr%fdeﬂfﬁ 255 Lot Bt (A, Irkf@&Fralaﬁlaﬁg
of ECF- IXA-BxiaD, singnal YsedGonl alaumgl Y&-Rx{ 8D) ,srlglnah} haggtdchagad | zabhen
of nucl e| (3% n th%hcerebral cortetx in one enbodi nent of the

ent of € present Irnventi
pr esent Thven P F £7 shows ni crographs show ng

I abel S wth OFtLEIbLN‘lI AL “(lAIOQJC@hSI shiwirendoCGprli P4 ipB, ofF ECF;LNA and
2@nd PQZAPO&a%lzgtl&’l OQ C@ld (BQ‘)andI @ quol:§lgisttfl%lhe@§ 'G@‘E\?d(moﬁgﬂb (C) ;

tertrary neurospheres and a graph showing a ratio of P-tubulin
posi ti verocaligatipp phAPRy EcefP slocidd zafigpn FEFH FearB (P (B, a’Hi IL
P, and To- 1%@1&1@&%@3@&1%@3 MY ertrl| =y, e&h(ﬁt:oth&:ril'lrzﬁtzl@@iﬁagﬁl RAnd

ECF- L r%g% r}ant ot I n- contw MAM | 5 %RCE %roug ECF- L

Feconbi A b ot B Co AT S eBRPE G RPEmeh b DR HHEE0F

( RcECF- unveﬁlgrr,oup) EPC—CI\/I (EPC—CI\/I group) M—IM i n whi ch a growh

factgr was agﬁrg ]]% GibsLfen g&sghﬁ%o {Leddep &l ot Epss OMyr &

group) or enent e ors group)

one enbdm0ﬁéh%atbﬁorlt ké plf%s@mllﬁn@@mwednfrom the bone marrow) and
localization of CD31 (B), localization of ECF-L (C), ECF-L, and GFP
and localization of nuclei (D), in the lateral ventricle in one
embodiment of the present invention;

35 Fig. 16 shows micrographs showing localization of CD31 (&},
localization of ECF-L (B, no signal), ECF-L, and GFP {(no signal), and
localization of nuclei (C), in the cerebral cortex in one embodiment
of the present invention;

Fig. 17 shows micrographs showing labels with B-tubulin III (A,

40 E, I, M, and Q), 04 (B, F, J, N, and R), and GFAP (C, G, K, O, and 8)
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10 and Fig. 18 shows m crographs showi ng P-tubulin I1]
positive cells (A and C) and BrdU positive cells (B and D), in cells
cultures and differentiated in BrdU containing MHM (containing 1%
PBS) from eells disobadAd akeam:lohe: sltfibal uuebspie Y B8 ol MW ER ng
ECF-L (RcECF-L) or 15 MHM was infused in vivo, a graph show ng the
nunber of Brd0 podi-triel delits %‘E%ltlé.’ﬁdc%t“&r'aﬁﬁ %Cf‘ﬁi\hlﬁﬁ THe uABR e E
doubl e posdittive cellss (Dha#i, ay.e PR- dduh)i, nwheh pposiokpuerandieBedilltured
positive n L9 ) -

Povent | ot 38 RbaE Rar=aas vt mboh FPpasinatt tieth- LR d2ERE
enbodi mefRcESF - blegroppes 8AT-§ ﬁeembmntmtmg corrpliot eel MEY sedo beparited

af or ementiongdyfdadi Ad-dos- dRSEFE hed e 98\(115n @?&3@‘1 (eBcL &) Q_{r%ﬂﬁf twﬁlm
Exanpl es. Unl ess otherw se noted in enbodinents and exa i

procedur’®s el ar#ox§hdEIeTIhegsi #anfaf e Procsestad é’hcﬁs J.
Sanbr ook{ede- LEdelEIdttemcbp& du Meri gEdsp)( B hum I\Aﬂp@wh@qﬁté‘d Qlﬂi:ﬂggrcﬁvth

| abor at o nmanu edition Col d Spr.ing Harb Pr ess,

o no aasere R Sofk %%a%?ﬁ R EIBEF SR T, BrEos Tpvention;
Ki ngt omndD. D. I\/bore . G Seidman, J. A Sm'th K. Struhl (Ed)
Current Protocols Mbl ecul ar h £ Sons

ihor v Chodduns .ﬂe‘a s oBberinsieting B Ra i 0t SR ggbe cents
ot her wi s&* rated) @%@Wﬁﬁrm%tlﬁéa@%ﬂs Kt aod neasewe#ﬁemaltures and

i nstrunefitsrebrbndfBoed $n USSR -88n0E86MGDREN ACERELLNthd Q5 PFiH)06OLS cells
attached ther eto. The above and further objects, featur es,

advant age®125Re frpEEh a5ttt Oﬁr%%é‘ﬁt’-mf‘ﬁ\ﬂé’rﬂol Bt ECBphdRSAET 1o
t hosie skidM edsiimfusedait Wfivem £aspdesadwion ofe tthavdet af Iredu pOSltlve
descrlptlcirl [E)thls spemﬂcgtlon Furthbrrm & Qose S |IIed g
art can Basil P reptrodutE Fnd Predetit FRURTH Por ofur OISSEHER &R pfl 5RS.
The node(x®) Bandudpect 1 poexanel @f{$ prdesosibid Hekonatdphesenis)a(F) in
preferahl g %H?Q&‘i nt oef g RLesent, AQcigyention, which is given for
t he purpose o tratl on or descri ption. The present invention
is not limted thereto It is obvious to those skilled in the art

t hat2ovanicus rapdidirgahl ofs: may bevdmdenaccor di ng to the descriptions
of the present specificatiqon wthout departin 1[Lomthe irit _and
scope of the pPé PRVt bH BFSEFYs édY iRt th that Yaspggenletad based
In this cspené bif cadneaitioh&F-flinAefigns de@calpéd)benaw\mt&ecaﬁlam AEF cAtinde
sequence. SE% No 1 honol ogs of a protein with the am no acid
sequence ofE or proteins with am no acid sequences 10
encoded by or EJhi-)ﬁf%)‘igth@ﬁral@%ﬁ@téﬁcb@i%@Oﬁh@elairﬁ redagkeanseguentl of
SEQ 45D %océduﬁegwmhogréf@srId@gcmmermhgﬂmc%a Webhoddig amumoasa%* d
sequence of SEQ | . 1 is preferable, such as, for exanple

honol ogy* 3P *88%6 OEr ﬁl gﬁé%tsicé] Br &f SBiRELS hGifbl og}obtcwio% GLoRitfher i s
nore prefsebabtery h@ﬁ@&pgyr@fedae%m, bbgdmesﬁ;rmgyxe&baﬁm&epﬁﬁfcenamp&,mg
honol ogy, 909% or 15 h [ re bl n .honol og

of 95% of* 7| %I gheﬁ i & chLZ%raﬁ fé ﬁprt’if#era%?IP ‘The garn‘i’lr1 é gtlF‘g’ s8Rk ?éf
ECF- L nmey. Beomerdved Seridmeany - &ni frad thspiecisesulandEd s) notr speckfawalboly
| i mdyed .as pr te; f.- of r el ls.
Hoveger, s OPES RS, o Bl P, fA e SO aE L et ot TERR

deri ved “ﬁ%ﬁﬁ?ﬁ@%w@rsﬁéﬂ% -20trofRdghel ehi el e as Cttﬁtftr‘ﬂ’#?%rﬁqmﬁcha

subj ect dgpeaki St @ageht Skf0lbrt Bendy RFahe RN msttrbﬁels@l fi-er gReWals &s8d
derived. For exanple, it is preferable that ECF- L th an am no acid

sequencé‘sdélreﬁ%bbe]‘jr GREATAENY T8 BERPSmtEnatRenss) Fh‘?’é‘ﬁ"é-'{mal of neural
stem cel | s derh¥ethdveomdhunmbhes dbgebes prresatesds, Exaapt £ 0f atdd deas

ECFE% Vmégqtgg 5¥ggg%taghégé¥% %eggg apparent from those skilled in the art

from consideration of the detailed description of this specification.
Furthermore, those skilled in the art can easily reproduce the present
invention from these descriptions. The mode(s) and specific example(s)
described below represent a preferable embodiment of the present

40 invention, which is given for the purpose of illustration or description.
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25 derived from human, i.e., human honol ogs of ECF-L include acidic
chitinase (isoform a (NCBI Accession No.: NP 068569.2) and isoformec
(NCBI Accession No.: NP 970615.2)), chitotriosidase (NCBI Accession
No.: NP fQ3456sd)s 10wk ducdak s Oh ACARROL LI Rnd - PESCUE SO emuﬁeee@%s@
No.: NP 002548. 3 ch| tinase 3-like 2 (isoforma (NCBlI Accession .
30NP 003394157, s eor""r‘htb“éNCB’IarAeBes‘%ciddﬁlRBt1°NP‘“6®16?0‘5E’6’§ i?cm’a%‘dlg
i sof or nctd ﬁﬁBIdAeceasﬂmNoaf tINPp08d&OA03FE: it)ikaehbt whased: békerth ngNGBn
Accessi of : 2 ve, an mJt ation as
| ong as p?s Fline |ondlg’fcoﬁ?oonfnttlhr‘?gpfﬁs’eensteIlfm?‘Ietnleo\yf\"/aI}gi %?r AF* &t em
cell $ is not affect ed. For 35 exanple, an am no aci d sequence in

whi ch one qi.zmpre_amno acids are deleted, inserted or substituted is
also inclu eg In addition, post-translational nodification such as

gl ycosyl at i on Iayhbe speesdinatden) off -ds refrr S gace irmwtef npricio e ragnitniee
sel f-rengwal «0huoedd }r SEEMIE Q. S1] Sh&gloﬁgf@ﬁtae%roégln ~AgeNtne Unino
pr onot i ng sel f renewal of neural stemcells and nethod of pr oduci ng

the samg =g sequencecgft 3% 15f Nied-aPr sREFReEBF | &l Gt 2R RO AdSe AR Tces
ECF-10 pr@mtiee E}hérﬁﬁdﬂfcg‘SEBE\wbelﬁ)é ehbedne_j,utab Stiedn seld seqddiriceborsen
a drug pin an,ac redient is_useful, as an

agent fgfrw%rormtl hg “foﬁfeggsse’laf ipdk \cﬂa?r ?m{;ﬁo Yn“élﬁt?’a RS PRI TR g Seauence
ECF- L | InGEQsPedid.i tals wreifaraleik byuah et hédr usedptle, dinct@llmgwof 60%
prepare |t heghéxo A9 ;ﬁ%f‘et:aﬂﬁé %oﬂ8§6éfgff+br‘%c$i—%q QL. RIORDL §99£ dle,
sel f-renewal may nat ur al occurring ECF-L or an Artrficial
10 ECF- LhomPHegha%ﬁéﬁvr GESE}PFHFQYEGFUI?FWG ermeal helaoquq;mén%f or

ani nsl  tdigsde ﬁ@<eee§§In@geE&%fleruswg,anaqrone&egplceﬁ 984 ﬁpmggmz.rﬂ ak &uch
conbi nati on of Ia}j- knowr}]1 net hods isolatin and ur| fy
1g 55

pr ot ej n&orfh%r%ﬁf\eﬁf r al* PRGN Fothfcedr diFng, aI’YoPEé%FaYFrﬁ?‘e frgm
wel | - knewy geteal e@enbematndomstzeﬁdmpquﬁmalahemmaﬂedsyﬁthﬁfg 8s W thn
t he gen co C e [PLesSSas. .an. exanpl

i nvol veeptrrj?gol’t'gt ré%ug%g%‘ﬁﬁo £ ljf%ﬁ%li s%%m ﬁug eot Fa"ee%eerdue%ce Bﬁ%%%i:able
ECF- L |rﬁletatrh%lppmeralcaﬂeswmessqfoﬁCEeTetlerdmd'etihercsrubSecmentspecles

transf ecdd @ReOfnidla %ép&?é@'f%'&mvﬁﬁ&{ uBl Oc@ NRSh1 SHEL, 3316U! F AU @4dle
cells to express a peptide . ECF-L may bé isolated froma nedium or

al t er naA5PBPYionRfi GRENES beepovasatFcaderived. BT tHeWiRerithadfd,
exanpl e@;:@ﬁfefﬁlﬁl£l‘tﬁﬁtCﬁiF&y5}ﬁ.m€5&lIﬁ alpgd l&ﬂdaﬂecf_@féenﬂéﬂﬁijd from human

fl | et b th
(1 bty SO Ees SBRY! LRGN = T acth CFBASL £ AT TELY OF*tFen dirge

avai | ablie peptd decsyridesEzens emayf beused it giph cduceiktfacid sequence
25A e MRl VERYe- L BLAENT; 07 BLAIPYAG, SAe Stehbr £NMMALAY A8 .

neural stemcell's may contain’'an expression vector cap
expr essidig tEeCEse . (IPAEQrR@pr8SBT diropeei ot Neas B H5pF8pE] and profromer

f or eXpr(@a@gungccfé}mlenlﬂoneqarpalsvaéﬁsﬂzqel | 8niand DN enCcogicRY Elfedsion
downstream of_the grormt ECF-L is expressed by i ntroduction of

this expiPessifod 3658 eth of i MG he ¥TEt e T fsPTeCUHRSdr c BBt Accession
cont ai niNag : tB D 0@¥PE eSS, @RivEEd 3cATkgprOVidFcan £f(vest Mmicepk osmtoNg

t he eIf imla 0 i cament nta i on t
neur aI ste?ﬁggie\ﬁ 2%' lsogormrﬁqucr:%?rrgﬁcﬁﬁséﬁle rra;L/TBtéc:&t E%F‘%n]e or‘ango re
subst andevfother( MCMQCE@FSLon ¥e| eBP e for0AY 6 ubst arnicdsiabhat- Laks LowCeBRhe

neural stemcell ScANdyd PLeAOLE their sel f-renewal, substances
effective for maintaining the neural stemcells, and subst ances t hat

pronote the pFofi¥Erat Men Hive REY neradi ot a%n asid) §s Bxarfymesieot athese

subst angesmbACAH 8 Hilr Reheld Moreted ) EEnm EOrs MEGH: BINGeFEDRor
HGF | G-, PDGF, and TGF.

example, an amino acid sequence in which one or more amino acids are
deleted, inserted or substituted is also included. In addition,
post-translational modification such as glycosylation may be present
as long as the function of promoting the self-renewal of neural stem
cells is not affected.
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This pronoting agent nmay be fornulated into a dosage form if 40
necessary, using a pharnmaceutical additive such as a carrier, a
diluent or an excipient that is other than the aforenenti oned active
i ngredi ent, |led.in.the ant,.

Form s nae agetd PRapr S et £ 4 UARLRY BBty Beblineliy; o BelRo0 e
pronot i reFiyentg thife sprenet i ng agent nmay be formulated into a tabl et,
a capsule, ancq;eqd %‘foﬂeulaall 'sg!alllndcelqr anyles, pPasdd Ll 88, Ecﬁoﬁdﬁfénot%@d
paste. == Method for culturing neural stem ce? ls == Neur al

st em cel 11§ /¥ -eREVrbAREMIAGVRAT SEBBIEAL S ceMh§r e frte . cafirug containing
di f f &r ertdrateas ratnoaaweona@r@dmm i aluse@lih Sas GUl ddR @br AWML i 8y eme
10 cells in the pres nce of - can%eﬁftigpress their asymetric

di vi si o AdTENTE s Stvé ‘Eh‘fefug nFF%"El nto glial progenitors,

ef fectively causingst het spktifbmeMal 10hitonl Yy thecniewd asedtembediss or
The neur I al | L f er.at Limted by
et hod isaaer ot ot SR8 FEAY PEFOLAhpet LOFALE B bRhnihd s
neur al stedm-cenr¢wrlar elt solvared netwllm pEqusttiag F@NG as ant acbnﬁla:alﬁé

the meursdr_st emrgehh sy r Angf seah_lﬁnexaaplﬁawﬁé UdR 28nEE Rl aREIMAUS
tissue of an animal, in gartl cul ar,  hi ppocanpus, lateral ventricle or

its peri{ifers S*PrEcsingECHIL UANFeFEF CHRBALE 0RO RRRRCRE bRt REMaHiardn
i s not &ﬁes;bﬁm&ldm hiknhéed fas h@ﬂ:gataﬁzgdaﬁﬁ r@ﬂ:lﬂ@ﬂﬁ@lpﬁt@ﬁhﬁel Ithear e
20 obt ai ne f c{sgg ng a fetus 3 erraturc; i ndi vi %%d an adul t.
ani Lot L UEF Y By i Rvafe ] BORG Fot Bt ar auy i edPrd Gt
deri ved degonbinstpeci tecahigue om tieehiadal bgnigreafier abiieht hhe gde anl mal
s q5hur@@ogg%@ammlacmwe,t Qlagré&esshug% e\&ﬁ@glg%gyalln%m

are prepared froma tissue sue sanpl e y be ‘préetreate
appr opr ii@tgPguctHem ek arpNe, vitfepupkantdiiestaaneger | hcpddnp id1kedin i an

cell agg{p@ﬁ@b?ﬁaté Qﬂ k@é@ﬂo\ﬁede@@ﬂ SinAByte sdb§§c9§én%t edapdpesicgahl ¥ R¥e
pi petting or chenica an enz e enzyne may be sel ected

from t hGSETGE_L,T B‘E:‘E‘i‘?%’r%/tos%&lﬁsBfuﬁﬁﬁs‘f%té&ﬁadﬁﬂ%é@r?é?éess a peptide.
Al t er natEcFeLymanedr abosit@m cebh s niayulixe @ixf ﬁmemajtatreﬂy;f R, 36 may be
enbryonic stem.cells (ES.cel |nduced pl ur stem

(i P§ cel’ s? a%&% éxa 6 StheEgg:ﬁg sangr’ FPERER s% g(r%e cu 1lfraeds¥nthteﬁls
pr esencengfuge Ia@megm@tthpét (mogtnvémml@xagmbc(nw BMHial) 10x GMEBbo
form emyyqaig P@qﬂu%leﬁﬁgrboli% HELRE . F ofdTedaby; @fdiang. Nogg) R

protein to a nedi um of %url potent stem cell's deri ved from
di f f er eROTAEEE TNy 8VaBREGeoPPFE |V REPARL IRTGIMAY gehers6r Ke s ce

| aevi s igrintroduced i nto cuI tured manmalian cells to transiently

expr.ess the |n pr.ot The resylting culture supernatant_ ng
Gsed(1 1o sontCetrAReRL he Sotoi daF ATGEYS e Bun Thaeaal P the
noggi npmeteah stea.cellb imghrbhtrty be axpedssByn desmxctatamg dthexiBs:stihygs
obt ai nedierLhe ngyLal.siem cel Ie.canybe 40 ALtherentd tedoidl o,
neurospheres and ther I'turing themin a Tree

suppl emerpegs W chEHF-GRi nourpl 306 aglhy ) and DNA encoqmg ﬂ%laﬁomwam
cel I's t hyscabpabmad ar eGent 14 E»llgf'éﬂsge‘éo& § Qe 2R 6 BMo 311G «;_I'}Qpre851on

m nutes) and the precipitated cells are resuspended in a nediumto
pre&&revgceaﬂ%asb%%%ﬁs TRBHS - t%@e%%n?n&r%orstéé&éag.wm expression

vector can provide an effect of promoting the self-renewal similar to

the medicament containing ECF-L, on the neural stem cells.
The promoting agent may contain one or more substances other than
ECF-L, selected from substances that act on the neural stem cells and
30 promote their self-renewal, substances effective for maintaining the
neural stem cells, and substances that promote the proliferation of
the neural stem cells. Examples of these substances include, but not
iimited to, EGF, FGF, VEGF, BDNF, PEDF, HGF, IGF, PDGF, and TGF.
This promoting agent may be formulated intoc a dosage form, if

4) necessary, using a pharmaceutical additive such as a carriex, a diluent
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5 plates at 10000 to 20000 cells/cn2, and incubated at 37C under 5%
CX2. The nmediumused is not specifically limted as long as the
neural stemcells can be cultured. Exanples include a-MEM (a-m ni num

essent i i I ' i fi e i .
VDN (128 n S Thery FG! B RERE Rl DAY Rl By HRELUT b o A e
the 10 stld iperevaknofn ttivetimssr gkikiediniediiesacont Ehaidegagn feffreds ingd
amount of,deGF1kai sy adeleded st f@ngﬂgg' UM L0s P imatesd g ﬁro?t%tfihlﬁ;?é’@é’fﬁl.-
The effective concentration of the ECF-L is not specifically lN'nmted,
and t hosE*SSPFPIRt 1 2ERBE aftY OanfapPtiairrat 2ty dérBl At né iCRPERPRNdi®ng
on tihe neunalios! eniGentis, terdheiell tpdad.c1ébIewiRdsUmmayagest ai n,
other than ECF-L or the agent for pronoting the self-renewal of the
neural stemcells, an antibiotic such as penicillin and streptomnycin
and a growMethadtnr celguyideChReub&GsteiCeedlsand LIF) effective for
mai nt ai ni ng t r S c _ LN i oli Lon,
Whi h are Cypt ool Ty GSad o U1 Far naraurpyl g PEbS AL oLL Al EhhPha
sel f - r erlBiégrpebifatic dpemusirrgaz=nd glial cpidspeliudicuse erfi eghral tavgn

havejgbeefigel {1 reRepetddiseng: aceul tdinesaBtned aeeql dhPehnd@ith@ivision
present invention are highly useful in the field of regenerative

medi ci néndFéPc‘é%%‘?ﬁ‘ﬂeefilfg%ﬁ%’ﬁlléﬁﬁ‘a‘i‘i“d‘r’fooﬁléa%£€§§a%§/°% SbEnt I GrLY
sel f - r enewedngetialses e geldls of Nbwl a thyshemedl erah Aewrsal ti ssue
brings about differentiation.of newbo neurons at_the site of_ . .

Cr anopl antat i OR° PeERhEr S FRGF AR A Shiera 1o i f e gEe drfieY imitea
pr ef er allveatiegthodhessshecid@gadgh thrn.anfomkexéuphor i §rsewewinrahwhbeh the

neurgl sfem.eells, taibe atf’ea@émﬂ&f‘ha%@c q%?}@@da | $ohdend eakodiithie
species 30 of the aninmal (recipient) that w _ungergo
transpl &Meabeeiel PEeT Feddfe Freferablce eramRlashéngbity ai el sy ous

the recigiis@at, obuh ddinas, NGl phecessay, | ¥isdcahpuaddizkbom v@niet bd cof
preparing the self-renewed neural stemcells for use in )

transpl aPFOIP I Ynot " Ep&ERTT CHI F)°1 THIT ORISR ThaE_" kil EB® i P
art can idehet dpreidncapPpr Opniaé@ arellbng.ad-desBbe@xanphe,stiehecells are

sel Tr engwed, pgural..3hem celd s, Jaybe, suspended 4, 0, ged um ar buffer.
Al ternatively, they may be prepar ed “as cert aggregates or cel'l
sheet s. WHidedtkeapecoés tdfe tat oruimedt Forredhiebi Pieeneursl miem cells are

speci Ti cRlliyebifl hed fochientans, the: GaNditiQNpolsd e keCh A €AE dfimal

expected to be inproved after transplantation of the neural stem

cel I's. 4F Bi 8e%¥eLrasdsBRIMRe@THPT HHFEUFEF BYETunction are preferable,

and exanpl eswhéghudeal apiakl Ts LBk PriepsSr&uEhoms tSRisNa)l aCOlsueNathbY e

neurQdegeneratjve di seases _such as amyotrophic |ateral sclerosis

A ZHei P To DGR ERE 8 S Ph ARP R ¢ S0¥ S o 488, “HTBgre st Ven STt anuer e

pal sy, lduetimgilordsirdisbhsggravdtdspl ehsysvehval rophy magritk Bissociated

spi ”OCGV%E/EEFQ 1,AL9X) erdd Q%“Eﬂﬁrﬁi %%%[Q'Q&'% t Qnzyfe@ EXATRLE.

i ntracereBra %fm?ﬁ%gee, “Stbar achnoi enor hgge,zJénnd cerebral . oY

i nf ar ct ikenselgrtaddi tdophosrourad st unkt FoAh assoeirfiarew chl haranase -

aging, if anyaicamaAaliseipe ddeated-dy dnansphantd agsseldidiapewetkon

neural stemcells. 10 == Pharnmaceuti cal corrgoa tion containi n? ECF- L

—— 30 embryonic stem cells (ES cells} or induced pluripotent stem cells (iPS
cells). For example, ES cells or iP5 cells are cultured in the presence
of a low concentration of retinoic acid (107°M to 10°M) to form embryoid
bodies (EBs). EBs may be formed by adding Noggin protein to a medium
of pluripotent stem cells derived from differentiated cells.

35 Specifically, the noggin gene of Xenopus laevis is introduced into

cultured mammalian cells to transiently express the Noggin protein.
The resulting culture supernatant may be used (1 to 50% (v/v}) as it
is. Alternatively, recombinant noggin protein (ca. 1 pg/ml) may be used.

By dissociating the EBs thus obtained, the neural stem cells can be

40 differentiated intoneurospheres and then culturing them in a serum-free
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A pharmaceutical conposition for growing the neural stemcells
according to the present invention conprises ECF-L or an expression
vector capable of expressing ECFL. 15Culture of neural stemcells in
the presence of E ronot.es Al wal f t he neural stem
cells. ccor Slélf’%%mv\ﬁg = Wl%arb%rgge?ﬁ &8 %E Smlqtl on contai ni ng
ECF-L as an ad‘&lﬁ\ﬁeeurﬁgrsetd:ﬂemlhsstlaldsrrphtstre&dedrt@eatpafugmit (3G hoa 000

di sease ﬁ§r§0§' @5 ePo Wlﬁht@@)ura‘lﬂd gﬁéf 1'p@@atéchece§.§U af@%‘é@gp&gdé&%n
neural stemcells of the patient 20 hi I f or herself is pronoted

and the %é‘&ﬁaPmsttOeﬁif%ﬂesaa%UaﬁPéwltO@ pridiay eblg eelinege feeded in
st emsceldisicgengy atoeo?le;w mgu&maauém |aﬁﬂdlrﬁkg.aﬁa@eﬁegﬁﬂefcahh@@r afs the
ti ssue. Exa es o | Seases S lLate W ur al
dysfunction i HEF&E@DPP%W&&SCH?EFBFF%@ "sa\.c}c,lﬁ %ﬂé“%ﬁig %lbgr o tﬁ]ed‘r“;}‘,ral
neur odegaiar atlyve & BkSeastseauC Exaspasy oinfQphk Cotater@ah nseinosi s,

e e
spi nocer@lﬁ@lcpar; atmléleférﬂﬁhb@gpeh%llm@eatﬂh déa wentf cﬂoremmtemg the

i nt rgcerghral hepor Lhags. nsubay achhokdh henmBht hageg éﬂde%c%@(r@amount
infarction. The dysfunction of 30 the neural stemcells may b

associ at¥d B rh Horaddrdatp rige ’Fﬁ%”ﬂﬁd:rorrﬁé%‘ﬂ?"r%&Iheéén‘b‘?)]sﬁ‘trieﬁﬁwal The

accordi rt@fteetHRQ dehesettad ivest it@B mahQ&oECEpécﬁ&camﬁthYEed and
|ngred|e h]ﬁ]éo entratlon of ECFLlnttI har maceu
ScBh bE

conposi t1 | apPriofy Fat T3f ARPEYRA &G B ﬁ%g%ng k’r‘i %8891“?1“1%811
art in ocorsnderal isarmofelhe thi hal cB3wedcent ratl on required for

al | o ng the @ﬁé”}n%hu?rﬁ EQ%%SH:%& Ol n'bﬁa%rﬁéze L oﬂ“ Q%‘%(%é}{u?&'mg

corrp03|t| on may contal n ne or rmre subst ances Ot
sel ect ed-Her 6l Subrsreane eaf ttHmt naé¥abrﬁt@WeCﬁblﬁfalansﬁémltﬂatll§ aneh as

promot e Jhekk 1 58t bad SREYR omySYRSHANCES- &I eClded rE%!Ent};?f'dﬂr' Ndr-o,
them and substances that pronote their_ proli feratl on. _ Exanpl és of 40

these st Iaﬁ%)e§flfﬁ6’Fh‘€Fefoﬁd‘talﬁﬁf‘l?’rrl‘ﬁ FEG Iiedlral%@te“FGFl VEEET BIERS
PEDF, H@EheikGhroRDEratant, Which are typAcHRTY aai@ENtopraducedndhycells.
formyil ati ng a pharmaceutical conposition containing ECF-L as an
active ingredient can be used for treating di seases associated with
neur onal==dystupttdedd-r&fdvesl medrehmerem cslinrsrul ated into a dosage

formw th, if RECRISAI Yeeft RAALMRGEULAdh A0LANLARLEa GBI AL & cultlge

phar rraceutl call'y acceptable carrier used herein can be appropriately
from or dieY&PY 3CEPEAERS LEEPERTCRGR B ATV RRE Pitap hadéght e aPeEBhbo SheifdRlto

be pr ep&ffeﬂege-H&Q‘af:Q{}énrr@th&hﬁé regb € aneild St A sRBEhEl GabE ¥\ hdddde@ey
| on %};esgﬁgr mis suitabl £ for tr at ment nedi.canent y

be ?2 r mf P&B I HUGE Beetf a8 8t °aed1 &t 1% é‘aé%%?l&“tdf’ﬁﬁhlrbeélra
povvders,t:syuapqrzalgenamﬁjtcdtbatmmabi@t ofan@orirmmohéetbnscheane site of

capsul e,, I or | i,qui., a
conf ect i ongrggf%%tl%n’ %%%e Fﬁ% gégge&) ab?etédéH d babe L4,
cont r ol Ire¢frehlebs thgt &halwsc l¢h@f115tlerrédrlcea1rréﬁ@n¢My Beo ohath dhedieagal

i nj ect aljres éetnclf}, as }:Jel gfurgglah@@a Iaqesobt%mlaal wla@m@au% thehe3qlid
i njections. This medi canent rraﬁﬁte conmbined with a different

phar%céﬁft?*tea?n%ﬁéﬁctlpéﬁn‘é’l SRC Wit h upAe S bY FeHeRbRRPR. It ismore
phar maceiteireahb Beldhbi it abhot S sNoke Idaffiet £6 vaet dieipitehe, phesedtis not

medi Cane%&:e(s:ggzgl ynssoone‘:tn addition, a method of preparing the self-renewed
neural stem cells for use in transplantation is not specifically limited
and those skilled in the art can determine an appropriate method. For
36  example, the self-renewed neural stem cells may be suspended in medium
or buffer. Alternatively, they may be prepared as cell aggregates or
cell sheets. The disease of the aforementioned recipient is not
specifically limited as long as the condition of the recipient is

expected to be improved after transplantation of the neural stem cells.

40 Diseases associated with neural dysfunction are preferable, and
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20 of the aforenentioned pharnmaceutical conposition according to the
present invention as an active ingredient or it contains two or nore
of them This can be appropri ately determ ned by .those skilled in the

1 f L. T, 1
Soni al neATLER L e AT v Prom T eteant eherasttr Y he
25 ani nalewsdepenstdijiget dt@ea/stuschutﬂneatmdlyomlci ﬁate)rable sclerosis,
adm i sterad:nEor exammbe, whan;Lhe Sedicagenty)ch, 3001 ol SAGLERI 0.

human, it 1I's prefe I'e "t hat a phar maceut cal osit1on Containing
ECF- L detdlred Promitaheans s aagehowrttorddnens e mtrpphyedindament

accorsdi Ngpiti@cbhepPIesent a3t | RHANLEL O N2 BELES SRIY t8MtY Qbnble
medi canent can be adm ni stered using a suitable net hod to a subj ect

ani mal HRAeRS P g & eBPTHRRES -t APaTEChoodd| yddhege perth e e TR dose

of the rmdaaf:raerem f on ttcgﬁrtapyt aﬁ@mail Ags tondtienpPsesetilatieBVRIEH Qldbringl
approprlate term.nne a ici.an_or a.veterina i

cons: derdtirgn o =5 orgranirs, PR R Be St S aais vt nve
nmet hod ofteadreblstration, the age and wei ght of the subject, and the
condjqt i on of the subject. The ani mal to which the nedicament
according to the present invention is admnistered is not

speci fi cal Ararnaseddcas rompsasieneceanviadning EEuffering from a

di sease that gaghdienaalleviat %@mpystttt%rﬂgoprg%wtﬁgaéHeOHe@Ealt Recheinak
stemcells as scrl bed above. It is, however, Er ef erabl e that the

ani mal  iFETAMRAN DTS REFRAAT SRR IR fORBREIES ECFTE Hord prRTeTsitre
that t hevestioratapaola btﬂnmprelasaﬁplw 1h[ Experi nment aI I\/bt hod] ==

d of count | ivin | ue and
10 SJI% of a sugpgﬁ% on\éo’fllglLlr glotgﬁerf]l Etllﬁr%)rbécrkfﬁ%gese %gﬁ}vg FoHeS
bone marthewseds-mneedland ttihaenmlmljrsetavoasebll@ppédcwdnalgﬁenvdﬁroﬁet er.

The numigy, Qf  UBSERINGENSEL 115 ohNe 4 G 1 SgUAE LS, Geagh éc?&i%re 1h€réﬁ%nt2y

250 pm) was counted. Since trypan bl ue stains dead c s, unstal ned
cel | s arié® PRPLmEEtEaIEds to == mabigPE ot Y enBlisenss §§€|@°l-aftqﬂ yathereiral

aRest h]?tdy%ﬁdnw:ic:fh At hydi ﬁekbﬁéwalaﬂﬂ hﬁﬁsggaﬁang@e&h yceén;isp@f ftﬂ%%ﬁl@h@
t he eft ven I C Ccn nouse t a e nee e connect t
o LR b GRPERTE G PEPRGAY CHO LGS o0t S PEGERAPTER RE 1118
tur ns frt@mpn:euli@:ag;reay Tis@ et neTtainistefn débipamaherard delydeuqid,7tl)s
was perfl%%%‘i‘nb”té":?eg%n%af%% Le Hﬁﬁ ttl%% Lissue. 20 == Method of

maki ng frozen  sect rarn tissue fixed in the manner
described aboVraweiss efvliedasposespiiaikdoyetinpghtal dyadynction include

par af or raldehyde 1@'Iju.4v:§es angot Q@nsﬂ)ﬂfeﬂbebgé ﬂ“\/ﬁf i gH&uJi‘dH QUerative

gl ucose-PBS solution. Thym c tissue was simlar treated as a
p03|2t5| vECEAERDISUCHr 2% HEYBFEPP T &F‘Eﬁr@elsF%em% FOF et ey ' fedisease,

i sol at edrafrkonsdihes afiqeeseNtdireaeds Hiad @;ubk&ﬁtbtﬂe&ﬂdp@l@ﬁddﬁdthﬂg@rﬂsT
corrpound Ti ssue k Sakura Fi pe e_cor on%l

t
secti ons E58R° haWi njble T Ko ds” y14"”‘5?*?1 et I?é‘-’cﬁﬁag #])r/a Mot fma"

frozen tnwgueabe;tam&nduhetq,oﬁpraéxafrmleabr anmaqertahe§1 Mewdbrveatei cl e.
These segchLonsy V& LLIRULEd 0N MAS, £8at.8d; 948358l 1 d&8%c gysfunction of

30 the neural stem cells may be associated with normal aging.

The pharmaceutical composition according to the present
invention contains ECF-L as an active ingredient. The concentration
of ECF-L in the pharmaceutical composition can be appropriately
determined by those skilled in the art in congideration of the final

35 concentration required for allowing the neural stemcells toproliferate.
This pharmaceutical composition may contain one or morxe substances other
than ECF-L, selected from substances that act on the neural stem cells
and promote theilr self-renewal, substances effective for maintaining
them, and substances that promote their proliferation. Examples of

40 these substances include, but not limited to, EGF, FGF, VEGF, BDNF,
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30(Mat sunami d ass Ind., Ltd.). == Inmunohi stochem cal staining ==
The sections were washed with PBS for 10 mi nutes. 150 gl of 0.3%
Triton X-100-PBS vvas added dropwi se onto the sections, which were 35
i ncubated for 3 _mnutes. The sections were then incubated at 4C

over ni ght=Yr EFF?,?E’% 'oFP8F hathts "iFth a primary antibody diluted with
a bl ocki ng bquf eedidsuantCc ppbdted GF Fomuiestagni narinheescoiralol
sections_were. ncubat n t he bl ockin uf The ,sect i
vere vasHOTuERepRErEgi T AL o sl e S e o
room 40 teaafendt dieedsers ashourabedt hith secgondal yWyaftunbodsn . The
sectipns V\BreTh\ﬂ@S@%éMmtthPﬁaS qulfuuigtéa NYLeS, tcﬁgsea%et EHF@’wﬂ:@Ld if

i ncubated for 10 mnutes with Hoechest 33258 ( I gma- Al drich) di l'ut ed
1: 1000 iRFPBSAEY cORMEEMaFat i R Y ndesitabThecagderons'fer e washed
twice vvlﬂﬂhrﬁﬁseiﬁ@{cahqynhaég;&%baedcémrérmmqe%m aherd | fpdbstiddad
wat er fo%rdjSmn(gtes 5 The se S were popunted with a_nountin g

medi um aiP oBESRAEY GRS ‘? E@e?{béhﬁpélrac’jg‘é‘é%‘étlcﬁal afm =
| aser sdan prepansd.opthe [foranpE ecll m$hic$an@rami)b elcS:hG‘chiftaialayClJirﬁJlﬂe@
supeynat e al. 1 r n el | s . (endot heri

pr ng(;,‘ogl t%’rﬁl cg%l -%g%hﬁﬂg‘ng ud g-'a%gg deri vglgi F“ce)?ﬁcrraomuesné: [Bac%é)e
mar r ow hirmanaged estoref qgmamucﬂﬂgaqhéabéﬂ peaenale obravuled . sewinrs,

cells and,ap, e&éﬁ@érﬁf ao@eéa%%lb@gtt he-Jnnbel - 9f rd1RQIsk JURYUEDY Al dhchou,
vivo. 15 I'sol ati on of |'s derived from bone marrow ==

Adul t m%éh%@bﬂﬁ}@%‘?t nﬁldé',OPS 3 Bihd Wé%k%lé’fu%gé,c%feciﬁ‘?n%@r gablet,
anest hetd Z:Qﬂt%lhediiﬁl@&é.lseeEQBIetﬂnd.naaﬁézilﬂcﬂd]ﬂ@dbyeﬂ&‘étpigtrathé\s Or The
cervj.cal sn |ne d%slo ohol , fenur

th i
nd 1 oI REP BT ABVAT S AT 9 PG AR T AT 1 EBe AABaT e ore.
ti ssues rlandnt endonsoner earci eal‘ie@i aveytioom t Hese rgliesmest ngy be
Ki i "t h. 700%
| mu pes, ; RRaN, RApPer d%?&&t%hardré&uh?ka@%.p‘MsEE %19 rﬁl%%gag%%g

bones of ten mce were put into a nortar
(aMEM supsirernent sanas Pharossmscal 0ditiivs#m penicillin, and 100

pg/ M strept omKCi @)ncand ; WeE &1 GHAUAGy cHhi $rbONG: REAHELNSUSREASEOR: Was
filtered b§§25 centrlfugatlon through a_filter of 70 pm (cell

st r &’ner°2 358 a?—%ﬁeé‘l?ﬁ)tl D3 AREPRERY 88‘PH’°S§G§BEn§‘FWd\k§§ to the
recover gtesthe neldntivspensinoActrs dagtedidigedratt 280tXims @b or more
8mnutes dth ceII el et _thus  obt ai ed was. resuspend by. .

o att rar Fhe e eRbr bt A 1EEniB 2 BSURRRNEEH 1 sn cpe
by Fi coldrt== It is Pr5f¢r¢ahife thit Eﬂkpemmmﬁ wasrogerdtdicd L opopaeitabn

col d Fi Qﬁjntaﬁﬁéﬁ(ErJ tgggln?eﬁlcaﬁeﬁg-qzjdgémgd fggmﬂq‘?é Egﬁi@r%ec:les of the

Bi osci ences, Inc.). This was centrifuged at m nut es at
AC. %Phe %ﬂaﬂa%rt%gu%wtr spethiqbe ke rr@edzcmﬂe%? Jt%éﬂ%@éﬁfnlwﬁ%@t e
filled wddeBamplf wBonadMifRS MRS NSChbROn i He@ eliN€o ROHhOEL Ofi d he

i ntermedi ate | ayer (Il a ero t he

remai ni op_| to col |l ect the
mononuc s Sap fLFhgf % BETTm o Lo th SomPRE Ci P Yt Iy Ghed cexived
centrifuged atm&80 xg for 8 mnutes and the top | ayer was then

di scar ded. Th% cél '398944 Eﬁm!/\&?ssJe%SE&??S%QQ‘EQarPe\’n&pag%}d ’P% L8 t%er% ent

EGW 2 Bul | et Kit rum (Lo was use
nonofuc|iswencedh, SuSpeasspTy, amount of the medicament can be administered

using a suitable method to a subject animal within a range of dose that
is considered to be safe. The dose of the medicament for therapy
according to the present invention is appropriately determined by a
physician or a veterinarian in consideration of, for example, the type
35 of the dosage form, the method of administration, the age and weight
of the subject, and the condition of the subject.
The animal to which the medicament according to the present
invention is administered is not specifically limited as long as the
animal is suffering from a disease that can be alleviated by the

40 proliferation of the neural stem cells as described above. It is,
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The nunber of cells was counted by the nmethod of counting |iving
cells described above. == Cul ture of endothelial progenitor cells
derived from bone marrow 5= Fi rst, fi bronectin solution (50
pl of 1 .mg/m fi e tc dilute 25 m _of PBS a

to each WG 5t %- e\j\%—/glrlsl ?att% 3 tLﬁ?en aén\“}% urre of "5 nf* B e?“a%‘%% V\/%?f‘ﬁrcglan
wer e i ncubained Ijl/arsnmgm pa’tefBi‘Gahmctmasth ammhlPBS & dwprovi de

fi bronectin-coated plates. 10Next, the bone nmarrow nononucl ear cells
obt ai ned by using the aforenenti oned i sol ati on by Ficoll were seeded
in 6-welExamoilBEonect i n-coated plates at I x 106 cells/m with EGW 2
Bul | &t Ki fexpRekHERt ANGeiReapat ed at 37C, 5% CO,. On 24 hours, 7 days,
and 14 days after seedin t.he nmedi um was replaced with 3 n1 of fresh
EGMW 2 But &kt 1% r?é’&?‘ﬁf%ﬁg A ifAeSEUit dre was continued unti |
adherent cel | 3obpraie teophh Ualite amﬁtho i £ nBtdhiegehBadn ick &uababélaal
for proll fer atkon oflltsh end%l t%e Ocelml§ ovgnvj,a%/ %Qe gnd%t @ge mlxture
progemtor Eerrs seiedtive y pro T'rerat & FOM T hé& Hone marro
nononuc|veer deebped aht erhabcgayseoir cufhteamanbFneste uazlel:hsnwsbrceltls x¥d 16
Wi t h 4% far mal deh tifii th i-t.ar
R e S B T e
i munost&iirAgiedd wall sasuntieinedcet Yisared- Lbiingprakks abi lity, which
was exam ned by addi ng acetylated-LDL |abeled with Dil to the culture
medi um before the fixation of the cells and determ ning D I-LDL

upt ake Bas&d*Bh D I°E28°FFUJTESEENTR in the cells. == Col | ection of

cul ture super Hatantexdf aeasitididlziedl wptogERELPL eae:lelrs ﬁlmiRBedwéa ogarhcalye
mar r == the 21s fte di a. cul ture medi

endct hel5al uﬁﬁdplrn(z)cge%}ﬁ g%fge‘ﬁntrde?l ved F“r:%rrnn ugﬁerrFarHrar oi\;vgn\ﬁguge teedle
aspi r at etpnngated e T ok Susverre pwas wed cini itshf 11 ked eithvEIM Hedf (ARS . After
(DVEM Fldie( 13 therQO%n( Q8 /9@ gg:la tag@ o) (73 FMos §Dq‘.§a1%@formaldehyde
bi ocar bonat e %13 4 , HEPES (5 ,_insulin (25 J2g/m),

transf er #h 7¢ bowap?glpﬁfffusiﬁ dgestadforiE F36 ﬁMflxs(‘iB?u'Fﬁssgé’ieenate (30
nM, and purescine (60 pl\/9 Murayama et al., Journal of 35
Neurzgsci_e_nﬁe Ee%eaf{] i 837-847, 2002). Then, 1 m of MM was

added and th&"UITUME \]A%% CSREPNEEY ¥ aaditi onal 24 hours.
Thereafter, tABeerdinmivase dakkddinethangnidd desedbeliraegh va sOr ehlovm,
filter GodRroduce odecondid  oned IR, o AOLAGH AanBl GARN Afbacea

cells (EPC The condi ti one um was ‘store -20C unt1 ] use,
i f neces¥&ryiglp in=30prepmiostsi-8RS oo ledrant i Ghe ereidisveorae ridiner iyl

progeni il ds debkyed d rRmboner dJrmhevp i iHeeapéoreneat i oned
collected EPC-CM was filtered by centrifugation at 2380 x, g for 30

ni nies usi ng E&ﬁ?ﬁﬂ+nlr?§iisféat d from the aforementioned braid tissue and
embedded in 0.C.T. compound (Tissue Tek, Sakura Finetec U. 8. A.).

Eighty five coronal sections each having a thickness of 14 pm were made
from 1.2 mm frozen tissue between the rostral forebrain to the third
ventricle. These sections were mounted on MAS coated glass slides

30 (Matsunami Glass Ind., Ltd.).

== Immunohistochemical staining ==
The sections were washed with PBS for 10 minutes. 150 pul of 0.3%

Triton X-100-PBS was added dropwise cnto the sections, which were
35 incubated for 3 minutes. The sections were then incubated at 4°C

overnight or at 37°C for 3 hours with a primary antibody diluted with

a blocking buffer. As a control for immunostaining, the contrel

sections were incubated only with the blocking buffer. The sections

were washed with PBS for 10 minutes three times, and incubated at room

40  temperature for 1 hour with a secondary antibody. The sections were
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5 centrifuge filter devices (10K NMAL, UFC9010, MIIlipore) and the
conditioned nmediumleft on the filter was collected wth a pipette.
As a result, the EPC-CM was concentrated about 45 tines. This was

used as concentrated EPC and was stored at -20C until _use, if

e cosaa i engg LA e N ARt R L TR S S B et £ SR o e
The conceintr abechd=RC3CREassionbusbdriait) odt hec seriebpad Merpsi cbes of
m ce usi i io i | 0 . , t
Dot o urEeFha Tl PR ARE Dh ect LMD, v Sl dElck B AR, S s
i nfusi onlGaBsenttsy andgheatvashed wrhh Gpergrddoft iHedoetrat Eor Subimy aas
15 atgt achRd skt forkARRLE and 't A ﬁifh'a{qfrﬂéﬁhgﬂn%%dtihﬁ AR daF der
attached to the Al zet punp fl ow noderator. e connections were gl ued

t o each otiHEPTERETIH S PARPRTIPEaPE adtiedrGel 1aPeZdareT dH,cra=aeRt h

adj ust mrent spacer of 0.5 mmthick was attached to the cannula for
brain in Eusi o? aﬂd gl ued usi ng cyanoacryl ate adhesive. This adjusted
t he dept h*6fPtfhe 20 remai ning cannula tube from3 nmmto 2.5 nm The
Al zet osnoti cThusExwaelei thed whth 2 heilcoreemipeatnedakPGCMndp tadEM1
(vehjacl ) ti . t e . 1. r end of
e L B e R g e i
remai ni r?d’ccﬁgﬁéieérivﬁébfl‘r@ napge bRhae dmreent rat ed HEGCC\Wwhrpromoting the

concent rahgdaMEM1( 6PALLLL) scONEeN & aLB Gyl dF 225551 M4l 1 HERREMUMRS ¢

delivered froma syringe to, the infusion assenbly. Thereafter, the
syri nge Hndhehe REASREY et 2t Png connected to the syringe were
detached and the Al zet osnptic punp was connected to the free end of
the Al zet flow noderator.. Mce. 7BL/ 6 mal e, 8 weeks of age) were
anes hethé O%%/t]ﬁl F%h(é?’ytsi gr?rﬁ‘(’%u%eo \I;Jj\llb h WP Sof T ur ane and

mai nt ai ned i nAQuBS nlicri KC5TRPETO. Ml el/ A e 102y eelrad offi ged ni At bo)a wexre

st er eot ayi.C+ ARPA, t i |2kl 90 cehNGd, Si
starti n?ﬁseﬁ:ght I yﬁgﬁfﬁgd%h%%gyggﬂ% azlgpggelpl?%e elgklﬁf( Isc?e%%ﬁ\gﬁ%tm(%r

peri ost EAFVEERhERPLPY it esdeldthi o tedhelreas Wese thaed Rk adeolrénmiradr
usi ng a sspatilid. wad@Ar Shthedt ANCRLS: PAGKEY ¢ Wars aiBideni k<. hantdcdecapehak
ar eg, .of ;{‘}@petba k of eacfi m)ucfe and the osnotic punp was, inserted into
theaZBOC . TSsHBET CLH0NY RYEY e EEe L6 TR SERE NGB PERbIHEPOR

whi ch, imapeurdrecis @anneot.edstakddhedl canneleahhonl br ahd HoakHsiORen mice

Anat om cal _points_on the skul | . e r re 40
ot or m (85 KT BE R s OB P Tad i hE FP RGBS Gpgncea
cannul a “ish IraFBSi APasirgrsvas reetiet bl redatd 1 entmér siposttemyoin) agd?2

mm | at erale gLovhdM ﬁ@f@%ﬁ@tﬁ&lae&os@gg n fbstAigepPRgikyON, a hole
of about 1 mmwas fornmed through the skull using an electric drill.

The ZBkulPeniasi tHatddn HHPUgBvREALt el 6ps’ bimcirstdatispiace 2desTatecs)
wer e appindethd Giatevad ddie bedgsnsiba Ganmekavisda br ahd denflushyensasn

Pl ace. wi'eH SSARESE ot 8 PADRGEERT 1 BF SHoti: T Ee et i T S g
and t hewatheescalepawasbg yiigeedind/ iae sr aroye dMEMGABS he St er eot axi C
apparatus were recovered from 10 anesthesia and returned to a cage.

The mice were fed for 7 days while infusing the concentrated EPC-CM
or tfe conéemtatdicmd oA VENMIrRGLanT ageld sr AveFbfold. 5=; ft per hour using

the Al zet osSMPthC JHURRIL1 suspension was overlaid on 5 ml of cold Ficoll
{Ficoll-Pagie Plus (1077 g/ml), GE Healthcare Biosciences, Inc.). This
was centrifuged at 780 x g for 15 minutes at 4°C. The top layer was
aspirated, leaving 2 ml of the layer. A pipette filled with 8 ml of
35 oMEM/FBS was inserted into the bottom of the remaining top layer to
coliect the intermediate layer (layer of the mononuclear cells) of about
2ml. This intermediate layer was centrifuged at 280 x g for 8 minutes
and the top layer was then discarded. The cell pellet was resuspended
by pipetting in 2 ml of EGM-2 BulletKit medium (Lonza}), which was used

40  as bone marrow mononuclear cell suspension.
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== Labeling of dividing cells with BrdU and detection of BrdU | abel ed
15 dividing cells == To these mce, Brduwas adm nistered as
descri bed below to detect neural stemcells and their progeny.

It is known tlirae zpmu:@en@'f etlheunal camerticst ke cepabl e rofowindingi NGy ing
prol i fercaéﬁsrgg | ed abl e the neural stemcells proliferate slowy.
20 BrdU can | abel celT's under goi ng DNA synthesis in the course of
adm ni stration because it is incorporated into newy synthesized DNAs
when adnminicshened od RaaBen B dl b@!@&ém&e%m 16 31,08 OF RQY %BEQ Bl
is diluted as the cells divide repeatedly. Accordingly, in the
progény THhat proliferate rapidly, BrdUis nore rapidly diluted in the

| abel ed 25 celghgsaf tfqﬁorw@c@idmai@r_tlrﬁtkw @foﬁﬁ%/nllnfmeoﬂé%@aﬁlst%tcﬁm
cells that prgl i fek;atemi O%ME)ﬁs)the BrdU Iabe can be renmmi ned for a

| onger p THRT rRf SRV ARt B 6P Enes 6L, Brafes-
was admin st eobmne rodefrhErgmxt wsthed@hesg Waxre anBulchisshorvértigghn groypc
a BrdU s p, ng-term as shown in
Fig. 1 t%%rpﬂ %%gé&r? ent E)Qge%o r}gvge neuraH L?e%]cggltﬁgg%ﬁ%%tshei r
progény (see, NExt Dd‘e*tes@hne | maxGaw| henomclAar| ¢edls) obMirGH byavuvinal rge,

A A Var%r@%hi?ox{éhgg%laﬁ%vgg)tﬁi&d&'la'{ve@n@e&@dr QHYé—ev&ﬂre neur al
stemcells in the adult manmalian brain. 97, 703-716.; C. M

Mor sheack lb€°n§t@'ﬁoﬁteéplééﬁs gert kb%fe(lﬂgéﬂ} wigh EEN-3 Py bl tKifapedium,
anal KSESadrfd'EVﬂaithItf&iﬁ at oz!cozect Ib% cof. gngQEH@lhlﬁs nﬁu%@szsgnimzlgzg?hygrmb
in the adult mm I a oreprai n vel,o nt ,

0 e, addLmm) an. | Srebr ot PevelopEny 185, 2014200 e
pr ol i5f ematdiing, proy ey wastl@bekedecandndetiectteid iadhthentBro@ll s Hesdanteer m
group a%ntbeGeﬁE dUW%E'lQ thégq{emhlog tg{aC&uPs sggaglg'fe %Pepfmfii@graé% Qf tttﬂg

BrdU | ong-term group was adm ni stere rnd”" bot h
of the rﬁéﬁl:oahels%@mceéws cadd trreiendprlrycint mm@w V@Jsl%yﬁ%qr@tswz:ém

vere | ahgledreBicld Wasn (HAVBYRE malirbit fhdrlict BEr | Ahaked: ,0genysjd o2
subsequent ggerl od_ duri ng]g)f’\ahl ch no BrdU was adm nistered. Accordingly,

onl'y t héIL&HER ed THET afS Jfe HPERI 1 Koo MLt R e PREE PWd deh¥ie oifipl e,

5 Kaamagucd&mtefled as Hbaemﬁlaral@i:d:gdﬁaub@seem&,y &3nfﬁ5ﬂn§7§osﬁﬁ@fb)

A speci f] ex i met hod i.s .gi.ven

First, Jel@‘rg rs?ocolf ?gtl odg%\%/as preerlélr é@m%noscfaégo?%las v EW 3 dHeBFdu
(B5002, :SiegrbaEmLbEhppee BbALioy, ()rhg%ll\ta& a;@muaecmumg a@d@@g N of
NaCH. 10;\4&9@@4@&@9139@&%@9 ﬁopstecr Easpah%rgym@@mnnge&{la

BrdU stock Solution to 2 water for total 14 days after t

pl acemerfti*8fipher] ﬁﬁﬁsF%H%?@énﬁ?"yeﬁm%nﬁh%l%%Lnupqﬂ@n bagpd 9f cPéI
wer esgi igdRokegtdfe dni bké ne1wat er wit hout BrdU for one week (Fig. 1,
n =7 for all of the BrdU I ong-term group, the concentrated EPC-CM
adm nistration 15 and the concentrated aMEM admi ni stration).

Al t er natd=vebylectidayst aftlenrt hepelracementofoénddithdlnblisiwiyeasseniey 1
the afo &q@@g&o%qhgggg %ror%gl solution was injected intraperitoneally
in such a manner t of the stock solution is adm nistered
per 1 g of bofy theidgist %mdaﬁtkﬁev % gl nge reeceptr ef e d igdi & flomehd S Heddps

(Fi g0 2QrbgeRifto3ctols @le!rl@éd B Em Blodl I%WOK'J & TLE1 O, teﬂﬁi the cells
concentrated EPC-CM adm nistration and the concentrated aME

admi ni st4e&€i Bghed with We?ﬁ%ﬁ%@?@lu“‘? (GHEY-5%3 L :the E&P&Eé?re?ﬂ 6§ -

t he inf lgameammenbw,, sb&rmBi ecamentbet1zed oy i mivadsat ¢ e (1 nEuaded
with 4% sofl a)ne and pmi nt ai ned |n 0.35 1/mn. N20, 0.15 1/mn. 02,
and 1. 59%2PsBF Tran&FaRer 95 ¥pdho ] /8l ¢ RIAIRSEEHRn 2ohaM nfirsioh

assenbl ysehadabeen Ophnpﬁda.ndTbﬁrésbtﬁ&eOﬁb'di het) i, nfrusd vamaass edmhl, y Toas QU b £
and gshe \ppen ln?qi %&%ﬂ Q. T%:%r ;é%p{‘;ﬂroaozf)or Hus] Qi o"i‘aﬁmﬂv%%‘%ﬁed

usi ng cyanoacry at e a esive. t he opened Site was
sut ured an@ntft%@ulftomeoWﬂwgowwue@h@raMimaﬂcmelderst %ltecc@laft;xas, the

I nj ect e%e'd@&ﬁ%%r EBMeldyaﬁ@ fil_’r!ggred through a 0.45 um filter to produce
a conditioned medium of endothelial progenitor cells (EPC-CM). The
conditioned medium was stored at -20°C until use, if necessary.

40
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30 a manner that 50 jig of the stock is adm nistered per 1 g of body
wei ght and the mce were kept for additional 3 hours (Fig. 1, n =4
for the BrdU short-term|d group and concentrated EPC-CM

adm nistra =5 C r Sty at . t.he
0 ShGES e 53y R SPDSILE LU STLEL A gL S
adm ni st¥satiived, f¥owe bonﬁhealrlaqyi gky proliferating progeny were | abel ed

in the BrdU shatt 5 &rdR-ak 9uR=@NG10 Ber B ddcsharfad et bdegnpup in
which the mce were sacrificed 3 hours after the adm nistration of

BrdU. | FareiBrerFitngtt 8388 gr Gupor btht MiBrteheisidgr APLQTe MLEER IS and
t hei 5 pragery ruhose 1NA wesisssnthesimed., duﬂ:sﬂgld hei Bl tldre) and the

adm ni stratj.on i for 40 14 d n.the_rapidl

r ol 11 orsi TP aRHLUR 1 SPabat o TEEr K% BeTeRAET TG ARRFRRF s
t he progeny whisvilde the e oveeks abtesntirheedampluet4oninés t hehBr dbls used
adm ni st i her

proli fer%sfl}%g&n%l}%g%ﬁﬂgméggﬂr{d%g Et% #Qgelc%odgcuglte?mlsér gﬁt %é%é)a%y
remai ned even after the | apse of one week 5 fromthe conpl etion of

the BrdU.adripbshdil ic@Ninfusion asdé@Syesc0brd e oF fﬁ?cé hat have been
gi ven BrdU as descri bed above were fixed usjing a nethod of_ fixing

nouse tissue, TRRFPREVBrHSY Bbel ¥u¥a VRE RS t‘é‘i‘cl Ehﬁéﬁéeﬁﬁjeif?’éﬁrﬁ%eé
manner desaltdedihelOwetFbifHin Iﬁhﬁsﬁ:ﬁmﬂiﬂ 3 Yewgauhl ed ekl fdoahtdieet
skull and a brain ti 1 fromt sku f.rozen
C Ssue. SEEREaRe e (338 ERc ATRD) erR FPRe R S TRCS® BT AT SRR or
30 m nutieguandn |sgEsembly usisngut reu . stamhem't cdl tls¢ @nhager E@blmdniwss
pur pese, I % K S

D1 ocfe g Ur Ty R, 8 R Ees %‘P%rbf“aﬁe‘e%%%?%ﬁ%%ﬁ O SR A B e

1: 500 dlq%Fhérﬁlz&ﬁdpll@ AllevzaﬂqﬂeaéFO%aTE%rﬂé@yleahwn%weéﬁ Jiyedahe |el§‘66y

(A 2109%thM9I @@ﬂ{galbygﬁ@élﬂéfla%eMSQereUt |I@Ln}1d&\@&'1%nusgdié%5thpéaj’@é't‘x’nent
ectively, to detect Brdy,

anti body and secondary antj bod res

TouNt | nHREAF UTh. DPArTERGBE TSUAET R Aetr A ERB S oT Reanip, I isson
used. Fraom ¢hedBbs innzemcerghate agiésdnRs priepaseilstRdsect dopsh vertke
20 Iected per 1Q0_se t|o s...The numpe Iabeled cells aon

fth
theszgl de 1 nt 1V\‘71’1caﬁmifl e co'ralcferr? rafed E 9 erhel\/%k% Was" AT UsBA Nas
count ed ﬂ;yladfwmmenneemmgc@meCMm AYEY Kerehiiclel cohtodElll.s A tip

stai ned i § hoERECRESTac332R84 @S RN K&le edPbs IR AURVERL @iﬂvﬂﬁo&&%‘%oﬁ?f
the lateral ventricle where cells are gathered around the |ateral

vent ri cI% oAl it 2EPrephiaty Jergth of grmetrine GanbrerRr tAPdRgt ] &arF

anal ysi soMcbhctasddidycvas RerbofdRea08q tmmnme&ecrroqf) the-Brdbrbabel gd
cel | for tEe adm ni stratl ﬁn of e concenIrat ed and the %IYEM
in €3ch YrGapT ManneT WAy dghbNE g a SYrings ha U“ BhgSt BF T

group, tirerBattet abed edriedd sncatbundthémarl atleimgl cargricriedlte thkssyringe

si gni fical '}5' %d‘ é Dfic G1QUR %\%ﬁ%%?ﬁ@%ﬁﬂ@&@éﬁ Eéf\ﬁ% %’% Gy

was i nfused than In e group in concentrated a
i nfused.ofThRPS Mﬂﬁtcétleﬁ negratRs. neural stemcells were increased in

the group in whighdhergenceanhicat gd.&he M ¥&s) ivahusege @ ctiBeg ather
hand, in the BrdU short-term group, the Brd Iabel ed cells was

Si grﬁ fi da?ﬁtaIl?/t’r%s‘lFHu‘E% WdFBu‘b iLFORAPEIRS RBYIBRITGACBAE ridt 8d° ERCTERM
was i nf uged d.hanl jairt.he,) gaed X ith ehirtle hh&maeeﬁd &b@dr@ﬁ\{EVbW heat

i nfused., ThS|nd|cte that | ess pr r.e e gro

[ used. T Ladheat s, Lhat ) eas RLOGSNY VELe ANERERL |0 L ol

short - t eromexwbsg tup skbhe. BItek| a:behesdta:aél t«snnmmsegmsrsuearnmayx adiregeEn

t he gr oyp, ltHeV\QhﬁH_ the cancent ggbﬁ)%aE\%gé% as infused than 40 in the
alVeM S |

grougp in which e concentrate nfused. This indicates
A subcutaneous pocket was made in the midscapular area of the

back of each mouse and the osmotic pump was inserted into the pocket.
The osmotic pump was connected to the catheter tubing which, in turn,
is connected to the cannula for brain infusion.

Anatomical points on the skull, i.e., bregma and lambda were

40  determined. With these points as reference, location for placing
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that nore progeny were present in the group after the | apse of one
day fromthe infusion of the concentrated EPC-CM The

af orenentioned results indicate that the infusion of the concentrated
EPC-CM p S f. ewal _of n em.cells 5 _arogun
the Iat SralEng ! Br 28 rHeR0EHE bad adelEnIHE o B SIHEEL Gt AN 2
produceswbdagersl. FA- addi @@mvemheal é@ublt@ﬂal)so Atntdhtawest hien operday

after the coupleii I Wk EQPmédet‘H%Q&h OJhet Bﬁuﬁ_)ﬂﬁﬁ%r at edh JERG; OV Hihe
neural stemcells increased % the Sel f-renewal divide and the nunber
i

of progeny is ThActeddetrsndetddi ARf Pevenak dapRaCETY MOGRTY HEapdkrsive

EPC- GM Ctﬁé’tteahﬁ§1i3ec$lﬂa§§1ﬂcﬁt€rﬁl hawi mglaan ﬂié Q@hn@ia D_Tcﬁffﬁicbﬂg inf@sion was
sel f-renewal of the neural. ste resul e qf the

onber - P rsShage LA TR FRacrralfs Vet renar Y RoRtDa e
progeny wiftht hehareivieal a stemseel for absodinncheasesuld sraExanphey 2hd then

This Exanpl e cglpngag hat FBC CM col I ected in Exanple 1 pronotes the
sel f-renewal neural stemcells in vitro. 20 == Preparation of

mar r ow st r omaMiceldenoygadi foondete stdiephaxic apparathAs wereorgqolereari dome
condjd i aned redi ¥m-af -andotheld al cpiogerid or cceld:s é&?@—og\/) a@%lmqe

from bone marrow, a condltloned nmedi um of nmarrow stromal cel
( MSC- CM) infasipg e'ﬂeﬁ E@NCRREER 4 EPEefY \Red R oPRTITeRE T Ee ¢ dWEéﬂnae@w étte

growt h facteesckike thepepdaidielsahg HHRIADELOT-GRIES safd.ved 25 from
bone nmarrow. First, marrow stronal cells were cultured as foll ows.

Cell pellet obtai ned by centrifuging a bone powder suspension from
adul t m-=ceLfRBSTBlY 63,divildéng 8410 5161 ke 8k8U gindadet eat=2n e BedU-labeled

resugpeqﬁq,qd aé\%l%i!FBS in a manner simlar to that described in
Exanmple 1. er of living cells in 16 squares was counted by

t he nmet hod 30T6ft1@(§8r1‘tl|0ﬁg BydH ¥R adnisisgergdserddred iapdvelor ot drtect

count i ngleuéj_-gll Lt epfecaell a&ysﬁ@agl frodas, .M xed w t h 10 il of trypan
bl ue. Next, the cells were seeded in 6-we

fibronectin- cOatEd PP Ht ER2GPTIRRY P FENSPE PG qse%%sl?)apa@érel%f Beyiding
of suspensilafienstd rayEMfBSrhﬁEdl thHg nafidal muba&msaprafﬁexﬁ%@om@]
24 ur days d ays 35.after s in t he rredl

Fepl Soe il RS T Y SRR P st BT, My BRe R T £ of
cont i nuedmint ft rafaldnsbpenmeel € disf ilelfemporated intAfnewlyt signthreisiaeg DNAS

cul tured;gel Lémﬂ?l\é.%e%ﬁonﬁn(?@ﬁ'é lpant 1 a6y el s “@%@eﬁnéfkﬂﬂp%rg% iy
treated wth of trygm n/ EDTA (0.25% at 37C for about

m nut es. 1%&%%? therelée|diyide rerfas Wi 2FCorgiRE Ll Bf 1&0“—%!\!5’1\57@83
to st op dHae ﬁf\:ZM%&Iaeerx%QﬁHil?D Britei €eldrs ﬂ@’ﬂﬂ%Ccﬂﬂpﬁ@dV\iﬁ Rneal g&lilea
scr %3?107& ei r;% }L and trans 4erred to 50 centrl fxgeetélube
api ferE RTe TR PR LT A SR T 58Y- af® ﬁe’t’ral‘loﬁ g fenat &2t
af t er Mpx@hlfheatsmpeonm,amnevmsludlm dedl banckeddimedetdr pelldn@brvmiod
resuspended.in 2 nl of aMEM FBS. The nunber of living cells in the

cell 5 suspen5|on t hus obtai ned was counted by the nethod of counting
living cells askiesefviehasoelehiThactePrdl wep adgdpdieernd Hedl Eldnente

di shes alcraaGeld ensisbdytfho2boul BQ00uSek! S &M End A SUBGUL & UnBub hea

30  a BrdU long-term group as shown in Fig. 1 to independently detect the
neural stem cells and their progeny {(see, F. Doetsch, I. Caille, D.
ZA. Lim, J. M. Garcia-Verdugo, A. Alvarez-Buylla (1999), Subventricular
zone astrocytes are neural stem cells in the adult mammalian brain.
Cell 97, 703-716.; C. M. Morshead, C. G. Craig, D. van der Kooy (1998},

35 In vivo cleonal analyses reveal the properties of endogenous neural stem
cell growth in the adult mammalian forebrain. Development 125,
2251-2261}. More specifically, BrdU was administered once, and only
the rapidly proliferating progeny was labeled and detected in the BrdU
short-term group and the BrdU short-term-1d group. On the other hand,

40 in the BrdU long-term group, BrdU was administered for a long time and
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After the subcultured cells have becone confluent, the culture
supernatant of marrow stromal cells (marrow stromal cell-conditioned
10 nedium MSC-CM was collected in a manner sim'lar to that

descri bed .i.n ur ospher es fromfetal
e et R A Be L o o PR LY o8 e PR RO Raf e NS b e e s
15 stri atamn dbhbolml.hebrdpher e hdvegat | Ny lnead cisphbe esbednpasedieol in a
neural SLEB.GELLS HaRdARUL Mg RLPGF LI MlafEld 3q od '
shown be% owetgﬁ p stancegthat prom)qt es t% gﬂﬁﬁ%ﬁg%em&%gg@i%h’s
neural s¥EM ééPleafi%leéoﬁﬁaﬁie@tPﬂ G Cvesn detedsadi ssef, tfhe example,

that ;a frREWABEY Lf aDEUNRSRRET & eI MBid@BsL SeddICr eASEE oAbl 2bbe) . a
subcul ture of .the cells 20 with EPC-CM First, the Ut erus was

renoved FRSSTHEAC pTEGRAft Chdth (*REHLRSTIER TR0 AeEmElBs™ K7dBt aced in a
10- cm di sh comtiasnj ng Breg- S0ddk BBS&{dF}BSaSUppé@f&at Bpl dﬂdd&lelﬁgﬁiw/m\g)

gl ucose) na.c bench, f f S fromt
ut er us vveré ?%043%%2 aérlLl ey gg‘% hﬁ CZ%H ? con ithg™d I'%B07
i ce-col d¥ PBSEa0H. Skin and the skul I were incised syrmetrl cally

betwgen the skull and 5. e¥8snking %%t@ga%elbﬁ%ﬁ B %Eﬁ&ﬁ%rg ﬁ&oéf%}%ﬂ

Furthernore, the brain™tissue was Opene 0 expose a
ventri cl&ock i;ﬁ]a‘)}ﬂ@tlr'@a??l?nmflo‘eﬁ\éfal:ﬁr Forurrtirlol4 dpes |after dihevpha egené

was i solat Q@lemﬁfhs?i@noabgé}adlryohggbctlfecno&ﬁ@ﬁs @ngnfocrzféeﬁ@c@nﬁleﬂ@ 3666n
in a new 10- cm i sh .cont ai ni ngFl ce-cold PES e brain

tissue RS ETEd Hal? t5anefarre Pty SOEe‘?ﬂer "Ehhe! ]Tjt?oe cohitai hifkg
800 pl (ﬁllMMHﬂ(ﬂ!rdUmgl-aéﬁdgbwm,l ped cbfigenthhe edmHTery @ldmé el & sravdsn
count. ed ry % e et ho L%\éo |V|tn cel I s as described 35 above.
The Cel 1¥% Filg GBS NER dmapiges t4eWsity of 2 x 10 cells/

in flasks of A?§eEIFﬁQClor@ﬁVal7rﬂm'g d\ﬂywwlpmla%mele@owthh i2Guagg b s oM FCF

(Pepr ot agh) a%‘!fgsrr%gtggﬂéﬁ BQ&U %@Eck%ﬂﬁtﬁbﬂq\la&ﬂ%&%ﬁaﬂt@a er_@'ﬂfjneally
i ncubated at 37C, 5% CO2. 400n or around the third day af seedi ng,

format i ot 6RCk ri’e@ﬁﬁ%?ﬂhéﬁ’% bsidr e ddiei 2eerk @ﬁltlwrseee%ﬁmnéayeraﬂ eer
Sﬁedl ng,1 gusﬁh baﬁytmgmewrasphernas;ﬁwé@ L@Et nBcQL a&@ftgghalfe% hours ?Mtgh
t he ros ere neur.os eres t hus obt al ne effect (0]

Eo 2 BB NBE Tt ShL (He LB P o Rt hF 2 Reuihe CebeiigSeat I Ggle
exan nedcdmAns pecd tfiioa pﬁ@Ctﬁ(&Jrceneéntasa'teur QEPheld@iassayat idnshown in

Fig. 3. Alteiﬂhéﬁyeﬁ ?%%éfﬁ%%EQ%ggﬁrgémgﬁgg %HFHHESQMHP?ggﬁ?bly,

various conditions at t assag turin
primary m@erwﬁméné%th%eém}t arealamidey (amploﬁﬁﬁnﬁrﬁlténdiﬂqfénrme ehd

second mpaintained in 0.35 1/min. NO, 0.15 1/min. O,, and 1.5% isoflurane) to
25 open the site sutured when the infusion assembly had been placed. The
tube of the infusion assembly was cut and the open end connected to

the cannula for infusion was closed using cyanocacrylate adhesive.
Thereafter, the opened site was again sutured. On the following day,
the aforementioned BrdU stock was injected intraperitoneally in such
30 a manner that 50 pg of the stock is administered per 1 g of body weight
and the mice were kept for additional 3 hours (Fig. 1, n = 4 for the
BrdU short-texrm-1d group and concentrated EPC-CM administration, n =

5 for concentrated oMEM administration).

Only the cells whose DNA was synthesized at the time of BrdU
35 administration, i.e., the rapidly proliferating progeny were labeled
in the BxrdU short-term group and the BxdU short-term-1d group in which
the mice were sacrificed 3 hours after the administration of BrdU. 1In
the BrdU long-term group, both of the neural stem cells and their progeny
whose DNA was synthesized during the BrdU administration period for

40 14 days were labeled. In the rapidly proliferating progeny of the

17



10passage. (First Passage) The primary neurospheres in the
flask were transferred to a centrifuge tube and centrifuged at 400
rpmfor 5 mnutes. The 15 supernatant was discarded and 2 mM of MHM
Was addeP beq_eglhceelciel lBP lwets élost'}?%u?ggnd Ehe neuros%erge'in-rgge.week
neur ospher es wer e di'sfupt &4 ST BRPEThG "t 6 prapare’ CarrIgddhansi'st
Thi s susperesi ohe \mlpﬂef:torstoandhé (ﬁr@ew@mailsmrnui@s angd @I@biipi ¢atwedhe
remai ni ng, neur gspienSsa, The Supek iﬁgﬁo& iteradnd nlufONERLAI gguogﬂosf

the dispersed cells was transferred to a new Centrifuge tu

addi t i onReLlzbededore v WedY Adkiel TeB=t1Rs BoER GAFPRYEF kamreathrRg woek

neur Qﬁphﬂdﬂﬁthan&ﬂﬁ%tﬂ@ﬂr&ﬁ&mﬁr gﬁaw&lelhﬁml% agai n by pipetting
and | eft stand.for supernat ant_was_m xed w th

the first supgr"ﬁﬁ‘f%{%f’fc‘iﬂq @b‘f"eé‘hﬁ}: é\?l"Su%Efe;P IFHEh BT 3° TS NReERePove
added t hesrx@t oiedut ey auspansl oh Awasng anpuee fligede 2 gl t BOBrapm i el
m nut es p at ant I.rat ed and 1 s added to

t he cel Idlﬁfél Il% ?eoqrsegﬁge\é\%} tcﬁgdcelfl manner &ﬂscﬁtlb%{%l 3 §>'Ewage t he
nunber of cel Fsrmsthgaﬁtle@lldayass hel et hbE fobn tbamskinhy ahil i g icd issuas

deSCfOI b%s I—Qﬁo@&i lfﬁﬂspﬁ@%ﬁalm@é r@éy §§:89e1¥“ttl@sggc‘s£\41%§15|v5§h%t 0
a density of 15 x 10 cells/3 and seeded 30 in a 6- plate (3471

Utra LowEraes éfferecaag%‘?a)tede?  Nel'ehaty3r's SPrt%PemWé‘zﬁfeﬁB? fbeled

nelulro/sggaﬁllcﬁgf @gﬂﬁdrﬁ@to&ml@hl §t3i(\!|&{lellga.-dj m&g %gzgﬁ@rp&ﬁsl by of 2 000

ce S an seede ate tra

Cost or ) S 1 BBPREY B Abh PGP EPE TP ARE WA L =6 *ChBL g Dt fex,

cont ai niaxgl antgir-Gwtilt dhacpamt(ib8dwel2zbssfor, eactyofalBRPG- GAnNUNGBELiGN) and5

20 / ;ﬂnAdl%Ixﬁte) E% J:Ia%% 82901[11]94 angg. 5‘1 ep( S%Eh%\'g} %%éiyc?gcﬁrb%r a}:ﬂdgfgctuvﬁgfe

adde S were cultured a
of secorktwbgsnelrlddfher by iwasd verogargerd erivrraretibdodhenthsechrdayy

after See@ﬁt,'lﬁgdyflgé eE?SQQQﬁ)tect BrduU. As%n%@ﬁ@%géiym PermaFluor
neur ospheres seeded in plate was transferred as in the

case of ”’for?é‘tFFﬁls"ﬂedslHB‘cu??}ﬁ lﬁéonﬂﬁe‘fﬁbél Fapefist- obtai ned after the
nunmber of cel hsoma&a:eanfﬁﬁlze\w&ot&sans&@adedm rprapér&dm@(tsu&el@is MdMa

Squj emen ctwclit% 2? n%/Ed ns]c bJr:he n%l[l]l T ofnigl{xenlB 8{1 Pa Eed( g g)xl.tn
concentraet| on hé&=Eat Pt e sUpérhatant o he" pritvaly <u ture
t he neurm@phﬁrmwmmladp@sbntmta:adensmcy ctf o2 PR wael Insh200 wals. co'ﬂm&é

cells wgpe, Sﬁﬁﬂﬁ‘ls'cgng? Wweklopl ah? ﬁ%gnrho%g%%&'i&d ot c<§171% 515{‘1%?1 126

10 days. "10( Anal ysi s Frequency o ere Fornmation)
The nunB&EcBEShelfSphemeskar t for dhanBtwenstiturdfeecrtaf Sbe mateyal

each weldencWhicd wakee RUAENAE ddtretblun@ual @Hbemé&raqnﬁéﬁﬂxq@@d funish
or s cond gassa e, was count ed. Anpercenta e of the nunber of t he

tert% ar y"heUPsgphares I TR T ESPETY o 4 REA TSR LR ddEdE I iEE T Y

15 consivwder edr asrngedf bﬁqtmemmérn@murmpbeﬂte—lfmenaﬁl@eﬂLls for the

Ne h i | f - St J |
neur ol GEBGBAFTEH" G875 A8 TYREEFORTS e nal ¢ Retr & ELCHR S8FT SGder
opti mum condi &f csowhom Fhe. gulitutie Bfdhdangspher esoumpatie 8Fd¥hiebeled

neur al %&%Cﬂdu%d'ﬂg QQ@Qrallnvézlf'@rl%Q%Cl% E@%ﬁ?ﬁ&‘a\ﬁ%yﬁdo&@ iPthe group
neur ospheres. 20 The culture condition at the second passage inthis

Exarddl e isvhird bbt cRBATRBTRNCSS Bifs G vahan ERARLFBABANL S FERHPOSPHEHEE

ThUS t heof s gruencyc &f featazi LR F?Jiﬁh%eiﬁor FBL k QR ak BRF &5 eRLS £8e Mali-81 Q;ft em
t he neural stemcells in Iudeg in the, se o da(% neur oS her s_abt ai ned

under tH& &ﬁl"f‘ifree“é%’??&iste & tgﬁ”é’u%"llr%f“ pad $8ge  nPS T Ak §PFF1%“? "ffie

frequenciyhfused. On the other hand, in the BrdU short-term group, the
BrdU-labeled cells was significantly less in the group in which the

35 concentrated EPC-CM was infused than in the group in which the
concentrated oMEM was infused. This indicates that less progeny were
present in the group in which the concentrated EPC-CM was infusgsed. 1In
the BrdU short-term-1d group, the BrdU-labeled cells was significantly
more in the group in which the concentrated EPC-CM was infused than

490 in the group in which the concentrated oMEM was infused. This indicates
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25 of tertiary neurosphere formation at the second passage is

i ncreased when the self-renewal of the neural stemcells is pronoted
under the culture condition at the first passage. As shown in
Fig. 4, freqguenc neur osp her.e rmation S si |f|ca I h
ot %t he 111 "HES SE0RYRD e e RRIELG LA P8RS, S8 Tabt CR s
cel | s wermrcthe uietisdbnt be e stnpassagedwerdERC- CM suppl enent ed
with a growthg B@C%paréﬁqtéogg@%sgﬁg 1%959@9?;9 £ £l digacst

were cultured wt conpared to a group group
whi ch t RPREERFsa st BPEUTM BrenPtss BhevBel DM ansypl enfehbedewreh saegrqswlﬁ

factgr ({ddohnanghd 1GQUR1 (mmgrw)sulf:ﬂr%ég‘ thBea SRinle? VB €132 ion
cultured with NSC-CM (t-stud ddition, as shown in Fig

5, the frEquRI 6P Pcré’ﬁFF&r y%ﬁé’lﬁdd§bﬂ%r éhFcﬁeﬁHiLF%ﬁl\ﬁ/asméﬂjﬁW FE%PF‘?
high in deheagt@Jupuencwmlbheoﬂahleslmﬁrﬁo@ubf wed cvhédh zBE=EM rat - cih e

first passa onpar e d.to the V\?chthecll r cult red
wth MSC- a'(tihse i 78t Sp%é%ﬁ%f%ﬁ?t )\E renehal divi egZChr estiPes
i ndi cat eeft bapgew tiw enofed sl Iaeuoadllmlem cells with EPC— CM pr onot es

the gel f-reneyal aﬁHaxIegﬁsﬁi)&r?lthé ﬂotveca@pcb%wﬁséﬁéa/m%ngems%%ﬁcé l}ﬁatvﬂlge

self-renewal 1s pronoted by an effective s tance other t
added gridwehRfedcCErPreivt PRt G Felbfreerpver ks thst raie@lsstan getls. As

cont ai nagsiult M- ﬁ\»flrbugelcsf aeRt Ahed: 0Bl Yhé md&ERG1 M ed Branp! @y 3heir
t a substance contained in EPC-CM whi ch

Thi s Exanpl e sho

pr onot essrgr)Lﬁer%’é‘T“fa 'eﬁgﬁ/arlmr?}fert RE PRAFERY Sf et EPPERT 2 5f8t “&hY° Gt 5Che
10 knownimgrewkds f act ors. ELI SA was used to determ ne the
anouynt of the growth factors (bFGF, EG-, VEG-, and BDNF) contained in
EPC- and MSC-CM obtained in the aforenenti oned Exanples 1 and 2,
respect i lFepyppleEod] t his nmeasurenent, Quanti ki ne FGF basi ¢ DEB5O0,

Quant i ki neEGz&/E%xaQﬂ@Qtéﬁﬁw@etﬂ/ﬁqﬁpWQq &51@8%&3{%”&&%&;!1% BONGH{ELQO

ELISA kits (R & D) were used according to a nanufacturer”
i nst r uctifiGnSeli-renevahsok AN nSFIY C°6 1 S gtV TPact or s ot her than
BDNF are contained in EPC-CM and MSC-CM In Exanples 1 and 2, bFG-

and EG- are_cont |ned rein EPC— hayi n effe r onot i ng
the Dol ot EREREI PR RE S sauP bR e bl Tt e Sones megtyf STV L ¢
i nt 0 consi der atiaorpntanili fzodt s céihitiiobad ime dFGE of #Olot 1] i dJpst edean)i tand

Anti - ECF #06rsk02cyast ot &) krég%ioﬂégrﬁtrggaeagé L1 16355 L8, MPLE Added

to EPC— concentration
r espect iaFEP§al ceLhRUIBE Fiie veReTPRRT O swhacﬁuarﬁéie%v%ér@@ pREE @aas Sy

descri bega JtExa8R-8weh WASt HES { DFTBKL A% 1310981t HRbg8h OHY cd¥M derived
suppl emented with 20 ng/m of bFGF and 20 ng/m of EG- (both are

fingP ccﬁﬂ?&‘rﬁc’in&t“?a&ﬁ)w A§ 1§ﬁ5vxﬁaFﬁ°‘¢Fbr°“?al THE 5 YUY T6f e itars -
neur osphene deaneatobeniaéd bpeeaeeond ipassngee bowdegseifenat okPCoMdult

contal mm@%e (C57BL/6J, male, 8 to 10 weeks of age, n=2) were resuspended in
oMEM/FBS, in a manner similar to that described in Example 1.
The number of living cells in 16 squares was counted by the method
30 of counting living cells as described above. In this counting, 40 pl
of cell suspension was mixed with 10 pl of trypan blue.

Next, the cells were seeded in 6-well, fibronectin-coated plates
at a cell density of 5 x 10° cells per 1 ml of suspension with oMEM/FBS
medium, and incubated at 37°C, 5% CO,. On 24 hours, 7 days, and 14 days

35 after seeding, the medium was replaced with 3 ml of fresh oMEM/FBS medium,
and the culture was continued until cells became confluent.

After the primary cultured cells have become confluent, they were
washed with PBS and treated with 1 ml of trypsin/EDTA (0.25%) at 37°C
for about 15 minutes. Thereafter, the cells were washed with 10 ml of

40 oMEM/FBS to stop the enzymatic reaction. The cells were scraped with
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30 anti bodies (EPC-CM+ anti-GF) was | ower conpared with a group of
EPC- CM cont ai ning no anti body but was significantly higher conpared
with a group of MHM containing gromh factors (MHM + GF) (t-test).
These re - cont,ai ne CS t an
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t hat ar etc@ntal hetknsd tFPCE Gdutit 8ad® deafl s¢omt abnecbdul tVBE- TMm . A

specific meth i n bel e n d
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and the eyes in the head under a stereomicroscope. Furthermore, the
brain tissue was opened to expose a lateral ventricle. A gray striatum
found in a lumen of the lateral ventricle was isolated with

30 ophthalmologic scissors and forceps and placed in a new 10-cm dish
containing ice-cold PBSG.

The brain tissue thus isolated was transferred to a centrifuge
tube containing 800 pl of MHM and dissociated by pipetting. The number
of cells was counted by the method of counting living cells as described

35  above.

The cells thus obtained were seeded at a density of 2 x10°cells/ml
in flasks of 75 cm’ containing MHM supplemented with 20 ng/ml of bFGF
{(Peprotech) and 20 ng/ml of EGF (both final concentration), and
incubated at 37°C, 5% CO,.

40 On or around the third day after seeding, formation of
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Then, 2 ml of MHM was added thereto and the suspension was centrifuged
25 at 800 rpm for 5 minutes. The supernatant was aspirated and 1 ml of
MHM was added to the cell pellet to resuspend the cells.

At this stage, the number of cells was counted by the method of
counting living cells as described. The cell suspension was adjusted
with EPC-CM or MSC-CM to a demnsity of 15 x 10° cells/3 ml and seeded

30 in a 6-well plate (3471 Ultra Low Cluster, Coster}. For the analysis
of the frequency of neurosphere formation, the cells were adjusted to
a density of 2,000 cells/200 pl and seeded in a 96-well plate (3474 Ultra
Low Cluster, Coster), 36 wells for each of EPC-CM and MSC-CM. To the
wells containing a growth factor (18 wells for each of EPC-CM and MSC-CM} ,

35 20 ng/ml of bFGF and 20 ng/ml of EGF (both final concentration) were
added and the cells were cultured at 37°C, 5% CO,.

Formation of secondary neurospheres was recognized on or around

the third day after seeding.

40 (Second Passage)
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35 In addition, Decyder BVA software (AnmershanBi osci ences Corp.) was
used for spot matchi ng between gels and statistical analysis.

Fig. 8 shows an image of the gel for two-dinensional electrophoresis.
This figure includes o the ts for i.ch the ratio of
fluorescent inténsf ‘?nes?% f:eﬁ\ﬁereg] o)™ esr?éf”feg]r RYRER 4B°1/ 4
(p c O. Oﬂ@ans‘fhere@tatsmmgeoc&is@ubattad bitaweewbddivorésgenthe iqelénse tliees

of MG G QQeEP&Q}Ja?EgBtH& J Bfté‘& MARAET 4 hed ?&%‘éﬁaﬁ@gd"@?

represent as st I zed | og Sbundance. For the Spots s
figure, hvefageuibeLAUI-PerehMeveiitgdsv Flo 0t hy A gélbﬁ%ge@ Znggpml Of

val ugs ig:stidynaf £101 ¥8AcEAL rERBLR) land chabler dhrePQlipbala ohel of the
MSC-CM EPC-CM < 1/4 (p < 0.01) pots Aver age MSC- CM }IJECCMVEBJ

- st udy R TPAFUB) L E000f 2%y DeGUEhEass 130 agTust Eo a demsity of 3,000

cells/200 pl. These cells were seeded in a 96-well plate and cultured
at 37°C, 5% CO, for 10 days.

10 (Analysis of Frequency of Neurosphere Formation)

The number of neurospheres with a diameter of larger than 50 um
in each well, which are obtained in culture at the aforementioned first
or second passage, was counted. A percentage of the number of the
tertiary neurospheres with respect to the number of seeded cells was

15 considered as a fregquency of neurosphere formation.

Neurospheres are composed of self-renewed neural stem cells and
neural progenitor cells derived from a single neural stem cell. Under
optimum conditions for the culture of neurospheres, each of the neural
stem cells included in the seeded cells gives rise to neurospheres.

20 The culture conditicn at the second passage in this Example is the
optimum conditions of the culture of the neurospheres. Thus, the
frequency of neurosphere formation represents a ratio of the neural
stem cells included in the secondary neurospheres obtained under the
culture condition at the first passage. This means that the frequency

25 of tertiary neurosphere formation at the second passage is increased
when the self-renewal of the neural stem cells is promoted under the
culture condition at the first passage.

As shown in Fig. 4, the frequency of neurosphere formation was
significantly high at the first passage in a group (EPC-CM + GF group)

30 in which the cells were cultured at the first passage with EPC-CM
supplemented with a growth factor and a group (EPC-CM group) in which
the cells were cultured with EPC-~CM, compared to a group (MSC-CM + GF
group} in which the cells were cultured with MSC-CM supplemented with
a growth factor {GF) and a group (MSC-CM group) in which the cells were

35  cultured with MSC-CM (t-study).

In addition, as shown in Fig. 5, the fregquency of tertiary
neurosphere formation was significantly high in the group in which the
cells were cultured with EPC-CM at the first passage, compared to the
group in which the cells were cultured with MSC-CM at the first passage

40 (t-test) .
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Thege results indicate that culture of the neural stem cells with
EPC-CM promotes the self-renewal of these cells. It can be easily
understood that the self-reneswal is promoted by an effective substance
other than the added growth factor, and that the effective substance

ils not contained in MSC-CM but is contained only in EPC-CM.

[Example 3]

This Example shows that a substance contained in EPC-CM which
promotes the self-renewal of the neural stem cells is not any of the
known growth factors.

ELISA was used to determine the amount of the growth factors (bFGF,
EGF, VEGF, and BDNF) contained in EPC-CM and MSC-CM obtained in the
aforementioned Examples 1 and 2, respectively. For this measurement,
Quantikine FGF basic DFB50, Quantikine EGF MEG00, Quantikine VEGF MMVO0O,
and Quantikine BDNF DBD0O ELISA kits (R & D) were used according to
a manufacturer's instruction.

As shown in Fig. 6, growth factors other than BDNF are contained
in EPC-CM and MSC-CM. In Examples 1 and 2, bFGF and EGF are contained
more in EPC-CM having an effect of promoting the self-renewal of the
neural stem cells.

Taking this into consideration, antibodies (Anti-basic FGF
(#05-117, Upstate) and Anti-EGF (#06-102, Upstate)) against these
growth factors were added to EPC-CM at a final concentration of 10 ug/ml
and 20 pg/ml, respectively, to neutralize the factors, and the
neurosphere assay described in Example 2 was performed. 2s a control
group, MHM supplemented with 20 ng/ml of bFGF and 20 ng/ml of EGF (both
are final concentration).

As shown in Fig. 7, the frequency of tertiary neurosphere
formation at the second passage in a group of EPC-CM containing
antibodies (EPC-CM + anti-GF) was lower compared with a group of EFC-CM
containing no antibody but was significantly higher compared with a
group of MHM containing growth factors (MHM + GF) (t-test).

These results show that EPC-CM contains one or more substances
that promote the self-renewal of the neural stem cells other than the

known growth factors.
[Example 4]

In this Example, ECF-L is isolated, which is a protein contained

in EPC-CM and promotes the self-renewal of neural stem cells.
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== Fluorescent Two-dimensional Difference Gel Electrophoresis ==
Fluorescent two-dimensional difference gel electrophoresis
(entrusted to Chemicals Assessment and Research Center, Chemicals
Evaluation and Research Institute, Examination No. 937-07-P-1022) was
used to search for substances that are contained in EPC-CM but are not
contained in MSC-CM. A specific method of this experiment is described

below.

{Reagents used in this Example and their Suppliers)
Urea, dithiothreitol (DTT), Pharmalyte, glycerol, sodium dodecyl
sulfate (SDS), trimethyloclaminomethane hydrochloride (Tris), and
Cy-Dye were purchased f£rom GE Healthcare Bicsciences, Inc.,
3-[{(3-cholamidopropyl)dimethylammenio] -1 -propanesulfonate (CHAPS)
and iodoacetamide were purchased from DOJINDO LABORATORIES, lysine was
purchased from Sigma-Aldrich, acetic acid and formic acid (super special
grade} were purchased from Wako Pure Chemical Industries, Ltd., methanol
(HPLC grade) was purchased from Wako Pure Chemical Industries, Ltd.,
trypsin was purchased from Promega, multiple affinity removal spin
cartridge, Ms-3 (0.45 ml pack) was purchased from Agilent Technologies,

Inc., and Sypro Ruby was purchased from Molecular Probes.

{Pretreatment of Samples and Labeling Reaction)

Albumin, IgG, and transferrin in samples (EPC-CM and MSC-CM) were
removed using a multiple affinity removal spin cartridge according to
a protocol provided by Agilent. To the protein solution after the
removal of the afocrementioned proteins, a double volume of cold acetone
was added, and the mixture was kept in a deep freezer (-80°C) for 1 hour.
The precipitated protein was centrifuged at 20,000 x g for 20 minutes.
The precipitate was disscolved in a lysis buffer (LB) with protease
inhibitor (4% {(w/v) CHAPS, 2 M thiourea, 8 M urea, 10 mM Tris-HCl, pH
8.8) and the solution was used as a sample for analysis. The
concentration of protein in the samples was measured using the Bradford
protein assay after re-dissolving the concentrated samples in LB.
pocled sample was prepared by mixing an equal weight of the treated
EPC-CM and MSC-CM.

To the samples, 200 pmol of Cy-Dye (DMF solution, 1 pl) per 100
pg of the protein was added, which was left stand on ice for 30 minutes.
After the reaction, an excess amount of lysine solution (10 mM solution,
1 pl) was added and kept for 10 minutes to stop the reaction. Finally,
an equal amount of 2 x sample buffer (8 M urea, 4% (w/v) CHAPS, 20 mg/ml
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DTT, 2% (v/v) Pharmalyte) was added and kept on ice for additional 10
minutes. ‘

The pooled sample, EPC-CM, and M5SC-CM were labeled with Cy2, Cy3,
and Cy5, respectively. The labeling efficiency was examined by average
intensity of fluorescence in each lane of the image of the

SDS-polyacrylamide gel.

{(Two-dimensional Electrophoresis)

Two-dimensional electrxophoresis was performed on three gels
according to the following conditions (triplicate). Samples of 200 ug
each were separated.

For the 1-D electrophoresis, Multiphore II (GE Healthcare
Biosciences, Inc.) and IPG(Immchbilized pH Gradient) Strips (24 cm,
pI3-10, GE Healthcare Biosciences, Inc.) were used. The samples were
applied using a cup loading strip holder. Isoelectric focusing was
performed for 40 kVh in total. After this electrophoresis, the gel
strips were equilibrated for 10 minutes each using solutions A and B
obtained by adding 0.25% (w/v} DTT and 4.5% (w/v) iodoacetamide,
respectively, to equilibration buffers (50 mM Tris, pH 8.8, 6 M urea,
30% glycerol, 2% 8SDS).

After completion of the equilibration, the second
electrophoresis was performed using Ettan DALT II System (GE Healthcare
Biosciences, Inc.) and 12% homogeneous gel with a two-dimensional
SDS-pelyacrylamide gel electrophoresis. The electrophoresis was
performed at 3 W {at 15°C) of constant power until dye front was
completely eluted (for about 15 hours).

The images of the gel after electrophoresis were captured
immediately with Typhoon (Amersham Biosciences Corp.) {Cy2: excitation
at 480 nm, emission at 530 nm; Cy3: excitation at 540 nm, emission at
590 nm; Cy5: excitation at 625 nm, emission at 680 nm). The captured
gel images were converted into TIFF format. Thereafter, Decyder DIA
software (Amersham Biosciences Corp.) was used to detect protein spots
on the captured images, filter out noise, and compare spot volumes of
Cy dyes between individual spots on each gel for quantitative analysis.
In addition, Decyder BVA software (Amersham Biosciences Corp.) was used
for spot matching between gels and statistical analysis.

Fig. 8 shows an image of the gel for two-dimensional
electrophoresis. This figure includes only the spots for which the
ratic of flucrescent intensities (MSC-CM/EPC-CM ratio) is smaller than

1/4 (p < 0.01). The ratio was calculated between fluorescent

pAs)
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252 -9.13 0.0071

821 -8.69 0.001

988 -7.05 0.0021

117 -6.66 0.0025

1219 -6.55 0.0051

960 -6.47 0.0013

1231 -6.35 0.005

992 -5.96 0.0027

538 -5.87 0.0017

546 -5.23 0.0026

411 -4.94 0.0095

1387 -4.8 0.0047

1705 -4.68 0.0029

819 -4.39 0.0094

220 -4.25 0.0048

244 -4.24 0.0065

1770 -4.17 0.003

1394 -4.08 0.0084

955 -4.06 0.0031

1088 -4.05 0.0056

" For the MSC-CM/EPC-CM values in the table, an x-fold decrease is

10 represented by -x, according to the Decyder BVA software.

== Identification of protein in spots by mass spectrometry ==
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Table 2 Time (mn.) Mbile Phase Conposition (B% 3 5 35 40 36 80 41
80 M5 Condition: M5 nmeasurenment was perfornmed in survey scan
node of Masslynx software (Mcromass). Capillary Voltage: 3300 V
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With the aforementioned two-dimensional difference gel
electrophoresis, samples containing 600 pg of protein were migrated
under the same conditions. After the electrophoresis, the gel was
immersed in fixative solution (10% methanol and 7% acetic acid) at room
temperature for 30 minutes to fix the protein. After the fixation, the
gel was immersed in 200 ml of Sypro Ruby stain (Molecular Probe) at
room temperature for 3 hours. After completion of the sgtaining, the
gel was allowed to wash with a washing solution (10% methanol and 7%
acetic acid) to remove excess stain.

The gel was scanned using MasterImager {Amersham Bioscilences
Corp.} to obtain images at an excitation wavelength (480 nm) and an
emission wavelength (620 nm) of Sypro Ruby. After the staining, spots
were matched in the gels for the analysis using the Decyder BVA software
(Amersham Biosciences Corp.), and the spot 1302 in Fig. 8 and the Table
1 was excised using a spot picker (Ettan Spot Picker, Amersham
Biosciences Corp.). The gel plug thus obtained was digested with 0.1
ng of trypsin (Promega) for each gel (30°C, overnight) and then analyzed
using nano LC-ES8I-MS (cap-LC (Waters), Q-Tof micro (Micromass}).
Analytical conditions for LC and MS are given below.

LC Conditions:

Column: PepMapl00 (75 pum ID x 15 cm, 3 pm, 100 A, S/N 31817)

Column Temperature: room temperature

Mobile Phase:

[Solution A] 95/5 water/acetonitrile, 0.1% formic acid

[Solution B] 5/95 water/acetonitrile, 0.1% formic acid

Flow Rate: 2.5 uL/min.

Gradient Condition: Tabie 2

Table 2
Mobile Phase
Time
Composition
(min.)
(B%)
3 5
35 40
36 80
41 80

MS Condition:
MS measurement was performed in survey scan mode of Masslynx

software (Micromass).
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Cone Vol tage: 45 V Col lision-induced Dissociation (CI D) gas: argon
Col l'i sion Energy: 25-35 eV 5 (Database Searches) The data
obtained fromthe MS/ M5 anal ysis was subjected to deconvol uti on using

MassLynx (M cronm : sulti peak list file (*.pkl) was used to
guery NCBI nr f?Bbgg%??&Oggi%%?&%ggqﬁences; 10 1842455067 resi dues)

and Swi ss- ProtCofi0v@Ltap@4142 Sequences; 85963701 resi dues) databases

using the Mas K rd % =56 : qw
nodi ficati ons%%%gégg{ qggég?%ed éegg%ﬁgq?ar(ggﬁl?o%%et %%%?i on and

net hi oni ne oxiC@ati®ien Fapres: £5aR8 2Vshow results of Swiss-Prot
seargh and NCBI nr search, 15 respectively. Seven peptides were found
in these, searches, and a corresponding protein was identified
accor di nPa*é ERRI FSHTRAB aci d sequences. The total score in the

foll owi ng Tablres 3atandbianasd caloautad ed /baseta Dyt itsheast atbiigkckeal to

probability. The score..l rted. as -10 _log"(P ere P.is.t .
D obabi 1995 YR RRCCF s 1R FPEIT Snfrodyay L i i brRsa 160 g e
random eVemkl) Avdd gived SeoruEryntifettes(2Rioghez7 r eRrapr¢ iteguelapte 3

Resulgt Of 4388 Pr ks PO Chnk a1 BBLp SREGEESs . HBWSL) <oRQLnJ0t £4 dkNRHe
Accessi on No. MN(i)I Score . .
residues) databases using the Mascot program (Matrix Science). The
follewing modifications were set for the search: carbamidomethylation
and methionine oxidation.
Tables 3 and 4 show results of Swiss-Prot search and NCEBInr seaxrch,
15 respectively. Seven peptides were found in these searches, and a
corresponding protein was identified according to their amino acid
sequences. The total score in the following Tables 3 and 4 was
calculated based on the statistical probability. The score is reported
as -10 log, (P), where P is the probability that the identification of

20 different proteins is a random event. A higher score indicates higher

reliability.
Table 3
Result of Swiss-Prot Search (animal species: mouse)
Accession
Spot Protein Name MW pI Score
No.
Chitinase 3-like
protein 3 precursor
{Secretory protein
Yml)
1302 . 035744 44772 5.42 370
{Eosinophil
chemotactic
cytokine)
(ECF-L) .

25
Table 4

Result of NCBInr Search (animal species: mouse)
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1302 Chitinase 3-like protein 3 precursor (Secretory protein Yn)
(Eosi nophil chenotactic cytokine) (ECF-L). 035744 44772 5.42 370 25
Table 4 Result of NCBInr Search (ani mal species: nouse) Spot

Protein Name gi No. MANpl Score

10

15
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2b

30

35

40

Spot Protein Name gi No. MW pI Score

chitinase 3-1ike 3
1302 gi|6753416 44772 5.42 370
[Mugs musculus]

The above results indicate that the protein contained specifically in

EPC-CM 1is ECF-L having a molecular weight of about 45 kDa.

[Example 5]
This Example shows that the ECF-L identified in Example 4 is a

substance that promotes the self-renewal of the neural stem cells.

== Preparation cf ECF-L recombinant protein ==

E. coli DH10B Tona (30298306, ImaGenes) with pDNR-LIB vector into
which cDNA encoding mouse Chitanase 3-l1ike 3 (ECF-L) had been inserted
was seeded in chloramphenicol (diluted in 100% ethanol to 30 mg/ml)
selective LB medium and cultured at 37°C. On the following day, colonies
were picked up and cultured with shaking overnight in chloramphenicol
selective LB liguid medium, and then the plasmid was recovered using
QIAprep Spin Miniprep Kit {(Qiagen).

A reaction mixture (distilled watexr, 7.5 pl; 10 x Cre Reaction
Buffer (Clontech), 2 pl;10 x BSA, 2 pl; 200 ng Donor Vector, 7.0 pl;
200 ng Acceptor Vector, 0.5 Ul; Cre Recominase (Clontech), 1 pl) was
prepared in order to introduce the plasmid obtained into pLP-CMV-Myc
Acceptor Vector (Catalog No. 631603, Clontech). This reaction mixture
was incubated at room temperature for 15 minutes and then heated to
70°C for 5 minutes to stop the reaction. One pul of this reaction mixture
was mixed with DHS5a competent cells, which was then incubated on ice
for 15 minutes, heat-sgshocked at 42°C for 30 seconds, and incubated on
ice for additicnal 2 minutes for transformation. The DHa competent
cells were seeded in chloramphenicol selective LB plates and cultured
overnight. After the culture, larger colonies were picked up from the
colonies obtained, and recombination of the plasmid was confirmed by

colony PCR using the following primers.

CMV-F: GCTCACCGTCTTTCATTGCC (SEQ ID No. 2)
CMV-R: TGTATCTTATCATGTCTGGATC (SEQ ID No. 3)

Plasmid was recovered from the colonies where recombination was
confirmed, using QIAprep Spin Miniprep Kit (Qiagen} and the sequence

of the inserted DNA was confirmed. Prior to the transfection of cells
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1302 chitinase3-1ike3 [ Mus nmuscul us] gi 16753416 44772 5.42 370 5 The
above results indicate that the protein contained specifically in
EPC-CM is ECF-L having a nol ecul ar wei ght of about 45 kDa. [Exanple

5] for, exprefg} %@gﬂ etﬁb@%s£¥@%fiﬁhg%s éaq.%ﬁt \é{lgﬂ}d ﬁ]-‘g)rep

Exanple 4 isa Bstance’ that pr onot e self-rene
neural strEm ?ﬂéPiBrEEtﬂSlPr éptagsrilon of ECF-L reconbi nant protein ==

E. coli DHLOBTeRA §30228308, t JmREeResIn WiNe PR LI B MERIOIT LBL Os Whireh
cDNA encodi ng nouse Chitanase 3-1ike 3 (ECF- L) had been inserted 15

was seed®FIER RF O &fpheAPEsT e (hATGEeH-S ari‘bé%lé*far%ﬁo?vetr&lﬁét g/ Al )C

sel eat i vax B, rmﬂltuatamb mhuurwhcaied%’ﬁ: tdBotheod fildeawi. ng day,

col oni es were Blg@ uItured wi t h shaki ng overnlg in

chl or anpheni c¢8F° 8& ?Qtd'uﬂw(@ WEHiSURTE RGOt h& SERES FYASHT T TS
recover etb waiog 1@ Aprep (ﬁpeuuMmlmlaﬁpf&ttlo(ana@ft) (N2QLgeraaetk Gidded.

- t - l ’ln a a 11rC 1 lS
(ot ek 341 STPPBAE! ala bt o) e bR e VR a8 0300

Accept oré vactopladuii CiNa VR@C@@fﬁmged(n@IX@riﬂacmpeiltlpig) VB nsaépar edthﬁn

or defy t Quil:RLEediGei AdBRLANME doobtahpesh s AL B-LMs Mi6ufes @R Yaded
Vector (Catal og(}No 631603, Clontech). This reaction mxture 25 was

i ncubat S ORI F B TEnpErEmGre PR 18K 3TUTRS Sand eheht Hewt el L R greAsed
for 5 marwtaesx:,ttsrst@zpfbhezzlr aacts OnTheﬂﬁﬂIeﬂ: 04 Hransfeenidn anxthxd Wwae

was m xed wi Q s_then.incubated _on i.c
for 15 memtived AR eRbrEaf Yl L S LREsHAE P ifs PR So s 6
ice for mdhtmr@ham@hmmes tfrtﬁHStEﬁansﬂownrataiddnd ithe Brlumeconpenkper
30 cel | s,agre seeded in chl oranpheni col selective LB plates and
cultured overnight. After the culture, larger colonies were picked up

fromthe col oni es obtained, and reconbi nation of the plasm d was
confirmed l@)ét@@&ﬂﬁyoECEcusﬂ NG cbRBiALid QWb PIHyTRESterB3D16Wily -
GCTCACCGTCTTTCATT (SEQ | D .No. %) CW- R TGTATCTTAT TGTC;éI‘GGATC
(SEQ I D No. 3f"PPASH d*WasHed¢Bvéral From tHe &ocshlFe ¢ culture
reconbi nafpeonawas: e6nfliar BeH; L gehagiflrAgnepd HEKA M riepl @ pcHist o iagen)

and ZtOhe REAYC06  tained in the culture supernatant of ECF-L gene-introduced
HEK293T cells was detected by Western blotting. First, 1 ml of the
culture supernatant of the ECF-L gene-introduced HEK293T cells was
collected and concentrated through AmiconUltra-4 Centrifugal Filter
Devices (10k NMWL, UFC801008, Millipore).

25 The concentrated culture supernatant was used as a sample, and
700 ng of protein was loaded per lane on an 8DS8-polyacrylamide gel for
electrophoresis. The separated protein was blotted onto PVDF membrane.

After the blotting, the membrane wag blocked with 5% skimmed milk
{diluted in TBST (Tris-buffered saline with Tween 20)) at room

30  temperature for 1 hour and incubated at room temperature for 1 hour
or at 4°C overnight with anti-mouse ECF-IL rat monoclonal antibody
(MAB2446, R&D systems, 1:250 dilution). Then, the membrane was washed
with TBST for 5 to 10 minutes, and incubated at room temperature for
1 hour with horseradish peroxidase-conjugated anti-rat IgG goat

35 antibody (Jackson ImmunoResearch, 1:5000 dilution). The membrane was
washed with TBST again and then signals were detected using ECL Plus
Western Blotting Detection System (RPN2132, GE).

As shown in Fig. 9, a specific band was detected by anti-ECF-L
antibody at or around 45 kDa. O©On the other hand, this band was not

40 detected in a contreol gene group in which flucorescent protein, venus,
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40 of the inserted DNA was confirnmed. Prior to the transfection of
cells for expressing protein, this desired plasm d was scal ed up
using Q Aprep Spin Maciprep kit (Q agen). One day before
transf eq;asogaapgeé sk8 22 nY alOn:NEKZR3 R L ellaS MBS e:e%%ﬁgﬁgar&ec%z

Pol y-o-coated di sh and i'ncubated overnight at 37C, 5 5%
t he cel | PeBEH@ Y TORIRR Y8086 TN halefecombinat iongg PHF - %“Fvﬁ‘éfﬁl %‘Fﬁeptor

(Opt i - MEMctWaSw et phif 0,18 & Rioh| @spubﬁ Wel bR .t OTWdHL R d B oY idicate
GeneJdui ce Transfecti on Regent (Novagen) was added, This_was suspended

in a Vortt i CFARTHRiEd F62 28T e Prfést’fﬁ?“‘benﬁbt §FF ptaghi FBRA
was addextramndifi xeddbpdpt peidd rgledherseakiestartthe 10 m xture was

i ncubated at roomtenperature for 5 to 15 m nutes and added dropw se

to the aforenenti oned 11EK293T cells. The cells were incubated at

37C, 5%=COEffert 2f RKEHrk . onThelbafdnewal gof mansdbctticoncal kt Wlegivied from
renoved gpd ywashed with MHM (wi thout transferrin) three tines, to

whi ch fresh VHM (vmth/vmthout transferrin) was added in a volune of 1
M per 15wel | It=¥apetssifien GratEEke X dABrARMC pFobes M PIiPest et

bl otfoi NGromoting the Re®F dedndw@1CconfiHdMmllatl Eelnl c¥@ss secreted to the
cul ture super nat ant ‘%ﬁtthe ECF- L % ne- mtrodgced EK293T cel.l s th"us
obt ai ned, 20 EEESt- ¢ PREY W URBTQIRIUFE SUperiaf ARt St eEcti ¢e

gene- i ntdeducred HEKEQ&ﬂ'pIEeDleaSN@SrdefIM ddeby FMStErn bhafiiisngase, at
First, L 9rsé % Lyl §é§ rAaLant. of  the, Febr L geng: i ”bf&??gﬁ}‘ée

HEK293T ceI Fect d Concentrated t rough Am conU
Cent ri f ugalé le)t%cr tlbem chés;O(lJ_F()Rc MNWEel SRS aRS, 3 MJJ PF piveyont2Bifiag

concgnt rgized %M&ﬁaﬁ@@%l@@i@%cﬂ@ﬁ MseﬁPélScn@ sl %ep@QQeJ 88c e af:
protein was | oade ane on an DS-Q acryl am de

el ect r opfiresite C?ﬁguE%p%’PéFéﬂt?f?toPél AT ‘%‘I%FF%H“—’O 52%@3115
nmenbr anebtained ad¥dr@ingheo b‘|PQEbhf@:.1cInh6an(lﬂﬂ9-rlalﬁecMﬂ51rwrﬁCdeterIi“ 1A%

Ki d I di |.ut ed EST buf f d [ t 0),
a1 oom 0B T P e o FUI S CNON B o SPOoN rHper S Te
for 1 hour or Tae mﬂvéeplgmd WPt hCMnits anposdt tECRel metiumpnbcd oreal by

ant %odyl % &Déﬁikﬁﬂﬁ% 51'11&@0 1%' Uteln &he -E%%n éEQan@J@rc%ﬂ?ts

was washe ST for 0 m nut es, I ncu room
t enper at ﬁFrP€Sf @er}Vﬁ%érowbpﬁe Rersey aiish WF)érccsl)H:waﬁsfbf%ﬁﬁ $gaedd Example

anti -rat; hggeatrSncaiisl oG TIAckSRR 1 bARIIGRES Q3L e 395000, roche)
diluti o%ﬁThe menbr ane was washed with TEST a%gl n and. then si gnal s

were det®CtEPUSHIYERE IBF PO or n' i 8%%%&3 FeRtFbin Sygramidrich
(RPN213ZencEys #firmphewnvide Fig. 9, a specific band was detected by
ant i;:ECF-L anti body at or around 45 kDa. On the other hand, this band
was not 40 detected in a control gene group in which fluorescent

pr ot ei n,Seygaustrangas SexPAEFSEGHUOBACHFIUTIE (R0 dAnfer 4nd a

non- reCQm%' “QQﬁseGrs%QnEfe@t 8 ah By ilcbBEATERRN QEE§ X B8 RIs . T Bat
reconbi nation of pLP-CW-Mc Acceptor Vector wth pDNR-LIB vector was

not perforned. These results indicate that the transfectedHEK293T
cel | s expressacegsthi nanwi&ECrrd,, @RdskbBbSdary neurospheres at the first

30 passage were found only in the RcECF-L group and the EPC-CM group. On
the other hand, no neurosphere was formed in the ECF-L-depleted EPC-CM
group and the MHM group (n = 12). The fact that neurospheres were formed
in the EPC-CM group but not in the ECF-L-depleted EPC-CM, and
neurospheres were formed in the ReECF-L group indicates that ECF-L are

35 involved in the formation of the neurcspheres.

Furthermore, as shown in Fig. 11, the frequency of tertiary
neurosphere formation in the RcECF-L group and the EPC-CM group was
comparably high, and significantly higher than that in the group of
MHM containing growth factors (MHM + GF) (t study).

40
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5 ECF-L is secreted to the culture supernatant. == Effect of ECF-L on
self-renewal of neural stemcells derived fromfetal nice ==
It was verified that the reconbi nant ECF-L has an effect of 10

promoting Ghe.seldr "E@E‘eﬂ"%n ob1fheagurals %%%%Eeét!e% cells derlf{réétﬁrom
t he ' Assa?/ of Neurospheres derived fromFetal Mce" described

Exanpl e #Was™pet? fur ned (see, Fig. 3). In this case, at the flrst

passage, cell &n\/\@zﬁﬁs %QQ | ﬁteﬁé:hre\ﬁﬁkhe@fthtaﬂetlﬁs %bbm@ix@t& é@FﬁL qlr&%)
so that 10 to 15 x els exi st_per 3 ntalnl%%lg
Wﬁfﬂ

r econbi rithe” ot &F ﬁ’r‘("F&tE(ﬁs e S‘EJP%rGVFWE Lth(felb

The &ul tidom supeﬁtrtaiaanm of HF+lmexdpr essi ng 11EK293T ceI | s obtai ned
according to " Brepatati f Reco nant ote |nth

Banpl e vas. u2Gds Ao ehd ORI SR T o e ECF S 25 aBEhARES SPT Ehot e
ECF- L- depitét ddeERG- @vhis ald:@ﬁdr@fmfeﬂdbwedemlctbttapne@ b)frmcal spine

i ntroduciing ot.be; &,0! | ove N1  BEENA Bt Qe.NdoLbelial Progeni tale ceLS was
(EPCs) derived from bone marrow Wmch was” cul tured for 14 days in

Exanpl e PdsPAgERR r8femENE t6i RRA Jrtifsf aef BirrRERg et 1l0¥28 75noigsd -

001, 10Roche) st %Q@&eﬁabé&lﬁhﬂg:ﬁeoéxﬁb%dvﬁﬂ&n dhes &l mk@@\s ier ead edin
S| gma Aldrlch nosys si RNA servj ce.

(eEQ T D NG XﬁtlAncﬁ tgéilgﬁosgchaﬁﬂlssors and
5 CEEAACIHEAUGNA ’ﬁ% id2-NoldFpsAs dhdwstirhatigwad Oradderred

secondary neur S f f Qun nly in.the
RcECF- L tgr ou% %?1 % E%% %dr %%éé %% 9%@?@%;3 V\@Egndq:ur g %eugr/%lsup iere
was forneéd ma @hetrE'@F-lE ﬂ@m@ﬁedsaﬂ@ @Vegioup 29dmg hef MyRlgrowrase

(n=132) . (Ih%zagct LA@M&ﬁphgfﬂSG wWef ef RUARd-JiR Lhes BRC:EM group

but not in the -L-depl et ed EPC CM_ and neurospheres were forned in
t he RcEéljSFagPB‘EFbquﬁd‘f’%%Et g&s¥YatedeE 3P Bt oY ﬁ%ls\}‘éal?h“t%éy filter
formati aiteefill fex UL OSIet BSsue was disrugtbA@kBIper £ &5y Shlﬂyhn;tlelal & gr°c

11, the equenc of ter i ar eurosphere formati,on in the - L
gr oup an%’ t(r}ig pt v%‘s Q%%ﬁi)pa %bF?ahl? g, PARGE S 14 ctdfﬁ’tplsm
hi gher tidmbt het scrlutthen gfooup mgf oMIMypeAhal mh kg tge oW priugot @1 SI‘-(ZVLJJM +
GF) ot S(ts‘i%}% ?f@rlcmuﬁé 8¢t s Ofv 5l L 20 %%' »ﬁmf ﬁﬁﬁ\@er@i peed%glfi%tt%m

cell's deri rom ad mce == I'S exarrpjf
veri fi eFtemat 1 el e cerforAaed tEGiLeth%@péﬁdetﬂrS@@? drfhlﬁi‘lolrﬁ)FPlﬁ“g“tﬂﬂ’@ed

sel f-r er!ﬁ\/\/@boofprﬁ Ii%r”?Uﬁl@JutéEemT@L@l é@p&&falt\éﬁé @.J HQH@:&H%&EEHG% W ek
adult mc m ce (C57BL/ mal e, ks of

to
age) wer etré(ﬁééP h’e‘i}ljf’éaoﬁn ch%%lé?flh‘g’fl‘s é"tdﬁiéfi ‘é?ldtl"sea@ﬂ‘}r‘?tc'ed’hﬁﬁh was
decapi ta:telsnap@md@:ebylpd@btsmgxe o s;la@oﬁntﬁrmfu@éd et dolesen ES M\Bﬁﬂ:es

W p h_ alg a as_ ineised,fromt neck to the
anh PrertRe CRUEFPSHE TR el 5 e B B R EEE £ TP R
exposed lbrnémf Vid sudheawmkeptofi pellbewes|puRBSS byThiee serhed wh evamting

i sol at ed ;with) ophthakoploagiL g6l ssors and forceps and kept in a fresh
ice-cold PESO. This striatumwas transferred to a centrifuge tube,

and PESO was irgﬁlcgééﬂ tihe Wbﬁaf'?%gﬁﬁe §6eted &R a(f!ﬂ@SIJFQDfO?S f:}“yﬁ@?thalnlng
(T-1005,mu5i Qﬁ%l@nﬁht@aﬂl)w,ltzozmﬂgpﬁl I&)y:'a]bmmﬂbgﬁﬁ&ech) and 20 ng/ml of EGF

30 {(both final concentration) to a density of 3,000 to 5,000 cells/ml and
cultured at 37°C, 5% CO,.
Most of the primary neurospheres were 100 uym or larger in diameter
in about one week.
These primary neurospheres were subcultured as in the case of
35 Example 2, and seeded in each well of a 6-well plate (9.6 cm’) so that
10 to 15 x 10' cells were included per 3 ml of MHM containing ECF-L
recombinant protein (RcECF-L) or MHM supplemented with growth factors
and incubated at 37°C, 5% CO, for 7 days.
The secondary neurospheres thus obtained were centrifuged at 400

40 rpm for 5 minutes, after which the pellet was kept and the supernatant
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15(H 6254, Sigma-Aldrich), and 6 ng of kynucreic acid (K-3375,
Sigma- Al drich) were dissolved in 30 mM of MAM and sterilized by
filter sterilization). The tissue was disrupted bypipetting, digested

at 37C for %ggggat oudld éﬁet%rdafses aggltﬂe%élme?etz%n'lngf fﬁtedsed

trypsmln tor solution si n inhibitor (ovonuc
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t hus Obt@éLﬁ%@pH@f@S S%@(ﬁi@ge 'n@uf‘oé }‘%%lé QIEIE%I%%OEQQE@C!.% /%’M?ettln\g

suppl enented with 20 ng/ of (I%eprot ech) and

30( bot h ?h%?awa%dﬁféﬂﬁFa?ﬁldﬁﬂr ?d“]a{“ﬂéﬁs?%%/ Tof elofcfotbe %lﬂmfeaéew e
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were 100 r lar n_dj anet.er in about ek These rinar
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m nutes, after which the ge | et was kept and the supernatant was

filter et HFolighe £ FPERIH- 0.45 gm To the pellet, 2 ml of filtered
super nat ant (Ml:éertﬂxé ﬁi&ﬁhdﬂrbfvmmdﬁm colififed SO Y t e @S PR e e sy
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remai ni rrgawxeapbsmmwese a‘ﬁwssgqbeimatmsz(cﬂ: & &l Yo Gont i’ iaid soml yusting
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pi petti rngvmgs:ewag wellel s a206ed 85 FACH MY £SeBREk End Bl 16§ idd@ispersed
supernata pL)L s 10 obtained was m xed with the first supernatant

col | ect éfFpr &Y B‘Hsﬁy Then, 2 ml of the filtered nedi umwas added
t hereto and threemmtugeemas tpenbbié Ugetvate 8003adpin b wblIrbAwt B5-welle

supefsnat.y g%}%"‘ﬂ%f ae%%&é%ﬁg féd I}Lﬁ{ba%F&E%:)g Lok € S9f (U ?‘%O'd‘é e,

wth 20 (both firral concen atlon
and t he wigitvye @fsfﬂfpeﬁmleaﬂnenled ofith A& grridral yie Gl tawrerbbmydia sulfate,

neur osphey eg /L0 dhereel bnpeld eb /A4 harcebls: Wahe1resuspendetbn) ana
After the nunber of cells was counted by the method of counti ng
r)?s

living dé18 SUYESTT iWEGTRBRAE, °LhE e 1 E2EBnSHITEEI R thfe nSEE
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As shown in Fig. 12, the percentage of wells with neurosphere

formation was higher in the group in which the cells were cultured at

35 the first passage with MHM containing ECF-L recombinant protein
{RCECF-L) compared to the group of MHM containing growth factors (MHEM

+ GF). Since it is known that a certain percentage of neural stem cells

give rige to neurospheres when a single cell was cultured under the
aforementioned condition, the aforementioned percentage of wells with

40  neurosphere formation relatively represents a percentage of neural stem
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The living cells thus obtained were seeded in one well of a 96-well
25 plate per each cell, and incubated at 37C, 5% CO, for 10 days in
1:1 mxture of MU supplenmented with 1% penicillin G streptonycin

sul f at e’czglqgngélnth@fafwzgﬁeﬁ%r%g BQHH Qfelggz (both final

concentration) and the culture supernatant of the primary cul ture of
t he neur ospher’®8§ 2bRVBEEEEREAGR 61 = EFaTRLADHRE L G aidldtEGfhértas an effect

neur osphes esohat gey tthaa@eﬁ&régepm id¥ @hé—ﬁﬁi&%l\/\@tﬁeﬁn et B tbMatiRed from

respect he wel |'s ich t re seeded was
Congt dor b ol BBt Cahttiye ATSSRAPE il CHLREGF CBRBLE o 1 BroTa 7S
show?d i nadeing. ot 23 phhemperwentageongfoswelids fwirt bromitriagptier esefll 6r faddwan
was hi ghe r i i the. cell [ cultured at, 35 1
first pacesbB bt P RBRR compdn SRR Bt ERRRE i Tta koot Rep)
conparecbqn)bﬁhesgﬂ(ﬂﬂ)tGEakm%ﬂaﬁgﬁ?al¢ﬁuﬂ}dgbmmm¢uﬂhm@ﬂodxsKwMQVh¢@¥3
Since it is knowmn that a certain percentage of neural stemcells give
rise to neurospheres when a single cell was cultured under the

af or ement5*Gf@4ecdhdi tion, the aforementi oned percentage of wells with

40 newur ospher @hﬁ@rmse%m;aa ERbwd it\lﬁgi:?/E(EI&m Q%eifﬂ%éal&zlé@r @ﬁrﬁragalpﬁ,omwual
stem cells.in the afore tlone iving ¢ ) bove
ot 1 S PR S R As ST Tl GOTE HEE PORAL FRE™ GPdFr RE] MRpoont, and
pr onot i nghatth@csel fis ehgwadlafichhey nefffealt istyeth< eleigabbdtaimedlis om
fetal and adult mce. Accordingly, this ECF-L can be used in a

pronoting S5 agent or a pharmaceutical conposition for pronoting the
sel f - r errewdireat ietherfe i ae st srkaspiantgddfFPoipbeled cells ==

t hi sghar maceubicat EPOSLLE Q@oﬁéﬁbrﬁ%oﬁé@%e&ﬁo& Beafso@wﬁ@h@éu%a&@ﬁdleay
neuronal dysfunction. [Exanple 6] 1QThis Exanpl e shows t ECF-L is

| ocal i z&dF FrPIRe i 150 AR Y THe SSHARFePR T 0GPt OPch BAGHTSEE HratFeal
stem celnhfesarmnarmeatq cedald wbhaTtrEﬁFplaﬂt&dpﬂ:yﬁédﬂpﬁgheahhMaBé festdnga,
t he neural r’%ceilo Soers eaetl Qn ofd mS(__:L% Er} Sﬁlﬁpt ed imal
GFP- | abe“l‘e 5 TGS RECHTHI 1§ T T T4 o éndnt! oret TREROT TR
i sol ati r‘ﬂgiecebbspd@rtl ‘aedmil@meb@nehwarawwse@m nagii powre elfl owergy and

obt ajgned. fLom A GAG EGEP, nRuSEe: oF bone marrow cells
weretranspl antedto reci pi ent ani na (C57BL/6J, male, 8 to 10 weeks

of age) in a HEAZER FoBPRP ﬁeq@@n@aﬂ %01&'@(]33&%%‘?“ cm%atreécmﬁ epgreated
ani mal s ane hhen @xpasees! gmanadi atdon oofedPs 2Chg@Ntbr mice with

transplanted GFP-labeled cells derived from bone marrow as described
above, using the aforementioned method of fixing mouse tissue and

2b  producing frozen sections. Next, each protein was labeled using the
aforementioned immunchisteochemical staining. For this purpocse, PBS
supplemented with 10% normal goat or donkey serum was used as a blocking
buffer. For detection of ECF-L, rat anti-mouse ECF-L monoclonal
antibody (MAB2446, R&D systems, 1:50 dilution) or goat anti-mouse ECF-L

30 antibody (AF2446, R&D, 1:1000 dilution) was used as the primary antibody.
For the detection of CD31, rat anti-mouse CD31 antibody (550274, BD
Biosciences, 1:10 dilution) was used as the primary antibody. It is
known that expression of CD31 is restricted to the endothelial cells.
In addition, for the detection of GFAP {(Glial fibrillary acidic protein),

35 mouse monoclonal anti-GFAP antibody (33893, Sigma-Aldrich, 1:100
dilution) was used as the primary antibody. With this mouse monoclonal
anti-GFAP antibody, neural stem cells can be detected in the
subventricular zone of the lateral ventricle. Furthermore, for the
detection cof aquaporin 4 (AQP4), rabbit anti-aguaporin 4 antibody

40 {AB3594, Millipore, 1:200 dilution) was used as the primary antibody.
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20 then were fed for 4 weeks or nore. Frozen coronal sections
of nouse brain were created for untreated adult mce (C57BL/6J, nule,
8 to 10 weeks of age) or mce wth transplanted GFP-| abel ed cells
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in t(I;Le ce&ebral cortex, neither the GFP | abel indicative of
Thus, ECF-L is specifically expressed in the endothelial cells

of neovessels in the hippocampus and the subventricular zcone. The

40 hippocampus and the subventricular zone are reglons where neural stem
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cells are mainly found, so that this expression pattern confirns that
ECF-L affects the neural stemcells fromthe physiol ogical viewoint
as well. 5[ Exanple 7] Thi s Exanpl e shows that neurospheres

pr epar edcdny sagté Rgh iRCE- ﬂ.odnﬂl Vid rtadi d:fier enti a8 ohNL: RUr &k idtns dchat
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11 antibody F¥B66(Cr40hSi Wﬂhdmr@wro}zpm@@@s dibttatineh) abet hegpmdaresy
ant i4300dY,c380q Ak BX Bl U thd2RmBLALo AR 1 FOMSE coqﬁc@@taé%%%;&g“ QAL

Mol ecul ar Probes, 1:1000 dilution) as the secondary antib

addi t i oteSEBIPEIRN @&t ERtissh BF BHF. - LnBliste lntPRerR 6 v thed| Séﬁ’ﬁl%&?

( MAB345, delthamm adu 0@ cdi |4t Esampms use aglmaepéls*aard)édam ichedy
and Al exa . r 488 gggt 5 tant| - npuse | gM an‘;si bodg éA— 2104

Mol ecul &1t ro €%, R34t PER) eSS 0det a0 ThESE acﬁi’d&ﬂ?r‘é?ﬁ}}eﬁﬁﬁy
For the detecthen tef:tﬁ%%P nmatb:mpheaam weFAPpantedody (aZO:}&&w,beDal@alde

P T T e LN
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quant i t SPFVE AN S &5t oTht FRYRLETE bRe PeRBT I © I‘f“;’ib%?ta}l\f’et]&%lqeéls
04 posi tWeve cetdd widRd4 AR aoshdldey@el.ls were counted in five 15
fiekgs under @héﬁéggggcggfis were labeled using the aforementioned
immunchistochemical staining. For this purpose, PBS supplemented with
10% normal goat serum was used as a blocking buffer. For the detection
of B-tubulin III, immunohistochemical staining was performed using
mouse monoclonal anti-human-f-tubulin III antibody (T8660,

40 sSigma-Aldrxich, 1:1000 dilution)as the primary antibody and Alexa Fluor
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As shown in Fig. 17, in the cells differentiated fromthe cultured
tertiary neurospheres, P-tubulin IIl positive cells, 04 positive
cells, and GFAP positive cells were differentiated through different
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i ncubat ed
as well as the accompanying differentiation into gilial precursors and

promotes the self-renewal, which contributes to increasing the

35 percentage of neurons after differentiation.

[Example 8]
This Example shows that ECF-L has an effect of promoting the
self-renewal of the neural stem cells even in vivo, and that the neural

40 stemcells obtained from the striatumof mice with the cerebral ventricle
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25 at 37C, 5% CX2. 1 nmMof BrdU was added to this nmedium to | abel
newly proliferated cells. The nedium was di scarded after 4 days from
the beginning of culture and the cells were fixed with 4%
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N HC1 at 37C fgq_ S‘%O JQCQ&_‘E%? Et Q\%tﬁﬁﬁ‘npe%‘lltegf ljl.%l N ssemqlé/r% Plé%ln

i mmunohi st ochemi cal ‘st ai ni n urpose; supp
with 10%hadral igodkaseraui veasméwcalsaas@hdykwmpbaté@rto BridigewasrF - L

det ect ed; psd RGeSBERD: ANt {reﬁ!ﬂgl@ngf %@é ( Z\pic%ngZre Ffetd298£a'} Qi’ayé 200 e

dilution) as the primary antibody andAl exa Fl uor 568 don
ant i -She#pfuggegantt bodipteACD 1099 11 Mt difuar W%b@@fplﬁmim)@i oiltkbt BGhL

as the seeaitlahyntndddiedy. thix addi brOFaredd 1hnﬁ9em@1|e3t50§xli@rﬂcﬁ%lentrated
st ai ni ng was gﬁpforma to xam ne theB%ocaI ization of P-tubulin _I1]

in the s¥ P s useHthd@ bhal CORTEPL nIrf®- Betabmivaet yith
ant i bodyar E8660, chhgmrmoAl denodntrdrdé®0fndiihupl o cEfSthéecqafdemmwted
ant i body ) S5, G _ant i bod

Mol ecul a%@%%oéé?%fl::f%g%mgi I u(?l%g;ﬁ Méatt%%%o]wggéﬂon Iérpf " ﬁ%é%e% 3 VR
i s kHOWnEGETEt rpoonibialang prateis, altpreeleefityregdobngrentedfopstion at 2380

For quang igt &t vg nﬁ@ﬁl&:}ﬁ'@sunbhﬁnlﬁgmrt%aofs Bedl pogi tfﬂetEQE&éﬁc%Qd(loK
O-tubulin Illﬂgomtlve cells were counted in five fields under a
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stem cel ressing asymetric division and acconpanyi ng

di fferen ‘35 ¥8ﬁ WV egl'Pal B ATGIERT OIS eG%ﬁt¥WWv6u%§°&F6hﬁ%?%@oo
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neur e differentiat i nt o neurons increases when
they ar zﬂya?}legpf'gﬁupds ch:g " FRAUS ta 1 S pppITESB g?‘?)ﬁ °V€-  The
present i nvenﬂh@ﬁleééﬁ threvbdesnehvweaygent ad¢al oproretibag sthée (#5732-008,
sel f-renguali ) ofodthey RevhaboSi-eMeLldisiandnd ABILRAd .01, USiRghNE, SATE-

supplemented with 1% FBS to a density of 1 x 10* cells/ml, and incubated

25 at 37°C, 5% CO,. 1 puM of BrdU was added to this medium, to label newly
proliferated cells. The medium was discarded after 4 days from the
beginning of culture and the cells were fixed with 4% paraformaldehyde.

Next, the fixed cells were incubated with 1 N HCl at 37°C for 30
minutes, and then labeled using the immunohistochemical staining. For

30 this purpose, PBS supplemented with 10% normal goat serum was used as
a blocking buffer. BrdU was detected using sheep anti-BrdU antibody
(20-BS17, Fitzgerald, 1:500 dilution) as the primary antibody and Alexa
Fluor 568 donkey anti-sheep IgG@ antibody (A-21099, Molecular Probes,
1:1000 diiution) as the secondary antibody. In addition,

35 immunohistochemical staining was performed to examine the localization
of B-tubulin III in the same sample using mouse monoclonal
anti-human-p-tubulin III antibody (T8660, Sigma-Aldrich, 1:1000
dilution) as the primary antibody and Alexa Fluor 555 goat anti-mousze
IgG antibody {A-11031, Molecular Probes, 1:1000 dilution) as the

40  secondaxy antibody. It is known that f-tubulin III is a marker for young
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CLAIMS 1. A pronoting agent for pronoting self-renewal of a neural
stemcell, conprising: 5ECF-L or an expression vector capable of
expressing ECF-L as an active ingredient. 2. The pronoting agent
accordi ngettoei@ai m 1, wherein the ECF-L is human acidic chi ti nase,

human chitotrig uctal _10 copr of ej recursor
human chiti nase&lB%gE hg}r{réa% Chi’ t|%aslgm§’elrgk% £ SHetRoge bks
cul turingnd hdéwbalistidh pe‘p?i;l@orrpll&mge cohitierd By mwahesti@rxﬁhaéhas
in the prheseneepefl ECF-L. 15 4. The method according to O aim 3,
wher eén the ECF-L.is human acidic chitinase, human chitotri osi dase,

human® ovi duct &t° §E§EBprbEESn 18 praterissy, PoRifEYec At} naeee Jidtdcsel o

human chihé meL 3.-n|fh.zl§€oﬂ. .grdQp S.RAERRAY, m@ﬁﬁ&f&iﬂtoc@{@é’&{éx‘oq%&{p (MHM)
-rene of a neural stemcell, conprisin

pronDtlng S@

expr essi o ve&lor & ﬁﬁlh@tcﬁree@(ﬁ%%’r’hélﬁwstt”e (2, @) aflfﬁ@rdUPOSltlve

phar maceu®i cal acenpasid |nenbamcfed1tragst&eﬁu@bnp&uwmhetﬁ tih@e22 ﬁEQFd—
a

i's human, Ca - 1totriosjda uman ovi duct
glyco rot%&nﬂl pf%?%?gaisa% %uman C%Ftl Elitése ?47'\ [ ft% @ﬁﬁ?ﬁ%ﬁu%???m

3-1i [neurong, tyheotsHanfrbetn asalsconpogilpi of mEdpaglttmreralms e
6, whereim %Qdﬁh}_&oélctmsbéilﬁ has for nt:l.rfgéérll{!@ ﬁlghéfeﬁle ﬂésﬁ%‘;“l Et?roup

w th neural aw)ésf unction. S. phar rraceutl cal” conposition accord
to d ai ff7?® grE‘Pnthtené’OBFE‘é]a%C’ug €¢&rebral infarction, spinal cord

injury, anyot maphi Gdratetizd an effect of increasing the number of the neural
stem cells by suppressing asymmetric division and accompanying

15 differentiation into glial progenitors, even in vivo and promoting the

self-renewal of the neural stem cells. Furthermore, a rercentage of

neural stem cells to be differentiated into neurons increases when they

are affected by ECF-L.
20  Industrial Applicability

The present invention can provides an agent for promoting the

self-renewal of the neural stem cells and a method of using the same.
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35 sclerosis, Al zheiner's disease, Parkinson's disease, progressive
supranucl ear pal sy, Huntington's disease, nultiple system atrophy,
spi nocerebel | ar ataxia, intracerebral henorrhage or subarachnoid

: L : im 7
henorrhage. 40 9. The pharmaceutical compgsition according to Caim?7,
wher ei n ?he neural dysfunction is associated with normal aging. 10.A

medi cament contai ning a pharmaceutical conposition according to any
one of Clai ns & Bxpm@Ling agent for promoting self-renewal of a neural stem

cell, comprising:
5 ECF-L or an expression vector capable of expressing ECF-L as an

active ingredient.

2. The promoting agent according to Claim 1, wherein the ECF-L is
human acidic chitinase, human chitotriogidase, human oviductal
10 glycoprotein 1 precursor, human chitinase 3-1like 2 or human chitinase

3-1like 1.

3. A method of culturing a neural stem cell, comprising:

culturing neural stem cells in the Presence of ECF-IL.

ib
4. The method according to Claim 3, wherein the ECF-L is human acidic
chitinase, human chitotriosidase, human oviductal glycoprotein 1
precursor, human chitinase 3-like 2 or human chitinase 3-like 1.

20 5, A pharmaceutical composition for promoting self-renewal of a

neural stem cell, comprising:

ECF-L or an expression vector capable of expressing ECF-L.

6. The pharmaceutical composition according to Claim 5, wherein the
25 ECF-L:hshumanacidicchitinase,humanchitotriosidase,humanoviductal
glycoprotein 1 precursor, human chitinase 3-like 2 or human chitinase

3-like 1.

7. The pharmaceutical composition according to Claim 5 or 6, wherein
30 the composition is for treating a disease associated with neural

dysfunction.

8. The pharmaceutical composition according to Claim 7, wherein the
diseaaaiscerebralinfarction,spinalcordinjury,amyotrophiclateral
35 seclerosis, Alzheimer's disease, Parkinson's disease, progressive
supranuclear palsy, Huntington's disease, multiple system atrophy,
spinocerebellar ataxia, intracerebral hemorrhage or subarachnoid

hemorrhage.

40 9. The pharmaceutical composition according to Claim 7, wherein the

40



neural dysfunction is associated with normal aging.

10. A medicament containing a pharmaceutical composition according

to any one of Claims 5 to 9.
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