1 DESCRIPTION Lrp4/CORIN DOPAMINERGIC NEURON PROGENITOR CELL MARKERS 5
Technical Field The present invention relates to polynucleotide probes and antibodies for detecting
and selecting dopaminergic neuron progenitor cells, and methods for detecting and selecting
dopaminergic neuron progenitor cells by using them; and kits and therapeutic methods for treating
neurodegenerative diseases such as Parkinson's disegse using dopaminergic neuron 10 progenitor
cells. Backeround Art The dopamine system is an extremely important system for essential motor
regulation, hormone secretion regulation, emotion regulation, and such in the mammalian 15 brain.
Thus, abnormalities in dopaminergic neural transmission cause various neural disorders. For example,
Parkinson's disease is a neurodegenerative di%?ﬁs'i% 1eixtrapyramidal system that occurs due to
specific degeneration of dopaminergic neurons in the substantia nigra of the midbrain (Harrison's
Principles of Internal Medicine, Vol. 2, 23rd editi f% rEﬂi % w-Hill Inc., NY
(1994), pp. 22‘??%%@5%9@5%@%%@&%%ﬁét?gﬁ % S?r %go‘lin{“sﬁ seMas%E%ral admlnlstratlon of
L-DOPA (3,4- dihydroxyphenylalanine) is performed to compensate for the decrease in the amount of
dopamine produced; however, the duration of the effect is known to be unsatisfactory. More recently, a
therap‘eutlofﬁmwjbﬁéarkmson s disease was attempted in which the midbrain ventral regions of 6
to 9-week old abortgg iﬁ@b@ﬁﬁxﬁ%ﬁ%ﬂ&@ﬂ@@%ﬁ%@!ﬁl@&{&q{maﬁ@faﬂﬁb@eil& gsedegrsplanted to
compensate 80 he Ios of dapaminergic neurons Pat nt 4 N n ;:Pa"’}{[ g\%llé)rif:uments 1
rwi CEENSRIn §q§) II%{p "33 106;

to 6). How&V 83%“ SF‘%?JBE O%R&)@Fﬁn el 1% euro
Turner et alofEg88)Nienrogrypras:niva ey ﬁﬂmhbﬂnsfé@rl’éﬁtﬁ}ldﬁ@@ﬁﬁﬂ%%mﬁbﬁdﬁaﬁéus other

problems, E@AHQ%&%%E&%@Q%Q@%&QQR@H&@%@&MH@B%@&@@Ef@%m&ﬁéfaﬁiﬁﬁﬂtﬁ
(Lopez Lozano et al S%U 997) Transp. Proc. 29: 977-980; Widner and Brudin (1988) Brain Res. Reuv.

21697-32950 SEmtP fo% rvival rates due to the primary dependence of fetal tissues on lipid
metabolism rather than glycolysis (Rosenstein (1995) Exp. Neurol. 33: 106).

Background Art
The dopamine system is an extremely important system for essential motor

regulation, hormone secretion regulation, emotion regulation, and such in the mammalian

15  brain. Thus, abnormalities in dopaminergic neural transmission cause various neural
disorders. For example, Parkinson’s disease is a neurodegenerative disease of the
extrapyramidal system that occurs due to specific degeneration of dopaminergic neurons in the
substantia nigra of the midbrain (Harrison’s Principles of Internal Medicine, Vol. 2, 23rd
edition, Isselbacher et al., ed., MeGraw-Hill Inc., NY (1994), pp. 2275-7). As a primary

20  therapeutic method for Parkinson’s disease, oral administration of L-DOPA (3,4-

dihydroxyphenylalanine) is performed to compensate for the decrease in the amount of

dopamine produced; however, the duration of the effect is known to be unsatisfactory.

More recently, a therapeutic method for Parkinson’s disease was attempted in which
the midbrain ventral regions of 6 to 9-week old aborted fetuses containing dopaminergic
neuron progenitor cells are transplanted to compensate for the loss of dopaminergic neurons
(Patent Document 1; and Non-Patent Documents 1 to 6). However, in addition to cell supply
and ethical issues (Rosenstain (1995) Exp. Neurol. 33: 106; Tumner ef al. (1993} Neurosurg.
33: 1031-7), this method is currently under criticism for various other problerns, including risk
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of infection and contamination, immunological rejection of transplants (Lopez-Lozano ef al.
30 (1997) Transp. Proc. 29: 977-980; Widner and Brudin (1988) Brain Res. Rev. 13: 287-324),
and low survival rates due to the primary dependence of fetal tissues on lipid metabolism
rather than glycolysis (Rosenstein (1995) Exp. Neurol. 33: 106).
In order to resolve the ethical issues and shortage of supply, methods have been
proposed that use, for example, porcine cortex, siria, and midbrain cells (for example, see
35  Patent Documents 2 to 4). In these methods, a complex procedure that involves altering cell

surface antigens (MHC class I antigens) is required to suppress rgjection. A method



In order to resolve the ethical issues and shortage of supply, methods have been proposed that use,
for example, porcine cortex, stria, and midbrain cells (for example, see 35 Patent Documents 2 to 4).
In these methods, a complex procedure that involves altering cell surface antigens (MHC class |
antigens) is required to suppress rejection. A method 2 involving local immunosuppression by
simultaneously transplanting Sertoli's cells has been proposed as a method for eliminating transplant
rejection (Patent Documents 5 and 6; and Non-Pateht Document 7). It is possible to obtain transplant
cells from relatives that have matching MHCs, bone marrow from other individuals, bone marrow
banks, or umbilical cord S blood banks. However, if it were possible to use the patient's own cells, the
problem of rejection reactions could be overcome without any laborious procedures or trouble.
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transplanting of neuron progenitor cells, in addition to the aforementioned problem regarding
supply, there is also the possibility that the progenitor cells will differentiate into groups of
heterogeneous cells.  For example, in treating Parkinson’s disease, it is necessary to

20 selectively transplant the catecholamine-containing neurons that produce dopamine,
Examples of transplant cells that have previously been proposed for use in the treatment of
Parkinson’s disease include striatum (Non-Patent Documents 3 and 9), immortalized cell lines
derived from human fetal neurons (Patent Documents 7 to 8), human postmitotic neurons
derived from NT2Z cells (Patent Document 10), primordial neuron cells (Patent Document

25 11), cells and bone marrow stroma cells transfected with exogenous genes so as to produce
catecholamines such as dopamines (Patent Documents 12 and 13), and genetically engineered
ES cellzs (Non-Patent Document 8). Additionally, the use of dopaminergic neurons formed
by contacting nerve progenitor cells derived from fetal midbrain tissue with FGF-8 and Shh
(Patent Document 14), and of tyrosine hydroxylase-expressing cells obtained by treating NT2

30 nerve cells with retinoie acid (Patent Document 15) has been proposed. Howsver, none of
these contain only dopaminergic neurons or cells that differentiate into dopaminergic cells.

A method has been proposed for selectively concenirating and isolating dopaminergic

neurons from undifferentiated cell populations. In this method, a reporter gene that expresses
a fluorescent protein is introduced into each cell of a cell population, under the control of a

35  gene promoter/enhancer such as the tyrosine hydroxylase expressed in dopaminergic neurons
(hereinbelow, also referred to as “TH"), and then cells emitting fluorescence are isolated.




catecholamines such as dopamines (Patent Documents 12 and 13), and genetically engineered ES
cells (Non-Patent Document 8). Additionally, the use of dopaminergic neurons formed by contacting
nerve progenitor cells derived from fetal midbrain tissue with FGF-8 and Shh (Patent Document 14),
and of tyrosine hydroxylase-expressing cells obtained by treating NT2 30 nerve cells with retinoic acid
(Patent Document 15) has been proposed. However, none of these contain only dopaminergic
neurons or cells that differentiate into dopaminergic ctlls. A method has been proposed for selectively
concentrating and isolating dopaminergic neurons from undifferentiated cell populations. In this
method, a reporter gene that expresses a fluorescent protein is introduced into each cell of a cell
populatlorghg egat}rl%lu% 2 %156 esrﬁ%lpzrodn t&rlenh es[ra uc@ as the &o% yIa e
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of toXicity and imtnunogenicity when used in conjunction with gene therapy. 5 [Patent Document 1]
“US PaterlPriensBoogaziridibii PrsoutiNent 83 Wianese Patent Kohyo Publication No. (JP-A) HI
0-508487 Faiashiadovinndnid) dapse nalintoal Rbhge PulilicaiienNor (ERpOrHIg3084370Nn-Japanese
internatiofiakceahlitedi g lRdPaitond) phument BiatA bbb 63488 {Pateni-Reaussent 4] JP-A
HI0-50903 e ABatent basknenip] JP-A H11-509170 [Patent Document 6] JP-A H11-501818 [Patent
Dogyme g}&g%g@n‘gﬁgg@ A5 iPatgnuRecument 8] JP-AHI1-506930 [Patent Document 9] JP-A
2002-52%5%&@6@%@%%%}9]015@05@ 5050554 [Patent Document 111 JP-A HI | -509729
[Patent Document 5] JP-A H11-506170
[Patent Document 6] JP-AH11-501818
[Patent Document 7] JP-A H8-509215
15 [Patent Document 8] JP-A HI1-506930

[Patent Docurnent 51 JP-A 2002-522070
- [Patent Docurnent 10] JP-A H9-5050554

[Patent Document 11] JP-A HI11-509729
[Patent Document 121 JP-A 2002-504303

20 [Patent Document 13] JP-A 2002-513543
{Patent Document 14] US Patent No. 6277820
[Patent Document 15] International Publication WO 00/06700
[Patent Document 16] Japanese Patent Application Kokai Publication No. (JP-A) 2002-51775
(unexamined, published Japanese patent application)

25  [Non-Patent Document 1] Spencer ef o (1992) N. Engl. J. Med. 327: 1541-8
[Non-Patent Document 2] Fread er 2l (1992) N, Engl. J. Med. 327: 1549-55
[Non-Patent Document 3] Widner ef of. (1992) N. Engl. J. Med. 327: 1556-63
[Non-Patent Document 4] Kordower ef &, (1995) N, Engl. J. Med., 332: 111824
[Non-Patent Document 5] Defer ef of, {1996) Brain 119: 41-50

30 [Non-Patent Document 6] Lopez-Lozano ef al. (1997) Trangp. Proe. 29: 977-80
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[Patent Document 12] JP-A 2002-504503 20 [Patent Document 13] JP-A 2002-513545 [Patent
Document 14] US Patent No. 6277820 [Patent Document 15] International Publication WO 00/06700
[Patent Document 16] Japanese Patent Application Kokai Publication No. (JP-A) 2002-51775
(unexamined, published Japanese patent applicatiory) 25 [Non-Patent Document 1] Spencer et at
(1992) N. Engl. J. Med. 327: 1541-8 [Non-Patent Document 2] Freed et at (1992) N. Engl. J. Med.
327: 1549-55 [Non-Patent Document 31 Widner et at. (1992) N. Engl. J. Med. 327: 1556-63
[Non-Patent Document 41 Kordower et at. (1995) N. Engl. J. Med. 332: 1118-24 [Non-Patent
Document 5] Defenetaki¢lagfy Brablektr PLEBGTN di-Rateni-Raetment Skkopez{:ezano et al.
(1997) Trgﬁ@@arﬁE@%&%o@s%&ﬁr&@ﬁ@@ﬂﬁ%%ﬁ%%ﬁr&l%@%h%@ﬂg&z@ﬁ%@%&?"
Transplanie2d 23 9ciNensRatent Recument 8L Kin, ta %5% grzpatent
Document gL inclyall et at. (19 INEH@%eéézﬁ Do by

n. Problems
to be oIveﬂ %yuthe.lnve onVA ne he ma or ptab ems ng ar i son S dlsease trans‘g ation
therapy agfge momen at bo n Wb qhﬁere ?5&% rFﬁﬁLéP W@Wﬁ%ﬁé& and
midbrain VeftrAl Fegish @F%BB?%& nSET Ste %‘5% ﬁ%}%’éﬁ SWIRENE ShSdaring

safety in FeHsl WW&R@H‘@%Q@F&W@%@MW@H f&%@myﬁ{ﬁé"&ﬂy ths 5 cell type of
interest. FERACHEH S1E WAerrEbn Sidetingtve Fisiber anperipshssiscisio dlipemindsitarsiodse isolated
poSMitotiTRESIGNG chllorsas-oarwhactego aspadtaisthe survival of cells at their u anspiaatation site in
the Bfain, and their ability to properly form a network, it is expected that therepeutic effects can be
further impiexedibRdselatingdbpaminergic neuron progenitor cells at as early a stage as possible. 10
Means to Solve tined?sebigrasiiordes: inisohate genas-specificia-dptamingrgicagurprpogenitor
cells, a gegcificalty expressed in the most ventral region of the E12.5 murine midbrain containing
Qopaminergic newrons wes identified using & rmodification (“Method for Homogenizing the
15 Amounts of DINA Fregments end Subiraction Method”, WO 2002/103007 (nisrnational
Publication Pamphist)) of the subtraction me:trma {N-BEDA: Representational Diffarence
Amatysis; RDA (Listevn WA, (1995) Trands 1 11 302.7) by addifionslly dividing the
ventral region imic two regions m the anrsmvmmal direction, Ase msul' the presem
mventors successfully isolated Lipd/Corin,  Lrp4 sncoded & type I transmemibrane protein
20 (Fig. 1.
Lrpd mBNA iz specifically expressed in & verdral midline region in the midbrein,
The erees where Lip4 mRNAIs expressed matceh the arsas where dopaminergic neuron
proliferafive progenitor cells are present.  Furthermore, when Lrpd sxpression is commpared 1o
thet of TH, which is 2 marker for dopaminergic neurorns, their sienals ars in mmn'-&
25 dorsoveniral positions, but they do not overlep (Figs, 4 end 5}, This indicated fhat Lrnd
mRNA is not expressed in thess progenitor cells, whdch had stopped sell division and migrated
to the neural ube outer layer,  Thersfors, by wsing Lrpd mBENA 85 an index, 1t is possible o
speeifically detest and select doparminergic nenwron proliferaive progenitor cells,
Thus, embodiments of the present invention provide dopaminergic neuron proliferative progenitor
cell merker poiynucisoiids probes capable of specifically detecting Lrpd mENA, and methods
for seisciing dopaminergic neuron proififeraive progenitor esils wihzing these probeas,
Furthermore, embodiments of the present invention relate to dopaminergic neuron proliferative progenitor
eglis prior to cell eycle exit, selected by using such nuclectide probes (nersinbaiow, somstimes
referred to simply as “dopaminergic neuron proliferative progenitor calis™): as well 25 methods
for isolzung dopaminergic neuron proliferative progenitor cell-gpecific ganes and genss
- specific for each marturation stge from progenitor cell o dopeminergic nevron, tilizing the
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specifically expressed in the most ventral region of the E1? 5 mime midbrain contai'3"g dopaminerm

neurons was identified using a rrsodittcation ("Method for Homogenizing the 15 Amounts ofDDNk

Frasments and Subtraction Method", WO 2002/103007 (International Pub icaiioh Pasnphiet)) of the

subtraction method -PDA: R presentational Difference Analysis; RDA (Listssyn Iv-:. (1955) Trends a Il:

3Gs-7) by additionally dividine the., ventral I ign At tw: g%n%é%gﬁﬂgw%%grection As a
L el oo Fony | %%teg‘fr’g&%g%ﬁ, L.rp4 énc

result, the %rr%sen inventors successtully Is oded a type Il transmem,n an--

protein 205(EiegrenyiationapmlIkr RS HFEBHBEIRFEKSTEeRe 1Ay B NEawaIHeFegirin thedafibrain.,
The areas yhefg L ipAmRNAIT R EEessedRaichthe aleas-ibrmdre depaminenginadeonoptaliferative
progenitor cells armesﬂent. Furthermore, when LIt+4 expression is compared to. that.of FR, which is
a marker AT HBFRMMBIGH TS CHiaT Sfar S are - ICent ca “d‘é?s%ﬁe%é’lbpd”stlﬁbns, but they
no not ovepapaiftas: doamdibdrdihisindicatechmer a4l mRtTAistaot dpressadrEitnesepidgesitor cells,
wish had siapped.cell divisiop.ang miaratd o the-neural tipe.outer layetnthereforgcbynitng Lp4
mPL A as an rode,:" it is possible to Spec ficaly d ent and select dopaminergic .netuannggﬂqliferat ve
progenitor EERETHPREICSHIBORIFREFS Ot Fhts pfas it FRRATISH SO Uide W&pa?’rﬁ%’(e?ﬁ?@tﬁgu 6h
proliferative:pragenites 32 telmakes poiymacl éotitesprotiesic dpalsie afrspeuifie aliscfetectitg Lrpd
mpx A andmeinods I AGISe g A-a0amcdle, ReLIo A GLIBIARY e AOOBRIO R GAdR R these
probes, Furifirermore, embodiments of thie present invention relate to dopaminergic neuron
proliferativepishénitse Bl Breptste GRTe EsTE LRt el ISR G tic HRE FBERHESFobE. (ere es
a., inbelowngemeresiorefeiresiiasimplyhaprdepdmineirgicaies romatolifefatieaprog enitbmeslisirzas
well as methods 35 for isolating dopaminergic neuron proliferativ; progenitor cell-specific.genes and
genes spedific ot %%%%%?ﬁéiﬁ%%aﬁ%&é rbgrénog%ig%c%ﬁfgl}j%%ﬁ%h%%ca 1:r';%eéﬁﬁrgﬁ)?u‘f|T'lgll‘zging the 5
proliferativecprageitoricetis; dsdbmeéthstsbiesurdening! foremponndls Which induce difi erentiation or

pro‘iferation, afihe. PRoGEIIRICal-s: Usingaale Aton. a5 a7 indexs s Alsespassible: auirmthe
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proliferative progenitor cells selected by using the nucleotide prohes of. the present i&\l/%]trilorr , and to
. o mmlie v £t 1~ s wmn we the are on ar
obtain dopdnérgicletRo PELRGE CelSEoMsiSgmeorDas Whickh ma dirfer G
oroliferation of he celis using maturation 25 an masw
Furthermare, the present inventors produced an anti-Lrp4 antibody, and examined

. . -

Lrpé protein =xprassion.  First by amalyzing its expression in gssess (Fig, &), the Lt

protein wes confirmed to be expressed in the seme way as Lrpd mENA.  In tims expenment,
Lrp4 protzin signals were aiso derscted in TEi-sxpressing arsas, However, smee 1he
proliferative progenitor celis exiend processes toward the outer taver of the peural whe, s
siomal could not be determined 10 be causeC by detecung proteins on the procssses or the Tri-
expressing celis also expressed the Lrpd protein,  Next, by using the anti-Lip4 antbedy,
whether Lrpd protein was expressed on the cell surface was analyzed DY fiow CVEomaTy.
elis in which Lrp4 mRNA expression was confirmed wers obtzined by inducing the
' differsnuation of ES cells into dopaminergic neuron progenitor cells n virro
(stromal celi-derived inducing acuvity (SDIA ) method)
and used as sampizs.  As e result, it was confirmed that the Lrp4 protein was ceriainiy
expressed on the surface of the celis (Fig. 9).  Such proteins expressed on the cell surface are
particularly preferable to use 25 separation markers because iving cells can be selected (see
Fig. 15). In edditon, ES cells wers induced to differsnuiate in virre into the dopaminergic
peuron progeniior cells by the S-stage method, and Lpd expression was confirmed by BI-
PCR and fiow cytometry using the anti-Lrp4 monocional antibody.  As a result, Lrpd was
-revesled 10 alse be expressed in dopaminergic neuron progenitor celis differentiated by the S-
stage method (Figs. 17A and 178,
Next, Lrp4-positve celis were separated from cells induced to difTerentiats (SDIA

method) and from mouse fetal venira! midbrain c=lis by & cell sorter using the anti-Lmpé



postmitotic dopamine oic neuron precursor cells. The term "dopaminergic neuron lineage cells" used
herein refers to dopaminergic neuron proliferative progenitor cells, posuratotic dopaminergic neuron

- precursor cells, and/or dopaminergic neurons. The dopaminergic neuron lineage cells can also be
utilized for the methods for isolating species c to eacly stage of maturation to dopaminergic neuron,
and the methods of screening for compound which induce the differentiation or proliferation of
progenitor cells. using maturation as an index. Therefore, embodiments of the present invention relate
to methods for obtaining the dopaminergic neuron lineage cells by --ulrurinz the dopaminergic neuron

prolirferatiye;gragenitar cells.selected .y e.d cleotide, ells ohtained in this
way; methads fo 5%9 Mﬂgﬁgef?% gglcﬁ%gﬁgﬁﬁg% gﬁ%ﬁ 'ff’?)n ti:% g ?eﬁ]qﬁi‘?g% (Ohs that
use the cells; and meaf% s of scre p VPHTE Wé‘?‘é‘fﬁ?e’il%”ﬁ*
proln‘eratlon of fhe CE Ts Abn‘ r%éé"ﬁﬁn%’fﬁé@produced an
anti-Lrp4 ShiBo eéf/t ‘rﬁn d&Lrp4 %W%%W@W@tamfmﬂ@m%smn in tissues
(Fig. 8), t BW%WW%%WW@ %Bée"é@mﬂ?fﬂtheﬂsmelwla}ﬁas frparhRisAtva tHis expo
inept Lro@?ﬂ%’t@ﬁ%@ﬁh& Wdratogtbectel hpresiiag diaemsoddomeirerisineesio@s nsing
proiueratrdpfogBhiforscik srehete nebprondsses mhwﬁdthmm%&ég&mlﬁeq;@tg@ﬁpg 58i_znal
could not treidetemismibito:biscanses ysieitnest: HoleinSAMARRI0esIes AP e hexpressing
cells also éxpredseditheld-pecriain: MNeX ti Mﬁ%@@ qgut %4%}(@@ gifier Lrp4 protein

WaST@<WQ§%®@:@ﬂﬂB§i@Uﬂ%@&%%§:&E@éWSQM' f 4 MRNA
ﬁéﬂ:gisg:ad%g&m%cégﬁﬁ?ﬂ%ﬁ%ﬁmpy Haglu Cm agcrtle\::tlatlon ofé\gﬂs Ir;;g%pg%rgr;esrglc
R Al a&%x&?&%ﬁ té{tl’f‘igfe Qt“e ﬁ/vé’sz?e?éltpe Hes?e&‘lﬁ the surface of the

samples esult 4L as cg&\é C L
ceLs (rig. 5 %a 8 S ihe ce ﬁ?srr}fé‘i?eﬁﬁéi ﬁﬁar’ﬁ%lﬂ@@‘ﬁe%ﬁé&o uSkfas s
paration i~ I &= aliviie %i’.’%’%ﬁ’w%@sé%cf@b@é&é“ $TEE. Yoy RRa aueI ES Suitsaansse induced
to differenfERSPFHHE iSerBeRIgpRRIRENiT igetfon progei. telksisptine cdlageméthart-and Lrod
expressmﬁé’ﬁﬁa@@éﬁ'ﬁh@dﬁ@ﬁlﬁiﬁ’@Rm HolvaytometnyiSine Hieedr TSl =54 rroneciopal-antibody. As
a result, memslamr&mmmmmm dejiamiergisaeworatogenioncellsdifferentiated
by:ne =- including dopaminergic neuron progenitor cells indured to differantiate i virp Fom I8 cells
by the S-smge method,  Next, the separated Lendopogitive calls ware sultered fn vims 1o
20 induee TH proteir-positive dopaminergic neuroms (Fig, 17C). This ravealed that Trpd-
positve cells induced by the S-stage method are dopaminergic neuron progenitor 2clis and can
mature in vire,
Accordingly, embodiments of the present invention prowde antibodies which spem.ﬁcaily detect the
Lrp4 proteie and methods that willize the anfioodiss to sslect dopaminergic neuron progentt
cells, Furthermore, embodiments of the present invention relafe to dopaminergic neuron pr&;gemlor celis
selecred by using such antibodiag; as well as nrathods that nee the progenttor zells to isplats
dopamirergic newron progenitor sell-specific genes amd genes specific for sach memoration
stage from progenitor cell 1o dopaminergic neviror: and methods of sereening for compounds
which induee the differentiation or proliferstion of the progenitor celis USING mamrenon g8 gn
30 inmdex. It s miso possible to obmin dopaminergic newron Ineage celis at ofher differentistion

e,

stages by culturing the progenitor celis selected using the disclosed ant;bodles
Such celis can alsc b wiilized in the methods For isolating pevific {0 sach stage of

ug i h-rw'

misturgion 1o ﬁOﬁ&mln”??.‘lO nsuron, and the methads of scresming for compounds which

induce the diiferenfiation or profiferation of o= progenitor cell usine mamration as an indey,
Accordingly, embodiments of the present invention also relate to methods for obtamning

dopaminergic neuron lineage cells by culturing dopaminergic neuron progenitor cells using the disclosed
antibodies;



stage method (rigs. 17A and 17B). Next, L74-positive cells were separated from cells induced to
differentiate (SBA method) and from mouse fetal ventral midbrain cells by a cell sort--- using the ant:
Lip-" 6 antibody, Gene expression in the separated cells was analyzed by the PT--PCR method, As a
result, expression of the neuron proliferative progen.LIor cell marker Nestin was observed, In addition,
cells expressing MA_P2, which is a marker for postmltotlc neurons, were also revealed to be included
Irig. 1 t1;. TFi and Nu =1" which is a marker for postmitotic 5 dopatinergic neuron precursor cells,
wereexpressed at higher levels in an Lrt4-uosiave cell population than in an Lrp4-negative cell
popuIatloargi,ng'ggtre;l Qs Q|{l§g&{é&%sc%§e oo]:iéjt ing Ft4 MRNA as the index, when cells are selected
using antibodies by using.Lrp4 protéin as an Ndex, Seﬁéégﬁféaﬁ isolate the dopaminergic neuron
progenitar Cells, Fﬁ%ﬂaﬁ?ﬁhp%%?r%ﬁﬁ@i‘“%‘ﬁ%’rﬁ HoRsE ietse mpensiat pelledHereirsaioay, the to m
"donaroiferremeorod 19 rbgedits halifretas aoodo pamiriefgteine uith preliferatie-prageiitor cells
and postasitatizddopaminer= neuron precursor cells. For cells separated using the antii-Lrr4 antibody

frong those cellsigetieesiie, differpnatedvontierES-crRISdR Vite byagSRIAT method. dheno
expressn%%W%Hﬁ%%@&@é@%%@%&%véﬁ%ﬂémm dhAsaresylt,

expresspwa&@@b ) S er £ress eRes. 1p was
observe -4 n@_!g.stlve ce %va r Or re o%#e'tb se?ec [ %@e al:ltk Lr=p4 E(Q_tlbOdy, it is

ncc usm
pOSSIb|e.,_0 seTe K ove i erenctl“‘t §ﬁ§é¥ﬁﬁuz§ﬁ§" f(5‘”T‘f ST F
:, M4-pos ci‘]lf @Fﬁ"@@ﬂ’ﬁg éﬁbﬂs i Bﬁl taoﬁﬁﬁ"ﬁ?é?ﬁlré'ﬁ%ﬁmé‘émtor a
Ls &%ucé‘éﬁo %ﬁf%%‘éa%@ﬂ%ﬁ@%%@@%%%y St PAETRCPSNIS At ENpRS SEBArabserve:
4-positivaccetistwerdodbhmudtimyvaiebio Renihdiicd §).H pioteinfinsitive dafdivinec=aindurdhs (F|g
177}, Thigifeventett fthad neprsitlie cellsinduceddy haS-stage methochare Jepagaingrgic neuron
progenltmﬁlﬁ&eﬂsea&amaﬂﬂ@amvm&@@imlﬁo@@bﬂ@lmﬁ%%%ﬁu -Rresenbigyeatiogprovide

ant|b0d|eéééd“‘-eg EB@L‘R{JW”V'&QQ%%F%@% tg‘_{h@‘ % rglmen =,Fs th \ utlllze t.i}e antlbod EE. ﬂIo select

dopamingergic neuron progven qr ore, €m he presen invention relate to
dop‘é’mlng‘?’g‘b?@% %’i@‘@“ qgﬂ%ﬂ?arﬂ?%?ﬁes ASHElrEs thethoas that use

the proge@ﬂ?&?’ééﬂf%‘fdl?é‘é‘fat%m"e“‘“’* cells separated according to the emoodamenm of the present invention can

- h -

differenmiars into opaminergis neurons upon baing transpianted in to the brain, and mav be

effective for the treatment of Parkinson’s disease. That is, embodiments of the present invention also relate
10 ¥1s for E*amc B“HZ’OCIMGEJJ&*&UV“ EllS“&.N:;, nre

ferably Parkinson's diseass, COmprising s
dopaminergic neuron progenitor celis separated according to the embodiments of the present invention: and

meinoas for realing neurodegenerative diseases, prefembly Parldnson’s dissase, comprising

the step of Tansplanting dopaminergis newon Drogenitor cells Info the brains of padenrs.
In & first aspect. there is provided a method for selecting 2 dopaminergic neuron proliferative
progenitor cell. wherein the method comprises the step of comtacing & polynuciectide probes with 2 ceil
samipie thougnt To COmPrise & AOPAmINerzic newon proliferanve nrozenior

cell, wherstn the
polvnucieotds probe COMDrises 2 seguence selected from the Tollowine nuclentds seqguences (1)@

(5% .
(1} 2nucieonids seguence compiementary 10 & nucleotide sequence of SEQIDND ior 2
(2)  znucleotide sequence complementary ic & nucieorids SEqUencs enooding an amine asid
seguence of 520 ID NG 3 or 4; i

(3} znucleotide sequence complementary ©© & nuc oti ie sequence encoding & sequencs lacking 2
TANSMemoTEne GOMAIT N an amine acid sequence of SEO ID N 3 or 4

{4)  anucieotide seouence that bvoridizes under swingem conditions with & pojvanzizongs
CORSISUNE O 2 nucizotnide sequence of SEQ DN 1 gr 20 and o

(5} enueciectios seguence COMPTISING &1 18451 15 cONUEUOUS NUCiEOUGe: seieciad Trom s=ouencas
of (1)te(4) ’



Ta
dopaminergic neuron progenitor ceLi-specinc genes and genes specific for sac: maarurariar. stage

from progenitor cell to dopamme.*gic neuram; and methods of s--re=mg for campo’'snds w ai.en
induce *;ne differ/nnadon or =OH--ration of the progenitor calls *using maturation as an 30 index, it is
also possible to obtain dopaminerthc, neuron lineage cells at other differentiation stages by culturing
the progenitor clelksssedettenttisthgereptisitiosedishtitoilies) Stinh:chlfatarralsadautilized iathe
methods:asrisotat ngtenesnspesifie toepach stage of maturation to dopaminergic neuron, and the

nietaods Of scregringfar emMPRYBHSMRIEBrdnduasthe Qiscarentialion afRrokferaion efig ..
progenitgy, cell ysing Maturation:aganindex-Accerdingly, embod ments of the present invention also
relate todmethodslar.abialning. depamiasial AsWon leqds Gl by oulturing dopaminergic neuron
progeniter cells using e diseiosed anibodias. cells obfainctlsing the methads; methods that use
the cellsrt‘gli%g!ate genes specific to each stage of maturation to 8‘opam|nerg‘|"c HELTSHE and methods
of screening for compounds Which induce the differentiation or proliferation of the cells using
maturation as aft i%EFé")@. 2pelrtbrEtrisorey §ae predend ievélors =adpianteddinéuexpressing eells
separateBr 8&fAGCTRR! g Erprrn enba kmalsperibotiyrimton the striddurmed Poarltiasenisdisrase;madel
mice, A.sel! resultEGREgpasstive vhisivire ndseiveshintse S aitiofnausniaated mice (Lable F.
Tills it appeaisdiiat sheCanspiantedispdipraiet positve:sells-werasussessiully. enrated in, he.gamin
of the PSﬂﬂ&S@IﬂéSa@iﬁﬁ@SﬁaWﬂ@ﬂiﬁBi@&ﬁfi’&@éﬁ@fﬂd’}%ﬂiﬁ@@?gguyﬁ?@%ﬂf%‘%ﬁ%ﬁ%ﬁ 3 yere positive for
the matur@ nedrapImankerk pn ARG Bspesitive axons were observed to extend into fhie striatum
(Table 1 and Fig.,lG} Most O"th% successfully enured =11s di=re-dated into nerve cells and then
mature?, whereas the <piantad Fb%lsp%"ﬁﬁ@%d&ﬁ#v@ééﬁgrmm feerprogenitticcelisn dreioat 20%
of the sucEESHRFERLIAPEY eéneaiiraiTipeuidve ek afindingssifongiy stteyestedithanabdéast
some of tHEPEASIEAN 1S CRERPRRE KD admiveceetistdifférpatiatediiniesapatisis.natr ons,
ThereforePWRENHapEhifSIgicielsrsd progremittrdelSiseiamatesaceording g the embediments of the
present in%ﬂﬂ&f?"@é‘?ﬁ ‘%ﬁﬂ BatrscEimeB\dopaminergic neurons upon being ranspianrea into tf lenfjlr%ﬁ’l,
and may FECERERTi fepithe FeatimentvtRaikinsorts diseasa-Ehatis gmbodiments of the present

: . 1 ' N oF i . ; : Tl ﬂlvs
invention &I§&FBlaRes! or the progenitor cell caused by the comacs,

In a fifth aspect, there is provided an anibody against a polypeptide selected from the foliowing (1)
to (6}, which 1s produced by the hybridoma FERM BP-10315 or FERM BP-10316.

(1) e polvpeptde encodsd by & potynucteotide consisting of & nucleotids secuense of
SEQIDNG: 1or 2 ‘

(2) = poivreptids comprising an amino acid sequence of SEQ ID NO: 3 or 4;

(3) e polypeptide comprising an amino acid sequence lackine 2 wansmemirane domain
in &n amino acid sequence of SEQ ID NO» 3 or 4 )

{4)  apolypeptide comprising an aminc acid s=quence with & deletion, insermon,
SubsTItunon, or additon of one O more amino acids in an amine acid sequence of SEO D
NO: 3 or 4

(5} apolypepiide encoded by 2 poiynucleotide that hvbridizes under srineent condimons
with 2 polynucieotide consistng of 2 seguence COTTIDISmEntary 10 a nuc';emide_saauenca £
SEQIDNG: TorZ and,

(6) apolypepude that is 2 fragment of 2 polypepride of (1) 1o (5} comorising a1 leas: sioh:
amino acid residues. | ‘ i )

In 2 sixth aspect. there is provided a method for se}

oot ‘ : ecting a dopaminere;
wherem the method comprises the step of ; -

whereir contacting the antibody of the
150kateq Irom the animal or humen body thought 1o

¢ neuron pregenitor call.

fifth aspect with o cell sample
COmPprise a dOPAmMINETEiC newron procenii: cteL_

| In g seventh aspect, there 15 provided a method for sele e
wherein the method comprises the step of

(1 selectng a dopaminergic neuron protiferative
aspect;

Cung a dopaminergic neuron fineage cell

progenttor cell using the method of the sich



to hits for treating neurodegenarative diseases, preferably Parkinson's disease. comprising t e
dopaminergic neuron progenitor cells separated acecording to the embodiments of the present
invention; and t as in ns egenerativ m..tnods for ~- urod e aiseastis, preterataiS i'‘aridnsor:'s dise~,
comp”.s~; tl' e step oftransthanting dopaminergie neuron nro$enitor cells into the brains of patents. In
a first aspec& there is rig(rthidedag meth d“&% selecting a dopaminergic neuron proliferative progenitor
gall; wherein_the method comprisas the' Sts5Het BohtRtinga$oivnucieotide probe with a cell sample
thought to cg?ﬁpr%éegl%ﬁ%ﬁﬁfﬁ%?ﬁ@fﬁéﬂ?éhiweﬁl restve (Bidgenitor celliwheyain dhg:plynucieotide
probe compPrEEsTaTsisqguee sevectad from the following nucleotide sequences (1) to Ij a nue':eotide
sequence compiemesiatiesadatclieatideseauenear @i TR IR ME: aSiopRReleRlide. SeAURREE - ceil.
complemeniasy o3 RUGleatide.sepuRReRRLACNG ANRIRG.AG seauence.at SEQID NG 3 or 4; (3)
a nucleotilerseliRnae FOMAIRMENARLO R e R0ANE SEONBIPE NSOG8 seauely [ansmemcrane
e la.; &9 2. Jaman.AARYINAAEseauec; of SEQIDING, 401, riigleotide ceqhence i
hyb”d'zeailtﬁé%g{i stingent conditions with.a palvnuc :eotide consisting of & nuc Botide scélﬁqéﬁé?e“of
cE'Q ED KT and i a nucieotide seouence comprstig at 16aste ?Fgﬁ%ﬁ%&&l’é‘@ﬂiﬂre@lg’é{é%’@d from
seauenees oil'1 7td &P ET SHINEEA HERAETSFORARE BmctierrTar sdisk g
dopaminePHEFHPE FIHeIEEHIoR S SRR BB eeripiRes el steps DR sl ectngdss
dopaminetgiF fethiorngprefikamme plsgemmiior cotasimg thieshathico of Wwid fikimaspectfaesetecting the
dopaminePpgizeneresilproliferatilespédgenitortel, (2 leultstingbe, pralifelativendsatinitotee|isaleated
in step (1)yrandi{8pscreening thexslls ciltssedeinisiept2)hymasnhamanser fespdpeanmitotic
dopaminetdifiercneatean: hrodfthikeiaspest:shese daupoviderkasmeathod for isolating a dopaminergic
neuron proliferatii\éea s enitor :[Fgl!:-s(ioggy]igegene and a gen %pecific, for. each maturation stage from

! . aspect, there 1 2 Kit 1o Teatin
the proliferative, progeni or cell 10 a o

: 6 & dopamineraic fiedron, Wherein the MEEd ESHBIYI e step of
detecting %?ﬁf%?&%iﬁwaéﬁ@ erative

rogenitor cell, wwiich 1s seiected by the method of the first aspect. or a
opaminergic neuran progenitor cell, which 1s seiected by the method of the sixth aspect.
In an eleventh aspect, there is provided 2 wse of a dopaminergic neuron proliferative progenitor cell,
which is selected by the method of the first aspect, ©r a dopaminergic neuron progenitor cell, which is
selected by the method of the sixth aspect, for producing a kit for treating Parkinson’s disease.

In a twelfth aspect, there is provided a rmethod for detecting or selecting a dopaminergic neuron
proliferative progenitor cell, which comprises the step of contacting a cell sample comprising the
dopaminergic neuron proitferative progenitor cell with a second polynucleotide which hybridizes under
stringent conditions with a first polynucleotide consisuing of any one oft

(1 the nucleotide sequence of SEQ ID NO: 1 or 2,

2 a nucleotide sequence consisting of a polynucleotide encoding a poiypeptide consisting of the
amino acid sequence of SEQ IDNG: 3 or 4;
{3) a nucleotide sequence consisting of a polynucleotide encoding a poiypeptide consisting of an

amino acid sequence which lacks a transmembrane region in the amino acid sequence of SEQ [D
NQO: 3 or 4; and

(4) a nucleotide sequence consisting of a polynucleotide which hybridizes with a poly nucieotide
consisting of the nucieotide sequence of SEQ ID NO: 1 or 2 under stringent conditions.

In a thirteenth aspect, there is provided a method for producing a postmitotic dopaminergic neuron
precursor cell, wherein the method comprises thee steps of!
{(H selecting a dopaminergic neuron proliferative progenitor cell by the methed of the twelfth aspect;



specifically expressed in a dopaminergic neuron proliferative progenitor eell, which is selected by the
method of the first aspect, or a cell which is differentiated, induced, or proliferated from the
proliferative progenitor cell isolated from the animal or human body. In a fourth aspect, there is
provided a method of screening for a compound which regulates proliferation and/or differentiation of
a dopaminergic neuron lineage cell using maturation as an index, wherein the method comprises the
steps of: contacting a test substance with a dopaminergic neuron proliferative progenitor cell. which is
selected by the methedphikelfisstaspector a:[gdl which is differentiated, induced, or proliferated
from the pro}%ffrag;ﬁgﬂgﬂg%gnigogﬁgll‘isglated from the animal or human body: and detecting a thane of
the proliferative progenttor call oF the progemier CETFER BEF By THs commaie 1pa Wi Iett there is
provided afrantibody against a polypeptide selected from the following (1) to (6), which is produced by
the hybridoma FERMBE=183130f RE g ypepdde encoded by a poivnucieatide
consisting i nusles ggsq&geg%%%%ée ofB 24 QE)\I%QI%)]I:%]? %ﬁ)dzai&( ?ﬁb@?ﬁﬁe%’ﬁé@%%%ﬁ%‘fﬁ% AN EhG
acid sequenc(q)of S (Q,E(an’r\rlgéio or4: 3 & 88&(,?%%@% comprising an amino acid sequence lacking a

aminergl

transmembrane domain in an amino acid sequence GPSER RSN <3 S 4D Ay on) Hestigiith aspect;
comprising aﬁ?mkﬁ?m%ﬁfgtﬁfqa ence with a-deletion. Insert ion, substitution. or addition of one or more
amino acids in‘an amino-atid seguence- SFB'EQ.ED NO: 3 or 4: (5) a polypeptide encoded by a
polynucleotide thBthjferashsridéesusingentadonditions iwitkadalyaucieqtide, aansisiing:of &
seauencertogaplentelitatyctocarmtieatid egesuenceof . SEQ @aﬁl@éfﬁg{g@ggx@@g ootyne }té%euf at =.s
a framnentrofenivoives pticend 1) dey (SO M PHSIBE-AL &Q@%gﬂg@é Aming Qg%theSI8EeS,_§n:a SF)?E-HI‘JA
aspect, there iasupvided a method for selecting a dopaminergic neuron progenitor eafi “\iif&TesA the
method comrg.igse the step of contacting the antibody of the fifth aspect with a cell sample isolated
from the animal or RHUMER BT HERIGAE to-eormpHise3acdépam nerg ¢ neuron progenitor ¢.11, in a
seventh aspéét, thererispravided-amethadiferseleeting a.dopaminergic neuron lineage cell, wherein
the method.eampriseihe,step of: R ASIRATINS GOS0 AT sequence

(3)  an aminoacid sequenc

. oy K a ) R N
¢ mutated by one 6T more amine acid delenons, substrutions, ar

id sequence of SEQ ID NO-3 or 4 and
(4)  an ammo zcid sequence consisting of 2 po iypeptids en

a0amons, or any combination thersof in the amino ac

coded by a polvnuciestide which
DyDridizes unaer sringent conditions with 2 polyn ucieotide consisung of a nucleotds
sequence COMmpiementary 1o a nucleotide sequence of SEQIDNG: jorz |

or & partial ssguence thereo?,

in a sixteenth aspect, there is provided a rezgent for diseriminating & dopaminereic nauren
progenitor cell, which comprises an antibody as an active ingredient which is bound 1o & poivpentde
consistng of the amino acid seguence of any one of:

! 3 3 vA =
(1) the amino acid sequence of SEQ IDNC: 3 or 4,

(2)  ap amine acid sequence which lacks a ransmembrane region in the amine acid sequence
of SEQ ID NO: 3er 4: - o
{3} an amino acid sequence mutated by one OT more amino acid deletions, substiverions, or
additons, or any combination thersof. in the ammo acid sequence of SEQ ID NO:3 or 4 ana
(4)  an amino acid sequence consisting of a polypeptide encodad Dy a polynucieotide which
bybridizes under sringent conditions with a polynucleotide consisting of a nucleotds
segquence compiementary 10 a nucleatide sequence of SEQ IDNO: { or 2,

or a partial seguence thereo?,



(1) selecting a dopaminergic neuron proliferative progenitor cell using the method of the sixth aspect:
7b (2) culturing the progenitor cell selected in step (1): and (3) screening the progenitor cells cultured
in step (2) by using a marker for a postmitotjg dopaminergic neuron. In an eighth aspect there is
provided a method for isolating a dopam nergic neuron progenitor cell- specific gene and a gene
specific for each maturation stage from the progenitor cell to a dopaminergic neuron, wherein the
method comprises the step of detecting and isolating a gene specifically expressed in a dopaminergic
neuron progenitor cell, which is selected by the method of the sixth aspect or a cell whichis
differentiated, RGeS P aifteratbersibrotieep ByaRiRad amadetatety theiviiEammaRof Rltdah body.
In a nirthfaspPddiPthRtédis provided a method of screening for a compound which regulates :
proliferation anglgy diffesantiation:chadopaminerginsarudran ingagaceldmingmadueation as an index,
wherein the-methodcomprisas shersieps Abucaniaslinga testepbstance with a dopaminergic neuron
progenitor gell, whigh. i selggied: Ry doemethad.ahie &ﬁtﬁv"’cﬁp‘ﬁ%ﬁl{@oxfﬁl& wﬁé@msggjyamnated,

induced, or proliferated‘?rom the progenitor cell'isolated front the animal or human body: and detecting
a differentiated smoMititer apsanprdig SARBRIBEIZIEAGUER B THE oiflatt SHiest {BRfivRaspatE there is

provided ge{gg{\ojgrgﬂg@;mepﬁéggﬁ@p&lgisease, which comprises a dopaminergic neuron proliferative
progenitor cell, which is selected Egs:he method of the first aspect. or a dopaminergic neuron

progenitor celliwidreiecstaseest- et mietiisd HMEHBog ke HepREny A BV EIEOEH taRsEHRTEI BT 7S
provideptetwise ofih wbpraimihe roithnéoronrproltherdapeqsrogenitor cell, which is selected by the method
of the first @spectsdeaditopdopmergiginesron prageitordbly Witttz dseldutéditspinespadtasd of the
sixth aspect)for preghutipgha it feldreatingdgatkinson's disease. In a twelfth aspect, there is provided a
method for detecting or selecting a dopaminergic neuron proliferative progenitor cell, which comprises
the step of conlféﬁﬁﬁﬁ”aeé]éﬂ%%\w@%&rﬂﬁﬁéq yRetRRshiaT ARt et A & siapinsIHEe ativep regeitdrecell
with a SBEBAY PEWHEIEsRIRPRHich hybridizes under stringent conditions with a first polynucleotide
consisting dfany &He B @ JIPRRFSHOIRIEs Reasnde Tl BOUD MG of fi (@amnbielpetidasequence
consisting 6ha pobpliuviaotideadrredisigiaspolypeptide consisting of the amino acid sequence of SEQ
ID NQ: 3 or 4;

Effeets of the Invantion

There have been no previous reports of genes encoding membrane protsing
specifically expressed in dopaminergic neuron proliferative progeniter cells.  Antibodies to
Lrp4 protein expressed on the cell membrane surface are believed to be exmemely effective in
isolating dopaminergic neuron progenitor celle,  For sxample, pure dopemingrgic neuron
progenitor celis can be obtained by isolating Lrp4-expressing cells from the ventral midbrain
region or culnured cells contrining dopaminergic neuron progenitor cells differentiated in virre,
using anti-Lrp4 antdbodies (Fig. 15). Lrp4 expression was confirmed on both of the
dopaminergic neuron progenitor cells induced by two different differentiation methods (SDIA
method and S-stage method).  Accordingly, Lrp4 is nseful as s dopaminergic newron
progenttor cell marker, regardiess of cell source.  In addition, since ERas and Nemo g, Which
ere specifically expressed in ES cells, are not expressed in Lrp4-positive cells, it is possible 1o
select undifferentisted ES cells using Lrpd expression as an index,



(3) a nucleotide sequence consisting of a polynucleotide encoding a polypeptide consisting of an
amino acid sequence which lacks a transmembrane region in the amino acid sequence of SEQ ID
NO: 3 or 4: and (4) a nucleotide sequence consisting of a polynucleotide which hybridizes with a poly
nucleotide consisting of the nucleotide sequence of SEQ ID NO: | or 2 under stringent conditions. in a
thirteenth aspect, there is provided a method for producing a postmitotic dopaminergic neuron
precursor cell, wherein the method comprises the steps of: (1) selecting a dopaminergic neuron
proliferative progenitor cell by the method of the twelfth aspect: 7c (2), culturing the cell selected in

step (1); and (3)gelecting the pestpialic.denRIREIFI ReAmBEEYLsRnGRl drmrthaicells cultured in
step (2 ) Inafauiieanih.asnaskdnese s Pravislesk ameibachiorBradueina A.HoBaRiRergic neuron,
wherein the methﬁ: d.compri §11ih§e%% %tgfmg Sglecting a dopaminergic neuron proliferative

progenltor ceﬂ e met o of the twe 1% aspect; and (2) culturlnqthe cell selected instep (1) ina
fifteenth AT FAE &%ﬁ‘défé THIT B SRIsEing 1A HOHEMMST §IeWETTSA,
prog3enlt@%eﬂn\hﬁ%ﬁﬁﬁﬁrﬁﬁﬂm%plwmc%@m%ﬁm% comptiiguthe gupaminergic
neuron BEERAFING S WiiTaNs DTSNt shilifutsriatp o lypeptite cbivskiting i then amino acid
sequence:pesyodeminiiythiramincact=in sere DS EQIP NOrIerydio Apatiitmingacid
sequencemhichelapkadciraosmembinoe regiondtie -amine veid $equeneerebSEQER NQ@:3or 4; (3)
an aminquasitsaOHRAGE-FaLatest Ry @@@@ra@@r&mﬂ%ﬁgl%‘%&m%aﬁ%ﬁ&u&% Qf additions, or
any, gomQWﬂha@%ﬁl?ﬁ%ﬁe@&QM%@%Q&%%w fgino acid
sequenc%ﬁgﬁﬁ Q&é}f@@g%& ngd,&%la,p,glg %sz ewhic b_p ze%egn grstrlngent

conditionsywitl, egﬂge C nsStm Qrany %:Ieotl € seq_uence co pleme) entar to a Titcleotide

.'!3. - 1 (et Loy s—m
sequence: %10 g_a T0r 2, or a Q‘al’ la sequenc f -éfFéb Ing 1solated, regardisses 2
d, chabies 2 mgh aggres o s only e call type of imersst i 1samw4 n

eddifion, singe the sarliest dopamnur;ﬁ” neuron progeniior cells can be used, high theraps
efficacy can bs sxpecied in torms of swvivel rate, nerwork formation ability, snd such.
Furtper, sven if the best therapeutic effects cammot be zehisved by thegs eariv urw*‘n’rcar ceils
immediately after isolation, since progenitor colls isolated nsing merkears of the presem
invention can memrs i viro by culmring or stxch marerials in the optmum segs of
differsniistion sen be mepared (Fig, 6,

I
iy

\---n

On the other hand, pure dopaminergic neuron progenitor cells may aiso be useful in the
s.sarﬁ for theranamis targsts for Pariinson's Gisense, such as for ms in the isolefen of o
_ © 10 dopaminergic neurons,  in pardculsr, dopaminergic newron projifereive
progemtor cells may be useful for research on the maturation process of dopaminergic neurons,
seresning gystems Lsing marnrenion as an index, drug scresning In which progerimor eelis ars
25 grown in viro of in viva, sereeming for drugs that induss differentiation of progenitor cells in
vive (in vivo regensrative therapy drugs), and the His,

Brief Disserintion of the Trawines
Fig. | schernatizally shows the stroctirre of Lpd, TG mansmembrans domein, FRD:

30 frizzeled dornain, LDz 1DL receptor domaim, S scavenger receptor Gomen, Proteass,
serine proteass domain,

rig. Z1se 52t of pootographs showing the results of Lrpd and Shi mRNA ex TIrEsson
analysis in £12.5 mouss venwal nindbrain region and spingl sord by in sty nvmcmmm

Fig, 3 1s & set of photogrephs showing the rasults of Lrpd, Shi, tvrosine hvdroxylase
(TH), end NCAM mRNA expragsion analysis in £12,5 monse venral midbrein region by in
sifw nvbn@zation, )

L
(¥4



in a sixteenth aspect, there is provided a reagent for discriminating a. dopaminergic neuron progenitor
cell, which comprises -an antibody as an active ingredient which is bound to a polypeptide consisting
of the amino acid sequence of any one of. (1) the amino acid sequence of SEQ ID NO: 3 or (2) an
amino acid sequence which tacks a tra tsmembrane region in the amino acid sequence of SEQ ID
NO: 3or 4; =) an amino acid sequence mutated by one or more amino acid deletions, substitutions, or
additions, or any combination thereof, in the amino acid sequence of SEQ ID NO:_ or 4; and 4) an
amino acid sequence consisting of a poiypeptide enfoded by a polynucieotide which hybridizes under
stringent conditions with a polynucieotide consisting of a nucleotide sequence complementary to a
nucleotide sequence of SEQ ID NO: or or a Partial sequence thereof. 7d In a seventeenth aspect,

there is provided an antibody produced by the hybridoma FERM BPI0315 or FERM,BP-10316. In an
eighteenth aspediighéie issghemateidiagram of for et g o pa G erative

progenitashostigmpler tiditatinpdtscet pospriseloidNde € brof yasree gy EBTFEs iSstron
progenitoyeelibx thenraeihestel theiffiesairagfenticandalPadhyoiiniabybsidiiesion doNarminergic
neuron prauEsarcelie: saterithendapamiaergic neuron proliferative progenitor cell. In a nineteenth

aspegt, there is gfigaas@e Jéegxmqlgﬁ ﬂ9§mmmmmmpmmmmw cell,
whereln the.m PRANOErJiS NAUAR RFegenittinae!l by the

method tﬂle e%n% ect; a{:% %urln quﬁﬂggf@c@g@s\%@gﬁ@t g RHSIaspect,
there is p O\ﬁﬁl ﬂ? E1"8r pro ucmg opam ner her tho c gses the
steps of, f@)lwé%tﬁaé}a}é’fﬁfﬁﬁﬁmﬁ ﬁ%‘é} f% SW f#l m#%%&‘ eer%?ﬁ) aspect;
nd (2 BN [V 1). Eff f the Invention
: d ( ) ok %ch&mat:mg?s (th)e timzigifoe;preﬂssm% otfoLrp4 NCAM, TH, and IDAT
mRNAs from the generation to maturation of dopaminergic neurons.
Fig. 7 (top panel consisting of a drawing and photograph) schematically shows the

inhibition of differentiation of ES cells into dopaminergic neurons by the SDIA method, The
bottom photograph shows the results of investigating the expression of Lrp4 mRNA in
15  dopaminergic nenrons differentiated from ES cells over time, using the SDIA method by RT-
PCR.
Fig. 8 is a photograph showing Lrp4 protein expression in the E12.5 mouse midbrain.
Fig. 9 shows Lrp4 protein expression on the SDIA-differentiated cell surface
analyzed by flow cytometry using the anti-Lrp4 antibody.
20 Fig. 10 is a set of photographs showing the expression of various dopaminergic
neuron markers in Lrp4-positive cells analyzed by RT-PCR.
Fig 11 schematically shows the expression periods of Lrp4 mRNA and protein, and
TH mRNA from the development to maturation of dopaminergic neurons.  This shows that
both dopaminergic neuron proliferative progenitor cells and postmitotic dopaminergic neuron
25  precursor cells are present in Lrp4-expressing cells,
Fig. 12 is a set of photographs showing the results of examining the differentiation
stages of Lrp4-positive cells.
Fig. 13 is a set of photographs showing the iz vifro proliferation of Lrpd-positive
cells.
30 Fig. 14 is a set of photographs showing that Lrp4-positive cells differentiate into
dopaminergic nsurons.
Fig. 15 schematically shows the separation and application of dopaminergic neuron
progenitor cells using anti-Lrpd antibody.
Fig. 16 is a set of photographs showing the in vive differentiation of transplanted
35  Lmpd-positive cells.
Fig. 17 shows a diagram and photographs indicating Ltp4 expression in cells



There have been no previous reports of genes encoding membrane proteins specifically expressed in
dopaminergic neuron proliferative progenitor cells. Antibodies to Lrn4 protein expressed on the cell
membrane surface are believed to be extremely effective in isolating dopaminergic neuron progenitor
cells, For example, pure dopaminergic neuron progenitor cells can be obtained by isolating
L=4-expressing cells from the ventral midbrain region or cultured cells containing dopaminergic
neuron progenitor cells differentiated in vitro, using anti-Lrp4 antibodies (rig. 15). Lrp4 expression was
confirmed on both of the dopaminergic neuron prog]éhltor cells induced by two different differentiation
methods (SDIA method and 5-stage method). Accordingly. Lrp4 is useful as a dopaminergic neuron
progenitor cell .marker, regardless of cell source. In addition, since EPas and Nanog, which are
specifically expressed in ES cells, are not expressed in Lrp4-posiifive cells, it is possible to select

undiffereftffeaized dnsthe ﬁr@tﬁgﬁmﬁm@s@é iaSrntiades o8 LadrapvdivaseHs 1Bt8sent disclosure,
the isolaudepeimpeargivergiconeurchhprogenitdr patid m@m%mwm@@wgﬁ& having

been gromendsngitro. The disclosed dopaminergic neuron progenitor cells also have the potential to
differentiate and Figtyseieh the ehilotopraphichdmvietheainuits wfalbag RE-BORntiahadyzeltlitonally grow
in tog 5 apgRARhemesiatie damgnri TR eriauhipeiapeplioesitestsslln adtition. if Lrp4-

expressnﬁgg%q:_{l&%ggransplanted after having differentiated and matured in vino, they can b- expected
to demonstrate therapeutic effects, even if ice some reason they do not erentiE into dopaminergic
neurons |n vivo. In conS|derat|on of the rlsks of ttnmorigenesis and sucd, an even hlgher degree of
safety calS8e8Lp6efEd AT A YRIHANS ol ated asmg a 10 postmltotlc d F%C neuron

precursor cell méﬁ@@@é@hﬁs@ﬁ%@@?@&@@ﬁi@%ﬁi@%&ﬁ?ﬁﬁ@) {37
e=rE&sing=satiplSipdvn ilusmsctheruensniitaventionhand set & mkﬁ?%%ﬁﬁané@%%"ﬁﬁﬂ Shtation
therapy aitsbdinenisolalis, presand iesemniomeamsthanticd ratlissvarkiyh omsendthomtaionsrizg only the -
cell type abin Hreasbissigaaiedl. In addition, since the earliest dopaminergic neuron progenitor cells

can be =used, highfierabieyaslibeliicagueanhblRxrestodnd petens refeunvisatitadcareiwarek formation
ability, ang.s| Ky ri¥eRh B, best “irierapetxtic effects cannot be achieved by these early
progenitor cells immediately after isolation, since progenitor cel=Is isolated =sing marls rs of th.e

Present «farker Polynucleotide Probes>
The dopaminergic neuron proliferative progenitor cell marker polymucleotide probes
of the present invention are used as markers and/or reagents for selecting and/or detecting
dopaminergic neuron proliferative progenitor cells. Polynucleotides used for this probe

20  comprise a nucleotide sequence complementary to the nucleotide sequence of SEQ ID NO: 1
or 2 detected in doparpinergic neuron proliferative progenitor cells. SEQIDNO: 1isthe
nucleotide sequence of murine Lipd cDNA.  SEQ ID NO: 2 is the nucleotide ssquence of
hurnan Lrp4 ¢cDNA. Both sequences are registered in GenBank (murine: Accession No. NML
016869, human: Accession No. XM _035037).

25 Here, a “marker polynucleotide probe” refers to 2 polymer composed of 2 number of
nucleotides, such as deoxyribonucleic acids (DNAs) or ribonucleic acids (RNAs), or
nucleotide pairs, where the polymer should be able to detect expression of Lip4, pacticularly
transcribed mRNA. Double-stranded ¢cDNAs are also known to be able to be used as probes
in tissue in situ hybridization, and such double-stranded ¢cDNAs are included in the markers of

30  the present invention. RNA probes (riboprobes) are particularly preferable as marker
polynucleotide probes for detecting RNAs in tissus,  If needed, the marker polypucleotide
probes of the present invention can also contain non-naturally-oceurring nucleotides such as 4-
acetylevtidine, 5-(carboxyhydroxymethyluridine, 2'-O-methyleytidine, 5-
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluridine,

35  dihydrouridine, 2-O-methylpseudouridine, -D-galactosylqueuosine, 2'-O-methylgnanosine,
inosine, N6-isopentenytadenosine, 1-methyladenosine, 1-methylpseudouridine, 1-



invention Mn mature in vitro by culturing or snob, mat a:.s in the oui mum raze of w.nerennanon can
Me -rem=,eE (71g, 6), On the other hand, pure dopaminergic neuron progenitor cells may also be
useful in the search for therapeutic rsrneis for naridason's disease. such as for use in he isolation of
aches speciac to doper inerS neurons. in particu™ ar, dopaminerac neuron proliferative progenitor
cells may be useful for research on the maturation process of dopaminergic neurons, screen ng
systems using maturation as an index. hag screening In which progenitor cells are 25 Srovim in vitro
or in viol. screening for drugs thaz induce differentialibn of progenitor cells in vivo (in vivo regenerative
therapy drugs), and t like, Brief flescrintion of the Yn wings Pi= 1 schematically shows t stn:etzae o
Lrn-~. TM: wansmem[SSane dcmA..S.T' "RI: 30 srizzeled domatr.; LDLa: LDL receptor damat ~, S : a
Qe r 1:50 ven~.,. rC t07 aOmau., : Ot...0 a...., sets protease dorrraiL~. is a Set of photOgraDhs
showing gﬁeﬂﬁgrg:ﬂ@@“mé, }anﬁ:tﬁyhnb‘sﬁ@ @z@mﬁwm@mmmﬂw #B%@evg"ntlal hindbra region

and splnii‘g1 &ﬁgugtﬁ{aﬁm@yﬁdﬁig §1ﬁ§e&1§§;tyﬁﬁma,oﬂrgmﬁh§}ammgﬂﬁé results or i..rp4, She.
tvrosine hvdro lasse 35 (T.H), Rcﬁn e%ﬁc% ggﬁi %%m genLUa_
mldoraln SIfuh IS ema gram 0Of the Lrp4 expression
pattern mhm ROBRR PRy é‘;ﬁﬂ’é %% of MRNAs of Lrp4, tyrgsine

hydrgxylageihibkhcdstondlmatiy Mdik, |ﬁ-ﬂﬂeth!exmaldmdtﬁaﬁﬁ’@ﬁm%‘qﬁné@ Wﬁ%u
nybridizaiano g@\sgﬂﬁ%smenﬁ&wwﬁﬁw%m@ﬁglﬁmm; Nf-ﬁaeﬁdgfaphs showing the
Li/?)ljrldslz%ﬁ’ét‘?fﬂa%‘éﬁi Ig’lxrg}gsglﬁ %ﬁ¥%‘§f Igﬁ%reeﬁ%ﬁ]g%lmg %ﬁe - Egéﬁlﬁs?&gsﬁ%ﬂlﬁye%?l lé:
cross-seatitdied-frexpmativracittvey reid Hiominn N@%@%W@Fﬁﬂ &?%}T{ roxylase
(TH) MRN8 E b ciiss, midhyaisiensahstginmdine, N-((9-6- D-nbofuxanosylpurm

10 yDearbamoyl)threonine, 2'.Q-methyl-5-methyluridine, 2.0-methyluridine, wybutosine, and 3-
(3-amino-3-carboxy propyljuridine.

Moreover, marker polynucleotide probes of the present invention comprise nucleotide
sequences complementary to nueleotide sequences encoding the amino acid sequence of SEQ
IDNO: 3 or4.  The nucleotide sequence that encodes the amino acid sequence of SEQ ID

15 NO: 3 or 4 includes not only nucleotide sequences of SEQ IDNG: 1 or 2, but also nucleotide
sequences that differ from the sequences of SEQ ID NO: 1 or 2 due to degeneracy of the
genetic code.  The marker polynucleotide probes of the present invention also include those
which comprise sequences complementary to nocleotide sequences encoding a sequence that
lacks the transmembrane domain in the amino acid sequence of SEQ IDNO: 3 or 4. There ig

20 no signal sequence in the amino acid sequence of SEQ ID NO:3or4. Inmurine Lrpd (SEQ
ID NO: 3), amino acid residues 113-135 form a transmerabrane domain, while in human Lip4
(SEQ ID NO: 4), amino acid residues 46-68 form a transmembrane domain. The sequences
described in SEQ ID NOs: 3 and 4 are respectively registered in GenBank (human Lrp4,
XP_035037; murine Lep4, NP_058565).

25 Herein, the phrase “complementary to a nucleotide sequence” encompasses not only
cases wherein a nucleotide sequence completely pairs with the template, but also includes
those that have at least 70%, preferably 80%, more preferably 90%, and even more preferably
95% or more (for example, 97% or 99%) of the nucleotides paired with the template.  Pairing
refers to the formation of a chain in which T (U in the case of RNAs) commesponds 10 A, A

30 correspondsfo Tor U, G comresponds to C, and C corresponds o G in the nucleotide sequence
of the template polymucleotide. Homologies at the ruclectide sequence level between certaim
polynucleotides can be determined by the BLAST algorithm (Altschul (1990) Proc. Natl.
Acad. Sci. USA 87: 2264-8; Karlin and Altschul (1993) Proc. Natl. Acad, Sci. USA 90: : 5873-
7). The BLASTN program for nucleotide sequences (Alschul er al. (1990) J. Mol. Biol. 215:

35  403-410) has been developed based on this algorithm, and can be used to determine the
homology of marker polynucleotids probe sequences (see http://www.nebl.nlm.nih.gov fora



10 Fig. 6 schematically shows the timing of expression of Lrp4, NCAM, TH, and DAT mRNAs from the
generation to maturation of dopaminergic neurons. Fig. 7 (top panel consisting of a drawing and
photograph) schematically shows the inhibition of differentiation of ES cells into dopaminergic neurons
by the SDIA method. The bottom photograph shows the results of investigating the expression of Lrp4
mRNA in 15 dopaminergic neurons differentiated from ES cells over time, using the SDIA method by
RT PCR. Fig. $ is a photograph showing Lrp4 protejg expression in the E12.5 mouse midbrain. Fig. 9
shows Lrp4 protein expression on the SDIA-differentiated cell surface analyzed by flow cytometry
using the anti-Lrp4 antibody. 20 Fig. 10 is a set of photographs showing the expression of various
dopaminergic neuron markers in Lrp4-positive cells analyzed by RT-PCR. Fig 11 schematically shows

the expre; gi &&Mﬁg&féﬁém%@%protein, and TFI mRNA from the development to
maturatio% c??%o amihergic nedrons. Thi s'%: WS tr%a he ggs%gnciwgﬁmwaﬁdyoliferative
progenitor cells zg}‘ﬁ?rﬁS %ege&@ﬁsgﬁﬁ%:& RELToR recyr oré(;ggg are present in.,
Lrp4-exppeksiigleetideribat ronéain saie w&m%ﬁeﬁh&ﬁr{ﬁ?@? L BPREEh IR IRE
differentigtignpslageicotities équsitied obtls: Figlettids sequentqpbISQRIPNGh WY theliiaHeR
proliteration of | [AAsBESNE 2GalISeAE Bqhérsctsiit b he SHEIDNENAWING thakhopdpititive cells

differentiate’into '

copamin B R e B R e aaiaons
showing HEMHEREH ‘&?ﬁ@]@ma%?ﬁlhéﬁ%m a% @ﬁigp%%ﬁeé cafié ﬁémlﬁé%s% ws.a diagram and
photograpblyindicatides ofthepmesstisnanieays Sychirefernamsidhe %?Qﬁ%cﬁ%b%ﬁc?&’%
differentigtion N4 iResiiver celisrniolitapaniesigid frenrenndheushesburmpasliceingivate TH
protgjn-pegitive daRAmRIRarEitkens, pigs, cows, goats, and sheep, by using a polynucleotide probe

comprising a nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 2, in known hybridization

methods such as colony hybridization, plaque hybridization, or Southem blotting., See

“Molecular Cloning, A Laboratory Manual 2nd ed.” (Cold Spring Harbor Press (1989)) for

methods of cDNA library construction.  In addition, commercially available cDNA libraries

15 ot genomie libraries may also be used.

Mote specifically, in constructing a ¢DNA Iibrary, total RINA is first prepared from
cells, organs, tissues, or such that express Lipd, by known techniques such as guanidine
ultracentrifugation (Chirwin f ol. (1979) Biochemistry 18: 5294-5299) or AGPC
(Chomezynski and Sacchi (1987) Anal. Biochem. 162: 156-159), followed by purification of

20 mRNA using an mRNA Purification Kit (Pharmacia), or such. A kit for direct mRNA
preparation, such as the QuickPrep mRNA Purification Kit (Phatmacia), may also be used.
Next, cDNAs are synthesized from the resulting mRNAs nsing reverse transcriptase. ¢DNA
synthesis kits, sach as the AMV Reverse Transcriptase First-strand cDNA Synthesis Kit
(Seikagaku Corporation), are also commercially available. Other methods that use the 5'-

25  RACE method to synthesize and amplify cDNA by PCR may also be used (Frohman ef al.
(1988) Proc. Natl. Acad, Sci. USA 85: 8998-0002; Belyavsky ef al. (1989) Nucleic Acids Res.
17: 2619-32). In addition, in order to construct cDNA libraries containing a high percentage
of full-length clones, known techniques such as the oligo-capping method (Maruyama and
Sugano (1994) Gene 138: 171-4; Suzuki (1997) Gene 200: 149-56) can also be employed.

30  The cDNA obtained in this manner can be then incorporated into a suitable vector.

Examples of siringent hybtidization conditions suitable for use in the present
invention include “2x SSC, 0.1% SDS, 50°C*, “2x 88C, 0.1% SDS, 42°C” and “1x 88C,
0.1% SDS, 37°C”. Examples of conditions of higher stringency include “2x 88¢C, 0.1%
IDS§, 65°C”, “0.5x 88C, 0.1% SDS, 42°C” and “0.2x SSC, 0.1% SDS, 65°C”. More

35 specifically, a method that uses the Rapid-hyb buffer (Amersham Life Science) can be carried
out by performing pre-hybridization at 68°C for 30 minutes or more, adding a probe 1o allow



neurons. Fig. 18 is a set of photographs showing the results of using RT-PCR to analyze the 5
expression of ES cell-specific genes (ERas and Nanog) in Lrp4-positive cells and Lrp4- negative cells,
Best Mode for Carrvin Out the Invention Hereinbelow, the embodiments of the present invention will be
described, but they-are 10 exemplified to illustrate the present invention, and not to limit the present
invention to these embodiments. The present invention can be carried out in various forms without
departing from the scope thereof. References, publications, patent publications, and patent references
cited herein are incorporated by reference. 15 <Marer Polynucleotide Probes> The dopaminergic
neuron proliferative progenitor cell marker polynucleotide probes of the present invention are used as
markers and/or reagents for selecting and/or detecting dopaminergic neuron proliferative progenitor
cells. Polynucleotides used for this probe 20 comprise a nucleotide sequence com Iementary to the
nucleotidiwbriddensetionsE 6876 foowme knw m&w@%ﬁﬁ%ﬁ@i@%&%ﬁ% # Fogenitor
cells. SEQD N@pdrigedon d0lentiveseshenashitgibrasdimprie DRBS GLAHFRDABE thihucleotide
sequencg(oiinureseathp drel AL BwtsHag teiten AreiBgiSiele SDSaeMAhfor 20 iHaukEeetsion No.
NM_ 01686%dnufsarsesAeetsdion: Nan Ni5adHle 2t Exprasdnyarkybpdigatimeitiugqmrobe” refers to
a polymegaNPEEHY 1 perrhietint Rudeptidesdsuch ssedexpibahutisicneiss, @RNig)or

ribonucleif, i SANAS) 18t B4EROIIdE ROKS S bRNMATSHRU T APIRste deaiectiedpression
of Lrp4, @,@é%'wswa%a 'é&%nPé’fé‘P' Ande uaayémvssﬁ;ﬁ SRR 39%egabie to be used
as probeg .in f1 Hhle-s! @am%ﬁﬂ‘:%&l?ﬁ/ markers
of 30 the, resentl en |on g“b ro e g%eé% arg rP F?Egég?he

pol nuc|é%if8%5% i Or,apgﬁ S;g%? % V&% E?F qbes of the
pres®nt |ﬁ’%ﬁ¥? 3 %‘E?Pr?ﬁ 82 ?@3 |ne,
5-(Carbo;9§$}§‘?frm@fﬁ¥'l)u 8 S tconcentratlono

temperature, those with ordmary sk:ll in the art can also integrate other factcrs, such as probe
concentration, probe length, and reaction time, to obtain Lrp4 isoforms and allelic variants,
and corresponding genes derived from other organisms.

15 Refarences such as Molecular Cloning, A Laboratory Marual 2% ed, (Cold Spring
Harbor Press (1989); Section 9.47-9.58), Current Protocols in Molecular Biology (John Wiley
& Sons (1987-1997); Section 6.3-6.4), DNA Cloning 1: Core Techniques, A Practical
Approach 2% ed. (Oxford University (1995); Section2.10 for conditions, in particular), can be
referred to for detailed information on hybridization procedures. Examples of hybridizing

20  polynucleotides include polynucleotides containing a nucleotide sequence that has at least
50% or more, preferably 70%, more preferably 80% and even more preferably 90% (for
example, 95% or more, or 99%) identity with & nucleotide sequence comprising the
nucleotides of SEQ ID'NO: 1 or SEQ ID NO: 2. Such identities can be determined by the
BLAST algorithm (Altschul (1990) Proe. Natl. Acad. Sci. USA 87: 2264-8; Karlin and

25 Altschul (1993) Proc. Natl. Acad. Sci, USA 90: 5873-7) as described in the homology
determination above. Inaddition to the above-described BLASTN program for nucleotide
sequences, the BLASTX program for determining the identity of amino acid sequences
(Altschul ef al. (1990) J. Mol. Biol. 215: 403-10) and the like has been developed based on
this algorithm and can be used (as described above, see httpy/www.nebinlm.nih.gov. for a

30 specific example of analysis methods),

Lrp4 isoforms or allelic variants, and other genes with an Lrpd-like sttucture or
function, can be obtained from cDNA libraries and genomic libraries of animals such as
humans, mice, rats, rabbits, hamsters, chickens, pigs, cows, goats, and sheep, by designing
primers based on the nucleotide sequences of SEQ ID NOs: 1 and 2, using gene amplification

35  technology (PCR) (Current Protocols in Molecular Biclogy, John Wiley & Sons (1987)
Sections 6.1-6.4).



carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluridine, 35 dihydrouridine,
2'-O-methylpseudouridine, j3-D-galactosylqueuosine, 2"-O-methylguanosine, inosine,
N6-isopentenyladenosine, 1-methyladenosine, 1-methylpseudouridine,1 11 methylguanosine,
1-methylinosine, 2,2-dimethylguanosine, 2-methyladenosine, 2- methylguanosine, 3-methylcytidine,
5-methylcytidine, N6-methyladenosine, 7- methylguanosine, 5-methylaminomethyluridine,
5-methoxyatninomethyl-2-thiouridine, (3-A- mannosylqueuosine,
5-methoxycarbonylmethyl-2-thiouridine, 5 5 methox 5‘arbonyhnethyluridine, 5-methoxyuridine,
2-methylthio-N6- isopentenyladenosine, N-((9-(3-D-ribofuranosyl-2-
methylthiopurin-6-yl)carbamoyl)threot ine, N-((9-(3-D-
ribofuranosylpurin-6-yl)N-methylcarbamoyl)threonine, uridine-5-oxyacetic acid-methyl ester,
uridine-5-oxyace fEaBrlyRAIEREIS SHBCHRN B ISRABIFNER S¥iHENS SATES: %%ﬁ%%ﬁ%l-z-
thiouridingst2rthimtisineethehiou Foine e thddidiceyndetéahbe taraipsimunaiedo
yl)carbanggmhibreening /5 Pmetvhth-math\lutidiSea, 24:G468)epoedisel. wibaddiir.and 3-
(3-aminoggq%m@gw@{mm%@gﬁzmmgg@rsﬂt@mmmmﬁe probes of the present invention
comgrise nucleoé'}qlx?tse 92{3&3@&9&%&@%%% ignavcleglide SeaUeREesSeering e amino acid
sequence of SEQ | %’ or4. nucleotid segé%%nceé B%%J?E(é%k‘f%’%e fl;ﬁ@ﬁ\ﬁ'@éeg&ence of
SEQ ID BIURResienesridi SRASHRSES ARPHUCTUEHAY L SifNeess O: X o2, but also

nucleotidd, Edqeancressieamemtrmentiy terselsetile ssBentes et Rrgodedhs FIBISHE FERRTA of the
genetic caeleribé mSBErIPoNDuslentdE pehenafthenpieseettinydntoalensidaremrraersthst which
comprisecsRgue AGeqRAMIIeTRRR Y tauastide: shauin qestimcol ingamser aadceqhenceacks the

tra”?é"e”&%%‘tﬁgeg?n?rg)ﬁgcr@“ﬁéﬂ e %qéﬂaﬁgéalsﬁl}ﬁﬁlafe&ﬁﬁs' RAMdehcEbeeR inai:nesignal

sequence.In equence.of Q:3or4. ; 3), amino
ac% residiakePTRIpH ‘ﬁﬂ?ﬁ@ ﬁ%ﬂ%ﬁ%%}ﬁe %%%Séfﬁ,e\;‘v%% & #r%%#%ﬁ Enb?%ﬂ%: A)f), amino
acid resi&%ﬂ%@ﬁﬁﬁ%ﬁ%ﬁ%%rﬁ&ﬂ%@%ﬁi&%@@ﬁ &‘?@E@%ﬁo NOs: 3 and
4 are respegively 66 GEQ EINOGEoBANKSiminpaiyhnsleotites CoBUBENE WS 1EpHAS RITUGBES65). 25
Herein, the Rhtasens ameAsMeiahvaiaivaupicietdesseat taoaieasappiecks datdilg, oases wherein
a nygleotigle SeaueRre HATMIRISRD PRSI ING I8 BNAIR, bulilsRieitideshain normally
| consists of 15 to 100, and is preferably 15 to 35 nucleotides when used as a probe, or at least
15 and preferably 30 nucleotides when used as a primer. A primer can be designed to have a
restriction enzyme recognition sequence, a tag or such, added to the 5°-end side thersof, and at
the 3" end, a sequence complementary to a target sequence.  Such polynucleotides,
20  comprising a nucleotide sequence that contains at lease 15 consecutive nucleotides, can
hybridize with an Lrp4 polynucleotide.

Furthermore, the marker polynucleotide probes of the present invention comprise &
second polynucleotide which hybridizes under stringent conditions with a first polynucleotide
comprising any one of: (1) the nucleotide sequence of SEQ ID NO: 1 or 2; (2) nucleotide

25  sequences comprising polynucleotides encoding polypeptides comprising the amino acid
sequence of SEQ ID NO: 3 or 4; (3) nucleotide sequences comprising polynucleotides
encoding polypeptides comprising an amino acid sequence which lacks the transmernbrane
region in the amino acid sequence of SEQ ID NO: 3 or 4; and (4) mucleotide sequences
comprising polynucleotides which hybridize under stringent conditions with a polynmcleotide

30 comprising the nucleotide sequence of SEQ ID NO: 1 or 2., Polynucleotides consisting of a
nucleotide sequence comprising at least 15 consecutive nucleotides are preferred as the second
polynucleotide,

Marker polynucleotide probes of the present invention can be prepared from cells that
express Lip4 by the aforementioned hybridization or PCR or such. In addition, marker

35 polynucleotide probes of the present invention can also be produced by chemical synthesis
based on known Lip4 sequence data. Riboprobes, which are considered to be particularly




those that have at least 70%, preferably 80%, more preferably 90%, and even more preferably 95% or
more (for example, 97% or 99%) of the nucleotides paired with the template. Pairing refers to the
formation of a chain in which T (U in the case of RNASs) corresponds to A, A 30 corresponds to T or U,
G corresponds to C, and C corresponds to Gin the nucleotide sequence of the template
polynucleotide. Homologies at the nucleotide sequence level between certain polynucleotides can be
determined by the BLAST algorithm (Altschul (1990) Proc. Natl. Acad. Sci, USA 87: 2264-8; Karlin
and Altschul (1993) Proc. Natl. Acad. Sci. USA 90: $873- 7). The BLASTN program for nucleotide
sequences (Altschul et al. (1990) J. Mal. Biol. 215 35 403-410) has been developed based on this
algorithm, and can be used to determine the homology of marker polynucleotide probe sequences
(see http://www.nebi.nim.rib.gov for a 12 specifi ex ple Iy5|s thod rﬁ)lmMore Ver marker
polynuclawtiseaplo fredgtagting RN SFakt fAh O z Bﬁﬁ%@ at]%% % bcieatide
sequenc@sphgehybrigimtiemthersifi ngemmdmmﬁgr thrreswe Saeriphsiad SERSFEYPRucleotide
SeqUenC%ﬁ%&mﬁh%f%ﬂmwsémm@ﬁmtﬂeSMtﬁbﬁglhlpﬂéﬁﬂdﬁlﬁem@m‘éﬂﬁdICated in

SEQ Ig NO: 1 whf t%’ 33%1 NSRS RER #%LJ;J @HM@#EQ@@WBS wg@m@m@mmay allso
exist. o/ nuc eoti |t e ue e complementa uc anisagan also
be uSed RSLFEFKEF HEIEHO s mv%yﬁf)%a 8%)% @é alleﬁﬁﬁvarlﬂnts can be
obtained bfrustd BNEeBRN ST WW@&@SMW%%W&HH ‘gﬁ e mice, rats,

10 rabbitg, Grrmastars.debisiedcnigrs duesyalpats]atid ssheegetby ingrsleps e sBEEdIBbe
comprisinga RuRIGeHECIEPaYARER, QRN QlihgVEERHID NO,; aﬂadtmﬁwﬁlmds:ldlzatlon methods

such as %Rgﬂﬁggrlg{@g@nsﬂﬁm§1magﬁaéﬁaﬁeéﬁouthem blotting. See "Molecular Cloning, A
Labgratory Manual 2nd ed." (Cold Spring Harbor Press (1989)) for methods of eDNA library

cons ruct%l Ed |on commercially available eDNA libraries 15 or genomic libraries may also be

used. Morespec N (%onst y%@vﬁ:%y&: m&&%m% stipsepates tias Cells, organs,

tissues, or such t p ess

technigues as n|d|n I
(Chirwin éeBpodieyt) %Ms gﬁr} gi'g EE’% g#r: il ?I!gn ccg ({19&7) Anal.
Biochem cifi Bz 155641531 éct] dmmm;epmm@mgemm cells ffom bren tissue or o

15 Unlike Lrp4 mRNA, the Lrp4 polypeptide is expressed not only in the dopaminergic newron
proliferative progenitor cells prior to cell cyele exit, but also in postmitotic dopaminergic
neuron precursor cells.  Therefors, by using the antibodies of the present invention against
the polypeptide, it is possible to select and/or obtain dopaminergic neuton progenitor cells
prior to and after cell eycle exit. Antibodies of the present invention include polyclonal

20  antibodies, monoclonal antibodies, chimeric antibodies, single-chiain antibodies (scFV)
(Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85: 5879-83; The Pharmacology of
Monoclonal Antibody, vol. 113, Rosenburg and Moore ed., Springer Verlag (1994) pp. 265-
315), humanized antibodies, multispecific antibodies (LeDoussal ef al. (1992) Int. J. Cancer
Suppl. 7; 58-62; Paulus (1985) Behring Inst. Mltt 78: 118-32; Millstein and Cuello (1983)

25  Nature 305; 537-9; Zimmermann (1986) Rev. Physzol Biochem. Pharmacel, 105: 176-260;
Van Dijk et al. (1989) Int. J. Cancer 43: 944-9), and antibody fragments such as Fab, Fab',
F(ab')2, and Fv. Moreover, antibodies of the present invention may elso be modified by PEG
and such, as necessary. Antibodies of the present invention may also be produced in the form
of a fusion protein with B-galactosidase, maltose-binding protein, GST, green fluorescent

30 protein (GFP) and such, to allow detection without the use of a secondary antibody. In
addition, antibodies of the present invention may be modified by labeling with biotin or such,
to allow recovery using avidin, streptoavidin, or such.

The antibodies of present invention are specific to any of (1) polypeptides encoded by
the nucleotide sequence of SEQ ID NO: 1 or 2, (2) polypeptides comprised of the amino acid

35 sequence described in SEQIDNO: 3 o1 4, (3) polypeptides comprised of an amino acid
sequence lacking the transmembrane domain in the armino acid sequence described in SEQ ID



20 mRNA using an mRNA Purification Kit (Pharmacia), or such. A kit for direct mMRNA preparation,
such as the QuickPrep mRNA Purification Kit (Pharmacia), may also be used. Next, cDNAs are
synthesized from the resulting mRNAs using reverse transcriptase. eDNA synthesis kits, such as the
AMV Reverse Transcriptase First-strand cDNA Synthesis Kit (Seikagaku Corporation), are also
commercially available. Other methods that use the 5' 25 RACE method to synthesize and amplify
eDNA by PCR may also be used (Frohman et al. (1988) Proc. Natl. Acad. Sci. USA 85: 8998-9002;
Belyavsky et al. (1989) Nucleic Acids Res. 17: 291@532). In addition, in order to construct eDNA
libraries containing a high percentage of full-length clones, known techniques such as the
oligo-capping method (Maruyama and Sugano (1994) Gene 138: 171-4; Suzuki (1997) Gene 200:

149-56) can also be employed.. 30 The cDNA obtained in this r | into a
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times in Ix SSC/0AlSe.SsInHiEHIesS 28 FAREAE SUSIP LAY R fdHyice T % SSC/0.1% SDS
at 50C fopa§pritidtss-caphisiThisnyame ileRpnensrmiRa A5 4SS IR EXBT Ry b

HybridizafigpS0latidheSuthON IRk oy pEEBID GNErehybéiiZhtoinatE BRI FRMIER or more,
200i30 2 JaRSiRARIAle AR NG il RS dRfRnRd WERY MPNOnRshiig heestimes in 2x

SS k at room temperature for 20 minutes each, and washi oY minutes
with Ix SSCibseanesers A, HoTRARTR%SE ﬁlﬂ’r‘i’@r%ﬁnﬁ%ﬁSé%:?néaﬁ%%gglc%%ﬁg{%%%ng the
C , pre

temperatarerfoinptiotsybeicivfiin thhabvienAcid AacHTe S IRNR: Bge ; @gﬁp *hybridization
and hybrigigatiseesamperitngesadySacdsarisdedserinol waeRatides ek GEREZE I Sdition to
factors sugh.as salbaenRARIEIRR A el bstilke apsipitrpesatuctsdidsseqritnar dinaplestartiie art can
alSol?teg{ﬁet%t?épe%ﬁgﬁcégcﬁﬁeﬁg& Bf’%%@ 9PANO: 1 or 2. The above-described polypeptides consisting
of partial sequences include polypeptides comprising preferably at least six consecutive amino
acid residues (e.g., 8, 10, 12, or 15 amino acid residuss or more).
The amino acid sequences mutated by one or more amino acid deletions,
substitutions, or additions, or combinations thereof in the amino acid sequence of SEQ ID NO;
50 3 include, for example: (i) amino acid sequences with 110 9 (e.g,, 1 t0 5, preferably 1 1o 3,
more preferably 1 to 2, and still more preferably 1) amino acid deletions in the amino acid
sequence of SEQ ID NO: 3; (i) amino acid sequences with 1 to 9 (e.g., 1 to 5, preferably 1-1;0
3, more preferably 1 to 2, and still more preferably 1) amino acid additions in the amino acid
sequence of SEQ ID NO: 3; (iif) amino acid sequences with 1 to 9 (¢.z., 1 to 5, preferably 1 to
25 3, more preferably 1 to 2, and still more preferably 1) amino apids subistituted by other amino
acids in the amino acid sequence of SEQ ID NO: 3; and (iv) an amino apid sequence mutated
by any combination of the above (i) to (iii).
The amino acid sequences mutated by one or more amino acid deletions,
substitutions, or additions, or any combinations thereof in the amina acid sequence of SEQ ID
30 NO: 4 include, for example: (i) amino acid sequences with 1to 8 (e.g, 110 5, preferably 1 to
3, more preferably 1 to 2, and still more preferably 1) amino acid deletions in the amino acid
sequence of SEQ ID NO: 4; (ii) amino acid sequences with 1t0 9 (e.g, 1 0 5, preferably 1‘1:0
3, more preferably 1 to 2, and still more preferably 1) amino acid additions in the amino acid
. sequence of SEQ ID NO: 4; (iii) amino acid sequences with 1 to 9 {e.g., 1 to 5, preferably 1 to
35 3, more preferably 1 to 2, and still more preferably 1) amino acids substituted by other amino
acids in the amino acid sequence of SEQ ID NO: 4; and (iv) amino acid sequences mutated by



concentration, probe length, and reaction time, to obtain Lrp4 isoforms and allelic variants, and

. corresponding genes derived from other organisms. 15 References such as Molecular Cloning, A
Laboratory Manual 2nd ed. (Cold Spring Harbor Press (1989); Section 9.47-9.58), Current Protocols
in Molecular Biology (John Wiley & Sons (1987-1997); Section 6.3-6.4), DNA Cloning 1: Core
Techniques, A Practical Approach 2nd ed. (Oxford University (1995); Section2.10 for conditions, in
particular), can be referred to for detailed informatiqn on hybridization procedures. Examples of
hybridizing 20 polynucleotides include polynucleotld]es containing a nucleotide sequence that has at
least 50% or more, preferably 70%, more preferably 80% and even more preferably 90% (for

example, 95% or more, or 99%) identity with a nucleotide sequence comprising the nucleotides of
SEQif) NO: 1 or

es can be determined by the BLAST algorithm (Altschul
(1990) PA3Y. TOTP ]ﬂ%a%‘%%l ‘}é?&g%% arlin and 25 Altschul (%%%9%) Pro 2 1l Asag- Sci.
USA 90; 5873- 7)%&%‘%%@&% YeR %%ﬁé HABGVE °r ?%
above-deisifiperidBenis e BROVFRGA 157 Prlciedtidd DEdeen gistigny B [g r Hetermining
the identiasiriaasidatilbiseadaieasping apd Laanceooos @%}e@‘wl"ﬁ%%"fﬁ} e like has
beerf devatipeddidseghomcehis algorithm and can be used (as described above, see

http://www.nebi. MReliE SRR HetHhe’ %ﬁﬂk&&ﬁﬁnﬂy&iﬁsmeﬁﬁdhpnﬁrpﬂm@r allelic
variants, ang @Q@a&%% Wit anderod-likesstugige orhipetionddaiont eblaits dirarddidonéf libraries

and gen # Qi%l%ﬁﬂf&n%ﬂé@é{ﬂ%eﬂ%&é als fedRitsHhapsteranehickad su pigs, cows,
goats, an ee |ng prlmers based on the nucleotide sequences of SEQ ID NOs: 1 and 2,
usi gene amp e.chno rent P qlecilar n Wiley &
Sons'(1987) Sec %u %:E‘ n%lsé%%%%%n%%%g ?@ﬁ%&ﬁh
conventicHXPEt) ﬁ“cﬁé&&% aﬁffgﬁ% exam%1 rﬁ |d oxgn}lil%l tl ain termination
method @ESRRGECIS HAPFES99S BrJLoRae e\fa?am%&l[’é}gbx

use add|t|on
sequencM&W@Eé%%ﬁrﬁ}?ze%ﬁP@’a W@Wﬂﬂ‘geﬂ%ﬂﬁer‘]ﬁ%&m&%ﬁ@ REFY oF nucleotlde
probes oftiedr essminyeeiionithaimidatreoperties to the amino acid prior to substxtunon

15  acids can be classified according to their properties into, for example: non-polar amino amds
(Ala, He, Leu, Met, Phe, Pro, Trp, and Val); non-charged amino acids (Asn, Cys, Gln, Gly, Ser,
Thr, and Tyr); acidic amino acids (Asp and Glu); basic amino acids (Arg, His, and Lys);
neutral amino acids (Ala, Asn, Cys, Gln, Gly, Ile, Leu, Met, Phe, Pro, Ser, Thy, Trp, Ty, and
Val); aliphatic amino acids (Ala and Gly); branched amine acids (e, Lew, and Val),

20 hydroxyamino acids (Ser and Thr); amide-type amino acids (Gin and Asn); sulfur-containing
amino acids (Cys and Met); aromatic amino acids (His, Phe, Trp, and Tyr); heterocyclic amino
acids (His and Trp); and imino acids (Pro and 4Hyp).

Therefors, it is preferable that non-polar amino acids are substituted with each other,
or that non-charged amino avids are substituted with each other.  Of these, substitutions

75  among Ala, Val, Leu, and Ile, between Ser and Thr, between Asp and Glu, between Asn and
Gln, between Lys and Arg, and between Phe and Tyr are preferable for retaining properties of
the proteine. The number and sites of mutated amino acids are not particularly limited.

As the antibodies of the present invention, the two anti-Lrp4 antibodies used in
Example 4, and modifications comprising fragments thereof, are particularly preferable. The

30 two antibodies have been internationally deposited under the following accession numbers:
(1) Name and address of the depositary institution
Name: International Patent Organism Depositary, National Institute of Advanced Industrial
Science and Technology
Address: Central 6, 1-1-1 Higashi, Tsukuba-shi, Ibaraki Prefecture, Japan 305-8566

35 (2) Deposit date: July 14, 2004
(3) Accession Nos: FERM BP-10315 and FERM BP-10316



aforementioned (1) sequences complementary to the nucleotide sequence of SEQ ID NO: 1 or 2, (2)
sequences complementary to nucleotide sequences that encode the amino acid sequence described
in SEQ ID NO: 3 or 4, (3) sequences complementary to nucleotide sequences that encode a .-
sequence lacking the transmembrane domain portion of the amino acid sequence 10 described in
SEQ ID NO: 3 or 4, and (4) polynucleotides comprising nucleotide sequences that contain at least 15
consecutive nucleotides in each of the nucleotide sgguences that hybridize under stringent conditions
with a polynucleotide comprised of the nucleotide sequence of SEQ ID NO: | or 2. Such
polynucleotides comprising a nucleotide sequence that contains at least 15 consecutive nucleotides
can be used as a probe for detecting, or as a 15 primer for amplifying, the expression of Lrp4 mRNA.

The nucleotide chajn, normally . consists of i f : jdes when used
asa pro@%ﬁ%ﬁ@a@?%%@@#ﬁ%@%ﬁéﬁ%ﬁ@i%%%}%Tﬂﬁg%?rﬁgr can be
designed to havesmtibsditstisiiterpypmatrivegtinneasdgusadaced 3y SR %é-}%nd side
thereof, '%%ng@ﬁlgp@bﬁém}l@gﬁe@mm@&mﬁamylmth&mmeseﬁmpﬁpélﬁaﬁidp(ﬂyﬁﬁﬁeotidgs, 20
comprlsn%%f ﬁ%ﬁg%@gﬁgenfﬁﬁgﬁmp@m%gﬁ%wew ¥aroHpleatidas; wsrd dsybridize

fp eotide.

with an L ynuc Furthermore, the marker polyn bes, of dheRrgsent invention
comprisel BRERHRHBY FATAHLE TE R AR Wﬁ’lgzg‘%e%oﬁvggé %ﬁﬁgg%itio% wglh aﬁfi#st
polynuclegtirieceminpasingyaismite ofajdionibe bmpferelgperide A< R G ??Bég:‘
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polypeptié%s ccg’mﬁgls g an amino acid seguence which lacks the tr%&m%wggng -;Sﬂﬂ@dn the amino
acid sequence of SeQGHINEIYBBHAS alft g)pﬁ?ﬁefgdﬂa%lgg&d%ﬁ@e@ corhp ,sm%&i&_}g}@[ otides which
hybtigize Istoihgkithenditisein hivizg sy amiie 4abs8aNEBAS ISP AR STHE Sed FEnce of

y siieslstving
SEQID NP ]Iﬂ‘% 2nBRvanclegtideshansisingohr T RyciRaideptdquanchecorpriinraniiog ol 5
consecutiye mucleotiies are prafefred asihe secand.nalypraiestiveidarkennatsisiestide probes of
the presefit |nv.en'fi(ﬁ‘{‘]‘cﬂagn f'“&r%%a; d o 6 eﬁ'@} GHPreRphdR4Avdheaforementioned
hybridizat EFPER OP lch, In addition mglrrpfr %?&%Q/&uﬁles%gm%b&g g&g&%ﬁgngvention
can also be prodUBdRaFeTBhRuerLli R Bg L P4 PO YPEPLCTS SOt :

15  Lrp4 polypeptide, and includs polypeptides with an amino acid sequence wherein one or more
amino acids in the amino acid sequence of SEQ IDNO: 3 or 4 ate deleted, inserted, .
substitited, or added. It is well known that mutant polypeptides comprising an amino acid
sequence in which one or more amino acids are deleted, inserted, substituted, or added,
maintain the same biological activity as the original polypeptide (Mazk et al. (1984) Proc.

50 Natl. Acad. Sci. USA 81: 5662-6; Zoller and Smith (1982) Nucleic Acids Res. 10: 6487-300;
Wang ef al, (1984) Sclence 224: 1431-3; Dalbadie-MecFarland ef af, (1982) Proc. Natl. Acad.

Sci. USA 79: 6409-13),  Such polypeptides that maintain the antigendcity of Lrp4 and have
an amino acid sequence in which one or more amino acide are deleted, inserted, substituted, or
added to the amino acid sequence of SEQ ID NO: 3 or 4, can be obtained by preparing

25 polynucleotides that encode the polypeptides using known methods such as site-directed
mutagenesis described in “Molecular Cloning, A Laboratory Manua! 2nd ed.” (Cold Spring
Harbor Press (1989)), “Current Protocols in Molecular Biology™ (John Wiley & Sons (1987-
1997); especially section 8.1-8.5), Hashimoto-Goto ef al. (1995) Gene 152: 271-5, Kunkel
(1985) Proc. Natl. Acad. Sci. USA 82: 483-92, Kramer and Fritz (1987) Method, Enzymol.

30 134: 350-67, Kunkel (1988) Method. Enzymol, 85: 2763-6), and others, and then suitably
expressing. In addition to the above-described site-directed mutagenesis, methods for
subjecting genes to mutagens can, be used, Alternatively, methods for selectively cleaving
genes; removing, adding, or substituting selected nucleotides; and then ligating the genes can

also be used. ‘ -
33 Lrp4 polypeptide fragments are identical to a portion of the aforementioned Lrp4

polypeptide, and preferably consists of at least six continuous amino acid residues or more (for




based on known Lrp4 sequence data. Riboprobes, which are considered to be particularly 15
preferable for detecting RNA in tissues, can be obtained by, for example, inserting a cloned Lrp4 gene
or portion thereof into plasmid vector pSP64 in the reverse direction, followed by run-off transcription
of the inserted sequence portion. Although pSP64 contains an SP6 promoter, methods for producing
riboprobes by combining phage T3, T7 promoter and RNA 5 polymerase are also known. The marker
polynucleotide probes of the present invention may ige used as reagents for discriminating the
dopaminergic neuron proliferative progenitor cells. In the above-described reagents, the
polynucleotides as active ingredients may be mixed as necessary with, for example, sterile water,
saline, vegetable oils, surfactants, lipids, solubilizers, buffers, stabilizers, and preservatives. 10
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Lrp4 polypeptides and Lrp4 polypeptide fragments can be isolated from Lip4-

expressing cells, tissues, etc., based on their physical properties and such.  In addition, these

polypeptides and polypeptide fragments can also be produced using known genetic

recombination techniques or chemical synthesis methods.  For example, for in vitro Lip4
20 polypeptide production, Lip4 polypeptides can be produced in an in vifro cell-free system

using methods such as in vitro translation (Dasso and Jackson (1989) Nucleic Acids Res. 17

3129-44). In contrast, when producing polypeptides using cells, a polynucleotide that

encodes a polypeptide of interest is first incorporated irtto an appropriate vector, a suitable host

cell is selected, and then the cells are transformed by the vector.  Subsequently, the
25  transformed cells can be cultured to obtain the polypeptide of interest.

Appropriate vectors include various vectors such as plasmids, cosmids, viruses,

bacteriophages, cloning vectors, and expression vectors (Molecular Cloning, A Laboratory

Manual 2° ed., Cold Spring Harbor Press (1989); Current Protocols in Molecular Riology,

Jobn Wiley & Sons (1987)). The vectors comprise regulatory sequences for the expression
30  ofa desired polynucleotide in transfected host cells, and the polyouncleotide is incorperated

therein so that it will be under the control of the regulatory sequences.  Here, the phrase

“regulatory sequence” includes promoters, ribosome binding sites, and ferminators in the case

of a prokaryotic host cell, and promoters and terminators in the case of a eukaryotic host cell,

and in some cases, may also contain transactivators, transcription factors, poly A signals which
35  stabilize transcription products, splicing and polyadenylation signals, and others. Such

regulatory sequences comprise all the components required for the expression of a




of a fusion protein with P-galactosidase, maltose-binding protein, GST, green fluorescent 30 protein

i (GFP) and such, to allow detection without the use of a secondary antibody. In addition, antibodies of
the present invention may be modified by labeling with biotin or such, to allow recovery using avidin,
streptoavidin, or such. The antibodies of present invention are specific to any of (1) polypeptides
encoded by the nucleotide sequence of SEQ ID NO: | or 2, (2) polypeptides comprised of the amino
acid 35 sequence described in SEQ ID NO: 3 or 4, ﬁ%) polypeptides comprised of an amino acid
sequence lacking the transmembrane domain in the amino acid sequence described in SEQ ID 16
NO: 3 or 4, (4) polypeptides comprised of an amino acid sequence wherein one or more amino acids
in the amino acid sequence of SEQ ID NO: 3 or 4 are deleted, inserted, substituted, or added, (5)
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deletions(Bbs T A5 ToHAkmmiohe RsershiBiRgRISPIhereof, in the amino aC|d se uence of SEQ ID
NO: 3 or 4; and (Exampirs aficectonguenstls o smeingHpnipRaniifes Bnudeanyds eotides which

hybrld|ze(Bmi'ﬂaga)r|nQ&aﬁdﬂmﬂ;mmmm&mew&om’%mbﬂmﬁ@lﬂg ﬁ’hé’&t@@’if@@lééq uence
complemgyaliatytaid hdkte Rue) eifBesivhine it BEQUMINOS 1 GerR:titHnglveedngs (Kiisedsu
polypeptigsizpRsisiingwiiparistsanpaneesonckde aolyedoieyasmprisihgdiefeyaliiyl &t thast six
consecutive AR B AdRAAR:(S gmébi@fé%m@hés’i Ainenagied esicivhsor Mscdhciwiamino acid
sequenc tﬁi&?ﬂ@’]ﬁ@? ORI AMINR AGithAglatiansmSuDSily o e pRk AT gy pERiBbinations
thereof in, #i NP: e ROsRRGY sasierzﬁ%gaﬁn ) AR, 3Rl
o ”C%gng‘%q g@%”ge SR i eh R ELYCIARY & o250k mog poserably 1)
amiffo ac Bowes merllaénlcma ce mxgye oma, Vero, Namalwa, Namalwa KIM-1, and HBT3637
(Unexamined Published Japanese Patent Application No, Sho 63-299).  Vector systems
suitahle for each cell and methods for introducing a vector into host cells are also known.
Moreover, methods for expressing exogenous proteins in animals in vivo (see, e.g., Susumu
20 (1985) Nature 315: 592-4; Lubon (1998) Biotechnol, Anmu. Rev. 4: 1-54) and in plant bodies
are also known, and can be used fo express Lrp4 polynuclectides.
DNAs can be inserted into veotors in a ligase reaction using restriction enzyme sites
(Current Protocols in Molecular Biology, John Wiley & Sons (1987) Section 11.4-11.11;
Molecular Cloning, A Laboratory Manual 2nd ed., Cold Spring Harbor Press (1989) Section
25 5.61-5.63). Inaddition, an Lrpd polypeptide-encoding expression vector can be designed as
necessary by selecting a nucleotide sequence that has high expression efficiency in view of the
host’s codon usage frequency (Grantham ef al. (1981) Nucleic Acids Res. 9:143-74).  Ahost
that produces an Lrp4 polypeptide comprises in its cells a polynucleotide that encodes an Lrp4
polypeptide. 8o long as the polynucleotide does not exist at a naturally occurring position in
30  the genome of a host cell, the polynucleotide itself may be regulated by its own promoter,
incorporated in the host genome, or maintained as an extrachromosomal siructure.
Transduction (transformation/transfection) of host cells with vectors can be
petformed using well-known methods.
Transformation can be performed, for example, by the method by Cohen ez al. (Proc.
35  Natl. Acad. Sci. USA 69, 2110 (1972)), protoplast methods (Mol. Gen. Genet., 168, 111
(1579Y), and the competent method (J. Mol. Biol,, 56, 209 (1971)) for bacteria (E. coli,




sequence of SEQ ID NO: 3; (ii) amino acid sequences with 1 to 9 (e.g., 1 to 5, preferably Ito 3, more
preferably 1 to 2, and still more preferably 1) amino acid additions in the amino acid sequence of SEQ
ID NO: 3; (iii) amino acid sequences with 1 to 9 (e.g., I to 5, preferably 1 to 25 3, more preferably 1 to
2, and still more preferably 1) amino acids substituted by other amino acids in the amino acid
sequence of SEQ ID NO: 3; and (iv) an amino acid sequence mutated by any combination of the
above (i) to (iii). The amino acid sequences mutated_y one or more amino acid deletions,
substitutions, or additions, or any combinations ther@ f in the amino acid sequence of SEQ ID 30 NO:
4 include, for example: (1) amino acid sequences with Ito 9 (e.g., | to 5, preferably Ito 3, more
preferably 1 to 2, and still more preferably 1) amino acid deletions in the amino acid sequence of SEQ
ID NO. 4; |noa id sequences wit 9 referably 1t f ly 1to 2,
and still g;}\?g%@ (;m%? (ﬁi 12’8(%%5 eﬂg F%%%l E[ (a‘lc%ag}%@gﬁfﬁé% 4; (i)
amino ac a% {1853y §°’r§6?§ R AEVSER F Biag 8%till more
preferablyed) diskmacsods @%@i&ﬁtg Tb%‘ilﬁb?sa‘i}}ﬁéﬂaw@ﬁﬂﬂi’e%ﬁ@éﬁﬁ’g@q B8 SEQ ID NO:
4; and (iV)18%fhe anel ol Seefirsrdsminethods tiilarsch Ay dlo Mbierago 4208 thi ABSYD:(BpebHiel o Hbsterm
"amifio adithetdletinRAd! ¥ Yhénrfervaeizinusls; tehibh mathod nofeamintViacioge SEESin the
sequence &ESefeteditfilectdlmatddigtihe hiatiodies Srentdedesiondf(dfvlaCull Bidid B2aE6er166d of an
amino ac{déguandasanaddhie deletion of an amino acid in an 5 amino acid sequence. The term

"amino acid addiogrhereinaieansvatamsd s K HRIBRNIAG A¢Ehiesidurs foavesbeen
added toﬁB@t%@H‘é@I&%@edThq?Eﬁr&aﬁ RiligReinEiidasine Addilnegl, anemipearid sitewsgnd of an
amigyp acjg E&%ﬁzrgé&&%rﬂ%aé' IR fmﬂ&ﬁ% r%%t?ﬁ‘ %&E%Itrﬂ?e

amino a%!l SEHS%%QE) At

sequenc e(glrzf}?ﬂren \éag % BS Oqé} (% are
modlfledEé &%@\ cﬁ’\ tﬁl e?é)ra%ﬁ/ ?1%?%; gl' é
conserv Kguﬁrs" g ﬁ?é'éﬂss% @‘?\Eﬁ‘ffé‘% a ?&’%l Psimilar
pro pertleglm ﬁ%ﬁh@é@t&ﬂﬁﬁ@rﬂﬁiﬁ%ﬁnm Anting th@ course of culturing, as necessary.
' Normally, an Lrp4 polypeptide produced by gene recombination techniques can be

recovered from the medium if the polypeptide is secreted outside of a cell, or from the body
fluid of & transgenic organism. When a polypeptide is produced inside of a cell, the cells can
be dissolved and the polypeptide is recovered from the dissolved product. The polypeptide
of interest can be then purified by suitably combining known methods of protein purification,

20 such as salting out, distillation, various types of chromatography, gel electrophoresis, gel -

' filtration, ultrafiliration, recrystallization, acid extraction, dialysis, immunoprecipitation,
solvent precipitation, solvent extraction, and ammoninm sulfate or ethanol precipitation,
Examples of chromatographies include ion exchange chromatography, such as anion or cation
exchange chromatography, affinity chromatography, reversed-phase chromatography,

25 adsorption chromatography, gel filtration chromatography, hydrophobic chromatography,
hydroxyapatite chromatography, phosphocellulose chromatography, and lectin
chromatography (Strategies for Protein Purification and Characterization: A Laboratory
Course Manual, Marshak e al. ed., Cold Spring Harbor Laboratory Press (1996)).
Chromatography can be carried out using a liquid phase chromatography, such as HPLC or

30 FPLC. Inaddition, for example, a protein fused with G8T can be purified using a
glutathione column, and a protein with a histidine tag can be purified using a nickel column,
When an Lip4 polypepiide is produced as a fusion protein, unnecessary portions can be
removed using thrombin, factor Xa, or the like, following purification as necessary.

In addition, naturalty-oceurring polypeptides can also be purified and obtained. For

35  example, polypeptides can be purified by affinity chromatography using antibodies against the
Lrp4 polypeptides (Current Protocols in Molecuwlar Biclogy, John Wiley & Sons (1987)



15 acids can be classified according to their properties into, for example: non-polar amino acids (Ala,
lle, Leu, Met, Phe,.Rro, Tip, and Val); non-charged amino acids (Asn, Cys, Gin, Gly, Ser, Tbr, and
Tyr); acidic amino acids (Asp and Glu); basic amino acids (Arg, His, and Lys); neutral amino acids
(Ala, Asn, Cys, Gin, Gly, lle, Len, Met, Phe, Pro, Ser, Tbr, Trp, Tyr, and Val); aliphatic amino acids
(Ala and Gly); branched amino acids (lle, Leu, and Val), 20 hydroxyamino acids (Ser and Thr);
amide-type amino acids (Gln and Asti); sulfur-contagping amino acids (Cys and Met); aromatic amino
acids (His, The, Trp, and Tyr); heterocyclic amino acids (His and Trp); and imino acids (Pro and
4Hyp). Therefore, it is preferable that non-polar amino acids are substituted with each other, or that
non-charged amino acids are substituted with each other. Of these, substitutions 25 among Ala, Val,

ou. anddiBBIIEN SRORN MaiboDed %ﬁﬁ&@ﬁbmﬁ%@@m@@ Rl Gisiativgerd,ys and
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acce§s|on@@b@@;{ﬂddﬂmammﬂmmwdmltutlon Name: International Patent
Organism DePOSﬁBI cl'é'ﬁél%ﬁ*d&ﬁestﬁ?r Qézéﬂﬂﬁgmshﬂ%aﬁgﬁtahasﬁﬁ@@@gaﬂﬂohenmmgwddress
Central 6, 1 1-1 Tsukut?%s i, Ibar k &Eg an%%@b gpositdate: July
14, 2000 {PRECAEY Yo i 18, {sns i o FERM
P-20120 BEERW eﬁﬁ scn %eé f?épan t| s 0 h é nvention can
be produdé%irﬁélﬁ@%ﬁ@éhsﬂ&iﬂ@%ﬁ@@ﬁéﬁ%ﬁ%’@%’ﬁ‘ﬂ?ﬁ %ﬁ) Sﬁ&ér}g%’f" or cells
thatiexpresarpis holpRntidents, wmmmen&pﬂﬁﬁ@mléhmlﬁﬁﬁﬁmepnde
fragment%dﬁ]?&%ﬁ@eb?a%%ﬂ@ﬁaﬁim L!l@@&ﬁ@ By semoling ik ashpipngockah howinskegnnn
albumln gﬁ%%% %Hb‘iﬁ %{3@ HaRsiditiondtbeikipd-pely peptitiesior fragments
ekl LR Ctele) pgans A28, SHETM 23 LAY g Freund's
phosphate-buffered saline (PBS) or physiological saline, mixing with an adjuvant as necessary
15 until emulsified, and injecting into an animal intraperitoneally or subcutancously, The

sensitizing antigen mixed with Freund's incomplete adjuvant is preferably administered

several times, every 4 to 21 days, Antibody production can be confirmed by measuring the

Jevel of an antibody of interest in the serum using conventional methods.  Finally, the serum

itself may be used as a polyclonal antibody, or it may be further purified.  See, for example,
50 “Current Protocols in Molecular Biology™ (John Wiley & Sons (1987) Sections 11.12-11.13),

for specific methods.

A monoclonal antibody can be produced by removing the spleen from an animal

immunized in the manner described above, separating immunocytes from the spleen, and

fusing with a suitable myeloma cell using polyethylene glycol (PEG) or such to gstablish
95 hybridomas. Cell fusion can be carried out according to the Milstein method (Galfre and

Milstein (1981) Methods Enzymol. 73: 3-46),  Here, suitable myeloma cells are exemplified

particularly by cells that allow chemical selection of fused cells. When using such myeloma

cells, fused hybridomas can be selected by culturing in a culture medium (HAT culture

medium) that contains hypoxanthine, aminopterin, and thymidine, which destroys cells other
30  than fused cells. Next, clones that produce antibodies against polypeptides of the present

invention, or a fragment thereof, can be selected from the established hybridomas.

Subsequently, the selected clong is introduced into the abdominal cavity of a mouse or such,

and ascites can be collected to obtain 2 monoclonal antibody. See also “Cutrent Protocols in

Molecular Biology” (John Wiley & Sons (1987) Section 11.4-11,11), for information on
35  specific methods. Preferable hybridomas of the present invention can be FERM BP-10315

and FERM BP-10316.
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incomplete) adjuvant, or pertussis adjuvant, to enhance immune response to the antigen. The "Lrp4
polypeptide" in the present invention is a peptide polymer, a preferred 10 example of which is a protein
having the amino acid sequence described in SEQ ID NO: 3 or 4. The amino acid residues that
compose an Lrp4 polypeptide maybe naturally occurring or modified. Moreover, the Lrp4 polypeptides
include proteins lacking a transmembrane domain portion, and fusion proteins modified by other
peptide sequences. In the present invention, the Lrpkpolypeptides should have the antigenicity of the
15 Lrp4 polypeptide, and include polypeptides with an amino acid sequence wherein one or more
amino acids in the amino acid sequence of SEQ ID NO: 3 or 4 are deleted, inserted, substituted, or
added. It is well known that mutant polypeptides comprising an amino acid sequence in which one or
more amino acid$lgteideletedaindestbel obtidsid e dirrsadsiedinginintain yhepsarpredidd iwal activity as
the origingdpolvReriiis, (Markeb i 384nRiac28 Malrdca Seink 56 Shsitsd Huddleyrnd Smith
(1982) N%tﬁi%ﬁ%@@m@a@ﬂ@ﬁ&% Vg @l kIR rdlenematdoldad idinan

Dalbadie Mekanand Gk aln( 123D\ pifel alhAGa Patgk Apfich8o0405:- $8) 3uphspglypentides that

e N

,|
obtained %é‘rg i 0, known e} ods such as
site-direc utgen itse ) e, AL o %%Vﬁ &4." (Cold
Spring HAAS PetsSeaokayy: Mgkt abrdtoHeings et amroiss (ﬂﬂmaﬁﬁ & Sons (1987-
1997); espeanmlifisdduonrseiigdin Mhihasansas seaccisdntredutside Hamesalize frMgneRars 1085)
" Prot0 Natndtadasdiodispaeagplyapkaertasr and Fritz (1987) Method. Enzymol. 30 154: 350-67,
Kunkel (1988) Méthuitilitomgyanidbod:s2itaBa)eand btherdonsdrtiabne bairabiices pregeinticin addition to
the above:destiiethsitectifootad s Baestesis mdthadizkot] 390) dttinspeanebmocidagiens can be
used, Alteyaakyéys, WeikdsfoPsslisbtMel)d]aaing Kinnes gramtsingheadeing anibudstituting selected
nucleotidgg;rRRdHig MyEAIRG10 89S AR IsaNe WBe dsidh bindRolveenyigpHRIPONtSTHE
identical tQ1RQH MOt MG ATISMENIRRSdLIRd . RRMBERHES aRF RRiesalkk e ansiaE-RE, ahtpast six
continuoyg ABINY 3K RHAHASS HQ&ES&({% a:e?nibody. This type of recombinant antibody is also
included in the antibodies of the present invention. Typical examples of recombinant
antibodies include chimeric antibodies, comprising a non-human antibody-derived variable
region and a human antibody-derived constant region, and humanized antibodies, comprising
20  anon-human-derived antibody complementarity determining region (CDR), human antibody-
derived framework region (FR), and human antibody constant region (Jones ef al. (1986)
Naturs 321: 522-5; Reichmann ef o/, (1988) Nature 332; 323-9; Presta (1992) Curr. Op. Struct,
Biol. 2: 593-6; Methods Enzymol. 203: 99-121 {1991)).
Antibody fragments can be produced by treating the aforementioned polyclonal or
25  monoclonal antibodies with enzymes such as papain or pepsin.  Alternatively, antibody
fragments can be produced by genetic engineering technigues using genes that encode
antibody fragments (see Co ef al., (1994) J. Immunol. 152: 2968-76; Better and Horwitz
(1989) Methods Enzymol. 178: 476-96; Pluckthun and Skerra (1989) Methods Enzymol. 178:
497-515; Lamoyi (1986) Methods Enzymol. 121: 652-63; Rousseaux ef al. (1986) 121: 663-9;
30 RBird and Walker (1991) Trends Biotechnol. 9: 132-7).
Multispecific antibodies include bispecific antibodies (BsAb), diabodies (Db), and
such, Multispecific antibodies can be produced by methods such as (1) chemically coupling
antibodies having different specificities with different types of bifunctional linkers (Paulus
(1985) Behring Inst. Mill. 78; 118-32), (2) fusing hybridomas that secrete different
35 monoclonal antibodies (Millstein and Cuello (1983) Nature 305: 537-9), or (3) transfecting
eukaryotic cell expression systams, such as mouse myeloma cells, with a light chain gene and




example, 8, 10, 12, or 15 amino acid residues or more). A particularly preferred fragment can be
exemplified by a polypeptide fragment lacking an amino terminus, carboxyl terminus, and
transmembrane domain. The Lrp4 polypeptide fragments include fragments containing an a-helix and
a-helix forming region, a-amphipathic region, n-sheet and f3-sheet forming 5 region, i-amphipathic
region, substrate binding region, high antigen index region, coil and coil forming region, hydrophilic
region, hydrophobic region, turn and turn forming region, and surface forming region. In the context of
the present invention, an Lrp4 polypeptide fragmen f‘nay be any fragment, so long as it has the
antigenicity of an Lrp4 polypeptide. The antigen-determining site of a polypeptide can be predicted by
using methods for analyzing the 10 hydrophobicity/hydrophilicity of an amino acid sequence of a
protein (ICyte-Doolittle (1982) J. Mol. Biol. 157: 105-22), or methods of secondary structure analysis
(Chou-Pasheany(¢eai8 jconemi Riflerid haneclonalamtivelies freninss eéﬁ’f?r%bcf‘ﬂm’&‘i ter
programs dAnEs d3i9eheiatifib kit 9BHihofAieRERSBAN 86 Red Bhyahcﬁia@mn peptide is
synthesizeg,illawed ¢35 coafrpnaten pijispatigeyioly(Pubiished 4apaese Trhstatidvehi 15
InternatiofghEuBlGalianNo .30 SPsENRGRA ribeslikerksrpapestgestiact hid palpeptide
fragrgentg cay) §{g'&l é ﬁ SR AT AR diRaeRI R fnbRaes b HRHR HisgOPerties
and such, n 8. R E&P%%s'degﬁae Relbapida dignspiosmaln be produced using
known gene i % com ina |on echniques ar ica thods For xam Le f&[ in vitro
Lrp4 20 ponpept@%cﬁ %%Wb%éﬁtﬂgrg‘ ﬁ%e“ﬁ%g 3&}%&%3 &h \a/l%ro cell-freg system
using metisisRottima w@mww@m@@q@d&%ﬂaﬁ@m@@@ﬁ%ﬁm%&e iRed %@‘%
3129-44) gl 6o Hm@idiienmoroautiod ol pestitiies (sinipodits; A hebpnatoisoibiouhb Ed Hslss a
Polyppp &bmrm@ Besking ADIRBRLRPPIIPESSR VeRiorasliphiehasing attdsehelected,
and then 106, e fediaaloeR By dlis ool PRoRIERIbG ¢ uiRas Y BACR a!oRER be
cultured to o Paln y elptlde of Interes ate vector 'nd%%%\{%él%ﬁ lgq;gf?
plasmids %€ s\ﬂ % @ Wﬁ’g’fs hln cg%c%n an expressmn ve ors%ﬂﬁ
Cloning, Ad tjoriasd Wan@@mneabse RECSITRY ﬁf&@é&%@?ﬂﬁé’a RO B
Molecular B.ologyTh@mméwmﬁ@mmwmehm@@&&ﬁ % s-for the
explgssionafméades)mbpoling deotisednt tetisidy dthodt.calrymamht 34 eis
incorporaiggthods, radicimmunoassay (RIA) methods, or ELISA. When ELISA is useci for example,
antibodies of the present invention are first immobilized onto a support, such as a plate.  An
Lrp4 polypeptide is added, and then a sample containing the antibody of interest is added.
Herein, samples containing an antibody of interest include, for example, culture supernatants
20  of antibody-producing cells, purified antibodies, and such. Next, secondary antibodies that
recognize the antibodies of the present invention are added, and the plate is incubated. The
plate is then washed and a label attached to the secondary antibody is detected. Namely, ifa
secondary antibody is labeled with alkaline phosphatase, antigen binding activity can be
determined by adding an enzyme substrate such as p-nitrophenyl phosphate, and measuring
25  absorbance. In addition, a commercially available system such as BlAcore (Pharmacia) can
also be used to evaluate antibody activities.
The present invention relates to reagents which comprise the anti-Lrp4 antibody as an
active ingredient for identifying dopaminergic neuron. progenitor cells. In the above-
described reagents, the antibodies of the present invention as active ingredients may be mixed
30  asnecessary with, for example, sterile water, saline, vegetable oils, surfactants, lipids,
solubilizer, buffers, protein stabilizers (such as BSA and gelatin), and preservatives.

<Methods for selecting dopaminergic neuron progenitor cells and such>
The present invention provides methods for selecting dopaminergic neuron

profiferative progenitor cells as & selectively uniform population. The dopaminergic neuron
proliferative progenitor cells can be selected by using the marker polyaucleotide probes of the

>
LA



therein so that it will be under the control of the regulatory sequences. Here, the phrase "regulatory
sequence" includes promoters, ribosome binding sites, and terminators in the case of a prokaryotic
host.cell, and promoters and terminators in the case of a eukaryotic host cell, and in some cases, may
also contain transactivators, transcription factors, poly A signals which 35 stabilize transcription
products, splicing and polyadenylation signals, and others. Such regulatory sequences comprise all
the components required for the expression of a 20 polynucleotide linked thereto. Vectors may further
comprise a selection marker. Moreover, a signal pedtide required for transferring an intracellularlly
expressed polypeptide into the lumen of the endoplasmic reticulum, or the periplasm or extracellular
space when the host is a Gram negative microbe, can also be incorporated into an expression vector
by linking to a 5 polypeptide of interest. Such signal peptides can be signal peptides derived from
heterogepesanst rrotatim. M dleopescatiimventivayise provistesanetkodtler 2iesiieg 8i6p codon (TAA,
TAC; or op-aydednsenetasmensessin krdmnasyohvidctor pepylatiteof Fhprdgsminprgimeptides
i nggE Rt ﬁ% gl ofPLOMRgR)s Bl?éblé@@&ﬂ%ﬁ’f%%@ﬁ%&i@@‘ﬁﬂﬂﬁ be-suiitabledasexpression
in 10 proi?aryo ee, e.q,, SIC ICro gh Course 8 - ,ﬂ ég@gg}g%ﬁ %Htsu
Publishi B%PS% %3 gﬂgc %0 %&? B a D al%on W e artcan

suitably éﬁﬁﬁ%%%lﬂ?ﬁﬁfg Blehes FBILE RHPR FHeH HABERHS Wﬁ‘odan c?a}élf e vector into the
host. Otm@mbmﬁéﬁgﬂﬂﬁhﬁ@ﬁﬁtﬁé used to express Lrp4 polypeptides and their antigenic

fragments includéifpaghtcalis Sstboas!yéadteldsibibrdolacting tbeorestite afrelssHibRIsE g eptiles,
birds, mapmals, jptes 1§%§c§§i@§ lﬁlyoée%lm'ﬂﬁ oBEolath KR8 pRowdemellrudion cells),
mycloma VergLh§ %malv% gégl:gm RAvdH T&@@]dequngagp&gﬁ bedplapangse Patent
Appllcatlon 513 ector ems su1ta efor each C %nd me %d%gn El}éggalé:lng a
vectt intBemEE PENEET IR QG RANAT ? ?Faécssﬁg exo% no ens in
animals igreibes @F@@SW@?%%@%}NM@%&‘@W&@B Bﬁ’@?e?ﬁ?ﬁ "YU, Rev.
4: 1-54) anddanplanidiedics e mlﬂhdmomkafpbbmudiﬁmﬂe@mbexpress‘&fepﬁbbolgbﬂl@‘lbm@@s DNAs
can be NpHGEe; ¥§:6 SiRehligRRs HERE iRmpsing resiishanes Rr e alioscGe tempEyatedols in
MOleCU|arfoBrl agéﬂ/ﬁg gLy &39S (Rd és?ﬁg Qi itieleimarker polynucleotide probe,

15 RNA that binds with the marker can be detected by detecting silver particles using emulsion
: autoradiography. Examples of non-radioactive isotopes for labeling a marker polynucleotide

probe include biotin and digoxigenin, A biotin-labeled marker can be detected using, for
example, avidin labeled with fluorescence or an enzyme such as alkaline phosphatase or
horseradish peroxidase. On the other hand, anti-digoxigenin antibodies labeled with

20  fluorescence or an enzyme, such as alkaline phosphatase or horseradish peroxidase, can be
used to detect a digoxigenin-labeled marker. When using enzyme labeling, detection can be
carried out by incubating with the enzyme substrate to formn a stable pigment at the location of
the marker. Fluorescent #n situ hybridization (FISH) is convenient and particularly
preferable.

25 In addition, the present invention provides methods for selecting dopaminergic
neuron progenitor cells comprising the step of contacting antibodies for selecting the

dopaminergic neuron progenitor cells of the present invention with cell samples containing
dopamiﬁergic neuton progenitor cells. Namely, dopaminergic neuron progenitor cells can be
acquired by contacting cell samples containing potential dopaminergic neuron progenitor cells

30  with antibodies of the present invention, and selecting those cells that have bound to the
antibody (see Fig, 13). The antibodies of the present invention may also be immobilized on a
suitable support, prior to contact with cell samples.  Altematively, cells that bind with the
antibodies can be selectively recovered by contacting cell samples with the antibodies of the
present invention, allowing them to bind, and then purifying the antibody by affinity

35  chromatography. For example, if the antibodies of the present invention are conjugated to
biotin, they can be purified on a plate or column bound with avidin or sireptogvidin. In



Molecular Cloning, A Laboratory Manual 2nd ed., Cold Spring Harbor Press (1989) Section 25
5.61-5.63). In addition, an Lrp4 polypeptide-encoding expression vector can be designed as
necessary by selecting a nucleotide sequence that has high expression efficiency in view of the host's
codon usage frequency (Grantham et al. (1981) Nucleic Acids Res. 9: r43-74). Ahost that produces an
Lrp4 polypeptide comprises in its cells a polynucleotide that encodes an Lrp4 polypeptide, So long as
the polynucleotide does not exist at a naturally occurring position in 30 the genome of a host cell, the
polynucleotide itself may be regulated by its own pr@ﬁoter incorporated in the host genome, or
maintained as an extrachromosomal structure. Transduction (transformatio&transfection) of host cells
with vectors can be performed using well-known methods. Transformation can be performed, for
example, by the method by Cohen et al. (Proc. 35 Natl. Acad. Sci. USA 69, 2110 (1972)), protoplast
methods géditioG.enametiepartstesican ke byony e muibedvofae RkmaAlfeand thasnithedy 8ed 209
(1971)) feebatiariagRstdli@loBheitsarfedstlisyhere. fhbl.1hé inbouod tsythemnghastaraiiee. Natl, Acad.
Sol. US&g&)xibwu{m%@qﬁagndﬂ|thﬂmpmmb@siéuﬁa@mmm58¢m1m@f§é%h@mmyces
cerevisiagslByeten }"5!%1 Eﬁ&%ﬁﬂ@(@@ﬁ@@e@@ﬂﬁ&&dﬂ&ﬂﬁso@iﬁdﬁbﬁemmﬁmqmaﬂm 319,
791 {1986} andflgrobacterium methods (Borsch et al., Science, 227, 129 (1985); and Hiei et al., 5

P'a”t J., 6, 271- Z%aggﬁm A NSy FRethOh R G DRI s SR En8 7)) Tor

animal Ce' /R AGe aa*/a@é%o%ﬁ@my%%@&ﬁ@eg%@) for insect
cells. Culf ur| s seca a%uuhja%}% g}gi/ggdl /o jae farthe host cell
selected. W néﬁrahlma? fa'ar cu turlng ca carrle out 10 at a pH of
about 6 t5"8 &MY oerature of 30C to 40C fo e%?g t 15 0 200 ho rs, using.a me%uum guch as
DMEM (Virology @%%"?ﬁ FeARPTRERS B o P &d. Assoc. 199:

519 (196?1%@991?@6@5%@ TSRSISS Fehs, il %)Sﬂiai?g‘ﬁ\ﬁﬁ 804 TGS H?%W‘%F tal calf
serum (F@@)‘@Sﬁ@?@@‘@al@@ﬁms&lmﬁﬂdrbﬁtﬁ@ﬁﬁ]ﬁﬁlWﬁﬁ?@éﬁ’éﬁ%&%ﬂ’ BrePsRet SHORTES Huring the
course oftbeipoeient Hyerdtessafpe ISt inNEntam WWQWWE%@&&@WM%ombmanon
techniqueganiag pesaimieddspaminermiediumil fhepobpeikidehizseoraperoiisiiepobé cell, or from
the P?dy contacting cell samples comprising the dopaminergic neuron progenitor cells with the marker
polynucleotide probes or antibodies of the present invention; selecting the dopaminergic
neuron progenitor cells; and culturing the selected cells.
Purthermore, according to the present invention, the postmitotic doparainergic neuron
precursor cells, which have a low risk of tumorigenesis and are suitable for transplant therapy,
20 can be obtained by culturing the dopaminergic neuron progenitor cells selected by using the
marker polynucleotide probes or antibodies of the present invention; and selecting and/or
screening by using the postmitotic dopaminergic neuron precursorcell markers. The
postmitotic dopaminergic neuron precursor cell markers can include, for example, 65813,
Nurrl, and TH (WO 2004/038018; Kawasaki ef al., Neuron 28:31-40 (2000); Wallen ef l.,
25  Exp. Cell Res., 253:737-46 (1999)). For example, the postmitotic dopaminergic neuron
precursor cells can be selected and/or produced by contacting cell samples comprising
dopaminergic neuron progenitor cells with the marker polynucleotide probes or antibodies of
the present invention; selecting the dopaminergic neuron progenitor cells; and contacting the
antibody against 65813 polypeptide with the dopaminergic neuron progenitor cells further
30  cultured as necessary to select the cells expressing the 65B13 polypeptide.
The present invention provides methods for selecting and/or producing dopaminergic
neurons, whete the methods comprise the step of culturing the dopaminergic neuron
progenitor cells selected by using the marker polynucleotide probes or antibodies of the
present invention.  The present invention also provides methods for selecting and/or
35  producing dopaminergic nsurons which comprise the steps of contacting cell samples

containing the dopaminergic neuron progenitor cells with the marker polynucleotide probes or




fluid of a transgenic organism. When a polypeptide is produced inside of a cell, the cells can be
dissolved and the polypeptide is recovered from the dissolved product. The polypeptide of interest can
be then purified by suitably combining known methods of protein purification, 20 such as salting out,
distillation, various types of chromatography, gel electrophoresis, gel filtration, ultrafaltration,
recrystallization, acid extraction, dialysis, immunoprecipitation, solvent precipitation, solvent
extraction, and ammonium sulfate or ethanol precipitation. Examples of chromatographies include ion
exchange chromatography, such as anion or cation 2ézxchange chromatography, affinity
chromatography, reversed-phase chromatography, 25 adsorption chromatography, gel filtration
chromatography, hydrophobic chromatography, hydroxyapatite chromatography, phosphocellulose
chromatography, and lectin chromatography (Strategies for Protein Purification, ancéqiga acterization:
A LaboraastipoGizgeiivaressniipventions seleeing s 4 SprHac s BEM I BRdoR ¥ i‘é@e)).
Chromatouiiaping densetecadriedinut using a liquid phase chromatography, such as HPLC or 30 FPLC.
In addition, for exapapiei RsQieipeediniih G dopadieqpiifissusingdidiistkioscsiyeh, and a
protein withd ﬂ@ﬂi@d@%@@&@wnﬂgﬁwmmae MWheteany pihpalgpbptide is
pr°d$ce Wé?ﬂ%'ﬂ %Eé%%%%%ﬁé E&l@t@é@tﬁﬁﬁh Wﬁ@r%ﬁ@ﬁbtﬁﬂbﬂpﬁﬁ%@ﬁ%a or the

lik I I diti b
pl)uilflgd%\év?&i%é) n ?%é] ecess ; aéj Iﬁ?dﬁn S%atu&%gsgxl%%fgﬁ ogg &? ch tographyeusmg

antlbodl E‘Lr Oéﬁﬁp 8 etu ar é ohn Wlley & Sons
e i

(1987) ZZ’DSE%WE@M adedP rlflg‘a"'ﬁﬁ Eﬁ%’l’a%r%lg |e usmg enzymes,
such as cklapisthassie, @ﬁﬂ?@@ﬁ!’a@écﬂﬁ}tﬁgﬁﬁ% %ecessary In
addlfion tproigeriforenilsmishabesyarkerss cé@mm@ﬁ ééﬁﬁ@b&f%ﬁﬁ rafdé% ﬁ@%@é& Y4

polypeptigigscfisp4tRalypepise dtagmenipasreaine bdlprac centyiavinibeds againgdlyideptide,

using suilghlpiRRZyMes «BlaR-a IneRINRSES Ratvel ereicabits cdibsdarkeloatigeappasiigdlgit neuron

progenitor cells CafHereQ &5@19%& S bR Seempindh e seelial andomioietheninparifiegic

'mmU“'Z'“gu?c?Q% ig%% PQMQ% Rigadsrifiedesdes w@&ﬁcﬁhﬂﬁe@rﬁh&ﬁmnt thereof,
Ire

f;pulglg?d S Shods Comprise { 0 &teps Quan there 2t e Rarict u]&g Q05,90 G AFBARHSed.
cells selected by using the an’ubodzes of the present invention; anci removing the postmitotic
dopaminergic neuronprecursor cells.  The present invention also provides methods for
selecting and/or producing the dopamninergic neuron proliferative progenitor cells capable of
proliferating when cultivated, where the methods comprise the steps of contax:ting cell samples
20  containing the dopaminergic neuron progenitor cells with the antibodies of the present
invention; selecting the dopaminergic neuron progenitor cells; culturing or not culturing the
selected cells; and then removing the postmitotic dopaminergic neuron precursor cells.
In the step of removing the postmitotic dopaminergic neuron precursor cells,
dopaminergic neuron proliferative progenitor cells capable of proliferating when cultivated
25  can also be obtained by selection and/or removal using markers for postmitotic dopaminergic
neuron precursor cells. Markers for postmitotic dopaminergic neuron precursor cells can
include, for example, 65B13, Nurrl, and TH (WO 2004/038018; Kawasaki ef al., Neuron
28:31-40 (2000); Wallen ef al., Exp. Cell Res., 253:737-46 (1999)). Dopaminergic neuron
proliferative progenitor cells can be selected and/or produced by, for example, contacting the
30  antibodies of the present invention with cell samples containing dopaminergic nsuron
progenitor cells, selecting the dopaminergic neuron progenitor cells, and contacting an
antibody against the 65B13 polypeptide with the dopaminergic neuron progenitor cells further
culturad as necessary to select cells which do not express the 65B13 polypeptide.
In addition, Lrp4-expressing dopaminergic neuron progenitor cells can also be
35  selected and/or screened using promoters for Lrpd (see, for example, Unexamined Published
Japanese Patent Application No. 2002-51775). For example, a vector harboring a construct



10 examples include rodents, lagomorphs, and primates. Specific examples include rodents such as
mice, rats, and hamsters, lagomorphs such as rabbits, and primates such as monkeys, including
cynomolgus monkeys, rhesus monkeys, baboons, and chimpanzees. Animal immunization is carried
out by suitably diluting and suspending a sensitizing antigen in phosphate-buffered saline (PBS) or
physiological saline, mixing with an adjuvant as necessary 15 until emulsified, and injecting into an
animal intraperitoneally or subcutaneously. The sengjtizing antigen mixed with Freund's incomplete
adjuvant is preferably administered several times, every 4 to 21 days. Antibody production can be
confirmed by measuring the level of an antibody of interest in the serum using conventional methods.
Finally, the serum itself maybe used as a polyclonal antibody, or it maybe further purified. See, for
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sustentacula: cell layer derived ﬁ'om neural tissues. Moreover, methods are also known for
deriving dopaminergic neutons from neural tissues that do not normally produce dopaming,
such as the striatum and cortex (Published Japanese Translation of International Publication
No. Hei 10-509319).  In addition, culturing under hypoxie conditions has been reported to

20" produce cells containing a greater number of dopaminergic neurons (Published Japanese
Translation of International Publication No. 2002-530068). ES cells (CCE) can also be
induced to differentiate to dopaminergic neurons using the 5-stage method (Lee ¢f o/, (2000)
Nat. Biotech. 18: 675-679, mouse dopaminergic neuron differentiation kit (R&D Systems)).
Cell samples used in the selection of dopaminergic neuron progenitor cells of the present

25  invention may be cell populations isolated or cultured by any method, including the above-
described methods.

In addition, the supports used in immobilizing the antibodies of the present invention
are preferably safe for cells, Examples of such supports include synthetic or naturally-
occurring organic polymer compounds, inorganic materials such as glass beads, silica gel,

30  aluming, and activated charcoal, and those with surfaces coated with & polysaccharide or
synthetic polymer. There are no particular limitations on the form of the support, examples
of which include films, fibers, granules, hollow fibers, non-woven fabrics, porous supports, or
honeycombed supports.  The contact surface area of the supports can be controlled by
changing their thickness, surface area, width, length, shape, and size in various ways.

35
<Kits for treating neurodegensrative diseases comprising dopaminergic nearon progenitor



with human myeloma cells (such as U266) to obtain hybridomas that produce human antibodies
(Unexamined Published Japanese Patent Application No. Sho 63-17688). In 5 addition, human
antibodies can also be obtained by using antibody-producing cells generated by sensitizing a
transgenic animal with a human antibody gene repertoire (W092103918; W093-02227; W094/02602;
W094/25585; W096/33735; W096/34096; Mendez et at (1997) Nat. Genet. 15: 146-156, etc.).
Methods that do not use hybridomas can be exemplfied by a method in which a cancer gene is
introduced to immortalize immunocytes 10 such as antibody-producing lymphocytes. In addition,
antibodies of the present invention can also be produced by genetic recombination techniques (see
Borrebaeck and Latrlck (1990) Therapeutic Monoclonal Antibodies, MacMillan Publishers Ltd., UK).
First, a gepgsthal ensadesan ealibedsisosionsd o divbiide massaicpatiielgipramineing cells (such
as sensitgl%gémrgggﬁes). The 15 resulting gene is then inserted into a suitable vector, the vector is
mtrpduce_d into aﬂ)s& ﬁn%a the eQ{)st.ls th&n cu %ng&ets%%%g%algfﬁﬁggqyimmf@sr%omplnant
antibody js also nglc Jde m% Antbothes of the pre n{cé]nv 1tlo Ypical example f recombinant
antibodieglﬂa_lfrélﬁ{fe gﬁﬁﬁjéﬁ%r@ﬁﬂﬁ Bdg rﬁﬂéﬁ RHOn- Iucé an act?boé gélgﬁveé) vegsrla%le region and
a hurhan HHHSEES dad S B ESHEATHERS SRR %%@i”ﬁgﬁﬁf@gm%%ﬁ%- a
non-humareRHiRsEeMibobyso RIS PBRR SSTIR N HF 186 fge HFtibody- derived
framewororegidre(ER )eanshiinre asitipopylxtinstant fegidrte{dohe s Breapreregspr Nelis @ BReds22-5;
Reichmang glahdh888 L Nat e33R isAatbnriesiard 99akGuls foprSipeht ek H9Jicedtethods
Enzymol..g3 83-1ad (LR Aneragm anim.aan:0spirducadiiy{ galne.hgyaforementioned

olyglonal or 25 monoclonal antibodies with,enzymes. such n.or j '
Pty TR N e e s e
antibody AEmEREEESE0 Llo7098 AR, 12 s BRSO ARG R )
Methods Earzpres!. 1o TRy gions g eallPoREAE P19 9D RRETRBGESE RARNDS IR WhYR 515
Lamoyi (£8:863deshedssanz ymaidiel: 69263 Ravgsradxangl (1986p121i0866-8; B@BIkiand
Walker (189133 ronaeBigienhior GrkB2-0) sfulisparifisraliftadies Riglak biSperitklaatibodies
(Bshl). dighdiae Pl MiiEPreilsseHbpdies vl b amdaed b meihadsisush as (1)
chemlcallgpupmugll Qgce inthe brain. Therefors, the present invention also provides kits (hereinafter,
sometimes referred to ag “kits of the present invention™) for treating newrodegencrative
diseases, where the kits comprises dopaminergic neuron proliferative progenitor cells,
postmitotice dopaminergic neuron precursor cells, and/or dopaminergic neurons selected
20 and/or produced using the marker polynucleotide probes or antibodies of the present
invention, as well as methods for treating neurodegenerative dissases which comprise the step
of transplanting the cells into the brains of patients, Furthermore, the present invention also
provides uses of dopaminergic neuron proliferative progenitor cells, postmitotic dopaminergic
neuron precursorcells, and/or dopaminergic neurons selected and/or produced using the
25 marker polynucleotide probes or antibodies of the present invention for produeing the kits for
treating neurodegencrative dissase.  In the present invention, the term “neurodegenerative
discases” preferably includes Parkinson’s disease. The kits of the present invention may
comprise pharmaceutically acceptable carriers in addition to the cells, The term “carriers”
include, for example, salines, phosphate buffers, media, sera, body fluids, carboxymethyl
30  cellulose solutions, scaffolding solids for supporting cells (e.g., cytodex3 (Amersham
Bioscience, 17-0485-01)), extracelluiar matrix components (e.g., collagen, fibronectin,
vitronectin, laminin, hepatan sulfate, proteoglyean, glucosaminoglycan, chondroitin sulfate,
hyaluronate, clastin, or combination of two or more thereof), or gel-like supports. A pH
adjuster, buffer, stabilizer, preservative, and the like can be added to the kits of the present

35  invention. The kits of the present invention may be for single or multiple inoculation. Ttis
also possible to appropriately select dosage depending on the body weight and age of the



antibodies having different specificities with different types of bifunctional linkers (Paulus (1985)
Behring Inst. Mill. 78:118-32),(2) fusing hybridomas that secrete different 35 monoclonal antibodies
(_Millstein and Cuello (1983) Nature 305: 537-9), or (3) transfecting eukaryotic cell expression
systems, such as mouse myeloma cells, with a light chain gene and 24 a heavy chain gene of
different monoclonal antibodies (four types of DNA), followed by the isolation of a bispecific
monovalent portion (Zimmermann (1986) Rev. Physi#0 Biochem. Pharmacol. 105: 176-260; Van Dijk
et al. (1989) Int. 3. Cancer 43: 944-9). Alternatively, diabodies are dimer antibody fragments
comprising two bivalent polypeptide chains that can 5 be constructed by gene fusion. These can be
produced using known methods (see Holliger et al. (1993) Proc. Natl. Acad. Sci. USA 90: 6444-8;
EP40409 TinW&9:342 dabdalsRe be vasyudnedp thifindkidm ef ainibadiesdaehdstkedy fragments can be
carried out using Sriel NSRBI RhAseoLdiNtIQ e Rletein punficatianipennianesmescribed
above in REAAGING AR ANHRACY HRIRERUdES MANHD é?éﬁﬁple&?%%t%rw{ﬁ lfed Hadawmi0 and
David Lang, ﬁﬁéﬂg’%@ S%%rgtéﬁafbﬁ&hﬁ?&ﬁ&o%ﬂd%@% %@i}}a&epw &%?lm fQeIRgAGLpurify
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measurmg%%%?%éﬁ%@%%&ﬁé?ﬁ ﬁ‘i’é‘? f&%nam e Hfgg BiRCre (Pharmaua)
can transplanted by microsurgery. For methods of trangplanting neuron tissues see Backhund ef

al. (Backlund er al. (1985) J. Neurosurg. 62: 168-73), Lindvall er al. (Lindvall et al. (1987)
Ann, Neurol. 22: 457-68), or Madrazo ef al. (Madrazo ef al. (1987) New Engl. I, Med. 316:
20 831-4),

Moreovet, the cells of the present invention can also be used to isolate genes specific
to dopaminergic neuron proliferative progenitor cells, and genes specific to each stage of
maturation from proliferative progenitor cells into dopzminergic neurons. They can also be
used to search for therapeutic targets for Parkinson’s disease, to elucidate the maturation

25 process of dopaminergic neurong, and in screenings using maturation as an indicator.

«Comparison of Gene Expression Levels>
Dopaminergic neuron progenitor cells, obtained using the polynuclectide probes and

antibodias of the present invention, can be used as materials to isolate genss specifically

30  expressed in these cells, They can also be used to investigate and isolate genes specificelly
expressed in cells that have been differentiated, induced, or proliferated from the
dopaminergic neuron progenitor cells of the present invention,  In addition, they can also be
used to investigate the genes required for in vivo differentiation of dopaminergic neurons, by
investigating genes that have different expression levels in cells that have differentiated,

35 induced, or prolifersted and the original progenitor cells.  Since such genes are potential
candidates for treating diseases cansed by defects in dopaminergic neurons, determining and



also be used to evaluate antibody activities. The present invention relates to reagents which comprise
the anti-Lrp4 antibody as an active ingredient for identifying dopaminergic neuron progenitor cells. In
the above- described reagents, the antibodies of the present invention as active ingredients may be
mixed 30 as necessary with, for example, sterile water, saline, vegetable oils, surfactants, lipids,
solubilizer, buffers, protein stabilizers (such as BSA and gelatin), and preservatives. Methods for
selecting doparninergic neuron progenitor cells and stich> The present invention provides methods for
selecting dopaminerglc neuron 35 proliferative progenitor cells as a selectively uniform population. The
dopaminergic neuron proliferative progenitor cells can be selected by using the marker polynucleotide
probes of the 25 present invention. The present invention also provides methods for selectlng the
dopaminet&itHaEibem s gehrmebeniels a selectively uniform population. The dopaminergic neuron
progenitor cells cafosueisgrne getectsriressiog. relsnnsbdidepettnerpiesewinptogiaionasliedcribed
above, by thsipretbet polymimiestit shproliesdbsdhsidodie baftdiferestaitinimhtied, & trelifopddinergic
neuron lingageieetisovbitbr eeinfvalydifieientisigdntedmeariunésgits oftimidfeantiecgpecifically
selected. higrasdhienmitealeded indidesRaileiectng the prepenesial calisaxitagsily markers
ina Samplﬁeﬁi&é‘é@éﬁ%@é!ﬁ'erSﬁH?ﬁ%H%Qéﬂéﬂ'NtS‘thﬁ}ﬁ%ﬁcﬁ Rl rafiencdetecting their
presence.y] ?&@%ﬁﬂt @y&@g% %%B glt%gggg £o @}@gr%gogxpguron proliferative
progenitorycgll e '”9.1"" SR g E,%g%eﬁ%cng@e %ﬁ %:}@mggeﬁga dePIPOES RoprsENt

invention W n%’% %gml ergic neuro e b nlt 3 In this
method e rh% 5 :Feﬂa%e% Wn[h ra%coa A ope’or
non- }leo ‘é’?) g}wegore@ §[§acnve |soto es used for labeling include 35S and
3H. When using af8fsiBelda Wﬁr&@rﬁ%ﬁ?ﬁﬁ AR TR BiNARRR R marker can
be detectel@dsyieriering Sirveytoalaurecssniy @fﬂﬁ!ﬁéﬁ &@%ﬁh‘ﬁﬂﬁ?&éﬁ%@ﬁl@%@ﬂ%ﬁﬂradmactwe
isotopes foptaliiNdgoa pedyker Bbigrmuetsotidi opropsndthdeiehetingnd igpseifinia aaiveniRidbeled
marker casshesdetectéd adsimgnid ek aizmpten deidacabeied fvith fue fescentesostng gazyme such as
alkalife phsphaiases, horsesadisRIerOxidasey@m thedibrrchabd visniitigbkigenibantibodies
labeled Withantitative fluorescent i situ hybridization (FISH) and & digital imaging microscope
(Femino et «l. (1998) Science 280: 585-90), which are applicable to the present invention,
When using reverss transcription PCR for gene expression analysts, the expression of
specific genes can be roughly quantified.  Various isoforms of a single RNA transcription
20 product can also be detected and analyred using the present methods.  For reverse
transeription PCR, when the reaction s carried out using exon-specific primers, and
amplification products other than the predicted product are detected, mRNA isoforms
produced by alternative splicing can be identified by analyzing these products, For mors
details see, for example, the method deseribed 1 Pykett of al. (1994) Huom, Mol. Genet. 2t
25  559-64. When a guick and rough analysis of expression pattern is required, the methods
which use PCR of the present invention are particularly preferred, in terms of their high speed,
high sensitivity, and simplicity.
The efficiency of gene expression screening can be improved by using DINA chips.
Herein, a DNA chip refers 1o a miniature array in which oligonncleotides, IINA clones, or
30 such are immobilized at a high density on a support surface, such as glass, For example, in
order to carry out multiple expression screening, ¢DONA clones for each gens of interest, or
oligonucieotides specific to each gene, are immobilized on a chip to produce a microarray.
Next, RNAs are prepared from the dopaminergic neuron progenitor cells of the present
invention, or cells differentiated, mduced, or proliferated therefrom, and treated with reverse
transcriptase to yield cDNAs,  Wegt, the resulting ¢DNA samples are lzbeled with fluorescent
tags or other tags, and then hybridizad to the microarray.  As a result, genes that are actively
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20 fluorescence or an enzyme, such as alkaline phosphatase or horseradish peroxidase, can be used
to detect a digoxigenin-labeled marker. When using enzyme labeling, detection can be carried out by
incubating with the enzyme substrate to form a stable pigment at the location of the marker.
Fluorescent in situ hybridization (FISH) is convenient and patrticularly preferable. 25 In addition, the
present invention provides methods for selecting dopaminergic neuron progenitor cells comprising the
step of contacting antibodies for selecting the dopanithergic neuron progenitor cells of the present
invention with cell samples containing dopaminergic neuron progenitor cells. Namely, dopaminergic
neuron progenitor cells can be acquired by contacting cell samples containing potential dopaminergic
neuron progenitor cells 30 with antibodies of the present invention, and selecting those cells that have
bound to thepramtiddd\ihsesFigavES) higierapatbadics of thizlidebnt dlEAL orniiegeeds thbamabdbilized
on a suitafiefiaRait -phieidaicerglwit petbannyeesNakairathelinarelisiinaichiddinithithe
ant'bOd@S\ﬁﬁBl@@ﬁ@@ﬁ&‘@}%ﬂﬁﬁ%&%@Mﬁ@%&l@d@Nﬁ%M@Aﬁ»@oﬁﬂ@b@ﬂles of the present
invention, gllowingdhes & @i@@hﬁﬁQ‘e@Té‘d%sHﬂé'Bﬂﬁﬂé&%ﬁ%@PQﬁ’éﬂMﬂé@%@éxﬁ%@ﬁ&%@waphy For
example, |{;ﬁ1@;@%g ie %@P e XE&E{P&’?&QQ gto biotin, they can be purified on a
|.t a\

plate or column'b ur?§ g ngiglﬁ %Qi‘l%l an e pound to
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Lrp4 is bo aimapfer ron r genltor
cells that e@iﬁ}& L gﬁcg%%l ent-labeled

anti-Lrp4 fisaers BR& ﬁ% ThEGop |R§?Rf€ﬁdpé‘bﬁi oBtafRd as
desclibed arrivetidrs st&k W&ﬁmﬁn@%ﬁémﬂ@%&ﬂﬁﬁb@%ﬁg@?ﬁbly%% %r more,
more prefesudsie @@%mpﬂmre@m@amwiaﬂwpr@&maﬁw 7o%h BN tecbispshirinelefic neuron
progenitor dedtenttBrFhenprasentdpyeintiore s ofite presthons dotise) eelindifiadioigeddacing postmitotic
dopaminergig{Feiion tRERSHFSO Sl ic eoprise dhe: senakuAtbling e doraniaergic neuron
progenitor aelis sRiegted Ay dising the, markenpolynueiaetide RrRESR6ARIPRYPS Bl mRNAS
15 witha “C” immediately before the poly A tail can be selectively amplified.  If the altered
nuclectides are “CA”, then mRNAs with “TG™ immediately before the poly A tall can be
selectively amplified. Next, an arbifrary nucleotide sequence of abowt 10 nuclectides in
length is prepared for use 23 a second primer, and a PCR amplification reaction is carried out
wsing the modified oligo dT primer and this second primer.  The amplification product is
20 subjected to size fractionation by electrophoresis using a long polyacrylamide gel. By using
such methods, cDNAs derived from the mRN As specifically expressed in either of the cells of
the present invention or the control cells can be detected as bands only pressnt in the samples
that have been electrophoresed.  These methods can also be used to analyze expression of
unidentified genes.
25 SAGE analysis does not require a special device for detection, and is one of the
preferred analytical methods for simultansously detecting the expression of a largs number of
transcription products,  First, poly A" ENA is extracted from the dopaminergic nauron
progenitor calls of the present invention, or celis differentiated, induced, or proliferated
therefrom, using standard methods,  Next, the RNAs are converted into cDNAs using a
30 bictinylated oligo (&T) primer, and are then treated with 2 four-base recognizing restriction
enzyme (Anchoring Enzyme: AE). Here, the AE-treated fragments contain a biotin group at
their 3' terminus.  Next, the AE-treated fragments ars incubated with streptoavidin for
binding. The bound cDNA is divided into two fractions, and each fraction is then Iinked to 2
different double-stranded oligonucleotide adapter (linker) Aor B.  These linkers are
35 composed of: (1) a protruding single strand portion having a sequence complementary to the
sequence of the protruding portion formed by the action of the anchoring enzyme, (2} 2 5'




the present invention. The present invention also provides methods for selecting and/or producing
postmitotic dopaminergic neuron precursorcells, which comprise the steps of 15 contacting cell
samples comprising the dopaminergic neuron progenitor cells with the marker polynucleotide probes
or antibodies of the present invention; selecting the dopaminergie neuron progenitor cells; and
culturing the selected cells. Furthermore, according to the present invention, the postmitotic
dopaminergie neuron precursor cells, which have a3dw risk of tumorigenesis and are suitable for
transplant therapy, 20 can be obtained by culturing the dopaminergic neuron progenitor cells selected
by using the marker polynucleotide probes or antibodies of the present invention; and selecting and/or
screening by using the postmitotic dopaminergic neuron precursorcell markers. The postmitotic
dopaminérgiteaidis serpeaisingcieasrmenekse HariTae (RIE1s5 08 tampne, (BBVES aturrl, and TH (WO
2004/0380t8s tcrnined ki eatialn Nanron t28n0- 40 ¢peo0owdliencepaities i) sowipRes g 253:737-46
(1999)). Bagginampprth@ Bosimd (il egditibnel giq nenwsont préttiestioeik farcbestetéogd and/or
producedHgiRecomiactingrealt saMiales, chaipisintindepabinegicl rauhbnsig genitopivelenwithethe marker
polyruclegiitienpfehes MieAmiRed ES10A tBgurReRtIYERIOINsSIREHRGshR dapamiteigie bRyron
progenitog il and &qg@aegwhew@ﬂ'%% 39ainst-opRECelpeptide with the fepamingrgic neuron
progenitog £els e, aqﬂsﬂer&%%as(} 1H038IBeHOR i miPIg G-l daqkpeniide.
The prese 11g&/en%_on rgwd&g ,ghgor se11 Ll %(8 R %%%QQQ% r&%ﬁ g where
the methods camprise he ur|n neurc? cte
using, the'ft F‘%&% %lpg cm: Sr AtiBoatES ? {E) g]i B?‘I%ﬁ resent mventlon
alsd %rov ‘é?ﬂBH§’%$”§’él@é’f &Q %‘E‘%E‘ﬁ %Bﬁ‘?n %8% W@Mﬂnégﬁﬁprlse the
steps of CHHEREMG & '@ﬁ‘@é RRPRIEWEEmI B?ﬁ@ Refr & SHEAGHPEHe marker
polynucIe%é&%%@%ﬁw%ﬁ%@%ﬁ?ﬁéﬂﬁ@mbﬁ\‘ﬁéﬁﬁéﬁ obEELHATHE W OB ARSI Eneuron
progenitoditedsobernhstatiemgithe Thianrsenss| i mBdbidintytepdnsing teeadhves tiom thesgwminergic
neurons, idbittibdvec bwrike déttmiosienesibearidmare suiledtid:tragspianttiicmfoynetinnaigo be
obtdified the guljuiring thes thdepanaineigic neuron progenitor cells selected by using the marker
polynucleotide pre@Bg@tion hybridization is frequently used to clons genes with different expression

levels in various tissues or cells, and can also be used to clone genes specifically expressed in

the dopaminergic neuron progenitor cells of the present invention, or cells differentiated,

induced, or proliferated thersfrom. First, from the dopaminergie neuron progenitor cells of

20  the present invention, a DNA sample of a cell to be tested is prepared (hereinafter referred to

as “test DNA™), Next, a DNA of a cell o be compared is prepared (hersinafter referred to as

“driver DNA™), The tesi and driver DNAS can also be used interchangeably,  In any case,

genes present in the test DNA but absent from. the driver DNA are detectod, Next, the

prepared test DNA is mixed with & large excess of driver DNA, denatured to form single-

25  stranded DNA, then annealed. By regulating the annealing conditions, specific segnences
absent from the driver DNA can be isolated as double-stranded DNAs comprising only the test
DNA sequence. For further detail on this method see, Swarcop ef al. (1991) Nucleic Acids
Res. 19: 1954 and Yasunaga ef ¢f. (1999) Nature Genet, 21; 363-9.
The RDA method is a method that uses PCR to selectively amplify a sequence of 2
30 test DNA that is abgent in a driver DNA, and can be used in the present invention similarly to
other praviously described methods.  For more details on the procedure see Lisitsyn (1995)
Trends Genet. 11: 303-7 and Schutte ef of, (1995) Proc. Natl. Acad. Sci, USA 82: 5850-4.
Genes specific to dopaminergic neuron progenitor celis, or cells differentiated,
induced, or proliferated therefrom, are detected and isolated as described, and can be inserted
35  into vectors or such, for sequence deterrnination and expression analysis using the various
known methods described above.



antibodies of the present invention; and selecting and/or screening by using the dopaminergic neuron
markers. The doparmnergic neuron markers can include, for example, DAT (Development
131(5):1145-55 (2004)). For example, the dopaminergic neurons can be selected and/or produced by
contacting cell samples containing the dopaminergic neuron 10 progenitor cells with the marker
polynucleotide probes or antibodies of the present invention; selecting the dopaminergic neuron
progenitor cells; and contacting an antibody against BAT with the further cultured dopaminergic
neuron progenitor cells to select cells expressing DAT. The present invention provides methods for
selecting and/or producing dopaminergic neuron proliferative progenitor cells capable of proliferating
when cultivated, where the 15 methods comprise the steps of culturing or not culturing the
dopaminergic neuron progenitor cells selected by using the antibodies of the present invention; and
removing<Berpasitgildilesdopaminergic Newsnpregetisor CellsMERgpiesentinlteiation also provides
methods for seleqtiachaReh@idvadis packiedaprrines sie-medianpralifptaiieprageastitor cells capable
of prolifergiingmtensultivalad.yrriadbadpatig m&r&ppm%e%ﬁ%ﬁsceﬂge@@@%&&@dl samples 20
contginin the dopaminergic neyron proge |t eIIs with the an dies of the present invention;

slecing %ea B&ﬁm@ @%ﬁe f%%?@ eGP O AR M P BB B, and
then rem & ‘?dc}é‘f ﬂﬁ%@%@%%‘? oving the
postmltoti@eﬁ%ﬁﬁﬂt’i1 BQPs@rfééligﬁgébﬁﬁﬁ%@@ﬁ@@F&? V& progenitor cells
capable cignatfeaTEinm mmﬁvmw@@m@mmémmatmw@@mﬁmm@@%mm using
markers féispastviseteddupéetinsi dopminergieaumsanse || SIHY dopersifergio senitwtiprdgprittinergic
neuldn pregiy soieels:eai inetitie; forlexanuiles:B&5dBhNusihgahel fo MU AQAORR 18, Kawasaki
et al., Neuaihod:is b8 300y Wallame! @ldkxis eeliRabhy2hd fd (b3 /dPopaminergic
neuron preiferative Meagitimcstis.sanbesselected and/or produced by, for example, contacting-the
30 antibodies of t@%ﬁ%@%@’%&%‘%&?‘b@% acammgzﬁﬂ&%mﬁgﬁég'mm nBRgenitor

cels, selgging, 9%8 SEIIGE &i'é%?&ﬁ@-? o%? %QE{'&I g& 3pgiRLthe 658
plcgypeptl“ ron nltor e s qz_ler cult c ge sai%{‘o select
cells Whiclt do. nog Eﬁes iff £;§y n ag ?on Lr 6‘%%8 mlﬁ euron
progenitoP{: aj‘bcé? F ample
Unexamir@éljﬁ eS, mmarine organisms, plant or ammai f:xi:ra;:ts soil, ran ﬂ& pe.p de
display libraries, and such.

Cell differentiation and proliferation can be detected by comparison with cell status in
20 - the absence of the test substance. Cell differentiation and proliferation can be detected by
morphological observation under 2 microscope or by detection or quantification of substances
produced in cells, such as dopamine.

<Analysis of Lrp4 Expression Regulatory Region> ‘
25 Using a sequence of the Lrp4 gene, an expression regulatory region of Lrp4 can be
- cloned from genomic DNA by knowr methods. For example, a method for establishing the
transcriptional start gite, such as the S1 mapping method, is known and can be used (Cell
Engineering, Supplement 8, New Cell Engineering Experiment Protocol, Cancer Research
. Division, The Institute of Medical Science, The University of Tokyo ed., Shujunsha Publishing
30 (1993) pp. 362-374). In general, the expression regulatory region of a gene can be cloned by
screening genomic DNA libraries, using probe DNAs comprising a 15-100 bp segment, and
preferably a 30-50 bp segment, of the gene’s 5' terminus (in the prasent invention, all ora
portion of nucleotides of SEQ IDNO: 1 or SEQ IDNQ:2). A clone obtained in this manper
contains a 5' non-coding region of 10 kbp or more, and is shortened or fragmented by
35  exonuclease treatment, or such.  Finally, the shortened sequence portion, comptising a
potential expression regulatory region, is evaluated for the strength, regulation and such of its



Japanese Patent Application No. 2002-51775). For example, a vector harboring a construct 28 that
comprises a gene encoding a detection marker, such as GFP, linked to a promoter region obtained
from analyzing the Lrp4 expression regulatory regions to be described later, can be transfected into
cells. In addition, a gene encoding a marker can also be knocked in at the Lrp4 gene locus. In either
case, specific cells can be selected by detecting the expression of a 5 marker gene specific to
dopaminergic neuron progenitor cells. The cell sampkgs used herein preferably comprise cells of the
ventral midbrain region or culture cells containing in vitro differentiated dopaminergic neuron
progenitor cells. In vitro differentiation of dopaminergic neurons can be carried out by known methods
using a starting material like cells such as known ES cells, bone marrow interstitial cells, 10
immortalizegresitan:siay vadeetkliges: RuhtibheskiananesrsTirnsl déamoirntbenaliomakmRiuhlication
No. Hei 8-6Q82d51Fmblinhpdiananesect maslaiivaotdairmalianaonpklisaion No. Hei 11-506930;
Published JapancagyEransialin oldniaiaiopRe Ualisalinn . 2002y %@%%a&mq@@speuron
cells (Pu 9RRMARSINA0 01 S0AL o RLDlcalonNe sl 05;%%3 glormally
dopagnnef%c Q%#é% é o urlragﬁ tJSSLée tﬁl 5-8 a dopaminergic
FC

Jije
£ ;
neuron re er erlve rorﬁn ura ISSUES More ver,
methods 1'%%2% %ﬁ%@fﬁnﬁﬁ% . o

g%qg% P&ﬁg’ ﬁgﬁ?gﬁ ormally
produce dHHHAAECT ﬁcggﬁégﬁ?a?ﬁﬁleéﬁﬁ%wwgm% ﬁ?% Ef ternational
Publicatioke 150l shsdirng SRS R QA PR G D NG SR N B mﬁ%ﬁﬁi}%b&ﬁ%ported to
20 produc@@él%"@oﬁ?&m@ a greater number of dopaminergic neurons (Published Japanese
Tranidlation of IntefhatiapeisFioblicgubhonoezioes 36068)4 BSncdtislied i) thirnmnuebeairbhised to
differentiate pocdopaprireigiciiatemss perifdiity Sestagermipthgid (beme padli2008)F dageBiotech. 18:
675-679, adblise dispaminergic neuron differentiation kit (R&D Systems)). Cell samples used in the
selection of dopaminergic neuron progenitor cells of the present 25 invention may be cell populations
isolated or uwltur ?% b%. é% method, including the above- described methods. In addition, the supports

used in imn ntihodies of the present inveption are Beferg%}%ssafe for cells, Exgﬁnples of

suchlgupports incl St Jig.2 Tansmemsrane do in natre are th
to exist embedded within the cell mémbrane, Due to its expression in dopaminergic nenron

progenitor cells, Lrp4 is believed to be involved in the regulation of dopaminergic nevron
progenitor cell proliferstion and in neuron differentiation and maturation.  Thus, potential
ligands that may demonstrate an agonistic or antagonistic function towards Lrp4 may be used

20  to regulate the differentiation of dopaminergic neurons in vivo, ex vivo, and invitro. In
identifying ligands for Lrp4 polypeptides, an Lrp4 polypeptide and a candidate compound are
first contacted and tested for the presence of binding, In this case, the Lip4 polypeptide can
be used when immobilized on a support, or embedded in the cell membrane. There are no
particular limitations on the candidate compounds, examples of which mclude expression

25 products of gene libraries, natural substances derived from marine organisms, extracts of
various types of cells, known compounds and peptides, natural substances derived from plants,

- body tissue extracts, microbial culture supematants and peptide groups randomly produced by

the phage display method (J. Mol. Biol. 222: 301-10 (1991)). In addition, the candidate
compound may be labeled for detection of binding,

<Inhibition of Lip4 Expression>
Since the present invention clearly demonstrates that Lipd mRNA is transiently
expressed in dopaminergic neuron proliferative progenitor cells, Lrp4 may be involved in the
contro] of progenitor cell proliferation as well as neuron differentiation and mataration.
35  Thus, substances that inhibit Lip4 gene expression may be used to control the differentiation
of dopaminergic neurons in vivo, ex vive, and in vitro.  Examples of substances capable of



occurring organic polymer compounds, inorganic materials such as glass beads, silica gel, 30 alumina,
and activated charcoal, and those with surfaces coated with a polysaccharide or synthetic polymer.
There are no particular limitations on the form of the support, examples of which include films, fibers,
granules, hollow fibers, non-woven fabrics, porous supports, or honeycombed supports. The contact
surface area of the supports can be controlled by changing their thickness, surface area, width,
length, shape, and size in various ways. 35 <Kits for #&ating neurodegenerative diseases comprising
dopamtergic neuron progenitor 29 cells, and methods for treating neurodegenerative diseases using
dopaminergic neuron progenitor cells> The cells acquired using polynucleotide probes and expression
of Lrp4 mRNA as an index are dopaminergic neuron proliferative progenitor cells. Cells acquired
using the mhibiifwriesaacbexpiossiniudd kifidnadmeaptidesas, atbingexqrmddoabigrgidaiuron
progenitoRe¢As. (Il i risg ®NAF HNARNAT 08 1R pelvbentdesias aexRs sdbpamipegic
neuron Im@@;gg@g&@@mﬂg%@@%@@mﬁﬁ@m&gm|tor cells obtained by the methods of the
present invention g és Hrsigable Bé%%ﬁ%&l@ﬁ&é‘f‘ wefordingases Jelaig @lﬂaﬁmweﬂex
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(Fig. 13). Sueeebdibrdiannaioadtrites elaierapuuieandens (e sanweswiay afay to differentiate
and Hatu mlmmndptmmﬁmﬁésm mmwmmmn@pﬂ@wm@mmmmﬁa@@m
(hereinaftérosphisthridSoafetiod tras it aithe: prelyeatitdigntions), {6 seategitewbdegenerative
diseases, wineleithekitixionthrsas depahioargidonesrbimdingdittvativenpretiathointitlitonfasbnifoticc
doparinergdy neuiatinteapseishellthrangiditispanrinerdia BedoRsnretesiabAandioy produced using
the markesppivaiisieefigdeppmbanioranihodiemahibs RIesRNRMERHMN nasrelEsP eibres for
treatisg NSUIPHRLC BEIEING ISR B i rAIRBHSST g?:%é%mamn through hybrid formation at
sites of nueleic acid/protein interaction (Hirashima and Inous, "New Biochemistry Experiment
Course 2, Nucleic Acids IV, Gene Replication and Expression”, Japanese Biochermical Society
edit., Tokyo Kagaku Dozin Publishing, pp, 318-347 {1993)).
An Lrp4 antisense nucleic acid of the present invention may be a nucleic acid that
20 inhibits gene expression by any of the mechanisms deseribed in (1) to (11) above. Namely, it
may contain an antisense sequence to not only a sequence of & coding region, but also a
sequence of & non-coding region of a target gene whose expression is to be inhibited, A
DNA that encodss an antisense nucleie acid can be used by linking {0 a suitable regulatory
sequence that allows its expression, The antisense nucleic acid does not nesd to be
25  completely complementary to the coding region or non-coding region of a target gene, as long
ag it can effectively inhibit the expression of this gene.  Such antisense nucleic acids have &
chain length of at Jeast 15 bp or more, preferably 100 bp or more, and more preferably 500 bp
or more, and are normally within 3000 bp, preferably within 2000 bp, and more preferably
within 1000 bp. It is preferable that such amtizense nucleic acids share an identity of 50% or
30 more, and more preferably 95% or more, with the complementary chain of a target gens
transcription product.  These antisense nucleic acids can be prepared according to
phosphorothionate methods (Stein (1988) Nucleic Acids Res. 16: 3209-21) or the like, using
Lrp4 polynucleotides.
“Ribozyme” is a generic term referring to catalysts with an RNA component, and
35  ribozymes are broadly classified into large ribozymes and small ribozymes. Large ribozymes
cleave the phosphate-ester bonds of a nucleie acid, and after reaction, they leave 5'-phosphoric



of transplanting the cells into the brains of patients. Furthermore, the present invention also provides
uses of dopaminergic neuron proliferative progenitor cells, postmitotic dopaminergic neuron
precursorcells, and/or dopaminergic neurons selected and/or produced using the 25 marker
polynucleotide probes or antibodies of the present invention for producing the kits for treating
neurodegenerative disease. In the present invention, the term "neurodegenerative diseases"
preferably includes Parkinson's disease. The kits of thé present invention may comprise
pharmaceutically acceptable carriers in addition to the cells. The term "carriers" include, for example,
salines, phosphate buffers, media, sera, body fluids, carboxymethyl 30 cellulose solutions, scaffolding
solids for supporting cells (e.g., cytodex3 (Amersham Bioscience, 17-0485-01)), extracellular matrix
componeatsd(eng. 3bbitduyety} filvoonet tin rviftbmnesites. |ahange, tisprymes sutf ftetheralesdfiobinto
glucosamitpgtyoar, inhon®dIAB, svlistecaryalut gnatmsiadiiiined ombisstiafeftiworeimiareshereof),
or gel-likessypipastsited, ok} aeiysiembaifRnstakiizen m&w%&w&lﬂ@%@g&e@mﬂd@ﬂéo the
kits of thelﬁﬁﬁﬁ@cﬂi&ﬁr@\éﬁﬂt PRNIE deftaoh e RIeS 8RhIRTSRE0T MR SIRGIe A5t iRla:

inocujatiopif @ m aeﬁéﬁgﬁ@te%%%&@&moaagﬁ HEB%EQ&QQ:%% Q&ﬁ%’tﬁ?kﬂ:‘i&?“d age
of the 30 Aas @ topJme; dgb Q 9n the
dopamlnerﬂlc euron étog |tor Is se ecte ug,ln?, r;E 5@ glon% aﬂdﬂ% are I Kely to fu thher
prollferat C rthermore,
the dopar Lnergu, ne % S’p%%%j g%?% ﬁﬁ‘ 8 écan be
differentidtdHs v ?fﬁé&ﬁ%ﬁ ¢ ﬁl@‘?’ﬁ’é’cﬁ A2and are
preféfred QEW%%QMW % a&%ﬁaﬁwﬁ%ﬁe@f Aliesrsenib EREISS A dEGIEEREple,

the doparfiei@ese Watheh pfr@eﬁmenmé@@mteﬁsiw dvpresthondaypa ihdexcee e
subjectedrtodgribe nsd|cetive usikgtidearkprenge §1(C06 383 pNUik witlinetdar fot RdBsitotie dugptadinergic
neuron pregdesipudeishtostBenhtaiieien safenrcefls. iibdusennitrbasplaplatientaFn epteS@ha invention
relates to sngibesisnder tdlturing he @hoverdeseinad RPERBDL ellsR: vitr) iar Hisleresitialion. and
pro“fgra“%ts@@(@ﬁ %MN&H@@W@E&?&&@S Gtk RG, G Dy BRSO IBIRERGMISOT Cells.
For examplg«d Ke%0¥7t°7b§ 08 2P, REQORLNIQE gell %&Q anesk Hisings engethods of
the prese%%%‘é%ﬂo%'{ﬁ%&'&? ?ﬁ%&‘i&c@%&? B, 100 SRS wiueni (1992)
Chemistry and Biology 30: 112).
Antigense nucleic acids and ribozymes of the present invention can also be used in
20 viral vectors derived from retroviruses, adenovimses, adeno-agsociated viruses, and such, or
non-viral vectors that use liposomes, or naked DNAs, to control gene expression in cells using
ex vivo or in vive gene therapy.
RNA interference is a phenomenon in which the introduction of an artificial double-
stranded RNA into cells canses RNAs having the same nucleotide sequence to be degraded
25 (Fire et al. (1998) Nature 391: 806-11). There are no particular limitations on the siRNAs of
the present invention, provided they mhibit transeription of Lip4 mRNA.  Normaily, an
siRNA is a combination of a sense and antisense chain fo the sequence of a target mRNA, and
has a nucleotide length of at least 10 to the samme number of nucleotides ag the target mRNA.
These siRNAs preferably have a nucleotide length of 15 to 75, preferably 18 to 50, and more
30  preferably 20 o 25 pucleotides,
In order to suppress Lipd expression, siRNAs can be introduced into cells using
known methods,  For example, a DNA is designed to encode, In a single strand, two RNA
chains that compoze an siRNA, and this is then incorporated into an expression vector, cells
are transformed with the expression vector, and the siRNA can be expressed in the cells inthe
35  form of a double-stranded RNA with & hatrpin structure, Plasmid expression vectors that
continuously produce siRINA by transfection have also been designed (for example, RNAI-



15 and more preferably 5 x 104 to 6 x 104 cells. The primary method is stereotaxic surgery, in which a
cell suspension is transplanted into the brain. In addition, cells may also be transplanted by
microsurgery. For methods of transplanting neuron tissues see Backiund et al. (Backlund et at. (1985)
7. Neurosurg. 62: 169-73), L ndvall et al. (Lindvall et at. (1987) Ann.-Neurol. 22: 457-68), or Madrazo
et al. (Madrazo et al. (1987) New Engl. J. Med. 316:3§0 831-4). Moreover, the cells of the present
invention can also be used to isolate genes specific 'to dopaminergie neuron proliferative progenitor
cells, and genes specific to each stage of maturation from proliferative progenitor cells into
dopaminergic neurons. They can also be used to search for therapeutic targets for Parkinson's

cisease, o Shidaiebe MATAon 48 POSASS O PRARINGISIe eVTons A SEIoAGS S

maturation as-a icator,”<Comparison,o (0] S opaminergic neuron

XPres |
progenitor cells, gm@%ﬁg%s %ﬁ/ﬂﬂ%ﬁ’e ‘F%%EES%‘?FW H50RRs 8ﬁﬁg%rr%§%%ﬁ%vention, can
be used #¥¢hatchalstisrlomdte fendmbiracielaiiz 30 expressed in these cells, They can also he used
to investi@@:gmﬁﬁl@%%fmﬁgg?/ %&ﬁ%@s&@%}éﬁ% thEER 408 HErsRias éﬁﬂ%‘a}, duced,
or prélifersilSddmatethieo doparatamigicrdlrds mégenitsrussidior sraproedabifvisiont RhHddition,
they can Sigtebe(BiSdiitecinvestifiterteblgenes required for in vivo differentiation of dopaminergic
neurons, by investigating genes that have different expression levels in cells that have differentiated,
35 indug@x Egliferated and the origir_lal progenitor gells. Since such genes are pote_ntial _candidateg
for treating glgég@% caused.by d%E%%%ﬂ‘b%%%é&H%%I%)%&%ﬁ%@u&?ﬁ%ﬁ@@%ﬁ@ig‘38{%%”9 them is
extremely useful. Comparison. of, gene expression levels in the doparinergic néuron progenitor cells of
the Eﬁgseﬁ?%% |8§1§)§ﬁ$?ﬁ8§t§qg§c@éﬁ? that have been differentiated, induced, or proliferated
therefrom, or other cells; or comparison of gene expression levels of the differentiated, 5 induced, or
proliferatd@catiplevith thodetimfhothé Seqgilsnmaitavaen ashegcipacibnty xednmetyocblesnwh as cell in
situ hybridhzsitaitoNOeihern blot hybridization, RNA dot blot hybridization, reverse transcription PCR,
RNase protection@sagatdbbARiseeafity duhindizaioneadalRoadysisrekietbeoiiession (SAGE)
(Velgylesqu:plakept998F BEENGAce was additionally eut into two regions in the dorsoventral
direction, and genes specifically expressed in the most ventral region containing dopaminergic
neurons were identified by the subtraction (N-RDA) method.  One of the isolated cDNA
fragments was a fragment encoding Lip4/Corin,  Lrp4 encodes type II transmembrane
proteins (Fig. 1).
20 _
¢} N-RDA method
(1>1. Adapter preparation
The following sligonucleotides were annealed to each other, and prepared at 100 pM.
(ad2: ad28+ad2 A, ad3: ad38+ad3A, add: addS+add A, ad5: ad58+ad5A, ad13: ad138+ad13A)
25  ad28: cagetocacagectacateattecgt (SEQ IDNNQO: 5)
ad2A; acggantgatgt (SEG ID NO: 6)
ad3S: giccatcttctetctgagactetgat (SEQ ID NO: 7)
ad3A: sccagagtctea (SEQ ID NO: 8)
ad4S: cigatggetatetictatoagtatst (SEQ TD NO: 9)
30 ad4A: acacacteacag (SEQ ID NO: 10)
ad5%: coageategagaatcagtgtpacagt (SEQ ID NO: 11)
ad5SA: actgicacactg (SEQ IDNO: 12)
ad138: piegatgaacticgacigiegatogt (SEQ ID NO: 13)
adl3A: acgatcgacagt (SEQ ID NO: 14)
35
(1)-2. cDNA synthesis



270: 484-497), subtractive hybridization, and representation difference analysis (RDA) 10 (Lisitsyn
(1995) Trends Genet. I!: 303-307). For cellular in situ hybridization, places where RNA processing,
transport, and localization into the cytoplasm occur in individual cells can be investigated, by
hybridizing total RNA or poly AA RNA prepared from cells with a labeling probe specific to a given
RNA sequence. In addition, RNA size can be detern%i ed from size fractioning using gel 15
electrophoresis. Moreover, RNA transcription products can be visualized in situ by using quantitative
fluorescent in situ hybridization (FISII) and a digital imaging microscope (Femino et at. (1998) Science
280: 585-90), which are applicable to the present invention. When using reverse transcription PCR for
gene expression anal ss the expression of specific genes can be roughly uant ifie V;ﬁous

isoforms of a singl¥ HARSERJESIPBOTTE I CBR R (40 the present
methods. ﬂ@ﬂ@é@éﬁ%@%ﬁ&%éﬁ @@@W@ﬁﬁﬂé‘—%@‘&@ﬁ% |sTééﬁlr%H%th’3§§?F@@§ér\5§ﬁ &EHic primers,
and ampliRessH M@é@ﬁmﬁhmﬂtﬁeﬂﬁeﬁm@ﬁﬁeﬂmw@éﬁ@@@@@éﬂwwﬁﬁé‘@?ﬁns produced
by alternatByentelis it dAnkhber)jde rtifiecdhyestrsd writigrtvesei produytss Berhol2 vietdlisdee Tier
example, thEMPethedeekcHEes i PyibattdhaibeidQ4) Fthd, MPCRenetedo25(569:64s WHGTA quick
and rough analysis oheePresaian pakiaresis reaul edd hamaethedsrwhiebusernE R af thenpresent

invention ag-Ratislarhnerefered, d&&@rﬁ@wﬁmﬂ@%%ﬁ% Fighsensitivitiorresimplicity. The
efficiency %g eeﬁﬂg% gg& CAR. be improved by using DNA chips. Herein, a DNA chip
refers to a miniatur. arra In wt ch oligonucleotides, DNA clones, or 30 such are immobilized at a

hlgh nS|ty on a r §£uch as glass. For example, in order to carry out multiple
expr S|on screen %

for each gene of interest, or oligonueleotides specific to each
gene, are immobili ac duce a microarray. Next, RNAs are prepared from the

ip

dopaminergic neur F of the present invention, or cells differentiated, induced, or
proliferated therefr ér'rd‘tlreated Wlth reverse 35 transcriptase to yield cONAs. Next, the resulting
eDNA samples ar@ﬁ@éﬁm flierbséent tags or other tags, and then hybridized to the ricroarray,

Asa ré&ult, genes that are actively 32 expressed in the cells have a higher percentage of total Iabeled
cDNA, whil@ génesttiatraredattion

The ad28-amplified c[INA was further amplified by incubating at 94°C for 2 minutes,
and then performing five PCR eyeles of 30 seconds gt 94°C, 30 seconds at 65°C, and 2
minutes at 72°C, and 2 final 2-minute incubation at 72°C, The ¢cDNA was purified using the
20 Qiaquick PCR Purification Kit (Qiagen), and digested with Rsal. 3 pg was used for each
round of subtraction.

(1)-4. Tester production
The 5d28 amplified cDNA was further amplified by incubating at 94°C for 2 minutes,
25 and then performing fve PCR cycles of 30 seconds at 94°C, 30 seconds at 65°C, and 2
minuies at 72°C, and 2 final 2-minute incubation at 72°C,  Tha cDNA was purified nsing the
Qiaquick PCR Purification Kit {Qizagen), and digested with Rsal. ad3 was added 10 60 ng of
the Rsal-digested cDNA.

30 {(1)-5. First round of subtraction
The tester and the driver produced in Sections 1-3 and 1-4 above were mixed,
subjecied o ethano! precipitation, and then dissoived in 1 ul of 1x PCR buffer.  Afterad-
minute incubation at 98°C, 1 ul of 1x PCR buffer + 1M Nall was added.  Afier another 5
minutes of incubation at 98°C, the tester and the driver wers hybridized at 68°C for 16 hours.
35 With 2d38 as the primer, the hybridized ¢DNA was amplified by incubating at 72°C
for 5 minutes, and performing ten cycles of 30 seconds at 24°C, 30 seconds at 65°C, and 2



significantly expressed have a lower percentage. Namely, the fluorescent signal intensity, which
represents hybridization between a labeled cDNA and a cDNA clone or an oligonucleotide on the
chip, reflects the expression level of each sequence in the labeled 5 eDNA, and thereby enables
guantification of gene expression. In addition, multiple genes in the dopaminergic neuron progenitor
cells of the present invention, or cells differentiated, jpduced, or proliferated therefrom, can be
simultaneously analyzed by mRNA differential display, which involves reverse transcription PCR using
degenerate PCR primers. First, a modified oligo dT primer is prepared, in which one or two 10
nucleotides at the 3' terminus in the poly A tail of a given mRNA have been altered Then, a reverse -

transcription reactiop, ar t usm al. RNAs.jsolated tr am| 1S c neuron
progenrto Eﬁéﬂm %rp E%Eﬁ %tﬁ*té‘r S rcontrol cells
to be used 18FERY s”o@’ﬁqla‘ﬁ Brh A%%é 3@3?533 E $75). If the
altered nu&é%%%%9@0 e m%wwwglﬁn?&ﬁa% Beford ?ﬁ%"g@ REROeah be
selectivelysegapiifiadd 3 themlt riuterch datlesaase T, ?triemnmwww ef & immediately before
the pdly A tail can be selectively amplified. Next, anarbitrary nucleotide sequence of about 10
nucleotide§ jr6 lerydmisjirepared for use as a second primer, and a PCR amplification reaction is
carried out using thel ogiffeckoliggs e isesand this seeendprimesy Fhesdmplififasigoupdaduct is 20
subjected &%ﬁ%ﬁé&ﬁct'mc@m}s tppharesissysneadonginglyasyiapidr.gel By:9smayssuch

_h;i

methods %@&t@s d&t%é/ Asiapesifically sxpressedingither afshaicedsafsthapresent
|nve &ﬁ ro Is can be detected as bands onIy present in the samples that have been
electrophorese %

analytical

ogs]smalso e lé? dtogla ze% %%? of lﬁnnc q(é? Res. 25
or
&a

SAGE analysis,dogest n re Ire a special s one
methods %%Eiﬁﬁ?ﬁﬁ doltsly dEfed ﬂ;%st ?‘gs’gt%‘n §§ Hﬁﬁtﬁe? oltmﬂ'1 dutts, First,
poly A" RNERUSH 3 ORI Hield ﬁg”a@ LB t%entmn or

cells differérifresaindtiectior Bra Btetﬁ@@ﬁ%ﬁ‘? s tanBarB %ﬁ%@tlﬁﬁ,ﬁtﬂ%ﬁe RNAs are
convéfted HiEsSBNASURIAY @%@%Mﬁiﬁ@éd@%ﬁeqﬁﬂ%nmer and are then treated with a four-base
recognizing restriction enzyme (Anchoring Enzyme: AB), Here, the AE-treated fragments contain a
biotin groupialy  gecond Round of Subtraction
20 ng of the cDNA fo which ad4 was added in Section 1-6 above was used as the
iester and mixed with the driver of 1-3 above, and the same subfraction procedure nsed in
20  Section 1-5 above was performed.  Finally, adS was added {o the <DNA following Rsal
digesiion.

(1)-8.  Third Round of Subfraction

2 ng of the ¢DNA to which ad5 was added in section 1-7 above was used as the tester
and mixed with the driver of 1-3 above, and the same subtraction procedurs used in secion 1-
5 above was carried out.  Finally, ad13 was added to the Real-digestad cDNA.

ta
i

(1)-6. Fourth Round of Subiraction
2 ng of the ¢DNA 1o which ad13 was added in section 1-§ above was used as the
30 tester and mixed with the driver of 1-3 above, and the same subtraction procedurs used in
Bection 1-3 above was carried out.  The amplified cDNA was cloned into pCRII veetor
(Invitrogen), and ifs nucleotide sequence was anatyzsd using the ABI3100 sequence analyzer.

[Example 2] Expression Analysis of the Lip4 Gene
35 Next, an expression analysis of theLrpéd gene by in sitw hybridization was carried out
according to the following protocol.



their 3' terminus. Next, the ?.E-treated fragments are incubated with streptoavidin for binding. The
bound cDNA is divided into two fractions, and each fraction is then linked to a different
double-stranded oligonucleotide adapter (linker) A or B. These linkers are 35 composed of: (1) a
protruding single strand portion having a sequence complementary to the sequence of the protruding
portion formed by the action of the anchoring enzyme, (2) a 5' 33 nucleotide recognizing sequence of
the US-type restriction enzyme (cleaves at a predetermined location no more than 20 bp away from
the recognition site) serving as a tagging enzyme (TE), and (3) an additional sequence of sufficient
length for constructing a PCR-specific primer. Herein, the linker- Iinked cDNA is cleaved using the
tagging enzyme, 5 and onIy the linker-linked eDNA_se on r n %H nt in the
form of a short-stFaT S QOB GERiERe %@ﬁ&”&?’&ﬁo‘ﬁ an 'S8 uce?hgé%htaﬁ‘ ol %Qcﬁﬁ%?g different
types of likernahickaray¥ere REFPe f%ﬁ& :)Wmers spen}:\%c to
linkers A BEARL Asm rfemﬁ%mhemfmﬁﬂmﬁ%roéﬁé@ﬂ@%ﬁﬁlﬁéﬂ@? E%Mh%%ﬁ?ﬁﬁgﬁéaﬁﬁ%ad
sequencegﬁfgm@m%t}ﬁeayWe@i@@@@ﬂ&e&)ﬁ%@bu@%ﬁf@mﬁmmamwcatlon
produgt is ghea g@‘ﬂ}@ﬁﬁ (EREsDeCARthile kasdiasnorionsaisndinkechinthatands in a
W,

standardl ion. Tlﬁzlﬁggggaf@rg u%@t{g%@? ﬁ%glegl gﬁe@% ned nucleotide

sequence d OUt O nSGCUtIVE

a nt |
NIRNA corfeeBoREiPRI I8 Eaen %dﬁ%&hstheﬁ%ef 9§t§ BH 6t the clone's
nucleotide Beflien cecantiimformatiohlotking wie eagise iee @&@W&%ﬁﬁ%e@c’@hﬁtra on
hybridizatiQais-fieuenthen sedial onagenes wishyshifeseitexipiessidnl GenmibadwdibHS fissues or
cells ;gnd cansalse herssed sa.0lanegenes spaaificalbs axpeessethiin NEBIDPATINEK O

progenitor L%_g{vthe present invention, or cells differentiated, induced, or proliferated therefrom.

First, from t opq@me AL % ’1;;% &%%meg%@mg sample of a

cell to be tested is repa ere

err er "testD é\# ext %% E.E(a&%
compared Bt }é’defﬁ’é*rﬁ Hebrets “'dﬁ%’?lm% T estan d'nver s can also be
used interchangeaba1thanizgad . geﬁb@pﬁeeeﬁmwéﬁé%%% ERACH GO BB HG R driver DNA are
detecigd. Nexkithesfrepared hshBiNuissmisedwithartanieneatess of ShiverD feffztured to form

single hindbrain o the spinal cord, and was clearly determined to be specific to the floor plate, which
is the organizer region (Figs. 2 and 5).  In the midbrain, Lrp4 expression was observed more
centrally than the Shh mRNA expression zons (Figs. 3 and 5},
The results of compatison with the nauron maturation marker NCAM mPENA show
20 that Lrp4d mRNA-expressing celis were proliferaive progenitor eells in the WNCAM mRNA-
negative vemricular zons (VZ).  Moreover, when compared with the expression of the
dopaminergic neuron marker, TH mRNA, their expression regions completely overlapped
along the dorsal-ventral axis (Figs. 3 and §), althovgh expression of both TH mRNA and Lrpd
mRNA in the same cells was not observed simee TH mRNA is only expressed in the mantis
25 layer (ML). In general, neurops present in meural tubes ars known to first proliferate in the
VZ, exit cell cyele with the commencement of differentiation, and then maturs after migrating
to the outer ML.  Thus, dopaminergic neuron proliferative progenitor cells are believed o
proliferate in the VZ which lines the TH sxpression zons, and express TH mRNA afier having
migrated 1o the outside following cell oycle exit.  Namely, Lrp4 mRNA is belisved 1o be
30 specifically expressed in the midbrain in dopaminergic neuron proliferative progenitor cells
(Figs. 4 and 6).

The, Blresence of

[Example 3] Expression of Lrp4 in Dopaminergic Neurons Indueed to Differentiate from ES
Cells - ' )

33 Next, whether Lrp4 is expressed in ES cells that have been induced to differentiate
into dopaminergic neurens in vitro, was examined.



25 stranded DNA, then annealed. By regulating the annealing conditions, specific sequences absent
from the driver DNA can be isolated as double-stranded DNAs comprising only the test DNA
sequence. For further detail on this method see, Swaroop et al. (1991) Nucleic Acids Res. 19: 1954
and Yasunaga et at (1999) Nature Genet. 21; 363-9. The RDA method is a method that uses PCR to
selectively amplify a sequence of a 30 test DNA that is absent in a driver DNA, and can be used in the
present invention similarly to other previously descri&&d methods. For more details on the procedure
see Lisitsyn (1995) Trends Genet. 11: 303-7 and Schulte of al. (1995) Proc. Natl. Acad. Sci. USA 92:
5950-4. Genes specific to dopaminergic neuron progenitor cells, or cells differentiated, induced, or
proliferated therefrom, are detected and isolated as described, and can be E§er§f£ 35 i%}o vectors or
such, for sequendiitsbEoRaminIGE G ANENRT S aREY SR USSR HRBUE S ORI HS ds
describecsiNdveetib kEoreenidgUding W8p s g8(Ne dlof0P irsshrdree AR ¥or as an Index>
The presengligvpationcaterides sEeeningdnattiagsahat induypitae dhé tetepRIN A oragrstnyersst
substanceg iR hR ORI NIRERIE g@gg@ﬁ)gmmwwmsmme RERBRCRIENowssiititily step of
deteqno Redlerataonaymialiniongliie Meoents el kaRugsulcion et ofce
compounds abtain IS screening.me | ntiation,
proliferati(f)’}Fc 3?1%’%?1% ?%P%Beﬁﬁtrﬁﬁg glgrﬁéﬁ r%lﬁsd?% t%gig}% age&%o%%ﬁd%ﬂée%d@%%?sqgo%’m%%he?gpeutic
candidateg‘;o?gdiseases caused by defects in dopaminergic neurons, The dopaminergic neuron
progenitor 10 celld & Ei’gﬁesent inventiof fclude cells selected by using the polynucleotide probes or
antibodies of the présaM iiVERtion, and céifsbtained by the proliferation and/or differentiation
induttion of these®€llsy Here, the "test suBdta#thce" may be any type of compound, examples of which

include the expre$sbniinmiimets of gene iR arlescbynthetic low molecular weight compound libraries,
15 synthetic peptiggipraries, antibodies, $ylistances released by bacteria, cell (microbial, plant, or

animal) extracts, gaik{ilieraatas, plant, or aaigal) culture supernatants, purified or partially purified
polypeptides, maring Qrganiamsy RIADLAHAMEA! @S PETt candan Thagerikptide*digtlay libraries,
and %'Ch' seconds at 65°C, and 2 minutss at 72°C were carried out followed by incubating for 2 minutes
at 72°C.
The sequences of the primers used are shown below,
Lipd:  TAGTCTACCACTGCTCGACTGTAACG (SEQ ID NO: 15)/
CAGAGTGAACCCAGTGGACATATCTG (SEQ ID NO: 16)
20 TH: GTTCCCAAGGAAAGTGTCAGAGTTGG (BEQIDNO:17)/
GAAGCTGGAAAGCCTCCAGGTGTTCC (SEQ ID NO: 18)
DAT: CTCCOAGCAGACACCATGACCTTAGC (SEQIDNO: 18)/
AGGAGTAGGGCTTGTCTCCCAACCTG (SEQ ID NO: 20)
According to the results of expression analysis by RT-PCR, although Lrp4 is not
95 expressed in ES cells (CCE) or stroma cells (PAG), expression was clearly induced starting on
day 4 in the same manner as TH as a result of inducing differentiation (Fig. 8). Thus, the
marker polynucleotide probes of the present invention are useful as markers not only when
isolating dopaminergic neuron proliferative progenitor cells from the fetal midbrain, but also
when isolating dopaminergic neuron proliferative progenitor cells that have been induced to
30 differentiate from ES cells in vitro,

[Example 4] Analysis of Lrp4 protein expression
The anti-Lip4 antibody was produced by the protocol described below using the
extracellular region encoding sequence in the Lrp4 gene, and expression analyses were
35  performed using immunohistological staining.
First, the extracellular region (161 to 502 amino acids) encoding sequence in the Lrp4



Cell differentiation and proliferation can be detected by comparison with cell status in 20 the absence
of the test substance. Cell differentiation and proliferation can be detected by morphological
observation under a microscope or by detection or quantification of substances produced in cells,
such as dopamine. <Analysis of Lrp4 Expression Regulatory Region> 25 Using a sequence of the
Lrp4 gene, an expression regulatory region of Lrp4 ¢gn be cloned from genomic DNA by known
methods. For example, a method for establishing the "transcriptional start site, such as the S 1
mapping method, is known and can be used (Cell Engineering, Supplement 8, New Cell Engineering
Experiment Protocol, Cancer Research Division, The Institute of Medical Science, The University of

Tokyo ed., Shujunsha Publishin 1993) 362-374 eneral latory region
of a gene &0t BELIDRR % g%%? %Bﬁﬁgél‘ﬁﬁrﬂ%r%%‘gé‘g sy b}h‘% eféﬁil% %@n%ﬁ%mg a 15-100
bp segmempw%@emmoﬁ@%ﬁ%%ﬁ’ﬁé%ﬂ%ée&em fotRs osERptEdent invention, all
or a portiopgitueteotidesrefSinQ (Rxin w@ﬁ@mmlmﬂa@ﬁﬁ%b@hﬁe@ﬂ@hﬁlmﬁer

contains acémm RPQH%{%%M Abkhiamimans, dad is shesieaedbragrae tien By dbwikonuclease

treatment, @f shighefinally, 18 f&%%%e&%ﬁw&%%& ampsising a:poleniialexpiession
regulatory re N e%:g at or tr}:e stren gﬁ@é&o%ﬁggﬁ@ch ot 'E&?%%B&%%@é@mg a
reporter ggﬁgl o8 s e 1 fﬁrmrne the mrnrmu unit requrrg t%“raam%arn the
activity of tH FistoiF 0@ @@? 5'% 61y Tegions can, be Predrcted
using a pré’@r@&ﬁ %%r@ﬁ«asm%ﬁr‘ﬁﬂ%fﬁ%rl@@ﬁ &%813% }ﬂo% Cﬁﬁ’r% Zese et at,

Biocomputieps Besketthings o Ih iMoo %@ﬁiﬁ%&rﬁn TOaREdEh B a’i‘?\l)’c}r‘FH"’Sc|entn‘|c

Pubrﬁsrmng:&moﬁmghmQﬁmmcmnracbmm@e@kﬁahﬁ&%mmg@érﬁﬁ%u.red for
the activityzH-a03¢s[ieassioh-dpuiatonrepiandsasukridinmmgdaloteysenm, 10% normel

(htty:/Ibios b@@gwmnaaaw IS B e asIsRETY pro el ersean ittidereThegi:(¢1005) ib/Mh.l Biol. 249:
923-932). &gﬁ%r egw{aga%@ dion Qi-the LipAgensiselaled wibismagaer can be used
to produce oter (sztgxrlesg egecna I gg%mgr@ gggrgﬂfproﬁer@%%ﬁg%n%hcglls in vivo.

-

15 four fimes with 0.1% Triton X-100/PRS8(-) at room temperabre for 10 minutes.  Cy3-labeled
enti-hamster 1gG antibody or the FITC-labeled anti-mouse Ig& antibody (Jackson, 10 pg/iml,
10% normal donkey serum, 10% normal goat serum, and 2.5% Block Ace/PBS) was reacted
with the sections at room temperature for ane hour. en, the sections were washed as
described ahove, then washed with PBS(-) at room temperature for 10 minutes, and sesled.

20 As 2 result of exprassion analysis by Immunchistological staining ustng the produced
anti-Lip4 monoclonal antibody, expression of the Lrp4 protein was observed in the ventral
midbrain at E12.5, the stage when the dopaminergic neuron developed (Fig, 8) 2s shown by
expression analysis using in sifw hybridization. Compared with sxpression of the TH profein,
which was the dopaminergic neuron marker, the Lrp4 protein was expressed in the most

25 ventral midbrain (VZ side) where the TH protein was expressed.  Accordingly, it appeared
that the Lrp4 protein is expressed in the dopaininergic neuron progenitor cells,

Next, using the anti-Lrp4 monoclonal antibody, Lipd-exprassing celis were detected
by flow cytometry.
First, ES cells were mducad to differentiats to dopaminergic neuron progenitor cells

30 in vitro nsing the SDIA method. A cell population comprising the cells wes disperssd using a
cell dissociation buffer (Invitrogen), and stained with the anti-Lrp4 monoclonal antibody
(mixture of FERM BP-10315 and FERM BP-10316 {each 1/4-diluted cutturs superngtant, 1%

ctal calf serurm, and 1 mM EDTA/SDIA differentiarion medium]) at 4°C for 20 minutes
without fixing and permeabilization. Subsequenity, the cells were washed three times with

15 1% fetal calf serum and 1 mM EDTA/SDIA differentiation medivm at 4°C for 3 minutes,

The cells were stained with biotin-labeled anti-hamster IgG antibody {Jackson, 10 pgiml, 1%



<Ligand for L rp4 15 The Lrp4 polypeptides have a transmembrane domain, and thus in nature are
thought to exist embedded within the cell membrane. Due to its expression in dopaminergic neuron
progenitor cells, Lrp4 is believed to be involved in the regulation of dopaminergic neuron progenitor
cell proliferation and in neuron differentiation and maturation. Thus, potential ligands that may
demonstrate an agonistic or antagonistic function to rds Lrp4 may be used 20 to regulate the
differentiation of dopaminergic neurons in vivo, ex VI , and in vitro. In identifying ligands for Lrp4
polypeptides, an Lrp4 polypeptide and a candidate compound are first contacted and tested for the
presence of binding, In this case, the Lrp4 polypeptide can be used when immobilized on a support,
or embedded in the cell membrane. There are no partlcular Ilmltatlons on the ¢ nd_ldate compounds,

examples Sl hsmmicadpradSiHT A5 RigydErrsrgurenBrRsiug) ALtitalY ed from
marine org@ﬂ&@dﬂ%@é@@ﬁ%ﬁouﬁ?@é@%@%@lWﬁiﬁéﬁ@%ﬁ%@ﬁd@%@fiﬁ‘gﬁﬁﬁ’é@‘ﬁmural
substance@Herivirgdroa0plaits,, bodetibstlé sertractsd mieybEPEMMBRE A dbEerratiaieramedeplide
groups ranglantlyiprodusReiiy, 4he whage diselayrectieskel. MdteBialin?22 1RO1:H9-¢kpek}ndn
additian, thejcapdidate.cemperntmandsstabeled for detection of binding. 30 <Inhibition of Lrp4
Expressm:jn> Slnceﬂpeergnr@%gf g&y&%ggqﬁgg g gﬁstlg, tﬂf@%ﬁﬁﬂﬁu%@@%ntly o
expressed in minergic neuron, t|ve tor may be i ontrol o
progemtor%@#‘bg a?%f§§% %ﬁdd’l# %%&Tétlonchﬁ OQFura't ﬁ%ﬁgﬁé&&g es that
inhibit Lrp@ben@@@?@s&@ﬁﬁi&?@@ﬁﬁ@ﬁ%& oane drarsstalivhbe Pﬁ%ﬁﬁﬁm@rglc neurons in
Vivo, ex Viveraedhi vittor Exappelesichst ibetanBest copétite ofd&sinpibitin gayeresepprésdieih include
antisepse nuelgic Bcidsytibeaymesinnd dohbledianded RNAS{smadkiidsféringRMNAesiRNA), Thus,
tEhe prefenéﬁi‘@tﬁgﬁ’%ﬁﬁvﬁ Etﬁﬁ&?aﬁithﬂ'%ﬁ’aﬁ r@éh‘iltﬁé&*%g'% i&@%ﬂmﬁ@aﬁﬁiﬁm@%’uﬁs ﬂebdtRNAfs
xamples of antis mec at suppress ta ne expression, include: inhibition o
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transcrip ton supbressmn ﬂyBrld formation at
sites of local open-loop structures formed by RNA polymerlse 3)
[Exammple 5] Separstion of Lrp4-expresseng celis by antibodies
15  Lrp4 protein-positive cells separated nsing the anti-Lrpd antibody were characterized.
First, a cell population comprising £12.5 mouse fetus veniral midbrain and
dopaminergic neuron progenitor cells, induced in vitro to differentiate from ES cells by the
SDIA method, was stained with the enti-Lrp4 antibody by the method described in Example 4,
Lrpd-positive and -negative cells were separated using a cell sorter.  Total RN A was collested
20 from the cells immediately after separation using en RiNeasy mini kit (Qlagen).  Then, ¢<DNA
was synthesized, and ampiified by the same method a3 deseribed in Example 1 to usz asa
template in RT-PCR.  The PCR was performed using <INAs corresponding to the amplified
cDN A equivalent to 4 ng, 0.4 ng, and 0.04 ng by the following reaction system.

10 x ExTag 1ul

25 2.5 mM dNTP 0.8 uL
ExTag 0.05 ul,
100 uM primers 0.1 pl each
cDINA 1 ul
Distilled water £.95 ul

30

PCR was carried out under conditions of 94°C for 2 minutes, 26 oyclss of 94°C for 30
seconds, 65°C for 30 seconds, and 72°C for 2 minutes, and finally 72°C for 2 minutes.
The sequences of the primers used are shown below.
L4 TAGTCTACCACTGCTCGACTGTAACG (SEQ ID NC: 15/
35 CAGAGTGAACCCAGTGGACATATCTG (SEQ ID NO: 16}
TH: GTTCCCAAGGAAAGTGTCAGAGTTGG (SEQIDNC: 17)/



transcription inhibition through hybrid formation with RNA during synthesis, (4) suppression of splicing
through hybrid formation at intron-exon junctions, (5) suppression of splicing through hybrid formation
at sites of spliceosome formation, (6) suppression of mMRNA 10 migration to the cytoplasm through
hybrid formation with mRNA, (7) suppression of splicing through hybrid formation at a capping site or
poly A addition site, (8) suppression of translation inj,{tgation through hybrid formation at binding sites of
translation initiation factors, (9) translation suppression through hybrid formation at ribosome binding
sites, (10) suppression of peptide chain elongation through hybrid formation at mMRNA coding regions
or 15 polysome binding sites, and (11) suppression of gene expression through hybrid formation at

sites of nucleic ac\g/p n.J
2, Nucleic Acids | AB%%%
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(11) abovéNaNtmeGATChdidohit &l aiicéad Cadubhict EDEBMPaZBduence of a coding region,
but also a sequentETE ACPEESHTIKAGIOOOASTAIGETQEREWHDIE BEpression is to be inhibited. A
DNA that angdde s AnAMISEOST TOCEC BCRIxaD I IR d3Bifikibgtd:a)guitable regulatory sequence
that allows its expressRacTimgalisense a6t erid Aoes BEERtiD: RE)25 completely
complementary to the coding region or non-coding region of a target gene, as long as it can effectively

inhibit the expressipn abIhisgene-Sueh 2alsanse AucleiAddsave foranldeRgbaatisast 15 bp
orm ée, preferab) 1Q_. t:,ﬁ or m%geé ?d n%)r aréeffggra Y 500 g} or more %{19& re. norm: ly within
3000 Bp, ﬁf&@?g%ﬁmﬁ 05D “an EPRTOTE Preferably WitAm- 1000 Bp, Tis preferable that such
antisense NubRie wbiels Whnfec 10 TaHoNF SEOONTBITITIN TSRS BRHRa8 Hre fdRibRT USRS e, with
the complexsiéptant:iminRg.d trgeligesiersansesifiondoiud deh4Tinesiramtsessenriaciaisiatib can be
tphre|c|)ired ageord &glmg\%{gm@@g}ém%ﬁmﬂﬁé%&%&amwmﬁm ﬁ@%eﬁ&h&%&%ﬂéi&
e like, using Lr nucleotides, ozyme , Iy With an
component S B B e R B e L e, Large
ribozyes EESPPIHRIIRbSpIREEStbr b hoctEit W%ﬁaﬁ% ?%3&% ,’Eﬂ%%}"%d'\%
5'-phospharitmitotic dopaminergic neuron precursor cells, were expressed at higher levels compared fo
the Lrp4-negative cell population, Lip-positive cells wers confirmed to be dopaminergio
neuron lineags progenitor cells (Fig, 10).
Next, the present inventors analyzed the rafio of proliferative progenitor cells to
20  postmitotic precursor cells in the Lrp4 protein-positive call population separated by the auti-
Lrp4 antibody.
The separated cells were seeded on & glass slide coated with poly-L-ornithine (Sigma,
0.002% in PBS), laminin {Invitrogen, 5 pg/mI. in PBS), and Sbronectin (Sigma, 5 pg/mlin
PRY), and incubated in N2 (Invitrogen, 1x), B27 (Invitrogen 1x), ascorbic acid (5igma, 200
25 uM), and BDNF (Invitrogen, 20 ng/ml)/SDLA differentiation medivm at 37°C for 40 minutes
to adhere thereon.  The adherent cells were Fixed in 4% PFA/PRS at 4°C for 20 minutes, and
washed twice with PBS at 4°C for 10 minmtes. Permeabilization with 0.3% Triron X-
100/PBS wag performed at room temperature for 15 minmes, and blocking with 10% normal
donkey serumn/Block Ace was performed at room temperature for 20 mimrtes.  Then, the cells
30 were reacted with anti-Nestin antibody (Chernicon, 2 ng/mL, 10% normsl donkey serom,
2.5% Block Acs, 0.1% Triton X-100/PBS) or ami-RlIl-tubulin antibody (BABCO, 1/2000, (.5
ug/ml., 10% normal donkey s=rumn, 2.5% Block Ace, and 0,1% Triton X-100/PBS) at room
teraperaturs for one hour, and subsequently at 4°C overnight.  On the next day, the celis were
washed thres fimes with 0,1% Triton X-100/PBS at room temperature for 5 minuies, and
35 reacted with the FITC-labeled anti-mouse Ig( antibody or the Cy3-labeled anti-rabbit JgG
antibody (both from Jackson, 10 pg/mL, 10%% normal donkey serum, 2.5% Block Ace, and



37 acid and 3'-hydroxyl group at the reaction sites. Large ribozymes are further classified into (1)
group | intron RNAs, which carry out guanosine-initiated trans-esterification reactions at 5'-splice sites,
(2) group Il intron RNAs, which perform two-step self-splicing reactions via a lariat structure, and (3)
RNA components of ribonuclease P, which cleave precursor tRNAs at 5 their 5' side via hydrolysis
reactions. In contrast, small ribozymes are comparatively small structural units (about 40 bp) that
cleave RNAs, forming 5'-hydroxyl groups and 2'-3' cyélic phosphoric acids. Small ribozymes include,
for example, hammerhead-type ribozymes (Koizumi et at (1988) FEES Lett. 228: 225) and
hairpin-type ribozymes (Buzayan (1986) Nature 323: 349; Kikuchi and Sasaki (1992) Nucleic Acids
Res. 19: 6751; Kikuchi (1992) 10 Chemistry and Biology 30: 112). Since ribozymes are easily altered

agd Sy”thGellq'?@?n%@rtﬁumU?T%Bﬁi%r&ﬁﬁhﬁltﬁ;ﬁeﬁﬂhﬁ@&twﬂmﬁnewn Sresexanpisthhasimeread- tyrt))e
ri ozymest at recogniz eaye nuc ot e i 2:target RNA can be
created, g ‘fﬁg %Vgtglﬁﬁa‘{'ﬁsg pégvfléi}l%%a rlboz me tﬁié{%gﬂﬁ%gmentars E[%:ﬂtn RNA
sequencef’ﬁé]ﬁl ‘P&F@E‘E@E@(szuml et al. (1988 FEBS Lett. 228: 225 and

Ohtsuka (1990) ProfsirhRIBEREREAREAhWEn gty s Rt ?ﬁf‘é ucleléh%Amds Res.
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antisense cham t uenﬁaﬁﬁh’t tarﬁet mR %@M@%Q&QJ&QW?’A%@E@UW%]& to the

same num cle E,‘S as arge

of 15 to 75:@:@%5@%@5@ & SR RaRnd the:n reacis %@Ipﬁ{){? {ebai%.'?{ ARG fg%?t'de length
15  antibody {Jackson, 10 ug/mL 10% normal donkey serum, 2,5% Block Ace, and 0.1% Triton
X-100/PBS) at room temperatare for 30 minutes. Subsequently, the cells were washed, and
sealed for observation as described sbove.
As a result of the marker staining, it was revealed that a majority of the Lrp4-positive
cells are Nestin-positive proliferative progenitor cells and that a part thereof is positive for the
20 posmitotic marker BII-tubulin (Fig. 12). In addition, the separated eells were confirmed to
frequently incorporate BrdU, and to actually proliferate in vitro (Fig. 13
Next, the present inventors confirmed that the separated Lrpd-positive cells
differentiate into the dopaminergic neurons,
The separated cells were seeded on & glass slide coated with poly-L-ornithine {Sigma,
25 0.002% in PBS), laminin (Invitrogen, 5 pg/mL in PBS), and fibronectin (Sigma, 5 pp/ml
PBS), and incubated in N2 (Iovitrogen, 1x), B27 (Invitrogen 1%), ascorbic acid (Sigma, 200
uM), BDNF (Invitrogern, 20 ng/mL), and bFGF (R&D, 10 ng/ml)/SDIA differentiation
medium at 37°C for 24 hours.  The cells were then further cultured in the above medium
without bFGF for another six days. The cultured cells were fixed in 4% PFA/PBS at 4°C for
30 20 minutes, and washed twice with PBS at 4°C for 10 minutes. Permeabilization with 0.3%
Tritor. X-100/PBS was performed at room temperature for 15 minmnes, and blocking with 10%
normal donkey serum/Block Ace was performed at room temperature for 20 minutes. Then,
the cells were reacted with anti-TH antibody (Chemicon, 0.3 pg/mL, 10% normal donkey
serum, 2.5% Block Ace, 0.1% Tritor X-100/PBS) or anti-BIT-tubulin antibody (BABCO,
35 1/2000, 0.5 pg/ml., 10% normal donkey serum, 2.5% Block Ace, and 0,1% Triton X-
100/PBS) at room temperature for one hour, and subsequently at 4°C ovemight. On the next



30 preferably 20 to 25 nucleotides. In order to suppress Lrp4 expression, siRNAs can be introduced
into cells using known methods. For example, a DNA is designed to encode, in a single strand, two
RNA chains that compose an siRNA, and this is then incorporated into an expression vector, cells are
transformed with the expression vector, and the siRNA can be expressed in the cells in the 35 form of
a double-stranded RNA with a hairpin structure. Plasmid expression vectors that continuously
produce siRNA by transfection have also been desidiTed (for example, RNAi 38 Ready pSIREN
Vector, and RNAi-Ready pSJ REN-RetroQ Vector (BD Biosciences Clontech)). The nucleotide
sequence of an siRNA can be designed using a computer program such as that disclosed at the
Ambion website (http://www.ambion.com/techlib/misc/siRNATfinder.html). Kits for screening for
functionalifysiRNAssateralsasberipesciatysaval blé/aTidtoarKbEO0 SR f rexarrppsBORK Adckout
RNAI Systeniti 3RBiessianges Sontechlatzanpigsadine prcsenibodeatideTiibisdedifivklly
described uSing fex Bt ESoneTRRsAD congued Rpbainemtimiteddheseien [E3anlsl Isolation
and Sequgt 8%59@"@*51% 2060 fﬁ?f@o%%@ﬁﬂﬁ?ﬁ@&fﬁﬁﬁ%uﬁf&%@@s&@%ﬁ@ #olate genes

spec C to amlner eur C al regign.of E4.2.5 mice was
addit ‘fvln?o WO r@ [ én)egcgﬁ?ﬁ%%t%ﬁ\%r% é@ %ﬁ@;&%ﬁé@e&%s s%g%?ﬁcally expressed in the
most ven ot c?ﬁ?elﬁ F QoFANAH %If' c neuro were iden |f|ed the %8 -RDA)
method, One of tHe?i&3 tdc’ SRATFESH i‘%ﬁ codes type
e

5 éﬁi"’e )i
it transmeﬁ%@“ﬁ%‘@l W?G F\?ﬁﬁﬁ tiggep%@?%ﬁé’ﬁ ollowmg
oligonuclebhrtetrwelevensauratrfoia dhe F%}‘P&ﬁ’(’f}lb’?éiﬁgﬁe@ E’é’ﬂﬁuﬁ‘d§§ ' ad3:

ad33%ad amcagmm@@wmm and can ssiwsnvawéé}radlsA)

[Example 6] Transplantation of separated Lrpd-positive cells into striatum in Parkinson’s
dissase model mice
Lrp4-expressing cells were separated by flow cytometry using anti-Lrp4 monoclonal
15 antibody, and the cells were transplanted into the siriatum of Parkinson’s disease model mice.
First, ES cells were induced to differentiate to dopaminergic neuron progenitor cells
in vitro using the SDIA method, A cell population comprising the cells was dispersed wsing &
cell dissociztion buffer (Invitrogen), and stained with the anti-Lrp4 monoclonal antibody
prepared in Example 4 (mixture of FERM BP-10315 and FERM BP-10316 [each 1/4-diluted
20  culture supernatant, 1% fetal calf serum, and 1 M EDTA/SDIA differentiation medivm]) at
4°C for 20 minutes without fixing and permeabilization, Subsequently, the cells wers
washed three times with 1% fetal calf serum and 1 mM EDTA/SDIA differentiation medium at
4°C for 3 mimxtes. The cells were stained with biotin-labeled anti-hamster IgG antibody
(Jackson, 10 ug/mL, 1% fetal calf serum and 1 mM EDTA/SDIA differentiation medium) at
ns 4% far 20 minutes, and washed as described above.  Then, the cells were stained with PE-
labeled streptavidin (Pharmingen, 20 pg/mE, 1% fetal calf serum and 1 mM EDTA/EDIA
differentiation medivm) at 4°C for 20 minutes, and washed as deseribed above.  After
staining, the Lip4-expressing cells were separated by a flow cytometer.
Next, the present inventors transplanted the separated Lip4 protein-positive cells into
30 the striatum of Parkinson's disease mode! mice, and characterized the Lrp4 protein-positive
cells in the brain,
First, the Parkinson’s disease model mice were prepared by injecting 1.25 pl.of o
OHDA (Sigma, 2 ug/uL) into one side of the medial forebrain bundle of 12-week-old mice
(slc) to deaden the dopaminergic neurons projecting from the midbrain to the stristum.  Two
35 weeks after preparing the mode] mice, 3 x 10* Lrp4-positive cells per mouse were transplanted
into the striatum to which 6~OHDA had been injected. The Lrp4 protein-positive cells to be



25 ad2S: cagctccacaacctacatcattcegt (SEQ ID NO: 5) ad2A: acggaatgatgt (SEQ ID NO: 6) ad3S:
gtccatcttctctctgagactctggt (SEQ ID NO: 7) ad3A: accagagtctca (SEQ ID NO: 8) ad4S:
ctgatgggtgtcttctgtgagtgtgt (SEQ ID NO, 9) 30 ad4A: acacacteacag (SEQ ID NO: 10) ad55:
ccagcatcgagaatcagtgtgacagt (SEQ ID NO: 11) ad5A: actgtcacactg (SEQ ID NO: 12) adI3S:
gtcgatgaacttcgactgtcgatcgt (SEQ ID NO: 13) adI3A: acgatcgacagt (SEQ ID NO: 14) 35 (1)-2. cDNA
synthesis 39 Ventral midbrain regions were cut out 88E12.5 mouse embryos (Japan SLC), and
divided into two sections in the dorsoventral direction. Total RNA was prepared using the RNeasy
Mini Kit (Qiagen), and double-stranded cDNA was synthesized using a eDNA Synthesis Kit (Takara).
After digestion with restriction enzyme Rsal, ad2 was added. The 5 cDNA was amplified by a 5-minute
incubationrah &t ABRER bybled b 3theeteorids BEW4Ts t3Gamesnite BFRYcand:Rienithstes at 72C,
and a finaZrRineincuhationsAi KR sy @RS 0s:198-p00a990)y inkstsy MRESCEBR was
;agf'eﬁdol\tlﬂﬁgil{&%tﬁ@r ﬁﬁsqme%ﬂi Mhee tmm W@&Eqm%é @E@ilﬁem&u&ﬂﬂ
m ag, river
productio t?%ng %c j e 0@ Og % P{%@%}%ﬁ %%1 Bﬁ%éé%érﬁﬁr%t%s@
% ri‘ ody as describ &l ?
Three weeks after the t:ra;rmplamaﬁon, 300 pL of 1 0% urethan in saline was
intraperitoneally injected to anestbetize the mice. Under anesthesia, thoracotomy was
performed, 30 mL of saline (Otsuka) was injectsd from left ventricle for perfusion, and then
perfusion fixation was carried out with 30 mL of 4% PFA/PBS(-). After fixation, the brains
10 were removed, and further immersion-fixed in 4% PFA/PBS(-) for another eight howrs. The
brains were then sliced at a thickness of 2 mm, the solution was replaced with 20 1o 40%
sucrose/PRE(-) overnight, and the brains were embedded in OCT. 10 to 12 um-thick sections
were made, attached on glass slides, dried at room temperature for 30 minutes, and wetted
again with PBS(-). Blocking (10% normal donksy seram/Block Ace) was then performed at
15  room temperature for 20 minutes, The sections wers then reacted with anti-GFP antibody
(Molecular probes, 20 pg/mL, 10% normal donkey serum, and 10% Block Ace/PBS), anti-
MAP? antibody (Sigma, mouse ascites, diluted 100 times, 10% normal donkey serum, and
10%Block Ace/PRS), or anti-TH antibody (Chemicon, 1 ug/mlL., 10% normal donkey serum
and 10% Rlock Ace/PRS) at room temperature for one hour, and again at 4°C ovemnight.
20 Sections wers washed four times with 0.1% Triton X-100/PBS(-) at room temperature for 10
minutes. The sections were then reacted with Alexa Flour 488-1abeled anti-rabbit 1gG
antibody (Molecular Probes, 4 pg/mi., 10% normal donkey serum, and 10% Block Ace/PBS),
Cy3-labeled anti-mouse IgG antibody (Jackson, 10 wg/mL, 10% normal donkey serurm, and
10% Block Ace/PBS), or Cy5-labeled anti-sheep 1gG antibody (Jackson, 10 ug/mL, 10%
25  normal donkey serum, and 10% Block Ace/PBS) at room temperature {or one hour. Then,
the sections were washed as described sbove, washed with PBS(-) at room temperature for 10
minutes, and sealed.
The expression of various markers was analyzed by immmmohistological staining,
As a result, EGFP-positive cells were observed in the striatum of the transplanted
30 mice (Table 1), This suggests that the transplanted Lrp4 protein-positive ceils are
succassfully engrafted in the stristum of the Parkinson’s disease model mice.
Most of the successfully engrafied cells were also observed to be positive for the
mature neuron marker MAP?, and EGFP-posiiive axons were observed to extend far into the
siriatum (Table 1 and Fig. 16).

Table 1



and then performing n"ve PCR cycles of 30 seconds at 94C, 30 seconds at 65C, and 2 minutes at
72C, and a final 2-minute incubation at 72C. The cDNNA was purified using the 20 Qiaquick PCR
Purification Kit (Qiagen), and digested with Rsal. 3 g was used for each round of subtraction. (1)-4.
Tester production The ad2S amplified cDNAwas further amplified by incubating at 94C for 2 minutes,
25 and then performing five PCR cycles of 30 seconds at 94C, 30 seconds at 65C, and 2 minutes at
72C, and a final 2-minute incubation at 72C. The eD#¥A was purified using the Qiaquick PCR
Purification Kit (Qiagen), and digested with RsalL ad3 was added to 60 ng of the Rsal-digested cDNA.
30 (1)-5. First round of subtraction The tester and the driver produced in Sections 1-3 and 1-4 above
were mixed,. .subjected to ethanol precipitation, and then djssolved in 1 | of Ix PCR buft'er. After a 5-
minute inqubation at 98C, 1:1BHHRPCR iHf+ + IM NEHEI was added. Afteranother 5 minutes of
incubatior at 98C, the testej ahidlke driveEhbEe hybridizec at 68C for 16 hours. 35 With ad3 S as the

primer, the-hybridized =D/ vvao amptftecby-in uuaullg at 72C for 5 minutes, and performing ten
cycles of30%eESHENEY g4 C| 38%econds 3@65C an@?%40 Iminutes at 72'C. Next, the amplified cDNA

was digested Nugle Takar urified using a Qiaquick PCR Purification
Kit. Thgen, |fi\7v§§g;]rﬁ§§l ?ﬁ%%batiﬂqagt{a 94(fC orgtg muﬁ?as and perfgrmag ?LB PCR cycles of 30
seconds atrgdfe, i%@;aﬁ@@ﬁ@@ﬁﬁ%@égﬁ‘ﬁmmmﬂﬁeﬁaﬁgﬁaﬂﬁd Briinal«2imiputgldnswsation at 72'C. 5
(1)bt6 Nfrgl?sliAﬁ%'QQﬂ%b" ;P&@ﬁ@%?é?&ﬁ%&@m %g@ : M?E%a@&%%@mmaﬁﬁ?%? of
subtraction er incubating a or > AR r er
anotk:fr 5Fr’n| u%%\%f NeUBation at %ﬁl %Was k%gbrléized at?é%]f%r viBOS %%%d%gg
hybridized ¥ d with Rsal, and purified using the Qiaquick PCR_ Purification Kit. Then,

it was amplified wilheersdadicatpdithat by meuplameaumpioicin-positive cells are nerve

progenitor cells, whereas most successfilly engrafied cells differentiate and mature into

mature nerve cells.  About 20% of the successfiully engrafted cells wers TH-positive, strongly

suggesting that at least 2 part of the fransplarted Lrpd4 protein-positive cells differentiate into
10  dopaminergic neurons.

Therefors, the dopaminergic neuron progenitor cells separated according to the
present invention are able to differentiate into the dopaminergic neurons by being transplanted
into the brain, and thus the dopaminergic newron progenitor cells separated according to te
present invention are believed useful for theraples.

[Example 7] Lrp4 Expression in dopaminergic neurons induced to differentiate from ES
cells using the 5-stage method

The present inventors examined whether or not Lrp4 is expressed when ES cells are
induced to differentiate intp the dopaminrergic neurons in vitro using the S-stage method.

20 First, B8 celis (CCE) were induced to differentiate into dopaminergic neurons using
the 5-stage method (Lee et al., Nat. Biotech,, 18:673-679 (2000), mouse dopaminergic neuron
differentiation kit [R&D Systems]). Cells were collected on day 2 at Stags 1, day 4 at Btage
2. day 6 at Biage 3, days 4 and 6 at Stags 4, and days 4 and 7 at Stage 5. Total RINAs were
srepared vsing RNeasy mini kit (Qiagen) to perform RT-PCR.  In the RT-PCR, cDNA was

25 first synthesizad from 1 ug of the total RNA using RWNA POR kit (TaKaRa)., The PCR was
performed by the following reaction system, wsing cDNAs corresponding to 10 ng, 1 ng; and
0.1 ng as templates.

10 x ExTaq 2 uk
2.5 mM dNTP LepL
30 HxTaq 0.1 ul
100 uM primers 0.2 pl each

¢DNA tul



minutes, and performing 11 PCR cycles of 30 seconds at 94C, 30 seconds at 65C, and 2 minutes at
72C, and a final 2-minute incubation at 72C. The PCR product was then 15 digested with Rsal,
followed by the addition of ado. (1)-7. Second Round of Subtraction 20 ng of the cDNA to which ado
was added in Section 1-6 above was used as the tester and mixed with the driver of 1-3 above, and
the same subtraction procedure used in 20 Section 1-5 above was performed. Finally, ads was added
to the cDNA following Rsal digestion. (1)-8. Third Rggnd of Subtraction 2 ng of the eDNT 4 to which
ads was added in section 1-7 above was used as the tester 25 and mixed with the driver of I-3 above,
and the same subtraction procedure used in section 1- 5 above was carried out, Finally, adl3 was
added to the Rsal-digested eDNA. (1)-9. Fourth Round of Subtraction 2 ng of the eDN A.to which ad13

was added in sectigni#=3 ahave was used as the 30 testeg ang mixed with the driver of 1-3 above,
and the same subtraction procedure used in Section 1-5 above was carried out. The amplified cDNA

was cloned into pCRII vector (Invitrogen), and. its nucleotide sequence w.
ABI3100 sequenc%%mmﬁpé@f%ﬁ’@%lag N %@W r?’s

expressiofeapriyshs 87 foe BAes e, Bpdv 30 Fryisroratien Sedisatiettdur %&B’P&I‘F‘fﬁ% the following
protodol. 41 First] Tl 2egurmusoLinbpybecwarseAbelided RRDYE. T., and fresh frozen sections of 16

um tthan@Mef%QCED@M(Aﬁeﬁdng@A@Iﬁm&@q&ﬁ@Sﬁdﬁﬁhéﬁvére fixed in 4% PFA at room
temperature for 3%{3}@& %@@g@w}g@ EBSpiybri g{m Wes rarried out at 65C for 40 hours

(2 ug/mi -labe FRRIES, /ug/ml yeast RNA, 50 4g/ml
Heparin). Stibseq ? (\é\/ N % e, 5x SSC,1 % SDS) and
then treated with glm gs!jeg al room tempera ure or 5 minu es After washing with 0.2x

ssclf 65C and washlng with_1x TEST at room te re, as carried out cking
reagent: Roche). THE 88 s fosrrely Bﬁgﬁe%ﬁ% E]%Vi‘,ﬁ? qf £§ ﬁl& antibody
(DAKO), Stage’l,at w}:n::h the cells are undﬁc:unnate& ES cells, bu is indueed to be SXpISEsS

Stage 4, at which the dopaminergic nsuron progenitor cells are developed (Fig. 174).

Next, the present inventors detected the Lip4-expressing cells by flow cytometry

15  using the anti-Lrp4 monoclonal antibody when ES cells wers induced to differentiate into the
dopaminergic neurons iz vitro using the S-stage method.

First, the cell population (day 7 at Stage 4) comprising the dopaminergic neuron
progenitor cells induced to differentiate from ES cells in vifro using the 5-stage method was
dispersed using the cell dispersing solution Accumax (Innovative Cell Technologies, Ine.).

20 Without the steps of fixing and permeabilization, the cells were stained with anti-Lip4
monoclonal antibody (mixture of FERM BP-10315 and FERM BP-10316 {each 1/2-chluted
culturs supernatant]) at 4°C for 20 minutes.  The cells were then washed three times with 1%
fetal calf serum, 1 mM EGTA, 4.5 mg/ml. glucose, and 40 ng/mL DNase V/Cs- and Mg-free
Hanlks' balanced salt solution (HBSS-) at 4°C for 3 mimutes. The cells were stained with the

25 PE-labeled anti-hamster IeG antibody (8 pg/mL [BD Biosciences], 1% fetal calf serum, 1 mM
EQTA, 4.5 mg/mL glucase, and 40 ng/ml DMNage I/ Ce~ and Mg-free Hanks' balanced salt

solution (HBSS-Y) at 4°C for 30 minutes, and washed as described above.  After staining,
Lrpd-exprassing cells were detected using 8 flow cytometer.

The resulis of detecting Lrpd-expressing cells by flow cytometry nsing anti-Lrp4
30  monoclonal antibody detected an Lrp4 protein-exprassing population in the cell group
comprising the dopaminergic neuron progenitor cells induced to differentiate from the ES cells
in vitro using the 5-stage method (Fig. 17B). This suggested that Lrp4 is expressed in the
dopaminergic neuron progenitor ¢zlis induced to differentiate from the ES cells by not oty
the SDIA method but also by the 5-stage method, and is useful as a marker for cell separation.
33
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[Example 8] Differentiation and maturation i vitre of Lrp4-expressing cells separated by



10 washed (Ix TBST, 2 mM Levamisole), and color developed using NBT/BCrn (DAKO) as the
substrate. The expression analysis by in situ hybridization showed that Lrp4 mRNA is specifically
expressed in the ventral midline region from the midbrain to the mndbrain and the spinal cord at the
stage E12.5, which corresponds to the time of dopaminergic neuron 15 development. Lrp4
demonstrates a similar expression pattern to Shh rRNA from the hndbrain to the spinal cord, and was
clearly determined to be specific to the floor plate, which is the organizer region (Figs. 2 and 5). In the
t idbrain, Lrp4 -expression was observed more centrally than the Shh mRNA expression zone (Figs. 3
and 5). The results of comparison with the neuron maturation marker NC/tM mRNA show 20 that Lrp4
mRNA-expressing cells were proliferative progenitor cells in the NCAM mRNA- negative ventricular
zone (VZydbedmeer, when compared with the expression of the dopaminergic neuron marker, TH
MRNA, their expréisipresegidmentmzrssiinedevisthecbraionf mverdotsatsiied estis f(ﬁ?g@t@and 5),
although %ﬁfg%ﬁt@%ﬁf&ﬁiﬁ%ﬁkfﬂm& bpdopRivAdrEthesaoms Zeiiirwas not observed since TH

MRNA is only ex ﬂ{é\@ é&g@g alaf'dﬂ REIR ARlkabidbes are
known to roIJ eX|t ceII c the commence f n, and then
mature af % %”M’f TR S]fogéﬁ r% ﬁg& tg}p;%on tolife tdgtlve P qﬁgr lp are
believed tén?ﬁ" I‘?‘n‘@ T Xp % aﬁ& express after

having mma@dQdkher@a{sﬂéﬁéﬁeﬂovﬁﬁ@ié@iﬂ%yfﬁ@éﬁﬁd?@aﬂﬁeﬂﬁl% lifsreR %W&h&?@ﬁ‘ be 30
SpeC|flca||Mrﬁi@§ﬁ§§3dgiﬁa£hﬁ%m@bmIBBB)Cmaﬁhm@ﬁm@impﬁqhmuWEtﬁﬁgmﬁmceh&c@ﬁ@s 4
and 6). [Ewﬂi%la 'Qéa&fom&art rainsiaip Nawrenndueed t ifgrensiate from ES

ot bg;g ﬁ qﬁg@% espinduced s dipreninge oo
dopattiine ) irst, doparinergic netrons were induced to
differentiaf8rsrACEREEEN S| Qg%%@%%ﬁ%t%v(%%&ﬂ%f’ﬁhé%%@} Ri&utth éé’(]ﬁ“?f 140) (see

the upper BartetiFiliztionCdtis hisicTritonVEr 0P BT syap it adosyo B sF IRAIEEEHTERY total RNA
was recovegffites, and blocking with 10% normal donkey serum and 10% normal goat serum/Block Ace

was performed at room temperature for 20 minutes.  Then, the cells were reacted with anti-

15  TH antibody (Chemicon, 0.4 pg/mL, 10% normeal donkey serum, 10% normal goat serom,
2.5% Block Ace, 0.1% Triton X-100/PBS) or anti-MAP?2 antibody (Sigms, 1/200 ascites, C.5
png/mkL, 10% normal donkey serum, 10% normal goat serusx, 2.5% Block Ace, and 0.1%
Triton X-100/PBS) at room temperature for one hour, and subsequently at 4°C overnight. On
the next day, the cells were washed four times with 0.1% Triton X-100/PBS at room

30  temperature for 10 minutes, and reacted with the FITC-labeled anti-mouse IgG antibody or the
Cy3-iabeled anti-rabbit IgG antibody (both from Jackson, 10 ug/ml., 10% normal donkey
serurm, 10% normal goat serum, 2,5% Block Ace, and 0.1% Triton X-100/PBS) at room
temperature for 50 minutes,  Subsequently, the cells were washed as deseribed above, then
washed with PBS at room temperatare for 5 minutes, and sealed for observation.

23 Culturing the separated Lrpd-positive cells in vitro induced many TH protein-positive
dopaminergic neurons (Fig. 17C). Therefore, it was revealed that Lrpd-positive cells induced
by the 5-stage method are dopaminergic neuron progenitor eells, and can mature in vizre,

The Lrp4 was expressed in the dopaminergic neuron progenitor cells induced by two different
differentiation methods (SDIA method and 5-stage method), and dopaminergic neuron

30  proganitor cells induced by either method conid be separated using the anti-Lp4 antibody.
Accordingly, it appeared that Lrp4 is useful as 2 marker for dopaminergic neuron pro genitor
cells derived from any eell source.  The 5-stage method is capable of inducing differertiation
of dopaminergic neuron progenitor vells without contact with animal-derived cells and
components, and expected to be applied clinically. Lrp4 is useful as a cell separation merker

35 in the methods, and thus appeared to be most likely applied to transplant therapy for
neurodegenerative diseases including Parkinson’s diseass,



using the RNeasy Mini Kit (Qiagen) followed by RT-PCR. In RT-PCP, eDNA was initially 5 synthesized
for 1 g of total RNA using the RNA PCR Kit (TaKaRa). PCR was then carried out in the following
reaction system, using as a template cDNA equivalent to 10 ng, 1 ng, and 0.1 ng. 10x ExTaq 2l 2.5
mM dNTP 1.6 1 10 ExTaqg 0.10 100 4M primer 0.2 | each cDNA 1 1 Distilled water 14.9 | After
incubating for 2 minutes at 941C, 35 PCR cycles of 30 seconds at 94C, 30 15 seconds at 65C, and 2
minutes at 72C were carried out followed by incubatifiz) for 2 minutes at 72C. The sequences of the
primers used are shown below Lrp4: TAGTCTACCACTGCTCGACTGTAACG (SEQ ID NO: 15) /
CAGAGTGAACCCAGTGGACATATCTG (SEQ ID NO,. 16) 20 TH:

GTTCCCAAGGAAAGTGTCAGAGTTGG (SEQ ID NO: 17) GAAGCTGGAAAGCCTCCAGGTGTTCC
(SEQ ID NO: 18) DAT: CTCCGAGCAGACACCATGACCTTAGC (SEQ ID NO: 19)

e R T e e o

analysis | not expresse inE E) or stroma rolls (,PAS),
expres&o?f%@lé%gﬁﬁsﬂ&][ﬂ@e%’% Fﬁ’ng on 4 in the same manner as TH as a result of inducing
differentiation (FigVBymiwisehéerinedienspl %{F& 6@6%%?38@0*%?@‘8?&%3? TR STERE ?Jseful as
markérs refaplipwherinitothengdipeentinnd RS rakle hpronmela/erpigenitS Qs RE M BRE fetal

midbrain, dxpredsai mm:&mmm@ob&mﬁe@mmlmﬁ,mmm&mé@ﬁt@ﬁ ééﬂér%ﬁ%ave been
induced t@xﬁ&mﬁeﬁ&llit&t&fm:ﬁxmlﬂmﬂmme[!&arﬁ‘pleo@ﬁéumatb&s@}moﬂlmsptb@e?ﬁéﬂﬁressmn The
anti-Lrp4 aibody 1es Riesused bythepraioseldesierladirelondatatag PR co3uRS4IEaR00BIPN
encoding Seauence [N 1144 a31e4 AR BN SRRION AR USRS e penes, to investigate
10 whether undiffsrentiated ES cells were contained in celis seperated using anti-Lrp4 antibody
from cells induced to differentiate from ES cells in vifro using the SDIA method.
Firgt, using the method described in Exampile 5, Lrp4-positive and -negative cells
were separated by a cell sorter from a cell population comprising dopaminergic neuron
progenitor cells induced to differentiate from ES cells in vifro using the SDIA method. Total

15 RNA was collected immediately after separation, and the cDNA to be amplified was prepared.
PCR was performed using cDNAs corrssponding to 4 ng, 0.4 ng, and 0.04 ng as templates for
the folowing reaction system:

10x ExTag I uL
2.5 mM dNTP 0.8 pL.
20 ExTaq 0.05 .
100 uM primers 0.1 uL each
cDNA 1 Ll
Distilled water 6.95 ul,
25 PCR was carried out under conditions of 94°C for 2 minutes, 26 cycles (for Lrp4 and

Nestin) or 30 cycles (for ERas and Nanog) of 94°C for 30 seconds, 65°C for 30 seconds, and

72°C for 2 minutes, and finally 72°C for 2 minutes.
The sequences of the primers used are shown below (the sequences of Lrp4 and

Westin were dascribed in Example 5).

30 ERas: TOCTCTCACCATCCAGATGACTCACC (SEQIDNO: 27)

TGGACCATATCTGCTGCAACTGGTCC (SEQ ID NO: 28)

Nanog: TCCAGCAGATGCAAGAACTCTCCTCC (SEQ ID NO: 29
TTATGGAGCGGAGCAGCATTCCAAGG (SEQ ID NO: 30)

35 As a resnit, ERas and Nanog, which are expressed specifically in ES cells, were not
expressed in the Lrp4-positive cell population; on the other hand, ERas and Nanog expressions



35 performed using immunohistological staining. First, the extracellular region (161 to 502 amino
acids) encoding sequence in the Lrp4 43 gone was introduced into 293E cells, and the extracellular
region of the Lrp4 protein was expressed and collected. Hamsters were immunized with the collected
protein, and lymphocytes were removed therefrom and fused with myeloma cells. The fused cells
were cultured to obtain a culture supernatant. On day 12.5 mouse embryos were then fixed with 5 4%
PFAIPBS(-) at 4C for two hours, then the solution was replaced with 20% sucrose/PBS(-) at 4C
overnight, and the embryos were embedded with OTC, 12-p.um-thick sections were made, attached
on a slide glass, dried at room temperature for 30 minutes, and wetted with PBS( ) again, The

sections were blocked (10% normal donkey seru and % neErm at room
temperatUFEToRer A ES Bd BreaiEss r%j Og‘r%%c?noc %oﬁ%‘%duced as
describedtadtavelifizbamtietat P el BenpdBtsn e péhnn@fmm@’f%%}% f/ Y Rulture

supernatagntghdf¥omidaalsonkey sereail stpenarmsngbardserum, and 2.5% Block Ace/PBS])) and
the anti-TH antlbody (Chemieon, 0.7 ug/mL,10% normal donkey serum, 10% normal goat serum., and
2.5% BIo roam. temperature for one hour, and further reacted at 4C overnight. The
secti ' [

veretwashetrt5totrtimes with 0.1ro Triton X-100/PBS(-) ‘Sar‘f%ffm te § ture forgo
mlnutes Cy3 IabeTéub mmﬁﬁam@!ﬁmg@mfw AR EFPC TAPERSE "ﬁ#bﬁrﬁ @@
(Jackson, iQiygisatergibQfurar m&lz@aﬁe&mgmtdﬂ%inoméalag@a@wﬁmﬁuﬂg lock

Ace/PBS) was reacted witht %ﬂ&gmmg eratufeor Arehoufyd beseieaections were
washed a$*d8scnbed a °8‘§’/‘e1 er?twashe with PBS ﬁi rogm tem é)g?é?ture or 13) .minutes, and

sealed. meﬁﬁﬁﬁ%@%ﬁ%ﬁ?@%ﬁﬁwﬁﬁw R REEPERRIRING UTRG the produced
anti-lgp4 m, g@@ﬁﬁﬁ@%@@é&ﬁﬁ&ﬁ@ﬂgﬁﬂmﬁxﬂmﬁ @it einovisaobsdteeekihcrteaditral midbrain at

E12.5, the S%@B o ”}E ORATNHE D Hrog dexelanad figa 9 as SRR cprBEagSion analysis

using in sity tioh & pare with expression of the TB protein, which was the dQ[P %nerglc
neuron markés aﬂmmﬁ&mr’o@ﬁm&ﬁ@ﬁﬁﬂé@é@'ﬂ%ﬂtﬁé M5 ?Wﬁ%r%t IO SEEF Where the

7A protein wasexresseckiA GeareiNiira f-apieattd e dbttmbspdrp ibteipysiexprovsisginctrgye
O A ROl R KL, VB 2 heRA. DORRIRRRL A o marker,
ap"”,-expr
15 asin tha present invention, ’rhe cells can be sasily differentiated into a suitable state in vifro
even when the therapy requires mafure cells,  Moreover, doparinargic neuron progeniior
cells obtained by the methods of the present invention can also be used to isolate genes
specifically expressed in these cells. The cellsare also thought to be useful in developing
pharmaceuticals for nenrodegenerative disseses such as Parkinson’s disease. Since
20  dopaminergic neuron proliferative progentior celis obtained nsing Lrp4 mRNA as a marker are
involved in early nevron formation, they are useful in elucidating the neuron maturation
process, namely, fot identifying various factors involved in the maturation process.
Elucidation of these factors is expected to contribute greatly to the treatment of
nevrodegenerative diseases. Moreover, maturation of these cells can be used as an index for
screening substances that may regulate (inkibit or promote) the mafuration process.

13
(%33



by flow cytomeiry, First, ES cells were induced to differentiate to dopaminergic neuron progenitor cells
30 in vitro using the SDLA method. A cell population comprising the cells was dispersed using a cell
dissociation buffer (Invitrogen), and stained with thesanti-Lrp4 monoclonal antibody (mixture of FERM
BP-10315 and FERM BP-10316 [each 14-diluted culture superna ant,1% fetal calf serum, and 1 mM
EDTA/SDIA dif'f'erentiation medium]) at 4C for 20 minutes without fixing and pen neabilization.
Subsequently, the cells were washed three time$&WARMS 1% fetal calf serum and | mM EDT-AISDLA
differentiation medium at 4C for 3 minutes, The cells were stained with biotin-labeled anti-hamster 1IgO
antibody (Jackson, 10 sgimL, 1% 44 fetal calf serum and 1 mM EDTA/SDIA differentiation medium) at
4C for 20 minutes, and washed as described above. Then, the cells were stained with PE-labeled
streptavidin (Phanriingen, 20 g/mL, 1% fetal calf serum and 1 mM EDTAISDIA differentiation medium)
at 4C for 20 minutes, and washed as described above. After staining, the Lrp4-expressing 5 cells
were detelted bfd’ﬁ%%ﬂ%?@?g?ﬁ’@ﬂ%%’l_‘}ﬁ@ﬁf%@f@&ﬁﬁ%}@ﬁ@%@m@@pi@sghﬁ@\E@Irsiby flow
cytometry (&M fﬁ%‘gﬁ?ﬁﬂ'ﬁfé@ﬁ?éﬁ-E?Bﬁn%ﬁ@(ﬂ@ﬁ@“éﬁ‘ﬁ%@%ﬁ@l@@t@éj 1§!Lrp4 protein-expressing
populatiorr RS By SiHes e srsteirtieipressn grebfisataler s tistestbdvithioubdixing and
permeabiiPs 08I s Eahe SRR IRih e L pRE prefesTisEkpretisify ewie carl ts deparatedsioy) 10 using a
flow cytorﬁ@t’er equipped with a cell sorter. The Lrp4 protein is thought to be expressed in the
dopaninerglénedrdif SPHER FESFKSI R ERerBIIZ YHe antciensidsistibouy cASPediedity beruseful for the
separation 6Htherdplfs BeRELTORN T BgeEtol cetisclcfEkanmale 8 Sepdnationaofitandikbxpresseng
cells by anfflisaie< 1 5H4 AR Drstéivr-positive cells separated using the anti-Lrp4 antibody were
characterizéd). Firstcle@el popatatepnudenstising &1 ousimoisedetus: ventdl midhraincandking a
dopaminel§ieHenksprogeritarasaininehit edmmeitrol GEAIfBrEAtaterflom ES cells by the
SDJAmetndd) was stkivield soithetive hnithyrpdizmtibdcystip ghet methioohdesbrihedimdxainple 4.
Lrp4-positipessiae abyatiectdt sequsre sefdrar8d Nsing @ tethdorter. Total RNA was collected 20 from
the cells imfMediatalyledtale separationnusing sar RivebSyomigikit (Qikgeid}s TheneChMAWasces
synthesized {brid @mplified by the same method as described in Example 1 to use as a

2. A method for selecting a dopaminergic neuron lineage cell, wherein the method comprises
the steps of:

(1) selecting a dopaminergic neuron proliferative progenitor cell using the method of claim 1
for selecting the dopaminergic neuron proliferative progenitor cell;

(2) culturing the proliferative progenitor cell selected in step (1); and

(3) screening the cells cultured in step (2) by using a marker for a postmitotic dopaminergic
neuron.

3. A method for isolating a dopaminergic neuron proliferative progenitor cell-specific gene

and a gene specific for each maturation stage from the proliferative progenitor cell to a

dopaminergic neuron, wherein the method comprises the step of deteciing and isolating a gene
specifically expressed in a dopaminergic neuron proliferative progenitor cell, which is selected by the
method of ¢laim 1, or a cell which is

differentiated, induced, or proliferated from the proliferative progenitor cell isolated from the animal
or human body.



template in RT-PCR. The PCR was performed using eDNAs corresponding to the amplified cDNA
equivalent to 4 ng, 0.4 rig, and 0.04 ng by the following reaction system. 10 x ExTaq 1L 25 2.5 mM
dN1TP 0.8 L ExTaq 0.05 }.4L. 100 pM primers 0. T2 each cDNA 1 gL Distilled water 6.95 uL 30
PCR was carried out under conditions of 94C for 2 minutes, 26 cycles of 94C for 30 seconds, 65C for

30 seconds and 72C fo imlnute nd finall E’ZCE far 2 minutes. The se ces fthe rimers used
are shown beIOV\iA‘ C[ID W’Cfa ¢f @ﬁ@zﬁ% j tP

CAGAGT@R&@@‘&‘A@%‘@@K@AW%&& § rﬁ'ﬁ’nf% Bt ex mt e meth

GTTCCC ,&ﬁ@éﬁ%&hﬁ(ﬁ%@g‘ﬁé A@E@ﬁé& ?%%mergic neuron proliferative
GAAGCTHERAREEE @@ﬂ e(glg W@iﬁié)cr{lﬁﬁ?ﬁ which is differentiated, induced,
CACTCCTEFaTEAGeTBOrA Aﬁf’é“c SEQ ID NO:; 21) /
AGTGCGAA@A@COS%&%@%A@A@@ e ?ea RSy 3951 dqlestinie 2 change of the proliferative
GATGAAGRERAESHA G Nernteent estsg by P rryess) / 5
ATTCACTTGCTCTGACTCCAGGT7GG (SEQ ID NO:24) MAP
CCATGATCTTTACEE st beepS o e RO I jie WT@@GTB@AAN@@W@A@%TGAGG
(SEQ ID No tpdypidens EERY, Mel a8 BEBXpREsI8hCanalysis by the RT-PCR indicated expression
of 10 the pfdliferafivEnsPEgRAMOIIEAIPIRREFNESAC FOWAS ALY Pavislielirtristiears ekpressing MAP2,
which wasStffe postitétidneuron marker, were included in the Lrp4 protein-positive cell population
(Fig. 10). Tﬁé}ef@rwlﬁﬂﬂl%}%ﬁmlﬁﬁ%@m@?ﬁ?@@ﬁ waress i MhaiMNaided “after stopping mRNA
expression,@hd thaalyredifsretalprisiisen naBortbTRBICIeE Sepiatitighee wiTRieepatiinergic neuron
proliferative pregeriteideitdnge aisoipbdimitbticoddpaminergic 15 neuron precursor cells (Fig. 11).
Furthermord4sineeNynepiadechTnpriwhictn arem agkeieifenrce with a deletion, insertion,

substitution, or addition of one or more amine acids in an amino acid sequence of SEQ ID
NO: 3 or 4

{5) apolypeptide encoded by a polynucleotide that hybridizes under stringent conditions
with a polynucieotide consisting of a sequence complementary to a nucleotide sequence of
SEQ ID NGO 1 or2; and,

(6) apolypeptide that is a fragment of a polypeptide of (1) to (5) comprising at least eight
amino acid residues.

6. A method for selecting a dopaminergic neuron progenitor cell, wherein the method
comprises the step of contacting the antibody of claim 5 with a cell sample’
isolated from the animal or human body thought to comprise a dopaminergic neuron progenitor cell.

7. A method for selecting a dopaminergic neuron lineage cell, wherein the method
comprises the steps oft
(1)  selecting a dopaminergic neuron proliferative progenitor cell using the method of claim 6;



postmitotic dopaminergic neuron precursor ells, were expressed at higher levels compared to the
L=A-negative cell population, Lrp4-positive cells were confirmed to be dopaminergic neuron lineage
progenitor cells (Fig. 10). Next, the present invent0|%6analyzed the ratio of proliferative progenitor cells
to 20 postmitatic precursor cells in the Lrp4 protein-positive cell population separated by the and- Lrp4
antibody. The separated cells were seeded on a glass slide coated with poly-L-ornitlhine (Sigma.,
0.002% in BBS) ddrifatimrieasganr Shetiealcddpssf ! aaddtbronectin (Sigma. 5 ug,'mL in PBS), and
incubated if3N2 fmvitnogér, g3t (hellitodered ), sasoGidic edig (Sigrier, 200 REtpiMiicand BDNF
(Invitrogergihighmt H&RMA differentiation medium at 37C for 40 minutes to adhere thereon. The
adherent cells were fixed in 4% PFA/PBS at 4C for 20 minutes, and washed twice with PBS at 4C for

10 minuteg. Permeabiieetion with,0 246, Liion : JONERS was perormen koo emperature for 19
minutes, and blocking wit 168_0 no%ma?pé%lnnke%/ serl,jrr‘llé)lr Ace was per*oﬁneda% room temperature

for 20 minER%%.ﬁ@rﬁ’éﬁ‘?%Q%éf%‘%‘b%‘ié‘é?ef%%&%a%?ﬁ‘%?ﬁﬁ?ﬁié%ﬁ RATREY {EHERS:RORCF ug/mL, 10%
normal doRReye8d FRNTISTIBIgEeR AdEIOIEAT oA DeTPBSrbicaltitaMmsghitiaA antibody
(BABCO, &2000c:b npugdmprot8isonorthatiddnkeylsaed iy hofeBidok Aleas and 0496 Tdban

X-100/PB3jsat¢nomd pmpesatd iedof-anal fod dandsuhsaoniyadtoomaenight: Gnite.next day,
the cells wgrg, washed three times with 0.1 % Triton X-100/PBS at room temperature for 5 minutes,
and 35 reacted with the FITC-labeled anti-mouse IgG antibody or the Cy5-labeled anti-rabbit igG

antibody (both from Jackson, 10 ug/mL, 10% normal.donkey serum,, 2.5% Block Ace, and 46 0.1%
Triton X100/PBSALFOMPLEHTEBRIE 68 T RS Seen AU e ciere. washed as

described SBETRELHHAM 4fa SRBAITRP B EY BB AteTHID BTRRIFS MRS A B8 dah Y sested for
observatiotiie Alsbothesppasdted cpilstwverdasiing aryssebsetcon thgldepastider sanboulipregeitdhe 5
above-desgiihedithadidimsu pplementeshwitbl o) (RaelieyGeB o MifeZirtirmdy mtidide ot abeling and
Detectlslﬁnh%&tolllf&%e%tfmﬁ@ ﬂo%éaﬁuf%eﬁ%mm @ﬁhﬁﬁgﬁgﬁ@bﬁ?g@%@ 5‘5&?&6’1@5@1@@'?%}/ Eamed
out until the. blockin tep. fthe S Were rea tg én h iit or minutes, washed three
tmes with PSR e L aies A S e P Gl

10. A kit for treating Parkinson's disease, which comprises a dopaminergic neuron

proliferative progenitor cell, which is selected by the method of ¢laim 1, or a dopaminergic neuron

progenitor cell, which is seiected by the method of claim 6.

1l. A use of a dopaminergic neuron proliferative progenitor cell, which is selected by the method
of claim 1, or a dopaminergic neuron progenitor cell, which is selected by the method of claim 6, for
producing a kit for treating Parkinson's disease.

12. A method for detecting or selecting a dopaminergic neuron proliferative progenitor cell,
which comprises the step of contacting a cell sample comprising the dopaminergic neuron
proliferative progenitor cell with a second polynucleotide which hybridizes under stringent
conditions with a first polynucleotide consisting of any one of:

(1) the nucleotide sequence of SEQ ID NO: T or 2;

(2) anucleotide sequence consisting of a polynucieotide encoding a polypeptide consisting of
the amino acid sequence of SEQ ID NO: 3 or 4;



antibody and DNase (Roche, 5-Bromo-2'-deoxy-uridine Labeling and Detection kit II, Ix 10 conc. in
incubation buffer) at 37C for 30 minutes. Furthermore, the cells were reacted with anti-BrdU antibody
(Sigma, 44 4glmL,10% normal donkey serum, 2.5%/Block Ace, and 0.1% Triton X-100/PBS) at room
temperature for one hour, and subsequently at 4C overnight. The next day, the cells were washed
three times with 0.1% Triton X-100/PBS at room temperature for 5 minutes, and then reacted with the
FITC-labefdd arftPHResEe §@UEBaATHEEY L P8 RSBATEF AR AP OTE AT AP BIAGSPSEHHE 2,500
BlockAce,raiet f 4% Telam X400 RBS hatrasmnemperaivrad ele3h iminutesefaehsaguently, the cells
were Was%fél %_sqealed foc{ observation as described above. As a result of the marker staining, it
-was reve J%a a"rﬁaﬁdﬁﬂ/ of the Lrp4-positive cells are Nestin-positive proliferative progenitor cells
and that a part therebhigipesitiveferthieti20opeswivitoticondekdnibivbuldini (Hiyz 12). In addition, the
separated Gells Werg.contimadiandrarnenty 4 rtgRial nand o actiwrllyprpliferate in vitro (Fig.
13). Next, the present inventors confirmed that the separated Lrp4-positive cells differentiate into the
dopaminé@‘é‘%ﬁrons. The separated cells were seeded on a glass slide coated with poly-L-ornithine
(Sigma, 25 0.002% in PBS), laminin (Invitrogen, 5 g/mL in PBS), and fibronectin (Sigma, 5 }tg/thL in
PBS), and.jncubated in, N2 (Invitrogen,, 1x).. vi i i igma, 200 M), BDNF
(Invitroge(#:'zo %&‘Eﬁ?‘é"ﬁ‘z& (f)ﬁ%r& %‘égl%})e%l(r)? ﬁglﬁggégtﬁ%@%éf%?gggg%%%%%e%%r%@? 37C for 24 hours.
The cells weleen further cultured in the above medium without bFGF for another six days. The
cultured cells were nixed in 4% PFA/PBS at 4C for 30 20 minutes, and washed twice with PBS at 4C
for 10 mintites, Permea iE%z/_at[o with 0.3% . Triton X-100/PBS was performed, at room temperature for
15 minute'¥-and %I@S%ﬁ% O S o T s A oS IR B A S for el Yoom
temperaturethord 20nmiisatels Tkl the cells were reacted with anti-TB antibody (Chemicon, 0.3
sg/mL, 10"/%0@@1@1:@9@5% SRR 8% BloSkAes, Ok Tiion il QY BBER) Os@ntiiPit-tibulin
antibody (BABCO, 35 f/2008, 0.5 g/mL, 10% normal donkey serum, 2.5% Block Ace, and 0.1% Triton
X- 100/PB]§) at room temperature for one hour, and subsequently at 4C overnight. On the next 47
day, the celis)weselvashed tbneeiéieesnwith 0.4 %d riton X-100/PBS at room temperature for 5

(3) selecting the postmitotic dopaminergic neuron precursor cell from the celis cultured in step

(2).



minutes, and reacted with the FITC-labeled anti-mouse IgG antibody or the Cy5-labeled anti- rabbit
IgG antibody (both from Jackson, 10 .tg/mL, 10% normal donkey serum, 2.5% Block Are, and 0.1%
Triton X-I 00/PBS) at room temperature for 30 minutds. Subsequently, the 5 cells were washed as
described above, then washed with PBS at room temperature for 5 minutes, and sealed for
observati?g. As restlﬂlt doif cuItLéring oth% separatgd cells in \{{'tro,. it was ob\gous that more TH
protein-positive doPamiNerglt Hatrons WS ItEST Han ST thi L RSHIS4 AR g Esh s IStahs
Thereforeyfit was revealed that the Lrp4-positive cells are certainly dopaminergic neuron 10 lineage
progenitor ¢efls apd.an mﬂa&%&gﬁ%@g-pléﬂf&lie&w&%&wea?WE%HQ@O% SepaLpted,
Lrp4-positive cells into striatum in Parkinson's disease model mice Lrp4-expressing cells were
separated tyflow cytometry using anti-Lrp4 monoclonal 15 antibody, and the cells were transplanted
into the strigtym afiidargnsanis disaasemmeglelmice. First, ES cells were induced to differentiate to
dopaminergic neuron progenitor cells in vitro using the SDIA method. A cell population comprising the
cells was dispersed using a cell dissociation buffer (Invitrogen), and stained with the anti-Lrp4
monoclon#t-antibdympted aredrin Exdipler sorisitire Bt FBRN| BP-10315 and FERM BP-10316 [each
1/4-diluted 20 culiisesyRematant-4% fetalcalfmers aaodidmavh RRTA{SDIA differentiation mediumy)
at 4C for 20 minutes without fixing and permeabilization. Subsequently, the cells were washed three
times with 1% fetal calf serum and 1 mM EDTA/SDIA differentiation medium at 4C for 3 minutes. The
cells werelStained witthdsl dondadssledoantiehamastdppgDimmpbadyrdid ackesotok@ lugiith 1% fetal calf
serum andofkbERT MF A IV Rionmedium, a2 ACBLAR MnUigs AR Waghed as

described above. Then, the cells were stained with PB- labeled streptavidin (Pharmingen, 20 g/mL, 1%

fetal calf SEFLEAE PR E DT SHMrdirsreAaRIRCaRTI SRt Rivo avihirasrenef washed as
describedabawe.ofsfter staining, the Lrp4-expressing cells were separated by a flow cytometer, Next,

the present j ventors trans lanted the ?5 rp4 protein-positive cells into 30 the striatum of
Parkinson'seg?seaéeemr%%lgealgﬁ‘?lsgg?ﬁgﬁa %i%ergg eer%é-d%ﬁgl’_rm protein-positive cells in the brain, First,

the Parkinséfs diséaseormbdedavivesvdrsiplasharcerbyriefdutng ds2B in dfegmino acid sequence
of SEQID NO: 3 or 4;
(3)  an amino acid sequence mutated by one or more amino acid deletions, sabstitutions, or
additions, or any combination thereof in the amino acid sequence of SEQ 1D NQO:3 or 4; and
(4)  an amino acid sequence consisting of a polypeptide encoded by a polynucleotide which
hybridizes under stringent conditions with a polynucleotide consisting of a nucleotide
sequence complementary to a nucleotide sequence of SEQ IDNO: 1 or 2,

or a partial sequence thereof.

18. The method of claim 17, wherein the polypeptide comprising the partial sequence

comprises at ieast six consecutive amino acid residues.

19, A reagent for discriminating a dopaminergic neuron progenitor cell, which comprises an
antibody as an active ingredient which is bound to a polypeptide consisting of the amino acid

sequence of any one of:



ORDA (Sigma, 2 pg/pL) into one side of the medial forebrain bundle of 12-week-old mice (slc) to
deaden the dopaminergic neurons projecting from the midbrain to the striatum. Two 35 weeks after
preparing the model mice, 3 x 104 Lrp4-positive cghis per mouse were transplanted into the striatum to
which 6-OUDA had been injected. The Lrp4 protein-positive cells to be 48 transplanted were obtained
by: transfecting ES cells to express the EGFP gene under the control of CAG promoter (Niwa et at.,
Gene 108:1B3-200261190 1)) madumiegottd:8 FBIls Yoodifferentiate into the dopaminergic neuron
progenitor 3l Iy yli v ine ehle methaiand,slaning s sslbaarlalion Gamedsig fne
dopaminergic neuron progenitor cells with the anti 5 Lrp4 antibody as described in Example 4 and
separatir@%?%@éﬂﬂiééﬂﬂér. Three weeks after the transplantation, 500 .tL of 10% urethan in saline

was intrapgfitongayinieaiedieanesibelize/be: Blies-HndRe angsihiesias thameatonymwas

performed, 30 mL of saline (Otsuka) was.injected from left ventric erfusion, and then perfusion
Fction WSS SAER S0r AT a1 ok EFABSIS ATRE Aot e NEHo fere remove, and
further imni&rsion-fixén nvid 9 REARBS(sYdoranpthearceightcnoutsdbhie fotaimsiwere tashsliced at a

thickness,0f 24rmm 436 SehUion Was sR/aced P20 A% nseHse PRS () Avernight, and the brains
were embedded in OCT. 10 to 12 um-thick sections were made, attached on glass slides, dried at

room tenfBYSRGFE BRSBTS HifPRERatH an WiiPB S Blbcking (10% normal donkey
serum/Block eesdl waschemhperfbrmed at 15 room temperature for 20 minutes. The sections were then
reacted with anti-GFP antibody (Molecular probes, 20 g/mL, 10% normal donkey serum, and 10%
Block Ace/PBS), anti- MAP2 antibody (Sigma, mouse ascites, diluted 100 times, 10% normal donkey
serum, ard: 10%BiderEEe/PBEN b1 3AGITH BN IDEETICH PRI DI§rANTIA0%wdEmal donkey serum

and 10% BlaskAca/RBS -atdsprmdemparatg fenanre hour, and again at 4C overnight. 20 Sections
were washed four times with 0.1% Triton X-100/PBS(-) at room temperature for 10 minutes. The
sections were then reacted with Alexa Flour 488-labeled anti-rabbit IgG antibody (Molecular Probes, 4
g/mL,1098 hormahdoriey séeiam dhdvhOvinBlecktihodiPBSydCyBbatheledbadtmBERM BB antibody
(Jackson,;39,9/mkx 208 pag¥al donkey serum, and 10% Block Ace/PBS), or Cy5-labeled anti-sheep
IgO antibody (Jackson, 10 g/mL, 10% 25 normal donkey serum, and 10% Block Ace/PBS) at room
temperature for one hour. Then,

22, An antibody produced by the hybridoma FERM BP-10315 or FERM BP-10316.

23. A method for producing a dopaminergic neuron proliferative progenitor cell, wherein the
method comprises the steps of:
(1) selecting & dopaminergic neuron progenitor cell by the method of claim 17 or 18; and
(2) removing a postmitotic dopaminergic neuron precursor cel to select the dopaminergic

neuron proliferative progenitor cell.

24, A method for producing a postmitotic dopaminergic neuron precursor cell, wherein the
method comprises the steps of:
(1) selecting a dopaminergic neuron progenitor cell by the method of claim 17 or 18; and

(2)  culturing the cell selected in step (1).

25, The method of claim 24, further comprising the step of:

(3)  selecting a postmitotic dopaminergic neuron precursor cell from the cells cultured in step

26. A method for producing a dopaminergic neuron, wherein the method comprises the steps
of:

(1)  selecting a dopaminergic neuron progenitor cell by the method of claim 17 or 18; and



the sections were washed as described above, washed with PBS(-) at room temperature for 10
minutes, and sealed. The expression of various markers was analyzed by limnunohistological staining.
As a result, EGFP-positive cells were observed in th@ striatum of the transplanted 30 mice (Table 1).
This suggests that the transplanted Lrp4 protein-positive cells are successfully engrafted in the
striatum of Eée Parkinson's disease mqdel mice. Most of the successfully engrafted cells were also
observed tdbe FESHRESF ﬁ‘?ﬁ Sﬁf%\cttﬁrgé“nséﬁré ‘marker MAP2, and EGFP-positive axons were
observed to extend far into the striatum (Table | and Fig. 16). 35 Table | 49 EGFP+ TH+ TH+ CELLS

CELLS #6 SEQ IR NQ:20 gﬁclja%nz_%o/(fuﬁgefscggpl%ig@ﬁégte%%]ﬁ21 18% (Table 1 shows the in vivo
I dLrp iti )

differentiation of the transplanted Lrp4-positive cells’into TI-I- positive cells. Two weeks after
deadening thk depEMESrRHRIIFHS ikt A cele TrigAch bR Bbsitive cells were transplanted
into mice #6 and #7, Perfusion was performed three 5 weeks after transplant. The results indicated
that the transplanted Lrp4 protein-positive cells are nerve progenitor cells, whereas most successfully
engrafted cells differentiate and mature into mature nerve cells. About 20% of the successfully
engrafted cells were TH-positive, strongly suggesting that at least a part of the transplanted Lrp4
protein-positive cells differentiate into 10 dopaminergic neurons. Therefore, the dopamnergic neuron
progenitor cells separated according to the present invention are able to differentiate into the
dopaminergic neurons by being transplanted into the brain, and thus the dopaminergic neuron
progenitor cells separated according to the present invention are believed useful for therapies. 15



[Example 7] Lro4 Expression in dopaminerc neurons induced to differentiate from ES cells using the
5-stage method The present inventors examined whether or not Lrp4 is expressed when ES cells are
induced to differentiate into the dopaminergic neurons in vitro using the 5-stage method. 20 First, ES
cells (CCE) were induced to difi erentiate into dopaminergic neurons using the 5-stage method (Lee
et al., Nat. Biotech., 18:675-679 (2000), mouse dopaminergic neuron differentiation kit [R&D
Systems]). Cells were collected on day 2 at Stage 1,6day 4 at Stage 2, day 6 at Stage 3, days 4 and 6
at Stage 4, and days 4 and 7 at Stage 5. Total RNAs Were prepared using RNeasy mini kit (Qiagen)
to perform RF PCR. In the RT-PCR; cDNA was 25 first synthesized from 1 ug of the total RNA uusing
RNA PCR kit (Tala.Ra). The PCR was performed by the following reaction system, using cUNAs
corresponding to 10 ng, 1 ng, and 0.1 ng as tg@%?ﬁ%g x ExTaq 2 uL 2.5 mM dNTP 1.6pL 30
ExTaq 0.1 PL 100 p.M primers 0.2 4L each ¢ uL Distilled water 14.9 p.L PCR was carried
out under conditions of 94C for 2 minutes, 32 cycles of 94C for 30 seconds, 65C for 30 seconds, and
72C for 2 minuteSTntrsseatyrreatinr 2lai oo sarsiesidesrbes srdratmdierdordaicstmshown
below. Lri4pA/EGECIACEASTE CAGBACEGTANGE t8E@DWIRh t8jble the efficient

CAGAGT 2R oR MGTHGBABAT ATATIS HEfgeuildrNells] 6hdRhbthods for selecting the progenitor
GTTCCCLA G ANMaT GbeASAGT-GG (SEQ ID NO: 17)/ GAAGCTGGAAAGCCTCCAGGTGTTCC
(SEQ ID NO: 18) 10 The results of expression analysis by RT--PCR revealed that Lrp4 is not
expressed in Stage 1, at which the cells are undifferentiated ES cells, but is induced to be expressed
in Stage 4, at which the dopaminergic neuron progenitor cells are developed (Fig. 17A).



Next, the present inventors detected the Lrp4-expressing cells by flow cytometry 15 using the anti-Lrp4
monoclonal antibody when ES cells were induced to differentiate into the dopaminergic neurons in
vitro using the 5-stage method. First, the cell population (day 7 at Stage 4) comprising the
dopaminergic neuron progenitor cells induced to differentiate from ES cells in vitro using the 5-stage
method was dispersed using the cell dispersing S g]tion A~cumax (Innovative Cell Technologies,
Inc.), 20 Without the steps of fixing and permeabilization, the cells were stained with anti-Lrp4
monoclonal antibody (mixture of FERMI BP-10315 and FERM BP-10316 [each 1/2-diluted culture
supernatant]) at 4C for 20 minutes. The cells were then washed three times with 1% fetal calf serum,
1 mM EGTA, 4.5 mg/mL glucose, and 40 §p ﬁ%q.inCa- and Mg-free Hanks™ balanced salt
solution (13335-) at 4C for 3 minutes. The célls were stained with the 25 PE-labeled anti-hamster 19G
antibody (8 pg/mL [BD Biosciences], 1% fetal calf serum, 1 mMI EGT-A., 4.5 mg/mL glucose, and 40
ng/mL DNasé 1#.CaE '&ht Mg-ftd8. Hanks™ balanced salt solution (HBSS-)) at 4C for 30 minutes, and
washed as described above. After staining, Lrp4-expressing cells were detected using a flow
cytometer. THegesuls afreiessing inErArexRragsizaer!Isrbyiiow eriomaiersing anti-Lrp4 30
monoclonal antibody detected an Lrp4 protein-expressing population in the cell group comprising the
dopaminergic, neur ET:?I’O %nit%;)r5 ells induced to differentiate from the ES cells in vitro using the
5-stage met?ﬁ?(Fi% ‘fg% T uggested that Lrp4 is expressed in the dopaminergic neuron
progenitor ¢ il@?nd %%dhut ) Bifferentiate from the ES cells by not only the SDIA method but also by the
5-stage method, and is useful as a marker for cell separation. 35 [Example 8] Differentiation and
maturation i§Nitbo of Li-exprédsing cells separated by 51 antibodies The present inventors
examined whtther 23041824 protein-positive cells separated using anti-Lrp4 antibody differentiate
into dopaminergic neurons in vitro. The cell population comprising the dopaminergic neuron progenitor
cells inducedteysS diffeggntigigdpom ES cells in vitro using the 5-stage method was. stained using
anti-Lrp4 arg]lgpﬁy %éhﬂ)_rggthod described in Example 4. The Lrp4-positive cells were then
separated

160> 30

170>  Patantin version 3.1

210> 1

£211> 4864

<212> DNA

<213> Mus musculus

400> 1
ctagtocces gecagecget cooicactee itztgecttise cetogeagee gotggcagio &4

atpgpeagrs thtootteap cpttogerte agotengipe ppapageceg cigototipt 120
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using a cell sorter. The separated cells were seeded on a glass slide coated with poly-L- ornithine
(Sigma, 0.002% in PBS) and fibronectin (Sigma, 5 ug/mL in PBS), and incubated in N2 (Invitrogen,
IX), ascorbic acid (Sigma, 200 4M), and BDNF (R&D Systems, 20 10 ng/mL)/DMEM/F12 at 370C for 7
days. The cultured cells were fixed in 2% PFA and 0.15% picric acid/PBS-at 4C for 20 minutes, and
washed twice with PBS at 40C for 10 minutes. Permeabilization with 0.3% Triton X-100/PBS was
performed at room temperature for 30 minutes, apgsbplocking with 10% normal donkey serum and 10%
normal goat serum/Block Ace was performed at room temperature for 20 minutes. Then, the cells
were reacted with anti 15 TH antibody (Chemicon, 0.4 g/mL, 10% normal donkey serum, 10% normal
goat serum, 2.5% Block Ace, 0.1% Triton X-1 OOIPBS) or anti-MAP2 antibody (Sigma, 1/200 ascites,
0,5 g/mL, 10% normal donkey serum, 10% normal goat serum, 2.5% Block Ace, and 0.1 % Triton
X-100/PBS) at room temperature for one hour, and subse gt a rnight»On the next day,
the cells werERWSSHERd F?ﬁ% l?"scvvlg‘) %%6? og'r?ﬁgmr% @%88?@5%% Zﬁogﬁizg(t)%%nper%%re for 10 minutes,
and reacted with the FITC-labeled anti-mouse IgG antibody or the Cy3-labeled anti-rabbit IgG

antibody (botizdromizlacketnaths iy autsct Ove rnsTEcish Ry A AgE 2AT9 #dfimal §t serum, 2.5%
Block Ace, and 0.1% Triton X-100/PBS) at room temperature for 30 minutes. Subsequently, the cells
were washed sz tasctitessabmue, thenstivas rettnigtRBSeatssan entpetatare 18#% minutes, and
sealed for observation. 25 Culturing the separated Lrp4-positive cells in vitro induced many TH

protein-posiyg, doRa ELGIR NRUIAASEid: LTGkTo eliguiinasonagled Ihastopd-posiive cells
e o-Sla

induced byt ge method are dopaminergic neuron progenitor cells, and can mature in vitro,
The Lrp4 was expressed in the dopaminergic neuronté%ro enitor cells indu%%g by fwo different
differentiatioFFREFRSES CSTITRTFRSITSREAPRPEE AERFE Y 1}18%3?‘%5%0%03%#&@0 neuron 30 progenitor
cells induced by either method could be separated using the anti-Lrp4 antibody. Accordingly, it
appeared thadggtadsis:eisefiukassarnasket dortdopagsiretgit rraakirk progeares cell&Berived from any
cell soiree. The 5-stage method is capable of inducing differentiation of dopaminergic neuron

progenitor Ce%!ia‘é‘gétagga% contagh.with animal-derived cells And. Gompenenteaand exgected to be applied
u

clinically. Lrp4 s usetul as a cell separation marker 35 in the methods, and thus appeared to be most

likely applied to transplant therapy for neurodegenerative diseases inclqtld"L_ng Parlgﬂ?on's disease.
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stegootton ctgagtengt tgttgatggé gatpacaggs ateggtottet accoctgtaga 800
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tzgocesatt cootoagatse ctoteazttt agggaccaca cteagaciaa cagcagigto 1026
agaaagaget gettotoact gomgeaggea opiggmasge aafcactoly TECAEERELC 1080
gagapcttoe tetetaccag ogggetotas gtoccoaags agorgeagty tamoggotat 1140

aatractgty atgacteeag cgacgagsog catigesact gcagcaagga totgtttcas 1200

tztggcacag goaagtgoot ccactacage ctettglsts atgggtacga tesotgteze 1280
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52 [Example 9] Elimination of undifferentiated ES cells by separating dopaminergic neuron progenitor
cells using anti-L.rp4 antibody When ES cell-derived transplant cells are prepared, it is most important
in terms of 5 safety to eliminate the undifferentiated ES cells that result in teratoma. Since L.rp4 is not
expressed in undifferentiated ES cells (Example 3), separation using Lrp4 as a marker is expected to
eliminate undifferentiated ES cells. To confirm this hypothesis, the present inventors used RT-PCR to
examine the expression of ERas (Nature, 423(6939%541-5 (2003)) and Nanog (Cell, 113(5):631-42
(2003)), which are ES cell-specific genes, to investigate 10 whether undifferentiated ES cells were
contained in cells separated using anti-Lrp4 antibody from cells induced to differentiate from ES cells
in vitro using the SDLA method. First, using the method described in Example 5, Lrp4-positive and
-negative cells were separated by a cell sorter from a cell population comprising dopaminergic neuron

progenitor celiadugectia difisrentiale om o eksln vigauaiag Yiscehisd motd. Total 15 RNA

was collecte |mme ate y after separation, and the cDNA to be amplified was prepared. PCR was
performed using cDNAs corresponding to 4 ng, 0.4 ng, and 0.04 ng as tem atee the following
reaction syst&#fitearoR'e ragraepte gé"‘??ﬁmcdl\???’g@%"ﬁ” ?5%%55?1 0858 160 JaM primers 0.1 N.L.
each cDNA 1 JAL Distilled water 6.95i L 25 PCR was carried out under conditions of 94C for 2

minutes, 26 ayglasdiet adrapzNastintorz3tetyni¢ssf o ERasainddytarotycof 348 for 30 seconds,
65C for 30 seconds, and 72C for 2 minutes, and finally 72C for 2 minutes. The sequences of the

primers used are shown escribeskin Example 5). 30
P Rne ToCT R RS QHE%%FS% SN%%(E‘] watad

TCYGACCAI&E%%%L% ACTGSTSCASEQIRNE Bhossete ccnctonton 1740

cttttoootyg coettetaca maceaactpt tacaaatace toatetttit cgettgeace 1800
attttgettc ceaagtgtge teteastacs ggacaacges tococgootig cagactecte 1860

tptzagenct ccasagegeg cigtoagtot ghiotzsgaa togtiggcct goagiggect 1920

gaagacaccy actgoaatoa atttocagag gaaagtiosg acaatcasac ttgootooty 1980
cocaateasg atgtggangs mtgotctocg agteactica aatgocgetc ggfacgatge 2040
gtictzeget ccapgasats tgacgeccag gotgactizig acgacgacag tfasgaggay 2100

aactetegtt gtasagagag sgotottteg geatgtocat tiaatazges atgiolgasg 2160

catacattas tetgopaigr gtttseagat tgtcoagacs gtatsgatga aasgasctge 2220
teattttgee sagacaatga getgeaatet gocaaccaig agtgtetgoc goptgacott 2280
tggigcgacg patoestopa ctgotoagac agttoteaty aatzgggoly tgtgacocts 2340
tetaasaatg ggasctoote ctcattgctg actgttonca aatotgoaar ggaacaccas 2400
gtrtetzoty acgzotagog ggagacgite agicagetgy cotzsasgea gatgggiita 2460

gragaacegt cigteaccan gelgatoocs gRacapEauy gecagoagty guteaggity 2020



Nanog: TCCAGCAGATGCAAGAACTCTCCTCC (SEQ ID NO: 29)/
TTATGGAGCGGAGCAGCATTCCAAGG (SEQ ID NO: 30) 35 As a result, ERas and Nanog, which
are expressed specifically in ES cells, were not expressed in the Lrp4-positive cell population; on the
other hand, ERas and Nanog expressions 53 were detected in.the Lrp4-negative cell population (Fig.
18), Accordingly, it was revealed that undifferentiated ES cells contained in the cells induced to
differentiate by the SDIA method could be eliminafediby cell separation using Lrp4. 5 Industrial
Applicability The present invention identified Lrp4 as a gene expressed specifically and transiently in
dopaminergic neuron proliferative progenitor cells. As a result of examining Lrp4 expression in more
detall, it was confirmed that Lrp4 mRNA and the Lrp4 protein were expressed specifically in
dopaminergic neuron proliferative progenitor cells and in 10 dopaminergic neuron progenitor cells,
including Ce”%@ﬁ@&&%@@&%&%&@?'& Sxitadaspestvalncihus: byt ssine.4be exqacession of Lrp4d
MRNA or an Lrp4 polypeptide in the cells as an index, it became possible in terms of safety, survival
rate, and network formation to select dopaminergic neuron Iinee%/%ﬁe] %ells suitablezfégirotransplant therapy

for neurodegdPRiERATaE ERTASRE R ERTETATF PR AGRRSHE 8 8B5S *Wheh®i55 CEfis afe obtained using
Lrp4 as a marker, 15 as in the present invention, the cells can be easily differentiated into a suitable

state in vitro @vgenshentheshenanareseires pratteaslsiMurisoeteiopaiatergl€heuron progenitor
cells obtained by the methods of the present invention can also be used to isolate genes specifically

expressed in these cegIJEs.gg'mﬂgs%g ﬂ%@i@c@”%&@éﬁ%ﬁe%ﬁﬁé@@%@ﬂiﬁﬁ phaemaceuticals for
as Parkinson's

[Ha 25 5 Z - . . .
neurodegeneraﬁv% diéeases suc isease. Since 20 dapaminergic neuron proliferative
progenitor cells obtained using Lrp4 nRNA as a marker are involved in ea%%/

f tion, th
are useful in SRAGRRAMEY BIELABHRASHARTARGFARD-EAFOEERY RERREAD SO STTEHT L etors

Img various factors
involved in the maturation process. Elucidation of these factors is expected to contribute greatly to the

treatment of pgsrRdeperetativedisaasescioreovagamakaerrdicet threseccels catPbe used as an
index for 25 screening substances that may regulate (inhibit or promote) the maturation process, 54
tttotesaga coatcelgot acatoccopt tacagtegag cagiggtaga ctatgatate 2940

agogtggteg agotzagega tpatatoast gagacaagel scgtoagace tgtotgocta 3000
cecagtoogg aggagtstet sgaaccagat acgtactget acatcacagg ctggggocac 3060
atgrocaata asatgccctt taagctgoag gagegagagd toepeattat coctotpese 3120
cagtgosagt cotettitgs catgeagace atoacoaato gratgatets tgotggetst 3160
gagtotzgea cogtegacte ctgoategga gacagogets Egociclggl Tigigaacga 3240
ccogpgaggac agteencatt attizetita sclicatgge gctoogtety ottitcsaazs 3300
gttotgeens otggagtyta cagsastgty tettacitig tEEgotEzat tgasagacaz 3360
atatatatoc agacetiiet scaassgasa tocoseggat aatcagagac ttigtegeea 3420
ascotacaty gagaptgase cigtgasaca gaageiigic ctgccaagag ctgtacgaas 3480
mggegtttea cgoacaggac gotoascatg caccgraaga tototoetet ttgtgotaga 3b40

tgpagttttac tozggottia atotctttea acattateat tiattaattt catgaatost 3600



CLAIMS 1. A method for selecting a dopaminergic neuron proliferative progenitor cell, wherein the
method comprises the step of contacting a polynucleotide probe with a cell sample thought to
comprise a dopaminergic neuron proliferative progenitor cell, wherein the polynucleotide probe
comprises a sequence selected from the following nucleotide sequences (1) to (5): (1) a nucleotide
sequence complementary to a nucleotide sequence of SEQ ID NO: 1 or 2; (2) a nucleotide sequence
complementary to a nucleotide sequence encodingﬁm amino acid sequence of SEQ ID NO: 3 or 4; (3)
a nucleotide sequence complementary to a nucleotide sequence encoding a sequence lacking a
transmembrane domain in an amino acid sequence of SEQ ID NO: 3 or 4; (4) a nucleotide sequence
that hybridizes under stringent conditions with a polynucleotide consisting of a nucleotide sequence of
SEQ ID NO: 1 or 2; and (5) a nucleotide sequence comprising at least 15 contiguous nucleotides
selected from sequences of (1) to (4). 2. A method for selecting a doﬂpgmingrgicg&ggron lineage cell,
wherein the FHERRIGZEBApAEER MRS G (ff)tgﬁgﬁﬁ@%%‘pg‘éﬁ Erdic hguron proliferative
progenitor cell using the method of claim 1 for selecting the dopaminergic neuron proliferative
progenitor celkdR:crbiingdha sy eiferative-progenitar ceherigdridatrsteptet); ad{3) screening the
cells cultured in step (2) by using a marker for a postmitotic dopaminergic neuron. 3. A method for

isolating a dopami eam%icagteﬂ%??agrggggmé% Mg&%@&cﬂ%&g&c&mﬁw agene specific for each
ife

maturation stage?rom he proliferative progenitor cell to a dopaminergic neuron, wherein the method

comprises the step of delesina and solrig ene. sheclicall sraiessddn 2 dapaminergic neuron

proliferative p?%agge W is'selec e method of claim 1, or a cell which is

differentiated, induced, or proliferated from the proliferative progenitor cell isolated from the animal or
human body.B8gaaagos angagaatat atatgotitt attatitact stactc tot seataacttg 3800

asgaaatoat gaaagacaga gasaggacoc acagtgttga totagacagt tgmragtigna 3980
agastgtaas attotctage casccasact ascactotzs agtaagtaga sttctatect 4020
tietatatts sssttaaget tssastotce accagatiis +reoogttac teggaatttt 4080
cggaptatet orottagate actgﬁgaigﬁ sassagesag ghoastcstt gaggeaztza 4140
+itghttget tatgtgsgaa tgastaagas totticestl cogosaaaca cacagattaas 4200
saagpagana asupatteas taacattooa cacceamsita atictgsaas ttagtotget 4260
fgrattease cassacagas angttacaga astatatite assgigcags aasatgtige 4320
atggagtats temcatttie castticccc cteatgatgt etascatoce etattpccat 4380
+tgoctoatt gataattasa sctzaattilt asgegatgolt tiasgeacts grecacttts 4440
tggeaatoas ttoccaaage mattagtest tacaagtatt ftttcccact araapgtttc 4500
aaaacacasa oottoatact asstteatta gocagacaty ssctatgtaa cmtgeasatg 4560
acttttteas casgtesgat goactgttas acttcaccag caaccaaadt gooteagtat 4620
tgottacazeg gactacctge aatttiatat gtgtatitis tacteftitt ciagatagtt  AGEO



4. A method of screening for a compound which regulates proliferation and/or differentiation of a
dopaminergic neuron lineage cell using maturation as an index, wherein the method comprises the
steps of: contacting a test substance with a dopaminergic neuron proliferative progenitor cell, which is
selected by the method of claim 1, or a cell which is differentiated, induced, or proliferated from the
proliferative progenitor cell isolated from the animal or human body; and detecting a change of the
proliferative progenitor cell or the progenitor cell ggused by the contact. 5. An antibody against a
polypeptide selected from the following (1) to (6), which is produced by the hybridoma FERM
BP-10315 or FERM BP-10316. (1) a polypeptide encoded by a polynucleotide consisting of a
nucleotide sequence of SEQ ID NO: | or 2; (2) a polypeptide comprising an amino acid sequence of
SEQ ID NO: 3 or 4; (3) a polypeptide comprising an amino acid sequence lacking a transmemhrane
domain in ap, amino acid seguence, of-SEQ DNk ordokdianobmenide:conmising an amino acid
sequence with a 5eﬁetlon, Insertion, substitution, or addition of one or more amino acids in an amino

acid sequence of SEQ ID NO: 3 or4; (5) a polygeptide encoded by %%g gucle%&(ae that hybridizes
under stringétEGeArACHS A% SRR EATHD AL PR (TG SF A Lb JO¥TCE Complementary to a

nucleotide sequence of SEQ ID NO : 1 or 2; and, (6) a polypeptide that is a fragment of a polypeptide
of (1) to (5) Gamptisipg aédeasteigbitaming anicsesidtasebeRaretittiisrdeled#fy a dopaminergic
neuron progenitor cell, wherein the method comprises the step of contacting the antibody of claim 5
with a cell sam le' isolated from the animal or human body thought to comprise gglppaminergic
neuron progeﬁ r cell. 7. A method for selecting a dopaminergic neuron lineage cell, wherein the
method comprises the steps of: (1) selecting a dopaminergic neuron proliferative progenitor cell using
the method of claim 6; 56 (2) culturing the progenitor cell selected in step (1); and
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(3) screening the progenitor cells cultured in step (2) by using a marker for a postmitotic dopaminergic
neuron. 8. A method for isolating a dopaminergic neuron progenitor cell-specific gene and a gene
specific for each maturation stage from the progenitor cell to a dopaminergic neuron, wherein the
method comprises the step of detecting and isolating a gene specifically expressed in a dopaminergic
neuron progenitor cell, which is selected by the method of claim 6 or a cell which is differentiated,
induced, or proliferated from the progenitor cell isol Eed from the animal or human body. 9. A method
of screening for a compound which regulates proli? ftion and/or differentiation of a dopaminergic
neuron lineage cell using maturation as an index, wherein the method comprises the steps of.
contacting a test substance with a dopaminergic neuron progenitor cell, which is selected by the

method of claim 6, or a cell which is differentiated, induc%d, or gé‘?lifgraat‘ggagq:om the, progenitor cell
isolated fromelisesar#aEEIchErRLh BOMEAH YEESRARRR A HTTSrantiated of proliferated progenitor cell

caused by the contact. 10. A kit for treating Parkinson's disease, which comprises a dopaminergic
neuron prolifagativesprogarieneelashictyis setegtetday atmoneitiodestelasie 1, o/ 2 dopaminergic
neuron progenitor cell, which is selected by the method of claim 6. 11. A use of a dopaminergic

neuron prolifer ti‘\:/ag: ﬁr%)%egliatﬁ I %%I,G\Q/J{ig%%gsgé%g&%gﬁy thesnathed: Qfekaive1, orgpdopaminergic
, WRIC '

neuron progegﬁ'i rce Is selected by the method of claim 6, for producing a kit for treating

Parkinson's dislg%sg. f’l.gzbé@;&@&d{gggggﬁti@&gﬁl@@g&%@&@a@mﬁgﬁﬁeurmproliferative

progenitor ce?l? Whic comprises the step of contacting a cell sample comprising the dopaminergic

neuron proliferative progenitor cell with a second 1]:ool nu.(i_!eotide Whﬁ%&é@g{&dize%‘hﬂder stringent
conditions witkERERETORHHEIEHH XSRS AR B B Fthe nticieotide sequence of SEQ ID

NO: | or 2; (2) a nucleotide sequence consisting of a polynucleotide encoding a polypeptide consisting
of the amino @it segHeneeaESE QallRal@un mrdBicy Jaaeciabtrde sééi€nce sisting of a
polynucleotide encoding a polypeptide consisting of an amino acid sequence which lacks a

transmembrane region i {he Ao, Cick SRR Mbes otgtecagas ascagcasts 1020

zagagasotig tragaatacd EERAgCGCGS aatgtecett gzacoagttec cigtgtizza 1080
atggoogetg cattegegcag aggaagotst geazcgeget cascgactet getgacaaca 1140
gpogacaanag cotacapcag aatigoccgec coCEEacERR teagpegaac tEocastgita 1200
acaacestgg ctotEcccag aagtgccaga tggtgcesgE ggoagteoay trtacetoos 1260
soagagects ccggctcaéa gaggatagse scacgigooa agatptgaat esatgtgceg 1320

aggagsggia ttgcagocag ZEstgcacca acagogaags ggotttocaa tzotgetgte 1380

azacagecta tZasctacsy COCEAcCEEC geagstgcosa peototgreg coagégcotg 1440
tgotgotett cgocmatoge stogacatec gpcagetget gocacaccgs totgagiaca 1500
castoctgot tascaaccts gagaatgoca trgocotiga tiTooscoad GEOCEOEARD 1560
ttgtottete gtcagatgto accotggace geatostocy tocoascotc aacggeagea 1620

acetzesgea gottgtptot actgggotag agagoocagy gegectgget gtegattger 1880



SEQ ID NO: 3 or 4; and (4) a nucleotide sequence consisting of a polynucleotide which hybridizes with
a polynucleotide consisting of the nucleotide sequence of SEQ ID NO: | or 2 under stringent
conditions. 13. The method of claim 12, wherein the second polynucleotide comprises at least 15
nucleotides. 14. A method for producing a postmitotic dopaminergic neuron precursor cell, wherein the
method comprises the steps of: (1) selecting a dopaminergic neuron proliferative progenitor cell by the
method of claim 12 or 13; (2) culturing the cell seh?: d in step (1); and (3) selecting the postmitotic
dopaminergic neuron precursor cell from the cells Lf’l ured in step (2). 58 15. A method for producing
a dopaminergic neuron, wherein the method comprises the steps of: (1) selecting a dopaminergic
neuron proliferative progenitor cell by the method of claim 12 or 13; and (2) culturing the cell selected

in step (1). 16. The method of claim 15, further comprisin fa(3)Lselectingya dopaminergic
neuron from thE EEAREL BRI ERF A BSSEE5°18 BRaMaton c?rJc 21%%5??1%%‘6? selé%ting a dopaminergic

neuron progenitor cell, which comprises the step of contacting a cell sample comprising the
dopaminergietmesronprogenitstzctikoighean mb‘%ﬁ%vﬁﬁqécﬁ%ﬁaaﬁ?&‘ﬁﬁlypéﬁfﬂje consisting of
the amino acid sequence of any one of: (1) the amino acid sequence of SEQ ID NO: 3 or 4; (2) an
amino acid segueneaivhickeiteks atroatsoze mbear e es ot AEAL 858 setif@nce of SEQ ID
NO: 3 or 4, (3) an amino acid sequence mutated by one or more amino acid deletions, substitutions, or

additions, or &'}Xé@%@;@@Qémétﬁﬂﬁéﬂc%aa@&m&g&%%@ftﬁgﬁd@wOi@m 4; and

atggoctcas catogactat googggoscs gratgiacte getegatest aagoaccatg 1880
toatcgagag grocastets Eatgggagic accplasgEe tgtoatiage caggtsttig 2046
aﬁgacsgccﬁ tactggaca gactgroaca ccasgagest caatageget gacaaattta 2100
cezegaagan coaggaaate attegoaaca macteoastt ceotatggac atooacacct 2160
tgoacoccoa gogocaacct gongggasaa accgctgtgg'ggacaacaac gpagpotgea 2220
czoacetptg totgoccagt geecageact acacctgige ctgoccoact grottoogona 2280
apatoageag ceacgectot geccagagte ttgacasett cotgetitit gocceangea 2340
tggacateey togastcage trtgacacag aggacotgre tgatgatgre atosoactge 2400
cteacgtecs cagtgoigte gocettgact gggacteoccg ggatzaccac grotactgge 2480
cagatgtcas osctgatacs stoagoageg cczagtssza tggaacagga cagoagpigf 2520
tagtggatac cagtttgeag egoccagete gootggocat tgatiggatc accaacasac 2580
+rtacignac agatgcaget acagaccgga tigaagtagc caacacaget ggoageatgs 20640
gascagtact catctgegag saccitgatc gioctoggea catopteety gaacocatge 2700
sogggtacat grattggact gactgsgetg cgagocecaa gatigsacga gotggoatggy 2760



(4) an amino acid sequence consisting of a polypeptide encoded by a polynucleotide which hybridizes
under stringent conditions with a polynucleotide consisting of a nucleotide sequence complementary to
a nucleotide sequence of SEQ ID NO: | or 2, or a partial sequence thereof. 18. The method of claim
17, wherein the polypeptide comprising the partial sequence comprises at least six consecutive amino
acid residues. 19. A reagent for discriminating a dopaminergic neuron progenitor cell, which comprises
an antibody as an active ingredient which is bount_g/;zq a polypeptide consisting of the amino acid
sequence of any one of 59 (1) the amino acid sequence of SEQ ID NO: 3 or 4; (2) an amino acid
sequence which lacks a transmembrane region in the amino acid sequence of SEQ ID NO: 3or 4; (3)
an amino acid sequence mutated by one or more amino acid deletions, substitutions, or additions, or
any combinafion thereof.inthe-aming, agicksedupnag.of Sk Qeandyand 262) an amino acid
sequence consisting of a polypeptide encoded by a polynucleotide which hybridizes under stringent

conditions with a polynucleotide consisting of a nucleotide sequence, entary to a nucleotide
sequence of BEADLABER GtoPRaEest (ﬁiétﬁ‘é?gﬁﬁ SERAGRRAY tﬁ%c%ggﬁaﬁﬁ.?ﬁ%%%é:m of claim 19, wherein

the polypeptide consisting of the partial sequence comprises at least six consecutive amino acid
residues. 21 Thadeagenkofaiein @ mbareikstitzanih oeREM (Hasd eedtiy the HAfidoma FERM BP-
10315 or FERM BP-10316. 22. An antibody produced by the hybridoma FERM BP-10315 or FERM
BP- 10316. 23 A method for.praduciog a Aqpaninesoie ReslsR-peokissadivegarogsodor cell, wherein

the method comprises the steps of., (1) selecting a dopaminergic neuron progenitor cell by the
method of claim 1.7 or 18; and (2) removing

aéoostmitotic d(y}a iner i%Gn%ggon Rygeursor cell to
select the doBREFHRRSHCCTERBIFpITINEASHISE BRETEHIRG? CafEsa° e%ﬁo& or producing a postmitotic
‘dopaminergic neuron precursor cell, wherein the

& +gzacatoca tototiccac cgoczocgge coscagigte tacasestelt golatgmaga 3120

ategoggets tageeacotg totettaggt ccocsastco aapcggstte agotgtacet 3180

poocoacage catcaaccts otgtotgaty goaagaccty ctoaccaggo ztgaacagtt 3240
toctostott ceccaggagy atagacatte goatggtete cotggacate sottatttig 3300

cteatgtget gotaccasts aacatiscca tgaagascac cattzccatt goagtagacs 3360
socaggasgy asagetgiac tgstotgaca goacscigea capgatoagt cgptaccaste 3420

tezpatggote scagoatgag gacatostos coacagggel acagacoaca goatpegotcg 3480

cesttgatge cattggocey aaastatact gracagacac £LEaacesac cegattegaag 3540

tgggcancel ggacgggtcc atecgeenay tottegtete goaganccti gacagioood 3600
eezooategt actetaccat gagatggeet ttatziacty gacagacigy pEpeagaats 3660
pogagiiags popptoogga afseaiggct CRAEACCEOEC gotectoate aacaacaacs 3720
taggatgecs caatggactg actgtgeaca asggccagetio coasctgots teggecgatg 3780

cosasaceps rogasttgar gotgotgace tzaatggtsc castoggeat acattggbyt 3840



method comprises the steps of: (1) selecting a dopaminergic neuron progenitor cell by the method of
claim 17 or 18; and (2) culturing the cell selected in step (1). 25. The method of claim 24, further
comprising the step of (3) selecting a postmitotic dopaminergic neuron precursor cell from the cells
cultured in step (2). 26. A method for producing a dopaminergic neuron, wherein the method
comprises the steps of: (1) selecting a dopaminergic neuron progenitor cell by the method of claim 17
or 18; and 60 (2) culturing the cell selected in stef®(%). 27. The method of claim 26, further comprising
the step of: (3) selecting a dopaminergic neuron from the cells cultured in step (2). 61 ABSTRACT
The present invention relates to polynucleotide probes and antibodies for detecting Lrp4/Corin
dopaminergic neuron progenitor cell markers, which enable the efficienttS seﬁpar%& n of dopambaergic
Neuron progeaRREEEIRs Zaav e SaRCTERI SRR T OPOREATIOC CEfeD¥ The use thereof. 1/41
SEQUENCE LISTING <110> EISAI CO., LTD. <120> Lro4/CORIN DOPAMINE-PRODUCING
NEURON PREGLRSEO Bafobrick Y ARSERcs 1402 RETI IRQ5O18458 adidt 42008287 -22 <150> JP
2004-213743 <151> 2004-07-22 <150> JP 2004-315060 <151>2004-10-29 <160> 30

gotocascct gocaggocte atggacatye aggetgtgga cogggoacng ceactaggtt 4020
ttaacaagty cgcotogaga aategogeet goteccacet otgottgect cggocticts 4080
gottotootg treotgooos acteseatce agetgaagug agaigggang ascotgteate 4140
cototootge gacotasctg ctotiotcoca gocgtggetc catoeggost atotoaotgy 4200
aceccagtga oocacaccgat gtezeatgice cigttootga gotcaacaat gtoatotoce 4260
tpeactatga cagogtgeat cgamaggtet attacacags tgrgtlecty gatpitaton 4320
googagonga cotgeacgps ageascalsg agacagtgat CRESCLACER ctzaasgecca 4380
ctgacgeget Eeoagtggac teeztggeca ggamccigta ctggacagac acaggicgaa 4440
atacoattga ggoptocage ctegatgett cotgocgeas agtectgate aacaatagec 4500
tggategagoc cogegccatt gotgtittes ccaggaaggs gtacctette tggacagact 4560
gasgocacat fgocasgate gaacgggeas acttgpator tieigagegg aaggicoica 4820
toaacacage sctEgettpg cocaatgges tiaccoipea ctatgatace cgcacgegatet 4680
acteggtgea teogeatots paceggatog agagtgeige cotoaatzZgg azactgcgec 4740
arrtottpet cagccatgts tocoscccct ttgccotoac acagcaagac ageteratot 4800
actegacaga otggosgacs aagtcazfce agogbgtiza caaatactos gEcoggeaca 4860
aggagscagt gotegeaaat ghEgaaggac tcatggatat catogtegtt tococotoage 4920



<170> Patentln version 3.1 <210> 1 <211> 4864 <212> DNA <213> Mus musculus <400> 1

ctagtcccca ggcagacggt ccctcactee tgtggettgg cgtcggagac getggcagte 60 atgggcaggg tttecttcag
cgttcgggtc agctccgtge ggagageccg ctgetettgt 120 cttgggegat getacctcte ctgcagagte cctctaacca

cegecotceg tgcactgaao ISO ggtcttggct gcgcgggggat tccgggggag actgcaggtg gagecgtcgg acccggecce
240 ttggggaccc gtggcttcct ctccgggtee aagttccagg ctcccggceag ctggaaggat 300 tgctttggag cccegectge
tccagacgtc ttgagagcag acaggagcgt gggcgagggo 332 4%/41 tgtcctcaga agOtggtgac tgctaacttg
GtgcgGtton tGGtgCtggt getcatoCCC 420 tgcatcté ccctaatcgt gctgctggcec atcctgctgt cctttgtggg
aacattaaaa 480 agggtttatt tcaaatcaaa tgacagtgaa cctttggtca ctgatgggga agctcgagtg 540 cctggtgtta
ttcctgtaaa tacagtttat tatgagaaca Caggggcgcc ctotctg0OCC 600 cccagocagt ccactcCagc ctggacaccg
agagctcctt ctccagagga coagagtcac 660 aggaacacaa gcacotgoat gaacat cacagacagt gtcaaattct
gccctaccac EBOMERHEEGHGGE %ﬁc?éf@ﬁi%&gt@@tggag 8§%§%°3%%%g°§3€‘a8§%ﬁcctf§§g 780 ttcttcacgt
acctccatcg cctcagttgc tatcaacata tcctgctctt cggctgtagc 840 ctcgcecttce ctgagtgegt tgttgatggce
gatgacaggc atggigistaepatttaga IetanttctgizactRRCAset apasg gatieyertctgtféigggaatggt
gaactcatcc 960 tggccggatt ccctcagatg ctctcagtit agggaGCaca Ctgagactaa CagCagtgtC 1020
agaaagagct ggt@tg&%tggg g@&gg%%g@@ggﬁgmgcgg%gmg%é&ﬁ% gagagcttcc tgtgtaccag
cgggctctgc gtc C%aaga agftgcagtg taacggctat 1140 aatgactgtg atgactgtag cgacgaggcg Cattgcaact
gcagcaagga tctgtttcac 1200 tgtgtacca cct ccact t gt tgactgtggg 1260
gaccogagtg €§ Eﬁﬁ%&%@gﬁgﬁtaﬁ %cf%g%g%%%%%aggt%%gt%%%gg%%%%g%g&qggggca ttgcggctga
gtgggtgtgc gatggggacc atgactgtgt ggacaagtct 1380

tepaggaget grasppaaga tgototgaaa gugatgoeag gotgezgecte tpteesogtt K220
congigacge tgticeotost gotecagzeg aaggactica tateagotac gocattggte G280
gactoectoar tattotecte ettttsgtes tgattgeage ttteatgety tacagacasa 5340
saazatcoas grtcactzat cotggaatgs ggascotoac clacagoaad cootootacs B400
gaacatocac acaggaastg magetiteaag castccocaa acosgoecats tacamccage 5480
trtpotatas gasagaggea gegoctgacc ﬂtaaﬁtaaac caapgageag atoasgeteg  BB20
tagagggast ctgeetoots totzgezate mtgoeteagiy geatzacete sagoaasctge  55B0
paspoteacs pEEEggects ctocgesete atgtatgoal gaagacegac aaggtgﬁcca B840
fopaggocag aiatggﬁtcc etgpatgacs cagacacgge goagetgiia coZgasgags 5700

agtotgapte tageagogto catactgcag ccactocaga AAZACEEREC tototgesag  BTG0

acacgegcts gasacatgas cgcaagetot cotoagagag ceaggtctaa 5810

210> 3

<211> 1113

{212> PRT

213> Mus musculus



gatgaggtca actgctcttg tcacagccag ggcctggtgg aatgcacaag tggacagtgc 1440 3/41 atGcectagca
cottocagtg tgatggggac gaagactgta aggatgggag tgacgaggag 1500 aactgcagtg acagtcagac gccatgtcca
gaaggagaac agggatgctt tggoagttcc 1560 tgcgtogaat cctgtgotgg tagctatctg tgtgactcag acagoagoct
gagtaactgc 1620 agtcaatgtg agccoatcac tttggaaoto tgcatgaatt tgctotacaa ccatacacat 1680 tatocaaatt
accttggoca cagaactoaa aaggaagagt ccatoagctg ggagtcatcc 1740 cttttcoctg cccttgtaca aaccaaotgt
tacaaatacc tcatgttttt cgcttgcacc 1800 attttggttc capggigtga tgtgaataca ggacaacgca tcccgcecttg
cagactcctg 1860 tgtgagoact ccaaagagcg ctgtgagtct gttctgggaa tcgttggcect gcagtggcect 1920
gaagacaccg actgcaatca atttccagag gaaagtttag acaatcaaac ttgcctcctg 1980 cccaatgaag atgtggaaga
atgctotoog agtcacttca aatgcogctc gggacgatgc 2040 gttctgggct ccaggagatg tgacgaggag gctgactgtg
acgacgacag [gaggaggag 2100 aactgtggtt gtaaagagag agctcttigg gaatgtcoat ttaataagca atgtotgaag
2160 catacattaa tctgcgatgg gtttccagat tgtccagaca gtatggatga aaaaaactgc 2220 tcattttgcc aagacaatga
gctggaatgt gccaacoatg agtgtgtgoc gogtgacctt 2280, tggt atgggtcga ctgotGagac agttctgatg
aatggggctg tdabtetE3 %Efag}é?aﬁ%é Jghdbkdp c%%%%?g?%éé og%ggatga!a%totgcaaa ggaaoaccac
2400 gtgtgtgttg acggctggeg @gagacgttg agtcagc’t&g cctgcaagca gatdggttta 2460 ggagaaccgt
ctgtgaccaa gctgatocca ggacaggaag gcoagoagtg gotgaggttg 2520 4/41 tacoocaact gggagaatct
caatgggagc acottgcagg agctgctggt atacaggoac 2580 taotgcccaa gcagaagtga gatttccctt otgtgctcca
agcaagactg tgggcﬁ%cg&_ QC%OH%CEQgtgpg%g@qggag&gggag&amgt\gggggt@gga ctagtcgtcc tgggaagtgg
2700 ccgtggoagt gctototgga gagtgaacce agtggacata totgtggctg tgiectoatt 2760 gccaagaagt
gggtootgac agttgoccat tgctttgaag ggagagaaga ogctgatgtt 2820 tggaaagtgg tatttggcat aaacaacctg
gaccatccat caggcttcat goagaccogo 2880 tttgtgaaga ccatootgct acatcccogt taoagtcgag oagtggtaga
ctatgatato 2940 agogtggtgg agctgagcga tgatatcaat gagacaagot aogtcagacc tgtctgccta 3000
cccagtocgg aggagaaittaganacagat degtastgitacatcitagyofggdyscis 3060

35 ‘ 40 45

Gly 6lu Thr Ala Gly Gly Ala Val Gly Pro Gly Pro Ley &y Thr Arg
80 b5 &0

Gly Phe Leu Sar Gly Ser Lys Phe 8in Ala Pro Bly Ser Trp Lvs Asp
i) 70 75 80

Cys Phe Gly Ala Pro Pro Ala Pro Asp Val Lauy Arg Ala Asp Arg Bar
g5 g0 410

Vai Gtﬁ Glu Gly Cys Pro Gin Lys Leu Val Thr Ala Asn Leu Leu Arg
100 108 110

Phe Leu Leu Leu Val Leu lie Pro Cvs ile Gys Ala tey Jle ¥al Leu
115 120 125

{eu Ala ile Leu Leu Ser Phe Val Gly Thr Leu Lys Arg Val Tyr Phe
130 185 140



atgggoaata aaatgocctt taagctgcag gagggagagg toogcattat ooctotggag 3120 cagtgooagt cctattttga
catgaagacc atcaocaatt ggatgatctg tgctggctat 3180 gagtctggca Ccgtggactc Ctgoatggga gacagcggtg
ggootctggt ttgtgaaoga 3240 cccggaggac agtggacatt atttggttta aottcatggg gotccgtctg ottttccaaa 3300
gttctgggac ctggagtgta cagoaatgtg tcttactttg tgggctggat tgaaagaoaa 3360 atatatatcc agaoctttct
Ccaaaagaaa tocoaaggat aatcagagacC tttgtgggga 3420 aaoctacatg gagaatgacc ototgaaaca gaagcttgtc
ctgccaagag otgtacgaao 3480 aggcgttica cggacad§é! getcaacatg oaocgcaaga totctectgt ttgtgctaga
3540 tgagttttac tcaggcttta atctotttca acattatcat ttattaattt catgaatoct 3600 5/41 tttaaaagoa cagagoaaag
taggttttgt tattttgota ggctaaoott gaatgtagtg 3660 tgcaattacc aacccataga gacatttgga gctctagggt
aacaagttat agaaagotoo 3720 ttttattact actacaagac acacacggag atacacgctg actgatctco agtttctgct 3780
taagcccagt ggcttagggg goacatttca gaactgatot tggagactgg ottttaattt 3840 gtagaaagco aagagaatat
atatgctttt attatttact ctactcttot aaataacttg 3900 aagaaatcat gaaagacaga gaaaggaccc acagtgttga
totagacagt tgaa0iigoR.39%00 aaagaltpanalicialate cRacerAdeh aaeanigtyal agtaagtaga attctatcot 4020
tictgtatto aaafiaatit taaaatctco acgggatitg ticccgttac tgggaatttt 4080 cggagtatgt oacttagatg aotgtgatgt
Oaaaagccag gtcaatcott gaggaaataa 4140 ttttattact tatgtgggaa tgaataagaa tctttccatt ccgcaaaaca

cacaaattaa 4200 aaaggagaaa aaaaattaaa taacattcca caoccaatta attctgaaaa ttagtctgot 4260 tgtattcacc
caaaacagaa aagttacaga aatatattto aaagt

ca%o aaaaé%tt !4?5\20 1%trg a tﬂtaa taacattttg oaatttcooo
otcatgatgt ct&ieaitv Hrati§eeh ¥38Ashdor S Whtddfiahs A&tadAtd daygatgctt ttaagcaotg ggecacttta
4440 taggaaataa ttcccaaagc*é%ttagtggt tacaagtatt*ttttcccaot aaaaagt1t 0 4500 aaaacacaaa ccttcataot
aaattaatta gccagacatg aactatgtaa catgcaaatg 4560 cctttttgaa caagtaggat gcactgttae acttcaccag
caaccaaact gcctcagtat 4620 tgcttacagg gactacctgo aattttatat gtgtattttg tactcttttt ctagatagtt 4680 6/41
caaatgcaaa agaftgiiq AnceaOtait sdccatgiigritiacetelt YodMgydat 47dGre Ala

180 185 180

Pro Ser Pro Glu Asp Gin Ser His Arg Asn Thr Ser Thr Gys Met Asn
185 200 205

l1s Thr His Ser Gin Cys Gin lle Leu Pro Tyr His Ser Thr Leu Ala
210 215 220

Pro Leu Leu Pro 1le Val Lys Asn Met Asp Wet Glu Lys Phe Lag Lys
225 230 235 240

Phe Phe Thr Tyr Leu His Arg leu Ser Oys Tyr @ln His lle Leu Leu
245 250 285

Phe Gly Cys Ser Leu Ala Phe Pro CGlu Cys VYal Val Asp 8ly Asp Asp
280 265 270

Arg His Gly Leu Leu Pro Cys Arg Ser Phe Cys Glu Als Ala Lys 8lu
275 280 285



ttgttaoaaa gtgtgtgtag caaatgattg tactgoggtc aggactatat gaaggtttag 4800 gaccatoggg tcggttttgt
tataattgtt ggcacataat taataaaata tttttagcat 4860 tggg 4864 <210> 2 <211> 5810 <212> DNA <213>
Homo sapiens <400> 2 cgggcccagg cgcggtggeg gtggeecgggg ctgoggCgeg 9999909999 cggtogggcec 60
cgggacaccc cctceeggtc ccectggeggg gcagcegtogg ctectggoagce aotggaggeg 120 gcggcggacc gagggcgaot
tgcggggogo gcaggccgcec gtgoaocogg gaogcttcce 180 cctcggggac cctcogeggg cttctcogoc gegecgtecg
gcgggagocg gecgggaccee 240 gggtgagegg Cgcgggesge accatgaggo ggcagtgggyg cgegotgotg
cttggogccc 300 tgetctgcge acaogtacta cctaoctgtt cccctcttga ctttcactgt gaoaatggca 360 agtgoatccg
ccgctootgg gtgtgtgacg gggacaacga ctgtgaggat gactcggatg 420 agoaggactg tcocooocgg gagtgtgagg
aggaogagtt tccctgocag aatggotact 480 gcatcoggag tctgtggcac tgagatggtg acaatgactg tggogaaaac
agogatgagc 540 agtgtgacat gcgcaagtgo tccgacaagg agttccgotg tagtgacgga agctgoattg 600 7/41
ctgagcattg gtaotgcgao ggtgacaccg actgoaaaga tggctccgat gaggagaact 660 gtccctcagce agtgccageg
cocccctgoa acctggagga gttccagtgt gectatggac 720 gctgcatcct cgacatctac caotgcgatg gcgacgatga
ctgtggagac tggiclymedu78e- Agictgudtly dgtgirighetdRigieadtfdgadtieott ccaooagecc tgccgctctg 840
ggoagttoat gtgtg@sagt ggcctgtgea tcafgoagg ctggogetgc@fatggtgaog 900 cggaotgtga tgacoagtct
gatgagcgoa actgcaaaca gttcogctgt caotcaggoo 960 gctgtgtccg cctgtcctgg ogetgtgatg gggaggacga
otgtgcagac aacagcgatg 1020 aagagaactg tgagaataoa ggaagcocco aatgtgoctt ggaocagtto ctgtgttgga
1080 atgggcgctg cattgggcag aggaagctgt gcaac a Cl a 1140 gcgaogaaag
ocoacagoag ’a%ﬂtéEEg%E %@Eg@%?c @éé%a%@%%&%%%%&%gaf%éggé%%iﬁgg ctgtgcccag aagtgccaga
tggtgcggag g@%gtgcag tgtacctgct’'1260

4rz Lys Ser Cys Phe Ser Leu Gin &in Glu His Gly Lve Gln Ser Ley
325 330 335

Cys Gly Gly Gly 8lu Ser Phe Leu Cys Thr Ser Gly Leu Cys Val Pro
340 345 380

Lys Lys Leu GIn Cys Asn @ly Tyr Asn Asp Cys Asp Asp Trp Ser Asp
355 360 365

Glu Ala His Gys Asn Cys 8Ser Lys Asp Leu Phe His Gys Gly Thr Gly
370 375 380

Lys Gys Leu His Tyr Ser Leu leu Cys Asp Gly Tyr Asp Ahsp Cye Gly
385 380 395 400

ksp Pro Ser Asp Glu Bin Asn Cys Asp Cys Asn leu Thr Lys Gilu His
405 410 ' 415

Arg Cvs Gly Asp Gly Arg Cys lle Ala Ala Glu Trp Val Cvs Asp 8ly
420 425 430



acacaggota ccggotcaca gaggatgggo acacgtgoca agatgtgaat gaatgtgcog 1320 aggaggggta ttgoagccag
ggotgcaccaacagcgaagg ggctttccaa tgotggtgtg 1380 aaacaggcta tgaaotacgg cccgaccggo goagctgcaa
ggotctgggg coagagcctg 1440 tgctgcetgtt ogooaatcgc atcgacatcc ggcaggtgct gcoacaccgc tctgagtaca
1500 caotgotgct taaoaacctg gagaatgcca ttgccottga tttccaccac ogccgogago 1560 ttgtcttctg gtoagatgto
accctggacc ggatcotccg tgocaacctc aacggcagoa 1620 acgtggagga ggttgtgtot actgggctgg agagcocagg
gggcctggct gtggattggg 1680 8/41 tccatgaoaa actgastgg accgactoag goacotcgag gattgaggtg
gccaatctgg 1740 atggggcOGa coggaaagtg ttgctgtggce agaaootgga gaagccccgg gooattgect 1800
tgcatcccat ggagggtaoo atttactgga cagaatgtgg caacaGoccc ogtattgagg 1860 cotocagcat ggatggctct.
ggacgccgoa toattgooga taccoatoto ttctggccca 1920 atggectcao catcgactat googggcgoo gtatgtaotg
ggtggatgot aagcaccatg 1980 tcatcgagag ggccaatotg gatgggagto accgtaaggo tgtoattagc caggtgtttg
2040 aagacagoot gtactggaoa gaotggoaoa ccaagagoat caatagogct aacaaattta 2100 oggggaagaa
Gcaggaaato attcgcaaoa aactoaaott ccotatggac atcoacacct 2160 tgoacccoca gogccaacct goagggaaaa
accgotgtgg demaokacemctyydgdoieea 2280 bepatetyed tigdasadtigbvtddhact acatotgtge ctgccecact
ggottcogca 2280 agiagoag ooacgcctgéocoagagto ttgacd4ytt cetgottttt gooogaagga 2340
tggacatccg togaatcago tttgaoaoag aggacotgto tgatgatgto atoocactgg 2400 otgaogtgcg Gagtgctgtg
gcccttgaCt gggaotooog ggatgaocac gtgtaotgga 2460 cagatgtcag oaotgataco atcagoaggg ccaagtggga
tggaaoagga caggaggtgg 2520 tagtggatac catcttggag,agecoago at tgattgggtc aooaacaaac
2580 tgtact§§a gt'dc%@bf’ %ggéﬁgg@ﬁt aﬁgtggg 183%3 (?a%;% égg%c%a%%%;t)ga 2640 gaacagtaot
catctgggag aacottfato gtootcggga cht

gtggtg gaaoccatgg 2700 gogggtacat gtattggact gactggggtg
cgagooocaa gattgaacga gotggoatgg 2760 9/41 atgcctcagg ocgccaagto attatotctt ctastctgao otggoctaat

gggttagcta 2820 ttgattatgg gtoccagcgt ctatactggg ctgacgccgg catgaagaca attgaatttg 2880 ctggactgga
tggoagtaag agganguigs gattgaty coagetcss tagchattiy v$40 Asp Giu Glu
465 474 475 480

Asn Oys Ser Asp Ser Gin Thr Pro Cys Pro Glu Gly Glu 8In Gly Cvys
485 ARG 485

Phe @ly Ser Ser Cys Val Glu Ser Cys Ala Gly Ser Ser Leu Cys Asp
500 505 - 510

Ser Asp Ser Ser Leu Ser Asn Cys Ser Gin Cys Glu Pre Fis Tht Leu
515 B20 g28

Glu Lau Cys Met Asn Leu Leu Tyr Asn His Thr His Tyr Pro Asn Tyr
Bak E35 540

Ley Gly His Arg Thi 8in Lys Glu Ata Ser lie Ser Trp Glu Ser Sar
545 550 555 B8O

Leu Phe Pro Ala Leu Val GIn Thr Asn Cys Tyr Lys Tyr Leu Hat Phe
565 570 575



ggctgaccct ctatggagag ogoatotatt ggactgactg goagaocaag agoatacaga 3000 gogotgaccg gctgacaggg
ctgaagccgg agactotgca ggagaacctg gaaaacctaa 3060 tggaoatcca tgtottccac ogcogooggc cocoagtgto
tacaocatgt gctatggaga 3120 atggcggctg tagccacctg tgtottaggt coooaaatcc aagcggattc agotgtacct
3180. gccccacagg oatcaacctg otgtctgatg gcaagacctg otoaccaggo atgaacagtt 3240 tootcatctt
0gooaggagg atagacatto gcatggtctc cctggacatc cottattttg 3300 otgatgtggt ggtaocaato aaoattacca
tgaagaacac cattgocatt ggagtagacc 3360 cooaggi®d aaaggtgtac tggtotgaca goaoactgoa caggatcagt
cgtgcoaatc 3420 tggatggotc acagoatgag gacatoatca ccacagggot acagaocaca gatgggotcg 3480
cggttgatgc oattggccgg aaagtatact ggaoagacac gggaaosaac cggattgaag 3540 tgggcaacct ggacgggtcc
atgoggaaag tgttggtgtg goagaacctt gacagtoccc 3600 gggooatcgt aotgtaccat gagatggggt ttatgtactg
gaoagactgg ggggagaatg 3860 ooaagttaga goggtccgga atggatggct cagaccgcgc ggtgctcato aaoaacaacc
3720 taggatggoo oaatggaotg aotgtggaca aggocagctc ooaactgcta tgggccgatg 3780 ocoacaccga
gogaattgag g@]t(?gtgaggstgﬁ\.atg,gtg_g‘pqggcgg;%Q(@@ggg;gt@%@nlﬂ{fl]Glgamggtgoa goacocatat
ggcctcacco tgctcgacto ctgggtctac tggactgact g800 ggcagactcg gagicatccac cgtgctgaca agggtactgg
cagcaatgtc atcctcgtga 3960 ggtccaacct gooaggcctc atggacatgo aggctgtgga ccgggoacag ccaotaggtt
4020 ttaacaagtg cggctcgaga aatggcggct gotcccacct ctgcttgoct cggecttctg 4080 gottctcctg tgootgceccce
aotggcatcc agotgaaggg agatgggaag acctgtgatc 4140 cctctcctga gaootacctg atottctcca gcogtggctc
oatccggcegt aigtoaatger4200 maceatiga ceadysciiat HigFmylas ditttdeiybygctcaacaat gtcatotcce 4260
tggaotatga cagogtggabtggaaaggtct attacagmga tgtgttoctg gatdtatca 4320 ggcgagcaga ootgaacggo
agoaacatgg agacagtgat cgggcgaggg ctgaagacca 4380 ctgaogggct ggoagtggac tgggtggcca ggaacctgta
otggacagac acaggtcgaa 4440 ataccattga ggogtocagg otggatggtt cotgccgcaa agtactgatc aacaatagcc

4500 tggatgagcc cogggocatt getgttttco ooaggaa tacctcttc tggacagact 4560 ggggooacat
tgooaagatc géaedgycda aetdat &t’&ﬂédﬂéﬂg%‘é%gfgt RE AN %&a?:%c%sgpa cctgggttgg ccoaatggco
ttaccctgga ctatgai€c cgcaggatct 4688 620

Cys Asn Gin Phe Pro Giu Glu Ser Ser Asp Asn Gin Thr Cvs Leu Len
625 630 635 B0

Pro Asn @lu Asp Val Glu Glu Cys Ser Pro Ser His Phe Lys Oys Arg
G645 650 £55

Ser Gly Arg Cve Val Leu Bly Ser Arg Arg Cys Asp &iy Gin Ala Asp
680 865 670

Gvs hsp Asp Asp Ser Asp Giu Glu Asn Cys Gly Gys Lvs Glu Arg Ala
B75 880 - BB8E

Leu Trp Glu Gys Pro Phe Asn Lys GIn Gws Leu Lys His Thr Leu lle
B20 695 700

Cys hsp Giy Phe Pro Asp Gys Pro Asp Ber Mt Asp Glu Lys Asn Cys
705 710 715 720



aotgggtgga tgcgcatctg gaccggatog agagtgotga cctcaatggg aaactgcggc 4740 aggtottggt cagccatgtg
toccacccct ttgccctcac acagcaagac aggtggatct 4800 actggacaga ctggcagacc aagtcaatcc agcgtgttga
caaatactca ggccggaaca 4860 aggagacagt gctggcaaat gtggaaggac tcatggatat catcgtggtt tcccotcagc
4920 11/41 ggcagacagg gaccaatgcc tgtggtgtga acaatggtgg otgcacccac ctctgctttg 4980 ccagagcoto
ggaottogta tgtgootgtc ctgacgaacc tgatagccgg coctgctcco 5040 ttgtgcctgg octggtacca ccagctocta
gggctaotgg catgagtgaa aagagcccag 5100 tgctacd@aé onoaccacat accaccttgt attottcaac czaeoggacc
cgcaogtcto 5160 tggaggaggt ggaaggaaga tgctctgaaa gggatgocag gctgggcctc tgtgcacgtt 5220
ooaatgacgc tgttcotgot gctccagggg aaggacttca tatcagctac gccattggtg 5280 gactcctoag tattotgotg
attttggtgg tgattgcagc tttgatgctg taoagacaca 5340 aaaaatcoaa gttcaotgat cctggaatgg ggaaoctcac
otaoagcaao cootGotaco 5400 gaacatcoao acaggaagtg aagattgaag caatocccaa acoagccatg
tacaaccago 5460 tgtgctataa gaaagaggga gggcotgaoc ataaotacac oaaggagaag atoaagatcg 5520
tagagggaat clgectcotd IClgagaatd Aeqloagic Aoaldaeceaasaasioceb8R; gaagcetcaog ggggggooto
ctccgggatc atgtatgcat gaagagagac aoggtgtcca 564 tcoaggtcag ctetggctoc ctggatgaoa cagagacgga
goagotgtta caggaagago 5700 agtctgagtg tagcagogtc cataotgoag ccaotccaga aagacgaggc totctgccag
5760 aoacgggotg gaaacatgaa cgcaagotct cotoagagag ocaggtctaa 5810 <210> 3 <211> 1113 <212>
PRT <213> Mus musoulus 12/41 <400> 3 Mat Gly Arg Val Ser Phe Ser Val Arg Val Ser Ser Val Arg

Arg Ala 15 ¥0ol5-ArgrOym Ses Cys Rup Gy egVEly sty EvmSeBersEyiembgrval Pro Pro 20 25 30
140 745 750

Asp Glu Trp Gly Ovs Val Thr Leu Ser Lys han Gly Asn Ser Ber Ser
155 760 765

Leu Leu Thr Val His Lys Ser Ala Lys Giu His His Val Cys Ala Asp
770 775 780

Gly Trp Arg 6lu Thr Leu Ser Gin Leu Ala Oys Lys Gin Met Giy bLeu
785 & 780 795 800

4ly Glu Pro Ser Val Thr Lys Leu lle Pro @ly Gln Glu Gty Gin Gin
BOS 810 815

Trp Leu Are Leu Tyr Pro Asn Trp Glu Asn Leu Asn Gly Ser Thr Leu
820 B25 830

@in Glu Leu Leu Val Tyr Arg His Ser Gys Pro Ser Arg Ser Giu ile
835 BAD 245

Sor Leu Leu Ovs Ser Lys Bin Asp Cvs Gliy Arg Arg Pro Ala Ala Arg
BEO 805 860



Thr Thr Ala Leu Arg Ala Lou Asn Gly Lau Gly Cys Ala Gly Val Pro 35 40 45 Gly Glu Thr Ala Gly Gly
Ala Val Gly Pro Gly Pro Lou Gly Thr Arg 50 55 50 Gly Phe Lou Ser Gly Ser Lys Phe Gin Ala Pro Gly
Ser Trp Lys Asp 65 70 75 80 Cys Phe Giy Ala Pro Pro Ala Pro Asp Val Lou Arg Ala Asp Arg Ser 55
90 95 Val Gly Gtu Gly Cys Pro Gin Lys Lau Val Thr Ala Asn Lou Lou Arg 100 105 110 Phe Lau Lou
Lau Val Lau lie Pro Cys lle Cys Ala Lou lie Val Lou 115120 125 Lau Ala lle Lau Leu Ser Phe Val Gly
Thr Lau Lys Arg Val Tyr Phe 130 125 140 13/41 E%’@er Mn Asp Ser Glu Pro Lau Val Thr Asp Gly Glu
Ala Arg Val 145 150 155 160 Pro Gly Val lle Pro Val Asn Thr Val Tyr Tyr Glu Asn Thr Gly Ala 165
170 175 Pro Ser Lou Pro Pro Ser Gin Ser Thr Pro Ala Trp Thr Pro Arg Ala 180 185 190 Pro Ser Pro
Glu Asp Gin Ser His Arg Asn Thr Ser Thr Cys Met Asn 195 200 205 lle Thr His Ser Gin Cys Gin lle
Lau Pro Tyr His Ser Thr Lau Ala 210 215 220 Pro Lau Lau Pro lle Val Lys Mn Met Asp Met Glu Lys
Phe Lau Lys 225 230 235 240 Pha Phe Thr Tyr Lou His Arg Lou Ser Cys Tyr Gin His lle Lou Leu 245

250 255 Pheletyeys-Betzali AlePRévPity BliE Y5 e ey Asp GK KepTAsp
865 B70 875 880

Pro Trp 4in Cys Ser Leu &in Ser Glu Pro Ser Gly His [ie Gys Gly
B85 BOD ga5

Ovs Val Leu lie Ala Lys Lys Trp Val Leu Thr Val Ata His Cys Phe
800 805 810

Giu Giy Arg Glu Asp Ala Asp Val Trp Lys Vai Val Pha Gly lle Aen
918 820 §25

Amsn Lau Asp Hiz Pro Ber @iy Phe Met Gln Thr Arg Phe Val Lys Thr
830 845 DAl

[le Leu Leu Higz Pro Arg Tyr Ser Arg Als Yal Val Asp Tyr Asp lle
045 850 485 880

Ser Val Val 6ju Leu Ser Asp Asp lle Asn Glu Thr Ser Tyr Val Arg
Q&5 570 975

Fro Val Gys Leu Pro Ser Pro &lu 8lu Tyr Leu Glu Pro Azp Thr Tyr
980 985 - 880

Gys Tyr [le Thr Gly Trp Giy His Met Gly Asn Lys Met Pro Phe Lys
465 1000 1005



260 265 270 Arg His Gly Leu Lau Pro Cys Arg Ser Phe Cys Glu Ala Ala Lys Glu 275 280 285 14/41
Gly Cys Glu Sar Val Lou GIY Met Val Asn Ser Ser Trp Pro Asp Ser 290 295 300 Lou Arg Cys Ser Gin
Phe Arg Asp His Thr Glu Thr Asn Ser Ser Val 305 310 315 320 Arg Lys Ser Cys Phe Ser Lau Gin
Gin Glu His Gly Lys Gin Ser Lau 325 330 335 Cys Gly Gly Gly Glu Ser Phe Lau Cys Thr Ser Gly Lau
Cys Val Pro 340 345 350 Lys Lys Lau Gin Cys Asn Gly Tyr Asn Asp Cys Asp Asp Trp Ser Asp 355
360 365 Glu Ala His Cys Asn Cys Sar Lys Asp Lesi/®he His Cys Gly Thr Gly 370 375 380 Lys Cys
Lau His Tyr Ser Lau Lou Cys Asp Gly Tyr Asp Asp Cys Gly 385 390 395 400 Asp Pro Sar Asp Glu
Gin Asn Cys Asp Cys Asn Lau Thr Lys Glu His 405 410 415 Arg Cys Gly Asp Gly Arg Cys lie Ala Ala
Glu Trp Val Cys Asp Gly 420 425 430 15/41 Asp His Asp Cys Val Asp Lys Ser Asp Glu Val Asn Cys
Ser Cys His 435 440 445 Ser Gin Gly Lau Val Glu Cys Thr Ser Gly Gin Cys lle Pro Ser Thr 450 455

460 Phe Gin Cys Asp Gly Asp Giu Asp Cys Lys Asp Sly Ser Asp Glu Glu 465 470 475 480 Asn Cys
Ser Asp Ser Gin Thr Pro Cys Pro Glu Gly Glu Gin Gly Cys
fey Bln Giu 8lv Glu Val Arg™ (ie He Prg Leu Glu Gin Gys Gln

1010 1016 1020

Ser Tyr Pha Asp Met Lys Thr 1le Thr Asn Arg Met lle Cys Ala
1025 1030 1035

Gly Tyr @&lu Ser Gly Thr Vai Asp Ser Cys Mel Gy Asp Ser Gly
1040 1045 1050

g1y Pro Lau Val Cye 6lu Arg Pro Gly Gly €in Trp Thr Leu Phe
1065 10860 1085

Gly Leu Thr Ser Trp Gly Ser Val Cys Phe Ser Lys Val lLeu &ly
1670 1075 1080

Pro Gly Val Tyr Ser Asn Val 8sar Tyr Phe Val Gly Trp lle Glu
1085 1080 1085

Arg Gin lle Tyr lie Gin Thr Phe Leu Gin Lys Lys Ser Gln Gly
1100 1105 1110

L2100 4

211> 1848

212> PRI

£213» Homo saplens

<400> 4



485 490 495 Phe Gly Ser Ser Cys Val Giu Ser Cys Ala Gly Ser Ser Leu Cys Asp 500 505 510 Ser
Asp Ser Ser Lau Ser Aso Cys Ser Gin Cys Glu Pro lie Thr Leu 515 520 525 Glu Lou Cys Met Mn Lau
Lau Tyr Mn His Thr His Tyr Pro Asn Tyr 530 535 540 Lau Gly His Arg Thr Gin Lys Glu Ala Ser lie Ser
Trp Glu Ser Ser 545 550 555 560 Leu Phe Pro Ala Lau Val Gin Thr Asn Cys Tyr Lys Tyr Lou Met Phe
565 570 575 16/41 Phe Ala Cys Thr lie Lou Val Pro Lys Cys Asp Val Mn Thr Sly Gin 580 585 590 Arg
lie Pro Pro Cys Arg Leu Leu Cys Glu His Ser Lys &lufirg Cys 595 600 605 Glu Ser Val Lou Gly lie
Val Sly Leu Gin Trp Pro Glu Asp Thr Asp 610 615 620 Cys Asn Gin Phe Pro Glu Glu Ser Ser Asp
Asn Gin Thr Cys Lou Lau 625 630 635 640 Pro Asn Giu Asp Val Giu Glu Cys Ser Pro Ser His Phe
Lys Cys Arg 645 650 655 Ser Sly Arg Cys Val Lou Sly Ser Arg Arg Cys Asp Sly Gin Ala Asp 660 665
670 Cys Asp Asp Asp Ser Asp Giu Glu Mn Cys Giy Cys Lys Glu Arg Ala 675 680 685 Lou Trp Glu

Cys Pro Phe famy Y3 Gk CYeb ot e:Hisu Thi i 19 £90:005,106 Gvsude Gly Phe Pro Asp Cys
Pro Asp Ser Met Asp uLy% sn Cys 705 710 415 720 15

His Va! Leu Pro Thr Cvs Ser Pro Leu Asp Phe His Cys Asp Asn Gly
20 pia7 _ 30

Lys Gys Lle Arg Arz Ser Trp Val (Gys Asp Giy Asp Asn Asp Gys Giu
38 &0 45

Asp Asp Ser Asp Glu 8in Asp Cys Pro Pro Arg @lu Uys Glu Glu Asp
50 55 60

Glu Phe Pro Cvs Gin Asn Gly Tyr Gys [le Arg Ser Leu Trp His Cys
85 70 75 BO

Asp Gly Asp Asn Asp Cys Gly Asp Asn Sar Asp Glu Gin Cys Asp Het
85 80 a5

Are Lys Cys Ser Asp Lys Glu Phe Arg Oys Ser Asp Gy Sar Cva 1l
100 108 116

Ala Glu His Trp Tyr Cys Asp Gly Asp Thr Asp Cys Lys Asp Qiy Ser
118 120 125

Asp Giu &lu Asn Cye Pro Ser Als Val Pro Ala Pro Pro Cvs Asn Leu
130 135 140



17/41 Ser Phe Cys Gin Asp Mn Glu Leu Glu Oys Ala Asn His Glu Cys Val 725 730 735 Pro Arg Asp
Leu Trp Cys Asp Gly Trp Val Asp Cys Ser Asp Ser Ser 740 745 750 Asp Glu Trp Gly Cys Val Thr Leu
Ser Lys Asn Gly Asn Ser Ser Ser 755 760 765 Lou Leu Thr Val His Lys Ser Ala Lys Glu His His Val
Cys Ala Asp 77Q 775 780 Gly Trp Arg Glu Thr Leu Ser Gin Lau Ala Cys Lys Gin Met Giy Leu 785
790 795 800 Gly Glu Pro Ser Val Thr Lys Lou lle Pro Gly Gin Glu Gly Gin Gin 805 810 815 Trip Leu
Arg Lou Tyr Pro Asn Trp Glu Asn Lau Asn Giy Seg{lfag Leu 820 825 830 Gin Glu Leu Leu Val Tyr Arg
His Ser Cys Pro Ser Arg Ser Glu He 835 840 845 Ser Lou Lou Cys Ser Lys Gin Asp Cys Gly Arg Arg
Pro Ala Ala Arg 850 855 860 18/41 Met Asn Lys Arg 116 Lou Gly Gly Arg Thr Ser Arg Pro Gly Arg Trp
865 870 875 880 Pro Trp Gin Cys Ser Leu Gin Ser Glu Pro Ser Gly His He Cys Gly 885 890 895 Cya
Val Leu lle Ala Lys Lys Trp Val Leu Thr Val Ala His Cys Phs 900 905 910 Glu G1y Arg Glu Asp Ala

Asp Val Trp E);s Val VaI Phe Glg ?ap‘l‘?;? G%SA%Z%%Z% éD‘EQuLE‘s% Aﬁg ﬂi; }I{Dirso Ser Gly Phe Met Gin Thr
Arg Phe Val Y8 $H 8% 5 160

Cys Asp Gly Asp Asp Asp Cys Giy Asp Trp Ser Asp Glu Ser Asp Cys
185 - 176G 175

Cys Glu Tyr Ser Gly Gin Leu Gly Ala Ser His &In Pro Oys Arg Sar
180 185 150

Gly Giu Pha Met Cys Asp Ser Gly Leu Cys 1le Asn Ala Gly Trp Arg
195 280 205

Cys Asp Gly Asp Ala Asp Cys Asp Asp @ln Ser Asp Glu Arg Asn Gys
210 215 220

Lys @in Phe Arg Cye His Ser Gly Arg Ovs Val Arg Leu Ser Trp Arg
225 230 235 240

Cys Asp Gly Giu Asp Asp Cys Ala Asp Asn Ser Asp Glu Glu Asn Cys
245 250 255

Giu Asr Thr Gly Ser Pro Gin Gys Ala Leu Asp Gin Phe Leu Cys Trp
280 268 276

Asn Gly Arg Cvs lle 8ly Gin Arg Lys Leu Oys Asn Gly Val Asn Asp
278 280 235



lie Leu Leu His Pro Arg Tyr Ser Arg Ala Val Val Asp Tyr Asp lie 945 950 955 960 Ser Val Val Glu Lou
Ser Asp Asp lle Asn Glu Thr Ser Tyr Val Arg 965 970 975 Pro Val Cys Lou Pro Ser Pro Giu Giu Tyr
Lou Glu Pro Asp Thr Tyr 980 985 990 Cys Tyr He Thr Gly Trp Gly His Met Gly Asn Lys Met Pro Phe
Lys 995 1000 1005 19/41 Leu Gin Giu Gly Glu Val Arg He lie Pro Leu Glu Gin Gys Gin 1010 1015

1020 Ser Tyr Phe Asp Met Lys Thr Ile Thr Asn Arg Met lle Cys Ala 1025 1030 1035 Gly Tyr Glu Ser
Giy Thr Val Asp Ser Cys Met Gly Asp Ser Gly 105@4}{)45 1050 Gly Pro Lau Val Cys Giu Arg Fro Gly
Gly Gin Trp Thr Leu Phe 1055 1060 1065 Gly Leu Thr Ser Trp Gly Ser Val Cys Phe Sar Lys Val Leu
Gly 1070 1075 1080 Pro Gly Val Tyr Ser Asn Val Ser Tyr Phe Val Gly Trp lle Glu 1085 1090 1095

Arg Gin lie Tyr lle Gin Thr Phe Leu Gin Lys Lys Ser Gin Giy 1100 1105 1110 <210> 4 <211> 1848

<212> PRT <213> Homo sapiens <400> 4 24/41 Met Arg Arg Gin Trp Sly Ala Lau Lou Leu Gly Ala
Lou Lou Cys Ala

Cys Gly Asp Asn Ser Asp Glu Ser Pro Gin &in Asnh Oys Arg Pro Arg
2480 285 300

Thr Bly Giu &lu Asn Cys Asn Val Asn Asn Gly Giy {vs Ala GIn Lys
305 310 315 320

Gys Gin Met Val Arg Gly Ala Val @in Cys Thr Cvs His The Gly Tyr
325 330 335

Arg Leu Thr Glo Asp Gly His Thr Cys Gin Asp Yal Asn Glu Gvs Ala
340 3458 350

Glu Glu Bly Tyr Cys Ser Gin Gly Oys Thr Asn Ser Glu Gly Ale Phe
355 360 365

Gin Cys Tro Cys Glu Thr Gly Tyr Glu Leu Arg Pro Asp Arg Arg Ser
370 375 380

Cvs Lys Ala Leu Giy Pro Glu Pro Val Leu Leuy Phe Ala Asn Arg llie
385 380 285 ' 400

Asp !le Arg Gln Val Leu Pro His Arg Ser Giu Tyr Thr Leu beu Leu
405 410 415

Asn Asn Leu Glu Asn Alz 1le Ala Lsu Asp Phe His His Arg Arg Glu
470 425 430



15.10 15 His Val Lou Pro Thr On Ser Pro Leu Asp Phe His Cys Asp Ann Gly 20 25 30 Lys On lle
Arg Arg Ser Trp Val On Asp Gly Asp Ann Asp Cys Giu 35 40 45 Asp Asp Ser Asp Glu Gin Asp Cys
Pro Pro Arg Giu Cys Glu Glu Asp 50 55 60 Glu Phe Pro Cys Gin Ann Sly Tyr Cys lle Arg Ser Lou Trp
His Cys 65 70 75 80 Asp Gly Asp Asn Asp On Sty Asp Asn Ser Asp Glu Gin Cys Asp Met 85 94 95
Arg Lys Cys Ser Asp Lys Glu Phe Arg Cys Ser Asp Sly Ser Cys lle 100 105 110 Ala Giu His Trp Tyr
Cys Asp Sly Asp Thr Asp Cys Lys Asp Sly Ser 11?%%/0 125 Asp Glu Giu Asn Cys Pro Ser Ala Val
Pro Ala Pro Pro Cys Asn Lau 130 135 140 21/41 Glu Glu Phs Gin Cys,Als Tyr Gly Arg Cys lle Leu
Asp lle Tyr His 145 150 155 160 Cys Asp Sly Asp Asp Asp Cys Gly Asp Trp Ser Asp Glu Ser Asp On
165 170 175 Cys Glu Tyr Ser Sly Gin Lau Giy Ala Ser His Gin Pro Cys Arg Ser 180 185 190 Gly Glu
Phe Met Cys Asp Ser Gly Lou Cys lle Asn Ala Sly Trp Arg 195 200 205 Cys Asp Sly Asp Ala Asp Cys

Asp Asp Gin SerasGIUArGASKEYSI 210 230 230 Akys Gindher&g Oashlis Ser Gly Arg Cys Val Arg
Leu Ser Trp Arg 2254280 235 240 440 445

Lat Asn @ly Ser Asn Val &iu &lu Val val Ser Thr Gly Leu Giu Ser
450 455 460

Pro Gly Gly Leu Ala Val Asp Trp Val Hiz Asp Lys Leu Tyr Trp Thr
ABS 470 475 ABG

Asp Ser Giy Thr Ser Arg ile Glu Val Ala A=n Leu Asp Giy Ala Hie
485 450 485

Arg Lvs Vai Leu Leu Trp Gin Asn Leu &1u Lys Pro Arg Ala lis Ala
500 505 510

Ley His Pro Met Glu Gly Thr {le Tyr Trp Thr Asp Trp Giy Asn Tar
518 520 525

Bro Arg |le Giu Ala Ser Sar Met Asp &ly Ser &y Arg Arg lle e
530 5358 BAD

Ala Asp Thr His Leu Pne Trp Pro Asn Biy Leu Thr lle Asp Tyr Ala ‘
B4n 550 555 560

Gly Arg Arg Met Tyr Trp Val Asp Ala Lys Hie His Val lle &lu Arg
&b 570 R75



Cys Asp Sly Glu Asp Asp Cys Ala Asp Asn Ser Asp Glu Glu Asn Cys 245 250 255 Glu Asn Thr Sly
Ser Pro Gin On Ala Leu Asp Gin Phe Leu Cys Trp 260 265 270 Asn Sly Arg Cys lle fly Gin Arg Lys
Lau Cys Asn Sly Val Asn Asp 275 280 285 22/41 Cys Gly Asp Asn Ser Asp Glu Ser Pro Gin Gin Asn
Gys Arg Pro Arg 290 295 300 Thr Gly Giu Glu Asn Cys Asn Val Asn Asn Gly Gly Gym Ala Gin Lys
305 310 315 320 Cys Gin Met Val Arg Gly Ala Val Gin Cys Thr Cys His Thr Gly Tyr 325 330 335 Arg
Lau Thr Glu Asp Giy His Thr Gym Gin Asp Val Aspe@li Cys Ala 340 345 350 Giu Giu Giy Tyr Cys Ser
Gin Gly Cys Thr Asn Ser Giu Giy Ala Phe 355 360 365 Gin Cys Trp Cys Glu Thr Gly Tyr Glu Lau Arg
Pro Asp Arg Arg Ser 370 375 380 Cys Lys Ala Lau Gly Pro Glu Pro Val Lou Lau Phe Ala Asn Arg lie
385 390 395 400 Asp He Arg Gin Vat Leu Pro His Arg Ser Glu Tyr Thr Lau Leu Leu 405 410 415 Asn
Asn Lou Giu Asn Ala lie Ala Lou Asp Phe His His Arg Arg Giu 420 425 430 23/41 Lau Val Phe Trp

5er Asp Val The Ly Aspargdie kat Weg iia lAsmiiB8YA140i44%rL B Ash By Ser Asn Val Glu Glu Val
Val 5er Thr Gly Leu Glu gas 450 455 460 585 580

Glu Asp Ser Leu Tyr Trp Thr Asp Trp His Thr Lys Ser lle Asn Ser
£85 800 805

Ala Asn Lys Phe Thr Gly Lys Asn Gin Glu lle 1ls Arg Asm Lys Loy
B0 81b B20

His Pha Pro Met Asp lie His Thr Leu His Pro Gin Arg Gln Pro kia
B25 B30 535 G40

Giy Lys Ash Arg Oys Gly Asp Asn Asn Gly Gly Gys Thr His Leu Cys
645 850 655

Leu Pro Ser Gly &in Asn Tyr Thr Gye Ale Cys Pre Thr @ly Phe Arg
860 , G65 870

Lys 1le Ser Ser His Ala Dvs Als Gin Ser Leu Asp Lys Phe Leu Leu
£75 580 845

Phe Alm Are Arg Met Asp lle Arg Arg |le Ser Pha Asp Thr @lu Asp
890 85 00

ey Ser Asp Asp Val lle Pro Leu Ale Asp Val Arg Ser Alz Val Aiz
705 710 716 720



Pro Gly Gly Leu Ala Val Asp Irp Val His Asp Lys Lau Tyr Trp Thr 465 470 475 480 Asp gar Gly Thr
5er Arg lie Glu Val Ala Asn Lau Asp Gly Ala His 485 4901 495 Arg Lys Val Lau Lau Trp Gin Asn Lau
Giu Lys Pro Arg Ala He Ala 500 $05 510 Lau His Pro Met Glu Gly Thr lie Tyr Trp Thr Asp Trp Gly Asn
Thr 515 520 525 Pro Arg lle Glu Ala 5er Ser Met Asp Gly 5er Gly Arg Arg lle lle 530 535 540 Ala
Asp Thr His Lau Phe Trp Pro Asn Gly Leu Thr He Asp Tyr Ala 545 550 555 560 Gly Arg Arg Met Tyr
Trp Val Asp Ala Lys His His Val lie Stu Arg 565 5'?6@375 24/41 Ala Asn Leu Asp Gly Ser His Arg Lys
Ala Val lie Ser Gin Val Phe 580 585 590 Glu Asp Ser Lou Tyr Trp Thr Asp Trp His Thr Lys Ser lie Ann
Ser 595 600 605 Ala Ann Lys Phe Thr Gly Lys Asn Gin Glu lle lie Arg Mn Lys Leu 610 615 620 His
Phe Pro Met Asp lie His Thr Lau His Pro Gin Arg Gin Pro Ala 625 630 635 640 Giv Lys Ann Arg Cys
Gly Asp Mn Mn Gly Giy Cys Thr His Leu On 645 65;0 655 Lou Pro Ser Gly Gin Ann Tyr Thr Ova Ala
Cys Pro Thr Gly ke /05688000 X6bLys lig e SayHis-AltnDyspA¥aiGier Ser Leu Asp Lys Phe Leu
Leu 675 680 685 Phe Ala AjgsArg Met Asp lla Agg Arg lie Ser Phe As® Thr Glu Asp

Thr Asp Thr tle Ser Arg Ala Lys Trp Asp 8ly Thr @iy §in Glu Val
740 745 750

Val Val Asp Thr Ser Leu Glu Sar Pro Ala 8ly Leu Als lle Asp Trp
755 780 165

Vai Thr Asn Lys Lau Tyr Trp Thr Asp Ala Gly Thr Asp Arg lle Glu
770 178 780

Val Ala Asn Thr Asp Bly Ser Met Arg Thr Val Leu tie Trp Glu Aen
785 790 795 80O

Leu Asp Arg Pro Arg Asp lie Val Val Glu Pro Met Giy Gly Tyr Het
805 810 815

Tyr Trp Thr Asp Trp @ly Ale Ser Pro Lys lie Glu Arg Ala 8ly Net
B20 825 830

Asp Ala Ser Giy Arg Gln Val !le lle Ser Ser Asn Leu Thr Trp Pro
835 840 Ba5

Asn Gly Leu Alz lie Asp Tyr Gly Ser Gin Arg Leu Tyr Trp Ala Asp
850 1 860 ‘



690 695 700 Leu Ser Asp Asp Val lie Pro Leu Ala Asp Val Arg Ser Ala Val Ala 705 710 715 720
25/41 Leu Asp Trp Asp Ser Arg Asp Asp His Val Tyr Trp Thr Asp Val Ser 725 730 735 Thr Asp Thr
Its Ser Arg Ala Lys Trp Asp Gly Thr Gly Gin Glu Val 740 745 750 Val Val Asp Thr Ser Leu Glu Ser
Pro Ala Gly Leu Ala lle Asp Trp 755 760 765 Val Thr Asn Lys Leu Tyr Trp Thr Asp Ala Gly Thr Asp
Arg lie Giu 770 775 780 Val Ala Asn Thr Asp Gly Ser Mat Arg Thr Val Leu tie Trp Glu Asn 785 790
795 800 Leu Asp Arg Pro Arg Asp lie Val Val GlugrexMet Gly Gly Tyr Met 805 810 815 Tyr Trp Thr
Asp Trp Gly Ala Ser Pro Lys lle Giu Arg Ala Gly Met 820 825 830 Asp Ala Ser Gly Are Gin Val lle lie
Ser Ser Asn Leu Thr Trp Pro 835 840 945 Asn Gly Leu Ala He Asp Tyr lily Ser Gin Arg Lou Tyr Trp
Ala Asp 850 855 860 26141 Ala Gly Met Lys Thr lle Glu Phe Ala Sly Leu Asp Gly Ser Lys Arg 865
870 875 880 Lys Val Leu lie Gly Sr Gin Leu Pro His Pro Phe Gly Leu Thr Leu 885 890 895 Tyr Sty
Glu Arg lie Tyr Trp Thr Asp Trp Gin Thr Lys Ser in. 900 ef,Ala Asp Arg Lau Thr Siy Leu
o oy B RS T b 78 U5 2 PR

B75 280

lys Val Leu !ie Gly Ser Gln Leu Pro His Pro Pne 8iy Leu Thr Leu
B85 880 Bg5

Tyr Gly Giu Arg tie Tyr Trp Thr Asp Trp Gin Thr Lys Ser 1ie Gin
a0 805 810

Sar Ala Asp Arg Leu Thr Gly Leu Asp Arg Glu Thr Leu Gin Giy Asn
815 820 925

Leu Blu Asn Leu Met Asp 1le His Vai Phe His Arg Arg Arg Pro Pro
830 835 540

Val Ser Thr Pro Cys Ala Met Glu Asn Gly Gly Gys Ser His Leu Gvs
045 850 955 D80

Leu Arg Ser Pro Asn Pro Ser Gly Phe Sar Cya Thr Cys Pro Thr Gly
GBS a87¢ 875

lle Asn Leu Leu Ser Asp Gly Lys Thr Cys Ser Pro Gly Met Asn Ser
980 985 280

Phe Leu ]la Phe Ala Arg Arg lle Asp ile Arg Wet Val Saer Leu Asp
845 1000 1008



915 920 925 Leu Giu Asn Lau Met Asp lie His Val Phe His Arg Arg Arg Pro Pro 930 935 940 Val Ser
Thr Pro Cys Ala Met Glu Asn Gly Glv Cys gar His Lau Cys 945 950 955 960 Leu Arg Ser Pro Asn Pro
Ser Gly Phe Ser Cys Thr Cys Pro Thr Sly 965 970 975 lie Asn Leu Leu gar Asp Gly Lys Thr Cys Ser
Pro Glv Met Asn Ser 980 985 990 Pha Leu lle Phe Ala Arg Arg lie Asp lle Arg Met Val gar Leu Asp
995 1000 1005 27/41 lle Pro Tyr Phe Ala Asp Val Val Val Pro lle Asn lle Thr Met 1010 1015 1020 Lys
Asn Thr lie Ala He Gly Val Asp Pro Gin Glu Giy Lyg X4al 1025 1030 1035 Tyr Trp Ser Asp Sew Thr

Lou His Arg lie Ser krg Ala Asn Lou 1040 1045 1050 Asp Gty Ser Gin His Glu Asp lie lie Thr Thr Gly
Lou Gin Thr 1055 1060 1065 Thr Asp Gly Lou Ala Val Asp Ala lie Gly Arg Lys Val Tyr Trp 1070 1075
1080 Thr Asp Thr Giy Thr Asn Arg lle Glu Val Gly Asn Lou Asp Giy 1085 1090 1085 Ser Met Arg Lys

Val Lou Val Trp Gin Asn Lou Asp Ser Pro Arg 1100 1105 1110 Ala lie Val Lou Tyr His Glu Met Giy
Phe Met Tyr Trp Thr A

Ser 1130 113817 SR ALLR 1129 LRSI EeBluAsANa hestpuGiu Arg Ser Gly Met Asp Giy
1015 1020

Lys Asn Thr lle Ala lie Gly Val Asp Pro &in Glu Gly Lys VYal
1025 1030 1035

Tyr Trp Ser Asp Ser Thr Leu His Arg lle Ser Arg Ala Asn Leu
1040 1045 1080

Asp Gly Ser §in His Glu Asp lle lie The Thr Gly  Leuw &in Thr
1085 1060 1065

Thr Asp Glv Leu Ala Val Asp Ala iie Gly Arg Lys Val Tyr Trp
1070 1075 1080

Thr ksp Thr Gly Thr Asn Arg  lle Glu Vai Gy Azn  Leu Asp Oly
1088 1080 1005

Ser Met Arg Lvs Val ten Val Trp In Asn Leu Asp Ser Pro Arg
1100 11058 1110

Ala Tle Val Leu Tyr His Glu Met Gly Phe Met Tyr Trp Thr Asp
1115 1120 1125

Trp Gly &lu Asn Ala Lys Leu Giu Arg Sar (iiy Met Asp Gly Ber
1130 1135 1140



28/41 Asp Arg Ala Val Lou lle Ann Ann Asn Leu Gly Trp Pro Asn Gly 1145 1150 1155 Lou Thr Val
Asp Lys Ala Ser Sor Gin Lau Lau Trp Ala Asp Ala 1160 1165 1170 His Thr Glu Arg lie Glu Ala Ala Asp
Lou Mn Gly Ala Mn Arg 1175 1180 1185 His Thr Lau Val Ser Pro Val Gin His Pro Tyr Gly Leu Thr
Lau 1190 1195 1200 Lau Asp Ser Tyr lie Tyr Trp Thr Asp Trp GIn Thr Arg Ser lle 1205 1210 1215 His
Arg Ala Asp Lys Gly Thr Gly Ser Mn Val lle Lou Val Arg 1220 1225 1230 5er Asn Lou Pro Gly Leu
Met Asp Met Gin Ala Val Asp Arg Ala 1235 1240 %gﬁi Gin Pro Lou Gly ?he Mn Lys Cys Gly Ser Arg
Mn Gly Gly Cys 1250 1255 1260 Ser His Lau Cys Leu Pro Arg Pro Ser Gly Phe Sor On Ala Cys 1265
1270 1275 29/41 Pro Thr Gly lle Gin Lau Lys Gly Asp Giy Lys Thr Oys Asp Pro 1280 1285 1290 Ser
Pro Glu Thr Tyr Lau Lou Phe Ser gar Arg Gly Ser lle Arg 1295 1300 1305 Arg lle Ser Lau Asp Thr Ser
Asp His Thr Asp Val His Val Pro 1310 1315 1320 Val Pro Glu Lau Mn Asn Val lle Ser Lou Asp Tyr

Asp Ser Val 1325 1330 1335 Asp Gly Lys Val Tyr Tyr Thr Asp Val Phe é_‘au Asp Val Is Arg 1340 1345
1350 Asp Arz Ala Val Leu lle Asn Asn Asn Leéu Gly Trp Pro Asn Gly

1145 1150 1158

Leu Thr Val Aep lLys Ala Ser Ser Gin Leu Leu Trp Ala Asp Ala
1180 1165 1170

His Thr Glu Arg lie Glu Alz Ala Asp Leu Asn §ly Ala Asn Arg
1175 1180 1185

His Thr Leu Val Ser Fro Val Gin His Pro Tyr 81y Leu Thr Leu
1160 1195 1200

tey Asp Ser Tyr lle Tyr Trp Thr Asp Trp &in Thr Arg Ser lle
1208 1210 1215

His Arg Ala Asp Lys Gly Thr Gly Ser Asn Val [le Leu Val Arg
1220 1225 1230

Ser Asn Leu Pro Gly Leu Met Asp Met Gin Ala Val Asp Arg Alz
1235 1240 1245

Gin Pro Leu Gly Phe Asn Lys Cys Gly Ser Arg Asn Gly Gly Cys
1250 1255 1280

Sar Mie leu Cys Leu Pro Arg Pro Ser &ly Phe Ser Cys Ala Cys
1265 1270 1275



Arg Ala Asp Lou Asn Gly Ser Asn Met Glu Thr Val Is Gly Arg 1355 1360 1365 Gly Lou Lys Thr Thr
Asp Gly Lau Ala Val Asp Trp Val Ala Arg 1370 1375 1380 Asn Lou Tyr Trp Thr Asp Thr Gly Arg Asn
Thr its Glu Ala 8ar 1385 1390 1395 Arg Leu Asp Gly Ser Cys Arg Lys Val Lau lie Asn Asn Sar Lau
1400 1405 1410 30/41 Asp Glu Pro Arg Ala lle Ala Val Phe Pro Arg Lys Giy Tyr Lau 1415 1420 1425
Phe Trp Thr Asp Trp Gly His lle Ala Lys lle GLu Arg Ala Asn 1430 1435 1440 Lou Asp Gly Ser Glu
Are Lys Val Lau lie Asn Thr Asp Lau Gly 1445 145941455 Trp Pro Asn Gly Lou Thr Lau Asp Tyr Asp
Thr Arg Are lie Tyr 1460 1465 1470 Trp Val Asp Ala His Lau Asp Are He Glu Ser Ala Asp Lou Asn
1475 1480 1485 Gly Lys Lou Arg Gin Val Lau Val Ser His Val Sar His Pro Phe 1490 1495 1500 Ala
Lau Thr Gin Gin Asp Arg Trp lie Tyr Trp Thr Asp Trp Gin 1505 1510 1515 Thr Lys Ser lie Gin Arg Val
Asp Lys Tyr Ser Giy Arg Asn Lys 1520 1525 1530 Glu Thr Val Leu Ala Asn Val Glu Gly Leu Met Asp
lie lle Val 1585 140 24649 31yl Mak per o &aind\rg i ThAr GYy K Asn Ala Cys Gly Val Asn 1550

Ser Pro @lu Thr Tyr Leu Leu Phe Ser Ser Arg Gly Ser lls Are
12856 1300 1305

Arg 1la Ser Leu Asp Thr Ser Asp His Thr Asp Val His Vel Pro
1310 1318 1320

Val Pro Glu Lau Asn Asn Va! 1le Ser Leu Asp Tyr Asp Ser Yal
1325 1330 1335

Asp Gly Lys Val Tyr Tyr Thr Asp Vel Phe Leu Asp Val lie Arg
1340 1345 1380

Arg Ala Asp Leu Asn Gly Ser Asn Met &lu Thr Vel tile Biy Arg
1355 1360 1385

Giy Leu Lys Thr Thr Asp &ly Leu Ala Val Asp Trp Val Ala Arg
1370 1375 1380

Aen Lau  Tyr Trp Thr Asp Thr Gly Arz Asn Thr [le Glu Atz Ber
1385 1380 1385

Arg Leu Asp Gly Ser Gys Arg Lys Val Leu lle Asn hur Ber Leu
1400 1405 1410



Asn Gly Gly Cys Thr His Leu Cys Phe Ala Arg Ala Ser Asp Phe 1565 1570 1575 Val Cys Ala Cys Pro
Asp Ciu Pro Asp Ser Arg Pro Cys Ser Leu 1580 1585 1580 Val Pro Gly Lau Val Pro Pro Ala Pro Arg
Ala Thr Gly Met Ser 1595 1600 1605 Glu Lys Ser Pro Val Lau Pro Asn Thr Pro Pro Thr Thr Leu Tyr
1610 1615 1620 Sar Ser Thr Thr Arg Thr Arg Thr Ser Leu Glu Glu Val Glu Gly 1625 1630 1635 Arg
Cys Sar Glu Arg Asp Ala Arg Leu Gly Leu Cys Ala%@r%Ser 1640 1645 1650 Asn Asp Ala Val Pro Ala
Ala Pro Gly Glu Gly Leu His lle Ser 1655 1660 16 yr Ala lle Gly Gly Leu Lau Ser lle Lau Leu lle
Leu Val Val 1670 1675 1680 32/41 lle Ala Ala Lau Met Leu Tyr Arg His Lys Lys Ser Lys Phe Thr
1685 1690 1695 Asp Pro Sly Met Sly Mn Lau Thr Tyr Ser Asn Pro Ser Tyr Arg 1700 1705 1710 Thr
Ser Thr Gin Glu Val Lys lle Glu Ala lle Pro Lys Pro Ala 1715 1720 1725 Met Tyr Mn Gin Lou Cys Tyr
Lys Lys Glu Sly Sly Pro Asp His 1730 1735 1740 Asn Tyr Thr Lys Glu Lys lle Lys lle Val Glu Gly lle
Cys Lou 1746430 1FF85AFek Bet SIV aspVASFHAIE GIArErpyAsH KsPYL dt?iLys Gin Leu Arg 1760 1765
1770 Ser Ser Arga®y Gly Lau Lou Arg#sp His Val Cys M&2ys Thr

Phe Trp Thr Asp Trp Gly His 1le Ala Lys ile Glu Arg Ala Asn
1430 1438 1440

Leu Asp &ly Ser Giu Arz Lys Val Leu 1ls Asn Thr Asp Leu Gly
1445 1450 14558

Trp Pro Asn Gly Leu Thr Lau Asp Tyr Asp Thr Arg Arg lle Tyr
1460 1485 1470

Trp Val Asp Ala His Leu Asp Arg tla Giu Ser Ala Asp lsu Asn
1475 1480 1485

Gly Lvs Leu Arg @ln Val Leu Val Ser His Val Sar His Pro Phe

1480 : 1485 1600

Ala Leu Thr 6ln Gin Azp Arg Trp ils Tyr Trp Thre Asp Trp Gin
1608 1510 1515

Thr Lvye Ser 1le Gln Arg Val Asp Lys Tyr Ser Gly Arg Asn Lys
1820 1525 1530

Glu Thr Vai Leu Ala Asn Val Giu Gly Leu Met Asp ile lle Val
1638 1540 1645



1775 1780 1785 Asp Thr Val Sar lle Gin Ala Ser Ser Gly Ser Lou Asp Asp Thr 1790 1795 1800 Glu
Thr Glu Gin Lau Lau Gin Glu Glu Gin Ser Glu Cys Ser Ser 1805 1810 1815 33/41 Val His Thr Ala Ala
Thr Pro Glu Arg Arg Gly Sar Leu Pro Asp 1820 1825 1830 Thr Gly Trp Lys His Glu Arg Lys Lou Ser
Ser Glu Ser Gin Val 1835 1840 1845 <210>5 <211> 26 <212> DNA <213> Artificial <220> (223>
An artificially synthesized adaptor sequence <400> 5 cagctccaca acctacatca ttccgt 26 <210> 6 <211>

12 <212> DNA <213> Artificial <220> <223> AlHffificially synthesized adaptor sequence <400> 6
acggaatgat gt 12 (210> 7 <211> 26 34/41 <212> DNA

Val Ser Pro Gin Arg Gin Thr Gly Thr Asn Ala Cyz  Gly Val Aan
1550 1555 1660

Asn Gly Gly Cvs Thr His Leu Cys Phe Ala Arg Ala Ser Asp Pha
1585 1570 1575

val Cys Ala Cys Pro Asp Glu Pro Asp Ser Arg Pro Cys Ser Leu
1580 1588 1880

val Pro Gly Leu Val Pro Pro Ala Pro Arg Ale Thr iy et Ser
1585 1600 1605

Glu Lys Ser Pro Vel Léu Pro Asn Thr Fro Pro Thr Thr Leu Tvr
1810 1615 1620

Ser Ser Thr Thr Arg Thr Arg Thr Ser Leu Glu Glu Val 8lu Gly
16825 1630 1635

Arg Cve Ssr Glu Arg Asp Ale Arg leu Gly Leu Oysz Ala Arg Ser
16440 1645 1880

Asn Asp  Ala Val Pro Ala Ala Fro G%ylﬁku Gly Leu His [l Ser
16855 1660 1665

Tyr Ala 1le Gly Gly Leu Lau gor lle Leu Leu lie Leu Val Vai
1670 1675 1880



<213> Artificial <220> <223> An artificially synthesized adaptor sequence <400> 7 gtccatcttc
tetctgagac tctggt 26 <210> 8 <211> 12 <212> DNA (213> Atrtificial <220> <223> An artificially
synthesized adaptor sequence <400> 8 accagagtct ca 12 <210> 9 <211> 26 <212> DNA <213>
Artificial <220> <223> An atrtificially synthesized adaptor sequence <400) 9 ctgatgggtg tcttotgtga

gtgtgt 26 <210> 10 <211> 12 35/41 <212> DNQ,@?&% Artificial <220> <223> An artificially
synthesized adaptor sequence <400> 10 acacactcao ag 12

ile Ala Als Lau Met Leu Tyr Arg His Lys Lys Ser Lys Phe Thr
1685 1690 1605

Asp Pra  Gly Met Gly Asn Leu Thr Tyr Ser Asn Pro Ser Tyr Arg
1700 1765 1710

Thr e+ Thr 8in GiuVal Lys 1le &iu Ala tle Pro Lys Pro kla
1718 1720 1725

Wet Tyr Asn Gin Leu Gys Tyr Lys Lys Glu Giv Aty Pro Asp His
17130 17185 1740

Asn Tyr Thr Lys Giu Lys 1ie Lys lie Vel &lu Gly {ie Cys Leu
1745 1750 1785

Leu Ser Gly Asp Asp Alm Glu Trp Asp Asp Leu Lys Gin Leu Arg
1760 1765 1770

Ger Ser Arg Gly Gly Leu Leu Arg Asp His Val CGys Met Lys Thr
1775 1780 1785

Asp Thr VYa! Ser lle Gin Ala Ser Ser Gly Ser Leu  Asp Asp Thr
1780 1790 1800

alu Thr Glu &ln Leu Leu Gin Giu Glu GIn Ser Glu {ye Sar Ser
1805 1810 1815



<210> 11 (211> 26 <212> DNA <213> Artificial <220> <223> An artificially synthesized adaptor
sequence <400> 11 ccagcatcga gaatcagtgt gacagt 26 <210> 12 <211> 12 <212> DNA <213>
Artificial <220> <223> An atrtificially synthesized adaptor sequence <400> 12 actgtcacac tg 12
<210> 13 <211> 26 36/41 <212> DNA <213> Atrtificial <220> <223> An artlficlaliy synthesized

adaptor sequence <400> 13 gtcgatgaac ttcgactgtc gatcgt 26 <210> 14 <211> 12 <212> DNA <213>
Artificial <220> 33/41

Val His Thr Ala Ala Thr Pro &lu Arg Arg Gly Sar Leu Pro Asp
1820 18256 1830

Thr @iy Trp Lys His Glu Arg Lys Leu Ser Ber Giu Ser Gln Val
1835 1840 1845

210> 5

211> 28

212> DNA

{213> Artificial

L0800
o0  An artiTiclzlly eynthesized adaptor ssgusnce

CAQL> 5
vagctocaca acctacaten tteegt 28

210> 6

211> 1z

212> DNA

<213> Artificial

{2207 .
<204y An artificlially synthesized adapter seguence

<400 8B
goeggaatest gt 12

210 7
211> 28



<223> An artificially synthesized adaptor sequence <400> 14 acgatcgaca at 12 <210> 15 <211> 26
<212> DNA <213> Artificial <220> <223> An atrtificially synthesized primer sequence <400> 15
tagtctacca ctgctcgact gtaacg 26 <210> 16 <211> 26 37/41 <212> DNA <213> Artificial <220> <223>
An artificially synthesized primer sequence <400> 16 cagagtgaac ccagtggaca tatctg 26 <210> 17
<211> 26 <212> DNA <213> Artificial <220> <223> An artificially synthesized primer sequence
<400> 17 gttcccaagg aaagtgtcag agttgg 26 <2103481<211> 26

212> DNA
213> Artificial

{020
£223> An artificially synthesized adsptor sequence

<4000 7
gtocatotic toteteagne totget 26

210> 8
211> 12

<817 DNA
£213>  Artlficial

L
929> An artificially symthesized adeptor sequance

<400> 8 '
agcagagtct k| 12

216> 8
211> 28

<212> DNA _
213> Artificial

{220
023> An artificially syntheslzed sdaptor seguence

400> 9

ctezatgepty tottotgtes gtetet 26

210> 10
&2t1> 12



<212> DNA <213> Artificial <220> <223> An artificially synthesized primer sequence <400> 18
gaagctggaa agcctccagg tgttcc 26 <210> 19 <211> 26 38/41 <212> DNA <213> Artificial <220>
<223> An artificially synthesized primer sequence <400> 19 ctccgagcag scaccatgac cttagc 26 <210>
20 <211> 26 <212> DNA <213> Artificial <220> <223> An atrtificially synthesized primer sequence
<400> 20 aggagtaggg cttgtctccc aacctg 26 <210> 21 <211> 26 <212> DNA <213> Artificial <220>
<223> An artificially synthesized primer sequencgs 400> 21

212> DHA
{218 Artificial

220>
202> An artificially synthesized adaptor senquence

400> 10
acacasions ag . : 12

210> 11

211> 28

212> DNA

213> Artificial

220>
£ouny  An artificialiy synthesized sdaptor saqusance

<a00> 14
coageatogs gastcagtet gacagt 26

210> 12

L21i> 12

<212> DNA

213> Artificial

oo
£293>  An artiticial iy synthasized adaptor meguence

400> 12
sotptoacas tg 12

S Le10> 13
211> 28



cactcctgtg tctagctgoc agatgc 26 <210> 22 <211> 26 39/41 <212> DNA <213> Artificial <220> <223>
An artificially synthesized primer sequence <400> 22 agtgcgaaca ccgtagtgct gacagg 26 <210> 23
<211> 26 <212> DNA <213> Artificial <220> <223> An artificially synthesized primer sequence
<400> 23 gatgaagaag aaggagcaga gtcagg 26 <210> 24 <211> 26 <212> DNA <213> Artificial

<220> <223> An artificially synthesized primer sequence <400> 24 attcacttgc tctgactcca gg tgg 26
<210> 25 <211> 26 40141 <212>DNA 36/4

212>
£213>

2200
{228

<4005

DNA
Artificial

An artificislly synthesized adaptor sequence

13

progatgaas tiogactgte gatogt

{210
211
{212
{213

<on0>y
223>

<A00>

14
i2

DNA
Artificial

An artificially synthesized adaptor seguence

14

angatogeca gt

{218
211
21
L21®

220,
223>

<400

15

26

DNA
Artificial

An artlficialtly synthesized primer seguence

15

tagictacca ctestcgact graacg

210>

SR D

16
28

28

12

28



<213> Artificial <220> <223> An artificially synthesized primer sequence <400> 25 ccatgatctt
tccectetgg cttetg 26 <210> 26 <211> 26 <212> DNA <213> Atrtificial <220> <223> An atrtificially

synthesized primer sequence <400> 26 tttggctgga aagggtgact otgagg 26 <210> 27 <211> 26 <212>
DNA <213> Atrtificial <220> <223> An artificially synthesized primer sequence <400> 27 tgctctcacc
atccagatga ctcacc 26 <210> 28 <211> 26 41141z75412> DNA <213> Artificial <220> <223> An
artificially synthesized primer sequence <400> 28 tggaccatat ctgctgcaat tggtcc 26

<212> DNA
{213> Artificial

L2200
999 An artificiaslly synthesized primer seguencs

400> 16
cagastgaae coagtzgaca tatolg 28

210> 17

81> 28

{212> DBNA

218> Artificial

L300
<998y An mrtificially synthesized primer ssquence

800> 17
gttoscaagg ssagtgtoag aglhtes 26

210> 18

1> 26

212> DNA

{218 Artificial

230>
<993y Apm artificlally synthesized primer seauencs

400> 18

gaagatEgsa aguotonage tgticc 26

210> 18
211> 28



<210> 29 <211> 26 <212> DNA <213> Atrtificial <220> <223> An artificially synthesized primer
sequence <400> 29 tccagcagat gcaagaactc tcctcc 26 <210> 30 <211> 26 <212> DNA <213>

Artificial <220> <223> An atrtificially synthesized primer sequence <400> 30 ttatggagcg gagcagcatt
ccaagg 26

/4

{21%> DHA
{NEr Artificial

{2200
395>  An artifieslally synthesized primer sequence

<400> 19
ctoogazoag acaceatgas ottage 2B

L210r 20

211> 28

<212 DNA

£218> Artificial

{220
£223> An artificlally synthesized primer sequence

L4000 20
gggagtaper asttgtetocs aacctg 26

210> 21

211> 28
<212 DNA

213> Artificial

{220
{223 An artificlally synthasized primer sequence

<400> 21

cactestets totagetges agatigo 6

{1o> 22
211> 28



L1
213

220>
<223

<400>

38/41

DNA
Artificial

An artificially synthesized primsr sstgushoe

22

aghtpeaaaca oootagtect gacage

216>
<211
212>
{218

{220
{2237

{400>

23

26

DA
Artificial

An artificially synthesized primer seguencs

23

gatpaagass saggepears stongg

L2180
{211
12>
{218

{z20>
L2235

<400>

24

26

DNA
Artifictai

An artificially synthesized primar ssguence

24

sttoactige totgactoca egtigs

o>

211>

25
26

28

28

26



40/41

212> DNA
213> Artificlal

{9800
223> An artificially synthesized primer sequance

400> 25
coatgatott toccototge citetg 28

210> 28

211> 26

212> DHA

<213> Artificial

{2200
<223> An artificially synthesized primer sequence

<A00> 28
ttigrctzga sagggtgnct otpege 28

210> 27

211> 28

{212> DNA

<2138> Artificial

{220
{203 An artificialiy synthasized primsr seguence

{400> 27
teototoroe atoeagatga otoace 26

210> 28
L211> 26



41 /41

<212>  DNA
213> Artificial

220>
223> An artificially synthesized primer sequence

<400> 28
tgracoatat ctgotgoeas tgptos 28

216> 28

211> 28
<212> DNA

<213> Artificial

{2200
223> An artificially synthesized primer sequence

{400> 29
tecageagat goaagaacte tocteo 28

210> 3D

L2y PR

212> DNA
CB13»>  Artificial

£220>
4223> An artificially synthesized primer setusnce

<ADG> 30
ttatggagoey papoageatt codage 26



