1 DESCRI PTI ON Lrp4/ CORI N DOPAM NE- PRODUCI NG NEURON PRECURSOR CELL MARKER
5 Technical Field The present invention relates to pol ynucl eoti de probes
and anti bodi es for detecting and sel egti ng dopam nergi ¢ neuron progenitor
cells, and nethods for detecting and selecting dopam nergic neuron
progenitor cells by using them and kits and therapeutic nmethods for
treati ng neurodegenerative di seases such as Parkinson's di sease using
dopam nergic neuron 10 progenitor cells. Background Art The dopam ne
systemis an extrenely inportant gy&tRprieN essential notor regul ation,
hor none secretion regulation, enotion regulation, and such in the manmal i an
15 brain. Thus, abnornalities in dopam nergic neural transm ssion cause
various nei4aCORDY DORIMINEPR CHBIPNEG NFERON'PRECURNGIE @S 11 MARKER
neur odegenerati ve di sease of the extrapyram dal systemthat occurs due to
speci fic degeneration of dopam nergic neurons in the substantia nigra of
t hes m dbghmidal Figat ri son's Principles of Internal Medicine, Vol. 2, 23rd
edition, Issg] bacher.,et al., ed., GawH Il Jnc., NY (1994), pp. 2275-7).
Asa primary ;%e PIGEEIL Jrvsrtion 1riatesda PF’NE'FM i 91%1’8{’?553“3@% es fg detecting
admi ni ahd sedéoting dbpmiBE¥3fs {edudhr pro it 01D BeMteMlods furbtebEnPld RIddREg t O
conpengat e .fé)rr.the decreaste |q ﬁ?e anount of .dopa ne pr.oduced; _however,
the dufZRACGRCIEES HREONRPERuitor eells by i 8- dddisiaa Feytic gsthods Rient |y, a
t her aptredting neetddegerferativPdiskases authes Pasidasn’Hseass iRPIQAniiRerplineiront he
'm'ﬂprahlq) gneipotrrgﬁ regions of 6 to 9-week old aborted fetuses containing
etggi 55

dopam euron progenitor cells are transplanted to conpensate for
the | oss of dopam nergic neurons (Patent Docunment 1; and Non- Pat ent
Docune . However, in addition to cell supply and ethical issues
( Rosens ) Exp. Neurol. 33: 106; Turner et al. (1993) Neurosurg.

33: 1031- 7) , Thendopaménesysteinsis en exteerhély impokeant systérh dorsswsdntial matorous ot her
probl e Loeludi ISk yhf ect | tam,nati.o i mmunal ogi cal
P et aaiai i, Sefion e dtof b br BRI 3 135! e EBRRR 0“0,
- 971A ogbrainyy dihes, abnemBilitigs in dopes@jerde acwraResnsnision dlse RBibusAdyral and | ow
survi vg Iﬁé’fs.eSFﬁi‘é: 1d I par s ' 3. L1 s on lipid
" met abol F% m rat her a%lﬁ)ar’l g k%sg ysdlyssegm%gggﬁ@@@?%fnf%gggfm%?ggg Surol . 33:
106) . 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 ef al., ed., McGraw-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
25  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; Turner er al. (1993) Neurosurg.
33: 1031-7), this method is currently under criticism for various other problems, including risk
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, 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 I antigens) is required to suppress rejection. A method




In order to resolve the ethical issues and shortage of supply, nethods have
been proposed that use, for exanple, porcine cortex, stria, and mdbrain
cells (for exanple, see 35 Patent Docunents 2 to 4). In these nethods, a
conpl ex procedure that involves alteriﬁg cell surface antigens (MHC cl ass
| antigens) is required to suppress rejection. A nmethod 2 involving |ocal

| mmunosuppr essi on by simultaneously transplanting Sertoli's cells has been
proposed as a nethod for elimnating transplant rejection (Patent Docunents

5 and Givodnfl ldﬂﬁlﬁnﬁﬁhﬁgﬁpﬂ%ﬁiémtsuﬁ%aﬂebu &&%3%5%5 SEROI??E%rsghr%E 'B?%Spl ant

cells fromrelatlv t hat have mar r ow
i ndi vi BipResed as@ae o wlipvngting t@ﬂsnlﬁlﬁlrmp@twn (Patedt Bobingts Hamks:, anfionever ,

if it WenePapes Bo@ﬁlﬁeﬁt@)usﬁ id heasipid ﬂo%ftalﬁ 1a&‘1?£é1& ﬁcfgﬁ'?el&ﬁx%@lﬂ?a'%

rejection,reac cou be over cone WI any | abor i ous pr OCEC?UI‘ es or
trJoubI hﬂ@}ﬂg@ Eonea@ﬂl?% Hop ether wﬁx@uam bonetrh@rrm bants, opabilipal cgide

new Onbloddfbﬁﬂ{semHo&IeQQr iﬂlt WhieHRs§ibRM n%@%&ﬁém s%edn'c%11§ %ﬁ@ @Ele yoni ¢
stem(ES% cells marroww{%@{stltla cells, inste cells from

abor t etH é‘f’ﬁ&’e@“o?%co QMEFeoRnS Witheut 3py iAberias proeeduegstor togblet i onal 10
dopani ner gl CTheetloed) as uﬂﬁs@laﬁaﬁﬁﬁfd‘i@ﬁ. e ﬁ@Mﬁdc@ﬁﬁﬁh@rﬁE'ﬁ%&oﬁé’ dfﬁ‘e?éiﬁﬁ{ea%' ng ES

| cells t sion stri a.rat Parkinson's di sease nodel (Non-Patent
'_ Documa}"f?r 5"”“ P?H“Pgwﬁg e’ﬁé@é‘ﬁ‘ BIFHPIYHFEC SERES) ﬁﬂ@@éﬁ%‘é@’éﬁ@]ﬂdﬂ%ﬂﬁher apy
f r om ESlisginktsacof delile fipad ateited Setasws, ﬂa%bﬂﬁd@é@m&qirbmsmg | InifRerBAGRnLN the
sue, it is necessar to_reconstruct

d d
T o RS R ek B ohl e a Lotk Smonmes ng
cel | s grizpfimrat Pbﬂmmmhis@measelmodes memﬁaafmomnem BPHSIPisa{bﬂzevéHEEﬂth@ cells,
t ns.in, vi vo n
tC ?;L:p@%\% (%;rege Vi gﬂ‘" i Irﬁ'}gﬂ chpFEP Oﬁgféﬂﬁlstqv@rpw §i¢ra cﬁlfl%wglmant i oned
pr obl elmneeyandhm@lmguppl y, there is also the poss:c bili ty that the .
t I i i nto oups. 9 neous ,cel | s.
o Sexanmt o sl m B bERE ML § id B dhaldtBecivud) B SRfIoR gl
s e1|5ectqrd@1 t9 f@man switadte itk reitle mmmeﬂe(mmxalfmmomguf BMscdshay tpr oduce

dopam g at . have reV| ousl een proposed
f OtE) use i t he t rt%gtc?}fé%#ﬁ%]&%’ﬂgtolf%%eﬁé% gn% g’etl%gelfr & e %t Bl
( Non- Heansplentixgcefmsnten goganitonyells imradditiminita dub afedemehiioresl prdﬂem\teghnﬁmgm human

.. neuron derived
; re;f%' BB 81e 5 B8 e rOREUTR Ikt s sfocthion IR R AR A Rle Brd OB
Doc undiéterogengays, Ceﬂél | Borgxamplenin treating Raskinson’s disehdesittis amvsésant od Wi t h
€000 REKEH S & inPPant helcBteBRAMMER 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 9), 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 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 cells.
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 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.




cat echol am nes such as dopam nes (Patent Docunents 12 and 13), and
genetically engineered ES cells (Non-Patent Docunent 8). Additionally, the
use of dopam nergic neurons fornmed by contacting nerve progenitor cells
derived fromfetal midbrain tissue witB FGF-8 and Shh (Patent Docunent

14), and of tyrosine hydroxyl ase-expressing cells obtained by treating NT2
30 nerve cells with retinoic acid (Patent Docunent 15) has been proposed.
However, none of these contain only dopam nergic neurons or cells that
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The dopami nergi ¢ neurons are visualized in their viable state, then
concen{Paiens dPocpmentak]dd Pataef No.$6A0927% ed (Patent Document 16). This net hod
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further, the presen . a reporter gene poses oxicity and

i munogEscaningd Janspesgational phessjnuhbedtion opirespogding to Aapadgpanssd Pat ent
Docunegiterhdtiddel RefIRAodY0. 5690927 [Patent Docunment 2] Japanese Patent Kohyo
Publ i ca;i on_No. (JP—% H10- 508487 (unexam ned Japanese national phase
pulf! i cHiatan Dosimert ) JBimH105084%on- Japanese i nternational publication) 10

[ Pat entPaés DFBikhet]4] JP-A0.50508488 [ Patent Document 4] JP-A H10- 509034
[ Pat en ment 5] JP-A H11-509170 [Patent Docunent 6] JP-A H11-501818

Doc
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[ Pat en[Paia¢ Datithed]6] IP-A1H20381432070 [ Patent Docunment 10] JP-A H9- 5050554
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15  [Patent Document 8] JP-A H11-506930

[Patent Document 9] JP-A 2002-522070
- [Patent Document 10] JP-A H9-5050554
[Patent Document 11] JP-A H11-509729

_ [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 application)

25  [Non-Patent Document 1] Spencer ef af. (1992) N. Engl. J. Med. 327: 1541-8
[Non-Patent Document 2] Freed ef al. (1992) N. Engl. J. Med. 327: 1549-55
[Non-Patent Document 3] Widner et al. (1992) N. Engl. J. Med. 327: 1556-63
[Non-Patent Document 4] Kordower et al. (1995) N. Engl. J. Med. 332: 1118-24

| [Non-Patent Document 5] Defer et al. (1996) Brain 119: 41-50
30 [Non-Patent Document 6] Lopez-Lozano et al. (1997) Transp. Proc. 29: 977-80
| [Non-Patent Document 7] Selawry and Cameron (1993) Cell Transplant 2: 123-9
[Non-Patent Document 8] Kim et al. (2002) Nature 418: 50-56
[Non-Patent Document 9} Lindvall ef al. (1989) Arch. Neurol. 46: 615-31
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~ Problems to be Solved by the Invention
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15 - Amounts of DNA Fragments and Subtraction Method”, WO 2002/103007 (International
‘Publication Pamphlet)) of the subtraction method (N-RDA: Representational Difference
.Analysis; RDA (Listsyn N.A. (1995) Trends Genet. 11: 303-7) by additionally dividing the
ventral region into two regions in the dorsoventral direction. As a result, the present

inventors successfully isolated Lip4/Corin. Lip4 encoded a type II transmembrane protein
20 - (Fig. 1).
Lrp4 mRNA is specifically expressed in a ventral midline region in the midbrain.
The areas where Lrp4 mRNA is expressed match the areas where dopaminergic neuron
proliferative progenitor cells are present. Furthermore, when Lrp4 expression is compared to
that of TH, which is a marker for dopaminergic neurons, their signals are in identical
25  dorsoventral positions, but they do not overlap (Figs. 4 and 5). This indicated that Lrp4
mRNA is not expressed in these progenitor cells, which had stopped cell division and migrated
to the neural tube outer layer. Therefore, by using Lrp4 mRNA as an index, it is possible to
specifically detect and select dopaminergic neuron proliferative progenitor cells.
Thus, the present invention provides dopaminergic neuron proliferative progenitor
30 cell marker polynucleotide probes capable of specifically detecting Lrp4 mRNA, and methods
for selecting dopaminergic neuron proliferative progenitor cells utilizing these probes.
Furthermore, the present invention relates to dopaminergic neuron proliferative progenitor
cells prior to cell cycle exit, selected by using such nucleotide probes (hereinbelow, sometimes
referred to simply as “dopaminergic neuron proliferative progenitor cells”); as well as methods
. 35 for isolating dopaminergic neuron proliferative progenitor cell-specific genes and genes

specific for each maturation stage from progenitor cell to dopaminergic neuron, utilizing the




specifically expressed in the nost ventral region of the E12.5 nurine

m dbrai n containing dopam nergic neurons was identified using a

nodi fication ("Method for Honobgeni zing the 15 Anmounts of DNA Fragnments and
Subtraction Method", WD 2002/ 103007 (IAternational Publication Panphlet))
of the subtraction rret hod (N-RDA: Representational Difference Analysis;
RDA (Listsyn N. A (1995) Trends CGenet. 11: 303-7) by additionally dividing
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proliferative progenitor cells extend processes toward the outer layer of the neural tube, this

signal could not be determined to be caused by detecting proteins on the processes or the TH-
expressing cells also expressed the Lrp4 protein. Next, by using the anti-Lrp4 antibody,
whether Lrp4 protein was expressed on the cell surface was analyzed by flow cytometry.

25  Cells in which Lrp4 mRNA expression was confirmed were obtained by inducing the
differentiation of ES cells into dopaminergic neuron progenitor cells i# vitre (SDIA method),
and used as samples. As a result, it was confirmed that the Lrp4 protein was certainly
expressed on the surface of the cells (Fig. 9). Such proteins expressed on the cell surface are
particularly preferable to use as separation markers because living cells can be selected (see

30  Fig. 15). Inaddition, ES cells were induced to differentiate in vitro into the dopaminergic
neuron progenitor cells by the 5-stage method, and Lrp4 expression was confirmed by RT-
PCR and flow cytometry using the anti-Lrp4 monoclonal antibody. As a result, Lrp4 was
revealed to also be expressed in dopaminergic neuron progenitor cells differentiated by the 5-
stage method (Figs. 17A and 17B).

35 Next, Lrp4-positive cells were separated from cells induced to differentiate (SDIA
method) and from mouse fetal ventral midbrain cells by a cell sorter using the anti-Lrp4



cells" used herein refers to dopam nergic neuron proliferative progenitor
cells, postmtotic dopam nergic neuron precursor cells, and/or

dopam nergi ¢ neurons. The dopam nergic neuron |ineage cells can al so be
utilized for the methods for isolatingfenes specific to each stage of
mat urati on to dopam nergi c neuron, and the methods of screening for
conpounds 10 which induce the differentiation or proliferation of
progenitor cells, using rraturation as an index. Therefore, the present
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positive cells induced by the 5-stage method are dopam1nerg1c neuron progenitor cells and can
mature in vitro.
Accordingly, the present invention provides antibodies which specifically detect the
Lrp4 protein and methods that utilize the antibodies to select dopaminergic neuron progenitor
25 - cells. Furthermore, the present invention relates to dopaminergic neuron progenitor cells
selected by using such antibodies; as well as methods that use the progenitor cells to isolate
dopaminergic neuron progenitor cell-specific genes and genes specific for each maturation
stage from progenitor cell to dopaminergic neuron; and methods of screening for compounds
which induce the differentiation or proliferation of the progenitor cells using maturation as an
30 index. Itisalso possible to obtain dopaminergic neuron lineage cells at other differentiation
stages by culturing the progenitor cells selected using the antibodies of the present invention.
Such cells can also be utilized in the methods for isolating genes specific to each stage of
maturation to dopaminergic neuron, and the methods of screening for compounds which
- induce the differentiation or proliferation of the progenitor cell using maturation as an index.
35  Accordingly, the present invention also relates to methods for obtaining dopaminergic neuron
lineage cells by culturing dopaminergic neuron progenitor cells selected using the antibodies




met hod) and from nouse fetal ventral mdbrain cells by a cell sorter using
the anti-Lrp4 6 antibody. Gene expression in the separated cells was

anal yzed by the RT-PCR nethod. As a result, expression of the neuron
proliferative progenitor cell marker N&stin was observed. |In addition,
cells expressing MAP2, which is a marker for postmtotic neurons, were also
revealed to be included (Fig. 10). TH and Nurrl, which is a marker for
postmtotic 5 dopam nergi c neuron precursor cells, were expressed at higher
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methods for treating neurodegenerative diseases, preferably Parkinson’s disease, comprising

the step of transplanting doparinergic neuron progenitor cells into the brains of patients.

Effects of the Invention

25 There have been no previous reports of genes encoding membrane proteins
specifically expressed in dopaminergic neuron proliferative progenitor cells. Antibodies to
Lrp4 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 Lrp4-expressing cells from the ventral midbrain

30  region or cultured cells containing dopaminergic neuron progenitor cells differentiated in vitro,
using anti-Lrp4 antibodies (Fig. 15). Lrp4 expression was confirmed on both of the
dopaminergic neuron progenitor 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 ERas and Nanog, which

35  are specifically expressed in ES cells, are not expressed in Lrp4-positive cells, it is possible to

select undifferentiated ES cells using Lrp4 expression as an index.




whi ch induce the differentiation or proliferation of the progenitor cells
using maturation as an 30 index. It is also possible to obtain dopam nergic
neuron |ineage cells at other differentiation stages by culturing the
progenitor cells selected using the anBi bodies of the present invention.
Such cells can also be utilized in the nethods for isolating genes specific
to each stage of maturation to dopam nergic neuron, and the nethods of
screening for conpounds which induce the differentiation or proliferation
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search for therapeutic targets for Parkinson’s disease, such as for use in the isolation of genes
specific to dopaminergic neurons. In particular, dopaminergic neuron proliferative
progenitor cells are useful for research on the maturation process of dopaminergic neurons,
screening systems using maturation as an index, drug screening in which progenitor cells are

25 grown in vitro or in vivo, screening for drugs that induce differentiation of progenitor cells in

vivo (in vivo regenerative therapy drugs), and the like.

Brief Description of the Drawings _
Fig. 1 schematically shows the structure of Lrp4. TM: transmembrane domain, FRI:

30  frizzeled domain, LDLa: LDL receptor domain, SR: scavenger receptor domain, Protease:
serine protease domain.
Fig. 2 is a set of photographs showing the results of Lrp4 and Shh mRNA expression
analysis in E12.5 mouse ventral hindbrain region and spinal cord by in situ hybridization.
Fig. 3 is a set of photographs showing the results of Lrp4, Shh, tyrosine hydroxylase
35 (TH), and NCAM mRNA expression ana1y51s in E12.5 mouse ventral midbrain region by in
situ hybridization.



the step of transplanting dopam nergi c neuron progenitor cells into the
brains of patients. Effects of the Invention 25 There have been no

previ ous reports of genes encodi ng nmenbrane proteins specifically
expressed in dopaninergic neuron proliferative progenitor cells. Antibodies
to Lrp4 protein expressed on the cell menbrane surface are believed to be
extrenely effective in isolating dopam nergic neuron progenitor cells. For
exanpl e, pure dopam nergic neuron progenitor cells can be obtained by
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* 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 heuron 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 in vitro proliferation of Lrp4-positive
cells.
© 30 Fig. 14 is a set of photographs showing that Lip4-positive cells differentiate into
dopaminergic neurons.
Fig. 15 schematically shows the separation and application of dopaminergic neuron
progenitor cells using anti-Lrp4 antibody.
Fig. 16 is a set of photographs showing the in vivo differentiation of transplanted
35  Lrp4-positive cells.

Fig. 17 shows a diagram and photographs indicating Ltp4 expression in cells



Further, even if the best therapeutic effects cannot be achieved by these
early progenitor cells imediately after isolation, since progenitor cells
i sol ated using nmarkers of the present invention can nature in vitro by
culturing or such, materials in the opidnmum stage of differentiation can
be prepared (Fig. 6). 20 On the other hand, pure dopam nergi c neuron
progenitor cells are also useful in the search for therapeutic targets for
Par ki nson' s di sease, such as for use in the isolation of genes specific to

dopam ner.gi c. neurons.. I n particul ar, dopam nergi c neuron proliferative
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SR scawegaiiyerceliecept or domai n, Protease: serine protease domain. Fig. 2 is

"a set of photographs showing the results of Lrp4 and Shh nRNA expression
analysis in E12.5 nouse ventral hindbrain region and spinal cord by in situ
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in A D; Expression of Lrp4, Shh, and tyrosine hydroxylase (TH) nRNA in the
E12. 5 <Msukss Palyayelgpiids Raebesl r egi on. ‘

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 complementary to the nucleotide sequence of SEQ ID NO: 1
or 2 detected in dopaminergic neuron proliferative progenitor cells. SEQ ID NO: 1 is the
nucleotide sequence of murine Lrp4 ¢cDNA. SEQ ID NO: 2 is the nucleotide sequence of
human Lip4 cDNA. Both sequences are registered in GenBank (murine: Accession No. NM_
016869; human: Accession No. XM _035037).

25 Here, a “marker polynucleotide probe” refers to a polymer composed of a number of
nucleotides, such as deoxyribomicleic acids (DNAs) or ribonucleic acids (RNAs), or
nucleotide pairs, where the polymer should be able to detect expression of Lrp4, particularly
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 tissue. If needed, the marker polynucleotide
probes of the present invention can also contain non-naturally-occurring nucleotides such as 4-
acetylcytidine, 5-(carboxyhydroxymethyl)uridine, 2'-O-methylcytidine, 5-
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluridine,

35  dihydrouridine, 2'-O-methylpseudouridine, B-D-galactosylqueuosine, 2'-O-methylguanosine,
inosine, N6-isopentenyladenosine, 1-methyladenosine, 1-methylpseudouridine, 1-



10 Fig. 6 schematically shows the timng of expression of Lrp4, NCAM TH,
and DAT nRNAs fromthe generation to maturati on of dopam nergi c neurons.
Fig. 7 (top panel consisting of a drawi ng and phot ograph) schematically
shows the inhibition of differentiatibn of ES cells into dopam nergic
neurons by the SDI A nethod. The bottom photograph shows the results of

I nvestigating the expression of Lrp4 nRNA in 15 dopam nergi ¢ neurons
differentiated fromES cells over tine, using the SDI A method by RT- PCR
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post ni Nef(P§-Deglmiumessyl-2- methylihiop@in-pridearbanioytirdciray, B-E@-@sbat i n s
of " exarpofinaloR S ALN tyeakin ey A B R SRR B 15
a set uvlidiphdtayyregiicsacihvybuigxodine, preudotridingrqueidsines Rithiocytiditg, S4nethgl2- ve
i1 or ichuicifl, 2ol ge b il sAHk AP N Qs ol B PRI e “The
sefhr ayDessbamey | Himspnivet 2 Shmethyttspasthyleridine, 21 methylyidige wybotose) arsl dsi ng
onl) LR it Bgnlute @ 32t O Phot oo aphs show o the 11 uivo,
di agram and Mesoygs merker palinueleotids nrobes of o wswnbimventiopaiomprig nucleotide
el I O e b B R o B SRR Ve
prot ei 2 P&&idande déeanrlsetidp ssquence that encodes the amino acid sequence of SEQ ID
15 NO: 3 or 4 includes not only mucleotide sequences of SEQ ID NO: 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 nucleotide sequences encoding a sequence that
lacks the transmembrane domain in the amino acid sequence of SEQ ID NO: 3 or 4. There is
20 no signal sequence in the amino acid sequence of SEQ ID NO: 3 or 4. In murine Lrp4 (SEQ
~ IDNO: 3), amino acid residues 113-135 form a transmembrane domain, while in human Lrp4
(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 Lrp4, 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) corresponds to A, A
30 corresponds to T or U, G corresponds to C, and C corresponds to G in 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: 5873-
7). The BLASTN program for nucleotide sequences (Altschul et 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 polynucleotide probe sequences (see http://www.ncbinlm.nih. gov fora




neurons. Fig. 18 is a set of photographs showi ng the results of using
RT-PCR to anal yze the 5 expression of ES cell-specific genes (ERas and
Nanog) in Lrp4-positive cells and Lrp4- negative cells. Best Mde for
Carrying Qut the Invention Hereinbel ow2the enbodi ments of the present

i nvention wll be described, but they are 10 exenplified to illustrate the
present invention, and not to limt the present invention to these

enbodi ments. The present invention can be carried out in \é?ri ous forns
vvithou artin t he. s e t hereof . References, publications, patent
publ i cX el%gfﬁcsex %%tia?tngﬁf ces cited herein are incorporated by
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hyd t ridine, - @ net hyl cyti di ne, 5-
acetyl cyti dll\ﬁ ore speélﬁ P?lﬁyco%sél?c)‘%g% c%zl lﬁbrary, total RNA 1s first p%/epal}::d from

cells, organs, tissues, or such that express Lrp4, by known techniques such as guanidine
ultracentrifugation (Chirwin ef al. (1979) Biochemistry 18: 5294-5299) or AGPC
(Chomczynski 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 (Pharmacia), may also be used.
Next, cDNAs are synthesized from the resulting mRNAs using reverse transcriptase, c¢DNA
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 cDNA by PCR may also be used (Frohman ef al.
(1988) Proc. Natl. Acad. Sci. USA 85: 8998-9002; Belyavsky et al. (1989) Nucleic Acids Res.
17:2919-32). 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 stringent hybridization conditions suitable for use in the present
invention include “2x SSC, 0.1% SDS, 50°C”, “2x SSC, 0.1% SDS, 42°C” and “I1x SSC,
0.1% SDS, 37°C”, Examples of conditions of higher stringency include “2x SSC, 0.1%
SDS, 65°C”, “0.5x SSC, 0.1% SDS, 42°C” and “0.2x SSC, 0.1% SDS, 65°C”. More
35 specifically, a‘tmethod 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 to allow
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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 a 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) Proc. 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. In addition to the above-described BLASTN program for nucleotide
sequences, the BLASTX program for determining the identity of amino acid sequences
(Altschul et 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 http://www.nebinlm.nih.gov. for a

30  specific example of analysis methods),

 Lrp4 isoforms or allelic variants, and other genes with an Lrp4-like structure 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 Biology, John Wiley & Sons (1987)
Sections 6.1-6.4).
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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 a
-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 transmembrane
region in the amino acid sequence of SEQ ID NO: 3 or 4; and (4) nucleotide sequences
_ comprising polynucleotides which hybridize under stringent conditions with a polynucleotide
.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 Lrp4 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 Lrp4 sequence data. Riboprobes, which are considered to be particularly
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20  antibodies, monoclonal antibodies, chimeric antibodies, single-chain 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. 269-
315), humanized antibodies, multispecific antibodies (LeDoussal ef al. (1992) Int. J. Cancer
Suppl. 7: 58-62; Paulus (1985) Behring Inst. Mitt. 78: 118-32; Millstein and Cuello (1983)

25  Nature 305: 537-9; Zimmermann (1986) Rev.-PhySiol. Biochem. Pharmacol. 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 also 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 SEQ ID NO: 3 or 4, (3) polypeptides comprised of an amino acid

sequence lacking the transmembrane domain in the amino acid sequence described in SEQ ID




concentration, probe |length, and reaction time, to obtain Lrp4 isoforns and
allelic variants, and correspondi ng genes derived from other organisns. 15
Ref erences such as Mol ecular O oning, A Laboratory Manual 2' ed. (Cold
Spring Harbor Press (1989); Section 91647-9.58), Current Protocols in

Mol ecul ar Biology (John Wley & 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

r ef errﬁcb_%o fzpr detailed infor. n on hzbrl d| zat i OB I]or ocedur es. Exanpl es
of - hy b A (D FObFeD s cOBPT S0 A AP ES8 SSHEEF S B RIAONS OF 107 ROy
nucl eoad:idenslhqamnmead cidhsequbias oﬁiSEf[pIaBNO 5Q>%§(Hi-? fFleRd, 1ﬁ§@1fe&,r @bhﬁ//tu%ﬁ%r nor e

f re 0 or % or nore, or
oo 1 Bklet (X Fo R S BBl pF 2 S i setatod R RS i e bios. of SEQ

' I D NO condotiorSEQH Dsdy@enc2.cofypddmentban to ﬂzemcleeﬂdd)sa:qdﬁtoe roﬁSEQCIDJMOt her 2BLAST

andt o5 AR BRIYPER e 157 B ) gl Bedies i B Bfons. M et f e

in theﬂgbha;hmg;amddeal@mm nation above I'n addition to the above descri bed

S LAST f
CLAST Pr oot A1 B JUSLERU I i GVARGRRD ACLPLADACIORATAT, (1000
J. Mot pOlBPQHtIdeiqtsﬂPm aw)ommf thdfellbwkg dnaao beldrseqimmeésdﬂ))atd) ®Brsephrsn  t hi s
ht Do ) R GRAntio MIE SeuBu XA HERAANE (5)3uing acid spauences which

Cﬁodhﬁpk tmqtrﬁﬂsmgmb@nqﬁemn il the pininoagid musnce@:ﬁ&m HbNQgérmé (/ﬁ)tatmm
Lt P4- | i@ sSfubhiGs Eat0d by Bhkf‘&ﬁz'n@fé anﬁﬁ@aﬁﬁ dei%awsﬁbsfuﬁa@g Wa@@@{;@& es and

t
genom c |jbraries of an| mal s such uman m ce
hanst efYnbipgticug dpse fpliﬂghe a@mwmdgi@au@ce ah SEQHESNO: By deatidy) meyinopcidrer s

based f,ﬁﬁﬁu rgene

anpl i f%gg%%%a%% 1?52[& ogy CR) ( r e thI%%S%S%%FE:H?IXg%#eC ar Bi ol ogy,
John Vitiageng cagyiy 3179 HigpRscogprisgies nucieptid v;ﬁ@qqs@q:eywm@@@m@m to
sewenmesmei@aldaeseqm&e bSEQIY NSt Ngr @OWE@%&@%S&?&H?‘B%? I]St?de% on
nmet hods, For exarr%? ‘41 3 deo ynucl eotide chain ter tlon tho

( Sange?! Raftial sequeness pcludegolyngrfi eS eEpgisinggireferably gtdeasb iy pnseaivseaniised. | n

addltlﬁ’kiresﬁiﬁ@@@ﬁ‘g‘ 10212, 3k 39 aBénodead d5Rded\Srihgreft SUi tabl e DNA sequencer. 5

' reover, ker .po ucl eoti de es of the present, invention include the
Moreove n&f‘h 0 a IH sequences mutgteg %y one or more a?mmo acid deletions,

substitutions, or additions, or combinations thereof in the amino acid sequence of SEQ ID NO:
20 3 include, for example: (i) amino acid sequences with 1 to 9 (e.g., 1 to 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: 3; (ii) amino acid sequences with 1 to 9 (e.g., 1 to 5, preferably 1 to
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., 1 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). I
The amino acid sequences mutated by one or more amino acid deletions,
substitutions, or additions, or any combinations thereof in the amino acid sequence of SEQ ID
30 NO: 4 include, for example: (i) amino acid sequences with 1 to 9 (e.g., 1 to 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 1 to 9 (e.g., 1 to 5, preferably 1 to
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
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Pol ynu g, MSB? nsthrag fo ang Val); apeehirged anioasids (éé‘h&}issﬁhfg Gly, sIeéast 15

consecWhd, ¥&d Ty Refié ﬁiﬂﬁloadcﬁis% ef a%d 68y %k%ﬁ@ﬁ&ﬂﬁgm@om dukd eahi de.  Marker
pol ynu epared fromcells
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beZOD ' Olgiyucﬁoxy oC Qggs‘ (%%r ax?cy "Phr? ea?fnﬁ&type amino acids (Gln 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).
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, Leu, and Ile, between Ser an& 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 proteins. 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




based on known Lrp4 sequence data. Ri boprobes, which are considered to be
particularly 15 preferable for detecting RNA in tissues, can be obtained
by, for exanple, inserting a cloned Lrp4 gene or portion thereof into

pl asnmi d vector pSP64 in the reverse dil&ction, followed by run-off
transcription of the inserted sequence portion. Al though pSP64 contains an
SP6 - pronoter, nmethods for producing riboprobes by conbi ni ng phage T3, T7
pronot er and RNA 5 polynerase are al so known. The marker polynucleotide

pr obes
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269- 315), humanl zed anti'hodi es, nulti'specit c antl odi es (LeDoussaI et al.

©(1992) Int. Inthearreent imvsappr. wirpémﬂbmep@%aﬂsb@ wothe RaliganifstyIohdie M tt .
- 7815118, olﬂyebh&é &hd 1&'1\@696%']:’5%1((&%@1) mzéni!ﬂatab'irdese ce @ﬁgreﬁx orfel dFRRSEBNN
(1986) si.ol . .Biochém armacol . 105; 0; . Van J k et al.

(1989) aIPHlO acl s 1 rihea@iing 8cid saguenge ofFhQ &fﬁtN(Boiij ‘I‘ ?r&glﬁbﬁﬁdsl@%ﬁl as Fab, Fab'

F(ab' ) gubsfiftébd¥r ad¥ed.e Ol & welR Rhow@ Hatufint b1 ?pé}ftﬂémmmy@m ARinBRYidal SO be
nmodi fied b PEG nd such, as,necessar bodi_.es_ of the sent

i nvent PRINCRAGYR Y PE %PBHE. AP0 451dS e %@; mserted substituted, or ad
maintain the same biological activity as the original polypeptide (Mark ef al. (1984) Proc.

20 Natl. Acad. Sci. USA 81: 5662-6; Zoller and Smith (1982) Nucleic Acids Res. 10: 6487-500,
- Wang ef al. (1984) Science 224: 1431-3; Dalbadie-McFarland ef al. (1982) Proc. Natl. Acad.
Sci. USA 79: 6409-13). Such polypeptides that maintain the antigenicity of Lrp4 and have
. an amino acid sequence in which one or more amino acids 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 Manual 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: 488-92, Kramer and Fritz (1987) Method. Enzymol.
30 154: 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.
35 Lrp4 polypeptide fragments are identical to a portion of the aforementioned Lip4
polypeptide, and preferably consists of at least six continuous amino acid residues or more (for



of a fusion protein with (3-gal actosi dase, naltose-binding protein, GST,
green fluorescent 30 protein (GFP) and such, to allow detection w thout the
use of a secondary antibody. In addition, antibodies of the present

i nvention may be nodified by |abeling Mith biotin or such, to allow
recovery using avidin, streptoavidin, or such. The anti bodi es of present

I nvention are specific to any of (1) pol ypeptides encoded by the

nucl eoti de sequence of SEQID NGO 1 or 2, (2) polypeptides conprised of the
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20 polypeptide production, Lrp4 polypeptides can be produced in an in vitro 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 into 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 Biology,
John Wiley & Sons (1987)). The vectors comprise regulatory sequences for the expression

30  of a desired polynucleotide in transfected host cells, and the polynucleotide is incorporated
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
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sequence of SEQID NO 3; (ii) amno acid sequences with 1 to 9 (e.g., 1to
5 preferably 1 to 3, nore preferably 1 to 2, and still nore prefer ny 1)
am no acid additions in the amno acid sequence of SEQID NO 3; (iii)

am no acid sequences with 1 to 9 (e.g.201 to 5, preferably 1 to 25 3, nore
preferably 1 to 2, and still nore preferably 1) am no acids substituted by
other amno acids in the amno acid sequence of SEQ ID NO 3; and (iv) an
am no acid sequence nmut ated by any conbination of the above (i) to (iii).
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subst i s(ugjtpglg dor ‘?@Frh ﬁ@ 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. Annu. Rev. 4: 1-54) and in plant bodies

are also known, and can be used to express Lip4 polynucleotides.

DNAs can be inserted into vectors 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). 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 e al. (1981) Nucleic Acids Res. 9: r43-74). A host
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 promoter,
incorporated in the host genome, or maintained as an extrachromosomal structure.
Transduction (transformation/transfection) of host cells with vectors can be
performed using well-known methods.
Transformation can be performed, for example, by the method by Cohen ef al. (Proc.
35  Natl. Acad. Sci. USA 69, 2110 (1972)), protoplast methods (Mol. Gen. Genet., 168, 111
(1979)), and the competent method (J. Mol. Biol., 56, 209 (1971)) for bacteria (E. coli,



15 acids can be classified according to their properties into, for exanple:
non-polar amno acids (Ala, Ile, Leu, Met, Phe, Pro, Trp, and Val);
non-charged am no acids (Asn, Cys, G@n, Ay, Ser, Thr, and Tyr); acidic
am no acids (Asp and G u); basic am ndlacids (Arg, H's, and Lys); neutral
amno acids (Ala, Asn, Cys, dn, Gy, Ile, Leu, Met, Phe, Pro, Ser, Thr,
Tip, Tyr, and Val); aliphatic amno acids (Ala and Avy); branched am no
acids (Ile, Leu, and Val), 20 hydroxyanino acids (Ser and Thr); ami de-type
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known badd1g§/o Qetdsandsﬂlfgh Ias al.um num'a Freund' s conpl et'e_(or
polypeptide is recovere 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, ultrafiltration, 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
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 ef al. ed., Cold Spring Harbor Laboratory Press (1996)).
Chromatography can be carried out using a liquid phase chromatography, such as HPLC or

30 FPLC. In addition, for example, a protein fused with GST can be purified using a
glutathione column, and a protein with a histidine tag can be purified using a nickel column.
When an Lrp4 polypeptide is produced as a fusion protein, unnecessary portions can be
removed using thrombin, factor Xa, or the like, following purification as necessary.
In addition, naturally-occurring 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 Molecular Biology, John Wiley & Sons (1987)



I nconpl ete) adjuvant, or pertussis adjuvant, to enhance imune response to
the antigen. The "Lrp4 pol ypeptide"” in the present invention is a peptide
polymer, a preferred 10 exanple of which is a protein having the am no acid
sequence described in SEQID NO 3 or 2%4. The amino acid residues that
conpose an Lrp4 polypeptide may be naturally occurring or nodified.

Mor eover, the Lrp4 pol ypeptides include proteins |acking a transnmenbrane
dormai n portion, and fusion proteins nodi fied by other peptide sequences. In
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Lrpd p ments are identical to a partion of orementi oned

tide
Lrp4 %ﬁkﬂﬁp @PHBO@E%@%%&I&%%&%@%@P% methads. sF;@aﬁM{@ $RiBWs ani no
_ acid rﬁéﬂlﬂﬂ%b@ﬁseﬂ&é@p&y@foniﬁamlbody, or it may be further purified. See, for example,

20 “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 establish

25 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 clone is introduced into the abdominal cavity of a mouse or such,
and ascites can be collected to obtain a monoclonal antibody. See also “Current 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. | |



exanple, 8, 10, 12, or 15 am no acid residues or nore). A particularly
preferred fragnment can be exenplified by a pol ypeptide fragnent |acking an
am no term nus, carboxyl term nus, and transnenbrane donain. The Lrp4
pol ypeptide fragnents include fragnent?3 containing an a-helix and a-helix
form ng region, a-anphipathic region, (3-sheet and (3-sheet formng 5
regi on, (3-anphipathic region, substrate binding region, high antigen index
region, coil and coil form ng region, hydrophilic region, hydrophobic
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Antibody fragments can be produced by treating the aforementioned polyclonal or

25  monoclonal antibodies with enzymes such as papain or pepsin.  Altermatively, antibody
fragments can be produced by genetic engineering techniques using genes that encode
antibody fragments (see Co et 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 et al. (1986) 121: 663-9;

30 Bird 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 systems, such as mouse myeloma cells, with a light chain gene and



"therein so that it will be under the control of the regul atory sequences.

Here, the phrase "regulatory sequence" includes pronoters, ribosone
binding sites, and termnators in the case of a prokaryotic host cell, and
pronoters and termnators in the case 24 a eukaryotic host cell, and in
sonme cases, may al so contain transactivators, transcription factors, poly A
signals which 35 stabilize transcription products, splicing and
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1]20 gf an%ibody -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, if a
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 BIAcore (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  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 dopaminergic neuron progenitor cells and such>
The present invention provides methods for selecting dopaminergic 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
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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 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
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 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. Alternatively, 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 streptoavidin. In



fluid of a transgenic organism Wen a pol ypeptide is produced inside of a
cell, the cells can be dissolved and the pol ypeptide is recovered fromthe
di ssol ved product. The pol ypeptide of interest can be then purified by

sui tably conbi ni ng known net hods of pragein purification, 20 such as
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extraction, dialysis, inmunoprecipitation, solvent precipitation, solvent

extracti and ammoni,um sul f r et hano pr ecipitati Exanpl es of
chr onaﬁ%fﬁv%fpm@eﬁlmrﬁéss ?aélrb%@w@ PerBIRFApIE, aud e aabodt . or
cat i oncelRthdtaR S§D1qur&1ttﬁﬁf abies, @ﬂlteferﬂabm fs%ﬁﬁﬁ@ﬂitﬁ@&&ﬁbdd?vﬁh%d phase
chr omat 08 g#‘% 25 adsor ption chr omat ogr filtratio

chr omafSSH YR YS1n § 1a8P%o b POPRRISTEE %@r&bﬁﬁgeﬂw&%&%b%@%%”r tetogr aphy,

phos phgstedtédibpfiew ehioatetyagingRhoel] sanet dndfluofesc &t ghsddogitialmy atbsdésegides for
ofein Purification and Characterization: A Laboratory urse Manual ,

haf*8t al. ed., Cold Spring Harbor Laboratory Press (1996)).

‘Chr onat ogr aphe d@pambeergiemeired pmgteniu@i d&ﬂ mphiaﬁuﬁibmdﬁﬁécﬁaﬁﬁs@ﬁ%%bﬁ@m such

HPLC 3 ddi ti 0 f d with GST
g: pur ?Efl\oéca)u%&o%c(gnpr&;@ﬁ, g‘?rl‘ﬁxgﬁgl gé l/j'rﬂﬁ mn‘gﬁ’djrﬁ?’& E?? é&lr‘i%ﬁﬁjoﬁgém\?,fmf’st i di nec'f1 gg
can -bepmfarabily 60%wsi mare pandi pakigdulatlyl prefierablWViEs oamoes fddpandhstpiepicucba i S

: produc&%gg@m@wﬂ@ on protein, unnecessary porti.ons can be renoved using

thronbtn="Tact’or Xa, or the I|ke follow ng purification as necessary. In
adtd ti on, nathe petept owentiani prgvmeﬁ methpds fbe selectimgaind wr peodnoinig friostthitid

OBt ! "RSharl Brgic b W Fior BALY RERYIORBrEE e ool chleh i B bt el o
Pr ot ocugugon progbiiter gElds SeEcwddgwsmgdhmnwkeeyo&n@dn@id(em&ie)s of antitBelsiofin
16. 1- 18} %sen t'r:ﬂ%{}e%‘ﬁ‘éﬁym?&@fe@én@%v@%%%@%gﬂgﬁieg HauRlas ?01%@16?@:9% £ using

enzynes, sucn as C S n

psin, protei | nase, and
| y syl Pedepieppodmitetic é@armwewslam@n pmuawmetllsmﬁ/mb compnwtbs: eﬁapmﬁ oned

%B:ﬁ |%ﬂﬂ€°%?5§ﬁ 1 &Iﬁgﬁ%&?@%gﬂgﬁaﬁ%ﬁ%}‘ can a E%ﬁgp?%[ duced emar cleavi ng

' an 5 LP m}'y‘éﬂoyléeprqbaéor am adies of ﬂlameée@n@mgn @l@hn&the;ﬂ@pamw%g

Pol yclmn@@%&g@bg& Mcﬁﬁﬁﬁ QG dRaEIner gi ¢ neuron progenitor cells

can be obtained from for exanple, the serum of an inmunized animal after
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no, parti cul limtations on the mammals used pi cal
2 can be o tamed by culturing the dopaminergic neuron progemtor 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, 65B13,
Nurrl, and TH (WO 2004/038018; Kawasaki ef al., Neuron 28:31-40 (2000); Wallen ef al.,
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 65B13 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, where 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 neurons which comprise the steps of contacting cell samples

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



10 exanpl es include rodents, |agonorphs, and primates. Specific exanples
I ncl ude rodents such as mce, rats, and hansters, |agonorphs such as
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proliferating when cultivated, where the methods comprise the steps of contacting 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 et al., Neuron
28:31-40 (2000); Wallen et 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 neuron
- progenitor cells, selecting the dopaminergic neuron progenitor cells, and contacting an
antibody against the 65B13 polypeptide with the dopaminergic neuron progenitor cells further
cultured 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 Lip4 (see, for example, Unexamined Published
- Japanese Patent Application No. 2002-51775), For example, a vector harboring a construct
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as - (1) NehH#il 1025098 190 Uth iaféition, culturing under hypoxic 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 et al. (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  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.
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- <Kits for treating neurodegenerative diseases comprising dopaminergic neuron progenitor
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bi functional |inkers (Paulus (1985) Behring Inst. MII. 78: 118-32), (2)
fusing hybridomas that secrete different 35 nonocl onal antibodies
(MIllstein and Cuell o (1983) Nature 3% 537-9), or (3) transfecting
eukaryotic cell expression systens, such as nouse nyeloma cells, with a

| i ght chain gene and 24 a heavy chain gene of different nonocl onal

ant i bodi es (four types of DNA), followed by the isolation of a bispecific
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invention, as well as methods for treating neurodegenerative diseases 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 producing the kits for
treating neurodegenerative disease. In the present invention, the term “neurodegenerative
diseases” 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)), extracellular matrix components (e.g., collagen, fibronectin,
vitronectin, laminin, heparan sulfate, proteoglycan, glucosaminoglycan, chondroitin sulfate,
“hyaluronate, elastin, 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. Itis

also possible to appropriately select dosage depending on the body weight and age of the



al so be used to evaluate antibody activities. The present invention relates
to reagents which conprise the anti-Lrp4 antibody as an active ingredient
for identifying dopam nergic neuron progenitor cells. In the above-

descri bed reagents, the antibodi es of 3the present invention as active

i ngredi ents may be m xed 30 as necessary wth, for exanple, sterile water,
saline, vegetable oils, surfactants, lipids, solubilizer, buffers, protein
stabilizers (such as BSA and gelatin), and preservatives. <Methods for
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Moreover, 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 dopaminergic neurons. They can also be
used to search for therapeutic targets for Parkinson’s disease, to elucidate the maturation

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

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

antibodies of the present invention, can be used as materials to isolate genes specifically

30  expressed in these cells. They can also be used to investigate and isolate genes specifically
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 vive differentiation of dopaminergic neurons, by
investigating genes that have different expression levels in cells that have differentiated,

- 35 induced, or proliferated and the original progenitor cells. Since such genes are potentiai

candidates for treating diseases caused by defects in dopaminergic neurons, determining and



20 fluorescence or an enzyne, such as al kali ne phosphatase or horseradish
peroxi dase, can be wused to detect a digoxigenin-I| abeled marker. When using
enzynme | abeling, detection can be carried out by incubating with the
enzynme substrate to forma stable pignght at the |ocation of the marker.

‘Fluorescent in situ hybridization (FISH) is convenient and particularly

preferable. 25 In addition, the present invention provides nethods for
sel ecting dopaninergic neuron progenitor cells conprising the step of
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sel ected by ng the marker polynacl eotide probes or anti bodi es of
en using reverse transcription PCR for gene expression analysis, the expression of

specific genes can be roughly quantified. Various isoforms of a single RNA transcription

20  product can also be detected and analyzed using the present methods. For reverse.

transcription PCR, when the reaction is 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 more
details see, for example, the method described in Pykett ef al. (1994) Hum. Mol. Genet. 3:

25  559-64. When a quick 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 DNA chips.
Herein, a DNA chip refers to a miniature array in which oligonucleotides, DNA 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, cDNA. clones for each gene of interest, or
oligonucleotides 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, induced, or proliferated therefrom, and treated with reverse

35  transcriptase to yield cDNAs. Next, the resulting cDNA samples are labeled with fluorescent
tags or other tags, and then hybridized to the microarray. As a result, genes that are actively



the present invention. The present invention also provides nethods for
sel ecting and/or producing postmtotic dopam nergi c neuron precursorcells,
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20  subjected to size fractionation by electrophoresis using a long polyacrylamide gel. By using
such methods, cDNAs derived from the mRNAs specifically expressed in either of the cells of

the present invention or the control cells can be detected as bands only present 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 simultaneously detecting the expression of a large number of
transcription products,  First, poly A” RNA. is exfracted from the dopaminergic neuron
progenitor cells of the present invention, or cells differentiated, induced, or proliferated
therefrom, using standard methods. Next, the RNAs are converted into cDNAs using a

30  Dbiotinylated oligo (dT) primer, and are then treated with a 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 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'
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13, ypol ypeptide. |n addition r p4- expressi ng .dopam ner gi.c_neur on progenitor
oo HR AR SaveallaB N gl i BF Bt Hepi? hdiibel S R5e T i pa
(see, dsitestRAiil)e, Nekiex BNAeofla &lbbitelvethpared is prepared (hereinafter referred to as

“driver DNA”). The test and driver DNAs can also be used interchangeably. In any case,

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

prepared test DNA is mixed with a large excess of driver DNA, denatured to form single-
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 ef al. (1991) Nucleic Acids

Res. 19: 1954 and Yasunaga et al. (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 described methods. For more details on the procedure see Lisitsyn (1995)
Trends Genet. 11: 303-7 and Schutte ef 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 inserted

35  into vectors or such, for sequence determination and expression analysis using the various
known methods described above.



Japanese Patent Application No. 2002-51775). For exanple, a vector

har boring a construct 28 that conprises a gene encoding a detection

mar ker, such as GFP, linked to a pronoter region obtained from anal yzing
the Lrp4 expression regulatory regions34o be described |ater, can be
transfected into cells. In addition, a gene encoding a nmarker can al so be
knocked in at the Lrp4 gene locus. In either case, specific cells can be
sel ected by detecting the expression of a 5 marker gene specific to

dopam nergi ¢ neuron progenitor cells. The cell sanples used herein
preferably conprise cells of the ventral mdbrain region or culture cells
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Japanese Trans ation of Interhationa 0-509319). In
addi t | Gfereatiption inductinnddithesg pells ¢ condi ti ons has been reported to 20

produce cell 2
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I'n addftRlBnlibarg s used in immbilizing the antibodies of the
~present invepdt aaﬁersaﬁ@ncﬂmﬂqfr@ﬁreﬁat@ﬁmn bobetestbd By coRIFARbE Withl cell iusSHPPOr TS

I h Il
| r&% u%e a s'?a}wee gf the st su%tstlélrlge Yell 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 can be
cloned from genomic DNA by known methods.  For example, a method for establishing the
transcriptional start site, 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 present invention, all or a
portion of nucleotides of SEQ ID NO: 1 or SEQ ID NO: 2). A clone obtained in this manner
- 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, comprising a

potential expression regulatory region, is evaluated for the strength, regulation and such of its



occurring organi c polymer conpounds, inorganic materials such as gl ass
beads, silica gel, 30 alum na, and activated charcoal, and those with
surfaces coated with a pol ysaccharide or synthetic polyner. There are no
particular limtations on the form of i%he support, exanples of which
include filnms, fibers, granules, hollow fibers, non-woven fabrics, porous
supports, or honeyconbed supports. The contact surface area of the
supports can be controlled by changing their thickness, surface area,

wi dth, |length, shape, and size in various 35 <Kits for treating
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particg L %jr odegener ati ve di seases such as Parki nson's di sease,

schi zop renla and’drug habits (Hynes et al., Cell 80: 95-101 (1995)) in

t elths of saf Bneyt;xpmsmhwalﬂatanmggiandf thetlwp4 kerfedsotited i thismanner cavbpaedd t o
conven ' to which
exogenoﬁﬂ%ﬁé@s‘i&%‘)%” e e B8 L Rl RO L RS 2 O o
an i ndesllsdamivobe used for transpl ant atlon d| rectly or after in vitro
~proliferation (Fig. 13). Such cells are 15 expected to exert therapeutic

ef fects because they are likely to differentiate and mature in an optinal
pl ace Thigembioslapdy " Therefore, the present invention also provides kits

(hgy ei nafteryhe E:?H‘gb ide8hetd a?g?ﬁssglaeggsrmi‘c' vf%er 2 tahh?lﬁl Rifi BEke ArBURRERON")

for treatlng neu enerat] ve ts conprises

dopani Weit embedsied Avipin thefcsH aaoghaans: oduei tp éfis cxpiession inflopeminetsi¢ aeuron

dopani gahfar Bl Bib4t BEER Ao B@iu‘vélve@ﬂgﬁﬁrreﬁﬂﬁﬁ)‘ﬁ‘ JTeloPikinBfid Ao €l ect ed
20 an produced ‘ysi ng the nmar erkéé_%nuc eotlde probes or antibodi es of

t he prlé@g?ﬁltor FRiyRoH ‘l"fmna%'ld\ﬁoé ppurgs d wtion apd magyationy Jdus.oetgEalr ati ve
di seasiggnibitahmap dehbstratd h floBRtic or antagonistic function towards Lrp4 may be used

20 to regulate the differentiation of dopaminergic neurons in vivo, ex vivo, 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
particular limitations on the candidate compounds, examples of which include 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 supernatants 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.

30
<Inhibition of Lrp4 Expression>

Since the present invention clearly demonstrates that Lrp4 mRNA is transiently
expressed in dopaminergic neuron proliferative progenitor cells, Lrp4 may be involved in the
control of progenitor cell proliferation as well as neuron differentiation and maturation.
-~ 35 Thus, substances that inhibit Lrp4 gene expression may be used to control the differentiation

of dopaminergic neurons in vivo, ex vivo, and in vitro. Examples of substances capable of



of transplanting the cells into the brains of patients. Furthernore, the
present invention also provides uses of dopam nergic neuron proliferative
progenitor cells, postmtotic dopam nergic neuron precursorcells, and/or
dopam nergi ¢ neurons sel ected and/ or p¥toduced using the 25 marker

pol ynucl eoti de 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

di sease.,..The kits of the present invention may_ conprise pharmaceutically
accept FEHRRG BricsEression iiflude sRtiseyse icleie prids, theaymes: and deybls-grapded  nc| ude,
for exRNAL(smaBliktBEeind RINAPHRNA P UIhaE She ?ﬁgén% inveRfiéh praQRs lchiafBsense

car box thyl. 30.cel |l ul ose sql utions, fol ding solids for supporting
cells %ﬁ&ﬁ‘?,m@%r&?@@e%ﬂﬂ‘gﬁ%‘&ﬁ?ﬁ“@d@Me, 17- 0485-01)), extracellular
mat ri x conpoBgatiples 6f htisersO nlcdl@ismd thbt pBREt fArget Yidd XPRSEDA inchal ﬂit) n,
L TN TR N R T
suppgr h;bridﬂfomqlati@djtls'ﬁésadif,IOMBﬁm-looﬁtsﬁbéﬂﬂes%m@'@&ﬁﬂﬁ@bhﬂ@m@ﬂ@)]'E hehl i ke
can be to. the.kits of .the. present 35 ] nt.ion. The kits of fhe
o 6sont ARt ihiticH bl vt BBREM wiR K E e Binceo b SHaotrssion 5o
possi bbesplisingglwooph heltrid formetiacat im%gmmemfaﬂb,r(g) m’pﬁfdsa'gb ofiypliserigght and
age of . . or il s t e snocul a t he.adm njstration
| m;&od@%ﬁggﬁéﬁﬁoﬁg%i&ﬁ% 8@163?0150%?%}’8&%0&3k@ﬁuﬁ?r{?@f&ﬂ &dﬁk@é |'s sel ected
usithg mgratiexiortbs sytoplass tanugh indeid farmatidnkeeitty RN A U7} hugipressioh of splizing i n
vivo, - : : . eut k ¢..ef f.ec for an t ended
per i o PEAEIREAE AGELEH of £oble s A BRZAMGG] HECHD cbiPresfh ol oct e
usi ng Banstesion igiiatéomptheaigh dibrid faxmationl eibinding Isseschfftfaaslation mitidion factors,r o t o

| . : 10 _ . g
o of or 1 eSS aBpts i 126 AHybHG 160060k sPRBoSHE RS AfeslTB) 101 2772 €
descr i pwgreagion ef penside shaimsloagatianethrowgh hiybed firmatien atonRPiAocpelirig rogions et | s

S Bo Relyseelnling SuRRiCRT) AboRSsad of B EXRAGDE bbb blddthlP!
dopani H&# §f Bugleig peid/preteinipsrction (Iisashima 2wl e "NewiBiockeptisity Espirindnsr use

intr aﬂ&ﬁls@@,tﬁﬁélél@AcmW%&M@plk&Y%d%p&@éSﬁ%ﬁsJagﬁ}eg@E{b(aﬂénicgquoc turing
b or differ
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may contain an antisense sequence to not only a sequence of a coding region, but also a

sequence of a non-coding region of a target gene whose expression is to be inhibited. A
DNA that encodes an antisense nucleic acid can be used by linking to a suitable regulatory
sequence that allows its expression. The antisense nucleic acid does not need to be

25  completely complemehtary to the coding region or non-coding region of a target gene, as long
as it can effectively inhibit the expression of this gene. * Such antisense nucleic acids have a
chain length of at least 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 antisense nucleic acids share an identity of 90% or

30  more, and more preferably 95% or more, with the complementary chain of a target gene

| 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 nucleic acid, and after reaction, they leave 5'-phosphoric



15 and nore preferably 5 x 104 to 6 x 104 cells. The primary nethod is
stereotaxic surgery, in which a cell suspension is transplanted into the
brain. In addition, cells may al so be transplanted by mcrosurgery. For
nmet hods of transplanting neuron tissue37see Backlund et al. (Backlund et
al . (1985) J. Neurosurg. 62: 169-73), Lindvall et al. (Lindvall et al.
(1987) Ann. Neurol. 22: 457-68), or Madrazo et al. (Madrazo et al. (1987)
New Engl. J. Med. 316: 20 831-4). Moreover, the cells of the present
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Antisense nucleic acids and ribozymes of the present invention can also be used in

20 \/;iral vectors derived from retroviruses, adenoviruses, adeno-associated viruses, and such, or
non-viral vectors that use liposomes, or naked DNAs, to control gene expression in cells using
ex vivo or in vivo gene therapy.

RNA interference is a phenomenon in which the introduction of an artificial double-
stranded RNA into cells causes 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 inhibit transcription of Lrp4d mRNA. Normally, an
siRNA is a combination of a sense and antisense chain to the sequence of a target mRNA, and
has a nucleotide length of at least 10 to the same number of nucleotides as the target mRNA.
These siRNAs preferably have a nucleotide length of 15 to 75, preferably 18 to 50, and more

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 encede, 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 a2 double-stranded RNA with a hairpin structure. Plasmid expression vectors that
continuously produce siRNA by transfection have also been designed (for example, RNAi-



270: 484-487), subtractive hybridization, and representation difference
analysis (RDA) 10 (Lisitsyn (1995 Trends CGenet. 11: 303-307). For cellular
in situ hybridization, places where RNA processing, transport, and

| ocal i zation into the cytoplasm occur 3% individual cells can be

i nvestigated, by hybridizing total RNA or poly A+ RNA prepared fromcells
with a | abeling probe specific to a given RNA sequence. In addition, RNA
size can be determ ned from size fractioning using gel 15 el ectrophoresis.
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product are detected, nRNA isoforns produced by alternative splicing can

be identified by anal yzing these products. For nore details see, for
exanpl Examples et hod described in Pykett et al. (1994) Hum Mol. Genet. 3:

25 559-64. Sk p
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whi ch Qf’iﬁg&lﬁjﬂl e@?laaeg anRpquenesvaralysis of BGera Secificdo DapamindrgieNearora hi gh
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out rultiple_.expression sc_reenl ng, CDNA cl ones for each gene of interest,
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20 |
' (D) N-RDA method
(1)-1.  Adapter preparation
The following 61igonucleotides were annealed to each other, and prepared at 100 uM,
(ad2: ad2S+ad2A, ad3: ad3S+ad3A, ad4: ad4S+ad4A, adS: ad5S+ad5A, adl3: ad13S+ad13A)
25 ad28S: cagctecacaacctacateatteegt (SEQ ID NO: 5)
ad2A: acggaatgatgt (SEQ ID NO: 6)
ad38S: gteeatcttctetetgagactetggt (SEQ ID NO: 7)
ad3A: accagagtctca (SEQ ID NO: 8)
_ ~ ad48S: ctgatgggtgtctictgtgagtetgt (SEQ ID NO: 9)
30  ad4A: acacactcacag (SEQ ID NO: 10)
- ad58: ceageatcgagaatcagtgtgacagt (SEQ ID NO: 11)
ad5A.: actgtcacactg (SEQ ID NO: 12)
ad138: gicgatgaacttcgactgtegategt (SEQ ID NO: 13)
ad13A: acgatcgacagt (SEQ ID NO: 14)
- 35
(1)-2.  cDNA synthesis



significantly expressed have a | ower percentage. Nanely, the fluorescent
signal intensity, which represents hybridization between a | abel ed cDNA
and a cDNA clone or an oligonucleotide on the chip, reflects the
expression | evel of each sequence in t¥e | abeled 5 cDNA, and thereby
enabl es quantification of gene expression. In addition, nultiple genes in
t he dopam nergi c neuron progenitor cells of the present invention, or
cells differentiated, induced, or proliferated therefron1 can be

si mul t aneous naI zed by nRNA diffe ial dis vol ves
reverse tr ang(gl?tfagf’?% ABERENEY HEe %ﬁ‘ét %g{lé Weﬁﬁl g%f*ﬁ ) Bdnpdi fi ed
oligo dierqIHd 1n‘mrt\Mo$e¢IfcmBa{ﬂfé dotsavitiat Hiredtienor Tbmmwa@reﬁérbcﬂ@ﬁn thet he 3
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et 1 BPABRLETRA o sk neeufte 40T (S HER SNl cl0Geestil pliBes:

3269- 330 59condl{ attd38C Adnile} mthutasclt 2210, ded b $inal 2-@inute b:fclnbzlitRNAﬁ 7IXC whihd) a C

i mredi t t be sel ctlvel I|f| If the
altere nuctﬁggﬁ{nges I?Jgrag%%ﬂ% ﬁ?}‘é caﬁ? ou;t.],la.ng II%gOIE)ef ore the
‘pol y Acentiiningghe fDélowmg eponehty. anplified. Next, an arbit rary nucl eot i de
sequence of ucleotides in length is prepared for use as a second
pri mer, and ification reaction is carried out wusing the nodified

ol 1o dT prlirérml‘dmﬂi Bv gl second prinmer. The anplification product is 20
subj ect ed to%ﬁ- ﬁ% ctionation by el ectrophoresis using al ong

pol yacryl am y using such nethods, cDNAs derived fromthe nmRNAs
speci ficallyl @moiﬁwubl ther of the cells of the present invention or
the control geih9 gan be detected as bands only present in the sanples

t hat have been el ectrophoresed. These nmethods can al so be used to anal yze
 expression ofistilled water 33228l genes. 25 SAGE anal ysi s does not require a
spexi al devi ce for detection, and is one of the preferred analytical

met hodf foroﬁn | t apequsly det ecting the expression of a |large nunber of

t r ansctli HOn i rst, poly A+ RNA is extracted fromthe

dopani ner gi CIH@MQSQm;MﬂéG%[UN@Wa&ﬁHIﬁr shplie Wﬁéﬁﬂlttmg BYSSd BP2 n%ute@' I's
prol i erated t herefrom Uusing standard

differengi i nduged
met hod®" th@(perfqrwéngq‘c{\wslhg?@y@sﬁq@q waondsap IEONAY sgeqgnds akd 36, Brbe | nyl at ed
ol i 9O _thnéhltesit 7DRT, andBdindl Biihas 1ﬂduﬁé’tl(ﬁﬁatw¢(t‘ aTROINAGSR Jubified Dkiak i

tr| tion Anc r Here. the AE-treated fragnents
lagujck gﬁﬁ%{l&} %? ggen anglc?ilgeste with Rsal. 3 g was used for each J
round of subtraction.

(1)-4.  Tester production
The ad28 amplified cDNA was further amplified by incubating at 94°C for 2 minutes,
25 and then performing five PCR cycles of 30 seconds at 94°C, 30 seconds at 65°C, and 2
minutes at 72°C, and a final 2-minute in¢ubation at 72°C. The cDNA was purified using the
Qiaquick PCR Purification Kit (Qiagen), and digested with Rsal. 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 dissolved in 1 pl of 1x PCR buffer. After a 5-
minute incubation at 98°C, 1 pl of 1x PCR buffer + 1M NaCl was added.  After another 5
minutes of incubation at 98°C, the tester and the driver were hybridized at 68°C for 16 hours.
35. With ad3S as the primer, the hybridized ¢cDNA was amplified by incubating at 72°C
for 5 minutes, and performing ten cycles of 30 seconds at 94°C, 30 seconds at 65°C, and 2



their 3 termnus. Next, the AE-treated fragnents are incubated with
streptoavidin for binding. The bound cDNA is divided into two fractions,
and each fraction is then linked to a different doubl e-stranded

ol i gonucl eoti de adapter (linker) A or #& These linkers are 35 conposed of.
(1) a protruding single strand portion having a sequence conplementary to
the sequence of the protruding portion fornmed by the action of the
anchoring enzyne, (2) a 5 33 nucleotide recognizing sequence of the

|1S-type restriction enzy cleaves at a predeterm ned | ocation no nore
than 20UBFedtal Er oNFi‘%ﬁlerﬂgﬁ’g‘@ﬂd £Pdi wag @ﬁe%@i vith ghedMung Beamuelgasenzy me

TE @p.,ﬁqgap r%rhaQ e i tructing
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whi ch ké&eopdLA®IEC] dNRinuk Mt PI°(R andh BhA BhAARE iRGBEMANGE 7089 Next, pools
of short-strand sequence tags fromthe two different types of Ilnkers are

| i mfked to each other, followed by PCR anplification using primers specific
to |inkigres ANaﬂﬂalﬁandhs a result, the anplification product is obtained as a

m xture co se nces_ of j acen e tags d| t ags)
bound to |m{<&fgp%%%b§%d as ige %FPp*FP!FP%'\Qgic@g\J'% h@?‘ﬂnstg?%é%{“eﬂl Wt h t he
anchorsuhgraemymamﬁbmabmg‘ﬂee%dmmméslmsoﬁbePcRIHmlﬂeﬁuuermlrmds ina
ol one. &8st o AR Rir R B &F pBtbe st Thir bed YA s bridene & ¥onur o
colksecif hows. dltags of const ant Iength The presence of nRNA correspondi ng
to each tag pan, dentlfl 0 ter i on he
clone's nucl ot bd }le]ﬁiskegﬁlejﬁ W GErs E OV%?IS%IFI%% Be Yes %ﬁ@é ktog%é t hus
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iffer ous ) ce al so be
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pr ogeninimitescé UJZ%C @hd eHmap?-edeute incubaivn 272°Cr Thd PERGréduet ons thahed,
[ nlo_l;Jce@k k4 S of ﬁg%)%ﬁtbg}?ﬁeeéddﬂgﬂ ndfzgat, fromthe dopam nergic neuron

pr ogeni or ce resent invention, a DNA sanple of a cell to be
tested is prepared (herei nafter referred to as "test DNA"). Next, a DNA of

a cel I(15rq beseONPREEH biSubtaRfed (hereinafter referred to as "driver
he test and driver DNAs can al so be used interchangeably. In any

c as e gene0deafdhe cPN A th avhiehsaddpres agded mbSestion fl rtozhovh avad ubadeas tIBNA ar e
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drj ver_DNA, denatured tg form si nﬁ
20 Section 1-5 above was performed. Finally, ad5 was added to the cDNA following Rsal

digestion.

(1)-8.  Third Round of Subtraction
2 ng of the cDNA to which ad5 was added in section 1-7 above was used as the tester
25  and mixed with the driver of 1-3 above, and the same subtraction procedure used in section 1-
-5 above was carried out.  Finally, ad13 was added to the Rsal-digested cDNA.

(1)-9.  Fourth Round of Subtraction
2 ng of the cDNA to which ad13 was added in section 1-8 above was used as the
- 30 tester and 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 was analyzed using the ABI3100 sequence analyzer.

[Example 2] Expression Analysis of the Lrp4 Gene
- 35 Next, an expression analysis of theLrp4 gene by in situ hybridization was carried out
according to the following protocol.



25 stranded DNA, then anneal ed. By regul ating the annealing conditions,
speci fic sequences absent fromthe driver DNA can be isolated as
doubl e- stranded DNAs conprising only the test DNA sequence. For further
detail on this nmethod see, Swaroop et 4. (1991) Nucleic Acids Res. 19:
1954 and Yasunaga et al. (1999) Nature Genet. 21: 363-9. The RDA nethod is
a nethod that uses PCR to selectively anplify a sequence of a 30 test DNA
that is absent in a driver DNA and can be used in the present invention
simlarly to_ oth previ ously descrlbed met hods. For nore details on the

procedure seEirth Ef% -3 yBPUEY 9BRy0s e piabaddadin O43T., spbireshiryensertiopeolet al .
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The results of comparison with the neuron maturation marker NCAM mRNA show

20 that Lrp4 mRNA-expressing cells were proliferative progenitor cells in the NCAM mRNA-
negative ventricular zone (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 5), although expression of both TH mRNA and Lrp4
mRNA in the same cells was not observed since TH mRNA is only expressed in the mantle

25  layer (ML). In general, neurons present in neural tubes are known to first proliferate in the
VZ, exit cell cycle with the commencement of differentiation, and then mature after migrating
to the outer ML. Thus, dopaminergic neuron proliferative progenitor cells are believed to
proliferate in the VZ which lines the TH expression zone, and express TH mRNA after having
migrated to the outside following cell cycle exit. Namely, Lrp4 mRNA is believed to be

30  specifically expressed in the midbrain in dopaminergic neuron proliferative progenitor cells

 (Figs. 4 and 6).

{Example 3] Expression of Lrp4 in Dopaminergic Neurons Induced to Differentiate from ES
Cells
35 Next, whether Lrp4 is expressed in ES cells that have been induced to differentiate
~ into dopaminergic neurons in vifro, was examined.




Cell differentiation and proliferation can be detected by conparison with
cell status in 20 the absence of the test substance. Cell differentiation
and proliferation can be detected by norphol ogi cal observation under a

m croscope or by detection or quantifi€ati on of substances produced in
cells, such as dopam ne. <Analysis of Lrp4 Expression Regul atory Region> 25
Usi ng a sequence of the Lrp4 gene, an expression regulatory region of Lrp4
can be cloned from genom ¢ DNA by knomm nmet hods. For exanple, a nethod for

establishing,.the, transcriptional rt site, such 1 .nma

et ot 1 DR do o pRipRs repee e direR E R Fors s Re DR BSITE B how el |
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(1003 Cant wikRaSRred 1%, kol P13 el and PGy and R ML Bl BRoute 19,20 cne
can be usingiedR Nyasy MineKiti (Q@g@ﬂ)‘ttbﬂibﬁreﬂ)blﬁﬂ'fl-mnr | BSRT-BERNgDNObSs ibMiAHy

co I’ISI 5 p segnment,. of the
gene' s 5* ?Sézreé??ﬁ]jfs)“% Pﬁtofaﬁ%ﬁ%&}_}@g%&% %@éﬁjﬁg% (}a{‘?‘ﬁa[g% BCBO‘?’?%% ‘?

nucl eovitieghofollSE(pg Badtion system, GGy ade f8@ipldds cDRAcdquivalenbtoal () 1ing, ﬁﬂai S
nmanner g r?%‘t ains a 5 non-coding region of 10 kbp or nore, and is shortened
or frag ed by 35 exonucl ease treatnent, or such. Finally, the shortened
sequence porﬂﬁboﬁ),cTamlonpri sing &pulpotential expression regulatory region, is
eval uated fop fﬁ\gﬁength reiggjh tion and such of its 35 expression using
a reporter gene ereby making Tt possible to determ ne the m ninmum unit
retfiired to Helag ain the acti \thtyl of the Lrp4 expression regulatory region.

Gene expressl tory reg n be predicted using a program such as
Neur al  Networ Iglﬂ-%é}//wwwf ?@T a)%ﬁlorg /seq _tools/pronoter.htm; Reese

et al., Bioctdting: 5 Proceddings of the 1996 Pacific Synposium Hunter

and Kl ei n edpisi@d lwderci enti fijg g r{HUbl ishing Co., Singapore, (1996)).
Mor eover, a program for predicti t he nini mum unit required for the

activity of Afcirpthating &ﬁerégweéta@%"G,ééuP&R ¢xelesiof 30seronds et °€a?0 be used

(ht3 p: i M | RS ri dge
(119%5 ééc?hm 65@%%(1)13 48&582?084,‘%?& c10 T%Pgoglpresqu é%@g%n ??)rn)?h ?%%}I on of

the Lr#4 2g@ne isolated in this manner can be used to produce proteins of
i nterest speThd degadrcls bithélpRARINREIbfe AEWHBRIORY Ol i ferative progenitor

cells 4 Y VP GTCTACCACTGCTCGACTGTAACG (SEQ ID NO: 15) /
| CAGAGTGAACCCAGTGGACATATCTG (SEQ ID NO: 16)
20 TH: GITCCCAAGGAAAGTGTCAGAGTTGG (SEQIDNO: 17)/
GAAGCTGGAAAGCCTCCAGGTGTTCC (SEQ ID NO: 18)
' DAT: CTCCGAGCAGACACCATGACCTTAGC (SEQ ID NO: 19)/
AGGAGTAGGGCTTGTCTCCCAACCTG (SEQ ID NO: 20)
According to the results of expression analysis by RT-PCR, although Lrp4 is not

25  expressed in ES cells (CCE) or stroma cells (PA6), 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-Lrp4 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




<Li gand for Lrp4> 15 The Lrp4 pol ypepti des have a transnmenbrane domai n, and
thus in nature are thought to exist enbedded within the cell nenbrane. Due
to its expression in dopam nergic neuron progenitor cells, Lrp4d is
believed to be involved in the regul at43on of dopam nergi ¢ neuron

progenitor cell proliferation and in neuron differentiation and maturation.

Thus, potential |igands that may denonstrate an agoni stic or antagonistic
function towards Lrp4 may be used 20 to regulate the differentiation of
dopam nergi c .neurons.in. y¥ivo, ex vivo, and in vitraq., | i denti fying
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the Lrp4 polypeptide can e.use en i ilized.on S rt, or
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candi detlearedivpedbtain s cubxanppesatadt. Whinalay i12¢H moese exbigssia thth fedadtt s of
geng | i hraki b ubst ances deri.ved from marine. qrgani sns racts
of S vat A BB SEI B4 o U0 B TR B Soion waR ol P09 SietsepESt)
subst aac¥E aernigledaridr thenepbeyts svere dnbbdded sstheO BRI r EhLim-thivkoseotoslwerell t ur e
supern t | ndqui oduc by . the,ph dj, spl ay
o hod P et R 59 BT80S SRR HERS b Wi R gt
conpouRBS(rhggdie | Hiseteetdorisoverd bloektd (@ A%oforiahdinkgy s@0m<indHiObb horoml ghatLr p4
- Expr es?ér%@l?éﬁ‘&@es?tapﬁ)o% EfHtacted Y6 BihufdseHd HeRIR0F G alillfipal T P4 TRNA
is transiently eXpressed I'n dopaninergic heuron pr ofi ferati ve proogeni t or
cell s, moppelonah pntieedy pyedugedias descibed abowe (roixtué oPFIGRENBP-d03 tekd FERM
prol i f gpajios 98 1easy el "ﬁéq g&%; | efhd, 3l afde Thus,
subst ances tﬂ[;\t 1|1\r{1\%| (t)l} t Lrp @%Rgh%%ﬁgség%%hhﬁq%y&g‘ge%%@ﬁt %d/ggﬂ r%l t he
di f f er goat serving and 36 %dBlegkAke PGSt anddroarsi-TH aptibody @hewmicon, 0&re/inh, 19%r o.
Exanp! gsmfl sk Tsé’r'ﬂﬁﬁiio%arﬂﬁzglla? it sedfim, AfHY B BIBGK AEHER on i nclude
anti sense nucl e|§c acrds, ri oz%/mag, a’n%‘m(;%uél e-str andeg_j(gtrlggN,%lz1 (snmal |
i nt er f EMPRERORRIAT oxie gy, and-futher reReled A bnevearnighint Tha sgotions e wasbad
ants s efwe timey GHdioc %8 Trsh XII0RATATD % rodi reiePingre 364 ANERRLENAy 3 RXGURY es of
anti sense mechanisns that suppress target gene expression include: (1) 5
i nhi bi #thbamaitereGhagtibodit o1ghe £hiGHakeled antiraouse gy extitagy idackenm, 10 pp/mL,
trans fro%hbit:)ﬂamtéﬁl@.{yes%?hﬁ,nl Gd“/t' %%omlaﬁmq ah@n %8} BRRkHceHHH WA redctal
open- \971%1[1) thse sregt?onlg ra? ?oon? tregi)erat%e for onEc) o%rr.re r’[é}ll%g,’ the sections were washed as
described above, then washed with PBS(-) at room temperature for 10 minutes, and sealed.
20 As a result of expression analysis by immunohistological staining using the produced
anti-Lrp4 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) as shown by
expression analysis using in sifu hybridization. Compared with expression of the TH protein,
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
 thatthe Lrp4 protein is expressed in the dopaminergic neuron progenitor cells.
Next, using the anti-Lrp4 monoclonal antibody, Lrp4-expressing cells were detected
by flow cytometry. _
First, ES cells were induced to differentiate to dopaminergic neuron progenitor cells
30  invitro using the SDIA method. A cell population comprising the cells was dispersed 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 culture supernatant, 1%
fetal calf serum, and 1 mM EDTA/SDIA differentiation medium]) at 4°C for 20 minutes
_ without fixing and permeabilization. Subsequently, the cells were washed three times with
35 1% fetal calf serum and 1 mM EDTA/SDIA differentiation medium at 4°C for 3-minutes.

The cells were stained with biotin-labeled anti-hamster IgG antibody (Jackson, 10 pg/mL, 1%



transcription inhibition through hybrid formation with RNA during
synthesis, (4) suppression of splicing through hybrid formation at

i ntron-exon junctions, (5) suppression of splicing through hybrid
formation at sites of spliceosone formion, (6) suppression of nRNA 10
mgration to the cytoplasmthrough hybrid fornation with nmRNA, (7)
suppression of splicing through hybrid formation at a capping site or poly
A addition site, (8) suppression of translation initiation through hybri d
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was synthesized, and amplified by the same method as described in Example 1 to use as a
template in RT-PCR.  The PCR was performed using cDNAs corresponding to the amplified
cDNA equivalent to 4 ng, 0.4 ng, and 0.04 ng by the following reaction system.

10 x ExTaq 1 pL
25 2.5 mM dNTP 0.8 ul.
ExTaq 0.05 pL
100 pM primers 0.1 pL each
cDNA I pL
Distilled water 6.95 uLL

30
PCR was carried out under conditions of 94°C for 2 minutes, 26 cycles 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.
Lipd: TAGTCTACCACTGCTCGACTGTAACG (SEQ ID NO: 15) /
35 CAGAGTGAACCCAGTGGACATATCTG (SEQ ID NO: 16)
TH: GTTCCCAAGGAAAGTGTCAGAGTTGG (SEQIDNO: 17)/ .



37 acid and 3'-hydroxyl group at the reaction sites. Large ribozynes are
further classified into (1) group I intron RNAs, which carry out
guanosine-initiated trans-esterification reactions at 5'-splice sites, (2)
group Il intron RNAs, which performtwpgsstep self-splicing reactions via a
lariat structure, and (3) RNA conponents of ribonuclease P, which cleave
precursor tRNAs at S their 5 side via hydrolysis reactions. In contrast,
smal | ribozynes are conparatively snall structural units (about 40 bp)

that cleave RNAs, formn drox roups and 2'-3'" cyclic phosphoric
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length of 15viQ, the predbriiffedRirY arddlyZeq R0ratif 3¢ pFRiESative progenitor cells to

20  postmitotic precursor cells in the Lrp4 protein-positive cell population separated by the anti-

Lxp4 antibody.

' The separated cells were seeded on a glass slide coated with poly-L-omithine (Sigma,
0.002% in PBS), laminin (Invitrogen, 5 pug/mL in PBS), and fibronectin (Sigma, 5 pg/mL in
PBS), and incubated in N2 (Invitrogen, 1x), B27 (Invitrogen 1x), ascorbic acid (Sigma, 200

25 uM), and BDNF (Invitrogen, 20 ng/mL)/SDIA differentiation medium at 37°C for 40 minutes

. to adhere thereon. The adherent cells were fixed in 4% PFA/PBS at 4°C for 20 minutes, and

washed twice with PBS at 4°C for 10 minutes. Permeabilization with 0.3% Triton X-
100/PBS was performed at room temperature for 15 minutes, and blocking with 10% normal
donkey serum/Block Ace was performed at room temperature for 20 minutes. Then, the cells

30  were reacted with anti-Nestin antibody (Chemicon, 2 pg/mL, 10% normal donkey serum,
2.5% Block Ace, 0.1% Triton X-100/PBS) or anti-BIII-tubulin antibody (BABCO, 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 overnight. On the next day, the cells were
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 pg/mL, 10% normal donkey serum, 2.5% Block Ace, and




30 preferably 20 to 25 nucleotides. In order to suppress Lrp4 expression,

Si RNAs can be introduced into cells using known nethods. For exanple, a
DNA i s designed to encode, in a single strand, two RNA chains that conpose
an siRNA, and this is then incorporategginto an expression vector, cells
are transforned with the expression vector, and the si RNA can be expressed
in the cells in the 35 formof a double-stranded RNA with a hairpin
structure. Plasm d expression vectors that continuously produce si RNA by
transfection have al so been designed (for exanple, RNAI 38 Ready pSIREN
Vect or 0-1andritesX-1R0E8P) goormNemperaee Yardloningkp Bhdsequendndhordlstesn) ). The
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18 Ong bk IR SOHEEL AL oy Gt ety o0 end oRnes SerR Sl yperpresced |
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- room temperature for 5 minutes, and then reacted with the FITC-labeled anti-mouse IgG
15  antibody (Jackson, 10 pg/mL, 10% normal donkey serum, 2.5% Block Ace, and 0.1% Triton
X-100/PBS) at room temperature for 30 minutes. Subsequently, the cells were washed, and
sealed for observation as described above.
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 postmitotic marker BIlI-tubulin (Fig. 12). In addition, the separated cells were confirmed to
frequently incorporate BrdU, and to actually proliferate ir vitro (Fig. 13).
Next, the present inventors confirmed that the separated Lrp4-positive cells
differentiate into the dopaminergic neurons.
The separated cells were seeded on a glass slide coated with poly-L-ornithine (Sigma,
25  0.002% in PBS), laminin (Invitrogen, 5 1g/mL in PBS), and fibronectin (Sigma, 5 pg/mL in
PBS), and incubated in N2 (Invitrogen, 1x), B27 (Invitrogen 1x), ascorbic acid (Sigma, 200
pM), BDNF (Invitrogen, 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%
- Triton X-100/PBS was performed at room temperature for 15 minutes, 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% Triton X-100/PBS) or anti-BIiI-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 overnight. = On the next



25 ad2S: cagctccacaacctacatcattccgt (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: acacactcacag (SEQ I D NO 10) 4MSS: ccagcat cgagaat cagt gt gacagt (SEQ
ID NO 11) ad5A: actgtcacactg (SEQ ID NO 12) adl 3S:
gt cgat gaacttcgactgtegatcgt (SEQ ID NO 13) adl 3A: acgatcgacagt (SEQ | D NO
14) 35 (1)-2. cDNA synthesis 39 Ventral mdbrain regions were cut out of
SLCO), and divided into two sections in the
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m nut eptotein-positive dopaminergic neurons were induced than with the unseparated control cells.

Therefore, it was revealed that the Lrp4-positive cells are certainly dopaminergic neuron
10 lineage progenitor cells and can mature ir vitro (Fig. 14).

[Example 6] Transplantation of separated Lrp4-positive cells into striatum in Parkinson’s
disease model mice
‘Lrp4-expressing cells were separated by flow cytometry using anti-Lrp4 monoclonal
15 - antibody, and the cells were transplanted into the striatum 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 using a
cell dissociation 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 mM EDTA/SDIA differentiation medium]) at
4°C 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
4°C for 3 minutes. The cells were stained with biotin-labeled anti-hamster IgG antibody
(Jackson, 10 pg/mlL, 1% fetal calf serum and 1 mM EDTA/SDIA differentiation medium) at
25  4°C for 20 minutes, and washed as described above. Then, the cells were stained with PE-
labeled streptavidin (Pharmingen, 20 pg/mL, 1% fetal calf serum and 1 mM EDTA/SDIA
differentiation medium) at 4°C for 20 minutes, and washed as described above. After
staining, the Lrp4-expressing cells were separated by a flow cytometer.
Next, the present inventors transplanted the separated Lrp4 protein-positive cells into
30  the striatum of Parkinson’s disease model 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 6-
OHDA (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 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



and then performng five PCR cycles of 30 seconds at 94C, 30 seconds at
65C, and 2 mnutes at 72C, and a final 2-mnute incubation at 72C. The
cDNA was purified using the 20 Q aquick PCR Purification Kit (Q agen), and
digested with Rsal. 3 g was used for eth round of subtraction. (1)-4.
Tester production The ad2S anplified cDNA was further anplified by

I ncubating at 94C for 2 mnutes, 25 and then performng five PCR cycl es of
30 seconds at 94C, 30 seconds at 65C, and 2 mnutes at 72C, and a final

2-rrinu on at 72C. Th cDNAwa urified using the qui ck PCR
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15 room temperature for 20 minutes. The sections were then reacted with anti-GFP antibody
(Molecular probes, 20 pg/ml., 10% normal donkey serum, and 10% Block Ace/PBS), anti-
MAP?2 antibody (Sigma, mouse ascites, diluted 100 times, 10% normal donkey serum, and
10%Block Ace/PBS), or anti-TH antibody (Chemicon, 1 ug/mL, 10% normal donkey serum
and 10% Block Ace/PBS) at room temperature for one hour, and again at 4°C 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 pg/mL, 10% normal donkey serum, and 10% Block Ace/PBS),
Cy3-labeled anti-mouse IgG antibody (Jackson, 10 pg/mL, 10% normal donkey serum, and
10% Block Ace/PBS), or Cy5-labeled anti-sheep IgG antibody (Jackson, 10 pg/mL, 10%

-~ 25 normal donkey serum, and 10% Block Ace/PBS) at room temperature for one hour. Then,

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 immunohistological 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 cells are
successfully engrafied in the striatum of the Parkinson’s disease model mice.

Most of the successfully engrafted cells were also observed to be positive for the
mature neuron marker MAP2, and EGFP-positive axons were observed to extend far into the
striatum (Table 1 and Fig. 16).

35
Table 1
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present invention are believed useful for therapies.
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[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 into the dopaminergic neurons ir vitro using the S-stage method.

20

2, day 6 at Stage 3, days 4 and 6 at Stage 4, and days 4 and 7 at Stage 5.

First, ES cells (CCE) were induced to differentiate 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, day 4 at Stage

Total RNAs were

prepared using RNeasy mini kit (Qiagen) to perform RT-PCR. In the RT-PCR, ¢cDNA was

25

first synthesized from 1 ug of the total RNA using RNA PCR kit (TaKaRa). The PCR was

performed by the following reaction system, using cDNAs corresponding to 10 ng, 1 ng, and

0.1 ng as templates.

30

10 x ExTaq

2.5 mM dNTP

ExTaq

100 pM primers

cDNA

2 pL

1.6ul

0.1 uL

0.2 pL each
1 pL
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10 washed (I x TBST, 2 nmM Levam sole), and col or devel oped usi ng NBT/BClI P
(DAKO as the substrate. The expression analysis by in situ hybridization
showed that Lrp4 nRNA is specifically expressed in the ventral mdline
region fromthe mdbrain to the hindbrs n and the spinal cord at the stage
E12.5, which corresponds to the tinme of dopam nergic neuron 15 devel opnent.
Lrp4 denonstrates a simlar expression pattern to Shh nRNA fromthe
hindbrain to the spinal cord, and was clearly determned to be specific to
the floor plate, which is t he or gani zer regl on (Figs. 2 and 5). In the

m dbr ai n, LrPlﬁﬂgﬁ%Wé?él on was observed note? Mentrally than the Shh nRNA
expression zone (Figs. 3 and 5). The results of conparison with the neuron
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First, the cell population (day 7 at Stage 4) comprising the dopaminergic neuron
progenitor cells induced to differentiate from ES cells iz vitro using the 5-stage method was
dispersed using the cell dispersing solution Accumax (Innovative Cell Technologies, Inc.).

20  Without the steps of fixing and permeabilization, the cells were stained with anti-Lrp4
monoclonal antibody (mixture of FERM BP-10315 and FERM BP-10316 [each 1/2-diluted
culture 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/mlL. DNase I/Ca- and Mg-free
Hanks' balanced salt solution (HBSS-) at 4°C for 3 minutes. The cells were stained with the

25  PE-labeled anti-hamster IgG antibody (8 pg/mL [BD Biosciences], 1% fetal calf serum, 1 mM

' EGTA, 4.5 mg/mL glucose, and 40 ng/mI. DNase I/ Ca- and Mg-free Hanks' balanced salt
solution (HBSS-)) at 4°C for 30 minutes, and washed as described above.  After staining,
Lrp4-expressing cells were detected using a flow cytometer.
The results of detecting Lrp4-expressing cells by flow cytometry using anti-Lrp4

30  monoclonal antibody detected an Lrp4 protein-expressing 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 cells induced to differentiate 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 vifro of Lrp4-expressing cells separated by -




using the RNeasy Mni Kit (Q agen) followed by RT-PCR In RT-PCR, cDNA was
initially 5 synthesized for 1 gg of total RNA using the RNA PCR Kit
(TaKaRa). PCR was then carried out in the follow ng reaction system using
as a tenplate cDNA equivalent to 10 ng511 ng, and 0.ing. I Ox ExTaq 2l

2.5 MM dNTP 1.6 | 10 ExTaqg 0.1 | 100 Mprinmer 0.2 | each eDNA 1|
Distilled water 14.9 | After incubating for 2 mnutes at 94C, 35 PCR cycl es
of 30 seconds at 94C, 30 15 seconds at 65C, and 2 mnutes at 72C were
carried qut..followed by incubating for 2 mnutes at 72C. The sequences of
t he pr i&sed are shown bel ow. Lrp4: TAGTCTACCACTGCTCGACTGTAACG ( SEQ I D

NO 15) / AR VAT AR AT eh dr e Rol %%rot@@gosﬁﬁre@bﬁs se&z%ted

GTTCCCAA! CA( SEQ.ID 17) ./
(SEQ | b“ﬂﬁ)anti qﬁggﬂ %@%@@A@W@ﬁ)@rw&m‘( BEEE-D NO 19) /
| AGGAGTAGGGCTTIEEI G)ﬁégE@nF ﬁ]mpﬁ&%)er@s gieureth RebgeRitd RIS ﬁﬁg&éd&ogfs

r i.S no expressed in
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on dayntiboldyi blyhlae mattied dederided ﬁﬁEﬂ'drhIﬂé 42 ThsUl4-wrfsitivedells Reredthérd @pgratddat i on
br e usttte 188 srlefe, TR isp SR el e et T g nondne o M e
prol i f emithinedSipeg 8.1002%rin ®EY) and ﬁlhz‘ebtfn (Sedras, SmgﬂmmBS)Lﬁndahﬁ&?teﬁmn o
I sol at 4§ q} ! rgic eur o rolif® ﬁ%& C at have been
i nd léﬁgln %%1 f"r)e 1o ¢ d‘&d gﬁ% %?%WP% 4] Analysis
l)p lﬂlf‘rsgﬂg/p'?lom{ﬁ' M2 m53§7l°6rfoﬂ'ﬁda3ant iThe mp&m@beih&@e\ﬁ&ed Dt DARFAChnd)0. 1396
pr ot oc ggaﬁfpﬁge&ﬁglfgv&dﬁ the ‘5 % gg tlhaHB§ tgf°&r¥oe?(?r%gﬁqus seqguence

in the ene expression
Permeabr ization with 0. 3% Triton X-100/PBS was performed at room temperature for 30

minutes, 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% normal donkey serum, 10% normal goat serum,
2.5% Block Ace, 0.1% Triton X-100/PBS) or anti-MAP2 antibody (Sigma, 1/200 ascites, 0.5
ug/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 subsequently at 4°C overnight. On

the next day, the cells were washed four times with 0.1% Triton X-100/PBS at room

20  temperature for 10 minutes, and reacted with the FITC-labeled anti-mouse IgG antibody or the
Cy3-labeled anti-rabbit IgG antibody (both from Jackson, 10 pg/mL, 10% normal donkey
serum, 10% normal goat serum, 2.5% Block Ace, and 0.1% Triton X-100/PBS) at room
temperature for 30 minutes. Subsequently, the cells were washed as described above, then
washed with PBS at room temperature for 5 minutes, and sealed for observation.

25 Culturing the separated Lrp4-positive cells in vitro induced many TH protein-positive
dopaminergic neurons (Fig. 17C). Therefore, it was revealed that Lrp4-positive cells induced
by the 5-stage method are dopaminergic neuron progenitor cells, and can mature in vitro.

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

30  progenitor cells induced by either method could be separated using the anti-Lrp4 antibody.
Accordingly, it appeared that Lrp4 is useful as a marker for dopaminergic neuron progenitor
cells derived from any cell source. The 5-stage method is capable of inducing differentiation
of dopaminergic neuron progenitor cells without contact with animal-derived cells and

_ components, and expected to be applied clinically. Lrp4 is useful as a cell separation marker

35  inthe methods, and thus appeared to be most likely applied to transplant therapy for

neurodegenerative diseases including Parkinson’s disease.




35 performed using i munohi stol ogi cal staining. First, the extracellul ar
region (161 to 502 am no aci ds) encodi ng sequence in the Lrp4 43 gene was
i ntroduced into 293E cells, and the extracellular region of the Lrp4
protein was expressed and collected. $ansters were i munized with the
collected protein, and |ynphocytes were renoved therefromand fused with
nmyel oma cells. The fused cells were cultured to obtain a culture
supernatant. On day 12.5 nouse enbryos were then fixed with 5 4% PFA/ PBS( -)
at 4C for two hours, then the solution was replaced with 20% sucrose/ PBS(-)
at 4C overnight, and the enbryos were enbedded with OTC. 12-mthick
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ser um §aRckeRs &&1@&@&@1@&%{1@@0%@65&%% o Wi W@tthé EBI%%?déth&i‘s at room

tenperature for one hour sections e was descri bed

above, then Watnsinaip @ﬁleﬂw(dfe?crﬁledrlleﬁﬂmElﬁﬁeLm(ElﬁwmndGn&gahm edls and
seal edwerepiaRd 'b?%lébﬁ s@xfte% %%é]l lﬁa@d c%hﬁj éﬁﬂgﬂk Labggycal

- noc ,

usli ng the praqduce antl- expressi on of

st a| nin
Tha Uy phetniisn el lnadeed e diftrsertits froma HiwtrmualbgéherﬁlaLAEme Tofel st age

Wi t RE AR Ra¢IIeEEd hﬁn@@iﬁfe@;ﬂaﬁé\é%@ﬂﬁﬁ ffd Qe cﬁm@ﬁ) i wapREgaRa On
anal ys]haRum r%)gﬁeon sjtu hybridi zati on, Eprngare W th expression of the TH

pr ot ei TR USRe éﬁﬁ%‘?sé%dlﬁé Rerft Rerand 04 ng g54epplstesifer was
expr esthedolidwihp ecadtict sydfeny-entral midbrain (VZ side) where the TH protein
was expresse ordingly, it appe red that the Lrp4 protein is expressed
in the dopanﬁ’feé@féﬂ neuron progenit Hlcel I's. Next, usi ng the anti-Lrp4
nmonocl onal  an$ kdAWTPLr p4- expressi nggggl | s were detected’

20 ExTag 0.05 pL
100 pM primers 0.1 pL each
cDNA 1 uL
Distilled water 6.95 puL
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

Nestin were described in Example 5).

30 ERas: TGCTCTCACCATCCAGATGACTCACC (SEQ ID NO: 27)/

TGGACCATATCTGCTGCAACTGGTCC (SEQ ID NO: 28)

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




by flow cytometry. First, ES cells were induced to differentiate to

dopam nergi ¢ neuron progenitor cells 30 in vitro using the SDI A nethod. A
cell popul ation conprising the cells was dispersed using a cell

di ssoci ation buffer (Invitrogen), and 3tained with the anti-Lrp4 nonocl onal
anti body (m xture of FERM BP-10315 and FERM BP- 10316 [each 1/4-dil uted
culture supernatant, 1% fetal calf serum and 1 nM EDTA/ SDI A
differentiation nmediun]) at 4C for 20 m nutes wi t hout fixing and
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cytone p cel I y flow

vt omot eoesirbiEREhion sfHEBRE Motk Telt D A RAPOf Blliibe Bt ed an

Lr p4 pexiressiondr pras detai, 1pwps,|b<atf‘ irmed (et §rp4 BRNASindcthe Liyet profeih were

_protei 98!'!

per nea lﬁégzgg(f??%éﬁﬂgaﬁﬂll&@ar edﬁq%IE%F %lﬁ& %ﬁ%ﬁ%ﬁé}ﬁéé%ﬁ@%m ng cells can
bel epdgamaerggc @mmrﬂ@namt ¢adley myhldmgtce}ls mntppa@aﬁmrtdallayde lekit,s or t er. The

Lr p4

o Egeﬁfe?%‘?d“?zlﬁs 90 osing ﬂﬁ%@?&%ﬁﬁﬁﬁfg 4 RN ARG ORI ATIRT
for thee b@ﬁanmdemt b¢cam¢epqas3bl&nnmmgp saf@twawmlagtemrtdmene@rklfgnnat{om@np| e

51 Sepadiék s eﬂgfoq{]eu?d?pﬁr?eﬁg g%ls%ﬁftéb?e ﬁ%u%ﬁ%ﬁl&ﬁ’%e@% f9r I%lﬂéldegeneranve

pr ot ei n- posi |ve cel S separ, using . th
char actigrasgeicludingharkinsoncsdiseaprop When & cellnge pbtamg Eﬁ@gi%%@mﬁ@qens

Very r as lm@@?@seﬁt aﬁ;@nn&ip RIS bt B a8l eﬁfepén@i%ahﬁtera sﬁﬁm&lé stateHYERA 10
vitro to dif entiate fromES cel | 8%%‘ SDI A net , was stained with
BPNCH

t he antYen[Wisa thg g yeqyres H@Hﬁ%f:%d é’@Pi’-‘ﬁ“E’&%?‘EOEngEIPIB?I positive
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20  dopaminergic neuron proliferative progenitor cells obtained using Lrp4 mRNA as a marker are

involved in early neuron formation, they are useful in elucidating the neuron maturation

process, namely, for identifying various factors involved in the maturation process.

Elucidation of these factors is expected to contribute greatly to the treatment of

neurodegenerative diseases. Moreover, maturation of these cells can be used as an index for
25  screening substances that may regulate (inhibit or promote) the maturation process.



tenplate in RT-PCR The PCR was performed using cDNAs corresponding to the
anplified cDNA equivalent to 4 ng, 0.4 ng, and 0.04 ng by the follow ng
reaction system 10 x ExTaq 1L 25 2.5 mMdNTP 0.8 L ExTag 0.05 L 100 M
primers 0.1 L each cDNA 1L Distilled4ater 6.95 L 30 PCR was carried out
under conditions of 94C for 2 mnutes, 26 cycles of 94C for 30 seconds,
65C for 30 seconds, and 72C for 2 mnutes, and finally 72C for 2 m nutes.
The sequences of the prinmers used are shown bel ow. Lrp4:
TAGTCTACCACTGCTCGACTGTAACG (SEQ I D ) /35 CAGAGIGAACCCAGIGGACATATCTG
(SEQ ID NO 16) TH. GITCCCAAGGAAA GITGG (SEQ ID NO 17) / 45
GAAGCTGGAAAGCCTCCAGGTGTTCC(SEQIDNO 18) Nurrl:

GT GCTGCCAGATGC SEQ. | ) AGT GCTGACAGG
(SE0 b NG AAprAEEET o s o PAETBUROPIDS) |
ATTCACE&@@T@H@W Bolhwvia, huchtRRa se@@‘iﬂi Gl (BECCCTCTGGCTTCTG

t ed,
therest s Siteliaidd Sotshesay @%@%ﬂtwgﬁ@%eﬁﬁw St SHORR EBn o
10 the2proliferative progenitor cell marker Nest! n. It was also rEveaI ed
th t ot n mar gr, were
ot e RS o % LA RRRLL A RSN
Theref@lésequﬁnmmmm&orlﬂr p4 protein expre55| on is maintai ned after
‘st oppi n@% nﬂl\fhtﬁ?f&rt ﬁé §%ﬁ1@ncea&%rﬁlaﬁéntélg% a%ﬁ&%&cpe gltléh%g Héod‘?n & segtierl Lk IrI fso[:)u (

separati ng not am nergi ¢ nearon TV Cprogen
al §k1ﬁgta@ttans;n@m d@mgmon mamma@rd spaqmcs)@SE@IDBTO( B|og4 11).

Furt he r@y’ € a SUMBdNE fuen@Wlat Hjbritb S hRF ?tnﬂ@érﬁ%ﬁﬁdﬁl%s with a

polynucleotide consisting of a nucleotide sequence of SEQ ID NO: 1 or 2; and,

(5)  anucleotide sequence comprising at least 15 contiguous nucleotides selected from
sequences of (1) to (4).
- 15
2. A method for selecting a dopaminergic neuron proliferative progenitor cell, wherein
the method comprises the step of contacting the polynucleotide probe of claim 1 with a cell
sample thought to comprise a dopaminergic neuron proliferative progenitor cell.

20 3. Amethod 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 2
for selecting the dopaminergic neuron proliferative progenitor cell;
(2) culturing the proliferative progenitor cell selected in step (1); and

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

neuron.

4. A dopaminergic neuron proliferative progenitor cell, which is selected by the method of
claim 2.

30
5. Amethod 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 detecting and isolating a gene
specifically expressed in the proliferative progenitor cell of claim 4 or a cell which is

35  differentiated, induced, or proliferated from the proliferative progenitor cell.
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m nut es, . washed

postm totic dopam nergi c neuron precursor cells, were expressed at higher

| evel s conpared to the Lrp4-negative cell population, Lrp4-positive cells
were confirnmed to be dopam nergic neuron |ineage progenitor cells (Fig.
10). Next, the present inventors analyg®ed the ratio of proliferative
progenitor cells to 20 postmitotic precursor cells in the Lrp4
protein-positive cell population separated by the anti- Lrp4 antibody. The
separated cells were seeded on a gl ass slide coated wi th poly-L-ornithine

Si gnm, (V PBS |am nin (lnvitrogen, in PBS and
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ki R R Ce o eIARne By 0§W"%f€58&"§6ﬂ&%%%%r G5UioF rrRseEHOF oom
t enper atlucansédby @ cohnavt, es. Then, the cells 30 were reacted with
anti-Nestin anti body (Chem con, 2 g/nL, 10% nornal donkey serum 2.5%
Bl ock Ace, 0.1% Triton X-100/PBS) or anti-13l11-tubulin antibody (BABCQ,
1/ 20007. 0.5 Ag/anhbodjycmgamrmpcblyphpﬁldeyelsmdlfrbmz:hé%llak;@@g((m@ce(ﬁ)ﬁnd 0.1% Triton

overni gnd,_onetREidk BIRELGR  ol B ROl S iaaBREe SRR oot 0. 196

Tr 1@ onSEQIOONOBScal; room t enperature for 5 minutes, and 35 reacted with the

ant i bod) ( bt ROV P Sk nd b spiectd tdlEns PRI ERR L 8O- 30 i °2 506 Bl ock

);

‘Ace, an@)46 apolypeptidecompiisingen PBB)o @lid senoendedagkingd arsmiearbr8@ dvnmin es.

Subseqyent Jn¥ino b8 Sg@lénge We_g laz? descri bed above, then washed with

PBS at roomtenperature mnutes, ’and seal ed for observation. Al so,
t he sepdat eEdPQiENIEldW@ﬁ@PSSmE mmw@mumceamw addetiin, tsertiand cul tured in

'tSh%-r oﬁo‘ﬂgﬁ% 8%)%3%%%%%%&%@@6{58& Mtaﬁ%iﬁgégﬁ %nﬁ%ﬁ%bengEéQé[} C for 18

hour s. N®hé®r 4t he above-described procedures were sinilarly carried out

until t@ag bl %%U% &Reoddl BX\AE?JB y%u}gﬁ{)t‘?der Jﬁé’tﬁfgﬁﬂdiz@s gndgr sﬁg%mﬁ%o E %S(EJ 20

hree tines reacte
with a polynucleotide consisting of a sequence complementary to a nucleotide sequence of

SEQ ID NO: 1 or 2; and,
20 (6)  apolypeptide that is a fragment of a polypeptide of (1) to (5) comprising at least eight
amino acid residues.

8. The antibody of claim 7, which is produced by the hybridoma FERM BP-10315 or FERM
BP-10316.

- 25
9. A dopaminergic neuron progenitor cell marker antibody, which comprises the antibody of
claim 7 or 8.

10. A method for selecting a dopaminergic neuron progenitor cell, wherein the method
30  comprises the step of contacting the antibody of any one of claims 7 to 9 with a cell sample
thought to comprise a dopaminergic neuron progenitor cell,

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

35 (1) selecting a dopaminergic neuron proliferative progenitor cell using the method of claim 10

2



anti body and DNase (Roche, 5-Bronp-2'-deoxy-uridine Labeling and Detection
kit I'l, I'x 10 conc. in incubation buffer) at 37C for 30 m nutes.
Furthernore, the cells were reacted with anti-BrdU anti body (Sigma, 44

g/ L, 10% norrmal donkey serum 2.5% Bl&&k Ace, and 0.1% Triton X-100/ PBS)
at roomtenperature 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
roomtenperature for 5 mnutes, and then reacted with the FITC- | abel ed

anti - se. 1gG 15 anti body (Jacksgn, 10 g/ni, 10% nornmal donkey serum 2.5%
Bl ock Ao&ul .em%qnf‘f%ceﬂﬁﬁl%e@ﬂmgfpéb;?&m temperature for 30 m nutes.
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descri hed above. As a result of the marker staining, it was revealed that a
maj or i COPPHEIEE T positive cells are Nestin-positive proliferative
progenitor cells and that a part thereof is positive for the 20

mar ker PHI -t ubul in I n. addi,tion arated cells

i toti Fi - , th
Pors TRt 1 & dBRArifersic herhrh Plogonifor SEILoPAR st lecrod b 450 Betlg ALERgR Aol | for at e
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nmedi unh@)%exﬁ?o?cteﬁ.r 24 hours. The cells were then further cultured in the

above rum WwWthout bFGF for another six days. The cultured cells were
fixed in 4% PFA/ PBS at 4C for 30 20 m nutes, and washed twi ce with PBS at

- 4C f oOm i) ' e 9 it Qn: X- PBS
per f 8; %r%d W@%ﬁ%ﬁ%@g? éﬂljrdego?ﬁ cﬂog%gwrﬁl ér%lurtg%@ @egﬁ@l%%%tgfé %%%ﬂ th \ingSA) nor mal

- donkeydidigrantipipmela denamirsrgis aeton findaget cellosingteatyatian as & dex, Athendinut es.
Theq, — it B ant i T 's$9i‘ii¥ i i,
10%%0?%&%%&0} 55%%%% %gf%%tltag% tegt" éﬂgﬁ%ﬁ% ri t%%%g%g)q’fglr&{]

ant i - PH 0% a6l Which it diffsteptiptehBoinced sorprolfomtedotran giqurogandivs sdkmadl donkey

~ serum detectiuBl ARk chGRed @{jgl}oﬁfeile%cir fgg&ﬁt&( c?ﬂg%{qsg? tdlcoh@eh tenperature for

one hour, and subsequent at 4C rni ght. e next 47/ day, the cells
were washed three tinmes with 0.1% Triton X-100/PBS at roomtenperature for

S 15.  Akit for treating Parkinson’s disease, which comprises the dopaminergic neuron
20  proliferative progenitor cell of claim 4 or the dopaminergic neuron progenitor cell of ¢laim 12.

16. A method for treating Parkinson’s disease, wherein the method comprises the step of
transplanting the dopaminergic neuron proliferative progenitor cell of claim 4 or the
- dopaminergic neuron progenitor cell of claim 12 into the brain of a patient.
25 |
17.  Awuse of the dopaminergic neuron proliferative progenitor cell of claim 4 or the
dopaminergic neuron progenitor cell of claim 12, for producing a kit for treating Parkinson’s
disease.

30 18, 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: 1 or 2; _

35  (2) anucleotide sequence consisting of a polynucleotide encoding a polypeptide consisting of

~ the amino acid sequence of SEQ ID NO: 3 or 4, |




m nutes, and reacted with the FITC-| abel ed anti-nouse 1gG anti body or the
Cy5-1 abel ed anti- rabbit 1gG anti body (both from Jackson, 10 .xg/nm., 10%
nor mal donkey serum 2.5% Block Ace, and 0.1% Triton X-100/PBS) at room
tenperature for 30 m nutes. Subsequenti?, the 5 cells were washed as

descri bed above, then washed with PBS at roomtenperature for 5 m nutes,
and seal ed for observation. As a result of culturing the separated cells in
vitro, it was obvious that nore TH protein-positive dopam nergi c neurons
wer e induced th n with the unseparated confro ells Therefore, it was
reveal @3 ATgleo SepERee 5ERYITHNgS ééwc)isgmﬁlﬁ%tlfiee%n@a&ﬁaypab@amdfﬁoaﬁlé tingedfr on 10
| i neagen gnigenrid RiuaRrt Whicdclea triRindfBrand radibh fh thE hfinoldbld sdqbxmerire 6]

Transp tatiqn_of separated Lrp4-positive cells into striatumin
Par ki né€§I§N§r§85§@“ﬁodel m ce Lrp4-expressing cells were separated by

f1ow c?qt)camt:reynd@seqﬁemehbnmmg dﬁ‘a@;ggingaabnd%mamhym@s xglﬂldat he cel ::s wer e
transpl ant e t stri.atu ar ki nso el, mce. irst,
s ol Pkt HFEleRfids Sales X Shh SRS L ST Rat e iRisgeni ¢ o
cel | s éonditidnso usi ng the SDI A net hod. A cell popul ation conprising the
cells was dispersed using a cell dissociation buffer (Invitrogen), and
stained with the anti-Lrp4 nonoclonal antibody prepared in Exanple 4

(m xt ut® CFheREROBEF dliR] 5B, avtebrdeir Bid sBEbrtGRiyhuckeatithe domiprikiek ut least28 cul t ur €
super zﬂc%btndesl% fetal calf serum and 1 mM EDTA/ SDI A differentiation

medi u 4C for 20 mnutes without fixing and perneabilization.
Sukdsequently, the cells were washed three tinmes with 1% fetal calf serum

and 1 53 EORAYTRhAY L abA LI R A pod kgl i) BULREE B0 | S

g/ ni, methpdphtlaimll8 osé9.um and 1 mM EDTA/ SDI A di ffer entiation nedi un) at 25
4C for 20 m nutes, and washed as descri bed above. Then, the cells were

"stained with PE- |abel ed streptavi din (Pharm ngen, 20 g/m_ 1 %fetal calf
ser um &nd Aresgemtimyigmintinating # @mﬂf&gwmwmf@llﬁ*raave pogenitorzellivhighes, and

wai%hedco@gxf&e@&gécgﬁgfpél?ﬁﬂ&cotﬁtefa% aéﬁv%' @mmcﬁh 1BXREREE Gn %@Fl't' S vere

separ at t onet er present ihventors transpl anted the
separ a‘toééltl_oﬂﬁmtﬂ?raéiféi pplm@leptld@cwwngg pﬁw orgit he striatum of Parkinson's

di seas@g) m&%hleﬂh&@seqﬁ&fée%?SEWW?%rbhe Lrp4 protein-positive cells in
t he br a| n. First, the Parkinson's di sease nodel m ce weredpre pared b
i nj ect@?}@nﬂc eafide sg gu@ce consisting of a polynucleotide encoding a polypeptide consisting o

the amino acid sequence of SEQ ID NO: 3 or 4;
20 (3) anucleotide sequence consisting of a polynucleotide encoding a polypeptide comprising 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
polynucleotide consisting of the nucleotide sequence of SEQ ID NO: 1 or 2 under stringent

25 conditions.

. 22, The method of claim 21, wherein the second polynucleotide comprises at least 15
nucleotides.

30 23. Amethod 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 18 or
19;
(2) culturing the cell selected in step (1); and

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

2.




OHDA (Sigma, 2 g/L) into one side of the nedial forebrain bundle of
12-week-old mce (slc) to deaden the dopam nergic neurons projecting from
the mdbrain to the striatum Two 35 weeks after preparing the nodel mce,
3 x 104 Lrp4-positive cells per nouse ¥kre transplanted into the striatum
to which 6-COHDA had been injected. The Lrp4 protein-positive cells to be
................ 48 transpl anted were obtained by: transfecting ES cells
to express the EGFP gene under the control of CAG pronoter (Niwa et al.,
Gene 108:193-200 (1991)); inducing the ES cells to differentiate into the
dopam nergi ¢ neuron progenitor cells in vitro by the SDI A nethod; and

st ai ni 24 t Aenctisdd foppioducink @dopiiietgé ﬂ@ré@&vh&%fﬂe’lﬁéﬁb@c&ﬁﬁ‘ié&@ﬂﬁrs@&%m tor
cells th the anti 5 Lrp4 antibody as descri bed in Exanpl e 4 and

separa? ng by the cell sorter. Three weeks after the transplantation, 500 L
of 10%l)seleétary 4 dopralinegic wesroniphdiifaReife pogesitdricell by €l Bethba ofHIgHL mgbi ze the
m er, anest hesia, thoracotony was perforned, 30 nL of saline
(Clsuka’ was injected fromleft ventricle for perfusion, and then

per f us{20 wuliirieg the nelhsedectat iniseegh (@ut wi th 30 nL of 4% PFA/ PBS(-). After
fixation, the brains 10 were renoved, and further imersion-fixed in 4%
PFA/ PBS(-) for another eight hours. The brains were then sliced at a

t hi ckndss fe raethnd of ¢lains 24, (fitler comprisimpltizecstep of: t h 20 to 40% sucrose/ PBS(-)

over ni d 0 12 pmthick sections
wer e ngggele%aiﬁﬁﬁ%%%ﬁg@ogﬁ%y % gﬁﬁ %ugn%%%%é%( rrper ature for 30
nlfut es, and wetted again with PBS( ). Bl ocking (10% nornal donkey

serum g4 oc, n@ﬁﬁﬁ%faﬁe erature fo 0 m nutes.
The SE%I oKns wer e é‘%\éﬁﬁgapgl%a%ﬁd@%nﬁ@gg E}S%Po(%?mtt?rﬁg e‘é’h‘l r probes,
20 g/ rRomPprisgs thesteml of gowketingsecalisampleicontrdsiizgnbe deypediRBS)c, neardn profdhiar

2nd | SoVeial SR HBRYNRIARE bR o ndfhEds ot iR o O Ul S RS e
' donkeyﬂné’é}nﬁﬁ’f: and 10% Bl ock Ace/ PBS) at room tenperature for one hour, and

again @ %Mﬂ@ﬁaagg&uengé)o ‘i\fOVS%PAI washed four times with 0.1% Triton
X-100/PBS(-).at roomtenp erature or 10" mnutes. The sections were then

r eact dd) 9 &Ring| a@s@asewwr% whikh Inglese sansmenibrangisegion inythe aming adisequiasdeecul ar
Pr obesofsﬁ@mr’No BOpgaor mal donkey serum and 10% Bl ock Ace/ PBS),
Cy3- eI ed anti B{muse | gG antj body (Jackson, 10 g/ nlL, 10% nornmal donkey
seru m %ﬂhmmi’@%c avense gutaied by gpe exmoremine acid deletignse sybstiitioantor body
(Jacks@ditiohs) o8 ghftomBBYion thereof, in the amino acid sequence of SEQ ID NO:3 or 4; and
20 (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: 1 or 2,

or a partial sequence thereof.

25  27. The method of claim 26, wherein the polypeptide comprising the partial sequence
comprises at least six consecutive amino acid residues.

28. A dopaminergic neuron progenitor cell population, which is selected by the method of
claim 26 or 27,

30
29. The cell population of claim 28, which comprises 40% or more dopaminergic neuron
progenitor cells in the entire cells.

30. Areagent for discriminating a dopaminergic neuron progenitor cell, which comprises an
35  antibody as an active ingredient which is bound to a polypeptide consisting of the amino acid
sequence of any one of:




25 normal donkey serum and 10% Bl ock Ace/ PBS) at roomtenperature for one
hour. Then, the sections were washed as descri bed above, washed with
PBS(-) at roomtenperature for 10 mnutes, and seal ed. The expression of
vari ous nmarkers was anal yzed by i mmunob?st ol ogi cal staining. As a result,
EGFP-positive cells were observed in the striatumof the transplanted 30
mce (Table 1). This suggests that the transplanted Lrp4 protein- positive
cells are successfully engrafted in the striatum of the Parkinson's disease
nodel t t he su rafted cells were al so observed to
be pos |vemlf¥%§ %cﬁéseqﬁﬁﬁcﬁ ggﬁ&[ on MAP2, and EGFP-positi ve axons

wer e olf@emvasing acidstqreded whichidoks hhﬁnsxﬁérﬁb@h&l fagio-ﬁa@ﬂ@e dmindGefd Gqu

Tabl e TH+ CELLS CELLS #6 SEQ ID NO 20 95 19 2 % #7 SEQ
| D NO %{gg%ﬁﬁ iégoi(Tabl e 1 shows the in vivo differentiation of the

t r ans pKHranenine pdidsepientamutatdd by dmto nidre aphs amd/@eleteidsﬁsubiﬂmmg&s after
deagen with 6-OHDA the sitive
cells \'%‘g‘?é‘hﬁbﬁgﬁs& an§ elgaqiogltt%eer?ﬁgfge %%W  SedlPyag fﬁ#@ﬂ%ﬂ@eﬁ ‘?r?g three
5 week é)amtasting ﬂ%id§g11@n¢e cofisistingafld palypeptide aheded bpt pbl}@utlé@ﬂi&pi:}aaﬁ ed Lrp4
prot el RRagLds cells rea

successﬁ¥ul I yése%g?agt af} ﬁdﬂﬁféﬁ%gﬁ;ﬁ@?ﬂ%@ FOLiqE SoRsisiPg O?HIHBC © ur e nerve
cel | s. SyysRRe POBIYRenigE t@a@udg@tidﬂ sequeang pASEQIDAEO! onBr e TH- positi ve,

stronghya paHaORehddag i at least a part of the transplanted Lrp4
protein-positive cells differentiate into 10 dopam nergi c neurons.
Thi} ef ore, the dopam nergi c neuron progenitor cells separated according to

the ps Bs eme feRYSRbT QRinRSE vikdEn tiR: OIQJ ﬁ}eﬁgﬁé‘&aﬁfsﬁn% B%ﬁl&?@.ﬁﬁ%?ﬁ%@gﬁ&er gic

neur ons eing transplanted |nt rarn pam nergic
neur onccBF%‘Eﬁ-?ﬁﬁ astégqogsegg‘ggq—@mg agidgesidiasg to the present invention are
.believed useful for therapies.

32.  The reagent of claim 30, wherein the antibody is produced by the hybridoma FERM BP-

15 10315 or FERM BP-10316.

33. Anantibody produced by the hybridoma FERM BP-10315 or FERM BP-10316.

34. A method for producing a dopaminergic neuron proliferative progenitor cell, wherein the
20  method comprises the steps of:

(1) selecting a dopaminergic neuron progenitor cell by the method of claim 26 or 27; and

(2) removing a postmitotic dopaminergic neuron precursor cell to select the dopaminergic

neuron proliferative progenitor cell.

25 35, Amethod 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 26 or 27; and
(2) culturing the cell selected in step (1).

30 36. The method of claim 35, further comprising the step of:
(3) selecting a postmitotic dopaminergic neuron precursor cell from the cells cultured in step

).

37.  Amethod for producing a dopaminergic neuron, wherein the method comprises the steps
35  of |

(1) selecting a dopaminergic neuron progenitor cell by the method of claim 26 or 27; and



15 [Exanpl e 7] Lrp4 Expression in dopam nergic neurons induced to
differentiate fromES cells using the 5-stage nethod The present inventors
exam ned whet her or not Lrp4 is expressed when ES cells are induced to
differentiate into the dopam nergic neifrons in vitro using the 5-stage

met hod. 20 First, ES cells (CCE) were induced to differentiate into

dopam nergi ¢ neurons using the 5-stage nethod (Lee et al., Nat. Biotech.,
18: 675-679 (2000), nouse dopam nergic neuron differentiation kit [R&D

Syste )..Cells were col|ected_on day 2 at Stage 1, day 4 at Stage 2, day
6 at gf &@1@?“31';9@1 Se&?ﬂecisméﬁepétlbge 4, and days 4 and 7 at Stage 5. Total
RNAs were prepared using RNeasy mni kit (Q agen) to performRT-PCR In

t he RT: c 25 first synthesjzed from1l .Lg of the total RNA using
RNA Pcﬁggﬁhe(’%gﬁﬁégf‘?h%éhﬁiﬁlﬁﬁgmpﬁéﬁn%beh%@[\}1‘9 the fol | owing reaction
syst en3)uslettingcd pAaninursie sp@ddiffvan the cdls adiurdd Agtepgdyl 0.1 ng as tenpl ates.

_ 1%@\ ExTaqg 2L 2.5 mM dNTP 1.64L 30 ExTaq 0.1 L 100 Mpriners 0.2 L each
e 1 sL50 Distilled water 14.9 L PCR was carri ed out under conditions
of 94C39.or ARitrformdating a Fduyededsratiie QkEast OWhidh corbpEaR ds leadiDae bl sed&takconds,

and 72€ fo e20rn' nut es g&g finally 72C for 2 mnutes. 5 The sequences of
the pr By L GLFg capsisting bel ow. Lrp4: TAGTCTACCACTGCTCGACTGTAACG (SEQ I D

NO  15§1}) theChBAGTIHEALCOGAGH PRATA IR TG érBioDctIDpdydiativm)of clitn 20;
CTTCCHGTG SHIETRE 4550, AN G MR SR, 0
Lridk i 8)acoparinemiceuirompro8icegdyihe atethodioflelaith@4cel | s are undi fferenti at ed
ES cel {4§ a dgﬂﬁnﬂn%éi%&gp}oau&% b?fxtﬁ’é El%ﬁl%q oif Yaim 25;

(5) the dopaminergic neuron progenitor cell population of claim 28;

(6) the dopaminergic neuron progenitor cell population of claim 29;

(7) a dopaminergic neuron proliferative progenitor cell produced by the method of claim 34;

15 (8) a postmitotic dopaminergic neuron precursor cell produced by the method of claim 35;

(9) a postmitotic dopaminergic neuron precursor cell produced by the method of claim 36;

(10) a dopaminergic neuron produced by the method of claim 37; and

(11) a dopaminergic neuron produced by the method of claim 38.

20 40. Thekitof c_:laim 39, wherein the neurodegenerative disease is Parkinson’s disease.

41. A method for treating a neurodegenerative disease, which comprises the step of
transplanting into the brain of a patient at least one cell selected from the group consisting of:
(1) the dopaminergic neuron proliferative progenitor cell population of claim 20;

23 (2) apostmitotic dopaminergic neuron precursor cell produced by the method of claim 23;
(3) a dopaminergic neuron produced by the method of claim 24;
(4) a dopaminergic neuron produced by the method of claim 25;
(5) the dopaminergic neuron progenitor cell population of claim 28;
'(6) the dopaminergic neuron progenitor cell population of claim 29;

30  (7) a dopaminergic neuron proliferative progenitor cell produced by the method of claim 34;
(8) a postmitotic dopaminergic neuron precursor cell produced by the method of claim 35;
(9) a postmitotic dopaminergic neuron precursor cell produced by the method of claim 36;
(10) a dopaminergic neuron produced by the method of ¢laim 37; and
(11) a dopaminergic neuron produced by the method of claim 38.

35

42, The method of claim 41, wherein the neurodegenerative disease is Parkinson’s disease,




Stage 4, at which the dopam nergic neuron progenitor cells are devel oped
(Fig. 17A). Next, the present inventors detected the Lrp4-expressing cells
by flow cytonetry 15 using the anti-Lrp4 nonocl onal antibody when ES cells
were induced to differentiate into thebl dopam nergic neurons in vitro using
the 5-stage nethod. First, the cell population (day 7 at Stage 4)
conprising the dopam nergi c neuron progenitor cells induced to
differentiate fromES cells in vitro using the 5-stage nmethod was

di spersed using the cell dispersing solution Accumax (Innovative Cell
Technol ogies, Inc.). 20 Wthout the steps of fixing and perneabilization,

t he ceHBs heseobitdeasechaddlfonplotuding4 kitrfonpeatiap aneandefadyativeidiktasee - of FERM

BP- 103&%}:1%5}?‘[@%5% ﬁe%f)eﬁjésé ac%k}%%%“g}sg ]g%e culture supernatant]) at 4C

for 20 m nu e ce “hree tines with 1% fetal calf
serum (1 thwwﬁnergm&eu@mmrolgﬂwﬁusprogambﬂbell pgﬁmf&u@l\ﬂ&émmm and My-free

??Qé‘ﬁe@"d@ﬁﬁ@%"ﬁ%bﬂé@ et Py Brustaltal, rorpBheed e i Biog RS Pad ' °

Bi osci &1 mm%glenauonarddus@ihmhemaﬁdeGTM% 5 mg/ nL gl ucose, and 40

/L | t | ut HBSS- t
2% for% mpnut es lcgﬂ’g %({ﬁlhg a@é&%@@e@?g@vﬁ AftZ? gt :'ilozl ﬁ]g )) 8

Lr p4- efp tessdopagiinssgic seronoreepiion esil nopilajomof ¢laim 28t onet er. The resul ts of
det ect f sing anti-Lrp4 30
sj%é-a@tﬁ?%%eg%e%émg 5 cgéehﬁopééll 4# gmaﬁxﬁ QLY 24!

nmonocl onal dete rot el n- expr essi ng populatlon in the
cell gtastopaminsraianeigon peolidksptive meggm@r rdlprodugsddyehe msthodetfickithidduced to

differ %%‘;ﬁ%’s@nﬁoﬁ@%ﬁﬂﬁm@%&ﬁéﬂr@n ﬂe&n‘ébﬁéeﬁ e hi?awggé&la@sf Heihesl (Fig.

17B) . i S suggested that" Lrpd i1s express pam ner gl c_neur on
progenf® Grpoé'@}l icidapRraiBgraionaren pieawsoracl pmdwd he thegnethpd of Poinnds; onl y

the SDiJB) Tebpesinbgle ke LA 1 18! AGBOTRFBA 300hd 5 usef ul as a mar ker

for ce aratiop. erentlat|on and maturation in
vitro g Eﬁ MWH@ W‘HB§¥6‘&¢@P@G l?i}C]E_nLn 8nti bodi es The present

i mventors exam ned whether or not Lrp4 protein-positive cells separated

usi ng ti=Lr tlbﬁ%dlffe entiate intp dgQpam hergi.c neurons in vitro.
The ocht p%ﬁ}f) af’? danwheein shFFBIegiRcatrls FoFkipiogetisenss cel | s
induced to 5 differentiate from ES cells in vitro using the 5-stage nethod
was stained using anti-Lrp4



anti body by the nethod described in Exanple 4. The Lrp4-positive cells were
then separated wusing a cell sorter. The separated cells were seeded on a
gl ass slide coated with poly-L- ornithine (Sigm, 0.002%in PBS) and
fibronectin (Sigma, 5 g/l in PBS), &fd incubated in N2 (Invitrogen, |x),
ascorbic acid (Sigma, 200 M, and BDNF (R&D Systens, 20 10 ng/nlL)/ DVEM F12
at 37C for 7 days. The cultured cells were fixed in 2% PFA and 0. 15%
picric acid/PBS at 4C for 20 mi nutes, and washed twice with PBS at 4C for
10 minutes. Perneabilization \AgéQnENQE %ﬁﬁﬁ ton X-100/PBS was perfornmed at
roomtenperature for 30 mnutes, and Brocking with 10% normal donkey serum
and 10% nornmal goat serum Bl ock Ace was perforned at room tenperature for
20 m nut e$1o>Thegy édne §8!l 1 s were reacted with anti 15 TH anti body -

(Chem con, 0.4 gg/nm., 10% nornmal donkey serum 10% normal goat serum 2.5%
Bl ock Ace, 0.1% Triton X-100/PBS) or anti-MAP2 antibody (Sigma, 1/200
ascites, <205 Leg4rtor |1 QbANONERBRODUHO K REUREIP IPREVURSER %ENO AMKER goat serum 2. 5%
Bl ock Ace, and 0.1% Triton X-100/PBS) at roomtenperature for one hour,
and subsequently at 4C overnight. On the next day, the cells were washed
four ti mssson tPET/OPGBYSTBASE on X- 100/ PBS at room 20 tenperature for 10

m nut es, @ﬂg rzﬁé%%ﬁg.%w th the FITC | abel ed anti-nouse IgG antibody or the
Cy3-1 abeled anti-rabbit 1gG anti body (both from Jackson, 10 gg/nL, 10%

nor mal donkey serum 10% normal goat serum 2.5% Bl ock Ace, and 0.1 %
Triton X<i439/ BBShoAbiF7ePM tenperature for 30 m nutes. Subsequently, the
cells were gvashed as descri bed above, then washed wth PBS at room

t enper at 3F%8” 1 8994597 Phut es, and seal ed for observation. 25 Culturing the
separated Lrp4-positive cells in vitro induced nmany TH protein-positive
dopam nergi N {g. 17C). Therefore, it was reveal ed that

- Lrp4- posfﬁogeggép&gas'ﬁ@med by the 5-stage nethod are dopam nergi ¢ neuron
progenit 61512eRkP-10aP8 can mature in vitro. The Lrp4 was expressed in the
dopam nergi ¢ neuron progenitor cells induced by two different

differentiati on nmethods (SDI A nethod and 5-stage nethod), and dopam nergic
neur on 3616B?oé%ni tor cells induced by either nmethod coul d be separated
using the anti-Lrp4 antibody. Accordingly, it appeared that Lrp4 is useful
as a nar?ﬁ%for dopami n_er%i c neuron progenitor cells derived fromany cell
source. TH& sPafeata ¥eetifBd: 1s capabl e of inducing differentiation of
dopam nergi ¢ neuron progenitor cells w thout contact with aninmal-derived
cells anglzmgoqrponent s, and expected to be applied clinically. Lrp4 is
useful as '@ cell separation marker 35 in the nethods, and thus appeared to
be nost f41kel 4864pplied to transpl ant therapy for '

<212> DNA

<213> Mus musculus

<400> 1
ctagtecccca ggoagacgegt cectoactce tgtgegetteg ceteggasac gotggeagto 60

atgggcageg tttocttcag cettogegte agetcogtege gzagagcoce ctgotettet 120
- coctgegegat gotacctetc ctgoagagte cotccaacca cegecctoeg tgeactgaac 180
ggtottegct gegeggeeet tocggeegag actgeagets gagocgtege accoggcoce 240
tfggggaccc gtggcttect ctecggetee aagticcagg ctoceccgpeag ctggaaggat 300

tgetttggag cocogectec tocagacgtc tipagagcag acagegagegt gegcgagege 360



neur odegener ati ve di seases including Parkinson's disease. 52 [Exanple 9]
Elimnation of undifferentiated ES cells by separati ng dopam nergi ¢ neuron
progenitor cells using anti-Lrp4 anti body When ES cel | -derived transpl ant
cells are prepared, it is nost inport2a#tt in terms of 5 safety to elinminate
the undifferentiated ES cells that result in teratoma. Since Lrp4 is not
expressed in undifferentiated ES cells (Exanple 3), separation using Lrp4
as a marker is expected to elimnate undifferentiated ES cells. To confirm
this hypothesis, the present inventors used RT-PCR to exam ne the
expression of ERas (Nature, 423(6939):541-5 (2003)) and Nanog (Cell,

113(5) : 63Eteb2c{2008YJeteanhigctnaatte dEEcavtids-eptretdeit @ct@nese t ot20nvesti gate 10
whet her undifferentiated ES cells were contained in cells separated using
anti-Lrp4 antibody fromcells induced to differentiate fromES cells in

vi tro usitgepterree SoFkatest rastgct pce Atcctggtaf pot Hetaretdaontteraacri498d i n Exanpl e
5, Lrp4-positive and -negative cells were separated by a cell sorter from
a cell population conprising dopam nergic neuron progenitor cells induced
to differdSHSHYE CRHFES fé@?ﬂﬁ%@ﬂﬁ r?cwtgs*&aﬁﬁﬁggqgﬁeas%mtﬁet H48. Total 15 RNA

was collected |rrrred| ately after separation, and the cDNA to be anplified

was prepare usi ng cDNAs corre ndi ng 4 ng, 0.4 ng,
and 0. 04 SREFHREE et AresB e IR PR R e O T D) O ExTag 1
gL 2.5 mM dNTP 0. 8 gL 20 ExTag 0.05 gL 100 gMprimers 0.1 gL each CcDNA 1
gL - D stigsted.aten @ Qg)g copdi tions of 94C
for 2 m r?utagscagzElc CG;C #%gag;ccgq% (Zpt@%fetgda?n Q%Em%%&cycl gés%g(for ERas and
Nanog) of 94C for 30 seconds 65C for 30 seconds, and 72C for 2 m nutes,
and fi nalak¥aadiaa fe@hcoRedtt dbRScact R8c2EHIENEEMaREL tgh@ctgéaasrer sipysed are shown
bel ow (the sequences of Lrp4 and Nestin were described in Exanple 5). 30
ERas: TGCTCTCACCATCCAGATGACTCACC (SEQ ID NGO 27)/
agcacgttee cacototett gecaattgtc aaaaacatgg acatggagaa gttcotcaag 780

tteticacgt acctcocatog cotcagttege tatcaacata teotgetett ceggetetage 840
ctegocttoc cteagtegcet tettgatgec gatgacagec atgetettet accotetaza 900
tottteteteg aggctgcaaa agaaggatsgc gaatctgtce tgggaategt gaactectes 960
tggccggatt coctcagatg ctotcagttt aggsaccaca ctgagactaa cagoagtgte 1020
agaaagagct gottetcact goagoaggaa catggaaage aatcactctg tggagggggc 1080
gagagcttoc tgtgtaccag cgggetetee gtocccaaga agctgcagtg taacggctat 1140
.aatgactgte atgactggag cgacgaggcg cattgeaact gqagcaagga totgtttcac 1200
tétggcacag gcaagtgeet ccactacage ctettgtgte atggetacga tgactgtgge 1260
gacccgagtg acgagcaaaa ctgtgattet aatctcacaa aagagcatog ctgtggagat 1320
ggscgotgea ttgegeetea gtepetetsc gatgeggace atgactgtet geacaagtet 1380

gatgaggtca actgotettz tcacagecag ggcctggtge aatgoacaag tggacagtse 1440




TGGACCATATCTGCTGCAACTGGTCC (SEQ I D NGO 28) Nanog:
TCCAGCAGATGCAAGAACTCTCCTCC (SEQ I D 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 8/ Lrp4-positive cell population; on

t he ot her hand, ERas and Nanog expressions 53 were detected in the
Lrp4-negative cell population (Fig. 18). Accordingly, it was reveal ed that
undi fferentiated ES cells contained in the cells induced to differentiate
by the SDIA method could be elimnated by cell separation using Lrp4. 5

I ndustrial Applicability The present invention identified Lrp4 as a gene
expr essechibgeadch i cetdcyptandatlzeias i Ridabikta i aBeA0NAR tAST A2 NCIHOON
proliferative progenitor cells. As a result of exam ning Lrp4 expression
in nore detail, it was confirnmed that Lrp4 nRNA and the Lrp4 protein were
expr esseckasipeadttiacadtbsgar kockdptooh eagghLaan egemnegdt degdaettat i vB6Pr ogeni t or

cells and in 10 dopam nergi c neuron progenitor cells, including cells prior
to and after cell cycle exit, respectively. Thus, by using the expression
of Lrp4 riepgicenat patatepige fotoiptase itgtearirag ineagcegsct sagigachgci nthQ, it becane
possible in ternms of safety, survival rate, and network formation to

~sel ect dopam nergi c neuron Iineaqg cells suitable for transplant therapy
for neur SEEGEHREE LEFsPateag T tegaanic iTReqteRfAth JePaFIePR SERTacacaT se}fgg. When t he

cells are obtained using Lrp4 as a marker, 15 as in the present invention,

t he cell an easily differentiated nto a suitable st invitro even
when e RGPS $aTeta Srasblirg sadrest foftolirlt SaEet ol ¢ neur on
progenitor cells obtained by the nethods of the present invention can al so

be used 0,irB0k 2L APNRT ARG iGabU E1RIERARH dhiliioe fghlS. The cells

are al so thought to be use evel oping pharrmaceuticals for
neur odegener ati ve di seases such as Parkinson's di sease. Since 20

dopam nelagitGedt@sl lc@ihepsieh ith Bhaaldol @ Aa088 itbqrcdtel lizbcdk Nnesisi ng Lrpd nRNA
as a marker are involved in early neuron formation, they are useful in
el ucidating the neuron maturation process, nanely, for identifying various
factors itewabeset cbanatdpes Redtdigitt @btddiqrae s6ettedobi@babaidcon of920 hese factors
is expected to contribute greatly to the treatnment of neurodegenerative
~ di seases. Moreover, maturation of these cells can be used as an index for
25 scr eeskirgcavab stneaisa ahiktccazay crangtiicat acqatedandittecotecps on98@) t he
mat urati on process.

cccaatgaag atgiggaaga atgetctoeg agicactica aatgocgets geggacgatge 2040

gttetggeet ccaggagate teacgeccag gotgactgtg acgacgacag tgacgaggag 2100

aactgteggtt gtaaagagag agcteotiitge gaatgtecat ttaataageca atgtetgaag 2160

catacattaa tctgegategg gtttccagat tgiccagaca gtatggatga aaaaaactege 2220

tcattttgee aagacaatga gotggaategt gocaaccatg agtgtgtsce gogtgacett 2280

tggtgegace gatepgptoga ctgctecagac agttotgatez aatgggzgete tgtgacccte 2340

tctaaaaatg ggaactecte ctcattgctg actgttecaca aatctgcaaa ggaacaccac 2400

gtetgtecte aceggctegeg ggagacegttz agtecagetegg cctgcaagea gatggettta 2460

ggagaaccgt ctgtgaccaa getgatceca geacaggaag gocagcagtg getgaggtts 2520




54 CLAIM5S 1. A dopam nergic neuron proliferative progenitor cell marker
pol ynucl eoti de probe conprising a sequence selected fromthe foll ow ng

nucl eoti de sequences (1) to (5): 5 (1) a nucl eotide sequence conpl enentary
to a nucl eotide sequence of SEQ I D N@41l or 2; (2) a nucleotide sequence
conpl ementary to a nucl eotide sequence encoding an am no acid sequence of
SEQID NGO 3 or 4; (3) a nucleotide sequence conplenentary to a nucl eotide
sequence encodi ng a sequence 10 |lacking a transmenbrane domain in an an no
acid sequence of SEQID NO 3 or 4; (4) a nucleotide sequence that
hybri di zes under stringent conditions with a polynucl eotide consisting of
a nucl eotiagiRcsel eiHEeatet coh@udabt Nekttdcadl aditgait@dt altiaggbabUchmot i de sequence
conprising at |east 15 contiguous nucl eotides selected from sequences of
(1) to (4). 15 2. A nethod for selecting a dopam nergi c neuron

prol i f er abétheeccps goazandtgs getithgottvizesightvca taberapeith ogde@eoeae | SBE0t he step of
contacting the pol ynucl eotide probe of claiml1l with a cell sanple thought
to conprise a dopam nergic neuron proliferative progenitor cell. 20 3. A
met hod f cetesticee tzarigascasl gpeaatosst girezehesan ghadtegtoaJecaastties WW@Pei n t he net hod -
conprises the steps of: (1) selecting a dopam nergic neuron proliferative
progenitor cell using the nmethod of claim2 for selecting the dopam nergic
neuron prEFiEEEEhEFIAECTHCR JaFiERasPC @BTaeacaty tekelipaalp itREPCtIidt proffPf er ati ve

~ progenitor cel

cul tured
neur on.
sel ected by the nethod of

FOREG

selected in step (1);

gD abi he el AZHathoRn BT T

claim?2. 30 5. A nethod for isolating a

EEaE"

and 25 (3) screening the cells
fm‘a%?Btmtot

o eyena, ‘B

- Speci 1 c PP Bl LERRL ohaitold BaRR RIS chBlor Rl S BERE, . W e for coll
to a
tttategaasa coatcoctect acatccocgt tacagtegag cagtggtaga ctatgatate 2940
agcgtgg‘tgg agetegagega tgatatcaat gagacaaget acgtcagacc tgtetgccta 3000
cccagtcegg aggagtatct agaaccagat acgtactgct acatcacagg ctgggsccac - 3060
atggecaata aaatgccctt taagctgcag gageggagage tccgcattat ccctotggag 3120
cagtgocagt coetattttga catgaagace atcaccaatc ggatgatctg tgectggctat 3180
gagtctggca cegtgeacte ctgcatgeega gacageeggte gecctctest ttetgaacga 3240
cooggaggac agtggacatt atttegattta acttcatgee gotcogtote cttttecaaa 3300
- gttetegeggac ctggagteta cagoaatete tottacttts tesgotesat teaaagacaa 3360
atatatatce agaccttict ccaaaagaaa teccaaggat aatcagagac tttetegegesa 3420
aacctacatg gagaatgacc ctctgaaaca gaagettgtc ctgccaagag ctgtacgaac 3480
aggegtttca cggacaggac gotcaacatg caccgcéaga tcteteotet tigtzctaga 3640
tgagttttac tcagsctita atctotttca acattatcat ttattaattt catgaatecet 3600

m nergi c
which is




dopam nergi ¢ neuron, wherein the nmethod conprises the step of detecting and
isolating a gene specifically expressed in the proliferative progenitor
cell of claim4 or a cell which is 35 differentiated, induced, or
proliferated fromthe proliferative pysgenitor cell. 55 6. A nethod of
screening for a conmpound which regul ates proliferation and/or
differentiation of a dopam nergic neuron |ineage cell using nmaturation as
an i ndex, wherein the method conprises the steps of: contacting a test
substance with the proliferative progenitor cell of claim4 or a cell
which is differentiated, induced, or proliferated fromthe proliferative 5
progeni t oftt4s@hdca ABSkcERLOGEIROAR GRARBRapctdBotR! Rhidtgsat | vayopr ogeni tor
cell or the progenitor cell caused by the contact. 7. An antibody agai nst
a polypeptide selected fromthe following (1) to (6): (1) a polypeptide
encoded hygcaat ek yatalatet i gdeatt od2a i wtdtageedf aaaadgticl epbhisdetcseqermce of 10 SEQ.
IDNO 1 or 2; (2) a polypeptide conprising an am no acid sequence of SEQ
IDNO 3 or 4; (3) a polypeptide conprising an am no acid sequence | acking
a transneitbiegirst dohesaseacagacaegaei atecagedtd sbepietrcedttcBEQ | V8RO 3 or 4; (4)
-a pol ypeptide conprising an am no acid sequence with a deletion, insertion,
15 substitution, or addition of one or nore amno acids in an am no acid

sequence 'gfecapadt |gectingges Foaratitoa (g3gctgatsl| ppregeisdectbtigstéd BRACa

pol ynucl eoti de that hybridi zes under stringent conditions wth a

pol ynucl egti de consisting of a uence. conp | ementary to a_nucl eotide
sequence g? a@ﬁbE’Iaﬁf’gﬁﬁat%tﬁgc%t%fgaatt%t(cé? S5 9pEptitEe ?%’ is a:
fragnent of a polypeptide of (1) to (5) conprising at |east eight amno

Pybr i dom PaRiebise SR e iecR e B ot JRbGR RIRT TERGTY (I8 o1
progenitor cell marker antibody, which conprises the antibody of claim?7

\%e?e ﬁotaﬁ?tﬂﬁabmtétgfaﬁ h5chdddd 23PN B agldza IR ORI tor cel I,
|

ttetgtattc aaattaaget taaaatctes accagattite tteccgtiac tgeggaatitt 4080
cggagtatgt cacttagate actgtgatgt caamaagccag gicaatcctt gaggaaataa 4140
tttgtttget tatgtpggaa tgaataagaa tetticcatt ccgcaaaaca cacaaattaa 4200
aaaggagaaa aaaaattaaa taacattcca cacccaatta attctgaaaa ttastctgct 4260
- tgtattcacc caaaacagaa aagitacaga aatatatttc aaagtgcage aaaatgttge 4320
atggagtata taacattttg caatttcccc ctcatgatgt ctaacatccg gtattgccat 4380
ttecctoatt gataattaaa actaaatttt aaggatgett ttaagcacte geccacttta 4440
tegggaatcaa ttecccaaage aattagtggt tacaagtatt ttttcccact aaaaagtttc 4500
aaaacacaaa ccticatact aaattaatta gccagacatg aactatgtaa catgcaaatg 4560
cotttttgaa caagtaggat gcactgttaa actitcaccag caaccaaact goctcagtat 4620
tacttacagg gactacctge aattttatat gtgtatttig tactecttttt ctagatagtt 4680



30 conprises the step of contacting the antibody of any one of clains 7 to
9 with a cell sanple thought to conprise a dopam nergi c neuron progenitor
cell. 11. A nethod for selecting a dopam nergic neuron |ineage cell,
wherein the nethod conprises the stéps of: 35 (1) selecting a dopam nergic
neuron proliferative progenitor cell using the nethod of claim10 56 (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 postmtotic
dopam nergic neuron. 5 12. A dopam nergi c neuron progenitor cell, which is
sel ected by the nethod of claim10. 13. A nethod for isolating a

dopam nercgaategduan raaattptiigeatdcotat€ eltbcatPrg i theRc RO @tevtskaat gesamao specific for
each maturation stage fromthe progenitor cell to a dopam nergi c neuron,
wherein the nethod conprises the step of detecting and isolating a gene
speci f i caltéytacaapredaizbetae rvasdieatid tpetagenic tageactelat gedzetitag m 48200r a cel |
which is differentiated, induced, or proliferated fromthe progenitor

cell. 14. A nethod of screening for a conpound which regul at es

prol i f er #E¢BHCEER FFBFtLLIGE riptaaEtect SePasAtagt taztgajranithitegeet nethtBn 1 neage cel |
using maturation as an index, wherein 15 the nethod conprises the steps of:
contactiqg a test substance with the progenitor cell of claim 12 or a cel
which i's ‘8% ferentiated, induced, or proliferated fron1the“ﬁ?ogenitor cel |
and detecting a differentiated or proliferated progenitor cell caused by
the contact. 15. A kit for treating Parkinson's disease, which conprises
the dopam nergi c neuron 20 proliferative progenitor cell of claim4 or the
dopani nergi® reuron progenitor cell of claim12. 16. A method for treating
Par ki nsorypsdisgapse, wherein the nethod conprises the step of

transpl anti ng the dopam nergic neuron proliferative progenitor cell of
claim 4 6#1%°h&A doparmi nergi ¢ neuron progenitor cell of claim12 into the
brai.n of <uzpatiomntapiéds 17. A use of the dopam nergic neuron proliferative
progenitor cell of claim4 or the dopam nergic neuron progenitor cell of
claim12, for producing a kit for treating Parkinson's disease. 30 18. A
met hod f ¢d00det2ecti ng or selecting a dopanmi nergic neuron proliferative

tagtgacgga

pr()geahit gégg%éﬂagg cgcggtegeg giggoogges cigegecees geeggeseeg cegtogegns 60
cgggacacce cctecoggte cectggogee gcagegtoge ctoctegoage actegagece 120
gcgecgecoc gagggegact tgcgggscec geaggeecgee ghgeacecgg gacgoticee 180
cctoggggac cotocgegeg cttotoogee gogecgtoog gogEgagece ECEERAGGGE 240
gggcpgagogs ocgcgEgcgec accatgagee ggcagtesge cgogotgetg cttggeecoe 300
tgctetgoge acacgtacta cotacectgtt ccoctettga ctitticactst gacaatggea 360
égtgcatccg cogetectgg gtgtetgacg gggaqaacga ctgtgaggat gactcggatg 420
agcagegactg tcccccocgg gagtgtgage aggacgagtt toccteccag aatgectact 480
gecateccggag totgtggcac tgcgatggtg acaatgactg tggegacaac agogatgage 540
agtgtgacat gcgoaagitge tocgacaagg agttocgotg agetgeatieg 600



.a dopam nergi c neuron proliferative progenitor cell

whi ch conprises the step of contacting a cell sanple conprising the

dopam nergi c neuron proliferative progenitor cell with a second

pol ynucl eoti de whi ch hybridi zes under stringent conditions with a first

pol ynucl eoti de consisting of any one7841: (1) the nucl eotide sequence of SEQ
IDNO 1 or 2; 35 (2) a nucleotide sequence consisting of a polynucl eotide
encodi ng a pol ypeptide consisting of the am no acid sequence of SEQ I D NO
3 or 4; 57 (3) a nucleotide sequence consi sting of a polynucl eotide

encodi ng a pol ypepti de consi sting an am no acid sequence which | acks a
t r ansnentft E%atrtégﬁtéﬁgi’%?‘;tqqégaéﬁ‘icﬁcﬁ‘%%‘iaéﬁgéeﬁﬁ‘éﬁﬁgétcﬁaggaSE‘Qtl D% 3 or 4; and
(4) a nucl eotide sequence consisting of a polynucleotide which hybridizes
vvitha5 nucl eotide consisting of the nucle t|de seque of SEQ ID NO
1 or 3r‘:¥ca’tg i Gﬁ?g"g °8ﬁ°d’°? nagctgf@gga'lgﬁ ccﬁﬁéﬁg BeReF aj 2&?8 wherein the
second poI ynucl eoti de conprises at |least 15 nucleotides. 10 20. A

dopam nergj r if I t| which is

sel ected %;t/&ta ﬂ:?tl G(r%gctaﬁét%k of &rglgéétr% gg@g&%g&g%gg%k 1tr'g g%g%!n fgir!3 di scrim nating
which 15 conprises a
second PQlzydtusdt k8138 t@f‘gg@@égbVt%géa@&it@dﬂcﬁd&%gd&’@'t%&g@i’&&' di gsgs under
stringent conditions with first pol ynucl eoti de consisting of any one of:
(1) the nucl eotide sequence of SEQID NGO 1 or 2; (2) a nucleotide sequence

consi st i ngeapticat pakicacset @atdtdezce neaditgs atpRbype phtdezeansi @b ng of the
am no aci d sequence of SEQ ID NO 3 or 4; 20 (3) a nucl eotide sequence
consi sting of a polynucl eoti de encodi ng a pol ypeptide conprising an amn no

aci d sequerrstshahiteinckeick gateagemmn sctarbsgngit@gitah caotchdrecan 980 aci d sequence
of SEQ ID NGO 3 or 4; and (4) a nucl eotide sequence consisting of a

pol ynucl eoti de whi ch hybr| di zes with a polynucl eotide consisting of the
nucl eot i #etEdetrge Feketeftesrerieraie eeqaegice? ofiftgaseagapcaggeaie  ¥¥0condi ti ons.

aagagaacte tgagaataca ggaagccccc aatgtgcctt ggaccagttc ctgtegttegga 1080
atggecgetg cattgggcag aggaagotgt gcaacggest caacgactst getgacaaca 1140
gcgacgaaag cccacageag aattgecgge cocggacgee tgaggagaac tgcaatgtta 1200
acaacggige ctgtgcccag aagtgccaga tgeptecgege ggcagtgeoag tgtacctgee 1260
acacaggcta ccggctcaea gaggatggge acacgtgcca agatgtgaat gaatgtecce 1320
aggaggegta ttgcagecag gectgcacca acagegaagg gectttccaa tgetgetgtg - 1380
aaacaggcta tgaactacge cccgaccgec goageigcaa ggcetotggge ccagagecteg 1440
tgetgotgtt cgccaatcge atcgacatcc ggcaggtect geocacaccge totgagtaca 1500
eactgctgct taacaacctg gagaatgcca ttgeoccttga tttccaccac cegcegcgage 1560
ttgtettetg gtecagatgtic accotggace ggatectecg tgccaaccic aacggeagca 1620
acgtggagea ggttgtgtot actgggeteeg agagoccage gegccteget gtggatteeg 1680



" of claim18 or

22. The nethod of claim 21, wherein the second pol ynucl eoti de conprises at

| east 15 nucleotides. 30 23. A nethod for producing a postmtotic

dopam nergi ¢ neuron precursor cell, wherein the nethod conprises the steps
of : (1) selecting a dopam nergic neugpn proliferative progenitor cell by
the method of claim18 or 19; (2) culturing the cell selected in step (1);
and 35 (3) selecting the postmtotic dopam nergic neuron precursor cell
fromthe cells cultured in step (2). 58 24. A nethod for producing a
dopam nergi ¢ neuron, wherein the nethod conprises the steps of: (1)

sel ect i ngCSATERBARFHEATIEE ATRaFFERIE FEMCTIA8E Aot (EaEE dGeaate s c&140 by the net hod
5 19; and (2) culturing the cell selected in step (1). 25.
The net hod of claim 24 rther rising the ste (3 el ecting a
dopani nerag%%*g‘f?@ﬁr°8$Faf’?d5ﬁ1t¥ﬁ°écgEg§f’Iagn%ﬁTgtgﬁr*%ﬁgcf’?Fggtgé t(t%“t %&5’%26. A net hod
for detecting or selecting a dopam nergic neur on progenitor cell, which
conprise ' saml.e conprising i dopam nergic
neur on pftg%%ﬁ?ct% %%Qag%& ﬁ%gv%kﬁﬁggégggn%aﬁg%égﬁ RTCH T s® ngattﬂaégto aspol ypeptide
consisting of the am no acid sequence of any one of: 15 (1) the amno acid
sequence efcee: | toB oRceha e ch lacks a
transrrenbrané&%r egg%)ﬂr%l%n tgge ggnglcé]?aa%%&?etgﬁhgﬁ?écg ﬁg&g%%gl DMN?) 3 or 4; (3)
an am no acid sequence nutated by one or nore am no acid del etions,

substi t utait£ya8tca®lcatogaietiat igBEkEece0t cditytaRRRNabien biREeRE, 1930t he ani no aci d
sequence of SEQID NO 3 or 4; and 20 (4) an am no acid sequence consi sting
of a pol ypepti de encoded by a pol ynucl eoti de which hybridi zes under

st r i ngenttcdosatng igesveainitt Rateepuity nucdteate detceorage Sheatgttag a2040cl eot i de
sequence conplenmentary to a nucl eotide sequence of SEQID NO 1 or 2,

gtattggact

aagacagcct gtactggaca gactggcaca ccaagagcat caatageget aacaaattta 2100
cgggeaagaa ccaggaaate attcgecaaca aactccactt ccctatggac atccacacet 2160
tgoaccccca gogecaacet goagggasaa accgctgteg ggacaacaac geaggctgea 2220
cgoacctgte tctecccagt geccagaact acacctgtge ctgccccact ggocttcomca 2280
égatcagcag coacgoctet geccagagte ttgacaagit cotgettttt gecegaagga 2340
tggacatccy tcgaatcage titgacacag aggacctgic tgatgatgte atcccactgg 2400
ctegacgtegcg cagtgetgte goccttgact ggegactocee ggatgaccac gtgtactgga 2460
~cagatgtcag cactegatacc atcagcaggeg ccaagtegga tggaacagga caggaggtgg 2520
tagteggatac cagtttggag ageccageteg gectggecat tpattgggtc accaacaaac 2580
tgtactggac agatgcagegt acagaccgga ttgaagtage caabacagat gecagcatga 2640
gaacagtact catctgzggag aaccttgatc gtoctegegga catogtgetg gaacccatgg 2700
‘gcgggtacat gactegggety cgagccccaa gatigaacga gotgecatgg 2760



or a partial sequence thereof. 25 27. The nmethod of claim 26, wherein the
pol ypeptide conprising the partial sequence conprises at |east siXx
consecutive am no acid residues. 28. A dopam nergic neuron progenitor cel
popul ati on, which is selected by the9Mthod of claim26 or 27. 30 29. The
cell population of claim28, which conprises 40% or nore dopannergi C neuron
progenitor cells in the entire cells. 30. A reagent for discrimnating a
dopam nergi ¢ neuron progenitor cell, which conprises an 35 antibody as an
active ingredient which is bound to a pol ypeptide consisting of the am no
acid sedliBIfEeRAEEfCCaTRPAGGAOTECIHY ctaatrtyant taRRoHRTt ABF LF8Hque B of SEQ ID NO
3 or 4; (2) an am no acid sequence which |acks a transnenbrane region in
the amn i.d sequence f.SEQ ID NO 3 or 4: (3).an.amn ci d sequence
i at od By EtEreR PR st e s A 2Bl 5 addi 1 ons,
or any conbination thereof, in the am no acid sequence of SEQ ID NO 3 or 4;
and (4) ) j i St id ncoded by a
pol ynucl e%?%ag?g\?\%ggﬁggﬁ%gggﬁggg% C%%@‘Jggéag?(% f%;tg%f: pt%(l:)%ogﬁ)ﬁrgongm\?vi th a

pol ynucl eoti de consisting of a nucleotide sequence conplenentary to a

nucl eot i ¢@ctReEHe et dahrapled tordNO gedct@hictd ecl¥actuaB Apbitabagaequace t her eof .

10 31. The reagent of claim 30, wherein the pol ypeptide consisting of the
partial sequence conprises at |east six consecutive am no acid residues.
32. The reeagendos Gfotadcadem cifgacudae raghdictdee sgaddabind\zabsacpeodusmsd by t he

hybri doma FERM BP- 15 10315 or FERM BP-10316. 33. An anti body produced by

t he hybri donma FERM BP- 10315 or

conprises the steps of:
by the nmethod of claim?26 or 27; and

acattgstet

FERM BP-10316. 34. A nethod for
dopam nertgéasatpsarighctyeank i deereatder ecprretpini teoaccetak | gctatiaenezei n3t2he
(1) selecting a dopam nergi ¢ neuron progenitor cel

atggegecteg tagecacctg tgteottaggt ccccaaatce aageggattc agetgtacet 3180
~ Bococacage catcaacctg ctgtotegatg geasgacctg cicaccagge atgaacagtt 3240
‘tocteatett cgccaggagg atagacattc geatggtote cotggacate cottattttg 3300
ctgatgtgst ggtaccaatc aacattacca tgaagaacac cattgccatt ggagtagace 3360
cccaggaagg aaaggtgtac tggtctgaca geacactgca caggatcagt cgtegccaate 3420
tggatggctec acagcatgag gacatcatca ccacagggct acagaccaca gatgggctog 3480
.cggttgatgc cattggcocey aaagtatact ggacagacac gggaacaaac cggattgaag 3540
tgggcaacct ggacéggtcc atgcggaaag tgttgetete goagaacett gacagteccs 3600
gegeoategt actgtaccat gagatgegget ttatgtactg gacagacteg ggegagaats 3660
ccaagttaga geggtocgga atggatgect cagaccgege ggﬁgctcatc aacaacaacc 3720
taggatggee caatggactg actgtggaca aggccagcotc ccaactzeta tgggocgatg 3780
cccacaccga gogaattgag getgotgace tgaatgetsc caatcggoat 3840

produci ng a
20 net hod




(2) renoving a postmtotic dopam nergi c neuron precursor cel

dopam nergic

progeni tor cel
cel
conprising the step of:
precursor cel

selected in step (1).

fromthe cells cultured in st

pr oduci N5 EELFAACARFYIE SREUFYNC TRRCERtA Faet

neuron proliferative progenitor cell.
produci ng a postmtotic dopam nergi c neuron precursor cell,
met hod conprises the steps of:
by the nethod of claim26 or 27; and
30 36. The nethod of claim 35,
(3) selecting a postmtotic dopam nergi c neuron
t hod for

the steps

oo i

of. (1) selecting a dopanlnerglc neur on progenitor cel

cl aim 26
The net ho

Foghlice Al oo Rt e

iy

gﬁaﬁtgt

t%&o%%a(Bg

dopam nergi ¢ neuron fromthe cells cultured in step (2).

treating 2:Qek:2020608 a4 YR ot 388 s

fromthe group consisting o

sel ected
proliferative progenitor

cel l

i r
e
popul ati on of claim 20;
dopan neri@hdeasl@ bR tRELRE WatRbeee ot REARY CREL tBYct hgedbRidtpd Mfsocl ai m 23;

37. A
EHThr i &
by the net hod of
shep (1). '

Sel ecting a
_ 5 39. Akit for
.SA5eaAt | apst one cell
opam ner gi ¢ neuron
(2) a postmitotic

(3) a dopaninergic neuron produced by the nethod of claim 24;
dopam nergi ¢ neuron produced by the nethod of claim 25;

dopam nergi c neuron proliferative progenitor cel
cl ai m 34 ectclEoigl)eacetpesde witetdeicoa dopxiagate cgtasearatirabetopsiee ur 429f cel |
(9) a postmitotic dopami nergic neuron precursor

by the nethod of claim 35;
10) a dopam ner

produced by the nethod of claim36; (
pr oduced 2A3PCRHER (PEAREREAD EtEREStRT Fattagiga @E’i‘)ﬁa‘é‘aﬁ 66%??@? gi

cel l

by the nethod of claim 38.

tggactatga cagegtegat ggaaagetct attacacaga

ggcgagcaga cotgaacgge
ctracggeet ggcagtgeac
ataccattga ggcgtccagg
tggatgagee cogegecatt
gegegccacat tgeccaagate
tcaacacaga cctgggitee
actgggtega tgcegecatete
aggtettget cagocatete
gctggacaga ctggcagace

aggagacagt getggcaaat

agcaacatgg agacagitgat

tzggtegcca
ctggatggft
getgtttitee
gaacggacaa
cccaatgegce
gaccggateg
‘tececaceect
aagtcaatcc

gtegaagegac

gegaacctgta
cctgocogcaa
Gcaggaaggg
acttggatep
ttaccctega
agagtectea
ttegcoctcac
agegtgitega

tcatggatat

tgtgttccte

CEEECEAgEE

ctggacagac

agtactgato

gtacctctic

ttoteagoes

ctatgatace

cotcaatgge

acagcaagac

caaatactca

catcgteggtt

popul ati on of claim 29;

(5) the
dopam nermgtictentprigectpeong entdeodtce @bdtcpayay | satticommagfacetgagatc 284140(6) t he

.dopam nergi ¢ neuron progenitor cell (7) a

to select the
25 35. A nethod for
wherein the

(1) sul/écting a dopam nergi c neuron

(2) culturing the
further

35

10

produced by the nethod of

gatgttateca

ctgzaagacca

acaggtcgaa

aacaatagcc

tgzacagact

aaggteoctca

cegcagegatet

aaactgeegegs

agegtegatct

gECCBEgaaca

tceocctoage

i C neuron

pr oduced

%8eur on produced

4320

4380

4440

4500

4560

4620

4680

4740

A800

4860

4920



20 40. The kit of claim 39, wherein the neurodegenerative disease is

Par ki nson's disease. 41. A nethod for treating a neurodegenerative

di sease, which conprises the step of transplanting into the brain of a

patient at |east one cell selected frigmthe group consisting of: (1) the

dopam nergi c neuron proliferative progenitor cell popul ation of claim 20;

25 (2) a postmitotic dopam nergi c neuron precursor cell produced by the

met hod of claim23; (3) a dopam nergic neuron produced by the method of

claim 24; (4) a dopam nergic neuron produced by the nmethod of claim25; (5)

the doparfEfREREAEE EACRIRTSAC SR EAGEATIER GPaatartee SoRAaPases GCIBPTICE o) 898  (6) the

dopam nergi c neuron progenitor cell population of claim29; 30 (7) a

dopami ner gi ¢ _neur on Ilferatlve rogenitor cell roduceda£§ t he met hod of
|

Cl B m 34: RGOS SBRLECRTD SETECCTRSD SHARETGE CETIBETEER CRTERTHE or or oduced by

the method of claim35; (9) a postmtotic dopanlnerglc neur on precursor

cell. pro er neur on
produgedqggﬁgﬁggcg %Eggaﬂfg%ﬁg tﬂ%g:gff%%gga% %%? ggl%ﬂﬁeuron pr oduced
by the nethod of claim38. 35 42. The method of cIa|n141 wherein the

neur odegec@&ra@éday%a@ucéfce@%ceaacﬂgf bk 308028 HLRERRE caliletcdd. Hioyse of at |east
one cell for producing a kit for treating a neurodegenerative di sease,

wherein the cell is selected fromthe group consisting of. (1) the

dopam nertg@iRedret x@dbgPdagh itk@todaby Qe ogenictteeded hepemgat i smoof claim 20; 5
(2) a postmtotic dopam nergic neuron precursor cell produced by the nethod
of claim23; (3) a dopam nergic neuron produced by the nethod of claim 24;
(4) a dopeateesegitetneizrbcipragior eskchyttth datmeidiod cofattdeg m 280 (5) t he

dopam nergi ¢ neuron progenitor cell population of claim28; (6) the

dopam nergi ¢ neuron progenitor cell population of claim?29; 10 (7) a

dopani nefgttectsag tatcpacts etiditeatey sdegditensenittisptasty taqseerdoted®HY t he net hod of
claim34; (8) a postmtotic dopam nergic neuron precursor cell produced by
t he nethod of claim 35; %@) a gostnltotlc dopami nergi ¢ neuron precursor

cel | prodBA8LFoR3 EFIFACHEAY AUEERtes EEN2RTTSAC CactRpRac CerSpai?Pher YP8 neur on
produced by the nethod of claim37; and (11) a dopam nergi c neuron produced

by the 'T%5439£chﬁ aggggéa g aégattgaag caatccccaa accagecatg tacaaccagzc 5460

l?gtgctataa gaaagaggea gegectgace ataactacac caaggagaag atcaagatcg 5520
tagagggaat ctgoctoote tetgggpate atgctgagtes ggatgacctc aagecaactge 5580
gaagctcacg gggeggoctc ctoceggegate atgtatecat gaagacagac acggtgtcca 5640
tocagegeocag ctotggetice ctggatgaca cagagacegga goagetgtta caggaagage 5700
agtotgagte tagcagegtc catactgecag ccactccaga aagacgagge totcetgccag 5760
acacgggctg gaaacatgaa cgoaagetct cctcagagag coaggtotaa : 5810
- <2100 3
211> 1113

<212> PRT

<{213> Mus musculus




15 44. The use of claim43, wherein the neurodegenerative disease is

Par ki nson's di sease. 1/41 SEQUENCE LI STING <110> EI SAI CO, LTD. <120>

Lr p4/ CORI N DOPAM NE- PRODUCI NG NEURON PRECURSOR CELL MARKER <140>

PCT/ JP0O5/ 013453 <141> 2005-07-22 <1{f)x1 JP 2004-213743 <151> 2004-07-22
<150> JP 2004- 315060 <151> 2004-10-29 <160> 30 <170> Patentln version 3.1
<210> 1 <211> 4864 <212> DNA <213> Mus nusculus <400> 1 ctagtoccoa

ggcagacggt ccctcactcc tgtggcttgg cgtcggagac gotggcagtc 60 at gggoaggg
tttccttc%g cgttcgggt o agctccgtgo ggagagccog ctgctcttgt 120 cctgggcgat
gct acct ct O@Tgbagagtc cctccaacca ccgccctccg tgcactgaac 180 ggtcttggcet
gcgcgggggt tccgggggag act gcaggt g gagccgt cgg acccggeccc 240 ttggggaccc

gtggcttcct ctcc tcc aagttccagg, ctccecggcag ctggaaggat 300 tgotttggag
cccegect tteé%eﬁ‘gg%@‘tée'ff 5% gAréc%g%gcsﬁgvdbg%@éggé&a%o 2/41 tgtcctcaga
agotggtgac tgctaacttg ctgcgcttcc tcmtgctggt gctcatieccc 420 tgcatctgeg
ccctcatcgt gotgctggcc atcctgetgt cctttgtggg aacattaaaa 480 agggtttatt

t caaat caaa tgacagtgaa cctttggtca ctgatgggga agctccagtg 540 cctggtgtta
ttcctgtaaa tacagtttat tatgagaaca caggggcgco ctctctgccc 600

- Arg Cys Ser Cys Pro Gly Arg Cys Tyr Leu Ser Cys Arg Val Pro Pro
20 25 30

Thr Thr Ala Leu Arg Ala Leu Asn Gly Leu Gly Cys Ala Gly Val Pro
35 ‘ 40 45

Gly Glu Thr Ala Gly Gly Ala Val Gly Pro Gly Pro Leu Gly Thr Arg
' 50 55 60

‘Gly Phe Leu Ser Gly Ser Lys Phe Gln Ala Pro Giy Ser Trp Lys Asp
65 : 70 75 80

Cys Phe Gly Ala Pro Pro Ala Pro Asp Val Leu Arg Ala Asp Arg Ser
85 90 95

Val Gly Glu Gly Cys Pro GIn Lys Leu Val Thr Ala Asn Leu Leu Arg
100 _ 105 110

Phe Leu Leu Leu Val Leu lle Pro Cys lle Cys Ala Leu [le Val Leu
115 120 125

Leu Ala lle Leu Leu Ser Phe Val Gly Thr Leu Lys Arg Val Tyr Phe
130 135 140




cccagccagt
aggaacacaa
agcacgttgg
ttcttcacgt
ctcgecttcc
tctttctgtg
t ggccggat t
agaaagagct
gagagcttcc
aat gactgtg

t gt ggcac aagt
gacccgagﬁ%sg%ﬁggﬁ

ccact ccagc
gcacct gcat
cacctctctt
acctccatcg
ct gagt gcgt
aggct gcaaa
ccctcagatg
gcttctcact
t gt gt accag
at gact ggag
cct

Asn e

ct ggacaccg
gaacat cact
gccaattgtc
cctcagttgc
t gt t gat ggc
agaaggat gc
ctctcagttt
gcagcaggaa
cgggctct gc
cgacgaggcg

agagctcctt
cacagccagt
aaaaacat gg
t at cacat a
gat gacaggc
gaatctgtcc
agggaccaca
cat ggaaagc
gt ccccaaga
catt gcaact

gggcgct gcaibt t gcggcet ga gtiggt gt gc gat ggggacc
gat gaggt ca actgctcttg tcacagccag ggcct ggtgg
atccctagca ccttccagtg tgatggggac gaagactgta
aactgcagtg acagtcagac gcoatgtcca gaaggagaac agggatgctt
t gcat caagiro Gy ¥e091 89rd WCAGE FiirOvdi 9h,036G1H RO ARG FHCAOF Ria
agt caat gt g agcccatcac tttggaactc tgcatgaatt tgctctacaa
tatccaaatt accttggccd5tagaact caa aaffaagcgt ccatcd#tg
cttttccctg cccttgtaca aaccaactgt tacaaatacc tcatgttttt
attttggttc caaagtgtga tgtgaataca ggacaacgca tcccgccttg
t gt gagcact ccaaagagcg ctgtgagtct gttctgggaa tcattggcct
gaagacacdyyo det geafite raabert Goagmgrhgelradgtit dag Tac Rad dep Al

cccaat gaag at gt ggggga -at gct ct ccggggt cactt ca aatge

ct ocagagga
gt caaattct
acat ggagaa
tcctgetctt
atggtcttct
t gggaat ggt
ct gagact aa
aatcactctg
agct gcagtg
gcagcaagga

ol ok Lo velare el udigede 8

c

at gact gt géo
aat gcacaag
aggat gggag

cgctc

gttctgggct ccaggagatg tgacggccag gctgactttg acgacgacag
~aactgtggtt gtaaagagag agctctttgg gaatgtccat ttaataagca
catacattaa tctgcgatgg gtttccagat tgtccagaca gtatggatga

t gcc

ccagagt cac
gccct accac
gttcctcaag
cggct gt agc
accct gt aga
gaact cctcc
cagcagtgtc
t ggagggggc
t aacggct at
tctgtttcac
t gact gt ggg
ct gt gaat at
ggacaagt ct
t ggacagt gc
t gacgaggag
t ggcagttcc
gagt aact gc
ccat acacat
ggagt cat cc
cgcttgcacc
cagact octg
gcagt ggcct
ttgcctcctg
gggacgat gc
t gacgaggag
at gt ct gaag
aaaaaact gc
gcgt gacctt

tcatttt t t t gt t tgt
'tSgtgcgg§%°ggggéggegg”gg5%&%2@%0”%3%?3%63@%ngpgb #cfy t gt gaccctc

195 200 205

Ile Thr His Ser GIn Cys GIn |le Leu Pro Tyr His Ser Thr Leu Ala
210 215 220

Pro Leu Leu Pro lle Val Lys Asn Met Asp Met Glu Lys Phe Leu Lys
225 230 235 - 240

Phe Phe Thr Tyr Leu His Arg Leu Ser Cys Tyr Gln His lle Leu Leu
245 250 2b5

Phe Gly Cys Ser Leu Ala Phe Pro Glu Cys Val Val Asp Gly Asp Asp
260 265 270

'_ Arg His Gly Leu Leu Pro Cys Arg Ser Phe Cys Glu Ala Ala Lys Glu

275 280 285

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
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t ct aaaaat g ggaactcctc ctcattgctg actgttcaca aatctgcaaa ggaacaccac 2400
gtgtgtgctg acggctggcg ggagacgttg agtcagctgg cctgcaagca gatgggttta 2460
ggagaaccgt ctgtgaccaa gctgatccca ggacaggaag gccagcagtg gctgaggttg 2520
t accccaact gggagaat ct caat gggagc accttigengg agct gct ggt at acagggac 2580

tcctgcccaa gcagaagtga gatttccctt ctgtgctcca agcaagactg tggccgccge 2640
cctgctgccc gaatgaacaa gaggatcctt gggggtcgga ctagtcgtcc tgggaggtgg 2700
ccgtggcagt gctctctgca gagtgaaccc agtggacata tctgtggctg tgtcctcatt 2760
gccaagaagt gggtcctgac agttgcccat tgctttgaag ggagagaaga cgctgatgtt 2820
t ggaaagtgg tatttggcat aaacaacctg gaccatccat caggcttcat gcagacccgc 2880
tttgtgaaga ccatcctgct acatccccgt tacagtcgag cagtggtaga ctatgatatc 2940
agcgt ggt ct.gagc t gat at caat acaaqct .acgtcagacc tgtctgccta 3000
cccagtccggyggﬁégfg?%?“a%%d%&é%%ﬁ“i?%?a@f STTQ%EF%E a%ﬁ ct ggggccac 3060
at gggcaat a 28at gccctt taagi¥gcag gagggagagy tccgcattat ccctctggag 3120
cagtgccagt cctattttga catgaagacc atcaccaatc ggatgatctg tgctggctat 3180
gagt ct ggca ccgtggactc ctgcat ggga gacagcggtg ggcctctggt ttgtgaacga 3240
cccggaggac agtggacatt atttggttta acttcatggg gctccgtctg cttttccaaa 3300
gtt ct gggaey ALHSROEEH &I CRECARLAHL L Ol ath tthe ALDSECE40A t gaaagacaa 3360
atatatat cc_agacctttct ccaaaagaaa tcccaaggat aatcagagac tttgtgggga 3420
aacctaca§85gagaatgacc c?%&gaaaoa gaagé? gtc ctgccaagﬁﬁbtgtaogaao 3480

aggcgtttca cggacaggac gctcaacatg caccgcaaga totctcctgt ttgtgctaga 3540
tgagttttac tcaggcttta atctctttca acattatcat ttattaattt catgaatcct 3600
tttaaaagca cagagcaaag taggttttgt tattttgota ggctaacctt gaatgtagtg 3660
t gcaat t adee dex 8oabwgbhegdarateut@gdilgdticttag gidn LesmBbmbdrt ety agaaagct cc 3720
ttttattact actacaagagy;acacacggag atggacgctg actgaggtco agtttctget 3780
~taagcccagt ggcttagggg gcacatttca gaactgatct tggagactgg cttttaattt 3840
gt agaaagccaagagaatat atatgctttt attatttact ctactcttct aaataacttg 3900

aagaaat cat gaaagacaga gaaaggaccc acagtgttga tctagacagt tgaagttgca 3960

agaat gt aga, Aty &1, hA%6 82330 oy 2ARARLS WAP L APEARPL A attctatcet 4020

340 345 350

Lys Lys Leu Gln Cys Asn Gly Tyr Asn Asp Cys Asp Asp Trp Ser Asp
355 360 365

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

Lys Cys Leu His Tyr Ser Leu Leu Cys Asp Gly Tyr Asp Asp Cys Gly
385 390 395 400

Asp Pro Ser Asp Glu GIn Asn Cys Asp Cys Asn Leu Thr Lys Glu His
405 410 ' 415

Arg Cys Gly Asp Gly Arg Cys lle Ala Ala Glu Trp Val Cys Asp Gly
420 - 425 430 -

4/ 41
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ttctgtattc aaattaatct taaaatctcc accagatttg ttcccgttac tgggaatttt 4080
cggagtat gt cacttagatg actgtgatgt caaaagccag gtcaatcctt gaggaaataa 4140
tttgtttgct tatgtgggaa tgaataagaa tctttccatt ccgcaaaaca cacaaattaa 4200
aaaggagaaa aaaaattaaa taacattcca cacegelatta attctgaaaa ttagtctgct 4260
tgtattcacc caaaacagaa aagttacaga aatatatttc aaagtgcagc aaaatgtttc 4320
atggagtata taacattttg caatttcccc otcatgatgt ctaacatccg gtattgcoat 4380
ttgcctcatt gataattaaa actaaatttt aaggatgctt ttaagcactg ggccacttta 4440
tgggaat caa ttcccaaagc aattagtggt tacaagtatt ttttcccact aaaaagtttc 4500
aaaacacaaa ccttcatact aaattaatta gccagaoatg aactatgtaa catgcaaatg 4560
cctttttgaa caagtaggat gcactgttaa acttcaccag caaccaaact gcctcagtat 4620
tgottaca actacgtoge apttttatat, gtgtatfttg tagtcitttt ctagatagtt 4680 6/41
caaat gcaggp g(':sa%\?pgg‘fst ‘galagsgclé’étastﬁ( tAsgtﬁg'égfglAfrg OYs g%fc ‘fsc@'ts gt cct ggaat 4740
ttgttacaaa gt gtéft gt ag caaat gatddg tact gcggt o4dijgact at at gaaggtttag 4800
gaccatcggg tcggttttgt tataattgtt ggcacataat taataaaata tttttagcat 4860

tggg 4864 <210> 2 <211> 5810 <212> DNA <213> Honp sapiens <400> 2
cgggcccagg cgcggtggcg gtggeccgggg ctgcggegeg gtggecgggg cggtogggec 60

- cgggacacesr R 6RCOM ¥a) COLTGHYCIHE el G GOL €00 1 64 PiD8GaRE act ggaggcg 120
gcggoggcoc g%?ggcgact tgcqgggcgc gcaggccgcc gtgcacccgg gacgcttccc 180

cct cggggac ccgcggg cttcttcgee gcgecgt @b gcgggagccg gcgggacccc 240
gggcgagcgg cgcgggceccgc accat gaggc ggcagt gggg cgcgctgetg cttggegecc 300
tgctctgcgc acacgtacta cctacctgtt cccctcttga ctttcactgt gacaatggca 360
agtgcatccg ccgctcctgg gtgtgtgacg gggacaacga ctgtgaggat gactcggatg 420

accat gacfie focboctko® yoegtit depFyadgadgadin Serchst gac@ly aat ggct act 480

gcat ccggags t ct gt ggoac tgggatggtg acaaygactg tggcgacagp agcgat gage 540

~ Asn Cys Ser Asp Ser Gln Thr Pro Cys Pro Glu Gly Glu GIn Gly Cys
485 490 495

Phe Gly 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 Pro lle Thr Leu
' 515 520 525

Glu Leu Cys Met Asn Leu Leu Tyr Asn His Thr His Tyr Pro Asn Tyr
530 535 540

Leu Gly His Arg Thr Gin Lys Glu Ala Ser lle Ser Trp Glu Ser Ser
545 550 555 560

Leu Phe Pro Ala Leu Val GlIn Thr Asn Gys Tyr Lys Tyr Leu Met Phe
565 ' 570 _ 575



agt gt gacat gcgoaagtgc tccgacaagg agttccgctg tagtgacgga agctgcattg 600 7/41
ctgagoattg gtactgcgac ggtgacaccg actgcaaaga tggctccgat gaggagaact 660
gt ccct cagc agtgccagcg cccccctgca acctggagga gttccagtgt gcctatggac 720
gctgcatcct cgacatctac cactgcgatg gcgmggat ga ot gt ggagac t ggtcagacg 780
agtctgactg ctgtgagtac tctggccagc tgggagcctc ccaccagccc tgccgctctg 840
gggagttcat gtgtgacagt ggcctgtgca tcaatgcagg ctggcgctgc gatggtgacg 900
ccgact at.ga tgaccagtct gatgagcgca actgcaaaca gttccgctgt cactcaggcc 960
gctgtgtccg cctgtcctgg cgctgtgatg gggaggacga ct gt gaagac aacagcgatg 1020
aagagaact g tgagaat aca ggaagccccc aatgtgcctt ggaccagttc ctgtgttgga 1080
at gggcgct g cattgggcag aggaagot gt gcaacggggt caacgactgt ggtgacaaca 1140
gcgacgaa cacagcag aattgccggc cccggac t aac tgcaatgtta 1200
acaacggt 3’83 gﬁ@?é%gﬁragleagﬁ‘[ g@c%aLyﬁg%gng%géﬁ'%igggg’ag'“t gtacctgcc 1260
acacaggcta ccggct 6sCca gaggat gggcssacacgt gcca agaemt gaat gaat gtgccg 1320
aggaggggta ttgcagccag ggctgcaccaacagcgaagg ggctttccaa tgctggtgtg 1380
aaacaggcta tgaactacgg cccgaccggc gcagct gcaaggct ctgggg ccagagcctg 1440
tgctgctgtt cgccaatcgc atcgacatcc ggcaggtgct gccacaccgc tctgagtaca 1500

cact gct gk IARGRAPRS 6, ORAARLIGEL AR GAL IR LI bREARCAY Caccacgage 1560
ttgtcttotg gtca§$tgto accctggacc ggatcctccg 6gccaacctc aacggcagca 1620

acgt ggagga ggtﬁ gt ct actgggcﬁﬁgagagcccagg &§%ycct ggct gtggattggg 1680 8/41
t ccat gacaa actctactggaccgactcag gcacctcgag gattgaggtg gccaatctgg 1740

at ggggccca ccggaaagtg ttgctgtggc agaacctgga gaagccccgg gccattgcct 1800
tgcat cccat ggagggtacc atttactgga cagactgggg caacaccccc cgtattgagg 1860
cct ccagcaty@et Ygctat ghatpcegca viieatdlgdegdrd abcaat TrcAdpt ct ggccca 1920

atggcctcac ggjcgactat gccgggegec gtatgtaghg ggtggatgct aagcaccatg 1980
tcat cgagag ggccaatctg gatgggagtc accgtaaggc tgtcattagc caggtgtttg 2040
aagacagcct gtactggaca gactggcaca ccaagagcat caatagcgct aacaaattta 2100
cggggaagaa ccaggaaatc attcgcaaca aactccactt ccctatggac atccacacct 2160

t gcaccccca gcgccaacct gca aaaa accgct gt acaacaac aggctgca 2220
_ g "~ Cys sngﬁln Phe ProgGIuggl% Ser Ser Asg Asr(‘!:] G?r? Tlgrg(}ys Leu Leu ggaggety

- 625 630 635 640

Pro Asn Glu Asp Val Glu Glu Cys Ser Pro Ser His Phe Lys Cys Arg
645 650 655

Ser Gly Arg Cys Val Leu Gly Ser Arg Arg Cys Asp Gly GlIn Ala Asp
660 665 670

Cys Asp Asp Asp Ser Asp Glu Glu Asn Cys Gly Cys Lys Glu Arg Ala
675 680 - 685

Leu Trp Glu Cys Pro Phe Asn Lys GIn Cys Leu Lys His Thr Leu lle
690 695 : 700

"~ Cys Asp Gly Phe Pro Asp Cys Pro Asp Ser Met Asp Glu Lys Asn Cys
105 : 710 715 720




cgcacctgtg tctgcccagt ggccagaact acacctgtgc ctgccccact ggcttccgca 2280 '.
agat cagcag ccacgoctgt gcccagagtc ttgacaagtt cctgcttttt gcccgaagga 2340

t ggacatccg tcgaatcagc tttgacacag aggacctgtc tgatgatgto atcccactgg 2400
ctgacgtgcg cagtgctgtg gcccttgact gggagMeccg ggat gaccac gtgtactgga 2460
cagat gt cag cactgatacc atcagcaggg ccaagtggga tggaacagga caggaggtgg 2520

t agt ggat ac cagtttggag agcccagctg gcctggccat tgattgggtc accaacaaac 2580
tgtact ggac agat gcaggt acagaccgga ttgaagtagc caacacagat ggcagcatga 2640
gaacagtact catcttggag aaccttgatc gtcctcggga catcgtggtg gaacccatgg 2700
gcgggt acat gtattggact gactggggtg cgagccccaa gattgaacga gctggcatgg 2760 9/ 41
atgcctcagg ccgccaagtc attatctctt ctaatctgac ctggcctaat gggttagcta ggég
ttgattat cccagegt, ctat act ct gaaccc at gaggaca attgaatttg
ctggactg3%r%%§g%@%ﬁﬁ&mééabggbgggﬁ“g Fté@dgﬁ @8 E?@%&E'cacccatttg 2940
ggctgaccct ctatggagadg2&gcatotatt gg#ot gact ggcagacdasg agcat acaga 3000
gcgctgaccg gctgacaggg ctggaccggg agactctgca ggagaaoct g gaaaacctaa 3060
tggacatcca tgtcttccac cgccgccggc ccccagtgtc tacaccatgt gctatggaga 3120
at ggcggctg tagccacctg tgtcttaggt ccccaaatcc aagcggattc agctgtacct 3180
gccccacagho gk 0ageel Ire b RLDALITHCAAMRE WyS f GRE &8P QE- at gaacagtt 3240
tcctcatctt cgccaggagg atagacattc_gcatggtcto cctg acatc ccttattttg 3300
ct gat gt ggt ggtacc%ﬁ?c aacattacca’t’gaaaaacac cat’ gccatt ggagt agacc 3360
cccaggaagg aaaggtgtac tggtctgaca gcacactgca caggat cagt cgtgccaatc 3420

t ggat ggct ¢ acagcat gag gacat catca ccacagggct acagaccaca gatgggctcg 3480
cggttgatgc cattggccgg aaagtatact ggacagacac gggaacaaac cggattgaag 3540

t gggcaacdesp ddadoy §i  Evavac fgakmgSardivs ogt dtlg Ago dgadercBer gacagt cccc 3600
gggccatcgt actgggccat gagat ggggt ttatgtactg - gacagactgg ggggagaatg 3660
ccaagttaga gcggtccgga atggat ggct cagaccgcgc ggtactcatc aacaacaacc 3720

t aggat ggcc caat ggactg actgtggaca aggccagctc ccaactgcta tgggccgatg 3780
cccacaccga gcgaattgag gctgctgacc tgaatggtgc caatcggcat acattggtgt 3840
100aT cae59al HRAACRASEA & AIGLIACTR, WHENGPRR! RSk 1 ot ac togact gact

710 775 780

Gly Trp Arg Glu Thr Leu Ser Gin Leu Ala Cys Lys GIn Met Gly Leu
785 790 795 800

Gly Giu Pro Ser Val Thr Lys Leu lle Pro Gly GIn Glu Gly Gin Gin
805 810 815

Trp Leu Arg Leu Tyr Pro Asn Trp Giu Asn Leu Asn Gly Ser Thr Leu
820 825 830

Gln Glu Leu Leu Val Tyr Arg His Ser Cys Pro Ser Arg Ser Glu lle
835 840 845

Ser Leu Leu Cys Ser.Lys Gln Asp Cys Gly Arg Arg Pro Ala Ala Arg
850 855 860



ggcagact cg
ggt ccaacct
ttaacaagtg
gcttctcctg
cctctcctga
acaccagt ga
t ggact at ga
ggcgagcaga
ct gacgggct
ataccattga

gagcat ccac
gccaggcectc
cggct cgaga
t gcct gcccce
gacct acctg
ccacaccgat
cagcgt ggat
cct gaacggc
ggcagt ggac
ggcgt ccagg

t ggat gagge, Geg

ggggccaca

cgt gct gaca
at ggacat gc
aat ggcggct
act gacat cc
ctcttctcca
gt gcat gt cc
ggaaaggt ct
agcaacat gg

t gggt ggcca
ct ggat ggt t

agggtactgg
aggct gt gga
gct cccacct
agcigyaaggg
gccat ggctc
ctgttcctga
attacacaga
agacagt gat
ggaacctgta
cctgccgcaa

cagcaat gtc
ccgggcacag
ctgcttgect
agat gggaag
cat ccggcegt
gct caacaat
tgtgttcctg
cgggcgaggg
ct ggacagac
agt actgatc

PR A%k ¢ lathlyoeier o P OREIAR el At ot

atcct cgtga
ccact aggt t
cggccttctg
acctgtgatc
at ct cact gg
gt cat ctccc
gatgttatca
ct gaagacca
acaggt cgaa
aacaat agcc
t ggacagact
aaggt cctca

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680

t caacacadbcct gggtt gg cétmat ggcc ttaccdbgga ctat gat aésd cgcaggat ct
act gggt gga tgcgcatctg gaccggat cg agagt gctga cctcaat ggg aaact gcggce
aggtcttggt cagccatgtg tcccacccct ttgccctcac acagcaagac aggt ggatct
act ggacaga ctggcagacc aagtcaatcc agcgtgttga caaatactca ggccggaaca 4860

aggagacagi-o geh @0¢ 33 keIl 408ROSACa It L BRI AL 1Ga1IGte0kIy tcccctcage 4920
11/ 41 ggoagacagg gaccaat gcc tgtggt%%ga acaatggtg% ctgcacccac ctctgctttg

4740
4800

4980 ccagagcctc gga ﬁcgta t gt gcctfPc ct gacgaacc *#yat agccgg cect get cec
5040 ttgtgcctgg cctggtacca ccagctccta gggctactgg catgagt gaa aagagcccag
5100 tgctacccaa cacaccacctaccaccttgt attcttcaac cacccggacc cgcacgtctc 5160

t ggaggaggt ggaaggaaga tgctctgaaa gggatgccag gctgggcctc tgtgcacgtt 5220
ccaat gacdus Vgt tLectl et lgbiscomgiggiaddggadt tved Alaticaget 8lee gccatt ggt g 5280
gactcctcag tattctggsg attttggt gggggattgcage ttiggatgctg tacagacaca 5340
aaaaat ccaa gttcactgat cctggaatgg ggaacctcac ctacagcaac ccctcctacc 5400
gaacat ccac acaggaagtg aagattgaag caatccccaa accagccatg tacaaccagc 5460
t gt gct at aa gaaagaggga gggcct gacc ataactacac caaggagaag atcaagatcg 5520

soeaona, oL 00EL S B LOQRORS L GRBITLP ARGl Tooceant e S

5640
915 920 925

Asn Leu Asp His Pro Ser Gly Phe Met GIn Thr Arg Phe Val Lys Thr
930 935 940

lle Leu Leu His Pro Arg Tyr Ser Arg Ala Val Val Asp Tyr Asp lle
945 950 955 960

Ser Val Val Glu Leu Ser Asp Asp 1le Asn Glu Thr Ser Tyr Val Arg
965 970 975

Pro Val Cys Leu Pro Ser Pro Glu Glu Tyr Leu Glu Pro Asp Thr Tyr
980 985 990

Cys Tyr tle Thr Gly Trp Gly His Met Gly Asn Lys Met Pro Phe Lys
895 1000 1005




t ccaggccag ctctggctcc ctggatgaca cagagacgga gcagctgtta caggaagagc 5700

agt ct gagt g tagcagcgtc catactgcag ccactccaga aagacgaggc tctctgccag 5760
acagggggt g gaaacat gaa cgcaagctct cotcagagag ccaggtctaa 5810 <210> 3 <211>
1113 <212> PRT <213> Mus nuscul us 1®%/41 <400> 3 Met Gy Arg Val Ser Phe
Ser Val Arg Val Ser Ser Val Arg Arg Ala 1 5 10 15 Arg Cys Ser Cys Pro Ay
Arg Cys Tyr Leu Ser Cys Arg Val Pro Pro 20 25 30 Thr Thr Ala Lau Arg Al a
Lau Asn Ay Lau Ay Cys Ala Ay Val Pro 35 40 45 Ay Au Thr Ala Ay Ay
Ala Val Ay Pro Ay Pro Lau Ay Thr Arg 50 55 60 dy Phe Lau Ser Gy Ser
Lys Phe Gn Ala Pro Ay Ser Trp Lys Asp 65 70 75 80 Cys Phe dy Ala Pro
Pro Ala Pro Asp Val Leu Arg Ala Asp Arg Ser 85 90 95 Val dy Qu dy Cys
Pro Gn s _lLau_ Val, Thr Ala Asn Lau Lau Ar 100 105 110 Phe Leu Leu Leu
Val Leu #Léﬁ oe’éyé“ﬂgrq@ ‘Ef/g”ﬂl digdle h"e"%gmLe‘U" 09420 125 Leu Ala Ile
Leu Leu Ser 1#9e Val Ay Thriok®u Lys Arg Valozdyr Phe 130 135 140 13/41 Lys
Ser Asn Asp Ser Qu Pro Lau Val Thr Asp Ay Qu Ala Arg Val 145 150 155
160

Ser Tyr Phe Asp Met Lys Thr |le Thr Asn Arg Met lle Cys Ala
1025 _ 1030 1035

© Gly Tyr Glu Ser Gly Thr Val Asp Ser Cys Met Gly Asp Ser Gly
1040 1045 1050

Gly Pro Leu Val Cys Glu Arg Pro Gly Giy GIn Trp Thr Leu Phe
1055 1060 1065

GIy_Leu Thr Ser Trp Gly Ser Val Cys Phe Ser Lys Val Leu Gly
1070 1075 1080

Pro Gly V¥al Tyr Ser Asn Val Ser Tyr Phe Val Gly Trp lle Glu
1085 1090 1095

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

<210> 4

<211> 1848

<212> PRT

<213> Homo sapiens

<400> 4



Pro
Pro
190
200
210
Lys
Ile

Asp.

du
Asn
H s
Leu
Ser
Cys
Oys

Leu

Ay Val lie Pro Val Asn Thr Val Tyr Tyr Gu Asn Thr Gy Ala 165 170 175
Ser Leu Pro Pro Ser Gn Ser Thr Pro Ala Trp Thr Pro Arg Ala 180 185
Pro Ser Pro Qu Asp Gn Ser Hs Arg Asn Thr Ser Thr Cys Met Asn 195
205 Ilie Thr His Ser Gn Cys G nd/ke Leu Pro Tyr His Ser Thr Leu Al a
215 220 Pro Leu Leu Pro Ile Val Lys Asn Met Asp Met Qu Lys Phe Leu
225 230 235 240 Phe Phe Thr Tyr Leu His Arg Leu Ser Cys Tyr Gn H's
Leu Leu 245 250 255 Phe Gy Cys Ser Lea Ala Phe Pro Au Cys Val Val
Gy Asp Asp 260 265 270 Arg Hs Gy Lau Lau Pro Cys Arg Ser Phe Cys
Ala Ala Lys Gu 275 280 285 14/41 Gy Cys GQu Ser val Lau Gy Mt Val

Ser JRE AFg Prd6th AaPeReR1a280 295300y AlauefNiLgy Cysaker G n Phe Arg Asp
Thr gu Thr Asn %er Ser Val 30 310 315 320 rg Lys Ser Cys Phe Ser
Gn Gn du Hs yLyanSer Leu 325 330 33 Cys Ay Ay dy Qu
Phe Lau Cys Thr Ser Ay Lau Cys Val Pro 340 345 350 Lys Lys Leu G n
Asn Ay Tyr Asn Asp Cys Asp Asp Trp Ser Asp 355 360 365 G u Ala His
Asn Cys Ser Lys Asp Lau Phe Hs Cys Ay Thr dy 370 375 380 Lys Cys
H s Tys Vsbr*-elLB(P TMuCGygerARg i@uUyAsTPhe A@&p Cps psOhsn @y
20 25 30

Lys Cys lle Arg Arg Ser Trp Val Cys Asp Gly Asp Asn Asp Cys Glu
35 40 45

Asp Asp Ser Asp Glu GlIn Asp Cys Pro Pro Arg Glu Cys Glu Glu Asp
50 55 © 60

Glu Phe Pro Cys GIn Asn Gly Tyr Cys |le Arg Ser Leu Trp His Cys
65 70 75 80

Asp Gly Asp Asn Asp Cys Gly Asp Asn Ser Asp Glu GIn Cys Asp Met
85 90 95

Arg Lys Cys Ser Asp Lys Glu Phe Arg Cys Ser Asp Gly Ser Cys lle
100 105 110

Ala Glu His Trp Tyr Cys Asp Gly Asp Thr Asp Cys Lys Asp Gly Ser
115 120 125

Asp Glu Glu Asn Cys Pro Ser Ala Val Pro Ala Pro Pro Cys Asn Leu
130 135 . 140




385
Au
Cys
Asn
Gn
Lys
Pro
Au
Ser
Asn
Arg
Phe

390
Hi s
Asp
Cys
Cys
Asp
Cys
Ser
Asn
Leu
Thr
Pro

395 400 Asp Pro Ser Asp Qu G n Asn Cys Asp Cys Asn Leu Thr Lys
405 410 415 Arg Cys Ay Asp Ay Arg Cys Ile Ala Ala Qu Trp Val
Gy 420 425 430 15/41 Asp His Asp Cys Val Asp Lys Ser Asp du Val
Ser Cys His 435 440 445 Ser2iGwyh Ay Leu Val Qu Cys Thr Ser Ay
lie Pro Ser Thr 450 455 460 Phe G n Cys Asp Ay Asp Au Asp Cys
Ay Ser Asp Gu Qu 465 470 475 480 Asn Cys Ser Asp Ser G n Thr
Pro Qu Ay u Gn Ay Cys 485 490 495 Phe Gy Ser Ser Cys Val
Cys Ala dy Ser Ser Lau Cys Asp 500 505 510 Ser Asp Ser Ser Leu
Cys Ser Gn Cys Qu Pro Ile Thr Leu 515 520 525 du Leu Cys Met
LGew Ty Phd®in Biys ATEhTyrHi Iy APgrcyBrioe Asn Afyrn 1639 885 540 Leu Gy Hi s
Cf‘i4g| Lys u A a el Il e Ser TrigsG u Ser Ser 45 550 555 560 Leu
Al'a Leu Val Gn r Asn Cys Tyr Lys Tyr Leu Phe 565 570 575

16/41 Phe Ala Cys Thr Ile Leu Val Pro Lys Cys Asp Val Asn Thr Gy G n 580
585 590 Arg Ille Pro Pro Cys Arg Leu Leu Cys Qu H's Ser Lys Qu Arg Cys
595 600 6005 GQu Ser Val Leu Ay Ile Val Ay Leu Gn Trp Pro Qu Asp Thr Asp

ys Asp Gly Asp Asp Asp Cys Gly Asp Trp Ser Asp Glu Ser Asp Cys
165 - 170 175

Cys Glu Tyr Ser Gly GlIn Leu Gly Ala Ser His GIn Pro Cys Arg Ser
180 185 190

Gly Glu Phe Met Cys Asp Ser Gly Leu Cys lle Asn Ala Gly Trp Arg
195 200 205

Cys Asp Gly Asp Ala Asp Cys Asp Asp GIn Ser Asp Glu Arg Asn Cys
210 215 220

Lys GIn Phe Arg Cys His Ser Gly Arg Cys Val Arg Leu Ser Trp Arg

225 230 235 240

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

~filu Asn Thr Gly Ser Pro Glin Cys Ala Leu Asp Gin Phe Leu Cys Trp

260 265 2710

_Asn Gly Arg Cys lle Gly Gin Arg Lys Leu Cys Asn Gly Val Asn Asp

275 280 285




610
Lau

840

615 620 Cys Asn G n Phe Pro Qu Gu Ser Ser Asp Asn G n Thr Cys Leu
625 630 635 640 Pro Asn Qu Asp Val Qu dQu Cys Ser Pro Ser Hi s Phe
Cys Arg 645 650 655 Ser Ay Arg Cys Val Lau Ay Ser Arg Arg Cys Asp
Gn Ala Asp 660 665 670 Cys Asp2#sp Asp Ser Asp Au Gu Asn Cys Gy
Lys Gu Arg Ala 675 680 685 Leu Trp Au Cys Pro Phe Asn Lys G n Cys
Lys H's Thr Leu Ile 690 695 700 Cys Asp Gy Phe Pro Asp Cys Pro Asp
Met Asp GQu Lys Asn Cys 705 710 715 720 17/41 Ser Phe Cys G n Asp Asn
Leu Gu Cys Ala Asn Hs Gu Cys Val 725 730 735 Pro Arg Asp Lou Trp
Asp Ay Trp Val Asp Cys Ser Asp Ser Ser 740 745 750 Asp Gu Trp Gy
Val Tiys dleWsiSasn Bats Adsalu@ey PANGIBaTin I8h CPeIAre PBO A/S0 765 Leu Lou Thr
His Lys zﬁgr Al a Lys GkbsHi s Hi s Val %ﬁ Ala Asp 770 775 780 dvy Trp
Gu Thr Tau Ser G n Lat"Ala Cys Lys Met Gy Leu 785 790 795 800
Gu Pro Ser Val Thr Lys Leu lie Pro Ay Gn Gu Gy Gn Gn 805 810 815
Leu Arg Lou Tyr Pro Asn Trp G u Asn Lou Asn Gy Ser Thr Lou 820 825

Gn Qu Lou Lou Val Tyr Arg His Ser Cys Pro Ser Arg Ser Au lie 835
845 Thr Gly Glu Glu Asn Cys Asn Val Asn Asn Gly Gly Cys Ala GIn Lys

305 310 315 320

Cys GIn Met Val Arg Gly Ala Val Gln Cys Thr Cys His Thr Gly Tyr
325 330 335

Arg Leu Thr Glu Asp Gly His Thr Cys GIn Asp Val Asn Glu Cys Ala
340 345 350

Glu Glu Gly Tyr Cys Ser Glin Gly Cys Thr Asn Ser Glu Gly Ala Phe
355 360 365

Gln Cys Trp Cys Glu Thr Gly Tyr Glu Leu Arg Pro Asp Arg Arg Ser
370 375 380

Cys Lys Ala Leu Gly Pro Glu Pro Val Leu Leu Phe Ala Asn Arg [le
385 390 395 400

Asp [le Arg GIn Val Leu Pro His Arg Ser Glu Tyr Thr Leu Leu Leu
405 410 415

. Asn Asn Leu Glu Asn Ala lle Ala Leu Asp Phe His His Arg Arg Glu
420 425 430




Ser Lou Lou Cys Ser Lys Gn Asp Cys Gy Arg Arg Pro Ala Ala Arg 850 855 860
18/41 Met Asn Lys Arg Ile Leu Ay Gy Arg Thr Ser Arg Pro Gy Arg Trp 865

870
Ay
Cys
d

Phe
Val
Asn
Au
H s
du
Met
Ay
Val

875
885
Phe

y Ile

Val

Asp
du
Tyr
Met
Val

Lys
Thr
Cys

880 Pro Trp Gn Cys Ser Leu Gn Ser Au Pro Ser Ay H s Ile Cys
890 895 Cys Vval Leu Ille Al a2ips Lys Trp Val Leu Thr Val Ala His
900 905 910 Au Ay Arg Gu Asp Ala Asp Val Trp Lys Val Val Phe
Asn 915 920 925 Asn Leu Asp His Pro Ser Ay Phe Met G n Thr Arg
Lys Thr 930 935 940 Ile Leu Leu H's Pro Arg Tyr Ser Arg Ala Val
Tyr Asp Ile 945 950 955 960 Ser Val Val GQu Leu Ser Asp Asp lle
Thr Ser Tyr Val Arg 965 970 975 Pro Val Cys Leu Pro Ser Pro Qu

Liet V@ bPhErep AsP adhivaiTyhr LABKORE PR0 sz hys aAkh e Thr A y Trp Gy
Gy Asn_Lys Met Pro Phe Lys 995 1000 1005 19/41 Leu Gn Qu Qy

Arg 1i é%le Pro Leu Gn Cs Gn 4810 1015 1020 Ser Tyr Phe Asp
Thr 1le Thr Asn Arg Met Ile Cys Ala 1025 1030 1035 Ay Tyr G u Ser
Val Asp Ser Cys Met Ay Asp Ser Ay 1040 1045 1050 dy Pro Leu

GQu Arg Pro dy Ay Gn Trp Thr Leu Phe 1055 1060 1065
Leu Asn Gly Ser Asn Val Glu Glu Val Val Ser Thr Gly Leu Glu Ser

450 455 460

Pro Gly Gly Leu Ala Vai Asp Trp Vai His Asp Lys Leu Tyr Trp Thr
465 470 475 480

Asp Ser Gly Thr Ser Arg lle Glu Val Ala Asn Leu Asp Gly Ala His
485 490 495

Arg Lys Val Leu Leu Trp Gin Asn Leu Glu Lys Pro Arg Ala lle Ala
500 505 510

Leu His Pro Met Glu Gly Thr lle Tyr Trp Thr Asp Trp Gly Asn Thr
515 ' 520 525

Pro Arg lle Giu Ala Ser Ser Met Asp Gly Ser Gly Arg Arg lle lle
530 535 540

‘Ala Asp Thr His Leu Phe Trp Pro Asn Gly Leu Thr lle Asp Tyr Ala
545 550 555 560

Gly Arg Arg Wet Tyr Trp Val Asp Ala Lys His His Val lle Glu Arg
565 _ 570 ' 575




Ay
Pro
Arg

Leu
Ay
Gn

'<210> 4

Arg
Lau
Ile
Ser
Pro
Ay
Lys
du
Asp

G n

~ Gly Lys Asn Arg

- 705

Thr Ser Trp Gy Ser Val
Val Tyr Ser Asn Val Ser Tyr
lie Tyr I1le G n Thr Phe Leu
<211> 1848 <212> PRT <213>
Trp Ay Ala Leu Leu Leu Ay
Thr Cys Ser Pro Lau Asp Phe
Arg Ser Trp Val Cys Asp Ay
Gu Gn Asp Cys Pro Pro Arg
Gn Asn Ay Tyr Cys Ile Arg

Cys

ay
AQu
Ay

Phe Ser Lys Val Leu
Phe Val Ay Trp lie
Gn Lys Lys Ser Gn
oD sapi ens
Ala Leu Leu Cys Al a
H's Cys Asp Asn Ay 20 2
Asp Asn Asp Cys Qu 35°
Gu Cys u du Asp 50
Ser Leu Trp His Cys 65

15

AgB A6 Refonsp Gly SASPisARE ISRIAIASRI GIY s6F BIowE Aed Met

Ser Asp L EOGU Phe Arg S
Trp Tyr Q% Asp Ay Asp r
G u Asn Cys Pro Ser Ala Val

Ser Asp Ggsg er Cys He
Asp Cys Ly p Ay Ser
Pro Ala Pro Pro Cys Asn

Glu Asp Ser Leu Tyr Trp Thr Asp Trp His Thr Lys Ser Ile Asn Ser

595 600

Ala Asn Lys Phe Thr Gly Lys Asn GIn Glu lle 1le Arg Asn Lys

610 615

lle His. Thr Leu
630

His Phe Pro Met Asp

625

Cys Gly Asp Asn Asn

645

GIn Asn Tyr Thr Cys

665

Leu Pro Ser Gly
660

His Ala Cys Ala GIn

680

Lys |le Ser Ser
675

Phe Ala Arg Arg
690

Met Asp |le Arg Arg

695

Leu Ser Asp Asp Val
1o

His Pro

Gly Gly

650

Ala Cys

Ser Leu

e Pro Leu Ala Asp Val Arg

605

Leu
620

GIn Arg Gln Pro Ala

635 640

Leu Cys

655

Cys Thr His

Thr Gly Phe
670

Pro Arg

Asp Lys Phe Leu Leu

685

Phe Asp Thr Glu

700

[le Ser Asp

Ser Ala Val Ala

715 720

1070 1075 1080
1085 1090 1095
1100 1105 1110

<400> 4 20/41 Met Arg

10 15 Hi s Val
5 30 Lys Cys
40 45 Asp Asp
55 60 G u Phe
70 75 80 Asp
85 90 95 Arg
100 105 110 Al a

115 120 125
Lau 130 135 140




21/41 du GQu Phe Gn Cys.Ala Tyr Gy Arg Cys Ile Leu Asp Ile Tyr H's 145
150 155 160 Cys Asp Ay Asp Asp Asp Cys Gy Asp Trp Ser Asp A u Ser Asp
Cys 165 170 175 Cys GQu Tyr Ser Gy Gn Leu Ay Ala Ser.H s Gn Pro Cys
Arg Ser 180 185 190 Ay G u Phe Met2sys Asp Ser Gy Leu Cys Ile Asn Al a
Gy Trp Arg 195 200 205 Cys Asp Ay Asp Ala Asp Cys Asp Asp G n Ser Asp
G u Arg Asn Cys 210 215 220 Lys G n Phe Arg Cys H's Ser Ay Arg Cys Val
Arg Leu Ser Trp Arg 225 230 235 240 Cys Asp Ay G u Asp Asp Cys Ala Asp
Asn Ser Asp Gu Gu Asn Cys 245 250 255 du Asn Thr Ay Ser Pro Gn Cys
Ala Lau Asp G n Phe Lau Cys Trp 260 265 270 Asn Gy Arg Cys Ile Ay Gn
Arg Lys lieu AQy Iri\aso Gbry ANBRspARD HSVal 2i7p 1280288 221 4dr Cys Ay Asp Asn Ser
Asp Gu Ser Pro Gn %@ Asn Cys Argmﬁlro Arg 290 23%5300 Thr Gy Au Qu
Asn Cys Asn Val Asn n dy Gy Cys a Gn Lys 310 315 320 Cys Gn
Met Val Arg Ay Ala Val Gn Cys Thr Cys H's Thr Gy Tyr 325 330 335 Arg
Lau Thr Qu Asp Ay H's Thr Cys G n Asp Val Asn Qu Cys Ala 340 345 350

Gu u dy Tyr Cys Ser Gn @y Cys Thr Asn Ser Gu Gy Ala Phe 355 360
365 “Thr Asp Thr 1le 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 Afa lle Asp Trp
755 760 765

Val Thr Asn Lys Leu Tyr Trp Thr Asp Ala Gly Thr Asp Arg lle Glu
770 775 780

Val Ala Asn Thr Asp Gly Ser Met Arg Thr Val Leu lle Trp Glu Asn
785 790 795 800

Leu Asp Arg Pro Arg Asp |le Val Val Glu Pro Met Gly Gly Tyr Met
805 810 815

Tyr Trp Thr Asp Trp Gly Ala Ser Pro Lys |le Glu Arg Ala Gly Met
820 825 830

Asp-Ala Ser Gly Arg GIn Val lle lle Ser Ser Asn Leu Thr Trp Pro
835 840 845

Asn Giy Leu Ala lle Asp Tyr Gly Ser GIn Arg Leu Tyr Trp Ala Asp
850 885 360



Gn
Cys
395
405
du
Arg

Lys
Al a
Leu
lie
Ser
Phe
Met
Asn

Cys Trp Cys Au Thr Gy Tyr Qu Lau Arg Pro Asp Arg Arg Ser 370 375 380
Lys Ala Leu Ay Pro Qu Pro Val Leu Leu Phe Ala Asn Arg lie 385 390
400 Asp lie Arg G n Val Leu Pro H's Arg Ser Gu Tyr Thr Leu Leu Leu
410 415 Asn Asn Leu G u Asn Al a2é/ae Ala Leu Asp Phe H's Hs Arg Arg
420 425 430 23/41 Leu Val Phe Trp Ser Asp Val Thr Leu Asp Arg lie Leu
Ala Asn 435 440 445 Lew Asn Ay Ser Asn Val Au Gu Val Val Ser Thr
Lew Gu Ser 450 455 460 Pro Ay Ay Lew Ala Val Asp Trp Val H s Asp
Lew Tyr Trp Thr 465 470 475 480 Asp Ser Ay Thr Ser Arg Ile du Val
Asn Leu Asp Gy Ala His 485 490 495 Arg Lys Val Leu Leu Trp G n Asn
G u Bys GPr tletAbgs Miral lel @ ufthe A0 y568b ASAGIy8er Hissadyro Met Gu Ay Thr

Tyr Fep Thr Asp Trpgfd y Asn Thr 53],§ 520 525 Prg%wg Ile Au Al a Ser
Met p Gy Ser Gly rg Arg Ile Iie" 530 535 540 Asp Thr His Leu

Trp Pro Asn Gy Leu Thr Ile Asp Tyr Ala 545 550 555 560 Gy Arg Arg
Tyr Trp Val Asp Al a Lys His Hs Val lie Qu Arg 565 570 575 24/41 Ala

Leu As G{ Ser Hi s Aré:] Ala Val lie Ser Gn Val Phe 580 585 590
Lys Val Leu Ile Gly Ser Gin Leu Pro His Pro Phe Gly Leu Thr Leu

885 890 895

Tyr Gly Glu Arg Ile Tyr Trp Thr Asp Trp GIn Thr Lys Ser lie GIn
' 900 905 910

Ser Ala Asp Arg Leu Thr Gly Leu Asp Arg Glu Thr Leu Gln Glu Asn
915 920 925

Leu Glu Asn Leu Met Asp Ile.His Val Phe His Arg Arg Arg Pro Pro
930 935 940

Val Ser Thr Pro Cys Ala Met Glu Asn Gly Gly Cys Ser His Leu Cys
945 950 955 960

Leu Arg Ser Pro Asn Pro Ser Gly Phe Ser Cys Thr Cys Pro Thr Gly
965 970 975

[le Asn Leu Leu Ser Asp Gly Lys Thr Cys Ser Pro Gly Met Asn Ser
980 985 990

Phe Leu Ile Phe Ala Arg Arg lle Asp |le Arg Met Val Ser Leu Asp -
995 1000 1005




605
615
625
Lau
Ay
Lys
Phe
Val
Asp
Al a
Leu
Leu
Thr
Asp

Tyr

Asp
Al a
620
630
Cys
Phe
Phe
Asp
Arg
Hi s
Lys
du
Tyr

Arg
Trp

Ser Leu Tyr Trp Thr Asp Trp His Thr Lys Ser Ile Asn Ser 595 600
Asn Lys Phe Thr Gy Lys Asn Gn Qu lie lie Arg Asn Lys Leu 610
H's Phe Pro Met Asp lie His Thr Lou Hi's Pro Gn Arg Gn Pro Al a
635 640 dvy Lys Asn Arg Cys2iy Asp Asn Asn Ay Ay Cys Thr His
645 650 655 Leu Pro Ser Ay Gn Asn Tyr Thr Cys Ala Cys Pro Thr
Arg 660 665 670 Lys lie Ser Ser Hs Ala Cys Ala G n Ser Lou Asp
Lou Lou 675 680 685 Phe Ala Arg Arg Met Asp lie Arg Arg Il e Ser
Thr G u Asp 690 695 700 Leu Ser Asp Asp Val lie Pro Leu Ala Asp
Ser Ala Val Ala 705 710 715 720 25/41 Leu Asp Trp Asp Ser Arg Asp

Viak PRyT Ti prelAra ApivaValvaSaki PEd | ie3Rsn/3Fe ThAeAsp Thr lie Ser Arg
Trp ff{g Gy Thr 4 ym%n G u Val 745)20745 750 Val Val Asp Thr Ser
Ser Ala dy Leu%a 11e Asp Tr'?%755 760 765 Val Thr Asn Lys

Trp Thr Asp Ala Gy Thr Asp Arg lie Au 770 775 780 Val Ala Asn
Gy Ser Met Arg Thr Val Leu Ile Trp Gu Asn 785 790 795 800 Leu
Pro Arg Asp lie Val Val Qu Pro Met Ay Ay Tyr Met 805 810 815
Te Assp T pleGhia Wefil$eVaPhsr Pis Gl ﬁlLGﬁJvAwg Vala Ay Met

1025 1030 1035

Tyr Trp Ser Asp Ser Thr Leu His Arg lle Ser Arg Ala Asn Leu
1040 1045 1050

Asp Gly Ser GIn His Glu Asp lle Ile Thr Thr Gly Leu Gin Thr
1055 1060 1065

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

Thr Asp Thr Gly Thr Asn Arg lle Glu Val Gly Asn Leu Asp Gly
1085 : 1090 1095

Ser Met Arg Lys Val Leu Val Trp GIn Asn Leu Asp Ser Pro Arg
1100 1105 1110

Ala 1le Val Leu Tyr His Glu Met Gly Phe Met Tyr Trp Thr Asp
1115 1120 1125

Trp Gly Glu Asn Ala Lys Leu Glu Arg Ser Gly Met Asp Gly Ser
1130 11356 1140



820
835
Asp
Ser
Phe
Gn
Arg
Val

du
Pro
Ser
Phe
lie
Lys
Tyr

825
840
850
Lys

Thr
Au
Phe
Asn
Ser
Asp
Al a
Pro
Asn

Trp Ser Asp
Leu Thr * Val Asp Lys Ala Ser Ser GIn Leu Leu Trp Ala Asp Ala

830
845
855
Arg
Leu
Lys
Thr
Hi s
Ay

Asp Al a Ser

Gy Arg Gn Val lie lie Ser Ser Asn Leu Thr Trp Pro

Asn Gy Leu Ala lle Asp Tyr Ay Ser Gn Arg Leu Tyr Trp Ala
860 26/41 A a Ay Met Lys Thr lie Qu Phe Ala Ay Leu Asp Ay
865 870 875 880 Lys Vatd/heu lie Ay Ser Gn Leu Pro Hs Pro

Thr Leu 885
Ser lie Gn
Leu Gn Qu
Arg Arg Arg
Gy Cys Ser

890 895 Tyr Ay Au Arg lle Tyr Trp Thr Asp Trp
900 905 910 Ser Ala Asp Arg Leu Thr Gy Leu Asp
Asn 915 920 925 Leu GQu Asn Leu Met Asp lie His
Pro Pro 930 935 940 Val Ser Thr Pro Cys Al a Met
H s Lau Cys 945 950 955 960 Leu Arg Ser Pro Asn

@sy APheAGeYalQys [TlerAsey dsiPaen Thr 6G Yrp9GpoRED Y5 |1l e Asn Leu Leu

ady,
Arg
Tyr
Thr

His

His

Leu

" His

Ser

Gln

Ser

Thr Cys
rg lie Asp
Phe Al a Asp
lie Alalie

Ser Thr

1160

Thr Glu Arg lle
1175

Thr Leu Val Ser
1190

Asp Ser Tyr lle
1205

Arg Ala Asp Lys
1220

Asn Leu Pro Gly
1235

Pro Leu Giy Phe
1250

His Leu Cys Leu
1265

Ser E&o Gy Mt As 5oer 980 985 990 Phe Leu lie
Ile rg Met Val Ser "Leu Asp 995 1000 1005 27/41
Val Vval Val Pro Ile Asn Ile Thr Met 1010 1015 1020
Gy VvVal Asp Pro Gn u @y Lys val 1025 1030 1035
Leu Hs Arg lie Ser Arg Ala Asn Leu

1165 1170

Glu Ata Ala Asp Leu Asn Gly Ala Asn Arg
1180 1185

Pro Val Gin His Pro Tyr Gly Leu Thr Leu
1195 1200

Tyr Trp Thr Asp Trp Gin Thr Arg Ser lle
1210 1215

Gly Thr Gly Ser Asn Val lle Leu Val Arg
1225 1230

Leu Met Asp Met GIn Ala Val Asp Arg Ala
1240 1245

Asn Lys Cys Gly Ser Arg Asn Gly Gly Cys
1255 1260

Pro Arg Pro Ser Gly Phe Ser OCys Ala Cys
1270 1275




1040
1055
1070
1085
1100
1115
1130
Asn

Asp

Lau
Arg
Leu
Val

Asn

1045 1050 Asp Gy Ser Gn Hs GQu Asp Ile lie Thr Thr Ay Leu G n Thr
1060 1065 Thr Asp Ay Leu Ala Val Asp Ala lie Ay Arg Lys Val Tyr Trp
1075 1080 Thr Asp Thr Ay Thr Asn Arg Ile Gu Val Gy Asn Leu Asp Ay
1090 1095 Ser Met Arg Lys Val e®4iVal Trp Gn Asn Leu Asp Ser Pro Arg
1105 1110 Ala Ile Val Leu Tyr Hs Gu Mt Gy Phe Met Tyr Trp Thr Asp
1120 1125 Trp Ay QQu Asn Ala Lys Leu Gu Arg Ser Ay Mt Asp Gy Ser

1135 1140 28/41 Asp Arg Ala Val Leu lie Asn Asn Asn Leu Ay Trp Pro

Gy 1145 1150 1155 ‘Leu Thr Val Asp Lys Ala Ser Ser Gn Leu Leu Trp Al a
Ala 1160 1165 1170 His Thr AQu Arg lie Gu Ala Ala Asp Leu Asn Ay Al a

Arg PEAT6r 16801 (B1@% Leki lys Ty lAgp GVMALySEBir Riye Adplpr&in His Pro Tyr Gy

Thr Lau ;1400 1195 1200 ,,keu Asp Ser Ty'izgl ie Tyr Trp Thr Asp Trp G n Thr
Ser lie 205 1210 1215 H's Arg Ala Asp Eys Ay Thr Ay Ser Asn Val lie
Val Arg 1220 1225 1230 Ser Asn Lau Pro Ay Lau Met Asp Met G n Al a
Asp Arg Ala 1235 1240 1245 Gn Pro Leu Gy Phe Asn Lys Cys Ay Ser Arg
dy dy Cys 1250 1255 1260

Ser Pré Glu Thr Tyr Leu Leu Phe Ser Ser Arg Gly Ser lle Arg

1295 1300 1305

Arg lie Ser Leu Asp Thr Ser Asp His Thr Asp Val His Val Pro

1310 - 1315 1320
Val Pro Glu Leu Asn Asn Val |le Ser Leu Asp Tyr Asp Ser Val
1325 1330 1335

Asp Gly Lys Val Tyr Tyr Thr Asp Val Phe Leu Asp Val lle Arg
1340 1345 1350

Arg Ala Asp Leu Asn Gly Ser Asn Met Glu Thr Val lle Gly Arg
1355 1360 1365

Gly Leu Lys Thr Thr Asp Gly Leu Ala Val Asp Trp Val Ala Arg
1370 1375 1380

Asn Leu Tyr Trp Thr Asp Thr Gly Arg Asn Thr lle Glu Ala Ser
1385 1390 1395

Arg leu Asp Gly Ser Cys Arg Lys Val Leu lle Asn Asn Ser Leu
1400 1405 1410




Ser H's Leu Cys Leu Pro Arg Pro Ser Ay Phe Ser Cys Ala Cys 1265 1270 1275
29/41 Pro Thr Ay lie Gn Leu Lys Ay Asp Ay Lys Thr Cys Asp Pro 1280
1285 1290 Ser Pro Gu Thr Tyr Leu Leu Phe Ser Ser Arg Ay Ser lle Arg

1295 1300 1305 Arg lie Ser Leu Asp T¥/4Ber Asp His Thr Asp Val His Val Pro
1310 1315 1320 Val Pro Gu Leu Asn Asn Val lie Ser Leu Asp Tyr Asp Ser Val
1325 1330 1335 Asp Gy Lys Val Tyr Tyr Thr Asp Val Phe Leu Asp Val lie Arg
1340 1345 1350 Arg Ala Asp Leu Asn Ay Ser Asn Met Au Thr Val Ile Gy Arg
1355 1360 1365 dvy Leu Lys Thr Thr Asp Ay Leu Ala Val Asp Trp Val Ala Arg
1370 1375 1380 Asn Leu Tyr Trp Thr Asp Thr Ay Arg Asn Thr lie Gu Ala Ser
1385 139QsA 3D ProgAtzadlaAblp ABay VoEIPhé Pso Argglysy iValyrllaw |ie Asn Asn Ser Leu
1400 1405 1@;}% 30/ 41 Asp q#o Pro Arg Al a Hz% Ala Val Phe Pro Arg Lys Ay
Tyr Leu 1415 1420 1425 Phe Trp Thr Asp Trp Gy Hs Ile Ala Lys Ile Ju Arg
Ala Asn 1430 1435 1440 Leu Asp Gy Ser Qu Arg Lys Val Leu Ile Asn Thr Asp
Leu Ay 1445 1450 1455 Trp Pro Asn Ay Leu Thr Leu Asp Tyr Asp Thr Arg

Arg lle ¥¥r 1460 1465 1470
e Trp Thr Asp Trp Gly His Ile Ala Lys Ile Glu Arg Ala Asn

1430 1435 1440

Leu Asp Gly Ser Glu Arg Lys Vai Leu Ile Asn Thr Asp Leu Gly
1445 1450 1455

Trp Pro Asn Gly Leu Thr Leu Asp Tyr Asp Thr Arg Arg lle Tyr
1460 1465 1470

Trp Val Asp Ala His Leu Asp Arg lle Glu Ser Ala Asp Leu Asn
1475 1480 1485

Gly Lys leu Arg Gln Val Leu Val Ser His Val Ser His Pro Phe

1490 1495 1500

Ala Leu Thr Gln Gin Asp Arg Trp lle Tyr Trp Thr Asp Trp Gln
1505 1510 1515

Thr Lys Ser |le GIn Arg Val Asp Lys Tyr Ser Gly Arg Asn Lys
1520 1625 1530

Glu Thr Val Leu Ala Asn Val Glu Gly Leu Met Asp lle Ile Val
1535 1540 1545




Trp Val Asp Ala His Leu Asp Arg Ile Gu Ser Ala Asp Leu Asn 1475 1480 1485
Gy Lys Leu Arg G n Val Leu Val Ser H's Val Ser H's Pro Phe 1490 1495 1500
Ala Leu Thr Gn Gn Asp Arg Trp Ile Tyr Trp Thr Asp Trp G n 1505 1510 1515

Thr

Lys Ser Ile Gn Arg Val Asp Lys Ty#iSer Ay Arg Asn Lys 1520 1525 1530

Gu Thr Val Leu Ala Asn Val Qu Gy Leu Met Asp Ile Ile Val 1535 1540 1545
31/41 Val Ser Pro Gn Arg Gn Thr Ay Thr Asn Ala Cys @y Val Asn 1550

- 1555

1565
1580
1595
1610
1625
1640
1655
1670

1560 Asn Gy Ay Cys Thr His Lou Cys Phe Ala Arg Ala Ser Asp Phe

1570 1575 Val Cys Ala Cys Pro Asp Qu Pro Asp Ser Arg Pro Cys Ser Lou
1585 1590 Val Pro Gy Lou Val Pro Pro Ala Pro Arg Ala Thr Gy Mt Ser
1600 1605 G u Lys Ser Pro Val Lou Pro Asn Thr Pro Pro Thr Thr Lou Tyr

161 ef Thr ro, IThr A Thr gu Qu Gu Val du Ay
1633’%%@ §,%3: Sﬁc@’ @ngguﬁAA%hran Al Glyﬁ{)ﬁllﬁ'y Lou Cys Ala Arg Ser
1645 16580 Asn Asp Al al5%al Pro Ala Ala569ro Ay Qu Ay Lou Hs Ile Ser
1660 1665 Tyr Ala Ile Ay @y Lou Lou Ser Ile Lou Lou Ile Lou Val Val

1675 1680 32/41

Asn Gly Gly Cys Thr His Leu Cys Phe Ala Arg Ala Ser Asp Phe
1565 1570 1575

Val Cys Ala Cys Pro Asp Giu Pro Asp Ser Arg Pro Cys Ser Leu
1580 1585 1590

Val Pro Gly Leu Val Pro Pro Ala Pro Arg Ala Thr Gly Met Ser
1595 1600 ' 1605

Glu Lys Ser Pro Val Leu Pro Asn Thr Pro Pro Thr Thr Leu Tyr
1610 1615 1620

Ser Ser Thr Thr Arg Thr Arg Thr Ser Leu Glu Glu Val Glu Gly
1625 1630 1635

Arg Cys Ser Glu Arg Asp Ala Arg Leu Gly Leu Cys Ala Arg Ser
1640 1645 1650

Asn Asp Ala Val Pro Ala Ala Pro Gly Glu Gly Leu His Ile Ser
1655 1660 ‘ 1665

Tyr Ala |le Gly Gly Leu Leu Ser ile Leu Leu lle Leu Val Val
1670 ' 1675 1680




Ile
Asp
Thr
Met
Asn
Leu
Ser
Asp
du

33/41 Va
1825 1830,
1835 1840

Ala Al a
Pro Ay

Ser
Tyr
Tyr
Ser
Ser
Thr
Thr

Met Leu
Ay Asn
G u Val
Lau Cys
G u Lys
Asp Al a
Gy Ay Leu
Ser Ile Gn
G n Lau Leu

Leu
Met
Gn
Gn
Lys
Asp

Thr
Asn
Thr
Ay
Arg
Val

du

Thr

'984%

Hs Thr Ala Ala Thr

Tyr
Leu
Lys
Tyr
Ile
Au
Leu
Al a
Gn

Arg
Thr
Ile
Lys
Lys
Trp
Arg
Ser

Tyr

Il e Val

H's Lys Lys
Ser Asn
Au Ala lle
Lys B@/¢1 Gy
AQu
Asp Asp Leu
Asp Hi s Val
Ser Ay Ser
AQu Au Gn Ser
Pro Au Arg Arg Ay Ser

sl g 83 1 g5 M50 L e A,

Ser
Pro
Pro
Ay
Ay
Lys
Cys Met
Leu Asp
G u Cys

Lys
Ser
Lys
Pro
Ile
Gn

Phe
Tyr
Pro
Asp
Cys
Leu
Lys
Asp
Ser

An artificidb¥y synthesizedtd@aptor sequenti®s <400> 5

Asp Pro Gly Met Gly
1700

Thr Ser Thr Gln Glu
1715

Met Tyr Asn Gin Leu
1730

Asn Tyr Thr Lys Glu
1745

Leu Ser Gly Asp Asp
1760

Ser Ser Arg Gly Gly
1775

Asp Thr Val Ser [le
1790

Giu Thr Glu GIn Leu
1805

Asn Leu Thr Tyr Ser Asn
" 1705

Vai Lys lle Glu Ala lle
1720

Cys Tyr Lys Lys Glu Gly
1735

Lys Ile Lys Ille Val Glu
1750

Ata Glu Trp Asp Asp Leu
1765

Leu Leu -Arg Asp His Val
1780

Gin Ala Ser Ser Gly Ser
1795

Leu GIn Glu Glu GIn Ser
1810

Pro Ser Tyr
1710
Pro Lys Pro
1725
Gly Pro Asp
1740
Gly lle Cys
1755
Lys Gln Leu
1770
Cys HMet Lys
1785
Leu Asp Asp
1800
Glu OCys Ser
1815

Arg

Ala

His

Leu

Arg

Thr-

Thr

Ser

Thr 1685 1690 1695
Arg 1700 1705 1710
Ala 1715 1720 1725
Hs 1730 1735 1740
Leu 1745 1750 1755
Arg 1760 1765 1770
Thr 1775 1780 1785
Thr 1790 1795 1800
Ser 1805 1810 1815
Leu Pro Asp 1820

Gu Ser Adn Va
ficial <220> <223>




cagctccaca acctacatca ttccgt 26 <210> 6 <211> 12 <212> DNA <213>
<223> An artificially synthesized adaptor sequence
<210> 7 <211> 26 - ----------- 34/ 41 <212> DNA <213>
Artificial <220> <223> An artificiaBssisynthesi zed adapt or sequence
7 gtccatcttc tctctgagac tctggt 26 <210> 8 <211> 12 <212> DNA <213>
<223> An artificially synthesized adaptor sequence

Artificial <220>
6 acggaatgat gt 12

Artificial <220>

8 accagagtct ca 12 <210> 9 <211> 26 <212> DNA

Val His Thr Ala Ala Thr Pro Giu Arg Arg Gly Ser Leu Pro Asp
1820 1825 1830

Thr Gly Trp Lys His Glu Arg Lys Leu Ser Ser Glu Ser Gln Val
1835 1840 1845

<210>
211
N
213>

<220>
<223>

<400>

5

26

DNA
Artificial

An artificially synthesized adaptor sequence

5

cagctccaca acctacatca ttocgt 26

<2105
211>
212>
213>

<220>
<223>

<400>

6

12

DNA
Artificial

An artificially synthesized adaptor sequence

6

acggaategat gt : : 12

<210>
{2112

7

26




<213> Artificial <220> <223> An artificially

<400> 9 ctgatgggtg tcttctgtga gtgtgt 26

<213> Artificial <220> <223> An artificially
<400> 10 acacactcac ag 12 <210> 11 3®al> 26
<220> <223> An artificially synthesized adaptor sequence <400> 11

ccagcat cga gaatcagtgt gacagt 26
Artificial <220>

12 actgtga?%g &g 12

<213>

<220>
<223>

<400>

Artificial

An artificial ly synthesized adaptor sequence

7

gtecatetic tetetgagac totest

<210>
211>
<212>
<13

<220»

<223>

<400>

8

12

DNA
Artificial

An artificial ly synthesized adaptor seguence

8

accagagtct ca

2100
<211>
212>
213>

<220>
<223>

<400>

9

26

DNA
Artificiaf

An artificially synthesized adaptor seguence

9

cteatgggtg tottctgtea gtetet

<210>
211>

10
i2

synt hesi zed adapt or sequence

<210> 10 <211> 12 35/41 <212> DNA

synt hesi zed adapt or seguence
<212> DNA <213> Artificial

<210> 12 <211> 12 <212> DNA <213>
<223> An artificially synthesized adaptor sequence <400>

26

12

26




<210> 13 <211> 26 36/41 <212> DNA <213> Artificial <220> <223> An
artificially synthesized adaptor sequence <400> 13 gtcgatgaac ttcgactgtc
gatcgt 26 <210> 14 <211> 12 <212> DNA <213> Artificial <220> <223> An
artificially synthesized adaptor seps¢sice <400> 14 acgatcgaca gt 12 <210>
15 <211> 26 <212> DNA <213> Artificial <220> <223> An artificially

synt hesi zed priner sequence <400> 15 tagtctacca ctgctcgact gtaacg 26

<210> 16 <211> 26 37/41 <212> DNA <213> Artificial

{212> DNA
{213> Artificial

{2200
223> An artificially synthesized adaptor sequence

<400> 10

acacactcac ag . ' i2

210> 1

211> 26

<212> DNA

<213> Artificial

<220>
<{223> An artificially synthesized adaptor seguence

<400> 11
- ccageatcga gaatcagtgt gacagt 26

210> 12

211 12

<212> DNA

213> Artificial

{220>
<223> An artificially synthesized adaptor seguence

<400> 12

actgtcacac tg 12

-~ <210> 13
211> 26




<220> <223> An artificially synthesized prinmer sequence <400> 16

cagagt gaac ccagtggaca tatctg 26 <210> 17 <211> 26 <212> DNA <213>
Artificial <220> <223> An artificially synthesized prinmer sequence <400>
17 gttcccaagg aaagtgtcag agttgg 26 38240> 18 <211> 26 <212> DNA <213>
Artificial <220> <223> An artificially synthesized prinmer sequence <400>
18 gaagctggaa agcctccagg tgttcc 26 <210> 19 <211> 26 38/41 <212> DNA
<213> Artificial <220> <223> An artificially synthesized prinmer sequence
<400> 19<§§£pqﬁgcag acaccatgac cttagc 26 <210> 20

{213> Artificial

L2200
<223> An artificially synthesized adaptor seguence

<400> 13
gtecgatgaac ttegactete gatogt . 26

<210> 14

211> 12

<212> DNA

<213> Artificial

<220> |
<223> An artificially synthesized adaptor seauence

<400> 14
- acgatcgaca gt 12

<210> 15

<211> 26

<212> DNA

<213> Artificial

<220>

<223> An artificially synthesized primer seguence
<4000 15

tagtctacca ctgetogact gtaace _ - 28

Q210> 18
S <211> 26




<211> 26 <212> DNA <213> Artificial <220> <223> An artificially

synt hesi zed priner sequence <400> 20 aggagtaggg cttgtctccc aacctg 26

<210> 21 <211> 26 <212> DNA <213> Artificial <220> <223> An artificially
synt hesi zed priner sequence <400> 237/éactcctgtg tctagctgcc agatgc 26

<210> 22 <211> 26 39/41 <212> DNA <213> Artificial <220> <223> An
artificially synthesized priner sequence <400> 22 agtgcgaaca ccgtagtgct
gacagg 26 <210> 23 <211> 26 <212> DNA <213> Artificial <220> <223> An

artifici a42|1§§ samt hesi zed prinmer sequence

<213> Artificial

<220>

€223> An artificially synthesized primer seguence

<400> 18
cagagtgaac ccagigegaca tatctg 26

210> 17

<211> 26

<212> DNA

<213> Artificial

{2207
<223> An artificially synthesized primer seguence

<400> 17
gttoccaags aaagtgtcag agttgg 28

<210> 18
211> 26
<212> DNA
. L213> Artificial

{220
<223> An artificially synthesized primer sequence

<400> 18

gaagctgegaa ageoctecage tettce . 26

<2100 19
211> 26




<400> 23 gat gaagaag aaggagcaga gtcagg 26 <210> 24 <211> 26 <212> DNA
<213> Artificial <220> <223> An artificially synthesized priner sequence
<400> 24 attcacttgc tctgactcca ggttgg 26 <210> 25 <211> 26 40/41 <212>
DNA <213> Artificial <220> <223> Ansgatificially synthesized priner
sequence <400> 25 ccatgatctt tcccctctgg cttctg 26 <210> 26 <211> 26
<212> DNA <213> Artificial <220> <223> An artificially synthesized primner
sequence <400> 26 tttggctgga aagggtgact ctgagg 26 <210> 27 <211> 26

<212> DNA
<212> DNA

213> Artificial

<2205
<223> An artificially synthesized primer sequence

<400> 19

cteegageag acaccatgac cttage 26

<210> 20

211> 26

<212> DNA

<213> Artificial

<220>

<{223> An artificially synthesized primer seguence '

<400> 20
aggagtagegg cttgtotecc aacctg 26

210> 21

211> 26

<{212> DNA

<213> Artificial

<220>

223> An artificially synthesized primer sequence
<400> 21

cactectgteg totagoigee agatge 26

<2100 22
{211> 26




<213> Artificial <220> <223> An artificially synthesized prinmer sequence
<400> 27 tgctctcacc atccagatga ctcacc 26 <210> 28 <211> 26 41/41 <212>
DNA <213> Artificial <220> <223> An artificially synthesized primer
sequence <400> 28 tggaccatat ctgctgdedt tggtcc 26 <210> 29 <211> 26
<212> DNA <213> Artificial <220> <223> An artificially synthesized priner
sequence <400> 29 tccagcagat gcaagaactc tcctcc 26 <210> 30 <211> 26
<212> DNA <213> Artificial <220> <223> An artificially synthesized primer
sequence<zﬁ§0qRA30 ttat ggagcg gagcagcatt ccaagg 26

{A3> Artificial

<220>

<223> An artificially synthesized primer sequence

{400> 22
agtgcgaaca ccgtagtect gacage 26

<210> 23

211> 26

<212> DNA

213> Artificial

<220>

<223> An artificially synthesized primer seguence

<400> 23
'gatgaagaag aaggagcaga gtcagg 26

210> 24

<211> 26

<212> DNA

<213> Artificial

{220>

<223> An artificially synthesized primer sequence
<400> 24

attcacttes totgactecca ggtige : 26

210> 25
211> 26




212>
213>

<220>
223>

<400>

40/41

DNA
Artificial

An artificially synthesized primer sequence

25

ccatgatett tocccototeg cttete 26

<210>
211>
212>
213>

- <2200
<223>

<400>

26

26

DNA
Artificial

An artificial ly synthesized primer sequence

26

tttgectegega aaggegtpact ctgage 26

<2100
{211
212>
<213>

<220>
<223>

<400>

27

26

DNA
Artificial

An artificially synthesized primer sequence

27

tgctetcace atccagatea ctecace : 26

<210>
- 211>

28
26




212>
2P

<220>
_<223>

<400>

41/41

DNA
Artificial

An artificially synthesized primer sequence

28

tggaccatat ctszctgcaac tggtce

L2100
211
Q21
213>

<220>
223>

<400>

29

26

DNA
Artificial

An artificially synthesized primer sequence

29

tccagoagat goaagaacte tecteo

210>
211>
212>
<213>

<2205
<223>

<400>

30

26

DNA .
Artificial

An artificially synthesized primer sequence

30

ttatggagce gagcageatt ccaagg

-26

26

26




