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Description

Technical Field

[0001] The present invention relates to the use and such of the gene for distinguishing, detecting, identifying, isolating,
obtaining, and the like of pancreatic progenitor cells.

Background Art

[0002] Pancreas is an important organ that secretes various digestive enzymes to digest food as well as various
hormones to control blood glucose concentration. It is known that functional breakdown of the pancreas due to autoim-
mune disease, cancer, obesity, or such results in pathological elevation of blood glucose concentration, causing various
complications. Diabetes is developed due to deficiency in quantity or deterioration in the function of insulin secreted
from β cells present in the pancreas. The therapeutic methods include exercise therapy, diet therapy, oral hypoglycemic
agents, and insulin injection. Meanwhile, cell transplantation therapy is performed, in which pancreatic β cells harvested
from brain-dead patients are transplanted into diabetes patients. However, the extreme scarcity of donors is problematic
in cell transplantation therapy. Recently, transplantation technology has been developed to differentiate pancreatic
multipotent progenitor cells to be transplanted from human embryonic stem (ES) cells, and it has drawn attention as a
method that solves the donor problem (Kroon E et al., Nat Biotechnol. (2008) 26(4): 443-52). However, when human
ES cell-derived pancreatic progenitor cells are transplanted, only a fraction of the cells differentiated from ES cells
differentiate into pancreatic progenitor cells and the remaining cells differentiate into completely different cell populations.
Hence, in consideration of safety and efficacy, it is believed to be very important to remove undifferentiated ES cells
and to enrich pancreatic multipotent progenitor cells through sorting using specific antibodies. Additionally, conventional
technologies cannot distinguish, detect, identify, isolate, and/or obtain pancreatic progenitor cells in a viable state that
does not contain foreign genes, proteins, and such; and thus it is desirable to distinguish, detect, identify, isolate, and/or
obtain pancreatic progenitor cells in a viable state that do not contain foreign genes, proteins, and such.
[0003] By the way, it has been known that the Nephrin-like 3 (Neph3) gene is expressed in central nervous system
progenitor cells after division arrest, such as dopamine-producing neuron progenitor cells and GABA-producing inhibitory
neuron progenitor cells (WO 2004/038018; WO 2008/096817). However, it is unknown that the gene is relevant to
pancreatic multipotent progenitor cells.

Prior-art Documents

Patent Documents

[0004]

[Patent Document 1] WO 2004/038018
[Patent Document 2] WO 2008/096817

Non-patent Documents

[0005] [Non-patent Document 1] Kroon E et al., Nat Biotechnol. (2008) 26(4): 443-52

Disclosure of the Invention

[Problems to be Solved by the Invention]

[0006] The present invention was achieved in view of the above circumstances. An objective of the present invention
is to provide methods for distinguishing, detecting, identifying, isolating, and/or obtaining pancreatic progenitor cells,
which use as an indicator a marker that can selectively distinguish pancreatic progenitor cells, cell populations and the
like prepared by the methods.

[Means for Solving the Problems]

[0007] The Nephrin-like 3 (Neph3) gene encodes a membrane protein having immunoglobulin-like domains in its
extracellular region. The Neph3 gene is also known as "65B13" gene, and has been reported to be transiently expressed
in central nervous system progenitor cells after division arrest, such as dopamine-producing neuron progenitor cells and
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GABA neuron progenitor cells (WO 2004/038018; WO 2008/096817). However, there has been no report on the relevance
of the gene to pancreatic progenitor cells. The present inventors analyzed in detail the Neph3 gene expression during
pancreatic development, and as a result revealed that Neph3 was expressed in a fraction of pancreatic primordial cells,
and the expression pattern was highly similar to those of pancreatic duodenal homeobox factor-1 (Pdx-1) and pancreas
transcription factor 1 subunit alpha (Ptf1a) known as indicators of multipotent pancreatic progenitor cells (or pancreatic
multipotent progenitor cells). Further analysis was carried out to characterize Neph3-positive cells in the pancreatic
primordium. The result showed that most of the Neph3-positive cells were positive for both Pdx-1 and Ptf1a. In addition,
most of the Neph3-positive cells also expressed carboxypeptidase A1 (pancreatic) (Cpa1), which is another indicator
for multipotent pancreatic progenitor cells (Zhou Q. et al., Dev. Cell, (2007) 13 (1): 103-114).
[0008] As described above, Neph3 is expressed in multipotent pancreatic progenitor cells, in particular, on the cell
surface, and is useful as a surface marker for multipotent pancreatic progenitor cells. Thus, viable multipotent pancreatic
progenitor cells can be simply distinguished, detected, identified, isolated, and/or obtained by using Neph3 as an indicator.
The Neph3 gene and protein can be used to distinguish, detect, identify, isolate and/or obtain multipotent pancreatic
progenitor cells from cell populations potentially containing multipotent pancreatic progenitor cells.
[0009] Specifically, the present invention relates to markers that enable selective detection of pancreatic progenitor
cells, methods that use the markers as an indicator to distinguish, detect, identify, isolate, and/or obtain pancreatic
progenitor cells, as well as cell populations distinguished, detected, identified, isolated, and/or obtained by the methods,
and reagents and the like for use in the methods. More specifically, the present invention provides:

[1] a method for producing a cell population comprising a pancreatic progenitor cell, which comprises the step of
distinguishing, detecting, and/or identifying the expression of a translated product of a Nephrin-like 3 (Neph3) gene
in an endodermal cell sample, and the step of collecting, isolating, and/or obtaining a cell expressing the translated
product of the gene;
[2] the method of [1], wherein the endodermal cell sample is a central nervous system lineage cell-depleted cell
sample;
[3] the method of [1], wherein the endodermal cell sample is an abdomen-derived cell sample;
[4] the method of any one of [1] to [3], which additionally comprises the step of distinguishing, detecting, identifying,
collecting, isolating, and/or obtaining the expression of a translated product and/or transcript of any one or a com-
bination of pancreatic and duodenal homeobox factor-1 (Pdx-1), pancreas specific transcription factor-1a (Ptf1a),
carboxypeptidase A1 (pancreatic) (Cpa1), and epiplakin 1 (EPPK1) genes;
[5] the method of [4], wherein the combination consists of pancreatic and duodenal homeobox factor-1 (Pdx-1) and
carboxypeptidase A1 (pancreatic) (Cpa1);
[6] the method of any one of [1] to [5], wherein the step of distinguishing, detecting, and/or identifying, and/or the
step of collecting, isolating, and/or obtaining are achieved by using an immunochemical method;
[7] a cell population prepared by the method of any one of [1] to [6].
[8] a method for distinguishing, detecting, identifying, collecting, isolating, and/or obtaining a pancreatic progenitor
cell, which comprises the step of distinguishing, detecting, and/or identifying the expression of a translated product
of a Neph3 gene in an endodermal cell sample.
[9] the method of [8], wherein the endodermal cell sample is a central nervous system lineage cell-depleted cell
sample;
[10] the method of [8], wherein the endodermal cell sample is an abdomen-derived cell sample;
[11] the method of any one of [8] to [10], which additionally comprises the step of distinguishing, detecting, identifying,
collecting, isolating, and/or obtaining the expression of a translated product and/or transcript of any one or a com-
bination of pancreatic and duodenal homeobox factor-1 (Pdx-1), pancreas specific transcription factor-1a (Ptf1a),
carboxypeptidase A1 (pancreatic) (Cpa1), and epiplakin 1 (EPPK1) genes;
[12] the method of [11], wherein the combination consists of pancreatic and duodenal homeobox factor-1 (Pdx-1)
and carboxypeptidase A1 (pancreatic) (Cpa1); and
[13] the method of any one of [8] to [12], wherein the method for distinguishing, detecting, identifying, collecting,
isolating, and/or obtaining a pancreatic progenitor cell is an immunochemical method.

[Effects of the Invention]

[0010] The present invention successfully identified a pancreatic progenitor cell marker and used its expression as
an indicator to isolate pancreatic progenitor cells. The present invention is useful in preparing materials for transplantation
therapy to treat pancreatic disorders and the like, and searching specific genes as well as in drug discovery that target
pancreatic progenitor cells and others. Since the marker gene identified by the present inventors encodes a membrane
protein, the marker can be used as an indicator to distinguish, detect, identify, isolate, and/or obtain pancreatic progenitor
cells in a viable state that does not contain foreign genes, proteins, and such without the need to use foreign genes,
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proteins, or such. Since the methods for obtaining pancreatic progenitor cells using the marker of the present invention
yield highly pure pancreatic progenitor cells, they are expected to be applied, for example, to drug discovery that targets
pancreatic disease such as diabetes.

Brief Description of the Drawings

[0011]

Fig. 1 shows in photographs an expression pattern of Neph3 in fetal mice. A: whole image of E12.5 fetus; B: E12.5
pancreatic primordium.

Fig. 2 shows a flow chart of the course of pancreatic development.

Fig. 3 shows in photographs a comparison of the expressions of Neph3, Pdx1, Ptfl a, and Cpa1 in the pancreatic
primordium. A: antibody staining; B: in situ hybridization.

Fig. 4 shows in graphs and photographs that pancreatic multipotent progenitor cells can be isolated from fetal mice
by using an anti-Neph3 antibody. A: FACS of fetal mouse pancreas using an anti-Neph3 antibody; B: antibody
staining of isolated Neph3-positive cells.

Fig. 5 shows in photographs that a foreign gene (GFP) can be specifically expressed in pancreatic progenitor cells
by using a Neph3 promoter.

Fig. 6 shows in photographs that a human Neph3 promoter is activated in a manner specific to pancreatic progenitor
cells.

Mode for Currying Out the Invention

(Neph3 gene and protein)

[0012] The present invention provides methods for detecting pancreatic progenitor cells, which use as an indicator
the expression of Neph3 which is a selective marker gene for pancreatic progenitor cells. In the present invention, the
Neph3 gene includes genes generally known as Neph3, and homologues and counterparts thereof. The Neph3 gene
is also referred to as the 65B13 gene (WO 2004/038018). The Neph3 protein refers to a protein encoded by the Neph3
gene. Specifically, the Neph3 gene of the present invention includes, for example, two genes called 65B13-a (SEQ ID
NO: 1) and 65B13-b (SEQ ID NO: 3), both of which are alternative isoforms of the Neph3 gene (the amino acid sequences
encoded by the respective genes are shown in SEQ ID NOs: 2 and 4). The coding region of 65B13-a is at positions 178
to 2277 in SEQ ID NO: 1, encoding a protein of 700 amino acids. The 17 amino acid residues encoded by the sequence
of positions 178 to 228 constitute a signal sequence, while the 17 amino acid residues encoded by the sequence of
positions 1717 to 1767 constitute a transmembrane domain. Meanwhile, the coding region of 65B13-b is at positions
127 to 2076 in SEQ ID NO: 3, encoding a protein of 650 amino acids. The 17 amino acid residues encoded by the
sequence of positions 127 to 178 constitute a signal sequence, while the 17 amino acid residues encoded by the
sequence of positions 1516 to 1566 constitute a transmembrane domain. The N-terminal region before the transmem-
brane domain is an extracellular domain. Specifically, the extracellular domain is an amino acid sequence encoded by
nucleotides at positions 229 to 1716 in 65B13-a or nucleotides at positions 179 to 1515 in 65B13-b.
[0013] Furthermore, the Neph3 gene of the present invention also includes, for example, the genes of SEQ ID NOs:
5, 7, 9, 11, 13, 15, 17, 19, and 21 (the amino acid sequences encoded by the genes are shown in SEQ ID NOs: 6, 8,
10, 12, 14, 16,18,20, and 22, respectively). The coding region of SEQ ID NO: 5 is at positions 668 to 2767, encoding a
protein of 700 amino acids. The 19 amino acid residues encoded by the sequence of positions 668 to 724 constitute a
signal sequence, while the 494 amino acid residues encoded by the sequence of positions 725 to 2206 constitute an
extracellular domain. The coding region of SEQ ID NO: 7 is at positions 130 to 2229, encoding a protein of 700 amino
acids. The 19 amino acid residues encoded by the sequence of positions 130 to 186 constitute a signal sequence, while
the 494 amino acid residues encoded by the sequence of positions 187 to 1668 constitute an extracellular domain. The
coding region of SEQ ID NO: 9 is at positions 199 to 2097, encoding a protein of 633 amino acids. The 20 amino acid
residues encoded by the sequence of positions 199 to 258 constitute a signal sequence, while the 490 amino acid
residues encoded by the sequence of positions 259 to 1728 constitute an extracellular domain. The coding region of
SEQ ID NO: 11 is at positions 199 to 2322, encoding a protein of 708 amino acids. The 20 amino acid residues encoded
by the sequence of positions 199 to 258 constitute a signal sequence, while the 490 amino acid residues encoded by
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the sequence of positions 259 to 1728 constitute an extracellular domain. The coding region of SEQ ID NO: 13 is at
positions 199 to 2322, encoding a protein of 708 amino acids. The 20 amino acid residues encoded by the sequence
of positions 199 to 258 constitute a signal sequence, while the 490 amino acid residues encoded by the sequence of
positions 259 to 1728 constitute an extracellular domain. The coding region of SEQ ID NO: 15 is at positions 15 to 1913,
encoding a protein of 633 amino acids. The 20 amino acid residues encoded by the sequence of positions 15 to 74
constitute a signal sequence, while the 490 amino acid residues encoded by the sequence of positions 75 to 1544
constitute an extracellular domain. The coding region of SEQ ID NO: 17 is at positions 199 to 1947, encoding a protein
of 583 amino acids. The 20 amino acid residues encoded by the sequence of positions 199 to 258 constitute a signal
sequence, while the 440 amino acid residues encoded by the sequence of positions 259 to 1578 constitute an extracellular
domain. The coding region of SEQ ID NO: 19 is at positions 15 to 1763, encoding a protein of 583 amino acids. The 20
amino acid residues encoded by the sequence of positions 15 to 74 constitute a signal sequence, while the 440 amino
acid residues encoded by the sequence of positions 75 to 1394 constitute an extracellular domain. The coding region
of SEQ ID NO: 21 is at positions 196 to 2259, encoding a protein of 688 amino acids. The 20 amino acid residues
encoded by the sequence of positions 196 to 255 constitute a signal sequence, while the 470 amino acid residues
encoded by the sequence of positions 256 to 1665 constitute an extracellular domain. In addition, the Neph3 gene of
the present invention also includes, for example, the sequences of accession numbers XM_994164, AL136654,
XM_512603, XR_012248, XM_541684, and XM_583222.
[0014] The Neph3 gene of the present invention includes not only polynucleotides specifically exemplified above but
also isoforms, splicing variants, and allelic mutants thereof. Such polynucleotides include the nucleotide sequences of
SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, and 21, preferably sequences of the coding region thereof, and more
preferably sequences of the coding region excluding their signal sequence portion, and polynucleotides that hybridize
under stringent conditions to the complementary strand of any one of these, or a probe prepared from any one of the
above sequences. Such polynucleotides can be obtained from cDNA libraries or genomic libraries of a desired animal
by known hybridization methods such as colony hybridization, plaque hybridization, and Southern blotting. The animals
from which the Neph3 gene is derived are not particularly limited, and include desired animals such as rodents including
mice and rats, mammals including rabbits, hamsters, chickens, dogs, pigs, bovines, goats, and sheep, and primates
including monkeys and apes, and humans. With regard to methods for constructing cDNA libraries, one can refer to
"Molecular Cloning, A Laboratory Manual 2nd ed." (Cold Spring Harbor Press (1989)). It is also possible to use cDNA
libraries and genomic libraries available on the market.
[0015] More specifically, in constructing a cDNA library, total RNA is first prepared from cells, organs, tissues, or such
(for example, pancreatic primordia, cell samples in which pancreatic progenitor cells are induced by differentiation from
pluripotent stem cells, or such) that are expected to express a polynucleotide of the present invention, by known techniques
such as guanidine ultracentrifugation (Chirwin et al., Biochemistry (1979) 18: 5294-9) or AGPC method (Chomczynski
and Sacchi Anal. Biochem. (1987) 162: 156-9), followed by mRNA purification using an mRNA Purification Kit (Phar-
macia), etc. A kit for direct mRNA preparation, such as the QuickPrep mRNA Purification Kit (Pharmacia), may also be
used. Next, cDNA is synthesized from the resulting mRNA using reverse transcriptase. cDNA synthesis kits such as the
AMV Reverse Transcriptase First-strand cDNA Synthesis Kit (Seikagaku Corporation) are also available commercially.
Other methods that use the 5’-RACE method to synthesize and amplify cDNA by PCR may also be used (Frohman et
al., Proc. Natl. Acad. Sci. USA (1988) 85: 8998-9002; Belyavsky et al., Nucleic Acids Res. (1989) 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. Gene (1994) 138: 171-4; Suzuki. Gene (1997) 200: 149-56) can
also be employed. The cDNA obtained in this manner can then be incorporated into a suitable vector. The Neph3 gene
can be obtained by screening a library prepared as described above by hybridization using probes prepared based on
the sequence of a polynucleotide described above.
[0016] The stringent hybridization conditions of the present invention include, for example, hybridization under the
post-hybridization wash conditions of "2x SSC, 0.1% SDS, 50°C", "2x SSC, 0.1% SDS, 42°C", or "1x SSC, 0.1% SDS,
37°C", and more stringent hybridization conditions of the present invention include, for example, hybridization under the
post-hybridization wash conditions of "2x SSC, 0.1% SDS, 65°C", "0.5x SSC, 0.1% SDS, 42°C", "0.2x SSC, 0.1% SDS,
65°C", or "0.1x SSC, 0.1% SDS, 65°C" (1x SSC: 150 mM NaCl and 15 mM sodium citrate (pH 7.0)). More specifically,
it is possible to use a method using Rapid-hyb buffer (Amersham Life Science). The method is carried out as follows.
After pre-hybridization is performed at 68°C for 30 minutes or more, a probe is added and allowed to form hybrids by
incubation at 68°C for one hour or more, followed by washing three times with 2x SSC/0.1% SDS at room temperature
for 20 minutes, washing three times with 1x SSC/0.1% SDS at 37°C for 20 minutes, and finally washing twice with 1x
SSC/0.1% SDS at 50°C for 20 minutes. More preferably, the pre-hybridization solution and hybridization solution contain,
for example, 5x SSC, 7% (W/V) SDS, 100 mg/ml denatured salmon sperm DNA, 5x Denhardt’s solution (1x Denhardt’s
solution contains 0.2% polyvinylpyrrolidone, 0.2% bovine serum albumin, and 0.2% Ficoll), and after 30 minutes to one
hour of pre-hybridization at 65°C, hybridization is carried out at the same temperature overnight (6 to 8 hours). This can
also be carried out using, for example, the Expresshyb Hybridization Solution (CLONTECH), by performing pre-hybrid-
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ization at 55°C for 30 minutes or more, adding a labeled probe and incubating at 37°C to 55°C for one hour or more,
washing three times in 2x SSC, 0.1% SDS at room temperature for 20 minutes each, and washing once at 37°C for 20
minutes with 1x SSC, 0.1 % SDS. Here, conditions of higher stringency can be achieved by increasing the temperature
for pre-hybridization, hybridization, or second wash. For example, the pre-hybridization and hybridization temperature
can be raised to 60°C, and to 65°C or 68°C for higher stringency. In addition to conditions such as salt concentration of
the buffer and temperature, a person with ordinary skill in the art can also integrate other conditions such as probe
concentration, probe length, and reaction time, to obtain isoforms of the genes of the present invention, allelic mutants,
and corresponding genes derived from other organisms. References such as "Molecular Cloning, A Laboratory Manual
2nd ed." (Cold Spring Harbor Press (1989), Sections 9.47-9.58 in particular), "Current Protocols in Molecular Biology"
(John Wiley & Sons (1987-1997), Sections 6.3-6.4 in particular), "DNA Cloning 1: Core Techniques, A Practical Approach
2nd ed." (Oxford University (1995), Section 2.10 for conditions in particular) can be referred to for detailed information
on hybridization procedures.
[0017] Probes to be used in hybridization can be prepared, for example, by the nick translation method, random primer
method, PCR, in vitro translation, or the like (Feinberg, A. P. and Vogelstein, B., Anal. Biochem. (1983) 132: 6-13;
Feinberg, A. P. and Vogelstein, B., Anal. Biochem. (1984) 137: 266-267; Saiki RK, et al., Science (1985) 230: 1350;
Saiki RK, et al., Science (1988) 239: 487). In the random primer method, it is possible to use random hexamer (pd(N)6),
random nonamer (pd(N)9), or the like (for example, Random Primer DNA Labeling Kit, Takara Bio Inc., Otsu, Japan).
The length of template DNA to be used in probe preparation is, for example, 20 consecutive nucleotides or more,
preferably 30, 40, 50, 70, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, or 1,000 consecutive nucleotides
or more. The average probe length is, for example, 20 nucleotides or more, preferably 30, 40, 50, 70, 100, 150, 200,
250, 300, 350, 400, 450, 500, 600, 700, 800, or 1,000 nucleotides or more, and for example, 5,000 nucleotides or less,
preferably 4,000. 3,000. or 2,000 nucleotides or less. Even if short-length nucleic acids are contained in the probes,
such short-length probes hardly affect hybridization because they cannot hybridize with nucleic acids under stringent
hybridization conditions.
[0018] Specifically, the Neph3 gene of the present invention includes nucleic acids that hybridize under stringent
conditions to a polynucleotide comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or
21, and/or a complementary sequence thereof, preferably a sequence of the coding region thereof and/or a comple-
mentary sequence thereof, and more preferably a sequence of the coding region excluding the signal sequence portion
and/or a complementary sequence thereof, or a probe prepared from the polynucleotide, and which are expressed in
pancreatic progenitor cells, preferably in multipotent pancreatic progenitor cells. Herein, "expressed in pancreatic pro-
genitor cells" means endogenously expressed in pancreatic progenitor cells. For example, when a target gene is ex-
pressed in the pancreatic primordium, it is understood that the gene is expressed in pancreatic progenitor cells. Pancreatic
progenitor cells can also be identified by using other pancreatic progenitor cell markers. For example, when a cell
expressing a target gene also expresses both Pdx-1 and Ptf1a, it is understood that the cell is a pancreatic progenitor
cell. Neph3-positive pancreatic progenitor cells are preferably cells expressing Pdx-1 and Ptf1a, more preferably cells
that additionally express Cpa1. Specifically, the Neph3 gene of the present invention is preferably a gene that is expressed
in cells endogenously expressing Pdx-1 and Ptf1a, more preferably a gene that is expressed in cells endogenously
expressing Pdx-1, Ptf1a, and Cpa1.
[0019] The Neph3 genes can be isolated by hybridization. Besides isolation by hybridization, the gene can be amplified,
for example, by gene amplification technique (PCR) (Current Protocols in Molecular Biology, John Wiley & Sons (1987)
Section 6.1-6.4) using primers designed based on polynucleotides comprising the nucleotide sequence of SEQ ID NO:
1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21, and/or a complementary sequence thereof, preferably a sequence of the coding
region thereof and/or a complementary sequence thereof, and more preferably a sequence of the coding region excluding
the signal sequence, and/or a complementary sequence thereof.
[0020] The Neph3 gene also includes polynucleotides that comprise nucleotide sequences that have high identity to
the nucleotide sequence of the Neph3 gene exemplified herein, and which are expressed in pancreatic progenitor cells,
preferably in multipotent pancreatic progenitor cells. Specifically, the Neph3 gene includes polynucleotides that comprise
a nucleotide sequence that has high identity, specifically 70% or higher, preferably 80% or higher, more preferably 85%
or higher, and sill more preferably 90% or higher (for example, 95% or higher, 96% or higher, 97% or higher, 98% or
higher, or 99% or higher sequence identity) to the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
or 21, preferably a sequence of the coding region thereof, and more preferably a sequence of the coding region excluding
the signal sequence portion, and which are expressed in pancreatic progenitor cells, preferably in multipotent pancreatic
progenitor cells.
[0021] The Neph3 gene of the present invention also includes polynucleotides that have high identity to the amino
acid sequences of proteins encoded by the Neph3 genes exemplified herein, and which are expressed in pancreatic
progenitor cells, preferably in multipotent pancreatic progenitor cells. Specifically, the Neph3 gene of the present invention
includes polynucleotides encoding an amino acid sequence that has high identity, specifically 70% or higher, preferably
80% or higher, more preferably 85% or higher, and sill more preferably 90% or higher (for example, 95% or higher, 96%
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or higher, 97% or higher, 98% or higher, or 99% or higher sequence identity) to amino acid sequences encoded by
sequences of the coding region of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21, preferably sequences of the coding
region thereof, preferably amino acid sequence encoded by sequences of the coding region excluding the signal sequence
portion, and which are expressed in pancreatic progenitor cells, preferably in multipotent pancreatic progenitor cells.
[0022] Such sequence identity can be determined based on the BLAST algorithm (Altschul Proc. Natl. Acad. Sci. USA
(1990) 87: 2264-8; Karlin and Altschul, Proc. Natl. Acad. Sci. USA (1993) 90: 5873-7). The BLASTP and BLASTN
programs for determining amino acid and nucleotide sequence identities, respectively (Altschul et al., J. Mol. Biol. (1990)
215: 403-10), are developed based on this algorithm, and can be used to determine sequence identity. Specifically, the
analytical method can be referred to, for example, on the web pages of National Center for Biotechnology Information
(NCBI). A target sequence to be compared is aligned with a reference sequence, for example, sequence of the coding
region of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21 (specifically, the nucleotide sequence of positions 178 to
2280 in SEQ ID NO: 1; positions 127 to 2079 in SEQ ID NO: 3; positions 668 to 2770 in SEQ ID NO: 5; positions 130
to 2232 in SEQ ID NO: 7; positions 199 to 2100 in SEQ ID NO: 9; positions 199 to 2325 in SEQ ID NO: 11; positions
15 to 2325 in SEQ ID NO: 13; positions 15 to 1916 in SEQ ID NO: 15; positions 199 to 1950 in SEQ ID NO: 17; positions
15 to 1766 in SEQ ID NO: 19; or positions 196 to 2262 in SEQ ID NO: 21) or an amino acid sequence encoded by the
sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22, respectively. Sequence identity is calculated as the
ratio between number of identical nucleotides or amino acids and total number of nucleotides or amino acids in the
reference sequence (including inserted gaps in the reference sequence but excluding inserted gaps outside of the
reference sequence). The gaps inserted in the reference sequence are calculated as mismatches in the alignment.
[0023] In the present invention, the Neph3 genes also comprise polynucleotides that comprise a nucleotides sequence
with one or more nucleotide insertions, substitutions, deletions, and/or additions (addition refers to, for example, adding
one or more nucleotides to either or both of the ends of a nucleotide sequence) in sequences of the coding region of
SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21 (the nucleotide sequence of positions 178 to 2280 in SEQ ID NO: 1;
positions 127 to 2079 in SEQ ID NO: 3; positions 668 to 2770 in SEQ ID NO: 5; positions 130 to 2232 in SEQ ID NO:
7; positions 199 to 2100 in SEQ ID NO: 9; positions 199 to 2325 in SEQ ID NO: 11; positions 15 to 2325 in SEQ ID NO:
13; positions 15 to 1916 in SEQ ID NO: 15; positions 199 to 1950 in SEQ ID NO: 17; positions 15 to 1766 in SEQ ID
NO: 19; or positions 196 to 2262 in SEQ ID NO: 21), and which are expressed in pancreatic progenitor cells, preferably
in multipotent pancreatic progenitor cells. The number of different nucleotides is not particularly limited; however, it is,
for example, 500 or less, preferably 450 or less, 400 or less, 350 or less, 300 or less, 250 or less, 200 or less, 150 or
less, 100 or less, 50 or less, or 30 or less (20 or less, 10 or less, or 5 or less). In the present invention, the Neph3 genes
also comprise polynucleotides that encode an amino acid sequence with one or more amino acid insertions, substitutions,
deletions, and/or additions (addition refers to adding one or more amino acids to either or both of the termini of an amino
acid sequence) in amino acid sequences (SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22) encoded by sequences
of the coding region of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21, and which are expressed in pancreatic
progenitor cells, preferably in multipotent pancreatic progenitor cells. The number of different amino acids is not partic-
ularly limited; however, it is, for example, 500 or less, preferably 250 or less, 200 or less, 180 or less, 150 or less, 120
or less, 100 or less, 80 or less, 70 or less, 60 or less, 50 or less, 40 or less, 30 or less, 20 or less, or 10 or less (for
example, 5, 4, 3, 2, or 1). Such variants are generally seen as isoforms or polymorphisms. Furthermore, it is well known
that a mutant polypeptide having an amino acid sequence with one or more amino acid deletions, insertions, substitutions,
or additions retains the same biological activity as the original polypeptide (Mark et al., Proc. Natl. Acad. Sci. USA (1984)
81: 5662-6; Zoller and Smith, Nucleic Acids Res. (1982) 10: 6487-500; Wang et al., Science (1984) 224: 1431-3; Dalbadie-
McFarland et al., Proc. Natl. Acad. Sci. USA (1982) 79: 6409-13). Herein, "one or more nucleotide insertions, substitutions,
deletions, and/or additions in a polynucleotide" and "one or more amino acid insertions, substitutions, deletions, and/or
additions in an amino acid sequence" mean that multiple nucleotides or amino acids in a polynucleotide or amino acid
sequence are altered by known technical methods such as site-directed mutagenesis or by naturally occurring substitution
and the like. In the case of polynucleotides, single nucleotide polymorphisms (SNP) are also included in the meaning.
The number of altered nucleotides or amino acids is, for example, 1 to 30, preferably 1 to 20, more preferably, 1 to 10,
even more preferably 1 or several (9 or less) nucleotides or amino acids, particularly preferably 1 to 4, and most preferably
one or two, and these alterations may be insertions, substitutions, deletions, and/or additions. Such altered nucleotide
sequences can preferably comprise a sequence with one or more amino acid mutations (for example, one to several,
or 1, 2, 3, or 4 amino acid mutations) that do not affect the protein function. Alternatively, such altered nucleotide
sequences can be a sequence with mutations in which one or more codons are substituted with different codons encoding
the same amino acids so that the encoded amino acid sequences remain unaltered (silent mutations). Preferably, the
altered amino acid sequences can be those with one or more (for example, one to several, or 1, 2, 3, or 4) conservative
amino acid substitutions. Herein, "conservative substitution" means that one or more amino acid residues are substituted
with other chemically similar amino acids so as not to substantially alter the protein function. For example, conservative
substitution includes substitution of a hydrophobic residue with a different hydrophobic residue or substitution of a polar
residue with a different polar residue having equivalent electric charge. Every amino acid that can be altered to yield a
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functionally similar amino acid by such substitution is known in the art. Specifically, non-polar (hydrophobic) amino acids
include, for example, alanine, valine, isoleucine, leucine, proline, tryptophan, phenylalanine, and methionine; polar (neu-
tral) amino acids include, for example, glycine, serine, threonine, tyrosine, glutamine, asparagine, and cysteine; positively
charged (basic) amino acids include, for example, arginine, histidine, and lysine; and negatively charged (acidic) amino
acids include, for example, aspartic acid and glutamic acid.
[0024] More specifically, the Neph3 gene of the present invention includes the following polynucleotides:

(i) a polynucleotide comprising the coding sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21;
(ii) a polynucleotide that comprises the nucleotide sequence encoding the amino acid sequence of SEQ ID NO: 2,
4, 6, 8, 10, 12, 14, 16, 18, 20, or 22, and which is expressed in pancreatic progenitor cells;
(iii) a polynucleotide that comprises a nucleotide sequence with one or more nucleotide insertions, substitutions,
deletions, and/or additions (addition refers, for example, to adding to either or both of the ends) in the coding
sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21, and which is expressed in pancreatic progenitor cells;
(iv) a polynucleotide that comprises a nucleotide sequence encoding an amino acid sequence with one or more
amino acid insertions, substitutions, deletions, and/or additions (addition refers, for example, to adding to either or
both of the termini) in the amino acid sequence encoded by SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21 (the
amino acid sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22), and which is expressed in pancreatic
progenitor cells;
(v) a polynucleotide that hybridizes under stringent conditions to the complementary strand of a polynucleotide
comprising the coding sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21, and which is expressed in
pancreatic progenitor cells;
(vi) a polynucleotide that comprises a nucleotide sequence that has high identity to the coding sequence of SEQ
ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21, and which is expressed in pancreatic progenitor cells; and
(vii) a polynucleotide that comprises a nucleotide sequence encoding an amino acid sequence that has high identity
to the amino acid sequence encoded by SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, or 21 (the amino acid sequence
of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22), and which is expressed in pancreatic progenitor cells.

[0025] In the present invention, the Neph3 protein also includes polypeptides encoded by the Neph3 genes described
above. Specifically, the protein comprises the following polypeptides:

(i) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22;
(ii) a polypeptide that comprises an amino acid sequence with one or more amino acid insertions, substitutions,
deletions, and/or additions (addition refers, for example, to adding to either or both of the termini) in the amino acid
sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22, and which is expressed in pancreatic progenitor cells;
(iii) a polypeptide encoded by a polynucleotide that hybridizes under stringent conditions to the complementary
strand of a polynucleotide encoding the amino acid sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or
22 (for example, a polynucleotide comprising the coding sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
or 21), and which is expressed in pancreatic progenitor cells; and
(iv) a polypeptide that comprises an amino acid sequence with high identity to the amino acid sequence of SEQ ID
NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or 22, and which is expressed in pancreatic progenitor cells.

[0026] A polynucleotide that constitutes the Neph3 gene can be appropriately produced by hybridization or PCR from
cells expressing the Neph3 gene, or by chemical synthesis, or the like. The nucleotide sequence of the obtained poly-
nucleotide can be determined by conventional methods, for example, the dideoxynucleotide chain termination method
(Sanger et al., Proc. Natl. Acad. Sci. USA (1977) 74: 5463). Alternatively, the sequence can also be analyzed using an
appropriate DNA sequencer.
[0027] The Neph3 protein can be collected from cells expressing the Neph3 gene described above. For example, the
Neph3 gene is expressed using a desired expression vector, and the produced protein is collected. A protein encoded
by the Neph3 gene of the present invention (Neph3 protein) is typically a single-pass transmembrane protein having
immunoglobulin domains, and possibly a type I membrane protein which has an extracellular domain on its N-terminus,
and a cytoplasmic domain on its C-terminus. The Neph3 protein preferably contains five immunoglobulin domains in its
extracellular domain. The extracellular domain of a polypeptide can be identified by using the PSORT program (Nakai,
K. and Horton, P., Trends Biochem. Sci, (1999) 24(1): 34-35; psort.ims.u-tokyo.ac.jp/) or such. Specifically, the extra-
cellular domains determined by using the PSORT program are the amino acid sequence of positions 21 to 510 in the
amino acid sequence of SEQ ID NO: 2, 4, 10, 12, 14, or 16, the amino acid sequence of positions 20 to 513 in the amino
acid sequence of SEQ ID NO: 6 or 8, the amino acid sequence of positions 21 to 460 in the amino acid sequence of
SEQ ID NO: 18 or 20, and the amino acid sequence of positions 21 to 490 in the amino acid sequence of SEQ ID NO:
22. The Neph3 genes of the present invention may also be expressed, for example, in dopamine-producing neuron
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progenitor cells in the midbrain. Alternatively, the Neph3 genes of the present invention may be expressed in GABA-
producing neuron progenitor cells. Preferably, the Neph3 proteins have a self-binding activity through immunoglobulin
domains (WO 2004/038018).

(Pancreatic progenitor cells)

[0028] Herein, a pancreatic progenitor cell refers to a progenitor cell committed to pancreatic cell. More specifically,
a pancreatic progenitor cell refers to a cell that is not terminally differentiated and is primarily destined to differentiate
into at least any cell that constitutes a mature pancreas, or a cell whose phenotype is equivalent to that of the cell
described above. Such cells may be endodermal cells, for example, those derived from endodermal cells of a gastroin-
testinal endodermal lineage. For example, pancreatic progenitor cells may be cells in the pancreatic primordium of
embryos or culture thereof. Alternatively, pancreatic progenitor cells may be cells induced by differentiation from endo-
dermal stem cells, gastrointestinal undifferentiated endodermal cells, embryonic stem (ES) cells, or other pluripotent
stem (PS) cells. Herein, "stem cell" refers to a cell having the ability to transform into a specific cell upon receiving
instructions to transform into a specific cell, i.e., the ability to differentiate into the specific cell. In addition, the stem cell
has self-renewal/regeneration ability over a long period of time in an undifferentiated state before transformation. Em-
bryonic stem cells (ES cells), adult stem cells (iPS cells), and embryonic germ cells can be harvested from embryos,
adults, and fetuses, respectively, all of which are included in the stem cells of the present invention. ES cells are cells
harvested during the period of differentiation of a fertilized egg to develop a fetus, which is an early embryonic stage.
ES cell is also referred to as a pluripotent stem cell because it has properties to develop into any type of cells in a body.
ES cells can be harvested from inner layer cells (inner cell mass) of blastocyst five or six days after fertilization and
cultured. Furthermore, induced pluripotent stem cells (iPS cells) which are conferred with pluripotency by initializing
somatic cells such as skin cells through introduction of Qct3, Sox2, Klf4, and the like are also included in the artificial
pluripotent stem cells. In addition, pluripotent cells induced from adipocytes are also included in the stem cells. Various
types of stem cells such as ES cells, iPS cells, and pluripotent cells induced from adipocytes can be used in the present
invention, as long as they are capable of differentiating into various types of cells.
[0029] There are various known methods for differentiating pancreatic progenitor cells from pluripotent stem cells or
the like (Kubo A et al., Development (2004) 131: 1651-1662; Tada S et al., Development (2005) 132: 4363-4374;
Yasunaga M et al., Nat Biotechnol (2005) 23: 1542-1550; Gadue P et al., Proc Natl Acad Sci U S A (2006) 103:
16806-16811; D’Amour KA et al., Nat Biotechnol (2005) 23: 1534-1541; McLean AB et al., STEM CELLS (2007) 25:
29-38; D’Amour KA et al., Nat Biotechnol (2006) 24: 1392-1401; Shiraki, N. et al., Stem Cells (2008) 26: 874-885; Kroon
E et al., Nat Biotechnol. (2008) 26(4): 443-52). However, the ratio of pancreatic progenitor cells obtained by the above-
described methods is not necessarily high. The methods of the present invention can dramatically increase the purity
of viable pancreatic progenitor cells in cell samples containing pancreatic progenitor cells differentiated by the methods
described in the above references.
[0030] In the present invention, the pancreatic progenitor cell refers to a cell that can differentiate into at least any of
endocrine cells, exocrine cells, or duct cells in pancreas. The pancreatic progenitor cells are preferably cells that can
differentiate into at least endocrine cells. For example, pancreatic cells may be cells that have the ability to differentiate
into at least any of α cells, β cells, β cells, and pancreatic polypeptide (PP)-producing cells, preferably into all of these
cells. Alternatively, the pancreatic progenitor cells of the present invention preferably have the ability to differentiate into
at least β cells. Furthermore, the pancreatic progenitor cells do not yet have, for example, any of the characteristics of
mature pancreatic cells. For example, at least the pancreatic progenitor cells do not secrete an equivalent amount of
the same polypeptides as mature pancreatic endocrine cells (specifically, for example, the secretion level is 1/2 or less
than that of mature cells, preferably 1/3 or less, 1/5 or less, 1/8 or less, 1/10 or less, 1/20 or less, 1/30 or less, or 1/50
or less, or not detectable). For example, the pancreatic progenitor cells do not secrete any of insulin, glucagon, soma-
tostatin, and PP equivalently as mature cells (specifically, for example, the secretion levels are 1/2 or less than those
of mature cells, preferably 1/3 or less, 1/5 or less, 1/8 or less, 1/10 or less, 1/20 or less, 1/30 or less, or 1/50 or less, or
not detectable). Alternatively, cellular maturity can also be assessed by examining the expression of marker genes
characteristic of each cell type, and such methods are well known to those skilled in the art (Shiraki, N. et al., Stem Cells
(2008) 26: 874-885). In a preferred embodiment, the expression levels of genes that are known to be significantly elevated
in mature pancreatic endocrine cells are significantly low in pancreatic progenitor cells as compared to mature cells (the
levels are, for example, 70%, or less, 60% or less, 50% or less, 40% or less, 30% or less, 20% or less, 10% or less, or
5% or less, or not detectable). Such genes include, for example, genes encoding proteins selected from insulin 1 (Ins1),
insulin 2 (Ins2), glucagon (Gcg), pancreatic polypeptide (Ppy), somatostatin (Sst), Nkx6.1, cytokeratin 19 (CK19), islet
amyloid polypeptide (Iapp) (Nishi M et al., Proc Natl Acad Sci U S A (1989) 86: 5738-5742), Kir6.2 (Sakura H, et al.,
FEBS Lett (1995) 377: 338-344), glucose transporter 2 (Glut2), amylase, and dolichos biflorus agglutinin (DBA).
[0031] In the present invention, the pancreatic progenitor cells also include multipotent pancreatic progenitor cells.
"Multipotent pancreatic progenitor cells" (also referred to as pancreatic multipotent progenitor cells) refers to pancreatic
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progenitor cells retaining multipotency. Specifically, multipotent pancreatic progenitor cells may be cells that have the
ability to differentiate into the three types of cells that constitute pancreas, i.e., endocrine cell, exocrine cell, and duct
cell. Endocrine cells include, for example, α cells, β cells, δ cells, and PP cells. Whether cells can differentiate into
endocrine cells can be confirmed by assessing their differentiation into any of the cells described above. Markers specific
to each cell (for example, glucagon, insulin, somatostatin, and PP each corresponds to the above-described cells) are
known. Exocrine cell markers include amylase. Duct cell markers include, for example, DBA. Cell differentiation can be
assessed by using these markers or such. The multipotent pancreatic progenitor cells express, for example, pancreatic
and duodenal homeobox factor-1 (Pdx-1), pancreas specific transcription factor-1a (Ptf1a), or carboxypeptidase A1
(pancreatic) (Cpa1). The multipotent pancreatic progenitor cells preferably express Pdx-1 and Ptfla, and more preferably
also express Cpa1.
[0032] Following are well known to those skilled in the art: pancreatic and duodenal homeobox factor-1 (Pdx-1) (ac-
cession NM_000209.3, code sequence (CDS) 109-957, NP_000200.1; NM_008814.3, CDS 109-960, NP_032840.1;
XM_543155.2, CDS 1-1596, XP_543155.2; XM_509600.2, CDS 113-961, XP_509600.2; XM_583722.3, CDS 1-855,
XP_583722.1; XM_001234635.1, CDS 1-693, XP_001234636.1), Ptfla (pancreas specific transcription factor-1a (Ptf1a)
(accession NM_178161.2, CDS 1-984, NP_835455.1; NM_018809.1, CDS 199-1170, NP_061279.1;NM_207641.2,
CDS 89-883, NP_997524.1; XM_001146416.1, CDS 1-579, XP_001146416.1; NM_053964.1, CDS 234-1211,
NP_446416.1), Carboxypeptidase A1 (pancreatic) (Cpa1) (accession NM_001868.1, CDS 8-1264, sig_peptide 8-55,
mat_peptide 56-1264, NP_001859.1, sig_peptide 1-16, mat_peptide 17-419; NM_174750.2, CDS 27-1283, sig_peptide
27-74, mat_peptide 375-1283, NP_777175.1, sig_peptide 1-16, mat_peptide 117-419; NM_025350.3, CDS 244-1500,
NP_079626.2; XM_851827.1, CDS 30-1313, XP_856920.1; NM_016998.2, CDS 309-1565, sig_peptide 312-356,
mat_peptide 639-1565; NM_204584.1, CDS 17-1273, sig_peptide 17-67, mat_peptide 353-1273), and epiplakin 1
(EPPK1) (NM_03.13008.1 (CDS 14-15283), XM_372063 (CDS 1-7185); NM_144848.2 (CDS 1134-20777), NM_173025
(CDS 95-2305), XM_910512 (CDS 1-7725), NP_112598, XM_001074770 (CDS 1-10374), XP_001074770,
XM_001059215 (CDS 1-10086), XP_001059215, NM_144848.2 (CDS 1134-20777), NP_659097). Expression of these
can be detected by methods known to those skilled in the art.

(Endodermal cell samples)

[0033] Herein, "endodermal cell sample" refers to a cell sample mainly consisting of endodermal cells. The endoderm
is formed by undifferentiated cells in the early vertebrate embryo, which have the ability to differentiate into every type
of somatic cells (pluripotent cells). A fertilized egg first becomes a blastula, which is a globular cell mass, by somatic
division. A portion of the blastula surface invaginates (gastrulation). The invaginated portion becomes a primitive gut.
An embryo at this stage is called gastrula. Thus, difference between the outer side and inner side (primitive gut side)
becomes distinct. The outer side becomes the ectoderm, while the inner side becomes the endoderm. Cells in the
endoderm as well as endoderm lineage cells derived from the endoderm are endodermal cells. Alternatively, endodermal
cells can be prepared by artificially differentiating endodermal cell progenitor cells such as multipotent stem cells.
[0034] An "endodermal cell sample" of the present invention may be a sample of pure endodermal cells or a sample
partially containing other cells. In an endodermal cell sample of the present invention, the percentage of endodermal
cells in the total cells is preferably 50% or more, more preferably 60% or more, 70% or more, 80% or more, 90% or
more, 95% or more, or 100%. The "endodermal cell sample" of the present invention includes any cell samples as long
as pancreatic progenitor cells can be prepared from the cell samples by using a translated product or transcript of the
Neph3 gene. In the present invention, an "endodermal cell sample" of the present invention is preferably prepared by
performing the step of selecting or enriching the endoderm to some extent.
[0035] Such endodermal cell samples can be prepared by known methods based on the induction of stem cells such
as described in the above references. Alternatively, it is possible to use samples obtained from fetuses.

(Neuronal-lineage-cell depleted cell sample)

[0036] A "central nervous system-lineage-cell depleted cell sample" refers to a cell sample in which central nervous
system cells and cells capable of differentiating into central nervous system cells are depleted. Meanwhile, a "neuronal-
lineage-cell depleted cell sample" refers to a cell sample in which nerve cells and cells capable of differentiating into
nerve cells are depleted. "Cells capable of differentiating into nerve cells" refers to ectodermal progenitor cells before
differentiation into the nerve. The ectoderm is formed by undifferentiated cells in the early vertebrate embryo, which
have the ability to differentiate into every type of somatic cells (pluripotent cells). A fertilized egg first becomes a blastula,
which is a globular cell mass, by somatic division. A portion of the blastula surface invaginates (gastrulation). The
invaginated portion becomes a primitive gut. An embryo at this stage is called gastrula. Thus, difference between the
outer side and inner side (primitive gut side) becomes distinct. The outer side becomes the ectoderm, while the inner
side becomes the endoderm. Cells in the ectoderm as well as ectoderm lineage cells derived from the ectoderm are
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ectodermal cells. The ectodermal cells also include cells prepared by artificially differentiating ectoderm lineage cells
from ectodermal cell progenitor cells such as multipotent stem cells. In the present invention, preferably neuronal lineage
cell-depleted cell samples, more preferably ectoderm-lineage-cell depleted cell samples are used as central-nervous-
system-cell depleted cell samples. Such neuronal-lineage-cell depleted cell samples may be, for example, cell samples
in which neuronal lineage cells are depleted, i.e., neuronal-lineage-cell depleted cell samples. The central-nervous-
system-cell depleted cell samples may be, for example, cell samples in which central nervous system (CNS) lineage
cells are depleted, i.e., CNS-lineage-cell depleted cell samples. These cell samples may be ectodermal cell-depleted
cell samples.
[0037] Nerve cells and cells capable of differentiating into nerve cells also include nerve cells and cells that can be
induced from stem cells to differentiate into the nerve. The "neuronal-lineage-cell depleted cell sample" also includes
cell samples from which nerve cells and cells that can be induced from stem cells to differentiate into the nerve are
depleted.
[0038] Such "neuronal-lineage-cell depleted cell sample" may be a cell sample strictly depleted of nerve cells, or a
sample that partially contains other cells. Preferred neuronal-lineage-cell depleted cell samples of the present invention
are cell samples that are completely depleted of nerve cells and cells capable of differentiating into nerve cells (however,
they are not cells that can differentiate into the endoderm), and which contain endodermal cells. The "neuronal-lineage-
cell depleted cell sample" of the present invention includes any cell samples as long as pancreatic progenitor cells can
be prepared from the cell samples by using a translated product or transcript of the Neph3 gene. In the present invention,
the "neuronal-lineage-cell depleted cell sample" is preferably prepared by performing the step of removing nerve cells
and cells capable of differentiating into nerve cells to some extent.
[0039] Such "neuronal-lineage-cell depleted cell samples" can be prepared by removing cells capable of differentiating
into the nerve using known methods based on the induction of stem cells, as described in the above references.

(Abdomen-derived cell sample)

[0040] An "abdomen-derived cell sample" refers to a cell sample that can be prepared from an abdomen. In this case,
cells that can be prepared from a fetal abdomen are preferred. Herein, the "abdomen" refers to parts other than the
head, upper limbs (arms), and lower limbs (legs).
[0041] The abdomen-derived cell sample may be a pure cell sample containing only abdominal cells, or a sample
partially containing other cells. In an abdomen-derived cell sample of the present invention, the percentage of abdominal
cells in the total cells is preferably 50% or more, more preferably 60% or more, 70% or more, 80% or more, 90% or
more, or 95% or more. The "abdomen-derived cell sample" of the present invention includes any cell samples as long
as pancreatic progenitor cells can be prepared from the cell samples by using a translated product or transcript of the
Neph3 gene. An "abdomen-derived cell sample" of the present invention is preferably prepared by performing the step
of selecting or enriching abdominal cells to some extent.

(Detection method)

[0042] In the methods of the present invention, pancreatic progenitor cells are detected (including the meaning of
distinguished, identified, collected, prepared, selected, enriched, isolated, and/or obtained) by detecting the Neph3 gene
expression. Specifically, the methods of the present invention for detecting pancreatic progenitor cells comprise the step
of detecting the expression of the Neph3 gene in a cell sample potentially containing pancreatic progenitor cells. The
cell sample potentially containing pancreatic progenitor cells refers to a cell sample in which pancreatic progenitor cells
are expected to be detected (including the meaning of distinguished, identified, collected, prepared, selected, enriched,
isolated, and/or obtained). Such cell sample may be, for example, a cell sample that is known to contain pancreatic
progenitor cells, or a cell sample that is expected to contain pancreatic progenitor cells. Preferred cell samples are cell
samples containing pancreatic progenitor cells. When the Neph3 expression is detected in a cell sample, the sample is
suggested to contain pancreatic progenitor cells. On the other hand, when Neph3 expression is not detected, it is
suggested that the sample does not contain pancreatic progenitor cells. Alternatively, when Neph3-expressing cells are
detected, the cells are suggested to be pancreatic progenitor cells. The cells can be collected to isolate pancreatic
progenitor cells.
[0043] Herein, detection of pancreatic progenitor cells may be detecting the presence or absence of pancreatic pro-
genitor cells, and may be, for example, a method for identifying whether pancreatic progenitor cells are contained in a
cell sample. Alternatively, detection may be assessing whether a cell is a pancreatic progenitor cell, determining the
distribution of pancreatic progenitor cells (for example, in tissue sections or whole organs by hybridization or the like),
or measuring the pancreatic progenitor cell ratio. Meanwhile, the methods for detecting pancreatic progenitor cells
comprise a desired process including detection of pancreatic progenitor cells. Such methods may include, for example,
methods that distinguish, identify, collect, prepare, select, enrich, isolate, and/or obtain pancreatic progenitor cells after
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detecting the cells. A method for detecting pancreatic progenitor cells is included in a desired method comprising, for
example, the steps of detecting, distinguishing, identifying, preparing, selecting, enriching, collecting, isolating, and/or
obtaining pancreatic progenitor cells. For example, the methods of the present invention are included in methods for
assaying or screening compounds that regulate the differentiation of pancreatic progenitor cells, which are described
below.
[0044] A cell sample to be used in the methods of the present invention for detecting pancreatic progenitor cells may
be a population of cells isolated or cultured by desired methods. Such cell sample is, for example, preferably a culture
product containing pancreatic progenitor cells resulting from in vitro differentiation. In vitro differentiation of pancreatic
progenitor cells can be achieved by known methods using, as a starting material, ES cells, induced pluripotent stem
cells (iPS), or multipotent cells induced from adipocytes, or the like. Alternatively, such cell sample may be cells derived
from a pancreatic primordium. Meanwhile, a cell sample may contain Neph3-positive cells besides pancreatic progenitor
cells, as long as the sample contains Neph3-positive pancreatic progenitor cells. Preferably, a cell sample is a sample
that contains pancreatic progenitor cells as the highest proportion of Neph3-positive cells. The detection methods of the
present invention are also methods for detecting and/or producing cell groups (populations) comprising pancreatic
progenitor cells.
[0045] Cell samples may be, for example, cell suspensions or tissue sections. Alternatively, cell samples may be
individually isolated single cells. The Neph3 expression may be detected in individual cells by cytometry or such. The
preferred cell sample does not contain or contains a low ratio of central nervous system progenitor cells (dopamine-
producing neuron progenitor cells and GABA-producing neuron progenitor cells) expressing Neph3. For this purpose,
it is preferable to prepare a cell sample that does not contain such central nervous system cells. For example, it is
preferable to use cell samples that do not contain central nervous system progenitor cells such as pancreatic primordium-
derived cells and cell samples of pancreatic progenitor cells differentiated from multipotent stem cells. However, even
if a cell sample contains neuron progenitor cells, whether the Neph3-positive cells are pancreatic progenitor cells or
neuron progenitor cells can be easily tested by using other pancreatic progenitor cell markers and neuron progenitor
cell markers. The methods of the present invention for detecting pancreatic progenitor cells also relate to methods that
additionally comprise the step of detecting or selecting (or removing) dopamine-producing neuron progenitor cells and
GABA-producing neuron progenitor cells from a cell sample. The present invention also relates to methods that addi-
tionally comprise the step of detecting pancreatic progenitor cell markers other than Neph3. Furthermore, the preferred
cell sample of the present invention does not contain ectodermal cells, or contains a low ratio of ectodermal cells relative
to endodermal cells. Preferably, cells in the cell sample consist of endodermal cells or progenitor cells thereof. Alterna-
tively, in the present invention, the cell sample may be a product of induced differentiation of multipotent stem cells into
endodermal cells (for example, pancreatic progenitor cells). However, even if a cell sample contains a low ratio of neuron
progenitor cells, pancreatic progenitor cells can be detected or selected in a highly specific manner by the methods of
the present invention when the sample contains a sufficient number of pancreatic progenitor cells. Cell samples to be
used in the methods of the present invention preferably contain a higher ratio of pancreatic progenitor cells than neuron
progenitor cells. More preferably, the cell sample contains pancreatic progenitor cells, for example, twice or more, more
preferably three times or more, four times or more, five times or more, six times or more, seven times or more, eight
times or more, nine times or more, ten times or more, 20 times or more, or 30 times or more of the number of neuron
progenitor cells. In the preferable cell samples to be used in the methods of the present invention, the percentage of
pancreatic progenitor cells is the highest or expected to be the highest among Neph3-positive cells. For example, in
such cell samples, 50% or more, more preferably 60% or more, 70% or more, 75% or more, 80% or more, 85% or more,
90% or more, or 95% or more of Neph3-positive cells are pancreatic progenitor cells. Furthermore, in the cell samples
used in the present invention, preferably 50% or more, more preferably 60% or more, 70% or more, 75% or more, 80%
or more, 85% or more, 90% or more, or 95% or more of Neph3-positive cells are Pdx-1-, Ptf1a-, Cpa1-, and/or EPPK1-
positive cells.
[0046] Furthermore, it is preferable that cell samples that potentially contain pancreatic progenitor cells do not contain
mature pancreatic cells, in particular, mature β cells, or contain them at a lower ratio than pancreatic progenitor cells.
For example, the cell samples do not contain mature β cells, preferably any mature endocrine cells (α cells, P cells, δ
cells, and PP cells), or the total number of mature endocrine cells in the cell sample is smaller than the number of
pancreatic progenitor cells. More preferably, the cell samples do not contain any mature pancreatic cells including
exocrine cells and duct cells, or the total number of mature pancreatic cells in the cell sample is smaller than the number
of pancreatic progenitor cells. For example, it is preferable that cells contained in the cell samples do not yet have any
of the characteristics of mature pancreatic cells. For example, none of the cells contained in the cell samples significantly
secrete the same polypeptides as mature pancreatic endocrine cells (specifically, for example, the secretion levels are
1/2 or less, preferably 1/3 or less, 1/5 or less, 1/8 or less, 1/10 or less, 1/20 or less, 1/30 or less, or 1/50 or less than
those of mature cells, or not detectable). For example, the cell samples do not contain cells that significantly secrete
insulin (more specifically, the same secretion level as mature β cells, for example, 60% or more, 70% or more, or 80%
or more of the insulin secretion level of mature β cells). For example, cells contained in the cell samples do not significantly
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secrete any of insulin, glucagon, somatostatin, pancreatic polypeptide (PP), and amylase (specifically, for example, the
secretion levels are 1/2 or less, preferably 1/3 or less, 1/5 or less, 1/8 or less, 1/10 or less, 1/20 or less, 1/30 or less, or
1/50 or less than those of mature cells, or not detectable). Such cell samples include, for example, cell samples that do
not contain mature pancreatic cells, such as pancreatic primordium-derived cells and culture products of pancreatic
progenitor cells differentiated from multipotent stem cells. However, even if a cell sample contains such mature pancreatic
cells, whether the Neph3-positive cells are pancreatic progenitor cells or mature pancreatic cells can be tested by using
other pancreatic progenitor cell markers and/or mature pancreatic cell markers. The methods of the present invention
for detecting pancreatic progenitor cells also relate to methods that additionally comprise the step of detecting or selecting
(or removing) mature pancreatic cells from cell samples. The present invention also relates to methods that additionally
comprise the step of detecting a pancreatic progenitor cell marker other than Neph3. Meanwhile, even if a cell sample
contains mature pancreatic cells at a low percentage, pancreatic progenitor cells can be detected or selected in a highly
specific manner by the methods of the present invention when the sample contains a sufficient number of pancreatic
progenitor cells. The preferable cell samples to be used in the methods of the present invention contain pancreatic
progenitor cells at a higher percentage than mature pancreatic cells. More preferably, the cell samples contain pancreatic
progenitor cells, for example, twice or more, more preferably three times or more, four times or more, five times or more,
six times or more, seven times or more, eight times or more, nine times or more, ten times or more, 20 times or more,
or 30 times or more of the number of mature pancreatic cells. The methods of the present invention are also methods
for detecting (including identifying, isolating, collecting, selecting, and enriching) cell groups (cell populations) that sig-
nificantly contain pancreatic progenitor cells.
[0047] Various methods for detecting gene expression are known to those skilled in the art. Such method can be
suitably used to detect the expression. The methods include, for example, methods for detecting gene transcripts,
methods for detecting translated products of genes, and methods for detecting gene promoter activity (transcription
activity). Specifically, detection of gene expression can be achieved by using reagents (probes, primers, antibodies,
etc.) that specifically detect the transcript or translated product of a gene of interest or by using a reporter gene linked
under the promoter regulation of the gene. Such reporter genes are not particularly limited. For example, it is possible
to use a desired heterologous gene (specifically, a gene other than Neph3 that is linked to the promoter in the natural
state). Such genes include, for example, those commonly used as a reporter gene, such as GFP and luciferase genes.
Herein, the expression of a gene transcript may be transcription of the gene, while expression of the translated product
of a gene may be translation of the gene transcript. Specifically, discrimination, detection, and/or identification of the
expression of a gene transcript may be the discrimination, detection, and/or identification of transcription of the gene,
respectively, and discrimination, detection, and/or identification of the expression of a gene translated product may be
the discrimination, detection, and/or identification of the translated product of the gene, respectively. The detection of a
gene transcript can be achieved, for example, by directly or indirectly detecting the transcript (mRNA) of the gene. For
example, Northern blot analysis or in situ hybridization is useful for directly detecting the mRNA of interest in a cell
sample. Alternatively, methods such as RT-PCR enable detection of the corresponding cDNA of the mRNA of interest
after cDNA is synthesized from mRNA. Gene translated products can be detected by using antibodies, ligands, or the
like, which bind to the translated products (proteins). The detection can be achieved, for example, by immunoprecipitation,
pull-down assay, Western blotting, flow cytometry, or the like (Sambrook and Russell, Molecular Cloning, 3rd ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, USA, 2001).

(Probes/primers)

[0048] More specifically, for example, the transcripts or their cDNA can be detected using reagents that specifically
detect transcripts of the Neph3 gene of the present invention or their complementary strands. Such reagents include,
for example, polynucleotides that specifically hybridize to the transcripts or complementary strands thereof. The length
of polynucleotides is not particularly limited, as long as they can detect Neph3 transcripts. The polynucleotides may be
short polypeptides (i.e., so-called "oligonucleotides"). Long polynucleotides can be used, for example, as a probe or
such, while short polynucleotides can be used not only as probes but also as primers for RT-PCR or such, DNA chips,
or the like. In general, polynucleotides for detecting the transcripts comprise at least 15 consecutive nucleotides of the
sequence of a Neph3 gene transcript or the complementary sequence thereof, preferably at least 16, 17, 18, 19, 20, 22,
25, 27, 30, 35, 40, or 50 consecutive nucleotides. Such polynucleotides are useful as primers or probes for detecting
pancreatic progenitor cells. When the polynucleotides are used as primers, their length is typically 200 nucleotides or
less, preferably 150 nucleotides or less, 100 nucleotides or less, 80 nucleotides or less, 60 nucleotides or less, or 50
nucleotides or less. When the polynucleotides are used as probes, their length is typically 5,000 nucleotides or less,
preferably 4,000 nucleotides or less, 3,000 nucleotides or less, 2,000 nucleotides or less, 1,000 nucleotides or less, or
800 nucleotides or less.
[0049] More specifically, when used as probes, the polynucleotides typically contain 15 to 1,000 nucleotides, preferably
25 to 500 nucleotides. Furthermore, the polynucleotides are used after they are appropriately labeled with radioisotopes,
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non-radioactive compounds, or the like. When used as primers, the polynucleotides desirably consist of at least 15,
preferably 20, 22, 25, or 30 nucleotides. When used as a primer, such polynucleotide can be designed in a form such
that a sequence complementary to its target sequence is placed in the 3’-end region and restriction site sequences,
tags, and the like are added in the 5’-end region. Such polynucleotides can be used to detect not only the expression
of the Neph3 gene but also mutations in the Neph3 gene. The mutations potentially cause abnormalities in the regulation
of pancreatic cell differentiation. Thus, the polynucleotides are expected to be useful for diagnosis of pancreatic disease
or the like.
[0050] The above-described polynucleotides hybridize to Neph3 transcripts or cDNAs thereof (specifically, the com-
plementary strands). It is preferable that they specifically hybridize to the Neph3 transcripts or cDNAs thereof (comple-
mentary strand). "Specifically hybridize" means a significantly strong hybridization to Neph3 transcripts or cDNAs thereof
as compared to other sequences. For example, a probe comprising a nucleotide sequence complementary to a Neph3
transcript (i.e., antisense probe), and a probe comprising a complementary strand thereof (i.e., sense probe; control)
are hybridized to mRNA, tissue sections, or the like prepared from cell samples containing pancreatic progenitor cells.
The specificity can be confirmed if a significantly stronger signal is detected with the antisense probe as compared to
the sense probe.
[0051] Unlike genomic DNA hybridization, it is believed that an extremely high specificity is not required because the
types of mRNAs in a cell sample are typically limited. Alternatively, when detection is carried out by combining two or
more primers or oligonucleotides such as in PCR, even if the specificity of individual oligonucleotides is low, it is possible
to exert sufficient specificity by combining oligonucleotides. Designing primers to appropriately amplify a nucleic acid of
interest is routinely carried out by those skilled in the art. The present invention also relates to primer sets consisting of
two or more polynucleotides (for example, sets consisting of one or more primer pairs) for detecting Neph3 transcripts
(for example, polynucleotides that hybridize to Neph3 transcripts or complementary strands thereof).
[0052] Polynucleotides for detecting Neph3 transcripts comprise a sequence complementary to Neph3 transcript or
a complementary sequence thereof. Of the sequence, at least 15, 18, 20, 22, 25, 28, or 30 consecutive nucleotides may
be completely complementary, or at least 70%, preferably 80%, more preferably 90%, and still more preferably 95% or
more(for example, 97% or 99%) of the nucleotides may be completely complementary. "Completely complementary"
means that a sequence is formed in which T (U in RNA), A, G, and C correspond to A, T or U, C, and G, respectively,
in a nucleotide sequence.
[0053] The methods for detecting pancreatic progenitor cells, which are based on detection of a Neph3 gene transcript,
comprise, for example, the steps of:

(a) incubating mRNA derived, from a test cell sample or DNA prepared from the mRNA with a polynucleotide that
specifically hybridizes to the Neph3 gene transcript or a complementary strand thereof; and
(b) detecting hybridization between the mRNA or cDNA and the polynucleotide.

[0054] Herein, when mRNA prepared from a cell sample is detected, incubation may be carried out using a polynu-
cleotide that hybridizes to a Neph3 gene transcript. Alternatively, when a strand complementary to mRNA (the first strand
of cDNA, etc.) is detected, incubation may be carried out using a polynucleotide that hybridizes to a sequence comple-
mentary to the Neph3 gene transcript. Alternatively, when a double-stranded cDNA or the like prepared from mRNA is
used, incubation may be carried out using a polynucleotide that hybridizes to the Neph3 gene transcript and/or comple-
mentary strand thereof. Such hybridization can be detected by various nucleic acid detection methods using polynucle-
otides as a probe or primer. A typical method is the conventional hybridization method which uses polynucleotides as
a probe. Hybridization can be achieved under the conditions described herein. Polynucleotides that specifically hybridize
can be detected under such conditions. Polynucleotides may be appropriately labeled. Specifically, it is possible to use
probes labeled with a radioisotope or non-radioactive compound. The radioisotopes to be used as a label include, for
example, 32P, 35S, and 3H. When a radiolabeled polynucleotide probe is used, RNA that binds to a probe can be detected
by detecting silver particles by emulsion autoradiography. Meanwhile, conventional non-radioisotopic compounds that
are used to label polynucleotide probes are known, and include biotin and digoxigenin. The detection of biotin-labeled
markers can be achieved, for example, using fluorescent-labeled avidin or avidin labeled with an enzyme such as alkaline
phosphatase or horseradish peroxidase. On the other hand, the detection of digoxigenin-labeled markers can be achieved
by using fluorescent-labeled anti-digoxigenin antibody or anti-digoxigenin antibody labeled with an enzyme such as
alkaline phosphatase or horseradish peroxidase. When enzyme labeling is used, the detection can be made by allowing
stable dye to deposit at marker positions by incubation with an enzyme substrate. When the polynucleotide hybridizes
to a target nucleic acid, the cells from which the nucleic acid is derived are suggested to be pancreatic progenitor cells.
[0055] Nucleic acids can also be detected via gene amplification using the above-described polynucleotides as a
primer. The above-described methods of the present invention comprise, for example, the steps of:

(a) performing gene amplification using mRNA derived from a test cell sample or cDNA prepared from the mRNA
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as a template and polynucleotides that specifically hybridize to the Neph3 gene transcript or a complementary strand
thereof as primers; and
(b) detecting the amplified product.

[0056] Gene amplification can be achieved using known methods, for example, polymerase chain reaction (PCR) or
the like using a thermostable polymerase. For example, mRNA in a cell sample can be indirectly detected by RT-PCR,
in which cDNA is synthesized from mRNA prepared from the cell sample by reverse transcription, and PCR is carried
out using the synthesized cDNA. The amplified product generated by gene amplification can be detected by known
methods. Meanwhile, a primer pair to be used in the amplification may be designed so that both the sense and antisense
primers are placed within the region of Neph3 gene sequence. Alternatively, when the template cDNA is inserted into
a vector or the like, either sense or antisense primer is designed to be placed within the Neph3 gene sequence and the
other may be placed within the vector sequence.
[0057] In the present invention, polynucleotides for specifically detecting Neph3 transcript preferably hybridize to a
Neph3 transcript or a complementary strand thereof at 42°C, for example, in an aqueous solution of a salt concentration
(for example, the concentration of monocation such as Na+) of 150 mM or lower (for example, a buffer (pH 7.0) containing
50 to 150 mM NaCl and may additionally contain appropriate divalent salts, reducing agents, proteins, sugars, etc.).
More preferably, the polynucleotides hybridize at 45, 48, 50, 52, or 55°C. Whether the polynucleotides hybridize or not
can be tested, for example, as follows. A membrane immobilized with a Neph3 transcript or complementary strand
thereof is incubated with a labeled polynucleotide for hybridization; and the membrane is examined to assess whether
it retains the label after being washed under the conditions described above (for example, in 1x SSC). Alternatively, the
state of annealing and dissociation of nucleic acids can be determined by measuring absorbance at various temperatures
after hybridization in an aqueous solution. Alternatively, amplification is carried out at an annealing temperature described
above using the Neph3 transcript or a complementary strand thereof as a template and polynucleotides of interest as
primers. Then, hybridization can be assessed by testing whether the expected PCR product is amplified. It is understood
that the primers hybridize to the template when the desired product is amplified, because the desired PCR product is
not amplified when the primers do not hybridize to the template.
[0058] As described above, polynucleotides that specifically hybridize to the Neph3 gene transcript or a complementary
strand thereof are useful in detecting pancreatic progenitor cells (for example, multipotent pancreatic progenitor cells).
The present invention provides the use of polynucleotides that specifically hybridize to the Neph3 gene transcript or a
complementary strand thereof for detecting, distinguishing, identifying, selecting, preparing, enriching, collecting, iso-
lating, and/or obtaining pancreatic progenitor cells. The present invention also provides reagents for detecting, distin-
guishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or obtaining pancreatic progenitor cells,
which comprise polynucleotides that specifically hybridize to the Neph3 gene transcript or DNA thereof. In addition, the
present invention provides kits and packages for detecting, distinguishing, identifying, selecting, preparing, enriching,
collecting, isolating, and/or obtaining pancreatic progenitor cells, which comprise polynucleotides that specifically hy-
bridize to the Neph3 gene transcript or cDNA thereof. The present invention also provides compositions for detecting,
selecting, and such (detecting, distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or
obtaining) pancreatic progenitor cells, which comprise polynucleotides that specifically hybridize to the Neph3 gene
transcript or cDNA thereof. The compositions may comprise desired pharmaceutically acceptable carriers, specifically,
for example, salts, sugars, proteins, pH buffers, and water. Polynucleotides for detecting Neph3 transcript can be used
in a form of powder or solution as a reagent for detecting, distinguishing, identifying, selecting, preparing, enriching,
collecting, isolating, and/or obtaining pancreatic progenitor cells.
[0059] In general, a nucleic acid and a polynucleotide refer to a polymer consisting of a number of nucleotides or
nucleotide pairs such as of deoxyribonucleic acid (DNA) and/or ribonucleic acids (RNA). Such nucleic acid or polynu-
cleotide may be constituted by natural bases, or may contain modified or artificial bases. If needed, nucleic acids or
polynucleotides can also contain, for example, non-naturally occurring nucleotides such as 4-acetylcytidine, 5-(carbox-
yhydroxymethyl)uridine, 2’-O-methylcytidine, 5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminometh-
yluridine, dihydrouridine, 2’-O-methylpseudouridine, β-D-galactosylqueuosine, 2’-O-methylguanosine, inosine, N6-iso-
pentenyladenosine, 1-methyladenosine, 1-methylpseudouridine, 1 -methylguanosine, 1-methylinosine, 2,2-dimethyl-
guanosine, 2-methyladenosine, 2-methylguanosine, 3-methylcytidine, 5-methylcytidine, N6-methyladenosine, 7-meth-
ylguanosine, 5-methylaminomethyluridine, 5-methoxyaminomethyl-2-thiouridine, β-D-mannosylqueuosine, 5-methoxy-
carbonylmethyl-2-thiouridine, 5-methoxycarbonylmethyluridine, 5-methoxyuridine, 2-methylthio-N6-isopentenyladeno-
sine, N-((9-β-D-ribofuranosyl-2-methylthiopurin-6-yl)carbamoyl)threonine, N-((9-β-D-ribofuranosylpurin-6-yl)N-methyl-
carbamoyl)threonine, uridine-5-oxyacetic acid-methyl ester, uridine-5-oxyacetic acid, wybutoxosine, pseudouridine,
queuosine, 2-thiocytidine, 5-methyl-2-thiouridine, 2-thiouridine, 4-thiouridine, 5-methyluridine, N-((9-β-D-ribofurano-
sylpurin-6-yl)carbamoyl)threonine, 2’-O-methyl-5-methyluridine, 2’-O-methyluridine, wybutosine, and 3-(3-amino-3-car-
boxy propyl)uridine.
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(Antibody)

[0060] Furthermore, expression of the Neph3 gene can be detected through detection of a translated product of the
gene. For this purpose, for example, the Neph3 protein expression can be detected by detecting the Neph3 protein, or
indirectly detected by detecting the activity of Neph3 protein or phenotypic alterations induced by the Neph3 protein.
Typically, the step of detecting a Neph3 protein can be achieved by immunochemical methods, for example, using
antibodies that bind to the Neph3 protein.
[0061] A translated product of the Neph3 gene can be detected, for example, by methods comprising the steps of:

(a) contacting a test cell sample with an antibody that binds to the Neph3 protein; and
(b) detecting the binding between a test cell sample and the antibody.

[0062] The Neph3 protein expression can be detected, for example, by contacting an antibody that binds to the Neph3
protein with a cell sample that is expected to contain pancreatic progenitor cells, and detecting reactivity. Such cell
samples may be intact cells, cell homogenates, or cell extracts. Antibodies may be immobilized onto an appropriate
carrier before contacting the cells. Alternatively, cells bound to the antibody can be selectively collected via affinity
purification of the antibody after cells are contacted and bound with the antibody. For example, a biotin-linked antibody
can be purified by addition to plates or columns immobilized with avidin or streptavidin.
[0063] In addition to natural antibodies and fragments thereof (antigen-binding fragments), the antibodies of the present
invention include various polypeptides such as those derived from antigen-binding domains of antibodies, and include,
for example, polyclonal antibodies, monoclonal antibodies, chimeric antibodies, single-chain antibodies (scFV) (Huston
et al., Proc. Natl. Acad. Sci. USA 1988, 85: 5879-83; The Pharmacology of Monoclonal Antibody, vol.113, Rosenburg
and Moore ed., Springer Verlag (1994) pp.269-315), human antibodies, multispecific antibodies (LeDoussal et al., Int.
J. Cancer Suppl. (1992) 7: 58-62; Paulus. Behring Inst. Mitt. (1985) 78: 118-32; Millstein and Cuello. Nature (1983) 305:
537-9; Zimmermann Rev. Physiol. Biochem. Pharmacol. (1986) 105: 176-260; Van Dijk et al. Int. J. Cancer (1989) 43:
944-9), and antibody fragments such as Fab, Fab’, F(ab’)2, Fc, and Fv. Moreover, antibodies may also be modified by
PEG and such, as necessary. In the present invention, an antibody may also be produced in the form of a fusion protein
with β-galactosidase, maltose-binding protein, GST, green fluorescent protein (GFP), or such, to allow detection without
the use of a secondary antibody. In addition, an antibody may be modified by labeling with biotin or such to allow recovery
using avidin, streptoavidin, etc.
[0064] An antibody that binds to Neph3 can be produced using a Neph3 protein, a fragment thereof, or a cell in which
the Neph3 protein or fragment thereof is expressed, as a sensitized antigen. In addition, a short Neph3 polypeptide or
a short fragment thereof used as an antigen may also be used as an immunogen by coupling to a carrier such as bovine
serum albumin, Keyhole Limpet Hemocyanin, and ovalbmsin. In addition, a polypeptides antigen or a fragment thereof
may be used in combination with a known adjuvant such as aluminum adjuvant, Freund’s complete (or incomplete)
adjuvant, or pertussis adjuvant, to enhance the immune response to an antigen.
[0065] Polyclonal antibodies can be obtained from, for example, the serum of an immunized animal after immunizing
a mammal with a Neph3 protein or a fragment thereof, together with an adjuvant as necessary. Although there are no
particular limitations on the mammals used, typical examples include rodents, lagomorphs, and primates. Specific ex-
amples include rodents such as mice, rats, guinea pigs, and hamsters; lagomorphs such as rabbits; artiodactyls such
as pigs, cows, goats, and sheep; perissodactyls such as horses; order carnivora such as dogs and cats; and primates
such as monkeys including cynomolgus monkeys, rhesus monkeys, baboons, and chimpanzees. Animal immunization
is carried out by suitably diluting and suspending a sensitized antigen in phosphate-buffered saline (PBS) or physiological
saline, mixing with an adjuvant as necessary until emulsified, and injecting into an animal intraperitoneally or subcuta-
neously. The sensitized antigen mixed with Freund’s incomplete adjuvant is preferably administered several times, every
4 to 21 days. Antibody production can be confirmed by measuring the level of an antibody of interest in the serum using
conventional methods. Finally, the serum itself may be used as a polyclonal antibody, or it may be further purified. See,
for example, "Current Protocols in Molecular Biology" (John Wiley & Sons (1987), Sections 11.12-11.13), for specific
methods.
[0066] A monoclonal antibody can be produced by removing the spleen from an animal immunized in the manner
described above, isolating immunocytes from the spleen, and fusing with a suitable myeloma cell using polyethylene
glycol (PEG) or such to establish hybridomas. Cell fusion can be carried out according to the Milstein method (Galfre
and Milstein. Methods Enzymol. (1981) 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 are selected by culturing in
a culture medium (HAT culture medium) that contains hypoxanthine, aminopterin, and thymidine, which destroy cells
other than the fused cells. Next, a clone that produces an antibody that binds to an antigen protein or a fragment thereof
is selected from the established hybridomas. Subsequently, the selected clone is introduced into the abdominal cavity
of a mouse or such, and ascites is collected to obtain a monoclonal antibody. See, in addition, "Current Protocols in
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Molecular Biology" (John Wiley & Sons (1987), Sections 11.4-11.11) for information on specific methods.
[0067] Hybridomas can also be obtained by first sensitizing human lymphocytes that have been infected by EB virus
with an immunogen in vitro, and fusing the sensitized lymphocytes with human myeloma cells (such as U266) to obtain
hybridomas that produce human antibodies (Japanese Patent Application Kokai Publication No (JP-A) S63-17688 (un-
examined, published Japanese patent application)). In addition, human antibodies can also be obtained by using antibody-
producing cells generated by sensitizing a transgenic animal with a human antibody gene repertoire (WO 92/03918;
WO 93/02227; WO 94/02602; WO 94/25585; WO 96/33735; WO 96/34096; Mendez et al. Nat. Genet. (1997) 15: 146-156,
etc.). Methods that do not use hybridomas can be exemplified by a method in which a cancer gene is introduced to
immortalize immunocytes such as antibody-producing lymphocytes.
[0068] In addition, antibodies can also be produced by genetic recombination techniques (see Borrebaeck and Larrick
(1990) Therapeutic Monoclonal Antibodies, MacMillan Publishers Ltd., UK). First, a gene that encodes an antibody is
cloned from hybridomas or antibody-producing cells (such as sensitized lymphocytes). The resulting gene is then inserted
into a suitable vector, the vector is introduced into a host, and the host is then cultured to produce the antibody. This
type of recombinant antibody is also included in the antibodies herein. Typical examples of recombinant antibodies
include chimeric antibodies comprising a non-human antibody-derived variable region and a human antibody-derived
constant region, and humanized antibodies comprising a non-human-derived antibody complementarity determining
region (CDR), human antibody-derived framework region (FR), and human antibody constant region (Jones et al. Nature
(1986) 321:522-5; Reichmann et al. Nature (1988) 332: 323-9; Presta. Curr. Op. Struct. Biol. (1992) 2: 593-6; Methods
Enzymol. (1991) 203: 99-121).
[0069] Antibody fragments can be produced by treating the aforementioned polyclonal or monoclonal antibodies with
enzymes such as papain or pepsin. Alternatively, an antibody fragment can be produced by genetic engineering tech-
niques using a gene that encodes an antibody fragment (see Co et al., J. Immunol. (1994) 152: 2968-76; Better and
Horwitz. Methods Enzymol. (1989) 178: 476-96; Pluckthun and Skerra. Methods Enzymol. (1989) 178: 497-515; Lamoyi.
Methods Enzymol. (1986) 121: 652-63; Rousseaux et al., (1986) 121: 663-9; Bird and Walker. Trends Biotechnol. (1991)
9: 132-7).
[0070] The multispecific antibodies include bispecific antibodies (BsAb), diabodies (Db), etc. Multispecific antibodies
can be produced by methods such as (1) chemically coupling antibodies having different specificities with different types
of bifunctional linkers (Paulus Behring Inst. Mill. (1985) 78: 118-32), (2) fusing hybridomas that secrete different mono-
clonal antibodies (Millstein and Cuello. Nature (1983) 305: 537-9), or (3) transfecting eukaryotic cell expression systems,
such as mouse myeloma cells, with a light chain gene and a heavy chain gene of different monoclonal antibodies (four
types of DNA), followed by the isolation of a bispecific monovalent portion (Zimmermann. Rev. Physio. Biochem. Phar-
macol. (1986) 105: 176-260; Van Dijk et al., Int. J. Cancer (1989) 43: 944-9). On the other hand, diabodies are dimer
antibody fragments consisting of two bivalent polypeptide chains that can be constructed by gene fusion. They can be
produced using known methods (see Holliger et al., Proc. Natl. Acad. Sci. USA (1993) 90: 6444-8; EP404097; WO
93/11161).
[0071] Recovery and purification of antibodies and antibody fragments can be carried out using Protein A and Protein
G, or according to known protein purification techniques (Antibodies: A Laboratory Manual, Ed. Harlow and David Lane,
Cold Spring Harbor Laboratory (1988)). For example, when using Protein A to purify an antibody, known Protein A
columns such as Hyper D, POROS, or Sepharose F.F. (Pharmacia) can be used. The concentration of the resulting
antibody can be determined by measuring the absorbance or by enzyme linked immunoadsorbent assay (ELISA).
[0072] Antigen-binding activity of an antibody can be determined by absorbance measurement, or by using fluorescent
antibody methods, enzyme immunoassay (EIA) methods, radioimmunoassay (RIA) methods, or ELISA. When ELISA
is used, an antibody that binds to Neph3 proteins is first immobilized onto a carrier such as a plate. Neph3 proteins or
fragments thereof are added, and then a sample containing the antibody of interest is added. Here, samples containing
an antibody of interest include culture supernatants of antibody-producing cells, purified antibodies, etc. Next, a secondary
antibody that recognizes the antibody is added, followed by the incubation of the plate. Subsequently, the plate is washed
and the label attached to the secondary antibody is detected. Namely, if a secondary antibody is labeled with alkaline
phosphatase, the antigen binding activity can be determined by adding an enzyme substrate such as p-nitrophenyl
phosphate, and measuring the absorbance. In addition, a commercially available system such as BIAcore (Pharmacia)
can also be used to evaluate antibody activities.
[0073] The obtained antibodies can recognize or detect a Neph3 protein or fragments thereof. Furthermore, since the
antibodies recognize a Neph3 protein or fragments thereof, they can recognize or detect cells or the like expressing the
protein or fragments thereof. The antibodies can also be used to purify a Neph3 protein or fragments thereof. In addition,
the antibodies can be used to purify cells and the like expressing a Neph3 protein or fragments thereof.
[0074] Antibodies that bind to an extracellular domain of a Neph3 protein are particularly useful, because they enable
detection, isolation, and separation of viable cells expressing the Neph3 protein without using the translated product
and transcript of any foreign gene. Such antibodies can be obtained, for example, by selecting from antibodies that bind
to a Neph3 protein using an extracellular domain of the Neph3 protein or a fragment thereof. Alternatively, antibodies
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may be produced by using as an antigen an extracellular domain of the Neph3 protein or a fragment thereof. Antibodies
can also be produced via immunization with cells expressing the Neph3 protein, homogenate thereof (membrane fraction),
or the like. The extracellular domain of the Neph3 protein can be easily checked by using the PSORT program or such,
and corresponds to specifically the amino acid sequence of positions 21 to 510 in the amino acid sequence of SEQ ID
NO: 2, 4, 10, 12, 14, or 16; positions 20 to 513 in the amino acid sequence of SEQ ID NO: 6 or 8; positions 21 to 460
in the amino acid sequence of SEQ ID NO: 18 or 20; or positions 21 to 490 in the amino acid sequence of SEQ ID NO:
22. Such antibodies may be those, for example, against a polypeptide consisting of the whole extracellular domain or
at least six consecutive amino acids, preferably seven or more amino acids, eight or more amino acids, nine or more
amino acids, ten or more amino acids, 12 or more amino acids, 15 or more amino acids, or 17 or more amino acids in
an above-described amino acid sequence.
[0075] The amino acid sequences of the obtained antibodies may be suitably altered to enhance antibody stability or
antigen affinity. The amino acid sequences can be altered, for example, by known methods such as site-directed mu-
tagenesis (see "Molecular Cloning, A Laboratory Manual 2nd ed." (Cold Spring Harbor Press (1989)), "Current Protocols
in Molecular Biology" (John Wiley & Sons (1987-1997); particularly, Section8.1-8.5), Hashimoto-Goto et al. (1995) Gene
152: 271-5, Kunkel (1985) Proc. Natl. Acad. Sci. USA 82: 488-92; Kramer and Fritz (1987) Method. Enzymol. 154:
350-67; Kunkel (1988) Method. Enzymol. 85: 2763-6; or such). Such alteration includes one or more amino acid sub-
stitution, deletion, and/or addition. Herein, substitution includes amino acid substitutions with an amino acid having
similar properties (conservative substitutions). Amino acids can be classified, based on their properties, into non-polar
amino acids (Ala, Ile, Leu, Met, Phe, Pro, Trp, Val), non-charged amino acids (Asn, Cys, Gln, Gly, Ser, Thr, Tyr), acidic
amino acids (Asp, Glu), basic amino acids (Arg, His, Lys), neutral amino acids (Ala, Asn, Cys, Gln, Gly, Ile, Leu, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, Val), aliphatic amino acids (Ala, Gly), branched amino acids (Ile, Leu, Val), hydroxyamino
acids (Ser, Thr), amide-type amino acids (Gln, Asn), sulfur-containing amino acids (Cys, Met), aromatic amino acids
(His, Phe, Trp, Tyr), heterocyclic amino acids (His, Trp), imino acids (Pro, 4Hyp), etc. Amino acid substitutions within
the groups are conservative substitutions. In particular, substitutions among Ala, Val, Leu, and Ile; Ser and Thr; Asp and
Glu; Asn and Gln; Lys and Arg; and Phe and Tyr are likely to maintain protein properties. There are no particular limitations
on the number and sites of the mutated amino acids, as long as the substituted antibody binds to Neph3 protein.
[0076] Amino acid residues that constitute polypeptide chains of an antibody may be naturally occurring or modified
amino acid residues. Such modifications include, for example, modifications by phosphate groups, sialic acids, sugar
chains, and such. Examples of amino acid residue modifications include acylation, acetylation, amidation, arginylation,
GPI anchor formation, crosslinking, γ-carboxylation, cyclization, covalent crosslink formation, glycosylation, oxidation,
covalent bonding of a lipid or fat derivative, cystine formation, disulfide bond formation, selenoylation, demethylation,
protein fragmentation treatment, covalent bonding of a nucleotides or nucleotide derivative, hydroxy, pyroglutamate
formation, covalent bonding of a flavin, prenylation, covalent bonding with a heme portion, covalent bonding of phos-
phatidyl inositol, formylation, myristoylation, methylation, ubiquitination, iodination, racemization, ADP-ribosylation, sul-
fation, and phosphorylation. Moreover, the polypeptides include precursors containing a signal peptide portion, mature
forms lacking a signal peptide portion, and fusion proteins modified with other peptide sequences. Peptide sequences
to be added to a polypeptide include influenza agglutinin (HA), glutathione S transferase (GST), substance P, multiple
histidine tag (such as 6x His and 10x His), protein C fragment, maltose-binding protein (MBP), immunoglobulin constant
region, α-tubulin fragment, β-galactosidase, B-tag, c-myc fragment, E-tag (epitope on a monoclonal phage), FLAG (Hopp
et al., Bio/Technol. (1988) 6: 1204-10), lck tag, p18 HIV fragment, HSV-tag (human simple Herpes virus glycoprotein),
SV40T antigen fragment, T7-tag (T7 gene 10 protein), and VSV-GP fragment (vesicular stomatitis virus glycoprotein).
[0077] Antibodies that bind to the Neph3 protein can be used as an agent for detecting (distinguishing, identifying,
selecting, preparing, enriching, collecting, isolating, and/or obtaining) pancreatic progenitor cells (for example, multipotent
pancreatic progenitor cells). More specifically, pancreatic progenitor cells can be detected (distinguished, identified,
selected, prepared, enriched, collected, isolated, and/or obtained) by detecting the expression of the Neph3 gene in a
cell sample. The present invention provides the use of antibodies that bind to a translated product of the Neph3 gene
in detecting, distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or obtaining pancreatic
progenitor cells. The present invention also provides reagents for detecting, distinguishing, identifying, selecting, pre-
paring, enriching, collecting, isolating, and/or obtaining pancreatic progenitor cells, which comprise an antibody that
binds to a translated product of the Neph3 gene. The present invention also provides kits and packages for detecting,
distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or obtaining pancreatic progenitor
cells, which comprise an antibody that binds to the translated product of the Neph3 gene. The present invention also
provides compositions for detecting, distinguishing, identifying, selecting, preparing, enriching, collecting, isolating,
and/or obtaining pancreatic progenitor cells, which comprise an antibody that binds to a translated product of the Neph3
gene. The compositions may comprise a desired pharmaceutically acceptable carrier, specifically for example, salts,
sugars, proteins, pH buffers, and water.
[0078] Meanwhile, antibodies that bind to the Neph3 protein may be linked to a carrier. For example, cells expressing
Neph3 can be easily isolated by using antibody-immobilized beads. It is preferred that carriers to be used for antibody
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immobilization are non-cytotoxic, and include, for example, synthetic or naturally-occurring organic polymer compounds,
inorganic materials such as glass beads, silica gel, alumina, magnetic substances, and activated charcoal, and those
surface-coated with a polysaccharide, synthetic polymer, or the like. The form of the carrier is not particularly limited;
however, the form includes, for example, films, fibers, granules, hollow fibers, non-woven fabric, porous carriers, and
honeycombed carriers, and the contact surface area can be controlled by altering their thickness, surface area, width,
length, shape, and size in various ways.

(Promoter)

[0079] Alternatively, the expression of the Neph3 gene can be detected by detecting the promoter activity of the gene.
Reporter constructs for detection can be prepared, for example, using the Neph3 gene promoter (including modified
promoters) (see, for example, JP-A (Kokai) 2002-51775). Moreover, the Neph3 gene promoter may be partially deleted,
or may be added or substituted with the whole or a portion of another promoter, as long as the resulting Neph3 gene
promoter retains a transcription activity specific to pancreatic progenitor cells. For example, such reporter constructs
are prepared by transfecting cells with a vector carrying a construct in which, for example, a gene encoding a detectable
marker such as green fluorescent protein (GFP) is linked to a promoter portion identified by expression analysis of the
Neph3 gene. Alternatively, the maker gene can be knocked-in at the Neph3 locus. In a preferred embodiment, the
construct includes, for example, those described in the reference of WO 2008/096817 (panels 2 to 4 of Fig. 10). When
promoter activation is detected in cells, they are suggested to be pancreatic progenitor cells. In this case, "the marker-
encoding gene is linked to a promoter portion" means that the gene encoding a marker is linked in an expressible manner,
and it may be directly linked to the promoter, or distantly linked to the promoter but is still under its control.
[0080] The Neph3 promoter/reporter constructs are useful as an agent for detecting (distinguishing, identifying, se-
lecting, preparing, enriching, collecting, isolating, and/or obtaining) pancreatic progenitor cells (for example, multipotent
pancreatic progenitor cells). More specifically, pancreatic progenitor cells can be detected (distinguished, identified,
selected, prepared, enriched, collected, isolated, and/or obtained) using constructs for detecting Neph3 promoter activity.
The present invention provides the use of nucleic acid constructs for detecting Neph3 promoter activity, in detecting,
distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or obtaining pancreatic progenitor
cells. The present invention also provides reagents for detecting, distinguishing, identifying, selecting, preparing, en-
riching, collecting, isolating, and/or obtaining pancreatic progenitor cells, which comprise nucleic acid constructs for
detecting Neph3 promoter activity. In addition, the present invention also provides kits and packages for detecting,
distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/on obtaining pancreatic progenitor
cells, which comprise nucleic acid constructs for detecting Neph3 promoter activity. The present invention further provides
compositions for detecting, distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or ob-
taining pancreatic progenitor cells, which comprise nucleic acid constructs for detecting Neph3 promoter activity. The
compositions may comprise a desired pharmaceutically acceptable carrier, specifically for example, salts, sugars, pro-
teins, pH buffers, and water. The Neph3 promoter/reporter constructs may also be used to differentiate pancreatic
progenitor cells into desired pancreatic cells (pancreatic α cells, pancreatic β cells, pancreatic δ cells, and/or PP cells,
etc.). For example, pancreatic progenitor cells can be differentiated into pancreatic β cells by introducing and expressing
a factor such as Ngn3 under the control of an expression regulatory sequence (including the promoter, enhancer, etc.)
of the Neph3 gene.
[0081] More specifically, the Neph3 gene promoter is useful for expressing desired genes in pancreatic progenitor
cells. A desired gene can be expressed in pancreatic progenitor cells, for example, by linking the desired gene (for
example, a gene other than the Neph3 gene) under the control of the Neph3 gene promoter and providing pancreatic
progenitor cells comprising the nucleic acid construct. Such pancreatic progenitor cells can be provided, for example,
by introducing the nucleic acid construct into pancreatic progenitor cells, or by introducing the construct into primordial
cells (for example, ES cells, iPS cells, embryos, etc.) capable of differentiating into pancreatic progenitor cells and then
differentiating the cells into pancreatic progenitor cells. Since the promoter can specifically select pancreatic progenitor
cells, it is not necessary to introduce the nucleic acid construct into only pancreatic progenitor cells. The promoter can
express genes selectively in pancreatic progenitor cells even when introduced into cell populations containing pancreatic
progenitor cells and other cells. Alternatively, the construct may be introduced into stem cells at a less-differentiated
stage. The present invention provides use of the Neph3 gene promoter in expressing desired genes in pancreatic
progenitor cells. The present invention also provides agents (expression reagents) for expressing desired genes in
pancreatic progenitor cells, which comprise the Neph3 gene promoter. Furthermore, the present invention provides use
of nucleic acids in which a desired heterologous gene (for example, a gene other than the Neph3 gene) is linked under
the control of the Neph3 gene promoter, in expressing the gene in pancreatic progenitor cells. The present invention
further relates to methods for expressing a heterologous gene in pancreatic progenitor cells, which comprise the step
of preparing the pancreatic progenitor cells comprising a nucleic acid in which the heterologous gene is linked under
the control of the Nephrin-like 3 (Neph3) gene promoter. As described below, pancreatic progenitor cells comprising a
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nucleic acid in which a reporter gene is linked under the control of the Neph3 gene promoter are useful in assaying or
screening for substances that are effective for inducing or regulating the differentiation of pancreatic progenitor cells.
[0082] The Neph3 gene promoter can be isolated, for example, by PCR, screening of genomic libraries, or the like,
using a nucleic acid of the Neph3 coding region as a primer or probe. As described in the Examples, the 2-kb fragment
adjacent to the 5’-end of the Neph3 gene transcribed region exhibits sufficient promoter activity in pancreatic progenitor
cells. Thus, the fragments of 5 kb, 4 kb, 3 kb, and 2 kb adjacent to the 5’ end of the Neph3 gene transcribed region can
be preferably used as a Neph3 gene promoter of the present invention. By suitably deleting the fragments, those skilled
in the art can obtain shorter fragments (for example, fragments of 500 bp or more, or 1 kb or more) that retain the
promoter activity in pancreatic progenitor cells. Such fragments can also be used as a Neph3 gene promoter of the
present invention.
[0083] More specifically, the present invention also relates to:

[1] a reagent for distinguishing, detecting, identifying, collecting, isolating, and/or obtaining pancreatic progenitor
cells, which comprises any one of (a) to (c) below to detect the Nephrin-like 3 (Neph3) gene expression, and use
of (a) to (c) below in distinguishing, detecting, identifying, collecting, isolating, and/or obtaining pancreatic progenitor
cells;

(a) an antibody that specifically binds to a translated product of the gene;
(b) a nucleic acid that specifically hybridizes to the transcript of the gene; and
(c) a nucleic acid in which a heterologous gene is linked under the control of the gene promoter;

[2] a reagent for expressing a gene in pancreatic progenitor cells, which comprises the Nephrin-like 3 (Neph3) gene
promoter, and use of the Nephrin-like 3 (Neph3) gene promoter in expressing the gene in pancreatic progenitor
cells; and
[3] a method for expressing a heterologous gene in pancreatic progenitor cells, which comprises the step of providing
pancreatic progenitor cells comprising a nucleic acid in which the heterologous gene is linked under the promoter
of the Nephrin-like 3 (Neph3) gene.

(Production method)

[0084] The methods of the present invention for detecting (including the meaning of distinguishing, identifying, col-
lecting, preparing, selecting, enriching, isolating, and/or obtaining) pancreatic progenitor cells comprise a desired process
including the step of identifying pancreatic progenitor cells through detection of the expression of a translated product
and/or transcript of the Neph3 gene. The methods of the present invention for detecting pancreatic progenitor cells
include, for example, methods for detecting, distinguishing, identifying, collecting, preparing, selecting, enriching, iso-
lating, and/or obtaining pancreatic progenitor cells, which comprise detecting, distinguishing, identifying, collecting,
preparing, selecting, enriching, isolating, and/or obtaining cells expressing Neph3 through detection of the expression
of a translated product and/or transcript of the Neph3 gene in cells. The present invention also relates to methods for
producing cell populations containing pancreatic progenitor cells (or fractions comprising pancreatic progenitor cells, or
compositions comprising pancreatic progenitor cells), which comprise the steps of:

performing detection, identification, and/or selection, or the like of the expression of a translated product and/or
transcript of the Neph3 gene in a cell sample containing pancreatic progenitor cells; and performing selection,
isolation, and/or collection, or the like of cells expressing the gene. The cell selection, isolation, collection, or the
like can be efficiently achieved, for example, by flow cytometry using antibodies that bind to the Neph3 protein.
Fractions of enriched pancreatic progenitor cells can be obtained by the methods of the present invention for preparing
cell population containing pancreatic progenitor cells. The obtained cells can be used to elucidate the mechanism
for pancreatic differentiation or to treat diseases caused by abnormal pancreatic function.

(Combination with other markers)

[0085] The methods of the present invention for producing cell populations comprising pancreatic progenitor cells and
methods of the present invention for detecting (including the meaning of distinguishing, identifying, selecting, preparing,
enriching, collecting, isolating, and/or obtaining) pancreatic progenitor cells may additionally comprise the step of de-
tecting (including the meaning of distinguishing, identifying, selecting, preparing, enriching, collecting, isolating, and/or
obtaining) the expression of genes other than the Neph3 gene. For example, the methods of the present invention can
additionally comprise the step of detecting (including the meaning of distinguishing, identifying, selecting, preparing,
enriching, collecting, isolating, and/or obtaining) the expression of a transcript and/or translated product of pancreatic
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progenitor cell marker genes other than the Neph3 gene. Such pancreatic progenitor cell marker genes include, for
example, pancreatic and duodenal homeobox factor-1 (Pdx-1), pancreas specific transcription factor-1a (Ptf1a), car-
boxypeptidase A1 (pancreatic) (Cpa1), and epiplakin 1 (EPPK1). The methods of the present invention may comprise
the step of detecting the expression of a transcript and/or translated product of one or more of pancreatic progenitor cell
marker genes including those described above. Detection of the expression of transcripts and/or translated products of
the genes may be performed before, after, or simultaneously at the time of detecting the expression of a transcript and/or
translated product of the Neph3 gene. The expression of a number of genes can be simultaneously detected, for example,
by using probes or antibodies labeled with different fluorescences. The methods of the present invention may additionally
comprise, for example, the step of detecting the expression of transcripts and/or translated products of Pdx-1 and/or
Ptf1a, and may further comprise, for example, the step of detecting the expression of a transcript and/or translated
product of EPPK1, and may yet further comprise, for example, the step of detecting the expression of a transcript and/or
translated product of the Cpa1 gene.
[0086] Such marker genes are specifically described herein as an example (see accession numbers and such exem-
plified herein). In addition to the sequences specifically exemplified, the Pdx-1, Ptfla, Cpa1, and EPPK1 genes of the
present invention also include isoforms, splicing variants, and allelic mutants thereof. Specifically, in the present invention,
the Pdx-1, Ptfla, Cpa1, and EPPK1 genes include the following polynucleotides:

(i) a polynucleotide comprising a coding sequence (CDS) of the nucleotide sequence of the Pdx-1, Ptfla, Cpa1, or
EPPK1 gene specified under the accession numbers exemplified herein;
(ii) a polynucleotide that is expressed in pancreatic progenitor cells and comprises a nucleotide sequence encoding
the amino acid sequence of the Pdx-1, Ptfla, Cpa1, or EPPK1 protein specified under the accession numbers
exemplified herein;
(iii) a polynucleotide that is expressed in pancreatic progenitor cells and comprises a nucleotide sequence with one
or more nucleotide insertions, substitutions, deletions, and/or additions (addition refers, for example, to adding one
or more nucleotides to either or both of the ends of a nucleotide sequence) in the coding sequence of the nucleotide
sequence of the Pdx-1, Ptfla, Cpa1, or EPPK1 gene specified under the accession numbers exemplified herein;
(iv) a polynucleotide that is expressed in pancreatic progenitor cells and comprises a nucleotide sequence encoding
an amino acid sequence with one or more amino acid insertions, substitutions, deletions, and/or additions (addition
refers, for example, to adding one or more amino acids to either or both of the ends of an amino acid sequence) in
the amino acid sequence encoded by the coding sequence of the nucleotide sequence of the Pdx-1, Ptfla, Cpa1,
or EPPK1 gene specified under the accession numbers exemplified herein;
(v) a polynucleotide that is expressed in pancreatic progenitor cells and hybridizes under stringent conditions to the
complementary strand of a polynucleotide comprising the coding sequence of the nucleotide sequence of the Pdx-
1, Ptfla, Cpa1, or EPPK1 gene specified under the accession numbers exemplified herein;
(vi) a polynucleotide that is expressed in pancreatic progenitor cells and comprises a nucleotide sequence that has
high sequence identity to the coding sequence of the nucleotide sequence of the Pdx-1, Ptfla, Cpa1, or EPPK1
gene specified under the accession numbers exemplified herein; and
(vii) a polynucleotide that is expressed in pancreatic progenitor cells and comprises a nucleotide sequence encoding
an amino acid sequence that has high sequence identity to the amino acid sequence encoded by the coding sequence
of the nucleotide sequence of the Pdx-1, Ptfla, Cpa1, or EPPK1 gene specified under the accession numbers
exemplified herein.

[0087] Meanwhile, in the present invention, the Pdx-1, Ptfla, Cpa1, and EPPK1 proteins include polypeptides encoded
by the respective genes described above, and specifically include the following polypeptides:

(i) a polypeptide comprising the amino acid sequence of the Pdx-1, Ptf1a, Cpa1, or EPPK1 protein specified under
the accession numbers exemplified herein;
(ii) a polypeptide that is expressed in pancreatic progenitor cells and comprises an amino acid sequence with one
or more amino acid insertions, substitutions, deletions, and/or additions (addition refers, for example, to adding one
or more amino acids to either or both of the ends of an amino acid sequence) in the amino acid sequence of the
Pdx-1, Ptf1a, Cpa1, or EPPK1 protein specified under the accession numbers exemplified herein;
(iii) a polypeptide that is expressed in pancreatic progenitor cells and encoded by a polynucleotide that hybridizes
under stringent conditions to the complementary strand of a polynucleotide encoding the amino acid sequence of
the Pdx-1, Ptf1a, Cpa1, or EPPK1 protein specified under the accession numbers exemplified herein; and
(iv) a polypeptide that is expressed in pancreatic progenitor cells and comprises an amino acid sequence that has
high sequence identity to the amino acid sequence of the Pdx-1, Ptf1a, Cpa1, or EPPK1 protein specified under the
accession numbers exemplified herein.
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[0088] Examples of the nucleotide sequences of the Pdx-1, Ptf1a, and Cpa1 genes are shown again below. Pdx-1
includes, for example, accession NM_000209.3 (coding sequence (CDS) 109-957), NM_008814.3 (CDS 109-960),
XM_543155.2 (CDS 1-1596), XM_509600.2 (CDS 113-961), XM_583722.3 (CDS 1-855), and XM_001234635.1 (CDS
1-693); Ptfla includes, for example, NM_178161.2 (CDS 1-984), NM_018809.1 (CDS 199-1170), NM_207641.2 (CDS
89-883), XM_001146416.1 (CDS 1-579), and NM_053964.1 (CDS 234-1211); Cpa1 includes, for example, NM_001868.1
(CDS 8-1264, sig_peptide 8-55, mat_peptide 56-1264), NM_174750.2 (CDS 27-1283, sig_peptide 27-74, mat_peptide
375-1283), NM_025350.3 (CDS 244-1500), XM_851827.1 (CDS 30-1313), NM_016998.2 (CDS 309-1565, sig_peptide
312-356, mat_peptide 639-1565), and NM_204584.1 (CDS 17-1273, sig_peptide 17-67, mat_peptide 353-1273). Mean-
while, the amino acid sequences of the Pdx-1, Ptfla, and Cpa1 proteins include, for example, proteins encoded by the
CDSs of each of the genes described above, and specifically include: NP_000200.1, NP_032840.1, XP_543155.2,
XP_509600.2, XP_583722.1, and XP_001234636.1 for Pdx-1; NP_835455.1, NP-061279.1, NP_997524.1,
XP_001146416.1, and NP_446416.1 for Ptfla; NP_001859.1 (sig_peptide 1-16, mat_peptide 17-419), NP_777175.1
(sig_peptide 1-16, mat_peptide 117-419), NP_079626.2, and XP_856920.1 for Cpa1. EPPK1 includes, for example,
nucleotide sequences and amino acid sequences shown in NM_031308.1 (CDS 14-15283), XM_372063 (CDS 1-7185);
NM_144848.2 (CDS 1134-20777), NM_173025 (CDS 95-2305), XM_910512 (CDS 1-7725), NP_112598,
XM_001074770 (CDS 1-10374), XP-001074770. XM_001059215 (CDS 1-10086), XP_001059215, NM_144848.2 (CDS
1134-20777), and NP_659097.
[0089] The specific details of hybridization conditions, alteration of multiple nucleotides or amino acids, high nucleotide
or amino acid sequence identity, and others are the same as those described for the Neph3 herein. Polynucleotides
that constitute the Pdx-1, Ptfla, Cpa1, or EPPK1 gene can be appropriately produced by PCR, hybridization, chemical
synthesis, or the like from cells expressing such genes. The nucleotide sequences of the obtained polynucleotides can
be determined by conventional methods, for example, dideoxy nucleotide chain terminator method (Sanger et al., Proc.
Natl. Acad. Sci. USA (1977) 74: 5463) or the like. Alternatively, it is possible to analyze the sequences using an appropriate
DNA sequencer.
[0090] The methods of the present invention for detecting (including the meaning of distinguishing, identifying, selecting,
preparing, enriching, collecting, isolating, and/or obtaining) pancreatic progenitor cells may additionally comprise, for
example, the step of detecting the expression of translated products and/or transcripts of mature pancreatic cell marker
genes. More specifically, cells that express translated products and/or transcripts of the genes can be distinguished
from cells that do not express them by detecting the expression of translated products and/or transcripts of one or more
genes specific to mature pancreatic cells. The purity of pancreatic progenitor cells can be increased by selecting cells
that do not express the translated products and/or transcripts of mature pancreatic cell markers, or separating or removing
cells that express them. The methods of the present invention for detecting (including the meaning of distinguishing,
identifying, selecting, preparing, enriching, collecting, isolating, and/or obtaining) pancreatic progenitor cells may addi-
tionally comprise, for example, the step of detecting the expression of the translated products and/or transcripts of marker
genes for dopamine-producing neuron progenitor cells and/or GABA-producing neuron progenitor cells. More specifically,
cells that express genes specific to these neuron progenitor cells can be distinguished from cells that do not express
the genes by detecting the expression of the translated product and/or transcript of one or more genes specific to these
neuron progenitor cells. The purity of pancreatic progenitor cells can be increased by selecting cells that do not express
the translated product and/or transcript of neuron progenitor cell markers, or by separating or removing cells that express
them. Marker genes of dopamine-producing neuron progenitor cells include, for example, low density lipoprotein receptor-
related protein 4 (Lrp4) gene (Nakayama, M. et al., Genome Res. (2002) 12(11): 1773-1784; Nakayama, M. et al.,
Genomics (1998) 51(1): 27-34; Accession NM_016869; XM_035037) and tyrosine hydroxylase. Marker genes of GABA-
producing neuron progenitor cells include, for example, Corl1, paired box 2 (Pax2), Lim1/2, ladybird homeobox 1 (Lbx1),
and Cor12 genes (Mizuhara E et al., J Biol Chem. (2005) 280(5): 3645-55; Maricich SM et al., J Neurobiol. (1999) 41(2):
281-94; Moretti, P. et al., Gene (1994) 144(2): 213-219). Marker genes of neuron progenitor cells include, for example,
Nestin and Sox1/2/3 genes. Similarly to detection of the Neph3 gene expression, the expression of these genes can be
detected by detecting their transcripts and translated products, promoter activities, or the like (see WO 2004/038018
and WO 2008/096817).
[0091] Polynucleotides that specifically hybridize to the transcripts or cDNAs of the above-described marker genes,
antibodies that bind to proteins encoded by the above-described marker genes, and such can be supplementary reagents
for detecting pancreatic progenitor cells when used in combination with the reagents for detecting the Neph3 gene
expression described herein. The present invention provides kits and packages for detecting pancreatic progenitor cells,
which comprise reagents for detecting or such the Neph3 gene expression and reagents for detecting or such the
expression of one or more of the above-described marker genes. In particular, polynucleotides and/or antibodies for
detecting expression of the transcripts and/or translated products of an arbitrary combination of genes selected from
the Pdx-1, Ptf1a, Cpa1, and EPPK1 genes are useful as additional reagents for detecting pancreatic progenitor cells in
the present invention. Such reagents can be arbitrarily selected and combined from probes, primers, and primer sets
comprising polynucleotides that can specifically hybridize to the transcript of each gene or a complementary strand
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thereof, and antibodies that bind to the translated product of each gene. These reagents can be formulated into com-
positions by appropriately combining them with a desired pharmaceutically acceptable carrier. The reagents may be
mixed together or supplied in separate containers. In particular, kits and packages comprising antibodies that bind to
each marker protein are useful as kits and packages for detecting, distinguishing, identifying, collecting, preparing,
selecting, enriching, isolating, and/or obtaining, or the like pancreatic progenitor cells.

(Screening)

[0092] Furthermore, since the Neph3 gene is an indicator of pancreatic progenitor cells, substances effective for
inducing or regulating the differentiation of pancreatic progenitor cells can be assayed or screened by detecting the
expression of a translated product and/or transcript of the Neph3 gene. More specifically, the present invention relates
to methods of assaying or screening for agents for regulating the differentiation of pancreatic progenitor cells. Compounds
screened by the methods are candidate compounds for treating diseases caused by pancreas abnormal pancreatic
function as they are expected to have the function of regulating pancreatic progenitor cell differentiation. Target diseases
to be treated by the compounds obtained by the screening methods include, for example, diabetes.
[0093] In the present invention, the methods of assaying or screening for compounds that are capable of regulating
the differentiation of pancreatic progenitor cells comprise, for example, the steps of:

(a) contacting a test sample with pancreatic progenitor cells or cells that can be differentiated into pancreatic pro-
genitor cells; and
(b) detecting the expression of a translated product and/or transcript of the Neph3 gene in the cells.

[0094] Compounds that induce or increase the expression of a translated product and/or transcript of the Neph3 gene
are candidate compounds for inducing the differentiation of pancreatic progenitor cells. Meanwhile, compounds that
decrease or suppress the expression of a translated product and/or transcript of the Neph3 gene are candidate com-
pounds for eliminating the characteristics of pancreatic progenitor cells. The present invention also relates to screening
methods that additionally comprise the steps of:

(c) selecting a compound that increases or decreases the expression level of a translated product and/or transcript
of the Neph3 gene as compared to detection in the absence of the test sample.

[0095] The expression of a translated product and/or transcript of the Neph3 gene can be detected according to the
description herein. In step (b) described above, detection can be carried out, for example, by detecting the translated
product and/or transcript of the Neph3 gene, as well as measuring the Neph3 promoter activity. Polynucleotides and
antibodies for use in detecting the translated product and/or transcript of the Neph3 gene can be prepared and used
according to the description herein.
[0096] The assay or screening methods that use the Neph3 gene promoter include, for example, methods comprising
the steps of:

(a) contacting a test sample with pancreatic progenitor cells or cells that can differentiate into pancreatic progenitor
cells, which comprise a nucleic acid in which a heterologous gene is linked under the control of the Neph3 gene
promoter; and
(b) detecting the expression of a translated product and/or transcript of the heterologous gene in the cells.

[0097] For heterologous genes, it is possible to use genes heterologous to the promoter, specifically for example,
desired genes (other than the Neph3 gene) linked to the Neph3 gene promoter in the natural state. The genes are, for
example, preferably those that can easily detect expression, and specifically include GFP, luciferase, and other marker
genes, and genes encoding a differentiation factor or such. Compounds that induce or increase the Neph3 gene promoter
activity are candidate compounds for inducing the differentiation of pancreatic progenitor cells, while compounds that
decrease or suppress the expression of a translated product and/or transcript of the Neph3 gene are candidate com-
pounds for eliminating the characteristics of pancreatic progenitor cells. The screening methods may additionally comprise
the step of:

(c) selecting a compound that increases or decreases the expression of a translated product and/or transcript of
the heterologous gene as compared to detection in the absence of the test sample.

[0098] Herein, the "test sample" may be samples comprising any compound, and include, for example, the expression
products of gene libraries, synthetic low-molecular-weight compound libraries, synthetic peptide libraries, antibodies,
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substances released by bacteria, cell (microbial, plant cell, or animal cell) extracts, cell (microbial, plant cell, or animal
cell) culture supernatants, purified or partially purified polypeptides, marine organisms, extracts derived from plant,
animal or such, soil, random phage peptide display libraries. Meanwhile, cells capable of differentiating into pancreatic
progenitor cells include preferably multipotent cells, and specifically include ES cells, multipotent stem cells including
induced multipotent stem cells, embryo-derived or artificial undifferentiated endodermal cells, and cells differentiated
from these cells (Kubo A et al., Development (2004) 131: 1651-1662; Tada S et al., Development (2005) 132: 4363-4374;
Yasunaga M et al., Nat Biotechnol (2005) 23: 1542-1550; Gadue P et al., Proc Natl Acad Sci U S A (2006) 103:
16806-16811; D’Amour KA et al., Nat Biotechnol (2005) 23: 1534-1541; McLean AB et al., STEM CELLS (2007) 25:
29-38; D’Amour KA et al., Nat Biotechnol (2006) 24: 1392-1401; Shiraki, N. et al., Stem Cells (2008) 26: 874-885).
[0099] Cell growth and differentiation can be detected by comparing the cell condition with when the test sample is
not contacted. Cell growth and differentiation can be assessed through morphological observation under a microscope,
or detecting or quantifying substances produced upon cell differentiation.
[0100] Cell differentiation can be assessed by comparing the expression level of a translated product and/or transcript
of the Neph3 gene in the absence of a test sample. More specifically, when a test sample induces the expression of a
translated product and/or transcript of the Neph3 gene or increases the expression level as compared to detection in
the absence of the test sample, it can be judged that the test sample has the ability of inducing differentiation into
pancreatic progenitor cells. Herein, "increase" means, for example, 1.2 times or more, preferably twice, five times, or
ten times or more. Compounds isolated by the screening are useful as agents for regulating the differentiation of pancreatic
progenitor cells, and are expected to be applicable to treatment of pancreatic disease, in particular, pancreatic regen-
erative medicine.

Examples

[0101] Hereinbelow, the present invention will be specifically described using the Examples, but it is not to be construed
as being limited thereto. All prior art documents cited herein are incorporated herein by reference.

[Example 1] Analysis of Neph3 expression in fetal pancreatic primordium

[0102] At fetal stages, Neph3 is expressed in dopamine-neuron progenitor cells in the central nervous system (WO
2004/038018) and GABA-producing neuron progenitor cells in spinal cord and cerebellum (WO 2008/096817). However,
it remains unknown whether Neph3 is expressed during development and differentiation other than in the central nervous
system. In this context, the present inventors undertook an attempt to identify Neph3-expressing cells during embryonic
development other than in the central nervous system. First, Neph3 was closely analyzed for its expression in E12.5
mouse embryos using the method described in WO 2004/038018. The result showed that Neph3 was expressed in the
pancreatic primordium (Fig. 1A). Neph3 was found to be expressed selectively in a fraction of the cells in the pancreatic
primordium (Fig. 1B).
[0103] The pancreatic primordium produces exocrine cells that secrete digestive enzymes and the like, duct cells that
convey these digestive enzymes to the duodenum, and endocrine cells that secrete various hormones such as insulin
to the blood stream (Fig. 2). It is known that E12.5 mouse pancreatic primordium contains multipotent progenitor cells
which have the ability to differentiate into the above-described three types of cells and progenitor cells that have a
committed differentiation fate. Thus, the type of Neph3-positive cells in the pancreatic primordium was identified by the
method described below. E12.5 mouse embryos were excised and fixed with 4% PFA/PBS(-) at 4°C for two hours. Then,
the solution was replaced with 20% sucrose/PBS(-) at 4°C overnight. The embryos were embedded in OCT. After 12
mm-thick sections were prepared and attached to glass slides, they were dried at room temperature for 20 minutes and
wetted with 0.1% TritonX-100/PBS(-) for five minutes. Then, the sections were blocked with 25% BlockAce for 30 minutes,
and reacted with a primary antibody (in 0.1% TritonX-100/2.5% BlockAce/PBS(-)) at room temperature for two hours.
The glass slides were washed twice with 0.1% TrironX-100/PBS(-) for ten minutes. Next, the sections were reacted with
a fluorescently-labeled secondary antibody (in 0.1% TritonX-100/2.5% BlockAce/PBS(-)) at room temperature for 40
minutes. The sections were washed in the same way as described above and mounted on the glass slides. The following
primary antibodies are used: Neph3 as described in WO 2004/038018 and Minaki Y. et al., Neurosci. Res. (2005) 52(3):
250-262; Ptfl a as described in Minaki Y. et al., Gene Expr. Patterns, (2008) 8(6): 418-423; and Pdx1 purchased from
Abcam Co.
[0104] The result revealed that Neph3 was expressed in cells positive for Pdx1 and Ptf1a, which are factors that play
important roles in the development of multipotent pancreatic progenitor cells (Fig. 3). It was also revealed that the
expression pattern of Neph3 was the same as that of Cpa1, which is a multipotent pancreatic progenitor cell marker.
These findings suggest that Neph3 is expressed in pancreatic multipotent progenitor cells.
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[Example 2] Identification and isolation of Neph3-positive cells in fetal pancreatic primordium

[0105] To assess Neph3 expression in pancreatic multipotent progenitor cells, Neph3-posilive cells were isolated
according to the protocol described below and the cell type was identified. Pancreases were excised from E12.5 mouse
embryos. The cells were dispersed in cell dispersion buffer AccuMax™ (Innovative Cell Technologies), and blocked with
mouse FC-Block (BD) at 4°C for ten minutes without fixation and permeation treatment. Then, the cells were stained
with an anti-Neph3 monoclonal antibody (purified antibody (100 times diluted) in D-MEM/F12 medium containing 1%
fetal calf serum and 1 mM EDTA) at 4°C, for 30 minutes. After washing three times with D-MEM/F12 containing 1% fetal
calf serum and 1 mM EDTA at 4°C for 3 minutes, the cells were stained with a PE-labeled anti-hamster IgG antibody
(BD, 8 mg/ml, in D-MEM/F12 medium containing 1% fetal calf serum and 1 mM EDTA) at 4°C for 30 minutes and washed
in the same way as described above. After staining, Neph3-expressing cells were isolated using a cell sorter. The isolated
cells were centrifuged at 1,000 rpm at 4°C for ten minutes. After the supernatant was removed, the cells were spotted
onto 8-well chamber glass slides (Nunc) coated with poly-L-ornithine (Sigma; 0.002% in PBS), laminin (Invitrogen; 2.5
mg/ml in PBS), and fibronectin (Sigma; 5 mg/ml in PBS). The glass slides were allowed to stand for 15 minutes to attach
the cells to the slides. Then, the cells were incubated in DMEM/F12 medium containing N2 (1x; Invitrogen) and B27
(Invitrogen; 1x) at 37°C for one hour. The culture medium was removed and the cells were washed once with 500 ml of
PBS(-) at room temperature. The cells were fixed with 2% PFA/PBS(-) for 30 minutes, and permeabilized with 0.3%
TrintonX-100/PBS(-) at room temperature for 30 minutes. Then, after the glass slides were blocked with 25% BlockAce
at room temperature for 30 minutes, a primary antibody (in 0.1% TritonX-100/2.5% BlockAce/PBS(-)) was reacted at
room temperature for two hours. After washing twice with 0.1% TrironX-100/PBS(-) for ten minutes, the cells were reacted
with a fluorescently-labeled secondary antibody (in 0.1% TritonX-100/2.5% BlockAce/PBS(-)) at room temperature for
40 minutes. After washing in the same way as described above, the cell nuclei were stained. The primary antibodies
against Pdx1 and Ptfla are described in Example 1. SYTOX nucleic acid stain (Molecular probes; 100,000 times diluted)
was used for nuclear staining.
[0106] As a result, Neph3 expression was confirmed on the cell surface of a fraction of the pancreatic progenitor cells
and isolation of Neph3-positive cells was revealed (Fig. 4A). Furthermore, the isolated Neph3-positive cells were positive
for both Pdx1 and Ptfla. Thus, it was confirmed that Neph3 was expressed in pancreatic multipotent progenitor cells
(Fig. 4B). More specifically, it was demonstrated that pancreatic multipotent progenitor cells can be isolated by using
an anti-Neph3 antibody.

[Example 3] Expression of foreign genes using the Neph3 promoter specifically in pancreatic progenitor cells.

[0107] Next, whether foreign genes can be expressed in a pancreatic progenitor cell-specific manner using the Neph3
promoter was assessed by creating transgenic mice and analyzing the expression of foreign genes according to the
protocol described below.
[0108] First, the poly A addition sequence of bovine growth hormone (SEQ ID NO: 23; derived from Invitrogen pcDNA3.1
+ vector) was amplified and inserted into the HindIII/XhoI site of pSP73 (Promega) to construct pSP73-polyA. Then, the
synthetic DNAs of SEQ ID NOs: 24 and 25 were annealed to each other and inserted into the Asp718I/BamHI site of
pSP73-polyA to construct pSP73-polyA II. A mouse genomic fragment located about 3.2 kb upstream of the translation
initiation codon of Neph3 (SEQ ID NO: 26) was inserted into the ClaI/Asp718I site of pSP73-polyA II to construct pN3.
Finally, GFP cDNA (SEQ ID NO: 27) was inserted as a foreign gene into the Asp718IlSalI site of pN3 to construct pN3-
GFP. After linearized with ClaI, pN3-GFP was injected into the pronuclei of mouse fertilized eggs according to the method
of Gordon et al. (Gordon JW et al., Proc Natl Acad Sci USA (1980) 77(12): 7380-7384), and the eggs were transplanted
into foster mothers. The fetuses were recovered at embryonic day 12.5, and the expression of Neph3 and GFP mRNAs
in the pancreatic primordia was analyzed by the methods described in Example 1.
[0109] The result showed that the transgenic mice expressed GFP specifically in the entire Neph3-positive area (Fig.
5). This finding demonstrates that foreign genes can be expressed in a pancreatic progenitor cell-specific manner by
using the Neph3 promoter.

[Example 4] Pancreatic progenitor cell-specific activation of human Neph3 promoter

[0110] Next, whether the human Neph3 promoter is activated in a manner specific to pancreatic progenitor cell was
assessed to confirm that Neph3 is also specifically expressed in human pancreatic progenitor cells. The foreign gene
expression was analyzed using transgenic mice prepared according to the protocol described below.
[0111] First, a fragment of the mouse Neph3 promoter was deleted by digestion with ClaIlAsp718I from pN3-GFP
described in Example 3. Then, a human genomic fragment located about 2.1 kb upstream of the translation initiation
codon of Neph3 (SEQ ID NO: 27) was inserted into the same site to construct phsN3-GFP. After phsN3-GFP was
linearized with ClaI and injected into the pronuclei of mouse fertilized eggs according to the method of Gordon et al.
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(supra), the eggs were transplanted into foster mothers. The fetuses were recovered at embryonic day 12.5, and the
expression of Neph3 and GFP mRNAs in the pancreatic primordium was analyzed by the methods described in Example 3.
[0112] The result showed that the transgenic mice expressed GFP specifically in the entire Neph3-positive area (Fig.
6). This finding demonstrates that the human Neph3 promoter was activated in a pancreatic progenitor cell-specific
manner. This suggests that as in mice, human Neph3 is specifically expressed in pancreatic progenitor cells.

Industrial Applicability

[0113] Selection markers for pancreatic progenitor cells are identified by the present invention. Thus, pancreatic
progenitor cells can be detected, distinguished, identified, collected, prepared, selected, enriched, isolated, and/or ob-
tained by using the marker as an indicator. The present invention also enables collection, enrichment, isolation, and/or
obtainment, or the like of viable pancreatic progenitor cells without using the translated product or transcript of any
foreign gene. Thus, the present invention is very useful in preparing materials for transplantation therapy for pancreatic
diseases including diabetes, and searching for genes that regulate pancreatic development and differentiation, as well
as in drug discovery that targets pancreatic progenitor cells and others.
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<210> 15
<211> 1969
<212> DNA
<213> Homo sapiens

<220>
<221> CDS
<222> (15)..(1913)

<400> 15
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<210> 16
<211> 633
<212> PRT
<213> Homo sapiens

<400> 16
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<210> 17
<211> 2003
<212> DNA
<213> Homo sapiens

<220>
<221> CDS
<222> (199)..(1947)

<400> 17



EP 2 377 921 B1

91

5

10

15

20

25

30

35

40

45

50

55



EP 2 377 921 B1

92

5

10

15

20

25

30

35

40

45

50

55



EP 2 377 921 B1

93

5

10

15

20

25

30

35

40

45

50

55

<210> 18
<211> 583
<212> PRT
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<213> Homo sapiens

<400> 18
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<210> 19
<211> 1819
<212> DNA
<213> Homo sapiens

<220>
<221> CDS
<222> (15)..(1763)

<400> 19
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<210> 20
<211> 583
<212> PRT
<213> Homo sapiens

<400> 20
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<210> 21
<211> 2959
<212> DNA
<213> Homo sapiens

<220>
<221> CDS
<222> (196)..(2259)

<400> 21
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<210> 22
<211> 688
<212> PRT
<213> Homo sapiens

<400> 22
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<210> 23
<211> 291
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized sequence

<400> 23

<210> 24
<211> 32
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized sequence

<400> 24
gtaccactag tgctagcacg cgtgcggccg cg 32

<210> 25
<211> 32
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized sequence

<400> 25
gatccgcggc cgcacgcgtg ctagcactag tg 32

<210> 26
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<211> 3261
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized sequence

<400> 26
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<210> 27
<211> 740
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized sequence

<400> 27
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<210> 28
<211> 2064
<212> DNA
<213> Artificial

<220>
<223> an artificially synthesized sequence

<400> 28
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Claims

1. A method for producing a cell population comprising a pancreatic progenitor cell, which comprises the step of
distinguishing, detecting, and/or identifying the expression of a translated product of a Nephrin-like 3 (Neph3) gene
in an endodermal cell sample, and the step of collecting, isolating, and/or obtaining a cell expressing the translated
product of the gene.

2. The method of claim 1, wherein the endodermal cell sample is a central nervous system lineage cell-depleted cell
sample.

3. The method of claim 1, wherein the endodermal cell sample is an abdomen-derived cell sample.

4. The method of any one of claims 1 to 3, which additionally comprises the step of distinguishing, detecting, identifying,
collecting, isolating, and/or obtaining the expression of a translated product and/or transcript of any one or a com-
bination of pancreatic and duodenal homeobox factor-1 (Pdx-1), pancreas specific transcription factor-1a (Ptf1a),
carboxypeptidase A1 (pancreatic) (Cpa1), and epiplakin 1 (EPPK1) genes.

5. The method of claim 4, wherein the combination consists of pancreatic and duodenal homeobox factor-1 (Pdx-1)
and carboxypeptidase A1 (pancreatic) (Cpa1).

6. The method of any one of claims 1 to 5, wherein the step of distinguishing, detecting, and/or identifying, and/or the
step of collecting, isolating, and/or obtaining are achieved by using an immunochemical method.

7. A method for distinguishing, detecting, identifying, collecting, isolating, and/or obtaining a pancreatic progenitor cell,
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which comprises the step of distinguishing, detecting, and/or identifying the expression of a translated product of a
Neph3 gene in an endodermal cell sample.

8. The method of claim 7, wherein the endodermal cell sample is a central nervous system lineage cell-depleted cell
sample.

9. The method of claim 7, wherein the endodermal cell sample is an abdomen-derived cell sample.

10. The method of any one of claims 7 to 9, which additionally comprises the step of distinguishing, detecting, identifying,
collecting, isolating, and/or obtaining the expression of a translated product and/or transcript of any one or a com-
bination of pancreatic and duodenal homeobox factor-1 (Pdx-1), pancreas specific transcription factor-1a (Ptf1a),
carboxypeptidase A1 (pancreatic) (Cpa1), and epiplakin 1 (EPPK1) genes.

11. The method of claim 10, wherein the combination consists of pancreatic and duodenal homeobox factor-1 (Pdx-1)
and carboxypeptidase A1 (pancreatic) (Cpa1).

12. The method of any one of claims 7 to 11, wherein the method for distinguishing, detecting, identifying, collecting,
isolating, and/or obtaining a pancreatic progenitor cell is an immunochemical method.

Patentansprüche

1. Verfahren zur Herstellung einer Zellpopulation umfassend eine Pankreas-Vorläuferzelle, umfassend den Schritt des
Unterscheidens, Detektierens, und/oder Identifizierens der Expression eines translatierten Produktes eines Neph3
(Nephrin-like 3)-Gens in einer endodermalen Zellprobe, und den Schritt des Sammelns, Isolierens, und/oder Erhal-
tens einer Zelle, welche das translatierte Produkt des Gens exprimiert.

2. Verfahren nach Anspruch 1, wobei die endodermale Zellprobe eine Zellprobe ist, welche erschöpft ist an Zellen,
welche zur Abstammungslinie des Zentralnervensystems gehören.

3. Verfahren nach Anspruch 1, wobei die endodermale Zellprobe eine Zellprobe ist, welche vom Abdomen stammt.

4. Verfahren nach einem der Ansprüche 1 bis 3, zusätzlich umfassend den Schritt des Unterscheidens, Detektierens,
Identifizierens, Sammelns, Isolierens, und/oder Erhaltens der Expression eines translatierten Produktes und/oder
Transkriptes irgendeines oder einer Kombination der Gene Pankreas-Duodenal-Homeobox-Faktor-1 (Pdx-1), Pan-
kreas-spezifischer Transkriptionsfaktor-1a (Ptf1a), Carboxypeptidase A1 (Pankreas) (Cpa1), und Epiplakin-1
(EPPK1).

5. Verfahren nach Anspruch 4, wobei die Kombination aus Pankreas-Duodenal-HomeoboxFaktor-1 (Pdx-1) und Car-
boxypeptidase A1 (Pankreas) (Cpa1) besteht.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei der Schritt des Unterscheidens, Detektierens, und/oder Iden-
tifizierens, und/oder der Schritt des Sammelns, Isolierens, und/oder Erhaltens unter Verwendung eines immunche-
mischen Verfahrens ausgeführt werden.

7. Verfahren zum Unterscheiden, Detektieren, Identifizieren, Sammeln, Isolieren, und/oder Erhalten einer Pankreas-
Vorläuferzelle, umfassend den Schritt des Unterscheidens, Detektieren, und/oder Identifizierens der Expression
eines translatierten Produktes eines Neph3-Gens in einer endodermalen Zellprobe.

8. Verfahren nach Anspruch 7, wobei die endodermale Zellprobe eine Zellprobe ist, welche erschöpft ist an Zellen,
welche zur Abstammungslinie des Zentralnervensystems gehören.

9. Verfahren nach Anspruch 7, wobei die endodermale Zellprobe eine Zellprobe ist, welche vom Abdomen stammt.

10. Verfahren nach einem der Ansprüche 7 bis 9, zusätzlich umfassend den Schritt des Unterscheidens, Detektierens,
Identifizierens, Sammelns, Isolierens, und/oder Erhaltens der Expression eines translatierten Produktes und/oder
Transkriptes irgendeines oder einer Kombination der Gene Pankreas-Duodenal-Homeobox-Faktor-1 (Pdx-1), Pan-
kreas-spezifischer Transkriptionsfaktor-1a (Ptf1a), Carboxypeptidase A1 (Pankreas) (Cpa1), und Epiplakin-1
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(EPPK1).

11. Verfahren nach Anspruch 10, wobei die Kombination aus Pankreas-Duodenal-Homeobox-Faktor-1 (Pdx-1) und
Carboxypeptidase A1 (Pankreas) (Cpa1) besteht.

12. Verfahren nach einem der Ansprüche 7 bis 11, wobei das Verfahren zum Unterscheiden, Detektieren, Identifizieren,
Sammeln, Isolieren, und/oder Erhalten einer Pankreas-Vorläuferzelle ein immunchemisches Verfahren ist.

Revendications

1. Procédé de production d’une population de cellules comprenant une cellule progénitrice pancréatique, qui comprend
l’étape de distinction, de détection, et/ou d’identification de l’expression d’un produit traduit d’un gène de type
néphrine 3 (Neph3) dans un échantillon de cellules endodermiques, et l’étape de recueil, d’isolement, et/ou d’ob-
tention d’une cellule exprimant le produit traduit du gène.

2. Procédé selon la revendication 1, l’échantillon de cellules endodermiques étant un échantillon de cellules appauvri
en cellules de lignée du système nerveux central.

3. Procédé selon la revendication 1, l’échantillon de cellules endodermiques étant un échantillon de cellules provenant
de l’abdomen.

4. Procédé selon l’une quelconque des revendications 1 à 3, qui comprend de manière supplémentaire l’étape de
distinction, détection, identification, recueil, isolement, et/ou obtention de l’expression d’un produit traduit et/ou d’un
produit de transcription de l’un quelconque ou d’une combinaison de gènes du facteur de transcription pancréatique
et duodénal à séquence homéotique-1 (Pdx-1), du facteur de transcription spécifique au pancréas-la (Ptfla), de la
carboxypeptidase A1 (pancréatique) (Cpa1), et de l’épiplakine 1 (EPPK1),

5. Procédé selon la revendication 4, la combinaison étant constituée du facteur de transcription pancréatique et duo-
dénal à séquence homéotique-1 (Pdx-1) et de la carboxypeptidase A1 (pancréatique) (Cpa1).

6. Procédé selon l’une quelconque des revendications 1 à 5, l’étape de distinction, détection, et/ou identification, et/ou
l’étape de recueil, isolement, et/ou obtention étant atteintes en utilisant un procédé immunochimique.

7. Procédé de distinction, détection, identification, recueil, isolement, et/ou obtention d’une cellule progénitrice pan-
créatique, qui comprend l’étape de distinction, détection, et/ou identification de l’expression d’un produit traduit d’un
gène Neph3 dans un échantillon de cellules endodermiques.

8. Procédé selon la revendication 7, l’échantillon de cellules endodermiques étant un échantillon de cellules appauvri
en cellules de lignée du système nerveux central.

9. Procédé selon la revendication 7, l’échantillon de cellules endodermiques étant un échantillon de cellules provenant
de l’abdomen.

10. Procédé selon l’une quelconque des revendications 7 à 9, qui comprend de manière supplémentaire l’étape de
distinction, détection, identification, recueil, isolement, et/ou obtention de l’expression d’un produit traduit et/ou d’un
produit de transcription de l’un quelconque ou d’une combinaison de gènes du facteur de transcription pancréatique
et duodénal à séquence homéotique-1 (Pdx-1), du facteur de transcription spécifique au pancréas-la (Ptf1a), de la
carboxypeptidase A1 (pancréatique) (Cpa1), et de l’épiplakine 1 (EPPK1).

11. Procédé selon la revendication 10, la combinaison étant constituée du facteur de transcription pancréatique et
duodénal à séquence homéotique-1 (Pdx-1) et de la carboxypeptidase A1 (pancréatique) (Cpa1).

12. Procédé selon l’une quelconque des revendications 7 à 11, le procédé de distinction, détection, identification, recueil,
isolement, et/ou obtention d’une cellule progénitrice pancréatique étant un procédé immunochimique.
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