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DESCRIPTION

METHOD OF EFFICIENTLY ESTABLISHING INDUCED PLURIPOTENT STEM
CELLS

Technical Field

The present invention relates to a method of improving the
efficiency of establishment of induced pluripotent stem cells
(hereinafter referred to as iPS cells) and reagehts therefor,
more specifically to a method of improving the efficiency of
establishment of iPS cells using members of the GLIS family and
members of the K1f family, and reagents therefor and the 1like.

Background of the Invention ‘

In recent years, mouse and human iPS cells have been
established one after another. Takahashi and Yamanaka induced
iPS cells by transferring the Oct3/4, Sox2, K1f4 and c-Myc
genes into fibroblasts from a reporter mouse wherein the
neomycin resistance gene is knocked-in into the Fbx15 locus,
and forcing the cells to express the genes [Takahashi, K. and
Yamanaka, S., Cell, 126: 663-676 (2006)]. Okita et al.
succeeded in establishing iPS éells (Nanog iPS cells) that

- show almost the same gene expression and epigenetic

modification profiles as those of embryoniq stem (ES) cells,
by creating a transgenic mouse having the green fluorescent
protein (GFP) and puromycin resistance genes integrated into
the locus of Nanog, whose expression is more localized in
pluripotent cells than the expression of Fbx15, forcing
fibroblasts from the mouse to express the above-mentioned four
genes, and selecting cells that are puromycin-resistant and
GFP-positive cells [Okita, K. et al., Nature, 448: 313-317
(2007)]. Similar results were obtained by other groups [Wernig,
M. et al., Nature, 448: 318-324 (2007); Maherali, N. et al.,
Cell Stem Cell, 1: 55-70 (2007)]. Thereafter, it was revealed
that iPS cells could also be produced with 3 factors other
than the c-Myc gene [Nakagawa, M. et al., Nat. Biotethnol.,
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26: 101-106 (2008)].

Furthermore, Takahashi et al. [Takahashi, K. et al., Cell,
131: 861-872 (2007)] succeeded in establishing iPS cells by
introducing the same 4 genes as those used in the mouse into
human skin fibroblasts. On the other hand, Yu et al. produced
human iPS cells using Nanog and Lin28 in place of K1f4 and c-
Myc [Yu, J. et al., Science, 318: 1917-1920 (2007)].- Hence, it
has been demonstrated that iPS cells comparable to ES cells in
terms of pluripotency can be produced in both humans and mice,
by transferring defined factors into somatic cells.

Since then, a wide variety of attempts have been made to
increase the efficiency of iPS cell establishment, including iPS
cells established by transferring TERT and SV40 large T
antigen (known as a human cell immortalization genes), along
with the four factors Oct3/4, Sox2, K1f4 and c-Myc [Park, I.H.
et al., Nature, 451: 141-146 (2008)], iPS Cells established
with the addition of Nanog and Lin28 to the foregoing four
factors [Liao, J. et al., Cell Research, 18: 600-603 (2008)],
and iPS cells established with the addition of UTF1l to the
foregoing four or three factors other than c-Myc [Zhao, Y. et
al., Cell Stem Cell, 3: 475-479 (2008)]. However, the .
situation stands wherein no satisfactory improvement has been

achieved.

Summary of the Invention

The present inventors conducted a comprehensive
investigation in search of genes that can be used to establish
iPS cells, as substitutes for K1f4, not only out of genes
expressed specifically in pluripotent cells such as ES cells,
but also from a broader range of gene libraries of
transcription factors. The inventors thus succeeded in
efficiently establishing iPS cells by transferring a gene
belonging to the GLIS family (e.g., GLIS1l), a gene belonging
to the PTX family (e.g., PITX2), or the DMRT-like family B
with proline-rich C-terminal 1 gene (DMRTB1l), along with the
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three genes Oct3/4, Sox2 and c-Myc, to mouse and human dermal
fibroblasts, -and identified these transcription factors as
novel nuclear reprogramming substances capable of functionally
substituting for K1f4 (US Provisional Application No.
61/208,853, filed on February 27, 2009 and US Provisional
Application No. 61/276,123, filed on September 8, 2009).

Next, the present inventors investigated the effects of
these K1f4 substitute factors GLIS1, PITX2 and DMRTB1l used in
combination.with K1f4 on the establishment of iPS cells. As an
unexpected result, PITX2 and DMRTBl exhibited absolutely no
additional effect when combined with K1f4, whereas combined
use of GLIS1 and K1£4 produced a dramatic synergistic effect
on the establishment of iPS cells in both mouse and human
cells. The present inventors conductéd further investigations
based on these findings, and have developed the présent‘
invention.

Accordingly, tﬁe present invention pfdvides the
following:

[1] A method of improving iPS cell establishment efficiency,
comprising contacting the following (1) and (2):

(1) one or more substances selected from the group consisting
of members of the GLIS family and nucleic acids that encode
the same,

(2) one or more substances selected from the group consisting
of members of the K1f family and nucleic acids that encode the
same,

with a somatic cell.

[2] The method according to [1l] above, wherein the substances
(1) above include GLIS family zinc finger 1 (GLIS1l) or a
nucleic acid that encodes the GLISI1.

[3] The method according to [1] or [2] above, wherein the
substances (2) above include K1f4 or a nucleic acid that -
encodes the K1f4.

(4] An iPS cell establishment efficiency improver comprising

the following (1) and (2):
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(1) one or more substances selected from the group consisting

of members of the GLIS family and nucleic acids that encode
the same,

(2) one or more substances selected from the group consisting
of members of the K1f family and nucleic acids that encode the
same.

[5] The improver according to [4] above, wherein the
substances (1) above include GLIS1 or a nucleic acid that
encodes the GLIS1.

[6] The improver according to [4] or [5] above, wherein the
substances (2) above include K1f4 or a nucleic acid that
encodes the K1f4. _ 5 : . :

[7] A method of producing an iPS;celi; compfiéinq édﬁtééting
the following (1), (2) and (3):

(1) one or more substances selected from the group consisting
of members of the GLIS family and nucleic acids that encode
the same,

(2) one or more substances selected from the group consisting
of members of the Kl1f family and nucleic acids that encode the
same,

(3) a nuclear reprogramming substance capable of inducing an
iPS cell from a somatic cell by being combined with the
substances ‘(1) and (2) above,

with a somatic cell.

[8] The method according to [7] above, wherein the substances
(1) above include GLIS1 or a nucleic acid that encodes the
GLIS1.

[9] The method according to [7] or [8] above, wherein the
substances (2) above include K1f4 or a nucleic acid that
encodes the K1f4.

[10] The method according to any one of [7] to [9] above,
wherein the nuclear reprogramming substance (3) above is
selected from the group consisting of members of the Oct
family, members of the Sox family, members of the Myc family,

members of the Lin28 family, Nanog, and nucleic acids that
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encode the same.

[11] The method according to any one of [7] to [9] above,
wherein the nuclear reprogramming substance (3) above includes
Oct3/4 or a nucleic acid that encodes the same.

[12] The method éccording to [11] above, wherein the nuclear
reprogramming substance (3) above includes Oct3/4 and Sox2 or
nucleic acids that encode the same.

[13] The method according to [11] above, wherein the nuclear
reprogramming substance (3) above includes Oct3/4, Sox2 and c-
Myc or nucleic acids that encode the same.

[14] An agent for iPS cell induction from a somatic cell,
comprising the following (1), (2) and (3):

(1) one or more substances selected from the group consisting
of members.of the GLIS family and nucleic acids that encode
the same,

(2) one or more substances selected from the group consisting
of members of the K1f family and nucleic acids that encode the
same,

(3) a nuclear reprogramming substance capable of -inducing an
iPS cell from a somatic cell by being combined with.the
substances (1) and (2) above.

[15] The agent éccording to [14] above, wherein the substances
(1) above include GLIS1 or a nucleic acid that encodes the
GLIS1. |

[16] - The agent according to [14] or [15] above, wherein the
substances (2) above include K1f4 or a nucleic acid that
encodes the K1f4.

[17] The agent according to any one of [14] to [16] above,
wherein the nuclear reprogramming substance (3) above is
selected from the group consisting of members of the Oct
family, members of the Sox family, members of the Myc family,
members of the Lin28 family, Nanog, and nucleic acids that
encode the same. _

[18] The agent according to any one of [14] to [16] above,

wherein the nuclear reprogramming substance (3) above includes
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Oct3/4 or a nucleic acid that encodes the same.

[19] The agent according to [18] above, wherein the nuclear
reprogramming substance (3) above includes Oct3/4 and Sox2 or
nucleic acids that encode the same.

[20] The agent according to [18] above, wherein the nuclear
reprogramming substance (3) above includes Oct3/4, Sox2 and c-.
Myc -or nucleic acids that encode the same. -

[21] An iPS cell comprising the following (1) and (2):

(1) one or more nﬁcleic acids selected from the group
consisting of exogenous nucleic acids that encode members of
the GLIS family,

(2) :one' or. more nucleic acids selected from the group
consisting of exogenous nucleic acids that encode members of
the K1f family. |

[22] The iPS cell according to [21] above, wherein the
exogenous nucleic acids are integrated in a genome.

[23] A method of producing a somatic cell, comprising treating
thé iPS cell according to [21] or [22] above to induce it to
differentiate into a somatic cell.

[24] A method of producing a somatic cell, comprising the
following (1) andl(2):

(1) the step of producing an iPS cell by the method according
to any one of [7] to [13] above,'and

(2) the step of treating the iPS cell obtained through the
step (1) above to induce it to differentiate into a somatic
cell.

[25] A use of the following (1) and (2) to improve the

efficiency of establishment of iPS cells:

(1) one or more substances selected from the group consisting
of members of the GLIS family and nuéleic acids that encode
the same,

(2) one or more substances selected from the group consisting
of members of the K1f family and nucleic acids that encode the

same.

[26] A use of one or more substances selected from the group
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consisting of members of the GLIS family and nucleic acids
that encode the same to improve the efficiency of
establishment of iPS cells, wherein the substances, along with
one or more substances selected from the group consisting of
members of the Kl1f family and nucleic acids that encode the
same, are contacted with a somatic cell.

[27] A use of the following (1), (2) and {(3) to produce an iPS
cell: ' ‘ |

(1) one or more substances selected from the group consisting

-of members of the GLIS family and nucleic acids that encode

the same,

(2) one or more substances selected from the group consisting

"of members of the Klf family and nucleic acids that encode the

same, _
(3) a nuclear reprogramming substance capable of inducing an
iPS cell from a somatic cell by being combined with the
substances (1) and (2) above.

[28] A use of the following (1) and (2) to produce an iPS
cell:

(1) one or more substances selected from the group consisting
of members of the GLIS family and nucleic acids that encode
the same,

(2) one or more substances selected from the group consisting -
of members of the K1f family and nucleic acids that encode the
same, wherein the factors, along with a nuclear reprogramming
substance capable of inducing an iPS cell from a somatic cell
by being combined with the substances (1) and (2) above, are
contacted with a somatic cell.

[29] A use of (1). one or more substances selected from the

group consisting of members of the GLIS family and nucleic

aclds that encode the same to produce an iPS cell, wherein the

substances, along with (2) one or more substances selected from

the group consisting of members of the K1f family and nucleic

"acids that encode the same, and a nuclear reprogramming

substance capable of inducing an iPS ceillfrom a somatic cell
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by being combined with the substances (1) and (2) above, are
contacted with a somatic cell.

[30] A use of the iPS cell according to [21] or [22] above in
producing a somatic cell.

[31] The iPS cell according to [21] or [22] above, wherein the
iPS cell serves as a source of cell in producing a somatic

cell.

The iPS cell establishment efficiency improver of the
present invention is capable of remarkably improving the

efficiency of establishment of an iPS cell from a somatic cell,

.as stated above, and is therefore useful in, for example,

applications to.human transplantation medicine by autoiogoué

transplantation.

Brief Description of the Drawings

Fig. 1 is a schematic diagram showing the steps for
narrowing down entry clones by function from human Gateway®
entry clones (N. Goshima et al., Nafure methods, 2008).

Fig. 2 outlines the procedures used to prepare a
transcription factor library for screening for scmatic cell
reprogramming factor from an entry clone of transcription
factor.

Fig. 3 is a photographic representation of the morphology
of GFP-positive colonies obtained by transferring a total of 4
different genes, i.e., 3 genes (Oct3/4, Sox2, c-Myc) and GO06
(gene codée name: GLIS1), HO8 (gene code name: DMRTBl) or HI1O0
(gene code name: PITX2), into Nanog-GFP mouse dermal
fibroblasts by means of retrovirus. “K1f-G6-1” indicates an -
iPS cell clone obtained by tfansferring GO6 (gene code name:
GLIS1l) along with the 3 genes; "K1f-HB-2" indicates an iPS
cell clone obtained by transferring HO8 (gene code name:
DMRTB1) along with the 3 genes; “K1f-H10-1" and “K1f-H10”
indicate iPS cell clones obtained.by transferring H10 (gene

code name: PITX2) along with the 3 genes. PO shows photographs
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taken at the time of colony establishment; Pl shows

photographs for the 1lst generation (24 wells); P2 shows
photographs for the 2nd generation (6 wells). For each set of
three photographs, the left panel shows an image of GFP-
positive colonies, the central panel shows a phase-contrast
image, and the right panel shows a superposed photograph of
the GFP-positive colony image and the phase-contrast image.
Only K1f-H10-1 was established by the Reseed method, whereas
the others were established by the MSTO method.

Fig. 4 is a photographic representation of the morphology
cf GFP-positive colonies obtained by transferring a total of 4
different genes, i.e., 3 genes (Oct3/4, SogZAICrMyq) and F09 .
‘(gene code name: IRX6), GO6 (gene cédé name:AGLISi)f;HOBEkéehe
code name: DMRTB1l) or H10 (gene code name: PITX2), into Nanog-
GFP mouse dermal fibroblasts by means of retrovirus, as of the
time of establishment of the colonies. “K1f-F9” indicates an
iPS cell clone obtained by transferring F09 (gene code name:
IRX6) along with the 3 genes; “K1f-G6-1” and “Kl1f-G6-2”
indicate iPS cell clones obtained by transferring GO6 (gene
code name: .GLIS1) along with the 3 genes; “K1f-H8-1" and “Klf-
HB8-2” indicate iPS cell clones obtained by transferring HOB
(gene code name: DMRTB1) along with the 3 genes; “K1f-H10”
indicates an iPS cell clone obtained by transferring H10 (gene
code name: PITX2) along with the 3 genes. ™“Reseed” shows the
results obtained by the Reseed method; “MSTO” shows the
results obtained by the MSTO method.

Fig. 5 is a photographic representation of the results of
genomic—PCR on the G6-1 (K1f-G6-1), H8-2 (K1f-HB-2) and HI10
(K1f-H10) iPS cell clones, wherein “skin” indicates the
fibroblast used as a source of somatic cells, and “plasmid”
indicates positive .controls prepared by amplifying each gene
integrated into pMXs.

Fig. 6 is a photographic representation of the results of
genomic-PCR on an H10. (K1f£-H10) iPS cell clone other than that

shown in Figure 5. In Figure 6, “skin” indicates the
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fibroblast used as a source of somatic cells, and “plasmid”
indicates positive controls prepared by amplifying each gene
integrated into pMXs.

Fig. 7 is a photographic representation of the results of
RT-PCR on the G6-1 (K1f-G6-1), H8-2 (K1f-H8-2) and H10 (K1lf-
H10) iPS cell clones, wherein “skin” indicates the fibroblast
used as a source of somatic cells; “ES” and “iPS” indicate
mouse ES cells and iPS cells; “Sox2 RT-™ is-a negative control.

Fig. 8 is a photographic representation of the results of
RT-PCR on an H10 (K1f-H10) iPS cell clone other than that in
Figure 7. 1In this figure, “skin” indicates the fibroblast used
as a source of somatic cells; “ES” ‘and “iPS” indicate mouse ES
cells and iPS cells; “Sox2 RT-” is a negative control.

Fig. 9 is a graphic representation of the results of
counting colonies of iPS cells (GFP-positive cells)
established by transferring a combination of 2 factors (Oct3/4,

Sox2) or 3 factors (Oct3/4, Sox2, K1f4) with G6 (GLIS1l), H8

" (DMRTB1) or H10 (PITX2), into Nanog-GFP mouse dermal

fibroblasts. The results of three (foﬁr for the control only)
independent experiments are summarized. '

Fig. 10 shows the number of Nanog-GFP-positive colonies
from indicated factor-transduced skin fibroblasts 22 days
after infection. -

Fig. 11 shows the ratio of Nanog-GFP-positive colonies
ffom indicated factor-transduced skin fibroblasts 22 days
after infection. The graph shows the mean of three independent
experiments with standard deviation (error bar). **: p<0.01

Fig. 12 shows Nanog-GFP-positive colonies from skin
fibroblasts (P0; passage 0). Fluorescent images (left); Phase-
contrast images (middle); Marged images (right)

Fig. 13 shows the number of Nanog-GFP-positive colonies
from the indicated factor-transduced MEFs 20 days after
infection. After 3 days of infection, fibroblasts were
reseeded on feeder cells.

Fig. 14 shows the ratio of Nanog-GFP-positive colonies
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from indicated factor-transduced MEFs 20 days after infection.

The graph represents the mean of three independent experiments
with standard deviation (error bar). **: p<0.01

Fig. 15 shows Nanog-GFP-positive colonies from MEFs (PO;
passage 0). Fluorescent images (left); Phase-contrast images
(middle); Marged images (right)

Fig. 16 is a graphic representation of the results of
counting colonies of iPS cells (ES-like cells) established by.
transferring a combination of 3 factors (Oct3/4, Sox2, ‘c-Myc)
with K1f4 and/or G6 (GLIS1l) into adult human dermal
fibrqblasts (HDF) , wherein "104" and "105" indicate the
results for 5x10% cells/100 mm dish reseeded onto feeder cellé,
and for 5x10° cells/100 mm dish, respectively. The results of
three independent experiments are summarized.

Fig. 17 is a graphic representation of the results of
counting colonies of non-iPS cells (non-ES-like cells)
established by transferring a combination of 3 factors (Oct3/4,
Sox2, c-Myc) with Klf4.and/or G6 (GLIS1l) into adult human
dermal fibroblasts (HDF), wherein "104" and "105" indicate the
results for 5x10? cells/100 mm dish reseeded onto feeder cells,
and for 5x10° cells/100 mm dish, respectively. The results of
three independent experiments are summarized.

Fig. 18 is a photographic representation of phase-
contrast images of iPS colonies (ES-like colonies) established
with Oct3/4, Sox2, c-Myc, K1f4 and G6.

Fig. 19 shows the number of ESC-like colonies from
indicated factor-transduced human dermal fibroblasts (upper: 5
x 10% cells, lower: 5 x 10° cells) approximately 30 days after
infection.

Fig. 20 shows the ratio of ESC-like colonies from
indicated factor-transduced human dermal fibroblasts (upper: 5
x 1_04 cells, lower: 5 x 10° cells) approximately 30 days after
infection. The graphs show the mean of three independent
experiments with standard deviation (error bar). *: p<0.05;

**: p<0.01
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Fig. 21 shows human ESC-like colonies generated by OSK +

GLISI.

Fig. 22 shows the genomic-PCR analyses of transduced
genes in established human iPS clones. AHDF: adult human
dermal fibroblast

Fig. 23 shows the RT-PCR analyses of ESC-marker genes in
human iPSCs generated by OSK + GLISl. AHDF: adult human dermal
fibroblast; 201B7: human iPS clone generated by OSKM

Fig. 24 shows scatter plots comparing global gene
expression between iPSCs generated with OSK + GLIS1 and adult
HDFs (upper), and between OSK + GLISl-transduced iPSCs and
OSKM-transduced iPSCs (lower), as determined by DNA microarray.
The correlation coefficient (R2) was calculated.

Fig. 25 shows teratoma formation of human iPSCs generated
with OSK + GLIS1.

Fig. 26 shows the expression of GLIS1 in various mouse
tissues. The total RNA isolated from each mouse tissue was
examined by quantitative RT-PCR. The graph shows the mean of
four independent experiments with standard deviation (error
bar) . ‘

~ Fig. 27 shows the quantitative RT-PCR analyses of
endogenous GLIS]1 in skin fibroblasts exposed to GLIS1 shRNAs.
The graph represents the mean of two independent experiments
with average error (error bar).

Fig. 28 shows the effect of GLIS1 shRNAs on iPSC
establishment efficiency by 3 reprogramming factors (OSK).

Four weeks after transduction of OSK into skin fibroblasts
with or without GLIS1 shRNA, the numbers of Nanog-GFP-positive

colonies were counted.

Detailed Description of the Invention

The present invention provides a method of improving the
efficiency of establishment of iPS cells, comprising contacting
(1) one or more substances selected from the group consisting

of members of the GLIS family and nucleic acids that encode
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the same, and (2) one or more substances selected from the

group consisting of members of the K1f family and nucleic
acids that encode the same (hereinafter also referred to as
establishment efficiency improving factors of the present
invention), with the somatic cell, in the step of nuclear
reprogramming of a somatic cell. Because the somatic cell
nuclear reprogramming is achieved by contacting a nuclear
reprogramming substance with a somatic cell, the present.
invention also provides a method of producing an iPS cell,
comprising contacting (3) a nuclear reprogramming substance
capable of inducing an iPS cell from a somatic cell by being
combined with the substances (1) and (2) above (hereinafter
also simply referred to as a nuclear reprogramming substance),
along with the substances (1) and (2) above, with a somatic
cell. Herein, a case wherein iPS cells cannot be established
with the substance (3) above (nuclear reprogramming substance)
alone, but can be established when the nuclear reprogramming
substance, along with iPS cell establishment éfficiency
improving factor of the present invention, is contacted with a
somatic cell, is also deemed "an improvement of the efficiency
of establishment”.

(a) Sources of somatic cells

Any cells other than germ cells of mammalian origin (e.g.,
humans, mice, monkeys, bovines, pigs, rats, dogs etc:) can be
used as starting material for the production of iPS cells in
the present invention. Examples include keratinizing
epithelial cells (e.g., keratinized epidermal cells), mucosal
epithelial célls Ke.g., epithelial cells of the éuperficial
layer of tongue), exocrine gland epithelial cells (e.qg.,
mammary gland cells), hormone-secreting cells (e.g.,
‘adrenomedullary cells), cells for metabolism or storage (e.g.,
liver cells), intimal epithelial cells constituting interfaces
(e.g., type I alveolar cells), intimal epithelial cells of the
obturator canal (e.g., vascular endothelial cells), cells

having cilia with transporting capability (e.g., airway
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epithelial cells), cells for extracellular matrix secretion

(e.g., fibroblasts), constrictive cells (e.g., smooth muscle
cells), cells of the blood and the immune system (e.g., T
lymphocytes), Seﬁge—related cells (e.g., bacillary cells),
autonomic nervous system neurons (e.g., cholinergic neurons),
sustentacular cells of sensory organs and peripheral neurons
(e.g., satellite cells), nerve cells-and glia cells of the
central nervous system (e.g., astroglia cells), pigment cells
(e.g., retinal pigment epithelial cells), progenitor cells ‘
(e.g., tissue progenitor cells) thereof and the like. There is
no limitation on the degree of cell differentiation, the age
of an aﬁihal from which cells are collected and the like; even
undifferentiated progenitor cells (ihcluding somatic stem
cells) and finally differentiated mature cells can be used
alike as sources of somatic cells in the present invention.
Examples of undifferentiated progenitor cells include tissue
stem cells (somatic stem cells) such as nerve stem cells,
hematopoietic stem cells, mesenchymal stem cells, and dental
pulp stem cells.

The choice of mammal individual as a source of somatic
cells is not particularly limited; however, when the iPS cells
obtained are to be used for regenerative medicime in humans,
it is particularly preferable, from the viewpoint of
prevention of graft rejection, to collect the somatic cells
from a patient or ahother person with the same or
substantially the same HLA type as that of the patient.
“Substantially the same HLA type” as used herein means that
the HLA type of donor matches with that of patient to the
extent that the transplanted cells, which have been obtained
by inducing differentiation of iPS cells derived from the
donor’s somatic cells, can be engrafted when they are
transplanted to the patient with use of immunosuppressant and
the like. For example, it includes an HLA type wherein major
HLAs (e.g., the three major loci of HLA-A, HLA-B and HLA-DR)

are identical (hereinafter the same meaning shall apply) and
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the like. When the iPS cells obtained are not to be
administered (transplanted) to a human, but used as, for
example, a source of cells for screening for evaluating a
patient’s drug susceptibility or adverse reactions, it is
likewise desired to collect the somatic cells from the patient
or another person with the same genetic polymorphism
correlating with the drug susceptibility or adverse reactions.
Somatic cells isolafed from a mammal can be pre-cultured
using a medium known per se suitable for their cultivation
according to the choice of cells before being sgbjected to the
step of nuclear reprogramming. Examples of such media include,
but are not limited to, minimal essential medium (MEM)
contaiﬁing about ‘5 to 20% fetal calf serum (FCS), Dulbecco’s
modified Eagle medium (DMEM), RPMI1640 medium, 199 medium, F12
medium, and the like. When a transfer reagent such as cationic
iiposome, for example, is used in bringing the somatic cell
into contact with an iPS cell establishment efficiency
improving factor of the present invention and a nuclear
reprogramming substance (and below-mentioned another iPS cell
establishment efficiency improver if required), it is
sometimes pfeferable that the medium have been replaced with a
serum-free medium so as to prevent the transfer efficiency

from decreasing.

(b) iPS cell establishment efficiency improving factors of the

present invention

In the present invention, the GLIS family is a Kruppel-
like zinc finger family having five C2H2 (Cys,-His,-type) Zinc
finger regions, which was named aftér its similarity to Gli
transcription factors [Glis= Gli similar, Kim, Y.S. et al., J.
Biol. Chem., 277(34), 30901-30913 (2002)]. The GLIS family is
membered by transcription factors that positively or
negatively control the expression of various genes in the
process of embryogenesis. Examples of members of this gene

family include, but are not limited to, GLIS family zinc
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finger 1 (GLIS1), GLIS2, GLIS3 and the like, with preference~

given to GLIS1. Note that GLIS1 is a gene not expressed in

mouse ES cells.

Although the members of the GLIS family used in the
present invention may be proteins derived from cells or
tissues [e.g., cells or tissues of thymus, bone marrow, spleen,
brain, spinal cord, heart, skeletal muscle, kidney, lung,
liver, pancreas or prostate, corresponding precursor cells,
stem cells or cancer cells thereof, and the like] of
optionally chosen mammals (e.g., humans, mice, rats, monkeys,
bovines, horses, pigs, dogs and thé like)  or nucleic acids
that encode the same, pfeferenéeiié_giﬁen to those derived
from a human or mouse cell or tissue.

Informafion on the amino acid sequences and cDNA
sequences of members of the GLIS family of human and mouse
origin can be acquired with reference to the NCBI accession
numbers shown in Table 1. Those skilled in the art are easily
able to isolate nucleic acids that encode the respective
proteins on the basis of the cDNA sequence information, and to

produce recombinant proteins as required.

Table 1

Gene code Humans Mice

name cDNA Protein cDNA Protein

GLIS1 NM 147193 NP 671726 NM 147221 NP_671754
(SEQ ID (SEQ ID - (SEQ ID (SEQ ID
NO:1) NO:2) NO:3) NO:4)

GLIS2 NM 032575 NP 115964 NM 031184 NP 112461

GLIS3 NM 001042413 | NP 001035878 |NM 175459 NP 780668

25

30

A natural or artificial mutant protein having an identity
of 90% or more, preferably 95% or more, more preferably 98% or
more, particularly preferably 99% or more, to each amino acid
sequence shown above, and possessing an iPS cell establishment
efficiency improving effect equivalent to that of the wild-
type protein, and a nucleic acid that encodes the same, can
also be utilized as an iPS cell establishment efficiency
the effect in

improving factor of the present invention. Here,
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improving the efficiency of establishment of iPS cells can bé

verified by comparing the number of emerging iPS cell colonies
between a case wherein only specified reprogramming factors
(e.g., the 2 factors Oct3/4 and Sox, the 3 factors consisting
of the 2 factors and c-Myc, and the like) are transferred to
the somatic cell, and a case wherein in addition to
transferring the reprogramming factors, an iPS cell
establishment efficiency improving factor of the present
invention is contacted with the somatic cell.

Regarding the members of the GLIS family of the present
invention and nucleic acids that encode the same, any one of
the factors belonging to the family may be used alone, and two
or more may be used in combination.

The K1f (Kriippel-like factor) family is membered by
transéription factors that control various biological
processes such as proliferation, differentiation, genesis, and
apoptosis [McConnell, B.B. et al., Bioassays, 29: 549-557
(2007)], but their functions remain to be clarified in detail.
Examples of members of this gene family include, but are not
limited to, K1fl, K1f2, K1f4, K1f5 and the like, with
preference given to K1f4. As stated above, the GLIS family has
five C2H2 type Zinc finger regions, whereas the Klf family has
three C2H2 type Zinc finger regions.

Yamanaka et al. hypothesized that the same four genes
(Oct3/4, Sox2, K1f4 and c-Myc) could be substituted by other
genes belonging to the same respective families, and showed
that iPS cells could be established even when K1f4 was
replaced with K1fl, K1f2 or Klf5 [WO 2007/069666 Al; Nakagawa,
M. et al., Nat. Biotethnol., 26: 101-106 (2008)]. When ES
cells are treated with retinoic acid to induce their
differentiation, not only K1f4, but also K1f2 and K1f5
decrease their expression. Taking nofe of this fact, a group
of Jiang et al. recently knocked down K1f2, K1f4 and KI1f5
simultaneously, and found that differentiation was induced in

the ES cells, showing that at least some of the members of the
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K1f family, such as K1f2 and K1£f5, can functionally substituté
for K1f4 in ES cells [Jiang, J. et al., Nat. Cell Biol., 10:
353-360 (2008)]. They proceeded to transfer the K1f2 or K1f5
gene, or other transcription factors or epigenetic regulatory
factors, along with the three genes Oct3/4, Sox2 and c-Myc,
into MEF, confirming that K1f2 and K1f5 can substitute for
K1f4, and finding that Esrrb, an orphan nuclear receptor
resembling to estrogen receptors, is also capable of
substituting for K1f4 [Feng, B. et al., Nat. Cell Biol., 115
197—203 (2009)]. These findings lead to the notion that K1fl1,
K1f2, K1f5, and even Esrrb, also possess the effect of K1f4
confirmed in Examples given herein (an improvement of the
efficiency of establishment of iPS cells with the use in
combination with the GLIS family) .

Although the members of the K1f family used in the
present invention may be proteins derived from cells or
tissues [e.g., cells or tissues of tﬁymus, bone marrow, spleen,
brain, spinal cord, heart, skeletal muscle, kidney, lung,
liver, pancreas or prostate, corresponding precursor celis,
stem cells or cancer cells thereof, and the likel] of
optionally chosen mammals (e.g., humans, mice, rats, monkeys,
bovines, horses, pigs, dogs and the like) or nucleic acids
that encode the same, preference is given to those of human or
mouse origin.

Information on the amino acid sequences and cDNA
sequences of members of the K1f family of human and mouse
origin can be acquired with reference to the NCBI accession
numbers shown in Table 2. Those skilled in the art are easily
able to isolate nucleic acids that encode the respective
proteins on the basis of the cDNA sequence information, and to

produce recombinant proteins as required.
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Table 2

Gene code Humans Mice

name cDNA Protein cDNA Protein

K1fl NM 006563 NP 006554 NM 010635 NP 034765

K1£f2 NM 016270 NP 057354 NM 008452 NP 032478

K1f4 NM 004235 NP 004226 NM 010637 NP 034767
(SEQ ID“NO:S) (SEQ ID NO:6) (SEQ ID (SEQ ID

NO:7) NQO:8)
K1£5 NM 001730 [NP_001721 NM 009769 NP 033899

A natural or artificial mutant protein having an identity

of 90% or more, preferably 95% or more, more prefefably 98% or

-more, particularly preferably 99% or more, to each amino acid

sequence shown above, and possessing an iPS cell establishment
efficiency improving effect equivalent to that of the wild-
type brotein, and ‘a nucleic. acid that encodes the same, can
also be utilized as an iPS cell establishment efficiency
improving factor of the present invention.

Regarding the members of the K1f family of the present
invention and nucleic acids that encode the same, any one of
the factors belonging to the family may be used alone, and two
or more may be used in combination. |

Provided that the somatic cell to undergo nuclear
reprogramming is endogenously expressing one or more of the
constituents of any one of members of £he GLIS family, or
members of the K1lf family, which are the above-described iPS
cell establishment efficiency improving factors of the present
invention, at a level sufficient to improve the establishment
efficiency, a combination of only the remaining constituents
excluding.the endogenously expressed constituents can also be
included in the scope of "iPS cell establishment efficiency
improving factor" in the present invention. |

Transfer of an iPS cell establishment efficiency
improving factor of the present invention in the form of a
protein to a somatic cell can be achieved using a method known

per se for protein transfer into a cell. Such methods include,
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for example, the method using a protein transfer reagent, the
method using a protein transfer domain (PTD) or cell
penetrating peptide (CPP) fusion protein, the microinjection
method and the like. Protein transfer reagents are
commercially available, including those based on a cationic
lipid, such as BioPOTER Protein Delivery Reagent (Gene Therapy
Systems), Pro-Ject™ Protein Transfection Reagent (PIERCE) and
ProVectin (IMGENEX); those based on a lipid, such as Profect-1
(Targeting Systems); those based on a membrane-permeable
peptide, such as Penetrain Peptide (Q biogene) and Chariot Kit
(Active Motif), GenomONE (ISHIHARA SANGYO KAISHA, LTD.)
utilizing HVJ envelope (inactivated hemagglutinéting virus of
Japan) and the like. The transfer can be achieved per the
protocols attached to these reagents, a common procedure being
as described below. A proteinous iPS cell establishment
efficiency improving factor of the present invention is
diluted in an appropriate solvent (e.g., a buffer solution
such as PBS or HEPES), a transfer reagent is added, the
mixture is incubated at room temperature for about 5 to 15
minutes to form a complex, this complex is added to cells
after exchanging the medium with a serum-free medium, and the
cells are incubated at 37°C for one to several hours.
Thereafter, the medium is removed and replaced with a serum-
containing medium.

Developed PTDs include those using transcellular domains
of proteins such as drosophila-derived AntP, HIV-derived TAT
(Frankel, A. et al, Cell 55, 1189-93 (1988) or Green, M. &
Loewenstein, P. M. Cell 55, 117%-88 (1888)), Penétratin
(Derossi, D. et al, J. Biol. Chem. 269, 10444-50 (199%4)),
Buforin II (Park, C. B. et al. Proc. Natl Acad. Sci. USA 97,
8245-50 (2000)), Transportan (Pooga, M. et al. FASEB J. 12,
67-77 (1998)), MAP (model amphipathic peptide) (Oehlke, J. et
al. Biochim. Biophys. Acta. 1414, 127-39 (1998)), K-FGF (Lin,
Y. Z. et al. J. Biol. Chem. 270, 14255-14258 (1995)), Ku70
(Sawada, M. et al. Nature Cell Biol. 5, 352-7 (2003)), Prion
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(Lundberg, P. et al. Biochem. Biophys. Res. Commun. 299, 85—901
(2002)), pVEC (Elmguist, A. et al. Exp. Cell Res. 269, 237-44
(2001)), Pep-1 (Morris, M. C. et al. Nature Biotechnol. 19,
1173-6 (2001)), Pep-7 (Gao, C. et al. Bioorg. Med. Chem. 10,
4057-65 (2002)), SynBl (Rousselle, C. et al. Mol. Pharmacol.
57, 679-86 (2000)), HN-I (Hong, F. D. & Clayman, G L. Cancer
Res. 60, 6551-6 (2000)), and HSV-derived VP22. CPPs derived
from the PTDs include polyarginines such as 11R (Cell Stem
Cell, 4,381-384 (200%9)) and 9R (Cell Stem Cell, 4, 472-476
(2009)) . | o

A fused protein expression vector incdrpopating cDNA off
an iPS cell establishment efficighéy"improving-faéféf'of the
present invention and PTD sequéﬁcé or CPP sequence is prepared,
and recombination expression is performed using the vector.

The fused protein is recovered and used for transfer. Transfer
can be performed in the same manner as above except that a
protein transfer reagent is not added.

* Microinjection, a method of placing a protein solution in
a glass needle having a tip diameter of about 1 pum, and
injecting the solution into a cell, ensures the transfer of
the protein into the cell.

Other useful methods of pfotein transfer include
electroporation, the semi-intact cell method [Kano, F. et al.
Methods in Molecular Biology, Vol. 322, 357-365 (2006) 1,
transfer using.the Wr-t peptide [Kondo, E. et al., Mol. Cancer
Ther. 3(12), 1623-1630 (2004)] and the like. |

The protein transferring operation can be performed one
or more optionally chosen times (e.g., once or more to 10
times or less, or.once or more to 5 times or less and the
like). Preferably, the transferring operation can be performed
twice or more (e.g., 3 times or 4 times) repeatedly. The time
interval for repeated transferring operation is, for example,

6 to 48 hours, preferably 12 to 24 hours.
When iPS cell establishment efficiency is emphaéized, it

is preferable that an iPS cell establishment efficiency
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improving factor of the present invention be used not as a
protein, but in the form of a nucleic acid that encodes the
same. The nucleic acid may be a DNA or RNA, and may be a
DNA/RNA chimera, with preference given to a DNA. The nucleic
acid may be double-stranded or single-stranded. In the case of
a double strand, the same may be a double-stranded DNA, a
double-stranded RNA, or a DNA/RNA hybrid. Preferably, the
nucleic acid is a double-stranded DNA, particularly a cDNA.

A nucleic acid-based iPS cell establishment efficiency
improving factor.of the present invention can be cloned from,
for example, a cDNA derived from cells or tissues [e.g., cells
or tissues of thymus, bone marrow, spleen, brain, spinal cord,
heart, skeletal muscle, kidney, lung, liver, pancreas or
prostate, corresponding precursor cells, stem cells or cancer
cells thereof, and the like] of humans or other mammals (e.g.,
mouse, rats, monkeys, pigs, dogs and the like), according to a
conventional method. .

Transfer of an iPS cell establishment  efficiency
improving factor of the present invention to a somatic cell
can be achieved using a method known per se for gene transfer

to cells. A nucleic acid that encodes an iPS cell

‘establishment efficiency. improving factor of the present

invention is inserted into an appropriate expression vector
comprising a promoter capable of functioning in a host somatic
cell. Useful expression vectors include, for example, viral
vectors such as retrovirus, lentivirus, adenovirus, adeno-
associated virus, herpesvirus and Sendai virus, plasmids for
the expression in animal cells (e.g., pAl-11, pXTl, pRc/CMV,
pPRc/RSV, pcDNAI/Neo) and the like.

The type of a vector to be used can be chosen as
appropriate according to the intended use of the iPS cell to
be obtained. Useful vectors include adenovirus vector, plasmid
vector, adeno-associated virus vector, retrovirus vector,
lentivirus vector, Sendai virus vector and the like.

Examples of promoters used in expression vectors include
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the EFla promoter, the CAG promoter, the SRa promoter, the
SV40 promoter, the LTR promoter, the CMV (cytomegalovirus)
promoter, the RSV (Rous sarcoma virus) promoter, the MoMuLV
(Moloney mouse leukemia virus) LTR, the HSV-TK (herpes simplex
virus thymidine kinase) promoter and the like, with preference
given to the EFla promoter; the CAG promoter, the MoMuLV LTR,
the CMV promoter, the SRa promoter and the like.

The expression vector may contain as desired, in addition
to a promoter, an enhancer, a polyadenylation signal, a
selectable marker gene, a SV40 replication origin and the like.
Examples of selectable marker genes include the'dihydrofolate
reductase gene, the neomycin resistant gene, the puromycin
resistant gene and the like. _

Regarding the nucleic acids that encode iPS cell
establishment efficiency improving factors of the present
invention, any one may be integrated onto an expression vector
alone, and some in combination may be integrated onto one
expression vector. Furthermore, the nucleic acid(s) may be
integrated onto one expression vector along with one or more
reprogramming genes.

Ih the above-described procedure, when genes of iPS cell
establishment efficiency improving factors and reprogramming
factors of the present invention are integrated in combination
into one expression vector, these genes can preferably be
integrated into the expression vector via a sequence enabling
polycistronic expression. Using a sequence enabling
polycistronic expression makes it possible to more efficiently
express a plurality of genes integrated in one expression
vector. Useful sequences enabling polycistronic expression
include, for example, the 2A sequence of foot-and-mouth
disease virus (SEQ ID NO:9; PLoS ONE 3, e2532, 2008, Stem
Cells 25, 1707, 2007), the IRES sequence (U.S. Patent No.
4,937,190) and the like, with preference given to the 2A
sequence. |

An expression vector comprising a nucleic acid that

23



10

15

20

25

30

35

WO 2011/102531 PCT/JP2011/053874

encodes an iPS cell establishment efficiency improving factor
of the present invention can be introduced into a cell by a
technique known per se according to the choice of vector. In
the case of a viral vector, for example, a plasmid containing
the nucleic acid is introduced into an appropriate packaging
cell (e.g., Plat-E cell) or a complementary cell line (e.qg.,
293-cells), the viral vector produced in the culture
supernatant is recovered, and the vector is infected to the
cell by a method suitable for the viral vector. For example,
specific means using a retroviral vector are disclosed in
W02007/69666, Cell, 126, 663-676 (2006) énd Cell, 131, 861-
872 (2007). Specific means using a lentivirus vector is
disclosed in Science, 318, 1917-1920 (2007). When iPS cells
are utilized as a source of cells for regenerative medicine,
the expression (reactivation) of an iPS cell establishment
efficiency improving factor of the present invention or the
activation of an endogenous gene present in the vicinity of
the Site where the exogenous gene is integrated potentially
increases the risk of carcinogenesis in tissues regenerated
from differentiated cells of iPS cell derivation. Therefore,
the nucleic acid that encodes an iPS cell establishment
efficiency improving factor of the present invention is
preferably expressed transiently, without being integrated
into the chromosome of the cells. From this viewpoint, use of
an adenoviral vector, whose integration into chromosome is
rare, is preferred. Specific means using an adenoviral vector
is described in Science, 322, 945-949 (2008). Because an
adeno-associated viral vector is also low in the frequency of
integration into chromosome, and is lower than adenoviral
vectors in terms of cytotoxicity. and inflammation-inducibility,

it can be mentioned as another preferred vector. Because

-Sendai viral vector is capable of being stably preéent outside

the chromosome, and can be degraded and removed using an siRNA
as required, it is preferably utilized as well. Regarding a

Sendai viral vector, one described in J. Biol. Chem., 282,
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27383-27391 (2007), Proc. Jpn. Acad., Ser. B 85, 348-362

(2009) or JP-B-3602058 can be used.

When a retroviral vector or a lentiviral vector is used,
even if silencing of the transgene has occurred, it possibly
becomes reactivated. Therefore, for example, a method can be
used preferably wherein a nucleic acid encoding an iPS cell
establishment efficiency improving factor of the present

invention is cut out using the Cre-loxP system, when becoming

- unnecessary. That is, with loxP sequences arranged on both

ends of the nucleic acid in -advance, iPS_cells are induced,
thereafter the Cre recombinase is allowed to act on the cells
using a plasmid vector or adenoviral vector, and the-region
sandwiched by the 1loxP sequences can be cut out. Because the
enhancer-promoter sequence_of the LTR U3 region possibly
upregulates a host gene in the vicinity thereof by insertion
mutation, it is more preferable to avoid the expression
regulation of the éndogenoué gene by the LTR outside of the
'loxP sequence remaining in the genome without being cut out,
using a 3'-self-inactivated (SIN) LTR prepared by deleting the
sequence, or substituting the sequence with a polyadenylation
sequence such as of SV40. Specific means using the Cre-loxP
system and SIN LTR is disclosed in Soldner et al., Cell, 136:
964-977 (2009), Chang et al., Stem Cells, 27: 1042-1049 (2009)
and the like.

Meanwhile, being a non-viral vectdr, a plasmid vector can
be transferred into a cell using the lipofection method,
liposome method, electroporation method, calcium phosphate co-
precipitation method, DEAE dextran method, microinjection
method, gene gun method and the like. Specific means using a
plasmid as a véctor are described in, for example, Science,
322, 949-953 (2008) and the like.

When a plasmid vector, an adenovirus vector and the like
are used, the transfection can be performed once or more
optionally chosen times (e.g., once to 10 times, once to 5

times or the like). When two or more kinds of expression
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vectors are introduced into a somatic cell, it is preferable
that these all kinds of expression vectors be concurrently
introduced into a somatic cell; however, even in this case,
the transfection can be performed once or more cptionally
chosen times (e.g., once to 10 times, once to 5 times or the
like), preferably the.transfection can be repeatedly performed
twice or more (e.g., 3 times or 4 times). _

.Also when an adenovirus or a plasmid is used, the
transgene can get integrated into chromosome; therefore, it is
eventually necessary to confirm the absence of insertion of
the gene into chromosome by Southern blotting or PCR..- For this
reason, like the aforementioned Cre-loxP system;. it-caﬁ be
advantageous to use a means whefeinthé“tranégené is
integrated into chromosome, thereafter the gene is removed. In
another preferred mode of embodiment, a method can be used
wherein the transgene is integrated into chromosome using a

transposon, thereafter a transposase is allowed to act on the

.cell using a plasmid vector or adenoviral vector so as to

completely eliminate the transgene from the chromosome. As
examples of preferable transposons, piggyBac, a transposon
derived from a lepidopterous insect, and the like can be
mentioned. Specific means using the piggyBac transposon is
disclosed in Kaji, K. et al., Nature, 458: 771-775 (2009),
Woltjen et al., Nature, 458: 766-770 (2009).

Another preferable non-integration type vector is an
episomal vector, which is capable of self-replication outside
the chromosome. Specific means using an episomal vector is
disclosed in Yu et al., Science, 324, 797-801 (2009). As
required, an expression vector may be constructed by inserting

a nucleic acid that encodes an iPS cell establishment

.efficiency improving factor of the present invention into an

episomal vector having loxP sequences placed in the same
orientation on the 5’ and 3’ sides of the vector constituent
essential for the replication of the episomal vector, and this

can be transferred to a somatic cell.
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Examples of the episomal vector include a vector

comprising as a vector component a sequence derived from EBV,
SV40 and the like necessary for self-replication. The vector
component necessary for self-replication is specifically '
exemplified by a replication origin and a gene that encodes a
protein that binds to the replication origin to control the
replication; examples include the replication origin oriP and
the EBNA-1 gene for EBV, and the replication origin ori and
the SV40 large T ‘antigen gene for SV40.

‘The episomal expression vector contains a promoter that
controls the transcription of a nucleic acid that encodes an
iPS cell establishment efficiency improving factor of the
present invention. The promoter used may be as described above.
The episomal expression vector may further contain as desired
an enhancer; a polyadenylation signal, a selection marker gene
and the like, as described above. Examples of the selection
marker gene include the dihydrofolate reductase gene, the
neomycin resistance gene and the like. |

The loxP sequences useful in the present invention
include, in addition to the bacteriophage Pl-derived wild type
loxP ‘sequence (SEQ ID NO:lO); optionally chosen mutant loxP
sequences .capable of deleting the sequence flanked by the loxP
sequence by recombination when placed in the same orientation
at positions flanking a vector component necessary for the
replication of the transgene. Examplés of such mutant loxP
sequences include lox71 (SEQ ID NO:11), mutated in 5’ repeat,
lox66 (SEQ ID NO:12), mutated in 3’ repeat, and lox2272 and
lox511, mutated in spacer portion. Although the two loxP
sequences placed on the 5’ and 3’ sides of the vector
component may be identical or not, the two mutant loxP
sequences mutated in spacer portion must be identical (e.g., a
pair of lox2272 sequences, a pair of lox511 sequences).
Preference is given to a combination of a mutant loxP sequence
mutated in 5’ repeat (e.g., lox71) and a mutant loxP sequence

mutated in 3’ repeat (e.g., lox66). In this case, the loxP
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sequences remaining on the chromosome as a result of
recombination have double mutations in the repeats on the 5’
side and 3’ side, and are therefore unlikely to be recognized
by Cre recombinase, thus reducing the risk of causing a
deletion mutation in the chromosome due to unwanted
recombination. When the mutant loxP sequences lox71 and lox66
are used in combination,; each may-be placed on any of the 5’
and 3’ sides of the aforementioned vector component, but it is
necessary that the mutant loxP. sequences be inserted in an
orientation such that the mutated sites would be located at
the outer ends of the respective loxP sequences.

Each of the two loxP sequences is placed in the same
orientation on the 5’ and 3’ sides of a vector constituent
essential for the replication of the transgene (i.e., a
replication origin, or a gene sequence that encodes a protein
that binds to the replication origin to control the
replication). The vector constituent flanked by the loxP
sequences may be either the replication_origin or a gene
sequence that encodes a protein that binds to a replication
origin to control the replication, or both.

The episomal vector can be introduced into the cell using,
for example, the lipofection method, liposome method, _
electroporatidn method, calcium phosphate co-precipitation
method, DEAE dextran method, microinjection method, gene gun
method and the like. Specifically, for example, methods
described in Science, 324: 797-801 (2009) and elsewhere can be
used. '

Whether or not the vector component necessary for the
replication of the transgene has been removed from the iPS
cell can be confirmed by performing a Southern blot analysis
or PCR analysis using a nucleic acid comprising a nucleotide
sequence in the vector component and/or in the vicinity of
loxP sequence as a probe or primer, with the episome fraction
isolated from the iPS cell as a template, and determining the

presence or absence of a band or the length of the band
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detected. The episome fraction can be prepared by a method
obvious in the art; for example, methods described in Science,
324: 797-801 .(2009) and elsewhere can be used.

(c) Nuclear reprogramming substances

In the present invention, “a nuclear reprogramming
substance” refers to any substance(s) capable of inducing an
iPS cell from a somatic cell, which_may be composed of any
substance such as a proteinous factor or a nucleic acid that
encodes the same (including forms intégrated in a vector), or
a low—mglecular compound, when transferred to the somatic cell,
or when contacted with the sométic cell along with
establishment efficiency improving factors of the present
invention [(l) one or more substances selected from the group
consisting of members of the GLIS faﬁily-and.nucleic acids
that encode the same, and_(2) one or more substances selected
from the group consisting of'ﬁembers of the K1f family and
nucleic acids that encode the same]. As a known nuclear
reprogramming substance that is a proteinous factor or a.
nucleic acid that encodes the éame, the following combinations,
for example, are preferable (hereinafter, only the names for
proteinous factors are shown).

(1) Oct3/4, K1f4, c-Myc

(2) Oct3/4, Kl1f4, c-Myc, Sox2 (Sox2 is.replaceable with Sox1,

Sox3, Sox1l5, Soxl7 or Soxl1lB8; K1f4 is replaceable with K1f1,

K1f2 or K1£f5; c-Myc is replaceéble with T58A (active mutant),

or L-Myc) -

(3) Oct3/4, K1f4, c-Myc, Sox2, Fbx1l5, Nanog, ERas, Tcll

(4) Oct3/4, K1f4, c-Myc, Sox2, TERT, SV40 Large T antigen
(hereinafter SV40LT)

(5) Oct3/4, K1f4, c-=Myc, Sox2, TERT, HPV16 E6

(6) Oct3/4, K1f4, c-Myc, Sox2, TERT, HPV16 E7

(7) Oct3/4, K1f4, c-Myc, Sox2, TERT, HPV16 E6, HPV16 E7

(8) Oct3/4, K1f4, c-Myc, Sox2, TERT, Bmil

[For more information on the factors shown above, see WO

2007/069666 (for information on replacement of Sox2 with Sox18
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2007/069666 (for information on replacement of Sox2 with Sox18
and replacement of K1f4 with KI1fl or K1f5 in the combination
(2) above, see Nature Biotechnology, 26, 101-106 (2008)); for
the combination “Oct3/4, K1f4, c-Myc, Sox2”, see also Cell,
126, 663-676 (2006), Cell, 131, 861-872 (2007) and the like;
for the combinaticn “Oct3/4, K1f2 (or K1fb5), c-Myc, Sox2”, see
also Nat. Cell Biol., 11, 197-203 (2009); for the combination
“Oct3/4, K1f4, c-Myc, Sox2, hTERT, SV40 LT”, see also Nature,
451, 141-146 (2008).]

(9) Oct3/4, K1lf4, Sox2 (see Nature Biotechnology, 26, 101-106
(2008))

(10) Oct3/4, Sox2, Nanog, Lin28 (see Science, 318, 1917-1920
(2007))

(11) Oct3/4, Sox2, Nanog, Lin28, hTERT, SV40LT (see Stem Cells,
26, 1998-2005 (2008))

(12) Oct3/4, K1f4, c-Myc, Sox2, Nanog, Lin28 (see Cell
Research 18 (2008) 600-603)

(13) Oct3/4, K1f4, c-Myc, Sox2, SVAOLT (see Stem Cells, 26,
1998-2005 (2008))

(14) Oct3/4, K1f4 (see Nature 454:646-650 (2008), Cell Stem
Cell, 2, 525-528 (2008)))

(15) Oct3/4, c-Myc (see Nature 454:646-650 (2008))

(16) Oct3/4, Sox2 (see Nature, 451, 141-146 (2008),
wo2008/118820)

(17) Oct3/4, Sox2, Nanog (see W02008/118820)

(18) Oct3/4, Sox2, Lin28 (see W02008/118820)

(19) Oct3/4, Sox2, c-Myc, Esrrb (Here, Esrrb can be
substituted by Esrrg, see Nat. Cell Biol., 11, 197-203 (2009))
(20) Oct3/4, Sox2, Esrrb (see Nat. Cell Biol., 11, 197-203
(2009))

(21) Oct3/4, Klf4, L-Myc (see Proc. Natl. Acad. Sci. U S A.,
107(32), 14152-14157 (2010))

(22) Oct3/4, K1f4, Sox2, L-Myc, Lin28 (see W02011/016588)

(23) Oct3/4, Nanog

(24) Oct3/4 (Cell 136: 411-419 (2009)., Nature, 08436,
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doi:10.1038 published online(2009) _
(25) Oct3/4, K1f4, c-Myc, Sox2, Nanog, Lin28, SV40LT (see
Science, 324: 797-801 (2009))

In (1)-(25) above, Oct3/4 may be replaced with another
member of the Oct family, for example, OctlA, Oct6 or the like.
Sox2'(or Sox1l, Sox3, Soxl1l5, Soxl7, Sox18) may be replaced with
another member of the Sox family, for example, Sox7 or the
like. Furthermore, provided that c—Myé or Lin28 is included as
a nuclear reprogramming substance in the combinations (1)-(25)
above, L-Myc or Lin28B can be used in place of c-Myc or LinZ28,
respectively.

‘When the'combinatiOns'of~factors (1)-(25) above include
members of the K1f family, the "nuclear reprogramming
substance" used in combination with an iPS cell establishment’
efficiency improving factor of the present invention is
suitably one containiﬁg a factor other than these members of
the K1f family. When the combinations (1)-(25) above do not
include a member of the K1f family, nuclear reprogramming
substances used in combination with iPS cell establishment
efficiency improving factors of the present invention may be a
combination of the factors.

Combinations further comprising another optionally chosen
substance, in addition to the aforementioned nuclear
reprogramming substances, are also suitably used as a "nuclear
reprogramming substance” in the present invention. Provided
that the somatic cell to undergo nuclear reprogramming is
endogenously expressing one or more of the constituents of any
one of (1) to (25) above at a level sufficient to cause
nuclear reprogramming, a combination of only the remaining
constituents excluding the one or more constituents can also
be included in the scope of “nuclear reprogramming substances”
in the present invention. |

Of these combinations, one or more substances selected
from among members of the Oct family, members of the Sox

family, members of the Myc family, members of the Lin28 family
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and Nanog, for example, are preferable nuclear reprogramming
substances, with greater preference given to the combination
of Oct3/4 and Sox2, the combination of Oct3/4, Sox2 and c-Myc,
the combination of Oct3/4, Sox2 and L-Myc, or the combination
of Oct3/4, Sox2, L-Myc and Lin28.

While promoting the establishment of iPS cells, c-Myc
also promotes the generation of non-iPS transformed cells
(partially reprogrammed cells, nullipotent transformed cells).
The present inventors not only demonstrated that co-expressing
GLIS1 with Oct3/4, Sox2 and K1f4 dramatically promotes the
establishment of iPS cells from mouse and human adult skin
fibroblasts, but also revealed that GLIS1, unlike c¢-Myc, does
not promote the aforementioned genesis of non-iPS transfdrmed
cells. Therefore, it is particularly preferable to use GLIS1
without using c-Myc.

Information on rhe mouse and human cDNA sequences of the
aforementioned each proteinous factor is available with
reference to the NCBI accession numbers mentioned in WO
2007/069666 - (in the publication, Nanog is described as ECATA4.
Mouse and human cDNA sequence information on Lin28,'Lin28b,
Esrrb, Esrrg and L-Myc can be acquired by referring to the
following NCBI accession numbers, respectively); those skilled

in the art are easily able to isolate these cDNAs.

Name of gene Mouse Human

Lin28 NM 145833 'NM 024674
Lin28b NM 001031772 NM 001004317
Esrrb NM_011934 : NM 004452
Esrrg NM 011935 NM 001438
L-Myc NM 008506 NM 001033081

A proteinous factor for .use as a nuclear reprogramming
substance can be prepared by inserting the cDNA obtained into
an appropriate expression vector, introducing the vector into
a host cell, and recovering the recombinant proteinous factor
from the cultured cell or its conditioned medium. Meanwhile,

when a nucleic acid that encodes a proteinous factor is used
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as a nuclear reprogramming substance, the cDNA obtained is
inserted into a viral vector, episomal vector or plasmid
vector in the same manner as with the above-described case of
the nucleic acid-based iPS cell establishment efficiency
improving factor of the present invention to construct an
expression vector, which is subjected to the nuclear
reprogramming step. The aforementioned Cre-loxP system or

piggyBac transposon system can also be utilized as required.

" When two or more nucleic acids that encode two or more

proteinous factors are transferred to a cell as nuclear
reprogramming substances, the different nucleic acids may be
carried by sepérate veqtgrs,Vor.the:plurality pf.nﬁcleic acids
may be joined in tandem to obtéih a polyciétrdnic vector. In
the latter case, to allow efficient polycistronic expression,
it is desirable -that the 2A self;cleaving'peptide of foot-and-
mouth disease virus be inserted between the nucleic acids (see,
for example, Science, 322, 949-953, 2008).

Contact of a nuclear reprogramming substance with a
somatic cell can be achieved (a) in the same manner as with
the above-described proteinous iPS cell establishment
efficiency improving factor of the present invention when the
substance is a proteinous factor, or (b) in the same manner as
with the above-described nucleic acid-based iPS cell
establishment efficiency improving factor of the present
invention when the substance is a nucleic acid that encodes a
proteinous factor. (c) When the.nucleaf reprogramming
substance is a low-molecular compound, contacting with somatic
cells can be achieved by dissolving the low-molecular compound
at an appropriate concentration in an aqueous or non-aqueous
solvent, adding the solution to a medium suitable for _
cultivation of somatic cells isolated from human or the other
mammals [e.g., minimal essential medium (MEM) comprising about
5 to 20% fetal bovine serum, Dulbecco’s modified Eagle medium
(DMEM), RPMI1640 medium, 199 medium, F12 medium, and the like]

so that the nuclear reprogramming substance concentration will
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fall in a range that is sufficient to cause nuclear
reprogramming in somatic cells and does not cause cytotoxicity,
and culturing the cells for a given period. The nuclear
reprogramming substance concentration varies depending on the
kind of nuclear reprogramming substance used, and is chosen as

appropriate over the range of about 0.1 nM to about 100 nM.

~Duration of contact is not particularly limited, as far as it

is sufficient to cause nuclear reprogramming of the cells;
usually, the nuclear reprogramming substance may be allowed to
be co-present in the medium until a positive colony emerges.

(d) Other iPS cell establishment efficiency improvers

In recent years, various substances that improve the
efficiency of establishment of iPS cells, which has
traditionally been low, have been proposed one after another.
When contacted with a somatic cell along with the |
aforementioned iPS cell establishment efficiency improving
factor of the present invention, other iPS cell establishment
efficiency improvers are expecfed to further raise the
efficiency of establishment of iPS cells.

Examples of the. other iPS cell establishment efficiency
improvers include, but are not limited to, histone deacetylase
(HDAC) inhibitors except‘for VPA [e.g., low-molecular
inhibitors such as trichostatin A (TSA), sodium butyrate, MC

1293, and M344, nucleic acid-based expression inhibitors such

.as siRNAs and shRNAs against HDAC (e.g., HDAC1l siRNA Smartpool®

(Millipore), HuSH 29mer shRNA Constructs against HDAC1
(OriGene) and the like), and the like], DNA methyltransferase
inhibitors [e.g., 5’-azacytidine (5’-azaC) {[Nat. Biotechnol.,
26(7): 795-797 (2008)], GO9a histone methyltransferase
inhibitors [e.g., low-molecular inhibitors such as BIX-01294
(Cell Stem Cell, 2: 525-528 (2008)), nucleic acid-based
expression inhibitors such as siRNAs and shRNAs against G%a
[e.g., G9a siRNA (human) (Santa Cruz Biotechnology) and the
like) and the like], L-channel calcium agonists (e.qg.,

Bayk8644) [Cell Stem Cell, 3, 568-574 (2008)], p53 inhibitors
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[e.g., siRNA, shRNA, dominant negative mutants etc. against
p53 (Cell Stem Cell, 3, 475-479 (2008)); Nature 460, 1132-1135
(2009))1, Wnt signaling activator (e.g., soluble Wnt3a) [Cell
Stem Cell, 3, 132-135 (2008)], 2i/LIF ([2i is an inhibitor of
ﬁitogenFactivated proteiﬁ kinase signaling and glycogen
synthase kinase-3, PloS Biology, 6(10), 2237-2247 (2008)1, ES
cell-specific miRNA [e.g., miR-302-367 cluster (Mol. Cell.
Biol. doi:10.1128/MCB.00398-08); miR-302 (RNA (2008) 14: 1-
10); miR-291-3p, miR-294 and miR-295 (Nat. Biotechnol. 27:
459-461 (2009)] and the like. As mentioned above, the nucleic
acid-based expression inhibitors may be in the form of

expression vectors harboring a DNA that encodes an siRNA or

shRNA.

Of the aforementioned constituents of nuclear
reprogramming substances, SV40 large T, for'examplé, can also
be included in the scope of iPS cell establishment efficiency
improvers because they are auxiliary factors unessential for
the nuclear reprogfamming of somatic cells. While the
mechanism of nuclear reprogramming remains unclear, it-does
not matter whether auxiliary factors, other than the factors
essential for nuclear reprogramming, are deemed nuclear
reprogramming substances or iPS cell establishment efficiency
improvers. Hence, because the somatic cell nuclear
reprogramming process is taken as an overall event resulting
from contact of nuclear reprogramming substances and an iPS
cell establishment efficiency improver with somatic cells, it
does not seem always essential for those skilled in the art to
distinguish between the two.

Contact of an iPS cell establishment efficiency improver
with a somatic cell can be achieved in the same manner as with
the above-described iPS cell establishment efficiency
improving factor of the. present invention and nuclear
reprogramming substance when the improver is (a) a proteinous
factor, (b) a nucleic acid that encodes the proteinous factor,

or (c) a low-molecular compound, respectively.
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iPS cell establishment efficiency improvers, including
iPS cell establishment efficiency improving factors of the
present invention, may be contacted with the somatic cell
simultaneously with the nuclear reprogramming substance, and
either one may be contacted in advance, as far as the
efficiency of iPS cell establishment from a somatic cell

improves significantly compared with the efficiency obtained

in the absence of the substance. In an embodiment, for example,

when the nuclear reprogramming substance is a nucleic acid
that encodes a proteinous factor and the iPS cell
establishment efficiency improver'is a chemical inhibitor, the .

iPS cell establishment efficiency improver can be added to the

-medium after the cell is cultured for a given length of time

following the gene'transfér treatment, because the nuclear
reprogramming substance involves a given length of time lag
from the gene transfer treatment to the mass-expression of the
proteinous factor, whereas the iPS cell establishment
efficiency improver is capable of rapidly acting on the cell.
In another embodiment, when a nuclear reprogramming substance
and an iPS cell establishment efficiency improver are both
used in the form of a viral or plasmid vector, for example,
both may be simultaneously introduced into the cell.

(e) Improving the establishment efficiency by culture

conditions

iPS cell establishment efficiency can further be improved
by culturing the cells under hypoxic conditions in the nuclear
reprogramming process for somatic cells (see Cell Stem Cell,
p237-241(2009)). As mentioned herein, the term “hypoxic
conditions” means that the ambient oxygen concentration as of
the time of cell culture is significantly lower than that in
the atmosphere. Specifically, conditions involving lower
oxygen concentratioﬁs than the ambient oxygen concentrations
in the 5-10% C0,/95-90% air atmosphere, which is commonly used
for ordinary cell culture, can be mentioned; examples include

conditions involving an ambient oxygen concentration of 18% or
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‘less. Preferably, the ambient oxygen concentration is 15% or

less (e.g., 14% or less, 13% or less, 12% or less, 11% or less
and the like), 10% or less (e.g., 9% or less, 8% or less, 7%
or less, 6% or less and the like), or 5% or less (e.g., 4% or
less, 3% or less, 2% or less and the like). The ambient oxygen
concentration is preferably 0.1% or more (e.g., 0.2% or more,
0.3% or more, 0.4% or meore, End Ehe like), 0.5% or more (e.g.,
0.6% or more, 0.7% or more, 0.8% or more, 0.95% or more and
the like), or 1% of more (e.g., 1.1% or more, 1.2% or more,
1.3% or more, 1.4% or more and the like).

- Although any method of creating a hypoxic state in.a
cellular,ehvironment can be used, the easiest way is to
culture cells in a CO,; incubator permitting. adjustments of
oxygen concentration, and this represents a suitable case. CO,
incﬁbators permitting adjustment of oxygen concentration are
commercially available from various hanufacturers (e.g., CO;
incubators for hypoxic culture manufactured by Thermo
scientific, Ikemoto Scientific Technélogy, Juji Field,
Wakenyaku etc.).

The time of starting cell culture under hypoxic
conditions is not particularly limited, as far as iPS cell
establishment efficienéy is not prevented from being improved
compared with the normal oxygen concentration (20%). Although
the culture may be started before the somatic cell is

contacted with an iPS cell establishment efficiency improving

‘factor of the present invention and a nuclear reprogramming

substance, or at the same time as the contact, or after the
contact, it is preferable, for example, that the culture under
hypoxic conditions be started just after the somatic cell is
contacted with the iPS cell establishment efficiency improving

factor of the present invention and a nuclear reprogramming

"substance, or after a given time interval after the contact

[e.g., 1 to 10 (e.g., 2, 3, 4, 5, 6, 7, 8 or 9) days].
The duration of cultivation of cells under -hypoxic

conditions is not particularly limited, as far as iPS cell

37



10

15

20

25

30

35

WO 2011/102531 PCT/JP2011/053874

establishment efficiency is not prevented from being improved
compared with the normal oxygen concentration (20%); examples
include, but are not limited to, periods of 3-days or more, 5
days or more, 7 days or more or 10 days or more, and 50 days
or less, 40 days dr less, 35 days or less or 30 days or less
and the like. Preferred duration of cultivation under hypoxic
conditions varies depending on ambient oxygen concentration;
those skilled in the art can adjust as appropriate the
duration of cultivation according to the oxygen concentration
used. In an embodiment of the present invention,.if iPS cell
candidaté colonies are selected with'drug'resistance as an
index, it is preferable-that a normal okygen'coh¢ent£ation be

restored from hypoxic conditions before starting drug

. selection.

Furthermore, preferred starting time and preferred
duration of cultivation for cell culture under hypoxic
conditions also vary dependiﬁg on the choice of nuclear
reprogramming substance used, iPS cell establishment
efficiency at normal oxygen  concentrations and the like.

(f) Selection and identification of iPS cells

After being contacted with an iPS cell establishment
efficiency improving factor of the present invention and a
nuclear reprogramming substance (and another iPS cell
establishment efficiency improver), the cell can, for example,
be cultured under conditions suitable for culturing ES cells.
In the case of mouse cells, the culture is carried out with
the addition of leukemia inhibitory factor (LIF) as a
differentiation suppression factor to an ordinary medium.
Meanwhile, in the case of human cells, it is desirable that
basic fibroblast growth factor (bFGF) and/or stem cell factor
(SCF) be added in pléce of LIF. Usually, the cell is cultured
in the co-presence of mouse embryonic fibroblasts (MEF)
treated with radiation or an antibiotic to términate the cell
division, as feeder cells. Usually, STO cells and the like are

commonly used as MEFs, but for inducing iPS cells, SNL cells
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[McMahon, A.P. & Bradley, A. Cell 62, 1073-1085 (1990)] and

the like are commonly used. Co-culture with the feeder cells
may“be started before contact with the iPS cell establishment
efficiency improving factor and nuclear reprogramming

substance of the present invention, at the time of the contact,
or after the contact (for example, 1-10 days later).

A candidate colony of iPS cells can be selected by a

method with drug resistance and reporter activity as

indicators, and also by a method based on macroscopic
examination of morphology. As an example of the former, a
colony positive for drug resistance and/or reporter activity
is selected using a recombinant cell wherein a drug resistance
gene and/or a reporter gene is targeted to the locus of a gene
highly expressed specifically in pluripotent cells (for
example, Fbx15, Nanog, Oct3/4 and the like, preferably Nanog
or Oct3/4). As examples of such recombinant cells, a mouse-—
derived MEF and TTF wherein the Bgeo.(which encodes a fusion
protein of P-galactosidase and neomycin phosphotransferase) _
gene is knocked-in to the Fbx15 gene'locus (Takahashi &
Yamanaka, Cell, 126, 663-676 (2006)), or a transgenic mouse-
derived MEF and TTF wherein green fluorescent protein (GFP)
gene and the puromycin resistance gene are integrated in the
Nanog gene locus (Okita et al., Nature, 448, 313-317 (2007))
and the like can be mentioned. Meanwhile, methods for
selecting a candidate colony by macroscopic examination of
morphology include, for example, the method described by
Takahashi et al. in Cell, 131, 861-872 (2007). Although
methods using reporter cells are convenient and efficient,
colony selection by macroscopic examination is desirable from
the viewpoint of safety when iPS cells are prepared for the
purpose of human treatment.

The identity of the cells of the selected colony as iPS
cells can be confirmed by positive responses to Nanog (or
Oct3/4) reporters (puromycin resistance, GFP positivity and

the like), as well as by the formation of a visible ES cell-
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like colony, as described above; however, to increase the
accuracy, it is possible to perform tests such as alkaline
phosphatase staining, analyzing the expression of various ES-
cell-specific genes, and transplanting the cells selected to a
mouse and confirming teratoma formation.

When a nucleic acid that encodes an iPS cell
establishment efficiency improving factor of the present
invention is transferred to alsomatic cell, the iPS cell
obtained is a novel cell that is distinct from conventionally
known iPS cells in that the exogenous nucleic acid is
contained therein. In particular, if when the exogenous
nucleic acid is transferred to the somatic cell using a
retfovirus, lentivirus or the like, the exogencus nucleic acid
is usually integrated in the genome of the iPS cell obtained,
so that the character of containing the exogenous nucleic acid
is stably retained.

(g) Use applications for iPS cells

The iPS cells thus established can be used for various
purposes. For example, by utilizing a method of
differentiation induction reported with respect to pluripotent
stem cells such-as ES cells (e.g., methods of differentiation
induction include a method described in JP-A-2002-291469 for
nerve stem cells, a method described in JP-A-2004-121165 for
pancreatic stem-like cells, and a method described in JP-T-
2003-505006 for hematopoietic cells; methods of
differentiation induction by formation of embryoid body
include a method described in JP-T-2003-523766),
differentiation into various cells (e.g., myocardial cells,
blood cells, nerve cells, vascular endothelial cells, insulin-
secreting cells and the like) from iPS cells can be induced.
Therefore, inducing iPS cells using a somatic cell collected
from a patient or another person of the same or substantially
the same HLA type would enable stem cell therapy by autologous
transplantation, wherein the iPS cells are differentiated into

desired cells (that is, cells of an affected organ of the
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patient, cells that have a therapeutic effect on the disease,
and the like), which are transplanted to the patient.
Furthermore, because functional cells (e.g., hepatocytes)
differentiated from iPS cells are thought to better reflect
the actual state of the functional cells in vivo than do
corresponding existing cell lines, they can also be suitably
used for in vitro screening for the effectiveness and toxicity
of bharmaceutical candidate compounds and the like.

The present invention is hereinafter described in further

detail by means of the following examples, to which, however,

the invention is never limited.

Examples

. Reference Example 1l: Screening for novel reprogramming factors

Approximately 20000 clones of comprehensive human genes
were- ordered on the basis of human Gateway® entry cloneé
generated by Goshima et al. (the library described by N.
Goshima et al. in Nature methods, 2008 was used; database
published by Y. Maruyama et al. in Nucleic Acid Res., 2009),
by the method shown in Fig. 1. Specifically, about 50000
clones containing a full-length ORF, out of the human Gateway®
entry clohes, were subjected to BLASTP search against 37900
sequences (24200 genes) registered with the NCBI RefSeq, with
the criteria of a coverage of 80% or more and an amino acid
identity of 95% or mofe. A sublibrary consisting of about
20000 entry clones involving no sequence overlap in each of
the N-type, which has a stop codon at the 3' end thereof, and
the F-type, which lacks the stop codon, was thus constructed.
These about 20000 ordered entry clones were classified by a
biocinformatics technique into protein kinases, protein
phosphatéses, transcription factors, GPCRs, and cother clones;
a sublibrary consisting of entry clones of transcription
factors (over 50% of all human transcription factors are
covered) was constructed (Fig. 1). An expression clone DNA was
prepared for each entry clone from this sublibrary of

transcription factors by an LR reaction with the pMXs-GW
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destination vector, as shown in Fig. 2. This reaction liquor

.was transferred to Escherichia coli DH5a, which was then
cloned to construct a transcription factor expression library
(transcription factor expression library for reprogramming
factor screening). Each of the human Oct3/4, Sox2, K1f4, c-Myc
genes was also integrated into the same pMXs-GW to construct
respective expression clones. A recombinant retrovirus was
generated'from this DNA and used in the following experiment.

An experiment to induce iPS cells was performed using
dermal fibroblasts from a Nahog—GFP mouse [Okita et al.,
Nature, 448, 313-317 (2007)]. The experiment was conducted
using two éystems; a system-ihﬁélving'retrovifﬁs'inféctioﬁ on
MSTO (SNL cells treated with mitomycin C to terminate fhe cell
division thereof) used as feeder cells [hereinafter the MSTO
method, Cell, 126, 663-676 (2006)] and a system involving .
infection without using feeder cells, followed by cell
reseeding and subsequent cultivation on MSTO [hereinafter the
Reseed method,'Naturé Biotech., 26, pp.101-106 (2008)].

For 1st screening, iPS cells were induced using 24-well
plates. Nanog-GFP mouse skin fibroblasts were seeded onto
gelatin (Reseed method) or MSTO (MSTO method). The following
day, the fibroblasts were infectéd with retroviruses prepared

from various plasmids (Day 0). Specifically, the fibroblasts

- were infected with the three genes Oct3/4, Sox2 and c-Myc and

one gene selected from the above-described transcription
factor library in the 1:1:1:1 ratio. For negative control, the
fibroblasts were infected with the three genes Oct3/4, Sox2
and c-Myc in the 1:1:1 ratio. For positive control, the
fibroblasts were infected with the four genes Oct3/4, Sox2,
K1f4 and c-Myc in the 1:1:1:1 ratio.

The fibroblasts were cultured with 10% FBS/DMEM until day
2 after the infection, and with the ES medium [Cell, 126, 663-
676 (2006)] on day 3 and after. When the fibroblasts were
initially seeded onto gelatin (Reseed method), they were

reseeded onto MSTO on day 3. Thereafter, while replacing the
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medium with a fresh supply of the same medium every two days,
puromycin selection was started on day 21, and the cells were
examined on day 28. As a result, GFP-positive colonies emerged
in the wells incorporating each gene [sample F09 (gene code
name: IRX6), sample G06 (gene code name: GLIS1), sample HO08
(gene code name: DMRTBl), and sample H10 (gene code name:
PITX2)] transferred along with the three genes, confirming the
establishment of mouse iPS cells. When iPS induction was again
attempted using 6-well plates, GFP-positive colonies emerged
likewise; reproducibility was obtained. Photographic images
and phase-contrast images of GFP-positive 1iPS cell colonies
taken at the time of colony formation and 1st generation and
2nd generation are shown in Figs. 3 and 4.

These results demonstrate the identify of these four
factors as novel reprogramming factors capable of substituting
for K1f4. When the same experiment was performed using MEF
(mouse embryonic fibroblasts) or HDF (human dermal '
fibroblasts) in place of adult mouse skin fibroblasts, iPS

cells (GFP-positive colonies) were likewise established.

Reference Example 2: Analysis of established mouse iPS cells

The genome was extracted using the Gentra Puregene Cell
Kit (QIAGEN), and Genomic-PCR was performed using a PCR enzyme
(Takara Ex Taqg) and the iPS cells established in Reference
Example 1. The results are shown in Figs. 5 and 6. In all the
iPS cells-established, the presence of only the transgenes oh
the genome and the absence of -other genes on the genome were
confirmed. For the G6-1 clone (gene code name: GLIS1), the c-
Myc used for the transfer was not inserted onto the genome
(Fig. 5). Because retrovirus vectors are not stably expressed
unless inserted onto the genome, this clone G6-1 was thought
to have been established with the expression of only the three
factors Oct3/4, Sox2 and GLIS1.

Next, RT-PCR analysis was performed using the Rever Tra

Ace kit (Takara). The results are shown in Figs. 7 and 8. All
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the iPS cells established in Reference Example 1 expressed the

ES cell-specific marker genes Nanog, Oct3/4, Sox2, Rexl and
ECAT1. These results confirmed the identity of the cells

established using the novel reprogramming factors as iPS cells.

Example 1: Establishment of mouse iPS cells with G6 and K1f4
used in combination _

(a) Effects of G6 and K1f4 used in combination on the
efficiency of establishment of mouse iPS cells

An investigation was conducted to determine whether iPS

.cells could be established when using G6 (gene code name:
GLISl), H8 (gene code name: DMRTBI1) and'HlO.(gene code name:
PITX2), which are novel reprogramming factors capable of
substituting for K1f4, identified in Reference Example 1, in
combination with K1f4. The experiments were conducted by the
Reseed method using Nanog-GFP mouse skin fibroblasts as in
Reference Example 1. The combinations of genes used for the
~gene transfer are shown below. - .

(1) Oct3/4, Sox?2

(2) Oct3/4, Sox2, G6 (gene code name: GLIS1)

(3) Oct3/4, Sox2, H8 (gene code name: DMRTB1)

(4) Oct3/4, Sox2, H10 (gene code name: PITX2)

(5) Oct3/4, Sox2, K1if4

(6) Oct3/4, Sox2, K1f4, G6

(7) Oct3/4, Sox2, K1f4, HS8

(8) Oct3/4, Sox2, K1lf4, H10

The retroviruses used for the reprogramming were prepared

by separately transferring retrovirus expression vectors
(pMXs-Oct3/4, pMXs-Sox2, pMXs-K1f4, pMXs-G6, pMXs-H8, pMXs-
H10) to Plat-E cells (Morita, S. et al., Gene Ther. 7, 1063-
1066) that had been seeded at 2.5 x 10° cells per 100 mm
culture dish.(Falcon) on the previous day. The culture broth

used was DMEM/10% FCS [DMEM (Nacalai tesque) supplemented with

10% fetal bovine serum], and the cells were cultured at 37°C,

5% CO3.
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To facilitate vector transfer, 27 pL of FuGeneb
transfection reagent (Roche) was placed in 300 pL of Opti-MEM I
Reduced-Serum Medium (Invitrogen), and the mixture was allowed
to stand at room temperature for 5 minutes. Subsequently, 9 ug
of each expression vector was added, and the mixture was
allowed to further stand at room temperature for 15 minutes,
after which it was added to the Plat-E culture broth. On day 2,
the Plat-E supernatant was replaced with a fresh supply of the
medium. On day 3, the culture supernatant was recovered and
filtered through a 0.45 um sterile filter (Whatman), and
polybrene (Nacalai) was added at 4 pg/mL to yield a viral
liquid.

The Nanog-GFP mouse skin fibroblasts used were obtained
by removing the dermis from a mouse back/abdomen skin, and
culturing it on a gelatin-coated dish.

The culture broth used was DMEM/10% FCS, and the
fibroblasts were seeded to 100 mm dishes (Falcon) at 8.0 x 10°
cells per dish, and cultured at 37°C, 5% CO,. The following
day, each retrovirus liquid [any of the combinations (1) to (8)

above] was added to transfer the genes by overnight infection.

On the day after the viral infection, the retrovirus
ligquid was removed and replaced with DMEM/10% FCS, and the cells
were cultured using DMEM/10% FCS until day 3 after the infection.
On day 3 after the infection, the medium was removed, and the
cells were washed by the addition of 10 mL of PBS. After the
PBS was removed, 0.25% trypsin/l mM EDTA (Invitrogen) was
added, and a reaction was allowed to proceed at 37°C for about
5 minutes. After the cells floated up, they were suspended by
the addition of an ES cell culture medium [DMEM (Nacalai Tesque)
supplemented with 15% fetal bovine serum, 2 mM L-glutamine
(Invitrogen), 100 pM non-essential amino acids (Invitrogen), 100
uM 2-mercaptoethanol (Invitrogen), 50 U/mL penicillin
(Invitrogen) and 50 pg/mL streptomycin (Invitrogen)], and seeded

to a 100 mm dish having feeder cells seeded thereto previously.
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The feeder cells used were SNL cells treated with mitomycin C
to terminate the cell division thereof [McMahon, A.P. &
Bradley, A. Cell, 62, 1073-1085 (1990)]. Cultivation was
continued while replacing the ES cell culture medium with a
fresh supply of the same medium every two days until a visible
colony emerged; 26 to 28 days after infection, GFP-positive

colonies were counted. The results of three independent

experiments are shown in Table 3 and Fig. 9 (Fig. 9 is a

graphic representation of the results shown in Table 3; the
results of four independent experiments are shown for the

control only).
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Even with the addition of G6, H8 or H10 to Oct3/4 and

Sox2, iPS cells could not be established, or only a very few
iPS cells could be established, under these conditions. When
H8 or H10 was added to Oct3/4, Sox2 and K1f4, the iPS colony
count did not rise, compared with the absence of the addition
(Oct3/4, Sox2 and K1f4). By contrast, when G6 was added to
Oct3/4, Sox2 and K1f4, the iPS colony count rose dramatically,
at a level much higher than the sum of the colony count
obtained with the addition of G6 to Oct3/4 and Sox2 and the
colony count obtained with the addition of K1f4 to Oct3/4 and
Sox2. Using K1f4 and G6 in combination was shown to be
synergistically effective on the efficiency of establishment
of iPS cells.

(b) Comparison of the improving effects of GLIS]1 and c-Myc on
the éstablishment of mouse iPS cells using three reprogramming
factors (OSK) '

We then comparéd the ability of GLIS1 and c-Myc to
promote iPSC generation with OSK. In adult mouse skin
fibroblasts, the effect of GLIS1 is comparable to that of c-
Myc, as judged by the number of GFP-positive colonies that
were formed (Fig. 10). We also observed a synergistic increase
in the number of GFP-positive colonies when both GLIS1 and c-
Myc were co-introduced with OSK (Fig. 10).

We next analyzed the ratio of GFP positive colonies to
total colonies that emerged after transduction. An one-way
repeated-measures ANOVA test and a post-hoc Bonferroni test
were used for the analyses. Differences were considered to be
statistically significant for P-values of less than 0.05 (*)
or 0.01 (**). The results are shown in Fig. 11. Importantly,
GLIS1 specifically promoted the generation of GFP-positive
colonies, but not GFP-negative colonies, which represent
either partially reprogrammed cells or transformed cells (Fig.
11). In contrast, c-Myc increased the number of GFP-negative
colonies more prominently than GFP-positive colonies (Fig. 11).

This undesirable effect of c-Myc was counteracted when GLIS1
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was co-expressed. Similar results were obtained with mouse

embryonic fibroblasts (MEF) (Fig. 13 and Fig. 14). GFP-
positive colonies are shown in Fig. 12 and Fig. 15.-
We also confirmed the iPS cells established with OSK +

GLIS1 from MEF are germline-competent.

Example 2: Establishment of huﬁan iPS cells with G6 and K1f4
used in combination
(a) Effects of G6 and K1f4 used in combination on the
efficiency of establishment of human iPS cells

An investigation was conducted using adult human dermal
fibroblasts (HDF) to determine whether the synergistic effect
of K1f4 and G6 (GLIS1l) used in combination is also noted in
human cells. The combinations of genes used for the gene
transfer are shown below.
(1) Oct3/4, Sox2, c-Myc
(2) Oct3/4, be2, c-Myc, K1f4
(3) Oct3/4, Sox2, c-Myc, G6 (gene code name: GLIS1)
(4) Oct3/4, Sox2, c-Myc, K1lf4, G6

HDF was forced to express the mouse ecotropic virus
receptor Slc7al gene using lentivirus (pLenti6/UbC-Slc7al) as
described by Takahashi, K. et al. in Cell, 131: 861-872 (2007).
These cells (2.6x105 cells/60 mm dish) were transfected with
genes in the combinations (1) to (4) above using retrovirus as
described by Takahashi, K. et al. in Cell, 131: 861-872 (2007).
Six days after the viral infection, the cells were recovered
and re-seeded onto feeder cells (5x10% cells or 5%x10° cells/100
mm dish). The feeder cells used were SNL cells treated with
mitomycin C to terminate the cell division thereof [McMahon,
A.P. & Bradley, A. Cell, 62, 1073-1085 (1990)]. Starting seven
days after. the infection, the cells were cultured in a primate
ES cell culture medium (ReproCELL) supplemented with 4 ng/mL
recombinant human bFGF (WAKO). 30 to 35 days after the
infection, ES cell-like colonies were counted. The results of

three independent experiments are shown in Fig. 16 (ES-like
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colonies) and Fig. 17 (non-ES-like colonies). Phase~contrast
images of iPS colonies established with Oct3/4, Sox2, c-Myc,
K1f4 and G6 are shown in Fig. 18. Compared with adding K1f4 to
Oct3/4, Sox2 and c-Myc and adding G6 (GLIS1) to Oct3/4, Sox2
and c-Myc, adding both K1f4 and G6 to Oct3/4, Sox2 and c-Myc
resulted in the emergence of a much larger number of ES cell-
like colonies (Fig. 16). These colonies exhibited an ES cell-
like morphology (Fig. 18). 1In short, in human cells as well, a
synergistic effect on the efficiency of establishment of iPS
cells was noted when K1f4 and G6 were used in combination.

(b) Comparison of the improving effects of GLIS1 and c-Myc on
the establishment of human iPS cells using three reprogramming
factors (OSK)

We then compared the ability of GLIS1 and c-Myc to
promote 1PSC generation with OSK in the same manner as
described in Example 1(b). In human adult fibroblasts, GLIS1
showed a similar effect to a comparable degree to c-Myc and
promoted the generation of ESC-like colonies when co-
introduced with OSK (Fig. 19). Significantly, GLIS1
specifically promoted the generation of ESC-like colonies, but
not non-ESC-1like colonies. In contrast, c-Myc increased the
number of non-ESC-like colonies more prominently than ESC-like
colonies (Fig. 20). Human ESC-like colonies generated by OSK +
GLIS1 are shown in Fig. 21.

Then, genome was extracted using QIAGEN “Gentra Puregene
Cell Kit”, and genomic-PCR was performed using a PCR enzyme
(Takara Ex Taqg). The results are shown in Fig.22. We
confirmed the presence of transgenes in the established human
iPSC lines (Fig. 22). RT-PCR analysis was performed using
Rever Tra Ace kit (Takara). The results are shown in Fig. 23.
Cells generated by OSK + GLIS1 expressed undifferentiated ESC
marker genes including Oct3/4, SoxZ2, Nanog, and Rexl (Fig. 23).
We next performed DNA microarray analyses. Total RNAs were
labelled with Cy3 and were hybridized to a Whole Human Genome

Microarray (Agilent) according to the manufacturer’s protocol.
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Arrays were scanned using the G2505C Microarray Scanner System
(Agilent). Data were analysed using the GeneSpring GX11.0.1
software program (Agilent). The results are shown in Fig. 24.
Cells established with OSK + GLIS1 were similar in global gene
expression to iPSCs generated with OSKM (Fig. 24). We then
performed teratoma formation as previously described (Cell,
131(5), 861-872 (2007)). Cells generated by OSK + GLIS1
produced teratomas containing various tissues of all three
germ layers (Fig. 25). These results demonstrated that GLIS1
strongly and specifically promoted the generation of human .

1PSCs by OSK.

Example 3: Expression and functional aﬁal&sis 6f'GLISl"-

We then examined the expression pattern of GLIS1. The
analyses of mouse expressed sequence tag (EST) databases
predicted that GLIS1 representation was biased towards the
zygote, especially in the fertilized ovum
(http://Www.ncbi.nlm.nih.gov/UniGene/ESTProfileViewer.cgi?ugli
st=Mm.331757; as of April 24, 2010). In addition, the Gene
Expression Data provided by the MGI showed moderate GLIS1
expression.in metaphase II oocytes and weak expression in the
2-cell embryo, and no expression was detected in the 8-cell to
E4.5 embryos
(http://www.informatics.jax.org/searches/expression.cgi?32989;
as of April 24, 2010). These web-based analyses strongly -
indicated the'specific expression of GLIS1 in oocytes and one-
cell embryos. To experimentally confirm these findings, we
isolated total RNAs from unfertilized eggs, l-cell embryos, 2-
cell embryos, and blastocysts, as well as from several adult
mouse tissues including the kidney, placenta, brain, lung,
liver, spleen, and ovary. In addition, we used total RNAs
isolated from mouse ESCs, MEFs, and adult skin fibroblasts.
The real-time PCR analyses detected the highest expression of
GLIS1 in the one-cell embryos and unfertilized eggs (Fig. 26).

Modest expression levels were detected in 2-cell embryos and
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placental tissues (Fig. 26). Weak expression was present in

several tissues including the kidney, ovary, ESCs, MEFs and

skin fibroblasts (Fig. 26). These data confirmed that GLIS1

RNA is enriched in unfertilized eggs and one-cell embryos.
We next examined whether the endogenous GLIS1 in

fibroblasts, although expressed at low levels, plays a role

‘during iPSC generation by OSK. To this end, we constructed

several retroviral vectors to express GLIS1 shRNA. The shRNA-
mediated knockdown was performed as previously described
(Nature, 460(7259), 1132-1135 (2009)). We found that shRNA2
(target sequence (positions 822-842 of SEQ ID NO:3):
ggcctcaccaaccctgeacct;.-SEQ ID NO:13) .and shRNA6 (target
sequence (positions 1457-1477 of SEQ ID NO:3):
gcccttcaatgecccgectacaa; SEQ ID NO:14) effectively suppressed
GLIS1 whén transfected into adult mouse skin fibroblasts,
whereas shRNA4 (target sequence (positions 857-877 of SEQ ID
NO:3): gggcaatgaécccatctcéga; SEQ ID NO:15) was less effective
(Fig. 27, A paired t—tesf was used for the statistical
analyses). We then introduced each of these shRNAs together
with OSK into fibroblasts containing the Nanog-GFP reporter.
We found that shRNA2 and shRNA6 significantly decreased the
number of GFP-positive colonies (Fig. 28). A weaker effect was
observed with shRNA4. This result suggests that the endogenous
GLIS1 plays a supportive role during iPSC generation by OSK.

While the present invention has been described with
emphasis on preferred embodiments, it is obvious to those
skilled in the art that the preferred embodiments can be
modified. The present invention intends that the present
invention can be embodied by methods other than those described
in detail in the present specification. Accordingly, the present
invention encompasses all modifications encompassed in the gist

and scope of the appended “CLAIMS.”

In addition, the contents disclosed in any publication
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cited herein, including patents and patent applications, are

hereby incorporated in their entireties by reference, to the

extent that they have been disclosed herein.
This application is based on U.S. provisional patent

applications Nos. 61/305,107 and 61/379,949, the contents

of which are hereby incorporated by reference.
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65 70 75 80

Cys Afa Ser Ser Asp Val Thr Ser Ile fle Arg Ser Ser Gin Thr Ser
85 90 95
Leu Yal Thr Cys Val Asn Gly Leu Arg Ser Pro Pro Leu Thr Gly Asp
100 105 110

Leu Gly Gly Pro Ser Lys Arg Ala Arg Pro Gly Pro Ala Ser Thr Asp
1 120 125

ly

15

Ser His Glu Gly Ser Leu Gln Leu Glu Ala Cys Arg Lys Ala Ser Phe
130 135 140

Leu Lys GIn Glu Pro Ala Asp Glu Phe Ser Glu Leu Phe Gly Pro His
145 150 155 160

GIn GIn Gly Leu Pro Pro Pro Tyr Pro Leu Ser GIn Leu Pro Pro Gly
165 170 175

Pro Ser Leu Gly Gly Leu Gly Leu Gly Leu Ala Gly Arg Val Val Ala
180 185 190

Gly Arg Gln Ala Cys Arg Trp Val Asp Cys Cys Ala Ala Tyr Glu Gin
195 200 205

GIn Glu Glu Leu Val Arg His Ile Glu Lys Ser His Ile Asp Gln Arg
210 215 220

Lys Gly Glu Asp Phe Thr Cys Phe Trp Ala Gly Cys Val Arg Arg Tyr
225 230 235 240

Lys Pro Phe Asn Ala Arg Tyr Lys Leu Leu ile His Met Arg Val His
245 250 255

Ser Gly Glu Lys Pro Asn Lys Cys Met Phe Glu Gly Cys Ser Lys Ala
260 265 270

Phe Ser Arg Leu Glu Asn Leu Lys lle His Leu Arg Ser His Thr Gly
275 280 285

@)



Glu Lys Pro Tyr Leu Cys Gin His Pro Gly Cys Gin Lys Ala Phe Ser
290 295 300
Asn Ser Ser Asp Arg Ala Lys His GIn Arg Thr His Leu Asp Thr Lys
305 310 315 320
Pro Tyr Ala Cys GIn Iie Pro Gly Cys Ser Lys Arg Tyr Thr Asp Pro
325 330 335
Ser Ser Leu Arg Lys His Val Lys Ala His Ser Ala Lys Glu Gin Gln
340 345 350
Val Arg Lys Lys Leu His Ala Gly Pro Asp Thr Glu Ala Asp Val Leu
355 360 365
Thr Glu Cys Leu Val Leu GIn Gin Leu His Thr Ser Thr Gln Leu Ala
370 375 380
Ala Ser Asp Gly Lys Gly Gly Cys Gly Leu Gly GIn Glu Leu Leu Pro
385 390 395 400
Gly Val Tyr Pro Gly Ser 1le Thr Pro His Asn Gly Leu Ala Ser Gly
405 410 415
Leu Leu Pro Pro Ala His Asp Val Pro Ser Arg His His Pro Leu Asp
420 425 430
Ala Thr Thr Ser Ser His His His Leu Ser Pro Leu Pro Met Ala Glu
435 440 445
Ser Thr Arg Asp Gly Leu Gly Pro Gly Leu Leu Ser Pro 1le Val Ser
450 455 460
Pro Leu Lys Gly Leu Gly Pro Pro Pro Leu Pro Pro Ser Ser Gln Ser
465 470 475 480
His Ser Pro Gly Gly GIn Pro Phe Pro Thr Leu Pro Ser Lys Pro Ser
485 490 495
Tyr Pro Pro Phe GIn Ser Pro Pro Pro Pro Pro Leu Pro Ser Pro Gin
500 505 510
Gly Tyr Gln Gly Ser Phe His Ser !le GIn Ser Cys Phe Pro Tyr Gly
515 520 525
Asp Cys Tyr Arg Met Ala Glu Pro Ala Ala Gly Gly Asp Gly Leu Val
530 535 540
Gly Glu Thr His Gly Phe Asn Pro Leu Arg Pro Asn Gly Tyr His Ser
545 550 555 560

Leu Ser Thr Pro Leu Pro Ala Thr Gly Tyr Glu Ala Leu Ala Glu Ala
565 570 575

Ser Cys Pro Thr Ala Leu Pro GIn GIn Pro Ser Glu Asp Val Val Ser
580 585 590

(®)



Ser Gly Pro Glu Asp Cys Gly Phe Phe Pro Asn Gly Ala Phe Asp His
595 600 605

Cys Leu Gly His lle Pro Ser lle Tyr Thr Asp Thr
610 615 620

<210>
Q11>
212>
213>

<220>
<2217
<222>

<400>

3

2904

DNA

Mus musculus

GDS
(222)..

3

(2591)

gegegacccag tggcgtooga atccgegage totggeetes

gaggegaatt tggggecoct gaggectege totogepggea

gaggctocge ogtgagactt goggetgece goggagogea

agcotggege gacccccage ogtgegeoce geeoeggege

gcc gag
Ala Glu

gec cag
Gly GIn

att got
Ile Ala

ctg cot
Leu Pro
55

GCC CgE
Pro Arg
10

gtg aac
Val Ash

gac ctg
Asp Leu

coct gea
Pro Ala

cte ctg
Leu Leu
135

ttt gtg
Phe Val
150

cta ccg

gea ctt tog
Ala Leu Ser
10

g8C CEC BEE
Gly Arg Gly
25

gtg agt ggt
Val Ser Gly
40

cgg cta ccg
Arg Leu Pro

age oot cga

Ser Pro Arg i

ggg age tac
Gly Ser Tyr
90

gec gag get
Ala Glu Gly
105

ggeg acc cca
Gly Thr Pro
120

cac ttc cco
His Phe Pro

aac ggc agce

Asn Gly Ser Leu
15

gac tac cag gcc

agg cca aag
Arg Pro %gs

agc ctg gga
Ser Leu Gly
30

¢ tgc geg gac

Cys Gly Asp
45

cca cca ogt
Pro Pro Arg

get gtg tece
Gly Val Ser

agc tca gag
Ser Ser Glu
95

cce tee tege
Pro Ser Cys
110

cgg ggt cac

Arg Gly His
125

aac agg tca
Asn Arg Ser

gee get cag
Ala Ala Gln

g gtc agec gee

lu

gcg
Ala

Eee
aly

gCe
Ala

aag
Lys
80

aag
Lys

cac
His

©Cco
Pro

cCe
Pro

cac
His
160

cgeggggeote gocgaggeee
atgatgotgg aaatgatgct
gtgtgagocg gteaatgeee

¢ atg cat tgo gag gteg
¥et His Cys Glu gal

gec oot ggt get cot
Ala Pro Gly ééa Pro

cac atg geo ttc agg
His Met ééa Phe Arg

aac ccg cta gac ctg
Asn ggo Leu Asp Leu

cac gat ctc ott cgg
gés Asp Leu Leu Arg

acc gEc age geg aag
Thr Gly Ser Gly hgs

age ctg ctg gac ctg
Ser Leu Leu ?88 Leu

cag ggt ctg ttt ott
Gln Gly %?g Phe Leu

cot gto tgt gag aag
Pro ¥g$ Cys Glu Lys

aga cct cag got acg
?ZE Pro GIn Ala Thr

atc aag caa gaa goc
Ile Lys Gln Gfu ?ég

cce ctg cce ace

cac
Leu Pro Asp Tyr Gin Ala Met Val Ser Ala His Thr Pro Leu Pro Thr
170 175 180

®

60

120

180

236

284

332

380

428

476

524

572

620

668

716

764



cac tgc
His Cys

¢ca gac
Pro Asp

aat gaa
Asn Glu
215

gag ggc
Glu Gly
230

tca
Ser

gee
Ala

tee
Ser

cac
His

cot
Pro

cca
Pro

cct
Pro
295

geg
Gly

tgc
Cys
310

cgg
Arg

ctt
Leu

gag
Glu

cct
Pro

cag
GIn

goa ggt
Ala Gly

tegc
Cys

gea
Ala
375

agc cac

Ser His
390

geg tet
Gly Cys

ate cac
Ile His

gaa gec
Glu Gly

ctg czg
Leu Arg

455
tec cag

470

cga goec
Arg Ala
185

cca
Pro

cte
Leu

cga ggc
Arg Gly
200

tca
Ser

cce atc
Pro tle

age cteg
Ser Leu

aaa
Lys

tca
Ser
250

tco
Ser

tce
Ser

tece
Ser

aca
Thr

cag
Gln
265

otg ccg gga
Leu Pro Gly
280

agt
Ser

geca teceo
Ala Ser

aag tca gge
Lys Ser

ttt got
Phe Ala

cca
Pro
330

act
Thr

ttg cca
Leu Pro
345

gtt
Val

agg atg
Arg Met
360

goc tac
Ala Tyr

gag
Glu

atc gac
e Asp

cag
Gin

gtg cgg
Val Arg

cge
Arg
410

atg agg gta
Met Arg Val
425

tegc agt aaa
Cys Ser Lys
440

agc cac aca
Ser His Thr

aag gecc tte

tcg toc atg
Ser Ser Met

aac cct
Asn Pro
205

acc
Thr

gac otg ggt
Asp Leu Gly
220

cge tge tge
Arg Cys Cys
235

ccc tegt
Pro Cys

gco
Ala

cta
Leu

gtt
Val

got
Ala

ctg
Leu

gac
Asp

gse
Gly
285

gac ggc
Asp Gly
300

tte ctg
Phe Leu
315

cag
Gin

aag
Lys

0@0 G@G
His His

cag
GIn

gEC GO
Gly Pro

geC
Gly

CEgg
Arg
365

geo ggt
Ala Gly

cag cag gag
Gin Gin Glu
380

cge aag gge
Arg Lys Gly
395

tac aag ccc
Tyr Lys Pro

cac tca gego

get ctg cco
190

geca cct teoe
Ala Pro Ser

CCGC caa CCo
Pro GIn Pro

ctc ctg gegoc
Leu Leu Gly
240

tcc tca gat
Ser Ser Asp
255

agc tgt gta
Ser Cys Val
270

cct cce
Pro Pro

g8C
Gly

gag
Glu

BBG age
Gly Ser

cag
Gin

gag ccc
Glu Pro
320

ttg cca
Leu Pro
335

get
Gly

cte
Leu
350

gga gec
Gly Gly

gea tgc
Ala Cys

cag
Gin

ctg gte

gag
Glu Leu Val

gaa gac ttc
Glu

400

tte
Phe

gag

tca gac

tec tac
Cys Tyr
210

gag gcc
Glu Ala
225

ctg cco
Leu Pro

atc aat
Ile Asn

aat gga
Asn Gly

aag cgg
Lys Arg
290

ttg cag
Leu GIn
305

atg gac
Met Asp

coc cct
Pro Pro

cta ggg
Leu Gly

cge tgg
Arg Trp

370
cgg cac

Arg His
385

acc tge

ctg gac ttt

Gly Leu Pro Ser Asp %eg Asp Phe
9

ctt oteg gec
Leu Leu Gly

cac cte ceo
His Leu Pro

ccc ace tot
Pro Thr Ser
245

cct gte ate
Pro Val lle
260

ctc cga age
Leu Arg Ser
275

tca cgg ccc
Ser Arg Pro

ctt gaa gea
Leu Glu Ala

gag ttt tca
Glu Phe Ser
325

tac ccc ttg
Tyr Pro Leu
340

ctg gegc ctg
Leu Gly Leu
355

gtg gac tgo
Val Asp Cys

atc gag aag
lie Glu Lys

tte tgg goo

Asp Phe Thr Cys Phe Trp Ala

405

aat gcc cge tac aag ctg cte
Asn Ala Arg Tyr Lys Leu Leu
415 420

aag ccc aac aag tgc atg tte

His Ser Gly Glu Lys Pro Asn Lys Cys Met Phe
430 435

gee ttt tec cet ctg gag aac ctg aag atc cat
Ala Phe 225 Arg Leu Glu Asn kgg Lys Ile His

gec gag aaa cca tac ctg tgc cag cac cca gge

Gly Glu Lys
460

Pro Tyr Leu

Cys GIn
465

His Pro Gly

agc aac tcc age gac cgt goc aag cac caa cgo

Cys GIn Lys Ala Phe isg Asn Ser Ser Asp Ar

48

g Ala Lys His GIn Arg
0 485

M

812

860

908

956

1004

1052

1100

1148

1196

1244

1292

1340

1388

1436

1484

1532

1580

1628

1676



acc cac ctc gac acg aag
Thr His Leu Asp 135 Lys

aag cgc tac acg gac cco
Lys Arg Tyr ggg Asp Pro

tca goc aaa gag cag cag
Ser Ala Lys Glu GIn Gln

cca gag got gat gtt ctg
Pro Glu Ala Asp Val Leu

gea tcc aca ctg ttg ccg

Ala
550

agc cag gag ctc cte cea
Ser GIn Glu Leu Leu Pro

aac gegg ctt get toa gec
Asn Gly Leu eég Ser Gly

agg cac cac cca ctg gag
Arg His His Pro Leu Glu

cot ctg ccc aca get gag
Pro Leu Pro Thr Ala Glu

ctt tca cocc atg gtc age
Leu Ser Pro Met Val Ser Pro

630
cca
Pro

gte
Val

cce
Pro

tte
Phe

gat
Asp
710

aca
Thr

cte
Leu

gac
Asp

gGe

520

535

Ser Thr lLeu Leu

570

600

615

cca gec tecc cag agt cag
Pro Ala Ser GlIn Ser Gln

650

ccc agc aag cct acc tac
Pro Ser kgg Pro Thr Tyr

age ccc caa gge tac caa
Ser 258 Gln Gly Tyr GIn

coc tac get gac tge tac
Pro Tyr Ala Asp Cys ;yr Arg

695

gega ctg gteg ggt gat gee cac
Gly Leu Val Gly 9?2 Ala His

tac tcc age ctc age aca cct
Tyr Ser Ser %gg Ser Thr Pro

gca gaa acg ccg tet ccc cea
Ala Glu ;Qg Pro Cys Pro Pro

ctg gta cot agt ggt oot gag

got tgt cag
Ala Cys Gin
495

—_
—+

ctc cge aag cac
Leu Arg Lys His
510

aag aag ctg cac
Lys Lys Leu His

tgt ctg teco ctg
Cys Leu Ser Leu
545

aga ggg aag ggo
Arg Gly Lys Gly
560

tat coct gec tec
Tyr Pro Gly Ser
575

tcc coc tocc cac
Ser Pro Ser His
590

act ggt tcc cac
Thr Gly Ser His

agg gat ggo otg
Arg Asp Gly Leu
625

aag geg ctt get
Lys Gly Leu Gly
640

cca ggg gea cag
Pro Gly Gly Gin
655

tcc ttc caa age
Ser Phe GIn Ser
670

agt ttc cat tcc
Ser Phe His Ser

goc act gag cca
Ala Thr Glu Pro
705

get ttec aac cco
Gly Phe Asn Pro
720

tta tcec gea coa
Leu Ser Ala Pro
135

geg otg cag cca
Ala Leu GIn Pro
750

gac tgt gegc tte

cct gec tegc teo
Pro Gly Cys Ser
500

gtg aag gcc cac
Val Lys Ala His
515

aca ggt goc gac
Thr Gly Ala Asp
530

cag cag ctc caa
Gin GIn Leu Gln

agec caa acc ctg
Ser GIn Thr Leu
565

gtc acc cca caa
Val Thr Pro Gln
580

gat gtc cct tce
Asp Val Pro Ser
595

cac cac ctg tece
His His Leu Ser
610

ggg ccc agt cte
Gly Pro Ser Leu

ccG cca ccg cta
Pro Pro Pro Leu
645

teca ttc tet aca
Ser Phe Ser Thr
660

cca cca cot otg
Pro Pro Pro Leu
675

atc cag aac tec
Ile GIn Asn Cys
690

gea goc toc agg
Ala Ala Ser Arg

ttg cga cco age
Leu Arg Pro Ser
725

gec tac gag acc
Gly Tyr Glu Thr
740

cag cca got gaa
Gln Pro Ala Glu
755

ttc coc aat ggg

Leu Val Pro Ser Gly Pro 9ég Asp Cys Gly Phe Phe Pro Asn Gly

760

770

ttt gac cac tgt ctg agt cac atc ccg tcc atc tac act gac ace
Ala Phe Asp His Cys Leu Ser His Ile Pro Ser lle Tyr Thr Asp Thr

®)

1724

1772

1820

1868

1916

1964

2012

2060

2108

2156

2204

2252

2300

2348

2396

2444

2492

2540

2588



175 180 185
tga aggaagggec goetgetetge ctgectecet ggoteotgag ctacttcace
tacctegccat ctecteggtec ttcccacacg gggcagecaag gecacaccac agggtacttc
cctacctgga gggetegtcteg gtocagaget goctgccagg agetatggec ctotgacage
cccatggotg tetcttocte totctocata aggtictcaa atcacagace tegtgtatat
acaatgtaca ggacctcttt tccgecgoce tgcaagtttt atatttttgg ttttacaaga

aaaacattaa aaactggaaa cta

210> 4

211> 789

<212> PRT

<213> Mus musculus

<400> 4

Met His Cys Glu Val Ala Glu Ala Leu Ser Asp Lys Arg Pro Lys Glu

1 5 10 15

Ala Pro Gly Ala Pro Gly GIn Gly Arg Gly Pro Val Ser Leu Gly Ala
20 25 30

His Met Ala Phe Arg |le Ala Val Ser Gly Gly Gly Cys Gly Asp Gly

35 40 45
Asn Pro Leu Asp Leu Leu Pro Arg Leu Pro Val Pro Pro Pro Arg Ala
50 55 60

His Asp Leu Leu Arg Pro Arg Ser Pro Arg Asp Tyr Gly Val Ser Lys

65 70 75 80

Thr Gly Ser Gly Lys Val Asn Gly Ser Tyr Gly His Ser Ser Glu Lys

85 90 95

Ser Leu Leu Asp Leu Asp Leu Ala Glu Gly Pro Ser Pro Ser Cys His
100 105 110

Gin Gly Leu Phe Leu Pro Ala Gly Thr Pro Pro Pro Arg Gly His Pro

115 120 125
Pro Val Cys Glu Lys Leu Leu His Phe Pro His Pro Asn Arg Ser Pro
130 135 140

Arg Pro GIn Ala Thr Phe Val Asn Gly Ser Leu Pro Ala Ala Gin His

145 150 155 160

lle Lys Gln Glu Ala Leu Pro Asp Tyr Gln Ala Met Val Ser Ala His

165 170 175

Thr Pro Leu Pro Thr His Cys Arg Ala Pro Ser Ser Met Gly Leu Pro

180 185 190

Ser Asp Leu Asp Phe Pro Asp Arg Gly Leu Thr Asn Pro Ala Pro Ser
195 200 205

Cys Tyr Leu Leu Gly Asn Glu Pro Ile Ser Asp Leu Gly Pro GIn Pro
9

2641
2701
2761
2821
2881
2904



210 215 220

Glu Ala His Leu Pro Glu Gly Ser Leu Lys Arg Cys Cys Leu Leu Gly
225 230 235 240
Leu Pro Pro Thr Ser Ser Ala Ser Ser Ser Pro Cys Ala Ser Ser Asp
245 250 255
Ile Asn Pro Val [le His Ser Ser GIn Thr Ala Leu Val Ser Cys Val
260 265 270
Asn Gly Leu Arg Ser Pro Pro Leu Pro Gly Asp Leu Gly Gly Pro Pro
275 280 285
Lys Arg Ser Arg Pro Gly Pro Ala Ser Ser Asp Gly Gin Glu Gly Ser
290 295 300
Leu Gin Leu Glu Ala Cys Arg Lys Ser Gly Phe Leu Lys GIn Glu Pro
305 310 315 - 320
Met Asp Glu Phe Ser Glu Leu Phe Ala Pro His His Gln Gly Leu Pro
325 330 335
Pro Pro Tyr Pro Leu Pro Gln Leu Pro Thr Gly Pro Gly Leu Gly Gly
340 345 350
Leu Gly Leu Gly Leu Ala Gly Arg Met Val Ala Gly Arg GIn Ala Cys
355 360 365
Arg Trp Val Asp Cys Cys Ala Ala Tyr Glu Gln GIn Glu Glu Leu Val
370 375 380
Arg His |le Glu Lys Ser His Ile Asp Gln Arg Lys Gly Glu Asp Phe
385 390 395 400
Thr Cys Phe Trp Ala Gly Cys Val Arg Arg Tyr Lys Pro Phe Ash Ala
405 410 415
Arg Tyr Lys Leu Leu |le His Met Arg Val His Ser Gly Glu Lys Pro
420 425 430
Asn Lys Cys Met Phe Glu Gly Cys Ser Lys Ala Phe Ser Arg Leu Glu
435 440 445
Asn Leu Lys Ile His Leu Arg Ser His Thr Gly Glu Lys Pro Tyr Leu
450 455 460
Cys GIn His Pro Gly Cys GIn Lys Ala Phe Ser Asn Ser Ser Asp Arg
465 470 475 480

Ala Lys His Gln Arg Thr His Leu Asp Thr Lys Pro Tyr Ala Cys Gln
485 490 495

Ile Pro Gly Cys Ser Lys Arg Tyr Thr Asp Pro Ser Ser Leu Arg Lys
500 505 510

(10)



His Val Lys Ala His Ser Ala Lys Glu GIn GIn Val Arg Lys Lys Leu
515 520 525
His Thr Gly Ala Asp Pro Glu Ala Asp Val Leu Ser Glu Cys Leu Ser
530 535 540
Leu Gln Gin Leu Gln Ala Ser Thr Leu Leu Pro Ala Ser Arg Gly Lys
545 550 555 560
Gly Ser GIn Thr Leu Ser GIn Glu Leu Leu Pro Gly Val Tyr Pro Gly
565 570 575
Ser Val Thr Pro GIn Asn Gly Leu Ala Ser Gly lle Leu Ser Pro Ser
580 585 590
His Asp Val Pro Ser Arg His His Pro Leu Glu Val Pro Thr Gly Ser
595 600 605
His His His Leu Ser Pro Leu Pro Thr Ala Glu Ser Thr Arg Asp Gly
610 615 620
Leu Gly Pro Ser Leu Leu Ser Pro Met Val Ser Pro Leu Lys Gly Leu
625 630 635 640
Gly Pro Pro Pro Leu Pro Pro Ala Ser GIn Ser GIn Ser Pro Gly Gly
645 650 655
GIn Ser Phe Ser Thr Val Pro Ser Lys Pro Thr Tyr Pro Ser Phe GIn
660 665 670
Ser Pro Pro Pro Leu Pro Ser Pro Gln Gly Tyr GIn Gly Ser Phe His
675 680 685
Ser |le GIn Asn Cys Phe Pro Tyr Ala Asp Cys Tyr Arg Ala Thr Glu
690 695 700
Pro Ala Ala Ser Arg Asp Gly Leu Val Gly Asp Ala His Gly Phe Asn
705 710 715 720
Pro Leu Arg Pro Ser Thr Tyr Ser Ser Leu Ser Thr Pro Leu Ser Ala
725 730 735
Pro Gly Tyr Glu Thr Leu Ala Glu Thr Pro Cys Pro Pro Ala Leu Gln
740 745 750
Pro Gln Pro Ala Glu Asp Leu Val Pro Ser Gly Pro Glu Asp Cys Gly
755 760 765
Phe Phe Pro Asn Gly Ala Phe Asp His Cys Leu Ser His |le Pro Ser
770 775 780
Iée Tyr Thr Asp Thr

785

210> &
211> 2949
<212> DNA

(1)



<213> Homo sapiens

<220>
<221> DS

<222> (595).. (2034)

<400> 5
agtttcccga

gegegeceec
ctcccacceg
ccgogecttg
GEECcaccecs
accgcgacag
tacttactcg
atacaaagga
teteggccaa

ttcaggtegce

agg cag cca cct
Arg GlIn Pro gro

cca tot tte tee
Pro Ser zge Ser

ctg cgt caa goa
Leu Arg GIn Ala

35

cac atg aag cga
Eés Met Lys Arg

=09

got tgc ggoc ggt
Ala Cys Gly géy

gag ttc aac gat
Glu Phe Asn Asp
100

acc cat cct ccg
Thr T{g Pro Pro

gee teo tet tog
Ala Ser Ser Ser
130

tecc acc tge age
Ser Thr Cys Ser

gte gog ceg gegc

cg acc
la Thr

ccagagagaa
gecaccggga
ccogtggoce
CECCECCEac
CECCCacces
tegtegeeea
cottgcteat
actttttaaa
titggesttt
ccagotgott

10

cgaacgtete
gocgoegagt
gegoccatgg
cagttcgeag
CCCggccaca
cgctgotgag
tgtetatttt
aaagacgott
teggtttteg

cgegetgecg

gec gag tcot gac
Gly Glu Ser Asp

acg ttc geg tot
Thr Phe Ala Ser

25

gegt goc ceg aat
Gly Ala

ctt cce ceca gtg
Leu ggo Pro Val

gtg gec aca gac
Val Ala Thr Asp

age aac ctg geg
Ser Asn Leu Ala

ctc ctg gac ctg
Leu Leu Asp Leu

105

gag tca gtg gee
Glu Ser Val Ala

120

tog teg ocg teg
Ser Ser Pro Ser
135

ttc acc tat ceg
Phe Thr Tyr Pro
150

gec acg gec gega

Val Ala Pro Gly Gly Thr Gly Gly

165

get cco oot cog acg got coe tte

gg
Gl
17

tgogegogee
gaccctecce
CCECECECEC
ctocgegeca
gececetgcgo
tggaagagag
tgcetttaca
ccaagttata
cttegtttet
aggaccttect

atg get gte
¥8t Ala Val

gBC ccg geg
Gly Pro Ala

aac cgc tgg
250 Asn Asn Arg Trp

ctt ccc ggc
Leu Pro Gly
60

ctg gag age
Leu Glu Ser

75

ccc cta coct
Pro Leu Pro
90

gac ttt att
Asp Phe lle

gcc acc gtg
Ala Thr Val

agc age gec
Ser Ser Gly

140

G Cgg 8ce

t
lle ?rg Ala

55

¢ ctec cte
y Leu Leu
0

cgeggageag aggeggtgge
cgecectetg gocccocace
tccacacaac tcaccggagt
cggcagecag tctcacctgg
ccacggcage actcgaggcg
CECAgCCCEE CCaccELgacs
acttttctaa gaacttttgt
tttaatccaa agaagaagga
totettegtt gacttteges
gggcccccac atta atg
Met
1
agc gac goeg ctg cote
Ser Asp Ala Leu Leu
i5
gega agg gag aag aca

Gly Arg Glu Lys Thr
30

cgg gag gag ote teo
ﬁgg Glu Glu Leu Ser

cgc ccc tat gac ctg
Arg Pro Tyr Asp %gu

gec gga goc get gog
Gly Gly Ala géy Ala

Cgg aga gag acc gag
Arg Arg géu Thr Glu

ctc tecc aat teg cte
LﬂlﬁBAﬂl%er

tcc teg tca geg tea
?gg Ser Ser Ala Ser

cct goc age gog coe
Pro Ala Ser Ala ?zg

ggg aac gac Cog Eec
Gly Asn Asp ?gg Gly

tat gge agg gag tce
Tyr Gly ?;E Glu Ser

aac ctg gog gac atc aac gac gig

(12)

60

120

180

240

300

360

420

480

540

597

645

693

41

789

837

885

933

9681

1029

1077

1125

1173



Ala Pro Pro Pro Thr Ala Pro Phe Asn Leu Ala Asp |le Asn Asp Val
180 185 190

agc cce
Ser Pro
195

ccg gtg
Pro Val
210

atg gegc
Met Gly

tac ggc
Tyr Gly

agc cac
Ser His

tgc cco
Cys Pro
275

get gea
Ala Gly
290

ccc ctg
Pro Leu

gag gaa
Glu Glu

ccC gegc
Pro Gly

gat cag
Asp Gln
355

cCa GCC
Pro Pro
370

cga teg
Arg Ser

gec tge
Gly Cys

cga acc
Arg Thr

gga teg
435

tecg gge gge tto gtg gee gag cte
Ser Gly Gly Phe ggé Ala Glu Leu

tac att ccg ccg cag cag ccg cag
Tyr lle Pro qu Gin GIn Pro GIn

aag ttc gtg cteg aag gog teg otg
Lys Phe Val Leu Lys Ala Ser Leu
230 235

agc cog tog gtc atc age gtc age
Ser Pro Ser Val lle Ser Val Ser
245 250

cog gtg gte gtg gog coc tac aac
Pro Val Val Val Ala Pro Tyr Asn
260 265

aag atc aag cag gag geg gto tet
Lys lle Lys Gln gég Ala Val Ser

ccc cot ctc age aat ggc cac cgg
Pro Pro Leu ggg Asn Gly His Arg

geg cgg cag ctec ccc age ageg act
Gly Arg GIn Leu Pro Ser Arg Thr
310 315

gteg ctg agc agc agg gac tgt cac
Val Leu Ser Ser Arg Asp Cys His

325 330
ttc cat ccc cac cog ggg cce aat
Phe His Pro His Pro Gly Pro Asn
340 345

atg cag ccg caa gtc ccg ccg ote
Met GIn Pro GIn V I Pro Pro Leu

get tce tge atg cca gag gag cce

ctg
Leu

ccg
Pro
220

age
Ser

aaa
Lys

gee
Gly

tceg
Ser

ccg
Pro
300

acc
Thr

cot
Pro

tac
Tyr

cat
His

aag

CES
Arg
205

cca
Pro

g60
Ala

tec
Cys
285

got
Ala

cog
Pro

gCC
Ala

cca
Pro

tac
Tyr
365

cca

cca gaa ttg gac
Pro Glu Leu Asp

cct gge age gag
Pro Gly Ser Glu
240

age cct gac gec
Ser Pro Asp Gly
255

cCg CCE CEC acg
Pro Pro Arg Thr
270

acc cac ttg ggc
Thr His Leu Gly

gea cac gac ttc
Ala His Asp Phe
305

acc ctg ggt ott
Thr Leu Gly Leu
320

ctg cog ctt cct
Leu Pro Leu Pro
335

tcc ttc ctg cece
Ser Phe Leu Pro
350

caa gag ctc atg
GIn Glu Leu Met

aag agg gga aga

Gly Ser Cys Met Pro Glu Giu Pro Lys Pro Lys Arg Gly Arg

375

380

385

tgg ccc cgg aaa agg acc goc acc cac act tgt gat tac geg
Trp Pro Arg Lys Arg Thr Ala Thr His Thr Cys Asp Tyr Ala
390 395 400

gegc aaa acc tac aca aag agt tcc cat ctc aag gea cac ctg
Gly Iiys Thr Tyr Thr Lys 431?5 Ser His Leu Lys Ala His Leu

415

cac aca ggt gag aaa cct tac cac tgt gac tgg gac gege tegt
His Thr Gly Glu Lys Pro Tyr His Cys Asp 158 Asp Gly Cys

420 425

aaa ttc gec cge tea gat gaa ctg acc agg cac tac cgt aaa
Gly Trp Lys Phe Ala Arg Ser Asp Glu Leu Thr Arg His Tyr Arg Lys

440

cac acg ggg cac cgc ccg ttc cag tec caa aaa tgc gac cga goa ttt

glg Thr Gly His Arg zro Phe GIn Cys GIn kys Cys Asp Arg Ala Phe

465

tcec agg tog gac cac ctc goc tta cac atg aag agg cat ttt taa
Ser Arg Ser Asp 2;8 Leu Ala Leu His %gg Lys Arg His Phe

(13)

1221

1269

1317

1365

1413

1461

1509

1557

1605

1653

1701

1749

1797

1845

1893

1941

1989

2034



atcccagaca
acactgtett
tcccaactga
aatcaaagaa
ttgaatattc
tataaattat
atgcaatata
tgatgttaga
atggtgottg
tgotgcatac
gtcaggtaat
tgtggtttea
aacaaatgtg
aaacgtotat
attttgcata
aaaaaaaaaa
210>
S5
(AR
<400> 6

6
479
PRT

gtggatatga
cccgatgagg
gtecatettegt
cagatggggt
ctggacttac
atccgtgagt
agcataaaag
agaagaggaa
gtgagtcttg
tttgacaagg
atacctggtt
gatgtgcaat
tttttetata
tttgtatatt
ctcaaggtga

aaaaa

Homo sapiens

cccacactge cagaagagaa
gaaggagece agocagaaag
gagtggataa tcaggaaaaa
ctgtgactgg atcttotate
aaaatgccaa ggggetgact
tggeegageg aagaccagaa
atcaccttgt attctettta
gaaattcagg tacagaaaac
gttctaaage taccaaacaa
aaaatctata

tacttcttta

tttgtettice
geatttttat
aattigtaca atggtttatt
tagttoctteg cottaataaa
tgtaaactac aaagtaaaat

gaattaagtt ttaaataaac

ttcagtattt tttacttttc
cactacaatc atggtcaagt
tgaggaatcc aaaagacaaa
attccaattc taaatccgac
ggaagttetg gatatcagee
ttceccttgaa ttgtgtatte
ccttctaaaa gecattatta
atgtttaaat agecctaaatg
ggaagecaaa gtttteaaac
gatcaacatt tatgacctaa
geagacagtc tgttatgcac
cccaagtatg cottaageag
tatgtaatat aaatttaage
gaacatttte tggagtttet
ctataatatt ttatctgaaa

¥et Arg Gin Pro Ero Gly Glu Ser Asp ¥8t Ala Val Ser Asp ?éa Leu

Leu Pro Ser Phe Ser Thr Phe Ala Ser Gly Pro Ala Gly Arg Glu Lys
20 25 30

Thr Leu Arg GIn Ala Gly Ala Pro Asn Asn Arg Trp Arg Glu Glu Leu
35 40 45

Ser His Met Lys Arg Leu Pro Pro Val Leu Pro Gly Arg Pro Tyr Asp
50 55 60

Leu Ala Ala Ata Thr Val Ala Thr Asp Leu Glu Ser Gly Gly Ala Gly
65 70 75 80

Ala Ala Cys Gly Gly Ser Asn Leu Ala Pro Leu Pro Arg Arg Gliu Thr
85 90 95

Glu Glu Phe Asn Asp Leu Leu Asp Leu Asp Phe |le Leu Ser Asn Ser
100 105 110

Leu Thr His Pro Pro Glu Ser Val Ala Ala Thr Val Ser Ser Ser Ala
115 120 125

Ser Ala Ser Ser Ser Ser Ser Pro Ser Ser Ser Gly Pro Ala Ser Ala
130 135 140

(14

2094
2154
2214
2274
2334
2394
2454
2514
2574
2634
2694
2754
2814
2874
2934
2949



Pro Ser Thr Cys Ser Phe Thr Tyr Pro lle Arg Ala Gly Asn Asp Pro
145 150 155 160
Gly Val Ala Pro Gly Gly Thr Gly Gly Gly Leu Leu Tyr Gly Arg Glu
165 170 175
Ser Ala Pro Pro Pro Thr Ala Pro Phe Asn Leu Ala Asp 1le Asn Asp
180 185 190
Val Ser Pro Ser Gly Gly Phe Val Ala Glu Leu Leu Arg Pro Glu Leu
195 200 205
Asp Pro Val Tyr Ile Pro Pro GIn GIn Pro GIn Pro Pro Gly Gly Gly
210 215 220
Leu Met Gly Lys Phe Val Leu Lys Ala Ser Leu Ser Ala Pro Gly Ser
225 230 235 240
Glu Tyr Gly Ser Pro Ser Val lle Ser Val Ser Lys Gly Ser Pro Asp
245 250 255
Gly Ser His Pro Val Vai Val Ala Pro Tyr Asn Gly Gly Pro Pro Arg
260 265 270
Thr Cys Pro Lys lle Lys Gln Glu Ala Val Ser Ser GCys Thr His Leu
275 280 285
Gly Ala Gly Pro Pro Leu Ser Asn Gly His Arg Pro Ala Ala His Asp
290 295 300
Phe Pro Leu Gly Arg GIn Leu Pro Ser Arg Thr Thr Pro Thr Leu Gly
305 310 315 320
Leu Glu Gfu Val Leu Ser Ser Arg Asp Cys His Pro Ala Leu Pro Leu
325 330 335
Pro Pro Gly Phe His Pro His Pro Gly Pro Asn Tyr Pro Ser Phe Leu
340 345 350
Pro Asp Gin Met Gin Pro GIn Val Pro Pro Leu His Tyr Gln Glu Leu
355 360 365
Met Pro Pro Gly Ser Cys Met Pro Glu Glu Pro Lys Pro Lys Arg Gly
370 375 380
Arg Arg Ser Trp Pro Arg Lys Arg Thr Ala Thr His Thr Cys Asp Tyr
385 390 395 400
Ala Gly Cys Gly Lys Thr Tyr Thr Lys Ser Ser His Leu Lys Ala His
405 410 415
Leu Arg Thr His Thr Gly Glu Lys Pro Tyr His Cys Asp Trp Asp Gly
420 425 430

Cys Gly Trp Lys Phe Ala Arg Ser Asp Glu Leu Thr Arg His Tyr Arg
435 440 445

(15)



Lys His Thr Gly His Arg Pro Phe GIn Cys GIn Lys Cys Asp Arg Ala
450 455 460

Phe Ser Arg Ser Asp His Leu Ala Leu His Met Lys Arg His Phe
465 470 475

Q210> 7

<211> 3057

<212> DNA

<213> Mus musculus

<220>
<221> CDS
<222> (605).. (2056)

<400> 7
agttcccecgg ccaagagage gagegegegot

ggCEECEECE goaccoggag cogocgagty
gcaacccgec cgtgaccege geccatgece
gocaccocgog ccaccgecca gotcgoagtt
ECECCECCCE GCCACCECCC EEACCACALT
gacaacggteg ggggacactg ctgagtccaa
atctgecttg ctgattgtet atttttataa
tacaaaggaa cttttttaaa gacatcgecg
cgggcaatet ggggetttte gtttegagett
tttegeggetc aggtacccct ctotettott
atta atg agg cag cca cct ggc gag

1
ctg ctc cog toc ttc toc acg tte
Leu Leu Pro Ser ;Be Ser Thr Phe

aag aca ctg cgt cca goa get goe
Lys Thr Leu égg Pro Ala Gly Ala

ctc tot cac atg aag cga ctt coc
Leu Ser Eés Met Lys Arg Leu Ego

ctg gog geg acg gtg gec aca gac
Leu ééa Ala Thr Val Ala ;gr Asp

got tge agc agt aac aac ccg gce
Qéa Cys Ser Ser Asn égn Pro Ala

gag ttc aac gac otc ctg gac cta
Glu Phe Asn Asp Leu Leu Asp Leu

100
acc cac cag gaa tcg gtg gec gee
Thr His Gln ?{g Ser Val Ala Ala

tca tcc tcg tot toc cog gog age

CCgEECcEcec
ccecteoccog
BCECECaccs
GCECEC0acs
GCCCECECog
gagogtgcag
gagtttacaa
gtttatatte
ttgtttetaa
cggactcogg

tct gac atg got gtec age gac got
Met Arg Gin Pro gro Gly Glu Ser Asp Met Ala Val Ser Asp ?éa

10

geg toc ggo oog
Ala ggr Gly Pro

ccg act aac
Pro Thr Asn
40

cca ctt cce
Pro Leu Pro

ctg gag agt
Leu Glu Ser

cte ota gee
Leu Leu Ala
90

gac ttt atc

Asp Phe |le
105

acc gtg ace

Thr Val Thr

120

age gge oot

geggageaga
cccctecage
ggecacagtce
geggecatte
ccgacageca
cotggccate
cttttotaag
aatccaaaga

agtttttaat cttegttgac

aggaccttct ggecccccac

gCg gea agg gag
Ala Gly Arg Glu

cgt gag gaa
Arg Glu Glu
45

ccc tac gac
Pro Tyr Asp

gag acc gag
Glu Thr Glu
95

aac tcg cta
Asn Ser Leu
110

geg tea got
Ala Ser Ala
125

¢ geg ccc teo

Ser Ser Ser Ser Ser Pro Ala Ser Ser Gly Pro Ala Ser Ala Pro Ser

(16)

gecggtegeg
¢ccocaccca
ccaggactcc
tcacotegeg
cagtgecoge
gegacctactt
aatttttgta
agaaggatct

60
120
180
240
300
360
420
480
540
600
649

697

745

793

841

889

937

985

1033



ace
Thr

got
Ala
160

cca
Pro

coe
Pro

gta
Val

age
Ser
240

cac
His

cCe
Pro

cta g
Leu

cco
Pro

acc
Thr
320

cct
Pro

tac
Tyr

cat
His

aag
Lys

cac
His
400

G aag

130

tec
Cys
145

age tte
Ser Phe

£GC
Ala

age aac
Ser Asn

cot
Pro

©cC acg
Pro Thr

teg
Ser

gB8C gEo
Gly Gly
195

tac
Tyr

att cog
I{e Pro
210

ttt gte
Lys Phe Val

225

age
Ser

cct tog
Pro Ser

felele]
Pro

gtg gta
Val Val

att aag
Ile Lys
275

aag
Lys

gag gec cat

Glu Ala His
290

aac aca cac

305

cot aca ctg agt ccc gag gaa
Pro Thr Leu Ser EEg Glu Glu

gec ctg cct ott ccc coca gga
Gly Leu Pro Leu Pro Pro Gly

cct coct tte otg cca gac cag atg
Pro Pro Phe Leu Pro Asp Gin

355

tat caa gag ctc atg cca cocg

tat ccg
Tyr Pro
150

ago
Ser

ggt gea
Gly Gly
165

aca
Thr

geo ccc tto
Ala Pro Phe
180

ttc gte got
Phe Val Ala

cca cag cag
Pro Gln GIn

ctg aag gog
Leu Lys Ala
230

gtc atc agt
Val |le Ser
245

gtg gog cco
Val Ala Pro
260

caa

g Cg
GIn G

ag g
lu Ala

tteg age got
Leu Ser Ala

gac ttc ccc

Asn Thr His Asp Phe g;o Leu

340

135

atc cgg gec
{le Arg Ala

geg cte cte
Gly Leu Leu

aac ctg geg
Asn Leu Ala
185

gag ctec ctg
Glu Leu Leu
200

cct cag
Pro GIn
215

tot
Ser

ccg
Pro

ctg
Leu

acec
Thr

gtt
Val

aaa
Lys

ageo
Ser

get
Gly
265

tac
Tyr

age
Ser

tee
Ser

gto
Val

cog
Pro
280

cCC
Pro

gga
Gly
295

cag
Gln

ctg geg

Gly

cgg
Arg

ctg
Leu

ctg
Leu

tte
Phe

cat
345

360

140

t gac
y Asp
5

—0Q
< 0q

tac
Tyr
170

cga
Arg

aat
Asn

gac atc
Asp

ceg
Arg

ccg
Pro

gag
Glu

cca ggt
Pro Gly

gec
Gly
220

cct gegc
Pro Gly
235

daceC
Thr

gga agc cca
Gly Ser Pro
250

gec cog cog
Gly Pro Pro

tegc acg gte
Cys Thr Val

ctec ago aac
Leu Ser Asn
300

cag ctc ccc

GIn Leu Pro
315

aac agc agg

Asn Ser Arg

330

ccc cat ccg

ccg ggo gtg
Pro Gly Val

gaa tet geg
Glu Ser Ala
175

gac gtg age
Asp Val Ser
190

ttg gac cca
Leu Asp Pro
205

geg ctg atg
Gly Leu Met

agc gag tac
Ser Glu Tyr

gac ggc age
Asp Gly Ser
255

cge atg tec
Arg Met Cys
270

agec ogeg tee
Ser Arg Ser
285

gec cac cgg
Gly His Arg

acc agg act
Thr Arg Thr

gac tgt cac
Asp Cys His
335

BEgE CCC aac

His Pro His Pro Gly Pro Asn

350

cag tca caa gtc ccc tet cte
Met Gin Ser GIn Val Pro Ser Leu

365

get tec tge cteg coa gag gag cce

Tyr GlIn Glu Leu Met Pro Pro Gly Ser Cys Leu Pro Glu Glu Pro
370 375 380

cca aag agg gga aga agg tcg tgg coc cgg aaa aga aca goc acc
ggg Lys Arg Gly Arg égg Ser Trp Pro Arg ggg Arg Thr Ala Thr

act tgt gac tat geca gge tgt ggc aaa acc tat acc aag agt tot
Thr Cys Asp Tyr ﬁég Gly Cys Gly Lys 1?5 Tyr Thr Lys Ser i?g

cat ctc aag goa cac ctg cga act cac aca ggc gag aaa cct tac cac
His Leu Lys Ala His Leu Arg Thr His Thr Gly Glu Lys Pro Tyr His

420

425

430

tet gac tgg gac gegc tet geg teg aaa ttc gec cge toc gat gaa ctg

(an

1081

1129

177

1225

1273

1321

1369

1417

1465

1513

1561

1609

1657

1705

1753

1801

1849

1897

1945



Cys Asp Trp Asp Gly Cys Gly Trp Lys Phe Ala Arg Ser Asp Glu Leu
435 440 445

acc agg cac tac cgc aaa cac aca ggg cac cgg ccc ttt cag tge cag

Thr Arg His Tyr Arg Lys His Thr Gly His Arg Pro Phe GIn Cys GIn
450 455 460

aag tgt gac agg goc ttt tec agg tog gac cac ctt gee tta cac atg

Lys ggg Asp Arg Ala Phe 2?6 Arg Ser Asp His kgg Ala Leu His Met

aag agg cac ttt taa atcccacgta gtggatgtga coccacactge caggagagag
Lys Arg His Phe

430

agttcagtat ttttttttet aacctttcac actgtcttcc cacgagggega ggageccage
tggocaagege tacaatcatg gtcaagttcc cageaagtca gettetgaat ggataatcag
gagaaaggaa gagttcaaga gacaaaacag aaatactaaa aacaaacaaa caaaaaaaca
aacaaaaaaa acaagaaaaa aaaatcacag aacagatggg gtotgatact ggatggatct
tctatcattc caataccaaa tccaacttga acatgecccge acttacaaaa tgccaaggeg
tgactggaag tttegteggata tcagggtata cactaaatca gtgagettege ggggagggaa
gaccaggatt cccttgaatt gtgtticgat gatgcaatac acacgtaaag atcaccttgt
atgeteottte ccttottaaa aaaaaaaaaa gecattattg tsgtcggagega agaggaagoeg
attcagetac agaacatgtt ctaacagcct aaatgatggt gottggtgag teogteggttct
aaaggtacca aacgggesag ccaaagtict ccaactgetg catacttttsg acaaggaaaa
totagttttg totteccgatc tacatigatg acctaagcca ggtaaataag coctggtitat
ttctgtaaca tttttatgca gacagtcigt tatgcactgt getttcagat gtgcaataat
ttetacaatg gtttattccc aagtatgect ttaagcagaa caaatgtgtt tttctatata
gttcottecc ttaataaata tgtaatataa atttaagcaa acttctattt tgtatattte
taaactacaa agtaaaaaaa aatgaacatt ttgtegagtt tgtatttige atactcaagg
tgagaaataa gttttaaata aacctataat attttatctg aacgacaaaa aaaaaaaaaa
a

<210> 8

<211> 483

<212> PRT

<213> Mus musculus

<400> 8
¥et Arg GIn Pro Ero Gly Glu Ser Asp ¥8t Ala Val Ser Asp ?éa Leu

Leu Pro Ser Phe Ser Thr Phe Ala Ser Gly Pro Ala Giy Arg Glu Lys
20 25 30
Thr Leu Arg Pro Ala Gly Ala Pro Thr Asn Arg Trp Arg Glu Glu Leu
35 40 45
Ser His Met Lys Arg Leu Pro Pro Leu Pro Gly Arg Pro Tyr Asp Leu
50 55 60

Ala Ala Thr Val Ala Thr Asp Leu Glu Ser Gly Gly Ala Gly Ala Ala
65 70 75 80

(18)

1993

2041

2096

2156
2216
2276
2336
2396
2456
2516
2576
2636
2696
2756
2816
2876
2936
2996
3056
3057



Cys Ser Ser Asn Asn Pro Ala Leu Leu Ala Arg Arg Glu Thr Glu Glu
85 90 95
Phe Asn Asp Leu Leu Asp Leu Asp Phe |le Leu Ser Asn Ser Leu Thr
100 105 110

His GIn Glu Ser Val Ala Ala Thr Val Thr Thr Ser Ala Ser Ala Ser
1 120 125

lu

15

Ser Ser Ser Ser Pro Ala Ser Ser Gly Pro Ala Ser Ala Pro Ser Thr
130 135 140

Cys Ser Phe Ser Tyr Pro lle Arg Ala Gly Gly Asp Pro Gly Val Ala
145 150 155 160
Ala Ser Asn Thr Gly Gly Gly Leu Leu Tyr Ser Arg Glu Ser Ala Pro
165 170 175
Pro Pro Thr Ala Pro Phe Asn Leu Ala Asp lle Asn Asp Val Ser Pro
180 185 190
Ser Gly Gly Phe Val Ala Glu Leu Leu Arg Pro Glu Leu Asp Pro Val
195 200 205
Tyr Ile Pro Pro GIn GIn Pro Gin Pro Pro Gly Gly Gly Leu Met Gly
210 215 220
Lys Phe Val Leu Lys Ala Ser Leu Thr Thr Pro Gly Ser Glu Tyr Ser
225 230 235 240
Ser Pro Ser Val |le Ser Val Ser Lys Gly Ser Pro Asp Gly Ser His
245 250 255
Pro Val Val Val Ala Pro Tyr Ser Gly Gly Pro Pro Arg Met Cys Pro
260 265 270
Lys [le Lys GIn Glu Ala Val Pro Ser Cys Thr Val Ser Arg Ser Leu
275 280 285
Glu Ala His Leu Ser Ala Gly Pro GIn Leu Ser Asn Gly His Arg Pro
290 295 300
Asn Thr His Asp Phe Pro lLeu Gly Arg Gin Leu Pro Thr Arg Thr Thr
305 310 315 320
Pro Thr Leu Ser Pro Glu Glu Leu Leu Asn Ser Arg Asp Cys His Pro
325 330 335
Gly Leu Pro Leu Pro Pro Gly Phe His Pro His Pro Gly Pro Asn Tyr
340 345 350

Pro Pro Phe Leu Pro Asp Gin Met Gin Ser GIn Val Pro Ser Leu His
355 360 365

Tyr GIn Glu Leu Met Pro Pro Gly Ser Cys Leu Pro Glu Glu Pro Lys
(19



370 375 380

Pro Lys Arg Gly Arg Arg Ser Trp Pro Arg Lys Arg Thr Ala Thr His
385 390 395 400

Thr Cys Asp Tyr Ala Gly Cys Gly Lys Thr Tyr Thr Lys Ser Ser His
405 410 415
Leu Lys Ala His Leu Arg Thr His Thr Gly Glu Lys Pro Tyr His Cys
420 425 430
Asp Trp Asp Gly Cys Gly Trp Lys Phe Ala Arg Ser Asp Glu Leu Thr
435 440 445
Arg His Tyr Arg Lys His Thr Gly His Arg Pro Phe GIn Cys Gin Lys
450 455 460

Cys Asp Arg Ala Phe Ser Arg Ser Asp His Leu Ala Leu His Met Lys
465 470 475 480

Arg His Phe

Q210> 9

211> 8t

<212> DNA

<213> Foot-and-mouth disease virus

<400> 9
aaaattgtog ctectgtcaa acaaactott aactttgatt tactcaaact ggotggggat

gtagaaagca atccaggtcc a

210> 10
Q211> 34
<212> DNA
<213> Bacteriophage P1

<400> 10
ataacttcogt atagcataca ttatacgaag ttat

Q10> 1

Q211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> mutant loxP (lox71) sequence

<400> 11
taccgttogt atagcataca ttatacgaag ttat

Q10> 12
Q11> 34
<212> DNA
<213> Artificial Sequence

220>
<223> mutant loxP (lox66) sequence

<400> 12
ataacttogt atagcataca ttatacgaac geta

(20)

60
81

34

34

34



<210>
Q211>
212>
213

<220>
<223>

<400>

13

21

DNA

Artificial Sequence

shRNA
13

ggectcacca accctgcace t

<210>
211>
212>
213>

<2205
<223>

<400>

14

21

DNA

Artificial Sequence

shRNA
14

goeccttoaat geoccgotaca a

<210>
Q11>
Q212>
213>

<220>
<223>

<400>

15

21

DNA

Artificial Sequence

shRNA
15

geggecaatgaa cccatetcag a

@21n

21

21

21



CLAIMS

1. A method of producing an iPS cell, comprising culturing a somatic cell transfected with
nucleic acids that

encode the following (1), (2), (3), and (4):
() GLISI,
(2) Oct3/4,
(3) a member of the KIf family selected from the group consisting of KIf1, KIf2, Kif4, and
KIf5,

(4) a member of the Sox family selected from the group consisting of Soxl, Sox2, Sox3,
Soxl5, and Soxl7,

thereby producing an iPS cell.

2. The method according to claim 1, wherein the member of the KIf family is K1f4.

3. The method according to claim 1, wherein the somatic cell has been transfected with a
further nucleic acid that encodes a reprogramming substance selected from the group consisting
of a member of the Myc family, a member of the Lin28 family, and Nanog,

wherein the member of the Myc family is selected from the group consisting of c-Myc, L-Myc
and N-Myc, and

wherein the member of the Lin28 family is selected from the group consisting of Lin28 and

Lin28b.
4. The method according to claim 1, wherein the member of the Sox family is Sox2.
5. The method according to claim 1, wherein the member of the Myc family is c-Myc.
6. A method of producing a somatic cell, comprising the following (1) and (2):
(1) the step of producing an iPS cell by the method according to claim 1, and

(2) the step of treating the iPS cell obtained through the step

(1) above to induce it to differentiate into a somatic cell.
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