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ABSTRACT 

A method of preparing induced pluripotent stem cells, com 
prising a nuclear reprogramming step With a nuclear repro 
gramming factor in the presence of miRNA, Wherein said 
miRNA has a property of providing a higher nuclear repro 
gramming ef?ciency in the presence of said miRNA than in 
the absence thereof. 
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EFFICIENT METHOD FOR NUCLEAR 
REPROGRAMMING 

PRIOR RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of PCT/ 
JP2008/ 59586, ?led May 23, 2008, Which claims priority of 
US. Provisional Application No. 60/996,893, ?led Dec. 10, 
2007, and this application also claims priority of US. Provi 
sional Application No. 60/996,893, ?led Dec. 10, 2007. The 
entire disclosures of each of the above-cited applications are 
considered as being part of this application and are expressly 
incorporated by reference herein in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to ef?cient methods 
for preparing induced pluripotent stem cells through repro 
gramming of somatic cells, to induced pluripotent stem cells, 
to uses of induced pluripotent stem cells and to somatic cells 
derived by inducing differentiation of said pluripotent cells. 
The present invention also relates to nuclear reprogramming 
factors and to miRNAs involved in generating induced pluri 
potent stem cells. The present invention also relates to screen 
ing methods, treatments, and therapies involving the use of 
induced pluripotent stem cells. 

BACKGROUND OF THE INVENTION 

[0003] Embryonic stem cells (ES cells) are stem cells 
established from human or mouse early embryos Which have 
a characteristic feature that they can be cultured over a long 
period of time While maintaining pluripotent ability to differ 
entiate into all kinds of cells existing in living bodies. Human 
embryonic stem cells are expected for use as resources for cell 
transplantation therapies for various diseases such as Parkin 
son’s disease, juvenile diabetes, and leukemia, taking advan 
tage of the aforementioned properties. HoWever, transplanta 
tion of ES cells has a problem of causing rejection in the same 
manner as organ transplantation. Moreover, from an ethical 
vieWpoint, there are many dissenting opinions against the use 
of ES cells Which are established by destroying human 
embryos. 
[0004] If dedifferentiation of patients’ oWn differentiated 
somatic cells could be induced to establish cells having pluri 
potency and groWth ability similar to those of ES cells (these 
cells are referred herein to as “induced pluripotent stem cells” 
or “iPS cells,” though they are sometimes called “embryonic 
stem cell-like cells” or “ES-like cells”), it is expected that 
such cells Would be useful as ideal pluripotent cells, free from 
rejection or ethical dif?culties. Recently, it has been reported 
that such iPS cells can be produced from differentiated cells 
of mouse or human, Which has created a great sensation 
(International Publication No. WO2007/069666 Al; Taka 
hashi et al., Cell 126:663-76, 2006; Takahashi et al., Cell 
131:861-72, 2007;Yu et al., Science 31811917-20, 2007; and 
Park et al., Nature 45 l : 141-46, 2008, herein incorporated by 
reference in their entireties). Thus, the term “induced pluri 
potent stem cells (iPS cells)” refers to cells having similar 
properties to those of ES cells, and more speci?cally the term 
includes undifferentiated cells Which are reprogrammed from 
somatic cells and have pluripotency and proliferation 
potency. HoWever, this term is not to be construed as limiting 
in any sense, and should be construed to have its broadest 
meaning. 
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[0005] These methods include a reprogramming step 
through introduction of a plurality of speci?c factors (for 
example, four factors of Oct3/4, Sox2, Klf4, and c-Myc can 
be used in Takahashi et al., Cell 126:663-76, 2006), and the 
introduction of these factors is mediated by viral vectors such 
as retroviral or lentiviral vectors. HoWever, all previously 
reported nuclear reprogramming methods mediated by the 
introduction of genes involve a problem of loW ef?ciency in 
Which only a small number of induced pluripotent stem cells 
can be obtained. In particular, there is a problem in that, if 
reprogramming is carried out in somatic cells through the 
introduction of three factors (namely, Oct3/ 4, Sox2, and Klf4) 
excluding c-Myc, then the production ef?ciency of induced 
pluripotent stem cells becomes loW. Nevertheless, the e?i 
cient production of iPS cells Without the use of c-Myc Would 
provide certain advantages, as c-Myc is suspected to cause 
tumorigenesis in tissues and in chimeric mice generated from 
induced pluripotent stem cells. 
[0006] It is knoWn that various small RNAs are expressed in 
cells. Examples of small RNA include RNA molecules of 
about 18-25 nucleotides in length Which can be cleaved out 
With a dicer, an RNase speci?c to double-stranded RNA. 
Small RNA is mainly classi?ed into siRNA (small interfering 
RNA) and miRNA (microRNA, hereinafter abbreviated as 
“miRN ”). Small RNA is knoWn to function as a guide 
molecule for ?nding target sequences in processes such as 
translational suppression, mRNA degradation, or alteration 
of chromatin structure. Small RNAs function via RNA inter 
ference (RNAi) or miRNA molecular mechanisms. In addi 
tion, small RNA is also knoWn to play an important role in the 
regulation of developmental processes (for example, as gen 
eral remarks, refer to Jikken I gaku (Experimental Medicine), 
24, pp. 814-819, 2006; and microRNA Jikken Purotokoru 
(microRNA Experimental Protocol), pp. 20-35, 2008, 
YODOSHA CO., LTD., herein incorporated by reference in 
their entireties). 
[0007] ES cell-speci?c microRNAs have been identi?ed 
(Houbaviy et al., Developmental Cell 5:351-58, 2003). In 
particular, ES cell-speci?c expression of a microRNA cluster, 
Which includes several types of miRNAs in mouse ES cells, 
has been reported (Houbaviy et al., Developmental Cell 
5:351-58, 2003, herein incorporated by reference in its 
entirety). It has also been reported that miRNA-295 sup 
pressed the expression of Rbl2, a member of the Rb tumor 
suppressor gene family, and increased the expression of 
methylase to be thereby associated With DNA methylation 
(Sinkkonen et al., Nature Structural & Molecular Biology 
15:259-267, 2008; Benetti et al., Nature Structural & 
Molecular Biology 15:268-279, 2008, herein incorporated by 
reference in their entireties). HoWever, these documents do 
not disclose any role of small RNA in the nuclear reprogram 
ming of somatic cells. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to methods for e?i 
ciently preparing induced pluripotent stem cells. The present 
invention provides methods for achieving ef?cient prepara 
tion of induced pluripotent stem cells in the presence of 
miRNA. The present invention also provides methods for 
e?icient preparation of induced pluripotent stem cells With a 
nuclear reprogramming factor. The present invention also 
provides methods for ef?cient preparation of induced pluri 
potent stem cells With a nuclear reprogramming factor in the 
presence of increased miRNA as compared to the level 
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present in the somatic cell prior to nuclear reprogramming. 
The present invention also provides such methods Wherein 
the nuclear reprogramming factor does not include c-Myc 
and/ or Sox2. 

[0009] The invention provides a method of preparing 
induced pluripotent stem cells, comprising nuclear repro 
gramming at least one somatic cell With nuclear reprogram 
ming factor and at least one miRNA, Wherein the at least one 
miRNA increases ef?ciency of the nuclear reprogramming of 
the at least one somatic cell compared to nuclear reprogram 
ming of the at least one somatic cell With the nuclear repro 
gramming factor in the absence of the at least one miRNA. 
[0010] The invention also provides such a method, Wherein 
the at least one miRNA is expressed in embryonic stem cells 
at a higher level than in somatic cells. 
[0011] The invention also provides such a method, Wherein 
a gene encoding the nuclear reprogramming factor and/or the 
at least one miRNA is introduced into the at least one somatic 
cell. 
[0012] The invention also provides such a method, Wherein 
a vector comprising the gene and/or a vector encoding the at 
least one miRNA is introduced into the at least one somatic 
cell. 
[0013] The invention also provides such a method, Wherein 
the vector comprising the gene or encoding the at least one 
miRNA is a retroviral vector. 
[0014] The invention also provides such a method, Wherein 
the gene is selected from an Oct family gene, a Klf family 
gene, and a Sox family gene. 
[0015] The invention also provides such a method, Wherein 
the gene is selected from Oct3/4, Klf4, and Sox2. 
[0016] The invention also provides such a method, Wherein 
the nuclear reprogramming factor comprises Oct3/4, Klf4, 
and Sox2. 
[0017] The invention also provides such a method, Wherein 
the at least one miRNA is introduced into the at least one 
somatic cell as primary miRNA. 
[0018] The invention also provides such a method, Wherein 
the at least one miRNA is introduced into the at least one 
somatic cell as pre-miRNA. 
[0019] The invention also provides such a method, Wherein 
the at least one miRNA comprises at least one miRNA rep 
resented by SEQ ID NOs: l to 14. 
[0020] The invention also provides such a method, Wherein 
the at least one miRNA comprises at least one miRNA con 
tained in miRNA cluster hsa-miR-302-367 cluster. 
[0021] The invention also provides such a method, Wherein 
the at least one miRNA regulates DNA methylation. 
[0022] The invention also provides such a method, Wherein 
the at least one miRNA regulates de novo DNA methylation. 
[0023] The invention also provides such a method, Wherein 
the at least one miRNA doWn-regulates DNA methylation. 
[0024] The invention also provides such a method, Wherein 
the at least one miRNA comprises at least 10 contiguous 
nucleotides of at least one miRNA represented by SEQ ID 
NOs: l to 14. 

[0025] The invention also provides such a method, Wherein 
the at least one miRNA comprises at least 30 contiguous 
nucleotides of at least one miRNA represented by SEQ ID 
NOs: l to 14. 

[0026] The invention also provides such a method, Wherein 
the at least one miRNA comprises at least 60 contiguous 
nucleotides of at least one miRNA represented by SEQ ID 
NOs: l to 14. 
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[0027] The invention also provides such a method, Wherein 
the nuclear reprogramming factor does not include c-Myc 
and/or Sox2. 
[0028] The invention also provides such a method, Wherein 
the at least one miRNA comprises hsa-miR-302-367 cluster 
miRNA. 
[0029] The invention also provides such a method, Wherein 
the nuclear reprogramming factor comprises an Oct family 
gene member, a Sox family gene member, and a Klf family 
gene member. 
[0030] The invention also provides such a method, Wherein 
the at least one miRNA comprises mmu-miR-295/295* and 
mmu-miR-294/294*. 
[0031] The invention also provides such a method, Wherein 
the at least one miRNA comprises hsa-miR-302-367 cluster, 
hsa-miR-37l-373 cluster and hsa-miR-520c miRNA. 
[0032] The invention also provides such a method, Wherein 
the nuclear reprogramming factor comprises a Klf family 
gene, and an Oct family gene. 
[0033] The invention also provides such a method, Wherein 
the nuclear reprogramming factor further comprises a Myc 
family gene. 
[0034] The invention also provides such a method, Wherein 
the nuclear reprogramming factor further comprises a Sox 
family gene. 
[0035] The invention also provides such a method, Wherein 
the nuclear reprogramming factor further comprises a Sox 
family gene. 
[0036] The invention also provides such a method, Wherein 
the nuclear reprogramming factor comprises KLF4 and 
OCT3/ 4. 
[0037] The invention also provides such a method, Wherein 
the nuclear reprogramming factor excludes a Sox family 
gene. 
[0038] The invention also provides such a method, Wherein 
the nuclear reprogramming factor excludes a Myc family 
gene. 
[0039] The invention also provides such a method, Where 
the at least one somatic cell comprises a plurality of somatic 
cells. 
[0040] The invention also provides a method of increasing 
the ef?ciency of nuclear reprogramming comprising: adding 
a nuclear reprogramming factor and at least one miRNA to at 
least one somatic cell so that the number of induced pluripo 
tent stem cells produced is greater than in the absence of the 
added miRNA. 
[0041] The invention also provides an induced pluripotent 
stem cell induced by reprogramming a somatic cell, Wherein 
the reprogramming is performed by adding at least one 
miRNA and in the absence of eggs, embryos, or embryonic 
stem (ES) cells. 
[0042] The invention also provides such an induced pluri 
potent stem cell, Wherein the induced pluripotent stem cell is 
a human cell. 

[0043] The invention also provides an induced pluripotent 
stem cell obtained by a method of preparing induced pluri 
potent stem cells, comprising nuclear reprogramming at least 
one somatic cell With nuclear reprogramming factor and at 
least one miRNA, Wherein the at least one miRNA increases 
ef?ciency of the nuclear reprogramming of the at least one 
somatic cell compared to nuclear reprogramming of the at 
least one somatic cell With the nuclear reprogramming factor 
in the absence of the at least one miRNA. 
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[0044] The invention also provides an pluripotent stem cell 
obtained by a method of increasing the ef?ciency of nuclear 
reprogramming comprising: adding a nuclear reprogram 
ming factor and at least one miRNA to at least one somatic 
cell so that the number of induced pluripotent stem cells 
produced is greater than in the absence of the added miRNA. 
[0045] The invention also provides somatic cell derived by 
inducing differentiation of any of the above pluripotent stem 
cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 shoWs the results of con?rmation on the 
production ef?ciency of induced pluripotent stem cells 
through induction of nuclear reprogramming in mouse 
embryonic ?broblasts With a combination of three genes 
comprising Oct3/4, Klf4, and Sox2 (this combinationirep 
resented as “3f", “c-Myc(—)”, or OSK”imeans that c-Myc 
Was omitted from a combination of four genes comprising 
Oct3/4, Klf4, Sox2 and c-Myc, Which is highly ef?cient for 
nuclear reprogramming), in the presence of various miRNAs. 
3f+DsRed represents a combination Where DsRed (Disco 
soma sp. red ?uorescent protein) as a control Was added to the 
combination of the aforementioned three genes. The results 
of three independent experiments are shoWn. The graph 
shoWs the number of ES-like colonies in the cells transduced 
With OSK With or Without DsRed, or With various miRNAs. 
[0047] FIG. 2 shoWs the production ef?ciency of induced 
pluripotent stem cells. The top roW of images shoWs the 
results of nuclear reprogramming in mouse tail tip ?broblasts 
(TTFs) When DsRed Was added, as a control, to the combi 
nation of three genes comprising Oct3/4, Klf4, and Sox2 (a 
combination of three genes in Which c-Myc Was omitted from 
the combination of four genes). The bottom roW of images 
shoWs the results of induction of nuclear reprogramming in 
mouse TTFs With the combination of three genes comprising 
Oct3/4, Klf4, and Sox2 in the presence of mmu-miR-295. The 
number in the ?gure indicates the number of Nanog GFP 
positive colonies/the number of total colonies on days 7, 21, 
and 28 after drug selection Was started. 
[0048] FIG. 3 shoWs the results of con?rmation on the 
production ef?ciency of induced pluripotent stem cells 
through induction of nuclear reprogramming in adult human 
dermal ?broblasts expressing the mouse ecotropic virus 
receptor Slc7al gene using lentivirus (aHDF-Slc-7al) With 
the combination of three genes comprising Oct3/ 4, Klf4, and 
Sox2 (Myc(—)3f: a combination of three genes in Which 
c-Myc Was omitted from the combination of four genes com 
prising Oct3/4, Klf4, Sox2, and c-Myc), or the combination 
of four genes comprising Oct3/4, Klf4, Sox2, and c-Myc 
(Y4f), in the presence of various miRNAs. 
[0049] FIGS. 4A-B shoWs the results of ES-like colonies 
produced after transduction With 4 factors, i.e., OCT3/4, 
SOX2, KLF4, and c-MYC (OSMK), as Well as With 3 factors, 
i.e., OCT3/4, SOX2, KLF4 in the presence of various miR 
NAs (OSK+). FIG. 4A shoWs the number of human ES-like 
colonies obtained by transduction With 4 factors (OSMK), 
and With 3 factors Without c-MYC plus miRNAs (OSK+). 
FIG. 4B shoWs the morphology of ES-like colonies from a 
subset of the samples counted in FIG. 4A. 
[0050] FIG. 5 shoWs expression of ES cell markers in iPS 
cells produced by nuclear reprogramming of mouse Tail Tip 
Fibroblasts (TTFs) With 4 factors (OCT3/4, SOX2, c-MYC, 
and KLF4) and With 3 factors (OCT3/4, SOX2, and KLF4, i.e. 
“Myc(—)3f”)+mmu-miR-295/295* or DsRed. 
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[0051] FIGS. 6A-B shoW the results of MEFs infected With 
3 factors (Oct3/4, c-MycWT, and Klf4, i.e., “Sox(—)”) With 
mmu-miR-290-295 cluster, 290-5p/290-3p(mmu-miR-290), 
291a-5p/29la-3p(mmu-miR-29la), 292-5p/292-3p(mmu 
miR-292), 293/293*(mmu-miR-293), 294/294*(mmu-miR 
294) or 295/295*(mmu-miR-295). FIG. 6A shoWs the num 
ber of Nanog GFP positive colonies. FIG. 6B shoWs 
expression of ES marker genes in iPS cells checked With 
RT-PCR. 
[0052] FIGS. 7A-C shoW the results of iPS induction With 
Fb-Ng MEFs (MEFs derived from Fbx 15-[3 geo/Nanog 
IRES-Puro’ reporter mouse) over-expressing Oct3/4, c-Myc, 
and Klf4 (“Sox(—)”)+mmu-miR-295/295* or hsa-miR-302 
367 cluster miRNAs. FIG. 7A shoWs cell morphology of 
MEFs transduced With Oct3/ 4, c-Myc, and Klf4 (“Sox(—)”)+ 
mmu-miR-295/295*. FIG. 7B shoWs chimeras derived from 
iPS cells induced With Sox(—)3f+mmu-miR-295/295*. FIG. 
7C shoWs embryoid body (EB)-mediated in vitro differentia 
tion by human iPS cells. Human iPS cells (6lBl, 6lN2) Were 
established by transduction of 4 genes (OCT3/4, KLF4, 
SOX2, and c-MYC, i.e., “OSMK”) or 3 genes (OCT3/4, 
KLF4, and c-MYC, i.e., “OMK(SOX(—)”) in the presence of 
hsa-miR-302-367 cluster miRNA. After culturing for 16 
days, immunohistochemistry analysis Was performed in the 
cells by using an antibody against each of a-fetoprotein (AFP) 
Which is a differentiation marker for endodermal cells, 
ot-smooth muscle actin (a-SMA) Which is a differentiation 
marker for mesodermal cells, and GFAP (DAKO) Which is a 
differentiation marker for ectodermal cells. Nuclei Were 
stained With Hoechst 33342 (Invitrogen). 
[0053] FIG. 8 shoWs cell morphology of iPS cells induced 
With OSMK; SOX(—) (OKM)+hsa-miR-302-367 cluster 
miRNA; and OCT3/4+KLF4+hsa-miR-302-367 cluster 
miRNA. 
[0054] TABLE 3 shoWs iPS induction by transduction With 
4 factors (OCT3/4, SOX2, MYC, KLF4, i.e., “OSMK”), With 
3 factors (SOX(—)3factors, i.e., “OMK”) plus various miR 
NAs (OMKzmock or miRNAs:2.5:l.5), and With 2 factors 
(OCT3/4+KLF4, i.e., “OK”) plus various miRNAs. Trans 
duction With DsRed Was performed as a as control. On Day 40 
after infection, the number of ES-like colonies Was counted. 
TABLE 3 shoWs the results of six independent experiments 
(Exp. 54, 61, 63, 114, 130 and 133). 

DETAILED DESCRIPTION OF THE INVENTION 

[0055] The present invention provides methods for e?i 
ciently preparing induced pluripotent stem cells through 
reprogramming of one or more somatic cells. In particular, 
the present invention provides ef?cient preparation of 
induced pluripotent stem cells in the presence of miRNA. The 
present invention also provides ef?cient preparation With or 
Without using a suspected tumorigenic factor: c-Myc. The 
present invention also provides ef?cient preparation With or 
Without using Sox2. The nuclear reprogramming is prefer 
ably performed Without c-Myc and/or Sox2. 
[0056] The inventors of the present invention have con 
ducted intensive studies, and as a result, they have found that 
induced pluripotent stem cells can be ef?ciently prepared by 
introduction of nuclear reprogramming-inducing gene(s) into 
somatic cells in the presence of speci?c miRNA. The present 
invention Was achieved on the basis of the above ?ndings. 
[0057] The present invention thus provides a method of 
preparing induced pluripotent stem cells, comprising nuclear 
reprogramming With a nuclear reprogramming factor in the 
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presence of miRNA, Wherein said miRNA has a property of 
providing a higher nuclear reprogramming e?iciency in the 
presence of said miRNA than in the absence thereof. 
[0058] A preferred embodiment of the present invention 
provides the aforementioned method Wherein: (a) said 
miRNA is expressed in embryonic stem cells at a higher level 
than in somatic cells; and/or (b) said miRNA has a property of 
providing a higher nuclear reprogramming e?iciency in the 
presence of said miRNA than in the absence thereof and/ or (c) 
said nuclear reprogramming is performed in the presence of 
increased levels of one or more miRNAs as compared to the 

level(s) present in the somatic cell prior to nuclear reprogram 
ming. 
[0059] Another preferred embodiment of the present inven 
tion provides: the aforementioned method Wherein the 
nuclear reprogramming factor is either a single substance, or 
a combination of a plurality of substances, Which is/ are posi 
tive in the screening method of nuclear reprogramming factor 
described in International Publication No. WO2005/ 80598 
Al, incorporated by reference herein in its entirety; the afore 
mentioned method Wherein the nuclear reprogramming fac 
tor is either a gene product of a single gene, or a combination 
of gene products of a plurality of genes, Which is/ are positive 
in the screening method of nuclear reprogramming factor 
described in International Publication No. WO2005/ 80598 
Al, incorporated by reference herein in its entirety; the afore 
mentioned method Wherein the nuclear reprogramming With 
the nuclear reprogramming factor is carried out by introduc 
tion of the aforementioned gene(s) and/or substance(s) into 
somatic cells; the aforementioned method Wherein introduc 
tion of the aforementioned gene(s) into somatic cells is car 
ried out With a recombinant vector; and the aforementioned 
method Wherein the nuclear reprogramming With the nuclear 
reprogramming factor is carried out by introduction of gene 
product(s) of the aforementioned gene(s) into somatic cells. 
[0060] Yet another preferred embodiment of the present 
invention provides the aforementioned method Wherein: the 
gene encoding the reprogramming factor comprises one or 
more gene(s) selected from an Oct family gene, a Klf family 
gene, a Sox family gene, a Myc family gene, a Lin family 
gene, and a Nanog gene, preferably a combination of tWo 
genes selected from the aforementioned genes except for the 
Myc family genes of Sox family genes, more preferably a 
combination of three genes, and particularly preferably a 
combination four or more genes. In a preferred embodiment, 
the combination can be any combination of factors Which 
does not comprise c-Myc or Sox2. 
[0061] More preferable combinations are: (a) a combina 
tion of tWo genes comprising of an Oct family gene and a Sox 
family gene; (b) a combination of three genes comprising an 
Oct family gene, a Klf family gene, and a Sox family gene; 
and (c) a combination of four genes comprising an Oct family 
gene, a Sox family gene, a Lin family gene, and a Nanog gene. 
Further, it is also preferable to combine any of the above 
genes With a TERT gene and/or a SV40 Large T antigen gene. 
It may be preferable to omit Klf family genes depending on 
the situation. The Myc family genes may or may not be 
included in these combinations. Combinations Without the 
Myc family gene canbe suitably used according to the present 
invention. 

[0062] Among these embodiments, particularly preferable 
combinations are: a combination of tWo genes comprising 
Oct3/4 and Sox2; a combination of three genes comprising 
Oct3/4, Klf4, and Sox2; and a combination of four genes 
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comprising Oct3/4, Sox2, Lin28, and Nanog. It is also pref 
erable to combine any of the above genes With a TERT gene 
and/or a SV40 Large T antigen gene. It may be preferable to 
omit Klf4 depending on the situation. c-Myc may be included 
in these combinations. HoWever, combinations Without 
c-Myc can be suitably used in the present invention. 

[0063] Other preferable combinations are: (a) a combina 
tion of tWo genes comprising of an Oct family gene and a Klf 
family gene; (b) a combination of three genes comprising an 
Oct family gene, a Klf family gene, and a Myc family gene. 
Yet another preferred embodiment of the present invention 
provides: the aforementioned method Wherein the somatic 
cells are those derived from mammals including human, 
mouse, rat, cattle, sheep, horse, monkey, and hamster, pref 
erably somatic cells from human or mouse, and most prefer 
ably somatic cells from human; the aforementioned method 
Wherein the somatic cells are human embryonic cells, or adult 
human-derived somatic cells; and the aforementioned 
method Wherein the somatic cells are somatic cells collected 
from a patient. 

[0064] Yet another preferred embodiment of the present 
invention provides the aforementioned method Wherein the 
miRNA comprises one or more miRNA(s) included in the 
RNA sequences speci?ed by the registration names of the 
miRBase database or the accession numbers shoWn in Table l 
or Table 2; the aforementioned method Wherein the RNA 
sequences speci?ed by the registration names of the miRBase 
database (and the accession numbers) shoWn in Table l or 
Table 2 comprise one or more RNA(s) selected from hsa 
miR-372 (MI0000780), hsa-miR-373 (MI0000781), hsa 
miR-302b (MI0000772), hsa-miR-302c (MI0000773), hsa 
miR-302a (MI0000738), hsa-miR-302d (MI0000774), hsa 
miR-367 (MI0000775), hsa-miR-520c (MI0003158), mmu 
miR-290 (MI0000388), mmu-miR-29la (MI0000389), 
mmu-miR-294 (MI0000392), and mmu-miR-295 
(MI00003 93); the aforementioned method Wherein the 
miRNA comprises miRNA included in RNA speci?ed by 
hsa-miR-302-367; and the aforementioned method Wherein 
the miRNA comprises one or more miRNA(s) included in one 
or more RNA sequence(s) selected from the RNA sequences 
represented by SEQ IDS: l to 14 in the Sequence Listing. 
[0065] The present invention provides an oligonucleotide 
comprising at least 10 contiguous nucleotides in the nucle 
otide sequence of the miRNA of the present invention, and an 
antisense oligonucleotide having a sequence that is comple 
mentary to that of the above oligonucleotide. The present 
invention also provides an oligonucleotide comprising at 
least 15, at least 20, at least 30, at least 50, or at least 60 
contiguous nucleotides in the nucleotide sequence of the 
miRNA of the present invention. The present invention also 
provides an oligonucleotide comprising at least 70, at least 
80, at least 100, at least 150, at least 200, at least 300, at least 
400, at least 600, or at least 800 contiguous nucleotides in the 
nucleotide sequence of the miRNA of the present invention. 

[0066] The present invention also provides induced pluri 
potent stem cells that can be obtained by the aforementioned 
method. In addition, the present invention also provides 
somatic cells obtained by inducing differentiation from the 
abovementioned induced pluripotent stem cells. 

[0067] Further, the present invention provides a stem cell 
therapy comprising transplanting somatic cells into a patient, 
Wherein the somatic cells are obtained by inducing differen 
tiation from induced pluripotent stem cells that are obtained 
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according to the aforementioned method by using somatic 
cells isolated and collected from a patient. 
[0068] In addition, the present invention provides a method 
for evaluation of physiological effect or toxicity of a com 
pound, a drug, or a toxic agent, With use of various cells 
obtained by inducing differentiation from induced pluripo 
tent stem cells that are obtained by the aforementioned 
method. 
[0069] Further, the present invention provides: a method 
for preparing induced pluripotent stem cells Which uses 
miRNA expressed in embryonic stem cells at a higher level 
than in somatic cells, and having a property of providing a 
higher nuclear reprogramming ef?ciency in the presence of 
said miRNA than in the absence thereof; and a nuclear repro 
gramming method of somatic cells Which uses miRNA 
expressed in embryonic stem cells at a higher level than in 
somatic cells, and having a property of providing a higher 
nuclear reprogramming ef?ciency in the presence of said 
miRNA than in the absence thereof. 
[0070] In addition, the present invention provides methods 
comprising the use of miRNA expressed in embryonic stem 
cells at a higher level than in somatic cells (e.g., the miRNA 
may be expressed at levels Which are higher in the ES cell as 
compared to the ES cell Which has differentiated or Which has 
begun differentiating such as determined by RT-PCR or 
Northern blot analysis), and having a property of providing a 
higher nuclear reprogramming ef?ciency in the presence of 
said miRNA than in the absence thereof, for preparation of 
induced pluripotent stem cells; and methods relating to the 
use of miRNA expressed in embryonic stem cells at a higher 
level than in somatic cells, and having a property of providing 
a higher nuclear reprogramming e?iciency in the presence of 
the miRNA than in the absence thereof, for nuclear repro 
gramming of somatic cells. In other Words, nuclear repro 
gramming, and thus, induced pluripotent stem cell produc 
tion, can be performed in the presence of miRNA and in the 
absence of miRNA. The nuclear reprogramming may also be 
performed in the presence of various amounts and/or kinds of 
miRNA, such that, for example, the ef?ciency of the nuclear 
reprogramming is increased When the level of the miRNA is 
increased in the somatic cell prior to nuclear reprogramming. 
[0071] In addition, the present invention provides methods 
comprising the use of miRNA having a property of providing 
a higher nuclear reprogramming e?iciency in the presence of 
said miRNA than in the absence thereof, for preparation of 
induced pluripotent stem cells. For example, the presence of 
added miRNA can provide the formation of an induced pluri 
potent stem cell as compared to the lack of formation in the 
absence of the miRNA. Also, for example When nuclear 
reprogramming is performed on the same number of somatic 
cells in the presence of a nuclear reprogramming factor con 
taining the same components in the same concentrations With 
and Without addition of miRNA, increased e?iciency can be 
observed When a greater number of induced pluripotent stem 
cells are generated in the sample Which comprises the addi 
tion of miRNA than in the sample Without the addition of 
miRNA. In another embodiment, increased ef?ciency of 
induced pluripotent stems cell production can also be 
achieved With increased amounts of miRNA as compared to 
miRNA amounts present in the somatic cell prior to nuclear 
reprogramming. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0072] The methods of the present invention relate to, e.g., 
a method for preparing induced pluripotent stem cells, com 
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prising nuclear reprogramming With a nuclear reprogram 
ming factor in the presence of miRNA, Wherein said miRNA 
has a property of providing a higher nuclear reprogramming 
ef?ciency in the presence of said miRNA than in the absence 
thereof. In a preferred embodiment of the present invention, 
(a) said miRNA is expressed in embryonic stem cells at a 
higher level than in somatic cells; and (b) said RNA has a 
property of providing a higher nuclear reprogramming e?i 
ciency in the presence of said miRNA than in the absence 
thereof. 

[0073] As for the miRNA, for example, its classi?cation 
and in vivo functions are described in Jikken Igaku (Experi 
mental Medicine), 24, pp. 814-819, 2006; microRNA Jikken 
Purolokoru (microRNA Experimental Protocol), pp. 20-35, 
2008, YODOSHA CO., LTD. The number of nucleotides of 
miRNA is for example 18 to 25, and preferably about 19 to 23. 
At present, a database storing data relating to about 1,000 
miRNA sequences is available (for example, miRBase, Grif 
?ths-Jones et al. Nucleic Acids Research 36:D154-D158, 
2008 (published online Nov. 8, 2007), see also http://mi 
croma.sanger.ac.uk/sequences/index.shtml [online]), and it 
is possible for those skilled in the art to obtain any miRNA 
data therefrom, and to readily extract miRNA expressed in 
embryonic stem cells at a higher level than in somatic cells. In 
addition, it is also possible to readily specify miRNA 
expressed in embryonic stem cells at a higher level than in 
somatic cells by con?rming the difference in miRNA expres 
sion betWeen embryonic stem cells and somatic cells With use 
of available techniques for those skilled in the art such as 
miRNA microarray and real-time PCR analyses. 
[0074] The difference in the nuclear reprogramming e?i 
ciency With and Without miRNA can be understood by the 
folloWing manner, as speci?cally described in Examples of 
this application: transgenic mice are generated by insertion of 
sequences encoding Enhanced Green Fluorescent Protein 
(EGFP) and a puromycin resistance gene doWnstream of a 
Nanog gene promoter region, the expression of Which is 
speci?c to ES cells; then, three genes, for example, Oct3/4, 
Sox2, and Klf4, and various miRNAs are introduced into 
embryonic ?broblasts derived from these transgenic mice to 
induce nuclear reprogramming, folloWed by con?rmation of 
the production ef?ciency of induced pluripotent stem cells. 
The production ef?ciency can be determined, for example, by 
counting the number of colonies. More speci?cally, the num 
ber of colonies can be compared by the folloWing manner: 
drug selection is started from the 21 st day after introduction 
of the above genes and miRNA; and the number of total 
colonies and the number of Nanog GFP positive colonies 
(GFP, the expression of Which is induced by the Nanog gene 
promoter region, is observable under ?uorescent microscopy) 
are counted on the 28th day. It should be understood, hoW 
ever, that: the con?rmation of the nuclear reprogramming 
ef?ciency is not limited to the above method; appropriate 
modi?cation and alteration can be made in the above method; 
and any appropriate method can be employed by those skilled 
in the art. 

[0075] As for the miRNA, it is preferable to use miRNA 
derived from the same animal species as the target animal 
Whose somatic cells are to be reprogrammed. Usable miRNA 
includes Wild type miRNA as Well as miRNAs in Which one 
to several nucleotides (for example 1 to 6 nucleotides, pref 
erably 1 to 4 nucleotides, more preferably 1 to 3 nucleotides, 
yet more preferably 1 or 2 nucleotides, and most preferably 1 
nucleotide) are substituted, inserted, and/or deleted, and 
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Which are capable of exerting equivalent functions to those of 
the Wild type miRNA in vivo. For example, the miRNA of the 
present invention includes miRNAs in Which one to several 
nucleotides are substituted, inserted, and/or deleted, and 
Which increase the ef?ciency of iPS cell production. The 
miRNA of the present invention also includes miRNAs in 
Which one to several nucleotides are substituted, inserted, 
and/ or deleted, and Which improve the ef?ciency of nuclear 
reprogramming. The miRNA of the present invention also 
includes miRNAs in Which one to several nucleotides are 
substituted, inserted, and/ or deleted, and Which regulate DNA 
methylation. The present invention also includes such miR 
NAs Wherein the DNA methylation is doWn-regulated. The 
present invention also includes such miRNAs Wherein the 
DNA methylation is de novo DNA methylation. 

[0076] Examples of the miRNA preferably used in the 
methods of the present invention can include, but are not 
limited to, one or more miRNA(s) included in the folloWing 
RNA sequences registered in the miRBase: hsa-miR-372 
(MI0000780), hsa-miR-373 (MI0000781), hsa-miR-302b 
(MI0000772), hsa-miR-302c (MI0000773), hsa-miR-302a 
(MI0000738), hsa-miR-302d (MI0000774), hsa-miR-367 
(MI0000775), hsa-miR-520c (MI0003158), mmu-miR-290 
(MI0000388), mmu-miR-291a (MI0000389), mmu-miR 
294 (MI0000392), and mmu-miR-295 (MI0000393) (Num 
bers in the brackets respectively indicate miRBase accession 
numbers. The symbol “hsa-miR-” represents human miRNA, 
and the symbol “mmu-miR-” represents mouse miRNA.). 
[0077] In the method of the present invention, miRNAs that 
have been con?rmed to improve the nuclear reprogramming 
ef?ciency in the above manner can be used either alone or in 
combinations of tWo or more types. In addition, a plurality of 
miRNAs forming a cluster may also be used. For example, 
hsa-miR-302-367 Which is available as a miRNA cluster, or 
individual miRNAs from the hsa-miR-302-367 cluster, and 
the like may be used. Examples of RNA sequences for use in 
the present invention are shoWn in SEQ IDS: 1 to 14 in the 
Sequence Listing. SEQ ID: 1: mmu-miR-294 (MI0000392); 
SEQ ID: 2: mmu-miR-295 (MI0000393); SEQ ID: 3: hsa 
miR-372 (MI0000780); SEQ ID: 4: hsa-miR-373 
(MI0000781); SEQ ID: 5: hsa-miR-302b (MI0000772); SEQ 
ID: 6: hsa-miR-302c (MI0000773); SEQ ID: 7: hsa-miR 
302a (MI0000738); SEQ ID: 8: hsa-miR-302d (MI0000774); 
SEQ ID: 9: hsa-miR-367 (MI0000775); SEQ ID: 10: hsa 
miR-520c (MI0003158); SEQ ID: 11: mmu-miR-291a 
(MI0000389); SEQ ID: 13: mmu-miR-290 (MI0000388), and 
SEQ ID: 14: hsa-miR-371-373 cluster. In addition, RNA rep 
resented by SEQ ID: 12: hsa-miR-302-367 cluster can also be 
preferably used. Among these RNA sequences, some RNA 
sequences may include a plurality of miRNAs Within one 
sequence. Use of such an RNA sequence may achieve e?i 
cient production of iPS cells. Further, an RNA sequence 
including a plurality of miRNAs Within one sequence and one 
or more other RNA sequence(s) including one or more miR 
NA(s) can also be used in combination. 

[0078] miRNA is non-coding RNA Which is not translated 
into a protein. miRNA is ?rst transcribed as pri-miRNA from 
a corresponding gene, then this pri-miRNA generates pre 
miRNA having a characteristic hairpin structure of about 70 
nucleotides, and this pre-miRNA is further processed into 
mature miRNA, Which is mediated by Dicer. In the present 
invention, not only mature miRNA but also pri-miRNA or 
pre-miRNA can be used as long as the effect of the present 
invention is not impaired. In addition, miRNA for use in the 
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present invention may be either natural type or non-natural 
type. Thus, any small RNA or RNA precursor may be used as 
long as the effect of the pre/ sent invention is not impaired. 
[0079] The production method of miRNA for use in the 
present invention is not speci?cally limited, although the 
production can be achieved, for example, by a chemical syn 
thetic method or a method using genetic recombination tech 
nique. When the production is carried out by a method using 
genetic recombination technique, miRNA for use in the 
present invention can, for example, be produced through tran 
scription reaction With use of a DNA template and a RNA 
polymerase obtained by means of gene recombination. 
Examples of usable RNA polymerase include a T7 RNA 
polymerase, a T3 RNA polymerase, and a SP6 RNA poly 
merase. 

[0080] Alternatively, a recombinant vector capable of 
expressing miRNA can be produced by insertion of miRNA 
encoding DNA into an appropriate vector under the regula 
tion of expression control sequences (promoter and enhancer 
sequences and the like). The type of vector used herein is not 
speci?cally limited, although DNA vectors are preferred. 
Examples thereof can include viral vectors and plasmid vec 
tors. The viral vector is not speci?cally limited, although 
retroviral vectors, adenoviral vectors, adeno-associated 
viralvectors, and the like can be employed. In addition, as to 
the above plasmids, mammalian expression plasmids Well 
knoWn to those skilled in the art can be employed. 
[0081] Methods for using a retrovirus as a vector are dis 
closed in WO 2007/69666 A1; Takahashi et al., Cell 1261663 
676, 2006; and Takahashi et al., Cell 131 :861-872, 2007, 
Which are herein incorportated by reference in their entireties. 
Methods for using a lentivirus as a vector are disclosed in Yu 
et al., Science 318:1917-1920, 2007, Which is herein incor 
porated by reference in its entirety. Methods for using aden 
ovirus as a vector are disclosed in Stadtfeld et al., Science 
322:945-949, 2008, Which is herein incorporated by refer 
ence in its entirety. Methods for using a plasmid as a non-viral 
vector are disclosed in US. Provisional Application No. 
61/071,508; US. Provisional Application No. 61/136,246; 
US. Provisional Application No. 61/136,615; and US. Pro 
visional application Ser. No. (Attorney Docket No. 
V35667) entitled “Method for Nuclear Reprogramming” 
?led Nov. 21, 2008; and Okita et al., Science 322:949-953, 
2008, Which are herein incorporated by reference in their 
entireties. One of ordinary skill in the art could choose anduse 
an appropriate method from among the above knoWn meth 
ods, or from any of the other knoWn methods or vectors 
available in the prior art. 
[0082] Nuclear reprogramming can be performed in the 
presence of miRNA in any number of Ways. The manner of 
providing the miRNA is not speci?cally limited, although 
examples thereof can include a method for directly injecting 
miRNA into nuclei of somatic cells, and a method for intro 
ducing an appropriate recombinant vector capable of express 
ing miRNA into somatic cells. HoWever, these methods are 
not to be considered as limiting. 

[0083] The method for introducing a recombinant vector 
into somatic cells is not speci?cally limited, and can be car 
ried out by any method Well knoWn to those skilled in the art. 
Examples of the employable methods can include transient 
transfection, microinjection, a calcium phosphate precipita 
tion method, liposome-mediated transfection, DEAE dext 
ran-mediated transfection, electroporation, and methods 
comprising the use of a gene gun. 
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[0084] As to con?rming a nuclear reprogramming factor, 
for example, the screening method of nuclear reprogramming 
factor described in International Publication No. WO2005/ 
80598 A1, incorporated by reference herein in its entirety, can 
be used. Those skilled in the art are able to screen a nuclear 

reprogramming factor for use in the method of the present 
invention by referring to the above publication. In addition, 
the nuclear reprogramming factor can also be con?rmed by 
using a method in Which appropriate modi?cation or alter 
ation has been made in the above screening method. 

[0085] Examples of the combination of genes encoding 
reprogramming factors are disclosed in International Publi 
cation No. WO2007/069666 A1 and its family member U.S. 
patent application Ser. No. 12/213,035 and Us. patent appli 
cation Ser. No. 12/289,873, ?led Nov. 6, 2008, entitled 
“Nuclear Reprogramming Factor and Induced Pluripotent 
Stem Cells” Which are incorporated by reference herein in 
their entireties. Those skilled in the art are able to appropri 
ately select a gene that can be preferably used for the method 
of the present invention by referring to the above publication. 
In addition, other examples of the combinations of genes 
encoding reprogramming factors are disclosed, for example, 
in Yu et al., Science 318:1917-20, 2007, incorporated by 
reference herein in its entirety. Accordingly, those skilled in 
the art are able to understand the variety of the combination of 
genes encoding reprogramming factors, and are able to 
employ an appropriate combination of genes in the method of 
the present invention, Which combination is not disclosed in 
International Publication No. WO2007/069666 A1 or Yu et 
al., Science 318:1917-20, 2007, by using the screening 
method of nuclear reprogramming factor described in Inter 
national Publication No. WO2005/ 80598 A1. 

[0086] Examples of the gene encoding a reprogramming 
factor that can be used for the method of the present invention 
can include: one or more gene(s) selected from an Oct family 
gene, a Klf family gene, a Sox family gene, a Myc family 
gene, a Lin family gene, and a Nanog gene; preferably one or 
more gene(s) selected from an Oct family gene, a Klf family 
gene, a Sox family gene, a Lin family gene, and a Nanog gene, 
and excluding a Myc family gene; one or more gene(s) 
selected from an Oct family gene, a Klf family gene, a Myc 
family gene, a Lin family gene, and a Nanog gene, and 
excluding a Sox family gene; more preferably a combination 
of tWo genes; yet more preferably a combination of three 
genes; and most preferably a combination of four genes. 

[0087] Regarding the Oct family gene, Klf family gene, 
Sox family gene, and Myc family gene, speci?c examples of 
these family genes are described in International Publication 
No. WO2007/069666 A1. Regarding the Lin family gene, 
those skilled in the art are able to extract the family gene in a 
similar Way. Examples of the Lin family genes include, for 
example, Lin28 and Lin28b. The NCBI accession numbers of 
Lin28 are NM 145833 (mouse) and NMi024674 (human). 
The NCBI accession numbers of Lin28b are 
NMi00103 1772 (mouse) and NMi0010043 17 (human). 
[0088] In addition, reprogramming factor(s) encoded by 
one or more gene(s) selected from an Oct family gene, a Klf 
family gene, a Sox family gene, a Myc family gene, a Lin 
family gene, and a Nanog gene, may be substituted by, for 
example a cytokine, or one or more other loW molecular 
Weight compound(s) in some cases. Examples of such loW 
molecular Weight compound(s) can include loW molecular 
Weight compounds having an enhancing action on the expres 
sion of one or more gene(s) selected from an Oct family gene, 
a Klf family gene, a Sox family gene, a Myc family gene, a 
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Lin family gene, and a Nanog gene. Those skilled in the art are 
able to readily screen such loW molecular Weight compound 
(s). 
[0089] 
loWs: 
(a) a combination of tWo genes comprising an Oct family 
gene and a Sox family gene; 
(b) a combination of three genes comprising an Oct family 
gene, a Klf family gene, and a Sox family gene; 
(c) a combination of four genes comprising an Oct family 
gene, a Sox family gene, a Lin family gene, and a Nanog gene; 
(d) a combination of tWo genes comprising an Oct family 
gene and a Klf family gene; and 
(e) a combination of three genes comprising an Oct family 
gene, a Klf family gene, and a Myc family gene. 
HoWever, these combinations are not to be considered as 
limiting. 
[0090] All of these genes are commonly present in mam 
mals, including human. In order to use the above genes 
according to the present invention, genes derived from any 
mammal (for example, derived from a mammal such as 
human, mouse, rat, cattle, sheep, horse, and monkey) can be 
employed. In addition, it is also possible to use a Wild type 
gene product, as Well as mutant gene products in Which sev 
eral amino acids (for example 1 to 10 amino acids, preferably 
1 to 6 amino acids, more preferably 1 to 4 amino acids, yet 
more preferably 1 to 3 amino acids, and most preferably 1 or 
2 amino acids) have been substituted, inserted, and/or 
deleted, and Which have comparable equivalent functions to 
those of the Wild type gene product. For example, as to the 
c-Myc gene product, a stable type variant, e.g., (T58A) and 
the like may also be used as Well as the Wild type. The same 
principle can be applied to other gene products. 
[0091] In addition to the above genes, a gene encoding a 
factor Which induces immortaliZation of cells may also be 
combined. As disclosed in International Publication No. 
WO2007/069666 A1, for example, one or more gene(s) 
selected from a TERT gene, and folloWing genes: SV40 Large 
T antigen, HPV16 E6, HPV16 E7, and Bmil, can be either 
solely used or jointly used in an appropriate combination. 
[0092] Preferable combinations are as folloWs, for 
example: 
(e) a combination of four genes comprising an Oct family 
gene, a Klf family gene, a Sox family gene, and a TERT gene; 
(f) a combination of four genes comprising an Oct family 
gene, a Klf family gene, a Sox family gene, and a SV40 Large 
T antigen gene; and 
(g) a combination of ?ve genes comprising an Oct family 
gene, a Klf family gene, a Sox family gene, a TERT gene, and 
a SV40 Large T antigen gene. 
The Klf family gene may be omitted from the above combi 
nations. 
[0093] Further, in addition to the above genes, one or more 
gene(s) selected from Fbx15, ERas, ECAT15-2, Tell, and 
[3-catenin may be combined, and/or one or more gene(s) 
selected from ECAT1, Esg1, Dnmt3L, ECAT8, Gdf3, Sox15, 
ECAT15-1, Fthl17, Sal14, Rexl, UTF1, Stella, Stat3, and 
Grb2 may also be combined. These combinations are speci? 
cally described in International Publication No. WO2007/ 
069666 A1. 

[0094] Particularly preferable combinations of genes are as 
folloWs: 
(1) a combination of tWo genes comprising Oct3/4 and 80x2; 
(2) a combination of three genes comprising Oct3/4, Klf4, 
and Sox2; 

More preferable combinations of genes are as fol 
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(3) a combination of four genes comprising Oct3/4, Sox2, 
Lin28, and Nanog; 
(4) a combination of four genes comprising Oct3/4, Sox2, 
TERT, and SV40 Large T antigen gene; 
(5) a combination of ?ve genes comprising Oct3/4, Klf4, 
Sox2, TERT, and SV40 Large T antigen gene; 
(6) a combination of tWo genes comprising Oct3/ 4 and Klf4; 
(7) a combination of three genes comprising Oct3/4, Klf4, 
and c-Myc; and 
(8) a combination of four genes comprising Oct3/4, Sox2, 
Klf4, and c-Myc. 
However, these combinations are not to be considered as 
limiting. 
[0095] The factors including the gene products as men 
tioned above may also be combined With one or more gene 
product(s) of gene(s) selected from: Fbxl 5, Nanog, ERas, 
ECATl5-2, Tell, and [3-catenin. Further, these factors may 
also be combined With one or more gene product(s) of gene(s) 
selected from: ECATl, Esgl, Dnmt3L, ECAT8, Gdf3, Soxl 5, 
ECATl5-l, Fthll7, Sall4, Rexl, UTFl, Stella, Stat3, and 
Grb2, for example. These gene products are disclosed in 
International Publication No. WO2007/069666 Al. HoW 
ever, gene products that can be included in the nuclear repro 
gramming factors of the present invention are not limited to 
the gene products of genes speci?cally described above. The 
nuclear reprogramming factors of the present invention can 
include other gene products Which can function as a nuclear 
reprogramming factor, as Well as one or more factors involv 

ing differentiation, development, or proliferation, and factors 
having other physiological activities. It should be understood 
that the aforementioned aspect may also be included Within 
the scope of the present invention. 

[0096] Among these genes, if one or more gene product(s) 
is/are already expressed in somatic cells to be reprogrammed, 
such gene products can be excluded from the factors to be 
introduced. For example, one or more gene(s) besides the 
already-expressed gene(s) can be introduced into somatic 
cells by an appropriate gene introduction method, for 
example, a method using a recombinant vector. Alternatively, 
among these genes, if one or more gene product(s) is/are 
introduced into nuclei by a technique such as addition of an 
HIV virus-derived TAT peptide and/or nuclear localiZation 
signal to form a fusion protein or by a technique such as 
nuclear microinj ection, or simply by addition of a small mol 
ecule capable of diffusing across the plasma membrane, the 
other one or more gene(s) canbe introduced by an appropriate 
gene introduction method, for example, a method using a 
recombinant vector. 

[0097] In addition, a gene product serving as a nuclear 
reprogramming factor may be either a protein itself produced 
from the abovementioned gene, or in the form of a fusion gene 
product betWeen such a protein and another protein, a pep 
tide, or the like. For example, a fusion protein having Green 
Fluorescent Protein (GFP) and a fusion gene product having 
a peptide such as a histidine tag may also be used. Further, use 
of a prepared fusion protein having a HIV virus-derived TAT 
peptide enables the promotion of endocytosis of a nuclear 
reprogramming factor through cell membrane, and also 
enables the induction of reprogramming by simply adding 
such a fusion protein into the medium While avoiding com 
plicated manipulations such as gene introduction. The prepa 
ration method of the aforementioned fusion gene product is 
Well knoWn to those skilled in the art, and therefore those 
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skilled in the art are able to readily design and prepare an 
appropriate fusion gene product according to the purpose. 
[0098] In this application, the term “induced pluripotent 
stem cells (iPS cells)” refers to cells having similar properties 
to those of ES cells, and more speci?cally the term includes 
undifferentiated cells Which are reprogrammed from somatic 
cells and have pluripotency and proliferation potency. HoW 
ever, this term is not to be construed as limiting in any sense, 
and should be construed to have its broadest meaning. The 
preparation method of induced pluripotent stem cells With the 
use of a nuclear reprogramming factor is described in Inter 
national Publication No. WO2005/ 80598 Al (the term “ES 
like cell” is used in this publication), and methods for isolat 
ing induced pluripotent stem cells are also speci?cally 
described. In addition, speci?c examples of the reprogram 
ming factor and speci?c examples of the reprogramming 
method of somatic cells With use of such a reprogramming 
factor are disclosed in International Publication No. 
WO2007/069666 [11. Accordingly, it is desirable for those 
skilled in the art to refer to these publications for carrying out 
the present invention. 
[0099] The preparation method of induced pluripotent stem 
cells from somatic cells by the method of the present inven 
tion is not speci?cally limited, and any method can be 
employed as long as the method enables nuclear reprogram 
ming of somatic cells With a nuclear reprogramming factor in 
the presence of miRNA in an environment Where somatic 
cells and induced pluripotent stem cells can groW. For 
example, a vector comprising a gene Which can express a 
nuclear reprogramming factor can be used to introduce such 
a gene into somatic cells, and at either the same or different 
timing, a recombinant vector Which can express miRNA can 
be introduced into the somatic cells. If such vectors are used, 
tWo or more genes may be incorporated into a vector to effect 
simultaneous expression of respective gene products in 
somatic cells. 

[0100] When gene(s) and/or miRNA are introduced into 
somatic cells With use of a vector Which can express the above 
gene(s), the expression vector may be introduced into somatic 
cells that have been cultured on feeder cells, or the expression 
vector may also be introduced into somatic cells alone. The 
latter method is sometimes more suitable in order to improve 
the introduction ef?ciency of the expression vector. As to the 
feeder cells, there may be appropriately used feeder cells for 
use in culture of embryonic stem cells. Examples thereof can 
include primary culture cells of 14 or 15 day-mouse embry 
onic ?broblasts and STO cells of ?broblast cell line, Which are 
treated With either radiation or a drug such as mitomycin C. 

[0101] The culture of somatic cells introduced With a 
nuclear reprogramming factor under an appropriate condition 
leads to autonomous nuclear reprogramming, as a result of 
Which induced pluripotent stem cells can be produced from 
somatic cells. The process for introducing a gene encoding a 
nuclear reprogramming factor and/or miRNA into somatic 
cells With use of an expression vector to thereby obtain 
induced pluripotent stem cells can be performed in accor 
dance With, for example, a method using a retrovirus. 
Examples of such method include methods described in pub 
lications such as Takahashi et al., Cell 126:663-76, 2006; 
Takahashi et al., Cell 131:861-72, 2007; Yu et al., Science 
31811917-20, 2007. When human induced pluripotent stem 
cells are to be produced, it is desirable to set the cell culture 
density after the introduction of an expression vector to be 
loWer than normal cases for culturing animal cells. For 
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example, it is preferable to keep culturing at a density of 
l><l04 to l><l05 cells/l0 cm dish, and more preferably about 
5><l04 cells/ 10 cm dish. The medium for use in culture is not 
speci?cally limited, and can be appropriately selected by 
those skilled in the art, although for example it is sometimes 
preferable to use a medium suitable for human ES cell culture 
for the production of human induced pluripotent stem cells. 
The medium selection and culture condition can be referred 
to the above publications. 
[0102] Thus produced induced pluripotent stem cells can 
be checked With various markers speci?c to undifferentiated 
cells, and the means therefor is described in the above publi 
cations speci?cally in detail. For example, some pluripotent 
cell markers include: alkaline phosphatase (AP); ABCG2; 
stage speci?c embryonic antigen-l (SSEA-l); SSEA-3; 
SSEA-4; TRA-l -60; TRA-l -8l; Tra-2-49/6E; ERas/ECATS, 
E-cadherin; [3III-tubulin; ot-smooth muscle actin (ot-SMA); 
?broblast groWth factor 4 (Fgf4), Cripto, Daxl; Zinc ?nger 
protein 296 (Zfp296); N-acetyltransferase-l (Natl); (ES cell 
associated transcript l (ECATl); ESGl/DPPA5/ECAT2; 
ECAT3; ECAT6; ECAT7; ECAT8; ECAT9; ECATlO; 
ECATl5-l; ECATl5-2; Fthll7; Sall4; undifferentiated 
embryonic cell transcription factor (Utfl); Rexl; p53; 
G3PDH; telomerase, including TERT; silent X chromosome 
genes; Dnmt3a; Dnmt3b; TRIM28; F-box containing protein 
15 (Fbxl5); Nanog/ECAT4; Oct3/4; Sox2; Klf4; c-Myc; 
Esrrb; TDGFl ; GABRB3; Zfp42, FoxD3; GDF3; CYP25A1; 
developmental pluripotency-associated 2 (DPPA2); and 
T-cell lymphoma breakpoint 1 (Tell); DPPA3/Stella; DPPA4. 
Other markers can include Dnmt3L; Soxl5; Stat3; Grb2; 
SV40 Large T Antigen; HPVl6 E6; HPVl6 E7, l3-catenin, 
and Bmil. Such cells can also be characterized by the doWn 
regulation of markers characteristic of the differentiated cell 
from Which the iPS cell is induced. For example, iPS cells 
derived from ?broblasts may be characterized by doWn-regu 
lation of the ?broblast cell marker Thyl and/ or up-regulation 
of SSEA-3 and 4. It is understood that the present invention is 
not limited to those markers listed herein, and encompasses 
markers such as cell surface markers, antigens, and other gene 
products including ESTs, RNA (including microRNAs and 
antisense RNA), DNA (including genes and cDNAs), and 
portions thereof. 
[0103] Various media capable of retaining undifferentia 
tion property and pluripotency of ES cells and various media 
incapable of retaining these properties are knoWn in the art, 
and appropriate combination of these media enables e?icient 
isolation of induced pluripotent stem cells. The differentia 
tion ability and proliferation potency of thus isolated induced 
pluripotent stem cells can be readily checked by those skilled 
in the art, With use of general checking means for ES cells. In 
addition, colonies of induced pluripotent stem cells can be 
obtained by groWing thus produced induced pluripotent stem 
cells under an appropriate condition, and the presence of 
these induced pluripotent stem cells can be identi?ed With 
reference to the shape of their colonies. For example, it is 
knoWn that mouse induced pluripotent stem cells form raised 
colonies, While human induced pluripotent stem cells form 
?at colonies. These colony shapes are respectively very simi 
lar to those of mouse ES cells and human ES cells, and those 
skilled in the art are thus able to identify these produced 
induced pluripotent stem cells With reference to the shape of 
their colonies. 

[0104] The type of somatic cell to be reprogrammed by the 
method of the present invention is not speci?cally limited, 
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and any somatic cell can be used. For example, somatic cells 
derived from any mammal (for example, derived from a mam 
mal such as human, mouse, rat, cattle, sheep, horse, and 
monkey) can be employed. Not only embryonic somatic cells 
but also neonatal somatic cells, matured somatic cells, and 
tissue stem cells may also be used. In addition, various 
somatic cells such as skin cells, liver cells, and gastric mucosa 
cells can be reprogrammed. For use of induced pluripotent 
stem cells in therapies against diseases, it is desirable to use 
somatic cells isolated from the patient. For example, somatic 
cells involved in a disease and somatic cells associated With a 
therapy for a disease can be used. 
[0105] The application of induced pluripotent stem cells 
produced by the method of the present invention is not spe 
ci?cally limited, and these cells can be used for every exami 
nation/ study to be performed With use of ES cells, and for any 
disease therapy Which utiliZes ES cells. For example, induced 
pluripotent stem cells obtained by the method of the present 
invention can be induced into desired differentiated cells 
(such as nerve cells, myocardial cells, blood cells and insulin 
producing cells) by treatment With retinoic acid, a groWth 
factor such as EGF, or glucocorticoid, so that appropriate 
tissue can be formed. Stem cell therapies through autologous 
cell transplantation can be achieved by returning these differ 
entiated cells or tissue obtained in the above manner, into the 
patient. HoWever, the application of the induced pluripotent 
stem cells of the present invention is not to be limited to the 
abovementioned speci?c aspects. 

EXAMPLES 

[0106] The present invention Will be explained more spe 
ci?cally With reference to the folloWing examples. HoWever, 
the scope of the present invention is not limited to these 
examples. 

Example 1 

Preparation of Induced Pluripotent Stem Cells 
Through Nuclear Reprogramming of Mouse Embry 

onic Fibroblasts 

[0107] pMXs-based retroviral vectors, Which respectively 
encode each of three genes of mouse-derived Oct3/4, Sox2, 
and Klf4, control DsRed or each miRNA of 18 types of 
miRNAs, Were transfected into PLAT-E cells using FuGENE 
6 reagent (Roche) to get retroviruses. On the next day, embry 
onic ?broblasts (Nanog GFP MEF, WO2007/069666 Al) 
derived from transgenic mice generated by insertion of 
sequences encoding EGFP gene and puromycin resistance 
gene downstream of a Nanog gene promoter region, Were 
seeded at l><l05 cells/Well in 6-Well plates. On the next day, 
these cells Were infected With retroviruses expressing Oct3/4, 
Sox2, Klf4, and each type of miRNA selected from 18 types 
of miRNAs, at a ratio of 1 ml of virus mixture expressing 
these three factors to 1 ml of virus solution expressing 
miRNA or DsRed, so as to prepare induced pluripotent stem 
cells through nuclear reprogramming. 

TABLE 1 

miRNA sequence (other narne(s) miRBase 
miRNA number indicated in parentheses) accession number 

1 mmu-miR-l 50 MI0000172 
2 mmu-miR-l 82 MI0000224 
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TABLE l-continued 

miRBase 
accession number 

miRNA sequence (other name(s) 
miRNA number indicated in parentheses) 

3 mmu-miR-126 M10000153 
4 mmu-miR-290-295 cluster 
5 mmu-miR-290 M10000388 

(mmu-miR-290-5p/290-3p) 
6 mmu-miR-291a M10000389 

(mmu-miR-291a-5p/291a-3p) 
7 mmu-miR-292 M10000390 

(mmu-miR-292-5p/292-3p) 
8 mmu-miR-294 M10000392 

(mmu—miR—294/294*) 
X(9) mmu-miR-295 M10000393 

(mmu—miR—295/295*) 
10 mmu-miR-17-92 cluster 
11 mmu-miR-3 23 M10000592 
12 mmu-miR-130b M10000408 
13 mmu-miR-7a-1 M10000728 
14 mmu-miR-7a-2 M10000729 
15 mmu-miR-205 M10000248 
16 mmu-miR-200a M10000554 
17 mmu-miR-200c M10000 694 
18 mmu-miR-mix 

*indicates star form of miRNA. 

[0108] From the third day after infection, the cells Were 
cultured in an ES cell medium containing LIF. On the fourth 
day after infection, the cells Were harvested by tryp siniZation, 
and the Whole amount thereof Was spread over mytomicin-C 
treated STO cells as feeder cells. Every other day thereafter, 
the ES cell medium containing LIF Was replaced. From the 
21 st day after infection, drug selection Was started With addi 
tion of puromycin at a ?nal concentration of 1 .5 ug/ml. On the 
28th day, the number of Nanog GFP positive colonies (GFP, 
the expression of Which is induced by a Nanog gene promoter 
region, can be observed With the use of ?uorescent micros 
copy) Was counted. As a control, DsRed Was used in place of 
miRNA. The results are shoWn in FIG. 1. It Was found that 
mmu-miR-294 and mmu-miR-295 could respectively 
improve the nuclear reprogramming ef?ciency When intro 
duced into mouse embryonic ?broblasts together With three 
factors of Oct3/ 4, Sox2, and Klf4, and could enable ef?cient 
establishment of induced pluripotent stem cells. 

Example 2 

Preparation of Induced Pluripotent Stem Cells 
Through Nuclear Reprogramming of Mouse Tail Tip 

Fibroblasts 

[0109] pMXs-based retroviral vectors, Which respectively 
encode each of three genes of mouse-derived Oct3/4, Sox2, 
and Klf4, DsRed (control), or mmu-miR-295, Were trans 
fected into PLAT-E cells using FuGENE 6 reagent (Roche) to 
get retroviruses. On the next day, tail tip ?broblasts (Nanog 
GFP tailtip ?broblasts) derived from transgenic mice gener 
ated by insertion of sequences encoding EGFP gene and 
puromycin resistance gene downstream of a Nanog gene 
promoter region, Were seeded at 1><l05 cells/Well in 6-Well 
plates. On the next day, these cells Were infected With retro 
viruses expressing three factors of Oct3/4, Sox2, and Klf4, 
and either DsRed or mmu-miR-295, at a ratio of 1 : 1 : 1 : 1, so as 
to prepare induced pluripotent stem cells through nuclear 
reprogramming. 
[0110] Since the third day after infection, the cells Were 
cultured in an ES cell medium containing LIF. On the fourth 
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day after infection, the cells Were harvested by trypsiniZation 
and the Whole amount thereof Was spread over mytomicin-C 
treated STO cells as feeder cells. Every other day thereafter, 
the ES cell medium containing LIF Was replaced. From the 
7th, 21st, or 28th day after infection, drug selection Was 
started With addition of puromycin at a ?nal concentration of 
1.5 ug/ml. On the 39th day, the number of total colonies and 
the number of Nanog GFP positive colonies (GFP, the expres 
sion of Which is induced by Nanog promoter region, can be 
observed With ?uorescent microscopy) Were counted. The 
results are shoWn in FIG. 2. It Was found that mmu-miR-295 
could improve the nuclear reprogramming ef?ciency When 
introduced into mouse tail tip ?broblasts together With three 
factors of Oct3/4, Sox2, and Klf4, and could accelerate the 
reprogramming speed and enable ef?cient establishment of 
induced pluripotent stem cells. 

Example 3 

Preparation of Induced Pluripotent Stem Cells 
Through Nuclear Reprogramming of Adult Human 

Dermal Fibroblasts 

[0111] pMXs-based retroviral vectors, Which encode three 
genes of human-derived OCT3/4, SOX2, and KLF4, and 
control DsRed or either 23 types of miRNAs or an miRNA 
cluster, Were transfected into PLAT-E cells using FuGENE 6 
reagent (Roche) to get retroviruses. On the next day, adult 
human dermal ?broblasts (aHDF) Which Were generated to 
express a rodent ecotropic virus receptor Slc7a1 (aHDF 
Slc7a1), Were seeded at 3><105 cells/Well in 6-cm dishes. On 
the next day, the cells Were infected With retroviruses express 
ing three genes of OCT3/4, SOX2, KLF4, and various types 
of miRNAs, at a ratio of 1:1:111, so as to produce induced 
pluripotent stem cells through nuclear reprogramming. 

TABLE 2 

miRNA sequence (other 
miRNA name(s) indicated in miRBase 
number parentheses) accession number 

1 hsa-miR-371 M10000779 
(hsa-miR-371-5p/371-3p) 

2 hsa-miR-372 M10000780 
3 hsa-miR-373 M10000781 

(hsa—miR-373/373*) 
4 hsa-miR-371-373 cluster 
5 hsa-miR-93 M10000095 

(hsa—miR—93/93*) 
6 hsa-miR-302a M1000073 8 

(hsa—miR-302a/302a*) 
7 hsa-miR-302b M10000772 

(hsa-miR-302b/3 02b*) 
8 hsa-miR-302c M10000773 

(hsa—miR-302c/302c*) 
9 hsa-miR-302d M10000774 

(hsa-miR-302d/3 02d*) 
10 hsa-miR-3 67 M10000775 

(hsa—miR-367/367*) 
11 hsa-miR-302-3 67 cluster 
12 hsa-miR-520a M10003149 

(hsa-miR-520a-5p/5 20a-3p) 
13 hsa-miR-520b M10003155 
14 hsa-miR-520c M10003158 

(hsa-miR-520c-5p/5 20c-3p) 
15 hsa-miR-520d M10003164 

(hsa-miR-520d-5p/520d-3p) 
16 hsa-miR-520e M10003143 
17 mmu-miR-290-295 cluster 
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TABLE 2-continued 

miRNA sequence (other 
miRNA narne(s) indicated in miRBase 
number parentheses) accession number 

18 InInu-IniR-290 MI0000388 
(mrnu-miR-290-5p/290-3p) 

19 InInu-IniR-291 a MI0000389 
(mrnu-miR-291a-5p/291a-3p) 

20 InInu-IniR-292 MI0000390 
(mrnu-miR-292-5p/292-3p) 

21 InInu-IniR-293 MI0000391 

(mrnu-miR-293/293’“) 
22 InInu-IniR-294 MI0000392 

(mrnu-miR-294/294’“) 
23 InInu-IniR-295 MI0000393 

(mrnu-miR-295/295’“) 

[0112] On the sixth day after infection, the cells were har 
vested by trypsiniZation and the whole amount of 5><105 cells 
was spread over on mytomicin-C treated STO cells as feeder 
cells. Every other day thereafter, human ES cell medium 
containing bFGF (ReproCELL) was replaced. On the 24th, 
32nd, and 40th day, the number of total colonies and the 
number of colonies having morphology of human ES-like 
cells were counted. As a control, DsRed was used in place of 
miRNA. The results are shown in FIG. 3. It was found that the 
number of colonies of induced pluripotent stem cells 
increased twice or more, as compared to the control, by intro 
duction of three genes in the presence of hsa-miR-372, 373, 
302b, 302-3 67 cluster (including 302b, 302c, 302a, 302d, and 
367), 520c, mmu-miR-291a, 294, or 295. 

Example 4 
Preparation of Induced Pluripotent Stem Cells 

Through Nuclear Reprogramming of Adult Human 
Dermal Fibroblasts 

[0113] 3><105 aHDF-Slc7a1 cells were plated on 60 mm 
gelatin coated dishes and infected with retrovirus to express 
DsRed, 4 factors (OCT3/4, SOX2, c-MYC, and KLF4), or 3 
factors (OCT3/4, SOX2, KLF4) in the presence of various 
miRNAs independently. Six days after infection, 5><105 
aHDF-Slc7a1 cells were reseeded on mytomicin-C treated 
STO cells. Forty days after infection, the number of human 
ES-like colonies was counted. The same experiment was 
repeated three times. 
[0114] FIG. 4A shows the results of three independent 
experiments. It was found that the number of colonies of 
induced pluripotent stem cells increased, as compared to the 
control, by introduction of three genes in the presence of 
hsa-miR-372, 373/373*(hsa-miR-373), 371-373 cluster (in 
cluding 371, 372, and 373), 302b/302b* (hsa-miR-302b), 
302-367 cluster (including 302b, 302c, 302a, 302d, and 367), 
520c-5p/520c-3p (hsa-miR-520c), mmu-mir-290-5p/290-3p 
(mmu-mir-290), mmu-mir-291a-5p/291a-3p (mmu-mir 
291a), 294/294* (mmu-mir-294), or 295/295* (mmu-mir 
295). 
[0115] FIG. 4B shows the morphology of ES-like colonies 
of iPS cells by using microscopy. 

Example 5 
Expression of ES Cell Markers in iPS Cells Pro 

duced by Nuclear Reprogramming of Mouse Tail Tip 
Fibroblasts (TTFs) with 4 Factors (OCT3/4, SOX2, 
c-MYC, and KLF4) and with 3 Factors (OCT3/4, 

SOX2, and KLF4)+mmu-miR-295/295* 
[0116] 5><104 FbNg TTFs (TTFs derived from Fbx15-[3 
geo/Nanog-IRES-Puro’ reporter mouse) cells were plated on 
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gelatin coated 6-well plates and infected with retrovirus to 
express 3 factors (Oct3/4, Sox2, Klf4) plus either DsRed 
(Myc(—)3f+DsRed), mmu-miR-295/295* (Myc(—)3f+mmu 
miR-295/295 *), or c-Myc (4 factor). On Day 4 after infection, 
all the cells (Myc( )3f+DsRed; Myc(—)3f+mmu-miR-295/ 
295*) or 20 times diluted cells (4 factors) were reseeded on 
Puromycin and Hygromycin-resistant-MSTO (PH-MSTO) 
cells. Puromycin selection was started on Day 7, 14, 21, 28. 
[0117] RT-PCR analysis using the Rever Tra Ace Kit 
(Takara) showed that the iPS cells transfected with 4 factors 
(OCT3/4, SOX2, c-MYC, and KLF4), or with 3 factors 
(OCT3/4, SOX2, and KLF4)+mmu-miR-295/295* 
expressed the ES cell speci?c marker genes Oct3/4, Sox2, 
Nanog, and that the amounts of expression thereof were 
equivalent to those obtained with mouse ES cells(ES) and 
mouse iPS cells (Fbx iPS) (FIG. 5). 

Example 6 

Preparation of Induced Pluripotent Stem Cells 
Through Nuclear Reprogramming of Mouse Embry 
onic Fibroblasts with 3 Factors (Oct3/4, Klf4, and 

c-Myc) with miRNAs 

[0118] 1><105 Nanog MEFs (MEFs derived from Nanog 
IRES-Puro’ reporter mouse) were plated on gelatin coated 
6-well plates and infected with retrovirus to express 3 factors 
(Oct3/4, c-MycWT(wild type), and Klf4) with mmu-miR 
290-295 cluster, 290-5p/290-3p (mmu-miR-290), 29la-5p/ 
291a-3p (mmu-miR-291), 292-5p/292-3p (mmu-miR-292), 
293/293* (mmu-miR-293), 294/294* (mmu-miR-294) or 
295/295* (mmu-miR-295) miRNAs (1:1). On day 4 after 
infection, half of the cells were reseeded on Puromycin and 
Hygromycin-resistant-MSTO (PH-MSTO) cells. Puromycin 
selection was started from 14 days after infection. 

[0119] FIG. 6A shows the number of Nanog GFP positive 
colonies. The results of three independent experiments are 
shown with different colors. “DsRed” indicates the combina 
tion of Oct3/4, Klf4, c-Myc and DsRed. 
[0120] FIG. 6B shows the results of RT-PCR analysis. RT 
PCR analysis using the Rever Tra Ace Kit (Takara) showed 
that the iPS cells transfected with 4 factors (OCT3/4, SOX2, 
c-MYC, and KLF4), or with 3 factors (OCT3/4, SOX2, and 
KLF4)+mmu-miR-290-295 cluster, 291a-5p/291a-3p, 294/ 
294* and 295/295* expressed the ES cell speci?c marker 
genes Oct3/4, Sox2, Nanog, and that the amounts of expres 
sion thereof were equivalent to those obtained with mouse ES 
cells (ES) and mouse iPS cells (Fbx iPS). 

Example 7 

iPS Induction with Fb-Ng MEFs (MEFs Derived 
from Fbx15-[3 geo/Nanog-IRES-Puro’ Reporter 

Mouse) Over-Expressing Oct3/4, c-Myc, and Klf4 
(“Sox(—)”)+mmu-miR-295/295* or hsa-miR-302 

367 Cluster miRNAs 

[0121] 1><105 Fb-Ng MEFs (MEFs derived from Fbx15-[3 
geo/Nanog-IRES-Puro’ reporter mouse) were plated on gela 
tin coated 6-well plates and infected with retrovirus to express 
3 factors (Oct3/4, c-MycWT(wild type), Klf4)+miR-295/ 
295 *or hsa-miR-302-367 cluster. On day 4 after infection, 
cells were reseeded on Puromycin and Hygromycin resistant 












