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ABSTRACT 

This invention provides a method of producing an induced 
pluripotent stem cell comprising the step of introducing at 
least one kind of non-viral expression vector (more preferably 
a plasmid vector) incorporating at least one gene that encodes 
a reprogramming factor into a somatic cell. An induced pluri 
potent stem cell Wherein no exogenous genes induced is 
integrated into the cellular genome is also provided. 
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Figure 14 

Regions Sequences 

4 
GCC TTA TCC GGT AAC TAT CGT 

GCA CCG CCT ACA TAC CTC 

AGT TGC CTG ACT CCC CGT CGT G 

GGA GCC GGT GAG CGT GGG TC 

CCG ATC GTT GTC AGA AGT AAG TTG 

TCA CAG AAA AGC ATC TTA CGG A 

GAA AAG TGC CAC CTG OTC GAC ATT 

GGG CCA TTT ACC GTA AGT TAT GTA 

TAT CAT ATG CCA AGT ACG C 

TAG ATG TAC TGC CAA GTA GGA A 

TCT GAC TGA CCG CGT TAC T 

AGA AAA GAA ACG AGC CGT CAT T 

10 
GGG GGC TGC GAG GGG AAC AAA 

GCC GGG CCG TGC TCA GCA ACT 

11 
GCG AGC CGC AGC CAT TGC CTT TTA 

CCC AGA'TTT CGG CTC CGC CAG AT 

Nanog-reporter TGG GAT CCC TAT GCT ACT CCG TCG AAG TTC 
CTA GGC AAA CTG TGG GGA CCA GGA AGA C 

Fbx 15-reporter 
TGG TCC AAC ATC TTA TAC ACA GTA ATG A 

GTG GAA CTC CCT TCT AGC CCT CTA TCC C 

AAT GGG CTG ACC GCT TCC TCG TGC TT 
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SEQ ID NO:40 

SEQ ID N04 1 

SEQ 1n N0142 

sEQ ID NO:43 

sEQ ID NO:44 

SEQ ID M0145 

5B0 10 NO:46 

sEQ ID NO:47 

sEQ ID N0148 

SEQ ID M049 

sEQ ID N050 

SEQ ID NOzSl 

sEQ ID N0z52 

sEQ ID NO:53 

sEQ ID M054 

SEQ ID NO:55 

SEQ ID NO:56 

sEQ ID NO:57 

SEQ ID NO:58 

sEQ ID N059 

sEQ ID NO:6O 



Patent Application Publication Nov. 4, 2010 Sheet 10 0f 16 US 2010/0279404 A1 

nu m. 

y . 

v .., 
m w 



Patent Application Publication Nov 4, 2010 Sheet 11 0f 16 US 2010/0279404 A1 



Patent Application Publication Nov. 4, 2010 Sheet 12 0f 16 US 2010/0279404 A1 



Patent Application Publication Nov. 4, 2010 Sheet 13 0f 16 US 2010/0279404 A1 



Patent Application Publication Nov. 4, 2010 Sheet 14 0f 16 US 2010/0279404 A1 



Patent Application Publication Nov. 4, 2010 Sheet 15 0f 16 US 2010/0279404 A1 



Patent Application Publication Nov. 4, 2010 Sheet 16 0f 16 US 2010/0279404 A1 

. 42' 

" ws. 



US 2010/0279404 A1 

METHOD OF NUCLEAR REPROGRAMMING 

TECHNICAL FIELD 

[0001] The present invention relates to a method of repro 
gramming a somatic cell and producing an induced pluripo 
tent stem cell. 

BACKGROUND ART 

[0002] Established from human or mouse early embryos, 
embryonic stem cells (ES cells) are capable of being cultured 
for a long time While maintaining their potential for differen 
tiating into all types of cells found in a living organism. With 
this feature, human ES cells are expected to serve for cell 
transplantation therapies for many diseases, including Par 
kinson’s disease, juvenile diabetes, and leukemia. HoWever, 
ES cell transplantation,poses the problem of causing rejec 
tions as With organ transplantation. Additionally, not a feW 
people oppose the use of ES cells established With the 
destruction of a human embryo, from an ethical vieWpoint. 
[0003] If the dedifferentiation of a patient’s somatic cells is 
induced to establish cells possessing pluripotency and prolif 
erating capability similar to those of an ES cell (herein these 
cells are referred to as “induced pluripotent stem cells” (iPS 
cells), and sometimes referred to as “embryonic stem cell-like 
cells” or “ES-like cells”), the established cells Will be useful 
as ideal pluripotent cells that do not pose the problems of 
rejections and ethical issues. In recent years, it has been 
reported that iPS cells can be produced from mouse and 
human differentiated cells, arousing great attention (Interna 
tional Patent Application Publication No. WO2007/69666; 
Cell, 126, pp. 663-676, 2006; Cell, 131, pp. 861-872, 2007; 
Science, 318, pp. 1917-1920, 2007; Nature, 451,pp. 141-146, 
2008). 
[0004] All these methods comprise the step of introducing 
a plurality of particular nuclear reprogramming factors (e.g., 
in Cell, 126, pp. 1-14, 2006, 4 factors are used: Oct3/4, Sox2, 
Klf4, and c-Myc) into a somatic cell to achieve reprogram 
ming, Which step involves the use of a retrovirus or a lentivi 
rus for the purpose of introducing the genes that encode the 
nuclear reprogramming factors into a somatic cell ef?ciently. 
HoWever, since gene delivery using a viral vector involves 
safety issues, there is a demand for developing a method of 
producing iPS cells Without using a viral vector. 

SUMMARY OF THE INVENTION 

Technical Problem 

[0005] It is an object of the present invention to provide a 
method of producing an iPS cell by reprogramming a somatic 
cell Without using a viral vector such as a retrovirus. 

Solution to Problem 

[0006] The present inventors extensively investigated to 
solve the problems described above, and found that an iPS 
cell can be produced by introducing genes that encode repro 
gramming factors into a somatic cell by means of a non-viral 
expression vector such as a plasmid vector, and that a safe iPS 
cell can be obtained from a somatic cell by the method. The 
present invention has been developed on the basis of these 
?ndings. 
[0007] Accordingly, the present invention provides a 
method of producing an induced pluripotent stem cell, com 
prising the step of introducing at least one kind of non-viral 
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expression vector incorporating at least one gene that encodes 
a reprogramming factor into a somatic cell. 

[0008] In a preferred embodiment, the present invention 
provides the above-described method Wherein the vectors are 
non-viral expression vectors autonomously replicable out 
side a chromosome; and the above-described method Wherein 
the vector is a plasmid vector. 

[0009] In another preferred embodiment, the present inven 
tion provides the above-described method Wherein the gene 
that encodes a reprogramming factor is one of genes selected 
by a method of screening for nuclear reprogramming factors 
described in WO 2005/ 80598 or a combination of a plurality 
of such genes; and the above-described method Wherein the 
gene that encodes a reprogramming factor is one or more 
kinds of genes selected from the group consisting of an Oct 
family gene, a Klf family gene, a Sox family gene, a Myc 
family gene, a Lin family gene, and the Nanog gene, prefer 
ably a combination of tWo kinds of genes, more preferably a 
combination of three kinds of genes, particularly preferably a 
combination of four or more kinds of genes. 

[0010] More preferable combinations are (a) a combination 
of tWo kinds of genes consisting of an Oct family gene and a 
Sox family gene; (b) a combination of three kinds of genes 
consisting of an Oct family gene, a Klf family gene, and a Sox 
family gene; (c) a combination of four kinds of genes con 
sisting of an Oct family gene, a Klf family gene, a Sox family 
gene, and a Myc family gene; (d) a combination of four kinds 
of genes consisting of an Oct family gene, a Sox family gene, 
a Lin family gene, and the Nanog gene; (e) a combination of 
six kinds of genes consisting of an Oct family gene, a Klf 
family gene, a Sox family gene, a Myc family gene, a Lin 
family gene, and the Nano g gene;and the like. Furthermore, it 
is also preferable to include the TERT gene and/or the SV40 
Large T antigen gene in the combination. As the case may be, 
it is preferable to exclude Klf family genes. 
[0011] Particularly preferred combinations thereof are a 
combination of tWo kinds of genes consisting of Oct3/4 and 
Sox2; a combination of three kinds of genes consisting of 
Oct3/4, Klf4, and Sox2; a combination of four kinds of genes 
consisting of Oct3/4, Klf4, Sox2, and c-Myc; a combination 
of four kinds of genes consisting of Oct3/ 4, Sox2, Lin28, and 
Nanog; and a combination of six kinds of genes consisting of 
Oct3/4, Klf4, Sox2, c-Myc, Lin28, and Nanog. It is also 
preferable to include the TERT gene and/or the SV40 Large T 
antigen gene in these combinations. As the case may be, it is 
preferable to exclude Klf4. 
[0012] In another preferred embodiment, the present inven 
tion provides the above-described method Wherein the num 
ber of kinds of non-viral expression vectors introduced into a 
somatic cell is 1, 2, 3, or 4; the above-described method 
Wherein the genes that encode reprogramming factors are a 
combination of three kinds of genes consisting of an Oct 
family gene, a Klf family gene, and a Sox family gene, and 
these genes are incorporated in one kind of non-viral expres 
sion vector; the above-described method Wherein the genes 
that encode nuclear reprogramming factors are a combination 
of four kinds of genes consisting of an Oct family gene, a Klf 
family gene, a Sox family gene, and a Myc family gene, and 
the Oct family gene, the Klf family gene, and the Sox family 
gene are incorporated in one kind of non-viral expression 
vector; the above-described method Wherein the Oct family 
gene, the Klf family gene, and the Sox family gene are incor 
porated in one kind of non-viral expression vector in this 
order in the orientation from the 5' to 3' end; and the above 
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described method Wherein the Oct family gene, the Klf family 
gene, and the Sox family gene are incorporated in one kind of 
non-viral expression vector With an intervening sequence 
enabling polycistronic expression. 
[0013] In another preferred embodiment, the present inven 
tion provides the above-described method Wherein tWo or 
more kinds of the above-described non-viral expression vec 
tors are concurrently introduced into a somatic cell; the 
above-described method Wherein the genes that encode 
reprogramming factors are a combination of four kinds of 
genes consisting of an Oct family gene, a Klf family gene, a 
Sox family gene, and a Myc family gene, and a ?rst non-viral 
expression vector incorporating three or less kinds of genes 
selected from among the four kinds of genes, and a second 
non-viral expression vector incorporating the remaining gene 
(s) out of the four kinds of genes are concurrently introduced 
into a somatic cell; the above-described method Wherein the 
three or less kinds of genes are an Oct family gene, a Klf 
family gene, and a Sox family gene, and the remaining gene 
is a Myc family gene; the above-described method Wherein 
the three or less kinds of genes are Oct3/4, Klf4, and Sox2, 
and the remaining gene is c-Myc; and the above-described 
method Wherein introduction of the non-viral expression vec 
tor into a somatic cell is repeatedly performed tWice or more. 

[0014] In a particularly preferred embodiment, the present 
invention provides the above-described method Wherein a 
?rst non-viral expression vector harboring Oct3/ 4, Klf4, and 
Sox2, and a second non-viral expression vector harboring 
c-Myc are introduced into a somatic cell; the above-described 
method Wherein a ?rst non-viral expression vector harboring 
Oct3/4, Klf4, and 80x2 in this order in the orientation from 
the 5' to 3' end, and a second non-viral expression vector 
harboring c-Myc are introduced into a somatic cell; the 
above-described method Wherein Oct3/4, Klf4, and Sox2 are 
ligated in this order in the orientation from the 5' to 3' end With 
an intervening sequence enabling polycistronic expression 
and inserted into the ?rst non-viral expression vector; the 
above-described method Wherein the ?rst non-viral expres 
sion vector and the second non-viral expression vector are 
concurrently introduced into a somatic cell; and the above 
described method Wherein the introduction is repeatedly per 
formed tWice or more. Also provided is the above-described 
method Wherein Whole or prat of the at least one non-viral 
expression vector introduced is substantially not integrated in 
the chromosome. 
[0015] In another preferred embodiment, the present inven 
tion provides the above-described method Wherein the 
somatic cell is a somatic cell of a mammal, including a 
human, preferably a human or mouse somatic cell, particu 
larly preferably a human somatic cell; the above-described 
method Wherein the somatic cell is a fetal human cell or a 
somatic cell derived from an adult human; and the above 
described method Wherein the somatic cell is a somatic cell 
collected from a patient. 
[0016] In another aspect, the present invention provides an 
induced pluripotent stem cell that can be obtained by the 
above-described method. In a preferred embodiment, the 
present invention also provides an induced pluripotent stem 
cell Wherein all or some of the at least one non-viral expres 
sion vector introduced is substantially not integrated in the 
chromosome. 

[0017] Also provided are the above-described induced 
pluripotent stem cell Wherein the somatic cell is a somatic cell 
of a mammal, including a human, preferably a human or 
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mouse somatic cell, particularly preferably a human somatic 
cell; the above-described induced pluripotent stem cell 
Wherein the somatic cell is a fetal human cell or a somatic cell 
derived from an adult human; and the above-described 
induced pluripotent stem cell Wherein the somatic cell is a 
somatic cell collected from a patient. 
[0018] A non-viral expression vector, preferably a plasmid 
vector, for use in the above-described method of producing an 
induced pluripotent stem cell, incorporating at least one gene 
that encodes a reprogramming factor, is also provided by the 
present invention. 
[0019] A somatic cell induced and differentiated from the 
above-described induced pluripotent stem cell is also pro 
vided by the present invention. 
[0020] The present invention also provides a stem cell 
therapy comprising the step of transplanting to a patient a 
somatic cell obtained by differentiation induction of an 
induced pluripotent stem cell obtained by the above-de 
scribed method using a somatic cell separated from the 
patient. 
[0021] The present invention further provides a method of 
evaluating the physiological activities and toxicities of com 
pounds, drugs, poisonous substances and the like using vari 
ous cells obtained by differentiation induction of an induced 
pluripotent stem cell obtained by the above-described 
method. 

Advantageous Effects of Invention 

[0022] Produced Without using a vector to be integrated 
into a chromosome, such as a retrovirus, the induced pluri 
potent stem cell provided by the present invention is advan 
tageous in that tumorigenesis and other problems do not arise 
in the somatic cells and tissues obtained by differentiating the 
induced pluripotent stem cell. In a preferred embodiment of 
the present invention, in the induced pluripotent stem cell 
produced by the method of the present invention, all or some 
of the at least one non-viral expression vector introduced is 
episomally present, substantially not integrated in the chro 
mosome. Therefore, the method of the present invention 
makes it possible to prepare a highly safe induced pluripotent 
stem cell from, for example, a patient’s somatic cell, and the 
cells obtained by differentiating this cell (e.g., myocardial 
cells, insulin-producing cells, or nerve cells and the like) can 
be safely used for stem cell transplantation therapies for a 
broad range of diseases, including heart failure, insulin-de 
pendent diabetes, Parkinson’s disease and spinal injury. 

BRIEF DESCRIPTION OF DRAWINGS 

[0023] FIG. 1 shoWs a time course protocol for transfecting 
a somatic cell (MEF) With Oct3/4, Klf4, Sox2, and c-Myc 
using plasmids according to the method of the present inven 
tion, results of seven independent tests (left photographs, 
432A-1 to 432A-7: cell density l><l06 cells/100 mm dish) and 
results of another test (right photographs, 432B-1: cell den 
sity 2><l05 cells/100 mm dish). The loWermost panels in the 
center shoW control results (no transfection). In FIG. 1, the 
Phase columns shoW phase-contrast images, and the GFP 
columns shoW GFP-positive colonies. 
[0024] FIG. 2 shoWs an expression plasmid for iPS cell 
production. Three kinds of cDNAs that encode Oct3/ 4, Klf4, 
and Sox2 Were ligated in this order With sequence encoding 
the 2A peptide as intervening sequence, and inserted into the 
pCX plasmid (pCX-2A-mOKS). Furthermore, a cDNA of 
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c-Myc Was inserted into pCX (pCX-c-Myc). The bald lines 
show the ampli?cation regions used in the PCR analysis for 
detecting plasmid integration in the genome (FIG. 6). 
[0025] FIG. 3 shoWs the time schedules for iPS cell induc 
tion using plasmids. The solid arroWs indicate the time points 
of transfection of the respective plasmids. 
[0026] FIG. 4 shoWs the morphology of non-virus mediated 
iPS cells established. The upper panels shoW phase-contrast 
images, and the loWer panels shoW GFP-positive colonies 
(scale bar:200 pm). 
[0027] FIG. 5 shoWs results of PCR analysis for the genetic 
expression of ES cell markers, obtained using total RNAs 
isolated from ES cells, IFS cells induced using retroviruses 
(clone 20D-17: Nature, 448, pp. 313-317, 2007), iPS cells 
induced using plasmids (clones 440A-3, 4, 7, 8, 10 and 11; 
clone 432A-1), and MEF cells. 
[0028] FIG. 6 shoWs the detection of plasmid integration by 
PCR. Genomic DNAs Were extracted from a C57BL/ 6 
mouse, iPS cell induced using retroviruses (clone 20D-17), 
iPS cells induced With plasmids (clone 432A-1; clones 
440A-1 to 1 1) and MEF cells, and analyZed by PCR using the 
primers shoWn in FIGS. 2, 13 and 14. In the PCR for O-1, K 
and M, the bands derived from endogenous genes are indi 
cated by the outlined arroWheads, and the bands derived from 
integrated plasmids are indicated by the solid arroWheads. For 
the Fbx15 reporter, the loWerband indicates Wild-type alleles, 
and the upper band indicates knocked-in alleles. 
[0029] FIG. 7 shoWs results of teratoma formation. iPS 
cells Without integration of plasmids (clones 440A-3, -4, and 
-8) Were subcutaneously transplanted to nude mice. Four 
Weeks later, tumors Were resected and stained With hema 
toxylin and eosin. ShoWn from above are the results for gut 
like epithelial tissue, epidermal tissue, striated muscles, and 
nerve tissue, respectively (scale bar:50 pm). 
[0030] FIG. 8 shoWs chimeric mice derived from iPS cells 
Without integration (clones 440A-3 and -8). 
[0031] FIG. 9 shoWs the detection of integration of plas 
mids by PCR. Genomic DNAs Were extracted from an ICR 
mouse, iPS cell (clone 432A-1), and chimeric mice derived 
from iPS cells induced using plasmids (clone 432A-1; clones 
440A-3, 8), and the O-1, K and M regions shoWn in FIG. 2 
Were ampli?ed by PCR. The bands derived from endogenous 
genes are indicated by the outlined arroWheads, and the bands 
derived from integrated plasmids are indicated by the solid 
arroWheads. The presence of the Nanog reporter and Fbx15 
reporter Was also detected by PCR. 
[0032] FIG. 10 shoWs the probes used in Southern blot 
analysis and the positions of the restriction endonuclease 
recognition sites. E indicates EcoRI, and B indicates BamHI. 
[0033] FIG. 11 shoWs results of Southern blot analysis. 
Genomic DNAs (6 pg) Were extracted from RF8 ES cells and 
iPS cells (clones 440A-3, 4, 7, 8, 10, and 11; clone 432A-1), 
and cleaved With BamHI and EcoRI. A mixture of the pCX 
2A-mOKS and pCX-c-Myc plasmids (each 20 pg) served for 
control. The outlined arroWheads indicate the bands derived 
from endogenous genes, and the solid arroWhead indicates 
the band derived from the Oct3/4 pseudogene (estimated siZe 
2049 bp) on chromosome 3. The arroWs indicate the bands 
derived from trans genes. Although the identities of the many 
bands observed in clone 432A-1 are unclear, this may suggest 
the integration of multiple transgenes. The GFP probe Was 
used to detect Nanog reporter alleles. 
[0034] FIG. 12 shoWs results of SSLP analysis. On 
genomic DNAs (each 50 ng) from C57BL/ 6 mouse, RF8 ES 
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cell, iPS cells Without integration (clones 440A-3 to 11) and 
MEF cells, SSLP analysis Was performed. These iPS cells 
derive from a mixture of ?ve MEF cell clones (clones 1, 2, 3, 
5, and 6). 
[0035] FIGS. 13 and 14 shoW the primers used for PCR in 
Examples 1 to 3. 
[0036] FIG. 15 shoWs a time course protocol for transfect 
ing human dental pulp stem cells With Oct3/4, Klf4, Sox2, 
c-Myc, Lin28, Nanog and the SV40 Large T antigen using 
plasmids according to the method of the present invention, 
and 16 independent iPS cell colonies. 
[0037] FIGS. 16 and 17 shoW photographs of iPS cells 
established from fetal HDF (5 clones: 203A-1 to 203A-5, of 
Which 203A-4 Was picked up as a negative control) on day 31 
after transfection (FIG. 16) and in the 2nd subculture (FIG. 
17). 
[0038] FIG. 18 shoWs the results of genomic-PCR analysis 
of5 iPS cell clones (203A-1 to 203A-5). 
[0039] FIGS. 19 and 20 shoW photographs of iPS cells 
established from human dental pulp stem cells (5 clones: 
217A-1 to -4 and -6) on day 35 after transfection (FIG. 19) 
and in the 2nd subculture (FIG. 20). 
[0040] FIG. 21 shoWs the results of genomic-PCR analysis 
of5 iPS cell clones (217A-1 to -4 and -6). 
[0041] FIGS. 22 and 23 shoW photographs of IFS cells 
established from young female HDF (2 clones: 279A-1 and 
-2) on day 35 after the ?rst electroporation (FIG. 22) and 
clone 279A-2 afterpassage culture (FIG. 23; the right panel is 
a closeup picture of the boxed area in the left panel). 
[0042] FIG. 24 shoWs the results of genomic-PCR analysis 
of iPS cell clone 279A-2 demonstrating the integration of the 
transgenes. 
[0043] FIG. 25 shoWs photographs of iPS cells (8 clones: 
497A-1 to A-8) after the selection (colonies Were selected on 
day 25 after transfection). The upper panels shoW phase 
contrast images, and the loWer panels shoW GFP-positive 
colonies. 
[0044] FIG. 26 shoWs the results of genomic-PCR analysis 
of5 iPS cell clones (497A-1 to A-5). In 497A-2 and 497A-5, 
no exogenous gene Was not integrated into the genome. 

DESCRIPTION OF EMBODIMENTS 

[0045] The method of the present invention is intended to 
produce an induced pluripotent stem cell, comprising the step 
of introducing at least one kind of non-viral expression vector 
incorporating at least one gene that encodes a reprogramming 
factor into a somatic cell. The non-viral expression vector is 
preferably an expression vector autonomously replicable out 
side a chromosome, more preferably a plasmid expression 
vector. 

[0046] As an example of a means for identifying a nuclear 
reprogramming factor, a nuclear reprogramming factor 
screening method described in WO 2005/80598 can be uti 
liZed. All disclosures therein are incorporated herein by ref 
erence. Those skilled in the art are able to screen for nuclear 
reprogramming factors, and to utiliZe them for the method of 
the present invention, by referring to the aforementioned pub 
lication. It is also possible to identify nuclear reprogramming 
factors using a method modi?ed or altered from the above 
described screening method. 
[0047] Some examples of combinations of genes that 
encode reprogramming factors are disclosed in WO2007/ 
69666. All disclosures therein are incorporated herein by 
reference. Those skilled in the art are able to choose genes that 










































