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Abstract

Induced pluripotent stem (iPS) cells from somatic cells by introducting four 

transcriptional factors: Oct4, Sox2, c-Myc and Klf4 were reported in 2006. 

The morphology, proliferation, surface antigens, gene expression, telomerase 

activity, and epigenetic status of pluripotent cell-specific genes from the iPS 

cells were similar to those from embryonic stem (ES) cells. This novel 

technology has potential to overcome hurdles associated with ES cells due to 

their generation from mature somatic cells. However, at least two hurdles 

remain: integrating viral transgenes into the somatic genome, and 

introducing oncogenes: c-Myc and Klf4. In 2008, Okita et al. successfully 

generated mouse iPS cells without viral vectors, but they used four factors 

containing the oncogenes, c-Myc and Klf4. We tested our hypothesis that 

iPS cells can be generated by introducing only Oct4 and Sox2 under hypoxic 

conditions. We observed that the repeated transfection of two expression 

plasmids (one containing Oct4 and the other Sox2 cDNA) into mouse 

embryonic fibroblasts and combined hypoxic condition resulted in iPS cells 

generation. Six hours post-transfection, MEF cells were subjected to hypoxic 

conditions for 24 h (3% O2); this procedure was repeated four times. The 

MEF cells were passaged on feeder cells on day 9; iPS cell clones were 

observed 12 days post-passaging and designated as iPS-OSH cells. The 

morphology, positive alkaline phosphatase staining, embryonic body and 

teratoma formation indicated that the iPS-OSH cells had pluripotent 

capability similar to ES cells. This strategy avoids oncogenic factors and 

virus integration, thus decreasing the risk of cancer formation. 
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1.1.1  (Embryonic Stem Cells, ES cells) 
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1.1.2  (Induced Pluripotent Stem Cells, iPS) 

Wilmut

(somatic cell nuclear transfer, SCNT)

(6)

(7, 8) 2006

Yamanaka

Oct4, Sox2, c-Myc, Klf4

(Induced Pluripotent 

Stem Cells, iPS) (9)

(10, 11)

DNA
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(3, 12)

(13, 14)

c-Myc Klf4 c-Myc
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1.1.3  (Hypoxia)  

(niches) (15)

(neural crest stem cells) (hematopoietic stem cells)

(16-19)

(inner cell mass, ICM) (20)

(21, 22)
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(19)

(Hypoxic induced factor-2�) Oct4 (23)

 

 

1.1.4 Oct4 

Oct4 Pou5f1, POU domain, class 5, transcription factor 1
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DNA
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(2, 24, 25) 2006 Oct4
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Oct4 Sox2

Oct4

Sox2 (26, 27)
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(1, 2) Oct4
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(28, 29) 2005
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Oct4

Oct4
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Oct4

(multipotent adult progenitor cells, 

MAPCs) (32, 33) Oct4  

 

1.1.5 Sox2 

Sox

Sox (34) Sox
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DNA high 

mobility group (HMG) box HMG DNA
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transfection) c-Myc Klf4

Oct4 Sox2

  



�

� � 7

 

2.1 Construction of the plasmid  

    mOct4 mSox2 cDNA clones (Thermo scientific)

clones Oct4 Sox2 EcoR1

cDNA  pcDNA 3.1

pcDNA-Oct4 pcDNA-Sox2  

 

2.2 Mouse embryonic fibroblast cells (MEF) 

culture 

Mouse Embryonic 

Fibroblast Cells (MEF) 13.5 C57BL/6

13.5

phosphate-buffered saline (PBS) PBS 

wash PBS wash

0.1mM trypsin/1mM EDTA solution (GIBCO 

BRL)

20

 

medium pipette
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(5% CO2, 37 )

 feeder cells

(MEF Cells) Mitomycin C (Roche) 2.5 (37

) Mitomycin C

(MEF Cells) (Feeder Cells)

DMEM (GIBCO BRL) 10% fetal bovine serum 

(FBS) (GIBCO BRL) 1% penicillin and streptomycin (p/s) (GIBCO 

BRL) 1% non-essential amino acids (NEAA) (GIBCO BRL)  

 

2.2.1 Induced pluripotent stem cells (iPS) 

culture 

 Induced pluripotent stem cells (iPS)

 mouse embryonic stem cells (mES)

Induced pluripotent stem cells (iPS)

(Feeder Cells) 0.1%

Gelatin (Sigma) Gelatin

Gelatin
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DMEM (GIBCO BRL) HyClone FBS (Thermo) 1mM 

�-mercaptoethanol (GIBCO BRL) 1% non-essential amino acids (NEAA) 

(GIBCO BRL) LIF (millipore)  

 

2.3  Western Blot 

Running buffer

80mA 120V

PBST transfer membrane Transfer buffer

transfer membrane

transfer membrane

transfer 400mV 1.5 transfer membrane

blocking solution 20 1:1000

blocking overnight PBST transfer 

membrane 1:10000

60 PBST transfer membrane
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transfer membrane ECL

 

 

2.4  Hypoxia 

(3%) (N2) hermetic chambers 

(Billups-Rothenberg Inc., Del Mar, CA) 37

(3%) 3%

5% 92%  (ThermoForma, Waltham, MA)

 

 

2.5  Real-time PCR 

TRIzol (Invitrogen, Carlsbad, CA) RNA

 SuperScript II Reverse Transcriptase Kit (Invitrogen)

cDNA 40 Real-Time PCR primer reverse(6�M), 

primer forward(6�M), SYBR Mix(2X)(Roche) 96

cDNA primer SYBR Mix

1000rpm Real-time PCR Oct4, Sox2, c-Myc Klf4

Excel Real-Time PCR Primer 

sequences Table 1
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2.6  Transfection 

MEF 6-well cell culture plate

plasmids (Oct4 Sox2) medium Opti-MEM (GIBCO BRL)

plasmid fugene(Roche) incubate15

6-well cell culture plate incubator culture 6 (37

5%CO2) Opti-MEM MEF medium Hypoxia 

incubator (ThermoForma, Waltham, MA) 24 (37 5%O2)

6-wll cell culture plate  CO2 incubator (37 5%CO2 )

transfection transfection ( )  

 

2.7  Alkaline phosphatase staining 

Alkaline phosphatase (AP) Alkaline phosphatase staining 

kit (Vector) PBS wash 80%

overnight Alkaline phosphatase staining kit (Vector)

80%

2-3 100mM Tris-HCl

5 Alkaline 

Phosphatase Substrate working sol’n

20-30 alkaline phosphatase substrate working sol’n
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100mM Tris-HCl buffer alkaline 

phosphatase substrate working sol’n 5ml 100mM Tris-HCl 

buffer red alkaline phosphatase Substrate Kit Reagent 1

Reagent 2 Reagent 3

 

 

2.8 - Immunofluorescent antibody assay-stem 

cell marker 

reprogrammed

stem cell marker Nanog (Novus)

Oct4 (Cell Signaling) Sox2 (millipore) SSEA1 (millipore) Tra-1-60

Tra-1-80 0.1% Tween-20 (1x PBS) wash

0.3% Triton-X 100 (1X PBS) wash 0.1% Tween-20 (1x 

PBS) wash 5% FBS(1X PBS) blocking 

1:100 overnight 0.1% Tween-20 (1x PBS) wash

1:500 0.1% Tween-20 (1x PBS) 

wash DAPI (UltraCruz™ Mounting Medium)

 

 

2.9  PCR 
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TRIzol (Invitrogen, Carlsbad, CA) RNA

SuperScript II Reverse Transcriptase Kit (Invitrogen) cDNA

94 1.5 35 94

30 60 60 72 60 2 72

10 PCR ExTaq (Takara) Ecat1, Eras, Nanog, 

c-Myc, Esg1, Klf4, Oct3/4, Rex1, Sox2 beta-actin Primers

Table 1  

 

2.10  Embryonic bodies formation and 

differentiation 

iPS 0.1mM trypsin/1mM EDTA solution (GIBCO BRL) 5

medium EB formation medium

Ultra Low Cluster Plate (Costar) 

culture Embryonic bodies Embryonic bodies

0.1% gelatin coated 24-well 1 well

Embryonic bodies incubator culture

EB formation medium DMEM(GIBCO BRL)

20% fetal bovine serum (FBS) (GIBCO BRL), 1mM �-mercaptoethan 

(GIBCO BRL), 1% L-glutamin (GIBCO BRL), 1% 

insulin-transferin-selenium-Gsupplement (ITSG) (GIBCO BRL), 1% 
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non-essential amino acids (NEAA) (GIBCO BRL)  EB differentiation 

medium DMEM (GIBCO BRL) 20% fetal bovine serum (FBS) 

(GIBCO BRL), 1% L-glutamine (GIBCO BRL), 1% non-essential amino 

acids (NEAA) (GIBCO BRL), 1% penicillin and streptomycin (p/s) (GIBCO 

BRL), 1mM �-mercaptoethanol (GIBCO BRL)  

 

2.10.1 - Immunofluorescent antibody assay-three 

germ layers 

Embryonic bodies

Anti-Actin, 

smooth muscle (ASM) (abcam) (Gata4) (abcam)

Anti-�-Tubulin III (Tuj1) (sigma)

0.1% Tween-20 (1x PBS) wash 0.3% Triton-X 

100 (1X PBS) wash 0.1% Tween-20 (1x PBS) wash

5% FBS(1X PBS) blocking 1:100

overnight 0.1% Tween-20 (1x PBS) wash 1:500

0.1% Tween-20 (1x PBS) wash

DAPI (UltraCruz™ Mounting Medium)
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2.11 Teratoma formation 

iPS-OSH Cells  (SCID mice) 

tumors tumors 4%

hematoxylin eosin

teratoma  

 

2.12  Microarray analysis 

TRIzol reagent(Invitrogen, Carlsbad, CA) Mouse embryonic 

fibroblast cells (MEF) Embryonic stem cells (ES) Induced pluripotent stem 

cells from Japan (iPS J) (9) Induced pluripotent stem cells OSH (iPS-OSH)

RNA MEF

protocol Agilent Mouse G3 Whole Genome 

Oligo 8×60K Microarray (Agilent) Arrays

Microarray Scanner System (Agilent) GeneSpring GX

 (Agilent)  

 

2.13

one-way ANOVA Tukey HSD

p<0.05  
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2.14 Generation of neural 

stem cells (NSC) from iPS-OSH 

PBS

1c.c 0.1mM trypsin/1mM EDTA solution (GIBCO BRL)

37 1 10c.c EB formation medium

15 cm

c.c medium 10^5

(5% CO2, 37 ) (EB)

10 30c.c

PBS 5 trypsin 37 5

FBS

MHM medium 2

1c.c

10cm

c.c medium 5*10^4~10^5 (5% 

CO2, 37 ) (neurosphere)

1μg/ml bFGF

1c.c MHM medium P1000 pipetman

MHM medium 24-well
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 well 3.2*10^6  

(5% CO2, 37 )

EB formation medium MEM (GIBCO 

BRL) 10% fetal bovine serum (FBS) (GIBCO BRL) 1% penicillin and 

streptomycin (p/s) (GIBCO BRL) 100mM �-mercaptoethan (GIBCO 

BRL) 200ng/ml Noggin MHM medium DMEM/F12 (GIBCO BRL)

3mM Sodium bicarbonate (Sigma)  5mM HEPES (Sigma) 25�g/ml 

Insulin (Sigma) 100�g/ml Transferrin (Sigma) 20nM Progestenone 

(Sigma) 30ng Sodium selenate (Sigma 60nM Putrescine (Sigma 2% 

B27 (GIBCO BRL) 1 �g/ml bFGF (GIBCO BRL)
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Oct4, Sox2, c-Myc, 

Klf4

Oct4, 

Sox2, c-Myc Klf4

Oct4, Sox2, c-Myc, Klf4

 (Western Blot) Oct4, Sox2, c-Myc, Klf4

Oct4, Sox2, c-Myc, Klf4

 

Oct4, Sox2 (Plasmid 

transfection)

RNA Real-time PCR

RNA

Real-time PCR
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Oct4, Sox2 RNA

RNA

Real-time PCR

Oct4, c-Myc

Sox2

Klf4

Oct4

 

 

Oct4, Sox2

 DNA

(Hypoxia, 3% O2)

10 24

Opti-MEM

Fugene HD (Roche) DNA Oct4 Sox2
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iPS-OSH

 

 

iPS-OSH

iPS-OSH

iPS-OSH

PCR mRAN ES cell 

associated transcript 1 (Ecat1), ES cell-expressed Ras (ERas), Nanog, 

myelocytomatosis oncogene (c-Myc), embryonal stem cell specific gene 1 

(Esg1), Kruppel-like factor 4 (Klf4), POU domain, class 5, transcription 

factor 1 (Pou5f1, Oct4), RNA exonuclease 1 homolog (Rex1), SRY-box 

containing gene 2 (Sox2) iPS-OSH

mRNA iPS J

mRNA iPS-OSH
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iPS-OSH

 

iPS-OSH

iPS-OSH

Oct4 Sox2

Nanog SSEA1 Tra-1-60 Tra-1-81

iPS-OSH

 

 iPS-OSH (embryonic body, EB)

(a)

0.1% Gelatin 24-well

Tuj1 ASM

Gata4 (b)  

 iPS-OSH
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(Respiratory epithelium) (Gut epithelium)

(Muscle) (Adipose) (Epidermis)

(Neural tissue) iPS-OSH

 

 

Microarray iPS-OSH

 Microarray (ES)

(MEF) (iPS J) iPS-OSH

iPS J iPS-OSH

Oct4, Sox2, Nanog

iPS-OSH

iPS-OSH iPS J
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 Generation of 

neural stem cells (NSC) from iPS-OSH 

iPS-OSH

iPS-OSH

iPS-OSH

B27

PrP Tuj1

iPS-OSH PrP Tuj1

 ( )
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2006

Oct4, Sox2, c-Myc, Klf4

(9)

(9, 36)

(37) (38) (39) (40) (41)

(13, 14)

 

2009 Yoshida

 (14)

 (14)
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24

96

12 (14)
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Gene Forward Primer Reverse Primer Taqman probe 
    
Taqman64-
mActin CTAAGGCCAACCGTGAAAAG ACCAGAGGCATACAGGGACA Roche Universal Probes 64
Taqman6-m
OCT4 GAGGCTACAGGGACACCTTTC GTGCCAAAGTGGGGACCT Roche Universal Probes 6 
Q-m Actin GTGCGTGACATCAAAGAGAAGC TGGATGCCACAGGATTCCATAC  
Q-mMYC CATTCAAGCAGACGAGCA CGAGTTAGGTCAGTTTATGCAC  
Q-mKLF4 CCTTTCAGTGCCAGAAGT ACTACGTGGGATTTAAAAGTGC  
Q-mOct GCCAATCAGCTTGGGCTAGA TTCTGGCGCCGGTTACA  
Q-mSOX AGGGCTGGACTGCGAACTG TTTGCACCCCTCCCAATTC  
Ecat1 TGTGGGGCCCTGAAAGGCGAGCTGAGAT ATGGGCCGCCATACGACGACGCTCAACT  
Esg1 GAAGTCTGGTTCCTTGGCAGGATG ACTCGATACACTGGCCTAGC  

Nanog CAG GTG TTT GAG GGT AGC TC CGG TTC ATC ATG GTA CAG TC  
Eras ACTGCCCCTCATCAGACTGCTACT CACTGCCTTGTACTCGGGTAGCTG  
Oct3/4 TCTTTCCACCAGGCCCCCGGCTC TGCGGGCGGACATGGGGAGATCC  
Rex1 ACGAGTGGCAGTTTCTTCTTGGGA TATGACTCACTTCCAGGGGGCACT  
Sox2 TAGAGCTAGACTCCGGGCGATGA TTGCCTTAAACAAGACCACGAAA  
Klf4 GCGAACTCACACAGGCGAGAAACC TCGCTTCCTCTTCCTCCGACACA  
c-Myc TGACCTAACTCGAGGAGGAGCTGGAATC AAGTTTGAGGCAGTTAAAATTATGGCTGAAGC   

actin GTGGGGCGCCCCAGGCACCA CTCCTTAATGTCACGCACGATTTC  
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Real-time PCR Oct4, 

Sox2 Oct4, Sox2, 

c-Myc, Klf4 mRNA  Control:

pCDNA3.1 OS: Oct4 Sox2

Control H: pCDNA3.1 24

OSH: Oct4 Sox2

24 : p<0.05  
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PCR iPS-OSH mRNA

(MEF) (ES)

(iPS J)  
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Nanog, Oct4, Sox2, SSEA1, Tra-1-60, Tra-1-81

marker iPS-OSH  
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(a) iPS-OSH (b) iPS-OSH
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Microarray (MEF) (ES)

(iPS J) iPS-OSH
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 Microarray (MEF) (ES)

(iPS J) iPS-OSH
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iPS-OSH

Prp Tuj1 marker

 


