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Embryonic stem cells, ES

 

ES (OCT3/4, 

KLF4, SOX2, C-MYC; OSKM)  (Mouse Embryonic 

Fibroblast; MEF ) ES

 (induced pluripotent stem cells iPS )

 (Takahashi and Yamanaka, 2006) MEF B

iPS

 (Aasen et al., 2008; Hanna et al., 2008) iPS

iPS

iPS

iPS

 (Kamao H et al., 2014)  (ALS  iPS

iPS

 (Dimos et al., 2008; Park et al., 2008; 

Egawa et al., 2012)  iPS

ALS iPS

 (Yahata et al., 2011; Yang et 

al., 2013) iPS iPS

 (Fusaki et al., 2009; Seki et al., 



 
 
 

2010; Nishimura et al., 2011) iPS  Koyanagi-Aoi et 

al., 2013 iPS

 (Buganim et al., 2014)  

iPS

(Stadtfeld, M. et 

al., 2008; Samavarchi-Tehrani et al., 2010; Buganim et al., 2012)

 (Huangfu et al., 2008; Onder et al., 2012; Costa et 

al., 2013)  (OSKM)  (Sridharan et al., 2009) 

 (Li et al., 2010)

DNA  (Doi et al., 2009)

iPS

 

EPH–EPHRIN (  1) EPH erythropoietin

producing hepatocellular receptor  

EPHRIN EPH

(Pasquale, 2010) 9 EPH A 5 GPI EPHRIN A

5 EPH B 3 EPHRIN B

 (Pasquale, 2010) EPH EPHRIN

EPHRIN EPH

 

(bidirectional signaling; Pasquale, 2008) EPH EPHRIN

 (Aasheim et al., 2000; Holmberg et al., 2005, 2006; Chumley et al., 2007; 



 
 
 

Jiao et al., 2008; Wykosky et al., 2008) EPH–EPHRIN

 (Pasquale, 2008

2010) EPH–EPHRIN
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EPH A7 (EPHA7)
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(1)  

MEF FCS  (DMEM (Nissui) 10% fetal bovine serum (Sigma) penicillin/ 

streptomycin (Gibco) L-Glutamine (Gibco) ) Plat-E FCS

puromycin (1 μg/ml) blastcidins (10 μg/ml) 293T

FCS  (250 μg/ml) 4 (A, B)

19  (A, B) iPS  ( 10 E) WT MEF 13.5

E13.5 ICR E13.5

Nanog-GFP-IRES-PuroR  (RIKEN BRC ( )

; Okita et al., 2007) MEF  

 

(2)  

pMXs  (pMXs-hOCT4, -hSOX2, -hKLF4, and -hC-MYC) Addgene (Addgene 

plasmids 17217, 17218, 17219, 17220; Kitamura et al., 2003; Takahashi andYamanaka, 

2006) EPHA7 EphA7

pMXs EphA7 EfnA3

sh RNA CSII-U6-puro (Okamoto et al., 2006)

pCAG-HIVgp pCMV-VSV-G-RSV-Rev

sh RNA  

sh RNA Sequence (5’-3’) 

 Luciferase shRNA CUUACGCUGAGUACUUCGATT 

EphA7 sh RNA #1 GCTGCGAAGGAAGTACTATTA 

EphA7 sh RNA #2 GCTGCGGACTAACTGGATTTC 

EphA7 sh RNA #3 GCTTGCATAGCATTGGTTTCT; 

EphA7 sh RNA #4 GGAGCTATGGGATTGTCATGT 

EphA7 sh RNA #5 GCAGATAGTCGGAATTCTAGA. 



 
 
 

EfnA3 sh RNA GGTAATGTTTGGTACCAAACC 

 

(3) RNAi  

100mm collagen coated culture 293T 3 106 CS -U6

pCAG-HIV pCMV-VSVG Opti-MEM (Invitrogen) 

FuGENE®HD Transfection Reagent (Promega) transfection  transfection 16 

transfection 2 

MEF 6 ug/ml polybrene (Nacalai Tesque) 

MEF iPS shRNA

2 MEF  

 

(4)  iPS  

100mm collagen coated culture Plat-E 3.6 106 pMXs

FuGENE®HD Transfection Reagent (Promega) Plat-E

transfection Transfection 16 transfection 2

MEF 6 ug/ml

polybrene (Nacalai Tesque) MEF  

24  ES  48

MEF 48  

 

(5) iPS ES iPS piPS  

iPS ES  (high-glucose DMEM 7.5% HyClone Defined Fetal Bovine Serum 

(Thermo) 5% knock-out serum replacement (Invitrogen) MEM NEAA (Gibco)

2-mercaptoethanol (Gibco) sodium pyruvate (Sigma) penicillin/streptomycin (Gibco)

L-Glutamine (Gibco) leukemia inhibitory factor LIF (Millipore) ) 37

5%CO2 EPHA7-Fc

 (EPHA7FC, R&D systems, 608-A7-200) PD0325901(WAKO,  163-24001)

EPHA7-Fc EPHA7 (Ala30-Pro549)



 
 
 

EPHA7 ES  (HT7) iPS  

(iPS-MEF–Ng-20D-17; RIKEN BRC ( )

) patially iPS  (piPS 20A4 Okita et al., 2007))

C MEF SNL76/7 ES

(1500 U/ml LIF )  

 

(6)  RT-PCR 

RNA RNeasy Kit (QIAGEN) 500 ng~1 μg total 

RNA QuantiTect Reverse Transcription Kit (QIA GEN) 

cDNA cDNA SYBER Green PCR kit (QIAGEN)

Light Cycler (Roche Diagnostics)  PCR

GAPDH (glyceraldehyde-3-phosphate dehydrogenase)

 

Primer Sequence (5’-3’) 

Nanog (F) CCTCCATTCTGAACCTGAGC 

Nanog (R) GGGATACTCCACTGGTGCTG 

EphA7 (F) CCGAGGAAGAGGCAGAAAA 

EphA7 (R) TGGACAACGAGAACACTGGA 

Truncated EphA7 (F) TGCCCATGCAAATTACACTTTCG 

Truncated EphA7 (R) GTAAGATCCCCCTGCACTTACC 

EphA1 (F) GCCTGGCCCTTTCTCCCCTG 

EphA1 (R) TCTCTGTCTCTGGCCTCTCC 

EphA2 (F) GTGCCAGGAAGGCTACGAGA 

EphA2 (R) TCCTCAGGTGCCCTGAAATAG 

EphA3 (F) ACAGAAGGGGAATGGCTGGT 

EphA3 (R) GCCATGGATGGAGGGTCTTT 

EfnA1 (F) AGTTCAAGGAAGGACACAGC 



 
 
 

EfnA1 (R) CTCTTCTCCTGTGGGTTGAC 

EfnA3 (F) CCACGCCCACTCACAACCTG 

EfnA3 (R) CCTCAAAGTCTTCCAACACG 

EfnA5 (F) CCCAGACAACGGAAGAAG 

EfnA5 (R) ACAGGCGGACGGGAGGAG 

EphB2 (F) CTGTGCCAGACCAGACCAAGA 

EphB2 (R) CAGCAGAACTTGCATCTTGTC 

EphB6 (F) AGGCTGTCAATGGGGTGTCT 

EphB6 (R) CGCAGCTGGTAGTCGAGGAT 

EphB3 (F) AATGAGGCCGTCCGAGAGTT 

EphB3 (R) ATCCCACCTTCAGCGTCTTG 

EpCAM (F) GCTGGCAACAAGTTGCTCTCTGAA 

EpCAM (R) CGTTGCACTGCTTGGCTTTGAAGA 

Zeb-1 (F) TGCTCACCTGCCCGTATTGTGATA 

Zeb-1 (R)  AGTGCACTTGAACTTGCGGTTTCC 

Slug (F) CACATTCGAACCCACACATTGCCT 

Slug (R) TGTGCCCTCAGGTTTGATCTGTCT 

Endogenous-Oct3/4 (F) GGAAAGCAACTCAGAGGGAA 

Endogenous-Oct3/4 (R) TTCTAGCTCCTTCTGCAGGG 

Mcm5 (F) ACAGGGTAGGTGTGGGCATC 

Mcm5 (R) GCCAGGCGACGAAATTCCTC 

Poli (F) CCAGCAGCTTCCAAGTGAGG 

Poli (R) CCAACCACAAGTCTCCGATGC 

Rfc4 (F) ACAACTGACCAAGGACCGGG 

Rfc4 (R) GCACTGCAACCACTTCGTCC 

Ccnd1 (F) CGGAAAATCGTGGCCACCTG 

Ccnd1 (R) TTCAAGGGCTCCAGGGACAG 



 
 
 

Ccnd2 (F) ACATCCAACCGTACATGCGC 

Ccnd2 (R) AGCCAAGAAACGGTCCAGGT 

GAPDH (F) AACATCAAATGGGGTGAGGCC 

GAPDH (R) GTTGTCATGGATGACCTTGGC 

 

(7) ChiP  

100mm MEF ES 1% 10

125 mM PBS

lysis buffer (5 mM Tris-HCl [pH 8.0] 85 mM KCl 0.5% NP-40  1 mM PMSF

1x protease inhibitor cocktail (Roche)) ChIP SDS 

lysis buffer (50 mM Tris-HCl [pH 8.0] 10 mM EDTA 1% SDS 1 mM PMSF 1x protease 

inhibitor cocktail)  (Tosho Electric Co., Ltd.)

ChIP dilution buffer (16.7 mM Tris- HCl [pH 8.0] 167 mM NaCl, 1.2 

mM EDTA 0.01% SDS 1.1% Triton X-100 1 mM PMSF 1x protease inhibitor cocktail)

-OCT3/4 (sc-9081, Santa Cruz) normal rabbit IgG (sc-2027, Santa Cruz)

Dynabeads protein G (Invitrogen) low-salt wash buffer 

(20 mM Tris-HCl [pH 8.0] 150 mM NaCl, 2 mM EDTA 0.1% SDS 1% Triton X-100)

high-salt wash buffer (20 mM Tris-HCl [pH 8.0] 500 mM NaCl 2 mM EDTA 0.1% SDS

1% Triton X-100) lithium wash buffer (10 mM Tris-HCl [pH 8.0] 250 mM LiCl 1% 

deoxycholate 1 mM EDTA 1% NP-40) Tris-EDTA (TE) buffer ChIP 

elution buffer (1% SDS 50 mM NaHCO3; 200 mM NaCl) 65°C

ChIPed DNA RNase A proteinase K QIAquick 

PCR purifycation kit (Qiagen) RT PCR

 

Primer Sequence (5’-3’) 

site A TGTCTTTGCCAAACATTTCGGTAGA 

site A TGGTCCCCACATCACTGCTT 



 
 
 

site B CAGGGCCCTTAAGATTAGCC 

site B GGGCCTGGGTCTCTCAATAG 

site C TTAAGGCTTTTGGCAGATGGA 

site C CCAATCAATTTCACCCTTGGA 

site D CAGTGACACATTAGCAACACTCCA 

site D GCATCTTTACGACACGGTATTCA 

site E CCGTGTCGTAAAGATGCAAAG 

site E TCCACCGCCTAAGAAAATCA 

 

(8)  

35mm lysis buffer (20 mM Tris-Cl (pH 

7.5) 2 mM EGTA 1.5 mM MgCl2 150 mM NaCl 10 mM NaF 12.5 mM β-glycerophosphate

1 mM phenylmethylsulfonyl fluoride 1% Triton-X) 10

15000rpm 30  

2  

3000rpm 5 Amicon®Ultra-4 Centrifugal Filters 30K (Millipore UFC803024) 

5×sample Buffer (62.5mM Tris-HCl pH6.8 2% SDS 10% 

glycerol 5% β-mercaptoethanol 0.01% BPB) 10% 

SDS-PAGE transfer buffer (25 mM Tris (pH 8.3) 192 mM 

20% ) PVDF (Millipore)

15V 25 30 Blocking One 

( ) blocking 4 1 1 

EPHA7  (SC-917, Santa Cruz, 1/200)  pERK1/2  (4377s, Cell Signaling 

1/1000)  ERK1/2 (K-23, Santa Cruz, 1/1000), E-CADHERIN  (3195s, Cell 

Signaling, 1/1000) NANOG  (SC1000, Calbiochem, 1/5000) α-TUBULIN 

 (T6199, Sigma, 1/10000) TBS-0.05% Tween20 5 3

1 2 2 HRP  (1:10000)

 (1:10000; GE healthcare) TBS-0.05% Tween20 5 3



 
 
 

ECL Western Blotting System (Amersham) LAS-4000

Fujifilm  

 

(9)  (FACS) 

Fixation Buffer (BD Cytofix) 30 PE-conjugated SSEA-1

 (Santa Cruz, SC21702) SSEA-1 GFP

/ ( NANOG / ) JSAN (Bay Bioscience) FACSAria II (BD 

Biosciences) FlowJo software  

 

(10)  

EphA7 Ephrin type-A receptor 7 (EPHA7) 

ELISA  (CUSABIO, CSB-EL007727MO)  

 

(11) AP  

AP Leukocyte Alkaline Phosphatase Kit (Sigma)

(  CDB ) 

 (SZX16, Olympus) ImageJ  

 

12)  

iPS PBS 1 4%

PBS 10 0.2%Triton X-100 PBS 10

 (Nacalai Tesque) 30 5% 

PBS 1

2 4

1 NANOG  (1/1000; Calbiochem) OCT3/4  (H-134, 

Santa Cruz, 1/200) E-CADHERIN  (1/100; Cell Signaling) 2 

Alexa Fluor® 594 goat anti-rabbit IgG (Invitrogen) Mowiol

 (Zeiss Axiophoto)  



 
 
 

 

 

(1) iPS  

MEF iPS 13.5

Nanog-GFP-IRES-PuroR MEF Nanog-GFP-IRES-PuroR

Nanog GFP

MEF  (OCT3/4, SOX2, KLF4, C-MYC

OSKM)  ( 2A)

6  ES

8 NANOG  (GFP )

12  ( 2B)

RT-PCR ES mRNA Nanog

Oct3/4 5 E-cadherin 3  

( 2C) NANOG E-CADHERIN

NANOG E-CADHERIN  (

2D) MEF  

 

(2) Ephrin receptor A7 MEF  

 EPH–EPHRIN

 (  3A, B; Koga et al., 2014)

MEF mCherry MEF 2

RT-PCR RT-PCR

MEF  4 OSKM OSKM

 Day 0 Day 2, 4, 6, 8, 10, 12

Eph Ephrin Eph receptor A7 ( EphA7)

 (  3C, D) EphA7 Day 4 ES
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MEF

Oct3/4, Sox2, Klf4,  c-Myc

iPS��

Day 0 q^$rs�Y9tbBuv89wx
Day 1 yz9ESyz�{|

Day 2 KLR}~A


Z$�[����w

(A)

��

Day 0 Day 4  Day 8 Day 12Day 2 Day 6  Day 10

C
tr

l

O
SK

M

(B)

N
an

og
-G

FP

N
an

og
-G

FP

�
�
�
�
�

�
�
�
�
�

� 2�rY������KL (MEF)�;�
Z$�[����w
(A) 
Z$�[����w����:MEF (Nanog-GFP-IRES-PuroR�rY�� )� 4v8
(OSKM)9q^$rs�Y9tbBwxAS:q^$rs�Y����9 Day 0%AB�
Day 1�;yz9 ESKLtyz�{|AS:Day 2���KL9R}�HA����?
�����yz{|9�_S:(B) ��^$-�MEF% 4v89wxASMEF����
��% GFP���9�ABb":Y�-�\- = 100 �m:



� 2�rY������KL (MEF)�;�
Z$�[����w
(C) OSKM9wxASMEF9 2������Z�9� A�cDNA9�¡A�¢�AS
£¤	8� mRNA¥9¦¥§ RT-PCR��_B¨©AS:�+ª+� mRNA¥? GAP
DH4«¬A�Day 4� mRNA¥9 1%AS�@¥4¢�ABb":iPSKL% ESKL
�H­"¤	8IJD®¯�¨©AS:°-±?²³´�µ¶·�9Z[Y�0�YA

SD�9�ABb" (n=3):(D) ��^$-�MEF% OSKM9wxASMEF9 2��
����Z�9� A�±�¸¹º9»¼A�¢�AS£±�¸¹º�½>9tbB¾

¿À$Á^9�_S:Loading��^$-�%AB�-TUBULIN9Â¼AS:

0

100

200

300

400

500

600

0

500

1000

1500

2000

2500

3000

3500

4000

0 2 4 6 8 10 12
Day

Nanog

Oct3/4 (endo)

E-cadherin

iPSCs ESCs

N
an

og
 a

nd
 O

ct
3/

4 
m

R
N

A 
le

ve
l

 

E-
ca

dh
er

in
 m

R
N

A 
le

ve
l

Day     0     4      8     12     4     6     8     10    12
OSKMCtrl

(C) (D)

NANOG

E-CADHERIN

�-TUBULIN

�c



0

1

2

3

4

5

6

7

0 2 4 6 8 10 12

R
el

at
iv

e 
ex

pr
es

si
on

 le
ve

l

Day

Eph<=>

EphA1
EphA2
EphA3
EphA4
EphA7
EphB2
EphB3
EphB4
EphB6 0

1

2

3

4

5

0 2 4 6 8 10 12

R
el

at
iv

e 
ex

pr
es

si
on

 le
ve

l

Day

Ephrin

EfnA1
EfnA3
EfnA4
EfnA5
EfnB1
EfnB2

(A) (B)

� 3 
Z$�[���ÃÄ�H­" EPHA7��Ã§�IJÅÆ
ÇAÈ
Z$�[���ÃÄ��0¹$]q0¨©:OSKMwx¯�
Z$�[���ÃÄ�H­" Eph <=>
�IJÉ): Day 09 1%AS�0¹$]q0����´��@´4�ABb":(B)
Z$�[���ÃÄ�
�0¹$]q0¨©:OSKMwx¯�
Z$�[���ÃÄ�H­" Ephrin
����IJÉ): Day 09 1%
AS�0¹$]q0����´��@´4�ABb"::

�Ê



(C)

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EfnA5 Ctrl
OSKM

iPSCs ESCsiPSCs ESCs

iPSCs ESCsiPSCs ESCsiPSCs ESCs

iPSCs ESCs iPSCs ESCs iPSCs ESCs

iPSCs ESCs
0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphA7 Ctrl
OSKM

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphA1 Ctrl

OSKM

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphA2 Ctrl

OSKM

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphB2 Ctrl
OSKM

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphB3 Ctrl
OSKM

0
2
4
6
8

10
12
14
16
18
20

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphB6 Ctrl
OSKM

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EfnA3 Ctrl
OSKM

iPSCs ESCs
0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EphA3
Ctrl

OSKM

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12

R
el

at
iv

e 
m

R
N

A 
le

ve
l

Day

EfnA1 Ctrl
OSKM

80

58

46

EPHA7
Day     0     4      8     12     4     6     8     10    12

OSKMCtrl

kDa
175

�

�

(D)

� 3 
Z$�[���ÃÄ�H­" EPHA7��Ã§�IJÅÆ
(C) ¦¥§ RT-PCR��"
Z$�[���9�wABb�b��^$-��MEF (Ctrl)�OSKMwx¯�MEF 
(OSKM)�iPSKL�ESKL�H­" Eph% Ephrin
����IJ¨©: mRNA¥? GAPDH���«¬A�Day 
09 1%AS�@´4�ABb":MEF���Z�?rs�Y��� 0, 4, 6, 8, 10, 12���� AS:°-±?
²³´�µ¶·�9Z[Y�0�YASD�9�ABb" (n=3):(D) ¾¿À$Á^��"��^$-��MEF%
OSKMwx¯�MEF� EPHA7�IJÉ)¨©:Loading ��^$-���-TUBULIN?� 3� (D)%Ë�4Ì":

�Í



 
 
 

Nanog Oct3/4 E-cadherin

 (  3C, 2C) EPHA7  ( )

 (Dawson et al., 2007; Oricchio et al., 2011; Truncated 

EPHA7, EPHA7) EphA7 EphA7

RT-PCR Day 4

 (  4A) EPHA7 Day 4  (  4B)

ELISA (Enzyme-Linked Immuno Sorbent) EPHA7

 (  4C)

iPS ES EPHA7  

 

(3) OCT3/4 EPHA7  

EPHA7 OCT3/4 KLF4  

SOX2  C-MYC  MEF EPHA7

Oct3/4  MEF  EPHA7 KLF4 SOX2, 

C-MYC  OKSM OCT3/4  

EPHA7  (  5A)

OCT3/4 24 EphA7

 (  5B) OCT3/4 EphA7

 (ChiP) EphA7

OCT3/4  (  5C, D; Nishimoto et 

al., 2003) OCT3/4 EPHA7

ES EphA7

Oct3/4  (  5E) ES EPHA7

 

 

(4) EphA7  
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Nanog���h �2�$	-�
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