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 1 

 

ES iPS

P19

 

P19

P19

all-trans (atRA)

atRA A

(RAR)

RAR

(RARE) atRA  

atRA 6

24 P19

Csn3 Tal2 Csn3

Tal2 bHLH

Csn3 Tal2 6

Csn3 Tal2

P19 Csn3 Tal2

 

P19 0-48 Csn3 3

24 36 48

atRA DMSO Csn3

P19 Csn3

atRA P19



 2 

RAR (Rara Rarb Rarg) Rara Rarg

P19 Rarb Csn3

RARα RARγ atRA Csn3

RARα Am80 Csn3 atRA

Csn3 atRA RAR

 

Csn3 5 Csn3

Csn3 5 -200 -136

RARE atRA electrophoretic mobility shift assay (EMSA)

Csn3 5 RARE RARα

P19 Csn3 5 RARE

P19 Csn3 5 RARα ChIP

Csn3 5 RARE atRA

 

ES EB5 atRA

cDNA PCR Csn3 Csn3

P19  

P19 atRA Tal2 atRA

0-48 P19 Tal2 3

24 atRA DMSO

Tal2 Tal2 P19

atRA 1

11 7 15 17

P19 Tal2

 

P19 Tal2 atRA Rara Rarb

Rarg RAR RXR (Rxra Rxrb

Rxrg) Rarb Rxrg P19

Rarb Tal2 Rxrg
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P19 Am80 Tal2 atRA

RNAi RARα P19 atRA Tal2

P19 Tal2

RARα  

P19 atRA Tal2 Tal2

RARE (A/G)G(G/T)T(G/C)A RARE

DR5(Tal2) P19 Tal2 30 bp

TATA-box TATA(Tal2)  

Tal2 5 TATA(Tal2)

TATA(Tal2) 

TATA-box TBP

P19 TATA(Tal2)

TBP TATA(Tal2) P19 TATA(Tal2)

ChIP TBP

P19 Tal2 5 TATA(Tal2) TBP

 

Tal2 DR5(Tal2) atRA

DR5(Tal2) DR5(Tal2)

RARE P19

EMSA DR5(Tal2) RAR

P19 DR5(Tal2) ChIP

Tal2 DR5(Tal2) P19 RARα atRA

 

Tal2 5 TATA(Tal2) DR5(Tal2)

Tal2 ChIP

TATA(Tal2) RARα DR5(Tal2) TBP

RARα TBP  
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P19 Csn3

Tal2 3 atRA

RARα atRA P19

atRA Csn3 Tal2

 

  



 5 

 

5’-RACE 5’-rapid amplification of cDNA ends 

ANOVA analysis of variance ( ) 

atRA all-trans retinoic acid (all-trans )  

bHLH basic helix-loop-helix 

ChIP  Chromatin immunoprecipitation assay ( ) 

DMSO dimethyl sulfoxide 

EC  embryonal carcinoma cells ( ) 

ES  embryonic stem cell ( ) 

EMSA electrophoretic mobility shift assay 

iPS  induced pluripotent stem cell ( ) 

RAR retinoic acid receptor ( ) 

RARE retinoic acid response element ( ) 

RXR retinoid X receptor ( X ) 

T-ALL T-cell acute lymphoblastic leukemia (T ) 

TBP TATA-box binding protein 
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1   

1 (embryonic stem cell : ES )

(induced pluripotent stem cell : iPS )

 

(embryonal carcinoma cells : EC ) P19

 

P19 EC [1]

P19 7.5

[2]

P19 (

) [3–6] P19 2

all-trans (all-trans retinoic acid : atRA)

[1,4–6] P19

1 μM atRA 2

2 ( 1-1)

-D- N2 serum-free

[3,4,6]   

  



 7 

 

1-1 atRA P19  

CKX41 3CCD FX380( ) 720  



 8 

atRA P19

[1,3,5,7,8]

Neurod Neurog1 atRA Fgf8

[9–11] Tuji1 NeuN

[4,5,7,8]

P19 [6]

[12] P19

[13–17]  

P19

P19 [18,19]

P19

[20] P19

P19

 

P19

 

P19 atRA A

[21–25] A atRA atRA

P450 [26] atRA

[22,27]

P19 EC ES [25,28–30]  

atRA

(retinoic acid receptor : RAR) 500 [23,25,31–33]

RAR [34,35] 3 RARα RARβ

RARγ RAR X (retinoid X 

receptor : RXR RAR RXRα RXRβ RXRγ )

atRA [31,36–41]  

RAR-RXR
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(retinoic acid response element : RARE) atRA

[27,41] RARE [39,42–45]

 (A/G)G(G/T)TCA 6 2

1 2

5 DR1 DR2 DR5 RARE

(A/G)G(G/T)TCA C G (A/G)G(G/T)TGA RARE

[46]  

atRA RAR-RXR RARE

NCoR SMRT

HDAC3 HDAC N

atRA RAR-RXR

SRCs CBP/p300

TBP

[23,33,34,41,47,48] atRA RARE

RAR-RXR ( 1-2)  

 
1-2 atRA-RAR    
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P19

P19 atRA 6 24

(FCAbsolute

) 1-1 Rarb Hoxa1 Cyp26a1 P19

[25]

FCAbsolute Pou5f1[49,50]

Ascl1 [10,51] P19

6 FCAbsolute

Csn3 Tal2  

Csn3

[52,53] Tal2 bHLH

[54,55] Csn3

Tal2

P19 Csn3 Tal2
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6  

Gene Symbol FCAbsolute p-value regulation experiment control 

Rarb 11.232999 1.60199E-05 up 8.8153715 5.3257003 

Hoxa1 23.104643 0.000299808 up 9.429809 4.899698 

Cyp26a1 16.3934 1.88924E-05 up 11.176384 7.1413407 

Pou5f1 1.0300417 0.670774 down 12.19926 12.241962 

Ascl1 1.1517795 0.23569229 up 4.5534763 4.3496118 

Csn3 12.466624 0.000465262 up 9.735367 6.095368 

Tal2 13.721856 0.000270234 up 9.35905 5.580646 

24  

Gene Symbol FCAbsolute p-value regulation experiment control 

Rarb 10.718031 0.000412063 up 9.74075 6.3187823 

Hoxa1 51.621902 7.00652E-07 up 11.98915 6.2992387 

Cyp26a1 8.248246 3.23577E-06 up 10.364837 7.3207493 

Pou5f1 2.1402345 0.014795362 down 11.59645 12.694219 

Ascl1 3.0023148 0.045893718 up 6.0584106 4.4723353 

Csn3 30.55874 0.000706327 up 10.616086 5.682573 

Tal2 2.3491807 0.005916564 up 7.4957166 6.263559 

1-1 P19  

atRA P19 (6 24 )

6 24 Rarb Hoxa1

Cyp26a1 atRA Pou5f1

Ascl1 FCAbsolute

regulation up down  
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2  atRA κ- (Csn3)  

1   

[56]

[57] κ- (CSN3)

CSN3 [52,53] CSN3

[58]  

P19 Csn3

atRA P19 6 Csn3

P19 Csn3

[32,59]

CSN3 CSN3

[60] CSN3

P19 Csn3

 

P19 Csn3

ES

Csn3

Csn3  
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2   

2-1. P19  

P19 P19C6 [61] P19C6 

BRC P19

10% FBS (Life Technologies, CA) 2 mM L- (KANTO CHEMICAL, Tokyo, Japan)

100 units/ml (Nacalai Tesque, Kyoto, Japan) 100 mg/ml 

(Sigma-Aldrich, MO) α-ΜΕΜ (Sigma-Aldrich)

(IWAKI, Tokyo, Japan) 2 × 105 cells/ml dimethyl sulfoxide (DMSO, 

Sigma-Aldrich) 1 μM atRA (Sigma-Aldrich)  

EB5 ES

EB5 (0.1%)

1 × MEM Non-Essential Amino Acids (Life Technologies) 1 mM 

0.1 mM 2- (Wako Pure Chemical Industries, Osaka, Japan)

1000 U/ml ESGRO (Merck Millipore, Darmstadt, Germany) 10 μg/ml S 

(KAKEN PHARMACEUTICAL, Tokyo, Japan) G-MEM (Sigma-Aldrich)

DMSO 1 μM atRA 2

2  

Csn3 RAR RARα Am80 

(Sigma-Aldrich)[62,63] RARγ AC-41848 (Sigma-Aldrich)[64]

DMSO atRA 100 nM

 

 

2-2.  

RT-PCR PCR P19

EB5 RNeasy Mini Kit (QIAGEN, Hilden, Germany) RNA

RNA 1 μg RT-PCR SuperScript III (Life 

Technologies)  (Takara Bio, Shiga, Japan) PCR

High Capacity cDNA Reverse Transcription Kit (Life Technologies)

cDNA  
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RT-PCR AmpliTaq Gold 360 Master Mix (Life 

Technologies) 2-1

PCR 1.5% (E7

E11 E15 E17) Csn3 first-strand 

cDNA MTCMultiple Tissue cDNA Panels (TAKARA BIO, Japan)

7-, 11-, 15-, 17- Embryo cDNA  

PCR Csn3 SYBR Green PCR Master Mix (Life 

Technologies) 2-2

7500 Real-Time PCR System (Life Technologies)

hydroxymethylbilane synthase (Hmbs) 

Csn3  

 

Genes  Forward primer    Reverse primer  

Csn3 5'- CAAACCCTACTGCCAAGCAAG -3' 5'- TTGTAGGCATGGCAAGAAAGG -3' 

Oct3/4 5'- GTTGGAGAAGGTGGAACCAAC -3' 5'- GGACTGAGTAGAGTGTGGTGA -3' 

Mash1 5'- CAACCGGGTCAAGTTGGTCAA -3' 5'- CCAGTTGGTAAAGTCCAGCAG -3' 

Neurog1 5'- CCTTTGGAGACCTGCATCTCT -3' 5'- CAGGGCCCAGATGTAGTTGTA -3' 

Neurod1 5'- CTGATCTGGTCTCCTTCGTAC -3' 5'- GCACTCATGACTCGCTCATGA -3' 

Rara 5'- CGACGAAGCATCCAGAAGAAC -3' 5'- CGCAGAATCAGGATATCCAGG -3' 

Rarb 5'- AAGCCTGCCTCAGTGGATTCA -3' 5'- GCGCTGGAATTCGTGGTGTAT -3' 

Rarg 5'- GGAAGCTGTAAGGAACGATCG -3' 5'- TCCATTCGGTCTCCACAGATG -3' 

Gapdh 5'- ACCACAGTCCATGCCATCAC -3'  5'- TCCACCACCCTGTTGCTGTA -3' 

2-1 RT-PCR  

 

Genes  Forward primer    Reverse primer  

Csn3 5'- GGCATTAACTCTGCCCTTTTTG -3' 5'- TCACCACGGCAGTTTGAATC -3' 

Hmbs 5'- ACTCTGCTTCGCTGCATTG -3'  5'- AGTTGCCCATCTTTCATCACTG -3' 

2-2 PCR  
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2-3.  

Csn3 Csn3 5’ -500~+39 PCR

pGL4.10[luc2] 

(Promega, Madison, WI) -400/+39 -300/+39 -200/+39

-135/+39 -100/+39 Csn3 5’

DR5(Csn3) (-152~-136, TGACCTGCAGGTGACCC) PCR

(DR5d) 5’ 2 TG AA (DR5m)

 

P19 24 2 × 104 cells/well

2000 (Life Technologies) 24 24

1 μM atRA 48 P19

Dual-Glo Luciferase Assay System (Promega)

pGL4.74[hRluc/TK] (Promega) P19

 

 

2-4. Electrophoresis Mobility Shift Assay (EMSA) 

[65] P19

3 atRA P19 (1 × 107 cells)

A (10 mM HEPES-KOH [pH 7.9], 10 mM KCl, 1.5 mM MgCl2, 0.5 mM DTT, Complete 

Mini EDTA-free protease inhibitors [Roche Diagnostics, Basel, Switzerland])

10 1000 ×g 4ºC 5

C (20 mM HEPES [pH 7.9], 420 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 

25% glycerol, 0.5 mM DTT, Complete Mini EDTA-free protease inhibitors) 30

20,000 ×g 4ºC

Bio-Rad Protein Assay Dye Reagent Concentrate (Bio-Rad, CA)

-80ºC  

Csn3 RARE 5’ Alexa680
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5’-Alexa680-ACTAAGACTGACCTGCAGGTGACCCTGGTG-3’ Csn3 5’

-160 -131 EMSA 10 μg

(10 mM Tris-HCl [pH 7.5], 50 mM NaCl, 0.5 mM EDTA, 0.5 mM DTT, 1 mM 

MgCl2, and 2 mg poly(dI-dC)·poly(dI-dC)) 10

30 5%

0.5× TBE 170V 4ºC 165

Odyssey Infrared Imaging System (LI-COR Biosciences, 

Lincoln, NE) Alexa680

5 20

10 30

Alexa680 30

anti-RARα antibody (ActiveMotif, CA)

10 RARα 60

Alexa680 30  

 

2-5. (Chromatin immunoprecipitation assay : ChIP ) 

3 atRA P19 (4 × 106 cells) 1% 

SDS lysis (50 mM Tris-HCl [pH 8.0], 10 

mM EDTA [pH 8.0], 1% SDS, Complete Mini EDTA-free protease inhibitors)

DNA ChIP (50 mM Tris-HCl [pH 

8.0], 167 mM NaCl, 1.1% Triton X-100, 1.1% , Complete Mini 

EDTA-free protease inhibitors) RARα normal 

IgG (Santa Cruz Biotechnology, CA) 4ºC 1 DNA-

Protein G Sepharose 4 Fast Flow (GE Healthcare, NJ)

4ºC 2

ChIP (10 mM Tris-HCl [pH 8.0], 300 mM NaCl, 5 mM EDTA [pH 8.0], 

0.5% SDS) 65ºC RNase A Proteinase K

QIAquick PCR Purification Kit (Qiagen) DNA

DNA PCR Csn3 RARα
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2-3 DNA AmpliTaq Gold 360 Master 

Mix PCR 2%  

 

Target  Forward primer    Reverse primer  

DR5(Csn3) 5'- CCTGCATGCTTATGACTCACA -3' 5'- CTCTTAGCTGCAGAGAAGACC -3' 

negative control 5'- GTTTTGCAATCCATGCGCTAA -3'  5'- TTGCTTCAGCGTGTATTCCTC -3' 

2-3 ChIP  

 

2-6.  

PCR 3

(one-way analysis of variance : one-way ANOVA)

Tukey-kramer 5% Microsoft 

Excel for Mac 2011 StatPlus:mac LE  
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3   

3-1. P19 atRA-RARα Csn3  

P19 atRA Csn3

Csn3

RT-PCR PCR  

atRA 0 3 6 12 24 36 48 P19

RNA cDNA cDNA

PCR atRA DMSO

P19 RNA PCR (

2-1) atRA P19 RNA PCR

( 2-2)  

Oct3/4 (Pou5f1 )

[49,50] (0 ) P19 atRA

36 48 DMSO

P19 48

basic helix-loop-helix (bHLH) Mash1 

(Ascl1 ) atRA 12

Oct3/4 DMSO [10,51]

bHLH neurogenin1 (Neurog1) neurogenic differentiation 1 

(NeuroD1) atRA 3-5 [10] atRA

36 Neurog1 48 NeuroD1

P19

 

Csn3 atRA

atRA 3 24 36

48 ( 2-1A)

atRA DMSO P19 Csn3 (

2-1B)  

Csn3 PCR atRA 3 24
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RT-PCR ( 2-2)

P19 Csn3 atRA
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2-1 P19 Csn3  

A. atRA P19 Csn3 RT-PCR

Oct3/4 Mash1 Neurog1 NeuroD1

Gapdh B. DMSO P19

Csn3 atRA RT-PCR  

 

 

2-2 P19 Csn3  

PCR atRA P19 Csn3

3 one-way 

ANOVA Tukey-Kramer (* : p < 0.05) 0h

3h 6h 12h 24h   



 21

atRA RAR

[37–40] RAR 3 (α β γ) [31,66,67] P19 Csn3

RAR P19

RAR (Rara Rarb Rarg) RT-PCR ( 2-3)  

atRA P19 cDNA

cDNA PCR RAR 3

Rara atRA 48

Rarb atRA (0 )

atRA 3 48

Rarg Rara atRA (0 ) 24

48 Rarb P19 atRA

[68] P19 atRA

Csn3 3 Rarb Csn3

Rara Rarg Csn3  

Rara Rarg P19 atRA Csn3

P19

Csn3 3 ( 2-4) Am80 RARα

[62,63] AC-41848 RARγ [64] P19 Am80

Rarb atRA AC-41848

P19 Rarb Rara

[68–70] Rarg atRA 36

AC-41848 48

Csn3 RARα Am80 atRA

RARγ AC-41848 Csn3 atRA-RARα
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2-3 P19 Csn3 Rara Rarb Rarg  

Csn3 Rara Rarb Rarg P19 RT-PCR

Gapdh  

 

 
2-4 RARα RARγ Csn3 Rara Rarb Rarg  

A. RARα Am80 P19 Csn3 Rara Rarb Rarg

RT-PCR B. RARγ AC-41848 P19

Csn3 Rara Rarb Rarg RT-PCR  
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3-2. atRA-RARα Csn3  

atRA RAR-RXR

Csn3 5’ atRA P19

Csn3

Csn3 -5’ 500 +39 DNA

( 2-5A) P19 24

atRA 48

 

Csn3 5’ -200 +39 (-500/+39 -400/+39

-300/+39 -200/+39) Csn3 5’

-200 -136 -135/+39 -100/+39

( 2-5A) -200 -136

Csn3 5’ -200 -136  

Csn3 5’ -200 -136 RARα

DR5(Csn3) (TGACCTgcaggTGACCC) -152 -136

( 2-5B) DR5(Csn3) P19 atRA

DR5(Csn3) DR5d -152 -151 TG AA DR5m

P19 atRA

DR5d DR5m

P19 DR5(Csn3) P19

( 2-5C)  

Csn3 5’ -152 -136 DR5(Csn3)

RARE atRA  
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2-5 Csn3 5’  

A. -500/+39 -400/+39 -300/+39 -200/+39 -135/+39 -100/+39 5’

P19 3

one-way ANOVA Tukey-Kramer

(* : p < 0.05) -500/+39 -300/+39 -200/+39 -135/+39

-100/+39 luc  
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2-5 Csn3 5’  

B. Csn3 5’ DR5(Csn3)

1 C. 

DR5(Csn3) DR5d DR5m

5’ 2

TG AA 3

one-way ANOVA Tukey-Kramer (* : p < 0.05)

-200/+39 DR5d DR5m -135/+39 luc  
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P19 Csn3 5’ DR5(Csn3)  atRA

Csn3 RARα ( 2-4) P19

RARα DR5(Csn3) Csn3 EMSA

DR5(Csn3) RARα ( 2-6)  

atRA 3 P19

Alexa680 DR5(Csn3) 5’ -160 -131

P19 DR5(Csn3) 2-6A Lane 2

DR5(Csn3) Alexa680 P19

DR5(Csn3) 5 20

Lane 2

 

RARα DR5(Csn3) Alexa680

RARα ( 2-6B) P19

RARα DR5(Csn3) Alexa680

Lane 3 RARα

DR5(Csn3) RARα  
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2-6 DR5(Csn3) RARα  

A. atRA 3 P19 Alexa68 Csn3 5’

-160 -131 EMSA Lane 1

Lane 2

5  

(Lane 3) 20  (Lane 4) NS B. RARα

Lane 1 Lane 2

Lane 3 RARα
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P19 Csn3 5’ RARα ChIP

( 2-7) 3 atRA P19 RARα

IgG 2-6A DR5(Csn3) ChIP negative 

control ChIP 2 PCR Input

(Lane 1) DR5(Csn3) RARα

Lane 2

(Lane 3 ) negative control

DMSO P19

atRA P19

RARα DR5(Csn3) Csn3 5’ -206 +1

 

  



 29

 

2-7 P19 Csn3 5’ RARα  

A. Csn3 5’ DR5(Csn3) 1

ChIP PCR (+1)

B. atRA 3 P19 ChIP Input

PCR (Lane 1)

RARα RARα Lane 2 PCR

IgG IgG (Lane 3) PCR

Lane 4 DNA PCR   
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3-3. ES Csn3  

atRA Csn3 P19

ES EB5 atRA Csn3 (

2-8) Oct3/4 Mash1

ES Csn3 EB5 atRA

( 2-8A) atRA

DMSO Oct3/4 Mash1 Csn3

( 2-8B)  

 

 
2-8 ES EB5 Csn3  

A. atRA RT-PCR Oct3/4 Mash1

Gapdh B. DMSO

RT-PCR   
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cDNA Csn3 E7 E11

E15 E17 Csn3 ( 2-9)  

Csn3 ES atRA

 

 

 

 

2-9 Csn3  

E7 E11 E15 E17 cDNA PCR Gapdh
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4   

DNA P19 Csn3

P19 Csn3 RT-PCR

PCR Csn3 ( 2-1 2-2) P19

Csn3 [59]

P19 atRA

DMSO atRA P19 Csn3

Csn3 atRA

Oct3/4 Csn3 Mash1

Csn3 Csn3

 

atRA RAR RAR

3 Rara Rarb Rarg Csn3 P19

Csn3 Rara Rarg ( 2-3) RARα

Am80 RARγ AC-41848 atRA P19

( 2-4) Am80 atRA Csn3

P19 Csn3

RARα atRA  

atRA-RARα RARE Csn3 5’

Csn3 5’ -200

-136 ( 2-5A) RARα

DR5(Csn3) ( 2-5B) DR5(Csn3)

( 2-5C)

DR5(Csn3) atRA  

P19 Csn3 atRA

RARα Csn3 5’ DR5(Csn3) Csn3

DR5(Csn3) RARα EMSA ChIP (

2-6, 2-7) EMSA DR5(Csn3) -160 -131 RARα

ChIP P19 DR5(Csn3)
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Csn3 5’ RARα P19

Csn3 5’ DR5(Csn3) RARα

atRA  

ES EB5 atRA Csn3 ( 2-8)

Csn3 ( 2-9) Csn3

Csn3 [71]

Csn3

P19 ES

cDNA Csn3 Csn3 P19

 

Csn3 P19 atRA

atRA P19

[1,4–6]

[22,27] Cns3

Csn3

atRA P19

atRA Csn3 Csn3

Csn3

P19 CSN3
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3  P19 atRA Tal2  

1   

Tal2 bHLH [72,73] t(7;9)(q34;q32)

T SUP-T3 Tal2 [74] 7

9 T (T-cell acute lymphoblastic 

leukemia : T-ALL) [75,76] Tal2 T-ALL

[77]

[78]

[79,80]  

Tal2 Tal2

Tal2

[54] Tal2

13 32

[55]

Tal2  

P19 atRA

P19 Tal2 6

P19 Tal2

Tal2  
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2   

2-1. P19  

P19 2

BRC

P19C6 2  

Tal2 RAR RXR 2 RARα

Am80 [62,63] RARγ AC-41848[64] RARβ

RARγ Adapalene[81] RXR pan- Methoprene acid[82]

Sigma-Aldrich DMSO

atRA 100 nM  

 

2-2.  

2 RT-PCR PCR

RNeasy Mini Kit (QIAGEN) P19 RNA 1 μg SuperScript 

III (Life Technologies)  (Takara Bio, Shiga, Japan) PT-PCR

PCR High Capacity cDNA Reverse Transcription Kit 

(Life Technologies) cDNA  

RT-PCR PCR Tal2 2

RT-PCR 3-1

3-2 RT-PCR PCR 1.5%

(E7 E11 E15 E17) Tal2

MTC Multiple Tissue cDNA Panels (TAKARA BIO, Japan)

PCR hydroxymethylbilane synthase (Hmbs) 

Tal2  
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Genes  Forward primer    Reverse primer  

Tal2 5'- ATTGCTCGAGCCCTATTACCC -3' 5'- AGAGGCTCAACTGAAGTCGAA -3' 

Pou5f1 5'- GTTGGAGAAGGTGGAACCAAC -3' 5'- GGACTGAGTAGAGTGTGGTGA -3' 

Ascl1 5'- CAACCGGGTCAAGTTGGTCAA -3' 5'- CCAGTTGGTAAAGTCCAGCAG -3' 

Rara 5'- CGACGAAGCATCCAGAAGAAC -3' 5'- CGCAGAATCAGGATATCCAGG -3' 

Rarb 5'- AAGCCTGCCTCAGTGGATTCA -3' 5'- GCGCTGGAATTCGTGGTGTAT -3' 

Rarg 5'- GGAAGCTGTAAGGAACGATCG -3' 5'- TCCATTCGGTCTCCACAGATG -3' 

Rxra 5'- CGACTTCTCTACCCAGGTGAA -3' 5'- CAGGTGTAGGTCAGGTCTTTG -3' 

Rxrb 5'- CCTCAGATCAACTCCACAGTG -3' 5'- ACTCTTCTGCTCCACAGCAAG -3' 

Rxrg 5'- AGCAGCTCTGAGGACATCAAG -3' 5'- GAGTAGAATGACCTGGTCCTC -3' 

Gapdh 5'- ACCACAGTCCATGCCATCAC -3'  5'- TCCACCACCCTGTTGCTGTA -3' 

3-1 RT-PCR  

 

Genes  Forward primer    Reverse primer  

Tal2 5'- GCAAAGCCTGCATCAAACAG -3' 5'- GGGAAAGAGCCCCAGAATGT -3' 

Hmbs 5'- ACTCTGCTTCGCTGCATTG -3'  5'- AGTTGCCCATCTTTCATCACTG -3' 

3-2 PCR  
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2-3.  

Gfp Tal2 DNA PCR pCAGGS [83]

2000 P19

48 PBS 1% (Nacalai Tesque) 30 PBS

Hoechst33258 (Dojindo Molecular Technologies, Kumamoto, Japan) 30 PBS

BZ-8000 (KEYENCE, Osaka, Japan)  

P19 atRA DMSO 4 48

 

 

2-4. RNAi RARα  

shRNA pSilencer3.1-H1 (Life Technologies) 3-3 DNA

RARα

2000 P19

Wako Pure Chemical Industries

RARα RARα (Santa Cruz Biotechnology) β-actin 

(Thermo SCIENTIFIC, CA) RARα

Tal2 PCR  

RARα 

sense 5'- GCAAGTACACTACGAACAACATTCAAGAGATGTTGTTCGTAGTGTACTTGCTTTTTTGGAA -3' 

antisense 5'- TTCCAAAAAAGCAAGTACACTACGAACAACATCTCTTGAATGTTGTTCGTAGTGTACTTGC -3' 

no-target 

sense 5'- GTACTATTCGACACGCGAAGTTCAAGAGACTTCGCGTGTCGAATAGTACTTTTTTGGAA -3' 

antisense 5'- TTCCAAAAAAGTACTATTCGACACGCGAAGTCTCTTGAACTTCGCGTGTCGAATAGTAC -3' 

3-3 RARα DNA  

2-6.  

PCR 3

(two-way ANOVA) Tukey-kramer 5%

Microsoft Excel for Mac 2011

StatPlus:mac LE   
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3   

3-1. P19 Tal2  

DNA atRA P19

Tal2 Tal2

RT-PCR PCR  

atRA 0 3 6 12 18 24 36 48 P19 RNA

cDNA cDNA PCR Tal2

( 3-1A) Csn3 Pou5f1 36

[49,50] Ascl1 [10,51]  

P19

Tal2 Tal2 3 24

atRA DMSO (0.01%)

P19 ( 3-1B) Pou5f1 Ascl1

Tal2 Tal2 P19

atRA atRA  

PCR P19 Tal2 0~24

( 3-2) Tal2 3 6

12 24

atRA P19 Tal2 1
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3-1 P19 Tal2  

A. P19 atRA Tal2 0~48

Pou5f1 Ascl Gapdh B. atRA

DMSO P19 Tal2 0~48

 

 
3-2 P19 Tal2  

PCR P19 Tal2 0~24

atRA DMSO Tal2

Hmbs (0 ) 1

3 two-way ANOVA

Tukey-Kramer (* : p < 0.05) 3h 6h 12h DMSO

atRA Tal2   
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Tal2 10.5 14.5

[54]

cDNA 7 11 15 17 Tal2

( 3-3) 11 Tal2

7 15 17

Tal2

 

Tal2 P19

atRA P19 Tal2

 

 

 

 

 

3-3 Tal2  

cDNA Tal2 Gapdh
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3-2. P19 TAL2  

P19 TAL2 GFP TAL2(GFP-TAL2)

P19 48

GFP-TAL2 ( 3-4)

P19 atRA TAL2

 

 

 

 
3-4 P19 GFP-TAL2  

P19 TAL2 GFP-TAL2 P19

Hoechst33258 A. B. GFP

C. D. A-C  
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3-3. atRA-RARα Tal2  

P19 atRA [1,4,5] atRA DMSO

P19 Tal2 ( 3-1B)

atRA P19 Tal2 RT-PCR

( 3-5) Tal2

P19 atRA

P19 Tal2 atRA

 

atRA RAR RAR

RXR P19

RAR (Rara Rarb Rarg) RXR

(Rxra Rxrb Rxrg) RT-PCR ( 3-6)  

atRA P19

cDNA cDNA PCR

Rara Rarb Rarg 2 Rara

Rarb 3 48 Rarg

 

Rxra Rxrb atRA (0 ) Rara 48

Rxrg atRA (0 ) 6

12 atRA 24
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3-5 P19 atRA Tal2  

atRA P19 Tal2 Gapdh

 

 

 

 

3-6 P19 Rara Rarb Rarg Rxra Rxrb Rxrg  

atRA P19 Rara Rarb Rarg Rxra

Rxrb Rxrg Gapdh  
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P19 atRA Tal2 RAR RXR

P19 atRA

( 3-7) Am80 RARα[62,63] Adapalene RARβ RARγ[81]

AC-41848 RARγ[64] Methoprene acid RXR pan- [82]

P19 Am80 Tal2 atRA

Adapalene P19 atRA Am80 Tal2

AC-41848 Methoprene acid P19 Tal2

 

( 3-8) atRA DMSO

4 P19 48

Tal2 atRA Am80 Adapalene

Tal2 DMSO AC-41848 Methoprene acid

 

RARα RARβ P19 Tal2

P19 Rarb atRA [68,69]

atRA atRA 3 Tal2

atRA Am80 Adapalene Tal2

Adapalene RARα RARβ

10 [81] Adapalene RARα

RARα P19 Tal2  
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3-7 RAR RXR Tal2  

P19 atRA RAR RXR Am80

RARα Adapalen RARβ RARγ AC-41848 RARγ

Methoprene acid RXR pan-  

 

 

 

3-8 RAR RXR P19  

atRA DMSO RAR RXR P19 48

CKX41 3CCD

FX380( ) 720   
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RNAi RARα P19 atRA Tal2 (

3-9) shRNA Rara DNA P19

RARα P19

RARα ( 3-8A)

RARα atRA Tal2

PCR ( 3-9B) Tal2

RARα P19 P19

Tal2 RARα  
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3-9 RARα Tal2  

A. P19 RARα β-actin

B. RNAi RARα P19

Tal2 PCR RARα

P19 Tal Hmbs

(0h) 1 atRA

3 two-way ANOVA Tukey-Kramer

(* : p < 0.05) 3h 6h 12h

RARα Tal2  
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4   

P19 atRA 1 Tal2

( 3-1 3-2) atRA atRA

DMSO Tal2

Tal2 atRA Tal2

11 [54]

P19 ( 3-3)

Tal2 P19

 

GFP TAL2 P19

( 3-4) TAL2

TAL2 bHLH

bHLH HLH

DNA

NeuroD Neurogenin

E-proteins (TCF3 TCF4 TCF12) [73]

in vitro TAL2 TCF3 [84] GFP-TAL2

TAL2 bHLH

P19 TAL2

TAL2 bHLH

 

DMSO Tal2 ( 3-1) P19

atRA Tal2 ( 3-5) P19

atRA Tal2

atRA atRA RAR-RXR

P19 Csn3 Rara

Rarb Rarg Rxra Rxrb Rxrg 3-6 P19

RAR RXR Tal2 P19

 ( 3-7, 3-8) RARα Am80 atRA
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P19 Tal2 RNAi

RARα P19 atRA Tal2

( 3-9) P19 atRA Tal2

RARα  

P19 Tal2 atRA

Pou5f1 Ascl1

Tal2 P19

Csn3

Tal2 atRA-RARα atRA P19

[1,4–6]  [22,27]

Csn3 Tal2 atRA

TAL2 [55] Tal2

4

P19 Tal2 atRA  
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4  P19 atRA Tal2  

1   

P19 Tal2 atRA

RARα atRA-RARα

Tal2  

RAR RARE atRA [42,43,46]

Tal2 Tal2 5’ 10 kbp

3’ 10 kbp RARE (A/G)G(G/T)T(G/C)A

Tal2 2 1 Tal2 RARE

( DR5(Tal2) ) 5’ 3’

1 ( 4-1) RARE 5

DR5 Tal2 1

2  [85]

1 DR5(Tal2) Tal2

DR5(Tal2) P19

Tal2  

TATA-box ( TATA(Tal2)

) TATA-box TATA(A/T)A(A/T)(A/G)

30 [86–88]

DNA RNA

TFIID 1 TATA-box binding protein (TBP)

[86,89]  

P19 DR5(Tal2) TATA(Tal2) 2

Tal2 2

RARE RARα TATA-box TBP

DR5(Tal2) TATA(Tal2) P19

DR5(Tal2) TATA(Tal2)  
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4-1 Tal2 RARE DR5(Tal2) 

6

5  
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2   

2-1. P19  

P19 2 3

BRC

P19C6 2 3  

 

2-2. 5’-rapid amplification of cDNA ends (5’-RACE) 

RNeasy Mini Kit (QIAGEN) P19 RNA

SMARTer RACE cDNA Amplification Kit (Takara Bio) Tal2 5’

5’ Ex taq (Takara) Tal2

5’-AGAGGCTCAACTGAAGTCGAA-3’ DNA

pGEM-T Easy vector (Promega) 5’  

 

2-3.  

Tal2 5’ -2093/+73 PCR

pGL4.10[luc2] (Promega)

-1229/+73 -604/+73 -240/+73

Tal2 5’ -240/+73

PCR TATA(Tal2)

TATA(Tal2)  

P19 12 8 × 105 cells/well

2000 (Life Technologies) 5

24 2 × 105 cells/ml 1 μM atRA 20

[90] P19 Dual-Glo Luciferase Assay System (Promega)

pGL4.74[hRluc/TK] (Promega) P19
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Tal2 5’ TATA(Tal2) CheckMate/Flexi Vector 

Mammalian Two-Hybrid System (Promega)

pGL4.31[luc2P/GAL4UAS/Hygro] adenovirus major late promoter Nhe I

Hind III

TATA(Tal2) 5’ -40 +15 TATA(Tal2)

TATA(Tal2)Mut DNA DNA

sense 4-1

VP16 MyoD GAL4 Id

P19 24 4 × 105 cells/well

2000 (Life Technologies) 24 P19

Dual-Glo Luciferase Assay System (Promega)

GAL4 GAL4-Id

 

Tal2 DR5(Tal2) VP16 RARα 

(VP16-RARA) pCAGGS [83] VP16-RARA

pGL4.31[luc2P/GAL4UAS/Hygro] GAL4 Kpn I

Nhe I DR5(Tal2) DR5(Tal2)Mut 3

DNA (DR5(Tal2)×3 DR5(Tal2)Mut×3) DNA

TATA(Tal2) DNA

sense 4-2 DR5(Tal2)

DR5(Tal2)Mut TATA(Tal2) P19

DR5(Tal2)

pGL4.74[hRluc/TK] (Promega) P19
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TATA(Tal2) 5'- GCTAGCGGCGGTGTCCTATAAAGGCTGTGGCAG- 
 AGACCCTGCGTCCAGGCGAGGGCGCACAAAGCTT -3' 

TATA(Tal2)Mut 5'- GCTAGCGGCGGTGTCCGCGCAAGGCTGTGGCAG- 
 AGACCCTGCGTCCAGGCGAGGGCGCACAAAGCTT -3' 

4-1 TATA(Tal2) TATA(Tal2)Mut  

TATA(Tal2)  

 

DR5(Tal2)×3 5'- GGTACC(TGAACTTTGACTCACCTG)3GCTAGC -3' 

DR5(Tal2)Mut×3 5'- GGTACC(AAAACTTTGACTCACCTG)3GCTAGC -3' 

4-2 DR5(Tal2)×3 DR5(Tal2)Mut×3  

3 DR5(Tal2)  

 

2-4.  

atRA 0 3 6 12 24 P19 PBS

(62.5 mM Tris-HCl [pH 6.8], 10% glycerol, 2% 

SDS, 0.05 mg/ml bromophenol blue) 5 95ºC

SDS-PAGE (25 mM Tris, 189 mM glycine, 10% 

methanol) Immobilon-P transfer membrane (Merck Millipore) Trans-Blot Turbo Transfer 

System (Bio-Rad) 5% 1 1

0.1% TBS-T (10 mM Tris-HCl [pH 7.4], 150 mM NaCl, 0.1% Tween 20)

2 1 0.1% TBS-T (10 mM Tris-HCl [pH 7.4], 150 mM 

NaCl, 0.1% Tween 20) Immobilon Western chemiluminescent HRP substrate (Merck 

Millipore) 1 anti-RARα antibody, anti-TFIID (TBP) antibody (

Santa Cruz Biotechnology) anti-β-Actin antibody (MEDICAL & BIOLOGICAL 

LABORATORIES, Nagoya, Japan) 2 Anti-rabbit IgG, HRP-linked Antibody 

(Cell Signaling Technology, MA)  

 

2-5. Electrophoresis Mobility Shift Assay (EMSA) 

2 P19 atRA 3

atRA  

EMSA 2 TATA(Tal2) TBP DR5(Tal2)
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RARα 5’ Alexa680

4-3 4-4  

anti-TFIID (TBP) antibody (Santa Cruz 

Biotechnology) anti-RARα antibody (ActiveMotif, CA)

10 RARα 60

Alexa680 30  

 

TATA(Tal2) 5'- Alexa680- GCGGTGTCCTATAAAGGCTGTGGCA -3' 

TATA(Tal2)Mut 5'- Alexa680- GCGGTGTCCGCGCAAGGCTGTGGCA -3' 

4-3 EMSA TATA(Tal2) TATA(Tal2)Mut( )  

 

DR5(Tal2) 5'- Alexa680- CTAGGGGTGAACTTTGACTCACCTGCCAGTG -3' 

DR5(Tal2)Mut 5'- Alexa680- CTAGGGGAAAACTTTGACTCACCTGCCAGTG -3' 

4-4 EMSA DR5(Tal2) DR5(Tal2)Mut( )   

 

2-5. ChIP  

ChIP SimpleChIP Plus Enzymatic Chromatin IP Kit (Magnetic Beads) (Cell Signaling 

Technology) P19

TATA(Tal2) 2 × 106 cells DR5(Tal2) 4 × 106 cells P19

3 atRA PCR

AmpliTaq Gold 360 Master Mix (Life Technologies)

4-5 TATA(Tal2) -152 -11

DR5(Tal2) +4799 +5017 negative control +4011 +4202

PCR 2%  

Target  Forward primer    Reverse primer  

TATA(Tal2) 5'- TTCTTCCTCCACTGCTCCTTG -3' 5'- TCTCTGCCACAGCCTTTATAGGACA -3' 

DR(Tal2) 5'- CACCAAGGAACAGCAAGTGGA -3' 5'- GGCCTTTCCATAGCTGACCTT -3' 

negative control 5'- TGAGCCACCATATGGATGCTG -3'  5'- CAACTGCAGCTGTTAGCTGTG -3' 

4-5 ChIP  
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2-6.  

3

(two-way ANOVA) Tukey-kramer

5% Microsoft Excel for Mac 2011

StatPlus:mac LE  
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3   

3-1. Tal2  

atRA RARE RAR Tal2

RARE (A/G)G(G/T)T(G/C)A RARE

DR5(Tal2) Tal2

[91] DR5(Tal2) P19

Tal2 5’-RACE

Tal2 5’ ( 4-2) 30 5’ 29

5’ 4 1

5 29 P19

(+1)

30 1 TBP

TATA-box TATA(Tal2)  

P19 Tal2 2

5’ TATA(Tal2) DR5(Tal2)

TATA-box TBP RARE atRA Tal2 RARα

P19 4-3

atRA 24  
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4-2  Tal2 5’  

P19 Tal2 5’ 5’-RACE TATA(Tal2)( )

Tal2 5’ 30 1  

 

 

 

 

 

4-3 P19 RARα TBP  

0 3 6 12 24 atRA P19 RARα TBP  

β-actin  
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3-2. Tal2 5’ TATA(Tal2)  

P19 Tal2 5’

( 4-4) Tal2 5’ -2093/+73 -1229/+73 -604/+73 -240/+73

P19 atRA

DMSO

atRA DMSO

atRA

 

 

4-4 Tal2 5’  

Tal2 5’ -2093/+73 -1229/+73 -604/+73 -240/+73

P19 atRA DMSO

atRA DMSO 3

two-way ANOVA (n.s. : non-significant) DMSO

atRA  
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TATA-box DNA 30

[86] Tal2 5’ -240/+73

(-240) TATA(Tal2) (-240ΔΤΑΤΑ)

P19 atRA DMSO 20

P19 5’ -240/+73

TATA(Tal2) atRA DMSO

( 4-5) TATA(Tal2)

 

 

 4-5 Tal2 5’ TATA(Tal2)  

Tal2 5’ -240/+73 TATA(Tal2)

atRA DMSO

Tal2 5’ atRA

DMSO

3 two-way ANOVA

Tukey-Kramer (* : p < 0.05, n.s. : non-significant) DMSO

atRA atRA

240 -240

-240ΔΤΑΤΑ   



 61

Tal2 5’ TATA(Tal2)

[92,93] GAL4 DNA

VP16

GAL4 DNA

Id (GAL4-Id) VP16

MyoD (VP16-MyoD)

MyoD Id DNA

5 GAL4

TATA(Tal2) TATA(Tal2)Mut

GAL4-Id VP16-MyoD 2 TATA(Tal2)

P19

( 4-6)  

TATA(Tal2) GAL4-Id VP16-MyoD

P19 TATA(Tal2)Mut

P19 GAL4-Id VP16-MyoD

TATA(Tal2) TATA(Tal2)Mut

TATA(Tal2)

P19 Tal2 5’

TATA(Tal2)  
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4-6 TATA(Tal2)  

VP16-MyoD GAL4-Id VP16 MyoD

GAL4 DNA Id 2

TATA(Tal2) TATA(Tal2)Mut P19

VP16 GAL4 TATA(Tal2) 

TATA(Tal2)Mut

3 two-way ANOVA

Tukey-Kramer (* : p < 0.05) TATA(Tal2)

VP16-MyoD+GAL4-Id VP16-MyoD+GAL4-Id

TATA(Tal2) TATA(Tal2)Mut  
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TATA-box TFIID TBP

[89] Tal2 5’ TATA(Tal2) TBP

EMSA atRA 0 3 P19

Alexa680 TATA(Tal2) TATA(Tal2)Mut

P19

( 4-7)  

EMSA 2

atRA 0 3

( 4-7A) atRA 3 TBP

( 4-7B) TATA(Tal2) TBP

( 4-7B ) TBP

TATA(Tal2) TBP TBP

TATA(Tal2)Mut TBP

TATA(Tal2) TBP  

P19 TATA(Tal2) TBP ChIP

( 4-8) atRA 3 P19 TBP

DNA 5’ TATA(Tal2)

(-152/-11) PCR Input TATA(Tal2)

TBP TATA(Tal2)

IgG

P19 TBP 5’ TATA(Tal2) -152 -11

EMSA TATA(Tal2) TBP

P19 TATA(Tal2) TBP  

Tal2 5’ TATA(Tal2) TBP
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4-7 TATA(Tal2) TBP  

A. atRA 0 3 P19 TATA(Tal2)

TATA(Tal2)Mut Alexa680 EMSA

B. TBP atRA 3

P19 Alexa TBP

 

 

 
4-8 P19 Tal2 5’ TBP  

P19 atRA 3 TBP

DNA DNA Tal2 5’ -152 -11

PCR Input DNA

normal rabbit IgG No template PCR DNA PCR

PCR   
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3-3. Tal2 DR5(Tal2)  

P19 Tal2 atRA atRA RARα RARE

RARE Tal2

DR5(Tal2) DR5(Tal2)

GAL4 DR5(Tal2) DR5(Tal2)Mut 3

DNA (DR5(Tal2)×3 DR5(Tal2)Mut×3

VP16 RARα (VP16-RARA)

VP16-RARA atRA RARα

[94,95] P19 ( 4-9)  

VP16-RARA DR5(Tal2)×3 P19

VP16 DR5(Tal2)×3 P19

VP16-RARA P19 DR5(Tal2)Mut×3

DR5(Tal2)×3

DR5(Tal2) RARA
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4-9 VP16-RARA DR5(Tal2)  

VP16-RARA VP16 RARα

P19 DR5(Tal2)×3 DR5(Tal2)Mut×3 GAL4 (GAL4UAS)

VP16-RARA VP16

VP16-RARA

VP16

3 two-way ANOVA Tukey-Kramer

(* : p < 0.05) DR5(Tal2)×3 VP16

VP16-RARA VP16-RARA DR5(Tal2)×3

GAL4UAS DR5(Tal2)Mut×3 DR5(Tal2)×3
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DR5(Tal2) atRA

( 4-10) P19 DR5(Tal2)×3 DR5(Tal2)Mut×3

atRA DMSO

DR5(Tal2)Mut×3 atRA P19 DMSO

DR5(Tal2)Mut×3

 

P19 Tal2 DR5(Tal2) atRA

 

 
4-10 atRA DR5(Tal2)  

P19 DR5(Tal2)×3 DR5(Tal2)Mut×3 GAL4

(GAL4UAS) atRA DMSO

atRA DMSO

3

two-way ANOVA Tukey-Kramer (* : p < 0.05) DR5(Tal2)×3

DMSO atRA atRA

DR5(Tal2)×3 GAL4UAS DR5(Tal2)Mut×3

DR5(Tal2)×3   
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Tal2 DR5(Tal2) atRA DR5(Tal2)

RARα EMSA TATA(Tal2) atRA

P19 atRA 0 3 Alexa680 DR5(Tal2)

DR5(Tal2)Mut (

4-11)  

DR5(Tal2) Alexa680 atRA 0

atRA 3 ( 4-11A )

DR5(Tal2)Mut Alexa680

DR5(Tal2)Mut atRA 0 3

 

DR5(Tal2) RARα

atRA 3 P19 RARα

( 4-11B) DR5(Tal2) Alexa680

( 4-11B ) ( 4-11B

) DR5(Tal2)Mut RARα

DR5(Tal2) RARα  

P19 DR5(Tal2) RARα ChIP ( 4-12)

atRA 3 P19 RARα

DNA Tal2 DR5(Tal2)

(+4799/+5017) PCR Input DR5(Tal2)

RARα DR5(Tal2)

IgG

P19 RARα Tal2 DR5 (Tal2)

+4799 +5017 DR5(Tal2) P19

RARα atRA  
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4-11 DR5(Tal2) RARα  

A. atRA 0 3 P19 DR5(Tal2)

DR5(Tal2)Mut Alexa680 EMSA B. 

RARα atRA 3 P19

atRA 3

RARα  

 

4-12 P19 Tal2 RARα  

P19 atRA 3 RARα

DNA DNA DR5(Tal2) +4799 +5017

PCR Input DNA

normal rabbit IgG No template PCR DNA

PCR PCR   
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3-4. TATA(Tal2) DR5(Tal2)  

Tal2 5’ TATA(Tal2) TBP

DR5(Tal2) RARα atRA

5 kb Tal2

2 ChIP

4-13 atRA 0 3 P19

TBP RARα

DNA TBP DNA DR5(Tal2)

(+4799/+5017) RARα DNA 

TATA(Tal2) (-152/-11) PCR  

Input atRA 0 P19

atRA 3 P19

normal rabbit IgG

DR5(Tal2) TBP TATA(Tal2) RARα

Tal2  
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4-13 TATA(Tal2) DR5(Tal2)  

P19 atRA 0 3 RARα TBP

DNA RARα DNA Tal2

5’ -152 -11 TBP

DNA Tal2 +4799 +5017 PCR

TATA(Tal2)+α-RARα DR5(Tal2)+α-TBP Input

DNA normal rabbit IgG No 

template PCR DNA PCR PCR
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4   

P19 atRA Tal2

atRA-RARα atRA-RARα Tal2

 

atRA RARα RARE

Tal2 RARE

(A/G)G(G/T)T(G/C)A RARE DR5(Tal2)

Tal2 2

DR5(Tal2) P19 atRA-RARα Tal2

4 ( 4-2)

30 TATA-box TATA(Tal2)

RAR [48,96] Tal2

5’ TATA(Tal2) Tal2 DR5(Tal2)

 

TFIID 1 TBP

TBP-associated factors [87,88]

TATA-box CpG

TATA-box

[87,89] Tal2 5’ TATA(Tal2)

( 4-5 4-6) TBP ( 4-7) P19

Tal2 5’ (-152/-11) TBP ( 4-8)

TATA(Tal2) P19 Tal2 5’

TATA(Tal2) TATA-box

 

RARE atRA RAR

(A/G)G(G/T)T(G/C)A 6 2

[43,46] Tal2 10 kbp

DR5(Tal2)
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DR5(Tal2) atRA

( 4-9 4-10) DR5(Tal2) RARα P19

4-11 4-12 P19 Tal2

DR5(Tal2) atRA  

atRA Tal2 5 kb TATA(Tal2)

DR5(Tal2) TATA(Tal2) DR5(Tal2)

ChIP ( 4-13) RARα TATA(Tal2) TBP DR5(Tal2)

2 RARα TBP

Tal2 RARE

[48,96]  Tal2 4-14

atRA-RARα RARα

TBP atRA [34]

2 Tal2

 

 

 4-14 Tal2  

TATA(Tal2) DR(Tal2) RARα TBP Tal2
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5   

EC P19 atRA

[1,4–6] P19

Csn3 Tal2 2  

Csn3 Tal2

[54,55,71] Csn3 [71]

Csn3

CSN3

[58] [97]

[60] β-

[98,99] CSN3

 

Tal2

[55] Tal2

Tal2 [54]

Tal2 Tal2

Tal2 [100]

Tal2 KA” gad67

[101] GABA

[102] Tal2

TAL
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TAL2  

Csn3 Tal2 P19 3 atRA

1 RARα atRA P19

[22,27] P19

atRA Csn3 Tal2

P19

Csn3 Tal2 Csn3 24

Tal2 24 Csn3 17
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