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I. Ěȇ 

1. ǠİĘǋǡ 

� ǠİĘǋǡɎEmbryonic stem cells : ESǋǡɏ4ƨƟ¾ř3Ǡƭǡř3Ǡ

�A´ȧǋǡòGÖBº -Ūƾ 'ǋǡŢ.�B3ǠǬ3Ũ�1ǋǡ2»Ë

.�C»ËúǢİGĽ+ɎEvans, 1981ɏ�ESǋǡ4ǧēǶǵǢGĽ)Ȃɋǃ

´.¡G¢C²-3ǋǡ2»Ë�$C�/�Ɯȇ�×Ǣ.�C�/�AµƟ

ÌƧ73įơ�žƮ�D-�C� 

� :'vM[ƣŝ3 ESǋǡ4»Ë2Ȱ�řȲGǷ 1��/�A¾řƨ

Ɵ3Ȃɋǃ´zd�ǈ/ -ę�ƨƟ3ƴƽ»ȭ.ơ�AD-�C� 

 

2. ƨƟ/ȪǊƝô 

� á�ɈǠ3¾řƨƟ.4Ǡƭǡ3´ȧǋǡò�ùǠǬ�ǠǬ´ǠǬ3 3

ǠǬ2Ƞà��AD%D&D�Ƥ1CǍǕ2»Ë"C�ùǠǬ4Ƹǎǈĳ

ǺãǳƬG�ǠǬ4ǱǃǈǱƛǈɌťǈǣǞG´ǠǬ4ƅËǃǈ

GğĶ"CɎStephen et al., 2002ɏ� 

� ýą´3ȪǊƑě4ǉ 3%.�C�/�AɎRodesch et al., 1992ɏǠ3ĪƝ

ǈ�ğĶ�DC:.ƨƟ¾ř3ǋǡ»Ë4 ȪǊƝô�.ȝH.�C/Ǜ�

ADC�+:BESǋǡGơ�'ɑǠǬ73»Ëăɋ4ȚĕȪǊŜ��Ɏ20% 

O2ɏ.41� ȪǊŜ��.ǲ�ō�ăȼ3Ɵ¡´3Ɲô2Ȗ�/Ǜ�AD

C��3'=śƴƽ.ǲ*' ȪǊŜ�îɉ4ðÞ�D'ýą´ȪǊƑě

/Ü! 3%2ȁĂ '� 
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� MorrissA4~ae3 9.5ŏǠGýą�A»Ⱦ Ȃɋǃ.îɉ"C/Ț

ĕȪǊŜ��.4Ǡ3ƸǎǃƨƟ2Ƥĕ�ǸADC� ȪǊŜ��.4Ǡ3

ƸǎǃƨƟ4ůĕ2ǲFDC�/GðÞ 'ɎMorriss et al., 1979ɏ��3ðÞ

4 ȪǊƝô�Ǡ3¾řƨƟ2ćŁ2ȳF*-�C�/G¾=-Ʒ '>3

.�C��3ƨǸGū2ƨƟ/ ȪǊƝô2ȳ"Cƴƽ�žƮ�Dǋǡ3

 ȪǊįǁİ2ȳ"C»ýyQh\x3Ǽő�ȝH(� 

� ȖėȪǊƑě4ƨƟ3Ũ�1ȡƻ2��-ȬǷ1ġÅGş'"�/�»�

*-�'� 

� Ǳǃǈ3ƨƟɔǱǃǈ3ƨƟ2��- VEGFɎVascular endothelial growth 

factor: Ǳǃ´ƬõŲæýɏ4ɀĕ2ȬǷ1æý.�C�ȪǊƑě4 VEGF3ƨ

ƚGÁĨ Ǳǃ3ƨƟGȆǄ -�C/ðÞ�D-�CɎShweiki et al., 1992; 

Forsythe et al., 1996ɏ� 

� ǟƭğĶɔǟƭ3ƨƟ>ȪǊƑě2Ġɂ�D-�C� ȪǊŜ��.4ǟƭ

3šɉǪĎǋǡ4õŲ"C�ȪǊƑěG��C/ǋǡ4ǟ°ª3ǋǡ7»

Ë"C/ðÞ�D-�CɎGenbacev et al., 1997ɏ� 

� ȐɌğĶɔȪǊƑě4ȐɌ3ğĶ2>Ġɂ -�C� ȪǊŜ�4ȐɌǋǡ

3»ËG¦ȝ -�C�/ ȪǊįǁȑ¶æý HIF-1�ƨƚƤĕvM[3Ȑ

Ɍǋǡ3ŋ�ǭ � � äǝ�Ƴ�1C�/�ðÞ�D-�CɎRajpurohit 

et al., 1996ɏ� 

� �3@�2ȪǊƑě4Ũ�1ǍǕ3ƨƟ2ĠɂGÓ -�C�%3»ý

ÁĨyQh\x3ă¡4�2��2ȗ8C ȪǊįǁȑ¶æý HIFsǎȎ.�

C/Ǜ�ADC� 
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3.  ȪǊįǁȑ¶æý 

� �D:.»ËƨƟŒ2��Cǋǡ3 ȪǊįǁ3»ýyQh\x/ -

 ȪǊįǁȑ¶æý HIFsɎHypoxia Inducible Factorsɏ3ÔįǎȎ�ðÞ�D

-�CɎSimon and Keith, 2008ɏ� 

� HIFs4�Ó6�Yq}hae�AĶCsc��Ȯ¡ŧț3ȑ¶æý.�C�

�Yq}hae24HIF-1�HIF-2�HIF-3�3 3+3Yq_Lr�ðÞ

�D-�CɎGu et al., 1998; Wang et al., 1993ɏ��Yq}hae4Arnt

ɎArylhydrocarbon nuclear transporterɏ�ÜĂ�D-�B�D4�ȗ3 3

+3�Yq}hae2³Ț -ơ�AD-�CɎWang et al., 1993ɏ� 

� ȚĕȪǊŜ��.HIFs4 PHDɎprolylhydroxylaseɏ2ȪǊƑě¤ÿƪ2

ŷȪË�D}nS`�ËȩǊƁİGŘ"C pVHLɎvon Hippel-Lindau proteinɏ

ǶÛ¡/ǏÛ"C�/2@*-»Ǽ�DC�HIFs4FIHɎFactor of inhibiting 

HIFɏ2@*->ŷȪË�DC��3Œȑ¶XJU`t�_�.�C

CBP/p3003ǏÛ�ȴĆ�DC�/2@*-ȑ¶ƁİǢ>ĸÁ�D-�C� Ȫ

ǊŜ��.4ŷȪË4ȍ�A#ţȓȘ�D' HIFs 4 HREɎHypoxia 

Response Elementɏ/ß5DC DNAN�y�e2ǏÛ Ğ�ȑ¶ƁİGƷ

"@�21CɎIvan et al., 2001; Lando et al., 2002ɏ� 

 

4. ǋǡ3Ś»Ëİ/ ȪǊ 

� ESǋǡ3Ś»Ëİ/ ȪǊ/3ȳ¥2+�-Ȗė��+�3ðÞ�Ķ�D

-�C� 

�  ȪǊŜ��2��-me ESǋǡ4 ȪǊįǁȑ¶æý HIF-2�2@B
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Ś»Ëİ3ǓĽ�¦ȝ�DC�/�ðÞ�D'ɎForristal et al., 2010ɏ�ď�

A4 ȪǊŜ��.3�đúǢİĘǋǡ iPSǋǡɎInduced pluripotent stem 

cellsɏ3ŪƾÈƙ�ȚĕȪǊŜ��2ŵȒ -ɍ�/ðÞ 'ɎYoshida et al., 

2009ɏ�ȃǋ1yQh\x4�ő.�C� ȪǊÂƐ�me3ǋǡ2��-Ś

»ËİǓĽG¦ȝ"C«���C@�.�C� 

� �D2ĉ vM[ ESǋǡ2��-4 ȪǊÂƐ4 ESǋǡ3Ś»Ëİ3

ǓĽ3ȴĆ2¢ơ"C�/�ðÞ�D-�C� ȪǊŜ��.ǓĽîɉ ' ES

ǋǡ4 ȪǊįǁȑ¶æý HIF-1�3ƁİË2@BLIFɎLeukemia 

inhibitory factorɏ3�ȢǎȎ�ȴĆ�DES ǋǡ3Ś»ËİǓĽ�ĸÁ�D

C/ðÞ�D'ɎJeong et al., 2007ɏ� 

� �3@�2me ESǋǡ/vM[ ESǋǡ3Ś»ËİǓĽ2��C ȪǊÂ

Ɛ3Èş2+�-Ƥ1CðÞ�Ķ�D'�%3ƟƕĀƪĲǙ4:(őA�2

1*-�1��:' ȪǊŜ�� ESǋǡ3»Ë2��CĠɂ2+�->:

(�ő1ƒ�ú�� 

 

5. Ƹǎ»Ë/ ȪǊ 

Ȃɋǃ´2��CƸǎ»Ë/ ȪǊ3ȳ¥2+�-4Ķ¡ƣŝ3ƸǎÃɊ

ǋǡ3Ƹǎǋǡ73»Ë� ȪǊŜ��.¦ȝ�DC/��ðÞ�ú�Ķ�

D-�CɎMorrison et al., 2000; Studer et al., 2000ɏ�:' ȪǊŜ��.

 ȪǊįǁȑ¶æý HIF-1�3ƁİË2@BƸǎÃɊǋǡ�Af�lw�Ƹ

ǎ73»Ë�¦ȝ�D'/��ðÞ��CɎStuder et al., 2000; Kim et al., 

2008ɏ� 
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�D:. ȪǊŜ��¾řƨƟ2��CƸǎ»ËÓ6ǥğĶ2��CĠɂ

2+�-4 ȪǊįǁȑ¶æý HIF-1�ŬŃvM[�ĪƝãǈ3Ŭȸ2Æ

�-Ƹǎǃ�ȱ!#2ǠİǨŰ21C�/�ðÞ�D-�CɎIyer et al., 

1998ɏ��A2ƸǎǋǡƖƤƪ1 HIF-1�jaUJMevM[�Ƹǎǋǡ3Ƌ

čG���/2@CŷɆƦGƨƦ"C�/>Ʒ�D-�CɎTomita et al., 

2003ɏ� 

� �DA@B ȪǊƝô�¾řƨƟ2��CƸǎ»ËÓ6ǥğĶ2Ƈ�ȳF

*-�C�/4őƩ.�C�%3ȃǋ1»ýūŧ4:(őA�2�D-�1

��Æ�-ESǋǡ�A3Ƹǎ»Ë/ ȪǊŜ�3ȳ¥2+�-4ű0ðÞ�

D-�1�'= ȪǊ�03@�2 ESǋǡ3Ƹǎ»Ë2ĠɂGÓ"�4�ő

.�C� 

 

6. ES ǋǡ3Ƹǎ»Ëîɉż 

śƴƽ.4 ESǋǡ3Ƹǎǋǡ»Ëż/ -SFEBqɎSerum-Free culture of 

Embryoid-Body-like aggregatesɏîɉżGơ�'��3îɉż4ȅċæý3

ƉÆGĮǷ/$#ESǋǡ4ǧĤƪ2Ƹǎǋǡ7»Ë.�C/ðÞ�D-�C

ɎWatanabe et al., 2005ɏ�:'SFEBq.3Ȱřîɉ2@*-vM[ûǥ

ƬȌŨ3ǍǕ�ŧǅ�DC�/>ðÞ�D-�CɎEiraku et al., 2008ɏ��D

A3ðÞ4SFEBq»Ëîɉż.3Ƹǎ»Ë�Ɵ¡´3ƨƟƝô2Ȗ�Ŝ�

�.ȍ�-�C�/GƷâ"C�%3īČƝô3»ýăĴ4�ő.�C� 

śƴƽ.4īČƝô/ -3ȪǊŜ��ƸǎƨƟ2ȬǷ1ġÅGş' 

-�C/�ƍ ǼŞGǲ*'� 
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7. śƴƽ3Ʈƪ 

śƴƽ4īČƝô/ -3 ȪǊŜ�2ƱƮ  ȪǊįǁ/ ESǋǡ3Ƹ

ǎ»Ë3ȳȜİÓ6%3»ýyQh\x3ǼőGƮƪ/"C� 
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II. ăɋōż 

1. ǋǡîɉ 

śƴƽ.ơ�'vM[ ESǋǡ4ƜËĀƴƽķ3�ǚ�ØƟ2@BŪƾ�

D' EB5ǋǡŢ.�C��3ǋǡŢ4vM[ 129ǈǐƣŝ3ǋǡ.�BLIF

ɎLeukemia inhibitory factorɏGƉÆ"C�/2@BŚ»Ëİ�ǓĽ�DC�

EB5ǋǡŢ4 Oct 33r�z�_��Ƃ2ǯÄǜİȦ�ý BSDɎBlastcidin S 

Deaminaseɏ�jaUL��DC�/ɎOct3-IRES-BSD-pAɏ2@BŚ»Ë

ǋǡ3ȥ¿�×Ǣ.�C�:'Ǒ�îɉŒ2ňĽǋǡGĮǷ/ 1�ƖĬG

Ľ+� 

ESǋǡ4²- Olympus I X 71 microscopeɎOlympusɏGơ�-ǻĈ 

Olympus DP70ɎOlympusɏGơ�-ŅĠ '� 

� 	� ǠİĘǋǡ3ǓĽîɉ 

ǓĽîêɔGMEMɎGlasgow Minimum Essential Medium Gibcoɏ/ 0.1 M 

NEAAɎGibcoɏ/ 1 mM PyruvateɎSigmaɏ / 0.1�M 2-MEɎWakoɏ/ 10% 

KSRɎKnockOut Serum Replacement Gibcoɏ/ 1% FBSɎFetal Bovine Serum 

JRHɏ2 LIFɎŗǌƑě 2000 U/ml ChemiconɏGƉÆ 0.1% GelatinɎSigmaɏ

.ǮĎX�cK�V 'ǋǡîɉơdKaZ|ɎSumitomo Bakeliteɏ.ǓĽ

îɉ 'Ɏ20% O25% CO237�ɏ�EB5ǋǡŢ4ǓĽîɉŒ2 Blasticidin 

SɎŗǌƑě 20 �g/ml FunakoshiɏGƉÆ '� 


� Ƹǎ»Ëîɉ 

ƸǎùǠǬ73»ËȅċGÈƙƪ2ǲ��/�ðÞ�D-�CSFEBq»Ë
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îɉżɎWatanabe et al., 2005; Eiraku et al., 2008ɏGơ�-ESǋǡ3Ƹ

ǎ»ËăɋGǲ*'�ESǋǡX�h�G 0.25% Trypsin-EDTAɎGibcoɏ2

-Î�ǋǡ7»Ŋ 'ĥGMEM / 0.1 M NEAA / 1 mM pyruvate / 0.1�M 

2-ME / 10% KSR 3»Ëîê�.Ƅȟîɉơ U þë 96-well r��e

ɎSumitomo Bakeliteɏ2 3000 cells/well.ńƼ 3ŏȲ�/2îêGÍȮ

�ł '� 

�� îɉŒ3ȪǊŜ� 

ȚĕȪǊŜ�ɎNormoxiaɏɔ20% O25% CO237� 

 ȪǊŜ�ɎHypoxiaɏɔ3% O25% CO237� 

 

2. ¯ƥŠǩǼŞ 

� SFEBq îɉ.»Ë�$' ES ǋǡòY�r�GåÕ 4% PFA / PBS

ɎParaformaldehyde Nacalai tesqueɏ.èĂ15% Sucrose / PBSɎWakoɏ

.Ǥŷ¹Ɯ OCT compoundɎSakura Finetekɏ2-ÊìĥU�P[_a

eGơ�-·Ǐ¼ƔɎ7 �mɏG¢Ķ '� 

� ·Ǐ¼ƔG 0.05% TWEEN20 / PBSɎ15»�3åɏ/ 0.3% Triton-x100 / PBS

ɎĄƌ30» Nacalai tesqueɏ.ƀƃ q�aS�VkapI�Ɏ2% skim 

milk / 0.3% Triton-x100 / PBSɏ.¹Ɯ 'ɎĄƌ1ŒȲɏ�%3ĥq�a

S�VkapI�.Ĕȫ '�ŭĹ¡Ò4�ŭĹ¡2-Ĺ¡ÔįGǲ�Dapi

Ɏ4',6-diamino-2-phenylindole Nacalai tesqueɏ2-ǋǡţGŠǩ '�

SlowFade GoldɎInvitrogenɏ.Ċ±ĥBX51 microscope ɎOlympusɏ/ǰ

®Ǵǖ U-RFK-T ɎOlympusɏGơ�-ǻĈ DP72 ɎOlympusɏ2-ŅĠ
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 '�Ĺ¡Ŝ�4�Ȁ2Ȁȗ"CɎǳ 1ɏ 

ǳ 1 

 �ŭĹ¡ �ŭĹ¡ 

Nanog 

Reprocell �RCAB0001P 

1000¨Ĕȫ 

ĹMYT IgGɎInvitrogenɏ 

1000¨Ĕȫ 

Sox1 

Stemgent �09-0084 

200¨Ĕȫ 

ĹMYT IgGɎInvitrogenɏ 

1000¨Ĕȫ 

Nestin 

Millipore �MAB353 

200¨Ĕȫ 

ĹvM[ IgGɎInvitrogenɏ 

1000¨Ĕȫ 

Pax6 

R&D Systems �MAB1260 

500¨Ĕȫ 

ĹvM[ IgGɎInvitrogenɏ 

1000¨Ĕȫ 

Tuj-1 

Covance �MMS435-P 

1000¨Ĕȫ 

ĹvM[ IgGɎInvitrogenɏ 

1000¨Ĕȫ 

 

3. Alkaline Phosphatase Šǩ 

Alkaline PhosphataseŠǩ24Leukocyte Alkaline Phosphatase kitɎSigmaɏ
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Gơ�'�Citrate Working Solution ɎCitrate Concentrated SolutionGƎǫ

ŷ. 50¨Ĕȫ '>3ɏ/ AcetoneG 2:3.ƈÛ Fixative SolutionG¢Ķ

 '�Naphthol AS-MX Phosphate Alkaline Solution / Diazonium Salt 

SolutionG 1:24.ƈÛ Staining mixG¢Ķ '� 

ESǋǡG 0.1% Gelatin.X�e 'dKaZ|2ńƼ 4ŏȲǓĽîɉ3

ĥPBS.ƀƃFixative Solution2-Ąƌ. 30ƺèĂ '�Ǝǫŷ.ƀƃ

ĥStaining mix2-Ąƌ. 15»ȲȤ®Ôį�$'�Ǝǫŷ.ƀƃ BX51 

microscope ɎOlympusɏGơ�-ǻĈ DP72 ɎOlympusɏGơ�-ŅĠ

 '� 

 

4. Hypoxy probe Gơ�' ȪǊɅí3ǼŞ 

Hypoxyprobe ǼŞ4ǋǡ3ȪǊƑěƗŻG×ǹË�$CŠǩōż.�C�ś

ƴƽ.4 Hypoxyprobe-1 kitɎHypoxyprobe Inc.ɏGơ�-ǼŞGǲ*'� 

ESǋǡòGåÕ"C 1ŒȲÃ2 labeling bufferɎHypoxyprobe-1 ŗǌƑě

60ng/mlɏGîê2ƉÆ  ȪǊɅíɎȪǊƑě 1% ��ɏG~t� '�Y

�r�GåÕ 4% PFA .èĂ 'ĥ·Ǐ¼ƔG¢Ķ 'ɎÃȗ3ōż/

ÜŨɏ� 

·Ǐ¼ƔG 0.05% TWEEN20 / PBS/ 0.3% Triton-x100 / PBS.ƀƃ 

q�aS�VkapI�Ɏ2% skim milk / 0.3% Triton-x100 / PBSɏ.¹Ɯ 

'ɎĄƌ1ŒȲɏ�%3ĥq�aS�VkapI�. 1/5002Ĕȫ 'MAb-1

ɎHypoxyprobe-1Ĺ¡ɏGơ��œɎ4�ɏ3Ĺ¡ÔįGǲ*'��ŭĹ¡Ô

į4q�aS�VkapI�. 1000 ¨Ĕȫ 'ĹvM[ IgG Gơ�-ǲ*
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'ɎĄƌ1ŒȲɏ�SlowFade GoldɎInvitrogenɏ.Ċ±ĥBX51 microscope 

ɎOlympusɏ/ǰ®Ǵǖ U-RFK-T ɎOlympusɏGơ�-ǻĈ DP72 

ɎOlympusɏ2-ŅĠ '� 

 

5. Western blot ǼŞ 

ǋǡGåÕ  ĝƆɕ10mM HEPESɎDojindoɏ pH7.9 / 10mM KClɎWakoɏ 

/ 0.1mM EDTAɎDojindoɏ/ 1mM DTTɎWakoɏ/ 1�Protease inhibitor cocktail

ɎNacalai tesqueɏɖ2ŕ Ÿ�. 15»Ȳ¹Ɯ '�NP-40G 1% ƉÆ2@

BǋǡǦGƵö 'ĥȣĭ»ȾɎ15000 rpm, 4�ɏ źŴ2ɍĝƆɕ20mM 

HEPES pH7.9 / 400mM NaClɎWakoɏ/ 1mM EDTA / 1mM DTT / 1�Protease 

inhibitor cocktailɖGƉÆ '�2»�/2ņļ 1�AŸ�. 15»¹Ɯ 

ţ´_�lUȌGĻº '�ȣĭ»ȾɎ15000 rpm, 4�ɏ2-ţǦGȷ�ţ

´_�lUȌGǇǵ '� 

q~afpO�fż2-_�lUȌƑěGǾƍ ÚY�r� 20�g 3Ļº

_�lUG1�SDS loading buffer�2- 95�15»Ȳ¹Ɯ '�ÚY�r

�G 7.5% SDS-JU��JwfW�2@*-»Ⱦ ]wf~Le~�[pI

�2- PVDFy�q��ɎPolyvinylidene fluoride Milliporeɏ7ȑ¶ '�y

�q��Gq�aS�VkapI�ɕ5% skim milk / TBSTɎTris-buffered 

saline / 0.1% Tween-20ɏ/ 2% FBSɖ.¹Ɯ 'ĥq�aS�VkapI�.

Ĕȫ '�ŭĹ¡GƉÆ 4�.�œĹ¡ÔįGǲ*'�y�q��G TBST

.ƀƃĥ5% skim milk / TBST.�ŭĹ¡GĔȫ Ąƌ. 1ŒȲÔį�$

'� 
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y�q��G TBST .ƀƃĥƨǩïȌ HRPɎMilliporeɏ.ƨǩ¹Ɯ 

XARpK�xɎBiomax XAR Film; Kodakɏ2-ŅĠ '�Ĺ¡Ŝ�4��2

Ȁȗ"CɎǳ 2ɏ� 

ǳ 2 

 �ŭĹ¡ �ŭĹ¡ 

Smad1 
Cell Signaling �9743 

2000¨Ĕȫ 

HRPũȉĹMYT IgGɎZymedɏ 

10000¨Ĕȫ 

P-Smad1 
Cell Signaling �9511 

2000¨Ĕȫ 

HRPũȉĹMYT IgGɎZymedɏ 

10000¨Ĕȫ 

Tuj-1 
Covance �MMS435-P 

1000¨Ĕȫ 

HRPũȉĹvM[ IgGɎSanta Cruzɏ 

10000¨Ĕȫ 

HIF-1� 
Abcam �ab1 

1000¨Ĕȫ 

HRPũȉĹvM[ IgGɎSanta Cruzɏ 

10000¨Ĕȫ 

Lamin B 

Santa Cruz Biotechnology 

#sc-6217 

3000¨Ĕȫ 

HRPũȉĹ{T IgGɎZymedɏ 

10000¨Ĕȫ 
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6. Ȧ�ýƨƚǼŞ 

	� RNAĻº�@6 cDNAÛĶ 

RNeasy Micro kitɎQIAGENɏGơ�-ǋǡY�r��A RNAĻº/

ǇǵGǲ*'�Ļº '² RNA 2 �gG SuperScript II RNase H- Reverse 

Transcriptase kitɎInvitrogenɏGơ�-șȑ¶ÔįGǲ�cDNAGÛĶ 

'� 


� RT-PCR 

PCRÔį4 Ex TaqɎTAKARAɏGơ�-ǲ*'�PCRƠƕ4 2% Agarose 

gelɎNippon Geneɏ.ȿŶſÉĥ0.5 mg/ml Ethidium BromideɎInvitrogenɏ

2-ŠǩGǲ�e~�[L�wi�_�ɎFAS-� TOYOBOɏGơ�-Ņ

Ġ '� 

� ÔįŜ�ɔ94� 30ƺ� Ɏ94� 30ƺ55� 30ƺ72� 30ƺɏ�N cycles

� 72� 1»� 4� 

ūãɔGeneAmp PCR System 9700ɎApplied Biosystemɏ 

r~Lv�Ȩ½4�Ȁ2Ȁȗ"CɎǳ 3ɏ� 

ǳ 3 

18S rRNA 

23 cycles 

Fwd 5`-TATCAGATCAAAACCAACCCGGTGAGC-3` 

Rev 5`-CCAATTACAGGGCCTCGAAAGAGTCCT-3` 
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GAPDH 

22 cycles 

Fwd 5`-GTGAAGGTCGGTGTGAACG-3` 

Rev 5`-GGTGAAGACACCAGTAGACTC-3` 

Fgf4 

38 cycles 

Fwd 5`-TACTGCAACGTGGGCATCGGA-3` 

Rev 5`-GGCGTTCTCTTTGGAAAGGTGTTC-3` 

Fgf5 

35 cycles 

Fwd 5`-ACCCTTTGAGCTTTCTACCC-3` 

Rev 5`-CCGTCTGTGGTTTCTGTTGAGG-3` 

Oct3/4 

25 cycles 

Fwd 5`-GTGGGTTACCTTCATGGTAGG-3` 

Rev 5`-CTCGAACCACATCCTTCTCT-3` 

Rex-1 

28 cycles 

Fwd 5`-GGAACTCGCTTCCAGAACCT-3` 

Rev 5`-AGGCCAGTCCAGAATACCAG-3` 

Nanog 

28 cycles 

Fwd 5`-CGGTTCATCATGGTACAGTC-3` 

Rev 5`-CAGGTGTTTGAGGGTAGCTC-3` 

HIF-1� Fwd 5`-CAAGATCTCGGCGAACGAAAGAGTCTGA-3` 
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35 cycles 
Rev 5`-GAAGCACCTTCCACGTTGCTGACTTGAT-3` 

Sox1 

30 cycles 

Fwd 5`-CAATCTGCATCCCGGTTC-3` 

Rev 5`-ACCCAGGTCTTATCCCATCC-3` 

Map2 

35 cycles 

Fwd 5`-ACCAAGCCCTAAGCTTCGACTAA-3` 

Rev 5`-AAGGCCAAGAACACACGATTG-3` 

Nestin 

25 cycles 

Fwd 5`-GCTACATACAGGACTCTGCTG-3` 

Rev 5`-AAACTCTAGACTCACTGGATTCT-3` 

BMP4 

30 cycles 

Fwd 5`-GACTACTGGACACCAGACTAGTCCATC-3` 

Rev 5`-GGTGATCAGCCAGTGGAAAGGGACAGT-3` 

LIF-r 

28 cycles 

Fwd 5`-CTGACATATCCCAGAAGACACT-3` 

Rev 5`-GCATCTGTGGCTTATAGCCT-3` 

 

�� �J�_Lx PCR 

�J�_Lx PCR4 THUNDERBIRD SYBR qPCR Mix (TOYOBO)Gơ

�-ǲ*'� 
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ūãɔ7500 Fast Real Time PCR System (Applied Biosystems) 

r~Lv�Ȩ½4�Ȁ2Ȁȗ"CɎǳ 4ɏ� 

ǳ 4 

GAPDH 

Fwd 5`-GTGAAGGTCGGTGTGAACG-3` 

Rev 5`-GGTGAAGACACCAGTAGACTC-3` 

Nanog 

Fwd 5`-ACCTGAGCTATAAGCAGGTTAAGAC-3` 

Rev 5`-GTGCTGAGCCCTTCTGAATCAGAC-3` 

Oct3/4 

Fwd 5`-CACGAGTGGAAAGCAACTCA-3` 

Rev 5`-AGATGGTGGTCTGGCTGAAC-3` 

Sox1 

Fwd 5`-CAATCTGCATCCCGGTTC-3` 

Rev 5`-ACCCAGGTCTTATCCCATCC-3` 

BMP4 

Fwd 5`-TGAGCCTTTCCAGCAAGTTT-3` 

Rev 5`-CTTCCCGGTCTCAGGTATCA-3` 

Zfp521 Fwd 5`-GAGCGAAGAGGAGTTTTGG-3` 
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Rev 5`-AGTTCCAAGGTGGAGGTCAC-3` 

Fgf-5 

Fwd 5`-GCTGTGTCTCAGGGGATTGT-3` 

Rev 5`-CACTCTCGGCCTGTCTTTTC-3` 

Sox21 

Fwd 5`-CCTGGGCAGCGTGGCGGA-3` 

Rev 5`-CAGACTGCGGGAAGAAGACG-3` 

Smad7 

Fwd 5`-AGATGGGGGAAGTGCTTTTT-3` 

Rev 5`-GCGTGTCCAAAAGGCTAGAG-3` 

 

7. Ƹǎ»Ë2��C ȪǊįǁȑ¶æý HIF-1�3ūǢǼŞ 

	� HIF-1� knock-down ESǋǡŢ3¢ǵ 

śƴƽ. short hairpin RNA (shRNA)Gơ�- HIF-1�3 knock-downǋ

ǡŢG¢ǵ '�HIF-1� shRNAċ±Ɗ;3��`MK�[Z[cxɎSanta 

Cruz BiotechnologyɏG£ơ 80%X�p�N�e3 ESǋǡɎ24-well dishɏ

2 1�104 3��`MK�[/ Polybrene (ŗǌƑě 5�g/ml Santa Cruz 

Biotechnology)GƉÆ '��A2Puromycin (ŗǌƑě 5�g/ml)Ŝ��.

ǯÄȥĺGǲ*'ĥɇīȯ�.X�h�oaUJarGǲ*'�ħAD'ǋ

ǡGõ? HIF-1�3 RNA/_�lUȌ3ƨƚGǼŞ '�X�e���
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ǋǡŢ4 Control shRNA Lentiviral ParticlesɎSanta Cruz Biotechnologyɏ

Gơ�-¢ǵ '� 


� HIF-1�ĞÁƨƚ 

śƴƽ.4EF1�r�z�_�Gơ�- HIF-1�GĞÁƨƚ '�HIF-1

�3 ORFȨ½4 pEF1�-IRES-AcGFP1 vectorɎClontechɏ2Ǎ;ȕ;pEF1

� - HIF-1�ɎpEF1� - HIF-1� -IRES-AcGFP1ɏG¢Ķ '�Plasmid 

purification kitɎQIAGENɏ.ǇǵĥóïȨ½GƶȄ '�1�106 cells/ml

. ES ǋǡG 60 mm dKaZ|2ńƼ 5 ŒȲĥ2 Xfect mESC 

Transfection ReagentɎClontechɏGơ�-Ȧ�ýċ±Gǲ*'�48ŒȲĥ

ǋǡGåÕ FACSǼŞGǲ*'� 

 

8. U�v`�¯ƥźȵǼŞɎChromatin Immunoprecipitation ChIP 

assayɏ 

� U�v`�¯ƥźȵǼŞ4 ChIP-IT Express Enzymatic kitɎActive Motifɏ

Gơ�-ǲ*'�SFEBq»Ëîɉ 3.5ŏƮ3vM[ ESǋǡò@BU�v`�

GåÕ Protein-G Magnetic BeadsĹ Hif-1�Ĺ¡Ĺ RNA polymerase II

Ĺ¡Gơ�-¯ƥźȵÔįGǲ*'� iRcKqX�e���/ -mouse 

IgGGơ�'� 

� ¯ƥźȵǼŞ.£ơ 'r~Lv�Ȩ½4�Ȁ2Ȁȗ"Cɔ 

Sox1 Ɏ forward: 5’-AGAGTAAATTGGCACCTGAC-3’, reverse: 

5’-GCAAAGGCCTTTACAGATTC-3’ɏ 
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Zfp521 Ɏ forward: 5’-CTTGGTTCATTCCATGACTTGT-3’, reverse: 

5’-AGAATTTCTGGGTAATGCTGGT-3’ɏ� 

 

9. Luciferase assay 

� KOD-plus Neo (TOYOBO)Gơ�- Sox1 Ȧ�ý�Ƃ3ƮƪɅí

ɎChromosome8 NC_000074.6, 12391934-12392297ɏG PCR .õĖĥ

Luciferase reporterɎpGL3-promoter vector Promegaɏ2Ŀ± pGL3-Sox1

r~[wfG¢Ķ '�KOD-Plus Mutagenesis Kit (TOYOBO)Gơ�-Ʈ

ƪɅí2ÿé"C2�ķ3Hypoxia Responsible Element (HRE) Ȩ½2øƤG

ċ± '�pGL3-Sox1-mutN.45’ª3 HREȨ½ɎCGACGTɏG CGAAAT

2øƤ�$'�pGL3-Sox1-mutC.4 3’ª3 HREȨ½ɎACGTɏG AAAT2

øƤ�$'�pGL3-Sox1-mutNC42�ķ3 HREȨ½GøƤ�$'�¢Ķ 

'²-3r~[wf4 plasmid purification kit (QIAGEN) Gơ�-Ǉǵ ó

ïȨ½3ƶȄGǲ*'� 

� HEK293TǋǡG 24 well r��e (Sumitomo Bakelite)2ńƼ 250 ng

3 Hif-1αĞÁƨƚr~[wfɎpEF1α-Hif1αɏ250 ng3�Ȁ¢Ķ '�u�

_�r~[wfÓ6 100 pg3 Renilla luciferase constructɎPromegaɏGÜŒ

2 HEK293Tǋǡ2ċ± '�ǋǡċ±Ȃǯ4 Xfect reagent (Clontech)Gơ�

'� 

� 48 ŒȲĥLuciferase Ɓİ4 Dual-Luciferase Reporter Assay System 

ɎPromegaɏGơ�-ǼŞ '� 
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10.  FACS ǼŞ 

� HIF-1�ĞÁƨƚr~[wfGESǋǡ7Ȧ�ýċ±48ŒȲĥǋǡG0.25% 

Trypsin-EDTA2-Î�ǋǡ7»Ŋ�$2% FBS / PBS.ƀƃ '�%3ĥ]

�^�_�2-GFPȺİ3ǋǡG»Ö '� 

ūãɔMoFlo XDPɎBeckman Coulter Incɏ 

 

11.  ǐǾ¹Ɯ 

Úd�_4ăɋGɑå��ǲ�means ± standard deviationɎSDɏGǂ

º ǳƷ -�C�ǐǾǼŞ24 Student’s t-testÓ6 ANOVAɎ»Ŋ»Şɏ

Gơ�'�p< 0.053ǐǾǏşGŘĲ/ '�»Ŋ»Şb��4�anova4 on the 

web�http://www.hju.ac.jp/~kiriki/anova4/� GÀơ '� 
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III. Ǐş 

1.  ȪǊƝô�.3 ES ǋǡ3ǓĽîɉ 

�  ȪǊŜ�/vM[ ESǋǡ3ȳȜİ2+�-�D:.2 ȪǊįǁȑ¶

æý HIF-1�� ES ǋǡ3Ś»ËİǓĽGȋ2ÁĨ -�C/��ðÞ��C

ɎJeong et al., 2007ɏ�śƴƽ.ơ�C EB5ǋǡŢ2��-�3ðÞGƶȄ

"C'= ȪǊŜ��. ESǋǡGǓĽîɉ ǼŞGǲ*'� 

:# ȪǊŜ��.ǓĽîɉ ' ESǋǡ2��C ȪǊįǁGƶȄ"C

'=23% O23 ȪǊŜ��. 6ŒȲ24ŒȲǓĽîɉ 'ǋǡGåÕ 

Western blot żGơ�- HIF-1�3_�lUȌ�t�.3ƨƚGǼŞ '�

%3Ǐş ȪǊŜ�� 6ŒȲ24ŒȲ³2ţ´ HIF-1�3ƨƚȮ��Ő 

'�/�»�*'Ɏç 1 Aɏ� 

ŭ2ES ǋǡ3Ś»ËİGƶȄ"C'=Alkaline PhosphataseɎAPɏ

ŠǩGǲ*'�ȚĕȪǊŜ��2��-4ű03 ESǋǡX�h�� APŠǩ

Ⱥİ.�Bǋǡ3Ś»Ëİ�ǓĽ�D-�C�/�Ʒ�D'Ɏç 1 BĒɏ�

�D2ĉ  ȪǊŜ��. 4ŏȲǓĽîɉ '/�EAPŠǩȹİ3X�

h�Ó6ǋȰ�»Ë 'ğĴGƷ 'ǋǡ�ǻĈ�D'Ɏç 1 BÙɏ� 

�A2RT-PCR żGơ�-ǋǡ3Ś»Ëv�Q�3ƨƚ2+�-ǼŞ

 '�%3ǏşŚ»Ëv�Q�3 Rex-1Ó6 Fgf43 mRNAƨƚ4Țĕ

ȪǊŜ��.îɉ 'ñÛ2ŵ8 ȪǊŜ��.îɉ 'ǋǡ2��-ŘĲ

2Ƌč -�C�/�Ȅ=AD'Ɏç 1 Cɏ� 

��3ǼŞǏş�A ȪǊŜ��.vM[ ESǋǡ(EB5Ţ)2��- Ȫ

ǊįǁɎHIF-1�3ƁİËɏ�ȍ�Bǋǡ3Ś»ËİǓĽ�ĸÁ�DC�/
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�ƶȄ�D'��3ǏşGȏ:� ȪǊŜ�/Ƹǎ»Ë3ȳȜİ2+�-

�A2ǼŞGǲ*'� 

 

2. SFEBq »Ëîɉż2@C ES ǋǡ3Ƹǎ»Ë 

śƴƽ2��-Ƹǎ»Ëż/ - SFEBq»ËîɉżGơ�'�ȚĕȪǊŜ

��.ǓĽîɉ ' ESǋǡX�h�GÎ�ǋǡ7»Ŋ�$Uþë3 96-well

r��e2ǋǡGńƼ ƄȟîɉGǲ*'Ɏç 2 Aɏ�ES ǋǡ4ńƼĥ2

¸Ƚ ǋǡòGğĶ '�îɉŏŋ�ȝ<2ȜD-ǋǡò4û��1B

îɉ 11ŏƮ24ƯĢ�ǉ 1.7 mm3ƛƗ2ĶȰ 'Ɏç 2 Bɏ� 

¯ƥŠǩżGơ�-ǋǡò2��CÚƼv�Q�3ƨƚGȆ8'ǏşŚ

»Ëv�Q�Nanog3ƨƚ�»Ëŏŋ//>2Ƌč »Ë 4ŏƮ2¾řƸǎ

v�Q�Sox1»Ë 8 ŏƮ2ƸǎÃɊǋǡv�Q�Nestin»Ë 11 ŏƮ2Ƹ

ǎǋǡv�Q�Tuj-13ƨƚ�Ŧº�D'Ɏç 3 A-Cɏ� 

�A2RT-PCR ż.@Bȃǋ1Ȧ�ýƨƚǼŞGǲ*'/�EEpiblast

v�Q�Fgf5 3ƨƚ�»ËɑŏƮ�ȵ2 � %D2ǒ�¾řƸǎv�Q�

Sox1 3ƨƚ��Ő '�/�ƶȄ�D'Ɏç 4 Aɏ�Sox1 3ƨƚ�Ő2��

ƸǎÃɊǋǡv�Q�Nestin 3ƨƚ>�Ő ES ǋǡ4ƸǎÃɊǋǡ7»Ë

"C�/�»�*'Ɏç 4 Aɏ�%3ĥ»Ë 8ŏƮ�AƸǎǋǡv�Q�Map2

3ƨƚ�Ŧº�DESǋǡ4Ƹǎǋǡ7/»Ë -���/�ƶȄ�D'Ɏç 

4 Bɏ� 

��3Ǐş�AESǋǡ3Ƹǎ»Ë4û���+3ųȻ2»�ADC/

Ǜ�ADCɎç 17ɏ�ƿ�ųȻ.4ESǋǡ3Ś»Ëİ� � ¾řƸǎ
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v�Q�ɎSox1ɏ3ƨƚ��Ő ƸǎùǠǬ7Ƞà��ADƸǎÃɊǋ

ǡ7/»Ë"C�ƿ�ųȻ.4Ƹǎǋǡv�Q�3ƨƚ��Ő ƸǎÃɊ

ǋǡ�AĶƓ 'Ƹǎǋǡ7/»Ë"C� 

śƴƽ4Ƹǎ»Ë/ ȪǊŜ�3ȳȜİ2+�-ǼŞGǲ*'� 

 

3. SFEBq »ËîɉŒ3ǋǡò´ȪǊƝô 

4!=2 ȪǊŜ�/Ƹǎ»Ë3ȳȜİGȆ8C'=2SFEBq»Ëî

ɉŒ3ǋǡò´ȪǊƝôGȆ8'� 

:#Hypoxy probe Gơ�-ǋǡò´2��C ȪǊɅíGƶȄ '�

Hypoxyprobe ż4 ȪǊŜ��3ǋǡ�ǍǕ�A�ȈƕȌ/ -

2-Nitroimidazole/ß5DC ȪǊv�Q��ºƚ"CƚȊGÀơ ̄ ƥŠ

ǩ2@Bǋǡ�ǍǕ3 ȪǊɅíG×ǹË"Cōż.�C�»Ë 234

ŏƮ3ǋǡòGåÕ ŠǩGǲ*'/�E»Ë 2 ŏƮ�A Hypoxyprobe

Ⱥİ3 ȪǊȧ�GĽ+ǋǡò�Ŧº�Dü=»Ë 3ŏƮ�ȵ4"8-3ǋ

ǡò2 ȪǊɅí�ǸADɎç 5Aɏ4 ŏƮ24ǋǡò²¡2 ȪǊɅí�

ğĶ�D'Ɏç 5CĒɏ� 

�A2Western blot 2@B ȪǊįǁȑ¶æý HIF-1�3_�lUȌƨ

ƚGƶȄ '�»Ë 3ŏƮ3ǋǡòGåÕ ǼŞ '/�EţĻº_�lU

Ȍ. HIF-1��Ŧº�D'Ɏç 5Bɏ� 

¯ƥŠǩżGơ�-Ƹǎǈv�Q�ƨƚGƶȄ '/�E»ËɒŏƮ2Ƹ

ǎ»Ë3¾řv�Q�Sox1 3Ⱥİǋǡ� Hypoxyprobe ȺİɅí/Ȭ1C�

/�ǻĈ�D'Ɏç 5CÙɏ� 
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��3Ǐş�ASFEBq»ËîɉŒ»Ë 2-3ŏƮ�A ȪǊįǁ�ȍ�

C�/�őA�/1*'�:'¾řƸǎv�Q�Sox1 3ȺİɅí/ ȪǊ

Ʌí�Ȭ1C�/�AƸǎ»Ë3¾řv�Q�3ƨƚ/ ȪǊįǁ3ȳȜİ

�Ʒâ�D'� 

 

4.  ȪǊ/¾řƸǎ»ËɎƸǎ»Ë3ƿ�ųȻɏ 

� Ƹǎ»Ë¾řv�Q�Sox13ƨƚ/ ȪǊ3ȳȜİ�Ʒâ�D''= Ȫ

ǊƝô�¾ř3Ƹǎ»Ë2��CĠɂ2+�-�A2ǼŞGǲ*'� 

� SFEBq »Ëîɉ/ŁƱîɉ3ŵȒ 

ȚĕȪǊŜ��.Ü!îêGơ�-SFEBq»Ëîɉ/ŁƱîɉ3ŵȒ

ǼŞGǲ*'Ɏç 6 Aɏ�ŁƱîɉǘ4 SFEBqîɉǘ/Ƥ1B»ËɑŏƮ

2 HIF-1�3_�lUȌƨƚ�Ŧº�D1�*'Ɏç 6 Bɏ��A2�J�

_Lx PCR żGơ�-»ËɒŏƮ3Ȧ�ýƨƚGȆ8'/�ESFEBq »

Ëîɉǘ4ŁƱîɉǘ2ŵ8Sox1 3ƨƚ�ɇǭ2�Ő Ś»Ëv�Q

�Nanog/ Oct3/43ƨƚ�ŘĲ2 � -�C�/�»�*'Ɏç 6 Cɏ� 

� ȚĕȪǊ/ ȪǊŜ��.3ŁƱîɉ3ŵȒ 

SFEBq»Ëîɉż/Ü!îêGơ�-ŁƱîɉGǲ�ȚĕȪǊ:'4

 ȪǊŜ��2-»ËîɉGǲ*'Ɏç 7 Aɏ�Western blotǼŞ. ȪǊ

ǘ3»Ë 3ŏ2 HIF-1�3_�lUȌƨƚ�Ŧº�D'Ɏç 7 Bɏ��J�_

Lx PCRżGơ�-»ËɒŏƮ3Ȧ�ýƨƚGȆ8'/�EȚĕȪǊǘ2

ŵ8 ȪǊǘ4 Sox1 3ƨƚ�ŘĲ2ɍ�ș2Ś»Ëv�Q�Nanog /

Oct3/43ƨƚ4 ��/�»�*'Ɏç 7 Cɏ� 
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� ��3Ǐş�A ȪǊįǁ�Ŧº�D' ESǋǡǘ.4 Sox13ƨƚ��Ő

 ș2Ś»Ëv�Q�3ƨƚ� � '�/�»�BHIF-1��¾řƸǎ»

ËGů2ÁĨ"C×Ǣİ�Ʒâ�D'� 

 

5. HIF-1� Knock-down ES ǋǡGơ�'ǼŞ 

� HIF-1��03@�1yQh\xGȚ!-¾řƸǎ»ËɎƸǎ»Ë3ƿ�ų

ȻɏGÁĨ"C�GȆ8C'=HIF-1�3 Knock-down ESǋǡG¢ǵ Ǽ

ŞGǲ*'� 

shRNA Gơ�- HIF-1�3 knock-down ES ǋǡGŪƾ RT-PCR Ó6

Western blot ǼŞ.HIF-1�3ƨƚ ��ƶȄ�D'Ɏç 8 A, Bɏ� 

¢ǵ ' HIF-1� Knock-down ESǋǡGơ�-SFEBq»ËîɉGǲ�

»ËɒŏƮ3Ȧ�ýƨƚǼŞGǲ*'/�EKnock-down ǋǡǘ2��-

Ƹǎǈv�Q�Sox1Sox21 / Zfp521 3ƨƚ�ǭ � � '�/�»�*

'��ōŚ»Ëv�Q�Nanog / Oct3/4Epiblast v�Q�Fgf-5Ƹǎ»

ËĸÁæý BMP43ƨƚ4X�e���ǋǡǘ2ŵ8ŘĲ2ɍ�1*-�C

�/őA�21*'Ɏç 9 Aɏ� 

�A2¯ƥŠǩ.ÚƼƸǎ»Ëv�Q�3_�lUȌ�t�.3ƨƚGƶ

Ȅ '/�EHIF-1� Knock-down ESǋǡ2��-Sox1Pax6Nestin

3Ⱥİǋǡ4Ŧº�D1�*'Ɏç 9 Bɏ� 

��3Ǐş�AHIF-1�4Ƹǎ»Ëv�Q�3ƨƚÓ6Ƹǎ»ËĸÁæý

BMP43ƨƚÁĨ2ȳ� -�C�/�Ʒâ�D'� 
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6. HIF-1�/ BMP4 2+�-3ǼŞ 

� HIF-1�/ BMP4 3ȳȜİGȆ8C'=2:#Țĕ3 SFEBq »Ëî

ɉŒ2��C BMP4 3ƨƚGƶȄ '�ç 10A .Ʒ"@�2´éİ3 BMP4

3ƨƚ4»Ë3ȝǲ2�� �"C�BMP4GƉÆ ' SFEBqîɉ.4 Sox1

3ƨƚ� � -�C�/�ƶȄ�D'Ɏç 10 Bɏ�ŭ2 BMP4�Ƹǎ»Ëĸ

Á2«�Œř2+�-ȃǋ2Ȇ8'/�E»Ë 2 ŏƮ�A 4 ŏƮ3řȲ2Ɖ

Æ 'ñÛ2Ƹǎ»Ë�ĸÁ�DC�/�őA�/1*'Ɏç 10 Cɏ��3

řȲ4ǋǡò´ ȪǊɅí�ğĶ�DHIF-1��ƁİË�DCɎç 5 A, Bɏ

Œř.>�C� 

� ç 9 A3d�_�AHIF-1� Knock-down ESǋǡ. BMP43ƨƚ�ɍ�

�/�»�*''=BMPZVg�3�Ƃæý.�C Smad3Ɓİ2+�-�

A2Ȇ8'�%3ǏşHIF-1� Knock-down ESǋǡ2��-Smad73Ȧ

�ýƨƚ��Ő Ɏç 11 AɏSmad1_�lUȌ3��ȪË�t�>ŘĲ2ɍ

��/Ɏç 10 Bɏ�»�*'� 

� ��3Ǐş�AHIF-1�� BMPZVg�Gȋ2ÁĨ -�C�/�Ğ�Ʒ

â�D'��3ǏȇGƶȄ"C'=2BMPZVg�3ĸÁÄ/ -ƲAD-

�C NogginGHIF-1� Knock-down ESǋǡGơ�' SFEBqîɉŒ2ƉÆ

"CăɋGǲ*'�%3ǏşNogginGƉÆ"C�/.¾řƸǎv�Q�Sox1

/ Zfp5213ƨƚ�ŘĲ2åĩ"C�/�»�*'Ɏç 12ɏ� 

��3Ǐş�AHIF-1��Ƹǎ»Ë3ƿ�ųȻ2��-BMP ZVg�G

ȋ2ÁĨ"C�/�őA�/1B�HIF-1�� BMPZVg�3ĸÁG� -¾

řƸǎv�Q�3ƨƚG¦ȝ"C�/�Ʒâ�D'� 
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7. HIF-1� ĞÁƨƚ ES ǋǡGơ�'ǼŞ 

Hif-1�3ĞÁƨƚăɋGǲ�'=ES ǋǡ´.Ğ�ȑ¶ƁİGĽ+ EF1�

r�z�_��Ƃ2Hif-1�Ȩ½GǍ;ȕH( pEF1�-HIF-1�-IRES-AcGFP1 

tU_�G¢Ķ ES ǋǡ2ċ±GȂ;'�ċ± 48 ŒȲĥǰ®ɇīȯǻĈ

2@BESǋǡ´2��C GFP3ƨƚ�ƶȄ�D�A2Western blotż.

HIF-1�_�lU3ƨƚGƶȄ 'Ɏç 13 A, Bɏ�ŭ2]�^�_�. GFPȺ

İǋǡG»Ö HIF-1� ĞÁƨƚ ESǋǡGåÕ 'Ɏç 13 Cɏ� 

åÕ ' HIF-1� ĞÁƨƚ ESǋǡ3�J�_Lx PCRǼŞGǲ*'/�

EHIF-1�ĞÁƨƚǋǡǘ4X�e���ǋǡǘ2ŵ8Ś»Ëv�Q�

Nanog/ Oct3/43ƨƚ�ŘĲ2 � BMP43ƨƚ4Ŧº�D#Sox13

ƨƚ�ǭ �ɍ�1*-�C�/�»�*'Ɏç 14ɏ� 

��3Ǐş�A>HIF-1�� BMP43ƨƚGĸÁ ¾řƸǎv�Q�Sox1

3ƨƚG¦ȝ"C�/�ƶ�=AD'� 

 

8. HIF-1��ƯŁ2¾řƸǎv�Q�3ƨƚGÁĨ"CyQh\x 

� �D:.3Ǐş�AHIF-1�� BMP4 3ƨƚGĸÁ"C�/Ó6¾řƸ

ǎv�Q�3ƨƚG¦ȝ"C�/�»�*'Ɏç 9, 11, 14ɏ�BMPZVg�4

¾řƸǎv�Q�Sox13ƨƚGĸÁ"CƁİGĽ+�/Ɏç 10ɏ�AHIF-1

��´éİ BMPZVg�3ĸÁG� -Sox13ƨƚG¦ȝ"C×Ǣİ�Ǜ

�ADC� 

� :'HIF-1�4ȑ¶æý.�C'=BMPZVg�3ÁĨG�"C�ù2

¾řƸǎv�Q�3Ȧ�ýĜ2ǏÛ %3ƨƚGƯŁ2ÁĨ"C×Ǣİ>Ǜ
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�ADC�%�.¾řƸǎv�Q�ɎSox1Zfp521ɏ3ƨƚ�ƯŁ2 HIF-1

�2@*-ÁĨ�D-�C�0��GőA�2"C'=��3ăɋGǲ*'� 

� U�v`�¯ƥźȵǼŞ 

SFEBq»Ëîɉ 3.5ŏƮ3 ESǋǡòƣŝ3U�v`�GĻº U�v

`�¯ƥźȵǼŞGǲ*'�%3ǏşHIF-1�4¾řƸǎv�Q�3�+.

�C Zfp521 .41�Sox1 3Ȧ�ýĜ2ƖƤƪ2ǏÛ -�C�/�őA

�21*'Ɏç 15ɏ� 

� Luciferase Assay 

Sox1Ȩ½3�Ƃ2 HREɎHypoxia Responsive ElementɏȨ½�ɐ�ķÿ

é -�C�/�ALuciferase AssayGơ�-HIF-1���DA3 HRE 

Ȩ½G� -Sox1 3ƨƚGƯŁ2ÁĨ -�C�0��GǼŞ '�ç 

16A.ɐ�ķ3 HIF-1�ǏÛɅí HREȨ½GƷ -�C�HREȨ½GÝ<

WjxɅíG PCR.õĖ Luciferase reporter plasmid2Ǎ;ȕH(Ɏç 

16Aɏ��A2ɐ�ķ3 HRE Ȩ½3%D&DƔō2øƤG±D'r~[w

f/�ō2øƤG±D'r~[wfG¢Ķ 'Ɏç 16Aɏ��DA3r~[

wfG HEK293Tǋǡ2ċ± ÜŒ2 HIF-1�ĞÁƨƚr~[wfɎpEF1

�- HIF-1�ɏ>ċ± '�ċ±ǋǡ.3 HIF-1�3ƨƚ4Western blotǼ

Ş2-ƶȄ 'Ɏç 16Bɏ� 

ç 16C2 Luciferase Assay3ǏşGƷ"�X�e���ǘ2ŵ8HRE

Ȩ½Gċ± 'ǋǡǘ3 Luciferase Ɓİ�ŘĲ2�Ő '��D2ĉ ɐ

�ķ3 HRE Ȩ½�ō2øƤG±D'ǋǡǘ2��-4Luciferase Ɓİ3

�Ő�ǸAD1�*'��3�/@BHIF-1�4�ō3 HREȨ½73ǏÛ
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G� Sox13ƨƚG¦ȝ -�C�/�»�*'� 

�  

� ��@BHIF-1�4 BMPZVg�3ĸÁ(�.1�ƯŁ2¾řƸǎv�

Q�Sox13Ȧ�ýĜ�Ƃ3 HREȨ½2ǏÛ Sox13ƨƚGů2ÁĨ"C�

/2@B¾řƸǎ»ËG¦ȝ"C�/�»�*'� 
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IV. ǛĈ 

1. ES ǋǡ3Ś»Ëİ/ ȪǊ 

� Ěȇ.ȗ8'@�2�D:.me ESǋǡ/vM[ ESǋǡ3Ś»ËǓĽ

2��C ȪǊÂƐ3Èş�Ƥ1C/ðÞ�D-�C��A2me ESǋǡ/

vM[ ESǋǡ�Ƥ1CİȌG>+ðÞ>�Bme ESǋǡ.4 bFgfZVg

�vM[ ES ǋǡ.4 LIF ZVg�/�*'%D&DƤ1CŚ»ËİǓĽ

ūŧ�«�-�CɎHanna et al., 2010ɏ��D�Ś»ËǓĽ2��C ȪǊÂ

Ɛ3Èş�Ƥ1CÐæ3�+3×Ǣİ��C� 

� :' ȪǊįǁȑ¶æý HIFs24 HIF-1�HIF-2�HIF-3�3Yq_

Lr�ÿé"C�/�AɎGu et al., 1998; Wang et al., 1993ɏ%D&D3Yq

_Lr�Ś»ËİǓĽ2ĉ -Ƥ1CĠɂG��C�/>Ǜ�ADC��D:

.HIF-2�� ESǋǡ3Ś»Ëv�Q�Oct-43ƨƚGÁĨ ǋǡ3Ś»Ë

İǓĽG¦ȝ"C�/�ðÞ�D-�CɎCovello et al., 2006; Forristal et al., 

2010ɏ�:'HIF-1�4vM[ ESǋǡ2��-LIFZVg�GȴĆ Ś

»ËİǓĽGĸÁ"CðÞ�Ķ�D-�CɎJeong et al., 2007ɏ��DA3ðÞ

�AHIF-1�/ HIF-2�4 ESǋǡ3Ś»ËİǓĽ2��-Ƥ1CġÅGĽ+

�/�Ǜ�ADC� 

 

� śƴƽ.4vM[ ESǋǡGơ�-:#ǓĽîɉŒ2��Cǋǡ3Ś»Ëİ

ǓĽ/ ȪǊ3ȳȜİGç 1 3ăɋ.ƶȄ '�Jeong A3ȇŌ3Ǐş/�Ǩ

  ȪǊÂƐ2@BǓĽîɉŒ3 ES ǋǡɎEB5 Ţɏ.Ś»Ëİ� � 

'�/�ƶȄ�D'ɎJeong et al., 2007ɏ� 
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+,�-»ËîɉŒ2��C ESǋǡ3Ś»Ëİ3 �/ ȪǊ3ȳȜİ2

+�-ǼŞ ��3ǏşGħ'� 

� ȚĕȪǊŜ��2��CŁƱ»Ëîɉ/ SFEBq»Ëîɉ3ŵȒăɋ.4 

ȪǊįǁȑ¶æý HIF-1�3ƨƚ�ƶȄ�DC SFEBq »Ëîɉǋǡǘ2��

-NanogOct3/43ƨƚ�@B �©GƷ 'Ɏç 6Cɏ�:'Ü!ŁƱî

ɉ.> ȪǊŜ��.îɉ HIF-1�3ƨƚ�ƶȄ�D'ǋǡǘ2��-

NanogOct3/43ƨƚ� � 'Ɏç 7Cɏ��DA3ăɋǏş4»ËîɉŒ

2��->HIF-1�4vM[ ESǋǡ3Ś»ËİǓĽGĸÁ"C�/GƷâ"

C� 

� �A2HIF-1�3 Knock-down ESǋǡGơ�'»Ëăɋ.4X�e��

�ǋǡǘ2ŵ8-Knock-down ESǋǡǘ3Ś»Ëv�Q�3ƨƚ�ɍ��/

�»�*'Ɏç 9Aɏ�:'HIF-1�ĞÁƨƚǋǡ2��-4ș2Ś»Ëv

�Q�3ƨƚ� �"C�/�»�*'Ɏç 14ɏ��DA3Ǐş4Ƹǎ»Ë

îɉŒ2��->HIF-1�4 ESǋǡ3Ś»ËİǓĽGĸÁ"Cæý.�C�

/GƷ">3.�C� 

� ǓĽîɉŒ2��CŚ»Ëİ3ĸÁyQh\x2+�-JeongA4HIF-1

�� LIF-r (LIF�]r_�)3r�z�_�Ʌí2ǏÛ LIF-r3ƨƚG �

�$C�/2@B LIF/LIF-r�ȢǎȎGȴĆ vM[ ESǋǡ3Ś»ËİǓĽ

GĸÁ"C/ðÞ 'ɎJeong et al., 2007ɏ�śƴƽ.>�3�/G RT-PCR

2@BƶȄ -�CɎç 1Cɏ� 

 � śƴƽ2��-Ƹǎ»ËîɉŒ2 LIF4ƉÆ�D-�A#:'

LIF/LIF-r�ȢǎȎ3�Ƃ2�C Stat33Ɓİ4 ȪǊÂƐ2ȳ¥1� �"

C�/Ɏdata not shownɏGőA�2 -�C�/�AƸǎ»ËŒ2ǸAD
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' ȪǊįǁ2@CŚ»Ëİ3 �4LIF �ȢǎȎ3ĸÁ2@C>3.41

�/Ǜ�ADC�+:BǓĽîɉŒ/Ƥ1BƸǎ»ËŒ3 ESǋǡ3Ś»Ë

İǓĽ4LIF/LIF-r�ȢǎȎGȚ!-ȆǄ�DC3.41� ȪǊįǁ2@

C�3ǎȎGǎƣ -ȆǄ�ǲFD-�C×Ǣİ�Ʒâ�D'� 

vM[ ESǋǡ3Ś»ËİǓĽ2ȳ -4LIF�ȢǎȎ�ù2 BMPZVg

�3ȳ��ðÞ�D-�CɎYing et al., 2003ɏ�HIF-1� Knock-down ESǋ

ǡ2��-»ËŒ2 BMPZVg�3�Ő�ǸAD'�/�AɎç 9A, 11ɏ

»ËŒ3Ś»ËİǓĽ3ĸÁyQh\x/ -HIF-1�G� ' BMPZVg

�ǎȎ3ȋ3ȆǄ�Ǜ�ADC��3ƒ2+�-4�ĥ�A1CǼŞ�ĮǷ

.�C� 

 

2. Ƹǎ»Ë/ ȪǊ 

� ç 17.Ʒ"Ũ2ESǋǡ3Ƹǎ»Ë4�+3ųȻ2»�ADC�ƿ�ųȻ

.4Ś»Ëv�Q�3ƨƚ3 �2�*-¾řƸǎv�Q�3ƨƚ��Ő 

ESǋǡ3ƸǎùǠǬ73»Ë�ŹĂ�DƸǎÃɊǋǡ7/»Ë"C�ƿ�ų

Ȼ.4ƸǎÃɊǋǡv�Q�3ƨƚ3 �/³2Ƹǎv�Q�3ƨƚ��

Ő ĶƓ 'Ƹǎǋǡ7/»Ë"C�śƴƽ4Ƹǎ»Ë3�+3ųȻ2�

�- ȪǊƝô���CĠɂ2+�-Ŧǿ '� 

� 	� Ƹǎ»Ëƿ�ųȻ 

ESǋǡ3Ƹǎ»Ë3ƿ�ųȻ.4Ś»Ëv�Q�Ó6 Epiblastv�Q�

3ƨƚ� � ¾řƸǎv�Q�.�C Sox13ƨƚ��Ő"C�/.Ƹ

ǎùǠǬ7/ȠàŹĂ�DCɎç 3A, 4Aɏ�%3ĥSox13ƨƚ4Ħ�2 
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� »ËɓŏƮÃĥ2ƸǎÃɊǋǡv�Q�.�C Nestin3ƨƚ��Ő"

CɎç 4Aɏ� 

ȚĕȪǊŜ�2��C SFEBqîɉ/ŁƱîɉ3ŵȒăɋ2��-HIF-1

��ǋǡǧĤƪ2ƨƚ"C SFEBqîɉǘ4ŁƱîɉ2ŵ8-¾řƸǎv�

Q�Sox1 3ƨƚ�ǭ ��Ő 'Ɏç 6Cɏ�:'Ü!ŁƱîɉ.�*->

 ȪǊƝô�.îɉ"C�/. HIF-1��ƨƚ"C ȪǊîɉǋǡǘ4Țĕ

ȪǊîɉǋǡǘ2ŵ8 Sox13ƨƚ3ƨƚ�ŘĲ2�Ő 'Ɏç 7B,Cɏ��D

A3ăɋǏş�AHIF-1�4 ESǋǡ3Ƹǎ»ËG¦ȝ"Cæý.�C×Ǣ

İ�Ʒâ�D'� 

Ŗ2HIF-1�3 Knock-down Ó6ĞÁƨƚ ES ǋǡGơ�-Ƹǎ»ËG

Ȇ8'/�EX�e���ǋǡǘ2ŵ8-Knock-down ESǋǡǘ3 Sox1

/ Zfp5213ƨƚ�ǭ � � ¯ƥŠǩ. Sox1_�lUȌ3ƨƚ>Ȅ=

AD1�*'Ɏç 9ɏ�:'»Ë 4ŏƮ2X�e���ǋǡǘ.Ŏ2ƨƚ�

9/H0ǸAD1� Epiblastv�Q�Fgf5� Knock-down ESǋǡǘ.4Ȅ

=AD'Ɏç 9Aɏ��3�/4HIF-1��ŬŃ ' ESǋǡ�Ƹǎ7»Ë

.�#Epiblast3ƗĴ.ƨƟ�Ů:*-�C×ǢİGƷâ '�:'FACS

.»Ö ' HIF-1�ĞÁƨƚǋǡ2��-ǓĽîɉŜ��2>ȳFA#

Sox13ƨƚ�ǭ ��Ő 'Ɏç 14ɏ� 

�DA3Ǐş@BHIF-1�4 Sox1 3ƨƚGů2ÁĨ ES ǋǡ3Ƹǎ

»ËŹĂ2/*-ĮɄ3æý.�C�/�Ʒ�D'� 

HIF-1�2@CƸǎ»Ë¦ȝ3»ýyQh\x2ȳ -4HIF-1� 

Knock-down ES ǋǡǘ2��-Ƹǎ»ËĸÁƁİGŘ"C BMP4 3ƨƚ�

�Ő '�/Ɏç 9AɏHIF-1�ĞÁƨƚǋǡ2��- BMP4 3ƨƚ�ĸÁ
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�D'�/Ɏç 14ɏ@BHIF-1�� BMP ZVg�3ĸÁG� -Sox1

3ƨƚG¦ȝ"C×Ǣİ�Ǜ�AD'� 

 � HIF-1� Knock-down ESǋǡ2��C Sox13ƨƚ4X�e�

��ǋǡ2ŵ8- 100¨Ƌč '3Ɏç 9Aɏ2ĉ -BMPZVg�3ĸ

ÁÄ Noggin GƉÆ ' HIF-1� Knock-down ES ǋǡ3 Sox1 ƨƚ4

Knock-down ESǋǡǘ2ŵ8ǉ 40¨3�Ő �ǸAD1�*'Ɏç 12ɏ�

�3Ǐş4HIF-1�2@C Sox1 3ƨƚÁĨ4BMP ZVg�3ȋ3ÁĨ

G�"C�/(�.41�Sox13ƨƚG HIF-1��ƯŁ2ÁĨ"CyQh

\x�ÿé"C�/G�ı�$'� 

%�.HIF-1��ƯŁ2Ƹǎ»Ë¾řv�Q�ɎSox1, Zfp521ɏ3ƨƚG

ÁĨ -�C�0��GU�v`�¯ƥźȵǼŞ/ Luciferase Assay.Ȇ8

'/�EHIF-1�4 Sox1 Ȧ�ý�ƂɐQķ3 HRE Ȩ½73ǏÛG� 

%3ƨƚGƖƤƪ2ÁĨ -�C�/�Ʒ�D'Ɏç 15, 16ɏ� 

��@Bƿ�ųȻ3Ƹǎ»ËŹĂř2��- ȪǊƝôɎHIF-1�3Ɓ

İËɏ4Ƹǎ»Ë3ĸÁZVg� BMP4 GȴĆ �A2ƯŁ2¾řƸǎv

�Q�Sox13Ȧ�ýĜ2ǏÛ"C�/2@BSox13ƨƚGů2ÁĨ ¾

řƸǎ»ËɎƿ�ųȻɏG¦ȝ"C�/�őA�/1*'Ɏç 18ɏ� 

� 
� Ƹǎ»Ëƿ�ųȻ 

ƿ�ųȻ2��-4ƸǎÃɊǋǡ7»Ë ' ESǋǡ4Ƹǎǋǡ7»Ë 

Ƹǎ3ĶƓ/>ǽ�C��3ųȻ.Ƹǎǋǡv�Q�3ƨƚ��Ő ǋǡ

4Ƹǎǋǡ7»Ë"C� 

�D:. ȪǊŜ��Ķ¡ƣŝ3ƸǎĘǋǡ3Ƹǎǋǡ»ËG¦ȝ"C/
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��ðÞ�1�D-�BɎMorrison et al., 2000; Studer et al., 2000ɏHIF-1

�3ȳ�>ðÞ�D-�CɎStuder et al., 2000; Kim et al., 2008ɏ��DA3

ðÞ�AESǋǡƣŝ3ƸǎĘǋǡ3Ƹǎǋǡ73ĶƓ2��-> ȪǊ

ƝôɎHIF-1�ɏ�ȳ� -�C×Ǣİ�ɍ�/Ǜ�ADC� 

 ȪǊŜ��Ɏ3% O25% CO237�ɏ. SFEBq»ËîɉGǲ�Țĕ

ȪǊŜ��3ǋǡǘ/ŵȒ '/�E»Ë 8ŏƮ�ȵ ȪǊŜ��.îɉ

 'ǋǡǘ2��-Ƹǎǋǡv�Q�Map2/ Tuj-13ƨƚ��Ő '�/

�ǸAD'Ɏdata not shownɏ��3Ǐş�A ȪǊƝô�ƸǎÃɊǋǡ�

AƸǎǋǡ73»ËG¦ȝ"C×Ǣİ�Ʒâ�D'� 

�ĥESǋǡƣŝ3ƸǎÃɊǋǡGŪƾ Ƹǎǋǡ73»Ë/ ȪǊ3

ȳȜİÓ6%3»ýyQh\x2+�-3Ŧǿ�řģ�DC� 
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V. Ǐȇ 

� �D:.ESǋǡ3Ƹǎ»Ë/ ȪǊŜ�3ȳȜİ2+�-4ű0�ő.�

Bśƴƽ4%3ȳȜİÓ6»ýyQh\x2+�-ǼŞ ��3ǏȇGħ

'� 

1. ESǋǡ3ǓĽîɉ2��- ȪǊÂƐ4Ś»ËǓĽGȴĆ ' 

2. SFEBq»Ëîɉż2��-»Ë¾ř�Aǋǡò´. ȪǊįǁÔį�Ǹ

AD' 

3.  ȪǊįǁ2@BƁİË ' HIF-1�4Ƹǎ»Ë3ĸÁZVg� BMP4

GȴĆ �A2ƯŁ2¾řƸǎv�Q�Sox13Ȧ�ýĜ2ǏÛ"C�/

2@BSox13ƨƚGů2ÁĨ ¾řƸǎ»ËɎƸǎ»Ëƿ�ųȻɏG

¦ȝ ' 

� ��3Ǐȇ�A ȪǊÂƐ�vM[ǠİĘǋǡ3Ƹǎ»ËGů2ÁĨ -

�C�/�őA�/1*'� 

 

 

 

 

  



 41 

VI. ȈȔ 

� śƴƽ4ûŤƢ§ŉŀɎǀŽûĀûĀȶ�ȲǔÛƹĀƴƽƹ� µƟĘǋǡƟ

ƕĀƴƽĄɏ3�ľċ3¬2ǲ*'>3.�BƇƞ1CĳȈ3ĲGǳ :"� 

� śƴƽ3Ȟǲ2�'BǌüĨĵǆ1CĨľċĨɁŇGɃ�: 'ɍĐư

ǗÇŉɎÜ�ȲǔÛƹĀƴƽƹ� µƟĘǋǡƟƕĀƴƽĄɏ2Ƈ�ĳȈ3ĲG

ǳ :"� 

� śƴƽ3Ȟǲ2�'BĨľċĨÇǽGɃ�: 'ď�ėŔÇŉɎÜ�Ȳ

ǔÛƹĀƴƽƹ� µƟĘǋǡƟƕĀƴƽĄɏȰȭưƏÏ÷ÇŉɎÜ�ȲǔÛƹ

Āƴƽƹ� µƟĘǋǡƟƕĀƴƽĄɏ2Ƈ�ĳȈ3ĲGǳ :"� 

� ƌ��Ǹā*-Ƀ�: 'ǀŽûĀµƟĘǋǡƟƕĀƴƽĄ3[_ap1A

6ûĀȶƟûĀĀȧƟ3ƫŨ2Ƈ�ĳȈ3ĲGǳ :"� 
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**!p<0.01ĊStudent’s!t9testċ!
!

XsČÌU.D,!Undetected�

Re
la

tiv
e 

qu
an

tit
y�



Sox1�

Zfp521�

$����òĆĀùć�ZO�qI�
�

ÌòĆĀùć�ZO�QîWÐÝÍ¤¥¢��ÊÓ�FahĀĉñĉSox1�äZfp521ây	
+4ái!×ÝÐìÒáÜÐÝqI×ÚÎ�
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Chromosome 8�
Sox 1�A�B� +1�

LUC�

B�A�

A: HRE6r�

B: HRE4�

-3570 ACCTCTTCCGACGTTCTTTA -3551�

-3250 ATGGTCCCCAACGTACCCAA -3231�

pGL3-Sox1!
-3575 CAAAGACCTCTTCCGACGTTC…CAACGTACCCAACTTGTTTGG -3222�

pGL3-Sox1-mutN!
-3575 CAAAGACCTCTTCCGAXXTTC…CAACGTACCCAACTTGTTTGG -3222"
                                               AA�pGL3-Sox1-mutC!
-3575 CAAAGACCTCTTCCGACGTTC…CAAXXTACCCAACTTGTTTGG -3222"
                                                                      AA�pGL3-Sox1-mutNC!
-3575 CAAAGACCTCTTCCGAXXTTC…CAAXXTACCCAACTTGTTTGG -3222"
                                               AA              AA�

A�

B�

C�

$����§Æ´º·¶Ã²Ä¶�²ÄÄ²É�
�

A.  Sox1ây	+4�Rá¤¥¢��ÊÓi!Øì¤¬¡�'Ó�Ĉ=Ċ����ċ-%×ÝÐìÎ
Á£§��ÀÈ�Č�Ĉ=â¤¬¡�'î"è{�î§Æ´º·¶Ã²Ä¶�Ã¶ÁÀÃÅ¶Ã�Á½²Ä¾ºµĊÁ£§�ċá@�

×ÚÎÁ£§��ÀÈ��¾ÆÅ©Č¤¬¡�'�âçá*Yî�íÚÁ£§��ÀÈ�ÎÁ£§��ÀÈ��
¾ÆÅ Č¤¬¡�'�âçá*Yî�íÚÁ£§��ÀÈ�ÎÁ£§��ÀÈ��¾ÆÅ© Č�Ĉ=â¤¬¡
�'�C*Yî�íÚÁ£§��ÀÈ�Î�

��  °¶ÄÅ¶Ã¿�³½ÀÅQéëÍÁ¡¢�Ê�¤º·�Ê0���E�7Í¤¡¦���®gkáÑÔì¤¥¢��Êø
ćýòtâ5�[Vî_r×ÚÎ�

 �  �Þ`×ÚÁ½²Ä¾ºµßÁ¡¢�Ê�¤º·�Êî¤¡¦���®gká0�×Í��E�7§Æ´º·¶Ã²Ä¶�
²ÄÄ²ÉînÛÚÎÁ£§��!1±0.07��Á£§��ÀÈ���1.79±0.13��Á£§��ÀÈ��¾ÆÅ©��1.43±0.04��
Á£§��ÀÈ��¾ÆÅ ��1.51±0.09��Á£§��ÀÈ��¾ÆÅ© ��1.04±0.09Ì**!p<0.01ĊANOVAċ!
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