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ᶮ Ẏἶ ˲ⅎῬẎἶ 

ẎἶВֿѫ ˲ ḸɵȵȷɄɞ  

 

ᾑ ǵ șר֞ КǮȱɱɆɫɶɩǠȒѝἧș  
Ě ᾑ ҧ ș Ȉ ὡǒȐὃȒ ǵ ǿ Ě 

 

ǀ ǵɛȢɱɆǁ 

 ̭ ǱǰǵȷɆɪȷ ṑʤǲǉȒ ǵʴǮǶDNAǵωș ǫǘǭ ǞǦȑ

ǢǱǋ ǶǤǵ ș ǞǦȑǠȒϐǔǲ ȖȒʝ ǵ ̟ἧ ǵ Ǔ

Ȓǚǯș ǞȅǞǦƳ 

 DEC ǯǋǍ ƵǱȷɆɪȷǲȏȑ ӓǠȒȽɱɏȭѝἧǓר ǤȓȐʝ ǵ ̟

ἧ ǵ ǵ ș ǱǪǭǋȒǚǯș ȐǒǲǞȅǞǦƳ 

 DEC ǵϐǔș ǠȒǯ DNA ǲωșǫǘȒ ᾑ Ǳǰǵҧ ș ǠȒǚǯ

Ǔ֯ ǱǚǯǒȐ ᾑ ȋ ᾑ ǿǵꜘ Ǔ ♅ǜȓȅǠƳ 

 

ǀ ǁ 

 ⅎῬẎἶԍ ᾑ ӣ ἶ ǵ ֶ᷁ К ₉ ⌠ ̤ˀ ẎἶВ

ֿѫ ˲ ḸɵȵȷɄɞ  ɅɶȽȳȢȦɱȷВֿѫ Ḩ  ɧ

ȢɓȳȢȦɱȷ ֻɅɶȽɗɶȷȹɱȽɶǵ᷉ ̑р Ȑǵ Ȯɩɶɕ

Ƕ ɐɆ ș ǋǦ Ǳ ̟ἧ Ħ ǒȐ ̭ ṑʤ Ħ2 ǲǉ

Ȓ ǮǶ DNA ǵωș ǫǘǭ ǞǦȑ ǢǱǋ ǶǤǵ ș ǞǦȑǠ

Ȓϐǔǲ ȖȒʝ ǵ ̟ἧ DNA ωꜘ ̟ἧ ǵ ̟ἧ Ħ3

Ǔ ѰǜȓǭǋȒǚǯș ǞȅǞǦƳ 

ȅǦ ЏВ ̟ἧ ɅɶȽɗɶȷǵ ֻ Ħ4 ǲȏȑ Ǥǵ֚ꜘǓ ẉ

ǖǵ ǵ ǮВ ǠȒʝ Ǳ֚ꜘǮǉȒǚǯș їǞȅǞǦƳǜȐǲ DNA

ωꜘ ̟ἧ ǵ Ѱǲǫǋǭ DEC Ħ5 ǯǋǍȷɆɪȷꜘ

ɨȸɞ Ħ6 ѝӓǱǰǲ ȖȒ Ш ᶦἧ Ħ7 Ǔ Ǳ☻Ҋș ǦǞ

ǭǋȒǚǯș ǞȅǞǦƳǤǞǭ DEC ǵ ș˲› ǲ ǠȒǯ DNA ǲωș

ǫǘȒ ᾑ ȋǉȒ ǵ ǓȚ҃ǲᾍǠȒ ꜘ ǓẀӓǠȒǚǯș ǞȅǞǦƳ 

 ȮɩɶɕǮǶ ˹ᶥǵ șȉǯǲ DEC ǵ ș ǠȒ ҃

ș ỒǞǭǑȑ ᾓ Ǳ ᾑ ȋ ᾑ ǿǵꜘ Ǔ ♅ǜȓȅǠƳ 
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ǀ ǁ 

 Ƕ ᴁ ǵ ǲⱳ Ǯǉȑ ǲǶ ˃ ̭ ǲᾍꜘǠȒǦȈ

ǵԝὭǱѝἧ ǓρȖǪǭǋȅǠƳ ῇ ǲ̈ ǜȓȒ ṑʴǵ ̭ʤǵȆǱȐ

ǡ ẉǖǵ ͈ǏǷ Ⱳ ȋ ⱦ ᶅ ǵ ǵ ᾮ

ǓȚǱǰǮ ͑ ʥ ǲȏȒ ʴǵ̭ ӓǓ ȋṔ ǯ ͜ǠȒǚǯ

ȉѝǒǪǭǔȅǞǦƳʝ ̭ ṑʤǲǉȒ ǮǶ DNA ǵẀ Ǔ ȅȒǚ

ǯǓ̊Ѽȏȑ ȐȓǭǋȅǞǦǓ Ǥǵ Ƕ ȐǒǲǱǪǭǋȅǢȚǮǞǦƳ 

 ̭ ǲᾍǠȒ ̱֚ꜘǵ Ƕ 1995 ₴ǲ̭ ꜘ ר Шᶦἧ HIF-1 Ħ

Ǔ ǜȓǦǚǯǲȏȑґ ǲ ȆȅǞǦƳВֿ ȮɩɶɕǮȉ 2002 ₴ǲ

Ǯ ǞǭǋȒ DEC DEC1 ȅǦǶ DEC2 ̟ἧṶ̌ ṑʤǮǶ

HIF-1 ǲȏȑ ͝ ǜȓȒǚǯșḸףǞ Ǥǵ ǲǫǋǭǵ ș Ǟǭ Ȉ

ǭǔȅǞǦƳ 

 ̭ ṑʤǵ ǲǑǘȒ DNA ωꜘ ș ȐǒǲǠȒǚǯǶ ǓȚ

ǲǑǘȒ ᾑ ȋ ǓȚ҃ ǵҧ ș Ȉ ̸҇ ș ǠȒ ǵ ǲ Ǔȑ

ȅǠƳȅǦ ᾑ ǲ̭ ǯ ͜ǠȒḨ ș ǠȒ ǯǤǍǮǱ

ǋ ǵ ר֞ ɨȷȭ ǵ ǋș Ǟ ǠȒ ǵ ǿǯǫǱǓȒǚǯǓ

♅ǜȓȅǠƳ 

 

ǀ ǵКὦǁ 

 ȮɩɶɕǮǶ ̭ ṑʤǮǶǰǵȏǍǱ ̟ἧǓ ӓר ǓṔқ

ǜȓ ǰǵȏǍǱ ̟ἧǓ Ѱ Ǔ ᾜ ǜȓȒǵǒ Ћ̱ϑș ǠȒǦȈ

ǲ ɜȢȭɫȠɪȢ ǯǋǍ ̟ἧș ǲ ǠȒ ș ǋǭ ȀǭǔȅǞ

ǦƳǤǵ ₡ǲẉǖǵ ̟ἧ ǓṔқǞǦȑ ᾜǞǦȑǠȒǚǯ ᾜ

ǠȒ ̟ἧǵʴǲ DNA ωꜘ ǲ ȖȒ ̟ἧǓẉǖדȅȓǭǋȒǚǯș їǞȅ

ǞǦ ᶫ Ƴʫ ʴǒȐ֛ ǜȓǦЏВ ̟ἧ ɅɶȽɗɶȷGEO The NCBI 

Gene Expression Omnibus ǲ ǜȓǭǋȒ̭ ṑʤǲǑǘȒɜȢȭɫȠɪ

Ȣὕ ș ֻ ǞǦǯǚȔ ̭ ṑʤǲǑǘȒDNA ωꜘ ǲ ȖȒ

̟ἧ ǵ ̭ʤǶ ₦ⅎǋ ǵ ǲВ ǵ ǮǉȒ֯ Ǔר ǜȓȅǞǦƳ 

ǜȐǲ ǋǖǫǒǵѝἧ ἶ ǒȐ DEC DEC1ȅǦǶDEC2 ǯǋǍȷ

Ɇɪȷꜘ ɨȸɞ ѝӓǱǰǲ ȖȒ Ш ᶦἧǓ DNA ωꜘ

ǲ ȖȒ ̟ἧ Ḣǲ ֻǞ Ǥǵ ̟ἧ ș ѰǞǭǋȒ Ǔ Ȑǒǯ

ǱȑȅǞǦƳ̭ ṑʤǲǉȒǓȚ ǮǶ DNAșωǫǘȒ ᾑ ȋ ǓȚ҃ǵ

ҧ Ṷ̌ʤǠȒǚǯǓ ȐȓǭǋȅǠǓ ˲› ǲDECǵ ș ѰǠȒǯ ᾑ ȋ

ǓȚ҃ǲȏȒ Кꜘ ǓᶥⱥǞ ǓȚ Ǔҧ ǲ ǳǚǯǓ ȐǒǯǱȑȅ

ǞǦ ᶫ ǯ Ƴ 

 

ǀ˹♥ǵ᾽ ǁ 

 ˹♥ Ⱳ ȋ ⱦ ᶅ ǵ ᾮ ǓȚǱǰ ̭ ș

╠ǔ ǚǠ ș ǠȒΉ̱ ɐɆ ɜȤȷ ǲǑǘȒ ᾑ ǵר֞ ș Ǎǚ

ǯǮ ̭ ֵͬ ӓǵר ȋ▌▀ǯ ᾑ ⁪ǵΉ̱ר֞ Ή˲⁪ ͔ș ǋ



ᾑ ǵ ᶦἧǯǱȑǍȒǒר֞ ǞȅǠƳȅǦ ̭ ֵͬȅǦǶ DEC

șѰⱣǠȒӓֻ ȋ ҃ǵȷȭɨɶɉɱȮș ǋ ᾑ ǵ

Ṕ ҃ȋ ᾑ ҃ǵ ǿꜘ ᾽ ǞȅǠ ᶫ Ƴ 

 

ǀ֓ ǁ 

 

ᶫ  ɜȢȭɫȠɪȢǲȏȒ ̟ἧ  

ǑȏǤ ʠ ̟ἧǵ șʝ↓ǲ ǠȒɜȢȭɫȠɪȢ ǲȏȑ ₡ ↓

21%pO2 ṑʤȅǦǶ̭ 1%pO2 ṑʤǲǉȒ ș ǋǭ ǞȅǞ

ǦƳ ǵ Ƕ ṑẀӓǲȏȒẀҲǵ ǋ ̟ἧ ǵ Ƕ̭ ṑʤǮ

ǓṔқǠȒ ̟ἧ ǵ Ƕ̭ ṑʤǮ Ṷ̌ʤǠȒ ̟ἧ ǵ Ƕ

̭ ṑʤǮ ǓṔқǠȒǚǯǓ ǲḸףǜȓǭǋȒ ̟ἧ ǵ Ƕ

DNA ωꜘ ǲ ǠȒ ̟ἧș ǞǭǋȅǠƳ ǵ ǵẉǖǶ ǒȐ ǵ

ǯ ǱǪǭǋȒ ἧǓȖǒȑ DNA ωꜘ ǲ ǠȒ ̟ἧǶЋ̱ ǲ̭

ṑʤǮ ̟ἧ Ṷ̌ʤǞǭǋȒǚǯǓ ȐǒǯǱȑȅǞǦƳ 

 

 

ᶫ  ᾑ ǲȏȒ DNA ωǵ ἧ 

ᾑ ș ᾑǞǦ Кǵ DNA ω ̬ș Ǟ ǯВǲ όǞȅǞǦƳ

ʣǵ ǵШ Ƕ ₡ ↓ ṑʤǵ ʤǵ ǵШ Ƕ̭ ֵͬǵ ӓǞǦר

ǵШ ș ǞǭǋȅǠƳ ǋʸǶ Кǵ DNA șדȇ ș Ǟ ǋ Ƕ DNA

ω ̬ș ǞǭǋȅǠƳ ᾑ ș ᾑǞǭǋǱǋ ‼ ǮǶ ȂǯȚǰ ǋ

Ƕ ȈȐȓȅǢȚǓ ᾑ ♥ ʴ ǵ ǮǶ ǋ DNA ω ̬ Ǔל ǲ

ṔқǞǭǋȒ ἧǓ όǜȓȅǞǦƳʝ ₡ ↓ ṑʤ ֳʣ ǮǶ

♥ǲǶ ǋ Ƕל ǲ ᾜǞǭǋȅǠǓ ̭ ֵͬǵ ӓǞǦר ֳʤ Ǯ

Ƕ ǋ Ǔẉǖ ǪǭǋȅǞǦƳǠǱȖǨ ̭ ֵͬǵ ӓǞǦר ǮǶ DNA

ωǵʹⱥǓ ȓǭǋȒǚǯǓ ȐǒǯǱȑȅǞǦ ֳǵȮɧɓ ǋ ǵ ș

ǞǦȮɧɓƳ*ӽǶ ǲ⁪ǓǉȒǯǋǍǚǯș ǞǭǋȅǠ Ƴ 



 

 

ᶫ  ᾑ ș ᾑǞǦ♥ǵ Ṕ ǵ  

ᾑ 5Gy ș ᾑǞǦ ǵ Ṕ ș ǞȅǞǦƳ ǵ Ƕ ₡

↓ ṑʤǮ ᾑ ș ᾑǞǦ ǵ Ƕ ̭ ֵͬǵ ӓǞǦר ș

ǞǭǋȅǠƳǜȐǲ ǵ Ƕ ₡ ↓ ṑʤǮ DEC ș˲› ǲ ѰǞǦ

ǵ Ƕ ̭ ֵͬǵ ӓǞǦר ǵ DEC ș˲› ǲ ѰǞǦ ș

ǞǭǋȅǠƳ ǲ Ȁǭ ǵ Ƕ 72 ̊ Ȑǒǲʣǲǉȑ ̭ ͬ

ֵǓ ӓǞǦר Ƕ ᾑ ș ᾑǞǭȉ Ṕ ǠȒ ҘǓ ǋǚǯș Ǟǭǋȅ

ǠƳʝ DEC ș ѰǠȒǯ ↓ǲ ȖȐǡ ǓʤǓǪǭǑȑ Ṕ ǠȒ

ҘṶ̌ʤǞǦǚǯș ǞǭǋȅǠ *ӽǶ ǲ⁪ǓǉȒǯǋǍǚǯș Ǟǭǋȅ

Ǡ Ƴ 

 

 

ᶫ  ȅǯȈǵ ꜠ᶫ 

 ǓȚ ⱦ ᶅȋᴀטᶅǵ ᾮ Ǳǰ ̭ ș╠ǔ ǚǠ ș Ǡ

Ȓ ǮǶ DEC ǯǋǍ Ш ᶦἧǓ ӓǞר ẉǖǵ DNA ωꜘ ǲ ǠȒ

̟ἧǵ Ṷ̌ʤǞǭǋȅǠƳǤǵȏǍǱ ǮǶ ᾑ ȋ ǓȚ҃Ǳǰǲȏ

ȑ DNA ǲω DNA ω Ǔǫǋǭȉ ǞǭʹⱥȅǦǶ ș ǠȒ Ǔ

Ћ̱ ǲ Ѱǜȓ ᾑ ǲᾍǠȒ ꜘ ǓẀӓǠȒǚǯǓ ǜȓȅǞǦƳǚȓȐ

ǵ ș ɐɆȋɜȤȷΉ̱ș ǋǭ Ǟ ᾑ ⁪ǵΉ̱ר֞ Ή˲⁪ ǵ

͔ᶦἧǯǱȑǍȒǒ ǞȅǠƳȅǦ ̭ ֵͬȅǦǶ DEC

șѰⱣǠȒӓֻ ҃ǵȷȭɨɶɉɱȮș ǋ ᾑ ǵṔ ҃ȋ ᾑ

҃ǵ ǿꜘ ᾽ ǞȅǠƳ 



 

 

ǀ ǁ 

Ħ1 Ǳ ̟ἧ  

ǉȒ ǵ ǫ ̟ ḸЋ̱șᾍ ǯǞǭ ̟ Ḹǵ ǔ ȅȓǦ DNA ɅȨ

ȫȵɨɚ ȋ DNA ǵʝ ǵ ̟ ḸǓ ȆїǜȓǦ RNA ɨɚ ǵ

ȅǦǶ ǵǚǯƳɜȢȭɫȠɪȢ ȋ ʫ̈ȵɶȭȦɱȷ ǱǰǓǉȑȅ

ǠƳ 

Ħ2 ̭ ṑ 

 ↓ǓᾜǱǋ ṑǵǚǯƳ ₡ǵẎ ʴǵ ↓ǶǑȏǤ 21 ǮǠǓ

ǋῇǱǰǲ Ȓǯ ↓ǓṔǠǛǯǲǤǵ ↓Ƕ ȑȅǠƳȅǦ ̱Кǵ

↓Ƕ₳᷈ 5-7 ↓ǯǋȖȓ ̭ ǮǉȒǯ ǏȐȓǭǋȅǠƳ 

Ħ3 ̟ἧ  

 DNA ǵʝ ǵ ̟ ḸǓ ȆїǜȓǦ ШǜȓǦ RNA ǵ ǵǚǯƳDNA ʣ

ǲἭ᷀ǠȒ ̟ἧ ̟ Ḹ Ƕ Ȇїǜȓǭ RNA ǯǱȑ RNA Ƕ ǜȓǭȽ

ɱɏȭ ǲǱǪǭὕ ǲϐǔȅǠǓ ǤǵȽɱɏȭ ǵ Ǳ ǲ RNA ̟

ἧ Ƕ Ǳ☻ҊșǶǦǞȅǠƳ 

Ħ4 ֻ  

ẉǖǵ ǒȐ Ȇїǜȓ ǜȓǦ ẎǱ ḸǵὫǢ Ȉ ǵǚǯƳ 

Ħ5 DEC 

 Differentiated Embryo Chondrocyte ǵ ֵǮ ̭ ǱǰǵȷɆɪȷꜘ

ɨȸɞ ѝӓǱǰǲ ȖȒ Ш ᶦἧǵǚǯƳ ǮǶ DEC1 ѩ׀ Basic 

helix-loop-helix E40, BHLHE40 ƲDEC2 ѩ׀ Basic helix-loop-helix E41, 

BHLHE41 ǵ ʦǓ ȐǒǲǱǪǦƳ 

Ħ6 ɨȸɞ 

 ʝ ǲǶ̱К ǯ ǜȓȒ ǑȏǤ 24 ק ǮẀҲǠȒ ǵǚǯƳ 

Ħ7 Ш ᶦἧ 

 ̟ἧǵ ȆїǞ ș ǠȒȽɱɏȭ ǵǚǯƳ 

Ħ ̭ ꜘ ר Шᶦἧ HIF-1 

 ̭ ǱǰǵȷɆɪȷǲȏȑ ᾚǜȓȒ Ш ᶦἧ Hypoxia-inducible 

Factor-1 ǵ ֵǮ ̭ ꜘ ǵʺ ǱѰⱣᶦἧǯǞǭ ǜȓǭǋȅǠƳ 

 

 

 

 



 
ǀǑᵂǋֻȖǢϼǁ 

 

ǲ ǠȒǚǯ  
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