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ȺɇɇɈɌȺɐɂə 
 

ɗɪɢɬɪɨɰɢɬɨɡɨɦ ɧɚɡɵɜɚɸɬ ɩɚɬɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ 
ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɦɨɝɥɨɛɢɧɚ (Hb) ɢ 
ɭɪɨɜɧɹ ɝɟɦɚɬɨɤɪɢɬɚ (Ht). ɉɪɢɱɢɧɵ ɷɪɢɬɪɨɰɢɬɨɡɚ ɪɚɡɧɨɨɛɪɚɡɧɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɜ 
ɰɟɥɨɦ ɪɚɡɞɟɥɟɧɵ ɧɚ ɩɟɪɜɢɱɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɟɥɹɬɫɹ 
ɧɚ ɜɪɨɠɞɟɧɧɵɟ ɢ ɩɪɢɨɛɪɟɬɺɧɧɵɟ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɷɪɢɬɪɨɰɢɬɨɡɨɜ ɫ ɰɟɥɶɸ 
ɢɫɤɥɸɱɟɧɢɹ ɬɚɤɨɝɨ ɤɥɨɧɚɥɶɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɤɚɤ ɢɫɬɢɧɧɚɹ ɩɨɥɢɰɢɬɟɦɢɹ 
ɧɟɨɛɯɨɞɢɦɵɦ ɷɬɚɩɨɦ, ɫɨɝɥɚɫɧɨ ȼɈɁ, ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ 
ɝɟɧɟ JAK2 ɜ 12 ɢ 14 ɷɤɡɨɧɚɯ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɜɫɬɪɟɱɚɸɬɫɹ ɞɚɧɧɵɟ 
ɨ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɜɵɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɩɟɪɜɢɱɧɵɦ 
ɩɪɢɨɛɪɟɬɺɧɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɢɥɢ ɢɫɬɢɧɧɨɣ ɩɨɥɢɰɢɬɟɦɢɟɣ, ɬɨɝɞɚ ɤɚɤ ɨɛɵɱɧɨ 
CALR ɦɭɬɚɰɢɢ ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ ɬɚɤɢɦɢ ɮɟɧɨɬɢɩɢɱɟɫɤɢɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ɯɪɨɧɢɱɟɫɤɢɯ ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɯ ɧɟɨɩɥɚɡɦ (ɏɆɇ), ɤɚɤ ɷɫɫɟɧɰɢɚɥɶɧɚɹ 
ɬɪɨɦɛɨɰɢɬɟɦɢɹ (ɗɌ) ɢ ɦɢɟɥɨɮɢɛɪɨɡ (ɆɎ). ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫɬɚɜɢɬɫɹ ɜɨɩɪɨɫ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɩɚɰɢɟɧɬɚɦ ɫ 
ɷɪɢɬɪɨɰɢɬɨɡɨɦ, ɚ ɬɚɤɠɟ ɜɧɟɫɟɧɢɟɦ ɞɨɩɨɥɧɟɧɢɣ ɜ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɞɥɹ ɩɚɰɢɟɧɬɨɜ 
ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɩɨ JAK2 ɢ CALR, ɭ ɤɨɬɨɪɵɯ ɧɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɦɭɬɚɰɢɣ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɪɚɡɜɢɬɢɟ ɤɥɨɧɚɥɶɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɜ ɝɟɧɚɯ ɤɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɩɭɬɢ (EPOR, VHL, HIF2α), 
ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭɸɬ ɜ ɪɚɡɜɢɬɢɟ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɫɟɦɟɣɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ 
(ECTY1 – 4)  

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɩɟɪɟɫɦɨɬɪɟɬɶ ɢ ɞɨɩɨɥɧɢɬɶ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ. 

Ⱥɧɚɥɢɡ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɩɪɨɜɨɞɢɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ 
ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ 
ɝɟɧɚɯ EPOR, VHL, HIF2α, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɪɚɡɜɢɬɢɟ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ 
ɷɪɢɬɪɨɰɢɬɨɡɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ ɋɟɧɝɟɪɭ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ 
CALR ɦɟɬɨɞɨɦ ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ 
ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ, ɚ ɬɚɤɠɟ ɜ ɝɟɧɚɯ EPOR, VHL, HIF2α 
ɦɟɬɨɞɨɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ ɋɟɧɝɟɪɭ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 
ɷɪɢɬɪɨɰɢɬɨɡɨɜ. 

ɂɡ 38 ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɚɦɢ ɧɟɹɫɧɨɣ ɷɬɢɨɥɨɝɢɢ, ɨɬɨɛɪɚɧɧɵɯ ɡɚ 
ɩɟɪɢɨɞ 2012–2016 ɝɝ (ɩɭɬɟɦ ɢɫɤɥɸɱɟɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɜɵɹɜɥɟɧɧɵɦɢ 
ɫɨɦɚɬɢɱɟɫɤɢɦɢ ɦɭɬɚɰɢɹɦɢ ɜ 14 ɢ 12 ɷɤɡɨɧɚɯ ɝɟɧɚ JAK2) ɞɢɚɝɧɨɡɵ ɛɵɥɢ 
ɭɬɨɱɧɟɧɵ ɞɥɹ 8 ɱɟɥɨɜɟɤ. Ɍɚɤ, ɞɥɹ ɨɞɧɨɝɨ ɢɡ 8-ɦɢ ɩɚɰɢɟɧɬɨɜ ɛɵɥ ɩɨɞɬɜɟɪɠɞɟɧ 
ɞɢɚɝɧɨɡ ɢɫɬɢɧɧɚɹ ɩɨɥɢɰɟɬɟɦɢɹ (ɤɥɨɧɚɥɶɧɨɟ ɨɧɤɨɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɟ ɡɚɛɨɥɟɜɚɧɢɢ 
– ɪɚɤ ɤɪɨɜɢ), ɚ ɭ ɞɪɭɝɢɯ 7-ɦɢ ɩɚɰɢɟɧɬɨɜ ɜɵɹɜɥɟɧɵ ɦɭɬɚɰɢɢ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɫɟɦɟɣɧɵɯ ɷɪɢɬɪɨɰɢɬɨɡɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ: ɞɥɹ ɞɜɭɯ ɩɚɰɢɟɧɬɨɜ 
ɩɨɞɬɜɟɪɠɞɟɧ ɞɢɚɝɧɨɡ ɫɟɦɟɣɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɩɟɪɜɨɝɨ ɬɢɩɚ (ECTY1), ɞɥɹ 



3 

ɞɪɭɝɢɯ ɞɜɭɯ ɩɚɰɢɟɧɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧ ɞɢɚɝɧɨɡ ɫɟɦɟɣɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɜɬɨɪɨɝɨ 
ɬɢɩɚ (ECTY2), ɢ ɞɥɹ ɬɪɺɯ ɩɚɰɢɟɧɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧ ɞɢɚɝɧɨɡ ɫɟɦɟɣɧɨɝɨ 
ɷɪɢɬɪɨɰɢɬɨɡɚ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ (ECTY4). 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɋȿɆȿɃɇɕɃ ɗɊɂɌɊɈɐɂɌɈɁ, ɂɋɌɂɇɇȺə 
ɉɈɅɂɐɂɌȿɆɂə, ɋɈɆȺɌɂɑȿɋɄɂȿ ɆɍɌȺɐɂɂ, CALR, EPOR, VHL, HIF2α, 
ȽȿɌȿɊɈȾɍɉɅȿɄɋɇɕɃ ȺɇȺɅɂɁ, ɗɅȿɄɌɊɈɎɈɊȿɁ ȼ ȼȿɊɌɂɄȺɅɖɇɈɆ 
ɉȺȺȽ, ɋȿɄȼȿɇɂɊɈȼȺɇɂȿ ɉɈ ɋȿɇȽȿɊɍ. 



ȺȼɌɈɊȿɎȿɊȺɌ 
 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ⱥɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ» ɫɨɞɟɪɠɢɬ 60 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, 22 ɢɥɥɸɫɬɪɚɰɢɢ, 19 ɬɚɛɥɢɰ ɢ 56 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɋȿɆȿɃɇɕɃ ɗɊɂɌɊɈɐɂɌɈɁ, ɂɋɌɂɇɇȺə ɉɈɅɂɐɂɌȿɆɂə, 
ɋɈɆȺɌɂɑȿɋɄɂȿ ɆɍɌȺɐɂɂ, CALR, EPOR, VHL, HIF2α, 
ȽȿɌȿɊɈȾɍɉɅȿɄɋɇɕɃ ȺɇȺɅɂɁ, ɗɅȿɄɌɊɈɎɈɊȿɁ ȼ ȼȿɊɌɂɄȺɅɖɇɈɆ 
ɉȺȺȽ, ɋȿɄȼȿɇɂɊɈȼȺɇɂȿ ɉɈ ɋȿɇȽȿɊɍ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɩɟɪɟɫɦɨɬɪɟɬɶ ɢ ɞɨɩɨɥɧɢɬɶ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ 

ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ. ɞɥɹ 
ɫɤɪɢɧɢɧɝɨɜɨɣ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɧɚɥɢɱɢɹ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ 
CARL ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɩɪɢɨɛɪɟɬɺɧɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɢɥɢ 
ɂɫɬɢɧɧɨɣ ɩɨɥɢɰɢɬɟɦɢɢ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ 
ɋɟɧɝɟɪɭ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ EPOR, VHL, HIF2α ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɢɩɚ ɢ ɝɪɭɩɩɵ ɫɟɦɟɣɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ. 

3. ɉɟɪɟɫɦɨɬɪɟɬɶ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ 
ɷɪɢɬɪɨɰɢɬɨɡɚɦɢ ɫ ɰɟɥɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɤɥɨɧɚɥɶɧɵɯ ɢ 
ɧɟɤɥɨɧɚɥɶɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

4. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ȾɇɄ ɩɚɰɢɟɧɬɨɜ ɫ ɜɵɫɨɤɨɣ ɤɥɢɧɢɤɨ-
ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɧɚɥɢɱɢɹ ɨɞɧɨɝɨ ɢɡ ɬɢɩɨɜ ɷɪɢɬɪɨɰɢɬɨɡɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ Ɋɨɫɫɢɢ, 
ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɝ. Ʉɪɚɫɧɨɹɪɫɤɟ ɢ ɤɪɚɟ ɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɚɹ ɝɪɭɩɩɚ 
ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɚɦɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ 
ɩɪɨɰɟɞɭɪ ɨɫɬɚɸɬɫɹ ɛɟɡ ɬɨɱɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɞɢɚɝɧɨɡɚ ɢ ɬɢɩɚ ɷɪɢɬɪɨɰɢɬɨɡɚ. 
ȼɧɟɞɪɟɧɢɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɥɹ 
ɜɵɹɜɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɞɪɚɣɜɟɪɧɵɯ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ JAK2 ɩɨɡɜɨɥɢɥɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɞɢɚɝɧɨɫɬɢɤɭ ɩɨ ɜɵɹɜɥɟɧɢɸ 
ɩɚɰɢɟɧɬɨɜ ɫ ɤɥɨɧɚɥɶɧɵɦ ɡɚɛɨɥɟɜɚɧɢɟɦ – ɢɫɬɢɧɧɨɣ ɩɨɥɢɰɢɬɟɦɢɟɣ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ, ɬɟ ɩɚɰɢɟɧɬɵ, ɭ ɤɨɬɨɪɵɯ ɧɟ ɜɵɹɜɥɟɧɵ ɞɚɧɧɵɟ ɦɭɬɚɰɢɢ ɬɚɤ ɢ ɨɫɬɚɸɬɫɹ ɛɟɡ 
ɱɟɬɤɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɞɢɚɝɧɨɡɚ ɢ ɢɦɟɸɬ ɧɟɨɩɪɟɞɟɥɟɧɧɵɣ ɞɢɚɝɧɨɡ «ɷɪɢɬɪɨɰɢɬɨɡ 
ɧɟɹɫɧɨɣ ɷɬɢɨɥɨɝɢɢ». ɉɨɫɤɨɥɶɤɭ, ɤɪɨɦɟ ɤɥɨɧɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɱɢɧɚɦɢ 
ɷɪɢɬɪɨɰɬɨɡɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢ ɞɪɭɝɢɟ ɩɪɨɰɟɫɫɵ, ɧɚɩɪɢɦɟɪ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ 
ɤɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɩɭɬɢ, ɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧɨ 
ɦɧɨɝɨ ɫɥɭɱɚɟɜ ɫɟɦɟɣɧɵɯ ɷɪɢɬɪɨɰɢɬɨɡɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɝɟɪɦɢɧɚɥɶɧɵɦɢ 
ɦɭɬɚɰɢɹɦɢ ɜ ɝɟɧɚɯ EPOR, VHL, HIF2α, ɤɨɬɨɪɵɟ ɜɨɜɥɟɱɟɧɵ ɜ ɫɨɡɪɟɜɚɧɢɟ, 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɷɪɢɬɪɨɢɞɧɨɝɨ ɪɨɫɬɤɚ, ɚ ɬɚɤɠɟ ɜ ɤɥɟɬɨɱɧɵɣ ɨɬɜɟɬ ɜ ɭɫɥɨɜɢɹɯ 
ɝɢɩɨɤɫɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɨɱɟɧɶ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɦɨɥɟɤɭɥɹɪɧɨ–ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɜɵɹɜɥɟɧɢɸ ɬɚɤɢɯ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɢɥɢ 
ɧɨɜɵɯ ɦɭɬɚɰɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨ ɩɟɪɟɫɦɨɬɪɟɬɶ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
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ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɢ ɜɧɟɫɬɢ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɚɜɤɢ, 
ɤɨɬɨɪɵɟ ɩɨɦɨɝɭɬ ɜɪɚɱɚɦ – ɝɟɦɚɬɨɥɨɝɚɦ ɩɪɚɜɢɥɶɧɨ ɩɨɫɬɚɜɢɬɶ ɞɢɚɝɧɨɡ 
ɩɚɰɢɟɧɬɚɦ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɜɧɟɫɟɧɵ ɩɪɚɜɤɢ ɜ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ 
ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ, 
ɬɟɯɧɨɥɨɝɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ ɤɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɩɭɬɢ 
(EPOR, VHL, HIF2α) ɦɟɬɨɞɨɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ ɋɟɧɝɟɪɭ, ɚ ɬɚɤɠɟ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ 38 ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɟɪɟɫɦɨɬɪɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
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ABSTRACT 
 

Master's thesis on the topic «Algorithm of genetic examination of patients with 
erythrocytosis» contains 60 pages of a text document, 22 illustrations, 19 tables and 
56 references. 

FAMILIAL ERYTHROCYTOSIS, POLYCETEMIA VERA, SOMATIC 
MUTATIONS, CALR, EPOR, VHL, HIF2α, HETERODUPLEX ANALYSIS, 
ELECTROPHORESIS IN VERTICAL PAGE, SEQUENCING BY SUNGER. 

The aim of the work is to review and supplement the algorithm of genetic 
examination of patients with erythrocytosis. 

Based on the aim, the following tasks were formulated: 
1. To develop technologies using heteroduplex analysis in vertical PAAG 

for screening qualitative assessment of the presence of somatic 
mutations in the CARL gene in order to identify primary acquired 
erythrocytosis or polycythemia vera; 

2. To develop technologies using Sanger sequencing to analyze mutations 
in the EPOR, VHL, HIF2α genes to determine the type and group of 
familial erythrocytosis. 

3. To review the algorithm of genetic examination of patients with 
erythrocytosis for differential diagnosis. 

4. To analyze the DNA of patients with high clinical and hematological 
probability for the presence of one of the types of erythrocytosis using 
the proposed algorithm. 

The relevance of the thesis is that in Russia, and, in particular, in the city of 
Krasnoyarsk and the region, a fairly representative group of patients with 
erythrocytosis after standard diagnostic procedures are left without a precisely 
established diagnosis and type of erythrocytosis. The introduction of molecular 
genetic methods in recent years to identify the main driver somatic mutations in the 
JAK2 gene has significantly improved the differential diagnosis in identifying 
patients with clonal disease – polycythemia vera. At the same time, those patients 
who have not identified these mutations and remain without a clearly established 
diagnosis and have an uncertain diagnosis of "erythrocytosis of unknown etiology." 
Since, apart from the clonal process, other processes can cause the erythrocytosis, for 
example, mutations in the oxygen genes of the sensitive path, and today many cases 
of familial erythrocytosis associated with germinal mutations in the EPOR, VHL, 
HIF2α genes that are involved in maturation, are described in the literature. 
differentiation of erythroid germ, as well as in the cellular response under hypoxic 
conditions. In this regard, it is very important to conduct a comprehensive molecular 
– genetic analysis to identify such already known or new mutations. In this regard, it 
is important to review the algorithm of genetic examination of patients with 
erythrocytosis and to make the necessary changes that will help hematologists 
correctly diagnose patients. 

In the course of work, changes were made to the algorithm of genetic 
examination of patients with erythrocytosis, the technology for studying mutations in 
the CALR gene was developed using heteroduplex analysis and with detection of 
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amplification products in vertical PAAG, the technology for studying mutations in 
oxygen-sensitive genes (EPOR, VHL, HIF2α) Sanger sequencing method, and 38 
patients with erythrocytosis were analyzed using the revised algorithm. 
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ȼȼȿȾȿɇɂȿ 
 
ȼ ɫɪɟɞɧɟɦ ɜɡɪɨɫɥɵɣ ɱɟɥɨɜɟɤ ɟɠɟɞɧɟɜɧɨ ɩɪɨɢɡɜɨɞɢɬ ɨɤɨɥɨ 2,4 ɦɢɥɥɢɨɧɚ 

ɷɪɢɬɪɨɰɢɬɨɜ, ɛɨɝɚɬɵɯ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɦ ɛɟɥɤɨɦ – ɝɟɦɨɝɥɨɛɢɧɨɦ (Hb), 
ɤɨɬɨɪɵɣ ɨɬɜɟɬɫɬɜɟɧɟɧ ɡɚ ɩɟɪɟɞɚɱɭ ɤɢɫɥɨɪɨɞɚ ɤ ɬɤɚɧɹɦ. ȼ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ 
ɫɭɳɟɫɬɜɭɸɬ ɝɨɦɟɨɫɬɚɬɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨɝɨ 
ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ ɷɪɢɬɪɨɰɢɬɨɜ. Ʌɸɛɨɣ ɞɢɫɛɚɥɚɧɫ ɜ ɦɟɯɚɧɢɡɦɚɯ ɝɨɦɟɨɫɬɚɡɚ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɛɵɬɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ ɷɪɢɬɪɨɰɢɬɨɜ [1]. 

ɗɪɢɬɪɨɰɢɬɨɡɨɦ ɧɚɡɵɜɚɸɬ ɩɚɬɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ 
ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɦɨɝɥɨɛɢɧɚ (Hb) ɢ 
ɭɪɨɜɧɹ ɝɟɦɚɬɨɤɪɢɬɚ (Ht) [2, 3]. ɉɪɢɱɢɧɵ ɷɪɢɬɪɨɰɢɬɨɡɚ ɪɚɡɧɨɨɛɪɚɡɧɵ ɢ ɦɨɝɭɬ 
ɛɵɬɶ ɜ ɰɟɥɨɦ ɪɚɡɞɟɥɟɧɵ ɧɚ ɩɟɪɜɢɱɧɵɟ (ɢɡ-ɡɚ ɜɧɭɬɪɟɧɧɟɝɨ ɞɟɮɟɤɬɚ 
ɷɪɢɬɪɨɢɞɧɨɝɨ ɪɨɫɬɤɚ) ɢɥɢ ɜɬɨɪɢɱɧɵɟ (ɜɧɟɲɧɢɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɟ – 
ɷɪɢɬɪɨɰɢɬɭ), ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɟɥɹɬɫɹ ɧɚ ɜɪɨɠɞɟɧɧɵɟ ɢ ɩɪɢɨɛɪɟɬɺɧɧɵɟ. 
ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɫɟɦɟɣɧɵɟ ɷɪɢɬɪɨɰɢɬɨɡɵ ɦɨɠɧɨ ɬɚɤ ɠɟ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɝɪɭɩɩɵ (ECYT1-4). ɉɟɪɜɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ (ECTY1) 
ɫɜɹɡɚɧ ɫ ɦɭɬɚɰɢɹɦɢ ɜ ɪɟɰɟɩɬɨɪɟ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPOR), ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ 
ɞɥɢɬɟɥɶɧɭɸ ɚɤɬɢɜɚɰɢɸ ɪɟɰɟɩɬɨɪɚ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɭɛɧɨɪɦɚɥɶɧɵɦɢ 
ɭɪɨɜɧɹɦɢ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPO) ɜ ɫɵɜɨɪɨɬɤɟ. ȼɬɨɪɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ (ECTY2-
4), ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɛɟɪɪɚɧɬɧɨɝɨ ɤɨɧɬɪɨɥɹ ɫɢɧɬɟɡɚ EPO ɢɡ-ɡɚ ɞɟɮɟɤɬɨɜ ɜ 
ɤɢɫɥɨɪɨɞɧɨ  ɱɭɜɫɬɜɢɬɟɥɶɧɨɦ ɩɭɬɢ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɭɬɶ ɫɨɡɪɟɜɚɧɢɹ ɢ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɷɪɢɬɪɨɢɞɧɨɝɨ ɪɨɫɬɤɚ, ɚ ɬɚɤɠɟ ɤɥɟɬɨɱɧɵɣ ɨɬɜɟɬ ɜ ɭɫɥɨɜɢɹɯ 
ɝɢɩɨɤɫɢɢ.  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɩɪɢɱɢɧɨɣ ɩɪɢɨɛɪɟɬɟɧɧɨɝɨ ɩɟɪɜɢɱɧɨɝɨ 
ɷɪɢɬɪɨɰɢɬɨɡɚ ɹɜɥɹɟɬɫɹ ɢɫɬɢɧɧɚɹ ɩɨɥɢɰɢɬɟɦɢɹ (ɂɉ), ɤɨɬɨɪɚɹ ɨɬɧɨɫɢɬɫɹ ɤ 
ɯɪɨɧɢɱɟɫɤɢɦ ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɦ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹɦ (ɏɆɇ). ɏɆɇ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɟɬɟɪɨɝɟɧɧɭɸ ɝɪɭɩɩɭ ɡɚɛɨɥɟɜɚɧɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸɫɹ 
ɝɢɩɟɪɩɪɨɥɢɮɟɪɚɰɢɟɣ ɦɢɟɥɨɢɞɧɵɯ ɥɢɧɢɣ ɤɥɟɬɨɤ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, 
ɱɬɨ ɦɨɥɟɤɭɥɹɪɧɵɣ ɞɟɮɟɤɬ ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɦɭɥɶɬɢɩɨɬɟɧɬɧɨɣ ɝɟɦɨɩɨɷɬɢɱɟɫɤɨɣ 
ɫɬɜɨɥɨɜɨɣ ɤɥɟɬɤɢ, ɚ ɢɦɟɧɧɨ ɢɦɟɟɬ ɤɥɨɧɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɜɨɡɧɢɤɧɨɜɟɧɢɹ. ȼ 
ɝɪɭɩɩɭ ɏɆɇ ɜɯɨɞɹɬ ɢɫɬɢɧɧɚɹ ɩɨɥɢɰɢɬɟɦɢɹ (ɂɉ), ɷɫɫɟɧɰɢɚɥɶɧɚɹ 
ɬɪɨɦɛɨɰɢɬɟɦɢɹ (ɗɌ), ɢ ɦɢɟɥɨɮɢɛɪɨɡ (ɆɎ) [4]. ȼ ɪɚɡɜɢɬɢɢ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ 
ɮɟɧɨɬɢɩɚ ɏɆɇ ɭɱɚɫɬɜɭɸɬ ɫɨɦɚɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ JAK2 ɜ 14 ɢ 12 
ɷɤɡɨɧɚɯ (96% ɢ 2%ɫɥɭɱɚɟɜ ɩɪɢ ɂɉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɜ ɝɟɧɟ MPL (3% ɩɪɢ ɗɌ ɢ 
8% ɩɪɢ ɉɆɎ) ɢ ɝɟɧɟ CARL (20% ɩɪɢ ɗɌ ɢ 25% ɩɪɢ ɆɎ). ɇɚɪɭɲɟɧɢɹ 
ɩɪɨɥɢɮɟɪɚɰɢɢ ɦɢɟɥɨɢɞɧɨɣ ɥɢɧɢɢ ɤɥɟɬɨɤ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɟ 
ɝɪɭɩɩɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɢɦɟɸɬ ɥɢ ɨɧɢ ɩɪɨɥɢɮɟɪɚɰɢɸ ɜ ɨɞɧɨɣ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɯ ɥɢɧɢɹɯ ɤɥɟɬɨɤ. ɉɪɢ ɧɚɪɭɲɟɧɢɹɯ ɩɪɨɥɢɮɟɪɚɰɢɢ ɨɞɧɨɣ ɥɢɧɢɢ 
ɨɛɧɚɪɭɠɢɜɚɸɬ ɩɨɥɢɤɥɨɧɚɥɶɧɵɣ ɝɟɦɚɬɨɩɨɷɡ ɫ ɩɪɨɥɢɮɟɪɚɰɢɟɣ, ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɨɞɧɨɣ ɦɢɟɥɨɢɞɧɨɣ ɥɢɧɢɟɣ, ɬɚɤɨɣ ɤɚɤ ɷɪɢɬɪɨɢɞ (ɢɡɜɟɫɬɧɵɣ ɤɚɤ ɫɟɦɟɣɧɵɣ ɢɥɢ 
ɧɚɫɥɟɞɫɬɜɟɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ) ɢɥɢ ɦɟɝɚɤɚɪɢɨɰɢɬɚɪɧɵɣ (ɢɡɜɟɫɬɧɵɣ ɤɚɤ 
ɫɟɦɟɣɧɵɣ ɢɥɢ ɧɚɫɥɟɞɫɬɜɟɧɧɵɣ ɬɪɨɦɛɨɰɢɬɨɡ), ɢ ɜɨɡɧɢɤɚɸɬ ɨɧɢ ɢɡ-ɡɚ ɞɟɮɟɤɬɚ 
ɨɞɧɨɝɨ ɝɟɧɚ, ɧɚɫɥɟɞɭɟɦɨɝɨ ɩɨ ɦɟɧɞɟɥɟɜɫɤɨɦɭ ɬɢɩɭ ɧɚɫɥɟɞɨɜɚɧɢɹ.  
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ɋɨɜɪɟɦɟɧɧɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɨɧɤɨɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɯ 
ɡɚɛɨɥɟɜɚɧɢɣ ɨɫɧɨɜɚɧɚ ɧɚ ɜɵɹɜɥɟɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɝɟɧɧɵɯ ɦɭɬɚɰɢɣ, ɥɟɠɚɳɢɯ ɜ 
ɨɫɧɨɜɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɢɞɚ ɡɚɛɨɥɟɜɚɧɢɣ. Ɋɚɡɧɨɨɛɪɚɡɢɟ ɝɟɧɧɵɯ ɩɚɬɨɥɨɝɢɣ ɜ 
ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɝɧɨɡ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ ɢ 
ɢɫɯɨɞɵ ɭ ɩɚɰɢɟɧɬɨɜ [5]. 

Ɇɧɨɝɢɟ ɤɥɢɧɢɱɟɫɤɢɟ ɫɨɫɬɨɹɧɢɹ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɩɪɢɨɛɪɟɬɟɧɧɨɦɭ 
ɜɬɨɪɢɱɧɨɦɭ ɷɪɢɬɪɨɰɢɬɨɡɭ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɝɢɩɨɤɫɢɹ ɬɤɚɧɟɣ ɜɟɞɟɬ ɤ ɩɪɨɢɡɜɨɞɫɬɜɭ 
EPO. Ƚɢɩɨɤɫɢɹ ɬɤɚɧɟɣ ɦɨɠɟɬ ɪɚɡɜɢɜɚɬɶɫɹ ɢɡ-ɡɚ ɛɨɥɟɡɧɢ ɥɟɝɤɢɯ ɢɥɢ ɫɟɪɞɰɚ. 
ɗɪɢɬɪɨɰɢɬɨɡ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɫɜɹɡɚɧ ɫ ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɰɢɟɣ, ɧɨ 
ɚɫɫɨɰɢɢɪɨɜɚɧ ɫ ɬɹɠɟɥɵɦɢ ɬɪɨɦɛɨɷɦɛɨɥɢɱɟɫɤɢɦɢ ɢɥɢ ɝɟɦɨɪɪɚɝɢɱɟɫɤɢɦɢ 
ɫɨɛɵɬɢɹɦɢ, ɥɟɝɨɱɧɨɣ ɚɪɬɟɪɢɚɥɶɧɨɣ ɝɢɩɟɪɬɟɧɡɢɟɣ ɢ ɪɟɞɤɨ ɨɩɭɯɨɥɹɦɢ [6,7]. 

Ⱥɥɝɨɪɢɬɦ ɦɨɥɟɤɭɥɹɪɧɨ–ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ 
ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ ɷɪɢɬɪɨɰɢɬɨɡɚ, ɢɫɤɥɸɱɢɬɶ ɢɥɢ 
ɩɨɞɬɜɟɪɞɢɬɶ ɧɚɥɢɱɢɟ ɤɥɨɧɚɥɶɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ, ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɪɚɱɭ 
ɩɪɚɜɢɥɶɧɨ ɩɨɫɬɚɜɢɬɶ ɞɢɚɝɧɨɡ ɢ ɩɨɞɨɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɬɟɪɚɩɢɸ ɥɟɱɟɧɢɹ. 
Ɋɚɧɧɹɹ ɞɢɚɝɧɨɫɬɢɤɚ ɷɪɢɬɪɨɰɢɬɨɡɨɜ ɢ ɨɬɧɟɫɟɧɢɟ ɢɯ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɬɢɩɭ 
ɫɦɨɠɟɬ ɩɪɟɞɭɩɪɟɞɢɬɶ ɨɫɥɨɠɧɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɞɚɧɧɨɣ ɝɪɭɩɩɟ 
ɡɚɛɨɥɟɜɚɧɢɣ, ɚ ɢɦɟɧɧɨ ɬɪɨɦɛɨɡɵ, ɦɢɟɥɨɮɢɛɪɨɡ, ɡɥɨɤɚɱɟɫɬɜɟɧɧɭɸ 
ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɢ ɪɟɠɟ ɤɪɨɜɨɬɟɱɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɩɟɪɟɫɦɨɬɪɟɬɶ ɢ ɞɨɩɨɥɧɢɬɶ 
ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ 

ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ.  ɞɥɹ 
ɫɤɪɢɧɢɧɝɨɜɨɣ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɧɚɥɢɱɢɹ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ 
CARL ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɩɪɢɨɛɪɟɬɺɧɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɢɥɢ 
ɂɫɬɢɧɧɨɣ ɩɨɥɢɰɢɬɟɦɢɢ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ 
ɋɟɧɝɟɪɭ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ EPOR, VHL, HIF2α ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɢɩɚ ɢ ɝɪɭɩɩɵ ɫɟɦɟɣɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ. 

3. ɉɟɪɟɫɦɨɬɪɟɬɶ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ 
ɷɪɢɬɪɨɰɢɬɨɡɚɦɢ ɫ ɰɟɥɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɤɥɨɧɚɥɶɧɵɯ ɢ 
ɧɟɤɥɨɧɚɥɶɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

4. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ȾɇɄ ɩɚɰɢɟɧɬɨɜ ɫ ɜɵɫɨɤɨɣ ɤɥɢɧɢɤɨ-
ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɧɚɥɢɱɢɹ ɨɞɧɨɝɨ ɢɡ ɬɢɩɨɜ ɷɪɢɬɪɨɰɢɬɨɡɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
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ɈɋɇɈȼɇȺə ɑȺɋɌɖ 

1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

1.1 Ɋɟɝɭɥɹɰɢɹ ɷɪɢɬɪɨɩɨɷɡɚ 
 
ɋɨɜɨɤɭɩɧɨɫɬɶ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɪɝɚɧɢɡɦɟ 

ɱɟɥɨɜɟɤɚ ɨɬɜɟɱɚɟɬ ɡɚ ɜɵɪɚɛɨɬɤɭ ɢ ɤɨɥɢɱɟɫɬɜɨ ɷɪɢɬɪɨɰɢɬɨɜ Ⱦɚɧɧɵɟ 
ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɨɞɞɟɪɠɢɜɚɸɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɦɨɝɥɨɛɢɧɚ ɧɚ 
ɞɨɜɨɥɶɧɨ ɫɬɚɛɢɥɶɧɨɦ ɭɪɨɜɧɟ ɜ ɬɟɱɟɧɢɟ ɜɫɟɣ ɠɢɡɧɢ. ɉɪɨɰɟɫɫ ɷɪɢɬɪɨɩɨɷɡɚ 
ɧɚɱɢɧɚɟɬɫɹ ɜ ɤɨɫɬɧɨɦ ɦɨɡɝɟ ɫ ɨɛɪɚɡɨɜɚɧɢɹ ɥɢɧɢɢ ɩɥɸɪɢɩɨɬɟɧɬɧɵɯ ɦɢɟɥɨɢɞɧɵɯ 
ɤɥɟɬɨɤ – ɩɪɟɞɲɟɫɬɜɟɧɧɢɰ ɢ ɞɚɥɶɧɟɣɲɟɣ  ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɷɬɢɯ ɤɥɟɬɨɤ ɜ 
ɧɟɡɪɟɥɵɟ ɷɪɢɬɪɨɢɞɧɵɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɢ, ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬ ɨɩɪɟɞɟɥɟɧɧɭɸ 
ɩɪɨɥɢɮɟɪɚɬɢɜɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. ȼɩɨɫɥɟɞɫɬɜɢɢ ɷɬɢ ɤɥɟɬɤɢ – ɩɪɟɞɲɟɫɬɜɟɧɧɢɰɵ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɚɥɶɧɟɣɲɟɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɟ ɢ ɫɨɡɪɟɜɚɧɢɸ. ȼɫɟ ɷɬɢ ɩɪɨɰɟɫɫɵ 
ɪɟɝɭɥɢɪɭɸɬɫɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɢ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɦɢ 
ɪɟɝɭɥɹɬɨɪɚɦɢ [8]. 

ɗɪɢɬɪɨɢɞɧɵɣ ɮɚɤɬɨɪ ɬɪɚɧɫɤɪɢɩɰɢɢ (GATA-1) ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɬɨɪɨɦ 
ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɢ ɜɵɠɢɜɚɟɦɨɫɬɢ ɷɪɢɬɪɨɢɞɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. Ɍɚɤ ɠɟ 
GATA-1 ɡɚɩɭɫɤɚɟɬ ɷɪɢɬɪɨɩɨɷɡ ɩɭɬɟɦ ɪɟɝɭɥɹɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɧɟɫɤɨɥɶɤɢɯ 
ɝɟɧɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɨɣ ɷɪɢɬɪɨɢɞɚ, ɜɤɥɸɱɚɹ ɝɟɧɵ, ɭɱɚɫɬɜɭɸɳɢɟ 
ɜ ɫɢɧɬɟɡɟ ɝɟɦɚ ɢ / ɢɥɢ ɝɥɨɛɢɧɚ, ɝɥɢɤɨɮɨɪɢɧɵ; ɝɟɧɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɪɟɝɭɥɹɰɢɢ 
ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ, ɢ ɝɟɧ ɪɟɰɟɩɬɨɪɚ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPOR). Ʉɪɨɦɟ ɬɨɝɨ, 
ɪɟɝɭɥɹɬɨɪɚɦɢ ɷɪɢɬɪɨɩɨɷɡɚ ɹɜɥɹɸɬɫɹ ɝɨɪɦɨɧɵ (ɝɨɪɦɨɧɵ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ, 
ɚɧɞɪɨɝɟɧɵ, ɤɨɪɬɢɤɨɫɬɟɪɨɢɞɵ), ɜɢɬɚɦɢɧɵ (ɧɚɩɪɢɦɟɪ, ɜɢɬɚɦɢɧ ȼ12 ɢ ɮɨɥɢɟɜɚɹ 
ɤɢɫɥɨɬɚ), ɠɟɥɟɡɨ, ɪɟɝɭɥɹɬɨɪɵ ɦɟɬɚɛɨɥɢɡɦɚ ɠɟɥɟɡɚ (ɪɟɰɟɩɬɨɪɵ ɬɪɚɧɫɮɟɪɪɢɧɚ-1 
ɢ -2) ɢ ɝɟɦɚɬɨɩɨɷɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɪɨɫɬɚ, ɬɚɤɢɟ ɤɚɤ ɢɧɬɟɪɥɟɣɤɢɧ-3 [9]. 

Ɉɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɷɪɢɬɪɨɩɨɷɡ ɹɜɥɹɟɬɫɹ ɝɨɪɦɨɧ 
ɷɪɢɬɪɨɩɨɷɬɢɧ (EPO), ɤɨɬɨɪɵɣ ɫɟɤɪɟɬɢɪɭɟɬɫɹ ɜ ɤɨɪɤɨɜɨɦ ɜɟɳɟɫɬɜɟ ɩɨɱɟɤ ɜ 
ɢɧɬɟɪɫɬɢɰɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɢ ɩɟɪɢɫɢɧɭɫɨɢɞɧɵɯ ɤɥɟɬɤɚɯ ɩɟɱɟɧɢ. ɉɪɨɢɡɜɨɞɫɬɜɨ 
EPO ɩɟɱɟɧɶɸ ɩɪɟɨɛɥɚɞɚɟɬ ɜ ɷɦɛɪɢɨɧɚɥɶɧɨɣ ɢ ɩɪɟɧɚɬɚɥɶɧɵɣ ɩɟɪɢɨɞɵ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɩɨɱɟɱɧɚɹ ɫɟɤɪɟɰɢɹ ɩɪɟɨɛɥɚɞɚɟɬ ɜ ɬɟɱɟɧɢɟ ɡɪɟɥɨɝɨ ɜɨɡɪɚɫɬɚ. Ɉɧ 
ɚɤɬɢɜɢɪɭɟɬ ɦɢɬɨɡ ɢ ɫɨɡɪɟɜɚɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ ɢɡ ɤɥɟɬɨɤ – ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ 
ɷɪɢɬɪɨɢɞɧɨɝɨ ɪɹɞɚ [10]. ɉɪɨɞɭɤɰɢɸ EPO ɜ ɤɥɟɬɤɚɯ ɨɩɪɟɞɟɥɹɟɬ ɤɥɟɬɨɱɧɨɟ 
ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɬɤɚɧɹɯ (ɪɈ2). ȼ ɭɫɥɨɜɢɹɯ ɝɢɩɨɤɫɢɢ 
ɢɧɞɭɤɰɢɹ ɷɤɫɩɪɟɫɫɢɢ EPO ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɬ ɢɧɞɭɰɢɪɭɟɦɵɣ 
ɝɢɩɨɤɫɢɟɣ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ (HIF), ɪɢɫɭɧɨɤ 1. 
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Ɋɢɫɭɧɨɤ 1. – ɋɯɟɦɚ ɩɪɨɞɭɤɰɢɢ ȿɊɈ ɜ ɩɨɱɤɚɯ ɩɪɢ ɫɧɢɠɟɧɢɢ ɪɈ2 ɜ ɬɤɚɧɹɯ 

[11]. 
 
ɉɪɢ ɫɧɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɤɪɨɜɢ ɧɚ ɷɬɨ ɪɟɚɝɢɪɭɸɬ 

ɢɧɬɟɪɫɬɢɰɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɩɨɱɟɤ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɫɢɧɬɟɡ EPO. ȼ ɷɬɢɯ ɤɥɟɬɤɚɯ 
ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɧɵɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɩɪɨɰɟɫɫ, ɡɚɬɪɚɝɢɜɚɸɳɢɣ ɪɚɛɨɬɭ 
ɦɧɨɠɟɫɬɜɚ ɝɟɧɨɜ [11]. Ɉɫɧɨɜɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ 
ɢɧɞɭɰɢɪɭɟɦɵɣ ɝɢɩɨɤɫɢɟɣ ɮɚɤɬɨɪ 1/2 (HIF1/HIF2). Ƚɟɬɟɪɨɞɢɦɟɪɧɵɣ ɛɟɥɨɤ HIF 
ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɭɛɴɟɞɢɧɢɰ: HIF-α ɢ HIFβ, ɪɢɫɭɧɨɤ 2. 

 

 
Ɋɢɫɭɧɨɤ 2. – ɗɪɢɬɪɨɩɨɷɡ ɜ ɭɫɥɨɜɢɹɯ ɧɨɪɦɨ- ɢ ɝɢɩɨɤɫɢɢ [12]. 

 
ɉɪɢ ɧɨɪɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢ ɤɢɫɥɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɩɪɨɥɢɧɚ ɫɜɨɛɨɞɧɨ ɫɭɳɟɫɬɜɭɸɳɟɣ ɦɨɥɟɤɭɥɵ HIFα ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɚɤɬɢɜɧɨɫɬɢ ɨɫɨɛɨɝɨ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɮɟɪɦɟɧɬɚ ɩɪɨɥɢɧɝɢɞɪɨɤɫɢɥɚɡɵ 2 
(PHD2), ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɦ ɫɟɧɫɨɪɨɦ ɤɢɫɥɨɪɨɞɚ. ɂɡɦɟɧɟɧɧɚɹ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɭɛɴɟɞɢɧɢɰɚ HIFα ɩɪɢɨɛɪɟɬɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɫɜɹɡɵɜɚɬɶɫɹ ɫ 
ɛɟɥɤɨɦ Ƚɢɩɩɟɥɹ–Ʌɢɧɞɚɭ (ɛɟɥɨɤ VHL–ɨɩɭɯɨɥɟɜɵɣ ɫɭɩɪɟɫɫɨɪ, ɫ ɦɭɬɚɰɢɹɦɢ ɝɟɧɚ, 
ɤɨɞɢɪɭɸɳɟɝɨ ɷɬɨɬ ɛɟɥɨɤ, ɫɜɹɡɚɧ ɧɚɫɥɟɞɫɬɜɟɧɧɵɣ ɫɢɧɞɪɨɦ Ƚɢɩɩɟɥɹ–Ʌɢɧɞɚɭ, 
ɞɥɹ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɧɵ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɝɟɦɚɧɝɢɨɦɵ, ɚ ɬɚɤɠɟ ɩɨɱɟɱɧɚɹ 
ɤɚɪɰɢɧɨɦɚ, ɪɚɤ ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ, ɚɧɝɢɨɦɚ ɫɟɬɱɚɬɤɢ ɝɥɚɡɚ). Ȼɟɥɨɤ VHL, ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɪɚɡɭɟɬ ɤɨɦɩɥɟɤɫ ɫ ɪɹɞɨɦ ɢɧɵɯ ɛɟɥɤɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɥɚɫɫɭ 
E3–ɭɛɢɤɜɢɬɢɧ–ɥɢɝɚɡ. Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɟ ɭɛɢɤɜɢɬɢɧ–ɥɢɝɚɡɵ ɨɛɪɚɡɭɸɬ 
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ɤɨɜɚɥɟɧɬɧɭɸ ɫɜɹɡɶ ɫ ɧɟɤɨɬɨɪɵɦɢ ɞɪɭɝɢɦɢ ɛɟɥɤɚɦɢ, ɹɜɥɹɹɫɶ ɞɥɹ ɩɨɫɥɟɞɧɢɯ 
ɫɜɨɟɨɛɪɚɡɧɨɣ «ɱɟɪɧɨɣ ɦɟɬɤɨɣ», ɤɨɬɨɪɚɹ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɥɭɱɢɜɲɢɣ ɬɚɤɭɸ ɦɟɬɤɭ 
«ɭɛɢɤɜɢɬɢɧɢɡɢɪɨɜɚɧɧɵɣ» ɛɟɥɨɤ ɜɫɤɨɪɟ ɞɨɥɠɟɧ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧ ɜ ɩɪɨɬɟɨɫɨɦɭ ɢ 
ɬɚɦ ɩɨɞɜɟɪɝɧɭɬ ɞɟɝɪɚɞɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɹɡɵɜɚɧɢɟ ɛɟɥɤɚ VHL ɫ 
ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɧɵɦɢ ɩɪɨɥɢɧɚɦɢ HIFα ɩɪɢɜɨɞɢɬ ɤ ɭɛɢɤɜɢɬɢɧɢɡɚɰɢɢ ɷɬɨɝɨ 
ɛɟɥɤɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɟɝɨ ɩɪɨɬɟɨɫɨɦɧɨɣ ɞɟɝɪɚɞɚɰɢɢ.  

ȼ ɫɨɫɬɨɹɧɢɢ ɝɢɩɨɤɫɢɢ ɛɟɥɤɨɜɚɹ ɦɨɥɟɤɭɥɚ HIFα ɧɟ ɝɢɞɪɨɤɫɢɥɢɪɭɟɬɫɹ ɢ 
ɨɫɬɚɟɬɫɹ ɫɬɚɛɢɥɶɧɨɣ, ɢɡɛɟɠɚɜ ɭɛɢɤɜɢɬɢɧ–ɡɚɜɢɫɢɦɨɝɨ ɩɪɨɬɟɨɥɢɡɚ. ɋɭɛɴɟɞɢɧɢɰɵ 
HIFα ɢ HIFβ ɨɛɴɟɞɢɧɹɸɬɫɹ, ɢ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ 
ɝɟɬɟɪɨɞɢɦɟɪɧɵɣ ɛɟɥɨɤ HIF ɧɚɩɪɚɜɥɹɟɬɫɹ ɢɡ ɰɢɬɨɩɥɚɡɦɵ ɜ ɹɞɪɨ, ɝɞɟ ɫɜɹɡɵɜɚɟɬɫɹ 
ɫ ɨɫɨɛɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ȾɇɄ ɜ ɩɪɨɦɨɬɨɪɧɵɯ ɨɛɥɚɫɬɹɯ ɝɟɧɨɜ, 
ɷɤɫɩɪɟɫɫɢɹ ɤɨɬɨɪɵɯ ɢɧɞɭɰɢɪɭɟɬɫɹ ɝɢɩɨɤɫɢɟɣ. ȼ ɨɬɜɟɬ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɷɬɢɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɫɨɛɵɬɢɣ ɢɧɬɟɪɫɬɢɰɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɩɨɱɟɤ ɜɵɞɟɥɹɸɬ ɜ 
ɤɪɨɜɟɧɨɫɧɨɟ ɪɭɫɥɨ ɷɪɢɬɪɨɩɨɷɬɢɧ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɚɤɬɢɜɢɪɭɟɬ 
ɜɵɪɚɛɨɬɤɭ ɢ ɫɨɡɪɟɜɚɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ [12]. 

 

1.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɷɪɢɬɪɨɰɢɬɨɡɨɜ 
 
ȼ ɤɪɨɜɹɧɨɦ ɪɭɫɥɟ ɷɪɢɬɪɨɰɢɬɵ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɢɧɫɬɜɨ ɤɥɟɬɨɤ ɤɪɨɜɢ ɢ 

ɬɟɦ ɫɚɦɵɦ ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɟɟ ɜɹɡɤɨɫɬɶ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɷɪɢɬɪɨɰɢɬɨɜ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɹɡɤɨɫɬɶ ɤɪɨɜɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɧ ɧɚɥɢɱɢɟ ɩɚɬɨɥɨɝɢɢ. 
ɉɨɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ (Hb) ɢɥɢ ɝɟɦɚɬɨɤɪɢɬɚ (Ht) ɩɨɜɵɲɚɸɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɷɪɢɬɪɨɰɢɬɨɡɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɪɢɬɪɨɰɢɬɨɡ – ɷɬɨ ɩɚɬɚɥɨɝɢɱɟɫɤɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɷɪɢɬɪɨɰɢɬɨɜ, ɚ ɬɚɤɠɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ Hb ɢ Ht ɜɵɲɟ ɤɨɧɬɪɨɥɶɧɵɯ ɡɧɚɱɟɧɢɣ [2, 13]. 

ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɷɪɢɬɪɨɰɢɬɨɡɨɜ ɨɫɧɨɜɚɧɚ ɧɚ ɬɨɦ, ɹɜɥɹɟɬɫɹ 
ɥɢ ɩɪɨɞɭɤɰɢɹ ɷɪɢɬɪɨɰɢɬɨɜ ɩɟɪɜɢɱɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɝɞɟ ɤɨɫɬɧɵɣ ɦɨɡɝ ɹɜɥɹɟɬɫɹ 
ɢɫɬɨɱɧɢɤɨɦ ɩɪɨɞɭɤɰɢɢ ɢɡɛɵɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɢɥɢ ɤɨɝɞɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɪɚɫɧɵɯ ɤɥɟɬɨɤ ɤɪɨɜɢ ɫɜɹɡɚɧɨ ɫ ɤɚɤɢɦ-ɬɨ ɞɪɭɝɢɦ ɩɪɨɰɟɫɫɨɦ, ɢɥɢ 
ɤɨɝɞɚ ɷɬɢɨɥɨɝɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɪɢɬɪɨɰɢɬɨɡɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ. 

ɗɪɢɬɪɨɰɢɬɨɡɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɚɛɫɨɥɸɬɧɵɣ ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɣ. 
Ⱥɛɫɨɥɸɬɧɵɣ ɢɥɢ ɢɫɬɢɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɦɚɫɫɵ 
ɷɪɢɬɪɨɰɢɬɨɜ ɞɨ 125% ɨɬ ɪɟɮɟɪɧɫɧɨɝɨ ɡɧɚɱɟɧɢɹ (ɧɨɪɦɵ), ɚ ɬɚɤɠɟ ɩɪɢ 
ɩɨɜɵɲɟɧɢɢ Hb ɢ Ht [2]. Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɜɵɡɜɚɧ ɪɟɡɤɢɦ 
ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɴɟɦɚ ɩɥɚɡɦɵ (ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɞɢɭɪɟɬɢɤɨɜ ɢɥɢ ɬɹɠɟɥɨɣ 
ɞɢɚɪɟɢ), ɜ ɬɨɠɟ ɜɪɟɦɹ ɨɧ ɨɬɥɢɱɚɟɬɫɹ ɢ ɨɬ ɤɚɠɭɳɟɝɨɫɹ ɷɪɢɬɪɨɰɢɬɨɡɚ, ɜɵɡɜɚɧɧɨɝɨ 
ɚɪɬɟɪɢɚɥɶɧɨɣ ɝɢɩɨɤɫɢɟɣ (ɧɚɩɪɢɦɟɪ, ɤɭɪɟɧɢɟ ɫɢɝɚɪɟɬ, ɨɬɪɚɜɥɟɧɢɟ ɭɝɚɪɧɵɦ 
ɝɚɡɨɦ ɢɥɢ ɚɩɧɨɷ ɜɨ ɫɧɟ). Ⱥɛɫɨɥɸɬɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ 
ɤɚɤ ɩɟɪɜɢɱɧɵɣ ɢɥɢ ɜɬɨɪɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ 
ɜɪɨɠɞɟɧɧɵɦ, ɬɚɤ ɢ ɩɪɢɨɛɪɟɬɟɧɧɵɦ ɪɢɫɭɧɨɤ 3 [2, 14]. 
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Ɋɢɫɭɧɨɤ. 3. – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɷɪɢɬɪɨɰɢɬɨɡɨɜ [13]. 

 
ɉɪɢɱɢɧɚɦɢ ɩɟɪɜɢɱɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɹɜɥɹɸɬɫɹ ɦɭɬɚɰɢɢ ɜ ɤɥɟɬɤɚɯ – 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɰɚɯ ɷɪɢɬɪɨɢɞɧɨɝɨ ɪɨɫɬɤɚ ɤɪɨɜɟɬɜɨɪɟɧɢɹ. ɉɟɪɜɢɱɧɵɣ 
ɷɪɢɬɪɨɰɢɬɨɡ ɨɛɵɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɢɦɢ ɭɪɨɜɧɹɦɢ ȿɊɈ ɜ ɫɵɜɨɪɨɬɤɟ 
ɤɪɨɜɢ. ɉɪɢɨɛɪɟɬɟɧɧɵɣ ɩɟɪɜɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɫɜɹɡɚɧ ɫ ɂɉ, ɤɨɬɨɪɵɣ ɜɨɡɧɢɤɚɟɬ 
ɢɡ-ɡɚ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ JAK2 ɜ 12 ɢ 14 ɷɤɡɨɧɚɯ, ɩɪɢ ɤɨɬɨɪɵɯ 
ɩɪɨɢɫɯɨɞɢɬ ɛɟɫɤɨɧɬɪɨɥɶɧɚɹ ɚɤɬɢɜɚɰɢɢ ɫɢɝɧɚɥɶɧɨɝɨ ɩɭɬɢ EPO ɧɚ ɭɪɨɜɧɟ 
ɪɟɰɟɩɬɨɪɚ ɝɟɧɚ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPOR). ɉɟɪɜɢɱɧɵɣ ɜɪɨɠɞɟɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ 
ɜɵɡɜɚɧ ɦɭɬɚɰɢɹɦɢ ɜ ɝɟɧɟ EPOR.  

ȼɬɨɪɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɭɪɨɜɧɹ ȿɊɈ 
ɜɫɥɟɞɫɬɜɢɟ ɦɭɬɚɰɢɣ ɜ ɤɢɫɥɨɪɨɞ–ɱɭɜɫɬɜɢɬɟɥɶɧɨɦ ɩɭɬɢ, ɥɢɛɨ ɜɫɥɟɞɫɬɜɢɟ 
ɝɢɩɨɤɫɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɚɬɚɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɜɹɡɚɧɧɨɝɨ ɫ ɡɚɛɨɥɟɜɚɧɢɟɦ 
ɫɟɪɞɰɚ, ɩɨɱɟɤ, ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ ɢ ɞ.ɪ. ɉɪɢɱɢɧɚɦɢ ɜɬɨɪɢɱɧɨɝɨ ɜɪɨɠɞɟɧɧɨɝɨ 
ɷɪɢɬɪɨɰɢɬɨɡɚ ɦɨɝɭɬ ɛɵɬɶ ɦɭɬɚɰɢɢ ɜ ɤɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɦ ɩɭɬɢ, ɜɤɥɸɱɚɹ 
ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ VHL, PHD2ɢ HIF2α [15, 16]. 

ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɫɟɦɟɣɧɵɟ ɷɪɢɬɪɨɰɢɬɨɡɵ ɦɨɠɧɨ ɬɚɤ ɠɟ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɝɪɭɩɩɵ (ECYT1-4). ɉɟɪɜɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ (ECTY1) 
ɫɜɹɡɚɧ ɫ ɦɭɬɚɰɢɹɦɢ ɜ ɪɟɰɟɩɬɨɪɟ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPOR), ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ 
ɞɥɢɬɟɥɶɧɭɸ ɚɤɬɢɜɚɰɢɸ ɪɟɰɟɩɬɨɪɚ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɭɛɧɨɪɦɚɥɶɧɵɦɢ 
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ɭɪɨɜɧɹɦɢ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPO) ɜ ɫɵɜɨɪɨɬɤɟ. ȼɬɨɪɢɱɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ (ECTY2-
4), ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɟɫɤɨɧɬɪɨɥɶɧɨɝɨ ɫɢɧɬɟɡɚ EPO ɢɡ-ɡɚ ɞɟɮɟɤɬɨɜ ɜ 
ɤɢɫɥɨɪɨɞ–ɱɭɜɫɬɜɢɬɟɥɶɧɨɦ ɩɭɬɢ. 

1.3ɏɪɨɧɢɱɟɫɤɢɟ ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ 

 
Ɇɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ (Ɇɉɇ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɝɪɭɩɩɭ ɤɥɨɧɚɥɶɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɧɚ ɭɪɨɜɧɟ ɝɟɦɨɩɨɷɬɢɱɟɫɤɢɯ 
ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɣ, ɚɤɬɢɜɢɪɭɸɳɢɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɭɬɢ 
ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɝɟɦɨɩɨɷɡ. Ɍɨɱɧɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ Ɇɉɇ ɞɨ 
ɫɢɯ ɩɨɪ ɧɟɢɡɜɟɫɬɧɨ, ɧɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɢɱɢɧɨɣ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɷɬɚɩɧɨɫɬɶ ɩɚɬɚɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɝɞɟ ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɶ 
ɤ ɛɨɥɟɡɧɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɜɥɢɹɧɢɟɦ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɝɟɧɨɦ ɧɨɪɦɚɥɶɧɨɣ 
ɤɥɟɬɤɢ ɩɪɢɜɨɞɢɬ ɤ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ [4]. Ɇɨɥɟɤɭɥɹɪɧɨ–
ɝɟɧɟɬɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ ɩɪɢ Ɇɉɇ ɩɪɢɜɨɞɹɬ ɤ ɚɤɬɢɜɚɰɢɢ JAK–STAT 
ɫɢɝɧɚɥɶɧɨɝɨ ɩɭɬɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɥɢɮɟɪɚɰɢɹ ɦɢɟɥɨɢɞɧɨɝɨ 
ɪɨɫɬɤɚ ɤɪɨɜɟɬɜɨɪɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɥɢɮɟɪɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɷɪɢɬɪɨɰɢɬɨɜ, ɥɟɣɤɨɰɢɬɨɜ ɢ ɬɪɨɦɛɨɰɢɬɨɜ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ. 

Ʉ ɝɪɭɩɩɟ Ɇɉɇ ɨɬɧɨɫɹɬ: ɢɫɬɢɧɧɭɸ ɩɨɥɢɰɢɬɟɦɢɸ (ɂɉ), ɷɫɫɟɧɰɢɚɥɶɧɭɸ 
ɬɪɨɦɛɨɰɢɬɟɦɢɸ (ɗɌ), ɦɢɟɥɨɮɢɛɪɨɡ (ɆɎ) [17]. ȼ ɨɫɧɨɜɟ ɩɚɬɨɝɟɧɟɡɚ ɂɉ, ɗɌ, 
ɆɎ ɥɟɠɚɬ ɩɪɢɨɛɪɟɬɟɧɧɵɟ ɫɨɦɚɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ əɧɭɫ ɤɢɧɚɡɵ 2 (JAK2) 
ɜ 12 ɢ 14 ɷɤɡɨɧɚɯ, ɜ ɝɟɧɟ ɪɟɰɟɩɬɨɪɚ ɬɪɨɦɛɨɩɨɷɬɢɧɚ (MPL) ɢ ɜ ɝɟɧɟ 
ɤɚɥɶɪɟɬɢɤɭɥɢɧɚ (CALR), ɤɨɬɨɪɵɟ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɭ 90% 
ɛɨɥɶɧɵɯ. 

Ɍɚɤ ɫɨɦɚɬɢɱɟɫɤɚɹ ɦɭɬɚɰɢɹ ɜ ɝɟɧɟ JAK2 ɜ 14 ɢ 12 ɷɤɡɨɧɚɯ ɜɫɬɪɟɱɚɟɬɫɹ ɜ 
96% ɢ 2% ɫɥɭɱɚɟɜ ɩɪɢ ɂɉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɭɬɚɰɢɹ ɜ 14 ɷɤɡɨɧɟ ɝɟɧɚ JAK2 
ɬɚɤɠɟ ɜɵɹɜɥɹɟɬɫɹ ɜ 50% ɫɥɭɱɚɟɜ ɩɪɢ ɗɌ ɢ ɜ 70% ɫɥɭɱɚɟɜ ɩɪɢ ɆɎ. Ɍɨɝɞɚ ɤɚɤ 
ɦɭɬɚɰɢɹ ɜ 12 ɷɤɡɨɧɟ ɝɟɧɚ JAK2 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɢ ɗɌ ɢ ɉɆɎ. 
Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ MPL ɩɪɢ Ɇɉɇ ɜɫɬɪɟɱɚɸɬɫɹ ɜ 3% ɫɥɭɱɚɟɜ ɩɪɢ ɗɌ ɢ 8% ɩɪɢ 
ɆɎ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ CALR ɨɛɧɚɪɭɠɢɜɚɸɬ ɜ 20% ɫɥɭɱɚɟɜ ɩɪɢ ɗɌ 
ɢ 25% ɩɪɢ ɆɎ ) [18].  

ɂɉ ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɭɩɩɟ Ɇɉɇ ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɥɢɮɟɪɚɰɢɢ ɷɪɢɬɪɨɢɞɧɨɣ 
ɥɢɧɢɢ ɤɥɟɬɨɤ, ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɩɨɜɵɲɟɧɢɸ ɭɪɨɜɧɹ 
ɝɟɦɨɝɥɨɛɢɧɚ, ɬɪɨɦɛɨɰɢɬɨɡɭ ɢ ɥɟɣɤɨɰɢɬɨɡɭ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ (ɩɚɧɰɢɬɨɡ). 
Ɂɚɛɨɥɟɜɚɧɢɟ ɨɛɵɱɧɨ ɩɪɨɬɟɤɚɟɬ ɫɨ ɫɩɥɟɧɨɦɟɝɚɥɢɟɣ, ɜɵɫɨɤɢɦ ɪɢɫɤɨɦ 
ɤɪɨɜɨɬɟɱɟɧɢɣ ɢ ɬɪɨɦɛɨɷɦɛɨɥɢɱɟɫɤɢɯ ɨɫɥɨɠɧɟɧɢɣ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ 
ɞɢɚɝɧɨɡɚ ɂɉ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɢɧɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ȼɈɁ ɞɨɫɬɚɬɨɱɧɨ 
ɧɚɥɢɱɢɹ ɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ ɢ ɝɟɦɚɬɨɤɪɢɬɚ, ɚ ɬɚɤɠɟ ɜɵɹɜɥɟɧɢɹ 
ɤɚɤɨɣ-ɥɢɛɨ ɢɡ ɤɥɢɧɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ JAK2, 
ɩɨɫɤɨɥɶɤɭ ɦɭɬɚɰɢɢ ɜ 14 ɢ 12 ɷɤɡɨɧɚɯ JAK2 ɜɵɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 95% 
ɫɥɭɱɚɟɜ ɫ ɂɉ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɚɤɬɢɜɧɨ ɨɛɫɭɠɞɚɸɬɫɹ ɫɥɭɱɚɢ ɧɚɥɢɱɢɹ ɦɭɬɚɰɢɣ ɜ 
ɝɟɧɟ CALR ɭ JAK ɧɟɝɚɬɢɜɧɵɯ ɩɚɰɢɟɧɬɨɜ ɫ ɤɥɢɧɢɱɟɫɤɨɣ ɤɚɪɬɢɧɨɣ ɂɉ, ɗɌ ɢ 
ɷɪɢɬɪɨɰɢɬɨɡɨɦ. ɇɨ ɜ ɬɨɠɟ ɜɪɟɦɹ ɨɫɬɚɟɬɫɹ ɧɟɹɫɧɵɦ ɤɥɢɧɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 
ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ CALR ɢ ɟɟ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɩɚɬɨɝɟɧɟɡɚ ɂɉ [19, 20]. 
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Ƚɟɧ CALR ɤɨɞɢɪɭɟɬ ɤɚɥɶɰɢɣ–ɫɜɹɡɵɜɚɸɳɢɣ ɛɟɥɨɤ, ɤɨɬɨɪɵɣ ɥɨɤɚɥɢɡɭɟɬɫɹ 
ɜ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɦ ɪɟɬɢɤɭɥɭɦɟ ɢ ɜɵɩɨɥɧɹɟɬ ɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɲɚɩɟɪɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɝɨɦɟɨɫɬɚɡɨɦ ɤɚɥɶɰɢɹ. Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ CALR 
ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɷɤɡɨɧɟ 9 ɢ ɫɨɫɬɨɹɬ ɢɡ ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɣ: ɞɟɥɟɰɢɣ ɢ 
ɜɫɬɚɜɨɤ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɫɞɜɢɝɭ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ [21]. ɋɞɜɢɝ ɪɚɦɤɢ 
ɫɱɢɬɵɜɚɧɢɹ ɢɡɦɟɧɹɟɬ ɋ–ɤɨɧɟɰ ɛɟɥɤɚ, ɤɨɬɨɪɵɣ ɫɬɚɧɨɜɢɬɫɹ ɨɫɧɨɜɧɵɦ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɜ ɞɢɤɨɦ ɬɢɩɟ ɨɧ ɤɢɫɥɵɣ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɛɵɥɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɢ 
ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɨ ɛɨɥɟɟ 50 ɪɚɡɥɢɱɧɵɯ ɦɭɬɚɰɢɣ [22] ɜ ɝɟɧɟ CALR, ɤɨɬɨɪɵɟ 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɬɢɩɚ. Ʉ ɩɟɪɜɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬɫɹ ɞɟɥɟɰɢɢ, ɤɨ ɜɬɨɪɨɦɭ 
ɬɢɩɭ – ɜɫɬɚɜɤɢ. Ɇɭɬɚɰɢɢ ɬɢɩɚ 1 ɱɚɳɟ ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɢ ɆɎ, ɬɨɝɞɚ ɤɚɤ ɦɭɬɚɰɢɢ 
ɬɢɩɚ 1 ɢ ɬɢɩɚ 2 ɜɫɬɪɟɱɚɸɬɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ ɱɚɫɬɨɬɨɣ ɩɪɢ ɬɪɨɦɛɨɰɢɬɨɡɟ [23]. 
Ɇɭɬɚɰɢɢ CALR ɩɪɨɢɫɯɨɞɹɬ ɩɨɱɬɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜ ɗɌ ɢ ɆɎ, ɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɜɫɬɪɟɱɚɸɬɫɹ ɫɨɨɛɳɟɧɢɹ ɨ ɫɥɭɱɚɹɯ ɜɵɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɜ 
ɨɬɫɭɬɫɬɜɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ JAK2 ɧɚ ɦɨɦɟɧɬ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ ɭ ɛɨɥɶɧɵɯ ɂɉ, 
ɚ ɬɚɤɠɟ ɂɞɢɨɩɚɬɢɱɟɫɤɢɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ (ɂɗ) [24]. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫɬɚɜɢɬɫɹ 
ɜɨɩɪɨɫ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ  ɜ ɝɟɧɟ CALR ɬɚɤɢɦ 
ɩɚɰɢɟɧɬɚɦ.  

1.4 ɉɟɪɜɢɱɧɵɣ ɜɪɨɠɞɟɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɩɟɪɜɨɝɨ ɬɢɩɚ (ECTY1) 
 
ɉɟɪɜɢɱɧɵɣ ɜɪɨɠɞɟɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɢɥɢ ɫɟɦɟɣɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɩɟɪɜɨɝɨ 

ɬɢɩɚ (ECTY1) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɬɨɥɨɝɢɸ ɷɪɢɬɪɨɢɞɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, 
ɤɨɬɨɪɵɟ ɜɫɥɟɞɫɬɜɢɟ ɦɭɬɚɰɢɣ ɫɬɚɧɨɜɹɬɫɹ ɝɢɩɟɪɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ EPO. Ⱦɚɧɧɚɹ 
ɩɚɬɨɥɨɝɢɹ ɢɦɟɟɬ ɧɚɫɥɟɞɫɬɜɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɟɪɟɞɚɟɬɫɹ ɩɨ ɚɭɬɨɫɨɦɧɨ–
ɞɨɦɢɧɚɧɬɧɨɦɭ ɬɢɩɭ ɧɚɫɥɟɞɨɜɚɧɢɹ. ɏɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɚɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ 
ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɜɫɥɟɞɫɬɜɢɟ ɧɚɫɥɟɞɨɜɚɧɢɹ ɝɢɩɟɪɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 
ɪɟɰɟɩɬɨɪɚ EPOR,ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ ɦɚɫɫɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɫɜɹɡɚɧɧɚɹ ɫ 
ɫɭɛɧɨɪɦɚɥɶɧɵɦɢ ɭɪɨɜɧɹɦɢ EPO ɜ ɫɵɜɨɪɨɬɤɟ, ɚ ɬɚɤ ɠɟ ɧɨɪɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ 
ɫɟɥɟɡɟɧɤɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ECTY1 ɦɨɠɟɬ ɢɦɢɬɢɪɨɜɚɬɶ ɤɥɢɧɢɱɟɫɤɭɸ ɤɚɪɬɢɧɭ 
ɂɉ, ɧɨ ɩɪɢ ɧɟɦ ɝɟɦɨɩɨɷɡ ɹɜɥɹɟɬɫɹ ɩɨɥɢɤɥɨɧɚɥɶɧɵɦ, ɢ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ECTY1ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɪɢɫɤɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɡɚɛɨɥɟɜɚɧɢɹ ɜ ɆɎ ɢɥɢ ɥɟɣɤɨɡ 
[25, 26]. 

Ʉɥɢɧɢɱɟɫɤɢɟ ɩɪɨɹɜɥɟɧɢɹ ECTY1 ɫɜɹɡɚɧɵ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɢ ɦɨɝɭɬ 
ɜɤɥɸɱɚɬɶ ɫɢɧɞɪɨɦ ɝɢɩɟɪɜɹɡɤɨɫɬɢ (ɝɨɥɨɜɧɚɹ ɛɨɥɶ, ɝɨɥɨɜɨɤɪɭɠɟɧɢɟ, ɭɫɬɚɥɨɫɬɶ, 
ɡɪɢɬɟɥɶɧɵɟ ɢ ɫɥɭɯɨɜɵɟ ɧɚɪɭɲɟɧɢɹ), ɚ ɬɚɤɠɟ ɚɪɬɟɪɢɚɥɶɧɵɟ ɢ / ɢɥɢ ɜɟɧɨɡɧɵɟ 
ɬɪɨɦɛɨɷɦɛɨɥɢɱɟɫɤɢɟ ɫɨɛɵɬɢɹ. ɏɨɬɹ ɛɨɥɶɲɢɧɫɬɜɨ ɥɸɞɟɣ ɫ ECTY1 ɢɦɟɸɬ 
ɬɨɥɶɤɨ ɥɟɝɤɢɟ ɩɪɨɹɜɥɟɧɢɹ ɝɢɩɟɪɜɹɡɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɝɨɥɨɜɨɤɪɭɠɟɧɢɟ ɢɥɢ 
ɝɨɥɨɜɧɭɸ ɛɨɥɶ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɭ ɧɟɤɨɬɨɪɵɯ ɩɚɰɢɟɧɬɨɜ ɛɵɥɢ ɬɹɠɟɥɵɟ, ɢ ɞɚɠɟ 
ɫɦɟɪɬɟɥɶɧɵɟ ɨɫɥɨɠɧɟɧɢɹ, ɜɤɥɸɱɚɹ ɚɪɬɟɪɢɚɥɶɧɭɸ ɝɢɩɟɪɬɟɧɡɢɸ, ɜɧɭɬɪɢɦɨɡɝɨɜɨɟ 
ɤɪɨɜɨɢɡɥɢɹɧɢɟ, ɬɪɨɦɛɨɡ ɝɥɭɛɨɤɢɯ ɜɟɧ, ɢɲɟɦɢɱɟɫɤɭɸ ɛɨɥɟɡɧɶ ɫɟɪɞɰɚ ɢ ɢɧɮɚɪɤɬ 
ɦɢɨɤɚɪɞɚ. Ⱦɚɧɧɵɯ ɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ECTY1 ɧɟ ɭɤɚɡɚɧɵ [27]. ɇɨ ɫɨɝɥɚɫɧɨ 
ɪɚɛɨɬɟ 2016 ɝɨɞɚ [28] ɛɵɥɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ 116 ɩɨɫɬɪɚɞɚɜɲɢɯ ɢɡ 24 ɫɟɦɟɣ. 

ȼɵɠɢɜɚɟɦɨɫɬɶ, ɩɪɨɥɢɮɟɪɚɰɢɸ, ɚ ɬɚɤɠɟ ɞɢɮɮɟɪɟɧɰɢɚɰɢɸ ɷɪɢɬɪɨɢɞɧɵɯ 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɪɟɝɭɥɢɪɭɟɬ ɝɨɪɦɨɧ ȿɊɈ, ɤɨɬɨɪɵɣ ɨɤɚɡɵɜɚɟɬ ɫɜɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɤɥɟɬɤɢ–ɦɢɲɟɧɢ, ɫɜɹɡɵɜɚɹɫɶ ɫ ɜɧɟɤɥɟɬɨɱɧɵɦ N-ɬɟɪɦɢɧɚɥɶɧɵɦ ɞɨɦɟɧɨɦ 
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ɪɟɰɟɩɬɨɪɚ EɊɈR. Ƚɨɪɦɨɧ EPO ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜ 
ɤɪɨɜɹɧɨɦ ɪɭɫɥɟ ɜ ɭɫɥɨɜɢɹɯ ɝɨɦɟɨɫɬɚɡɚ. ɉɪɢ ɤɢɫɥɨɪɨɞɧɨɦ ɫɬɪɟɫɫɟ, ɬɚɤɨɦ ɤɚɤ 
ɝɢɩɨɤɫɢɹ ɢɥɢ ɚɧɟɦɢɹ, ɤɨɧɰɟɧɬɪɚɰɢɹ EPO ɜ ɩɨɱɤɚɯ ɩɨɜɵɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɝɨɪɦɨɧɨɜ ɢ ɜɵɪɚɛɨɬɤɟ 
ɱɪɟɡɦɟɪɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ. EPO ɫɬɢɦɭɥɢɪɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ 
ɷɪɢɬɪɨɰɢɬɨɜ ɩɭɬɟɦ ɫɜɹɡɵɜɚɧɢɹ ɢ ɚɤɬɢɜɚɰɢɢ ɪɟɰɟɩɬɨɪɚ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EPOR), 
ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɤ ɧɟɦɭ ɫɪɨɞɫɬɜɨɦ, ɢ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɡɪɟɥɵɯ ɷɪɢɬɪɨɰɢɬɨɜ [10, 11]. 

EPOR ɹɜɥɹɟɬɫɹ ɱɥɟɧɨɦ ɫɭɩɟɪɫɟɦɟɣɫɬɜɚ ɪɟɰɟɩɬɨɪɨɜ ɰɢɬɨɤɢɧɨɜ ɬɢɩɚ I ɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɧɬɟɝɪɚɥɶɧɵɣ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɝɥɢɤɨɩɪɨɬɟɢɧ, ɫɨɫɬɨɹɳɢɣ 
ɢɡ 508 ɚɦɢɧɨɤɢɫɥɨɬ [29, 30]. Ȼɟɥɨɤ EPOR ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɞɨɦɟɧɨɜ: 
ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɞɨɦɟɧɚ, ɫɥɭɠɚɳɟɝɨ ɪɟɰɟɩɬɨɪɨɦ ɞɥɹ ɫɢɝɧɚɥɶɧɨɣ ɦɨɥɟɤɭɥɵ EPO, 
ɝɢɞɪɨɮɨɛɧɨɝɨ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ ɞɨɦɟɧɚ, ɤɨɬɨɪɵɣ ɩɟɪɟɞɚɟɬ ɫɢɝɧɚɥ ɱɟɪɟɡ 
ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ ɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɞɨɦɟɧɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 
ɚɤɬɢɜɚɰɢɸ JAK2 ɛɟɥɤɚ ɢ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɮɨɫɮɨɥɢɪɢɪɨɜɚɧɢɟ ɨɫɬɚɬɤɨɜ ɬɢɪɨɡɢɧɚ 
ɛɟɥɤɚ STAT5 ɢɥɢ ɛɟɥɤɨɜ RAS/MAPK ɜ JAK–STATɫɢɝɧɚɥɶɧɨɦ ɩɭɬɢ ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɚ [31]. ɉɪɢ ɫɬɢɦɭɥɢɪɨɜɚɧɢɢ EPO, ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɜɧɟɤɥɟɬɨɱɧɨɝɨ 
ɞɨɦɟɧɚ EPOR ɩɪɢɜɨɞɢɬ ɤ ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɦɭ ɢɡɦɟɧɟɧɢɸ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɢɝɧɚɥ 
ɨɬ EPO ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ ɢ, ɬɟɦ ɫɚɦɵɦ, ɚɤɬɢɜɢɪɭɟɬ 
ɧɟɪɟɰɟɩɬɨɪɧɭɸ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɭɸ ɬɢɪɨɡɢɧɤɢɧɚɡɭ JAK2, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɚɤɬɢɜɢɪɭɟɬ ɩɭɬɶ JAK–STAT. ɇɟɝɚɬɢɜɧɚɹ ɪɟɝɭɥɹɰɢɹ EPOR 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɪɭɩɩɵ ɦɨɥɟɤɭɥ–ɫɭɩɪɟɫɫɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɬɢɪɨɡɢɧɮɨɫɮɚɬɚɡɚ (SHP-1) ɢ ɫɭɩɪɟɫɫɨɪ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɰɢɬɨɤɢɧɨɜ (SOCS), 
ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɞɟɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɸ ɩɭɬɢ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɢ ɫɧɢɠɚɸɬ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɟɰɟɩɬɨɪɚ ɪɢɫɭɧɨɤ 4. [32]. 

 

 
Ɋɢɫɭɧɨɤ. 4. – Ɋɟɰɟɩɬɨɪ ɷɪɢɬɪɨɩɨɷɬɢɧɚ ɢ JAK– STAT ɩɭɬɶ: 

1. Aɤɬɢɜɢɪɨɜɚɰɢɹ: ɫɢɝɧɚɥ ɨɬ EPO ɚɤɬɢɜɢɪɭɟɬJAK2, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ 
ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ, ɜɫɥɟɞɫɬɜɢɟ ɤɨɬɨɪɨɝɨ ɚɤɬɢɜɢɪɭɸɬɫɹ STAT5 ɢ RAS-
MAPK, ɩɨɫɵɥɚɸɳɢɟ ɫɢɝɧɚɥɵ ɹɞɟɪɧɵɦ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦ ɮɚɤɬɨɪɚɦ, 

ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɩɪɨɥɢɮɟɪɚɰɢɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɷɪɢɬɪɨɰɢɬɨɜ. 
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2. ɂɧɚɤɬɢɜɚɰɢɹ: ɚɤɬɢɜɢɪɨɜɚɧɢɟ ɬɢɪɨɡɢɧɮɨɫɮɚɬɚɡɵ (SHP-1) ɢ ɫɭɩɪɟɫɫɨɪɚ 
ɰɢɬɨɤɢɧɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɞɟɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɸ 

JAK2 [13]. 
 

Ʉɨɧɬɪɨɥɶ ɫɢɝɧɚɥɶɧɨɝɨ ɩɭɬɢ EPO–EPOR ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɦɟɯɚɧɢɡɦɨɦ 
ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɷɪɢɬɪɨɩɨɷɡɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɦɵɲɚɯ 
ɞɨɤɚɡɚɥɢ, ɱɬɨ ɜɪɨɠɞɟɧɧɵɣ ɞɟɮɟɤɬ ɫɢɝɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ EPO–EPOR 
ɧɟɫɨɜɦɟɫɬɢɦ ɫ ɠɢɡɧɶɸ, ɩɨɫɤɨɥɶɤɭ ɦɵɲɢ ɫ ɞɚɧɧɵɦ ɞɟɮɟɤɬɨɦ ɩɨɝɢɛɚɸɬ ɨɬ 
ɬɹɠɟɥɨɣ ɚɧɟɦɢɢ ɜɨ ɜɪɟɦɹ ɷɦɛɪɢɨɧɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɦɭɬɚɰɢɢ, 
ɡɚɬɪɚɝɢɜɚɸɳɢɟ ɞɨɦɟɧɵ EPOR, ɜɵɡɵɜɚɸɬ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɢ 
ɤɥɢɧɢɱɟɫɤɢ ɫɜɹɡɚɧɵ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ECTY1 [33]. 

Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ EPOR ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ 8 ɷɤɡɨɧɟ ɧɚ ɭɱɚɫɬɤɟ ɫ.1142 – 1317 
(176 bp), ɤɨɬɨɪɵɣ ɤɨɞɢɪɭɟɬ ɋ–ɤɨɧɰɟɜɨɣ ɪɟɝɭɥɹɬɨɪɧɵɣ ɞɨɦɟɧ ɛɟɥɤɚ, 
ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɫɜɹɡɶ ɪɟɰɟɩɬɨɪɚ ɫ ɫɭɩɪɟɫɫɨɪɨɦ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɰɢɬɨɤɢɧɨɜ 
(SHP-1 ɢ SOCS). Ȼɨɥɶɲɢɧɫɬɜɨ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɜɚɪɢɚɧɬɨɜ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ EPOR 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɨɧɫɟɧɫ–ɦɭɬɚɰɢɢ ɢɥɢ ɦɭɬɚɰɢɢ ɫɨ ɫɞɜɢɝɨɦ ɪɚɦɤɢ 
ɫɱɢɬɵɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɥɢɛɨ ɫɨ ɜɫɬɚɜɤɚɦɢ, ɥɢɛɨ ɫ ɧɟɛɨɥɶɲɢɦɢ ɞɟɥɟɰɢɹɦɢ. Ɉɧɢ 
ɨɛɧɚɪɭɠɟɧɵ ɜ ɝɟɬɟɪɨɡɢɝɨɬɧɨɦ ɫɨɫɬɨɹɧɢɟ ɢ ɢɦɟɸɬ ɚɭɬɨɫɨɦɧɨ – ɞɨɦɢɧɚɧɬɧɵɣ 
ɬɢɩ ɧɚɫɥɟɞɨɜɚɧɢɹ ɪɢɫɭɧɨɤ 5 [2, 34, 35]. Ɉɬɫɭɬɫɬɜɢɟ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɯ 
ɫɭɩɪɟɫɫɨɪɨɜ EPOR ɩɪɢɜɨɞɢɬ ɤ ɢɡɛɵɬɨɱɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɪɟɰɟɩɬɨɪɚ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɞɥɢɬɟɥɶɧɨɦɭ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɸ JAK2 ɫ ɱɪɟɡɦɟɪɧɨɣ 
ɚɤɬɢɜɚɰɢɟɣ ɩɭɬɢ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ STAT5 ɢ RAS–MAPK. ɑɪɟɡɦɟɪɧɚɹ 
ɚɤɬɢɜɚɰɢɹ ɩɭɬɢ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɠɢɜɚɧɢɸ ɤɥɟɬɨɤ, 
ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɥɢɮɟɪɚɰɢɸ ɢ ɭɫɤɨɪɹɟɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ 
ɷɪɢɬɪɨɢɞɚ, ɜɵɡɵɜɚɹ ɷɪɢɬɪɨɰɢɬɨɡ ECTY1. 

 

 
Ɋɢɫɭɧɨɤ.5. – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɝɟɧɚ EPOR. ɗɤɡɨɧɵ ɨɛɨɡɧɚɱɟɧɵ 

ɫ 1 – 8, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɰɜɟɬɟ [11]. 
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Ɉɤɨɥɨ 23 ɝɟɬɟɪɨɡɢɝɨɬɧɵɯ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ EPOR ɛɵɥɢ 
ɧɚɣɞɟɧɵ ɭ 116 ɩɚɰɢɟɧɬɨɜ [36]. ȼɩɟɪɜɵɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ EPOR ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɭ ɫɩɨɪɬɫɦɟɧɚ ɢ ɭ 29 ɟɝɨ ɪɨɞɫɬɜɟɧɧɢɤɨɜ ɜ Ɏɢɧɥɹɧɞɢɢ ɜ 1993 ɝɨɞɭ. 
ɇɚɣɞɟɧɧɚɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ EPOR ɛɵɥɚ ɝɟɬɟɪɨɡɢɝɨɬɧɚɹ ɧɨɧɫɟɧɫ–ɦɭɬɚɰɢɹ ɫ. 
G6002A, ɩɪɢɜɨɞɹɳɚɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɬɨɩ – ɤɨɞɨɧ ɧɚ Trp439. Ⱦɚɧɧɚɹ ɦɭɬɚɰɢɹ 
ɜɵɡɵɜɚɟɬ ɩɨɬɟɪɸ C–ɬɟɪɦɢɧɚɥɶɧɨɝɨ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɞɨɦɟɧɚ ɢ 
ɭɫɟɱɟɧɢɟ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɞɨɦɟɧɚ EPOR. Ɍɚɤɠɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɧɟɫɤɨɥɶɤɨ 
ɦɢɫɫɟɧɫ ɦɭɬɚɰɢɣ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɤɥɢɧɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɶɸ. 
Chauveau et al [37] ɫɨɨɛɳɢɥɢ ɨ ɬɨɱɟɱɧɨɣ ɦɭɬɚɰɢɢ (c. 1310G> A, p. Arg437His), 
ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɭ 52–ɥɟɬɧɟɝɨ ɩɚɰɢɟɧɬɚ ɫ ɧɨɪɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
Hb ɢ ɧɨɪɦɚɥɶɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɷɪɢɬɪɨɰɢɬɨɜ ɛɟɡ ɤɚɤɨɣ-ɥɢɛɨ ɫɟɦɟɣɧɨɣ 
ɢɫɬɨɪɢɢ [2]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɬɚ ɠɟ ɦɭɬɚɰɢɹ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɢ ɭ 35–ɥɟɬɧɟɝɨ 
ɩɚɰɢɟɧɬɚ ɫ ECTY1, ɤɨɬɨɪɨɦɭ ɬɪɟɛɨɜɚɥɢɫɶ ɱɚɫɬɵɟ ɮɥɟɛɨɬɨɦɢɢ.  

ȼ ɰɟɥɨɦ ɩɚɰɢɟɧɬɵ ɫ ɦɭɬɚɰɢɹɦɢ ɜ ɝɟɧɟ EPOR ɢɦɟɸɬ ɫɬɚɛɢɥɶɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɩɪɨɝɪɟɫɫɢɪɭɟɬ ɜ ɥɟɣɤɨɡ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ 
ɫɩɥɟɧɨɦɟɝɚɥɢɹ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɫɨɨɛɳɚɥɨɫɶ ɨ ɬɹɠɟɥɵɯ ɢ ɞɚɠɟ ɫɦɟɪɬɟɥɶɧɵɯ 
ɫɥɭɱɚɹɯ, ɬɚɤɢɯ ɤɚɤ ɚɪɬɟɪɢɚɥɶɧɚɹ ɝɢɩɟɪɬɟɧɡɢɹ, ɜɧɭɬɪɢɦɨɡɝɨɜɨɟ ɤɪɨɜɨɢɡɥɢɹɧɢɟ, 
ɬɪɨɦɛɨɡ ɝɥɭɛɨɤɢɯ ɜɟɧ, ɤɨɪɨɧɚɪɧɚɹ ɛɨɥɟɡɧɶ ɢ ɢɧɮɚɪɤɬ ɦɢɨɤɚɪɞɚ [2, 12, 34, 35]. 

 

1.5 ɉɟɪɜɢɱɧɵɣ ɩɪɢɨɛɪɟɬɺɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɢɥɢ ɂɫɬɢɧɧɚɹ 
ɩɨɥɢɰɢɬɟɦɢɹ 

 
ɉɪɢɱɢɧɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɩɪɢɨɛɪɟɬɟɧɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ 

ɹɜɥɹɟɬɫɹ ɂɉ, ɤɨɬɨɪɚɹ ɧɚɪɹɞɭ ɫ ɗɌ ɢ ɆɎ ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɭɩɩɟ ɏɆɇ. ɂɉ ɫɜɹɡɚɧɨ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɪɢɬɪɨɰɢɬɨɜ ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɝɪɚɧɭɥɨɰɢɬɨɜ ɢ / ɢɥɢ 
ɬɪɨɦɛɨɰɢɬɨɜ, ɜ ɬɨɠɟ ɜɪɟɦɹ ɪɨɫɬ ɝɟɦɚɬɨɤɪɢɬɚ ɂɉ ɭɜɟɥɢɱɢɜɚɟɬ ɪɢɫɤ 
ɬɪɨɦɛɨɷɦɛɨɥɢɱɟɫɤɢɯ ɨɫɥɨɠɧɟɧɢɣ. ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɪɢɫɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɪɨɦɛɨɡɚ ɩɨɜɵɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɦɭɬɚɰɢɣ ɜ ɛɟɥɤɟJAK2 ɜ JAK–
STAT ɫɢɝɧɚɥɶɧɨɦ ɩɭɬɢ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɧɨɦɚɥɢɢ ɬɪɨɦɛɨɰɢɬɨɜ 
ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɤɪɨɜɨɬɟɱɟɧɢɸ ɢ ɬɪɨɦɛɨɡɭ [38]. Ɍɚɤ ɠɟ, ɭ ɛɨɥɟɟ ɱɟɦ ɩɨɥɨɜɢɧɵ 
ɩɚɰɢɟɧɬɨɜ ɫ ɂɉ ɧɚɛɥɸɞɚɟɬɫɹ ɫɩɥɟɧɨɦɟɝɚɥɢɹ ɢ ɱɚɫɬɨ ɜɵɪɚɠɟɧɧɵɣ ɚɤɜɚɝɟɧɧɵɣ 
ɡɭɞ (ɡɭɞ, ɜɵɡɜɚɧɧɵɣ ɤɨɧɬɚɤɬɨɦ ɫ ɜɨɞɨɣ). Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɩɨɩɭɥɹɰɢɨɧɧɵɟ 
ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ 
ɨɬɫɭɬɫɬɜɭɸɬ. ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɱɚɫɬɨɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɂɉ 
ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1–1,9:100000 ɧɚɫɟɥɟɧɢɹ, ɦɟɞɢɚɧɚ ɜɨɡɪɚɫɬɚ ɜ ɞɟɛɸɬɟ 
ɡɚɛɨɥɟɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ ɨɬ 60 – 70 ɥɟɬ. ɉɪɢ ɂɉ ɫɭɳɟɫɬɜɭɟɬ 
ɪɢɫɤ ɩɟɪɟɯɨɞɚ ɡɚɛɨɥɟɜɚɧɢɹ ɜ Ɉɫɬɪɵɣ ɥɟɣɤɨɡ (ɈɅ) ɢɥɢ ɆɎ [39]. 

ȼ 2005 ɝɨɞɭ ɩɹɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɝɪɭɩɩ, ɪɚɛɨɬɚɸɳɢɯ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ, ɨɛɧɚɪɭɠɢɥɢ ɦɭɬɚɰɢɸ JAK2V617F ɜ ɷɤɡɨɧɟ 14 ɝɟɧɚ JAK2. JAK2 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɭɸ ɬɢɪɨɡɢɧɤɢɧɚɡɭ, ɢɯ ɮɭɧɤɰɢɹ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɫɥɭɠɚɬ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɡɜɟɧɨɦ ɦɟɠɞɭ ɪɟɰɟɩɬɨɪɚɦɢ 
ɧɚ ɦɟɦɛɪɚɧɟ ɤɥɟɬɤɢ ɢ ɫɢɝɧɚɥɶɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ (ɰɢɬɨɤɢɧɚɦɢ, ɮɚɤɬɨɪɚɦɢ ɪɨɫɬɚ 
ɢ ɩɪ.). ɗɬɢ ɦɨɥɟɤɭɥɵ, ɫɜɹɡɵɜɚɹɫɶ ɫ ɪɟɰɟɩɬɨɪɚɦɢ JAK – ɤɢɧɚɡ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɥɟɬɤɢ, ɚɤɬɢɜɢɪɭɸɬ ɢɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɚɤɬɢɜɚɰɢɢ ɫɢɝɧɚɥɶɧɵɯ ɩɭɬɟɣ ɫ ɭɱɚɫɬɢɟɦ 
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ɪɹɞɚ ɛɟɥɤɨɜ, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬ ɫɢɝɧɚɥɵ ɞɥɹ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɩɪɨɥɢɮɟɪɚɰɢɢ ɢ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɛɥɚɫɬɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɟɪɟɞɚɱɟ 
ɫɢɝɧɚɥɨɜ ɪɚɡɥɢɱɧɵɯ ɰɢɬɨɤɢɧɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɪɟɰɟɩɬɨɪɚ EPO). Ɇɭɬɚɰɢɹ 
ɭɫɢɥɢɜɚɟɬ ɚɤɬɢɜɧɨɫɬɶ JAK2 ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɜɨɞɢɬ ɤ EPO-ɧɟɡɚɜɢɫɢɦɨɦɭ 
ɪɨɫɬɭ ɪɢɫɭɧɨɤ 6. [40, 41]. 

 

 
Ɋɢɫɭɧɨɤ. 6. – ɋɯɟɦɚ JAK – STAT ɩɭɬɢ [6]. 

 
Ɇɭɬɚɰɢɹ ɜ ɝɟɧɟ JAK2 ɹɜɥɹɟɬɫɹ ɫɨɦɚɬɢɱɟɫɤɨɣ, ɬɚɤ ɤɚɤ ɧɟ ɜɵɹɜɥɹɟɬɫɹ ɜ 

ɡɚɪɨɞɵɲɟɜɨɣ ɥɢɧɢɢ ɤɥɟɬɨɤ. Ʉɪɨɦɟ 14 ɷɤɡɨɧɚ, ɦɭɬɚɰɢɹ ɬɚɤɠɟ ɜɫɬɪɟɱɚɟɬɫɹ ɢ ɜ 12 
ɷɤɡɨɧɟ ɝɟɧɚ JAK2. ɉɚɰɢɟɧɬɵ ɫ ɦɭɬɚɰɢɹɦɢ ɜ 12 ɷɤɡɨɧɟ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ ɷɪɢɬɪɨɰɢɬɨɜ, ɧɨ ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɥɟɣɤɨɰɢɬɨɜ ɢ ɬɪɨɦɛɨɰɢɬɨɜ, ɱɟɦ 
ɩɚɰɢɟɧɬɵ ɫ ɦɭɬɚɰɢɟɣ 14 ɷɤɡɨɧɟ [42]. 

 

1.6 ȼɬɨɪɢɱɧɵɣ ɜɪɨɠɞɟɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɜɬɨɪɨɝɨ ɬɢɩɚ (ECTY2) 
 
ɉɪɢɱɢɧɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɜɪɨɠɞɟɧɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɢɥɢ 

ɑɭɜɚɲɫɤɨɣ ɩɨɥɢɰɢɬɟɦɢɢ ɹɜɥɹɟɬɫɹ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ Ƚɢɩɩɟɥɹ–Ʌɢɧɞɚɭ (VHL).  
Ȼɟɥɨɤ VHL ɢɝɪɚɟɬ ɜɚɠɧɟɣɲɭɸ ɪɨɥɶ ɜ ɤɢɫɥɨɪɨɞ–ɱɭɜɫɬɜɢɬɟɥɶɧɨɦ ɩɭɬɢ. 

Ƚɟɧ VHL ɤɨɞɢɪɭɟɬ ɛɟɥɨɤ pVHL, ɤɨɬɨɪɵɣ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɤɚɤ ɱɚɫɬɶ ɤɨɦɩɥɟɤɫɚ 
VCB-CUL2, ɤɨɬɨɪɵɣ ɧɚɰɟɥɟɧ ɧɚ ɞɟɝɪɚɞɚɰɢɸ ɤɥɟɬɤɨɣ ɞɪɭɝɢɯ ɛɟɥɤɨɜ, ɤɨɝɞɚ ɨɧɢ 
ɫɬɚɧɨɜɹɬɫɹ ɧɟɧɭɠɧɵɦɢ [43, 44]. Ɉɞɧɨɣ ɢɡ ɦɢɲɟɧɟɣ ɤɨɦɩɥɟɤɫɚ VCB–CUL2 
ɹɜɥɹɟɬɫɹ ɛɟɥɨɤ HIF2α, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɭɛɴɟɞɢɧɢɰɟɣ ɛɨɥɟɟ ɤɪɭɩɧɨɝɨ 
ɛɟɥɤɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ HIF, ɮɭɧɤɰɢɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɨɫɭɳɟɫɬɜɥɟɧɢɟ 
ɚɞɚɩɬɚɰɢɢ ɨɪɝɚɧɢɡɦɚ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɪɨɜɧɹɦ ɤɢɫɥɨɪɨɞɚ. HIF ɤɨɧɬɪɨɥɢɪɭɟɬ 
ɧɟɫɤɨɥɶɤɨ ɝɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɞɟɥɟɧɢɢ ɤɥɟɬɨɤ ɢ ɩɪɨɞɭɤɰɢɢ ɷɪɢɬɪɨɰɢɬɨɜ. HIF 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɤɥɟɬɨɱɧɵɣ 
ɨɬɜɟɬ ɜ ɭɫɥɨɜɢɹɯ ɝɢɩɨɤɫɢɢ ɩɭɬɟɦ ɤɢɫɥɨɪɨɞ–ɡɚɜɢɫɢɦɨɝɨ ɪɚɡɪɭɲɟɧɢɹ α 
ɫɭɛɴɟɞɢɧɢɰ ɛɟɥɤɚ HIF. VHL ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɚ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ 
ɭɡɧɚɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɤɨɦɩɥɟɤɫɚ ɭɛɢɤɜɢɬɢɧ–ɩɪɨɬɟɢɧ–ɥɢɝɚɡɚ, ɤɨɬɨɪɵɣ ɜ 
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ɭɫɥɨɜɢɹɯ ɧɨɪɦɨɤɫɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɭɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɟ HIF1α ɢ HIF2α ɢ 
ɧɚɩɪɚɜɥɹɟɬ ɢɯ ɧɚ ɩɪɨɬɟɚɫɨɦɧɭɸ ɞɟɝɪɚɞɚɰɢɸ ɜ ɤɥɟɬɤɭ [45]. ɉɪɢ ɝɢɩɨɤɫɢɢ ɢɥɢ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ VHL, ɧɚɤɨɩɥɟɧɢɟ ɧɟɪɚɡɥɨɠɢɜɲɟɝɨɫɹ HIF1α ɢɥɢ 
HIF2α ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɟɬɟɪɨɞɢɦɟɪɚ ɫ HIFβ ɢ ɚɤɬɢɜɚɰɢɢ ɪɹɞɚ ɝɟɧɨɜ, 
ɢɧɞɭɰɢɪɭɟɦɵɯ ɝɢɩɨɤɫɢɟɣ, ɜ ɬɨɦ ɝɟɧɵ ɬɪɚɧɫɩɨɪɬɟɪɚ–1 ɝɥɸɤɨɡɵ (SLC2A1), 
ɮɚɤɬɨɪ ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ (VEGF), ɬɪɚɧɫɮɟɪɪɢɧ (TF) ɢ EPO ɪɢɫɭɧɨɤ 7. 
Ȼɟɥɨɤ VHL, ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɬɚɤɠɟ ɪɟɝɭɥɢɪɭɟɬ ɪɚɛɨɬɭ ɞɪɭɝɢɯ 
ɝɟɧɨɜ, ɭɱɚɫɬɜɭɟɬ ɜ ɤɨɧɬɪɨɥɢ ɞɟɥɟɧɢɹ ɤɥɟɬɨɤ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɮɭɧɤɰɢɢ ɛɟɥɨɤ 
VHL ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɤɚɤ ɨɩɭɯɨɥɟɜɵɣ ɫɭɩɪɟɫɫɨɪ, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɧ 
ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɪɨɫɬ ɢ ɞɟɥɟɧɢɟ ɤɥɟɬɨɤ ɫɥɢɲɤɨɦ ɛɵɫɬɪɨ ɢɥɢ ɛɟɫɤɨɧɬɪɨɥɶɧɵɦ 
ɨɛɪɚɡɨɦ [46 – 48]. 

 

 
Ɋɢɫɭɧɨɤ 7. – Ʉɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɩɭɬɶ [47]. 

  
Ƚɟɧ VHL ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɤɨɪɨɬɤɨɦ ɩɥɟɱɟ 3 ɯɪɨɦɨɫɨɦɵ ɢ ɫɨɫɬɨɢɬ ɢɡ 3 

ɷɤɡɨɧɨɜ.  
ɉɟɪɜɚɹ ɦɭɬɚɰɢɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɩɨɬɟɪɟɣ ɮɭɧɤɰɢɢ ɜ ɝɟɧɟ VHL ɛɵɥɚ 

ɚɫɫɨɰɢɢɪɨɜɚɧɚ ɫ ɫɟɦɟɣɧɵɦ ɜɬɨɪɢɱɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɜɬɨɪɨɝɨ ɬɢɩɚ ɢ ɧɚɣɞɟɧɚ 
ɛɨɥɟɟ ɱɟɦ ɭ 100 ɱɟɥɨɜɟɤ ɢɡ 80 ɫɟɦɟɣ, ɜ ȿɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ, ɜ ɑɭɜɚɲɫɤɨɣ 
ɚɜɬɨɧɨɦɧɨɣ ɪɟɫɩɭɛɥɢɤɟ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɱɭɜɚɲɫɤɚɹ ɩɨɥɢɰɢɬɟɦɢɹ ɜɵɡɜɚɧɚ 
ɦɭɬɚɰɢɟɣ ɜ ɝɟɧɟ VHL (ɫ.598C> T, p.Arg200Trp), ɤɨɬɨɪɚɹ ɩɨɹɜɢɥɚɫɶ ɩɪɢɦɟɪɧɨ ɨɬ 
14 000 ɞɨ 50 000 ɥɟɬ ɧɚɡɚɞ. ɉɨɡɠɟ ɦɭɬɚɰɢɹ ɜ ɝɟɧɟ VHL ɧɚɛɥɸɞɚɥɚɫɶ ɬɚɤɠɟ ɢ ɭ 
ɩɚɰɢɟɧɬɨɜ ɫ ɞɪɭɝɢɯ ɪɟɝɢɨɧɨɜ ɢ ɫɬɪɚɧ ɫ ɫɟɦɟɣɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɜɬɨɪɨɝɨ ɬɢɩɚ 
ɪɢɫɭɧɨɤ 8. [2]. 
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Ɋɢɫɭɧɨɤ 8. – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɝɟɧɚ VHL:  

A. – ɗɤɡɨɧɵ (1 – 3) ɨɬɦɟɱɟɧɵ ɜ ɰɜɟɬɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ; 
B. – Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ VHL [11]. 

 
Ɂɚɛɨɥɟɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɝɟɦɨɝɥɨɛɢɧɚ, 

ɩɨɜɵɲɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ EPO ɜ ɩɥɚɡɦɟ, ɜɚɪɢɤɨɡɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ ɜɟɧ, 
ɧɢɡɤɢɦ ɤɪɨɜɹɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɵɜɨɪɨɬɨɱɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɚɤɬɨɪɚ ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ (VEGF). ɑɭɜɚɲɫɤɚɹ 
ɩɨɥɢɰɢɬɟɦɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɧɧɟɣ ɫɦɟɪɬɧɨɫɬɶɸ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɰɟɪɟɛɪɚɥɶɧɵɯ ɫɨɫɭɞɢɫɬɵɯ ɫɨɛɵɬɢɣ ɢɥɢ ɩɟɪɢɮɟɪɢɱɟɫɤɨɝɨ ɬɪɨɦɛɨɡɚ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɤɥɢɧɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɭɛɨɪ 
ɢ ɝɟɦɚɧɝɢɨɦɵ ɩɨɡɜɨɧɤɨɜ [49]. 

 
1.7 ȼɬɨɪɢɱɧɵɣ ɜɪɨɠɞɟɧɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ (ECTY4)  
 
ɂɧɞɭɰɢɪɭɟɦɵɟ ɝɢɩɨɤɫɢɟɣ ɮɚɤɬɨɪɵ (HIFs) ɹɜɥɹɸɬɫɹ ɰɟɧɬɪɚɥɶɧɵɦ ɡɜɟɧɨɦ 

ɜ ɤɥɟɬɨɱɧɨɦ ɨɬɜɟɬɟ ɜ ɭɫɥɨɜɢɹɯ ɝɢɩɨɤɫɢɢ. HIF ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ αβ-
ɝɟɬɟɪɨɞɢɦɟɪɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɦɨɣ ɫɭɛɴɟɞɢɧɢɰɵ 
HIF-β ɢ ɤɢɫɥɨɪɨɞ–ɡɚɜɢɫɢɦɨɣ ɫɭɛɴɟɞɢɧɢɰɵ HIFα [50, 51]. HIF ɫɜɹɡɵɜɚɟɬɫɹ ɫ 
ɩɪɨɦɨɬɨɪɚɦɢ ɢ ɷɧɯɚɧɫɟɪɚɦɢ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɝɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 
ɤɥɟɬɨɱɧɵɯ, ɥɨɤɚɥɶɧɵɯ ɢ ɫɢɫɬɟɦɧɵɯ ɪɟɚɤɰɢɹɯ ɧɚ ɝɢɩɨɤɫɢɸ. Ɉɧɢ ɜɤɥɸɱɚɸɬ 
ɝɟɧɵ, ɤɨɬɨɪɵɟ ɨɛɥɟɝɱɚɸɬ ɩɨɝɥɨɳɟɧɢɟ ɝɥɸɤɨɡɵ, ɭɫɢɥɢɜɚɸɬ ɝɥɢɤɨɥɢɡ, 
ɢɧɝɢɛɢɪɭɸɬ ɰɢɤɥ Ʉɪɟɛɫɚ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɚɧɝɢɨɝɟɧɟɡɭ ɢ ɭɜɟɥɢɱɢɜɚɸɬ ɜɵɪɚɛɨɬɤɭ 
ɷɪɢɬɪɨɰɢɬɨɜ. ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɢɡɨɮɨɪɦɵ HIFα (HIF1α, HIF2α ɢ HIF3α), ɧɨ 
ɬɨɥɶɤɨ ɞɜɟ ɢɡ ɧɢɯ (HIF1α, HIF2α) ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɝɭɥɹɰɢɢ ɭɪɨɜɧɹ ɤɢɫɥɨɪɨɞɚ ɜ 
ɬɤɚɧɹɯ. ɋɭɛɴɟɞɢɧɢɰɚ HIF1α ɛɵɥɚ ɜɩɟɪɜɵɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɤɚɤ ɦɟɞɢɚɬɨɪ 
ɢɧɞɭɤɰɢɢ EPO ɜ ɨɬɜɟɬ ɧɚ ɝɢɩɨɤɫɢɸ in vitro, ɤɪɨɦɟ ɬɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ, ɢɧɞɭɰɢɪɭɟɦɨɝɨ ɷɤɫɩɪɟɫɫɢɸ ȿɊɈ, ɩɨɡɞɧɟɟ ɛɵɥ 
ɨɬɤɪɵɬ HIF2α. ɋɭɛɴɟɞɢɧɢɰɚ HIF3α ɨɬɞɚɥɟɧɧɨ ɫɜɹɡɚɧɧɚɹ ɢɡɨɮɨɪɦɚ, ɤɨɬɨɪɚɹ, 
ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɢɝɪɚɟɬ ɚɧɬɚɝɨɧɢɫɬɢɱɟɫɤɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɹɰɢɢ 
ɞɪɭɝɢɯ ɢɡɨɮɨɪɦ HIF. ɋɭɛɴɟɞɢɧɢɰɵ HIFα ɜɤɥɸɱɚɸɬ ɞɨɦɟɧ ɤɢɫɥɨɪɨɞ–ɡɚɜɢɫɢɦɨɣ 
ɞɟɝɪɚɞɚɰɢɢ (ODD), ɩɪɢɞɚɸɳɢɣ ɤɢɫɥɨɪɨɞ–ɡɚɜɢɫɢɦɭɸ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ, ɢ ɞɜɚ 
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ɧɟɡɚɜɢɫɢɦɵɯ ɞɨɦɟɧɚ ɚɤɬɢɜɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ (NTAD ɢ C-TA) ɪɢɫɭɧɨɤ 9 [52, 
53]. 

 
Ɋɢɫɭɧɨɤ 9. – ɋɬɪɭɤɬɭɪɚ HIF ɫɭɛɴɟɞɢɧɢɰ [52]. 

 
Ƚɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ 

ɦɨɞɢɮɢɤɚɰɢɟɣ, ɪɟɝɭɥɢɪɭɸɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɢɫɥɨɪɨɞ–ɡɚɜɢɫɢɦɵɯ ɫɭɛɴɟɞɢɧɢɰ. 
ɍ ɱɟɥɨɜɟɤɚ HIF–α–ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɬɪɟɦɹ 
ɩɪɨɥɢɥɝɢɞɪɨɤɫɢɥɚɡɚɦɢ (PHD 1–3), ɚɫɩɚɪɚɝɢɧɢɥ–ɝɢɞɪɨɤɫɢɥɚɡɨɣ ɢ 
ɢɧɝɢɛɢɪɭɸɳɟɣ ɮɚɤɬɨɪ HIF (FIH) (ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɧɢ ɧɚɡɵɜɚɸɬɫɹ HIF-
ɝɢɞɪɨɤɫɢɥɚɡɚɦɢ)[53, 54]. HIF–ɝɢɞɪɨɤɫɢɥɚɡɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɢɨɤɫɢɝɟɧɚɡɵ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ 2–ɨɤɫɨɝɥɭɬɚɬɪɚɬ (2–OG) ɢ ɫɭɛɫɬɪɚɬɵ ɤɢɫɥɨɪɨɞɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɨɥɟɤɭɥɹɪɧɭɸ ɨɫɧɨɜɭ ɞɥɹ ɤɢɫɥɨɪɨɞ–ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɢ 
ɷɬɢɯ ɮɟɪɦɟɧɬɨɜ. Ȼɟɥɤɢ PHD ɤɨɧɬɪɨɥɢɪɭɸɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɭɛɴɟɞɢɧɢɰ HIF–α, ɚ 
FIH ɪɟɝɭɥɢɪɭɟɬ ɚɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɤɪɢɩɰɢɢ. 

ɍɱɚɫɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ PHD, ɢ 
ɪɚɫɩɨɥɨɠɟɧɵɟ ɜ ODD ɭɱɚɫɬɤɢ HIFα, ɩɨɡɜɨɥɹɸɬ ɫɜɹɡɵɜɚɬɶɫɹ HIFα ɫ ɛɟɥɤɨɦ 
VHL , ɹɜɥɹɸɳɢɦɫɹ ɤɨɦɩɨɧɟɧɬɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɦɭɥɶɬɢɤɨɦɩɥɟɤɫɚ E3 
ɭɛɢɤɜɢɬɢɧɥɢɝɚɡɵ. ɉɪɢ ɫɜɹɡɵɜɚɧɢɢ VHL ɫ HIFα ɢɡɨɮɨɪɦɚɦɢ ɩɪɨɢɫɯɨɞɢɬ 
ɭɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɟ ɢɡɨɮɨɪɦ ɢ ɢɯ ɞɚɥɶɧɟɣɲɚɹ ɞɟɝɪɚɞɚɰɢɹ ɩɪɨɬɟɨɫɨɦɨɣ. FIH 
ɝɢɞɪɨɤɫɢɥɢɪɭɟɬ ɚɫɩɚɪɚɝɢɧ ɜ ɭɱɚɫɬɤɢ C-TAD ɜ ɛɟɥɤɟ HIFα, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɫɜɹɡɵɜɚɧɢɹ HIFα ɫ ɛɟɥɤɚɦɢ ɤɨ-ɚɤɬɢɜɚɬɨɪɚ ɬɪɚɧɫɤɪɢɩɰɢɢ. 

ȼ ɭɫɥɨɜɢɹɯ ɝɢɩɨɤɫɢɢ ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ ɫɭɛɴɟɞɢɧɢɰ HIF–α ɡɚɦɟɞɥɹɟɬɫɹ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɬɚɛɢɥɢɡɚɰɢɢ HIFα. Ɂɚɬɟɦ HIFα ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɨ, 
ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɫɭɛɴɟɞɢɧɢɰɟɣ HIFβ ɢ ɨɛɪɚɡɭɟɬ ɚɤɬɢɜɧɵɣ ɝɟɬɟɪɨɞɢɦɟɪ. ɉɪɢ 
ɧɚɛɨɪɟ ɩɨɞɯɨɞɹɳɢɯ ɤɨɚɤɬɢɜɚɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ p300 / CBP, HIFα/β ɝɟɬɟɪɨɞɢɦɟɪ 
ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɷɥɟɦɟɧɬɚɦɢ ɨɬɜɟɬɚ ɧɚ ɝɢɩɨɤɫɢɸ ɜ ȾɇɄ ɢ ɚɤɬɢɜɢɪɭɟɬ ɷɤɫɩɪɟɫɫɢɸ 
HIF ɰɟɥɟɜɵɟ ɝɟɧɨɜ. ɋ ɩɨɦɨɳɶɸ ɬɪɚɧɫɤɪɢɩɰɢɢ HIF ɪɟɝɭɥɢɪɭɟɬ ɛɨɥɟɟ 200 ɝɟɧɨɜ, 
ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɝɟɧɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɩɪɨɥɢɮɟɪɚɰɢɢ ɢ ɜɵɠɢɜɚɧɢɟ ɤɥɟɬɨɤ, 
ɚɧɝɢɨɝɟɧɟɡɟ, (ɮɚɤɬɨɪ ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ (VEGF) ɢ ɮɚɤɬɨɪ ɪɨɫɬɚ 
ɩɪɨɢɡɜɨɞɧɵɯ ɬɪɨɦɛɨɰɢɬɨɜ (PDGFβ)), ɪɟɝɭɥɹɰɢɢ ɩɨɝɥɨɳɟɧɢɹ ɢ ɦɟɬɚɛɨɥɢɡɦɚ 
ɝɥɸɤɨɡɵ (ɩɟɪɟɧɨɫɱɢɤ ɝɥɸɤɨɡɵ (Glut-1)), ɪɟɝɭɥɹɰɢɢ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ (Cyclin 
D1) ɢ ɷɪɢɬɪɨɩɨɷɡɟ (ɱɟɪɟɡ ɫɢɧɬɟɡ EPO) [53 – 55]. 
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Ƚɟɧ HIF2α (EPAS1) ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɜɬɨɪɨɣ ɯɪɨɦɨɫɨɦɟ ɢ ɫɨɫɬɨɢɬ ɢɡ 16 
ɷɤɡɨɧɨɜ. Ɉɧ ɤɨɞɢɪɭɟɬ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ HIF2α, ɫɨɫɬɨɹɳɢɣ ɢɡ 870 
ɚɦɢɧɨɤɢɫɥɨɬ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 96 ɤȾɚ. 

ȼɩɟɪɜɵɟ ɦɭɬɚɰɢɹ ɜ ɝɟɧɟ HIF2α ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɭ ɱɥɟɧɨɜ ɫɟɦɶɢ ɫ 
ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɜ ɬɪɟɯ ɩɨɤɨɥɟɧɢɹɯ. ȼɫɟ ɨɧɢ ɛɵɥɢ ɝɟɬɟɪɨɡɢɝɨɬɧɵ ɩɨ ɫ.1660G> T 
(p.Gly537). ɉɨɡɞɧɟɟ ɛɵɥɨ ɧɚɣɞɟɧɨ ɟɳɟ 10 ɦɭɬɚɰɢɣ ɜ 12 ɷɤɡɨɧɟ ɝɟɧɚ HIF2α 
ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ. ɍ ɜɫɟɯ ɩɚɰɢɟɧɬɨɜ ɛɵɥ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧ 
ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ȿɊɈ, ɩɨɜɵɲɟɧɧɵɣ ɪɢɫɤ ɥɟɝɨɱɧɨɣ ɝɢɩɟɪɬɨɧɢɢ ɢ 
ɬɪɨɦɛɨɬɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ (ɥɟɝɨɱɧɚɹ ɷɦɛɨɥɢɹ). Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ HIF2α 
ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ ɦɨɥɨɞɵɦ ɜɨɡɪɚɫɬɨɦ, ɩɨɜɵɲɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɭɪɨɜɧɹ ȿɊɈ, ɚ 
ɬɚɤɠɟ ɬɪɨɦɛɨɬɢɱɟɫɤɢɦɢ ɨɫɥɨɠɧɟɧɢɹɦɢ [2]. 
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2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɚɫɶ ɝɟɧɨɦɧɚɹ ȾɇɄ, ɜɵɞɟɥɟɧɧɚɹ ɢɡ 

ɥɟɣɤɨɰɢɬɨɜ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɩɚɰɢɟɧɬɨɜ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɞɢɚɝɧɨɡɨɦ 
ɷɪɢɬɪɨɰɢɬɨɡ ɧɟɹɫɧɨɝɨ ɝɟɧɟɡɚ, ɩɨɫɬɭɩɢɜɲɢɯ ɧɚ ɤɨɧɫɭɥɶɬɚɬɢɜɧɵɣ ɩɪɢɟɦ ɤ 
ɜɪɚɱɚɦ–ɝɟɦɚɬɨɥɨɝɚɦ ɜ ɚɦɛɭɥɚɬɨɪɧɨ–ɩɨɥɢɤɥɢɧɢɱɟɫɤɢɟ ɭɱɪɟɠɞɟɧɢɹ ɝ. 
Ʉɪɚɫɧɨɹɪɫɤɚ ɢ ɜ Ʉɪɚɫɧɨɹɪɫɤɭɸ ɤɪɚɟɜɭɸ ɤɥɢɧɢɱɟɫɤɭɸ ɛɨɥɶɧɢɰɭ. ȼ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɜɤɥɸɱɟɧɨ 38 ɩɚɰɢɟɧɬɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɛɵɥɨ 32 (85%) 
ɦɭɠɱɢɧɵ ɢ 6 (15%) ɠɟɧɳɢɧ. ɉɚɰɢɟɧɬɵ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɡɚ ɩɟɪɢɨɞ 2012–2018 ɝɝ 
ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 

 ɉɨɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ (> 120–140 ɝ/ɥ); 
 ɉɨɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɝɟɦɚɬɨɤɪɢɬɚ (> 50%); 
 ɍɜɟɥɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɪɢɬɪɨɰɢɬɨɜ, ɨɬɥɢɱɧɨɟ ɨɬ ɪɟɮɟɪɟɧɫɧɨɝɨ 

ɡɧɚɱɟɧɢɹ (> 5,5*1012 ɤɥɟɬɨɤ/ɥ); 
 Ɉɬɫɭɬɫɬɜɢɟ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ 12 ɢ 14 ɷɤɡɨɧɚɯ ɝɟɧɚ JAK2, 

ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɏɆɇ. Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɦɭɬɚɰɢɣ ɛɵɥ ɪɚɧɟɟ 
ɩɪɨɜɟɞɟɧ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɥɚɛɨɪɚɬɨɪɢɢ ɦɨɥɟɤɭɥɹɪɧɨ – ɝɟɧɟɬɢɱɟɫɤɢɣ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɋɎɍ ɢ ɫɨɬɪɭɞɧɢɤɚɦɢ Ʉɇɐ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ. 

ȼɡɹɬɢɟ ɤɪɨɜɢ ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨ–ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ 
ɢɡ ɥɨɤɬɟɜɨɣ ɜɟɧɵ ɭɬɪɨɦ ɧɚɬɨɳɚɤ ɜ ɜɚɤɭɬɟɣɧɟɪ ɫ ɗȾɌȺ. 

ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɥɟɣɤɨɰɢɬɨɜ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɩɪɨɜɨɞɢɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ «ȾɇɄ–ɫɨɪɛ–ȼ» (ɎȻɍɇ «ɐɟɧɬɪɚɥɶɧɵɣ ɇɂɂ 
ɷɩɢɞɟɦɢɨɥɨɝɢɢ»), ɚ ɬɚɤɠɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ GeneJET™ 
(ThermoFisherScientific). Ʉɨɧɰɟɧɬɪɚɰɢɸ ȾɇɄ ɢɡɦɟɪɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɧɚɛɨɪɚ dsDNA HS Assay Kit ɧɚ ɮɥɸɨɪɢɦɟɬɪɟ Qubit («Invitrogen»). 

Ⱥɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɫ ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɞɢɚɝɧɨɡɚ 
ɂɉ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɪɚɧɟɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ 
ɦɨɥɟɤɭɥɹɪɧɨ – ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɋɎɍ ɬɟɯɧɨɥɨɝɢɸ 
ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ 
ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ [56]. 

Ⱥɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ EPOR (8 ɷɤɡɨɧ),VHL (2 ɢ 3 ɷɤɡɨɧɵ) 
HIF2α (9 ɢ 12 ɷɤɡɨɧɵ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɝɟɧɟɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ Applied 
Biosystems 3500 (ThermoFisherScientific, ɋɒȺ). 

 

2.2 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɤɥɢɧɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɟɚɝɟɧɬɚ «ȾɇɄ-ɫɨɪɛ-B» ɂɧɬɟɪɅɚɛɋɟɪɜɢɫ 
 

ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɚ «ȾɇɄ–
ɫɨɪɛ–B» («Ⱥɦɩɥɢɋɟɧɫ») ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ: 
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1. Ⱦɨɫɬɚɬɶ ɢɡ ɧɚɛɨɪɚ «ȾɇɄ–ɫɨɪɛ–ȼ» ɥɢɡɢɪɭɸɳɢɣ ɪɚɫɬɜɨɪ ɢ ɪɚɫɬɜɨɪ ɞɥɹ 
ɨɬɦɵɜɤɢ 1 ɢ ɩɨɫɬɚɜɢɬɶ ɧɚ ɧɚɝɪɟɜɚɸɳɭɸɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɪɦɨɫɬɚɬɚ, ɧɚ 
ɬɟɪɦɨɫɬɚɬɟ ɜɵɛɪɚɬɶ «Ɋɟɠɢɦ 1» ɢ ɬɟɦɩɟɪɚɬɭɪɭ 65°ɋ. 

2. Ɉɬɨɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɪɚɡɨɜɵɯ ɩɪɨɛɢɪɨɤ ɬɢɩɚ 
Eppendorf ɧɚ 1,5 ɦɥ. ɉɨɞɩɢɫɚɬɶ ɩɪɨɛɢɪɤɢ (ɧɚ ɤɪɵɲɤɟ ɩɪɨɛɢɪɤɢ № ɩɪɨɛɵ; ɧɚ 
ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ: № ɩɪɨɛɵ, ɮɚɦɢɥɢɹ ɩɚɰɢɟɧɬɚ, ɞɚɬɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ). ȿɫɥɢ 
ɧɟɨɛɯɨɞɢɦɨ, ɜɵɞɟɥɢɬɶ ɨɬɞɟɥɶɧɭɸ ɩɪɨɛɢɪɤɭ ɞɥɹ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɶɧɨɝɨ 
ɨɛɪɚɡɰɚ (ɈɄɈ), ɧɚ ɧɟɣ ɩɨɞɩɢɫɚɬɶ «ɈɄɈ» ɢ ɞɚɬɭ, ɨɬɫɬɚɜɢɬɶ ɷɬɭ ɩɪɨɛɢɪɤɭ ɜ 
ɫɬɨɪɨɧɭ. ȼ ɩɪɨɛɢɪɤɢ (ɜɨ ɜɫɟ, ɤɪɨɦɟ «ɈɄɈ») ɞɨɛɚɜɢɬɶ ɩɨ 1 ɦɥ ɝɟɦɨɥɟɬɢɤɚ 
(ɨɞɧɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ). Ɂɚɬɟɦ ɜɧɟɫɬɢ ɜ ɩɪɨɛɢɪɤɢ ɫ ɝɟɦɨɥɟɬɢɤɨɦ ɩɨ 250 ɦɤɥ 
ɢɫɫɥɟɞɭɟɦɨɣ ɰɟɥɶɧɨɣ ɤɪɨɜɢ (ɤɪɨɜɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɬɶ 
ɩɢɩɟɬɢɪɨɜɚɧɢɟɦ (ɟɫɥɢ ɨɧɚ ɧɚɯɨɞɢɬɫɹ ɜ «ɷɩɩɟɧɞɨɪɮɟ») ɢɥɢ ɩɟɪɟɜɨɪɚɱɢɜɚɧɢɟɦ 5-
6 ɪɚɡ (ɟɫɥɢ ɨɧɚ ɧɚɯɨɞɢɬɫɹ ɜ «ɜɚɤɭɬɟɣɧɟɪɟ»), ɡɚɤɪɵɬɶ ɤɪɵɲɤɭ ɢ ɩɟɪɟɦɟɲɚɬɶ ɧɚ 
ɜɨɪɬɟɤɫɟ. 

3. Ɉɫɬɚɜɢɬɶ ɩɪɨɛɢɪɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 5 ɦɢɧ, ɟɳɟ ɪɚɡ 
ɩɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɢ ɨɫɬɚɜɢɬɶ ɟɳɟ ɧɚ 5 ɦɢɧ. 

4. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ ɩɪɨɛɢɪɤɢ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɩɪɢ 8 ɬɵɫ ɨɛ/ɦɢɧ ɜ 
ɬɟɱɟɧɢɟ 2 ɦɢɧ. ɇɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɨɬɨɛɪɚɬɶ, ɧɟ ɡɚɞɟɜɚɹ ɨɫɚɞɤɚ, ɢɫɩɨɥɶɡɭɹ 
ɜɚɤɭɭɦɧɵɣ ɨɬɫɚɫɵɜɚɬɟɥɶ ɢ ɨɬɞɟɥɶɧɵɣ ɧɚɤɨɧɟɱɧɢɤ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɛɵ.  

ɉɨɫɥɟ ɨɬɦɵɜɤɢ ɨɫɚɞɨɤ ɤɥɟɬɨɤ ɞɨɥɠɟɧ ɛɵɬɶ ɛɟɥɵɦ, ɞɨɩɭɫɤɚɟɬɫɹ ɧɚɥɢɱɢɟ 
ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɨɝɨ ɧɚɥɟɬɚ ɪɨɡɨɜɚɬɨɝɨ ɰɜɟɬɚ ɧɚɞ ɨɫɚɞɤɨɦ (ɨɫɬɚɬɤɢ ɪɚɡɪɭɲɟɧɧɵɯ 
ɷɪɢɬɪɨɰɢɬɨɜ). 

5. ȼ ɩɪɨɛɢɪɤɭ «ɈɄɈ» ɞɨɛɚɜɢɬɶ 100 ɦɤɥ ɈɄɈ (ɢɡ ɧɚɛɨɪɚ ɞɥɹ 
ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɢɥɢ ɞɪ.). 

6. ȼɧɟɫɬɢ ɜ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɩɨ 300 ɦɤɥ ɥɢɡɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ (ɨɞɧɢɦ 
ɧɚɤɨɧɟɱɧɢɤɨɦ).  

ɉɪɨɛɵ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɢ ɩɪɨɝɪɟɬɶ 5 ɦɢɧ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 65 °ɋ. ɉɪɨɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 5 ɫ ɩɪɢ 5 ɬɵɫ ɨɛ/ɦɢɧ ɧɚ 
ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ. 

Ɍɳɚɬɟɥɶɧɨ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɬɶ ɫɨɪɛɟɧɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɧɚ ɜɨɪɬɟɤɫɟ. ȼ 
ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɨɬɞɟɥɶɧɵɦ ɧɚɤɨɧɟɱɧɢɤɨɦ ɞɨɛɚɜɢɬɶ ɩɨ 25 ɦɤɥ 
ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɧɨɝɨ ɫɨɪɛɟɧɬɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ. ɉɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ, 
ɩɨɫɬɚɜɢɬɶ ɜ ɲɬɚɬɢɜ ɧɚ 2 ɦɢɧ, ɟɳɟ ɪɚɡ ɩɟɪɟɦɟɲɚɬɶ ɢ ɨɫɬɚɜɢɬɶ ɜ ɲɬɚɬɢɜɟ ɧɚ 5 
ɦɢɧ.  

6. Ɉɫɚɞɢɬɶ ɫɨɪɛɟɧɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɜ ɩɪɨɛɢɪɤɚɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 
5 ɬɵɫ ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 30 ɫ. ɍɞɚɥɢɬɶ ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ, ɢɫɩɨɥɶɡɭɹ 
ɜɚɤɭɭɦɧɵɣ ɨɬɫɚɫɵɜɚɬɟɥɶ ɢ ɨɬɞɟɥɶɧɵɣ ɧɚɤɨɧɟɱɧɢɤ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɛɵ.  

7. Ⱦɨɛɚɜɢɬɶ ɜ ɩɪɨɛɵ ɩɨ 300 ɦɤɥ ɪɚɫɬɜɨɪɚ ɞɥɹ ɨɬɦɵɜɤɢ 1 (ɨɞɧɢɦ 
ɧɚɤɨɧɟɱɧɢɤɨɦ), ɩɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɞɨ ɩɨɥɧɨɝɨ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɹ 
ɫɨɪɛɟɧɬɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ. Ɉɫɚɞɢɬɶ ɫɨɪɛɟɧɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 5 ɬɵɫ ɨɛ/ɦɢɧ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɜ ɬɟɱɟɧɢɟ 30 ɫ. 
ɍɞɚɥɢɬɶ ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ, ɢɫɩɨɥɶɡɭɹ ɜɚɤɭɭɦɧɵɣ ɨɬɫɚɫɵɜɚɬɟɥɶ ɢ 
ɨɬɞɟɥɶɧɵɣ ɧɚɤɨɧɟɱɧɢɤ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɛɵ.  

8. Ⱦɨɛɚɜɢɬɶ ɜ ɩɪɨɛɵ ɩɨ 500 ɦɤɥ ɪɚɫɬɜɨɪɚ ɞɥɹ ɨɬɦɵɜɤɢ 2 (ɨɞɧɢɦ 
ɧɚɤɨɧɟɱɧɢɤɨɦ), ɩɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɞɨ ɩɨɥɧɨɝɨ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɹ 
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ɫɨɪɛɟɧɬɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ, ɩɪɨɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 30 ɫ ɩɪɢ 10 ɬɵɫ ɨɛ/ɦɢɧ ɧɚ 
ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ. ɍɞɚɥɢɬɶ ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ, ɢɫɩɨɥɶɡɭɹ ɜɚɤɭɭɦɧɵɣ 
ɨɬɫɚɫɵɜɚɬɟɥɶ ɢ ɨɬɞɟɥɶɧɵɣ ɧɚɤɨɧɟɱɧɢɤ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɛɵ.  

9. ɉɨɜɬɨɪɢɬɶ ɩɪɨɰɟɞɭɪɭ ɨɬɦɵɜɤɢ, ɫɥɟɞɭɹ ɩɭɧɤɬɭ 8, ɭɞɚɥɢɬɶ 
ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɩɨɥɧɨɫɬɶɸ.  

10. ɉɨɦɟɫɬɢɬɶ ɩɪɨɛɢɪɤɢ ɜ ɬɟɪɦɨɫɬɚɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 65 °ɋ ɧɚ 5-10 ɦɢɧ 
ɞɥɹ ɩɨɞɫɭɲɢɜɚɧɢɹ ɫɨɪɛɟɧɬɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ. ɉɪɢ ɷɬɨɦ ɤɪɵɲɤɢ ɩɪɨɛɢɪɨɤ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɬɤɪɵɬɵ.  

11. ȼ ɩɪɨɛɢɪɤɢ ɞɨɛɚɜɢɬɶ ɩɨ 50 ɦɤɥ Ɍȿ-ɛɭɮɟɪɚ ɞɥɹ ɷɥɸɰɢɢ ȾɇɄ. 
ɉɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ. ɉɨɦɟɫɬɢɬɶ ɜ ɬɟɪɦɨɫɬɚɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 65 °ɋ ɧɚ 5 
ɦɢɧ, ɩɟɪɢɨɞɢɱɟɫɤɢ ɜɫɬɪɹɯɢɜɚɹ ɧɚ ɜɨɪɬɟɤɫɟ.  

12. ɉɪɨɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ ɩɪɨɛɢɪɤɢ ɩɪɢ 13 ɬɵɫ ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧ ɧɚ 
ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ. ɇɚɞɨɫɚɞɨɱɧɚɹ ɠɢɞɤɨɫɬɶ ɫɨɞɟɪɠɢɬ ɨɱɢɳɟɧɧɭɸ ȾɇɄ. 
 

2.3 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ «Gene JET Whole Blood 
Genomic DNA Purification», Thermo Fisher Scientific 
 

ȾɇɄ ɜɵɞɟɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ «Gene JET Whole Blood Genomic 
DNA Purification» (Thermo Fisher Scientific). 

ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ: 
! ɉɟɪɟɞ ɜɵɞɟɥɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɝɪɟɬɶ Lysis Solution ɩɪɢ 37°C ɞɥɹ 

ɪɚɫɬɜɨɪɟɧɢɹ ɫɨɥɟɣ. Ɂɚɬɟɦ ɨɫɬɭɞɢɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 25 °C.  
! ȿɫɥɢ ɢɫɩɨɥɶɡɭɟɬɟ ɧɨɜɵɣ ɧɚɛɨɪ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ȾɇɄ, ɧɟɨɛɯɨɞɢɦɨ 

ɞɨɛɚɜɢɬɶ ɩɨ 30 ɦɥ ɷɬɚɧɨɥɚ (96-100%) ɜ Wash buffer WB 1 ɢ Wash Buffer WB 2. 
ɉɪɨɬɟɢɧɚɡɭ Ʉ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɯɪɚɧɢɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ -20°C.  

1. Ⱦɨɛɚɜɢɬɶ 20 ɦɤɥ ɩɪɨɬɟɢɧɚɡɵ Ʉ (Proteinase K) ɤ 200 ɦɤɥ ɤɪɨɜɢ, 
ɩɟɪɟɦɟɲɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ. Ⱦɨɛɚɜɢɬɶ 400 ɦɤɥ ɥɢɡɢɫɧɨɝɨ ɪɚɫɬɜɨɪɚ (Lysis Solution) 
ɢ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɬɶ ɩɭɬɟɦ ɜɨɪɬɟɤɫɢɪɨɜɚɧɢɹ ɞɨ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ 
ɫɦɟɫɢ. (ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɴɟɦ ɤɪɨɜɢ ɦɟɧɟɟ ɱɟɦ 200 ɦɤɥ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɜɟɫɬɢ 
ɨɛɴɺɦ ɨɛɪɚɡɰɚ ɞɨ 200 ɦɤɥ 1ɯPBS ɢɥɢ TE–ɛɭɮɟɪɨɦ. ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɶɲɢɣ 
ɨɛɴɟɦ, ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɨɜɚɬɶ ɞɪɭɝɨɦɭ ɩɪɨɬɨɤɨɥɭ).  

2. ɂɧɤɭɛɢɪɨɜɚɬɶ ɨɛɪɚɡɟɰ 10 ɦɢɧɭɬ ɩɪɢ 56°C , ɢɧɨɝɞɚ ɜɨɪɬɟɤɫɢɪɭɹ, ɩɨɤɚ 
ɤɥɟɬɤɢ ɩɨɥɧɨɫɬɶɸ ɧɟ ɛɭɞɭɬ ɥɢɡɢɪɨɜɚɧɵ.  

3. Ⱦɨɛɚɜɢɬɶ 200 ɦɤɥ ɷɬɚɧɨɥɚ (96–100%) ɢ ɩɟɪɟɦɟɲɚɬɶ ɩɢɩɟɬɢɪɨɜɚɧɢɟɦ.  
4. ɉɟɪɟɧɟɫɬɢ ɩɪɢɝɨɬɨɜɥɟɧɧɭɸ ɫɦɟɫɶ ɧɚ ɤɨɥɨɧɤɭ. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 1 

ɦɢɧɭɬɭ ɩɪɢ 6000 g (8000 rpm). ȼɵɛɪɨɫɢɬɶ ɩɪɨɛɢɪɤɭ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ 
ɩɪɨɬɨɱɧɵɣ ɪɚɫɬɜɨɪ. ɉɨɦɟɫɬɢɬɶ ɤɨɥɨɧɤɭ ɜ ɧɨɜɭɸ 2 ɦɥ ɩɪɨɛɢɪɤɭ.  

5. Ⱦɨɛɚɜɢɬɶ 500 ɦɥ Wash Buffer 1. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 1 ɦɢɧɭɬɭ ɩɪɢ 8000 g 
(10000 rpm). ȼɵɥɢɬɶ ɫɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɢ ɩɨɦɟɫɬɢɬɶ ɤɨɥɨɧɤɭ ɨɛɪɚɬɧɨ ɜ ɩɪɨɛɢɪɤɭ.  

6. Ⱦɨɛɚɜɢɬɶ ɜ ɤɨɥɨɧɤɭ 500 ɦɤɥ Wash Buffer 2. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 3 
ɦɢɧɭɬɵ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ (≥20000 g, ≥14000 rpm). Ɋɟɤɨɦɟɧɞɚɰɢɹ: 
ɫɥɢɬɶ ɩɪɨɬɨɱɧɵɣ ɪɚɫɬɜɨɪ, ɩɨɦɟɫɬɢɬɶ ɤɨɥɨɧɤɭ ɨɛɪɚɬɧɨ ɜ ɩɪɨɛɢɪɤɭ ɢ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ ɤɨɥɨɧɤɭ ɩɨɜɬɨɪɧɨ 1 ɦɢɧɭɬɭ ɩɪɢ (≥20000 g, ≥14000 rpm). 
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ȼɵɥɢɬɶ ɫɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɢɡ ɩɪɨɛɢɪɤɢ ɢ ɩɨɦɟɫɬɢɬɶ ɤɨɥɨɧɤɭ ɜ ɫɬɟɪɢɥɶɧɭɸ 
ɩɪɨɛɢɪɤɭ 1,5 ɦɥ ɞɥɹ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ.  

7. Ⱦɨɛɚɜɢɬɶ 200 ɦɤɥ Elution Buffer ɤ ɰɟɧɬɪɭ ɦɟɦɛɪɚɧɧɨɣ ɤɨɥɨɧɤɢ ɞɥɹ 
ɷɥɸɰɢɢ ɝɟɧɨɦɧɨɣ ȾɇɄ. ɂɧɤɭɛɢɪɨɜɚɬɶ 2 ɦɢɧɭɬɵ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 
ɡɚɬɟɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 1 ɦɢɧɭɬɭ ɩɪɢ 8000 g (10000 rpm).  

* Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɯɨɞɚ ȾɇɄ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɬɨɪɢɬɶ ɩɭɧɤɬ ɫ 
ɞɨɛɚɜɥɟɧɢɟɦ 200 ɦɤɥ ɛɭɮɟɪɚ ɞɥɹ ɷɥɸɰɢɢ.  

* ȿɫɥɢ ɬɪɟɛɭɟɬɫɹ ȾɇɄ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɥɢ ɟɫɥɢ ȾɇɄ ɛɵɥɚ 
ɜɵɞɟɥɟɧɚ ɢɡ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɧɚɩɪɢɦɟɪ, 50 ɦɤɥ), 
(ɧɚɩɪɢɦɟɪ, 50 ɦɤɥ), ɬɨ ɨɛɴɟɦ ɛɭɮɟɪɚ ɞɥɹ ɷɥɸɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧ ɞɨ 50-
100 ɦɤɥ. ɂɦɟɣɬɟ ɜ ɜɢɞɭ, ɱɬɨ ɦɟɧɶɲɢɟ ɨɛɴɟɦɵ ɛɭɮɟɪɚ ɞɥɹ ɷɥɸɰɢɢ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɤɨɧɟɱɧɨɝɨ ɜɵɯɨɞɚ ɷɥɸɢɪɨɜɚɧɧɨɣ ȾɇɄ. 

8. ɉɟɪɟɧɟɫɬɢ ɷɥɸɢɪɨɜɚɧɧɭɸ ȾɇɄ ɜ ɫɬɟɪɢɥɶɧɵɟ ɩɪɨɛɢɪɤɢ. ɂɫɩɨɥɶɡɨɜɚɬɶ 
ɨɱɢɳɟɧɧɭɸ ȾɇɄ ɫɪɚɡɭ ɢɥɢ ɯɪɚɧɢɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ -20°C. Ⱦɟɣɫɬɜɢɟ ɷɬɨɝɨ 
ɦɟɬɨɞɚ ɨɫɧɨɜɚɧɨ ɧɚ ɬɨɦ, ɱɬɨ ɫɩɟɰɢɮɢɱɧɵɣ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɤɪɚɫɢɬɟɥɶ 
ɫɜɹɡɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɫ ɦɨɥɟɤɭɥɨɣ–ɦɢɲɟɧɶɸ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫ ȾɇɄ, ɢ 
ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ȾɇɄ ɜ ɨɛɪɚɡɰɟ. 

2.4 ɂɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɇɄ ɧɚ ɩɪɢɛɨɪɟ Qubit (Invitrogen) ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ Quant-iT™ dsDNA HS Assay Kit 

 
ɂɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɇɄ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ Quant-

iT™ dsDNA HS Assay Kit ɢ ɮɥɭɨɪɢɦɟɬɪɚ Qubit (Invitrogen) ɩɪɨɢɡɜɨɞɢɥɨɫɶ 
ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ: 

Ɋɚɡɦɨɪɨɡɢɬɶ ɜɫɟ ɪɟɚɝɟɧɬɵ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
1. ɇɚɫɬɚɜɢɬɶ ɩɪɨɛɢɪɤɢ ɧɚ 0,5 ɦɥ ɜ ɤɨɥɢɱɟɫɬɜɟ (n), ɪɚɜɧɨɦ ɱɢɫɥɭ ɨɛɪɚɡɰɨɜ 

ȾɇɄ ɩɥɸɫ 2 ɫɬɚɧɞɚɪɬɚ. ɉɨɞɩɢɫɚɬɶ ɧɚ ɤɪɵɲɟɱɤɚɯ ɧɨɦɟɪɚ ɨɛɪɚɡɰɨɜ ɢ 
ɫɬɚɧɞɚɪɬɨɜ. 

2. ɉɪɢɝɨɬɨɜɢɬɶ Ɋɚɛɨɱɭɸ ɫɦɟɫɶ: 1×n ɦɤɥ Ɋɟɚɝɟɧɬɚ + 199×n ɦɤɥ Ȼɭɮɟɪɚ 
3. Ɋɚɫɤɚɩɚɬɶ ɜ ɩɪɨɛɢɪɤɢ:  
ɚ) ɞɥɹ ɫɬɚɧɞɚɪɬɨɜ 190 ɦɤɥ Ɋɚɛɨɱɟɣ ɫɦɟɫɢ + 10 ɦɤɥ ɋɬɚɧɞɚɪɬɚ; 
ɛ) ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ: 199-180 ɦɤɥ Ɋɚɛɨɱɟɣ ɫɦɟɫɢ + 1-20 ɦɤɥ ȾɇɄ 
4. ȼɨɪɬɟɤɫɢɪɨɜɚɬɶ 2-3 ɫɟɤ, ɫɛɪɨɫɢɬɶ ɤɚɩɥɢ. 
5. ɂɧɤɭɛɢɪɨɜɚɬɶ 2 ɦɢɧ. 
6. ȼɤɥɸɱɢɬɶ Qubit ɜ ɫɟɬɶ. ȿɫɥɢ ɩɪɢɛɨɪ ɧɚɯɨɞɢɬɫɹ ɜ ɫɩɹɳɟɦ ɪɟɠɢɦɟ, 

ɧɚɠɚɬɶ ɥɸɛɭɸ ɤɧɨɩɤɭ ɞɥɹ ɩɟɪɟɯɨɞɚ ɜ ɪɚɛɨɱɢɣ ɪɟɠɢɦ. 
7. ȼɵɛɪɚɬɶ ɜɢɞ ɚɧɚɥɢɡɚ (dsDNA HS Assay), ɢɫɩɨɥɶɡɭɹ ɤɧɨɩɤɢ ↑ ɢ ↓. 

ɇɚɠɚɬɶ GO. 
8. ɉɪɨɢɡɜɟɫɬɢ ɤɚɥɢɛɪɨɜɤɭ: 
ɚ) ȼɵɛɪɚɬɶ ɫɬɚɪɭɸ ɤɚɥɢɛɪɨɜɤɭ – Use last calibration. ɇɚɠɚɬɶ GO. 
ɂɅɂ 
ɛ) ɉɪɨɢɡɜɟɫɬɢ ɤɚɥɢɛɪɨɜɤɭ ɡɚɧɨɜɨ: 
- ɜɫɬɚɜɢɬɶ ɋɬɚɧɞɚɪɬ №1, ɧɚɠɚɬɶ GO; 
- ɜɫɬɚɜɢɬɶ ɋɬɚɧɞɚɪɬ №2, ɧɚɠɚɬɶ GO. 
9. ȼɫɬɚɜɢɬɶ ɢɫɫɥɟɞɭɟɦɭɸ ɩɪɨɛɭ, ɧɚɠɚɬɶ GO. ɇɚ ɷɤɪɚɧɟ ɩɨɹɜɢɬɫɹ ɱɢɫɥɨ. 
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10. Ɋɚɫɫɱɢɬɚɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ȾɇɄ ɜ ɢɫɯɨɞɧɨɦ ɨɛɪɚɡɰɟ: ɜɵɛɪɚɬɶ Calculate 
sample concentration ɢɫɩɨɥɶɡɭɹ ɤɧɨɩɤɢ ↑ ɢ ↓, ɧɚɠɚɬɶ GO. 

11. Ɂɚɩɢɫɚɬɶ ɪɟɡɭɥɶɬɚɬ. 
12. ɍɛɪɚɬɶ ɢɫɫɥɟɞɭɟɦɭɸ ɩɪɨɛɭ ɢɡ ɩɪɢɛɨɪɚ, ɜɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɭɸ ɢ 

ɧɚɠɚɬɶ GO. 
 

2.5Ʉɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ 9 ɷɤɡɨɧɟ ɝɟɧɚ CALR 
 
Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ 9 ɷɤɡɨɧɟ ɝɟɧɚ CALR ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɪɚɧɟɟ ɩɪɟɞɥɨɠɟɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɉɐɊ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɚɞɢɟɣ ɞɥɹ 
ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɟɪɨɞɭɩɥɟɤɫɨɜ [56] ɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ 
ɚɦɩɥɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ. Ⱦɚɧɧɵɣ ɷɬɚɩ ɜ 
ɚɥɝɨɪɢɬɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɧɟɹɫɧɨɝɨ ɝɟɧɟɡɚ 
ɧɟɨɛɯɨɞɢɦ ɫ ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɞɢɚɝɧɨɡɚ ɂɉ ɭ ɩɚɰɢɟɧɬɨɜ. 
 

2.5.1 ɉɪɨɜɟɞɟɧɢɟ ɉɐɊ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ 9 ɷɤɡɨɧɟ ɝɟɧɚ CALR 
 
ɉɐɊ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ «Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɉɐɊ–Ɋȼ ɜ ɩɪɢɫɭɬɫɬɜɢɢ «EVA Green» (ɋɂɇɌɈɅ, Ɇɨɫɤɜɚ). Ʉɨɥɢɱɟɫɬɜɨ 
ɪɟɚɝɟɧɬɨɜ, ɜɧɨɫɢɦɵɯ ɜ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɉɐɊ 

Ɋɟɚɝɟɧɬɵ Ʉɨɥɢɱɟɫɬɜɨ ɧɚ ɨɞɧɭ ɩɪɨɛɭ, ɦɤɥ 
ddH2O, ɞɟɢɨɧɢɡɨɜɚɧɧɚɹ ɜɨɞɚ 14,3 

10ɯ ɉɐɊ ɛɭɮɟɪ Ȼ + EVAGreen 2,5 
dNTP, ɞɢɡɨɤɫɢɧɭɤɥɟɨɡɢɞɬɪɢɮɨɫɮɚɬ, 2,5ɦɆ 2,5 

MgCl2, 25Ɇɦ 2,5 

ɉɪɚɣɦɟɪɵ, 10ɩɦɨɥɶ/ɦɤɥ 
ɉɪɹɦɨɣ 1 

Ɉɛɪɚɬɧɵɣ 1 
SynTaqȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ, 5ȿ/ɦɤɥ 0,2 

Ɉɛɪɚɡɟɰ ȾɇɄ 1 
 
ɉɪɚɣɦɟɪɵ ɞɥɹ 9 ɷɤɡɨɧɚ ɝɟɧɚ CALR ɛɵɥɢ ɡɚɢɦɫɬɜɨɜɚɧɵ ɢɡ ɫɬɚɬɶɢ [57]. 

Ⱦɚɧɧɵɟ ɩɪɚɣɦɟɪɵ ɮɥɚɧɤɢɪɭɸɬ ɭɱɚɫɬɨɤ ɞɥɢɧɨɣ 265 ɩɚɪ ɨɫɧɨɜɚɧɢɣ, ɨɧɢ 
ɩɨɥɧɨɫɬɶɸ ɨɯɜɚɬɵɜɚɸɬ 9 ɷɤɡɨɧ ɝɟɧɚ CALR: 

Forward:5’-GGCAAGGCCCTGAGGTGT-3’, 
Reverse:5’-GGCCTCAGTCCAGCCCTG-3’. 
ɉɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɳɟɣ ɫɦɟɫɢ ɟɟ ɪɚɫɤɚɩɵɜɚɥɢ ɩɨ 24 ɦɤɥ ɜ ɤɚɠɞɭɸ 

ɩɪɨɛɢɪɤɭ. Ⱦɚɥɟɟ ɜ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 1ɦɤɥ ɨɛɪɚɡɰɨɜ ȾɇɄ. ɉɪɨɛɢɪɤɢ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ. Ⱦɚɥɟɟ ɩɪɨɛɢɪɤɢ 
ɩɨɦɟɫɬɢɥɢ ɜ ɩɪɢɛɨɪ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ. ɉɪɨɝɪɚɦɦɚ ɉɐɊ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 
ɷɬɚɩɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɟɪɨɞɭɩɥɟɤɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2. Ⱥɦɩɥɢɮɢɤɚɰɢɹ 
ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, ɋɒȺ). 
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Ɍɚɛɥɢɰɚ 2 – ɩɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɞɥɹ CALRɝɟɧɚ 
ɐɢɤɥ ɉɨɜɬɨɪɵ ɒɚɝ ȼɪɟɦɹ Ɍɟɦɩɟɪɚɬɭɪɚ 

1 1 1 3 ɦɢɧ 95°C 

2 40 1 
2 
3 

10 ɫɟɤ 
10 ɫɟɤ 
20 ɫɟɤ 

95°C 
57°C 
72°C 

3 1 1 1 ɦɢɧ 95°C 

4 1 1 1 ɦɢɧ 42°C 

 
Ⱦɚɥɟɟ ɫ ɩɪɨɞɭɤɬɚɦɢ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ 8%-ɨɦ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ. 
 

2.5.2ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɚɹ ɞɟɬɟɤɰɢɹ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɰɢɢ 
 
ɗɥɟɤɬɪɨɮɨɪɟɡ ȾɇɄ – ɷɬɨ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ 

ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɩɨ ɪɚɡɦɟɪɭ (ɞɥɢɧɟ) ɢ ɮɨɪɦɟ (ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ȾɇɄ ɨɛɪɚɡɭɟɬ 
ɜɬɨɪɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɧɚɩɪɢɦɟɪ ɲɩɢɥɶɤɢ). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ 
ɦɨɥɟɤɭɥɚ ȾɇɄ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɣ ɦɨɥɟɤɭɥɨɣ, 
ɦɢɝɪɢɪɭɟɬ ɜ ɝɟɥɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɢɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɋɚɯɚɪɨɮɨɫɮɚɬɧɵɣ 
ɨɫɬɨɜ ɦɨɥɟɤɭɥ ȾɇɄ ɡɚɪɹɠɟɧ ɨɬɪɢɰɚɬɟɥɶɧɨ ɢ ɩɨɷɬɨɦɭ ɰɟɩɢ ȾɇɄ ɞɜɢɝɚɸɬɫɹ ɨɬ 
ɤɚɬɨɞɚ, ɡɚɪɹɠɟɧɧɨɝɨ ɨɬɪɢɰɚɬɟɥɶɧɨ, ɤ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɚɧɨɞɭ. Ȼɨɥɟɟ ɞɥɢɧɧɵɟ 
ɦɨɥɟɤɭɥɵ ɦɢɝɪɢɪɭɸɬ ɜ ɝɟɥɟ ɦɟɞɥɟɧɧɟɟ, ɬɚɤ ɤɚɤ ɡɚɞɟɪɠɢɜɚɸɬɫɹ ɜ ɧɟɦ, ɚ ɛɨɥɟɟ 
ɤɨɪɨɬɤɢɟ ɦɨɥɟɤɭɥɵ ɞɜɢɝɚɸɬɫɹ ɛɵɫɬɪɟɟ. Ʉ ɨɛɪɚɡɰɚɦ ɨɛɵɱɧɨ ɞɨɛɚɜɥɹɸɬ 
ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɤɢɫɥɵɣ ɤɪɚɫɢɬɟɥɶ (ɧɚɩɪɢɦɟɪ, ɞɢɧɢɬɪɨɮɟɧɨɥ, 
ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ) ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɤɪɚɫɢɬɟɥɶ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɤɨɝɞɚ ɫɬɨɢɬ ɨɫɬɚɧɨɜɢɬɶ 
ɩɪɨɰɟɫɫ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. ɗɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɜɨɞɢɬɫɹ ɜ ɤɚɦɟɪɟ, 
ɡɚɩɨɥɧɟɧɧɨɣ ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ. ɑɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɭɮɟɪɵ, 
ɫɨɞɟɪɠɚɳɢɟ ɗȾɌȺ, ɬɪɢɫ ɢ ɛɨɪɧɭɸ ɤɢɫɥɨɬɭ: TAE ɢ TBE. Ȼɭɮɟɪ ɧɟɨɛɯɨɞɢɦ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɪɚɡɞɟɥɟɧɢɟ 
ɦɨɥɟɤɭɥ ȾɇɄ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ 
ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɪɚɡɧɨɣ ɞɥɢɧɵ ɜɢɡɭɚɥɢɡɢɪɭɸɬ ɩɪɢ ɩɨɦɨɳɢ ɮɥɸɨɪɟɫɰɟɧɬɧɵɯ 
ɤɪɚɫɢɬɟɥɟɣ, ɫɩɟɰɢɮɢɱɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ȾɇɄ, ɧɚɩɪɢɦɟɪ, ɚɝɚɪɨɡɧɵɟ ɝɟɥɢ 
ɨɛɵɱɧɨ ɤɪɚɫɹɬ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ, ɤɨɬɨɪɵɣ ɢɧɬɟɪɤɚɥɢɪɭɟɬ ɦɟɠɞɭ ɚɡɨɬɢɫɬɵɦɢ 
ɨɫɧɨɜɚɧɢɹɦɢ ɞɭɩɥɟɤɫɚ ɢ ɮɥɸɨɪɟɫɰɢɪɭɟɬ ɜ ɍɎ-ɥɭɱɚɯ. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ 
ɩɪɨɢɡɜɨɞɹɬ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ (DNA 
ladder, «ɥɢɧɟɣɤɚ») – ɥɢɧɟɣɧɵɟ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɢɡɜɟɫɬɧɨɣ ɞɥɢɧɵ. Ⱦɥɹ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ȾɇɄ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɚɝɚɪɨɡɧɵɟ (ɞɥɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɥɢɧɧɵɯ ɦɨɥɟɤɭɥ ȾɇɄ) ɢ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɟ (ɞɥɹ ɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ ɤɨɪɨɬɤɢɯ ɦɨɥɟɤɭɥ ȾɇɄ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ) ɝɟɥɢ. 

ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɉȺȺȽ. ɋ 
ɩɪɨɞɭɤɬɚɦɢ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ 8%-ɧɨɦ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɉȺȺȽ (ɫɨɨɬɧɨɲɟɧɢɟ ɚɤɪɢɥɚɦɢɞ: ɛɢɫɚɤɪɢɥɚɦɢɞ = 29:1) ɜ 0,5xɌȼȿ-ɛɭɮɟɪɟ. 
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Ⱦɟɬɟɤɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɬɫɹ ɩɭɬɟɦ ɨɤɪɚɲɢɜɚɧɢɹ ɉȺȺȽ ɛɪɨɦɢɫɬɵɦ 
ɷɬɢɞɢɟɦ ɜ ɬɟɱɟɧɢɟ 5-7 ɦɢɧɭɬ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɜ 
ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɫɜɟɬɟ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ɝɟɥɶ–ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ 
GelDoc (Bio-Rad, ɋɒȺ). ɋɨɨɬɜɟɬɫɬɜɢɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɜɟɫɨɜ ɚɦɩɥɢɮɢɤɚɬɨɜ 
ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɦɚɪɤɟɪɚ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ GeneRuler™ Low Range 
DNA Ladder (Thermo Scientific™, ɋɒȺ), ɪɚɡɦɟɪ ɮɪɚɝɦɟɧɬɨɜ ɨɬ 700 ɞɨ 265 ɩ.ɨ.). 

 
Ɍɚɛɥɢɰɚ 3 – ɉɪɢɝɨɬɨɜɥɟɧɢɟ 8% ɉȺȺȽ ɝɟɥɹ ɨɛɴɟɦɨɦ 65 ɦɥ 

Ɋɟɚɝɟɧɬ Ɉɛɴɟɦ, ɦɥ Ɉɛɳɢɣ ɨɛɴɟɦ, ɦɥ ɉɪɢɦɟɱɚɧɢɟ 

ddH2O 44,420 

65 

Ɉɞɧɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ. 

10ɯɌȻȿ 3,250 
Ɉɞɧɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ. 
ɋɬɚɧɨɜɢɬɶɫɹ 0,5ɯɌȻȿ. 

ɉȺȺȽ(30%) 17,330 
Ɉɞɧɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ. 

ɋɬɚɧɨɜɢɬɫɹ 8%. 
10% ɉɋȺ 0,650  ɉɨɥɢɦɟɪɢɡɚɬɨɪ. 

Ɍɢɦɟɞ 0,065  Ʉɚɬɚɥɢɡɚɬɨɪ. 
 

2.6 Ⱥɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ ɤɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 
ɩɭɬɢ ɧɚ ɝɟɧɟɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ Applied Biosystems 3500 (Thermo Fisher 
Scientific, ɋɒȺ) 

 
Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ EPOR (8 ɷɤɡɨɧ), VHL(2 ɢ 3 ɷɤɡɨɧɵ) HIF2α 

(9 ɢ 12 ɷɤɡɨɧɵ) ɩɪɨɜɨɞɢɥɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɩɨ ɋɟɧɝɟɪɭ ɧɚ ɩɪɢɛɨɪɟ Ⱥȼ3500 
(Thermo Fisher Scientific, ɋɒȺ). 

 

2.6.1ɉɪɨɜɟɞɟɧɢɟ ɩɟɪɜɨɣ ɉɐɊ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ 8 ɷɤɡɨɧɟ ɝɟɧɚ 
EPOR 

 
ɉɐɊ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ DreamTaq PCR 

Master Mix (2X) ( Thermo Scientific™,ɋɒȺ). ɍɱɚɫɬɤɢ ɤɨɧɰɚ ɫɟɞɶɦɨɝɨ ɢ 
ɜɨɫɶɦɨɝɨ ɷɤɡɨɧɨɜ ɝɟɧɚ EPOR ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ, ɢɫɩɨɥɶɡɭɹ 1 ɩɚɪɭ ɩɪɚɣɦɟɪɨɜ: 

EPOR_F (5–̀ɋAGAGAGCGAGTTTGAAGGC–3`),  
EPOR_R (5–GCCATCCCTGTTCCATAAGTC). 
ɉɪɚɣɦɟɪɵ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ 

Vector NTI Software (Thermo Fisher Scientific), Ʉɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ, ɜɧɨɫɢɦɵɯ 
ɜ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 4. 

 
Ɍɚɛɥɢɰɚ 4 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɉɐɊ 

Ɋɟɚɝɟɧɬɵ Ʉɨɥɢɱɟɫɬɜɨ ɧɚ ɨɞɧɭ ɩɪɨɛɭ, ɦɤɥ 
DreamTaqPCRMasterMix (2X)  12,5 

Water, nuclease-freɟ 7,5 
ɉɪɚɣɦɟɪɵ, 10ɩɦɨɥɶ/ɦɤɥ ɉɪɹɦɨɣ 1 
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Ɉɛɪɚɬɧɵɣ 1 
Ɉɛɪɚɡɟɰ ȾɇɄ 3 

 
ɉɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɳɟɣ ɫɦɟɫɢ ɟɟ ɪɚɫɤɚɩɵɜɚɥɢ ɩɨ 22 ɦɤɥ ɜ ɤɚɠɞɭɸ 

ɩɪɨɛɢɪɤɭ. Ⱦɚɥɟɟ ɜ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 3ɦɤɥ ɨɛɪɚɡɰɨɜ ȾɇɄ. ɉɪɨɛɢɪɤɢ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ. Ⱦɚɥɟɟ ɩɪɨɛɢɪɤɢ 
ɩɨɦɟɫɬɢɥɢ ɜ ɩɪɢɛɨɪ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ. Ⱥɦɩɥɢɮɢɤɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ 
ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, ɋɒȺ). ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 5. 

 
Ɍɚɛɥɢɰɚ 5. – ɩɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɞɥɹ 8 ɷɤɡɨɧɚEPOR ɝɟɧɚ 

ɐɢɤɥ ɉɨɜɬɨɪɵ ɒɚɝ ȼɪɟɦɹ Ɍɟɦɩɟɪɚɬɭɪɚ 

1 1 1 3 ɦɢɧ 95°C 

2 35 1 
2 
3 

10 ɫɟɤ 
30 ɫɟɤ 
1ɦɢɧ 

95°C 
60°C 
72°C 

3 1 1 15 ɦɢɧ 72°C 

 

2.6.2ɉɪɨɜɟɞɟɧɢɟ ɩɟɪɜɨɣ ɉɐɊ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜɨ 2 ɢ 3 ɷɤɡɨɧɚɯ 
ɝɟɧɚ VHL 

 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɟɪɜɨɣ ɉɐɊ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ 2 ɷɤɡɨɧɚ ɝɟɧɚ VHL 

ɢɫɩɨɥɶɡɨɜɚɥɢ 1 ɩɚɪɭ ɩɪɚɣɦɟɪɨɜ: 
F_GAGGTTTCACCACGTTAGCC; 
R_AGCCCAAAGTGCTTTTGAGA. 
ɉɪɚɣɦɟɪɵ ɮɥɚɧɤɢɪɭɸɬ ɭɱɚɫɬɨɤ ɞɥɢɧɨɣ 486 ɩɚɪ ɨɫɧɨɜɚɧɢɣ ɢ ɩɨɥɧɨɫɬɶɸ 

ɨɯɜɚɬɵɜɚɸɬ 2 ɷɤɡɨɧ ɝɟɧɚ VHL.  
Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɟɪɜɨɣ ɉɐɊ ɛɵɥɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɩɪɚɣɦɟɪɵ ɩɨɥɧɨɫɬɶɸ ɨɯɜɚɬɵɜɚɸɳɢɟ 3 ɷɤɡɨɧ ɝɟɧɚ VHL , ɜ ɤɨɬɨɪɨɦ ɜɫɬɪɟɱɚɟɬɫɹ 
ɫɚɦɚɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ ɦɭɬɚɰɢɹ ɨɬɜɟɬɫɬɜɟɧɧɚɹ ɡɚ ɪɚɡɜɢɬɢɹ ɱɭɜɚɲɫɤɨɣ 
ɩɨɥɢɰɢɬɟɦɢɢ ɫ.598C> T(p.Arg200Trp). 

F_CAGAGGCATGAACACCATGA 
R_AAGGAAGGAACCAGTCCTGT 
ɉɪɚɣɦɟɪɵ ɞɥɹ 3 ɷɤɡɨɧɚ ɝɟɧɚ VHL ɮɥɚɧɤɢɪɭɸɬ ɭɱɚɫɬɨɤ ɞɥɢɧɨɣ 462 ɩɚɪ 

ɨɫɧɨɜɚɧɢɣ. Ɉɛɟ ɩɚɪɵ ɩɪɚɣɦɟɪɨɜ ɛɵɥɢ ɡɚɢɦɫɬɜɨɜɚɧɵ ɢɡ ɫɬɚɬɶɢ [2]. 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɉɐɊ ɞɥɹ 2 ɢ 3 ɷɤɡɨɧɨɜ ɝɟɧɚ VHL ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɥɟɤɬ 

ɪɟɚɝɟɧɬɨɜ ɞɥɹ «ɉɐɊ – Ɋȼ ɜ ɩɪɢɫɭɬɫɬɜɢɢ EVAGreen» (ɋɂɇɌɈɅ, Ɇɨɫɤɜɚ). 
Ʉɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ, ɜɧɨɫɢɦɵɯ ɜ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 6. 

 
Ɍɚɛɥɢɰɚ 6 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɉɐɊ 

Ɋɟɚɝɟɧɬɵ Ʉɨɥɢɱɟɫɬɜɨ ɧɚ ɨɞɧɭ ɩɪɨɛɭ, ɦɤɥ 
1 2 

ddH2O, ɞɟɢɨɧɢɡɨɜɚɧɧɚɹ ɜɨɞɚ 13,25 
1 2 
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10ɯ ɉɐɊ ɛɭɮɟɪ Ȼ + EVAGreen 2,5 
dNTP, ɞɢɡɨɤɫɢɧɭɤɥɟɨɡɢɞɬɪɢɮɨɫɮɚɬ, 2,5ɦɆ 2,5 

MgCl2, 25ɦɆ 1,5 

ɉɪɚɣɦɟɪɵ, 10ɩɦɨɥɶ/ɦɤɥ 
ɉɪɹɦɨɣ 1 

Ɉɛɪɚɬɧɵɣ 1 
SynTaqȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ, 5ȿ/ɦɤɥ 0,25 

Ɉɛɪɚɡɟɰ ȾɇɄ 3 
 
ɉɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɳɟɣ ɫɦɟɫɢ ɟɟ ɪɚɫɤɚɩɵɜɚɥɢ ɩɨ 22 ɦɤɥ ɜ ɤɚɠɞɭɸ 

ɩɪɨɛɢɪɤɭ. Ⱦɚɥɟɟ ɜ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 3ɦɤɥ ɨɛɪɚɡɰɨɜ ȾɇɄ. ɉɪɨɛɢɪɤɢ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ. Ⱦɚɥɟɟ ɩɪɨɛɢɪɤɢ 
ɩɨɦɟɫɬɢɥɢ ɜ ɩɪɢɛɨɪ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ. Ⱥɦɩɥɢɮɢɤɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ 
ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, ɋɒȺ). ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 7. 

 
Ɍɚɛɥɢɰɚ 7. – ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɞɥɹ 2 ɢ 3 ɷɤɡɨɧɨɜ ɝɟɧɚ VHL 

ɐɢɤɥ ɉɨɜɬɨɪɵ ɒɚɝ ȼɪɟɦɹ Ɍɟɦɩɟɪɚɬɭɪɚ 

1 1 1 3 ɦɢɧ 95°C 

2 35 1 
2 
3 

10 ɫɟɤ 
30 ɫɟɤ 
30ɫɟɤ 

95°C 
61°C 
72°C 

3 1 1 3 ɦɢɧ 72°C 

 

2.6.3ɉɪɨɜɟɞɟɧɢɟ ɩɟɪɜɨɣ ɉɐɊ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ 9 ɢ 12 ɷɤɡɨɧɚɯ 
ɝɟɧɚ HIF2α. 

 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɟɪɜɨɣ ɉɐɊ ɜ 9 ɢ 12 ɷɤɡɨɧɚɯ ɝɟɧɚ HIF2α ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨ 

ɨɞɧɨɣ ɩɚɪɟ ɩɪɚɣɦɟɪɨɜ ɩɨɥɧɨɫɬɶɸ ɨɯɜɚɬɵɜɚɸɳɢɯ ɷɤɡɨɧ 9 ɢ 12.  
ɉɪɚɣɦɟɪɵ ɧɚ 9 ɷɤɡɨɧ ɝɟɧɚ HIF2α: 
F_CCATGCATCTAGGGGAGCAGA 
R_AACTCTTCCCAGCCCCAACG 
ɉɪɚɣɦɟɪɵ ɧɚ 12 ɷɤɡɨɧ ɝɟɧɚ HIF2α: 
F_TCTGCAGGAGCTGAGTTG 
R_CTTACTAGTGGGTGCCTCT 
ɉɪɚɣɦɟɪɵ ɞɥɹ 9 ɷɤɡɨɧɚ ɝɟɧɚ HIF2α ɮɥɚɧɤɢɪɭɸɬ ɭɱɚɫɬɨɤ ɞɥɢɧɨɣ 343 ɩɚɪ 

ɨɫɧɨɜɚɧɢɣ, ɚ ɩɪɚɣɦɟɪɵ ɞɥɹ 12 ɷɤɡɨɧɚ ɭɱɚɫɬɨɤ ɞɥɢɧɨɣ 631 ɩɚɪɵ ɨɫɧɨɜɚɧɢɣ. Ɉɛɟ 
ɩɚɪɵ ɩɪɚɣɦɟɪɨɜ ɛɵɥɢ ɡɚɢɦɫɬɜɨɜɚɧɵ ɢɡ ɫɬɚɬɶɢ [2]. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɉɐɊ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ 9 ɷɤɡɨɧɚ ɝɟɧɚ HIF2α 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɥɟɤɬ ɪɟɚɝɟɧɬɨɜ ɞɥɹ «ɉɐɊ – Ɋȼ ɜ ɩɪɢɫɭɬɫɬɜɢɢ EVAGreen» 
(ɋɂɇɌɈɅ, Ɇɨɫɤɜɚ). Ʉɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ, ɜɧɨɫɢɦɵɯ ɜ ɨɞɧɭ ɩɪɨɛɭ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 8. 

 
Ɍɚɛɥɢɰɚ 8 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɉɐɊ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɭɱɚɫɬɤɚ 9 ɷɤɡɨɧɚ ɝɟɧɚ HIF2α 
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Ɋɟɚɝɟɧɬɵ Ʉɨɥɢɱɟɫɬɜɨ ɧɚ ɨɞɧɭ ɩɪɨɛɭ, ɦɤɥ 
ddH2O, ɞɟɢɨɧɢɡɨɜɚɧɧɚɹ ɜɨɞɚ 13,25 

10ɯ ɉɐɊ ɛɭɮɟɪ Ȼ + EVAGreen 2,5 
dNTP, ɞɢɡɨɤɫɢɧɭɤɥɟɨɡɢɞɬɪɢɮɨɫɮɚɬ, 2,5ɦɆ 2,5 

MgCl2, 25ɦɆ 1,5 

ɉɪɚɣɦɟɪɵ, 10ɩɦɨɥɶ/ɦɤɥ 
ɉɪɹɦɨɣ 1 

Ɉɛɪɚɬɧɵɣ 1 
SynTaqȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ, 5ȿ/ɦɤɥ 0,25 

Ɉɛɪɚɡɟɰ ȾɇɄ 3 
 
ɉɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɳɟɣ ɫɦɟɫɢ ɟɟ ɪɚɫɤɚɩɵɜɚɥɢ ɩɨ 22 ɦɤɥ ɜ ɤɚɠɞɭɸ 

ɩɪɨɛɢɪɤɭ. Ⱦɚɥɟɟ ɜ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 3ɦɤɥ ɨɛɪɚɡɰɨɜ ȾɇɄ. ɉɪɨɛɢɪɤɢ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ. Ⱦɚɥɟɟ ɩɪɨɛɢɪɤɢ 
ɩɨɦɟɫɬɢɥɢ ɜ ɩɪɢɛɨɪ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ. ɉɪɨɝɪɚɦɦɚ ɉɐɊ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 
ɷɬɚɩɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɟɪɨɞɭɩɥɟɤɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 9. Ⱥɦɩɥɢɮɢɤɚɰɢɹ 
ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, ɋɒȺ). 

 
Ɍɚɛɥɢɰɚ 9. – ɩɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɞɥɹ 9 ɷɤɡɨɧɚ ɝɟɧɚHIF2α 

ɐɢɤɥ ɉɨɜɬɨɪɵ ɒɚɝ ȼɪɟɦɹ Ɍɟɦɩɟɪɚɬɭɪɚ 

1 1 1 3 ɦɢɧ 95°C 

2 35 1 
2 
3 

10 ɫɟɤ 
30 ɫɟɤ 
30ɫɟɤ 

95°C 
64°C 
72°C 

3 1 1 3 ɦɢɧ 72°C 

 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɉɐɊ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ 12 ɷɤɡɨɧɚ ɝɟɧɚ HIF2α 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɥɟɤɬ ɪɟɚɝɟɧɬɨɜ DreamTaq PCR Master Mix (2X) (Thermo 
Scientific™,ɋɒȺ). Ʉɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ, ɜɧɨɫɢɦɵɯ ɜ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɜ ɬɚɛɥɢɰɟ 8. 

 
Ɍɚɛɥɢɰɚ 10 – ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɉɐɊ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɭɱɚɫɬɤɚ 12 ɷɤɡɨɧɚ ɝɟɧɚ HIF2α 
Ɋɟɚɝɟɧɬɵ Ʉɨɥɢɱɟɫɬɜɨ ɧɚ ɨɞɧɭ ɩɪɨɛɭ, ɦɤɥ 

DreamTaqPCRMasterMix (2X)  12,5 
Water, nuclease-freɟ 7,5 

ɉɪɚɣɦɟɪɵ, 10ɩɦɨɥɶ/ɦɤɥ 
ɉɪɹɦɨɣ 1 

Ɉɛɪɚɬɧɵɣ 1 
Ɉɛɪɚɡɟɰ ȾɇɄ 3 

 
ɉɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɳɟɣ ɫɦɟɫɢ ɟɟ ɪɚɫɤɚɩɵɜɚɥɢ ɩɨ 22 ɦɤɥ ɜ ɤɚɠɞɭɸ 

ɩɪɨɛɢɪɤɭ. Ⱦɚɥɟɟ ɜ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 3ɦɤɥ ɨɛɪɚɡɰɨɜ ȾɇɄ. ɉɪɨɛɢɪɤɢ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɟ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ. Ⱦɚɥɟɟ ɩɪɨɛɢɪɤɢ 
ɩɨɦɟɫɬɢɥɢ ɜ ɩɪɢɛɨɪ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ. ɉɪɨɝɪɚɦɦɚ ɉɐɊ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 
ɷɬɚɩɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɟɪɨɞɭɩɥɟɤɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 10. 
Ⱥɦɩɥɢɮɢɤɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, ɋɒȺ). 
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Ɍɚɛɥɢɰɚ 11. – ɩɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɞɥɹ 12 ɷɤɡɨɧɚ ɝɟɧɚ HIF2α 

ɐɢɤɥ ɉɨɜɬɨɪɵ ɒɚɝ ȼɪɟɦɹ Ɍɟɦɩɟɪɚɬɭɪɚ 

1 1 1 3 ɦɢɧ 95°C 

2 35 1 
2 
3 

10 ɫɟɤ 
30 ɫɟɤ 
1ɦɢɧ 

95°C 
60°C 
72°C 

3 1 1 15 ɦɢɧ 72°C 

 

2.6.4 ɑɢɫɬɤɚ ɩɪɨɞɭɤɬɚ ɉɐɊ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɚ ExoSAP-IT. 
 
Ɋɟɚɝɟɧɬ ExoSAP-IT ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɫɬɨɣ ɢ ɛɵɫɬɪɨɣ ɨɱɢɫɬɤɢ 

ɩɪɨɞɭɤɬɚ ɉɐɊ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɢɦɟɧɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ȾɇɄ 
ɢɥɢ ɚɧɚɥɢɡɚ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɥɢɦɨɪɮɢɡɦɨɜ (SNP). Ʉɨɝɞɚ ɉɐɊ-ɚɦɩɥɢɮɢɤɚɰɢɹ 
ɡɚɜɟɪɲɟɧɚ, ExoSAP-IT ɭɞɚɥɹɟɬ ɥɸɛɵɟ ɧɟɢɫɩɨɥɶɡɨɜɚɧɧɵɟ dNTP ɢ ɩɪɚɣɦɟɪɵ, 
ɨɫɬɚɜɲɢɟɫɹ ɜ ɫɦɟɫɢ ɩɪɨɞɭɤɬɨɜ ɉɐɊ. ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɪɟɚɝɟɧɬɚ ExoSAP-IT 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

 
Ɋɢɫɭɧɨɤ 10. – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɪɟɚɝɟɧɬɚ ExoSap-IT. 

 
ExoSAP-IT ɞɨɛɚɜɥɹɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɩɪɨɞɭɤɬɭ ɉɐɊ ɢ ɢɧɤɭɛɢɪɭɸɬ 

ɩɪɢ 37°C ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɉɐɊ-ɩɪɨɞɭɤɬɨɜ ExoSAP-IT 
ɢɧɚɤɬɢɜɢɪɭɟɬɫɹ ɩɪɨɫɬɨ ɩɭɬɟɦ ɧɚɝɪɟɜɚɧɢɹ ɞɨ 80°C ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ. ExoSAP-
IT ɫɨɞɟɪɠɢɬ ɞɜɚ ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɯ ɮɟɪɦɟɧɬɚ: ɷɤɡɨɧɭɤɥɟɚɡɭ I ɢ ɳɟɥɨɱɧɭɸ 
ɮɨɫɮɚɬɚɡɭ (SAP) ɜɦɟɫɬɟ ɫ ɛɭɮɟɪɨɦ ɞɥɹ ɭɞɚɥɟɧɢɹ dNTP ɢ ɩɪɚɣɦɟɪɨɜ ɢɡ 
ɩɪɨɞɭɤɬɚ ɉɐɊ. ɗɤɡɨɧɭɤɥɟɚɡɚ I ɭɞɚɥɹɟɬ ɨɞɧɨɰɟɩɨɱɟɱɧɵɟ ɩɪɚɣɦɟɪɵ, 
ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɉɐɊ-ɩɪɨɞɭɤɬɟ. SAP ɭɞɚɥɹɟɬ ɧɟɫɜɹɡɚɜɲɢɟ dNTP ɢɡ ɫɦɟɫɢ ɉɐɊ. 

ɉɪɨɬɨɤɨɥ ɨɱɢɫɬɤɢ ɉɐɊ – ɩɪɨɞɭɤɬɚ ɪɟɚɝɟɧɬɨɦ ExoSAP-IT. 
Ɂɚɦɟɱɚɧɢɟ: ɏɪɚɧɢɬɟ ɪɟɚɝɟɧɬ ExoSAP-IT ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ –20°C ɜ 

ɦɨɪɨɡɢɥɶɧɨɣ ɤɚɦɟɪɟ. 
1. Ⱦɨɫɬɚɧɶɬɟ ɪɟɚɝɟɧɬ ExoSAP-IT ɢɡ ɦɨɪɨɡɢɥɶɧɨɣ ɤɚɦɟɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟ 

ɪɚɛɨɬɚɬɶ ɫ ɧɢɦ ɧɚ ɥɶɞɭ ɜ ɬɟɱɟɧɢɟ ɜɫɟɣ ɩɪɨɰɟɞɭɪɵ. 
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2. ɋɦɟɲɚɣɬɟ 5 ɦɤɥ ɉɐɊ – ɩɪɨɞɭɤɬɚ ɫ 2 ɦɤɥ ExoSAP-IT – ɪɟɚɝɟɧɬɚ. ɉɪɢ 
ɪɚɛɨɬɟ ɫ ɉɐɊ – ɩɪɨɞɭɤɬɨɦ ɛɨɥɟɟ 5 ɦɤɥ ɩɪɨɫɬɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɜɟɥɢɱɢɜɚɣɬɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɚ ExoSAP-IT. 

3. ɂɧɤɭɛɢɪɭɣɬɟ ɩɪɢ 37°C ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ, ɬɨɛɵ ɭɞɚɥɢɬɶ ɨɫɬɚɜɲɢɟɫɹ 
ɩɪɚɣɦɟɪɵ ɢ ɧɭɤɥɟɨɬɢɞɵ. 

4. ɂɧɤɭɛɢɪɭɣɬɟ ɩɪɢ 80°C ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ, ɱɬɨɛɵ ɢɧɚɤɬɢɜɢɪɨɜɚɬɶ 
ExoSAP-IT ɪɟɚɝɟɧɬ. 

5. ɉɐɊ – ɩɪɨɞɭɤɬ ɬɟɩɟɪɶ ɝɨɬɨɜ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ. Ɉɛɪɚɛɨɬɚɧɧɵɟ ɉɐɊ – 
ɩɪɨɞɭɤɬɵ ɦɨɝɭɬ ɯɪɚɧɢɬɶɫɹ ɩɪɢ –20°C ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɧɢ ɧɟ ɩɨɬɪɟɛɭɸɬɫɹ. 
 

2.6.5 ɉɪɨɜɟɞɟɧɢɟ ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɉɐɊ 
 
ɋɟɤɜɟɧɢɪɭɸɳɭɸ ɉɐɊ ɫ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɚɣɦɟɪɨɜ ɩɪɨɜɨɞɢɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ BigDye™ Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems, ɋɒȺ). ɉɨɞɝɨɬɨɜɤɚ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɥɹ ɫɟɤɜɟɧɢɪɭɸɳɟɣ 
ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 11. 

 
Ɍɚɛɥɢɰɚ 12 – ɉɨɞɝɨɬɨɜɤɚ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɥɹ ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɪɟɚɤɰɢɢ (ɢɡ 

ɪɚɫɱɟɬɚ ɧɚ 1 ɬɟɫɬ). 

Ʉɨɦɩɨɧɟɧɬɵ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 
Ʉɨɥɢɱɟɫɬɜɨ, ɜɧɨɫɢɦɨɟ ɜ ɩɪɨɛɢɪɤɭ 

(ɦɤɥ) 
BigDye™ Terminator 3.1 Ready 

Reaction Mix 
8 

Forward primer or reverse primer 2 
 
Ʉɨɥɢɱɟɫɬɜɨ ɜɧɨɫɢɦɨɝɨ ɉɐɊ-ɩɪɨɞɭɤɬɚ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɫɨɫɬɚɜɢɥɨ 5-

20 ɧɝ. Ⱦɚɥɟɟ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɞɨɜɨɞɢɥɚɫɶ ɇ2Ɉ ɞɨ 20 ɦɤɥ. 
 

2.6.6. Ɉɱɢɫɬɤɚ ɫɢɤɜɟɧɫ – ɩɪɨɞɭɤɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ BigDye® 
XTerminator™ Purification Kit (Applied Biosystems, ɋɒȺ). 

 
Ɉɱɢɫɬɤɭ ɫɢɤɜɟɧɫ-ɩɪɨɞɭɤɬɚ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ BigDye® 

XTerminator™ Purification Kit (Applied Biosystems, ɋɒȺ).Ⱦɚɧɧɵɣ ɧɚɛɨɪ 
ɫɨɞɟɪɠɢɬ 2 ɪɟɚɝɟɧɬɚ: XTerminator™ Solution (ɭɞɚɥɹɟɬ ɤɨɧɰɟɜɵɟ ɤɪɚɫɢɬɟɥɢ ɢ 
ɫɜɨɛɨɞɧɵɟ ɫɨɥɢ ɜ ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɪɟɚɤɰɢɢ), SAM™ Solution (ɩɨɜɵɲɚɟɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɪɟɚɝɟɧɬɚ XTerminator™ Solution ɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɢ 
ɩɨɫɥɟ ɨɱɢɫɬɤɢ). 

ɉɪɢ ɪɚɛɨɬɟ ɫ ɉɐɊ – ɩɪɨɞɭɤɬɨɦ ɩɨɫɥɟ ɪɟɚɤɰɢɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɦɟɧɟɟ 20 
ɦɤɥ ɩɪɨɫɬɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɦɟɧɶɲɚɣɬɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɚ XTerminator™ 
Solution ɢ SAM™ Solution. 

ɉɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɫɢɤɜɟɧɫ-ɩɪɨɞɭɤɬɚ: 
1. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ, ɫɨɞɟɪɠɚɳɭɸ ɫɢɤɜɟɧɫ-ɩɪɨɞɭɤɬ, ɞɨɛɚɜɢɬɶ 90 

ɦɤɥ ɪɟɚɝɟɧɬɚ SAM™ Solution. 
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2. ɉɟɪɟɦɟɲɚɬɶ ɪɟɚɝɟɧɬ XTerminator™Solution ɢ ɜɧɟɫɬɢ ɩɨ 20 ɦɤɥ ɜ 
ɩɪɨɛɢɪɤɭ. 

3. Ⱦɚɥɟɟ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ ɜɨɪɬɟɤɫɢɪɨɜɚɬɶ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɞɭɤɬ 
ɩɟɪɟɧɟɫɬɢ ɜ ɩɥɚɲɤɭ ɢ ɨɬɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ. 

ɉɪɨɛɵ ɩɨɞɜɟɪɝɚɥɢ ɤɚɩɢɥɥɹɪɧɨɦɭ ɷɥɟɤɬɪɨɮɨɪɟɡɭ ɧɚ ɝɟɧɟɬɢɱɟɫɤɨɦ 
ɚɧɚɥɢɡɚɬɨɪɟ 3500 (AppliedBiosystems, ɋɒȺ). 

 

2.6.7. ɉɪɨɜɟɞɟɧɢɟ ɨɱɢɫɬɤɢ ɉɐɊ – ɩɪɨɞɭɤɬɚ ɩɨɫɥɟ ɫɟɤɜɟɧɢɪɭɸɳɟɣ 
ɪɟɚɤɰɢɢ ɢɡɨɩɪɨɩɢɥɨɜɵɦ ɫɩɢɪɬɨɦ 

 
ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɩɢɪɬɚ:  
75 ɦɥ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ + 25 ɦɥ dH2O 
ɉɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɫɢɤɜɟɧɫ-ɩɪɨɞɭɤɬɚ: 
1. 5 ɦɤɥ ɉɐɊ – ɩɪɨɞɭɤɬɚ ɩɨɫɥɟ ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɪɟɚɤɰɢɢ + 80 ɦɤɥ 

ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (75%), ɩɥɚɜɧɨ ɩɟɪɟɦɟɲɚɬɶ. 2. ɉɟɪɟɦɟɲɚɬɶ ɪɟɚɝɟɧɬ 
XTerminator™Solution ɢ ɜɧɟɫɬɢ ɩɨ 20 ɦɤɥ ɜ ɩɪɨɛɢɪɤɭ. 

2. Ɂɚɬɟɦ ɧɚ 20 ɦɢɧɭɬ ɩɨɫɬɚɜɢɬɶ ɧɚ ɲɟɣɤɟɪ ɢɥɢ ɨɫɬɚɜɢɬɶ ɧɚ ɫɬɨɥɟ ɢ 
ɩɟɪɟɦɟɲɢɜɚɬɶ.  ɉɪɨɛɵ ɩɨɞɜɟɪɝɚɥɢ ɤɚɩɢɥɥɹɪɧɨɦɭ ɷɥɟɤɬɪɨɮɨɪɟɡɭ ɧɚ 
ɝɟɧɟɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ 3500 (AppliedBiosystems, ɋɒȺ) 

3. Ɂɚɬɟɦ ɩɨɫɬɚɜɢɬɶ ɩɪɨɛɢɪɤɢ ɜ ɰɟɧɬɪɢɮɭɝɭ ɫ ɡɚɤɪɵɬɵɦɢ ɤɪɵɲɤɚɦɢ ɧɚ 30 
ɦɢɧɭɬ 10ºɋ ɧɚ 3,5 ɬɵɫ.ɨɛ./ɦɢɧ. 

4. ɉɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ȾɇɄ ɚɛɫɨɪɛɢɪɭɟɬɫɹ ɧɚ ɞɧɟ ɩɪɨɛɢɪɤɢ. 
Ⱥɤɤɭɪɚɬɧɨ ɨɬɨɛɪɚɬɶ ɫɩɢɪɬ, ɧɚɤɥɨɧɢɜ ɩɪɨɛɢɪɤɭ ɚɧ 45º. 

5. Ⱦɨɛɚɜɢɬɶ ɩɨ 50 ɦɤɥ ɢɡɨɩɪɨɩɚɧɨɥɚ (2 – ɚɹ ɨɬɦɵɜɤɚ) ɢ ɫɪɚɡɭ ɜ 
ɰɟɧɬɪɢɮɭɝɭ ɧɚ 10 ɦɢɧɭ, 10ºɋ ɧɚ 3,5 ɬɵɫ./ɨɛ 

6. ɉɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɚɤɤɭɪɚɬɧɨ ɨɬɨɛɪɚɬɶ ɫɩɢɪɬ, ɧɚɤɥɨɧɢɜ 
ɩɪɨɛɢɪɤɭ ɚɧ 45º. 

7. Ɂɚɬɟɦ ɜ ɬɟɪɨɦɨɰɢɤɥɟɪ (Veriti) ɩɨ ɩɪɨɝɪɚɦɦɟ ɫ ɨɬɤɪɵɬɵɦɢ ɤɪɵɲɤɚɦɢ: 
63ºɋ – 3 ɦɢɧ, 25ºɋ – ɛɟɫɤɨɧɟɱ. 

8. Ɇɨɠɧɨ ɭɛɪɚɬɶ ɜ ɬɟɦɧɨɬɭ ɜ ɲɬɚɬɢɜ ɞɨ ɫɢɤɜɟɧɫɚ (ɧɟ ɞɨɛɚɜɥɹɬɶ ɧɚ ɷɬɨɦ 
ɷɬɚɩɟ ɮɨɪɦɚɦɢɞ). Ɏɨɪɦɚɦɢɞ ɞɨɛɚɜɥɹɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɫɢɤɜɟɧɫɨɦ 10 
ɦɤɥ. 

9. Ⱦɚɥɟɟ ɜ ɬɟɪɦɨɰɢɤɥɟɪ (Veriti): 95ºɋ – 5 ɦɢɧ., 4ºɋ – 10 ɦɢɧ., 4ºɋ – 
ɛɟɫɤɨɧɟɱ. 

10. Ɂɚɬɟɦ ɩɟɪɟɧɨɫɢɦ ɢɡ ɩɪɨɛɢɪɨɤ ɜ ɩɥɚɲɤɭ ɢ ɡɚɩɭɫɤɚɟɦ ɩɪɢɛɨɪ. 
 

2.6.7ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ 

 
SeqScanner Software – ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ (ɉɈ), ɩɨɡɜɨɥɹɸɳɟɟ 

ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ (ɫɟɤɜɟɧɨɝɪɚɦɦɵ) ɤɚɤ ɫ ɩɪɹɦɨɝɨ, ɬɚɤ 
ɢ ɫ ɨɛɪɚɬɧɨɝɨ ɩɪɚɣɦɟɪɚ. Ɍɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɦɨɠɧɨ 
ɜɢɡɭɚɥɶɧɨ ɭɜɢɞɟɬɶ ɦɭɬɚɰɢɸ, ɧɨ ɨɛɨɡɧɚɱɟɧɢɟ ɦɭɬɚɰɢɢ ɞɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ 
ɨɩɪɟɞɟɥɹɬɶ ɧɟ ɦɨɠɟɬ. 
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SeqScape Software – ɉɈ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɚɧɚɥɢɡɚ 
ɦɭɬɚɰɢɣ, ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɩɪɨɜɟɪɤɢ SNP ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
Ȼɟɡɭɫɥɨɜɧɨ, ɩɥɸɫɨɦ ɞɚɧɧɨɝɨ ɉɈ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɨ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶ ɬɢɩ ɢ 
ɨɛɨɡɧɚɱɟɧɢɟ ɦɭɬɚɰɢɣ. 
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3 ɊȿɁɍɅɖɌȺɌɕ ɂ ɂɏ ɈȻɋɍɀȾȿɇɂə 

3.1 Ʉɪɢɬɟɪɢɢ ɨɬɛɨɪɚ ɩɚɰɢɟɧɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɝɟɪɦɢɧɚɥɶɧɵɯ ɦɭɬɚɰɢɣ, 
ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɫɟɦɟɣɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɜ ɝɟɧɚɯ ɤɢɫɥɨɪɨɞ–
ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɩɭɬɢ: EPOR, HIF2α, VHL 

 
Ɋɚɛɨɬɚ ɩɨ ɜɵɹɜɥɟɧɢɸ ɦɭɬɚɰɢɣ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɤɥɨɧɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ 

ɡɚɛɨɥɟɜɚɧɢɹ, ɚ ɢɦɟɧɧɨ ɂɉ ɜɟɞɟɬɫɹ ɫ 2012 ɝɨɞɚ ɫɨɬɪɭɞɧɢɤɚɦɢ ɥɚɛɨɪɚɬɨɪɢɢ 
ɦɨɥɟɤɭɥɹɪɧɨ – ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɋɎɍ ɢ ɫɨɬɪɭɞɧɢɤɚɦɢ Ʉɇɐ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ. Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ 
ɪɚɧɧɟɟ, ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ ɂɉ ɢ ɜɵɹɜɥɟɧɢɹ ɤɥɨɧɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 
ɡɚɛɨɥɟɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦ ɦɨɥɟɤɭɥɹɪɧɨ – ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ 
ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ JAK2 ɜ 12 ɢ 14 ɷɤɡɨɧɚɯ, ɪɢɫɭɧɨɤ 11. ɇɨ ɩɪɢɦɟɪɧɨ ɜ 20% ɫɥɭɱɚɹɯ 
ɩɚɰɢɟɧɬɵ ɫ ɷɪɢɬɪɨɰɢɬɨɡɚɦɢ ɨɫɬɚɸɬɫɹ ɛɟɡ ɱɟɬɤɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɞɢɚɝɧɨɡɚ ɢ 
ɢɦɟɸɬ ɧɟɨɩɪɟɞɟɥɟɧɧɵɣ ɞɢɚɝɧɨɡ «ɷɪɢɬɪɨɰɢɬɨɡ ɧɟɹɫɧɨɣ ɷɬɢɨɥɨɝɢɢ». Ⱦɥɹ ɬɚɤɢɯ 
ɩɚɰɢɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɥɟɤɭɥɹɪɧɨ – ɝɟɧɟɬɢɱɟɫɤɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɚ 
ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ ɤɢɫɥɨɪɨɞ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɩɭɬɢ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ 
ɫɨɡɪɟɜɚɧɢɟɦ, ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɨɣ ɢ ɤɥɟɬɨɱɧɵɦ ɨɬɜɟɬɨɦ ɜ ɭɫɥɨɜɢɹɯ ɝɢɩɨɤɫɢɢ, 
ɚɧɚɥɢɡ ɜ ɝɟɧɚɯ EPOR, HIF2α, VHL. 

 

 
Ɋɢɫɭɧɨɤ 11 – Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɂɉ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɤɪɢɬɟɪɢɹɦ, ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɢɥɢ 

ɩɨɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ ɢ ɝɟɦɚɬɨɤɪɢɬɚ, ɩɨɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ 14 ɢ 12 
ɷɤɡɨɧɚɯ ɝɟɧɚ JAK2, ɛɵɥɨ ɨɬɨɛɪɚɧɨ 38 ɩɚɰɢɟɧɬɨɜ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɞɢɚɝɧɨɡɨɦ 
ɷɪɢɬɪɨɰɢɬɨɡ ɧɟɹɫɧɨɣ ɷɬɢɨɥɨɝɢɢ. 

ȼ ɬɨɠɟ ɜɪɟɦɹ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɜɫɬɪɟɱɚɸɬɫɹ ɞɚɧɧɵɟ ɨ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɜɵɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CALR ɭ 
ɩɚɰɢɟɧɬɨɜ ɫ ɩɟɪɜɢɱɧɵɦ ɩɪɢɨɛɪɟɬɺɧɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɢɥɢ ɢɫɬɢɧɧɨɣ  
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ɂɡɴɹɬɨ 13 ɫɬɪɚɧɢɰ 
 



  54 

ɁȺɄɅɘɑȿɇɂȿ 
 
ȼɵɜɨɞɵ: 
 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɬɟɪɨɞɭɩɥɟɤɫɧɨɝɨ 
ɚɧɚɥɢɡɚ ɢ ɫ ɞɟɬɟɤɰɢɟɣ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɉȺȺȽ ɞɥɹ ɫɤɪɢɧɢɧɝɨɜɨɣ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɧɚɥɢɱɢɹ 
ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ CARL ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ 
ɩɪɢɨɛɪɟɬɺɧɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ ɢɥɢ ɂɫɬɢɧɧɨɣ ɩɨɥɢɰɢɬɟɦɢɢ. 

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ 
ɋɟɧɝɟɪɭ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ EPOR, VHL, HIF2α ɫ ɰɟɥɶɸ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɢ ɝɪɭɩɩɵ ɫɟɦɟɣɧɨɝɨ ɷɪɢɬɪɨɰɢɬɨɡɚ. 

3. ɉɟɪɟɫɦɨɬɪɟɧ ɢ ɞɨɩɨɥɧɟɧ ɚɥɝɨɪɢɬɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ 
ɩɚɰɢɟɧɬɨɜ ɫ ɷɪɢɬɪɨɰɢɬɨɡɚɦɢ ɫ ɰɟɥɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɞɢɚɝɧɨɫɬɢɤɢ ɤɥɨɧɚɥɶɧɵɯ ɢ ɧɟɤɥɨɧɚɥɶɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

4. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɡɜɨɥɢɥɨ ɭɬɨɱɧɢɬɶ 
ɞɢɚɝɧɨɡ ɞɥɹ 8 ɢɡ 38 ɩɚɰɢɟɧɬɨɜ: ɨɞɢɧ ɢɡ ɩɚɰɢɟɧɬɨɜ ɢɦɟɟɬ ɞɢɚɝɧɨɡ 
ɢɫɬɢɧɧɨɣ ɩɨɥɢɰɟɬɟɦɢɢ – ɪɚɤɚ ɤɪɨɜɢ), ɚ 7 ɩɚɰɢɟɧɬɨɜ ɢɦɟɸɬ 
ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɫɟɦɟɣɧɵɯ ɷɪɢɬɪɨɰɢɬɨɡɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɜɚ ɱɟɥɨɜɟɤɚ 
ɫ ɫɟɦɟɣɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɩɟɪɜɨɝɨ ɬɢɩɚ(ECTY1), ɞɜɚ ɱɟɥɨɜɟɤɚ ɫ 
ɫɟɦɟɣɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡɨɦ ɜɬɨɪɨɝɨ ɬɢɩɚ (ECTY2), ɢ ɬɪɢ ɱɟɥɨɜɟɤɚ ɫ 
ɫɟɦɟɣɧɵɦ ɷɪɢɬɪɨɰɢɬɨɡ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ (ECTY4).  
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɋɈɄɊȺɓȿɇɂɃ 

 
ɏɆɇ –ɯɪɨɧɢɱɟɫɤɢɟ ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ 
ɂɉ – ɢɫɬɢɧɧɚɹ ɩɨɥɢɰɢɬɟɦɢɹ 
ɗɌ – ɷɫɫɟɧɰɢɚɥɶɧɚɹ ɬɪɨɦɛɨɰɢɬɟɦɢɹ 
ɆɎ – ɦɢɟɥɨɮɢɛɪɨɡ 
ɉɐɊ – ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 
CALR - ɝɟɧ ɤɚɥɶɪɟɬɢɤɭɥɢɧɚ ɤɚɥɶɰɢɣ ɫɜɹɡɵɜɚɸɳɟɝɨ ɛɟɥɤɚ 
JAK – ɹɧɭɫ-ɤɢɧɚɡɚ 
EPO – ɷɪɢɬɪɨɩɨɷɬɢɧ 
EPOR – ɪɟɰɟɩɬɨɪ ɷɪɢɬɨɩɨɷɬɢɧɚ 
Hb – ɝɟɦɨɝɥɨɛɢɧ 
Ht – ɝɟɦɚɬɨɤɪɢɬ 
ECTY1 – ɫɟɦɟɣɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɩɟɪɜɨɝɨ ɬɢɩɚ 
ECTY2 – ɫɟɦɟɣɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɜɬɨɪɨɝɨ ɬɢɩɚ 
ECTY3 – ɫɟɦɟɣɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɬɪɟɬɶɟɝɨ ɬɢɩɚ 
ECTY4 – ɫɟɦɟɣɧɵɣ ɷɪɢɬɪɨɰɢɬɨɡ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ 
VHL – ɝɟɧ Ƚɢɩɩɟɥɹ—Ʌɢɧɞɚɭ 
HIF – ɢɧɞɭɰɢɪɭɟɦɵɣ ɝɢɩɨɤɫɢɟɣ ɮɚɤɬɨɪ 
GATA1 – ɷɪɢɬɪɨɢɞɧɵɣ ɮɚɤɬɨɪ ɬɪɚɧɫɤɪɢɩɰɢɢ 
pO2 – ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ 
PHD – ɩɪɨɥɢɧɝɢɞɪɨɤɫɢɥɚɡɚ 
ɂɗ – ɢɞɢɨɩɚɬɢɱɟɫɤɢɣ ɷɪɢɬɪɨɰɢɬɨɡ 
SOCS – ɫɭɩɪɟɫɫɨɪ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɰɢɬɨɤɢɧɨɜ 
SHP–1 – ɬɢɪɨɡɢɧɮɨɫɮɚɬɚɡɚ 
VEGF – ɮɚɤɬɨɪ ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ 
SLC2A1 – ɝɟɧ ɬɪɚɧɫɩɨɪɬɟɪɚ-1 ɝɥɸɤɨɡɵ 
TF – ɬɪɚɧɫɮɟɪɪɢɧ  
PDGFβ – ɮɚɤɬɨɪ ɪɨɫɬɚ ɩɪɨɢɡɜɨɞɧɵɯ ɬɪɨɦɛɨɰɢɬɨɜ 
ȾɇɄ – ɞɢɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 
ɉɐɊ-Pȼ – ɩɨɥɢɦɟɪɚɡɧɚɹɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ADP – ɚɞɟɧɨɡɢɧɞɢɮɨɫɮɚɬ 
ATP – ɚɞɟɧɨɡɢɧɬɪɢɮɨɫɮɚɬ 
dNTP – ɞɟɡɨɤɫɢɧɭɤɥɟɨɡɢɞɬɪɢɮɨɫɮɚɬ 
EDTA –ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɚɰɟɬɚɬ 
STAT – ɫɢɝɧɚɥ ɬɪɚɧɫɞɭɤɰɢɢ ɢ ɚɤɬɢɜɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ 
Ph – ɮɢɥɚɞɟɥɶɮɢɣɫɤɚɹ ɯɪɨɦɨɫɨɦɚ 
ȼɈɁ – ȼɫɟɦɢɪɧɚɹ Ɉɪɝɚɧɢɡɚɰɢɹ Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɹ 
ɈɅ – ɨɫɬɪɵɣ ɥɟɣɤɨɡ 
ɈɄɈ – ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶɧɵɣ ɨɛɪɚɡɟɰ 
ɉȺȺȽ – ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɣɝɟɥɶ 
TAE ɛɭɮɟɪ – ɬɪɢɫ-ɚɰɟɬɚɬɧɵɣ ɛɭɮɟɪ 
TBE ɛɭɮɟɪ – ɬɪɢɫ-ɛɨɪɚɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɛɭɮɟɪ 
ɍɎ – ɭɥɶɬɪɚɮɢɨɥɟɬ 
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ɉɈ – ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
Glut-1 – ɩɟɪɟɧɨɫɱɢɤ ɝɥɸɤɨɡɵ  
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