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ȺɇɇɈɌȺɐɂə 
 
Ɉɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ ɥɟɣɤɨɡ (ɈɆɅ) ɹɜɥɹɟɬɫɹ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɦ 

ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɦ ɡɚɛɨɥɟɜɚɧɢɟɦ ɫ ɚɤɬɢɜɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɟɣ 
ɧɟɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ ɦɢɟɥɨɢɞɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. ȼɨɡɧɢɤɧɨɜɟɧɢɟ 
ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɶɲɢɦ ɫɩɟɤɬɪɨɦ, ɤɚɤ ɰɢɬɨɝɟɧɟɬɢɱɟɫɤɢɯ 
ɧɚɪɭɲɟɧɢɣ, ɬɚɤ ɢ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɦɭɬɚɰɢɹɦɢ. ɑɚɫɬɶ ɢɡ ɧɢɯ ɫɩɟɰɢɮɢɱɧɵ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɈɆɅ, ɞɪɭɝɢɟ ɹɜɥɹɸɬɫɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦɢ. Ʉ ɩɨɫɥɟɞɧɢɦ 
ɨɬɧɨɫɹɬɫɹ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɧɭɬɪɟɧɧɢɦɢ 
ɬɚɧɞɟɦɧɵɦɢ ɞɭɩɥɢɤɚɰɢɹɦɢ ɜ ɸɤɫɬɚɦɟɦɛɪɚɧɧɨɦ ɞɨɦɟɧɟ, ɚ ɬɚɤɠɟ ɦɢɫɫɟɧɫ-
ɦɭɬɚɰɢɢ ɜ ɤɨɞɨɧɚɯ D835 ɢ I836 ɜ ɩɟɬɥɟ ɚɤɬɢɜɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɛɟɥɤɚ 
FMS-ɩɨɞɨɛɧɨɣ ɬɢɪɨɡɢɧɤɢɧɚɡɵ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɦɭɬɚɰɢɣ FLT3-ITD ɢ 
FLT3-TKD ɫɨɫɬɚɜɥɹɟɬ 20–35% ɢ 7% ɫɪɟɞɢ ɜɡɪɨɫɥɵɯ ɢ 15% ɢ 7% ɭ ɞɟɬɟɣ ɫ 
ɈɆɅ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ȼɈɁ ɢ ELN ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3 
ɩɪɢɧɹɬɨ ɨɩɪɟɞɟɥɹɬɶ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɞɢɚɝɧɨɡɚ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɝɧɨɡɚ 
ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɨɧɢ ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ 
ɢɫɯɨɞɨɦ. ɉɪɢɱɟɦ ɜɚɠɧɨ ɧɟɩɪɨɫɬɨ ɨɛɧɚɪɭɠɢɬɶ ɷɬɢ ɦɭɬɚɰɢɢ, ɧɨ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɭɬɚɧɬɧɨɝɨ ɚɥɥɟɥɹ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ 
ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɫɬɚɥɢ ɩɪɢɦɟɧɹɬɶ ɮɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɢɦɟɟɬ ɹɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɨ ɋɟɧɝɷɪɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɦɚɬɢɱɟɫɤɢɯ 
ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɦɟɬɨɞɨɦ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɭ ɩɚɰɢɟɧɬɨɜ ɫ 
ɞɢɚɝɧɨɡɨɦ ɈɆɅ. 

Ⱥɧɚɥɢɡ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ 
ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɭɪɨɜɧɹ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 
ɦɭɬɚɧɬɧɨɝɨ ɚɥɥɟɥɹ, ɚ ɬɚɤɠɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ ɋɷɧɝɟɪɚ ɜ ɤɚɱɟɫɬɜɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɬɨɞɚ. ɂɡ 18 ɩɚɰɢɟɧɬɨɜ ɫ ɈɆɅ ɭ 5 ɩɚɰɢɟɧɬɨɜ (27,8%), ɜ 
ɬɨɦ ɱɢɫɥɟ 2 ɢɡ ɤɨɬɨɪɵɯ ɞɟɬɢ (13,3% ɢɡ 15 ɞɟɬɟɣ), ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ FLT3-
ITD ɦɭɬɚɰɢɢ. Ɉɞɧɚɤɨ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɝɪɭɩɩɟ ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ FLT3-
TKD ɦɭɬɚɰɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɈɋɌɊɕɃ ɆɂȿɅɈɂȾɇɕɃ ɅȿɃɄɈɁ, Ƚȿɇ FLT3, 
FLT3-ITD ɆɍɌȺɐɂɂ, FLT3-TKD ɆɍɌȺɐɂɂ, ɋɈɆȺɌɂɑȿɋɄɂȿ 
ɆɍɌȺɐɂɂ, ɎɊȺȽɆȿɇɌɇɕɃ ȺɇȺɅɂɁ, ɋȿɄȼȿɇɂɊɈȼȺɇɂȿ ɉɈ 
ɋɗɇȽȿɊɍ, ȺɅɅȿɅɖɇȺə ɇȺȽɊɍɁɄȺ. 
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ȺȼɌɈɊȿɎȿɊȺɌ 
Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɦɚɬɢɱɟɫɤɢɯ 

ɦɭɬɚɰɢɣ ɦɟɬɨɞɨɦ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ» 
ɫɨɞɟɪɠɢɬ 56 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 34 ɢɥɥɸɫɬɪɚɰɢɢ, 8 ɬɚɛɥɢɰ ɢ 84 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ. 

ɈɋɌɊɕɃ ɆɂȿɅɈɂȾɇɕɃ ɅȿɃɄɈɁ, Ƚȿɇ FLT3, FLT3-ITD 
ɆɍɌȺɐɂɂ, FLT3-TKD ɆɍɌȺɐɂɂ, ɋɈɆȺɌɂɑȿɋɄɂȿ ɆɍɌȺɐɂɂ, 
ɎɊȺȽɆȿɇɌɇɕɃ ȺɇȺɅɂɁ, ɋȿɄȼȿɇɂɊɈȼȺɇɂȿ ɉɈ ɋɗɇȽȿɊɍ, 
ȺɅɅȿɅɖɇȺə ɇȺȽɊɍɁɄȺ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɦɚɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 
ɦɟɬɨɞɨɦ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ: 

1. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɫɬ-ɫɢɫɬɟɦɭ ɧɚ ɨɫɧɨɜɟ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ 
ɜɵɹɜɥɟɧɢɹ ITD ɢ TKD ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ. 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ȾɇɄ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɧɚ ɧɚɥɢɱɢɟ FLT3-ITD ɦɭɬɚɰɢɣ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɭɪɨɜɧɹ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

3. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ȾɇɄ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɧɚ ɧɚɥɢɱɢɟ FLT3-TKD ɦɭɬɚɰɢɣ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɭɪɨɜɧɹ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

4. ɋɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3, ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɪɭɝɢɯ ɦɨɥɟɤɭɥɹɪɧɨ-
ɝɟɧɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɫɨɦɚɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3 ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ 
ɢɫɯɨɞɨɦ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɨɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ 
ɥɟɣɤɨɡ, ɧɚ ɤɨɬɨɪɵɣ ɨɫɨɛɟɧɧɨ ɜɥɢɹɟɬ ɚɥɥɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɦɭɬɚɧɬɧɨɝɨ ɚɥɥɟɥɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɚɠɧɨ ɧɟ ɬɨɥɶɤɨ ɨɛɧɚɪɭɠɟɧɢɟ ɬɚɤɢɯ ɦɭɬɚɰɢɣ, ɧɨ ɬɚɤɠɟ ɢɯ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ. ɉɨɷɬɨɦɭ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɮɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɢɦɟɟɬ 
ɹɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɨ ɋɟɧɝɷɪɭ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɫɬ-ɫɢɫɬɟɦɚ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ITD ɢ TKD ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɧɚ ɨɫɧɨɜɟ 
ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ 
ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ FLT3-ITD ɦɭɬɚɰɢɢ ɭ 5 ɩɚɰɢɟɧɬɨɜ (2 ɢɡ ɤɨɬɨɪɵɯ ɞɟɬɢ) ɢɡ 
18 ɫɥɭɱɚɟɜ ɈɆɅ, ɨɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɬɚɧɞɟɦɧɨɝɨ ɩɨɜɬɨɪɚ ɭ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɢ 
ɭɪɨɜɟɧɶ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɭɬɚɧɬɧɨɝɨ ɚɥɥɟɥɹ. Ɉɞɧɚɤɨ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɝɪɭɩɩɟ ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ FLT3-TKD ɦɭɬɚɰɢɣ. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɪɭɝɢɯ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ 
ɬɟɯɧɨɥɨɝɢɣ. ɇɚ ɩɪɢɦɟɪɟ 19 ɨɛɪɚɡɰɨɜ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɩɪɟɢɦɭɳɟɫɬɜɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 
ɩɟɪɟɞ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɨ ɋɷɧɝɟɪɭ.  
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ABSTRACT 

The master's thesis on the topic «Determination of somatic mutations by the 
method of fragment analysis in patients with a diagnosis of AML" contains 56 
pages of a text document, 34 illustrations, 8 tables and 84 sources used. 

ACUTE MYELOID LEUKEMIA, FLT3 GENE, FLT3-ITD MUTATIONS, 
FLT3-TKD MUTATIONS, SOMATIC MUTATIONS, FRAGMENT ANALYSIS, 
SANGER SEQUENCING, ALLELE BURDEN. 

The aim of the work is determine of somatic mutations in FLT3 gene by the 
method of fragment analysis in patients with AML. 

Based on the goal, the following tasks were formulated: 
1. Develop a test system based on fragment analysis to detect ITD and 

TKD mutations in the FLT3 gene in patients with AML 
2. Analyze the DNA of patients with AML for the presence of FLT3-ITD 

mutation with determination of allelic burden level using the developed test system 
3. Analyze the DNA of patients with AML for the presence of FLT3-

TKD mutation with determination of allelic burden level using the developed test 
system  

4. Compare the results of the mutation analysis in the FLT3 gene 
obtained by fragment analysis with the corresponding results obtained by other 
molecular genetic technologies. 

The relevance of the thesis is that somatic mutations in the FLT3 gene are 
associated with an unfavorable outcome of the disease in patients with acute 
myeloid leukemia, which is especially affected by the allelic burden of mutant 
allele. Thus, it is important not only to detect mutations, but also to quantify them. 
Therefore, in this area, fragment analysis has clear advantages over Sanger 
sequencing. 

In the work test system was developed for the identification and quantitative 
analysis of ITD and TKD mutations in the FLT3 gene based on fragment analysis. 
Using the developed test system was possible to identify FLT3-ITD mutations in 5 
patients (2 of which are children) from 18 cases of AML, to determine the tandem 
repeat length in each sample and the allelic burden level of the mutant allele. 
However, no FLT3-TKD mutations were detected in the group represented. The 
results obtained using fragment analysis are fully consistent with the results 
obtained by other molecular genetic technologies. Using 19 samples as an 
example, the advantage of using fragment analysis to study mutations in the FLT3 
gene before Sanger sequencing was shown. 
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ȼȼȿȾȿɇɂȿ 
 

Ɉɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ ɥɟɣɤɨɡ (ɈɆɅ) ɹɜɥɹɟɬɫɹ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɦ 
ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɦ ɡɚɛɨɥɟɜɚɧɢɟɦ ɫ ɚɤɬɢɜɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɟɣ 
ɧɟɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ ɦɢɟɥɨɢɞɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ȼɨɡɧɢɤɧɨɜɟɧɢɟ 
ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɶɲɢɦ ɫɩɟɤɬɪɨɦ ɤɚɤ ɰɢɬɨɝɟɧɟɬɢɱɟɫɤɢɯ 
ɧɚɪɭɲɟɧɢɣ, ɬɚɤ ɢ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɦɭɬɚɰɢɹɦɢ. ɑɚɫɬɶ ɢɡ ɧɢɯ ɫɩɟɰɢɮɢɱɧɵ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɈɆɅ, ɞɪɭɝɢɟ ɹɜɥɹɸɬɫɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦɢ. Ʉ ɩɨɫɥɟɞɧɢɦ 
ɨɬɧɨɫɹɬɫɹ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɧɭɬɪɟɧɧɢɦɢ 
ɬɚɧɞɟɦɧɵɦɢ ɞɭɩɥɢɤɚɰɢɹɦɢ ɜ ɸɤɫɬɚɦɟɦɛɪɚɧɧɨɦ ɞɨɦɟɧɟ, ɚ ɬɚɤɠɟ ɦɢɫɫɟɧɫ-
ɦɭɬɚɰɢɢ ɜ ɤɨɞɨɧɚɯ D835 ɢ I836 ɜ ɩɟɬɥɟ ɚɤɬɢɜɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɛɟɥɤɚ 
fms-ɩɨɞɨɛɧɨɣ ɬɢɪɨɡɢɧɤɢɧɚɡɵ [1]. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɦɭɬɚɰɢɣ FLT3-ITD ɢ 
FLT3-TKD ɫɨɫɬɚɜɥɹɟɬ 20–35% ɢ 7% ɫɪɟɞɢ ɜɡɪɨɫɥɵɯ ɢ 15% ɢ 7% ɭ ɞɟɬɟɣ ɫ 
ɈɆɅ [2], ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ȼɈɁ [3] ɢ ELN [4] ɦɭɬɚɰɢɢ ɜ 
ɝɟɧɟ FLT3 ɩɪɢɧɹɬɨ ɨɩɪɟɞɟɥɹɬɶ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɞɢɚɝɧɨɡɚ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɝɧɨɡɚ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɨɧɢ ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɢɫɯɨɞɨɦ. ɉɪɢɱɟɦ ɜɚɠɧɨ ɧɟɩɪɨɫɬɨ ɨɛɧɚɪɭɠɢɬɶ ɷɬɢ 
ɦɭɬɚɰɢɢ, ɧɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɭɬɚɧɬɧɨɝɨ 
ɚɥɥɟɥɹ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɫɬɚɥɢ ɩɪɢɦɟɧɹɬɶ ɮɪɚɝɦɟɧɬɧɵɣ 
ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɹɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ 
ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɨ ɋɟɧɝɷɪɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɦɚɬɢɱɟɫɤɢɯ 
ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɦɟɬɨɞɨɦ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɭ ɩɚɰɢɟɧɬɨɜ ɫ 
ɞɢɚɝɧɨɡɨɦ ɈɆɅ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ: 

1. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɫɬ-ɫɢɫɬɟɦɭ ɧɚ ɨɫɧɨɜɟ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ 
ɜɵɹɜɥɟɧɢɹ ITD ɢ TKD ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ. 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ȾɇɄ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɧɚ ɧɚɥɢɱɢɟ FLT3-ITD ɦɭɬɚɰɢɣ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɭɪɨɜɧɹ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

3. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ȾɇɄ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɧɚ ɧɚɥɢɱɢɟ FLT3-TKD ɦɭɬɚɰɢɣ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɭɪɨɜɧɹ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

4. ɋɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3, ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɪɭɝɢɯ ɦɨɥɟɤɭɥɹɪɧɨ-
ɝɟɧɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ. 
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ɈɋɇɈȼɇȺə ɑȺɋɌɖ 
 

1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 
 

1.1 Ɉɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ ɥɟɣɤɨɡ 
 
Ɉɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ ɥɟɣɤɨɡ (ɈɆɅ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɟɬɟɪɨɝɟɧɧɨɟ 

ɤɥɨɧɚɥɶɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɚɧɨɦɚɥɶɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɟɣ 
ɦɢɟɥɨɢɞɧɵɯ ɤɥɟɬɨɱɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɦɭɬɚɰɢɢ, ɩɪɢɜɨɞɹɳɟɣ ɬɚɤɠɟ ɤ ɛɥɨɤɢɪɨɜɤɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ [5]. 
Ɇɢɟɥɨɢɞɧɨɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɟ, ɫɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢɹɦ ȼɈɁ [3], ɫ 20% ɢ ɛɨɥɟɟ 
ɛɥɚɫɬɨɜ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɢ ɤɨɫɬɧɨɦ ɦɨɡɝɟ ɫɱɢɬɚɟɬɫɹ ɈɆɅ de novo 
ɢɥɢ ɠɟ ɜɬɨɪɢɱɧɵɦ ɈɆɅ, ɟɫɥɢ ɟɦɭ ɩɪɟɞɲɟɫɬɜɨɜɚɥ ɦɢɟɥɨɞɢɫɩɥɚɫɬɢɱɟɫɤɢɣ 
ɫɢɧɞɪɨɦ (ɆȾɋ) ɢɥɢ ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ (Ɇɉɇ). ȼ 2008 
ɝ. [6] ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɟɫɦɨɬɪɟɧɧɵɣ ɜɚɪɢɚɧɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɈɆɅ ȼɈɁ, ɜ 
ɤɨɬɨɪɵɣ ɛɵɥɢ ɜɧɟɫɟɧɵ ɢɡɦɟɧɟɧɢɹ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɤɚɬɟɝɨɪɢɹɦ ɡɚɛɨɥɟɜɚɧɢɣ 
(ɡɧɚɤɨɦ * ɨɛɨɡɧɚɱɟɧɚ ɝɪɭɩɩɚ, ɜɜɟɞɟɧɧɚɹ ɜ 2016 ɝ): 
 

• ɈɆɅ ɫ ɭɫɬɨɣɱɢɜɨ ɜɵɹɜɥɹɟɦɵɦɢ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɚɧɨɦɚɥɢɹɦɢ 
• ɈɆɅ ɫ ɝɟɧɧɵɦɢ ɦɭɬɚɰɢɹɦɢ* 
• ɈɆɅ ɫ ɢɡɦɟɧɟɧɢɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɦɢɟɥɨɞɢɫɩɥɚɡɢɟɣ 
• Ɇɢɟɥɨɢɞɧɵɟ ɧɟɨɩɥɚɡɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɟɞɲɟɫɬɜɭɸɳɟɣ 
ɯɢɦɢɨɬɟɪɚɩɢɟɣ 
• ɈɆɅ, ɩɨ-ɞɪɭɝɨɦɭ ɧɟ ɫɩɟɰɢɮɢɰɢɪɨɜɚɧɧɵɟ (NOS) 
• Ɇɢɟɥɨɢɞɧɚɹ ɫɚɪɤɨɦɚ 
• Ɇɢɟɥɨɢɞɧɵɟ ɨɩɭɯɨɥɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɢɧɞɪɨɦɨɦ Ⱦɚɭɧɚ 
• Ɉɩɭɯɨɥɶ ɢɡ ɩɥɚɡɦɚɰɢɬɨɢɞɧɵɯ ɞɟɧɞɪɢɬɧɵɯ ɤɥɟɬɨɤ 
• Ɉɫɬɪɵɟ ɥɟɣɤɨɡɵ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɥɢɧɢɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ 
 
ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɮɪɚɧɤɨ-ɚɦɟɪɢɤɚɧɨ-ɛɪɢɬɚɧɫɤɨɣ ɫɢɫɬɟɦɵ 

(ɎȺȻ), ɤɨɬɨɪɚɹ ɫɬɪɨɢɥɚɫɶ ɧɚ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɦ ɚɫɩɟɤɬɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɧɨɜɚɹ 
ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɜɵɫɬɪɨɟɧɚ ɧɚ ɫɨɱɟɬɚɧɢɢ ɤɥɢɧɢɱɟɫɤɢɯ, ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ, 
ɢɦɦɭɧɨɮɟɧɨɬɢɩɢɱɟɫɤɢɯ ɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. Ɉɫɨɛɟɧɧɨ ɢɧɬɟɪɟɫɧɵ 
ɞɜɟ ɩɟɪɜɵɟ ɝɪɭɩɩɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1, ɜ ɤɨɬɨɪɵɯ ɜɤɥɸɱɟɧɵ 
ɩɨɞɜɢɞɵ ɈɆɅ, ɨɩɪɟɞɟɥɹɸɳɢɟɫɹ ɯɪɨɦɨɫɨɦɧɵɦɢ ɚɧɨɦɚɥɢɹɦɢ (ɩɟɪɜɚɹ ɝɪɭɩɩɚ) 
ɢ ɝɟɧɧɵɦɢ ɦɭɬɚɰɢɹɦɢ (ɜɬɨɪɚɹ ɝɪɭɩɩɚ). ɂɦɟɧɧɨ ɨɬɤɪɵɬɢɟ ɧɨɜɵɯ 
ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɯ ɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ, ɚ ɬɚɤɠɟ 
ɧɚɤɨɩɥɟɧɢɟ ɛɨɥɶɲɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɢɜɟɥɨ ɤ ɬɨɦɭ, ɱɬɨ 
ɨɩɪɟɞɟɥɟɧɢɟ ɦɭɬɚɰɢɨɧɧɨɝɨ ɫɬɚɬɭɫɚ ɩɚɰɢɟɧɬɚ ɫɬɚɥɨ ɨɛɹɡɚɬɟɥɶɧɵɦ ɤɪɢɬɟɪɢɟɦ 
ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ ɈɆɅ. 
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Ɍɚɛɥɢɰɚ 1 – Ɉɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ ɥɟɣɤɨɡ ɫ ɪɟɰɢɞɢɜɢɪɭɸɳɢɦɢ ɝɟɧɟɬɢɱɟɫɤɢɦɢ 
ɧɚɪɭɲɟɧɢɹɦɢ (ɤɥɚɫɫɢɮɢɤɚɰɢɹ ȼɈɁ) 

ɈɆɅ ɫ ɭɫɬɨɣɱɢɜɨ ɜɵɹɜɥɹɟɦɵɦɢ 
ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɚɧɨɦɚɥɢɹɦɢ 

ɈɆɅ ɫ ɝɟɧɧɵɦɢ ɦɭɬɚɰɢɹɦɢ* 

• ɈɆɅ ɫ t(8;21)(q22;q22); RUNX1-
RUNX1T1 
• ɈɆɅ ɫ inv(16)(p13.1q22) ɢɥɢ 
t(16;16)(p13.1;q22); CBFB-MYH11 
• Ɉɫɬɪɵɣ ɩɪɨɦɢɟɥɨɰɢɬɚɪɧɵɣ ɥɟɣɤɨɡ ɫ 
t(15;17)(q22;q12); PML-RARA 
• ɈɆɅ ɫ t(9;11)(p22;q23); MLLT3-MLL 
• ɈɆɅ ɫ t(6;9)(p23;q34); DEK-NUP214 
• ɈɆɅ ɫ inv(3)(q21q26.2) ɢɥɢ 
t(3;3)(q21;q26.2); RPN1-EVI1 
• ɈɆɅ (ɦɟɝɚɤɚɪɢɨɛɥɚɫɬɧɵɣ) ɫ 
t(1;22)(p13;q13); RBM15-MKL1 
• ɈɆɅ ɫ BCR/ABL1* 

• ɈɆɅ ɫ ɦɭɬɢɪɨɜɚɧɧɵɦ ɝɟɧɨɦ NPM1* 
• ɈɆɅ ɫ ɛɢɚɥɥɟɥɶɧɨɣ ɦɭɬɚɰɢɟɣ ɝɟɧɚ 
CEBPA* 
• ɈɆɅ ɫ ɦɭɬɢɪɨɜɚɧɧɵɦ ɝɟɧɨɦ 
RUNX1* 

 

 
ɇɟɞɨɫɬɚɬɤɨɦ ɫɢɫɬɟɦɵ ɎȺȻ ɛɵɥ ɤɪɢɬɟɪɢɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ – ɮɟɧɨɬɢɩ, 

ɤɨɬɨɪɵɣ ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɛɵɥɨ ɪɚɫɩɨɡɧɚɬɶ ɨɞɧɨɡɧɚɱɧɨ, ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɤ 
ɧɟɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɨɦɭ ɈɆɅ. Ɍɟɦ ɫɚɦɵɦ ɨɛɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜ ɤɚɤɢɯ-ɬɨ 
ɦɨɦɟɧɬɚɯ ɫɯɨɞɹɬɫɹ, ɧɚɩɪɢɦɟɪ ɩɪɢ ɨɫɬɪɨɦ ɩɪɨɦɢɟɥɨɰɢɬɚɪɧɨɦ ɥɟɣɤɨɡɟ (Ɇ3) 
ɬɪɚɧɫɥɨɤɚɰɢɹ t(15;17)(q22;q12), PML-RARA, ɜɫɬɪɟɱɚɟɬɫɹ ɭ 98 % ɛɨɥɶɧɵɯ. 
Ɍɨɝɞɚ ɤɚɤ ɩɪɢ ɨɫɬɪɨɦ ɦɢɟɥɨɛɥɚɫɬɧɨɦ ɥɟɣɤɨɡɟ ɫ ɫɨɡɪɟɜɚɧɢɟɦ (Ɇ2) 
ɜɫɬɪɟɱɚɸɬɫɹ ɢ t(8;21) (q22;q22), RUNX1-RUNX1T1 ɜ 40% ɫɥɭɱɚɹɯ ɢ 
t(6;9)(p23;q34), DEK-NUP214 ɜ 1%. ȼ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ȼɈɁ ɠɟ ɈɆɅ ɫ 
ɯɪɨɦɨɫɨɦɧɵɦɢ ɬɪɚɧɫɥɨɤɚɰɢɹɦɢ t(8;21)(q22;q22) ɢ t(6;9)(p23;q34) ɜɵɞɟɥɟɧɵ ɜ 
ɨɬɞɟɥɶɧɵɟ ɩɨɞɬɢɩɵ [7]. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɤɨɧɤɪɟɬɧɚɹ ɩɪɢɱɢɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɭɬɚɰɢɣ 
ɩɪɢ ɈɆɅ ɨɫɬɚɟɬɫɹ ɧɟɢɡɜɟɫɬɧɨɣ. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 
ɷɬɢɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɭɜɟɥɢɱɢɜɚɸɳɢɯ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ: 
ɢɨɧɢɡɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɹ, ɜɨɡɞɟɣɫɬɜɢɟ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ, ɤɭɪɟɧɢɟ ɢ ɞɪ. Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɨɬɞɟɥɶɧɵɦ ɷɬɢɨɥɨɝɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɨɟ 
ɥɟɱɟɧɢɟ ɭɠɟ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɧɨɣ ɨɧɤɨɥɨɝɢɢ. Ɋɢɫɤ ɪɚɡɜɢɬɢɹ ɜɬɨɪɢɱɧɨɝɨ ɈɆɅ 
ɜ 85 % ɫɥɭɱɚɟɜ ɜɨɡɧɢɤɚɟɬ ɜ ɫɪɨɤɢ ɞɨ 10 ɥɟɬ ɫ ɦɨɦɟɧɬɚ ɨɤɨɧɱɚɧɢɹ ɥɟɱɟɧɢɹ [8]. 

Ʉɥɢɧɢɱɟɫɤɚɹ ɤɚɪɬɢɧɚ ɡɚɛɨɥɟɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɡɚɦɟɳɟɧɢɹ 
ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ ɦɭɬɚɧɬɧɵɦ ɤɥɨɧɨɦ. ɇɚɛɥɸɞɚɸɬɫɹ 
ɧɟɣɬɪɨɩɟɧɢɹ, ɚɧɟɦɢɹ, ɝɟɦɦɨɪɚɝɢɱɟɫɤɢɣ ɫɢɧɞɪɨɦ, ɧɟɦɨɬɢɜɢɪɭɟɦɚɹ ɫɥɚɛɨɫɬɶ, 
ɝɢɩɟɪɩɥɚɡɢɹ ɞɟɫɟɧ ɢ ɞɪ. [9]. Ⱦɟɛɸɬ ɈɆɅ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɪɨɜɨɬɨɱɢɜɨɫɬɶɸ, ɢɧɬɨɤɫɢɤɚɰɢɟɣ, 
ɪɟɡɤɨɣ ɫɥɚɛɨɫɬɶɸ, ɬɹɠɟɥɵɦɢ ɢɧɮɟɤɰɢɹɦɢ. ɏɨɬɹ ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɛɵɜɚɸɬ 
ɫɢɬɭɚɰɢɢ ɫɥɭɱɚɣɧɨɣ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ ɩɪɢ ɩɥɚɧɨɜɨɦ ɦɟɞɢɰɢɧɫɤɨɦ 
ɨɫɦɨɬɪɟ ɢɥɢ ɝɨɫɩɢɬɚɥɢɡɚɰɢɢ ɩɨ ɞɪɭɝɨɣ ɩɪɢɱɢɧɟ (ɭ ɩɨɠɢɥɵɯ ɥɸɞɟɣ ɦɨɝɭɬ 
ɩɪɨɹɜɥɹɬɶɫɹ ɩɪɢɡɧɚɤɢ ɫɬɟɧɨɤɚɪɞɢɢ) [10]. 
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ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɯɢɦɢɨɬɟɪɚɩɢɢ ɡɚɜɢɫɢɬ ɨɬ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 
ɰɢɬɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɫɨɩɪɨɜɨɞɢɬɟɥɶɧɨɝɨ ɥɟɱɟɧɢɹ, 
ɭɦɟɧɶɲɚɸɳɟɣ ɬɨɤɫɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɟɪɜɨɝɨ. Ɍɟɪɚɩɢɹ ɩɪɢ ɈɆɅ ɫɨɫɬɨɢɬ ɢɡ 
ɬɪɟɯ ɷɬɚɩɨɜ: ɢɧɞɭɤɰɢɹ ɪɟɦɢɫɫɢɢ, ɤɨɧɫɨɥɢɞɚɰɢɹ ɢ ɩɨɞɞɟɪɠɢɜɚɸɳɚɹ ɬɟɪɚɩɢɹ 
[11]. ɂɧɞɭɤɰɢɹ ɪɟɦɢɫɫɢɢ ɩɪɨɜɨɞɢɬɫɹ ɜ 1-2 ɤɭɪɫɚ ɞɥɹ ɛɵɫɬɪɨɝɨ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɦɭɬɚɧɬɧɨɝɨ ɤɥɨɧɚ. ɉɨɥɧɚɹ ɪɟɦɢɫɫɢɹ ɫɱɢɬɚɟɬɫɹ 
ɞɨɫɬɢɝɧɭɬɨɣ, ɤɨɝɞɚ ɧɚ ɮɨɧɟ ɩɪɢɦɟɧɟɧɢɹ ɰɢɬɨɫɬɚɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɜ ɤɨɫɬɧɨɦ 
ɦɨɡɝɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɦɟɧɟɟ 5 % ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ (ɦɨɪɮɨɥɨɝɢɱɟɫɤɚɹ 
ɨɰɟɧɤɚ ɧɚ 21-28-ɣ ɞɟɧɶ) [12]. ɉɪɟɩɚɪɚɬɵ ɜ ɷɬɨɬ ɩɟɪɢɨɞ ɧɚɡɧɚɱɚɸɬɫɹ ɩɨ ɫɯɟɦɟ 
«7 + 3», ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ, ɤɚɤ ɩɪɚɜɢɥɨ, ɰɢɬɚɪɚɛɢɧɚ (7 
ɞɧɟɣ) ɢ ɞɚɭɧɨɪɭɛɢɰɢɧɚ (3 ɞɧɹ) [13]. ȿɫɥɢ ɩɨɫɥɟ ɜɬɨɪɨɝɨ ɤɭɪɫɚ ɢɧɞɭɤɰɢɨɧɧɨɣ 
ɬɟɪɚɩɢɢ ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɥɧɚɹ ɪɟɦɢɫɫɢɹ, ɤɨɧɫɬɚɬɢɪɭɟɬɫɹ ɩɟɪɜɢɱɧɚɹ 
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ [14], ɢ ɩɚɰɢɟɧɬɚɦ ɩɪɨɜɨɞɹɬ ɬɟɪɚɩɢɸ ɩɨ ɩɪɨɝɪɚɦɦɚɦ ɥɟɱɟɧɢɹ 
ɪɟɮɪɚɤɬɟɪɧɵɯ ɮɨɪɦ ɥɟɣɤɟɦɢɢ. Ʉɨɧɫɨɥɢɞɚɰɢɹ ɪɟɦɢɫɫɢɢ ɢɥɢ ɡɚɤɪɟɩɥɟɧɢɟ 
ɞɨɫɬɢɝɧɭɬɨɝɨ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɷɮɮɟɤɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɳɟ ɛɨɥɶɲɟɦ 
ɭɦɟɧɶɲɟɧɢɢ ɱɢɫɥɚ ɚɧɨɦɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɜɤɥɸɱɚɸɳɢɣ ɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɵɣ ɤɭɪɫ 
ɬɟɪɚɩɢɢ. ɉɨɫɥɟ ɫɥɟɞɭɟɬ ɷɬɚɩ ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɥɟɱɟɧɢɹ, ɡɚɤɥɸɱɚɸɳɟɝɨɫɹ ɜ 
ɩɪɨɞɨɥɠɟɧɢɟ ɰɢɬɨɫɬɚɬɢɱɟɫɤɨɝɨ ɢɥɢ ɬɚɪɝɟɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɨɡɦɨɠɧɨ 
ɨɫɬɚɸɳɢɣɫɹ ɨɩɭɯɨɥɟɜɵɣ ɤɥɨɧ. ɍ 50-65% ɦɨɥɨɞɵɯ ɩɚɰɢɟɧɬɨɜ ɩɨɫɥɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɞɧɨɝɨ ɤɭɪɫɚ ɢɧɞɭɤɰɢɨɧɧɨɣ ɬɟɪɚɩɢɢ ɭɞɚёɬɫɹ ɞɨɫɬɢɱɶ ɩɨɥɧɨɣ 
ɪɟɦɢɫɫɢɢ, ɩɨɫɥɟ ɞɜɭɯ ɤɭɪɫɨɜ – ɭ 70-75% [15]. ɉɨɦɢɦɨ ɷɬɨɝɨ 
ɩɨɫɬɪɟɦɢɫɫɢɨɧɧɨɣ ɬɟɪɚɩɢɟɣ ɞɥɹ ɩɚɰɢɟɧɬɨɜ ɢɡ ɝɪɭɩɩ ɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɢ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɢɫɤɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɚɭɬɨ-ɬɪɚɧɫɩɥɚɧɬɚɰɢɹ 
ɝɟɦɨɩɨɷɬɢɱɟɫɤɢɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ [16,17]. Ɉɞɧɚɤɨ ɭ ɩɚɰɢɟɧɬɨɜ ɩɨɫɥɟ 55-60 
ɥɟɬ ɩɪɨɝɧɨɡ ɦɚɤɫɢɦɚɥɶɧɨ ɧɟɛɥɚɝɨɩɪɢɹɬɟɧ: ɜɨɡɧɢɤɚɟɬ ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ ɤ 
ɬɟɪɚɩɢɢ, ɚ ɞɨɥɝɨɫɪɨɱɧɚɹ ɜɵɠɢɜɚɟɦɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 5-7% [18,19]. ɉɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɥɟɱɟɧɢɹ ɈɆɅ ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɝɭɛɢɬɟɥɶɧɵɦ ɡɚɛɨɥɟɜɚɧɢɟɦ, 
ɚ ɩɚɰɢɟɧɬɵ ɭɦɢɪɚɸɬ ɨɬ ɨɫɥɨɠɧɟɧɢɣ ɜ ɜɢɞɟ ɢɧɮɟɤɰɢɣ ɢ ɤɪɨɜɨɩɨɬɟɪɶ. ɉɪɢ 
ɫɢɦɩɬɨɦɚɬɢɱɟɫɤɨɣ ɬɟɪɚɩɢɢ ɜɵɠɢɜɚɟɦɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 11-20 ɧɟɞɟɥɶ 
(ɦɟɞɢɚɧɚ) [20,21]. 

Ɂɚɛɨɥɟɜɚɟɦɨɫɬɶ ɈɆɅ ɜ ɫɪɟɞɧɟɦ 3-5 ɱɟɥɨɜɟɤ ɧɚ 100 ɬɵɫ. ɧɚɫɟɥɟɧɢɹ ɜ 
ɝɨɞ [22], ɧɨ ɜ ɜɨɡɪɚɫɬɟ ɫɬɚɪɲɟ 80 ɥɟɬ ɭɠɟ ɫɨɫɬɚɜɥɹɟɬ 12-13 ɫɥɭɱɚɟɜ [23]. Ɍɚɤ ɜ 
ɋɒȺ ɟɠɟɝɨɞɧɨ ɞɢɚɝɧɨɫɬɢɪɭɸɬɫɹ 10500 ɧɨɜɵɯ ɫɥɭɱɚɟɜ ɈɆɅ [24]. ɍɱɢɬɵɜɚɹ 
ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ, ɜ Ɋɨɫɫɢɢ ɪɚɫɱɟɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ 
5000 ɧɨɜɵɯ ɫɥɭɱɚɟɜ ɜ ɝɨɞ [25]. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɭɠɱɢɧɵ ɛɨɥɟɸɬ ɈɆɅ ɜ 
ɩɪɢɦɟɪɧɨ 1,5 ɪɚɡɚ ɱɚɳɟ ɠɟɧɳɢɧ (4,6 ɩɪɨɬɢɜ 3,0 ɫɥɭɱɚɟɜ ɧɚ 100 000 ɧɚɫɟɥɟɧɢɹ 
ɜ ɝɨɞ) [26]. 

 
1.2 Ɋɟɰɢɞɢɜɢɪɭɸɳɢɟ ɝɟɧɟɬɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ ɩɪɢ ɈɆɅ 

 
Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ ɧɟɫɤɨɥɶɤɨ ɯɪɨɦɨɫɨɦɧɵɯ ɚɧɨɦɚɥɢɣ ɢ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɫɬɚɥɢ ɨɬɞɟɥɶɧɵɦɢ ɤɚɬɟɝɨɪɢɹɦɢ ɈɆɅ. ɑɚɫɬɶ ɢɡ ɧɢɯ 
ɹɜɥɹɸɬɫɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦɢ, ɱɚɫɬɶ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦɢ, ɚ ɧɟɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɫɨɱɟɬɚɬɶ ɨɛɟ ɮɭɧɤɰɢɢ. Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɦɭɬɚɰɢɸ ɦɨɠɧɨ ɧɚɡɜɚɬɶ, ɤɨɝɞɚ ɨɧɚ 
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ɩɪɢɫɭɳɚ ɨɞɧɨɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɡɚɛɨɥɟɜɚɧɢɸ, ɢ ɩɨɡɜɨɥɹɟɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɝɨ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɨɬ ɞɪɭɝɢɯ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɣ ɩɟɪɟɫɬɪɨɣɤɢ ɛɵɥ ɩɪɢɜɟɞɟɧ ɜ 
ɩɪɟɞɵɞɭɳɟɦ ɪɚɡɞɟɥɟ – t(15;17)(q22;q12) ɩɪɢ ɨɫɬɪɨɦ ɩɪɨɦɢɟɥɨɰɢɬɚɪɧɨɦ 
ɥɟɣɤɨɡɟ. ɉɪɨɝɧɨɫɬɢɱɟɫɤɢɣ ɚɫɩɟɤɬ ɦɭɬɚɰɢɢ ɜɵɪɚɠɟɧ ɜ ɤɨɪɪɟɥɹɰɢɢ ɦɭɬɚɰɢɢ ɢ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɡɚɛɨɥɟɜɚɧɢɹ, ɱɬɨ ɩɨɥɭɱɢɥɨ ɨɬɪɚɠɟɧɢɟ ɜ ȿɜɪɨɩɟɣɫɤɨɣ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɢɫɤɚ ɥɟɣɤɟɦɢɢ (ELN) 2017 ɝɨɞɚ [4] (ɬɚɛɥɢɰɚ 2). 

 
Ɍɚɛɥɢɰɚ 2 – ɋɬɪɚɬɢɮɢɤɚɰɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɫɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ELN, 2017 
Ƚɪɭɩɩɚ ɪɢɫɤɚ Ƚɟɧɟɬɢɱɟɫɤɢɟ ɚɧɨɦɚɥɢɢ 

Ȼɥɚɝɨɩɪɢɹɬɧɚɹ 

• NPM1«+»/FLT3-ITD«-» ɢɥɢ FLT3-ITD«+» (ɧɢɡɤ) 
• Ȼɢɚɥɥɟɥɶɧɚɹ ɦɭɬɚɰɢɹ CEBPA 
• t(8;21)(q22;q22); RUNX1-RUNX1T1 
• inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 

ɉɪɨɦɟɠɭɬɨɱɧɚɹ 

• NPM1«+»/FLT3-ITD«+» (ɜɵɫ) 
• NPM1«-»/FLT3-ITD«-»ɢɥɢ FLT3-ITD«+» (ɧɢɡɤ) ɜ ɨɬɫɭɬɫɬɜɢɢ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɧɨɦɚɥɢɣ 
• t(9;11)(p22;q23); MLLT3-KMT2A (ɪɚɧɟɟ MLLT3-MLL) 
• ɐɢɬɨɝɟɧɟɬɢɱɟɫɤɢɟ ɚɧɨɦɚɥɢɢ, ɧɟ ɤɥɚɫɫɢɮɢɰɢɨɪɚɜɚɧɧɵɟ ɤɚɤ 
ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɢɥɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ 

ɇɟɛɥɚɝɨɩɪɢɹɬɧɚɹ 

• Ʉɨɦɩɥɟɤɫɧɵɣ ɤɚɪɢɨɬɢɩ 
• Ɇɨɧɨɫɨɦɧɵɣ ɤɚɪɢɨɬɢɩ 
• -5ɢɥɢ del(5q); -7; -17/abn(17p) 
• T(v;11q23.3); KMT2A (ɩɟɪɟɝɪɭɩɩɢɪɨɜɚɧɧɵɣ ɚɥɥɟɥɶɧɵɣ 
ɫɟɝɦɟɧɬ) 
• inv(3)(q21q26.2) ɢɥɢ t(3;3)(q21;q26.2); RPN1-EVI1 
• t(6;9)(p23;q34); DEK-NUP214 
• T(9;22)(q34.1;q11.2); BCR-ABL1 
• NPM1«-»/FLT3-ITD«+» (ɜɵɫ) 
• Ɇɭɬɚɰɢɹ TP53 
• Ɇɭɬɚɰɢɹ RUNX1 (ɧɟ ɹɜɥɹɟɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɩɪɢ ɩɨɞɬɢɩɟ 
ɈɆɅ ɢɡ ɝɪɭɩɩɵ ɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɪɢɫɤɚ) 
• Ɇɭɬɚɰɢɹ ASXL1 (ɧɟ ɹɜɥɹɟɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɩɪɢ ɩɨɞɬɢɩɟ 
ɈɆɅ ɢɡ ɝɪɭɩɩɵ ɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɪɢɫɤɚ 

 
ȼɫɟ ɦɭɬɚɰɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɬɢɩɚ: ɩɟɪɜɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɝɟɧɚɯ, 

ɤɨɞɢɪɭɸɳɢɯ ɮɟɪɦɟɧɬɵ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɹɜɥɹɸɳɢɟɫɹ ɡɜɟɧɶɹɦɢ ɫɢɝɧɚɥɶɧɵɯ 
ɩɭɬɟɣ, ɚ ɜɬɨɪɵɟ – ɜ ɝɟɧɚɯ, ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɤɢ ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ. 

Ʉ ɦɭɬɚɰɢɹɦ I ɤɥɚɫɫɚ ɨɬɧɨɫɹɬ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ, ɤɨɞɢɪɭɸɳɢɯ 
ɰɢɬɨɡɨɥɶɧɵɟ ɢɥɢ ɪɟɰɟɩɬɨɪɧɵɟ ɩɪɨɬɟɢɧɤɢɧɚɡɵ. ɋɪɟɞɢ ɦɭɬɚɰɢɣ, 
ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɩɪɢ ɈɆɅ, ɤ ɷɬɨɦɭ ɤɥɚɫɫɭ ɨɬɧɨɫɹɬ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ FLT3, KIT 
ɢ RAS. ɗɬɢ ɦɭɬɚɰɢɢ ɩɪɢɫɭɳɟ ɧɟ ɬɨɥɶɤɨ ɈɆɅ, ɨɧɢ ɹɜɥɹɸɬɫɹ 
ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦɢ ɢ ɢɯ ɜɚɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ, ɯɨɬɹ ɨɧɢ ɢ ɧɟ ɜɵɞɟɥɟɧɵ ɜ 
ɨɬɞɟɥɶɧɵɟ ɤɚɬɟɝɨɪɢɢ ɈɆɅ ɫɨɝɥɚɫɧɨ ȼɈɁ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɬɟɢɧɤɢɧɚɡɵ 
ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɨɧɤɨɝɟɧɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ, ɩɨɷɬɨɦɭ ɜ ɤɥɟɬɤɟ ɫɭɳɟɫɬɜɭɸɬ 
ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɛɢɤɜɢɬɢɧ-ɩɪɨɬɟɨɫɨɦɧɚɹ ɫɢɫɬɟɦɚ. ɇɨ 
ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɞɥɹ ɪɟɰɟɩɬɨɪɧɵɯ ɬɢɪɨɡɢɧɤɢɧɚɡ, 
ɹɜɥɹɟɬɫɹ ɚɭɬɨɢɧɝɢɛɢɪɨɜɚɧɢɟ [27]. ȼ ɫɬɪɭɤɬɭɪɟ ɬɚɤɨɝɨ ɮɟɪɦɟɧɬɚ ɩɪɢɫɭɬɫɬɜɭɟɬ 
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ɞɨɦɟɧ, ɜɵɩɨɥɧɹɸɳɢɣ ɞɚɧɧɭɸ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɵɣ ɜ ɧɟɚɤɬɢɜɧɨɣ ɮɨɪɦɟ 
ɤɢɧɚɡɵ (ɜ ɨɬɫɭɬɫɬɜɢɢ ɥɢɝɚɧɞɚ) ɢɧɝɢɛɢɪɭɟɬ ɞɨɦɟɧ, ɨɬɜɟɱɚɸɳɢɣ ɡɚ 
ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɧɢɠɟɫɬɨɹɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɝɧɚɥɶɧɨɝɨ ɩɭɬɢ (ɤɢɧɚɡɧɵɣ 
ɞɨɦɟɧ). Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɪɟɰɟɩɬɨɪɧɵɯ ɬɢɪɨɡɢɧɤɢɧɚɡ ɦɨɠɧɨ ɩɪɟɞɭɝɚɞɚɬɶ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɦɭɬɚɰɢɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɚɧɨɦɚɥɶɧɨɣ ɚɤɬɢɜɚɰɢɢ 
ɮɟɪɦɟɧɬɚ: ɷɬɨ ɦɭɬɚɰɢɢ ɜ ɢɧɝɢɛɢɪɭɸɳɟɦ ɞɨɦɟɧɟ ɢ ɜ ɤɢɧɚɡɧɨɦ ɞɨɦɟɧɟ [28]. 
ɂɦɟɧɧɨ ɷɬɢ ɭɱɚɫɬɤɢ ɢ ɹɜɥɹɸɬɫɹ ɨɧɤɨɝɟɧɧɵɦɢ ɭ FLT3, KIT ɢ RAS. 

Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ ɯɪɨɦɨɫɨɦɧɵɯ ɚɛɛɟɪɚɰɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ȼɈɁ, ɨɬɧɨɫɹɬ ɤ ɦɭɬɚɰɢɹɦ II  ɤɥɚɫɫɚ, ɚ ɬɚɤɠɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ 
NPM1 ɢ CEBPA. Ɍɚɤɠɟ ɩɨɦɢɦɨ ɷɬɢɯ ɤ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦ ɦɭɬɚɰɢɹɦ 
ɦɨɠɧɨ ɟɳɟ ɨɬɧɟɫɬɢ DNMT3A, TET2, IDH2, WT1, TP53 ɦɭɬɚɰɢɢ ɢ ɞɪ., ɤɨɬɨɪɵɟ 
ɧɟ ɹɜɥɹɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɞɥɹ ɈɆɅ. ɗɬɢ ɦɭɬɚɰɢɢ ɜɥɢɹɸɬ ɧɚ 
ɩɪɨɥɢɮɟɪɚɰɢɸ ɢ ɜɵɠɢɜɚɟɦɨɫɬɶ ɦɭɬɚɧɬɧɨɝɨ ɤɥɨɧɚ ɱɟɪɟɡ «ɩɨɫɪɟɞɧɢɤɨɜ», 
ɹɜɥɹɹɫɶ ɩɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦ ɡɜɟɧɨɦ ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ [29]. ɇɭɠɧɨ 
ɬɚɤɠɟ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɪɢ ɯɪɨɦɨɫɨɦɧɵɯ ɚɛɛɟɪɚɰɢɹɯ ɯɢɦɟɪɧɵɣ ɝɟɧ, 
ɜɨɡɧɢɤɚɸɳɢɣ ɢɡ ɭɱɚɫɬɤɨɜ ɞɜɭɯ ɝɟɧɨɜ, ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɯɢɦɟɪɧɨɝɨ 
ɩɪɨɞɭɤɬɚ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ ɜɵɠɢɜɚɟɦɨɫɬɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɦɭɬɚɧɬɧɨɝɨ 
ɤɥɨɧɚ ɡɚ ɫɱɟɬ ɚɧɨɦɚɥɶɧɵɯ ɮɭɧɤɰɢɣ. ɉɪɢ ɷɬɨɦ ɨɞɢɧ ɢɡ ɢɡɧɚɱɚɥɶɧɵɯ ɝɟɧɨɜ 
ɜɵɩɨɥɧɹɥ ɷɩɢɝɟɧɟɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ, ɚ ɜɬɨɪɨɣ ɩɪɢ ɯɢɦɟɪɢɡɚɰɢɢ ɢɡɦɟɧɢɥ 
ɫɬɪɭɤɬɭɪɭ ɩɟɪɜɨɝɨ. 

Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɦɭɬɚɰɢɣ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ 
ɬɚɪɝɟɬɧɵɟ ɩɪɟɩɚɪɚɬɵ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɢɡɭɱɟɧɢɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɦɭɬɚɰɢɣ, ɢɯ ɱɚɫɬɨɬɵ 
ɜɫɬɪɟɱɚɟɦɨɫɬɢ, ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ɉɟɪɜɵɣ ɜɨɩɪɨɫ ɤɚɫɚɟɬɫɹ 
ɩɪɨɝɧɨɡɚ ɨɛɳɟɣ ɜɵɠɢɜɚɟɦɨɫɬɢ ɩɚɰɢɟɧɬɨɜ ɩɪɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɦɭɬɚɰɢɢ ɢɥɢ ɢɯ 
ɫɨɱɟɬɚɧɢɣ [30]. Ⱥ ɜɬɨɪɨɣ ɡɚɬɪɚɝɢɜɚɟɬ ɜɨɩɪɨɫ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɢ ɬɨɤɫɢɱɧɨɫɬɢ 
ɰɢɬɨɫɬɚɬɢɤɨɜ, ɩɨɷɬɨɦɭ ɜɚɠɧɚ ɩɟɪɫɨɧɚɥɢɡɚɰɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɩɨɤɚɡɚɧɢɣ ɤ ɷɬɢɦ 
ɩɪɟɩɚɪɚɬɚɦ. 

ɏɪɨɦɨɫɨɦɧɵɟ ɚɧɨɦɚɥɢɢ ɢ ɦɭɬɚɰɢɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɤɚɪɢɨɬɢɩɟ 
ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɢɦɟɪɧɨ ɜ ɨɞɢɧɚɤɨɜɵɯ ɩɪɨɩɨɪɰɢɹɯ ɩɪɢ ɈɆɅ: ɩɨ ɧɟɤɨɬɨɪɵɦ 
ɞɚɧɧɵɦ ɰɢɬɨɝɟɧɟɬɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ ɩɨɤɚɡɚɧɵ ɜ 30% ɫɥɭɱɚɟɜ, ɬɨɝɞɚ ɤɚɤ ɧɚ 
ɞɨɥɸ ɧɨɪɦɚɥɶɧɨɝɨ ɤɚɪɢɨɬɢɩɚ ɜɵɩɚɞɚɟɬ 40-50% [31]. ɉɪɢ ɧɨɪɦɚɥɶɧɨɦ 
ɤɚɪɢɨɬɢɩɟ 60% ɦɭɬɚɰɢɣ ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ NPM1, 30% – ɜ ɝɟɧɟ 
FLT3, 15% – ɜ ɝɟɧɟ CEBPA ɢ 15% ɧɚ ɨɫɬɚɥɶɧɵɟ ɦɭɬɚɰɢɢ (ɪɢɫɭɧɨɤ 1). ɉɨ 
ɩɨɫɥɟɞɧɢɦ ɞɚɧɧɵɦ ɢɡ ɜɫɟɯ ɫɥɭɱɚɟɜ ɈɆɅ ɧɚ ɞɨɥɸ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 
ɦɭɬɢɪɭɸɳɢɯ ɝɟɧɨɜ ɩɪɢɯɨɞɹɬɫɹ: FLT3 (39%), NPM1 (33%), DNMT3A (31%), 
NRAS (22%), RUNX1 (15%), TET2 (15%), IDH2 (14%), WT1 (13%), ASXL1 
(11%), PTPN11 (10%), SRSF2 (10%), TP53 (9%), CEBPA (8%) ɢ ɞɪɭɝɢɟ [32, 
33].  
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Ɋɢɫɭɧɨɤ 1 – ȼɫɬɪɟɱɚɟɦɨɫɬɶ ɈɆɅ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɦɭɬɚɰɢɣ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɤɚɪɢɨɬɢɩɟ 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɚɫɬɶ ɦɭɬɚɰɢɣ ɜɫɬɪɟɱɚɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɪɢ 
ɧɨɪɦɚɥɶɧɨɦ ɤɚɪɢɨɬɢɩɟ (ɧɚɩɪɢɦɟɪ, NPM1), ɬɨɝɞɚ ɤɚɤ ɞɪɭɝɚɹ, ɧɚɩɪɢɦɟɪ FLT3 
ɦɭɬɚɰɢɢ, ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜɦɟɫɬɟ ɫ ɯɪɨɦɨɫɨɦɧɵɦɢ ɧɚɪɭɲɟɧɢɹɦɢ. 
ɉɪɢɱɟɦ ɜɨ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨɤɚɡɚɧɵ ɫɨɱɟɬɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɭɬɚɰɢɣ 
ɩɪɢ ɈɆɅ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɞɥɹ ɪɚɡɜɢɬɢɹ ɷɬɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɧɟɞɨɫɬɚɬɨɱɧɨ 
ɬɨɥɶɤɨ ɨɞɧɨɣ ɤɨɧɤɪɟɬɧɨɣ ɦɭɬɚɰɢɢ. Ɍɚɤ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɟɬɟɣ ɫ ɈɆɅ de 
novo ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɭ 50% ɨɛɧɚɪɭɠɟɧɨ 3 ɢ ɛɨɥɟɟ ɝɟɧɟɬɢɱɟɫɤɢɯ 
ɚɧɨɦɚɥɢɣ  [34]. ɍ Tripon et al [35] ɨɩɢɫɚɧ ɢɧɬɟɪɟɫɧɵɣ ɤɥɢɧɢɱɟɫɤɢɣ ɫɥɭɱɚɣ ɫ 
ɫɨɱɟɬɚɧɢɟɦ ɱɟɬɵɪɟɯ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ. ɉɚɰɢɟɧɬ ɛɵɥ 
ɝɟɬɟɪɨɡɢɝɨɬɧɵɦ ɩɨ FLT3-ITD (ɫ ɧɚɝɪɭɡɤɨɣ 86%) ɢ D835, NPM1 (42%) ɢ 
DNMT3A. ɉɪɢɱɟɦ ɞɥɹ FLT3-ITD ɦɭɬɚɰɢɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɬɪɢ ɪɚɡɧɵɯ 
ɞɭɩɥɢɰɢɪɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɚ. ɋɥɭɱɚɣ ɛɵɥ ɭɧɢɤɚɥɶɧɵɦ, ɬ.ɤ. ɢɫɫɥɟɞɨɜɚɧɢɟ 
Mevatee et al. [36] ɧɚ 100 ɩɚɰɢɟɧɬɚɯ ɫɪɟɞɢ ɈɆɅ, ɩɪɟɞɥɨɠɟɧɧɨɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ 
ɚɜɬɨɪɚɦɢ, ɧɟ ɜɵɹɜɢɥɨ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɥɭɱɚɟɜ ɫɨɱɟɬɚɧɢɹ FLT3 + DNMT3A + 
NPM1. ɋɨɱɟɬɚɧɢɟ ɦɭɬɚɰɢɣ ɜ ɪɚɡɧɵɯ ɝɟɧɚɯ ɢɦɟɟɬ ɪɚɡɧɨɟ ɩɪɨɝɧɨɫɬɢɱɟɫɤɨɟ 
ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɚɰɢɟɧɬɚ ɫ ɈɆɅ. ɇɚɩɪɢɦɟɪ, Loghavi et al. [37] ɫɞɟɥɚɥɢ ɜɵɜɨɞ, 
ɱɬɨ ɩɚɰɢɟɧɬɵ ɫ ɈɆɅ ɫ ɫɨɱɟɬɚɧɢɟɦ ɦɭɬɚɰɢɹɦɢ NPM1 + DNMT3A ɢɦɟɸɬ 
ɛɨɥɟɟ ɤɨɪɨɬɤɭɸ ɨɛɳɭɸ ɜɵɠɢɜɚɟɦɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ FLT3-ITD + NPM1-
ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɩɚɰɢɟɧɬɚɦɢ. ɉɨɫɥɟɞɧɹɹ ɩɚɪɚ ɦɭɬɚɰɢɣ, ɤ ɫɥɨɜɭ, ɩɨɷɬɨɦɭ ɧɟ 
ɩɪɨɫɬɨ ɬɚɤ ɜɤɥɸɱɟɧɚ ɜ ɪɟɤɨɦɟɧɞɚɰɢɢ ELN [4]. ȼɫɬɪɟɱɚɟɦɨɫɬɶ ɫɨɱɟɬɚɧɢɣ 
ɦɭɬɚɰɢɣ ɜ ɷɬɢɯ ɝɟɧɚɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.  

 

 
Ɋɢɫɭɧɨɤ 2 – ɋɨɱɟɬɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ FLT3 ɢ NPM1 
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ɇɟɞɚɜɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ (2016 ɝ) ȼɢɧɨɝɪɚɞɨɜɚ ɢ ɞɪ. [32] ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ 

40% ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɥɭɱɚɹɯ ɦɭɬɚɰɢɢ ɝɟɧɨɜ NPM1 ɢ FLT3 ɤɨɨɩɟɪɢɪɨɜɚɥɢɫɶ 
ɧɟɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɢ ɨɩɪɟɞɟɥɹɥɢ ɢɫɯɨɞ ɡɚɛɨɥɟɜɚɧɢɹ [38]. ɇɢɠɟ ɩɨɞɪɨɛɧɨ 
ɪɚɡɨɛɪɚɧɵ ɦɟɯɚɧɢɡɦɵ ɞɟɣɫɬɜɢɹ ɞɚɧɧɵɯ ɦɭɬɚɰɢɣ. 

 
1.3 FMS-ɩɨɞɨɛɧɚɹ ɬɢɪɨɡɢɧ ɤɢɧɚɡɚ (FLT3) 

 
FLT3 (fms-ɩɨɞɨɛɧɚɹ ɬɢɪɨɡɢɧɤɢɧɚɡɚ 3), ɬɚɤɠɟ ɢɡɜɟɫɬɧɚɹ ɤɚɤ 

ɬɢɪɨɡɢɧɤɢɧɚɡɚ-1 ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɢɥɢ ɬɢɪɨɡɢɧɤɢɧɚɡɚ ɩɟɱɟɧɢ-2 ɩɥɨɞɚ, 
ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɪɟɰɟɩɬɨɪɨɜ ɬɢɪɨɡɢɧɤɢɧɚɡɵ (ɊTK) ɤɥɚɫɫɚ III. Ƚɟɧ FLT3 
ɨɛɵɱɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɧɟɡɪɟɥɵɯ ɤɪɨɜɟɬɜɨɪɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɯ. 

 ɊɌɄ ɢɦɟɸɬ ɨɛɳɢɟ ɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ: 5 
ɢɦɦɭɧɨɝɥɨɛɭɥɢɧɨɩɨɞɨɛɧɵɯ ɞɨɦɟɧɚ ɜɨ ɜɧɟɤɥɟɬɨɱɧɵɯ ɨɛɥɚɫɬɹɯ ɞɥɹ 
ɫɜɹɡɵɜɚɧɢɹ ɥɢɝɚɧɞɚ, ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ, ɸɤɫɬɚɦɟɦɛɪɚɧɧɵɣ (JM) 
ɞɨɦɟɧ, ɜɵɩɨɥɧɹɸɳɢɣ ɚɭɬɨɢɧɝɢɛɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ, ɢ 2 ɤɢɧɚɡɧɵɯ ɞɨɦɟɧɚ 
(TK1 ɢ TK2), ɪɚɡɞɟɥɟɧɧɵɯ ɞɨɦɟɧɨɦ ɜɫɬɚɜɤɢ ɤɢɧɚɡɵ ɢ C-ɬɟɪɦɢɧɚɥɶɧɵɣ ɞɨɦɟɧ 
ɜɨ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɨɛɥɚɫɬɹɯ (ɪɢɫɭɧɨɤ 4) [39]. 

 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɧɨɦɟɪɚ ɪɟɰɟɩɬɨɪɚ FLT3 

 
Ʌɢɝɚɧɞ ɞɥɹ FLT3 (ɥɢɝɚɧɞ FLT3 ɢɥɢ FL) ɛɵɥ ɤɥɨɧɢɪɨɜɚɧ ɜ 1993 ɝɨɞɭ. 

FL ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɤɥɟɬɤɚɯ ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ, ɜɤɥɸɱɚɹ 
ɮɢɛɪɨɛɥɚɫɬɵ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ, ɚ ɬɚɤɠɟ ɜ ɦɢɟɥɨɢɞɧɨɦ ɪɨɫɬɤɟ ɤɪɨɜɟɬɜɨɪɟɧɢɹ 
[40]. FL ɩɪɢɜɨɞɢɬ ɤ ɞɢɦɟɪɢɡɚɰɢɢ ɪɟɰɟɩɬɨɪɚ ɢ ɟɝɨ ɚɭɬɨɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɸ, 
ɡɚɩɭɫɤɚɹ ɫɢɝɧɚɥɶɧɵɟ ɩɭɬɢ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ. ɇɚ ɷɬɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɥɢɹɸɬ ɢ ɞɪɭɝɢɟ ɰɢɬɨɤɢɧɵ, ɬɚɤɢɟ ɤɚɤ ɥɢɝɚɧɞ Kit (KL). 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɫɬɢɦɭɥɹɰɢɢ in vitro ɤɥɟɬɨɤ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɥɢɛɨ ɬɨɥɶɤɨ 
FL, ɢɥɢ ɥɢɛɨ ɬɨɥɶɤɨ KL, ɞɨɫɬɢɝɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɢɥɢ ɧɭɥɟɜɨɣ 
ɩɪɨɥɢɮɟɪɚɬɢɜɧɵɣ ɨɬɜɟɬ, ɧɨ ɨɛɚ ɥɢɝɚɧɞɚ ɜɦɟɫɬɟ ɫɢɧɟɪɝɢɱɟɫɤɢ ɭɫɢɥɢɜɚɸɬ ɪɨɫɬ 
[41]. ɋɯɟɦɚ ɚɤɬɢɜɚɰɢɢ FLT3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.  
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Ɋɢɫɭɧɨɤ 5 – Ɇɟɯɚɧɢɡɦ ɚɤɬɢɜɚɰɢɢ ɪɟɰɟɩɬɨɪɚ FLT3: 

Ⱥ – ɧɟɚɤɬɢɜɧɚɹ ɮɨɪɦɚ, ȼ – ɚɤɬɢɜɧɚɹ ɮɨɪɦɚ 
 

Ⱦɜɚ ɤɢɧɚɡɧɵɯ ɞɨɦɟɧɚ (TKD1 ɢ TKD2) ɮɨɪɦɢɪɭɸɬ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ 
ɮɟɪɦɟɧɬɚ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɩɟɬɥɹ ɚɤɬɢɜɚɰɢɢ (Ⱥ-ɩɟɬɥɹ). ȼ ɧɟɚɤɬɢɜɧɨɣ 
ɮɨɪɦɟ JM ɞɨɦɟɧ ɩɪɢɧɢɦɚɟɬ ɬɚɤɭɸ ɤɨɧɮɨɪɦɚɰɢɸ, ɤɨɬɨɪɚɹ ɛɥɨɤɢɪɭɟɬ Ⱥ-
ɩɟɬɥɸ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɫɚɦɨɞɢɦɟɪɢɡɚɰɢɢ. ɉɪɢ ɫɜɹɡɵɜɚɧɢɢ 
ɥɢɝɚɧɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɨɞɨɥɟɧɢɟ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɷɮɮɟɤɬɚ, ɡɚ ɫɱɟɬ 
ɚɭɬɨɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ ɬɢɪɨɡɢɧɤɢɧɚɡɵ ɜ JM ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɡɦɟɧɟɧɢɹ ɟɝɨ 
ɤɨɧɮɨɪɦɚɰɢɢ. Ⱥɤɬɢɜɧɚɹ ɮɨɪɦɚ ɬɢɪɨɡɢɧɤɢɧɚɡɵ ɮɨɫɮɨɪɢɥɢɪɭɟɬ ɧɢɠɟɫɬɨɹɳɢɟ 
ɷɥɟɦɟɧɬɧɵ ɫɢɝɧɚɥɶɧɵɯ ɩɭɬɟɣ, ɡɚɩɭɫɤɚɹ ɤɚɫɤɚɞ ɪɟɚɤɰɢɣ, ɜɟɞɭɳɢɯ ɤ 
ɩɪɨɥɢɮɟɪɚɰɢɢ ɢ ɚɤɬɢɜɚɰɢɢ ɤɥɟɬɨɤ. Ɍɚɤɢɦɢ ɩɭɬɹɦɢ ɹɜɥɹɸɬɫɹ MAP-ɤɢɧɚɡɧɵɣ 
ɢ AKT ɩɭɬɢ. Ɍɚɤɠɟ ɭɩɨɦɢɧɚɟɬɫɹ STAT ɩɭɬɶ, ɨɞɧɚɤɨ ɟɫɬɶ ɭɩɨɦɢɧɚɧɢɟ ɨ 
ɩɚɬɨɥɨɝɢɱɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɭɬɢ ɞɥɹ FLT3 [42].  

 
1.4 ɉɪɨɝɧɨɫɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3 

 
ɉɟɪɜɵɣ ɪɚɡ ɡɚɝɨɜɨɪɢɥɢ ɩɪɨ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3, ɤɨɝɞɚ Nakao et al. [1] 

ɜɨ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ FLT3 ɭ 30 ɩɚɰɢɟɧɬɨɜ ɫ ɈɆɅ 
ɫɥɭɱɚɣɧɨ ɨɛɧɚɪɭɠɢɥɢ ɧɟɨɠɢɞɚɧɧɨ ɛɨɥɟɟ ɞɥɢɧɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ ɭ ɩɹɬɢ ɢɡ 
ɧɢɯ. ɂɦɢ ɨɤɚɡɚɥɢɫɶ ɜɧɭɬɪɟɧɧɢɟ ɬɚɧɞɟɦɧɵɟ ɞɭɩɥɢɤɚɰɢɢ (ɜɫɬɚɜɤɚ ɩɨɜɬɨɪɚ ɛɟɡ 
ɫɞɜɢɝɚ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ). Ⱦɭɩɥɢɤɚɰɢɹ (ITD) ɛɵɥɚ ɩɟɪɟɦɟɧɧɨɣ ɤɚɤ ɩɨ 
ɪɚɡɦɟɪɭ (ɨɬ 3 bp ɢ ɞɨ > 400 bp), ɬɚɤ ɢ ɩɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɭ ɪɚɡɧɵɯ ɥɸɞɟɣ, ɧɨ 
ɜɫɟɝɞɚ ɧɚɯɨɞɢɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ ɨɛɥɚɫɬɢ JM, ɤɨɞɢɪɭɟɦɨɣ ɷɤɡɨɧɚɦɢ 14 ɢ 15. 
ɏɨɬɹ ɟɫɬɶ ɞɚɧɧɵɟ, ɱɬɨ ɞɥɢɧɚ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 1236 bp [43], ɢ ɱɬɨ ɜ JM 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɲɶ 70% ɬɚɧɞɟɦɧɵɯ ɩɨɜɬɨɪɨɜ, ɬɨɝɞɚ ɤɚɤ ɨɫɬɚɥɶɧɵɟ 
ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɬɢɪɨɡɢɧɤɢɧɚɡɧɵɣ ɞɨɦɟɧ 1 [44]. Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɵɹɜɢɥɢ, ɱɬɨ FLT3-ITD ɦɭɬɚɰɢɢ ɜɨɡɧɢɤɚɸɬ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɈɆɅ ɜ 15-20% 
ɫɥɭɱɚɟɜ [2]. 

ȼɬɨɪɨɣ ɬɢɩ ɦɭɬɚɰɢɣ, ɤɨɬɨɪɵɣ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɝɟɧɟ FLT3, ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɪɹɞ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ ɜ 20 ɷɤɡɨɧɟ ɜ ɩɟɬɥɟ ɚɤɬɢɜɚɰɢɢ 
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ɬɢɪɨɡɢɧɤɢɧɚɡɧɨɝɨ ɞɨɦɟɧɚ 2 (TKD). ɇɨ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɦɢ ɢɡ ɧɢɯ 
ɹɜɥɹɸɬɫɹ ɦɭɬɚɰɢɢ ɜ ɫɨɫɟɞɧɢɯ ɤɨɞɨɧɚɯ D835 ɢ I836, ɜɤɥɸɱɚɸɳɢɯ ɩɨ ɦɟɧɶɲɟɣ 
ɦɟɪɟ 9 ɪɚɡɧɵɯ ɡɚɦɟɧ (ɪɢɫɭɧɨɤ 6). ɑɚɫɬɨɬɚ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 6,4% 
ɞɨ 7,7% ɭ ɧɟɨɬɨɛɪɚɧɧɵɯ ɜɡɪɨɫɥɵɯ ɩɚɰɢɟɧɬɨɜ ɫ ɈɆɅ [2]. 

 

 
Ɋɢɫɭɧɨɤ 6 – Ɉɫɧɨɜɧɵɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3: ITD – ɬɚɧɞɟɦɧɵɟ ɩɨɜɬɨɪɵ ɜ JM ɢ TKD – 

ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɟ ɡɚɦɟɧɵ ɜ Ⱥ-ɩɟɬɥɟ 
 
Ɇɭɬɚɰɢɢ FLT3-ITD ɢ FLT3-TKD ɩɪɢɜɨɞɹɬ ɤ ɫɯɨɠɟɦɭ ɞɟɣɫɬɜɢɸ – 

ɧɚɪɭɲɟɧɢɸ ɚɭɬɨɢɧɝɢɛɢɪɭɸɳɟɝɨ ɷɮɮɟɤɬɚ ɧɟɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɬɢɪɨɡɢɧɤɢɧɚɡɵ 
ɜ ɨɬɫɭɬɫɬɜɢɢ ɥɢɝɚɧɞɚ. ɇɨ ɢɡ-ɡɚ ɢɯ ɪɚɡɥɢɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ 
ɭ ɧɢɯ ɪɚɡɧɵɣ. ȼɵɲɟ ɭɩɨɦɢɧɚɥɨɫɶ, ɱɬɨ ɜ ɪɟɰɟɩɬɨɪɧɵɯ ɬɢɪɨɡɢɧɤɢɧɚɡɚɯ ɥɟɝɤɨ 
ɩɪɟɞɭɝɚɞɵɜɚɸɬɫɹ «ɝɨɪɹɱɢɟ ɬɨɱɤɢ» ɞɥɹ ɦɭɬɚɰɢɣ. Ɍɚɤ ɭɞɥɢɧɟɧɢɟ JM ɩɪɢ FLT3-
ITD ɦɭɬɚɰɢɹɯ ɩɪɢɜɨɞɢɬ ɤ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɞɨɦɟɧɟ, ɨɧ 
ɩɟɪɟɫɬɚɟɬ ɭɞɟɪɠɢɜɚɬɶ ɩɟɬɥɸ ɚɤɬɢɜɚɰɢɢ ɜ ɧɟɚɤɬɢɜɧɨɣ ɤɨɧɮɨɪɦɚɰɢɢ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɣ ɞɢɦɟɪɢɡɚɰɢɢ ɮɟɪɦɟɧɬɚ. Ɍɨɱɤɨɜɵɟ ɦɭɬɚɰɢɢ ɜ 
ɫɚɦɨɣ Ⱥ-ɩɟɬɥɟ ɩɪɢ FLT3-TKD ɦɟɧɹɸɬ ɟɟ ɮɨɪɦɭ ɬɚɤ, ɱɬɨ ɨɧɚ ɧɟ ɛɥɨɤɢɪɭɟɬɫɹ 
JM ɞɨɦɟɧɨɦ ɩɪɢ ɟɝɨ ɧɨɪɦɚɥɶɧɨɣ ɞɥɢɧɟ [45]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɚ ɜɚɪɢɚɧɬɚ 
ɦɭɬɚɰɢɣ ɩɪɢɜɟɞɭɬ ɤ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɧɟɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɮɟɪɦɟɧɬɚ, ɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɤɨɧɫɬɢɬɭɬɢɜɧɨɣ ɚɤɬɢɜɚɰɢɢ ɪɟɰɟɩɬɨɪɚ [46]. Ȼɟɫɤɨɧɬɪɨɥɶɧɨɟ 
ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɧɢɠɟɥɟɠɚɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɢɝɧɚɥɶɧɵɯ ɩɭɬɟɣ, ɭɩɨɦɹɧɭɬɵɯ 
ɜ ɩɪɨɲɥɨɦ ɪɚɡɞɟɥɟ, ɡɚɩɭɫɬɹɬ ɚɧɨɦɚɥɶɧɭɸ ɩɪɨɥɢɮɟɪɚɰɢɸ ɦɭɬɚɧɬɧɨɝɨ ɤɥɨɧɚ 

[47]. ɉɪɢɱɟɦ ɫɨɝɥɚɫɧɨ ɢɫɫɥɟɞɨɜɚɧɢɸ Janke et al. [42], ɟɫɥɢ ɩɪɢɧɹɬɶ 
ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ ɩɪɢ FLT3-ITD ɡɚ 100%, ɬɨ ɩɪɨɥɢɮɟɪɚɰɢɹ FLT3-TKD 
ɤɥɨɧɨɜ ɫɨɫɬɚɜɢɬ 14-42%. ɉɪɢ ɫɬɢɦɭɥɹɰɢɢ FL ɤɥɨɧɵ FLT3-ITD ɧɟ ɩɨɤɚɡɚɥɢ 
ɧɢɤɚɤɨɝɨ ɨɬɜɟɬɚ, ɚ FLT3-TKD – ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɨɬɜɟɬ, ɟɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɫ 
ɞɢɤɢɦ ɬɢɩɨɦ (100%). FLT3-TKD ɩɨɤɚɡɚɥɢ ɩɨɜɵɲɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ MAPK ɢ 
AKT ɩɭɬɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɤɢɦ ɬɢɩɨɦ (WT), ɚ FLT3-ITD – STAT ɩɭɬɢ. 
Ɍɚɤɠɟ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨɦɢɦɨ ɚɤɬɢɜɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɢ ɞɥɹ 
ɜɵɠɢɜɚɧɢɹ ɦɭɬɚɧɬɧɨɝɨ ɤɥɨɧɚ ɡɚɩɭɫɤɚɸɬɫɹ ɦɟɯɚɧɢɡɦɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɥɢɝɚɧɞɚ FL [48], ɚ ɬɚɤɠɟ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ 
ɬɪɚɧɫɤɪɢɩɰɢɢ ɫɚɦɨɝɨ ɝɟɧɚ FLT3, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦɭ ɚɪɟɫɬɭ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ. 
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ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɷɮɮɟɤɬɵ ɨɛɴɹɫɧɹɸɬ, ɩɨɱɟɦɭ FLT3-ITD ɦɭɬɚɰɢɢ 
ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɢɫɯɨɞɨɦ ɬɟɱɟɧɢɹ ɈɆɅ. ɉɚɰɢɟɧɬɵ ɫ 
ɞɚɧɧɨɣ ɦɭɬɚɰɢɟɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɪɢɫɤɨɦ ɪɟɰɢɞɢɜɨɜ ɢ ɛɨɥɟɟ 
ɤɨɪɨɬɤɨɣ ɫɪɟɞɧɟɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɠɢɡɧɢ [49]. ɇɚ ɪɢɫɭɧɤɟ 7 ɩɨɤɚɡɚɧ 
ɚɧɚɥɢɡ ɜɵɠɢɜɚɟɦɨɫɬɢ ɩɚɰɢɟɧɬɨɜ ɫ FLT3-ITD ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ 
ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ: ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɫɧɢɠɚɟɬ ɨɛɳɭɸ 
ɜɵɠɢɜɚɟɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɛɟɡɪɟɰɢɞɢɜɧɭɸ ɜɵɠɢɜɚɟɦɨɫɬɶ [50]. Ɍɚɤɚɹ ɠɟ ɫɜɹɡɶ 
ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɬɚɧɞɟɦɧɨɝɨ ɩɨɜɬɨɪɚ. ɇɨ ɩɪɢ ɷɬɨɦ 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɜɬɨɪɵ ɦɟɧɟɟ 15 bp ɧɟ ɹɜɥɹɸɬɫɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ 
[51]. ɉɪɢ ɷɬɨɦ ɧɟ ɛɵɥɨ ɧɢɤɚɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɞɥɢɧɨɣ ɞɭɩɥɢɰɢɪɨɜɚɧɧɨɝɨ 
ɮɪɚɝɦɟɧɬɚ ɢ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɢɥɢ ɜɨɡɪɚɫɬɨɦ.  

  

 
Ɋɢɫɭɧɨɤ 7 – Ⱥɧɚɥɢɡ ɜɵɠɢɜɚɟɦɨɫɬɢ ɩɚɰɢɟɧɬɨɜ ɫ FLT3-ITD ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ 

ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (0,32 ɢɥɢ 32% – ɦɟɞɢɚɧɚ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ): 
Ⱥ – ɨɛɳɚɹ ɜɵɠɢɜɚɟɦɨɫɬɶ, ȼ – ɛɟɡɪɟɰɢɞɢɜɧɚɹ ɜɵɠɢɜɚɟɦɨɫɬɶ 

 
Ⱦɚɧɧɵɟ ɨ ɜɥɢɹɧɢɢ ɧɚ ɢɫɯɨɞ ɡɚɛɨɥɟɜɚɧɢɹ ɭ FLT3-TKD-ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɩɚɰɢɟɧɬɨɜ ɩɪɨɬɢɜɨɪɟɱɢɜɵ, ɨɞɧɚɤɨ ɱɟɬɤɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɷɬɢ ɦɭɬɚɰɢɢ ɦɨɝɭɬ 
ɜɨɡɧɢɤɧɭɬɶ ɜ ɨɬɜɟɬ ɧɚ ɬɟɪɚɩɢɸ ɢɧɝɢɛɢɬɨɪɚɦɢ ɬɢɪɨɡɢɧɤɢɧɚɡɵ, ɚ ɬɚɤɠɟ ɫɚɦɢ 
ɛɵɬɶ ɪɟɡɢɫɬɟɧɬɧɵɦɢ ɤ ɷɬɢɦ ɢɧɝɢɛɢɬɨɪɚɦ [52]. Ɍɚɤɠɟ ɨɞɧɨɜɪɟɦɟɧɧɨɟ 
ɩɪɢɫɭɬɫɬɜɢɟ ɨɛɨɢɯ ɬɢɩɨɜ ɦɭɬɚɰɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦ. 

ȼɨ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɛɳɚɹ ɜɫɬɪɟɱɚɟɦɨɫɬɶ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 
ɛɥɢɡɤɚ ɤ 30% ɞɥɹ ɜɡɪɨɫɥɵɯ ɩɚɰɢɟɧɬɨɜ. ɇɨ ɞɥɹ ɦɭɬɚɰɢɣ FLT3-ITD ɨɧɚ 
ɜɚɪɶɢɪɭɟɬɫɹ ɦɟɠɞɭ ɈɆɅ ɩɚɰɢɟɧɬɚɦɢ ɢɡ ɪɚɡɧɵɯ ɷɬɧɢɱɟɫɤɢɯ ɝɪɭɩɩ. Ɍɚɤ ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɚɡɢɚɬɫɤɨɣ ɝɪɭɩɩɵ ɨɧɚ ɫɨɫɬɚɜɢɥɚ 12,6% [53], ɚ ɪɭɫɫɤɨɣ ɝɪɭɩɩɵ 
– 18,1% [54]. Ɉɞɧɚɤɨ ɜ ɟɜɪɨɩɟɣɫɤɢɯ ɢɥɢ ɚɦɟɪɢɤɚɧɫɤɢɯ ɝɪɭɩɩɚɯ ɷɬɨɬ ɬɢɩ 
ɢɦɟɥɢ ɬɪɟɬɶ ɜɡɪɨɫɥɵɯ ɩɚɰɢɟɧɬɨɜ ɫ ɈɆɅ [55, 33]. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɫɬɨɢɬ 
ɭɩɨɦɹɧɭɬɶ, ɱɬɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ FLT3-ITD ɦɭɬɚɰɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɜɨɡɪɚɫɬɨɦ (ɪɢɫɭɧɨɤ 8): ɭ ɞɟɬɟɣ ɜ ɜɨɡɪɚɫɬɟ ɞɨ ɝɨɞɚ ɨɧɚ ɫɨɫɬɚɜɥɹɥɚ 1%, 7% – ɨɬ 
ɝɨɞɚ ɞɨ 5 ɥɟɬ, 17% – ɨɬ 10 ɞɨ 20 ɥɟɬ, ɚ ɭ ɩɨɠɢɥɵɯ ɞɨɫɬɢɝɚɟɬ 30%. Ⱦɥɹ 
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ɩɚɰɢɟɧɬɨɜ ɫ FLT3-TKD ɦɭɬɚɰɢɹɦɢ ɜɫɬɪɟɱɚɟɦɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 5-8% ɢ ɧɟ 
ɩɨɜɵɲɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɨɦ [2] 

 

 
Ɋɢɫɭɧɨɤ 8 – ȼɡɚɢɦɨɫɜɹɡɶ ɜɫɬɪɟɱɚɟɦɨɫɬɢ FLT3-ITD ɢ FLT3-TKD (ɡɞɟɫɶ ɨɛɨɡɧɚɱɟɧɨ 

ɤɚɤ FLT3-ALM ) ɢ ɜɨɡɪɚɫɬɚ 

Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3 ɨɛɧɚɪɭɠɟɧɵ ɜɨ ɜɫɟɯ ɩɨɞɬɢɩɚɯ ɈɆɅ, ɧɨ ɱɚɳɟ 
ɜɫɟɝɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɨɞɜɢɞɚɯ ɈɆɅ M2, M3, M4 ɢ M5 
ɫɢɫɬɟɦɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɎȺȻ [53, 54]. Ɍɚɤɠɟ ɷɬɢ ɦɭɬɚɰɢɢ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ 
ɩɪɢ ɆȾɋ ɜ 10% ɫɥɭɱɚɹɯ, ɢɧɨɝɞɚ ɫɩɨɫɨɛɫɬɜɭɹ ɛɥɚɫɬɧɨɦɭ ɤɪɢɡɭ, ɢ ɧɟ 
ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɢ Ɇɉɇ [56]. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɬɚɤɠɟ ɨɩɢɫɚɧɵ ɫɥɭɱɚɢ ɞɟɥɟɰɢɣ ɢ ɤɨɦɩɥɟɫɧɵɯ ɦɭɬɚɰɢɣ ɜ 
JM, ɧɨ ɨɧɢ ɪɟɞɤɢɟ ɢ ɩɥɨɯɨ ɨɩɢɫɚɧɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ [57]. 

 
1.5 Ȼɟɥɨɤ-ɲɚɩɩɟɪɨɧ ɧɭɤɥɟɨɮɨɫɦɢɧ (NPM1) 

 
NPM1 – ɷɬɨ ɹɞɪɵɲɤɨɜɵɣ ɮɨɫɮɨɩɪɨɬɟɢɧ, ɫɩɨɫɨɛɧɵɣ ɩɟɪɟɦɟɳɚɬɶɫɹ 

ɦɟɠɞɭ ɹɞɪɨɦ ɢ ɰɢɬɨɩɥɚɡɦɨɣ. Ɍɚɤɨɣ ɛɟɥɨɤ-ɲɚɩɟɪɨɧ ɭɱɚɫɬɜɭɟɬ ɜ ɛɢɨɝɟɧɟɡɟ 
ɪɢɛɨɫɨɦ (ɩɟɪɟɧɨɫ ɫɭɛɴɟɞɢɧɢɰ), ɫɩɨɫɨɛɟɧ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɰɟɧɬɪɨɫɨɦɨɣ ɜ 
ɰɢɬɨɩɥɚɡɦɟ, ɤɨɧɬɪɨɥɢɪɭɹ ɞɟɥɟɧɢɟ ɤɥɟɬɤɢ, ɚ ɬɚɤɠɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ p53 ɢ 
ɟɝɨ ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ (ɪɢɫɭɧɨɤ 9) [58]. 
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Ɋɢɫɭɧɨɤ 9 – Ɏɭɧɤɰɢɢ ɧɭɤɥɟɨɮɨɫɦɢɧɚ ɜ ɤɥɟɬɤɟ 

 
ɂɡɨɮɨɪɦɚ B23.1 ɛɟɥɤɚ ɧɭɤɥɟɨɮɨɫɦɢɧɚ, ɩɪɟɨɛɥɚɞɚɸɳɚɹ ɢɡɨɮɨɪɦɚ, 

ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɞɨɦɟɧɨɜ. N-ɤɨɧɰɟɜɨɣ ɭɱɚɫɬɨɤ ɫɨɞɟɪɠɢɬ 
ɝɢɞɪɨɮɨɛɧɭɸ ɨɛɥɚɫɬɶ, ɪɟɝɭɥɢɪɭɸɳɭɸ ɫɚɦɨɨɥɢɝɨɦɟɪɢɡɚɰɢɸ ɢ ɚɤɬɢɜɧɨɫɬɶ 
ɲɚɩɟɪɨɧɚ NPM1 ɜ ɨɬɧɨɲɟɧɢɢ ɛɟɥɤɨɜ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɝɢɫɬɨɧɨɜ. 
ɋɪɟɞɧɹɹ ɱɚɫɬɶ ɫɨɞɟɪɠɢɬ 2 ɤɢɫɥɨɬɧɵɯ ɭɱɚɫɬɤɚ, ɫɥɭɠɚɳɢɟ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ 
ɝɢɫɬɨɧɨɜ, ɚ ɫɟɝɦɟɧɬ ɦɟɠɞɭ ɤɢɫɥɨɬɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɩɪɨɹɜɥɹɟɬ 
ɪɢɛɨɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. ɋ-ɤɨɧɰɟɜɨɣ ɞɨɦɟɧ ɫɨɞɟɪɠɢɬ ɬɪɢɩɬɨɮɚɧɵ 288 ɢ 
290, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦɢ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ NPM1 ɫ ɹɞɪɵɲɤɨɦ 
[59]. ɋɢɝɧɚɥ ɹɞɟɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ (NLS) ɢ ɫɢɝɧɚɥ ɹɞɟɪɧɨɝɨ ɷɤɫɩɨɪɬɚ (NES) 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɥɤɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɟɝɨ ɬɪɚɧɫɩɨɪɬ (ɪɢɫɭɧɨɤ 10). 

 

 
Ɋɢɫɭɧɨɤ 10 – Ɇɟɯɚɧɢɡɦ ɬɪɚɧɫɩɨɪɬɚ ɛɟɥɤɚ NPM1 

ɋɢɝɧɚɥ NLS ɧɚɩɪɚɜɥɹɟɬ ɧɭɤɥɟɨɮɨɫɦɢɧ ɢɡ ɰɢɬɨɩɥɚɡɦɵ ɜ ɹɞɪɨ, ɚ ɡɚɬɟɦ 
ɱɟɪɟɡ ɹɞɪɵɲɤɨ ɫɜɹɡɵɜɚɸɳɢɣ ɞɨɦɟɧ (ɬɪɢɩɬɨɮɚɧɵ 288 ɢ 290) ɨɧ ɩɪɨɧɢɤɚɟɬ ɜ 
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ɹɞɪɵɲɤɨ. əɞɟɪɧɵɣ ɷɤɫɩɨɪɬ NPM1 ɨɩɨɫɪɟɞɭɟɬɫɹ Crm1 (exportin 1) [60]. 
Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɦɨɬɢɜɵ NES, NPM1 ɨɫɬɚɟɬɫɹ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦ ɜ 
ɹɞɪɵɲɤɚɯ, ɬɨ ɟɫɬɶ ɜ ɧɨɪɦɟ ɹɞɟɪɧɵɣ ɢɦɩɨɪɬ ɩɪɟɨɛɥɚɞɚɟɬ ɧɚɞ ɷɤɫɩɨɪɬɨɦ, ɬ.ɤ. 
ɦɨɬɢɜ NES ɢɦɟɟɬ ɫɥɚɛɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ Crm1. 

 
1.6 Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ NPM1 

 
Ɇɭɬɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɝɟɧɟ ɛɟɥɤɚ ɧɭɤɥɟɨɮɨɫɦɢɧ, ɩɪɢɜɨɞɹɬ ɤ 

ɧɚɤɨɩɥɟɧɢɸ ɚɛɟɪɪɚɧɬɧɨɝɨ ɛɟɥɤɚ ɜ ɰɢɬɨɩɥɚɡɦɟ (ɪɢɫɭɧɨɤ 11). ȼ ɨɞɧɨɦ ɫɥɭɱɚɟ 
ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ NES ɫɢɝɧɚɥ ɧɚ ɋ-ɤɨɧɰɟ ɛɟɥɤɚ, ɱɬɨ 
ɭɜɟɥɢɱɢɬ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ Crm1. ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ 
ɨɞɧɨɝɨ ɢɥɢ ɞɜɭɯ ɬɪɢɩɬɨɮɚɧɨɜ 288 ɢ 290 ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨɬɟɪɢ ɫɜɹɡɢ ɫ 
ɹɞɪɵɲɤɨɦ. Ɉɛɚ ɜɚɪɢɚɧɬɚ ɩɪɢɜɟɞɭɬ ɤ ɚɤɬɢɜɧɨɦɭ ɷɤɫɩɨɪɬɭ ɦɭɬɚɧɬɧɨɝɨ ɛɟɥɤɚ ɜ 
ɰɢɬɨɩɥɚɡɦɭ [61]. 

 

 
Ɋɢɫɭɧɨɤ 11 – Ɇɟɯɚɧɢɡɦ ɬɪɚɧɫɩɨɪɬɚ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ NPM1 

 
Ɍɚɤɨɣ ɛɟɥɨɤ ɫɬɚɥɢ ɧɚɡɵɜɚɬɶ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɦ ɧɭɤɥɨɮɨɫɦɢɧɨɦ [62]. 

Ƚɨɪɹɱɢɟ ɬɨɱɤɢ ɦɭɬɚɰɢɣ ɪɚɫɩɨɥɨɠɟɧɵ ɜ 12 ɷɤɡɨɧɟ, ɩɪɢɱɟɦ ɩɨɞɚɜɥɹɸɳɟɟ ɢɯ 
ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɫɬɚɜɤɭ ɢɡ ɱɟɬɵɪɟɯ ɧɭɤɥɟɨɬɢɞɨɜ ɢ 
ɜɵɡɵɜɚɟɬ ɫɞɜɢɝ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɢɡ 
ɬɪɢɩɬɨɮɚɧɨɜ 288 ɢɥɢ 290 [63]. Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ NPM1 ɜɫɬɪɟɱɚɸɬɫɹ ɜ 25% 
ɫɥɭɱɚɟɜ ɭ ɞɟɬɟɣ ɢ 35% ɭ ɜɡɪɨɫɥɵɯ ɫ ɈɆɅ [64, 65], ɩɪɢɱɟɦ ɱɚɳɟ ɭ Ɇ1 ɩɨɞɬɢɩɚ 
[66]. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɛɧɚɪɭɠɟɧɨ 37 ɪɚɡɥɢɱɧɵɯ ɦɭɬɚɰɢɣ, 
ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɥɨɤɚɥɢɡɚɰɢɟɣ ɛɟɥɤɚ ɜ ɰɢɬɨɩɥɚɡɦɟ (ɪɢɫɭɧɨɤ 12 ). 75-80% 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɦɭɬɚɰɢɸ Ⱥ – ɞɭɩɥɢɤɚɰɢɸ TCTG, ɨɫɬɚɥɶɧɵɟ 15-20% ɧɚ 
ɦɭɬɚɰɢɢ B, D ɢ ɨɫɬɚɥɶɧɵɟ [67] 
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Ɋɢɫɭɧɨɤ 12 – ɑɚɫɬɨɬɚ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ NPM1 

 
ɉɪɨɝɧɨɫɬɢɱɟɫɤɢ ɜɚɠɧɨ ɧɟ ɫɚɦɨ ɧɚɥɢɱɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ NPM1, ɚ ɫɤɨɪɟɟ 

ɟɝɨ ɫɨɱɟɬɚɧɢɟ ɫ ɦɭɬɚɰɢɟɣ FLT3-ITD, ɨ ɤɨɬɨɪɨɦ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɝɨɜɨɪɢɥɨɫɶ 
ɪɚɧɟɟ. Ɉɞɧɚɤɨ NPM1 ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɣ ɦɚɪɤɟɪ ɦɢɧɢɦɚɥɶɧɨɣ 
ɨɫɬɚɬɨɱɧɨɣ ɛɨɥɟɡɧɢ ɩɪɢ ɈɆɅ ɢɡ-ɡɚ ɟɝɨ ɫɬɚɛɢɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɜ ɯɨɞɟ 
ɡɚɛɨɥɟɜɚɧɢɹ [68]. 

 
1.7 Ɇɨɥɟɤɭɥɹɪɧɵɟ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɭɬɚɰɢɣ ɜ 

ɝɟɧɟ FLT3 
 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɬɪɟɛɭɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɟ, 

ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɟɬɨɞɵ. ȼɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɤɚɤ ɞɥɢɧɭ ɞɭɩɥɢɰɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ, ɬɚɤ ɢ ɭɪɨɜɟɧɶ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 
ɦɭɬɚɧɬɧɨɝɨ ɚɥɥɟɥɹ. Ɍɚɤɠɟ ɜɚɠɧɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɩɪɨɜɟɞɟɧɢɟ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ 
ɜ ɝɟɧɟ FLT3 ɬɪɟɛɭɟɬ ɯɨɪɨɲɟɣ ɨɫɧɚɳɟɧɧɨɫɬɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɨɣ 
ɥɚɛɨɪɚɬɨɪɢɢ. ɍɱɢɬɵɜɚɹ ɪɟɤɨɦɟɧɞɚɰɢɢ ɇɚɰɢɨɧɚɥɶɧɨɣ ɜɫɟɨɛɳɟɣ 
ɨɧɤɨɥɨɝɢɱɟɫɤɨɣ ɫɟɬɢ ɋɒȺ ɢ ELN, ɬɟɫɬɢɪɨɜɚɧɢɟ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 
ɞɨɥɠɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɧɚ ɷɬɚɩɟ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ, ɬɨ ɟɫɬɶ ɜ ɤɪɚɬɱɚɣɲɢɟ 
ɫɪɨɤɢ ɞɥɹ ɩɨɩɚɞɚɧɢɹ ɜ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɟ ɨɤɧɨ [69, 4]. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɜɵɹɜɥɟɧɢɹ FLT3-ITD ɦɭɬɚɰɢɣ ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɞɟɬɟɤɰɢɢ ɩɪɨɞɭɤɬɨɜ ɉɐɊ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ. ɇɨ 
ɩɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɧɚɪɭɠɟɧɢɹ ɦɭɬɚɧɬɧɨɝɨ 
ɩɪɨɞɭɤɬɚ ɫ ɧɟɛɨɥɶɲɢɦ ɞɭɩɥɢɰɢɪɨɜɚɧɧɵɦ ɭɱɚɫɬɤɨɦ. ɑɬɨ ɤɚɫɚɟɬɫɹ FLT3-TKD 
ɦɭɬɚɰɢɢ, ɬɨ ɢɯ ɬɚɤɠɟ ɜɚɠɧɨ ɞɟɬɟɤɬɢɪɨɜɚɬɶ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ, ɧɨ ɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɉȾɊɎ ɚɧɚɥɢɡɚ. Ɉɞɧɚɤɨ ɜɚɠɧɨ, ɱɬɨ ɨɛɚ ɜɚɪɢɧɬɚ 
ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɢɲɶ ɞɥɹ ɫɤɪɢɧɢɧɝɚ ɦɭɬɚɰɢɣ, ɚ ɧɟ ɞɥɹ ɢɯ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ (ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ). ɋ ɷɬɨɣ 
ɰɟɥɶɸ ɧɚɱɚɥɢ ɩɪɢɦɟɧɹɬɶ ɮɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 
ɚɥɥɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɞɥɹ ɨɛɨɢɯ ɬɢɩɨɜ ɦɭɬɚɰɢɣ ɢ ɨɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ 
ɬɚɧɞɟɦɧɨɝɨ ɩɨɜɬɨɪɚ [70]. ȼ ɨɛɡɨɪɟ ɥɢɬɟɪɚɬɭɪɵ ɞɥɹ ɫɜɨɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɂɚɣɤɨɜɚ ɢ ɞɪ [51]. ɚɤɰɟɧɬɢɪɨɜɚɥɢ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɤɚɤ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɢ ɡɚ 
ɪɭɛɟɠɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɪɨɬɨɤɨɥɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɭɬɚɰɢɣ. 
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ɇɟɫɦɨɬɪɹ ɧɚ, ɤɚɡɚɥɨɫɶ ɛɵ, ɷɮɮɟɤɬɢɜɧɵɣ ɮɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ, ɤɨɥɥɟɝɢ ɢɡ 
ɋɒȺ ɢ ɞɪɭɝɢɯ ɫɬɪɚɧ ɩɪɟɞɩɨɱɢɬɚɸɬ ɥɢɲɶ ɫɤɪɢɧɢɧɝ ɫ ɩɨɦɨɳɶɸ ɉɐɊ-ɬɟɫɬɚ ɢ 
ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ [71]. ȼ Ɋɨɫɫɢɢ ɬɚɤɠɟ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ 
ɫɤɪɢɧɢɧɝɨɜɨɣ ɦɟɬɨɞɢɤɟ, ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ 
ɩɪɢɨɛɪɟɬɟɧɢɹ ɥɚɛɨɪɚɬɨɪɢɹɦɢ ɩɪɢɛɨɪɚ ɞɥɹ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. 
Ƚɨɜɨɪɢɬɶ ɨɛ ɩɨɥɧɨɝɟɧɨɦɧɨɦ ɢɥɢ ɩɨɥɧɨɷɤɡɨɧɧɨɦ NGS ɦɟɬɨɞɢɤɟ ɜ Ɋɨɫɫɢɢ ɩɨ 
ɷɬɨɣ ɠɟ ɩɪɢɱɢɧɟ ɧɟ ɩɪɢɯɨɞɢɬɫɹ, ɯɨɬɹ ɷɬɨɬ ɦɟɬɨɞ ɬɚɤɠɟ ɩɪɢɦɟɧɹɥɫɹ ɞɥɹ 
ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ de novo ɡɚ ɪɭɛɟɠɨɦ [72], ɨɞɧɚɤɨ ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɨɤ ɜ ɜɢɞɟ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɚɧɚɥɢɡɚ, ɢɫɤɥɸɱɚɸɳɢɣ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɪɚɦɤɚɯ 
ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɨɤɧɚ. 

Ɂɚɣɤɨɜɚ ɢ ɞɪ. ɩɪɢɜɨɞɹɬ ɩɪɢɦɟɪɵ ɝɨɬɨɜɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɧɚɛɨɪɨɜ ɞɥɹ 
ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3: ɞɜɚ ɧɚɛɨɪɚ ɞɥɹ ɫɤɪɢɧɢɧɝɚ ɦɭɬɚɰɢɣ ɉɐɊ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɤɨɦɩɚɧɢɣ MyBiosource ɢ 3B BlackBio Biotech 
India Ltd, ɚ ɬɚɤɠɟ ɧɚɛɨɪɵ ɤɨɦɩɚɧɢɢ Invivoscribe ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɉɐɊ-
ɩɪɨɞɭɤɬɚ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɢ ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ [73]. 
ɂɦɟɧɧɨ ɩɨɫɥɟɞɧɢɟ ɧɚɛɨɪɵ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɩɨ ɜɫɟɦɭ ɦɢɪɭ, ɜ 
ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨ ɜɚɠɧɨ, ɩɨɬɨɦɭ ɱɬɨ ɢɦɟɧɧɨ ɮɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ 
ɜ ɝɟɧɟ FLT3 [4]. Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ ɪɟɚɥɢɢ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɨɫɬɭɩɧɨɝɨ ɢ 
ɩɪɨɫɬɨɝɨ ɦɟɬɨɞɚ ɉɐɊ ɫ ɞɟɬɟɤɰɢɟɣ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ, ɟɫɥɢ ɜ 
ɚɧɚɥɢɡ ɛɪɚɬɶ ɧɚɢɛɨɥɶɲɟɟ ɱɢɫɥɨ ɦɭɬɚɧɬɧɵɯ ɤɥɟɬɨɤ. ɗɬɨ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɡɚ 
ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ [74], ɠɟɥɚɬɟɥɶɧɨ 
ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ, ɜɨ ɢɡɛɟɠɚɧɢɟ ɞɟɝɪɚɞɚɰɢɢ ȾɇɄ. 

ɇɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɝ. Ʉɪɚɫɧɨɹɪɫɤɟ ɢɦɟɟɬ ɜ ɫɜɨɟɦ ɪɚɫɩɨɪɹɠɟɧɢɢ 8-ɤɚɧɚɥɶɧɵɣ 
ɫɟɤɜɟɧɚɬɨɪ «Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ 3500» (Applied Biosystems, ɋɒȺ), ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɮɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɧɚ ɟɟ ɛɚɡɟ. 

  



23 
 

2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɧɚ ɛɚɡɟ ɇɉɅɆȽɆɂ ɋɎɍ ɜ ɝ. 

Ʉɪɚɫɧɨɹɪɫɤɟ. ȼ ɚɧɚɥɢɡ ɛɵɥɨ ɜɤɥɸɱɟɧɨ 18 ɩɚɰɢɟɧɬɨɜ ɫ ɩɨɞɬɜɟɪɠɞɟɧɧɵɦ 
ɞɢɚɝɧɨɡɨɦ ɈɆɅ. ɂɡ ɧɢɯ 15 ɫɨɫɬɚɜɥɹɥɢ ɞɟɬɢ ɫ ɪɚɡɧɵɦɢ ɮɟɧɨɬɢɩɢɱɟɫɤɢɦɢ 
ɬɢɩɚɦɢ ɈɆɅ ɢ 3 ɜɡɪɨɫɥɵɯ (ɬɚɛɥɢɰɚ 3). Ⱦɢɚɝɧɨɡ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɫɨɝɥɚɫɧɨ 
ɫɬɚɧɞɚɪɬɚɦ ȼɈɁ [3, 6], ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɰɢɬɨɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ ɩɨ ɚɧɚɥɢɡɭ ɯɪɨɦɨɫɨɦɧɵɯ ɚɛɟɪɪɚɰɢɣ. 

 
Ɍɚɛɥɢɰɚ 3 – ȼɵɛɨɪɤɚ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɝɧɨɡɨɦ ɈɆɅ 

№ 
ɩɚɰɢɟɧɬɚ 

Ⱦɢɚɝɧɨɡ ɏɪɨɦɨɫɨɦɧɵɟ 
ɚɧɨɦɚɥɢɢ 

ɂɫɯɨɞ ɡɚɛɨɥɟɜɚɧɢɹ 
ɧɚ ɦɨɦɟɧɬ 

ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ⱦɟɬɢ 

1 ɈɆɅ (Ɇ4) t (8;21) ɪɟɦɢɫɫɢɹ 
2 ɈɆɅ (Ɇ2) t (8;21) ɧɟɢɡɜɟɫɬɧɨ 
3 ɈɆɅ (Ɇ4) - ɭɦɟɪɥɚ 
4 ɈɆɅ (Ɇ4) - ɧɟɢɡɜɟɫɬɧɨ 
5 ɈɆɅ (Ɇ5ɚ) t (10;11) ɪɟɦɢɫɫɢɹ 
6 ɈɆɅ (Ɇ1) t (8;21) ɪɟɦɢɫɫɢɹ 
7 ɈɆɅ (Ɇ3) t (15;17) ɧɟɢɡɜɟɫɬɧɨ 
8 ɈɆɅ (Ɇ2) t (8;21) ɪɟɦɢɫɫɢɹ 
9 ɈɆɅ (Ɇ4) inv 16 ɪɟɦɢɫɫɢɹ 
10 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 
11 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 
12 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 
13 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 
14 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 
15 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 

ȼɡɪɨɫɥɵɟ 

16 
ɈɆɅ (ɢɫɯɨɞ ɢɡ 

ɆȾɋ) - ɩɟɪɜɵɣ ɪɟɰɢɞɢɜ 

17 ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɧɟɢɡɜɟɫɬɧɨ 

18 
ɚ ɈɆɅ (ɧɟ ɭɬɨɱɧɟɧ) - ɩɟɪɜɵɣ ɪɟɰɢɞɢɜ 
ɛ - ɜɬɨɪɨɣ ɪɟɰɢɞɢɜ 

 
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɝɟɧɨɦɧɚɹ ȾɇɄ ɨɬ 18 

ɩɚɰɢɟɧɬɨɜ (19 ɨɛɪɚɡɰɨɜ), ɜɵɞɟɥɟɧɧɚɹ ɢɡ ɤɥɟɬɨɤ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ ɞɟɬɟɣ ɢ ɢɡ 
ɥɟɣɤɨɰɢɬɨɜ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɜɡɪɨɫɥɵɯ ɩɚɰɢɟɧɬɨɜ. Ɇɚɬɟɪɢɚɥ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ ɨɬ 
15 ɞɟɬɟɣ, ɧɚɯɨɞɢɜɲɢɯɫɹ ɧɚ ɫɬɚɰɢɨɧɚɪɧɨɦ ɥɟɱɟɧɢɢ ɜ ɨɬɞɟɥɟɧɢɢ ɨɧɤɨɥɨɝɢɢ ɢ 
ɝɟɦɚɬɨɥɨɝɢɢ ɄȽȻɍɁ «Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɟɜɨɣ ɤɥɢɧɢɱɟɫɤɢɣ ɰɟɧɬɪ ɨɯɪɚɧɵ 
ɦɚɬɟɪɢɧɫɬɜɚ ɢ ɞɟɬɫɬɜɚ» ɜ ɪɚɡɧɵɟ ɩɟɪɢɨɞɵ ɫ 09.2012 ɝ. ɩɨ 06.2017 ɝ, 
ɧɚɯɨɞɢɥɫɹ ɜ ɚɪɯɢɜɟ ɥɚɛɨɪɚɬɨɪɢɢ ɇɉɅɆȽɆɂ ɋɎɍ. Ɋɚɧɟɟ ɭ ɷɬɢɯ ɩɚɰɢɟɧɬɨɜ 
ɦɚɝɢɫɬɪɚɧɬɨɦ ɤɚɮɟɞɪɵ ɡɚɳɢɬɵ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɦɨɧɢɬɨɪɢɧɝɚ 
ɥɟɫɨɜ ɢ ɫɨɬɪɭɞɧɢɤɨɦ ɥɚɛɨɪɚɬɨɪɢɢ ɇɉɅɆȽɆɂ ɋɎɍ Ⱥ.Ⱥ. Ɏɚɥɟɟɜɨɣ ɛɵɥɨ 
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ɩɪɨɜɟɞɟɧɨ ɝɟɧɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ ɩɨ ɜɵɹɜɥɟɧɢɸ 
ɯɪɨɦɨɫɨɦɧɵɯ ɚɧɨɦɚɥɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɢɤɪɨɱɢɩɨɜ. 
ȼɡɹɬɢɟ ɤɪɨɜɢ ɭ ɨɞɧɨɝɨ ɜɡɪɨɫɥɨɝɨ ɩɚɰɢɟɧɬɚ №16, ɩɨɫɬɭɩɢɜɲɟɝɨ ɫ ɪɟɰɢɞɢɜɨɦ 
ɈɆɅ (ɢɫɯɨɞ ɢɡ ɆȾɋ) ɜ ɄȽȻɍɁ «Ʉɪɚɟɜɚɹ ɤɥɢɧɢɱɟɫɤɚɹ ɛɨɥɶɧɢɰɚ» ɝ. 
Ʉɪɚɫɧɨɹɫɤɚ 01.2020 ɝ., ɨɫɭɳɟɫɬɜɥɹɥɢ ɢɡ ɥɨɤɬɟɜɨɣ ɜɟɧɵ ɜ ɜɚɤɭɬɟɣɧɟɪ ɫ ɗȾɌȺ. 
Ɍɪɢ ɨɛɪɚɡɰɚ ȾɇɄ, ɜɵɞɟɥɟɧɧɵɯ ɮɟɧɨɥ-ɯɥɨɪɨɮɨɪɦɧɵɦ ɦɟɬɨɞɨɦ, ɨɬ ɞɜɭɯ 
ɜɡɪɨɫɥɵɯ ɩɚɰɢɟɧɬɨɜ (2 ɨɛɪɚɡɰɚ ɨɬ ɨɞɧɨɝɨ ɩɚɰɢɟɧɬɚ ɜɨ ɜɪɟɦɹ ɩɟɪɜɨɝɨ ɢ 
ɜɬɨɪɨɝɨ ɪɟɰɢɞɢɜɚ ɈɆɅ), ɛɵɥɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɥɚɛɨɪɚɬɨɪɢɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɝɟɦɚɬɨɥɨɝɢɢ ɇɆɂɐ ɝɟɦɚɬɨɥɨɝɢɢ, ɝ. Ɇɨɫɤɜɚ. 

ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɥɟɣɤɨɰɢɬɨɜ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɢ ɤɥɟɬɨɤ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ 
ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ ȾɇɄ-ɋɨɪɛ-ȼ (Ⱥɦɩɥɢɋɟɧɫ, Ɋɨɫɫɢɹ). 
Ⱦɚɥɟɟ ɰɟɥɟɜɵɟ ɭɱɚɫɬɤɢ ȾɇɄ ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ «Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɉɐɊ-Ɋȼ ɜ ɩɪɢɫɭɬɫɬɜɢɢ EVA Green» (ɋɂɇɌɈɅ, Ɋɨɫɫɢɹ) ɧɚ 
ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, ɋɒȺ). Ⱦɥɹ ɚɧɚɥɢɡɚ FLT3-ITD ɢ FLT3-TKD 
ɦɭɬɚɰɢɣ ɭɱɚɫɬɤɢ 14-15 ɢ 20 ɷɤɡɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ ɫ 
ɮɥɭɨɪɟɫɰɟɧɬɧɨ-ɦɟɱɟɧɧɵɦɢ ɩɪɚɣɦɟɪɚɦɢ ɫ ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɟɟ 
ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. Ⱥɦɩɥɢɤɨɧɵ ɭɱɚɫɬɤɚ 20 ɷɤɡɨɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɝɢɞɪɨɥɢɡɨɜɚɥɢ ɪɟɫɬɪɢɤɬɚɡɨɣ EcoRV (ɋɢɛɗɧɡɢɦ, Ɋɨɫɫɢɹ). ɉɪɨɞɭɤɬɵ ɉɐɊ ɢ 
ɪɟɫɬɪɢɤɬɵ ɫɦɟɲɢɜɚɥɢ ɫ GeneScan™ 500 LIZ™ dye Size Standard (Applied 
Biosystems, ɋɒȺ) ɢ ɩɨɞɜɟɪɝɚɥɢ ɤɚɩɢɥɥɹɪɧɨɦɭ ɷɥɟɤɬɪɨɮɨɪɟɡɭ ɫ ɩɨɦɨɳɶɸ 
ɩɪɢɛɨɪɚ «Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ 3500» (Applied Biosystems, ɋɒȺ). 
Ɉɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɜɨɞɢɥɢ ɜ GeneMarker 
software (SoftGenetics, ɋɒȺ). Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ FLT3-ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɛɪɚɡɰɵ 
ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ (ɛɟɡ ɦɟɱɟɧɧɵɯ ɩɪɚɣɦɟɪɨɜ) ɢ ɩɨɞɜɟɪɝɚɥɢ ɫɟɤɜɟɧɢɪɭɸɳɟɣ 
ɉɐɊ ɫ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɚɣɦɟɪɨɜ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ BigDye™ 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, ɋɒȺ). 
Ʉɚɩɢɥɥɹɪɧɵɣ ɷɥɟɤɬɪɨɮɨɪɟɡ ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ 
«Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ 3500» (Applied Biosystems, ɋɒȺ), ɚ ɨɛɪɚɛɨɬɤɭ 
ɪɟɡɭɥɶɬɚɬɨɜ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ – ɜ Sequence Scanner software (Applied 
Biosystems, ɋɒȺ). 

 
2.2 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɤɥɢɧɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ 

«ȾɇɄ-ɫɨɪɛ-B» (Ⱥɦɩɥɢɋɟɧɫ, Ɋɨɫɫɢɹ) 
 
ȾɇɄ ɢɡ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɢ ɤɥɟɬɨɤ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ (ɜɵɞɟɥɟɧɧɵɯ ɢ 

ɫɨɯɪɚɧɟɧɧɵɯ ɪɚɧɟɟ ɜ ɪɟɚɝɟɧɬɟ «Ɋɚɫɬɜɨɪ Ⱦ») ɜɵɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ 
ȾɇɄ-ɫɨɪɛ-B (Ⱥɦɩɥɢɋɟɧɫ, Ɋɨɫɫɢɹ). 

Ʌɟɣɤɨɰɢɬɵ ɰɟɥɶɧɨɣ ɤɪɨɜɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɦɵɜɚɥɢ ɪɟɚɝɟɧɬɨɦ 
ȽȿɆɈɅɂɌɂɄ (Ⱥɦɩɥɢɋɟɧɫ, Ɋɨɫɫɢɹ): ɤ 1 ɦɥ ɝɟɦɨɥɢɬɢɤɚ ɞɨɛɚɜɥɹɥɢ 250 ɦɤɥ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɤɪɨɜɢ; ɨɫɬɚɜɥɹɥɢ ɩɪɨɛɢɪɤɢ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 5 ɦɢɧ, ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɫɧɨɜɚ ɨɫɬɚɜɥɹɥɢ ɧɚ 5 ɦɢɧ; 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɨɛɵ (8 ɬɵɫ. ɨɛ/ɦɢɧ, 2 ɦɢɧ); ɨɬɛɢɪɚɥɢ ɧɚɞɨɫɚɞɨɱɧɭɸ 
ɠɢɞɤɨɫɬɶ, ɫɨɞɟɪɠɚɳɭɸ ɪɚɡɪɭɲɟɧɧɵɟ ɷɪɢɬɪɨɰɢɬɵ. 

ɂɡ ɨɬɦɵɬɵɯ ɥɟɣɤɨɰɢɬɨɜ ɜɵɞɟɥɹɥɢ ȾɇɄ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɨɬɨɤɨɥɭ: 
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1. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ Ʌɢɡɢɪɭɸɳɢɣ ɪɚɫɬɜɨɪ ɢ Ɋɚɫɬɜɨɪ ɞɥɹ ɨɬɦɵɜɤɢ 1 
ɧɚɝɪɟɜɚɥɢ ɧɚ ɬɟɪɦɨɫɬɚɬɟ ɞɨ 65°ɋ. 

2. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɫ ɨɫɚɞɤɨɦ ɥɟɣɤɨɰɢɬɨɜ ɜɧɨɫɢɥɢ ɩɨ 300 ɦɤɥ 
ɥɢɡɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ. ɉɪɨɛɵ ɩɟɪɟɦɟɲɢɜɚɥɢ ɧɚ ɜɨɪɬɟɤɫɟ, ɩɪɨɝɪɟɜɚɥɢ ɜ 
ɬɟɱɟɧɢɟ 5 ɦɢɧ ɧɚ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 65 °ɋ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (5 ɬɵɫ ɨɛ/ɦɢɧ, 5 
ɫɟɤ). 

3. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɨɪɛɟɧɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɧɚ 
ɜɨɪɬɟɤɫɟ. 

4. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢ ɩɨ 25 ɦɤɥ ɫɨɪɛɟɧɬɚ, ɩɟɪɟɦɟɲɢɜɚɥɢ 
ɧɚ ɜɨɪɬɟɤɫɟ, ɨɫɬɚɜɥɹɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 2 ɦɢɧ, ɩɟɪɟɦɟɲɢɜɚɥɢ 
ɢ ɫɧɨɜɚ ɨɫɬɚɜɥɹɥɢ ɧɚ 5 ɦɢɧ. ɉɪɨɛɵ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (5 ɬɵɫ ɨɛ/ɦɢɧ, 30 ɫɟɤ) 
ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɫɨɪɛɟɧɬɚ; ɭɞɚɥɹɥɢ ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɜɚɤɭɭɦɧɵɦ 
ɨɬɫɚɫɵɜɚɬɟɥɟɦ. 

5. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢ ɩɨ 300 ɦɤɥ Ɋɚɫɬɜɨɪɚ ɞɥɹ ɨɬɦɵɜɤɢ 1, 
ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɩɨɥɧɨɝɨ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɹ ɫɨɪɛɟɧɬɚ ɧɚ ɜɨɪɬɟɤɫɟ; 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (5 ɬɵɫ ɨɛ/ɦɢɧ, 30 ɫɟɤ) ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɫɨɪɛɟɧɬɚ; ɭɞɚɥɹɥɢ 
ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɜɚɤɭɭɦɧɵɦ ɨɬɫɚɫɵɜɚɬɟɥɟɦ. 

6. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢ ɩɨ 500 ɦɤɥ Ɋɚɫɬɜɨɪɚ ɞɥɹ ɨɬɦɵɜɤɢ 2, 
ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɩɨɥɧɨɝɨ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɹ ɫɨɪɛɟɧɬɚ ɧɚ ɜɨɪɬɟɤɫɟ; 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (10 ɬɵɫ ɨɛ/ɦɢɧ, 30 ɫɟɤ) ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɫɨɪɛɟɧɬɚ; ɭɞɚɥɹɥɢ 
ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɜɚɤɭɭɦɧɵɦ ɨɬɫɚɫɵɜɚɬɟɥɟɦ. ɉɨɜɬɨɪɹɥɢ ɭɤɚɡɚɧɧɭɸ 
ɩɪɨɰɟɞɭɪɭ ɨɬɦɵɜɤɢ ɟɳɟ ɪɚɡ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɞɚɥɟɧɢɟɦ ɧɚɞɨɫɚɞɨɱɧɨɣ 
ɠɢɞɤɨɫɬɢ. 

7. Ⱦɥɹ ɩɨɞɫɭɲɢɜɚɧɢɹ ɫɨɪɛɟɧɬɚ ɨɬɤɪɵɬɵɟ ɩɪɨɛɢɪɤɢ ɩɨɦɟɲɚɥɢ ɜ 
ɬɟɪɦɨɫɬɚɬ ɧɚ 5-10 ɦɢɧ ɩɪɢ 65 °ɋ. 

8. Ⱦɥɹ ɷɥɸɰɢɢ ȾɇɄ ɢɡ ɫɨɪɛɟɧɬɚ ɜ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢ ɩɨ 50 
ɦɤɥ Ɍȿ-ɛɭɮɟɪɚ, ɩɟɪɟɦɟɲɢɜɚɥɢ ɧɚ ɜɨɪɬɟɤɫɟ ɢ ɜɨɡɜɪɚɳɚɥɢ ɩɪɨɛɢɪɤɢ ɫ 
ɡɚɤɪɵɬɵɦɢ ɤɪɵɲɤɚɦɢ ɜ ɬɟɪɦɨɫɬɚɬ ɧɚ 5 ɦɢɧ ɩɪɢ 65°ɋ, ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɜɫɬɪɹɯɢɜɚɹ ɧɚ ɜɨɪɬɟɤɫɟ.  

9. ɉɪɨɛɢɪɤɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (13 ɬɵɫ ɨɛ/ɦɢɧ, 1 ɦɢɧ). ȼ 
ɧɚɞɨɫɚɞɨɱɧɨɣ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɥɚɫɶ ɨɱɢɳɟɧɧɚɹ ȾɇɄ. 

 
2.3 ɂɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ Quant-iT™ dsDNA 

HS Assay Kit ɧɚ ɮɥɭɨɪɢɦɟɬɪɟ Qubit 3 (Invitrogen, ɋɒȺ) 
 
Ʉɨɧɰɟɧɬɪɚɰɢɸ ɜɵɞɟɥɟɧɧɨɣ ȾɇɄ ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ Quant-

iT™ dsDNA HS Assay Kit ɧɚ ɮɥɭɨɪɢɦɟɬɪɟ Qubit 3. (Invitrogen, ɋɒȺ). 
ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ ɨɫɧɨɜɚɧ ɧɚ ɫɩɟɰɢɮɢɱɧɨɦ ɫɜɹɡɵɜɚɧɢɢ 

ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɤɪɚɫɢɬɟɥɹ ɫ ɦɨɥɟɤɭɥɨɣ-ɦɢɲɟɧɶɸ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫ ȾɇɄ). 
ɉɨ ɭɪɨɜɧɸ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɞɟɬɟɤɬɢɪɭɟɦɵɦ ɩɪɢɛɨɪɨɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ȾɇɄ ɜ ɩɪɨɛɟ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ȾɇɄ ɢɡɦɟɪɹɥɢ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɨɬɨɤɨɥɭ: 
1. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɫɟ ɪɟɚɝɟɧɬɵ ɪɚɡɦɨɪɚɠɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. 
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2. Ɋɚɛɨɱɭɸ ɫɦɟɫɶ ɝɨɬɨɜɢɥɢ ɢɡ ɪɚɫɱɟɬɚ ɧɚ N+2 ɩɪɨɛ (ɝɞɟ N – ɱɢɫɥɨ 
ɨɛɪɚɡɰɨɜ, ɚ 2 – ɱɢɫɥɨ ɫɬɚɧɞɚɪɬɨɜ ɞɥɹ ɤɚɥɢɛɪɨɜɤɢ ɩɪɢɛɨɪɚ): 1*(N+2) ɦɤɥ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ + 199*(N+2) ɦɤɥ ɛɭɮɟɪɚ ɞɥɹ ɪɚɡɜɟɞɟɧɢɹ. 

3. ȼ ɩɪɨɛɢɪɤɢ ɧɚ 0,5 ɦɥ ɜɧɨɫɢɥɢ ɞɥɹ ɫɬɚɧɞɚɪɬɨɜ – 190 ɦɤɥ Ɋɚɛɨɱɟɣ 
ɫɦɟɫɢ ɢ 10 ɦɤɥ ɋɬɚɧɞɚɪɬɚ; ɞɥɹ ɨɛɪɚɡɰɨɜ – 198 ɦɤɥ Ɋɚɛɨɱɟɣ ɫɦɟɫɢ ɢ 2 ɦɤɥ 
ȾɇɄ. 

4. ɉɪɨɛɵ ɬɳɚɬɟɥɶɧɨ ɜɨɪɬɟɤɫɢɪɨɜɚɥɢ 2-3 ɫɟɤ, ɫɛɪɚɫɵɜɚɥɢ ɤɚɩɥɢ ɢ 
ɢɧɤɭɛɢɪɨɜɚɥɢ 2 ɦɢɧ. 

5. ɇɚ ɮɥɭɨɪɢɦɟɬɪɟ Qubit 3.0 ɜɵɛɢɪɚɥɢ ɚɧɚɥɢɡ dsDNA HS Assay. 
6. Ʉɚɥɢɛɪɨɜɤɭ ɩɪɨɢɡɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɋɬɚɧɞɚɪɬɨɜ №1 ɢ№2. 
7. ɉɨɫɥɟ ɢɡɦɟɪɹɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɜ 

ɩɦɨɥɶ/ɦɤɥ. 
 

2.4 ɉɪɨɜɟɞɟɧɢɟ ɉɐɊ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ «Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɉɐɊ-Ɋȼ ɜ ɩɪɢɫɭɬɫɬɜɢɢ EVA Green» (ɋɂɇɌɈɅ, Ɇɨɫɤɜɚ) ɧɚ ɩɪɢɛɨɪɟ CFX 

96 (BioRad, ɋɒȺ) 
 
ɉɐɊ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ «Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɉɐɊ-Ɋȼ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ EVA Green» (ɋɂɇɌɈɅ, Ɋɨɫɫɢɹ) ɧɚ ɩɪɢɛɨɪɟ CFX96 (Bio-Rad, 
ɋɒȺ). ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɢ ɫɯɟɦɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 
ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. Ɉɛɳɚɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ 
ɝɨɬɨɜɢɥɚɫɶ ɜ ɨɞɧɨɣ ɨɬɞɟɥɶɧɨɣ ɩɪɨɛɢɪɤɟ ɢɡ ɪɚɫɱɟɬɚ ɧɚ N+1 ɩɪɨɛ (ɨɛɪɚɡɰɵ + 
ɯɨɥɨɫɬɚɹ ɩɪɨɛɚ) ɢ ɪɚɫɤɚɩɵɜɚɥɚɫɶ ɩɨ 22 ɦɤɥ ɜ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ, ɡɚɬɟɦ ɜ ɷɬɢ 
ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɨɫɶ ɩɨ 3 ɦɤɥ ȾɇɄ. ɉɪɨɞɭɤɬɵ ɚɦɩɥɢɮɢɤɚɰɢɢ ɞɟɬɟɤɬɢɪɨɜɚɥɢ 
ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 2% ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ. 

 
Ɍɚɛɥɢɰɚ 4 – ɉɪɨɬɨɤɨɥ ɪɟɚɤɰɢɢ ɉɐɊ 

ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɨɛɴɟɦɨɦ 25 ɦɤɥ (1 ɩɪɨɛɚ) 
95 °ɋ 3 ɦɢɧ 1 ɰɢɤɥ ddH2O 13,25 ɦɤɥ 

95 °ɋ 30 ɫɟɤ 

30 ɰɢɤɥɨɜ 

10ɯ ɉɐɊ ɛɭɮɟɪ Ȼ + EVA Green 2,5 ɦɤɥ 
dNTP, 2,5 ɦɆ 2,5 ɦɤɥ 
MgCl2, 25 ɦɆ 1,5 ɦɤɥ 

62 °ɋ 40 ɫɟɤ 
ɉɪɚɣɦɟɪɵ, 

10 ɩɦɨɥɶ/ɦɤɥ 
ɉɪɹɦɨɣ 1 ɦɤɥ 

Ɉɛɪɚɬɧɵɣ 1 ɦɤɥ 

72 °ɋ 30 ɫɟɤ 
SynTaq ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ, 

5ȿ/ɦɤɥ 
0,25 ɦɤɥ 

72 °ɋ 5 ɦɢɧ 1 ɰɢɤɥ Ɉɛɪɚɡɟɰ ȾɇɄ,  ̴50 ɧɝ 3 ɦɤɥ 
 
ȼ ɬɚɛɥɢɰɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɚɣɦɟɪɨɜ ɞɥɹ ɚɧɚɥɢɡɚ 

ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢ 
ɡɚɢɦɫɬɜɨɜɚɧɧɵɟ ɢɡ ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɫɬɚɬɟɣ. 
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Ɍɚɛɥɢɰɚ 5 – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɚɣɦɟɪɨɜ 

ɉɪɚɣɦɟɪ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (5'-3') Ɋɚɡɦɟɪ 
ɮɪɚɝɦɟɧɬɚ 

ɂɫɬɨɱɧɢɤ 

FLT3-ITD 
forward 

TGCAGAACTGCCTATTCCTAACTGA 

326 bp [75] 
FLT3-ITD 

reverse 
TTCCATAAGCTGTTGCGTTCATCAC 

FLT3-ITD-FAM 
forward 

FAM-TGCAGAACTGCCTATTCCTAACTGA 

FLT3-TKD 
forward 

CCGCCAGGAACGTGCTTG 

114 bp [76] 

FLT3-TKD 
reverse 

GCAGCCTCACATTGCCCC 

FLT3-TKD-HEX 
forward 

HEX-CCGCCAGGAACGTGCTTG 

FLT3-TKD-FAM 
reverse 

FAM-GCAGCCTCACATTGCCCC 

 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ FLT3-ITD ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ ɭɱɚɫɬɨɤ 14-15 

ɷɤɡɨɧɚ ɞɥɢɧɨɣ 326 bp, ɡɚɯɜɚɬɵɜɚɸɳɟɝɨ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɬɚɧɞɟɦɧɵɟ ɩɨɜɬɨɪɵ JM 
ɞɨɦɟɧɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɪɹɦɨɣ ɩɪɚɣɦɟɪ, ɤɨɬɨɪɵɣ  ɧɚ 5'-ɤɨɧɰɟ ɢɦɟɥ 
ɮɥɭɨɪɟɫɰɟɧɬɧɭɸ FAM ɦɟɬɤɭ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ FLT3-TKD ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ ɭɱɚɫɬɨɤ 20 
ɷɤɡɨɧɚ ɞɥɢɧɨɣ 114 bp. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɵɣ ɩɪɚɣɦɟɪɵ, ɤɨɬɨɪɵɟ ɧɚ 5'-ɤɨɧɰɟ ɛɵɥɢ 
ɮɥɭɨɪɟɫɰɟɧɬɧɨ-ɦɟɱɟɧɧɵɦɢ: ɩɪɹɦɨɣ ɩɪɚɣɦɟɪ – HEX ɦɟɬɤɨɣ, ɨɛɪɚɬɧɵɣ – 
FAM ɦɟɬɤɨɣ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɚɪɤɢɪɨɜɚɥɢɫɶ ɨɛɚ ɩɪɚɣɦɟɪɚ ɫ ɰɟɥɶɸ 
ɞɟɬɟɤɰɢɢ ɞɜɭɯ ɬɢɩɨɜ ɪɟɫɬɪɢɤɬɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɝɢɞɪɨɥɢɡɟ ɪɟɫɬɪɢɤɬɚɡɨɣ 
ɜ ɯɨɞɟ ɚɧɚɥɢɡɚ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ (ɉȾɊɎ 
ɚɧɚɥɢɡɚ). 

Ⱦɥɹ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ ɋɷɧɝɟɪɭ FLT3-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɟ ɠɟ ɩɚɪɵ ɩɪɚɣɦɟɪɨɜ, ɧɨ ɛɟɡ ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɦɟɬɨɤ. 

 
2.5 ɉɪɨɜɟɞɟɧɢɟ ɉȾɊɎ ɚɧɚɥɢɡɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ FLT3-TKD ɦɭɬɚɰɢɣ ɫ 
ɩɨɦɨɳɶɸ ɪɟɫɬɪɢɤɬɚɡɵ EcoRV (ɋɢɛɗɧɡɢɦ, Ɋɨɫɫɢɹ) ɧɚ ɩɪɢɛɨɪɟ MJ Mini 

Thermal Cycler (Bio-Rad, ɋɒȺ) 
 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ FLT3-TKD ɦɭɬɚɰɢɣ ɚɦɩɥɢɤɨɧɵ ɭɱɚɫɬɤɚ 20 ɷɤɡɨɧɚ 

ɩɨɞɜɟɪɝɚɥɢ ɉȾɊɎ-ɚɧɚɥɢɡɭ ɫ ɩɨɦɨɳɶɸ ɪɟɫɬɪɢɤɬɚɡɵ EcoRV (ɋɢɛɗɧɡɢɦ, 
Ɋɨɫɫɢɹ) ɧɚ ɩɪɢɛɨɪɟ MJ Mini Thermal Cycler (Bio-Rad, ɋɒȺ). ɋɯɟɦɚ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 6. 
ɉɪɨɛɵ ɢɧɤɭɛɢɪɨɜɚɥɢɫɶ 1 ɱɚɫ 30 ɦɢɧ ɩɪɢ 37 °ɋ, ɚ ɡɚɬɟɦ 20 ɦɢɧ ɩɪɢ 80 °ɋ ɞɥɹ 
ɢɧɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɚ. ɉɪɨɞɭɤɬɵ ɪɟɫɬɪɢɤɰɢɢ ɞɟɬɟɤɬɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ 
ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 8% ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ (ɉȺȺȽ) ɝɟɥɟ. 
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Ɍɚɛɥɢɰɚ 6 – ɉɪɨɬɨɤɨɥ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ 
Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɨɛɴɟɦɨɦ 20 ɦɤɥ (1 ɩɪɨɛɚ) 

ddH2O 10,5 ɦɤɥ 
10ɯ ɛɭɮɟɪ W 2 ɦɤɥ 
BSA, 1 ɦɝ/ɦɥ 2 ɦɤɥ 

Ɋɟɫɬɪɢɤɬɚɡɚ EcoRV, 20000 ɟ.ɚ./ɦɥ 0,5 ɦɤɥ (10 ɟ.ɚ.) 
Ɉɛɪɚɡɟɰ ɚɦɥɩɢɤɨɧɨɜ,  ̴100 ɧɝ 5 ɦɤɥ 

 
ɋɯɟɦɚ ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɩɨɢɫɤɚ FLT3-TKD ɦɭɬɚɰɢɣ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13.  
 

Ɋɢɫɭɧɨɤ 13 – ɋɯɟɦɚ ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ FLT3-TKD ɦɭɬɚɰɢɣ: Ⱥ – 
ɫɚɣɬ ɭɡɧɚɜɚɧɢɹ ɪɟɫɬɪɢɤɬɚɡɵ EcoRV [77], Ȼ – ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ 

ɪɚɡɞɟɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɞɥɹ ɦɭɬɚɧɬɧɨɝɨ (TKD) ɢ ɧɨɪɦɚɥɶɧɨɝɨ ɚɥɥɟɥɹ (WT) 
 
ȼ ɨɫɧɨɜɟ ɉȾɊɎ ɚɧɚɥɢɡɚ ɥɟɠɢɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɧɞɨɧɭɤɥɟɚɡ ɪɟɫɬɪɢɤɰɢɢ 

(ɪɟɫɬɪɢɤɬɚɡɵ) – ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɤɥɟɬɨɱɧɵɟ ɮɟɪɦɟɧɬɵ ɛɚɤɬɟɪɢɣ, ɜɯɨɞɹɳɢɯ ɜ 
ɫɢɫɬɟɦɭ ɪɟɫɬɪɢɤɰɢɢ-ɦɨɞɢɮɢɤɚɰɢɢ ɞɥɹ ɡɚɳɢɬɵ ɫɨɛɫɬɜɟɧɧɨɣ ȾɇɄ ɨɬ 
ɱɭɠɟɪɨɞɧɵɯ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɮɟɪɦɟɧɬɨɜ. Ɂɚ ɫɱɟɬ ɫɜɨɣɫɬɜɚ ɪɟɫɬɪɢɤɬɚɡ 
ɪɚɫɳɟɩɥɹɬɶ ɞɜɭɰɟɩɨɱɟɱɧɭɸ ɦɨɥɟɤɭɥɭ ȾɇɄ ɜ ɫɬɪɨɝɨ ɫɩɟɰɢɮɢɱɟɫɤɨɦ ɞɥɹ ɫɟɛɹ 
ɫɚɣɬɟ ɭɡɧɚɜɚɧɢɹ, ɢɯ ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɝɟɧɟɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɧɨɠɧɢɰ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɫɬɪɢɤɬɚɡɵ ɜɬɨɪɨɝɨ ɬɢɩɚ. Ⱦɥɹ 
ɚɧɚɥɢɡɚ ɬɨɱɟɱɧɵɯ ɦɭɬɚɰɢɣ ɢɥɢ ɧɟɛɨɥɶɲɢɯ ɞɟɥɟɰɢɣ ɢɥɢ ɢɧɫɟɪɰɢɣ ɩɨɞɛɢɪɚɸɬ 
ɪɟɫɬɪɢɤɬɚɡɭ ɬɚɤ, ɱɬɨɛɵ ɦɭɬɚɰɢɹ ɥɢɛɨ ɢɡɦɟɧɹɥɚ ɟɫɬɟɫɬɜɟɧɧɵɣ ɫɚɣɬ ɭɡɧɚɜɚɧɢɹ 
ɮɟɪɦɟɧɬɚ, ɥɢɛɨ, ɧɚɨɛɨɪɨɬ, ɢɡ-ɡɚ ɦɭɬɚɰɢɢ ɜɨɡɧɢɤɚɥ ɧɨɜɵɣ ɫɚɣɬ ɭɡɧɚɜɚɧɢɹ. ȼ 
ɢɬɨɝɟ ɪɚɡɥɢɱɧɵɟ ɩɨ ɞɥɢɧɟ ɪɟɫɬɪɢɤɬɵ ɞɥɹ ɦɭɬɚɧɬɧɨɝɨ ɢ ɧɨɪɦɚɥɶɧɨɝɨ ɚɥɥɟɥɟɣ 
ɦɨɠɧɨ ɥɟɝɤɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɡɟ. 

 
2.6 ɉɪɨɜɟɞɟɧɢɟ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɩɨɦɨɳɶɸ «Ƚɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɧɚɥɢɡɚɬɨɪɚ 3500» (Applied Biosystems, ɋɒȺ) 
 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ 0,5 ɦɤɥ ɮɥɭɨɪɟɫɰɟɧɬɧɨ-

ɦɟɱɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ (FLT3-ITD) ɢɥɢ ɪɟɫɬɪɢɤɰɢɢ (FLT3-TKD) 
ɫɦɟɲɢɜɚɥɢ ɫ 0,5 ɦɤɥ GeneScan™ 500 LIZ™ dye Size Standard (Applied 
Biosystems, ɋɒȺ) ɢ 9 ɦɤɥ Hi-Di™ Formamide (Applied Biosystems, ɋɒȺ). ȼ 
ɩɨɫɬɚɧɨɜɤɭ ɛɵɥ ɜɤɥɸɱɟɧ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ – ɨɛɪɚɡɟɰ ɩɚɰɢɟɧɬɚ ɛɟɡ 
ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3. ɉɪɢɝɨɬɨɜɥɟɧɧɵɟ ɫɦɟɫɢ ɧɚɝɪɟɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 95 
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°ɋ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ ɢ ɨɫɬɭɠɚɥɢ ɞɨ 4 °ɋ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ. Ɂɚɬɟɦ ɩɪɨɛɵ 
ɩɟɪɟɧɨɫɢɥɢ ɩɨ 10 ɦɤɥ ɜ 96-ɥɭɧɨɱɧɵɣ ɩɥɚɧɲɟɬ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ, 
ɨɬɤɪɭɱɢɜɚɥɢ ɧɚ ɰɟɧɬɪɢɮɭɝɟ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ ɢ ɩɨɦɟɳɚɥɢ ɜ ɩɪɢɛɨɪ. 
Ʉɚɩɢɥɥɹɪɧɵɣ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɜɨɞɢɥɢ ɧɚ 8-ɤɚɩɢɥɥɹɪɧɨɦ ɩɪɢɛɨɪɟ 
«Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ 3500» (Applied Biosystems, ɋɒȺ), ɩɨɥɢɦɟɪ POP-7 
(Applied Biosystems, ɋɒȺ). Ɉɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ 
ɩɪɨɜɨɞɢɥɢ ɜ GeneMarker software (SoftGenetics, ɋɒȺ). ɋɯɟɦɚ ɮɪɚɝɦɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ ɞɥɹ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14.  

 

Ɋɢɫɭɧɨɤ 14 – Ɏɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3: Ⱥ – ɞɥɹ FLT3-
TKD ɦɭɬɚɰɢɣ, Ȼ – ɞɥɹ FLT3-ITD ɦɭɬɚɰɢɣ: HEX, FAM – ɩɪɚɣɦɟɪɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɦɟɬɤɚɦɢ, WT – ɞɢɤɢɣ ɬɢɩ 
 
Ⱥɥɥɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ 

ɮɨɪɦɭɥɟ: Вы˔ˑ˕а ˒ика 𝑚𝑡Вы˔ˑ˕а ˒ика 𝑊𝑇 + вы˔ˑ˕а ˒ика 𝑚𝑡 ∗ ͳͲͲ%, 
 
– ɝɞɟ WT – ɮɪɚɝɦɟɧɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɨɪɦɚɥɶɧɨɦɭ ɚɥɥɟɥɸ, mt – 

ɮɪɚɝɦɟɧɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɭɬɚɧɬɧɨɦɭ ɚɥɥɟɥɸ, ɜɵɫɨɬɚ ɩɢɤɚ ɜɵɪɚɠɟɧɚ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

Ɏɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɪɢɸ ɦɟɬɨɞɨɜ, ɜ ɤɨɬɨɪɵɯ 
ɮɥɭɨɪɟɫɰɟɧɬɧɨ-ɦɟɱɟɧɧɵɟ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɪɚɡɞɟɥɹɸɬ ɫ 
ɩɨɦɨɳɶɸ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɢɯ ɞɥɢɧɵ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɞɚɪɬɨɜ ɪɚɡɦɟɪɚ (ɪɢɫɭɧɨɤ 15). Ɏɪɚɝɦɟɧɬɧɵɣ ɚɧɚɥɢɡ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɞɥɢɧɭ ɮɪɚɝɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɞɚɪɬɨɜ ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ ȾɇɄ. 

 

 
Ɋɢɫɭɧɨɤ 15 – ɗɬɚɩɵ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ [78]  
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ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɧɚɪɚɛɚɬɵɜɚɟɬɫɹ ɰɟɥɟɜɨɣ 
ɮɪɚɝɦɟɧɬ ȾɇɄ ɜ ɪɟɚɤɰɢɢ ɉɐɊ ɫ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɤ ɧɟɦɭ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 
ɦɟɬɤɢ. Ɏɪɚɝɦɟɧɬɵ ɦɨɝɭɬ ɦɚɪɤɢɪɨɜɚɬɶɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɡɚ ɫɱɟɬ ɜɤɥɸɱɟɧɢɹ 
5'-ɦɟɱɟɧɧɨɝɨ ɝɟɧ-ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɩɪɚɣɦɟɪɚ ɢɥɢ ɦɟɱɟɧɧɵɯ dNTPs. Ⱦɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɜ ɫɜɹɡɢ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ 
ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɮɥɭɨɪɟɫɰɟɧɬɧɨ-ɦɟɱɟɧɧɵɟ ɩɪɚɣɦɟɪɵ, 
ɩɨɫɤɨɥɶɤɭ ɟɫɥɢ ɜɵɛɪɚɬɶ ɦɟɱɟɧɵɟ dNTPs, ɬɨ ɨɧɢ ɦɨɝɭɬ ɧɟɪɚɜɧɨɦɟɪɧɨ 
ɪɚɫɩɪɟɞɟɥɢɬɶɫɹ ɜ ɪɚɡɧɵɯ ɰɟɩɹɯ ȾɇɄ. Ɍɚɤ, ɞɥɹ ɚɧɚɥɢɡɚ FLT3-ITD 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɞɢɧ ɦɟɱɟɧɵɣ ɩɪɚɦɟɪ, ɚ ɞɥɹ ɚɧɚɥɢɡɚ FLT3-TKD ɦɭɬɚɰɢɣ – ɞɜɚ 
ɦɟɱɟɧɧɵɯ ɩɪɚɣɦɟɪɚ. ɉɪɢ ɷɬɨɦ ɭɪɨɜɟɧɶ ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɜɵɫɨɬɟ ɧɚɤɨɩɥɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɥɢɱɟɫɬɜɭ 
ɫɩɟɰɢɮɢɱɟɫɤɢ ɩɪɨɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɦɟɱɟɧɧɨɝɨ ɩɪɚɣɦɟɪɚ ɢ 
ɨɞɧɨɣ ɢɡ ɰɟɩɟɣ ȾɇɄ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɬɚɤɠɟ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɚɧɚɥɢɡɚ [78]. 
ȼɬɨɪɨɣ ɷɬɚɩ ɜɤɥɸɱɚɟɬ ɪɚɡɞɟɥɟɧɢɟ ɦɟɱɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɩɨɦɨɳɶɸ 
ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ, ɧɚɩɪɢɦɟɪ ɧɚ ɫɟɤɜɟɧɚɬɨɪɟ «Ƚɟɧɟɬɢɱɟɫɤɢɣ 
ɚɧɚɥɢɡɚɬɨɪ 3500». Ⱦɥɹ ɷɬɨɝɨ ɤ ɨɛɪɚɡɰɭ ɞɨɛɚɜɥɹɸɬ ɫɬɚɧɞɚɪɬɵ ɪɚɡɦɟɪɚ, 
ɤɨɬɨɪɵɟ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɦɚɪɤɟɪɚɦɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɪɚɡɧɨɣ, ɭɠɟ ɢɡɜɟɫɬɧɨɣ ɞɥɢɧɨɣ, ɧɨ ɩɪɢ ɷɬɨɦ, ɬɚɤɠɟ ɤɚɤ ɢ 
ɨɛɪɚɡɰɵ, ɮɥɭɨɪɟɫɰɟɧɬɧɨ-ɦɟɱɟɧɧɵɟ. ɉɪɢ ɤɚɩɢɥɥɹɪɧɨɦ ɷɥɟɤɬɪɨɮɨɪɟɡɟ ɩɪɨɛɵ 
ɡɚɛɢɪɚɸɬɫɹ ɡɚ ɫɱɟɬ ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɨɣ ɢɧɴɟɤɰɢɢ (ɡɚɪɹɞ ɜɵɫɨɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ) ɜ ɤɚɩɢɥɥɹɪ ɞɢɚɦɟɬɪɨɦ 20-100 ɦɤɦ, ɡɚɩɨɥɧɟɧɧɵɣ ɩɨɥɢɦɟɪɨɦ 
(ɩɨɪɢɫɬɵɣ ɦɚɬɪɢɤɫ). Ɂɚ ɫɱɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɮɨɫɮɚɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ 
ɧɭɤɥɟɨɬɢɞɚɯ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɞɜɢɠɭɬɫɹ ɩɨ ɤɚɩɢɥɥɹɪɭ, ɤɨɪɨɬɤɢɟ ɮɪɚɝɦɟɧɬɵ 
ɞɜɢɠɭɬɫɹ ɛɵɫɬɪɟɟ, ɚ ɞɥɢɧɧɵɟ ɦɟɞɥɟɧɧɟɟ. ɇɟɞɚɥɟɤɨ ɨɬ ɚɧɨɞɚ ɪɚɫɩɨɥɨɠɟɧ 
ɞɟɬɟɤɬɨɪɧɵɣ ɛɥɨɤ ɫ ɥɚɡɟɪɨɦ, ɜɵɡɵɜɚɸɳɢɣ ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɤɪɚɫɢɬɟɥɟɣ, 
ɤɨɬɨɪɚɹ ɞɟɬɟɤɬɢɪɭɟɬɫɹ CCD ɤɚɦɟɪɨɣ. Ɍɪɟɬɶɢɦ ɷɬɚɩɨɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 
ɩɪɨɝɪɚɦɦɵ ɩɟɪɟɜɨɞɹɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɨɦɟɧɬɟ ɜɪɟɦɟɧɢ ɞɟɬɟɤɰɢɢ ɫɢɝɧɚɥɚ ɜ 
ɞɥɢɧɭ ɮɪɚɝɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɞɥɢɧ ɮɪɚɝɦɟɧɬɨɜ ɜ ɫɬɚɧɞɚɪɬɟ. 
Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɩɪɨɝɪɚɦɦɨɣ ɜ ɩɨɫɬɚɧɨɜɤɭ ɜɫɟɝɞɚ 
ɜɤɥɸɱɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɫɯɟɦɚ ɮɪɚɝɦɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ ɦɨɠɟɬ ɜɤɥɸɱɚɬɶ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɬɨɞɵ, ɧɚɩɪɢɦɟɪ 
ɪɟɫɬɪɢɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɤɚɤ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɢɥɢ ɦɨɞɢɮɢɤɚɰɢɢ, 
ɧɚɩɪɢɦɟɪ ɦɭɥɶɬɢɩɥɟɤɫɧɵɣ MPLA-ɚɧɚɥɢɡ ɫ ɡɨɧɞɚɦɢ. 

 
2.7 ɉɪɨɜɟɞɟɧɢɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨ ɋɷɧɝɟɪɭ ɫ ɩɨɦɨɳɶɸ «Ƚɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɧɚɥɢɡɚɬɨɪɚ 3500» (Applied Biosystems, ɋɒȺ) 
 
FLT3 ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɩɪɨɞɭɤɬɵ ɉɐɊ ɨɱɢɳɚɥɢ ɫ ɩɨɦɨɳɶɸ ɪɟɚɝɟɧɬɚ 

ExoSAP-IT (Applied Biosystems, ɋɒȺ). Ɋɟɚɝɟɧɬ ɨɱɢɳɚɟɬ ɚɦɩɥɢɤɨɧɵ ɨɬ 
ɧɟɢɫɩɨɥɶɡɨɜɚɧɧɵɯ dNTPs (ɳɟɥɨɱɧɚɹ ɮɨɫɮɚɬɚɡɚ) ɢ ɩɪɚɣɦɟɪɨɜ (ɷɤɡɨɧɭɤɥɟɚɡɚ 
I), ɨɫɬɚɜɲɢɯɫɹ ɜ ɫɦɟɫɢ ɩɪɨɞɭɤɬɨɜ ɉɐɊ, ɞɥɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɨɫɥɟɞɭɸɳɟɣ 
ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɉɐɊ. 

ɑɢɫɬɤɭ ɚɦɩɥɢɤɨɧɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɨɬɨɤɨɥɭ: 
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1. Ɋɟɚɝɟɧɬ ExoSAP-IT ɯɪɚɧɢɬɫɹ ɜ ɦɨɪɨɡɢɥɶɧɢɤɟ ɩɪɢ -20°C, ɩɨɷɬɨɦɭ 
ɪɟɚɤɬɢɜ ɧɟɥɶɡɹ ɪɚɡɦɨɪɚɠɢɜɚɬɶ. 

2. ȼ ɧɨɜɵɯ ɩɪɨɛɢɪɤɚɯ ɤ 5 ɦɤɥ ɉɐɊ-ɩɪɨɞɭɤɬɚ ɜɧɨɫɢɥɢ 2 ɦɤɥ ExoSAP-
IT-ɪɟɚɝɟɧɬɚ.  

3. ɉɪɨɛɵ ɩɟɪɟɧɨɫɢɥɢ ɜ MJ Mini Thermal Cycler (Bio-Rad, ɋɒȺ) ɢ 
ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɩɪɨɝɪɚɦɦɟ: ɩɪɢ 37 °C ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ ɞɥɹ 
ɱɢɫɬɤɢ ɢ ɩɪɢ 80°C ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ ɞɥɹ ɢɧɚɤɬɢɜɢɪɨɜɚɰɢɢ ExoSAP-IT 
ɪɟɚɝɟɧɬɚ.  

ɋɟɤɜɟɧɢɪɭɸɳɭɸ ɉɐɊ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ BigDye™ 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, ɋɒȺ) ɧɚ ɩɪɢɛɨɪɟ 
Veriti (Applied Biosystems, ɋɒȺ). ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɢ ɫɯɟɦɚ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɨɞɧɭ ɩɪɨɛɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. 
ɑɢɫɥɨ ɩɪɨɛɢɪɨɤ ɫɨɫɬɚɜɥɹɥɨ N*2 – ɧɚ ɤɚɠɞɵɣ ɨɛɪɚɡɟɰ ɩɪɢɯɨɞɢɥɨɫɶ ɩɨ ɞɜɟ 
ɩɪɨɛɢɪɤɢ ɞɥɹ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɚɣɦɟɪɚ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ 7 – ɉɪɨɬɨɤɨɥ ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɉɐɊ 

ɉɪɨɝɪɚɦɦɚ ɚɦɩɥɢɮɢɤɚɰɢɢ Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɨɛɴɟɦɨɦ 10 ɦɤɥ (1 ɩɪɨɛɚ) 
96 °ɋ 1 ɦɢɧ 1 ɰɢɤɥ dH2O 3 ɦɤɥ 
96 °ɋ 10 ɫɟɤ 

25 ɰɢɤɥɨɜ 

ɋɦɟɫɶ ɪɟɚɤɰɢɨɧɧɨɝɨ 
ɛɭɮɟɪɚ ɢ mix* 

3 ɦɤɥ 50 °ɋ 5 ɫɟɤ 

60 °ɋ 4 ɦɢɧ 
Forward/Reverse 2 ɦɤɥ 
Ⱥɦɩɥɢɤɨɧɵ** 2 ɦɤɥ 

*Ɉɬɞɟɥɶɧɨ ɝɨɬɨɜɢɥɢ ɫɦɟɫɶ ɧɚ ɜɫɟ ɩɪɨɛɵ N*2. ɇɚ ɨɞɧɭ ɩɪɨɛɢɪɤɭ: 1 ɦɤɥ 5X Sequencing 
Buffer ɢ 2 ɦɤɥ BigDye™ Terminator v3.1 Ready Reaction Mix. 
**ȿɫɥɢ ɩɨɥɨɫɤɚ ɚɦɩɥɢɤɨɧɨɜ ɛɵɥɚ ɫɥɚɛɚɹ ɧɚ ɷɥɟɤɬɪɨɮɨɪɟɡɟ, ɬɨ ɜɧɨɫɢɥɢ 3,5 ɦɤɥ 
ɚɦɩɥɢɤɨɧɨɜ ɢ 1,5 ɦɤɥ dH2O. 

 
ɉɪɨɞɭɤɬɵ ɫɟɤɜɟɧɢɪɭɸɳɟɣ ɉɐɊ ɨɱɢɳɚɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ BigDye® 

XTerminator™ Purification Kit (Applied Biosystems, ɋɒȺ) ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɩɪɨɬɨɤɨɥɭ: 

1. ȼ ɧɨɜɵɟ ɩɪɨɛɢɪɤɢ ɤ 5 ɦɤɥ ɫɢɤɜɟɧɫ-ɩɪɨɞɭɤɬɚ ɞɨɛɚɜɥɹɥɢ 22,5 ɦɤɥ 
ɪɟɚɝɟɧɬɚ SAM™ Solution (ɞɥɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ). 

2. ɋɭɫɩɟɧɞɢɪɨɜɚɥɢ ɪɟɚɝɟɧɬ XTerminator™ Solution ɢ ɜɧɨɫɢɥɢ ɩɨ 5 
ɦɤɥ (ɞɥɹ ɭɞɚɥɟɧɢɹ ɦɟɱɟɧɧɵɯ ddNTPs). 

3. ɉɪɨɛɢɪɤɢ ɩɟɪɟɧɨɫɢɥɢ ɧɚ 30 ɦɢɧɭɬ ɜ ɲɟɣɤɟɪ. 
4. ɉɨɫɥɟ ɩɪɨɛɵ ɩɢɩɟɬɢɪɨɜɚɥɢ ɢ ɩɟɪɟɧɨɫɢɥɢ ɩɨ 31,5 ɦɤɥ ɜ ɩɥɚɲɤɭ 

ɫɟɜɟɧɚɬɨɪɚ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɞɥɹ ɫɛɪɨɫɚ ɤɚɩɟɥɶ ɢ ɨɫɚɠɞɟɧɢɹ 
XTerminator™ Solution ɧɚ ɞɧɟ ɩɥɚɲɤɢ. 

Ʉɚɩɢɥɥɹɪɧɵɣ ɷɥɟɤɬɪɨɮɨɪɟɡ ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ 
«Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ 3500» (Applied Biosystems, ɋɒȺ), ɚ ɨɛɪɚɛɨɬɤɭ 
ɪɟɡɭɥɶɬɚɬɨɜ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ – ɜ Sequence Scanner software (Applied 
Biosystems, ɋɒȺ). 
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3 ɊȿɁɍɅɖɌȺɌɕ ɂ ɂɏ ɈȻɋɍɀȾȿɇɂə 

ɂɡ ɬɟɤɫɬɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢɡɴɹɬɵ, ɫ 32 ɩɨ 47 
ɫɬɪɚɧɢɰɭ, ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɤɨɦɦɟɪɱɟɫɤɭɸ ɧɚɭɱɧɭɸ ɰɟɧɧɨɫɬɶ ɜ ɫɢɥɭ ɧɟɢɡɜɟɫɬɧɨɫɬɢ ɢɯ 
ɬɪɟɬɶɢɦ ɥɢɰɚɦ. 
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ɁȺɄɅɘɑȿɇɂȿ 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɫɬ-ɫɢɫɬɟɦɚ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɚɧɚɥɢɡɚ ITD ɢ TKD ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɧɚ ɨɫɧɨɜɟ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. 

2. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ 
FLT3-ITD ɦɭɬɚɰɢɢ ɭ 5 ɩɚɰɢɟɧɬɨɜ (2 ɢɡ ɤɨɬɨɪɵɯ ɞɟɬɢ) ɢɡ 18 ɫɥɭɱɚɟɜ ɈɆɅ, 
ɨɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɬɚɧɞɟɦɧɨɝɨ ɩɨɜɬɨɪɚ ɭ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɢ ɭɪɨɜɟɧɶ 
ɚɥɥɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɭɬɚɧɬɧɨɝɨ ɚɥɥɟɥɹ. 

3. ɋɪɟɞɢ 18 ɩɚɰɢɟɧɬɨɜ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-
ɫɢɫɬɟɦɨɣ, FLT3-TKD ɦɭɬɚɰɢɣ ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ. 

4. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɪɚɝɦɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ, ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɞɪɭɝɢɯ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ. ɇɚ ɩɪɢɦɟɪɟ 19 ɨɛɪɚɡɰɨɜ ɛɵɥɨ 
ɩɨɤɚɡɚɧɨ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɭɬɚɰɢɣ ɜ ɝɟɧɟ FLT3 ɩɟɪɟɞ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɨ ɋɷɧɝɟɪɭ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ 
 

bp – base pair 
dNTP – ɞɟɡɨɤɫɢɧɭɤɥɟɨɡɢɞɬɪɢɮɨɫɮɚɬ 
ELN – ȿɜɪɨɩɟɣɫɤɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɢɫɤɚ ɥɟɣɤɟɦɢɢ  
FL – ɥɢɝɚɧɞ FLT3 
FLT3 – fms-ɩɨɞɨɛɧɚɹ ɬɢɪɨɡɢɧɤɢɧɚɡɚ 3 
FLT3-ITD – ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɧɭɬɪɟɧɧɢɦɢ ɬɚɧɞɟɦɧɵɦɢ 
ɩɨɜɬɨɪɚɦɢ  
FLT3-TKD – ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ FLT3, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɦɢ 
ɡɚɦɟɧɚɦɢ ɜ ɩɟɬɥɟ ɚɤɬɢɜɚɰɢɢ 
HRM – High Resolution Melt (ɩɥɚɜɥɟɧɢɟ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ) 
JM – ɸɤɫɬɚɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ 
KL – ɥɢɝɚɧɞ Kit 
mt – ɦɭɬɚɧɬɧɵɣ ɩɪɨɞɭɤɬ 
NES – ɫɢɝɧɚɥ ɹɞɟɪɧɨɝɨ ɷɤɫɩɨɪɬɚ 
NLS – ɫɢɝɧɚɥ ɹɞɟɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ 
NPM1 – ɧɭɤɥɟɨɮɨɫɦɢɧ 
WT – ɞɢɤɢɦ ɬɢɩɨɦ  
Ⱥ-ɩɟɬɥɹ – ɩɟɬɥɹ ɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɚ 
ȼɈɁ – ɜɫɟɦɢɪɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ 
ɆȾɋ – ɦɢɟɥɨɞɢɫɩɥɚɫɬɢɱɟɫɤɢɣ ɫɢɧɞɪɨɦ  
Ɇɉɇ – ɦɢɟɥɨɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ 
ɈɆɅ – ɨɫɬɪɵɣ ɦɢɟɥɨɢɞɧɵɣ ɥɟɣɤɨɡ 
ɉȺȺȽ – ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɣ ɝɟɥɶ 
ɉȾɊɎ-ɚɧɚɥɢɡ – ɚɧɚɥɢɡ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 
ɉɐɊ – ɩɨɥɢɦɟɪɚɡɧɚɹ+ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 
ɊTK – ɪɟɰɟɩɬɨɪɧɵɟ ɬɢɪɨɡɢɧɤɢɧɚɡɵ  
ɌɄ – ɬɢɪɨɡɢɧɤɢɧɚɡɧɵɣ ɞɨɦɟɧ 
ɎȺȻ – ɮɪɚɧɤɨ-ɚɦɟɪɢɤɚɧɨ-ɛɪɢɬɚɧɫɤɚɹ ɫɢɫɬɟɦɚ  ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɈɆɅ 
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