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I Аɭɬɨɪ 

ɂɦɟ ɢ ɩɪɟɡɢɦɟ: Ȼɪɚɧɢɫɥɚɜɚ Ɋɚɧɤɨɜɢʄ 

Ⱦɚɬɭɦ ɢ ɦɟɫɬɨ ɪɨђɟʃɚ: 13.6.1980. ɝɨɞɢɧɟ, ɭ ɇɢɲɭ 

ɋɚɞɚɲʃɟ ɡɚɩɨɲʂɟʃɟ: Ɇɟɞɢɰɢɧɫɤɢ ɮɚɤɭɥɬɟɬ, ɍɧɢɜɟɪɡɢɬɟɬ ɭ ȴɭɛʂɚɧɢ 

II Ⱦɨɤɬɨɪɫɤɚ ɞɢɫɟɪɬɚɰɢʁɚ 

ɇɚɫɥɨɜ: Ɂɧɚɱɚʁ ɟɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɚɥɧɟ ɬɪɚɧɡɢɰɢʁɟ ɭ ɤɨɥɨɪɟɤɬɚɥɧɨʁ ɤɚɪɰɢɧɨɝɟɧɟɡɢ  

Ȼɪɨʁ ɫɬɪɚɧɢɰɚ: 77 

Ȼɪɨʁ ɫɥɢɤɚ: 24 ɫɥɢɤɚ, 2 ɬɚɛɟɥe 

Ȼɪɨʁ ɛɢɛɥɢɨɝɪɚɮɫɤɢɯ ɩɨɞɚɬɚɤɚ: 108 

ɍɫɬɚɧɨɜɚ ɢ ɦɟɫɬɨ ɝɞɟ ʁɟ ɪɚɞ ɢɡɪɚђɟɧ: Ɇɟɞɢɰɢɧɫɤɢ ɮɚɤɭɥɬɟɬ, ɍɧɢɜɟɪɡɢɬɟɬ ɭ ȴɭɛʂɚɧɢ 

ɇɚɭɱɧɚ ɨɛɥɚɫɬ (ɍȾɄ): ɉɚɬɨɥɨɝɢʁɚ 

Ɇɟɧɬɨɪ: ɩɪɨɮ. ɞɪ ɇɢɧɚ Ɂɢɞɚɪ, ɩɪɨɮɟɫɨɪ ɦɟɞɢɰɢɧɫɤɨɝ ɮɚɤɭɥɬɟɬɚ, ɍɧɢɜɟɪɡɢɬɟɬ ɭ 
ȴɭɛʂɚɧɢ 

Kɨɦɟɧɬɨɪ:  ɞɪ ȿɦɚ Ȼɨɲɬʁɚɧɱɢɱ. 

III Оɰɟɧɚ ɢ ɨɞɛɪɚɧɚ 

Ⱦɚɬɭɦ ɩɪɢʁɚɜɟ ɬɟɡɟ: 10.11. 2017 ɝɨɞɢɧɟ 

Ȼɪɨʁ ɨɞɥɭɤɟ ɢ ɞɚɬɭɦ ɩɪɢɯɜɚɬɚʃɚ ɬɟɦɟ ɞɨɤɬɨɪɫɤɟ/ɭɦɟɬɧɢɱɤɟ ɞɢɫɟɪɬɚɰɢʁɟ: 05-4605/2, 19. 

04. 2018 ɝɨɞɢɧɟ 

Ʉɨɦɢɫɢʁɚ ɡɚ ɨɰɟɧɭ ɧɚɭɱɧɟ ɡɚɫɧɨɜɚɧɨɫɬɢ ɬɟɦɟ ɢ ɢɫɩɭʃɟɧɨɫɬɢ ɭɫɥɨɜɚ ɤɚɧɞɢɞɚɬɚ: 

ɉɪɨɮ. ɞɪ Ɇɢɪɤɨ Ɋɨɫɢʄ, ɪɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ Ɏɚɤɭɥɬɟɬɚ ɦɟɞɢɰɢɧɫɤɢɯ ɧɚɭɤɚ 
ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ʉɪɚɝɭʁɟɜɰɭ ɡɚ ɭɠɭ ɧɚɭɱɧɭ ɨɛɥɚɫɬ Ɏɢɡɢɨɥɨɝɢʁɚ 

ɉɪɨɮ. ɞɪ Ɇɢɥɚɧ Ʉɧɟɠɟɜɢʄ, ɪɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ - ɭ ɩɟɧɡɢʁɢ Ɏɚɤɭɥɬɟɬɚ ɦɟɞɢɰɢɧɫɤɢɯ 
ɧɚɭɤɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ʉɪɚɝɭʁɟɜɰɭ ɡɚ ɭɠɭ ɧɚɭɱɧɭ ɨɛɥɚɫɬ ɉɚɬɨɥɨɲɤɚ ɚɧɚɬɨɦɢʁɚ 



  

ɉɪɨɮ. Ⱦɪ Ɇɢʂɚɧ Ʉɪɫɬɢʄ, ɜɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ Ɇɟɞɢɰɢɧɫɤɨɝ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ 
ɇɢɲɭ ɡɚ ɭɠɭ ɧɚɭɱɧɭ ɨɛɥɚɫɬ ɉɚɬɨɥɨɝɢʁɚ 

Ʉɨɦɢɫɢʁɚ ɡɚ ɨɰɟɧɭ ɢ ɨɞɛɪɚɧɭ ɞɨɤɬɨɪɫɤɟ/ɭɦɟɬɧɢɱɤɟ ɞɢɫɟɪɬɚɰɢʁɟ: 

ɉɪɨɮ. ɞɪ Ɇɢɪɤɨ Ɋɨɫɢʄ, ɪɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ Ɏɚɤɭɥɬɟɬɚ ɦɟɞɢɰɢɧɫɤɢɯ ɧɚɭɤɚ 
ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ʉɪɚɝɭʁɟɜɰɭ ɡɚ ɭɠɭ ɧɚɭɱɧɭ ɨɛɥɚɫɬ Ɏɢɡɢɨɥɨɝɢʁɚ 

Ⱦɨɰ. ɞɪ Ⱥɥɟɤɫɚɧɞɚɪ ɐɜɟɬɤɨɜɢʄ, ɞɨɰɟɧɬ ɮɚɤɭɥɬɟɬɚ ɦɟɞɢɰɢɧɫɤɢɯ ɧɚɭɤɚ, ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ 
Ʉɪɚɝɭʁɟɜɰɭ, ɡɚ ɭɠɭ ɧɚɭɱɧɭ ɨɛɥɚɫɬ ɏɢɪɭɪɝɢʁɚ  

ɉɪɨɮ. Ⱦɪ Ɇɢʂɚɧ Ʉɪɫɬɢʄ, ɜɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ Ɇɟɞɢɰɢɧɫɤɨɝ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ 
ɇɢɲɭ ɡɚ ɭɠɭ ɧɚɭɱɧɭ ɨɛɥɚɫɬ ɉɚɬɨɥɨɝɢʁɚ 

Ⱦɚɬɭɦ ɨɞɛɪɚɧɟ ɞɢɫɟɪɬɚɰɢʁɟ: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Ɂɚɯɜɚʂɭʁɟɦ ɫe 

ɉɪɜɟɧɫɬɜɟɧɨ ɦɨɦ ɫɢɧɭ Ⱥɥɟɤɫɢ, ɦɨʁɢɦ ɪɨɞɢɬɟʂɢɦɚ ȳɚɫɦɢɧɢ ɢ Ƚɨɪɚɧɭ, ɫɟɫɬɪɢ 
Ƚɨɪɚɧɢ ɢ ɦɨʁɢɦ ɫɟɫɬɪɢʄɢɦɚ ɋɬɟɮɚɧɭ ɢ Ɏɢɥɢɩɭ,ʁɟɪ ʃɢɯɨɜɚ ʂɭɛɚɜ ɢ ɩɨɞɪɲɤɚ ɫɭ 
ɜɟɱɢɬɢ ɨɫɥɨɧɚɰ ɭ ɦɨɦ ɠɢɜɨɬɭ.  

ȼɟɥɢɤɨ ɯɜɚɥɚ ɦɨʁɨʁ ɦɟɧɬɨɪɢɰɢ ɩɪɨɮ ɞɪ ɇɢɧɢ Ɂɢɞɚɪ  ɢ ɤɨɦɟɧɬɨɪɢɰɢ ɞɪ ȿɦɢ 
Ȼɨɲɬʁɚɧɱɢɱ, ɧɚ ɬɪɭɞɭ, ɡɧɚʃɭ ɢ ɜɪɟɦɟɧɭ ɤɨʁɟ ɫɭ ɭɥɨɠɢɥɟ ɩɨɦɚɠɭʄɢ ɦɢ ɬɨɤɨɦ 
ɢɡɪɚɞɟ ɞɢɫɟɪɬɚɰɢʁɟ. 

Ɇɨʁɢɦ ɤɨɥɟɝɢɧɢɰɚɦɚ ȳɟɪɢ, ɇɢɤɢ, Ɂɜɟɡɞɢ ɤɨʁɟ ɫɭ ɛɢɥɟ ɜɟɥɢɤɚ ɦɨɪɚɥɧɚ ɩɨɞɪɲɤɚ. 

ɏɜɚɥɚ Ɇɚɪɝɚɪɟɬɢ. ɏɜɚɥɚ Ɇɚɬɢʁɢ ɢ ɯɜɚɥɚ ɫɜɢɦ ɞɢɜɧɢɦ ʂɭɞɢɦɚ ɤɨʁɢ ɫɭ ɛɢɥɢ ɭɡ 
ɦɟɧɟ. 

Дɨкɬɨɪɫкɭ ɞиɫɟɪɬацијɭ ɩɨɫвɟћɭјɟɦ ɫвɨɦ ɫиɧɭ! 

Бɪɚɧиɫɥɚɜɚ Рɚɧɤɨɜић, ɨɤɬɨɛɚɪ 2021. 



  

ɋȺɀȿɌȺɄ  
 

Ɋɚɡɜɨʁ ɤɨɥɨɪɟɤɬɚɥɧɨɝ ɤɚɪɰɢɧɨɦɚ (CRC) ʁɟ ɩɨɞɟʂɟɧ ʁɟ ɭ ɧɟɤɨɥɢɤɨ ɮɚɡɚ, ɨɞ ɧɨɪɦɚɥɧɟ 
ɫɥɭɡɧɢɰɟ ɞɨ ɚɞɟɧɨɦɚ ɢ ɢɧɜɚɡɢɜɧɨɝ ɤɚɪɰɢɧɨɦɚ. ɍ ɪɭɬɢɧɫɤɨɦ ɞɢʁɚɝɧɨɫɬɢɱɤɨɦ ɪɚɞɭ 
ɨɞ ɢɡɭɡɟɬɧɨɝ ʁɟ ɡɧɚɱɚʁɚ ɬɚɱɧɚ ɞɢʁɚɝɧɨɡɚ ɤɨɥɨɪɟɤɬɚɥɧɨɝ ɚɞɟɧɨɦɚ, ɚɞɟɧɨɦɚ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɢ CRC, ɲɬɨ ɨɦɨɝɭʄɚɜɚ ɢɡɛɨɪ ɨɩɬɢɦɚɥɧɨɝ ɬɪɟɬɦɚɧɚ. ȿɧɞɨɫɤɨɩɫɤɨ 
ɭɤɥɚʃɚʃɟ ʁɟ ɢɡɛɨɪ ɥɟɱɟʃɚ ɚɞɟɧɨɦɚ ɢ ɚɞɟɧɨɦɚ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ, ʁɟɪ ɨɜɟ ɥɟɡɢʁɟ ɧɟ 
ɞɚʁɭ ɦɟɬɚɫɬɚɡɟ ɢ ɧɢʁɟ ɩɨɬɪɟɛɚɧ ɞɨɞɚɬɧɢ ɯɢɪɭɪɲɤɢ ɬɪɟɬɦɚɧ. ɋɭɩɪɨɬɧɨ ɬɨɦɟ, CRC, 
ɭɤʂɭɱɭʁɭɰʄɢ ɪɚɧɟ ɫɬɚɞɢʁɭɦɟ (ɦɚɥɢɝɧɢ ɚɞɟɧɨɦɢ), ɦɨɝɭ ɦɟɬɚɫɬɚɡɢɪɚɬɢ, ɡɚɬɨ ʁɟ ɨɞ 
ɡɧɚɱɚʁɚ ɩɨɫɬɚɜɢɬɢ ɬɚɱɧɭ ɞɢʁɚɝɧɨɡɭ ɢ ɩɪɨɰɟɧɢɬɢ ɪɢɡɢɤ ɡɚ ɩɪɨɝɪɟɫ ɛɨɥɟɫɬɢ ɢ ɩɨ 
ɩɨɬɪɟɛɢ ɞɨɞɚɬɧɨ ɥɟɱɢɬɢ ɨɜɟ ɩɚɰɢʁɟɧɬɟ- ɪɟɫɟɤɰɢʁɚ ɞɟɛɟɥɨɝ ɰɪɟɜɚ. ɍɩɪɤɨɫ ɩɪɟɰɢɡɧɨɦ 
ɦɢɤɪɨɫɤɨɩɫɤɨɦ ɢɫɬɪɚɠɢɜɚʃɭ ɯɢɫɬɨɥɨɲɤɢɯ ɩɪɟɩɚɪɚɬɚ, ɧɢʁɟ ɭɜɟɤ ɦɨɝɭɰʄɟ 
ɪɚɡɥɢɤɨɜɚɬɢ ɪɚɡɥɢɱɢɬɟ ɥɟɡɢʁɟ.  
ȿɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɚɥɧɚ ɬɪɚɧɡɢɰɢʁɚ (ȿɆɌ) ɫɟ ɩɨʁɚɜɢɥɚ ɤɚɨ ɦɨɝɭɰʄɢ ɦɟɯɚɧɢɡɚɦ ɭ 
ɪɚɡɜɨʁɭ CRC-ɚ, ɚɥɢ ɢɧɮɨɪɦɚɰɢʁɟ ɨ ȿɆɌ-ɭ, ɧɚɪɨɱɢɬɨ ɭ ɪɚɧɢɦ ɮɚɡɚɦɚ ɪɚɡɜɨʁɚ CRC-

ɚ, ɫɭ ɨɫɤɭɞɧɟ. ɉɪɟɬɯɨɞɧɟ ɫɬɭɞɢʁɟ ɫɭ ɩɨɤɚɡɚɥɟ ɞɚ ɫɭ ɧɟɤɟ ɦɢɤɪɨ RNK (ɧɩɪ. miR-141, 

miR-200a / b / c ɢ miR-429) ɞɨɛɪɢ ɦɚɪɤɟɪɢ ȿɆɌ-ɚ.  
ɇɚɲɚ ɫɬɭɞɢʁɚ ʁɟ ɨɛɭɯɜɚɬɢɥɚ ɭɡɨɪɤɟ 62 ɩɚɰɢʁɟɧɬɚ (10 ɚɞɟɧɨɦɚ ɢ 30 ɫɥɭɱɚʁɟɜɚ CRC ɫɚ 
ɨɞɝɨɜɚɪɚʁɭʄɨɦ ɧɨɪɦɚɥɧɨɦ ɫɥɭɡɧɢɰɨɦ, 10 ɦɚɥɢɝɧɢɯ ɚɞɟɧɨɦɚ ɢ 12 ɚɞɟɧɨɦɚ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ). ȿɤɫɩɪɟɫɢʁɚ miR-141, miR-200ɚ / b/ c ɢ miR-429 ɢ ʃɢɯɨɜɢɯ 
ɰɢʂɧɢɯ ɝɟɧɚ (CDKN1B, ONECUT2, PTPN13, RND3, SOX2, TGFB2 ɢ ZEB2) 
ɚɧɚɥɢɡɢɪɚɧɚ ʁɟ ɩɨɦɨɰʄɭ ɤɜɚɧɬɢɬɚɬɢɜɧɟ PCR ɭ ɪɟɚɥɧɨɦ ɜɪɟɦɟɧɭ. ȿɤɫɩɪɟɫɢʁɚ ȿ-

ɤɚɞɯɟɪɢɧɚ ɚɧɚɥɢɡɢɪɚɧɚ ʁɟ ɩɪɢɦɟɧɨɦ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɟ.  
ɋɜɟ miRNK ɫɭ ɫɧɢɠɟɧɢ ɢ ʃɢɯɨɜɢ ɰɢʂɧɢ ɝɟɧɢ ɫɭ ɩɨɤɚɡɚɥɢ ɫɭɩɪɨɬɧɭ ɟɤɫɩɪɟɫɢʁɭ ɭ 
CRC ɭ ɩɨɪɟђɟʃɭ ɫɚ ɚɞɟɧɨɦɨɦ. ɉɪɢɦɟɰʄɟɧɚ ʁɟ ɫɧɢɠɟɧɚ ɪɟɝɭɥɚɰɢʁɚ ɩɨɪɨɞɢɰɟ miR-

200 ɧɚ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɰɟɧɬɪɚɥɧɢɦ ɞɟɥɨɦ ɬɭɦɨɪɚ, ɤɚɨ ɢ 

ɤɨɪɟɥɚɰɢʁɚ ɟɤɫɩɪɟɫɢʁɟ miR200b, CDKN1B, ONECUT2 ɢ ZEB2 ɫɚ ɧɨɞɚɥɧɢɦ 
ɦɟɬɚɫɬɚɡɚɦɚ. ɂɡɪɚɠɚɜɚʃɟ ɩɨɪɨɞɢɰɟ miR-200 ɢ SOX2 ɬɚɤɨђɟ ʁɟ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ 
ɪɟɡɭɥɬɚɬɨɦ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤɨɝ ɛɨʁɟʃɚ ɧɚ ȿ-ɤɚɞɯɟɪɢɧ. ɉɨɪɟɞ ɬɨɝɚ, ɩɪɢɦɟʄɟɧɚ ʁɟ 
ɢ ɫɧɢɠɟɧa ɪɟɝɭɥɚɰɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɢ PTPN13, ɤɚɨ ɢ ɩɨɜɟʄɚɧɚ ɪɟɝɭɥɚɰɢʁɚ 
CDKN1B ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɚɞɟɧɨɦɢɦɚ ɢ ɚɞɟɧɨɦɢɦɚ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ.  
Ɉɜɢ ɪɟɡɭɥɬɚɬɢ ɫɭɝɟɪɢɲɭ ɞɚ ɩɨɪɨɞɢɰɚ miR-200 ɢ ʃɢɯɨɜɢ ɰɢʂɧɢ ɝɟɧɢ ɞɨɩɪɢɧɨɫɟ 
ɩɪɨɝɪɟɫɢʁɢ ɚɞɟɧɨɦɚ ɭ CRC, ɢɧɜɚɡɢɜɧɢɦ ɫɜɨʁɫɬɜɢɦɚ ɢ ɪɚɡɜɨʁɭ ɦɟɬɚɫɬɚɡɚ. ɇɚɲɢ 
ɪɟɡɭɥɬɚɬɢ ɫɧɚɠɧɨ ɩɨɞɪɠɚɜɚʁɭ ɩɪɟɬɩɨɫɬɚɜʂɟɧɟ ɯɢɩɨɬɟɡɟ ɨ ɞɟɥɢɦɢɱɧɨɦ ȿɆɌ ɢ 
ɭɧɭɬɚɪɬɭɦɨɪɫɤɨʁ ɯɟɬɟɪɨɝɟɧɨɫɬɢ ɬɨɤɨɦ CRC ɤɚɧɰɟɪɨɝɟɧɟɡɟ.  
 

Ʉʂɭɱɧɟ ɪɟɱɢ: ɤɨɥɨɪɟɤɬɚɥɧɢ ɚɞɟɧɨɦ, ɤɨɥɨɪɟɤɬɚɥɧɢ ɤɚɪɰɢɧɨɦ, ɚɞɟɧɨɦ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ, ɦɟɬɚɫɬɚɡɟ, ɯɟɬɟɪɨɝɟɧɨɫɬ ɭɧɭɬɚɪ ɬɭɦɨɪɚ, ɟɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɧɚ 
ɬɪɚɧɡɢɰɢʁɚ, ɩɨɪɨɞɢɰɚ miR-200, ɰɢʂɧɢ ɝɟɧɢ. 
  



  

ABSTRACT 

 
The development of colorectal carcinoma (CRC) is divided in several stages, from normal 

mucosa to adenoma and invasive carcinoma. In routine diagnostic work, the correct diagnosis 

of colorectal adenoma, adenoma with epithelial misplacement and CRC is of utmost 

importance, enabling to choose the optimal treatment. Endoscopic removal is the treatment 

of choice for adenomas and adenomas with epithelial misplacement, since these lesions do 

not metastasize and additional surgical treatment is not necessary. In contrast, CRC including 

early stages (malignant adenomas) are capable to metastasize. It is important to make the 

correct diagnosis and to evaluate the risk for metastases and additionally treat these patients 

with surgical removal of the colon if needed. Despite meticulous microscopic investigation 

of histological slides, it is not always possible to distinguish between various lesions.  

Epithelial-mesenchymal transition (EMT) has emerged as a possible mechanism in the 

development of CRC, but the information on EMT particularly in early stages of CRC 

development is missing. Previous studies have demonstrated some micro RNAs (e.g., miR-

141, miR-200a/b/c and miR-429) to be good markers of EMT.  

Our study included formalin-fixed paraffin-embedded biopsy samples of 62 patients (10 

adenomas and 30 cases of CRC with corresponding normal mucosa, 10 malignant adenomas, 

and 12 adenomas with pseudoinvasion). Expression of miR-141, miR-200a/b/c and miR-429 

and their target genes (CDKN1B, ONECUT2, PTPN13, RND3, SOX2, TGFB2 and ZEB2) was 

analysed using quantitative real-time PCR. Expression of E-cadherin was analysed using 

immunohistochemistry.  

All miRNAs were down-regulated and their target genes showed the opposite expression in 

CRC compared to adenoma. Down-regulation of the miR-200 family at the invasive front in 

comparison to the central part of tumour was observed as well as a correlation of expression 

of the miR200b, CDKN1B, ONECUT2 and ZEB2 to nodal metastases. Expression of the miR-

200 family and SOX2 also correlated with E-cadherin staining. In addition, down-regulation 

of the miR-200 family and PTPN13 and upregulation of CDKN1B in early carcinoma 

compared to adenomas and adenomas with epithelial misplacement was observed.  

These results suggest that the miR-200 family and their target genes contribute to progression 

of adenoma to CRC, invasive properties and development of metastases. Our results strongly 

support the postulated hypotheses of partial EMT and intra-tumour heterogeneity during CRC 

cancerogenesis.  

 

Keywords: colorectal adenoma, colorectal carcinoma,adenoma with epithelial 

misplacement, metastases, intra-tumour heterogeneity, epithelial-mesenchymal transition, 

miR-200 family, target genes 4  
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1 Ʉɨɥɨɪɟɤɬɚɥɧɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦ 

Ʉɨɥɨɪɟɤɬɚɥɧɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦ (CRC) ʁɟ ɯɟɬɟɪɨɝɟɧɚ ɝɪɭɩɚ ɬɭɦɨɪɚ ɤɨʁɚ ɩɨɬɢɱɟ 
ɢɡ ɟɩɢɬɟɥɚ ɞɟɛɟɥɨɝ ɰɪɟɜɚ. ɉɪɟɞɫɬɚɜʂɚ ɜɢɲɟ ɨɞ 90% ɫɜɢɯ ɤɨɥɨɪɟɤɬɚɥɧɢɯ ɦɚɥɢɝɧɢɯ 
ɧɟɨɩɥɚɡɦɢ. ɋɚ ɜɢɲɟ ɨɞ ɦɢɥɢɨɧ ɧɨɜɢɯ ɞɢʁɚɝɧɨɫɬɢɤɨɜɚɧɢɯ ɫɥɭɱɚʁɟɜɚ ɝɨɞɢɲʃɟ, CRC 

ʁɟ ɬɪɟʄɢ ɧɚʁɱɟɲʄɢ ɤɚɪɰɢɧɨɦɭ ɫɜɟɬɭ ɢ ɞɪɭɝɢ ɧɚʁɱɟɲʄɢ ɭɡɪɨɤ ɫɦɪɬɢ ɩɨɜɟɡɚɧ ɫɚ 
ɦɚɥɢɝɧɨɦ ɧɟɨɩɥɚɡɦɨɦ (1). ɂɧɰɢɞɟɧɰɢʁɚ ɪɚɫɬɟ ɫɚ ɝɨɞɢɧɚɦɚ ɢ, ɩɪɟɦɚ ɫɬɚɬɢɫɤɢɱɤɢɦ 
ɩɨɞɚɰɢɦɚ, ɩɪɟɬɩɨɫɬɚɜʂɚ ɫɟ ɞɚ ɢ ɦɭɲɤɚɪɰɢ ɢ ɠɟɧɟ ɢɦɚʁɭ 4,3% ɪɢɡɢɤa ɨɞ ɪɚɡɜɨʁɚ 
CRC-ɚ (2). ɂɚɤɨ ɩɨɫɬɨʁɟ ɢɡɭɡɟɰɢ ɡɚ ɩɨʁɟɞɢɧɰɟ ɫɚ ɝɟɧɟɬɫɤɨɦ ɩɪɟɞɢɫɩɨɡɢɰɢʁɨɦ ɢ 
ɧɟɤɢɦ ɩɪɟɞɢɫɩɨɧɢɪɚʁɭʄɢɦ ɫɬɚʃɢɦɚ (ɧɚ ɩɪɢɦɟɪ ɭɩɚɥɧɚ ɛɨɥɟɫɬ ɰɪɟɜɚ; engl. IBD), 

ɪɢɡɢɤ ɨɞ ɩɨʁɚɜɟ CRC-ɚ ɩɪɟ 40. ɝɨɞɢɧɟ ɩɪɢɥɢɱɧɨ ʁɟ ɧɢɡɚɤ. 

Ȼɭɞɭʄɢ ɞɚ ɫɟ ɩɪɨɝɧɨɡɚ ɢ ɬɟɪɚɩɢʁɚ ɪɚɡɥɢɤɭʁɭ ɨɞ ɫɥɭɱɚʁɚ ɞɨ ɫɥɭɱɚʁɚ ɢ ɞɚ ɭɝɥɚɜɧɨɦ 
ɡɚɜɢɫɟ ɨɞ ɫɬɚɞɢʁɭɦɚ, ɞɢʁɚɝɧɨɫɬɢɤɨɜɚʃɟ CRC-ɚ ɭ ɪɚɧɨʁ ɮɚɡɢ ʁɟ ɤʂɭɱɧɨ.ɍɩɪɤɨɫ 
ɱɢʃɟɧɢɰɢ ɞɚ ɩɪɨɝɪɚɦɢ ɫɤɪɢɧɢɧɝɚ ɡɧɚɱɚʁɧɨ ɩɨɛɨʂɲɚɜɚʁɭ ɨɩɲɬɢ ɨɩɫɬɚɧɚɤ, 
ɦɨɪɬɚɥɢɬɟɬ ʁɟ ɢ ɞɚʂɟ ɜɢɫɨɤ, ɬɟ CRC ɢ ɞɚʂɟ ɩɪɟɞɫɬɚɜʂɚ ɨɩɬɟɪɟʄɟʃɟ ɡɚ ɝɥɨɛɚɥɧɨ 
ʁɚɜɧɨ ɡɞɪɚɜʂɟ (2). 

1.1 Ʉɚɧɰɟɪɨɝɟɧɟɡɚ  

Ɋɚɡɜɨʁ CRC-ɚ ʁɟ ɞɭɝɨɪɨɱɚɧ ɢ ɜɢɲɟɱɥɚɧ ɩɪɨɰɟɫ. ȼɟɥɢɤɚ ɜɟʄɢɧɚ CRC-ɚ (70% – 

80%) ʁɟ ɫɩɨɪɚɞɢɱɧɚ. Ⱦɨ ɫɚɞɚ ɧɢʁɟ ɞɨɤɚɡɚɧɨ ɞɚ ɧɟɤɢ ɫɩɟɰɢɮɢɱɚɧ ɟɬɢɨɥɨɲɤɢ ɮɚɤɬɨɪ 
ɢɦɚ ɡɧɚɱɚʁɚɧ ɭɬɢɰɚʁ ɧɚ ɤɚɪɰɢɧɨɝɟɧɟɡɭ CRC-ɚ, ɚɥɢ ɩɨɫɬɨʁɟ ɢɧɞɢɤɚɰɢʁɟ ɨ ɧɟɤɨɥɢɤɨ 
ɚɫɩɟɤɚɬɚ ɤɨʁɢ ɦɨɝɭ ɛɢɬɢ ɭɤʂɭɱɟɧɢ, ɤɚɨ ɧɚ ɩɪɢɦɟɪ ɩɭɲɟʃɟ, ɩɪɟɯɪɚɦɛɟɧɟ ɧɚɜɢɤɟ, 
ɫɬɚɪɨɫɬ, ɮɢɡɢɱɤɚ ɚɤɬɢɜɧɨɫɬ ɢɬɞ. ɍ ɧɚɩɪɟɞɧɢɦ ɮɚɡɚɦɚ, CRC ɦɟɬɚɫɬɚɡɢɪɚ ɞɨ 
ɪɟɝɢɨɧɚɥɧɢɯ ɥɢɦɮɧɢɯ ɱɜɨɪɨɜɚ, ʁɟɬɪɟ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɚ. Ɇɨɞɟɥ ɤɚɪɰɢɧɨɝɟɧɟɡɟ CRC-

ɚ ɩɪɟɞɫɬɚɜɢɨ ʁɟ ȼɨɥɝɟɫɬɟɢɧ (ɟngl. Vogelstein B.) (3). CRC ɪɚɡɜɢʁɚ ɫɟ ɭ ɧɟɤɨɥɢɤɨ 
ɤɨɪɚɤɚ, ɨɞ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ ɞɨ ɚɞɟɧɨɦɚ ɢ, ɩɨɫɥɟɞɢɱɧɨ, ɞɨ ɤɚɪɰɢɧɨɦɚ, ɤɚɨ 
ɪɟɡɭɥɬɚɬ ɦɭɬɚɰɢɨɧɟ ɚɤɬɢɜɚɰɢʁɟ ɨɧɤɨɝɟɧɚ, ɡɚʁɟɞɧɨ ɫɚ ɦɭɬɚɰɢɨɧɨɦ ɢɧɚɤɬɢɜɚɰɢʁɨɦ 
ɝɟɧɚ ɡɚ ɫɭɡɛɢʁɚʃɟ ɬɭɦɨɪɚ. Ⱥɤɭɦɭɥɚɰɢʁɚ ɛɪɨʁɧɢɯ ɝɟɧɟɬɫɤɢɯ ɦɭɬɚɰɢʁɚ ɢ ɟɩɢɝɟɧɟɬɫɤɢɯ 
ɩɪɨɦɟɧɚ ɩɨɬɪɟɛɧɚ ʁɟ ɡɚ ɩɨɤɪɟɬɚʃɟ ɤɚɧɰɟɪɨɝɟɧɟ ɩɪɨɝɪɟɫɢʁɟ ɤɪɨɡ ɩɪɨɝɪɟɫɢɜɧɢ 
ɮɭɧɤɰɢɨɧɚɥɧɢ ɩɨɪɟɦɟʄɚʁ ɝɟɧɚ ɡɚ ɫɭɩɪɟɫɢʁɭ ɬɭɦɨɪɚ ɢ ɨɧɤɨɝɟɧɚ. ɇɚ ɤɪɚʁɭ, ɬɨ ɞɨɜɨɞɢ 
ɞɨ ɧɟɤɨɧɬɪɨɥɢɫɚɧɟ ʄɟɥɢʁɫɤɟ ɩɪɨɥɢɮɟɪɚɰɢʁɟ ɢ ɩɨɪɟɦɟʄɟɧɨɝ ʄɟɥɢʁɫɤɨɝ ɰɢɤɥɭɫɚ. 
ɋɬɢɰɚʃɟ ɝɟɧɨɦɫɤɟ ɧɟɫɬɚɛɢɥɧɨɫɬɢ ɩɨɫɟɛɧɚ ʁɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɦɨɪɢɝɟɧɟɡɟ, ɚ ɭ 
ɤɨɥɨɪɟɤɬɚɥɧɨʁ ɤɚɪɰɢɧɨɝɟɧɟɡɢ ɩɨɫɬɨʁɟ ɬɪɢ ɪɚɡɥɢɱɢɬɚ ɩɭɬɚ: ɯɪɨɦɨɡɨɦɫɤa 
ɧɟɫɬɚɛɢɥɧɨɫɬ ɢɥɢ CIN, ɦɢɤɪɨɫɚɬɟɥɢɬɫɤɚ ɧɟɫɬɚɛɢɥɧɨɫɬ ɢɥɢ MSI ɢ Ɏɟɧɨɬɢɩ 
ɦɟɬɢɥɚɰɢʁɟ ɨɫɬɪɜɚ CpG ɢɥɢ CIMP; ɨɞ ɤɨʁɢ ʁɟ CIN ɧɚʁɱɟɲʄɢ (75% – 85%) (4 – 7). Kɚɨ 
ɩɨɬɟɧɰɢʁɚɥɧɢ ɦɟɯɚɧɢɡɚɦ ɩɨɜɟɡɚɧ ɫɚ ɪɚɡɜɨʁɟɦ ɢ ɩɪɨɝɪɟɫɢʁɨɦ CRC-ɚ, ɬɚɤɨђɟ ɫɟ 
ɩɨʁɚɜɢɥɚ eɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɚɥɧɚ ɬɪɚɧɡɢɰɢʁɚ (EMT) (8, 9). 

ɉɪɟɦɚ ɧɚɲɢɦ ɫɚɡɧɚʃɢɦɚ, ɩɨɫɬɨʁɟ ɨɝɪɚɧɢɱɟɧɢ ɩɨɞɚɰɢ ɨ ɞɨɩɪɢɧɨɫɭ ȿɆɌ-ɚ ɭ 
ɪɚɧɢɦ ɮɚɡɚɦɚ ɪɚɡɜɨʁɚ CRC-ɚ. 

Ɉɫɧɨɜɧɢ ɦɟɯɚɧɢɡɚɦ ɯɪɨɦɨɡɨɦɫɤɟ ɧɟɫɬɚɛɢɥɧɨɫɬɢ ɢɥɢ CIN-ɚ ɧɢʁɟ ɩɨɬɩɭɧɨ ʁɚɫɚɧ, 
ɚɥɢ ɫɭ ɦɨɝɭʄ ɢ ɧɚɱɢɧɢ ɩɪɨɦɟɧɚ ɛɪɨʁɚ ɢ ɫɬɪɭɤɬɭɪɟ ɯɪɨɦɨɡɨɦɚ ɢ ɩɪɚɬɟʄɢɯ ɦɭɬɚɰɢʁɚ 
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ɭ ɝɟɧɢɦɚ ɫɭɩɪɟɫɨɪɢɦɚ ɬɭɦɨɪɚ, ɩɨɫɟɛɧɨ TP53 ɢ ɭ ɤɨɦɩɥɟɤɫɭ, ɤɨʁɢ ɩɪɨɦɨɜɢɲɟ 
ɚɧɚɮɚɡɭ (APC). Ƚɭɛɢɬɚɤ ɮɭɧɤɰɢɨɧɚɥɧɢɯ ɦɭɬɚɰɢʁɚ TP53, ɝɥɚɜɧɨɝ ɝɟɧɚ ɤɨɧɬɪɨɥɧɨɝ 
ɩɭɧɤɬɚ ʄɟɥɢʁɫɤɨɝ ɰɢɤɥɭɫɚ, ɭɡɪɨɤɭʁɟ ɧɟɤɨɧɬɪɨɥɢɫɚɧ ɭɥɚɡɚɤ ɭ ʄɟɥɢʁɫɤɢ ɰɢɤɥɭɫ. APC 

ʁɟ ɞɟɨ ɫɢɝɧɚɥɧɨɝ ɩɭɬɚ VNT, ɚ ʃɟɝɨɜɚ ɢɧɚɤɬɢɜɚɰɢʁɚ ɞɨɜɨɞɢ ɞɨ ɩɨɜɟʄɚʃɚ ɧɭɤɥɟɚɪɧɨɝ 
CTNNB1 ɝɟɧɚ (10, 11).  
 

Ɏɟɧɨɬɢɩ ɦɟɬɢɥɚɰɢʁɟ ɨɫɬɪɜɚ CpG ɢɥɢ CIMP ɩɨɜɟɡɚɧ ʁɟ ɫɚ ɟɩɢɝɟɧɟɬɫɤɢɦ 
ɩɪɨɦɟɧɚɦɚ ɤɨʁɟ ɞɨɜɨɞɟ ɞɨ ɢɧɚɤɬɢɜɚɰɢʁɟ ɝɟɧɚ ɡɚ ɫɭɡɛɢʁɚʃɟ ɬɭɦɨɪɚ ɢɥɢ ɝɟɧɚ 
ɩɨɜɟɡɚɧɢɯ ɫɚ ɬɭɦɨɪɨɦ. CIMP ɩɨɡɢɬɢɜɚɧ CRC ɧɚɫɬɚʁɟ ɤɨɞ ɧɚɡɭɛʂɟɧɢɯ ɥɟɡɢʁɚ 
ɩɪɟɤɭɪɫɨɪɚ. Ɉɜɢ ɤɚɪɰɢɧɨɦɢ ɨɛɢɱɧɨ ɩɨɤɚɡɭʁɭ ɮɟɧɨɬɢɩ MSI, ɤɚɨ ɢ ɤɥɢɧɢɱɤɟ ɢ 
ɩɚɬɨɥɨɲɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɬɢɩɢɱɧɟ ɡɚ ɬɭɦɨɪɟ ca MSI (10). 

Ɇɢɤɪɨɫɚɬɟɥɢɬɫɤɚ ɧɟɫɬɚɛɢɥɧɨɫɬ ɢɥɢ MSI ɪɟɡɭɥɬɚɬ ʁɟ ɢɧɚɤɬɢɜɢɪɚʃɚ ɦɭɬɚɰɢʁɚ ɭ 
ɝɟɧɢɦɚ ɡɚ ɩɨɩɪɚɜɤɭ ɧɟɭɫɤɥɚђɟɧɨɫɬɢ DNK, ɤɨʁɢ ɫɭ ɨɞɝɨɜɨɪɧɢ ɡɚ ɢɫɩɪɚɜʂɚʃɟ 
ɝɪɟɲɚɤɚ ɪɟɩɥɢɤɚɰɢʁɟ DNK. ɉɨɫɬɨʁɢ ɧɟɤɨɥɢɤɨ ɩɪɨɬɟɢɧɚ, ɧɚ ɩɪɢɦɟɪ hMSH2, hMSH3, 

hMLH1, hPMS2, hPMS1 ɢ hMLH3, ɤɨʁɢ ɫɭ ɜɚɠɧɟ ɤɨɦɩɨɧɟɧɬɟ ɫɢɫɬɟɦɚ ɩɨɩɪɚɜʂɚʃɚ 
ɧɟɭɫɤɥɚђɟɧɨɫɬɢ DNK, ɚ ɦɭɬɚɰɢʁɟ ɡɚɦɟɬɧɟ ɥɢɧɢʁɟ ɦɨɝɭ ɢɡɚɡɜɚɬɢ ɞɢɫɮɭɧɤɰɢʁɭ ɨɜɢɯ 
ɩɪɨɬɟɢɧɚ, ɲɬɨ ɦɨɠɟ ɩɪɟɞɢɫɩɨɧɢɪɚɬɢ ɪɚɡɜɨʁ ɪɚɤɚ (9, 11 ). MSI ɧɚɥɚɡɢ ɫɟ ɭ 15 % CRC-

ɚ. 

 

1.2 ɏɢɫɬɨɩɚɬɨɥɨɝɢʁɚ ɤɨɥɨɪɟɤɬɚɥɧɨɝ ɤɚɪɰɢɧɨɦɚ 

 

ɉɨɪɟɞ ɤɥɚɫɢɱɧɨɝ ɚɞɟɧɨɤɚɪɰɢɧɨɦɚ, ɩɨɫɬɨʁɢ ɢ ɧɟɤɨɥɢɤɨ ɪɚɡɥɢɱɢɬɢɯ ɩɨɞɬɢɩɨɜɚ 
CRC-ɚ, ɧɚ ɩɪɢɦɟɪ ɦɭɰɢɧɨɡɧɢ ɤɚɪɰɢɧɨɦ, ɤɚɪɰɢɧɨɦ ɩɟɱɚɬɧɢx ʄɟɥɢʁa, ɚɞɟɧɨɤɚɪɰɢɧɨɦ 
ɫɚ ɦɨɞɭɥɚɪɧɢɦ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚɦɚ, ɩɥɨɫɤɢ ɤɚɪɰɢɧɨɦ, ɧɚɡɭɛʂɟɧɢ ɤɚɪɰɢɧɨɦ ɢ 
ɧɟɞɢɮɟɪɟɧɰɢɪɚɧɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦ. Ɉɧɢ ɫɟ ɪɚɡɥɢɤɭʁɭ ɧɟ ɫɚɦɨ ɩɨ ɩɚɬɨɦɨɪɮɨɥɨɲɤɢɦ 
ɤɚɪɚɤɬɟɪɢɫɬɢɤɚɦɚ, ɜɟʄ ɦɨɝɭ ɢɦɚɬɢ ɢ ɪɚɡɥɢɱɢɬɚ ɦɨɥɟɤɭɥɚɪɧɚ ɨɛɟɥɟɠʁɚ (12). 
Ɇɢɧɢɦɚɥɧɢ ɤɪɢɬɟɪɢʁɭɦ ɡɚ ɞɢʁɚɝɧɨɡɭ ɢɧɜɚɡɢɜɧɨɝ ɚɞɟɧɨɤɚɪɰɢɧɨɦɚ ʁɟ ɩɪɢɫɭɫɬɜɨ 
ɞɢɫɩɥɚɫɬɢɱɧɢɯ ɠɥɟɡɞɚ ɭ ɫɭɛɦɭɤɨɡɢ (ɫɥɢɤɚ 1). 
ȼɟʄɢɧɚ CRC-ɚ ɪɚɡɜɢʁɚ ɫɟ ɢɡ ɩɪɟɤɭɪɫɨɪɫɤɟ ɥɟɡɢʁɟ – ɚɞɟɧɨɦɚ, ɩɪɟɦɚɥɢɝɧɢx ɟɩɢɬɟɥɧɢx 
ɩɪɨɥɢɮɟɪɚɰɢʁa, ɤoje cɭ cɚɫɬɚɜʂɟɧɟ ɨɞ ɭɦɧɨɠɟɧɢx, ɪɚɡɝɪɚɧɚɬɢɯ ɤɪɢɩɬɢ ɞɟɛɟɥɨɝ 
ɰɪɟɜɚ ɢ ɪɟɫɢɰɚ, ɩɪɟɤɪɢɜɟɧɢɯ ɞɢɫɩɥɚɫɬɢɱɧɢɦ ɟɩɢɬɟɥɨɦ. ɍ ɡɚɜɢɫɧɨɫɬɢ ɨɞ 
ɦɨɪɮɨɥɨɝɢʁɟ, ɜɟʄɢɧɚ ɚɞɟɧɨɦɚ ɩɨɞɟʂɟɧɚ ʁɟ ɭ ɬɪɢ ɩɨɞɬɢɩɚ: ɬɭɛɭɥɧɢ (ɫɥɢɤɚ 2), 
ɜɢɥɭɫɧɢ ɢ ɬɭɛɭɥɨ-ɜɢɥɨɡɧɢ ɚɞɟɧɨɦɢ (ɫɥɢɤɚ 3). 

ɉɨ ɞɟɮɢɧɢɰɢʁɢ, ɚɞɟɧɨɦɢ ɩɨɤɚɡɭʁɭ ɪɚɡɥɢɱɢɬ ɫɬɟɩɟɧ ɞɢɫɩɥɚɡɢʁɟ, ɤɨʁɢ ɫɟ 
ɡɚɫɧɢɜɚ ɧɚ ɰɢɬɨɥɨɝɢʁɢ ɢ ɚɪɯɢɬɟɤɬɭɪɢ ɢ ɨɰɟʃɭʁɭ ɫɟ ɤɚɨ ɧɢɫɤɢ ɢɥɢ ɜɢɫɨɤɢ ɫɬɟɩɟɧ. 
 



14 

 

 
 

ɋɥɢɤɚ 1. Ɋɚɧɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦ: ɭ ɫɭɛɦɭɤɨɡɢ ɜɢɞɟ ɫɟ ɧɟɩɪɚɜɢɥɧɟ 
ɞɢɫɩɥɚɫɬɢɱɧɟ ɠɥɟɡɞɟ, ɩɪɚʄɟɧɟ ɞɟɫɦɨɩɥɚɫɬɢɱɧɨɦ ɫɬɪɨɦɚɥɧɨɦ ɪɟɚɤɰɢʁɨɦ. 
 

 
 

ɋɥɢɤɚ 2. Ɍɭɛɭɥɚɪɧɢ ɚɞɟɧɨɦ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɧɢɫɤɨɝ ɫɬɟɩɟɧɚ: ɩɨɥɢɩɨɢɞɧɚ 
ɥɟɡɢʁɚ ɫɚɫɬɚɜʂɟɧɚ ɨɞ ɛɥɚɝɨ ɧɟɩɪɚɜɢɥɧɢɯ, ɪɚɡɝɪɚɧɚɬɢɯ ɤɪɢɩɬɢ, ɤɨʁɟ ɫɭ ɩɪɟɤɪɢɜɟɧɟ 
ɩɫɟɭɞɨɫɬɪɚɬɢɮɢɤɨɜɚɧɢɦ ɟɩɢɬɟɥɨɦ. ɉɨɥɚɪɢɬɟɬ ɞɢɫɩɥɚɫɬɢɱɧɢɯ ʄɟɥɢʁɚ ɢ ɞɚʂɟ je 

ɨɱɭɜɚɧ. 
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ɋɥɢɤɚ 3. Ɍɭɛɭɥɨɜɢɥɨɡɧɢ ɚɞɟɧɨɦ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɧɢɫɤɨɝ ɫɬɟɩɟɧɚ ɫɚɱɢʃɟɧɨɦ ɨɞ 
ɪɟɫɢɰɚ ɢ ɪɚɡɝɪɚɧɚɬɢɯ ɤɪɢɩɬɢ, ɤɨʁɟ ɫɭ ɩɪɟɤɪɢɜɟɧɟ ɩɫɟɭɞɨɫɬɪɚɬɢɮɢɤɨɜɚɧɢɦ 
ɟɩɢɬɟɥɨɦ. ɉɨɥɚɪɢɬɟɬ ɞɢɫɩɥɚɫɬɢɱɧɢɯ ʄɟɥɢʁɚ ɢ ɞɚʂɟ ʁɟ ɨɱɭɜɚɧ. 
 

ȳɨɲ ʁɟɞɚɧ ɦɨɪɮɨɥɨɲɤɢ ɩɭɬ ɭ ɪɚɡɜɨʁɭ CRC-ɚ ɩɨɬɢɱɟ ɨɞ ɧɚɡɭɛʂɟɧɢɯ ɥɟɡɢʁɚ, 

ɨɞɧɨɫɧɨ ɧɚɡɭɛʂɟɧɢɯ ɚɞɟɧɨɦɚ, ɤɨʁɢ ɫɭ ɨɛɢɱɧɨ ɩɪɢɫɭɬɧɢ ɧɚ ɞɟɫɧɨʁ ɫɬɪɚɧɢ ɞɟɛɟɥɨɝ 
ɰɪɟɜɚ, ɫɚ ɫɩɟɰɢɮɢɱɧɢɦ ɩɚɬɨɦɨɪɮɨɥɨɲɤɢɦ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚɦɚ, ɬʁ. ɫɚ ɧɚɡɭɛʂɟɧɢɦ 
ɩɨɜɪɲɢɧɚɦɚ, ɢɡɝɥɟɞɨɦ ɡɭɛɚ, ɝɪɚɧɚʃɟɦ ɛɚɡɟ, ɩɪɨɲɢɪɟʃɟɦ ɤɪɢɩɬɢ ɢ ɛɨɱɧɢɦ ɪɚɫɬɨɦ 
ɭɡ ɦɢɲɢʄɧɢ ɫɥɨʁ (muscularis propia) ɦɭɤoɡɟ. 
 

1.3 Aɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ 

 

ȼɪɥɨ ɧɟɨɛɢɱɚɧ ɟɧɬɢɬɟɬ, ɤɨʁɢ ɦɨɠɟ ɞɢʁɚɝɧɨɫɬɢɱɤɢ ɛɢɬɢ ɩɪɢɥɢɱɧɨ ɢɡɚɡɨɜɚɧ, ʁɟ 
ɚɞɟɧɨɦ ɫɚ ɟɩɢɬɟɥɧɨɦ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ, ɤɨʁɢ ɫɭ ɩɪɜɢ ɨɩɢɫɚɥɢ 1972. ɝɨɞɢɧɟ Ɇɭɬɨ ɢ 
ɫɚɪɚɞɧɢɰɢ (Muto T. et al) (13). Ɉɜɚ ɩɨʁɚɜɚ ɨɛɢɱɧɨ ɫɟ ɜɢɞɢ ɤɨɞ ɜɟɥɢɤɢɯ 
ɩɟɞɭɧɤɭɥɢɫɚɧɢɯ ɩɨɥɢɩɚ ɭ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ ɰɪɟɜɭ, ɚɥɢ ɪɟɬɤɢ ɫɥɭɱɚʁɟɜɢ ɦɨɝɭ ɫɟ 
ɧɚʄɢ ɢ ɭ ɞɪɭɝɢɦ ɞɟɥɨɜɢɦɚ ɞɟɛɟɥɨɝ ɰɪɟɜɚ. ɂɧɬɪɚɥɭɦɢɧɚɥɧɚ ɬɪɚɭɦɚ ɢ, ɭ ɧɟɤɢɦ 
ɨɤɨɥɧɨɫɬɢɦɚ, ɩɪɟɬɯɨɞɧɚ ɛɢɨɩɫɢʁɚ ɨɛɢɱɧɨ ɢɝɪɚʁɭ ɭɥɨɝɭ ɭ ʃɢɯɨɜɨɦ ɪɚɡɜɨʁɭ. 



16 

 

 
 

ɋɥɢɤɚ 4. Ⱥɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ –ɞɢɫɩɥɚɫɬɢɱɧɟ ɠɥɟɡɞɟ ɭ ɫɭɛɦɭɤɨɡɢ 
ɨɤɪɭɠɟɧɟ ɫɭ ɬɚɧɤɢɦ ɫɥɨʁɟɦ ɤɨɧɟɤɬɢɜɧɨɝ ɬɤɢɜɚ (lamina prorpia). 
 

ɋɚ ɤɚɪɚɤɬɟɪɢɫɬɢɱɧɢɦ ɯɢɫɬɨɥɨɲɤɢɦ ɩɨʁɚɜɚɦɚ, ɭ ɤɨʁɢɦɚ ɫɭ ɞɢɫɩɥɚɫɬɢɱɧɟ ɠɥɟɡɞɟ 
ɩɪɢɫɭɬɧɟ ɭ ɫɭɛɦɭɤɨɡɢ, ɚɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɦɨɠɟ ɥɢɱɢɬɢ ɧɚ ɩɪɚɜɭ ɢɧɜɚɡɢʁɭ. Ɂɚ 
ɪɚɡɥɢɤɭ ɨɞ ɢɧɜɚɡɢɜɧɨɝ CRC-ɚ, ɤɨʁɢ ɤɚɪɚɤɬɟɪɢɲɟ ɞɟɫɦɨɩɥɚɫɬɢɱɧɚ ɫɬɪɨɦɚɥɧɚ 
ɪɟɚɤɰɢʁɚ, ɤɨɞ ɚɞɟɧɨɦɚ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ, ɞɢɫɩɥɚɫɬɢɱɧɟ ɠɥɟɡɞɟ ɨɤɪɭɠɟɧɟ ɫɭ 
ɬɚɧɤɢɦ ɫɥɨʁɟɦ ɤɨɧɟɤɬɢɜɧɨɝ ɬɤɢɜɚ (ɥɚɦɢɧɨɦ ɩɪɨɪɩɢɚ) ɫɚ ɬɚɥɨɠɟʃɟɦ ɯɟɦɨɫɢɞɟɪɢɧɚ. 
Ⱦɪɭɝɚ ɡɧɚɱɚʁɧɚ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ʁɟ ɢɫɬɨɜɟɬɧɨɫɬ ɫɬɟɩɟɧɚ ɞɢɫɩɥɚɡɢʁɟ ɢ ɰɢɬɨɥɨɲɤɟ 
ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɨɛɢɱɧɨ ɢɫɬɟ ɤɚɨ ɢ ɨɧɟ ɩɪɢɫɭɬɧɟ ɭ ɩɨɜɪɲɢɧɫɤɨɦ ɞɟɥɭ ɚɞɟɧɨɦɚ. 

Ɉɜɟ ɥɟɡɢʁɟ ɨɛɢɱɧɨɫɭ ɛɟɧɢɝɧe ɢ ɧɟɦɚʁɭ ɦɟɬɚɫɬɚɬɫɤɢ ɩɨɬɟɧɰɢʁɚɥ ɢ ɫɬɨɝɚ ɢɯ ʁɟ 
ɤʂɭɱɧɨ ɪɚɡɥɢɤɨɜɚɬɢ ɨɞ CRC-ɚ (13 – 16). 

 

1.4 Ⱦɢʁɚɝɧɨɫɬɢɱɤɢ ɢ ɩɪɨɝɧɨɫɬɢɱɤɢ ɦɚɪɤɟɪɢ 

ɍ ɪɭɬɢɧɫɤɨɦ ɞɢʁɚɝɧɨɫɬɢɱɤɨɦ ɪɚɞɭ, ɬɚɱɧɚ ɞɢʁɚɝɧɨɡɚ ɚɞɟɧɨɦɚ, ɚɞɟɧɨɦɚ ɫɚ 
ɟɩɢɬɟɥɧɨɦ ɩɨɝɪɟɲɧɨɦ ɩɨɫɬɚɜɤɨɦ (ɚɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ) ɢ CRC-ɚ, ɨɞ 
ɧɚʁɜɟʄɟɝ ʁɟ ɡɧɚɱɚʁɚ, ɲɬɨ ɤɥɢɧɢɱɚɪɢɦɚ ɨɦɨɝɭʄɚɜɚ ɞɚ ɢɡɚɛɟɪɭ ɨɩɬɢɦɚɥɧɢ ɬɪɟɬɦɚɧ. 
ɍɩɪɤɨɫ ɩɚɠʂɢɜɨɦ ɦɢɤɪɨɫɤɨɩɫɤɨɦ ɢɫɬɪɚɠɢɜɚʃɭ, ɧɢʁɟ ɭɜɟɤ ɦɨɝɭʄɟ ɧɚɩɪɚɜɢɬɢ 
ɪɚɡɥɢɤɭ ɢɡɦɟђɭ ɪɚɡɥɢɱɢɬɢɯ ɥɟɡɢʁɚ, ɨɞ ɤɨʁɢɯ ɫɭ ɧɚʁɢɡɚɡɨɜɧɢʁɢ ɚɞɟɧɨɦɢ ɫɚ 
ɩɨɝɪɟɲɧɢɦ ɩɨɫɬɚɜʂɚʃɟɦ ɟɩɢɬɟɥɚ (ɚɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ) ɢ ɦɚɥɢɝɧɢ ɚɞɟɧɨɦɢ. 
Ⱦɨɤ ʁɟ ɟɧɞɨɫɤɨɩɫɤɨ ɭɤɥɚʃɚʃɟ ɬɪɟɬɦɚɧ ɢɡɛɨɪɚ ɡɚ ɧɟɢɧɜɚɡɢɜɧɟ ɥɟɡɢʁɟ, ɬɪɟɧɭɬɧɢ 
ɬɟɪɚɩɢʁɫɤɢ ɩɪɢɫɬɭɩ ɡɚ ɩɚɰɢʁɟɧɬɟ ɫɚ CRC-ɨɦ ɜɚɪɢɪɚ ɨɞ ɪɚɞɢɤɚɥɧɟ ɪɟɫɟɤɰɢʁɟ ɞɟɛɟɥɨɝ 
ɰɪɟɜɚ ɫɚ ɪɟɫɟɤɰɢʁoɦ ɪɟɝɢɨɧɚɥɧɢɯ ɥɢɦɮɧɢɯ ɱɜɨɪɨɜɚ, ɞɨ ɤɨɦɛɢɧɚɰɢʁɟ 
ɯɟɦɨɪɚɞɢɨɬɟɪɚɩɢʁɟ ɢ ɨɩɟɪɚɰɢʁɟ ɭ ɧɚɩɪɟɞɧɢɦ ɮɚɡɚɦɚ. 
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ȳɟɞɚɧ ɨɞ ɧɚʁɡɧɚɱɚʁɧɢʁɢɯ ɩɪɨɝɧɨɫɬɢɱɤɢɯ ɢ ɬɟɪɚɩɢʁɫɤɢɯ ɩɚɪɚɦɟɬɚɪɚ ʁɟ ɫɬɚɞɢʁɭɦ ɭ 
ɜɪɟɦɟ ɩɨɫɬɚɜʂɚʃɚ ɞɢʁɚɝɧɨɡɟ. ɋɢɫɬɟɦ THM ɪɚɡɜɢɨ ʁɟ Ⱥɦɟɪɢɱɤɢ ɡɚʁɟɞɧɢɱɤɢ ɤɨɦɢɬɟɬ 
ɡɚ ɪɚɤ (AJCC), ɤɚɤɨ ɛɢ ɛɢɨ ɭɫɬɚɧɨɜʂɟɧ ɧɚ ɩɨɞɚɰɢɦɚ ɡɚɫɧɨɜɚɧɢɦ ɧɚ ɫɬɚɞɢʁɭɦɭ 
ɫɢɫɬɟɦɚ ɡɚ ɨɞɪɟђɢɜɚʃɟ ɪɚɤɚ, ɤɨʁɢ ɩɪɭɠɚ ɩɪɟɰɢɡɧɨ ɩɪɟɞɜɢђɚʃɟ ɢɫɯɨɞɚ. Ɍ ɤɚɬɟɝɨɪɢʁɚ 
ɫɬɟʁџɢɧɝ ɫɢɫɬɟɦɚ THM-ɚ ɩɨɞɟʂɟɧɚ ʁɟ ɧɚ Ɍ1, Ɍ2, Ɍ3 ɢ Ɍ4 ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɞɭɛɢɧɟ 
ɢɧɜɚɡɢʁɟ ɬɭɦɨɪɚ ɢ ɩɪɨɲɢɪɟʃɚ ɧɚ ɫɭɫɟɞɧɟ ɨɪɝɚɧɟ/ɫɬɪɭɤɬɭɪɟ. Ɍ3 ɥɟɡɢʁɟ ɩɪɨɬɟɠɭ ɫɟ 
ɢɡɜɚɧ ɦɢɲɢʄɧɨɝ ɫɥɨʁɚ (muscularis propria) ɭ ɩɟɪɢɤɨɥɨɧɫɤɨ ɦɚɫɧɨ ɬɤɢɜɨ, ɚ Ɍ4 ɥɟɡɢʁɟ 
ɩɪɨɞɢɪɭ ɭ ɫɟɪɨɡɭ (Ɍ4ɚ) ɢ/ɢɥɢ ɲɢɪɟ ɫɟ ɭ ɫɭɫɟɞɧɟ ɨɪɝɚɧɟ/ɫɬɪɭɤɬɭɪɟ (Ɍb). Ɍ4ɚ CRC 

ɢɦɚ ɧɚʁɦɚʃɟ ɩɨɜɨʂɚɧ ɢɫɯɨɞ, ɫɚ ɧɚʁɜɟʄɨɦ ɫɬɨɩɨɦ ɦɟɬɚɫɬɚɡɚ. ȼɚɫɤɭɥɚɪɧɚ ɢɧɜɚɡɢʁɚ, 
ɦɟɬɚɫɬɚɡɟ ɭ ɪɟɝɢɨɧɚɥɧɢɦ ɥɢɦɮɧɢɦ ɱɜɨɪɨɜɢɦɚ, ɡɚɯɜɚʄɟɧɨɫɬ ɫɟɪɨɡɟ ɢ ɩɭɩʂɟʃɟ 

ɬɭɦɨɪɚ (engl. tumor budding) ɫɦɚɬɪɚʁɭ ɫɟ ɧɚʁɡɧɚɱɚʁɧɢʁɢɦ ɩɪɨɝɧɨɫɬɢɱɤɢɦ 
ɩɚɪɚɦɟɬɪɢɦɚ. 

ɉɨɪɟɞ ɭɬɜɪђɢɜɚʃa THM-ɚ, ɫɩɟɰɢɮɢɱɧɢ ɦɚɪɤɟɪɢ ɭɤʂɭɱɭʁɭʄɢ MSI, 

CRAS/NRAS/BRAF ɩɨɫɬɚɥɢ ɫɭ ɜɟɨɦɚ ɜɚɠɧɢ ɢ ɫɚɞɚ ʁɟ ɝɨɬɨɜɨ ɧɟɡɚɦɢɫɥɢɜɨ 
ɧɚɩɪɚɜɢɬɢ ɩɥɚɧ ɬɟɪɚɩɢʁɟ ɛɟɡ ʃɢɯɨɜɨɝ ɞɟɮɢɧɢɫɚʃɚ. ɍ ɞɚɧɚɲʃɟ ɜɪɟɦɟ, ɩɨɫɬɨʁɢ 
ɬɟɧɞɟɧɰɢʁɚ ɩɪɨɧɚɥɚɫɤɚ ɢ ɩɪɢɦɟɧɟ ɧɨɜɢɯ ɛɢɨɦɚɪɤɟɪɚ ɫɚ ɩɨɬɟɧɰɢʁɚɥɧɨɦ 
ɞɢʁɚɝɧɨɫɬɢɱɤɨɦ ɢ ɬɟɪɚɩɢʁɫɤɨɦ ɩɪɢɦɟɧɨɦ (17, 18). 
 

ɉɪɟɦɚ Ɋɚɞɧɨʁ ɝɪɭɩɢ ɡɚ ɞɟɮɢɧɢɰɢʁɟ ɛɢɨɦɚɪɤɟɪɚ (engl. Biomarkers Definitions 

Working Group), ɮɨɪɦɚɥɧɚ ɞɟɮɢɧɢɰɢʁɚ ɛɢɨɦɚɪɤɟɪɚ ʁɟ ɬɭɦɨɪɫɤɚ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨʁɚ 
ɫɟ ɦɨɠɟ ɨɛʁɟɤɬɢɜɧɨ ɦɟɪɢɬɢ ɢ ɨɰɟɧɢɬɢ ɤɚɨ ɢɧɞɢɤɚɬɨɪ(ɢ) ɧɨɪɦɚɥɧɢɯ ɛɢɨɥɨɲɤɢɯ ɢɥɢ 
ɩɚɬɨɝɟɧɢɯ ɩɪɨɰɟɫɚ ɢɥɢ ɤɚɨ ɮɚɪɦɚɤɨɥɨɲɤɢ ɨɞɝɨɜɨɪɢ ɧɚ ɬɟɪɚɩɢʁɫɤɭ ɢɧɬɟɪɜɟɧɰɢʁɭ, 

ɤɨʁɢ ɢɞɟɧɬɢɮɢɤɭʁɭ ɩɨɜɟʄɚɧɟ ɢɥɢ ɫɦɚʃɟɧɟ ɪɢɡɢɤɚ ɨɞ ɲɬɟɬɟ ɡɚ ɩɚɰɢʁɟɧɬɟ ɢɥɢ 
ɩɨɜɟʄɚʃɟ ɢ ɫɦɚʃɟʃɟ ɤɨɪɢɫɬɢ ɬɟɪɚɩɢʁɟ (19). 

Ȼɢɨɦɚɪɤɟɪ ʁɟ ɬɟɪɦɢɧ ɤɨʁɢ ɞɟɮɢɧɢɲɟ ɪɚɡɥɢɱɢɬɟ ɜɪɫɬɟ ɨɛʁɟɤɬɢɜɧɢɯ ɩɨɤɚɡɚɬɟʂɚ 
ɡɞɪɚɜʂɚ ɢɥɢ ɛɨɥɟɫɬɢ. Ɍɨɤɨɦ ɢɫɬɨɪɢʁɟ, ɢ ɭ ɫɤɥɚɞɭ ɫɚ ʂɭɞɫɤɢɦ ɬɟɯɧɨɥɨɲɤɢɦ 
ɧɚɩɪɟɬɤɨɦ, ɨɜɢ ɩɨɤɚɡɚɬɟʂɢ ɩɨɫɬɚʁɚɥɢ ɫɭ ɫɜɟ ɩɪɟɰɢɡɧɢʁɢ ɢ ɩɨɭɡɞɚɧɢʁɢ. Ʉɨɞ CRC-ɚ, 

ɜɟʄɢɧɚ ɩɪɢɦɟɧʂɢɜɢɯ ɛɢɨɦɚɪɤɟɪɚ ʁɟ ɩɪɨɝɧɨɫɬɢɱɤɚ – ɩɪɭɠɚ ɢɧɮɨɪɦɚɰɢʁɟ ɨ 
ɜɟɪɨɜɚɬɧɨʄɢ ɫɬɚʃɚ, ɪɟɰɢɞɢɜɭ ɢɥɢ ɩɪɨɝɪɟɫɢʁɢ ɛɨɥɟɫɬɢ. Ɍɚɤɨђɟ, ɨɜɢ ɛɢɨɦɚɪɤɟɪɢ 
ɦɨɝɭ ɢɦɚɬɢ ɭɥɨɝɭ ɢ ɭ ɩɪɟɞɜɢђɚʃɭ – ɩɪɭɠɚʃɟ ɢɧɮɨɪɦɚɰɢʁɚ ɨ ɜɟɪɨɜɚɬɧɨʄɢ ɨɞɝɨɜɨɪɚ 
ɧɚ ɫɩɟɰɢɮɢɱɧɟ ɬɪɟɬɦɚɧɟ. Ɍɨɤɨɦ ɩɨɫɥɟɞʃɟ ɞɜɟ ɞɟɰɟɧɢʁɟ, ɛɪɨʁɧɢ ɦɨɥɟɤɭɥɚɪɧɢ 
ɛɢɨɦɚɪɤɟɪɢ ɡɚ CRC ɨɩɫɟɠɧɨ ɫɭ ɩɪɨɭɱɚɜɚɧɢ. 

ɉɨɫɬɨʁɢ ɧɟɤɨɥɢɤɨ ɫɬɪɚɬɟɝɢʁɚ ɫɤɪɢɧɢɧɝɚ ɡɚ ɨɬɤɪɢɜɚʃɟ CRC-ɚ. Ɇɟђɭɬɢɦ, ɭ 
ɧɟɞɚɜɧɨ ɫɩɪɨɜɟɞɟɧɢɦ ɫɬɭɞɢʁɚɦɚ, ɬɚɤɨђɟ ʁɟ ɢɫɬɚɤɧɭɬɨ ɬɨ ɞɚ ɨɜɢɦ ɫɬɪɚɬɟɝɢʁɚɦɚ 
ɨɛɢɱɧɨ ɧɟɞɨɫɬɚʁɟ ɨɞɝɨɜɚɪɚʁɭʄɚ ɨɫɟɬʂɢɜɨɫɬ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬ ɡɚ ɩɪɟɝɥɟɞ CRC-ɚ (20 – 

22). ɋɬɨɝɚ ɫɭ ɩɨɬɪɟɛɧɢ ɧɨɜɢ ɭɜɢɞɢ ɭ ɦɨɥɟɤɭɥɚɪɧɟ ɢ ɝɟɧɟɬɫɤɟ ɚɫɩɟɤɬɟ CRC-ɚ, ɤɚɤɨ 
ɛɢ ɫɟ ɩɪɨɧɚɲɥɢ ɩɨɭɡɞɚɧɢʁɢ, ɧɨɜɢ ɛɢɨɦɚɪɤɟɪɢ ɡɚ ɪɚɧɨ ɨɬɤɪɢɜɚʃɟ CRC-ɚ. 
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1.5 ɋɟɪɨɡɧɚ ɢɧɜɚɡɢʁɚ ɭ ɤɨɥɨɪɟɤɬɚɥɧɨɦ ɤɚɪɰɢɧɨɦɭ 

 

ɋɟɪɨɡɧa ɢɧɜɚɡɢʁɚ ɭ CRC-ɭ (Ɍ4a) ɧɟɡɚɜɢɫɚɧ ʁɟ ɮɚɤɬɨɪ ɪɢɡɢɤɚ ɡɚ ɝɨɪɢ ɢɫɯɨɞ, ɱɚɤ 
ɝɨɪɢ ɢ ɨɞ T4b, ɩɚ ʁɟ ɪɚɡɥɢɤɨɜɚʃɟ Ɍ3 (CRC-ɚ ɫɚ ɢɧɜɚɡɢʁɨɦ ɦɭɫɤɭɥɚɪɢɫ ɩɪɨɩɪɢje) ɢ 
Ɍ4ɚ ɨɞ ɜɟɥɢɤɟ ɩɪɨɝɧɨɫɬɢɱɤɟ ɢ ɬɟɪɚɩɢʁɫɤɟ ɜɚɠɧɨɫɬɢ. Ɂɧɚɱɚʁɚɧ ɛɪɨʁ ɫɥɭɱɚʁɟɜɚ ɨɫɬɚʁɟ 
ɧɟɞɢʁɚɝɧɨɫɬɢɤɨɜɚɧ, ɩɨɫɟɛɧɨ ɫɥɭɱɚʁɟɜɢ ɞɭɛɨɤɢɯ Ɍ3 ɤɚɪɰɢɧɨɦɚ. 
 

 
 

ɋɥɢɤɚ 5. ɋɟɪɨɡɧɚ ɢɧɜɚɡɢʁɚ – ɝɪɭɩɚ ɬɭɦɨɪɫɤɢɯ ʄɟɥɢʁɚ ɢ ɦɭɰɢɧ ɩɪɢɫɭɬɧɢ ɫɭ ɧɚ 
ɩɨɜɪɲɢɧɢ ɫɟɪɨɡɟ. 
 

Ɉɛʁɚɜʂɟɧɟ ɫɭ ɪɚɡɥɢɱɢɬɟ ɫɬɭɞɢʁɟ ɭ ɜɟɡɢ ɫɚ ɢɡɜɟɲɬɚɜɚʃɟɦ ɨ ɫɟɪɨɡɧɨʁ ɢɧɜɚɡɢʁɢ 
(23, 24). ɉɚɠʂɢɜɨ ɭɡɨɪɤɨɜɚʃɟ ɨɞ ɜɟɥɢɤɟ ʁɟ ɜɚɠɧɨɫɬɢ. Ɋɟɡɭɥɬɚɬɢ ɢɡ ɒɟɩɟɪɞɨɜɟ 
(Shepherd NA) ɝɪɭɩɟ (25) ɫɭɝɟɪɢɲɭ ɧɚ ɬɨ ɞɚ ʁɟ ɩɟɪɢɬɨɧɟɚɥɧɨ ɭɤʂɭɱɢɜɚʃɟ ɩɚɪɚɦɟɬɚɪ 
ɫɚ ɧɚʁʁɚɱɢɦ ɧɟɡɚɜɢɫɧɢɦ ɩɪɨɝɧɨɫɬɢɱɤɢɦ ɡɧɚɱɚʁɟɦ ɢ ɱɚɤ ʁɟ ɦɨʄɧɢʁɢ ɨɞ ɨɛɢɦɚ 
ɥɨɤɚɥɧɨɝ ɲɢɪɟʃɚ ɢɥɢ ɡɚɯɜɚʄɟɧɨɫɬɢ ɥɢɦɮɧɢɯ ɱɜɨɪɨɜɚ. ɋɦɚɬɪɚ ɫɟ ɞɚ ʁɟ ɡɚɯɜɚʄɟɧɨɫɬ 
ɫɟɪɨɡɟ ɧɟɞɨɜɨʂɧɨ ɞɢʁɚɝɧɨɫɬɢɤɨɜɚɧɚ, ɭ ɞɨ 20% ɫɥɭɱɚʁɟɜɚ Ɍ3 CRC-ɚ, ɜɟɪɨɜɚɬɧɨ ɡɛɨɝ 
ɧɟɚɞɟɤɜɚɬɧɨɝ ɭɡɨɪɤɨɜɚʃɚ ɢ ɫɬɨɝɚ ɧɟ ɩɪɟɩɨɡɧɚʁɟ ɩɟɧɟɬɪɚɰɢʁɭ ɫɟɪɨɡɟ. ȼɢɲɟɫɬɟɩɟɧɫɤɨ 
ɪɟɡɚʃɟ ɬɤɢɜɚ ɤɚɨ ɢ  ɞɟɬɚʂɧɢʁɟ ɢ ɨɛɢɦɧɢʁɟ ɭɡɨɪɤɨɜɚʃɚ ɦɨɝɭ ɛɢɬɢ ɨɞ ɩɨɦɨʄɢ ɭ ɧɟɤɢɦ 
ɫɥɭɱɚʁɟɜɢɦɚ. ɏɢɫɬɨɥɨɲɤɢ ɩɚɪɚɦɟɬɪɢ ɡɚ ɢɞɟɧɬɢɮɢɤɚɰɢʁɭ ɨɜɢɯ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɢɫɭ 
ɭɜɟɤ ɩɨɬɩɭɧɨ ʁɚɫɧɢ, ɚ ɨɞɫɭɫɬɜɨ ɫɬɚɧɞɚɪɞɧɢɯ ɫɦɟɪɧɢɰɚ ɡɚ ɩɪɨɰɟɧɭ ɩɟɪɢɬɨɧɟɚɥɧɨɝ 
ɡɚɯɜɚɬɚʃɚ ɜɟɪɨɜɚɬɧɨ ɞɨɩɪɢɧɨɫɢ ɬɨɦɟ ɞɚ ɫɟ ɬɢ ɫɥɭɱɚʁɟɜɢ ɧɟ ɞɢʁɚɝɧɨɫɬɢɤɭʁɭ. 
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1.6 ȿɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɚɥɧɚ ɬɪɚɧɡɢɰɢʁɚ 

ɂɞɟʁɚ ɞɚ ɟɩɢɬɟɥɧɟ ʄɟɥɢʁɟ ɦɨɝɭ ɫɦɚʃɢɬɢ ɪɟɝɭɥɚɰɢʁɭ ɟɩɢɬɟɥɧɢɯ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɢ ɫɬɟʄɢ ɦɟɡɟɧɯɢɦɫɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɧɚɫɬɚɥɚ ʁɟ ɭ ɩɪoɲɥɨɦ ɜɟɤɭ. ȿɥɢɡɚɛɟɬ ɏɚɢ (Hay 

E.D.) je ɭ ɢɫɬɪɚɠɢɜɚʃɢɦɚ (26) ɨɩɢɫɚɥɚ ɩɪɨɦɟɧɟ ɨɞ ɟɩɢɬɟɥɧɨɝ ɞɨ ɦɟɡɟɧɯɢɦɫɤɨɝ 
ɮɟɧɨɬɢɩɚ ɭ ɩɪɢɦɢɬɢɜɧɨɦ ɧɢɡɭ ɩɢɥɟʄɢɯ ɟɦɛɪɢɨɧɚ. ɍ ɩɨɱɟɬɤɭ ɨɩɢɫɚɧ ɤɚɨ „ɟɩɢɬɟɥɧɚ 
ɞɨ ɦɟɡɟɧɯɢɦɚɥɧɚ ɬɪɚɧɫɮɨɪɦɚɰɢʁɚ“, ɨɜɚʁ ɩɪɨɰɟɫ ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɟ ɫɚɞɚ je ɨɩɲɬɟ 
ɩɨɡɧɚɬ ɤɚɨ ɟɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɚɥɧɚ ɬɪɚɧɡɢɰɢʁɚ (EMT) (27). EMT ɨɛɢɱɧɨ ɫɟ ɨɩɚɠɚ 
ɬɨɤɨɦ ɟɦɛɪɢɨɝɟɧɟɡɟ, ɪɟɝɟɧɟɪɚɰɢʁɟ ɢ ɡɚɪɚɫɬɚʃɚ ɪɚɧɚ, ɚɥɢ ʁɟ ʃɟɧɚ ɩɨɬɟɧɰɢʁɚɥɧɚ ɭɥɨɝɚ 
ɭ ɤɚɪɰɢɧɨɝɟɧɟɡɢ ɢɡɚɡɜɚɥɚ ɜɟɥɢɤɨ ɢɧɬɟɪɟɫɨɜɚʃɟ. 

Ʉʂɭɱɧɢ ɞɨɝɚђɚʁɢ ɭ ȿɆɌ-ɭ ɫɭ ɪɚɫɬɜɚɪɚʃɟ ɦɟђɭɫɨɛɧɢɯ ɜeɡɚ ɟɩɢɬɟɥɧɢɯ ʄɟɥɢʁɚ, 

ɝɭɛɢɬɚɤ ɚɩɢɤɚɥɧɨ-ɛɚɡɚɥɧɨɝ ɩɨɥɚɪɢɬɟɬɚ ɢ ɫɬɢɰɚʃɟ ɩɨɥɚɪɢɬɟɬɚ ɧɚɩɪɟɞ-ɧɚɡɚɞ, 

ɪɟɨɪɝɚɧɢɡɚɰɢʁɚ ɰɢɬɨɫɤɟɥɟɬɧɟ ɚɪɯɢɬɟɤɬɭɪɟ ɢ ɩɪɨɦɟɧɟ ɭ ɨɛɥɢɤɭ ʄɟɥɢʁɚ, cɦɚʃɟɧa 
ɪɟɝɭɥɚɰɢʁɚ ɡaɩɢɫɚ ɟɤɫɩɪɟɫɢʁɟ ɟɩɢɬɟɥɧɨɝ ɝɟɧɚ ɢ ɚɤɬɢɜɚɰɢʁɚ ɝɟɧɚ ɤɨʁɢ ɩɨɦɚɠɭ ɭ 
ɞɟɮɢɧɢɫɚʃɭ ɦɟɡɟɧɯɢɦɚɥɧɨɝ ɮɟɧɨɬɢɩɚ, ɩɨɜɟʄɚɧɟ ʄɟɥɢʁɫɤɟ ɢɡɛɨɱɢɧɟ ɢ 
ɩɨɤɪɟɬʂɢɜɨɫɬɢ ɢ, ɭ ɦɧɨɝɢɦ ɫɥɭɱɚʁɟɜɢɦɚ, ɫɩɨɫɨɛɧɨɫɬ ɞɟɝɪɚɞɚɰɢʁɟ ɩɪɨɬɟɢɧɚ 
ɜɚɧʄɟɥɢʁɫɤɨɝ ɦɚɬɪɢɤɫɚ (ȿCM), ɤɚɤɨ ɛɢ ɫɟ ɨɦɨɝɭʄɢɥɨ ɢɧɜɚɡɢɜɧɨ ɩɨɧɚɲɚʃɟ (28 – 30). 

Ɍɭɦɨɪɫɤɟ ʄɟɥɢʁɟ ɤɨʁɟ ɩɪɨɥɚɡɟ ɤɪɨɡ EMT ɩɨɜɟɡɚɧɟ ɫɭ ɫɚ ɫɬɜɚɪɚʃɟɦ tumour 

budding ɩɪɨɰɟɫɚ (ɬɭɦɨɪɫɤɨ ɩɭɩʂɟʃɟ) ɢ ɦɢɤɪɨɦɟɬɚɫɬɚɡɚɦɚ. Bɟɪɭʁɟ ɫɟ ɞɚ ʄɟ CRC 

ɩɨɜɟɡɚɧ ɫɚ EMT-ɨɦ ɜɟɪɨɜɚɬɧɨ ɢɦɚɬɢ ɥɨɲɭ ɩɪɨɝɧɨɡɭ. 

Ʉɚɤɨ ȿMTɭ ɤɚɪɰɢɧɨɦɢɦɚ ɭɝɥɚɜɧɨɦ ɧɢʁɟ ɩɨɬɩɭɧɚ, ɬɭɦɨɪɫɤɟ ʄɟɥɢʁɟ ɤɨʁɟ ɩɪɨɥɚɡɟ 
ɤɪɨɡ ɬɪɚɧɡɢɰɢʁɭ ɢ ɞɨɛɢʁɚʁɭ ɦɟɡɟɧɯɢɦɚɥɧɢ ɮɟɧɨɬɢɩ ɢɦɚʁɭ ɩɨɬɟɧɰɢʁɚɥ ɯɢɛɪɢɞɧɢɯ 
ʄɟɥɢʁɚ; oɜɚ ʁɟɞɢɧɫɬɜɟɧɨɫɬ ɨɦɨɝɭʄɚɜɚ ɬɭɦɨɪɫɤɢɦ ʄɟɥɢʁɚɦɚ ɞɚ ɩɨɜɪɚɬɟ ɫɜɨʁ ɟɩɢɬɟɥɧɢ 
ɮɟɧɨɬɢɩ ɧɚ ɦɟɫɬɭ ɦɟɬɚɫɬɚɡɢɪɚʃɚ, ɪɟɜɟɪɡɢɛɢɥɧɨɝ ɩɪɨɰɟɫɚ, ɤɨʁɢ ɫɟ ɧɚɡɢɜɚ 
ɦɟɡɟɧɯɢɦɚɥɧɨ-ɟɩɢɬɟɥɧɚ ɬɪɚɧɡɢɰɢʁɚ (MET). ɋɜɢ ɨɜɢ peɡɭɥɬaɬɢ ɨɩɢɫɚɧɢ ɫɭ in vitro, ɫ 
ɨɛɡɢɪɨɦ ɞɚ ɢɯ ɧɢʁɟ ɥɚɤɨ ɩɪɟɩɨɡɧɚɬɢ in vivo. 

Ɂɚ EMT ɡɧɚɱɚʁɧɚ ʁɟ ɫɦɚʃɟɧɚ ɪɟɝɭɥɚɰɢʁɚ ɦɟɦɛɪɚɧɫɤɨɝ ȿ-ɤɚɞɯɟɪɢɧɚ, ʄɟɥɢʁɫɤɨɝ 
ɚɞɯɟɡɢɨɧɨɝ ɩɪɨɬɟɢɧɚ, ɤɨʁɢ ʁɟ ɪɟɝɭɥɢɫɚɧ ɪɚɡɥɢɱɢɬɢɦ ɮɚɤɬɨɪɢɦɚ ɬɪɚɧɫɤɪɢɩɰɢʁɟ. ȿ-

ɤɚɞɯɟɪɢɧ ɧɚɥɚɡɢ ɫɟ ɧɚ ɥɚɬɟɪɚɥɧɨʁ ɛɚɡɚɥɧɨʁ ɦɟɦɛɪɚɧɢ ɧɚ ɚɞɯɟɪɟɧɬɧɨɦ ɫɩɨʁɭ, ɤɨʁɢ 
ɞɟɮɢɧɢɲɟ ɚɩɢɤɨ-ɛɚɡɚɥɧɢ ɩɨɥɚɪɢɬɟɬ, ɤɨʁɢ ɩɨɜɟɡɭʁɟ ɫɭɫɟɞɧɟ ɟɩɢɬɟɥɧɟ ʄɟɥɢʁɟ 
ɯɨɦɨɬɪɨɩɧɢɦ ɢɧɬɟɪɚɤɰɢʁɚɦɚ ɡɚɜɢɫɧɢɦ ɨɞ ɤɚɥɰɢʁɭɦɚ, ɧɚ ʃɢɯɨɜɢɦ 
ɟɤɫɬɪɚɰɟɥɭɥɚɪɧɢɦ ɤɪɚʁɟɜɢɦɚ (31). ɋɦɚʃɟʃɟ ɪɟɝɭɥɚɰɢʁɟ ɦɨɠɟ ɛɢɬɢ ɩɨɞɫɬɚɤɧɭɬɨ ɨɞ 
ɫɬɪɚɧɟ ɧɟɤɨɥɢɤɨ ɮɚɤɬɨɪɚ. ZEB1, ZEB2 ɢ SNAIL ɝɟɧɢ ɱɥɚɧɨɜɢ ɫɭ ɪɟɩɪɟɫɨɪɚ ȿ-

ɤɚɞɯɟɪɢɧɚ, ɤɨʁɢ ɦɨɝɭ ɞɢɪɟɤɬɧɨ ɩɨɬɢɫɧɭɬɢ ɝɟɧ ɬɪɚɧɫɤɪɢɩɰɢʁɟ ȿ-ɤɚɞɯɟɪɢɧɚ ɢɥɢ ɬɨ 
ɦɨɝɭ ɭɪɚɞɢɬɢ ɢɧɞɢɪɟɤɬɧɨ, ɤɚɨ ɧɩɪ. TWIST ɢ FoxC2 ɝɟɧɢ (32, 33). 

Tɚɤɨђɟ, ɫɭɝɟɪɢɫɚɧɨ ʁɟ ɬɨ ɞɚ ɦɢɤɪɨ RNK (miRNK), ɦɚɥɟ ɧɟɤɨɞɢɪɚʁɭʄɟ RNK, 

ɩɨɫɟɛɧɨ ɩɨɪɨɞɢɰɚ miR-200, ɢɝɪɚʁɭ ɰɟɧɬɪɚɥɧɭ ɭɥɨɝɭ ɭ ɪɟɝɭɥɚɰɢʁɢ ȿɆɌ ɩɪɨɰɟɫɚ 
ɬɨɤɨɦ ɩɪɨɝɪɟɫɢʁɟ ɤɚɪɰɢɧɨɦɚ ɢ ɦɟɬɚɫɬɚɡɚ, ɭɬɢɱɭʄɢ ɧɚ ɨɜɟ ɪɟɩɪɟɫɨɪɟ (33 – 35). 
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1.7 ɏɟɬɟɪɨɝɟɧɨɫɬ ɬɭɦɨɪɚ 

ɏɟɬɟɪɨɝɟɧɨɫɬ ɬɭɦɨɪɚ ʁɟ ɮɟɧɨɦɟɧ ɪɚɡɥɢɱɢɬ ɤɨɞ ɫɜɚɤɨɝ ɩɚɰɢʁɟɧɬɚ ɢ ɭɫɤɨ ʁɟ 
ɩɨɜɟɡɚɧ ɫɚ ɩɪɨɝɧɨɡɨɦ ɢ ɩɪɨɝɪɟɫɢʁɨɦ ɪɚɤɚ, ɪɟɡɢɫɬɟɧɰɢʁɨɦ ɧɚ ɬɟɪɚɩɢʁɭ ɢ ɪɟɰɢɞɢɜɢɦɚ. 
ɏɟɬɟɪɨɝɟɧɨɫɬ ɦɨɠɟ ɛɢɬɢ ɢɧɬɟɪɬɭɦɨɪɫɤɚ ɢ ɢɧɬɪɚɬɭɦɨɪcɤɚ, ɤojɟ ɫɭ ɨɞ ɜɟɥɢɤɟ 

ɜɚɠɧɨɫɬɢ, ʁɟɪ ɬɭɦɨɪɢ ɦɨɝɭ ɢɦɚɬɢ ɪɚɡɥɢɱɢɬɟ ɧɢɜɨɟ ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɟ, ɤɚɨ ɢ 
ɪɚɡɥɢɱɢɬɟ ɦɨɪɮɨɥɨɲɤɟ ɨɛɪɚɫɰɟ, ɩɪɢɫɭɬɧɟ ɭ ɢɫɬɨɦ ɬɭɦɨɪɭ (ɧɩɪ. ɰɟɧɬɪɚɥɧɢ ɞɟɨ ɢ 
ɢɧɜɚɡɢɜɧɢ ɮɪɨɧɬ). ɉɚɪɚɥɟɥɧɨ ɫɚ ɦɨɪɮɨɥɨɲɤɢɦ ɪɚɡɥɢɤɚɦɚ, ɞɨɛɪɨ ʁɟ ɩɨɡɧɚɬɨ ɞɚ 
ɪɚɡɥɢɱɢɬɚ ɩɨɞɪɭɱʁɚ ɢɫɬɨɝ ɬɭɦɨɪɚ ɦɨɝɭ ɢɦɚɬɢ ɪɚɡɥɢɱɢɬɟ ɨɛɪɚɫɰɟ ɟɤɫɩɪɟɫɢʁɟ ɝɟɧɚ, 

ɤɨʁɚ ɫɟ ɬɚɤɨђɟ ɧɚɡɢɜɚ ɢ ɦɨɥɟɤɭɥɚɪɧɚ ɯɟɬɟɪɨɝɟɧɨɫɬ (ɧɩɪ. ɰɟɧɬɪɚɥɧɢ ɞɟɨ ɬɭɦɨɪɚ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɩɟɪɢɮɟɪɧɢɦ ɞɟɥɨɦ, ɱɜɪɫɬɚ ɩɨɞɪɭɱʁɚ ɭɩɨɪɟђɟɧɚ ɫɚ ɞɪɭɝɢɦ 

ɩɨɞɪɭɱɢʁɢɦɚ) (36). 

Ɇɨɥɟɤɭɥɚɪɧɚ ɢɧɬɪɚɬɭɦɨɪɫɤɚ ɯɟɬɟɪɨɝɟɧɨɫɬ (ITH) ɦɨɠɟ ɫɟ ɩɨɞɟɥɢɬɢ ɧɚ ɤɥɨɧɫɤɭ 
ɢ ɧɟɤɥɨɧɫɤɭ. Ʉɥɨɧɫɤɭ ITH ɤɚɪɚɤɬɟɪɢɲɟ ɩɪɟɧɨɫ ɧɚ ʄɟɪɤɭ ʄɟɥɢʁɭ ɢ ɩɨɜɟɡɚɧɚ ʁɟ ɫɚ 

ɪɚɡɥɢɱɢɬɢɦ ɜɪɫɬɚɦɚ ɝɟɧɨɦɫɤɟ ɧɟɫɬɚɛɢɥɧɨɫɬɢ, ɤɨʁɚ ɬɚɤɨђɟ ɭɬɢɱɟ ɧɚ ɚɝɪɟɫɢɜɧɨɫɬ ɢ 
ɬɪɟɬɦɚɧ ɬɭɦɨɪɚ. ɇɟɤɥɨɧɚɥɧɚ ITH ʁɟ ɮɭɧɤɰɢɨɧɚɥɧɚ ɢ ɩɨɜɟɡɚɧɚ ʁɟ ɫɚ 
ɦɢɤɪɨɨɤɪɭɠɟʃɟɦ. ɉɪɟɦɚ ɥɢɬɟɪɚɬɭɪɢ, ɦɢɤɪɨɨɤɪɭɠɟʃɟ ɭɬɢɱɟ ɧɚ ʄɟɥɢʁɫɤɢ ɮɟɧɨɬɢɩ 
ɭ ɛɢɥɨ ɤɨʁɨʁ ɜɪɫɬɢ ɤɥɨɧɨɜɚ; ɢɧɬɟɪɚɤɰɢʁɚ ɦɨɠɟ ɜɚɪɢɪɚɬɢ ɨɞ ɩɨɞɪɭɱʁɚ ɞɨ ɩɨɞɪɭɱʁɚ 
ɩɪɢɦɚɪɧɨɝ ɬɭɦɨɪɚ. ɇɟ ɫɚɦɨ ɞɚ ɫɟ ɬɭɦɨɪɫɤɟ ʄɟɥɢʁɟ ɦɨɝɭ ɪɚɡɥɢɤɨɜɚɬɢ, ɜɟʄ ɢ ɫɬɪɨɦɚ 
ɬɭɦɨɪɚ ɦɨɠɟ ɛɢɬɢ ɯɟɬɟɪɨɝɟɧɚ ɢ ɦɨɠɟ ɭɬɢɰɚɬɢ ɧɚ ɮɟɧɨɬɢɩ ɬɭɦɨɪɚ (37, 38). Ɉɜɟ 
ɫɥɨɠɟɧɟ ɢɧɬɟɪɚɤɰɢʁɟ ɩɨɡɧɚɬɟ ɫɭ ɤɚɨ ɮɭɧɤɰɢɨɧɚɥɧɚ ɮɟɧɨɬɢɩɫɤɚ ɩɥɚɫɬɢɱɧɨɫɬ (ɧɩɪ. 
EMT ɢɥɢ ɤɚɨ ɦɚɬɢɱɧɨɫɬ ʄɟɥɢʁɚ ɪɚɤɚ) (39). ɂ ɤɥɨɧɫɤɚ ɢ ɧɟɤɥɨɧɫɤɚ ɦɨɥɟɤɭɥɚɪɧɚ 
ɯɟɬɟɪɨɝɟɧɨɫɬ ɛɥɢɫɤɨ ɫɭ ɩɨɜɟɡɚɧɟ ɢ ɭɬɢɱɭ ʁɟɞɧɚ ɧɚ ɞɪɭɝɭ (36). 

Ʉɚɤɨ ʁɟ ITH ɚɧɚɥɢɡɚ ɤʂɭɱɧa ɡɚ ɟɮɢɤɚɫɧɢʁɟ ɬɪɟɬɦɚɧɟ, ɫɩɟɰɢɮɢɱɧɨ, 
ɫɬɚɧɞɚɪɞɢɡɨɜɚɧɨ ɭɡɨɪɤɨɜɚʃɟ ɦɨɝɥɨ ɛɢ ɩɨɛɨʂɲɚɬɢ ɩɨɧɨɜʂɢɜɨɫɬ ɦɨɥɟɤɭɥɚɪɧɟ 
ɚɧɚɥɢɡɟ, ɛɭɞɭʄɢ ɞɚ ʁɟ ɞɨɤɚɡɚɧɚ ɜɟɡɚ ɢɡɦɟђɭ ɯɢɫɬɨɥɨɲɤɢɯ ɨɛɪɚɡɚɰɚ ɢ ɦɨɥɟɤɭɥɚɪɧɢɯ 
ɩɪɨɦɟɧɚ. 

2 ɦɢɤɪɨ-RNK 

2.1 Ƚɟɧɨɦɫɤɚ ɨɪɝɚɧɢɡɚɰɢʁɚ 

 

Ɇɢɤɪɨ-RNK (miRNK) ɫɭ ɝɟɧɨɦ ɤɨɞɢɪɚɧɟ ɦɚɥɟ (~ 20 nt – 22 nt), ʁɟɞɧɨɥɚɧɱɚɧɟ 
ɧɟɤɨɞɢɪɚʁɭʄɟ RNK, ɢɡɜɟɞɟɧɟ ɛɢɥɨ ɢɡ ɦɟђɭɝɟɧɢɱɧɢɯ ɪɟɝɢɨɧɚ, ɛɢɥɨ ɢɡ ɫɟɤɜɟɧɰɢ 
ɟɝɡɨɧɚ ɧɟɤɨɞɢɪɚɧɢɯ ɬɪɚɧɫɤɪɢɩɰɢɨɧɢɯ ʁɟɞɢɧɢɰɚ; ɞɨ 60% ɩɨɡɧɚɬɢɯ miRNK ɫɭ ɢɡ 
ɢɧɬɪɨɧɫɤɢɯ ɫɟɤɜɟɧɰɢ, ɤɨɞɢɪɚʁɭʄɢɯ ɩɪɨɬɟɢɧɚ ɢɥɢ ɧɟɤɨɞɢɪɚʁɭʄɢɯ ɬɪɚɧɫɤɪɢɩɰɢɨɧɢɯ 
ʁɟɞɢɧɢɰɚ. Ɉɧɢ ɫɭ ɤɨɞɢɪɚɧɢ ɤɚɨ ʁɟɞɚɧ ɝɟɧ ɢɥɢ ɝɟɧɫɤɟ ɝɪɭɩɟ. ɇɟɤɢ ɨɞ ɤɥɚɫɬɟɪɚ miRNK 

ɫɭ ɤɨɪɟɝɭɥɢɫɚɧɢ ɢ ɤɨɬɪɚɧɫɤɪɢɛɨɜɚɧɢ. ɉɪɟɬɩɨɫɬɚɜʂɟɧɨ ʁɟ ɞɚ miRNK ɱɢɧɟ ɜɢɲɟ ɨɞ 
3% ʂɭɞɫɤɢɯ ɝɟɧɚ (40). ɂɧɬɟɪɝɟɧɫɤɟ miRNK ɬɪɚɧɫɤɪɢɛɭʁɭ ɫɟ ɤɚɨ ɧɟɡɚɜɢɫɧɚ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɚ ʁɟɞɢɧɢɰɚ, ɤɚɨ ɦɨɧɨɰɢɫɬɪɨɧɫɤɢ, ɛɢɤɢɫɬɪɨɧɫɤɢ ɢɥɢ 
ɩɨɥɢɤɢɫɬɪɨɧɫɤɢ ɩɪɢɦɚɪɧɢ ɬɪɚɧɫɤɪɢɩɬ (40). ɂɧɬɪɨɧɫɤɚ miRNK ɩɪɟɮɟɪɟɧɰɢʁɚɥɧɨ ɫɟ 
ɬɪɚɧɫɤɪɢɛɭʁɟ ɭ ɢɫɬɨʁ ɨɪɢʁɟɧɬɚɰɢʁɢ ɤɚɨ ɢ ɝɟɧ ɞɨɦɚʄɢɧɚ, ɛɭɞɭʄɢ ɞɚ ɫɟ ɜɟɪɨɜɚɬɧɨ ɧɟ 
ɬɪɚɧɫɤɪɢɛɭʁɟ ɢɡ ɫɨɩɫɬɜɟɧɢɯ ɩɪɨɦɨɬɟɪɚ. 
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Ɉɧɢ ɫɟ ɨɛɪɚђɭʁɭ ɢɡ ɢɧɬɪɨɧɚ, ɤɚɨ ɢ ɦɧɨɝɢ miRNK. ɂɧɬɪɨɧɫɤɟ miRNK ɢ ʃɢɯɨɜɢ 
ɬɪɚɧɫɤɪɢɩɬɢ ɞɨɦɚʄɢɧɚ ɡɚʁɟɞɧɨ ɫɭ ɪɟɝɭɥɢɫɚɧɢ ɢ ɤɨɬɪɚɧɫɤɪɢɛɨɜɚɧɢ ɨɞ ɫɬɪɚɧɟ ɢɫɬɨɝ 
ɩɪɨɦɨɬɟɪɚ (41). ɍɧɭɬɚɪ ɝɟɧɨɦɚ, ɦɨɠɟ ɩɨɫɬɨʁɚɬɢ ɜɢɲɟ ɨɞ ʁɟɞɧɟ ɤɨɩɢʁɟ ɨɞɪɟђɟɧɢɯ 
miRNK. ɋɭɝɟɪɢɫɚɧɨ ʁɟ ɬɨ ɞɚ ɫɭ ɧɟɤɟ miRNK ɬɚɤɨђɟ ɤɨɞɢɪɚɧɟ ɭ ɚɧɬɢɫɟɧɫ DNK, ɤɨʁɚ 
ɫɟ ɧɟ ɬɪɚɧɫɤɪɢɛɭʁɟ ɭ miRNK (42). 

 

2.2 Ȼɢɨɝɟɧɟɡɚ ɦɢɤɪɨ-RNK 

 

Ɋɟɝɭɥɚɰɢʁɚ ɟɤɫɩɪɟɫɢʁɟ miRNK ɡɚɜɢɫɢ ɨɞ ɬɪɚɧɫɤɪɢɩɰɢɨɧɢɯ ɮɚɤɬɨɪɚ ɢ 
ɟɩɢɝɟɧɟɬɫɤɢɯ ɦɟɯɚɧɢɡɚɦɚ. Ɍɨɤɨɦ ɫɚɡɪɟɜɚʃɚ, miRNK ɩɪɨɥɚɡɟ ɤɪɨɡ ɨɩɫɟɠɧɟ 
ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɟ ɦɨɞɢɮɢɤɚɰɢʁɟ. Ƚɟɧɢ ɤɨʁɢ ɤɨɞɢɪɚʁɭ miRNK ɬɪɚɧɫɤɪɢɛɭʁɭ ɫɟ ɫɚ 
RNK ɩɨɥɢɦɟɪɚɡɨɦ II ɢɥɢ RNK ɩɨɥɢɦɟɪɚɡɨɦ III (Pol II or Pol III) ɭ ɞɭɝɚɱɤɢ ɩɪɢɦɚɪɧɢ 
ɬɪɚɧɫɤɪɢɩɬ (200 nt ɞɨ ɧɟɤɨɥɢɤɨ kb), ɧɚɡɜɚɧ ɩɪe-miRNK. Ⱦɨɛɢʁɟɧɚ ɩɪe-miRNK (ɤɨʁɚ 
ɫɚɞɪɠɢ ɪɟɩ ɩɨɥɢ-Ⱥ ɢ 7-ɦɟɬɢɥɝɭɚɧɨɡɢɧ ɤɚɩɭ) ɨɛɪɚђɭʁɟ ɫɟ ɭ ʁɟɡɝɪɭ ɩɨɦɨʄɭ drosha 

ɟɧɡɢɦɚ (ɟɧɡɢɦ ɪɢɛɨɧɭɤɥɟɚɡɟ III).  Ⱦɨɛɢʁɟɧɚ ɫɬɪɭɤɬɭɪɚ ɨɞ 70 nt ɦɚɬɢɱɧɟ ɩɟɬʂɟ, ɤɨʁɚ 
ɫɟ ɧɚɡɢɜɚ ɩɪɟ-miRNK, ɭɜɨɡɢ ɫɟ ɭ ɰɢɬɨɩɥɚɡɦɭ ɩɨɦɨʄɭ ɬɪɚɧɫɩɨɪɬɧɨɝ ɩɪɨɬɟɢɧɚ, 
ɟɤɩɨɪɬɢɧɚ 5. 

ɇɚɤɨɧ ɯɢɞɪɨɥɢɡɟ GTP-ɚ, ɭɡ ɩɨɫɥɟɞɢɱɧɨ ɨɫɥɨɛɚђɚʃɟ ɩɪɟ-miRNK, ɞɜɨɥɚɧɱɚɧɢ 
ɞɟɨ RNK ɩɪɟ-miRNK ɜɟɡɭʁɟ ɫɟ ɢ ɰɟɩɚ ɩɨɦɨʄɭ dicer ɟɧɡɢɦɚ (ɟɧɡɢɦ ɪɢɛɨɧɭɤɥɟɚɡɟ III). 
Ⱦɟɥɨɜɚʃɟ ɨɜɢɯ ɩɪɨɬɟɢɧɚ ɭɤɥɚʃɚ ɬɟɪɦɢɧɚɥɧɭ ɩɟɬʂɭ ɢ ɩɪɨɢɡɜɨɞɢ miRNK: miRNK* 

ɞɭɩɥɟɤɫ, ɤɨʁɢ ʁɟ ɩɪɨɥɚɡɧɢ ɢɧɬɟɪɦɟɞɢʁɟɪ ɭ ɛɢɨɝɟɧɟɡɢ miRNK (20 nt – 25 nt). ȳɟɞɚɧ ɨɞ 
ɞɜɚ ɥɚɧɰɚ ɫɜɚɤɨɝ ɮɪɚɝɦɟɧɬɚ ʁɟ, ɡɚʁɟɞɧɨ ɫɚ ɩɪɨɬɟɢɧɢɦɚ ɚɪɝɨɧɚɭɬɟ (Ago 1 – 4), 

ɯɟɥɢɤɚɡɚɦɚ, ɧɭɤɥɟɚɡɚɦɚ ɢ ɩɪɨɬɟɢɧɢɦɚ ɤɨʁɢ ɜɟɡɭʁɭ RNK, ɢɧɤɨɪɩɨɪɢɪɚɧ ɭ ɤɨɦɩɥɟɤɫ 
ɤɨʁɢ ɫɟ ɡɨɜɟ ɤɨɦɩɥɟɤɫ ɪɢɛɨɧɭɤɥɟɨɩɪɨɬɟɢɧɚ, ɤɨʁɢ ɫɚɞɪɠɢ miRNK (miRNP).  Ⱦɨɛɢʁɟɧ 

ʁɟ ɤɨɦɩɥɟɤɫɧɢ ɩɚɪ ɛɚɡɚ ɫɚ ɤɨɦɩɥɟɦɟɧɬɚɪɧɢɦ ɫɟɤɜɟɧɰɚɦɚ miRNK. Ⱦɪɭɝɢ ɥɚɧɚɰ, 
miRNK*ɜɟɪɨɜɚɬɧɨ ʁɟ ɞɟɝɪɚɞɢɪɚɧ, ɦɚɞɚ ɩɨɫɬɨʁɢ ɫɜɟ ɜɢɲɟ ɞɨɤɚɡɚ ɨ ɬɨɦɟ ɞɚ ʁɟɞɚɧ 
ɥɚɧɚɰ ɢɥɢ ɨɛɚ ɥɚɧɰɚ ɦɨɝɭ ɛɢɬɢ ɮɭɧɤɰɢɨɧɚɥɧɢ (40, 42 – 44). ɂɧɬɪɨɧɫɤɟ miRNK 

ɡɚɨɛɢɥɚɡɟ drosha ɰɟɩɚʃɟ ɢ ɨɫɥɚʃɚʁɭ ɫɟ ɧɚ ɞɟʁɫɬɜɨ ɦɚɲɢɧɚ ɡɚ ɫɩɚʁɚʃɟ/ɭɤɥɚʃɚʃɟ 
ɝɪɚɧɚ ɩɪɟ-miRNK ɞɚ ɛɢ ɩɪɨɢɡɜɟɥɟ ɩɪɢɛɥɢɠɧɨ 60 nt ɩɪɟɤɢɞɧɟ miRNK ɭɤɨɫɧɢɰɟ 
(engl. hairpin) (ɩɪɟ-miRNK) (41). ɇɟɞɚɜɧɨ ɫɭ ɨɩɢɫɚɧɢ ɛɪɨʁɧɢ ɚɥɬɟɪɧɚɬɢɜɧɢ ɩɭɬɟɜɢ, 

ɤɨʁɢ ɫɟ ɪɚɡɥɢɤɭʁɭ ɨɞ ɤɚɧɨɧɫɤɢɯ ɩɭɬɟɜɚ ɛɢɨɝɟɧɟɡɟ miRNK, ɚ ɩɨɞɫɤɭɩ ɧɟɤɨɥɢɤɨ 
ɪɚɡɥɢɱɢɬɢɯ ɞɭɠɢɯ ɧɟɤɨɞɢɪɚʁɭʄɢɯ RNK ɦɨɠɟ ɩɨɫɥɭɠɢɬɢ ɤɚɨ ɩɪɟɤɭɪɫɨɪ miRNK (45, 

46). Ȼɢɨɝɟɧɟɡɚ miRNK ɩɪɢɤɚɡɚɧɚ ʁɟ ɧɚ ɫɥɢɰɢ 6. 
 

2.3 Ɇɟɯɚɧɢɡɚɦ ɦɢɤɪɨ-RNK 

Ɏɭɧɤɰɢɨɧɚɥɧɚ ɭɥɨɝɚ miRNK ɜɚɪɢɪɚ, ɚɥɢ ɜɟɪɭʁɟ ɫɟ ɞɚ ʁɟ ɩɪɢɦɚɪɧɢ ɦɟɯɚɧɢɡɚɦ 
ɞɟɥɨɜɚʃɚ miRNK ɤɨɞ ɫɢɫɚɪɚ ɢɧɯɢɛɢɰɢʁɚ ɬɪɚɧɫɥɚɰɢʁɟ miRNK ɭɩɚɪɢɜɚʃɟɦ ɛɚɡɟ ɫɚ 
3'-UTR (untranslated regions)  ɰɢʂɧɟ miRNK. Ʉɚɬɚɥɢɬɢɱɤɟ ɤɨɦɩɨɧɟɧɬɟ ɤɨɦɩɥɟɤɫɚ 
miRNP ɫɭ ɩɪɨɬɟɢɧɢ ɚɝɨ. ɇɚɤɨɧ ɭɩɚɪɢɜɚʃɚ ɛɚɡɟ ɢɡɦɟђɭ miRNK ɢ ɰɢʂɚɧɟ miRNK, 
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ɞɨɥɚɡɢ ɞɨ ɞɟɝɪɚɞɚɰɢʁɟ ɰɢʂɧɟ miRNK (ɫɚɜɪɲɟɧo, ɤɨɦɩɥɟɦɟɧɬɚɪɧo, ɜɟɡɢɜɚʃɟ 
miRNK ɡɚ miRNK) ɢɥɢ ɞɨɥɚɡɢ ɞɨ ɫɭɩɪɟɫɢʁɟ ʃɟɧɨɝ ɩɪɟɜɨђɟʃɚ (ɤɚɞɚ ɭɩɚɪɢɜɚʃɟ ɛɚɡɟ 
ɢɡɦɟђɭ ɨɜɚ ɞɜɚ ɦɨɥɟɤɭɥɚ ɧɢʁɟ ɤɨɦɩɥɟɬɧɨ). ɇɚɪɨɱɢɬɨ ɤɨɞ ɠɢɜɨɬɢʃɚ, ɫɜɚɤɚ miRNK 

ɦɨɠɟ ɢɧɯɢɛɢɪɚɬɢ ɬɪɚɧɫɥɚɰɢʁɭ ɦɧɨɝɢɯ ɪɚɡɥɢɱɢɬɢɯ miRNK; ɦɨɝɥɨ ɛɢ ɛɢɬɢ ɱɚɤ 200 
ɩɪɟɞɜɢђɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɩɨ miRNK. Ɉɫɢɦ ɬɨɝɚ, miRNK ɦɨɠɟ ɫɟ ɪɟɝɭɥɢɫɚɬɢ ɫɚ 
ɜɢɲɟ ɨɞ ʁɟɞɧɟ miRNK. ɑɢɧɢ ɫɟ ɞɚ ɤɨɨɩɟɪɚɬɢɜɧɨ ɞɟɥɨɜɚʃɟ ɜɢɲɟ ɢɞɟɧɬɢɱɧɢɯ 
(ɜɢɲɟɫɬɪɭɤɨɫɬ) ɢɥɢ ɪɚɡɥɢɱɢɬɢɯ miRNP (ɤɨɨɩɟɪɚɬɢɜɧɨɫɬ) ɩɪɭɠɚ ɧɚʁɟɮɢɤɚɫɧɢʁɭ 
ɬɪɚɧɫɥɚɰɢɨɧɭ ɢɧɯɢɛɢɰɢʁɭ ɢ ɞɨɞɚɬɧɢ ɦɟɯɚɧɢɡɚɦ ɡɚ ɩɨɜɟʄɚʃɟ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 
miRNK. ȼɟɡɢɜɚʃɟ ɫɚɦɨ ʁɟɞɧɟ miRNK ɨɛɢɱɧɨ ɧɢʁɟ ɞɨɜɨʂɧɨ ɞɚ ɫɟ ɦɟɪʂɢɜɨ ɛɥɨɤɢɪɚ 
ɬɪɚɧɫɥɚɰɢʁɚ; ɤɨɦɛɢɧɚɬɨɪɧɚ ɤɨɧɬɪɨɥɚ ɟɤɫɩɪɟɫɢʁɟ ɝɟɧɚ ɬɚɤɨђɟ ɦɨɠɟ ɛɢɬɢ ɨɛɟɡɛɟђɟɧɚ 
ɫɤɭɩɨɦ ɤɨɨɪɞɢɧɢɫɚɧɨ ɟɤɫɩɪɢɦɢɪɚɧɢɯ miRNK (47). ɉɪɨɬɟɢɧɢ ɢɥɢ ɫɟɤɭɧɞɚɪɧɟ 
ɫɬɪɭɤɬɭɪɟ miRNK ɦɨɝɭ ɨɝɪɚɧɢɱɢɬɢ ɩɪɢɫɬɭɩ miRNP UTR-ɨɜɢɦɚ  ɢɥɢ ɦɨɝɭ ɨɥɚɤɲɚɬɢ 
ɩɪɟɩɨɡɧɚɜɚʃɟ ɚɭɬɟɧɬɢɱɧɢɯ ɦɟɬɚ miRNK (40, 42 – 44). 

 

2.4 Ɋɟɡɭɥɬɚɬɢ ɮɭɧɤɰɢʁɟ ɦɢɤɪɨ-RNK 

 

ȼɟɪɭʁɟ ɫɟ ɞɚ miRNK ɭɝɥɚɜɧɨɦ ɮɭɧɤɰɢɨɧɢɲɭ ɤɚɨ ɬɪɚɧɫɥɚɬɨɪɧɢ ɪɟɩɪɟɫɨɪɢ, ɚ ɭ 
ɧɨɪɦɚɥɧɢɦ ʄɟɥɢʁɫɤɢɦ ɭɫɥɨɜɢɦɚ ɬɨ ɫɟ ɦɨɠɟ ɞɨɝɨɞɢɬɢ ɧɚ ɪɚɡɥɢɱɢɬɟ ɧɚɱɢɧɟ. (I) Ɂɚ 
miRNK, ɤɨʁɟ ɧɟ ɛɢ ɬɪɟɛɚɥɨ ɞɚ ɫɟ ɟɤɫɩɪɢɦɢɪɚʁɭ ɭ ɨɞɪɟђɟɧɨɦ ɬɢɩɭ ʄɟɥɢʁɟ, 
ɩɪɨɢɡɜɨɞʃɚ ɩɪɨɬɟɢɧɚ ɫɦɚʃɭʁɟ ɫɟ ɧɚ ɛɟɡɧɚɱɚʁɧɟ ɧɢɜɨɟ (ɢɫɤʂɭɱɢɬɟ ɦɟɬɟ). (II) MiRNK 

ɦɨɝɭ ɩɪɢɥɚɝɨɞɢɬɢ ɢɡɥɚɡ ɩɪɨɬɟɢɧɚ ɡɚ ɩɪɢɥɚɝɨђɟɧɭ ɟɤɫɩɪɟɫɢʁɭ ɭ ɪɚɡɥɢɱɢɬɢɦ 
ɬɢɩɨɜɢɦɚ ʄɟɥɢʁɚ (ɮɢɧɨ ɩɨɞɟɲɚɜɚʃɟ ɟɤɫɩɪɟɫɢʁɟ ɰɢʂɚ). (III) ɇɟɤɟ miRNK ɞɟɥɭʁɭ ɤɚɨ 
ɩɨɫɦɚɬɪɚɱɢ, ɝɞɟ ɫɟ ɪɟɞɭɤɰɢʁɚ miRNK ɬɨɥɟɪɢɲɟ ɢɥɢ ɩɨɧɢɲɬɚɜɚ ɩɪɨɰɟɫɢɦɚ ɩɨɜɪɚɬɧɟ 
ɫɩɪɟɝɟ (ɧɟɭɬɪɚɥɧɚ ɰɢʂɧɚ ɟɤɫɩɪɟɫɢʁɚ) (42). 
 

ɍɥɨɝɚ miRNK ɦɨɠɟ ɫɟ ɞɚʂɟ ɩɨɞɟɥɢɬɢ ɧɚ ɬɪɢ ɩɚɪɚɞɢɝɦɟ: ɤɨɦɛɢɧɚɬɨɪɧɚ 
ɤɨɧɬɪɨɥɚ (ɞɟɮɢɧɢɫɚɧɚ ɤɚɨ ɤɨɨɩɟɪɚɬɢɜɧɨɫɬ), ɜɚɪɢʁɚɰɢʁɚ ʄɟɥɢʁɚ ɭ ʄɟɥɢʁɭ ɢ 
ɫɩɟɰɢɮɢɱɧɟ, ɭ ɨɞɧɨɫɭ ɧɚ ɮɭɧɤɰɢʁɟ ɨɞɪɠɚɜɚʃɚ (48). ȳɨɲ ɭɜɟɤ ɩɨɫɬɨʁɢ ɦɨɝɭʄɧɨɫɬ ɞɚ 
ɛɢ ɧɟɤɟ miRNK ɦɨɝɥɟ ɞɚ ɩɪɟɰɢɡɢɪɚʁɭ ɜɢɲɟ ɨɞ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɟ ɪɟɩɪɟɫɢʁɟ; ɧɟɤɢ 
ɛɢ, ɩɨɪɟɞ ɬɨɝɚ, ɦɨɝɥɢ ɰɢʂɚɬɢ DNK ɡɚ ɭɬɢɲɚɜɚʃɟ ɬɪɚɧɫɤɪɢɩɰɢʁɟ (42). MiRNK 

ɬɚɤɨђɟ ɦɨɝɭ ɰɢʂɚɬɢ 5'UTR ɨɬɜɨɪɟɧɟ ɨɤɜɢɪɟ ɡɚ ɱɢɬɚʃɟ, ɩɚ ɱɚɤ ɢ DNK ɫɟɤɜɟɧɰɟ, ɤɚɤɨ 
ɛɢ ɪɟɝɭɥɢɫɚɥɟ ɬɪɚɧɫɤɪɢɩɰɢʁɭ, ɢɚɤɨ ɫɟ, ɤɚɨ ɩɪɟɨɜɥɚђɭʁɭʄɢ ɦɟɯɚɧɢɡɚɦ, ɫɭɝɟɪɢɲɟ 
ɩɨɬɢɫɤɢɜɚʃɟ ɬɪɚɧɫɥɚɰɢʁɟ. ɉɚɪɚɞɨɤɫɚɥɧɨ, ɩɨɤɚɡɚɧɨ ʁɟ ɞɚ miRNK ɬɚɤɨђɟ ɪɟɝɭɥɢɲɭ 
ɟɤɫɩɪɟɫɢʁɭ ɝɟɧɚ ɩɨɛɨʂɲɚɜɚʁɭʄɢ ɬɪɚɧɫɥɚɰɢʁɭ ɩɨɞ ɫɩɟɰɢɮɢɱɧɢɦ ɭɫɥɨɜɢɦɚ (49). 
 

2.5 Ȼɢɨɥɨɲɤɚ ɮɭɧɤɰɢʁɚ ɦɢɤɪɨ-RNK 

 

ɍɩɪɤɨɫ ɜɟɥɢɤɨɦ ɛɪɨʁɭ ɢɞɟɧɬɢɮɢɤɨɜɚɧɢɯ miRNK, ɨɩɫɟɝ ʃɢɯɨɜɢɯ ɭɥɨɝɚ ɭ 
ɪɟɝɭɥɢɫɚʃɭ ʄɟɥɢʁɫɤɟ ɟɤɫɩɪɟɫɢʁɟ ɝɟɧɚ ɧɢʁɟ ɭ ɩɨɬɩɭɧɨɫɬɢ ɪɚɡʁɚɲʃɟɧ. ȼɟʄɢɧɚ 
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ɩɨɡɧɚɬɢɯ ɮɭɧɤɰɢʁɚ miRNK ɨɞɧɨɫɢ ɫɟ ɧɚ ɧɟɝɚɬɢɜɧɭ ɝɟɧɫɤɭ ɪɟɝɭɥɚɰɢʁɭ, ɡɚ ɤɨʁɭ ɫɟ 
ɫɦɚɬɪɚ ɞɚ ɪɟɝɭɥɢɲɟ 30% ɞɨ 90% ɝɟɧɚ ɭ ʂɭɞɫɤɨɦ ɝɟɧɨɦɭ. ɉɪɨɮɢɥɢɪɚʃɟ ɟɤɫɩɪɟɫɢʁɟ 
ɦɧɨɝɢɯ miRNK ɭ ɪɚɡɥɢɱɢɬɢɦ ɧɨɪɦɚɥɧɢɦ ɢ ɨɛɨɥɟɥɢɦ ɬɤɢɜɢɦɚ ɩɨɤɚɡɚɥɨ ʁɟ 
ʁɟɞɢɧɫɬɜɟɧɟ ɩɪɨɫɬɨɪɧɟ ɢ ɜɪɟɦɟɧɫɤɟ ɨɛɪɚɫɰɟ ɟɤɫɩɪɟɫɢʁɟ. Ɇɧɨɝɟ miRNK ɢɡɪɚɠɟɧɟ ɫɭ 
ɧɚ ɧɚɱɢɧ ɫɩɟɰɢɮɢɱɚɧ ɡɚ ɬɤɢɜɨ ɢ/ɢɥɢ ɡɚ ʄɟɥɢʁɫɤɢ ɬɢɩ; ɜɚɠɧɢ ɫɭ ɭ ɪɚɡɥɢɱɢɬɢɦ ɮɚɡɚɦɚ 
ɪɚɡɜɨʁɚ ɢ ɭɬɜɪђɟɧɨ ʁɟ ɞɚ ɪɟɝɭɥɢɲɭ ɪɚɡɥɢɱɢɬɟ ɪɚɡɜɨʁɧɟ ɢ ɮɢɡɢɨɥɨɲɤɟ ɩɪɨɰɟɫɟ (49). 
MiRNK ɭɤʂɭɱɟɧɟ ɫɭ ɭ ɜɟɥɢɤɢ ɛɪɨʁ ɛɢɨɥɨɲɤɢɯ ɩɪɨɰɟɫɚ, ɭɤʂɭɱɭʁɭʄɢ 
ɩɪɨɥɢɮɟɪɚɰɢʁɭ, ɚɩɨɩɬɨɡɭ, ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɭ ɢ EMT, ɪɟɝɭɥɚɰɢʁɭ ɫɟɤɪɟɰɢʁɟ ɢɧɫɭɥɢɧɚ, 
ɞɟɨɛɭ ɢ ɪɚɡɜɨʁ ɦɚɬɢɱɧɢɯ ʄɟɥɢʁɚ, ɩɪɚɜɢɥɧɨ ɮɨɪɦɢɪɚʃɟ ɨɪɝɚɧɚ, ɟɦɛɪɢɨɧɚɥɧɨ 
ɮɨɪɦɢɪɚʃɟ ɢ ɪɚɫɬ ɬɟɥɚ,  ɨɬɩɨɪɧɨɫɬ ɧɚ ɜɢɪɭɫɧɟ ɢɧɮɟɤɰɢʁɟ ɢ ɨɤɫɢɞɚɬɢɜɧɢ ɫɬɪɟɫ, 
ɢɦɭɧɨɥɨɲɤɢ ɨɞɝɨɜɨɪ ɢɬɞ., ɤɚɨ ɢ ɭ ɮɭɧɤɰɢɨɧɢɫɚʃɟ ɦɟɬɚɛɨɥɢɡɦɚ ɢ ɦɟɬɚɛɨɥɢɡɦɚ 
ɯɨɥɟɫɬɟɪɨɥɚ (49, 50). ɋɚ ɫɜɢɦ ɪɚɡɥɢɱɢɬɢɦ ɝɟɧɢɦɚ ɢ ɨɛɪɚɫɰɢɦɚ ɟɤɫɩɪɟɫɢʁɟ, ɪɚɡɭɦɧɨ 
ʁɟ ɩɪɟɬɩɨɫɬɚɜɢɬɢ ɞɚ ɫɜɚɤɢ ɬɢɩ ʄɟɥɢʁɟ ɭ ɫɜɚɤɨʁ ɮɚɡɢ ɪɚɡɜɨʁɚ ɦɨɠɟ ɢɦɚɬɢ ɩɨɫɟɛɚɧ 
ɩɪɨɮɢɥ ɟɤɫɩɪɟɫɢʁɟ miRNK. 

 

2.6 Ȼɢɨɥɨɲɤɚ ɭɥɨɝɚ ɦɢɤɪɨ-RNK ɭ ɤɚɪɰɢɧɨɦɭ 

 

ɆiRNK ɩɪɟɩɨɡɧɚɬɟ ɫɭ ɤɚɨ ɝɟɧɫɤɢ ɫɩɟɰɢɮɢɱɧɢ ɪɟɝɭɥɚɬɨɪɢ ɢ ɩɨ ɚɤɬɢɜɧɨɫɬɢ 
ɫɥɢɱɧɟ ɫɭ ɜɟɥɢɤɨɦ ɛɪɨʁɭ ɬɪɚɧɫɤɪɢɩɰɢɨɧɢɯ ɮɚɤɬɨɪɚ ɩɪɨɬɟɢɧɚ, ɡɚ ɤɨʁɟ ɫɟ ɡɧɚ ɞɚ ɢɦɚʁɭ 
ɤɪɢɬɢɱɧɭ ɭɥɨɝɭ ɭ ɬɪɚɧɫɮɨɪɦɚɰɢʁɢ ʄɟɥɢʁɚ ɭ ɦɚɥɢɝɧɨ ɫɬɚʃɟ. Ɉɜɟ RNK ɦɨɝɭ 
ɪɟɝɭɥɢɫɚɬɢ ɫɜɚɤɭ ɮɚɡɭ ɟɤɫɩɪɟɫɢʁɟ ɝɟɧɚ: ɬɪɚɧɫɤɪɢɩɰɢʁɭ, ɫɬɚɛɢɥɧɨɫɬ miRNK ɢ 
ɬɪɚɧɫɥɚɰɢʁɭ miRNK. Ћɟɥɢʁɟ ɪɚɤɚ ɩɪɨɥɚɡɟ ɤɪɨɡ ɝɟɧɟɬɫɤɟ ɢ ɟɩɢɝɟɧɟɬɫɤɟ ɩɪɨɦɟɧɟ ɭ 
ɨɞɧɨɫɭ ɧɚ ɧɨɪɦɚɥɧɟ ʄɟɥɢʁɟ, ɚ ɭɥɨɝɚ miRNK ɭ ɩɨɫɪɟɞɨɜɚʃɭ ɨɜɢɯ ɪɚɡɥɢɤɚ ɩɨɱɢʃɟ ɞɚ 
ɫɟ ɩɨʁɚɜʂɭʁɟ. ɉɪɨɮɢɥɢɪɚʃɟ ɲɢɪɨɦ ɝɟɧɨɦɚ ɩɨɤɚɡɚɥɨ ʁɟ ɬɨ ɞɚ miRNK ɢɦɚʁɭ 
ɪɚɡɥɢɱɢɬɟ ɩɨɬɩɢɫɟ ɫɩɟɰɢɮɢɱɧɟ ɡɚ ɨɞɪɟђɟɧɢ ɬɢɩ ɪɚɤɚ. Ʉɨɦɛɢɧɨɜɚʃɟ miRNK ɫɚ 
ɞɪɭɝɢɦ ɛɢɨɦɚɪɤɟɪɢɦɚ ɡɚ ɨɬɤɪɢɜɚʃɟ ɢ ɩɪɨɝɧɨɡɭ ɪɚɤɚ ɩɨɛɨʂɲɚɥɨ ɛɢ ɩɪɨɰɟɧɭ, 
ɨɬɤɪɢɜɚʃɟ ɢ ɩɪɨɝɧɨɡɭ ɪɢɡɢɤɚ ɨɞ ɪɚɤɚ. 

ɋɩɟɰɢɮɢɱɧɢ ɝɟɧɟɬɫɤɢ ɩɨɥɢɦɨɪɮɢɡɦɢ ɩɨɜɟɡɚɧɢ ɫɭ ɫɚ ɪɢɡɢɤɨɦ ɨɞ ɪɚɡɜɨʁɚ 
ɧɟɤɨɥɢɤɨ ɜɪɫɬɚ ɤɚɪɰɢɧɨɦɚ. Ⱦɚɤɥɟ, ɩɨɫɬɨʁɢ ɩɨɬɪɟɛɚ ɡɚ ɤɨɦɛɢɧɨɜɚʃɟɦ ɝɟɧɨɦɫɤɢɯ 
ɦɭɬɚɰɢʁɚ ɫɚ miRNK ɦɚɪɤɟɪɢɦɚ ɡɚ ɪɚɡɜɨʁ ɦɚɪɤɟɪ ɩɚɧɟɥɚ ɡɚ ɩɪɟɰɢɡɧɢʁɭ ɩɪɨɰɟɧɭ 
ɪɢɡɢɤɚ ɢ ɪɚɧɭ ɞɢʁɚɝɧɨɡɭ (51 – 53). 

 

 

2.7 Ɂɧɚɱɚʁ ɦɢɤɪɨ-RNK ɤɚɨ ɩɨɬɟɧɰɢʁɚɥɧɢɯ ɛɢɨɦɚɪɤɟɪɚ ɡɚ ɪɚɧɨ ɨɬɤɪɢɜɚʃɟ 

ɩɪɟɧɟɨɩɥɚɫɬɢɱɧɢɯ ɥɟɡɢʁɚ 

 

Ɇɢɤɪɨ-RNK ɦɨɝɭ ɩɨɫɥɭɠɢɬɢ ɤɚɨ ɩɨɬɟɧɰɢʁɚɥɧɢ ɛɢɨɦɚɪɤɟɪɢ ɡɚ ɞɢʁɚɝɧɨɡɭ ɪɚɤɚ, 
ɩɪɨɝɧɨɡɭ ɢ ɰɢʂɟɜɟ ɡɚ ɬɟɪɚɩɢʁɭ. Ʉɚɨ ɩɨɬɟɧɰɢʁɚɥɧɢ ɦɚɪɤɟɪɢ ɡɚ ɞɢʁɚɝɧɨɡɭ, ɛɨʂɢ ɫɭ 
ɮɚɤɬɨɪɢ ɤɥɚɫɢɮɢɤɚɰɢʁɟ ɨɞ miRNK (54, 55). Ʉɚɨ ɩɨɬɟɧɰɢʁɚɥɧɢ ɦɚɪɤɟɪɢ ɡɚ ɩɪɨɝɧɨɡɭ, 
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miRNK ɤɨɪɢɫɧɟ ɫɭ ɤɚɨ ɦɚɪɤɟɪɢ ɡɚ ɨɞɝɨɜɨɪ ɧɚ ɥɟɱɟʃɟ, ɡɚ ɩɪɟɞɜɢђɚʃɟ ɩɪɨɝɪɟɫɢʁɟ, 
ɦɟɬɚɫɬɚɡɢɪɚʃɚ ɤɚɪɰɢɧɨɦɚ ɢ ɩɪɟɠɢɜʂɚɜɚʃɚ ɩɚɰɢʁɟɧɚɬɚ. Ʉɚɨ ɛɢɨɦɚɪɤɟɪɢ ɡɚ 
ɬɟɪɚɩɢʁɭ, miRNK ɦɨɝɭ ɛɢɬɢ ɤɨɪɢɫɧɟ ɤɚɨ ɨɧɤɨɝɟɧɢ, ɫɭɩɪɟɫɨɪɢ ɬɭɦɨɪɚ, ɦɚɬɢɱɧɟ 
ʄɟɥɢʁɟ, ɢɧɜɚɡɢʁɟ ɢ ɦɟɬɚɫɬɚɡɟ ɢ ɨɫɟɬʂɢɜɨɫɬɢ ɧɚ ɥɟɤɨɜɟ. ɇɟɤɟ ɨɞ ɤʂɭɱɧɢɯ 
ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ miRNK, ɤɨʁɟ ɢɯ ɱɢɧɟ ɤɨɪɢɫɧɢɦ ɤɚɨ ɩɨɬɟɧɰɢʁɚɥɧɟ ɛɢɨɦɚɪɤɟɪɟ, ɦɨɝɭ 
ɫɟ ɭɤɪɚɬɤɨ ɫɭɦɢɪɚɬɢ. (I) ɑɢɧɢ ɫɟ ɞɚ ɫɭ ɨɛɪɚɫɰɢ ɟɤɫɩɪɟɫɢʁɟ miRNK ɭ ɤɚɪɰɢɧɨɦɢɦɚ 
ʂɭɞɢ ɫɩɟɰɢɮɢɱɧɢ ɡɚ ɬɤɢɜɨ. (II) ɂɡɝɥɟɞɚ ɞɚ ɩɪɨɮɢɥɢ miRNK ɨɞɪɚɠɚɜɚʁɭ ɪɚɡɜɨʁɧɭ 
ɥɢɧɢʁɭ ɢ ɫɬɚʃɟ ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɟ ɬɭɦɨɪɚ. (III) MiRNK ɦɨɝɭ ɭɫɩɟɲɧɨ ɤɥɚɫɢɮɢɤɨɜɚɬɢ 
ɫɥɚɛɨɞɢɮɟɪɟɧɰɢɪɚɧɟ ɬɭɦɨɪɟ ɫɚ ɜɟɥɢɤɨɦ ɩɪɟɰɢɡɧɨɲʄɭ (~ 70%). ɇɚɫɭɩɪɨɬ ɬɨɦɟ, 
ɩɪɨɮɢɥɢ miRNK ɭ ɢɫɬɨɦ ɫɤɭɩɭ ɭɡɨɪɚɤɚ ɢɦɚɥɢ ɫɭ ɬɚɱɧɨɫɬ ɨɞ ɫɚɦɨ 6%. Ɂɛɨɝ ɬɨɝɚ, 

ɤɨɦɛɢɧɚɰɢʁɚ ɩɨɞɚɬɚɤɚ ɩɪɨɮɢɥɢɪɚʃɚ miRNK ɢ mRNK ɢɦɚ ɩɨɬɟɧɰɢʁɚɥ ɞɚ ɩɨɜɟʄɚ 
ɬɚɱɧɨɫɬ ɤɥɚɫɢɮɢɤɚɰɢʁɟ ɬɭɦɨɪɚ. (IV) MiRNK ɫɬɚɛɢɥɧɟ ɫɭ ɭ ɬɟɱɧɨɫɬɢɦɚ ɩɥɚɡɦɟ ɢ 
ɫɟɪɭɦɚ ʂɭɞɫɤɨɝ ɬɟɥɚ. (V) MiRNK ɦɨɝɭ ɫɟ ɤɜɚɧɬɢɬɚɬɢɜɧɨ ɦɟɪɢɬɢ ɭ ɦɢɤɪɨɥɢɬɚɪɫɤɢɦ 
ɤɨɥɢɱɢɧɚɦɚ ʂɭɞɫɤɢɯ ɫɟɪɭɦɚ ɢɥɢ ɩɥɚɡɦɟ ɩɨɦɨʄɭ ɤɜɚɧɬɢɬɚɬɢɜɧɨɝ PCR-ɚ ɭ ɪɟɚɥɧɨɦ 
ɜɪɟɦɟɧɭ kPCR). (VI) MiRNK ɬɚɤɨђɟ ɫɟ ɦɨɝɭ ɩɪɨɮɢɥɢɫɚɬɢ ɢ ɤɜɚɧɬɢɬɚɬɢɜɧɨ ɦɟɪɢɬɢ 
ɭ ɬɤɢɜɢɦɚ ɮɢɤɫɢɪɚɧɢɦ ɮɨɪɦɚɥɢɧɨɦ (54, 55,56). 

 

2.8 Ʉɨɪɢɫɧɨɫɬ miRNK ɤɚɨ ɩɨɬɟɧɰɢʁɚɥɧɢɯ ɛɢɨɦɚɪɤɟɪɚ 

 

ɉɪɨɮɢɥɢɫɚʃɟ ɭ ɰɟɥɨɦ ɝɟɧɨɦɭ ɢɫɩɢɬɢɜɚɥɨ ʁɟ miRNK ɭ ɩɪɟɤɚɧɰɟɪɨɡɧɢɦ 
ɥɟɡɢʁɚɦɚ ɢɥɢ ʃɢɯɨɜɭ ɤɨɪɢɫɧɨɫɬ ɡɚ ɩɪɟɞɜɢђɚʃɟ ɩɪɨɝɪɟɫɢʁɟ ɨɞ ɩɪɟɤɚɧɰɟɪɨɡɟ ɞɨ 
ɤɚɪɰɢɧɨɦɚ. ɇɟɤɨɥɢɤɨ ɩɪɟɬɩɨɫɬɚɜɤɢ ɫɭɝɟɪɢɲɟ: (I) ɧɚ ɩɨɬɟɧɰɢʁɚɥɧɭ ɤɨɪɢɫɧɨɫɬ 
miRNK, ɤɚɨ ɡɧɚɤɨɜɟ ɪɚɧɢɯ ɞɨɝɚђɚʁɚ ɭ ɤɚɪɰɢɧɨɝɟɧɟɡɢ ɢ ɤɚɨ ɛɢɨɦɚɪɤɟɪɟ ɭ ɪɚɧɨɦ 
ɨɬɤɪɢɜɚʃɭ ɪɚɤɚ; (II) ɭɩɨɬɪɟɛɭ miRNK ɤɚɨ ɞɢɮɟɪɟɧɰɢʁɚɥɧɢɯ ɩɨɤɚɡɚɬɟʂɚ ɛɟɧɢɝɧɟ, 
ɩɪɟɧɟɨɩɥɚɡɢʁɟ ɢ ɧɟɨɩɥɚɡɢʁɟ; (III) ɧɚ ɦɨɝɭʄɧɨɫɬ ɞɚ ɛɢ miRNK ɦɨɝɥɟ ɛɢɬɢ ɤɨɪɢɫɧɟ ɭ 
ɨɞɪɟђɢɜɚʃɭ ɬɨɝɚ ɤɨʁɟ ʄɟ ɩɪɟɧɟɨɩɥɚɫɬɢɱɧɟ ɥɟɡɢʁɟ, ɜɟɪɨɜɚɬɧɨ, ɧɚɩɪɟɞɨɜɚɬɢ ɞɨ ɪɚɤɚ. 
Ɋɚɡɥɢɤɨɜɚʃɟ ɛɟɧɢɝɧɢɯ ɛɨɥɟɫɬɢ ɢ ɨɞɪɟђɟɧɢɯ ɧɟɩɪɟɤɚɧɰɟɪɨɡɧɢɯ ɥɟɡɢʁɚ ɨɞ 
ɩɪɟɤɚɧɰɟɪɨɡɧɢɯ ɥɟɡɢʁɚ ɢ ɦɟɬɚɫɬɚɬɫɤɢɯ ɬɭɦɨɪɚ, ɩɨɛɨʂɲɚɥɨ ɛɢ ɢɫɯɨɞɟ ɢ 
ɩɪɟɠɢɜʂɚɜɚʃɟ ɩɚɰɢʁɟɧɚɬɚ, ɫɦɚʃɢɥɨ ɧɟɩɪɢʁɚɬɧɨɫɬɢ ɩɚɰɢʁɟɧɚɬɚ ɢ ɬɪɨɲɤɨɜɟ (54). 
 

2.9 Ⱦɜɨɫɬɪɭɤɚ ɭɥɨɝɚ ɦɢɤɪɨ-RNK – ɝɟɧɚ ɡɚ ɫɭɡɛɢʁɚʃɟ ɬɭɦɨɪɚ ɢ ɨɧɤɨɝɟɧɚ 

 

ɋɦɚɬɪɚ ɫɟ ɞɚ miRNK ɪɟɝɭɥɢɲɭ ɱɟɬɜɪɬɢɧɭ ɫɜɢɯ ɝɟɧɚ ɫɢɫɚɪɚ, ɚ ɩɪɨɦɟɧɟ ɭ 
ʃɢɯɨɜɨʁ ɟɤɫɩɪɟɫɢʁɢ ɩɨɜɟɡɚɧɟ ɫɭ ɫɚ ɪɚɡɜɨʁɟɦ ɪɚɤɚ. ɍɬɜɪђɢɜɚʃɟ ɩɪɢɪɨɞɟ ɪɟɝɭɥɚɰɢʁɟ 
ɝɟɧɚ miRNK  ɬɨɤɨɦ ɧɨɪɦɚɥɧɨɝ ɪɚɡɜɨʁɚ ɢ ɮɢɡɢɨɥɨɝɢʁɟ ɛɢʄɟ ɨɞ ɜɢɬɚɥɧɨɝ ɡɧɚɱɚʁɚ ɡɚ 
ɪɚɡɭɦɟɜɚʃɟ ʃɢɯɨɜɟ ɭɥɨɝɟ ɭ ɧɚɫɬɚɧɤɭ ɢ ɪɚɡɜɨʁɭ ɪɚɤɚ (53). ɉɨɤɚɡɚɥɨ ɫɟ ɞɚ ɫɭ miRNK 

ɪɟɝɭɥɢɫɚɧɟ ɧɚɝɨɪɟ ɢɥɢ ɧɚɞɨɥɟ, ɭ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɭ ɤɚɪɰɢɧɨɦɚ ɤɨɞ ʂɭɞɢ, ɲɬɨ 
ɭɤɚɡɭʁɟ ɧɚ ɭɥɨɝɭ miRNK ɭ ɬɭɦɨɪɢɝɟɧɟɡɢ. 
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ɉɨɫɬɨʁɟ ɪɚɡɥɢɱɢɬɢ ɧɚɱɢɧɢ ɧɚ ɤɨʁɟ ɫɟ ɱɢɧɢ ɞɚ ɫɭ miRNK ɭɤʂɭɱɟɧɟ ɭ ɪɚɤ: ɤɚɨ 
ɫɭɩɪɟɫɨɪɢ ɬɭɦɨɪɚ, ɤɚɨ ɨɧɤɨɝɟɧɢ ɢɥɢ ɤɚɨ ɚɝɟɧɫɢ ɤɨʁɢ ɭɬɢɱɭ ɧɚ ɫɬɚɛɢɥɧɨɫɬ ɝɟɧɨɦɚ. 
ɑɢɧɢ ɫɟ ɞɚ miRNK ɮɭɧɤɰɢɨɧɢɲɭ ɤɚɨ ɫɭɩɪɟɫɨɪɢ ɬɭɦɨɪɚ, ʁɟɪ ɫɦɚʃɟɧɚ ɮɭɧɤɰɢʁɚ 
ɨɞɝɨɜɚɪɚʁɭʄɟ miRNK ɞɨɜɨɞɢ ɞɨ ɩɨɜɢɲɟɧɟ ɟɤɫɩɪɟɫɢʁɟ ɩɨɬɟɧɰɢʁɚɥɧɢɯ ɨɧɤɨɝɟɧɚ ɢɥɢ 
ɩɪɨɰɟɫɚ, ɧɚ ɩɪɢɦɟɪ ɩɪɨɥɢɮɟɪɚɰɢʁɟ ɢɥɢ ɫɦɚʃɟɧɢɯ ɩɪɨɰɟɫɚ, ɤɚɨ ɲɬɨ ʁɟ ɚɩɨɩɬɨɡɚ. 
ɂɡɝɥɟɞɚ ɞɚ ɩɨɜɟʄɚɧɚ ɟɤɫɩɪɟɫɢʁɚ ɨɧɤɨɝɟɧɢɯ miRNK (ɨɧɤɨɦɢɪɢ) ɞɟɥɭʁɟ ɧɚ ɧɚɱɢɧ 
ɚɧɚɥɨɝɚɧ ɨɧɤɨɝɟɧɭ. ɉɪɟɬɩɨɫɬɚɜʂɚ ɫɟ ɞɚ ɨɧɤɨɦɢɪɢ ɮɭɧɤɰɢɨɧɢɲɭ ɩɨɦɨʄɭ ɝɟɧɚ ɡɚ 
ɫɭɡɛɢʁɚʃɟ ɬɭɦɨɪɚ ɤɨʁɢ ɭɬɢɱɭ ɧɚ down ɪɟɝɭɥɚɰɢʁɭ (48, 57). 

 

 

 
 

ɋɥɢɤɚ 6. Ȼɢɨɝɟɧɟɡɚ miRNK (ɩɪɟɭɡɟɬɨ ɨɞ Ȼɨɲɬʁɚɧɱɢɱ ɢ ɫɚɪɚɞɧɢɤɚ (Boštjančič  
E. Et al.), 2013). 
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3 ɐɢʂ ɢɫɬɪɚɠɢɜɚʃɚ 

 

ɐɢʂ ɢɫɬɪɚɠɢɜɚʃɚ ɛɢɨ ʁɟ ɚɧɚɥɢɡɢɪɚɬɢ EMT ɭ ɪɚɡɥɢɱɢɬɢɦ ɤɨɪɚɰɢɦɚ 
ɤɨɥɨɪɟɤɬɚɥɧɟ ɤɚɪɰɢɧɨɝɟɧɟɡɟ, ɤɨɪɢɫɬɟʄɢ miRNK ɢ ʃɢɯɨɜɟ ɰɢʂɧe ɝɟɧe. 

 

ɐɢʂ ʁɟ, ɬɚɤɨђɟ, ɛɢɨ ɭɬɜɪɞɢɬɢ ɞɚ ɥɢ ɫɟ ɛɢɥɨ ɤɨʁɚ ɨɞ ɢɫɩɢɬɢɜɚɧɢɯ miRNK ɢ 
ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɦɨɝɭ ɤɨɪɢɫɬɢɬɢ ɤɚɨ ɞɢʁɚɝɧɨɫɬɢɱɤɢ ɢ ɩɪɨɝɧɨɫɬɢɱɤɢ ɦɚɪɤɟɪɢ. 
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4 ɏɢɩɨɬɟɡe 

 

ɍ ɨɜɨʁ ɫɬɭɞɢʁɢ ɩɪɟɬɩɨɫɬɚɜʂɟɧɨ ʁɟ ɞɚ ʁɟ:  
 

1. EMT ɜɚɠɚɧ ɦɟɯɚɧɢɡɚɦ ɭ ɪɚɡɜɨʁɭ  ɢ ɩɪɨɝɪɟɫɢʁɢ CRC-ɚ ɢɡ ɚɞɟɧɨɦɚ (ɧɩɪ. ɭ 

ɦɟɬɚɫɬɚɡɢɪɚʃɭ ɢ ɩɪɨɲɢɪɟʃɭ ɧɚ ɫɟɪɨɡɭ); 
 

2. EMT ɦɨɠɟ ɩɨɦɨʄɢ ɭ ɪɚɡɥɢɤɨɜɚʃɭ ɚɞɟɧɨɦɚ ɫɚ ɟɩɢɬɟɥɧɨɦ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɢ 
CRC–ɚ; 

 

3. EMT ɦɚɪɤɟɪɢ ɦɨɝɭ ɫɟ ɤɨɪɢɫɬɢɬɢ ɡɚ ɪɚɡɥɢɤɨɜɚʃɟ ɩɪɨɛɥɟɦɚɬɢɱɧɢɯ ɫɥɭɱɚʁɟɜɚ -

ɚɞɟɧɨɦ ɫɚ ɟɩɢɬɟɥɧɨɦ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɨɞ CRC-ɚ ɢ ɡɚ ɫɩɪɟɱɚɜɚʃɟ ɧɟɩɨɬɪɟɛɧɢɯ 
ɨɩɟɪɚɰɢʁɚ, ɭ ɩɪɜɨɦ ɫɥɭɱɚʁɭ; 

 

4. EMT ɫɟ ɦɨɠɟ ɤɨɪɢɫɬɢɬɢ ɤɚɨ ɦɚɪɤɟɪ ɧɚɩɪɟɞɧɨɝ CRC-ɚ. 
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5 Ɇɚɬɟɪɢʁɚɥɢ ɢ ɦɟɬɨɞɟ 

 

ɋɬɭɞɢʁɨɦ ʁɟ ɨɛɭɯɜɚʄɟɧɨ 62 ɭɡɨɪɤɚ ɬɤɢɜɚ ɩɚɰɢʁɟɧɬɚ, ɤɨʁɢ ɫɭ ɩɨɞɜɪɝɧɭɬɢ 
ɯɢɪɭɪɲɤɨʁ ɪɟɫɟɤɰɢʁɢ ɞɟɛɟɥɨɝ ɰɪɟɜɚ ɢɥɢ ɟɧɞɨɫɤɨɩɫɤɨɦ ɭɤɥɚʃɚʃɭ ɚɞɟɧɨɦɚ ɢɥɢ 
CRC-ɚ. Ɂɚ ɪɭɬɢɧɫɤɨ ɯɢɫɬɨɩɚɬɨɥɨɲɤɨ ɢɫɩɢɬɢɜɚʃɟ, ɭɡɨɪɰɢ ɬɤɢɜɚ ɮɢɤɫɢɪɚɧɢ ɫɭ ɭ 
ɞɟɫɟɬɨɩɪɨɰɟɧɬɧɨɦ ɩɭɮɟɪɢɫɚɧɨɦ ɮɨɪɦɚɥɢɧɭ ɢ ɭɝɪɚђɟɧɢ ɭ ɩɚɪɚɮɢɧ (FFPE). ɍɡɨɪɰɢ 
ɫɭ ɪɟɬɪɨɫɩɟɤɬɢɜɧɨ ɩɪɢɤɭɩʂɟɧɢ ɢɡ ɚɪɯɢɜɟ ɂɧɫɬɢɬɭɬɚ ɡɚ ɩɚɬɨɥɨɝɢʁɭ Ɇɟɞɢɰɢɧɫɤɨɝ 
ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ ȴɭɛʂɚɧɢ. Ɂɚ ɫɜɟ ɩɚɰɢʁɟɧɬɟ, ɭɤʂɭɱɟɧɢ ɫɭ ɭɡɨɪɰɢ ɬɭɦɨɪɚ 
ɢ ɭɡɨɪɰɢ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ (ɭɤɨɥɢɤɨ ɫɭ ɩɨɫɬɨʁɚɥɢ). ɉɚɰɢʁɟɧɬɢ ɥɟɱɟɧɢ 
ɪɚɞɢɨɬɟɪɚɩɢʁɨɦ, ɯɟɦɨɬɟɪɚɩɢʁɨɦ ɢɥɢ ɛɢɨɥɨɲɤɢɦ ɥɟɤɨɜɢɦɚ, ɩɪɟ ɨɩɟɪɚɰɢʁɟ ɛɢɥɢ ɫɭ 
ɢɫɤʂɭɱɟɧɢ ɢɡ ɫɬɭɞɢʁɟ.  

ɇɚ ɨɫɧɨɜɭ ɤɥɢɧɢɱɤɢɯ ɢ ɯɢɫɬɨɩɚɬɨɥɨɲɤɢɯ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɩɚɰɢʁɟɧɬɟ ɫɦɨ 
ɩɨɞɟɥɢɥɢ ɭ ɩɟɬ ɝɪɭɩɚ: 

 

 Ƚɪɭɩɚ 1 (CRC N0): 13 ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC-ɨɦ ɛɟɡ ɦɟɬɚɫɬɚɡɚ ɭ ɥɢɦɮɧɢɦ 
ɱɜɨɪɨɜɢɦɚ. Ɇɟђɭ ɢɫɩɢɬɢɜɚɧɢɦɚ, ɛɢɥɨ ʁɟ 9 ɠɟɧɚ ɢ 4 ɦɭɲɤɚɪɰɚ, ɫɬɚɪɨɫɬɢ ɨɞ 60 ɞɨ 86 
ɝɨɞɢɧɚ (ɩɪɨɫɟɤ ɫɬɚɪɨɫɬɢ ɛɢɨ ʁɟ 74,62 ɝɨɞɢɧɟ ± 11,09 ɝɨɞɢɧɚ). ɍ 5 ɫɥɭɱɚʁɟɜɚ, ɬɭɦɨɪɢ 
ɫɭ ɛɢɥɢ ɩɪɢɫɭɬɧɢ ɭ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ ɰɪɟɜɭ, ɪɟɤɬɭɦɭ (3 ɫɥɭɱɚʁɚ), ɚɫɰɟɧɞɟɧɬɧɟɦ 
ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (3 ɫɥɭɱɚʁɚ) ɢ ɞɟɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (2 ɫɥɭɱɚʁɚ). 
ɋɬɚɬɭɫ pTNM ɛɢɨ ʁɟ pT3N0 ɤɨɞ 8 ɩɚɰɢʁɟɧɚɬɚ, pT2N0 ɤɨɞ 2 ɩɚɰɢʁɟɧɬɚ, pT4N0 ɤɨɞ 2 

ɩɚɰɢʁɟɧɬɚ ɢ pT1N0 ɤɨɞ ʁɟɞɧɨɝ ɩɚɰɢʁɟɧɬɚ. 
 

 Ƚɪɭɩɚ 2 (CRC N+): 17 ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC-ɨɦ ɫɚ ɦɟɬɚɫɬɚɡɚɦɚ ɭ 
ɥɢɦɮɧɢɦ ɱɜɨɪɨɜɢɦɚ. Ɇɟђɭ ɢɫɩɢɬɢɜɚɧɢɦɚ, ɛɢɥɨ ʁɟ 9 ɠɟɧɚ ɢ 8 ɦɭɲɤɚɪɚɰɚ, ɫɬɚɪɨɫɬɢ 
ɨɞ 53 ɝɨɞɢɧɟ ɞɨ 90 ɝɨɞɢɧɚ (ɩɪɨɫɟɤ ɫɬɚɪɨɫɬɢ ɢɡɧɨɫɢɨ ʁɟ 70,88 ɝɨɞɢɧɚ ± 13,87 ɝɨɞɢɧɚ). 

Ɍɭɦɨɪɢ ɫɭ ɛɢɥɢ ɩɪɢɫɭɬɧɢ ɭ ɚɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (6 ɫɥɭɱɚʁɟɜɚ), ɪɟɤɬɭɦɭ 
(3 ɫɥɭɱɚʁɚ), ɞɟɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (4 ɫɥɭɱɚʁɚ) ɢ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ 
ɰɪɟɜɭ (4 ɫɥɭɱɚʁɚ). ɋɬɚɬɭɫ pTNM ɛɢɨ ʁɟ pT3N1 ɤɨɞ 6 ɩɚɰɢʁɟɧɚɬɚ, pT4N2 ɤɨɞ 7 

ɩɚɰɢʁɟɧɚɬɚ ɢ pT4N1 ɤɨɞ 4 ɩɚɰɢʁɟɧɬɚ. ɍ ɝɪɭɩɚɦɚ 1 ɢ 2 (CRC N0 ɢCRC N+) 10 

ɩɚɰɢʁɟɧɚɬɚ ɢɦɚɥɨ ʁɟ ɫɟɪɨɡɧɭ ɢɧɜɚɡɢʁɭ (CRCɌ4a). ɍ ɬɨʁ ɝɪɭɩɢ ɛɢɥɨ ʁɟ 8 ɠɟɧɚ ɢ 2 

ɦɭɲɤɚɪɰɚ, ɫɬɚɪɨɫɬɢ ɨɞ 35 ɞɨ 89 ɝɨɞɢɧɚ (ɩɪɨɫɟɱɧɟ ɫɬɚɪɨɫɬɢ  64,5 ɝɨɞɢɧɚ ± 8,8 

ɝɨɞɢɧɚ). Ɍɭɦɨɪɢ ɫɭ ɛɢɥɢ ɩɪɢɫɭɬɧɢ ɭ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ ɰɪɟɜɭ (3 ɫɥɭɱɚʁɚ), ɭ 
ɚɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (2 ɫɥɭɱɚʁɚ), ɞɟɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (2 

ɫɥɭɱɚʁɚ), ɪɟɤɬɭɦɭ (2 ɫɥɭɱɚʁɚ) ɢ ɬɪɚɧɫɮɟɪɡɧɨɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (ʁɟɞɚɧ ɫɥɭɱɚʁ). 
 

 Ƚɪɭɩɚ 3 (ɚɞɟɧɨɦɢ): 10 ɩɚɰɢʁɟɧɚɬɚ ɫɚ ɬɭɛɭɥɚɪɧɢɦ ɢ ɬɭɛɭɥɨɜɢɥɭɫɧɢɦ 
ɚɞɟɧɨɦɢɦɚ. Ɇɟђɭ ɢɫɩɢɬɢɜɚɧɢɦɚ, ɛɢɥɨ ʁɟ 9 ɦɭɲɤɚɪɚɰɚ ɢ ɛɢɥɚ ʁɟ ʁɟɞɧɚ ɠɟɧɚ, ɫɬɚɪɨɫɬɢ 
ɨɞ 50 ɝɨɞɢɧɚ ɞɨ 83 ɝɨɞɢɧɟ (ɩɪɨɫɟɤ ɫɬɚɪɨɫɬɢ ɢɡɧɨɫɢɨ ʁɟ 61,00 ɝɨɞɢɧɚ ± 10,99 ɝɨɞɢɧɚ). 

Ⱥɞɟɧɨɦɢ ɫɭ ɛɢɥɢ ɩɪɢɫɭɬɧɢ ɭ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ ɰɪɟɜɭ (4 ɫɥɭɱɚʁɚ), ɭ 
ɚɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (ʁɟɞɚɧ ɫɥɭɱɚʁ), ɞɟɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa 
(2 ɫɥɭɱɚʁɚ), ɪɟɤɬɭɦɭ (2 ɫɥɭɱɚʁɚ) ɢ ɬɪɚɧɫɮɟɪɡɧɨɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (ʁɟɞɚɧ ɫɥɭɱɚʁ). 
ɍ ɝɪɭɩɢ ʁɟ ɛɢɥɨ 4 ɬɭɛɭɥɚɪɧɚ ɚɞɟɧɨɦɚ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ, 4 
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ɬɭɛɭɥɨɜɢɥɨɡɧɚ ɚɞɟɧɨɦɚ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ ɢ 2 ɬɭɛɭɥɨɜɢɥɨɡɧɚ ɚɞɟɧɨɦɚ 
ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɧɢɫɤɨɝ ɫɬɟɩɟɧɚ. 

 Ƚɪɭɩɚ 4 (ɦɚɥɢɝɧɢ ɚɞɟɧɨɦɢ): 10 ɩɚɰɢʁɟɧɚɬɚ ɫɚ ɦɚɥɢɝɧɢɦ ɚɞɟɧɨɦɢɦɚ 
(Ɍ1 ɤɚɪɰɢɧɨɦ). Ɇɟђɭ ɢɫɩɢɬɢɜɚɧɢɦɚ, ɛɢɥɨ ʁɟ 5 ɠɟɧɚ ɢ 5 ɦɭɲɤɚɪɚɰɚ, ɫɬɚɪɨɫɬɢ ɨɞ 56 
ɞɨ 87 ɝɨɞɢɧɚ (ɩɪɨɫɟɤ ɫɬɚɪɨɫɬɢ ɛɢɨ ʁɟ 65,4 ɝɨɞɢɧɟ ± 9,22 ɝɨɞɢɧɟ). Ɍɭɦɨɪɢ ɫɭ ɛɢɥɢ 
ɩɪɢɫɭɬɧɢ ɭ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ ɰɪɟɜɭ (6 ɫɥɭɱɚʁɟɜɚ), ɪɟɤɬɭɦɭ (2 ɫɥɭɱɚʁɚ), 
ɞɟɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (ʁɟɞɚɧ ɫɥɭɱɚʁ) ɢ ɚɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ 
ɰɪɟɜa (ʁɟɞɚɧ ɫɥɭɱɚʁ). 

 

 Ƚɪɭɩɚ 5 (ɚɞɟɧɨɦɢ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ): 12 ɩɚɰɢʁɟɧɚɬɚ ɫɚ ɚɞɟɧɨɦɢɦɚ 
ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ. Ɇɟђɭ ɢɫɩɢɬɢɜɚɧɢɦɚ, ɛɢɥɨ ʁɟ 8 ɠɟɧɚ ɢ 4 ɦɭɲɤɚɪɰɚ, ɫɬɚɪɨɫɬɢ ɨɞ 
52 ɞɨ 64 ɝɨɞɢɧɟ (ɩɪɨɫɟɤ ɫɬɚɪɨɫɬɢ ɢɡɧɨɫɢɨ ʁɟ 57,07 ɝɨɞɢɧɚ ± 6,02 ɝɨɞɢɧɟ). Ɍɭɦɨɪɢ ɫɭ 
ɛɢɥɢ ɥɨɰɢɪɚɧɢ ɭ ɫɢɝɦɨɢɞɧɨɦ ɞɟɛɟɥɨɦ ɰɪɟɜɭ (10 ɫɥɭɱɚʁɟɜɚ), ɪɟɤɬɭɦɭ (ʁɟɞɚɧ ɫɥɭɱɚʁ) 
ɢ ɞɟɫɰɟɧɞɟɧɬɧɟɦ ɞɟɥɭ ɞɟɛɟɥɨɝ ɰɪɟɜa (ʁɟɞɚɧ ɫɥɭɱɚʁ). 

 

ɍ ɫɜɢɦ ɫɥɭɱɚʁɟɜɢɦɚ, EMT ʁɟ ɩɪɨɰɟʃɢɜɚɧ ɧɚ ɨɫɧɨɜɭ ɟɤɫɩɪɟɫɢʁɟ ȿ-

ɤɚɞɯɟɪɢɧɚ, ɩɨɪɨɞɢɰɟ miR-200 ɢ ɟɤɫɩɪɟɫɢʁɟ ɰɢʂɧɢɯ ɝɟɧɚ ɢ ɦɨɪɮɨɥɨɝɢʁɟ. 

Ɂɚ ɩɨɬɪɟɛɟ ɢɫɬɪɚɠɢɜɚʃɚ:  
- ɚɞɟɧɨɦɢ ɫɭ ɭɩɨɪɟђɟɧɢ ɫɚ ɤɚɪɰɢɧɨɦɨɦ ɢ ɧɨɪɦɚɥɧɨɦ ɫɥɭɡɧɢɰɨɦ ɞɟɛɟɥɨɝ 

ɰɪɟɜɚ; 
- ɦɚɥɢɝɧɢ ɚɞɟɧɨɦɢ (ɚɞɟɧɨɦɢ ɫɚ ɤɚɪɰɢɧɨɦɨɦ) ɭɩɨɪɟђɟɧɢ ɫɭ ɫɚ ɚɞɟɧɨɦɢɦɚ ɢ 

ɚɞɟɧɨɦɢɦɚ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ; 
- ɭɩɨɪɟђɟɧɢ ɫɭ ɤɚɪɰɢɧɨɦɢ ɫɚ ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɪɟɝɢɨɧɚɥɧɢɦ ɥɢɦɮɧɢɦ 

ɱɜɨɪɨɜɢɦɚ ɫɚ ɨɧɢɦɚ ɛɟɡ ɦɟɬɚɫɬɚɡɚ ɭ ɥɢɦɮɧɢɦ ɱɜɨɪɨɜɢɦɚ; 
- ɤɚɪɰɢɧɨɦ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ ɭɩɨɪɟђɟɧ ʁɟ ɫɚ ɤɚɪɰɢɧɨɦɨɦ ɛɟɡ ɫɟɪɨɡɧɟ 

ɢɧɜɚɡɢʁɟ (CRC N0 ɢ CRC N+). 

Ⱥɧɚɥɢɡɢɪɚɧɚ ʁɟ ɯɟɬɟɪɨɝɟɧɨɫɬ ɭɧɭɬɚɪ ɬɭɦɨɪɚ, ɭɩɨɪɟђɭʁɭʄɢ ɢɧɜɚɡɢɜɧɢ 
ɩɪɟɞʃɢ ɞɟɨ ɬɭɦɨɪɚ ɢ ɰɟɧɬɚɪ ɬɭɦɨɪɚ ɭ ɫɜɢɦ ɫɥɭɱɚʁɟɜɢɦɚ CRC-ɚ. 

 

ɋɬɭɞɢʁɭ ʁɟ ɨɞɨɛɪɢɨ Ⱦɪɠɚɜɧɢ ɟɬɢɱɤɢ ɤɨɦɢɬɟɬ (0120-595/2017/5). 

 

 

5.1 ɂɦɭɧɨɯɢɫɬɨɯɟɦɢʁɚ 

ɍɡɨɪɰɢ ɬɤɢɜɚ FFPE ɢɫɟɱɟɧɢ ɫɭ ɧɚ 4 µɦ ɡɚ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɭ. ɋɜɢ ɪɟɚɝɟɧɫɢ ɫɭ 
ɢɡ ɤɨɦɩɚɧɢʁɟ Ɇɟɞɢɰɢɧɫɤɢ ɫɢɫɬɟɦɢ ȼɟɧɬɚɧɚ (Ɍɭɫɨɧ, ɋȺȾ) (engl. Ventana Medical 

Systems, Inc., Tuscon, USA), ɨɫɢɦ ɚɤɨ ɧɢʁɟ ɞɪɭɝɚɱɢʁɟ ɧɚɡɧɚɱɟɧɨ. Ʉɨɪɢɲʄɟɧɚ ɫɭ 
ɤɨɦɟɪɰɢʁɚɥɧɨ ɞɨɫɬɭɩɧɚ ɚɧɬɢɬɟɥɚ ɩɪɨɬɢɜ ȿ-ɤɚɞɯɟɪɢɧɚ (Dako, M3612, clone NC-38, 

ɪɚɡɛɥɚɠɟʃɟ 1 : 10). Ⱦɟɩɚɪɚɮɢɧɢɡɚɰɢʁɚ, ɩɪɨɧɚɥɚɠɟʃɟ ɚɧɬɢɝɟɧɚ ɢ ɛɨʁɟʃɟ ɢɡɜɟɞɟɧɢ 
ɫɭ ɭ ɚɭɬɨɦɚɬɫɤɨɦ ɢɦɭɧɨɥɚʁɡɟɪɭ (Benchmark KST) ɤɨɪɢɫɬɟʄɢ ɩɟɪɨɤɫɢɞɚɡɭ ɨɞ ɯɪɟɧɚ 
(iVIEW™ DAB Detection Kit) ɡɚ ɪɚɡɜɨʁ ɛɨʁɟ. ɉɪɟɩɚɪɚɬɢ ɫɭ ɡɚɬɢɦ ɨɛɨʁɟɧɢ 
ɯɟɦɚɬɨɤɫɢɥɢɧɨɦ. 
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5.2 ɂɡɨɥɚɰɢʁɚ RNK ɢɡ ɭɡɨɪɚɤɚ ɬɤɢɜɚ ɮɢɤɫɢɪɚɧɢɯ ɮɨɪɦɚɥɢɧɨɦ  

Ɂɚ ɢɡɨɥɚɰɢɭ RNK ɢɡ ɭɡɨɪɚɤɚ ɬɤɢɜɚ ɮɢɤɫɢɪɚɧɢɯ ɮɨɪɦɚɥɢɧɨɦ (FFPE) ɤɨɪɢɲʄɟɧɢ 
ɫɭ ɭɡɨɪɰɢ ɞɟɛʂɢɧɟ 10 μɦ, ɚ ɡɚ ɫɚɦ ɩɨɫɬɭɩɚɤ ɢɡɨɥɚɰɢʁɟ ɤɨɪɢɲʄɟɧɨ ʁɟ ɲɟɫɬ ɞɨ ɨɫɚɦ 
ɩɪɟɩɚɪɚɬɚ ɬɤɢɜɚ ɨɞ 10 μɦ. ɂɡɨɥɚɰɢʁɚ ɬɨɬɚɥɧɟ RNK ɢɡɜɟɞɟɧɚ ʁɟ ɤɨɪɢɲʄɟʃɟɦ 
ɤɨɦɩɥɟɬɚ allprep DNA/RNA FFPE (Qiagen), ɩɪɟɦɚ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨђɚɱɚ. 
Ʉɨɧɰɟɧɬɪɚɰɢʁɚ ɢ ɤɜɚɥɢɬɟɬ ɢɡɨɥɚɬɚ ɩɪɨɰɟʃɢɜɚʄɟ ɫɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɨɦ ND-1000 

(NanoDrop) ɧɚ ɬɚɥɚɫɧɢɦ ɞɭɠɢɧɚɦɚ 260 nm, 280 nm ɢ 230 nm. 

 

5.3 ɂɡɨɥɚɰɢʁɚ RNK ɢɡ ɭɡɨɪɚɤɚ ɬɤɢɜɚ ɮɢɤɫɢɪɚɧɢɯ ɮɨɪɦɚɥɢɧɨɦ  

 

Ɂɚ ɚɧɚɥɢɡɭ ɢɧɬɪɚɬɭɦɨɪɫɤɟ ɯɟɬɟɪɨɝɟɧɨɫɬɢ, ɭɡɨɪɤɨɜɚɧɢ ɫɭ  ɬɚɱɧɨ ɨɞɪɟђɟɧɢ 
ɞɟɥɨɜɢ ɬɭɦɨɪɚ ɬɤɢɜɧɢɯ ɛɥɨɤɨɜɚ ɮɢɤɫɢɪɚɧɢɯ ɭ ɞɟɫɟɬɨɩɪɨɰɟɧɬɧɨɦ ɩɭɮɟɪɢɫɚɧɨɦ 
ɮɨɪɦɚɥɢɧɭ ɢ ɭɝɪɚђɟɧɢɯ ɭ ɩɚɪɚɮɢɧ (FFPE). Ȼɢɨɩɫɢɪɚʃɟ ʁɟ ɜɪɲɟɧɨ ɢɝɥɨɦ (ɩɪɟɱɧɢɤɚ 

600 μɦ) (engl. punch biopsy), ɫɚ ɢɧɜɚɡɢɜɧɨɝ ɩɪɟɞʃɟɝ ɢ ɰɟɧɬɪɚɥɧɨɝ ɞɟɥɚ ɬɭɦɨɪɚ. Ɂɚ 
ɩɨɫɬɭɩɚɤ ɢɡɨɥɚɰɢʁɟ ɤɨɪɢɲʄɟɧɚ ɫɭ 3 ɭɡɨɪɤɚ ɢɡ ɫɜɚɤɟ ɬɭɦɨɪɫɤɟ ɪɟɝɢʁɟ. ɂɡɨɥɚɰɢʁɚ 
ɬɨɬɚɥɧɟ RNK ɢɡɜɟɞɟɧɚ ʁɟ ɩɨɦɨʄɭ MagMAX FFPE DNA/RNA Ultra ɤɨɦɩɥɟɬɚ, ɩɪɟɦɚ 
ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨђɚɱɚ ɫɚ ʁɟɞɧɨɦ ɦɨɞɢɮɢɤɚɰɢʁɨɦ. Ⱦɢɝɟɫɬɢʁɚ ɩɪɨɬɟɚɡɨɦ ɢɡɜɟɞɟɧɚ je 

ɩɪɟɤɨ ɧɨʄɢ ɧɚ 56 oC ɭɡ ɦɟɲɚʃɟ 15 ɫɟɤɭɧɞɢ ɩɪɢ 300 ɨɛɪɬɚʁɚ ɩɨ ɦɢɧɭɬɢ, ɫɜɚɤɚ 4 
ɦɢɧɭɬɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢʁɚ ɢ ɤɜɚɥɢɬɟɬ ɢɡɨɥɚɬɚ ɩɪɨɰɟʃɢɜɚʄɟ ɫɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɨɦ ND-

1000 (NanoDrop) ɧɚ ɬɚɥɚɫɧɢɦ ɞɭɠɢɧɚɦɚ 260 nm, 280 nm ɢ 230 nm. 

 

5.4 Ⱥɧɚɥɢɡɚ ɟɤɫɩɪɟɫɢʁɟ ɱɥɚɧɨɜa ɩɨɪɨɞɢɰɟ miR-200 ɢ miR-205 

 

MiRNK ɩɨɪɨɞɢɰɚ ɝɟɧɚ miR-200 ɚɧɚɥɢɡɢɪɚɧɚ ʁɟ ɤɨɪɢɲʄɟʃɟɦ kPCR ɦɟɬɨɞɟ, ɧɚ 
ɨɫɧɨɜɭ TaqMan ɦɟɬɨɞɨɥɨɝɢʁɟ (Thermo Fisher Scientific). Ʉɨɪɢɲʄɟɧɚ ʁɟ ɭɧɚɩɪɟɞ 
ɞɢɡɚʁɧɢɪɚɧɚ ɦɟɲɚɜɢɧɚ ɫɨɧɞɢ ɢ ɩɪɚʁɦɟɪɚ ɫɩɟɰɢɮɢɱɧɢɯ ɡɚ ɟɤɫɩɪɟɫɢʁɭ ɰɢʂɧɢɯ 
miRNK. ɉɪɟ kPCR-ɚ, ɫɬɜɨɪɟɧɚ ɫɭ ɱɟɬɢɪɢ ɛɚɡɧɚ ɭɡɨɪɚɤɚ RNK, ɞɨɛɢʁɟɧɢɯ ɢɡ 
ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ, ɚɞɟɧɨɦɚ, ɪɚɧɨɝ ɤɚɪɰɢɧɨɦɚ ɢ ɧɚɩɪɟɞɧɨɝ CRC-ɚ. ɉɨɫɥɟ ɪɟɜɟɪɡɧɟ 
ɬɪɚɧɫɤɪɢɩɰɢʁɟ (RT), cDNK ɪɚɡɛɥɚɠɟɧɚ ʁɟ ɭ ɩɟɬ ɤɨɪɚɤɚ, ɭ ɪɚɫɩɨɧɭ ɨɞ ɪɚɡɛɥɚɠɟʃɚ ɭ 
4 ɬɚɱɤɟ ɞɨ ɪɚɡɛɥɚɠɟʃɚ ɭ 1024 ɬɚɱɤɟ ɢ ɫɨɧɞɟ ɫɭ ɬɟɫɬɢɪɚɧɟ ɧɚ ɟɮɢɤɚɫɧɨɫɬ kPCR-ɚ. 
ɋɜɟ ɪɟɚɤɰɢʁɟ ɟɮɢɤɚɫɧɨɫɬɢ kPCR ɢɡɜɟɞɟɧɟ ɫɭ ɧɚ ɚɩɚɪɚɬɭ Rotor-Gene Q, ɭ ɬɪɢ 
ɩɪɢɦɟɪɤɚ. 
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5.5 Ɋɟɜɟɪɡɧa ɬɪɚɧɫɤɪɢɩɰɢʁa  

 

Ɂɚ ɫɩɟɰɢɮɢɱɧɭ ɪɟɜɟɪɡɧɭ ɬɪɚɧɫɤɪɢɩɰɢʁɭ (RT) ɤɨɪɢɲʄɟɧɢ ɫɭ ɜɟɪɢɠɧɢ ɩɪɚʁɦɟɪɢ 
miRNK ɢ ɦɢɤɪɨ RNK TaqMan RT ɤɨɦɩɥɟɬ (Thermo Fisher Scientific) ɩɪɟɦɚ 
ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨђɚɱɚ. RNU6B ɢ miR-1247b ɤɨɪɢɲʄɟɧɢ ɫɭ ɤɚɨ ɪɟɮɟɪɟɧɬɧɢ ɝɟɧɢ 
(RG). MiRNK, miR-141, miR-200a, miR-200b, miR-200c ɢ miR-429 ɬɟɫɬɢɪɚɧɟ ɫɭ ɭ 
ɨɞɧɨɫɭ ɧɚ ɝɟɨɦɟɬɪɢʁɫɤɭ ɫɪɟɞʃɭ ɟɤɫɩɪɟɫɢʁɭ RNU6B ɢ miR-1247b. ɍɤɪɚɬɤɨ, ɢɡɜɟɞɟɧɚ 
ʁɟ 10 μl RT ɪɟɚɤɰɢɨɧɚ ɦɟɲɚɜɢɧɚ ɫɚ 10 ng ɭɤɭɩɧɨɝ ɭɡɨɪɤɚ RNK, 1,0 μl MultiScribe 

ɪɟɜɟɪɡɧɟ ɬɪɚɧɫɤɪɢɩɬɚɡɟ (50 U/μl), 1 μl  ɩɭɮɟɪɚ ɡɚ ɪɟɜɟɪɡɧɭ ɬɪɚɧɫɤɪɢɩɰɢʁɭ (10x), 0,1 

μl  dNTP (100 mM), 0,19 μl μl ɢɧɯɢɛɢɬɨɪɚ ɪɢɛɨɧɭɤɥɟɚɡɟ (20 U/μl) ɢ 2 μl RT ɩɪɚʁɦɟɪɚ 
(5x). Ɋɟɚɤɰɢɨɧɢ ɭɫɥɨɜɢ ɛɢɥɢ ɫɭ: ɧɚ 16° C30 ɦɢɧɢɧɭɬɚ, ɧɚ 42°C 30 ɦɢɧɢɧɭɬɚ ɢ ɧɚ 
85°C 5 ɦɢɧɢɧɭɬɚ. 

 

5.6 Ʉɜɚɧɬɢɬɚɬɢɜɧɢ PCR ɭ ɪɟɚɥɧɨɦ ɜɪɟɦɟɧɭ  

 

Ʉɜɚɧɬɢɬɚɬɢɜɧɢ PCR ɭ ɪɟɚɥɧɨɦ ɜɪɟɦɟɧɭ (kPCR) ɡɚ miRNK ɢɡɜɟɞɟɧ ʁɟ ɭ 20 μl 
PCR ɦɚɫɬɟɪ ɦɟɲɚɜɢɧɢ, ɤɨʁɚ ɫɚɞɪɠɢ 5 μl TaqMan 2к ɭɧɢɜɟɪɡɚɥɧɟ PRC ɦɚɫɬɟɪ 
ɦɟɲɚɜɢɧɟ, 0,5 μl TaqMan ɬɟɫɬɚ ɢ 4,5 μl RT ɩɪɨɢɡɜɨɞɚ ɪɚɡɛɥɚɠɟɧɢɯ 100 ɩɭɬɚ. KPCR 

ɪɟɚɤɰɢʁɟ ɢɡɜɟɞɟɧɟ ɫɭ ɧɚ Rotor-Gene Q ɚɩɚɪɚɬɭ ɭ ɞɭɩɥɢɤɚɬɢɦɚ ɧɚ ɫɥɟɞɟʄɢ ɧɚɱɢɧ: 
ɩɨɱɟɬɧɚ ɞɟɧɚɬɭɪɚɰɢʁɚ ɧɚ 95°C ɬɨɤɨɦ 10 ɦɢɧɭɬɚ ɢ 40 ɰɢɤɥɭɫɚ ɡa 15 ɫɟɤɭɧɞɢ ɧɚ 95°C 

(ɞɟɧɚɬɭɪɚɰɢʁɚ), 60 ɫɟɤɭɧɞɢ ɧɚ 60°C (ɠɚɪɟʃɟ ɢ ɩɪɨɞɭɠɟʃɟ ɩɪɚʁɦɟɪɚ). ɋɢɝɧɚɥ ɫɟ 
ɩɪɢɤɭɩʂɚɨ ɧɚ ɤɪɚʁɭ ɫɜɚɤɨɝ ɰɢɤɥɭɫɚ. 
 

5.7 Ⱥɧɚɥɢɡɚ ɟɤɫɩɪɟɫɢʁɟ ɰɢʂɧɢɯ ɝɟɧɚ ɩɨɪɨɞɢɰɟ miR-200  

 

MiRNK ɟɤɫɩɪɟɫɢʁɚ ɝɟɧɚ ɡɚ ɤɨɞɢɪɚʃɟ ɩɪɨɬɟɢɧɚ ɚɧɚɥɢɡɢɪɚɧɚ ʁɟ ɤɨɪɢɲʄɟʃɟɦ 
kPCR-ɚ, ɧɚ ɨɫɧɨɜɭ TaqMan ɦɟɬɨɞɨɥɨɝɢʁɟ (Thermo Fisher Scientific). Ʉɨɪɢɲʄɟɧɚ ʁɟ 
ɭɧɚɩɪɟɞ ɞɢɡɚʁɧɢɪɚɧɚ ɦɟɲɚɜɢɧɚ ɫɨɧɞɢ ɢ ɩɪɚʁɦɟɪɚ, ɫɩɟɰɢɮɢɱɧɢɯ ɡɚ ɟɤɫɩɪɟɫɢʁɭ 
ɰɢʂɧɢɯ ɦmiRNK. ɉɪɟ kPCR-ɚ, ɫɬɜɨɪɟɧɨ ʁɟ ɩɟɬ ɝɪɭɩɚ ɭɡɨɪɚɤɚ RNK, ɞɨɛɢʁɟɧɢɯ ɢɡ 
ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ, ɚɞɟɧɨɦɚ, ɪɚɧɨɝ ɤɚɪɰɢɧɨɦɚ, ɭɡɧɚɩɪɟɞɨɜɚɥɨɝ CRC-ɚ ɛɟɡ 

ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ ɢ CRC-ɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ. ɉɨɫɥɟ RT ɢ ɩɪɟɚɦɩɚ, 

ɭɧɚɩɪɟɞ ɩɨʁɚɱɚɧɚ cDNK ɪɚɡɛɥɚɠɟɧɚ ʁɟ ɭ ɱɟɬɢɪɢ ɤɨɪɚɤɚ, ɭ ɪɚɫɩɨɧɭ ɨɞ ɪɚɡɛɥɚɠɟʃɚ ɭ 
5 ɬɚɱɚɤɚ ɞɨ ɪɚɡɛɥɚɠɟʃɚ ɭ 625 ɬɚɱɚɤɚ, ɚ ɫɨɧɞɟ ɫɭ ɬɟɫɬɢɪɚɧɟ ɧɚ ɟɮɢɤɚɫɧɨɫɬ ɩɨɦɨʄɭ 
kPCR-ɚ. ɋɜɟ ɪɟɚɤɰɢʁɟ ɟɮɢɤɚɫɧɨɫɬɢ kPCR-ɚ ɢɡɜɟɞɟɧɟ ɫɭ ɧɚ Rotor-Gene Q ɚɩɚɪɚɬɭ ɭ 
ɬɪɢ ɩɪɢɦɟɪɤɚ. 
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5.8 Ɋɟɜɟɪɡɧɚ ɬɪɚɧɫɤɪɢɩɰɢʁɚ 

 

ɐɢʂɧɢ ɝɟɧɢ miRNK ɩɨɪɨɞɢɰɟ miR-200, CDKN1B, ONECUT2, PTPN13, RND3, 

SOX2, TGFB2, WAVE3, ZEB1, ZEB2 ɚɧɚɥɢɡɢɪɚɧɢ ɫɭ ɭ ɨɞɧɨɫɭ ɧɚ ɝɟɨɦɟɬɪɢʁɫɤɭ 
ɫɪɟɞɢɧɭ RG, IPO8 ɢ B2M. MiRNK ɪɟɜɟɪɡɧɨ ɫɭ ɬɪɚɧɫɤɪɢɛɨɜɚɧɟ ɩɨɦɨʄɭ OneTaq RT-

PCR ɤɨɦɩɥɟɬɚ (New England Biolabs, UK), ɩɨɦɨʄɭ ɫɥɭɱɚʁɧo ɢɡɚɛɪɚɧɢx ɩɪɚʁɦɟɪɚ, 

ɩɪɟɦɚ ɭɩɭɬɫɬɜɢɦɚ ɩɪɨɢɡɜɨђɚɱɚ. Ɋɟɚɤɰɢʁɟ ɨɛɪɧɭɬɟ ɬɪɚɧɫɤɪɢɩɰɢʁɟ ɡɚɩɨɱɟɬɟ ɫɭ ɫɚ 3 µl 

(60 ng) ɭɤɭɩɧɟ RNK ɢ 1 µl Random Primer Mix ɦɟɲɚɜɢɧɟ ɢɧɤɭɛɢɪɚɧɟ ɧɚ 70°C ɬɨɤɨɦ 
5 ɦɢɧɭɬɚ. Ⱦɟɫɟɬ μl RT ɦɚɫɬɟɪ ɦɟɲɚɜɢɧɟ ɭɤʂɭɱɢɜɚɥɨ ʁɟ 5,0 μl M-MuLVM ɪɟɚɤɰɢɨɧɟ 
ɦɟɲɚɜɢɧɟ, 1,0 μlM-MuLVM ɪɟɜɟɪɡɧɟ ɬɪɚɧɫɤɪɢɩɬɚɡɟ ɢ 4,0 μl ɪɟɚɤɰɢɨɧɟ ɦɟɲɚɜɢɧɟ, 

ɧɚɤɨɧ ɫɥɭɱɚʁɧɨɝ ɩɭʃɟʃɚ. Ɋɟɚɤɰɢɨɧɢ ɭɫɥɨɜɢ ɛɢɥɢ ɫɭ: ɧɚ 25°C 5 ɦɢɧɭɬɚ, ɧɚ 42°C 60 

ɦɢɧɭɬɚ ɢ ɧɚ 80°C 4 ɦɢɧɭɬɚ. 

 

5.9 ɉɪɟɞɚɦɩɥɢɮɢɤɚɰɢʁɚ ɢ ɤɜɚɧɬɢɬɚɬɢɜɧɢ PCR ɭ ɪɟɚɥɧɨɦ ɜɪɟɦɟɧɭ  

 

ɇɚɤɨɧ pɟɜɟɪɡɧe ɬɪɚɧɫɤɪɢɩɰɢʁe (RT), ɩɪɟɞɚɦɩɥɢɮɢɤɚɰɢʁɚ ʁɟ ɢɡɜɟɞɟɧɚ ɩɨɦɨʄɭ 
TaqMan PreAmp MasterMix-а ɭ 10 µl ɩɪɟɦɚ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨђɚɱɚ. Ⱦɨɛɢʁɟɧɚ 
ReAmp ɪɟɚɤɰɢʁɚ 5 ɩɭɬɚ ʁɟ ɪɚɡɛɥɚɠɟɧɚ ɢ 4,5 μl ɤɨɪɢɲʄɟɧɨ ʁɟ ɭ 10 μl ɪɟɚɤɰɢɨɧɨʁ 
ɡɚɩɪɟɦɢɧɢ ɫɚ FastStart Essential DNA Probes MasterMix ɦɟɲɚɜɢɧɨɦ (Roche, 

ɇɟɦɚɱɤɚ) ɢ TaqMan ɫɨɧɞɨɦ. Ɍɟɪɦɢɱɤɢ ɭɫɥɨɜɢ ɩɪɢɦɟʃɟɧɢ ɫɭ ɧɚ ɫɥɟɞɟʄɢ ɧɚɱɢɧ: 
50°C 2 ɦɢɧɭɬɚ, ɩɨɱɟɬɧɚ ɞɟɧɚɬɭɪɚɰɢʁɚ ɧɚ 95°C 10 ɦɢɧɭɬɚ ɢ 40 ɰɢɤɥɭɫɚ ɞɟɧɚɬɭɪɚɰɢʁɟ 
ɧɚ 95°C 15 ɫɟɤɭɧɞɢ ɢ ɠɚɪɟʃɟ ɧɚ 60°C ɭ ɬɪɚʁɚʃɭ ɨɞ 1 ɦɢɧɭɬ. ɋɜɟ kPCR ɚɧɚɥɢɡɟ 
ɢɡɜɟɞɟɧɟ ɫɭ ɧɚ Rotor-Gene Q ɚɩɚɪɚɬɭ ɭ ɞɭɩɥɢɤɚɬɢɦɚ. ɋɢɝɧɚɥ ʁɟ ɩɪɢɤɭɩʂɟɧ ɧɚ ɤɪɚʁɭ 
ɫɜɚɤɨɝ ɰɢɤɥɭɫɚ. 
 

5.10 ɋɬɚɬɢɫɬɢɱɤɚ ɚɧɚɥɢɡɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɯ ɩɨɞɚɬɚɤɚ  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɩɪɟɞɫɬɚɜʂɟɧɢ ɤɚɨ ɪɟɥɚɬɢɜɧɚ ɟɤɫɩɪɟɫɢʁɚ ɝɟɧɚ. ɋɜɢ ΔCq ɤɨɪɢɝɨɜɚɧɢ 
ɫɭ ɡɚ PCR ɟɮɢɤɚɫɧɨɫɬ ɢ ɤɚɥɤɭɥɚɰɢʁɚ ɝɟɧɚ ɨɞ ɢɧɬɟɪɟɫɚ (GOI, CtGOI) ɢɡɜɪɲɟɧɚ ʁɟ ɭ 
ɨɞɧɨɫɭ ɧɚ ɪɟɮɟɪɟɧɬɧɢ ɝɟɧ (RG, CtRG), ɧɚɡɜɚɧ ΔCq. ɍ ɭɡɨɪɰɢɦɚ CRC-ɚ, ɪɚɡɥɢɤɟ ɭ 
ɟɤɫɩɪɟɫɢʁɢ miRNK ɢ mRNK ɭɩɨɪɟђɟɧɟ ɫɭ ɢɡɦɟђɭ ɬɭɦɨɪɚ ɢ ɫɭɫɟɞɧɨɝ ɧɨɪɦɚɥɧɨɝ 
ɬɤɢɜɚ ɤɨɪɢɫɬɟʄɢ ΔCq ɢ ȼɢɥɤɨɤɫɨɧɨɜ ɪɚɧɤ ɬɟɫɬ (Wilcoxon signed-rank test). Ɂɚ 
ɩɨɪɟђɟʃɟ ɪɟɥɚɬɢɜɧɟ ɤɜɚɧɬɢɮɢɤɚɰɢʁɟ miRNK ɢ miRNK ɢɡɦɟђɭ ɧɟɡɚɜɢɫɧɟ ɝɪɭɩɟ 
ɭɡɨɪɚɤɚ (ɬʁ. ɚɞɟɧɨɦɚ ɢ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ) ɤɨɪɢɲʄɟɧɢ ɫɭ ΔCq ɢ Mann–Whitney U test. 

ɂɫɬɢ ɬɟɫɬ ɤɨɪɢɲʄɟɧ ʁɟ ɡɚ ɩɨɪɟђɟʃɟ ɬɭɦɨɪɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɫɚ ɬɭɦɨɪɢɦɚ 

ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ, ɫɚɦɨ ʁɟ ɤɨɪɢɲʄɟɧ ΔΔCq. Ɂɚ ɫɜɟ ɤɨɪɟɥɚɰɢʁɟ/ɚɫɨɰɢʁɚɰɢʁɟ 
ɤɨɪɢɲʄɟɧɚ ʁɟ ɋɩɢɪɦɚɧɨɜɚ ɤɨɪɟɥɚɰɢʁɚ ɩɨ ɪɚɧɝɭ (Spearman's rank-order correlation). 
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ɋɬɚɬɢɫɬɢɱɤɚ ɚɧɚɥɢɡɚ ɩɨɞɚɬɚɤɚ ɢɡɜɪɲɟɧɚ ʁɟ ɤɨɪɢɲʄɟʃɟɦ ɩɪɨɝɪɚɦɚ SPSS ɜɟɪɡɢʁɟ 24 
(SPSS Inc.). Ɋɚɡɥɢɤɟ ɫɭ ɫɦɚɬɪɚɧɟ ɡɧɚɱɚʁɧɢɦ ɩɪɢ p < 0,05. 

 

6 Рɟɡɭɥɬɚɬɢ  

 

6.1  ɉɚɰɢʁɟɧɬɢ ɢ ɭɡɨɪɰɢ ɬɤɢɜɚ 

 

Ƚɪɭɩɚ ɚɞɟɧɨɦɚ ɫɚ ɩɨɝɪɟɲɧɢɦ ɟɩɢɬɟɥɨɦ ɭɤʂɭɱɢɜɚɥɚ ʁɟ 12 ɩɚɰɢʁɟɧɚɬɚ, ɝɪɭɩɚ 
ɚɞɟɧɨɦɚ 10 ɩɚɰɢʁɟɧɚɬɚ, ɝɪɭɩɚ ɦɚɥɢɝɧɢɯ ɚɞɟɧɨɦɚ (ɪɚɧɢ CRC) 10 ɩɚɰɢʁɟɧɚɬɚ, ɝɪɭɩɚ 
CRC ɛɟɡ ɦɟɬɚɫɬɚɡɚ ɭ ɥɢɦɮɧɢɦ ɱɜɨɪɨɜɢɦɚ (CRC N0) ɭɤʂɭɱɢɜɚɥɚ ʁɟ 13 ɩɚɰɢʁɟɧɚɬɚ, 
ɝɪɭɩɚ CRC ɫɚ ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɥɢɦɮɧɢɦ ɱɜɨɪɨɜɢɦɚ (CRC N+) ɭɤʂɭɱɢɜɚɥɚ ʁɟ 17 
ɩɚɰɢʁɟɧɚɬɚ, ɚ ɝɪɭɩɚ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ 10 ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC-ɨɦ (pT4a) ɛɟɡ 
ɨɛɡɢɪɚ ɧɚ N ɫɬɚɞɢʁɭɦ. Ʉɚɨ ɤɨɧɬɪɨɥɧɚ ɝɪɭɩɚ, ɭɤʂɭɱɟɧɚ ʁɟ ɡɞɪɚɜɚ ɫɥɭɡɧɢɰɚ ɞɟɛɟɥɨɝ 
ɰɪɟɜɚ ɫɚ ɯɢɪɭɪɲɤɢɦ ɦɚɪɝɢɧɚɦɚ, ɭɡɟɬɚ ɨɞ 30 ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC N0 ɢ CRC N+. ɉɨɥ, 
ɫɬɚɪɨɫɬ ɢ ɥɨɤɚɰɢʁɚ ɡɚ ɫɜɚɤɭ ɝɪɭɩɭ ɩɪɢɤɚɡɚɧɢ ɫɭ ɭ Ɍɚɛɟɥɢ 1. ɍ ɫɬɭɞɢʁɢ ɫɭ ɛɢɥɢ 
ɭɤʂɭɱɟɧɢ ɫɚɦɨ ɫɥɭɱɚʁɟɜɢ ɫɚ ʁɚɫɧɨɦ ɩɚɬɨɯɢɫɬɨɥɨɲɤɨɦ ɞɢʁɚɝɧɨɡɨɦ ɭɬɜɪђɟɧɨʁ ɩɭɬɟɦ 
ɛɢɨɩɫɢʁɟ. ɍ ɝɪɭɩɢ ɚɞɟɧɨɦɚ ɛɢɥɚ ɫɭ 4 ɬɭɛɭɥɚɪɧɚ ɚɞɟɧɨɦɚ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɜɢɫɨɤɨɝ 
ɫɬɟɩɟɧɚ, 4 ɬɭɛɭɥɨɜɢɥɨɡɧɚ ɚɞɟɧɨɦɚ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ ɢ 2 
ɬɭɛɭɥɨɜɢɥɨɡɧɚ ɚɞɟɧɨɦɚ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɧɢɫɤɨɝ ɫɬɟɩɟɧɚ. ɋɜɢ ɭɡɨɪɰɢ ɬɤɢɜɚ 
ɮɢɤɫɢɪɚɧɢ ɫɭ 24 ɫɚɬɚ ɭ ɞɟɫɟɬɨɩɪɨɰɟɧɬɧɨɦ ɩɭɮɟɪɢɫɚɧɨɦ ɮɨɪɦɚɥɢɧɭ ɩɪɟ ɭɦɟɬɚʃɚ ɭ 
ɩɚɪɚɮɢɧ. ɇɚɤɨɧ ɮɢɤɫɚɰɢʁɟ ɢ ɭɝɪɚɞʃɟ, ɭɡɨɪɰɢ ɬɤɢɜɚ ɪɟɡɚɧɢ ɫɭ ɧɚ ɞɟɛʂɢɧɭ ɨɞ 3 µm 

– 4 µm ɢ ɨɛɨʁɟɧɢ ɯɟɦɚɬɨɤɫɢɥɢɧɨɦ ɢ ɟɨɡɢɧɨɦ, ɤɚɤɨ ɛɢ ɛɢɥɢ ɩɪɢɩɪɟɦʂɟɧɢ ɡɚ 
ɪɭɬɢɧɫɤɢ ɯɢɫɬɨɩɚɬɨɥɨɲɤɢ ɩɪɟɝɥɟɞ. Ɂɚ ɩɨɬɪɟɛɟ ɢɫɬɪɚɠɢɜɚʃɚ, ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɢ 
ɩɚɪɚɮɢɧɫɤɢ ɛɥɨɤɨɜɢ ɩɪɢɤɭɩʂɟɧɢ ɫɭ ɢɡ ɚɪɯɢɜɟ ɂɧɫɬɢɬɭɬɚ ɡɚ ɩɚɬɨɥɨɝɢʁɭ 
Ɇɟɞɢɰɢɧɫɤɨɝ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ ȴɭɛʂɚɧɢ. 
 

 

 

6.2 ɂɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤa ɟɤɫɩɪɟɫɢʁɚ ɛɨʁɟʃɚ ȿ-ɤɚɞɯɟɪɢɧɨɦ 

 

ɂɡɪɚɠɚɜɚʃɟ E-ɤɚɞɯɟɪɢɧɚ ɜɟʄɢɦ ɞɟɥɨɦ ɛɢɥɨ je ɨɱɭɜɚɧo ɭ ɧɨɪɦɚɥɧɨʁ 
ɫɥɭɡɧɢɰɢ ɞɟɛɟɥɨɝ ɰɪɟɜɚ, ɤao ɢ, ɭɝɥɚɜɧɨɦ, ɭ ɚɞɟɧɨɦɢɦɚ ɢ ɤɚɪɰɢɧɨɦɢɦɚ. Ɇɟђɭɬɢɦ, ɭ 
ɨɞɪɟђɟɧɨɦ ɛɪɨʁɭ ɭɡɨɪɚɤɚ ɚɞɟɧɨɦɚ ɢ ɤɚɪɰɢɧɨɦɚ ɩɪɢɦɟɬɢɥɢ ɫɦɨ ɮɨɤɚɥɧɢ ɝɭɛɢɬɚɤ ɢɥɢ 
ɫɥɚɛɨ ɛɨʁɟʃɟ ȿ-ɤɚɞɯɟɪɢɧɨɦ ɧɚ ɩɟɪɢɮɟɪɢʁɢ ɥɟɡɢʁɟ ɢɥɢ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ. ɋɜɚ 4 
ɫɥɭɱɚʁɚ ɚɞɟɧɨɦɚ ɫɚ ɮɨɤɚɥɧɢɦ ɝɭɛɢɬɤɨɦ ɛɨʁɟʃɚ ȿ-ɤɚɞɯɟɪɢɧɨɦ ɩɨɤɚɡɚɥɚ ɫɭ 
ɞɢɫɩɥɚɡɢʁɭ ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ. Ȼɨʁɟʃɟ ȿ-ɤɚɞɯɟɪɢɧɨɦ ɬɚɤɨђɟ ʁɟ ɛɢɥɨ ɫɥɚɛɨ ɢɥɢ 
ɢɡɝɭɛʂɟɧɨ ɭ 7 ɨɞ 13 ɫɥɭɱɚʁɟɜɚ ɫɚ CRC-ɨɦ N0 ɢ 9 ɨɞ 17 ɫɥɭɱɚʁɟɜɚ ɫɚ CRC-ɨɦ N+. 
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Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɚɠɟɬɢ ɭ Ɍɚɛɟɥɢ 1. 

Group 

Age  

(mean ± SD) 

Female / male pTNM 

No of cases with weak or 

focal loss of E-cadherin 

staining 

Adenoma (n 

= 10) 
61,00 ± 10,99 1 : 9 - 

4 

40,0 % 

CRC N0 (n = 

13) 

74,62 ± 11,09 

 

9 : 4 

pT1N0 (n = 0) 

pT2N0 (n = 3) 

pT3N0 (n = 5) 

pT4N0 (n = 1) 

7 

53,9 % 

CRC N+ (n = 

17) 

70,88 ± 13,87 

 

 

9 : 8 

pT3N1 (n = 6) 

pT4N1 (n = 4) 

pT4N2 (n = 7) 

 

9 

52,9 % 

Malignant 

adenoma 

(n = 10) 

65,4±9,22 5 : 5 pT1  

Adenoma 

with 

epithelial 

misplacement 

(n = 12) 

57,07±6,02 9 : 3 -  

CRC T4 67,8 ±13,87 8 : 2 pT4a (n = 10)  
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6.3 ɇɟɨɬɤɪɢɜɟɧɚ ɟɤɫɩɪɟɫɢʁɚ ɦɚɪɤɟɪɚ ɟɩɢɬɟɥɧɨ-ɦɟɡɟɧɯɢɦɚɥɧɟ ɬɪɚɧɡɢɰɢʁɟ  

 

ɇɢɜɨ ɟɤɫɩɪɟɫɢʁɟ miR-205, ZEB1 (ɰɢʂɧɢ ɝeɧ ɩɨɪɨɞɢɰɟ miR-200) ɢ WAVE3 

(ɰɢʂɧɢ ɝeɧ miR-200b) ɝɟɧɚ ɛɢɨ ʁɟ ɢɡɧɚɞ ɝɪɚɧɢɰɟ ɞɟɬɟɤɰɢʁɟ ɩɪɢ ɩɪɢɩɪɟɦɢ 
ɢɫɩɢɬɢɜɚʃɚ ɟɮɢɤɚɫɧɨɫɬɢ ɧɚ ɫɚɤɭɩʂɟɧɢɦ ɭɡɨɪɰɢɦɚ. Ɉɜɢ EMT ɦɚɪɤɟɪɢ ɫɬɨɝɚ ɫɭ 
ɢɡɨɫɬɚɜʂɟɧɢ ɢɡ ɞɚʂɟ ɚɧɚɥɢɡɟ.ȿ ɤɫɩɪɟɫɢʁɚ miR-205, ZEB1 ɢ WAVE3 ɝɟɧɚ ɛɢɥɚ ʁɟ 
ɢɡɜɚɧ ɝɪɚɧɢɰɚ ɞɟɬɟɤɰɢʁɟ ɭ ɫɜɢɦ ɝɪɭɩɚɦɚ, ɬj. ɭ ɧɨɪɦɚɥɧoj ɫɥɭɡɧɢɰɢ, ɚɞɟɧɨɦɢɦa, 
ɚɞɟɧɨɦɢɦɚ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ CRC-ɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɢ CRC-ɚ ɛɟɡ 
ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ. 
 

6.4 ȿɤɫɩɪɟɫɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ 

ʃɢɯɨɜɨɦ ɟɤɫɩɪɟɫɢʁɨɦ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ ɞɟɛɟɥɨɝ ɰɪɟɜɚ  

 

Ƚɟɨɦɟɬɪɢʁɫɤɚ ɫɪɟɞɢɧɚ ɟɤɫɩɪɟɫɢʁɟ ɪɟɮɟɪɟɧɬɧɢɯ ɝɟɧɚ ɡɚ miRNK ɛɢɥɚ ʁɟ 
ɭɩɨɪɟɞɢɜɚ ɢɡɦɟђɭ ɚɞɟɧɨɦɚ ɢ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC-om N0, ɚɥɢ ɫɟ 
ɪɚɡɥɢɤɨɜɚɥɚ ɨɞ ɝɟɨɦɟɬɪɢʁɫɤɟ ɫɪɟɞʃɟ ɜɪɟɞɧɨɫɬɢ ɢɡɪɚɠɚɜɚʃɚ ɪɟɮɟɪɟɧɬɧɢɯ ɝɟɧɚ ɡɚ 
miRNK ɭ CRC-ɭ N+. Ɂɛɨɝ ɬɨɝɚ, ɫɜɚ ɩɨɪɟђɟʃɚ ɚɞɟɧɨɦɚ ɫɚ ɧɨɪɦɚɥɧɨɦ ɫɥɭɡɧɢɰɨɦ 
ɢɡɜɪɲɟɧɚ ɫɭ ɫɚɦɨ ɫɚ ɧɨɪɦɚɥɧɨɦ ɫɥɭɡɧɢɰɨɦ CRC-a N0. ɂɡɛɨɪ ɫɦɨ ɬɚɤɨђɟ ɩɨɬɜɪɞɢɥɢ 
ɬɢɦɟ ɞɚ ɫɦɨ ɭ ɢɫɬɪɚɠɢɜɚʃɭ ɞɨɲɥɢ ɞɨ ɫɬɚɬɢɫɬɢɱɧɟ ɪɚɡɥɢɤɟ ɭ ɟɤɫɩɪɟɫɢʁɢ 4 ɨɞ 5 

ɢɫɬɪɚɠɢɜɚɧɢɯ miRNK ɢɡɦɟђɭ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ CRC-a N0 ɢ CRC-a N+. 

 

ȿɤɫɩɪɟɫɢʁɚ ɫɜɢɯ ɢɫɩɢɬɢɜɚɧɢɯ miRNK ɛɢɥɚ ʁɟ ɩɨɜɟʄɚɧɚ ɭ ɚɞɟɧɨɦɭ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ CRC-a N0; up ɪɟɝɭɥɚɰɢʁɚ 
ɛɢɥɚ ʁɟ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɚ ɭ ɫɥɭɱɚʁɭ miR-141 (~ 12,2 ɩɭɬɚ, p = 0,001), miR-200b 

(~ 14,3 ɩɭɬɚ, p < 0,001), miR-200c (~ 23,4 ɩɭɬɚ, p < 0,001) ɢ miR-429 (~ 33,2 ɩɭɬɚ, p 

< 0,001).  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 7ɚ. 
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ɋɥɢɤɚ 7ɚ. ȿɤɫɩɪɟɫɢʁɚ ɫɜɢɯ miRNK ɭ ɚɞɟɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ 

miRNK ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

ɋɜɢ ɢɫɩɢɬɢɜɚɧɢ ɢ ɟɤɫɩɪɢɦɢɪɚɧɢ ɰɢʂɧɢ ɝɟɧɢ, CDKN1B, PTPN13, RND3, 

SOX2 ɢ ZEB2 ɛɢɥɢ ɫɭ ɫɧɢɠɟɧɢ ɭ ɚɞɟɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɢɦ ɫɬɚɬɭɫɨɦ ɭ 

ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ CRC-a N0, ɨɫɢɦ ONECUT2 ɢ TGFB2 ɝɟɧɚ, ɤɨʁɢ ɫɭ ɛɢɥɢ 
ɩɨɜɟʄɚɧɨ ɪɟɝɭɥɢɫɚɧɢ. ɒɬɚɜɢɲɟ, PTPN13, SOX2 ɢ ZEB2 ɝɟɧɢ ɢɡɪɚɠɟɧɢ ɫɭ ɫɚɦɨ ɭ 2 

ɭɡɨɪɤɚ ɨɞ 10 ɭɡɨɪɚɤɚ ɚɞɟɧɨɦɚ, ɩɚ ɩɪɨɪɚɱɭɧ ɫɬɚɬɢɫɬɢɱɤɟ ɡɧɚɱɚʁɧɨɫɬɢ ɧɟ ɛɢ ɛɢɨ 
ɨɞɝɨɜɚɪɚʁɭʄ. ɍɤɪɚɬɤɨ, ɫɧɢɠɟɧɚ ɪɟɝɭɥɚɰɢʁɚ ɞɨɫɬɢɝɥɚ ʁɟ ɫɬɚɬɢɫɬɢɱɤɭ ɡɧɚɱɚʁɧɨɫɬ ɫɚɦɨ 
ɭ ɫɥɭɱɚʁɭ CDKN1B (~ 2,3 ɩɭɬɚ, p = 0,015) ɢ RND3 (~ 5,9 ɩɭɬɚ, p < 0,001), ɨɛɚ 
ɢɡɪɚɠɟɧɚ ɰɢʂɧa ɝɟɧa miR-200b.  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 7ɛ. 
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ɋɥɢɤɚ 7ɛ. ȿɤɫɩɪɟɫɢʁɚ ɫɜɢɯ ɢɫɩɢɬɢɜɚɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ 

ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

Ɍɚɤɨђɟ, ɩɪɢɦɟɬɢɥɢ ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ, ʁɚɤɭ, ɧɟɝɚɬɢɜɧɭ ɤɨɪɟɥɚɰɢʁɭ 
ɢɡɦɟђɭ ɟɤɫɩɪɟɫɢʁɟ CDKN1B ɢ miR-200a (rs= -0,648, p= 0,043) ɝɟɧɚ ɭ ɚɞɟɧɨɦɢɦɚ. 
 

6.5 ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ 

 

Mann–Whitney ɬɟɫɬ ɢ ΔCq ɨɬɤɪɢɥɢ ɫɭ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɝɨɪʃɭ ɪɟɝɭɥɚɰɢʁɭ 
miR-141 (14,2 ɩɭɬɚ, p = 0,001), miR-200b (7,6 ɩɭɬɚ, p = 0,002), miR-200c (6,6 ɩɭɬɚ, p 

= 0,011) ɢ miR-429 (28,2 ɩɭɬɚ, p < 0,001) ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɨɦ ɪɟɝɭɥɚɰɢʁɨɦ ɭ ɡɞɪɚɜɨɦ ɬɤɢɜɭ ɫɥɭɡɧɢɰɟ. Ɍɚɤɨђɟ, ɩɪɢɦɟɬɢɥɢ 
ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɝɨɪʃɭ ɪɟɝɭɥɚɰɢʁɭ PTPN13 ɤɨɞ ɚɞɟɧɨɦɚ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɨɜɨɦ ɪɟɝɭɥɚɰɢʁɨɦ ɭ ɡɞɪɚɜɨʁ ɫɥɭɡɧɢɰɢ (2,5 ɩɭɬɚ, p = 

0,028).  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɤɚɦɚ 8ɚ ɢ 8ɛ. 
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ɋɥɢɤɚ 8ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ ɩɨɪɟђɟʃɭ ɫɚ 

ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

 

 

 
ɋɥɢɤɚ 8ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 
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6.6  ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ (ɦɚɥɢɝɧɢ ɚɞɟɧɨɦ) ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɟɫɤɩɪɟɫɢʁɨɦ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ 

 

Mann-Whitney ɬɟɫɬ ɢ ΔCq ɨɬɤɪɢɥɢ ɫɭ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɩɨɜɟʄɚɧɭ 
ɪɟɝɭɥɚɰɢʁɭ miR-141 (5,0 ɩɭɬɚ, p = 0,027), miR-200b (5,1 ɩɭɬɚ, p = 0,016) ɢ miR-429 

(6,7 ɩɭɬɚ, p = 0,029) ɝɟɧɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɨɦ ɪɟɝɭɥɚɰɢʁɨɦ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ 

ɫɚ ɡɞɪɚɜɢɦ ɬɤɢɜɨɦ ɫɥɭɡɧɢɰɟ. Ɍɚɤɨђɟ, ɩɪɢɦɟɬɢɥɢ ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ 
ɩɨɜɟʄɚɧɭ ɪɟɝɭɥɚɰɢʁɭ RND3 ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɨɜɨɦ ɪɟɝɭɥɚɰɢʁɨɦ ɭ 
ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ (3,1 ɩɭɬɚ, p = 0,010).  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɤɚɦɚ 9ɚ ɢ 9ɛ. 
 

 
ɋɥɢɤɚ 9ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ (ɦɚɥɢɝɧɢ ɚɞɟɧɨɦ) ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 
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ɋɥɢɤɚ 9ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ (ɦɚɥɢɝɧɢ ɚɞɟɧɨɦ) ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

6.7 ȿɤɫɩɪɟɫɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɛɟɡ ɧɨɞɚɥɧɢɯ 

ɦɟɬɚɫɬɚɡɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ 

ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ 

 

ȿɤɫɩɪɟɫɢʁɚ ɫɜɢɯ miRNK ɛɢɥɚ ʁɟ ɩɨɜɟʄɚɧo ɪɟɝɭɥɢɫɚɧɚ ɭ CRC-ɭ N0 ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɨɞɝɨɜɚɪɚʁɭʄɨʁ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ, ɨɫɢɦ miR-

200ɚ ɝɟɧɚ, ɤɨʁɢ ʁɟ ɛɢɨ ɫɧɢɠɟɧ; up ɪɟɝɭɥɚɰɢʁɚ ɛɢɥɚ ʁɟ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɚ ɭ ɫɥɭɱɚʁɭ 
miR-141 (~ 1,7 ɩɭɬɚ, p = 0,019) ɢ miR-429 (~ 3,7 ɩɭɬɚ, p = 0,041) ɝɟɧɚ.  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 10ɚ. 
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ɋɥɢɤɚ 10ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɤɚɪɰɢɧɨɦɭ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ 
ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ.  

 

Ɂɚ ɪɚɡɥɢɤɭ ɨɞ ɚɞɟɧɨɦɚ, ɢɫɩɢɬɢɜɚɧɢ ɰɢʂɧɢ ɝɟɧɢ CDKN1B, PTPN13, RND3, 

SOX2ɢ ZEB2 ɛɢɥɢ ɫɭ ɝɨɪɟ ɪɟɝɭɥɢɫɚɧɢ ɭ CRC-ɭ N0, ɨɫɢɦ ONECUT2 ɢ TGFB2 ɝɟɧɚ, 

ɤɨʁɢ ɫɭ ɛɢɥɢ ɫɧɢɠɟɧɢ.ɋ ɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɚ ɩɨɜɟʄɚɧɚ ɪɟɝɭɥɚɰɢʁɚ ɩɪɢɦɟʄɟɧɚ ʁɟ ɡɚ 
CDKN1B(~ 3,0 ɩɭɬɚ, p = 0,015) ɢ ɡɚ ZEB2 (~ 2,7 ɩɭɬɚ, p = 0,011) ɝɟɧɟ. Ɋɟɡɭɥɬɚɬɢ ɫɭ 
ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 10ɛ. 
 

 
ɋɥɢɤɚ 10ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 
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ɋɩɢɪɦɚɧɨɜ ɤɨɟɮɢɰɢʁɟɧɬ ɤɨɪɟɥɚɰɢʁɟ (engl. Spearman's correlation coefficient) 

ɩɨɤɚɡɚɨ ʁɟ ɬɨ ɞɚ ʁɟ ɭ CRC-ɭ N0 ɟɤɫɩɪɟɫɢʁɚ miR-200a ɝɟɧɚ ɛɢɥɚ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ 
ɟɤɫɩɪɟɫɢʁɨɦ TGB2 ɝɟɧɚ (rs = 0,900, p = 0,037), CDKN1B ɝɟɧɚ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ miR-

141 (rs= 0,683, p = 0,042) ɝɟɧɨɦ ɢ RDN3 ɝɟɧ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ miR-200c (rs= 0,867, p 

= 0,002) ɝɟɧɨɦ. ɋɜɟ ɤɨɪɟɥɚɰɢʁɟ ɛɢɥɟ ɫɭ ɩɨɡɢɬɢɜɧɟ ɢ ʁɚɤɟ ɢɥɢ ɜɪɥɨ ʁɚɤɟ.  
 

6.8 ȿɤɫɩɪɟɫɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɧɨɞɚɥɧɢɦ 

ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɩɨɪɟђɟʃɭ eɤɟɫɩɪɟɫɢʁɨɦ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ 

ɫɥɭɡɧɢɰɢ  

 

ȿɤɫɩɪɟɫɢʁɚ ɫɜɢɯ miRNK, ɨɫɢɦ miR-200a ɝɟɧɚ, ɛɢɥɚ ʁɟ ɩɨɜɢɲɟɧɨ ɪɟɝɭɥɢɫɚɧɚ 
ɤɨɞ CRC-a N+ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɭ ɨɞɝɨɜɚɪɚʁɭʄɨʁ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ; up 

ɪɟɝɭɥɚɰɢʁɚ ɛɢɥɚ ʁɟ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɚ ɭ ɫɥɭɱɚʁɭ miR200b (~ 19,4 ɩɭɬɚ, p < 0,001), 

miR-200c (~ 2,7 ɩɭɬɚ, p = 0,003) ɢ miR-429 (~ 3,2 ɩɭɬɚ, p = 0,006) ɝɟɧɚ.  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 11ɚ. 
 

 

 
 

ɋɥɢɤɚ 11ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɩɨɪɟђɟʃɭ 
ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ miRNK ɛɢɥɚ ʁɟ ɯɟɬɟɪɨɝɟɧɢʁɚ ɤɨɞ CRC-a N+ ɧɟɝɨ ɤɨɞ 
ɚɞɟɧɨɦɚ ɢ CRC-a N0. PTPN13, ONECUT, SOX2 ɢ RND3 ɝɟɧɢ ɛɢɥɢ ɫɭ ɩɨɜɢɲɟɧɨ 
ɪɟɝɭɥɢɫɚɧɢ, ɚ TGFB2, ZEB2 ɢ CDKN1B ɝɟɧɢ ɩɨɤɚɡɚɥɢ ɫɭ ɫɦɚʃɟʃɟ ɪɟɝɭɥɚɰɢʁɟ ɤɨɞ 
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CRC-a N+ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɨɦ ɪɟɝɭɥɚɝɢʁɨɦ ɤɨɞ ɨɞɝɨɜɚɪɚʁɭʄɢɯ ɧɨɪɦɚɥɧɢɯ 

ɫɥɭɡɧɢɰɚ. ɋɬɚɬɢɫɬɢɱɤɚ ɡɧɚɱɚʁɧɨɫɬ ɩɨɫɬɢɝɧɭɬɚ ʁɟ ɫɚɦɨ ɭ ɫɥɭɱɚʁɭ CDKN1B (~ 1,5 

ɩɭɬɚ, p = 0,017) ɢ ONCECUT (~ 13,1 ɩɭɬɚ, p = 0,018) ɝɟɧɚ.  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 11ɛ. 
 

 
ɋɥɢɤɚ 11ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

ɋɩɢɪɦɚɧɨɜ ɤɨɟɮɢɰɢʁɟɧɬ ɤɨɪɟɥɚɰɢʁɟ (engl. Spearman's correlation coefficient) 

ɩɨɤɚɡɚɨ ʁɟ ɞɚ ɫɭ miR -200a, miR -200c ɢ miR -141 ɝɟɧɢ ɢɡɪɚɠɟɧɢ ɭ ɧɟɝɚɬɢɜɧɨʁ 
ɤɨɪɟɥɚɰɢʁɢ ɫɚ TGFB2 ɝɟɧɨɦ ɭ CRC-ɭ N+ (rs = -0,841, p = 0,005; rs = -0,765, p = 0,016; 

rs = -0,668 , p = 0,049; ɪɟɫɩɟɤɬɢɜɧɨ). 
 

6.9 ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɢɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ 

ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɢɦɚ  

 

ɉɪɢɦɟɬɢɥɢ ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɪɚɡɥɢɤɭ ɭ ɨɛɪɚɫɰɢɦɚ ɟɤɫɩɪɟɫɢʁɟ 
ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɤɚɞɚ ɫɭ ɚɞɟɧɨɦɢ ɭɩɨɪɟђɟɧɢ ɫɚ CRC-ɨɦ 
N0 ɢɥɢ CRC-om N+. ɑɟɬɢɪɢ miRNK ɪɚɡɥɢɱɢɬɨ ɫɭ ɟɤɫɩɪɢɦɢɪɚɧɟ ɢɡɦɟђɭ ɚɞɟɧɨɦɚ ɢ 
CRC-a N0 ɢɥɢ CRC-a N+ (miR-200a, p = 0,026 ɢ p < 0,001, ɪɟɫɩɟɤɬɢɜɧɨ; miR-200c, 

p = 0,001 ɢ p < 0,001, ɪɟɫɩɟɤɬɢɜɧɨ; miR-141, p = 0,007 ɢ p < 0,001, ɪɟɫɩɟɤɬɢɜɧɨ; miR-

429, p = 0,011 ɢ p <0,001, ɪɟɫɩɟɤɬɢɜɧɨ), ɞɨɤ je miR-200b ɝɟɧ ɛɢo ɪɚɡɥɢɱɢɬɨ ɢɡɪɚɠɟɧ 
ɫɚɦɨ ɢɡɦɟђɭ ɚɞɟɧɨɦɚ ɢ CRC-a N+ (p = 0,003).  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 12ɚ. 
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ɋɥɢɤɚ 12ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɚɞɟɧɨɦɢɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ 
ɤɚɪɰɢɧɨɦɢɦɚ. 
 

Ɂɚ ɪɚɡɥɢɤɭ ɨɞ miRNK, ʁɟɞɢɧɢ miRNK ɰɢʂɚɧɢ ɝɟɧ, ɤɨʁɢ ʁɟ ɛɢɨ ɪɚɡɥɢɱɢɬɨ 
ɢɡɪɚɠɟɧ ɢɡɦɟђɭ ɚɞɟɧɨɦɚ ɢ ɨɛɚ ɬɢɩɚ ɤɚɪɰɢɧɨɦɚ, CRC-a N0 ɢ CRC-a N+, ɛɢɨ ʁɟ 
CDKN1B (p < 0,001 ɢ p = 0,001, ɪɟɫɩɟɤɬɢɜɧɨ). Ʉɨɞ ɚɞɟɧɨɦɚ, ɬɚɤɨђɟ ʁɟ ɩɪɢɦɟʄɟɧɚ 
ɞɢɮɟɪɟɧɰɢʁɚɥɧɚ ɟɤɫɩɪɟɫɢʁɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɫɤɩɪɟɫɢʁɨɦ ɭ CRC-ɭ N0 ɡɚ ZEB2 (p = 

0,034) ɢ SOX2 (p = 0,046) ɝɟɧɟ, ɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɭ CRC-ɭ N+ ɡɚ 

ONECUT2 (p = 0,006) ɢ RND3 (p < 0,001) ɝɟɧɟ. 

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 12ɛ. 
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ɋɥɢɤɚ 12ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɢɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚɟɤɫɩɪɟɫɢʁɨɦ 
ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɢɦɚ. 
 

 

6.10 ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɢ ɪɚɧɨɦ 

ɤɚɪɰɢɧɨɦɭ 

 

ɉɪɢɦɟɬɢɥɢ ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɩɨɜɢɲɟɧɭ ɪɟɝɭɥɚɰɢʁɭ miR-141 (p = 

0,051) ɢ miR-429 (p = 0,030) ɝɟɧɚ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɨɦ 
ɪɟɝɭɥɚɰɢʁɨɦ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ. ɋɥɢɱɚɧ ɨɛɪɚɡɚɰ ɟɤɫɩɪɟɫɢʁɟ ɩɪɢɦɟʄɟɧ 
ʁɟ ɡɚ PTPN13 ɝɟɧ (p = 0,019), ɞɨɤ ʁɟ ɟɤɫɩɪɟɫɢʁɚ CDKN1B ɝɟɧɚ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ 
ɛɢɥɚ ɪɟɝɭɥɢɫɚɧɚ ɧɚɝɨɪɟ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɩɪɟɫɢʁɨɦ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ (p 

= 0,051).  

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɤɚɦɚ 13ɚ ɢ 13ɛ. 
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ɋɥɢɤɚ 13ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɚɞɟɧɨɦɢɦɚ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ ɩɨɪɟђɟʃɭ ɫɚ 

ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɚɞɟɧɨɦɭ ɢ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ 

 

 
ɋɥɢɤɚ 13ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɢɦɚ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ ɩɨɪɟђɟʃɭ 
ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɢ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ. 
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6.11 ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ 

ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɛɟɡ 

ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ  

 

ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɧɨɪɦɚɥɢɡɨɜɚɧɨɦ ɧɚ 
ɧɨɪɦɚɥɧɭ ɫɥɭɡɧɢɰɭ ɭɩɨɪɟђɟɧɚ ʁɟ ɦɟђɭɫɨɛɧɨ, ɨɞɧɨɫɧɨ CRC N0 ɢ CRC N+. 

ɂɫɩɨɫɬɚɜɢɥɨ ɫɟ ɞɚ ɧɟɦɚ ɡɧɚɱɚʁɧɟ ɩɪɨɦɟɧɟ ɭ ɟɤɫɩɪɟɫɢʁɢ ɢɫɩɢɬɢɜɚɧɢɯ miRNK ɢɡɦɟђɭ 
CRC-a N+ ɢ CRC-a N0, ɨɫɢɦ ɟɤɫɩɪɟɫɢʁɟ miR-200b ɝɟɧɚ. 

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 14ɚ. 
 

 
ɋɥɢɤɚ 14ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɤɚɪɰɢɧɨɦɢɦɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɩɨɪɟђɟʃɭ 
ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɭ ɤɚɪɰɢɧɨɦɢɦɚ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ. 
 

ɐɢʂɧɢ ɝɟɧɢ ɩɨɪɨɞɢɰɟ miR-200, ONECUT2 ɩɨɤɚɡɚɥɢ ɫɭ ɩɨɜɟʄɚʃɟ ɪɟɝɭɥɚɰɢʁɟ 
ɭ CRC-ɭ N+ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɪɟɝɭɥɚɝɢʁɨɦ ɭ CRC-ɭ N0 (p = 0,028), ɞɨɤ ɫɭ ZEB2 ɢ 
CDKN1B ɝɟɧɢ ɩɨɤɚɡɚɥɢ ɫɦɚʃɟʃɟ ɪɟɝɭɥɚɰɢʁɟ ɭ CRC-ɭ N+ ɭ ɩɨɪɟђɟʃɭ ɫɚ 
ɪɟɝɭɥɚɰɢʁɨɦ ɭ CRC-ɭ N0 (p = 0,038 ɢ p = 0,001, ɪɟɫɩɟɤɬɢɜɧɨ). 

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɰɢ 14ɛ. 
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ɋɥɢɤɚ 14ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɢɦɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɢɦɚ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ. 
 

6.12 ȿɤɫɩɪɟɫɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɫɟɪɨɡɧɨɦ 

ɢɧɜɚɡɢʁɨɦ ɢ ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ ɭ ɩɨɪɟђɟʃɭ ɫɚ eɤɫɩɪɟɫɢʁɨɦ ɩɪɨɞɢɰɟ miR-200 ɢ 

ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ  

 

Ʉɨɪɢɫɬɟʄɢ Willcoxon Rank ɬɟɫɬ ɩɪɢɦɟɬɢɥɢ ɫɦɨ ɡɧɚɱɚʁɧɭ ɩɨɜɢɲɟɧɭ 
ɪɟɝɭɥɚɰɢʁɭ ONCECUɌ2 ɝɟɧɚ ɭ ɰɟɥɨɦ ɬɭɦɨɪɫɤɨɦ ɬɤɢɜɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɪɟɝɭɥɚɰɢʁɨɦ 
ɭ ɨɞɝɨɜɚɪɚʁɭʄɨʁ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ (p = 0.028). ɇɢʁɟɞɧɚ ɞɪɭɝɚ miRNK, ɧɢɬɢ mRNK 

ɧɢɫɭ ɛɢɥɟ ɪɚɡɥɢɱɢɬɨ ɟɤɫɩɪɢɦɢɪɚɧɟ. ɍɡɨɪɰɢ ɫɭ ɩɨɞɟʂɟɧɢ ɭ ɞɜɟ ɝɪɭɩɟ, ɧɚ ɨɫɧɨɜɭ 
ɫɬɚɬɭɫɚ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ. ɇɢɫɦɨ ɡɚɩɚɡɢɥɢ ɛɢɬɧɟ ɪɚɡɥɢɤɟ ɭ ɢɡɪɚɠɚɜɚʃɭ ɫɜɢɯ miRNK 

ɭ ɬɭɦɨɪɫɤɨɦ ɬɤɢɜɭ ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɢɡɪɚɠɚɜɚʃɟɦ ɫɜɢɯ miRNK ɭ 

ɨɞɝɨɜɚɪɚʁɭʄɨʁ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. Ɍɚɤɨђɟ, ɨɩɚɡɢɥɢ ɫɦɨ ɢ ɬɨ ɞɚ ɰɢʂɧɢ ɝɟɧɢ ɧɢɫɭ 
ɛɢɥɢ ɡɧɚɱɚʁɧɨ ɢɡɦɟʃɟɧɢ. ɂɫɬɨ ɜɚɠɢ ɢ ɡɚ ɬɭɦɨɪ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ. 
 

Ⱦɚʂɟ, ɤɨɪɢɫɬɢɥɢ ɫɦɨ Mann-Whitney ɬɟɫɬ ɢ ΔCq ɤaɤo ɛɢ ɭɩɨɪɟɞɢɥɢ 
ɟɤɫɩɪɟɫɢʁɭ ɚɧɚɥɢɡɢɪɚɧɢɯ ɬɪɚɧɫɤɪɢɩɚɬɚ ɭ ɫɜɢɦ ɧɨɪɦɚɥɧɢɦ ɭɡɨɪɰɢɦɚ ɫɥɭɡɨɤɨɠɟ (n 

= 33) ɫɚ ɭɡɨɪɰɢɦɚ CRC-a Ɍ2 (n = 4), CRC-a Ɍ3 (n = 14) ɢ CRC-a Ɍ4 (n = 15 ). ɍɨɱɢɥɢ 
ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɩɪɨɦɟɧɭ ɟɤɫɩɪɟɫɢʁɟ ɡɚ miR-429 ɝɟɧ ɭ CRC-ɭ Ɍ2 (p = 

0,031), ɡɚ ONECUT2 ɝɟɧ (p = 0,035) ɭ CRC-ɭ Ɍ3 ɢ ONECUT2 (p = 0,006), ZEB2 (p = 

0,017) ɢ SOX2 ɝɟɧɟ (p = 0,025) ɭ CRC-ɭ Ɍ4. ɋɩɢɚɪɦɚɧɨɜ ɤɨɟɮɢɰɢʁɟɧɬ ɤɨɪɟɥɚɰɢʁɟ 
ɞɚʂɟ ʁɟ ɩɨɤɚɡɚɨ ɩɨɜɟɡɚɧɨɫɬ ɟɤɫɩɪɟɫɢʁɟ ONECUT2 ɝɟɧɚ ɢɡ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ ɫɚ Ɍ2, 
Ɍ3 ɢ Ɍ4 CRC-ɚ (Rho = 0.621, p = 0.001). 
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6.13 ȿɤɫɩɪɟɫɢʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ ɢ 

ɤɚɪɰɢɧɨɦɭ ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ  

 

Ⱦɚʂɟ, ɤɨɪɢɫɬɢɥɢ ɫɦɨ Mann-Whitney ɬɟɫɬ ɢ ΔCq ɞɚ ɭɩɨɪɟɞɢɦɨ ɟɤɫɩɪɟɫɢʁɭ 
ɚɧɚɥɢɡɢɪɚɧɢɯ ɬɪɚɧɫɤɪɢɩɚɬɚ ɢɡɦɟђɭ CRC-a Ɍ2, CRC-aɌ3 ɢ CRC-a Ɍ4. ɍɨɱɢɥɢ ɫɦɨ 
ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɩɪɨɦɟɧɭ ɢɡɪɚɡɚ ɡɚ PTPN13 (p = 0,037) ɢ ZEB2 (p = 0,017) ɝɟɧɟ. 

Ɋɟɡɭɥɬɚɬɢ ɫɭ ɫɭɦɢɪɚɧɢ ɧɚ ɫɥɢɤɚɦɚ 15ɚ ɢ 15ɛ.  
ȿɤɫɩɪɟɫɢʁɚ ɭ ɤɚɪɰɢɧɨɦɭ, ɤɨʁɚ ʁɟ ɩɪɟɬɯɨɞɧɨ ɧɨɪɦɚɥɢɡɨɜɚɧɚ ɧɚ ɧɨɪɦɚɥɧɨʁ 

ɫɥɭɡɧɢɰɢ (ΔΔCq), ɬɚɤɨђɟ ʁɟ ɭɩɨɪɟђɟɧɚ ɢɡɦɟђɭ CRC-a Ɍ2,  CRC-a Ɍ3 ɢ CRC-a Ɍ4. 
ɂɫɩɨɫɬɚɜɢɥɨ ɫɟ ɞɚ ɧɢʁɟ ɛɢɥo ɡɧɚɱɚʁɧɢɯ ɩɪɨɦɟɧɚ ɭ ɟɤɫɩɪɟɫɢʁɢ ɢɫɩɢɬɢɜɚɧɢɯ miRNK, 

ɩɚ ɧɢ mRNK. 

 
ɋɥɢɤɚ 15ɚ. ȿɤɫɩɪɟɫɢʁɚ miRNK ɭ ɤɚɪɰɢɧɨɦɢɦɚ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ ɢ 
ɤɚɪɰɢɧɨɦɢɦɚ ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ. 
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ɋɥɢɤɚ 15ɛ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɢɦɚ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ ɢ 
ɤɚɪɰɢɧɨɦɢɦɚ ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ. 
 

6.14 ȿɤɫɩɪɟɫɢʁɚ ȿ-ɤɚɞɯɟɪɢɧɚ ɢ ʃɟɝɨɜɚ ɤɨɪɟɥɚɰɢʁɚ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ miRNK ɢ mRNK  

 

ɋɜɟ ɢɫɩɢɬɢɜɚɧe miRNK ɩɨɤɚɡɚɥɟ ɫɭ ɫɧɢɠɟɧɭ ɪɟɝɭɥɚɰɢʁɭ, ɞɨɤ ɫɭ ɫɜɢ ʃɢɯɨɜɢ 
ɰɢʂɧɢ ɝɟɧɢ ɩɨɤɚɡɚɥɢ ɩɨɜɢɲɟɧɭ ɪɟɝɭɥɚɰɢʁɭ ɭ ɭɡɨɪɰɢɦɚ CRC-ɚ, ɤɚɞɚ ɫɟ ɭɩɨɪɟɞɟ ɨɧɢ 
ɫɚ ɮɨɤɚɥɧɢɦ ɢɥɢ ɫɥɚɛɢɦ ɝɭɛɢɬɤɨɦ ɛɨʁɟʃɚ ȿ-ɤɚɞɯɟɪɢɧɨɦ ɫɚ ɨɧɢɦɚ ɫɚ ɨɱɭɜɚɧɢɦ 
ɢɡɪɚɠɚɜɚʃɟɦ (ɧɨɪɦɚɥɧɨ ɛɨʁɟʃɟ). ɋɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɚ ɩɪɨɦɟɧɚ ɭ ɟɤɫɩɪɟɫɢʁɢ 
ɩɪɢɦɟʄɟɧɚ ʁɟ ɭ ɫɥɭɱɚʁɭ ɫɜɢɯ miRNK (p = 0,036 ɡɚ miR-141, p = 0,003 ɡɚ miR-200ɚ, p 

= 0,014 ɡɚ miR-200b, p = 0,003 ɡɚ miR-200c, p = 0,034 ɡɚ miR-429), ɤɚo ɢ ɭ ɫɥɭɱɚʁɭ 
SOX2 ɝɟɧɚ (p = 0,05). 

 

6.15 Ʉɨɪɟɥɚɰɢʁɟ ɢɡɦɟђɭ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɫɜɢɦ ɭɡɨɪɰɢɦɚ  

 

ɍɨɱɟɧɟ ɫɭ ɛɪɨʁɧɟ ɤɨɪɟɥɚɰɢʁɟ ɢɡɦɟђɭ ɟɤɫɩɪɟɫɢʁɟ miRNK ɢ ɟɤɫɩɪɟɫɢʁɟ 
ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ. ɂɡɧɟɧɚђɭʁɭʄɟ, ɩɪɢɦɟʄɟɧɟ ɫɭ ɢ ɤɨɪɟɥɚɰɢʁɟ ɢɡɦɟђɭ ɟɤɫɩɪɟɫɢʁɟ 
ɨɞɪɟђɟɧɢɯ miRNK ɢ ɝɟɧɚ ɤɨʁɢ ʁɨɲ ɧɢɫɭ ɮɭɧɤɰɢɨɧɚɥɧɨ ɩɨɬɜɪђɟɧɢ ɤɚɨ ɦɟɬɚ ɡɚ ɬɭ 
ɨɞɪɟђɟɧɭ miRNK. 

ɋɜɟ ɭɨɱɟɧɟ ɤɨɪɟɥɚɰɢʁɟ ɫɭɦɢɪɚɧɟ ɫɭ ɭ ɬɚɛɟɥɢ 2.  
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 CDKN1B ONECUT2 PTPN13 RND3 SOX2 TGFB2 ZEB2 E-

ɤɚɞɯɟɪɢɧ 

miR-200a -0,360 -0,395 / -0,325 / / / 0,474 

miR-200b / / / -0,384 / / / 0,400 

miR-200c -0,503 / / -0,337 / / / 0,484 

miR-141 / / / -0,351 / / / 0,355 

miR-429 / / / -0,347 / / / 0,363 

E-

cadherin 

/ / / / 0,521 / / 1 

 

Ɍɚɛɟɥɚ 2. Ʉɨɪɟɥɚɰɢʁɚ ɢɡɦɟђɭ ɟɤɫɩɪɟɫɢʁɟ miRNK ɢ ɟɤɫɩɪɟɫɢʁɟ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ 
ɝɟɧɚ. 
 

Ⱦɨɞɚɬɧɨ, ɟɤɫɩɪɟɫɢʁɚ miR-200b (rs = -0,499, p < 0,001) ɢ miR-429 (rs = -0,287, 

p = 0,014) ɝɟɧɚ ɛɢɥɚ ʁɟ ɭ ɧɟɝɚɬɢɜɧɨʁ ɤɨɪɟɥɚɰɢʁɢ ɫɚ ɬɟɠɢɧɨɦ ɛɨɥɟɫɬɢ (ɧɨɪɦɚɥɧɚ 
ɫɥɭɡɧɢɰɚ, ɚɞɟɧɨɦ, CRC N0 ɢ CRC N+). Ʉɚɞɚ ɫɭ ɭɡɨɪɰɢ ɩɨɞɟʂɟɧɢ ɭ ɫɚɦɨ ɬɪɢ ɝɪɭɩɟ 
(ɧɨɪɦɚɥɧɚ ɫɥɭɡɧɢɰɚ, ɚɞɟɧɨɦ ɢ CRC), ɩɪɢɦɟʄɟɧɚ ʁɟ ɤɨɪɟɥɚɰɢʁɚ ɬɟɠɢɧɟ ɛɨɥɟɫɬɢ ɫɚ 
ɟɤɫɩɪɟɫɢʁɨɦ ɜɟʄɟɝ ɛɪɨʁɚ miRNK ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ, ɧɚɢɦɟ miR-200b (rs = -

0,620, p < 0,001), miR -200c (rs = -0,401, p < 0,001), miR -141 (rs = -0,420, p < 0,001), 

miR -429 (rs = -0,522, p < 0,001) ɢ CDKN1B (rs = 0,377, p = 0,007), PTPN13 (rs = -

0,426, p = 0,006) ɢ RND3 (rs = 0,467, p = 0,016) ɝɟɧɚ. 
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7 Ⱦɢɫɤɭɫɢʁɚ  

 

Ʉɨɥɨɪɟɤɬɚɥɧɚ ɤɚɧɰɟɪɨɝɟɧɟɡɚ: ɨɞ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ ɞɨ ɚɞɟɧɨɦɚ ɢ 
ɤɚɪɰɢɧɨɦɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɢ ɤɚɪɰɢɧɨɦɚ ɛɟɡ ɧɨɞɚɥɧɢɯ 
ɦɟɬɚɫɬɚɡɚ  
 

Ʉɨɥɨɪɟɤɬɚɥɧɢ ɤɚɪɰɢɧɨɦ ʁɟɞɚɧ ʁɟ ɨɞ ɜɨɞɟʄɢɯ ɭɡɪɨɤɚ ɫɦɪɬɢ ɩɨɜɟɡɚɧɢɯ ɫɚ 
ɦɚɥɢɝɧɢɦ ɬɭɦɨɪɢɦɚ ɭ ɫɜɟɬɭ. ɂɚɤɨ ʁɟ ɦɨɪɬɚɥɢɬɟɬ ɩɨɫɬɭɩɧɨ ɨɩɚɞɚɨ ɭ ɦɧɨɝɢɦ 
ɡɟɦʂɚɦɚ (58 – 60), ɩɪɢɛɥɢɠɧɨ 60% ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC-ɨɦ ʄɟ ɭ ɜɪɟɦɟ ɩɨɫɬɚɜʂɚʃɚ 
ɞɢʁɚɝɧɨɡɟ ɢɦɚɬɢ ɥɨɤɚɥɢɤɨɡɨɜɚɧɟ, ɚɥɢ ɭɞɚʂɟɧɟ ɦɟɬɚɫɬɚɡɟ, ɲɬɨ ʁɟ ɥɨɲ ɩɪɨɝɧɨɫɬɢɱɧɢ 
ɩɚɪɚɦɟɬɚɪ (60). EMT ɩɨʁɚɜɢɥa ɫɟ ɤɚɨ ɜɚɠɚɧ ɦɟɯɚɧɢɡɚɦ ɭ ɤɚɧɰɟɪɨɝɟɧɟɡɢ, ɚɥɢ ʃɟɧɚ 

ɭɥɨɝɚ ɭ CRC-ɭ ɨɫɬɚʁɟ ɫɚɦɨ ɞɟɥɢɦɢɱɧɨ ɫɯɜɚʄɟɧɚ. ɉɨɬɩɭɧɚ EMT ɨɛɢɱɧɨ ɫɟ ɨɩɚɠɚ 

ɫɚɦɨ ɭ ɞɨɛɪɨ ɤɨɧɬɪɨɥɢɫɚɧɢɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɦ ɭɫɥɨɜɢɦɚ, ɧɚ ɩɪɢɦɟɪ ɭ ʄɟɥɢʁɫɤɢɦ 
ɥɢɧɢʁɚɦɚ, ɞɨɤ ɫɟ ɪɟɬɤɨ ɩɪɢɦɟʄɭʁɟ ɤɨɞ ɯɭɦɚɧɢɯ ɬɭɦɨɪɚ (34, 61). 
 

ɍ ɨɜɨʁ ɫɬɭɞɢʁɢ, ɩɪɟɬɩɨɫɬɚɜɢɥɢ ɫɦɨ ɞɚ ʁɟ ɬɨɤɨɦ  ɤɚɧɰɟɪɨɝɟɧɟɡɟ CRC-a 

ɢɧɞɭɤɨɜɚɧɚ ɩɚɪɰɢʁɚɥɧɚ (ɞɟɥɢɦɢɱɧɚ) EMT. Ⱦɟɥɢɦɢɱɧɚ EMT ɩɪɢɦɟʄɭʁɟ ɫɟ ɤɚɞɚ 
ɬɭɦɨɪɫɤɟ ʄɟɥɢʁɟ ɫɬɟɤɧɭ ɦɟɡɟɧɯɢɦɫɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɤɨʁɟ ɫɟ ɦɨɝɭ ɞɨɤɚɡɚɬɢ 
ɪɚɡɥɢɱɢɬɢɦ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤɢɦ ɢ ɦɨɥɟɤɭɥɚɪɧɢɦ ɚɧɚɥɢɡɚɦɚ, ɚɥɢ ʃɢɯɨɜ 
ɟɩɢɬɟɥɧɢ ɮɟɧɨɬɢɩ (ɦɨɪɮɨɥɨɝɢʁɚ) ɨɫɬɚʁɟ ɢ ɞɚʂɟ ɫɚɱɭɜɚɧ. ɇɚɲɟ ɩɪɟɬɯɨɞɧɟ ɫɬɭɞɢʁɟ 
ɩɨɤɚɡɚɥɟ ɫɭ ɬɨ ɞɚ ɭɩɨɬɪɟɛɚ ʁɟɞɧɨɝ ɟɩɢɬɟɥɧɨɝ ɢɥɢ ɦɟɡɟɧɯɢɦɚɥɧɨɝ ɦɚɪɤɟɪɚ ɢɥɢ 
ɧɟɤɨɥɢɤɨ ʃɢɯ, ɤɚɨ ɚɥɚɬɚ ɡɚ ɚɧɚɥɢɡɭ EMT-a ɭ ɰɟɥɢɧɢ ɧɢʁɟ ɩɪɢɤɥɚɞɧɚ (34, 36), ɫɬɨɝɚ 
ɫɦɨ ɤɨɪɢɫɬɢɥɢ ɧɟɤɨɥɢɤɨ EMT ɦɚɪɤɟɪɚ (ȿ-ɤɚɞɯɟɪɢɧ, ɩɨɪɨɞɢɰɚ miR-200 ɢ ʃɢɯɨɜɢ 
ɰɢʂɧɢ ɝɟɧɢ) ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ ʄɟɥɢʁɫɤɨɦ ɦɨɪɮɨɥɨɝɢʁɨɦ. ɇɚɲɢ ɪɟɡɭɥɬɚɬɢ ɩɨɞɪɠɚɜɚʁɭ 
ɯɢɩɨɬɟɡɭ ɤɨʁɚ ɝɨɜɨɪɢ ɨ ɬɨɦɟ ɞɚ EMT ɢɝɪɚ ɜɚɠɧɭ ɭɥɨɝɭ ɭ CRC-ɭ ɢ ɭ ʃɟɝɨɜɨɦ ɪɚɡɜɨʁɭ 
ɢ ɧɚɩɪɟɞɨɜɚʃɭ, ɚɥɢ ɫɚɦɨ ɤɚɨ ɞɟɥɢɦɢɱɧɚ EMT. ɇɚɲɚ ɚɧɚɥɢɡɚ ɭɤʂɭɱɢɜɚɥɚ ʁɟ 
ɧɨɪɦɚɥɧɭ ɫɥɭɡɧɢɰɭ ɞɟɛɟɥɨɝ ɰɪɟɜɚ, ɚɞɟɧɨɦ, ɦɚɥɢɝɧɢ ɚɞɟɧɨɦ, ɚɞɟɧɨɦ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɢ CRC ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɢ CRC ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ. 

Ɍɚɤɨђɟ, ɢɫɬɪɚɠɢɥɢ ɫɦɨ ɟɤɫɩɪɟɫɢʁɭ ɨɜɢɯ ɦɚɪɤɟɪɚ ɧɚ CRC ɫɚ ɫɟɪɨɡɧɨɦ ɥɟɡɢʁɨɦ ɢ CRC 

ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ.  
 

ɍ ɨɜɨʁ ɫɬɭɞɢʁɢ, ɧɚʁɩɪɟ ɫɦɨ ɚɧɚɥɢɡɢɪɚɥɢ ɟɤɫɩɪɟɫɢʁɭ ɱɥɚɧɨɜɚ ɩɨɪɨɞɢɰɟ miR-

200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ, ɤɨʁɢ ɫɭ ɞɟɦɨɧɫɬɪɢɪɚɧɢ ɤɚɨ ʁɟɞɚɧ ɨɞ ɤʂɭɱɧɢɯ ɪɟɝɭɥɚɬɨɪɚ 
EMT-a ɭ ɪɚɡɥɢɱɢɬɢɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɦ ɢ ʂɭɞɫɤɢɦ ɫɬɭɞɢʁɚɦɚ (34, 35, 61). Ⱦɨɤɚɡ 

ɞɟɥɢɦɢɱɧɟ EMT ɢɧɞɭɤɰɢʁɟ ɞɨɞɚɬɧɨ ʁɟ ɩɨɬɤɪɟɩʂɟɧ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤɨɦ ɚɧɚɥɢɡɨɦ 
ȿ-ɤɚɞɯɟɪɢɧɚ. 
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7.1 ɂɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤɚ ɟɤɫɩɪɟɫɢʁɚ ȿ-ɤɚɞɯɟɪɢɧɚ  

 

Ƚɭɛɢɬɚɤ ɟɤɫɩɪɟɫɢʁɟ ȿ-ɤɚɞɯɟɪɢɧɚ ɫɦɚɬɪɚ ɫɟ ɨɛɟɥɟɠʁɟɦ EMT-ɚ. ȿ-ɤɚɞɯɟɪɢɧ, 
ɤʂɭɱɧɢ ɩɪɨɬɟɢɧ ɡɚ ɚɞɯɟɡɢʁɭ ʄɟɥɢʁɚ ɫɚ ɬɪɚɧɫɦɟɦɛɪɚɧɫɤɢɦ ɦɨɥɟɤɭɥɨɦ, ɱɥɚɧ ʁɟ 
ɩɨɪɨɞɢɰɟ ɮɭɧɤɰɢɨɧɚɥɧɨ ɩɨɜɟɡɚɧɢɯ ɬɪɚɧɫɦɟɦɛɪɚɧɫɤɢɯ ɝɥɢɤɨɩɪɨɬɟɢɧɚ, ɤɨʁɢ 
ɩɨɫɪɟɞɭʁɭ ɭ Ca2+ ɡɚɜɢɫɧɨʁ ɦɟђɭʄɟɥɢʁɫɤɨʁ ɚɞɯɟɡɢʁɢ. Ⱥɞɯɟɡɢʁɚ ɫɟ ɩɨɫɪɟɞɭʁɟ 
ɢɧɬɟɪɚɤɰɢʁɨɦ ɫɚ ɫɭɫɟɞɧɢɦ ʄɟɥɢʁɚɦɚ ɩɪɟɤɨ ʃɢɯɨɜɢɯ N-ɬɟɪɦɢɧɚɥɧɢɯ ɟɤɬɨɞɨɦɚɧɚ. 
ɐɢɬɨɩɥɚɡɦɚɬɫɤɢ ɬɟɪɦɢɧɚɥɧɢ ɪɟɩ ȿ-ɤɚɞɯɟɪɢɧɚ ɜɟɡɭʁɟ ɫɟ ɩɨɫɟɛɧɨ ɡɚ β-ɤɚɬɟɧɢɧ, ɤɨʁɢ 
ɫɟ ɞɢɪɟɤɬɧɨ ɜɟɠɟ ɡɚ ɰɢɬɨɫɤɟɥɟɬɧɢ ɚɤɬɢɧ, ɲɬɨ ɩɨɦɚɠɟ ɩɪɢ ɫɚɫɬɚɜʂɚʃɭ ɟɩɢɬɟɥɧɢɯ 

ʄɟɥɢʁɫɤɢɯ ɩɥɨɱɚ. Ƚɭɛɢɬɚɤ ʃɟɝɨɜɟ ɟɤɫɩɪɟɫɢʁɟ ɢɥɢ ɮɭɧɤɰɢʁɟ ɭɦɚʃɭʁɟ ɤɨɧɬɚɤɬɟ 
ʄɟɥɢʁɚ–ʄɟɥɢʁɚ, ɲɬɨ ɞɨɜɨɞɢ ɞɨ ɧɚɪɭɲɚɜɚʃɚ ɦɟђɭʄɟɥɢʁɫɤɟ ɫɢɝɧɚɥɢɡɚɰɢʁɟ, ɚɥɢ ɧɟ ɢ ɞɨ 
ɞɢɪɟɤɬɧɟ ɬɪɚɧɫɮɨɪɦɚɰɢʁɟ ɬɭɦɨɪɚ. 
 

ɍ ɨɜɨʁ ɫɬɭɞɢʁɢ, ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤɚ ɚɧɚɥɢɡɚ ȿ-ɤɚɞɯɟɪɢɧɚ ɩɨɤɚɡɚɥɚ ʁɟ 
ɮɨɤɚɥɧɢ ɝɭɛɢɬɚɤ ɢɥɢ ɨɫɥɚɛʂɟɧɭ ɟɤɫɩɪɟɫɢʁɭ ɭ ɞɟɥɭ ɢɫɩɢɬɚɧɢɯ ɚɞɟɧɨɦɚ ɢ CRC-ɚ, 
ɲɬɨ ʁɟ ɛɢɥɨ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ ɫɦɚʃɟɧɨɦ ɪɟɝɭɥɚɰɢʁɨɦ ɫɜɢɯ ɱɥɚɧɨɜɚ ɩɨɪɨɞɢɰɟ miR-

200. ɋɥɢɱɧɨ ɩɪɟɬɯɨɞɧɢɦ ɫɬɭɞɢʁɚɦɚ ɨ ɟɤɫɩɪɟɫɢʁɢ ȿ-ɤɚɞɯɟɪɢɧɚ (64), ɩɪɢɦɟɬɢɥɢ ɫɦɨ 
ɞɚ ʁɟ ɛɨʁɟʃɟ ɨɱɭɜɚɧɨ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ ɢ ɜɟʄɢɧɢ ɚɞɟɧɨɦɚ ɢ ɤɚɪɰɢɧɨɦɚ, ɫɚ 
ɩɪɟɨɜɥɚђɭʁɭʄɨɦ ɦɟɦɛɪɚɧɨɡɧɨɦ ɢɦɭɧɨɪɟɚɤɬɢɜɧɨɲʄɭ. ɂɩɚɤ, ɭ ɧɟɤɨɥɢɤɨ ɫɥɭɱɚʁɟɜɚ 
ɚɞɟɧɨɦɚ (ɚɞɟɧɨɦɢ ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ) ɢ ɧɟɤɢɯ CRC-ɚ ɞɨɲɥɨ je ɞɨ ɮɨɤɚɥɧɨɝ ɝɭɛɢɬɤɚ 
ɢɦɭɧɨɪɟaɤɬɢɜɧɨɫɬɢ. Ɂɚ ɪɚɡɥɢɤɭ ɨɞ ɧɚɲɢɯ ɪɟɡɭɥɬɚɬɚ, ɩɪɟɬɯɨɞɧɚ ɫɬɭɞɢʁɚ ɩɨɤɚɡɚɥɚ je 

ɬɨ ɞɚ ɧɟɦɚ ɪɚɡɥɢɤɟ ɢɡɦɟђɭ ɟɤɫɩɪɟɫɢʁɟ ɩɪɨɬɟɢɧɚ ɭ ɬɭɦɨɪɢɦɚ ɢ ɟɫɤɩɪɟɫɢʁɟ ɩɪɨɟɬɢɧɚ 
ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. Ɇɟђɭɬɢɦ, ɭ ɞɪɭɝɨʁ ɫɬɭɞɢʁɢ ɨɛʁɚɜʂɟɧɨ ʁɟ ɫɥɢɱɧɨ ɡɚɩɚɠɚʃɟ 

ɡɚɩɚɠɚʃɭ ɩɪɟɞɫɬɚɜʂɟɧɨɦ ɭ ɧɚɲɨʁ ɫɬɭɞɢʁɢ ɢ ɞɨɤɚɡɚɧɨ ʁɟ ɬɨ ɞɚ ɫɟ ȿ-ɤɚɞɯɟɪɢɧ 
ɟɤɫɩɪɢɦɢɪɚ ɭ ɫɜɢɦ ɤɨɥɨɪɟɤɬɚɥɧɢɦ ɚɞɟɧɨɦɢɦɚ ɢ ɤɚɪɰɢɧɨɦɢɦɚ, ɫ ɬɢɦ ɞɚ ʁɟ ɭ 
ɩɨɥɨɜɢɧɢ ɫɥɭɱɚʁɟɜɚ ɡɚɫɬɭɩʂɟɧ ɫɚ ɫɦɚʃɟɧɨɦ ɟɤɫɩɪɟɫɢʁɨɦ (65). 
 

ɇɚɲɚ ɫɬɭɞɢʁɚ ɫɬɨɝɚ ɫɭɝɟɪɢɲɟ ɬɨ ɞɚ ɫɟ EMT ɢɧɞɭɤɭʁɟ ɬɨɤɨɦ ɤɚɧɰɟɪɨɝɟɧɟɡɟ 
CRC-ɚ ɧɢɡɨɦ ɪɟɝɭɥɚɰɢʁa ɝɟɧɚ ɩɨɪɨɞɢɰɟ miR-200, ɲɬɨ ɪɟɡɭɥɬɢɪɚ ɮɨɤɚɥɧɢɦ 
ɝɭɛɢɬɤɨɦ ɢɥɢ ɫɥɚɛɨɦ ɟɤɫɩɪɟɫɢʁɨɦ ȿ-ɤɚɞɯɟɪɢɧɚ, ɤɨʁɚ ɫɟ ɱɟɫɬɨ ɦɨɠɟ ɭɨɱɢɬɢ ɭ 
ɞɟɥɢɦɢɱɧɨʁ EMT, ɭ ɤɨʁɨʁ ʄɟɥɢʁɟ ɩɪɨɥɚɡɧɨ ɞɨɛɢʁɚʁɭ ɦɚɤɫɢɦɭɦ ɩɥɚɫɬɢɱɧɨɫɬ ɢ 
ɩɨɫɬɢɡɠɭ ɯɢɛɪɢɞɧɢ ɟɩɢɬɟɥɧɢ-ɦɟɡɟɧɯɢɦɚɥɧɢ ɮɟɧɨɬɢɩ (66). ɂɚɤɨ ɨɜɢ ɪɟɡɭɥɬɚɬɢ 
ɫɧɚɠɧɨ ɭɤɚɡɭʁɭ ɧɚ ɢɧɞɭɤɰɢʁɭ EMT-ɚ ɭ CRC-ɭ, ʁɟɞɚɧ ɤɪɢɬɟɪɢʁɭɦ ɡɚ ɩɨɬɩɭɧɭ EMT 

ɧɢʁɟ ɢɫɩɭʃɟɧ, ɚ ɬɨ ʁɟ ɦɨɪɮɨɥɨɝɢʁɚ. Ʉɚɞɚ ɫɦɨ ɢɡɜɪɲɢɥɢ ɦɢɤɪɨɫɤɨɩɫɤɭ ɚɧɚɥɢɡɭ 
ɦɨɪɮɨɥɨɝɢʁɟ CRC-ɚ ɢ ɚɞɟɧɨɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɨɦ ȿ-ɤɚɞɯɟɪɢɧɚ, 
ɨɬɤɪɢɥɢ ɫɦɨ ɞɚ ɫɭ ɫɜɢ ɫɥɭɱɚʁɟɜɢ ɡɚɞɪɠɚɥɢ ɟɩɢɬɟɥɢɨɢɞɧɭ ɦɨɪɮɨɥɨɝɢʁɭ, ɱɚɤ ɢ ɨɧɢ ɫɚ 
ɫɦɚʃɟɧɨɦ ɟɤɫɩɪɟɫɢʁɨɦ ȿ-ɤɚɞɯɟɪɢɧɚ. ɇɢʁɟɞɚɧ ɨɞ ɢɫɩɢɬɢɜɚɧɢɯ ɚɞɟɧɨɦɚ ɢɥɢ ÇRC-ɚ 
ɧɢʁɟ ɢɦɚɨ ɦɨɪɮɨɥɨɝɢʁɭ ɜɪɟɬɟɧɚɫɬɢɯ ʄɟɥɢʁɚ, ɛɢɥɨ ɭ ɰɟɧɬɪɚɥɧɢɦ ɞɟɥɨɜɢɦɚ ɢɥɢ ɧɚ 
ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ. ɋɩɨʁɟɜɢ ʄɟɥɢʁɚ–ʄɟɥɢʁɚ ɩɨɜɟɡɭʁɭ ɟɩɢɬɟɥɧɟ ʄɟɥɢʁɟ, ɤoje ɫɭ 
ɩɨɥɚɪɢɡɨɜɚɧe ɢ ɪɚɡɥɢɤɭʁɭ ɟɩɢɬɟɥ ɨɞ ɞɪɭɝɢɯ ɬɤɢɜɚ. ɇɚɫɭɩɪɨɬ ɬɨɦɟ, ɦɟɡɟɧɯɢɦɫɤɟ 
ʄɟɥɢʁɟ ɧɢɫɭ ɩɨɥɚɪɢɡɨɜɚɧɟ ɢ ɧɟ ɩɨɫɟɞɭʁɭ ʄɟɥɢʁɫɤɨ–ʄɟɥɢʁɫɤɟ ɜɟɡɟ. Ɉɧɟ ɫɭ, ɫɬɨɝɚ, ɭ 
ɫɬɚʃɭ ɞɚ ɦɢɝɪɢɪɚʁɭ ɤɪɨɡ ɜɚɧʄɟɥɢʁɫɤɢ ɦɚɬɪɢɤɫ, ɢɧɜɚɞɢɪɚʁɭ ɨɤɨɥɧɨ ɬɤɢɜɨ ɢ ɨɞɭɩɪɭ 
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ɫɟ ɚɩɨɩɬɨɡɢ. ɍ ɬɨɤɭ ɤɨɦɩɥɟɬɧɟ EMT, ɟɩɢɬɟɥɧɟ ʄɟɥɢʁɟ ɩɨɞɜɪɝɚɜɚʁɭ ɫɟ ɨɩɫɟɠɧɢɦ 
ɩɪɨɦɟɧɚɦɚ, ɝɭɛɟ ɩɨɥɚɪɢɬɟɬ, ɤɢɞɚʁɭ ɫɟɜɟɡɟ ʄɟɥɢʁɚ–ʄɟɥɢʁɚ (ɬʁ. ɝɭɛɢɬɚɤ 
ɮɭɧɤɰɢɨɧɚɥɧɨɝ ȿ-ɤɚɞɯɟɪɢɧɚ) ɢ ɪɟɨɪɝɚɧɢɡɭʁɭ ɫɜɨʁ ɰɢɬɨɫɤɟɥɟɬ, ɲɬɨ ɪɟɡɭɥɬɢɪɚ 
ɩɪɨɦɟɧɨɦ ɦɨɪɮɨɥɨɝɢʁɟ ɢ ɧɚɫɬɚɧɤɨɦ ɜɪɟɬɟɧɚɫɬɢɯ ʄɟɥɢʁɚ. ɋɜɟ ɨɜɟ ɩɪɨɦɟɧɟ ɞɨɜɨɞɟ 
ɞɨ ɪɚɡɞɜɚʁɚʃɚ ʄɟɥɢʁɚ ɢ ɩɨɜɟʄɚʃɚ ʃɢɯɨɜɟ ɩɨɤɪɟɬʂɢɜɨɫɬɢ, ɩɨɫɟɛɧɨ ʄɟɥɢʁɚ ɧɚ 
ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ (9, 61, 67 – 73).  

 

7.2 Ɉɞɪɟђɟɧɢ ɦɚɪɤɟɪɢ EMT-ɚ ɫɭ ɢɫɩɨɞ ɝɪɚɧɢɰɟ ɞɟɬɟɤɰɢʁɟ  

 

ɍ ɧɚɲɨʁ ɫɬɭɞɢʁɢ, ɧɢɫɦɨ ɦɨɝɥɢ ɨɬɤɪɢɬɢ ɟɤɫɩɪɟɫɢʁɭ ɨɞɪɟђɟɧɢɯ EMT ɦɚɪɤɟɪɚ. 
ɉɪɜɨ, ɧɢɫɦɨ ɭɫɩɟɥɢ ɞɚ ɨɬɤɪɢʁɟɦɨ ɟɤɫɩɪɟɫɢʁɭ miR-205 ɝɟɧɚ ɭ ɭɡɨɪɰɢɦɚ ɬɤɢɜɚ 
ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ ɞɟɛɟɥɨɝ ɰɪɟɜɚ, ɚɞɟɧɨɦɚ ɢɥɢ CRC-ɚ. ɂɚɤɨ ɩɨɫɬɨʁɟ ɧɟɤɟ 
ɨɛʁɚɜʂɟɧɟ ɫɬɭɞɢʁɟ ɨ ɟɤɫɩɪɟɫɢʁɢ miR-205 ɝɟɧɚ ɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɦ ɦɨɞɟɥɢɦɚ CRC-

ɚ, ɫɚɦɨ ɫɭ ɧɟɤɟ ɨɞ ʃɢɯ ɨɩɢɫɚɥɟ ɟɤɫɩɪɟɫɢʁɭ ɨɜɨɝ ɝɟɧɚ ɭ ɭɡɨɪɰɢɦɚ ɬɤɢɜɚ ɩɚɰɢʁɟɧɚɬɚ 
ɫɚ CRC-ɨɦ (74 – 76). ɍ ɫɜɢɦɚ ɬɢɦ ɫɬɭɞɢʁɚɦɚ, miR-205 ɝɟɧ ɛɢɨ ʁɟ ɫɧɢɠɟɧ, ɞɟɬɟɤɬɨɜɚɧ 
ɧɚ ɫɜɟɠɟ ɫɦɪɡɧɭɬɢɦ ɬɤɢɜɢɦɚ. 
 

ɑɥɚɧɨɜɢ ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ ɩɨɫɦɚɬɪɚɧɢ ɫɭ ɧɟ ɫɚɦɨ ɤɚɨ ɪɟɝɭɥɚɬɨɪɢ 
EMT-ɚ, ɜɟʄ ɢ ɤɚɨ ɪɟɝɭɥɚɬɨɪɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɢɯ ɮɚɤɬɨɪɚ EMT-ɚ, ɧɚ ɩɪɢɦɟɪ ZEB1 ɢ 
ZEB2 ɝɟɧɢ. Ɇɟђɭɬɢɦ, ZEB1 ɝɟɧ ɛɢɨ ʁɟ ɢɫɩɨɞ ɝɪɚɧɢɰɟ ɞɟɬɟɤɰɢʁɟ ɭ ɧɚɲɢɦ ɭɡɨɪɰɢɦɚ, 
ɞɨɤ ʁɟ ZEB2 ɝɟɧ ɛɢɨ ɢɡɪɚɠɟɧ. ɍ ɫɥɭɱɚʁɭ EMT ɬɪɚɧɫɤɪɢɩɰɢɨɧɢɯ ɮɚɤɬɨɪɚ, ɩɨɫɬɨʁɢ 
ɦɨɝɭʄɚ ɪɚɡɥɢɤɚ ɭ ɩɪɨɫɬɨɪɧɨ-ɜɪɟɦɟɧɫɤɨʁ ɟɤɫɩɪɟɫɢʁɢ, ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɤɨɧɬɟɤɫɬɚ 
ɬɤɢɜɚ ɢ ɬɢɩɚ ɬɭɦɨɪɚ (61). ɑɥɚɧɨɜɢ ɢɫɬɟ ɩɨɪɨɞɢɰɟ ɮɚɤɬɨɪɚ ɬɪɚɧɫɤɪɢɩɰɢʁɟ EMT-ɚ 
ɦɨɝɭ ɱɚɤ ɢɦɚɬɢ ɢ ɚɧɬɚɝɨɧɢɫɬɢɱɤɟ ɮɭɧɤɰɢʁɟ. ɇɚɞɚʂɟ, ɩɨɤɚɡɚɧɨ ʁɟ ɬɨ ɞɚ ʁɟ ɚɤɬɢɜɚɰɢʁɚ 
ɛɢɥɨ ɤɨʁɟɝ ɩɨʁɟɞɢɧɚɱɧɨɝ ɬɪɚɧɫɤɪɢɩɰɢʁɫɤɨɝ ɮɚɤɬɨɪɚ EMT-ɚ ɞɨɜɨʂɧɚ ɞɚ ɢɡɚɡɨɜɟ 
ɞɟɥɢɦɢɱɧɭ/ɧɟɩɨɬɩɭɧɭ EMT, ɚ ɨɞɫɭɫɬɜɨ ɫɩɟɰɢɮɢɱɧɢɯ ɮɚɤɬɨɪɚ ɬɪɚɧɫɤɪɢɩɰɢʁɟ EMT-

ɚ ɧɟ ɦɨɠɟ ɫɟ ɫɦɚɬɪɚɬɢ ɞɨɤɚɡɨɦ ɨɞɫɭɫɬɜɚ EMT-ɚ (77). Ɍɚɤɨђɟ, ɧɢɫɦɨ ɭɫɩɟɥɢ ɞɚ 
ɨɬɤɪɢʁɟɦɨ ɰɢʂɚɧɢ ɝɟɧɟ miR-200b ɢ WAVE3, ɭɤʂɭɱɟɧɟ ɭ ɪɟɦɨɞɟɥɢɪɚʃɟ 
ɰɢɬɨɫɤɟɥɟɬɚ ɚɤɬɢɧɚ, ɤɨʁɢ ɭɱɟɫɬɜɭʁɟ ɭ ɤɨɧɬɪɨɥɢ ɨɛɥɢɤɚ ʄɟɥɢʁɟ (78). 
 

7.3 ɉɨɪɨɞɢɰɚ miR-200 ɢ ʃɟɧɢ ɰɢʂɧɢ ɝɟɧɢ ɭ ɚɞɟɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɩɨɪɨɞɢɰɨɦ miR-

200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ ɞɟɛɟɥɨɝ ɰɪɟɜɚ ɢ ɤɚɪɰɢɧɨɦɭ  

 

ɉɪɟɦɚ ɬɟɨɪɢʁɢ ɧɚɫɬɚɧɤɚ CRC-ɚ, ɬj. ɫɟɤɜɟɧɰa ɚɞɟɧɨɦ–ɤɚɪɰɢɧɨɦ, 
ɤɨɥɨɪɟɤɬɚɥɧɚ ɤɚɪɰɢɧɨɝɟɧɟɡɚ ɭɤʂɭɱɭʁɟ ɞɜɚ ɤɨɪɚɤɚ: ɬɪɚɧɫɮɨɪɦɚɰɢʁɭ 

ɤɨɧɜɟɧɰɢɨɧɚɥɧɨɝ ɚɞɟɧɨɦɚ ɭ ɪɚɧɢ ɤɚɪɰɢɧɨɦ ɢ ɢɧɜɚɡɢɜɧɢ ɪɚɫɬ ɪɚɧɨɝ ɤɚɪɰɢɧɨɦɚ ɞo 
CRC-ɚ. ɂɚɤɨ ɫɟ ɪɟɬɤɨ ɨɛʁɚɜʂɭʁɭ ɚɧɚɥɢɡɟ ɟɤɫɩɪɟɫɢʁɟ miRNK ɭ ɤɨɥɨɪɟɤɬɚɥɧɢɦ 
ɚɞɟɧɨɦɢɦɚ, ɞɨɞɚɬɧɟ ɢɧɮɨɪɦɚɰɢʁɟ ɨ ɞɢɫɪɟɝɭɥɢɪɚɧɨʁ ɟɤɫɩɪɟɫɢʁa miRNK ɬɨɤɨɦ ɨɜɢɯ 
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ɩɪɨɝɪɟɫɢʁɚ ɦɨɝɥɟ ɛɢ ɛɢɬɢ ɨɞ ɩɨɦɨʄɢ ɡɚ ɢɞɟɧɬɢɮɢɤɚɰɢʁɭ ɭɥɨɝɟ miRNK ɭ ɨɜɨʁ 
ɫɟɤɜɟɧɰɢ (79). 
 

ȳɟɞɧɨ ɨɞ ɨɝɪɚɧɢɱɟʃɚ ɧɚɲɟ ɫɬɭɞɢʁɟ ʁɟ ɪɚɡɥɢɱɢɬɨɫɬ, ɬj. ɧɟɦɨɝɭʄɧɨɫɬ 
ɭɩɨɪɟђɢɜɚʃɚ ɟɤɫɩɪɟɫɢʁɟ ɢɡɦɟђɭ ɚɞɟɧɨɦɚ,  CRC-ɚ ɢ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ. Ʉɨɞ 
ɢɫɩɢɬɢɜɚɧɢɯ ɚɞɟɧɨɦɚ, ɤɨʁɢ ɫɭ ɭɝɥɚɜɧɨɦ ɨɞɫɬɪɚʃɟɧɢ ɟɧɞɨɤɫɨɩɫɤɢ, ɧɨɪɦɚɥɧɚ 
ɫɥɭɡɧɢɰɚ ɱɟɫɬɨ ɧɢʁɟ ɩɪɢɫɭɬɧɚ ɢɥɢ ʁɟ ɩɪɢɫɭɬɧɚ ɭ ɜɪɥɨ ɦɚɥɢɦ ɤɨɥɢɱɢɧɚɦɚ. ɇɚɫɭɩɪɨɬ 
ɬɨɦɟ, ɤɨɞ ɩɚɰɢʁɟɧɚɬɚ ɫɚ CRC-ɨɦ ɞɟɛɟɥɨ ɰɪɟɜɨ ʁɟ ɪɟɫɟɰɢɪɚɧɨ ɢ ɫɜɢ ɪɟɫɟɰɢɪɚɧɢ 

ɭɡɨɪɰɢ ɫɚɞɪɠɚɥɢ ɫɭ ɧɨɪɦɚɥɧɭ ɫɥɭɡɧɢɰɭ. ɋɜɚɤɢ ɭɡɨɪɚɤ CRC-ɚ ɫɬɨɝɚ ʁɟ ɭɩɨɪɟђɟɧ ɫɚ 
ɨɞɝɨɜɚɪɚʁɭʄɨɦ ɧɨɪɦɚɥɧɨɦ ɫɥɭɡɧɢɰɨɦ, ɤɚɨ ɭɡɨɪɰɢ ɭɩɚɪɟɧɨɝ ɬɤɢɜɚ, ɤɨɪɢɲʄɟʃɟɦ 
Willcoxon Rank ɬɟɫɬɚ. ɇɚɫɭɩɪɨɬ ɬɨɦɟ, ɚɞɟɧɨɦɢ ɫɭ ɭɩɨɪɟђɢɜɚɧɢ ɫɚ ɧɨɪɦɚɥɧɢɦ 
ɭɡɨɪɰɢɦɚ ɫɥɭɡɧɢɰɟ ɪɟɫɟɰɢɪɚɧɢɯ ɭɡɨɪɚɤɚ CRC-a, ɤɚɨ ɧɟɡɚɜɢɫɧɟ ɝɪɭɩɟ ɭɡɨɪɚɤɚ, 
ɤɨɪɢɫɬɟʄɢ Mann-Whitney ɬɟɫɬ. Ɋɚɡɥɢɤɚ ɭ ɝɟɧɟɬɫɤɨʁ ɩɨɡɚɞɢɧɢ, ɤɨʁɭ ɬɪɟɛɚ ɭɤɥɨɧɢɬɢ 
ɩɨɪɟђɟʃɟɦ ɭɩɚɪɟɧɢɯ ɭɡɨɪɚɤɚ ɬɤɢɜɚ, ɦɨɝɥɚ ɛɢ ɞɨɜɟɫɬɢ ɞɨ ɜɚɪɢʁɚɰɢʁɟ ɭ ɩɪɨɰɟɧɢ 

ɩɪɨɦɟɧɚ ɭ ɟɤɫɩɪɟɫɢʁɢ ɚɞɟɧɨɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. 

 

Ⱦɪɭɝɨ ɨɝɪɚɧɢɱɟʃɟ ɨɞɧɨɫɢ ɫɟ ɧɚ „ɧɨɪɦɚɥɧɟ“ ɭɡɨɪɤɟ, ɤɨʁɢ ɜɪɥɨ ɱɟɫɬɨ 
ɩɪɟɞɫɬɚɜʂɚʁɭ ɡɧɚɱɚʁɚɧ ɩɪɨɛɥɟɦ ɭ ʂɭɞɫɤɢɦ ɢɫɬɪɚɠɢɜɚʃɢɦɚ. ɉɨɲɬɨ ɫɟ ɡɞɪɚɜɨ 
ɞɟɛɟɥɨ ɰɪɟɜɨ ɧɟ ɪɟɫɟɰɢɪɚ, ɧɟ ɦɨɠɟ ɫɟ ɞɨɛɢɬɢ ɡɚɢɫɬɚ ɧɨɪɦɚɥɧɚ ɫɥɭɡɧɢɰɚ. ɍ ɧɚɲɨʁ 
ɫɬɭɞɢʁɢ, „ɧɨɪɦɚɥɧɢ“ ɭɡɨɪɰɢ ɭɡɟɬɢ ɫɭ ɧɚʁɦɚʃɟ 20 cm ɭɞɚʂɟɧɨɫɬɢ ɨɞ ɬɭɦɨɪɚ ɢ ɧɢɫɭ 
ɩɨɤɚɡɚɥɢ ɦɢɤɪɨɫɤɨɩɫɤɟ ɚɛɧɨɪɦɚɥɧɨɫɬɢ. Ɇɟђɭɬɢɦ, ɝɟɧɟɬɫɤɟ ɢ ɩɪɨɬɟɢɧɫɤɟ ɚɛɟɪɚɰɢʁɟ 
ɦɨɝɭ ɛɢɬɢ ɩɪɢɫɭɬɧɟ ɭ ɦɨɪɮɨɥɨɲɤɢ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ (80), ɢɚɤɨ ɫɟ ɱɢɧɢ ɦɚɥɨ 
ɜɟɪɨɜɚɬɧɢɦ ɞɚ ɫɟ EMT ɚɤɬɢɜɢɪɚ ɭ ɬɚɤɜɢɦ ɭɡɨɪɰɢɦɚ. ɋɬɨɝɚ, ɜɟɪɭʁɟɦɨ ɞɚ ɫɟ, ɭɩɪɤɨɫ 
ɨɞɪɟђɟɧɢɦ ɨɝɪɚɧɢɱɟʃɢɦɚ, ɨɜɢ ɭɡɨɪɰɢ ɦɨɝɭ ɤɨɪɢɫɬɢɬɢ ɤɚɨ ɨɞɝɨɜɚɪɚʁɭʄɢ ɤɨɧɬɪɨɥɧɢ 
ɭɡɨɪɰɢ ɡɚ ɩɪɟɜɚɡɢɥɚɠɟʃɟ ɪɚɡɥɢɤɚ ɭ ɝɟɧɟɬɫɤɨʁ ɩɨɡɚɞɢɧɢ.  
ɒɬɚɜɢɲɟ, ɩɨɪɟɞ ɬɭɦɨɪɚ, ɪɚɡɧɟ ɢɧɮɥɚɦɚɬɨɪɧɟ ɛɨɥɟɫɬɢ, ɢɧɮɚɪɤɬ ɢɬɞ., ɦɨɝɭ ɬɚɤɨђɟ 
ɛɢɬɢ ɢɧɞɢɤɚɰɢʁɚ ɡɚ ɨɩɟɪɚɰɢʁɭ ɞɟɛɟɥɨɝ ɰɪɟɜɚ. Ɇɟђɭɬɢɦ, ɩɪɢɥɢɤɨɦ ɩɪɨɭɱɚɜɚʃɚ 
EMT-ɚ, ɨɜɢ ɭɡɨɪɰɢ ɧɟ ɛɢ ɦɨɝɥɢ ɛɢɬɢ ɩɪɢɤɥɚɞɧɢ, ɨɞɧɨɫɧɨ ɧɟ ɛɢ ɢɯ ɦɨɝɥɢ ɤɨɪɢɫɬɢɬɢ 
ɤɚɨ ɬɡɜ. „ɧɨɪɦɚɥɧɟ“ ɤɨɧɬɪɨɥɧe ɭɡɨɪɤɟ, ɛɭɞɭʄɢ ɞɚ ɫɟ EMT ɦɨɠɟ ɚɤɬɢɜɢɪɚɬɢ ɢ ɤɨɞ 
ɨɜɢɯ ɛɨɥɟɫɬɢ. 
 

ɇɚɲɟ ɢɫɬɪɚɠɢɜɚʃɟ ɩɨɤɚɡɚɥɨ ʁɟ ɬɨ ɞɚ ɫɭ ɫɜɢ ɱɥɚɧɨɜɢ ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ 
ɢɦɚɥɢ ɩɨɜɟʄɚɧɭ ɟɤɫɩɪɟɫɢʁɭ ɭ ɚɞɟɧɨɦɢɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɟɤɫɩɪɟɫɢʁɨɦ ɭ ɧɨɪɦɚɥɧɨʁ 
ɫɥɭɡɧɢɰɢ. ɍ ɥɢɬɟɪɚɬɭɪɢ, ɡɚ ɪɚɡɥɢɤɭ ɨɞ CRC-ɚ, ɩɨɫɬɨʁɟ ɨɝɪɚɧɢɱɟɧɢ ɩɨɞɚɰɢ ɨ 
ɟɤɫɩɪɟɫɢʁɢ ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ ɭ ɤɨɥɨɪɟɤɬɚɥɧɢɦ ɚɞɟɧɨɦɢɦɚ, ɚ ɪɟɬɤɟ ɨɛʁɚɜʂɟɧɟ 
ɫɬɭɞɢʁɟ ɩɨɤɚɡɚɥɟ ɫɭ ɬɨ ɞɚ miR-200a ɢ miR-200c ɝɟɧɢ ɧɢɫɭ ɡɧɚɱɚʁɧɨ ɩɪɨɦɟʃɟɧɢ ɭ 
ɬɤɢɜɭ ɚɞɟɧɨɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɬɤɢɜɨɦ ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ (81). ȼɟʄɢɧɚ ɰɢʂɧɢɯ ɝɟɧɚ 
(CDKN1B, PTPN13, RND3, SOX2 ɢ ZEB2) ɛɢɥɚ ʁɟ  ɫɧɢɠɟɧɚ ɭ ɚɞɟɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ 
ɫɚ ɧɢɜɨɢɦɚ ɪɟɝɭɥɚɰɢʁɟ ɨɜɢɯ ɝɟɧɚ ɭ ɧɨɪɦɚɥɧɨʁ ɫɥɭɡɧɢɰɢ. ɒɬɚɜɢɲɟ, PTPN13, SOX2 

ɢ ZEB2 ɝɟɧɢ ɩɨɤɚɡɚɥɢ ɫɭ ɞɟɬɟɤɬɚɛɢɥɧɭ ɟɤɫɩɪɟɫɢʁɭ ɫɚɦɨ ɭ ɞɜɚ ɫɥɭɱɚʁɚ ɨɞ ɞɟɫɟɬ 
ɫɥɭɱɚʁɟɜɚ ɚɞɟɧɨɦɚ, ɞɨɤ ɫɭ ONECUT2 ɢ TGFB2 ɝɟɧɢ ɛɢɥɢ ɩɨɜɢɲɟɧɨ ɪɟɝɭɥɢɫɚɧɢ. 
ɉɨɫɬɨʁɟ ɨɝɪɚɧɢɱɟɧɢ ɩɨɞɚɰɢ ɨ ɟɤɫɩɪɟɫɢʁɢ ɰɢʂɧɢɯ ɝɟɧɚ ɩɨɪɨɞɢɰɟ miR-200 ɭ 
ɤɨɥɨɪɟɤɬɚɥɧɨɦ ɚɞɟɧɨɦɭ, ɚ ɩɪɟɦɚ ɧɚɲɢɦ ɫɚɡɧɚʃɢɦɚ, ɞɨ ɫɚɞɚ ɫɭ ɢɫɬɪɚɠɢɜɚɧɢ ɫɚɦɨ 
CDKN1B ɢ SOX2 ɝɟɧɢ, ɢɫɤʂɭɱɭʁɭʄɢ ɫɬɭɞɢʁɟ ɨ ɞɢɫɩɥɚɫɬɢɱɧɢɦ ɥɟɡɢʁɚɦɚ ɤɨɞ 
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ɢɧɮɥɚɦɚɬɨɪɧɢɯ ɛɨɥɟɫɬɢ ɰɪɟɜɚ. ɂɦɭɧɨɯɢɫɬɨɯɟɦɢʁɫɤɚ ɚɧɚɥɢɡɚɡɚ SOX2 ɝɟɧɚ ɩɨɤɚɡɚɥɚ 
ʁɟ ɬɨ ɞɚ ʁɟ ɢɡɪɚɠɟɧ ɭ ɦɚʃɢɧɢ ɫɥɭɱɚʁɟɜɚ ɚɞɟɧɨɦɚ ɢ ɫɜɢ ɫɭ ɛɢɥɢ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ 
ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ (82, 83). ɋɥɢɱɧɨ, ɞɜɚ ɫɥɭɱɚʁɚ ɩɪɟɞɫɬɚɜʂɟɧɚ ɭ ɨɜɨʁ ɫɬɭɞɢʁɢ, ɤɨʁɚ ɫɭ 
ɩɨɤɚɡɚɥɚ ɟɤɫɩɪɟɫɢʁɭ SOX2 ɝɟɧɚ (ɬɚɤɨђɟ ɩɨɤɚɡɭʁɭ ɟɤɫɩɪɟɫɢʁɭ PTPN13 ɢ ZEB2 ɝɟɧɚ), 

ɛɢɥɢ ɫɭ ɚɞɟɧɨɦɢ ɫɚ ɞɢɫɩɥɚɡɢʁɨɦ ɜɢɫɨɤɨɝ ɫɬɟɩɟɧɚ. 
 

ɇɚɲɢ ɪɟɡɭɥɬɚɬɢ, ɫɬɨɝɚ, ɭɤɚɡɭʁɭ ɧɚ ɬɨ ɞɚ ɢɧɜɟɪɡɧɚ ɟɤɫɩɪɟɫɢʁɚ ɩɨɪɨɞɢɰɟ miR-

200 ɢ ZEB2 ɝɟɧɚ ɦɨɠɟ ɞɨɩɪɢɧɟɬɢ ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɢ/ɩɪɨɥɢɮɟɪɚɰɢʁɢ ʄɟɥɢʁɚ, ɬɚɤɨђɟ, 

ɬɨɤɨɦ ɤɨɥɨɪɟɤɬɚɥɧɟ ɤɚɧɰɟɪɨɝɟɧɟɡɟ, ɤɚɨ ɲɬɨ ʁɟ ɜɟʄ ɨɩɢɫɚɧɨ ɭ ɫɥɭɱɚʁɭ ɧɟɭɪɨɧɚ (84). 

CDKN1B ɝɟɧ ɢɡɪɚɠɟɧ ʁɟ ɭ ɫɜɢɦ ɫɥɭɱɚʁɟɜɢɦɚ ɚɞɟɧɨɦɚ; ɦɟђɭɬɢɦ, ɨɛʁɚɜʂɟɧɢ ɩɨɞɚɰɢ 

ɨɝɪɚɧɢɱɟɧɢ ɫɭ ɢ ɩɪɟɦɚ ʃɢɦɚ CDKN1B ɝɟɧ ɧɢʁɟ ɢɡɪɚɠɟɧ ɭ ɩɪɢɛɥɢɠɧɨ 20% ɚɞɟɧɨɦɚ 
ɢ ɤɚɪɰɢɧɨɦɚ (85) ɢ ʃɟɝɨɜɚ ɟɤɫɩɪɟɫɢʁɚ ɧɟ ɦɟʃɚ ɫɟ ɡɧɚɱɚʁɧɨ ɬɨɤɨɦ ɫɟɤɜɟɧɰɟ ɚɞɟɧɨɦ– 

ɤɚɪɰɢɧɨɦ / ɩɪɨɝɪɟɫɢʁɟ ɭ CRC (86). 

 

ȳɟɞɢɧɢ ɝɟɧ ɤɨʁɢ ʁɟ ɛɢɨ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ ɫɜɢɦ ɢɫɩɢɬɢɜɚɧɢɦ miRNK ɛɢɨ ʁɟ 
RND3, ɬɚɤɨђɟ ɩɨɡɧɚɬ ɤɚɨ RhoE. RND3 ɝɟɧ ɢɝɪɚ ɤʂɭɱɧɭ ɭɥɨɝɭ ɭ ɡɚɭɫɬɚɜʂɚʃɭ 
ɞɢɫɬɪɢɛɭɰɢʁɟ ʄɟɥɢʁɫɤɨɝ ɰɢɤɥɭɫɚ, ɢɧɯɢɛɢɪɚʃɭ ʄɟɥɢʁɫɤɨɝ ɪɚɫɬɚ ɢ ɢɡɚɡɢɜɚʃɭ 

ɚɩɨɩɬɨɡɟ ɢ ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɟ ɢ ɭɤʂɭɱɟɧ ʁɟ ɭ ɩɪɨɰɟɫɟ, ɤɚɨ ɲɬɨ ɫɭ ɩɪɨɥɢɮɟɪɚɰɢʁɚ ɢ 
ɦɢɝɪɚɰɢʁɚ ɤɪɨɡ ɩɪɟɭɪɟђɢɜɚʃɟ ɰɢɬɨɫɤɟɥɟɬɚ. ɂɚɤɨ ɫɟ ɱɢɧɢ ɞɚ ʁɟ ɨɜɚʁ ɩɪɨɬɟɢɧ 
ɪɚɡɥɢɱɢɬɨ ɩɪɨɦɟʃɟɧ ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɤɨɧɬɟɤɫɬɚ ɬɭɦɨɪɚ, ɩɨɤɚɡɚɧɨ ʁɟ ɬɨ ɞɚ ɚɛɟɪɚɧɬɧɚ 
ɟɤɫɩɪɟɫɢʁɚ RND3 ɝɟɧɚ ɦɨɠɟ ɛɢɬɢ ɜɨɞɟʄɢ ɭɡɪɨɤ ɦɟɬɚɫɬɚɡɚ ɬɭɦɨɪɚ ɢ ɪɟɡɢɫɬɟɧɰɢʁɟ ɧɚ 
ɯɟɦɨɬɟɪɚɩɢʁɭ, ɚ ɦɨɠɟ ɛɢɬɢ ɢ ɝɟɧ ɫɚ ɩɪɨɬɭɦɨɭɪɢɝɟɧɨɦ ɭɥɨɝɨɦ (87, 88). 
 

ɋɯɨɞɧɨ ɪɟɱɟɧɨɦ, ɭ ɬɭɦɨɪɭ ɢ ɫɭɫɟɞɧɢɦ ɧɨɪɦɚɥɧɢɦ ɬɤɢɜɢɦɚ ɭɡɨɪɤɨɜɚɧɢɯ ɨɞ 
202 ɩɚɰɢʁɟɧɬɚ ɫɚ CRC-ɨɦ, ɭɤʂɭɱɭʁɭʄɢ 80 ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ, ɚɧɚɥɢɡɢɪɚɧɚ ʁɟ 
ɟɤɫɩɪɟɫɢʁɚ RND3 ɝɟɧɚ ɩɨɦɨʄɭ ɢɦɭɧɨɯɢɫɬɨɯɟɦɢʁɟ. ɂɡɪɚɠɚɜɚʃɟ ɨɜɨɝ ɝɟɧɚ ɛɢɥɨ ʁɟ 
ɡɧɚɱɚʁɧɨ ɩɨɜɟɡɚɧo ɫɚ ɞɭɛɢɧɨɦ ɢɧɜɚɡɢʁɟ, ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɥɢɦɮɧɢɦ ɱɜɨɪɨɜɢɦɚ ɢ 
ɭɞɚʂɟɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ. Ɉɧɨ ɲɬɨ ʁɟ ɧɚʁɜɚɠɧɢʁɟ, ɩɪɟɠɢɜʂɚɜɚʃɟ ɛɟɡ ɛɨɥɟɫɬɢ ɢ 
ɭɤɭɩɧɨ ɩɪɟɠɢɜʂɚɜɚʃɟ ɛɢɥɢ ɫɭ ɡɧɚɬɧɨ ɧɢɠɢ ɡɚ ɩɚɰɢʁɟɧɬɟ ɫɚ RND3 ɩɨɡɢɬɢɜɧɢɦ 
ɬɭɦɨɪɢɦɚ, ɧɟɝɨ ɡɚ ɩɚɰɢʁɟɧɬɟ ɫɚ RND3 ɧɟɝɚɬɢɜɧɢɦ ɬɭɦɨɪɢɦɚ (89). 

 

Ʉɚɞɚ ɫɟ ɭɩɨɪɟɞɢ ɟɤɫɩɪɟɫɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ ɢɡɦɟђɭ CRC-ɚ ɢ 
ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ, ɨɫɢɦ miR-200a, ɟɫɤɩɪɟɫɢʁɚ ɫɜɢɯ ɨɫɬɚɥɢɯ ɱɥɚɧɨɜɚ miR-200 ɛɢɥɚ 
ʁɟ ɩɨɜɟʄɚɧɚ. ȿɤɫɩɪɟɫɢʁɚ ɰɢʂɧɢɯ ɝɟɧɚ ɛɢɥɚ ʁɟ ɪɚɡɥɢɱɢɬɚ ɢɡɦɟђɭ ɟɤɫɩɪɟɫɢʁɟ ɭ ɝɪɭɩɚɦɚ 

CRC N0 ɢ CRC N+. Ɇɨɠɞɚ ʁɟ ɩɪɢɥɢɱɧɨ ɢɧɬɟɪɟɫɚɧɬɧɚ ɛɢɥɚ ɪɟɝɭɥɚɰɢʁɚ ONECUT2 

ɝɟɧɚ, ɤɨʁɚ ɭɤɚɡɭʁɟ ɧɚ ʃɟɝɨɜɭ ɩɨɬɟɧɰɢʁɚɥɧɭ ɭɥɨɝɭ ɭ ɩɪɨɝɪɟɫɢʁɢ CRC-ɚ. 
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7.4 ɉɨɪɨɞɢɰɚ miR-200 ɢ ʃɟɧɢ ɰɢʂɧɢ ɝɟɧɢ ɭ ɤɚɪɰɢɧɨɦɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ 

ɩɨɪɟђɟʃɭ ɫɚ ɩɨɪɨɞɢɰɨɦ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ ɛɟɡ ɧɨɞɚɥɧɢɯ 

ɦɟɬɚɫɬɚɡɚ  

 

ɋɦɚɬɪɚ ɫɟ ɞɚ ʁɟ ɫɦɚʃɟɧɚ ɪɟɝɭɥɚɰɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ 
ɝɭɛɢɬɤɨɦ ɟɩɢɬɟɥɚ ɢ ɩɨɜɟʄɚʃɟɦ ɮɟɧɨɬɢɩɚ ɫɥɢɱɧɨɝ ɦɟɡɟɧɯɢɦɭ ɭ ɩɪɟɞɟɥɭ ɢɧɜɚɡɢɜɧɨɝ 
ɞɟɥa, ɲɬɨ ɞɨɜɨɞɢ ɞɨ ɩɨɜɟʄɚɧɟ ɢɧɜɚɡɢɜɧɨɫɬɢ ɬɭɦɨɪɫɤɢɯ ʄɟɥɢʁɚ CRC-ɚ, ɞɨɩɪɢɧɨɫɟʄɢ 
ɬɚɤɨ ɦɢɝɪɚɰɢʁɢ ɤɪɨɡ ɜɚɧʄɟɥɢʁɫɤɢ ɦɚɬɪɢɤɫ, ɤɨɥɨɧɢɡɚɰɢʁɢ ɥɢɦɮɧɨɝ ɱɜɨɪɚ ɢ 
ɦɟɬɚɫɬɚɬɫɤɨɦ ɩɨɬɟɧɰɢʁɚɥɭ (90). 
 

ȳɟɞɚɧ ɨɞ ɧɚʁɜɚɠɧɢʁɢɯ ɚɫɩɟɤɚɬɚ CRC-ɚ ɫɭ ʃɟɝɨɜɢ ɦɟɬɚɫɬɚɬɫɤɢ ɤɚɩɚɰɢɬɟɬɢ. 
ɋɬɨɝɚ ɫɦɨ ɚɧɚɥɢɡɢɪɚɥɢ ɞɨɩɪɢɧɨɫ EMT-ɚ ɪɚɡɜɨʁɭ ɱɜɨɪɧɢɯ ɦɟɬɚɫɬɚɡɚ. ɋ ɨɛɡɢɪɨɦ ɧɚ 
ɬɨ ɞɚ ɢɧɜɚɡɢɜɧɚ ɫɜɨʁɫɬɜɚ ɢ ɦɟɬɚɫɬɚɬɫɤɢ ɩɨɬɟɧɰɢʁɚɥ ɧɢɫɭ ɟɤɜɢɜɚɥɟɧɬɧɢ 
ɮɭɧɤɰɢɨɧɚɥɧɢ ɢɡɪɚɡɢ (77), ɭɩɨɪɟɞɢɥɢ ɫɦɨ ɫɥɭɱɚʁɟɜɟ CRC-ɚ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ 
ɢ ɨɧɟ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ. ɇɚɲɥɢ ɫɦɨ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɝɨɪʃɭ up 

ɪɟɝɭɥɚɰɢʁɭ miR-200b ɝɟɧɚ ɭ CRC-ɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ up 

ɪɟɝɭɥɚɰɢʁɨɦ CRC-ɚ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ, ɲɬɨ ɢɦɩɥɢɰɢɪɚ ɭɥɨɝɭ miRNK ɢ, 

ɜɟɪɨɜɚɬɧɨ, EMT-ɚ ɭ ɩɪɨɝɪɟɫɢʁɢ CRC-ɚ. Ɉɜɨ ɡɚɩɚɠɚʃɟ ɢ ɭɨɱɟɧɚ ɩɨɬɟɧɰɢʁɚɥɧɨ 
ɢɧɜɚɡɢɜɧɚ ɭɥɨɝɚ miR-200b ɝɟɧɚ ɭ CRC-ɭ ɫɭɝɟɪɢɲɭ ɧɚ ɞɨɩɪɢɧɨɫ miR-200b 

ɢɧɜɚɡɢɜɧɢɦ ɢ ɦɟɬɚɫɬɚɬɫɤɢɦ ɫɜɨʁɫɬɜɢɦɚ CRC-ɚ. ȿɤɫɩɪɟɫɢʁɚ miR-200b ɢ miR-429 

ɝɟɧɚ ɬɚɤɨђɟ ʁɟ ɛɢɥɚ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ pTHM ɮɚɡɨɦ CRC-ɚ, ɲɬɨ ɞɚʂɟ ɫɭɝɟɪɢɲɟ ʃɢɯɨɜɭ 
ɭɥɨɝɭ ɭ ɩɪɨɝɪɟɫɢʁɢ CRC-ɚ. 
 

ɍ ɩɪɟɞɯɨɞɧɢɦ ɫɬɭɞɢʁɚɦɚ, ɨɛʁɚɜʂɟɧɨ ʁɟ ɬɨ ɞɚ ɛɢ ɢ miR-200b ɢ miR-429 ɝɟɧɢ 
ɦɨɝɥɢ ɞɨɩɪɢɧɟɬɢ ɦɟɬɚɫɬɚɬɫɤɨɦ ɩɨɬɟɧɰɢʁɚɥɭ CRC-ɚ (91 – 93), ɲɬɚɜɢɲɟ, ɩɨɜɟʄɚɧɚ 
ɪɟɝɭɥɚɰɢʁɚ miR-141 ɝɟɧɚ ɞɨɩɪɢɧɨɫɢ ɪɚɡɜɨʁɭ ɭɞɚʂɟɧɢɯ ɦɟɬɚɫɬɚɡɚ ɭ ɪɚɤɭ ɞɨʁɤɟ (94 ). 
ɍ ɧɚɲɨʁ ɫɬɭɞɢʁɢ, ɢɫɬɪɚɠɢɜɚɥɢ ɫɦɨ ɰɢʂɧɟ ɝɟɧɟ CDKN1B, ONECUT2, PTPN13, 

SOX2, GTFB2, WAVE3, ZEB1 ɢ ZEB2 ɢɡ ɩɨɪɨɞɢɰɟ miR-200. Ɂɚɧɢɦʂɢɜɨ ʁɟ ɬɨ ɞɚ ɫɭ 
ɫɚɦɨ CDKN1B, ONECUT2 ɢ ZEB2 ɰɢʂɧɢ ɝɟɧɢ ɪɚɡɥɢɱɢɬɨ ɢɡɪɚɠɟɧɢ ɭ CRC-ɭ ɛɟɡ 
ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɨɦ ɢɡɪɚɠɟɧɨɲʄɭ ɭ CRC-ɭ ɫɚ ɧɨɞɚɥɧɢɦ 
ɦɟɬɚɫɬɚɡɚɦɚ. ZEB2 ɢ CDKN1B ɰɢʂɧɢ ɫɭ ɝɟɧɢ ɩɨɪɨɞɢɰɟ miR-200b, ɡɚ ɤɨʁe ɫɟ ɜɟɪɭʁɟ 
ɞɚ ɢɦɚʁɭ ɭɥɨɝɭ ɩɪɨɦɨɜɢɫɚʃɚ ɬɭɦɨɪɚ ɭ CRC, ɚ ONECUT2 ʁɟ ɰɢʂɧɢ ɝɟɧ ɩɨɪɨɞɢɰɟ 
miR-429. (95). ɍ ɩɪɟɬɯɨɞɧɨʁ ɫɬɭɞɢʁɢ ɩɨɤɚɡɚɧɨ ʁɟ ɬɨ ɞɚ ɤɨɞ CRC-ɚ ɝɭɛɢɬɚɤ ɩɪɨɬɟɢɧɚ 
p27, ɤɨɞɢɪɚɧ ɨɞ ɫɬɪɚɧɟ CDKN1B ɝɟɧɚ, ɜɟɪɨɜɚɬɧɨ ɩɪɨɦɨɜɢɲɟ ɦɟɬɚɫɬɚɡɟ ɭ ɥɢɦɮɧɢɦ 
ɱɜɨɪɨɜɢɦɚ ɢ ɤɨɪɟɥɢɪɚ ɫɚ ɥɨɲɨɦ ɩɪɨɝɧɨɡɨɦ (96). 
 

ɇɚɲɟ ɡɚɩɚɠɚʃɟ ɭ ɨɞɧɨɫɭ ɧɚ CDKN1B ɝɟɧ ɭ ɫɤɥɚɞɭ ʁɟ ɫɚ ɩɪɟɬɯɨɞɧɨ 
ɨɛʁɚɜʂɟɧɨɦ ɫɬɭɞɢʁɨɦ, ɭ ɤɨʁɨʁ ʁɟ ɩɨɤɚɡɚɧɨ ɬɨ ɞɚ ʁɟ ɫɦɚʃɟɧɚ ɟɤɫɩɪɟɫɢʁɚ CDKN1B ɝɟɧɚ 

ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ ɥɨɲɨɦ ɩɪɨɝɧɨɡɨɦ ɡɚ ɩɚɰɢʁɟɧɬɟ ɫɚ CRC-ɨɦ. Ʉɨɪɢɫɬɟʄɢ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɟ ɦɨɞɟɥɟ, ɩɨɤɚɡɚɧɨ ʁɟ ɬɨ ɞɚ miR-429 ɝɟɧ ɩɨɧɢɲɬɚɜɚ EMT ɢɧɞɭɤɨɜɚɧ 
TGF-β ɨɦɟɬɚʁɭʄɢ ONECUT2 ɝɟɧ ɭ ʄɟɥɢʁɚɦɚ CRC-a (97). Ɇɟђɭɬɢɦ, ɩɪɟɦɚ ɧɚɲɢɦ 
ɫɚɡɧɚʃɢɦɚ, ɨɜɨ ʁɟ ɩɪɜɢ ɢɡɜɟɲɬɚʁ ɨ ɭɤʂɭɱɟɧɨɫɬɢ ONECUT2 ɝɟɧɚ ɭ ʂɭɞɫɤɢ 
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ɦɟɬɚɫɬɚɬɫɤɢ ɩɨɬɟɧɰɢʁɚɥ CRC-ɚ. ɇɚɫɭɩɪɨɬ ɬɨɦɟ, ɜɟʄ ʁɟ ɨɛʁɚɜʂɟɧɨ ɬɨ ɞɚ ZEB2, ɤɨʁɢ 
ʁɟ ʁɟɞɚɧ ɨɞ ɩɪɜɢɯ ɢɞɟɧɬɢɮɢɤɨɜɚɧɢɯ ɰɢʂɧɢ ɝɟɧa ɩɨɪɨɞɢɰɟ miR-200, ɩɪɨɦɨɜɢɲɟ 
ɦɟɬɚɫɬɚɬɫɤɢ ɩɨɬɟɧɰɢʁɚɥ ɬɭɦɨɪɚ ɢ ɤɨɪɟɥɢɪɚ ɫɚ ɥɨɲɨɦ ɩɪɨɝɧɨɡɨɦ ɡɚ ɪɚɡɜɨʁ CRC-ɚ 

ɤɨɞ ʂɭɞɢ (98 – 100). ɍɨɱɢɥɢ ɫɦɨ ɢɧɜɟɪɡɧɭ ɟɤɫɩɪɟɫɢʁɭ miR-200b ɢ ZEB2 ɝɟɧɚ ɭ CRC-

ɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɨɦ ɟɤɫɩɪɟɰɢʁɨɦ ɭ CRC-ɭ ɛɟɡ 
ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ, ɲɬɨ ɞɨɞɚɬɧɨ ɩɨɞɪɠɚɜɚ ɩɪɟɬɩɨɫɬɚɜʂɟɧɭ ɢɧɬɟɪɚɤɰɢʁɭ ZEB/miR-

200 ɝɟɧɚ ɭ ɤɚɧɰɟɪɨɝɟɧɟɡɢ CRC-ɚ (100). 

 

7.5 Ⱥɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ 

 

ɍɩɪɤɨɫ ɞɨɛɪɨ ɞɟɮɢɧɢɫɚɧɢɦ ɦɨɪɮɨɥɨɲɤɢɦ ɤɪɢɬɟɪɢʁɭɦɢɦɚ ɡɚ aɞɟɧɨɦ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɢ aɞɟɧɨɦ ɫɚ ɢɧɜɚɡɢʁoɦ, ɩɨɫɬɨʁɢ ɡɧɚɱɚʁɚɧ ɛɪɨʁ ɥɟɡɢʁɚ ɫɚ 
ɞɜɨɫɦɢɫɥɟɧɢɦ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚɦɚ, ɤɨʁɟ ɞɨɜɨɞɟ ɞɨ ɪɚɡɥɢɱɢɬɢɯ ɞɢʁɚɝɧɨɫɬɢɱɤɢɯ 
ɦɢɲʂɟʃɚ ɦɟђɭ ɩɚɬɨɥɨɡɢɦɚ (16, 101). ɍ ɫɜɪɯɭ ɪɚɡɥɢɤɨɜɚʃɚ ɬɢɯ ɥɟɡɢʁɚ – ɚɞɟɧɨɦɚ ɫɚ 
ɟɩɢɬɟɥɧɨɦ ɩɨɝɪɟɲɧɨɦ ɩɨɫɬɚɜɤɨɦ (ɩɫɟɭɞɨɢɧɜɚɡɢʁɚ) ɢ ɚɞɟɧɨɦɚ ɫɚ ɪɚɧɢɦ 
ɤɚɪɰɢɧɨɦɨɦ (ɩɪɚɜɚ ɢɧɜɚɡɢʁɚ), ɩɨɬɪɟɛɧɢ ɫɭ ɛɢɨɦɚɪɤɟɪɢ. ɍ ɧɚɲɨʁ ɫɬɭɞɢʁɢ, 
ɩɪɟɬɩɨɫɬɚɜɢɥɢ ɫɦɨ ɞɚ ʁɟ aɞɟɧɨɦ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɝɟɧɟɬɫɤɢ ɫɥɢɱɚɧ ɚɞɟɧɨɦɭ, ɚ ɞɚ 
ʁɟ ɚɞɟɧɨɦ ɫɚ ɪɚɧɢɦ ɤɚɪɰɢɧɨɦɨɦ ɫɥɢɱɚɧ ɚɞɟɧɨɤɚɪɰɢɧɨɦɭ. Ⱥɧɚɥɢɡɢɪɚɥɢ ɫɦɨ 
ɟɤɫɩɪɟɫɢʁɭ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɟɧɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ 

ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɨɦ ɟɫɤɩɪɟɫɢʁɨɦ ɭ ɚɞɟɧɨɦɭ ɢ ɚɞɟɧɨɦɭ ɫɚ ɪɚɧɢɦ ɤɚɪɰɢɧɨɦɨɦ. 
 

ɉɪɢɥɢɱɧɨ ʁɟ ɡɚɧɢɦʂɢɜ ɧɚɥɚɡ ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɟ down ɪɟɝɭɥɚɰɢʁɟ miR-

141, miR-429 ɢ PTPN13 ɝɟɧɚ ɢ ɩɨɜɟʄɚɧɟ ɪɟɝɭɥɚɰɢʁɟ CDKN1B ɝɟɧɚ ɭ ɪɚɧɨɦ 
ɤɚɪɰɢɧɨɦɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɢɦ ɪɟɝɭɥɚɰɢʁɚɦɚ ɭ ɚɞɟɧɨɦɢɦɚ ɫɚ ɟɩɢɬɟɥɧɨɦ 
ɩɨɝɪɟɲɧɨɦ ɩɨɫɬɚɜɤɨɦ. Ɍɚɤɨђɟ, ɩɪɢɦɟɬɢɥɢ ɫɦɨ ɫɦɚʃɟʃɟ ɪɟɝɭɥɚɰɢʁɟ miR-200c ɢ 
miR-429 ɢ ɩɨɜɟʄɚʃɟ ɪɟɝɭɥɚɰɢʁɟ CDKN1B ɢ RND3 ɝɟɧɚ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɢɦ ɪɟɝɭɥɚɰɢʁɚɦɚ ɭ ɚɞɟɧɨɦɭ. ɇɚɞɚʂɟ, ɨɬɤɪɢɥɢ ɫɦɨ ɫɦɚʃɟʃɟ 
ɪɟɝɭɥɚɰɢʁɟ TGFB ɝɟɧɚ ɢ ɩɨɜɟʄɚʃɟ ɪɟɝɭɥɚɰɢʁɟ RND3 ɢ CDKN1B ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɢɦ ɪɟɝɭɥɚɰɢʁɚɦɚ ɭ ɚɞɟɧɨɦɭ. 

 

 

7.6 Ʉɚɪɰɢɧɨɦ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ  

 

ɇɚʁɡɧɚɱɚʁɧɢʁɢ ɩɪɨɝɧɨɫɬɢɱɤɢ ɮɚɤɬɨɪ ɭ CRC-ɭ ʁɟ THM ɫɬɚɞɢʁɭɦ ɭɫɩɨɫɬɚɜʂɟɧ 
ɭ ɫɤɥɚɞɭ ɫɚ ɪɟɝɭɥɚɰɢʁɚɦɚ ɩɨɫɬɚɜʂɟɧɢɦ ɨɞ ɫɬɪɚɧɟ IUCC-a ɢ AJCC-a. ɋɬɨɝɚ THM ɢɦɚ 
ɤʂɭɱɧɭ ɭɥɨɝɭ ɭ ɬɟɪɚɩɢʁɫɤɨɦ ɞɨɧɨɲɟʃɭ ɨɞɥɭɤɚ ɨ CRC-ɭ. CRC ʁɟ ɩɨɞɟʂɟɧ ɭ ɱɟɬɢɪɢ 
ɮɚɡɟ, ɩɪɟɦɚ ɞɭɛɢɧɢ ɢɧɜɚɡɢʁɟ ɭ ɡɢɞ ɰɪɟɜɚ (Ɍ1-pT4a-b), ɝɞɟ Ɍ4 CRC ɢɦɚ ɧɚʁɦɚʃɟ 
ɩɨɜɨʂɚɧ ɢɫɯɨɞ ɫɚ ɧɚʁɜɟʄɢɦ ɫɬɨɩɚɦɚ ɦɟɬɚɫɬɚɡɚ. Ȼɭɞɭʄɢ ɞɚ ʁɟ ɡɚɯɜɚɬɚʃɟ ɫɟɪɨɡɟ ɜɚɠɚɧ 
ɧɟɝɚɬɢɜɚɧ ɩɪɨɝɧɨɫɬɢɱɤɢ ɮɚɤɬɨɪ ɭ CRC-ɭ, ɤʂɭɱɧɨ ʁɟ ɪɚɡɥɢɤɨɜɚʃɟ Ɍ3 ɢ Ɍ4ɚ CRC-ɚ. 
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ɇɚɲɚ ɫɬɭɞɢʁɚ ɩɨɤɚɡɚɥɚ ʁɟ ɩɨɫɬɟɩɟɧɨ ɩɨɜɟʄɚʃɟ ɟɤɫɩɪɟɫɢʁɟ ONECUT2 ɝɟɧɚ ɫɚ 
ɧɨɪɦɚɥɧɟ ɫɥɭɡɧɢɰɟ ɧɚ pT2, pT3 ɢ pT4 ɬɢɩ CRC-ɚ. Ɉɫɢɦ ɬɨɝɚ, ɩɪɢɦɟɬɢɥɢ ɫɦɨ 
ɫɬɚɬɢɫɬɢɱɤɢ ɡɧɚɱɚʁɧɭ ɪɚɡɥɢɤɭ ɭ ɟɤɫɩɪɟɫɢʁɢ miR-429, ONECUT2, ZEB2 ɢ SOX2 ɝɟɧɚ 
ɭ ɧɚʁɦɚʃɟ ʁɟɞɧɨɦ CRT ɫɬɚɞɢʁɭɦɭ ɭ ɨɞɧɨɫɭ ɧɚ ʃɢɯɨɜɭ ɟɤɫɩɪɟɫɢʁɭ ɭ ɧɨɪɦɚɥɧɨʁ 
ɫɥɭɡɧɢɰɢ. 

 

ɉɨɪɟɞ ɬɨɝɚ, ɩɨɫɬɨʁɚɥɚ ʁɟ ɡɧɚɱɚʁɧɚ ɪɚɡɥɢɤɚ ɭ ɟɤɫɩɪɟɫɢʁɢ PTPN13 ɢ ZEB2 ɝɟɧɚ 
ɢɡɦɟђɭ pT2 ɢ pT3 ɬɢɩɚ CRC-a ɢ CRC-ɚ ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ (pT4ɚ). 

 

ɇɚɲɢ ɪɟɡɭɥɬɚɬɢ ɩɪɭɠɚʁɭ ɞɨɤɚɡɟ ɬɨɝɚ ɞɚ ʁɟ EMT ɭɤʂɭɱɟɧ ɭ ɩɪɨɝɪɟɫɢʁɭ CRC-

ɚ, ɭɤʂɭɱɭʁɭʄɢ ɢ ɫɟɪɨɡɧɭ ɢɧɜɚɡɢʁɭ. ɋɦɚʃɟɧɚ ɟɤɫɩɪɟɫɢʁɚ PTPN13 ɝɟɧɚ ɭ ɧɚɩɪɟɞɧɨɦ 
CRC-ɭ ɭɤɚɡɭʁɟ ɧɚ ɩɨɬɟɧɰɢʁɚɥɧɭ ɫɭɩɪɟɫɨɪɫɤɭ ɭɥɨɝɭ ɬɭɦɨɪɚ PTPN13 ɝɟɧɚ, ɛɚɪɟɦ ɭ 
ɩɨɝɥɟɞɭ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ. 
 

7.7 ɉɨɪɨɞɢɰɚ miR-200 ɢ ɯɟɬɟɪɨɝɟɧɨɫɬ ɤɨɥɨɪɟɤɬɚɥɧɨɝ ɚɞɟɧɨɤɚɪɰɢɧɨɦɚ  

 

ɍɩɨɪɟɞɢɥɢ ɫɦɨ ɟɤɫɩɪɟɫɢʁɭ ɩɨɪɨɞɢɰɟ ɝɟɧɚ miR-200 ɭ ɰɟɧɬɪɚɥɧɢɦ ɞɟɥɨɜɢɦɚ 
ɬɭɦɨɪɚ ɢ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ ɢ ɨɬɤɪɢɥɢ ʃɢɯɨɜɭ ɫɧɢɠɟɧɭ ɪɟɝɭɥɚɰɢʁɭ ɧɚ ɢɧɜɚɡɢɜɧɨɦ 
ɮɪɨɧɬɭ ɭ 73% ɫɥɭɱɚʁɟɜɚ. Ɇɟђɭɬɢɦ, ɪɚɡɥɢɤɚ ʁɟ ɛɢɥɚ ɡɧɚɱɚʁɧɚ ɫɚɦɨ ɡɚ miR-200b ɝɟɧ. 

Ɉɜɚʁ ɧɚɥɚɡ ɞɨɞɚɬɧɨ ɩɨɞɪɠɚɜɚ ɤɨɧɰɟɩɬ ITH-a, ɱɚɤ ɢ ɧɚ ɧɢɜɨɭ miRNK (36). ɍɬɜɪђɟɧɨ 
ʁɟ ɞɚ ʁɟ miR-200b ɫɝɟɧ ɦɚʃɟɧ ɭ ʄɟɥɢʁɚɦɚ ɩɭɩɨʂɚɤɚ ɬɭɦɨɪɚ (engl. tumour budding) ɧɚ 
ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ ɭ 71% ɫɥɭɱɚʁɟɜɚ (102) ɢ ɜɟɪɭʁɟ ɫɟ ɞɚ ɢɦɚ ɭɥɨɝɭ ɩɪɨɦɨɜɢɫɚʃɚ 
ɬɭɦɨɪɚ ɭ CRC-ɭ, ɰɢʂɚʁɭʄɢ RND3 ɢ CDKN1B ɝɟɧɟ (34). 

 

ɉɨɪɟɞ miR-200b ɝɟɧɚ, ɧɟɤɨɥɢɤɨ ɨɛʁɚɜʂɟɧɢɯ ɩɨɞɚɬɚɤɚ, ɬɚɤɨђɟ, ɨɩɢɫɭʁɟ 
ɫɦɚʃɟɧɭ ɟɤɫɩɪɟɫɢʁɭ miR-200c ɝɟɧɚ ɧɚ ɢɧɜɚɡɢɜɧɨɦ ɞɟɥɭ ɬɭɦɨɪɚ ɭ ɦɟɬɚɫɬɚɬɫɤɢɦ 
ɫɥɭɱɚʁɟɜɢɦɚ CRC-ɚ (102 – 104). ɉɨɪɟɞ ɬɨɝɚ, ɨɬɤɪɢɜɟɧɨ ʁɟ ɞɚ ɫɭ miR-200a, miR-200b 

ɢ miR-200c ɝɟɧɢ ɬɚɤɨђɟ ɫɧɢɠɟɧɨ ɪɟɝɭɥɢɫɚɧɢ ɧɚ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ ɫɥɭɱɚʁɟɜɚ CRC-

ɚ, ɫɚ ɞɟɝɪɚɞɢɪɚɧɨɦ ɛɚɡɚɥɧɨɦ ɦɟɦɛɪɚɧɨɦ (90), ɚɥɢ ɭ ɥɢɬɟɪɚɬɭɪɢ ɩɨɫɬɨʁɟ ɨɝɪɚɧɢɱɟɧɢ 
ɩɨɞɚɰɢ ɨ ɟɤɫɩɪɟɫɢʁɢ miR-141 ɢ miR-429 ɝɟɧɚ ɧɚ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ. ɋɦɚɬɪɚ ɫɟ ɞɚ 
ʁɟ ɫɦɚʃɟɧɚ ɪɟɝɭɥɚɰɢʁɚ ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ ɭ ɤɨɪɟɥɚɰɢʁɢ ɫɚ ɝɭɛɢɬɤɨɦ ɟɩɢɬɟɥɧɢɯ 

ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɩɨɜɟʄɚʃɟɦ ɮɟɧɨɬɢɩɚ ɫɥɢɱɧɨɝ ɦɟɡɟɧɯɢɦɭ ɧɚ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ, 
ɲɬɨ ɞɨɜɨɞɢ ɞɨ ɩɨɜɟʄɚɧɟ ɢɧɜɚɡɢɜɧɨɫɬɢ ʄɟɥɢʁɚ CRC-a, ɞɨɩɪɢɧɨɫɟʄɢ ɬɚɤɨ ɦɢɝɪɚɰɢʁɢ 
ɤɪɨɡ ɟɤɫɬɪɚɰɟɥɭɥɚɪɧɢ ɦɚɬɪɢɤɫ, ɤɨɥɨɧɢɡɚɰɢʁɢ ɥɢɦɮɧɨɝ ɱɜɨɪɚ ɢ ɦɟɬɚɫɬɚɬɫɤɨɦ 

ɩɨɬɟɧɰɢʁɚɥɭ (105). 

 

ɉɨɫɬɨʁɟ ɨɝɪɚɧɢɱɟɧɢ ɩɨɞɚɰɢ ɨ ɟɤɫɩɪɟɫɢʁɢ ɤɨɞɢɪɚʁɭʄɢɯ ɢ/ɢɥɢ ɧɟɤɨɞɢɪɚʁɭʄɢɯ 
ɝɟɧɚ ɧɚ ɢɧɜɚɡɢɜɧɨɦ ɮɪɨɧɬɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɨɦ ɟɤɫɩɪɟɫɢʁɨɦ ɭ ɰɟɧɬɪɭ ɬɭɦɨɪɚ. 
ɉɪɟɬɯɨɞɧɟ ɫɬɭɞɢʁɟ (90, 104) ɢ ɧɚɲɢ ɧɚɥɚɡɢ ɭɤɚɡɭʁɭ ɧɚ ɝɪɚɞɢʁɟɧɬ ɟɤɫɩɪɟɫɢʁɟ 
ɩɨɪɨɞɢɰɟ miR-200 ɝɟɧɚ ɭ ɜɟɡɢ ɫɚ ITH. Ɇɟђɭɬɢɦ, ɧɟɞɚɜɧɟ ɩɭɛɥɢɤɚɰɢʁɟ ɢɡɜɟɲɬɚɜɚʁɭ 
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ɨ ITH-ɭ ɭɝɥɚɜɧɨɦ ɭ ɤɨɧɬɟɤɫɬɭ ɦɭɬɚɰɢʁɟ, ɜɚɪɢʁɚɰɢʁɟ ɛɪɨʁɚ ɤɨɩɢʁɚ ɢ ɫɬɚɬɭɫɚ 
ɦɟɬɢɥɚɰɢʁɟ (106 – 108). ITH ɭɤʂɭɱɭʁɟ ɩɪɨɫɬɨɪɧɢ ɢ ɜɪɟɦɟɧɫɤɢ ITH, ɦɨɪɮɨɥɨɲɤɢ 
ITH, ɤɥɨɧɚɥɧɢ ITH (ɢɡɜɟɞɟɧ ɢɡ ɝɟɧɨɦɫɤɟ ɧɟɫɬɚɛɢɥɧɨɫɬɢ) ɢ ɧɟɤɥɨɧɫɤɢ ITH (ɢɡɜɟɞɟɧ 
ɢɡ ɢɧɬɟɪɚɤɰɢʁɚ ɭ ɦɢɤɪɨɨɤɪɭɠɟʃɭ). ɉɨɲɬɨ ɫɟ ɜɟɪɭʁɟ ɞɚ ʁɟ ITH ɭɫɤɨ ɩɨɜɟɡɚɧ ɫɚ 
ɩɪɨɝɪɟɫɢʁɨɦ ɪɚɤɚ, ɪɟɡɢɫɬɟɧɰɢʁɨɦ ɧɚ ɬɟɪɚɩɢʁɭ ɢ ɪɟɰɢɞɢɜɨɦ, ɜɚɠɧɨ ʁɟ ɭɡɟɬɢ ɭ ɨɛɡɢɪ 
ɪɚɡɥɢɱɢɬɟ ɜɪɫɬɟ ITH-ɚ ɩɪɢɥɢɤɨɦ ɢɫɬɪɚɠɢɜɚʃɚ ɦɟɯɚɧɢɡɚɦɚ ɩɪɨɝɪɟɫɢʁɟ ɪɚɤɚ, 
ɩɪɨɝɧɨɡɟ ɢ ɦɨɝɭʄɧɨɫɬɢ ɥɟɱɟʃɚ (36). 
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8 Ɂɚɤʂɭɱɚɤ  

 

ɉɪɢ ɩɨɪɟђɟʃɭ ɟɤɫɩɪɟɫɢʁɟ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ 
ɢ CRC-ɭ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ ɢ CRC-ɭ ɛɟɡ ɧɨɞɚɥɧɢɯ ɦɟɬɚɫɬɚɡɚ ɨɬɤɪɢɥɢ ɫɦɨ ɞɨ 
ɬɪɢ ɨɛɪɚɫɰɚ. ɉɪɜɢ ɨɛɪɚɡɚɰ ɩɪɢɦɟʄɟɧ ʁɟ ɤɨɞ ɚɞɟɧɨɦɚ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɧɨɪɦɚɥɧɨɦ 
ɫɥɭɡɧɢɰɨɦ; ɞɪɭɝɢ ɢ ɫɭɩɪɨɬɚɧ ɩɪɜɨɦ ɩɪɢɦɟʄɟɧ ʁɟ ɭ CRC-ɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɚɞɟɧɨɦɨɦ; 
ɬɪɟʄɢ ɨɛɪɚɡɚɰ ɩɪɢɦɟʄɟɧ ʁɟ ɭ ɫɥɭɱɚʁɟɜɢɦɚ CRC-ɚ ɫɚ ɧɨɞɚɥɧɢɦ ɦɟɬɚɫɬɚɡɚɦɚ. 
Ɂɚɧɢɦʂɢɜɨ ʁɟ ɞɚ ɫɭ ɫɜɟ ɢɫɩɢɬɢɜɚɧɟ miRNK ɛɢɥɟ ɫɧɢɠɟɧɟ ɭ ɫɥɭɱɚʁɟɜɢɦɚ ɫɚ 
ɫɦɚʃɟɧɨɦ ɟɤɫɩɪɟɫɢʁɨɦ ȿ-ɤɚɞɯɟɪɢɧɚ ɢ ɭɝɥɚɜɧɨɦ ɫɭ ɛɢɥɟ ɫɧɢɠɟɧɟ ɧɚ ɢɧɜɚɡɢɜɧɨɦ 
ɮɪɨɧɬɭ ɭ ɩɨɪɟђɟʃɭ ɫɚ ʃɢɯɨɜɨɦ ɟɤɫɩɪɟɫɢʁɨɦ ɭ ɰɟɧɬɪɚɥɧɢɦ ɞɟɥɨɜɢɦɚ ɬɭɦɨɪɚ. ɇɚɲɢ 
ɪɟɡɭɥɬɚɬɢ, ɫɬɨɝɚ, ɭɤɚɡɭʁɭ ɧɚ ɬɨ ɞɚ ʁɟ ɩɚɪɰɢʁɚɥɧɢ EMT ɧɚʁɪɟɥɟɜɚɧɬɧɢʁɢ EMT ɨɛɥɢɤ ɭ 
CRC-ɭ. 
 

ɉɨɪɟђɟʃɟɦ ɟɤɫɩɪɟɫɢʁɟ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɚɞɟɧɨɦɭ ɫɚ 
ɩɫɟɭɞɨɢɧɜɚɡɢʁɨɦ ɢ ɪɚɧɢɦ ɤɚɪɰɢɧɨɦɨɦ ɩɨɤɚɡɚɧɨ ʁɟ ɫɦɚʃɟʃɟ ɪɟɝɭɥɚɰɢʁɟ ɩɨɪɨɞɢɰɟ 
miR-200 ɢ PTPN13 ɝɟɧɚ ɢ ɩɨɜɟʄɚʃɟ ɪɟɝɭɥɚɰɢʁɟ CDKN13 ɝɟɧɚ ɭ ɪɚɧɨɦ ɤɚɪɰɢɧɨɦɭ ɭ 
ɩɨɪɟђɟʃɭ ɫɚ ɩɨɦɟɧɭɬɢɦ ɪɟɝɭɥɚɰɢʁɚɦɚ ɭ ɚɞɟɧɨɦɨɭ ɢ ɚɞɟɧɨɦɭ ɫɚ ɩɨɝɪɟɲɧɢɦ 
ɩɨɫɬɚɜʂɚʃɟɦ ɟɩɢɬɟɥɚ. ɇɚɲɢ ɪɟɡɭɥɬɚɬɢ ɭ ɫɤɥɚɞɭ ɫɭ ɫɚ ɩɪɟɬɩɨɫɬɚɜʂɟɧɨɦ ɭɥɨɝɨɦ 
EMT-a ɭ ɩɪɨɝɪɟɫɢʁɢ ɚɞɟɧɨɦɚ ɭ ɪɚɧɢ CRC. 

 

ɉɨɪɟђɟʃɟ ɟɤɫɩɪɟɫɢʁɟ ɩɨɪɨɞɢɰɟ miR-200 ɢ ʃɢɯɨɜɢɯ ɰɢʂɧɢɯ ɝɟɧɚ ɭ ɤɚɪɰɢɧɨɦɭ 
ɫɚ ɫɟɪɨɡɧɨɦ ɢɧɜɚɡɢʁɨɦ ɢ ʃɢɯɨɜɟ ɟɤɫɩɪɟɫɢʁɟ ɭ ɤɚɪɰɢɧɨɦɭ ɛɟɡ ɫɟɪɨɡɧɟ ɢɧɜɚɡɢʁɟ, 

ɬɚɤɨђɟ ʁɟ ɭ ɫɤɥɚɞɭ ɫɚ ɭɤʂɭɱɢɜɚʃɟɦ EMT-a ɭ ɩɪɨɝɪɟɫɢʁɭ CRC-ɚ. Ɉɫɢɦ ɬɨɝɚ, ɫɦɚʃɟɧɚ 
ɟɤɫɩɪɟɫɢʁɚ PTPN13 ɝɟɧɚ ɭ ɧɚɩɪɟɞɧɨɦ CRC-ɭ ɭɤɚɡɭʁɟ ɧɚ ʃɟɝɨɜɭ ɩɨɬɟɧɰɢʁɚɥɧɭ ɭɥɨɝɭ 
ɤɚɨ ɫɭɩɪɟɫɨɪɚ ɬɭɦɨɪɚ. 
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Ȼɢɨɝɪɚɮɢʁɚ  

Ⱦɪ Ȼɪɚɧɢɫɥɚɜɚ Ɋɚɧɤɨɜɢʄ ɪɨђɟɧɚ ʁɟ 13. ʁɭɧɚ 1980. ɝɨɞɢɧɟ ɭ ɇɢɲɭ, Ɋɟɩɭɛɥɢɤɚ ɋɪɛɢʁɚ. 
Ɉɫɧɨɜɧɭ ɢ ɫɪɟɞʃɭ ɲɤɨɥɭ ʁɟ ɡɚɜɪɲɢɥɚ ɭ ɇɢɲɭ. Ɇɟɞɢɰɢɧɫɤɢ ɮɚɤɭɥɬɟɬ ɭ ɇɢɲɭ 
ɭɩɢɫɚɥɚ ʁɟ ɲɤɨɥɫɤɟ 1998/1999  ɝɨɞɢɧɟ, ɚ ɡɜɚʃɟ ɞɨɤɬɨɪɚ ɦɟɞɢɰɢɧɟ ɫɬɟɤɥɚ ʁɟ ɭ 
ɫɟɩɬɟɦɛɪɭ 2004 ɝɨɞɢɧɟ. ɇɚɤɨɧ ɧɨɫɬɪɢɮɢɤɚɰɢʁɟ ɞɢɩɥɨɦɟ ɡɚɩɨɱɢʃɟ cɩɟɰɢʁɚɥɢɡɚɰɢʁɭ 
ɢɡ ɨɛɥɚɫɬɢ ɩɚɬɨɥɨɝɢʁɟ ɧɚ ɨɞɟʂɟʃɭ ɡɚ ɩɚɬɨɥɨɝɢʁɭ, ɭɧɢɜɟɪɡɢɬɟɬɫɤɨɝ ɤɥɢɧɢɱɤɨɝ 
ɰɟɧɬɪɚ ɭ Ɇɚɪɢɛɨɪɭ. Ɂɜɚʃɟ ɫɩɟɰɢɚɥɢɫɬɟ ɩɚɬɨɥɨɝɢʁɟ ʁɟ ɫɬɟɤɥɚ 2014 ɝɨɞɢɧɟ. Ɉɞ ʁɭɥɚ 
2014 ɝɨɞɢɧɟ ʁɟ ɡɚɩɨɲʂɟɧɚ ɧɚ ɂɧɫɬɢɬɢɬɭ ɡɚ ɩɚɬɨɥɨɝɢʁɭ, ɦɟɞɢɰɢɧɫɤɨɝ ɮɚɤɭɥɬɟɬɚ ɭ 
ȴɭɛʂɚɧɢ. 2016 ɝɨɞɢɧɟ ʁɟ ɢɡɚɛɪɚɧɚ ɭ ɡɜɚʃɟ ɚɫɢɫɬɟɧɬɚ. Ɉɞ 2016 ɝɨɞɢɧɟ ɜɨɞɢ 
ɨɞɟʂɟʃɟ ɡɚ ɩɚɬɨɥɨɝɢʁɭ ʁɟɬɪɟ ɢ ɩɚɧɤɪɟɚɫɚ. Ⱦɟɨ ʁɟ ɬɪɚɧɫɩɥɚɧɬɚɰɢʁɫɤɨɝ ɬɢɦɚ 
ȿɭɪɨɬɪɚɧɫɩɥɚɧɬɚ ɋɥɨɜɟɧɢʁɟ.  

Ⱦɨɤɬɨɪɫɤɟ ɚɤɚɞɟɦɫɤɟ ɫɬɭɞɢʁɟ ɭɩɢɫɚɥɚ ʁɟ ɧɚ Ɏɚɤɭɥɬɟɬɭ ɦɟɞɢɰɢɧɫɤɢɯ ɧɚɭɤɚ 
ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ʉɪɚɝɭʁɟɜɰɭ, ɫɦɟɪ ɮɢɡɢɨɥɨɝɢʁɚ ɫɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨɦ ɦɟɞɢɰɢɧɨɦ.  
Ⱥɭɬɨɪ ɢ ɤɨɚɬɨɪ je ɜɢɲɟ ɧɚɭɱɧɢɯ ɪɚɞɨɜɚ ɭ ɫɪɩɫɤɢɦ,ɫɥɨɜɟɧɚɱɧɢɤɢɦ ɢ ɦɟђɭɧɚɪɨɞɧɢɦ 
ɱɚɫɨɩɢɫɢɦɚ.  
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