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4.3. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ 

TERT ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ 135 

4.3.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ      136 

4.3.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG       140 

4.4 ɋɩɨɫɨɛɧɨɫɬɶ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɚɤɬɢɜɢɪɨɜɚɬɶ 

ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ hTERT ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ         142 

4.4.1. Ƚɢɛɟɥɶ CD4+ ɢ CD8+ T-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ 

ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ        142 

4.4.2. ɂɧɞɭɤɰɢɹ EndoG ɩɨɜɪɟɠɞɚɸɳɢɦɢ ȾɇɄ ɚɝɟɧɬɚɦɢ   143 

4.4.3. ɂɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ  

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɢɧɞɭɤɰɢɢ EndoG ɰɢɫɩɥɚɬɢɧɨɦ ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ         145 

4.5. ɋɩɨɫɨɛɧɨɫɬɶ ɰɢɫɩɥɚɬɢɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɦɊɇɄ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ  148 
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4.5.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɞɟɣɫɬɜɢɹ ɰɢɫɩɥɚɬɢɧɚ in vitro 148 

4.5.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ in 

vivo ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɰɢɫɩɥɚɬɢɧɚ       152 

4.6. ɉɨɢɫɤ ɦɊɇɄ ɛɟɥɤɨɜ, ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɟɬ EndoG 155 

4.6.1. Ɋɟɡɭɥɶɬɚɬɵ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɊɇɄ      155 

4.7. ɂɡɭɱɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɢ 

ɢɧɝɢɛɢɪɨɜɚɬɶ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ      158 

4.7.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I         158 

4.7.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG       160 

4.8. ɂɧɞɭɤɰɢɹ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2 ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɤɚɫɩɚɡɵ-2         162 

4.8.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2          163 

4.8.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2 ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 165 

4.9. ɂɧɞɭɤɰɢɹ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x     167 

4.9.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ BCL-x          167 

4.9.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ  

EndoG          168 

4.10. ȼɥɢɹɧɢɟ EndoG ɧɚ ɢɧɞɭɤɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase I ɢ BCL-

x ɜ CD4+ Ɍ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ      170 

4.10.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɷɤɫɩɪɟɫɫɢɟɣ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ  170 

4.10.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ Casp-2, DNase I ɢ BCL-x ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ in vitro       173 



7 

 

4.10.3. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase I ɢ BCL-x ɢ ɫɧɢɠɟɧɢɟ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɟɥɤɨɜ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɦɵɲɟɣ ɢ ɤɪɵɫ in vivo         175 

4.11. ɂɫɫɥɟɞɨɜɚɧɢɟ EndoG-ɡɚɜɢɫɢɦɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɟɝɭɥɹɰɢɢ Ⱥɋ 

ɩɪɟ-ɦɊɇɄ ɧɚ ɩɪɢɦɟɪɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ hTERT, ȾɇɄɚɡɵ 1, ɤɚɫɩɚɡɵ-

2 ɢ BCL-x            177 

4.11.1. ɂɡɭɱɟɧɢɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ 

ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ 

ɬɟɥɨɦɟɪɚɡɵ hTERT ɢ ȾɇɄɚɡɵ 1       177 

4.11.1.1. ɂɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɤɥɟɬɤɚɯ 

ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɩɪɢ ɩɨɞɚɜɥɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG   177 

4.11.2. ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥɚɯ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɩɪɢ ɚɩɨɩɬɨɡɟ ɢ ɜ ɭɫɥɨɜɢɹɯ 

ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG       181 

4.11.3. Ʉɨ-ɥɨɤɚɥɢɡɚɰɢɹ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɫ hTERT ɜ ɧɨɪɦɟ ɢ ɩɪɢ 

ɚɩɨɩɬɨɡɟ          185 

4.11.4. ɂɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɩɪɢ ɩɨɞɚɜɥɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG  187 

4.11.5. ɋɧɢɠɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɨɪɝɚɧɟɥɥɚɯ ɥɢɦɮɨɰɢɬɨɜ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɭɫɥɨɜɢɹɯ 

ɚɩɨɩɬɨɡɚ ɢɥɢ ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG    190 

4.11.6. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ recEndoG        194 

4.11.6.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɊɇɄɚɡɧɨɣ  

ɚɤɬɢɜɧɨɫɬɢ EndoG         197 

4.11.6.2. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɷɤɫɩɪɟɫɫɢɹ ɊɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ EndoG     199 

4.11.6.3. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ ɫɢɧɬɟɡɚ ɧɤɊɇɄ 201 
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4.12. Ɇɨɞɭɥɹɰɢɹ Ⱥɋ ɩɪɢ ɩɨɦɨɳɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɩɪɨɞɭɰɢɪɭɟɦɵɯ 

EndoG (EGPO)           203 

4.12.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɝɟɧɨɜ, 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦ EGPO         203 

4.12.2. ȼɥɢɹɧɢɟ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɩɟɪɟɤɥɸɱɚɸɳɢɦɢ 
ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ ɧɚ ɩɪɨɥɢɮɟɪɚɰɢɸ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ 
ɱɟɥɨɜɟɤɚ            205 

4.12.2.1. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɮɟɤɰɢɢ 

ɥɢɦɮɨɰɢɬɨɜ EGPO ɤ ɩɪɟ-ɦɊɇɄ hTERT      205 

4.12.2.2. ȼɪɟɦɹ-ɡɚɜɢɫɢɦɚɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ EGPO, ɛɥɨɤɢɪɭɸɳɢɦ SRp20 ɢ SRp40 207 

4.12.2.3. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ hTERT ɜɥɢɹɟɬ ɧɚ 

ɩɪɨɥɢɮɟɪɚɰɢɸ CD4+ T-ɥɢɦɮɨɰɢɬɨɜ      209 

4.12.3. ȼɥɢɹɧɢɟ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɩɟɪɟɤɥɸɱɚɸɳɢɦ 

ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ ɧɚ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ 

ɱɟɥɨɜɟɤɚ           211 

4.12.3.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɩɨɞ ɞɟɣɫɬɜɢɟɦ EGPO ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ         211 

4.12.3.2. ɂɧɞɭɰɢɪɨɜɚɧɧɵɣ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɬɨɪɦɨɡɢɬ ɪɚɡɜɢɬɢɟ  

ɚɩɨɩɬɨɡɚ            213 

4.13. ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-

ɦɊɇɄ hTERT ɜ ɤɥɟɬɤɚɯ         218 

4.13.1. Ƚɢɛɟɥɶ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɫɨ ɫɧɢɠɟɧɧɵɦ  

ɭɪɨɜɧɟɦ α+ȕ+ hTERT         218 

4.13.2. ɉɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɤɨɪɨɱɟɧɢɹ ɬɟɥɨɦɟɪ 221 

4.13.3. Ɉɬɫɭɬɫɬɜɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɭ ȾɇɄɚɡɵ 1 ɢ ȾɇɄɚɡɵ ɏ 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

Ⱥɋ – ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ.  

ȻɋȺ – ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ. 

ȾɄ – ɞɟɧɞɪɢɬɧɚɹ ɤɥɟɬɤɚ. 

ɢɌɪɟɝ – ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ex vivo Ɍɪɟɝ.  

ɦɬȾɇɄ – ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ ȾɇɄ. 

ɧɤɊɇɄ – ɧɟɤɨɞɢɪɭɸɳɚɹ ɊɇɄ. 

ɇɌɈ – ɧɟɬɪɚɧɫɥɢɪɭɟɦɚɹ ɨɛɥɚɫɬɶ. 

ɧɌɪɟɝ – ɧɚɬɢɜɧɵɟ ɪɟɝɭɥɹɬɨɪɧɵɟ Ɍ ɤɥɟɬɤɢ. 

ɈɌ – ɨɛɪɚɬɧɚɹ ɬɪɚɧɫɤɪɢɩɰɢɹ. 

ɩ.ɧ. – ɩɚɪɵ ɧɭɤɥɟɨɬɢɞɨɜ. 

ɉɇɈ – ɩɨɥɢɦɨɪɮɢɡɦ ɧɭɤɥɟɨɬɢɞɧɵɯ ɨɫɧɨɜɚɧɢɣ. 

ɉɋɈ – ɩɟɪɟɤɥɸɱɚɸɳɢɣ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ. 

ɬ.ɩ.ɨ. – ɬɵɫɹɱɚ ɩɚɪ ɨɫɧɨɜɚɧɢɣ. 

Ɍɪɟɝ – ɪɟɝɭɥɹɬɨɪɧɵɟ Ɍ ɤɥɟɬɤɢ. 

ɎɋȻ – ɮɨɫɮɚɬɧɨ-ɫɨɥɟɜɨɣ ɛɭɮɟɪ. 

ADAR – ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɊɇɄ ɚɞɟɧɨɡɢɧɞɟɡɚɦɢɧɚɡɚ (ɨɬ аɧɝɥ. adenosine 

deaminase acting on RNA). 

APC – ɚɥɥɨɮɢɤɨɰɢɚɧɢɧ (ɨɬ аɧɝɥ. Allophycocyanin). 

ȕ-Gal – ɛɟɬɚ-ɝɚɥɚɤɬɨɡɢɞɚɡɚ (ɨɬ аɧɝɥ. beta-Galactosidase). 

COX IV – ɐɢɬɨɯɪɨɦ ɋ-ɨɤɫɢɞɚɡɚ IV (ɨɬ аɧɝɥ. cytochrome C oxidase IV). 

CFSE – ɤɚɪɛɨɤɫɢɮɥɭɨɪɟɫɰɟɢɧ ɫɭɤɰɢɧɢɦɢɞɢɥɶɧɵɣ ɷɮɢɪ (ɨɬ аɧɝɥ. 

carboxyfluorescein succinimidyl ester). 

DAPI – 4,6-ɞɢɚɦɢɞɢɧɨ-2-ɮɟɧɢɥɢɧɞɨɥ (ɨɬ аɧɝɥ. 4,6-diamidino-2-

phenylindole). 

EGPO – ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ, ɩɪɨɞɭɰɢɪɭɟɦɵɣ EndoG (ɨɬ аɧɝɥ. EndoG-produced 

oligonucleotide). 

EndoG – ɷɧɞɨɧɭɤɥɟɚɡɚ G (ɨɬ аɧɝɥ. Endonuclease G). 

ESE – ɷɤɡɨɧɧɵɣ ɷɧɯɚɧɫɟɪ ɫɩɥɚɣɫɢɧɝɚ (ɨɬ аɧɝɥ. exonic splicing enhancer). 
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ESS – ɷɤɡɨɧɧɵɣ ɫɚɣɥɟɧɫɟɪ ɫɩɥɚɣɫɢɧɝɚ (ɨɬ аɧɝɥ. exonic splicing silencer). 

FACS – Cɨɪɬɢɪɨɜɤɚ ɤɥɟɬɨɤ ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɟɣ (ɨɬ аɧɝɥ. 

fluorescence-activated cell sorting). 

FSB – ɷɦɛɪɢɨɧɚɥɶɧɚɹ ɬɟɥɹɱɶɹ ɫɵɜɨɪɨɬɤɚ (ɨɬ аɧɝɥ. Fetal Serum Bovine). 

GAPDH – ɝɥɢɰɟɪɚɥɶɞɟɝɢɞ-3-ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (ɨɬ аɧɝɥ. glyceraldehyde-

3-phosphatedehydrogenase). 

GFP – ɡɟɥɟɧɵɣ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɛɟɥɨɤ (ɨɬ аɧɝɥ. Green Fluorescent Protein). 

ISE – ɢɧɬɪɨɧɧɵɣ ɷɧɯɚɧɫɟɪ ɫɩɥɚɣɫɢɧɝɚ (ɨɬ аɧɝɥ. intronic splicing enhancer). 

ISS – ɢɧɬɪɨɧɧɵɣ ɫɚɣɥɟɧɫɟɪ ɫɩɥɚɣɫɢɧɝɚ (ɨɬ аɧɝɥ. intronic splicing silencer). 

LDH – ɥɚɤɬɚɬ ɞɟɝɢɞɪɨɝɟɧɚɡɚ (ɨɬ аɧɝɥ. Lactate dehydrogenase).  

MFI – ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɨɬ аɧɝɥ. Mean Fluorescence 

Intensity). 

RISC – ɊɇɄ-ɢɧɞɭɰɢɪɭɟɦɵɣ ɤɨɦɩɥɟɤɫ ɜɵɤɥɸɱɟɧɢɹ ɝɟɧɚ (ɨɬ аɧɝɥ. RNA-

induced silencing complex). 

siRNA – ɦɚɥɚɹ ɢɧɬɟɪɮɟɪɢɪɭɸɳɚɹ ɊɇɄ (ɨɬ аɧɝɥ. small interfering RNA). 

SR-ɛɟɥɤɢ – ɪɟɝɭɥɢɪɭɸɳɢɟ ɫɩɥɚɣɫɢɧɝ (ɨɬ аɧɝɥ. splicing regulatory) ɛɟɥɤɢ. 

TERT – ɬɟɥɨɦɟɪɚɡɧɚɹ ɨɛɪɚɬɧɚɹ ɬɪɚɧɫɤɪɢɩɬɚɡɚ (ɨɬ аɧɝɥ. Telomerase Reverse 

Transcriptase). 

TRAP – ɩɪɨɬɨɤɨɥ ɚɦɩɥɢɮɢɤɚɰɢɢ ɬɟɥɨɦɟɪɧɵɯ ɩɨɜɬɨɪɨɜ (ɨɬ аɧɝɥ. Telomeric 

Repeats Amplification Protocol). 
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1. ȼȼȿȾȿɇɂȿ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɶ ɟё ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ. 
Ƚɟɧɵ ɜɵɫɲɢɯ ɨɪɝɚɧɢɡɦɨɜ ɢɦɟɸɬ «ɩɪɟɪɵɜɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ», ɜ ɤɨɬɨɪɨɣ 

ɤɨɞɢɪɭɸɳɢɟ ɭɱɚɫɬɤɢ – ɷɤɡɨɧɵ (ɜɤɥɸɱɚɟɦɵɟ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ 

ɬɪɚɧɫɤɪɢɩɬ) ɱɟɪɟɞɭɸɬɫɹ ɫ ɧɟɤɨɞɢɪɭɸɳɢɦɢ ɭɱɚɫɬɤɚɦɢ – ɢɧɬɪɨɧɚɦɢ (ɧɟ 

ɜɤɥɸɱɚɸɬɫɹ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ). Ⱦɚɧɧɨɟ ɨɬɤɪɵɬɢɟ ɛɵɥɨ 

ɫɞɟɥɚɧɨ ɜ 70-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 

ɚɦɟɪɢɤɚɧɫɤɢɦ ɝɟɧɟɬɢɤɨɦ Ɏɢɥɥɢɩɨɦ ɒɚɪɩɨɦ ɢ ɛɪɢɬɚɧɫɤɢɦ ɛɢɨɯɢɦɢɤɨɦ 

Ɋɢɱɚɪɞɨɦ Ɋɨɛɟɪɬɫɨɦ [1,2]. ɉɪɨɰɟɫɫ ɭɞɚɥɟɧɢɹ ɢɧɬɪɨɧɨɜ ɢ ɥɢɝɢɪɨɜɚɧɢɹ 

ɷɤɡɨɧɨɜ ɜ ɬɨɦ ɩɨɪɹɞɤɟ, ɜ ɤɨɬɨɪɨɦ ɨɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɝɟɧɟ ɢ ɩɪɟ-ɦɊɇɄ 

ɝɟɧɚ ɜ ɯɨɞɟ ɫɨɡɪɟɜɚɧɢɹ (ɩɪɨɰɟɫɫɢɧɝɚ) ɦɊɇɄ ɛɵɥ ɧɚɡɜɚɧ ɫɩɥɚɣɫɢɧɝɨɦ (ɨɬ 

ɚɧɝɥ. to splice – ɫɪɚɳɢɜɚɬɶ ɤɨɧɰɵ ɱɟɝɨ-ɥɢɛɨ). Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ, 

ɚɦɟɪɢɤɚɧɫɤɢɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɛɢɨɥɨɝ ɍɨɥɬɟɪ Ƚɢɥɛɟɪɬ ɨɛɧɚɪɭɠɢɥ ɮɟɧɨɦɟɧ 

ɭɞɚɥɟɧɢɹ ɤɨɞɢɪɭɸɳɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɡ ɩɪɟ-ɦɊɇɄ ɚɞɟɧɨɜɢɪɭɫɨɜ 

[3]. ɗɬɨ ɩɪɢɜɟɥɨ ɤ ɨɬɤɪɵɬɢɸ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ (Ⱥɋ) – ɜɚɪɢɚɧɬɭ 

ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɨɪɨɱɧɨɟ ɜɤɥɸɱɟɧɢɟ 

ɢɥɢ ɭɞɚɥɟɧɢɟ ɷɤɡɨɧɨɜ, ɚ ɬɚɤɠɟ ɫɨɯɪɚɧɟɧɢɟ ɱɚɫɬɟɣ ɢɧɬɪɨɧɨɜ ɜ ɩɪɨɰɟɫɫɟ 

ɫɨɡɪɟɜɚɧɢɢ ɩɟɪɜɢɱɧɨɝɨ ɬɪɚɧɫɤɪɢɩɬɚ (ɩɪɟ-ɦɊɇɄ). ɂɡɭɱɟɧɢɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɡɦɨɜ, ɩɨɡɜɨɥɢɥɨ ɨɛɴɹɫɧɢɬɶ, ɩɨɱɟɦɭ ɜ ɯɨɞɟ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɪɟ-ɦɊɇɄ ɩɪɨɢɫɯɨɞɢɬ 

ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɡɪɟɥɵɯ ɦɊɇɄ ɢ ɧɟɫɤɨɥɶɤɢɯ ɢɡɨɮɨɪɦ ɨɞɧɨɝɨ ɛɟɥɤɚ 

[4].  

ɉɨɥɚɝɚɸɬ, ɱɬɨ Ⱥɋ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɟ-ɦɊɇɄ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɝɟɧɨɜ ɫ 

ɧɟɫɤɨɥɶɤɢɦɢ ɷɤɡɨɧɚɦɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, 

ɨɩɪɟɞɟɥɹɸɳɢɯ ɪɚɡɧɨɨɛɪɚɡɢɟ, ɚɤɬɢɜɧɨɫɬɶ ɢ ɮɭɧɤɰɢɸ ɛɟɥɤɨɜ ɜ ɤɥɟɬɤɚɯ, 

ɬɤɚɧɹɯ ɢ ɨɪɝɚɧɢɡɦɚɯ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ 

ɜɚɠɧɟɣɲɭɸ ɢ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɭɸ ɪɨɥɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜ ɪɟɝɭɥɹɰɢɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɤɥɟɬɨɤ [5]. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɵɫɲɢɟ 

ɷɭɤɚɪɢɨɬɵ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɞɨɥɸ ɩɪɟ-ɦɊɇɄ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ Ⱥɋ, 
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ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɨɥɶ ɞɚɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɜ ɷɜɨɥɸɰɢɢ. Ɇɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, 

ɱɬɨ Ⱥɋ ɨɩɨɫɪɟɞɭɟɬ ɪɚɡɥɢɱɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɜɫɟɣ ɠɢɡɧɢ ɨɪɝɚɧɢɡɦɨɜ, ɨɬ ɪɨɠɞɟɧɢɹ ɞɨ ɫɦɟɪɬɢ [6,7].  

Ɋɟɝɭɥɹɰɢɹ ɩɪɨɰɟɫɫɚ Ⱥɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ, ɜ 

ɤɨɬɨɪɨɦ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ 

ɤɨɦɩɨɧɟɧɬɵ: ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɦɨɥɟɤɭɥɚɯ ɩɪɟ-ɦɊɇɄ 

(ɰиɫ-ɷɥɟɦɟɧɬɵ), ɹɜɥɹɸɳɢɟɫɹ ɭɱɚɫɬɤɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɛɟɥɤɚɦɢ (ɬɪаɧɫ-ɮɚɤɬɨɪɚɦɢ). Циɫ- ɢ ɬɪаɧɫ-ɤɨɦɩɨɧɟɧɬɵ 

ɜɥɢɹɸɬ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɝɥɚɜɧɨɝɨ ɦɭɥɶɬɢɛɟɥɤɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɩɥɚɣɫɨɫɨɦɵ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɜɵɪɟɡɚɧɢɟ ɢ ɥɢɝɢɪɨɜɚɧɢɟ ɭɱɚɫɬɤɨɜ ɩɪɟ-ɦɊɇɄ ɢ ɦɨɝɭɬ 

ɢɧɞɭɰɢɪɨɜɚɬɶ ɢɥɢ ɢɧɝɢɛɢɪɨɜɚɬɶ Ⱥɋ [8]. ɇɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ⱥɋ ɬɚɤɠɟ 

ɦɨɠɟɬ ɜɥɢɹɬɶ ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟ-ɦɊɇɄ [9] ɢ ɩɪɢɫɭɬɫɬɜɢɟ ɦɚɥɵɯ 

ɢɧɬɟɪɮɟɪɢɪɭɸɳɢɯ ɊɇɄ [10].  

ɉɪɨɰɟɫɫ Ⱥɋ ɹɜɥɹɟɬɫɹ ɬɤɚɧɟɫɩɟɰɢɮɢɱɧɵɦ. ɍɪɨɜɟɧɶ ɦɊɇɄ ɪɚɡɥɢɱɧɵɯ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɝɟɧɚ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɬɶɫɹ ɜ 

ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɤɚɯ ɢ ɬɤɚɧɹɯ [11]. Ʉɪɨɦɟ ɬɨɝɨ, Ⱥɋ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɢɡɦɟɧɹɬɶɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ ɤɥɟɬɤɢ, ɬ.ɟ. ɹɜɥɹɟɬɫɹ 

ɢɧɞɭɰɢɛɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ [12]. ɉɨɷɬɨɦɭ ɢɡɭɱɟɧɢɟ ɮɚɤɬɨɪɨɜ, 

ɢɧɞɭɰɢɪɭɸɳɢɯ Ⱥɋ, ɦɟɯɚɧɢɡɦɨɜ ɪɟɝɭɥɹɰɢɢ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɟɝɨ 

ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦ. 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɷɧɞɨɧɭɤɥɟɚɡɚ G (EndoG) ɫɩɨɫɨɛɧɚ ɜɥɢɹɬɶ ɧɚ 

ɩɪɨɰɟɫɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɧɟɤɨɬɨɪɵɯ ɝɟɧɨɜ. EndoG ɹɜɥɹɟɬɫɹ ɚɩɨɩɬɨɬɢɱɟɫɤɢɦ 

ɛɟɥɤɨɦ ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɟɝɨ ɪɚɡɜɢɬɢɟ ɩɨ ɤɚɫɩɚɡ-ɧɟɡɚɜɢɫɢɦɨɦɭ ɩɭɬɢ [13]. ȼ 

ɧɨɪɦɟ EndoG ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɟɠɦɟɦɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɢɬɨɯɨɧɞɪɢɣ ɢ 

ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɨ ɜ ɨɬɜɟɬ ɧɚ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ ɢ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɨɜ 

ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɹɞɪɨ EndoG ɫɩɨɫɨɛɧɚ ɪɚɫɳɟɩɥɹɬɶ 

ȾɇɄ ɩɨ ɩɨɥɢ-G•ɩɨɥɢ-ɋ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ EndoG ɨɬ ɞɪɭɝɢɯ ȾɇɄɚɡ ɹɜɥɹɟɬɫɹ ɟё ɫɩɨɫɨɛɧɨɫɬɶ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɟɝɪɚɞɚɰɢɸ ɬɚɤɠɟ ɢ ɊɇɄ ɜ ɹɞɪɚɯ ɢ ɰɢɬɨɩɥɚɡɦɟ [14].  
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Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɦɟɯɚɧɢɡɦ, ɩɨ ɤɨɬɨɪɨɦɭ EndoG ɜɥɢɹɟɬ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ⱥɋ, ɦɚɥɨ ɢɡɭɱɟɧ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɩɪɟɞɩɪɢɧɹɥɢ 

ɩɨɩɵɬɤɭ ɢɫɫɥɟɞɨɜɚɬɶ ɦɟɯɚɧɢɡɦ ɢɧɞɭɤɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɢ ɟɝɨ 

ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɞɟɣɫɬɜɢɹ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɜ 

ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɧɟɤɨɬɨɪɵɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ ɢ ɟɝɨ 

ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. ɉɪɨɜɟɫɬɢ ɩɨɢɫɤ ɩɪɟ-ɦɊɇɄ ɛɟɥɤɨɜ, ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɤɨɬɨɪɵɯ 

ɭɱɚɫɬɜɭɟɬ EndoG. 

2. ɂɡɭɱɢɬɶ EndoG-ɡɚɜɢɫɢɦɵɣ ɦɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ  

3. Ɉɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɭɥɹɰɢɢ Ⱥɋ ɩɪɢ ɩɨɦɨɳɢ ɨɛɪɚɡɭɟɦɵɯ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ EndoG ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ.  

4. ɂɡɭɱɢɬɶ ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ TERT, Casp-2, DNase I ɢ BCL-x. 

5. Ɉɰɟɧɢɬɶ ɪɨɥɶ ɢɧɞɭɤɰɢɢ EndoG ɜ ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɚɯ 

ɱɟɥɨɜɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ ɤɥɟɬɨɤ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ.  

ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɦɨɞɭɥɢɪɨɜɚɬɶ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ. Ɉɩɢɫɚɧ ɦɟɯɚɧɢɡɦ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ, ɭɜɟɥɢɱɟɧɢɟ 

ɷɤɫɩɪɟɫɫɢɢ ɢ ɬɪɚɧɫɥɨɤɚɰɢɹ EndoG ɜ ɹɞɪɨ ɤɥɟɬɨɤ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɚɤɬɢɜɧɨɝɨ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚ EGPO (EndoG-produced oligonucleotide), 

ɤɨɬɨɪɵɣ ɤɨɦɩɥɟɦɟɧɬɚɪɟɧ ɷɤɡɨɧ-ɢɧɬɪɨɧɧɨɦɭ ɭɱɚɫɬɤɭ ɦɊɇɄ ɢ ɢɧɞɭɰɢɪɭɟɬ 

Ⱥɋ. ȼɩɟɪɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ ɩɪɢɪɨɞɧɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ 

ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ. 

ɂɫɫɥɟɞɨɜɚɧ ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ EndoG-ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ Ⱥɋ. 

ɋɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ TERT ɜ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ ɜɵɡɵɜɚɟɬ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ, ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ, ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ 
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ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɚɩɨɩɬɨɡ. ɂɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG 

AC ɩɪɟ-ɦɊɇɄ DNase I ɢɧɝɢɛɢɪɭɟɬ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ 1 ɢ 

ɡɚɦɟɞɥɹɟɬ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ.  

ȼɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ ɤɥɟɬɨɤ 

ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ EndoG ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɷɮɮɟɤɬɨɪɧɵɯ 

ɥɢɦɮɨɰɢɬɚɯ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɟɯɚɧɢɡɦɨɜ ɩɨɞɞɟɪɠɚɧɢɹ ɢɦɦɭɧɧɨɣ 

ɬɨɥɟɪɚɧɬɧɨɫɬɢ. 

ɉɪɨɜɟɞёɧɧɚɹ ɪɚɛɨɬɚ ɩɨɡɜɨɥɹɟɬ ɩɨ-ɧɨɜɨɦɭ ɜɡɝɥɹɧɭɬɶ ɧɚ ɩɪɨɰɟɫɫɵ 

ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ, ɤɚɤ ɧɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɮɚɤɬɨɪɨɜ, ɬɨɪɦɨɡɹɳɢɯ ɢ 

ɭɫɤɨɪɹɸɳɢɯ ɤɥɟɬɨɱɧɭɸ ɝɢɛɟɥɶ, ɚ ɬɚɤɠɟ ɧɚ ɩɪɨɰɟɫɫɵ ɦɨɞɭɥɹɰɢɢ 

ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ.  

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
Ɋɚɛɨɬɚ ɩɨɫɬɪɨɟɧɚ ɧɚ ɛɚɡɟ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɡɧɚɧɢɣ ɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ Ⱥɋ, ɫɬɪɨɟɧɢɢ ɢ ɮɭɧɤɰɢɹɯ ɷɧɞɨɧɭɤɥɟɚɡɵ 

EndoG, ɬɟɥɨɦɟɪɚɡɵ, ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɚɡɵ 1, ɤɚɫɩɚɡɵ-2 ɢ BCL-x, ɚ ɬɚɤɠɟ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɷɮɮɟɤɬɚɯ, ɜɵɡɵɜɚɟɦɵɯ ɞɚɧɧɵɦɢ ɛɟɥɤɚɦɢ. ȼ ɪɚɛɨɬɟ 

ɩɪɢɦɟɧɹɥɢɫɶ ɦɟɬɨɞɵ ɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɤɥɟɬɨɱɧɨɣ ɛɢɨɥɨɝɢɢ, ɩɪɨɜɨɞɢɥɢɫɶ 

ɷɤɫɩɟɪɢɦɟɧɬɵ in vivo ɧɚ ɦɵɲɚɯ ɢ ɤɪɵɫɚɯ, ɚ ɬɚɤɠɟ ɫ ɛɢɨɦɚɬɟɪɢɚɥɨɦ 

(ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɶɸ) ɡɞɨɪɨɜɵɯ ɞɨɛɪɨɜɨɥɶɰɟɜ.  

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ. 

1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ TERT, Casp-2, 

DNase I ɢ BCL-x ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɦɨɞɭɥɢɪɭɟɬ ɪɚɡɜɢɬɢɟ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɝɢɛɟɥɢ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ. 

2. Ȼɥɚɝɨɞɚɪɹ ɊɇɄɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, EndoG «ɜɵɪɟɡɚɟɬ» ɚɤɬɢɜɧɵɟ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ (EGPO – EndoG-produced oligonucleotides) ɢɡ ɧɤɊɇɄ, 

ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɫ ɧɟɤɨɞɢɪɭɸɳɢɯ ɰɟɩɟɣ ɝɟɧɨɜ TERT, Casp-2, DNase I ɢ 

BCL-x. EGPO ɞɟɣɫɬɜɭɸɬ ɚɧɚɥɨɝɢɱɧɨ ɩɟɪɟɤɥɸɱɚɸɳɢɦ ɫɩɥɚɣɫɢɧɝ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦ, ɤɨɬɨɪɵɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɳɟɫɬɜɭɸɬ ɜ ɩɪɢɪɨɞɟ. 
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ɉɪɢɦɟɧɟɧɢɟ EGPO ɜɨɡɦɨɠɧɨ ɫ ɰɟɥɶɸ ɦɨɞɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɢ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, Casp-2, DNase I ɢ BCL-X.  

3. Ɍɪɚɧɫɥɨɤɚɰɢɹ EndoG ɜ ɹɞɪɚ ɤɥɟɬɨɤ (ɜ ɬ. ɱ. ɩɪɢ ɪɚɡɜɢɬɢɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ) ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɢɧɢɰɢɚɰɢɢ 

Ⱥɋ, ɩɨɫɤɨɥɶɤɭ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɞɨɫɬɭɩɧɨɫɬɶ EndoG ɞɥɹ ɧɤɊɇɄ ɢ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɟɤɥɸɱɚɸɳɟɝɨ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚ 

EGPO. 

4. ɉɪɨɰɟɫɫɵ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ EndoG AC ɩɪɟ-ɦɊɇɄ hTERT ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɦɟɯɚɧɢɡɦɚ 

ɫɭɩɪɟɫɫɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ ɤɥɟɬɨɤ ɧɚ ɷɮɮɟɤɬɨɪɧɵɟ 

ɥɢɦɮɨɰɢɬɵ. 

ɇɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ.  

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɢɫɚɧɢɟ ɧɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɤ ɪɟɝɭɥɹɬɨɪɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɢ ɮɭɧɤɰɢɢ ɛɟɥɤɨɜ. ɉɨɤɚɡɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ EndoG ɪɟɝɭɥɢɪɨɜɚɬɶ 

ɩɪɨɰɟɫɫɵ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ ɩɭɬёɦ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-

ɦɊɇɄ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ 

TERT, Casp-2, DNase I ɢ BCL-ɯ. ȼ ɪɚɛɨɬɟ ɨɩɢɫɚɧ ɧɨɜɵɣ ɦɟɯɚɧɢɡɦ 

ɫɭɩɪɟɫɫɢɢ ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɪɟɝɭɥɹɬɨɪɧɵɦɢ Ɍ ɤɥɟɬɤɚɦɢ, ɜ ɨɫɧɨɜɟ 

ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɢɧɞɭɤɰɢɹ EndoG ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ hTERT ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɩɟɪɜɵɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɨɛɪɚɡɭɟɦɵɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

EndoG ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɢɧɞɭɰɢɪɭɸɳɢɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, Casp-2, 

DNase I ɢ BCL-ɯ. Ⱦɨɤɚɡɚɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɜ ɩɪɢɪɨɞɟ, ɩɟɪɟɤɥɸɱɚɸɳɢɯ 

ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ in vitro ɩɪɨɞɭɰɢɪɭɟɦɵɯ EndoG ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɫ ɰɟɥɶɸ ɦɨɞɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, Casp-2, 
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DNase I ɢ BCL-ɯ ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɞɥɹ ɜɨɡɦɨɠɧɨɣ 

ɤɨɪɪɟɤɰɢɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ.  

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ.  

Ⱥɜɬɨɪɨɦ ɨɛɧɚɪɭɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɢ 

ɩɪɟɞɥɨɠɟɧ ɩɥɚɧ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɭɱɟɧɢɸ ɦɟɯɚɧɢɡɦɚ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ⱥɜɬɨɪ ɢɡɭɱɢɥ ɥɢɬɟɪɚɬɭɪɭ ɩɨ ɩɪɨɛɥɟɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɧɚ ɨɫɧɨɜɟ 

ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɥɚɧɚ ɩɨɥɭɱɢɥ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ. ɋɨɢɫɤɚɬɟɥɟɦ 

ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɩɪɨɞɭɰɢɪɭɟɦɵɯ EndoG, ɚɞɚɩɬɢɪɨɜɚɧɵ ɦɟɬɨɞɢɤɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ, ɢɧɤɭɛɚɰɢɢ ɹɞɟɪ ɤɥɟɬɨɤ ɫ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɢɤɚ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɫ ɪɟɝɭɥɹɬɨɪɧɵɦɢ Ɍ ɤɥɟɬɤɚɦɢ. ɉɪɨɜɟɞɟɧɚ 

ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɚɜɬɨɪ ɨɩɭɛɥɢɤɨɜɚɥ ɜ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ ɢ ɩɪɟɞɫɬɚɜɢɥ ɜ 

ɞɨɤɥɚɞɚɯ ɤɨɧɮɟɪɟɧɰɢɣ.  

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ ɚɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɜɵɫɨɤɨɦ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ 

ɭɪɨɜɧɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɯɟɦɵ ɜɤɥɸɱɚɸɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɜɬɨɪɟɧɢɣ ɢ ɚɞɟɤɜɚɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɪɨɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ. 

ɋɢɫɬɟɦɚ ɨɰɟɧɤɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɤɪɢɬɟɪɢɢ ɚɧɚɥɢɡɚ ɩɨɞɨɛɪɚɧɵ 

ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɛɨɬɟ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢ ɞɨɥɨɠɟɧɵ ɧɚ ɜɫɟɪɨɫɫɢɣɫɤɢɯ ɢ 

ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ: Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, 

ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ «Ʌɨɦɨɧɨɫɨɜ» (Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ 2010 ɢ 2016); 

5th International Conference Genomics, Proteomics, Bioinformatics and 

Nanobiotechnology for Medicine (GPBNM-2010, St.Petersburg-Kizhi-
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Mandrogy-Valaam-Kovenets- St.Petersburg, Russia, 2010); Experimental 

Biology (USA, Anahaim, CA, 2010; San-Diego, CA, 2012; Boston, MT, 2013); 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɉɨɫɬɝɟɧɨɦɧɵɟ 

ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɜ ɛɢɨɥɨɝɢɢ, ɥɚɛɨɪɚɬɨɪɧɨɣ ɢ ɤɥɢɧɢɱɟɫɤɨɣ ɦɟɞɢɰɢɧɟ» 

(Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 2010); ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɋɨɜɪɟɦɟɧɧɵɟ 

ɩɪɨɛɥɟɦɵ ɛɢɨɯɢɦɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ» (Ɋɨɫɫɢɹ, Ʉɚɡɚɧɶ, 2010); 22nd 

International Congress of Anti-Cancer treatment (France, Paris, 2011); 

American Society of Gene & Cell Therapy 15th annual meeting and training 

course (USA, Philadelphia, PA, 2012); The Annual American Society of 

Nephrology Meeting (USA, San Diego, CA, 2012; Atlanta, 2013); International 

conference «A Focus of Nanomedicine» (USA, Little Rock, AR, 2013); Second 

Annual Central Arkansas Summer Undergraduate Research Symposium (USA, 

Little Rock, AR, 2013); Annual Biomedical Research Conference for Minority 

Students (USA, Nashville, TN, 2013); World Immune Regulation Meeting – IX 

(Switzerland, Davos, 2015); ɉɨɫɬɝɟɧɨɦɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɦɟɞɢɰɢɧɟ: ɨɬ 

ɬɟɨɪɢɢ ɤ ɩɪɚɤɬɢɤɟ (Ɋɨɫɫɢɹ, ȼɨɪɨɧɟɠ, 2015 ɢ 2016); ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

ɦɨɥɨɞɵɯ ɭɱёɧɵɯ ɩɨ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ (Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 2016); XXI 

ɜɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɇɟɣɪɨɢɦɦɭɧɨɥɨɝɢɹ. Ɋɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ» 

(Ɋɨɫɫɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2016); III ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

ɦɨɥɨɞɵɯ ɭɱёɧɵɯ «ɉɪɨɛɥɟɦɵ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɧɚɭɤɢ ɬɪɟɬɶɟɝɨ 

ɬɵɫɹɱɟɥɟɬɢɹ» (Ɋɨɫɫɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2016); II Ɋɨɫɫɢɣɫɤɢɣ ɤɨɧɝɪɟɫɫ ɫ 

ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «ɉɪɨɥɢɮɟɪɚɬɢɜɧɵɣ ɫɢɧɞɪɨɦ ɜ ɛɢɨɥɨɝɢɢ ɢ 

ɦɟɞɢɰɢɧɟ» (Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 2016); V ɫɴɟɡɞ ɛɢɨɯɢɦɢɤɨɜ Ɋɨɫɫɢɢ (Ɋɨɫɫɢɹ, 

Ⱦɚɝɨɦɵɫ, 2016); Cell technologies at the edge: research and practice (Russia, 

St. Petersburg, 2016); EMBO Conference «Protein translocation and cellular 

homeostasis», (Croatia, Dubrovnik, 2017); Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ «Ɇɢɤɪɨɛɧɵɟ ɛɢɨɬɟɯɧɨɥɨɝɢɢ: ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ 

ɩɪɢɤɥɚɞɧɵɟ ɚɫɩɟɤɬɵ» (Ȼɟɥɚɪɭɫɶ, Ɇɢɧɫɤ, 2017); VIII Ɋɨɫɫɢɣɫɤɢɣ 

ɫɢɦɩɨɡɢɭɦ «Ȼɟɥɤɢ ɢ ɩɟɩɬɢɞɵ» (Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 2017); International 
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conference Clinical proteomics. Postgenome medicine (Russia, Moscow, 2017); 

BioTechWorld (Russia, Moscow, 2018); 2nd International Caparica Conference 

in Splicing (Portugal, Lisbon, 2018); The 26th Conference of the European Cell 

Death Organization (Russia, St. Petersburg, 2018); 4th EACR Conference 

Cancer Genomics (Cambrige, UK, 2019); 44th FEBS Congress (Krakow, Poland 

2019), EMBO Workshop Cell Death immunity and inflammation (Heraklion, Greece 

2019). 

ɉɭɛɥɢɤɚɰɢɢ: 

ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 65 ɧɚɭɱɧɵɯ ɪɚɛɨɬɵ ɜ 

ɪɨɫɫɢɣɫɤɢɯ ɢ ɢɧɨɫɬɪɚɧɧɵɯ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ 27 ɫɬɚɬɟɣ ɜ 

ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ, 36 ɩɭɛɥɢɤɚɰɢɣ ɜ ɞɨɤɥɚɞɚɯ 

ɪɨɫɫɢɣɫɤɢɯ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ, ɨɞɧɚ ɦɨɧɨɝɪɚɮɢɹ ɢ 

ɨɞɧɚ ɝɥɚɜɚ ɧɚɭɱɧɨɝɨ ɩɨɫɨɛɢɹ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ. 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɬɪɨɟɧɚ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ ɢ 

ɫɨɞɟɪɠɢɬ ɪɚɡɞɟɥɵ «ɋɩɢɫɨɤ ɫɨɤɪɚɳɟɧɢɣ», «ȼɜɟɞɟɧɢɟ», «Ɉɛɡɨɪ 

ɥɢɬɟɪɚɬɭɪɵ», «Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ», «Ɋɟɡɭɥɶɬɚɬɵ», «Ɉɛɫɭɠɞɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ», «Ɂɚɤɥɸɱɟɧɢɟ», «ȼɵɜɨɞɵ», «ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ», 

ɜɤɥɸɱɚɸɳɢɣ 439 ɢɫɬɨɱɧɢɤɨɜ ɢ «ɉɪɢɥɨɠɟɧɢɟ». Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 332 

ɫɬɪɚɧɢɰɚɯ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɫɨɞɟɪɠɢɬ 27 ɬɚɛɥɢɰ ɢ 78 ɪɢɫɭɧɤɨɜ. 
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2. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

2.1. ɉɨɧɹɬɢɟ ɨ ɫɩɥɚɣɫɢɧɝɟ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɦ ɫɩɥɚɣɫɢɧɝɟ ɩɪɟ-

ɦɊɇɄ 

ɇɨɪɦɚɥɶɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ ɡɚɜɢɫɢɬ ɨɬ ɩɪɚɜɢɥɶɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ ɦɧɨɠɟɫɬɜɚ ɊɇɄ: ɤɚɤ ɤɨɞɢɪɭɸɳɢɯ, ɬɚɤ ɢ ɧɟ ɤɨɞɢɪɭɸɳɢɯ, ɛɟɥɨɤ 

ɦɚɬɪɢɱɧɵɯ ɊɇɄ (ɦɊɇɄ). Ɋɨɥɶ ɛɨɥɶɲɢɧɫɬɜɚ ɧɟ ɤɨɞɢɪɭɸɳɢɯ ɛɟɥɨɤ ɊɇɄ 

ɢɡɭɱɟɧɚ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ. Ɍɚɤɢɟ ɊɇɄ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɩɪɨɰɟɫɫɟ 

ɬɪɚɧɫɤɪɢɩɰɢɢ (ɧɚɩɪɢɦɟɪ, 7SK ɊɇɄ), ɫɨɡɪɟɜɚɧɢɢ ɦɊɇɄ (ɦɚɥɵɟ ɹɞɟɪɧɵɟ 

ɊɇɄ, ɦɹɊɇɄ, ɦɚɥɵɟ ɧɭɤɥɟɨɥɹɪɧɵɟ ɊɇɄ) ɢ ɟё ɬɪɚɧɫɥɹɰɢɢ (ɪɢɛɨɫɨɦɚɥɶɧɵɟ 

ɊɇɄ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɊɇɄ, ɦɢɤɪɨɊɇɄ). Ɉɛɧɚɪɭɠɟɧɨ ɦɧɨɠɟɫɬɜɨ ɊɇɄ, 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɨɜ (ɊɇɄ-ɤɨɦɩɨɧɟɧɬ 

ɬɟɥɨɦɟɪɚɡɵ, ɊɇɄ MRP (Nuclear ribonuclease (RNase) P)), ɚ ɬɚɤɠɟ ɊɇɄ, ɱɶɢ 

ɮɭɧɤɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɭɱɟɧɵ (vault ɊɇɄ, Y ɊɇɄ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɚɹ 

ɫ PIWI ɊɇɄ (piRNA)) [15]. 

ȼɫɟ ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɨɤ ɦɊɇɄ ɱɟɥɨɜɟɤɚ ɢ ɛɨɥɶɲɢɧɫɬɜɨ ɧɟ 

ɤɨɞɢɪɭɸɳɢɯ ɊɇɄ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɫ ȾɇɄ ɜ ɩɪɨɰɟɫɫɟ ɬɪɚɧɫɤɪɢɩɰɢɢ ɜ ɜɢɞɟ 

ɩɪɟ-ɊɇɄ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ, 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ȾɇɄ, ɧɨ ɧɟ ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɡɪɟɥɨɣ ɦɊɇɄ – ɢɧɬɪɨɧɵ, 

ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɡɪɟɥɨɣ ɦɊɇɄ – ɷɤɡɨɧɵ. 

ɉɟɪɜɢɱɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ ɩɪɟ-ɦɊɇɄ ɞɨ ɬɪɚɧɫɥɹɰɢɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɪɹɞɭ 

ɦɨɞɢɮɢɤɚɰɢɣ ɜ ɩɪɨɰɟɫɫɟ ɫɨɡɪɟɜɚɧɢɹ: ɤɷɩɢɪɨɜɚɧɢɟ ɧɚ 5’-ɤɨɧɰɟ 

(ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɧɭɤɥɟɨɬɢɞɞɢɮɨɫɮɚɬɧɨɝɨ ɨɫɬɚɬɤɚ 5’-ɮɨɫɮɚɬɧɨɣ ɝɪɭɩɩɨɣ 

ȽɌɎ ɤ 5’-ɤɨɧɰɭ ɩɪɟ-ɦɊɇɄ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 5’-5’-ɮɨɫɮɨɞɢɷɮɢɪɧɨɣ ɫɜɹɡɢ, ɚ 

ɬɚɤɠɟ ɦɟɬɢɥɢɪɨɜɚɧɢɟ ɨɫɬɚɬɤɚ ɝɭɚɧɢɧɚ ɜ ɫɨɫɬɚɜɟ ȽɌɎ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ N7-

ɦɟɬɢɥɝɭɚɧɨɡɢɧɚ) ɢ ɫɢɧɬɟɡ ɩɨɥɢȺ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ 3’-ɤɨɧɰɟ 

ɬɪɚɧɫɤɪɢɩɬɚ. ȼɬɨɪɵɦ ɫɨɛɵɬɢɟɦ ɩɪɢ ɫɨɡɪɟɜɚɧɢɢ ɦɊɇɄ ɹɜɥɹɟɬɫɹ ɫɩɥɚɣɫɢɧɝ, 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ «ɜɵɪɟɡɚɸɬɫɹ», ɚ 

ɤɨɧɰɵ ɷɤɡɨɧɨɜ ɫɨɟɞɢɧɹɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɡɪɟɥɵɟ ɦɊɇɄ 

ɫɨɞɟɪɠɚɬ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ (ɬɪɚɧɫɥɢɪɭɟɦɭɸ) ɨɬɤɪɵɬɭɸ ɤɨɞɢɪɭɸɳɭɸ 
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ɛɟɥɨɤ ɪɚɦɤɭ ɫɱɢɬɵɜɚɧɢɹ ɢ ɧɟ ɬɪɚɧɫɥɢɪɭɟɦɵɟ ɨɛɥɚɫɬɢ ɧɚ 3’- ɢ 5’-ɤɨɧɰɚɯ 

ɦɨɥɟɤɭɥ [16]. ɉɨɫɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɟ ɫɨɡɪɟɜɚɧɢɟ ɩɪɟ-ɦɊɇɄ ɢɝɪɚɟɬ 

ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɪɚɡɧɨɨɛɪɚɡɢɹ ɛɟɥɤɨɜɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɤɨɞɢɪɭɟɦɵɯ ɟɞɢɧɢɱɧɵɦ ɝɟɧɨɦ. Ɉɫɧɨɜɧɨɣ ɫɩɨɫɨɛ ɟɝɨ ɞɨɫɬɢɠɟɧɢɹ – ɷɬɨ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɡɦɟɧɟɧɢɟ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɡɪɟɥɨɣ ɦɊɇɄ (ɪɢɫ. 1).  

ɉɨɞ ɩɨɧɹɬɢɟɦ «ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ (Ⱥɋ)» ɩɪɢɧɹɬɨ ɩɨɧɢɦɚɬɶ 

– ɜɚɪɢɚɧɬ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɊɇɄ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɯɨɞɟ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ ɧɚ 

ɨɫɧɨɜɟ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɩɟɪɜɢɱɧɨɝɨ ɬɪɚɧɫɤɪɢɩɬɚ (ɩɪɟ-ɦɊɇɄ) ɩɪɨɢɫɯɨɞɢɬ 

ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɡɪɟɥɵɯ ɦɊɇɄ ɜ ɪɟɡɭɥɶɬɚɬɟ «ɜɵɪɟɡɚɧɢɹ» ɢ 

ɫɨɟɞɢɧɟɧɢɹ ɷɤɡɨɧɨɜ (ɢɥɢ ɱɚɫɬɟɣ ɷɤɡɨɧɨɜ) ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɹɯ. ɗɬɨɬ 

ɩɪɨɰɟɫɫ ɩɨɪɨɠɞɚɟɬ ɩɨɹɜɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɡɪɟɥɨɣ ɦɊɇɄ. Ȼɟɥɤɢ, 

ɤɨɬɨɪɵɟ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɬɪɚɧɫɥɹɰɢɢ ɬɚɤɢɯ ɦɊɇɄ, ɢɦɟɸɬ ɪɚɡɧɵɟ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɱɬɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɡɥɢɱɢɹ ɜ ɢɯ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ [17].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɥɟɤɨ ɧɟ ɜɫɟ ɦɊɇɄ, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ, ɩɨɞɜɟɪɝɚɸɬɫɹ ɬɪɚɧɫɥɹɰɢɢ. Ɇɧɨɝɢɟ ɫɩɥɚɣɫɢɪɨɜɚɧɧɵɟ ɦɊɇɄ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɧɟ ɚɤɬɢɜɧɵ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɝɪɚɞɚɰɢɢ ɤɨɦɩɥɟɤɫɨɦ RISC 

(RNA-induced silencing complex) [18]. 

2.2. ȼɢɞɵ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ 

ȼɚɠɧɨɫɬɶ ɩɪɨɰɟɫɫɚ Ⱥɋ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɨɬɟɨɦɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɫɟ ɦɭɥɶɬɢ-ɷɤɡɨɧɧɵɟ ɝɟɧɵ ɱɟɥɨɜɟɤɚ ɨɛɪɚɡɭɸɬ ɧɟɫɤɨɥɶɤɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

ɦɊɇɄ [19,20]. Ɉɩɢɫɚɧɵ ɩɹɬɶ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ Ⱥɋ, ɧɟ ɩɪɢɜɨɞɹɳɢɯ ɤ ɫɞɜɢɝɭ 

ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ (ɪɢɫ. 2). ɇɚɢɛɨɥɟɟ ɱɚɫɬɵɦ ɬɢɩɨɦ (~ 30% ɫɥɭɱɚɟɜ) 

ɹɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ ɢɥɢ ɞɟɥɟɰɢɹ ɷɤɡɨɧɚ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɷɤɡɨɧɨɜ ɜ ɰɟɩɢ 

ɩɪɟ-ɦɊɇɄ (ɪɢɫ. 2Ⱥ).  
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Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɤɪɢɩɰɢɢ ɧɚ ɦɚɬɪɢɰɟ ɝɟɧɚ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɟɪɜɢɱɧɵɣ 

ɬɪɚɧɫɤɪɢɩɬ – ɩɪɟ-ɦɊɇɄ, ɫɨɞɟɪɠɚɳɚɹ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 

ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɨɤ (ɷɤɡɨɧɵ) ɢ ɧɟ ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɨɤ (ɢɧɬɪɨɧɵ). ȼ 

ɩɪɨɰɟɫɫɟ ɫɩɥɚɣɫɢɧɝɚ ɢɧɬɪɨɧɵ ɭɞɚɥɹɸɬɫɹ, ɚ ɤɨɧɰɵ ɷɤɡɨɧɨɜ ɫɨɟɞɢɧɹɸɬɫɹ. 

ɇɚ ɦɚɬɪɢɰɟ ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɵ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɦɊɇɄ ɩɪɢ ɬɪɚɧɫɥɹɰɢɢ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɨɥɧɨɪɚɡɦɟɪɧɚɹ ɮɨɪɦɚ ɛɟɥɤɚ. ȼ ɩɪɨɰɟɫɫɟ Ⱥɋ ɩɪɨɢɫɯɨɞɢɬ 

ɞɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 ɢ ɧɚ ɦɚɬɪɢɰɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɦɊɇɄ ɫɢɧɬɟɡɢɪɭɟɬɫɹ 

ɭɤɨɪɨɱɟɧɧɚɹ ɮɨɪɦɚ ɛɟɥɤɚ. ɗɤɡɨɧɵ ɨɛɨɡɧɚɱɟɧɵ ɰɜɟɬɧɵɦɢ 

ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɦɢ. ɐɜɟɬ ɭɱɚɫɬɤɨɜ ɦɨɥɟɤɭɥɵ ɛɟɥɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɰɜɟɬɭ 

ɷɤɡɨɧɨɜ. ɋɢɧɢɟ ɥɢɧɢɢ – ɞɟɥɟɰɢɹ ɢɧɬɪɨɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɥɚɣɫɢɧɝɚ. 

Ʉɪɚɫɧɚɹ ɥɢɧɢɹ – ɞɟɥɟɰɢɹ ɷɤɡɨɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ. Start, Stop – ɫɬɚɪɬ- ɢ 

ɫɬɨɩ-ɤɨɞɨɧɵ. 

Ɋɟɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɬɢɩ Ⱥɋ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɢɩɬ 

ɜɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɷɤɡɨɧɨɜ (ɜɡɚɢɦɨɢɫɤɥɸɱɚɸɳɢɟ 

ɷɤɡɨɧɵ) (ɪɢɫ. 2Ȼ). Ⱥɥɶɬɟɪɧɚɬɢɜɧɨɦɭ ɫɩɥɚɣɫɢɧɝɭ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɬɚɤɠɟ 

ɱɚɫɬɢ ɷɤɡɨɧɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɜ ɜɤɥɸɱɟɧɢɸ ɢɥɢ ɞɟɥɟɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 



23 

 

ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɧɚ 3’- ɢɥɢ 5’- ɤɨɧɰɚɯ ɷɤɡɨɧɨɜ ɢɥɢ ɠɟ 

ɜɧɭɬɪɢ ɷɤɡɨɧɚ (ɪɢɫ. 2 ȼ-Ⱦ). Ⱥɋ ɧɭɤɥɟɨɬɢɞɨɜ ɜɧɭɬɪɢ ɷɤɡɨɧɚ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɜɫɬɪɟɱɚɟɬɫɹ ɭ ɱɟɥɨɜɟɤɚ ɜ ɧɟɬɪɚɧɫɥɢɪɭɟɦɵɯ ɭɱɚɫɬɤɚɯ ɦɊɇɄ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɞɥɢɧɧɵɯ ɢɥɢ ɭɤɨɪɨɱɟɧɧɵɯ ɷɤɡɨɧɨɜ. ȼɤɥɸɱɟɧɢɟ ɢɥɢ ɞɟɥɟɰɢɹ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɩɨɥɢȺ ɫɚɣɬɨɜ (ɪɢɫ. 2ȿ) ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɟ ɬɨɥɶɤɨ ɧɚ 

ɚɦɢɧɨɤɢɫɥɨɬɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɞɢɪɭɟɦɨɝɨ ɛɟɥɤɚ, ɧɨ ɬɚɤɠɟ ɢ ɧɚ 

ɫɬɪɭɤɬɭɪɭ ɧɟɤɨɞɢɪɭɟɦɨɣ 3’-ɨɛɥɚɫɬɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɢɹ 

ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɡɪɟɥɵɯ ɦɊɇɄ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɦɢɤɪɨɊɇɄ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ ɫ ɊɇɄ ɛɟɥɤɚɦɢ, ɱɬɨ 

ɜɥɢɹɟɬ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɚɦɨɣ ɦɊɇɄ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟё ɬɪɚɧɫɥɹɰɢɢ [21]. 

 

Ɋɢɫɭɧɨɤ 2 (ɩɨ B. Cieply ɢ ɫɨɚɜɬ. [22] ɫ ɦɨɞɢɮɢɤɚɰɢɹɦɢ). ɋɯɟɦɚɬɢɱɟɫɤɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ Ⱥɋ. Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ (Ⱥ); 
ɜɡɚɢɦɨɢɫɤɥɸɱɟɧɢɟ ɞɜɭɯ ɷɤɡɨɧɨɜ (Ȼ); ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ 5’-ɭɱɚɫɬɨɤ (ȼ); 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ 3’-ɭɱɚɫɬɨɤ (Ƚ); ɞɟɥɟɰɢɹ ɫɪɟɞɢɧɧɨɣ ɱɚɫɬɢ ɷɤɡɨɧɚ (Ⱦ); 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɨɥɢȺ ɭɱɚɫɬɨɤ (ȿ); ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɬɚɪɬ-ɤɨɞɨɧ (ɀ); 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɬɨɩ-ɤɨɞɨɧ (Ɂ). Ɂɟɥёɧɵɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ – 

ɤɨɧɫɬɢɬɭɬɢɜɧɵɟ (ɧɟ ɭɞɚɥɹɟɦɵɟ) ɭɱɚɫɬɤɢ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɨ ɜɫɟɯ 
ɡɪɟɥɵɯ ɦɊɇɄ ɝɟɧɚ. ɀёɥɬɵɟ ɢ ɤɪɚɫɧɵɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ ɨɛɨɡɧɚɱɚɸɬ 
ɭɱɚɫɬɤɢ Ⱥɋ. ɉɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ – ɜɚɪɢɚɧɬɵ ɫɨɟɞɢɧɟɧɢɹ ɭɱɚɫɬɤɨɜ Ⱥɋ. 

ɉɨɹɜɥɟɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɪɟɡɭɥɶɬɚɬɨɦ 

ɜɤɥɸɱɟɧɢɹ ɢɥɢ ɞɟɥɟɰɢɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɷɤɡɨɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɫɬɚɪɬ- ɢ 

ɫɬɨɩ-ɤɨɞɨɧɵ (ɪɢɫ. 2ɀ, Ɂ). Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɫɬɨɩ-ɤɨɞɨɧɵ ɬɚɤɠɟ ɦɨɝɭɬ 

ɩɨɹɜɥɹɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɞɜɢɝɚ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɢɥɢ 

ɞɟɥɟɰɢɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ [23].  



24 

 

ɉɪɢ ɬɪɚɧɫɥɹɰɢɢ ɪɚɡɥɢɱɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɨɛɪɚɡɭɸɬɫɹ 

ɢɡɨɮɨɪɦɵ ɛɟɥɤɚ ɫ ɪɚɡɥɢɱɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. Ɍɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ 

Ⱥɋ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɟɥɤɨɜ ɤ ɩɨɫɬ-ɬɪɚɧɫɥɹɰɢɨɧɧɵɦ 

ɦɨɞɢɮɢɤɚɰɢɹɦ, ɛɟɥɨɤ-ɛɟɥɤɨɜɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ ɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɚɹ 

ɥɨɤɚɥɢɡɚɰɢɹ. Ɍɚɤɢɟ ɢɡɦɟɧɟɧɢɹ ɫɩɨɫɨɛɧɵ ɫɧɢɠɚɬɶ, ɭɜɟɥɢɱɢɜɚɬɶ ɢɥɢ ɧɟ 

ɜɥɢɹɬɶ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɢɥɢ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɨɜ, ɚ ɬɚɤɠɟ ɩɟɪɟɤɥɸɱɚɬɶ ɟё ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ 

(ɧɚɩɪɢɦɟɪ, ɩɟɪɟɤɥɸɱɟɧɢɟ ɩɪɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɛɟɥɤɚ Bcl-xL ɧɚ 

ɩɪɨɬɢɜɨɚɩɨɩɬɨɬɢɱɟɫɤɭɸ ɭ Bcl-xS ɜ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ) [24].  

2.3. Ɇɟɯɚɧɢɡɦ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ ɢ ɟɝɨ ɪɟɝɭɥɹɰɢɹ 

2.3.1. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɩɥɚɣɫɨɫɨɦɵ 

ɉɪɨɰɟɫɫ Ⱥɋ ɡɚɜɢɫɢɬ ɨɬ ɧɚɥɢɱɢɹ ɫɩɟɰɢɮɢɱɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɜ ɭɱɚɫɬɤɟ ɢɥɢ ɧɟɞɚɥɟɤɨ ɨɬ ɝɪɚɧɢɰɵ ɷɤɡɨɧɚ ɢ ɢɧɬɪɨɧɚ: 5’-ɫɩɥɚɫ ɫɚɣɬ, 3’-

ɫɩɥɚɫ ɫɚɣɬ, ɢ ɬ.ɧ. ɭɱɚɫɬɨɤ ɜɟɬɜɥɟɧɢɹ (branchpoint sequence), ɤɨɬɨɪɵɣ 

ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɟɪɟɞ 3’-ɫɩɥɚɫ ɫɚɣɬɨɦ (ɪɢɫ. 3). 5’-ɫɩɥɚɣɫ ɫɚɣɬ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɡ ɞɟɜɹɬɢ ɧɭɤɥɟɨɬɢɞɨɜ, ɜ ɤɨɬɨɪɨɣ ɨɛɹɡɚɬɟɥɶɧɵɦ 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɞɢɧɭɤɥɟɨɬɢɞɚ GU ɜ ɧɚɱɚɥɟ ɢɧɬɪɨɧɚ. 3’-ɫɩɥɚɣɫ ɫɚɣɬ 

ɫɨɞɟɪɠɢɬ ɨɛɹɡɚɬɟɥɶɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ AG ɧɚ ɤɨɧɰɟ ɢɧɬɪɨɧɚ ɢ 

ɩɨɥɢɩɢɪɢɦɢɞɢɧɨɜɵɣ ɭɱɚɫɬɨɤ ɩɟɪɟɞ ɷɬɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ. Ɉɫɬɚɥɶɧɵɟ 

ɧɭɤɥɟɨɬɢɞɵ ɜ 5’- ɢ 3’-ɫɩɥɚɫ ɫɚɣɬɚɯ ɦɟɧɟɟ ɤɨɧɫɟɪɜɚɬɢɜɧɵ. ɇɭɤɥɟɨɬɢɞɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɧɚɢɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɫɨɜɩɚɞɟɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɨɩɢɫɚɧɧɵɦ ɫɩɥɚɣɫ-ɫɚɣɬɚɦ ɹɜɥɹɸɬɫɹ «ɫɢɥɶɧɵɦɢ» ɫɚɣɬɚɦɢ, ɬ.ɟ. Ⱥɋ ɜ ɬɚɤɢɯ 

ɭɱɚɫɬɤɚɯ ɩɪɨɢɡɨɣɞёɬ ɫ ɧɚɢɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ. ȼ ɭɱɚɫɬɤɚɯ ɫ 

ɧɚɢɦɟɧɶɲɢɦ ɱɢɫɥɨɦ ɫɨɜɩɚɞɟɧɢɣ ɧɭɤɥɟɨɬɢɞɨɜ, Ⱥɋ ɩɪɨɢɡɨɣɞёɬ ɫ 

ɧɚɢɦɟɧɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɢ ɬɚɤɢɟ ɭɱɚɫɬɤɢ ɹɜɥɹɸɬɫɹ «ɫɥɚɛɵɦɢ» ɫɚɣɬɚɦɢ.  
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Ɉɫɧɨɜɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɤɨɬɨɪɚɹ ɨɫɭɳɟɫɬɜɥɹɟɬ Ⱥɋ ɹɜɥɹɟɬɫɹ 

ɫɩɥɚɣɫɨɫɨɦɚ – ɦɭɥɶɬɢɛɟɥɤɨɜɵɣ ɤɨɦɩɥɟɤɫ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɹɬɢ ɨɫɧɨɜɧɵɯ 

ɦɚɥɵɯ ɹɞɟɪɧɵɯ ɪɢɛɨɧɭɤɥɟɨɩɪɨɬɟɢɧɨɜ (ɫɭɛɴɟɞɢɧɢɰɵ U1, U2 (ɢ ɟё 

ɢɡɨɮɨɪɦɚ U2AF), U4, U5 ɢ U6) (ɪɢɫ. 4) ɢ ɛɨɥɟɟ 150 ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ 

ɛɟɥɤɨɜ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ. ɉɟɪɜɵɦ ɷɬɚɩɨɦ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɩɥɚɣɫɨɫɨɦɵ ɹɜɥɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɟё ɫɭɛɴɟɞɢɧɢɰ 

ɫɨ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ: U1 ɫɜɹɡɵɜɚɟɬɫɹ ɫ 5’-ɫɚɣɬɨɦ, U2 – ɫ ɭɱɚɫɬɤɨɦ ɜɟɬɜɥɟɧɢɹ, 

ɚ U2AF – ɫ ɩɨɥɢɩɢɪɢɦɢɞɢɧɨɜɵɦ ɭɱɚɫɬɤɨɦ 3’-ɫɩɥɚɣɫ-ɫɚɣɬɚ. ȼɬɨɪɵɦ ɷɬɚɩɨɦ 

ɹɜɥɹɟɬɫɹ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɫɭɛɴɟɞɢɧɢɰ U4, U5 ɢ U6 ɫ U1 ɢ U2AF, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɫɛɥɢɠɟɧɢɸ 5’- ɢ 3’-ɫɩɥɚɣɫ-ɫɚɣɬɨɜ. ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɞɚɥɟɧɢɟ ɢɧɬɪɨɧɚ ɜ ɞɜɟ ɫɬɚɞɢɢ. ɇɚ ɩɟɪɜɨɣ ɩɪɨɢɫɯɨɞɢɬ 

 

Ɋɢɫɭɧɨɤ 3. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɫɩɥɚɣɫɢɧɝɚ ɢɧɬɪɨɧɨɜ 
(ɩɨ B. Cieply ɢ ɫɨɚɜɬ. [22] ɫ ɦɨɞɢɮɢɤɚɰɢɹɦɢ). ɍɞɚɥɟɧɢɟ ɢɧɬɪɨɧɨɜ 
ɩɪɨɬɟɤɚɟɬ ɜ ɞɜɟ ɫɬɚɞɢɢ ɩɪɢ ɭɱɚɫɬɢɢ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ. ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ 
ɚɞɟɧɨɡɢɧ ɭɱɚɫɬɤɚ ɜɟɬɜɥɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɭɪɨɰɢɥɨɦ 5’-ɫɩɥɚɣɫ-ɫɚɣɬɚ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ 2’-5’ ɮɨɫɮɨɞɢɷɮɢɪɧɨɣ ɫɜɹɡɢ, ɮɨɪɦɢɪɭɸɳɟɣ ɩɟɬɥɟɨɛɪɚɡɧɭɸ 
ɫɬɪɭɤɬɭɪɭ (ɥɚɪɢɚɬ). ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ 5’-ɫɩɥɚɣɫ-

ɫɚɣɬɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɫɨɫɟɞɧɢɦ ɷɤɡɨɧɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 3’-5’ 
ɮɨɫɮɨɞɢɷɮɢɪɧɨɣ ɫɜɹɡɢ. ɇɭɤɥɟɨɬɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɧɬɪɨɧɚ 
ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɜ ɜɢɞɟ ɥɚɪɢɚɬɚ. N – ɥɸɛɨɣ ɧɭɤɥɟɨɬɢɞ, R – ɩɭɪɢɧ, Y – 

ɩɢɪɢɦɢɞɢɧ, Ɇ – ɚɞɟɧɢɧ ɢɥɢ ɰɢɬɨɡɢɧ. Ʉɨɧɫɟɪɜɚɬɢɜɧɵɟ ɧɭɤɥɟɨɬɢɞɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɩɨɞɱёɪɤɧɭɬɵ. 
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ɪɟɚɤɰɢɹ ɬɪɚɧɫɷɬɟɪɢɮɢɤɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɚɞɟɧɨɡɢɧ ɭɱɚɫɬɤɚ ɜɟɬɜɥɟɧɢɹ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɝɭɚɧɢɞɢɧɨɦ GU-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 5’-ɫɚɣɬɚ.  

ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɥɢɝɢɪɨɜɚɧɢɟ ɷɤɡɨɧɨɜ ɢ ɭɞɚɥɟɧɢɟ 

ɧɭɤɥɟɨɬɢɞɨɜ ɪɚɡɜɟɬɜɥёɧɧɨɝɨ ɢɧɬɪɨɧɚ ɜ ɜɢɞɟ ɩɟɬɥɟɨɛɪɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ 

(ɥɚɪɢɚɬɚ) [25].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɪɨɦɟ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɫɧɨɜɧɨɣ ɫɩɥɚɣɫɨɫɨɦɵ (ɤɚɬɚɥɢɡɢɪɭɸɳɟɣ ɞɟɥɟɰɢɸ 

ɢɧɬɪɨɧɨɜ ɬɢɩɚ U2), ɨɛɧɚɪɭɠɟɧɨ ɬɚɤɠɟ ɞɟɣɫɬɜɢɟ ɦɢɧɨɪɧɨɣ ɫɩɥɚɣɫɨɫɨɦɵ, 

ɨɬɜɟɬɫɬɜɟɧɧɨɣ ɡɚ ɞɟɥɟɰɢɸ ɢɧɬɪɨɧɨɜ ɬɢɩɚ U12 (ɨɤɨɥɨ 800 ɷɤɡɨɧɨɜ ɜ ɝɟɧɨɦɟ 

ɱɟɥɨɜɟɤɚ). Ƚɥɚɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɦɢɧɨɪɧɨɣ ɫɩɥɚɣɫɨɫɨɦɵ ɹɜɥɹɸɬɫɹ 

ɫɭɛɴɟɞɢɧɢɰɵ U12, U11, U4atac, U5 ɢ U6atac, ɤɨɬɨɪɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ 

ɫɨ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ, ɨɬɥɢɱɧɵɦɢ ɨɬ ɬɚɤɨɜɵɯ U2 ɢɧɬɪɨɧɨɜ. 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɦɢɧɨɪɧɨɣ ɫɩɥɚɣɫɨɫɨɦɵ ɢɡɭɱɟɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ 

[26]. 

 

Ɋɢɫɭɧɨɤ 4. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɪɟɯ ɷɬɚɩɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɫɩɥɚɣɫɨɫɨɦɵ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫɭɛɴɟɞɢɧɢɰɵ U1, U2 ɢ U2AF ɫɜɹɡɵɜɚɸɬɫɹ 
ɫɨ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɫɭɛɴɟɞɢɧɢɰɵ U4, U5 ɢ U6 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɫɭɛɴɟɞɢɧɢɰɚɦɢ U1 ɢ U2AF, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɛɥɢɠɟɧɢɸ 
ɞɜɭɯ ɷɤɡɨɧɨɜ. ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɥɢɝɢɪɨɜɚɧɢɟ ɞɜɭɯ ɷɤɡɨɧɨɜ, 
ɮɨɪɦɢɪɭɟɬɫɹ ɥɚɪɢɚɬ ɢ ɜɵɫɜɨɛɨɠɞɚɸɬɫɹ ɫɭɛɴɟɞɢɧɢɰɵ ɫɩɥɚɣɫɨɫɨɦɵ. 
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2.3.2. Ɋɨɥɶ SR-ɛɟɥɤɨɜ ɜ ɪɟɝɭɥɹɰɢɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ 

Ʉɪɨɦɟ ɤɥɸɱɟɜɵɯ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ 

ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɰиɫ-

ɷɥɟɦɟɧɬɨɜ), ɹɜɥɹɸɳɢɯɫɹ ɭɱɚɫɬɤɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɚɦɢ (Splicing-regulatory proteins, SR-ɛɟɥɤɚɦɢ, ɬɪаɧɫ-

ɷɥɟɦɟɧɬɚɦɢ). SR-ɛɟɥɤɢ ɦɨɝɭɬ ɚɤɬɢɜɢɪɨɜɚɬɶ ɢɥɢ ɢɧɝɢɛɢɪɨɜɚɬɶ Ⱥɋ. 

Ⱥɤɬɢɜɚɬɨɪɨɦ ɫɩɥɚɣɫɢɧɝɚ ɹɜɥɹɟɬɫɹ ɛɟɥɨɤ, ɢɧɞɭɰɢɪɭɸɳɢɣ ɜɤɥɸɱɟɧɢɟ 

ɷɤɡɨɧɚ (ɢɥɢ ɱɚɫɬɢ ɷɤɡɨɧɚ) ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ. ɂɧɝɢɛɢɬɨɪɨɦ Ⱥɋ 

ɹɜɥɹɟɬɫɹ ɛɟɥɨɤ, ɜɵɡɵɜɚɸɳɢɣ ɞɟɥɟɰɢɸ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ȿɫɥɢ ɰиɫ-ɷɥɟɦɟɧɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɧɭɬɪɢ ɷɤɡɨɧɚ ɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫ SR-ɛɟɥɤɨɦ, 

ɤɨɬɨɪɵɣ ɢɧɞɭɰɢɪɭɟɬ Ⱥɋ, ɬɨ ɬɚɤɨɣ ɷɥɟɦɟɧɬ ɧɚɡɵɜɚɸɬ ɷɤɡɨɧɧɵɣ ɷɧɯɚɧɫɟɪ 

ɫɩɥɚɣɫɢɧɝɚ (exonic splicing enhancer, ESE). ȿɫɥɢ ɰиɫ-ɷɥɟɦɟɧɬ ɥɨɤɚɥɢɡɭɟɬɫɹ 

ɜɧɭɬɪɢ ɷɤɡɨɧɚ ɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫ SR-ɛɟɥɤɨɦ, ɤɨɬɨɪɵɣ ɢɧɝɢɛɢɪɭɟɬ Ⱥɋ, ɬɨ 

ɬɚɤɨɣ ɷɥɟɦɟɧɬ ɧɚɡɵɜɚɸɬ ɷɤɡɨɧɧɵɣ ɫɚɣɥɟɧɫɟɪ ɫɩɥɚɣɫɢɧɝɚ (exonic splicing 

silencer, ESS) (ɪɢɫ. 5).  

 

Ɋɢɫɭɧɨɤ 5. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɪаɧɫ-ɷɥɟɦɟɧɬɨɜ 
(SR-ɛɟɥɤɨɜ) ɫ ɰиɫ-ɷɥɟɦɟɧɬɚɦɢ (ɪɟɝɭɥɹɬɨɪɧɵɟ ɧɭɤɥɟɨɬɢɞɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ – ɭɱɚɫɬɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ SR-ɛɟɥɤɚɦɢ ɧɚ ɦɨɥɟɤɭɥɟ 
ɩɪɟ-ɦɊɇɄ). ESE – exonic splicing enhancer, (ɷɤɡɨɧɧɵɣ ɷɧɯɚɧɫɟɪ 
ɫɩɥɚɣɫɢɧɝɚ); ESS – exonic splicing silencer (ɷɤɡɨɧɧɵɣ ɫɚɣɥɟɧɫɟɪ 
ɫɩɥɚɣɫɢɧɝɚ) ISE – intronic splicing enhancer (ɢɧɬɪɨɧɧɵɣ ɷɧɯɚɧɫɟɪ 
ɫɩɥɚɣɫɢɧɝɚ) ISS – intronic splicing silencer (ɢɧɬɪɨɧɧɵɣ ɫɚɣɥɟɧɫɟɪ 
ɫɩɥɚɣɫɢɧɝɚ). 
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ȿɫɥɢ ɰиɫ-ɷɥɟɦɟɧɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɧɭɬɪɢ ɢɧɬɪɨɧɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 

SR-ɛɟɥɤɨɦ ɢɧɞɭɰɢɪɭɸɳɢɦ ɢɥɢ ɢɧɝɢɛɢɪɭɸɳɢɦ Ⱥɋ, ɬɨ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ 

ɧɚɡɵɜɚɸɬ ɢɧɬɪɨɧɧɵɟ ɷɧɯɚɧɫɟɪɵ ɫɩɥɚɣɫɢɧɝɚ (intronic splicing enhancer, ISE) 

ɢɥɢ ɫɚɣɥɟɧɫɟɪɵ ɫɩɥɚɣɫɢɧɝɚ (intronic splicing silencer, ISS) [27,28]. ȿɫɥɢ 

ɫɩɥɚɣɫɨɫɨɦɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɞɟɥɟɰɢɸ ɢɧɬɪɨɧɨɜ ɢ ɥɢɝɢɪɨɜɚɧɢɟ ɷɤɡɨɧɨɜ ɩɪɢ 

ɫɩɥɚɣɫɢɧɝɟ, ɬɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ SR-ɛɟɥɤɨɜ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɪɢ 

ɦɨɞɭɥɹɰɢɢ Ⱥɋ, ɨɬ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɜɤɥɸɱɟɧɢɟ ɢɥɢ ɞɟɥɟɰɢɹ ɧɭɤɥɟɨɬɢɞɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ ɤɨɧɟɱɧɭɸ ɡɪɟɥɭɸ ɦɊɇɄ.  

ɋɟɦɟɣɫɬɜɨ SR-ɛɟɥɤɨɜ ɛɵɥɨ ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɨ ɜ 1990-ɯ ɝɨɞɚɯ [29–

31]. Ⱦɨɦɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɛɨɝɚɬɵɟ ɚɪɝɢɧɢɧɨɦ ɢ ɫɟɪɢɧɨɦ (RS ɞɨɦɟɧɵ) 

ɛɵɥɢ ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɵ ɭ ɬɪёɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɛɟɥɤɨɜ ɞɪɨɡɨɮɢɥɵ: SWAP 

(suppressor-of-white-apricot), Tra (transformer), ɢ Tra-2 (transformer-2). Ɍɚɤɢɟ 

ɠɟ ɞɨɦɟɧɵ ɛɵɥɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɭ SF2/ASF (splicing factor 2/alternative 

splicing factor), SC35 (spliceosomal component 35) ɢ ɞɪɭɝɢɯ ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ ɱɟɥɨɜɟɤɚ (ɬɚɛɥɢɰɚ 1). RS ɞɨɦɟɧ ɨɬɜɟɬɫɬɜɟɧ ɡɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɚɧɧɵɯ ɛɟɥɤɨɜ ɫ ɊɇɄ ɩɨɥɢɦɟɪɚɡɨɣ II ɜ ɩɪɨɰɟɫɫɟ 

ɬɪɚɧɫɤɪɢɩɰɢɢ, ɚ ɬɚɤɠɟ ɨɩɨɫɪɟɞɭɟɬ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɫɩɥɚɣɫɨɫɨɦɵ [32]. RS ɞɨɦɟɧɵ ɫɩɨɫɨɛɧɵ ɬɚɤɠɟ 

ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɭɱɚɫɬɤɨɦ ɜɟɬɜɥɟɧɢɹ ɢ 5’ ɫɩɥɚɣɫ-ɫɚɣɬɨɦ ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-

ɦɊɇɄ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɞɚɧɧɵɯ ɛɟɥɤɨɜ ɜ ɪɟɝɭɥɹɰɢɸ ɫɛɨɪɤɢ 

ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɩɥɚɣɫɨɫɨɦɵ. Ʉɪɨɦɟ ɬɨɝɨ, RS 

ɞɨɦɟɧɵ ɨɩɪɟɞɟɥɹɸɬ ɹɞɟɪɧɭɸ ɥɨɤɚɥɢɡɚɰɢɸ SR-ɛɟɥɤɨɜ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ 

ɪɟɰɟɩɬɨɪɚɦɢ ɹɞɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬ.[33]. Ʉɪɨɦɟ RS ɞɨɦɟɧɚ SR-ɛɟɥɤɢ ɢɦɟɸɬ 

ɨɞɢɧ ɢɥɢ ɞɜɚ ɞɨɦɟɧɚ ɭɡɧɚɜɚɧɢɹ ɊɇɄ (RNA recognition motif, RRM ɞɨɦɟɧ), 

ɧɚ N-ɤɨɧɰɟ ɦɨɥɟɤɭɥɵ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɫɜɹɡɵɜɚɧɢɹ ɫ 

ɩɪɟ-ɦɊɇɄ. ɇɟɤɨɬɨɪɵɟ SR-ɛɟɥɤɢ ɢɦɟɸɬ ɬɚɤɠɟ ɞɨɦɟɧɵ ɬɢɩɚ ɰɢɧɤɨɜɵɯ 

ɩɚɥɶɰɟɜ ɫ ɬɟɬɪɚɩɟɩɬɢɞɚɦɢ CCHC (ɰɢɫɬɟɢɧ-ɰɢɫɬɟɢɧ-ɝɢɫɬɢɞɢɧ-ɰɢɫɬɟɢɧ) ɢ 

ɬɪɢɩɟɩɬɢɞɚɦɢ PWI (ɩɪɨɥɢɧ-ɬɪɢɩɬɨɮɚ-ɢɡɨɥɟɣɰɢɧ), ɤɨɬɨɪɵɟ ɬɚɤɠɟ 

ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɩɪɟ-ɦɊɇɄ [34]. 
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Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ SR-ɛɟɥɤɨɜ. 
SR-ɛɟɥɨɤ (ɧɚɡɜɚɧɢɟ ɝɟɧɚ) Ⱦɨɦɟɧɵ ɋɚɣɬ ɫɜɹɡɵɜɚɧɢɹ Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɚɣɬɚ ɫɜɹɡɵɜɚɧɢɹ Ɋɨɥɶ ɜ Ⱥɋ ɋɫɵɥɤɚ 

SF2/ASF (SFRS1) RRM×2, RS RGAAGAAC 

AGGACRRAGC 

SRSASGA 

UGRWG 

SELEX 

SELEX 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

CLIP 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [35] 

[35] 

[36] 

[37] 

SC35 (SFRS2) 

 

RRM, RS AGSAGAGUA 

GUUCGAGUA 

GRYYCSYR 

UGUUCSAGWU 

GWUWCCUGCUA 

GGGUAUGCUG 

GAGCAGUAGKS 

AGGAGAU 

UGCNGYY 

SELEX 

SELEX 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

SELEX 

SELEX 

SELEX 

SELEX 

SELEX 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [35] 

[35] 

[38] 

[39] 

[39] 

[39] 

[39] 

[39] 

[40] 

SRp20 (SFRS3) RRM, RS GGUCCUCUUC 

WCWWC 

CUCKUCY 

ɋɞɜɢɝ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɡɟ 

Ⱥɧɚɥɢɡ ɫɩɥɚɣɫɢɧɝɚ 

Ⱥɮɮɢɧɧɨɫɬɶ ɊɇɄ 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [41] 

[39] 

[40] 

SRp75 (SFRS4) RRM×2, RS GAAGGA ɋɲɢɜɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɍɎ Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [42] 

SRp40 (SFRS5) RRM×2, RS GAGCAGUCGGCUC 

ACDGS 

SELEX 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [43] 

[36] 

SRp55/B52 (SFRS6) RRM×2, RS USCGKM 

UCAACCAGGCGAC 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

SELEX 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [36] 

[44] 

9G8 (SFRS7) RRM, RS, 

ɰɢɧɤɨɜɵɣ ɩɚɥɟɰ 
ɬɢɩɚ CCHC 

UCAACA 

ACGAGAGAY 

GGACGACGAG 

ɋɲɢɜɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɍɎ  
SELEX 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [45] 

[39] 

[40] 

p54 (SFRS11) RRM, RS Ɉɛɨɝɚɳёɧɧɵɣ C ɋɲɢɜɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɍɎ ɂɧɝɢɛɢɬɨɪ ɫɩɥɚɣɫɢɧɝɚ [46] 

SRp30c (SFRS9) RRM×2, RS GACGAC 

AAAGAGCUCGG 

CUGGAUU 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ SELEX 

ɋɞɜɢɝ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɡɟ 

Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [47] 

[47] 

[48] 

hTra2β (SFRS10) RRM, RS×2 (GAA)n SELEX Ⱥɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ [49] 

SRm160 (SRRM1) RS, PWI Ɉɛɨɝɚɳёɧɧɵɣ (GAA)n Ⱥɧɚɥɢɡ ɫɩɥɚɣɫɢɧɝɚ  Ʉɨ-ɚɤɬɢɜɚɬɨɪ ɫɩɥɚɣɫɢɧɝɚ ɢ Ⱥɋ [50] 
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ɉɪɢɦɟɱɚɧɢɟ ɤ ɬɚɛɥɢɰɟ 1. SELEX – Systematic evolution of ligands by 

exponential enrichment, cɢɫɬɟɦɚɬɢɱɟɫɤɚɹ ɷɜɨɥɸɰɢɹ ɥɢɝɚɧɞɨɜ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ ɨɛɨɝɚɳɟɧɢɟɦ. 
CLIP – Cross-linking and immunoprecipitation, ɫɲɢɜɤɚ ɢ 

ɢɦɦɭɧɨɩɪɟɰɢɩɢɬɚɰɢɹ. 

 

ɉɨɥɚɝɚɸɬ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ SR-ɛɟɥɤɨɜ ɫ ESE 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɛɥɨɤɢɪɭɟɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɡɚɞɚɧɧɵɣ ɩɨɪɹɞɨɤ ɷɤɡɨɧɨɜ ɜ ɡɪɟɥɨɣ ɦɊɇɄ [51]. Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɜɟ 

ɬɟɨɪɢɢ, ɨɛɴɹɫɧɹɸɳɢɟ ɦɟɯɚɧɢɡɦ ɛɥɨɤɢɪɨɜɚɧɢɹ ɞɟɥɟɰɢɢ ɷɤɡɨɧɨɜ ɞɚɧɧɵɦɢ 

ɛɟɥɤɚɦɢ. ɉɟɪɜɚɹ («ɦɨɞɟɥɶ ɫɨɩɪɹɠёɧɧɨɫɬɢ») ɨɫɧɨɜɚɧɚ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ESE 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫɜɹɡɵɜɚɬɶɫɹ ɫ SR-ɛɟɥɤɚɦɢ, ɤɨɬɨɪɵɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ U1 ɫɭɛɴɟɞɢɧɢɰɟɣ ɧɚ 5’-ɤɨɧɰɟ ɷɤɡɨɧɚ ɢ U2AF 

ɫɭɛɴɟɞɢɧɢɰɟɣ ɧɚ 3’-ɤɨɧɰɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɛɨɥɶɲɚɹ 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɫɟɥɟɤɰɢɢ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɩɥɚɣɫɢɧɝɚ [52]. 

ȼɬɨɪɚɹ ɦɨɞɟɥɶ («ɦɨɞɟɥɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ») ɨɩɢɫɵɜɚɟɬ SR-ɛɟɥɤɢ ɜ ɤɚɱɟɫɬɜɟ 

ɮɚɤɬɨɪɨɜ, ɫɭɩɪɟɫɫɢɪɭɸɳɢɯ ɛɟɥɤɢ-ɢɧɝɢɛɢɬɨɪɵ Ⱥɋ, ɤɨɬɨɪɵɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɭɱɚɫɬɤɚɦɢ ESS [53]. SR-ɛɟɥɤɢ ɬɚɤɠɟ ɫɩɨɫɨɛɧɵ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɪɟɝɭɥɹɬɨɪɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɮɨɪɦɢɪɭɹ ɫɥɨɠɧɵɟ ɛɟɥɨɤ-

ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨ ɫɩɥɚɣɫɨɫɨɦɨɣ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɫɛɥɢɠɟɧɢɟ 5’- ɢ 

3’-ɤɨɧɰɨɜ ɫɨɫɟɞɧɢɯ ɷɤɡɨɧɨɜ. ɂɦɟɧɧɨ ɬɚɤɚɹ ɮɨɪɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɤɚɡɚɧɚ 

ɞɥɹ SR-ɛɟɥɤɨɜ SF2/ASF ɢ SC35 ɢ ɫɭɛɴɟɞɢɧɢɰ ɫɩɥɚɣɫɨɫɨɦɵ U1 ɢ U2AF, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ SR-ɛɟɥɤɢ ɦɨɝɭɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɭɱɚɫɬɤɨɦ ɜɟɬɜɥɟɧɢɹ, ɚɤɬɢɜɢɪɭɹ 

ɫɛɨɪɤɭ ɫɩɥɚɣɫɨɫɨɦɵ. Ɉɧɢ ɬɚɤɠɟ ɨɩɨɫɪɟɞɭɸɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ U4, U5 ɢ U6 

ɫɭɛɴɟɞɢɧɢɰ ɩɪɢ ɫɛɨɪɤɟ ɫɩɥɚɣɫɨɫɨɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɬɨɪɨɣ RRM ɞɨɦɟɧ SR-

ɛɟɥɤɚ SF2/ASFɨɬɜɟɬɫɬɜɟɧ ɡɚ ɫɜɹɡɵɜɚɧɢɟ ɫɨ ɫɩɥɚɣɫ ɫɚɣɬɚɦɢ [54]. 



31 

 

ɉɨɥɚɝɚɸɬ, ɱɬɨ ɦɨɞɭɥɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɧɚ Ⱥɋ ɢ ɜɵɛɨɪɨɦ ɭɱɚɫɬɤɚ 

ɞɟɥɟɰɢɢ ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɚɬɨɪɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɰиɫ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɢ ɬɪаɧɫ-ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɛɟɥɤɚɦɢ [55]. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɚɤɬɢɜɚɬɨɪɧɵɯ ɢ ɢɧɝɢɛɢɬɨɪɧɵɯ SR-ɛɟɥɤɨɜ 

ɜɥɢɹɟɬ ɧɚ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɫɟɥɟɤɰɢɢ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɫɩɥɚɣɫɨɫɨɦɨɣ, ɱɬɨ ɢ 

ɨɩɪɟɞɟɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ. ɗɬɢɦ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɤɚɧɟɫɩɟɰɢɮɢɱɧɨɫɬɶ Ⱥɋ ɜ ɩɪɨɰɟɫɫɟ ɤɥɟɬɨɱɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ, 

ɷɦɛɪɢɨɧɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɢ ɢɦɦɨɪɬɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɤ 

ɢɧɞɭɤɰɢɢ ɪɚɡɥɢɱɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɜ ɨɬɜɟɬ ɧɚ ɪɚɡɥɢɱɧɵɟ 

ɜɨɡɞɟɣɫɬɜɢɹ [11]. 

2.3.3. Ʉɚɧɨɧɢɱɟɫɤɢɟ ɢ ɧɟɤɚɧɨɧɢɱɟɫɤɢɟ ɫɚɣɬɵ ɫɩɥɚɣɫɢɧɝɚ 

C ɦɨɦɟɧɬɚ ɨɬɤɪɵɬɢɹ Ⱥɋ ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɢɧɬɪɨɧɨɜ 

ɢɦɟɸɬ ɜɵɫɨɤɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ ɞɢɧɭɤɥɟɨɬɢɞɵ GT ɜ 5’-ɫɩɥɚɣɫ-ɫɚɣɬɚɯ ɢ AG 

ɜ 3’-ɫɩɥɚɣɫ-ɫɚɣɬɚɯ. Ɍɚɤɢɟ GT-AG ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɵ ɛɨɥɟɟ 

ɱɟɦ ɭ 99% ɢɧɬɪɨɧɨɜ ɝɟɧɨɜ ɱɟɥɨɜɟɤɚ ɢ ɧɚɡɵɜɚɸɬɫɹ ɤɚɧɨɧɢɱɟɫɤɢɦɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ. Ʉɚɤ ɨɩɢɫɚɧɨ ɜɵɲɟ, ɬɚɤɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɹɜɥɹɸɬɫɹ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ ɫ ɫɭɛɴɟɞɢɧɢɰɟɣ U2 ɫɩɥɚɣɫɨɫɨɦɵ ɢ ɞɟɥɟɰɢɹ 

ɬɚɤɢɯ ɢɧɬɪɨɧɨɜ (U2-ɢɧɬɪɨɧɵ) ɩɪɢ ɫɩɥɚɣɫɢɧɝɟ ɩɪɟ-ɦɊɇɄ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɨɫɧɨɜɧɨɣ ɫɩɥɚɣɫɨɫɨɦɨɣ [56]. 

Ʉɪɨɦɟ ɤɚɧɨɧɢɱɟɫɤɢɯ, ɨɛɧɚɪɭɠɟɧɵ ɧɟɤɚɧɨɧɢɱɟɫɤɢɟ ɫɩɥɚɣɫ-ɫɚɣɬɵ: 

GC-AG ɜɫɬɪɟɱɚɸɬɫɹ ɜ 0,69 % ɫɥɭɱɚɟɜ, AT-AC ɜ 0,05%, GC-AG, GG-AT, 

GT-TG, GT-ɋG ɢ CT-AG, AT-AG ɢ AT-AA ɜ ɦɟɧɟɟ ɱɟɦ 0,02% ɫɥɭɱɚɟɜ [57]. 

ɇɟɤɚɧɨɧɢɱɟɫɤɢɟ ɫɩɥɚɣɫ-ɫɚɣɬɵ (ɩɨɤɚɡɚɧɨ ɬɨɥɶɤɨ ɞɥɹ AT-AC) ɭɡɧɚɸɬɫɹ 

ɫɭɛɴɟɞɢɧɢɰɟɣ U12 ɦɢɧɨɪɧɨɣ ɫɩɥɚɣɫɨɫɨɦɵ [58]. ɉɨɡɞɧɟɟ Parada G.E. ɢ 

ɫɨɚɜɬɨɪɵ [59] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɨɫɧɨɜɧɨɣ ɢ ɦɢɧɨɪɧɨɣ 

ɫɩɥɚɣɫɨɫɨɦɵ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫɩɥɚɣɫ-ɫɚɣɬɵ ɧɟ ɫɬɨɥɶ 

ɫɩɟɰɢɮɢɱɧɚ, ɢ ɫɭɛɴɟɞɢɧɢɰɵ U2 ɢ U12 ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ (ɬɚɛɥ. 2). 
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Ɍɚɛɥɢɰɚ 2. Ɋɚɡɧɨɨɛɪɚɡɢɟ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɝɟɧɨɜ ɱɟɥɨɜɟɤɚ [59]. 

№ ɇɭɤɥɟɨɬɢɞ (% ɢɧɬɪɨɧɨɜ) ɋɩɥɚɣɫɨɫɨɦɚ (% ɢɧɬɪɨɧɨɜ) 
1 GT-AG (98,9297) U2 (99,0583); U12 (82,6911) 

2 GC-AG (0,8890) U2 (0,8855); U12 (0,2613) 

3 AT-AC (0,0985) U12 (13,1287) 

4 GT-TG (0,0180) U2 (0,0163); U12 (0,2613) 

5 GG-AG (0,0144) U2 (0,0145) 

6 AT-AG (0,0117) U2 (0,0027); U12 (1,3063) 

7 AT-AA (0,0076) U12 (1,1104) 

8 GT-GG (0,0067) U2 (0,0054); U12 (0,1960) 

9 GA-AG (0,0063) U2 (0,0063) 

10 AT-AT (0,0045) U12 (0,6532) 

11 TT-AG (0,0045) U2 (0,0045) 

12 GT-AA (0,0040) U2 (0,0041) 

13 GT-AT (0,0031) U2 (0,0009); U12 (0,3266) 

14 GT-GA (0,0004) U2 (0,0005) 

15 GT-ɋG (0,0004) U12 (0,0653) 

16 GT-CC (0,0004) U2 (0,0005) 

17 GT-GT (0,0004) U2 (0,0005) 

 

ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɫɩɥɚɣɫɨɫɨɦɵ ɭɞɚɥɹɬɶ 

ɢɧɬɪɨɧɵ ɩɪɢ ɫɩɥɚɣɫɢɧɝɟ ɢɥɢ ɷɤɡɨɧɵ ɩɪɢ Ⱥɋ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟё ɫɭɛɴɟɞɢɧɢɰ ɫɨ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ, ɧɨ ɬɚɤɠɟ ɨɩɨɫɪɟɞɭɟɬɫɹ 

ɦɧɨɠɟɫɬɜɨɦ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ (SR-ɛɟɥɤɨɜ) ɢ ɜɬɨɪɢɱɧɨɣ 

ɫɬɪɭɤɬɭɪɨɣ ɩɪɟ-ɦɊɇɄ. ɉɨɫɤɨɥɶɤɭ ɪɚɡɧɨɨɛɪɚɡɢɟ SR-ɛɟɥɤɨɜ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ 

ɬɤɚɧɢ, ɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ⱥɋ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɬɤɚɧɟɡɚɜɢɫɢɦɵɦ ɩɪɨɰɟɫɫɨɦ. 

2.3.4. Ɋɨɥɶ ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟ-ɦɊɇɄ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ⱥɋ 

ȼɬɨɪɢɱɧɚɹ ɤɨɧɮɨɪɦɚɰɢɹ ɩɪɟ-ɦɊɇɄ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɢɫɯɨɞ Ⱥɋ ɢɡ-ɡɚ 

ɫɬɟɪɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɢ 

ɪɟɝɭɥɹɬɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɟё ɰɟɩɢ. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɫɛɥɢɠɟɧɢɟ ɫɩɥɚɣɫ-

ɫɚɣɬɨɜ ɚɤɬɢɜɢɪɭɟɬ Ⱥɋ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɯ ɭɞɚɥёɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢɧɝɢɛɢɪɭɟɬ Ⱥɋ. ɋɛɥɢɠɟɧɢɟ ɢɥɢ ɭɞɚɥɟɧɢɟ 
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ɪɟɝɭɥɹɬɨɪɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɢ ɜɬɨɪɢɱɧɨɣ ɤɨɧɮɨɪɦɚɰɢɢ ɩɪɟ-

ɦɊɇɄ ɜɥɢɹɟɬ ɬɚɤɠɟ ɧɚ ɜɟɪɨɹɬɧɨɫɬɶ ɢ ɫɢɥɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɧɢɦɢ SR-

ɛɟɥɤɨɜ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɩɥɚɣɫɨɫɨɦɵ [60]. ɍɫɢɥɟɧɢɟ Ⱥɋ ɧɚɛɥɸɞɚɟɬɫɹ 

ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɬɨɪɢɱɧɨɣ ɤɨɧɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ 

ɷɤɫɩɨɧɢɪɨɜɚɧɢɟ (ɭɜɟɥɢɱɟɧɢɟ ɞɨɫɬɭɩɧɨɫɬɢ ɞɥɹ ɪɟɝɭɥɹɬɨɪɧɵɯ ɛɟɥɤɨɜ) 

ɷɧɯɚɧɫɟɪɚ Ⱥɋ, 5’- ɢ 3’- ɫɩɥɚɣɫ-ɫɚɣɬɨɜ ɢɥɢ ɠɟ ɫɨɤɪɵɬɢɟ (ɭɦɟɧɶɲɟɧɢɟ 

ɞɨɫɬɭɩɧɨɫɬɢ) ɫɭɩɪɟɫɫɨɪɧɵɯ ɭɱɚɫɬɤɨɜ. ɂ ɧɚɨɛɨɪɨɬ, ɢɧɝɢɛɢɪɨɜɚɧɢɟ Ⱥɋ 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɷɤɫɩɨɧɢɪɨɜɚɧɢɢ ɫɭɩɪɟɫɫɨɪɧɵɯ ɭɱɚɫɬɤɨɜ ɢ/ɢɥɢ ɫɨɤɪɵɬɢɢ 

ɷɧɯɚɧɫɟɪɧɵɯ ɭɱɚɫɬɤɨɜ ɢ 5’- ɢ 3’- ɫɩɥɚɣɫ-ɫɚɣɬɨɜ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ 

ɦɟɯɚɧɢɡɦɵ ɪɟɝɭɥɹɬɨɪɧɨɣ ɪɨɥɶ ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟ-ɦɊɇɄ ɩɨɤɚɡɚɧɵ 

ɧɚ ɪɢɫ. 6.  

Ʉɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫɨ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ 

ɰɟɩɢ ɩɪɟ-ɦɊɇɄ, ɫɩɨɫɨɛɧɵ ɢɧɝɢɛɢɪɨɜɚɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɫɭɛɴɟɞɢɧɢɰ 

ɫɩɥɚɣɫɨɫɨɦɵ ɤ ɫɩɥɚɣɫ-ɫɚɣɬɚɦ (ɪɢɫ. 6Ⱥ). ɇɚɩɪɢɦɟɪ, ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɷɤɡɨɧɚ 6 ɫ 5’-ɫɩɥɚɣɫ-ɫɚɣɬɨɦ ɷɤɡɨɧɚ 7 ɩɪɟ-

ɦɊɇɄ SMN2 (survival of motor neuron 2) ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɭɛɴɟɞɢɧɢɰɵ U1 ɢ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 7 [61]. 

Ʉɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫ ɪɟɝɭɥɹɬɨɪɧɵɦɢ 

ɭɱɚɫɬɤɚɦɢ ɧɚ ɰɟɩɢ ɩɪɟ-ɦɊɇɄ, ɫɩɨɫɨɛɧɵ ɢɧɝɢɛɢɪɨɜɚɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ (ɪɢɫ. 6Ȼ). ɇɚɩɪɢɦɟɪ, ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɭɤɥɟɨɬɢɞɨɜ ɢɧɬɪɨɧɚ 4 ɫ ɰиɫ-ɭɱɚɫɬɤɨɦ ɧɚ 

ɷɤɡɨɧɟ 5 ɩɪɟ-ɦɊɇɄ cTNT (cardiac troponin T) ɜɵɡɵɜɚɟɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɫɭɛɴɟɞɢɧɢɰɵ ɫɩɥɚɣɫɨɫɨɦɵ ɤ ɚɥɶɬɟɪɧɚɬɢɜɧɨɦɭ ɭɱɚɫɬɤɭ ɧɚ ɷɤɡɨɧɟ 5, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɞɟɥɟɰɢɢ ɞɚɧɧɨɝɨ ɷɤɡɨɧɚ [62].  

ɂɧɬɟɪɟɫɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ 

ɩɪɟ-ɦɊɇɄ ɮɨɪɦɢɪɭɟɬ ɭɱɚɫɬɨɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɮɟɪɦɟɧɬɨɦ ADAR 

(adenosine deaminase acting on RNA). Ⱦɚɧɧɵɣ ɮɟɪɦɟɧɬ ɫɩɨɫɨɛɟɧ 

ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɤ ɞɜɭɰɟɩɨɱɟɱɧɨɣ ɊɇɄ ɢ ɩɪɟɜɪɚɳɚɬɶ ɚɞɟɧɨɡɢɧ ɜ ɢɧɨɡɢɧ 

ɩɭɬёɦ ɞɟɡɚɦɢɧɢɪɨɜɚɧɢɹ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɞɢɧɭɤɥɟɨɬɢɞɚ ɚɞɟɧɨɡɢɧ-ɢɧɨɡɢɧ ɜ 
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3’-ɫɩɥɚɣɫ-ɫɚɣɬɟ ɢɦɢɬɢɪɭɟɬ ɤɚɧɨɧɢɱɟɫɤɢɣ ɫɩɥɚɣɫ-ɫɚɣɬ AG ɢ ɢɧɞɭɰɢɪɭɟɬ 

Ⱥɋ (ɪɢɫ. 6ȼ). Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɨɩɢɫɚɧɨ ɩɪɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɝɥɭɬɚɦɚɬɧɨɝɨ 

ɪɟɰɟɩɬɨɪɚ ɤɪɵɫɵ Gria2 (glutamate ionotropic receptor AMPA type subunit 2) 

[63].  

Ɋɢɫɭɧɨɤ 6. Ɋɟɝɭɥɹɬɨɪɧɚɹ ɪɨɥɶ ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟ-ɊɇɄ ɩɪɢ Ⱥɋ (ɩɨ 
Jin Y. ɢ ɫɨɚɜɬ. ɫ ɢɡɦɟɧɟɧɢɹɦɢ [9]). ɉɨɤɚɡɚɧɵ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɦɟɯɚɧɢɡɦɵ: ɫɨɤɪɵɬɢɟ ɫɩɥɚɣɫ-ɫɚɣɬɚ (Ⱥ); ɷɤɫɩɨɧɢɪɨɜɚɧɢɟ ɢɥɢ ɫɨɤɪɵɬɢɟ ɰɢɫ-

ɷɥɟɦɟɧɬɨɜ (Ȼ); ɨɩɨɫɪɟɞɨɜɚɧɧɨɟ ADAR ɩɨɹɜɥɟɧɢɟ ɫɩɥɚɣɫ-ɫɚɣɬɚ (ȼ); 
ɫɛɥɢɠɟɧɢɟ ɰиɫ-ɷɥɟɦɟɧɬɨɜ (Ƚ); «ɩɟɪɟɤɪɭɱɢɜɚɧɢɟ» ɭɱɚɫɬɤɚ ɩɪɟ-ɦɊɇɄ (Ⱦ); 
ɫɬɟɪɢɱɟɫɤɨɟ ɩɪɟɩɹɬɫɬɜɢɟ (ȿ); ɤɨɧɤɭɪɟɧɬɧɵɟ ɹɜɥɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɟ-ɦɊɇɄ 
(ɀ). ɋɟɪɵɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ – ɤɨɧɫɬɢɬɭɬɢɜɧɵɟ ɷɤɡɨɧɵ. ɋɢɧɢɟ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ – ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɷɤɡɨɧɵ.  

 

ɉɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɦɟɯɚɧɢɡɦɟ ɫɛɥɢɠɟɧɢɹ ɰиɫ-ɷɥɟɦɟɧɬɨɜ, 

ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟ-ɦɊɇɄ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɪɟɝɭɥɹɬɨɪɧɵɯ ɛɟɥɤɨɜ ɢ ɫɩɥɚɣɫɨɫɨɦɵ, ɚ ɬɨɥɶɤɨ ɫɛɥɢɠɚɟɬ ɫɨɫɟɞɧɢɟ 

ɪɟɝɭɥɹɬɨɪɧɵɟ ɭɱɚɫɬɤɢ (ɪɢɫ. 6Ƚ). ȼɬɨɪɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ ɊɇɄ ɫɩɨɫɨɛɧɵ 

ɫɛɥɢɠɚɬɶ ɪɟɝɭɥɹɬɨɪɧɵɟ ɷɥɟɦɟɧɬɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ 
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ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɨɫɧɨɜɚɧɢɣ. Ɍɚɤɨɟ ɫɨɛɵɬɢɟ ɩɪɨɢɫɯɨɞɢɬ, ɧɚɩɪɢɦɟɪ, ɩɪɢ Ⱥɋ 

ɩɪɟ-ɦɊɇɄ FGFR2 (fibroblast growth factor receptor 2) [64]. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟɤɪɭɱɢɜɚɧɢɹ ɭɱɚɫɬɤɚ ɩɪɟ-ɦɊɇɄ 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɫɥɭɱɚɹɯ ɞɟɥɟɰɢɢ ɷɤɡɨɧɨɜ (ɪɢɫ. 6Ƚ). ɉɪɢ 

ɷɬɨɦ ɞɜɚ ɢɧɬɪɨɧɚ, ɨɤɪɭɠɚɸɳɢɟ ɷɤɡɨɧ, ɮɨɪɦɢɪɭɸɬ ɤɨɦɩɥɟɦɟɧɬɚɪɧɭɸ 

ɫɬɪɭɤɬɭɪɭ ɫ ɨɛɪɚɡɨɜɚɧɢɟ ɩɟɬɥɢ, ɫɨɞɟɪɠɚɳɟɣ ɧɭɤɥɟɨɬɢɞɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɷɤɡɨɧɚ. ɇɚɩɪɢɦɟɪ, ɩɨ ɬɚɤɨɦɭ ɦɟɯɚɧɢɡɦɭ ɩɪɨɢɫɯɨɞɢɬ 

ɞɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 5b ɢ 5ɫ ɜ ɩɪɟ-ɦɊɇɄ ɝɟɧɚ 14-3-3ξ D. melanogaster [65]. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɩɪɚɜɢɥɶɧɨɣ ɫɛɨɪɤɢ ɫɩɥɚɣɫɨɫɨɦɵ ɦɥɟɤɨɩɢɬɚɸɳɢɯ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɢɧɬɪɨɧɚ ɞɥɢɧɨɣ ɨɤɨɥɨ 50 ɧɭɤɥɟɨɬɢɞɨɜ (ɪɢɫ. 6ȿ). ɉɪɢ 

ɦɟɧɶɲɟɣ ɞɥɢɧɟ ɢɧɬɪɨɧɚ U1 ɢ U2 ɫɭɛɴɟɞɢɧɢɰɵ ɧɟ ɫɩɨɫɨɛɧɵ ɩɪɢɤɪɟɩɢɬɶɫɹ 

ɤ 5’- ɢ 3’-ɫɚɣɬɚɦ. Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɢɧɞɭɤɰɢɢ Ⱥɋ ɷɤɡɨɧɨɜ 2 ɢ 

3 α-ɬɪɨɩɨɦɢɨɡɢɧɚ, ɞɥɢɧɚ ɢɧɬɪɨɧɚ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ 41 ɧɭɤɥɟɨɬɢɞ. 

ɋɬɟɪɢɱɟɫɤɨɟ ɫɛɥɢɠɟɧɢɟ ɷɬɢɯ ɞɜɭɯ ɷɤɡɨɧɨɜ ɩɪɢ ɤɨɧɮɨɪɦɚɰɢɢ ɩɪɟ-ɦɊɇɄ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɯ ɫɛɥɢɠɟɧɢɸ ɢ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɢɯ ɨɞɧɨɜɪɟɦɟɧɧɭɸ ɞɟɥɟɰɢɸ 

[66].  

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɦɟɯɚɧɢɡɦɨɦ ɩɟɪɟɤɪɭɱɢɜɚɧɢɹ ɭɱɚɫɬɤɚ ɩɪɟ-ɦɊɇɄ, 

ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɷɤɡɨɧ, ɨɩɢɫɚɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɚ, ɩɨ 

ɤɨɬɨɪɨɦɭ ɧɟɫɤɨɥɶɤɨ ɢɧɬɪɨɧɨɜ ɫɩɨɫɨɛɧɵ ɮɨɪɦɢɪɨɜɚɬɶ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ 

ɫɬɪɭɤɬɭɪɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɩɟɬɟɥɶ, ɫɨɞɟɪɠɚɳɟɣ ɧɭɤɥɟɨɬɢɞɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɤɡɨɧɨɜ (ɪɢɫ. 6ɀ). ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɜɫɬɚɜɤɢ ɢɥɢ 

ɞɟɥɟɰɢɢ ɷɤɡɨɧɨɜ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɧɟɢɡɜɟɫɬɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɧɚ «ɤɨɧɤɭɪɟɧɬɧɨɣ ɨɫɧɨɜɟ». 

ɇɚɩɪɢɦɟɪ, ɩɨ ɬɚɤɨɦɭ ɦɟɯɚɧɢɡɦɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɵɛɨɪ ɢɡ 

ɞɜɭɯ ɷɤɡɨɧɨɜ ɩɪɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɝɟɧɚ FGFR1 (fibroblast growth factor 

receptor 1) [67].  

ɋɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟ-ɦɊɇɄ ɫɚɦɚ ɩɨ ɫɟɛɟ ɧɟ 

ɫɩɨɫɨɛɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ ɢɥɢ ɢɧɝɢɛɢɪɨɜɚɬɶ Ⱥɋ, ɚ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ 

ɨɞɧɨɝɨ ɢɡ ɦɧɨɠɟɫɬɜɚ ɪɟɝɭɥɹɬɨɪɨɜ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɫɤɨɥɶɤɨ 
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ɪɟɝɭɥɹɬɨɪɧɵɯ ɮɚɤɬɨɪɨɜ ɪɚɡɥɢɱɧɨɣ ɫɢɥɵ ɞɟɣɫɬɜɢɹ ɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 

ɫɩɨɫɨɛɧɵ ɞɟɣɫɬɜɨɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ɍɨɱɧɵɣ ɦɟɯɚɧɢɡɦ ɢɥɢ ɩɪɢɱɢɧɭ, 

ɩɨɱɟɦɭ ɷɮɮɟɤɬ Ⱥɋ ɧɚɫɬɭɩɚɟɬ ɢ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɭɸ ɫɬɨɪɨɧɭ 

ɨɫɬɚёɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɦ.  

2.4. Ɋɨɥɶ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ ɜ ɪɟɝɭɥɹɰɢɢ ɧɨɪɦɚɥɶɧɵɯ 
ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɉɨɫɤɨɥɶɤɭ Ⱥɋ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɬɨɪɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɛɟɥɤɨɜ, ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɜɨɜɥɟɱёɧ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɭɸ ɪɟɝɭɥɹɰɢɸ 

ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɞ ɬɟɪɦɢɧɨɦ «ɧɨɪɦɚɥɶɧɵɣ ɤɥɟɬɨɱɧɵɣ 

ɩɪɨɰɟɫɫ» ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɧɟɩɚɬɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ 

ɢ ɨɪɝɚɧɨɝɟɧɟɡɚ, ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. 

Ɏɢɛɪɨɧɟɤɬɢɧ 1 (FN1 – Fibronectin 1) ɫɬɚɥ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɛɟɥɤɨɜ, 

ɞɥɹ ɢɧɞɭɤɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɢɡɭɱɟɧɵ ɛɢɨɥɨɝɢɱɟɫɤɢɟ 

ɩɨɫɥɟɞɫɬɜɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ FN1 ɜ ɡɪɟɥɨɣ ɦɊɇɄ ɭɞɚɥɹɟɬɫɹ 

ɢɥɢ ɨɫɬɚёɬɫɹ ɷɤɡɨɧ, ɤɨɞɢɪɭɸɳɢɣ ɬ.ɧ. ɷɤɫɬɪɚɞɨɦɟɧ Ⱥ (Extradomen Ⱥ - EDA), 

ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɬɤɚɧɟɜɭɸ ɥɨɤɚɥɢɡɚɰɢɸ ɞɚɧɧɨɝɨ ɛɟɥɤɚ. ɋɨɞɟɪɠɚɳɢɣ 

EDA ɮɢɛɪɨɧɟɤɬɢɧ ɫɜɹɡɚɧ ɫ ɤɥɟɬɤɚɦɢ ɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 

ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɤɥɟɬɤɚɦ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɮɢɛɪɨɛɥɚɫɬɚɦ) ɪɟɝɭɥɢɪɨɜɚɬɶ ɤɥɟɬɨɱɧɭɸ ɚɞɝɟɡɢɸ ɢ ɦɢɝɪɚɰɢɸ. 

Ɏɢɛɪɨɧɟɤɬɢɧ ɫ ɞɟɥɟɰɢɟɣ EDA ɨɛɪɚɡɭɟɬɫɹ ɜ ɤɥɟɬɤɚɯ ɩɟɱɟɧɢ ɜ ɜɢɞɟ 

ɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɵ ɢ ɫɟɤɪɟɬɢɪɭɟɬɫɹ ɜ ɩɥɚɡɦɭ. ɉɥɚɡɦɚɬɢɱɟɫɤɢɣ 

ɮɢɛɪɨɧɟɤɬɢɧ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɚ ɫɢɫɬɟɦɵ ɫɜёɪɬɵɜɚɧɢɹ 

ɤɪɨɜɢ [68].  

ɗɦɛɪɢɨɧɚɥɶɧɵɟ ɧɟɪɜɧɵɟ ɤɥɟɬɤɢ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɢ 

ɞɢɮɮɟɪɟɧɰɢɪɭɸɬɫɹ ɜ ɧɟɣɪɨɧɵ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɦɢɝɪɚɰɢɢ ɩɨɫɬɟɩɟɧɧɨ 

ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɧɟɣɪɨɧɧɵɟ ɰɟɩɢ. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɪɚɧɫɤɪɢɩɬɨɦɚ 

ɤɨɪɵ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɡɚɪɨɞɵɲɚ ɦɵɲɢ ɢ ɜɡɪɨɫɥɨɣ ɨɫɨɛɢ ɜɵɹɜɢɥ 

ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 400 ɝɟɧɨɜ. ɇɚɢɛɨɥɟɟ 

ɢɧɬɟɪɟɫɧɵɦ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɰɢɹ ɦɢɝɪɚɰɢɢ ɧɟɣɪɨɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ 
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ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɚ NOVA2 (Neuro-oncological ventral antigen 

2) ɧɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɝɟɧɚ DAB (disabled homologue 1). ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɜɢɬɢɹ 

ɦɨɡɝɚ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɞɜɟ ɢɡɨɮɨɪɦɵ ɛɟɥɤɚ, ɤɨɞɢɪɭɟɦɵɟ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚɦɢ ɫ ɷɤɡɨɧɚɦɢ 7b ɢ 7ɫ (DAB1-7bc) ɢ ɛɟɡ ɧɢɯ. ɋɢɧɬɟɡ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ ɛɟɥɤɚ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɪɚɡɜɢɬɢɹ 

ɦɨɡɝɚ, ɚ ɭɤɨɪɨɱɟɧɧɨɣ ɮɨɪɦɵ ɧɚ ɛɨɥɟɟ ɩɨɡɞɧɢɯ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɥɤɚ 

NOVA2 ɫ ɢɧɬɪɨɧɧɵɦ ɭɱɚɫɬɤɨɦ ɩɪɟ-ɦɊɇɄ DAB1 ɜɵɡɵɜɚɟɬ ɜɫɬɚɜɤɭ ɷɤɡɨɧɨɜ 

7b ɢ 7ɫ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ. ɋɢɧɬɟɡ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɛɟɥɤɚ DAB1 ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɣ ɦɢɝɪɚɰɢɢ ɧɟɣɪɨɧɨɜ ɢ ɧɨɪɦɚɥɶɧɨɦɭ 

ɪɚɡɜɢɬɢɸ ɦɨɡɝɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɛɪɚɡɨɜɚɧɢɟ ɭɤɨɪɨɱɟɧɧɨɣ ɮɨɪɦɵ ɩɪɢɜɨɞɢɬ 

ɤ ɧɚɪɭɲɟɧɢɸ ɦɢɝɪɚɰɢɢ ɧɟɣɪɨɧɨɜ ɢ ɩɨɹɜɥɟɧɢɸ ɞɟɮɟɤɬɨɜ ɦɨɡɝɨɜɨɝɨ 

ɪɚɡɜɢɬɢɹ [69]. Ⱥɋ ɩɪɟ-ɦɊɇɄ ɝɟɧɚ RBFOX1 (RNA-binding protein FOX1 

homologue). Ȼɟɥɨɤ, ɤɨɞɢɪɭɟɦɵɣ ɞɚɧɧɵɦ ɝɟɧɨɦ, ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɝɭɥɹɰɢɢ 

ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɧɟɣɪɨɧɨɜ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɫɢɧɚɩɫɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ RBFOX1 ɨɛɪɚɡɭɸɬɫɹ ɞɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ: ɫɨɞɟɪɠɚɳɢɣ 

ɷɤɡɨɧ 19 ɢ ɫ ɞɟɥɟɰɢɟɣ ɞɚɧɧɨɝɨ ɷɤɡɨɧɚ. Ȼɟɥɨɤ, ɤɨɞɢɪɭɟɦɵɣ ɩɨɥɧɨɪɚɡɦɟɪɧɵɦ 

ɜɚɪɢɚɧɬɨɦ, ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɚɯ ɧɟɣɪɨɧɨɜ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɯ ɩɪɚɜɢɥɶɧɨɦɭ 

ɫɩɥɚɣɫɢɧɝɭ. Ȼɟɥɨɤ, ɤɨɞɢɪɭɟɦɵɣ ɤɨɪɨɬɤɢɦ ɜɚɪɢɚɧɬɨɦ RBFOX1, ɧɚɯɨɞɢɬɫɹ 

ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɫɬɪɭɤɬɭɪɭ ɞɪɭɝɢɯ ɦɊɇɄ, ɡɚɳɢɳɚɹ ɢɯ ɨɬ 

ɞɟɣɫɬɜɢɹ ɢɧɬɟɪɮɟɪɢɪɭɸɳɢɯ ɊɇɄ [70].  

ɋɟɪɞɰɟ – ɷɬɨ ɩɟɪɜɵɣ ɨɪɝɚɧ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɯɨɞɟ 

ɷɦɛɪɢɨɝɟɧɟɡɚ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ, ɷɦɛɪɢɨɧɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɫɟɪɞɰɚ ɨɱɟɧɶ ɯɨɪɨɲɨ 

ɢɡɭɱɟɧɨ ɧɚ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɢ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɭɪɨɜɧɹɯ. Ɉɞɧɚɤɨ, 

ɢɡɦɟɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɫɟɪɞɰɟ ɩɨɫɬɧɚɬɚɥɶɧɨ ɞɨ ɧɟɞɚɜɧɟɝɨ 

ɜɪɟɦɟɧɢ ɧɟ ɛɵɥɢ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɫɫɥɟɞɨɜɚɧɵ. ɗɬɢ ɢɡɦɟɧɟɧɢɹ ɧɨɫɹɬ 

ɨɛɲɢɪɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟ ɪɨɠɞɟɧɢɹ ɫɟɪɞɰɟ ɞɨɥɠɧɨ 

ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɤɢɫɥɨɪɨɞɧɵɦ ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɟɥɨɤ RBM20 (RNA-binding protein 20) ɪɟɝɭɥɢɪɭɟɬ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ ɬɢɬɢɧɚ (titin, TTN) ɢ ɫɩɨɫɨɛɟɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɬɶ 
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ɷɥɚɫɬɢɱɧɨɫɬɶ ɤɚɪɞɢɨɦɢɨɰɢɬɨɜ. ɉɪɟ-ɦɊɇɄ ɬɢɬɢɧɚ ɫɨɫɬɨɢɬ ɢɡ 316 ɷɤɡɨɧɨɜ, 

ɢɡ ɤɨɬɨɪɵɯ ɷɤɡɨɧɵ ɜ ɩɨɥɨɠɟɧɢɹɯ 50–219 ɩɨɞɜɟɪɝɚɸɬɫɹ Ⱥɋ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɡɜɢɬɢɹ. Ȼɟɥɨɤ RBM20 ɫɩɨɫɨɛɟɧ ɢɡɛɢɪɚɬɟɥɶɧɨ ɜɤɥɸɱɚɬɶ ɜ ɤɨɧɟɱɧɵɣ 

ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ ɷɤɡɨɧɵ. ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɟɧɧɵɟ ɤɚɤ N2B ɢ N2BA. ȼ 

ɧɨɪɦɟ ɨɛɧɚɪɭɠɟɧɵ ɨɛɟ ɢɡɨɮɨɪɦɵ ɛɟɥɤɚ. ɉɪɢ ɷɬɨɦ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 

ɢɡɨɮɨɪɦɵ N2BA ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɤɚɪɞɢɨɦɢɨɰɢɬɨɜ ɫ ɜɵɫɨɤɨɣ, 

ɚ N2B ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɤɚɪɞɢɨɦɢɨɰɢɬɨɜ ɫ ɧɢɡɤɨɣ ɫɬɟɩɟɧɶɸ 

ɷɥɚɫɬɢɱɧɨɫɬɢ. ȼ ɩɪɨɰɟɫɫɟ ɧɟɨɧɚɬɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɢ ɭ ɧɨɜɨɪɨɠɞёɧɧɵɯ 

ɩɪɟɨɛɥɚɞɚɟɬ N2BA ɢɡɨɮɨɪɦɚ, ɚ ɭ ɜɡɪɨɫɥɵɯ ɥɸɞɟɣ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɜɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ N2BA ɢ N2B ɢɡɨɮɨɪɦ, ɩɪɟɨɛɥɚɞɚɧɢɟ N2B ɢɡɨɮɨɪɦɵ 

ɜɵɡɵɜɚɟɬ ɪɚɡɜɢɬɢɟ ɫɟɪɞɟɱɧɨɣ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɟɧɢɹ 

ɷɥɚɫɬɢɱɧɨɫɬɢ ɤɚɪɞɢɨɦɢɨɰɢɬɨɜ ɢ ɭɬɨɧɱɟɧɢɹ ɫɟɪɞɟɱɧɨɣ ɦɵɲɰɵ [71].  

Ⱥɩɨɩɬɨɡ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɤɚɤ ɨɛɳɢɣ ɦɟɯɚɧɢɡɦ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ 

ɧɟɧɭɠɧɵɯ ɢɥɢ ɩɨɜɪɟɠɞёɧɧɵɯ ɤɥɟɬɨɤ ɜɨ ɜɪɟɦɹ ɢɯ ɨɛɧɨɜɥɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ 

ɬɤɚɧɟɣ ɜ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɢɡɦɚɯ. Ȼɨɥɟɟ 200 ɛɟɥɤɨɜ ɭɱɚɫɬɜɭɸɬ ɜ 

ɪɟɝɭɥɹɰɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ⱦɢɫɛɚɥɚɧɫ ɷɤɫɩɪɟɫɫɢɢ ɬɟɯ ɢɥɢ ɢɧɵɯ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ ɱɚɫɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ. ɍ ɷɭɤɚɪɢɨɬ ɚɩɨɩɬɨɡ ɭɱɚɫɬɜɭɟɬ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɦɦɭɧɧɵɟ ɪɟɚɤɰɢɢ, ɷɦɛɪɢɨɧɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɢ 

ɩɨɞɞɟɪɠɚɧɢɟ ɝɨɦɟɨɫɬɚɡɚ ɬɤɚɧɟɣ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɫɬɪɟɫɫɨɪɧɨɝɨ 

ɮɚɤɬɨɪɚ ɢɥɢ ɬɢɩɨɜ ɤɥɟɬɨɤ, ɚɩɨɩɬɨɡ ɢɧɞɭɰɢɪɭɟɬɫɹ ɱɟɪɟɡ ɜɧɟɲɧɢɟ ɢ 

ɜɧɭɬɪɟɧɧɢɟ ɩɭɬɢ. ȼɧɭɬɪɟɧɧɢɣ ɩɭɬɶ ɚɤɬɢɜɢɪɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɫɬɢɦɭɥɨɜ, ɜɤɥɸɱɚɹ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ, 

ɫɬɪɟɫɫ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɪɟɬɢɤɭɥɭɦɚ, ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ ɢ 

ɪɚɡɪɭɲɟɧɢɟ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɯ ɦɟɦɛɪɚɧ. Ⱥɤɬɢɜɚɰɢɹ ɦɧɨɠɟɫɬɜɟɧɧɵɯ 

ɪɟɰɟɩɬɨɪɨɜ ɫɦɟɪɬɢ ɢɥɢ ɧɟɞɨɫɬɚɬɨɤ ɰɢɬɨɤɢɧɨɜ ɢɧɞɭɰɢɪɭɟɬ ɚɩɨɩɬɨɡ, 

ɨɩɨɫɪɟɞɨɜɚɧɧɵɣ ɜɧɟɲɧɢɦɢ ɩɭɬɹɦɢ. Ʉɚɤ ɜɧɭɬɪɟɧɧɢɟ, ɬɚɤ ɢ ɜɧɟɲɧɢɟ ɩɭɬɢ 

ɩɪɢɜɨɞɹɬ ɤ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɰɢɬɨɯɪɨɦɚ ɋ ɢ ɞɪɭɝɢɯ ɚɩɨɩɬɨɡ-ɢɧɞɭɰɢɪɭɸɳɢɯ 

ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɚɤɬɢɜɢɪɭɸɬ ɫɢɝɧɚɥɶɧɵɟ ɢ ɷɮɮɟɤɬɨɪɧɵɟ 
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ɤɚɫɩɚɡɵ. Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɧɟɤɨɬɨɪɵɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ 

ɪɟɝɭɥɢɪɭɸɬɫɹ ɦɟɯɚɧɢɡɦɨɦ Ⱥɋ ɢɯ ɩɪɟ-ɦɊɇɄ. 

ȼɪɟɦɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɛɟɥɤɚ ɫɭɪɜɢɜɢɧɚ, ɤɨɞɢɪɭɟɦɨɝɨ ɝɟɧɨɦ BIRC5 

(baculoviral IAP repeat containing) ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ 

ɩɟɪɟɯɨɞɨɦ ɮɚɡ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɨɬ G2 / M ɤ ɮɚɡɟ G1 [72]. ȼ ɧɟɫɤɨɥɶɤɢɯ 

ɪɚɛɨɬɚɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ BIRC5 ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɬɚɞɢɢ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ, 

ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɚɩɨɩɬɨɬɢɱɟɫɤɨɝɨ ɛɟɥɤɚ ɢ ɩɪɢɧɚɞɥɟɠɢɬ ɤ 

ɫɟɦɟɣɫɬɜɭ ɛɟɥɤɨɜ ɢɧɝɢɛɢɬɨɪɨɜ ɚɩɨɩɬɨɡɚ. Ɉɛɧɚɪɭɠɟɧɵ ɬɪɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

ɦɊɇɄ BIRC5: ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ, ɫ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 3 ɢ ɫ ɞɟɥɟɰɢɟɣ ɱɚɫɬɢ 

ɷɤɡɨɧɚ 2 (ɬ.ɧ. 2ȼ ɜɚɪɢɚɧɬ), ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɷɮɮɟɤɬ 

ɧɚ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤ ɜɚɪɢɚɧɬ ɫ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 3 

ɨɛɥɚɞɚɟɬ ɜɵɪɚɠɟɧɧɵɦ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɜɚɪɢɚɧɬ 2ȼ ɭɫɢɥɢɜɚɟɬ ɚɩɨɩɨɬɨɡ [73]. 

Fas (Fas cell surface death receptor, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɵɣ Apo-1 ɢ CD95) 

ɹɜɥɹɟɬɫɹ ɱɥɟɧɨɦ ɫɭɩɟɪɫɟɦɟɣɫɬɜɚ ɪɟɰɟɩɬɨɪɨɜ TNF, ɤɨɬɨɪɵɣ ɨɩɨɫɪɟɞɭɟɬ 

ɜɧɟɲɧɢɣ ɩɭɬɶ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɥɢɝɚɧɞɨɦ Fas. Ⱥɋ 

ɷɤɡɨɧɚ 6 ɦɊɇɄ FAS ɝɟɧɟɪɢɪɭɟɬ ɞɜɟ ɢɡɨɮɨɪɦɵ ɞɚɧɧɨɝɨ ɛɟɥɤɚ: ɫɜɹɡɚɧɧɭɸ ɫ 

ɦɟɦɛɪɚɧɨɣ (ɮɨɪɦɚ ɫ ɷɤɡɨɧɨɦ 6) ɢ ɪɚɫɬɜɨɪɢɦɭɸ (ɛɟɡ ɷɤɡɨɧɚ 6) [74]. 

ɋɜɹɡɚɧɧɚɹ ɫ ɦɟɦɛɪɚɧɨɣ ɮɨɪɦɚ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɦɨɳɧɨɝɨ 

ɚɤɬɢɜɚɬɨɪɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɚɫɤɚɞɨɜ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

Ʉɚɫɩɚɡɚ-8-ɡɚɜɢɫɢɦɵɯ ɤɚɫɤɚɞɨɜ), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɪɚɫɬɜɨɪɢɦɚɹ ɮɨɪɦɚ 

ɹɜɥɹɟɬɫɹ ɩɪɨɬɢɜɨɚɩɨɩɬɨɢɱɟɫɤɢɦ ɚɝɟɧɬɨɦ, ɤɨɧɤɭɪɢɪɭɹ ɫ 

ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɨɣ ɮɨɪɦɨɣ ɡɚ ɚɤɬɢɜɢɪɭɸɳɢɣ FAS ɥɢɝɚɧɞ [75].  

Ⱦɪɭɝɢɟ ɛɟɥɤɢ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɪɟɝɭɥɹɰɢɸ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɢ ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɪɟɝɭɥɢɪɭɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ 

ɫɩɥɚɣɫɢɧɝɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 
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Ɍɚɛɥɢɰɚ 3. ȼɥɢɹɧɢɟ ɩɪɨɰɟɫɫɚ Ⱥɋ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ. 

ɉɪɟ-ɦɊɇɄ Ɉɛɥɚɫɬɶ 
Ⱥɋ 

Ɍɢɩ Ⱥɋ Ɋɟɝɭɥɹɬɨɪ 
ɫɩɥɚɣɫɢɧɝɚ 

Ȼɢɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ 
ɚɩɨɩɬɨɡ 

ɋɫɵɥɤ
ɢ 

Survivin, baculoviral IAP 

repeat-containing protein 5.1-

A-like 

ɗɤɡɨɧ 3 

ɗɤɡɨɧ 2B 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 

ɇɟ ɧɚɣɞɟɧ ɂɧɝɢɛɢɬɨɪ (ɋɭɪɜɢɜɢɧ ΔEx3 ɢ 
3ȕ) 
Ⱥɤɬɢɜɚɬɨɪ (ɋɭɪɜɢɜɢɧ 2ȕ ɢ 2α) 

[76] 

ERa, ERb, Estrogen receptor 

alpha and beta 

 

ɗɤɡɨɧ 7 

ɗɤɡɨɧ 

10/11 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 

hnRNP G, 

Tra2b 

 

ɂɧɝɢɛɢɬɨɪ (ERα+7) 
Ⱥɤɬɢɜɚɬɨɪ (ERRb2) 

ɂɧɝɢɛɢɬɨɪ (ERRȕsf) 

[77]  

TRPM8, Transient 

receptor potential 

melastatin 8 

ɗɤɡɨɧ 5a Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ ɇɟ ɧɚɣɞɟɧ ɂɧɝɢɛɢɬɨɪ (sTRPM8α) [78] 

IL15, Interleukin-15 ɗɤɡɨɧ 6 Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ ɇɟ ɧɚɣɞɟɧ Ⱥɤɬɢɜɚɬɨɪ (IL-15∆E6) [79] 

P53, protein 53 ɗɤɡɨɧ ȕ/Ȗ Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ ɇɟ ɧɚɣɞɟɧ Ⱥɤɬɢɜɚɬɨɪ  

(p53ȕ ɜɚɪɢɚɧɬɵ)  

[80] 

Fas, Fas cell surface death 

receptor 

ɗɤɡɨɧ 6 Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ TIA-1/TIAR, 

PTBP1, 

HuR, hnRNP C 

ɂɧɝɢɛɢɬɨɪ (Fas−exon 6) 
ɉɪɨ-ɚɩɨɩɬɨɡ (Fas) 

[81] 

c-FLIP, CASP8 and FADD 

like apoptosis regulator 

ɗɤɡɨɧ 5 Ⱥɥɶɬɟɪɧɚɬɢɜɧɵ
ɣ 5’-ɫɩɥɚɣɫ-

ɫɚɣɬ 

RBM5/10 Ⱥɤɬɢɜɚɬɨɪ (c-FLIP-L) 

ɂɧɝɢɛɢɬɨɪ (c-FLIP-S) 

[82] 

Bcl-x, (BCL2 like 1) ɗɤɡɨɧ 2 Ⱥɥɶɬɟɪɧɚɬɢɜɧɵ
ɣ 5’-ɫɩɥɚɣɫ-

ɫɚɣɬ 

SRSF1, PTBP1, 

RBM4, RBM5, 

RBM10, and 

RBM11 

ɂɧɝɢɛɢɬɨɪ (Bcl-xL) 

Ⱥɤɬɢɜɚɬɨɪ (Bcl-xS) 

[83] 

Bax (BCL2 associated X) ɗɤɡɨɧ 3 Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ ɇɟ ɧɚɣɞɟɧ Ⱥɤɬɢɜɚɬɨɪ (Bax ɢ Bax∆2) [84] 

BIM (Bcl-2-like protein) ɗɤɡɨɧ 3/4 Ʉɨɧɤɭɪɟɧɬɧɨɟ 

ɜɤɥɸɱɟɧɢɟ 

ɷɤɡɨɧɨɜ 

SRSF1 Ⱥɤɬɢɜɚɬɨɪ (BIM+exon 3) 

ɂɧɝɢɛɢɬɨɪ (BIM+exon 4) 

[85] 
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2.5. Ȼɨɥɟɡɧɢ, ɩɚɬɨɝɟɧɟɡ ɤɨɬɨɪɵɯ ɨɛɭɫɥɨɜɥɟɧ ɧɚɪɭɲɟɧɢɟɦ 
ɩɪɨɰɟɫɫɨɜ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ 

ɇɨɪɦɚɥɶɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɥɟɬɤɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɚɜɢɥɶɧɨɣ 

ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɦɧɨɠɟɫɬɜɚ ɛɟɥɤɨɜ, ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ 

ɮɭɧɤɰɢɹɦɢ. ɇɚɪɭɲɟɧɢɟ ɦɟɯɚɧɢɡɦɚ Ⱥɋ ɫɩɨɫɨɛɧɨ ɜɵɡɵɜɚɬɶ ɢɥɢ ɹɜɥɹɬɶɫɹ 

ɫɥɟɞɫɬɜɢɟɦ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɉɚɬɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 

ɪɚɡɜɢɜɚɸɬɫɹ ɜ ɫɥɟɞɫɬɜɢɟ ɫɢɧɬɟɡɚ ɛɟɥɤɚ ɫ «ɞɟɮɟɤɬɧɨɣ» ɮɭɧɤɰɢɟɣ ɢɥɢ ɠɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɩɪɨɩɨɪɰɢɢ ɢɡɨɮɨɪɦ ɛɟɥɤɚ ɩɨ ɩɪɢɱɢɧɟ 

ɧɟɤɨɪɪɟɤɬɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ⱥɋ. Ʉ ɫɨɛɵɬɢɹɦ, ɩɪɢɜɨɞɹɳɢɦ ɤ 

ɧɚɪɭɲɟɧɢɸ ɩɪɨɰɟɫɫɚ Ⱥɋ, ɨɬɧɨɫɹɬɫɹ ɝɟɧɟɬɢɱɟɫɤɢɟ ɦɭɬɚɰɢɢ ɜ ɪɟɝɭɥɹɬɨɪɧɵɯ 

ɭɱɚɫɬɤɚɯ SR-ɛɟɥɤɨɜ ɢ ɫɩɥɚɣɫ-ɫɚɣɬɚɯ ɦɊɇɄ, ɚ ɬɚɤɠɟ ɧɚɪɭɲɟɧɢɟ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɩɥɚɣɫɨɫɨɦɵ ɢ ɞɪɭɝɢɯ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɧɟɣ ɛɟɥɤɨɜ 

(ɪɢɫ. 7). Ɇɭɬɚɰɢɢ ɜ ɪɟɝɭɥɹɬɨɪɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɟ-ɦɊɇɄ ɤɨɞɢɪɭɟɦɵɯ ɛɟɥɤɨɜ 

ɛɭɞɭɬ ɜɵɡɵɜɚɬɶ ɢɡɦɟɧɟɧɢɹ Ⱥɋ ɬɨɥɶɤɨ ɞɚɧɧɵɯ ɤɨɧɤɪɟɬɧɵɯ ɦɊɇɄ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ, ɧɚɪɭɲɟɧɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɩɥɚɣɫɨɫɨɦɵ ɩɪɢɜɨɞɢɬ ɤ 

ɧɚɪɭɲɟɧɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɦɧɨɠɟɫɬɜɚ ɞɪɭɝɢɯ ɛɟɥɤɨɜ [22]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫ ɧɚɪɭɲɟɧɢɟɦ Ⱥɋ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɣ ɜ 

ɪɟɝɭɥɹɬɨɪɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɟ-ɦɊɇɄ ɫɜɹɡɵɜɚɸɬ ɪɚɡɜɢɬɢɟ ɪɹɞɚ 

ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ. ɇɚɫɥɟɞɫɬɜɟɧɧɵɣ ɢɡɨɥɢɪɨɜɚɧɧɵɣ ɞɟɮɢɰɢɬ 

ɝɨɪɦɨɧɚ ɪɨɫɬɚ ɬɢɩɚ II ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɫɥɟɞɫɬɜɢɟ ɚɭɬɨɫɨɦɧɨ-ɞɨɦɢɧɚɧɬɧɨɣ 

ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ ɝɨɪɦɨɧɚ ɪɨɫɬɚ (Growth Hormone 1, GH1), ɩɪɢɜɨɞɹɳɟɣ ɤ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɝɨɪɦɨɧɚ ɪɨɫɬɚ (ɫɨɦɚɬɨɬɪɨɩɢɧɚ). ȼ ɧɨɪɦɟ ɜ ɷɤɡɨɧɟ 3 ɩɪɟ-

ɦɊɇɄ ɞɚɧɧɨɝɨ ɝɟɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

GAAGAA, ɹɜɥɹɸɳɚɹɫɹ ɰиɫ-ɭɱɚɫɬɤɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɤɬɢɜɚɬɨɪɨɦ Ⱥɋ, 

ɤɨɬɨɪɵɣ ɢɧɞɭɰɢɪɭɟɬ ɜɤɥɸɱɟɧɢɟ ɞɚɧɧɨɝɨ ɷɤɡɨɧɚ ɜ ɡɪɟɥɭɸ ɦɊɇɄ (ɪɢɫ. 8Ⱥ). 

ɉɪɢ ɦɭɬɚɰɢɢ GAAGGA ɞɚɧɧɚɹ ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɚ 

ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɬɨɪɧɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ 3 ɩɪɢ ɫɨɡɪɟɜɚɧɢɢ 

ɦɊɇɄ ɢ ɫɢɧɬɟɡɭ ɞɟɮɟɤɬɧɨɝɨ ɫɨɦɚɬɨɬɪɨɩɢɧɚ [86]. 
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Ɋɢɫɭɧɨɤ 7. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɟɮɟɤɬɨɜ Ⱥɋ ɩɪɢ ɩɚɬɨɥɨɝɢɢ. 
Ⱦɟɮɟɤɬɵ ɜɤɥɸɱɟɧɢɹ ɤɨɧɫɬɢɬɭɬɢɜɧɨɝɨ ɷɤɡɨɧɚ (ɢɥɢ ɱɚɫɬɢ ɷɤɡɨɧɚ) (Ⱥ) ɢ 
ɞɟɮɟɤɬɵ ɜɤɥɸɱɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɷɤɡɨɧɨɜ (Ȼ). Ⱦɟɮɟɤɬɵ ɛɟɥɤɨɜ 
ɫɩɥɚɣɫɨɫɨɦɵ ɧɚɪɭɲɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɭɛɴɟɞɢɧɢɰ ɫɨ ɫɩɥɚɣɫ-ɫɚɣɬɚɦɢ 
(ȼ), ɧɚɪɭɲɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɭɛɴɟɞɢɧɢɰ ɞɪɭɝ ɫ ɞɪɭɝɨɦ (Ƚ) ɢ 
ɢɧɝɢɛɢɪɭɸɳɢɟ «ɜɵɪɟɡɚɧɢɟ» ɢɧɬɪɨɧɨɜ ɢ ɥɢɝɢɪɨɜɚɧɢɟ ɷɤɡɨɧɨɜ (Ⱦ). 

Ɇɢɨɞɢɫɬɪɨɮɢɹ Ⱦɸɲɟɧɧɚ, ɝɟɧɟɬɢɱɟɫɤɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ 

ɧɚɪɭɲɟɧɢɟɦ ɫɬɪɨɟɧɢɹ ɦɵɲɟɱɧɵɯ ɜɨɥɨɤɨɧ, ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ ɞɢɫɬɪɨɮɢɧɚ (Duchenne Muscle Dystrophia, DMD) ɢ ɫɢɧɬɟɡɭ 

ɞɟɮɟɤɬɧɨɝɨ ɛɟɥɤɚ. Ƚɟɧ DɆD ɫɨɫɬɨɢɬ ɢɡ 76-ɬɢ ɷɤɡɨɧɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɦɭɬɚɰɢɢ (Ⱥ→T) ɜ ɷɤɡɨɧɟ 31 ɨɛɪɚɡɭɟɬɫɹ ɰиɫ-ɭɱɚɫɬɨɤ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫ 

ɢɧɝɢɛɢɬɨɪɨɦ Ⱥɋ (ɪɢɫ. 8Ȼ). ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɞɟɥɟɰɢɢ ɞɚɧɧɨɝɨ ɷɤɡɨɧɚ, ɫɞɜɢɝɭ 

ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, ɩɨɹɜɥɟɧɢɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɬɨɩ-ɤɨɞɨɧɚ ɢ ɫɢɧɬɟɡɭ 

ɞɟɮɟɤɬɧɨɝɨ ɞɢɫɬɪɨɮɢɧɚ [87]. 



43 

 

 

Ɋɢɫɭɧɨɤ 8. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɧɚɪɭɲɟɧɢɹ Ⱥɋ ɩɪɢ 
ɩɚɬɨɥɨɝɢɢ (ɫɦ. ɩɨɹɫɧɟɧɢɹ ɜ ɬɟɤɫɬɟ). ɇɚɫɥɟɞɫɬɜɟɧɧɵɣ ɢɡɨɥɢɪɨɜɚɧɧɵɣ 
ɞɟɮɢɰɢɬ ɝɨɪɦɨɧɚ ɪɨɫɬɚ ɬɢɩɚ II (Ⱥ), ɦɢɨɞɢɫɬɪɨɮɢɹ Ⱦɸɲɟɧɧɚ (Ȼ), ɫɢɧɞɪɨɦ 
Ɏɪɟɣɡɟɪɚ (ȼ), ɮɪɨɧɬɨɬɟɦɩɨɪɚɥɶɧɚɹ ɞɟɦɟɧɰɢɹ ɢ ɩɚɪɤɢɧɫɨɧɢɡɦ 17 
ɯɪɨɦɨɫɨɦɵ (Ƚ), ɚɬɢɩɢɱɧɵɣ ɦɭɤɨɜɢɫɰɢɞɨɡ (Ⱦ). 
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ɋɢɧɞɪɨɦ Ɏɪɟɣɡɟɪɚ, ɚɭɬɨɫɨɦɧɨ-ɪɟɰɟɫɫɢɜɧɨɟ ɜɪɨɠɞёɧɧɨɟ 

ɡɚɛɨɥɟɜɚɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ ɚɧɨɦɚɥɢɹɦɢ, 

ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɧɬɟɡɚ ɥɢɲɶ ɨɞɧɨɣ ɢɡɨɮɨɪɦɵ 

ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ WT1 (Wilms Tumor 1). ɇɚ ɤɨɧɰɟ ɷɤɡɨɧɚ 9 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɭɤɥɟɨɬɢɞɵ, ɤɨɞɢɪɭɸɳɢɟ ɬɪɢ ɚɦɢɧɨɤɢɫɥɨɬɵ ɥɢɡɢɧ-

ɬɪɟɨɧɢɧ-ɫɟɪɢɧ (KTS). ȼ ɧɨɪɦɟ ɧɚ ɢɧɬɪɨɧɟ 9 ɥɨɤɚɥɢɡɭɟɬɫɹ ɪɟɝɭɥɹɬɨɪɧɵɣ 

ɰиɫ-ɭɱɚɫɬɨɤ GUGCGU, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫ ɢɧɝɢɛɢɬɨɪɨɦ Ⱥɋ. ɗɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɫɢɧɬɟɡɭ ɦɊɇɄ, ɤɨɞɢɪɭɸɳɢɯ ɨɛɟ ɢɡɨɮɨɪɦɵ WT1 ɜ ɪɚɡɧɵɯ 

ɬɤɚɧɹɯ: +KTS ɢ –KTS. Ɇɭɬɚɰɢɹ GɋGCGU ɜ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɬɟɪɟ ɟɝɨ ɢɧɝɢɛɢɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɢ ɞɟɥɟɰɢɢ ɨɛɥɚɫɬɢ KTS. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ –KTS ɢɡɨɮɨɪɦɚ ɛɟɥɤɚ (ɪɢɫ. 8ȼ). ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɩɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɟɞɢɧɫɬɜɟɧɧɨɣ ɢɡɨɮɨɪɦɵ 

ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ WT1 ɧɚɪɭɲɚɟɬɫɹ ɬɪɚɧɫɤɪɢɩɰɢɹ ɦɧɨɠɟɫɬɜɚ 

ɝɟɧɨɜ. ɂɦɟɧɧɨ ɫ ɷɬɢɦ ɫɜɹɡɵɜɚɸɬ ɫɢɫɬɟɦɧɨɫɬɶ ɞɚɧɧɨɣ ɩɚɬɨɥɨɝɢɢ ɢ 

ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɚɧɨɦɚɥɢɢ ɪɚɡɜɢɬɢɹ [88].  

Ɏɪɨɧɬɨɬɟɦɩɨɪɚɥɶɧɚɹ ɞɟɦɟɧɰɢɹ ɢ ɩɚɪɤɢɧɫɨɧɢɡɦ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɫ 

ɯɪɨɦɨɫɨɦɨɣ 17 (FTDP-17), ɚɭɬɨɫɨɦɧɨ-ɞɨɦɢɧɚɧɬɧɨɟ ɧɟɣɪɨɞɟɝɟɧɟɪɚɬɢɜɧɨɟ 

ɡɚɛɨɥɟɜɚɧɢɟ, ɜɥɢɹɸɳɟɟ ɧɚ ɩɨɜɟɞɟɧɢɟ, ɪɟɱɶ ɢ ɞɜɢɠɟɧɢɟ, ɪɚɡɜɢɜɚɟɬɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɹ ɜ ɝɟɧɟ ɆАɊɌ (Microtubule-associated Protein Tau) ɢ 

ɜɵɡɵɜɚɟɬ ɚɝɪɟɝɚɰɢɸ ɛɟɥɤɨɜ ɦɢɤɪɨɬɪɭɛɨɱɟɤ Tau ɢ ɪɚɫɩɚɞ ɦɢɤɪɨɬɪɭɛɨɱɟɤ 

ɧɟɣɪɨɧɨɜ. ȼ ɧɨɪɦɟ ɜ ɷɤɡɨɧɟ 10 ɩɪɟ-ɦɊɇɄ ɞɚɧɧɨɝɨ ɝɟɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɰиɫ-

ɭɱɚɫɬɨɤ, ɚɤɬɢɜɢɪɭɸɳɢɣ Ⱥɋ ɢ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ ɜ ɡɪɟɥɭɸ ɦɊɇɄ (ɪɢɫ. 8Ƚ). 

Ɉɛɧɚɪɭɠɟɧɵ ɞɜɟ ɩɪɢɱɢɧɵ ɧɚɪɭɲɟɧɢɹ Ⱥɋ ɢ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ 10 ɩɪɢ ɞɚɧɧɨɣ 

ɩɚɬɨɥɨɝɢɢ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɣ ɜ ɩɨɥɨɠɟɧɢɹɯ 279, 280 ɢ 

284 ɮɨɪɦɢɪɭɟɬɫɹ, ɰиɫ-ɭɱɚɫɬɨɤ ɢɧɝɢɛɢɪɭɸɳɢɣ Ⱥɋ ɢ ɢɧɞɭɰɢɪɭɸɳɢɣ 

ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 10. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɢ ɜ ɩɨɥɨɠɟɧɢɢ 

296 ɬɟɪɹɟɬɫɹ ɚɤɬɢɜɚɬɨɪɧɚɹ ɮɭɧɤɰɢɹ ɞɚɧɧɨɝɨ ɰиɫ-ɭɱɚɫɬɤɚ, ɱɬɨ ɬɚɤɠɟ 

ɢɧɞɭɰɢɪɭɟɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 10 ɢ ɫɢɧɬɟɡ ɞɟɮɟɤɬɧɨɝɨ ɛɟɥɤɚ Tau [89]. 
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Ⱥɬɢɩɢɱɧɵɣ ɦɭɤɨɜɢɫɰɢɞɨɡ, ɚɭɬɨɫɨɦɧɨ-ɪɟɰɟɫɫɢɜɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɩɨɪɚɠɟɧɢɟɦ ɠɟɥёɡ ɜɧɟɲɧɟɣ ɫɟɤɪɟɰɢɢ ɢ ɬɹɠёɥɵɦɢ 

ɧɚɪɭɲɟɧɢɹɦɢ ɮɭɧɤɰɢɣ ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ, ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɢ 

ɜ ɝɟɧɟ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɦɭɤɨɜɢɫɰɢɞɨɡɚ CFTR (ɫystic Fibrosis 

transmembrane conductance regulator), ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡɚ ɬɪɚɧɫɩɨɪɬ ɢɨɧɨɜ 

ɯɥɨɪɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɤɥɟɬɨɤ. ȼ ɧɨɪɦɟ ɧɚ ɢɧɬɪɨɧɟ 9 ɩɪɟ-ɦɊɇɄ CFTR 

ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɪɟɝɭɥɹɬɨɪɧɵɣ ɭɱɚɫɬɨɤ, ɫɨɞɟɪɠɚɳɢɣ ɧɭɤɥɟɨɬɢɞɵ UGU, 

ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ ɚɤɬɢɜɚɬɨɪ Ⱥɋ ɢ ɢɧɞɭɰɢɪɭɸɬ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 10 ɜ 

ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ (ɪɢɫ. 8Ⱦ). Ⱦɟɥɟɰɢɹ UGU ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɣ 

ɜɵɡɵɜɚɟɬ ɩɨɬɟɪɸ ɢɧɞɭɰɢɪɭɸɳɢɯ ɢ ɩɨɹɜɥɟɧɢɸ ɢɧɝɢɛɢɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɭ 

ɞɚɧɧɨɝɨ ɰиɫ-ɭɱɚɫɬɤɚ. Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 10 

ɜ ɡɪɟɥɨɣ ɦɊɇɄ. ɋɢɧɬɟɡ ɧɟɚɤɬɢɜɧɨɣ ɮɨɪɦɵ CFTR ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ 

ɢɨɧɨɜ ɯɥɨɪɚ ɜɧɭɬɪɢ ɤɥɟɬɨɤ ɢ ɧɚɤɨɩɥɟɧɢɸ ɦɭɤɭɫɚ ɧɚ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɟ 

ɦɟɦɛɪɚɧɵ [90]. Ɉɛɧɚɪɭɠɟɧ ɪɹɞ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ, ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɩɥɚɣɫɨɫɨɦɵ. 

ɋɩɢɧɚɥɶɧɚɹ ɦɵɲɟɱɧɚɹ ɚɬɪɨɮɢɹ, ɧɚɫɥɟɞɫɬɜɟɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, 

ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɩɨɪɚɠɟɧɢɟɦ ɢɥɢ ɩɨɬɟɪɟɣ ɞɜɢɝɚɬɟɥɶɧɵɯ ɧɟɣɪɨɧɨɜ ɩɟɪɟɞɧɢɯ 

ɪɨɝɨɜ ɫɩɢɧɧɨɝɨ ɦɨɡɝɚ, ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ 

ɮɭɧɤɰɢɨɪɢɪɨɜɚɧɢɹ ɛɟɥɤɚ SMN (Survival of Motor Neuron). ȼ ɧɨɪɦɟ ɞɚɧɧɵɣ 

ɛɟɥɨɤ ɤɨɞɢɪɭɟɬɫɹ ɞɜɭɦɹ ɝɟɧɚɦɢ SMN1 ɢ SMN2. ȼ ɷɤɡɨɧɟ 7 ɩɪɟ-ɦɊɇɄ SMN 

ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɪɟɝɭɥɹɬɨɪɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɢɧɞɭɰɢɪɭɸɳɚɹ 

ɜɤɥɸɱɟɧɢɟ ɞɚɧɧɨɝɨ ɷɤɡɨɧɚ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɟɥɨɤ SMN ɨɩɨɫɪɟɞɭɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ U1, U2, U4 ɢ U5 

ɫɭɛɴɟɞɢɧɢɰ ɫɩɥɚɣɫɨɫɨɦɵ. Ɇɭɬɚɰɢɹ ɜ ɷɤɡɨɧɟ 7 ɝɟɧɚ SMN2 ɜɵɡɵɜɚɟɬ ɩɨɬɟɪɸ 

ɪɟɝɭɥɹɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɢ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ. Ⱦɟɮɟɤɬɧɵɣ 

ɛɟɥɨɤ ɧɟ ɫɩɨɫɨɛɟɧ ɨɩɨɫɪɟɞɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɭɛɴɟɞɢɧɢɰ ɫɩɥɚɣɫɨɫɨɦɵ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɟё ɪɚɛɨɬɵ [91]. 

ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɬɪɢ ɦɭɬɚɧɬɧɵɯ ɛɟɥɤɚ, ɩɪɢɧɢɦɚɸɳɢɯ ɭɱɚɫɬɢɟ ɜ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɫɩɥɚɣɫɨɫɨɦɵ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɪɚɡɜɢɬɢɟ 
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ɩɢɝɦɟɧɬɧɨɝɨ ɪɟɬɢɧɢɬɚ. ɉɢɝɦɟɧɬɧɵɣ ɪɟɬɢɧɢɬ, ɧɚɫɥɟɞɫɬɜɟɧɧɨɟ, 

ɞɟɝɟɧɟɪɚɬɢɜɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɝɥɚɡ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɢ ɛɟɥɤɨɜ, 

ɩɪɢɧɢɦɚɸɳɢɯ ɭɱɚɫɬɢɟ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɩɢɝɦɟɧɬɧɨɝɨ ɷɩɢɬɟɥɢɹ, ɥɢɩɨɮɭɫɰɢɧɚ 

ɢ ɝɢɛɟɥɢ ɩɚɥɨɱɟɤ. Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ PRPF31 (pre-mRNA processing factor 31) 

ɩɪɢɜɨɞɹɬ ɤ ɫɢɧɬɟɡɭ ɞɟɮɟɤɬɧɨɝɨ ɛɟɥɤɚ, PRPF31 ɤɨɬɨɪɵɣ ɧɚɪɭɲɚɟɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ U4/U6 ɢ U5 ɫɭɛɴɟɞɢɧɢɰ ɫɩɥɚɣɫɨɫɨɦɵ. Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ 

HPRP3 (pre-mRNA processing factor 3) ɜɥɢɹɸɬ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ U4 ɢ U6 

ɫɭɛɴɟɞɢɧɢɰ ɫɩɥɚɣɫɨɫɨɦɵ. Ɇɭɬɚɰɢɢ ɜ ɝɟɧɟ PRPF8 (pre-mRNA processing 

factor 8) ɧɚɪɭɲɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ U5 ɫɭɛɴɟɞɢɧɢɰ ɫɩɥɚɣɫɨɫɨɦɵ ɫ ɰɟɥɟɜɨɣ 

ɩɪɟ-ɦɊɇɄ [92]. 

Ɇɢɨɬɨɧɢɱɟɫɤɚɹ ɞɢɫɬɪɨɮɢɹ, ɧɚɫɥɟɞɫɬɜɟɧɧɨɟ ɦɭɥɶɬɢɫɢɫɬɟɦɧɨɟ 

ɡɚɛɨɥɟɜɚɧɢɟ ɢɡ ɝɪɭɩɩɵ ɧɟɪɜɧɨ-ɦɵɲɟɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɫ ɧɚɪɭɲɟɧɢɟɦ 

ɧɨɪɦɚɥɶɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɨɜ ɢ ɫɢɫɬɟɦ. Ɋɚɡɜɢɜɚɟɬɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɣ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɧɬɪɨɧɨɜ ɝɟɧɨɜ DMPK (DM1 

protein kinase) ɢ CNBP (CCHC-type zinc finger nucleic acid binding protein), 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ Muscleblind ɛɟɥɤɨɜ (ɪɢɫ. 9).  

ȼ ɧɨɪɦɟ ɩɨɫɥɟ ɤɪɚɣɧɢɯ ɷɤɡɨɧɨɜ ɜ ɩɪɟ-ɦɊɇɄ ɞɚɧɧɵɯ ɝɟɧɨɜ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɨɤɨɥɨ ɫɨɪɨɤɚ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ: 

(CUG)n ɜ ɩɪɟ-ɦɊɇɄ DMPK ɢ (CCUG)n ɜ ɩɪɟ-ɦɊɇɄ CNBP. ɍ ɛɨɥɶɧɵɯ 

ɦɢɨɬɨɧɢɱɟɫɤɨɣ ɞɢɫɬɪɨɮɢɟɣ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 80 ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɢ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɬɹɠɟɫɬɶɸ 

ɡɚɛɨɥɟɜɚɧɢɹ: ɱɟɦ ɛɨɥɶɲɟ ɩɨɜɬɨɪɨɜ, ɬɟɦ ɬɹɠɟɥɟɟ ɫɢɦɩɬɨɦɵ. Ȼɟɥɤɢ 

Muscleblind ɫɜɹɡɵɜɚɸɬɫɹ ɫ CUG- ɢ CCUG-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ: ɱɟɦ 

ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɬɟɦ ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɨ 

Muscleblind ɛɟɥɤɨɜ. ɍ ɛɨɥɶɧɵɯ ɛɟɥɤɢ Muscleblind ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ 

CUG- ɢ CCUG-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɩɪɟ-ɦɊɇɄ ɞɪɭɝɢɯ ɝɟɧɨɜ ɢ ɜɵɡɵɜɚɸɬ 

ɢɡɦɟɧɟɧɢɟ ɢɯ Ⱥɋ. Ɍɚɤ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ Muscleblind ɛɟɥɤɨɜ ɫ ɢɧɬɪɨɧɨɦ 4 

ɩɪɟ-ɦɊɇɄ CTNT (cardic Troponin T) ɜɵɡɵɜɚɟɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 4 ɢ ɫɢɧɬɟɡ 
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ɞɟɮɟɤɬɧɨɝɨ ɤɚɪɞɢɨɬɪɨɩɨɧɢɧɚ T, ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡɚ ɪɚɡɜɢɬɢɟ 

ɤɚɪɞɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɦɩɬɨɦɨɜ ɡɚɛɨɥɟɜɚɧɢɹ.  

Ɋɢɫɭɧɨɤ 9. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɧɚɪɭɲɟɧɢɹ Ⱥɋ ɩɪɢ 
ɩɚɬɨɥɨɝɢɹɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɢɫɮɭɧɤɰɢɟɣ ɫɩɥɚɣɫɨɫɨɦɵ (ɫɦ. ɩɨɹɫɧɟɧɢɹ ɜ 
ɬɟɤɫɬɟ). ɋɩɢɧɚɥɶɧɚɹ ɦɵɲɟɱɧɚɹ ɚɬɪɨɮɢɹ (Ⱥ), ɩɢɝɦɟɧɬɧɵɣ ɪɟɬɢɧɢɬ (Ȼ), 
ɦɢɨɬɨɧɢɱɟɫɤɚɹ ɞɢɫɬɪɨɮɢɹ (ȼ).  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ Muscleblind ɛɟɥɤɨɜ ɫ ɢɧɬɪɨɧɨɦ 7 ɩɪɟ-ɦɊɇɄ IR 

(Insulin receptor) ɜɵɡɵɜɚɟɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 8 ɢ ɫɢɧɬɟɡ ɞɟɮɟɤɬɧɨɝɨ 

ɢɧɫɭɥɢɧɨɜɨɝɨ ɪɟɰɟɩɬɨɪɚ, ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡɚ ɪɚɡɜɢɬɢɟ ɢɧɫɭɥɢɧɨɜɨɣ 
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ɭɫɬɨɣɱɢɜɨɫɬɢ ɭ ɛɨɥɶɧɵɯ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ Muscleblind ɛɟɥɤɨɜ ɫ ɢɧɬɪɨɧɨɦ 5 

ɩɪɟ-ɦɊɇɄ CIC (Chloride channel 1) ɜɵɡɵɜɚɟɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 6 ɢ ɫɢɧɬɟɡ 

ɞɟɮɟɤɬɧɨɝɨ ɛɟɥɤɚ ɯɥɨɪɢɞɧɵɯ ɤɚɧɚɥɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɪɚɡɜɢɬɢɹ 

ɦɢɨɬɨɧɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ [93].  

2.5.1. Ɋɨɥɶ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ ɜ ɪɚɡɜɢɬɢɢ 
ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 

Ⱥɤɬɢɜɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ Ⱥɋ ɢ ɪɨɥɶ ɪɚɡɥɢɱɧɵɯ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ ɩɪɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɤɥɟɬɨɤ ɢ ɨɩɭɯɨɥɟɜɨɦ 

ɩɪɨɰɟɫɫɟ. Ⱥ ɢɦɟɧɧɨ, ɪɨɥɶ Ⱥɋ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɪɨɰɟɫɫɚɦ 

ɩɪɨɥɢɮɟɪɚɰɢɢ, ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ ɢ ɚɩɨɩɬɨɡɚ. Ʉɥɢɧɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ 

ɚɛɟɪɪɚɧɬɧɵɯ ɫɩɥɚɣɫɢɧɝɨɜɵɯ ɢɡɨɮɨɪɦ ɬɚɤɠɟ ɨɛɫɭɠɞɚɟɬɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ 

ɨɬɧɨɲɟɧɢɢ ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ.  

Ȼɵɥɢ ɜɵɹɜɥɟɧɵ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ɧɟɤɨɬɨɪɵɯ ɛɟɥɤɨɜ, ɤɨɬɨɪɵɟ 

ɫɬɢɦɭɥɢɪɭɸɬ ɢɥɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɪɨɝɪɟɫɫɢɢ ɨɩɭɯɨɥɟɜɨɝɨ ɪɚɡɜɢɬɢɹ. ɐɢɤɥɢɧ 

D1 ɢ (cyclin D1b), ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɰɢɤɥɢɧɚ D1, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɞɟɥɟɰɢɢ 

ɷɤɡɨɧɚ 4. ɗɤɫɩɪɟɫɫɢɹ ɰɢɤɥɢɧɚ D1 ɢ ɩɨɜɵɲɟɧɚ ɜ ɤɥɟɬɤɚɯ ɥɢɦɮɨɦɵ, ɪɚɤɚ 

ɩɢɳɟɜɨɞɚ, ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɥёɝɤɢɯ ɢ ɩɪɨɫɬɚɬɵ. ɗɤɫɩɪɟɫɫɢɹ ɞɚɧɧɨɝɨ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɹɜɥɹɟɬɫɹ ɦɚɪɤёɪɨɦ ɨɩɭɯɨɥɟɜɨɣ ɩɪɨɝɪɟɫɫɢɢ ɢ 

ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɪɚɤɟ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɢ ɪɚɤɟ 

ɩɪɨɫɬɚɬɵ, ɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦ ɦɚɪɤёɪɨɦ ɩɥɨɯɨɝɨ ɩɪɨɝɧɨɡɚ ɢ 

ɧɢɡɤɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɢ ɩɪɢ ɦɟɥɤɨɤɥɟɬɨɱɧɨɦ ɪɚɤɟ ɥёɝɤɢɯ [94]. 

Ɍɢɪɨɡɢɧɤɢɧɚɡɚ SYK (Spleen tyrosine kinase), ɦɨɳɧɵɣ ɫɭɩɪɟɫɫɨɪ 

ɨɩɭɯɨɥɟɜɨɣ ɩɪɨɝɪɟɫɫɢɢ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɷɩɢɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ 

ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɟё ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ SYK(S) ɫɢɧɬɟɡɬɪɭɟɬɫɹ 

ɬɨɥɶɤɨ ɜ ɩɟɪɜɢɱɧɵɯ ɨɩɭɯɨɥɹɯ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɧɨ ɧɢɤɨɝɞɚ ɜ ɧɨɪɦɚɥɶɧɵɯ 

ɤɥɟɬɤɚɯ [95]. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɛɟɥɤɚ WT1 (Wilm’s tumor 1), ɨɛɪɚɡɭɸɳɢɣɫɹ 

ɩɪɢ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɥɢɮɟɪɚɰɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɢ 

ɜɨɜɥɟɱёɧ ɜ ɩɪɨɝɪɟɫɫɢɸ ɨɩɭɯɨɥɟɣ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ [96].  
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ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ɧɟɤɨɬɨɪɵɯ ɛɟɥɤɨɜ, 

ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɟ ɨɩɭɯɨɥɟɣ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɢɧɬɟɪɟɫɧɵɯ ɩɪɢɦɟɪɨɜ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

CD44. ɉɪɟ-ɦɊɇɄ CD44 ɫɨɫɬɨɢɬ ɢɡ ɞɟɫɹɬɢ ɷɤɡɨɧɨɜ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɹɹɫɶ ɜ 

ɪɚɡɥɢɱɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɫɩɨɫɨɛɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ. ɉɪɢ ɷɬɨɦ ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɦɟɬɚɫɬɚɡɨɜ [97]. ȼɚɪɢɚɧɬ CD44v6 

ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɨɩɭɯɨɥɟɜɵɯ ɬɤɚɧɹɯ ɢ ɹɜɥɹɟɬɫɹ ɦɚɪɤёɪɨɦ ɨɩɭɯɨɥɟɜɵɯ 

ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ ɢ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ [98]. Ƚɟɧ CRK (CRK 

proto-oncogene, adaptor protein) ɤɨɞɢɪɭɟɬ ɞɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɦɊɇɄ CRKI 

ɢ CRKII. CRKII ɨɛɧɚɪɭɠɟɧɚ ɜ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɦɨɡɝɚ ɢ ɤɥɟɬɤɚɯ 

ɝɥɢɨɛɥɚɫɬɨɦɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɭɪɨɜɟɧɶ CRKI ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɨɤ ɜ 

ɧɨɪɦɚɥɶɧɨɣ ɬɤɚɧɢ ɢ ɨɱɟɧɶ ɜɵɫɨɤ ɜ ɝɥɢɨɛɥɚɫɬɨɦɚɯ [99]. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ɝɟɧɚ ɫɭɩɪɟɫɫɨɪɚ ɨɩɭɯɨɥɟɜɨɝɨ ɪɨɫɬɚ KLF6 (Kruppel like 

factor 6) ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ KLF6-

sv1 ɤɨɞɢɪɭɟɬ ɛɟɥɨɤ, ɚɤɬɢɜɢɪɭɸɳɢɣ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɟ ɢɧɜɚɡɢɜɧɨɝɨ ɪɚɤɚ 

ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ [100]. ɗɧɞɨɬɟɥɢɚɥɶɧɵɣ ɮɚɤɬɨɪ ɪɨɫɬɚ ɫɨɫɭɞɨɜ Ⱥ (VEGFA, 

Vascular endothelial growth) ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɨɩɭɯɨɥɟɜɨɝɨ 

ɪɨɫɬɚ ɢ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ, ɚ ɭɪɨɜɟɧɶ ɟɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 

ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦ ɦɚɪɤёɪɨɦ ɭɫɩɟɲɧɨɫɬɢ ɬɟɪɚɩɢɢ ɫɚɪɤɨɦ [101]. ɂɡɜɟɫɬɧɨ, 

ɱɬɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɫɭɛɴɟɞɢɧɢɰɵ α6 ɢɧɬɟɝɪɢɧɚ ɹɜɥɹɟɬɫɹ 

ɦɚɪɤёɪɨɦ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɢ ɞɪɭɝɢɯ ɬɢɩɨɜ ɪɚɤɚ. ɋɩɥɚɣɫ ɜɚɪɢɚɧɬ 

α6Bȕ1 ɚɤɬɢɜɢɪɭɟɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɨɩɭɯɨɥɟɜɵɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɢ 

ɢɧɢɰɢɢɪɭɟɬ ɨɩɭɯɨɥɟɨɛɪɚɡɨɜɚɧɢɟ ɬɪɢɠɞɵ ɧɟɝɚɬɢɜɧɨɝɨ ɪɚɤɚ ɦɨɥɨɱɧɨɣ 

ɠɟɥɟɡɵ [102].  

Ⱥɋ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɬɨɪɨɦ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɤɚɯ. Ʉɥɚɫɬɟɪɢɧ (CLU, clusterin) ɭɱɚɫɬɜɭɟɬ ɜɨ ɦɧɨɠɟɫɬɜɟ ɤɥɟɬɨɱɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɢ ɜɨɜɥɟɱёɧ ɜ ɪɚɡɜɢɬɢɟ ɨɩɭɯɨɥɟɜɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɤɨɜ ɦɧɨɠɟɫɬɜɚ 

ɬɢɩɨɜ [103]. Ɉɞɧɚɤɨ, ɟɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɫɩɨɫɨɛɟɧ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɩɨɩɬɨɡ ɜ 
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ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ELF2 (E74 like ETS transcription 

factor 2) ELF2A ɢ ELF2B, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ 5’ 

ɧɟɬɪɚɧɫɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ, ɨɤɚɡɵɜɚɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɷɮɮɟɤɬ ɧɚ 

ɚɩɨɩɬɨɡ. ELF2A ɫɥɭɠɢɬ ɚɤɬɢɜɚɬɨɪɨɦ ɩɪɨɥɢɮɟɪɚɰɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ, ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ELF2B ɚɤɬɢɜɢɪɭɟɬ ɜ ɧɢɯ ɚɩɨɩɬɨɡ [104]. Yang Y. ɢ ɫɨɚɜɬ. 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɛɟɥɨɤ RIP3 (receptor-interacting protein 3) ɹɜɥɹɟɬɫɹ 

ɢɧɞɭɤɬɨɪɨɦ ɚɩɨɩɬɨɡɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɟɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ RIP3Ȗ ɢɧɝɢɛɢɪɭɟɬ 

ɪɚɡɜɢɬɢɟ RIP3-ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ ɢ 

ɥёɝɤɢɯ [105].  

ɋɩɚɥɣɫɢɧɝ ɦɊɇɄ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɜɚɠɧɵɦ ɢɧɞɢɤɚɬɨɪɨɦ 

ɤɥɢɧɢɱɟɫɤɨɝɨ ɨɬɜɟɬɚ ɧɚ ɬɟɪɚɩɢɸ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɥɟɬɨɤ ɤ 

ɯɢɦɢɨɩɪɟɩɚɪɚɬɚɦ. Anufrieva K.S. ɢ ɫɨɚɜɬ. ɩɨɤɚɡɚɥɢ ɢɡɦɟɧɟɧɢɟ ɩɪɨɮɢɥɹ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɧɨɝɢɯ ɦɊɇɄ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɯɢɦɢɨɬɟɪɚɩɢɢ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ [106]. 

ɇɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

ɚɧɞɪɨɝɟɧɨɜɨɝɨ ɪɟɰɟɩɬɨɪɚ AR (androgen receptor) ɩɪɢ ɬɟɪɚɩɢɢ ɪɚɤɚ 

ɩɪɨɫɬɚɬɵ. ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ ɛɟɥɤɨɜɚɹ ɦɨɥɟɤɭɥɚ AR ɫɨɫɬɨɢɬ ɢɡ N-ɤɨɧɰɟɜɨɝɨ 

ɞɨɦɟɧɚ, ɰɟɧɬɪɚɥɶɧɨɝɨ ȾɇɄ-ɫɜɹɡɵɜɚɸɳɟɝɨ ɞɨɦɟɧɚ, ɲɚɪɧɢɪɧɨɣ ɨɛɥɚɫɬɢ ɢ 

C-ɤɨɧɰɟɜɨɣ ɥɢɝɚɧɞ-ɫɜɹɡɵɜɚɸɳɟɝɨ ɞɨɦɟɧɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ ɜ ɦɨɥɟɤɭɥɟ 

ɦɊɇɄ AR ɩɪɨɢɫɯɨɞɢɬ ɞɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 5–8, ɛɟɥɨɤ ɬɟɪɹɟɬ ɫɜɨɣ ɥɢɝɚɧɞ-

ɫɜɹɡɵɜɚɸɳɢɣ ɞɨɦɟɧ ɢ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɫɩɨɫɨɛɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ 

ɬɟɫɬɨɫɬɟɪɨɧɨɦ (ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ AR-v7). ɉɚɰɢɟɧɬɵ ɫ ɷɤɫɩɪɟɫɫɢɟɣ AR-v7 

ɹɜɥɹɸɬɫɹ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ AR-ɬɟɪɚɩɢɢ [107]. ɋɭɪɜɢɜɢɧ 3b (Survivin 

3b) ɹɜɥɹɟɬɫɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɫɭɪɜɢɜɢɧɚ, ɤɨɬɨɪɵɣ ɩɨɜɵɲɚɟɬ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɟɨɩɥɚɫɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɤ ɪɚɡɥɢɱɧɵɦ ɜɢɞɚɦ ɯɢɦɢɨɬɟɪɚɩɢɢ 

[108]. Ȼɟɥɨɤ BRCA1 (BRCA1 DNA repair associated) ɨɬɜɟɬɫɬɜɟɧ ɡɚ 

ɪɟɩɚɪɚɰɢɸ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ BRCA1-∆11, 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɢ ɜ ɷɤɡɨɧɟ 11, ɜɵɡɵɜɚɟɬ ɩɨɜɵɲɟɧɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɥɟɬɨɤ ɤ ɰɢɫɩɥɚɬɢɧɭ [109]. Hughes M.A. ɢ ɫɨɚɜɬ. ɩɨɤɚɡɚɥɢ, 
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ɱɬɨ ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɢ ɭɤɨɪɨɱɟɧɧɵɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ CFLAR (CASP8 and 

FADD like apoptosis regulator) ɹɜɥɹɸɬɫɹ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɦɢ ɛɟɥɤɚɦɢ ɢ 

ɢɯ ɷɤɫɩɪɟɫɫɢɹ ɩɨɞɚɜɥɹɟɬɫɹ ɩɪɢ ɯɢɦɢɨɬɟɪɚɩɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɥɟɬɨɤ ɤ ɞɟɣɫɬɜɢɸ ɩɪɟɩɚɪɚɬɨɜ [110]. 

ɂɡ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɦɚɫɫɢɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɫɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ Ⱥɋ ɢɝɪɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ ɪɨɥɶ ɜ 

ɨɩɭɯɨɥɟɜɨɦ ɩɪɨɰɟɫɫɟ. Ɉɞɧɚɤɨ, ɜɨɩɪɨɫ ɨ ɬɨɦ ɧɚɫɤɨɥɶɤɨ ɫɩɟɰɢɮɢɱɧɚ ɪɨɥɶ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɪɚɡɥɢɱɧɵɯ ɝɟɧɨɜ ɜ ɨɩɭɯɨɥɟɜɵɯ ɩɪɨɰɟɫɫɚɯ ɨɫɬɚёɬɫɹ ɩɨɤɚ 

ɨɬɤɪɵɬɵɦ. 

2.6. Ɇɟɬɨɞɵ ɦɨɞɭɥɹɰɢɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ 

ɍɱɢɬɵɜɚɹ ɰɟɧɬɪɚɥɶɧɭɸ ɪɨɥɶ ɫɩɥɚɣɫɢɧɝɚ ɜ ɪɟɝɭɥɹɰɢɢ ɪɟɚɥɢɡɚɰɢɢ 

ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɡɧɚɱɢɦɨɫɬɢ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ 

ɧɨɪɦɚɥɶɧɨɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɤɥɟɬɨɤ ɢ ɩɪɢ ɩɚɬɨɝɟɧɟɡɟ ɧɟɤɨɬɨɪɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ, ɢɧɬɟɪɟɫɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɨɢɫɤ ɚɝɟɧɬɨɜ ɢ ɦɟɬɨɞɨɜ 

ɦɨɞɭɥɹɰɢɢ Ⱥɋ. ɋɩɟɰɢɮɢɱɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɬɚɤɢɯ ɚɝɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɨɣ 

ɩɪɨɛɥɟɦɨɣ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɰɟɥɹɯ.  

2.6.1. Ɇɚɥɵɟ ɦɨɥɟɤɭɥɵ ɤɚɤ ɦɨɞɭɥɹɬɨɪɵ Ⱥɋ 

ɇɚ ɢɫɯɨɞ Ⱥɋ ɦɨɝɭɬ ɜɥɢɹɬɶ ɦɚɥɵɟ ɦɨɥɟɤɭɥɵ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɊɇɄ: ɥɢɛɨ ɧɚ ɫɩɥɚɣɫ-ɫɚɣɬɚɯ, ɥɢɛɨ ɧɚ ɪɟɝɭɥɹɬɨɪɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ (ESE, ESS, ISE, ISS). Ɉɧɢ ɦɨɝɭɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɊɇɄ ɢɥɢ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɛɟɥɤɚ ɫ ɊɇɄ, ɚ ɬɚɤɠɟ ɢɧɝɢɛɢɪɨɜɚɬɶ ɢɥɢ 

ɚɤɬɢɜɢɪɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɥɤɚ ɫɨ ɫɩɥɚɣɫ ɫɚɣɬɨɦ.  

Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɤ ɩɨɢɫɤɭ ɢɧɝɢɛɢɬɨɪɨɜ ɫɩɥɚɣɫɢɧɝɚ ɹɜɥɹɟɬɫɹ 

ɩɪɨɜɟɞɟɧɢɟ ɫɤɪɢɧɢɧɝɚ ɛɢɛɥɢɨɬɟɤ ɫɨɟɞɢɧɟɧɢɣ ɜ ɛɟɫɤɥɟɬɨɱɧɵɯ ɫɢɫɬɟɦɚɯ in 

vitro. ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɞɟɬɟɤɬɢɪɭɸɬɫɹ ɬɨɥɶɤɨ ɩɪɹɦɵɟ ɢɧɝɢɛɢɬɨɪɵ 

ɫɩɥɚɣɫɨɫɨɦɵ ɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ ɫɩɥɚɣɫɢɧɝɚ. Ɉɧɢ 

ɬɚɤɠɟ ɧɟ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟɦ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
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ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɫɢɫɬɟɦ 

ɩɪɢɦɟɧɹɸɬɫɹ ɹɞɟɪɧɵɣ ɷɤɫɬɪɚɤɬ ɤɥɟɬɨɤ, ɚ ɭɪɨɜɟɧɶ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

ɨɰɟɧɢɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɉɐɊ [111]. ȼ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɧɬɢɬɟɥɚ ɤ ɊɇɄ-ɫɜɹɡɵɜɚɸɳɢɦ ɛɟɥɤɚɦ ɞɥɹ ɞɟɬɟɤɰɢɢ ɢ 

ɫɤɪɢɧɢɧɝɚ ɢɧɝɢɛɢɬɨɪɨɜ ɫɩɥɚɣɫɢɧɝɚ [112]. Ɉɛɧɚɪɭɠɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 

ɨɛɥɚɞɚɥɢ ɧɢɡɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢɧɝɢɛɢɪɨɜɚɬɶ Ⱥɋ (ɡɧɚɱɟɧɢɟ IC50 ɞɥɹ ɧɢɯ 

ɧɚɯɨɞɢɥɫɹ ɜ ɞɢɚɩɨɡɨɧɟ ɦɢɤɪɨɦɨɥɹɪɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ).  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɥɟɬɨɱɧɵɯ ɫɢɫɬɟɦ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɬɨɥɶɤɨ 

ɦɨɥɟɤɭɥɵ, ɫɩɨɫɨɛɧɵɟ ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ, ɚ ɬɚɤɠɟ 

ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɛɟɥɤɨɜ ɢ 

ɫɚɣɬɨɜ ɢɯ ɫɜɹɡɵɜɚɧɢɹ. Moore M.J. ɢ ɫɨɚɜɬ. [113] ɪɚɡɪɚɛɨɬɚɥɢ 

ɥɸɰɢɮɟɪɚɡɧɭɸ ɫɢɫɬɟɦɭ ɧɚ ɨɫɧɨɜɟ ɤɥɟɬɨɤ HEK293. Ʌɸɰɢɮɟɪɚɡɚ 

ɷɤɫɩɪɟɫɫɢɪɨɜɚɥɚɫɶ, ɷɤɡɨɧ ɜ ɪɟɩɨɪɬɟɪɧɨɦ ɝɟɧɟ ɧɟ ɭɞɚɥɹɥɫɹ. ȼ ɞɪɭɝɨɣ ɪɚɛɨɬɟ 

Dreyfuss G. ɢ ɫɨɚɜɬ., [114] ɧɚɨɛɨɪɨɬ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɸɰɢɮɟɪɚɡɧɭɸ ɫɢɫɬɟɦɭ 

ɜ ɤɥɟɬɤɚɯ Jurkat, ɜ ɤɨɬɨɪɨɣ ɥɸɰɢɮɟɪɚɡɚ ɷɤɫɩɪɟɫɫɢɪɨɜɚɥɚɫɶ ɩɪɢ ɞɟɥɟɰɢɢ 

ɷɤɡɨɧɚ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɧɚɪɭɠɟɧɨ ɛɨɥɟɟ ɞɜɭɯ ɞɟɫɹɬɤɨɜ ɪɚɡɥɢɱɧɵɯ 

ɦɚɥɵɯ ɦɨɥɟɤɭɥ ɢɧɝɢɛɢɬɨɪɨɜ Ⱥɋ [115]. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɨɛɥɚɞɚɟɬ 

ɧɢɡɤɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɵ ɢɡɦɟɧɹɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɦɧɨɠɟɫɬɜɚ 

ɝɟɧɨɜ. Ɉɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ 

ɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɩɪɟɩɚɪɚɬɵ. 

Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɤ ɩɨɢɫɤɭ ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɫɨɟɞɢɧɟɧɢɣ 

ɛɵɥ ɫɤɪɢɧɢɧɝ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɦɨɞɭɥɢɪɨɜɚɬɶ Ⱥɋ ɢ ɢɧɞɭɰɢɪɨɜɚɬɶ ɫɢɧɬɟɡ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ ɦɊɇɄ SMN2 [116]. Ʉɚɤ ɫɤɚɡɚɧɨ ɜɵɲɟ, Ⱥɋ ɩɪɟ-

ɦɊɇɄ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɨɬɜɟɬɫɬɜɟɧ ɡɚ ɪɚɡɜɢɬɢɟ ɫɩɢɧɚɥɶɧɨɣ ɦɵɲɟɱɧɨɣ 

ɚɬɪɨɮɢɢ [91]. Ȼɵɥɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɬɪɢ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ (SMN-C1, 

SMN-C2 ɢ SMN-C3, ɪɢɫ. 10), ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɜɤɥɸɱɟɧɢɟ 

ɷɤɡɨɧɚ 7 ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ, ɜɵɡɵɜɚɬɶ ɫɢɧɬɟɡ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ 

ɮɨɪɦɵ ɛɟɥɤɚ, ɫɩɨɫɨɛɧɵ ɡɚɳɢɳɚɬɶ ɧɟɪɜɧɨ-ɦɵɲɟɱɧɵɣ ɤɨɧɬɭɪ ɢ ɭɥɭɱɲɚɬɶ 
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ɞɜɢɝɚɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ ɭ ɦɵɲɟɣ ɫ ɦɨɞɟɥɶɸ ɬɹɠёɥɨɣ ɮɨɪɦɵ ɫɩɢɧɚɥɶɧɨɣ 

ɦɵɲɟɱɧɨɣ ɚɬɪɨɮɢɢ D7.  

 

Ɋɢɫɭɧɨɤ 10. Ɇɚɥɵɟ ɦɨɥɟɤɭɥɵ – ɦɨɞɭɥɹɬɨɪɵ Ⱥɋ ɩɪɟ-ɦɊɇɄ [116–118]. 

Ɍɨɱɧɵɣ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɫɬɚёɬɫɹ ɧɟɢɡɭɱɟɧɧɵɦ, 

ɨɞɧɚɤɨ, ɩɨɥɚɝɚɸɬ, ɱɬɨ ɨɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɩɪɟ-ɦɊɇɄ ɢɥɢ ɫ ɊɇɄ-

ɫɜɹɡɵɜɚɸɳɢɦɢ ɞɨɦɟɧɚɦɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ. ɉɨɡɠɟ ɧɚ 

ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɧɨɜɨɟ ɜɟɳɟɫɬɜɨ RG-7916, 

ɤɨɬɨɪɨɟ ɨɤɚɡɚɥɨɫɶ ɫɩɨɫɨɛɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɩɪɟ-ɦɊɇɄ SMN2 ɢ 

ɭɜɟɥɢɱɢɜɚɬɶ ɫɪɨɞɫɬɜɨ ɚɤɬɢɜɚɬɨɪɨɜ Ⱥɋ FUBP1 (far upstream element binding 

protein 1) ɢ KHSRP (KH-type splicing regulatory protein), ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɜ 

ɫɢɧɬɟɡɭ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ SMN2 [117]. Ɋɹɞ ɦɨɥɟɤɭɥ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɭɥɹɬɨɪɨɜ Ⱥɋ ɫ ɰɟɥɶɸ ɬɟɪɚɩɢɢ ɨɩɭɯɨɥɟɜɵɯ 

ɩɪɨɰɟɫɫɨɜ (ɬɚɛɥɢɰɚ 4). 
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Ɍɚɛɥɢɰɚ 4. Ɇɚɥɵɟ ɦɨɥɟɤɭɥɵ – ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɫɪɟɞɫɬɜɚ 
ɞɥɹ ɢɧɝɢɛɢɪɨɜɚɧɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɩɪɢ ɨɩɭɯɨɥɟɜɵɯ ɩɪɨɰɟɫɫɚɯ. 

Ƚɟɧ ɢɥɢ ɦɢɲɟɧɶ ɋɨɟɞɢɧɟɧɢɟ Ɉɩɢɫɚɧɢɟ ɞɟɣɫɬɜɢɹ ɋɫɵɥɤɚ 

APAF1,  

apoptotic peptidase 

activating factor 1 

Ⱥɦɢɨɪɢɞ 
(Amioride) 

ɉɨɜɵɲɚɟɬ ɪɚɞɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɤɥɟɬɨɤ ɦɭɥɶɬɢɮɨɪɦɧɨɣ ɝɥɢɨɛɥɚɫɬɨɦɵ 

[119] 

AR, androgen receptor 6BIO ɉɨɜɵɲɚɟɬ ɥɟɤɚɪɫɬɜɟɧɧɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɥɟɬɨɤ ɪɚɤɚ 

ɩɪɟɞɫɬɚɬɟɥɶɧɨɣ ɠɟɥɟɡɵ 

[120] 

BTK, Bruton tyrosine 

kinase 

ɂɛɪɭɬɢɧɢɛ 

(Ibrutinib) 

ȼɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɤɢɧɚɡɚɦɢ ɜ ɤɥɟɬɤɚɯ 
ɯɪɨɧɢɱɟɫɤɨɝɨ ɥɢɦɮɨɥɟɣɤɨɡɚ 

[121] 

RBM39, RNA binding 

motif protein 39 

Indisulam 

(ɂɧɞɢɫɭɥɚɦ) 

ȼɵɡɵɜɚɟɬ ɞɟɝɪɚɞɚɰɢɸ RBM39 ɜ 
ɤɪɨɜɟɬɜɨɪɧɨɣ ɢ ɥɢɦɮɨɢɞɧɨɣ ɬɤɚɧɹɯ 

[122] 

SF3b, splicing factor 

3b  

ɋɩɥɚɣɫɟɨɫɬɚɬɢɧ Ⱥ 

(Spliceostatin A) 

ɉɪɨɹɜɥɹɟɬ ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɵɣ 
ɷɮɮɟɤɬ ɧɚ ɤɥɟɬɤɚɯ HeLa 

[123] 

SF3b, splicing factor 

3b  

FR901464 ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ 
ɪɚɤɟ ɥɟɝɤɢɯ ɢ ɪɚɤɟ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

[124] 

SF3b, splicing factor 

3b  

E7107 Ȼɥɨɤɢɪɭɟɬ ɫɛɨɪɤɭ ɫɩɥɚɣɫɨɫɨɦɵ ɭ 
ɩɚɰɢɟɧɬɨɜ ɫ ɫɨɥɢɞɧɵɦɢ ɨɩɭɯɨɥɹɦɢ 

[124] 

SF3b, splicing factor 

3b  

Ɇɟɹɦɢɰɢɧ B 

(Meayamycin B) 

ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ ɪɚɤɚ 

ɝɨɥɨɜɵ ɢ ɲɟɢ 

[125] 

SF3b, splicing factor 

3b  

ȿɪɚɧɬɢɧɢɧ 

(Jerantinine A) 

ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɮɚɤɬɨɪɨɦ 
ɫɩɥɚɣɫɢɧɝɚ ɩɪɢ ɪɚɤɟ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ  

[126] 

SF3b, splicing factor 

3b  

ɋɭɞɟɦɢɰɢɧ 

(Sudemycin) 

ɂɧɞɭɰɢɪɭɟɬ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɣ ɨɬɜɟɬ 

ɩɪɢ ɯɪɨɧɢɱɟɫɤɨɦ ɥɢɦɮɨɥɟɣɤɨɡɟ 

[127] 

SF3b, splicing factor 

3b  

(ɉɥɚɞɢɟɧɨɥɢɞɵ 

Pladienolides)  

ɉɪɨɹɜɥɹɟɬ ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɵɣ 

ɷɮɮɟɤɬ ɧɚ ɤɥɟɬɤɚɯ HeLa 

[128] 

SF3b, splicing factor 

3b  

GEX1A ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɟɥɤɨɦ 

SF3B1 (splicing factor 3b subunit 1 ɜ 

ɤɥɟɬɤɚɯ HeLa) 

[129] 

SRSF3, serine and 

arginine rich splicing 

factor 3 

Ⱦɢɝɨɤɫɢɧ  

(Digoxin) 

ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ HeLa  [130] 

SR  NB-506 ɂɧɞɭɤɰɢɹ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ 
SF2/ASF, ɚɤɬɢɜɚɰɢɹ ɚɩɨɩɬɨɡɚ ɜ 
ɥɟɣɤɨɡɧɵɯ ɤɥɟɬɤɚɯ  

[131] 

ɋɛɨɪɤɚ ɫɩɥɚɣɫɨɫɨɦɵ  ɂɡɨɝɢɧɤɝɟɬɢɧ 
(Isoginkgetin) 

ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɢɧɝɢɛɢɪɨɜɚɧɢɹ Ⱥɋ ɜ 
ɤɥɟɬɤɚɯ HEK293  

[113] 

ɋɛɨɪɤɚ ɫɩɥɚɣɫɨɫɨɦɵ Ɇɚɞɪɚɡɢɧ 

(Madrasin) 

Ɇɨɞɭɥɹɰɢɹ Ⱥɋ ɜ ɤɥɟɬɤɚɯ HeLa ɢ 
HEK293 

[112] 

ɋɛɨɪɤɚ ɫɩɥɚɣɫɨɫɨɦɵ Ʉɨɮɟɢɧ 

(Caffeine) 

ɋɧɢɠɟɧɢɟ ɜɵɠɢɜɚɟɦɨɫɬɢ ɨɩɭɯɨɥɟɜɵɯ 
ɤɥɟɬɨɤ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 

[132] 
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ɉɨɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɭɤɚɡɵɜɚɸɳɢɟ ɧɚ ɬɨ, ɱɬɨ G-ɤɜɚɞɪɭɩɥɟɤɫɧɵɟ 

ɫɬɪɭɤɬɭɪɵ, ɨɛɪɚɡɭɟɦɵɟ ɜɬɨɪɢɱɧɨɣ ɢ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪɟ-ɦɊɇɄ, 

ɹɜɥɹɸɬɫɹ ɫɚɣɬɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɊɇɄ-ɫɜɹɡɵɜɚɸɳɢɦ ɛɟɥɤɨɦ hnRNPF ɢ, 

ɫɥɟɞɨɜɬɟɥɶɧɨ, ɫɥɭɠɚɬ ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɭɱɚɫɬɤɚɦɢ Ⱥɋ. J. Zhang ɢ ɫɨɚɜɬ. [118] 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɷɦɟɬɢɧ (Emetine) ɢ ɰɟɮɚɟɥɢɧ (Cephaeline) 

ɫɩɨɫɨɛɧɵ ɷɮɮɟɤɬɢɜɧɨ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɬɚɤɢɦɢ ɫɬɪɭɤɬɭɪɚɦɢ ɢ ɢɧɝɢɛɢɪɨɜɚɬɶ 

ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ G-ɤɜɚɞɪɭɩɥɟɤɫɚɦɢ Ⱥɋ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ SR-ɛɟɥɤɨɜ ɪɟɝɭɥɢɪɭɟɬɫɹ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟɦ ɢɯ RS ɞɨɦɟɧɚ. Ɏɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɫɛɨɪɤɟ ɫɩɥɚɣɫɨɦɵ ɜɫɥɟɞɫɬɜɢɟ ɭɫɢɥɟɧɢɹ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

ɫɭɛɴɟɞɢɧɢɰ, ɚ ɬɚɤɠɟ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ SR-

ɛɟɥɤɨɜ ɫ ɊɇɄ. Ɉɫɧɨɜɧɵɦɢ ɛɟɥɤɚɦɢ, ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɩɪɨɰɟɫɫɵ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ-ɞɟɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ SR-ɛɟɥɤɨɜ, ɹɜɥɹɸɬɫɹ ɮɟɪɦɟɧɬɵ 

ɬɪёɯ ɫɟɦɟɣɫɬɜ ɤɢɧɚɡ: CDC2-like kinases (CLKs), dual-specificity tyrosine-

regulated kinases (DYRKs), ɢ SR-rich splicing factor protein kinases (SRPKs). 

ɉɪɟɞɩɪɢɧɢɦɚɥɢɫɶ ɩɨɩɵɬɤɢ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ Ⱥɋ ɩɭɬёɦ ɫɨɡɞɚɧɢɹ 

ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɢɧɝɢɛɢɬɨɪɨɜ ɢɯ ɚɤɬɢɜɧɨɫɬɢ, ɤɨɬɨɪɵɟ, ɨɞɧɚɤɨ, ɡɚɤɨɧɱɢɥɢɫɶ 

ɛɟɡɭɫɩɟɲɧɨ [133]. 

2.6.2. ɉɟɪɟɤɥɸɱɚɸɳɢɟ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ 

ɇɚɢɛɨɥɟɟ ɫɩɟɰɢɮɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɦɨɞɭɥɹɰɢɢ Ⱥɋ ɢ ɭɩɪɚɜɥɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ (ɉɋɈ). ɉɋɈ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɦɨɥɟɤɭɥɵ ɢɡ ɧɭɤɥɟɨɬɢɞɨɜ ɢɥɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɚɧɚɥɨɝɨɜ, ɤɨɬɨɪɵɟ 

ɫɩɨɫɨɛɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɉɋɈ ɹɜɥɹɸɬɫɹ 

ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɦɨɥɟɤɭɥɚɦɢ ɢ ɮɚɤɬɨɜ ɢɯ ɩɪɢɪɨɞɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɧɚɣɬɢ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɭɞɚɜɚɥɨɫɶ. Ɍɢɩɢɱɧɵɣ ɪɚɡɦɟɪ ɉɋɈ ɫɨɫɬɚɜɥɹɟɬ 15 – 30 

ɧɭɤɥɟɨɬɢɞɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɤ 

ɬɚɪɝɟɬɧɨɦɭ ɭɱɚɫɬɤɭ ɦɢɲɟɧɢ ɢ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɭɸ ɦɨɥɟɤɭɥɹɪɧɭɸ 
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ɦɚɫɫɭ, ɨɛɥɟɝɱɚɸɳɭɸ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜɧɭɬɪɶ ɤɥɟɬɨɤ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɉɋɈ 

ɫ ɬɚɪɝɟɬɧɵɦ ɭɱɚɫɬɤɨɦ ɦɢɲɟɧɢ ɩɟɪɟɤɪɵɜɚɟɬ ɞɨɫɬɭɩ ɫɭɛɴɟɞɢɧɢɰɚɦ 

ɫɩɥɚɣɫɨɫɨɦɵ ɤ ɫɩɥɚɣɫ-ɫɚɣɬɚɦ ɢɥɢ ɪɟɝɭɥɹɬɨɪɧɵɦ SR-ɛɟɥɤɚɦ ɤ ɰиɫ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɧɚ ɰɟɩɢ ɩɪɟ-ɦɊɇɄ (ɪɢɫ. 11). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɉɋɈ 

ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɞɟɥɟɰɢɸ ɢɥɢ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɨɜ ɜ ɤɨɧɟɱɧɵɣ 

ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ [134].  

 

ɋ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɉɋɈ, ɧɭɤɥɟɨɬɢɞɵ 

ɢɯ ɦɨɥɟɤɭɥ ɩɨɞɜɟɪɝɚɸɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɦɨɞɢɮɢɤɚɰɢɹɦ (ɪɢɫ. 12). ɉɪɟɠɞɟ 

 

Ɋɢɫɭɧɨɤ 11. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɞɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 
ɩɟɪɟɤɥɸɱɚɸɳɢɦɢ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ (ɉɋɈ). ɋɯɟɦɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɤɬɢɜɢɪɭɸɳɟɝɨ Ⱥɋ SR-ɛɟɥɤɚ (ɡɟɥёɧɵɣ SR+ ɨɜɚɥ) ɢ 
ɢɧɝɢɛɢɪɭɸɳɟɝɨ Ⱥɋ SR-ɛɟɥɤɚ (ɪɨɡɨɜɵɣ SR– ɨɜɚɥ) ɫ ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɰиɫ-

ɷɥɟɦɟɧɬɚɦɢ ɧɚ ɢɧɬɪɨɧɟ ɢɥɢ ɷɤɡɨɧɟ (ESE – exonic splicing enhancer, ISS – 

intronic splicing silencer) (Ⱥ). ɋɟɪɵɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ – ɤɨɧɫɬɢɬɭɬɢɜɧɵɟ 
ɷɤɡɨɧɵ. Ƚɨɥɭɛɨɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ – ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɷɤɡɨɧ. ɉɋɈ, ɤɨɬɨɪɵɣ 
ɤɨɦɩɥɟɦɟɧɬɚɪɧɨ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɭɱɚɫɬɤɨɦ ESE, ɢɧɝɢɛɢɪɭɟɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ 
ɧɟɦɭ ɚɤɬɢɜɚɬɨɪɧɨɝɨ SR+ ɛɟɥɤɚ, ɱɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ ɜ 
ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ (Ȼ). ɉɋɈ, ɤɨɬɨɪɵɣ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨ 
ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɭɱɚɫɬɤɨɦ ISE, ɢɧɝɢɛɢɪɭɟɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ ɧɟɦɭ 
ɢɧɝɢɛɢɬɨɪɧɨɝɨ SR– ɛɟɥɤɚ, ɱɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ (ȼ). 
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ɜɫɟɝɨ ɷɬɨ ɤɚɫɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɊɇɄɚɡɵ ɇ, 

ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɚɤɬɢɜɧɨɣ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɧɭɤɥɟɚɡɨɣ ɢ ɧɭɤɥɟɚɡɨɣ 

ɩɥɚɡɦɵ ɤɪɨɜɢ [135]. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɯɢɦɢɱɟɫɤɢɟ ɦɨɞɢɮɢɤɚɰɢɢ ɜɜɨɞɹɬ ɜ 

ɮɨɫɮɚɬɧɵɣ ɨɫɬɨɜ ɢ/ɢɥɢ ɫɚɯɚɪɧɵɣ ɤɨɦɩɨɧɟɧɬ ɨɥɢɝɨɧɭɤɥɟɨɬɢɨɜ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɮɨɫɮɚɬɧɨɝɨ ɨɫɬɨɜɚ ɹɜɥɹɟɬɫɹ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɫɟɪɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɮɨɫɮɨɪɨɬɢɨɚɬɧɨɝɨ ɨɫɬɨɜɚ. 

Ɇɨɞɢɮɢɤɚɰɢɹ ɫɚɯɚɪɧɨɝɨ ɨɫɬɚɬɤɚ ɜ 2’-ɩɨɥɨɠɟɧɢɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɨɣ ɫɬɪɚɬɟɝɢɟɣ ɭɜɟɥɢɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɉɋɈ. ɉɪɢɦɟɧɹɸɬɫɹ 

ɡɚɦɟɧɵ 2’-Ɉ-ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɨɣ (2’-OMe) ɢ 2’-Ɉ-ɦɟɬɨɤɫɢɷɬɢɥɶɧɨɣ 

ɝɪɭɩɩɨɣ (2’-MOE) [136].  

Ɋɢɫɭɧɨɤ 12. ɋɬɪɭɤɬɭɪɵ ɧɭɤɥɟɨɬɢɞɧɵɯ ɚɧɚɥɨɝɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɉɋɈ (ɩɨ Havens M.A. [137] ɫ ɦɨɞɢɮɢɤɚɰɢɹɦɢ). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɦɤɧɭɬɵɯ (ɡɚɤɪɵɬɵɯ) ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɹɜɥɹɟɬɫɹ 

ɫɬɪɚɬɟɝɢɟɣ, ɩɨɡɜɨɥɹɸɳɟɣ ɭɜɟɥɢɱɢɬɶ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɉɋɈ 

ɫ ɬɚɪɝɟɬɧɵɦ ɭɱɚɫɬɤɨɦ. ɗɬɨ ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɢɬɶ ɪɚɡɦɟɪ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚ ɛɟɡ ɩɨɬɟɪɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ. ɋɬɪɚɬɟɝɢɟɣ, ɤɨɬɨɪɚɹ 

ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɫɧɢɠɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɫɜɹɡɵɜɚɬɶɫɹ ɫ 

ɛɟɥɤɚɦɢ ɩɥɚɡɦɵ ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɦɨɪɮɨɥɢɧɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɨ 

ɦɟɠɧɭɤɥɟɨɬɢɞɧɨɦɭ ɮɨɫɮɚɬɭ. Ɍɚɤɚɹ ɡɚɦɟɧɚ ɨɛɧɚɪɭɠɟɧɚ ɜ ɩɪɢɪɨɞɧɵɯ 

ɧɭɤɥɟɨɬɢɞɚɯ ɢ ɞɚёɬ ɧɟɣɬɪɚɥɶɧɵɣ ɡɚɪɹɞ ɜɫɟɣ ɦɨɥɟɤɭɥɟ ɉɋɈ. Ɉɞɧɚɤɨ ɬɚɤɢɟ 

ɉɋɈ ɛɵɫɬɪɨ ɜɵɜɨɞɹɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ ɩɨɱɤɚɦɢ ɢ ɧɟ ɫɩɨɫɨɛɧɵ 

ɚɤɤɭɦɭɥɢɪɨɜɚɬɶɫɹ ɜ ɬɤɚɧɹɯ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɨɫɮɨɪɨɬɢɨɚɬɧɵɦɢ 

ɚɧɚɥɨɝɚɦɢ. Ⱦɥɹ ɨɛɥɟɝɱɟɧɢɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɉɋɈ ɜ ɤɥɟɬɤɢ ɢɯ ɤɨɧɴɸɝɢɪɭɸɬ 
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ɫ ɬɪɚɧɫɩɨɪɬɟɪɧɵɦɢ ɩɟɩɬɢɞɚɦɢ ɢɥɢ ɞɟɧɞɪɢɦɟɪɚɦɢ ɢɡ ɲɟɫɬɢ ɝɭɚɧɢɞɢɧɨɜ 

[138].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɉɋɈ ɫ 

ɰɟɥɶɸ ɬɟɪɚɩɢɢ ɦɧɨɠɟɫɬɜɚ ɩɚɬɨɥɨɝɢɣ, ɜ ɬ.ɱ. ɢ ɨɩɭɯɨɥɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ 

(ɬɚɛɥɢɰɚ 5). Ɉɞɧɚɤɨ, ɥɢɲɶ ɬɨɥɶɤɨ ɉɋɈ, ɜ ɜɢɞɟ ɩɪɟɩɚɪɚɬɨɜ Eteplirsen ɢ 

Kyndrisa, ɫɩɨɫɨɛɧɵɟ ɢɧɝɢɛɢɪɨɜɚɬɶ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 51 ɩɪɟ-ɦɊɇɄ 

ɞɢɫɬɪɨɮɢɧɚ (DMD, Duchenne Muscular Dystrophy) ɢ ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 

ɬɟɪɚɩɢɸ ɦɵɲɟɱɧɨɣ ɞɢɫɬɪɨɮɢɢ Ⱦɸɲɟɧɚ ɩɪɨɯɨɞɢɥɢ ɤɥɢɧɢɱɟɫɤɢɟ 

ɢɫɩɵɬɚɧɢɹ, ɡɚɤɨɧɱɢɜɲɢɟɫɹ ɛɟɡɭɫɩɟɲɧɨ [139]. 

Ɍɚɛɥɢɰɚ 5. ɉɋɈ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ 
ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ. 

Ƚɟɧ ɋɨɛɵɬɢɟ Ⱥɋ Ɉɩɢɫɚɧɢɟ ɞɟɣɫɬɜɢɹ ɋɫɵɥɤɚ 

ATM, ATM 

serine/threonine kinase 

ȼɤɥɸɱɟɧɢɟ ɢɧɬɪɨɧɚ 
28  

ɍɜɟɥɢɱɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 
ɪɚɞɢɚɰɢɢ ɤɥɟɬɨɤ HEK293  

[140] 

BCL2L1, BCL2 like 1 Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ 
ɝɥɢɨɦɵ ɱɟɥɨɜɟɤɚ 

[141] 

BRCA1, BRCA1 DNA 

repair associated 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 11 ɍɫɢɥɟɧɢɟ ɷɮɮɟɤɬɚ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 
PARP ɜ ɤɥɟɬɤɚɯ ɪɚɤɚ ɦɨɥɨɱɧɨɣ 
ɠɟɥɟɡɵ  

[142]] 

ERBB2, erb-b2 

receptor tyrosine 

kinase 2 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 15 ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ ɪɚɤɚ 
ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

[141] 

HER4, erb-b2 receptor 

tyrosine kinase 4 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 26 ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɩɪɨɥɢɮɟɪɚɰɢɢ 
ɤɥɟɬɨɤ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

[143] 

MDM2, MDM2 proto-

oncogene 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 11 ɍɫɢɥɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 
ɩɨɜɪɟɠɞɟɧɢɸ ȾɇɄ ɤɥɟɬɨɤ ɪɚɤɚ 
ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

[144] 

MDM4, MDM4 

regulator of p53 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 6 ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɤɥɟɬɨɤ 
ɦɟɥɚɧɨɦɵ 

[145] 

PKM, pyruvate kinase 

M1/2 

ȼɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 10 ɍɫɢɥɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 
ɯɢɦɢɨɬɟɪɚɩɢɢ ɤɥɟɬɨɤ ɪɚɤɚ 
ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ  

[146] 

STAT3, signal 

transducer and 

activator of 

transcription 3 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ 3' 

ɫɩɥɚɣɫ-ɫɚɣɬ 
ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ ɪɚɤɚ 

ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 
[147] 

WT1, WT1 

transcription factor 

ȼɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 5 ɂɧɞɭɤɰɢɹ ɝɢɛɟɥɢ ɤɥɟɬɨɤ ɥɟɣɤɟɦɢɢ 

ɥɢɧɢɢ HL60 
[148] 
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2.7. Ɋɨɥɶ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ ɜ ɪɟɝɭɥɹɰɢɢ ɢɦɦɭɧɧɨɝɨ 
ɨɬɜɟɬɚ 

ɇɟɨɛɵɱɚɣɧɨ ɜɵɫɨɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɛɟɥɤɨɜɵɯ ɮɨɪɦ, ɝɟɧɟɪɢɪɭɟɦɵɯ 

Ⱥɋ, ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɱɬɨ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɪɟɝɭɥɢɪɭɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɤɚɠɞɵɣ 

ɚɫɩɟɤɬ ɤɥɟɬɨɱɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤɚɠɞɭɸ ɫɢɫɬɟɦɭ 

ɨɪɝɚɧɢɡɦɚ. ɂɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɧɟ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɟɧɢɟɦ. 

ɗɜɨɥɸɰɢɨɧɢɪɨɜɚɜ, ɱɬɨɛɵ ɡɚɳɢɬɢɬɶ ɨɪɝɚɧɢɡɦ ɨɬ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɚɬɨɝɟɧɨɜ, 

ɢɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɬɪɟɛɭɟɬ ɪɚɡɧɨɨɛɪɚɡɢɹ ɛɟɥɤɨɜ, ɢ ɜɤɥɚɞ Ⱥɋ ɜ ɷɬɨ 

ɪɚɡɧɨɨɛɪɚɡɢɟ ɧɚɱɚɥɨ ɢɡɭɱɚɬɶɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ. Ɍ- ɢ ȼ-ɥɢɦɮɨɰɢɬɵ 

ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɷɮɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ ɚɞɚɩɬɢɜɧɨɝɨ ɢɦɦɭɧɧɨɝɨ 

ɨɬɜɟɬɚ, ɢ ɢɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɪɚɡɧɨɨɛɪɚɡɧɵɣ ɪɟɩɟɪɬɭɚɪ ɨɛɨɢɯ ɬɢɩɨɜ 

ɤɥɟɬɨɤ ɞɥɹ ɛɨɪɶɛɵ ɫ ɦɧɨɠɟɫɬɜɨɦ ɩɚɬɨɝɟɧɨɜ. ɂɯ ɩɪɚɜɢɥɶɧɚɹ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɚ, ɫɨɡɪɟɜɚɧɢɟ, ɚɤɬɢɜɚɰɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɢ ɝɢɛɟɥɶ 

ɪɟɝɭɥɢɪɭɟɬɫɹ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ ɩɪɨɰɟɫɫɨɦ Ⱥɋ.  

Ʉɨɧɬɪɨɥɢɪɭɟɦɚɹ ɚɤɬɢɜɚɰɢɹ Ɍ-ɤɥɟɬɨɤ ɜɚɠɧɚ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ 

ɫɨɡɪɟɜɚɧɢɹ Ɍ-ɤɥɟɬɨɤ. Ƚɥɚɜɧɚɹ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɚɤɬɢɜɚɰɢɢ ɩɪɢɧɚɞɥɟɠɚɬ Ɍ-

ɤɥɟɬɨɱɧɨɦɭ ɪɟɰɟɩɬɨɪɭ (TCR, T-cell receptor) ɢ CD28. Butte M. J. ɢ ɫɨɚɜɬ. 

[149] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɤɬɢɜɚɰɢɹ TCR ɢ CD28 ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɭɪɨɜɧɟɣ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɦɧɨɠɟɫɬɜɚ ɝɟɧɨɜ. Ⱥɋ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡ ɷɬɢɯ ɝɟɧɨɜ 

ɢɧɞɭɰɢɪɭɟɬɫɹ ɪɢɛɨɧɭɤɥɟɨɩɪɨɬɟɢɧɨɦ hnRNPLL (heterogeneous nuclear 

ribonucleoprotein L-like). Ɉɞɧɚɤɨ, ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɨɫɥɟɞɫɬɜɢɹ ɢɡɦɟɧɟɧɢɹ 

ɭɪɨɜɧɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜ ɜ ɞɚɧɧɵɯ ɤɥɟɬɤɚɯ ɨɫɬɚɸɬɫɹ 

ɦɚɥɨɢɡɭɱɟɧɧɵɦɢ. Ⱦɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɢɡɭɱɟɧɢɸ 

ɜɥɢɹɧɢɹ Ⱥɋ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɦɨɥɟɤɭɥɵ-ɚɤɬɢɜɚɬɨɪɚ CTLA-4 

(Cytoyoxic T-lymphocyte antigen 4). Ⱥɋ ɟё ɦɊɇɄ ɜ 3’ ɧɟɤɨɞɢɪɭɸɳɟɣ 

ɨɛɥɚɫɬɢ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɫɢɧɬɟɡɚ ɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɵ. 

Ⱦɪɭɝɨɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɦɊɇɄ liCTLA-4 ɫ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 2, ɤɨɬɨɪɵɣ 

ɤɨɞɢɪɭɟɬ ɞɨɦɟɧ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ CD80/CD86, ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ 
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ɢɧɝɢɛɢɬɨɪɚ ɚɤɬɢɜɚɰɢɢ ɢ ɩɪɨɥɢɮɟɪɚɰɢɢ Ɍ-ɤɥɟɬɨɤ, ɱɬɨ, ɤɚɤ ɩɨɥɚɝɚɸɬ, ɢɦɟɟɬ 

ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢɦɦɭɧɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ [150]. 

Ɋɟɰɟɩɬɨɪ ɢɧɬɟɪɥɟɣɤɢɧɚ 7 (IL-7R, Interleukin 7 receptor, CD127), 

ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ CD4+ ɢ CD8+ Ɍ-

ɥɢɦɮɨɰɢɬɨɜ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 6 ɦɊɇɄ IL-7R, 

ɤɨɞɢɪɭɸɳɟɝɨ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ ɛɟɥɤɚ, ɩɪɢɜɨɞɢɬ ɤ ɫɢɧɬɟɡɭ 

ɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɵ ɪɟɰɟɩɬɨɪɚ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɚɤɬɢɜɚɰɢɢ ɥɢɦɮɨɰɢɬɨɜ. 

Ɉɛɧɚɪɭɠɟɧɨ ɧɟɫɤɨɥɶɤɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɫɚɦɨɝɨ IL-7. Ⱦɟɥɟɰɢɹ 

ɷɤɡɨɧɚ 5 ɩɪɢɜɨɞɢɬ ɤ ɭɫɢɥɟɧɢɸ ɫɢɝɧɚɥɥɢɧɝɚ ɩɨ ɩɭɬɢ STAT-5 ɱɟɪɟɡ IL-7R ɢ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɝɢɛɟɥɢ ɥɢɦɮɨɰɢɬɨɜ [151].  

Ɍɚɤɠɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ Ⱥɋ ɩɪɟ-ɦɊɇɄ PTPRC (protein tyrosine 

phosphatase receptor type C) ɪɟɝɭɥɢɪɭɟɬ ɭɪɨɜɟɧɶ ɥɢɦɮɨɰɢɬɚɪɧɨɝɨ ɚɧɬɢɝɟɧɚ 

CD45RA, ɱɬɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɤɨɥɢɱɟɫɬɜɨɦ Ɍ-ɤɥɟɬɨɤ ɩɚɦɹɬɢ [152]. 

Ⱥɋ ɩɪɟ-ɦɊɇɄ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɣ ɬɢɪɨɡɢɧɤɢɧɚɡɵ CD45 ɧɚɢɛɨɥɟɟ 

ɩɨɥɧɨɰɟɧɧɨ. Ɉɛɧɚɪɭɠɟɧɨ ɩɹɬɶ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɞɚɧɧɨɝɨ ɛɟɥɤɚ: 

CD45RABC, ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ (ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɨɜ 4 – 6), 

CD45RAB (ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɨɜ 4 ɢ 5), CD45RB (ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɨɜ 5 ɢ 6), 

CD45RB (ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 5) ɢ CD45RɈ (ɞɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 4 – 6). ȼ 

ɩɟɪɢɮɟɪɢɱɟɫɤɢɯ Ɍ-ɤɥɟɬɤɚɯ ɞɟɥɟɰɢɹ ɬɪёɯ ɷɤɡɨɧɨɜ (ɷɤɡɨɧɵ 4, 5 ɢ 6) 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɜɵɫɨɤɨ ɝɥɢɤɨɡɢɥɢɪɨɜɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɦɨɥɟɤɭɥɵ, 

ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡɚ ɞɢɦɟɪɢɡɚɰɢɸ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

Ɍɚɤɨɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɤɨɞɢɪɭɟɬ ɭɤɨɪɨɱɟɧɧɭɸ ɦɨɥɟɤɭɥɭ CD45 ɫ ɧɢɡɤɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɤɥɟɬɨɱɧɨɣ ɚɤɬɢɜɚɰɢɢ ɢ, ɤɚɤ ɩɨɥɚɝɚɸɬ, ɫɥɭɠɢɬ ɦɟɯɚɧɢɡɦɨɦ 

ɩɨɞɞɟɪɠɚɧɢɹ Ɍ-ɤɥɟɬɨɱɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ [153].  

Ɍ-ɤɥɟɬɨɱɧɵɣ ɪɟɰɟɩɬɨɪ CD3 ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɨɦ, ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ 

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɚɧɬɢɝɟɧɨɜ, ɩɪɟɡɟɧɬɢɪɨɜɚɧɧɵɯ ɝɥɚɜɧɵɦ ɤɨɦɩɥɟɤɫɨɦ 

ɝɢɫɬɨɫɨɜɦɟɫɬɢɦɨɫɬɢ. ɍɪɨɜɟɧɶ ɫɢɧɬɟɡɚ ɰɟɩɢ CD3ζ ɨɩɪɟɞɟɥɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ 

Ɍ-ɤɥɟɬɨɤ ɤ ɚɤɬɢɜɚɰɢɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ Ⱥɋ ɷɤɡɨɧɚ 8 ɦɊɇɄ CD3ζ ɨɩɪɟɞɟɥɹɟɬ 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɣ ɦɨɥɟɤɭɥɵ [154]. 3’-ɧɟɬɪɚɧɫɥɢɪɭɟɦɚɹ 
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ɨɛɥɚɫɬɶ ɦɊɇɄ ɞɚɧɧɨɝɨ ɝɟɧɚ ɫɨɞɟɪɠɢɬ AU-ɛɨɝɚɬɵɟ ɭɱɚɫɬɤɢ ɢ ɨɞɢɧ ɢɧɬɪɨɧ. 

Ⱥɋ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɞɟɥɟɰɢɢ ɞɚɧɧɨɝɨ ɢɧɬɪɨɧɚ, ɩɪɢɜɨɞɢɬ ɤ 

ɭɞɚɥɟɧɢɸ ɞɜɭɯ AU-ɛɨɝɚɬɵɯ ɭɱɚɫɬɤɨɜ, ɢɧɝɢɛɢɪɨɜɚɧɢɸ CD3ζ-

ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɥɢɧɝɚ ɢ ɩɨɧɢɠɟɧɢɸ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ 

[155].  

Ɍɢɪɨɡɢɧɤɢɧɚɡɚ FYN (FYN proto-oncogene) ɭɱɚɫɬɜɭɟɬ ɜ ɩɟɪɟɞɚɱɟ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɫɢɝɧɚɥɥɢɧɝɚ, ɚ ɬɚɤɠɟ ɫɨɡɪɟɜɚɧɢɢ ɢ ɚɤɬɢɜɚɰɢɢ Ɍ-ɤɥɟɬɨɤ. 

Ⱥɋ ɷɤɡɨɧɚ 7 ɦɊɇɄ FYN ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɬɨɜ 7ɚ ɢ 7b ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɬɟɪɟ ɞɨɦɟɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɭɛɫɬɪɚɬɨɦ ɢ ɞɨɦɟɧɚ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ. 

ȼ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ FYN7b, ɧɚɛɥɸɞɚɟɬɫɹ 

ɛɨɥɟɟ ɚɤɬɢɜɧɚɹ ɦɨɛɢɥɢɡɚɰɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɤɚɥɶɰɢɹ ɢ ɩɨɜɵɲɟɧɧɚɹ 

ɫɟɤɪɟɰɢɹ IL-2 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɟɬɤɚɦɢ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦɢ FYN7a. 

Ɉɞɧɚɤɨ ɭɤɨɪɨɱɟɧɧɵɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ɧɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɤɥɟɬɨɱɧɨɣ 

ɚɤɬɢɜɚɰɢɢ ɜ ɨɬɜɟɬ ɧɚ ɞɟɣɫɬɜɢɟ ɩɚɬɨɝɟɧɚ [156].  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ LEF1 (Lymphocyte enhancer factor 1) 

ɚɤɬɢɜɢɪɭɟɬ ɷɤɫɩɪɟɫɫɢɸ Ɍ-ɤɥɟɬɨɱɧɨɝɨ ɪɟɰɟɩɬɨɪɚ α (TCRα) ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ 

ɫ ɷɧɯɚɧɫɟɪɨɦ ɝɟɧɚ. ɗɤɡɨɧ 6 LEF1 ɤɨɞɢɪɭɟɬ ɞɨɦɟɧ ɫɜɹɡɵɜɚɧɢɹ ɫ ɷɧɯɚɧɫɟɪɨɦ 

ɝɟɧɚ. Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 6 ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ TCRα. 

ɂɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ LEF1 ɨɛɧɚɪɭɠɟɧɨ ɜ ɬɢɦɭɫɟ ɜ Ɍ-

ɥɢɦɮɨɰɢɬɚɯ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɡɪɟɥɨɫɬɢ. ɉɨɥɚɝɚɸɬ, ɱɬɨ Ⱥɋ LEF1 ɹɜɥɹɟɬɫɹ 

ɪɟɝɭɥɹɬɨɪɨɦ ɚɤɬɢɜɚɰɢɢ Ɍ-ɤɥɟɬɨɤ ɱɟɪɟɡ TCRα ɩɪɢ ɫɨɡɪɟɜɚɧɢɢ ɜ ɬɢɦɭɫɟ 

[157].  

2.7.1. Ɋɨɥɶ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ ɩɪɢ ɚɭɬɨɢɦɦɭɧɧɵɯ 
ɩɪɨɰɟɫɫɚɯ  

Ɂɧɚɧɢɟ ɦɟɯɚɧɢɡɦɨɜ, ɩɨ ɤɨɬɨɪɵɦ Ⱥɋ ɪɟɝɭɥɢɪɭɟɬ ɧɨɪɦɚɥɶɧɵɣ 

ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ ɜɚɠɧɨ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɩɚɬɨɝɟɧɟɡɚ 

ɡɚɛɨɥɟɜɚɧɢɣ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɫɩɨɫɨɛɨɜ ɢɯ ɬɟɪɚɩɢɢ. Ƚɢɛɟɥɶ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɝɨɦɟɨɫɬɚɡɚ ɢ 

ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɫɬɜɚ ɤɨɥɢɱɟɫɬɜɚ ɥɢɦɮɨɰɢɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ 
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ɩɚɬɨɝɟɧɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨɪɨɜ, ɤɨɨɪɞɢɧɢɪɭɸɳɢɯ ɩɪɨɰɟɫɫɵ 

ɚɩɨɩɬɨɡɚ, ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɪɨɰɟɫɫɨɦ Ⱥɋ ɢɯ ɩɪɟ-ɦɊɇɄ (ɫɦ. ɬɚɛɥɢɰɭ 3.) [158]. 

ȼɥɢɹɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɢɡɭɱɟɧɨ ɜ ɬ.ɱ. ɢ ɧɚ ɤɥɟɬɤɚɯ 

ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ. ɇɚɪɭɲɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɝɢɛɟɥɢ 

ɢɦɦɭɧɧɵɯ ɤɥɟɬɨɤ ɜɟɞёɬ ɤ ɪɚɡɜɢɬɢɸ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. Ʉɚɤ ɢ ɜ 

ɫɥɭɱɚɟ ɫ ɞɪɭɝɢɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ, ɜ ɩɚɬɨɝɟɧɟɡɟ ɤɨɬɨɪɵɯ ɡɚɞɟɣɫɬɜɨɜɚɧɵ 

ɩɪɨɰɟɫɫɵ Ⱥɋ, ɚɭɬɨɢɦɦɭɧɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɤɚɤ ɦɭɬɚɰɢɹɦɢ 

ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ (ɰиɫ-ɷɥɟɦɟɧɬɚɯ), ɬɚɤ ɢ 

ɧɚɪɭɲɟɧɢɹɦɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɧɵɯ ɛɟɥɤɨɜ (ɬɪаɧɫ-ɷɥɟɦɟɧɬɨɜ).  

Ɋɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ 

ɧɟɣɪɨɞɟɝɟɧɟɪɚɬɢɜɧɵɦ ɡɚɛɨɥɟɜɚɧɢɟɦ ɰɟɧɬɪɚɥɶɧɨɣ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ. 

Ɂɚɛɨɥɟɜɚɧɢɟ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɜɪɟɠɞɟɧɢɹ ɦɢɟɥɢɧɨɜɨɣ ɨɛɨɥɨɱɤɢ 

ɚɤɫɨɧɨɜ ɚɭɬɨɪɟɚɤɬɢɜɧɵɦɢ ɥɢɦɮɨɰɢɬɚɦɢ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ CD8+ ɢ CD4+), 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɜɨɞɢɬɶ ɧɟɪɜɧɵɟ ɢɦɩɭɥɶɫɵ [159].  

ȼɨɜɥɟɱɟɧɧɨɫɬɶ ȺC ɩɪɟ-ɦɊɇɄ IL7R ɜ ɪɚɡɜɢɬɢɟ ɪɚɫɫɟɹɧɧɨɝɨ ɫɤɥɟɪɨɡɚ 

ɩɨɞɬɜɟɪɠɞɟɧɨ ɜ ɧɟɫɤɨɥɶɤɢɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɨɞɧɚɤɨ ɬɨɱɧɵɣ 

ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɪɚɡɜɢɬɢɟ ɩɚɬɨɥɨɝɢɢ ɨɫɬɚёɬɫɹ ɧɟ 

ɢɡɭɱɟɧɧɵɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭ ɛɨɥɶɧɵɯ ɪɚɫɫɟɹɧɧɵɦ ɫɤɥɟɪɨɡɨɦ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɩɪɟɨɛɥɚɞɚɟɬ ɪɚɫɬɜɨɪɢɦɚɹ ɮɨɪɦɚ IL7R, ɤɨɞɢɪɭɟɦɚɹ ɦɊɇɄ ɫ ɞɟɥɟɰɢɟɣ 

ɷɤɡɨɧɚ 6. ɇɭɤɥɟɨɬɢɞɧɚɹ ɡɚɦɟɧɚ 2441T→C ɢ ɫɨɩɪɹɠёɧɧɵɣ ɫ ɧɟɣ 

ɧɭɤɥɟɨɬɢɞɧɵɣ ɩɨɥɢɦɨɪɮɢɡɦ rs6897932 ɜɵɡɵɜɚɸɬ ɫɢɧɬɟɡ ɭɤɨɪɨɱɟɧɧɨɝɨ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɫ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 6 ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ [160]. 

Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɟɧɵ ɢ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ in vivo.  

ɂɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ CTLA-4 ɨɛɧɚɪɭɠɟɧɨ ɩɪɢ ɪɹɞɟ 

ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ (ɚɭɬɨɢɦɦɭɧɧɵɣ ɝɢɩɨɬɢɪɟɨɡ, ɛɨɥɟɡɧɶ Ƚɪɟɣɜɫɚ, 

ɞɢɚɛɟɬ 1-ɝɨ ɬɢɩɚ ɢ ɦɢɚɫɬɟɧɢɹ Ƚɪɚɜɢɫ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɛɨɥɶɧɵɯ ɩɪɟɨɛɥɚɞɚɟɬ ɫɢɧɬɟɡ ɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɵ, ɤɨɞɢɪɭɟɦɨɣ ɦɊɇɄ ɫ 

ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 3, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɢɧɬɟɡ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ 

ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɨɣ ɮɨɪɦɵ ɩɨɧɢɠɟɧ [161].  
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ɍ ɛɨɥɶɧɵɯ ɪɚɫɫɟɹɧɧɵɦ ɫɤɥɟɪɨɡɨɦ ɨɛɧɚɪɭɠɟɧɨ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ CD45. ɇɭɤɥɟɨɬɢɞɧɚɹ ɡɚɦɟɧɚ 77ɋ→G ɜ ɷɤɡɨɧɟ 4 ɩɪɢɜɨɞɢɬ 

ɤ ɟɝɨ ɞɟɥɟɰɢɢ ɢ ɫɢɧɬɟɡɭ ɭɞɥɢɧёɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ, ɨɛɥɚɞɚɸɳɟɝɨ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɞɢɦɟɪɢɡɚɰɢɢ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɬɚɤɨɝɨ ɛɟɥɤɚ ɢ 

ɫɢɝɧɚɥɢɧɝ Ɍ-ɤɥɟɬɨɱɧɨɝɨ ɪɟɰɟɩɬɨɪɚ. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɢɦɟɧɧɨ ɬɚɤɚɹ ɚɤɬɢɜɚɰɢɹ 

ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɪɚɡɜɢɬɢɹ ɚɭɬɨɢɦɦɭɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Ɍ-ɤɥɟɬɨɤ ɤ ɦɢɟɥɢɧɨɜɨɣ 

ɨɛɨɥɨɱɤɟ ɧɟɣɪɨɧɨɜ. ɇɭɤɥɟɨɬɢɞɧɚɹ ɡɚɦɟɧɚ 138G→A ɜ ɷɤɡɨɧɟ 6, ɧɚɩɪɨɬɢɜ, 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɧɨɦɭ ɫɢɧɬɟɡɭ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ, ɱɬɨ 

ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɥɢɦɮɨɰɢɬɚɯ ɩɚɰɢɟɧɬɨɜ ɫ ɛɨɥɟɡɧɶɸ Ƚɪɟɣɜɫɚ ɢ ɩɪɢ 

ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ [162].  

2.8. Ɍɟɥɨɦɟɪɚɡɚ ɢ ɪɨɥɶ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 
ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ ɱɟɥɨɜɟɤɚ hTERT ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɢ 
ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɚɯ 

ɇɚ ɤɨɧɰɚɯ ɯɪɨɦɨɫɨɦ ɜɫɟɯ ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɯ ɢ ɧɟɤɨɬɨɪɵɯ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɡɦɨɜ ɫ ɥɢɧɟɣɧɨɣ ȾɇɄ ɪɚɫɩɨɥɨɠɟɧɵ ɬɟɥɨɦɟɪɵ – 

ȾɇɄ-ɛɟɥɤɨɜɵɟ ɤɨɦɩɥɟɤɫɵ. Ⱦɥɢɧɚ ɬɟɥɨɦɟɪ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 50 – 200 

ɧɭɤɥɟɨɬɢɞɨɜ ɩɪɢ ɤɚɠɞɨɦ ɰɢɤɥɟ ɪɟɩɥɢɤɚɰɢɢ, ɩɨɷɬɨɦɭ ɤɥɟɬɤɢ ɫɩɨɫɨɛɧɵ 

ɞɟɥɢɬɶɫɹ ɥɢɲɶ ɨɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ ɪɚɡ («ɥɢɦɢɬ ɏɷɣɮɥɢɤɚ»). ȼ 1973 ɝ. 

Ⱥ.Ɇ. Ɉɥɨɜɧɢɤɨɜ ɨɛɴɹɫɧɢɥ ɞɚɧɧɵɣ ɮɟɧɨɦɟɧ, ɩɪɟɞɥɨɠɢɜ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ 

ɫɱёɬɱɢɤɚ ɞɟɥɟɧɢɣ. ȿɝɨ ɝɢɩɨɬɟɡɚ ɨɫɧɨɜɵɜɚɥɚɫɶ ɧɚ ɬɨɦ, ɱɬɨ ɩɪɢ ɦɚɬɪɢɱɧɨɦ 

ɫɢɧɬɟɡɟ ɯɪɨɦɨɫɨɦɵ ɤɚɠɞɚɹ ɜɨɡɧɢɤɲɚɹ ɤɨɩɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɪɨɱɟ 

ɩɪɟɞɵɞɭɳɟɣ, ɢ ɱɬɨ ɫ ɷɬɢɦ ɫɜɹɡɚɧɨ ɨɝɪɚɧɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɱɧɵɯ 

ɞɟɥɟɧɢɣ, ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɬɨɪɵɯ ɢɫɱɟɪɩɵɜɚɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɞɨɫɬɢɝɚɟɬɫɹ 

ɤɪɢɬɢɱɟɫɤɨɟ ɭɤɨɪɨɱɟɧɢɟ ɦɨɥɟɤɭɥɵ ȾɇɄ [163]. 

Ɍɟɥɨɦɟɪɚɡɚ – ɪɢɛɨɧɭɤɥɟɨɩɪɨɬɟɢɧɨɜɵɣ ɤɨɦɩɥɟɤɫ, ɫɢɧɬɟɡɢɪɭɸɳɢɣ 

ɬɟɥɨɦɟɪɧɵɟ ɩɨɜɬɨɪɵ ȾɇɄ ɤɨɧɰɚɯ ɯɪɨɦɨɫɨɦ ɱɟɥɨɜɟɤɚ. Ɉɫɧɨɜɧɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɬɟɥɨɦɟɪɚɡɵ ɱɟɥɨɜɟɤɚ ɹɜɥɹɟɬɫɹ hTR (Human Telomerase 

RNA), ɫɥɭɠɚɳɚɹ ɦɚɬɪɢɰɟɣ ɞɥɹ ɫɢɧɬɟɡɚ ɬɟɥɨɦɟɪ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ 

ɫɭɛɴɟɞɢɧɢɰɚ hTERT (Human Telomerase Reverse Transcriptase), 
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ɨɛɥɚɞɚɸɳɚɹ ɨɛɪɚɬɧɨ ɬɪɚɧɫɤɪɢɩɬɚɡɧɨɣ (ɈɌ) ɚɤɬɢɜɧɨɫɬɶɸ ɢ 

ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ ɫɢɧɬɟɡ ɬɟɥɨɦɟɪɧɵɯ ɩɨɜɬɨɪɨɜ ɧɚ ɦɚɬɪɢɰɟ hTR [164]. 

Ɋɟɚɤɰɢɨɧɧɵɣ ɰɢɤɥ ɬɟɥɨɦɟɪɚɡɵ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 13.  

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 13. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɚɤɰɢɨɧɧɨɝɨ ɰɢɤɥɚ ɬɟɥɨɦɟɪɚɡɵ 
ɱɟɥɨɜɟɤɚ (ɩɨ Ɇ.ɗ. Ɂɜɟɪɟɜɨɣ ɢ ɫɨɚɜɬ. [167] ɫ ɢɡɦɟɧɟɧɢɹɦɢ). ɐɢɮɪɚɦɢ 
ɨɛɨɡɧɚɱɟɧɵ ɩɨɥɨɠɟɧɢɹ ɬɟɥɨɦɟɪɚɡɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 3’ ɤɨɧɰɭ ɯɪɨɦɨɫɨɦɵ 
ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ: 1 – ɬɟɥɨɦɟɪɚɡɧɵɣ ɤɨɦɩɥɟɤɫ ɧɟ ɫɜɹɡɚɧ ɫ 
ɯɪɨɦɨɫɨɦɨɣ; 2 – ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɦɚɬɪɢɰɵ hTR ɤ ɯɪɨɦɨɫɨɦɟ; 3 – ɫɬɚɞɢɹ 
ɷɥɨɧɝɚɰɢɢ, ɫɢɧɬɟɡ ɬɟɥɨɦɟɪɧɨɝɨ ɩɨɜɬɨɪɚ; 4 – ɡɚɜɟɪɲɟɧɢɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 
ɨɞɧɨɝɨ ɬɟɥɨɦɟɪɧɨɝɨ ɩɨɜɬɨɪɚ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɬɟɥɨɦɟɪɚɡɚ ɫɩɨɫɨɛɧɚ ɜɫɬɭɩɚɬɶ 
ɜ ɰɢɤɥ ɫɢɧɬɟɡɚ ɫɥɟɞɭɸɳɟɝɨ ɬɟɥɨɦɟɪɚ ɢɥɢ ɞɢɫɫɨɰɢɢɪɨɜɚɬɶ (ɨɬɞɟɥɹɬɶɫɹ ɨɬ 
ɯɪɨɦɨɫɨɦɵ). 

ȼ ɫɨɦɚɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɨɛɧɚɪɭɠɟɧɚ ɜ 

ɨɩɥɨɞɨɬɜɨɪёɧɧɵɯ ɹɣɰɟɤɥɟɬɤɚɯ, ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɥɢɦɮɚɰɢɬɚɯ ɢ ɧɟɤɨɬɨɪɵɯ 

ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɤɚɯ, ɚ ɬɚɤɠɟ ɜ ɬɤɚɧɹɯ ɩɪɢ ɷɦɛɪɢɨɧɚɥɶɧɨɦ ɪɚɡɜɢɬɢɢ [165]. ȼ 

ɞɪɭɝɢɯ ɤɥɟɬɤɚɯ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɧɚ ɧɢɡɤɨɦ ɭɪɨɜɧɟ 

ɢɥɢ ɠɟ ɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɜɫɟɦ [166]. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɩɨɫɬɨɹɧɧɨɟ 

ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɜ ɬɚɤɢɯ ɤɥɟɬɤɚɯ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɟɟ ɪɟɩɥɢɤɚɬɢɜɧɨɟ 
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ɫɬɚɪɟɧɢɟ ɹɜɥɹɸɬɫɹ ɛɚɪɶɟɪɨɦ ɞɥɹ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ, ɚ 

ɚɤɬɢɜɚɰɢɹ ɬɟɥɨɦɟɪɚɡɵ ɜɵɡɵɜɚɟɬ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɤɥɟɬɨɱɧɵɣ ɪɨɫɬ, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɩɪɢɡɧɚɤɨɦ ɤɚɧɰɟɪɨɝɟɧɟɡɚ.  

90% ɨɩɭɯɨɥɟɣ ɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ ɨɛɥɚɞɚɸɬ ɚɤɬɢɜɧɨɣ 

ɬɟɥɨɦɟɪɚɡɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɥɢɧɭ ɬɟɥɨɦɟɪ ɧɚ ɭɪɨɜɧɟ 

ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɩɪɨɥɢɮɢɪɚɰɢɢ, ɨɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ 

ɤɥɟɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɬɟɥɨɦɟɪɵ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɛɟɡ ɭɱɚɫɬɢɹ ɬɟɥɨɦɟɪɚɡɵ ɩɨ 

ɚɥɶɬɟɪɧɚɬɢɜɧɨɦɭ ɩɭɬɢ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ.  

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɬɟɥɨɦɟɪɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ 

ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ hTERT ɜ ɤɥɟɬɤɟ. Yi ɢ ɫɨɚɜɬ. [166] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ 

ɨɬɞɟɥɶɧɨɣ ɤɥɟɬɤɟ ɧɨɪɦɚɥɶɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ ɫɨɞɟɪɠɢɬɫɹ ɞɨ 10 ɬɵɫ. 

ɦɨɥɟɤɭɥ hTR ɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜ 10 ɪɚɡ ɛɨɥɶɲɟ ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɫ 

ɚɤɬɢɜɧɨɣ ɬɟɥɨɦɟɪɚɡɨɣ. Ʉɨɥɢɱɟɫɬɜɨ ɠɟ ɦɊɇɄ hTERT ɜ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɹɯ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɜɚɪɶɢɪɭɟɬ ɨɬ 20 ɞɨ 40, ɧɚ ɦɚɬɪɢɰɟ ɤɨɬɨɪɵɯ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɨɤɨɥɨ 50 ɦɨɥɟɤɭɥ hTERT ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɦɨɥɟɤɭɥɵ 

hTR ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ ɬɪёɯ ɧɟɞɟɥɶ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɊɇɄ 2–3 ɱɚɫɚ [426]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟ-ɦɊɇɄ hTERT ɩɨɞɜɟɪɝɚɟɬɫɹ Ⱥɋ ɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ, ɬɨɥɶɤɨ 1–2 

ɦɊɇɄ ɤɨɞɢɪɭɸɬ ɩɨɥɧɨɪɚɡɦɟɪɧɭɸ ɦɨɥɟɤɭɥɭ [166]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Ⱥɋ 

ɫɥɭɠɢɬ ɫɜɨɟɝɨ ɪɨɞɚ «ɪɟɝɭɥɹɬɨɪɨɦ ɬɨɱɧɨɣ ɧɚɫɬɪɨɣɤɢ» ɌȺ, ɤɨɬɨɪɚɹ ɧɟ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɬɨɥɶɤɨ ɧɚ ɭɪɨɜɧɟ ɬɪɚɧɫɤɪɢɩɰɢɢ [170]. ɉɨɹɜɥɹɟɬɫɹ 

ɜɫɟ ɛɨɥɶɲɟ ɞɚɧɧɵɯ ɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɢɡɨɮɨɪɦ hTERT, ɢɯ 

ɜɥɢɹɧɢɢ ɧɚ ɌȺ, ɚ ɬɚɤɠɟ ɢɯ ɪɨɥɢ ɩɪɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɚɯ. 

2.8.1. ɗɧɞɨɝɟɧɧɚɹ ɪɟɝɭɥɹɰɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ 

Ɍɟɥɨɦɟɪɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɷɬɨɝɨ ɮɟɪɦɟɧɬɚ ɜ 

ɤɥɟɬɤɟ, ɱɬɨ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɩɪɟɠɞɟ 

ɜɫɟɝɨ ɝɟɧɨɜ ɝɥɚɜɧɵɯ ɫɭɛɴɟɞɢɧɢɰ ɬɟɥɨɦɟɪɚɡɵ (hTERT ɢ hTR), 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɝɟɧɨɦɟ ɱɟɥɨɜɟɤɚ ɬɨɥɶɤɨ ɨɞɧɨɣ ɤɨɩɢɟɣ. ȼɪɟɦɹ ɩɨɥɭɠɢɡɧɢ 

hTERT (24 ɱ) ɝɨɪɚɡɞɨ ɤɨɪɨɱɟ, ɱɟɦ ɭ hTR (5 ɞɧɟɣ), ɤɨɬɨɪɚɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ 
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ɤɥɟɬɤɟ ɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɗɬɨ, ɜɨɡɦɨɠɧɨ, ɞɚёɬ 

ɹɞɟɪɧɨɣ hTR ɤɨɧɤɭɪɟɧɬɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɊɇɄ ɢ 

ɪɟɚɥɢɡɚɰɢɸ ɜ ɹɞɪɟ ɢɦɟɧɧɨ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ TERT. Ⱦɪɭɝɢɦɢ 

ɫɥɨɜɚɦɢ, ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɩɪɨɹɜɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ TERT ɡɚɜɢɫɹɬ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɨɬ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ hTERT. ɉɨɤɚɡɚɧɨ ɬɚɤɠɟ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɝɟɧɚ 

hTERT ɜ ɤɥɟɬɤɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɜ ɧɢɯ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ 

ɢɦɦɨɪɬɚɥɢɡɚɰɢɢ ɤɥɟɬɨɤ [171], ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɞɪɭɝɢɯ 

ɮɭɧɤɰɢɣ TERT [172]. 

ȼ ɪɟɝɭɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ hTERT ɭɱɚɫɬɜɭɸɬ ɦɧɨɝɢɟ ɮɚɤɬɨɪɵ 

ɬɪɚɧɫɤɪɢɩɰɢɢ (ɬɚɛɥɢɰɚ 6). ɇɟɤɨɬɨɪɵɟ ɮɚɤɬɨɪɵ, ɫɬɢɦɭɥɢɪɭɸɳɢɟ 

ɷɤɫɩɪɟɫɫɢɸ hTERT, ɦɨɝɭɬ ɚɤɬɢɜɢɪɨɜɚɬɶ ɨɧɤɨɝɟɧɵ. ɇɚɩɪɢɦɟɪ, ɮɚɤɬɨɪ 

STAT3 (Signal Transducer and Activator of Transcription), ɤɨɬɨɪɵɣ 

ɮɨɫɮɨɪɢɥɢɪɭɟɬɫɹ ɤɢɧɚɡɚɦɢ Src ɢ Jak, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɦɛɪɚɧɧɵɯ 

ɪɟɰɟɩɬɨɪɨɜ ɫ ɮɚɤɬɨɪɚɦɢ ɪɨɫɬɚ ɢ ɰɢɬɨɤɢɧɚɦɢ ɢ ɚɤɬɢɜɢɪɭɟɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ hTERT ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ, ɩɪɢɱёɦ 

STAT3 ɦɨɠɟɬ ɚɤɬɢɜɢɪɨɜɚɬɶ ɢ ɨɧɤɨɝɟɧɵ. Ⱥɦɩɥɢɮɢɤɚɰɢɹ ɯɪɨɦɨɫɨɦɧɨɝɨ 

ɥɨɤɭɫɚ, ɤɨɬɨɪɵɣ ɤɨɞɢɪɭɟɬ hTERT ɢɥɢ hTR, ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɭɪɨɜɧɹ ɚɤɬɢɜɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɤɥɟɬɤɚɯ ɢ ɢɯ ɨɧɤɨɬɪɚɧɫɮɨɪɦɚɰɢɟɣ [173]. 

Ⱥɤɬɢɜɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɚ hTERT ɦɨɝɭɬ ɩɪɢɪɨɞɧɵɟ 

ɪɟɝɭɥɹɬɨɪɧɵɟ ɩɟɩɬɢɞɵ, ɧɚɩɪɢɦɟɪ ɤɨɦɩɥɟɤɫ ɩɟɩɬɢɞɨɜ ɷɩɢɮɢɡɚ [174]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɟɬɢɥɢɪɨɜɚɧɢɟ ȾɇɄ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ 

ɝɟɧɨɜ. Ɉɞɧɚɤɨ ɜɥɢɹɧɢɟ ɷɬɨɣ ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚ 

ɬɪɚɧɫɤɪɢɩɰɢɸ ɝɟɧɚ hTERT ɧɟɨɞɧɨɡɧɚɱɧɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɫɚɣɬɨɜ ɦɟɬɢɥɢɪɨɜɚɧɢɹ. Ɍɚɤ, ɧɟ ɜɵɹɜɥɟɧɨ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɫɬɟɩɟɧɶɸ 

ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɭɱɚɫɬɤɚ ɪɚɡɦɟɪɨɦ 550 ɩ.ɧ. ɝɟɧɚ hTERT (–500…+50) ɢ 

ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɷɬɨɝɨ ɝɟɧɚ. Ƚɢɩɟɪɦɟɬɢɥɢɪɨɜɚɧɢɟ ɭɱɚɫɬɤɚ –441…–218 

ɜ ɩɪɨɦɨɬɨɪɟ ɝɟɧɚ hTERT ɨɛɧɚɪɭɠɟɧɨ ɜɨ ɜɫɟɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ, 

ɨɛɥɚɞɚɸɳɢɯ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɚ ɜɨ ɜɫɟɯ ɧɟɝɚɬɢɜɧɵɯ ɩɨ 
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ɬɟɥɨɦɟɪɚɡɟ ɨɛɪɚɡɰɚɯ ɨɬɦɟɱɟɧɨ ɝɢɩɨɦɟɬɢɥɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɭɱɚɫɬɤɚ [175]. 

ɉɪɢɱɢɧɵ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɧɟ ɭɫɬɚɧɨɜɥɟɧɵ.  

Ɍɚɛɥɢɰɚ 6. Ɋɟɝɭɥɹɰɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ hTERT ɢ ɚɤɬɢɜɧɨɫɬɢ 

ɬɟɥɨɦɟɪɚɡɵ (ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ ɢɡ ɢɫɬɨɱɧɢɤɨɜ [172,175–180]) 

ɉɨɡɢɬɢɜɧɚɹ ɪɟɝɭɥɹɰɢɹ ɇɟɝɚɬɢɜɧɚɹ ɪɟɝɭɥɹɰɢɹ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɢ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɭɪɨɜɟɧɶ 

Ɏɚɤɬɨɪ ɬɪɚɧɫɤɪɢɩɰɢɢ Sp1 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɩɹɬɶɸ GC-ɛɨɤɫɚɦɢ ɜ 
ɩɪɨɦɨɬɨɪɟ hTERT ɉɪɨɞɭɤɬ ɨɧɤɨɝɟɧɚ c-

Myc (ɝɨɦɨɥɨɝ ɨɧɤɨɝɟɧɚ v) myc ɜɢɪɭɫɚ 
ɦɢɟɥɨɰɢɬɨɦɚɬɨɡɚ) ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ȿ-

ɛɨɤɫɚɦɢ ɩɪɨɦɨɬɨɪɚ hTERT – CACGTC  

ER (ɪɟɰɟɩɬɨɪ ɷɫɬɪɨɝɟɧɨɜ) α ɢ ȕ 

NF-κB (ɹɞɟɪɧɵɣ ɮɚɤɬɨɪ kB) ɚɤɬɢɜɢɪɭɟɬ 
ɝɟɧ hTERT 

USF (ɜɵɲɟɥɟɠɚɳɢɣ ɫɬɢɦɭɥɢɪɭɸɳɢɣ 
ɮɚɤɬɨɪ) 1 ɢ 2 ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ȿ-

ɛɨɤɫɚɦɢ ɜ ɩɪɨɦɨɬɨɪɟ hTERT 

E6 (ɛɟɥɨɤ E6 ɩɚɩɢɥɥɨɦɚɜɢɪɭɫɚ ɱɟɥɨɜɟɤɚ 
ɬɢɩɚ 16) ɚɤɬɢɜɢɪɭɟɬ hTERT ɱɟɪɟɡ ȿ-ɛɨɤɫɵ 
ɢ GC-ɛɨɤɫɵ ɩɪɨɦɨɬɨɪɚ LANA 

(ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɣ ɫ ɥɚɬɟɧɬɧɨɫɬɶɸ 
ɹɞɟɪɧɵɣ ɚɧɬɢɝɟɧ ɝɟɪɩɟɫɜɢɪɭɫɚ, 
ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɫ ɫɚɪɤɨɦɨɣ Ʉɚɩɨɲɢ) 
ɚɤɬɢɜɢɪɭɟɬ hTERT ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 
SP1 ɜ ɩɪɨɦɨɬɨɪɟ STAT3 (ɩɟɪɟɧɨɫɱɢɤ 
ɫɢɝɧɚɥɚ ɢ ɚɤɬɢɜɚɬɨɪ ɬɪɚɧɫɤɪɢɩɰɢɢ) 
ɚɤɬɢɜɢɪɭɟɬ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɚ hTERT ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɨɧɫɟɧɫɭɫɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɜ ɟɝɨ ɩɪɨɦɨɬɨɪɟ 
ɌɌɋNNNGAAA (ɬɪɢ ɫɚɣɬɚ), ɨɩɨɫɪɟɞɭɟɬ 
ɜɥɢɹɧɢɟ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ, ɰɢɬɨɤɢɧɨɜ 
(ɢɧɬɟɪɥɟɣɤɢɧɨɜ 6 ɢ 2), ɨɧɤɨɝɟɧɨɜ 

Ɇɟɬɢɥɢɪɨɜɚɧɢɟ ɩɪɨɦɨɬɨɪɚ hTERT ɧɚ 
ɭɱɚɫɬɤɟ –441…–218.  

Ɇɟɬɢɥɢɪɨɜɚɧɢɟ ɷɤɡɨɧɚ 1 

Ɉɩɭɯɨɥɟɜɵɣ ɫɭɩɪɟɫɫɨɪ WT1 
(ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɩɪɨɦɨɬɨɪɨɦ ɝɟɧɚ 
hTERT) 

Ɏɚɤɬɨɪ CTCF (ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 
ɷɤɡɨɧɚɦɢ 1 ɢ 2 ɝɟɧɚ hTERT) 

Ɇɟɬɢɥɢɪɨɜɚɧɢɟ ȾɇɄ ɜ ɨɛɥɚɫɬɢ ɩɪɨɦɨɬɨɪɚ 
hTERT 

Ⱥɧɬɢɫɦɵɫɥɨɜɚɹ ɊɇɄ TERRA (ɫɨɞɟɪɠɢɬ 
ɬɟɥɨɦɟɪɧɵɟ ɢ ɫɭɛ-ɬɟɥɨɦɟɪɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɢɧɝɢɛɢɪɭɟɬ ɊɇɄ-

ɤɨɦɩɨɧɟɧɬ ɬɟɥɨɦɟɪɚɡɵ) 
Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ ɦɊɇɄ 
hTERT ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɟɥɤɨɜ ɫɨ 
ɫɧɢɠɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢɥɢ ɩɨɥɧɵɦ 
ɨɬɫɭɬɫɬɜɢɟɦ ɚɤɬɢɜɧɨɫɬɢ 

ɉɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɵɣ ɭɪɨɜɟɧɶ 

Ʉɢɧɚɡɚ Akt (ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɩɨɜɵɲɚɟɬ 
ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ) 
Ȼɟɥɨɤ TCAB1 (ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɟɪɟɧɨɫ 
ɊɇɄ-ɤɨɦɩɨɧɟɧɬɚ ɬɟɥɨɦɟɪɚɡɵ ɜ ɹɞɪɨ) 
Ȼɟɥɨɤ TPP1 (ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɭɱɚɫɬɜɭɟɬ 
ɜ ɞɨɫɬɚɜɤɟ ɬɟɥɨɦɟɪɚɡɵ ɤ ɬɟɥɨɦɟɪɚɦ ɢ 
ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɰɟɫɫɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ) 

Ʉɢɧɚɡɚ c-Ab1 (ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ 
ɩɪɢɜɨɞɢɬ ɤ ɬɪɟɯɤɪɚɬɧɨɦɭ ɫɧɢɠɟɧɢɸ 
ɚɤɬɢɜɧɨɫɬɢ) 
ɍɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ MKRN1 
ɩɪɢɜɨɞɢɬ ɤ ɞɟɝɪɚɞɚɰɢɢ ɬɟɥɨɦɟɪɚɡɵ 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ CHIP (ɋ-ɤɨɧɰɟɜɨɣ ɞɨɦɟɧ 
ɛɟɥɤɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɝɨ ɫ Hsc70) ɫ 
ɬɟɥɨɦɟɪɚɡɨɣ ɜɵɡɵɜɚɟɬ ɟё ɩɨɥɢ-

ɭɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɟ 
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ɉɨɡɞɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɝɟɧ hTERT ɭɫɩɟɲɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ, 

ɟɫɥɢ ɨɛɥɚɫɬɶ ɟɝɨ ɩɪɨɦɨɬɨɪɚ ɨɫɬɚёɬɫɹ ɧɟɦɟɬɢɥɢɪɨɜɚɧɧɨɣ. ɗɬɚ ɨɛɥɚɫɬɶ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɱɚɫɬɨɤ ɝɟɧɚ hTERT (–160… –80), ɫɨɞɟɪɠɚɳɢɣ ɬɪɢ ɢɡ 

ɱɟɬɵɪёɯ ɫɚɣɬɨɜ ɫɜɹɡɵɜɚɧɢɹ ɮɚɤɬɨɪɚ Sp1 – ɚɤɬɢɜɚɬɨɪɚ ɬɪɚɧɫɤɪɢɩɰɢɢ ɝɟɧɚ 

hTERT [176].  

ɗɤɫɩɪɟɫɫɢɹ ɝɟɧɚ hTERT ɡɚɜɢɫɢɬ ɨɬ ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɟɝɨ 

ɩɪɨɦɨɬɨɪɧɨɣ ɨɛɥɚɫɬɢ, ɧɨ ɢ ɤɨɞɢɪɭɸɳɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. ɗɤɡɨɧɵ 1 

ɢ 2 ɷɬɨɝɨ ɝɟɧɚ ɫɨɞɟɪɠɚɬ ɫɚɣɬɵ ɫɜɹɡɵɜɚɧɢɹ ɢɧɝɢɛɢɬɨɪɚ CTCF [179]. ȿɫɥɢ 

ɷɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɟɬɢɥɢɪɨɜɚɧɵ, ɬɨ ɫɜɹɡɵɜɚɧɢɟ ɢɧɝɢɛɢɬɨɪɚ 

ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɱɟɧɶ ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ. ȿɫɥɢ ɠɟ ȾɇɄ ɜ ɪɚɣɨɧɟ 

ɫɚɣɬɨɜ ɫɜɹɡɵɜɚɧɢɹ ɝɢɩɨɦɟɬɢɥɢɪɨɜɚɧɚ, ɬɨ ɮɚɤɬɨɪ CTCF ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 

ɝɟɧɨɦ hTERT, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɞɚɜɥɟɧɢɸ ɬɪɚɧɫɤɪɢɩɰɢɢ [176]. 

ɗɤɫɩɨɪɬ ɬɟɥɨɦɟɪɚɡɵ ɢɡ ɤɥɟɬɨɱɧɨɝɨ ɹɞɪɚ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜ 

ɧɟɦ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɗɬɨɦɭ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ 

ɬɢɪɨɡɢɧɮɨɫɮɚɬɚɡɚ Shp2, ɫɩɨɫɨɛɫɬɜɸɳɚɹ ɬɟɦ ɫɚɦɵɦ ɩɪɨɞɥɟɧɢɸ ɠɢɡɧɢ 

ɤɥɟɬɤɢ. ȼ ɰɢɬɨɩɥɚɡɦɟ Shp2 ɭɱɚɫɬɜɭɟɬ ɜ ɦɨɞɭɥɹɰɢɢ ɤɥɟɬɨɱɧɨɝɨ ɪɨɫɬɚ, 

ɪɚɡɜɢɬɢɹ, ɬɤɚɧɟɜɨɝɨ ɜɨɫɩɚɥɟɧɢɹ, ɯɟɦɨɬɚɤɫɢɫɚ. ȼ ɹɞɪɟ ɬɢɪɨɡɢɧɮɨɫɮɚɬɚɡɚ 

ɚɫɫɨɰɢɢɪɨɜɚɧɚ ɫ ɚɤɬɢɜɚɬɨɪɨɦ ɬɪɚɧɫɤɪɢɩɰɢɢ ɛɟɥɤɨɦ STAT5. Ɍɚɤɢɦ ɠɟ 

ɫɩɨɫɨɛɨɦ Shp2 ɡɚɬɪɭɞɧɹɟɬ ɜɵɯɨɞ hTERT ɢɡ ɦɢɬɨɯɨɧɞɪɢɣ ɢ ɡɚɦɟɞɥɹɟɬ 

ɫɬɚɪɟɧɢɟ, ɢɧɞɭɰɢɪɭɟɦɨɟ ɚɤɬɢɜɧɵɦɢ ɮɨɪɦɚɦɢ ɤɢɫɥɨɪɨɞɚ [181]. ȼ 

ɭɫɥɨɜɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɫɨɞɟɪɠɚɧɢɟ hTERT ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ 

ɜɨɡɪɚɫɬɚɟɬ. ȼ ɨɬɫɭɬɫɬɜɢɟ ɬɟɥɨɦɟɪɚɡɵ ɫɬɪɭɤɬɭɪɚ ɦɢɬɨɯɨɧɞɪɢɣ ɧɚɪɭɲɚɟɬɫɹ, 

ɚ ɫɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɧɢɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, 

ɱɬɨ ɬɟɥɨɦɟɪɚɡɚ ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɝɭɥɹɰɢɢ ɤɨɥɢɱɟɫɬɜɚ ɦɢɬɨɯɨɧɞɪɢɣ ɜ ɤɥɟɬɤɟ. 

ȼ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɮɟɪɦɟɧɬ ɡɚɳɢɳɚɟɬ ɦɬȾɇɄ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɬɟɦ 

ɫɚɦɵɦ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɪɝɚɧɟɥɥ ɜ ɤɥɟɬɤɟ. ȼ 

ɭɫɥɨɜɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɦɢɬɨɯɨɧɞɪɢɢ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɝɪɚɞɚɰɢɢ [182]. 
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ɇɚ ɥɨɤɚɥɢɡɚɰɢɸ ɬɟɥɨɦɟɪɚɡɵ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ 

ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɟɥɨɤ ɧɭɤɥɟɨɥɢɧ, ɨɫɧɨɜɧɚɹ ɮɭɧɤɰɢɹ ɤɨɬɨɪɨɝɨ 

ɫɨɫɬɨɢɬ ɜ ɪɟɝɭɥɹɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɪɢɛɨɫɨɦɧɨɣ ȾɇɄ. ɇɭɤɥɟɨɥɢɧ 

ɭɱɚɫɬɜɭɟɬ ɬɚɤɠɟ ɜ ɫɨɡɪɟɜɚɧɢɢ ɪɢɛɨɫɨɦ ɢ ɬɪɚɧɫɩɨɪɬɟ ɤɨɦɩɨɧɟɧɬɨɜ 

ɪɢɛɨɫɨɦɵ ɢɡ ɹɞɪɚ ɜ ɰɢɬɨɩɥɚɡɦɭ. ɗɬɨɬ ɮɨɫɮɨɩɪɨɬɟɢɧ ɫɜɹɡɵɜɚɟɬ ɜɟɫɶ 

ɬɟɥɨɦɟɪɚɡɧɵɣ ɤɨɦɩɥɟɤɫ ɩɨɫɪɟɞɫɬɜɨɦ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɢ ɊɇɄ-ɛɟɥɤɨɜɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. ȼ ɧɨɪɦɚɥɶɧɵɯ ɮɢɛɪɨɛɥɚɫɬɚɯ ɬɟɥɨɦɟɪɚɡɚ ɜɦɟɫɬɟ ɫ 

ɧɭɤɥɟɨɥɢɧɨɦ ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɵɲɤɟ [183]. ȼ ɹɞɪɟ ɧɭɤɥɟɨɥɢɧ ɭɱɚɫɬɜɭɟɬ 

ɜ ɪɟɝɭɥɹɰɢɢ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɦɧɨɝɢɯ ɝɟɧɨɜ, ɜ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɥɨɦɟɪ (ɩɭɬёɦ ɫɜɹɡɵɜɚɧɢɹ ɫ ɨɞɧɨɰɟɩɨɱɟɱɧɵɦɢ G-

ɛɨɝɚɬɵɦɢ ɭɱɚɫɬɤɚɦɢ), ɚ ɬɚɤɠɟ ɜ ɪɟɩɥɢɤɚɬɢɜɧɨɦ ɫɬɚɪɟɧɢɢ ɤɥɟɬɨɤ. ȼɧɟ 

ɹɞɪɚ ɷɬɨɬ ɛɟɥɨɤ ɫɩɨɫɨɛɟɧ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫɨ ɦɧɨɝɢɦɢ ɛɟɥɤɚɦɢ. Ɉɧ 

ɪɟɝɭɥɢɪɭɟɬ ɚɤɬɢɜɧɨɫɬɶ ɮɚɤɬɨɪɨɜ ɬɪɚɧɫɤɪɢɩɰɢɢ ɢ ɩɪɨɬɟɢɧɤɢɧɚɡ, ɜɥɢɹɹ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚ ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ. ȼ ɝɥɢɤɨɡɢɥɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɧɭɤɥɟɨɥɢɧ ɨɛɪɚɡɭɟɬ ɤɥɚɫɬɟɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɤ ɢ ɜɵɩɨɥɧɹɟɬ 

ɪɟɰɟɩɬɨɪɧɵɟ ɮɭɧɤɰɢɢ. ɋ ɟɝɨ ɭɱɚɫɬɢɟɦ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ 

ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ ɢ ɰɢɬɨɤɢɧɨɜ, ɚ ɬɚɤɠɟ ɷɧɞɨɰɢɬɨɡ ɜɢɪɭɫɧɵɯ ɛɟɥɤɨɜ [183]. 

ɋɪɟɞɢ ɛɟɥɤɨɜ ɲɟɥɬɟɪɢɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ (ɤɨɦɩɥɟɤɫɚ ɛɟɥɤɨɜ, 

ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɬɪɟɯɦɟɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɬɟɥɨɦɟɪ) ɫ ɚɤɬɢɜɧɨɫɬɶɸ 

ɬɟɥɨɦɟɪɚɡɵ ɧɚɢɛɨɥɟɟ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɬɚɧɤɢɪɚɡɚ – ɩɨɥɢ-(ADP-ɪɢɛɨɡɨ)-

ɩɨɥɢɦɟɪɚɡɚ. ɍɞɥɢɧɟɧɢɟ ɬɟɥɨɦɟɪ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ ɬɟɥɨɦɟɪɚɡɨɣ, 

ɢɧɝɢɛɢɪɭɟɬɫɹ ɛɟɥɤɨɦ ɫɜɹɡɵɜɚɸɳɢɦ ɬɟɥɨɦɟɪɧɵɟ ɩɨɜɬɨɪɵ TRF1, (telomere 

repeat binding factor 1). Ɍɚɧɤɢɪɚɡɚ 1 (TNKS1) ɩɨɥɢ-(ADP)-ɪɢɛɨɡɢɥɢɪɭɟɬ 

TRF1, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɬɞɟɥɟɧɢɸ ɷɬɨɝɨ ɛɟɥɤɚ ɨɬ ɬɟɥɨɦɟɪ, ɤɨɬɨɪɵɟ 

ɫɬɚɧɨɜɹɬɫɹ ɞɨɫɬɭɩɧɵɦɢ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɬɟɥɨɦɟɪɚɡɨɣ. ȼ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɮɭɧɤɰɢɹ TNKS1 ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬёɦ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ polo-

ɩɨɞɨɛɧɨɣ ɤɢɧɚɡɨɣ 1 (Polo-like kinase 1 – Plk1). Ɉɬɦɟɱɚɟɬɫɹ ɩɪɹɦɚɹ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ ɝɟɧɨɜ TNKS1 ɢ hTERT, ɩɪɢ 

ɷɬɨɦ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɨɛɨɢɯ ɝɟɧɨɜ ɭɜɟɥɢɱɟɧ ɩɪɢ ɦɧɨɝɢɯ ɬɢɩɚɯ ɪɚɤɚ 
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[184]. ɂɧɝɢɛɢɪɨɜɚɧɢɟ TNKS1 ɭɫɤɨɪɹɟɬ ɭɤɨɪɚɱɢɜɚɧɢɟ ɬɟɥɨɦɟɪ, ɜɵɡɜɚɧɧɨɟ 

ɩɨɞɚɜɥɟɧɢɟɦ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ȼɫɟ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɚɝɚɬɶ, 

ɱɬɨ ɩɪɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɹɯ ɧɚɢɛɨɥɟɟ ɭɫɩɟɲɧɨɣ ɛɭɞɟɬ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɬɟɪɚɩɢɹ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɨɛɨɢɯ ɮɟɪɦɟɧɬɨɜ. Ɍɚɧɤɢɪɚɡɵ 1 ɢ 2 – ɮɟɪɦɟɧɬɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ 

ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ. Ɍɚɧɤɢɪɚɡɵ ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 

ɫ ɪɚɡɥɢɱɧɵɦɢ ɛɟɥɤɚɦɢ, ɜɥɢɹɬɶ ɧɚ ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɤɥɟɬɤɟ ɩɪɨɰɟɫɫɵ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɪɟɰɟɩɬɨɪɚ GLUT-4, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ 

ɫɬɢɦɭɥɢɪɭɟɦɨɦ ɢɧɫɭɥɢɧɨɦ ɩɨɝɥɨɳɟɧɢɢ ɝɥɸɤɨɡɵ ɤɥɟɬɤɚɦɢ, ɬ.ɟ. ɧɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɦɟɬɚɛɨɥɢɡɦɟ. Ɍɚɧɤɢɪɚɡɵ 1 ɢ 2, ɜɟɪɨɹɬɧɨ, 

ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵ ɜ ɫɥɭɱɚɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ TRF1 ɢ IRAP (insulin-

responsive aminopeptidase) [185]. Ɉɞɧɚɤɨ ɧɚɥɢɱɢɟ ɭ TNKS1 ɧɟɤɨɬɨɪɵɯ 

ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɡɜɨɥɹɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢ ɜɥɢɹɬɶ (ɧɚɩɪɢɦɟɪ, 

ɢɧɝɢɛɢɪɨɜɚɬɶ) ɢɦɟɧɧɨ ɷɬɨɬ ɮɟɪɦɟɧɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɚɧɤɢɪɚɡɚ ɤɚɤ ɫɚɦɚ 

ɩɨ ɫɟɛɟ, ɬɚɤ ɢ ɜɦɟɫɬɟ ɫ ɬɟɥɨɦɟɪɚɡɨɣ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɦɢɲɟɧɶɸ ɞɥɹ 

ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɬɟɪɚɩɢɢ.  

ɇɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɟɬɚɛɨɥɢɡɦɚ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɮɚɤɬɨɪɵ 

ɪɢɫɤɚ ɪɚɡɜɢɬɢɹ ɨɩɭɯɨɥɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɫɩɨɫɨɛɫɬɜɭɸɬ ɚɤɬɢɜɚɰɢɢ 

ɬɟɥɨɦɟɪɚɡɵ ɢɥɢ ɫɬɢɦɭɥɢɪɭɸɬ ɟё ɛɢɨɫɢɧɬɟɡ. Ȼɟɥɨɤ ɥɟɩɬɢɧ ɢ ɟɝɨ 

ɦɟɦɛɪɚɧɧɵɟ ɪɟɰɟɩɬɨɪɵ ɢɝɪɚɸɬ ɰɟɧɬɪɚɥɶɧɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɹɰɢɢ ɦɚɫɫɵ 

ɬɟɥɚ, ɚ ɷɤɫɩɪɟɫɫɢɹ ɝɟɧɚ ɥɟɩɬɢɧɚ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɷɤɫɩɪɟɫɫɢɟɣ hTERT [186]. 

ɋɢɝɧɚɥɵ ɥɟɩɬɢɧɚ ɩɟɪɟɞɚɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɱɟɪɟɡ JAK/STAT (Janus-

activated Kinase/signal transducers and activators of transcription), ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ hTERT ɢ ɩɪɨɞɭɤɰɢɢ ɬɚɤɢɯ 

ɜɚɠɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɢ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɥɟɬɨɤ, ɤɚɤ 

ɰɢɤɥɢɧ D1, ɫ-Myc ɢ ɫɭɪɜɢɜɢɧ. ȼ ɨɩɨɫɪɟɞɭɟɦɨɣ ɥɟɩɬɢɧɨɦ ɪɟɝɭɥɹɰɢɢ 

ɷɤɫɩɪɟɫɫɢɢ hTERT ɭɱɚɫɬɜɭɸɬ ɬɚɤɠɟ Myc/Max/Mad, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ 

ɫɜɹɡɚɧɨ ɫ ɚɰɟɬɢɥɢɪɨɜɚɧɢɟɦ ɝɢɫɬɨɧɨɜ ɜ ɩɪɨɤɫɢɦɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɩɪɨɦɨɬɨɪɚ 

ɝɟɧɚ hTERT [187]. 



71 

 

ɏɨɥɟɫɬɟɪɢɧ (ɜ ɫɨɫɬɚɜɟ ɥɢɩɨɩɪɨɬɟɢɧɨɜ) ɢ ɟɝɨ ɫɩɟɰɢɮɢɱɟɫɤɢɣ 

ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɪɟɰɟɩɬɨɪ – ɋɤ –ɜɨɜɥɟɱёɧ ɜ ɪɟɝɭɥɹɰɢɸ ɬɪɚɧɫɤɪɢɩɰɢɢ 

hTERT ɜ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɤɥɟɬɤɚɯ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ. 

Ⱥɤɬɢɜɚɰɢɹ ɷɬɨɝɨ ɪɟɰɟɩɬɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨɞɚɜɥɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ 

hTERT ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɩɪɟɫɫɢɢ ɝɟɧɨɜ c-Myc ɢ PPARȖ (peroxisome 

proliferator-activated receptor-Ȗ), ɤɨɞɢɪɭɸɳɟɝɨ ɮɚɤɬɨɪ ɬɪɚɧɫɤɪɢɩɰɢɢ, 

ɜɨɜɥɟɱёɧɧɵɣ ɜ ɪɟɝɭɥɹɰɢɸ ɚɞɢɩɨɝɟɧɟɡɚ, ɝɨɦɟɨɫɬɚɡɚ ɝɥɸɤɨɡɵ, ɚ ɬɚɤɠɟ 

ɤɥɟɬɨɱɧɨɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɢ ɩɪɨɥɢɮɟɪɚɰɢɢ, ɷɤɫɩɪɟɫɫɢɢ ɦɧɨɝɢɯ ɝɟɧɨɜ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɤɚɧɰɟɪɨɝɟɧɟɡɨɦ [188]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɳɟɫɬɜɭɟɬ ɨɛɪɚɬɧɚɹ 

ɫɜɹɡɶ ɦɟɠɞɭ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɪɟɰɟɩɬɨɪɨɦ ɯɨɥɟɫɬɟɪɢɧɚ ɢ ɷɤɫɩɪɟɫɫɢɟɣ ɝɟɧɚ 

hTERT. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɷɤɫɩɪɟɫɫɢɸ hTERT ɜɥɢɹɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ 

ɦɟɬɚɛɨɥɢɬɵ, ɩɪɢɱёɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɢ ɥɢɩɢɞɧɨɝɨ 

ɨɛɦɟɧɚ. ȼɨɡɦɨɠɧɨ, ɫɭɳɟɫɬɜɭɸɬ ɧɟ ɬɨɥɶɤɨ ɨɛɳɢɟ, ɧɨ ɢ ɬɤɚɧɟɫɩɟɰɢɮɢɱɧɵɟ 

ɦɟɯɚɧɢɡɦɵ ɚɤɬɢɜɚɰɢɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ hTERT. ɇɚɩɪɢɦɟɪ, ɜ CD8+ T-

ɥɢɦɮɨɰɢɬɚɯ ɚɞɟɧɨɡɢɧɞɟɡɚɦɢɧɚɡɚ ɩɨɜɵɲɚɟɬ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ CD28 ɢ 

hTERT, ɚ ɚɞɟɧɨɡɢɧ, ɧɚɩɪɨɬɢɜ, ɫɬɢɦɭɥɢɪɭɟɬ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ CD28, 

ɭɪɨɜɧɹ ɬɟɥɨɦɟɪɚɡɵ, ɚ ɬɚɤɠɟ ɢ ɭɫɤɨɪɟɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɫɬɚɪɟɧɢɹ [189]. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɚɤɬɢɜɢɪɨɜɚɬɶ ɬɟɥɨɦɟɪɚɡɭ ɢ ɟё ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɫɭɛɴɟɞɢɧɢɰɭ, ɨɛɥɚɞɚɸɳɭɸ ɡɧɚɱɢɦɵɦɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɚɤɬɢɜɧɨɫɬɹɦɢ, ɦɨɠɧɨ ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɚ 

hTERT ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɚ ɬɚɤɠɟ ɧɚ 

ɥɨɤɚɥɢɡɚɰɢɸ TERT ɢ ɟё ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɞɪɭɝɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɥɟɬɤɢ. 

2.8.2. ȼɚɪɢɚɧɬɵ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ hTERT 

Ƚɟɧ hTERT ɱɟɥɨɜɟɤɚ ɢɦɟɟɬ ɞɥɢɧɭ ɨɤɨɥɨ 42 ɬ.ɩ.ɨ. ɢ ɫɨɫɬɨɢɬ ɢɡ 16 

ɷɤɡɨɧɨɜ ɢ 15 ɢɧɬɪɨɧɨɜ. ɉɪɢ ɬɪɚɧɫɥɹɰɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɦɊɇɄ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɚɤɬɢɜɧɚɹ ɢɡɨɮɨɪɦɚ ɛɟɥɤɚ hTERT, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɦɚɫɫɭ 127 

ɤȾɚ ɢ ɫɨɞɟɪɠɢɬ 7 ɭɱɚɫɬɤɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɨɛɪɚɬɧɵɯ ɬɪɚɧɫɤɪɢɩɬɚɡ (1; 2; 

Ⱥ; ȼ`; C; D ɢ E) ɢ ɫɩɟɰɢɮɢɱɧɵɣ ɞɥɹ ɬɟɥɨɦɟɪɚɡɵ Ɍ-ɭɱɚɫɬɨɤ (ɪɢɫ. 14). N-
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ɤɨɧɰɟɜɨɣ ɭɱɚɫɬɨɤ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɧɭɤɥɟɨɥɹɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ hTERT, 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ hTR, ɨɧ ɨɬɜɟɬɫɬɜɟɧ ɡɚ ɭɞɥɢɧɟɧɢɟ ɬɟɥɨɦɟɪ. ɋ-ɤɨɧɰɟɜɨɣ 

ɭɱɚɫɬɨɤ ɨɬɜɟɱɚɟɬ ɡɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɢ ɟɝɨ 

ɜɧɭɬɪɢɹɞɟɪɧɭɸ ɥɨɤɚɥɢɡɚɰɢɸ. ȼ ɬɟɥɨɦɟɪɚɡɧɨɦ ɤɨɦɩɥɟɤɫɟ hTERT 

ɩɪɨɹɜɥɹɟɬ ɚɤɬɢɜɧɨɫɬɶ ɜ ɜɢɞɟ ɞɢɦɟɪɨɜ. Ɉɥɢɝɨɦɟɪɢɡɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɭɱɚɫɬɤɚ 301 – 538 ɚ.ɤ. ɧɚ N-ɤɨɧɰɟ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɢ 

914 – 1132 ɚ.ɤ. ɧɚ ɋ-ɤɨɧɰɟ ɞɪɭɝɨɣ ɦɨɥɟɤɭɥɵ [190]. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ Ⱥɋ ɦɊɇɄ 

hTERT, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɞɟɥɟɰɢɢ ɢ ɜɫɬɚɜɤɢ [191–193]. Ɍɚɤɢɟ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɬɨɬɚɥɶɧɨɣ ɦɊɇɄ hTERT 

[166]. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɬɤɚɧɟɣ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɞɪɭɝɢɟ ɹɜɥɹɸɬɫɹ ɨɪɝɚɧɨɫɩɟɰɢɮɢɱɧɵɦɢ [192].  

ɇɚɢɛɨɥɟɟ ɢɡɭɱɚɟɦɵɦɢ ɜɚɪɢɚɧɬɚɦɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɹɜɥɹɸɬɫɹ 

ɞɟɥɟɰɢɢ ɜ ɞɜɭɯ ɷɤɡɨɧɚɯ. Ⱦɟɥɟɰɢɹ 36 ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɷɤɡɨɧɟ 6 (α-ɜɚɪɢɚɧɬ), 

ɜɵɡɵɜɚɟɬ ɭɞɚɥɟɧɢɟ ɱɚɫɬɢ ɭɱɚɫɬɤɚ Ⱥ ɜ hTERT. ȼ ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɧɟ 

ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝɚ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, ɨɞɧɚɤɨ ɛɟɥɨɤ ɧɟ ɨɛɥɚɞɚɟɬ 

Ɋɢɫɭɧɨɤ 14. ɋɬɪɨɟɧɢɟ 
ɦɨɥɟɤɭɥɵ hTERT. 

Ⱦɨɦɟɧɧɨɟ ɫɬɪɨɟɧɢɟ 
ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɛɟɥɤɚ 
hTERT (A). ɋɩɥɚɣɫ-

ɜɚɪɢɚɧɬɵ ɦɊɇɄ hTERT 

(Ȼ). 
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ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ȼ ɜɚɪɢɚɧɬɟ ɫ ȕ-ɞɟɥɟɰɢɟɣ ɭɞɚɥɟɧɵ 182 

ɧɭɤɥɟɨɬɢɞɚ ɢɡ 7 ɢ 8 ɷɤɡɨɧɨɜ, ɱɬɨ ɡɚɬɪɚɝɢɜɚɟɬ ɭɱɚɫɬɨɤ ȼ`. ɉɪɢ ɷɬɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, ɩɨɹɜɥɟɧɢɟ ɫɬɨɩ-ɤɨɞɨɧɚ ɜ ɷɤɡɨɧɟ 10 

ɢ ɦɨɥɟɤɭɥɚ ɛɟɥɤɚ ɬɟɪɹɟɬ B`, C, D, ɢ ȿ ɭɱɚɫɬɤɢ ɧɚ ɋ-ɤɨɧɰɟ ɦɨɥɟɤɭɥɵ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɫɢɧɬɟɡɭ ɧɟ ɚɤɬɢɜɧɨɣ ɢɡɨɮɨɪɦɵ hTERT. ȼɚɪɢɚɧɬ ɫ Ȗ-ɞɟɥɟɰɢɟɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɧɵɦ ɭɞɚɥɟɧɢɟɦ 189 ɧɭɤɥɟɨɬɢɞɨɜ 11 ɷɤɡɨɧɚ ɛɟɡ ɫɞɜɢɝɚ 

ɪɚɦɤɢ. ɗɬɨ ɜɵɡɵɜɚɟɬ ɩɨɬɟɪɸ D ɢ ȿ ɭɱɚɫɬɤɨɜ [194].  

ɉɨɦɢɦɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɫ ɞɟɥɟɰɢɹɦɢ ɨɛɧɚɪɭɠɟɧɨ ɧɟɫɤɨɥɶɤɨ 

ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɫ ɧɭɤɥɟɨɬɢɞɧɵɦɢ ɜɫɬɚɜɤɚɦɢ. Ⱦɥɹ ɮɨɪɦɵ INS1 (insertion 

1) ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɢɧɬɪɨɧɟ 14. ȼ 

INS2 ɱɚɫɬɢɱɧɨ ɡɚɦɟɳɟɧ ɢɧɬɪɨɧ 11. INS3 ɢɦɟɟɬ 15 ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɢɧɬɪɨɧɟ 14, ɚ INS4 ɢɦɟɟɬ ɩɨɥɧɭɸ ɡɚɦɟɧɭ ɷɤɡɨɧɚ 15 ɢ 5` 

ɭɱɚɫɬɤɚ ɷɤɡɨɧɚ 16 ɧɚ 600 ɧɭɤɥɟɨɬɢɞɨɜ ɢɧɬɪɨɧɚ 14 [195]. 

ɇɢ ɨɞɧɚ ɢɡ ɫɩɥɚɣɫ-ɮɨɪɦ ɧɟ ɨɛɥɚɞɚɟɬ ɚɤɬɢɜɧɨɫɬɶɸ ɫɪɚɜɧɢɦɨɣ ɫ 

ɬɚɤɨɜɨɣ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ hTERT. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɟɤɨɬɨɪɵɟ ɞɚɧɧɵɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɭɱɚɫɬɢɢ ɢɡɨɮɨɪɦ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɢ 

ɩɚɬɨɥɨɝɢɱɟɫɤɢɟ ɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ.  

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT ɫ α– ɢ ȕ– ɞɟɥɟɰɢɹɦɢ 

ɛɵɥɢ ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, 

ɱɬɨ α–ȕ+ ɜɚɪɢɚɧɬ ɨɛɥɚɞɚɸɬ ɞɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɦ ɷɮɮɟɤɬɨɦ. 

ɉɨɜɵɲɟɧɧɵɣ ɫɢɧɬɟɡ ɬɚɤɨɣ ɢɡɨɮɨɪɦɵ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ, ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɚɩɨɩɬɨɡ [196]. ɏɨɬɹ ɫɩɥɚɣɫ-ɮɨɪɦɵ hTERT 

ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɜɨ ɦɧɨɠɟɫɬɜɟ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɢɯ 

ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɪɨɩɨɪɰɢɢ ɪɚɡɥɢɱɚɸɬɫɹ ɜɟɫɶɦɚ ɫɢɥɶɧɨ. ȼ ɨɛɳɟɦ, α+ȕ– 

ɢɡɨɮɨɪɦɚ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɧɚ ɛɨɥɶɲɟɦ ɭɪɨɜɧɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɡɨɮɨɪɦɚ ɫ 

α– ɞɟɥɟɰɢɹɦɢ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɦɟɧɟɟ ɜɫɟɯ. ȼ ɪɚɡɥɢɱɧɵɯ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɤɚɯ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ ɪɚɡɥɢɱɚɟɬɫɹ ɜɟɫɶɦɚ 

ɫɢɥɶɧɨ [197]. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɟ ɤɚɬɟɝɨɪɢɢ Ⱥɋ 
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ɜɚɪɢɚɧɬɨɜ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɩɪɨɱɢɟ ɜɚɪɢɚɧɬɵ ɫɩɥɚɣɫɢɧɝɚ ɜ ɞɪɭɝɢɯ ɦɟɫɬɚɯ 

ɬɪɚɧɫɤɪɢɩɬɚ hTERT [166]. 

Ɇɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢɡɭɱɟɧ ɜɟɫɶɦɚ ɫɥɚɛɨ. ɇɚ 

ɛɨɥɶɲɢɧɫɬɜɟ ɦɟɫɬ ɫɨɟɞɢɧɟɧɢɹ ɢɧɬɪɨɧɨɜ ɢ ɷɤɡɨɧɨɜ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ 3’ – 5’ ɫɩɥɚɣɫɢɧɝɨɜɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ AG-GT. 

Ɉɞɧɚɤɨ, ɷɤɡɨɧ 8, ɞɟɥɟɰɢɹ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ȕ– ɢɡɨɮɨɪɦɟ, ɨɤɪɭɠёɧ 

ɧɟ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ ɫɩɥɚɣɫɢɧɝɨɜɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ AG-AG ɢ 

AA-GT [195]. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɛɟɥɤɢ ɫɟɦɟɣɫɬɜɚ SR ɢ hnRNP (heterogeneous 

nuclear ribonucleoprotein) ɭɱɚɫɬɜɭɸɬ ɜ ɩɪɨɰɟɫɫɟ ɫɩɥɚɣɫɢɧɝɚ, ɤɨɧɤɭɪɢɪɭɹ ɡɚ 

ɫɚɣɬ ɫɜɹɡɵɜɚɧɢɹ. ɉɨɜɵɲɟɧɧɵɣ ɫɢɧɬɟɡ ɛɟɥɤɨɜ SRSF11 (serine/arginine-rich 

splicing factor 11) ɭɜɟɥɢɱɢɜɚɟɬ, ɚ ɫɢɧɬɟɡ hnRNPL (heterogeneous nuclear 

ribonucleoprotein L) ɢ hnRNPɇ2 (heterogeneous nuclear ribonucleoprotein 

ɇ2) ɫɧɢɠɚɟɬ ɭɪɨɜɟɧɶ α+ȕ– ɜɚɪɢɚɧɬɚ [194]. TGFȕ1 (transforming growth 

factor, beta 1) ɬɚɤɠɟ ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɭɜɟɥɢɱɢɜɚɹ ɷɤɫɩɪɟɫɫɢɸ 

α+ȕ– ɢ ɭɦɟɧɶɲɚɹ α+ȕ+, ɱɬɨ ɜɵɡɵɜɚɟɬ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ 

[198].  

2.8.3. ɋɜɹɡɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɫ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ 
ɢ ɞɥɢɧɨɣ ɬɟɥɨɦɟɪ 

ȼ ɨɩɭɯɨɥɹɯ ɢ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɯɨɪɨɲɚɹ 

ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ ɬɨɬɚɥɶɧɨɣ ɦɊɇɄ hTERT ɢ ɚɤɬɢɜɧɨɫɬɶɸ 

ɬɟɥɨɦɟɪɚɡɵ [199]. Ɉɞɧɚɤɨ, ɤ ɩɨɞɨɛɧɵɦ ɞɚɧɧɵɦ, ɧɭɠɧɨ ɨɬɧɨɫɢɬɶɫɹ 

ɨɫɬɨɪɨɠɧɨ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ. ȼɨ-ɩɟɪɜɵɯ, ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ, ɬɟɫɧɨ 

ɫɜɹɡɚɧɧɚɹ ɫ ɤɥɟɬɨɱɧɵɦ ɰɢɤɥɨɦ: ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɤɨɝɞɚ ɤɥɟɬɤɢ ɜɫɬɭɩɚɸɬ ɜ 

S-ɮɚɡɭ ɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɤɨɝɞɚ ɤɥɟɬɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɚɡɟ [200]. 

ȼɨ-ɜɬɨɪɵɯ, ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɦɊɇɄ hTERT 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɦɟɬɨɞɵ, ɱɬɨ ɞɟɥɚɟɬ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ ɩɪɹɦɨɟ 

ɫɪɚɜɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [197]. ȼ-ɬɪɟɬɶɢɯ, 

ɦɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɢɦɟɟɬ ɬɤɚɧɟɜɭɸ 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ, ɩɨɬɨɦɭ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ ɤɚɤ ɞɟɝɪɚɞɚɰɢɹ ɛɟɥɤɨɜ 
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ɬɟɥɨɦɟɪɚɡɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɫɢɫɬɟɦɵ ɫɩɥɚɣɫɢɧɝɚ ɛɭɞɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɜ 

ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɚɯ ɢ ɩɨ-ɪɚɡɧɨɦɭ ɜɥɢɹɬɶ ɧɚ ɫɩɥɚɣɫɢɧɝ [166,180].  

ȼ ɪɹɞɟ ɪɚɛɨɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɡɵ ɚɛɫɨɥɸɬɧɨ 

ɡɚɜɢɫɢɬ ɨɬ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ hTERT, ɧɨ ɧɟ ɞɪɭɝɢɯ 

ɫɩɥɚɣɫ-ɮɨɪɦ [166,194,197,201]. ȼ ɤɥɟɬɤɚɯ ɦɟɥɚɧɨɦɵ, ɪɚɤɚ ɥёɝɤɢɯ [202]ɢ 

ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ [194,202] ɨɛɧɚɪɭɠɟɧɚ ɨɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 

ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ ȕ– ɜɚɪɢɚɧɬɚ ɢ ɚɤɬɢɜɧɨɫɬɶɸ ɬɟɥɨɦɟɪɚɡɵ. α–ȕ+ ɜɚɪɢɚɧɬ 

ɹɜɥɹɟɬɫɹ ɦɢɧɨɪɧɵɦ, ɧɨ ɦɨɠɟɬ ɢɝɪɚɬɶ ɪɨɥɶ ɜ ɧɟɝɚɬɢɜɧɨɣ ɪɟɝɭɥɹɰɢɢ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɪɚɤɟ ɥёɝɤɢɯ ɢ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɩɟɱɟɧɢ 

[201,202]. Ɉɞɧɚɤɨ, ɨɛɧɚɪɭɠɟɧɚ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɪɨɜɧɹ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɨɬ ɞɪɭɝɢɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ, ɩɪɚɜɞɚ, ɧɟ ɜɫɟɝɞɚ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɚɹ ɢ ɧɟ ɩɨɞɬɜɟɪɠɞɚɟɦɚɹ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

[191,203,204]. 

Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɚɧɚɥɢɡ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ Ⱥɋ ɜɚɪɢɚɧɬɨɜ 

ɢ ɚɤɬɢɜɧɨɫɬɶɸ ɬɟɥɨɦɟɪɚɡɵ ɜɧɭɬɪɢ ɨɞɧɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɢɥɢ ɬɤɚɧɢ ɩɪɢ 

ɤɥɟɬɨɱɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ, ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɪɚɡɜɢɬɢɹ ɢɥɢ 

ɤɚɧɰɟɪɨɝɟɧɟɡɟ. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɥɢɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɢ 

ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɹɢɱɧɢɤɨɜ ɢ ɦɚɬɤɢ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɭɞɥɢɧɟɧɢɟɦ 

ɬɟɥɨɦɟɪ ɫɢɧɬɟɡɢɪɭɟɬ α+ȕ– ɜɚɪɢɚɧɬ ɛɟɡ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ 

ɮɨɪɦɵ. Ulaner ɢ ɫɨɚɜɬ [205] ɧɚɛɥɸɞɚɥɢ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ ɜ ɫɟɪɞɰɟ, ɩɟɱɟɧɢ ɢ ɩɨɱɤɚɯ ɷɦɛɪɢɨɧɨɜ. Ⱥɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ 

ɡɚɜɢɫɟɥɚ ɨɬ ɬɤɚɧɢ ɢ ɩɟɪɢɨɞɚ ɪɚɡɜɢɬɢɹ, ɨɬɫɭɬɫɬɜɨɜɚɥɚ ɜ ɬɤɚɧɹɯ ɩɪɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ hTERT ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɜɚɪɢɚɧɬɚ. ɗɬɨ ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɪɢɫɭɬɫɬɜɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɨɫɨɛɚ ɭɞɥɢɧɟɧɢɹ ɬɟɥɨɦɟɪ ɜ 

ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɬɤɚɧɹɯ [205]. ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɚ ɫɬɜɨɥɨɜɵɯ 

ɤɥɟɬɨɤ ɜɵɡɵɜɚɟɬ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɳɟɣ hTERT [206] ɩɪɢ 



76 

 

ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɷɤɫɩɪɟɫɫɢɹ α+ȕ– ɜɚɪɢɚɧɬɚ ɢ ɫɧɢɠɚɟɬɫɹ 

ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ [166,207].  

Ɇɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɩɨɦɨɳɢ Ⱥɋ 

ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɞɥɢɧɵ ɬɟɥɨɦɟɪ ɜ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɫ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɟɣ ɢ ɧɢɡɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɤɚɤ, 

ɧɚɩɪɢɦɟɪ, ɜ ɝɟɦɚɬɨɩɨɷɬɢɱɟɫɤɢɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɤɚɯ [180]. ɗɬɢ ɞɚɧɧɵɟ 

ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɞɨɦɢɧɢɪɭɸɳɚɹ ɮɨɪɦɚ hTERT ɢɝɪɚɟɬ 

ɪɟɝɭɥɹɬɨɪɧɭɸ ɪɨɥɶ, ɨɞɧɚɤɨ, ɧɟ ɩɨɧɹɬɧɨ ɹɜɥɹɟɬɫɹ ɥɢ ɷɬɨ ɫɥɟɞɫɬɜɢɟɦ 

ɫɧɢɠɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ ɢɥɢ ɠɟ ɢɧɝɢɛɢɪɭɸɳɟɝɨ 

ɞɟɣɫɬɜɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ.  

Ɋɨɥɶ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ 

ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɜɟɫɬɧɚ, ɚ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 

ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɦɊɇɄ hTERT ɡɚɬɪɭɞɧɹɟɬ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ. 

Barclay ɢ ɫɨɚɜɬ. [208] ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɭɪɨɜɧɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɩɪɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦɟ ɠɟɥɭɞɤɚ ɢ ɩɢɳɟɜɨɞɚ ɢ ɧɟ 

ɧɚɲɥɢ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɚɤɬɢɜɧɨɫɬɶɸ ɬɟɥɨɦɟɪɚɡɵ ɢ ɷɤɫɩɪɟɫɫɢɟɣ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɧɚɛɥɸɞɚɥɫɹ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɷɬɢɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɭ ɪɚɡɥɢɱɧɵɯ ɢɧɞɢɜɢɞɭɦɨɜ. Ɍɚɤɨɣ ɪɟɡɭɥɶɬɚɬ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ 

ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ ɜ ɷɬɢɯ ɨɩɭɯɨɥɹɯ [208]. ȼ ɨɩɭɯɨɥɟɜɵɯ ɬɤɚɧɹɯ ɥёɝɤɢɯ ɩɪɢ 

ɫɪɚɜɧɟɧɢɢ ɫ ɧɨɪɦɚɥɶɧɨɣ ɬɤɚɝɶɸ, ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɬɟɥɨɦɟɪɚɡɵ ɢ ɭɪɨɜɧɹ ɜɫɟɯ ɜɚɪɢɚɧɬɨɜ Ⱥɋ, ɧɨ ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɪɨɩɨɪɰɢɣ ɜɚɪɢɚɧɬɨɜ [201]. ȼ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ 

ɬɢɪɟɨɢɞɧɵɯ ɨɩɭɯɨɥɹɯ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɵɦɢ, ɨɛɧɚɪɭɠɟɧɨ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ, ɱɬɨ ɤɨɪɪɟɥɢɪɨɜɚɥɨ ɫ 

ɩɨɜɵɲɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɬɟɥɨɦɟɪɚɡɵ ɢ ɞɥɢɧɨɣ ɬɟɥɨɦɟɪ [207]. ȼ 

ɨɛɪɚɡɰɚɯ ɢɧɬɟɪɷɩɢɬɟɥɢɚɥɶɧɨɣ ɧɟɨɩɥɚɡɢɢ ɦɚɬɤɢ ɢ ɲɟɣɤɢ ɦɚɬɤɢ ɧɟ ɛɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɚɤɬɢɜɧɨɫɬɶɸ ɬɟɥɨɦɟɪɚɡɵ ɢ ɭɪɨɜɧɟɦ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT. ȼ ɪɚɛɨɬɟ Zaffaroni ɢ ɫɨɚɜɬ. [209] ɩɪɨɜɟɞɟɧɨ 
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ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɵɯ ɢ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɹɯ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɢ ɨɛɧɚɪɭɠɢɥɢ ɩɪɢɫɭɬɫɬɜɢɟ 

α+ȕ– ɜɚɪɢɚɧɬɚ ɬɨɥɶɤɨ ɜ ɤɚɪɰɢɧɨɦɚɯ, ɜɤɥɸɱɚɹ ɬɟ ɨɛɪɚɡɰɵ, ɤɨɬɨɪɵɟ ɧɟ 

ɨɛɥɚɞɚɥɢ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɱɬɨ ɦɨɠɟɬ ɝɨɜɨɪɢɬɶ ɨ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɞɚɧɧɨɣ ɮɨɪɦɵ ɞɥɹ ɷɬɢɯ ɨɩɭɯɨɥɟɣ. 

ɇɚɛɥɸɞɚɥɚɫɶ ɩɨɜɵɲɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ α+ȕ– ɜɚɪɢɚɧɬɚ ɩɪɢ ɰɢɪɪɨɡɟ ɢ 

ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɤɚɧɰɟɪɨɝɟɧɟɡɚ ɩɟɱɟɧɢ. ɗɤɫɩɪɟɫɫɢɹ α+ȕ– ɜɚɪɢɚɧɬɚ 

ɨɛɧɚɪɭɠɟɧɚ ɜ ɧɨɪɦɚɥɶɧɨɣ ɬɤɚɧɢ ɩɨɱɟɤ ɜ ɤɚɪɰɢɧɨɦɟ ɩɨɱɟɤ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ ɨɩɪɟɞɟɥɹɥɫɹ ɬɨɥɶɤɨ ɜ ɨɛɪɚɡɰɚɯ ɨɩɭɯɨɥɢ [210].  

 Ⱦɚɧɧɵɟ ɨ ɪɨɥɢ Ⱥɋ hTERT ɜ ɷɦɛɪɢɨɧɚɥɶɧɨɦ ɪɚɡɜɢɬɢɢ ɬɚɤɠɟ ɜɟɫɶɦɚ 

ɩɪɨɬɢɜɨɪɟɱɢɜɵ. ȼ ɩɨɱɤɚɯ ɷɦɛɪɢɨɧɨɜ ɫ ɷɤɫɩɪɟɫɫɢɟɣ α+ȕ– ɮɨɪɦɵ ɢ 

ɨɬɫɭɬɫɬɜɢɟɦ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, 

ɱɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ [205]. ȼ ɤɥɟɬɤɚɯ ɦɟɥɚɧɨɦɵ ɢ 

ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɞɥɢɧɨɣ ɬɟɥɨɦɟɪ 

ɷɤɫɩɪɟɫɫɢɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT [194,203]. ȼ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ 

ɤɥɟɬɤɚɯ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ ɫ ɨɫɬɪɨɣ ɦɢɟɥɨɢɞɧɨɣ ɥɟɣɤɟɦɢɟɣ ɞɥɢɧɚ ɬɟɥɨɦɟɪ 

ɧɟ ɤɨɪɪɟɥɢɪɨɜɚɥɚ ɫ ɭɪɨɜɧɹɦɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT, ɨɞɧɚɤɨ, ɜ 

ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɤɥɟɬɤɚɯ ɩɚɰɢɟɧɬɨɜ ɫ ɯɪɨɧɢɱɟɫɤɨɣ ɥɢɦɮɨɛɥɚɫɬɧɨɣ 

ɥɟɣɤɟɦɢɟɣ ɷɤɫɩɪɟɫɫɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɛɵɥɚ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɞɥɢɧɟ ɬɟɥɨɦɟɪ [211].  

2.8.4. Ɏɭɧɤɰɢɢ Ⱥɋ ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɬɟɥɨɦɟɪɚɡɵ, ɧɟ 
ɫɜɹɡɚɧɧɵɟ ɫ ɭɞɥɢɧɟɧɢɟɦ ɬɟɥɨɦɟɪ 

ɂɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɞɟɣɫɬɜɢɹ ɬɟɥɨɦɟɪɚɡɵ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɮɭɧɤɰɢɢ 

hTERT ɢɦɟɸɬ ɪɹɞ ɷɮɮɟɤɬɨɜ, ɫɜɨɣɫɬɜɟɧɧɵɯ ɧɟ ɬɨɥɶɤɨ ɨɩɭɯɨɥɟɜɵɦ 

ɤɥɟɬɤɚɦ, ɢ ɧɟ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɭɞɥɢɧɟɧɢɸ ɬɟɥɨɦɟɪ. ɗɤɫɬɪɚɬɟɥɨɦɟɪɧɵɟ 

ɮɭɧɤɰɢɢ hTERT ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɡɚɜɢɫɹɳɢɟ ɢ ɧɟ ɡɚɜɢɫɹɳɢɟ 

ɨɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ (ɫɦ. ɬɚɛɥ. 7). 

ɉɨɹɜɥɹɟɬɫɹ ɜɫё ɛɨɥɶɲɟ ɞɚɧɧɵɯ ɨ ɪɨɥɢ hTERT ɜ ɪɟɩɚɪɚɰɢɢ ȾɇɄ. 

ȼɧɭɬɪɢ ɯɪɨɦɨɫɨɦ ɱɟɥɨɜɟɤɚ ɢ ɝɪɵɡɭɧɨɜ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɭɱɚɫɬɤɢ ɩɨɞɨɛɧɵɟ 
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ɦɢɤɪɨɫɚɬɟɥɥɢɬɚɦ, ɫɨɞɟɪɠɚɳɢɟ ɬɟɥɨɦɟɪɧɵɟ ɩɨɜɬɨɪɵ [212]. Ɍɟɥɨɦɟɪɚɡɚ 

ɫɩɨɫɨɛɧɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɜ ɬɚɤɢɯ ɭɱɚɫɬɤɚɯ. ɂ ɯɨɬɹ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɜɨ ɜɧɭɬɪɢɯɪɨɦɨɫɨɦɧɵɯ ɬɟɥɨɦɟɪɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɚ, ɷɮɮɟɤɬ ɪɟɩɚɪɚɰɢɨɧɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɬɟɥɨɦɟɪɡɵ ɞɨɤɚɡɚɧ. Ʉɥɟɬɤɢ ɫ ɧɟɚɤɬɢɜɧɵɦ hTERT ɢɥɢ ɦɭɬɚɧɬɧɵɦɢ 

ɮɨɪɦɚɦɢ TERT, ɨɛɥɚɞɚɸɳɢɦɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɧɨ ɧɟ 

ɫɩɨɫɨɛɧɵɦɢ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɬɟɥɨɦɟɪɚɦɢ ɢ ɭɞɥɢɧɹɬɶ ɢɯ, ɨɛɥɚɞɚɥɢ 

ɩɨɧɢɠɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɪɟɩɚɪɚɰɢɢ ȾɇɄ [212].  

Ɍɚɛɥɢɰɚ 7. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɮɭɧɤɰɢɣ hTERT 

Ɏɭɧɤɰɢɹ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 
ɚɤɬɢɜɧɨɫɬɢ 

ɋɫɵɥɤɢ 

ɍɞɥɢɧɟɧɢɟ ɬɟɥɨɦɟɪ Ɂɚɜɢɫɢɦɚɹ [164,213,214] 

Ⱥɤɬɢɜɚɰɢɹ ɪɟɩɚɪɚɰɢɢ ȾɇɄ Ɂɚɜɢɫɢɦɚɹ [212] 

ɋɬɢɦɭɥɹɰɢɹ ɤɥɟɬɨɱɧɨɝɨ ɪɨɫɬɚ Ɂɚɜɢɫɢɦɚɹ [215] 

ɍɱɚɫɬɢɟ ɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ 
ɦɢɬɨɯɨɧɞɪɢɣ ɩɪɢ ɨɤɢɫɥɢɬɟɥɶɧɨɦ 
ɫɬɪɟɫɫɟ 

Ɂɚɜɢɫɢɦɚɹ [182,216] 

ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɚɩɨɩɬɨɡɚ ɇɟɡɚɜɢɫɢɦɚɹ [217] 

ɋɬɢɦɭɥɹɰɢɹ ɩɪɨɥɢɮɟɪɚɰɢɢ 
ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ 

ɇɟɡɚɜɢɫɢɦɚɹ [218] 

hTERT ɬɚɤɠɟ ɫɩɨɫɨɛɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ ɤɥɟɬɨɱɧɭɸ ɩɪɨɥɢɮɟɪɚɰɢɸ, 

ɜɵɡɵɜɚɹ ɚɤɬɢɜɚɰɢɸ ɪɟɰɟɩɬɨɪɚ EGFR (Epidermal Growth Factor Receptor) ɜ 

ɷɩɢɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɢ ɡɚɞɟɣɫɬɜɨɜɚɧ ɜ TGF-ȕ 

ɫɢɝɧɚɥɶɧɨɦ ɤɚɫɤɚɞɟ ɜ ɩɟɪɜɢɱɧɵɯ ɦɵɲɢɧɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ [215]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɬɢɦɭɥɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɪɨɫɬɚ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢ 

ɨɬɫɭɬɫɬɜɢɢ ɭɞɥɢɧɟɧɢɹ ɬɟɥɨɦɟɪ [219].  

Ɇɨɥɟɤɭɥɚ hTERT ɫɩɨɫɨɛɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɹɬɨɪɚ 

ɤɥɟɬɨɱɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ, ɦɢɧɢɦɢɡɢɪɭɹ ɜɨɡɞɟɣɫɬɜɢɟ ɩɚɬɨɝɟɧɧɵɯ ɮɚɤɬɨɪɨɜ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɨɪɝɚɧɢɡɦ. ɍɜɟɥɢɱɟɧɧɵɣ ɫɢɧɬɟɡ ɩɪɢ ɷɤɡɨɝɟɧɧɨɦ 

ɜɧɟɞɪɟɧɢɢ ɛɟɥɤɚ hTERT ɜɵɡɵɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɥɟɬɨɤ ɤ 

ɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɵɯ ɫɬɪɟɫɫɨɪɧɵɯ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ 
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ɤɢɫɥɨɪɨɞɚ [216], ɝɢɩɨɤɫɢɹ ɢ ɝɢɩɟɪɨɤɫɢɹ, ɬɨɤɫɢɱɧɵɟ ɦɨɥɟɤɭɥɵ ɪɚɡɥɢɱɧɨɣ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ, ɧɟɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɪɨɫɬɚ [220]. ɗɬɢ 

ɧɚɛɥɸɞɟɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

hTERT ɜɵɡɵɜɚɥɨ ɫɧɢɠɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɢ ɦɵɲɟɣ ɤ 

ɞɟɣɫɬɜɢɸ ɫɬɪɟɫɫɨɪɧɵɯ ɮɚɤɬɨɪɨɜ [221]. ɉɨɜɵɲɟɧɧɵɣ ɫɢɧɬɟɡ hTERT 

ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɚɩɨɩɬɨɡɚ, ɜɵɡɜɚɧɧɨɝɨ ɪɚɡɥɢɱɧɵɦɢ 

ɬɨɤɫɢɱɧɵɦɢ ɚɝɟɧɬɚɦɢ [222]. ɋɨɨɛɳɚɟɬɫɹ, ɱɬɨ ɚɤɬɢɜɢɪɨɜɚɧɧɚɹ ɬɟɥɨɦɟɪɚɡɚ 

ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɩɨɩɬɨɡɚ ɩɨ TRAIL-ɢɧɞɭɰɢɪɨɜɚɧɧɨɦɭ ɩɭɬɢ 

[223]. Ɍɚɤɠɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɨ ɬɨɦ, ɱɬɨ ɦɨɥɟɤɭɥɚ hTERT ɫɩɨɫɨɛɧɚ 

ɢɧɝɢɛɢɪɨɜɚɬɶ ɪ53-ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɚɩɨɩɬɨɡ, ɞɚɠɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ [217]. ȼɧɟɞɪɟɧɢɟ ɝɟɧɚ hTERT ɜ ɮɢɛɪɨɛɥɚɫɬɵ 

ɥɟɝɤɢɯ IMR-90 ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ 

ɝɟɩɚɬɨɬɨɤɫɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ: CCl4, ɬеɪɬ-ɛɭɬɢɥɝɢɞɪɨɩɢɪɨɤɫɢɞɚ ɢ D-

ɝɚɥɚɤɬɨɡɚɦɢɧɚ. Ɍɚɤɢɟ ɤɥɟɬɤɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɯɪɨɦɨɫɨɦɧɵɦ 

ɧɚɪɭɲɟɧɢɹɦ, ɜɵɡɜɚɧɧɵɦ ɢɨɧɢɡɢɪɭɸɳɟɣ ɪɚɞɢɚɰɢɟɣ [224]. Ɍɚɤɠɟ 

ɫɨɨɛɳɚɟɬɫɹ ɨɛ ɜɨɡɞɟɣɫɬɜɢɢ hTERT ɜ ɤɥɟɬɤɚɯ ɛɟɡ ɚɤɬɢɜɧɨɣ ɬɟɥɨɦɟɪɚɡɵ ɧɚ 

ɞɜɭɰɟɩɨɱɟɱɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ [212]. Ɉɞɧɚɤɨ ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɫɜɹɡɢ 

ȾɇɄ-ɪɟɩɚɪɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ ɫ ɬɟɥɨɦɟɪɚɡɨɣ ɩɨɤɚ ɧɟɬ. 

Ɉɫɧɨɜɧɨɣ ɦɟɯɚɧɢɡɦ ɪɚɡɜɢɬɢɹ ɤɥɟɬɨɱɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ ɩɪɢ ɫɢɧɬɟɡɟ 

hTERT ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɬɪɚɧɫɤɪɢɩɰɢɸ ɦɧɨɠɟɫɬɜɚ ɝɟɧɨɜ [225]. ɉɨɤɚɡɚɧɨ, ɱɬɨ hTERT ɜɯɨɞɢɬ ɜ 

ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɚ WNT/APC/ȕ-catenin (wingless-type MMTV integration 

site family/adenomatous polyposis coli/ȕ -cadherin-associated protein) 

ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɬɪɚɧɫɤɪɢɩɰɢɸ ɦɧɨɝɢɯ ɝɟɧɨɜ [226]. ȼɟɪɨɹɬɧɨ, 

ɩɨɜɵɲɟɧɧɵɣ ɫɢɧɬɟɡ hTERT ɩɨɜɵɲɚɟɬ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ 

ɛɟɥɤɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɭɞɚɥɟɧɢɟ ɢɥɢ ɪɚɡɪɭɲɟɧɢɟ 

ɬɨɤɫɢɱɧɵɯ ɦɨɥɟɤɭɥ, ɚ ɬɚɤɠɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɟ ɛɟɥɤɢ. Ʉ ɬɚɤɢɦ ɛɟɥɤɚɦ 

ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɦɨɥɟɤɭɥɹɪɧɵɟ ɲɚɩɟɪɨɧɵ (ɛɟɥɤɢ ɬɟɩɥɨɜɨɝɨ ɲɨɤɚ), 
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ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɭ, Ɋ-ɝɥɢɤɨɩɪɨɬɟɢɧ, ɫɢɫɬɟɦɭ ɛɟɥɤɨɜ BAX/BCL2 (B-

cell CLL lymphoma 2 / BCL2-associated X protein) ɢ ɞɪ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɯ ɨɬɤɪɵɬɢɣ ɹɜɢɥɨɫɶ ɬɨ, ɱɬɨ ɮɭɧɤɰɢɢ 

hTERT ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɹɞɟɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɟɣ. Ɋɚɧɟɟ ɫɱɢɬɚɥɨɫɶ, 

ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ hTERT ɥɨɤɚɥɢɡɨɜɚɧɚ ɜɧɭɬɪɢ ɹɞɪɚ ɢ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɬɟɥɨɦɟɪɚɦɢ ɬɨɥɶɤɨ ɩɪɢ ɪɟɩɥɢɤɚɰɢɢ [227]. Ɉɤɚɡɚɥɨɫɶ, 

ɱɬɨ ɦɨɥɟɤɭɥɚ hTERT ɢɦɟɟɬ ɚɦɢɧɨɤɢɫɥɨɬɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɥɹ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɦɢɬɨɯɨɧɞɪɢɢ, ɨɞɧɚɤɨ, ɟё ɪɨɥɶ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɞɨ ɫɢɯ 

ɩɨɪ ɧɟ ɢɡɜɟɫɬɧɚ. Santos ɢ ɫɨɚɜɬ. [228] ɧɚɛɥɸɞɚɥɢ ɡɚɜɢɫɢɦɨɟ ɨɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ hTERT ɭɜɟɥɢɱɟɧɢɟ ɨɤɫɢɞɚɬɢɜɧɨɝɨ 

ɩɨɜɪɟɠɞɟɧɢɹ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ (ɦɬȾɇɄ). ȼɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ 

ɬɚɤɨɣ ɚɤɬɢɜɧɨɫɬɢ hTERT ɹɜɥɹɟɬɫɹ ɟё ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɜɵɡɵɜɚɬɶ ɚɩɨɩɬɨɡ ɜ 

ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɤɚɯ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ, ɱɬɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɟɢɡɦɟɧɧɨɫɬɶ 

ɩɨɩɭɥɹɰɢɢ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ [182].  

ɉɨɤɚɡɚɧɨ, ɱɬɨ hTERT ɜɵɯɨɞɢɬ ɢɡ ɹɞɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɜɨɛɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ. Ahmed ɢ ɫɨɚɜɬ. [216] ɩɨɤɚɡɚɥɢ ɫɧɢɠɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɹ 

ɹɞɟɪɧɨɣ ȾɇɄ ɩɪɢ ɨɤɢɫɥɢɬɟɥɶɧɨɦ ɫɬɪɟɫɫɟ ɮɢɛɪɨɛɥɚɫɬɨɜ, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ hTERT, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɟё ɡɚɳɢɬɧɨɣ ɪɨɥɢ. Ⱥɜɬɨɪɵ ɬɚɤɠɟ 

ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ ɜɵɡɵɜɚɟɬ ɩɟɪɟɯɨɞ 80–90% ɜɫɟɯ 

ɦɨɥɟɤɭɥ hTERT ɢɡ ɹɞɪɚ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɢ ɨɫɬɚɜɲɚɹɫɹ ɜ ɹɞɪɟ ɬɟɥɨɦɟɪɚɡɚ ɧɟ 

ɫɩɨɫɨɛɧɚ ɭɜɟɥɢɱɢɜɚɬɶ ɬɟɥɨɦɟɪɵ. ȼɨɡɜɪɚɳɟɧɢɟ hTERT ɜ ɹɞɪɨ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɞɥɢɧɭ ɬɟɥɨɦɟɪ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, hTERT ɧɚɩɪɹɦɭɸ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɦɬȾɇɄ, ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɹɫɶ ɢɡ ɹɞɪɚ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɜ 

ɦɨɦɟɧɬ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ [216].  

Ʉ ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɮɭɧɤɰɢɹɦ hTERT ɨɬɧɨɫɹɬ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɣ 

ɷɮɮɟɤɬ. ɉɟɪɜɵɦ ɫɜɢɞɟɬɟɥɶɫɬɜɨɦ ɷɬɨɝɨ ɹɜɢɥɚɫɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɥɟɬɨɤ c 

hTERT ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɭɫɥɨɜɢɹɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɬɚɤɢɦ ɤɚɤ ɝɢɩɨɤɫɢɹ, 

ɝɢɩɟɪɨɤɫɢɹ ɢ ɧɟɞɨɫɬɚɬɨɤ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɟɬɤɚɦɢ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɭɞɥɢɧɟɧɢɹ ɬɟɥɨɦɟɪ. ɉɪɟɛɵɜɚɧɢɟ ɤɥɟɬɨɤ ɜ 
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ɭɫɥɨɜɢɹɯ ɝɢɩɨɤɫɢɢ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɢ ɭɦɟɧɶɲɟɧɢɟ 

α+ȕ+ ɢɡɨɮɨɪɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ [229]. 

ɍɫɥɨɜɢɹ ɫ ɩɨɧɢɠɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ ɹɜɥɹɸɬɫɹ ɧɨɪɦɚɥɶɧɵɦ 

ɫɨɫɬɨɹɧɢɟɦ ɜ ɪɚɡɜɢɬɢɢ ɨɩɭɯɨɥɟɣ. ȼ ɪɚɤɨɜɵɯ ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɚɧɚɷɪɨɛɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɭɜɟɥɢɱɟɧɢɟ ɪɨɥɢ 

ɚɧɚɷɪɨɛɧɨɝɨ ɝɥɢɤɨɥɢɡɚ (ɷɮɮɟɤɬ ȼɚɪɛɭɪɝɚ). ɗɮɮɟɤɬ ȼɚɪɛɭɪɝɚ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɚɤɬɢɜɚɰɢɸ ɦɧɨɠɟɫɬɜɚ ɛɟɥɤɨɜ, ɜ ɬ.ɱ. ɢ ɬɟɥɨɦɟɪɚɡɵ, ɤɨɬɨɪɚɹ, ɤɚɤ 

ɩɨɥɚɝɚɸɬ, ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɜɵɠɢɜɚɟɦɨɫɬɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ 

ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɚɩɨɩɬɨɡɚ hTERT 

ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɧɟɢɡɜɟɫɬɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɧɨ ɩɪɢ ɷɬɨɦ ɛɥɨɤɢɪɭɟɬɫɹ ɟɝɨ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɣ ɢ ɪɟɰɟɩɬɨɪɧɵɣ ɩɭɬɢ ɚɤɬɢɜɚɰɢɢ [230,231]. ɉɨɤɚɡɚɧɨ, 

ɱɬɨ hTERT ɢɧɝɢɛɢɪɭɟɬ ɚɩɨɩɬɨɡ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɧɟɣɪɨɧɚɥɶɧɵɯ 

ɩɨɜɪɟɠɞɟɧɢɣ  ɢ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɷɤɫɩɪɟɫɫɢɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɧɟɚɤɬɢɜɧɵɯ 

Ⱥɋ ɮɨɪɦ [217]. Listerman ɢ ɫɨɚɜɬ. [194] ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɩɨɜɵɲɟɧɧɚɹ 

ɷɤɫɩɪɟɫɫɢɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ hTERT ɢ α+ȕ– ɜɚɪɢɚɧɬɚ ɜ ɥɢɧɢɹɯ ɪɚɤɚ 

ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɜɵɡɵɜɚɟɬ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɚɰɢɢ ɤɚɫɩɚɡ 3 ɢ 7 ɩɨɫɥɟ 

ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɫɨɯɪɚɧɟɧɢɢ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ α+ȕ– ɮɨɪɦɵ. Ɍɚɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ 

ɛɥɨɤɢɪɨɜɚɧɢɸ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɝɨ ɢ ɪɟɰɟɩɬɨɪ-ɨɩɨɫɪɟɞɨɜɚɧɧɨɝɨ 

ɚɩɨɩɬɨɡɚ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɨɤɚɥɢɡɚɰɢɟɣ ɜɚɪɢɚɧɬɚ ɫ ȕ–ɞɟɥɟɰɢɹɦɢ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ [194]. Ɉɞɧɚɤɨ, ɧɟ ɫɨɜɫɟɦ ɹɫɧɨ, ɤɚɤɚɹ ɢɦɟɧɧɨ ɱɚɫɬɶ hTERT 

ɢ ɤɚɤɢɟ ɢɦɟɧɧɨ Ⱥɋ ɜɚɪɢɚɧɬɵ ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɷɬɨɬ ɷɮɮɟɤɬ. 

ɇɨɤɚɭɬɧɵɟ ɩɨ ɝɟɧɭ TERT ɦɵɲɢ ɛɟɡ ɚɤɬɢɜɧɨɣ ɬɟɥɨɦɟɪɚɡɵ ɢ ɫ 

ɤɨɪɨɬɤɢɦɢ ɬɟɥɨɦɟɪɚɦɢ ɢɦɟɥɢ ɞɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɤɨɠɢ ɢ 

ɫɥɚɛɵɣ ɪɨɫɬ ɲɟɪɫɬɢ ɢɡ-ɡɚ ɩɨɧɢɠɟɧɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɢ ɷɩɢɞɟɪɦɚɥɶɧɵɯ 

ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜɵɡɵɜɚɥɨ 

ɚɤɬɢɜɚɰɢɸ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɤɨɠɧɨɝɨ ɩɨɤɪɨɜɚ ɢ 

ɜɨɥɨɫɹɧɵɯ ɮɨɥɥɢɤɭɥ [218]. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɧɢɡɤɚɹ ɬɟɥɨɦɟɪɚɡɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɤɚɯ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ, 
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ɨɞɧɚɤɨ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ hTERT ɜ ɝɟɦɚɬɨɩɨɷɬɢɱɟɫɤɢɯ 

ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɤɚɯ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɭɞɥɢɧɟɧɢɹ ɬɟɥɨɦɟɪ. Ɍɚɤɨɣ 

ɷɮɮɟɤɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɜɟɫɶɦɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ [232]. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɹɜɥɹɟɬɫɹ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT. ɇɚɥɢɱɢɟ ɷɤɫɬɪɚɬɟɥɨɦɟɪɧɵɯ ɮɭɧɤɰɢɣ hTERT ɢ 

ɬɟɥɨɦɟɪɚɡɵ ɦɨɠɟɬ ɨɛɴɹɫɧɢɬɶ ɷɤɫɩɪɟɫɫɢɸ ɷɬɨɝɨ ɛɟɥɤɚ ɜ ɧɨɪɦɚɥɶɧɵɯ 

ɬɤɚɧɹɯ. Ɉɞɧɚɤɨ, ɮɭɧɤɰɢɢ ɤɚɠɞɨɣ ɢɡ ɢɡɨɮɨɪɦ ɫɥɟɞɭɟɬ ɢɡɭɱɢɬɶ ɛɨɥɟɟ 

ɞɟɬɚɥɶɧɨ. Hrdliɫkova ɢ ɫɨɚɜɬ. [193] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ hTERT ɫ 

ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɨɜ 3–14 ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɹɯ ɢ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ. ɉɨɜɵɲɟɧɧɚɹ 

ɷɤɫɩɪɟɫɫɢɹ ɬɚɤɨɣ ɮɨɪɦɵ ɜ ɤɥɟɬɤɚɯ ɫ ɚɤɬɢɜɧɨɣ ɬɟɥɨɦɟɪɚɡɨɣ ɢ ɛɟɡ ɧɟё 

ɜɵɡɵɜɚɥɚ ɭɜɟɥɢɱɟɧɢɟ ɤɥɟɬɨɱɧɨɣ ɩɪɨɥɢɮɟɪɚɰɢɢ, ɚ ɧɨɤɚɭɬ ɩɪɢ ɩɨɦɨɳɢ 

ɊɇɄ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɥ ɩɪɨɥɢɮɟɪɚɰɢɸ ɢ ɜɥɢɹɥ ɧɚ 

ɤɥɟɬɨɱɧɵɣ ɰɢɤɥ ɜ ɤɥɟɬɤɚɯ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɭɞɥɢɧɟɧɢɟɦ ɬɟɥɨɦɟɪ [232]. 

Ⱥɤɬɢɜɧɵɟ ɢ ɧɟɚɤɬɢɜɧɵɟ ɮɨɪɦɵ hTERT ɫɩɨɫɨɛɧɵ ɚɤɬɢɜɢɪɨɜɚɬɶ Wnt 

(wingless-type MMTV integration site family) ɫɢɝɧɚɥɶɧɵɣ ɩɭɬɶ, ɞɟɣɫɬɜɭɹ ɜ 

ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ ɜ ȕ-ɤɚɬɟɧɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɚɯ. 

ȼɚɪɢɚɧɬ ɫ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɨɜ 4–13 ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɥ ɫɢɝɧɚɥɥɢɧɝ Wnt ɜ 

ɤɥɟɬɤɚɯ ɫ ɚɤɬɢɜɧɨɣ ɬɟɥɨɦɟɪɚɡɨɣ ɢ ɛɟɡ ɧɟё ɢ ɚɤɬɢɜɚɰɢɹ ɛɵɥɚ ɫɥɚɛɟɟ ɭ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ hTERT [193].  

2.8.5. Ʉɥɢɧɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɩɪɢ 
ɨɩɭɯɨɥɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ 

ȼɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɬɢɩɚɯ ɪɚɤɚ ɹɜɥɹɟɬɫɹ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ [233]. ȼɫɟɝɨ ɧɟɫɤɨɥɶɤɨ 

ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɢɡɭɱɟɧɢɸ ɫɜɹɡɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɫ 

ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɤɥɢɧɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦɢ. Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɨɫɥɨɠɧɹɸɬɫɹ ɪɚɡɥɢɱɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, 

ɛɨɥɶɲɢɦ ɪɚɡɥɢɱɢɟɦ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɭ 

ɢɧɞɢɜɢɞɭɦɨɜ ɢ ɡɚɬɪɭɞɧɟɧɢɟɦ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɨɛɳɟɦ, ɛɨɥɟɟ 
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ɚɝɪɟɫɫɢɜɧɵɟ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɟ ɨɩɭɯɨɥɢ ɷɤɫɩɪɟɫɫɢɪɭɸɬ ɛɨɥɶɲɟ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ hTERT, ɱɟɦ ɦɟɧɟɟ ɚɝɪɟɫɫɢɜɧɵɟ ɢɥɢ ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɵɟ 

[194,201,207,233]. ȼ ɥɢɧɢɹɯ ɤɥɟɬɨɤ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɷɤɫɩɪɟɫɫɢɹ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ hTERT ɛɵɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɜ ɛɚɡɚɥɶɧɨɦ 

(ɫɜɹɡɚɧ ɫ ɩɥɨɯɢɦ ɤɥɢɧɢɱɟɫɤɢɦ ɩɪɨɝɧɨɡɨɦ), ɱɟɦ ɥɸɦɢɧɚɥɶɧɨɦ (ɫɜɹɡɚɧ ɫ 

ɯɨɪɨɲɢɦ ɤɥɢɧɢɱɟɫɤɢɦ ɩɪɨɝɧɨɡɨɦ) ɩɨɞɬɢɩɟ. ɗɤɫɩɪɟɫɫɢɹ ȕ– ɢɡɨɮɨɪɦ 

ɩɨɤɚɡɚɥɚ ɨɛɪɚɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ [194]. ȼ ɨɩɭɯɨɥɹɯ ɥёɝɤɢɯ ɨɬɫɭɬɫɬɜɨɜɚɥɚ 

ɤɨɪɪɟɥɹɰɢɹ ɷɤɫɩɪɟɫɫɢɢ Ⱥɋ ɜɚɪɢɚɧɬɨɜ ɫɨ ɫɬɟɩɟɧɶɸ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ, 

ɫɬɚɞɢɟɣ ɡɚɛɨɥɟɜɚɧɢɹ ɢ ɦɟɬɚɫɬɚɡɚɦɢ ɜ ɥɢɦɮɚɬɢɱɟɫɤɢɟ ɫɨɫɭɞɵ. ɉɪɢ ɨɫɬɪɨɣ 

ɦɢɟɥɨɢɞɧɨɣ ɥɟɣɤɟɦɢɢ ɷɤɫɩɪɟɫɫɢɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ hTERT ɤɨɪɪɟɥɢɪɨɜɚɥɚ 

ɫɨ ɫɬɚɞɢɟɣ ɡɚɛɨɥɟɜɚɧɢɹ ɢ ɛɵɥɚ ɜɵɲɟ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɣ 

ɮɨɪɦɨɣ [233].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɭɛɴɟɞɢɧɢɰɚ ɬɟɥɨɦɟɪɚɡɵ hTERT 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɧɚ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɢ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɭɪɨɜɧɹɯ. 

Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɨɛɧɚɪɭɠɟɧ ɜɨ ɜɫɟɯ ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 

ɧɚɥɢɱɢɹ ɜ ɧɢɯ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ʉɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ 

ɨɛɥɚɞɚɟɬ ɬɨɥɶɤɨ ɩɨɥɧɨɪɚɡɦɟɪɧɚɹ ɮɨɪɦɚ hTERT, ɤɨɬɨɪɚɹ ɭɱɚɫɬɜɭɟɬ ɜ 

ɷɥɨɧɝɚɰɢɢ ɬɟɥɨɦɟɪ. Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɪɨɥɶ ɢ ɤɥɢɧɢɱɟɫɤɨɟ ɩɪɨɹɜɥɟɧɢɟ 

ɞɪɭɝɢɯ Ⱥɋ ɜɚɪɢɚɧɬɨɜ hTERT ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧɚ, ɩɨɫɤɨɥɶɤɭ ɧɟ ɭɞɚёɬɫɹ 

ɨɛɧɚɪɭɠɢɬɶ ɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɫ ɤɚɤɢɦ-

ɥɢɛɨ ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. Ɉɞɧɚɤɨ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɵ hTERT ɧɟ ɨɛɥɚɞɚɸɳɢɟ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, 

ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɤɚɤ ɞɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɟ ɜɚɪɢɚɧɬɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ 

ɫɧɢɠɟɧɢɸ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɥɟɬɤɟ ɜ ɰɟɥɨɦ. ɉɨɹɜɥɹɟɬɫɹ ɜɫɟ 

ɛɨɥɶɲɟ ɞɚɧɧɵɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɷɮɮɟɤɬɵ hTERT, ɧɟ ɫɜɹɡɚɧɧɵɟ ɫ 

ɭɞɥɢɧɟɧɢɟɦ ɬɟɥɨɦɟɪ, ɢ ɪɨɥɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ ɬɚɤɢɯ ɩɪɨɰɟɫɫɚɯ 

ɨɬɜɨɞɢɬɫɹ ɜɫɟ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ. ȼɵɹɫɧɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɪɨɥɢ ɢɡɨɮɨɪɦ 

hTERT ɢ ɦɟɯɚɧɢɡɦɚ ɢ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɞɥɹ ɩɨɧɢɦɚɧɢɹ 

ɪɚɡɜɢɬɢɹ ɮɢɡɨɥɨɝɢɱɟɫɤɢɯ ɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ.  
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2.9. Ɋɨɥɶ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ ɜ ɩɪɨɰɟɫɫɟ ɤɥɟɬɨɱɧɨɣ 
ɝɢɛɟɥɢ 

ɇɨɪɦɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɫɨɩɪɹɠɟɧɨ ɫ 

ɩɪɨɰɟɫɫɚɦɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ. Ɉɞɧɢɦ ɢɡ ɩɨɫɥɟɞɧɢɯ ɢ 

ɧɟɨɛɪɚɬɢɦɵɯ ɷɬɚɩɨɜ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ, ɤɨɬɨɪɵɟ ɝɢɞɪɨɥɢɡɭɸɬ ȾɇɄ – 

(ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɚɡɵ, ȾɇɄɚɡɵ). ɍ ɱɟɥɨɜɟɤɚ ɨɛɧɚɪɭɠɟɧɨ ɞɜɚ ɫɟɦɟɣɫɬɜɚ 

ȾɇɄɚɡ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɬɟɩɟɧɢ ɝɨɦɨɥɨɝɢɢ: 

ɋɟɦɟɣɫɬɜɨ ȾɇɄɚɡɵ 1 (ɢɥɢ ȾɇɄɚɡɵ 1-ɝɨ ɬɢɩɚ), ɜ ɤɨɬɨɪɨɟ ɜɯɨɞɹɬ 

ɫɨɛɫɬɜɟɧɧɨ ȾɇɄɚɡɚ 1 (DNase I, deoxyribonuclease 1), DNase 1L1 

(deoxyribonuclease 1 like 1), DNase 1L2 (deoxyribonuclease 1 like 2), DNase 

1L3 (deoxyribonuclease 1 like 3); ɢ ɫɟɦɟɣɫɬɜɨ ȾɇɄɚɡɵ 2 (ɢɥɢ ȾɇɄɚɡɵ 2-ɝɨ 

ɬɢɩɚ): DNase2a (deoxyribonuclease 2 alpha), DNase2b (deoxyribonuclease 2 

beta) ɢ L-DNaseII (L-deoxyribonuclease II). Ɉɬɞɟɥɶɧɨ ɜɵɞɟɥɹɸɬ 

ɷɧɞɨɧɭɤɥɟɚɡɭ EndoG (Endonuclease G), ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɝɢɞɪɨɥɢɡɨɜɚɬɶ ɤɚɤ ȾɇɄ (ȾɇɄɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ), ɬɚɤ ɢ ɊɇɄ (ɊɇɄɚɡɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ) ɢ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ Mg2+-ɡɚɜɢɫɢɦɨɣ, ɚ ɬɚɤɠɟ Mg2+-ɡɚɜɢɫɢɦɭɸ 

DFFB (DNA fragmentation factor subunit beta), ɹɜɥɹɸɳɭɸɫɹ ɝɨɦɨɥɨɝɨɦ 

ȾɇɄɚɡɵ CAD (Caspase-activated DNase). ȾɇɄɚɡɚɦ 1-ɝɨ ɬɢɩɚ ɞɥɹ 

ɩɪɨɹɜɥɟɧɢɹ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɫɭɬɫɬɜɢɟ ɤɚɬɢɨɧɨɦ 

Ca2+ ɢɥɢ Mg2+. ɂɯ ɦɚɤɫɢɦɭɦ ɚɤɬɢɜɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɧɟɣɬɪɚɥɶɧɨɦ 

ɪɇ. Ƚɢɞɪɨɥɢɡ ȾɇɄ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨ 5’-ɮɨɫɮɚɬɧɵɦ ɝɪɭɩɩɚɦ. ȾɇɄɚɡɵ 

ɫɟɦɟɣɫɬɜɚ 2 ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɤɚɬɢɨɧɚɯ, ɩɪɨɹɜɥɹɸɬ 

ɦɚɤɫɢɦɭɦ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɤɢɫɥɨɦ ɡɧɚɱɟɧɢɢ ɪɇ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɝɢɞɪɨɥɢɡ 

ȾɇɄ ɩɨ 3’-ɮɨɫɮɚɬɧɵɦ ɝɪɭɩɩɚɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ȾɇɄɚɡɚ L-DNaseII 

ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢɧɝɢɛɢɬɨɪɚ ɫɟɪɢɧɨɜɵɯ ɩɪɨɬɟɚɡ 

ɫɟɪɩɢɧɚ ȼ1, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɨɝɨ LEI (Leukocyte elastase inhibitor) [234]. 

Ȼɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ ɢ ɪɚɡɥɢɱɢɟ ɭɪɨɜɧɟɣ 

ɢɯ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ 
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ɭɪɨɜɟɧɶ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɚɯ ɢ ɬɤɚɧɹɯ (ɬɚɛɥɢɰɚ 

13).  

DNase I ɹɜɥɹɟɬɫɹ ȾɇɄɚɡɨɣ ɫ ɧɚɢɛɨɥɶɲɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɫɪɟɞɢ 

ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɨɤ ɢ ɬɤɚɧɟɣ [235]. ɇɚɢɛɨɥɶɲɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ 

ɨɛɧɚɪɭɠɟɧ ɜ ɷɤɡɨɤɪɢɧɧɵɯ ɤɥɟɬɤɚɯ ɩɢɳɟɜɚɪɢɬɟɥɶɧɨɝɨ ɬɪɚɤɬɚ. DNase I 

ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɤɪɨɜɢ, ɝɞɟ, ɤɚɤ ɩɨɥɚɝɚɸɬ, ɞɟɝɪɚɞɢɪɭɟɬ ɫɜɨɛɨɞɧɨ 

ɰɢɪɤɭɥɢɪɭɸɳɭɸ ȾɇɄ. ȼ ɤɪɨɜɢ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɚ ɩɪɢɫɭɬɫɬɜɢɟ DNase 

1L3, ɤɨɬɨɪɚɹ ɫɟɤɪɟɬɢɪɭɟɬɫɹ ɦɢɟɥɨɢɞɧɵɦɢ ɤɥɟɬɤɚɦɢ ɩɟɱɟɧɢ ɢ ɫɟɥɟɡёɧɤɢ, ɚ 

ɬɚɤɠɟ ɞɟɧɞɪɢɞɧɵɦɢ ɤɥɟɬɤɚɦɢ ɢ ɦɚɤɪɨɮɚɝɚɦɢ. DNase 1L2 

ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɤɟɥɟɬɧɵɦɢ ɦɵɲɰɚɦɢ ɢ 

ɤɚɪɞɢɨɦɢɨɰɢɬɚɦɢ. ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ DNase 1L2 ɨɛɧɚɪɭɠɟɧ ɜ 

ɤɟɪɚɬɢɧɨɰɢɬɚɯ [236].  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɤɚɧɟɫɩɟɰɢɮɢɱɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ȾɇɄɚɡ ɩɟɪɜɨɝɨ 

ɫɟɦɟɣɫɬɜɚ, ɷɤɫɩɪɟɫɫɢɹ DNase2a ɢ L-DNaseII ɨɛɧɚɪɭɠɟɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ 

ɜɫɟɯ ɬɢɩɚɯ ɬɤɚɧɟɣ, ɱɬɨ ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɨɛɴɹɫɧɹɟɬɫɹ ɟё ɫɢɧɬɟɡɨɦ 

ɦɚɤɪɨɮɚɝɚɦɢ, ɚ ɧɟ ɤɥɟɬɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ. ȼɵɫɨɤɢɟ ɭɪɨɜɧɢ DNase2b 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɥɸɧɧɵɯ ɠɟɥɟɡɚɯ ɢ ɥёɝɤɢɯ, ɚ ɬɚɤɠɟ ɯɪɭɫɬɚɥɢɤɟ ɝɥɚɡɚ 

[237]. 

ɂɧɬɟɪɟɫɧɚ ɮɭɧɤɰɢɹ EndoG. ȼ ɨɬɥɢɱɢɢ ɨɬ ɞɪɭɝɢɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɷɧɞɨɧɭɤɥɟɚɡ, ɜ ɦɨɦɟɧɬ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ EndoG ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ [238]. Ȼɟɥɨɤ EndoG ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɜ ɜɢɞɟ ɩɪɨ-

ɩɟɩɬɢɞɚ ɪɚɡɦɟɪɨɦ 32 ɤȾɚ, ɤɨɬɨɪɵɣ ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɢ 

ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɫɢɝɧɚɥɶɧɨɝɨ ɩɟɩɬɢɞɚ [14,239] ɢ ɯɪɚɧɢɬɫɹ ɜ 

ɦɟɠɦɟɦɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ [238]. ɉɪɨ-ɛɟɥɨɤ EndoG ɧɟɚɤɬɢɜɟɧ [240]. 

ɋɢɝɧɚɥɶɧɵɣ ɩɟɩɬɢɞ ɨɬɳɟɩɥɹɟɬɫɹ ɩɪɢ ɩɪɨɧɢɤɧɨɜɟɧɢɢ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɢ 

ɡɪɟɥɵɣ ɛɟɥɨɤ, ɪɚɡɦɟɪɨɦ 27 ɤȾɚ, ɦɨɠɟɬ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨ ɩɨɤɢɞɚɬɶ 

ɦɢɬɨɯɨɧɞɪɢɢ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ EndoG ɩɪɢɧɢɦɚɟɬ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɪɚɫɳɟɩɥɟɧɢɹ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ (ɦɬȾɇɄ) [241,242], ɫɢɧɬɟɡɢɪɭɟɬ ɩɪɚɣɦɟɪɵ-
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ɡɚɬɪɚɜɤɢ ɩɪɢ ɪɟɩɥɢɤɚɰɢɢ ɦɬȾɇɄ [239] ɢ ɦɨɞɭɥɢɪɭɟɬ ɫɢɧɬɟɡ ɦɬȾɇɄ, ɜɥɢɹɹ 

ɧɚ ɟё ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ/ɢɥɢ ɬɪɚɧɫɤɪɢɩɰɢɸ [243]. ɉɪɢ ɚɩɨɩɬɨɡɟ EndoG 

ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɨ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɝɢɞɪɨɥɢɡ ɩɨɥɢG-ɩɨɥɢɋ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ [244], ɞɟɣɫɬɜɭɹ ɩɨ ɤɚɫɩɚɡ-ɧɟɡɚɜɢɫɢɦɨɦɭ 

ɦɟɯɚɧɢɡɦɭ [245]. ɇɚ ɪɢɫ. 15 ɫɯɟɦɚɬɢɱɟɫɤɢ ɢɡɨɛɪɚɠɟɧɵ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ 

EndoG ɜ ɧɨɪɦɟ ɢ ɩɪɢ ɚɩɨɩɬɨɡɟ. 

ɂɡɦɟɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ȾɇɄɚɡ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɪɹɞɟ 

ɩɚɬɨɥɨɝɢɣ (ɬɚɛɥɢɰɚ 8). 

Enari Ɇ. ɢ ɫɨɚɜɬ. ɜɩɟɪɜɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɝɟɧɚ DNaseI ɫɢɧɬɟɡɢɪɭɟɬɫɹ 

ɧɟɫɤɨɥɶɤɨ ɬɪɚɧɫɤɪɢɩɬɨɜ (ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ) [254]. Ɉɞɧɚɤɨ ɢɯ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɡɭɱɟɧɨ ɧɟ ɛɵɥɨ. ȼ ɫɜɨɟɣ ɪɚɛɨɬɟ Basnakian A.G. 

ɢ ɫɨɚɜɬ. ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɷɤɡɨɧɚ 

1 ɦɊɇɄ DNaseI ɜ ɩɨɱɤɚɯ ɤɪɵɫ ɩɨɫɥɟ ɢɲɟɦɢɢ/ɪɟɩɟɪɮɭɡɢɢ [255]. ɉɨɹɜɥɟɧɢɟ 

ɞɚɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɧɭɤɥɟɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɜ ɬɤɚɧɢ ɩɨɱɟɤ. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɬɚɤɢɟ ɢɡɦɟɧɟɧɢɹ ɢɦɟɸɬ 

ɨɬɧɨɲɟɧɢɟ ɤ ɪɟɝɭɥɹɰɢɢ ɝɢɛɟɥɢ ɤɥɟɬɨɤ ɩɨɱɟɤ. Ɇɟɯɚɧɢɡɦ ɩɨɹɜɥɟɧɢɹ ɞɚɧɧɵɯ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɨɫɬɚёɬɫɹ ɩɨɤɚ ɧɟɢɡɭɱɟɧɧɵɦ.  

 

Ɋɢɫɭɧɨɤ 15. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɮɭɧɤɰɢɣ EndoG ɜ ɧɨɪɦɟ ɢ ɩɪɢ 
ɚɩɨɩɬɨɡɟ. ȼ ɧɨɪɦɟ EndoG ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɟɠɦɟɦɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɦɢɬɨɯɨɧɞɪɢɣ, ɝɞɟ ɪɹɞ ɮɭɧɤɰɢɣ: ɝɢɞɪɨɥɢɡ ɦɬȾɇɄ ɩɪɢ ɟё ɧɟɨɛɪɚɬɢɦɨɦ 
ɩɨɜɪɟɠɞɟɧɢɢ, ɫɢɧɬɟɡ ɩɪɚɣɦɪɨɜ-ɡɚɬɪɚɜɨɤ ɩɪɢ ɪɟɩɥɢɤɚɰɢɢ ɦɬȾɇɄ ɢɥɢ ɠɟ 
ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɬɪɚɧɫɤɪɢɩɰɢɢ ɦɬȾɇɄ. ɉɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɡɚ 
EndoG ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɚ ɢ ɰɢɬɨɩɥɚɡɦɭ ɤɥɟɬɨɤ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɝɢɞɪɨɥɢɡ ȾɇɄ ɢ ɊɇɄ. 
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Ɍɚɛɥɢɰɚ 7. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ȾɇɄɚɡ ɢ ɩɚɬɨɥɨɝɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɯ ɞɢɫɮɭɧɤɰɢɟɣ. 
ɇɭɤɥɟɚɡɚ Ɉɩɬɢɦɚɥɶɧɚɹ 

ɪɇ  
ɉɪɨɞɭɤɬɵ 
ɪɚɫɳɟɩɥɟɧ
ɢɹ 

Ca2+/Mg2+ 

ɡɚɜɢɫɢɦɨɫɬɶ 

ɉɚɬɨɥɨɝɢɹ Ɉɫɧɨɜɧɵɟ 
ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ 
ɬɤɚɧɢ 

Ɉɫɧɨɜɧɨɣ ɬɢɩ 
ɤɥɟɬɨɤ 

Ʌɨɤɚɥɢɡɚɰɢɹ ɋɫɵɥɤɢ 

DNase1 ɇɟɣɬɪɚɥɶɧɚɹ 3’OH-5’P ȿɫɬɶ ɋɢɫɬɟɦɧɚɹ ɤɪɚɫɧɚɹ 
ɜɨɥɱɚɧɤɚ 

ɋɥɸɧɧɵɟ ɠɟɥɟɡɵ, 
ɩɨɱɤɢ, ɤɢɲɤɢ 

ɗɤɡɨɤɪɢɧɧɵɟ 
ɤɥɟɬɤɢ, ɤɥɟɬɤɢ 
ɉɚɧɟɬɚ 

ɋɟɤɪɟɬɢɪɭɟɦɚɹ 
ɮɨɪɦɚ 

[246]  

DNase1L1 ɇɟɣɬɪɚɥɶɧɚɹ 3’OH-5’P ȿɫɬɶ Ȼɨɥɟɡɧɶ ɉɨɦɩɟ 

ɦɵɲɟɱɧɚɹ ɫɥɚɛɨɫɬɶ 

ɋɟɪɞɟɱɧɚɹ ɢ 
ɫɤɟɥɟɬɧɵɟ ɦɵɲɰɵ 

Ɇɢɨɰɢɬɵ ɇɚɪɭɠɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, 
ɥɢɡɨɫɨɦɵ 

[247,248] 

DNase1L2 Ʉɢɫɥɚɹ 3’OH-5’P ȿɫɬɶ ɉɚɪɚɤɟɪɚɬɨɡ; 
ɉɫɨɪɢɚɡ 

ɗɩɢɞɟɪɦɢɫ Ʉɟɪɚɬɢɧɨɰɢɬɵ ɗɧɞɨɩɥɚɡɦɚɬɢ
ɱɟɫɤɢɣ 
ɪɟɬɢɤɤɭɥɭɦ 

[247,249] 

DNase1L3 ɇɟɣɬɪɚɥɶɧɚɹ 3’OH-5’P ȿɫɬɶ ɋɢɫɬɟɦɧɚɹ ɤɪɚɫɧɚɹ 
ɜɨɥɱɚɧɤɚ ɭ ɞɟɬɟɣ 

ɋɟɥɟɡёɧɤɚ, ɩɟɱɟɧɶ Ɇɚɤɪɨɮɚɝɢ, 
ɞɟɧɞɪɢɬɧɵɟ 
ɤɥɟɬɤɢ 

ɋɟɤɪɟɬɢɪɭɟɦɚɹ 
ɮɨɪɦɚ, ɹɞɪɚ 

[247,250] 

DNase2a Ʉɢɫɥɚɹ 3’P-5’OH ɇɟɬ ɋɦɟɪɬɶ ɩɥɨɞɚ; 
ɪɟɜɦɚɬɨɢɞɧɵɣ 
ɚɪɬɪɢɬ; 
ɜɨɥɱɚɧɨɱɧɵɣ 
ɧɟɮɪɢɬ 

Ȼɨɥɶɲɢɧɫɬɜɨ 
ɬɤɚɧɟɣ, ɤɨɫɬɧɵɣ 
ɦɨɡɝ 

Ɇɚɤɪɨɮɚɝɢ Ʌɢɡɨɫɨɦɵ [251] 

Dnase2b Ʉɢɫɥɚɹ 3’P-5’OH ɇɟɬ Ʉɚɬɚɪɚɤɬɚ ɏɪɭɫɬɚɥɢɤ ɝɥɚɡɚ, 
ɫɥɸɧɧɚɹ ɠɟɥɟɡɚ, 
ɥёɝɤɢɟ 

Ʉɥɟɬɱɚɬɤɚ Ʌɢɡɨɫɨɦɵ [252] 

L-DNaseII Ʉɢɫɥɚɹ 3’P-5’OH ɇɟɬ ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ 
Pseudomonas 

Ʉɨɫɬɧɵɣ ɦɨɡɝ ɇɟɣɬɪɨɮɢɥɵ əɞɪɨ [252,253] 

CAD ɇɟɣɬɪɚɥɶɧɚɹ 3’OH-5’P Mg2+ Ɋɚɤ ɉɨɜɫɟɦɟɫɬɧɨ ɉɨɜɫɟɦɟɫɬɧɨ əɞɪɨ [252] 

EndoG ɇɟɣɬɪɚɥɶɧɚɹ; 
ɨɫɧɨɜɧɚɹ 

3’OH-5’P Mg2+ Ƚɢɩɟɪɬɪɨɮɢɹ 
ɫɟɪɞɰɚ 

ɉɨɜɫɟɦɟɫɬɧɨ ɉɨɜɫɟɦɟɫɬɧɨ Ɇɢɬɨɯɨɧɞɪɢɢ 
ɢ ɹɞɪɨ 

[252] 
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2.10. Ɋɟɝɭɥɹɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɫɩɚɡɵ-2  

Ʉɚɫɩɚɡɚ-2 (Casp-2, caspase 2) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɜɨɥɸɰɢɨɧɧɨ 

ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ ɤɚɫɩɚɡɨɣ, ɤɨɬɨɪɚɹ ɭɱɚɫɬɜɭɟɬ ɧɟ ɬɨɥɶɤɨ ɜ ɢɧɢɰɢɚɰɢɢ 

ɚɩɨɩɬɨɡɚ, ɧɨ ɢ ɜ ɪɟɚɤɰɢɢ ɤɥɟɬɨɤ ɧɚ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɚ 

ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɨɩɭɯɨɥɟɜɨɝɨ ɫɭɩɪɟɫɫɨɪɚ. Ⱥɤɬɢɜɚɰɢɹ Casp-2 

ɢɧɞɭɰɢɪɭɟɬɫɹ ɩɭɬёɦ ɟё ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɢ ɱɚɫɬɢɱɧɨɝɨ ɩɪɨɬɟɨɥɢɡɚ. 

Ɉɛɧɚɪɭɠɟɧɨ ɞɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ Casp-2: ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ Casp-2L (Long), 

ɨɛɥɚɞɚɸɳɢɣ ɩɪɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɭɤɨɪɨɱɟɫɧɧɵɣ Casp-2S 

(Short), ɩɪɨɹɜɥɹɸɳɢɣ ɩɪɨɬɢɜɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. Ʉɨɪɨɬɤɢɣ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɤɥɸɱɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɷɤɡɨɧɚ 9, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɫɬɨɩ-ɤɨɞɨɧɚ [256]. Ⱥɋ ɩɪɟ-

ɦɊɇɄ Casp-2 ɪɟɝɭɥɢɪɭɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɛɟɥɤɚɦɢ. Ȼɟɥɤɢ 

SRSF1 ɢ SRSF2 ɤɚɬɚɥɢɡɢɪɭɸɬ ɞɟɥɟɰɢɸ ɷɤɡɨɧɚ 9 ɢ ɨɛɪɚɡɨɜɚɧɢɟ Casp-2L 

ɬɪɚɧɫɤɪɢɩɬɚ, ɚ ɛɟɥɨɤ hnRNP A1 ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ 9. Ȼɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɪɭɝɨɣ ɛɟɥɨɤ ɷɬɨɝɨ ɫɟɦɟɣɫɬɜɚ PTBP (Polypyrimidine tract 

binding) ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɰɢɫ-ɷɥɟɦɟɧɬɨɦ ɧɢɠɟ ɷɤɡɨɧɚ 9 ɢ ɢɧɝɢɛɢɪɭɟɬ ɜɫɬɚɜɤɭ 

ɷɤɡɨɧɚ ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ. Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 9 ɬɚɤɠɟ ɫɬɢɦɭɥɢɪɭɟɬɫɹ 

ɛɟɥɤɨɦ SRSF3, ɤɨɬɨɪɵɣ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɷɤɡɨɧɨɦ 8 [257].  

2.11. Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-

ɦɊɇɄ ɝɟɧɨɜ ɫɟɦɟɣɫɬɜɚ BCL-2 

Ɇɧɨɝɢɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ, ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ 

ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɩɨɩɬɨɡ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɝɪɨɦɧɵɟ ɫɬɪɭɤɬɭɪɧɨɟ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɢɧɢɰɢɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ, ɜ ɧɢɫɯɨɞɹɳɢɯ 

ɫɢɝɧɚɥɶɧɵɯ ɤɚɫɤɚɞɚɯ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɨɛɳɢɟ ɩɭɬɢ ɚɤɬɢɜɚɰɢɢ ɚɩɨɩɬɨɡɚ. 

Ɉɞɧɢɦɢ ɢɡ ɤɪɢɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɫɩɨɫɨɛɧɵɯ ɭɫɤɨɪɹɬɶ ɢɥɢ ɡɚɦɟɞɥɹɬɶ 

ɬɟɱɟɧɢɟ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɸɬɫɹ ɛɟɥɤɢ ɫɟɦɟɣɫɬɜɚ ɛɟɥɤɢ ɫɟɦɟɣɫɬɜɚ Bcl-2. 

Ⱦɚɧɧɨɟ ɫɟɦɟɣɫɬɜɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɬɪɭɤɬɭɪɧɨ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɪɨɞɫɬɜɟɧɧɵɟ ɛɟɥɤɢ, ɨɛɥɚɞɚɸɳɢɟ ɤɚɤ ɚɧɬɢ-ɚɩɨɩɬɨɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ (Bcl-
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2, Bcl-XL, Mcl-1, Bfl-1 ɢ Bcl-w), ɬɚɤ ɢ Bax, Bcl-XS, Bad, Bak, Bik, Bid, Bim, 

Bcl-G, Bok, Puma ɢ Noxa [258]. ȼɫɟ ɷɬɢ ɛɟɥɤɢ ɫɨɞɟɪɠɚɬ ɨɬ 1 – 4 

ɝɨɦɨɥɨɝɢɱɧɵɯ ɞɨɦɟɧɚ ȼɇ (Bcl-2 homolog domains, ȼɇ1, ȼɇ2, ȼɇ3, ȼɇ4). ȼ 

ɛɨɥɶɲɢɧɫɬɜɟ ɛɟɥɤɨɜ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɝɢɞɪɨɮɨɛɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ ɧɚ 

ɋ-ɤɨɧɰɟ ɦɨɥɟɤɭɥɵ. Ⱦɚɧɧɵɣ ɞɨɦɟɧ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɢɤɪɟɩɥɟɧɢɹ ɛɟɥɤɚ ɤ 

ɦɟɦɛɪɚɧɚɦ ɦɢɬɨɯɨɧɞɪɢɣ, ɹɞɪɚ ɢ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɫɟɬɢ. Ɍɨɱɧɵɣ ɦɟɯɚɧɢɡɦ 

ɞɟɣɫɬɜɢɹ ɞɚɧɧɵɯ ɛɟɥɤɨɜ ɧɚ ɚɩɨɩɬɨɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧ. 

ɉɨɥɚɝɚɸɬ, ɱɬɨ ɩɪɨɰɟɫɫ ɞɢɦɟɪɢɡɚɰɢɢ ɷɬɢɯ ɛɟɥɤɨɜ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ 

ɪɟɝɭɥɹɬɨɪɨɦ ɢɯ ɚɤɬɢɜɧɨɫɬɢ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɦɟɧ ȼɇ3 ɨɬɜɟɬɫɬɜɟɧ ɡɚ 

ɞɢɦɟɪɢɡɚɰɢɸ ɢ ɪɚɡɜɢɬɢɟ ɩɪɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ɉɬɤɪɵɬɢɟ 

ɫɩɨɫɨɛɧɨɫɬɢ BCL-2 ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɦɩɥɟɤɫɵ ɫ BAX ɹɜɢɥɨɫɶ ɜɚɠɧɵɦ ɲɚɝɨɦ 

ɤ ɩɨɧɢɦɚɧɢɸ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɛɟɥɤɨɜ [259]. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɤɨɥɢɱɟɫɬɜɚ ɚɧɬɢ-ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɢ ɩɪɨ-ɚɩɨɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ ɞɚɧɧɨɝɨ 

ɫɟɦɟɣɫɬɜɚ ɹɜɥɹɸɬɫɹ ɢɧɞɢɤɚɬɨɪɚɦɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɥɟɬɨɤ ɤ ɚɩɨɩɬɨɬɢɱɟɫɤɢɦ 

ɫɬɢɦɭɥɚɦ.  

Ɉɬɤɪɵɬɢɟ ɦɧɨɠɟɫɬɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɩɨɱɬɢ ɤɚɠɞɨɝɨ ɛɟɥɤɚ ɫɟɦɟɣɫɬɜɚ 

Bcl-2 ɞɨɛɚɜɥɹɟɬ ɟɳё ɨɞɢɧ ɭɪɨɜɟɧɶ ɪɟɝɭɥɹɰɢɢ ɢɯ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. 

ȼ ɬɚɛɥɢɰɟ 8 ɨɛɨɛɳɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɥɢɹɧɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɛɟɥɤɨɜ 

ɫɟɦɟɣɫɬɜɚ Bcl-2 ɧɚ ɚɩɨɩɬɨɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. Ⱦɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-2 α ɢ 

ȕ ɨɬɥɢɱɚɸɬɫɹ ɥɢɲɶ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɧɚ ɋ-ɤɨɧɰɟ 

ɦɨɥɟɤɭɥɵ. ɉɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ BCL-2α ɫɨɞɟɪɠɢɬ ɝɢɞɪɨɮɨɛɧɵɣ 

ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɦɟɦɛɪɚɧɚɦɢ ɦɢɬɨɯɨɧɞɪɢɣ. Ⱦɚɧɧɵɣ ɜɚɪɢɚɧɬ ɹɜɥɹɟɬɫɹ 

ɢɧɝɢɛɢɬɨɪɨɦ ɚɩɨɩɬɨɡɚ. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ BCL-2ȕ ɧɟ ɫɨɞɟɪɠɢɬ 

ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ ɞɨɦɟɧɚ, ɥɨɤɚɥɢɡɭɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɰɢɬɨɡɨɥɟ ɢ ɧɟ 

ɫɩɨɫɨɛɟɧ ɢɧɝɢɛɢɪɨɜɚɬɶ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɫɬɢɦɭɥɚɯ [260]. 
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Ɍɚɛɥɢɰɚ 8. Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɝɟɧɨɜ ɫɟɦɟɣɫɬɜɚ Bcl-2. 

Ƚɟɧ ɋɩɥɚɣɫ-

ɜɚɪɢɚɧɬ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɚɦɢɧɨɤɢɫɥɨɬ 

Ɋɚɡɦɟɪ ɛɟɥɤɚ 
(ɤȾɚ) 

Ⱦɨɦɟɧɵ ɛɟɥɤɚ ȼɥɢɹɧɢɟ ɧɚ 
ɚɩɨɩɬɨɡ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɚ
ɹ ɥɨɤɚɥɢɡɚɰɢɹ 

ɋɫɵɥɤɢ 

Bcl-2 (B-cell 

Leukemia/Lymphoma 

2) 

Bcl-2α 

Bcl-2ȕ 

239 

205 

26 

22 

BH1, 2, 3, 4, TM 

BH1, 2, 3, 4 

ɂɧɝɢɛɢɬɨɪ  
ɇɟɬ ɞɚɧɧɵɯ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

ɐɢɬɨɩɥɚɡɦɚ 

[263] 

 

Bcl-X (BCL2 like 1) Bcl-xL 

Bcl-xS 

Bcl-xȕ 

233 

170 

227 

31 

19 

26 

BH1, 2, 3, 4, TM 

BH3, 4, TM 

BH1, 2, 3, 4, TM 

ɂɧɝɢɛɢɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

ɇɟɬ ɞɚɧɧɵɯ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

ɇɂ 

[264] 

 

Mcl-1 (Myeloid Cell 

Leukemia Sequence 1 

apoptosis regulator, 

BCL2 family member) 

Mcl-1L 

Mcl-1S 

350 

271 

38 

30-35 

BH1, 2, 3, TM 

BH3 

ɂɧɝɢɛɢɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

ɇɟɬ ɞɚɧɧɵɯ 

[265] 

Bfl-1 (BCL2 related 

protein A1) 

Bfl-1L 

Bfl-1S 

175 

163 

20 

19 

BH1, 2, 3, 4, TM 

BH1, 2, 3, 4 

ɂɧɝɢɛɢɬɨɪ 

ɂɧɝɢɛɢɬɨɪ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

əɞɪɨ 

[266] 

Bax (BCL2 associated 

X, apoptosis regulator) 

Baxα 

Baxȕ 

BaxȖ 

Baxį 

Baxİ 

BaxȦ 

Baxσ 

Baxȥ 

192 

218 

41 

143 

164 

221 

179 

172 

21 

24 

5 

16 

18 

24 

20 

19 

BH1, 2, 3, TM 

BH1, 2, 3 

- 

BH1, 2, TM 

BH1, 3 

BH1, 2, 3 

BH1, 2, 3, TM 

BH1, 2, 3, TM 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ  

Ⱥɤɬɢɜɚɬɨɪ  

Ⱥɤɬɢɜɚɬɨɪ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

ɐɢɬɨɡɨɥɶ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

 

[267] 

 

Ɉɛɨɡɧɚɱɟɧɢɹ ɞɨɦɟɧɨɜ: BH – Bcl-2 homolog domains (ɞɨɦɟɧ ɝɨɦɨɥɨɝɢɱɧɵɣ Bcl-2); TM – C-terminal hydrophobic 

transmembrane domains (C-ɤɨɧɰɟɜɨɣ ɝɢɞɪɨɮɨɛɧɵɣ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɞɨɦɟɧ).
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Ɍɚɛɥɢɰɚ 8. (ɩɪɨɞɨɥɠɟɧɢɟ). 

Ƚɟɧ ɋɩɥɚɣɫ-

ɜɚɪɢɚɧɬ 

Ʉɨɥɢɱɟɫɬɜɨ 

ɚɦɢɧɨɤɢɫɥɨɬ 

Ɋɚɡɦɟɪ ɛɟɥɤɚ 

(ɤȾɚ) 

Ⱦɨɦɟɧɵ ɛɟɥɤɚ ȼɥɢɹɧɢɟ ɧɚ 

ɚɩɨɩɬɨɡ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɚ
ɹ ɥɨɤɚɥɢɡɚɰɢɹ 

ɋɫɵɥɤɢ 

Bim (BCL2 like 11) BimL 

BimS 

BimEL 

Bimα1 

Bimα2 

Bimȕ1 

Bimȕ2 

Bimȕ3 

Bimȕ4 

BimȖ 

140 

110 

196 

169 

109 

135 

135 

75 

45 

112 

19 

15 

23 

19 

12 

14 

14 

8 

5 

15 

BH3, TM 

BH3, TM 

BH3, TM 

BH3 

BH3 

- 

- 

- 

- 

BH3 

Ⱥɤɬɢɜɚɬɨɪ  

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

ɇɟɬ ɞɚɧɧɵɯ 

Ⱥɤɬɢɜɚɬɨɪ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

ɐɢɬɨɡɨɥɶ 

ɐɢɬɨɡɨɥɶ 

ɐɢɬɨɡɨɥɶ 

ɐɢɬɨɡɨɥɶ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɚɹ 

[268] 

 

PUMA (BCL2 binding 

component 3) 

PUMA-α 

PUMA-ȕ 

193 

131 

25 

16 

BH3 

BH3 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

 

[269] 

 

Bcl-G (BCL2 like 14) Bcl-GL 

Bcl-GS 

327 

252 

37 

28 

BH2, 3 

BH3 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

ɐɢɬɨɡɨɥɶ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

 

[270] 

 

Bcl-rambo (BCL2 like 

13) 

Bcl-

rambo 

Bcl-

ramboȕ 

485 

104 

85 

12 

BH1, 2, 3, 4, TM 

BH4 

Ⱥɤɬɢɜɚɬɨɪ 

Ⱥɤɬɢɜɚɬɨɪ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

ɐɢɬɨɡɨɥɶ 

[271] 

 

Bid (BH3 interacting 

domain death agonist) 

BidL 

BidS 

BidES 

 

BidEL 

195 

137 

99 

 

242 

22 

15 

11 

 

27 

BH3B, BH3 

BH3B,  

- 

 

BH3B, BH3,  

Ⱥɤɬɢɜɚɬɨɪ 

ɂɧɝɢɛɢɬɨɪ 

ɂɧɝɢɛɢɬɨɪ / 
Ⱥɤɬɢɜɚɬɨɪ 
Ⱥɤɬɢɜɚɬɨɪ 

ɐɢɬɨɡɨɥɶ 

ɐɢɬɨɡɨɥɶ 

Ɇɢɬɨɯɨɧɞɪɢɢ 

 

Ʉɨɦɩɥɟɤɫ 
Ƚɨɥɶɞɠɢ/ 
Ɇɢɬɨɯɨɧɞɪɢɢ 

[272] 
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ɂɡɜɟɫɬɧɵ ɬɪɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-x, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɨɬɥɢɱɚɸɬɫɹ ɩɨ 

ɫɜɨɢɦ ɮɭɧɤɰɢɹɦ [261]. ɉɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ BCL-xL ɫɨɞɟɪɠɢɬ ɜɫɟ 

ɱɟɬɵɪɟ ȼɇ-ɞɨɦɟɧɚ ɢ ɋ-ɤɨɧɰɟɜɨɣ ɞɨɦɟɧ, ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɢ 

ɩɪɨɹɜɥɹɟɬ ɩɪɨɬɢɜɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. ȼ ɭɤɨɪɨɱɟɧɧɨɦ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɟ BCL-xS ɨɬɫɭɬɫɬɜɭɸɬ 63 ɚɦɢɧɨɤɢɫɥɨɬɵ, ɤɨɞɢɪɭɸɳɢɟ ȼɇ1- ɢ ȼɇ2-

ɞɨɦɟɧɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ 5’-ɫɩɥɚɣɫ-ɫɚɣɬɚ ɩɟɪɜɨɝɨ ɷɤɡɨɧɚ ɩɪɟ-ɦɊɇɄ. Ⱦɚɧɧɵɣ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɨɝɨ [261]. 

Ɍɪɟɬɢɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ BCL-xȕ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɤɥɸɱɟɧɢɹ ɢɧɬɪɨɧɚ 

ɩɟɪɟɞ ɷɤɡɨɧɨɦ 3 ɜ ɤɨɧɟɱɧɵɣ ɦɊɇɄ ɬɪɚɧɫɤɪɢɩɬ ɢ ɩɨɹɜɥɟɧɢɹ ɧɨɜɨɝɨ ɫɬɨɩ-

ɤɨɞɨɧɚ. Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɧɟ ɢɡɭɱɟɧɨ 

[262].  

2.12. Ɇɟɯɚɧɢɡɦɵ ɫɭɩɪɟɫɫɢɢ ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɨɜ 
ɪɟɝɭɥɹɬɨɪɧɵɦɢ Ɍ ɤɥɟɬɤɚɦɢ 

Ɋɟɝɭɥɹɬɨɪɧɵɟ Ɍ-ɤɥɟɬɤɢ (Ɍɪɟɝ) CD4+CD25+CD127lowFoxP3+ ɢɝɪɚɸɬ 

ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɚɞɚɩɬɢɜɧɨɝɨ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɢ 

ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɥɟɪɚɧɬɧɨɫɬɢ, ɩɨɞɚɜɥɹɹ ɚɤɬɢɜɧɨɫɬɶ ɷɮɮɟɤɬɨɪɧɵɯ Ɍ- ɢ ȼ-

ɥɢɦɮɨɰɢɬɨɜ ɢ NK-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. Ɍɪɟɝ ɪɟɝɭɥɢɪɭɸɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ 

ɫɢɥɭ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ. ɇɚɪɭɲɟɧɢɟ ɪɟɝɭɥɹɬɨɪɧɨɣ ɮɭɧɤɰɢɢ Ɍɪɟɝ ɹɜɥɹɟɬɫɹ 

ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɪɚɡɜɢɬɢɹ ɢ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ 

(ɪɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ, ɫɢɫɬɟɦɧɚɹ ɤɪɚɫɧɚɹ ɜɨɥɱɚɧɤɚ, ɩɫɨɪɢɚɡ, ɪɟɜɦɚɬɨɢɞɧɵɣ 

ɚɪɬɪɢɬ ɢ ɞɪ.), ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɯɪɨɧɢɱɟɫɤɢɯ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɩɪɨɰɟɫɫɨɜ [273]. ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, Ɍɪɟɝ ɫɩɨɫɨɛɧɵ ɜɥɢɹɬɶ ɧɚ 

ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɩɭɬɹɦɢ: ɤɨɧɬɚɤɬɧɵɦ ɢ ɛɟɫɤɨɧɬɚɤɬɧɵɦ. 

2.12.1. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɫɟɤɪɟɰɢɢ IL-2 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɯ, ɫɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɦɟɯɚɧɢɡɦɨɜ ɞɟɣɫɬɜɢɹ 

Ɍɪɟɝ ɹɜɥɹɟɬɫɹ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɪɚɧɫɤɪɢɩɰɢɢ ɢɧɬɟɪɥɟɣɤɢɧɚ 2 (IL-2) ɜ CD4+ T-

ɤɥɟɬɤɚɯ [274]. ɉɪɢ ɚɤɬɢɜɚɰɢɢ ɱɟɪɟɡ ɪɟɰɟɩɬɨɪ TCR (T cell receptor) 

ɷɮɮɟɤɬɨɪɧɵɟ CD4+ Ɍ-ɤɥɟɬɤɢ ɤɥɟɬɤɢ ɛɵɫɬɪɨ ɫɢɧɬɟɡɢɪɭɸɬ IL-2, a ɬɚɤɠɟ ɞɪɭɝɢɟ 

ɩɪɨ-ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɰɢɬɨɤɢɧɵ, ɬɚɤɢɟ ɤɚɤ INFy (Interferone gamma), TNFa 
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(Tumor necrosis factor alpha) ɢ IL-6 (ɢɧɬɟɪɥɟɣɤɢɧɚ 6). IL-2 ɹɜɥɹɟɬɫɹ 

ɤɪɢɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ ɪɚɡɜɢɬɢɹ ɢ ɚɤɬɢɜɚɰɢɢ ɤɚɤ FoxP3 (Forkhead box P3) 

ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɨɤ, ɬɚɤ ɢ Ɍɪɟɝ ɤɥɟɬɨɤ. ɉɪɢ ɛɥɨɤɢɪɨɜɚɧɢɢ IL-2 ɜ 

ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɤɚɯ Ɍɪɟɝ ɭɝɧɟɬɚɟɬ ɢɯ ɚɤɬɢɜɚɰɢɸ ɢ ɩɪɨɥɢɮɟɪɚɰɢɸ. 

ɂɡɧɚɱɚɥɶɧɨ ɩɨɥɚɝɚɥɢ, ɱɬɨ ɝɥɚɜɧɚɹ ɮɭɧɤɰɢɹ IL-2 ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɬɢɦɭɥɹɰɢɢ 

ɪɚɡɦɧɨɠɟɧɢɹ ɢ ɚɤɬɢɜɚɰɢɢ ɩɟɪɢɮɟɪɢɱɟɫɤɢɯ CD4+ Ɍ-ɤɥɟɬɨɤ, ɨɞɧɚɤɨ, ɩɨɫɥɟɞɧɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭ ɧɨɤɚɭɬɢɪɨɜɚɧɧɵɯ ɩɨ IL-2 ɢ IL-2R ɦɵɲɟɣ 

ɪɚɡɜɢɜɚɸɬɫɹ ɫɢɫɬɟɦɧɵɟ ɢ ɥɟɬɚɥɶɧɵɟ ɚɭɬɨɢɦɦɭɧɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ. ɗɬɨ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɚɠɧɨɫɬɶ IL-2 ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɚɭɬɨɬɨɥɟɪɚɧɬɧɨɫɬɢ. Ȼɵɥ ɫɞɟɥɚɧ 

ɜɵɜɨɞ, ɱɬɨ ɦɟɯɚɧɢɡɦɨɦ ɫɭɩɪɟɫɫɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Ɍɪɟɝ ɹɜɥɹɟɬɫɹ ɤɨɧɤɭɪɟɧɬɧɚɹ 

ɛɨɪɶɛɚ ɡɚ IL-2 ɫ ɷɮɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ ɢ ɫɧɢɠɟɧɢɟ ɞɨɫɬɭɩɧɨɫɬɢ IL-2 ɞɥɹ 

ɧɢɯ [275]. 

2.12.2. ɋɟɤɪɟɰɢɹ ɢɧɝɢɛɢɬɨɪɧɵɯ ɰɢɬɨɤɢɧɨɜ 

Ɏɢɡɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ ɦɟɠɞɭ Ɍɪɟɝ ɢ ɷɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ ɹɜɥɹɟɬɫɹ 

ɜɚɠɧɵɦ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɫɭɩɪɟɫɫɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ Ɍɪɟɝ, ɨɞɧɚɤɨ ɞɚɧɧɵɣ ɷɮɮɟɤɬ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬ ɩɪɢ ɫɟɤɪɟɰɢɢ ɪɚɫɬɜɨɪɢɦɵɯ ɰɢɬɨɤɢɧɨɜ. Ɍɚɤɢɯ ɤɚɤ TGFb 

(transforming growth factor bet), IL-10 (ɢɧɬɟɪɥɟɣɤɢɧ 10) ɢ IL-35 (ɢɧɬɟɪɥɟɣɤɢɧ 

35) [276]. ɂɧɝɢɛɢɬɨɪɧɵɟ ɰɢɬɨɤɢɧɵ ɦɨɝɭɬ ɞɟɣɫɬɜɨɜɚɬɶ ɩɨ ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. 

ɉɟɪɜɨɟ, ɷɬɨ ɧɚɩɪɹɦɭɸ ɩɨɞɚɜɥɹɬɶ ɚɤɬɢɜɚɰɢɸ ɢ/ɢɥɢ ɪɚɡɦɧɨɠɟɧɢɟ ɷɮɮɟɤɬɨɪɧɵɯ 

Ɍ-ɤɥɟɬɨɤ, ɭɦɟɧɶɲɚɹ ɬɟɦ ɫɚɦɵɦ ɢɯ ɤɨɥɢɱɟɫɬɜɚ ɜ ɨɱɚɝɚɯ ɚɭɬɨɢɦɦɭɧɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ. ȼɬɨɪɨɟ, ɝɟɧɟɪɢɪɨɜɚɬɶ ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ Ɍɪɟɝ (iTɪɟɝ, induced Treg), 

ɱɬɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɢɯ ɪɚɡɦɧɨɠɟɧɢɟ, ɬ.ɟ. ɝɨɦɟɨɫɬɚɡ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ.  

ȼɚɠɧɨɫɬɶ TGFb ɢ IL-10 ɞɥɹ ɪɚɡɜɢɬɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɭɩɪɟɫɫɢɜɧɨɣ 

ɮɭɧɤɰɢɢ Ɍɪɟɝ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɧɚ ɦɵɲɢɧɵɯ ɦɨɞɟɥɹɯ. ɍ ɦɵɲɟɣ ɫ ɞɟɮɢɰɢɬɨɦ 

TGFb ɪɚɡɜɢɜɚɥɢɫɶ ɚɭɬɨɢɦɦɭɧɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɧɚ 4 – 5 ɧɟɞɟɥɢ ɠɢɡɧɢ, ɭ ɬɚɤɢɯ 

ɦɵɲɟɣ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɧɨɣ ɤɨɥɢɱɟɫɬɜɚ CD4+CD25+ Ɍɪɟɝ ɤɥɟɬɨɤ 

[277]. ɂɧɝɢɛɢɪɨɜɚɧɢɟ TGFb ɛɥɨɤɢɪɭɸɳɢɦɢ ɚɧɬɢɬɟɥɚɦɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ 

ɢɧɝɢɛɢɬɨɪɧɭɸ ɮɭɧɤɰɢɸ, ɤɚɤ ɱɟɥɨɜɟɱɟɫɤɢɯ, ɬɚɤ ɢ ɦɵɲɦɧɵɯ Ɍɪɟɝ in vivo [278]. 

Ɉɞɧɚɤɨ, ɢɡ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɟ ɩɨɧɹɬɧɨ ɞɟɣɫɬɜɭɟɬ ɥɢ TGFb 



94 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ ɢɥɢ ɠɟ ɜɥɢɹɟɬ ɧɚ ɝɨɦɟɨɫɬɚɡ Ɍɪɟɝ ɜ 

ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ, ɢɧɞɭɰɢɪɭɹ iɌɪɟɝ ɢɡ ɧɚɢɜɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. 

IL-10 ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɢɦ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɧɵɦ ɰɢɬɨɤɢɧɨɦ. IL-10 ɩɨɧɢɠɚɟɬ ɫɢɧɬɟɡ Th1-ɰɢɬɨɤɢɧɨɜ 

(TNFa, IL-1, IL-2 ɢ INFy) ɚɧɬɢɝɟɧɩɪɟɡɟɧɬɢɪɭɸɳɢɦɢ ɤɥɟɬɤɚɦɢ [279]. Ɍɚɤɠɟ IL-

10 ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ ɦɨɥɟɤɭɥ ɝɥɚɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɝɢɫɬɨɫɨɜɦɟɫɬɢɦɨɫɬɢ 2-ɝɨ ɬɢɩɚ ɢ ɤɨ-ɫɬɢɦɭɥɹɬɨɪɧɵɯ ɦɨɥɟɤɭɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɞɟɧɞɪɢɬɧɵɯ ɤɥɟɬɨɤ, ɱɬɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɢɯ ɜ ɧɟɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ[280,281]. 

IL-10 ɬɚɤɠɟ ɪɟɝɭɥɢɪɭɟɬ ɚɤɬɢɜɚɰɢɸ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɬɭɱɧɵɯ ɤɥɟɬɨɤ [282] ɢ 

ɫɢɧɬɟɡ ɰɢɬɨɤɢɧɨɜ ɷɨɡɢɧɨɮɢɥɚɦɢ [283] ɢ ɧɚɩɪɹɦɭɸ ɫɭɩɪɟɫɫɢɪɭɟɬ 

ɩɪɨɥɢɮɟɪɚɰɢɸ Ɍ-ɤɥɟɬɨɤ.  

ɂɧɝɢɛɢɬɨɪɧɚɹ ɪɨɥɶ IL-10 ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

ɂ ɯɨɬɹ IL-10 ɧɟ ɡɚɞɟɣɫɬɜɨɜɚɧ ɜ ɢɧɝɢɛɢɬɨɪɧɨɣ ɮɭɧɤɰɢɢ in vitro, ɭ ɦɵɲɟɣ ɛɟɡ 

IL-10 ɪɚɡɜɢɜɚɥɢɫɶ ɚɭɬɨɢɦɦɭɧɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɜ ɬ.ɱ. ɤɨɥɢɬɵ. Ⱥɧɚɥɨɝɢɱɧɚɹ 

ɪɟɚɤɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɞɟɮɟɤɬɚɯ ɪɟɰɟɩɬɨɪɚ IL-10 ɭ ɱɟɥɨɜɟɤɚ. ɗɬɢ ɞɚɧɧɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɨɥɢ IL-10 ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɤɢɲɟɱɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ. 

ɇɟɣɬɪɚɥɢɡɚɰɢɹ IL-10 ɜɵɡɵɜɚɟɬ ɨɬɬɨɪɠɟɧɢɟ ɚɥɥɥɨɝɟɧɧɨɝɨ ɤɨɠɧɨɝɨ 

ɬɪɚɧɫɩɥɚɧɬɚɬɚ [284], ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɚɠɧɨɫɬɶ IL-10 ɜ ɬɪɚɧɫɩɥɚɧɬɚɰɢɨɧɧɨɦ 

ɢɦɦɭɧɢɬɟɬɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɥɨɤɚɥɶɧɚɹ ɫɟɤɪɟɰɢɹ IL-10 ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɡɚɳɢɬɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɩɪɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɨɥɢɬɚɯ ɢ ɚɭɬɨɢɦɦɭɧɧɵɯ 

ɷɧɰɟɮɚɥɨɦɢɟɥɢɬɚɯ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɢɧɞɭɤɬɢɜɧɵɦ ɷɮɮɟɤɬɨɦ TGFb, ɫɬɢɦɭɥɹɰɢɹ 

ɧɚɢɜɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ IL-10 ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɬɚɤɠɟ ɤ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ 

iɌɪɟɝ. ɏɨɬɹ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ IL-10 ɤɥɟɬɤɢ ɧɟ ɫɢɧɬɟɡɢɪɭɸɬ FoxP3, ɢɯ 

ɫɭɩɪɟɫɫɨɪɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɪɚɜɧɢɦɚ ɧɨɪɦɚɥɶɧɵɦɢ FoxP3+ ɤɥɟɬɤɚɦɢ, ɢ, ɤɚɤ 

ɩɨɥɚɝɚɸɬ, ɨɧɢ ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɛɚɥɚɧɫ ɢɦɦɭɧɢɬɟɬɚ ɜ ɩɨɥɨɫɬɢ ɪɬɚ [285].  

Ɇɟɯɚɧɢɫɬɢɱɟɫɤɢ IL-10 ɨɛɥɚɞɚɟɬ ɢɧɝɢɛɢɬɨɪɧɵɦ ɷɮɮɟɤɬɨɦ ɡɚ ɫɱɟɬ 

ɦɨɞɭɥɹɰɢɢ ɮɭɧɤɰɢɢ ɞɟɧɞɪɢɬɧɵɯ ɤɥɟɬɨɤ. Ɍɪɟɝ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ 

ɷɤɫɩɪɟɫɫɢɸ ɢɦɦɭɧɨɫɭɩɪɟɫɫɢɜɧɨɝɨ B7-H4 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɧɞɪɢɬɧɵɯ ɤɥɟɬɨɤ 

ɨɩɨɫɪɟɞɨɜɚɧɧɨ ɱɟɪɟɡ IL-10 ɫɢɝɧɚɥɥɢɧɝ [286]. 
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ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɞɭɤɰɢɢ TGFb Ɍɪɟɝ ɤɥɟɬɤɚɦɢ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɢɯ 

ɢɦɦɭɧɨɫɭɩɪɟɫɫɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɦɵɲɢɧɨɣ ɦɨɞɟɥɢ IBD [287]. ȼɟɪɨɹɬɧɨ, 

ɞɪɭɝɢɟ ɤɥɟɬɤɢ, ɨɬɥɢɱɧɵɟ ɨɬ iɌɪɟɝ, ɦɨɝɭɬ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

TGFb ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɚɭɬɨɢɦɦɭɧɧɵɯ ɤɨɥɢɬɨɜ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ, ɱɬɨ TGFb ɢɡ 

ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ ɷɮɮɟɤɬɨɦ in vivo 

ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɢ ɝɨɦɟɨɫɬɚɡɭ iɌɪɟɝ ɛɟɡ ɩɪɹɦɨɝɨ 

ɢɦɦɭɧɨɫɭɩɪɟɫɫɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ.  

TGFb ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢɧɞɭɰɢɪɨɜɚɬɶ iɌɪɟɝ (ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ 

Th3) ɢɡ ɧɚɢɜɧɵɯ ɤɥɟɬɨɤ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɧɚ ɩɟɪɢɮɟɪɢɢ, ɚ ɬɚɤɠɟ ɜ 

ɩɨɞɞɟɪɠɚɧɢɢ ɝɨɦɟɨɫɬɚɡɚ ɩɌɪɟɝ (ɩɟɪɢɮɟɪɢɱɟɫɤɢɯ Ɍɪɟɝ) [288]. ɐɢɬɨɤɢɧ TGFb 

ɬɚɤɠɟ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɤɚɤ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ ɧɚ Ɍɪɟɝ ɦɵɲɟɣ ɢ ɱɟɥɨɜɟɤɚ 

ɢ ɡɚɞɟɣɫɬɜɨɜɚɧ ɜ ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ɇɟɦɛɪɚɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ TGFb 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɫɬɚɬɭɫɨɦ ɚɤɬɢɜɚɰɢ Ɍɪɟɝ: ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɜ Ɍɪɟɝ ɜɨɡɪɚɫɬɚɟɬ 

ɷɤɫɩɪɟɫɫɢɹ ɪɟɰɟɩɬɨɪɚ ɝɥɚɜɧɨɝɨ GARP (glycoprotein A predominant) ɢɥɢ 

LRRC32 (Leucin-rich repeat containing), ɱɥɟɧɚ ɫɟɦɟɣɫɬɜɚ ɛɟɥɤɨɜ ɫ ɛɨɝɚɬɵɦɢ 

ɥɟɣɰɢɧɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ [289]. GARP ɫɜɹɡɵɜɚɟɬ ɥɚɬɟɧɬɧɵɣ TGFb ɜ 

ɤɨɦɩɥɟɤɫ ɫ LAP (Latency-associated peptide) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧɵ Ɍɪɟɝ. 

Ɋɚɫɳɟɩɥɟɧɧɵɣ ɫɢɝɧɚɥɶɧɵɣ ɩɟɩɬɢɞ LRRC32 ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 

ɥɨɤɚɥɢɡɚɰɢɢ ɧɚɬɢɜɧɨɝɨ LRRC32 ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɚɤɬɢɜɚɰɢɢ Ɍɪɟɝ. ɋɧɢɠɟɧɧɚɹ 

ɷɤɫɩɪɟɫɫɢɹ GARP ɜɵɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɫɭɩɪɟɫɫɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Ɍɪɟɝ [289].  

Ɍɪɚɧɫɦɟɦɛɪɚɧɧɵɣ TGFb ɬɚɤɠɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ 

ɦɟɯɚɧɢɡɦɚ ɢɧɮɟɤɰɢɨɧɧɨɣ ɬɨɥɟɪɚɧɬɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, TGFb ɧɟɨɛɯɨɞɢɦ ɞɥɹ 

ɫɭɩɪɟɫɫɢɢ ɚɤɬɢɜɚɰɢɢ NK-ɤɥɟɬɨɤ in vivo. Ɇɟɯɚɧɢɫɬɢɱɟɫɤɢ ɦɟɦɛɪɚɧɧɵɣ TGFb 

ɦɨɠɟɬ ɨɩɨɫɪɟɞɨɜɚɬɶ ɫɭɩɪɟɫɫɢɜɧɭɸ ɮɭɧɤɰɢɸ Ɍɪɟɝ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦɢ NOTCH ɷɮɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɦɟɦɛɪɚɧɧɵɣ TGFb ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ NOTCH 1 ɥɢɝɚɧɞɚ ɧɚ Ɍɪɟɝ. 

Ɍɚɤɢɟ Ɍɪɟɝ ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦɢ NOTCH 

ɷɮɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɜ ɧɢɯ ɫɢɧɬɟɡ ɪɟɩɪɟɫɫɢɪɨɜɚɧɧɨɝɨ 

ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ HES1 (hairy and enhancer of split 1) [290]. 
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Ⱦɪɭɝɢɦ ɰɢɬɨɤɢɧɨɦ, ɦɨɞɭɥɢɪɭɸɳɢɦ ɢɧɝɢɛɢɬɨɪɧɭɸ ɚɤɬɢɜɧɨɫɬɶ Ɍɪɟɝ 

ɹɜɥɹɟɬɫɹ IL-35, ɫɨɫɬɨɹɳɢɣ ɢɡ IL-12a ɰɟɩɢ (ɪ35) ɢ EIB3 ɱɚɫɬɢ IL-27. Ɍɪɟɝ 

ɤɥɟɬɤɢ ɞɟɮɢɰɢɬɧɵɟ ɩɨ IL-35 ɧɟ ɫɩɨɫɨɛɧɵ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ IBD ɢ 

ɝɨɦɟɨɫɬɚɬɢɱɟɫɤɨɟ ɞɟɥɟɧɢɟ Ɍ-ɤɥɟɬɨɤ [276].  

Ƚɟɥɟɤɬɢɧ 1 (Gelectin 1) ɬɚɤɠɟ ɫɟɥɟɤɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ Ɍɪɟɝ ɢ, 

ɜɟɪɨɹɬɧɨ, ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɫɭɩɪɟɫɫɢɜɧɨɣ ɮɭɧɤɰɢɢ in vivo. Ƚɟɥɟɤɬɢɧ 1 ɹɜɥɹɟɬɫɹ 

ɜɵɫɨɤɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ ɱɥɟɧɨɦ ɫɟɦɟɣɫɬɜɚ ɛɟɥɤɨɜ, ɫɜɹɡɵɜɚɸɳɢɯɫɹ ɫ b-

ɝɚɥɚɤɬɨɡɢɞɚɡɨɣ. Ɉɧ ɫɟɤɪɟɬɢɪɭɟɬɫɹ Ɍɪɟɝ ɤɥɟɬɤɚɦɢ ɤɚɤ ɝɨɦɨɞɢɦɟɪ ɢ ɫɩɨɫɨɛɟɧ 

ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɪɟɰɟɩɬɨɪɚɦɢ, ɜɤɥɸɱɚɹ CD45, CD43 ɢ CD7. 

ɋɜɹɡɶ ɝɟɥɟɤɬɢɧɚ 1 ɫ ɷɬɢɦɢ ɪɟɰɟɩɬɨɪɚɦɢ ɧɚ ȺɉɄ ɜɵɡɵɜɚɟɬ ɚɪɟɫɬ ɢɯ ɤɥɟɬɨɱɧɨɝɨ 

ɰɢɤɥɚ, ɚɩɨɩɬɨɡ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɫɟɤɪɟɰɢɢ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ. 

Ȼɥɨɤɢɪɨɜɚɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɝɟɥɟɤɬɢɧɚ 1 ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ 

ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Ɍɪɟɝ [291].  

2.12.3. ɐɢɬɨɥɢɡ ɢ ɚɩɨɩɬɨɡ 

ɐɢɬɨɥɢɡ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɨɤ ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɟɪɮɨɪɢɧɚ ɢ ɝɪɚɧɡɢɦɨɜ 

ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɩɭɬёɦ, ɩɨ ɤɨɬɨɪɨɦɭ NK- ɢ CD8+-ɤɥɟɬɤɢ ɭɛɢɜɚɸɬ 

ɨɩɭɯɨɥɟɜɵɟ ɢ ɩɨɪɚɠёɧɧɵɟ ɜɢɪɭɫɨɦ ɤɥɟɬɤɢ. ɗɤɫɩɪɟɫɫɢɹ ɝɪɚɧɡɢɦɨɜ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɩɭɥɹɰɢɹɯ ɥɢɦɮɨɰɢɬɨɜ. Ȼɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ iTɪɟɝ ɷɤɫɩɪɟɫɫɢɪɭɸɬ ɝɪɚɧɡɢɦ B (Granzyme B) ɢ ɜɵɡɵɜɚɸɬ 

ɰɢɬɨɥɢɡ ɬɚɪɝɟɬɧɵɯ ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɨɤ ɩɨ ɩɟɪɮɨɪɢɧ-ɡɚɜɢɫɢɦɨɦɭ ɩɭɬɢ. Ɍɚɤɠɟ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɰɢɬɨɥɢɡ ɡɚɜɢɫɢɦ ɨɬ TCR ɢɥɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɥɚɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɝɢɫɬɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ȺɉɄ. ɉɨɡɠɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɧɚɬɢɜɧɵɟ Ɍɪɟɝ (ɧɌɪɟɝ) ɱɟɥɨɜɟɤɚ ɷɤɫɩɪɟɫɫɢɪɭɸɬ ɝɪɚɧɡɢɦ Ⱥ, a ɧɟ ɝɪɚɧɡɢɦ ȼ ɩɪɢ 

ɚɤɬɢɜɚɰɢɢ TCR. Ʉɚɤ nTɪɟɝ, ɬɚɤ iɌɪɟɝ ɫɩɨɫɨɛɧɵ ɭɛɢɜɚɬɶ ɚɭɬɨɥɨɝɢɱɧɵɟ 

ɬɚɪɝɟɬɧɵɟ ɤɥɟɬɤɢ, ɬɚɤɢɟ ɤɚɤ CD4+- ɢ CD8+-ɤɥɟɬɤɢ ɩɨ ɩɟɪɮɨɪɢɧ-ɡɚɜɢɫɢɦɨɦɭ 

ɩɭɬɢ. ȼ ɫɥɭɱɚɟ ɰɢɬɨɥɢɡɚ ɤɥɟɬɤɚɦ nTɪɟɝ ɧɟɨɛɯɨɞɢɦɨ ɚɞɝɟɡɢɜɧɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɬɚɪɝɟɬɧɵɦɢ ɤɥɟɬɤɚɦɢ, ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɷɤɫɩɪɟɫɢɢ CD18, 

ɧɨ ɧɟ Fas/FasL [292]. ɉɨɞɨɛɧɵɣ ɦɟɯɚɧɢɡɦ ɛɵɥ ɩɨɤɚɡɚɧ ɧɚ ɦɵɲɢɧɵɯ Ɍɪɟɝ. ɗɬɢ 

ɤɥɟɬɤɢ ɷɤɫɩɪɟɫɫɢɪɭɸɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɝɪɚɧɡɢɦɚ ȼ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɢ ɫɩɨɫɨɛɧɵ 

ɭɛɢɜɚɬɶ ɬɚɪɝɟɬɧɵɟ ɤɥɟɬɤɢ ɩɨ ɝɪɚɧɡɢɦ ȼ-ɡɚɜɢɫɢɦɨɦɭ ɩɭɬɢ, ɧɨ ɧɟ ɩɨ ɩɟɪɮɨɪɢɧ-
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ɡɚɜɢɫɢɦɨɦɭ ɩɭɬɢ. Ɂɧɚɱɢɦɨɫɬɶ ɝɪɚɧɡɢɦ-ɡɚɜɢɫɢɦɨɝɨ ɰɢɬɨɥɢɡɚ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɧɚ 

ɧɨɤɚɭɬɢɪɨɜɚɧɧɵɯ ɦɵɲɚɯ. Ɍɪɟɝ ɦɵɲɟɣ, ɧɨɤɚɭɬɢɪɨɜɚɧɧɵɯ ɩɨ ɝɟɧɭ ɝɪɚɧɡɢɦɚ ȼ, 

ɨɛɥɚɞɚɥɢ ɩɨɧɢɠɟɧɧɨɣ ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ Ɍɪɟɝ ɦɵɲɟɣ, 

ɧɨɤɚɭɬɢɪɨɜɚɧɧɵɯ ɩɨ ɝɟɧɭ ɩɟɪɮɨɪɢɧɚ ɢɦɟɥɢ ɧɨɪɦɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɭɩɪɟɫcɨɪɧɚɹ ɮɭɧɤɰɢɹ Ɍɪɟɝ ɦɵɲɟɣ ɧɟ 

ɡɚɜɢɫɢɬ ɨɬ ɚɩɨɩɬɨɡɚ [293]. 

2.12.4. Ƚɟɧɟɪɚɰɢɹ ɚɞɟɧɨɡɢɧɚ 

ɇɟɫɤɨɥɶɤɨ ɧɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫɭɩɪɟɫɫɨɪɧɨɝɨ ɞɟɣɫɬɜɢɹ Ɍɪɟɝ 

ɭɫɬɚɧɨɜɥɟɧɨ ɡɚ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ. Ɉɞɢɧ ɢɡ ɧɢɯ ɫɨɫɬɨɢɬ ɜ ɫɢɧɬɟɡɟ 

ɢɦɦɭɧɨɫɭɩɪɟɫɢɢɜɧɨɝɨ ɚɞɟɧɨɡɢɧɚ. Ⱥɞɟɧɨɡɢɧ ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥɶɧɨɣ ɦɨɥɟɤɭɥɨɣ, 

ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɪɟɝɭɥɹɰɢɢ ɦɧɨɝɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɜɤɥɸɱɟɧɢɟ ɪɟɰɟɩɬɨɪɨɜ 

ɚɞɟɧɨɡɢɧɚ ɧɚ ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɤɚɯ ɢ ɚɧɬɢɝɟɧ ɩɪɟɡɟɧɬɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ (ȺɉɄ) 

ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɷɤɫɩɪɟɫɫɢɢ ɰɢɬɨɤɢɧɨɜ, ɱɬɨ ɜɵɡɵɜɚɟɬ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ. ɏɨɬɹ ɚɞɟɧɨɡɢɧ ɦɨɠɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶɫɹ ɜɨ 

ɦɧɨɠɟɫɬɜɟ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɭɬɟɣ [294], ɨɛɪɚɡɨɜɚɧɢɟ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɚɞɟɧɨɡɢɧɚ 

ɢɡ ȺɌɎ ɢ ȺȾɎ ɨɩɨɫɪɟɞɭɟɬɫɹ ɷɤɬɨɧɭɤɥɟɚɡɚɦɢ CD39 (ecto-NTPDase 1) ɢ CD73 

(ecto-5’nucleotidase), ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɍɪɟɝ ɤɥɟɬɨɤ [295]. 

CD73 ɬɚɤɠɟ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ CD4+ ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɨɤ, ɧɨ, 

ɤɚɤ ɩɨɥɚɝɚɸɬ, ɬɨɥɶɤɨ ɷɤɫɩɪɟɫɫɢɹ ɨɛɨɢɯ CD39 ɢ CD73 ɧɚ Ɍɪɟɝ ɤɥɟɬɤɚɯ 

ɩɪɢɜɨɞɢɬ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ ɫɢɧɬɟɡɭ ɚɞɟɧɨɡɢɧɚ. ɗɤɫɩɪɟɫɫɢɹ CD39 ɢ CD73 

ɩɨɥɨɠɢɬɟɥɶɧɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɷɤɫɩɪɟɫɫɢɟɣ FoxP3 ɜ Ɍɪɟɝ ɦɵɲɟɣ [295] ɢ ɷɬɢ 

ɤɥɟɬɤɢ ɚɤɬɢɜɧɨ ɨɛɪɚɡɭɸɬ ɚɞɟɧɨɡɢɧ ɢɡ ȺɌɎ [296]. ɗɤɫɩɪɟɫɫɢɹ CD39 ɢ CD73 

ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɚ ɢ ɧɚ Ɍɪɟɝ ɱɟɥɨɜɟɤɚ. Ⱥɞɟɧɨɡɢɧ ɪɟɚɥɢɡɭɟɬ ɫɜɨɣ ɷɮɮɟɤɬ, 

ɞɟɣɫɬɜɭɹ ɧɚ 4 ɬɢɩɚ ɪɟɰɟɩɬɨɪɨɜ, ɨɛɨɡɧɚɱɚɟɦɵɯ A1, A2A, A2B ɢ A3 [294]. CD4+ 

ɤɥɟɬɤɢ ɢ ȺɉɄ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɷɤɫɩɪɟɫɫɢɪɭɸɬ A2A ɪɟɰɟɩɬɨɪ, ɤɨɥɢɱɟɫɬɜɨ 

ɤɨɬɨɪɨɝɨ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɫɬɢɦɭɥɹɰɢɢ TCR ɢ TLR4. ɉɨɤɚɡɚɧɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɫɢɝɧɚɥɚ ɪɟɰɟɩɬɨɪɚ ɜ Ɍɪɟɝ Ⱥ2Ⱥ-/- 

ɧɨɤɚɭɬɢɪɨɜɚɧɧɵɯ ɦɵɲɟɣ. ɗɬɢ ɤɥɟɬɤɢ ɛɵɥɢ ɧɟ ɫɩɨɫɨɛɧɵ ɫɭɩɪɟɫɫɢɪɨɜɚɬɶ 

ɜɨɫɩɚɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɧɚ ɦɨɞɟɥɹɯ ɤɨɥɢɬɚ, ɚ Ⱥ2Ⱥ-/- ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ 

ɨɤɚɡɚɥɢɫɶ ɭɫɬɨɣɱɢɜɵɦɢ ɤ ɞɟɣɫɬɜɢɸ ɧɨɪɦɚɥɶɧɵɯ Ɍɪɟɝ [297]. ɂɧɝɢɛɢɪɨɜɚɧɢɟ 
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ɷɤɬɨɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɛɥɨɤɚɞɚ ɚɧɬɚɝɨɧɢɫɬɚɦɢ ɪɟɰɟɩɬɨɪɚ Ⱥ2Ⱥ 

ɫɩɨɫɨɛɧɵ ɩɨɞɚɜɥɹɬɶ ɫɭɩɪɟɫɫɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ Ɍɪɟɝ ɜ ɦɨɞɟɥɹɯ in vitro. Ɍɪɟɝ 

ɤɥɟɬɤɢ ɩɚɰɢɟɧɬɨɜ ɫ ɪɚɫɫɟɹɧɧɵɦ ɫɤɥɟɪɨɡɨɦ ɷɤɫɩɪɟɫɫɢɪɭɸɬ ɩɨɧɢɠɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ CD39, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɯ ɨɫɥɚɛɥɟɧɧɨɣ ɫɭɩɪɟɫɫɨɪɧɨɣ ɮɭɧɤɰɢɟɣ 

[298].  

ɗɬɢ ɞɚɧɧɵɟ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɫɭɩɪɟɫɫɨɪɧɚɹ ɮɭɧɤɰɢɹ 

Ɍɪɟɝ ɤɥɟɬɨɤ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɨɜɵɜɚɬɶ ɚɞɟɧɨɡɢɧ ɢɡ ȺɌɎ ɢ ȺȾɎ 

ɢ ɫɩɨɫɨɛɧɨɫɬɢ Ⱥ2Ⱥ ɪɟɰɟɩɬɨɪɚ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɨɤ ɨɩɨɫɪɟɞɨɜɚɬɶ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ.  

Ɉɩɢɫɚɧ ɦɟɯɚɧɢɡɦ, ɩɨ ɤɨɬɨɪɨɦɭ ɚɞɟɧɨɡɢɧ ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɭɸɳɢɣ 

ɷɮɮɟɤɬ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɞɟɧɨɡɢɧɚ ɫ Ⱥ2Ⱥ ɪɟɰɟɩɬɨɪɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɨɤ ɢ ȺɉɄ ɜɡɵɜɚɟɬ ɭɬɪɚɬɭ ɫɬɚɛɢɥɶɧɨɫɬɢ ɊɇɄ 

ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ INFy, TNFa, IL-2, IL-4 ɢ IL-12, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɢɯ ɫɟɤɪɟɰɢɢ [299]. ɉɪɢ ɷɬɨɦ ɚɞɟɧɨɡɢɧ ɫɬɢɦɭɥɢɪɭɟɬ ɫɢɧɬɟɡ 

ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɰɢɬɨɤɢɧɚ IL-10. Ⱥɞɟɧɨɡɢɧɨɜɵɟ ɪɟɰɟɩɬɨɪɵ ɫɜɹɡɚɧɵ ɫ 

ɦɟɦɛɪɚɧɧɵɦɢ G-ɛɟɥɤɚɦɢ, ɚɤɬɢɜɚɰɢɹ ɤɨɬɨɪɵɯ ɜ ɚɞɟɧɢɥɚɬ-ɰɢɤɥɚɡɧɨɣ ɫɢɫɬɟɦɟ 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɢɱɟɫɤɨɝɨ ɚɞɟɧɨɡɢɧ ɦɨɧɨɮɨɫɮɚɬɚ 

(ɰȺɆɎ). ɰȺɆɎ ɜɵɡɵɜɚɟɬ ɚɤɬɢɜɚɰɢɸ ɩɪɨɬɟɢɧ ɤɢɧɚɡɵ Ⱥ, ɤɨɬɨɪɚɹ ɫɧɢɠɚɟɬ 

ɫɢɥɭ «ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɜɡɪɵɜɚ» ɜ ɧɟɣɬɪɨɮɢɥɚɯ [300]. 

Ɉɞɧɚɤɨ Ɍɪɟɝ ɫɚɦɢ ɷɤɫɩɪɟɫɫɢɪɭɸɬ Ⱥ2Ⱥ ɪɟɰɟɩɬɨɪ ɢ ɨɬɜɟɱɚɸɬ ɧɚ 

ɚɞɟɧɨɡɢɧɨɜɵɣ ɫɢɝɧɚɥ [297], ɱɬɨ ɨɩɬɢɦɢɡɢɪɭɟɬ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ. 

Ⱥɤɬɢɜɚɰɢɹ ɩɪɨɬɟɢɧɤɢɧɚɡɵ Ⱥ ɜ Ɍɪɟɝ ɩɪɢɜɨɞɢɬ ɤ ɚɤɬɢɜɚɰɢɢ ɮɚɤɬɨɪɚ CREB, 

ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡɚ ɪɟɝɭɥɹɰɢɸ ɷɤɫɩɪɟɫɫɢɢ FoxP3 [301]. ɗɬɢ ɞɚɧɧɵɟ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɞɜɨɣɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɚɞɟɧɨɡɢɧɚ: ɨɧ ɫɧɢɠɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɬɚɪɝɟɬɧɵɯ 

ɤɥɟɬɨɤ ɢ ɨɩɬɢɦɢɡɢɪɭɟɬ ɮɭɧɤɰɢɸ Ɍɪɟɝ ɤɥɟɬɨɤ. 

2.12.5. ȼɥɢɹɧɢɟ ɧɚ ɫɨɡɪɟɜɚɧɢɟ ɞɟɧɞɪɢɬɧɵɯ ɤɥɟɬɨɤ (ȾɄ) ɢ 
ɫɬɢɦɭɥɹɬɨɪɧɭɸ ɮɭɧɤɰɢɸ 

Ɍɪɟɝ ɫɩɨɫɨɛɧɵ ɩɪɨɹɜɥɹɬɶ ɫɜɨɸ ɢɧɝɢɛɢɬɨɪɧɭɸ ɮɭɧɤɰɢɸ ɧɟ ɬɨɥɶɤɨ ɩɪɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧɬɚɤɬɟ ɫ ɷɮɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ, ɧɨ ɨɩɨɫɪɟɞɨɜɚɧɧɨ 

ɱɟɪɟɡ ɜɥɢɹɧɢɟ ɧɚ ɞɟɧɞɪɢɬɧɵɟ ɤɥɟɬɤɢ (ȾɄ). CTLA-4 (CD152) ɹɜɥɹɟɬɫɹ ɤɨ-
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ɫɬɢɦɭɥɹɬɨɪɧɨɣ ɦɨɥɟɤɭɥɨɣ ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɟɣɫɹ ɧɚ Ɍɪɟɝ 

ɤɥɟɬɤɚɯ, ɤɨɬɨɪɚɹ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ CD80 ɢ CD86 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ȺɉɄ ɢ 

ɜɵɡɵɜɚɟɬ ɢɯ ɫɭɩɪɟɫɫɢɸ. Ɍɪɟɝ ɤɥɟɬɤɢ ɤɚɤ ɱɟɥɨɜɟɤɚ, ɬɚɤ ɢ ɦɵɲɢ ɫɩɨɫɨɛɧɵ 

ɩɨɧɢɠɚɬɶ ɷɤɫɩɪɟɫɫɢɸ CD80 ɢ CD86 ɧɚ ȾɄ in vitro [302]. Ⱦɟɣɫɬɜɢɟ CTLA-4 ɧɚ 

ɞɟɧɞɪɢɬɧɵɟ ɤɥɟɬɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɢɯ ɫɨɡɪɟɜɚɧɢɹ, ɩɨɞɚɜɥɟɧɢɢ 

ɷɤɫɩɪɟɫɫɢɢ CD80 ɢ CD86 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɧɞɪɢɬɧɵɯ ɤɥɟɬɨɤ  ɢ ɢɧɞɭɤɰɢɢ 

ɢɦɦɭɧɨɪɟɝɭɥɹɬɨɪɧɨɝɨ ɮɟɪɦɟɧɬɚ ɢɧɞɨɥɟɚɦɢ-2,3-ɞɟɡɨɤɫɢɝɟɧɚɡɵ ɜ ɞɟɧɞɪɢɬɧɵɯ 

ɤɥɟɬɤɚɯ [303]. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɟ ɫ Ɍɪɟɝ ȾɄ ɱɟɥɨɜɟɤɚ ɧɟ ɫɩɨɫɨɛɧɵ 

ɷɮɮɟɤɬɢɜɧɨ ɩɪɟɡɟɧɬɢɪɨɜɚɬɶ ɚɧɬɢɝɟɧ [302]. ɍ ɦɵɲɟɣ ɛɟɡ CTLA-4 ɪɚɡɜɢɜɚɥɢɫɶ 

ɥɟɬɚɥɶɧɵɟ ɚɭɬɨɢɦɦɭɧɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɭɠɟ ɧɚ ɩɟɪɜɵɯ ɧɟɞɟɥɹɯ ɠɢɡɧɢ. 

Ȼɥɨɤɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ CTLA-4 ɦɨɧɨɤɥɨɧɚɥɶɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ ɜ ɤɪɨɜɢ 

ɦɵɲɟɣ ɬɚɤɠɟ ɩɪɢɜɨɞɢɥɨ ɤ ɪɚɡɜɢɬɢɸ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. Ɍɪɟɝ ɤɥɟɬɤɢ 

ɫ ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ CTLA-4 ɨɛɥɚɞɚɥɢ ɩɨɧɢɠɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɭɜɟɥɢɱɢɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ CD80 ɢ CD86 ɧɚ ȾɄ ɩɪɢ ɢɯ ɫɨɜɦɟɫɬɧɨɦ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ [304]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, CTLA-4 ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ ɥɢɝɚɧɞɚɦɢ 

CD80 ɢ CD86 ɧɚ ȾɄ ɫɩɨɫɨɛɟɧ ɧɚɪɭɲɚɬɶ ɚɧɬɢɝɟɧɧɭɸ ɩɪɟɡɟɧɬɚɰɢɸ ɢ ɤɨ-

ɫɬɢɦɭɥɹɬɨɪɧɵɣ ɩɨɬɟɧɰɢɚɥ ɞɚɧɧɵɯ ɤɥɟɬɨɤ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, CTLA-4 ɞɟɣɫɬɜɭɟɬ 

ɩɨ ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ: ɩɟɪɟɞɚɟɬ ɫɢɝɧɚɥ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ 

ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ ɩɪɢ ɜɡɚɦɨɞɟɣɫɬɜɢɢ ɫ ɪɟɰɟɩɬɨɪɚɦɢ CD80 ɢ CD86; ɢ 

ɩɪɨɹɜɥɹɟɬ ɨɩɨɫɪɟɞɨɜɚɧɧɨɟ ɞɟɣɫɬɜɢɟ ɭɝɧɟɬɚɹ ɮɭɧɤɰɢɸ ɚɧɬɢɝɟɧ 

ɩɪɟɡɟɧɬɢɪɭɸɳɢɯ ɤɥɟɬɨɤ. 

ɉɨɧɢɠɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ CD80 ɢ CD86, ɪɚɜɧɨ ɤɚɤ ɢ ɤɨɥɢɱɟɫɬɜɨ CTLA-

4 ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ CD28, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɫɩɨɫɨɛɧɨɫɬɶ ȺɉɄ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɢ ɚɤɬɢɜɢɪɨɜɚɬɶ ɧɚɢɜɧɵɟ Ɍ ɤɥɟɬɤɢ. 

ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ FoxP3+ ɷɮɮɟɤɬɨɪɧɵɟ Ɍ ɤɥɟɬɤɢ ɬɚɤɠɟ 

ɷɤɫɩɪɟɫɫɢɪɭɸɬ CD80 ɢ CD86, ɩɨɷɬɨɦɭ ɜɟɪɨɹɬɧɨ, ɱɬɨ Ɍɪɟɝ ɤɥɟɬɤɢ, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ CTLA-4, ɫɩɨɫɨɛɧɵ ɢɧɝɢɛɢɪɨɜɚɬɶ ɚɤɬɢɜɚɰɢɸ ɷɮɮɟɤɬɨɪɧɵɯ 

ɤɥɟɬɨɤ, ɩɨ ɦɟɯɚɧɢɡɦɭ ɫɯɨɞɧɨɦɭ ɫ ȺɉɄ [305].  
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Ⱦɪɭɝɨɣ ɤɥɟɬɨɱɧɵɣ ɛɟɥɨɤ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɣɫɹ ɧɚ Ɍɪɟɝ ɤɥɟɬɤɚɯ, LAG-3 

(Lymphocyte activation gene-3) ɹɜɥɹɟɬɫɹ ɝɨɦɨɥɨɝɨɦ CD4 ɢ ɫɩɨɫɨɛɟɧ 

ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɝɥɚɜɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɝɢɫɬɨɫɨɜɦɟɫɬɢɦɨɫɬɢ II (MHC II, main 

histocompatibility complex II) ɫ ɜɵɫɨɤɨɣ ɚɮɮɢɧɧɨɫɬɶɸ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɚɤɬɢɜɚɰɢɢ ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɨɤ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ Ɍɪɟɝ 

ɤɥɟɬɤɚɦɢ ɢ MHC II ɧɚ ȾɄ, ɨɩɨɫɪɟɞɨɜɚɧɧɨɟ LAG-3 ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɚɤɬɢɜɚɰɢɢ ȾɄ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɱɟɪɟɡ ITAM-ɫɢɝɧɚɥɶɧɵɣ ɩɭɬɶ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɚɤɬɢɜɚɰɢɢ SHP-1 ɢ ɫɭɩɪɟɫɫɢɢɢ ɫɨɡɪɟɜɚɧɢɹ ȾɄ ɢ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ 

ɩɪɟɡɟɧɬɢɪɨɜɚɬɶ ɚɧɬɢɝɟɧ [303]. ɇɨɤɚɭɬɢɪɨɜɚɧɢɟ LAG-3 ɭ ɦɵɲɟɣ ɜɵɡɵɜɚɥɨ 

ɧɚɪɭɲɟɧɢɟ ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ nɌɪɟɝ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɪɚɧɫɮɟɤɰɢɹ CD4+ 

Ɍ-ɤɥɟɬɨɤ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɥɚ ɢɯ ɫɭɩɪɟɫɫɢɜɧɵɣ ɩɨɬɟɧɰɢɚɥ. ɗɤɫɩɪɟɫɫɢɹ 

LAG-3 ɪɟɝɭɥɢɪɭɟɬɫɹ ɛɟɥɤɨɦ EGR-2 (early growth response 2), ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ 

ɤɨɬɨɪɨɝɨ ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ ɦɵɲɟɣ ɜɵɡɵɜɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

CD4+CD25–LAG-3+ Ɍɪɟɝ, ɤɨɬɨɪɵɟ ɫɟɤɪɟɬɢɪɨɜɚɥɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ IL-10 

[306]. Camisaschi ɢ ɫɨɚɜɬ. [307] ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ LAG-3-ɩɨɥɨɠɢɬɟɥɶɧɵɟ Ɍɪɟɝ 

ɨɛɪɚɡɭɸɬ ɨɬɞɟɥɶɧɭɸ ɩɨɩɭɥɹɰɢɸ Ɍɪɟɝ ɜ ɢɧɮɢɥɶɬɪɚɬɟ ɦɟɥɚɧɨɦɵ ɢ ɫɟɤɪɟɬɢɪɭɸɬ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ IL-10 ɢ TGF-b. Ɉɞɧɚɤɨ ɫɭɩɪɟɫɫɨɪɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɬɚɤɢɯ 

Ɍɪɟɝ ɧɟ ɡɚɜɢɫɟɥɚ ɨɬ ɞɚɧɧɵɯ ɰɢɬɨɤɢɧɨɜ.  

2.12.6. Ɋɚɡɧɨɨɛɪɚɡɢɟ TCR ɧɚ Ɍɪɟɝ ɤɥɟɬɤɚɯ 

ɇɟɨɛɵɱɧɵɣ ɩɭɬɶ, ɩɨ ɤɨɬɨɪɨɦɭ Ɍɪɟɝ ɤɥɟɬɤɢ ɫɩɨɫɨɛɧɵ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɫɭɩɩɪɟɫɫɨɪɧɭɸ ɮɭɧɤɰɢɸ ɹɜɥɹɟɬɫɹ ɞɢɮɟɪɫɢɮɢɤɚɰɢɹ ɢɯ TCR. Ɍɪɟɝ ɤɥɟɬɤɢ 

ɩɨɞɞɟɪɠɢɜɚɸɬ ɬɚɤɨɣ ɠɟ ɭɪɨɜɟɧɶ ɪɚɡɧɨɨɛɪɚɡɢɹ TCR, ɤɚɤ ɢ ɞɪɭɝɢɟ Ɍ ɤɥɟɬɤɢ 

[308]. Ⱦɨɜɨɥɶɧɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ TCR ɢɞɟɧɬɢɱɧɨ ɭ Ɍɪɟɝ ɢ ɷɮɮɟɤɬɨɪɧɵɯ 

ɤɥɟɬɨɤ. Ɍɚɤɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ 

ɬɚɪɝɟɬɧɵɯ ɩɟɩɬɢɞɨɜ ɧɟ ɭɡɧɚɟɬɫɹ ɷɮɮɟɤɬɨɪɧɵɦɢ ɤɥɟɬɤɚɦɢ. Ɋɚɡɧɨɨɛɪɚɡɢɟ TCR 

ɤɪɢɬɢɱɧɨ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ Ɍɪɟɝ ɜ ɬɢɦɭɫɟ. ȼɫɟ ɛɨɥɶɲɟ ɞɚɧɧɵɯ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɬɨ, ɱɬɨ ɫɩɟɰɢɮɢɱɧɨɫɬɶ TCR ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢɦɦɭɧɧɨɝɨ 

ɛɚɥɚɧɫɚ Ɍɪɟɝ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɧɨɨɛɪɚɡɢɹ TCR ɜ 

ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɩɨɤɚɡɚɧɚ ɜ ɪɚɛɨɬɚɯ ɩɨ ɚɞɚɩɬɢɜɧɨɦɭ ɩɟɪɟɧɨɫɭ Ɍɪɟɝ ɤɥɟɬɨɤ ɛɟɡ 

TCR ɜ ɦɨɞɟɥɹɯ ɪɟɚɤɰɢɢ ɬɪɚɧɫɩɥɚɧɬɚɬ ɩɪɨɬɢɜ ɯɨɡɹɢɧɚ [309].  
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2.12.7. CD8+ Ɍ ɪɟɝɭɥɹɬɨɪɧɵɟ ɤɥɟɬɤɢ 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɫɞɟɥɚɧ ɚɤɰɟɧɬ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ 

CD4+CD25+FoxP3+ Ɍɪɟɝ ɤɥɟɬɨɤ. Ɉɞɧɚɤɨ, ɛɵɥɚ ɨɩɢɫɚɧɚ ɩɨɩɭɥɹɰɢɹ CD8+ 

ɤɥɟɬɨɤ, ɫɩɨɫɨɛɧɵɯ ɫɭɩɪɟɫɫɢɪɨɜɚɬɶ ɚɭɬɨɪɟɚɤɬɢɜɧɵɟ Th2 ɤɥɟɬɤɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɧɟ ɤɥɚɫɫɢɱɟɫɤɚɹ ɦɨɥɟɤɭɥɚ MHC-1 Qa-1 ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɫɭɛɩɨɩɭɥɹɰɢɟɣ 

ɮɨɥɥɢɤɭɥɹɪɧɵɯ Th ɯɟɥɩɟɪɧɵɯ ɤɥɟɬɨɤ (Tfh) ɢ ɷɬɚ ɦɨɥɟɤɭɥɚ ɪɚɫɩɨɡɧɚɟɬɫɹ CD8. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ Qa-1 ɢ CD8 ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɚɤɢɯ Tfh ɩɪɢ 

«ɩɨɦɨɳɢ» ȼ ɤɥɟɬɨɤ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɭɬɨɪɟɚɤɬɢɜɧɨɝɨ ɨɬɜɟɬɚ Tfh [310]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɪɭɲɟɧɢɟ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢ ɦɭɬɚɰɢɢ Qa-1 Tfh 

ɤɥɟɬɨɤ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɛɨɥɟɡɧɟɣ, ɜɵɡɜɚɧɧɵɯ ɚɭɬɨɚɧɬɢɬɟɥɚɦɢ. ɗɬɨ ɫɩɨɫɨɛ 

ɫɭɩɩɪɟɫɫɢɢ ɡɚɜɢɫɢɬ ɨɬ ɫɟɤɪɟɰɢɢ IL-35 [311]. 

2.12.8. Ɇɨɞɭɥɹɰɢɹ ɚɤɬɢɜɧɨɫɬɢ ɰɢɬɨɤɢɧɨɜɵɦ ɫɢɝɧɚɥɥɢɧɝɨɦ 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɰɢɬɨɤɢɧɵ, ɜɤɥɸɱɚɹ TNFa ɢ IL-6, ɫɩɨɫɨɛɧɵ 

ɦɨɞɭɥɢɪɨɜɚɬɶ ɮɭɧɤɰɢɸ Ɍɪɟɝ ɤɥɟɬɨɤ in vivo [312,313]. ɋɢɝɧɚɥ ɨɬ TNFa 

ɩɨɫɬɭɩɚɟɬ ɧɚ Ɍɪɟɝ ɱɟɪɟɡ TNFRII, ɤɨɬɨɪɵɣ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɢ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɫɬɢɦɭɥɹɰɢɢ. ɉɨɜɵɲɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ TNFRII ɞɚɟɬ 

ɭɫɢɥɟɧɧɵɣ ɫɢɝɧɚɥ TNFa ɜɧɭɬɪɶ ɤɥɟɬɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɭɪɨɜɧɟɣ 

ɦɊɇɄ ɢ ɛɟɥɤɚ FoxP3 ɢ ɩɨɬɟɪɟ ɫɭɩɩɪɟɫɫɨɪɧɨɣ ɮɭɧɤɰɢɢ. ɉɪɢɦɟɧɟɧɢɟ 

ɛɥɨɤɢɪɭɸɳɢɯ ɚɧɬɢɬɟɥ ɤ TNFa ɨɤɚɡɚɥɨɫɶ ɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ ɬɟɪɚɩɢɢ 

ɪɟɜɦɚɬɨɢɞɧɨɝɨ ɚɪɬɪɢɬɚ ɢ ɩɫɨɪɢɚɡɚ ɢ, ɜɨɡɦɨɠɧɨ, ɱɬɨ ɷɬɨɬ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɥɫɹ ɡɚ 

ɫɱёɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ Ɍɪɟɝ ɩɪɢ ɛɥɨɤɚɞɟ TNFa [312].  

ɋɢɝɧɚɥɥɢɧɝ IL-6 ɧɚ ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ Ɍɪɟɝ ɤɥɟɬɤɢ 

ɦɵɲɢ ɢ ɱɟɥɨɜɟɤɚ [314]. Ɍɨɱɧɵɣ ɦɟɯɚɧɢɡɦ, ɩɨ ɤɨɬɨɪɨɦɭ ɫɢɝɧɚɥ ɨɬ IL-6 

ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɨɪɧɵɦ ɤɥɟɬɤɚɦ ɩɪɟɨɞɨɥɟɬɶ ɫɭɩɩɪɟɫɢɸ Ɍɪɟɝ ɞɨ ɤɨɧɰɚ ɧɟ 

ɹɫɟɧ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɧ ɡɚɜɢɫɢɬ ɨɬ IL-6, ɫɟɤɪɟɬɢɪɭɟɦɨɝɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ 

ɱɟɪɟɡ TLR4 ȾɄ ɭ ɦɵɲɟɣ ɢ ɨɬ IL-6 ȾɄ ɢ ɷɩɢɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɭ ɱɟɥɨɜɟɤɚ 

[314]. ɋɢɝɧɚɥ IL-6 ɱɟɪɟɡ ɤɨɦɩɥɟɤɫ ɪɟɰɟɩɬɨɪɚ ɜɵɡɵɜɚɟɬ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɢ 

ɚɤɬɢɜɚɰɢɸ ɦɧɨɠɟɫɬɜɚ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɤɥɸɱɚɹ STAT1 ɢ STAT3. 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɭɪɨɜɟɧɶ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ STAT3 (pSTAT3) ɢ pSTAT1 

ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɞɥɹ ɚɤɬɢɜɚɰɢɢ ɫɭɩɩɪɟɫɫɨɪɧɨɣ ɮɭɧɤɰɢɢ Ɍɪɟɝ. 
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ɋɢɥɶɧɨɟ ɮɨɫɨɮɨɪɢɥɢɪɨɜɚɧɢɟ STAT3 ɨɬɧɨɫɢɬɟɥɶɧɨ STAT1 ɜɵɡɵɜɚɟɬ ɩɨɬɟɪɸ 

ɭɫɬɨɣɱɢɜɨɣ ɫɭɩɩɪɟɫɫɨɪɧɨɣ ɮɭɧɤɰɢɢ Ɍɪɟɝ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ, ɭɫɢɥɟɧɧɨɟ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ STAT1 ɩɪɢɜɨɞɢɬ ɤ ɭɫɢɥɟɧɢɸ ɫɭɩɩɪɟɫɫɨɪɧɨɣ ɮɭɧɤɰɢɢ. ȼ 

ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɫɭɩɩɪɟɫɫɢɹ Ɍɪɟɝ ɧɟ ɚɤɬɢɜɧɚ, ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ STAT3 ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɭɩɩɪɟɫɫɨɪɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ, ɞɚɠɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɢɯ ɞɨɡ IL-6. ɉɨɷɬɨɦɭ ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ 

ɜɨɫɩɚɥёɧɧɨɣ ɬɤɚɧɢ ɫɩɨɫɨɛɧɨ ɢɡɦɟɧɹɬɶ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ STAT1 ɢ STAT3 ɢ 

ɦɨɞɭɥɢɪɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɭɩɩɪɟɫɫɨɪɧɨɣ ɮɭɧɤɰɢɢ Ɍɪɟɝ. ȼ ɩɨɥɶɡɭ ɷɬɨɝɨ 

ɝɨɜɨɪɢɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ IL-6 ɩɨɜɵɲɟɧɚ ɩɪɢ ɧɟɤɨɬɨɪɵɯ 

ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ, ɜɤɥɸɱɚɹ ɩɫɨɪɢɚɡ, ɩɪɢɱёɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ 

ɪɟɰɟɩɬɨɪ IL-6 ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɚ 30 – 40% ɩɟɪɢɮɟɪɢɱɟɫɤɢɯ CD4+ ɤɥɟɬɨɤ [315]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɢɝɧɚɥɥɢɧɝ IL-6 ɧɚ ɥɢɦɮɨɰɢɬɵ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɦɟɯɚɧɢɡɦɨɦ 

ɫɭɩɩɪɟɫɫɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ Ɍɪɟɝ ɩɪɢ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ. ȼɚɠɧɨɫɬɶ IL-

6 ɩɨɤɚɡɚɧɚ ɢ ɤɥɢɧɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɬɨɤɚɥɢɡɭɦɚɛɚ, ɩɪɟɩɚɪɚɬɚ 

ɦɨɧɨɤɥɨɧɚɥɶɧɵɯ ɚɧɬɢɬɟɥ ɤ ɪɟɰɟɩɬɨɪɭ IL-6 ɩɪɢ ɥɟɱɟɧɢɢ ɪɟɜɦɚɬɨɢɞɧɨɝɨ 

ɚɪɬɪɢɬɚ [316].  

Ⱦɪɭɝɨɣ ɦɨɥɟɤɭɥɨɣ, ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɪɟɝɭɥɹɬɨɪɧɨɣ ɮɭɧɤɰɢɢ Ɍɪɟɝ 

ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ ɋD83. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɫɬɜɨɪɟɧɧɚɹ ɮɨɪɦɚ 

CD83, ɩɪɨɞɭɰɢɪɭɟɦɚɹ B-ɤɥɟɬɤɚɦɢ ɢ ɞɟɧɞɪɢɬɧɵɦɢ ɤɥɟɬɤɚɦɢ, ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ 

ɤɚɱɟɫɬɜɟ ɫɭɩɪɟɫɫɨɪɧɨɣ ɦɨɥɟɤɭɥɵ [317]. ɉɨɡɞɧɟɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ CD83 

ɬɚɤɠɟ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɧɚ ɦɟɦɛɪɚɧɟ Ɍɪɟɝ ɢ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɤɨɧɬɚɤɬɧɨɝɨ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ [318]. Ɍɪɚɧɫɮɟɤɰɢɹ CD4+ Ɍ-ɤɥɟɬɨɤ ɝɟɧɨɦ CD83 ɜɵɡɵɜɚɟɬ ɜ ɧɢɯ 

ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ CTLA-4 ɢ FoxP3 ɢ ɪɚɡɜɢɬɢɟ ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

[318]. ȼɟɪɨɹɬɧɨ, CD83 ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɚɭɬɨɤɪɢɧɧɨɝɨ ɮɚɤɬɨɪɚ, 

ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɸ Ɍɪɟɝ. Ɉɞɧɚɤɨ ɞɥɹ CD83 ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɪɟɰɟɩɬɨɪɚ ɢ 

ɬɨɱɧɵɣ ɦɟɯɚɧɢɡɦ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ɍɪɟɝ ɢ ɷɮɮɟɤɬɨɪɧɵɯ 

ɥɢɦɮɨɰɢɬɨɜ ɞɨ ɤɨɧɰɚ ɧɟ ɩɨɧɹɬɟɧ.  
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2.13. Ɂɚɤɥɸɱɟɧɢɟ ɩɨ ɨɛɡɨɪɭ ɥɢɬɟɪɚɬɭɪɵ 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɞɚɧɧɨɦ ɥɢɬɟɪɚɬɭɪɧɨɦ ɨɛɡɨɪɟ, Ⱥɋ ɩɪɟ-ɦɊɇɄ ɹɜɥɹɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɚɤɬɢɜɧɨɫɬɢ ɢ ɮɭɧɤɰɢɢ ɛɟɥɤɨɜ ɢ ɜɨɜɥɟɱёɧ ɜ 

ɪɟɝɭɥɹɰɢɸ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ: ɪɚɡɜɢɬɢɟ ɢ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ, ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɭɸ ɤɥɟɬɨɱɧɭɸ ɝɢɛɟɥɶ. ɋ ɧɚɪɭɲɟɧɢɟɦ ɩɪɨɰɟɫɫɚ Ⱥɋ ɫɜɹɡɚɧ 

ɪɚɞ ɩɚɬɨɥɨɝɢɣ, ɤɨɬɨɪɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɦɨɦɟɧɬ ɩɨɞɞɚɸɬɫɹ ɥɢɲɶ 

ɫɢɦɩɬɨɦɚɬɢɱɟɫɤɨɦɭ ɥɟɱɟɧɢɸ. ɂɡɭɱɟɧɢɟ ɬɨɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɞɥɹ ɩɨɧɢɦɚɧɢɹ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ ɢ ɪɚɡɜɢɬɢɹ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɫɬɚёɬɫɹ ɦɧɨɠɟɫɬɜɨ ɧɟ ɪɟɲёɧɧɵɯ ɜɨɩɪɨɫɨɜ. 

Ƚɥɚɜɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɬɤɚɧɟɜɚɹ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɤɚɯ ɬɤɚɧɹɯ ɢ ɨɪɝɚɧɚɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ⱥɋ ɩɪɟ-

ɦɊɇɄ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɝɟɧɚ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɨ, ɞɚɠɟ 

ɩɪɢ ɭɫɥɨɜɢɢ ɨɞɢɧɚɤɨɜɨɝɨ ɭɪɨɜɧɹ ɟɝɨ ɬɪɚɧɫɤɪɢɩɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɰɟɫɫ 

Ⱥɋ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɤɥɟɬɤɚɦ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɧɟɲɧɢɯ 

ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɪɚɡɜɢɬɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɷɬɨɦɭ Ⱥɋ ɩɪɢɧɹɬɨ 

ɫɱɢɬɚɬɶ ɢɧɞɭɰɢɛɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɬ.ɟ. ɩɪɨɰɟɫɫɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɝɨ 

ɡɚɜɢɫɢɬ ɨɬ ɢɡɦɟɧɟɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɭɫɥɨɜɢɣ. Ȼɟɡ ɫɨɦɧɟɧɢɹ, ɦɨɥɟɤɭɥɹɪɧɵɟ 

ɩɪɨɰɟɫɫɵ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɹɜɥɹɸɬɫɹ ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɟɝɨ 

ɢɧɞɭɰɢɛɟɥɶɧɨɫɬɶ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɝɭɥɢɪɭɸɳɢɟ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɢ (SR-ɛɟɥɤɢ) 

ɢɝɪɚɸɬ ɩɟɪɜɨɫɬɟɩɟɧɧɭɸ ɪɨɥɶ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ. ȼɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟ-

ɦɊɇɄ ɢ ɞɨɫɬɭɩɧɨɫɬɶ ɪɟɝɭɥɹɬɨɪɧɵɯ ɨɛɥɚɫɬɟɣ ɜ ɟё ɰɟɩɢ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

SR-ɛɟɥɤɚɦɢ ɬɚɤɠɟ ɜɚɠɧɚ. Ɍɤɚɧɟɫɩɟɰɢɮɢɱɧɚɹ ɷɤɫɩɪɟɫɫɢɹ SR-ɛɟɥɤɨɜ 

ɨɛɴɹɫɧɹɟɬ ɪɚɡɥɢɱɢɟ Ⱥɋ ɫɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɬɤɚɧɟɣ. Ɉɞɧɚɤɨ ɬɤɚɧɟɜɚɹ 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ SR-ɛɟɥɤɨɜ ɧɟ ɨɛɴɹɫɧɹɟɬ ɪɚɡɥɢɱɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ⱥɋ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ ɤɥɟɬɤɭ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɷɤɫɩɪɟɫɫɢɹ ɞɨɫɬɚɬɨɱɧɨ 

ɤɨɧɫɬɢɬɭɬɢɜɧɚ. Ɍɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɚɥɨɜɟɪɨɹɬɧɵɦ, ɱɬɨ ɢɦɟɧɧɨ 

ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɦɊɇɄ ɜɧɨɫɢɬ ɜɤɥɚɞ ɜ ɢɫɯɨɞ Ⱥɋ, ɩɨɫɤɨɥɶɤɭ 

ɥɚɛɢɥɶɧɨɫɬɶ ɜɬɨɪɢɱɧɵɯ ɫɬɪɭɤɬɭɪ ɦɊɇɄ ɜɟɫɶɦɚ ɧɢɡɤɚ. ɗɬɢ ɮɚɤɬɵ ɩɨɡɜɨɥɹɸɬ 
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ɩɪɟɞɩɨɥɨɠɢɬɶ ɧɚɥɢɱɢɟ ɩɪɨɱɢɯ, ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɯ ɢ ɢɧɞɭɰɢɪɭɟɦɵɯ 

ɮɚɤɬɨɪɨɜ, ɦɨɞɭɥɢɪɭɸɳɢɯ Ⱥɋ. 

Ⱦɪɭɝɢɦ ɜɚɠɧɵɦ ɜɨɩɪɨɫɨɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɧɨɠɟɫɬɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɨɞɧɨɝɨ ɝɟɧɚ. ɇɟɬ 

ɩɨɧɢɦɚɧɢɹ ɩɨɱɟɦɭ ɤɥɟɬɤɚ ɬɪɚɬɢɬ ɛɨɥɶɲɢɟ ɪɟɫɭɪɫɵ ɧɚ ɫɨɡɞɚɧɢɟ ɦɧɨɠɟɫɬɜɚ 

ɧɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɊɇɄ, ɩɨɞɥɟɠɚɳɢɯ ɧɟɦɟɞɥɟɧɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɢɥɢ ɠɟ 

ɫɢɧɬɟɡɭ ɧɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɟɥɤɨɜ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɪɨɥɶ 

ɛɨɥɶɲɢɧɫɬɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɨɫɬɚёɬɫɹ ɧɟɢɡɭɱɟɧɧɨɣ. 

ɉɨɫɤɨɥɶɤɭ Ⱥɋ ɜɨɜɥɟɱёɧ ɢ ɫɨɩɪɹɠёɧ ɫ ɪɚɡɜɢɬɢɟɦ ɪɹɞɚ ɩɚɬɨɥɨɝɢɣ, 

ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɩɨɩɵɬɤɢ ɫɨɡɞɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɭɩɪɚɜɥɹɬɶ ɞɚɧɧɵɦ ɩɪɨɰɟɫɫɨɜ. ȼɫɟ ɨɧɢ ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 

ɦɨɞɭɥɹɰɢɸ ɚɤɬɢɜɧɨɫɬɢ SR-ɛɟɥɤɨɜ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ 

ɩɨɩɵɬɤɢ ɪɚɡɪɚɛɨɬɤɢ ɦɚɥɵɯ ɦɨɥɟɤɭɥ, ɢɧɝɢɛɢɪɭɸɳɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɨɬɞɟɥɶɧɵɯ SR-ɛɟɥɤɨɜ ɤ ɢɯ ɪɟɝɭɥɹɬɨɪɧɵɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɢɥɢ ɠɟ 

ɢɡɦɟɧɹɸɳɢɯ ɫɢɝɧɚɥɶɧɵɟ ɤɚɫɤɚɞɵ ɚɤɬɢɜɚɰɢɢ SR-ɛɟɥɤɨɜ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ ɜɜɢɞɭ ɧɢɡɤɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɬɚɤɨɜɵɯ 

ɦɨɥɟɤɭɥ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɬɞɟɥɶɧɵɦ SR-ɛɟɥɤɚɦ ɢ ɫɩɨɫɨɛɧɨɫɬɢ ɨɞɧɢɯ ɢ ɬɟɯ 

ɠɟ ɛɟɥɤɨɜ ɦɨɞɭɥɢɪɨɜɚɬɶ ɫɩɥɚɣɫɢɧɝ ɪɚɡɥɢɱɧɵɯ ɩɪɟ-ɦɊɇɄ. Ȼɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɨɞɯɨɞ ɩɨ ɫɨɡɞɚɧɢɸ ɩɟɪɟɤɥɸɱɚɸɳɢɯ 

ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɫɩɨɫɨɛɧɵɯ ɫɩɟɰɢɮɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 

ɫ ɩɪɟ-ɦɊɇɄ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɝɟɧɚ. Ɉɞɧɚɤɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɫɬɚɜɤɢ ɬɚɤɢɯ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɞɨ ɬɚɪɝɟɬɧɨɣ ɬɤɚɧɢ ɩɨɤɚ ɨɫɬɚёɬɫɹ ɧɟ ɜɵɫɨɤɨɣ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɢɡɭɱɟɧɢɹ ɧɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɢɧɞɭɤɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG, ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ 

ɩɪɨɢɡɜɨɞɢɦɵɯ ɟɸ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɦɨɞɭɥɢɪɨɜɚɬɶ Ⱥɋ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɪɨɥɢ ɢɧɞɭɰɢɪɭɟɦɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ. 
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3. ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂə 

3.1. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɠɢɜɨɬɧɵɟ 

Ɋɚɛɨɬɭ ɫ ɥɚɛɨɪɚɬɨɪɧɵɦɢ ɠɢɜɨɬɧɵɦɢ, ɨɞɨɛɪɟɧɧɭɸ ɷɬɢɱɟɫɤɢɦ 

ɤɨɦɢɬɟɬɨɦ ɂɧɫɬɢɬɭɬɚ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ȼ.ɇ. Ɉɪɟɯɨɜɢɱɚ 

ɩɪɨɜɨɞɢɥɢ ɫ ɫɨɛɥɸɞɟɧɢɟɦ Ⱦɟɤɥɚɪɚɰɢɢ ɩɪɚɜ ɠɢɜɨɬɧɵɯ (World Medical 

Association Declaration of Helsinki) ɜ ɪɟɞɚɤɰɢɢ 2013 ɝ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɭɬɛɪɟɞɧɵɯ ɦɵɲɟɣ ɥɢɧɢɢ ICR (CD-1) ɢ ɢɧɛɪɟɞɧɵɯ ɦɵɲɟɣ 

ɥɢɧɢɣ BALB/c, ɋ57ȼL/10, C57BL/6, DBA/2, SJL, C3H ɢ ɋȼȺ ɜ ɜɨɡɪɚɫɬɟ 6–9 

ɧɟɞɟɥɶ, ɚ ɬɚɤɠɟ ɚɭɬɛɪɟɞɧɵɯ ɤɪɵɫ ɥɢɧɢɣ SD (Sprague Dawley), Wistar ɢ 

ɢɧɛɪɟɞɧɵɯ ɤɪɵɫ ɥɢɧɢɣ WKY (Wistar-Kyoto), SHR ɢ DA (Dark Agouti) ɜ 

ɜɨɡɪɚɫɬɟ 8–11 ɧɟɞɟɥɶ. Ⱦɚɧɧɵɟ ɠɢɜɨɬɧɵɟ ɩɨɥɭɱɟɧɵ ɢɡ ɩɢɬɨɦɧɢɤɚ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ «ɉɭɳɢɧɨ» (ɉɭɳɢɧɨ, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, Ɋɨɫɫɢɹ). 

Ɍɪɚɧɫɝɟɧɧɵɟ ɦɵɲɢ ɥɢɧɢɢ B10.GFP, ɧɟɫɭɳɢɟ ɝɟɧ ɡɟɥёɧɨɝɨ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ 

ɛɟɥɤɚ GFP, ɢɡ ɩɢɬɨɦɧɢɤɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ «Ⱥɧɞɪɟɟɜɤɚ» (Ⱥɧɞɪɟɟɜɤɚ, 

Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, Ɋɨɫɫɢɹ). Ɇɵɲɟɣ ɢ ɤɪɵɫ ɫɨɞɟɪɠɚɥɢ ɜ ɜɢɜɚɪɢɢ ɜ 

ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɩɚɬɨɝɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɵ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ, 

ɧɚ ɛɪɢɤɟɬɢɪɨɜɚɧɧɨɦ ɤɨɪɦɟ ɢ ɩɨɫɬɨɹɧɧɨɦ ɞɨɫɬɭɩɟ ɤ ɜɨɞɟ. ȼ ɬɚɛɥɢɰɟ 9 

ɭɤɚɡɚɧɵ ɥɢɧɢɢ ɦɵɲɟɣ ɢ ɤɪɵɫ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɜ ɤɨɬɨɪɵɯ ɨɧɢ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ.  

3.2. Ʉɥɟɬɨɱɧɵɟ ɥɢɧɢɢ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ 

Ʉɥɟɬɤɢ ɥɢɧɢɣ ɨɩɭɯɨɥɟɣ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ LoVo, ɋɚɋɨ-2, DLD-1, 

HT 29, RKO, SW 620, LS 174T, COLO 320HSR, HCT-15, HCT-116, NCI-

H50B, WiDr, ɚ ɬɚɤɠɟ ɤɥɟɬɤɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ 

ɥɢɧɢɢ MCF-7, HCC1954, HCC1943, HCC1395, T42D, BT-474, ZR-75-1, 

CAMA-1, AU565 (ɜɫɟ ATCC, ɋɒȺ), ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɫɪɟɞɟ RPMI-1640 

(«Gibco», ɋɒȺ), ɫɨɞɟɪɠɚɳɟɣ 10% FSB (Fetal Serum Bovine, «Thermo Fisher 

Scientific Inc.», ɋɒȺ) ɩɪɢ 37°ɋ ɜ ɚɬɦɨɫɮɟɪɟ ɫ 5% CO2 ɢ 95% ɜɥɚɠɧɨɫɬɢ. 
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Ɍɚɛɥɢɰɚ 9. Ʌɢɧɢɢ ɦɵɲɟɣ ɢ ɤɪɵɫ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɪɚɡɥɢɱɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ. 

№ Ʌɢɧɢɢ 
ɠɢɜɨɬɧɵɯ 

ɗɤɫɩɟɪɢɦɟɧɬɵ 

Ɇɵɲɢ 

1 B10.GFP ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase ICasp-2 ɢ BCL-X. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɢɧɞɭɤɰɢɹ Ⱥɋ ɦɊɇɄ TERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɢɌɪɟɝ ɦɵɲɢ ɜ ɬɚɪɝɟɧɬɵɯ 
ɥɢɦɮɨɰɢɬɚɯ in vivo. 

2 BALB/c ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

3 C3H ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

4 C57BL/6 ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X.  

ɂɡɭɱɟɧɢɟ ɩɨɫɨɛɧɨɫɬɢ ɰɢɫɩɥɚɬɢɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ 
ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɦɊɇɄ 
Tert ɜ ɥɢɦɮɨɰɢɬɚɯ. 
ɂɡɭɱɟɧɢɟ ɢɧɞɭɤɰɢɹɢ Ⱥɋ ɦɊɇɄ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 
ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ  
ɚɤɬɢɜɧɨɫɬɢ Casp-2, DNase I ɢ BCL-x ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɜ ɥɢɦɮɨɰɢɬɚɯ in vitro. 

ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɦɊɇɄ CD4+ T-ɥɢɦɮɨɰɢɬɨɜ ɩɨɫɥɟ 
ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG ɢɥɢ ɨɛɪɚɛɨɬɤɢ ɰɢɫɩɥɚɬɢɧɨɦ. 
ɂɡɭɱɟɧɢɟ ɝɢɛɟɥɢ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ ɩɪɢ 
ɞɥɢɬɟɥɶɧɨɦ ɫɨɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ.  
ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɢɧɞɭɤɰɢɹ Ⱥɋ ɦɊɇɄ TERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɢɧɞɭɰɢɪɨɜɚɧɧɵɦɢ 
ɪɟɝɭɥɹɬɨɪɧɵɦɢ Ɍ ɤɥɟɬɤɚɦɢ ɦɵɲɢ ɜ ɬɚɪɝɟɧɬɵɯ 
ɥɢɦɮɨɰɢɬɚɯ in vivo. 

5 ɋ57ȼL/10 ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

6 ɋȼȺ ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

7 DBA/2 ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 
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Ɍɚɛɥɢɰɚ 9. (ɉɪɨɞɨɥɠɟɧɢɟ) 

№ Ʌɢɧɢɢ 
ɠɢɜɨɬɧɵɯ 

ɗɤɫɩɟɪɢɦɟɧɬɵ 

8 ICR (CD-

1) 

ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

9 SJL ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

Ʉɪɵɫɵ 

10 DA ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

11 SD ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

12 SHR ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

13 Wistar ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

ɂɡɭɱɟɧɢɟ ɩɨɫɨɛɧɨɫɬɢ ɰɢɫɩɥɚɬɢɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ 
ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɦɊɇɄ 
Tert ɜ ɥɢɦɮɨɰɢɬɚɯ. 
ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɦɊɇɄ CD4+ T-ɥɢɦɮɨɰɢɬɨɜ ɩɨɫɥɟ 
ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG ɢɥɢ ɨɛɪɚɛɨɬɤɢ ɰɢɫɩɥɚɬɢɧɨɦ. 
ɂɡɭɱɟɧɢɟ ɢɧɞɭɤɰɢɹɢ Ⱥɋ ɦɊɇɄ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 
ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Casp-2, DNase I ɢ BCL-x ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɜ ɥɢɦɮɨɰɢɬɚɯ in vitro. 

14 WKY ȼɵɞɟɥɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɫ ɰɟɥɶɸ 
ɚɧɚɥɢɡɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ EndoG, 

Tert, DNase I, Casp-2 ɢ BCL-X. 

3.2.1. ȼɵɞɟɥɟɧɢɟ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ 

Ɉɛɪɚɡɰɵ ɜɟɧɨɡɧɨɣ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɞɚɜɲɢɯ ɩɢɫɶɦɟɧɧɨɟ 

ɫɨɝɥɚɫɢɟ ɧɚ ɭɱɚɫɬɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɡɚɛɢɪɚɥɢ ɜ ɩɪɨɛɢɪɤɢ ɫ 

ɚɧɬɢɤɨɚɝɭɥɹɧɬɨɦ K3EDTA («Greiner Bio-One», Ⱥɜɫɬɪɢɹ). Ɇɨɧɨɧɭɤɥɟɚɪɧɵɟ 

ɤɥɟɬɤɢ ɤɪɨɜɢ ɜɵɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɧɚ 

Ɏɢɤɨɥɟ Lympholite-H («Cedarlane», Ʉɚɧɚɞɚ, 20 ɦɢɧ ɩɪɢ 1000g) ɜ ɢ 

ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɪɚɫɬɜɨɪɟ ACD-A (Anticoagulant Citrate Dextrose Solution 
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– A, «Cytosol Laboratories Inc.», ɋɒȺ) ɫ 5%-ɧɵɦ ɛɵɱɶɢɦ ɫɵɜɨɪɨɬɨɱɧɵɦ 

ɚɥɶɛɭɦɢɧɨɦ (ȻɋȺ) MACS BSA Stock Solution («Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ). 

Ɏɪɚɤɰɢɢ CD4+, CD8+, ȼ ɢ ɇɄ ɥɢɦɮɨɰɢɬɨɜ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɦɚɝɧɢɬɧɨɣ 

ɫɟɥɟɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ CD4+ Isolation Kit, CD8+ T Cell Isolation Kit, B 

Cell Isolation Kit II ɢɥɢ CD56+CD16+ NK Cell Isolation Kit, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

(ɜɫɟ ɨɬ «Miltenyi Biotec») ɫɨɝɥɚɫɧɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. Ʉɥɟɬɤɢ 

ɜɵɫɟɜɚɥɢ ɜ 25 ɫɦ2 ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɮɥɚɤɨɧɵ («Corning», ɋɒȺ) ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 5x105 ɤɥɟɬɨɤ ɧɚ 1 ɦɥ ɫɪɟɞɵ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ RPMI-1640 («Life technologies», ɋɒȺ), ɫɨɞɟɪɠɚɳɭɸ 

10% FBS, ɚɧɬɢɛɢɨɬɢɤɢ ɩɟɧɢɰɢɥɥɢɧ (50 ȿɞ/ɦɥ) ɢ ɫɬɪɟɩɬɨɦɢɰɢɧ (50 ɦɝ/ɦɥ) 

(«Sigma», ɋɒȺ) [319]. ɉɪɨɥɢɮɟɪɚɰɢɸ CD4+ ɢ CD8+ Ɍ ɥɢɦɮɨɰɢɬɨɜ 

ɫɬɢɦɭɥɢɪɨɜɚɥɢ IL-2, (100 ȿɞ/ɦɥ, «R&D Systems», ɋɒȺ), ɚ ɬɚɤɠɟ 

ɚɧɬɢɬɟɥɚɦɢ ɚɧɬɢ-CD3 (5 ɦɤɝ/ɦɥ «ɆɟɞȻɢɨɋɩɟɤɬɪ», Ɋɨɫɫɢɹ) ɢ ɚɧɬɢɬɟɥ ɚɧɬɢ-

CD28 (2 ɦɤɝ/ɦɥ «eBiosciences», ɋɒȺ). ɋɬɢɦɭɥɹɰɢɸ ɪɨɫɬɚ ȼ- ɢ NK-ɤɥɟɬɨɤ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ B Cell Expansion Kit ɢ NK Cell 

Activation/Expansion Kit, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɜɫɟ ɨɬ «Miltenyi Biotec», 

Ƚɟɪɦɚɧɢɹ). Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɋɈ2-ɢɧɤɭɛɚɬɨɪɟ ɩɪɢ 37ºɋ, 5% 

ɋɈ2 ɩɪɢ ɜɥɚɠɧɨɫɬɢ 95%. ɑɟɪɟɡ ɤɚɠɞɵɟ 3-4 ɫɭɬɨɤ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɤɢ 

ɪɚɫɫɟɢɜɚɥɢ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 5ɯ105 ɧɚ 1 ɦɥ ɫɪɟɞɵ. 

3.2.2. ȼɵɞɟɥɟɧɢɟ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ ɢ ɤɪɵɫɵ 

Ʌɢɦɮɨɰɢɬɵ ɜɵɞɟɥɹɥɢ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɢɥɢ ɢɡ ɫɟɥɟɡёɧɤɢ 

ɦɵɲɟɣ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɠɢɜɨɬɧɵɯ ɩɨɞɜɟɪɝɚɥɢ ɷɜɬɚɧɚɡɢɢ ɜ CO2-ɤɚɦɟɪɟ ɢ 

ɨɬɛɢɪɚɥɢ ɤɪɨɜɶ ɩɭɬёɦ ɩɭɧɤɰɢɢ ɫɟɪɞɰɚ. Ʉɪɨɜɶ ɡɚɛɢɪɚɥɢ ɜ ɩɪɨɛɢɪɤɢ ɫ 

ɚɧɬɢɤɨɚɝɭɥɹɧɬɨɦ K3EDTA («Greiner Bio-One», Ⱥɜɫɬɪɢɹ). ɂɡ ɤɪɨɜɢ ɜɵɞɟɥɹɥɢ 

ɦɨɧɨɧɭɤɥɟɚɪɧɵɟ ɤɥɟɬɤɢ ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɧɚ 

Ɏɢɤɨɥɟ Lympholite-H («Cedarlane», Ʉɚɧɚɞɚ, 20 ɦɢɧ ɩɪɢ 1000g). ȼɵɞɟɥɟɧɢɟ 

ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɫɟɥɟɡёɧɤɢ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ ɨɩɢɫɚɧɧɨɣ Miltenyi S. ɢ 

ɫɨɚɜɬ. [320]. ɍ ɠɢɜɨɬɧɵɯ ɩɨɫɥɟ ɷɜɬɚɧɚɡɢɢ, ɜ ɚɫɟɩɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, 

ɭɞɚɥɹɥɢ ɫɟɥɟɡёɧɤɢ ɢ ɬɤɚɧɶ ɢɡɦɟɥɶɱɚɥɢ ɞɨ ɨɬɞɟɥɶɧɵɯ ɤɥɟɬɨɤ, ɞɜɚɠɞɵ 

ɩɪɨɩɭɫɤɚɹ ɝɨɦɨɝɟɧɚɬ ɱɟɪɟɡ ɧɟɣɥɨɧɨɜɵɣ ɝɨɦɨɝɟɧɢɡɚɬɨɪ ɫ ɞɢɚɦɟɬɪɨɦ ɩɨɪ 70 
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ɦɤɦ Falcon Cell Strainer («Thermo Fisher Scientific Inc.», ɋɒȺ). 

Ɇɨɧɨɧɭɤɥɟɚɪɧɵɟ ɤɥɟɬɤɢ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɝɨɦɨɝɟɧɚɬɚ ɧɚ Ɏɢɤɨɥɟ Lympholite-H. 

ɋɟɥɟɤɰɢɸ CD4+, CD8+ T-ɤɥɟɬɨɤ, CD19+ B-ɤɥɟɬɨɤ ɢɥɢ CD56+CD16+ 

ɇɄ-ɤɥɟɬɨɤ ɜɵɩɨɥɧɹɥɢ ɦɟɬɨɞɨɦ ɦɚɝɧɢɬɧɨɣ ɫɟɥɟɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

mouse/rat CD4+ Cell Isolation Kit, mouse/rat CD8+ T Cell Isolation Kit, 

mouse/rat B Cell Isolation Kit II ɢɥɢ mouse/rat CD56+CD16+ NK Cell Isolation 

Kit, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ (ɜɫɟ ɨɬ «Miltenyi Biotec», 

Ƚɟɪɦɚɧɢɹ). Ʉɥɟɬɤɢ ɜɵɫɟɜɚɥɢ ɜ 5 ɦɥ ɫɪɟɞɵ, ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 5ɯ105 ɤɥɟɬɨɤ ɧɚ 1 

ɦɥ ɫɪɟɞɵ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ RPMI-1640 («Life 

technologies», ɋɒȺ), ɫɨɞɟɪɠɚɳɭɸ 10% FSB («Thermo Fisher Scientific Inc.», 

ɋɒȺ), ɚɧɬɢɛɢɨɬɢɤɢ ɩɟɧɢɰɢɥɥɢɧ (50 ȿɞ/ɦɥ) ɢ ɫɬɪɟɩɬɨɦɢɰɢɧ (50 ɦɝ/ɦɥ) 

(«Sigma», ɋɒȺ) [319]). CD4+ ɢ CD8+ ɤɥɟɬɤɢ ɦɵɲɟɣ ɢ ɤɪɵɫ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ 

ɜ ɨɩɢɫɚɧɧɨɣ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɜɲɟɣ ɬɚɤɠɟ 1 ɦɆ ɩɢɪɭɜɚɬɚ ɧɚɬɪɢɹ («Applichem», 

Ƚɟɪɦɚɧɢɹ), 10 ɦɆ HEPES («Sigma», ɋɒȺ) ɢ 0,02 ɦɆ 2-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ 

(«Sigma», ɋɒȺ). ɉɪɨɥɢɮɟɪɚɰɢɸ CD4+ ɢ CD8+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ 

ɫɬɢɦɭɥɢɪɨɜɚɥɢ IL-2, (100 ȿɞ/ɦɥ, «R&D Systems», ɋɒȺ), ɚ ɬɚɤɠɟ 

ɚɧɬɢɬɟɥɚɦɢ ɚɧɬɢ-CD3 (5 ɦɤɝ/ɦɥ «ɆɟɞȻɢɨɋɩɟɤɬɪ», Ɋɨɫɫɢɹ) ɢ ɚɧɬɢɬɟɥɚɦɢ 

ɚɧɬɢ-CD28 (2 ɦɤɝ/ɦɥ «eBiosciences», ɋɒȺ). ɋɬɢɦɭɥɹɰɢɸ ɪɨɫɬɚ ȼ- ɢ ɇɄ-

ɤɥɟɬɨɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ B Cell Expansion Kit ɢ NK Cell 

Activation/Expansion Kit ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, (ɜɫɟ ɨɬ «Miltenyi Biotec», 

Ƚɟɪɦɚɧɢɹ). Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ ɩɪɨɜɨɞɢɥɢ ɜ ɋɈ2-ɢɧɤɭɛɚɬɨɪɟ ɩɪɢ 37ºɋ, 

5% ɋɈ2 ɢ ɜɥɚɠɧɨɫɬɢ 95%. ɑɟɪɟɡ ɤɚɠɞɵɟ ɬɪɨɟ ɫɭɬɨɤ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɤɢ 

ɪɚɫɫɟɢɜɚɥɢ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 5ɯ105 ɧɚ 1 ɦɥ ɫɪɟɞɵ.  

3.2.3 ȼɵɞɟɥɟɧɢɟ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ-ɤɥɟɬɨɤ 
ɱɟɥɨɜɟɤɚ ɢ ɦɵɲɢ 

Ɉɛɪɚɡɰɵ ɜɟɧɨɡɧɨɣ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɨɬɛɢɪɚɥɢ ɜ ɩɪɨɛɢɪɤɢ ɫ 

ɚɧɬɢɤɨɚɝɭɥɹɧɬɨɦ K3EDTA («Greiner Bio-One», Ⱥɜɫɬɪɢɹ). ɂɡ ɤɪɨɜɢ ɜɵɞɟɥɹɥɢ 

ɦɨɧɨɧɭɤɥɟɚɪɧɵɟ ɤɥɟɬɤɢ ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɧɚ 

Ɏɢɤɨɥɟ Lympholite-H («Cedarlane», Ʉɚɧɚɞɚ) ɢ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɪɚɫɬɜɨɪɟ 
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ACD-A (Anticoagulant Citrate Dextrose Solution – A, «Cytosol Laboratories 

Inc.», ɋɒȺ) ɫ 5%-ɧɵɦ ȻɋȺ. ɇɚɬɢɜɧɵɟ ɪɟɝɭɥɹɬɨɪɧɵɟ Ɍ-ɤɥɟɬɤɢ (ɧɌɪɟɝ) 

ɜɵɞɟɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ CD4+CD25+CD127dim/– Regulatory T Cell Isolation Kit 

II («Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ).  

ɂɧɞɭɰɢɪɨɜɚɧɧɵɟ ex vivo Ɍɪɟɝ (ɢɌɪɟɝ) ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫɨɝɥɚɫɧɨ 

ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ Lifshitz ɢ ɫɨɚɜɬ. [321]. ɂɡ ɮɪɚɤɰɢɢ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ 

ɤɥɟɬɨɤ ɜɵɞɟɥɹɥɢ CD4+ T ɥɢɦɮɨɰɢɬɵ ɩɪɢ ɩɨɦɨɳɢ CD4 MicroBeads human 

Isolation Kit («Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

CD4+ T-ɤɥɟɬɤɢ ɜɵɫɟɜɚɥɢ ɜ 25 ɫɦ2 ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɮɥɚɤɨɧɵ («Corning», ɋɒȺ) 

ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 5x105 ɤɥɟɬɨɤ ɧɚ 1 ɦɥ ɫɪɟɞɵ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɤɭɥɶɬɭɪɚɥɶɧɭɸ 

ɫɪɟɞɭ RPMI-1640 («Life technologies», ɋɒȺ), ɫɨɞɟɪɠɚɳɭɸ 10% FBS, 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ IL-2 ɱɟɥɨɜɟɤɚ, (100 ȿɞ/ɦɥ, «R&D Systems», ɋɒȺ), 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ TGF-ȕ ɱɟɥɨɜɟɤɚ (5 ɧɝ/ɦɥ «R&D Systems», ɋɒȺ), ɚ ɬɚɤɠɟ 

ɚɧɬɢɬɟɥɚ ɚɧɬɢ-CD3 (5 ɦɤɝ/ɦɥ «ɆɟɞȻɢɨɋɩɟɤɬɪ», Ɋɨɫɫɢɹ) ɢ ɚɧɬɢɬɟɥɚ ɚɧɬɢ-

CD28 (2 ɦɤɝ/ɦɥ «eBiosciences», ɋɒȺ). ɑɟɪɟɡ ɬɪɨɟ ɫɭɬɨɤ ɤɥɟɬɤɢ ɪɚɫɫɟɜɚɥɢ 

ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 5x105 ɤɥɟɬɨɤ ɧɚ 1 ɦɥ ɩɨɥɧɨɣ ɫɪɟɞɵ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ 4 ɞɧɹ.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ Ɍɪɟɝ ɦɵɲɢ, ɫɟɥɟɡɟɧɤɢ ɦɵɲɟɣ ɥɢɧɢɢ C57BL/6 

ɢɡɦɟɥɶɱɚɥɢ ɧɚ ɧɟɣɥɨɧɨɜɨɦ ɝɨɦɨɝɟɧɢɡɚɬɨɪɟ ɫ ɞɢɚɦɟɬɪɨɦ ɩɨɪ 70 ɦɤɦ Falcon 

Cell Strainer («Thermo Fisher Scientific Inc.», ɋɒȺ) ɢ ɜɵɞɟɥɹɥɢ 

ɦɨɧɨɧɭɤɥɟɚɪɧɵɟ ɤɥɟɬɤɢ ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ 

ɝɨɦɨɝɟɧɚɬɚ ɧɚ Ɏɢɤɨɥɟ Lympholite-H. Ɍɪɟɝ ɜɵɞɟɥɹɥɢ ɢɡ ɮɪɚɤɰɢɢ 

ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɤɥɟɬɨɤ ɩɪɢ ɩɨɦɨɳɢ CD4+CD25+ Regulatory T Cell Isolation 

Kit, mouse («Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ). Ɍɪɟɝ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, 

ɨɩɢɫɚɧɧɨɣ Feng ɢ ɫɨɚɜɬ. [322], ɜ ɬɟɱɟɧɢɟ 7 ɞɧɟɣ ɜ ɫɪɟɞɟ RPMI-1640 («Life 

technologies», ɋɒȺ), ɫɨɞɟɪɠɚɳɟɣ 10% FBS, ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ IL-2 ɦɵɲɢ, 

(100 ȿɞ/ɦɥ, «R&D Systems», ɋɒȺ), ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ TGF-ȕ ɦɵɲɢ (5ng/ml 

«R&D Systems», ɋɒȺ), ɚ ɬɚɤɠɟ ɚɧɬɢɬɟɥɚ ɚɧɬɢ-CD3 (5 ɦɤɝ/ɦɥ 

«ɆɟɞȻɢɨɋɩɟɤɬɪ», Ɋɨɫɫɢɹ) ɢ ɚɧɬɢɬɟɥɚ ɚɧɬɢ-CD28 (2 ɦɤɝ/ɦɥ «eBiosciences», 

ɋɒȺ). 
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ɋɬɟɩɟɧɶ ɡɪɟɥɨɫɬɢ ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ex vivo (ɢɌɪɟɝ) ɱɟɥɨɜɟɤɚ ɢ ɦɵɲɢ 

ɨɰɟɧɢɜɚɥɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɨ ɭɪɨɜɧɸ ɷɤɫɩɪɟɫɫɢɢ 

ɦɟɦɛɪɚɧɧɨɝɨ ɦɚɪɤɟɪɚ CD127 ɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɮɚɤɬɨɪɚ ɬɪɚɧɫɤɪɢɩɰɢɢ 

FoxP3. 

3.2.4. ɂɡɭɱɟɧɢɟ ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ-ɤɥɟɬɨɤ 
ɱɟɥɨɜɟɤɚ ɢ ɦɵɲɢ ɩɪɢ ɛɟɫɤɨɧɬɚɤɬɧɨɦ ɫɨɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ 
ɚɭɬɨɥɨɝɢɱɧɵɦɢ ɤɥɟɬɤɚɦɢ 

Ɂɪɟɥɵɟ ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ex vivo ɢɌɪɟɝ ɢɥɢ ɧɌɪɟɝ ɤɚɤ ɱɟɥɨɜɟɤɚ, ɬɚɤ ɢ 

ɦɵɲɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 5x104 ɤɥɟɬɨɤ ɧɚ ɥɭɧɤɭ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɚɭɬɨɥɨɝɢɱɧɵɦɢ 

CD4+CD25− T-ɤɥɟɬɤɚɦɢ, CD8+ T-ɤɥɟɬɤɚɦɢ, CD19+ B-ɤɥɟɬɤɚɦɢ ɢɥɢ 

CD56+CD16+ NK-ɤɥɟɬɤɚɦɢ ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ Millicell 

Culture Inserts, ɫ ɞɢɚɦɟɬɪɨɦ ɩɨɪ 8 ɦɤɦ («Millipore», ɋɒȺ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 

1:1. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɢ ɜ 24-ɯ ɥɭɧɨɱɧɨɦ ɩɥɚɧɲɟɬɟ ɜ ɤɨɧɟɱɧɨɦ 

ɨɛɴёɦɟ ɩɨɥɧɨɣ ɫɪɟɞɵ 1 ɦɥ ɧɚ ɥɭɧɤɭ. Ɂɚɦɟɧɭ ɫɪɟɞɵ ɩɪɨɜɨɞɢɥɢ ɱɟɪɟɡ ɤɚɠɞɵɟ 

ɱɟɬɵɪɟ ɞɧɹ. ɑɚɫɬɶ ɤɥɟɬɨɤ ɨɬɛɢɪɚɥɢ ɞɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

3.2.5. ɂɡɭɱɟɧɢɟ ɫɭɩɪɟɫɫɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ-ɤɥɟɬɨɤ 
ɦɵɲɢ in vivo 

ɂɡ ɫɟɥɟɡёɧɤɢ ɬɪɚɧɫɝɟɧɧɵɯ ɦɵɲɟɣ ɥɢɧɢɢ B10.GFP, ɧɟɫɭɳɢɯ ɝɟɧ GFP, 

ɜɵɞɟɥɹɥɢ CD4+CD25− T-ɤɥɟɬɤɢ, CD8+ T-ɤɥɟɬɤɢ, CD19+ B-ɤɥɟɬɤɢ ɢɥɢ 

CD56+CD16+ NK-ɤɥɟɬɤɢ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɢɯ ex vivo ɩɨ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ 

ɦɟɬɨɞɢɤɟ. Ʉɥɟɬɤɢ ɜɜɨɞɢɥɢ ɜɧɭɬɪɢɜɟɧɧɨ ɦɵɲɚɦ ɥɢɧɢɢ C57BL/6 ɜ 

ɤɨɥɢɱɟɫɬɜɟ 3x109 ɤɥɟɬɨɤ / ɤɝ. Ɇɵɲɟɣ ɪɚɡɞɟɥɹɥɢ ɧɚ ɞɜɟ ɝɪɭɩɩɵ ɩɨ 12 ɨɫɨɛɟɣ 

ɜ ɤɚɠɞɨɣ. Ɇɵɲɚɦ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ ɜɧɭɬɪɢɜɟɧɧɨ ɜɜɨɞɢɥɢ ɎɋȻ, ɚ 

ɠɢɜɨɬɧɵɦ ɨɩɵɬɧɨɣ ɝɪɭɩɩɵ ɜɜɨɞɢɥɢ ɚɭɬɨɥɨɝɢɱɧɵɟ ɢɌɪɟɝ ɜ ɤɨɥɢɱɟɫɬɜɟ 

3x109 ɤɥɟɬɨɤ ɧɚ ɤɢɥɨɝɪɚɦɦ ɜɟɫɚ. ɑɟɪɟɡ 4 ɢ 21 ɞɟɧɶ ɠɢɜɨɬɧɵɯ ɩɨɞɜɟɪɝɚɥɢ 

ɷɜɬɚɧɚɡɢɢ ɜ CO2-ɤɚɦɟɪɟ, ɨɬɛɢɪɚɥɢ ɤɪɨɜɶ ɩɭɬёɦ ɩɭɧɤɰɢɢ ɫɟɪɞɰɚ, ɫɨɛɢɪɚɹ ɟё ɜ 

ɩɪɨɛɢɪɤɢ ɫ ɚɧɬɢɤɨɚɝɭɥɹɧɬɨɦ K3EDTA («Greiner Bio-One», Ⱥɜɫɬɪɢɹ). Ⱦɚɥɟɟ 

ɢɡ ɤɪɨɜɢ ɜɵɞɟɥɹɥɢ ɦɨɧɨɧɭɤɥɟɚɪɧɵɟ ɤɥɟɬɤɢ ɦɟɬɨɞɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɧɚ Ɏɢɤɨɥɟ Lympholite-H («Cedarlane», Ʉɚɧɚɞɚ). GFP-

ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɤɥɟɬɤɢ ɩɨɥɭɱɚɥɢ ɢɡ ɮɪɚɤɰɢɢ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɤɥɟɬɨɤ 
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ɦɟɬɨɞɨɦ ɢɯ ɫɨɪɬɢɪɨɜɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɟɣ ɩɪɢ ɩɨɦɨɳɢ 

ɤɥɟɬɨɱɧɨɝɨ ɫɨɪɬɟɪɚ BD FACS Aria cell sorter («Beckton Dickinson», ɋɒȺ). 

ɋɭɛɩɨɩɭɥɹɰɢɢ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ ɜɵɞɟɥɹɥɢ ɢɡ ɨɬɫɨɪɬɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ, 

ɢɫɩɨɥɶɡɭɹ mouse/rat CD4+ Cell Isolation Kit, mouse/rat CD8+ T Cell Isolation 

Kit, mouse/rat B Cell Isolation Kit II ɢɥɢ mouse/rat CD56+CD16+ NK Cell 

Isolation Kit (ɜɫɟ ɨɬ «Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ). 

3.3. Ɉɛɪɚɛɨɬɤɚ ɤɥɟɬɨɤ ɩɨɜɪɟɠɞɚɸɳɢɦɢ ȾɇɄ ɚɝɟɧɬɚɦɢ ɢ 
ɢɡɦɟɪɟɧɢɟ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ 

Ⱦɥɹ ɢɧɞɭɤɰɢɢ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɥɢɦɮɨɰɢɬɵ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 

ɬɟɱɟɧɢɟ 72 ɱ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɥɟɞɭɸɳɢɯ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɯɢɦɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ: ɛɟɧɡɨɩɢɪɟɧ (1,2-ɛɟɧɡɨɩɢɪɟɧ, «Sigma»), ɛɥɟɨɦɢɰɢɧ (ɛɥɟɨɦɢɰɢɧɚ 

ɫɭɥɶɮɚɬ, «Sigma», ɋɒȺ), ɰɢɫɩɥɚɬɢɧ (ɰɢɫ-ɞɢɚɦɦɢɧɞɢɯɥɨɪɨɩɥɚɬɢɧɚ(II), 

«Sigma», ɋɒȺ), ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ («Thermo Fisher Scientific», ɋɒȺ). 

ɋɭɫɩɟɧɡɢɸ ɤɥɟɬɨɤ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 106 ɤɥɟɬɨɤ ɧɚ ɦɥ ɨɛɥɭɱɚɥɢ ɝɚɦɦɚ-

ɢɡɥɭɱɟɧɢɟɦ 60ɋɨ ɧɚ ɭɫɬɚɧɨɜɤɟ Gamma Cell 220 («Atomic Energy of Canada 

Ltd.», Ʉɚɧɚɞɚ) ɩɪɢ ɦɨɳɧɨɫɬɢ ɞɨɡɵ 0,23 Ƚɪ/ɦɢɧ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ 72 ɱ. Ⱦɥɹ 

ɢɧɞɭɤɰɢɢ ɷɤɫɩɪɟɫɫɢɢ Casp-2S CD4+ ɢ CD8+ Ɍ ɥɢɦɮɨɰɢɬɵ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɧɟ ɥɟɬɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɨɩɨɡɢɞɚ 5 ɦɤɆ («Sigma», ɋɒȺ) 

ɜ ɬɟɱɟɧɢɟ 24 ɱ.  

Ɉɰɟɧɤɭ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ 

ɩɪɨɜɨɞɢɥɢ ɩɨ ɢɡɦɟɪɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɥɚɤɬɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ (Lactate 

dehydrogenase, LDH) ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ [323] ɩɪɢ ɩɨɦɨɳɢ LDH 

Cytotoxicity Detection Kit («Takara», ɋɒȺ) ɩɨ ɦɟɬɨɞɢɤɟ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

Ɇɚɤɫɢɦɚɥɶɧɨ ɧɟɬɨɤɫɢɱɧɨɣ ɞɨɡɨɣ (ɆɇȾ) ɫɱɢɬɚɥɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɨɡɭ 

ɩɨɜɪɟɠɞɚɸɳɟɝɨ ȾɇɄ ɚɝɟɧɬɚ, ɤɨɬɨɪɚɹ ɧɟ ɜɵɡɵɜɚɥɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 

ɞɨɫɬɨɜɟɪɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɫɦɟɪɬɧɨɫɬɢ ɤɥɟɬɨɤ. Ɉɰɟɧɤɭ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɫ 

ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ TUNEL (Terminal deoxynucleotidyl 

transferase-mediated d-UTP Nick End Labeling) [324] ɩɪɢ ɩɨɦɨɳɢ 

FlowTACSTM Apoptosis Detection Kit («R&D Systems», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɱɧɨɝɨ ɰɢɬɨɦɟɬɪɚ FACSCalibur 
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(«Beckton Dickinson», ɋɒȺ) ɢɥɢ MACS Quant Analyzer 10 («Miltenyi 

Biotec», Ƚɟɪɦɚɧɢɹ). 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ in vivo ɦɵɲɚɦ C57BL/6 ɢɥɢ ɤɪɵɫɚɦ Wistar 

ɜɜɨɞɢɥɢ ɜɧɭɬɪɢɜɟɧɧɨ ɰɢɫɩɥɚɬɢɧ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 20 ɦɝ/ɤɝ [325]. ɑɟɪɟɡ 72 ɱ 

ɠɢɜɨɬɧɵɯ ɩɨɞɜɟɪɝɚɥɢ ɷɜɬɚɧɚɡɢɢ ɜ CO2-ɤɚɦɟɪɟ, ɨɬɛɢɪɚɥɢ ɤɪɨɜɶ ɩɭɬёɦ 

ɩɭɧɤɰɢɢ ɫɟɪɞɰɚ ɢ ɩɪɨɢɡɜɨɞɢɥɢ ɫɟɥɟɤɰɢɸ ɥɢɦɮɨɰɢɬɨɜ ɩɨ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ 

ɦɟɬɨɞɢɤɟ. 

3.4. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ 

Ʌɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ ɢ ɤɥɟɬɤɢ ɤɚɪɰɢɧɨɦɵ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ CaCO-

2 ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɨɞɧɨɣ ɢɡ ɩɥɚɡɦɢɞ pEndoG-GFP, pEndoG-GFP, pDNase1-

GFP, pDNaseX-GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. Ɍɪɚɧɫɮɟɤɰɢɸ CD4+ 

Ɍ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɥɚɡɦɢɞɚɦɢ Mouse 

pEndoG-GFP, Rat pEndoG-GFP, ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ȼɫɟ 

ɩɥɚɡɦɢɞɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɟ ɜɟɤɬɨɪɚ pGFP-N1 ɧɚ ɡɚɤɚɡ ɜ ɤɨɦɩɚɧɢɢ 

«Clontech» (ɋɒȺ). Ɍɪɚɧɫɮɟɤɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

Lipofectamine 2000 («Invitrogen», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

Ɉɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɮɟɤɰɢɢ (ɨɛɵɱɧɨ ɨɧɚ ɫɨɫɬɚɜɥɹɥɚ 90–100%) 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ MACS Quant Analyzer 10 

(«Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ) ɩɪɢ ɩɨɞɫɱɟɬɟ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ 

ɦɟɱɟɧɵɯ ɚɧɬɢɬɟɥɚɦɢ CD4-VioBlue, CD8- VioBlue, CD19-APC ɢɥɢ CD16/56-

APC (ɜɫɟ ɨɬ «Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ), ɢɥɢ ɩɭɬёɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ ɬɚɤɠɟ ɩɭɬɟɦ ɩɨɞɫɱɟɬɚ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ GFP ɨɰɟɧɢɜɚɥɢ ɩɨ ɭɪɨɜɧɸ MFI (Mean 

Fluorescence Intensity). Ⱦɥɹ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɩɟɪɟɤɥɸɱɚɸɳɢɦɢ 

ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ EGPO (EndoG-produced oligonucleotide) ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɵɦɢ ɧɭɤɥɟɨɬɢɞɚɦɢ (ɬɚɛɥ. 10 – 13 «ɋɢɧɬɨɥ», Ɋɨɫɫɢɹ ɢɥɢ «IDT», 

ɋɒȺ) ɢɫɩɨɥɶɡɨɜɚɥɢ Oligofectamine Reagent («Invitrogen», ɋɒȺ) ɩɨ 

ɩɪɨɬɨɤɨɥɭ ɤɨɦɩɚɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ȼɫɟ EGPO ɫɨɞɟɪɠɚɥɢ ɯɢɦɢɱɟɫɤɢɟ 

ɦɨɞɢɮɢɤɚɰɢɢ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɞɟɣɫɬɜɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɊɇɄɚɡ: 2’-O-(2-

ɦɟɬɨɤɫɢ)ɷɬɢɥ ɪɢɛɨɡɭ (2’MOE), ɮɨɫɮɨɪɨɬɢɨɚɬɧɵɣ ɨɫɬɨɜ, ɢ 5’-ɦɟɬɢɥɰɢɬɨɡɢɧ 
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ɤɚɤ ɨɩɢɫɚɧɨ ɜ [326]. ȼɫɟ EGPO ɛɵɥɢ ɤɨɧɴɸɝɢɪɨɜɚɧɵ ɫ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ 

ɤɪɚɫɢɬɟɥɟɦ Cy5.5. ɇɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ EGPO ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥ. 14, 15. ɉɨɢɫɤ ɜ ɩɪɨɝɪɚɦɦɟ BLAST ɧɟ ɜɵɹɜɢɥ ɞɪɭɝɢɯ ɭɱɚɫɬɤɨɜ ɜ 

ɝɟɧɨɦɟ ɱɟɥɨɜɟɤɚ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ EGPO. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ 

EGPO ɨɰɟɧɢɜɚɥɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ ɩɨɞɫɱёɬɟ Cy5.5-

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɬɨɱɧɨɝɨ ɰɢɬɨɦɟɬɪɚ MACS Quant 

Analyzer 10 («Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ). Ʉɨɥɢɱɟɫɬɜɨ EGPO ɜɧɭɬɪɢ ɤɥɟɬɨɤ 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɭɪɨɜɧɸ MFI Cy5.5-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ. 

3.5. ɉɨɞɫɱёɬ ɤɨɥɢɱɟɫɬɜɚ ɢ ɨɰɟɧɤɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ 
ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ 

ɉɨɞɫɱёɬ ɤɨɥɢɱɟɫɬɜɚ ɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ ɩɪɨɜɨɞɢɥɢ 

ɨɤɪɚɲɢɜɚɧɢɟɦ ɬɪɢɩɚɧɨɜɵɦ ɫɢɧɢɦ ɧɚ ɤɥɟɬɨɱɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ Vi-cell XR 

Viability Cell Analyzer («Beckman Coulter», ɋɒȺ). Ɏɨɬɨɝɪɚɮɢɪɨɜɚɧɢɟ 

ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨɝɨ 

ɦɢɤɪɨɫɤɨɩɚ Leica DMI300 («Leica Biosystems», ɋɒȺ). 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ CD4+ T-ɥɢɦɮɨɰɢɬɵ ɦɟɬɢɥɢ 

ɜɢɬɚɥɶɧɵɦ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɤɪɚɫɢɬɟɥɟɦ CFSE (carboxyfluorescein diacetate 

succinimidyl ester) ɢɡ ɧɚɛɨɪɚ CellTrace CFSE Cell Proliferation Kit («Thermo 

Fisher Scientific Inc.», ɋɒȺ) ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɱɟɬɵɪёɯ ɫɭɬɨɤ. 

ȿɠɟɞɧɟɜɧɨ ɢɡɦɟɪɹɥɢ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɨɤ, ɩɨɞɫɱɢɬɵɜɚɹ 

ɩɪɨɰɟɧɬ CFSE-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ ɫ ɩɨɧɢɠɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ [327]. Ʉɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ 

ɞɟɥɟɧɢɹ ɤɥɟɬɨɤ ɜ ɫɭɬɤɢ (f) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ Nt = N02
tf, ɝɞɟ Nt – 

ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɜ ɦɨɦɟɧɬ ɢɡɦɟɪɟɧɢɹ (t), ɚ N0 – ɢɫɯɨɞɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɤɥɟɬɨɤ [328]. 
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Ɍɚɛɥɢɰɚ 10. EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɩɪɟ-ɦɊɇɄ hTERT, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ CaCo-2 ɢ 
ɢɧɤɭɛɚɰɢɢ ɫ ɢɯ ɹɞɪɚɦɢ. 

 

Ɍɚɛɥɢɰɚ 11. EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɩɪɟ-ɦɊɇɄ DNase I, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ 

ɢ ɢɧɤɭɛɚɰɢɢ ɫ ɢɯ ɹɞɪɚɦɢ. 
ɇɚɡɜɚɧɢɟ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’-3’ 
EGPO CCUUGUCGAUAUUCCUCGCGAUGGACAAGCACAUGUCCACCCACCAGAUCUUUCGGUCCUUCGGGG

AGGGAG 

Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ AUGUGCCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCGUCAGGUGCCGUAGGUGAGGCCUC

ACGUUCG 

Ɂɚɳɢɳɟɧɧɵɣ EGPO C*C*U*U*G*UCGAUAUUCCUCGCGAUGGACAAGCACAUGUCCACCCACCAGAUCUUUCGGUCCUUC

GGGG*A*G*G*G*A*G 

Ɂɚɳɢɳɟɧɧɚɹ 
Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ 

A*U*G*U*G*CCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCGUCAGGUGCCGUAGGUGAGGC

CUCAC*G*U*U*C*G 

* - Ɏɨɫɮɨɪɨɬɢɨɚɬɧɚɹ ɫɜɹɡɶ 

ɇɚɡɜɚɧɢɟ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’-3’ 
EGPO GGGUCGGUGGGCGUCCCGUUACCGUGGACCGGUGGAUGAGUGAACGG 

Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ AUGUGCCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCGUCAGG 

Ɂɚɳɢɳɟɧɧɵɣ EGPO G*G*G*U*C*GGUGGGCGUCCCGUUACCGUGGACCGGUGGAUGAGUGA*A*C*G*G* 

Ɂɚɳɢɳɟɧɧɚɹ Ʉɨɧɬɪɨɥɶɧɚɹ 
ɊɇɄ 

A*U*G*U*G*CCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCG*U*C*A*G*G 

* - Ɏɨɫɮɨɪɨɬɢɨɚɬɧɚɹ ɫɜɹɡɶ 
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Ɍɚɛɥɢɰɚ 12. EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɩɪɟ-ɦɊɇɄ Casp-2, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ 

ɢ ɢɧɤɭɛɚɰɢɢ ɫ ɹɞɪɚɦɢ. 
ɇɚɡɜɚɧɢɟ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’-3’ 
EGPO GGCACCUCCUUCUGUUCACUGCUGCCACCGCCUCUCUUGCUCUGUAAGUGUCUCCCAAUG 

Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ AUGUGCCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCGUCAGGAUAGGAGAUACUC 

Ɂɚɳɢɳɟɧɧɵɣ EGPO G*G*C*A*C*CUCCUUCUGUUCACUGCUGCCACCGCCUCUCUUGCUCUGUAAGUGUCUCC*C*A*

A*U*G 

Ɂɚɳɢɳɟɧɧɚɹ 
Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ 

A*U*G*U*G*CCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCGUCAGGAUAGGAGA*U*A

*C*U*C 

* - Ɏɨɫɮɨɪɨɬɢɨɚɬɧɚɹ ɫɜɹɡɶ 

 

Ɍɚɛɥɢɰɚ 13. EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɩɪɟ-ɦɊɇɄ BCL-x, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ HCC1954 ɢ 

ɢɧɤɭɛɚɰɢɢ ɫ ɢɯ ɹɞɪɚɦɢ. 

 

 

 

 

ɇɚɡɜɚɧɢɟ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’-3’ 
EGPO GACUGGUCUCCGGUUUCUUUUCCCUGUGUGUUCCCC 

Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ AUGUGCCGUAGGUGAGGCCUCACGUUCGUUAAACGG 

Ɂɚɳɢɳɟɧɧɵɣ EGPO G*A*C*U*G*GUCUCCGGUUUCUUUUCCCUGUGUGU*U*C*C*C*C 

Ɂɚɳɢɳɟɧɧɚɹ Ʉɨɧɬɪɨɥɶɧɚɹ ɊɇɄ A*U*G*U*G*CCGUAGGUGAGGCCUCACGUUCGUUA*A*A*C*G*G 

* - Ɏɨɫɮɨɪɨɬɢɨɚɬɧɚɹ ɫɜɹɡɶ 
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Ɍɚɛɥɢɰɚ 14. EGPO, ɤɨɦɩɥɢɦɟɧɬɚɪɧɵɟ ɩɪɟ-ɦɊɇɄ hTERT, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ. 

ȿGPO ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ 5’ - 3’ Ȼɥɨɤɢɪɭɟɦɵɣ 
ɪɟɝɭɥɹɬɨɪɧɵɣ ɛɟɥɨɤ 

SRp20 24-ɨɫɧ EGPO GUGGACCGGUGGAUGAGUGAACGG SRp20 

SRp40 24-ɨɫɧ EGPO CGGGUCGGUGGGCGUCCCGUUACC SRp40 

Ʉɨɧɬɪɨɥɶɧɵɣ 24-ɨɫɧ EGPO AUGUGCCGUAGGUGAGGCCUCACG ɇɟɬ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

SRp20 ɢ SRp40 48-ɨɫɧ EGPO CGGGUCGGUGGGCGUCCCGUUACCGUGGACCGGUGGAUGAGU

GAACGG 
SRp20 ɢ SRp40 

Ʉɨɧɬɪɨɥɶɧɵɣ 48-ɨɫɧ EGPO AUGUGCCGUAGGUGAGGCCUCACGUUCGUUAAACGGAUUCCG

UCAGGA 
ɇɟɬ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

 

Ɍɚɛɥɢɰɚ 15. Ɉɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ ɫ ɰɟɥɶɸ ɢɧɞɭɤɰɢɢ Ⱥɋ 

DNase I. 

 

Ɉɥɢɝɨɧɭɤɥɟɨɬɢɞ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’-3’ 

ɉɟɪɟɤɥɸɱɚɸɳɢɣ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ  UUCUAGACCACCCACCUGAUCACGAACAGGUAGCGC 

Ʉɨɧɬɪɨɥɶɧɵɣ 36-ɨɫɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ AUGUGCCGUAGGUGAGGCCUCACGUUCGUUAAACGG 
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3.6. ȼɵɞɟɥɟɧɢɟ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥ 

ȼɵɞɟɥɟɧɢɟ ɦɢɬɨɯɨɧɞɪɢɣ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ Justo R. ɢ 

ɫɨɚɜɬ. [329]. Ʉɥɟɬɤɢ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ ɧɚ ɥɶɞɭ ɩɪɢ ɩɨɦɨɳɢ ɪɨɬɨɪɧɨɝɨ 

ɝɨɦɨɝɟɧɢɡɚɬɨɪɚ Ultra-Turrax T25 («IKA», ɋɒȺ) ɜ 1 ɦɥ ɛɭɮɟɪɚ (220 ɦɆ D-

ɦɚɧɧɢɬɨɥ («Sigma»), 70 ɦɆ ɫɚɯɚɪɨɡɚ («Sigma», ɋɒȺ), 20 ɦɆ Ɍɪɢɫ («Sigma», 

ɋɒȺ), 1 ɦɆ ɗȾɌȺ («Sigma», ɋɒȺ), ɪɇ 7,4) ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (10 ɦɢɧ ɩɪɢ 

700ɯg, ɢ +4°ɋ). ɋɭɩɟɪɧɚɬɚɧɬ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 1000ɯg ɞɥɹ 

ɨɫɚɠɞɟɧɢɹ ɦɢɬɨɯɨɧɞɪɢɣ. Ʉɚɱɟɫɬɜɨ ɦɢɬɨɯɨɧɞɪɢɣ ɨɰɟɧɢɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ 

Cytochrome c Oxidase Assay Kit («Sigma», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ.  

ɐɢɬɨɩɥɚɡɦɭ ɩɨɥɭɱɚɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ Laukova Ɇ. ɢ ɫɨɚɜɬ. [330]. 

Ʉɥɟɬɤɢ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ ɧɚ ɥɶɞɭ ɜ ɪɨɬɨɪɧɨɦ ɝɨɦɨɝɟɧɢɡɚɬɨɪɟ ɜ 300 ɦɤɥ 

ɛɭɮɟɪɚ (10 ɦM ɏȿɉȿɋ («Sigma», ɋɒȺ), 10 ɦM KCl («Sigma», ɋɒȺ); 1,5 ɦM 

MgCl2; 0,1 ɦM ɗȽɌȺ («Sigma», ɋɒȺ), 0,3% NP-40, ɢɧɝɢɛɢɬɨɪ ɩɪɨɬɟɚɡ 

(Protease Inhibitor Cocktail Tablets Complete, Mini, «Roche», ɒɜɟɣɰɚɪɢɹ), pH 

7,4) ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 3 ɦɢɧ (2000g; +4°ɋ). ɋɭɩɟɪɧɚɬɚɧɬ - ɮɪɚɤɰɢɹ 

ɰɢɬɨɩɥɚɡɦɵ.  

ȼɵɞɟɥɟɧɢɟ ɹɞɟɪ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ Pravdenkova S.V. ɢ 

ɫɨɚɜɬ. [331]. Ʉɥɟɬɤɢ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ ɧɚ ɥɶɞɭ ɜ ɪɨɬɨɪɧɨɦ ɝɨɦɨɝɟɧɢɡɚɬɨɪɟ ɜ 

300 ɦɤɥ ɜ 50 ɦɆ Ɍɪɢɫ-HCl, pH 7,9, 0,25 Ɇ ɫɚɯɚɪɨɡɟ, 10 ɦɆ CaCl2 ɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɭɥɶɬɪɚɰɟɧɬɪɢɮɭɝɟ Optima XE («Beckman Coulter», ɋɒȺ) ɜ 

ɝɪɚɞɢɟɧɬɧɨɦ ɪɚɫɬɜɨɪɟ 2 Ɇ ɫɚɯɚɪɨɡɵ, 50 ɦɆ Ɍɪɢɫ-HCl, 10 ɦɆ CaCI2, 5 ɦɆ ȕ-

ɦɟɪɤɚɩɬɨɷɬɚɧɨɥɚ ɩɪɢ 70000g ɜ ɬɟɱɟɧɢɟ 90 ɦɢɧ. əɞɪɚ ɞɜɚɠɞɵ ɩɪɨɦɵɜɚɥɢ ɜ TBɗ 

ɛɭɮɟɪɟ (89 ɦɆ Ɍɪɢɫ, 89 ɦɆ ɇ3ȼɈ3, 2 ɦɆ ɗȾɌȺ).  

ɐɢɬɨɩɥɚɡɦɭ ɢ ɹɞɪɚ ɤɥɟɬɨɤ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ recEndoG ɱɟɥɨɜɟɤɚ (ENDOG 

(Human) Recombinant Protein; «Abnova», ɋɒȺ) ɩɪɢ 37°ɋ ɢɥɢ ɛɥɟɨɦɢɰɢɧɨɦ 

(«Ȼɥɟɨɦɢɰɢɧ-ɊɈɇɐ», Ɋɨɫɫɢɹ). 
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3.7. Ɋɚɫɳɟɩɥɟɧɢɟ ȾɇɄ ɢ ɊɇɄ recEndoG ɢɥɢ ɊɇɄɚɡɚɦɢ 

ȾɇɄ ɜɵɞɟɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ PureLink® Genomic DNA («Thermo 

Scientific», ɋɒȺ), ɚ ɊɇɄ – ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ RNeasy Mini Kit ɩɨ ɩɪɨɬɨɤɨɥɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ȾɇɄ ɢ ɊɇɄ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 0,3 ɦɤɝ recEndoG ɜ 50 ɦɆ Ɍɪɢɫ-

HCl pH 7,9, ɫɨɞɟɪɠɚɳɟɦ 1 ɦɆ CaCl2, 10 ɦɆ MgCl2, 5 ɦM -ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, ɜ 

ɬɟɱɟɧɢɟ 20, 40 ɢ 60 ɦɢɧ ɩɪɢ 37°ɋ. ɊɇɄ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧ ɫ 500 

ɟɞ. ɊɇɄɚɡɵ 1 («Invitrogen», ɋɒȺ) ɢ ɊɇɄɚɡɵ Ⱥ («Invitrogen», ɋɒȺ) ɫɨɝɥɚɫɧɨ 

ɩɪɨɬɨɤɨɥɭ ɤɨɦɩɚɧɢɢ. Ɂɚɬɟɦ ɨɛɪɚɡɰɵ ɨɛɪɚɛɚɬɵɜɚɥɢ ɩɪɨɬɟɚɡɨɣ Ʉ («Qiagen», 

ɋɒȺ) ɞɥɹ ɢɧɚɤɬɢɜɚɰɢɢ recEndoG ɢɥɢ ɊɇɄɚɡ.  

Ʉ ɪɚɫɳɟɩɥɟɧɧɨɣ ɊɇɄ ɞɨɛɚɜɥɹɥɢ ɤɚɠɞɵɣ ɢɡ 24-ɱɥɟɧɧɵɯ ȾɇɄ-

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ (ɬɚɛɥ. 16 – 19) ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɩɪɢ 37ºɋ 

ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɤɨɜɚɥɟɧɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ȾɇɄ-ɊɇɄ, ɛɥɨɤɢɪɭɸɳɢɯ 

ɚɤɬɢɜɧɨɫɬɶ EGPO [332].  

 

Ɍɚɛɥɢɰɚ 16. ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɛɥɨɤɢɪɨɜɚɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ hTERT. 

№ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ № ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ 

1 GGCATGTACGCTGTCAAGCACCGA 7 CAGACCCGTGACGGGACGTCCCAA 

2 GTCAAGCACCGAGTGGACGTCCTC 8 GGGACGTCCCAACCCGTGCCTGAG 

3 GTGGACGTCCTCTGGTCGGGCGAC 9 CCCGTGCCTGAGGGTCGTCACCCA 

4 TGGTCGGGCGACTCCCTACGGCAG 10 GGTCGTCACCCAGGAGGGGACCCG 

5 TCCCTACGGCAGCAGTAGCTCGTC 11 GGAGGGGACCCGTTAGTGACCCGA 

6 CAGTAGCTCGTCCAGACCCGTGAC 12 TTAGTGACCCGAGTACTGGCCTGT 
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Ɍɚɛɥɢɰɚ 17. ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɛɥɨɤɢɪɨɜɚɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I. 
№ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ № ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ 

1 TTCTTCAATCCAGGGATGCACCAG  7 AGGAGCGCTACCTGTTCGTGTACA  

2 GGGATGCACCAGACACCTATCACT  8 TGTTCGTGTACAGGTGGGTGGTCT  

3 ACACCTATCACTACGTGGTCAGTG  9 GGTGGGTGGTCTAGAAAGCCAGGA 

4 ACGTGGTCAGTGAGCCACTGGGAC 10 AGAAAGCCAGGAAGCCCCTCCCTC  

5 AGCCACTGGGACGGAACAGCTATA 11 AGCCCCTCCCTCACCTGGGAGGGC  

6 GGAACAGCTATAAGGAGCGCTACC 12 ACCTGGGAGGGCCCCAACAGAGCA  

Ɍɚɛɥɢɰɚ 18. ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɛɥɨɤɢɪɨɜɚɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ Casp-2. 

№ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ № ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ 

1 TCGAGAGTGAAAGGACAAACGAG 7 GGTGGCGGAGAGAACGAGACATTC 

2 GGACAAACGAGGAGAGTCCACGA 8 AACGAGACATTCACAGAGGGTTAC 

3 AGAGTCCACGATAACCTAGGGAAC 9 ACAGAGGGTTACGTACCCCACACG 

4 AACCTAGGGAACCCGTGGAGGAA 10 GTACCCCACACGACCCTGAACCCG 

5 CCGTGGAGGAAGACAAGTGACGA 11 ACCCTGAACCCGTCGGGTACCGAG 

6 ACAAGTGACGACGGTGGCGGAGA 12 TCGGGTACCGAGAGTCCGACCAGT 

 

Ɍɚɛɥɢɰɚ 19. ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɛɥɨɤɢɪɨɜɚɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ BCL-x. 

№ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ № ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 5’ – 3’ 

1 TTCCTCTACGTCCATAACCACTCA 7 ACCTAGGTCCTCTTGCCGCCGACC 

2 CATAACCACTCAGCCTAGCGTCGA 8 TTGCCGCCGACCCATTCTTGGTTC 

3 GCCTAGCGTCGAACCTACCGGTGA 9 CATTCTTGGTTCGGGGAACACACA 

4 ACCTACCGGTGAATGGACTTACTC 10 GGGGAACACACAGGGAAAAGAAA 

5 ATGGACTTACTGGTGGATCTCGGA 11 GGGAAAAGAAACCGGAGACCAGT 

6 GTGGATCTCGGAACCTAGGTCCTC 12 CGGAGACCAGTCTCTAGGGGTTGT 
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3.8. ɗɤɫɬɪɚɤɰɢɹ ɊɇɄ ɢ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

Ɍɨɬɚɥɶɧɭɸ ɊɇɄ ɢɡ ɤɥɟɬɨɤ ɜɵɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ RNeasy Mini Kit 

(«Qiagen», ɋɒȺ) ɢɥɢ PureLink RNA mini kit («Thermo Fisher Scientific Inc.», 

ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɤɨɦɩɚɧɢɢ-ɩɪɨɢɡɜɨɞɢɬɟɥɹ. Ɉɛɪɚɬɧɭɸ ɬɪɚɧɫɤɪɢɩɰɢɸ (ɈɌ) 

ɢ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ Basnakian ɫ 

ɫɨɜɬ. [333]. Ⱦɥɹ ɷɬɨɝɨ 5 ɦɤɝ ɬɨɬɚɥɶɧɨɣ ɊɇɄ ɩɨɞɜɟɪɝɚɥɢ ɪɟɚɤɰɢɢ ɈɌ ɜ 25 ɦɤɥ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ («Invitrogen», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɤɨɦɩɚɧɢɢ-

ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɥɹ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɢɫɩɨɥɶɡɨɜɚɥɢ Platinum SYBR Green qPCR Supermix-UDG («Invitrogen», ɋɒȺ). 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɩɪɚɣɦɟɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ ɜ ɬɚɛɥɢɰɚɯ 7 –9. 

ɉɪɚɣɦɟɪɵ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦɢ ɤɨɦɩɚɧɢɹɦɢ: «ɋɢɧɬɨɥ», Ɋɨɫɫɢɹ, 

«ȿɜɪɨɝɟɧ», Ɋɨɫɫɢɹ ɢɥɢ «IDT», ɋɒȺ. Ⱦɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɢɦɟɧɹɥɢ CFX96 

Touch™ Real-Time PCR Detection System («Bio-Rad», ɋɒȺ) ɢɥɢ ɫɢɫɬɟɦɭ 

ɞɟɬɟɤɰɢɢ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ DTPrime 5 («ȾɇɄ-ɬɟɯɧɨɥɨɝɢɹ», Ɋɨɫɫɢɹ). 

ɂɫɩɨɥɶɡɨɜɚɥɢ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɪɟɚɤɰɢɢ (ɨɬɠɢɝ 

ɩɪɚɣɦɟɪɨɜ/ɷɥɨɧɝɚɰɢɹ). Ʉɨɥɢɱɟɫɬɜɨ ɚɦɩɥɢɮɢɤɚɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜ ɤɨɧɰɟ ɰɢɤɥɚ ɷɥɨɧɝɚɰɢɢ. Ɉɰɟɧɤɭ ɤɚɱɟɫɬɜɚ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɩɪɨɜɨɞɢɥɢ ɩɨ ɚɧɚɥɢɡɭ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ ɨɬ 60°C ɞɨ 95°C ɜ ɤɨɧɰɟ ɪɟɚɤɰɢɢ 

(ɩɨɫɥɟ 35-ɝɨ ɰɢɤɥɚ). ɋɬɚɧɞɚɪɬɧɵɟ ɤɪɢɜɵɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɉɐɊ ɫɬɪɨɢɥɢ ɩɨ 

ɫɟɪɢɣɧɵɦ ɪɚɡɜɟɞɟɧɢɹɦ ɫɭɦɦɚɪɧɵɯ ɤȾɇɄ (1:40, 1:80, 1:160 ɢ 1:320). 

ȼɵɱɢɫɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɊɇɄ ɩɪɨɜɨɞɢɥɢ ɩɨ ɩɪɨɝɪɚɦɦɟ Qbase 

PLUS («Bio-Rad», ɋɒȺ) ɢɥɢ DTPrime 5 («ȾɇɄ-ɬɟɯɧɨɥɨɝɢɹ», Ɋɨɫɫɢɹ). ɍɪɨɜɧɢ 

ɦɊɇɄ ɢɡɭɱɚɟɦɵɯ ɝɟɧɨɜ ɢɥɢ ɢɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɧɨɪɦɢɪɨɜɚɥɢ ɩɨ ɦɊɇɄ 

ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɯ ɪɟɮɟɪɟɧɫɧɵɯ ɝɟɧɨɜ: 18S ɪɢɛɨɫɨɦɧɨɣ ɊɇɄ 

(ɝɟɧ «ɞɨɦɚɲɧɟɝɨ ɯɨɡɹɣɫɬɜɚ» ɞɥɹ ɰɢɬɨɩɥɚɡɦɵ), Ʌɚɦɢɧ ȼ1 (ɝɟɧ «ɞɨɦɚɲɧɟɝɨ 

ɯɨɡɹɣɫɬɜɚ» ɞɥɹ ɹɞɟɪ) ɢ NADH ɞɟɝɢɞɪɨɝɟɧɚɡɚ, ɫɭɛɴɟɞɢɧɢɰɚ 4 (ɝɟɧ «ɞɨɦɚɲɧɟɝɨ 

ɯɨɡɹɣɫɬɜɚ» ɞɥɹ ɦɢɬɨɯɨɧɞɪɢɣ). ɉɪɨɞɭɤɬɵ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜɢɡɭɚɥɢɡɢɪɨɜɚɥɢ ɜ 
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2%-ɧɨɦ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ɷɬɢɞɢɣ-ɛɪɨɦɢɞɨɦ ɢ 

ɮɨɬɨɝɪɚɮɢɪɨɜɚɥɢ, ɢɫɩɨɥɶɡɭɹ ChemiDoc™ XRS imaging system («Bio-Rad»).  

3.9. ȼɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ  
Ʉɥɟɬɤɢ ɢɥɢ ɤɥɟɬɨɱɧɵɟ ɨɪɝɚɧɟɥɥɵ ɥɢɡɢɪɨɜɚɥɢ ɜ 1 ɦɥ ɛɭɮɟɪɚ ɌȻɗ (89 ɦɆ 

Tris, 89 ɦɆ ɇ3ȼɈ3, 2 ɦɆ EDTA pH 8,0) ɭɥɶɬɪɚɡɜɭɤɨɦ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɦɢɧɭɬ 

ɩɪɢ ɦɨɳɧɨɫɬɢ 50 ȼɚɬɬ ɫ ɩɨɦɨɳɶɸ ɍɁ-ɞɟɡɢɧɬɟɝɪɚɬɨɪɚ Model 50 Sonic 

Dismembrator («Fisher Scientific», ɋɒȺ) ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 

12000g ɞɥɹ ɭɞɚɥɟɧɢɹ ɤɥɟɬɨɱɧɨɝɨ ɞɟɛɪɢɫɚ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɨɛɳɟɝɨ ɛɟɥɤɚ ɜ 

ɨɛɪɚɡɰɚɯ ɢɡɦɟɪɹɥɢ ɩɨ ɦɟɬɨɞɭ Bradford [334] ɩɪɢ ɩɨɦɨɳɢ Bradford Ɋrotein 

Ⱥssay («Pierce», ɋɒȺ), ɢɫɩɨɥɶɡɭɹ ȻɋȺ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɤɪɢɜɨɣ. 

Ʉɥɟɬɨɱɧɵɣ ɥɢɡɚɬ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 50 ɦɤɝ ɬɨɬɚɥɶɧɨɝɨ ɛɟɥɤɚ) ɪɚɫɬɜɨɪɹɥɢ ɜ 50 ɦM 

Tris-HCl, pH 6,8, ɫɨɞɟɪɠɚɳɟɦ 1% SDS, 2 ɦM EDTA, 1% ȕ-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ ɢ 

7,5% ɝɥɢɰɟɪɢɧ, ɞɟɧɚɬɭɪɢɪɨɜɚɥɢ ɩɪɨɝɪɟɜɚɧɢɟɦ ɩɪɢ 100C ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɢ 

ɪɚɡɞɟɥɹɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɝɪɚɞɢɟɧɬɧɨɦ ɉȺȺȽ [335] (100 B; 2 ɱ), ɢɫɩɨɥɶɡɭɹ 

NuPAGE® Novex® 4-12% Bis-Tris Protein Gels («Life Technologies», ɋɒȺ). 

Ⱦɚɥɟɟ ɛɟɥɤɢ ɩɟɪɟɧɨɫɢɥɢ ɧɚ ɧɢɬɪɨɰɟɥɥɸɥɨɡɧɭɸ ɦɟɦɛɪɚɧɭ ɜ Novex transferring 

buffer («Invitrogen», ɋɒȺ) ɩɪɢ 40 ȼ ɜ ɬɟɱɟɧɢɟ 3 ɱ, ɩɨɫɥɟ ɱɟɝɨ ɦɟɦɛɪɚɧɵ 

ɨɤɪɚɲɢɜɚɥɢ Ponseau S («Sigma», ɋɒȺ) [336]. Ɂɚɬɟɦ ɦɟɦɛɪɚɧɵ ɛɥɨɤɢɪɨɜɚɥɢ 

Blotting-Grade Blocker («Bio-Rad», ɋɒȺ) ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 2 ɱ ɫ 

ɩɟɪɜɢɱɧɵɦɢ ɦɨɧɨɤɥɨɧɚɥɶɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ: anti-GAPDH (glyceraldehyde-3-

phosphatedehydrogenase, ɪɟɮɟɪɟɧɫɧɵɣ ɛɟɥɨɤ ɞɥɹ ɰɢɬɨɩɥɚɡɦɵ), ɪɚɡɜɟɞɟɧɧɵɦɢ 

1:1000; anti-Ʌɚɦɢɧ ȼ1 (ɪɟɮɟɪɟɧɫɧɵɣ ɛɟɥɨɤ ɞɥɹ ɹɞɟɪ), ɪɚɡɜɟɞɟɧɧɵɦɢ 1:1000; 

anti-ɋOX IV (cytochrome C oxidase IV, ɪɟɮɟɪɟɧɫɧɵɣ ɛɟɥɨɤ ɞɥɹ ɦɢɬɨɯɨɧɞɪɢɣ), 

ɪɚɡɜɟɞɟɧɧɵɦɢ 1:1000; anti-hTERT, ɪɚɡɜɟɞɟɧɧɵɦɢ 1:1000; anti-Casp-2, 

ɪɚɡɜɟɞɟɧɧɵɦɢ 1 : 1000; anti-human BCL-xL, ɪɚɡɜɟɞɟɧɧɵɦɢ 1 : 1000 ( ɜɫɟ ɨɬ 

«Abcam», ɋɒȺ); ɩɨɥɢɤɥɨɧɚɥɶɧɵɦɢ anti-BCL-xS («BioLegend Inc.», ɋɒȺ), 

ɩɨɥɢɤɥɨɧɚɥɶɧɵɦɢ anti-EndoG («Millipore», ɋɒȺ) ɚɧɬɢɬɟɥɚɦɢ, ɪɚɡɜɟɞɟɧɧɵɦɢ 

1:500, ɢɥɢ anti-mouse, anti-rat DNase I, ɪɚɡɜɟɞɟɧɧɵɦɢ 1 : 500 («Rockland», 
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ɋɒȺ). ɉɨɫɥɟ ɷɬɨɝɨ ɩɟɪɜɢɱɧɵɟ ɚɧɬɢɬɟɥɚ ɨɬɦɵɜɚɥɢ ɜ ɮɨɫɮɚɬɧɨ-ɫɨɥɟɜɨɦ ɛɭɮɟɪɟ 

(ɎɋȻ) pH 7,6 ɫ 0,1% Tɜɢɧ-20, ɢ ɦɟɦɛɪɚɧɵ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫɨ ɜɬɨɪɢɱɧɵɦɢ 

ɚɧɬɢɬɟɥɚɦɢ, ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɦɢ ɫ ɩɟɪɨɤɫɢɞɚɡɨɣ ɯɪɟɧɚ («Cell Signalling», 

ɋɒȺ). Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɚɛɨɪ ɪɟɚɤɬɢɜɨɜ SuperSignal 

chemiluminescent kit («Pierce Biotechnology», ɋɒȺ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɟɦ ɜ ChemiDoc™ XRS imaging system («Bio-Rad», ɋɒȺ). 

Ʉɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɫɨɞɟɪɠɚɧɢɹ ɛɟɥɤɚ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 

ɞɟɧɫɢɬɨɦɟɬɪɢɢ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ GelAnalyzer 2010ɚ. 

3.10. Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ 

TRAP (Telomeric Repeat Amplification Protocol, ɩɪɨɬɨɤɨɥ ɚɩɥɢɮɢɤɚɰɢɢ 

ɬɟɥɨɦɟɪɧɵɯ ɩɨɜɬɨɪɨɜ) [337,338]. Ʉɥɟɬɤɢ ɥɢɡɢɪɨɜɚɥɢ ɜ ɛɭɮɟɪɟ, ɫɨɞɟɪɠɚɳɟɦ 10 

ɦɆ Tris-HCl, pH 7,5, 1 ɦɆ MgCl2, 1 ɦɆ ɗȽTA, 0,1 ɦɆ 

ɮɟɧɢɥɦɟɬɢɥɫɭɥɶɮɨɧɢɥɮɬɨɪɢɞ, 5 ɦɆ -ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, 0,5% ɏȺɉɋ (CHAPS, 

3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate, «Sigma»,ɋɒȺ) ɢ 

10% ɝɥɢɰɟɪɢɧ, ɢɡ ɪɚɫɱɟɬɚ 1 ɦɤɥ ɛɭɮɟɪɚ ɧɚ 103 ɤɥɟɬɨɤ. Ʌɢɡɚɬɵ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ 12000 g ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɩɪɢ 4°ɋ; ɫɭɩɟɪɧɚɬɚɧɬ 

ɨɬɛɢɪɚɥɢ ɢ ɯɪɚɧɢɥɢ ɩɪɢ -80°ɋ. ɗɥɨɧɝɚɰɢɸ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ-

ɩɪɚɣɦɟɪɚ ɢ ɩɨɫɥɟɞɭɸɳɭɸ ɚɦɩɥɢɮɢɤɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ 30 ɦɤɥ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ 67 ɦɆ Tris-HCl, pH 8,8, 16,6 ɦɆ (NH4)2SO4, 0,01% Ɍɜɢɧ-20, 

1,5 ɦɆ MgCl2, 1 ɦɆ EGTA, 0,25 ɦɆ ɤɚɠɞɨɝɨ ɢɡ dNTPS, 0,1 ɦɤɝ TS-ɩɪɚɣɦɟɪɚ 

(Telomerase Substrate primer) (5’- AATCCGTCGAGCAGAGTT -3’) ɢ 2 ɦɤɥ 

ɤɥɟɬɨɱɧɨɝɨ ɷɤɫɬɪɚɤɬɚ, ɪɚɡɜɟɞɟɧɧɨɝɨ ɥɢɡɢɪɭɸɳɢɦ ɛɭɮɟɪɨɦ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 

2000 ɤɥɟɬɨɤ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 37°ɋ ɜ ɬɟɱɟɧɢɟ 25 ɦɢɧ. ɉɨ ɨɤɨɧɱɚɧɢɢ 

ɢɧɤɭɛɚɰɢɢ ɫɦɟɫɶ ɜɵɞɟɪɠɢɜɚɥɢ 10 ɦɢɧ ɩɪɢ 96°ɋ ɞɥɹ ɢɧɚɤɬɢɜɚɰɢɢ ɬɟɥɨɦɟɪɚɡɵ. 

Ɂɚɬɟɦ ɜ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ 0,1 ɦɤɝ CX-ɩɪɚɣɦɟɪɚ (Copy Extended primer) (5’- 

CCCTTACCCTTACCCTTACCCTAA -3’) ɢ 2,5 ɟɞ. Taq-ɩɨɥɢɦɟɪɚɡɵ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɨɞɜɟɪɝɚɥɢ ɉɐɊ ɜ ɫɥɟɞɭɸɳɟɦ ɪɟɠɢɦɟ: 94° ɋ – 2 ɦɢɧ; 30 
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ɰɢɤɥɨɜ: 94° ɋ – 30 ɫ, 50°C – 30 ɫ, 72° ɋ – 40 c; 72° ɋ – 5 ɦɢɧ. ɉɪɨɞɭɤɬɵ 

ɚɦɩɥɢɮɢɤɚɰɢɢ ɪɚɡɞɟɥɹɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ 12%-ɧɨɦ ɧɟɞɟɧɚɬɭɪɢɪɭɸɳɟɦ 

ɉȺȺȽ ɢ TȻɗ ɛɭɮɟɪɟ. Ɉɛɪɚɡɰɵ ɜɧɨɫɢɥɢ ɜ ɥɭɧɤɢ ɝɟɥɹ ɜ ɨɛɴёɦɟ 10 ɦɤɥ. Ⱦɥɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɚɡɞɟɥёɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ChemiDoc™ XRS imaging 

system ɩɨɫɥɟ ɜɵɞɟɪɠɢɜɚɧɢɹ ɝɟɥɹ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɜ ɪɚɫɬɜɨɪɟ ɤɪɚɫɢɬɟɥɹ SYBR 

Green I («Invitrogen», ɋɒȺ). Ɉ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɭɞɢɥɢ ɩɨ 

ɞɟɧɫɢɬɨɦɟɬɪɢɢ ɪɟɡɭɥɶɬɚɬɨɜ TRAP ɜ ɩɪɨɝɪɚɦɦɟ GelAnalyzer 2010ɚ. 

3.11. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɫɩɚɡɵ 2  
Ɉɩɪɟɞɟɥɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Casp-2 ɜ ɤɥɟɬɨɱɧɵɯ ɥɢɡɚɬɚɯ 

ɩɪɨɜɨɞɢɥɢ ɜ 96-ɬɢ ɥɭɧɨɱɧɨɦ ɩɥɚɧɲɟɬɟ ɢɡ ɬɟɦɧɨɝɨ ɩɥɚɫɬɢɤɚ («Corning», ɋɒȺ) 

ɩɪɢ ɩɨɦɨɳɢ Caspase 2 Assay Kit Fluorometric («Abcam», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ɂɡɦɟɪɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɩɥɚɧɲɟɬɧɨɦ 

ɫɩɟɤɬɪɨɦɟɬɪɟ MultiscanGo («Thermo Scientific», ɋɒȺ) ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ 

ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɷɦɢɫɫɢɢ 400 ɧɦ ɢ 505 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

3.12. Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ β-Gal 

Ⱥɤɬɢɜɧɨɫɬɶ ȕ-ɝɚɥɚɤɬɨɡɢɞɚɡɵ (ȕ-Gal) ɜ ɤɥɟɬɤɚɯ ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɧɚɛɨɪɚ Beta Galactosidase Detection Kit («Abcam», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɜ 96-ɥɭɧɨɱɧɨɦ ɩɥɚɧɲɟɬɟ («Corning», ɋɒȺ). ɂɡɦɟɪɟɧɢɟ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɨɜɨɞɢɥɢ ɜ ɩɥɚɧɲɟɬɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ MultiscanGo («Thermo 

Scientific», ɋɒȺ) ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɷɦɢɫɫɢɢ 490 ɧɦ ɢ 525 ɧɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɞɫɱɟɬ ɚɤɬɢɜɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɞɥɹ 1 × 103 ɤɥɟɬɨɤ ɩɨ 

ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɤɪɢɜɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɦɟɪɱɟɫɤɨɣ ȕ-Gal («Abcam», 

ɋɒȺ) ɜ ɞɢɚɩɚɡɨɧɟ 0,01–100 ɟɞ/ɦɥ. 
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3.13. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ȾɇɄɚɡɵ 1 

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ DNase I ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 

ɡɢɦɨɝɪɚɮɢɢ ɩɨ ɩɪɨɬɨɤɨɥɭ DNA-SDS-PAGE, ɨɩɢɫɚɧɧɨɦɭ Ȼɚɫɧɚɤɶɹɧɨɦ ɢ ɫɨɚɜɬ. 

[38]. Ʉɥɟɬɤɢ ɢɥɢ ɤɥɟɬɨɱɧɵɟ ɨɪɝɚɧɟɥɥɵ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ ɜ ɛɭɮɟɪɟ, 

ɫɨɞɟɪɠɚɳɟɦ 0,25 M ɫɚɯɚɪɨɡɭ, 50 ɦM Tɪɢɫ-HCl pH 7,4 ɢ 5 ɦM ȕ-

ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ. 60 ɦɤɝ ɛɟɥɤɚ ɪɚɫɬɜɨɪɹɥɢ ɜ ɛɭɮɟɪɟ, ɫɨɞɟɪɠɚɳɟɦ 50 ɦM Tɪɢɫ-

HCl, pH 6,8, 2 ɦM EDTA, 1% 2-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, 7,5% ɝɥɢɰɟɪɢɧ, 0,01% 

ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɢ ɧɚɧɨɫɢɥɢ ɧɚ 10%-ɧɵɣ ɉȺȺȽ, ɫɨɞɟɪɠɚɳɢɣ 0,1% SDS ɢ 

ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɭɸ ȾɇɄ ɬɢɦɭɫɚ ɬɟɥɟɧɤɚ (calf thymus denaturated DNA, 

«Sigma», ɋɒȺ). ɗɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɢɥɟ ɬɨɤɚ 35 ɦȺ ɜ 

ɬɟɱɟɧɢɟ 1 ɱ ɜ ɤɨɧɰɟɧɬɪɢɪɭɸɳɟɦ ɝɟɥɟ ɢ ɩɪɢ 75 ɦȺ ɜ ɬɟɱɟɧɢɟ 3 ɱ ɜ ɪɚɡɞɟɥɹɸɳɟɦ 

ɝɟɥɟ. ɉɨɫɥɟ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɝɟɥɶ ɩɪɨɦɵɜɚɥɢ ɜ 150 ɦɥ ɦɨɥɨɤɚ (7,5 ɝɪɚɦɦ, «Bio-

Rad», ɋɒȺ) ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ) ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 

ɬɟɱɟɧɢɟ ɧɨɱɢ ɜ 150 ɦɥ ɦɨɥɨɤɚ, ɫɨɞɟɪɠɚɳɟɦ 40 ɦɆ ɦM Tɪɢɫ-HCl pH 7,4; 5 ɦM 

MgCl2; 2 ɦM CaCl2; 0.02% ɚɡɢɞ ɧɚɬɪɢɹ ɞɥɹ ɚɤɬɢɜɚɰɢɢ DNase 1. ȼɢɡɭɚɥɢɡɚɰɢɸ 

ɝɟɥɹ ɩɪɨɜɨɞɢɥɢ ɨɤɪɚɲɢɜɚɧɢɟɦ ɜ 1%-ɧɨɦ ɪɚɫɬɜɨɪɟ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ ɜ 

ɬɟɱɟɧɢɟ 30 ɦɢɧ. Ɂɨɧɚɦɢ ɚɤɬɢɜɧɨɫɬɢ ȾɇɄɚɡɵ 1 ɹɜɥɹɥɢɫɶ ɧɟɨɤɪɚɲɟɧɧɵɟ ɭɱɚɫɬɤɢ 

ɝɟɥɹ ɜ ɍɎ ɫɜɟɬɟ.  

3.14. Ɉɩɪɟɞɟɥɟɧɢɟ ɚɛɫɨɥɸɬɧɨɣ ɞɥɢɧɵ ɬɟɥɨɦɟɪ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɞɥɢɧɵ ɬɟɥɨɦɟɪ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞɢɤɭ, 

ɨɩɢɫɚɧɧɭɸ ɜ [339,340]. Ƚɟɧɨɦɧɭɸ ȾɇɄ ɜɵɞɟɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ PureLink 

Genomic DNA Mini Kit («Thermo Scientific», ɋɒȺ) ɢ ɩɪɨɜɨɞɢɥɢ ɉɐɊ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ [340]. Ⱦɥɢɧɭ ɬɟɥɨɦɟɪ ɜ ɤɚɠɞɨɦ ɨɛɪɚɡɰɟ ɢɡɦɟɪɹɥɢ ɬɪɢɠɞɵ. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɨɜ ɛɪɚɥɢ ɭɫɪɟɞɧёɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɪёɯ ɬɟɯɧɢɱɟɫɤɢɯ 

ɩɨɜɬɨɪɨɜ. ȾɇɄ ɢɡ ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɨɤ ɋɚɋɨ-2 ɢɥɢ ɥɢɦɮɨɰɢɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ 

ɤɚɱɟɫɬɜɟ ɩɪɟɩɚɪɚɬ ɫɪɚɜɧɟɧɢɹ.  
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3.15. ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɊɇɄ 

ɂɡ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɨɤ ɜɵɞɟɥɹɥɢ ɫɭɦɦɚɪɧɭɸ ɊɇɄ ɢ ɩɨɥɭɱɚɥɢ ɛɢɛɥɢɨɬɟɤɢ ɤȾɇɄ 

ɩɪɢ ɩɨɦɨɳɢ Illumina TruSeq Stranded Total RNA Library Prep Kit with Ribo-Zero 

Human/Mouse/Rat («Illumina Inc.», ɋɒȺ) [341,342]. Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɤȾɇɄ 

ɪɚɡɜɨɞɢɥɢ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 6 ɩɆ ɢ ɫɟɤɜɟɧɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ HiScanSQ 

(«Illumina Inc.», ɋɒȺ) ɜ ɩɪɢɥɨɠɟɧɢɢ Total RNA-Seq ɤɚɤ ɨɩɢɫɚɧɨ Heruth ɢ 

ɫɨɚɜɬ. [343]. Ɋɟɡɭɥɶɬɚɬɵ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ UCSC 

Homo sapiens reference genome hg19, Mus musculus reference genome mm10 ɢ 

Rattus norvegicus reference genome rn10 ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ TopHat v1.3.0 

[344]. Ɋɟɡɭɥɶɬɚɬ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɫɱɢɬɚɥɢ 

ɞɨɫɬɨɜɟɪɧɵɦ, ɩɪɢ ɭɫɥɨɜɢɢ ɨɬɫɭɬɫɬɜɢɹ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɨɛɳɟɣ ɦɊɇɄ 

ɰɟɥɟɜɨɝɨ ɝɟɧɚ. 

3.16. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɞɥɢɧɧɵɯ ɧɟɤɨɞɢɪɭɸɳɢɯ ɊɇɄ (ɧɤɊɇɄ) 
ɦɟɬɨɞɨɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ  

ɋɭɦɦɚɪɧɭɸ ɊɇɄ ɢɡ ɤɥɟɬɨɤ, ɹɞɟɪ ɢ ɰɢɬɨɩɥɚɡɦɵ ɜɵɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ 

RNeasy Mini Kit. ɉɨɞɝɨɬɨɜɤɭ ɛɢɛɥɢɨɬɟɤ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ TruSeq Small 

RNA Library Preparation Kit («Illumina», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɟɤɜɟɧɚɬɨɪɟ MiSeq System («Illumina», ɋɒȺ), 

ɞɚɧɧɵɟ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɫɨɝɥɚɫɧɨ [345]. 

3.17. Ɏɟɧɨɬɢɩɢɪɨɜɚɧɢɟ ɥɢɦɮɨɰɢɬɨɜ, ɨɩɪɟɞɟɥɟɧɢɟ ɚɩɨɩɬɨɡɚ ɢ 
ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ 

ɉɟɪɢɮɟɪɢɱɟɫɤɭɸ ɤɪɨɜɶ ɞɨɧɨɪɨɜ ɥɢɡɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɥɢɡɢɪɭɸɳɟɝɨ 

ɛɭɮɟɪɚ Red Blood Cell Lysis Buffer («Life Technologies», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ. Ʉɥɟɬɤɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 5 × 107 ɢɡ ɨɫɚɞɤɚ ɢɥɢ ɩɨɫɥɟ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ 200 ɦɤɥ PBS («Gibco», 

ɋɒȺ). Ʉɥɟɬɤɢ ɦɟɬɢɥɢ ɚɧɬɢɬɟɥɚɦɢ ɤ CD45-Vio770, ɚ ɬɚɤɠɟ ɤɚɠɞɵɦ ɢɡ ɋD3-
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FITC, CD4-FITC, CD8-FITC, CD14-FITC, CD16/56-FITC, CD2-FITC, CD5-FITC 

ɢ CD7-FITC (ɜɫɟ ɨɬ «Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨ ɭɪɨɜɧɸ MFI (Mean 

Fluorescence Intensity) ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ, ɢɫɩɨɥɶɡɭɹ 

MACS Quant Analyzer 10 («Miltenyi Biotec», Ƚɟɪɦɚɧɢɹ). 

Ɉɰɟɧɤɭ ɫɬɟɩɟɧɢ ɡɪɟɥɨɫɬɢ ɢ ɱɢɫɬɨɬɭ ɩɨɩɭɥɹɰɢɢ ɧɌɪɟɝ ɢ ɢɌɪɟɝ 

ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɨ ɭɪɨɜɧɸ ɷɤɫɩɪɟɫɫɢɢ 

ɦɟɦɛɪɚɧɧɨɝɨ ɦɚɪɤɟɪɚ CD127 ɩɪɢ ɩɨɦɨɳɢ human Treg detection cocktail ɞɥɹ 

ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɢɥɢ mouse Treg detection cocktail (ɨɛɚ ɨɬ Miltenyi Biotec) ɞɥɹ 

ɤɥɟɬɨɤ ɦɵɲɢ. Ⱥɧɚɥɢɡ ɤɨɥɢɱɟɫɬɜɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɮɚɤɬɨɪɚ ɬɪɚɧɫɤɪɢɩɰɢɢ 

FoxP3, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɦɚɪɤɟɪɨɦ ɡɪɟɥɵɯ Ɍɪɟɝ ɩɪɨɜɨɞɢɥɢ ɬɚɤɠɟ 

ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɜ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ. ȼɧɭɬɪɢɤɥɟɬɨɱɧɨɟ 

ɦɟɱɟɧɢɟ FoxP3 ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɚɧɬɢɬɟɥ ɤ FoxP3 ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɯ 

ɫ ɚɥɥɨɮɢɤɨɰɢɚɧɢɧɨɦ (Allophycocyanin, APC) ɢɡ ɧɚɛɨɪɚ human FoxP3 Treg 

Detection Kit ɞɥɹ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɢɥɢ mouse FoxP3 Treg Detection Kit (ɨɛɚ ɨɬ 

Miltenyi Biotec) ɞɥɹ ɤɥɟɬɨɤ ɦɵɲɢ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɷɤɫɩɪɟɫɫɢɢ 

ɦɚɪɤɟɪɚ ɨɰɟɧɢɜɚɥɢ ɩɨ ɭɪɨɜɧɸ MFI. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɩɨɩɬɨɡɚ ɤɥɟɬɤɢ ɋɚɋɨ-2 ɨɛɪɚɛɚɬɵɜɚɥɢ ɪɚɫɬɜɨɪɨɦ 

Ɍɪɢɩɫɢɧɚ ɫ ɗȾɌȺ («Gibco», ɋɒȺ) ɢ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɮɨɫɮɚɬɧɨ-ɫɨɥɟɜɨɦ 

ɛɭɮɟɪɟ (ɎɋȻ, «Gibco», ɋɒȺ). Ʌɢɦɮɨɰɢɬɵ ɢ ɤɥɟɬɤɢ CaCo-2 ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 

Ⱥɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ ɢɡ ɧɚɛɨɪɚ «FITC Annexin V/Dead 

Cell Apoptosis kit» («Invitrogen», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. Ⱥɧɚɥɢɡ 

5ɯ104 ɤɥɟɬɨɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɤɥɟɬɤɢ ɮɢɤɫɢɪɨɜɚɥɢ ɜ 70%-ɧɨɦ ɷɬɚɧɨɥɟ, ɨɛɪɚɛɚɬɵɜɚɥɢ 

FxCycle PI/RNase Staining Solution («Thermo Scientific», ɋɒȺ) ɩɨ ɩɪɨɬɨɤɨɥɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢ ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ. Ɏɚɡɵ ɤɥɟɬɨɱɧɨɝɨ 

ɰɢɤɥɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɚ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɚ. 
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Ⱦɥɹ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 

ɬɟɱɟɧɢɟ ɬɪёɯ ɱɚɫɨɜ ɫ ɦɨɧɨɤɥɨɧɚɥɶɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ ɤ CD95/FAS, ɤɥɨɧ 

CH11(«Merck», Ƚɟɪɦɚɧɢɹ) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 500 ɧɝ/ɦɥ [20]. 

3.18. ɂɦɦɭɧɨɰɢɬɨɯɢɦɢɹ 

Ʉɥɟɬɤɢ ɥɢɧɢɢ CaCo-2 ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 8-ɦɢ ɥɭɧɨɱɧɵɯ ɤɚɦɟɪɚɯ Nunc 

Lab-Tek Chamber Slide System («Thermo Scientific», ɋɒȺ), ɮɢɤɫɢɪɨɜɚɥɢ ɜ 

10%-ɧɨɦ ɮɨɪɦɚɥɢɧɟ («Sigma», ɋɒȺ) ɢ ɩɪɨɜɨɞɢɥɢ ɢɦɦɭɧɨɰɢɬɨɯɢɦɢɱɟɫɤɨɟ 

ɢɫɫɥɟɞɨɜɚɧɢɟ, ɤɚɤ ɭɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Apostolov ɢ ɫɨɚɜɬ. [346]. Ʉɥɟɬɤɢ 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɚɧɬɢɬɟɥɚɦɢ ɤɪɨɥɢɤɚ ɤ EndoG («Millipore», ɋɒȺ) ɢ ɚɧɬɢɬɟɥɚɦɢ 

ɤɨɡɵ ɤ hTERT («Abcam», ɋɒȺ) ɜ ɪɚɡɜɟɞɟɧɢɢ 1:200 ɜ ɛɭɮɟɪɟ BSA-Ɍ-PBS (0,5% 

ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ, 0,05% Ɍɜɢɧ-20, ɎɋȻ). ɉɟɪɜɢɱɧɵɟ ɚɧɬɢɬɟɥɚ 

ɞɟɬɟɤɬɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɜɬɨɪɢɱɧɵɯ ɤ ɚɧɬɢɬɟɥɚɦ ɤɪɨɥɢɤɚ IgG-AlexaFlour 647 

(«Invitrogen», ɋɒȺ) ɢɥɢ ɚɧɬɢɬɟɥɚɦ ɤɨɡɵ IgG-AlexaFluor 594. ȼ ɤɚɱɟɫɬɜɟ 

ɤɨɧɬɪɨɥɶɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɟɬɤɢ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɟ ɬɨɥɶɤɨ ɫɨ ɜɬɨɪɢɱɧɵɦɢ 

ɚɧɬɢɬɟɥɚɦɢ. ɉɨɫɥɟ ɨɬɦɵɜɤɢ ɜɬɨɪɢɱɧɵɯ ɚɧɬɢɬɟɥ ɩɪɨɜɨɞɢɥɢ ɨɤɪɚɲɢɜɚɧɢɟ ɹɞɟɪ 

ɤɥɟɬɨɤ ɩɪɢ ɩɨɦɨɳɢ 4,6-diamidino-2-phenylindole (DAPI). Ʉɥɟɬɤɢ ɩɨɤɪɵɜɚɥɢ 

ɩɨɤɪɨɜɧɵɦɢ ɫɬɟɤɥɚɦɢ Prolong Antifade kit (Invitrogen) ɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢ 

ɦɟɬɨɞɨɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɪɢ ɩɨɦɨɳɢ ɦɢɤɪɨɫɤɨɩɚ Olympus IX-

51 inverted microscope («Olympus America», ɋɒȺ) ɫ ɦɨɧɨɯɪɨɦɧɨɣ 

ɮɨɬɨɤɚɦɟɪɨɣ Hamamatsu ORCA-ER («Hamamatsu Photonics K.K.», əɩɨɧɢɹ). 

Ⱥɧɚɥɢɡ ɫɧɢɦɤɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɝɪɚɦɦɟ SlideBook 4.2. ɂɡɦɟɪɟɧɢɟ ɫɪɟɞɧɟɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɤɚɠɞɨɦɭ ɤɚɧɚɥɭ. Ʉɪɚɫɧɵɣ 

ɰɜɟɬ ɩɪɢɦɟɧɹɥɢ ɞɥɹ ɫɢɝɧɚɥɚ ɨɬ EndoG, ɡɟɥɟɧɵɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ hTERT ɢ 

ɫɢɧɢɣ ɞɥɹ DAPI. Ⱥɧɚɥɢɡɢɪɨɜɚɥɢ 20 ɫɧɢɦɤɨɜ ɞɥɹ ɤɚɠɞɨɣ ɹɱɟɣɤɢ ɫ ɤɥɟɬɤɚɦɢ. 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɭɸ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɸ ɢ ɩɢɤɫɟɥɶɧɭɸ ɤɨɪɪɟɥɹɰɢɸ EndoG ɢ hTERT 

ɨɰɟɧɢɜɚɥɢ ɩɨ ɚɥɝɨɪɢɬɦɭ ɉɢɪɫɨɧɚ ɢ Ɇɚɧɞɟɪɫɚ ɜ ɩɪɨɝɪɚɦɦɟ SlideBook 4.2. 

[347].  
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3.19. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

Ʉɚɠɞɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɢ ɜ ɱɟɬɵɪёɯ ɩɨɜɬɨɪɚɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɨɝɨɜɨɪёɧɧɵɯ ɫɥɭɱɚɟɜ. ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ 

ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ Statistica 9.0 («StatSoft Inc.», 

ɋɒȺ). Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɜ ɜɢɞɟ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ  ɫɬɚɧɞɚɪɬɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ. Ɂɧɚɱɟɧɢɹ ɫɱɢɬɚɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɵɦɢ ɩɪɢ p < 0,05. Ⱦɥɹ 

ɢɡɭɱɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚɦɢ hTERT ɤɥɟɬɤɢ, ɪɚɧɠɢɪɨɜɚɧɧɵɟ ɩɨ ɭɪɨɜɧɸ ɷɤɫɩɪɟɫɫɢɢ EndoG, 

ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. Ʉɥɟɬɤɢ ɫ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ EndoG ɧɢɠɟ 

ɦɟɞɢɚɧɵ ɫɱɢɬɚɥɢ ɤɥɟɬɤɚɦɢ ɫ ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG, ɚ ɤɥɟɬɤɢ ɫ ɭɪɨɜɧɟɦ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɜɵɲɟ ɦɟɞɢɚɧɵ ɫɱɢɬɚɥɢ ɤɥɟɬɤɚɦɢ ɫ ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ 

EndoG. ȼ ɞɚɧɧɵɯ ɝɪɭɩɩɚɯ ɩɪɨɜɨɞɢɥɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɨ ɉɢɪɫɨɧɭ 

ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɝɪɚɦɦɵ Statistica 9.0.  
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4. ɊȿɁɍɅɖɌȺɌɕ ɂɋɋɅȿȾɈȼȺɇɂə 

4.1. Ɏɟɧɨɦɟɧ ɢɧɞɭɤɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG 

ɋɩɨɫɨɛɧɨɫɬɶ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ 

ɜɩɟɪɜɵɟ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɞɥɹ ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ 

ɱɟɥɨɜɟɤɚ hTERT ɧɚ ɤɥɟɬɤɚɯ ɥɢɧɢɢ MCF-7 ɚɞɟɧɨɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

ɱɟɥɨɜɟɤɚ.  

4.1.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ 
ɬɟɥɨɦɟɪɚɡɵ ɱɟɥɨɜɟɤɚ hTERT ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɜ ɤɥɟɬɤɚɯ MCF-7 

Ʉɥɟɬɤɢ MCF-7 ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 

100% ɜ ɬɟɱɟɧɢɟ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ 

pEndoG-GFP ɩɪɢɜɨɞɢɥɚ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 

16 Ⱥ), ɞɨɫɬɨɜɟɪɧɨɦɭ ɫɧɢɠɟɧɢɸ ɫɢɧɬɟɡɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT 

(ɪɢɫ. 16 Ȼ) ɢ ɭɜɟɥɢɱɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɜɚɪɢɚɧɬɚ (ɪɢɫ. 16 ȼ). 

ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɧɟ ɜɵɡɵɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɫɢɧɬɟɡɚ α–ȕ+ (ɪɢɫ. 16 Ƚ) ɢ α–

ȕ– ɜɚɪɢɚɧɬɨɜ hTERT (ɪɢɫ. 16 Ⱦ). ɇɟ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢ ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP.  

Ⱦɥɹ ɚɧɚɥɢɡɚ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɤɥɟɬɨɱɧɵɯ ɷɤɫɬɪɚɤɬɚɯ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɦɩɥɢɮɢɤɚɰɢɸ ɬɟɥɨɦɟɪɧɵɯ ɩɨɜɬɨɪɨɜ ɫ ɩɨɦɨɳɶɸ ɉɐɊ (TRAP). 

ɑɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, 

ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɛɵɥɚ ɞɨɫɬɨɜɟɪɧɨ ɧɢɠɟ (ɪɢɫ. 16 ȿ). ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ 

ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɭɦɟɧɶɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 

ɮɟɪɦɟɧɬɚ. ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ 

ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɩɪɨɢɫɯɨɞɢɥɨ ɡɚ ɫɱёɬ 

ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT, ɩɨɫɤɨɥɶɤɭ 

ɢɦɟɧɧɨ ɷɬɚ ɮɨɪɦɚ ɨɛɥɚɞɚɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 
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4.2. ɋɩɨɫɨɛɧɨɫɬɶ EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɬɶ 
ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ. 

4.2.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɜ 
ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ 

Ɇɵ ɢɡɭɱɢɥɢ ɤɨɪɪɟɥɹɰɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 

hTERT ɜ ɤɥɟɬɤɚɯ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ ɨɩɭɯɨɥɟɣ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ 

ɨɰɟɧɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. 

4.2.1.1. ȼɡɚɢɦɨɫɜɹɡɶ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɹ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɤɥɟɬɤɚɯ ɥɢɧɢɣ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ EndoG ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, ɦɟɬɨɞɨɦ 

ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG ɢ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɤɥɟɬɤɚɯ ɬɤɚɧɟɜɵɯ ɤɭɥɶɬɭɪ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ 

ɱɟɥɨɜɟɤɚ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɞɢɥɢ ɞɚɧɧɵɟ ɨ ɬɨɦ, ɱɬɨ 

ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ hTERT α+ȕ+ ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ α+ȕ– ɫɨɫɬɚɜɥɹɸɬ 

Ɋɢɫɭɧɨɤ 16. ɂɡɦɟɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 

ɜ ɤɥɟɬɤɚɯ MCF-7. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ EndoG (Ⱥ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT 

(Ȼ-Ⱦ) ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ pEndoG-GFP ɢɥɢ pGFP. ɍɪɨɜɧɢ 
ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. 

Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (ȿ). * p ≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 
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ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɨɛɳɟɣ ɦɊɇɄ hTERT (ɪɢɫ. 17 Ⱥ-Ⱦ). ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ α–ȕ+ ɢ α–

ȕ– ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɦɢɧɨɪɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. ɉɪɢ ɪɚɧɠɢɪɨɜɚɧɢɢ ɤɥɟɬɨɤ ɩɨ 

ɭɪɨɜɧɸ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɟɞɢɚɧɚ ɫɨɫɬɚɜɢɥɚ 0,24. 

Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɵɹɜɢɥ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (ɪɢɫ. 17 ȿ). ȼ ɤɥɟɬɤɚɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɦɟɞɢɚɧɚ ɦɟɧɟɟ 0,24) ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɟɨɛɥɚɞɚɧɢɟ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ hTERT ɧɚɞ ɞɪɭɝɢɦɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ. ȼ ɝɪɭɩɩɟ 

ɤɥɟɬɨɤ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɦɟɞɢɚɧɚ ɛɨɥɟɟ 0,24) 

ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɜɚɪɢɚɧɬɚ hTERT ɢ ɫɧɢɠɟɧɢɟ ɫɢɧɬɟɡɚ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ.  

Ɋɢɫɭɧɨɤ 17. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ 
12-ɬɢ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ. ɍɪɨɜɧɢ ɦɊɇɄ EndoG (Ⱥ) 
ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ȼ-Ⱦ). Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ 
EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (ȿ). Ʉɥɟɬɤɢ ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɝɪɭɩɩɵ ɫ 
ɧɢɡɤɢɦ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɫɬɢ ɭɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɛɵɥɢ ɭɦɟɧɶɲɟɧɵ ɜ 1000 ɪɚɡ, 
ɩɨɫɤɨɥɶɤɭ ɷɤɫɩɪɟɫɫɢɹ EndoG ɝɨɪɚɡɞɨ ɜɵɲɟ ɬɚɤɨɜɨɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
hTERT. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɞɥɹ ɭɪɨɜɧɟɣ ɦɊɇɄ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɝɟɧɨɜ ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ. 
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Ɂɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ 

hTERT α–ȕ+ ɢ α–ȕ– ɧɟ ɨɛɧɚɪɭɠɟɧɨ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɫɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ hTERT ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 20. Ⱦɥɹ 

ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɜɵɛɪɚɧɵ ɤɥɟɬɤɢ ɥɢɧɢɢ ɷɩɢɬɟɥɢɚɥɶɧɨɣ ɤɨɥɨɪɟɤɬɚɥɶɧɨɣ 

ɚɞɟɧɨɤɚɪɰɢɧɨɦɵ CaCo-2, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɜ ɷɬɢɯ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ hTERT ɛɵɥɚ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ. 

Ɍɚɛɥɢɰɚ 20. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɭɪɨɜɧɹ ɦɊɇɄ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɥɢɧɢɣ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ. 

ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ hTERT 
ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ 

ɷɤɫɩɪɟɫɫɢɢ EndoG (N=6) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɷɤɫɩɪɟɫɫɢɢ EndoG (N=6) 

α+β+ (ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ) – 0,748* – 0,832* 

α+β– + 0,819* + 0,771* 

α–β+ – 0,272 – 0,460 

α–β– + 0,399 – 0,485 

* - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p ≤ 0,01 ɩɨ ɤɪɢɬɟɪɢɸ 
ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ 
EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT. “–
” ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT. 

4.2.1.2. ɍɦɟɧɶɲɟɧɢɟ ɩɭɥɚ ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ hTERT ɢ ɫɧɢɠɟɧɢɟ 
ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ EndoG ɜ ɢɧɞɭɤɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

hTERT ɤɥɟɬɤɢ CaCo-2 ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 

100% ɜ ɬɟɱɟɧɢɟ 8 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ 

pEndoG-GFP ɩɪɢɜɨɞɢɥɚ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɫɢɧɬɟɡɚ EndoG (ɪɢɫ. 18 

Ⱥ), ɞɨɫɬɨɜɟɪɧɨɦɭ ɫɧɢɠɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ α+ȕ+ ɜɚɪɢɚɧɬɚ (ɪɢɫ. 

18 Ȼ) ɢ ɭɜɟɥɢɱɟɧɢɸ ɫɢɧɬɟɡɚ α+ȕ– ɜɚɪɢɚɧɬɚ (ɪɢɫ. 18 ȼ). ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG 

ɧɟ ɜɵɡɵɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ α–ȕ+ (ɪɢɫ. 18 Ƚ) ɢ α–ȕ– ɜɚɪɢɚɧɬɨɜ (ɪɢɫ. 18 

Ⱦ). ɇɟ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɹ ɫɢɧɬɟɡɚ ɞɚɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɩɪɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. 
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Ɇɵ ɩɨɩɵɬɚɥɢɫɶ ɜɵɹɫɧɢɬɶ ɜɥɢɹɧɢɟ ɢɧɞɭɤɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɧɚ 

ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ ɛɟɥɤɚɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤ 24 ɱ 

ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP ɜ ɤɥɟɬɤɚɯ CaCo-2, ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ 

ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ (ɪɢɫ. 18 ȿ-Ʉ) ɢ ɭɜɟɥɢɱɟɧɢɟ 

Ɋɢɫɭɧɨɤ 18. ɂɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 
ɜ ɤɥɟɬɤɚɯ CaCo-2. ɍɪɨɜɧɢ ɦɊɇɄ EndoG (Ⱥ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ȼ–
Ⱦ) ɜ ɬɟɱɟɧɢɟ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ pEndoG-GFP ɢɥɢ pGFP. ɍɪɨɜɧɢ 
ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. 
ȼɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ 
GAPDH ɜ ɤɥɟɬɤɚɯ ɋɚɋɨ-2 ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ pGFP (ȿ, 
ɀ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT ɢ EndoG ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (Ɂ–Ʉ). Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
ɤɥɟɬɤɚɯ (Ʌ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɨɣ 
ɦɟɬɨɞɨɦ TRAP (Ɇ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
pGFP. 
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ɫɨɞɟɪɠɚɧɢɹ α+ȕ– ɜɚɪɢɚɧɬɚ hTERT. ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ 

ɩɥɚɡɦɢɞɨɣ ɢɡɦɟɧɟɧɢɹ ɩɪɨɩɨɪɰɢɢ ɛɟɥɤɨɜ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɧɟ 

ɜɵɹɜɥɟɧɨ. ɇɟ ɨɛɧɚɪɭɠɟɧɨ ɢ ɢɡɦɟɧɟɧɢɹ ɩɭɥɚ ɛɟɥɤɨɜ α+ȕ– ɢ α–ȕ– ɜɚɪɢɚɧɬɨɜ 

hTERT, ɩɨɫɤɨɥɶɤɭ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜ ɤɥɟɬɤɟ ɨɱɟɧɶ ɦɚɥɨ ɢ ɧɟ ɞɟɬɟɤɬɢɪɭɟɬɫɹ 

ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ.  

Ⱦɥɹ ɚɧɚɥɢɡɚ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɤɥɟɬɨɱɧɵɯ ɷɤɫɬɪɚɤɬɚɯ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɚɦɩɥɢɮɢɤɚɰɢɢ ɬɟɥɨɦɟɪɧɵɯ ɩɨɜɬɨɪɨɜ ɫ 

ɩɨɦɨɳɶɸ ɉɐɊ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɚɤɬɢɜɧɨɫɬɶ 

ɬɟɥɨɦɟɪɚɡɵ ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɚɥɚɫɶ ɭɠɟ ɱɟɪɟɡ 16 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 18 

Ʌ, Ɇ). Ɉɞɧɚɤɨ ɭɦɟɧɶɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ. ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT 

ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

hTERT, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɪɢ ɩɨɦɨɳɢ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ. ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɬɟɥɨɦɟɪɚɡɵ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɷɬɚ ɮɨɪɦɚ ɨɛɥɚɞɚɟɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ.  

4.3. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ 

ɬɟɥɨɦɟɪɚɡɵ TERT ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ 
ɤɪɵɫɵ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɤɬɢɜɧɚɹ ɬɟɥɨɦɟɪɚɡɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɤɪɨɦɟ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɨɤ ɢ ɜ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɥɢɦɮɨɰɢɬɚɯ [348–350]. Ɇɵ ɢɡɭɱɢɥɢ ɤɨɪɪɟɥɹɰɢɸ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT ɜ ɥɢɦɮɨɰɢɬɚɯ 50-ɬɢ 

ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ ɢ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ, ɚ ɬɚɤɠɟ 

ɨɰɟɧɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. 
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4.3.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT, ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɤɫɩɪɟɫɫɢɢ ɢɯ ɦɊɇɄ ɜ CD4+ Ɍ-

ɥɢɦɮɨɰɢɬɚɯ, ɋD8+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, B-ɥɢɦɮɨɰɢɬɚɯ ɢ NK-ɤɥɟɬɤɚɯ 50-ɬɢ 

ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɚ ɬɚɤɠɟ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ 

ɥɢɧɢɣ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ 

ɤɚɤ EndoG, ɬɚɤ ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɭ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɚ ɬɚɤɠɟ TERT 

ɭ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ ɦɵɲɟɣ ɢ ɤɪɵɫ (ɪɢɫ. 19 Ⱥ, ȼ, Ⱦ, ɀ; ɪɢɫ. 20 Ⱥ, Ȼ, Ƚ, ɀ).  

ɉɪɢ ɪɚɧɠɢɪɨɜɚɧɢɢ ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ ɩɨ ɭɪɨɜɧɸ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ EndoG, ɦɟɞɢɚɧɚ ɫɨɫɬɚɜɢɥɚ: 0,245 ɞɥɹ CD4+ Ɍ-ɤɥɟɬɨɤ; 0,346 ɞɥɹ 

CD8+ Ɍ-ɤɥɟɬɨɤ; 0,081 ɞɥɹ ȼ-ɤɥɟɬɨɤ ɢ 0,281 ɞɥɹ NK-ɤɥɟɬɨɤ. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ 

ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT (ɪɢɫ. 20 Ȼ, Ƚ, ȿ, Ɂ). ȼ ɤɥɟɬɤɚɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɧɢɠɟ ɦɟɞɢɚɧɵ) ɨɛɧɚɪɭɠɟɧɨ ɩɪɟɨɛɥɚɞɚɧɢɟ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ. ȼ ɝɪɭɩɩɚɯ ɤɥɟɬɨɤ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɜɵɲɟ ɦɟɞɢɚɧɵ) ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ α+ȕ– hTERT, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ. Ɇɟɞɢɚɧɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜ CD4+ Ɍ-

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɫɨɫɬɚɜɢɥɚ 0,311 ɞɥɹ ɤɥɟɬɨɤ ɦɵɲɟɣ ɢ 0,329 ɞɥɹ ɤɥɟɬɨɤ ɤɪɵɫ 

ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɥɢɦɮɨɰɢɬɚɦɢ ɱɟɥɨɜɟɤɚ, ɧɚɛɥɸɞɚɥɨɫɶ 

ɩɪɟɨɛɥɚɞɚɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ+ TERT ɜ ɤɥɟɬɤɚɯ ɫ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG, ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– TERT ɜ 

ɤɥɟɬɤɚɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɪɢɫ. 20 ȼ, ȿ). 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ ɦɊɇɄ 

TERT ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 21 ɢ ɬɚɛɥ. 22. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɛɵɥɢ 

ɜɵɛɪɚɧɵ CD4+ T-ɤɥɟɬɤɢ ɞɨɧɨɪɨɜ 2, 3, 6 ɢ 9, ɦɵɲɟɣ ɥɢɧɢɢ C57BL/6 ɢ ɤɪɵɫ 
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ɥɢɧɢɢ Wistar, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɭ ɧɢɯ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɢ 

ɤɨɥɢɱɟɫɬɜɨɦ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɛɵɥɚ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ. 

 

Ɋɢɫɭɧɨɤ 19. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɪɨɜɧɟɣ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɦɊɇɄ EndoG ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ (Ⱥ), CD8+ Ɍ-ɤɥɟɬɤɚɯ 
(ȼ), ȼ-ɤɥɟɬɤɚɯ (Ⱦ) ɢ NK-ɤɥɟɬɤɚɯ (ɀ). ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
hTERT ɩɪɢ ɪɚɧɠɢɪɨɜɚɧɢɢ CD4+ Ɍ-ɤɥɟɬɨɤ, (Ȼ) CD8+ Ɍ-ɤɥɟɬɨɤ (Ƚ), ȼ-ɤɥɟɬɨɤ 
(ȿ) ɢ NK-ɤɥɟɬɨɤ (Ɂ) ɜ ɝɪɭɩɩɵ ɫ ɧɢɡɤɢɦ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ 
EndoG. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S ɪɊɇɄ. * - p ≤ 0,05 ɞɥɹ ɭɪɨɜɧɟɣ ɦɊɇɄ ɦɟɠɞɭ 
ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ. ɑɟɪɧɵɟ ɢ ɫɟɪɵɟ ɥɢɧɢɢ ɨɛɨɡɧɚɱɚɸɬ ɥɢɧɢɢ ɬɪɟɧɞɚ ɞɥɹ α+ȕ+ 
TERT ɢ α+ȕ– TERT, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫɭɧɨɤ 20. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɜ 
CD4+ T-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ. ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ EndoG (Ⱥ, Ƚ) ɢ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT CD4+ (Ȼ, Ⱦ) ɜ T-ɤɥɟɬɤɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ 
ɥɢɧɢɣ. ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɩɪɢ ɪɚɧɠɢɪɨɜɚɧɢɢ 
ɤɥɟɬɨɤ ɦɵɲɟɣ (ȼ) ɢ ɤɪɵɫ (ȿ) ɜ ɝɪɭɩɩɵ ɫ ɧɢɡɤɢɦ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 
ɷɤɫɩɪɟɫɫɢɢ EndoG. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S ɪɊɇɄ. * - p ≤ 0,05 ɞɥɹ ɭɪɨɜɧɟɣ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ. 
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Ɍɚɛɥɢɰɚ 21. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 

ɉɪиɦеɱаɧие: * - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p≤0,01 ɩɨ 
ɤɪɢɬɟɪɢɸ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ 
ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 
TERT. “–” ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ TERT. 

 

Ɍɚɛɥɢɰɚ 22. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ TERT ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. 

ɋɩɥɚɣɫ-

ɜɚɪɢɚɧɬ 

ɦɊɇɄ 

CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɦɵɲɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɤɪɵɫɵ 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ 
ɦɊɇɄ EndoG 

(N=4) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɦɊɇɄ EndoG 

(N=4) 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ 
ɦɊɇɄ EndoG 

(N=2#) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɦɊɇɄ EndoG 

(N=3#) 

α+β+ TERT – 0,625* – 0,731* – 0,523 – 0,680 

α+β– TERT + 0,751 + 0,691* + 0,344 + 0,482 

 ɉɪиɦеɱаɧие: # - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɧɟ ɹɜɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 
ɞɨɫɬɨɜɟɪɧɵɦɢ ɢɡ-ɡɚ ɦɚɥɨɝɨ ɨɛɴёɦɚ ɜɵɛɨɪɤɢ. * - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p≤0,01 ɩɨ ɤɪɢɬɟɪɢɸ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ 
ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ 
ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ TERT. “–” ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ 
ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ TERT. 

Ʌɢɦɮɨɰɢɬɵ 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG 
(N=25) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG 
(N=25) 

α+ȕ+ hTERT α+ȕ– hTERT α+ȕ+ hTERT α+ȕ– hTERT 

CD4+ Ɍ-

ɤɥɟɬɤɢ 

– 0,751* + 0,808* – 0,841* + 0,764* 

CD8+ Ɍ-

ɤɥɟɬɤɢ 

– 0,703* + 0,625* – 0,748* + 0,558* 

B-ɤɥɟɬɤɢ – 0,673* + 0,604* – 0,527 + 0,569* 

NK-ɤɥɟɬɤɢ – 0,625 + 0,749* – 0,677* + 0,612* 
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4.3.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ EndoG ɜ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

hTERT ɜ CD4+, CD8+, B- ɢ NK-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɸ EndoG 

ɢɧɞɭɰɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɬɪɚɧɫɮɟɤɰɢɢ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ 

ɩɥɚɡɦɢɞɨɣ pGFP. Ɉɰɟɧɤɭ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɚɧɚɥɢɡ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɩɪɨɜɨɞɢɥɢ ɫɩɭɫɬɹ 72 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ, ɤɨɝɞɚ ɟё 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɤɥɟɬɨɤ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 100%. 

Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɪɚɧɫɮɟɤɰɢɹ 

ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɩɪɢɜɨɞɢɥɚ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 

ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 21 Ⱥ). ɉɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ 

ɞɨɫɬɨɜɟɪɧɵɦ ɫɧɢɠɟɧɢɟɦ ɬɚɤɨɜɨɣ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 

21 Ȼ) ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɜɚɪɢɚɧɬɚ (ɪɢɫ. 21 ȼ). ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ 

EndoG ɧɟ ɜɵɡɵɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɫɢɧɬɟɡɚ α–ȕ+ (ɪɢɫ. 21 Ƚ) ɢ α–ȕ– ɜɚɪɢɚɧɬɨɜ (ɪɢɫ. 

21 Ⱦ). ɗɤɫɩɪɟɫɫɢɹ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɧɟ ɢɡɦɟɧɹɥɚɫɶ ɩɪɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP.  

Ɇɵ ɩɨɩɵɬɚɥɢɫɶ ɜɵɹɫɧɢɬɶ ɜɥɢɹɧɢɟ ɢɧɞɭɤɰɢɢ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

hTERT ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ. Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ ɛɟɥɤɚɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɱɟɪɟɡ 72 ɱ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ pEndoG-GFP, ɧɚɪɹɞɭ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ EndoG, 

ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ ɢ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ α+ȕ– ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 21 ȿ–Ʉ). ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ 

ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ ɢɡɦɟɧɟɧɢɹ EndoG ɢ ɩɪɨɩɨɪɰɢɢ ɛɟɥɤɨɜ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɧɟ ɜɵɹɜɥɟɧɨ. ɇɟ ɨɛɧɚɪɭɠɟɧɨ ɢ ɢɡɦɟɧɟɧɢɹ ɩɭɥɚ ɛɟɥɤɨɜ α–ȕ+ 

ɢ α–ȕ–ɜɚɪɢɚɧɬɨɜ hTERT, ɩɨɫɤɨɥɶɤɭ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜ ɤɥɟɬɤɟ ɨɱɟɧɶ ɦɚɥɨ ɢ ɧɟ 

ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɞɨɫɬɨɜɟɪɧɨ 

ɫɧɢɠɚɟɬɫɹ (ɪɢɫ. 21 Ʌ, Ɇ). ɍɦɟɧɶɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ 
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ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ. ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT 

ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

hTERT, ɢɡɦɟɪɟɧɧɨɝɨ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ. 

Ɋɢɫɭɧɨɤ 21. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ 
ɩɪɢ ɢɧɞɭɤɰɢɢ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ  hTERT. ɍɪɨɜɧɢ ɦɊɇɄ EndoG (Ⱥ) ɢ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ȼ-Ⱦ) ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ, ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɥɢɦɮɨɰɢɬɚɯ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (ȿ) ɢɥɢ pGFP (ɀ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜ EndoG (Ɂ) ɢ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT (ɂ, Ʉ) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH. 
Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (Ʌ) Ɋɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ TRAP (Ɇ).             * 

p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 
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4.4 ɋɩɨɫɨɛɧɨɫɬɶ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɚɤɬɢɜɢɪɨɜɚɬɶ 
ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ hTERT ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ EndoG ɜɨɡɪɚɫɬɚɟɬ ɜ ɨɬɜɟɬ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ 

[351,352]. Ɇɵ ɩɪɨɜɟɪɢɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɫ 

ɪɚɡɥɢɱɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɞɟɣɫɬɜɢɹ ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ EndoG, ɜɵɡɵɜɚɬɶ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɧɨɪɦɚɥɶɧɵɯ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ CD4+ ɢ CD8+ T ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 

4.4.1. Ƚɢɛɟɥɶ CD4+ ɢ CD8+ T-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ 
ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ȾɇɄ ɩɨɜɪɟɠɞɚɸɳɢɯ ɚɝɟɧɬɨɜ ɫ 

ɪɚɡɥɢɱɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɞɟɣɫɬɜɢɹ ɧɚ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɟɬɨɤɫɢɱɧɨɣ ɞɨɡɵ (ɆɇȾ). ɉɪɢ ɬɚɤɨɣ ɞɨɡɟ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɧɟ 

ɹɜɥɹɥɢɫɶ ɥɟɬɚɥɶɧɵɦɢ ɢ ɤɥɟɬɤɢ ɨɫɬɚɜɚɥɢɫɶ ɠɢɡɧɟɫɩɨɫɨɛɧɵɦɢ. ɂɫɫɥɟɞɭɟɦɵɟ 

ɞɨɡɵ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɩɨɞɨɛɪɚɧɵ ɧɚɦɢ ɪɚɧɟɟ ɜ ɯɨɞɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ (ɞɚɧɧɵɟ ɧɟ ɩɪɢɜɨɞɹɬɫɹ). Ⱦɨɫɬɨɜɟɪɧɨɝɨ 

ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɯɢɦɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ ɢ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɧɚ CD4+ ɢ CD8+ T-ɤɥɟɬɤɢ ɧɟ ɨɛɧɚɪɭɠɟɧɨ (ɪɢɫ. 22). 

Ⱦɥɹ ɛɟɧɡɨɩɢɪɟɧɚ, ɨɛɪɚɡɭɸɳɟɝɨ ɤɨɜɚɥɟɧɬɧɵɟ ɫɜɹɡɢ ɫ ɨɫɧɨɜɚɧɢɹɦɢ ȾɇɄ 

[353,354], ɢ ɛɥɟɨɦɢɰɢɧɚ, ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɜɵɡɵɜɚɸɳɟɝɨ 

ɨɞɧɨɧɢɬɟɜɵɟ ɪɚɡɪɵɜɵ ȾɇɄ [355,356], ɆɇȾ ɫɨɫɬɚɜɢɥɚ 0,005 ɧɆ (ɪɢɫ. 19 Ⱥ). ɢ 

0,06 ɦɤɝ/ɦɥ (ɪɢɫ. 19 Ȼ). Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɟɬɨɤɫɢɱɧɚɹ ɩɨɝɥɨɳёɧɧɚɹ ɞɨɡɚ ɝɚɦɦɚ-

ɢɡɥɭɱɟɧɢɹ, ɜɵɡɵɜɚɸɳɟɝɨ ɞɜɭɧɢɬɟɜɵɟ ɪɚɡɪɵɜɵ ȾɇɄ [357], ɧɚɣɞɟɧɚ ɪɚɜɧɨɣ 2 Ƚɪ 

(ɪɢɫ. 22 ȼ). Ⱦɥɹ ɰɢɫɩɥɚɬɢɧɚ, ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɛɪɚɡɭɸɳɟɝɨ 

ɫɲɢɜɤɢ ȾɇɄ [358], ɆɇȾ ɫɨɫɬɚɜɢɥɚ 2 ɧɆ (ɪɢɫ. 22 Ƚ), ɚ ɞɥɹ ɢɧɬɟɪɤɨɥɹɬɨɪɚ 

ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ, ɜɵɡɵɜɚɸɳɟɝɨ ɦɨɞɢɮɢɤɚɰɢɸ ɚɡɨɬɢɫɬɵɯ ɨɫɧɨɜɚɧɢɣ 

[359,360], 100 ɧɝ/ɦɥ (ɪɢɫ. 22 Ⱦ).  
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4.4.2. ɂɧɞɭɤɰɢɹ EndoG ɩɨɜɪɟɠɞɚɸɳɢɦɢ ȾɇɄ ɚɝɟɧɬɚɦɢ  

Ⱦɥɹ ɨɰɟɧɤɢ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɢɧɞɭɰɢɪɨɜɚɬɶ 

EndoG ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜ CD4+ ɢ CD8+ T-

ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɜ ɬɟɱɟɧɢɟ 72 ɱ ɫ ɭɤɚɡɚɧɧɵɦɢ ɜɵɲɟ ɯɢɦɢɱɟɫɤɢɦɢ 

ɚɝɟɧɬɚɦɢ ɢɥɢ ɩɨɞɜɟɪɝɧɭɬɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ. ȼɫɟ ɢɫɫɥɟɞɭɟɦɵɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɛɟɧɡɨɩɢɪɟɧɚ ɢ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ, ɜɵɡɵɜɚɥɢ 

ɞɨɫɬɨɜɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ (ɪɢɫ. 23 Ⱥ). ȼ 

CD8+ Ɍ-ɤɥɟɬɤɚɯ ɬɨɥɶɤɨ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɥɨ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG. Ⱦɨɫɬɨɜɟɪɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɦɟɠɞɭ ɤɨɧɬɪɨɥɶɧɵɦɢ CD4+ ɢ CD8+ T-ɤɥɟɬɤɚɦɢ ɢ ɦɟɠɞɭ ɞɚɧɧɵɦɢ ɤɥɟɬɤɚɦɢ 

ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɛɟɧɡɨɩɢɪɟɧɨɦ ɢ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ ɨɬɫɭɬɫɬɜɨɜɚɥɨ. ȼ CD4+ 

T-ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɢ ɰɢɫɩɥɚɬɢɧɨɦ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ CD8+ ɤɥɟɬɤɚɦɢ. ɉɪɢɱɢɧɭ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɜ CD4+ T-ɤɥɟɬɤɚɯ ɬɪɭɞɧɨ ɨɛɴɹɫɧɢɬɶ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ EndoG ɜ 

CD4+ ɢ CD8+ T-ɤɥɟɬɤɚɯ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ 

ɚɝɟɧɬɨɜ ɜ ɆɇȾ, ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ (ɪɢɫ. 23 Ȼ-Ƚ).  

Ɋɢɫɭɧɨɤ 22. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɞɥɹ 
Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ. ɋD4+ ɢ CD8+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 
ɬɟɱɟɧɢɟ 72 ɱ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ȾɇɄ-ɩɨɜɪɟɠɞɚɸɳɢɯ 
ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɥɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɞɨɡ ɝɚɦɦɚ-

ɢɡɥɭɱɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɦɟɪɬɜɵɯ ɤɥɟɬɨɤ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɚɤɬɢɜɧɨɫɬɢ LDH ɜ 
ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ. 
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Ɋɢɫɭɧɨɤ 23. ɋɩɨɫɨɛɧɨɫɬɶ ȾɇɄ ɩɨɜɪɟɠɞɚɸɳɢɯ ɚɝɟɧɬɨɜ ɢɧɞɭɰɢɪɨɜɚɬɶ 
ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɢ ɷɤɫɩɪɟɫɫɢɸ EndoG ɜ Ɍ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. ɍɪɨɜɧɢ 
ɦɊɇɄ EndoG, ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜ ɋD4+ ɢ 
CD8+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ ɜ ɬɟɱɟɧɢɟ 72 ɱ ɫ ɆɇȾ ɩɨɜɪɟɠɞɚɸɳɢɯ 
ȾɇɄ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɥɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ. ɍɪɨɜɧɢ 
ɦɊɇɄ EndoG ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 
18S (Ⱥ). ȼɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɋD4+ ɢ 
CD8+ Ɍ-ɤɥɟɬɤɚɯ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ (Ȼ, 
ȼ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ EndoG ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (Ƚ). 
Ƚɢɫɬɨɝɪɚɦɦɵ ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ (Ⱦ). Ʉɨɥɢɱɟɫɬɜɨ 
ɋD4+ ɢ CD8+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɫ ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ (ɢɡɦɟɪɟɧɧɨɟ ɦɟɬɨɞɨɦ 
TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ) ɱɟɪɟɡ 72 ɱ ɢɧɤɭɛɚɰɢɢ ɫ ɩɨɜɪɟɠɞɚɸɳɢɦɢ 
ɚɝɟɧɬɚɦɢ (ȿ-Ʌ).              * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ; # p ≤ 
0,05 ɦɟɠɞɭ CD4+ ɢ CD8+ Ɍ-ɤɥɟɬɤɚɦɢ.  
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ EndoG ɜ ɤɥɟɬɤɚɯ ɦɨɠɟɬ ɢɧɞɭɰɢɪɨɜɚɬɶɫɹ ɜ ɨɬɜɟɬ ɧɚ 

ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ [351]. ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ, 

ɦɵ ɩɪɨɫɥɟɞɢɥɢ ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɫ ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɩɨɫɥɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɜ ɆɇȾ. ȼɫɟ ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ 

ɜɵɡɵɜɚɥɢ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɥɟɬɨɤ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ (ɪɢɫ. 23 Ⱦ-Ʌ). 

Ⱦɨɫɬɨɜɟɪɧɨɝɨ ɣ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ CD4+ ɢ 

CD8+ T-ɤɥɟɬɨɤ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɵɯ ɚɝɟɧɬɨɜ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

ɉɨɫɤɨɥɶɤɭ ɰɢɫɩɥɚɬɢɧ ɜɵɡɵɜɚɥ ɤɚɤ ɧɚɢɛɨɥɶɲɟɟ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ (ɪɢɫ. 23 Ⱦ, 

Ʉ), ɬɚɤ ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜ CD4+ ɢ CD8+ T-ɤɥɟɬɤɚɯ 

(ɪɢɫ. 23 Ⱥ-Ƚ), ɬɨ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɢ ɛɵɥɨ ɜɵɛɪɚɧɨ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. 

4.4.3. ɂɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɢɧɞɭɤɰɢɢ EndoG ɰɢɫɩɥɚɬɢɧɨɦ ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ 

Ɋɚɧɟɟ ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ EndoG ɨɫɭɳɟɫɬɜɥɹɟɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ 

ɩɪɟ-ɦɊɇɄ hTERT [361]. Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɛɵɥɨ 

ɢɫɫɥɟɞɨɜɚɧɨ ɢɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ CD4+ ɢ 

CD8+ T-ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɆɇȾ ɰɢɫɩɥɚɬɢɧɚ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

ɂɧɤɭɛɚɰɢɹ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɜɵɡɵɜɚɥɚ ɞɜɭɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɱɟɪɟɡ 24 ɱ (ɪ < 0,05) ɤɚɤ ɜ CD4+ (ɪɢɫ. 24 Ⱥ), ɬɚɤ ɢ CD8+ (ɪɢɫ. 24 ȿ) T-ɤɥɟɬɤɚɯ. 

ɉɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɵɦ ɫɧɢɠɟɧɢɟɦ 

ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 24 Ȼ, ɀ) ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɜɚɪɢɚɧɬɚ (ɪɢɫ. 24 ȼ, Ɂ). ɂɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ 

α–ȕ+ (ɪɢɫ. 24 Ƚ, ɂ) ɢ α–ȕ– (ɪɢɫ. 24 Ⱦ, Ʉ) ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɧɟ 

ɨɛɧɚɪɭɠɟɧɨ. Ⱦɨɫɬɨɜɟɪɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG, ɚ 

ɬɚɤɠɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ CD4+ ɢ CD8+ T-ɤɥɟɬɤɚɯ ɨɬɫɭɬɫɬɜɨɜɚɥɨ.  
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Ɋɢɫɭɧɨɤ 24. ɂɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 
ɬɟɥɨɦɟɪɚɡɵ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 
ɍɪɨɜɧɢ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ CD4+ (Ⱥ-Ⱦ) ɢ CD8+ (ȿ-Ʉ) 
Ɍ-ɤɥɟɬɤɚɯ ɜ ɬɟɱɟɧɢɟ 24 ɱ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 2 ɧɆ. 
Ʉɨɥɢɱɟɫɬɜɨ ɋD4+ (Ʌ) ɢ CD8+ (Ɇ) Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ 
(ɢɡɦɟɪɟɧɧɨɟ ɦɟɬɨɞɨɦ TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ). ɂɡɦɟɧɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɋD4+(ɇ) ɢ CD8+ (Ɉ) Ɍ-ɤɥɟɬɨɤ ɩɪɢ ɢɯ 
ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɋD4+(ɉ) ɢ CD8+(Ɋ) Ɍ-

ɥɢɦɮɨɰɢɬɨɜ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɦɟɬɨɞɨɦ TRAP ɜ ɋD4+(ɋ) ɢ CD8+ (Ɍ) Ɍ-ɤɥɟɬɤɚɯ. 
ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ ɪɟɮɟɪɟɧɫɧɨɝɨ 
ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ 

ɛɟɥɤɚɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤ 24-ɦ ɱ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ EndoG, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɫɧɢɠɟɧɢɟɦ 

ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT ɢ ɜɨɡɪɚɫɬɚɧɢɟɦ 

ɫɨɞɟɪɠɚɧɢɹ α+ȕ– ɜɚɪɢɚɧɬɚ ɤɚɤ ɜ CD4+, ɬɚɤ ɢ CD8+ T-ɤɥɟɬɤɚɯ. ɇɟ ɨɛɧɚɪɭɠɟɧɨ ɢ 

ɢɡɦɟɧɟɧɢɹ ɩɭɥɚ ɛɟɥɤɨɜ α+ȕ– ɢ α–ȕ– ɜɚɪɢɚɧɬɨɜ hTERT, ɩɨɫɤɨɥɶɤɭ ɢɯ 

ɤɨɥɢɱɟɫɬɜɨ ɜ ɤɥɟɬɤɟ ɨɱɟɧɶ ɦɚɥɨ ɢ ɧɟ ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ.  

ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɢ ɢɧɞɭɤɰɢɢ EndoG ɢ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ 

ɩɪɨɜɟɞɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ CD4+ ɢ CD8+ T-ɤɥɟɬɨɤ, ɫɨɞɟɪɠɚɳɢɯ 

ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ, ɦɟɬɨɞɨɦ TUNEL ɩɪɢ ɢɧɤɭɛɚɰɢɢ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ 

ɫɰɢɫɩɥɚɬɢɧɨɦ. Ɉɛɧɚɪɭɠɟɧɨ ɜɨɡɪɚɫɬɚɧɢɟ ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɤɥɟɬɨɤ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ (ɪɢɫ. 24 Ʌ-Ɉ). 

ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɨɝɨ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɤɥɟɬɨɤ ɫ 

ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ ɜ ɩɨɩɭɥɹɰɢɢ CD4+ ɢ CD8+ T-ɥɢɦɮɨɰɢɬɨɜ ɧɟ ɜɵɹɜɥɟɧɨ. 

ɉɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ ɫɨɨɬɧɨɫɢɬɫɹ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ EndoG.  

Ɇɟɬɨɞɨɦ TRAP ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɧɤɭɛɚɰɢɹ ɫ ɰɢɫɩɥɚɬɢɧɨɦ CD4+ Ɍ-

ɤɥɟɬɨɤ, ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɜ ɧɢɯ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ 

ɬɟɱɟɧɢɟ 24-ɯ ɱɚɫɨɜ ɞɨ ɭɪɨɜɧɹ 22,3 ± 6,2% ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ 

ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɨɤ (ɪɢɫ. 24 ɉ, ɋ). ȼ CD8+ Ɍ-ɤɥɟɬɤɚɯ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ 

ɫɧɢɠɚɥɚɫɶ ɞɨ ɭɪɨɜɧɹ 39,8 ± 17,6% (ɪɢɫ. 24 Ɋ, Ɍ). ȼ ɤɨɧɬɪɨɥɶɧɵɯ CD4+ ɢ CD8+ 

T-ɤɥɟɬɤɚɯ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɧɟ ɢɡɦɟɧɹɥɚɫɶ. ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT 

ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

hTERT, ɢɡɦɟɪɟɧɧɨɝɨ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ.  
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4.5. ɋɩɨɫɨɛɧɨɫɬɶ ɰɢɫɩɥɚɬɢɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ 

ɤɪɵɫɵ  

4.5.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɞɟɣɫɬɜɢɹ ɰɢɫɩɥɚɬɢɧɚ in vitro 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ EndoG ɜ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

TERT ɜ CD4+, CD8+, B - ɢ NK-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ, ɜ ɤɥɟɬɤɚɯ 

ɢɧɞɭɰɢɪɨɜɚɥɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɸ EndoG ɦɟɬɨɞɨɦ ɬɪɚɧɫɮɟɤɰɢɢ ɩɥɚɡɦɢɞɨɣ 

pEndoG-GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ɍ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɤɥɟɬɨɤ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 94 – 99% ɱɟɪɟɡ 72 ɱ. ɂɡɜɟɫɬɧɨ, 

ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ EndoG ɜɨɡɪɚɫɬɚɟɬ ɜ ɨɬɜɟɬ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ [351,352]. Ⱦɥɹ 

ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɨɥɢ EndoG ɜ ɩɪɨɰɟɫɫɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ  TERT, ɷɤɫɩɪɟɫɫɢɸ ɟё 

ɝɟɧɚ ɢɧɞɭɰɢɪɨɜɚɥɢ ɬɚɤɠɟ ɩɨɜɪɟɠɞɚɸɳɢɦ ȾɇɄ ɚɝɟɧɬɨɦ ɰɢɫɩɥɚɬɢɧɨɦ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 60 ɦɤɆ [351]. ɂɫɫɥɟɞɭɟɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɢɫɩɥɚɬɢɧɚ 

ɩɨɞɨɛɪɚɧɚ ɧɚɦɢ ɪɚɧɟɟ ɜ ɯɨɞɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɇɟɬɨɞɨɦ 

TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɢɡɭɱɟɧɨ ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɫ 

ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. ɂɧɤɭɛɚɰɢɹ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ ɜɵɡɵɜɚɥɚ ɭɜɟɥɢɱɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɜ CD4+, CD8+ T-ɤɥɟɬɤɚɯ, 

B-ɤɥɟɬɤɚɯ, ɚ ɬɚɤɠɟ NK-ɤɥɟɬɤɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ (ɪɢɫ. 25 Ⱥ–ȿ). 

ɑɟɪɟɡ 72 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢɥɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ 

ɩɪɨɜɨɞɢɥɢ ɨɰɟɧɤɭ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT. 

Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP, ɚ ɬɚɤɠɟ ɢɧɤɭɛɚɰɢɹ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ ɜɵɡɵɜɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 25 

ɀ, Ɇ) ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ 

ɢɡɦɟɧɟɧɢɟɦ ɩɭɥɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT: ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 

ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬ α+ȕ+ TERT (ɪɢɫ. 25 Ɂ, ɇ) ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɩɭɥɚ 

ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– TERT (ɪɢɫ. 25 ɂ, Ɉ). 

ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɧɟ ɜɵɡɵɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɞɜɭɯ ɞɪɭɝɢɯ 
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ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ α–ȕ+ TERT (ɪɢɫ. 25 Ʉ, ɉ) ɢ α–ȕ– ɜɚɪɢɚɧɬɨɜ (ɪɢɫ. 25 Ʌ, Ɋ) ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. ɇɟ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ TERT ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ 

ɛɟɥɤɚɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤ 72 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP ɢɥɢ ɢɧɤɭɛɚɰɢɢ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ ɜ ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ EndoG, ɤɨɬɨɪɨɟ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ TERT ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ (ɪɢɫ. 26 Ⱥ–Ɂ) 

ɢ ɤɪɵɫ (ɪɢɫ. 26 Ʌ–Ɍ). ɇɟ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɹ ɩɪɨɩɨɪɰɢɢ ɛɟɥɤɨɜ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ TERT ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ. ɇɟ 

ɨɛɧɚɪɭɠɟɧɨ ɢ ɢɡɦɟɧɟɧɢɹ ɩɭɥɚ ɛɟɥɤɨɜ α+ȕ– ɢ α–ȕ– ɜɚɪɢɚɧɬɨɜ TERT, ɩɨɫɤɨɥɶɤɭ 

ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜ ɤɥɟɬɤɟ ɨɱɟɧɶ ɦɚɥɨ ɢ ɧɟ ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɚɟɬɫɹ ɱɟɪɟɡ 72 ɱ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ (ɪɢɫ. 26 ɂ, Ʉ) ɢ ɤɪɵɫɵ (ɪɢɫ. 26 ɍ, Ɏ) 

ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. ɍɦɟɧɶɲɟɧɢɹ 

ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ 

ɩɥɚɡɦɢɞɨɣ pGFP. ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ 

ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ 

ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT, ɢɡɦɟɪɟɧɧɵɦ ɩɪɢ ɩɨɦɨɳɢ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ.  
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Ɋɢɫɭɧɨɤ 25. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɜ NK-

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. Ⱦɨɥɹ CD4+ Ɍ-ɤɥɟɬɨɤ (Ⱥ), CD8+ Ɍ-ɤɥɟɬɨɤ (Ȼ), ȼ-

ɤɥɟɬɨɤ (ȼ) ɢ ɇɄ-ɤɥɟɬɨɤ (Ƚ) ɦɵɲɟɣ ɢ ɤɪɵɫ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ (ɦɟɬɨɞ 
TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ) ɱɟɪɟɡ 72 ɱ ɞɟɣɫɬɜɢɹ ɰɢɫɩɥɚɬɢɧɚ (60 ɦɆ). 
Ƚɢɫɬɨɝɪɚɦɦɵ ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ (Ⱦ) ɢ 
ɤɪɵɫɵ (ȿ). ɍɪɨɜɧɢ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɜ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɢɥɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ 
(ɀ–Ʌ) ɢ ɤɪɵɫɵ (Ɇ–Ɋ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. # P ≤ 
0.05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 
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Ɋɢɫɭɧɨɤ 26. ɂɧɞɭɰɢɪɨɜɚɧɧɨɟ EndoG ɭɦɟɧɶɲɟɧɢɟ ɩɭɥɚ ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ TERT 

ɢ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ in vitro. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ TERT, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (Ⱥ), pGFP (Ȼ), ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ (ȼ) ɢɥɢ ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɤɚɯ (Ƚ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜ EndoG ɢ ɫɩɥɚɣɫ-ɮɨɪɦ TERT ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (Ⱦ-Ɂ). 

ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ (Ʌ-Ɉ) ɢ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ EndoG ɢ ɫɩɥɚɣɫ-

ɮɨɪɦ TERT (ɉ-Ɍ) ɜ ɥɢɦɮɨɰɢɬɚɯ ɤɪɵɫɵ. Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ (ɂ) ɢ ɤɪɵɫ (ɍ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 

ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ TRAP ɜ ɤɥɟɬɤɚɯ ɦɵɲɟɣ (Ʉ) ɢ ɤɪɵɫ (Ɏ). * p ≤ 

0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. # P ≤ 0.05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 
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4.5.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ in 

vivo ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɰɢɫɩɥɚɬɢɧɚ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɧɨɫɬɢ EndoG ɜɵɡɵɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT in 

vivo ɦɵɲɚɦ ɥɢɧɢɢ C57BL/6 ɢ ɤɪɵɫɚɦ ɥɢɧɢɢ Wistar ɜɧɭɬɪɢɜɟɧɧɨ ɜɜɨɞɢɥɢ 

ɰɢɫɩɥɚɬɢɧ. ɑɟɪɟɡ 72 ɱ ɢɡ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ ɜɵɞɟɥɹɥɢ Ɍ-, ȼ-, ɢ NɄ-ɤɥɟɬɤɢ ɢ 

ɢɫɫɥɟɞɨɜɚɥɢ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ.  

Ɇɟɬɨɞɨɦ TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɥɢɦɮɨɰɢɬɨɜ ɫ ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɜ ɤɪɨɜɢ ɦɵɲɟɣ ɢ ɤɪɵɫ ɩɨɫɥɟ 

ɜɜɟɞɟɧɢɹ ɰɢɫɩɥɚɬɢɧɚ (ɪɢɫ. 27 Ⱥ–ȿ). ȼɨɡɪɚɫɬɚɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɫ 

ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɫɢɥɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɜ ɧɢɯ EndoG, ɚ 

ɬɚɤɠɟ ɞɨɫɬɨɜɟɪɧɵɦ ɫɧɢɠɟɧɢɟɦ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ TERT ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– TERT ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ (ɪɢɫ. 27 ɀ-ɂ) ɢ ɤɪɵɫ (ɪɢɫ. 27 Ʉ–Ɇ). Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ 

ɛɥɨɬɬɢɧɝɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɧɞɭɤɰɢɹ EndoG ɰɢɫɩɥɚɬɢɧɨɦ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɞɨɫɬɨɜɟɪɧɵɦ ɫɧɢɠɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ ɛɟɥɤɚ α+ȕ+ TERT 

ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɭɤɨɪɨɱɟɧɧɨɣ ɮɨɪɦɵ α+ȕ– ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ 

(ɪɢɫ. 28 Ⱥ–ȿ) ɢ ɤɪɵɫ (ɪɢɫ. 28 ɀ–Ɇ). ɂɡɦɟɧɟɧɢɟ ɩɭɥɚ ɮɨɪɦ TERT 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ Ɍ-, ȼ- ɢ NɄ-ɤɥɟɬɤɚɯ 

ɦɵɲɟɣ (ɪɢɫ. 27 Ɉ, ɉ) ɢ ɤɪɵɫ (ɪɢɫ. 28 Ɋ, ɋ).  
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Ɋɢɫɭɧɨɤ 27. ɗɤɫɩɪɟɫɫɢɹ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɜ ɥɢɦɮɨɰɢɬɚɯ 
ɦɵɲɟɣ ɢ ɤɪɵɫ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ȾɇɄ, ɜɵɡɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɟɦ ɰɢɩɥɚɬɢɧɨɦ in 

vivo. Ʉɨɥɢɱɟɫɬɜɨ CD4+ Ɍ-ɤɥɟɬɨɤ (Ⱥ), CD8+ Ɍ-ɤɥɟɬɨɤ (Ȼ), ȼ-ɤɥɟɬɨɤ (ȼ) ɢ NK-

ɤɥɟɬɨɤ (Ƚ) ɦɵɲɟɣ ɢ ɤɪɵɫ ɫ ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ (ɢɡɦɟɪɟɧɧɨɟ ɦɟɬɨɞɨɦ TUNEL 

ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ) ɱɟɪɟɡ 72 ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɰɢɫɩɥɚɬɢɧɚ. 
Ƚɢɫɬɨɝɪɚɦɦɵ ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ (Ⱦ) ɢ 
ɤɪɵɫɵ (ȿ). ɍɪɨɜɧɢ ɦɊɇɄ EndoG (ɀ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT (Ɂ, ɂ) ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ (Ʉ-Ɇ) ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɤɨɧɬɪɨɥɶɧɵɯ 
ɠɢɜɨɬɧɵɯ. 
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Ɋɢɫɭɧɨɤ 28. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ 
in vivo ɢ ɤɪɵɫ ɩɪɢ ɢɧɞɭɤɰɢɢ EndoG ɰɢɫɩɥɚɬɢɧɨɦ. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ TERT, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɥɢɦɮɨɰɢɬɚɯ 
ɦɵɲɟɣ ɱɟɪɟɡ 72 ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɰɢɫɩɥɚɬɢɧɚ (Ⱥ) ɢɥɢ ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ 
ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ (Ȼ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ EndoG ɢ 
ɫɩɥɚɣɫ-ɮɨɪɦ TERT ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (ȼ-ȿ). ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ (ɀ, Ɂ) 
ɢ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ EndoG ɢ ɫɩɥɚɣɫ-ɮɨɪɦ TERT (ɂ-Ɇ) ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɤɪɵɫɵ. Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ, CD8+ Ɍ-

ɤɥɟɬɤɚɯ, ȼ-ɤɥɟɬɤɚɯ ɢ NK-ɤɥɟɬɤɚɯ ɦɵɲɟɣ (Ɉ) ɢ ɤɪɵɫ (Ɋ). Ɋɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ TRAP ɜ ɤɥɟɬɤɚɯ 
ɦɵɲɟɣ (ɉ) ɢ ɤɪɵɫ (ɋ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɤɨɧɬɪɨɥɶɧɵɯ 
ɠɢɜɨɬɧɵɯ. 
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4.6. ɉɨɢɫɤ ɦɊɇɄ ɛɟɥɤɨɜ, ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɟɬ EndoG 

Ⱥɩɨɩɬɨɬɢɱɟɫɤɚɹ ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG ɢɧɞɭɰɢɪɭɟɬ Ⱥɋ ɩɪɟ-ɦɊɇɄ  

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɢ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. ɉɪɟɞɫɬɚɜɥɹɥɨ ɢɧɬɟɪɟɫ ɢɡɭɱɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ EndoG 

ɜɵɡɵɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ  ɞɪɭɝɢɯ ɝɟɧɨɜ. Ɇɵ ɩɨɩɵɬɚɥɢɫɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 

ɝɟɧɵ, Ⱥɋ ɤɨɬɨɪɵɯ ɢɧɞɭɰɢɪɭɟɬ EndoG ɜ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ CD4+ T-ɤɥɟɬɤɚɯ 

ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ. 

4.6.1. Ɋɟɡɭɥɶɬɚɬɵ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɊɇɄ  
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɊɇɄ ɝɟɧɨɜ, ɜ ɫɩɥɚɣɫɢɧɝɟ ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɟɬ EndoG, 

ɢɧɞɭɰɢɪɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ EndoG ɩɭɬёɦ ɬɪɚɧɫɮɟɤɰɢɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ 

ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɬɪɚɧɫɮɟɤɰɢɸ 

ɩɪɨɜɨɞɢɥɢ ɩɥɚɡɦɢɞɨɣ pGFP, ɤɨɞɢɪɭɸɳɟɣ ɡɟɥɟɧɵɣ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɛɟɥɨɤ GFP. 

ɂɧɞɭɤɰɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG ɨɫɭɳɟɫɬɜɥɹɥɢ ɬɚɤɠɟ ɢɧɤɭɛɚɰɢɟɣ ɤɥɟɬɨɤ ɫ 

ɩɨɜɪɟɠɞɚɸɳɢɦ ȾɇɄ ɚɝɟɧɬɨɦ ɰɢɫɩɥɚɬɢɧɨɦ. ɋɭɦɦɚɪɧɭɸ ɊɇɄ ɤɥɟɬɨɤ 

ɫɟɤɜɟɧɢɪɨɜɚɥɢ. Ⱥɧɚɥɢɡ ɭɪɨɜɧɟɣ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɪɚɡɥɢɱɧɵɯ ɝɟɧɨɜ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ ɦɵɲɢ ɢ ɤɪɵɫɵ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-

GFP, ɢ ɜ ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɢɡɦɟɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 

ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 28-ɦɢ ɝɟɧɨɜ (ɪɢɫ. 29, 30). ȼɵɹɜɥɟɧɧɵɟ ɭɪɨɜɧɢ ɦɊɇɄ 

ɫɩɥɚɣɫ ɜɚɪɢɚɧɬɨɜ ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 

ɝɟɧɨɦ EndoG ɢɥɢ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ, ɜ 

ɬɚɛɥɢɰɚɯ 1-6. ȼɵɹɜɥɟɧɧɵɣ ɫɞɜɢɝ ɜ ɫɨɨɬɧɨɲɟɧɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 

ɢɡɭɱɚɟɦɵɯ ɝɟɧɨɜ ɧɟ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɢɡɦɟɧɟɧɢɟɦ ɨɛɳɢɯ ɤɨɥɢɱɟɫɬɜ ɢɯ ɦɊɇɄ. 

Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP ɧɟ ɩɪɢɜɨɞɢɥɚ ɤ ɢɡɦɟɧɟɧɢɸ 

ɩɪɨɩɨɪɰɢɢ ɦɊɇɄ ɢɡɭɱɚɟɦɵɯ ɝɟɧɨɜ. ɂɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɢ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ ɜɵɹɜɥɟɧɧɵɯ ɝɟɧɨɜ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ. Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɊɇɄ ɞɚɧɧɵɯ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɝɟɧɨɜ. 
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Ɋɢɫɭɧɨɤ 29. ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɝɟɧɵ, Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɨɬɨɪɵɯ 
ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. ɦɊɇɄ ɝɟɧɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ 
ɱɟɥɨɜɟɤɚ (Ⱥ), ɦɵɲɢ (Ȼ) ɢ ɤɪɵɫɵ (ȼ) ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG ɢɥɢ 
ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. 
 

 

 

Ɋɢɫɭɧɨɤ 30. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɦɊɇɄ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɩɨɫɥɟ 
ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG (Ⱥ) ɢɥɢ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ (Ȼ). 
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Ɉɛɧɚɪɭɠɟɧɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɱɟɬɵɪёɯ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɝɟɧɨɜ, ɤɚɤ ɜ ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ, ɬɚɤ ɢ ɜ ɤɥɟɬɤɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. 

ɗɬɨ ɤɚɫɚɥɨɫɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ (TERT), ɤɚɫɩɚɡɵ-2 

(ɫaspase-2, Casp-2), ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɚɡɵ 1 (deoxyribonuclease I, DNase I) ɢ B-

cell lymphoma-extra (BCL-x). ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɜɵɡɵɜɚɥɚ ɭɦɟɧɶɲɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ hTERT ɢ ɭɜɟɥɢɱɟɧɢɟ 

ɭɪɨɜɧɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– TERT, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɞɟɥɟɰɢɢ ɷɤɡɨɧɨɜ 

7 ɢ 8 ɩɪɟ-ɦɊɇɄ TERT (ɪɢɫ. 31 Ⱥ) [362]. ɉɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɦɊɇɄ DNase I ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ ɭɪɨɜɧɹ ɦɊɇɄ ∆4DNase I, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɥɟɰɢɢ 

ɷɤɡɨɧɚ 4 (ɪɢɫ. 31 Ȼ). Ɉɛɧɚɪɭɠɟɧɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ 

ɜɚɪɢɚɧɬɚ Casp-2L ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ Casp-2S (ɪɢɫ. 31 ȼ). ɉɨɫɥɟɞɧɢɣ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɹɜɥɟɧɢɹ 

ɫɬɨɩ-ɤɨɞɨɧɚ ɢɡ-ɡɚ ɫɞɜɢɝɚ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɤɨɞɢɪɭɸɳɟɝɨ ɷɤɡɨɧɚ 9 [363]. ȼɵɹɜɥɟɧɨ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɦɊɇɄ BCL-xL ɢ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ BCL-xS, 

ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɥɟɰɢɢ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɷɤɡɨɧɚ 2 (ɪɢɫ. 31 Ƚ).  

 

Ɋɢɫɭɧɨɤ 31. ɋɯɟɦɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ (Ⱥ) TERT, (Ȼ) DNase I, (ȼ) Casp-2 ɢ (Ƚ) 
BCL-x ɱɟɥɨɜɟɤɚ (ɫɦ. ɩɨɹɫɧɟɧɢɹ ɜ ɬɟɤɫɬɟ). 
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4.7. ɂɡɭɱɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ 
DNase I ɢ ɢɧɝɢɛɢɪɨɜɚɬɶ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɬɨɬɚɥɶɧɨɣ ɊɇɄ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ 

ɢ ɤɪɵɫɵ ɫɨ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɟɣ EndoG ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɢɧɞɭɤɰɢɸ Ⱥɋ ɩɪɟ-

ɦɊɇɄ  DNase I: ɩɨɧɢɠɟɧɢɟ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ nDNase I 

ɢ ɭɜɟɥɢɱɟɧɢɟ ɦɊɇɄ ɫ ɞɟɥɟɰɢɟɣ ɷɤɡɨɧɚ 4 (∆4DNase I) [364]. Ȼɵɥɚ ɢɡɭɱɟɧɚ 

ɤɨɪɪɟɥɹɰɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ DNase I ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɨɰɟɧɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɢ 

ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. 

4.7.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɜɹɡɢ EndoG ɫɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ DNase I, ɨɩɪɟɞɟɥɹɥɢ 

ɭɪɨɜɟɧɶ ɢɯ ɦɊɇɄ ɜ CD4+, CD8+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, ȼ-ɥɢɦɮɨɰɢɬɚɯ ɢ NK-ɤɥɟɬɤɚɯ 

50 ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ ɫ ɩɨɦɨɳɶɸ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (ɪɢɫ. 32). 

ɍɫɬɚɧɨɜɥɟɧɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɟɣ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ nDNase I ɢ 

ɩɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ∆4DNase I ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɭɪɨɜɧɹ EndoG ɜ 

ɤɚɠɞɨɣ ɫɭɛɩɨɩɭɥɹɰɢɢ ɥɢɦɮɨɰɢɬɨɜ. Ʉɥɟɬɤɢ ɛɵɥɢ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɧɚ ɨɫɧɨɜɟ 

ɤɨɥɢɱɟɫɬɜɚ ɢɯ ɦɊɇɄ EndoG. ɉɨɥɭɱɟɧɧɵɟ ɦɟɞɢɚɧɵ ɞɥɹ ɤɨɥɢɱɟɫɬɜ ɦɊɇɄ 

EndoG ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɟɬɟɪɦɢɧɚɰɢɢ ɉɢɪɫɨɧɚ (ɡɧɚɱɟɧɢɟ R2) ɞɥɹ ɭɪɨɜɧɟɣ 

ɦɊɇɄ nDNase I ɢ ∆4DNase I ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 23. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ 

ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɫɜɹɡɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

DNase I ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɥɢɦɮɨɰɢɬɨɜ. Ʉɥɟɬɤɢ ɫ ɧɢɡɤɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɊɇɄ 

EndoG (ɧɢɠɟ ɦɟɞɢɚɧɵ) ɢɦɟɥɢ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɊɇɄ nDNase I ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɦɊɇɄ ∆4DNase I. ȼ ɝɪɭɩɩɚɯ ɤɥɟɬɨɤ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ EndoG 

(ɜɵɲɟ ɦɟɞɢɚɧɵ) ɧɚɛɥɸɞɚɥɢ ɩɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ∆4DNase I ɢ 

ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ nDNase I. ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ EndoG ɢ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 24. Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ CD4+ Ɍ-ɤɥɟɬɤɢ, ɬɚɤ ɤɚɤ ɜ ɧɢɯ ɨɛɧɚɪɭɠɟɧɚ 
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ɛɨɥɟɟ ɫɢɥɶɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

DNase I, ɱɟɦ ɜ ɞɪɭɝɢɯ ɥɢɦɮɨɰɢɬɚɯ. 

 

Ɋɢɫɭɧɨɤ 32. ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚɦɢ DNase I ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. ɍɪɨɜɧɢ ɦɊɇɄ EndoG ɢ DNase I 
ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ(Ⱥ), CD8+ Ɍ-ɤɥɟɬɤɚɯ (ȼ), ȼ-ɥɢɦɮɨɰɢɬɚɯ (Ⱦ) ɢ NK-ɤɥɟɬɤɚɯ 
(ɀ). Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɟɦ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɜ 
CD4+ Ɍ-ɤɥɟɬɤɚɯ (Ȼ), CD8+ Ɍ-ɤɥɟɬɤɚɯ (Ƚ), B-ɤɥɟɬɤɚɯ (ȿ) ɢ NK-ɤɥɟɬɤɚɯ (Ɂ). 
Ʉɥɟɬɤɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɫ ɧɢɡɤɢɦ ɢɥɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ EndoG. 
ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ 
ɝɟɧɚ 18S ɪɊɇɄ. N = 50. * - p ≤ 0,05 ɞɥɹ ɭɪɨɜɧɟɣ ɦɊɇɄ ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ 
ɤɥɟɬɨɤ. ɑɟɪɧɵɟ ɢ ɫɟɪɵɟ ɥɢɧɢɢ ɨɛɨɡɧɚɱɚɸɬ ɥɢɧɢɢ ɬɪɟɧɞɚ ɞɥɹ nDNase I ɢ 
∆4DNase I, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ɍɚɛɥɢɰɚ 23. Ɇɟɞɢɚɧɚ ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 

ɉɢɪɫɨɧɚ (ɡɧɚɱɟɧɢɟ R2) ɞɥɹ ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I. 

Ʌɢɦɮɨɰɢɬɵ 

Ɇɟɞɢɚɧɚ 
ɭɪɨɜɧɟɣ ɦɊɇɄ 

EndoG 

Ɂɧɚɱɟɧɢɟ R2  

nDNase I ∆4DNase I  

CD4+ T-ɤɥɟɬɤɢ (N=50) 0,347 0,644 0,652 

CD8+ T-ɤɥɟɬɤɢ (N=50) 0,246 0,623 0,627 

B-ɤɥɟɬɤɢ (N=50) 0,082 0,534 0,564 

NK-ɤɥɟɬɤɢ (N=50) 0,282 0,530 0,406 
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Ɍɚɛɥɢɰɚ 24. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 

ɋɩɥɚɣɫ-

ɜɚɪɢɚɧɬ 
DNase I 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ EndoG ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ EndoG 

CD4+ T-

ɤɥɟɬɤɢ 

(N=25) 

CD8+ T-

ɤɥɟɬɤɢ 

(N=25) 

B-

ɤɥɟɬɤɢ 
(N=25) 

NK-

ɤɥɟɬɤɢ 

(N=25) 

CD4+ T-

ɤɥɟɬɤɢ 

(N=25) 

CD8+ T-

ɤɥɟɬɤɢ 

(N=25) 

B-

ɤɥɟɬɤɢ  

(N=25) 

NK-

ɤɥɟɬɤɢ 

(N=25) 

nDNase I  – 0,778* – 0,651* – 0,629 – 0,548 – 0,716* – 0,607* – 0,644* – 0,521 

∆4DNase I  + 0,803* + 0,664* + 0,657* + 0,573* + 0,750* + 0,645* + 0,656* + 0,538 

* - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p≤0,01 ɩɨ ɤɪɢɬɟɪɢɸ 
ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ 
EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ DNase 

I. “–” ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ DNase I.  

4.7.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ EndoG ɜ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase 

I ɩɪɨɜɨɞɢɥɢ ɬɪɚɧɫɮɟɤɰɢɸ CD4+ T-ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ, ɢɡɦɟɪɟɧɧɚɹ 

ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ, ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 100% ɜ ɬɟɱɟɧɢɟ 8 ɱ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɚɤ ɜ pEndoG-GFP, ɬɚɤ ɢ ɜ pGFP-ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ 

(ɞɚɧɧɵɟ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ). ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, 

ɧɚɛɥɸɞɚɥɢ ɢɧɞɭɤɰɢɸ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ nDNase I ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 8 ɱ 

ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 33 A). ɍɪɨɜɟɧɶ ɦɊɇɄ nDNase I ɪɟɡɤɨ ɫɧɢɠɚɥɫɹ ɜ 

ɬɟɱɟɧɢɟ 8 – 21 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. ɂɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɦɊɇɄ nDNase I 

ɜɟɪɨɹɬɧɨ, ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ ɢɧɞɭɤɰɢɟɣ ɦɊɇɄ ∆4DNase I (ɪɢɫ. 33 Ȼ). ɍɪɨɜɟɧɶ 

ɦɊɇɄ ∆4DNase I ɩɨɜɵɲɚɥɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 8 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ 

ɨɫɬɚɜɚɥɫɹ ɜɵɫɨɤɢɦ ɞɨ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ 

pGFP ɧɟ ɜɵɡɵɜɚɥɚ ɤɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ ɜ ɭɪɨɜɧɹɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 

DNase I. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ȾɇɄɚɡɟ 1, ɩɨɤɚɡɚɥ, ɱɬɨ 

ɫɢɧɬɟɡ ɛɟɥɤɚ nDNase I ɢɧɞɭɰɢɪɨɜɚɥɫɹ ɜ ɬɟɱɟɧɢɟ 12 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ, ɚ ɡɚɬɟɦ 
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ɫɧɢɠɚɥɫɹ ɧɢɠɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜ CD4+ T-ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

ɩɥɚɡɦɢɞɨɣ pEndoG-GFP (ɪɢɫ. 30 ȼ–ȿ). 

ɍɪɨɜɟɧɶ ɛɟɥɤɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I ɩɨɜɵɲɚɥɫɹ ɱɟɪɟɡ 8 ɱ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɩɨɥɧɨɫɬɶɸ ɡɚɦɟɳɚɥ ɧɨɪɦɚɥɶɧɵɣ ɫɟɝɦɟɧɬ ɱɟɪɟɡ 20 ɱ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ.  

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I, ɦɵ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ CD4+ Ɍ-ɤɥɟɬɤɢ ɩɥɚɡɦɢɞɚɦɢ p∆4DNase I-GFP ɢɥɢ pnDNase I-

GFP, ɩɨɫɥɟ ɱɟɝɨ ɬɟɫɬɢɪɨɜɚɥɢ ɜ ɤɥɟɬɨɱɧɵɯ ɷɤɫɬɪɚɤɬɚɯ ɚɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ 

ɦɟɬɨɞɨɦ ɡɢɦɨɝɪɚɮɢɢ ɩɨ ɩɪɨɬɨɤɨɥɭ DNA-SDS-PAGE. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɧɭɤɥɟɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜɚɪɢɚɧɬɚ ∆4DNase I ɛɵɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɭ 

ɜɚɪɢɚɧɬɚ nDNase I (ɪɢɫ. 34). Ⱥɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ p∆4DNase I-GFP, ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɤɨɧɬɪɨɥɶɧɵɯ 

pGFP-ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ. Ɍɚɤɨɣ ɪɟɡɭɥɶɬɚɬ ɭɤɚɡɵɜɚɟɬ ɧɚ ɞɨɦɢɧɚɧɬɧɨ-

Ɋɢɫɭɧɨɤ 33. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ  DNase I ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ 
EndoG. ɍɪɨɜɧɢ ɦɊɇɄ nDNase I (Ⱥ) ɢ ∆4DNase I (Ȼ) ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ 
ɱɟɥɨɜɟɤɚ ɜ ɬɟɱɟɧɢɟ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɩɥɚɡɦɢɞɚɦɢ pEndoG-GFP ɢɥɢ 
pGFP. ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ ɫ ɚɧɬɢɬɟɥɚɦɢ ɤ ȾɇɄɚɡɟ 1 (ȼ, Ƚ). Ɋɟɡɭɥɶɬɚɬɵ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɨɬɧɨɫɢɬɟɥɶɧɨ 
GAPDH (Ⱦ, ȿ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
pGFP. 
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ɧɟɝɚɬɢɜɧɵɣ ɷɮɮɟɤɬ ɞɟɣɫɬɜɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I. ȼ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɧɚɛɥɸɞɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ȾɇɄɚɡɵ 

ɱɟɪɟɡ 12 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ, ɢ ɟё ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɱɟɪɟɡ 20-24 ɱ. ɂɡɦɟɧɟɧɢɹ 

ɚɤɬɢɜɧɨɫɬɢ ȾɇɄɚɡɵ ɜ EndoG-ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɧɚɛɥɸɞɚɟɦɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɭɪɨɜɧɟɣ ɦɊɇɄ nDNase I ɢ ∆4DNase I ɢ ɢɯ 

ɛɟɥɤɨɜɵɯ ɮɨɪɦ (ɪɢɫ. 33 ȼ–ȿ). 

Ɋɢɫɭɧɨɤ 34. Ⱦɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɣ ɷɮɮɟɤɬ ɜɚɪɢɚɧɬɚ ∆4DNase I. 

Ɋɟɡɭɥɶɬɚɬɵ ɡɢɦɨɝɪɚɮɢɢ ɤɥɟɬɨɱɧɵɯ ɥɢɡɚɬɨɜ ɦɟɬɨɞɨɦ DNA-SDS-PAGE ɞɥɹ 
CD4+ Ɍ-ɤɥɟɬɨɤ ɜ ɬɟɱɟɧɢɟ 24-ɯ ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɩɥɚɡɦɢɞɚɦɢ pnDNase I-

GFP (Ⱥ), p∆4DNase I-GFP (Ȼ) pEndoG-GFP (ȼ) ɢɥɢ pGFP (Ƚ). Ɉɰɟɧɤɚ 
ɢɡɨɛɪɚɠɟɧɢɣ ɡɢɦɨɝɪɚɮɢɢ ɫ ɩɨɦɨɳɶɸ ɞɟɧɫɢɬɨɦɟɬɪɢɢ (Ⱦ). * p ≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 

4.8. ɂɧɞɭɤɰɢɹ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2 ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 
ɚɤɬɢɜɧɨɫɬɢ ɤɚɫɩɚɡɵ-2 

Ʉɚɫɩɚɡɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɟɦɟɣɫɬɜɨ ɰɢɫɬɟɢɧɨɜɵɯ ɩɪɨɬɟɚɡ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɩɪɨɬɟɨɥɢɡ ɛɟɥɤɨɜ ɩɨɫɥɟ ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ʉɚɫɩɚɡɵ ɹɜɥɹɸɬɫɹ ɢɧɢɰɢɚɬɨɪɧɵɦɢ, 

ɦɟɞɢɚɬɨɪɧɵɦɢ ɢ ɷɮɮɟɤɬɨɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ ɢ 

ɢɝɪɚɸɬ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɹɰɢɢ ɝɢɛɟɥɢ ɤɥɟɬɨɤ [365]. Ʉɚɫɩɚɡɚ-2 

(Caspase-2, Casp-2) – ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɷɜɨɥɸɰɢɨɧɧɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɤɚɫɩɚɡ ɢ 

ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ ɤɚɤ ɢɧɢɰɢɚɬɨɪɧɵɯ, ɬɚɤ ɢ ɷɮɮɟɤɬɨɪɧɵɯ ɤɚɫɩɚɡ [366]. 
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Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɚ ɫɜɹɡɶ Casp-2 ɢ ɧɟɤɨɬɨɪɵɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ 

[367,368], ɪɚɡɪɭɲɚɸɳɢɯ ȾɇɄ ɤɥɟɬɨɤ ɧɚ ɩɨɫɥɟɞɧɢɯ ɫɬɚɞɢɹɯ ɚɩɨɩɬɨɡɚ [369]. Ɇɵ 

ɢɡɭɱɢɥɢ ɤɨɪɪɟɥɹɰɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ Casp-2 ɜ 

ɥɢɦɮɨɰɢɬɚɯ 12-ɬɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɞɭɤɰɢɢ 

Ⱥɋ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. 

4.8.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ Casp-2 

ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɤɫɩɪɟɫɫɢɢ ɦɊɇɄ 

EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 ɜ CD4+ ɢ ɋD8+ T-ɥɢɦɮɨɰɢɬɚɯ 12 ɡɞɨɪɨɜɵɯ 

ɞɨɧɨɪɨɜ, ɚ ɬɚɤɠɟ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɷɬɨɩɨɡɢɞɨɦ. ɂɧɤɭɛɚɰɢɹ 

ɤɥɟɬɨɤ ɫ ɷɬɨɩɨɡɢɞɨɦ ɜ ɧɟ ɥɟɬɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 5 ɦɤɆ (ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɩɨɞɨɛɪɚɧɚ ɧɚɦɢ ɪɚɧɟɟ, ɞɚɧɧɵɟ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ) ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ CD4+ ɢ ɋD8+ Ɍ 

ɤɥɟɬɨɤ (ɪɢɫ. 35 Ⱥ, Ⱦ). ɗɬɨɩɨɡɢɞ ɜɵɡɵɜɚɥ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɨɛɳɟɣ 

Casp-2 (ɪɢɫ. 35 Ȼ, ȿ), ɢ ɤɚɠɞɨɝɨ ɢɡ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 (ɪɢɫ. 35 ȼ, Ƚ, ɀ, 

Ɂ). ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɨ ɬɨɦ, ɱɬɨ ɷɬɨɩɨɡɢɞ 

ɜɵɡɵɜɚɟɬ ɜɨɡɪɚɫɬɚɧɢɟ ɷɤɫɩɪɟɫɫɢɢ Casp-2S [370–372]. ɉɪɢ ɪɚɧɠɢɪɨɜɚɧɢɢ 

ɤɥɟɬɨɤ ɩɨ ɭɪɨɜɧɸ ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɟɞɢɚɧɚ ɫɨɫɬɚɜɢɥɚ 0,299 ɞɥɹ CD4+ Ɍ 

ɥɢɦɮɨɰɢɬɨɜ ɢ 0,216 ɞɥɹ ɋD8+ Ɍ ɥɢɦɮɨɰɢɬɨɜ. ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, 

ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɷɬɨɩɨɡɢɞɨɦ, ɦɟɞɢɚɧɚ ɪɚɜɧɹɥɚɫɶ 0,488 ɞɥɹ CD4+ Ɍ 

ɥɢɦɮɨɰɢɬɨɜ ɢ 0,500 ɞɥɹ ɋD8+ Ɍ ɥɢɦɮɨɰɢɬɨɜ. 
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Ɋɢɫɭɧɨɤ 35. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2 ɜ Ɍ-ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2 (Ⱥ) ɜ CD4+ (Ȼ-Ƚ) ɢ CD8+ (Ⱦ-Ɂ) Ɍ-ɥɢɦɮɨɰɢɬɚɯ 12-ɬɢ ɡɞɨɪɨɜɵɯ 
ɞɨɧɨɪɨɜ ɞɨ ɢ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɷɬɨɩɨɡɢɞɨɦ. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ 
ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 ɜ (ɂ) CD4+ ɤɥɟɬɤɚɯ ɢ (Ʉ) CD4+ 

ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɷɬɨɩɨɡɢɞɨɦ, ɚ ɬɚɤɠɟ (Ʌ) CD8+ ɤɥɟɬɤɚɯ ɢ (Ʉ) CD8+ 

ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɷɬɨɩɨɡɢɞɨɦ. # p ≤ 0,05 ɞɥɹ ɭɪɨɜɧɟɣ ɦɊɇɄ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɟɧɨɜ ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ. 

ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɜɵɲɟ 

ɡɧɚɱɟɧɢɹ ɦɟɞɢɚɧɵ) ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɜɚɪɢɚɧɬɚ Casp-2S ɢ 

ɫɧɢɠɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ Casp-2L. ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ 

ɷɬɨɩɨɡɢɞɨɦ ɜɵɡɵɜɚɥɚ ɭɫɢɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
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Casp-2 ɢ EndoG, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ Casp-2 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 25. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɤɥɟɬɤɢ CD4+, 

ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɭ ɧɢɯ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚɦɢ Casp-2 ɛɵɥɚ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ. 

Ɍɚɛɥɢɰɚ 25. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ- 

ɜɚɪɢɚɧɬɨɜ Casp-2 

* - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p≤0,01 ɩɨ ɤɪɢɬɟɪɢɸ 
ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ 
EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ Casp-2. “–” 
ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ Casp-2. 

4.8.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2 ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ EndoG ɜ ɢɧɞɭɤɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

Casp-2 CD4+ Ɍ-ɤɥɟɬɤɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 

100% ɜ ɬɟɱɟɧɢɟ 8 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ 

pEndoG-GFP ɩɪɢɜɨɞɢɥɚ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 

36 Ⱥ), ɭɠɟ ɱɟɪɟɡ 8 ɱ. ɋɢɧɬɟɡ EndoG ɧɚɯɨɞɢɥɫɹ ɧɚ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɜ 

ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɧɚɛɥɸɞɟɧɢɹ. ȼɨɡɪɚɫɬɚɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɨɛɳɟɣ Casp-2 (ɪɢɫ. 36 

Ȼ). Ⱥɧɚɥɢɡ ɫɢɧɬɟɡɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 ɩɨɤɚɡɚɥ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɭɜɟɥɢɱɟɧɢɟ ɨɛɳɟɣ Casp-2, ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ Casp-2L (ɪɢɫ. 36 

ȼ). ɍɜɟɥɢɱɟɧɢɟ ɨɛɳɟɣ Casp-2 ɩɪɨɢɫɯɨɞɢɥɨ ɡɚ ɫɱёɬ ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ 

ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ 

Casp-2 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ  
ɷɤɫɩɪɟɫɫɢɢ EndoG 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ  
ɷɤɫɩɪɟɫɫɢɢ EndoG 

CD4+ (N=6) CD8+ (N=6) CD4+ (N=6) CD8+ (N=6) 

Casp-2L (Ʉɨɧɬɪɨɥɶ) – 0,701*  – 0,554  – 0,722*  – 0,540  

Casp-2L (ɗɬɨɩɨɡɢɞ) – 0,747*  – 0,697  – 0,836*  – 0,709*  

Casp-2S (Ʉɨɧɬɪɨɥɶ) + 0,612  + 0,646  + 0,608  + 0,677  

Casp-2S (ɗɬɨɩɨɡɢɞ) + 0,815*  + 0,735*  + 0,702*  + 0,706*  
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Casp-2S (ɪɢɫ. 36 Ƚ). ɇɟ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɹ ɫɢɧɬɟɡɚ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

Casp-2 ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP.  

Ɋɢɫɭɧɨɤ 36. ɗɤɫɩɪɟɫɫɢɹ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 ɜ CD4+ T 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ pGFP. 

ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ EndoG (Ⱥ) ɢ ɨɛɳɟɣ Casp-2 (Ȼ), Casp-2L (B) ɢ Casp-2S 

(Ƚ) ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ ɜ ɬɟɱɟɧɢɟ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ, ɢɡɦɟɪɟɧɧɵɣ 
ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ EndoG, ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2 ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɤɥɟɬɤɚɯ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ (Ⱦ) pEndoG-GFP ɢ (ȿ) pGFP. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜ EndoG (ɀ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 (Ɂ, ɂ) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
GAPDH. Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ Casp-2 ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ 
(Ʉ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɵɦ pGFP. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ 

ɛɟɥɤɚɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤ 24-ɦ ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɜ ɋD4+ Ɍ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɧɚɪɹɞɭ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ EndoG, 

ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ Casp-2L 

(ɪɢɫ. 36 Ⱦ-ɂ) ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ Casp-2S. ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ 
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ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ ɢɡɦɟɧɟɧɢɹ EndoG ɢ ɩɪɨɩɨɪɰɢɢ ɛɟɥɤɨɜ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2 ɧɟ ɜɵɹɜɥɟɧɨ.  

ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ Casp-2 ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɚɥɚɫɶ ɭɠɟ ɱɟɪɟɡ 16 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 

(ɪɢɫ. 36 K). ɍɦɟɧɶɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ. ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 

ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ. ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ Casp-2L 

ɜɚɪɢɚɧɬɚ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɷɬɚ ɮɨɪɦɚ ɨɛɥɚɞɚɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 

4.9. ɂɧɞɭɤɰɢɹ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x 

Ȼɟɥɨɤ B-cell lymphoma-extra (BCL-x), ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɫɟɦɟɣɫɬɜɭ ɛɟɥɤɨɜ 

BCL-2 ɢ ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [373,374]. 

ȼ ɩɪɨɰɟɫɫɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x ɨɛɪɚɡɭɸɬɫɹ ɞɜɚ ɜɚɪɢɚɧɬɚ: ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ 

BCL-xL, ɤɨɞɢɪɭɸɳɢɣ ɛɟɥɨɤ ɫ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢ 

ɭɤɨɪɨɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɥɟɰɢɢ ɱɚɫɬɢ ɷɤɡɨɧɚ 2 BCL-xS, ɤɨɞɢɪɭɸɳɢɣ 

ɩɪɨɬɢɜɨɚɩɨɩɬɨɬɢɱɟɫɤɢɣ ɛɟɥɨɤ [375].  

Ɇɵ ɢɡɭɱɢɥɢ ɤɨɪɪɟɥɹɰɢɸ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 

BCL-x ɜ ɤɥɟɬɤɚɯ ɥɢɧɢɣ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɥɢ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. 

4.9.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ BCL-x 

ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ EndoG ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x 

ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x ɜ ɤɥɟɬɤɚɯ 

ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼ ɤɥɟɬɤɚɯ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɪɚɡɧɵɟ ɭɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x. (ɪɢɫ. 37 Ⱥ). ɉɪɢ 

ɪɚɧɠɢɪɨɜɚɧɢɢ ɤɥɟɬɨɤ ɩɨ ɭɪɨɜɧɸ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɟɞɢɚɧɚ 
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ɫɨɫɬɚɜɢɥɚ 0,18. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɵɹɜɢɥ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x (ɪɢɫ. 37 Ȼ). ȼ ɤɥɟɬɤɚɯ ɫ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɦɟɞɢɚɧɚ ɦɟɧɟɟ 0,18) ɧɚɛɥɸɞɚɥɨɫɶ 

ɩɪɟɨɛɥɚɞɚɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ BCL-xL. ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɦɟɞɢɚɧɚ ɛɨɥɟɟ 0,18) ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ 

ɭɪɨɜɧɟɣ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-xS ɢ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 

ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ BCL-xL. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ 

BCL-x ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 25. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɤɥɟɬɤɢ ɥɢɧɢɢ HCC1954, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɭ ɧɢɯ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɢ ɭɪɨɜɧɟɦ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x ɛɵɥɚ ɧɚɢɛɨɥɟɟ 

ɜɵɪɚɠɟɧɧɨɣ.  

 

Ɍɚɛɥɢɰɚ 25. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ BCL-x. 

* - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p≤0,01 ɩɨ ɤɪɢɬɟɪɢɸ 
ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ 
EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-x. “–” 
ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-x. 

4.9.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ EndoG ɜ ɢɧɞɭɤɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

BCL-x ɤɥɟɬɤɢ ɥɢɧɢɢ HCC1954 (ɷɩɢɬɟɥɢɚɥɶɧɵɣ ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

ɱɟɥɨɜɟɤɚ) ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ 

ɩɥɚɡɦɢɞɨɣ pGFP. ɑɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɩɥɚɡɦɢɞɨɣ pEndoG-

GFP ɜɵɹɜɥɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 37 ȼ). 

ɉɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɵɦ ɫɧɢɠɟɧɢɟɦ 

ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ BCL-x 
ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ 

ɷɤɫɩɪɟɫɫɢɢ EndoG (N=5) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɷɤɫɩɪɟɫɫɢɢ EndoG (N=4) 

BCL-xL  – 0,651* – 0,619* 

BCL-xS + 0,592* + 0,704* 
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ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ BCL-xL ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 

ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-xS. ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɨɣ 

ɩɥɚɡɦɢɞɨɣ pGFP ɧɟ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ BCL-x.  

Ɋɢɫɭɧɨɤ 37. ɋɩɨɫɨɛɧɨɫɬɶ EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x. 

ɍɪɨɜɧɢ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x ɜ ɤɥɟɬɤɚɯ ɥɢɧɢɣ ɪɚɤɚ 
ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ (Ⱥ). Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɟɦ ɦɊɇɄ EndoG ɢ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x (Ȼ). Ʉɥɟɬɤɢ ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɫ 
ɧɢɡɤɢɦ ɢɥɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ EndoG. ɍɪɨɜɧɢ ɦɊɇɄ ɝɟɧɨɜ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. ɍɪɨɜɧɢ ɦɊɇɄ EndoG ɢ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x ɜ ɤɥɟɬɤɚɯ HCC1954 ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 
ɩɥɚɡɦɢɞɨɣ pEndoG- GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP (ȼ). ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝ ɫ ɚɧɬɢɬɟɥɚɦɢ ɤ BCL-x (Ƚ). Ɋɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ 
ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ BCL-x ɨɬɧɨɫɢɬɟɥɶɧɨ GAPDH (Ⱦ). * p ≤ 0,05 ɞɥɹ 
ɭɪɨɜɧɟɣ ɦɊɇɄ ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ 

ɛɟɥɤɚɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤ 24-ɦ ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɜ HCC1954 ɤɥɟɬɤɚɯ, 
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ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɧɚɪɹɞɭ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ EndoG, 

ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ BCL-xL 

(ɪɢɫ. 37 Ƚ, Ⱦ) ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ BCL-xS. ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ ɢɡɦɟɧɟɧɢɹ EndoG ɢ ɩɪɨɩɨɪɰɢɢ ɛɟɥɤɨɜ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ BCL-x ɧɟ ɜɵɹɜɥɟɧɨ 

4.10. ȼɥɢɹɧɢɟ EndoG ɧɚ ɢɧɞɭɤɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase I ɢ 
BCL-x ɜ CD4+ Ɍ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ 

ȼɵɲɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɩɨɩɬɨɬɢɱɟɫɤɚɹ ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG 

ɢɧɞɭɰɢɪɭɟɬ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT, 

ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɚɡɵ 1, ɤɚɫɩɚɡɵ-2 ɢ BCL-x ɜ ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ. ɉɪɟɞɫɬɚɜɥɹɥɨ 

ɢɧɬɟɪɟɫ ɢɡɭɱɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ EndoG ɜɵɡɵɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase I 

ɢ BCL-x ɢ ɭ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɦɨɜ. ɉɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ 

EndoG ɧɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɞɚɧɧɵɯ ɝɟɧɨɜ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɤɨɞɢɪɭɟɦɵɯ ɢɦɢ ɛɟɥɤɨɜ ɜ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ CD4+ T-ɤɥɟɬɤɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. 

4.10.1. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫ ɷɤɫɩɪɟɫɫɢɟɣ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɤɫɩɪɟɫɫɢɢ ɦɊɇɄ 

ɷɬɢɯ ɝɟɧɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɛɨɥɶɲɢɟ ɪɚɡɥɢɱɢɹ ɜ ɭɪɨɜɧɹɯ 

ɷɤɫɩɪɟɫɫɢɢ ɤɚɤ EndoG, ɬɚɤ ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢɡɭɱɚɟɦɵɯ ɝɟɧɨɜ ɤɚɤ ɭ ɦɵɲɟɣ, 

ɬɚɤ ɢ ɭ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ (ɪɢɫ. 38 Ⱥ–Ɂ).  

ɉɪɢ ɪɚɧɠɢɪɨɜɚɧɢɢ ɤɥɟɬɨɤ ɩɨ ɭɪɨɜɧɸ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɦɟɞɢɚɧɚ ɫɨɫɬɚɜɢɥɚ 0,311 ɞɥɹ CD4+ Ɍ-ɤɥɟɬɨɤ ɦɵɲɟɣ ɢ 0,329 ɞɥɹ ɤɥɟɬɨɤ ɤɪɵɫ 

ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 

ɭɪɨɜɧɹɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x (ɪɢɫ. 

38 ɂ–Ɋ). ȼ ɤɥɟɬɤɚɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɧɢɠɟ ɦɟɞɢɚɧɵ) 

ɨɛɧɚɪɭɠɟɧɨ ɩɪɟɨɛɥɚɞɚɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ: Casp-2L, 
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nDNase I ɢ BCL-xL ɧɚɞ ɞɪɭɝɢɦɢ. ȼ ɝɪɭɩɩɚɯ ɤɥɟɬɨɤ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɜɵɲɟ ɦɟɞɢɚɧɵ) ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɤɨɪɨɬɤɢɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ: Casp-2S, ∆4DNase I ɢ BCL-xS, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ 

ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɵɯ ɜɚɪɢɚɧɬɨɜ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ ɢɡɭɱɚɟɦɵɯ ɝɟɧɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥ. 26. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɧɚɦɢ ɛɵɥɢ ɜɵɛɪɚɧɵ CD4+ T-ɤɥɟɬɤɢ ɦɵɲɟɣ 

ɥɢɧɢɢ C57BL/6 ɢ ɤɪɵɫ ɥɢɧɢɢ Wistar, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɭ ɧɢɯ ɤɨɪɪɟɥɹɰɢɹ 

ɦɟɠɞɭ ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢɡɭɱɚɟɦɵɯ 

ɝɟɧɨɜ ɛɵɥɚ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ. 

Ɍɚɛɥɢɰɚ 26. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. 

ɉɪɢɦɟɱɚɧɢɟ: # - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɧɟ ɹɜɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 

ɞɨɫɬɨɜɟɪɧɵɦɢ ɢɡ-ɡɚ ɦɚɥɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ. * - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ, p≤0,01 ɩɨ ɤɪɢɬɟɪɢɸ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ. “+” ɩɪɹɦɚɹ 
ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɦɭ 
ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ. “–” ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ: ɩɨɜɵɲɟɧɧɵɣ 
ɭɪɨɜɟɧɶ ɦɊɇɄ EndoG ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɧɢɠɟɧɧɨɦɭ ɭɪɨɜɧɸ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ. 
 

ɋɩɥɚɣɫ-

ɜɚɪɢɚɧɬ 

Ɇɵɲɶ Ʉɪɵɫɚ 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ 
EndoG (N=4) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
EndoG (N=4) 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ 
EndoG (N=2#) 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
EndoG (N=3#) 

Casp-2L – 0,734 (*) – 0,738 (*) – 0,537 – 0,396 

Casp-2S + 0,729 (*) + 0,725 (*) + 0,612 + 0,604 

nDNase I – 0,688 (*) – 0,721 (*) – 0,468 – 0,390 

Δ4DNase I + 0,724 + 0,680 (*) + 0,312 + 0,591 

BCLXL – 0,641 (*) – 0,782 – 0,516 – 0,358 

BCLXS + 0,680 (*) + 0,696 (*) + 0,445 + 0,427 
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Ɋɢɫɭɧɨɤ 38. ȼɡɚɢɦɨɫɜɹɡɶ ɷɤɫɩɪɟɫɫɢɢ EndoG, ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2, 

DNase I ɢ BCL-x ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ. ɍɪɨɜɟɧɶ ɦɊɇɄ 

EndoG (Ⱥ, Ⱦ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 (Ȼ, ȿ), DNase I (ȼ, ɀ) ɢ BCL-x (Ƚ, Ɂ) 
ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ, ɦɵɲɟɣ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ ɢ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ. 
ɍɪɨɜɟɧɶ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 (K, Ɉ), DNase I (Ʌ, ɉ) ɢ BCL-x (Ɇ, 
Ɋ) ɩɪɢ ɜɵɫɨɤɨɦ ɢ ɧɢɡɤɨɦ ɭɪɨɜɧɹɯ ɷɤɫɩɪɟɫɫɢɢ EndoG (ɂ, ɇ) ɜ CD4+ Ɍ-

ɤɥɟɬɤɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ. ɍɪɨɜɧɢ ɦɊɇɄ ɢɡɦɟɪɟɧɵ ɦɟɬɨɞɨɦ 
ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S ɪɊɇɄ. * p ≤ 0,05 ɞɥɹ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ. 
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4.10.2. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ Casp-2, DNase I ɢ BCL-x ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG 
ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ in vitro 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɨɥɢ EndoG ɜ ɩɪɨɰɟɫɫɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase 

I ɢ BCL-x ɷɤɫɩɪɟɫɫɢɸ ɟё ɝɟɧɚ ɢɧɞɭɰɢɪɨɜɚɥɢ ɰɢɫɩɥɚɬɢɧɨɦ, ɩɨɜɪɟɠɞɚɸɳɢɦ 

ȾɇɄ, ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 60 ɦɤɆ [351], ɚ ɬɚɤɠɟ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɤɥɟɬɤɢ 

ɩɥɚɡɦɢɞɨɣ pEndoG-GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. ɂɫɫɥɟɞɭɟɦɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɢɫɩɥɚɬɢɧɚ ɩɨɞɨɛɪɚɧɚ ɧɚɦɢ ɪɚɧɟɟ ɜ ɯɨɞɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  

ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɢɡɦɟɧɟɧɢɟɦ ɩɭɥɚ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x; ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɥɢ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ (Casp-2S, Δ4DNase I ɢ BCL-

xS) ɢ ɭɦɟɧɶɲɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɵɯ ɜɚɪɢɚɧɬɨɜ (Casp-2L, nDNase 

I ɢ BCL-xL) ɢ ɜ ɤɥɟɬɤɚɯ ɦɵɲɢ (ɪɢɫ. 39 Ⱥ–ȼ) ɢ ɤɪɵɫɵ (ɪɢɫ. 39 Ƚ–ȿ). 

ȼ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ 

ɤɥɟɬɤɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ ɨɛɧɚɪɭɠɟɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɜ 2,5 – 3 ɪɚɡɚ 

ɚɤɬɢɜɧɨɫɬɢ Casp-2 (ɪɢɫ. 39 ɀ).  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɨɦ ɡɢɦɨɝɪɚɮɢɢ ɜɵɹɜɢɥɨ 

ɭɦɟɧɶɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ 2,5 - 4 ɪɚɡɚ ɜ ɤɥɟɬɤɚɯ ɫɨ 

ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɟɣ EndoG (ɪɢɫ. 39 Ɂ, ɂ). ɇɚɦ ɧɟ ɭɞɚɥɨɫɶ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ 

ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɮɨɪɦ BCL-x ɧɚ ɟɝɨ ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ 

ɤɥɟɬɤɚɯ, ɩɨɫɤɨɥɶɤɭ ɬɟɫɬ-ɫɢɫɬɟɦɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɛɟɥɤɚ 

ɨɬɫɭɬɫɬɜɭɟɬ.  
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Ɋɢɫɭɧɨɤ 39. ɂɧɝɢɛɢɪɨɜɚɧɬɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase I ɢ BCL-x. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ Casp-2, DNase I ɢ BCL-x ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, ɦɵɲɢ (Ⱥ–ȼ) ɢ 
ɤɪɵɫɵ (Ƚ–ȿ), ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɝɟɧɨɦ EndoG ɢɥɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 
ɰɢɫɩɥɚɬɢɧɨɦ. Ʉɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɢɡɦɟɪɟɧɵ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ ɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 
18S ɪɊɇɄ. Ⱦɢɚɝɪɚɦɦɚ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
Casp-2 (ɀ). Ɂɢɦɨɝɪɚɦɦɚ ɤɥɟɬɨɤ ɦɵɲɢ ɢ ɤɪɵɫɵ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɝɟɧɨɦ 
EndoG ɢɥɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ (Ɂ) ɢ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ ɡɢɦɨɝɪɚɮɢɢ (ɂ). * p ≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ; # p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ pGFP. 
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4.10.3. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, DNase I ɢ BCL-x ɢ ɫɧɢɠɟɧɢɟ 
ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɟɥɤɨɜ ɜ ɥɢɦɮɨɰɢɬɚɯ 
ɦɵɲɟɣ ɢ ɤɪɵɫ in vivo 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɧɨɫɬɢ EndoG ɜɵɡɵɜɚɬɶ Ⱥɋ Casp-2, DNase I ɢ 

BCL-x in vivo ɦɵɲɚɦ ɥɢɧɢɢ C57BL/6 ɢ ɤɪɵɫɚɦ ɥɢɧɢɢ Wistar ɜɧɭɬɪɢɜɟɧɧɨ 

ɜɜɨɞɢɥɢ ɰɢɫɩɥɚɬɢɧ. ɑɟɪɟɡ 72 ɱ ɢɡ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ ɜɵɞɟɥɹɥɢ CD4+ T-

ɥɢɦɮɨɰɢɬɵ ɢ ɢɫɫɥɟɞɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ. Ɇɟɬɨɞɨɦ TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ 

ɰɢɬɨɦɟɬɪɢɢ ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ CD4+ T-ɤɥɟɬɨɤ ɫ ɩɨɜɪɟɠɞɟɧɧɨɣ 

ȾɇɄ ɜ ɤɪɨɜɢ ɦɵɲɟɣ ɢ ɤɪɵɫ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɰɢɫɩɥɚɬɢɧɚ (ɪɢɫ. 40 Ⱥ–ȼ). 

ȼɨɡɪɚɫɬɚɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɫ ɩɨɜɪɟɠɞɟɧɧɨɣ ȾɇɄ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ 

ɭɫɢɥɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɜ ɧɢɯ EndoG ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɛɟɥɤɚ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

(ɪɢɫ. 40 Ƚ) ɢ ɩɨɞɬɜɟɪɠɞɟɧɨ ȼɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ (ɪɢɫ. 40 Ⱦ–ɀ).  

Ⱥɧɚɥɢɡ ɭɪɨɜɧɟɣ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢɡɭɱɚɟɦɵɯ ɛɟɥɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɢɧɞɭɤɰɢɹ EndoG ɰɢɫɩɥɚɬɢɧɨɦ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɞɨɫɬɨɜɟɪɧɵɦ ɫɧɢɠɟɧɢɟɦ 

ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɵɯ ɮɨɪɦ ɜɚɪɢɚɧɬɨɜ Casp-2L (ɪɢɫ. 40 Ɂ), nDNase I 

(ɪɢɫ. 40 ɂ) ɢ BCL-xL (ɪɢɫ. 40 Ʉ) ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɭɤɨɪɨɱɟɧɧɵɯ ɮɨɪɦ (Casp-2S, Δ4DNase I ɢ BCL-xS) ɜ CD4+ T-ɥɢɦɮɨɰɢɬɚɯ 

ɦɵɲɟɣ ɢ ɤɪɵɫ. ɂɡɦɟɧɟɧɢɟ ɩɭɥɚ ɢɡɭɱɚɟɦɵɯ ɮɨɪɦ ɛɟɥɤɨɜ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ 

ɫɧɢɠɟɧɢɟɦ ɢɯ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɥɨ 

ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Casp-2 (ɪɢɫ. 40 Ʌ) ɢ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

DNase I (ɪɢɫ. 40 Ɇ, ɇ) ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ 

ɰɢɫɩɥɚɬɢɧɚ.  
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Ɋɢɫɭɧɨɤ 40. ɂɧɞɭɤɰɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɛɟɥɤɨɜ ɱɟɪɟɡ 72 ɱ ɩɨɫɥɟ ɜɧɭɬɪɢɜɟɧɧɨɣ ɢɧɴɟɤɰɢɢ 
ɰɢɫɩɥɚɬɢɧɚ ɜ ɞɨɡɟ 60 ɦɝ/ɤɝ. Ʉɨɥɢɱɟɫɬɜɨ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ (Ⱥ) ɢ ɤɪɵɫɵ (Ȼ) ɫ 
ɩɨɜɪɟɠɞёɧɧɨɣ ȾɇɄ, ɢɡɦɟɪɟɧɧɨɟ ɦɟɬɨɞɨɦ TUNEL ɞɥɹ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ, ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ ɢɧɴɟɤɰɢɢ 
ɰɢɫɩɥɚɬɢɧɚ (ȼ). ɍɪɨɜɧɢ ɦɊɇɄ EndoG, ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ, ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɞɨ ɢ ɩɨɫɥɟ ɢɧɴɟɤɰɢɢ ɰɢɫɩɥɚɬɢɧɚ (Ƚ); 
ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɤɥɟɬɤɚɯ ɦɵɲɟɣ (Ⱦ) ɢ 
ɤɪɵɫ (ȿ), ɚ ɬɚɤɠɟ ɞɢɚɝɪɚɦɦɚ ɤɨɥɢɱɟɫɬɜ EndoG ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɥɢɱɟɫɬɜɭ 
GAPDH. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ Casp-2 (Ɂ), DNase I (ɂ) ɢ BCL-x 

(Ʉ) ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ. Ⱦɢɚɝɪɚɦɦɚ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ 
ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Casp-2 (Ʌ). ȾɇɄ-SDS-ɉȺȺȽ-ɡɢɦɨɝɪɚɦɦɚ ɤɥɟɬɨɤ 
ɦɵɲɢ ɢ ɤɪɵɫɵ (Ɇ) ɢ ɞɢɚɝɪɚɦɦɚ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɧɭɤɥɟɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ DNase I ɜ ɤɥɟɬɤɚɯ ɦɵɲɢ ɢ ɤɪɵɫɵ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ ɡɢɦɨɝɪɚɮɢɢ 
(ɇ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɤɨɧɬɪɨɥɶɧɵɯ ɠɢɜɨɬɧɵɯ. 
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4.11. ɂɫɫɥɟɞɨɜɚɧɢɟ EndoG-ɡɚɜɢɫɢɦɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-

ɦɊɇɄ ɧɚ ɩɪɢɦɟɪɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ hTERT, ȾɇɄɚɡɵ 1, ɤɚɫɩɚɡɵ-2 ɢ 
BCL-x  

4.11.1 ɂɡɭɱɟɧɢɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ 
ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ 
ɬɟɥɨɦɟɪɚɡɵ hTERT ɢ ȾɇɄɚɡɵ 1 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɧɨɪɦɟ EndoG ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɢ 

ɢɧɬɟɪɧɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɨ ɬɨɥɶɤɨ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [376], 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɨɰɟɫɫ Ⱥɋ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɨɬɟɤɚɟɬ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ 

[377]. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɨ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG, hTERT ɢ DNase I ɜ ɤɥɟɬɤɟ, ɚ 

ɬɚɤɠɟ ɥɨɤɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ DNase I ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ 

ɢɧɬɟɪɟɫɧɵɦ. ɍɱɢɬɵɜɚɹ ɷɬɨ, ɦɵ ɢɡɭɱɢɥɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɭɸ ɥɨɤɚɥɢɡɚɰɢɸ, 

ɷɤɫɩɪɟɫɫɢɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ DNase I ɜ 

ɤɥɟɬɨɱɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ ɜ ɧɨɪɦɟ ɢ ɩɪɢ ɚɩɨɩɬɨɡɟ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɢɥɢ 

CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ. 

4.11.1.1. ɂɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɤɥɟɬɤɚɯ ɜ 
ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɩɪɢ ɩɨɞɚɜɥɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG 

C ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɜɹɡɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT 

ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜ ɢɯ ɦɊɇɄ ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɤɥɟɬɤɚɯ ɪɚɤɚ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ CaCo-2, ɚ ɬɚɤɠɟ ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɫ ɩɨɞɚɜɥɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 

ɚɩɨɩɬɨɡɚ ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɊɇɄ-ɢɧɬɟɪɮɟɪɟɧɰɢɢ. Ⱥɧɚɥɢɡ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ 

ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ɩɪɨɩɢɞɢɣ-ɣɨɞɢɞɨɦ ɢ 

ɚɧɧɟɤɫɢɧɨɦ V-FITC ɩɨɤɚɡɚɥ, ɱɬɨ ɱɟɪɟɡ 24 ɱ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɢɥɢ 

ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɛɨɥɟɟ 

81% ɤɥɟɬɨɤ ɧɚɯɨɞɢɥɢɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɪɢɫ. 41 Ⱥ, Ȼ). Ⱦɨɫɬɨɜɟɪɧɨɣ 

ɪɚɡɧɢɰɵ ɜ ɤɨɥɢɱɟɫɬɜɟ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɉɨɷɬɨɦɭ ɞɚɧɧɭɸ 
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ɩɨɩɭɥɹɰɢɸ ɤɥɟɬɨɤ ɫɱɢɬɚɥɢ ɝɨɦɨɝɟɧɧɨɣ, ɫɨɫɬɨɹɳɟɣ ɩɨɥɧɨɫɬɶɸ ɢɡ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA ɢɥɢ 

ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA, ɭɪɨɜɟɧɶ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɧɟ ɩɪɟɜɵɲɚɥ ɭɪɨɜɟɧɶ ɭ 

ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ. ɂɡ ɤɥɟɬɨɤ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɬɨɬɚɥɶɧɚɹ ɊɇɄ ɢ ɩɪɨɜɟɞɟɧɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼ 

ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 41 ȼ), ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 41 Ƚ), ɚ ɬɚɤɠɟ 

ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 

41 Ⱦ). Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ siRNA ɜɵɡɵɜɚɥɚ ɩɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɤɚɤ 

ɜ ɧɨɪɦɚɥɶɧɵɯ, ɬɚɤ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ. ɍɝɧɟɬɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT 

ɩɪɢ, ɩɪɚɤɬɢɱɟɫɤɢ, ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT. 

Ⱥɩɨɩɬɨɡ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ ɰɢɫɩɥɚɬɢɧɨɦ, ɚ ɬɚɤɠɟ ɩɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɧɟ ɩɪɢɜɨɞɢɥɢ ɤ ɢɡɦɟɧɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ α–ȕ+ (ɪɢɫ. 41 ȿ) ɢ α–ȕ– 

(ɪɢɫ. 41 ɀ) ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT.  

Ɋɟɡɭɥɶɬɚɬ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ 

ɛɟɥɤɚɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ EndoG, ɫɧɢɠɟɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ α+ȕ+ ɮɨɪɦɵ ɢ 

ɭɜɟɥɢɱɟɧɢɟ α+ȕ– ɮɨɪɦɵ hTERT (ɪɢɫ. 41 Ɂ, ɂ). ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ α+ȕ+ ɮɨɪɦɵ ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɫɢɧɬɟɡɚ 

α+ȕ- ɮɨɪɦɵ hTERT, ɤɚɤ ɜ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ, ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ ɚɩɨɩɬɨɡɚ. ɇɟ 

ɨɛɧɚɪɭɠɟɧɨ ɢɡɦɟɧɟɧɢɹ ɩɭɥɚ ɛɟɥɤɨɜ α–ȕ+ ɢ α–ȕ– ɮɨɪɦ hTERT, ɩɨɫɤɨɥɶɤɭ ɢɯ 

ɤɨɥɢɱɟɫɬɜɨ ɜ ɤɥɟɬɤɟ ɨɱɟɧɶ ɦɚɥɨ ɢ ɧɟ ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ.  
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Ɋɢɫɭɧɨɤ 41. ɂɡɦɟɧɟɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ 
ɩɪɢ ɢɧɞɭɰɢɪɨɜɚɧɧɨɦ ɰɢɫɩɥɚɬɢɧɨɦ ɚɩɨɩɬɨɡɟ ɤɥɟɬɨɤ ɢ ɩɨɞɚɜɥɟɧɢɢ 
ɷɤɫɩɪɟɫɫɢɢ EndoG siRNA. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɤɥɟɬɨɤ ɋɚɋɨ-

2, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA ɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɢ ɦɟɱɟɧɵɯ 
ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ ɠɢɜɵɯ ɤɥɟɬɨɤ 
(ɧɢɠɧɢɟ ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ 
ɤɜɚɞɪɚɧɬɵ) ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɜɟɪɯɧɢɟ ɤɜɚɞɪɚɧɬɵ) (Ⱥ). ɝɢɫɬɨɝɪɚɦɦɵ ɠɢɜɵɯ 
ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɦɟɪɬɜɵɯ ɤɥɟɬɨɤ ɋɚɋɨ-2 

ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɢɥɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA. # p ≤ 0,05 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ (Ȼ). ɍɪɨɜɧɢ ɦɊɇɄ EndoG (ȼ), 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ƚ-ɀ), ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ. ɍɪɨɜɧɢ ɦɊɇɄ ɝɟɧɨɜ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɊɇɄ ɝɟɧɚ 
18S. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ 
GAPDH ɜ ɤɥɟɬɤɚɯ ɋɚɋɨ-2, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɢɥɢ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA (Ɂ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-

ɮɨɪɦ hTERT ɢ EndoG ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (ɂ). Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ 
TRAP ɤɥɟɬɨɤ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ TRAP (Ʉ). * p ≤ 0,05. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ 

ɞɨɫɬɨɜɟɪɧɨ ɧɢɠɟ (ɪɢɫ. 41 Ʉ, Ʌ). ɗɬɢ ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɦɟɬɨɞɨɦ 

ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT, 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ.  

ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɬɫɭɬɫɬɜɢɟ α+ȕ– ɮɨɪɦɵ 

hTERT, ɧɟ ɜɵɡɵɜɚɥɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɤɥɟɬɤɚɯ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA ɧɟ ɩɪɢɜɨɞɢɥɚ ɤ 

ɩɨɞɚɜɥɟɧɢɸ ɹ ɷɤɫɩɪɟɫɫɢɢ EndoG, ɢ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɭɥɚ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɤɚɤ ɜ ɧɨɪɦɟ, ɬɚɤ ɢ ɩɪɢ 

ɚɩɨɩɬɨɡɟ. 



181 

4.11.2. ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥɚɯ 
ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɩɪɢ ɚɩɨɩɬɨɡɟ ɢ ɜ 
ɭɫɥɨɜɢɹɯ ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɟɥɨɦɟɪɚɡɚ ɩɪɨɹɜɥɹɟɬ ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɹɞɪɟ, 

ɫɢɧɬɟɡɢɪɭɹ ɬɟɥɨɦɟɪɧɵɟ ɩɨɜɬɨɪɵ [378], ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɩɨɩɬɨɬɢɱɟɫɤɚɹ 

ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG ɜ ɧɨɪɦɟ ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɟɠɦɟɦɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɦɢɬɨɯɨɧɞɪɢɣ ɢ ɢɧɬɟɪɧɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɨ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ [376]. ɉɪɨɰɟɫɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɛɟɥɤɨɜ ɬɚɤɠɟ ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɚɯ 

[377]. Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɢɥɢ ɭɪɨɜɧɢ ɦɊɇɄ EndoG 

ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ 

ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ, ɚ ɬɚɤɠɟ ɜ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥɚɯ ɜ ɭɫɥɨɜɢɹɯ ɩɨɞɚɜɥɟɧɢɹ 

ɷɤɫɩɪɟɫɫɢɢ EndoG. ɇɟ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɝɨ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ 

ɤɨɥɢɱɟɫɬɜɚɦɢ ɦɊɇɄ EndoG ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ (ɪɢɫ. 42 

Ⱥ). Ⱦɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɦɊɇɄ ɧɚɛɥɸɞɚɥɨɫɶ ɤɚɤ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɬɚɤ ɢ ɹɞɪɚɯ 

ɤɥɟɬɨɤ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɦɟɬɨɞɨɦ ɊɇɄ-ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɜɵɡɵɜɚɥɨ ɨɠɢɞɚɟɦɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɦɊɇɄ EndoG ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɞɨ 

ɭɪɨɜɧɹ ɩɪɟɞɟɥɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ.  

ɇɟ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɣ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ 

ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ (ɪɢɫ. 42 Ȼ). Ⱦɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɞɚɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɤɚɤ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɬɚɤ ɢ ɜ ɹɞɪɚɯ ɭɫɬɚɧɨɜɥɟɧɨ ɩɪɢ 

ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜɵɡɵɜɚɥɨ 

ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɟё ɜɨɡɪɚɫɬɚɧɢɟ ɜ 

ɞɚɧɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɛɵɥɨ ɧɟ ɞɨɫɬɨɜɟɪɧɨ (ɪɢɫ. 42 Ȼ).  

ɇɟɨɠɢɞɚɧɧɨ, ɧɟ ɭɞɚɥɨɫɶ ɨɛɧɚɪɭɠɢɬɶ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

hTERT ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɰɢɬɨɩɥɚɡɦɟ ɭɪɨɜɟɧɶ ɦɊɇɄ 
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ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɛɵɥ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤ (ɪɢɫ. 42 ȼ). ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ α+ȕ– 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɩɨɹɜɥɟɧɢɸ ɟɝɨ ɦɊɇɄ ɜ ɹɞɪɚɯ. 

ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜɵɡɵɜɚɥɨ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɜ ɰɢɬɨɩɥɚɡɦɟ ɧɨɪɦɚɥɶɧɵɯ ɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. Ʉɨɥɢɱɟɫɬɜɨ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɜ ɹɞɪɚɯ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɫ ɩɨɞɚɜɥɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɛɵɥɨ ɧɢɠɟ ɩɪɟɞɟɥɨɜ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ (ɪɢɫ. 42 ȼ).  

Ɉɛɪɚɬɧɵɣ ɷɮɮɟɤɬ ɞɟɣɫɬɜɢɹ ɰɢɫɩɥɚɬɢɧɚ ɧɚ ɤɨɥɢɱɟɫɬɜɨ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɧɚɛɥɸɞɚɥɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ. ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɧɟ 

ɩɪɢɜɨɞɢɥɚ ɤ ɢɡɦɟɧɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ α–ȕ+ (ɪɢɫ. 42 Ƚ) ɢ α–ȕ– (ɪɢɫ. 42 Ⱦ) 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜɨ ɜɫɟɯ ɢɡɭɱɚɟɦɵɯ ɨɪɝɚɧɟɥɥɚɯ, ɤɚɤ ɜ ɧɨɪɦɚɥɶɧɵɯ 

ɤɥɟɬɤɚɯ, ɬɚɤ ɢ ɜ ɤɥɟɬɤɚɯ ɜ ɭɫɥɨɜɢɹɯ ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG. 

Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA ɧɟ ɜɵɡɵɜɚɥɚ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ 

ɦɊɇɄ EndoG, ɢ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɭɥɚ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. 

Ɇɵ ɩɨɩɵɬɚɥɢɫɶ ɜɵɹɫɧɢɬɶ ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɹɞɪɚɯ ɢ 

ɦɢɬɨɯɨɧɞɪɢɹɯ. Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɰɢɬɨɩɥɚɡɦɟ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ hTERT 

ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɚɟɬɫɹ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɜɚɪɢɚɧɬɚ α+ȕ–hTERT ɜɨɡɪɚɫɬɚɟɬ (ɪɢɫ. 42 

ȿ, ɂ). ɗɬɢ ɞɚɧɧɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ EndoG ɜ ɞɚɧɧɵɯ 

ɤɥɟɬɤɚɯ ɢ ɫɨɨɬɧɨɫɹɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ, 

ɢɡɦɟɪɟɧɧɨɝɨ ɦɟɬɨɞ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɦ 

TRAP ɩɨɤɚɡɚɥɨ, ɱɬɨ ɬɟɥɨɦɟɪɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɰɢɬɨɩɥɚɡɦɟ ɧɨɪɦɚɥɶɧɵɯ 

ɤɥɟɬɤɚɯ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 30% ɨɬ ɨɛɳɟɣ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɤɢ (ɪɢɫ. 

42 Ɇ, ɇ). ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɨɢɫɯɨɞɢɥɨ ɞɨɫɬɨɜɟɪɧɨɟ 

ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ ɞɨ ɭɪɨɜɧɹ 20% ɨɬ ɢɫɯɨɞɧɨɝɨ.  
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ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɜ ɹɞɪɚɯ ɤɨɥɢɱɟɫɬɜɚ EndoG ɢ ɫɧɢɠɟɧɢɸ ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ 

α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 42 ɀ, Ʉ). ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɫɭɬɫɬɜɢɟ 

ɥɨɤɚɥɢɡɚɰɢɢ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ, 

ɦɵ ɨɛɧɚɪɭɠɢɥɢ ɩɪɢɫɭɬɫɬɜɢɟ ɟɝɨ ɛɟɥɤɚ ɜ ɹɞɪɚɯ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝɚ. 

ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ ɫɧɢɠɟɧɢɸ 

ɤɨɥɢɱɟɫɬɜɚ α+ȕ+ ɢ ɭɜɟɥɢɱɟɧɢɸ α+ȕ– ɛɟɥɤɨɜ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT. 

Ⱥɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 75% ɨɬ 

ɨɛɳɟɣ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɤɢ. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ 

ɩɪɨɢɫɯɨɞɢɥɨ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ ɞɨ 

ɭɪɨɜɧɹ 15%. 

Ɋɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɨɜ ɚɩɨɩɬɨɡɚ ɩɪɢɜɨɞɢɥɨ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ ɫɧɢɠɟɧɢɸ 

ɤɨɥɢɱɟɫɬɜɚ EndoG, ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɢ 

ɭɦɟɧɶɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 42 Ɂ, Ʌ). 

Ⱥɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɛɵɥɚ ɧɚ ɭɪɨɜɧɟ 

 

Ɋɢɫɭɧɨɤ 42. ȼɧɭɬɪɢɤɥɟɬɨɱɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
hTERT ɩɪɢ ɚɩɨɩɬɨɡɟ ɢ ɩɨɞɚɜɥɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG siRNA. ɍɪɨɜɧɢ ɦɊɇɄ 
EndoG (Ⱥ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ȼ-Ⱦ), ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ 
ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɹɦ 
ɦɊɇɄ ɪɟɮɟɪɟɧɫɧɵɯ ɝɟɧɨɜ. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT, EndoG ɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɨɤ ɋɚɋɨ-2, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ 
ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɢ ɩɨɞɚɜɥɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ EndoG siRNA (ȿ). ȼɟɫɬɟɪɧ 
ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ Ʌɚɦɢɧ B1 ɜ 
ɹɞɪɚɯ ɤɥɟɬɨɤ (ɀ). ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT, EndoG ɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ COX IV ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɤɥɟɬɨɤ (Ɂ). Ɋɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-ɮɨɪɦ hTERT ɢ EndoG ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɪɟɮɟɪɟɧɫɧɵɦ ɛɟɥɤɚɦ ɜ ɰɢɬɨɩɥɚɡɦɟ (ɂ), ɹɞɪɚɯ (Ʉ) ɢ ɦɢɬɨɯɨɧɞɪɢɹɯ ɤɥɟɬɨɤ 
(Ʌ). Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ ɨɪɝɚɧɟɥɥɚɯ ɤɥɟɬɨɤ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 
ɰɢɫɩɥɚɬɢɧɨɦ ɢɥɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA (Ɇ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɨɪɝɚɧɟɥɥɚɯ ɤɥɟɬɨɤ, ɢɡɦɟɪɟɧɧɨɣ ɦɟɬɨɞɨɦ TRAP 

(ɇ). * p ≤ 0,05. 
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ɨɤɨɥɨ 10% ɨɬ ɨɛɳɟɣ ɬɟɥɨɦɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɤɢ. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ ɞɨɫɬɨɜɟɪɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ 

ɧɟ ɨɛɧɚɪɭɠɟɧɨ.  

ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɟɬɨɞɨɦ ɊɇɄ-ɢɧɬɟɪɮɟɪɟɧɰɢɢ, ɤɚɤ ɢ 

ɨɠɢɞɚɥɨɫɶ, ɩɪɢɜɨɞɢɥɨ ɤ ɢɫɱɟɡɧɨɜɟɧɢɸ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɹɞɪɚɯ ɢ 

ɦɢɬɨɯɨɧɞɪɢɹɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ (ɪɢɫ. 42 ȿ-Ʌ). Ɉɬɫɭɬɫɬɜɢɟ 

EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ α+ȕ+ hTERT 

ɢ, ɩɪɚɤɬɢɱɟɫɤɢ, ɩɨɥɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɜɨ ɜɫɟɯ 

ɢɡɭɱɚɟɦɵɯ ɤɥɟɬɨɱɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ. ȼ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɢ ɧɨɪɦɚɥɶɧɵɯ 

ɤɥɟɬɤɚɯ ɫ ɩɨɞɚɜɥɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɧɚɛɥɸɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ, ɱɬɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 

ɦɊɇɄ α+ȕ+ hTERT (ɪɢɫ. 42 Ɇ, ɇ). Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA 

ɧɟ ɜɵɡɵɜɚɥɚ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɦɊɇɄ EndoG, ɢ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ ɧɚ 

ɢɡɦɟɧɟɧɢɟ ɩɭɥɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɰɢɬɨɩɥɚɡɦɟ, ɹɞɪɚɯ ɢ 

ɦɢɬɨɯɨɧɞɪɢɹɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. 

4.11.3. Ʉɨ-ɥɨɤɚɥɢɡɚɰɢɹ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɫ hTERT ɜ ɧɨɪɦɟ ɢ ɩɪɢ 
ɚɩɨɩɬɨɡɟ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɭɸ ɥɨɤɚɥɢɡɚɰɢɸ ɹ EndoG ɢ hTERT ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 

ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 

ɤɨɥɢɱɟɫɬɜɚ ɭɪɨɜɧɹ EndoG, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ hTERT ɨɫɬɚɜɚɥɨɫɶ 

ɧɟɢɡɦɟɧɧɵɦ (ɪɢɫ. 43 Ⱥ, Ȼ).  

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɫɬɟɩɟɧɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɢ 

hTERT ɛɵɥ ɩɪɨɜɟɞɟɧ ɟɟ ɚɧɚɥɢɡ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɨɜ: ɉɢɪɫɨɧɚ ɢ Ɇɚɧɞɟɪɫɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɭɤɚɡɵɜɚɸɬ ɧɚ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɢ 

hTERT ɜ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɩɨ ɤɪɢɬɟɪɢɸ Ɇɚɧɞɟɪɫɚ (ɪɢɫ. 43 ȼ). ɋɬɟɩɟɧɶ ɤɨ-

ɥɨɤɚɥɢɡɚɰɢɢ ɞɨɫɬɨɜɟɪɧɨ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɩɪɢ 

ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. ɉɢɤɫɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨ ɤɪɢɬɟɪɢɸ ɉɢɪɫɨɧɚ ɬɚɤɠɟ 
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ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɢ hTERT ɜ 

ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ (ɬɚɛɥ. 27).   

 

Ɋɢɫɭɧɨɤ 43. ɍɜɟɥɢɱɟɧɢɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɢ hTERT 

ɩɪɢ ɚɩɨɩɬɨɡɟ. Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɤɥɟɬɨɤ, ɦɟɱɟɧɧɵɯ ɚɧɬɢɬɟɥɚɦɢ ɤ 
EndoG, hTERT ɢ DAPI (Ⱥ). Ɋɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ EndoG ɢ 
hTERT ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (Ȼ). * p ≤ 0,05. (ȼ) ɂɧɞɟɤɫ Ɇɚɧɞɟɪɫɚ 
ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɫ hTERT ɢ hTERT ɫ EndoG. * p ≤ 0,05. 
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Ɍɚɛɥɢɰɚ 27. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɢ 

hTERT. 

Ƚɪɭɩɩɚ ɤɥɟɬɨɤ Ʉɨɧɬɪɨɥɶ ɐɢɫɩɥɚɬɢɧ 
Ʉɨɧɬɪɨɥɶɧɵɟ 

siRNA 
siRNA 

Ʉɨɧɬɪɨɥɶɧɵɟ siRNA 
+ ɐɢɫɩɥɚɬɢɧ 

siRNA + 

ɐɢɫɩɥɚɬɢɧ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɉɢɪɫɨɧɚ 

0,77 0,86 0,72 0,06 0,83 0,08 

 

4.11.4. ɂɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɩɪɢ ɩɨɞɚɜɥɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG 

C ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɜɹɡɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I 

ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜ ɢɯ ɦɊɇɄ ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ CD4+ T-

ɥɢɦɮɨɰɢɬɚɯ, ɚ ɬɚɤɠɟ ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɫɨ ɫɧɢɠɟɧɧɨɣ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɚɩɨɩɬɨɡɚ ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɊɇɄ-

ɢɧɬɟɪɮɟɪɟɧɰɢɢ. Ⱥɧɚɥɢɡ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ, ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ 

ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ɩɪɨɩɢɞɢɣ-ɣɨɞɢɞɨɦ ɢ ɚɧɧɟɤɫɢɧɨɦ V-FITC 

ɩɨɤɚɡɚɥ, ɱɬɨ ɱɟɪɟɡ 24 ɱ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɢɥɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 

ɤɥɟɬɨɤ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɢɧɤɭɛɚɰɢɢ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɛɨɥɟɟ 85% ɤɥɟɬɨɤ 

ɧɚɯɨɞɢɥɢɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɪɢɫ. 44 Ⱥ, Ȼ). Ⱦɨɫɬɨɜɟɪɧɨɝɨ ɪɚɡɥɢɱɢɹ ɜ 

ɤɨɥɢɱɟɫɬɜɟ ɦɟɪɬɜɵɯ ɤɥɟɬɨɤ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɍɱɢɬɵɜɚɹ ɷɬɨ, ɞɚɧɧɭɸ ɩɨɩɭɥɹɰɢɸ 

ɤɥɟɬɨɤ ɫɱɢɬɚɥɢ ɝɨɦɨɝɟɧɧɨɣ, ɩɨɥɧɨɫɬɶɸ ɫɨɫɬɨɹɳɟɣ ɢɡ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. 

ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA, 

ɭɪɨɜɟɧɶ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɧɟ ɩɪɟɜɵɲɚɥ ɬɚɤɨɜɨɣ ɭ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ. 

ɂɡ ɤɥɟɬɨɤ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɬɨɬɚɥɶɧɚɹ ɊɇɄ ɢ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼ ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ, ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 44 

ȼ), ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

nDNase I (ɪɢɫ. 44 Ƚ), ɚ ɬɚɤɠɟ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I (ɪɢɫ. 44 Ⱦ).  
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Ɋɢɫɭɧɨɤ 44. ɂɡɦɟɧɟɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɢ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
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Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ siRNA ɜɵɡɵɜɚɥɚ ɭɝɧɟɬɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɤɚɤ ɜ 

ɧɨɪɦɚɥɶɧɵɯ, ɬɚɤ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ nDNase I ɩɪɢ, ɩɪɚɤɬɢɱɟɫɤɢ, 

ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I. Ɋɟɡɭɥɶɬɚɬ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɢɬɟɥ ɤ ɢɡɭɱɚɟɦɵɦ ɛɟɥɤɚɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɥɢɦɮɨɰɢɬɚɯ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ EndoG, 

ɫɧɢɠɟɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ nDNase I ɢ ɭɜɟɥɢɱɟɧɢɟ ɮɨɪɦɵ ∆4DNase I 

(ɪɢɫ. 44 ȿ, ɀ). ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ 

ɤɨɥɢɱɟɫɬɜɚ ɮɨɪɦɵ nDNase I ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɫɢɧɬɟɡɚ ɮɨɪɦɵ ∆4DNase I, ɤɚɤ ɜ 

ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ, ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ ɚɩɨɩɬɨɡɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɭɤɥɟɚɡɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɞɨɫɬɨɜɟɪɧɨ ɧɢɠɟ (ɪɢɫ. 44 Ɂ, ɂ). ɗɬɢ 

ɞɚɧɧɵɟ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ 

ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɥɚɣɫ-ɮɨɪɦ DNase I, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɨɦ. 

ɩɪɢ ɢɧɞɭɰɢɪɨɜɚɧɧɨɦ ɛɥɟɨɦɢɰɢɨɧɨɦ ɚɩɨɩɬɨɡɟ ɤɥɟɬɨɤ ɢ ɩɨɞɚɜɥɟɧɢɢ 
ɷɤɫɩɪɟɫɫɢɢ EndoG siRNA. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɤɥɟɬɨɤ CD4+ 

Ɍ-ɥɢɦɮɨɰɢɬɨɜ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA ɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 
ɛɥɟɨɦɢɰɢɧɨɦ ɢ ɦɟɱɟɧɵɯ ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ (Ⱥ). 
ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ ɠɢɜɵɯ ɤɥɟɬɨɤ (ɧɢɠɧɢɟ ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɤɥɟɬɨɤ ɜ 
ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ ɤɜɚɞɪɚɧɬɵ) ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɜɟɪɯɧɢɟ 
ɤɜɚɞɪɚɧɬɵ). Ƚɢɫɬɨɝɪɚɦɦɵ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ 
ɦёɪɬɜɵɯ ɥɢɦɮɨɰɢɬɨɜ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɢɥɢ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA (Ȼ). # p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ 
ɤɥɟɬɤɚɦ. ɍɪɨɜɧɢ ɦɊɇɄ EndoG (ȼ), ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I, ɢɡɦɟɪɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Ƚ-Ⱦ). ɍɪɨɜɧɢ ɦɊɇɄ ɝɟɧɨɜ 
ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɊɇɄ ɝɟɧɚ 18S. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-

ɮɨɪɦ DNase I, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɥɢɦɮɨɰɢɬɚɯ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɢɥɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ siRNA (ȿ). 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-ɮɨɪɦ DNase I ɢ EndoG ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (ɀ). Ɋɟɡɭɥɶɬɚɬ ɡɢɦɨɝɪɚɮɢɢ ɤɥɟɬɨɱɧɵɯ ɥɢɡɚɬɨɜ 
ɦɟɬɨɞɨɦ DNA-SDS-PAGE (Ɂ). Ɉɰɟɧɤɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɢɦɨɝɪɚɮɢɢ ɫ ɩɨɦɨɳɶɸ 
ɞɟɧɫɢɬɨɦɟɬɪɢɢ (Ⱦ). * p ≤ 0,05. 
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ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɬɫɭɬɫɬɜɢɟ ɮɨɪɦɵ ∆4DNase I 

ɧɟ ɜɵɡɵɜɚɥɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ. 

Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA ɧɟ ɩɪɢɜɨɞɢɥɚ ɤ ɩɨɞɚɜɥɟɧɢɸ 

ɷɤɫɩɪɟɫɫɢɢ EndoG, ɢ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɭɥɚ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I ɢ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɤɚɤ ɜ ɧɨɪɦɟ, ɬɚɤ ɢ ɩɪɢ 

ɚɩɨɩɬɨɡɟ. 

4.11.5. ɋɧɢɠɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɨɪɝɚɧɟɥɥɚɯ ɥɢɦɮɨɰɢɬɨɜ 
ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɭɫɥɨɜɢɹɯ ɚɩɨɩɬɨɡɚ 
ɢɥɢ ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG 

Ⱦɚɥɟɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɥɢɱɟɫɬɜ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ, 

ɥɢɦɮɨɰɢɬɨɜ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ, ɚ ɬɚɤɠɟ ɜ ɨɪɝɚɧɟɥɥɚɯ ɥɢɦɮɨɰɢɬɨɜ ɜ 

ɭɫɥɨɜɢɹɯ ɩɨɞɚɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG. ɇɟ ɨɛɧɚɪɭɠɟɧɨ ɞɨɫɬɨɜɟɪɧɨɝɨ 

ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɚɦɢ ɦɊɇɄ EndoG ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ 

ɥɢɦɮɨɰɢɬɨɜ (ɪɢɫ. 45 Ⱥ). Ⱦɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɦɊɇɄ ɧɚɛɥɸɞɚɥɨɫɶ ɤɚɤ ɜ 

ɰɢɬɨɩɥɚɡɦɟ, ɬɚɤ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ. ɉɨɞɚɜɥɟɧɢɟ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɟɬɨɞɨɦ ɊɇɄ-ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɜɵɡɵɜɚɥɨ ɨɠɢɞɚɟɦɨɟ 

ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ EndoG ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɞɨ ɭɪɨɜɧɹ ɩɪɟɞɟɥɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ.  

ɇɟ ɜɵɹɜɥɟɧɨ ɞɨɫɬɨɜɟɪɧɨɝɨ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ nDNase I ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ 

ɤɥɟɬɨɤ (ɪɢɫ. 45 Ȼ). Ⱦɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɞɚɧɧɨɝɨ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ ɤɚɤ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɬɚɤ ɢ ɜ ɹɞɪɚɯ ɭɫɬɚɧɨɜɥɟɧɨ ɩɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜɵɡɵɜɚɥɨ ɞɨɫɬɨɜɟɪɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ nDNase I ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɟё ɩɨɜɵɲɟɧɢɟ ɜ ɞɚɧɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ 

ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɛɵɥɨ ɧɟɞɨɫɬɨɜɟɪɧɨ (ɪɢɫ. 45 Ȼ).  
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Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT, 

ɧɟ ɭɞɚɥɨɫɶ ɨɛɧɚɪɭɠɢɬɶ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ 

ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɰɢɬɨɩɥɚɡɦɟ ɭɪɨɜɟɧɶ ɦɊɇɄ 

ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɛɵɥ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤ (ɪɢɫ. 45 ȼ).  

ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ 

ɩɨɹɜɥɟɧɢɸ ɟɝɨ ɦɊɇɄ ɜ ɹɞɪɚɯ. ɉɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜɵɡɵɜɚɥɨ 

ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. Ʉɨɥɢɱɟɫɬɜɨ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ ɹɞɪɚɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɫɨ ɫɧɢɠɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ 

EndoG ɛɵɥɨ ɧɢɠɟ ɩɪɟɞɟɥɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ (ɪɢɫ. 45 ȼ).  

Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA ɧɟ ɜɵɡɵɜɚɥɚ ɭɦɟɧɶɲɟɧɢɹ 

ɭɪɨɜɧɹ ɦɊɇɄ EndoG, ɢ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɭɥɚ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. 

Ɇɵ ɩɨɩɵɬɚɥɢɫɶ ɜɵɹɫɧɢɬɶ ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

DNase I ɧɚ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɜɟɫɬɟɪɧ-

ɛɥɨɬɬɢɧɝɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɰɢɬɨɩɥɚɡɦɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ nDNase I ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɚɟɬɫɹ, ɚ ɤɨɥɢɱɟɫɬɜɨ 

ɭɤɨɪɨɱɟɧɧɨɝɨ ∆4DNase I ɜɚɪɢɚɧɬɚ ɜɨɡɪɚɫɬɚɟɬ (ɪɢɫ. 45 Ƚ, ɀ). ɗɬɢ ɞɚɧɧɵɟ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ EndoG ɜ ɞɚɧɧɵɯ ɤɥɟɬɤɚɯ ɢ ɫɨɨɬɧɨɫɹɬɫɹ 

ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ, ɢɡɦɟɪɟɧɧɨɝɨ ɦɟɬɨɞ ɈɌ-ɉɐɊ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɦ ɡɢɦɨɝɪɚɮɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ 

ɧɭɤɥɟɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɰɢɬɨɩɥɚɡɦɟ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 36% 

ɨɬ ɨɛɳɟɣ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɤɢ (ɪɢɫ. 45 Ʉ, Ɇ). ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ 

ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɩɪɨɢɫɯɨɞɢɥɨ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɞɨ ɭɪɨɜɧɹ 22%.  
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Ɋɢɫɭɧɨɤ 45. ȼɧɭɬɪɢɤɥɟɬɨɱɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
DNase I ɩɪɢ ɚɩɨɩɬɨɡɟ ɢ ɩɨɞɚɜɥɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG siRNA. ɍɪɨɜɧɢ 
ɦɊɇɄ EndoG (Ⱥ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I (Ȼ–ȼ), ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ 
ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɬɚɤɨɜɵɦ ɦɊɇɄ ɪɟɮɟɪɟɧɫɧɵɯ ɝɟɧɨɜ. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɮɨɪɦ DNase 

I, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ ɰɢɬɨɩɥɚɡɦɟ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɢ ɩɨɞɚɜɥɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ EndoG siRNA 
(Ƚ). ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɮɨɪɦ DNase I, EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɛɟɥɤɚ 
Ʌɚɦɢɧ B1 ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ (Ⱦ). ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ EndoG ɢ ɪɟɮɟɪɟɧɫɧɨɝɨ 
ɛɟɥɤɚ COX IV ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɤɥɟɬɨɤ (ȿ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-ɮɨɪɦ DNase I ɢ EndoG ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɟɮɟɪɟɧɫɧɵɦ 
ɛɟɥɤɚɦ ɜ ɰɢɬɨɩɥɚɡɦɟ (ɀ), ɹɞɪɚɯ (Ɂ) ɢ ɦɢɬɨɯɨɧɞɪɢɹɯ (ɇ) ɤɥɟɬɨɤ. Ɋɟɡɭɥɶɬɚɬ 
ɡɢɦɨɝɪɚɮɢɢ ɜ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥɚɯ ɦɟɬɨɞɨɦ DNA-SDS-PAGE (Ʉ, Ʌ). 
Ɉɰɟɧɤɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɢɦɨɝɪɚɮɢɢ ɫ ɩɨɦɨɳɶɸ ɞɟɧɫɢɬɨɦɟɬɪɢɢ (Ɇ). * p ≤ 0,05. 

 ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɜ ɹɞɪɚɯ ɤɨɥɢɱɟɫɬɜɚ EndoG ɢ ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ nDNase I (ɪɢɫ. 45 Ⱦ, Ɂ). ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɫɭɬɫɬɜɢɟ 

ɥɨɤɚɥɢɡɚɰɢɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ 

ɥɢɦɮɨɰɢɬɨɜ, ɦɵ ɨɛɧɚɪɭɠɢɥɢ ɩɪɢɫɭɬɫɬɜɢɟ ɟɝɨ ɛɟɥɤɚ ɜ ɹɞɪɚɯ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ 

ɛɥɨɬɬɢɧɝɚ. ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɩɪɢɜɨɞɢɥɚ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɛɟɥɤɚ nDNase I ɢ ɭɜɟɥɢɱɟɧɢɸ ∆4DNase I. ɇɭɤɥɟɚɡɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 71% ɨɬ ɨɛɳɟɣ 

ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɤɢ. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ ɛɥɟɨɦɢɰɢɧɨɦ 

ɩɪɨɢɫɯɨɞɢɥɨ ɞɨɫɬɨɜɟɪɧɨɟ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ ɞɨ 

ɭɪɨɜɧɹ 22%. 

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɟɣ ɬɟɥɨɦɟɪɚɡɵ hTERT, ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ ɧɚɛɥɸɞɚɥɢ ɨɛɪɚɬɧɵɣ ɷɮɮɟɤɬ ɞɟɣɫɬɜɢɹ ɛɥɟɨɦɢɰɢɧɚ ɧɚ 

ɤɨɥɢɱɟɫɬɜɨ EndoG. Ɋɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɨɜ ɚɩɨɩɬɨɡɚ ɩɪɢɜɨɞɢɥɨ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ 

ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ EndoG (ɪɢɫ. 45 ȿ, ɂ). ɉɪɢ ɩɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɦɟɬɨɞɨɦ ɊɇɄ-ɢɧɬɟɪɮɟɪɟɧɰɢɢ, ɤɚɤ ɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɞɚɧɧɵɣ ɛɟɥɨɤ ɜ 
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ɰɢɬɨɩɥɚɡɦɟ, ɹɞɪɚɯ ɢ ɦɢɬɨɯɨɧɞɪɢɹɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɧɟ 

ɛɵɥ ɨɛɧɚɪɭɠɟɧ (ɪɢɫ. 45 Ƚ–ɂ). Ɉɬɫɭɬɫɬɜɢɟ EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ 

ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ nDNase I ɢ, ɩɪɚɤɬɢɱɟɫɤɢ, ɩɨɥɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɥɢɦɮɨɰɢɬɨɜ. ȼ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɢ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɫ ɩɨɞɚɜɥɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ EndoG 

ɧɚɛɥɸɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɱɬɨ 

ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ nDNase I (ɪɢɫ. 45 Ʉ – Ɇ).  

Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɤɨɧɬɪɨɥɶɧɵɦɢ siRNA ɧɟ ɜɵɡɵɜɚɥɚ ɭɦɟɧɶɲɟɧɢɹ 

ɭɪɨɜɧɹ ɦɊɇɄ EndoG, ɢ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɭɥɚ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ DNase I ɜ ɰɢɬɨɩɥɚɡɦɟ, ɹɞɪɚɯ ɢ ɦɢɬɨɯɨɧɞɪɢɹɯ ɧɨɪɦɚɥɶɧɵɯ ɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɥɢɦɮɨɰɢɬɨɜ. 

4.11.6. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
recEndoG 

Ⱥɩɨɩɬɨɬɢɱɟɫɤɚɹ ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG ɜ ɧɨɪɦɟ ɧɚɯɨɞɢɬɫɹ ɜ 

ɦɟɠɦɟɦɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɢɬɨɯɨɧɞɪɢɣ, ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɨɧɚ ɢɧɬɟɪɧɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɨ ɝɞɟ ɞɟɝɪɚɞɢɪɭɟɬ ȾɇɄ [379]. EndoG 

ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɝɢɞɪɨɥɢɡɨɜɚɬɶ ɊɇɄ [376].  

Ɋɚɧɟɟ ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– 

hTERT ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ CaCo-2, ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ ∆4DNase I ɢ Casp-2S ɜ ɹɞɪɚɯ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ, ɚ ɦɊɇɄ 

BCL-xS ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ HCC1954. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɬɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ 

ɨɩɪɟɞɟɥɹɥɢɫɶ ɜ ɰɢɬɨɩɥɚɡɦɟ ɭɤɚɡɚɧɧɵɯ ɤɥɟɬɨɤ. Ȼɵɥɚ ɢɡɭɱɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ 

EndoG ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɜ ɹɞɪɚɯ ɢ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɨɤ CaCo-2. 

əɞɟɪɧɭɸ ɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɭɸ ɮɪɚɤɰɢɢ ɤɥɟɬɨɤ CaCo-2 ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 

ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ EndoG (recEndoG). Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ CaCo-2 ɜɚɪɢɚɧɬ α+ȕ– hTERT ɧɟ 

ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ (ɪɢɫ. 46 Ⱥ, Ȼ). ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɭɪɨɜɟɧɶ 

ɦɊɇɄ ɜɚɪɢɚɧɬɚ α+ȕ+ ɛɵɥ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɵɦ. ɂɧɤɭɛɚɰɢɹ ɹɞɟɪ ɢ 
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ɰɢɬɨɩɥɚɡɦɵ ɫ recEndoG ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢɜɨɞɢɥɚ ɤ ɩɨɹɜɥɟɧɢɸ ɦɊɇɄ ɜɚɪɢɚɧɬɚ 

α+ȕ– ɜ ɹɞɪɚɯ ɢ ɭɜɟɥɢɱɟɧɢɸ ɟё ɭɪɨɜɧɹ ɜ ɰɢɬɨɩɥɚɡɦɟ. ɉɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ 

ɦɊɇɄ ɜɚɪɢɚɧɬɚ α+ȕ+ hTERT ɫɧɢɠɚɥɨɫɶ. 

Ɋɢɫɭɧɨɤ 46. ɗɤɫɩɪɟɫɫɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ, 
ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ α+ȕ+ ɢ α+ȕ– 

ɦɊɇɄ hTERT ɜ ɤɥɟɬɤɚɯ CaCo-2 (Ⱥ), nDNase I ɢ ∆4DNase I (ȼ) ɢ Casp-2S ɢ 
Casp-2L (Ⱦ) ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ BCL-xL ɢ BCL-xS (ɀ) ɜ 
ɤɥɟɬɤɚɯ HCC1954. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɊɇɄ ɝɟɧɚ 
18S. ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɨɞɭɤɬɨɜ ɈɌ-ɉɐɊ ɜɚɪɢɚɧɬɨɜ ɫɩɥɚɣɫɢɧɝɚ 
ɦɊɇɄ hTERT (Ȼ), DNase I (Ƚ), Casp-2 (ȿ), BCL-x (Ɂ). * p ≤ 0,05 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɟɨɛɪɚɛɨɬɚɧɧɵɦɢ ɤɥɟɬɤɚɦɢ. Ɇ – ɦɚɪɤёɪ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ.  

əɞɟɪɧɚɹ ɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɚɹ ɮɪɚɤɰɢɢ ɬɚɤɠɟ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɢ ɢɡ CD4+ 

Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ. ɂɧɤɭɛɚɰɢɹ ɹɞɟɪ ɢ ɰɢɬɨɩɥɚɡɦɵ ɫ recEndoG ɜ ɬɟɱɟɧɢɟ 1 

ɱ ɩɪɢɜɨɞɢɥɚ ɤ ɩɨɹɜɥɟɧɢɸ ɦɊɇɄ ɜɚɪɢɚɧɬɨɜ ∆4DNase I ɢ Casp-2S ɜ ɹɞɪɚɯ ɢ 

ɭɜɟɥɢɱɟɧɢɸ ɢɯ ɭɪɨɜɧɹ ɜ ɰɢɬɨɩɥɚɡɦɟ. ɉɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ ɦɊɇɄ nDNase I ɢ 

Casp-2L ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɫɧɢɠɚɥɨɫɶ (ɪɢɫ. 46 ȼ–ȿ).  

ɂɧɤɭɛɚɰɢɹ ɹɞɟɪ ɢ ɰɢɬɨɩɥɚɡɦɵ ɤɥɟɬɨɤ HCC1954 ɩɪɢɜɨɞɢɥɚ ɤ ɩɨɹɜɥɟɧɢɸ 

ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ BCL-xS ɜ ɹɞɪɚɯ ɢ ɭɜɟɥɢɱɟɧɢɸ ɟё ɭɪɨɜɧɹ ɜ ɰɢɬɨɩɥɚɡɦɟ 

(ɪɢɫ. 46 ɀ–Ɂ).  
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ȼ ɹɞɪɚɯ ɤɥɟɬɨɤ ɭɤɨɪɨɱɟɧɧɵɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ ɨɬɫɭɬɫɬɜɨɜɚɥɢ ɢ 

ɩɨɹɜɥɹɥɢɫɶ ɬɨɥɶɤɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ recEndoG, ɩɨɷɬɨɦɭ ɹɞɪɚ ɷɬɢɯ ɤɥɟɬɨɤ ɛɵɥɢ 

ɜɵɛɪɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɟɣ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ EndoG ɧɚ Ⱥɋ. 

Ⱦɥɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɢɦɟɧɧɨ EndoG, ɚ ɧɟ ɨɬɞɚɥёɧɧɵɟ 

ɩɨɫɥɟɞɫɬɜɢɹ ɟё ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɢɧɞɭɰɢɪɭɸɬ Ⱥɋ, ɦɵ 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɹɞɪɚ CD4+ Ɍ-ɤɥɟɬɨɤ ɫ recEndoG ɢɥɢ ɩɨɜɪɟɠɞɚɸɳɢɦ ȾɇɄ 

ɚɝɟɧɬɨɦ ɛɥɟɨɦɢɰɢɧɨɦ ɜ ɬɟɱɟɧɢɟ 1 ɱɚɫɚ ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. 

Ɋɟɡɭɥɶɬɚɬɵ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ recEndoG ɫɬɢɦɭɥɢɪɨɜɚɥɨ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I (ɪɢɫ. 47 Ⱥ, Ȼ).  

Ɋɢɫɭɧɨɤ 47. ɗɤɫɩɪɟɫɫɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ DNase I ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ, 
ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG ɢɥɢ ɛɥɟɨɦɢɰɢɧɨɦ. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
DNase I ɜ ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG (Ⱥ) ɢɥɢ ɛɥɟɨɦɢɰɢɧɨɦ (ȼ) ɜ 
ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɪɊɇɄ ɝɟɧɚ 18S. ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɨɞɭɤɬɨɜ ɈɌ-ɉɐɊ 
ɜɚɪɢɚɧɬɨɜ ɫɩɥɚɣɫɢɧɝɚ ɦɊɇɄ DNase I ɜ ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG (Ȼ) 
ɢɥɢ ɛɥɟɨɦɢɰɢɧɨɦ (Ƚ). * p ≤ 0,05 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɵɦɢ ɹɞɪɚɦɢ 
ɤɥɟɬɤɚɦɢ. Ɇ – ɦɚɪɤёɪ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ.  

ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɥɨɫɶ ɞɨɡɨɡɚɜɢɫɢɦɨɟ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɦɊɇɄ ∆4DNase I ɢ ɭɦɟɧɶɲɟɧɢɟ ɭɪɨɜɧɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

nDNase I. Ɉɛɪɚɛɨɬɤɚ ɹɞɟɪ ɤɥɟɬɨɤ ɛɥɟɨɦɢɰɢɧɨɦ ɜɵɡɵɜɚɥɨ ɥɢɲɶ ɭɜɟɥɢɱɟɧɢɟ 

ɭɪɨɜɧɹ ɦɊɇɄ nDNase I (ɱɬɨ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ ɨɬɜɟɬɨɦ ɧɚ ɩɨɜɪɟɠɞɟɧɢɟ 

ȾɇɄ ɢ ɪɟɥɚɤɫɚɰɢɸ ɯɪɨɦɚɬɢɧɚ) ɢ ɧɟ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɧɞɭɤɰɢɟɣ Ⱥɋ (ɪɢɫ. 47 ȼ, 

Ƚ). Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢɦɟɧɧɨ 

EndoG, ɚ ɧɟ ɩɪɨɫɬɨ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɢɧɞɭɤɰɢɢ Ⱥɋ. 
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4.11.6.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɊɇɄɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ EndoG  

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɊɇɄɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ EndoG 

ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɦɚɥɵɟ ɧɟɤɨɞɢɪɭɸɳɢɟ ɊɇɄ, ɪɟɝɭɥɢɪɭɸɳɢɟ Ⱥɋ [380], ɢɥɢ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɩɟɪɟɤɥɸɱɚɸɳɢɟ ɫɩɥɚɣɫɢɧɝ [381]. Ɇɵ ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ 

ɨɞɢɧ ɢɡ ɬɚɤɢɯ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɫɩɨɫɨɛɟɧ ɜɵɡɜɚɬɶ ɞɟɥɟɰɢɸ ɷɤɡɨɧɨɜ ɦɊɇɄ 

hTERT, DNase I, Casp-2 ɢ BCL-x. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɢɡ ɹɞɟɪ 

ɤɥɟɬɨɤ CɚCɨ-2, CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɢɥɢ ɤɥɟɬɨɤ ɥɢɧɢɢ Hɋɋ1954 ɛɵɥɢ 

ɜɵɞɟɥɢɥɟɧɵ ɫɭɦɦɚɪɧɚɹ ȾɇɄ ɢ ɊɇɄ, ɤɨɬɨɪɵɟ ɪɚɫɳɟɩɥɹɥɢ recEndoG ɢɥɢ 

ɊɇɄɚɡɚɦɢ (ɊɇɄɚɡɚ Ⱥ ɢɥɢ ɊɇɄɚɡɚ 1). Ⱦɟɝɪɚɞɚɰɢɸ ɊɇɄ ɢ ȾɇɄ ɩɨɞɬɜɟɪɠɞɚɥɢ 

ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɉȺȺȽ (ɞɚɧɧɵɟ ɧɟ ɩɪɢɜɨɞɹɬɫɹ). ɉɪɨɞɭɤɬɵ ɪɚɫɳɟɩɥɟɧɢɹ ȾɇɄ 

ɢ ɊɇɄ ɨɱɢɳɚɥɢ ɨɬ ɛɟɥɤɨɜ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɹɞɪɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɥɟɬɨɤ. 

Ʉɨɥɢɱɟɫɬɜɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ 

ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɗɬɨɬ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɦɟɧɧɨ ɊɇɄ, ɚ ɧɟ 

ȾɇɄ, ɪɚɫɳɟɩɥɟɧɧɚɹ recEndoG, ɫɩɨɫɨɛɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɦɊɇɄ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– hTERT ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ CaCo-2 (ɪɢɫ. 48 Ⱥ), ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ ∆4DNase I ɢ Casp-2S ɜ ɹɞɪɚɯ CD4+ Ɍ-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ (ɪɢɫ. 48 Ƚ, ɀ) 

ɢ BCL-xS ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ HCC1954 (ɪɢɫ. 48 Ʉ). ɇɢ ɊɇɄɚɡɚ Ⱥ, ɧɢ ɊɇɄɚɡɚ 1 

ɩɨɞɨɛɧɨɝɨ ɷɮɮɟɤɬɚ ɧɟ ɨɤɚɡɵɜɚɥɢ (ɪɢɫ. 48 ȼ, ȿ, ɂ, Ɇ). ɂɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɩɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɱɧɵɯ ɹɞɟɪ ɫ ɊɇɄ, 

ɨɛɪɚɛɨɬɚɧɧɨɣ recEndoG, ɛɵɥɨ ɜɪɟɦɹ-ɡɚɜɢɫɢɦɵɦ (ɪɢɫ. 48 Ȼ, Ⱦ, Ɂ, Ʌ). 

ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɜɵɡɵɜɚɥɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨɟ 

ɩɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢ ɫɧɢɠɟɧɢɟ ɬɚɤɨɜɨɣ 

ɩɨɥɧɨɪɚɡɦɟɪɧɵɯ ɜɚɪɢɚɧɬɨɜ. ɗɬɨɬ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨɡɜɨɥɢɥ ɫɞɟɥɚɬɶ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɷɮɮɟɤɬ ɢɧɞɭɤɰɢɢ ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

ɫɩɟɰɢɮɢɱɟɧ ɞɥɹ EndoG ɢ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɞɟɝɪɚɞɢɪɨɜɚɬɶ ɊɇɄ 

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɤɬɢɜɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɢɧɞɭɰɢɪɭɸɳɟɝɨ Ⱥɋ. 
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Ɋɢɫɭɧɨɤ 48. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɊɇɄɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ EndoG. ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɨɞɭɤɬɨɜ ɈɌ-ɉɐɊ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT ɜ ɤɥɟɬɤɚɯ CaCo-2 (Ⱥ); DNase I ) (Ƚ) 
ɢ Casp-2 (ɀ) ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ; BCL-x ɜ ɥɟɬɤɚɯ ɇɋɋ1954 (Ʉ). Ɇ – ɦɚɪɤёɪ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ; 1 – ɹɞɪɚ; 2 – ɊɇɄ; 3 – ɹɞɪɚ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɟ ɫ ȾɇɄ, 
ɪɚɫɳɟɩɥɟɧɧɨɣ recEndoG; 4 – ɊɇɄ, ɪɚɫɳɟɩɥɟɧɧɚɹ recEndoG; 5 – ɹɞɪɚ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɟ ɫ ɊɇɄ, ɨɛɪɚɛɨɬɚɧɧɨɣ recEndoG ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ; 6 – ɹɞɪɚ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɟ ɫ ɊɇɄ, ɨɛɪɚɛɨɬɚɧɧɨɣ recEndoG ɜ ɬɟɱɟɧɢɟ 40 ɦɢɧ; 7 – ɹɞɪɚ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɟ ɫ ɊɇɄ, ɨɛɪɚɛɨɬɚɧɧɨɣ recEndoG ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧ. ɍɪɨɜɧɢ 
ɦɊɇɄ ɜɚɪɢɚɧɬɨɜ α+ȕ+ ɢ α+ȕ– ɦɊɇɄ hTERT (Ȼ), nDNase I ɢ ∆4DNase I (Ⱦ), 
Casp-2S ɢ Casp-2L (Ɂ), BCL-xL ɢ BCL-xS (Ʌ) ɜ ɹɞɪɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɊɇɄ, 
ɪɚɫɳɟɩɥɟɧɧɨɣ recEndoG. ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɨɞɭɤɬɨɜ ɈɌ-ɉɐɊ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT (ȼ), DNase I (ȿ), Casp-2 (ɂ), BCL-x 

(Ɇ) ɜ ɹɞɪɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɊɇɄ, ɪɚɫɳɟɩɥɟɧɧɨɣ ɊɇɄɚɡɨɣ Ⱥ ɢɥɢ ɊɇɄɚɡɨɣ 
1. * p ≤ 0,05.  
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4.11.6.2. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɷɤɫɩɪɟɫɫɢɹ ɊɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ EndoG 

ɉɨɢɫɤ ɜ ɛɚɡɟ Genȼank ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɨɞɨɛɧɨɣ ɷɤɡɨɧɚɦ 7 ɢ 8 

hTERT, ɷɤɡɨɧɭ 4 DNase I, ɷɤɡɨɧɭ 9 Casp-2 ɢ ɷɤɡɨɧɭ 3 BCL-x ɧɟ ɞɚɥ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɨɷɬɨɦɭ ɦɵ ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ EndoG ɢ ɫɩɨɫɨɛɧɵ 

ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ, ɩɪɨɢɫɯɨɞɹɬ ɢɡ ɧɤɊɇɄ, ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɫ 

ɚɧɬɢɫɦɵɫɥɨɜɵɯ ɰɟɩɟɣ ȾɇɄ ɭɤɚɡɚɧɧɵɯ ɝɟɧɨɜ. Ⱥɤɬɢɜɧɵɣ ɊɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ, 

ɩɪɨɞɭɰɢɪɭɟɦɵɣ EndoG, ɛɵɥ ɧɚɡɜɚɧ EGPO – EndoG-produced oligonucleotide. ɋ 

ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ EGPO, ɹɞɟɪɧɭɸ 

ɊɇɄ ɤɥɟɬɨɤ CɚCo-2, HCC1954 ɢɥɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ, ɪɚɫɳɟɩɥɟɧɧɭɸ 

recEndoG, ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɤɚɠɞɵɦ ɢɡ 24-ɱɥɟɧɧɵɯ ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɭɱɚɫɬɤɚɦ ɷɤɡɨɧɚ 8 ɢ ɢɧɬɪɨɧɚ 8 ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɧɤɊɇɄ 

hTERT, ɷɤɡɨɧɚ 4 ɢ ɢɧɬɪɨɧɚ 4 ɧɤɊɇɄ DNase I, ɷɤɡɨɧɚ 9 ɢ ɢɧɬɪɨɧɚ 9 ɧɤɊɇɄ 

Casp-2, ɢɥɢ ɷɤɡɨɧɭ 3 ɢ ɢɧɬɪɨɧɭ 2 ɧɤɊɇɄ BCL-x ɢ ɞɨɛɚɜɥɹɥɢ ɤ ɹɞɪɚɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɥɟɬɨɤ (ɪɢɫ. 49 Ⱥ, ȼ, Ⱦ, ɀ). ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɷɬɢ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɞɨɥɠɧɵ ɮɨɪɦɢɪɨɜɚɬɶ ɧɟɤɨɜɚɥɟɧɬɧɵɟ ɤɨɦɩɥɟɤɫɵ c EGPO ɢ 

ɛɥɨɤɢɪɨɜɚɬɶ ɟɝɨ ɞɟɣɫɬɜɢɟ [332]. ɋ ɩɨɦɨɳɶɸ ɈɌ-ɉɐɊ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɧɟɤɨɬɨɪɵɟ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɛɥɨɤɢɪɨɜɚɥɢ Ⱥɋ, ɱɬɨ ɩɨɞɬɜɟɪɞɢɥɨ ɢ ɩɨɡɜɨɥɢɥɨ 

ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪ EGPO ɧɚ ɭɪɨɜɧɟ 48 ɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɦɊɇɄ hTERT (ɪɢɫ. 49 

Ȼ), 72 ɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɦɊɇɄ DNase I (ɪɢɫ. 49 Ƚ), 60 ɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɦɊɇɄ 

Casp-2 (ɪɢɫ. 49 ȿ) ɢ 36 ɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɦɊɇɄ BCL-x (ɪɢɫ. 49 Ɂ). 

Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ 

EndoG ɜ ɤɥɟɬɤɚɯ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɦɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ EGPO ɞɥɹ ɜɫɟɯ 

ɢɡɭɱɚɟɦɵɯ ɦɊɇɄ (ɪɢɫ. 50). ȼ ɰɢɬɨɩɥɚɡɦɟ, ɨɛɪɚɛɨɬɚɧɧɨɣ recEndoG, ɷɤɫɩɪɟɫɫɢɹ 

EGPO ɛɵɥɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɚ. ȼ ɤɥɟɬɨɱɧɵɯ ɹɞɪɚɯ ɷɤɫɩɪɟɫɫɢɹ EGPO ɧɟ 

ɨɛɧɚɪɭɠɟɧɚ, ɧɨ ɩɨɹɜɥɹɥɚɫɶ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ recEndoG. ɗɬɢ ɞɚɧɧɵɟ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ ɹɞɪɚɯ ɢɧɬɚɤɬɧɵɯ 
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ɤɥɟɬɨɤ ɢ ɢɯ ɩɨɹɜɥɟɧɢɟɦ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɨɛɪɚɛɨɬɤɢ ɹɞɟɪ 

recEndoG.  

 

 

Ɋɢɫɭɧɨɤ 46. Ɋɟɝɭɥɹɰɢɹ Ⱥɋ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ EGPO. ɉɨɥɨɠɟɧɢɟ 
ɚɧɬɢɫɦɵɫɥɨɜɵɯ ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɢɩɨɬɟɬɢɱɟɫɤɨɣ 
ɧɤɊɇɄ hTERT (Ⱥ), DNase I (ȼ), Casp-2 (Ⱦ), BCL-x (ɀ). ɉɨɤɚɡɚɧɵ ɭɱɚɫɬɤɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ EGPO. ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɨɞɭɤɬɨɜ ɈɌ-ɉɐɊ 
hTERT ɜ ɹɞɪɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɊɇɄ, ɪɚɫɳɟɩɥɟɧɧɨɣ recEndoG ɢ 
ɢɧɤɭɛɢɪɨɜɚɧɧɨɣ ɫ ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ hTERT (Ȼ), DNase I (Ƚ), Casp-2 

(ȿ), BCL-x (Ɂ). Ɇ – ɦɚɪɤёɪ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ.  
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Ɋɢɫɭɧɨɤ 50. ɗɤɫɩɪɟɫɫɢɹ EGPO ɜ ɤɥɟɬɤɚɯ ɢ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥɚɯ. ɉɨɤɚɡɚɧɵ 
ɭɪɨɜɧɢ EGPO hTERT ɜ ɤɥɟɬɤɚɯ CaCo-2, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP 

ɢɥɢ pGFP (Ⱥ) ɢ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ, ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG (Ȼ); 
ɭɪɨɜɧɢ EGPO DNase I (ȼ) ɢ Casp-2 (Ⱦ) ɜ ɤɥɟɬɤɚɯ CaCo-2, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ pGFP, ɚ ɬɚɤɠɟ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ 
ɤɥɟɬɨɤ, ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG (Ƚ, ȿ); ɭɪɨɜɧɢ EGPO BCL-x (ɀ) ɜ ɤɥɟɬɤɚɯ 
ɇɋɋ1954, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ pGFP, ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ 
ɹɞɪɚɯ ɤɥɟɬɨɤ, ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG (Ɂ). * p ≤ 0,05 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɟɨɛɪɚɛɨɬɚɧɧɵɦɢ ɹɞɪɚɦɢ ɤɥɟɬɨɤ. 

4.11.6.3. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ ɫɢɧɬɟɡɚ ɧɤɊɇɄ  
ɋ ɰɟɥɶɸ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɤɊɇɄ, ɢɡ ɤɨɬɨɪɨɣ EndoG ɜɵɪɟɡɚɟɬ EGPO ɤ 

ɩɪɟ-ɦɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ hTERT, DNase 1, Casp-2 ɢ BCL-ɯ, ɫɭɦɦɚɪɧɭɸ ɊɇɄ 

ɤɥɟɬɨɤ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɧɤɊɇɄ (1754 ɧɭɤɥɟɨɬɢɞɚ) ɞɥɹ ɝɟɧɚ 

hTERT ɜ ɤɥɟɬɤɚɯ CaCo-2. ɇɭɤɥɟɨɬɢɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɤɊɇɄ 

ɩɨɞɬɜɟɪɠɞɚɥɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɨ ɋɷɧɝɟɪɭ. ɗɬɚ ɧɤɊɇɄ ɩɟɪɟɤɪɵɜɚɟɬ 

ɨɤɨɧɱɚɧɢɟ ɢɧɬɪɨɧɚ 6, ɷɤɡɨɧɵ 7 ɢ 8, ɢɧɬɪɨɧ 7, ɚ ɬɚɤɠɟ ɧɚɱɚɥɨ ɢɧɬɪɨɧɚ 8 ɜ ɩɪɟ-

ɦɊɇɄ hTERT (ɪɢɫ. 51Ⱥ). ɉɪɢ ɩɨɦɨɳɢ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɟɧ 

ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɧɤɊɇɄ ɞɥɹ hTERT ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

ɩɥɚɡɦɢɞɚɦɢ EndoG-GFP ɢɥɢ GFP, ɚ ɬɚɤɠɟ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ, 

ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG. ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɜ ɤɥɟɬɤɚɯ ɧɟ ɜɵɡɵɜɚɥɚ 

ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɧɤɊɇɄ (ɪɢɫ. 51 Ȼ). ȼ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ 

recEndoG, ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɧɤɊɇɄ ɬɚɤɠɟ ɧɟ ɨɛɧɚɪɭɠɟɧɨ (ɪɢɫ. 51 ȼ).  
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Ɋɢɫɭɧɨɤ 51. ɇɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɤɊɇɄ ɢ ɭɪɨɜɧɢ ɢɯ ɫɢɧɬɟɡɚ. 
ɇɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɤɊɇɄ hTERT (Ⱥ), Casp-2 (Ƚ) ɢ DNase I 

(ɀ). ɍɤɚɡɚɧɵ ɭɱɚɫɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɧɬɪɨɧɚɦ ɢ ɷɤɡɨɧɚɦ ɦɊɇɄ, ɚ ɬɚɤɠɟ 
ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ EGPO. ɍɪɨɜɧɢ ɧɤɊɇɄ ɜ ɤɥɟɬɤɚɯ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
pEndoG-GFP ɢɥɢ pGFP (Ȼ, Ⱦ, ȿ), ɚ ɬɚɤɠɟ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ, 
ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG (ȼ, ȿ, Ʉ). 

Ⱦɥɢɧɚ ɧɤɊɇɄ ɞɥɹ ɩɪɟ-ɦɊɇɄ Casp-2 ɫɨɫɬɚɜɢɥɚ 1016 ɨɫɧɨɜɚɧɢɣ. Ⱦɚɧɧɚɹ 

ɦɨɥɟɤɭɥɚ ɩɟɪɟɤɪɵɜɚɟɬ ɨɤɨɧɱɚɧɢɟ ɢɧɬɪɨɧɚ 6, ɩɨɥɧɨɫɬɶɸ ɷɤɡɨɧɵ 7, 8 ɢ 9, 

ɢɧɬɪɨɧɵ 7 ɢ 8, ɚ ɬɚɤɠɟ ɧɚɱɚɥɨ ɢɧɬɪɨɧɚ 9 ɰɟɩɢ ɩɪɟ-ɦɊɇɄ Casp-2 (ɪɢɫ. 51 Ƚ). 

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɧɤɊɇɄ ɞɥɹ hTERT, ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɜ ɥɢɦɮɨɰɢɬɚɯ ɧɟ 

ɜɵɡɵɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɧɤɊɇɄ ɞɥɹ Casp-2 (ɪɢɫ. 51 Ⱦ). ȼ ɰɢɬɨɩɥɚɡɦɟ ɢ 

ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ recEndoG, ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɧɤɊɇɄ ɬɚɤɠɟ ɧɟ 

ɨɛɧɚɪɭɠɟɧɨ (ɪɢɫ. 51 ȿ). Ⱦɥɹ ɩɪɟ-ɦɊɇɄ DNase I ɞɥɢɧɚ ɧɤɊɇɄ ɫɨɫɬɚɜɢɥɚ 773 

ɧɭɤɥɟɨɬɢɞɚ (ɪɢɫ. 51 ɀ). Ɇɨɥɟɤɭɥɚ ɩɟɪɟɤɪɵɜɚɥɚ ɤɨɧɟɰ ɷɤɡɨɧɚ 3, ɩɨɥɧɨɫɬɶɸ 

ɢɧɬɪɨɧɵ 3, 4 ɢ ɷɤɡɨɧ 4, ɚ ɬɚɤɠɟ ɧɚɱɚɥɨ ɢɧɬɪɨɧɚ 5 ɰɟɩɢ ɩɪɟ-ɦɊɇɄ DNase I. ɇɟ 

ɨɛɧɚɪɭɠɟɧɨ ɢɡɦɟɧɟɧɢɣ ɜ ɭɪɨɜɧɹɯ ɞɚɧɧɨɣ ɧɤɊɇɄ ɜ ɤɥɟɬɤɚɯ ɫɨ 
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ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɟɣ EndoG, ɚ ɬɚɤɠɟ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ 

recEndoG (ɪɢɫ. 51 Ɂ, ɂ). ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ 

ɧɤɊɇɄ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ, ɚ ɤɨɥɢɱɟɫɬɜɨ EGPO ɪɟɝɭɥɢɪɭɟɬɫɹ 

ɚɤɬɢɜɧɨɫɬɶɸ ɢ/ɢɥɢ ɤɨɥɢɱɟɫɬɜɨɦ EndoG. 

4.12. Ɇɨɞɭɥɹɰɢɹ Ⱥɋ ɩɪɢ ɩɨɦɨɳɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɩɪɨɞɭɰɢɪɭɟɦɵɯ 
EndoG (EGPO)  

4.12.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɝɟɧɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦ EGPO  

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɨɝɨ, ɱɬɨ ɚɤɬɢɜɚɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT 

ɨɛɭɫɥɨɜɥɟɧɚ ɞɟɣɫɬɜɢɟɦ ɫɚɦɨɝɨ EGPO, ɚ ɧɟ ɫɜɹɡɚɧɚ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɢɧɬɟɡɨɦ 

EndoG, ɹɞɪɚ ɤɥɟɬɨɤ CɚCɨ-2, CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ ɢɥɢ ɤɥɟɬɨɤ ɥɢɧɢɢ 

HCC1954 ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ EGPO ɤ ɰɟɥɟɜɵɦ ɝɟɧɚɦ ɢɥɢ ɫ 

ɤɨɧɬɪɨɥɶɧɵɦɢ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ ɬɨɝɨ ɠɟ ɪɚɡɦɟɪɚ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10-7 Ɇ ɢ ɜɵɲɟ EGPO ɫɩɟɰɢɮɢɰɧɵɟ ɩɪɟ-

ɦɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ ɫɩɨɫɨɛɧɵ ɞɨɡɨ-ɡɚɜɢɫɢɦɨ ɚɤɬɢɜɢɪɨɜɚɬɶ Ⱥɋ (ɪɢɫ. 52). ȼ 

ɤɥɟɬɤɚɯ ɋɚɋɨ-2 ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɢ 

ɫɧɢɠɟɧɢɟ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ hTERT (ɪɢɫ. 52 Ⱥ–Ƚ). ȼ ɹɞɪɚɯ CD4+ Ɍ-

ɥɢɦɮɨɰɢɬɨɜ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢ Casp-

2 ɨɛɧɚɪɭɠɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɟɣ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɢ 

ɫɧɢɠɟɧɢɟ ɬɚɤɨɜɵɯ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ (ɪɢɫ. 52 Ⱦ–Ɇ). ȼ 

ɹɞɪɚɯ ɤɥɟɬɨɤ ɥɢɧɢɢ HCC1954 ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ 

BCL-x ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɩɨɜɵɲɟɧɢɟɦ ɭɪɨɜɧɹ ɦɊɇɄ ɜɚɪɢɚɧɬɚ BCL-xS ɢ 

ɫɧɢɠɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɜɚɪɢɚɧɬɚ BCL-xL (ɪɢɫ. 52 Ɉ–ɋ). Ʉɨɧɬɪɨɥɶɧɵɟ 

ɧɟɫɩɟɰɢɮɢɱɧɵɟ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɨɤɚɡɚɥɢɫɶ ɧɟ ɫɩɨɫɨɛɧɵɦɢ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ 

ɩɪɟ-ɦɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ.  
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Ɋɢɫɭɧɨɤ 52. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ ɜ ɹɞɪɚɯ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 
ɤɥɟɬɨɤ ɩɪɢ ɢɯ ɢɧɤɭɛɚɰɢɢ ɫ EGPO. əɞɪɚ ɤɥɟɬɨɤ ɋɚɋɨ-2 ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 
EGPO ɤ ɩɪɟ-ɦɊɇɄ hTERT. əɞɪɚ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ EGPO 

ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢɥɢ Casp-2. əɞɪɚ ɤɥɟɬɨɤ HCC1954 ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 
EGPO ɤ ɩɪɟ-ɦɊɇɄ BCL-x. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT ɜ 
ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɢɫɤɭɫɫɬɜɟɧɧɵɦ EGPɈ (Ⱥ) ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ 
ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ ɊɇɄ (ȼ). ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɩɪɨɞɭɤɬɨɜ ɈɌ-

ɉɐɊ ɜɚɪɢɚɧɬɨɜ ɫɩɥɚɣɫɢɧɝɚ ɦɊɇɄ hTERT ɜ ɹɞɪɚɯ, ɨɛɪɚɛɨɬɚɧɧɵɯ EGPO (ȼ) 
ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ ɊɇɄ (Ƚ). Ɍɨ ɠɟ ɞɥɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
ɦɊɇɄ DNase I (Ⱦ-Ɂ), Casp-2 (ɂ-Ɇ) ɢ BCL-x (Ɉ-ɋ). Ɇ - ɦɚɪɤɟɪ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɦɚɫɫ. * p ≤ 0,05 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɵɦɢ ɹɞɪɚɦɢ ɤɥɟɬɨɤ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, EGPO, ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɷɧɞɨɝɟɧɧɵɣ ɩɟɪɟɤɥɸɱɚɬɟɥɶ 

ɫɩɥɚɣɫɢɧɝɚ ɢ ɜɵɡɵɜɚɟɬ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ ɜ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɹɞɪɚɯ 

ɤɥɟɬɨɤ.  
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4.12.2. ȼɥɢɹɧɢɟ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɩɟɪɟɤɥɸɱɚɸɳɢɦɢ 
ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ ɧɚ ɩɪɨɥɢɮɟɪɚɰɢɸ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ 
ɱɟɥɨɜɟɤɚ 

ɉɨɫɤɨɥɶɤɭ EGPO ɢɧɞɭɰɢɪɭɟɬ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɛɟɫɤɥɟɬɨɱɧɨɣ 

ɫɢɫɬɟɦɟ (ɜ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɹɞɪɚɯ), ɬɨ ɨɧ ɞɨɥɠɟɧ ɚɤɬɢɜɢɪɨɜɚɬɶ Ⱥɋ ɢ ɜ ɤɥɟɬɤɚɯ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦ EGPO ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ, ɤɨɬɨɪɵɟ 

ɫɨɞɟɪɠɚɥɢ ɯɢɦɢɱɟɫɤɢɟ ɦɨɞɢɮɢɤɚɰɢɢ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɞɟɣɫɬɜɢɹ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɊɇɄɚɡ: 2’-O-(2-ɦɟɬɨɤɫɢ)ɷɬɢɥ ɪɢɛɨɡɭ (2’MOE), 

ɮɨɫɮɨɪɨɬɢɨɚɬɧɵɣ ɨɫɬɨɜ, ɢ 5’-ɦɟɬɢɥɰɢɬɨɡɢɧ [382].  

4.12.2.1. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɮɟɤɰɢɢ 
ɥɢɦɮɨɰɢɬɨɜ EGPO ɤ ɩɪɟ-ɦɊɇɄ hTERT 

 Ⱦɥɹ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT CD4+ T-ɥɢɦɮɨɰɢɬɵ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɨɞɧɢɦ ɢɡ EGPO, ɤɨɬɨɪɵɟ ɛɥɨɤɢɪɭɸɬ ɫɚɣɬɵ ɫɜɹɡɵɜɚɧɢɹ 

ɫɩɥɚɣɫ-ɪɟɝɭɥɹɬɨɪɧɵɯ ɛɟɥɤɨɜ SRp20 ɢ SRp40 (ɪɢɫ. 53 A–Ƚ) ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-

ɦɊɇɄ. ɑɟɪɟɡ 24 ɱɚɫɚ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 

ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɨɛɳɟɣ ɦɊɇɄ hTERT ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɠɞɵɦ 

ɢɡ EGPO (ɪɢɫ. 53 Ⱦ). SRp20 24-ɨɫɧ EGPO, ɛɥɨɤɢɪɭɸɳɢɣ ɬɨɥɶɤɨ ɫɚɣɬɵ 

ɫɜɹɡɵɜɚɧɢɹ ɞɥɹ ɛɟɥɤɚ SRp20, ɢ SRp40 24-ɨɫɧ EGPO, ɛɥɨɤɢɪɭɸɳɢɣ ɬɨɥɶɤɨ 

ɫɚɣɬɵ ɫɜɹɡɵɜɚɧɢɹ ɛɟɥɤɚ SRp40, ɛɵɥɢ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ- ɩɪɟ-

ɦɊɇɄ hTERT ɧɚ ɭɦɟɪɟɧɧɨɦ ɭɪɨɜɧɟ (ɪɢɫ. 53 ȿ, ɀ). Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɷɬɢɦɢ 

EGPO ɩɪɢɜɨɞɢɥɚ ɤ ɩɨɞɚɜɥɟɧɢɸ ɦɊɇɄ α+ȕ+ hTERT ɢ ɩɨɜɵɲɟɧɢɸ ɦɊɇɄ α+ȕ–

hTERT. TRAP ɚɧɚɥɢɡ ɜ ɤɥɟɬɨɱɧɵɯ ɷɤɫɬɪɚɤɬɚɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-

ɦɊɇɄ hTERT ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ (ɪɢɫ. 

53 Ɂ, ɂ). ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 

hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɧɚɛɥɸɞɚɥɢ ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ SRp40 48-ɨɫɧ EGPO, ɤɨɬɨɪɵɟ ɛɥɨɤɢɪɨɜɚɥ ɫɚɣɬɵ 
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ɫɜɹɡɵɜɚɧɢɹ ɞɥɹ ɨɛɨɢɯ ɛɟɥɤɨɜ SRp20 ɢ SRp40. Ⱦɚɧɧɵɣ EGPO ɛɵɥ ɜɵɛɪɚɧ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

Ɋɢɫɭɧɨɤ 53. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ 
ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɥɢɦɮɨɰɢɬɨɜ EGPO. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ SRp20 (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɷɥɥɢɩɫɚ) ɢ 
SRp40 (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɫɟɪɨɝɨ ɷɥɥɢɩɫɚ), ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɫɚɣɬɚɦɢ 
ɫɜɹɡɵɜɚɧɢɹ ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ hTERT (A). Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ 24-ɨɫɧ 
ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɚɧɬɢɫɦɵɫɥɨɜɵɦɢ EGPO ɛɥɨɤɢɪɭɟɬ ɫɜɹɡɵɜɚɧɢɟ ɤɚɠɞɨɝɨ 
ɛɟɥɤɚ SRp20 (Ȼ) ɢɥɢ SRp40 (ȼ) ɫ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ 
48-ɨɫɧ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɚɧɬɢɫɦɵɫɥɨɜɵɦɢ EGPO ɛɥɨɤɢɪɭɟɬ ɫɜɹɡɵɜɚɧɢɟ 
ɨɛɨɢɯ ɛɟɥɤɨɜ SRp20 ɢ SRp40 (Ƚ) ɫ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ. ɋɚɣɬɵ ɫɜɹɡɵɜɚɧɢɹ 
SRp20 ɢ SRp40 ɩɨɤɚɡɚɧɵ ɜ ɪɚɦɤɟ. ɋɩɟɰɢɮɢɱɟɫɤɢɟ EGPO ɜɵɞɟɥɟɧɵ 
ɤɭɪɫɢɜɨɦ. ɍɪɨɜɧɢ ɦɊɇɄ ɨɛɳɟɣ hTERT (Ⱦ) ɢ ɟё ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ (ȿ, ɀ) 
ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ EGPO. ɍɪɨɜɧɢ ɦɊɇɄ ɛɵɥɢ 
ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. 
TRAP ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ ɞɥɹ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ (Ɂ). Ɋɟɡɭɥɶɬɚɬɵ 
ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ TRAP (ɂ). # p≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɥɟɬɤɚɦ ɜɨ ɜɪɟɦɟɧɧɨɣ ɬɨɱɤɟ 0. * p≤ 0,05 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦɢ EGPO. 
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 ɇɟɫɩɟɰɢɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶɧɵɣ 24-ɨɫɧ EGPO ɢ ɤɨɧɬɪɨɥɶɧɵɣ 48-ɨɫɧ 

EGPO ɧɟ ɢɧɞɭɰɢɪɨɜɚɥɢ ɧɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, ɢ ɧɟ ɢɧɝɢɛɢɪɨɜɚɥɢ 

ɬɟɥɨɦɟɪɚɡɭ.  

 4.12.2.2. ȼɪɟɦɹ-ɡɚɜɢɫɢɦɚɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ EGPO, ɛɥɨɤɢɪɭɸɳɢɦ SRp20 ɢ SRp40 

 Ɇɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɬɪɚɧɫɮɟɤɰɢɢ ɛɵɥɚ ɛɥɢɡɤɚ ɤ 100% ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɩɨɫɬɟɩɟɧɧɨ 

ɫɧɢɠɚɥɚɫɶ ɞɨ 49,03 – 67,65% ɤ 96 ɱ ɤɚɤ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ 

SRp40 48-ɨɫɧ EGPO, ɬɚɤ ɢ ɤɨɧɬɪɨɥɶɧɵɦ 48-ɨɫɧ EGPO (ɪɢɫ. 54 Ⱥ–ȼ). 

Ʉɨɥɢɱɟɫɬɜɨ Cy5.5-ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɯ EGPO, ɞɟɬɟɤɬɢɪɨɜɚɧɧɨɟ ɩɨ ɭɪɨɜɧɸ MFI, 

ɛɵɥɨ ɧɚɢɜɵɫɲɢɦ (91,29 - 81,95 ɭɫɥ. ɟɞ.) ɱɟɪɟɡ 24 ɱɚɫɚ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ 

ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɥɨɫɶ ɞɨ 41.20 - 50,75 ɭɫɥ. ɟɞ. ɱɟɪɟɡ 96 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 

(ɪɢɫ. 54 Ƚ). Ɋɚɡɥɢɱɢɹ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɮɟɤɰɢɢ ɢ MFI ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ 

ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ SRp40 48-ɨɫɧ EGPO ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 

48-ɨɫɧ EGPO, ɛɵɥɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɝɨɦɨɝɟɧɧɨɫɬɶ ɞɚɧɧɵɯ 

ɤɥɟɬɨɱɧɵɯ ɩɨɩɭɥɹɰɢɣ. Ȼɵɥɢ ɢɡɭɱɟɧɵ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

hTERT ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ ɜ ɬɟɱɟɧɢɟ 96 ɱɚɫɨɜ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. 

Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɩɨɤɚɡɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ 

ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ α+ȕ+ hTERT ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

SRp20 ɢ SRp40 48-ɨɫɧ EGPO (ɪɢɫ. 54 Ⱦ). ɍɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ hTERT ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɩɨɜɵɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– hTERT (ɪɢɫ. 54 ȿ). Ɋɟɡɭɥɶɬɚɬɵ 

ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝɚ ɩɨɤɚɡɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɛɟɥɤɚ 

ɜɚɪɢɚɧɬɚ α+ȕ+ hTERT ɢ ɭɜɟɥɢɱɟɧɢɟ α+ȕ– hTERT ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ SRp40 48-ɨɫɧ EGPO (ɪɢɫ. 54 ɀ–ɂ). ɋɧɢɠɟɧɢɟ 

ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ (ɪɢɫ. 54 Ʉ–Ʌ). ɂɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɬɟɥɨɦɟɪɚɡɵ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ 
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ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ SRp20 ɢ SRp40 48-ɨɫɧ EGPO 

ɜɧɭɬɪɢ ɤɥɟɬɨɤ.  

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 54. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 
ɬɟɥɨɦɟɪɚɡɵ ɫ ɩɨɦɨɳɶɸ SRp20 ɢ SRp40-ɛɥɨɤɢɪɭɸɳɟɝɨ EGPO. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ CD4+ Ɍ-ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɦɟɱɟɧɧɵɦ Cy5.5 
48-ɨɫɧ EGPO SRp20 ɢ SRp40 (A) ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 48-ɨɫɧ EGPO (Ȼ) ɱɟɪɟɡ 96 
ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɟɤɰɢɢ (ȼ) MFI Cy5.5-

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ (Ƚ). ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT, 
ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Ⱦ–ȿ). ȼɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɤɨɧɬɪɨɥɶɧɨɝɨ ɛɟɥɤɚ GAPDH ɜ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ CD4+ T-ɤɥɟɬɤɚɯ (ɀ). Ɋɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɚɪɢɚɧɬɚ ɫɩɥɚɣɫɢɧɝɚ hTERT ɨɬɧɨɫɢɬɟɥɶɧɨ GAPDH (Ɂ, ɂ). 
TRAP ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ ɞɥɹ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ (Ʉ). Ɋɟɡɭɥɶɬɚɬɵ 
ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɢɡɦɟɪɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ TRAP (Ʌ). ɍɫɥ. ɟɞ., 
ɭɫɥɨɜɧɵɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ; * p≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɦ 48-ɨɫɧ SSO. 
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ɋɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɤɨɥɢɱɟɫɬɜɚ EGPO ɱɟɪɟɡ 96 ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

hTERT ɢ ɨɫɥɚɛɥɟɧɢɟɦ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɬɟɥɨɦɟɪɚɡɵ. ȼ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɦ ɤɨɧɬɪɨɥɶɧɵɦ 48-ɨɫɧ EGPO, ɢɡɦɟɧɟɧɢɣ 

ɜ ɭɪɨɜɧɹɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

4.12.2.3. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ hTERT ɜɥɢɹɟɬ ɧɚ 
ɩɪɨɥɢɮɟɪɚɰɢɸ CD4+ T-ɥɢɦɮɨɰɢɬɨɜ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɭɛɴɟɞɢɧɢɰɚ ɬɟɥɨɦɟɪɚɡɵ ɫɩɨɫɨɛɧɚ 

ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɥɢɮɟɪɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨ ɬɟɥɨɦɟɪ-ɧɟɡɚɜɢɫɢɦɵɦ ɦɟɯɚɧɢɡɦɚɦ [383,384]. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ 

ɥɢɦɮɨɰɢɬɵ ɦɟɬɢɥɢ ɜɢɬɚɥɶɧɵɦ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɤɪɚɫɢɬɟɥɟɦ CFSE. ɋ 

ɩɨɦɨɳɶɸ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɛɵɥ ɨɩɪɟɞɟɥёɧ ɩɪɨɰɟɧɬ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ 

ɤɥɟɬɨɤ. Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ SRp20 ɢ SRp40 48-ɨɫɧ EGPO ɩɪɢɜɨɞɢɥɚ ɤ 

ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ ɭɠɟ ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ (8,08 ± 2,12% ɩɪɨɬɢɜ 32,19 ± 2,51% ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ (ɪɢɫ. 55 

Ⱥ–ȼ). ɑɟɪɟɡ 72 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɩɨɱɬɢ 100% ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɨɤ 

ɧɚɱɢɧɚɥɢ ɞɟɥɢɬɶɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɟɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɨ ɥɢɲɶ 52,33 ± 7,36% 

ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ SRp40 48-ɨɫɧ EGPO. ȼ ɝɢɫɬɨɝɪɚɦɦɚɯ 

ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ ɧɚɛɥɸɞɚɥɢ ɨɛɪɚɡɨɜɚɧɢɟ 

ɞɢɫɤɪɟɬɧɵɯ ɩɢɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɩɭɥɹɰɢɢ ɩɨɤɨɥɟɧɢɣ 

ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɨɤ [327]. Ʉɥɟɬɤɢ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ SRp20 ɢ SRp40 

48-ɨɫɧ EGPO ɧɟ ɮɨɪɦɢɪɨɜɚɥɢ ɩɨɞɨɛɧɵɟ ɩɢɤɢ, ɱɬɨ ɭɤɚɡɵɜɚɥɨ ɧɚ ɭɱɚɫɬɢɟ 

ɚɤɬɢɜɧɨɣ hTERT ɜ ɪɟɝɭɥɹɰɢɢ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ. 

ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸ 

ɨɛɳɟɝɨ ɱɢɫɥɚ ɤɥɟɬɨɤ. ɑɟɪɟɡ 96 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɱɢɫɥɨ ɤɥɟɬɨɤ ɜ 

ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ ɫɨɫɬɚɜɢɥɨ 7,56 ± 0,94 × 105, ɚ ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ SRp40 48-ɨɫɧ EGPO - 1,44 ± 0,65 × 105 (ɪɢɫ. 55 
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Ƚ). ɑɚɫɬɨɬɚ ɤɥɟɬɨɱɧɵɯ ɰɢɤɥɨɜ ɜ ɫɭɬɤɢ ɛɵɥɨ ɪɚɜɧɨ 2,34 ɞɥɹ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɦ 48-ɨɫɧ EGPO, ɢ 1,25 ɞɥɹ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ SRp20 ɢ SRp40 48-ɨɫɧ EGPO. Ɋɚɡɥɢɱɢɹ ɜ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ 

ɧɟ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ ɝɢɛɟɥɶɸ ɤɥɟɬɨɤ. ɋɭɳɟɫɬɜɟɧɧɨɣ ɪɚɡɧɢɰɵ ɜ ɭɪɨɜɧɟ ɝɢɛɟɥɢ 

ɤɥɟɬɨɤ ɜ ɪɚɡɥɢɱɧɵɯ ɝɪɭɩɩɚɯ ɧɟ ɨɛɧɚɪɭɠɟɧɨ (ɪɢɫ. 55 Ⱦ). 

Ɋɢɫɭɧɨɤ 55. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɩɪɨɥɢɮɟɪɚɰɢɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO, ɛɥɨɤɢɪɭɸɳɢɦ SRp20 ɢ SRp40. Ɋɟɡɭɥɶɬɚɬ 
ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɦɟɱɟɧɧɵɯ CFSE ɥɢɦɮɨɰɢɬɨɜ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 48-ɨɫɧ SSO (A) SRp20 ɢ SRp40 ɢɥɢ (Ȼ) ɤɨɧɬɪɨɥɶɧɨɝɨ 
48-ɦɟɪɧɵɦ SSO ɜ ɬɟɱɟɧɢɟ 96 ɱɚɫɨɜ. (ȼ) ɉɪɨɰɟɧɬ ɩɨɩɭɥɹɰɢɢ 
ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɫ ɩɨɧɢɠɟɧɧɵɦ ɫɢɝɧɚɥɨɦ CFSE. ɑɢɫɥɨ (Ƚ) ɢ 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ (Ⱦ) ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ. * p≤ 
0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦɢ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ 48-ɨɫɧ 
SSO. 
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4.12.3. ȼɥɢɹɧɢɟ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɩɟɪɟɤɥɸɱɚɸɳɢɦ 
ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ ɧɚ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ 

ɱɟɥɨɜɟɤɚ 

4.12.3.1. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɩɨɞ ɞɟɣɫɬɜɢɟɦ EGPO ɜ 
ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɩɨɫɨɛɧɨɫɬɢ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢɧɞɭɰɢɪɨɜɚɬɶ 

Ⱥɋ ɢ ɜɥɢɹɬɶ ɧɚ ɩɪɨɝɪɟɫɫɢɸ ɚɩɨɩɬɨɡɚ, ɦɵ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ CD4+ ɢ CD8+ Ɍ-

ɥɢɦɮɨɰɢɬɵ, ɚ ɬɚɤɠɟ ȼ- ɢ NK-ɤɥɟɬɤɢ ɱɟɥɨɜɟɤɚ 36-ɨɫɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ, 

ɫɩɟɰɢɮɢɱɧɵɦ ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɩɟɪɟɤɪɵɜɚɸɳɢɦ ɫɚɣɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɪɟɝɭɥɹɬɨɪɧɵɦɢ ɛɟɥɤɚɦɢ SC35 ɢ SRp40 (ɪɢɫ. 56 Ⱥ, Ȼ) ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 

ɧɟɫɩɟɰɢɮɢɱɧɵɦ 36-ɨɫɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ. ɑɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɜ 

ɤɥɟɬɤɚɯ ɢɡɦɟɪɹɥɢ ɭɪɨɜɟɧɶ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I ɢ ɧɭɤɥɟɚɡɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ. ɇɚɛɥɸɞɚɥɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ ɦɊɇɄ ɨɛɳɟɣ 

DNase I ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ (ɪɢɫ. 56 ȼ) EGPO ɤ DNase I 

ɨɤɚɡɚɥɫɹ ɫɩɨɫɨɛɧɵɦ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ. Ɉɛɧɚɪɭɠɟɧɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ nDNase I ɢ ɭɜɟɥɢɱɟɧɢɟ ɬɚɤɨɜɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I 

(ɪɢɫ. 56 Ƚ, Ⱦ) ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ. ɂɧɞɭɤɰɢɹ Ⱥɋ 

ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɫɧɢɠɟɧɢɟɦ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɥɢɡɚɬɚɯ ɤɥɟɬɨɤ (ɪɢɫ. 56 ȿ 

– Ɂ). ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɚɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ, ɩɨɷɬɨɦɭ ɨɧɢ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɧɚɦɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɟ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶɧɵɣ 36-ɨɫɧ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ ɧɟ ɜɵɡɵɜɚɥ ɢɡɦɟɧɟɧɢɹ ɧɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɧɢ 

ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɥɟɬɤɚɯ. 
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Ɋɢɫɭɧɨɤ 56. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ EGPO. 

ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ SC35 ɢ 
SRp40 ɫ ɢɯ ɫɚɣɬɚɦɢ ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ DNase I (Ⱥ). Ɍɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ 
ɫɩɟɰɢɮɢɱɟɫɤɢɦ 36-ɱɥɟɧɧɵɦ EGPO ɩɪɟɩɹɬɫɬɜɭɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ ɫ ɢɯ ɫɚɣɬɚɦɢ (Ȼ). ɍɪɨɜɧɢ ɦɊɇɄ ɨɛɳɟɣ 
DNase I (ȼ) ɢ ɟё ɫɩɥɚɣɫ ɜɚɪɢɚɧɬɨɜ (Ƚ, Ⱦ) ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 
ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ. Ɋɟɡɭɥɶɬɚɬ ɡɢɦɨɝɪɚɮɢɢ ɦɟɬɨɞɨɦ DNA-SDS-PAGE ɜ 
ɥɢɡɚɬɚɯ ɥɢɦɮɨɰɢɬɨɜ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I (ȿ) 
ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɧɭɤɥɟɨɬɢɞɨɦ (ɀ). Ɉɰɟɧɤɚ ɢɡɨɛɪɚɠɟɧɢɣ 
ɡɢɦɨɝɪɚɮɢɢ ɫ ɩɨɦɨɳɶɸ ɞɟɧɫɢɬɨɦɟɬɪɢɢ (Ɂ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɧɭɤɥɟɨɬɢɞɨɦ. Ɇ – 

ɦɚɪɤёɪ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ.  
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4.12.3.2. ɂɧɞɭɰɢɪɨɜɚɧɧɵɣ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɬɨɪɦɨɡɢɬ ɪɚɡɜɢɬɢɟ 
ɚɩɨɩɬɨɡɚ 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I ɧɚ 

ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 

ɢɧɞɭɰɢɪɭɸɳɢɦ ɚɩɨɩɬɨɡ ɚɧɬɢɬɟɥɚɦɢ ɤ CD95/FAS [385]. ɗɮɮɟɤɬɢɜɧɨɫɬɶ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɭɪɨɜɧɸ MFI Cy5.5-ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɤɥɟɬɨɤ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ 100% ɱɟɪɟɡ 12 ɱ ɢ ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɥɚɫɶ ɞɨ ɭɪɨɜɧɹ 

81,64 – 69,36% ɤ 72 ɱ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɤ EGPO ɤ DNase I, ɬɚɤ ɢ 

ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ. ȼɧɭɬɪɢɤɥɟɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ Cy5.5-

ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɯ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ (ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ ɭɪɨɜɧɸ MFI) ɛɵɥɨ 

ɧɚɢɜɵɫɲɟɦ 91,92 – 77,72 ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰ ɱɟɪɟɡ 12 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ 

ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɥɨɫɶ ɞɨ 42,95 – 25,67 ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰ ɤ 72 ɱɚɫɚɦ. 

ɍɦɟɧɶɲɟɧɢɟ ɭɪɨɜɧɹ MFI ɧɚɛɥɸɞɚɥɨɫɶ ɱɟɪɟɡ 36 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ. Ɍɚɤɨɟ 

ɫɧɢɠɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟɦ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɥɟɧɢɹ ɤɥɟɬɨɤ [386]. Ɋɚɡɥɢɱɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɭɪɨɜɧɹɦɢ MFI ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦɢ 

EGPO ɢ ɤɨɧɬɪɨɥɶɧɵɦ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ ɛɵɥɢ ɧɟɞɨɫɬɨɜɟɪɧɵɦɢ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɝɨɦɨɝɟɧɧɨɫɬɶ ɞɚɧɧɵɯ ɤɥɟɬɨɤ. Ʉɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ 

ɚɩɨɩɬɨɡɚ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɢɡɦɟɪɹɥɢ ɤɚɠɞɵɟ 12 ɱ. Ɇɚɫɫɨɜɚɹ ɝɢɛɟɥɶ ɤɥɟɬɨɤ 

ɧɚɛɥɸɞɚɥɚɫɶ ɱɟɪɟɡ 24-36 ɱ ɩɨɫɥɟ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɜ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ (ɪɢɫ. 57 Ȼ, Ɂ) ɢ 

ɝɪɭɩɩɟ ɧɟ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ (ɪɢɫ. 57 Ⱦ, Ʌ). Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ 10,63 – 13,29 % ɧɚɛɥɸɞɚɥɢ ɜ ɩɟɪɢɨɞ 

12 – 24 ɱ. ɑɟɪɟɡ 36 ɱ ɜ ɠɢɜɵɯ ɨɫɬɚɥɨɫɶ ɦɟɧɟɟ 1% ɤɥɟɬɨɤ. ɑɟɪɟɡ 48 ɱ 

ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ ɛɵɥɢ ɦёɪɬɜɵɦɢ. Ɉɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɤ DNase I (ɪɢɫ. 

57 A, ɀ).  
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Ɋɢɫɭɧɨɤ 57. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ ɜ ɤɥɟɬɤɚɯ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-

CD95. CD4+ T-ɤɥɟɬɤɢ ɦɟɬɢɥɢ ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ ɢ 
ɢɡɦɟɪɹɥɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ 
ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɱɟɪɟɡ ɤɚɠɞɵɟ 12 ɱɚɫɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ 
ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO (Ⱥ, ȼ) ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ 
ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ (Ȼ, Ƚ), ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-CD95 (Ⱥ, Ȼ, Ⱦ) ɢ 
ɤɨɧɬɪɨɥɶɧɵɯ ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɨɤ (ȿ). ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ ɠɢɜɵɯ ɤɥɟɬɨɤ 
(ɧɢɠɧɢɟ ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ 
ɤɜɚɞɪɚɧɬɵ) ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɜɟɪɯɧɢɟ ɤɜɚɞɪɚɧɬɵ). Ƚɢɫɬɨɝɪɚɦɦɵ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ 
ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɧɭɤɥɟɨɬɢɞɨɦ. # p ≤ 
0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɧɟ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-CD95. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɤɥɟɬɨɤ ɨɫɬɚɜɚɥɢɫɶ ɠɢɡɧɟɫɩɨɫɨɛɧɵɦɢ ɜ ɬɟɱɟɧɢɟ 12 – 48 ɱ 

ɩɨɫɥɟ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ. Ʉɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɛɵɥɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ (3,70 – 9,43%) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɚɤɨɜɵɦɢ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦɢ ɤɨɧɬɪɨɥɶɧɵɦ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ. Ⱥɩɨɩɬɨɡ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɤɥɟɬɨɤ ɪɚɡɜɢɥɫɹ ɧɟ ɪɚɧɟɟ ɱɟɪɟɡ 60 - 72 ɱ. Ʉɥɟɬɤɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɵ EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ, ɧɨ ɧɟ ɛɵɥɢ ɫɬɢɦɭɥɢɪɨɜɚɧɵ ɚɧɬɢ-CD95, ɨɫɬɚɜɚɥɢɫɶ 

ɠɢɜɵɦɢ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɧɚɛɥɸɞɟɧɢɹ (ɪɢɫ. 54 ȼ, ɂ, Ƚ, Ʉ). Ʉɨɥɢɱɟɫɬɜɨ 

ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɧɟ ɩɪɟɜɵɲɚɥɨ ɭɪɨɜɟɧɶ ɬɚɤɨɜɵɯ 

ɜ ɝɪɭɩɩɟ ɤɨɧɬɪɨɥɶɧɵɯ ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɨɤ (ɪɢɫ. 54 ȿ, Ɇ).  

Ɉɛɧɚɪɭɠɟɧɨ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ ɨɛɳɟɣ DNase I ɜɨ ɜɫɟɯ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ ɫ ɢɧɞɭɤɰɢɟɣ ɚɩɨɩɬɨɡɚ (ɪɢɫ. 58 Ⱥ). Ɉɞɧɚɤɨ, 

ɭɪɨɜɟɧɶ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ nDNase I ɩɨɜɵɲɚɥɫɹ ɬɨɥɶɤɨ ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ (ɪɢɫ. 58 Ȼ) ɢɥɢ ɜ 

ɧɟ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO 

ɜɵɹɜɥɟɧɨ ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ nDNase I ɢ ɩɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 58 ȼ). ȼ 

ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɦ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ ɢ ɜ 

ɧɟɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ, ɢɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɧɟ ɫɤɚɡɵɜɚɥɚɫɶ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ⱥɋ. ɍɪɨɜɟɧɶ ɦɊɇɄ ɨɛɳɟɣ DNase I ɧɟ ɢɡɦɟɧɹɥɫɹ ɜ ɧɟ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (ɪɢɫ. 58 Ƚ). Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɤɥɟɬɤɚɦɢ ɫ 

ɢɧɞɭɰɢɪɨɜɚɧɧɵɦ ɚɩɨɩɬɨɡɨɦ, ɬɪɚɧɫɮɟɤɰɢɹ EGPO ɜɵɡɵɜɚɥɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

DNase I: ɭɪɨɜɟɧɶ nDNase I ɫɧɢɠɚɥɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭɪɨɜɟɧɶ ∆4DNase I 

ɩɨɜɵɲɚɥɫɹ (ɪɢɫ. 58 Ⱦ, ȿ). ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO. ɇɚɛɥɸɞɚɥɚɫɶ 

ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɧɨɪɦɚɥɢɡɚɰɢɹ Ⱥɋ ɜ ɩɟɪɢɨɞ 48 – 72 ɱ: ɭɪɨɜɟɧɶ nDNase I 

ɩɨɜɵɲɚɥɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ∆4DNase I ɭɦɟɧɶɲɚɥɫɹ (ɪɢɫ. 58 Ȼ, ȼ, Ⱦ, ȿ).  
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Ɋɢɫɭɧɨɤ 58. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-

CD95. ɍɪɨɜɧɢ ɦɊɇɄ ɨɛɳɟɣ DNase I (Ⱥ, Ƚ) ɢ ɟё ɫɩɥɚɣɫ ɜɚɪɢɚɧɬɨɜ (Ȼ, ȼ, Ⱦ, ȿ) 
ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ. Ɋɟɡɭɥɶɬɚɬ ɡɢɦɨɝɪɚɮɢɢ 
ɦɟɬɨɞɨɦ DNA-SDS-PAGE ɜ ɥɢɡɚɬɚɯ ɥɢɦɮɨɰɢɬɨɜ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
EGPO ɤ ɩɪɟ-ɦɊɇɄ DNase I ɢɥɢ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ ɧɭɤɥɟɨɬɢɞɨɦ (ɀ-ɂ, Ʌ-

ɇ). Ɉɰɟɧɤɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɢɦɨɝɪɚɮɢɢ ɫ ɩɨɦɨɳɶɸ ɞɟɧɫɢɬɨɦɟɬɪɢɢ (Ʉ, Ɉ). * p 
≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ 
ɧɭɤɥɟɨɬɢɞɨɦ. # p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɧɟ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 
ɚɧɬɢ-CD95. Ɇ – ɦɚɪɤёɪ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ. 
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ɇɨɪɦɚɥɢɡɚɰɢɹ Ⱥɋ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɧɢɠɟɧɢɟɦ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ EGPO, ɧɚɛɥɸɞɚɟɦɨɟ ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

ɤɥɟɬɤɚɯ ɜ ɷɬɨɬ ɩɟɪɢɨɞ. ɇɟ ɭɞɚɥɨɫɶ ɨɩɪɟɞɟɥɢɬɶ ɭɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

DNase I ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɫ ɢɧɞɭɤɰɢɟɣ ɚɩɨɩɬɨɡɚ ɜ ɩɟɪɢɨɞ 60 – 72 ɱ, 

ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɤɥɟɬɤɢ ɤ ɷɬɨɦɭ ɜɪɟɦɟɧɢ ɩɨɝɢɛɥɢ. Ɇɟɬɨɞɨɦ ɡɢɦɨɝɪɚɮɢɢ 

ɢɫɫɥɟɞɨɜɚɥɢ ɭɪɨɜɟɧɶ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɥɢɡɚɬɚɯ ɤɥɟɬɨɤ. ɇɭɤɥɟɚɡɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɛɚɥɚ ɡɚɦɟɬɧɨ ɫɧɢɠɟɧɚ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɤɚɤ 

ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ, ɬɚɤ ɢ ɧɟ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-CD95, ɬɚɤ ɢ ɧɟ 

ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ (ɪɢɫ. 58 ɀ, Ʌ, Ʉ, Ɉ). Ɉɞɧɚɤɨ ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɢ 

ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-CD95 ɧɚɛɥɸɞɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ 

ɩɟɪɢɨɞ 60-72 ɱ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɦɚɫɫɨɜɨɣ ɝɢɛɟɥɶɸ ɤɥɟɬɨɤ ɜ ɷɬɨɬ ɢɧɬɟɪɜɚɥ 

ɜɪɟɦɟɧɢ. Ʉɚɤ ɢ ɨɠɢɞɚɥɨɫɶ, ɧɚɛɥɸɞɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɚɧɬɢ-CD95 ɤɚɤ ɧɟ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ, ɬɚɤ ɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɦ 36-ɨɫɧ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɜɢɬɢɟɦ ɚɩɨɩɬɨɬɢɱɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɪɢɫ. 58 

Ɂ, ɂ). ȼ ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɤɚɯ, ɚ ɬɚɤɠɟ ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ ɛɟɡ 

ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɧɭɤɥɟɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɫɬɚɜɚɥɚɫɶ ɧɟɢɡɦɟɧɧɨɣ. ɋɧɢɠɟɧɢɟ 

ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɬɚɥɨ ɪɟɡɭɥɶɬɚɬɨɦ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɢ 

ɭɦɟɧɶɲɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ nDNase I, ɩɨɫɤɨɥɶɤɭ 

ɢɦɟɧɧɨ ɩɨɥɧɨɪɚɡɦɟɪɧɚɹ ɮɨɪɦɚ ɮɟɪɦɟɧɬɚ ɨɛɥɚɞɚɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɤɭɫcɬɜɟɧɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ EGPO, 

ɫɩɟɰɢɮɢɱɧɵɣ ɩɪɟ-ɦɊɇɄ DNase I ɫɩɨɫɨɛɟɧ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɢɧɬɟɡɭ ɧɟɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɮɟɪɦɟɧɬɵ ɢ ɬɨɪɦɨɡɢɬ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 
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4.13. ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 
hTERT ɜ ɤɥɟɬɤɚɯ 

 ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ EndoG ɜɵɡɵɜɚɟɬ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. Ȼɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɢɧɚɤɬɢɜɚɰɢɢ 

ɬɟɥɨɦɟɪɚɡɵ ɧɚ ɩɪɨɥɢɮɟɪɚɰɢɸ ɧɨɪɦɚɥɶɧɵɯ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ ɢ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɥɢɧɢɢ CaCo-2. 

4.13.1. Ƚɢɛɟɥɶ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɫɨ ɫɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ α+β+ 
hTERT 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɝɨ ɜɥɢɹɧɢɹ EndoG ɧɚ ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ 

CD4+ Ɍ, ɥɢɦɮɨɰɢɬɵ ɱɟɬɵɪёɯ ɞɨɧɨɪɨɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɩɥɚɡɦɢɞɨɣ pEndoG-

GFP ɢɥɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP, ɤɥɟɬɤɢ ɜɵɪɚɳɢɜɚɥɢ ɢ ɟɠɟɞɧɟɜɧɨ 

ɢɡɦɟɪɹɥɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ 

ɚɩɨɩɬɨɡɚ. ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɨɛɧɚɪɭɠɟɧɚ 

ɦɚɫɫɢɪɨɜɚɧɧɚɹ ɝɢɛɟɥɶ ɧɚ 24-28-ɟ ɫɭɬɤɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 59). Ɍɚɤ, ɧɚ 

24-ɟ ɫɭɬɤɢ ɧɚɛɥɸɞɚɥɨɫɶ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ 

ɞɨ 13,31±2,12%. ɇɚ 28-ɟ ɫɭɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ ɛɵɥɢ ɦɟɪɬɜɵ. Ʉɥɟɬɤɢ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ ɜ ɬɟɱɟɧɢɟ 

28-ɦɢ ɫɭɬɨɤ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ EndoG ɨɫɬɚɜɚɥɫɹ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɦ ɜ 

ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 60 A). ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɵɪɚɳɢɜɚɧɢɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɭɞɜɨɟɧɢɣ ɩɨɩɭɥɹɰɢɢ ɢ ɫɨɤɪɚɳɟɧɢɟɦ 

ɤɨɥɢɱɟɫɬɜɚ ɩɥɚɡɦɢɞ ɜɧɭɬɪɢ ɤɥɟɬɨɤ. ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ 

ɫɧɢɠɟɧɢɟɦ ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 60 Ȼ) ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ α+ȕ– ɜɚɪɢɚɧɬɚ (ɪɢɫ. 60 ȼ). ȼ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɢɡɦɟɧɟɧɢɣ ɷɤɫɩɪɟɫɫɢɢ EndoG, 

α+ȕ+ ɢ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɧɟ ɨɛɧɚɪɭɠɟɧɨ. Ⱦɨɫɬɨɜɟɪɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɢɫɫɥɟɞɭɟɦɵɯ ɛɟɥɤɨɜ ɜ CD4+ Ɍ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
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pEndoG-GFP, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦɢ pGFP ɤɥɟɬɤɚɦɢ 

ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝɚ (ɪɢɫ. 57 Ƚ–Ɂ). 

ɋɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɤɥɟɬɨɤ ɧɚɫɬɭɩɚɟɬ ɜ ɫɥɭɱɚɟ 

ɭɤɨɪɨɱɟɧɢɹ ɬɟɥɨɦɟɪ ɞɨ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ. Ɇɵ ɩɪɨɫɥɟɞɢɥɢ, ɤɚɤ ɢɡɦɟɧɹɟɬɫɹ 

ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɢ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ CD4+ Ɍ ɤɥɟɬɤɚɯ 

ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ. Ɇɟɬɨɞɨɦ TRAP ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɬɟɥɨɦɟɪɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɫɬɚɜɚɥɚɫɶ 

ɫɬɚɛɢɥɶɧɨ ɧɢɡɤɨɣ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 60 ɂ, Ʉ). ȼ 

ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɧɟ ɢɡɦɟɧɹɥɚɫɶ. ɋɧɢɠɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɤɬɢɜɧɨ ɞɟɥɹɳɢɯɫɹ ɤɥɟɬɤɚɯ ɞɨɥɠɧɨ ɜɵɡɵɜɚɬɶ 

ɭɤɨɪɨɱɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ.  

 

Ɋɢɫɭɧɨɤ 59. Ƚɢɛɟɥɶ CD4+ Ɍ-ɤɥɟɬɨɤ ɩɪɢ ɢɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ ɭɫɥɨɜɢɹɯ 
ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ CD4+ Ɍ ɤɥɟɬɨɤ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (A) ɢɥɢ pGFP (Ȼ) ɢ ɦɟɱɟɧɵɯ ɚɧɧɟɤɫɢɧɨɦ 
V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ ɠɢɜɵɯ ɤɥɟɬɨɤ (ɧɢɠɧɢɟ 
ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɩɪɨɰɟɧɬ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ 
ɤɜɚɞɪɚɧɬɵ) ɢ ɩɪɨɰɟɧɬ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɜɟɪɯɧɢɟ ɤɜɚɞɪɚɧɬɵ). ɉɪɢɜɨɞɢɬɫɹ 
ɨɞɢɧ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɜɫɟɝɨ ɢɯ 4. Ƚɢɫɬɨɝɪɚɦɦɵ ɠɢɜɵɯ 
ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɦёɪɬɜɵɯ CD4+ Ɍ ɤɥɟɬɨɤ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (ȼ) ɢɥɢ pGFP (Ƚ). * p ≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 
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Ɋɢɫɭɧɨɤ 60. ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɤɥɟɬɨɤ 
ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 
hTERT, ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢ ɭɤɨɪɨɱɟɧɢɟ ɞɥɢɧɵ 
ɬɟɥɨɦɟɪ. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ EndoG (Ⱥ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ȼ, ȼ) ɜ 
CD4+ Ɍ-ɤɥɟɬɤɚɯ ɩɪɢ ɢɯ ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP ɢɥɢ pGFP. ɍɪɨɜɧɢ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. ȼɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ 
EndoG ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (Ƚ) ɢɥɢ pGFP 

(Ⱦ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜ EndoG (ȿ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 
hTERT (ɀ-Ɂ) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH. Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (ɂ). Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 
ɬɟɥɨɦɟɪɚɡɵ ɦɟɬɨɞɨɦ TRAP (Ʉ). Ⱥɛɫɨɥɸɬɧɚɹ ɞɥɢɧɚ ɬɟɥɨɦɟɪ, ɢɡɦɟɪɟɧɧɚɹ 
ɦɟɬɨɞɨɦ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Ʌ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ pGFP. 
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Ɇɟɬɨɞɨɦ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɥɨ ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɧɵ 

ɬɟɥɨɦɟɪ ɛɨɥɟɟ ɱɟɦ ɜ 6 ɪɚɡ ɡɚ 24 ɫɭɬɨɤ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 60 Ʌ). ɉɪɢ 

ɞɚɥɶɧɟɣɲɟɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɪɚɡɦɟɪ ɬɟɥɨɦɟɪ ɭɦɟɧɶɲɚɥɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ 

ɨɫɬɚɜɚɥɫɹ ɧɚ ɧɢɡɤɨɦ ɭɪɨɜɧɟ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP, ɬɚɤɠɟ 

ɨɛɧɚɪɭɠɟɧɨ ɭɤɨɪɨɱɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ, ɨɞɧɚɤɨ ɨɧɨ ɛɵɥɨ ɧɟ ɫɬɨɥɶ ɛɵɫɬɪɵɦ, 

ɤɚɤ ɭ ɤɥɟɬɨɤ ɫɨ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɟɣ EndoG.  

4.13.2. ɉɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɤɨɪɨɱɟɧɢɹ ɬɟɥɨɦɟɪ 

 ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɤɬɢɜɧɨ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ 

ɤɥɟɬɤɚɯ ɜɵɡɵɜɚɟɬ ɢɯ ɩɟɪɟɯɨɞ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ, ɱɬɨ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɫɬɚɧɨɜɤɨɣ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ ɮɚɡɟ G0/G1 [338,387]. Ɇɵ 

ɢɡɦɟɪɢɥɢ ɤɥɟɬɨɱɧɵɣ ɰɢɤɥ ɜ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ CD4+ Ɍ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢ pGFP, ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ 

ɦɟɱɟɧɢɢ ȾɇɄ ɤɥɟɬɨɤ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP, 

ɨɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ S ɢ G2/M ɮɚɡɚɯ ɢ 

ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜ G0/G1 ɮɚɡɟ ɧɚ 20-ɟ ɫɭɬɤɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 

61 Ⱥ, ȼ). Ɉɞɧɚɤɨ, ɤɥɟɬɤɢ ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ (ɪɢɫ. 59 Ⱥ, ȼ). ɇɚ 24-ɟ ɫɭɬɤɢ 

ɧɚɛɥɸɞɚɥɨɫɶ ɞɚɥɶɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ G2/M ɮɚɡɟ, ɚ ɬɚɤɠɟ 

ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. ɇɚ 28-ɟ ɫɭɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ 

ɤɥɟɬɤɢ ɧɚɯɨɞɢɥɢɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɢɡɦɟɧɟɧɢɣ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɧɟ ɜɵɹɜɥɟɧɨ (ɪɢɫ. 61 Ȼ, 

Ƚ).  

 Ɇɚɪɤёɪɨɦ ɩɟɪɟɯɨɞɚ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɢ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal. ɉɨɷɬɨɦɭ ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ 

ɷɤɫɩɪɟɫɫɢɸ ɢ ɚɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, 

ɧɚɛɥɸɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ȕ-Gal ɧɚ 20-ɟ ɫɭɬɤɢ ɩɨɫɥɟ 
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ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 61 Ⱦ). ɇɚ 24-28-ɟ ɫɭɬɤɢ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɨɫɬɚɜɚɥɫɹ 

ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɦ. Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal ɬɚɤɠɟ ɩɨɜɵɲɚɥɚɫɶ ɧɚ 

20-ɟ ɫɭɬɤɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɨɫɬɚɜɚɥɚɫɶ ɜɵɫɨɤɨɣ ɧɚ 24-ɟ ɫɭɬɤɢ (ɪɢɫ. 61 ȿ).  

Ɋɢɫɭɧɨɤ 61. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤɥɟɬɨɤ ɜ 
ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɤɥɟɬɨɱɧɨɝɨ 
ɰɢɤɥɚ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ȾɇɄ ɤɥɟɬɨɤ 
ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ CD4+ Ɍ-ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
pEndoG-GFP (Ⱥ) ɢɥɢ pGFP (Ȼ) ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ, ɚ ɬɚɤɠɟ G0/G1, S ɢ 
G2M ɮɚɡɚɯ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ. ɉɪɢɜɟɞёɧ ɨɞɢɧ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɣ 
ɷɤɫɩɟɪɢɦɟɧɬ, (ɜɫɟɝɨ 4). Ƚɢɫɬɨɝɪɚɦɦɵ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
ɤɥɟɬɨɤ ɜ ɪɚɡɥɢɱɧɵɯ ɮɚɡɚɯ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ (ȼ, Ƚ) ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ȕ-

Gal ɜ CD4+ Ɍ-ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ pGFP (Ⱦ). 
ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ ɧɨɪɦɚɥɢɡɨɜɚɧ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal ɜ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ Ⱥɤɬɢɜɧɨɫɬɶ ȕ-Gal ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ȿȾ ɧɚ 1000 
ɤɥɟɬɨɤ, ɨɩɪɟɞɟɥёɧɧɚɹ ɩɨ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɤɪɢɜɨɣ (ȿ). * p ≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ pGFP. 



223 

ɇɚ 28-ɟ ɫɭɬɤɢ ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal, ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɦɚɫɫɢɪɨɜɚɧɧɨɣ ɝɢɛɟɥɶɸ ɤɥɟɬɨɤ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɷɤɫɩɪɟɫɫɢɹ ɢ ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal ɨɫɬɚɜɚɥɢɫɶ 

ɧɟɢɡɦɟɧɧɵɦɢ. Ⱥɤɬɢɜɚɰɢɹ ȕ-Gal ɧɚ 20-ɟ ɫɭɬɤɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG 

ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ S ɢ G2/M ɮɚɡ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ƚɢɛɟɥɶ ɬɚɤɢɯ ɤɥɟɬɨɤ 

ɧɚ 24-28-ɟ ɫɭɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɹɜɥɹɥɚɫɶ ɞɚɥɶɧɟɣɲɢɦ ɫɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ 

ɫɨɫɬɨɹɧɢɹ. 

4.13.3. Ɉɬɫɭɬɫɬɜɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɭ ȾɇɄɚɡɵ 1 ɢ ȾɇɄɚɡɵ ɏ 

ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT  

 ɉɨɫɤɨɥɶɤɭ ɚɩɨɩɬɨɬɢɱɟɫɤɚɹ ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG ɜɵɡɵɜɚɥɚ ɝɢɛɟɥɶ ɤɥɟɬɨɤ 

ɢ ɢɧɞɭɤɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɢɧɬɟɪɟɫɧɵɦ ɢɫɫɥɟɞɨɜɚɬɶ 

ɜɥɢɹɧɢɟ ɢ ɞɪɭɝɢɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ ɫ ɲɢɪɨɤɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ 

ɞɟɣɫɬɜɢɹ ɧɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɢ ɢɧɞɭɤɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT. Ⱦɥɹ 

ɷɬɨɣ ɰɟɥɢ CD4+ Ɍ-ɤɥɟɬɤɢ ɱɟɬɵɪёɯ ɞɨɧɨɪɨɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɝɟɧɨɦ ȾɇɄɚɡɵ 1 

(ɩɥɚɡɦɢɞɨɣ pDNase 1-GFP) ɢɥɢ ȾɇɄɚɡɵ ɏ (pDNase X-GFP), ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 

ɪɨɫɬɨɜɨɣ ɫɪɟɞɟ ɢ ɢɡɦɟɪɹɥɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ 

ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ. ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, pDNase 1-GFP, ɨɛɧɚɪɭɠɟɧɚ 

ɦɚɫɫɢɪɨɜɚɧɧɚɹ ɢɯ ɝɢɛɟɥɶ ɭɠɟ ɱɟɪɟɡ 24-48 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 62 Ⱥ, Ƚ). 

ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pDNase X-GFP, ɝɢɛɟɥɶ ɤɥɟɬɨɤ 

ɧɚɛɥɸɞɚɥɚɫɶ ɱɟɪɟɡ 36-48 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 62 Ȼ, Ⱦ). Ʉɥɟɬɤɢ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP, ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ ɜ 

ɬɟɱɟɧɢɟ 48 ɱ (ɪɢɫ. 62 ȼ, ȿ). ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ ȾɇɄɚɡɵ 1 ɢ ȾɇɄɚɡɵ X ɧɟ 

ɜɵɡɵɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɦɊɇɄ α+ȕ+ ɢ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (ɪɢɫ. 

62 ɀ, Ɂ). 
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Ɋɢɫɭɧɨɤ 62. ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ ȾɇɄɚɡɵ 1 ɢ ȾɇɄɚɡɵ ɏ ɜɵɡɵɜɚɟɬ ɛɵɫɬɪɭɸ 
ɝɢɛɟɥɶ CD4+ Ɍ ɤɥɟɬɨɤ ɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɭɪɨɜɟɧɶ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ CD4+ Ɍ ɤɥɟɬɨɤ 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pDNase 1-GFP (A), pDNase X-GFP (Ȼ) ɢɥɢ pGFP ɢ 
ɦɟɱɟɧɵɯ ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ (ȼ). ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ 
ɠɢɜɵɯ ɤɥɟɬɨɤ (ɧɢɠɧɢɟ ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɩɪɨɰɟɧɬ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ 
ɚɩɨɩɬɨɡɚ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ ɤɜɚɞɪɚɧɬɵ) ɢ ɩɪɨɰɟɧɬ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɜɟɪɯɧɢɟ 
ɤɜɚɞɪɚɧɬɵ). ɉɨɤɚɡɚɧ ɨɞɢɧ ɢɡ 4-ɯ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, (ɜɫɟɝɨ 4). 
Ƚɢɫɬɨɝɪɚɦɦɵ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɦёɪɬɜɵɯ CD4+ Ɍ 
ɤɥɟɬɨɤ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pDNase 1-GFP (Ƚ), pDNase X-GFP (Ⱦ) ɢɥɢ pGFP 

(ȿ). ɍɪɨɜɧɢ ɦɊɇɄ α+ȕ+ hTERT (ɀ) α+ȕ– hTERT (Ɂ) ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 
CD4+ Ɍ-ɤɥɟɬɤɚɯ. ɍɪɨɜɧɢ ɦɊɇɄ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 

 

4.13.4. ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɜɵɡɵɜɚɟɬ ɝɢɛɟɥɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ 
ɥɢɧɢɢ CaCo-2 

 ɉɨɫɤɨɥɶɤɭ EndoG ɜɵɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ 

ɮɨɪɦɵ hTERT, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ, ɩɪɟɞɫɬɚɜɥɹɥɚ ɢɧɬɟɪɟɫ ɞɚɥɶɧɟɣɲɚɹ ɫɭɞɶɛɚ ɬɚɤɢɯ ɤɥɟɬɨɤ ɫ 

ɧɟɚɤɬɢɜɧɵɦ ɮɟɪɦɟɧɬɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɤɥɟɬɤɢ ɋɚɋɨ-2, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ 

pEndoG-GFP ɢɥɢ pGFP, ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɪɨɫɬɨɜɨɣ ɫɪɟɞɟ ɢ ɟɠɟɞɧɟɜɧɨ 

ɢɡɦɟɪɹɥɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ 

ɚɩɨɩɬɨɡɚ. ȼ ɝɪɭɩɩɟ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, ɨɛɧɚɪɭɠɟɧɚ 

ɦɚɫɫɢɜɧɚɹ ɝɢɛɟɥɶ ɧɚ ɱɟɬɜɟɪɬɵɟ ɢ ɩɹɬɵɟ ɫɭɬɤɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 63 Ⱥ, 

ȼ). Ɍɚɤ, ɧɚ ɱɟɬɜɟɪɬɵɟ ɫɭɬɤɢ ɧɚɛɥɸɞɚɥɨɫɶ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɥɟɬɨɤ ɜ 

ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɞɨ 12,4±2,0%.  

ɇɚ ɩɹɬɵɟ ɫɭɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ ɛɵɥɢ ɦɟɪɬɜɵ. Ʉɥɟɬɤɢ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ ɜ ɬɟɱɟɧɢɟ 

ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɧɚɛɥɸɞɟɧɢɹ (ɪɢɫ. 63 Ȼ, Ƚ). Ʉɨɥɢɱɟɫɬɜɨ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɢ ɤɥɟɬɨɤ 

ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɧɟ ɩɪɟɜɵɲɚɥɨ ɬɚɤɨɜɨɝɨ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ.  
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Ɋɢɫɭɧɨɤ 63. Ƚɢɛɟɥɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɋɚɋɨ-2 ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɤɥɟɬɨɤ 
ɋɚɋɨ-2 ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (A) ɢɥɢ pGFP (Ȼ) ɢ ɦɟɱɟɧɵɯ 
ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ ɠɢɜɵɯ ɤɥɟɬɨɤ 
(ɧɢɠɧɢɟ ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ 
ɤɜɚɞɪɚɧɬɵ) ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɜɟɪɯɧɢɟ ɤɜɚɞɪɚɧɬɵ). Ƚɢɫɬɨɝɪɚɦɦɵ ɠɢɜɵɯ 
ɤɥɟɬɨɤ, ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɋɚɋɨ-2 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (ȼ) ɢɥɢ pGFP (Ƚ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 

4.13.5. ɉɟɪɟɯɨɞ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ 
ɫɬɚɪɟɧɢɹ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɩɪɢ ɢɧɚɤɬɢɜɚɰɢɢ 
ɬɟɥɨɦɟɪɚɡɵ 

Ɇɵ ɢɡɦɟɪɢɥɢ ɤɥɟɬɨɱɧɵɣ ɰɢɤɥ ɜ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ CaCo-2, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢ pGFP, ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ 

ɦɟɱɟɧɢɢ ȾɇɄ ɤɥɟɬɨɤ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɪɢ ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP, 

ɨɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ ɮɚɡɚɯ S ɢ G2/M ɢ 

ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜ ɮɚɡɟ G0/G1 ɧɚ ɬɪɟɬɢɣ ɞɟɧɶ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 

64 Ⱥ, ȼ). Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɤɥɟɬɤɢ ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ (ɪɢɫ. 63 Ⱥ, ȼ). ɇɚ 

ɱɟɬɜёɪɬɵɣ ɞɟɧɶ ɧɚɛɥɸɞɚɥɨɫɶ ɞɚɥɶɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ ɮɚɡɟ 

G2/M, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. ɇɚ ɩɹɬɵɟ ɫɭɬɤɢ 
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ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ ɧɚɯɨɞɢɥɢɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ. ȼ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɢɡɦɟɧɟɧɢɹ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɧɟ 

ɜɵɹɜɥɟɧɨ (ɪɢɫ. 64 Ȼ, Ƚ).  

Ɋɢɫɭɧɨɤ 64. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɤɥɟɬɨɤ ɩɪɢ ɢɯ ɩɟɪɟɯɨɞɟ ɜ 
ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ 
ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ȾɇɄ ɤɥɟɬɨɤ ɩɪɨɩɢɞɢɣ 
ɣɨɞɢɞɨɦ. ɉɨɤɚɡɚɧ ɩɪɨɰɟɧɬ ɤɥɟɬɨɤ CaCo-2, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP 

(Ⱥ) ɢɥɢ pGFP (Ȼ) ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ, ɚ ɬɚɤɠɟ G0/G1, S ɢ G2M ɮɚɡɚɯ 
ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ. Ƚɢɫɬɨɝɪɚɦɦɵ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɜ 
ɪɚɡɥɢɱɧɵɯ ɮɚɡɚɯ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ (ȼ, Ƚ). ɍɪɨɜɟɧɶ ɦɊɇɄ ȕ-Gal ɜ ɤɥɟɬɤɚɯ 
ɋɚɋɨ-2, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ pGFP. ɍɪɨɜɟɧɶ ɦɊɇɄ 
ɧɨɪɦɚɥɢɡɨɜɚɧ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S (Ⱦ). 
Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (ȿ). 
Ⱥɤɬɢɜɧɨɫɬɶ ȕ-Gal ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ȿȾ ɧɚ 1000 ɤɥɟɬɨɤ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ 
ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɤɪɢɜɨɣ. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ pGFP. 

ɍɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɢ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal ɹɜɥɹɟɬɫɹ ɦɚɪɤɟɪɨɦ ɩɟɪɟɯɨɞɚ 

ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɷɤɫɩɪɟɫɫɢɹ ɢ 

ɚɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ CaCo-2. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-

GFP, ɧɚɛɥɸɞɚɥɢ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ȕ-Gal ɧɚ ɬɪɟɬɶɢ ɫɭɬɤɢ 

ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ (ɪɢɫ. 64 Ⱦ). ɇɚ ɱɟɬɜɟɪɬɵɟ ɢ ɩɹɬɵɟ ɫɭɬɤɢ ɭɪɨɜɟɧɶ 
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ɷɤɫɩɪɟɫɫɢɢ ɨɫɬɚɜɚɥɫɹ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɦ. Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal 

ɬɚɤɠɟ ɩɨɜɵɲɚɥɚɫɶ ɧɚ ɬɪɟɬɶɢ ɫɭɬɤɢ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɨɫɬɚɜɚɥɚɫɶ ɜɵɫɨɤɨɣ 

ɧɚ ɱɟɬɜɟɪɬɵɟ (ɪɢɫ. 64 ȿ). ɇɚ ɩɹɬɵɟ ɫɭɬɤɢ ɨɛɧɚɪɭɠɟɧɨ ɫɧɢɠɟɧɢɟ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɦɚɫɫɢɪɨɜɚɧɧɨɣ ɝɢɛɟɥɶɸ 

ɤɥɟɬɨɤ. ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ, ɷɤɫɩɪɟɫɫɢɹ ɢ 

ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal ɨɫɬɚɜɚɥɢɫɶ ɧɟɢɡɦɟɧɧɵɦɢ. Ⱥɤɬɢɜɚɰɢɹ ȕ-Gal ɧɚ ɬɪɟɬɶɢ ɫɭɬɤɢ 

ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ S ɢ G2/M ɮɚɡ 

ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ƚɢɛɟɥɶ ɬɚɤɢɯ ɤɥɟɬɨɤ ɧɚ ɱɟɬɜɟɪɬɵɟ ɢ ɩɹɬɵɟ ɫɭɬɤɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɹɜɥɹɥɚɫɶ ɞɚɥɶɧɟɣɲɢɦ ɫɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɇɟɬɨɞɨɦ 

ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ EndoG 

ɨɫɬɚɜɚɥɫɹ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɦ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 

65 A). ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɫɧɢɠɟɧɢɟɦ ɭɪɨɜɧɹ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT (ɪɢɫ. 65 Ȼ) ɢ ɭɜɟɥɢɱɟɧɢɟɦ 

ɦɊɇɄ α+ȕ– ɜɚɪɢɚɧɬɚ (ɪɢɫ. 65 ȼ). ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɨɣ 

ɩɥɚɡɦɢɞɨɣ, ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG, α+ȕ+ ɢ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

hTERT ɧɟ ɨɛɧɚɪɭɠɟɧɨ (ɪɢɫ. 65 Ƚ-Ɂ).  

Ⱦɚɥɟɟ ɛɵɥɨ ɢɡɭɱɟɧɨ ɢɡɦɟɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢ ɞɥɢɧɵ ɬɟɥɨɦɟɪ 

ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ ɋɚɋɨ-2 ɩɪɢ ɢɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ. Ɇɟɬɨɞɨɦ 

TRAP ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP, 

ɬɟɥɨɦɟɪɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɫɬɚɜɚɥɚɫɶ ɫɬɚɛɢɥɶɧɨ ɧɢɡɤɨɣ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 65 ɂ, Ʉ). ȼ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ 

ɧɟ ɢɡɦɟɧɹɥɚɫɶ. ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɤɬɢɜɧɨ ɞɟɥɹɳɢɯɫɹ ɤɥɟɬɤɚɯ 

ɞɨɥɠɧɨ ɜɵɡɵɜɚɬɶ ɭɤɨɪɨɱɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ. Ɇɟɬɨɞɨɦ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɜ ɩɟɪɜɵɟ ɞɜɚ ɞɧɹ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɥɨ ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ 

ɛɨɥɟɟ ɱɟɦ ɜ 6 ɪɚɡ (ɪɢɫ. 62 ȼ). 
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Ɋɢɫɭɧɨɤ 65. ɍɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɤɥɟɬɨɤ ɫ ɧɟɚɤɬɢɜɧɨɣ 
ɬɟɥɨɦɟɪɚɡɨɣ. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ EndoG (Ⱥ) ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ȼ, 
ȼ) ɜ ɤɥɟɬɤɚɯ ɋɚɋɨ-2 ɩɪɢ ɢɯ ɬɪɚɧɫɮɟɤɰɢɢ pEndoG-GFP ɢɥɢ pGFP. ɍɪɨɜɧɢ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ 
ɝɟɧɚ 18S. ȼɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ EndoG ɜ ɋɚɋɨ-2, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (Ƚ) ɢɥɢ pGFP (Ⱦ). ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɢ EndoG ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ GAPDH (ȿ-Ɂ). 
Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (ɂ). Ɋɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɦɟɬɨɞɨɦ TRAP (Ʉ). Ⱥɛɫɨɥɸɬɧɚɹ ɞɥɢɧɚ 
ɬɟɥɨɦɟɪ, ɢɡɦɟɪɟɧɧɚɹ ɦɟɬɨɞɨɦ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Ʌ). * p ≤ 0,05 ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ pGFP. 
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ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɫɧɢɠɚɥɚɫɶ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ ɨɫɬɚɜɚɥɚɫɶ ɧɚ ɧɢɡɤɨɦ ɭɪɨɜɧɟ. ȼ ɤɥɟɬɤɚɯ ɋɚɋɨ-2, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP, ɭɤɨɪɨɱɟɧɢɹ ɞɥɢɧɵ ɬɟɥɨɦɟɪ ɧɟ ɜɵɹɜɥɟɧɨ. 

4.14. Ȼɢɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I  

ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ EndoG ɜɵɡɵɜɚɟɬ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ȾɇɄɚɡɵ 1. ɉɪɟɞɫɬɚɜɥɹɥɨ ɢɧɬɟɪɟɫ 

ɢɡɭɱɢɬɶ ɜɥɢɹɧɢɟ ɢɧɚɤɬɢɜɚɰɢɢ ȾɇɄɚɡɵ 1 ɧɚ ɞɢɧɚɦɢɤɭ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ ɜ 

ɧɨɪɦɚɥɶɧɵɯ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. 

4.14.1. Ɂɚɦɟɞɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɚɤɬɢɜɚɰɢɢ 
ȾɇɄɚɡɵ 1 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ 

ɱɟɥɨɜɟɤɚ ɤɥɟɬɤɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ ɨɞɧɨɣ ɢɡ ɩɥɚɡɦɢɞ pEndoG-GFP, p∆4DNase I-

GFP ɢɥɢ pGFP ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɢɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,05 ɟɞ/ɦɥ-

1. Ʉɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ ɨɩɪɟɞɟɥɹɥɢ 

ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɪɢ ɢɯ ɦɟɱɟɧɢɢ ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ 

ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ ɱɟɪɟɡ ɤɚɠɞɵɟ 12 ɱ. Ɍɪɚɧɫɮɟɤɰɢɹ ɩɥɚɡɦɢɞɚɦɢ ɧɟ ɨɤɚɡɵɜɚɥɚ 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ ɜ ɬɟɱɟɧɢɟ 72 ɱ (ɪɢɫ. 66). 

Ɇɚɫɫɢɜɧɭɸ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɧɚɛɥɸɞɚɥɢ ɱɟɪɟɡ 60–72 ɱ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ ɜ ɝɪɭɩɩɚɯ ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢ p∆4DNase 

I-GFP. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɟ 

ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP, ɩɨɝɢɛɚɥɢ ɜ ɬɟɱɟɧɢɟ 48 ɱ ɢɧɤɭɛɚɰɢɢ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ. ɑɟɪɟɡ 60-72 ɱ ɢɧɤɭɛɚɰɢɢ ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɧɟ ɨɩɪɟɞɟɥɹɥɢ, ɜ 

ɜɢɞɭ ɩɨɥɧɨɣ ɢɯ ɝɢɛɟɥɢ. Ɂɚɦɟɞɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ ɜ ɝɪɭɩɩɚɯ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɢɥɢ p∆4DNase I-GFP ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ 

ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɮɚɡɵ ɪɚɧɧɟɝɨ ɚɩɨɩɬɨɡɚ, ɤɨɬɨɪɭɸ 

ɞɟɬɟɤɬɢɪɨɜɚɥɢ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɬɨɥɶɤɨ ɚɧɧɟɤɫɢɧ-V-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ.  

Ȼɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɧɚ ɧɭɤɥɟɚɡɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɤɥɟɬɨɤ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɡɚ.  
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Ɋɢɫɭɧɨɤ 66. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɩɪɨɝɪɟɫɫɢɢ ɚɩɨɩɬɨɡɚ CD4+ Ɍ-ɤɥɟɬɨɤ ɫ 
ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ∆4DNase I. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ 
ɤɥɟɬɨɤ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (Ⱥ), ∆4DNase I-GFP (ȼ) ɢɥɢ pGFP 
(Ⱦ) ɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ, ɢ ɦɟɱɟɧɵɯ ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ 
ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ (Ȼ, Ƚ, ȿ). ɉɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɩɨɪɰɢɢ ɠɢɜɵɯ ɤɥɟɬɨɤ (ɧɢɠɧɢɟ 
ɥɟɜɵɟ ɤɜɚɞɪɚɧɬɵ), ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ (ɧɢɠɧɢɟ ɩɪɚɜɵɟ ɤɜɚɞɪɚɧɬɵ) ɢ 
ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɞɜɚ ɜɟɪɯɧɢɯ ɤɜɚɞɪɚɧɬɚ). ɉɪɨɩɨɪɰɢɢ ɠɢɜɵɯ, ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 
ɢ ɦёɪɬɜɵɯ CD4+ T-ɤɥɟɬɨɤ, ɢɡɦɟɪɟɧɧɵɟ ɦɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ (ɀ-

Ɇ). # Ɋ ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɧɟ ɨɛɪɚɛɨɬɚɧɧɵɦ ɛɥɟɨɦɢɰɢɧɨɦ. * Ɋ ≤ 
0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ pGFP ɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 
ɛɥɟɨɦɢɰɢɧɨɦ. 
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ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɩɥɚɡɦɢɞɚɦɢ pEndoG-GFP ɢɥɢ p∆4DNase 

I-GFP ɧɭɤɥɟɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɛɵɥɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɤɨɧɬɪɨɥɶɧɵɯ 

pGFP-ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ (ɪɢɫ. 67). Ɉɛɪɚɛɨɬɤɚ ɛɥɟɨɦɢɰɢɧɨɦ 

ɜɵɡɵɜɚɥɚ ɭɜɟɥɢɱɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

pEndoG-GFP ɢɥɢ p∆4DNase I-GFP ɱɟɪɟɡ 60-72 ɱ ɢɧɤɭɛɚɰɢɢ, ɱɬɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ 

ɦɚɫɫɢɜɧɨɣ ɝɢɛɟɥɶɸ ɤɥɟɬɨɤ ɜ ɷɬɨɬ ɩɟɪɢɨɞ (ɪɢɫ. 66). Ɉɛɧɚɪɭɠɟɧɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɬɟɱɟɧɢɟ 12–24 ɱ ɢɧɤɭɛɚɰɢɢ ɫ ɛɥɟɨɦɢɰɢɧɨɦ ɜ ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. ɗɬɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɛɥɟɨɦɢɰɢɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ EndoG ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɱɟɪɟɡ 12 ɱ 

ɢɧɤɭɛɚɰɢɢ. ɍɜɟɥɢɱɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɟɪɢɨɞ 36–60 ɱ ɢɧɤɭɛɚɰɢɢ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɦɚɫɫɨɜɨɣ ɝɢɛɟɥɶɸ ɤɥɟɬɨɤ ɜ ɷɬɨɬ ɩɟɪɢɨɞ. ȼ ɬɟɱɟɧɢɟ 

60–72 ɱ ɢɧɤɭɛɚɰɢɢ ɧɭɤɥɟɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɧɟ 

ɞɟɬɟɤɬɢɪɨɜɚɥɚɫɶ ɜ ɜɢɞɭ ɩɨɥɧɨɣ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. 

4.15. Ɋɨɥɶ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 
ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT ɜ ɫɭɩɪɟɫɫɨɪɧɨɦ ɞɟɣɫɬɜɢɢ ɪɟɝɭɥɹɬɨɪɧɵɯ 
Ɍ ɤɥɟɬɨɤ 

Ɋɟɝɭɥɹɬɨɪɧɵɟ Ɍ-ɤɥɟɬɤɢ (Ɍɪɟɝ) CD4+CD25+CD127lowFoxP3+ ɢɝɪɚɸɬ 

ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɚɞɚɩɬɢɜɧɨɝɨ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɢ 

ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɥɟɪɚɧɬɧɨɫɬɢ, ɩɨɞɚɜɥɹɹ ɚɤɬɢɜɧɨɫɬɶ ɷɮɮɟɤɬɨɪɧɵɯ Ɍ- ɢ ȼ-

ɥɢɦɮɨɰɢɬɨɜ ɢ NK-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ [388]. Ɍɪɟɝ ɪɟɝɭɥɢɪɭɸɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɢ ɫɢɥɭ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ. ɇɚɪɭɲɟɧɢɟ ɪɟɝɭɥɹɬɨɪɧɨɣ ɮɭɧɤɰɢɢ Ɍɪɟɝ ɹɜɥɹɟɬɫɹ 

ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɪɚɡɜɢɬɢɹ ɢ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ 

(ɪɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ, ɫɢɫɬɟɦɧɚɹ ɤɪɚɫɧɚɹ ɜɨɥɱɚɧɤɚ, ɩɫɨɪɢɚɡ, ɪɟɜɦɚɬɨɢɞɧɵɣ 

ɚɪɬɪɢɬ ɢ ɞɪ.) [389–391], ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [392] ɢ ɯɪɨɧɢɱɟɫɤɢɯ 

ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ [273]. Ɍɪɟɝ ɤɥɟɬɤɢ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ 

ɫɬɚɪɟɧɢɟ ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɨɜ in vitro ɢ in vivo [393], ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɤɨɫɜɟɧɧɵɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɜɨɜɥɟɱɟɧɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ. 

ɍɱɢɬɵɜɚɹ ɫɤɚɡɚɧɧɨɟ, ɦɵ ɢɡɭɱɢɥɢ ɫɩɨɫɨɛɧɨɫɬɶ Ɍɪɟɝ ɢɧɞɭɰɢɪɨɜɚɬɶ EndoG ɢ Ⱥɋ 
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ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT ɜ ɷɮɮɟɤɬɨɪɧɵɯ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɢ ɦɵɲɢ.  

Ɋɢɫɭɧɨɤ 67. ɂɧɝɢɛɢɪɨɜɚɧɢɹ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ CD4+ Ɍ-ɤɥɟɬɤɚɯ ɫ 
ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ∆4DNase I. Ɋɟɡɭɥɶɬɚɬ ɡɢɦɨɝɪɚɮɢɢ ɤɥɟɬɨɱɧɵɯ 
ɥɢɡɚɬɨɜ ɦɟɬɨɞɨɦ DNA-SDS-PAGE ɜ ɬɟɱɟɧɢɟ 72 ɱ ɞɥɹ CD4+ Ɍ-ɤɥɟɬɨɤ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP (Ⱥ), ∆4DNase I-GFP (ȼ) ɢɥɢ pGFP (Ⱦ) ɢ 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɛɥɟɨɦɢɰɢɧɨɦ (Ȼ, Ƚ, ȿ). Ɉɰɟɧɤɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɢɦɨɝɪɚɮɢɢ ɫ 
ɩɨɦɨɳɶɸ ɞɟɧɫɢɬɨɦɟɬɪɢɢ (ɀ-ɂ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɧɟ 
ɨɛɪɚɛɨɬɚɧɧɵɦ ɛɥɟɨɦɢɰɢɧɨɦ. 

4.15.1. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ 
ɱɟɥɨɜɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ Ɍɪɟɝ ɤɥɟɬɤɚɦɢ 

Ɍɚɪɝɟɬɧɵɟ ɷɮɮɟɤɬɨɪɧɵɟ CD4+CD25- T-ɤɥɟɬɤɢ, CD8+ T-ɤɥɟɬɤɢ, B-ɤɥɟɬɤɢ 

ɢɥɢ NK-ɤɥɟɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɧɚɬɢɜɧɵɦɢ Ɍɪɟɝ (ɧɌɪɟɝ) ɢɥɢ 

ɢɧɞɭɰɢɪɨɜɚɧɧɵɦɢ Ɍɪɟɝ (ɢɌɪɟɝ) ɜ ɬɟɱɟɧɢɟ 96 ɱɚɫɨɜ ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ 

ɦɟɦɛɪɚɧɭ. Ɇɟɬɨɞɨɦ TRAP ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɧɌɪɟɝ, ɤɚɤ ɢ ɢɌɪɟɝ ɫɩɨɫɨɛɧɵ 

ɢɧɝɢɛɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜɨ ɜɫɟɯ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ (ɪɢɫ. 68 

A, Ȼ). ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɮɟɪɦɟɧɬɚ ɨɛɧɚɪɭɠɟɧɨ ɜ 
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CD4+CD25- T-ɤɥɟɬɤɚɯ (9,1-10,7% ɨɬ ɤɨɧɬɪɨɥɹ), ɬɨɝɞɚ ɤɚɤ ɜ B-ɤɥɟɬɤɚɯ ɜɵɹɜɥɟɧ 

ɧɚɢɦɟɧɶɲɢɣ ɭɪɨɜɟɧɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ (59,3-63,1%). 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɬɟɥɨɦɟɪɚɡɵ ɛɵɥɚ 

ɢɫɫɥɟɞɨɜɚɧɚ ɷɤɫɩɪɟɫɫɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT ɢ EndoG ɜ ɬɚɪɝɟɬɧɵɯ 

ɤɥɟɬɤɚɯ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɩɨɜɵɲɟɧɢɟɦ ɭɪɨɜɧɹ ɦɊɇɄ EndoG (ɪɢɫ. 68 ȼ). ɍɜɟɥɢɱɟɧɢɟ 

ɷɤɫɩɪɟɫɫɢɢ EndoG ɧɟ ɜɵɡɵɜɚɥɨ ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɨɛɳɟɣ hTERT ɜɨ 

ɜɫɟɯ ɢɡɭɱɚɟɦɵɯ ɤɥɟɬɤɚɯ (ɪɢɫ. 68 Ƚ), ɨɞɧɚɤɨ, ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɡɦɟɧɟɧɢɟɦ 

ɭɪɨɜɧɟɣ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɫ ɧɌɪɟɝ ɢɥɢ ɢɌɪɟɝ 

ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ 

hTERT (ɪɢɫ. 68 Ⱦ) ɢ ɭɜɟɥɢɱɟɧɢɸ ɭɪɨɜɧɹ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

α+ȕ– hTERT (ɪɢɫ. 68 ȿ) ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɤɥɟɬɨɤ-ɦɢɲɟɧɟɣ. ɇɚɢɛɨɥɟɟ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɭɪɨɜɧɹɯ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɧɚɛɥɸɞɚɥɢ 

ɜ CD4+CD25- T-ɥɢɦɮɨɰɢɬɚɯ, ɩɨɷɬɨɦɭ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ 

ɢɦɟɧɧɨ ɧɚ ɷɬɢɯ ɤɥɟɬɤɚɯ.  

4.15.2. ɂɧɞɭɤɰɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG, Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ 
ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ ɬɚɪɝɟɬɧɵɯ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ 
ɚɭɬɨɥɨɝɢɱɧɵɦɢ ɧɌɪɟɝ ɢ ɢɌɪɟɝ ɤɥɟɬɤɚɦɢ  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢɫɫɥɟɞɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT ɜ ɬɟɱɟɧɢɟ 96 ɱɚɫɨɜ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɧɌɪɟɝ ɢ 

ɢɌɪɟɝ ɤɥɟɬɤɚɦɢ. Ɇɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɌɪɟɝ, 

ɤɚɤ ɢ ɢɌɪɟɝ ɫɬɢɦɭɥɢɪɭɸɬ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-

ɦɊɇɄ hTERT. Ɉɛɧɚɪɭɠɟɧɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɟɣ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ α+ȕ+ 

ɜɚɪɢɚɧɬɚ (Ɋɢɫ. 69 A) ɢ ɭɤɨɪɨɱɟɧɧɨɝɨ α+ȕ– ɜɚɪɢɚɧɬɚ (Ɋɢɫ. 69 Ȼ) ɂɡɦɟɧɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT ɫɨɩɪɨɜɨɠɞɚɥɢɫɶ ɭɜɟɥɢɱɟɧɢɟɦ 

ɷɤɫɩɪɟɫɫɢɢ EndoG (Ɋɢɫ. 69 ȼ), ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɭɱɚɫɬɢɟ EndoG ɜ Ⱥɋ ɩɪɟ-
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ɦɊɇɄ hTERT. ɇɟ ɜɵɹɜɥɟɧɨ ɪɚɡɥɢɱɢɣ ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɧɌɪɟɝ ɢ ɢɌɪɟɝ ɤɥɟɬɨɤ 

ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɷɤɫɩɪɟɫɫɢɸ EndoG. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɢɌɪɟɝ ɤɥɟɬɤɢ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ 

ɧɚɪɚɜɧɟ ɫ ɧɌɪɟɝ ɤɥɟɬɤɚɦɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ EndoG ɜ ɬɚɪɝɟɬɧɵɯ 

ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɚɯ. 

 

Ɋɢɫɭɧɨɤ 68. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 
ɬɟɥɨɦɟɪɚɡɵ Ɍɪɟɝ ɤɥɟɬɤɚɦɢ ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. Ɍɚɪɝɟɬɧɵɟ 
CD4+CD25- T-ɤɥɟɬɤɢ, CD8+ T-ɤɥɟɬɤɢ, B-ɤɥɟɬɤɢ ɢɥɢ NK-ɤɥɟɬɤɢ ɜɵɞɟɥɹɥɢ ɢɡ 
ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɧɌɪɟɝ ɢɥɢ 
ɢɌɪɟɝ ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ ɜ ɬɟɱɟɧɢɟ 96 ɱ. Ɍɟɥɨɦɟɪɚɡɧɚɹ 
ɚɤɬɢɜɧɨɫɬɶ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɦɟɬɨɞɨɦ TRAP ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ, 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ ɫ ɧɌɪɟɝ ɢɥɢ ɢɌɪɟɝ (A). Ɋɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ TRAP (Ȼ). ɍɪɨɜɧɢ ɦɊɇɄ EndoG (ȼ), ɨɛɳɟɣ hTERT (Ƚ) ɢ 
ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (Ⱦ-ȿ) ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ. ɍɪɨɜɧɢ ɦɊɇɄ 
ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 
0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
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Ɋɢɫɭɧɨɤ 69. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ CD4+ T-ɥɢɦɮɨɰɢɬɚɯ 
ɱɟɥɨɜɟɤɚ Ɍɪɟɝ ɤɥɟɬɤɚɦɢ. Ɍɚɪɝɟɬɧɵɟ CD4+CD25– T-ɤɥɟɬɤɢ, CD8+ T-ɤɥɟɬɤɢ, 
B-ɤɥɟɬɤɢ ɢɥɢ NK-ɤɥɟɬɤɢ ɜɵɞɟɥɹɥɢ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ 
ɞɨɧɨɪɨɜ ɢ ɫɨɜɦɟɫɬɧɨ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɧɌɪɟɝ ɢ ɢɌɪɟɝ ɱɟɪɟɡ 
ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ ɜ ɬɟɱɟɧɢɟ 96 ɱɚɫɨɜ. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɨɜ hTERT (A) ɢ EndoG (Ȼ) ɜ ɤɥɟɬɤɚɯ-ɦɢɲɟɧɹɯ. ɍɪɨɜɧɢ ɦɊɇɄ 
ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 

4.15.3. Ƚɢɛɟɥɶ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬ-

ɧɟɡɚɜɢɫɢɦɨɝɨ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɢɌɪɟɝ in vitro 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ Ɍɪɟɝ ɧɚ ɩɪɨɥɢɮɟɪɚɰɢɸ ɬɚɪɝɟɧɬɧɵɯ ɤɥɟɬɨɤ ɫɨ 

ɫɧɢɠɟɧɧɨɣ ɬɟɥɨɦɟɪɚɡɨɣ, CD4+CD25– Ɍ-ɤɥɟɬɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɨɬ ɱɟɬɵɪёɯ 

ɞɨɧɨɪɨɜ, ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫɨɜɦɟɫɬɧɨ ɫɨ ɡɪɟɥɵɦɢ ɢɌɪɟɝ ɱɟɪɟɡ 

ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ. ȿɠɟɞɧɟɜɧɨ ɩɪɨɜɨɞɢɥɢ ɩɨɞɫɱёɬ ɦёɪɬɜɵɯ, ɠɢɜɵɯ 

ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ. Ɇɚɫɫɨɜɭɸ ɝɢɛɟɥɶ ɬɚɪɝɟɬɧɵɯ 

ɥɢɦɮɨɰɢɬɨɜ ɧɚɛɥɸɞɚɥɢ ɜ ɬɟɱɟɧɢɟ 45-60 ɞɧɟɣ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

(ɤɨ-ɤɭɥɶɬɢɜɚɰɢɢ) ɫ ɢɌɪɟɝ (Ɋɢɫ. 70 Ⱥ, ȼ). ɇɚ 45-ɣ ɞɟɧɶ ɤɨɥɢɱɟɫɬɜɨ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɪɟɡɤɨ ɜɨɡɪɨɫɬɚɥɨ ɞɨ 10,62 ± 2,37%. ɇɚ 60-ɣ ɞɟɧɶ 

ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ ɛɵɥɢ ɦɟɪɬɜɵ. Ʉɨɧɬɪɨɥɶɧɵɟ ɤɥɟɬɤɢ ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ 

ɜ ɬɟɱɟɧɢɟ 60 ɞɧɟɣ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (Ɋɢɫ. 70 Ȼ, Ƚ). 

 

 

 



237 

 

Ɋɢɫɭɧɨɤ 70. Ƚɢɛɟɥɶ ɬɚɪɝɟɬɧɵɯ CD4+CD25– Ɍ-ɤɥɟɬɨɤ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɦɭɸ ɦɟɦɛɪɚɧɭ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɞɥɹ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ, ɫɨɜɦɟɫɬɧɨ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ ɫ ɢɌɪɟɝ (A), ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ (Ȼ). Ʉɥɟɬɤɢ 
ɨɤɪɚɲɢɜɚɥɢ ɚɧɧɟɤɫɢɧɨɦ V-FITC ɢ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɨɤɚɡɚɧɨ 
ɫɨɨɬɧɨɲɟɧɢɟ ɠɢɜɵɯ ɤɥɟɬɨɤ (ɧɢɠɧɢɣ ɥɟɜɵɣ ɤɜɚɞɪɚɧɬ), ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 
ɤɥɟɬɨɤ (ɧɢɠɧɢɣ ɩɪɚɜɵɣ ɤɜɚɞɪɚɧɬ) ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɞɜɚ ɜɟɪɯɧɢɯ 
ɤɜɚɞɪɚɧɬɚ). Ƚɢɫɬɨɝɪɚɦɦɵ ɠɢɜɵɯ, ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɢ ɦɟɪɬɜɵɯ ɤɥɟɬɨɤ-

ɦɢɲɟɧɟɣ (ȼ), ɫɨɜɦɟɫɬɧɨ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɫ ɢɌɪɟɝ ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɨɤ 
(Ƚ). Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ TRAP ɞɥɹ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ, ɤɨ-

ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ ɫ ɢɌɪɟɝ (Ⱦ) ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɨɤ (ȿ). (ɀ) 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ TRAP. Ⱦɥɢɧɚ ɬɟɥɨɦɟɪ ɜ 
ɤɥɟɬɤɚɯ-ɦɢɲɟɧɹɯ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Ɂ). 
ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT (ɂ, Ʉ) ɢ EndoG (Ʌ) ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ. ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ ɛɵɥɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɝɢɛɟɥɢ ɬɚɪɝɟɬɧɵɯ CD4+CD25– 

Ɍ-ɥɢɦɮɨɰɢɬɨɜ, ɜ ɧɢɯ ɢɫɫɥɟɞɨɜɚɥɢ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɢ ɞɥɢɧɭ ɬɟɥɨɦɟɪ. 

Ɇɟɬɨɞɨɦ TRAP ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜ ɬɚɪɝɟɬɧɵɯ 

ɤɥɟɬɤɚɯ ɨɫɬɚɜɚɥɚɫɶ ɧɢɡɤɨɣ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 70 

Ⱦ, ɀ). ɂɡɦɟɧɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɧɟ ɨɛɧɚɪɭɠɟɧɨ 

(ɪɢɫ. 70 ȿ, ɀ). ȼɟɪɨɹɬɧɨ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɤɬɢɜɧɨ 

ɞɟɥɹɳɢɯɫɹ ɤɥɟɬɤɚɯ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɭɤɨɪɨɱɟɧɢɸ ɬɟɥɨɦɟɪ. Ɇɟɬɨɞɨɦ ɉɐɊ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ 

ɭɦɟɧɶɲɢɥɚɫɶ ɜ 5 ɪɚɡ ɜ ɬɟɱɟɧɢɟ 60 ɞɧɟɣ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ Ɍɪɟɝ 

(ɪɢɫ. 70 Ɂ). ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɜɵɪɚɳɢɜɚɧɢɢ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɫɧɢɠɚɥɚɫɶ ɢ ɨɫɬɚɜɚɥɚɫɶ ɧɚ ɧɢɡɤɨɦ ɭɪɨɜɧɟ. ȼ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɬɚɤɠɟ 

ɧɚɛɥɸɞɚɥɨɫɶ ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ, ɧɨ ɨɧɨ ɧɟ ɛɵɥɨ ɬɚɤɢɦ ɛɵɫɬɪɵɦ, ɤɚɤ ɜ 

ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɤɚɯ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ Ɍɪɟɝ. 

ɂɡɭɱɟɧɵ ɢɡɦɟɧɟɧɢɹ ɜ ɭɪɨɜɧɹɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɯ ɦɊɇɄ hTERT ɜ 

ɬɚɪɝɟɬɧɵɯ T-ɤɥɟɬɤɚɯ ɦɢɲɟɧɹɯ, ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɯ ɫɨɜɦɟɫɬɧɨ ɫ ɢɌɪɟɝ. 

ɉɨɤɚɡɚɧɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ hTERT (ɪɢɫ. 70 ɂ) 

ɢ ɭɜɟɥɢɱɟɧɢɟ ɬɚɤɨɜɨɝɨ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– (ɪɢɫ. 7 Ʉ). 

ɗɤɫɩɪɟɫɫɢɹ EndoG ɜ ɤɥɟɬɤɚɯ-ɦɢɲɟɧɹɯ ɜɨɡɪɚɫɬɚɥɚ ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ ɩɪɢ 

ɫɨɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ (ɪɢɫ. 70 Ʌ). ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG 

ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɧɞɭɤɰɢɟɣ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɩɨɞɚɜɥɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ 

ɬɟɥɨɦɟɪɚɡɵ.  

4.15.4. Ɋɟɩɥɢɤɚɬɢɜɧɨɟ ɫɬɚɪɟɧɢɟ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɭɤɨɪɨɱɟɧɢɹ ɬɟɥɨɦɟɪ ɜ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɤɚɯ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ ɚɤɬɢɜɧɨ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ 

ɤɥɟɬɤɚɯ ɜɵɡɵɜɚɟɬ ɪɟɩɥɢɤɚɬɢɜɧɨɟ ɫɬɚɪɟɧɢɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɨɫɬɚɧɨɜɤɨɣ 

ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ ɮɚɡɚɯ G0/G1 [338,394]. Ɇɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɱɟɧɢɹ ȾɇɄ ɤɥɟɬɨɤ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ ɛɵɥ ɢɡɭɱɟɧ 
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ɤɥɟɬɨɱɧɵɣ ɰɢɤɥ ɜ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɬɚɪɝɟɬɧɵɯ CD4+CD25– Ɍ-ɤɥɟɬɤɚɯ, 

ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɫɨɜɦɟɫɬɧɨ ɫ ɢɌɪɟɝ. 

Ɉɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ-ɦɢɲɟɧɟɣ ɜ 

ɮɚɡɚɯ S ɢ G2/M ɢ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɥɟɬɨɤ ɜ ɮɚɡɚɯ G0/G1 ɱɟɪɟɡ 30 ɞɧɟɣ 

ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɢɌɪɟɝ (ɪɢɫ. 71 Ⱥ, ȼ). ȼɫɟ ɤɥɟɬɤɢ ɨɫɬɚɜɚɥɢɫɶ 

ɠɢɡɧɟɫɩɨɫɨɛɧɵɦɢ. ɇɚ 45 ɞɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚɛɥɸɞɚɥɨɫɶ ɞɚɥɶɧɟɣɲɟɟ 

ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ ɮɚɡɟ G2/M ɢ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɟɬɤɢ ɜɫɬɭɩɢɥɢ ɜ ɮɚɡɭ ɪɚɧɧɟɝɨ 

ɚɩɨɩɬɨɡɭ ɤ 60-ɦɭ ɞɧɸ ɨɩɵɬɚ. ɂɡɦɟɧɟɧɢɣ ɜ ɤɥɟɬɨɱɧɨɦ ɰɢɤɥɟ ɤɨɧɬɪɨɥɶɧɵɯ 

ɤɥɟɬɨɤ ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ (ɪɢɫ. 71 Ȼ, Ƚ).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɢ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal ɹɜɥɹɸɬɫɹ 

ɦɚɪɤɟɪɨɦ ɩɟɪɟɯɨɞɚ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ɇɵ 

ɢɫɫɥɟɞɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ ɢ ɚɤɬɢɜɧɨɫɬɶ ɷɬɨɝɨ ɮɟɪɦɟɧɬɚ ɜɨ ɜɪɟɦɹ ɫɨɜɦɟɫɬɧɨɝɨ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɨɤɫ ɫ ɢɌɪɟɝ. ɑɟɪɟɡ 45 ɞɧɟɣ ɩɨɫɥɟ ɧɚɱɚɥɚ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ȕ-Gal ɜ ɥɢɦɮɨɰɢɬɚɯ 

(ɪɢɫ. 71 Ⱦ). ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ȕ-Gal ɨɫɬɚɜɚɥɫɹ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɦ ɜ ɬɟɱɟɧɢɟ 

60 ɞɧɟɣ. Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ȕ-Gal ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɱɟɪɟɡ 45 ɞɧɟɣ 

ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɢ ɫɨɯɪɚɧɹɥɚɫɶ ɧɚ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɧɚ 60-ɵɣ ɞɟɧɶ (ɪɢɫ. 71 ȿ). 

Ʉ ɷɬɨɦɭ ɜɪɟɦɟɧɢ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɦɟɞɥɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɦɚɫɫɨɜɨɣ ɝɢɛɟɥɶɸ ɤɥɟɬɨɤ. ɂɡɦɟɧɟɧɢɣ 

ɷɤɫɩɪɟɫɫɢɢ ɢ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal ɜ ɝɪɭɩɩɟ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɨɤ ɧɟ ɜɵɹɜɥɟɧɨ.  

Ⱥɤɬɢɜɚɰɢɹ ȕ-Gal ɧɚ 30-ɣ ɞɟɧɶ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫɨɝɥɚɫɭɟɬɫɹ 

ɫ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɮɚɡ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ S ɢ G2/M ɜ ɤɥɟɬɨɱɧɨɦ ɰɢɤɥɟ, ɱɬɨ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ƚɢɛɟɥɶ 

ɤɥɟɬɨɤ ɧɚ 45-60 ɫɭɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɛɵɥɚ ɞɚɥɶɧɟɣɲɢɦ ɫɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ 

ɫɨɫɬɨɹɧɢɹ. 
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Ɋɢɫɭɧɨɤ 71. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɢ ɩɟɪɟɯɨɞ ɬɚɪɝɟɬɧɵɯ 
ɥɢɦɮɨɰɢɬɨɜ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɢ 
ɦɟɱɟɧɢɹ ȾɇɄ ɤɥɟɬɨɤ ɩɪɨɩɢɞɢɣ ɣɨɞɢɞɨɦ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɞɨɥɹ ɬɚɪɝɟɬɧɵɯ 
CD4+CD25– Ɍ-ɤɥɟɬɨɤ ɜɨ ɜɪɟɦɹ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɢɌɪɟɝ (A) ɢ 
ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɨɤ (Ȼ) ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ, ɚ ɬɚɤɠɟ ɜ ɮɚɡɚɯ G0/G1, S ɢ 
G2/M ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ. Ƚɢɫɬɨɝɪɚɦɦɵ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ ɪɚɡɧɵɯ ɮɚɡɚɯ 
ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ (ȼ ɢ Ƚ). ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ ȕ-Gal ɜ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɤɚɯ 
(Ⱦ). ɍɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ ȕ-Gal ɛɵɥɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɷɤɫɩɪɟɫɫɢɢ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ȕ-Gal ɜ ɬɚɪɝɟɬɧɵɯ 
(ȿ). Ⱥɤɬɢɜɧɨɫɬɶ ȕ-Gal ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ȿɞɢɧɢɰ (ȿɞ.) ɧɚ 1000 ɤɥɟɬɨɤ 
(ɨɩɪɟɞɟɥɟɧɨ ɩɨ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɤɪɢɜɨɣ). * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
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4.15.5. Ƚɢɛɟɥɶ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ 
ɫɨɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɮɮɟɤɬ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɬɟɥɨɦɟɪɚɡɵ ɦɨɠɟɬ ɪɚɡɜɢɜɚɬɶɫɹ ɜ 

ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ [395,396], ɩɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥɨ ɢɡɭɱɟɧɨ 

ɜɥɢɹɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ 

ɦɵɲɢ ɫ ɢɌɪɟɝ ɤɥɟɬɤɚɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ (ɪɢɫ. 72 A). 

CD4+CD25– ɢ CD8+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɩɨɥɧɨɫɬɶɸ ɩɨɝɢɛɚɥɢ ɧɚ 12-ɵɣ ɢ 15-ɵɣ ɞɟɧɶ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɬɨɝɞɚ ɤɚɤ ȼ- ɢ NK-ɤɥɟɬɤɢ ɛɵɥɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɢ 

ɩɨɝɢɛɚɥɢ ɧɚ 21-ɵɣ ɢ 18-ɣ ɞɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ 

ɤɥɟɬɤɚɯ ɞɨɥɠɧɨ ɜɵɡɵɜɚɬɶ ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ. Ɋɟɡɭɥɶɬɚɬɵ ɈɌ-ɉɐɊ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɥɢ ɧɚɥɢɱɢɟ ɬɟɥɨɦɟɪ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ ɭ ɥɢɦɮɨɰɢɬɨɜ 

ɪɚɡɧɵɯ ɬɢɩɨɜ ɢ ɛɵɫɬɪɨɟ ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ. 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɭ CD4+CD25– T-ɤɥɟɬɨɤ, ɢɡɧɚɱɚɥɶɧɨ ɢɦɟɜɲɢɯ ɫɚɦɵɟ 

ɤɨɪɨɬɤɢɟ ɬɟɥɨɦɟɪɵ (53,73 ± 6,36 ɬ.ɩ.ɧ.), ɩɨɫɥɟ 12-ɬɢ ɞɧɟɣ ɫɨɜɦɟɫɬɧɨɝɨ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɫɧɢɠɚɥɚɫɶ ɞɨ 6,34 ± 2,26 ɬ.ɩ.ɧ. (ɪɢɫ. 72 Ȼ). 

Ⱦɥɢɧɚ ɬɟɥɨɦɟɪ ɜ CD8+ Ɍ-ɤɥɟɬɤɚɯ ɭɦɟɧɶɲɢɥɚɫɶ ɫ 66,01 ± 4,86 ɬ.ɩ.ɧ. ɞɨ 5,23 ± 

2,57 ɬ.ɩ.ɧ. ɩɨɫɥɟ 15-ɬɢ ɞɧɟɣ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 72 ȼ). ȼ-

ɤɥɟɬɤɢ, ɤɨɬɨɪɵɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɛɥɚɞɚɥɢ ɫɚɦɵɦɢ ɞɥɢɧɧɵɦɢ ɬɟɥɨɦɟɪɚɦɢ 

(124,54 ± 6,44 ɬ.ɩ.ɧ.), ɢɦɟɥɢ ɱɟɪɟɡ 21 ɞɟɧɶ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɞɥɢɧɭ 

ɬɟɥɨɦɟɪ ɜ ɩɪɟɥɟɥɚɯ 21,25 ± 4,68 ɬ.ɩ.ɧ. (ɪɢɫ. 72 Ƚ). Ⱦɥɢɧɚ ɬɟɥɨɦɟɪ ɜ NK-ɤɥɟɬɤɚɯ 

ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɥɚɫɶ ɫ 92,93 ± 5,48 ɬ.ɩ.ɧ. ɞɨ 7,33 ± 3,30 ɬ.ɩ.ɧ. ɜ ɬɟɱɟɧɢɟ 18-

ɬɢ ɞɧɟɣ ɫɨɜɦɟɫɬɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɢɌɪɟɝ (ɪɢɫ. 72 Ⱦ). ȼ ɬɨ ɠɟ ɜɪɟɦɹ, 

ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɤɨɧɬɪɨɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɛɵɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɛɢɥɶɧɨɣ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɧɚɪɹɞɭ ɫ ɭɤɨɪɨɱɟɧɢɟɦ ɬɟɥɨɦɟɪ ɜ 

ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɯɨɞɨɦ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɚɤɬɢɜɚɰɢɟɣ ȕ-Gal [397]. 
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Ɋɢɫɭɧɨɤ 72. ɍɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɢ ɝɢɛɟɥɶ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɢ ɩɪɢ 
ɞɥɢɬɟɥɶɧɨɦ ɫɨɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ. Ɍɚɪɝɟɬɧɵɟ ɥɢɦɮɨɰɢɬɵ 
ɦɵɲɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɢɌɪɟɝ ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ ɜ ɬɟɱɟɧɢɟ 
12–21 ɞɧɹ. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɬɚɪɝɟɬɧɵɯ ɤɥɟɬɨɤ, ɢɡɦɟɪɟɧɧɚɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɢɡɚ LDH (A). Ⱦɥɢɧɚ ɬɟɥɨɦɟɪ ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ 
ɢɡɦɟɪɟɧɧɚɹ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Ȼ-Ⱦ). ɭɪɨɜɧɢ ɦɊɇɄ ȕ-Gal 

ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ (ȿ-ɂ). ɍɪɨɜɧɢ ɦɊɇɄ ɛɵɥɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɤɨɧɬɪɨɥɶɧɵɦ ɥɢɦɮɨɰɢɬɚɦ. 

ɍɱɢɬɵɜɚɹ ɷɬɨ, ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɚ ɷɬɨɝɨ ɮɟɪɦɟɧɬɚ ɜ 

ɦɵɲɢɧɵɯ ɥɢɦɮɨɰɢɬɚɯ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɫ ɢɌɪɟɝ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɌɪɟɝ ɢɧɞɭɰɢɪɨɜɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ȕ-

Gal ɜ ɬɟɱɟɧɢɟ 9-12 ɞɧɟɣ ɜ CD4+CD25– T-ɤɥɟɬɤɚɯ (ɪɢɫ. 72 ȿ), 12-15 ɞɧɟɣ - ɜ 

CD8+ T-ɤɥɟɬɤɚɯ (ɪɢɫ. 72 ɀ), 15-18 ɞɧɟɣ - ɜ B-ɤɥɟɬɤɚɯ (ɪɢɫ. 72 Ɂ) ɢ ɜ NK-
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ɤɥɟɬɤɚɯ (ɪɢɫ. 72 ɂ). ȼ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɫɩɪɟɫɫɢɢ ȕ-Gal ɧɟ 

ɨɛɧɚɪɭɠɟɧɨ.  

4.15.6. ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ 
ɢɌɪɟɝ ɦɵɲɢ ɜ ɬɚɪɝɟɧɬɵɯ ɥɢɦɮɨɰɢɬɚɯ in vivo 

ɑɬɨɛɵ ɨɰɟɧɢɬɶ ɫɩɨɫɨɛɧɨɫɬɶ Ɍɪɟɝ ɤɥɟɬɨɤ ɢɧɞɭɰɢɪɨɜɚɬɶ EndoG-

ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɣ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜ 

ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ in vivo, ɢɡ ɫɟɥɟɡɟɧɨɤ GFP-ɬɪɚɧɫɝɟɧɧɵɯ ɦɵɲɟɣ 

ɜɵɞɟɥɹɥɢ CD4+CD25– T-ɤɥɟɬɤɢ, CD8+ T-ɤɥɟɬɤɢ, B-ɤɥɟɬɤɢ ɢɥɢ NK-ɤɥɟɬɤɢ, 

ɢɧɞɭɰɢɪɨɜɚɥɢ ɢɯ in vivo ɢ ɜɜɨɞɢɥɢ ɜɧɭɬɪɢɜɟɧɧɨ ɦɵɲɚɦ ɥɢɧɢɢ C57BL/6. ɑɟɪɟɡ 

24 ɱ ɦɵɲɢ ɩɨɥɭɱɚɥɢ ɢɌɪɟɝ. ɋɩɭɫɬɹ 4 ɢ 21 ɞɟɧɶ ɩɨɫɥɟ ɢɧɴɟɤɰɢɢ ɢɌɪɟɝ, 

ɢɡɦɟɪɹɥɢ ɫɨɞɟɪɠɚɧɢɟ ɢɌɪɟɝ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. Ɇɟɬɨɞɨɦ ɩɪɨɬɨɱɧɨɣ 

ɰɢɬɨɦɟɬɪɢɢ ɩɨɤɚɡɚɧɨ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɢɌɪɟɝ ɞɨ 17,53 ± 3,25% 

CD4+CD25+FoxP3+-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ ɜ ɝɪɭɩɩɟ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ Ɍɪɟɝ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 7,47 ± 2,46% ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ, ɨɞɧɚɤɨ ɱɟɪɟɡ 21 ɞɟɧɶ ɩɨɫɥɟ 

ɜɜɟɞɟɧɢɹ Ɍɪɟɝ, ɢɯ ɞɨɥɹ ɫɧɢɡɢɥɚɫɶ ɩɨɱɬɢ ɞɨ ɢɫɯɨɞɧɨɝɨ ɭɪɨɜɧɹ: 10,14 ± 2,29%. 

ɇɚɛɥɸɞɚɥɨɫɶ ɩɨɫɬɟɩɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɥɢɦɮɨɰɢɬɨɜ ɜ ɨɛɟɢɯ ɝɪɭɩɩɚɯ ɦɵɲɟɣ. Ɉɞɧɚɤɨ ɭ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ ɢɌɪɟɝ, 

ɤɨɥɢɱɟɫɬɜɨ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɛɵɥɢ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ 

ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ, ɱɬɨ ɭɤɚɡɵɜɚɥɨ ɧɚ ɭɜɟɥɢɱɟɧɢɟ Ɍɪɟɝ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ 

ɝɢɛɟɥɢ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ. 

GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɟ CD4+CD25– T-ɤɥɟɬɤɢ, CD8+ T-ɤɥɟɬɤɢ, B-ɤɥɟɬɤɢ ɢɥɢ 

NK-ɤɥɟɬɤɢ ɜɵɞɟɥɹɥɢ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɦɵɲɟɣ ɦɟɬɨɞɨɦ ɫɨɪɬɢɧɝɚ ɩɪɢ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (Fluorescence Activated Cell Sorting). 

Ɋɟɡɭɥɶɬɚɬɵ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ 

EndoG ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɥɢɦɮɨɰɢɬɨɜ ɭ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ ɢɌɪɟɝ (ɪɢɫ. 73 Ⱥ–Ƚ). 

ɂɧɞɭɤɰɢɹ EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɧɞɭɰɢɪɨɜɚɧɧɵɦ Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT: 

ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ (ɪɢɫ. 73 
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Ⱦ–Ɂ) ɢ ɩɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ α+ȕ– (ɪɢɫ. 73 ɂ–

Ɇ). 

Ɇɟɬɨɞɨɦ TRAP-ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɧɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ ɜɨ ɜɫɟɯ 

ɬɢɩɚɯ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɟɣ, ɤɨɬɨɪɵɦ ɜɜɨɞɢɥɢ ɢɌɪɟɝ (ɪɢɫ. 

74 A–Ɂ). ȼɨ ɜɫɟɯ ɬɢɩɚɯ ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ ɢɌɪɟɝ, ɨɛɧɚɪɭɠɟɧɨ 

ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ (ɪɢɫ. 74 ɂ–Ɇ) ɢ ɢɧɞɭɤɰɢɹ ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɚ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ȕ-Gal ɱɟɪɟɡ 21 ɞɟɧɶ ɩɨɫɥɟ ɢɧɴɟɤɰɢɢ ɢɌɪɟɝ (ɪɢɫ. 74 

ɇ–Ɋ). 

Ɋɢɫɭɧɨɤ 73 ɂɧɞɭɤɰɢɹ ɢɌɪɟɝ ɤɥɟɬɤɚɦɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 
TERT in vivo. ɂɧɞɭɰɢɪɨɜɚɧɧɵɟ in vivo GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɥɢɦɮɨɰɢɬɵ ɢ 
ɢɌɪɟɝ ɜɜɨɞɢɥɢ ɦɵɲɚɦ C57BL/6. GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɟ CD4+CD25– T-ɤɥɟɬɤɢ, 
CD8+ T-ɤɥɟɬɤɢ, B-ɤɥɟɬɤɢ ɢ NK-ɤɥɟɬɤɢ ɜɵɞɟɥɹɥɢ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ 
ɱɟɪɟɡ 4 ɢ 21 ɞɟɧɶ ɩɨɫɥɟ ɢɧɴɟɤɰɢɢ ɢɌɪɟɝ. ɍɪɨɜɧɢ ɦɊɇɄ EndoG (Ⱥ–Ƚ), α+ȕ+ 
(Ⱦ–Ɂ) ɢ α+ȕ– (ɂ–Ɇ) ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ. 
ɍɪɨɜɧɢ ɦɊɇɄ ɛɵɥɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɢɦɮɨɰɢɬɚɦ ɤɨɧɬɪɨɥɶɧɵɯ 
ɠɢɜɨɬɧɵɯ. 
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Ɋɢɫɭɧɨɤ 74. ɍɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɢ ɪɟɩɥɢɤɚɬɢɜɧɨɟ ɫɬɚɪɟɧɢɟ ɬɚɪɝɟɬɧɵɯ 
ɥɢɦɮɨɰɢɬɨɜ in vivo. Ɍɚɪɝɟɬɧɵɟ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɥɢɦɮɨɰɢɬɵ ɜɵɞɟɥɹɥɢ ɢɡ 
ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɦɵɲɟɣ ɱɟɪɟɡ 4 ɢ 21 ɞɟɧɶ ɩɨɫɥɟ ɢɧɴɟɤɰɢɢ ɢɌɪɟɝ. 
Ⱥɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ TRAP ɜ ɬɚɪɝɟɬɧɵɯ 
ɥɢɦɮɨɰɢɬɚɯ (Ⱥ–Ƚ). Ɋɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ TRAP ɨɩɪɟɞɟɥɟɧɢɹ ɫ 
ɩɨɦɨɳɶɸ ɞɟɧɫɢɬɨɦɟɬɪɢɢ (Ⱦ–Ɂ). Ⱦɥɢɧɚ ɬɟɥɨɦɟɪ, ɢɡɦɟɪɟɧɧɚɹ ɦɟɬɨɞɨɦ ɈɌ-

ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (ɂ–Ɇ). ɍɪɨɜɧɢ ɦɊɇɄ ȕ-Gal ɜ ɥɢɦɮɨɰɢɬɚɯ (ɇ–Ɋ). 
ɍɪɨɜɧɢ ɦɊɇɄ ɛɵɥɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɪɊɇɄ 
ɪɟɮɟɪɟɧɫɧɨɝɨ ɝɟɧɚ 18S. * p ≤ 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɢɦɮɨɰɢɬɚɦ ɤɨɧɬɪɨɥɶɧɵɯ 

ɠɢɜɨɬɧɵɯ. 
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5. ɈȻɋɍɀȾȿɇɂȿ ɊȿɁɍɅɖɌȺɌɈȼ 

ɉɪɨɰɟɫɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɭɪɨɜɟɧɶ ɛɟɥɤɨɜ, ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɞɭɥɢɪɨɜɚɬɶ ɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɜ 

ɤɨɬɨɪɵɟ ɨɧɢ ɜɨɜɥɟɱɟɧɵ. Ⱥɋ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɪɚɡɧɨɨɛɪɚɡɢɟ ɛɟɥɤɨɜɵɯ 

ɩɪɨɞɭɤɬɨɜ ɝɟɧɨɜ, ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɟ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜ 

ɝɟɧɨɦɟ ɢ ɧɟ ɫɨɡɞɚɜɚɹ ɢɡɛɵɬɨɱɧɵɯ ɤɨɩɢɣ ɝɟɧɨɜ. ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɦɧɨɠɟɫɬɜɨ 

ɛɟɥɤɨɜ, ɩɪɢɧɢɦɚɸɳɢɯ ɭɱɚɫɬɢɟ ɜ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɚɯ. Ɉɞɧɚɤɨ ɦɟɯɚɧɢɡɦ Ⱥɋ 

ɢɡɭɱɟɧ ɩɨɤɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ.  

Ɋɟɡɭɥɶɬɚɬɵ ɧɚɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɩɨɩɬɨɬɢɱɟɫɤɚɹ 

ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG, ɤɨɬɨɪɚɹ ɜ ɧɨɪɦɟ ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɢ 

ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɚ ɤɥɟɬɨɤ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɡɚ, ɫɩɨɫɨɛɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ ɪɹɞɚ ɝɟɧɨɜ.  

ȼɫɹ ɪɚɛɨɬɚ ɩɨ ɢɡɭɱɟɧɢɸ ɪɨɥɢ EndoG ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ ɧɚɱɚɥɚɫɶ ɫ ɧɚɲɟɝɨ 

ɫɥɭɱɚɣɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɬɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɤ ɝɟɧɨɦ 

EndoG (ɩɥɚɡɦɢɞɨɣ pEndoG-GFP) ɜɵɡɵɜɚɥɚ ɡɚɦɟɞɥɟɧɢɟ ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ 

MCF-7 ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ ɫɨ 

ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɟɣ EndoG ɫɧɢɠɚɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ (ɮɟɪɦɟɧɬɚ, 

ɫɢɧɬɟɡɢɪɭɸɳɟɝɨ ɬɟɥɨɦɟɪɧɵɟ ɩɨɜɬɨɪɵ ɧɚ 3’-ɤɨɧɰɚɯ ɯɪɨɦɨɫɨɦ ɷɭɤɚɪɢɨɬ) ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɟё ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ hTERT 

(ɪɢɫ. 16). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɛɨɥɟɟ ɞɜɭɯ ɞɟɫɹɬɤɨɜ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

hTERT, ɨɞɧɚɤɨ ɬɨɥɶɤɨ ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ hTERT ɨɛɥɚɞɚɟɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [192]. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

ɷɤɫɩɪɟɫɫɢɪɭɸɬɫɹ ɜ ɦɢɧɨɪɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɢɯ ɮɭɧɤɰɢɹ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧɚ. 

Ⱦɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɨɛɳɟɣ ɦɊɇɄ hTERT. Ⱦɟɥɟɰɢɹ 

36-ɬɢ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɷɤɡɨɧɟ 6 (α– ɜɚɪɢɚɧɬ) ɜɵɡɵɜɚɟɬ ɭɞɚɥɟɧɢɟ ɱɚɫɬɢ ɨɛɪɚɬɧɨ-
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ɬɪɚɧɫɤɪɢɩɬɚɡɧɨɝɨ ɞɨɦɟɧɚ ɛɟɥɤɨɜɨɣ ɦɨɥɟɤɭɥɵ ɢ ɩɪɢɜɨɞɢɬ ɤ ɭɬɪɚɬɟ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɪɢ ɞɟɥɟɰɢɢ 182 ɧɭɤɥɟɨɬɢɞɨɜ ɷɤɡɨɧɨɜ 7 ɢ 8 (ȕ– 

ɜɚɪɢɚɧɬ) ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɢ ɩɨɹɜɥɟɧɢɟ ɫɬɨɩ-ɤɨɞɨɧɚ ɜ 

ɷɤɡɨɧɟ 10, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɢɧɬɟɡɨɦ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

hTERT, ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ ɤɚɤ ɞɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɣ [194].  

ɋɥɟɞɫɬɜɢɟɦ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɤɥɟɬɤɚɯ 

MCF-7 ɹɜɢɥɨɫɶ ɭɦɟɧɶɲɟɧɢɟ ɫɢɧɬɟɡɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɚɤɬɢɜɧɨɝɨ α+ȕ+ 

ɜɚɪɢɚɧɬɚ hTERT ɢ ɭɜɟɥɢɱɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɭɤɨɪɨɱɟɧɧɨɝɨ ɧɟɚɤɬɢɜɧɨɝɨ α+ȕ– 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ (ɪɢɫ. 16).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɤɬɢɜɧɚɹ ɬɟɥɨɦɟɪɚɡɚ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɫɬɜɨɥɨɜɵɯ, 

ɩɨɥɨɜɵɯ, ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɥɢɦɮɨɰɢɬɚɯ. ɉɨɷɬɨɦɭ ɦɵ 

ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ EndoG ɧɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɢ 

ɪɚɡɥɢɱɧɵɯ ɫɭɛɩɨɩɭɥɥɹɰɢɹɯ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɧɚ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT ɜ ɪɚɡɥɢɱɧɵɯ ɫɭɛɩɨɩɭɥɥɹɰɢɹɯ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ 

ɥɢɦɮɨɰɢɬɨɜ ɦɵɲɟɣ ɢ ɤɪɵɫ (ɪɢɫ. 19 – 21). ȼɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚɛɥɸɞɚɥɫɹ 

ɨɞɢɧɚɤɨɜɵɣ ɪɟɡɭɥɶɬɚɬ: ɭɦɟɧɶɲɟɧɢɟ ɫɢɧɬɟɡɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɚɤɬɢɜɧɨɝɨ 

ɜɚɪɢɚɧɬɚ TERT ɢ ɭɜɟɥɢɱɟɧɢɟ ɧɚɤɨɩɥɟɧɢɹ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ. 

ɂɧɞɭɤɰɢɹ Ⱥɋ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. 

ȼ ɥɢɦɮɨɰɢɬɚɯ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɪɚɣɧɟ ɧɢɡɤɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ. ȼ ɭɫɥɨɜɢɹɯ in vitro ɩɪɢ ɫɬɢɦɭɥɹɰɢɢ ɩɪɨɥɢɮɟɪɚɰɢɢ 

ɤɥɟɬɨɤ IL-2 ɢ ɚɧɬɢɬɟɥɚɦɢ ɤ CD3 ɢ CD28 ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɡɧɚɱɢɬɟɥɶɧɨ 

ɜɨɡɪɚɫɬɚɟɬ [398]. ȼ ɧɟ ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɯ CD4+, CD8+ Ɍ-ɥɢɦɨɮɰɢɬɚɯ, ȼ-

ɥɢɦɮɨɰɢɬɚɯ ɢ ɇɄ-ɤɥɟɬɤɚɯ 50-ɬɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɜɵɫɨɤɚɹ 

ɤɨɪɪɟɥɹɰɢɹ ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT. ȼ ɤɥɟɬɤɚɯ ɫ 

ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɦɊɇɄ EndoG ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɟɨɛɥɚɞɚɧɢɟ ɦɊɇɄ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+ hTERT ɧɚɞ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ α+ȕ– hTERT, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɤɥɟɬɤɚɯ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɦɊɇɄ 

EndoG ɨɛɧɚɪɭɠɟɧɨ ɩɪɟɨɛɥɚɞɚɧɢɟ ɦɊɇɄ ɭɤɨɪɨɱɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɧɚɞ ɦɊɇɄ 
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ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ (ɪɢɫ. 19). Ⱥɧɚɥɨɝɢɱɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɟɣ ɢ ɤɪɵɫ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ (ɪɢɫ. 20) ɢ ɤɥɟɬɤɚɯ ɨɩɭɯɨɥɟɜɵɯ 

ɥɢɧɢɣ ɱɟɥɨɜɟɤɚ (ɪɢɫ. 17). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ EndoG ɜɨɡɪɚɫɬɚɟɬ ɜ ɨɬɜɟɬ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ 

[351,352]. Ʉɪɨɦɟ ɬɨɝɨ, EndoG ɢɧɬɟɪɧɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɚ ɤɥɟɬɨɤ ɢɡ 

ɦɟɠɦɟɦɛɪɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɢɬɨɯɨɧɞɪɢɣ ɩɪɢ ɚɩɨɩɬɨɡɟ [376]. ɉɨɷɬɨɦɭ ɦɵ 

ɢɫɫɥɟɞɨɜɚɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦ 

ɦɟɯɚɧɢɡɦɨɦ ɞɟɣɫɬɜɢɹ ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ EndoG ɢ ɜɵɡɵɜɚɬɶ Ⱥɋ ɩɪɟ-

ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɧɨɪɦɚɥɶɧɵɯ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ CD4+ ɢ CD8+ T-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɢ EndoG, ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɩɨɜɪɟɠɞɚɸɳɢɦ ȾɇɄ 

ɚɝɟɧɬɚɦɢ, ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ ɭɫɥɨɜɢɹɯ in vitro (ɪɢɫ. 23, 24, 27, 28).  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɬɨ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ, ɞɟɬɟɤɬɢɪɭɟɦɵɟ ɦɟɬɨɞɨɦ 

TUNEL, ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɤɚɤ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ 

ɚɝɟɧɬɨɜ, ɬɚɤ ɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ȾɇɄ ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ EndoG [14]. Ʉɪɨɦɟ ɬɨɝɨ, 

ɢɧɞɭɤɰɢɹ EndoG ɫɩɨɫɨɛɧɚ ɜɵɡɵɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ ɞɪɭɝɢɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɷɧɞɨɧɭɤɥɟɚɡ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɞɟɝɪɚɞɚɰɢɸ ȾɇɄ [399]. ȼ ɭɜɟɥɢɱɟɧɢɢ 

ɤɨɥɢɱɟɫɬɜɚ TUNEL-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɟɧ ɫɨɜɦɟɫɬɧɵɣ 

ɜɤɥɚɞ ɩɨɜɪɟɠɞɚɸɳɢɯ ȾɇɄ ɚɝɟɧɬɨɜ ɢ EndoG. 

ɇɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɫɩɨɫɨɛɧɵɦ ɜ ɧɟɬɨɤɫɢɱɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɜɪɟɠɞɚɬɶ ȾɇɄ ɢ ɢɧɞɭɰɢɪɨɜɚɬɶ EndoG 

ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, ɨɤɚɡɚɥɫɹ ɰɢɫɩɥɚɬɢɧ (ɪɢɫ. 24). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɞɚɧɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɜ 

ɭɫɥɨɜɢɹɯ in vivo ɩɪɢ ɜɧɭɬɪɢɜɟɧɧɨɦ ɜɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɠɢɜɨɬɧɵɦ 

(ɦɵɲɚɦ ɢ ɤɪɵɫɚɦ). Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɰɢɫɩɥɚɬɢɧ ɫɩɨɫɨɛɟɧ ɜɵɡɵɜɚɬɶ 

ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ, ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ EndoG, Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ 
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ɢɧɝɢɛɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɜ Ɍ- ɢ ȼ-ɥɢɦɮɨɰɢɬɚɯ, ɚ ɬɚɤɠɟ ɜ NK-

ɤɥɟɬɤɚɯ ɠɢɜɨɬɧɵɯ. 

Ɉɞɧɚ ɢɡ ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɪɚɛɨɬɵ ɫɨɫɬɨɹɥɚ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɟɯɚɧɢɡɦɚ, 

ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɨɞ ɞɟɣɫɬɜɢɟɦ EndoG. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɵɥɚ ɢɡɭɱɟɧɚ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ ɧɨɪɦɚɥɶɧɵɯ ɢ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ. Ⱦɥɹ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ ɢ ɱɟɪɟɡ 24 ɱɚɫɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɝɨɦɨɝɟɧɧɚɹ 

ɩɨɩɭɥɹɰɢɹ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. ȼɟɪɨɹɬɧɨ, ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ EndoG ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɤɥɟɬɨɤ ɹɜɢɥɨɫɶ ɫɥɟɞɫɬɜɢɟɦ ɩɨɜɪɟɠɞɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ 

ɰɢɫɩɥɚɬɢɧɚ ɧɚ ȾɇɄ. ɂɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ α+ȕ+ ɢ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɛɵɥɨ ɪɟɡɭɥɶɬɚɬɨɦ ɩɨɜɵɲɟɧɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ EndoG (ɪɢɫ. 41).  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ, ɜ ɦɨɦɟɧɬ 

ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ EndoG ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ [238]. ɂɫɯɨɞɧɨ EndoG 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɜ ɜɢɞɟ ɩɪɨ-ɩɟɩɬɢɞɚ (ɩɪɨ-ɛɟɥɤɚ) ɪɚɡɦɟɪɨɦ 32 ɤȾɚ, 

ɤɨɬɨɪɵɣ ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɫɢɝɧɚɥɶɧɨɝɨ 

ɩɟɩɬɢɞɚ [14,239] ɢ ɯɪɚɧɢɬɫɹ ɜ ɦɟɠɦɟɦɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ [238]. ɉɪɨ-ɛɟɥɨɤ 

EndoG ɧɟɚɤɬɢɜɟɧ [240]. ɋɢɝɧɚɥɶɧɵɣ ɩɟɩɬɢɞ ɨɬɳɟɩɥɹɟɬɫɹ ɩɪɢ ɩɪɨɧɢɤɧɨɜɟɧɢɢ ɜ 

ɦɢɬɨɯɨɧɞɪɢɢ ɢ ɡɪɟɥɵɣ ɛɟɥɨɤ, ɪɚɡɦɟɪɨɦ 27 ɤȾɚ, ɦɨɠɟɬ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨ 

ɩɨɤɢɞɚɬɶ ɦɢɬɨɯɨɧɞɪɢɢ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɉɪɢ ɚɩɨɩɬɨɡɟ 

EndoG ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɨ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɚɫɳɟɩɥɟɧɢɟ ɩɨɥɢG-ɩɨɥɢɋ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ [244], ɞɟɣɫɬɜɭɹ ɩɨ ɤɚɫɩɚɡ-ɧɟɡɚɜɢɫɢɦɨɦɭ ɦɟɯɚɧɢɡɦɭ 

[400].  

Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɰɟɫɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɥɨɤɚɥɢɡɭɟɬɫɹ ɜ ɹɞɪɟ ɤɥɟɬɨɤ. 

ɗɩɢɫɨɦɚɥɶɧɚɹ ɷɤɫɩɪɟɫɫɢɹ EndoG ɜ ɤɥɟɬɤɚɯ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɩɥɚɡɦɢɞɨɣ 

pEndoG-GFP ɩɨɡɜɨɥɢɥɚ ɥɨɤɚɥɢɡɨɜɚɬɶ EndoG ɜ ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ, ɫɞɟɥɚɬɶ ɟё 

«ɞɨɫɬɭɩɧɨɣ» ɩɪɟ-ɦɊɇɄ hTERT ɢ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ. 
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Ɉɬɫɭɬɫɬɜɢɟ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ 

ɹɞɪɟ ɧɟ ɩɪɨɬɟɤɚɟɬ. Ɇɵ ɨɛɧɚɪɭɠɢɥɢ ɦɊɇɄ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ɜ ɹɞɪɚɯ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ. ɋɨɝɥɚɫɧɨ ɧɚɲɟɦɭ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɢɦɟɧɧɨ 

ɢɧɬɟɪɧɚɥɢɡɚɰɢɹ EndoG ɜ ɹɞɪɨ ɩɪɢ ɚɩɨɩɬɨɡɟ ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɜ ɧёɦ α+ȕ– 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ hTERT ɜ ɨɪɝɚɧɟɥɥɚɯ ɧɨɪɦɚɥɶɧɵɯ 

ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɦɟɬɨɞɨɦ ɜɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ ɹɞɪɚɯ 

ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɨɤ ɩɪɢɫɭɬɫɬɜɭɸɬ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬ hTERT ɢ ɟɝɨ 

ɤɨɥɢɱɟɫɬɜɨ ɨɠɢɞɚɟɦɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɚɩɨɩɬɨɡɟ. ȼ ɦɢɬɨɯɨɧɞɪɢɹɯ ɜ ɧɨɪɦɟ 

ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɨɛɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɩɪɢɦɟɪɧɨ ɜ ɪɚɜɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. 

ɉɪɢɫɭɬɫɬɜɢɟ hTERT ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ 

[194,401]. ɉɪɢ ɚɩɨɩɬɨɡɟ ɫɧɢɠɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɤɚɤ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ 

hTERT, ɬɚɤ ɢ EndoG. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

EndoG ɩɪɢ ɚɩɨɩɬɨɡɟ ɜɵɡɜɚɧɨ ɟɝɨ ɢɧɬɟɪɧɚɥɢɡɚɰɢɟɣ ɜ ɹɞɪɨ. ɍɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ 

α+ȕ– ɢ ɭɦɟɧɶɲɟɧɢɟ ɩɭɥɚ α+ȕ+ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ 

ɫɧɢɠɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢ ɩɨɜɵɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ EndoG ɜ ɹɞɪɚɯ ɢ 

ɰɢɬɨɩɥɚɡɦɟ. ɇɚɦɢ ɬɚɤɠɟ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɬɟɥɨɦɟɪɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ, ɤɨɬɨɪɚɹ, ɨɞɧɚɤɨ, ɩɪɢ ɚɩɨɩɬɨɡɟ ɧɟ ɢɡɦɟɧɹɥɚɫɶ (ɪɢɫ. 42). 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ EndoG ɢ hTERT ɦɟɬɨɞɨɦ 

ɢɦɦɭɧɨɰɢɬɨɯɢɦɢɢ ɩɨɞɬɜɟɪɞɢɥɨ ɢɯ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɤɨ-ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɹɞɪɟ 

(ɪɢɫ. 43), ɱɬɨ ɤɨɫɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɨɩɪɹɠёɧɧɨɫɬɶ ɢɯ ɚɤɬɢɜɧɨɫɬɢ. 

Ɇɵ ɨɩɢɫɚɥɢ ɦɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, ɫɜɹɡɚɧɧɵɣ ɫ 

ɊɇɄɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ EndoG. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɷɬɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɧɟ ɩɨɞɯɨɞɹɬ ɧɢ ɨɞɢɧ ɢɡ ɢɡɜɟɫɬɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɞɟɥɟɰɢɢ ɷɤɡɨɧɨɜ, 

ɜɤɥɸɱɚɹ ɫɭɩɪɟɫɫɢɸ ɫɚɣɬɚ ɫɩɥɚɣɫɢɧɝɚ, ɫɨɤɪɵɬɢɟ ɢɥɢ ɷɤɫɩɨɧɢɪɨɜɚɧɢɟ cis-

ɷɥɟɦɟɧɬɚ, ADAR-ɨɩɨɫɪɟɞɨɜɚɧɧɭɸ ɫɟɥɟɤɰɢɸ ɫɚɣɬɚ ɫɩɥɚɣɫɢɧɝɚ, ɫɛɥɢɠɟɧɢɟ cis-

ɷɥɟɦɟɧɬɨɜ, ɩɟɪɟɤɪɭɱɢɜɚɧɢɟ ɢɧɬɪɨɧɨɜ, ɚ ɬɚɤɠɟ ɤɨɧɤɭɪɟɧɬɧɵɟ ɹɜɥɟɧɢɹ ɜɨ 

ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ ɊɇɄ [402].  
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ȼ ɨɛɳɢɯ ɱɟɪɬɚɯ ɢɫɫɥɟɞɭɟɦɵɣ ɦɟɯɚɧɢɡɦ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɝɢɩɨɬɟɬɢɱɟɫɤɨɣ ɫɯɟɦɟ. ɋ ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɝɟɧɚ hTERT 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɪɟ-ɦɊɇɄ, ɚ ɫ ɦɚɬɪɢɱɧɨɣ (ɧɟɤɨɞɢɪɭɸɳɟɣ) - ɧɤɊɇɄ ɪɚɡɦɟɪɨɦ 

1754 ɧɭɤɥɟɨɬɢɞɚ (ɪɢɫ. 51). EndoG ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ 48-ɱɥɟɧɧɵɣ ɊɇɄ-

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-ɦɊɇɄ hTERT ɜ ɭɱɚɫɬɤɟ 

ɫɨɟɞɢɧɟɧɢɹ ɷɤɡɨɧɚ 8 ɢ ɢɧɬɪɨɧɚ 8 (ɪɢɫ. 75 Ⱥ, Ȼ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-

ɦɊɇɄ hTERT ɜɵɡɵɜɚɟɬ Ⱥɋ ɢ ɩɨɹɜɥɟɧɢɟ ɫɩɥɚɣɫɢɪɨɜɚɧɧɨɝɨ ȕ–ɜɚɪɢɚɧɬɚ. ȼ 

ɩɨɥɶɡɭ ɷɬɨɝɨ ɦɟɯɚɧɢɡɦɚ ɝɨɜɨɪɹɬ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɵ. ɉɨɜɵɲɟɧɧɵɣ ɫɢɧɬɟɡ 

EndoG ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɜɚɪɢɚɧɬɚ α+ȕ– ɢ ɭɦɟɧɶɲɟɧɢɸ 

ɷɤɫɩɪɟɫɫɢɢ α+ȕ+ hTERT, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɜɚɪɢɚɧɬɵ hTERT ɞɟɣɫɬɜɭɸɬ ɤɚɤ 

ɞɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɟ, ɚ ɢɯ ɩɨɜɵɲɟɧɧɵɣ ɫɢɧɬɟɡ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ [196,403]. Ɉɛɪɚɛɨɬɤɚ ɰɢɬɨɩɥɚɡɦɵ ɢ ɹɞɟɪ 

ɤɥɟɬɨɤ recEndoG ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɦɊɇɄ α+ȕ– ɢ ɫɧɢɠɟɧɢɟ 

ɭɪɨɜɧɹ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ+. Ɉɛɪɚɛɨɬɤɚ ɫɭɦɦɚɪɧɨɣ ɊɇɄ ɢɡ 

ɤɥɟɬɨɱɧɵɯ ɹɞɟɪ recEndoG, ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɢɧɤɭɛɚɰɢɹ ɩɪɨɞɭɤɬɨɜ ɪɚɫɳɟɩɥɟɧɢɹ 

ɫ ɹɞɪɚɦɢ ɩɪɢɜɨɞɹɬ ɤ ɩɨɹɜɥɟɧɢɸ ɜ ɧɢɯ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɜɚɪɢɚɧɬɚ α+ȕ–. 

ɉɨɫɤɨɥɶɤɭ ɢɧɤɭɛɚɰɢɹ ɹɞɟɪ ɫ ȾɇɄ, ɨɛɪɚɛɨɬɚɧɧɨɣ recEndoG, ɧɟ ɜɵɡɵɜɚɟɬ Ⱥɋ 

ɩɪɟ-ɦɊɇɄ hTERT, ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɮɚɤɬɨɪ, ɜɵɡɵɜɚɸɳɢɣ Ⱥɋ, ɨɬɧɨɫɢɬɫɹ 

ɢɦɟɧɧɨ ɤ ɊɇɄ, ɚ ɟɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɊɇɄɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ EndoG 

(ɞɟɣɫɬɜɢɟ ɊɇɄɚɡɵ 1 ɢ ɊɇɄɚɡɵ Ⱥ ɧɟ ɜɵɡɵɜɚɥɨ Ⱥɋ). Ȼɵɥɨ ɫɞɟɥɚɧɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɚɤɬɢɜɧɵɣ ɊɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ (EGPO) «ɜɵɪɟɡɚɟɬɫɹ» 

EndoG ɢɡ ɧɤɊɇɄ. ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɧɤɊɇɄ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɧɚ ɦɚɬɪɢɱɧɨɣ (ɧɟɤɨɞɢɪɭɸɳɟɣ) ɰɟɩɢ ɝɟɧɚ hTERT, ɩɨɫɤɨɥɶɤɭ 

ɧɢɤɚɤɨɣ ɞɪɭɝɨɣ ɭɱɚɫɬɨɤ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɧɤɊɇɄ ɧɟ ɛɵɥ ɨɛɧɚɪɭɠɟɧ. 

ɉɪɢɛɥɢɡɢɬɟɥɶɧɵɣ ɪɚɡɦɟɪ EGPO ɢ ɟɝɨ ɧɭɤɥɟɨɬɢɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ, ɢɫɩɨɥɶɡɨɜɚɜ ɦɟɬɨɞ ɝɢɛɪɢɞɢɡɚɰɢɢ ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ 

ɫ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ EGPO.  
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Ɋɢɫɭɧɨɤ 75. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ hTERT 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ EndoG. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɫɬ 
ɫɢɧɬɟɡɚ ɩɪɟ-ɦɊɇɄ hTERT ɢ ɧɤɊɇɄ (Ⱥ). ɋ ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɝɟɧɚ hTERT 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɪɟ-ɦɊɇɄ, ɚ ɫ ɦɚɬɪɢɱɧɨɣ – ɧɤɊɇɄ. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɤɊɇɄ ɢ EGPO ɩɪɢ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɩɪɟ-

ɦɊɇɄ hTERT (Ȼ). EndoG ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-

ɦɊɇɄ hTERT. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ hTERT ɜɵɡɵɜɚɟɬ Ⱥɋ ɢ 
ɩɨɹɜɥɟɧɢɟ ȕ-ɜɚɪɢɚɧɬɚ hTERT. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ SRp20 (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɷɥɥɢɩɫɚ) ɢ SRp40 (ɩɨɤɚɡɚɧ ɜ 
ɜɢɞɟ ɫɟɪɨɝɨ ɷɥɥɢɩɫɚ), ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ (ɩɨɤɚɡɚɧɵ ɜ 
ɱɟɪɧɨɣ ɪɚɦɤɟ) ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ hTERT (ȼ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɫ 
ɩɪɟ-ɦɊɇɄ hTERT ɛɥɨɤɢɪɭɟɬ ɫɜɹɡɵɜɚɧɢɟ ɨɛɨɢɯ ɛɟɥɤɨɜ SRp20 ɢ SRp40 ɫ 
ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ (Ƚ). Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɟɬɫɹ 
ɢɧɞɭɤɰɢɹ Ⱥɋ ɢ ɞɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 7 ɢ 8 ɜ ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɟ ɦɊɇɄ. 
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ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧ ɪɚɡɦɟɪ EGPO ɫ ɦɢɧɢɦɚɥɶɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɶɸ 12 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’- ɢ 5’- ɤɨɧɰɨɜ. ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ ȾɇɄ-

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɫɧɢɠɚɥɨ ɢɯ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɤ EGPO ɢ ɧɟ ɜɵɡɵɜɚɥɨ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ Ⱥɋ. ɇɚ ɝɪɚɧɢɰɚɯ EGPO ɪɚɫɩɨɥɚɝɚɸɬɫɹ G-ɛɨɝɚɬɵɟ ɭɱɚɫɬɤɢ 

(GGGG ɧɚ 3’- ɢ GGGCGGG ɧɚ 5’-ɤɨɧɰɟ), ɤɨɬɨɪɵɟ, ɜɟɪɨɹɬɧɨ, ɢ ɹɜɥɹɸɬɫɹ 

ɫɚɣɬɨɦ, ɧɚ ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ EndoG. Ɍɪɚɧɫɮɟɤɰɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ EGPO ɜɵɡɵɜɚɥɚ ɚɤɬɢɜɚɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɜ 

ɤɥɟɬɨɱɧɵɯ ɹɞɪɚɯ CɚCɨ-2 ɢ ɜ ɫɚɦɢɯ ɤɥɟɬɤɚɯ ɢ ɩɪɢɜɨɞɢɥɚ ɤ ɫɧɢɠɟɧɢɸ 

ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. EGPO ɜɟɫɶɦɚ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɢɤɪɨɊɇɄ, 

ɚɤɬɢɜɧɵɯ ɩɪɢ Ⱥɋ [402] – ɟɝɨ ɞɥɢɧɚ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ 22 ɧɭɤɥɟɨɬɢɞɨɜ, ɢ ɨɧ 

ɨɛɪɚɡɭɟɬɫɹ ɢɡ ɧɤɊɇɄ ɢɡɜɟɫɬɧɨɝɨ ɝɟɧɚ. Ⱦɟɣɫɬɜɢɟ EGPO ɫɯɨɞɧɨ ɫ ɞɟɣɫɬɜɢɟɦ 

ɨɩɢɫɚɧɧɵɯ ɦɚɥɵɯ ɧɟɤɨɞɢɪɭɸɳɢɯ ɹɞɟɪɧɵɯ ɊɇɄ [380] ɢɥɢ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ [381]. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɦɟɪ EGPO ɛɨɥɶɲɟ, ɱɟɦ ɭ ɦɚɥɵɯ ɹɞɟɪɧɵɯ ɊɇɄ (15-25 

ɧɭɤɥɟɨɬɢɞɨɜ), ɢ ɨɛɪɚɡɭɟɬɫɹ ɨɧ ɢɡ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɰɟɩɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɦ 

ɝɟɧɚ. ɗɤɫɩɪɟɫɫɢɹ EGPO ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɝɟɧɨɦ EndoG ɢ 

ɨɛɪɚɛɨɬɤɟ ɰɢɬɨɩɥɚɡɦɵ ɢ ɹɞɟɪ recEndoG. ɑɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɫɭɛɫɬɪɚɬ EndoG, ɢɡ 

ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɟɬɫɹ EGPO, ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ 

ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɨɩɪɟɞɟɥɢɥɢ ɧɭɤɥɟɨɬɢɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɧɤɊɇɄ. ɗɤɫɩɪɟɫɫɢɹ ɧɤɊɇɄ ɜ ɤɥɟɬɤɚɯ ɧɟ ɡɚɜɢɫɟɥɚ ɨɬ ɞɟɣɫɬɜɢɹ EndoG. ɇɚɢɛɨɥɟɟ 

ɜɟɪɨɹɬɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ EGPO ɪɟɝɭɥɢɪɭɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶɸ EndoG, ɚ ɧɟ 

ɭɪɨɜɧɟɦ ɧɤɊɇɄ. Ʉɥɸɱɟɜɵɦ ɹɜɥɟɧɢɟɦ ɢɧɞɭɤɰɢɢ Ⱥɋ ɜ ɹɞɪɚɯ ɹɜɥɹɟɬɫɹ 

ɬɪɚɧɫɥɨɤɚɰɢɹ EndoG ɜ ɹɞɪɚ, ɢ ɞɨɫɬɭɩɧɨɫɬɶ EndoG ɞɥɹ ɧɤɊɇɄ. 

ɇɚ ɭɱɚɫɬɤɟ ɢɧɬɪɨɧɚ 8 ɩɪɟ-ɦɊɇɄ hTERT, ɤɨɬɨɪɵɣ ɩɟɪɟɤɪɵɜɚɟɬɫɹ EGPO 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɚ ɭɱɚɫɬɤɚ: UCAUC ɢ ACGGG, ɹɜɥɹɸɳɢɟɫɹ ɫɚɣɬɚɦɢ 

ɫɜɹɡɵɜɚɧɢɹ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ SRp20 ɢ SRp40, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

(ɪɢɫ. 75 ȼ, Ƚ). ɗɬɢ ɛɟɥɤɢ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɤɚɤ ɢɧɝɢɛɢɬɨɪɵ ɩɪɨɰɟɫɫɚ Ⱥɋ [404]. 

ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ ɛɥɨɤɢɪɭɟɬ ɞɨɫɬɭɩ 
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ɷɬɢɯ ɛɟɥɤɨɜ ɤ ɫɜɨɢɦ ɫɚɣɬɚɦ ɢ ɜɵɡɵɜɚɟɬ ɢɧɞɭɤɰɢɸ Ⱥɋ, ɩɪɢɜɨɞɹɳɭɸ ɤ ɞɟɥɟɰɢɢ 

ɷɤɡɨɧɨɜ 7 ɢ 8 ɜ ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɟ ɦɊɇɄ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɪɭɝɢɟ ɲɢɪɨɤɨ ɫɩɟɰɢɮɢɱɧɵɟ ȾɇɄɚɡɵ (ȾɇɄɚɡɚ 1 

ɢ ȾɇɄɚɡɚ ɏ) ɧɟ ɛɵɥɢ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT (ɪɢɫ. 61), 

ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɢɦɟɧɧɨ EndoG ɜ ɪɟɝɭɥɹɰɢɸ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨɢɫɤɚ ɦɊɇɄ ɛɟɥɤɨɜ, ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɤɨɬɨɪɵɯ 

ɭɱɚɫɬɜɭɟɬ EndoG, ɦɵ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ 

ɢɥɢ ɤɪɵɫɵ ɩɥɚɡɦɢɞɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɝɟɧɵ EndoG ɢɥɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɢɯ ɫ 

ɰɢɫɩɥɚɬɢɧɨɦ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɢɥɢ ɚɧɚɥɢɡ ɭɪɨɜɧɟɣ ɦɊɇɄ ɦɟɬɨɞɨɦ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɬɨɬɚɥɶɧɨɣ ɊɇɄ (RNA seq). Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ 28 ɝɟɧɨɜ, 

ɭɪɨɜɟɧɶ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɤɨɬɨɪɵɯ, ɜɚɪɶɢɪɭɟɬ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɤɨɥɢɱɟɫɬɜɟ ɨɛɳɟɣ ɦɊɇɄ ɞɚɧɧɵɯ ɝɟɧɨɜ. ɂɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

ɦɊɇɄ ɨɛɧɚɪɭɠɟɧɧɵɯ ɝɟɧɨɜ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ (ɪɢɫ. 29, 30). 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ (ɤɪɨɦɟ ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT) ɛɵɥɢ ɜɵɛɪɚɧɵ ɦɊɇɄ ɛɟɥɤɨɜ ȾɇɄɚɡɵ 1 

(DNase I), ɤɚɫɩɚɡɵ-2 (Casp-2) ɢ BCL-x, ɩɨɫɤɨɥɶɤɭ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ ɫɩɥɚɣ-

ɜɚɪɢɚɧɬɨɜ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɤɚɤ ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɬɚɤ ɢ ɦɵɲɢ ɢ ɤɪɵɫɵ, 

ɤɚɤ ɩɪɢ ɬɪɚɧɫɮɟɤɰɢɢ ɝɟɧɨɦ EndoG, ɬɚɤ ɢ ɩɪɢ ɢɧɞɭɤɰɢɢ EndoG ɰɢɫɩɥɚɬɢɧɨɦ.  

Ȼɟɥɤɢ, ɤɨɞɢɪɭɟɦɵɟ ɜɵɛɪɚɧɧɵɦɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɟɧɚɦɢ, ɭɱɚɫɬɜɭɸɬ ɜ 

ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɡɚ. Ɋɚɧɟɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ ɤɥɟɬɨɤ, 

ɜɵɡɜɚɧɧɵɟ ɪɚɡɥɢɱɧɵɦɢ ɚɝɟɧɬɚɦɢ, ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ, ɢ ɬɟɩɥɨɜɨɣ ɲɨɤ 

ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɸ ɩɪɨɩɨɪɰɢɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 ɜ ɤɥɟɬɤɚɯ [405]. 

ɗɬɢ ɞɚɧɧɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɚɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ ɤɨɬɨɪɵɯ 

ɰɢɫɩɥɚɬɢɧ ɜɵɡɵɜɚɥ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ ɢ ɢɧɞɭɤɰɢɸ ɷɤɫɩɪɟɫɫɢɢɢ EndoG. 

Ɉɩɢɫɚɧɨ ɞɜɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ Casp-2: Casp-2L (Long Form, ɞɥɢɧɧɚɹ ɮɨɪɦɚ) ɢ 

Casp-2S (Short Form, ɤɨɪɨɬɤɚɹ ɮɨɪɦɚ). ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ Casp-2L (435 ɚ.ɨ.), 

ɬɚɤɠɟ ɢɡɜɟɫɬɧɚɹ ɤɚɤ ICH-1 (Interleukin-1ȕ-converting enzyme), ɫɨɫɬɨɢɬ ɢɡ p19 ɢ 
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ɪ12 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɚɤɬɢɜɚɰɢɢ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ Casp-2S ɫɨɞɟɪɠɢɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɧɟ 

ɤɨɞɢɪɭɸɳɢɣ ɷɤɡɨɧ ɧɚ 5’-ɤɨɧɰɟ ɦɊɇɄ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɧɢɰɢɚɰɢɢ ɬɪɚɧɫɥɹɰɢɢ ɫ 

ɤɨɞɢɪɭɸɳɟɝɨ ɤɨɞɨɧɚ 2 ɢ ɩɨɬɟɪɟ 31 ɚɦɢɧɨɧɨɤɢɫɥɨɬɵ ɱɚɫɬɢ CARD-ɞɨɦɟɧɚ 

(Caspase Recruitment Domain) ɧɚ N-ɤɨɧɰɟ ɛɟɥɤɚ [363]. ɉɨɹɜɥɟɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɞɢɪɭɸɳɟɝɨ ɷɤɡɨɧɚ 9 ɜɵɡɵɜɚɟɬ ɫɞɜɢɝ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, 

ɩɨɹɜɥɟɧɢɟ ɫɬɨɩ-ɤɨɞɨɧɚ ɧɚ ɫɬɵɤɟ ɷɤɡɨɧɨɜ 9 ɢ 10 ɢ ɭɤɨɪɨɱɟɧɢɟ ɋ-ɤɨɧɰɟɜɨɝɨ 

ɭɱɚɫɬɤɚ ɛɟɥɤɚ ɧɚ 92 ɚ.ɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ Casp-2S ɬɟɪɹɟɬ ɪ12 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬɵ Casp-2 

ɨɤɚɡɵɜɚɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɷɮɮɟɤɬ: Casp-2L ɢɧɞɭɰɢɪɭɟɬ ɤɥɟɬɨɱɧɭɸ ɝɢɛɟɥɶ, 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ Casp-2S ɩɨɞɚɜɥɹɟɬ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ[406].  

ɉɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ EndoG ɮɭɧɤɰɢɨɧɢɪɭɟɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɪɭɝɨɣ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɷɧɞɨɧɭɤɥɟɚɡɨɣ DNase I. ɉɨɫɥɟɞɧɹɹ 

ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɤɥɟɬɤɚɯ ɜ ɧɚɢɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ, ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ 

ɚɤɬɢɜɧɨɣ ɢɡ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ȾɇɄɚɡ ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɢɧɢɰɢɢɪɨɜɚɧɢɢ ɰɢɫɩɥɚɬɢɧ-

ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɚɤɬɢɜɚɰɢɢ ɝɟɧɚ EndoG [325]. ɂɧɞɭɤɰɢɹ Ⱥɋ DNase I 

ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ DNase I ɜ ɧɨɪɦɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɩɨɱɤɢ ɤɪɵɫɵ NRK-

52E, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɩɥɚɡɦɢɞɨɣ pEndoG-ECFP [399].  

BCL-x – ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ ɦɢɬɨɯɨɧɞɪɢɣ, ɪɟɝɭɥɢɪɭɸɳɢɣ 

ɫɟɤɪɟɰɢɸ ɫɨɞɟɪɠɢɦɨɝɨ ɦɢɬɨɯɨɧɞɪɢɣ, ɧɚɩɪɢɦɟɪ, ɰɢɬɨɯɪɨɦɨɜ ɜ ɰɢɬɨɡɨɥɶ ɩɪɢ 

ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [407]. ɉɨɥɧɨɪɚɡɦɟɪɧɵɣ ɜɚɪɢɚɧɬ BCL-xL 

ɢɧɝɢɛɢɪɭɟɬ ɮɭɧɤɰɢɸ ɛɟɥɤɚ p53 ɢ ɨɛɥɚɞɚɟɬ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ. 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɦɨɥɟɤɭɥɟ ɦɊɇɄ ɜɵɡɵɜɚɟɬ ɫɢɧɬɟɡ ɭɤɨɪɨɱɟɧɧɨɝɨ 

ɜɚɪɢɚɧɬɚ BCL-xS, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɩɪɨ-ɚɩɨɩɬɨɬɢɱɟɫɤɢɦ ɛɟɥɤɨɦ. 

ɉɨɜɪɟɠɞɟɧɢɹ ȾɇɄ, ɜɵɡɜɚɧɧɵɟ ɞɟɣɫɬɜɢɟɦ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɩɪɟɩɚɪɚɬɨɜ, 

ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɭɪɨɜɧɹ ɦɊɇɄ BCL-xS ɢ ɚɤɬɢɜɚɰɢɢ ɚɩɨɩɬɨɡɚ in vitro 
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[408], ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɩɨɤɚɡɚɧɧɵɦ ɧɚɦɢ ɞɟɣɫɬɜɢɟɦ ɰɢɫɩɥɚɬɢɧɚ ɢ ɚɤɬɢɜɚɰɢɟɣ 

ɢɦ EndoG.  

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɊɇɄ ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ 

ɭɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ TERT, Casp-2, DNase I ɢ BCL-x 

ɜ ɢɧɬɚɤɬɧɵɯ CD4+ T-ɤɥɟɬɤɚɯ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɚ ɬɚɤɠɟ ɦɵɲɟɣ ɢ ɤɪɵɫ 

ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ (ɪɢɫ. 32, 35, 37). Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɭɜɟɥɢɱɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ EndoG ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɢɧɬɟɡɨɦ 

ɭɤɨɪɨɱɟɧɧɵɯ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɞɚɧɧɵɯ ɝɟɧɨɜ. Ɇɟɬɨɞɚɦɢ ɈɌ-ɉɐɊ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɜɟɫɬɟɪɧ ɛɥɨɬɬɢɧɝɚ ɩɨɞɬɜɟɪɠɞɟɧɨ ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ ɢ ɛɟɥɤɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɨɜ ɜ CD4+ T-ɤɥɟɬɤɚɯ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɝɟɧɨɦ EndoG ɢɥɢ ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ ɢɥɢ 

ɷɬɨɩɨɡɢɞɨɦ (ɪɢɫ. 33, 36, 37). ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ 

ɩɪɨɢɫɯɨɞɢɥɨ ɭɦɟɧɶɲɟɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɛɟɥɤɨɜ ɜ 

ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ (ɪɢɫ. 34, 36, 37). ɂɧɞɭɰɢɪɨɜɚɧɧɨɟ 

ɰɢɫɩɥɚɬɢɧɨɦ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ ɭ ɦɵɲɟɣ ɢ ɤɪɵɫ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ 

Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT, Casp-2, DNase I ɢ BCL-x ɢ ɫɧɢɠɟɧɢɟɦ ɢɯ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ in vivo. 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɟɣ ɬɟɥɨɦɟɪɚɡɵ hTERT, 

ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɯɚɧɢɡɦ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɜ CD4+ Ɍ-

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ 

ɉɪɨɰɟɫɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɬɨɪɧɵɦ ɦɟɯɚɧɢɡɦɨɦ 

ɚɩɨɩɬɨɬɢɱɟɫɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟ-ɦɊɇɄ DNase I 

ɫɩɨɫɨɛɧɚ ɩɨɞɜɟɪɝɚɬɶɫɹ Ⱥɋ ɜ 5’-ɤɨɧɰɟ ɧɟ ɬɪɚɧɫɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ, ɬɚɤ ɢ ɜ 

ɤɨɞɢɪɭɸɳɟɣ ɱɚɫɬɢ[255]. Ⱥɋ ɬɚɤɠɟ ɩɨɞɜɟɪɝɚɸɬɫɹ ɦɊɇɄ DNase X [409], DNase 

1L2 [410], CAD [411] ɢ ɢɧɝɢɛɢɬɨɪɚ ICAD [412]. 

ɇɚɦɢ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ, ɜɵɪɚɠɟɧɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɦɊɇɄ 

EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ ɦɊɇɄ DNase I ɜ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ (ɪɢɫ. 32). 

ɋɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG ɜ CD4+ T-ɥɢɦɮɨɰɢɬɚɯ ɜɧɚɱɚɥɟ ɢɧɞɭɰɢɪɨɜɚɥɚ, ɚ ɧɚ 
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ɩɨɡɞɧɢɯ ɷɬɚɩɚɯ ɢɧɚɤɬɢɜɢɪɨɜɚɥɚ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ 1. Ɍɚɤɚɹ 

ɢɧɞɭɤɰɢɹ ɧɚ ɪɚɧɧɢɯ ɷɬɚɩɚɯ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɛɵɥɚ ɜɵɡɜɚɧɚ ɩɨɜɪɟɠɞɟɧɢɟɦ ȾɇɄ 

(ȾɇɄɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ EndoG). Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɩɨɜɪɟɠɞɚɸɳɢɣ ȾɇɄ ɚɝɟɧɬ 

ɛɥɟɨɦɢɰɢɧ ɛɵɥ ɫɩɨɫɨɛɟɧ ɚɤɬɢɜɢɪɨɜɚɬɶ ȾɇɄɚɡɭ 1 ɩɨɞɬɜɟɪɠɞɚɟɬ ɞɚɧɧɨɟ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɧɟɟ ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ EndoG ɫɚɦɚ ɩɨ ɫɟɛɟ 

ɫɩɨɫɨɛɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ DNase I [399]. ɍɝɧɟɬɟɧɢɟ ɧɭɤɥɟɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɜɨɡɧɢɤɚɥɨ ɜ ɪɟɡɭɥɶɬɚɬɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɢ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ 4, ɤɚɤ ɜ 

ɤɥɟɬɤɚɯ ɫɨ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɟɣ EndoG, ɬɚɤ ɢ ɜɨɡɞɟɣɫɬɜɢɢ recEndoG ɧɚ 

ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɹɞɪɚ ɤɥɟɬɨɤ (ɪɢɫ. 46). ɋɩɥɚɣɫ-ɜɚɪɢɚɧɬ ∆4DNase I ɩɪɨɹɜɥɹɥ 

ɞɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɩɨɞɚɜɥɹɥ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ DNase I ɜ 

ɤɥɟɬɤɚɯ. 

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɭɤɨɪɨɱɟɧɧɵɦ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɦ ɦɊɇɄ α+ȕ– hTERT, ɦɵ 

ɧɟ ɨɛɧɚɪɭɠɢɥɢ ɭɤɨɪɨɱɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɦɊɇɄ ∆4DNase I ɜ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ 

(ɧɟɚɩɨɩɬɨɬɢɱɟɫɤɢɯ) ɤɥɟɬɨɤ (ɪɢɫ. 46). Ⱦɚɧɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 

ɨɛɴɹɫɧɟɧɨ ɧɟɫɤɨɥɶɤɢɦɢ ɫɨɛɵɬɢɹɦɢ: ɛɵɫɬɪɵɦ ɷɤɫɩɨɪɬɨɦ ɡɪɟɥɨɣ ɦɊɇɄ ɜ 

ɰɢɬɨɩɥɚɡɦɭ ɢɡ ɹɞɪɚ, ɛɵɫɬɪɨɣ ɞɟɝɪɚɞɚɰɢɟɣ ɞɟɮɟɤɬɧɨɣ ɊɇɄ ɢɥɢ ɜɧɟɹɞɟɪɧɨɣ 

ɥɨɤɚɥɢɡɚɰɢɟɣ ɩɪɨɰɟɫɫɚ Ⱥɋ.  

ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɛɥɟɨɦɢɰɢɧɨɦ ɜɵɡɵɜɚɥɚ ɩɟɪɟɯɨɞ ɛɟɥɤɚ EndoG ɢɡ 

ɦɢɬɨɯɨɧɞɪɢɣ ɜ ɰɢɬɨɩɥɚɡɦɭ ɢ ɹɞɪɚ ɢ ɢɧɞɭɰɢɪɨɜɚɥɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɜɵɯɨɞ EndoG ɢɡ ɦɢɬɨɯɨɧɞɪɢɣ ɢ ɟё «ɞɨɫɬɭɩɧɨɫɬɶ» ɞɥɹ ɩɪɟ-ɦɊɇɄ DNase I 

ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɢɧɞɭɤɰɢɢ Ⱥɋ. 

ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɦɚɥɵɦɢ ɢɧɬɟɪɮɟɪɢɪɭɸɳɢɦɢ ɊɇɄ 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɡɦɟɧɟɧɢɟɦ ɩɭɥɚ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ DNase I: ɧɚɛɥɸɞɚɥɢ 

ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ ɦɊɇɄ ɢ ɛɟɥɤɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ nDNase I ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɭɤɨɪɨɱɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ∆4DNase I (ɪɢɫ. 44, 45). 

Ⱦɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɥɢɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ 
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ɰɢɬɨɩɥɚɡɦɟ ɢ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨɞɬɜɟɪɠɞɚɸɬ ɭɱɚɫɬɢɟ EndoG ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I. 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɩɪɟ-ɦɊɇɄ hTERT ɦɟɬɨɞɨɦ ɝɢɛɪɢɞɢɡɚɰɢɢ ɊɇɄ ɫ 12-ɬɢ 

ɱɥɟɧɧɵɦɢ ȾɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ ɧɚɦ ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ ɪɚɡɦɟɪ ɢ 

ɧɭɤɥɟɨɬɢɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ EGPO ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 12-ɬɢ ɧɭɤɥɟɨɬɢɞɨɜ. 

Ⱦɚɧɧɵɟ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɨɛɪɚɡɨɜɵɜɚɥɢ ɤɨɦɩɥɟɤɫɵ ɊɇɄ·ȾɇɄ ɢ ɩɨɞɚɜɥɹɥɢ 

ɫɩɨɫɨɛɧɨɫɬɶ EGPO ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ. ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ ȾɇɄ-

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɞɨ ɦɟɧɟɟ 12 ɨɫɧɨɜɚɧɢɣ ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸ ɢɯ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɢ ɧɟɫɩɨɫɨɛɧɨɫɬɢ ɢɧɝɢɛɢɪɨɜɚɬɶ ɞɟɣɫɬɜɢɟ EGPO. 

Ɇɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ EndoG ɩɪɢ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɛɵɥ 

ɚɧɚɥɨɝɢɱɟɧ ɦɟɯɚɧɢɡɦɭ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT.  

ɋ ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɝɟɧɚ hTERT ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɪɟ-ɦɊɇɄ, ɚ ɫ 

ɦɚɬɪɢɱɧɨɣ (ɧɟɤɨɞɢɪɭɸɳɟɣ) - ɧɤɊɇɄ ɪɚɡɦɟɪɨɦ 773 ɧɭɤɥɟɨɬɢɞɚ (ɪɢɫ. 51 Ƚ). 

EndoG ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ 72-ɱɥɟɧɧɵɣ ɊɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ EGPO, 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-ɦɊɇɄ DNase I ɜ ɦɟɫɬɟ ɫɨɟɞɢɧɟɧɢɹ ɷɤɡɨɧɚ 4 ɢ ɢɧɬɪɨɧɚ 4 

(ɪɢɫ 76 Ⱥ, Ȼ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ DNase I ɜɵɡɵɜɚɟɬ Ⱥɋ ɢ 

ɩɨɹɜɥɟɧɢɟ ɫɩɥɚɣɫɢɪɨɜɚɧɧɨɝɨ ∆4 ɜɚɪɢɚɧɬɚ. ɇɚ ɝɪɚɧɢɰɚɯ EGPO ɧɚ ɧɤɊɇɄ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ G-ɛɨɝɚɬɵɟ ɢ ɋ-ɛɨɝɚɬɵɟ ɭɱɚɫɬɤɢ (ɋɋɋ ɧɚ 3’- ɢ CCCGGGG ɧɚ 5’-

ɤɨɧɰɟ), ɤɨɬɨɪɵɟ, ɜɟɪɨɹɬɧɨ, ɢ ɹɜɥɹɸɬɫɹ ɫɚɣɬɨɦ, ɧɚ ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ EndoG 

[14]. Ɍɪɚɧɫɮɟɤɰɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 72-x ɱɥɟɧɧɵɦ EGPO 

ɜɵɡɵɜɚɥɚ ɚɤɬɢɜɚɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɜ ɤɥɟɬɨɱɧɵɯ ɹɞɪɚɯ ɢ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɢ ɩɪɢɜɨɞɢɥɚ ɤ ɫɧɢɠɟɧɢɸ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ.  
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Ɋɢɫɭɧɨɤ 76. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ DNase I 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ EndoG. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɫɬ 
ɫɢɧɬɟɡɚ ɩɪɟ-ɦɊɇɄ DNase I ɢ ɧɤɊɇɄ (Ⱥ). ɋ ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɝɟɧɚ DNase I 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɪɟ-ɦɊɇɄ, ɚ ɫ ɦɚɬɪɢɱɧɨɣ – ɧɤɊɇɄ. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɤɊɇɄ ɢ EGPO ɩɪɢ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɩɪɟ-

ɦɊɇɄ DNase I (Ȼ). EndoG ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-

ɦɊɇɄ DNase I. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ DNase I ɜɵɡɵɜɚɟɬ Ⱥɋ ɢ 
ɩɨɹɜɥɟɧɢɟ ɫɩɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ Sɋ35 (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɷɥɥɢɩɫɚ) ɢ 
SRp40 (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɫɟɪɨɝɨ ɷɥɥɢɩɫɚ), ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɫɚɣɬɚɦɢ 
ɫɜɹɡɵɜɚɧɢɹ (ɩɨɤɚɡɚɧɵ ɜ ɱɟɪɧɨɣ ɪɚɦɤɟ) ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ DNase I (ȼ). 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɫ ɩɪɟ-ɦɊɇɄ DNase I ɛɥɨɤɢɪɭɟɬ ɫɜɹɡɵɜɚɧɢɟ ɨɛɨɢɯ 
ɛɟɥɤɨɜ Sɋ35 ɢ SRp40 ɫ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ (Ƚ). Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɟɬɫɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɢ ɞɟɥɟɰɢɹ ɷɤɡɨɧ 4 ɜ ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɟ 
ɦɊɇɄ ∆4DNase I. 
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ɇɚ ɤɨɧɰɟ ɷɤɡɨɧɚ 4 ɩɪɟ-ɦɊɇɄ DNase I ɪɚɫɩɨɥɨɠɟɧɚ ɛɨɝɚɬɚɹ 

ɩɢɪɢɦɢɞɢɧɚɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ GUUCGUGUA ɢ ɩɟɪɟɤɪɵɜɚɸɳɚɹ ɟё 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ACAGG, ɹɜɥɹɸɳɢɟɫɹ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ SC35 ɢ SRp40, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [35] (ɪɢɫ 76 ȼ, Ƚ).  

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ DNase I ɛɥɨɤɢɪɭɟɬ ɞɨɫɬɭɩ ɷɬɢɯ ɛɟɥɤɨɜ ɤ 

ɫɜɨɢɦ ɫɚɣɬɚɦ ɢ ɜɵɡɵɜɚɟɬ ɢɧɞɭɤɰɢɸ Ⱥɋ, ɩɪɢɜɨɞɹɳɭɸ ɤ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ 4 ɜ 

ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɟ ɦɊɇɄ. ȼ ɨɬɥɢɱɢɟ ɨɬ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ DNase I, ɤɨɝɞɚ 

EndoG ɜɵɡɵɜɚɥɚ ɞɟɥɟɰɢɸ ɷɤɡɨɧɨɜ, ɜ ɫɥɭɱɚɟ ɫ ɩɪɟ-ɦɊɇɄ Casp-2 ɞɟɣɫɬɜɢɟ 

EndoG ɩɪɢɜɨɞɢɥɨ ɤ ɜɫɬɚɜɤɟ ɷɤɡɨɧɚ 9 ɜ ɡɪɟɥɭɸ ɦɨɥɟɤɭɥɭ ɟё ɦɊɇɄ. Ʉɚɤ ɨɩɢɫɚɧɨ 

ɜɵɲɟ, ɜɫɬɚɜɤɚ ɷɬɨɝɨ ɢɧɬɪɨɧɚ ɩɪɢɜɨɞɢɥɚ ɤ ɫɞɜɢɝɭ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, 

ɩɨɹɜɥɟɧɢɸ ɫɬɨɩ-ɤɨɞɨɧɚ ɢ ɫɢɧɬɟɡɭ ɭɤɨɪɨɱɟɧɧɨɝɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ Casp-2S.  

 Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ hTERT ɢ DNase I ɦɵ ɨɛɧɚɪɭɠɢɥɢ ɫɢɥɶɧɭɸ ɜɡɚɢɦɨɫɜɹɡɶ 

ɭɪɨɜɧɟɣ ɦɊɇɄ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ Casp-2 ɜ ɧɨɪɦɚɥɶɧɵɯ CD4+ Ɍ-

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɢ ɜ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ, ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ 

ɷɬɨɩɨɡɢɞɨɦ (ɪɢɫ. 35). ȼ ɹɞɪɚɯ ɧɨɪɦɚɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɭɤɨɪɨɱɟɧɧɵɣ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬ ɨɛɧɚɪɭɠɟɧ ɢ ɩɨɹɜɥɹɥɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɷɬɨɩɨɡɢɞɚ ɢɥɢ 

recEndoG. Ɇɟɬɨɞɨɦ ɝɢɛɪɢɞɢɡɚɰɢɢ ɊɇɄ ɫ 12-ɬɢ ɱɥɟɧɧɵɦɢ ȾɇɄ-

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ ɧɚɦ ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ ɪɚɡɦɟɪ ɢ ɧɭɤɥɟɨɬɢɞɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ EGPO ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 12-ɬɢ ɧɭɤɥɟɨɬɢɞɨɜ.  

Ɇɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ EndoG ɩɪɢ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2 ɛɵɥ 

ɚɧɚɥɨɝɢɱɟɧ ɦɟɯɚɧɢɡɦɭ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ DNase I.  

ɋ ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɝɟɧɚ Casp-2 ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɪɟ-ɦɊɇɄ, ɚ ɫ ɦɚɬɪɢɱɧɨɣ 

(ɧɟɤɨɞɢɪɭɸɳɟɣ) - ɧɤɊɇɄ ɪɚɡɦɟɪɨɦ 1016 ɧɭɤɥɟɨɬɢɞɨɜ (ɪɢɫ. 51 ɀ). EndoG 

ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ 60-ɱɥɟɧɧɵɣ ɊɇɄ-ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ EGPO, 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-ɦɊɇɄ Casp-2 ɜ ɦɟɫɬɟ ɫɨɟɞɢɧɟɧɢɹ ɷɤɡɨɧɚ 9 ɢ ɢɧɬɪɨɧɚ 9 

(ɪɢɫ. 77 Ⱥ, Ȼ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ Casp-2 ɜɵɡɵɜɚɟɬ Ⱥɋ, 
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ɜɫɬɚɜɤɭ ɷɤɡɨɧɚ 9 ɢ ɩɨɹɜɥɟɧɢɟ ɫɩɥɚɣɫɢɪɨɜɚɧɧɨɝɨ ɭɤɨɪɨɱɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ Casp-

2S.  

 

Ɋɢɫɭɧɨɤ 77. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ Casp-2 ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ EndoG. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɫɬ ɫɢɧɬɟɡɚ 
ɩɪɟ-ɦɊɇɄ Casp-2 ɢ ɧɤɊɇɄ (Ⱥ). ɋ ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɝɟɧɚ Casp-2 ɫɢɧɬɟɡɢɪɭɟɬɫɹ 
ɩɪɟ-ɦɊɇɄ, ɚ ɫ ɦɚɬɪɢɱɧɨɣ – ɧɤɊɇɄ. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɤɊɇɄ 
ɢ EGPO ɩɪɢ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɩɪɟ-ɦɊɇɄ Casp-2 (Ȼ). EndoG 

ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-ɦɊɇɄ Casp-2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
EGPO ɢ ɩɪɟ-ɦɊɇɄ Casp-2 ɜɵɡɵɜɚɟɬ Ⱥɋ, ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 9 ɢ ɩɨɹɜɥɟɧɢɟ ɫɩɚɣɫ-

ɜɚɪɢɚɧɬɚ Casp-2S. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ 
SF2/ASF (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɷɥɥɢɩɫɚ) ɢ SRp30c (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɫɟɪɨɝɨ 
ɷɥɥɢɩɫɚ), ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ (ɩɨɤɚɡɚɧɵ ɜ ɱɟɪɧɨɣ ɪɚɦɤɟ) 
ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ Casp-2 (ȼ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɫ ɩɪɟ-ɦɊɇɄ Casp-2 

ɛɥɨɤɢɪɭɟɬ ɫɜɹɡɵɜɚɧɢɟ ɨɛɨɢɯ ɛɟɥɤɨɜ SF2/ASF ɢ SRp30c ɫ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ (Ƚ). 
Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɟɬɫɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɢ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧ 9 ɜ 
ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɟ ɦɊɇɄ Casp-2S. 
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ɇɚ ɝɪɚɧɢɰɚɯ EGPO ɪɚɫɩɨɥɚɝɚɸɬɫɹ G-ɛɨɝɚɬɵɟ ɭɱɚɫɬɤɢ (GGG ɧɚ 3’- ɢ 

GGGG ɧɚ 5’-ɤɨɧɰɟ ɦɨɥɟɤɭɥɵ), ɤɨɬɨɪɵɟ, ɜɟɪɨɹɬɧɨ, ɢ ɹɜɥɹɸɬɫɹ ɫɚɣɬɨɦ ɞɟɣɫɬɜɢɹ 

EndoG. Ɍɪɚɧɫɮɟɤɰɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 60-x ɱɥɟɧɧɵɦ EGPO 

ɜɵɡɵɜɚɥɚ ɚɤɬɢɜɚɰɢɸ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2 ɜ ɤɥɟɬɨɱɧɵɯ ɹɞɪɚɯ ɢ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɢ ɩɪɢɜɨɞɢɥɚ ɤ ɫɧɢɠɟɧɢɸ ɟё ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɇɚ ɤɨɧɰɟ ɷɤɡɨɧɚ 9 

ɩɪɟ-ɦɊɇɄ Casp-2, ɤɨɬɨɪɵɣ ɩɟɪɟɤɪɵɜɚɟɬɫɹ EGPO ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɚ ɭɱɚɫɬɤɚ: 

UGGAG ɢ GACGAC, ɹɜɥɹɸɳɢɟɫɹ ɫɚɣɬɚɦɢ ɫɜɹɡɵɜɚɧɢɹ ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ SF2/ASF ɢ SRp30, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 77 ȼ, Ƚ).  

Ʉɚɤ ɢ ɜ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɫɥɭɱɚɹɯ, ɦɵ ɦɨɠɟɦ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-ɦɊɇɄ Casp-2 ɛɥɨɤɢɪɭɟɬ ɞɨɫɬɭɩ ɷɬɢɯ ɛɟɥɤɨɜ ɤ 

ɫɜɨɢɦ ɫɚɣɬɚɦ ɢ ɜɵɡɵɜɚɟɬ ɢɧɞɭɤɰɢɸ Ⱥɋ, ɩɪɢɜɨɞɹɳɭɸ ɤ ɜɫɬɚɜɤɟ ɷɤɡɨɧɚ 9 ɜ 

ɡɪɟɥɭɸ ɦɨɥɟɤɭɥɭ ɦɊɇɄ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɩɪɟ-ɦɊɇɄ Casp-2, ɞɟɣɫɬɜɢɟ EndoG 

ɜɵɡɵɜɚɥɨ ɜɫɬɚɜɤɭ ɷɤɡɨɧɚ 3 ɩɪɢ ɫɨɡɪɟɜɚɧɢɢ ɦɊɇɄ BCL-x. Ȼɵɥɚ ɨɛɧɚɪɭɠɟɧɚ 

ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɭɪɨɜɧɟɦ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦɢ 

ɦɊɇɄ BCL-x ɜ ɤɥɟɬɤɚɯ ɪɚɡɥɢɱɧɵɯ ɨɩɭɯɨɥɟɜɵɯ ɥɢɧɢɣ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ (ɪɢɫ. 37). Ⱥɧɚɥɨɝɢɱɧɨ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚɦ 

α+ȕ– hTERT, ∆4DNase I ɢ Casp-2S, ɧɚɛɥɸɞɚɥɢɫɶ ɢɧɞɭɤɰɢɹ Ⱥɋ ɢ ɭɜɟɥɢɱɟɧɢɟ 

ɭɪɨɜɧɹ ɜɚɪɢɚɧɬɚ BCL-x ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɝɟɧɨɦ EndoG ɢɥɢ ɨɛɪɚɛɨɬɤɢ 

ɹɞɟɪ ɤɥɟɬɨɤ recEndoG. Ɋɚɡɦɟɪ EGPO, ɢɧɞɭɰɢɪɨɜɚɜɲɟɝɨ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x, 

ɫɨɫɬɚɜɢɥ 36 ɧɭɤɥɟɨɬɢɞɨɜ. EGPO ɤɨɦɩɥɟɦɟɧɬɚɪɟɧ ɧɚɱɚɥɭ ɢɧɬɪɨɧɚ 2 ɩɪɟ-ɦɊɇɄ 

BCL-x ɢ ɩɟɪɟɤɪɵɜɚɟɬ ɫɚɣɬ UGGUG, ɹɜɥɹɸɳɢɣɫɹ ɭɱɚɫɬɤɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɪɟɝɭɥɹɬɨɪɧɵɦ ɛɟɥɤɨɦ SF2/ASF (ɪɢɫ 78 ȼ, Ƚ). Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɟɳё ɪɚɡ 

ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɲɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ ɩɪɟ-

ɦɊɇɄ BCL-x ɛɥɨɤɢɪɭɟɬ ɞɨɫɬɭɩ ɷɬɢɯ ɛɟɥɤɨɜ ɤ ɫɜɨɢɦ ɫɚɣɬɚɦ ɢ ɜɵɡɵɜɚɟɬ 

ɢɧɞɭɤɰɢɸ Ⱥɋ, ɩɪɢɜɨɞɹɳɭɸ ɤ ɜɫɬɚɜɤɟ ɷɤɡɨɧɚ 3 ɜ ɡɪɟɥɭɸ ɦɨɥɟɤɭɥɭ ɦɊɇɄ ɢ 

ɫɢɧɬɟɡɭ ɭɞɥɢɧёɧɧɨɣ ɮɨɪɦɵ ɛɟɥɤɚ BCL-xL. 
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Ɋɢɫɭɧɨɤ 78. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ BCL-x ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ EndoG. Ƚɢɩɨɬɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ EGPO ɩɪɢ 

ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɩɪɟ-ɦɊɇɄ (Ⱥ). EndoG ɜɵɪɟɡɚɟɬ ɢɡ 

ɧɤɊɇɄ EGPO, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-ɦɊɇɄ BCL-x. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɢ 

ɩɪɟ-ɦɊɇɄ BCL-x ɜɵɡɵɜɚɟɬ Ⱥɋ, ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 3 ɢ ɩɨɹɜɥɟɧɢɟ ɫɩɚɣɫ-

ɜɚɪɢɚɧɬɚ BCL-xL. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɫɩɥɚɣɫɢɧɝ 

ɛɟɥɤɚ SF2/ASF (ɩɨɤɚɡɚɧ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɷɥɥɢɩɫɚ), ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɝɨ ɫɨ 

ɫɜɨɢɦ ɫɚɣɬɨɦ ɫɜɹɡɵɜɚɧɢɹ (ɩɨɤɚɡɚɧɵ ɜ ɱɟɪɧɨɣ ɪɚɦɤɟ) ɧɚ ɦɨɥɟɤɭɥɟ ɩɪɟ-ɦɊɇɄ 

BCL-x (Ȼ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɫ ɩɪɟ-ɦɊɇɄ BCL-x ɛɥɨɤɢɪɭɟɬ ɫɜɹɡɵɜɚɧɢɟ 

ɛɟɥɤɚ SF2/ASF ɫ ɫɚɣɬɨɦ ɫɜɹɡɵɜɚɧɢɹ (ȼ). Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɹɜɥɹɟɬɫɹ ɢɧɞɭɤɰɢɹ Ⱥɋ ɢ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɚ 3 ɜ ɡɪɟɥɨɣ ɦɨɥɟɤɭɥɟ ɦɊɇɄ BCL-

xL. 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɥɨɤɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ EGPO ɭɱɚɫɬɤɨɜ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɟɥɤɨɦ SRp40 ɧɚ ɩɪɟ-ɦɊɇɄ hTERT ɢ DNase I ɜɵɡɵɜɚɥɨ 

ɞɟɥɟɰɢɸ ɷɤɡɨɧɨɜ ɜ ɩɪɨɰɟɫɫɟ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɡɪɟɜɚɧɢɹ ɦɊɇɄ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɜ ɤɚɱɟɫɬɜɟ «ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ» ɪɟɝɭɥɹɬɨɪɚ, 

ɢɧɞɭɰɢɪɭɸɳɟɝɨ ɜɤɥɸɱɟɧɢɟ ɷɤɡɨɧɨɜ ɩɪɢ ɫɨɡɪɟɜɚɧɢɢ ɦɊɇɄ. Ȼɥɨɤɢɪɨɜɚɧɢɟ ɫ 

ɩɨɦɨɳɶɸ EGPO ɭɱɚɫɬɤɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɟɥɤɨɦ SF2/ASF ɧɚ ɩɪɟ-ɦɊɇɄ 

Casp-2 ɢ BCL-x, ɧɚɩɪɨɬɢɜ, ɩɪɢɜɨɞɢɥɨ ɤ ɜɤɥɸɱɟɧɢɸ ɷɤɡɨɧɨɜ ɩɪɢ ɫɨɡɪɟɜɚɧɢɢ ɢɯ 

ɦɊɇɄ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɜ ɤɚɱɟɫɬɜɟ 

«ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ» ɪɟɝɭɥɹɬɨɪɚ, ɢɧɞɭɰɢɪɭɸɳɟɝɨ ɞɟɥɟɰɢɸ ɷɤɡɨɧɨɜ. Ɉɞɧɚɤɨ 

ɞɚɧɧɵɟ ɭɬɜɟɪɠɞɟɧɢɹ ɬɪɟɛɭɸɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ EGPO ɫ ɰɟɥɶɸ 

ɦɨɞɭɥɹɰɢɢ Ⱥɋ ɰɟɥɟɜɵɯ ɩɪɟ-ɦɊɇɄ, ɦɵ ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ 

ɱɟɥɨɜɟɤɚ ȾɇɄ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɥɢ ɯɢɦɢɱɟɫɤɢɟ 

ɦɨɞɢɮɢɤɚɰɢɢ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɞɟɣɫɬɜɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɊɇɄɚɡ. ɗɬɢ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɛɵɥɢ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵ ɭɱɚɫɬɤɚɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɚɦɢ SRp20 ɢ SRp40 ɧɚ ɭɱɚɫɬɤɟ ɢɧɬɪɨɧɚ 8 ɩɪɟ-

ɦɊɇɄ hTERT (ɪɢɫ. 52, 53). Ⱦɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ CD4+ Ɍ-ɤɥɟɬɤɢ, 

ɩɨɫɤɨɥɶɤɭ ɷɮɮɟɤɬ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɛɵɥ 

ɨɩɢɫɚɧ ɧɚɦɢ ɪɚɧɟɟ ɞɥɹ ɷɬɢɯ ɤɥɟɬɨɤ. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɠɞɵɦ ɢɡ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɛɥɨɤɢɪɭɸɳɢɯ ɨɞɢɧ ɢɡ 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ ɜɵɡɵɜɚɥɨ, ɢɧɞɭɤɰɢɸ Ⱥɋ. ɇɚɢɛɨɥɶɲɟɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɥ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫɪɚɡɭ ɫ ɫɚɣɬɚɦɢ 

ɨɛɨɢɯ ɛɟɥɤɨɜ. Ⱦɚɧɧɵɣ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ ɜɵɡɵɜɚɥ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɩɪɨɥɢɮɟɪɚɰɢɢ 

ɥɢɦɮɨɰɢɬɨɜ ɩɨ ɬɟɥɨɦɟɪ-ɧɟɡɚɜɢɫɢɦɨɦɭ ɦɟɯɚɧɢɡɦɭ ɛɟɡ ɢɧɞɭɤɰɢɢ ɤɥɟɬɨɱɧɨɣ 

ɝɢɛɟɥɢ (ɪɢɫ. 54, 55).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɚɤɬɢɜɧɚɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɭɛɴɟɞɢɧɢɰɚ 

ɬɟɥɨɦɟɪɚɡɵ hTERT ɨɛɧɚɪɭɠɟɧɚ ɜ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɧɨɪɦɚɥɶɧɵɯ ɫɨɦɚɬɢɱɟɫɤɢɯ 

ɱɟɥɨɜɟɱɟɫɤɢɯ ɤɥɟɬɤɚɯ, ɜɤɥɸɱɚɹ ɥɢɦɮɨɰɢɬɵ, ɦɨɡɝ, ɩɟɱɟɧɶ, ɩɪɨɫɬɚɬɭ, ɫɟɪɞɰɟ, ɢ 
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ɮɢɛɪɨɛɥɚɫɬɵ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ [199], ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɜ ɞɪɭɝɢɟ ɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɨɬɥɢɱɧɵɟ ɨɬ 

ɫɢɫɬɟɦɵ ɬɟɥɨɦɟɪɵ-ɬɟɥɨɦɟɪɚɡɚ. ɉɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɩɨɩɵɬɤɢ ɨɩɢɫɚɬɶ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ hTERT ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 

ɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ [413]. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ Ʉ. Masutomi ɢ ɫɨɚɜɬ. [414], ɜ 

ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɚɤɬɢɜɚɰɢɹ hTERT ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɧɚɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɞɚɧɧɵɯ ɞɪ. ɚɜɬɨɪɨɜ [172,176,179,180] 

ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɚɤɬɢɜɧɚɹ ɮɨɪɦɚ hTERT ɦɨɠɟɬ ɦɨɞɭɥɢɪɨɜɚɬɶ 

ɩɪɨɥɢɮɟɪɚɰɢɸ ɥɢɦɮɨɰɢɬɨɜ ɬɟɥɨɦɟɪ-ɧɟɡɚɜɢɫɢɦɵɦ ɨɛɪɚɡɨɦ. ɗɬɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɤɥɟɬɤɢ ɫ ɢɧɝɢɛɢɪɨɜɚɧɧɨɣ 

ɬɟɥɨɦɟɪɚɡɨɣ ɧɟ ɮɨɪɦɢɪɨɜɚɥɢ ɞɢɫɤɪɟɬɧɵɟ ɩɢɤɢ ɩɨɩɭɥɹɰɢɢ ɜ ɞɢɚɝɪɚɦɦɚɯ 

ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ, ɤɨɬɨɪɵɟ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ (ɪɢɫ. 55).  

ɋɩɨɫɨɛɧɨɫɬɶ hTERT ɪɟɝɭɥɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ 

Mac-2BP, VEGF ɢ ɰɢɤɥɢɧɚ D1 ɩɨɤɚɡɚɧɚ ɜ ɧɟɫɤɨɥɶɤɢɯ ɪɚɛɨɬɚɯ [415,416]. Ʉɪɨɦɟ 

ɬɨɝɨ, ɦɚɫɲɬɚɛɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɬɪɚɧɫɤɪɢɩɬɨɦɧɨɦɭ ɩɪɨɮɢɥɢɪɨɜɚɧɢɸ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ 284 ɝɟɧɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɨɣ, 

ɪɟɝɭɥɹɰɢɟɣ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ, ɦɟɬɚɛɨɥɢɡɦɨɦ ɢ ɚɩɨɩɬɨɡɨɦ, ɢɡɦɟɧɹɸɬɫɹ ɩɪɢ 

ɢɧɞɭɤɰɢɢ hTERT. ɉɨɞɪɨɛɧɵɟ ɦɟɯɚɧɢɡɦɵ ɭɱɚɫɬɢɹ hTERT ɜ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 

ɟɳё ɩɪɟɞɫɬɨɢɬ ɢɡɭɱɢɬɶ. Ȼɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɧɟɫɤɨɥɶɤɨ ɝɢɩɨɬɟɡ. Ɉɞɧɚ ɢɡ ɧɢɯ 

ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɬɟɥɨɦɟɪɚɡɚ ɦɨɠɟɬ ɛɵɬɶ ɜɨɜɥɟɱɟɧɚ ɜ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɟ 

ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɯɪɨɦɚɬɢɧɚ, ɤɨɬɨɪɵɟ ɤɨɫɜɟɧɧɨ ɜɥɢɹɸɬ ɧɚ ɷɤɫɩɪɟɫɫɢɸ 

ɝɟɧɨɜ. ȼ ɩɨɞɞɟɪɠɤɭ ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɨ, ɱɬɨ ɢɡɛɵɬɨɱɧɚɹ 

ɷɤɫɩɪɟɫɫɢɹ hTERT ɚɤɬɢɜɢɪɭɸɬɫɹ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ȾɇɄ 5-ɦɟɬɢɥɰɢɬɨɡɢɧ 

ɬɪɚɧɫɮɟɪɚɡɨɣ I, ɚ ɩɨɞɚɜɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ hTERT ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ 

ɫɬɪɭɤɬɭɪɵ ɯɪɨɦɚɬɢɧɚ [212]. Ⱦɪɭɝɨɣ ɜɨɡɦɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɬɟɥɨɦɟɪɚɡɚ ɦɨɠɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɮɚɤɬɨɪɚɦɢ ɬɪɚɧɫɤɪɢɩɰɢɢ 
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ɯɪɨɦɚɬɢɧɚ ɢɥɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɪɟɝɭɥɢɪɭɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɮɚɤɬɨɪɵ ɬɪɚɧɫɤɪɢɩɰɢɢ ɝɟɧɨɜ. ȼ ɩɨɞɬɜɟɪɠɞɟɧɢɟ 

ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɩɨɤɚɡɚɧɨ, ɱɬɨ hTERT ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ NF-κB, p65 ɢ ȕ-

ɤɚɬɟɧɢɧɨɦ ɢ ɨɩɨɫɪɟɞɭɟɬ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɭɸ ɪɟɝɭɥɹɰɢɸ ɷɤɫɩɪɟɫɫɢɢ ɰɟɥɟɜɨɝɨ 

ɝɟɧɚ [417]. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ EGPO ɤ ɩɪɟ-

ɦɊɇɄ DNase I ɞɥɹ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ, ɦɵ 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɥɢ CD4+, CD8+ Ɍ-ɥɢɦɮɨɰɢɬɵ, ɚ ɬɚɤɠɟ ȼ-ɥɢɦɮɨɰɢɬɵ ɢ NK-

ɤɥɟɬɤɢ ɱɟɥɨɜɟɤɚ ɫɢɧɬɟɬɢɱɟɫɤɢɦ 36-ɱɥɟɧɧɵɦ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɦ, ɤɨɬɨɪɵɣ ɛɵɥ 

ɤɨɦɩɥɟɦɟɧɬɚɪɟɧ ɫɚɣɬɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɟɥɤɚɦɢ SC35 ɢ SRp40. Ⱦɟɣɫɬɜɢɟ 

ɞɚɧɧɨɝɨ EGPO ɜɵɡɵɜɚɥɨ ɢɧɞɭɤɰɢɸ ɭɤɨɪɨɱɟɧɧɨɝɨ ɧɟɚɤɬɢɜɧɨɝɨ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ ∆4DNase I ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɜɫɟɯ ɬɢɩɨɜ (ɪɢɫ. 56). ɇɚɢɛɨɥɶɲɚɹ ɚɤɬɢɜɧɨɫɬɶ EGPO ɧɚɛɥɸɞɚɥɚɫɶ ɜ CD4+ T-

ɥɢɦɮɨɰɢɬɚɯ. Ɉɥɢɝɨɧɭɤɥɨɬɢɞɵ ɪɚɡɦɟɪɚ ɦɟɧɟɟ 36 ɨɫɧɨɜɚɧɢɣ ɧɟ ɛɵɥɢ ɫɩɨɫɨɛɧɵ 

ɷɮɮɟɤɬɢɜɧɨ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ DNase I ɩɨ ɩɪɢɱɢɧɟ ɧɢɡɤɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɤ ɟё 

ɩɪɟ-ɦɊɇɄ. ȼ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ȿGPO ɥɢɦɮɨɰɢɬɚɯ ɧɚɛɥɸɞɚɥɢ ɡɚɦɟɞɥɟɧɢɟ 

ɪɚɡɜɢɬɢɹ ɚɩɨɬɨɡɚ, ɤɨɬɨɪɵɣ ɢɧɞɭɰɢɪɨɜɚɥɢ ɚɧɬɢɬɟɥɚɦɢ ɤ CD95/FAS (ɪɢɫ. 57, 58). 

Ɋɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ ɜ ɬɚɤɢɯ ɤɥɟɬɤɚɯ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ 

ɨɛɳɟɣ DNase I. Ɉɞɧɚɤɨ, ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɤɥɟɬɤɚɯ ɬɚɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɹɜɢɥɨɫɶ 

ɪɟɡɭɥɶɬɚɬɨɦ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɦɊɇɄ ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ nDNase I, ɜ ɬɨ ɜɪɟɦɹ 

ɤɚɤ ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ EGPO ɤɥɟɬɤɚɯ ɩɨɜɵɲɚɥɫɹ ɫɢɧɬɟɡ ɭɤɨɪɨɱɟɧɧɨɝɨ 

ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ ∆4DNase I (ɪɢɫ. 56).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɤɭɫcɬɜɟɧɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ EGPO ɤ ɩɪɟ-ɦɊɇɄ 

hTERT ɢ DNase I ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɢɧɞɭɤɰɢɢ Ⱥɋ ɢɯ ɦɊɇɄ ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɬɤɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɢ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɪɢ 

ɞɚɥɶɧɟɣɲɟɦ ɢɡɭɱɟɧɢɢ ɬɚɤɢɟ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 

ɤɚɱɟɫɬɜɟ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ ɫ ɰɟɥɶɸ ɦɨɞɭɥɹɰɢɢ ɩɪɨɥɢɮɟɪɚɬɢɜɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɰɟɫɫɨɜ ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ. 
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ɋ ɰɟɥɶɸ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɢɡɭɱɟɧɢɸ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 

ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ hTERT 

ɤɥɟɬɤɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ ɢ ɤɥɟɬɤɢ ɤɚɪɰɢɧɨɦɵ ɤɢɲɟɱɧɢɤɚ ɱɟɥɨɜɟɤɚ 

CaCo-2 ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (5 ɢ 28 ɫɭɬɨɤ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɜ ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ EndoG ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ 

ɩɥɚɡɦɢɞɨɣ pEndoG-GFP. 

ɋɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ hTERT ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ 

EndoG ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɞɨɫɬɨɜɟɪɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. 

Ⱦɥɢɬɟɥɶɧɨɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɩɪɢɜɨɞɢɥɨ ɤ ɢɯ 

ɦɚɫɫɢɪɨɜɚɧɧɨɣ ɝɢɛɟɥɢ. Ɍɚɤɨɣ ɪɟɡɭɥɶɬɚɬ ɧɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ, 

ɩɨɥɭɱɟɧɧɵɦɢ Listerman I. ɢ ɫɨɚɜɬ. [194]. Ⱥɜɬɨɪɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ α+ȕ– ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɚ hTERT ɫɩɨɫɨɛɧɚ ɡɚɳɢɳɚɬɶ ɤɥɟɬɤɢ ɨɬ 

ɚɩɨɩɬɨɡɚ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɚ ɫɭɞɶɛɭ ɤɥɟɬɨɤ ɨɤɚɡɵɜɚɸɬ 

ɜɥɢɹɧɢɟ ɫɚɦɚ ɩɪɨ ɫɟɛɟ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ EndoG, ɚ ɧɟ ɬɨɥɶɤɨ ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ 

ɟɸ ɫɩɥɚɣɫɢɧɝ ɦɊɇɄ hTERT ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɜ ɪɚɛɨɬɟ ɧɟ ɩɪɨɫɥɟɠɟɧɚ ɞɢɧɚɦɢɤɚ ɭɤɨɪɨɱɟɧɢɹ ɬɟɥɨɦɟɪ ɜ ɤɥɟɬɤɚɯ ɩɨɫɥɟ 

ɬɪɚɧɫɮɟɤɰɢɢ. Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, EndoG ɫɩɨɫɨɛɧɚ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ 

ɬɟɥɨɦɟɪɵ ɧɚɩɪɹɦɭɸ ɢ ɫɧɢɠɚɬɶ ɩɪɨɥɢɮɟɪɚɬɢɜɧɵɣ ɩɨɬɟɧɰɢɚɥ ɤɥɟɬɨɤ.  

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɫ ɩɨɜɵɲɟɧɧɨɣ 

ɷɤɫɩɪɟɫɫɢɟɣ EndoG ɩɪɢɜɨɞɢɥɨ ɤ ɭɤɨɪɨɱɟɧɢɸ ɢɯ ɬɟɥɨɦɟɪ ɞɨ ɤɪɢɬɢɱɟɫɤɢɯ 

ɡɧɚɱɟɧɢɣ ɢ ɩɟɪɟɯɨɞɭ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ, ɱɬɨ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɢ ɚɤɬɢɜɧɨɫɬɢ ȕ-Gal, ɚ ɬɚɤɠɟ 

ɨɫɬɚɧɨɜɤɨɣ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ G0/G1 ɮɚɡɟ.  

ɉɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɜ ɬɟɱɟɧɢɟ 20-24-ɯ ɫɭɬɨɤ 

ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ α+ȕ+ ɜɚɪɢɚɧɬɚ 

ɦɊɇɄ hTERT (ɪɢɫ. 60) ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. ȼɟɪɨɹɬɧɟɟ 

ɜɫɟɝɨ, ɧɚ 24-ɟ ɫɭɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɜ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

pEndoG-GFP ɤɥɟɬɤɚɯ ɫɧɢɠɚɥɚɫɶ ɞɨ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɢ ɤɥɟɬɤɢ ɩɟɪɟɯɨɞɢɥɢ 
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ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. ɗɬɢ ɤɥɟɬɤɢ ɨɫɬɚɜɚɥɢɫɶ ɠɢɜɵɦɢ, ɧɨ 

ɬɟɪɹɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɞɟɥɟɧɢɸ. Ɉɫɬɚɧɨɜɤɚ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ 

G0/G1 ɮɚɡɟ ɢ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɜ ɮɚɡɟ S ɢ G2/M ɧɚ 16-24-ɟ ɫɭɬɤɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (ɪɢɫ. 61) ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɟɫɩɨɫɨɛɧɨɫɬɶɸ ɤɥɟɬɨɤ ɤ ɞɟɥɟɧɢɸ. 

Ɇɚɫɫɨɜɚɹ ɝɢɛɟɥɶ ɥɢɦɮɨɰɢɬɨɜ, ɧɚɛɥɸɞɚɟɦɚɹ ɧɚ 24-28 ɫɭɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, 

ɜɟɪɨɹɬɧɨ, ɜɵɡɜɚɧɚ ɪɚɡɜɢɬɢɟɦ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɬɚɪɟɸɳɢɯ ɤɥɟɬɤɚɯ. 

ȼ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP, ɬɚɤɠɟ 

ɧɚɛɥɸɞɚɥɢ ɭɤɨɪɨɱɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ ɩɪɢ ɞɟɥɟɧɢɢ ɤɥɟɬɨɤ. ɗɬɢ ɞɚɧɧɵɟ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɪɟɩɥɢɤɚɬɢɜɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ Ɍ-ɥɢɦɮɨɰɢɬɨɜ. Ʉɚɤ 

ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɜ ɭɫɥɨɜɢɹɯ in vitro ɩɪɢ ɫɬɢɦɭɥɹɰɢɢ ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ IL-2 

ɢ ɚɧɬɢɬɟɥɚɦɢ ɤ CD3 ɢ CD28 ɚɤɬɢɜɧɨɫɬɶ ɬɟɥɨɦɟɪɚɡɵ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɥɚ 

[398], ɨɞɧɚɤɨ, ɟё ɚɤɬɢɜɧɨɫɬɶ ɛɵɥɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ 

ɩɪɨɥɢɮɟɪɚɰɢɢ Ɍ ɤɥɟɬɨɤ [418]. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɪɨɫɬ ɤɥɟɬɨɤ, 

ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP ɩɪɨɞɨɥɠɚɥɫɹ ɞɨ 20-ɯ ɫɭɬɨɤ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɡɚ ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɢɥɨ ɨɤɨɥɨ 20 ɭɞɜɨɟɧɢɣ ɩɨɩɭɥɹɰɢɢ. 

ɗɬɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɥɟɧɢɣ ɹɜɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɫɬɨɥɶ ɛɵɫɬɪɨɝɨ ɭɤɨɪɨɱɟɧɢɹ 

ɬɟɥɨɦɟɪ.  

Ɋɟɡɤɨɟ ɭɤɨɪɨɱɟɧɢɟ ɞɥɢɧɵ ɬɟɥɨɦɟɪ ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ 

pEndoG-GFP, ɦɨɠɧɨ ɬɚɤɠɟ ɨɛɴɹɫɧɢɬɶ ɞɟɝɪɚɞɚɰɢɟɣ ɬɟɥɨɦɟɪ ɫɚɦɨɣ EndoG ɢɥɢ 

ɞɪɭɝɢɦɢ ɷɧɞɨɧɭɤɥɟɚɡɚɦɢ ɩɪɢ ɢɯ ɚɤɬɢɜɚɰɢɢ. ɗɬɨ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ 

ɨɛɴɹɫɧɹɟɬ ɛɵɫɬɪɨɟ ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ, ɩɨɫɤɨɥɶɤɭ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɷɧɞɨɧɭɤɥɟɚɡɵ 

ɫɩɨɫɨɛɧɵ ɞɟɝɪɚɞɢɪɨɜɚɬɶ G-ɤɜɚɞɪɭɩɥɟɤɫɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɮɨɪɦɢɪɭɟɦɵɟ 

ɬɟɥɨɦɟɪɚɦɢ [419–421]. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɧɟɟ ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɹ 

EndoG ɩɪɢɜɨɞɢɬ ɤ ɚɤɬɢɜɚɰɢɢ ɞɪɭɝɢɯ ɷɧɞɨɧɭɤɥɟɚɡ [399]. ɇɟɫɨɦɧɟɧɧɨ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ EndoG ɧɚ ɞɢɧɚɦɢɤɭ ɬɟɥɨɦɟɪ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɡɭɱɟɧɢɹ. Ɂɚ 28 ɫɭɬɨɤ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɞɥɢɧɚ ɬɟɥɨɦɟɪ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ 

ɫɨɤɪɚɬɢɥɚɫɶ ɞɨ ɨɤɨɥɨ 2000 ɩ.ɧ. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɝɢɛɟɥɶ CD4+ Ɍ ɤɥɟɬɨɤ 

ɛɵɥɚ ɜɵɡɜɚɧɚ ɢɦɟɧɧɨ ɭɤɨɪɨɱɟɧɢɟɦ ɬɟɥɨɦɟɪ ɞɨ ɷɬɢɯ ɡɧɚɱɟɧɢɣ.  
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ȼ ɤɥɟɬɤɚɯ ɥɢɧɢɢ CaCo-2 ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɨɫɶ ɛɵɫɬɪɨɟ ɭɤɨɪɨɱɟɧɢɟ 

ɬɟɥɨɦɟɪ ɩɪɢ ɤɭɥɶɬɢɜɚɰɢɢ ɜ ɭɫɥɨɜɢɹ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɬɟɥɨɦɟɪɚɡɵ (ɛɨɥɟɟ ɱɟɦ ɜ 6 

ɪɚɡ ɜ ɩɟɪɜɵɟ ɞɜɚ ɞɧɹ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ) (ɪɢɫ. 63 – 65). Ʉɪɨɦɟ ɜɵɲɟɨɩɢɫɚɧɧɵɯ 

ɩɪɢɱɢɧ, ɦɵ ɫɜɹɡɵɜɚɟɦ ɷɬɨ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɥɟɬɨɤ ɥɢɧɢɢ 

CaCo-2, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɵɟ ɤɥɟɬɤɢ ɩɪɨɥɢɮɟɪɢɪɭɸɬ ɛɵɫɬɪɨ ɢ ɡɚ ɫɭɬɤɢ ɫɩɨɫɨɛɧɵ 

ɭɞɜɚɢɜɚɬɶ ɩɨɩɭɥɹɰɢɸ ɨɤɨɥɨ ɬɪɟɯ ɪɚɡ.  

ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɩɪɢ ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ ɞɪɭɝɢɯ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ 

ɷɧɞɨɧɭɤɥɟɚɡ ɫ ɲɢɪɨɤɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ȾɇɄɚɡɵ 1 ɢ ȾɇɄɚɡɵ X ɩɪɨɢɫɯɨɞɢɥɚ 

ɩɨɥɧɚɹ ɝɢɛɟɥɶ ɢ CD4+ T ɤɥɟɬɨɤ ɭɠɟ ɱɟɪɟɡ 48 ɱ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ, ɩɪɢ ɷɬɨɦ ɧɟ 

ɢɡɦɟɧɹɥɚɫɶ ɷɤɫɩɪɟɫɫɢɹ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ hTERT (ɪɢɫ. 62). ɗɬɢ ɞɚɧɧɵɟ 

ɩɨɞɬɜɟɪɠɞɚɸɬ ɭɱɚɫɬɢɟ ɢɦɟɧɧɨ EndoG ɜ ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT. 

ɋ ɰɟɥɶɸ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɢɡɭɱɟɧɢɸ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 

ɢɧɞɭɤɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɦɵ ɢɧɞɭɰɢɪɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ ɫɩɥɚɣɫ-

ɜɚɪɢɚɧɬɚ ∆4DNase I ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɢɯ ɫ 

ɛɥɟɨɦɢɰɢɧɨɦ ɞɥɹ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ ɚɩɨɩɬɨɡɚ ɢ ɞɟɝɪɚɞɚɰɢɢ ȾɇɄ). 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ EndoG ɦɨɠɟɬ ɦɨɞɭɥɢɪɨɜɚɬɶ AC 

ɩɪɟ-ɦɊɇɄ DNase I ɢ ɫɧɢɠɚɬɶ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ 1 ɧɚ ɪɚɧɧɢɯ 

ɫɬɚɞɢɹɯ ɚɩɨɩɬɨɡɚ (ɞɟɬɟɤɬɢɪɨɜɚɧɚ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɚɧɧɟɤɫɢɧ V-ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɤɥɟɬɨɤ), ɧɨ ɧɟ ɧɚ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɮɪɚɝɦɟɧɬɚɰɢɟɣ ȾɇɄ 

(ɞɟɬɟɤɬɢɪɨɜɚɧɚ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɪɨɩɢɞɢɣ-ɣɨɞɢɞ-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ) [63]. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ Ⱥɋ ɩɪɟ-

ɦɊɇɄ DNase I ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɧɧɟɣ ɫɬɚɞɢɢ ɚɩɨɩɬɨɡɚ ɢ 

ɬɨɪɦɨɡɢɬ ɟɝɨ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ Ɍɚɤɨɣ ɜɵɜɨɞ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɪɚɛɨɬɵ [351], ɜ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧɨ, ɱɬɨ EndoG ɢɧɞɭɰɢɪɭɟɬɫɹ DNase I ɢ 

ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɹɞɪɚɯ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ [351]. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ DNase I ɢ 

EndoG ɞɟɣɫɬɜɭɸɬ ɫɨɜɦɟɫɬɧɨ, ɞɟɝɪɚɞɢɪɭɹ ȾɇɄ ɧɚ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ ɚɩɨɩɬɨɡɚ 

[423]. ɉɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɞɚɧɧɵɟ, ɧɚɩɪɨɬɢɜ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɪɚɡɧɨɧɚɩɪɚɜɥɟɧɧɨɦ ɞɟɣɫɬɜɢɢ ɞɚɧɧɵɯ ɷɧɞɨɧɭɤɥɟɚɡ: EndoG ɢɝɪɚɟɬ ɪɨɥɶ 
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ɡɚɳɢɬɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɢɧɝɢɛɢɪɭɹ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ 1. ɉɨ-

ɜɢɞɢɦɨɦɭ, ɬɨɬ ɮɚɤɬ, ɱɬɨ EndoG ɫɩɨɫɨɛɧɚ ɭɝɧɟɬɚɬɶ ɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, 

ɨɛɴɹɫɧɹɟɬ ɟё ɥɨɤɚɥɢɡɚɰɢɸ ɜ ɹɞɪɟ ɩɪɢ ɚɩɨɩɬɨɡɟ ɤɥɟɬɨɤ. EndoG ɞɟɣɫɬɜɭɟɬ ɫ 

ɫɚɦɨɝɨ ɧɚɱɚɥɚ ɫɬɚɞɢɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ȾɇɄ (ɧɟɨɛɪɚɬɢɦɨɣ ɫɬɚɞɢɢ ɝɢɛɟɥɢ ɤɥɟɬɨɤ), 

ɧɨ ɟё ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɛɨɥɟɟ ɪɚɧɧɢɟ 

ɩɟɪɢɨɞɵ ɜɪɟɦɟɧɢ. ɗɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫɧɭɸ ɫɯɟɦɭ ɦɟɯɚɧɢɡɦɨɜ ɝɢɛɟɥɢ 

ɤɥɟɬɨɤ, ɜ ɤɨɬɨɪɨɣ ɞɟɝɪɚɞɢɪɭɸɳɢɣ ȾɇɄ ɢ ɭɛɢɜɚɸɳɢɣ ɤɥɟɬɤɢ ɮɟɪɦɟɧɬ EndoG, 

ɫɩɨɫɨɛɟɧ ɡɚɦɟɞɥɹɬɶ ɞɟɝɪɚɞɚɰɢɸ ȾɇɄ ɢ ɬɨɪɦɨɡɢɬɶ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ, ɤɨɝɞɚ 

ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɡɚɯɨɞɢɬ “ɫɥɢɲɤɨɦ ɞɚɥɟɤɨ”, ɪɚɡɜɢɜɚɟɬɫɹ “ɫɥɢɲɤɨɦ ɛɵɫɬɪɨ” 

ɢɥɢ ɢɧɢɰɢɢɪɭɟɬɫɹ “ɫɥɢɲɤɨɦ ɪɚɧɨ”.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɚ ɦɟɯɚɧɢɫɬɢɱɟɫɤɚɹ ɫɜɹɡɶ 

EndoG ɢ ȾɇɄɚɡɵ 1, ɨɬɜɟɬɫɬɜɟɧɧɨɣ ɡɚ ɪɟɝɭɥɹɰɢɸ ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ ɧɚ ɩɨɡɞɧɢɯ 

ɫɬɚɞɢɹɯ ɚɩɨɩɬɨɡɚ. ɏɨɬɹ ɦɧɨɝɢɟ ɞɟɬɚɥɢ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I 

ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɨɫɬɚɸɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦɢ, ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɣ ɩɟɪɫɩɟɤɬɢɜɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɵɦ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬёɦ Ⱥɋ, ɱɬɨ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɦɧɨɠɟɫɬɜɭ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɳё ɛɨɥɶɲɭɸ ɝɢɛɤɨɫɬɶ ɤɥɟɬɨɱɧɨɝɨ ɨɬɜɟɬɚ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ. 

ȼ ɫɜɟɬɟ ɧɚɲɢɯ ɞɚɧɧɵɯ ɚɤɬɢɜɚɰɢɹ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɷɧɞɨɧɭɤɥɟɚɡɵ EndoG ɦɨɠɟɬ 

ɛɵɬɶ ɡɚɳɢɬɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɨɬ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. 

ɋ ɰɟɥɶɸ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɨɰɟɧɤɢ ɪɨɥɢ ɢɧɞɭɤɰɢɢ EndoG ɜ 

ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɬɨɪɧɵɯ Ɍ 

ɤɥɟɬɨɤ (Ɍɪɟɝ), CD4+CD25–, CD8+ Ɍ-ɥɢɦɮɨɰɢɬɵ, ȼ-ɥɢɦɮɨɰɢɬɵ ɢ NK-ɤɥɟɬɤɢ 

ɱɟɥɨɜɟɤɚ ɢɥɢ ɦɵɲɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɚɭɬɨɥɨɝɢɱɧɵɦɢ CD4+CD25+FoxP3+ Ɍɪɟɝ 

ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɞɨ 60-ɬɢ 

ɫɭɬɨɤ). ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɨɣ ɦɟɦɛɪɚɧɵ ɩɨɡɜɨɥɹɟɬ ɤɥɟɬɤɚɦ ɨɛɦɟɧɢɜɚɬɶɫɹ 

ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɧɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɤɨɧɬɚɤɬɧɨɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ. 

Ɋɟɝɭɥɹɬɨɪɧɵɟ Ɍ-ɤɥɟɬɤɢ (Ɍɪɟɝ) CD4+CD25+CD127lowFoxP3+ ɢɝɪɚɸɬ 

ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɚɞɚɩɬɢɜɧɨɝɨ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɢ 
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ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɥɟɪɚɧɬɧɨɫɬɢ, ɩɨɞɚɜɥɹɹ ɚɤɬɢɜɧɨɫɬɶ ɷɮɮɟɤɬɨɪɧɵɯ Ɍ- ɢ ȼ-

ɥɢɦɮɨɰɢɬɨɜ ɢ NK-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ [388,424]. Ɍɪɟɝ ɪɟɝɭɥɢɪɭɸɬ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ ɫɢɥɭ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ. ɇɚɪɭɲɟɧɢɟ ɪɟɝɭɥɹɬɨɪɧɨɣ 

ɮɭɧɤɰɢɢ Ɍɪɟɝ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɪɚɡɜɢɬɢɹ ɢ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ 

ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ (ɪɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ, ɫɢɫɬɟɦɧɚɹ ɤɪɚɫɧɚɹ ɜɨɥɱɚɧɤɚ, 

ɩɫɨɪɢɚɡ, ɪɟɜɦɚɬɨɢɞɧɵɣ ɚɪɬɪɢɬ ɢ ɞɪ.), ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɯɪɨɧɢɱɟɫɤɢɯ 

ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, Ɍɪɟɝ ɫɩɨɫɨɛɧɵ ɜɥɢɹɬɶ ɧɚ 

ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɩɭɬɹɦɢ: ɤɨɧɬɚɤɬɧɵɦ ɢ ɛɟɫɤɨɧɬɚɤɬɧɵɦ. 

Ɇɟɯɚɧɢɡɦɵ ɤɨɧɬɚɤɬ-ɡɚɜɢɫɢɦɨɣ ɪɟɝɭɥɹɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Ɍɪɟɝ ɢɡɭɱɟɧɵ 

ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ. Ɉɩɢɫɚɧɨ ɜɥɢɹɧɢɟ ɦɟɦɛɪɚɧɧɵɯ ɦɨɥɟɤɭɥ CTLA-4 

(cytotoxic T-lymphocyte associated protein 4) [304], LAG-3 (lymphocyte activating 

3) [303,307] ɢ CD83 [318] ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɷɮɮɟɤɬɨɪɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɢ ɢɯ 

ɰɢɬɨɥɢɡ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɧɡɢɦɨɜ Ⱥ ɢ ȼ ɢ ɩɟɪɮɨɪɢɧɚ [292] ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɧɬɚɤɬɧɨɝɨ ɞɟɣɫɬɜɢɹ Ɍɪɟɝ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ Ɍɪɟɝ ɦɵɲɟɣ 

[425,426] ɢ ɱɟɥɨɜɟɤɚ [292] ɢɧɞɭɰɢɪɭɸɬ ɝɢɛɟɥɶ ɷɮɮɟɤɬɨɪɧɵɯ ɤɥɟɬɨɤ ɩɨ ɩɭɬɢ 

ɚɩɨɩɬɨɡɚ.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɦɟɯɚɧɢɡɦɵ ɤɨɧɬɚɤɬ-ɧɟɡɚɜɢɫɢɦɨɣ ɪɟɝɭɥɹɬɨɪɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ Ɍɪɟɝ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ. ɉɨɫɥɟɞɫɬɜɢɹ ɤɨɧɬɚɤɬ-

ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɥɢɹɧɢɹ Ɍɪɟɝ ɧɚ ɷɮɮɟɤɬɨɪɧɵɟ ɥɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ ɧɟ 

ɨɞɧɨɡɧɚɱɧɵ ɢ, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɫɭɦɦɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ. ɉɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɫɟɤɪɟɬɢɪɭɟɦɵɟ Ɍɪɟɝ ɰɢɬɨɤɢɧɵ TGF-b 

(transforming growth factor beta), ɢɧɬɟɪɥɟɣɤɢɧ-10 (IL-10) ɢ ɢɧɬɟɪɥɟɣɤɢɧ-35 (IL-

35) ɫɩɨɫɨɛɧɵ ɫɭɩɪɟɫɫɢɪɨɜɚɬɶ ɷɮɮɟɤɬɨɪɧɵɟ ɤɥɟɬɤɢ [276,427–429]. Ʉɪɨɦɟ ɬɨɝɨ, 

Ɍɪɟɝ ɤɨɧɤɭɪɢɪɭɸɬ ɡɚ ɪɨɫɬɨɜɨɣ ɮɚɤɬɨɪ ɢɧɬɟɪɥɟɣɤɢɧ-2 (IL-2), ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 

ɩɪɨɥɢɮɟɪɚɰɢɢ Ɍ-ɤɥɟɬɨɤ, ɩɨɝɥɨɳɚɹ ɟɝɨ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɫɧɢɠɚɹ ɟɝɨ 

ɞɨɫɬɭɩɧɨɫɬɶ ɞɥɹ ɞɪɭɝɢɯ ɤɥɟɬɨɤ [275]. Ʌɢɲёɧɧɵɟ IL-2 ɷɮɮɟɤɬɨɪɧɵɟ 

ɥɢɦɮɨɰɢɬɵ ɩɨɝɢɛɚɸɬ ɩɨ ɩɭɬɢ ɚɩɨɩɬɨɡɚ [275] ɢɥɢ ɫɬɚɧɨɜɹɬɫɹ 
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ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɚɤɬɢɜɚɰɢɢ ɢɥɢ ɫɬɢɦɭɥɹɰɢɢ [430]. Ɍɪɟɝ ɦɨɝɭɬ 

ɚɝɪɟɝɢɪɨɜɚɬɶ ɫ ɞɟɧɞɪɢɬɧɵɦɢ ɤɥɟɬɤɚɦɢ ɩɨ leukocyte functional antigen-1 (LFA-1) 

– ɡɚɜɢɫɢɦɨɦɭ ɩɭɬɢ ɢ ɢɧɞɭɰɢɪɨɜɚɬɶ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ [431]. 

ɂɧɬɟɪɟɫɧɨ, ɱɬɨ Ɍɪɟɝ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɫɬɚɪɟɧɢɟ Ɍ-ɤɥɟɬɨɤ in vitro ɢ 

in vivo, ɤɨɬɨɪɨɟ ɫɜɹɡɚɧɨ ɫ ɫɟɥɟɤɬɢɜɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɫɢɝɧɚɥɨɜ p38 ɢ ERK1/2 ɢ 

ɪɟɝɭɥɹɬɨɪɧɵɯ ɦɨɥɟɤɭɥ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ p53, p21 ɢ p16 [393]. ȼɚɠɧɵɦ 

ɨɬɤɪɵɬɢɟɦ ɹɜɢɥɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɥɢɦɮɨɰɢɬɵ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ 

ɨɝɪɚɧɢɱɟɧɧɨɦɭ ɱɢɫɥɭ ɞɟɥɟɧɢɣ [432], ɩɨɫɥɟ ɱɟɝɨ ɭ ɧɢɯ ɪɚɡɜɢɜɚɟɬɫɹ ɮɟɧɨɬɢɩ 

ɫɬɚɪɟɸɳɢɯ ɤɥɟɬɨɤ. ɋɬɚɪɟɸɳɢɟ ɤɥɟɬɤɢ ɨɫɬɚɸɬɫɹ ɠɢɜɵɦɢ ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵ, ɧɨ ɧɟ ɫɩɨɫɨɛɧɵ ɤ ɩɪɨɥɢɮɟɪɚɰɢɢ. ɋɬɚɪɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɫɥɟɞɫɬɜɢɟɦ ɩɨɬɟɪɢ ɬɟɥɨɦɟɪ ɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ 

ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɧɹɬɨ ɭɩɨɬɪɟɛɥɹɬɶ ɬɟɪɦɢɧ 

«ɪɟɩɥɢɤɚɬɢɜɧɨɟ ɫɬɚɪɟɧɢɟ», ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɤɥɟɬɨɤ [433]. 

Ɍɟɥɨɦɟɪ-ɡɚɜɢɫɢɦɨɟ ɫɬɚɪɟɧɢɟ ɩɪɟɬɟɪɩɟɜɚɸɬ ɥɢɦɮɨɰɢɬɵ, ɩɨɞɜɟɪɝɲɢɟɫɹ 

ɧɟɩɪɟɪɵɜɧɨɣ ɚɧɬɢɝɟɧɧɨɣ ɫɬɢɦɭɥɹɰɢɢ, ɤɥɨɧɚɥɶɧɨɣ ɷɤɫɩɚɧɫɢɢ ɢ ɩɨɬɟɪɹɜɲɢɟ 

ɬɟɥɨɦɟɪɵ ɢɡ-ɡɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɰɢɤɥɨɜ ɞɟɥɟɧɢɹ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɧɬɢɝɟɧ-

ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɟ ɥɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ ɢ ɦɵɲɢ ɨɛɥɚɞɚɸɬ ɚɤɬɢɜɧɨɣ 

ɬɟɥɨɦɟɪɚɡɨɣ, ɮɭɧɤɰɢɢ ɤɨɬɨɪɨɣ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ 

ɩɪɨɥɢɮɟɪɚɰɢɢ [434].  

ɋɤɨɪɨɫɬɶ ɫɬɚɪɟɧɢɹ ɢɦɦɭɧɧɵɯ ɤɥɟɬɨɤ ɩɪɨɝɪɟɫɫɢɜɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ 

ɜɨɡɪɚɫɬɨɦ [435] ɢ ɪɚɡɜɢɬɢɟɦ ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ [436]. Ⱥɧɬɢɝɟɧ-

ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɟ ɥɢɦɮɨɰɢɬɵ ɱɟɥɨɜɟɤɚ ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɵɦ 

ɩɪɨɥɢɮɟɪɚɬɢɜɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ 11 – 57 ɭɞɜɨɟɧɢɹɦ ɩɨɩɭɥɹɰɢɢ, 

ɨɫɬɚɜɚɹɫɶ ɠɢɜɵɦɢ ɜ ɬɟɱɟɧɢɟ 30 – 170 ɞɧɟɣ [437] in vitro. ɂɧɞɭɤɰɢɹ ɤɥɟɬɨɱɧɨɝɨ 

ɫɬɚɪɟɧɢɹ – ɦɟɯɚɧɢɡɦ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɨɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

CD4+CD25+FoxP3+ Ɍɪɟɝ [393]. 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, 

ɱɬɨ ɚɭɬɨɥɨɝɢɱɧɵɟ Ɍɪɟɝ ɱɟɥɨɜɟɤɚ ɢ ɦɵɲɢ ɫɩɨɫɨɛɧɵ ɩɨɞɚɜɥɹɬɶ ɩɪɨɥɢɮɟɪɚɰɢɸ 

ɪɟɫɩɨɧɞɟɪɧɵɯ Ɍ-, ȼ- ɢ NK-ɤɥɟɬɨɤ ɩɨ ɤɨɧɬɚɤɬ-ɧɟɡɚɜɢɫɢɦɨɦɭ ɦɟɯɚɧɢɡɦɭ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɢɧɞɭɤɰɢɢ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT (ɜ 

ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ) ɢ Tert (ɜ ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ), ɢɧɝɢɛɢɪɨɜɚɧɢɹ 

ɬɟɥɨɦɟɪɚɡɵ ɢ ɭɤɨɪɨɱɟɧɢɹ ɬɟɥɨɦɟɪ. Ⱦɚɧɧɵɣ ɜɵɜɨɞ ɨɫɧɨɜɚɧ ɧɚ ɫɥɟɞɭɸɳɢɯ 

ɮɚɤɬɚɯ. ȼɨ-ɩɟɪɜɵɯ, Ɍɪɟɝ ɛɵɥɢ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ EndoG ɜɨ 

ɜɫɟɯ ɬɢɩɚɯ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ (ɪɢɫ. 68). ȼɨ-ɜɬɨɪɵɯ, ɢɧɞɭɤɰɢɹ ɷɤɫɩɪɟɫɫɢɢ 

EndoG ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɚɤɬɢɜɚɰɢɟɣ Ⱥɋ ɩɪɟ-ɦɊɇɄ hTERT ɢ Tert: ɩɪɢ ɷɬɨɦ 

ɧɚɛɥɸɞɚɥɢɫɶ ɭɦɟɧɶɲɟɧɢɟ ɫɢɧɬɟɡɚ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɚɤɬɢɜɧɨɝɨ α+ȕ+ ɜɚɪɢɚɧɬɚ 

ɢ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ ɭɤɨɪɨɱɟɧɧɨɝɨ ɧɟɚɤɬɢɜɧɨɝɨ α+ȕ− ɜɚɪɢɚɧɬɚ, ɚ ɬɚɤɠɟ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. ɋɭɩɪɟɫɫɢɹ EndoG ɩɪɟɞɨɬɜɪɚɳɚɥɚ 

ɢɧɞɭɤɰɢɸ Ⱥɋ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ. ȼ-ɬɪɟɬɶɢɯ, ɞɥɢɬɟɥɶɧɨɟ 

ɫɨɜɦɟɫɬɧɨɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ Ɍɪɟɝ ɫ ɬɚɪɝɟɬɧɵɦɢ ɥɢɦɮɨɰɢɬɚɦɢ ɱɟɪɟɡ 

ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ ɜɵɡɵɜɚɥɨ ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ (ɞɟɬɟɤɬɢɪɨɜɚɧɵ ɩɨ ɭɜɟɥɢɱɟɧɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ȕ-Gal), 

ɭɤɨɪɨɱɟɧɢɸ ɬɟɥɨɦɟɪ ɢ ɪɚɡɜɢɬɢɸ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɪɢɫ. 70, 71). Ʉɚɤ ɢ 

ɜ ɫɥɭɱɚɟ ɫɜɟɪɯɷɤɫɩɪɟɫɢɢ EndoG ɩɪɢ ɢɧɤɭɛɚɰɢɢ ɤɥɟɬɨɤ ɫ ɰɢɫɩɥɚɬɢɧɨɦ, ɦɵ 

ɧɚɛɥɸɞɚɥɢ ɬɪɚɧɫɥɨɤɚɰɢɸ EndoG ɢɡ ɦɢɬɨɯɨɧɞɪɢɣ ɜ ɰɢɬɨɩɥɚɡɦɭ ɢ ɹɞɪɚ, ɱɬɨ 

ɩɨɞɬɜɟɪɠɞɚɟɬ ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ EndoG ɩɪɢ ɢɧɞɭɤɰɢɢ Ⱥɋ 

ɩɪɟ-ɦɊɇɄ hTERT.  

ɇɚɦɢ ɨɛɧɚɪɭɠɟɧɵ ɛɨɥɶɲɢɟ ɪɚɡɥɢɱɢɹ ɜ ɞɥɢɧɚɯ ɬɟɥɨɦɟɪ ɜ ɥɢɦɮɨɰɢɬɚɯ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ (ɪɢɫ. 72). Ⱦɥɢɧɵ ɬɟɥɨɦɟɪ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɝɟɧɨɦɚ ɢ ɪɟɝɭɥɢɪɭɟɬ ɩɪɨɰɟɫɫɵ ɪɟɩɥɢɤɚɰɢɢ ɢ ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ. 

ɇɚɲɢ ɞɚɧɧɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɧɚɛɥɸɞɟɧɢɟɦ ɨ ɬɨɦ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ ɛɟɡ ɚɤɬɢɜɧɨɣ 

ɬɟɥɨɦɟɪɚɡɵ ɬɟɥɨɦɟɪɵ ɭɤɨɪɚɱɢɜɚɸɬɫɹ ɧɚ 40–200 ɩ.ɧ. ɩɪɢ ɤɚɠɞɨɦ ɞɟɥɟɧɢɢ 

ɤɥɟɬɨɤ ɢ ɤɥɟɬɤɢ ɫɩɨɫɨɛɧɵ ɞɟɥɢɬɶɫɹ ɥɢɲɶ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ. 

ɍɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɞɨ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɜɵɡɵɜɚɟɬ ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ 
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ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɥɟɬɤɢ ɨɫɬɚɸɬɫɹ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ, ɧɨ ɧɟ ɫɩɨɫɨɛɧɵɦɢ ɤ ɞɟɥɟɧɢɸ [438]. ɂɡɦɟɧɟɧɢɟ 

ɫɬɪɭɤɬɭɪɵ ɬɟɥɨɦɟɪ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɢɦɢ ɦɢɧɢɦɚɥɶɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɞɥɢɧɵ 

ɩɪɢɜɨɞɢɬ ɤ ɭɬɪɚɬɟ ɢɦɢ ɡɚɳɢɬɧɵɯ ɮɭɧɤɰɢɣ ɢ ɡɚɩɭɫɤɚɟɬ ɜ ɤɥɟɬɤɟ ɩɪɨɰɟɫɫɵ 

ɨɬɜɟɬɚ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ, ɡɚɜɟɪɲɚɸɳɢɟɫɹ ɪɚɡɜɢɬɢɟɦ ɚɩɨɩɬɨɡɚ [439]. 

ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɞɥɢɬɟɥɶɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ Ɍɪɟɝ, 

ɬɟɥɨɦɟɪɵ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɞɨɫɬɢɝɚɸɬ ɤɪɢɬɢɱɟɫɤɢ ɦɚɥɨɣ ɞɥɢɧɵ ɢ 

ɩɟɪɟɯɨɞɹɬ ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ. Ɇɚɫɫɨɜɚɹ ɝɢɛɟɥɶ ɬɚɪɝɟɬɧɵɯ 

ɤɥɟɬɨɤ, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɚ ɢɦɟɧɧɨ ɫ ɪɚɡɜɢɬɢɟɦ ɜ ɧɢɯ ɩɪɨɰɟɫɫɨɜ 

ɚɩɨɩɬɨɡɚ. 

Ʉɚɤ ɢ ɨɠɢɞɚɥɨɫɶ ɞɥɹ ɤɥɟɬɨɤ ɫ ɢɧɝɢɛɢɪɨɜɚɧɧɨɣ ɬɟɥɨɦɟɪɚɡɨɣ, ɫɬɚɪɟɧɢɟ ɢ 

ɝɢɛɟɥɶ in vitro ɧɚɛɥɸɞɚɥɢɫɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɫɨɤɪɚɳɟɧɢɹ ɞɥɢɧɵ ɬɟɥɨɦɟɪ, 

ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɩɪɨɥɢɮɟɪɚɰɢɟɣ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɱɚɥɶɧɚɹ ɞɥɢɧɚ 

ɬɟɥɨɦɟɪ ɛɵɥɚ ɫɜɹɡɚɧɚ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɥɢɦɮɨɰɢɬɨɜ ɩɪɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɬɟɥɨɦɟɪɚɡɵ. Ⱦɥɹ ȼ-ɤɥɟɬɨɤ, ɤɨɬɨɪɵɟ ɢɦɟɜɲɢɯ ɫɚɦɵɟ ɞɥɢɧɧɵɟ 

ɬɟɥɨɦɟɪɵ, ɬɪɟɛɨɜɚɥɫɹ 21 ɞɟɧɶ ɩɪɨɥɢɮɟɪɚɰɢɢ ɩɟɪɟɞ ɝɢɛɟɥɶɸ. CD8+ Ɍ-

ɥɢɦɮɨɰɢɬɵ ɢ NK-ɤɥɟɬɤɢ, ɢɦɟɜɲɢɟ ɭɦɟɪɟɧɧɭɸ ɞɥɢɧɭ ɬɟɥɨɦɟɪ, ɩɨɝɢɛɚɥɢ ɱɟɪɟɡ 

15-18 ɞɧɟɣ, ɚ CD4+CD25– T ɤɥɟɬɤɢ, ɫ ɫɚɦɵɦɢ ɤɨɪɨɬɤɢɦɢ ɬɟɥɨɦɟɪɚɦɢ, ɱɟɪɟɡ 12 

ɞɧɟɣ ɩɪɨɥɢɮɟɪɚɰɢɢ.  

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ in vitro, ɦɵ ɪɚɡɦɧɨɠɚɥɢ 

ɬɚɪɝɟɬɧɵɟ GFP-ɩɨɥɨɠɢɬɟɥɶɧɵɟ Ɍ-, ȼ- ɢ ɇɄ-ɥɢɦɮɨɰɢɬɵ ex vivo ɢ ɜɜɨɞɢɥɢ ɢɯ ɢ 

Ɍɪɟɝ ɤɥɟɬɤɢ ɦɵɲɚɦ. ɑɟɪɟɡ 4 ɢ 21 ɞɟɧɶ (ɞɚɧɧɵɟ ɜɪɟɦɟɧɧɵɟ ɩɟɪɢɨɞɵ ɛɵɥɢ 

ɜɵɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ in vitro) ɢɡ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ 

ɨɬɛɢɪɚɥɢ ɷɮɮɟɤɬɨɪɧɵɟ ɥɢɦɮɨɰɢɬɵ. ȼ ɞɚɧɧɵɯ ɤɥɟɬɤɚɯ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ 

ɢɧɞɭɤɰɢɹ ɷɤɫɩɪɟɫɫɢɢ EndoG, Ⱥɋ ɩɪɟ-ɦɊɇɄ Tert, ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ, 

ɭɤɨɪɨɱɟɧɧɵɟ ɬɟɥɨɦɟɪɵ ɢ ɩɪɢɡɧɚɤɢ ɩɟɪɟɯɨɞɚ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɟ 

ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ (ɪɢɫ. 73, 74). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ GFP-

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɥɢɦɮɨɰɢɬɨɜ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ 
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Ɍɪɟɝ, ɛɵɥɨ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɭ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ. ɗɬɢ ɞɚɧɧɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɚɦ ɢɧɞɭɰɢɪɭɟɦɨɣ Ɍɪɟɝ ɝɢɛɟɥɢ ɥɢɦɮɨɰɢɬɨɜ, 

ɩɨɥɭɱɟɧɧɵɦ in vitro.  

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɚɫɬɜɨɪɢɦɵɣ ɮɚɤɬɨɪ, ɩɪɨɞɭɰɢɪɭɟɦɵɣ Ɍɪɟɝ ɤɥɟɬɤɚɦɢ 

ɢ ɜɵɡɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ EndoG ɜ ɬɚɪɝɟɬɧɵɯ ɥɢɦɮɨɰɢɬɚɯ ɧɟ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ, ɧɚɲɢ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ, ɱɬɨ ɩɪɨɥɢɮɟɪɚɰɢɹ Ɍ-, ȼ- 

ɢ NK-ɥɢɦɮɨɰɢɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɫɬɚɧɨɜɥɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬ-

ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Ɍɪɟɝ ɤɥɟɬɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɞɚɸɬ 

ɨɫɧɨɜɚɧɢɹ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɪɟɝɭɥɹɰɢɹ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ Ɍɪɟɝ-ɡɚɜɢɫɢɦɨɝɨ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ T-, B- ɢ NK-ɤɥɟɬɨɤ. 
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6. ɁȺɄɅɘɑȿɇɂȿ 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɥɚɣɫɢɧɝ ɩɪɟ-ɦɊɇɄ ɹɜɥɹɟɬɫɹ «ɪɟɝɭɥɹɬɨɪɨɦ ɬɨɱɧɨɣ 

ɧɚɫɬɪɨɣɤɢ» ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɮɭɧɤɰɢɢ ɛɟɥɤɨɜ, ɨɞɧɚɤɨ ɦɟɯɚɧɢɡɦ 

ɷɬɨɣ ɪɟɝɭɥɹɰɢɢ ɢɡɭɱɟɧ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɵ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɚɩɨɩɬɨɬɢɱɟɫɤɚɹ ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG ɫɩɨɫɨɛɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

ɪɹɞɚ ɛɟɥɤɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ ɤɪɵɫɵ. 

ɂɡɭɱɟɧ ɦɟɯɚɧɢɡɦ ɢɧɞɭɤɰɢɢ Ⱥɋ ɷɧɞɨɧɭɤɥɟɚɡɨɣ EndoG ɞɥɹ ɩɪɟ-ɦɊɇɄ 

ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɛɟɥɤɨɜ: ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ TERT, Casp-

2, DNase I ɢ BCL-x. Ʉɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ, ɢɧɢɰɢɢɪɭɸɳɢɦ Ⱥɋ ɹɜɥɹɟɬɫɹ 

ɬɪɚɧɫɥɨɤɚɰɢɹ EndoG ɢɡ ɦɢɬɨɯɨɧɞɪɢɣ ɜ ɰɢɬɨɩɥɚɡɦɭ ɢ ɹɞɪɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

EndoG ɫ ɧɤɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ. EndoG ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ ɚɤɬɢɜɧɵɣ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ EGPO (EndoG-produced oligonucleotide), ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ 

ɩɪɟ-ɦɊɇɄ ɰɟɥɟɜɵɯ ɝɟɧɨɜ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɪɚɡɦɟɪ ɬɚɤɢɯ 

EGPO ɫɨɫɬɚɜɥɹɟɬ 36 – 72 ɧɭɤɥɟɨɬɢɞɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ EGPO ɫ ɩɪɟ-ɦɊɇɄ 

ɛɥɨɤɢɪɭɟɬ ɞɨɫɬɭɩ ɢ ɫɜɹɡɵɜɚɧɢɟ ɪɟɝɭɥɢɪɭɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɛɟɥɤɨɜ ɫ ɩɪɟ-ɦɊɇɄ, 

ɱɬɨ ɢ ɢɧɞɭɰɢɪɭɟɬ Ⱥɋ ɢ ɞɟɥɟɰɢɸ ɷɤɡɨɧɨɜ ɜ ɩɪɨɰɟɫɫɟ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɡɪɟɜɚɧɢɹ 

(ɩɪɨɰɟɫɫɢɧɝɚ) ɦɊɇɄ. ȼ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɷɬɨɦɭ, ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɤɭɫɫɬɜɟɧɧɨ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ EGPO ɫɩɨɫɨɛɧɵ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢɧɞɭɰɢɪɨɜɚɬɶ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

ɰɟɥɟɜɵɯ ɝɟɧɨɜ, ɢɧɝɢɛɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɨɜ ɢ ɦɨɞɭɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 

ɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɟɣɫɬɜɢɟ EGPO ɚɧɚɥɨɝɢɱɧɨ ɞɟɣɫɬɜɢɸ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 

ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ [137]. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɧɟ 

ɜɵɹɜɢɥ ɤɚɤɨɝɨ-ɥɢɛɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɧɨɝɢɞɨɜ. ɉɨɷɬɨɦɭ 

ɧɚɫɬɨɹɳɭɸ ɪɚɛɨɬɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɟɪɜɵɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɞɚɧɧɨɝɨ ɮɚɤɬɚ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɩɢɫɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ ɢɡɭɱɟɧɢɹ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɧɟ ɩɨɧɹɬɧɨ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɧɤɊɇɄ, ɩɨɱɟɦɭ EndoG 

ɜɵɪɟɡɚɟɬ EGPO ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɡɦɟɪɚ, ɯɨɬɹ ɜ ɧɤɊɇɄ ɩɪɢɫɭɬɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ 
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ɩɨɥɢ-G-ɩɨɥɢ-ɋ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɨɱɟɦɭ EGPO ɤɨɦɩɥɟɦɟɧɬɚɪɟɧ ɦɟɫɬɚɦ 

ɫɨɟɞɢɧɟɧɢɹ ɷɤɡɨɧɨɜ ɢ ɢɧɬɪɨɧɨɜ, ɤɚɤɢɟ ɟɳё ɛɟɥɤɢ ɭɱɚɫɬɜɭɸɬ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ. 

ɇɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨɬ ɦɟɯɚɧɢɡɦ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ, 

ɩɨɫɤɨɥɶɤɭ ɭɱɚɫɬɢɟ EndoG ɜ ɩɪɨɰɟɫɫɟ Ⱥɋ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɥɵɯ ɧɟɤɨɞɢɪɭɸɳɢɯ 

ɊɇɄ ɩɨɞ ɞɟɣɫɬɜɢɟɦ EndoG ɨɩɢɫɚɧɨ ɜɩɟɪɜɵɟ. 

ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ TERT 

ɩɪɢɜɨɞɢɥɚ ɤ ɞɟɥɟɰɢɢ ɷɤɡɨɧɨɜ 7 ɢ 8 ɢ ɫɢɧɬɟɡɭ ɭɤɨɪɨɱɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɞɚɧɧɨɝɨ 

ɛɟɥɤɚ. Ɉɧ ɧɟ ɛɵɥ ɚɤɬɢɜɟɧ ɢ ɩɪɨɹɜɥɹɥ ɞɨɦɢɧɚɧɬɧɨ-ɧɟɝɚɬɢɜɧɵɟ ɫɜɨɣɫɬɜɚ. ȼ 

ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɢɧɬɟɡɨɦ ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ ɞɨ 

ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɚɪɟɫɬ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɜ G0/G1 ɮɚɡɚɯ, ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ 

ɜ ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ.  

ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ DNase I ɩɪɢɜɨɞɢɥɚ ɤ ɞɟɥɟɰɢɢ ɷɤɡɨɧɚ 4 ɢ ɫɢɧɬɟɡɭ 

ɜɚɪɢɚɧɬɚ ɛɟɥɤɚ, ɧɟ ɨɛɥɚɞɚɸɳɟɝɨ ɧɭɤɥɟɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ȼ ɤɥɟɬɤɚɯ ɫ 

ɩɨɜɵɲɟɧɧɵɦ ɫɢɧɬɟɡɨɦ ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɧɚɛɥɸɞɚɥɨɫɶ ɡɚɦɟɞɥɟɧɢɟ ɬɟɦɩɨɜ 

ɪɚɡɜɢɬɢɹ ɚɩɨɩɬɨɡɚ. Ɍɚɤɢɟ ɤɥɟɬɤɢ ɛɵɥɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɞɟɣɫɬɜɢɸ 

ɩɨɜɪɟɠɞɚɸɳɟɝɨ ȾɇɄ ɚɝɟɧɬɚ ɛɥɟɨɦɢɰɢɧɚ.  

ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ Casp-2, ɧɚɩɪɨɬɢɜ, ɩɪɢɜɨɞɢɥɚ ɤ ɜɫɬɚɜɤɟ ɷɤɡɨɧɚ 9 

ɜ ɡɪɟɥɭɸ ɦɊɇɄ. ȼɫɬɚɜɤɚ ɷɬɨɝɨ ɷɤɡɨɧɚ ɜɵɡɵɜɚɥɚ ɫɞɜɢɝ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, 

ɨɛɪɚɡɨɜɚɧɢɟ ɫɬɨɩ-ɤɨɞɨɧɚ ɢ ɫɢɧɬɟɡ ɭɤɨɪɨɱɟɧɧɨɝɨ ɧɟɚɤɬɢɜɧɨɝɨ ɜɚɪɢɚɧɬɚ ɛɟɥɤɚ.  

ɂɧɞɭɤɰɢɹ Ⱥɋ ɩɪɟ-ɦɊɇɄ BCL-x ɬɚɤɠɟ ɩɪɢɜɨɞɢɥɚ ɤ ɜɫɬɚɜɤɟ ɷɤɡɨɧɚ 3 ɜ 

ɡɪɟɥɭɸ ɦɊɇɄ ɢ ɫɢɧɬɟɡɭ ɛɟɥɤɚ ɫ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ 

EndoG ɧɚ Ⱥɋ ɩɪɟ-ɦɊɇɄ ɜɵɩɨɥɧɟɧɚ ɜ ɭɫɥɨɜɢɹɯ in vitro ɜ ɛɟɫɤɥɟɬɨɱɧɵɯ 

ɫɢɫɬɟɦɚɯ ɢɥɢ ɧɚ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪɚɯ. Ɉɞɧɚɤɨ, ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɨɩɢɫɚɧɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɜ ɪɟɝɭɥɹɰɢɸ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ in vivo, ɞɨɤɚɡɚɧɚ ɜɵɫɨɤɢɦ 

ɭɪɨɜɧɟɦ ɤɨɪɪɟɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ EndoG ɢ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɦɊɇɄ 

ɢɫɫɥɟɞɭɟɦɵɯ ɛɟɥɤɨɜ ɜ ɫɜɟɠɟɜɵɞɟɥɟɧɧɵɯ ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, ɦɵɲɢ ɢ 
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ɤɪɵɫɵ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɧɨɫɬɶɸ ɰɢɫɩɥɚɬɢɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ EndoG ɢ Ⱥɋ ɩɪɢ ɟɝɨ 

ɜɧɭɬɪɢɜɟɧɧɨɦ ɜɜɟɞɟɧɢɢ ɦɵɲɚɦ ɢ ɤɪɵɫɚɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɚɭɬɨɥɨɝɢɱɧɵɟ ɪɟɝɭɥɹɬɨɪɧɵɟ Ɍ ɤɥɟɬɤɢ (Ɍɪɟɝ) ɦɵɲɢ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ 

EndoG ɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ Tert ɜ ɷɮɮɟɤɬɨɪɧɵɯ ɬɚɪɝɟɬɧɵɯ CD4+, CD8+ Ɍ-

ɥɢɦɮɨɰɢɬɚɯ, ɚ ɬɚɤɠɟ ȼ- ɢ NK-ɤɥɟɬɤɚɯ ɜ ɭɫɥɨɜɢɹɯ in vivo. ȼ ɷɮɮɟɤɬɨɪɧɵɯ 

ɥɢɦɮɨɰɢɬɚɯ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɞɟɣɫɬɜɢɸ Ɍɪɟɝ ɤɥɟɬɨɤ, ɧɚɛɥɸɞɚɥɨɫɶ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ, ɩɨɹɜɥɟɧɢɟ ɭɤɨɪɨɱɟɧɧɵɯ ɬɟɥɨɦɟɪ ɢ 

ɮɟɧɨɬɢɩɚ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɫɬɚɪɟɸɳɢɯ ɤɥɟɬɨɤ. Ⱦɚɧɧɵɟ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɭɤɚɡɵɜɚɸɬ ɧɚ ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-ɦɊɇɄ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɛɴɟɞɢɧɢɰɵ ɬɟɥɨɦɟɪɚɡɵ ɢ ɚɤɬɢɜɧɨɫɬɢ ɬɟɥɨɦɟɪɚɡɵ ɜ 

ɦɨɞɭɥɹɰɢɸ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ 

EndoG ɪɟɝɭɥɢɪɨɜɚɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜ, ɦɨɞɭɥɢɪɨɜɚɬɶ 

ɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɜ ɤɨɬɨɪɵɟ ɨɧɢ ɜɨɜɥɟɱɟɧɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɩɪɟɞɟɥɹɬɶ 

«ɫɭɞɶɛɵ» ɤɥɟɬɨɤ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ. 
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7. ȼɕȼɈȾɕ 

1. ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɧɞɨɧɭɤɥɟɚɡɚ EndoG ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɝɭɥɹɰɢɢ Ⱥɋ ɩɪɟ-

ɦɊɇɄ.  

2. Ɍɪɚɧɫɥɨɤɚɰɢɹ EndoG ɢɡ ɦɢɬɨɯɨɧɞɪɢɣ ɜ ɹɞɪɨ ɩɪɢ ɪɚɡɜɢɬɢɢ ɚɩɨɩɬɨɡɚ, 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɢɧɞɭɰɢɪɭɸɳɢɦ EndoG-ɡɚɜɢɫɢɦɵɣ Ⱥɋ ɩɪɟ-

ɦɊɇɄ. 

3. EndoG ɜɵɪɟɡɚɟɬ ɢɡ ɧɤɊɇɄ ɚɤɬɢɜɧɵɣ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ (EGPO), 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɩɪɟ-ɦɊɇɄ TERT, Casp-2, DNase I ɢ BCL-x ɢ ɢɧɞɭɰɢɪɭɟɬ 

Ⱥɋ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɟɤɥɸɱɚɸɳɢɟ ɫɩɥɚɣɫɢɧɝ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɫɭɳɟɫɬɜɭɸɬ 

ɜ ɩɪɢɪɨɞɟ. ɂɫɤɭɫɫɬɜɟɧɧɵɟ EGPO ɫɩɨɫɨɛɧɵ ɦɨɞɭɥɢɪɨɜɚɬɶ Ⱥɋ ɢ ɢɡɦɟɧɹɬɶ 

ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ. 

4. ɉɨɜɪɟɠɞɚɸɳɢɟ ȾɇɄ ɚɝɟɧɬɵ ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɷɤɫɩɪɟɫɫɢɸ EndoG ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, Ⱥɋ ɩɪɟ-ɦɊɇɄ TERT, Casp-2, DNase I ɢ BCL-x. 

5. ɂɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG AC ɩɪɟ-ɦɊɇɄ TERT ɜ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɤɚɯ 

ɜɵɡɵɜɚɟɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɬɟɥɨɦɟɪɚɡɵ, ɭɤɨɪɨɱɟɧɢɟ ɬɟɥɨɦɟɪ, ɩɟɪɟɯɨɞ ɤɥɟɬɨɤ ɜ 

ɫɨɫɬɨɹɧɢɟ ɪɟɩɥɢɤɚɬɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɚɩɨɩɬɨɡ. 

6. ɂɧɞɭɰɢɪɨɜɚɧɧɵɣ EndoG AC ɩɪɟ-ɦɊɇɄ DNase I ɢɧɝɢɛɢɪɭɟɬ ɧɭɤɥɟɚɡɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ȾɇɄɚɡɵ 1 ɢ ɡɚɦɟɞɥɹɟɬ ɪɚɡɜɢɬɢɟ ɚɩɨɩɬɨɡɚ. 
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9. ȻɅȺȽɈȾȺɊɇɈɋɌɂ 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɜɵɪɚɠɚɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɜɨɟɦɭ ɧɚɭɱɧɨɦɭ 

ɪɭɤɨɜɨɞɢɬɟɥɸ ɞɨɤɬɨɪɭ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɭ ɋɨɤɨɥɨɜɭ ɇɢɤɨɥɚɸ 

ɇɢɤɨɥɚɟɜɢɱɭ ɡɚ ɧɟɨɰɟɧɢɦɵɣ ɜɤɥɚɞ ɜ ɫɨɡɞɚɧɢɟ ɢ ɧɚɩɢɫɚɧɢɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

Ɍɚɤɠɟ ɛɥɚɝɨɞɚɪɸ ɜɟɫɶ ɤɨɥɥɟɤɬɢɜ ɥɚɛɨɪɚɬɨɪɢɢ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɬɟɯɧɨɥɨɝɢɢ, 

ɢɧɫɬɢɬɭɬɚ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ȼ.ɇ. Ɉɪɟɯɨɜɢɱɚ ɡɚ ɩɨɦɨɳɶ ɜ 

ɩɪɨɜɢɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɧɨɜɵɟ ɢɞɟɢ. 

Ɉɬɞɟɥɶɧɨ ɛɥɚɝɨɞɚɪɸ Ⱥɥɟɤɫɟɹ Ƚɟɨɪɝɢɟɜɢɱɚ Ȼɚɫɧɚɤɶɹɧɚ (Alexei G. 

Basnakian, Department of Pharmacology and Toxicology, University of Arkansas 

for Medical Sciences, Little Rock, AR, USA) ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɩɟɪɜɵɯ ɷɬɚɩɚɯ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ.  

Ɍɚɤɠɟ ɜɵɪɚɠɚɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɛ.ɧ., ɩɪɨɮ. Ɉɪɥɨɜɨɣ ȼɚɥɟɧɬɢɧɟ 

ɋɟɪɝɟɟɜɧɟ ɢ ɞ.ɛ.ɧ., ɩɪɨɮ. Ƚɪɚɱɟɜɭ ȼɥɚɞɢɦɢɪɭ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ (ɷɤɨɥɨɝɢɱɟɫɤɢɣ 

ɮɚɤɭɥɶɬɟɬ Ɋɨɫɫɢɣɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ) ɡɚ ɮɢɧɚɧɫɨɜɭɸ ɩɨɦɨɳɶ 

ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɫɬɚɬɟɣ ɤ ɩɭɛɥɢɤɚɰɢɢ. 

Ȼɥɚɝɨɞɚɪɸ ɞ.ɦ.ɧ. ɉɨɤɪɨɜɫɤɨɝɨ ȼɚɞɢɦɚ ɋɟɪɝɟɟɜɢɱɚ (ɥɚɛɨɪɚɬɨɪɢɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɟɪɚɩɢɢ ɨɩɭɯɨɥɟɣ, ɇɆɂɐ ɨɧɤɨɥɨɝɢɢ ɢɦ. ɇ.ɇ. Ȼɥɨɯɢɧɚ ɆɁ 

ɊɎ), ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ. 
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10. ɉɊɂɅɈɀȿɇɂȿ 

Ɍɚɛɥɢɰɚ 1. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP. ɉɨɤɚɡɚɧɵ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɭɪɨɜɧɢ ɦɊɇɄ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 

№ ɋɩɚɥɣɫ-ɜɚɪɢɚɧɬ ɍɪɨɜɟɧɶ 
ɦɊɇɄ 

1 Ɉɛɳɚɹ BCLX 1,300 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BCLX (BCL-xL) 0,395 # 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’ɤɨɧɰɚ ɷɤɡɨɧɚ 2 
(BCL-xS) 

3,066 # 

2 Ɉɛɳɚɹ DNase I 1,233 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DNase I (nDNase I) 0,324 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 DNase I (∆4DNase I) 2,967 # 

3 Ɉɛɳɚɹ TERT  1,112 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TERT (α+ȕ+ TERT) 0,534 # 

∆exons 7-8 TERT (α+ȕ– TERT) 2,755 # 

4 Ɉɛɳɚɹ Casp-2 0,088 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ Casp-2 (Casp-2L) 0,457 # 

ȼɫɬɚɜɤɚ ɷɤɡɨɧɚ 9 Casp-2 (Casp-2S) 1,967 # 

5 Ɉɛɳɚɹ GRIN 1 0,909 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GRIN 1 0,215 # 

∆exons 4 GRIN 1 2,318 # 

6 Ɉɛɳɚɹ CLDN7 1,055 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLDN7 0,416 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 CLDN7 1,821 # 

7 Ɉɛɳɚɹ KHDRBS1 1,108 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ KHDRBS1 0,106 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 KHDRBS1 4,520 # 

8 Ɉɛɳɚɹ RNF128 1,109 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ RNF128 0,148 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 1 RNF128 4,315 

9 Ɉɛɳɚɹ MGAT5 0,886 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ MGAT5 0,141 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 12-18 MGAT5 2,067 # 

10 Ɉɛɳɚɹ IL18 0,958 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ IL18 0,361 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 IL18 2,267 # 

11 Ɉɛɳɚɹ NOVA 1 0,974 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ NOVA 1 0,067 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 NOVA 1 3,437 # 

12 Ɉɛɳɚɹ FOXP3 1,002 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ FOXP3 0,034 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 FOXP3 2,167 # 

13 Ɉɛɳɚɹ SAMHD1 0,963 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SAMHD1 0,413 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 14 SAMHD1 3,528 # 

14 Ɉɛɳɚɹ ARIH1 1,211 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ ARIH1 0,519# 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 ARIH1 2,692# 

# p < 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. 
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Ɍɚɛɥɢɰɚ 2. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɦɵɲɢ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP. ɉɨɤɚɡɚɧɵ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɭɪɨɜɧɢ ɦɊɇɄ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 

№ ɋɩɚɥɣɫ-ɜɚɪɢɚɧɬ ɍɪɨɜɟɧɶ 
ɦɊɇɄ 

1 Ɉɛɳɚɹ TERT  0,917 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TERT (α+ȕ+ TERT) 0,636 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 7-8 TERT (α+ȕ– TERT) 2,299 # 

2 Ɉɛɳɚɹ Casp-2 1,135 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ Casp-2 (Casp-2L) 0,317 # 

ȼɫɬɚɜɤɚ ɷɤɡɨɧɚ 9 Casp-2 Casp-2 (Casp-2S) 1,866 # 

3 Ɉɛɳɚɹ DNase I 0,806 
ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DNase I (nDNase I) 0,355 # 
Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 DNase I (∆4DNase I) 2,957 # 

4 Ɉɛɳɚɹ BCLX 0,964 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BCLX (BCLXL) 0,235 # 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’ɤɨɧɰɚ ɷɤɡɨɧɚ 2 
(BCLXS) 

3,677 # 

5 Ɉɛɳɚɹ NOVA 1 1,333 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ NOVA 1 0,113 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ4 NOVA 1 2,045 # 

6 Ɉɛɳɚɹ IL18 0,893 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ IL18 0,054 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 IL18 3,401 # 

7 Ɉɛɳɚɹ ARIH1 1,067 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ ARIH1 0,418 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 ARIH1 1,996 # 

8 Ɉɛɳɚɹ MGAT5 1,101 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ MGAT5 0,141 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 12-18 MGAT5 4,318 # 

9 Ɉɛɳɚɹ SIRT1 1,214 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SIRT1 0,159 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 SIRT1 4,108 # 

10 Ɉɛɳɚɹ CLDN7 1,211 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLDN7 0,528 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 CLDN7 1,574 # 

11 Ɉɛɳɚɹ AHR 1,134 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ AHR 0,531 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 AHR 1,553 # 

12 Ɉɛɳɚɹ PECAM1 0,877 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ PECAM1 0,538 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 PECAM1 1,998 # 

13 Ɉɛɳɚɹ GRIN 1 1,347 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GRIN 1 0,706# 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 4 GRIN 1 1,464 # 

 

# p < 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. 
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Ɍɚɛɥɢɰɚ 3. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɤɪɵɫɵ, 
ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pEndoG-GFP. ɉɨɤɚɡɚɧɵ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɭɪɨɜɧɢ ɦɊɇɄ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɯ pGFP. 

№ ɋɩɚɥɣɫ-ɜɚɪɢɚɧɬ ɍɪɨɜɟɧɶ 
ɦɊɇɄ 

1 Ɉɛɳɚɹ BCLX 1,007 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BCLX (BCLXL) 0,388 # 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’ɤɨɧɰɚ 
ɷɤɡɨɧɚ 2 (BCLXS) 

1,905 # 

2 Ɉɛɳɚɹ TERT  1,061 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TERT (α+ȕ+ TERT) 0,196 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 7-8 TERT (α+ȕ– TERT) 4,677 # 

3 Ɉɛɳɚɹ DNase I 0,819 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DNase I (nDNase I) 0,404 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 DNase I (∆4DNase I) 2,031 # 

4 Ɉɛɳɚɹ Casp-2 0,930 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ Casp-2 (Casp-2L) 0,561 # 

ȼɫɬɚɜɤɚ ɷɤɡɨɧɚ 9 Casp-2 (Casp-2S) 2,347 # 

5 Ɉɛɳɚɹ BDKRB2 0,943 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BDKRB2 0,045 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 BDKRB2 2,795 # 

6 Ɉɛɳɚɹ CLDN7 1,007 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLDN7 0,106 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 CLDN7 2,031 # 

7 Ɉɛɳɚɹ PECAM1 0,924 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ PECAM1 0,119 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 PECAM1 1,952 # 

8 Ɉɛɳɚɹ GRIN 1 0,979 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GRIN 1 0,221 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 4 GRIN 1 1,941 # 

9 Ɉɛɳɚɹ SIRT1 1,104 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SIRT1 0,981 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 SIRT1 1,936 # 

10 Ɉɛɳɚɹ GFAP 1,056 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GFAP 0,069 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 8-9 GFAP 1,775 # 

11 Ɉɛɳɚɹ CRHR2 0,963 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CRHR2 0,122 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 CRHR2 1,188 # 

12 Ɉɛɳɚɹ IL18 0,957 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ IL18 0,103 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 IL18 1,889 # 

13 Ɉɛɳɚɹ KHDRBS1 1,061 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ KHDRBS1 0,425 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 KHDRBS1 1,884 # 
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14 Ɉɛɳɚɹ AHR 1,132 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ AHR 0,436 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 AHR 1,776 # 

15 Ɉɛɳɚɹ SREBF1 1,232 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SREBF1 0,528 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 5 SREBF1 1,772 # 

16 Ɉɛɳɚɹ CLOCK  0,996 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLOCK 0,547 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 14 CLOCK 1,731 # 

17 Ɉɛɳɚɹ FLT1 0,863 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ FLT1 0,560 # 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 15-30 FLT1 1,691 # 

 

# p < 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ, ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɶɧɨɣ ɩɥɚɡɦɢɞɨɣ pGFP. 
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Ɍɚɛɥɢɰɚ 4. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɱɟɥɨɜɟɤɚ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. 

№ ɋɩɚɥɣɫ-ɜɚɪɢɚɧɬ ɍɪɨɜɟɧɶ 
ɦɊɇɄ 

1 Ɉɛɳɚɹ TERT  1,206 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TERT (α+ȕ+ TERT) 0,604 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 7-8 TERT (α+ȕ– TERT) 1,959 * 

2 Ɉɛɳɚɹ Casp-2 1,099 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ Casp-2 (Casp-2L) 0,360 * 

ȼɫɬɚɜɤɚ ɷɤɡɨɧɚ 9 Casp-2 (Casp-2S) 1,773 * 

3 Ɉɛɳɚɹ DNase I 0,968 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DNase I (nDNase I) 0,504 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 DNase I (∆4DNase I) 2,032 * 

4 Ɉɛɳɚɹ BCLX 1,166 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BCLX (BCLXL) 2,241 * 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’ɤɨɧɰɚ 
ɷɤɡɨɧɚ 2 (BCLXS) 

0,541 * 

5 Ɉɛɳɚɹ NOVA 1 1,061 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ NOVA 1 0,105 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 NOVA 1 2,182 * 

6 Ɉɛɳɚɹ GRIN 1 0,856 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GRIN 1 0,044 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 4 GRIN 1 3,811 * 

7 Ɉɛɳɚɹ CLOCK 1,195 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLOCK 0,130 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-8 CLOCK 3,174 * 

8 Ɉɛɳɚɹ NR1D2 0,887 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ NR1D2 0,159 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 2–6 NR1D2 2,870 * 

9 Ɉɛɳɚɹ FOXP3 1,299 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ FOXP3 0,174 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 FOXP3 2,038 * 

10 Ɉɛɳɚɹ DRG2 0,867 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DRG2 0,208 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 DRG2 2,037 * 

11 Ɉɛɳɚɹ ARIH1 1,150 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ ARIH1 0,184 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 ARIH1 2,030 * 

12 Ɉɛɳɚɹ SAMHD1 0,819 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SAMHD1 0,209  * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 14 SAMHD1 2,002  * 

13 Ɉɛɳɚɹ SIRT1 1,056 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SIRT1 0,271  * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 SIRT1 2,001 * 

14 Ɉɛɳɚɹ RNF128 9,105 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ RNF128 0,166 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 1 RNF128 1,834 * 
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15 Ɉɛɳɚɹ CLDN7 0,892 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLDN7 0,118 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 CLDN7 1,821 * 

 

* p < 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɧɬɚɤɬɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
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Ɍɚɛɥɢɰɚ 5. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɤɪɵɫɵ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. 

№ ɋɩɚɥɣɫ-ɜɚɪɢɚɧɬ ɍɪɨɜɟɧɶ 
ɦɊɇɄ 

1 Ɉɛɳɚɹ TERT  0,993 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TERT (α+ȕ+ TERT) 0,521 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 7-8 TERT (α+ȕ+ TERT) 2,002 * 

2 Ɉɛɳɚɹ Casp-2 0,067 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ Casp-2 (Casp-2L) 1,244 * 

ȼɫɬɚɜɤɚ ɷɤɡɨɧɚ 9 Casp-2 (Casp-2S) 0,866 * 

3 Ɉɛɳɚɹ DNase I 0,964 
ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DNase I (nDNase I) 0,637 * 
Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 DNase I (∆4DNase I) 2,250 * 

4 Ɉɛɳɚɹ BCLX 1,096 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BCLX (BCLXL) 0,355 * 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’ɤɨɧɰɚ 
ɷɤɡɨɧɚ 2 (BCLXS) 

3,051 * 

5 Ɉɛɳɚɹ ARNTL 0,897 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ ARNTL 0,362 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 6 ARNTL 2,895 * 

6 Ɉɛɳɚɹ ARIH1 1,033 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ ARIH1 0,318 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 ARIH1 2,506 * 

7 Ɉɛɳɚɹ CLDN7 1,091 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLDN7 0,305 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 CLDN7 2,354 * 

8 Ɉɛɳɚɹ IL18 0,958 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ IL18 0,336 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 IL18 1,980 * 

9 Ɉɛɳɚɹ CLOCK 1,054 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLOCK 0,441 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 1-9 CLOCK 1,901 * 

10 Ɉɛɳɚɹ PECAM1 1,083 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ PECAM1 0,541 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 PECAM1 1,703 * 

 

* p < 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɧɬɚɤɬɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 
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Ɍɚɛɥɢɰɚ 6. ɍɪɨɜɧɢ ɦɊɇɄ ɫɩɥɚɣɫ-ɜɚɪɢɚɧɬɨɜ ɜ CD4+ Ɍ-ɥɢɦɮɨɰɢɬɚɯ ɤɪɵɫɵ, 
ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ ɰɢɫɩɥɚɬɢɧɨɦ. 

# ɋɩɚɥɣɫ-ɜɚɪɢɚɧɬ ɍɪɨɜɟɧɶ 

ɦɊɇɄ 

1 Ɉɛɳɚɹ TERT  1,008 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TERT (α+ȕ+ TERT) 0,412 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 7-8 TERT (α+ȕ+ TERT) 2,352 * 

2 Ɉɛɳɚɹ CASP-2 0,794 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CASP-2 (Casp-2L) 0,520 * 

ȼɫɬɚɜɤɚ ɷɤɡɨɧɚ 9 Casp-2 (Casp-2S) 2,214 * 

3 Ɉɛɳɚɹ DNASE I 0,907 
ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ DNase I (nDNase I) 0,631 * 
Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 DNase I (∆4DNase I) 2,000 * 

4 Ɉɛɳɚɹ BCLX 1,095 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ BCLX (BCLXL) 0,304 * 

Ⱦɟɥɟɰɢɹ 189 ɧɭɤɥɟɨɬɢɞɨɜ ɫ 3’ɤɨɧɰɚ 
ɷɤɡɨɧɚ 2 (BCLXS) 

1,855 * 

5 Ɉɛɳɚɹ GTPBP8 0,995 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GTPBP8 0,314 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 GTPBP8 1,772 * 

6 Ɉɛɳɚɹ SREBF1 0,865 * 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ SREBF1 0,288 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 5 SREBF1 1,807 * 

7 Ɉɛɳɚɹ CLOCK  0,911 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLOCK 0,305 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 14 CLOCK 1,807 * 

8 Ɉɛɳɚɹ GRIN 1 1,215 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ GRIN 1 0,336 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 4 GRIN 1 1,800 * 

9 Ɉɛɳɚɹ CLDN7 1,165 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CLDN7 0,201 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 CLDN7 1,746 * 

10 Ɉɛɳɚɹ CRHR2 1,114 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ CRHR2 0,553 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɨɜ 1-2 CRHR2 1,568 * 

11 Ɉɛɳɚɹ TRIM23 0,924 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ TRIM23 0,341 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 2 TRIM23 1,608 * 

12 Ɉɛɳɚɹ IL18 0,999 * 

ɉɨɥɧɨɪɚɡɦɟɪɧɚɹ IL18 0,503 * 

Ⱦɟɥɟɰɢɹ ɷɤɡɨɧɚ 3 IL18 1,739 * 

* p < 0,05 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɧɬɚɤɬɧɵɦ ɤɨɧɬɪɨɥɶɧɵɦ ɤɥɟɬɤɚɦ. 



326 

Ɉɛɨɡɧɚɱɟɧɢɹ ɦɊɇɄ ɝɟɧɨɜ ɜ ɬɚɛɥɢɰɚɯ 1 – 6.  

AHR - Aryl-hydrocarbon receptor 

ARIH1 - Ariadne RBR E3 ubiquitin protein ligase 1 

ARNTL - Aryl hydrocarbon receptor nuclear translocator-like 

BCLX – B cell Lymphoma extra. Ⱦɪɭɝɨɟ ɧɚɡɜɚɧɢɟ BCL2L1. 

BDKRB2 - Bradykinin receptor B2 

CASP-2 – Caspase 2 

CLDN7 – Claudin 7 

CLOCK - CLOCK circadian regulator 

CRHR2 - Corticotropin releasing hormone receptor 2 

DNase I – Deoxyribonuclease 1 

DRG2 - Developmentally regulated GTP binding protein 2 

FOXP3 - Forkhead box P3 

FLT1 - FMS-related tyrosine kinase 1 

GFAP - Glial fibrillary acidic protein 

GRIN 1 - Glutamate ionotropic receptor NMDA type subunit 1 

GTPBP8 - GTP-binding protein 8  

IL18 - Interleukin 18 

KHDRBS1 - KH RNA binding domain containing, signal transduction associated 1 

MGAT5 - Ɇannosyl (alpha-1,6-)-glycoprotein beta-1,6-N-acetyl-

glucosaminyltransferase 

NOVA1 - NOVA alternative splicing regulator 1 

NR1D2 - Nuclear receptor subfamily 1 group D member 2c 

PECAM1 - Platelet/endothelial cell adhesion molecule 1 

RNF128 - Ring finger protein 128, E3 ubiquitin protein ligase 

SAMHD1 - SAM and HD domain containing deoxynucleoside triphosphate 

triphosphohydrolase 1 

SIRT1 - Sirtuin 1 

SREBF1 - Sterol regulatory element binding transcription factor 1 

TERT – Telomerase reverse transcriptase 

TRIM23 - Tripartite motif-containing 23 
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Ɍɚɛɥɢɰɚ 7. ɉɪɚɣɦɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɤɥɟɬɤɚɦɢ 
ɱɟɥɨɜɟɤɚ. 

ɦɊɇɄ ɉɪɹɦɨɣ ɩɪɚɣɦɟɪ (5’-3’) Ɉɛɪɚɬɧɵɣ ɩɪɚɣɦɟɪ (5’-3’) 
Ɋɚɡɦɟɪ 
ɚɦɩɥɢɮɢɤɚɬɚ, 
ɩ.ɨ. 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɬɠɢɝɚ, °C 

EndoG AATTGAGCTCCGCACCTACGTGAT AGGATGTTTGGCACAAAGAGCAGC 167 55 

α+β+ hTERT TGTACTTTGTCAAGGTGGATGTG GTACGGCTGGAGGTCTGTCAA 202 53 

α+β- hTERT TGTACTTTGTCAAGGTGGATGTG GGCACTGGACGTAGGACGTGG 189 53 

α-β+ hTERT CTGAGCTGTACTTTGTCAAGGAC GTACGGCTGGAGGTCTGTCAA 172 53 

α-β- hTERT CTGAGCTGTACTTTGTCAAGGAC GGCACTGGACGTAGGACGTGG 159 58 

hTERT ɧɤɊɇɄ CACCAGAGTCTCCTTTTCTGGC CCCCGCTTGCCATTTCC 137 59 

hTERT EGPO CAGGGGCAAGTGAGTCAGG CCCAGCCACCCGCAG 52 60 

β-Gal GCAGCAGTGATGATCCAGAACT CGTAGGTCACAGATGAGCCAATAA 75 60 

Casp-2L ɢ 2S AGCTCTTTGACAACGCCAA TCGGCAACTTTTCTTTACCG 171 ɢ 232 58 

Casp-2 ɨɛɳɚɹ GCATGTACTCCCACCGTTGA TGCTCAACACCAGTGCTAGG 242 60 

Casp-2L AGCTCTTTGACAACGCCAA CAGGAACCTCGTTTGGTGTT 262 58 

Casp-2S CCGTGGAGGTGCTATTGG TCGGCAACTTTTCTTTACCG 165 57 

Casp-2 ɧɤɊɇɄ CGTGCACCACCATATCCTGT GGGCACCAGAGTTAATGAAGC 101 60 

Casp-2 EGPO ACCTCCTTCTGTTCACTGCTG CCCATGCATTGGGAGACACTT 63 59 
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Ɍɚɛɥɢɰɚ 8. ɉɪɚɣɦɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɤɥɟɬɤɚɦɢ 

ɱɟɥɨɜɟɤɚ (ɩɪɨɞɨɥɠɟɧɢɟ). 
 

ɦɊɇɄ 

 
ɉɪɹɦɨɣ ɩɪɚɣɦɟɪ (5’-3’) Ɉɛɪɚɬɧɵɣ ɩɪɚɣɦɟɪ (5’-3’) 

Ɋɚɡɦɟɪ 
ɚɦɩɥɢɮɢɤɚɬɚ, 
ɩ.ɨ. 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɬɠɢɝɚ, °C 

BCL-xL ɢ BCL-xS ACCCCAGGGACAGCATATCAG TGCATTGTTCCCATAGAGTTCCAC 255 57 

BCL-xL ACCCCAGGGACAGCATATCAG GCCGTTCTCCTGGATCCAAG 216 58 

BCL-xS ATGGCAGCAGTAAAGCAAG GTTCCACAAAAGTATCGCTCTG 135 64 

BCL-x EGPO TGCAGGTATTGGTGAGTCGG ACGTCTCCAACAATCACCCAA 198 65 

DNase I ɢ ∆4DNase I ATCCTGAGCCGCTATGACAT TGTGAACCGGGAGAAGAACCTG 239 58 

DNase I GCTACATTGTGCAGATCCTGAGC TGTACACGAACAGGTAGCGCTCC 224 57 

∆4DNase GCTACATTGTGCAGATCCTGAGC ACCTGGTCAGGCTGATTGAGGTT 161 58 

DNase 1 ɧɤɊɇɄ CCGTGTCGGAGTGAAGTGAA ATCCACAGACCACGTAGGGA 137 59 

DNase 1 EGPO TTCCTCGCGATGGACAAGCA CCTCCCCGAAGGACCGAAAG 58 62 

NADH ɞɟɝɢɞɪɨɝɟɧɚɡɚ TACACGATGAGGCAACCAAA GGTAGGGGGTGTGTTGTGAG 162 55 

18S GGATCCATTGGAGGGCAAGT ACGAGCTTTTTAACTGCAGCAA 91 64 

Ʌɚɦɢɧ ȼ1 GATTGCCCAGTTGGAAGCCT TGGTCTCGTTAATCTCCTCTTCATACA 152 60 
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Ɍɚɛɥɢɰɚ 9. ɉɪɚɣɦɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɈɌ-ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɤɥɟɬɤɚɦɢ 
ɦɵɲɢ ɢ ɤɪɵɫɵ. 

ɦɊɇɄ ɉɪɹɦɨɣ 5'-3’ Ɉɛɪɚɬɧɵɣ 5'-3’ 
Ɋɚɡɦɟɪ 
ɚɦɩɥɢɮɢɤɚɬɚ, 
ɩ.ɨ. 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɬɠɢɝɚ, °C 

EndoG ɤɪɵɫɵ GCATGCCTGGAACAACCTTGAGAA TGCCTCCAGGATCAACACCTTGAA 193 65 

EndoG ɦɵɲɢ GAATGCCTGGAACAACCTTGAGAG TGCCTCCAGGATCAACACCTTGAA 169 64 

α+β+ TERT TGCTACTGTTGAGCCGAGTG TTTGGTACAGGGGAGACCCA 120 55 

α+β- TERT TGCTACTGTTGAGCCGAGTG CTGGCCCCAGTCAAGTTAGG 167 58 

Casp-2L GCATACATAGCAATGCGTGGCCTT TCAGTGTCAGTCTGTGGGCATTGA 109 64 

Casp-2S AGACCTAAGTGCAGTGTCCTTGCT ATACTGGTCACGTCCAAGTGGCTT 100 65 

DNase I ɢ ∆4DNase I TGCTGTTGGGAAGCTACTGGATGA CAAACTCCCTGACCTCTGTGAACC 157 65 

DNase I ATCCTGAGTCGCTATGACATCGC CCTGTACACAAAAAGGTACTGTT 174 59 

∆4DNase I ATCCTGAGTCGCTATGACATCGC ACCTGGTCAGGCCGATTGAGTTC 101 65 

BCL-xL TCGGCCAGCTTTATAAGTCAGCGA TGGGTACAGGGACATCTTTGCACT 85 65 

BCL-xS AGTTTCCAGGGATTGGCAAGCAAC ATTTGGCAAAGCTCTGGAAGGTGG 195 64 

β-actin TGAGAGGGAAATCGTGCGTGACAT AACGCTCATTGCCGATAGTGATGA 152 65 

18S GGTCCATTGGAGGGCAAGT ACGAGCTTTTTAACTGCAGCAA 91 64 
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