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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʨʦʙʣʝʤ ʤʠʨʦʚʦʡ ʤʝʜʠʮʠʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʠ, ʦʧʫʭʦʣʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʣʝʯʝʥʠʶ ʠ ʷʚʣʷʪʁʩʷ 

ʚʳʟʦʚʦʤ ʜʣʷ ʪʝʨʘʧʠʠ. ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʈʦʩʩʠʠ ʦʪʨʘʞʘʝʪ ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ) [1, 176, 235, 239]. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʙʦʣʴʥʳʭ 

ʩ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʎʅʉ 

ʩʦʩʪʘʚʣʷʝʪ 54.8 ʣʝʪ ʜʣʷ ʤʫʞʯʠʥ ʠ 56.8 ʣʝʪ ʜʣʷ ʞʝʥʱʠʥ, ʘ ʣʝʪʘʣʴʥʦʩʪʴ ʦʪ ʜʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ ʦʩʪʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ [1]. 

ʉʨʝʜʠ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ ʎʅʉ ʫ ʚʟʨʦʩʣʳʭ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ 

ʟʘʥʠʤʘʶʪ ʛʣʠʦʤʳ  ʛʝʪʝʨʦʛʝʥʥʘʷ ʛʨʫʧʧʘ ʦʧʫʭʦʣʝʡ ʥʝʡʨʦʵʢʪʦʜʝʨʤʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 30% ʚʩʝʭ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ 

ʤʦʟʛʘ ʠ ʜʦ 80% ʚʩʝʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʵʪʦʡ ʣʦʢʘʣʠʟʘʮʠʠ [176, 239]. ʇʠʢ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʦʟʨʘʩʪ 45-70 ʣʝʪ, ʧʨʠʯʝʤ ʤʫʞʯʠʥʳ ʙʦʣʝʶʪ ʯʘʱʝ 

ʞʝʥʱʠʥ. ʅʘʠʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ ʛʣʠʦʤ ʷʚʣʷʝʪʩʷ ʛʣʠʦʙʣʘʩʪʦʤʘ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 14% ʚʩʝʭ ʛʣʠʦʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʭʫʜʰʠʤ 

ʧʨʦʛʥʦʟʦʤ. ʄʝʜʠʘʥʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʘʮʠʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 12-15 ʤʝʩʷʮʝʚ, ʘ 

ʧʷʪʠʣʝʪʥʷʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 6-7% [76, 169, 176, 240]. 

ʉʪʘʥʜʘʨʪʥʘʷ ʪʝʨʘʧʠ ̫ʛʣʠʦʤ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʫʶ 

ʭʠʨʫʨʛʠʯʝʩʢʫʶ ʨʝʟʝʢʮʠʶ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʲʶʚʘʥʪʥʦʡ ʨʘʜʠʦ- ʠ ʭʠʤʠʦʪʝʨʘʧʠʝʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ 

ʥʝʠʟʙʝʞʥʦʩʪʴ ʨʝʮʠʜʠʚʘ, ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʠʥʬʠʣʴʪʨʘʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ. ʆʥʠ ʤʠʛʨʠʨʫʶʪ ʚʜʦʣʴ ʪʨʘʢʪʦʚ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ, 
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ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʠ ʧʦʜʧʘʫʪʠʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʧʨʦʥʠʢʘʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʚʘʞʥʳʝ ʦʙʣʘʩʪʠ ʤʦʟʛʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʣʥʦʝ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ 

ʥʝʚʦʟʤʦʞʥʳʤ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʢʣʝʪʢʠ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʘʧʠʠ 

[45, 73, 131, 178]. 

ʊʨʝʚʦʞʥʳʤ ʬʝʥʦʤʝʥʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʤʠʛʨʘʮʠʶ ʠ ʠʥʚʘʟʠʶ ʚʳʞʠʚʰʠʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʨʝʮʠʜʠʚʦʚ [73, 146, 

223]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʝʡ ʩʯʠʪʘʝʪʩʷ 

ʚʳʨʘʞʝʥʥʘʷ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʳʭ 

ʩʫʙʧʦʧʫʣʷʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʆʉʂ). ʕʪʠ ʢʣʝʪʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʜʣʝʥʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʫʩʢʦʣʴʟʘʪʴ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʝʩʷ ʢʣʝʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʆʉʂ 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʯʘʩʪʦ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ 

ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʥʠʰʘʭ. ɻʠʧʦʢʩʠʷ ʥʘʧʨʷʤʫʶ ʩʥʠʞʘʝʪ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʠʥʜʫʮʠʨʫʝʪ ʬʘʢʪʦʨʳ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʘʥʛʠʦʛʝʥʝʟ, ʠʥʚʘʟʠʶ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ 

ʘʜʘʧʪʘʮʠʶ ʦʧʫʭʦʣʠ [18, 36, 126, 182, 198]. ʄʠʛʨʘʮʠʷ ʠ ʠʥʚʘʟʠʷ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʝʡ, ʪʘʢ ʢʘʢ 

ʤʠʛʨʠʨʦʚʘʚʰʠʝ ʢʣʝʪʢʠ ʥʝ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʝʢʮʠʠ ʠ ʣʫʯʝʚʦʡ 

ʪʝʨʘʧʠʠ ʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʨʝʮʠʜʠʚʦʚ [36, 126]. 

ɺ ʩʚʝʪʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʪʝʨʘʧʠʠ 

ʛʣʠʦʤ ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʫʪʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʠʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʘʩʢʘʜʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʣʠʦʤʥʳʭ 

ʢʣʝʪʦʢ ʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ 

ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʘʧʪʘʤʝʨʳ, ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʦʧʫʭʦʣʝʚʦʡ ʧʨʦʛʨʝʩʩʠʠ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ɺ ʩʦʯʝʪʘʥʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʨʘʧʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ, ʘʧʪʘʤʝʨʳ ʤʦʛʫʪ 
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ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʟʚʝʥʴʝʚ ʧʘʪʦʛʝʥʝʟʘ, ʧʦʜʘʚʣʷʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʠ 

ʩʥʠʞʘʪʴ ʠʭ ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʦʢʨʫʞʘʶʱʠʭ 

ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʀʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʛʨʠʨʫʶʱʠʭ, 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ in vitro ʠ ʨʝʛʫʣʷʮʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʩʧʝʮʠʬʠʯʥʳʭ ʢ 

ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʘʧʪʘʤʝʨʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ (HGG) ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ bi-(AID-1-T); 

2. ʀʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʦʡ 20 Gy; 

3. ʆʮʝʥʠʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤʳ 

ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʦʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʣʫʯʝʥʠʷ ʜʦʟʦʡ 20 Gy ʠ ʘʧʪʘʤʝʨʘ bi-(AID-1-T); 

4. ʆʧʨʝʜʝʣʠʪʴ ʙʝʣʢʠ-ʤʠʰʝʥʠ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠ bi-

(AID-1-ʉ); 

5. ʀʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠ bi-(AID-1-ʉ) ʠ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʢʦʤʙʠʥʘʮʠʶ ʘʧʪʘʤʝʨʦʚ; 

6. ʆʮʝʥʠʪʴ ʤʠʛʨʘʮʠʦʥʥʫʶ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʦʩʣʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʣʫʯʝʥʠʷ ʠ ʜʚʫʭ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠ bi-

(AID-1-ʉ). 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʧʝʨʚʠʯʥʳʭ 

ʛʣʠʦʤ ʠ ʛʣʠʦʤ ʨʝʮʠʜʠʚʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ (HGG), 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʦʧʫʭʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʘʮʠʝʥʪʦʚ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʦʟʦʡ 20 Gy ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ʠ ʨʝʮʠʜʠʚʦʚ HGG. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʜʦʟʦʡ 20 Gy ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ʠ ʨʝʮʠʜʠʚʦʚ. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʢʣʝʪʦʯʥʳʝ 

ʙʝʣʢʦʚʳʝ ʤʠʰʝʥʠ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠ bi-(AID-1-ʉ). ɺʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʪʘʤʝʨʦʚ 

bi-(AID-1-T) ʠ bi-(AID-1-ʉ) ʧʦ ʩʥʠʞʝʥʠʶ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʠ ʤʠʛʨʘʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ HGG. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ bi-

(AID-1-ʉ) ʠ bi-(AID-1-T). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʡ ʘʧʪʘʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʛʣʠʦʤ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʪʝʨʘʧʠʠ. 

ɹʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʪʝʨʘʧʠʠ ʛʣʠʦʤ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʜʦʧʦʣʥʝʥʠʠ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʦʚ bi-(AID-

1-ʉ) ʠ bi-(AID-1-T) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʡ ʘʧʪʘʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʪʢʘʥʠ ʠ ʥʝʪʦʢʩʠʯʥʳʭ ʜʣʷ ʟʜʦʨʦʚʳʭ, ʢʦʪʦʨʳʝ 

ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʦʧʫʭʦʣʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʤʠʛʨʠʨʦʚʘʪʴ ʚ 

ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ. 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʆʈʊɸʃ, ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪʳ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʩʧʝʮʠʘʣʠʩʪʳ ʅʄʀʎ ʅʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1) ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-ʉ), ʩʧʝʮʠʬʠʯʥʦʛʦ ʢ 

ʙʝʣʢʫ SNRNP70, ʠ ʘʧʪʘʤʝʨʘ bi-(AID-1-T), ʩʧʝʮʠʬʠʯʥʦʛʦ ʢ ʙʝʣʢʫ PARP1, ʠʟʤʝʥʷʝʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ HGG in vitro, ʩʥʠʞʘʷ 

ʠʭ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʠ ʤʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

2) ɼʦʧʦʣʥʝʥʠʝ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʘ bi-(AID-1-ʉ) ʠ 

ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʜʠʦʩʝʥʩʠʙʠʣʠʟʘʮʠʶ ʢʣʝʪʦʢ ʛʣʠʦʤʳ 

ʯʝʣʦʚʝʢʘ HGG in vitro, ʩʥʠʞʘʷ ʠʭ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʠ ʤʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ IV ʅʘʮʠʦʥʘʣʴʥʦʤ ʢʦʥʛʨʝʩʩʝ 

ʧʦ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (2019 ʛʦʜ) ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʥʘʫʯʥʦʤ 

ʬʦʨʫʤʝ çʃʆʄʆʅʆʉʆɺ-2020è (2020 ʛʦʜ), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ 

ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ çʃʆʄʆʅʆʉʆɺ-2021è (2021 ʛʦʜ), ʥʘ XXV  ʥʘʫʯʥʦʡ ʰʢʦʣʝ-

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʀʥʩʪʠʪʫʪʘ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ 

ʈɸʅ (2021 ʛʦʜ), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ 

çʃʆʄʆʅʆʉʆɺ-2022è (2022 ʛʦʜ), ʥʘ VIII  ʄʦʣʦʜʝʞʥʦʡ ʐʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʀʥʩʪʠʪʫʪʘ ʎʠʪʦʣʦʛʠʠ ʈɸʅ  

(2022 ʛʦʜ),  ʥʘ V ʅʘʮʠʦʥʘʣʴʥʦʤ ʂʦʥʛʨʝʩʩʝ ʇʦ ʈʝʛʝʥʝʨʘʪʠʚʥʦʡ ʄʝʜʠʮʠʥʝ (2022 

ʛʦʜ), ʥʘ XXIV  ʩʲʝʟʜʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʤ. ʀ. ʇ. ʇʘʚʣʦʚʘ (2023 ʛʦʜ), ʥʘ 

IX ʄʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ 

ʀʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ (2024 ʛʦʜ) ʠ ʥʘ VI ʅʘʮʠʦʥʘʣʴʥʦʤ ʢʦʥʛʨʝʩʩʝ ʧʦ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (2024 ʛʦʜ). 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 3 

ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ Web of Science Core Collection. 

ʃʠʯʥʳʡ ʚʢʣʘʜ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʈʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ ʘʬʬʠʥʥʦʩʪʠ bi-(AID-1-T) ʢ PARP1 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ɸʥʪʠʧʦʚʦʡ ʆ. ʄ. ʠ  ʂʦʧʳʣʦʚʳʤ ɸ.ʄ. (ʅʀʀ ʌʍɹ 

ʠʤʝʥʠ ɸ.ʅ. ɹʝʣʦʟʝʨʩʢʦʛʦ ʄɻʋ), ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ-ʤʠʰʝʥʠ bi-(AID-1-

T) ʠ bi-(AID-1-ʉ) ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʇʘʥʪʝʣʝʝʚʘ ɼ.ʖ. (ʀɺʅɼ ʠ ʅʌ ʈɸʅ) ʠ 

ɿʠʛʘʥʰʠʥʘ ʈ.ʍ. (ʀɹʍ ʈɸʅ). ʆʮʝʥʢʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʉʘʚʯʝʥʢʦ 

ɽ.ɸ. (ʅʄʀʎ ʅʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ). ʈʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʙʠʥʘʮʠʠ 

ʘʧʪʘʤʝʨʦʚ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ 

ʉʘʤʦʡʣʝʥʢʦʚʦʡ ʅ.ʉ. ʠ ʉʘʚʯʝʥʢʦ ɽ.ɸ.  (ʅʄʀʎ ʅʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. 

ɹʫʨʜʝʥʢʦ). ʆʙʣʫʯʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʅʄʀʎ ʅʝʡʨʦʭʠʨʫʨʛʠʠ 

ʠʤ. ʘʢ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 162 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ 

59 ʠʣʣʶʩʪʨʘʮʠʡ, 6 ʪʘʙʣʠʮ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ: 

ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ, ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʝ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʙʦʪʳ, ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, 

ʙʣʘʛʦʜʘʨʥʦʩʪʠ, ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ 

ʫʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʠʪ 265 ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ. 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ʕʧʠʜʝʤʠʦʣʦʛʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʨʦʙʣʝʤ ʤʠʨʦʚʦʡ ʤʝʜʠʮʠʥʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʪʝʨʘʧʠʠ, ʥʦ ʦʩʪʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʦʧʫʭʦʣʝʡ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ ʣʝʯʝʥʠʶ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʦʧʫʭʦʣʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʯʴʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʣʘʶʪ ʠʭ ʧʦʣʥʦʝ 

ʫʜʘʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ.  

ɺ ʈʦʩʩʠʠ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʝʫʢʣʦʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ (ʈʠʩʫʥʦʢ 1) [3]. 

 

ʈʠʩʫʥʦʢ 1. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʩ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 100 ʪʳʩ. ʯʝʣʦʚʝʢ ʥʘʩʝʣʝʥʠʷ ʟʘ ʧʝʨʠʦʜ 2005-

2024 ʛʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ [3]  

ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʨʦʩʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʎʅʉ 

(ʈʠʩʫʥʦʢ 2), ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʥʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʣʩʷ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʥʦ ʚʩʝ ʨʘʚʥʦ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ (ʈʠʩʫʥʦʢ 3). 

ʇʦ ʜʘʥʥʳʤ ʟʘ 2024 ʛʦʜ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʙʦʣʴʥʳʭ ʩ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ 
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ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʩʦʩʪʘʚʣʷʝʪ 54,8 ʣʝʪ ʜʣʷ ʤʫʞʯʠʥ ʠ 58,6 ʣʝʪ ʜʣʷ 

ʞʝʥʱʠʥ[1]. 

 

ʈʠʩʫʥʦʢ 2. ɸʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʠʘʛʥʦʟʦʚ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʜʨ. ʦʪʜʝʣʦʚ ʎʅʉ ʚ ʈʦʩʩʠʠ ʚ 

2013-2024 ʛʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ [1] 

 

ʈʠʩʫʥʦʢ 3. ʈʠʩʫʥʦʢ. ɼʦʣʷ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʠʘʛʥʦʟʦʚ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʜʨʫʛʠʭ ʦʪʜʝʣʦʚ ʎʅʉ ʦʪ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʜʠʘʛʥʦʟʦʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʚ 2013-2024 

ʛʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ [1]  
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ʃʝʪʘʣʴʥʦʩʪʴ ʦʪ ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʜʨʫʛʠʭ ʦʪʜʝʣʦʚ ʎʅʉ ʪʘʢʞʝ 

ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ (ʈʠʩʫʥʦʢ 4), ʘ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʫʤʝʨʰʠʭ 

ʩʦʩʪʘʚʣʷʝʪ 55,4 ʣʝʪ ʜʣʷ ʤʫʞʯʠʥ ʠ 59,7 ʣʝʪ ʜʣʷ ʞʝʥʱʠʥ [2].  

 

ʈʠʩʫʥʦʢ 4. ɸʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʫʤʝʨʰʠʭ ʦʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʡ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʜʨ. ʦʪʜʝʣʦʚ ʎʅʉ ʚ ʈʦʩʩʠʠ ʚ 2013-2023 ʛʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʠʟ [2]  

ɻʣʠʦʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʧʝʨʚʠʯʥʳʭ 

ʦʧʫʭʦʣʝʡ ʎʅʉ ʫ ʚʟʨʦʩʣʳʭ [235, 239], ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 30% ʚʩʝʭ ʧʝʨʚʠʯʥʳʭ 

ʦʧʫʭʦʣʝʡ ʠ ʦʢʦʣʦ 80% ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʤʦʟʛʘ [169, 176, 240]. ʇʠʢ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 45-70 ʣʝʪ. ʄʫʞʯʠʥʳ ʙʦʣʝʶʪ ʯʘʱʝ ʞʝʥʱʠʥ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1,5:1) [134].  

ɻʣʠʦʤʳʛʝʪʝʨʦʛʝʥʥʘʷ ʛʨʫʧʧʘ ʦʧʫʭʦʣʝʡ ʥʝʡʨʦʵʢʪʦʜʝʨʤʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʢʦʪʦʨʳʝ, 

ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ), 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʦʪ 1 ʜʦ 4, ʛʜʝ 3 ʠ 4 ʩʪʝʧʝʥʠ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʘʛʨʝʩʩʠʚʥʳʤʠ (HGG-High grade gliomas) 

[235, 239ï241]. ɻʣʠʦʙʣʘʩʪʦʤʳ (ʛʣʠʦʤʳ 4 ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ) ʩʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ 14% ʚʩʝʭ ʛʣʠʦʤ ʠ ʠʤʝʶʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 5-ʣʝʪʥʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʧʘʮʠʝʥʪʦʚ (ʦʢʦʣʦ 6%), ʘ ʤʝʜʠʘʥʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 12-15 ʤʝʩʷʮʝʚ [176, 

241]. 
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1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʣʠʦʤ 

ɻʣʠʦʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉ 2021 ʛʦʜʘ ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢʘʢ ʧʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʦʧʫʭʦʣʠ, ʪʘʢ ʠ ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [134, 240, 241]. 

ɺ 5-ʤ ʠʟʜʘʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʧʫʭʦʣʝʡ ʎʅʉ (2021) ʛʣʠʦʤʳ, 

ʛʣʠʦʥʝʡʨʦʥʘʣʴʥʳʝ ʦʧʫʭʦʣʠ ʠ ʥʝʡʨʦʥʘʣʴʥʳʝ ʦʧʫʭʦʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʚʟʨʦʩʣʳʝ ʠ 

ʜʝʪʩʢʠʝ ʪʠʧʳ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʬʠʣʷʭ ʠ ʢʣʠʥʠʯʝʩʢʦʤ 

ʪʝʯʝʥʠʠ [134] . ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʩʝʤʝʡʩʪʚ ʚʳʜʝʣʷʶʪ: 

¶ ʜʠʬʬʫʟʥʳʝ ʛʣʠʦʤʳ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ (ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ); 

¶ ʜʠʬʬʫʟʥʳʝ ʛʣʠʦʤʳ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʜʝʪʩʢʦʛʦ ʪʠʧʘ; 

¶ ʜʠʬʬʫʟʥʳʝ ʛʣʠʦʤʳ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʜʝʪʩʢʦʛʦ ʪʠʧʘ; 

¶ ʦʛʨʘʥʠʯʝʥʥʳʝ ʘʩʪʨʦʮʠʪʘʨʥʳʝ ʛʣʠʦʤʳ; 

¶ ʛʣʠʦʥʝʡʨʦʥʘʣʴʥʳʝ ʠ ʥʝʡʨʦʥʘʣʴʥʳʝ ʦʧʫʭʦʣʠ (ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʛʨʫʧʧʘ 

ʦʧʫʭʦʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ); 

¶ ʵʧʝʥʜʠʤʦʤʳ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʧʫʭʦʣʝʡ. ʆʩʥʦʚʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʣʠʦʤ ʫ 

ʚʟʨʦʩʣʳʭ ʷʚʣʷʶʪʩʷ: ʤʫʪʘʮʠʷ IDH, ʢʦʜʝʣʝʮʠʷ 1p/19q, ʤʫʪʘʮʠʷ ʛʠʩʪʦʥʘ H3 K27M, 

ʤʫʪʘʮʠʷ ʛʠʩʪʦʥʘ H3.3 G34R/V, ʤʫʪʘʮʠʷ ʧʨʦʤʦʪʦʨʘ TERT , ʘʤʧʣʠʬʠʢʘʮʠʷ ʛʝʥʘ 

EGFR , ʫʚʝʣʠʯʝʥʠʝ ʭʨʦʤʦʩʦʤʳ 7 ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʪʝʨʝʡ ʭʨʦʤʦʩʦʤʳ 10 ʠ 

ʛʦʤʦʟʠʛʦʪʥʳʝ ʜʝʣʝʮʠʠ ʥʘ 9p21, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʣʦʢʫʩʳ ʛʝʥʦʚ CDKN2A ʠ 

CDKN2B ( ʛʦʤʦʟʠʛʦʪʥʘʷ ʜʝʣʝʮʠʷ  CDKN2A/B ) (ʈʠʩʫʥʦʢ 5) [240]. 
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ʈʠʩʫʥʦʢ 5. ɸʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʛʣʠʦʤ ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʦʪ 2021 ʛʦʜʘ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [240].  

ʄʫʪʘʮʠʠ IDH1/IDH2 ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʠʬʬʫʟʥʳʭ ʛʣʠʦʤ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ (grade 2 ʠ 3) ʫ ʚʟʨʦʩʣʳʭ ʧʘʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʪʦʨʠʯʥʳʭ 

ʛʣʠʦʙʣʘʩʪʦʤ ʠ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʠ IDH ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʧʨʦʛʥʦʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IDH-ʜʠʢʠʤ ʪʠʧʦʤ ʦʧʫʭʦʣʝʡ [114, 134, 240, 241]. 

ʂʦʜʝʣʝʮʠʷ 1p/19q ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʳ ʠ ʯʘʩʪʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʤʫʪʘʮʠʝʡ IDH. ʋ ʧʘʮʠʝʥʪʦʚ ʩ 

ʢʦʜʝʣʝʮʠʝʡ 1p/19q ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʨʦʛʥʦʟ ʠ ʙʦʣʴʰʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʭʠʤʠʦʪʝʨʘʧʠʠ [134, 240, 241]. 
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ʄʝʪʠʣʠʨʦʚʘʥʠʝ MGMT ʧʨʦʤʦʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʦʧʫʭʦʣʠ ʢ ʪʝʤʦʟʦʣʦʤʠʜʫ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʧʦʟʠʪʠʚʥʳʡ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʛʣʠʦʙʣʘʩʪʦʤʦʡ IDH-ʜʠʢʦʛʦ ʪʠʧʘ [114, 

239ï241] . 

ʄʫʪʘʮʠʠ ʚ ʧʨʦʤʦʪʦʨʝ ʛʝʥʘ TERT ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʛʣʠʦʙʣʘʩʪʦʤʘʭ IDH-

ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʚ ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʘʭ (IDH-ʤʫʪʘʥʪʥʳʭ ʩ 1p/19q ʢʦʜʝʣʝʮʠʝʡ) 

[134, 240].  

ʇʦʪʝʨʷ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ ATRX ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʤʫʪʘʮʠʠ IDH ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʜʝʣʝʮʠʠ 1p/19q ʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ IDH-ʤʫʪʘʥʪʥʳʭ ʘʩʪʨʦʮʠʪʘʨʥʳʭ 

ʦʧʫʭʦʣʝʡ [134, 240].  

ɸʤʧʣʠʬʠʢʘʮʠʷ EGFR, ʤʫʪʘʮʠʠ PTEN, ʛʦʤʦʟʠʛʦʪʥʘʷ ʜʝʣʝʮʠʷ CDKN2A/B 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʘʛʨʝʩʩʠʚʥʳʭ ʛʣʠʦʙʣʘʩʪʦʤ IDH-ʜʠʢʦʛʦ ʪʠʧʘ, ʠ ʩʯʠʪʘʶʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ [134, 240, 241].  

H3 K27M-ʤʫʪʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʜʠʬʬʫʟʥʦʡ ʩʨʝʜʠʥʥʦʡ ʛʣʠʦʤʳ, ʢʦʪʦʨʘʷ, 

ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʆɿ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʫʭʦʣʠ 4-ʦʡ ʩʪʝʧʝʥʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʠ ʠʤʝʝʪ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʨʦʛʥʦʟ [90, 134] . 

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʰʢʘʣʘ ʦʪ 1 ʜʦ 4 ʩʪʝʧʝʥʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʦʧʫʭʦʣʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ (ʢʣʝʪʦʯʥʘʷ ʘʪʠʧʠʷ, ʤʠʪʦʟʳ, ʤʠʢʨʦʩʦʩʫʜʠʩʪʘʷ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʥʝʢʨʦʟ) 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʚʦʝʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʦʪ ʥʘʠʤʝʥʝʝ (1 grade) ʜʦ ʥʘʠʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʳʭ (4 grade) [134, 240, 241] : 

¶ 1 grade. ɼʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ, ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʱʠʝ ʦʧʫʭʦʣʠ (ʥʘʧʨʠʤʝʨ, 

ʧʠʣʦʮʠʪʘʨʥʘʷ ʘʩʪʨʦʮʠʪʦʤʘ). ʏʘʩʪʦ ʠʟʣʝʯʠʤʳ ʭʠʨʫʨʛʠʯʝʩʢʠ [239]; 

¶ 2 grade. ɼʠʬʬʫʟʥʳʝ ʠʥʬʠʣʴʪʨʘʪʠʚʥʳʝ ʦʧʫʭʦʣʠ ʩ ʥʠʟʢʦʡ ʤʠʪʦʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʢʣʝʪʦʯʥʦʡ ʘʪʠʧʠʝʡ (ʥʘʧʨʠʤʝʨ, ʜʠʬʬʫʟʥʘʷ ʘʩʪʨʦʮʠʪʦʤʘ ʩ 

ʤʫʪʘʮʠʝʡ IDH, ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʘ ʩ ʤʫʪʘʮʠʝʡ IDH ʠ ʢʦʜʝʣʝʮʠʝʡ 1p/19q) 

[134, 241]; 
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¶ 3 grade. ɸʥʘʧʣʘʩʪʠʯʝʩʢʠʝ ʦʧʫʭʦʣʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʘʪʠʧʠʝʡ ʠ 

ʤʠʪʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʘʥʘʧʣʘʩʪʠʯʝʩʢʘʷ ʘʩʪʨʦʮʠʪʦʤʘ ʩ 

ʤʫʪʘʮʠʝʡ IDH, ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʘ ʩ ʤʫʪʘʮʠʝʡ IDH ʠ ʢʦʜʝʣʝʮʠʝʡ 1p/19q) 

[134, 241]; 

¶ 4 grade. ʅʘʠʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ ʩ ʚʳʨʘʞʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʘʪʠʧʠʝʡ, ʚʳʩʦʢʦʡ ʤʠʪʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʠʢʨʦʩʦʩʫʜʠʩʪʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʠ ʥʝʢʨʦʟʦʤ (ʥʘʧʨʠʤʝʨ, ʛʣʠʦʙʣʘʩʪʦʤʘ IDH-ʜʠʢʦʛʦ ʪʠʧʘ, 

ʛʣʠʦʙʣʘʩʪʦʤʘ (ɻɹʄ) IDH-ʤʫʪʘʥʪʥʘʷ, ʜʠʬʬʫʟʥʘʷ ʩʨʝʜʠʥʥʘʷ ʛʣʠʦʤʘ ʩ 

ʤʫʪʘʮʠʝʡ H3 K27M) [134, 240, 241].  

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʣʠʦʙʣʘʩʪʦʤ ʩʦʛʣʘʩʥʦ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʤʫ 

ʧʨʦʬʠʣʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʥʩʢʨʠʧʪʦʤʘ. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʢʣʘʩʪʝʨʳ ʦʧʫʭʦʣʝʡ ʩʦ ʩʭʦʜʥʳʤʠ ʧʘʪʪʝʨʥʘʤʠ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ, ʦʪʨʘʞʘʶʱʠʤʠ ʘʢʪʠʚʘʮʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʳʜʝʣʷʶʪ 

ʧʨʦʥʝʡʨʘʣʴʥʳʡ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʦʜʪʠʧʳ ʛʣʠʦʙʣʘʩʪʦʤ [28, 49, 

61, 228, 239, 241]. 

ʇʨʦʥʝʡʨʘʣʴʥʳʡ ʧʦʜʪʠʧ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʫʯʰʠʡ ʧʨʦʛʥʦʟ ʩʨʝʜʠ 

ʧʦʜʪʠʧʦʚ ɻɹʄ, ʭʦʪʷ ʦʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʡ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ IDH1 [239, 241]. ɼʣʷ ʵʪʦʛʦ ʧʦʜʪʠʧʘ ʪʠʧʠʯʥʳ ʢʦ-

ʜʝʣʝʮʠʠ ʭʨʦʤʦʩʦʤ 1p/19q, ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟ ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤ 

[239]. ʇʨʦʥʝʡʨʘʣʴʥʳʡ ʧʦʜʪʠʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ 

ʥʝʡʨʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ (DCX, DLL3, ASCL1, PDGFRA, OLIG2) [28, 61], ʩ ʯʘʩʪʳʤʠ 

ʘʤʧʣʠʬʠʢʘʮʠʷʤʠ ʠ ʤʫʪʘʮʠʷʤʠ PDGFRA [28]. ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʝ ʯʝʨʪʳ [239]. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʛʝʥʘ EGFR ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ EGFRvIII [28, 61, 239, 241]. ʊʘʢʞʝ 

ʯʘʩʪʦ ʦʪʤʝʯʘʝʪʩʷ ʛʦʤʦʟʠʛʦʪʥʘʷ ʜʝʣʝʮʠʷ CDKN2A/B [208, 239]. ʕʪʦʪ ʧʦʜʪʠʧ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʠ ʨʘʟʚʠʪʠʝʤ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (EGFR, NEFL, NOTCH, NES/ʥʝʩʪʠʥ, SNAP91, GABRA1) [28, 61, 
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208]. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʪʠʧ ʦʙʳʯʥʦ IDH-ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʝʛʦ ʧʨʦʛʥʦʟ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʧʨʦʥʝʡʨʘʣʴʥʳʤ ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ [239] . 

ʄʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʦʜʪʠʧ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʠʭʫʜʰʠʤ ʧʨʦʛʥʦʟʦʤ ʠ ʚʳʩʦʢʦʡ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʪʝʨʘʧʠʠ [228, 239]. ʆʥ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʥʘʢʪʠʚʠʨʫʶʱʠʤʠ ʤʫʪʘʮʠʷʤʠ ʠ ʜʝʣʝʮʠʷʤʠ ʛʝʥʘ-ʩʫʧʨʝʩʩʦʨʘ NF1 [28, 239, 241]. 

ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʧʨʦʬʠʣʴ ʧʦʜʪʠʧʘ ʦʪʨʘʞʘʝʪ ʤʝʟʝʥʭʠʤʘʣʴʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʚʦʩʧʘʣʝʥʠʝ ʠ ʘʥʛʠʦʛʝʥʝʟ ʩ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ 

(CHI3L1/YKL-40, CD44, VEGF, TNF, TGFB1, SERPINE1/PAI-1, MET, STAT3) [28, 

61, 228]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʠʤʤʫʥʥʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʠ 

ʘʢʪʠʚʘʮʠʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʫʪʝʡ (NF-əB, TNF) [28, 228, 241]. ʉʠʛʥʘʣʴʥʳʡ 

ʧʫʪʴ STAT3 ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʬʝʥʦʪʠʧʘ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʇʦʜʪʠʧ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʬʝʥʦʪʠʧʦʤ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

(ʆʉʂ) [228] . 

ʇʨʠ ʵʪʦʤ ʛʣʠʦʙʣʘʩʪʦʤʳ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʥʫʪʨʠ- ʠ ʤʝʞʦʧʫʭʦʣʝʚʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ. ʆʜʥʘ ʦʧʫʭʦʣʴ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʢʣʝʪʢʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʨʘʟʥʳʭ ʧʦʜʪʠʧʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʨʦʥʝʡʨʘʣʴʥʦʛʦ ʚ ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʦʜʪʠʧ ʧʨʠ ʧʨʦʛʨʝʩʩʠʠ ʠ ʨʝʮʠʜʠʚʝ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʝʤ ʠʩʭʦʜʘ (ʈʠʩʫʥʦʢ 6) [208, 

228, 241]. 



19 

 

ʈʠʩʫʥʦʢ 6. ʇʨʦʥʝʡʨʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʧʝʨʝʭʦʜ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʧʦʩʣʝ 

ʨʘʜʠʦ- ʠ ʭʠʤʠʦʪʝʨʘʧʠʠ. ʌʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʢʣʝʪʢʠ ʩ 

ʧʨʦʥʝʡʨʦʥʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ; ʩʝʨʳʤ  ʢʣʝʪʢʠ ʩ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ.ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [61]. 

1.3 ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʛʣʠʦʤ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʛʣʠʦʤ. 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʣʠʦʤʳ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʠʟ ʩʪʚʦʣʦʚʳʭ ʠʣʠ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʫʙʚʝʥʪʨʠʢʫʣʷʨʥʦʡ 

(SVZ) ʟʦʥʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʕʪʠ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʞʠʟʥʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʥʢʦʛʝʥʥʳʭ ʤʫʪʘʮʠʡ. ʄʫʪʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʬʝʥʦʪʠʧ ʠ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʦʧʫʭʦʣʠ [83, 110, 115, 122, 133]. 

ʉʨʝʜʠ ʚʦʟʤʦʞʥʳʭ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚʳʜʝʣʷʶʪ ʥʝʡʨʘʣʴʥʳʝ 

ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʅʉʂ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʫʙʚʝʥʪʨʠʢʫʣʷʨʥʦʡ 

ʦʙʣʘʩʪʠ, ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʝ ʢʣʝʪʢʠ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ 

ʧʘʨʝʥʭʠʤʝ ʤʦʟʛʘ, ʘʩʪʨʦʮʠʪʘʨʥʳʝ ʢʣʝʪʢʠ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʠ ʦʧʫʭʦʣʝʚʳʝ 

ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʈʠʩʫʥʦʢ 7) [30, 83, 110, 209]. 
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ʈʠʩʫʥʦʢ 7. ʂʣʝʪʢʠ-ʚʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʘʟʚʠʪʠʷ ʛʣʠʦʙʣʘʩʪʦʤʳ. ɸʜʘʧʪʠʨʦʚʘʥʦ 

ʠʟ [209] 

ɺʩʝ ʵʪʠ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [30, 83, 

115]. ʊʘʢʞʝ ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ Nestin, Sox2, GFAP, CD133, NG2 ʠ ʘʢʪʠʚʘʮʠʷ EGFR, PI3K/AKT/mTOR, 

WNT/ɓ-catenin ʧʫʪʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʜʝʨʞʘʥʠʶ ʦʥʢʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʚʘʟʠʚʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʦʧʫʭʦʣʠ 

[23, 30, 70]. 

ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʡ ʛʠʧʦʪʝʟʝ, ʦʧʫʭʦʣʴ ʨʘʟʚʠʚʘʝʪʩʷ ʠʟ ʙʦʣʝʝ ʟʨʝʣʳʭ ʘʩʪʨʦʮʠʪʦʚ 

ʠʣʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʚʦʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʫʪʘʮʠʡ [66, 100, 209] .  

ʉʪʦʨʦʥʥʠʢʠ ʨʘʟʥʳʭ ʪʝʦʨʠʡ ʩʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ï ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ, ʩʧʦʩʦʙʥʳʭ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʧʫʭʦʣʠ. ʆʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʆʉʂ), 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʠʛʨʘʶʪ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʨʦʣʝʡ ʚ ʨʘʟʚʠʪʠʠ 
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ʨʝʮʠʜʠʚʦʚ (ʈʠʩʫʥʦʢ 8). ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʠʤ ʠʥʬʠʣʴʪʨʠʨʦʚʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʟʜʦʨʦʚʫʶ ʪʢʘʥʴ ʤʦʟʛʘ. 

ʄʠʛʨʠʨʦʚʘʚʰʠʝ ʆʉʂ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʝʨʚʠʯʥʦʛʦ 

ʦʯʘʛʘ ʦʧʫʭʦʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʠʟʙʝʞʘʪʴ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʨʝʟʝʢʮʠʠ ʠ ʣʦʢʘʣʴʥʦʡ 

ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ, ʘ ʚʳʞʠʚʰʠʝ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʨʝʮʠʜʠʚʘ ʦʧʫʭʦʣʠ [5, 9, 88, 214, 241].  

 

ʈʠʩʫʥʦʢ 8. ʆʧʫʭʦʣʝʚr ʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ 

ʨʝʮʠʜʠʚʦʚ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [9]. 

1.4  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ 

ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʝʪʢʘʤʠ ʤʦʟʛʘ 

(ʥʝʡʨʦʥʘʤʠ, ʘʩʪʨʦʮʠʪʘʤʠ, ʤʠʢʨʦʛʣʠʝʡ), ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʢʣʝʪʢʘʤʠ ʩʦʩʫʜʦʚ, 

ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʙʤʝʥ ʩʠʛʥʘʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʨʘʩʪʚʦʨʠʤʳʝ ʬʘʢʪʦʨʳ 

(ʮʠʪʦʢʠʥʳ, ʭʝʤʦʢʠʥʳ, ʬʘʢʪʦʨʳ ʨʦʩʪʘ), ʱʝʣʝʚʳʝ ʢʦʥʪʘʢʪʳ, ʚʥʝʢʣʝʪʦʯʥʳʝ 

ʚʝʟʠʢʫʣʳ ʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʤʦʩʪʠʢʠ (ʪʫʥʥʝʣʴʥʳʝ ʥʘʥʦʪʨʫʙʢʠ). ʊʘʢʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʦʙʣʝʛʯʘʝʪ ʠʭ ʠʥʚʘʟʠʶ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʥʠ h[23, 26, 77].  

ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʧʨʠʚʣʝʢʘʶʪ ʠ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʶʪ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʩʦʟʜʘʚʘʷ ʣʦʢʘʣʴʥʫʶ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʫʶ ʩʨʝʜʫ. ʆʩʥʦʚʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʵʪʦʤ ʧʨʠʥʠʤʘʶʪ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʤʘʢʨʦʬʘʛʠ (TAMs) ʠ 

ʤʠʢʨʦʛʣʠʷ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʬʘʢʪʦʨʳ (CSF-1, VEGF), 

ʧʨʠʚʣʝʢʘʶʱʠʝ TAMs ʠ ʤʠʢʨʦʛʣʠʶ ʠ ʧʦʣʷʨʠʟʫʶʱʠʝ ʠʭ ʚ ʧʨʦʦʧʫʭʦʣʝʚʳʡ 

ʬʝʥʦʪʠʧ. ɸ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʝʢʨʝʪʠʨʫʶʪ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʳʝ ʮʠʪʦʢʠʥʳ 
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(IL-10, TGF-ɓ) ʠ ʭʝʤʦʢʠʥʳ (CCL2, CCL22), ʧʦʜʘʚʣʷʶʱʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʊ-

ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʘʥʛʠʦʛʝʥʝʟʫ ʠ ʠʥʚʘʟʠʠ ʦʧʫʭʦʣʠ [23, 26, 56, 

77, 141, 215].  

ɺ ʛʣʠʦʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩʦ 

ʟʜʦʨʦʚʳʤʠ ʥʝʡʨʦʥʘʤʠ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ ʩʠʥʘʧʩʦʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʥʝʡʨʦʥʘʤʠ, ʧʦʣʫʯʘʷ ʦʪ ʥʠʭ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʯʝʨʝʟ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨ ɻɸʄʂ ʠ ʛʣʫʪʘʤʘʪʥʳʝ ɸʄʈɸ-ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʠʥʚʘʟʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʪʘʢʞʝ ʤʦʛʫʪ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʦʚ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩʝʪʠ 

ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʚʦʝʛʦ ʨʦʩʪʘ [22, 170, 179, 251]. 

ʊʘʢʞʝ ʚ ʛʣʠʦʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩ 

ʘʩʪʨʦʮʠʪʘʤʠ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʠʥʬʠʣʴʪʨʠʨʫʶʪ ʟʦʥʳ, ʟʘʥʷʪʳʝ ʘʩʪʨʦʮʠʪʘʤʠ, ʠ 

ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʘʢʪʠʚʘʮʠʶ. ʈʝʘʢʪʠʚʥʳʝ ʘʩʪʨʦʮʠʪʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʩʝʢʨʝʪʠʨʦʚʘʪʴ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʳʞʠʚʘʥʠʶ ʠ 

ʠʥʚʘʟʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʨʴʝʨ ʚʦʢʨʫʛ ʦʧʫʭʦʣʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʜʦʩʪʫʧ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. 

ɸʩʪʨʦʮʠʪʳ ʤʦʛʫʪ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʦʧʫʭʦʣʝʚʳʭ ʤʠʢʨʦʪʨʫʙʦʯʝʢ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʠʥʚʘʟʠʠ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʪʝʨʘʧʠʠ [39, 63, 79, 145, 

200]. 

ɿʘ ʩʯʝʪ ʩʪʨʦʝʥʠʷ, ʚ ʦʧʫʭʦʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʛʠʧʦʢʩʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʢʣʝʪʦʢ ʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʦʩʫʜʦʚ, ʠʥʬʠʣʴʪʨʠʨʫʶʱʠʭ ʦʧʫʭʦʣʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʣʝʪʢʠ ʢʠʩʣʦʨʦʜʦʤ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʝʢʨʝʮʠʠ ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ VEGF ʠ FGF. 

ʂʣʝʪʢʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ TAMs ʠ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ 

ʬʠʙʨʦʙʣʘʩʪʳ, ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʩʝʢʨʝʮʠʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʩʦʩʫʜʦʚ [6, 23, 241, 262]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ 

ʟʘ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʩʦʟʜʘʶʪ ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ 
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ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ (ʧʦʚʳʰʝʥʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, ʛʠʧʦʢʩʠʷ ʠ ʪ.ʜ.). ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʘʚʣʷʝʪ ʬʫʥʢʮʠʶ ʠʤʤʫʥʥʳʭ ʵʬʬʝʢʪʦʨʥʳʭ ʢʣʝʪʦʢ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ (TAMs, MDSC) ʚ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʳʡ ʬʝʥʦʪʠʧ [23, 63, 241]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʷʪʴ ʵʢʟʦʩʦʤʳ ʠ ʜʨʫʛʠʝ 

ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ, ʣʠʧʠʜʳ, ʤʈʅʂ, ʤʠʢʨʦʈʅʂ ʠ ɼʅʂ. 

ʕʪʠ ʚʝʟʠʢʫʣʳ ʧʦʛʣʦʱʘʶʪʩʷ ʢʣʝʪʢʘʤʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ ʧʝʨʝʜʘʶʪ ʠʤ 

ʦʥʢʦʛʝʥʥʳʝ ʩʠʛʥʘʣʳ, ʧʝʨʝʚʦʜʷ ʠʭ ʚ ʧʨʦʦʧʫʭʦʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ [63, 158, 178, 202] . 

1.5  ʄʠʛʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ 

1.5.1 ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ 

ʄʠʛʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʠ 

ʢʣʝʪʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʣʘʜʘʶʪ ʫʜʣʠʥʝʥʥʦʡ, ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʦʡ, 

ʥʘʧʦʤʠʥʘʶʱʝʡ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʢʣʝʪʢʠ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʦʨʛʘʥʠʟʘʮʠʝʡ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʬʦʢʘʣʴʥʦʡ ʘʜʛʝʟʠʝʡ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ 

ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʤʦʟʛʘ [26, 192]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʠʛʨʠʨʫʶʱʠʭ 

ʢʣʝʪʢʘʭ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʜʥʝ-ʟʘʜʥʝʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ 

ʰʠʨʦʢʠʡ ʧʝʨʝʜʥʠʡ ʢʨʘʡ, ʦʙʦʛʘʱʝʥʥʳʡ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʘʢʪʠʥʦʚʳʤʠ ʩʝʪʷʤʠ 

(ʣʘʤʝʣʣʦʧʦʜʠʠ) ʠ ʪʦʥʢʠʤʠ ʘʢʪʠʥʦʚʳʤʠ ʧʫʯʢʘʤʠ (ʬʠʣʦʧʦʜʠʠ), ʢʦʪʦʨʳʝ 

ʩʢʘʥʠʨʫʶʪ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʣʫ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʚʧʝʨʝʜ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʩʫʞʝʥʥʳʡ ʠ ʩʦʢʨʘʪʠʤʳʡ ʟʘʜʥʠʡ ʧʦʣʶʩ (ʫʨʦʧʦʜ), 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʪʩʦʝʜʠʥʝʥʠʝ ʠ ʩʦʢʨʘʱʝʥʠʝ. ʕʪʘ ʧʦʣʷʨʠʟʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʛʣʫʙʦʢʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʮʠʪʦʩʢʝʣʝʪʘ. ʅʘ ʧʝʨʝʜʥʝʤ ʢʨʘʝ ʢʣʝʪʢʠ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʤʘʣʳʭ GTPʘʟ ʩʝʤʝʡʩʪʚʘ Rho (Rac1, Cdc42) ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʢʪʠʥʦʚʳʭ 

ʬʠʣʘʤʝʥʪʦʚ, ʤʠʢʨʦʪʨʫʙʦʯʢʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʧʝʨʝʜʥʠʡ ʧʦʣʶʩ ʠ ʫʯʘʩʪʚʫʶʪ ʚ 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʚʝʟʠʢʫʣʷʨʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʇʦʣʦʞʝʥʠʝ ʦʨʛʘʥʝʣʣ ʯʘʩʪʦ ʩʤʝʱʝʥʦ 

ʚʧʝʨʝʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʢʨʝʮʠʠ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʷʨʥʦʩʪʴ [63, 92, 172, 178, 192]. 

ɼʣʷ ʤʠʛʨʘʮʠʠ ʢʣʝʪʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʰʪʘʙʥʳʤ ʧʝʨʝʩʪʨʦʡʢʘʤ ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ɺ ʤʠʛʨʠʨʫʶʱʠʭ 

ʢʣʝʪʢʘʭ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʘʵʨʦʙʥʦʛʦ ʛʣʠʢʦʣʠʟʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ 
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ʧʦʚʳʰʝʥʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʛʣʶʢʦʟʳ ʠ ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʣʘʢʪʘʪ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʩʠʥʪʝʟ ɸʊʌ. ɸʢʪʠʚʠʨʫʝʪʩʷ ʇʝʥʪʦʟʦʬʦʩʬʘʪʥʳʡ ʧʫʪʴ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʅɸɼʌʅ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ, ʠ ʨʠʙʦʟʦ-5-ʬʦʩʬʘʪʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʫʢʣʝʦʪʠʜʦʚ. ɺʦʟʨʘʩʪʘʝʪ ʧʦʛʣʦʱʝʥʠʝ 

ʠ ʤʝʪʘʙʦʣʠʟʤ ʛʣʫʪʘʤʠʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʩʠʥʪʝʟʘ ʘʤʠʥʦʢʠʩʣʦʪ. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʘʜʘʧʪʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʄʠʪʦʭʦʥʜʨʠʠ ʤʦʛʫʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʦʙʣʘʩʪʷʭ ʩ ʚʳʩʦʢʠʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ [108, 190, 215] . 

ʄʠʛʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʦʢʨʫʞʘʶʱʠʤʠ ʪʢʘʥʷʤʠ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʠʥʪʝʛʨʠʥʳ (Ŭvɓ3, Ŭvɓ5, Ŭ5ɓ1), ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʣʠʛʘʥʜʘʤʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (ʣʘʤʠʥʠʥ, ʬʠʙʨʦʥʝʢʪʠʥ, ʪʝʥʘʩʮʠʥ-C) ʠ ʬʦʨʤʠʨʫʶʪ 

ʬʦʢʘʣʴʥʳʝ ʢʦʥʪʘʢʪʳ  ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʢʣʝʪʢʦʡ ʠ 

ʤʝʞʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ. ʕʪʠ ʢʦʥʪʘʢʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʩʮʝʧʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ʄʠʛʨʠʨʫʶʱʠʝ 

ʢʣʝʪʢʠ ʩʝʢʨʝʪʠʨʫʶʪ ʧʨʦʪʝʘʟʳ (MMP-2, MMP-9, ʢʘʪʝʧʩʠʥʳ, uPA), ʢʦʪʦʨʳʝ 

ʨʘʟʨʫʰʘʶʪ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ, ʦʩʚʦʙʦʞʜʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʜʚʠʞʝʥʠʷ 

ʢʣʝʪʢʠ, ʠ ʚʳʩʚʦʙʦʞʜʘʶʪ ʙʠʦʘʢʪʠʚʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʘʪʨʠʢʩʘ ʠ ʬʘʢʪʦʨʳ ʨʦʩʪʘ 

(TGF-ɓ, VEGF), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʭʝʤʦʘʪʪʨʘʢʪʘʥʪʦʚ (ʈʠʩʫʥʦʢ 

9) [26, 63, 92, 166, 178]. 
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ʈʠʩʫʥʦʢ 9. ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʦʧʫʭʦʣʠ ʠ 

ʠʥʚʘʟʠʚʥʦʩʪʴʶ ʢʣʝʪʦʢ ʛʣʠʦʤʳ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [56].  

ʉʦʩʪʘʚ, ʧʣʦʪʥʦʩʪʴ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʞʝʩʪʢʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ 

ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ ʪʠʧʘ ʤʠʛʨʘʮʠʠ. ʂʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʦʱʫʱʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʢʩʘ ʯʝʨʝʟ ʠʥʪʝʛʨʠʥʳ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʦʨʝʮʝʧʪʦʨʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʶ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʪʨʘʪʝʛʠʶ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʞʠʚʘʥʠʝ, ʜʝʣʝʥʠʝ ʠ 

ʧʝʨʝʜʚʠʞʝʥʠʝ ʢʣʝʪʦʢ [23, 26, 56, 92, 178] . 

ʄʠʛʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠʣʠ 

ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʝʣʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʭʠʤʠʦʪʝʨʘʧʠʠ ʠ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʙʳʩʪʨʦ ʜʝʣʷʱʠʝʩʷ 

ʢʣʝʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʝʭʘʥʠʟʤʦʚ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ, ʪʘʢʠʭ ʢʘʢ ʘʫʪʦʬʘʛʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʠʤ 

ʚʳʜʝʨʞʠʚʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪʝʨʘʧʠʶ [77, 124]. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʠʛʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʩʚʦʡ 

ʤʝʪʘʙʦʣʠʟʤ, ʥʘʧʨʠʤʝʨ, ʫʩʠʣʠʚʘʷ ʧʨʦʮʝʩʩʳ ʛʣʠʢʦʣʠʟʘ ʠʣʠ ʦʢʠʩʣʝʥʠʷ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ. ʏʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʛʠʧʦʢʩʠʠ ʠ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [56, 108, 190, 215]. 

ɼʣʷ ʦʧʫʭʦʣʠ ʭʘʨʘʢʪʝʨʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ (ʷʜʨʦ 

ʦʧʫʭʦʣʠ, ʟʦʥʘ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʦʪʜʘʣʝʥʥʳʝ ʢʣʝʪʢʠ) ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ (ʛʨʘʜʠʝʥʪ 

ʢʠʩʣʦʨʦʜʘ, ʛʨʘʜʠʝʥʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ 
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ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʪ.ʜ.), ʫ ʤʠʛʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʦʪʣʠʯʠʷ ʚ ʬʝʥʦʪʠʧʝ. ʂʣʝʪʢʠ ʚ ʟʦʥʝ ʠʥʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʧʨʦ-ʠʥʚʘʟʠʚʥʳʭ ʛʝʥʦʚ ʠ ʙʝʣʢʦʚ (ʨʝʮʝʧʪʦʨʳ ʭʝʤʦʢʠʥʦʚ CXCR4, 

ʠʥʪʝʛʨʠʥʳ, MMPs), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʢʘʤʠ ʚ ʷʜʨʝ ʦʧʫʭʦʣʠ. ʕʪʘ ʢʣʝʪʦʯʥʘʷ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʪʘʢ ʠ ʘʜʘʧʪʘʮʠʝʡ ʢ ʦʢʨʫʞʘʶʱʠʤ ʫʩʣʦʚʠʷʤ. ʅʘʧʨʠʤʝʨ, ʢʣʝʪʢʠ, 

ʤʠʛʨʠʨʫʶʱʠʝ ʚʜʦʣʴ ʩʦʩʫʜʦʚ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʠʥʳʭ ʩʠʛʥʘʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʦʪ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ), ʯʝʤ ʢʣʝʪʢʠ, ʤʠʛʨʠʨʫʶʱʠʝ ʚʜʦʣʴ ʘʢʩʦʥʦʚ 

(ʛʜʝ ʚʘʞʥʳ ʩʠʛʥʘʣʳ ʦʪ ʥʝʡʨʦʥʦʚ). ʕʪʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʜʘʧʪʘʮʠʠ 

ʦʧʫʭʦʣʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʨʘʧʠʠ [102, 171, 220, 230, 249] . 

1.5.2 ʇʫʪʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʛʣʠʦʤʳ  

ʄʠʛʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ  ʵʪʦ ʠʥʚʘʟʠʚʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, 

ʩʧʦʩʦʙʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʧʘʨʝʥʭʠʤʫ ʤʦʟʛʘ ʧʦ ʤʝʞʢʣʝʪʦʯʥʦʤʫ 

ʚʝʱʝʩʪʚʫ, ʚʜʦʣʴ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʧʫʯʢʦʚ ʘʢʩʦʥʦʚ ʠ ʧʦʜ ʤʷʛʢʦʡ ʤʦʟʛʦʚʦʡ 

ʦʙʦʣʦʯʢʦʡ (ʈʠʩʫʥʦʢ 10) [23, 192]. 

 

ʈʠʩʫʥʦʢ 10. ʇʫʪʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʛʣʠʦʤʳ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [192]. 
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ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʤʠʛʨʠʨʦʚʘʪʴ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʪʘʢ ʠ 

ʢʦʣʣʝʢʪʠʚʥʦ, ʠʩʧʦʣʴʟʫʷ ʧʫʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʦʡ ʤʦʟʛʘ. 

ʇʨʦʮʝʩʩ ʤʠʛʨʘʮʠʠ ʯʘʩʪʦ ʩʚʷʟʘʥ ʩ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ ʩʥʠʞʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʘʜʛʝʟʠʚʥʳʭ ʤʦʣʝʢʫʣ (E-ʢʘʜʛʝʨʠʥ) ʠ 

ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ (ɺʠʤʝʥʪʠʥ, N-ʢʘʜʛʝʨʠʥ). 

ʀʥʚʘʟʠʚʥʳʝ ʢʣʝʪʢʠ ʘʢʪʠʚʥʦ ʨʘʟʨʫʰʘʶʪ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʪʝʘʟ, ʪʘʢʠʭ ʢʘʢ ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (MMPs, ʥʘʧʨʠʤʝʨ, MMP-2, 

MMP-9), ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʦʙʣʝʛʯʘʷ 

ʜʚʠʞʝʥʠʝ ʢʣʝʪʦʢ [172, 178, 192].  

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʢʣʝʪʦʯʥʦʡ ʤʠʛʨʘʮʠʠ (ʈʠʩʫʥʦʢ 11): 

¶ ʂʦʣʣʝʢʪʠʚʥʘʷ ʤʠʛʨʘʮʠʷ. ʂʣʝʪʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʩʦʭʨʘʥʷʷ ʘʜʛʝʟʠʦʥʥʳʝ ʢʦʥʪʘʢʪʳ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʢʦʥʥʝʢʩʠʥʳ, N-

ʢʘʜʛʝʨʠʥ, ʠʥʪʝʛʨʠʥʳ) ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʬʦʨʤʠʨʫʷ ʩʝʪʠ ʠʣʠ ʮʝʧʦʯʢʠ. ʄʠʛʨʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʥʝʨʚʥʳʭ ʪʨʘʢʪʦʚ ʠ ʚʦʣʦʢʦʥ ʙʝʣʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺ ʢʘʨʮʠʥʦʤʘʭ "ʣʠʜʝʨʥʳʝ ʢʣʝʪʢʠ" ʵʢʩʧʨʝʩʩʠʨʫʶʪ MT1-MMP, 

ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʫʥʥʝʣʝʡ. ɺ ʛʣʠʦʤʘʭ ʢʣʝʪʢʠ ʤʠʛʨʠʨʫʶʪ ʚʜʦʣʴ ʩʦʩʫʜʦʚ, 

ʠʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʠʥ Ŭvɓ3 ʜʣʷ ʘʜʛʝʟʠʠ ʢ ʬʠʙʨʦʥʝʢʪʠʥʫ ʩʦʩʫʜʠʩʪʦʡ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ. ʂʦʣʣʝʢʪʠʚʥʘʷ ʤʠʛʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʘʧʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʫʭʦʣʠ [41, 56, 

65, 130, 172, 244];  

¶ ʄʠʛʨʘʮʠʷ ʦʜʠʥʦʯʥʳʭ ʢʣʝʪʦʢ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʛʣʠʦʤ ʪʠʧ 

ʤʠʛʨʘʮʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʪʠʧʦʚ [56, 65, 154, 172, 

244]: 

¶ ʄʝʟʝʥʭʠʤʘʣʴʥʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ. ʂʣʝʪʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʫʜʣʠʥʝʥʥʫʶ, 

ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʧʦʣʷʨʠʟʫʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪ ʫʩʪʦʡʯʠʚʳʝ 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʬʦʢʘʣʴʥʳʝ ʢʦʥʪʘʢʪʳ) ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ 

ʤʘʪʨʠʢʩʦʤ ʯʝʨʝʟ ʠʥʪʝʛʨʠʥʳ. ʄʠʛʨʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (MMP-2, MMP-9, ʢʘʪʝʧʩʠʥʳ) ʜʣʷ 
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ʩʦʟʜʘʥʠʷ ʧʫʪʝʡ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʪʨʠʢʩʘ, ʘ ʪʘʢʞʝ ʦʪ Rho-GTPʘʟ 

(Rac1, Cdc42), ʨʝʛʫʣʠʨʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʤʝʣʣʦʧʦʜʠʡ ʠ 

ʬʠʣʦʧʦʜʠʡ.  

¶ ɸʤʝʙʦʠʜʥʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʪʠʧʘ ʤʠʛʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ 

ʫʯʘʩʪʠʝ ʚʳʩʦʢʦʧʣʘʩʪʠʯʥʳʭ ʢʣʝʪʦʢ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʘʜʛʝʟʠʝʡ ʢ 

ʩʫʙʩʪʨʘʪʫ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʧʨʦʪʝʦʣʠʟʘ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ 

ʯʝʨʝʟ RhoA/ROCK-ʟʘʚʠʩʠʤʦʝ ʩʦʢʨʘʱʝʥʠʝ ʘʢʪʠʥ-ʤʠʦʟʠʥʦʚʦʛʦ 

ʢʦʨʪʝʢʩʘ ʠ ʚʳʧʷʯʠʚʘʥʠʷ ʤʝʤʙʨʘʥʳ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʯʘʩʪʦ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʨʝʛʫʣʠʨʫʶʱʠʭ Rho-GTPʘʟʳ (RhoA/ROCK), ʤʠʦʟʠʥ 

II  ʠ ʜʠʥʘʤʠʢʫ ʘʢʪʠʥʘ. ɸʤʝʙʦʠʜʥʘʷ ʤʠʛʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʝʨʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ, ʢʦʛʜʘ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ʟʘʪʨʫʜʥʝʥ.  

 

ʈʠʩʫʥʦʢ 11. ʇʣʘʩʪʠʯʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʦʧʫʭʦʣʝʚʦʡ ʠʥʚʘʟʠʠ. ɸʜʘʧʪʠʨʦʚʘʥʦ 

ʠʟ [154]  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʣʝʪʦʢ HGG, ʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʤʠʛʨʘʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ (ʧʣʦʪʥʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, 

ʥʘʣʠʯʠʝ ʩʦʩʫʜʦʚ/ʘʢʩʦʥʦʚ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʘʢʪʦʨʦʚ 

ʨʦʩʪʘ, ʛʠʧʦʢʩʠʷ) [26, 56, 65, 92, 154, 172, 244].  
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ɺ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʚʳʜʝʣʷʶʪ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ 

(ʈʠʩʫʥʦʢ 12) [8, 63, 65, 118, 154]: 

1. ʇʦʣʷʨʠʟʘʮʠʷ ʢʣʝʪʢʠ. ɺ ʦʪʚʝʪ ʥʘ ʛʨʘʜʠʝʥʪ ʭʝʤʦʢʠʥʦʚ (ʥʘʧʨʠʤʝʨ, 

CXCL12, HGF) ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʢʣʝʪʢʘ 

ʠʥʠʮʠʠʨʫʝʪ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʮʝʧʪʦʨʦʚ (CXCR4, c-Met). 

ɸʢʪʠʚʘʮʠʷ PI3K-ʩʠʛʥʘʣʠʥʛʘ ʦʙʨʘʟʫʝʪ PIP3 ʚ ʧʝʨʝʜʥʝʤ ʢʨʘʝ ʢʣʝʪʢʠ, 

ʧʨʠʚʣʝʢʘʷ Rho-GTPʘʟʳ Rac1 ʠ Cdc42. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʤʠʛʨʘʮʠʠ. ɺ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ HIF-1Ŭ ʫʩʠʣʠʚʘʝʪ ʧʦʣʷʨʠʟʘʮʠʶ 

ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ RhoA. 

2. ɺʳʧ̫ʯʠʚʘʥʠʝ ʢʣʝʪʢʠ. Rac1 ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʘʢʪʠʥʘ ʯʝʨʝʟ 

ʢʦʤʧʣʝʢʩ WAVE/Arp2/3, ʬʦʨʤʠʨʫʷ ʣʘʤʝʣʣʦʧʦʜʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʴ ʚʳʧʷʯʠʚʘʥʠʷ. Cdc42 ʩʪʠʤʫʣʠʨʫʝʪ ʩʙʦʨʢʫ ʣʠʥʝʡʥʳʭ 

ʘʢʪʠʥʦʚʳʭ ʧʫʯʢʦʚ, ʦʙʨʘʟʫʷ ʬʠʣʦʧʦʜʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʝʥʩʦʨʥʫʶ ʯʘʩʪʴ 

ʚʳʧʷʯʠʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʮʝʥʢʫ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ. ʀʥʪʝʛʨʠʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʬʠʙʨʦʥʝʢʪʠʥʦʤ ʠ ʣʘʤʠʥʠʥʦʤ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʚʳʩʪʫʧʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʢʘʣʴʥʦʡ ʘʜʛʝʟʠʝʡ ʩ ʫʯʘʩʪʠʝʤ ʪʘʣʠʥʘ ʠ 

FAK. 

3. ɸʜʛʝʟʠʷ. ʉʚʷʟʳʚʘʥʠʝ ʠʥʪʝʛʨʠʥʦʚ ʩ ʣʠʛʘʥʜʘʤʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ 

ʟʘʧʫʩʢʘʝʪ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʨʝʮʝʧʪʦʨʦʚ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʘʜʘʧʪʝʨʥʳʭ ʙʝʣʢʦʚ 

ʪʘʣʠʥʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ɓ-ʩʫʙʲʝʜʠʥʠʮʫ ʠʥʪʝʛʨʠʥʘ ʩ F-ʘʢʪʠʥʦʤ, ʠ 

ʚʠʥʢʫʣʠʥʘ, ʫʢʨʝʧʣʷʶʱʝʛʦ ʵʪʫ ʩʚʷʟʴ. FAK ʩʦʟʜʘʝʪ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ 

Src-ʢʠʥʘʟʳ, ʯʪʦ ʘʢʪʠʚʠʨʫʝʪ ʥʠʞʝʩʪʦʷʱʠʝ ʧʫʪʠ (MAPK, PI3K) ʠ 

ʫʩʠʣʠʚʘʝʪ ʘʜʛʝʟʠʶ.  

4. ʉʦʢʨʘʱʝʥʠʝ ʢʣʝʪʢʠ. RhoA ʘʢʪʠʚʠʨʫʝʪ ROCK, ʢʦʪʦʨʳʡ ʠʥʜʫʮʠʨʫʝʪ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʦʡ ʣʝʛʢʦʡ ʮʝʧʠ ʤʠʦʟʠʥʘ II  (MLC), 

ʚʳʟʳʚʘʷ ʩʦʢʨʘʱʝʥʠʝ ʘʢʪʦʤʠʦʟʠʥʦʚʳʭ ʧʫʯʢʦʚ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʩʦʢʨʘʱʘʶʱʫʶ ʩʠʣʫ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʣʝʪʢʠ ʚʧʝʨʝʜ. ʊʘʢʞʝ ROCK 

ʠʥʛʠʙʠʨʫʝʪ ʬʦʩʬʘʪʘʟʫ MLCP, ʧʨʦʜʣʝʚʘʷ ʧʝʨʠʦʜ ʩʦʢʨʘʱʝʥʠʷ ʢʣʝʪʢʠ.  
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5. ʆʪʩʦʝʜʠʥʝʥʠʝ ʢʣʝʪʢʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʟʘʜʥʝʤ ʢʨʘʝ ʢʣʝʪʢʠ. ʃʦʢʘʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʘʢʪʠʚʠʨʫʝʪ 

ʢʘʣʴʧʘʠʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʷʶʪ ʪʘʣʠʥ ʠ ʚʠʥʢʫʣʠʥ, ʦʩʣʘʙʣʷʷ 

ʘʜʛʝʟʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ROS (ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ) ʦʢʠʩʣʷʶʪ ʪʠʨʦʟʠʥʬʦʩʬʘʪʘʟʳ (PTP1B), ʧʦʜʘʚʣʷʷ ʘʜʛʝʟʠʦʥʥʳʝ 

ʩʠʛʥʘʣʳ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʮʠʨʢʫʣʷʮʠʷ ʠʥʪʝʛʨʠʥʦʚ ʢ 

ʧʝʨʝʜʥʝʤʫ ʢʨʘʶ ʢʣʝʪʢʠ ʟʘ ʩʯʝʪ ʵʥʜʦʮʠʪʦʟʘ.  

6. ɼʝʛʨʘʜʘʮʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʘʢʪʠʚʠʨʫʶʪ 

ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (MMP-2, MMP-9, MT1-MMP), ʢʦʪʦʨʳʝ 

ʜʝʛʨʘʜʠʨʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ (ʢʦʣʣʘʛʝʥ IV, ʣʘʤʠʥʠʥ) ʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (ɺʂʄ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʫʩʠʣʠʚʘʝʪʩʷ ʩʠʛʥʘʣʘʤʠ ʦʪ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʦʧʫʭʦʣʠ (TGF-ɓ, EGF), ʘʢʪʠʚʠʨʫʶʱʠʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ (Snail, Twist), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ E-

ʢʘʜʛʝʨʠʥʘ ʠ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ (EMT). ʂʣʝʪʢʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʠʥʚʘʟʠʚʥʳʡ ʬʝʥʦʪʠʧ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʚʠʤʝʥʪʠʥʘ.  

 

ʈʠʩʫʥʦʢ 12. ʕʪʘʧʳ ʤʠʛʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [154]  
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1.5.3 ʄʦʣʝʢʫʣʷʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʛʨʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ ʛʣʠʦʤ 

ʇʝʨʝʭʦʜ ʢ ʤʠʛʨʠʨʫʶʱʝʤʫ ʬʝʥʦʪʠʧʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʘʪʪʝʨʥʘʭ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʙʝʣʢʦʚ. ʂʣʶʯʝʚʳʤ ʩʦʙʳʪʠʝʤ 

ʷʚʣʷʝʪʩʷ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ (ʕʄʇ). ɺʦ ʚʨʝʤʷ ʕʄʇ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ E-

ʢʘʜʛʝʨʠʥ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʩʠʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, 

ʚʢʣʶʯʘʷ N-ʢʘʜʛʝʨʠʥ, ʚʠʤʝʥʪʠʥ, ʬʠʙʨʦʥʝʢʪʠʥ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (SNAIL, SLUG, TWIST, ZEB1, ZEB2), ʢʦʪʦʨʳʝ 

ʧʦʜʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠʶ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʛʝʥʦʚ ʠ ʘʢʪʠʚʠʨʫʶʪ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʛʝʥr 

(ʈʠʩʫʥʦʢ 13). ʈʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʵʢʩʧʨʝʩʩʠʷ ʠ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʘʟ, ʨʘʟʨʫʰʘʶʱʠʭ 

ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ (ɺʂʄ), ʪʘʢʠʭ ʢʘʢ ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (MMP-

2, MMP-9), ʢʘʪʝʧʩʠʥʳ ʠ ʫʨʦʢʠʥʘʟʥʳʡ ʘʢʪʠʚʘʪʦʨ ʧʣʘʟʤʠʥʦʛʝʥʘ (uPA). 

ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʠʥʪʝʛʨʠʥʦʚ, ʦʩʦʙʝʥʥʦ ʠʥʪʝʛʨʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪ rɺʂʄ (ʥʘʧʨʠʤʝʨ, Ŭ5ɓ1 

ʜʣʷ ʬʠʙʨʦʥʝʢʪʠʥʘ, Ŭvɓ3 ʜʣʷ ʚʠʪʨʦʥʝʢʪʠʥʘ), ʦʙʣʝʛʯʘʷ ʘʜʛʝʟʠʶ ʠ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʦʚ. ʇʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʮʠʪʦʩʢʝʣʝʪ, 

ʚʢʣʶʯʘʷ Rho GTPʘʟʳ (RhoA, Rac1, Cdc42), ʢʠʥʘʟʳ ʬʦʢʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ (FAK, 

Src) ʠ ʘʜʘʧʪʦʨʥʳʝ ʙʝʣʢʠ. ʀʟʤʝʥʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʨʝʮʝʧʪʦʨʦʚ ʢ ʭʝʤʦʢʠʥʘʤ 

(ʥʘʧʨʠʤʝʨ, CXCR4) ʠ ʬʘʢʪʦʨʘʤ ʨʦʩʪʘ (ʥʘʧʨʠʤʝʨ, EGFR, c-Met), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʣʝʪʢʘʤ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʭʝʤʦʘʪʪʨʘʢʪʘʥʪʳ ʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ [26, 86, 91, 94, 138, 

162, 220, 237].  
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ʈʠʩʫʥʦʢ 13. ʇʨʦʮʝʩʩ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [237]  

ʈʝʛʫʣʷʮʠʷ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʫʪʝʡ (ʈʠʩʫʥʦʢ 14): 
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ʈʠʩʫʥʦʢ 14. ʆʩʥʦʚʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʫʪʠ, ʨʝʛʫʣʠʨʫʶʱʠʝ ɻ ʧʠʪʝʣʠʘʣʴʥʦ-

ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʧʝʨʝʭʦʜ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [138]  

¶ ʇʫʪʴ TGF-ɓ  

ʊʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ-ʙʝʪʘ (TGF-ɓ) ʚʳʩʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ 

ʢʣʝʪʢʘʭ ʛʣʠʦʤʳ, ʩʪʠʤʫʣʠʨʫʝʪ ʠʭ ʨʦʩʪ ʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʣʦʭʠʤ ʧʨʦʛʥʦʟʦʤ ʜʣʷ 

ʧʘʮʠʝʥʪʦʚ [105].  

ʂʘʥʦʥʠʯʝʩʢʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ Smad2/3, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʩ Smad4 ʠ ʝʛʦ ʷʜʝʨʥʦʡ ʪʨʘʥʩʣʦʢʘʮʠʝʡ 

ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ ʯʝʨʝʟ Smad-ʩʚʷʟʳʚʘʶʱʠʝ ʵʣʝʤʝʥʪʳ 

[74] . ʉʪʠʤʫʣʷʮʠʷ ʠʥʚʘʟʠʠ ʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʨʝʟ ʧʫʪʴ TGF-ɓ 

ʦʧʦʩʨʝʜʦʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. TGF-ɓ ʠʥʜʫʮʠʨʫʝʪ EMT-ʧʦʜʦʙʥʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʧʦʜʘʚʣʷʷ ʵʢʩʧʨʝʩʩʠʶ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʠ (E-ʢʘʜʛʝʨʠʥ) ʠ ʘʢʪʠʚʠʨʫʷ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʤʘʨʢʝʨʳ (N-ʢʘʜʛʝʨʠʥ, ʚʠʤʝʥʪʠʥ) ʯʝʨʝʟ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʬʘʢʪʦʨʳ Snail, Slug, Twist, ZEB1, ʨʝʛʫʣʠʨʫʝʤʳʝ Smad-ʢʦʤʧʣʝʢʩʦʤ, ʯʪʦ ʦʩʣʘʙʣʷʝʪ 

ʤʝʞʢʣʝʪʦʯʥʫʶ ʘʜʛʝʟʠʶ (ʈʠʩʫʥʦʢ 14) [74, 109, 131]. ʊʘʢʞʝ TGF-ɓ ʟʘʧʫʩʢʘʝʪ 
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ʧʝʨʝʩʪʨʦʡʢʫ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ 

ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ (MMP-2, MMP-9) ʢʘʢ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʪʘʢ ʠ 

ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʧʫʭʦʣʴʶ ʤʘʢʨʦʬʘʛʘʭ (TAMs), ʨʘʟʨʫʰʘʷ ʢʦʤʧʦʥʝʥʪʳ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ [74, 105, 109].  

ʅʝʢʘʥʦʥʠʯʝʩʢʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ TGF-ɓ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʫʯʘʩʪʠʷ Smad2/3 ʠ 

ʤʦʜʝʣʠʨʫʝʪ ʘʜʛʝʟʠʶ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʧʫʪʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʝʨʝʩʪʨʦʡʢʠ 

ʮʠʪʦʩʢʝʣʝʪʘ. ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʩʯʠʪʘʶʪʩʷ Rho GTPʘʟʳ (RhoA, Rac1, 

Cdc42), ʫʧʨʘʚʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʪʨʝʩʩ-ʬʠʙʨʠʣʣ, ʬʦʢʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ, 

ʣʘʤʝʣʣʠʧʦʜʠʡ ʠ ʬʠʣʦʧʦʜʠʡ, ʘ ʪʘʢʞʝ ʧʫʪʠ PI3K/Akt ʠ MAPK, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʚʳʞʠʚʘʥʠʶ ʤʠʛʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ [74, 105]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, TGF-ɓ ʢʦʦʨʜʠʥʠʨʫʝʪ ʠʥʚʘʟʠʶ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʨʝʟ Smad-

ʟʘʚʠʩʠʤʳʝ ʤʝʭʘʥʠʟʤʳ (EMT-ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʵʢʩʧʨʝʩʩʠʷ ʧʨʦʪʝʘʟ) ʠ Smad-

ʥʝʟʘʚʠʩʠʤʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ (Rho GTPʘʟʳ, PI3K/Akt), ʫʩʠʣʝʥʥʳʝ 

ʧʨʦʠʥʚʘʟʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩ ʠʤʤʫʥʥʳʤ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʝʨʝʟ ʧʝʪʣʶ TGF-ɓ/TAMs. 

¶ Wnt ʧʫʪʴ 

 ɺ ʛʣʠʦʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʧʫʪʠ Wnt/ɓ-

catenin, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʩʦʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʦʧʫʭʦʣʠ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʧʨʦʛʥʦʟʦʤ [56, 140, 263] . ɸʢʪʠʚʘʮʠʷ Wnt/ɓ-catenin ʧʫʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʚʷʟʳʚʘʥʠʷ 

Wnt-ʣʠʛʘʥʜʦʚ ʩ ʨʝʮʝʧʪʦʨʘʤʠ Frizzled ʠ ʢʦ-ʨʝʮʝʧʪʦʨʦʤ LRP5/6, ʯʪʦ ʠʥʛʠʙʠʨʫʝʪ 

ʢʦʤʧʣʝʢʩ (AXIN,  APC, GSK3ɓ), ʧʨʝʜʦʪʚʨʘʱʘʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʪʝʘʩʦʤʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ɓ-catenin. ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ɓ-catenin ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʪʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʚ ʷʜʨʦ, ʛʜʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ TCF/LEF, ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʕʄʇ, ʢʦʪʦʨʳʡ ʧʨʦʚʦʮʠʨʫʝʪ ʠʥʚʘʟʠʶ ʠ ʤʠʛʨʘʮʠʶ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 15) [56, 123, 140]. ʊʘʢʞʝ ɓ-catenin/TCF/LEF-ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ 

ʥʘʧʨʷʤʫʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ SNAIL, SLUG ʠ 

TWIST, ʘ ʪʘʢʞʝ TGF-ɓ, ʩʦʟʜʘʚʘʷ ʧʝʪʣʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʘʜʛʝʟʠʚʥʳʭ ʤʦʣʝʢʫʣ (ʥʘʧʨʠʤʝʨ, E-ʢʘʜʛʝʨʠʥʘ) ʠ ʫʩʠʣʝʥʠʶ 
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ʵʢʩʧʨʝʩʩʠʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ (N-ʢʘʜʛʝʨʠʥ, ʚʠʤʝʥʪʠʥ) ʠ ʠʥʪʝʛʨʠʥʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʠʦʙʨʝʪʝʥʠʶ ʢʣʝʪʢʘʤʠ ʧʦʜʚʠʞʥʦʛʦ, ʠʥʚʘʟʠʚʥʦʛʦ ʬʝʥʦʪʠʧʘ [42, 123, 

140, 248]. ʇʘʨʘʣʣʝʣʴʥʦ ʧʫʪʴ ʥʘʧʨʷʤʫʶ ʩʪʠʤʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ 

ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ MMP-2, MMP-7 ʠ MMP-9. ʇʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ MMP-2 ʠ MMP-9, ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʦʙʣʝʛʯʘʝʪ ʠʥʬʠʣʴʪʨʘʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʚ 

ʧʘʨʝʥʭʠʤʫ ʤʦʟʛʘ [42, 123, 248].  

ʅʝʢʘʥʦʥʠʯʝʩʢʠʝ Wnt ʧʫʪʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʛʨʝʩʩʠʚʥʦʤʫ ʬʝʥʦʪʠʧʫ ʆʉʂ. ɸʢʪʠʚʘʮʠʷ ʥʝʢʘʥʦʥʠʯʝʩʢʠʭ ʧʫʪʝʡ 

Wnt, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʘʥʦʥʠʯʝʩʢʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ɓ-

catenin [42, 56, 123, 140]. ʇʨʠ ʵʪʦʤ ʣʠʛʘʥʜʳ Wnt ʚʳʟʳʚʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ 

ʘʢʪʠʚʘʮʠʶ ʨʝʮʝʧʪʦʨʦʚ Frizzled ʠ ʢʦʨʝʮʝʧʪʦʨʦʚ RYK/ROR, ʟʘʧʫʩʢʘʷ PLC-

ʟʘʚʠʩʠʤʳʡ ʢʘʩʢʘʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ PDE, ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ IP3-

ʨʝʮʝʧʪʦʨʦʤ, ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʠʦʥʦʚ CaĮ ʠʟ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʠʤʫʣʷʮʠʠ CamK II  ʠ ʢʘʣʴʮʠʥʝʚʨʠʥʘ, ʘʢʪʠʚʠʨʫʶʱʝʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ NFAT [140] . ʇʘʨʘʣʣʝʣʴʥʦ ʙʝʣʢʠ DVL ʬʦʨʤʠʨʫʶʪ 

ʢʦʤʧʣʝʢʩ ʩ DAAM1, ʟʘʧʫʩʢʘʷ ʢʘʩʢʘʜ ʩ ʫʯʘʩʪʠʝʤ RHOA ʠ ROCK, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʘʢʪʠʚʘʮʠʠ JNK ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ JUN (ʈʠʩʫʥʦʢ 15) [42, 123, 140, 

189]. 
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ʈʠʩʫʥʦʢ 15. ʂʘʥʦʥʠʯʝʩʢʠʡ ʠ ʥʝʢʘʥʦʥʠʯʝʩʢʠʡ Wnt ʧʫʪʴ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 

[123]  

¶ ʇʫʪʴ RTK   

ɼʣʷ ʛʣʠʦʤ ʭʘʨʘʢʪʝʨʥʘ ʛʠʧʝʨʘʢʪʠʚʘʮʠʷ ʧʫʪʠ ʨʝʮʝʧʪʦʨʥʳʭ ʪʠʨʦʟʠʥʢʠʥʘʟ 

(RTK). ʏʘʩʪʦ ʛʠʧʝʨʘʢʪʠʚʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ 

(ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ ʤʫʪʘʮʠʠ EGFR, ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ PDGFR, FGFR). ʆʩʥʦʚʥʳʤʠ 

ʵʬʬʝʢʪʦʨʥʳʤʠ ʧʫʪʷʤʠ, ʦʧʦʩʨʝʜʫʶʱʠʤʠ ʚʣʠʷʥʠʝ RTK ʥʘ ʤʠʛʨʘʮʠʶ ʠ ʠʥʚʘʟʠʶ, 

ʩʣʫʞʘʪ PI3K/Akt/mTOR ʠ Ras/MAPK (Raf/MEK/ERK) (ʈʠʩʫʥʦʢ 16) [20, 174, 219]. 

ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ PI3K ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʠ ʢʘʪʘʣʠʟʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ PIP3, ʢʦʪʦʨʳʡ 

ʨʝʢʨʫʪʠʨʫʝʪ PDK1 ʠ Akt ʢ ʤʝʤʙʨʘʥʝ. PDK1 ʬʦʩʬʦʨʠʣʠʨʫʝʪ Akt, ʘ ʜʣʷ ʧʦʣʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪ 

mTORC2. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ Akt, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʠʤʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ 

mTORC1, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʚʳʞʠʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ 
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ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, mTOR (ʚ ʩʦʩʪʘʚʝ mTORC1 ʠ mTORC2) ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʪʴ ʥʘ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ [43, 174, 

219] 

ɸʢʪʠʚʘʮʠʷ ʠʥʪʝʛʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

RTK, ʫʩʠʣʠʚʘʷ ʜʝʡʩʪʚʠʝ ʧʨʦ-ʤʠʛʨʘʮʠʦʥʥʳʭ ʢʘʩʢʘʜʦʚ. ʉʠʛʥʘʣ ʦʪ ʠʥʪʝʛʨʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʘʢʪʠʚʠʨʫʝʪ FAK, Src, Shc, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪ ʥʠʞʝʣʝʞʘʱʠʝ ʢʘʩʢʘʜʳ 

Ras/MAPK ʠ PI3K/Akt [219] . 

ɸʢʪʠʚʘʮʠʷ Ras ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜ ʢʠʥʘʟ Raf /MEK/ERK. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ERK ʟʘʧʫʩʢʘʝʪ ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʷʜʨʝ (c-Fos, c-Jun), ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʧʨʦʪʝʘʟʳ (MMPs, uPA), ʠʥʪʝʛʨʠʥʳ, ʮʠʪʦʢʠʥʳ ʠ 

ʜʨʫʛʠʝ ʙʝʣʢʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʝʛʨʘʜʘʮʠʠ ɺʂʄ ʠ ʢʣʝʪʦʯʥʦʡ 

ʤʠʛʨʘʮʠʠ [20, 25, 138, 174].  

 

ʈʠʩʫʥʦʢ 16. ʇʫʪʴ ʨʝʮʝʧʪʦʨʥʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ (RTK) ʚ ʥʦʨʤʝ ʠ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [219]  
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¶ ʇʫʪʴ Notch 

ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʷ Notch1 ʩʚʷʟʘʥʘ ʩ ʥʠʟʢʦʡ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʧʘʮʠʝʥʪʦʚ 

ʩ ʛʣʠʦʙʣʘʩʪʦʤʦʡ [85] . ɸ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Notch2 ʚ ʛʣʠʦʙʣʘʩʪʦʤʝ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩʪʚʦʣʦʚʦʩʪʠ (Nestin, Sox2) ʠ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʤʠ 

ʙʝʣʢʘʤʠ ( BCL6 ʠ BCL-W ) ʦʙʨʘʪʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʤʠ ʙʝʣʢʘʤʠ ( 

BAX ʠ BCLAF1 ) [50, 216] .  

ʈʝʛʫʣʷʮʠʷ ʤʠʛʨʘʮʠʠ ʠ ʠʥʚʘʟʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʨʝʟ ʧʫʪʴ Notch 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʡ ʨʝʛʫʣʷʮʠʠ Snail, Slug, Twist (ʬʘʢʪʦʨʳ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʕʄʇ) [27, 261]. ɸʢʪʠʚʘʮʠʷ Notch ʚʣʠʷʝʪ ʥʘ ʦʥʢʦʛʝʥʥʳʝ ʧʫʪʠ 

STAT3 ʠ NF-əB, ʬʦʨʤʠʨʫʷ ʧʝʪʣʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʫʩʠʣʠʚʘʶʱʫʶ 

ʕʄʇ ʠ ʧʨʦʜʫʢʮʠʶ ʄʄʈ [27, 69]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʥʜʦʪʝʣʠʝʤ ʩʪʠʤʫʣʠʨʫʝʪ 

ʘʥʛʠʦʛʝʥʝʟ [27, 218, 261], ʘ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʧʫʪʷʤʠ ʨʝʮʝʧʪʦʨʥʳʭ ʪʠʨʦʟʠʥʢʠʥʘʟ 

(RTK) ʠ ʢʘʩʢʘʜʘʤʠ PI3K/Akt/MAPK ʬʦʨʤʠʨʫʝʪ ʩʝʪʴ, ʫʩʠʣʠʚʘʶʱʫʶ ʠʥʚʘʟʠʚʥʳʡ 

ʬʝʥʦʪʠʧ [27] .  

ɸʢʪʠʚʘʮʠʷ ʧʫʪʠ Notch ʠʥʠʮʠʠʨʫʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʳʭ ʣʠʛʘʥʜʦʚ 

(Jagged, Delta-like) ʩ ʨʝʮʝʧʪʦʨʘʤʠ Notch (Notch1-4) ʥʘ ʩʦʩʝʜʥʠʭ ʢʣʝʪʢʘʭ, ʟʘʧʫʩʢʘʷ 

ʢʘʩʢʘʜ ʧʨʦʪʝʦʣʠʟʘ (ADAM -ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ, ɔ-ʩʝʢʨʝʪʘʟʘ). ɺʳʩʚʦʙʦʞʜʘʝʤʳʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ NICD ʪʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʚ ʷʜʨʦ, ʦʙʨʘʟʫʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ CSL ʠ MAML,  ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ ʛʝʥʳ-

ʵʬʬʝʢʪʦʨʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʣʠʦʤʘʭ, ʚʢʣʶʯʘʷ 

ʧʨʦʣʠʬʝʨʘʮʠʶ, ʚʳʞʠʚʘʥʠʝ ʠ ʠʥʚʘʟʠʶ (ʈʠʩʫʥʦʢ 17) [27, 197, 218, 261] . 

https://doi.org/10.18632/oncotarget.21409
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ʈʠʩʫʥʦʢ 17.  ʇʫʪʴ Notch. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [27]  

1.6  ʄʝʪʦʜʳ ʪʝʨʘʧʠʠ ʛʣʠʦʤ 

ʉʪʘʥʜʘʨʪʥʘʷ ʪʝʨʘʧʠʷ ʛʣʠʦʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ 

ʦʧʫʭʦʣʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʝʡ, ʜʦʧʦʣʥʝʥʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦʣʘ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʣʠʙʦ ʦʜʥʦʬʘʟʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʜʦʟʦʡ 20 24 Gy, ʣʠʙʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʦʙʣʫʯʝʥʠʝ, ʢʦʛʜʘ ʦʙʣʘʩʪʴ 

ʚʦʢʨʫʛ ʦʧʫʭʦʣʠ ʦʙʣʫʯʘʝʪʩʷ ʜʦʟʦʡ 2 Gy ʚ ʜʝʥʴ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30 ʜʥʝʡ, ʜʦ ʦʙʱʝʡ 

ʜʦʟʳ 60 Gy [168]. ɺ ʢʘʯʝʩʪʚʝ ʭʠʤʠʦʪʝʨʘʧʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʊʝʤʦʟʦʣʦʤʠʜ (ʊʄɿ) ʚ 

ʜʦʟʝ 75 ʤʛ/ʤ
2
 ʚ ʜʝʥʴ. ʏʝʨʝʟ ʯʝʪʳʨʝ ʥʝʜʝʣʠ ʧʦʩʣʝ ʨʘʜʠʦʭʠʤʠʦʪʝʨʘʧʠʠ ʧʘʮʠʝʥʪʳ 
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ʧʦʣʫʯʘʶʪ ʰʝʩʪʴ ʮʠʢʣʦʚ ʘʜʲʶʚʘʥʪʥʦʡ ʧʝʨʦʨʘʣʴʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʊʄɿ ʚ ʜʦʟʝ 150-

200 ʤʛ/ʤ
2
 ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ 5 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʥʝʡ [211] . 

1.6.1  ɺʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʥʘ ʤʠʛʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʢ 

ʈʘʜʠʦʪʝʨʘʧʠʷ (ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ) ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʥʜʘʨʪʦʚ ʪʝʨʘʧʠʠ ʧʨʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʆʜʥʘʢʦ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦ ʟʘʧʫʩʢʘʪʴ 

ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʧʨʦʮʝʩʩʳ ʘʜʘʧʪʘʮʠʠ, ʠ ʚʳʞʠʚʰʠʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʣʝʯʝʥʠʶ (ʈʠʩʫʥʦʢ 18) [64, 81, 175, 229].  

 

ʈʠʩʫʥʦʢ 18. ɺʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʥʘ ʢʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ 

ʦʧʫʭʦʣʠ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [64]  

ʉʫʙʣʝʪʘʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʵʬʬʝʢʪ, 

ʩʪʠʤʫʣʠʨʫʷ ʠʥʚʘʟʠʚʥʳʝ ʠ ʤʠʛʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʛʨʝʩʩʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʶ ʨʝʮʠʜʠʚʦʚ. ʋ ʨʷʜʘ ʦʧʫʭʦʣʝʚʳʭ 
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ʢʣʝʪʦʢ ʥʠʟʢʠʝ ʜʦʟʳ ʦʙʣʫʯʝʥʠ ̫ (2 Gy) ʤʦʛʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʤʘʣʫʶ GTPʘʟʫ Rac1 

ʯʝʨʝʟ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-ʢʠʥʘʟʫ (PI3K), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

ʘʢʪʠʥʦʚʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʫʩʠʣʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʢʣʝʪʦʢ ʛʣʠʦʤʳ [64, 175]. ɺ 

ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʦʙʣʫʯʝʥʠʝ (2 Gy ʭ 5) ʤʦʞʝʪ 

ʟʘʧʫʩʢʘʪʴ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʧʝʨʝʭʦʜ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʘʮʠʠ 

ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ STAT3 ʠ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ NF-əB [121, 254]. ɸʢʪʠʚʘʮʠʷ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ (STAT3, NF-əB, PI3K/Akt) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ 

ʥʘʧʨʷʤʫʶ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʤʘʪʨʠʢʩʥʳʝ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (MMP-2, MMP-9) ʠ ʜʨʫʛʠʝ ʵʬʬʝʢʪʦʨʳ ʢʣʝʪʦʯʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʚʳʞʠʚʘʥʠʷ [64, 121, 192, 254] .  

ʊʘʢʞʝ STAT3 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʚʦʣʦʚʦʩʪʠ ʠ ʚʳʞʠʚʘʥʠʷ ʆʉʂ 

ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʙʣʫʯʝʥʠʝ ʤʦʞʝʪ ʩʝʣʝʢʪʠʚʥʦ ʦʙʦʛʘʱʘʪʴ ʧʫʣ 

ʆʉʂ ʠʣʠ ʠʥʜʫʮʠʨʦʚʘʪʴ ʩʪʚʦʣʦʚʦʧʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʥʝʟʨʝʣʳʭ ʢʣʝʪʢʘʭ [7, 13, 55, 

207]. ʆʉʂ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʪʘʢʠʭ ʤʘʨʢʝʨʦʚ, ʢʘʢ SOX2, OCT4, 

NANOG, OLIG2, NESTIN, ID1, CD133, CD15, CD44 ʠ A2B5. ʀ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ CD133, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʠʨʫʶʪ ʙʝʣʢʠ Chk1 ʠ Chk2 ʠ ʟʘʧʫʩʢʘʶʪ ʨʝʧʘʨʘʮʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ [7, 9]. ʊʘʢʞʝ ʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʧʦʩʣʝ ʫʯʘʩʪʚʫʶʪ ɼʅʂ-

ʧʨʦʪʝʠʥʢʠʥʘʟʘ, ʢʦʪʦʨʘʷ ʢʦʦʨʜʠʥʠʨʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʛʦʤʦʣʦʛʠʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʮʦʚ (NHEJ), ʠ ʧʦʣʠ (ɸɼʌ-ʨʠʙʦʟʘ) ʧʦʣʠʤʝʨʘʟʘ 1 (PARP1), 

ʫʯʘʩʪʚʫʶʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʠ 

NHEJ [7]. 

ɻʠʧʝʨʘʢʪʠʚʘʮʠʷ STAT3, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʠʟʣʫʯʝʥʠʝʤ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʪʝʨʘʧʠʠ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʧʨʠ ɻɹʄ ʠ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʜʨʘʡʚʝʨʦʤ ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʷ [121, 207, 254].  

ʈʘʟʚʠʪʠʝ ʣʦʢʘʣʴʥʳʭ ʨʝʮʠʜʠʚʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʬʝʥʦʤʝʥʦʤ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ. ʉʝʥʝʩʮʝʥʪʥʳʝ ʢʣʝʪʢʠ, 

ʩʦʭʨʘʥʷʷ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʝʢʨʝʪʠʨʫʶʪ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʮʠʪʦʢʠʥʳ, ʭʝʤʦʢʠʥʳ ʠ ʬʘʢʪʦʨʳ ʨʦʩʪʘ (SASP), ʬʦʨʤʠʨʫʷ ʧʨʦʦʧʫʭʦʣʝʚʦʝ 
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ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ. SASP ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʦʩʪʘʪʦʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ, ʚʢʣʶʯʘʷ ʩʪʚʦʣʦʚʳʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʮʠʨʫʝʪ ʘʥʛʠʦʛʝʥʝʟ, ʧʦʜʘʚʣʷʝʪ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʠʪʝʪ ʠ ʧʨʷʤʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʚʘʟʠʠ ʠ 

ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʶ ʦʧʫʭʦʣʠ [47, 82, 96, 254].  

1.6.2 ɺʣʠʷʥʠʝ ʭʠʤʠʦʪʝʨʘʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʝʤʦʟʦʣʦʤʠʜʘ (ʊʄɿ) ʥʘ 

ʢʣʝʪʢʠ ʛʣʠʦʤʳ 

ʊʝʤʦʟʦʣʦʤʠʜ (ʊʄɿ) ʷʚʣʷʝʪʩʷ ʘʣʢʠʣʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʚ ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʢʘʭ, ʦʩʪʘʥʦʚʢʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ 

ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ. ʇʦʩʣʝ ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʚ ʩʠʩʪʝʤʥʦʤ ʢʨʦʚʦʪʦʢʝ ʦʥ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ 

ʤʝʪʘʙʦʣʠʪʘ 3-ʤʝʪʠʣ-(ʪʨʠʘʟʝʥ-1-ʠʣ)ʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʦʢʩʘʤʠʜʘ (ʄʊʀʂ), ʢʦʪʦʨʳʡ 

ʩʧʦʥʪʘʥʥʦ ʨʘʩʧʘʜʘʝʪʩʷ ʠ ʚʳʩʚʦʙʦʞʜʘʝʪ 5-ʘʤʠʥʦʠʤʠʜʘʟʦʣ-4-ʢʘʨʙʦʢʩʘʤʠʜ ʠ 

ʤʝʪʠʣʜʠʘʟʦʥʠʡ. ʇʦʩʣʝʜʥʠʡ ʚʳʟʳʚʘʝʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʚ ʧʦʣʦʞʝʥʠʷʭ O6 ʠ N7 

ʛʫʘʥʠʥʘ (O-MeG, N-MeG) ʠ ʧʦʣʦʞʝʥʠʠ N3 ʘʜʝʥʠʥʘ (Nį-MeA). ʕʪʠ ʧʦʚʨʝʞʜʝʥʠʷ 

ʥʘʨʫʰʘʶʪ ʩʧʘʨʠʚʘʥʠʝ ʦʩʥʦʚʘʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʨʝʧʣʠʢʘʮʠʠ ɼʅʂ, ʘ 

ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʨʘʟʨʳʚʳ ɼʅʂ, ʦʩʪʘʥʦʚʢʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʘʧʦʧʪʦʟ ʜʝʣʷʱʠʭʩʷ 

ʢʣʝʪʦʢ [21, 201, 259]. 

 ʆʜʥʘʢʦ ʫ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʊʄɿ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ O6-

ʤʝʪʠʣʛʫʘʥʠʥ ɼʅʂ-ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ (MGMT). ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʮʝʩʩʘʭ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ 

ʧʦʜʜʝʨʞʘʥʠʶ ʨʝʟʠʩʪʝʥʪʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ. ʆʥ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʷʤʦʝ ʫʜʘʣʝʥʠʝ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʘʪʦʤʘ O ʛʫʘʥʠʥʘ (O-MeG), ʘ 

ʝʛʦ ʵʢʩʧʨʝʩʩʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ MGMT. ɺ ʢʣʝʪʢʘʭ 

ʦʧʫʭʦʣʝʡ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʨʦʤʦʪʦʨʦʤ ʛʝʥʘ MGMT ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʵʪʦʛʦ ʙʝʣʢʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢ ʜʝʡʩʪʚʠʶ ʪʝʤʦʟʦʣʦʤʠʜʘ [201]. ɽʱʝ ʦʜʥʠʤ 

ʤʝʭʘʥʠʟʤʦʤ ʨʘʟʚʠʪʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʨʝʧʘʨʘʮʠʠ ʥʝʩʧʘʨʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ (MMR), ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʦʪʦʨʦʡ ʥʝʧʨʘʚʠʣʴʥʦ ʩʧʘʨʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʥʝ 
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ʨʘʩʧʦʟʥʘʶʪʩʷ ʠ ʧʨʦʮʝʩʩ ʘʧʦʧʪʦʟʘ ʥʝ ʟʘʧʫʩʢʘʝʪʩʷ, ʘ ʢʣʝʪʢʠ ʧʨʦʜʦʣʞʘʶʪ ʜʝʣʠʪʴʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʄɿ ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʩʠʩʪʝʤʘ ʨʝʧʘʨʘʮʠʠ 

ʵʢʩʮʠʟʠʦʥʥʳʭ ʦʩʥʦʚʘʥʠʡ (BER), ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʫʜʘʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʦʩʥʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ N-MeG ʠ Nį-MeA, ʩ ʧʦʤʦʱʴʶ ʙʝʣʢʦʚ PARP-1, 

APE1 (ʈʠʩʫʥʦʢ 19) [97, 167, 201, 213].  
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ʈʠʩʫʥʦʢ 19. ʄʝʪʘʙʦʣʠʟʤ ʪʝʤʦʟʦʣʦʤʠʜʘ (TMZ) ʠ ʤʝʭʘʥʠʟʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [201]  

ʇʦʧʳʪʢʠ ʥʘʡʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʦʩʣʦʞʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʤʥʦʞʝʩʪʚʘ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʥʪʠʪʝʣ, ʢ ʦʧʫʭʦʣʠ. 

ɼʨʫʛʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ  ʛʝʪʝʨʦʛʝʥʥʳʡ ʩʦʩʪʘʚ 
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ʦʧʫʭʦʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʩʫʙʧʦʧʫʣʷʮʠʡ ʢ 

ʪʝʨʘʧʠʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʦʩʦʙʦ ʫʩʪʦʡʯʠʚʦʡ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ), ʢʦʪʦʨʘʷ ʥʝ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʘʧʠʠ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʨʝʮʠʜʠʚʦʚ (ʈʠʩʫʥʦʢ 

20) [33, 97, 159, 185, 201]. 

 

ʈʠʩʫʥʦʢ 20. ʈʦʣʴ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʠ ʠ 

ʨʘʟʚʠʪʠʠ ʨʝʮʠʜʠʚʦʚ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [201]  

ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʘʛʨʝʩʩʠʚʥʫʶ ʪʝʨʘʧʠʶ, ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʘʮʠʝʥʪʦʚ ʨʝʮʠʜʠʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʥʝʝ ʯʝʤ ʯʝʨʝʟ ʛʦʜ ʧʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ, 

ʧʨʠʯʝʤ ʯʘʱʝ ʚʩʝʛʦ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʛʨʘʥʠʮʝ ʨʝʟʝʢʮʠʠ ʦʧʫʭʦʣʠ [34, 203, 227]. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʣʝʯʝʥʠʷ 

ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤ, ʠ ʪʝʨʘʧʠʷ ʧʦʜʙʠʨʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʢʣʠʥʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ. ʉʪʘʥʜʘʨʪʥʳʝ ʚʘʨʠʘʥʪʳ ʦʙʣʫʯʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʵʬʬʝʢʪʘ, ʘ ʧʦʚʳʰʝʥʠʝ ʜʦʟ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʯʘʩʪʦ ʧʨʦʚʦʮʠʨʫʝʪ 

ʧʦʙʦʯʥʳʝ ʦʩʣʦʞʥʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʥʝʢʨʦʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʢʘʥʠ 

ʤʦʟʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠ ʁʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʠ ʣʫʯʝʚʦʡ ʙʦʣʝʟʥʠ 

[19]. ʇʦʚʳʰʝʥʠʝ ʜʦʟ ʊʄɿ ʪʘʢʞʝ ʥʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ [212]. 

ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʣʝʯʝʥʠʶ ɻɹʄ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢʘʢ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ (ʭʠʨʫʨʛʠʷ, ʨʘʜʠʦ- ʠ ʭʠʤʠʦʪʝʨʘʧʠʷ), ʪʘʢ ʠ ʥʘ ʨʘʟʚʠʪʠʝ 

ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʪʝʨʘʧʠʠ (ʪʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ, ʠʤʤʫʥʦʪʝʨʘʧʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʦʜʭʦʜʦʚ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʧʫʭʦʣʝʚʦʡ ʤʠʢʨʦʩʨʝʜʳ [33, 95, 151, 180, 213, 257] .  

1.6.3 ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʪʝʨʘʧʠʠ ʛʣʠʦʤ 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʪʝʨʘʧʠʠ 

ʛʣʠʦʤ ʷʚʣʷʝʪʩʷ ʪʘʨʛʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʧʫʭʦʣʴ. ɼʣʷ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʤʠʰʝʥʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ, ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ 

ʤʠʛʨʘʮʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʘʢʪʠʚʥʘʷ ʬʘʟʘ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʟʘʱʠʪʘ ʦʪ 

ʘʧʦʧʪʦʟʘ, ʘʥʛʠʦʛʝʥʝʟ [44, 55, 151].  

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ɼʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: 

1. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʘʤʦʦʙʥʦʚʣʝʥʠʠ 

ʆʉʂ [13, 44, 185, 213],  

¶ ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ Wnt-ʧʫʪʴ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʥʦʨʤʘʣʴʥʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ [163]. 

ʎʝʣʝʢʦʢʩʠʙ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʊʄɿ ʥʘ II  ʬʘʟʝ ʠʩʧʳʪʘʥʠʡ ʥʝ ʧʦʢʘʟʘʣ 

ʫʚʝʣʠʯʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʘʮʠʝʥʪʦʚ [177, 185],  

¶ ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʫʪʴ Hedgehog, ʩʚʷʟʘʥʥʳʡ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢʣʝʪʦʢ ʢ ʨʘʜʠʦ ʠ ʭʠʤʠʦʪʝʨʘʧʠʠ. ɻʣʘʩʜʝʛʠʙ ʧʦʢʘʟʘʣ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʥʘ I/II  

ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʛʣʠʦʤʘʤʠ [185, 

226] ,  

¶ ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ Notch-ʧʫʪʴ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʠʥʚʘʟʠʠ 

ʢʣʝʪʦʢ ʛʣʠʦʤ ʠ ʨʘʟʚʠʪʠʠ ʨʝʮʠʜʠʚʦʚ [256]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʦʝʜʠʥʝʥʠʝ GSI (R04929097) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʝʚʘʮʠʟʫʤʘʙʦʤ 

ʧʨʦʭʦʜʠʪ I/ II  ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [75, 185], 
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¶ ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ STAT3 ʧʫʪʴ, ʨʝʛʫʣʷʮʠʷ ʢʦʪʦʨʦʛʦ ʚʣʠʷʝʪ ʠ ʥʘ 

ʧʨʦʮʝʩʩʳ ʦʥʢʦʛʝʥʝʟʘ, ʠ ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʜʘʚʣʝʥʠʷ ʦʧʫʭʦʣʝʡ [67]. 

ʅʘʧʘʙʫʢʘʟʠʥ ʙʣʦʢʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʫʪʴ STAT3, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʊʄɿ ʥʘʭʦʜʠʪʩʷ ʚ ʬʘʟʝ I/II  ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

[84, 224] , 

2. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʨʘʧʠʷ, ʯʝʨʝʟ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʆʉʂ. ʀʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʫʪʴ BMP (Bone 

Morphogenetic Proteins), ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʜʝʥʦʟʠʥʦʚʳʝ 

ʨʝʮʝʧʪʦʨʳ A3AR, A1B ʠ A2B [13, 44, 185] ,  

3. ɽʱʝ ʦʜʥʘ ʪʝʭʥʦʣʦʛʠʷ ʪʝʨʘʧʠʠ ʛʣʠʦʤ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʧʫʪʝʡ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʆʉʂ [13, 185] . 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʠ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ 

ɼʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʜʝʣʝʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʙʣʦʢʘʪʦʨʳ ʦʩʥʦʚʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (EGFR, VEGFR) ʠ ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ (PI3K, mTOR), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʠʥʚʘʟʠʠ ʠ ʤʠʛʨʘʮʠʠ.  ʉʫʱʝʩʪʚʫʝʪ 

ʨʷʜ ʨʘʙʦʪ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʪʦ, ʯʪʦ ʙʣʦʢʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʫʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʝʡ [44, 181, 185] . 

ʆʩʥʦʚʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʪʝʨʘʧʠʠ ʛʣʠʦʤ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

PI3K/Akt/mTOR, EGFR, Notch. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʙʣʦʢʘʜʳ mTOR ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʝʧʘʨʘʪ ʕʚʝʨʦʣʠʤʫʩ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ II  ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʚʝʨʦʣʠʤʫʩʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʣʫʯʝʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʤʦʟʦʣʦʤʠʜʘ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ 12-ʤʝʩʷʯʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʫ 57% ʧʘʮʠʝʥʪʦʚ 

ʠ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʩʫʙʵʧʝʥʜʠʤʘʣʴʥʦʡ ʛʠʛʘʥʪʦʢʣʝʪʦʯʥʦʡ ʘʩʪʨʦʮʠʪʦʤʳ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 30% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʨʦʚʥʝʤ ʫ 75% ʧʘʮʠʝʥʪʦʚ, ʦʜʥʘʢʦ, ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ [44, 181, 213, 250]. ɼʣʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ EGFR ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʝʧʘʨʘʪʦʚ, ʩʨʝʜʠ ʥʠʭ 

ɻʝʬʠʪʠʥʠʙ (II  ʬʘʟʘ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ) ʠ ʎʝʪʫʢʩʠʤʘʙ (II  ʬʘʟʘ ʢʣʠʥʠʯʝʩʢʠʭ 
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ʠʩʧʳʪʘʥʠʡ). ʆʜʥʘʢʦ, ʧʦʢʘʟʘʥʘ ʤʘʣʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ 

EGFRvIII ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ [181, 213, 250].  

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʫʭʦʜ ʢʣʝʪʦʢ ʦʪ ʘʧʦʧʪʦʟʘ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʨʘʧʠʠ ʛʣʠʦʤ ʯʝʨʝʟ 

ʫʧʨʘʚʣʝʥʠʝ ʢʣʝʪʦʯʥʳʤ ʮʠʢʣʦʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʠʙʦ 

ʥʘ ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ, ʣʠʙʦ ʥʘ ʘʫʪʦʬʘʛʠʶ ʢʣʝʪʦʢ, ʣʠʙʦ ʥʘ ʧʫʪʠ ʨʝʧʘʨʘʮʠʠ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ɼʅʂ [33, 44, 203].  

ʈʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʘʢʪʠʚʘʮʠʶ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚʦ ʚʥʝʰʥʝʤ ʧʫʪʠ ʘʧʦʧʪʦʟʘ (CD95, DRD2/3) [17, 

31], ʘʢʪʠʚʘʮʠ ʁʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʫʪʠ ʘʧʦʧʪʦʟʘ [242], ʠʣʠ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʘʧʦʧʪʦʟʘ (p53, MDM2, 

ʬʘʨʥʝʟʠʣʪʨʘʥʩʬʝʨʘʟʘ (FT), Bcl-2) [29, 44, 205] . 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ɼʅʂ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ (CDK4/6), ʥʘ 

ʧʨʦʪʝʘʩʦʤʳ, ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʫ ʠ TGFɓ ʠ ʥʘ ʨʝʧʘʨʘʮʠʶ ɼʅʂ (PARP). 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʦʣʠ-(ɸɼʌ-ʨʠʙʦʟʦ)-ʧʦʣʠʤʝʨʘʟ (PARP), ʩ 

ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ ʦʣʘʧʘʨʠʙ, ʥʠʨʘʧʘʨʠʙ, ʨʫʢʘʧʘʨʠʙ ʠ ʪʘʣʘʟʦʧʘʨʠʙ 

[44, 225].  

PARP, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ PARP1 ʠ PARP2, ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʥʘʨʫʞʝʥʠʠ 

ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʟʘʧʫʩʢʘʶʪ ʧʨʦʮʝʩʩ ʠʭ ʨʝʧʘʨʘʮʠʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʧʫʪʴ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ (BER). PARP1 

ʪʘʢʞʝ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʚʳʙʦʨʝ ʧʫʪʠ ʨʝʧʘʨʘʮʠʠ ʜʣʷ ʜʚʫʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ. ʆʥ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʫʪʠ ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ (HR) ʧʫʪʝʤ ʢʦʥʢʫʨʝʥʮʠʠ ʩ 

Ku70/80 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʢʦʥʮʘʤʠ ʨʘʟʨʳʚʘ [32, 103] . 

PARP-ʠʥʛʠʙʠʪʦʨʳ (ʦʣʘʧʘʨʠʙ, ʥʠʨʘʧʘʨʠʙ) ʙʣʦʢʠʨʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʩʠʣʠʚʘʷ ʜʝʡʩʪʚʠʝ ʊʄɿ ʠ 

ʨʘʜʠʘʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʳ I/II  (NCT03212742) ʢʦʤʙʠʥʘʮʠʷ ʦʣʘʧʘʨʠʙʘ ʩ ʊʄɿ 
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ʧʨʠ ʨʝʮʠʜʠʚʠʨʫʶʱʝʡ ɻɹʄ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʜʠʘʥʳ ʙʝʟʨʝʮʠʜʠʚʥʦʡ 

ʚʳʞʠʚʘʝʤʦʩʪʠ (PFS) ʥʘ 2.3 ʤʝʩʷʮʘ [44, 60, 186, 225] .  

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʥʛʠʦʛʝʥʝʟ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʘʥʛʠʦʛʝʥʝʟʘ, ʩʯʠʪʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʡ ʥʘ VEGF ɹʝʚʘʮʠʟʫʤʘʙ, ʢʦʪʦʨʳʡ ʦʜʦʙʨʝʥ ʜʣʷ ʣʝʯʝʥʠʷ 

ʨʝʮʠʜʠʚʠʨʫʶʱʝʡ ʛʣʠʦʙʣʘʩʪʦʤʳ ʠʟ-ʟʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʫʤʝʥʴʰʘʪʴ ʦʪʝʢ ʚʦʢʨʫʛ 

ʦʧʫʭʦʣʠ ʠ ʫʣʫʯʰʘʪʴ ʥʝʚʨʦʣʦʛʠʯʝʩʢʫʶ ʩʠʤʧʪʦʤʘʪʠʢʫ, ʦʜʥʘʢʦ, ʦʥ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʦʙʱʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʚ [44, 95, 203].   

ʀʤʤʫʥʦʪʝʨʘʧʠʷ ʛʣʠʦʤ 

ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʣʠʦʤ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʠʥʛʠʙʠʪʦʨʳ ʠʤʤʫʥʥʳʭ ʯʝʢʧʦʠʥʪʦʚ (PD-1/PD-L1, CTLA-4), ʧʨʠʤʝʥʝʥʠʝ CAR-T-

ʢʣʝʪʦʢ ʧʨʦʪʠʚ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʭ ʘʥʪʠʛʝʥʦʚ (EGFRvIII) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʚʘʢʮʠʥ ʥʘ ʦʩʥʦʚʝ ʥʝʦʘʥʪʠʛʝʥʦʚ [44, 203, 213, 225] .  

1.6.4 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʚ ʪʝʨʘʧʠʠ ʛʣʠʦʤ 

ɸʧʪʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ɼʅʂ- ʠʣʠ ʈʅʂ-

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʩʧʦʩʦʙʥʳʝ ʩ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʘʬʬʠʥʥʦʩʪʴʶ 

ʩʚʷʟʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʠʰʝʥʝʡ, ʚʢʣʶʯʘʷ ʙʝʣʢʠ, ʧʝʧʪʠʜʳ ʠ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʆʥʠ ʙʳʣʠ ʦʪʢʨʳʪʳ 

ʥʝʟʘʚʠʩʠʤʦ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ ʠ ʩ ʪʝʭ ʧʦʨ ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʘʥʪʠʪʝʣʘʤ [161]. 

ʋ ʘʧʪʘʤʝʨʦʚ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʚʝʩʴʤʘ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ; ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʤʤʫʥʦʛʝʥʥʳ, ʯʝʤ ʘʥʪʠʪʝʣʘ ʟʘ 

ʩʯʝʪ ʩʚʦʝʡ ʧʨʠʨʦʜʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ; ʘʧʪʘʤʝʨʳ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ; 
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ʩʪʨʫʢʪʫʨʘ ʘʧʪʘʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʥʦʩʠʪʴ ʚ ʠʭ ʩʦʩʪʘʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

(ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʢʠ, ʩʘʡʪʳ ʢʦʥʲʶʛʘʮʠʠ ʩ ʣʝʢʘʨʩʪʚʘʤʠ ʠ ʪ.ʜ.) ʠ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʪʠʜʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ, ʥʝ ʚʣʠʷʷ ʥʘ ʩʚʷʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ; ʤʘʣʳʡ ʨʘʟʤʝʨ (ʦʢʦʣʦ 5-25 ʢɼʘ) 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

(ɻʕɹ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʘʧʪʘʤʝʨʦʚ ʣʝʛʯʝ ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ 

ʦʧʫʭʦʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʪʠʪʝʣʘʤʠ [11, 38, 48, 87, 161, 164, 188]. 

ʇʦʠʩʢ ʚʳʩʦʢʩʧʝʮʠʬʠʯʥʳʭ ʘʧʪʘʤʝʨʦʚ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʠʰʝʥʠ ʚ ʦʩʥʦʚʥʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ SELEX (Systematic Evolution of Ligands by 

EXponential enrichment). ʂʣʘʩʩʠʯʝʩʢʠʡ SELEX ʚʢʣʶʯʘʝʪ ʠʥʢʫʙʘʮʠʶ ʦʛʨʦʤʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ ʩʣʫʯʘʡʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (10
14

  10
15

 ʚʘʨʠʘʥʪʦʚ) ʩ ʮʝʣʝʚʦʡ 

ʤʠʰʝʥʴʶ, ʨʘʟʜʝʣʝʥʠʝ ʩʚʷʟʘʚʰʠʭʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠʭ ʘʤʧʣʠʬʠʢʘʮʠʶ ʇʎʈ 

(ʠʣʠ ʈʊ-ʇʎʈ ʜʣʷ ʈʅʂ) ʠ ʧʦʚʪʦʨʝʥʠʝ ʮʠʢʣʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʘʬʬʠʥʥʳʭ ʠ 

ʩʧʝʮʠʬʠʯʥʳʭ ʘʧʪʘʤʝʨʦʚ (ʈʠʩʫʥʦʢ 21) [38, 46, 48, 87, 144, 164].  
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ʈʠʩʫʥʦʢ 21. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʪʦʜʘ SELEX. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [38]  

 ʈʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ SELEX ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ:  

¶ Cell-SELEX (ʩʝʣʝʢʮʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʞʠʚʳʭ ʢʣʝʪʦʢ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʘʧʪʘʤʝʨʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʢ ʥʝʠʟʚʝʩʪʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʤʘʨʢʝʨʘʤ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ, ʥʘʧʨʠʤʝʨ, ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ) [38, 48, 87, 

164] ;  

¶ Tissue-SELEX (ʩʝʣʝʢʮʠʷ ʥʘ ʩʨʝʟʘʭ ʪʢʘʥʠ, ʫʯʠʪʳʚʘʝʪ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ) 

[46, 113, 127]; 
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¶ In Vivo SELEX (ʩʝʣʝʢʮʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʦʛʦ, 

ʫʯʠʪʳʚʘʝʪ ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ in vivo) [40, 46, 137] ,  

¶ Capture-SELEX (ʩʝʣʝʢʮʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ) [46, 120, 

136]; 

¶ Toggle-SELEX (ʩʝʣʝʢʮʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʠʜʦʚʦʡ ʧʝʨʝʢʨʝʩʪʥʦʡ 

ʨʝʘʢʪʠʚʥʦʩʪʠ) [53, 204]; 

¶ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʤʠʢʨʦʬʣʶʠʜʥʳʡ SELEX (ʪʝʭʥʦʣʦʛʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ) [46, 245] . 

ʇʦʩʣʝ ʩʝʣʝʢʮʠʠ ʘʧʪʘʤʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ: ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʬʬʠʥʥʦʩʪʴ, 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʫʢʣʝʘʟʘʤ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠhʝʥʴ, ʝʩʣʠ ʦʥʘ ʙʳʣʘ ʥʝʠʟʚʝʩʪʥʘ (ʢʘʢ ʧʨʠ Cell-SELEX). ʊʘʢʞʝ 

ʚʦʟʤʦʞʥʘ ʧʦʩʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [11, 38, 48, 87, 161, 164, 188]. 

ʇʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʧʫʭʦʣʝʡ ʎʅʉ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʤʝʜʠʮʠʥʳ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʪʘʤʝʨʦʚ. ʇʨʷʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʙʝʣʢʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠʣʠ ʚ ʦʧʫʭʦʣʝʚʦʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʨʝʮʝʧʪʦʨʳ ʨʦʩʪʘ ʠʣʠ ʙʝʣʢʠ ʘʜʛʝʟʠʠ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʘʬʬʠʥʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ 

ʘʧʪʘʤʝʨʘ [87, 161]. ʇʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʪʘʨʛʝʪʥʦʡ 

ʜʦʩʪʘʚʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ ʢʦʥʲʶʛʘʪʳ ʩ 

ʪʦʢʩʠʥʘʤʠ, ʨʘʜʠʦʠʟʦʪʦʧʘʤʠ ʠ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʇʦʜʦʙʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʩʠʩʪʝʤʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ [11, 48, 164].  ʀʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʢʠ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʫʣʴʪʠʚʘʣʝʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʠ- ʠʣʠ ʪʨʠʤʝʨʥʳʭ ʘʧʪʘʤʝʨʦʚ 

(ʤʫʣʴʪʠʤʝʨʦʚ). ʇʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʘʬʬʠʥʥʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʠʰʝʥʴʶ ʠʣʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʮʝʣʠʚʘʥʠʝ ʥʘ 
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ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ, ʯʪʦ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

[184].  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚ ʪʝʨʘʧʠʠ ʛʣʠʦʤ, ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ, ʛʣʠʦʙʣʘʩʪʦʤʳ. ʆʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ 

ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ ʎʅʉ ʧʨʦʙʣʝʤʳ  ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʝʦʜʦʣʝʥʠʷ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. 

 ɼʣʷ ʧʦʜʙʦʨʘ ʘʧʪʘʤʝʨʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʛʣʠʘʣʴʥʳʤ ʦʧʫʭʦʣʷʤ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Cell-SELEX ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʛʣʠʦʤʳ 

[38, 48, 87, 164] . ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʘʧʪʘʤʝʨʳ, ʥʘʮʝʣʝʥʥʳʝ 

ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʣʝʢʫʣʳ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʷ 

Nucleolin (AS1411) [38, 87, 164, 184] , EGFRvIII [38, 87, 164], PTK7 [184], Axl  [87, 

164] , CD133 [87, 164] ʠ Tenascin-C [48, 164] . 

ʉʚʷʟʳʚʘʷʩʴ ʩʦ ʩʚʦʠʤʠ ʤʠʰʝʥʷʤʠ, ʘʧʪʘʤʝʨʳ ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʦʥʢʦʛʝʥʝʟʘ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʠʥʚʘʟʠʷ ʠ ʤʠʛʨʘʮʠʷ ʢʣʝʪʦʢ 

ʛʣʠʦʤʳ, ʘ ʪʘʢʞʝ ʠʥʜʫʮʠʨʦʚʘʪʴ ʘʧʦʧʪʦʪʠʯʝʩʢʫʶ ʛʠʙʝʣʴ ʢʣʝʪʦʢ  [38, 48, 87, 164].  

ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʙʦʨʴʙʳ ʩ ʨʝʮʠʜʠʚʘʤʠ ʛʣʠʦʤ ʷʚʣʷʝʪʩʷ ʪʘʨʛʝʪʥʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʧʦʧʫʣʷʮʠʶ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ, ʦʪʣʠʯʘʶʱʫʶʩʷ ʚʳʩʦʢʦʡ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ. ɸʧʪʘʤʝʨʳ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʘʨʢʝʨʘʤ ʆʉʂ, ʪʘʢʠʤ ʢʘʢ CD133, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʢʩʠʥʦʚ ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʵʪʦʡ ʩʫʙʧʦʧʫʣʷʮʠʠ [87, 164]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʜʣʷ ʪʘʨʛʝʪʥʦʡ 

ʜʦʩʪʘʚʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʯʝʨʝʟ ɻʕɹ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʣʝʪʢʘʤ 

ʛʣʠʦʤʳ. ʂʦʥʲʶʛʘʪʳ ʘʧʪʘʤʝʨʦʚ ʠʣʠ ʘʧʪʘʤʝʨ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʘʥʦʥʦʩʠʪʝʣʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʧʦʢʘʟʳʚʘʶʪ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ  [11, 38, 164].  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʘʧʪʘʤʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʨʘʧʠʠ 

ʛʣʠʦʤ, ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 
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ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʘʧʪʘʤʝʨʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

[11, 38, 71, 164, 252] . 
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1 ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ 

ʇʝʨʚʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʘʮʠʝʥʪʦʚ ʚ ʌɻɸʋ çʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ ʘʢ. 

ʅ.ʅ. ɹʫʨʜʝʥʢʦè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʩ ʠʭ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʛʣʘʩʠʷ. ʂʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʩʨʝʜʝ DMEM/F12 (Servicebio, ʂʠʪʘʡ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

10 % FBS (Biowest, ʌʨʘʥʮʠʷ), 2 mM L-ʛʣʫʪʘʤʠʥʘ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ 1% ʨʘʩʪʚʦʨʘ 

ʘʥʪʠʙʠʦʪʠʢʘ (ʇʝʥʠʮʠʣʣʠʥ/ʩʪʨʝʧʪʦʤʠʮʠʥ) (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʧʨʠ 37 Áʉ ʠ 5% ʉʆ2. 

ɼʣʷ ʧʝʨʝʩʝʚʘ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ɺʝʨʩʝʥʘ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.25% ʨʘʩʪʚʦʨʘ ʊʨʠʧʩʠʥʘ-ʕɼʊɸ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ), 

ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʳʝ ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʩʦʩʫʜʳ. ʇʝʨʝʩʝʚ 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝ ʙʦʣʝʝ 70-80% ʤʦʥʦʩʣʦʷ. ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1 

ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 
ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʘʮʠʝʥʪʦʚ. 

ʊʠʧ ʦʧʫʭʦʣʠ ʅʘʟʚʘʥʠʝ 

ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ 

ʉʪʝʧʝʥʴ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ 
ɼʠʘʛʥʦʟ 

ʇʝʨʚʠʯʥʘʷ 

ʦʧʫʭʦʣʴ 

Sh\fP1  4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

BU73 3 
ɸʥʘʧʣʘʩʪʠʯʝʩʢʘʷ 

ʘʩʪʨʦʮʠʪʦʤʘ 

Sus\fP2 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

BU349 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

BU307 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

ʈʝʮʠʜʠʚ 

ʦʧʫʭʦʣʠ  
G-11 3-4 

ɸʥʘʧʣʘʩʪʠʯʝʩʢʘʷ 

ʘʩʪʨʦʮʠʪʦʤʘ 

G-01 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

BU782 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

G-23 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 

G22 4 ɻʣʠʦʙʣʘʩʪʦʤʘ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʌɻɸʋ çʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. 

ɹʫʨʜʝʥʢʦè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʙʳʣʘ ʦʜʦʙʨʝʥʘ ʕʪʠʯʝʩʢʠʤ ʂʦʤʠʪʝʪʦʤ ʌɻɸʋ çʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. 

ɹʫʨʜʝʥʢʦè (ʧʨʦʪʦʢʦʣ ˉ01/2021 ʦʪ 20.01.2020). 

2.2 ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ 

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʪʘʤʝʨʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʧʫʪʝʤ ʧʨʝʬʦʨʤʘʮʠʠ: 

ʠʥʢʫʙʘʮʠ ̫100 ʤʢʄ ʨʘʩʪʚʦʨʘ ʘʧʪʘʤʝʨʘ ʧʨʠ 95 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʚ ʙʫʬʝʨʝ (10 

ʤʄ KCl, 140 ʤʄ NaCl, 20 ʤʄ Tris-HCl) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʦʡ ʜʦ 

ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʦʙʘʚʣʷʣʠ ʚ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʘʧʪʘʤʝʨʳ bi-(AID-1-T) ʠ bi-(AID-1-ʉ) (ʊʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ bi-(AID-1-T) ʠ bi-

(AID-1-ʉ) 

ʅʘʟʚʘʥʠʝ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

bi-(AID-1-T) GGG TGG GTG GGT GGG TTT GGG TGG GTG GGT GGG 

bi-(AID-1-ʉ) GGG CGG GCG GGC GGG TTT GGG CGG GCG GGC GGG 

 ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 5, 10, 20 

ʠ 30 ʤʢʄ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 10 ʤʢʄ.  

ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘʤʠ, ʢʘʢ ʚ 

ʚʠʜʝ ʤʦʥʦʪʝʨʘʧʠʠ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʦʤ 

ʜʦʙʘʚʣʝʥʠʷ (ʊʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3. ʈʝʞʠʤ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) (ʊ) ʠ bi-(AID-1-ʉ) (ʉ) ʢ 

ʢʣʝʪʦʯʥʳʤ ʢʫʣʴʪʫʨʘʤ ʛʣʠʦʙʣʘʩʪʦʤ ʯʝʣʦʚʝʢʘ. ɻʜʝ TT, TC, CC, CT- 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʯʝʨʝʟ ʩʫʪʢʠ, ʘ  T T, T C, C C, C T ï 

ʜʦʙʘʚʣʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ ʜʚʦʝ ʩʫʪʦʢ. 

ʅʘʟʚʘʥʠʝ 

ʢʦʤʙʠʥʘʮʠʠ 

ɼʦʙʘʚʣʷʝʤʳʝ ʘʧʪʘʤʝʨʳ 

1 ʜʝʥʴ 2 ʜʝʥʴ 3 ʜʝʥʴ 4 ʜʝʥʴ 

T bi-(AID-1-T)   

ʅʘʯʘʣʦ 

ʥʘʙʣʶʜʝʥʠʷ 

TT bi-(AID-1-T) bi-(AID-1-T)  

TC bi-(AID-1-T) bi-(AID-1-ʉ)  

TTT bi-(AID-1-T) bi-(AID-1-T) bi-(AID-1-T) 

TCT bi-(AID-1-T) bi-(AID-1-ʉ) bi-(AID-1-T) 
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T T bi-(AID-1-T)  bi-(AID-1-T) 

T C bi-(AID-1-T)  bi-(AID-1-ʉ) 

T+C 
bi-(AID-1-T) 

bi-(AID-1-ʉ) 
  

C bi-(AID-1-ʉ)   

CC bi-(AID-1-ʉ) bi-(AID-1-ʉ)  

CT bi-(AID-1-ʉ) bi-(AID-1-T)  

CCC bi-(AID-1-ʉ) bi-(AID-1-ʉ) bi-(AID-1-ʉ) 

CTC bi-(AID-1-ʉ) bi-(AID-1-T) bi-(AID-1-ʉ) 

C C bi-(AID-1-ʉ)  bi-(AID-1-ʉ) 

C T bi-(AID-1-ʉ)  bi-(AID-1-T) 

ɼʣʷ ʤʦʥʦʪʝʨʘʧʠʠ ʘʧʪʘʤʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʢʨʘʪʥʦʝ ʜʦʙʘʚʣʝʥʠʝ 

ʘʧʪʘʤʝʨʘ ʢ ʢʣʝʪʦʯʥʳʤ ʢʫʣʴʪʫʨʘʤ ʠ ʯʝʨʝʟ 72 ʯʘʩʘ ʦʮʝʥʠʚʘʣʠ ʵʬʬʝʢʪ (ʈʠʩʫʥʦʢ 22) 

 

ʈʠʩʫʥʦʢ 22. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʘʧʪʘʤʝʨʘ bi-

(AID-1-T) ʠʣʠ bi-(AID-1-C) (ɺʘʨʠʘʥʪ ʊ,ʉ ʠ ʊ+ʉ). ʉʦʟʜʘʥʦ ʚ BioRender 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʘʨʠʘʥʪ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʘʧʪʘʤʝʨʦʚ ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ (ʈʠʩʫʥʦʢ 23) ʠʣʠ ʪʨʝʭ 

ʜʥʝʡ ʧʦʜʨʷʜ (ʈʠʩʫʥʦʢ 24). 
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ʈʠʩʫʥʦʢ 23. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʘ ʧʨʠ ʜʚʫʢʨʘʪʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠʣʠ bi-(AID-1-C) (ɺʘʨʠʘʥʪ ʊʊ, 

ʊʉ, ʉʉ ʠ ʉʊ). ʉʦʟʜʘʥʦ ʚ BioRender 

 

ʈʠʩʫʥʦʢ 24. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʘ ʧʨʠ ʪʨʦʝʢʨʘʪʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠʣʠ bi-(AID-1-C) (ɺʘʨʠʘʥʪ ʊʊʊ, 

ʊʉʊ, ʉʉʉ, ʉʊʉ). ʉʦʟʜʘʥʦ ʚ BioRender 

ʊʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ ʩ 

ʧʝʨʝʨʳʚʦʤ ʜʚʦʝ ʩʫʪʦʢ ʤʝʞʜʫ ʜʦʙʘʚʣʝʥʠʝʤ (ʈʠʩʫʥʦʢ 25). 
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ʈʠʩʫʥʦʢ 25. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʘ ʧʨʠ ʜʚʫʢʨʘʪʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠʣʠ bi-(AID-1-C) ʩ ʧʝʨʝʨʳʚʦʤ 48 

ʯʘʩʦʚ (ɺʘʨʠʘʥʪ ʊʊ, ʊʉ, ʉʉ, ʉʊ). ʉʦʟʜʘʥʦ ʚ BioRender 

2.3 ʆʙʣʫʯʝʥʠʝ 

ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʅʄʀʎ ʅʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɻʦʣʘʥʦʚʘ ɸ.ɸ. ɼʣʷ ʢʘʞʜʦʛʦ ʘʥʘʣʠʟʘ ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʤʘʪʨʘʩ ʠʣʠ 96-

ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʦʙʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ True-Beam STx 

(Varian, ʉʐɸ), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʭʦʜʷʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʟʳ 

ʦʙʣʫʯʝʥʠʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʘʪʨʘʩʘ ʠʣʠ ʧʣʘʥh ʝʪʘ, ʠʭ ʧʦʤʝʱʘʣʠ ʚ ʜʝʨʞʘʪʝʣʠ, ʧʦ 

ʧʣʦʪʥʦʩʪʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʧʣʦʪʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ (ʬʘʥʪʦʤʳ) (ʈʠʩʫʥʦʢ 26). 

ʌʘʥʪʦʤʳ ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʦʜʠʥʦʯʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʧʫʯʢʘ 

ʠʟʣʫʯʝʥʠʷ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 6 ʄʵɺ ʠ ʜʦʟʦʡ 600 ʩGy/ʤʠʥ. ʈʘʟʤʝʨ ʧʦʣʷ 32 Ĭ 

32 ʩʤ ʦʙʝʩʧʝʯʠʚʘʣ ʨʘʚʥʦʤʝʨʥʦʝ ʦʙʣʫʯʝʥʠʝ ʚʩʝʡ ʢʫʣʴʪʫʨʳ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ (SSD) ʩʦʩʪʘʚʣʷʣʦ 98 ʩʤ. ɼʦʟʘ ʦʙʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 20 Gy. 
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ʈʠʩʫʥʦʢ 26. ʌʘʥʪʦʤ ʜʣ ̫ʦʙʣʫʯʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ (ʬʦʪʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ 

ɻʦʣʘʥʦʚʳʤ ɸ.ɺ. ʠʟ ʅʄʀʎ ʅʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ)  

ɼʣʷ ʦʮʝʥʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʣʫʯʝʥʠʷ ʠ ʘʧʪʘʤʝʨʦʚ 

ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʢʨʘʪʥʦʝ ʦʙʣʫʯʝʥʠʝ ʜʦʟʦʡ 20 Gy. ɿʘʪʝʤ ʯʝʨʝʟ 72 ʯʘʩʘ ʜʦʙʘʚʣʷʣʠ 

ʘʧʪʘʤʝʨ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʝʱʝ ʯʝʨʝʟ 72 ʯʘʩʘ (ʈʠʩʫʥʦʢ 27). 

 

ʈʠʩʫʥʦʢ 27. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠʣʠ bi-(AID-1-C) (ɺʘʨʠʘʥʪ ʊ ʠ ʉ). ʉʦʟʜʘʥʦ ʚ 

BioRender 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ ʯʝʨʝʟ 

72 ʯʘʩʘ ʜʦʙʘʚʣʷʣʠʩʴ ʘʧʪʘʤʝʨʳ ʩ ʩʫʪʦʯʥʳʤ ʧʝʨʝʨʳʚʦʤ ʠ ʯʝʨʝʟ 72 ʯʘʩʘ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʦʮʝʥʠʚʘʣʩʷ ʵʬʬʝʢʪ (ʈʠʩʫʥʦʢ 28). 
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ʈʠʩʫʥʦʢ 28. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʘ ʧʨʠ ʜʚʫʢʨʘʪʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʘʧʪʘʤʝʨʦʚ bi-(AID-1-T) ʠʣʠ bi-(AID-1-C) (ɺʘʨʠʘʥʪ ʊʊ, 

ʊʉ, ʉʉ, ʉʊ). ʉʦʟʜʘʥʦ ʚ BioRender 

ʂʦʥʪʨʦʣʴʥʳʝ ʢʣʝʪʢʠ ʩʦʜʝʨʞʘʣʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʥʦ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʣʫʯʝʥʠʶ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʘʧʪʘʤʝʨʘ. 

2.4 ʆʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʂʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʝʚʘʣʠ ʥʘ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ (Nest, 

ʂʠʪʘʡ) ʧʦ 5000-7000 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ 200 ʤʢʣ ʩʨʝʜʳ DMEM/F12 (Servicebio, 

ʂʠʪʘʡ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 % FBS (Biowest, ʌʨʘʥʮʠʷ), 2 mM L-ʛʣʫʪʘʤʠʥʘ (ʇʘʥʕʢʦ, 

ʈʦʩʩʠʷ) ʠ 1% ʨʘʩʪʚʦʨʘ ʘʥʪʠʙʠʦʪʠʢʘ (ʇʝʥʠʮʠʣʣʠʥ/ʩʪʨʝʧʪʦʤʠʮʠʥ) (ʇʘʥʕʢʦ, 

ʈʦʩʩʠʷ). ʏʝʨʝʟ 24 ʯʘʩʘ, ʧʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʣʝʪʦʢ, ʟʘʤʝʥʷʣʠ ʩʨʝʜʫ ʥʘ ʩʚʝʞʫʶ ʚ 

ʦʙʲʝʤʝ 100 ʤʢʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʧʪʘʤʝʨʦʚ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ. ʏʝʨʝʟ 72 ʯʘʩʘ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʘʧʪʘʤʝʨʘ ʚ ʣʫʥʢʠ ʜʦʙʘʚʣʷʣʠ ʧʦ 10 ʤʢʣ ʨʝʘʛʝʥʪʘ MTS 

(Promega, ʉʐɸ). ʇʦʩʣʝ 90-ʤʠʥʫʪʥʦʡ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 37 ÁC ʠ 5% CO2 ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ SPECTROstar Nano (BMG LABTECH, ɻʝʨʤʘʥʠʷ) 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 495 ʥʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʚ ʧʨʦʛʨʘʤʤʝ MARS. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʫʥʢʠ ʩ ʢʣʝʪʢʘʤʠ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʤʠʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʧʪʘʤʝʨʦʚ. ɿʘ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʥʦʣʴ ʧʨʠʥʠʤʘʣʠʩʴ ʣʫʥʢʠ ʩʦ ʩʨʝʜʦʡ. 

ʇʨʦʪʦʢʦʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʭʝʤʘʪʠʯʥʦ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 29. 
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ʈʠʩʫʥʦʢ 29. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʣʠʷʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʣʫʥʢʝ ʠ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʣʫʥʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʝʞʠʤʝ ʤʘʪʨʠʮʳ (ʈʠʩʫʥʦʢ 30).  

 

ʈʠʩʫʥʦʢ 30. ʈʝʞʠʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʥʦʢ ʚ ʤʠʢʨʦʧʣʘʥʰʝʪʥʳʭ ʨʠʜʝʨʘʭ BMG 

LABTECH.[265] 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ 

ʠ/ʠʣʠ ʦʙʣʫʯʝʥʠʷ ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʜʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʧʨʦʮʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ), ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣʩʷ ʟʘ 100%. 
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2.5 ʆʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʙʦʨ xCELLigence (RTCA) S16 (ACEA Biosciences, 

ʉʐɸ) ʩ 16-ʣʫʥʦʯʥʳʤʠ ʧʣʘʥʰʝʪʘʤʠ (E-plate 16 PET, ACEA Biosciences, ʉʐɸ). 

ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʚʳʩʝʚʘʣʠ ʥʘ ʧʣʘʥʰʝʪʳ E-plate ʩ ʧʣʦʪʥʦʩʪʴʶ 7000 

ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ ʩʨʝʜʝ DMEM/F12 (Gibco, ʉʐɸ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% FBS 

(Gibco, ʉʐɸ) ʠ 2ʤʄ L-ʛʣʫʪʘʤʠʥʘ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ). ʇʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʣʝʪʦʢ 

ʚ ʣʫʥʢʠ ʜʦʙʘʚʣʷʣʠ ʘʧʪʘʤʝʨʳ ʚ ʨʝʞʠʤʝ ʤʦʥʦʪʝʨʘʧʠʠ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ ʠʟ ʨʘʟʜʝʣʘ 2.2 çʇʦʜʛʦʪʦʚʢʘ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚè. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ RTCA 2.1 

ʦʧʨʝʜʝʣʷʣʠ ʢʣʝʪʦʯʥʳʡ ʠʥʜʝʢʩ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ʥʘ 4, 

5, 6 ʠ 7 ʜʝʥʴ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʫʥʢʠ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ. 

2.6 ʆʮʝʥʢʘ ʤʠʛʨʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʄʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ ʦʮʝʥʠʚʘʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʘʚʦʢ Transwell ʩ ʧʦʨʘʤʠ 8 ʤʢʤ (353097, Corning Falcon, 

ʉʐɸ). ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ, 

ʟʘʪʝʤ ʚ ʢʘʞʜʫʶ ʚʩʪʘʚʢʫ ʧʦʤʝʱʘʣʠ 20 000 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ 350 ʤʢʣ 

ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʳ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʫʥʢʠ ʩʦʜʝʨʞʘʣʠ 700 ʤʢʣ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʩ 10% FBS. ʏʝʨʝʟ 20 ʯʘʩʦʚ ʥʝʤʠʛʨʠʨʦʚʘʚʰʠʝ ʢʣʝʪʢʠ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʚʩʪʘʚʢʠ ʫʜʘʣʷʣʠ, ʘ ʤʠʛʨʠʨʦʚʘʚʰʠʝ ʢʣʝʪʢʠ ʩ ʚʥʝʰʥʝʡ 

ʩʪʦʨʦʥʳ ʚʩʪʘʚʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʦʢʨʘʰʠʚʘʣʠ Hoechst 

33342 (Sigma, ʉʐɸ). ɸʢʪʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʦʜʩʯʝʪʫ ʢʣʝʪʦʢ ʚ 6 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʣʷʭ ʟʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʫʥʢʠ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ. ʉʭʝʤʘ ʦʮʝʥʢʠ ʤʠʛʨʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 31 
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ʈʠʩʫʥʦʢ 31. ʉʭʝʤʘ ʧʨʦʪʦʢʦʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ 

ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨ transwell. ʉʦʟʜʘʥʦ ʚ BioRender 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ 

ʠ/ʠʣʠ ʦʙʣʫʯʝʥʠʷ ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʜʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʧʨʦʮʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʠʛʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ), ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣʩʷ ʟʘ 100%. 

2.7 ɸʧʪʦʮʠʪʦʭʠʤʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ʚ ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʘʧʪʦʮʠʪʦʭʠʤʠʠ, ʦʢʨʘʩʢʠ ʞʠʚʳʭ ʢʣʝʪʦʢ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʢʨʦʚʥʳʝ ʩʪʝʢʣʘ 20009 (SPL Life 

Sciences, ʂʦʨʝʷ) ʚ 24-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ (SPL Life Sciences, ʂʦʨʝʷ) ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʧʦʩʝʚʘ 20000 ʢʣʝʪʦʢ/ʣʫʥʢʫ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ DMEM/F12 (Gibco, ʉʐɸ) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 10% FBS (Gibco, ʉʐɸ) ʠ 2ʤʄ L-ʛʣʫʪʘʤʠʥʘ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ 

ʦʩʪʘʚʣʷʣʠ ʨʘʩʪʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʞʠʚʳʝ ʢʣʝʪʢʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ 1 ʤʢʄ FAM-bi-(AID-1-T) ʠ FAM-bi-(AID-1-C) (GenTerra, ʈʦʩʩʠʷ). 
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ʇʦʩʣʝ 1,5, 3, 24, 48 ʠ 72 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 4% 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʦʢʨʘʰʠʚʘʣʠ Hoechst 33342 (Sigma, ʉʐɸ), ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ 

PBS, ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss ʩʝʨʠʠ 

LSM-710. 

2.8 ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʷ 

ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʢʨʦʚʥʳʝ ʩʪʝʢʣʘ 20009 (SPL Life Sciences, ʂʦʨʝʷ) ʚ 24-

ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ (SPL Life Sciences, ʂʦʨʝʷ) ʩ ʧʣʦʪʥʦʩʪʴʶ 40000 ʢʣʝʪʦʢ ʥʘ 

ʣʫʥʢʫ ʚ ʩʨʝʜʝ DMEM/F12 (Gibco, ʉʐɸ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% FBS (Gibco, ʉʐɸ) ʠ 

1% L-ʛʣʫʪʘʤʠʥʘ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʠ 5% CO2 ʚ ʪʝʯʝʥʠʝ 

24 ʯʘʩʦʚ. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʝʢʘ ʧʨʦʤʳʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ PBS ʠ ʬʠʢʩʠʨʦʚʘʣʠ 4% 

ʨʘʩʪʚʦʨʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ 30 ʤʠʥʫʪ ʧʨʠ 4 
ʦ
ʉ. ʇʦʩʣʝ ʯʝʛʦ ʦʢʨʘʰʠʚʘʣʠ 

ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ CD44 (ʨʘʟʚʝʜʝʥʠʝ 1:50, Abcam, ʉʐɸ), Caspase 3 

(ʨʘʟʚʝʜʝʥʠʝ 1:50, Abcam, USA), CD133 (ʨʘʟʚʝʜʝʥʠʝ 1:50, Miltenyl Biotec, 

Germany), EGFR (ʨʘʟʚʝʜʝʥʠʝ 1:50, Invitrogen, USA), ɓ-III -tubulin (ʨʘʟʚʝʜʝʥʠʝ 

1:100, Abcam, USA), Nestin (ʨʘʟʚʝʜʝʥʠʝ 1:50, Invitrogen, ʉʐɸ), PARP1 

(ʨʘʟʚʝʜʝʥʠʝ 1:100, Abcam, ʉʐɸ), L1CAM (ʨʘʟʚʝʜʝʥʠʝ 1:100, Abcam, ʉʐɸ), Sox2 

(ʨʘʟʚʝʜʝʥʠʝ 1:50, Abcam, ʉʐɸ), p53 (ʨʘʟʚʝʜʝʥʠʝ 1:50, Abcam, ʉʐɸ), Caveolin-1 

(ʨʘʟʚʝʜʝʥʠʝ 1:100, Invitrogen, ʉʐɸ), c-Myc (ʨʘʟʚʝʜʝʥʠʝ 1:100, FineTest, ʂʠʪʘʡ) ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʨʘʟʚʦʜʠʣʠ ʚ 

PBS ʩ 0,3% Triton X100 (Sigma-Aldrich, ʉʐɸ) ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʨʛʝʥʪʘ ʠ 2% 

ʩʳʚʦʨʦʪʢʝ ʦʩʣʘ ʠʣʠ ʢʦʟʳ (Jackson Immunoresearch, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʩ 1% FBS ʠ 2% ʦʩʣʠʥʦʡ 

ʩʳʚʦʨʦʪʢʠ.  

ɿʘʪʝʤ ʦʪʤʳʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ PBS ʪʨʠ ʨʘʟʘ ʧʦ 5 ʤʠʥʫʪ ʠ ʦʢʨʘʰʠʚʘʣʠ 

ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʤʝʯʝʥʥʳʤʠ Cy2 (715-225-151, Jackson ImmunoResearch, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠʣʠ Alexa FluorÈ 594 (711-585-152, Jackson ImmunoResearch, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʚ PBS ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,3% Triton X-100 ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʦʪʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ PBS 3 ʨʘʟʘ ʧʦ 5 

ʤʠʥʫʪ. 
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ʗʜʨʘ ʢʣʝʪʦʢ ʦʢʨʘʰʠʚʘʣʠ ʙʠʩʙʝʥʟʠʤʠʜʦʤ (Hoechst 33342 (Sigma, ʉʐɸ)) ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ PBS. ʉʪʝʢʣʘ ʩ ʢʣʝʪʢʘʤʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚ Mowiol 

4-88 (9002-89-5, Sigma-Aldrich, ɻʝʨʤʘʥʠʷ) ʩ 1% DABCO ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʧʨʠ 4 

ÁC, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʮʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss ʩʝʨʠʠ LSM-710 ʠʣʠ Nexcope 

ʩʝʨʠʠ NIB900. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ, 

ʦʢʨʘʰʝʥʥʳʝ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʥʦ ʙʝʟ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ. ʉʨʝʜʥʶʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ImageJ v1.53n ʠ CellProfiler v4.2.8. ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ 

ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ ʠ/ʠʣʠ ʦʙʣʫʯʝʥʠʷ ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʜʘʥʥʳʝ ʥʘ 

ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʮʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ), 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣʩʷ ʟʘ 100%.  

2.9 ʇʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʠ ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʘʙʦʨ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʧʦʧʪʦʟʘ FITC Annexin V ʩ PI (BioLegend, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʩʥʠʤʘʣʠ ʩ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʬʣʘʢʦʥʦʚ, 

ʧʨʦʤʳʚʘʣʠ PBS ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ Annexin V Binding Buffer ʜʦ 0,25ï1,0 Ĭ 10  

ʢʣ/ʤʣ. ʂ 100 ʤʢʣ ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʣʷʣʠ 5 ʤʢʣ FITC Annexin V ʠ 5ï10 ʤʢʣ PI, 

ʘʢʢʫʨʘʪʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 15 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʤʥʦʪʝ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 200 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ Annexin V ʢʘʞʜʳʡ 

ʦʙʨʘʟʝʮ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ BD FACSAriaTMIII (BD Bioscience, ʌʨʘʥʢʣʠʥ ʃʝʡʢʩ, 

ʅʴ-ʁɼʞʝʨʩʠ, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʮʠʠ FITC-A ʠ PE-A. ɺʩʝʛʦ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 30 000 ʩʦʙʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʘʛʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ BD FACSDiva v8.0.2 (BD Bioscience, ʉʐɸ). ɼʘʥʥʳʝ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʤʝʪʨʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ FlowJo v10.6.2 (FlowJo LCC, ʌʨʘʥʢʣʠʥ 

ʃʝʡʢʩ, ʅʴ-ʁɼʞʝʨʩʠ, ʉʐɸ). ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʨʘʬʠʢʝ Annexin V (X) vs PI (Y) 

ʙʳʣʘ ʪʘʢʦʡ: Q4 (ï/ï)  ʞʠʚʳʝ, Q3 (+/ï)  ʨʘʥʥʠʡ ʘʧʦʧʪʦʟ, Q2 (+/+)  ʧʦʟʜʥʠʡ 

ʘʧʦʧʪʦʟ/ʥʝʢʨʦʟ, Q1 (ï/+)  ʥʝʢʨʦʟ. 
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2.10 ʆʮʝʥʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʘʧʪʘʤʝʨʦʚ ʢ ʙʝʣʢʫ-ʤʠʰʝʥʠ 

ʇʦʜʛʦʪʦʚʢʘ ʣʠʟʘʪʘ ʠ ʦʩʘʞʜʝʥʠʝ. ʂʫʣʴʪʫʨʫ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ G01 

ʚʳʨʘʱʠʚʘʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 80% ʢʦʥʬʣʶʝʥʪʥʦʩʪʠ, ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʠ 0,25% 

ʨʘʩʪʚʦʨʦʤ ʊʨʠʧʩʠʥʘ-ʕɼʊɸ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ ʧʨʦʤʳʚʘʣʠ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ 

ʙʫʬʝʨʦʤ (PBS). ʂ ʢʣʝʪʦʯʥʦʤʫ ʦʩʘʜʢʫ ʥʘ ʣʴʜʫ ʜʦʙʘʚʣʷʣʠ IP-ʙʫʬʝʨ (25 ʤʄ HEPES 

(K) pH 7,4, 150 ʤʄ NaCl, 1 ʤʄ EDTA, 1% NP-40, 5% ʛʣʠʮʝʨʠʥʘ, 0,1 ʤʄ DTT ʠ 

ʠʥʛʠʙʠʪʦʨ ʧʨʦʪʝʘʟʳ (Halt Protease Inhibitor Single-Use Cocktail, ThermoFisher 

Scientific, ʉʐɸ)) ʠʟ ʨʘʩʯʝʪʘ 500 ʤʢʣ ʙʫʬʝʨʘ ʥʘ 10 ʤʠʣʣʠʦʥʦʚ ʢʣʝʪʦʢ. ʃʠʟʘʪ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 21000g ʧʨʠ 4 ÁC. ʅʘʜʦʩʘʜʦʯʥʫʶ 

ʞʠʜʢʦʩʪʴ ʧʝʨʝʥʝʩʣʠ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʢʦʣʦʥʢʫ ʜʣʷ ʩʦʨʙʮʠʠ ʙʝʣʢʘ (150 ʤʢʣ 

ʘʚʠʜʠʥ-ʘʛʘʨʦʟʳ Pierce (ThermoFisher Scientific, ʉʐɸ), ʥʘʥʝʩʝʥʥʦʡ ʥʘ 

ʮʝʥʪʨʠʬʫʞʥʳʝ ʢʦʣʦʥʢʠ Pierce (ThermoFisher Scientific, ʉʐɸ), ʟʘʪʝʤ ʧʨʦʤʳʣʠ 3 

ʨʘʟʘ IP-ʙʫʬʝʨʦʤ), ʜʦʙʘʚʠʣʠ ʈʅʂʘʟʫ ɸ (ThermoFisher Scientific, ʉʐɸ) ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʰʝʡʢʝʨʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʢʦʣʦʥʢʠ ʩʦ ʩʪʨʝʧʪʘʚʠʜʠʥ-ʘʛʘʨʦʟʦʡ. ʅʘ 

ʢʦʣʦʥʢʠ ʥʘʥʦʩʠʣʠ 40 ʤʢʣ 50% ʩʫʩʧʝʥʟʠʠ ʩʪʨʝʧʪʘʚʠʜʠʥ-ʘʛʘʨʦʟʳ Pierce 

(ThermoFisher Scientific, ʉʐɸ), ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ, 

ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ: 1) ʢʦʥʪʨʦʣʴʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ, ʥʝ 

ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ ʢʣʝʪʢʘʤʠ, ʤʝʯʝʥʥʳʡ ʙʠʦʪʠʥʦʤ (ʙʠʦʪʠʥ- 

GGACGGGGATTTAATCGCCGTAGTAGAAAAGCATGTCAAAAGCCGGAACCG

TCC) (2,5 ʤʢʣ 100 ʤʢʄ ʨʘʩʪʚʦʨʘ) GenTerra Ltd. (ʈʦʩʩʠʷ), 2) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ, ʤʝʯʝʥʥʳʡ ʙʠʦʪʠʥʦʤ, bi-(AID-1-T) (ʙʠʦʪʠʥ

GGGTGGGTGGGTGGGTTTGGGTGGGTGGGTGGG) ʠʣʠ bi-(AID-1-C) (ʙʠʦʪʠʥ  

GGGCGGGCGGGCGGGTTTGGGCGGGCGGGCGGG) (2,5 ʤʢʣ 100 ʤʢʄ 

ʨʘʩʪʚʦʨʘ) GenTerra Ltd. (ʈʦʩʩʠʷ). 3) ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ - ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ 

ʚʦʜʘ). ʀ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  ʇʦʩʣʝ 

ʵʪʦʛʦ ʢʦʣʦʥʢʠ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ. ʇʦʩʣʝ ʩʦʨʙʮʠʠ 

ʬʠʣʴʪʨʘʪ ʢʦʣʦʥʢʠ ʩ ʘʚʠʜʠʥ-ʘʛʘʨʦʟʦʡ ʨʘʟʜʝʣʷʣʠ ʥʘ ʨʘʚʥʳʝ ʯʘʩʪʠ ʠ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢʦʣʦʥʢʠ ʩʦ ʩʪʨʝʧʪʘʚʠʜʠʥ-ʘʛʘʨʦʟʦʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʰʝʡʢʝʨʝ ʚ 

ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʥʘ ʢʦʣʦʥʢʠ ʥʘʥʦʩʠʣʠ 500 
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ʤʢʣ IP-ʙʫʬʝʨʘ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʩʦʢʦʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ (25 ʤʄ Hepes, 1 ʤʄ EDTA, 0,1% NP40, 300 ʤʄ NaCl) ʠ 

ʥʠʟʢʦʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ (25 ʤʄ Hepes, 1 ʤʄ EDTA, 0,1% NP40, 50 ʤʄ NaCl). 

ɿʘʪʝʤ ʙʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʠʟ ʢʦʣʦʥʦʢ ʜʚʘʞʜʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʜʥʦʢʨʘʪʥʦ 

ʙʫʬʝʨʦʤ ʃɻʤʤʣʠ (ʩʦʜʝʨʞʘʱʠʤ 1% SDS) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 85 ÁC. ʆʙʨʘʟʮʳ ʧʦʩʣʝ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʵʣʶʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʧʦ ʃɻʤʤʣʠ), ʘ ʟʘʪʝʤ ʦʢʨʘʰʠʚʘʣʠ ʩʝʨʝʙʨʦʤ (Pierce Silver 

Stain for Mass Spectrometry, ThermoFisher Scientific, ʉʐɸ). ʇʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ 

ʦʙʨʘʟʮʝ ʚʳʨʝʟʘʣʠ, ʦʙʝʩʮʚʝʯʠʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ LCMS (ʈʠʩʫʥʦʢ 32). 

 

ʈʠʩʫʥʦʢ 32. ʉʭʝʤʘ ʧʨʦʪʦʢʦʣʘ ʦʮʝʥʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʘʧʪʘʤʝʨʦʚ ʢ ʙʝʣʢʫ-

ʤʠʰʝʥʠ. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ. ʉʦʟʜʘʥʦ ʚ BioRender 
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ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɻʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʚ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʧʩʠʥʘ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʫ, ʦʧʠʩʘʥʥʦʤʫ ʐʝʚʯʝʥʢʦ ʠ ʜʨ. [196]. ʆʙʨʘʟʮʳ ʟʘʛʨʫʞʘʣʠ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʝʜʢʦʣʦʥʢʫ ʨʘʟʤʝʨʦʤ 20 x 0,1 ʤʤ, ʟʘʧʦʣʥʝʥʥʫʶ 

ʩʦʨʙʝʥʪʦʤ Inertsil ODS3 3 ʤʢʤ (GL Sciences) ʚ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ 2% 

ʘʮʝʪʦʥʠʪʨʠʣʘ, 98% H2O, 0,1% THFU, ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 10 ʤʢʣ/ʤʠʥ ʠ 

ʨʘʟʜʝʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʣʦʥʢʝ ʠʟ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 

300 x 0,1 ʤʤ ʩ ʵʤʠʪʪʝʨʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʥʘ ʣʘʟʝʨʥʦʤ ʚʳʪʷʛʠʚʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ 

P2000 (Sutter, ʉʐɸ) ʠ ʟʘʧʦʣʥʝʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʩʦʨʙʝʥʪʦʤ Reprosil PUR 

C18AQ 1.9 (Dr. Maisch). ʆʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʝ Ultimate 3000 Nano LC System (Thermo Fisher Scientific), 

ʩʦʝʜʠʥʝʥʥʦʤ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ Orbitrap Lumos Tribrid (Thermo Fisher 

Scientific) ʯʝʨʝʟ ʠʩʪʦʯʥʠʢ ʥʘʥʦʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʷ (Thermo Fisher Scientific). ɼʣʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʝʧʪʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʩʪʝʤʳ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ɸ (99,9% ʚʦʜʳ, 0,1% ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ) ʠ ɺ (19,9% ʚʦʜʳ, 0,1% 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, 80% ʘʮʝʪʦʥʠʪʨʠʣʘ). ʕʣʶʠʨʦʚʘʥʠʝ ʧʝʧʪʠʜʦʚ ʠʟ ʢʦʣʦʥʢʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʛʦ ʛʨʘʜʠʝʥʪʘ: 3-35% ɺ ʚ ʪʝʯʝʥʠʝ 58 ʤʠʥ; 

35-99% ɺ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, 99% ɺ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ 99-3% ɺ ʚ ʪʝʯʝʥʠʝ 0,1 ʤʠʥ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 500 ʥʣ/ʤʠʥ. ɼʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʥʘʩʪʨʦʡʢʠ ʧʨʠʙʦʨʘ: ʩʢʘʥʠʨʦʚʘʥʠʝ MS1: ʨʘʟʨʝʰʝʥʠʝ 

60000, ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ: 500-1600 ʤ/ʟ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʚʦʜʘ ʠʦʥʘ - 30 

ʤʩ, ʫʨʦʚʝʥʴ ACG - 3x10 , ʬʨʘʛʤʝʥʪʘʮʠʷ ʠʦʥʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʝ HCD ʧʨʠ 

ʵʥʝʨʛʠʠ ʩʪʦʣʢʥʦʚʝʥʠʷ 30%, ʨʝʛʠʩʪʨʘʮʠʷ ʠʦʥʦʚ MS2 ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 

15000. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɼʘʥʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ Peaks studio 10.0 

(Bioinformatics Solutions Inc.). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʘʥʜʝʤʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ Uniprot-SwissProt (23.02.2019) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʧʦʩʪʦʷʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʮʠʩʪʝʠʥʘ  ʢʘʨʙʘʤʠʜʦʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʚʘʨʠʘʙʝʣʴʥʳʝ 
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ʤʦʜʠʬʠʢʘʮʠʠ  ʦʢʠʩʣʝʥʠʝ ʤʝʪʠʦʥʠʥʘ ʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ N-ʢʦʥʮʝʚʦʛʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʙʝʣʢʘ, ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʧʝʧʪʠʜʦʚ  0,01 (ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ʦʙʨʘʪʥʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ), ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʦʪʝʘʟ r  C-ʢʦʥʮʝʚʳʝ 

ʘʨʛʠʥʠʥ ʠ ʣʠʟʠʥ (ʜʦʧʫʩʢʘʣʦʩʴ ʜʦ ʜʚʫʭ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʩʘʡʪʦʚ ʛʠʜʨʦʣʠʟʘ ʧʨʠ 

ʧʦʠʩʢʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ). ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʦʚ ʜʦʧʫʩʢʘʣʦʩʴ ʦʪʢʣʦʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʤʘʩʩʳ ʧʝʧʪʠʜʘ ʦʪ ʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʘʩʩʳ ʜʦ 10 

ʤ.ʜ., ʘ ʦʪʢʣʦʥʝʥʠʝ ʤʘʩʩ ʬʨʘʛʤʝʥʪʦʚ -ʜʦ 0,02 ɼʘ. 

2.11 ʆʮʝʥʢʘ ʘʬʬʠʥʥʦʩʪʠ ʘʧʪʘʤʝʨʘ ʢ ʙʝʣʢʫ-ʤʠʰʝʥʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ɸʥʪʠʧʦʚʦʡ ʆ.ʄ. ʠ ʂʦʧʳʣʦʚʳʤ ɸ.ʄ. ʚ 

ʅʀʀ ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠʤ. ɸ.ʅ. ɹʝʣʦʟʝʨʩʢʦʛʦ ʄɻʋ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʤʝʯʝʥʥʳʝ ʙʠʦʪʠʥʦʤ ʥʘ 5'-ʢʦʥʮʝ: bi-(AID-1-T) (ʙʠʦʪʠʥ- 

GGGTGGGTGGGTGGGTTTGGGTGGGTGGGTGGGTGG), ʢʦʥʪʨʦʣʴʥʳʡ 

ʜʚʫʭʮʝʧʦʯʝʯʥʳʡ ʜʫʧʣʝʢʩ ɼʅʂ (ʙʠʦʪʠʥ-

GCCGGCATTTTGACGCCGCCCCGGCTGCTTATGCTCCGGGGCATATGGC), 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʜʥʦʮʝʧʦʯʝʯʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ɼʅʂ (ʙʠʦʪʠʥ-

CATTTAGGACCAACACAA). ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʫ ʢʦʤʧʘʥʠʠ 

GenTerra Ltd. (ʈʦʩʩʠʷ). 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 

ʤʢʄ, ʩʦʩʪʦʷʱʝʡ ʠʟ Tris-HCl ʙʫʬʝʨʘ pH 7,4 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 50 ʤʄ NaCl, 10 ʤʄ KCl 

ʠ 5 ʤʄ MgCl2: ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʜʦ 95ÁC ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʙʠʦʩʣʦʝʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʘʬʬʠʥʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠ 25ÁC 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʙʦʨ Sartorius Octet R2 (ɻʝʨʤʘʥʠʷ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 1 Ĭ PBS (pH 

7,4). ɼʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

2 ʤʢʄ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʦʩʝʥʩʦʨʳ SAX (ForteBio, 18-5117), ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʟʘʛʨʫʟʢʫ ʥʘ ʙʠʦʩʝʥʩʦʨʳ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ 

ʯʝʣʦʚʝʯʝʩʢʠʡ PARP1 ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʧʨʦʬʝʩʩʦʨʦʤ ʃʘʚʨʠʢ ʆ.ʀ. (ʀʥʩʪʠʪʫʪ 



71 

ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ). BSA ʙʳʣ 

ʧʨʠʦʙʨʝʪʝʥ ʫ ʢʦʤʧʘʥʠʠ Helicon Ltd. (ʈʦʩʩʠʷ), ɼʅʂ ʩʧʝʨʤʳ ʣʦʩʦʩʷ (Sigma-Aldrich, 

ʉʐɸ) ʧʦʜʚʝʨʛʘʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʦʩʪʘʚʣʷʣʘ 1 ʤʛ/ʤʣ. ɹʝʣʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʭʦʣʦʜʥʦʤ PBS; ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 0,1 ʤʛ/ʤʣ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʬʘʟʳ ʘʩʩʦʮʠʘʮʠʠ ʦʙʨʘʟʮʳ ʙʝʣʢʘ 

ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʬʦʩʬʘʪʥʦʤ 

ʙʫʬʝʨʝ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 162 ʥʄ, 81 ʥʄ, 41 ʥʄ, 20 ʥʄ, 10 ʥʄ, 5 ʥʄ ʠ 2,5 ʥʄ. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʘʩʩʦʮʠʘʮʠʠ ʚʢʣʶʯʘʣ ʦʙʨʘʟʮʳ ʩ 0,1 ʤʛ/ʤʣ ɼʅʂ 

ʩʧʝʨʤʳ ʣʦʩʦʩʷ ʠ ʩ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ. ʈʝʛʝʥʝʨʘʮʠʶ ʩʝʥʩʦʨʘ ʧʨʦʚʦʜʠʣʠ 

ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʭʣʦʨʠʜʘ ʵʪʘʥʦʣʘʤʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʄ ʩ pH 8,5, ʘ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʤʳʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ Octet ʜʘʥʥʳʝ ʠʟʚʣʝʢʘʣʠ ʧʫʪʝʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʯʠʪʘʥʠʷ 

ʬʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʙʫʬʝʨʘ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʳʯʠʩʣʝʥʥʳʭ ʢʨʠʚʳʭ ʩʚʷʟʳʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ ʃʘʥʛʤʶʨʘ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʩʪʝʭʠʦʤʝʪʨʠʶ ʩʚʷʟʳʚʘʥʠʷ 1:1, ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Origin 2021 (OriginLab, ʉʐɸ). 

2.12 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ GraphPad Prism 9. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 3 ʧʦʚʪʦʨʝʥʠʷʭ, ʜʘʥʥʳʝ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ ʜʣʷ ʛʨʫʧʧʳ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ ʙʦʢʩ-ʧʣʦʪ, ʛʜʝ ʫʢʘʟʘʥʳ ʤʝʜʠʘʥʘ, ʢʚʘʨʪʠʣʠ 25ï75% ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ two-

way ANOVA ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ɹʦʥʬʝʨʨʦʥʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ *p <0,05, **p  <0,01, ***p  <0,001 ʠ 

****p  <0,0001 
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3. ʈɽɿʋʃʔʊɸʊʓ  

3.1 ʉʨʘʚʥʝʥʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʥʦʛʦ ʘʧʪʘʤʝʨʘ AID-1-T ʠ ʝʛʦ ʜʠʤʝʨʘ bi-(AID-

1-T) ʧʨʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ 

ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʩʨʝʜʠ 

ʘʧʪʘʤʝʨʦʚ ʷʚʣʷʶʪʩʷ G-ʢʚʘʜʨʫʧʣʝʢʩʥʳʝ ʩʪʨʫʢʪʫʨʳ (GQ), ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʘʥʠʥʘ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴʶ ʠ ʪʦʯʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʩ ʙʝʣʢʘʤʠ-

ʤʠʰʝʥʷʤʠ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ [37, 187]. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʣʘʶʪ GQ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʪʝʨʘʧʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ.  

G-ʢʚʘʜʨʫʧʣʝʢʩʥʳʡ bi-(AID-1-T) ʙʳʣ ʩʦʟʜʘʥ ʧʫʪʝʤ ʢʦʚʘʣʝʥʪʥʦʡ ʢʦʥʲʶʛʘʮʠʠ 

ʜʚʫʭ ʤʦʣʝʢʫʣ AID-1-T ʯʝʨʝʟ ʪʨʠ ʪʠʤʠʜʠʥʦʚʳʭ ʣʠʥʢʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ GQ [15]. ʇʦʣʫʯʝʥʥʳʡ ʜʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʨʘʞʝʥʥʫʶ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ 

(grade 4), ʥʝ ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʷ ʥʘ ʥʝʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ [125] . 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ AID-1-T ʠ ʝʛʦ ʜʠʤʝʨʘ bi-

(AID-1-T) ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʫʭʦʣʠ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʝʮʠʜʠʚʘ ʧʝʨʚʠʯʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʘʧʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʣʠʷʥʠʝ ʘʧʪʘʤʝʨʦʚ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ ʠ ʨʝʮʠʜʠʚʥʳʭ, ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ 

ʦʪʜʝʣʴʥʦ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʘ AID-1-T ʠ ʝʛʦ 

ʜʠʤʝʨʘ bi-(AID-1-T) ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ (HGG). ɹʳʣʠ ʚʳʙʨʘʥʳ ʦʜʥʘ ʢʫʣʴʪʫʨʘ ʧʝʨʚʠʯʥʦʡ ʦʧʫʭʦʣʠ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ Sus\fP2 ʠ ʜʚʝ ʢʫʣʴʪʫʨʳ ʨʝʮʠʜʠʚʘ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ 

 G-01 ʠ G-23. 
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ʇʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ MTS-ʪʝʩʪʘ ʯʝʨʝʟ 72 

ʯʘʩʘ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 5 ʤʢʄ, 10 ʤʢʄ, 20 ʤʢʄ, 30 

ʤʢʄ (ʈʠʩʫʥʦʢ 33). 

 

ʈʠʩʫʥʦʢ 33. ɺʣʠʷʥʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ (GQs) AID-1-T ʠ ʝʛʦ ʜʠʤʝʨʘ bi-(AID-

1-T) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 5 ʤʢʄ, 10 ʤʢʄ, 20 ʤʢʄ, 30 ʤʢʄ ʥʘ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ (grade 4) Sus\fP2 (ʧʝʨʚʠʯʥʘʷ), ʠ G-01, G-23 (ʨʝʮʠʜʠʚ). A  

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʧʪʘʤʝʨʦʤ AID-1-T; ɹ  ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʧʪʘʤʝʨʦʤ bi-(AID-1-T). 

ʆʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, 

ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). *p <0,05, **p <0,01, ***p <0,001 ʠ ****p <0,0001 

ɼʣʷ AID-1-T ʥʘʠʙʦʣʴʰʠʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʚ 

ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ Sus\fP2, ʫʤʝʨʝʥʥʳʡ ʚ G-23, ʘ ʚ G-01 ʚʦʟʜʝʡʩʪʚʠʝ ʙʳʣʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (ʈʠʩʫʥʦʢ 33ɸ). ɼʣʷ bi-(AID-1-T) ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʚ Sus\fP2 ʠ G-23, ʪʦʛʜʘ ʢʘʢ ʚ G-01 ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ (ʈʠʩʫʥʦʢ 33ɹ). ʇʨʠ ʵʬʬʝʢʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʧʪʘʤʝʨʘ ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ G-ʢʚʘʜʨʫʧʣʝʢʩʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ, ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʧʨʠʟʥʘʥʦ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʄʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ Sus\fP2, ʛʜʝ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ (ʈʠʩʫʥʦʢ 34). ʉʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʣʘʜʘʝʪ ʪʦʪ G-ʢʚʘʜʨʫʧʣʝʢʩ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ 

ʛʠʙʝʣʠ (ʘʧʦʧʪʦʟ). ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʤʝʥʥʦ G-ʢʚʘʜʨʫʧʣʝʢʩʦʤ bi-(AID-1-T) 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʣʝʪʦʢ ʚ ʩʦʩʪʦʷʥʠʠ ʘʧʦʧʪʦʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈʠʩʫʥʦʢ 34ɹ). 

 

ʈʠʩʫʥʦʢ 34. ʆʮʝʥʢʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ (ʧʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ) 

Sus\fP2 (ʧʝʨʚʠʯʥʘʷ ʛʣʠʦʙʣʘʩʪʦʤʘ) ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ G-ʢʚʘʜʨʫʧʣʝʢʩʦʤ; ɸïʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ G-ʢʚʘʜʨʫʧʣʝʢʩʦʤ AID-1-T (10 ʤʢʄ), ɹ- ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ G-

ʢʚʘʜʨʫʧʣʝʢʩʦʤ bi-(AID-1-T)(10 ʤʢʄ). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ 

ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). *p <0,05, **p <0,01, ***p <0,001 ʠ ****p <0,0001 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʦʙʨʘʟʦʚʘʥʠ ̫ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʩʯʠʪʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ 

(ʆʉʂ), ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʮʝʥʠʪʴ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʚʦʣʦʚʦʩʪʠ ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ. ʄʝʪʦʜʦʤ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʫʨʦʚʥʠ 

ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ ʥʘ ʫʨʦʚʥʝ ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʚʦʣʦʚʦʩʪʴʶ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʴʶ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʚʫʭ G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʝʪʦʯʥʫʶ ʢʫʣʴʪʫʨʫ G-01 ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʠʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ, 
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ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ Sus\fP2 ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ.  

G-ʢʚʘʜʨʫʧʣʝʢʩ AID-1-T ʚ Sus\fP2 ʩʥʠʟʠʣ ʫʨʦʚʥʠ L1CAM ʠ p53, ʥʦ ʧʦʚʳʩʠʣ 

Nestin. ɺ G-01 ʫʚʝʣʠʯʠʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ Nestin ʠ Sox2, ʧʨʠ ʵʪʦʤ ʩʥʠʟʠʣʩʷ ʫʨʦʚʝʥʴ 

Casp3 (ʈʠʩʫʥʦʢ 35ɸ). G-ʢʚʘʜʨʫʧʣʝʢʩ bi-(AID-1-T) ʚ Sus\fP2 ʫʩʠʣʠʣ ʵʢʩʧʨʝʩʩʠʶ 

Nestin, ʘ ʚ G-01 ʩʥʠʟʠʣ p53 ʠ ʧʦʚʳʩʠʣ Sox2 ʠ CD44 (ʈʠʩʫʥʦʢ 35ɹ). 

 

ʈʠʩʫʥʦʢ 35. ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʨʢʝʨʦʚ ʩʪʚʦʣʦʚʦʩʪʠ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʦʮʝʥʢʝ ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʡ ʦʢʨʘʩʢʠ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤ ʯʝʣʦʚʝʢʘ Sus\fP2 ʠ G-01 ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ G-

ʢʚʘʜʨʫʧʣʝʢʩʘʤʠ AID-1-T ʠʣʠ ʝʛʦ ʜʠʤʝʨʦʤ bi-(AID-1-T) (10 ʤʢʄ); ɸ ï ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ AID-1-T; ɹ  ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ bi-(AID-1-T). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʜʦʣʠ ʦʪ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, 

ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). *p <0,05, **p <0,01, ***p <0,001 ʠ ****p <0,0001 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʣʠʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʫʨ ʢ 

G-ʢʚʘʜʨʫʧʣʝʢʩʘʤ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤ  rʚʳʙʨʘʣʠ bi-(AID-1-T) ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ G-ʢʚʘʜʨʫʧʣʝʢʩ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3.2 ɺʣʠʷʥʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʥʦʛʦ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʛʣʠʦʤ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ 

ɼʣʷ ʦʮʝʥʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ G-

ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) ʥʘ ʢʣʝʪʢʠ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 
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ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ in vitro ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʰʠʨʝʥʥʫʶ ʧʘʥʝʣʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʛʣʠʦʤ ʧʘʮʠʝʥʪʦʚ: 5 ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ ʧʝʨʚʠʯʥʳʭ 

ʛʣʠʦʤ ʠ 5 ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʞʝ ʚʳʙʨʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

10 ʤʢʄ, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʧʨʦʣʠʬʝʨʘʮʠʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-

1-T) ʥʘ ʢʣʝʪʢʠ ʛʣʠʦʤʳ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʷʭ ʛʣʠʦʤʳ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ. ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʨʝʮʠʜʠʚʦʚ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʝʥʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʭ ʠʟʚʝʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʪʝʨʘʧʠʠ (ʈʠʩʫʥʦʢ 36). 

 

ʈʠʩʫʥʦʢ 36. ɺʣʠʷʥʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) (10 ʤʢʄ) ʥʘ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ʠ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ. ʆʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ ʢʦʥʪʨʦʣʷ 

(ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), 

*p <0,05, **p <0,01, ***p <0,001 ʠ ****p <0,0001. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʚ ʢʫʣʴʪʫʨʘʭ ʨʝʮʠʜʠʚʥʳʭ ʛʣʠʦʤ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ 
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ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʘʙʳʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʦʪʚʝʪ. (ʈʠʩʫʥʦʢ 37). 

 

ʈʠʩʫʥʦʢ 37. ɺʣʠʷʥʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʢʣʝʪʦʢ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ, ʚ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʛʣʠʦʤ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ 10 ʤʢʄ. ɸ   ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ɹ  ʢʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ ʢʦʥʪʨʦʣʷ 

(ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). 

*p <0,05, **p <0,01, ***p <0,001 ʠ ****p <0,0001 

ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʮʝʥʠʪʴ ʩ ʢʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ 

ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ, ʢʦʪʦʨʳʝ ʚʳʞʠʚʘʶʪ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ. ɹʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ 

(ʀʎʍ), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 10 ʤʢʄ 

G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T). ɺ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ 

ʯʝʣʦʚʝʢʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ CD133, L1CAM, Casp3, Sox2 ʠ CD44 

(ʈʠʩʫʥʦʢ 38ɸ). ɺ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʨʝʮʠʜʠʚʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

L1CAM, CD44, EGFR ʠ Nestin ʠ ʩʥʠʞʝʥʠʝ p53 (ʈʠʩʫʥʦʢ 38ɹ). 



78 

 

ʈʠʩʫʥʦʢ 38. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ ʩʪʚʦʣʦʚʦʩʪʠ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʡ ʦʢʨʘʩʢʠ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʧʘʮʠʝʥʪʦʚ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 10 ʤʢʄ G-

ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T). ɸ ï ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ,  ɹ ï 

ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ 

ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʚ ʚʠʜʝ ʤʝʜʠʘʥ r(ʢʚʘʨʪʠʣʠ 25ï75%),ʩ ʫʢʘʟʘʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʨʫʧʧʳ. *p <0,05, **p <0,01, ***p <0,001 ʠ ****p 

<0,0001 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤʠ ʛʣʠʦʤʘʤʠ ʠ ʨʝʮʠʜʠʚʘʤʠ ʝʩʪʴ ʦʙʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʵʪʦ ʚʳʞʠʚʘʥʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʪʚʦʣʦʚʦʩʪʠ L1CAM, CD44, ʘ ʪʘʢʞʝ ʦʪʣʠʯʠʝ ï ʨʘʟʥʠʮʘ ʚ ʵʢʩʧʨʝʩʩʠʠ ʜʨʫʛʠʭ 

ʤʘʨʢʝʨʦʚ ʩʪʚʦʣʦʚʦʩʪʠ CD133, Casp3, Sox2, EGFR ʠ Nestin. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ in vitro ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ G-ʢʚʘʜʨʫʧʣʝʢʩʘ 
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bi-(AID-1-T). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʛʨʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʷʭ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʤʠʛʨʘʮʠʠ ʚʦ ʚʩʝʭ ʢʫʣʴʪʫʨʘʭ. ɺ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ 

ʨʝʮʠʜʠʚʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʠʤʫʣʷʮʠʷ ʤʠʛʨʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ G-

ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) (ʈʠʩʫʥʦʢ 39). 

 

ʈʠʩʫʥʦʢ 39. ɺʣʠʷʥʠʝ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) (10 ʤʢʄ) ʥʘ 

ʤʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ʠ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ. ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨ 

tranwell. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ 

ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), *p <0,05, **p <0,01, 

***p <0,001 ʠ ****p <0,0001 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʦʥ ʦʙʣʘʜʘʝʪ ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʤʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʦʚʳʰʝʥʥʫʶ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʠʧʪʦʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʧʦʜʘʚʣʷʪʴ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʛʦ ʙʝʣʢʘ-ʤʠʰʝʥʠ. 

ʊʝʨʤʠʥ çʢʨʠʧʪʦʘʧʪʘʤʝʨè, ʧʨʝʜʣʦʞʝʥʥʳʡ ɸ. ʂʦʧʳʣʦʚʳʤ, ʦʧʠʩʳʚʘʝʪ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʷʟʘʥʥʦʤ ʩ ʥʠʤʠ ʮʝʣʝʚʦʤ ʙʝʣʢʝ [116]. ɺ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʰʝʥʠ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʘʪʫʩ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʧʪʘʤʝʨʘ. 

3.3 ʆʮʝʥʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-ʊ) ʢ ʙʝʣʢʫ-ʤʠʰʝʥʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ 

ʇʦʠʩʢ ʙʝʣʢʘ-ʤʠʰʝʥʠ G-ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ (grade 4) G01 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ pull-down ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʂʣʝʪʢʠ ʣʠʟʠʨʦʚʘʣʠ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʜʣʷ ʩʦʨʙʮʠʠ 

ʙʝʣʢʦʚ ʩ ʘʚʠʜʠʥ-ʘʛʘʨʦʟʦʡ. ʇʦʩʣʝ ʩʦʨʙʮʠʠ ʬʠʣʴʪʨʘʪ ʢʦʣʦʥʢʠ ʨʘʟʜʝʣʷʣʠ ʥʘ ʪʨʠ 

ʨʘʚʥʳʝ ʯʘʩʪʠ ʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢʦʣʦʥʢʠ ʩʦ ʩʪʨʝʧʪʘʚʠʜʠʥ-ʘʛʘʨʦʟʦʡ 

ʠ ʩ 1) ʢʦʥʪʨʦʣʴʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʩʦ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

(ʙʠʦʪʠʥ-ʤʝʯʝʥʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ), 2) ʦʧʳʪʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ  

(ʙʠʦʪʠʥ-ʤʝʯʝʥʳʡ bi-(AID-1-T)) ʠ ʩ 3) ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ 

(ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ) ʜʣʷ ʠʥʢʫʙʘʮʠʠ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʠ ʧʨʦʤʳʚʢʠ ʚʳʩʦʢʦ ʠ 

ʥʠʟʢʦʩʦʣʝʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʵʣʶʠʨʦʚʘʣʠ ʩ ʢʦʣʦʥʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʇɸɸɻ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʉʨʘʚʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʇɸɸɻ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʙʝʣʢʦʚ ʧʦʢʘʟʘʣʦ ʧʦʷʚʣʝʥʠʝ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʚ 

ʦʙʨʘʟʮʝ 2 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʣʠʟʘʪʘ ʢʣʝʪʦʢ ʩ ʙʠʦʪʠʥ-ʤʝʯʝʥʳʤ bi-(AID-1-T) 

(ʈʠʩʫʥʦʢ 40). 
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ʈʠʩʫʥʦʢ 40. ʇɸɸɻ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ ʠʟ ʣʠʟʘʪʦʚ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ 

G01 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʙʠʦʪʠʥ-ʤʝʯʝʥʳʤ ʢʦʥʪʨʦʣʴʥʳʤ ʘʥʪʠʩʤʳʩʣʦʚʳʤ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʠ ʙʠʦʪʠʥ- ʤʝʯʝʥʳʤ bi-(AID-1-T), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʶʮʠʝʡ ʩ 

ʢʦʣʦʥʢʠ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʜʝʨʞʠʪ ʥʝʦʙʨʘʙʦʪʘʥʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ 

ʙʝʣʢʦʚʳʡ ʣʠʟʘʪ ʧʦʩʣʝ ʚʪʦʨʦʡ ɻ ʣʶʮʠʠ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʚʳʨʝʟʘʥʥʳʝ ʦʙʣʘʩʪʠ 

ʛʝʣʷ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ. 

ʇʦʣʦʩʳ, ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʠ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ LC-MS. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʝʣʢʠ, 

ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ bi-(AID-1-T) ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ, ʠʤʝʶʪ ʤʘʩʩʫ ʚ ʜʠʘʧʘʟʦʥʝ 33-36 ʢɼʘ ʠ 110-120 

ʢɼʘ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ 

Peaks studio 10.0 ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʪʷʞʝʣʦʡ ʧʦʣʦʩʝ 110-120 ʢɼʘ ʤʝʯʝʥʳʡ ʙʠʦʪʠʥʦʤ G-

ʢʚʘʜʨʫʧʣʝʢʩʘ bi-(AID-1-T) ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʠ ʙʝʟʫʩʣʦʚʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢ 

ʷʜʝʨʥʦʤʫ ʙʝʣʢʫ PARP1 (ʊʘʙʣʠʮʘ 4), ʧʨʠ ʵʪʦʤ ʚ ʧʦʣʦʩʝ 33-36 ʢɼʘ ʥʝ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʤʳʭ ʙʝʣʢʦʚ. 

ʊʘʙʣʠʮʘ 4. ɹʝʣʢʠ, ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʘʚʰʠʝʩʷ ʩ ʙʠʦʪʠʥ-ʤʝʯʝʥʳʤ bi-(AID-1-T) 

ID 

ɹʝʣʢʘ 
ʅʘʟʚʘʥʠʝ -10lgP 

ʇʦʢʨʳ

ʪʠʝ (%) 

ʇʣʦʱʘʜʴ 

ʦʙʨʘʟʮʘ 
ʇʝʧʪʠʜʳ 

ʉʨʝʜʥʷʷ 

ʤʘʩʩʘ 
ʆʧʠʩʘʥʠʝ 

P09874 
PARP1_ 

HUMAN 
219,24 36 1,60E+08 60 113084 

Poly [ADP-ribose] 

polymerase 1 

OS=Homo sapiens 

OX=9606 

GN=PARP1 PE=1 

SV=4 
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ID 

ɹʝʣʢʘ 
ʅʘʟʚʘʥʠʝ -10lgP 

ʇʦʢʨʳ

ʪʠʝ (%) 

ʇʣʦʱʘʜʴ 

ʦʙʨʘʟʮʘ 
ʇʝʧʪʠʜʳ 

ʉʨʝʜʥʷʷ 

ʤʘʩʩʘ 
ʆʧʠʩʘʥʠʝ 

Q9H2U

1 

DHX36_ 

HUMAN 
211,11 28 1,44E+08 47 114760 

ATP-dependent 

DNA/RNA 

helicase DHX36 

OS=Homo sapiens 

OX=9606 

GN=DHX36 

PE=1 SV=2 

Q1KMD

3 

HNRL2_ 

HUMAN 
166,63 27 7,70E+07 29 85105 

Heterogeneous 

nuclear 

ribonucleoprotein 

U-like protein 2 

OS=Homo sapiens 

OX=9606 

GN=HNRNPUL2 

PE=1 SV=1 

P68371 
TBB4B_ 

HUMAN 
125,29 16 0 7 49831 

Tubulin beta-4B 

chain OS=Homo 

sapiens OX=9606 

GN=TUBB4B 

PE=1 SV=1 

Q07157 
ZO1_ 

HUMAN 
119,68 7 2,47E+06 15 195457 

Tight junction 

protein ZO-1 

OS=Homo sapiens 

OX=9606 

GN=TJP1 PE=1 

SV=3 

P16615 
AT2A2_ 

HUMAN 
114,27 12 2,83E+06 14 114757 

Sarcoplasmic/end

oplasmic 

reticulum calcium 

ATPase 2 

OS=Homo sapiens 

OX=9606 

GN=ATP2A2 

PE=1 SV=1 

Q9UDY

2 

ZO2_ 

HUMAN 
112,37 14 2,50E+06 21 133958 

Tight junction 

protein ZO-2 

OS=Homo sapiens 

OX=9606 

GN=TJP2 PE=1 

SV=2 

P08621 
RU17_ 

HUMAN 
108,03 19 1,86E+06 9 51557 

U1 small nuclear 

ribonucleoprotein 

70 kDa OS=Homo 

sapiens OX=9606 

GN=SNRNP70 

PE=1 SV=2 

Q9NR30 
DDX21_ 

HUMAN 
104,2 18 2,01E+06 15 87344 

Nucleolar RNA 

helicase 2 

OS=Homo sapiens 

OX=9606 

GN=DDX21 

PE=1 SV=5 

Q12797 
ASPH_ 

HUMAN 
103,01 17 3,38E+06 14 85863 

Aspartyl/asparagi

nyl beta-

hydroxylase 
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ID 

ɹʝʣʢʘ 
ʅʘʟʚʘʥʠʝ -10lgP 

ʇʦʢʨʳ

ʪʠʝ (%) 

ʇʣʦʱʘʜʴ 

ʦʙʨʘʟʮʘ 
ʇʝʧʪʠʜʳ 

ʉʨʝʜʥʷʷ 

ʤʘʩʩʘ 
ʆʧʠʩʘʥʠʝ 

OS=Homo sapiens 

OX=9606 

GN=ASPH PE=1 

SV=3 

3.4 ʆʮʝʥʢʘ ʘʬʬʠʥʥʦʩʪʠ ʙʝʣʢʘ PARP1 ʢ ʘʧʪʘʤʝʨʫ bi-(AID-1)-T 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) (ʜʚʫʭʤʦʜʫʣʴʥʳʡ 

G4 c ʧʘʨʘʣʣʝʣʴʥʦʡ ʫʢʣʘʜʢʦʡ ʮʝʧʝʡ [125]) ʢ ʙʝʣʢʫ PARP1 ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʙʠʦʩʣʦʝʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʘʬʬʠʥʥʦʩʪʴ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʙʝʣʢʫ-ʤʠʰʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ: ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ dsDNA, ʢʦʪʦʨʳʡ ʠʤʝʣ ʜʣʠʥʫ 49 ʥʫʢʣʝʦʪʠʜʦʚ ʠ 

ʙʳʣ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʰʧʠʣʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ 

ssDNA, ʢʦʪʦʨʳʡ ʠʤʝʣ ʜʣʠʥʫ 18 ʥʫʢʣʝʦʪʠʜʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ PARP1 ʩ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʥʘʙʣʶʜʘʣʠ ʚ 

ʩʣʫʯʘʝ dsDNA, ssDNA ʠ bi-(AID-1)-T (ʈʠʩʫʥʦʢ 41). ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ 

PARP1 ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʨʘʟʣʠʯʘʣʩʷ. ɼʣʷ dsDNA ʠ bi-(AID-1)-T 

ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʩʜʚʠʛʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʦʢʦʣʦ 8 ʥʤ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ssDNA ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1 ʥʤ. (ʈʠʩʫʥʦʢ 41) ʇʨʠ 

ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ ʜʣʷ ʩʣʫʯʘʷ dsDNA ʢʘʢ ʠ ʜʣʷ ʩʣʫʯʘʷ 

ssDNA ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ PARP1 ʜʦ ʫʨʦʚʥʷ 20 ʥʄ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ bi-(AID-1-T) 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

PARP1 (ʈʠʩʫʥʦʢ 41). ʂʨʘʡʥʝ ʧʦʟʠʪʠʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʳʣʦ ʪʦ, ʯʪʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ PARP1 ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʣʘʩʴ: 

ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ, ʥʘ ʢʦʪʦʨʳʭ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʩʠʛʥʘʣ ʜʣʷ ssDNA 

ʠ dsDNA ʩʦʩʪʘʚʣʷʣʘ 20 ʥʄ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ bi-(AID-1-T) ʜʘʚʘʣ ʩʠʛʥʘʣ ʘʩʩʦʮʠʘʮʠʠ 

ʫʞʝ ʧʨʠ 5 ʥʄ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʘʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ bi-(AID-

1)-T ʩ PARP1 ʩʦʩʪʘʚʣʷʣʘ 6,6Ñ0,34 (Ë10
5
 M

-1
Ĭc

-1
), ʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ k off 1,28 Ñ 0,04 (Ë10
2
 c

-1
), ʜʘʚʘʷ aKD 19,4 Ñ 0,7 ʥʄ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ ʩʧʝʨʤʳ 

ʣʦʩʦʩʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ, ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʩ 

ʤʠʰʝʥʴʶ. ɼʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʳ PARP1 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 0,1 ʤʛ/ʤʣ salmon sperm DNA. ɺ ʩʣʫʯʘʝ ssDNA ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʣʦʢʠʨʫʶʱʝʡ ɼʅʂ ʩʠʛʥʘʣ ʩʜʚʠʛʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʦʧʘʜʘʣ 

ʧʦʣʥʦʩʪʴʶ (ʈʠʩʫʥʦʢ 41). ɺ ʩʣʫʯʘʝ dsDNA ʥʘʙʣʶʜʘʣʦʩʴ ʜʨʘʤʘʪʠʯʝʩʢʦʝ ʧʘʜʝʥʠʝ 

ʩʠʛʥʘʣʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ bi-(AID-1)-T ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʣʦʢʠʨʫʶʱʝʡ ɼʅʂ 

ʥʝʤʥʦʛʦ ʩʥʠʞʘʣʘʩʴ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, ʥʦ ʚ ʮʝʣʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʭʨʘʥʷʣʦʩʴ. 

 

ʈʠʩʫʥʦʢ 41. ɼʘʥʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʙʠʦʩʣʦʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ PARP1 ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 2,5 ʜʦ 162 ʥʄ ʩʘʤʦʛʦ 

ʧʦ ʩʝʙʝ (ɸɺ) ʠ PARP1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʣʦʢʠʨʫʶʱʝʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʛ/ʤʣ (ɻɽ) ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: 

ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ SS-DNA (ɸ, ɻ), ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ 

ʜʚʫʮʝʧʦʯʝʯʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ DS-DNA (ɹ, ɼ) ʠ bi-(AID-1-T) (ɺ, ɽ). ɼʣ ̫

ʨʠʩʫʥʢʦʚ ɸɺ ʫʢʨʫʧʥʝʥʥʦ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʥʘʯʘʣʘ ʘʩʩʦʮʠʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ bi-(AID-

1)-T ʩ PARP1 ʙʳʣʘ ʨʘʩʯʠʪʘʥʘ ʘKD ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ 
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ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 19,4 Ñ 0,7 ʥʄ. ɹʦʣʝʝ ʪʦʛʦ, ʤ  rʚʧʝʨʚʳʝ 

ʫʩʪʘʥʦʚʠʣʠ ʧʦʨʷʜʦʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ PARP1. ʉʚʷʟʳʚʘʥʠʝ PARP1 

ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʠʩʭʦʜʠʪ c ʥʠʟʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ, 

ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʟʘʨʷʜʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɹʦʣʝʝ ʩʠʣʴʥʦʝ ʩʨʦʜʩʪʚʦ PARP1 

ʧʨʦʷʚʣʷʝʪ ʢ ʜʣʠʥʥʦʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʥʢʫʙʘʮʠʠ PARP1 ʩ 

ʙʣʦʢʠʨʫʶʱʝʡ ɼʅʂ ʩʚʷʟʳʚʘʥʠʝ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ 

ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʧʦʣʥʦʩʪʴʶ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ PARP1 ʩʦ ʰʧʠʣʝʯʥʳʤʠ ɼʅʂ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʩ ʜʣʠʥʥʦʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʥʘʣʠʯʠʝ ʩʣʘʙʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ DS-DNA ʩ PARP1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʣʠʥʥʦʡ ʙʣʦʢʠʨʫʶʱʝʡ ɼʅʂ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʩʣʫʯʘʝ ʩʚʷʟʳʚʘʥʠʷ 

ʙʝʣʢʦʤ PARP1 ʢʦʨʦʪʢʦʡ ʰʧʠʣʴʢʠ DS-ɼʅʂ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʦʤʝʥʳ, 

ʫʜʝʨʞʠʚʘʶʱʠʝ ʙʝʣʦʢ PARP1 ʚ ʤʝʩʪʝ ʧʦʚʝʨʞʜʝʥʠʷ ɼʅʂ. ʉʚʷʟʳʚʘʥʠʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ bi-(AID-1)-T ʩ ʙʝʣʢʦʤ PARP1 ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʘʬʬʠʥʥʳʤ, 

aKD 19,4 Ñ 0,7 ʥʄ. ɹʦʣʝʝ ʪʦʛʦ, G4 bi-(AID-1)-T ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʭʨʘʥʷʣ 

ʩʚʷʟʳʚʘʥʠʝ ʩ PARP1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʣʦʢʠʨʫʶʱʝʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʵʪʦʛʦ G4 ʢʘʢ ʚʳʩʦʢʦʘʬʬʠʥʥʦʛʦ ʘʛʝʥʪʘ ʜʣʷ 

PARP1.  

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʠ-

(ɸɼʌ-ʨʠʙʦʟʘ) ʧʦʣʠʤʝʨʘʟʘ 1 (PARP1), ʦʩʥʦʚʥʦʡ ʬʝʨʤʝʥʪ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, 

ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʪʝʨʘʧʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʩʢʦʣʴʢʦ ʠʥʛʠʙʠʪʦʨʦʚ 

PARP1, ʪʘʢʠʝ ʢʘʢ ʨʫʢʘʧʘʨʠʙ ʠ ʦʣʘʧʘʨʠʙ, ʧʨʦʭʦʜʷʪ ʤʥʦʛʦʮʝʥʪʨʦʚʳʝ ʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʣʝʯʝʥʠʷ ʛʣʠʦʙʣʘʩʪʦʤʳ [160]. PARP1 ʠʛʨʘʝʪ 

ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʛʝʥʦʤʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ [93]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʜʦʤʝʥʦʤ ʙʝʣʢʘ, ʙʣʦʢʠʨʫʷ ʩʠʥʪʝʟ ʧʦʣʠ-ɸɼʌ-ʨʠʙʦʟʳ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʨʝʧʘʨʘʪʠʚʥʳʡ 

ʦʪʚʝʪ ʢʣʝʪʢʠ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʠ ʟʘʧʫʩʢʘʝʪ ʘʧʦʧʪʦʟ [93]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʢʩʧʨʝʩʩʠʷ PARP1 ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʪʝʧʝʥʴʶ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʛʣʠʦʤ: ʚ 

ʚʳʩʦʢʦʘʛʨʝʩʩʠʚʥʳʭ ʦʧʫʭʦʣʷʭ ʝʛʦ ʫʨʦʚʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 
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ʘʢʪʠʚʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʠ ʠʟʙʝʛʘʪʴ ʛʠʙʝʣʠ [139, 155]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʘʚʣʝʥʠʝ 

PARP1 ʤʦʞʝʪ ʩʪʘʪʴ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʣʠʦʤ ʢ 

ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ. 

3.5 ʈʦʣ ɹʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʦʡ ʠ 

ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤʳ 

ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ 

ʃʫʯʝʚʘʷ ʪʝʨʘʧʠʷ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʛʣʠʦʤ, 

ʦʜʥʘʢʦ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʧʦʚʳʰʘʷ ʠʭ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ [59, 146, 195]. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʨʝʮʠʜʠʚʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʠ ʩʥʠʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʣʝʯʝʥʠʶ. ʉʦʯʝʪʘʥʠʝ ʦʙʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʪʘʤʝʨʘ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʠ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʦʢʘʟʳʚʘʝʤʳʝ 

ʦʙʣʫʯʝʥʠʝʤ.  

ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʦʡ 20 Gy ʥʘ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ 10 ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ: 5 ʢʫʣʴʪʫʨ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ ʠ 5 ʢʫʣʴʪʫʨ 

ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʧʦʜʘʚʣʷʣʦ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʝʨʚʠʯʥʳʭ 

ʦʧʫʭʦʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʨʝʮʠʜʠʚʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ, ʘ ʚ ʢʫʣʴʪʫʨʘʭ ʛʣʠʦʤ G01 ʠ G23 ʦʪʤʝʯʘʝʪʩʷ 

ʩʪʠʤʫʣʷʮʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ (ʈʠʩʫʥʦʢ 42)  
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ʈʠʩʫʥʦʢ 42. ɺʣʠʷʥʠʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʦʟʦʡ 20 Gy ʥʘ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ʠ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ. ʆʮʝʥʢʘ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ. ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), *p <0,05, **p <0,01, ***p <0,001 ʠ ****p 

<0,0001 

ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʤ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʫʩʠʣʠʣʦ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʢʘʢ ʚ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ, ʪʘʢ ʠ 

ʚ ʢʫʣʴʪʫʨʘʭ ʨʝʮʠʜʠʚʦʚ ʛʣʠʦʤ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʦʪʚʝʪʠʣʠ ʥʘ ʦʙʣʫʯʝʥʠʝ. ɺ ʩʣʫʯʘʝ 

ʢʫʣʴʪʫʨ G01 ʠ G11 ʘʧʪʘʤʝʨ ʩʥʠʞʘʣ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʦʙʣʫʯʝʥʠʷ (ʈʠʩʫʥʦʢ 

43). 
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ʈʠʩʫʥʦʢ 43. ɺʣʠʷʥʠʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʦʟʦʡ 20 Gy ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ ʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʨʝʮʠʜʠʚʦʚ 

ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ. ʆʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʣʠ 

ʦʪ ʢʦʥʪʨʦʣʷ (ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʘʷʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʢʨʘʩʥʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), *p <0,05, **p <0,01, ***p <0,001 ʠ ****p <0,0001 

ʇʨʠ ʵʪʦʤ ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʯʝʪʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʙʣʫʯʝʥʠʷ ʠ ʘʧʪʘʤʝʨʘ bi-(AID-1-T) ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ ʦʢʘʟʳʚʘʝʪ ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʨʝʮʠʜʠʚʦʚ 

ʥʘʠʣʫʯʰʠʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠ ʤʦʥʦʪʝʨʘʧʠʠ 

ʘʧʪʘʤʝʨʦʤ bi-(AID-1-T) ʙʝʟ ʦʙʣʫʯʝʥʠʷ (ʈʠʩʫʥʦʢ 44). 












































































































