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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ɻʣʠʦʙʣʘʩʪʦʤʘ (ʛʣʠʦʤʘ grade 4 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʆɿ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʠ ʘʛʨʝʩʩʠʚʥʦʡ ʧʝʨʚʠʯʥʦʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʴʶ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʚʟʨʦʩʣʳʭ. ɽʞʝʛʦʜʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 3ï5 

ʩʣʫʯʘʝʚ ʥʘ 100 000 ʥʘʩʝʣʝʥʠʷ, ʘ ʤʝʜʠʘʥʘ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʘʮʠʝʥʪʦʚ 

ʜʘʞʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʘʛʨʝʩʩʠʚʥʦʡ ʪʝʨʘʧʠʠ (ʭʠʨʫʨʛʠʯʝʩʢʘʷ 

ʨʝʟʝʢʮʠʷ, ʣʫʯʝʚʘʷ ʠ ʭʠʤʠʦʪʝʨʘʧʠʷ) ʥʝ ʧʨʝʚʳʰʘʝʪ 16 ʤʝʩʷʮʝʚ, ʧʨʠ ʵʪʦʤ 5-

ʣʝʪʥʷʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʥʝ ʜʦʩʪʠʛʘʝʪ 5% [1]. ʇʨʠʯʠʥʦʡ ʩʪʦʣʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʩʣʫʞʠʪ ʚʳʩʦʢʘʷ ʠʥʬʠʣʴʪʨʘʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʫʭʦʣʠ, ʝʸ 

ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʧʦʧʫʣʷʮʠʠ ʨʝʟʠʩʪʝʥʪʥʳʭ 

ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʣʷʶʪʩʷ ʧʨʠ ʨʝʟʝʢʮʠʠ ʠ ʥʝ 

ʫʥʠʯʪʦʞʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʭʠʤʠʦ- ʠ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʝʡ [2]. 

ʉ ʤʦʣʝʢʫʣʷʨʥʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʝʥʦʪʠʧʘ ʛʣʠʦʙʣʘʩʪʦʤʳ ʠʛʨʘʝʪ ʨʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ EGFR. ɺ 50ï60% ʩʣʫʯʘʝʚ ʛʣʠʦʙʣʘʩʪʦʤʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ EGFR, ʘ ʧʨʠʤʝʨʥʦ ʚ 60% ʠʟ ʥʠʭ ï ʝʛʦ ʢʦʥʩʪʠʪʫʪʠʚʥʦ 

ʘʢʪʠʚʥʘʷ ʤʫʪʘʥʪʥʘʷ ʬʦʨʤʘ EGFRvIII, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʝʮʠʠ 

ʵʢʟʦʥʦʚ 2ï7 ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ [3]. EGFRvIII ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʠʛʘʥʜ-

ʥʝʟʘʚʠʩʠʤʦʡ ʘʢʪʠʚʘʮʠʝʡ, ʥʝ ʧʦʜʜʘʶʱʝʡʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʘʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʠ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʫʩʠʣʝʥʠʝʤ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ, 

ʠʥʚʘʟʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʧʦʧʪʦʟʫ. ʉ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

EGFRvIII ʥʘʨʫʰʘʝʪ ʥʦʨʤʘʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ (PI3K/Akt, Ras/MAPK, 

JAK/STAT), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʧʦʜʘʚʣʝʥʠʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʛʨʘʤʤ ʚʳʞʠʚʘʥʠʷ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ ʨʦʣʴ EGFRvIII ʚ ʧʘʪʦʛʝʥʝʟʝ ʛʣʠʦʙʣʘʩʪʦʤʳ, 

ʝʛʦ ʪʦʯʥʘʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʠ 

ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʬʝʥʦʪʠʧʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʝʣʝʢʪʠʚʥʳʭ 
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ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠ ʙʣʦʢʠʨʦʚʘʪʴ ʠʤʝʥʥʦ ʤʫʪʘʥʪʥʫʶ 

ʬʦʨʤʫ ʨʝʮʝʧʪʦʨʘ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʜʠʢʠʡ ʪʠʧ EGFR, ʢʦʪʦʨʳʡ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʠ 

ʚ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʷʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʢʠʥʘʟ (ʛʝʬʠʪʠʥʠʙ, ʵʨʣʦʪʠʥʠʙ) ʥʘʮʝʣʝʥʳ ʥʘ 

ʚʥʝʢʣʝʪʦʯʥʳʡ ʠʣʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ EGFR, ʥʦ ʥʝ ʨʘʟʣʠʯʘʶʪ ʜʠʢʠʡ ʠ 

ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪʳ, ʘ ʠʭ ʢʣʠʥʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ 

ʦʢʘʟʘʣʘʩʴ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʦʜʦʣʝʪʴ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɼʅʂ-

ʘʧʪʘʤʝʨʦʚ ï ʢʦʨʦʪʢʠʭ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʢʦʪʦʨʳʝ, ʧʦʜʦʙʥʦ 

ʘʥʪʠʪʝʣʘʤ, ʩʧʦʩʦʙʥʳ ʩ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʮʝʣʝʚʳʤʠ ʙʝʣʢʘʤʠ. ɸʧʪʘʤʝʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

ʦʥʠ ʥʝʠʤʤʫʥʦʛʝʥʥʳ, ʩʪʘʙʠʣʴʥʳ, ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʠʤʝʶʪ ʤʘʣʳʡ ʨʘʟʤʝʨ ʠ ʩʧʦʩʦʙʥʳ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʛʠʩʪʦʛʝʤʘʪʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ [4]. ʈʘʥʝʝ ʙʳʣ ʧʦʣʫʯʝʥ ʘʧʪʘʤʝʨ U2, 

ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʢ EGFRwt, ʪʘʢ ʠ EGFRvIII, ʦʜʥʘʢʦ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʠ 

ʩʫʙʦʧʪʠʤʘʣʴʥʘʷ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʸʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʨʦʜʠʪʝʣʴʩʢʦʛʦ 

ʘʧʪʘʤʝʨʘ U2 ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥ ʫʢʦʨʦʯʝʥʥʳʡ ʘʧʪʘʤʝʨ Gol1. ɼʘʣʝʝ 

ʵʪʦʪ ʘʧʪʘʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ EGFRvIII ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ in vivo. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʘʧʪʘʤʝʨʦʚ ʢ EGFR ʠ EGFRvIII, ʦʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝ ʧʨʦʰʣʠ ʜʦʢʣʠʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʥʘ ʧʝʨʚʠʯʥʳʭ 

ʢʫʣʴʪʫʨʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʠ ʥʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘ ʤʦʜʝʣʷʭ in 

vivo. ʆʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʙʳ ʩʦʯʝʪʘʣʩʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ 

ʘʧʪʘʤʝʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ʚʣʠʷʥʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʪʦʤ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ ʠ 



12 
 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʩʧʦʣʥʷʝʪ ʵʪʠ ʧʨʦʙʝʣʳ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ɼʅʂ-ʘʧʪʘʤʝʨʘ Gol1, ʩʝʣʝʢʪʠʚʥʦʛʦ ʢ 

EGFRvIII, ʠʟʫʯʠʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ ʵʪʦʛʦ ʨʝʮʝʧʪʦʨʘ ʚ ʨʝʛʫʣʷʮʠʠ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ 

ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʦʚʝʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʦʛʦ ʫʢʦʨʦʯʝʥʥʦʛʦ ɼʅʂ-

ʘʧʪʘʤʝʨʘ Gol1 ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʘʧʪʘʤʝʨʘ U2. 

2. ʇʦʣʫʯʠʪʴ ʪʨʘʥʩʛʝʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ EGFR ʜʠʢʦʛʦ ʪʠʧʘ (EGFRwt) ʠ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ 

EGFRvIII ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01. 

3. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʩ 

EGFRwt ʠ EGFRvIII ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʷʭ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʦʢ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ. 

4. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ EGFR/EGFRvIII, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ 

ʢʣʝʪʦʢ. 

5. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʥʘ ʤʠʛʨʘʮʠʦʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

6. ɺʳʷʚʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ Gol1 ʧʫʪʝʤ 

ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚ ʧʘʥʝʣʠ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ. 
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7. ʆʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʘʧʪʘʤʝʨʘ Gol1 ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ in vivo ʥʘ ʪʢʘʥʝʚʦʡ ʤʦʜʝʣʠ ʛʣʠʦʙʣʘʩʪʦʤʳ 101/8 ʫ 

ʢʨʳʩ ʧʨʠ ʩʠʩʪʝʤʥʦʤ ʚʚʝʜʝʥʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʇʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʢʦʨʦʯʝʥʥʳʡ ɼʅʂ-ʘʧʪʘʤʝʨ Gol1, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ U2, ʠ ʥʘ ʦʩʥʦʚʝ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʦʙʦʩʥʦʚʘʥʘ ʨʦʣʴ ʤʫʣʴʪʠʧʝʪʣʠ ʩ ʤʦʪʠʚʦʤ ATAT 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ. 

2. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʧʪʘʤʝʨʘ Gol1 ʢ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʝ 

EGFRvIII ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ EGFRwt ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ ʠ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ. 

3. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ 

EGFRvIII ʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ/ʘʥʪʠʤʠʛʨʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

Gol1 ʥʘ ʧʘʥʝʣʠ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

4. ɺʳʷʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ RNA-seq, ʯʪʦ ʘʧʪʘʤʝʨ Gol1 ʧʝʨʝʢʣʶʯʘʝʪ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʫʶ ʧʨʦʛʨʘʤʤʫ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ 

ʥʘ ʥʝʡʨʦʛʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ (ʘʢʪʠʚʘʮʠʷ NOTCH3, PTN, NGF, 

TXNIP) ʠ ʧʦʜʘʚʣʷʝʪ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʦʥʢʦʛʝʥʦʚ (CCND1, BCL2, SGK1) ʠ 

ʬʘʢʪʦʨʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ. 

5. ɼʦʢʘʟʘʥʘ ʥʘ ʪʢʘʥʝʚʦʡ ʤʦʜʝʣʠ ʛʣʠʦʙʣʘʩʪʦʤʳ 101/8 ʫ ʢʨʳʩ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʧʪʘʤʝʨʘ Gol1 ʩʝʣʝʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʚʢʣʶʯʘʷ 

ʠʥʚʘʟʠʚʥʳʝ ʢʣʝʪʢʠ, ʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʢʨʳʪʠʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ EGFRvIII ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ 
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ʠʥʩʪʨʫʤʝʥʪʘ ï ʘʧʪʘʤʝʨʘ Gol1. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʧʨʦʛʨʘʤʤʳ (ʥʝʡʨʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, ʧʦʜʘʚʣʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ), ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʝʪʩʷ ʵʬʬʝʢʪ 

ʙʣʦʢʠʨʦʚʘʥʠʷ EGFRvIII. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ï ʘʧʪʘʤʝʨʘ Gol1, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ ʮʠʪʦʩʪʘʪʠʢʦʚ, ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʨʦʩʪʘ ʛʣʠʦʙʣʘʩʪʦʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʪʨʘʥʩʛʝʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʤʦʜʝʣʠ (G01/EGFRwt, G01/EGFRvIII) ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʜʨʫʛʠʭ ʘʥʪʠ-EGFR ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʧʪʘʤʝʨʘ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʝʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʫʢʦʨʦʯʝʥʥʳʡ ɼʅʂ-ʘʧʪʘʤʝʨ Gol1 

ʬʦʨʤʠʨʫʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʧʦʜʚʠʞʥʫʶ ʤʫʣʴʪʠʧʝʪʣʶ ʩ ʤʦʪʠʚʦʤ ATAT, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʨʝʮʝʧʪʦʨʫ EGFR. 

2. ɸʧʪʘʤʝʨ Gol1 ʧʨʦʷʚʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʝ EGFRvIII, 

ʧʝʨʝʢʣʶʯʘʝʪ ʪʨʘʥʩʢʨʠʧʪʦʤʥʫʶ ʧʨʦʛʨʘʤʤʫ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʝʛʦ 

ʩʧʝʮʠʬʠʯʥʦʛʦ ʠ ʜʦʟʦʟʘʚʠʩʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ in vitro, ʠ ʦʙʲʷʩʥʷʝʪ ʤʝʭʘʥʠʟʤʳ ʝʛʦ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ. 

3. ɼʅʂ-ʘʧʪʘʤʝʨ Gol1 ʢʘʢ ʚ ʚʠʜʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

Gol1 FAM, ʪʘʢ ʠ ʚ ʬʦʨʤʝ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʘ [ĭF]FB Gol1 ʩʧʦʩʦʙʝʥ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ 
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ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ EGFRvIII ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ in vivo, 

ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʤ ʥʘʢʦʧʣʝʥʠʠ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ 

(ʚʢʣʶʯʘʷ ʠʥʚʘʟʠʚʥʳʝ ʢʣʝʪʢʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʥʦʨʤʘʣʴʥʳʤ ʤʦʟʛʦʤ) ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʠ ʤʝʪʦʜʦʤ ʇʕʊ/ʂʊ ʥʘ 

ʤʦʜʝʣʠ ʦʨʪʦʪʦʧʠʯʝʩʢʦʡ ʛʣʠʦʙʣʘʩʪʦʤʳ 101/8 ʫ ʢʨʳʩ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ XXVI ʥʘʫʯʥʦʡ ʰʢʦʣʝ-

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ (2022 ʛʦʜ), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʥʘʫʯʥʦʤ 

ʬʦʨʫʤʝ çʃʦʤʦʥʦʩʦʚ -2023è (2023 ʛʦʜ), ʥʘ 76-ʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ɹʠʦʩʠʩʪʝʤʳ: 

ʦʨʛʘʥʠʟʘʮʠʷ, ʧʦʚʝʜʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ (2023), ʥʘ XXVII ʥʘʫʯʥʦʡ ʰʢʦʣʝ-

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ (2023 ʛʦʜ), ʥʘ XXVIII ʥʘʫʯʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ (2024 ʛʦʜ), ʥʘ VI ʅʘʮʠʦʥʘʣʴʥʦʤ ʂʦʥʛʨʝʩʩʝ ʧʦ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (2024 ʛʦʜ) ʠ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʬʦʨʫʤʝ ʤʦʣʦʜʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʍʀʄɹʀʆSEASONS  (2025 ʛʦʜ). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 12 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʩʪʘʪʝʡ 

ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ Web of Science Core 

Collection. 

ʃʠʯʥʳʡ ʚʢʣʘʜ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʟʘʡʥ 

ʘʧʪʘʤʝʨʘ Gol1 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ɻʦʣʦʚʠʥʳʤ ɸ.ɺ. (ʅʀʀ ʌʍɹ 
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ʠʤʝʥʠ ɸ.ʅ. ɹʝʣʦʟʝʨʩʢʦʛʦ ʄɻʋ ʠ ʌʘʢʫʣʴʪʝʪ ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ). ʇʦʣʫʯʝʥʠʝ 

ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ U87/EGFRwt, G01/EGFRwt ʠ 

G01/EGFRvIII ʚʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʇʘʥʪʝʣʝʝʚʳʤ ɼ.ʖ. ʠ ʐʘʤʘʜʳʢʦʚʦʡ 

ɼ.ɺ. (ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ 

ʈɸʅ). ʇʕʊ-ʂʊ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ [ĭF]FB-Gol1 ʧʨʦʚʝʜʝʥʦ ʩʦʚʤʝʩʪʥʦ 

ʩ ʇʨʦʥʠʥʳʤ ʀ.ʅ. ʠ ʇʦʩʪʥʦʚʳʤ ɸ.ɸ. (ʌɻɸʋ çʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ɹʫʨʜʝʥʢʦè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʞʠʚʦʪʥʳʭ 

(ʠʤʧʣʘʥʪʘʮʠʷ ʪʢʘʥʝʚʦʡ ʛʣʠʦʙʣʘʩʪʦʤʳ 101/8, ʚʥʫʪʨʠʚʝʥʥʳʝ ʠʥʲʝʢʮʠʠ 

ʘʧʪʘʤʝʨʘ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ) ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʈʝʚʠʱʠʥʳʤ 

ɸ.ɺ. (ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ 

ʈɸʅ). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 243 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ 

60 ʠʣʣʶʩʪʨʘʮʠʡ, 17 ʪʘʙʣʠʮ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ: 

ʚʚʝʜʝʥʠʝ, ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, 

ʨʝʟʫʣʴʪʘʪʳ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʝ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʙʦʪʳ, ʙʣʘʛʦʜʘʨʥʦʩʪʠ, 

ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʫʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʠʪ 

222 ʠʩʪʦʯʥʠʢʘ ʣʠʪʝʨʘʪʫʨʳ. 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɺʄɼ ï ʚʦʟʨʘʩʪʥʘʷ ʤʘʢʫʣʷʨʥʘʷ ʜʝʛʝʥʝʨʘʮʠʷ 

ɺʆɿ ï ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ɻɹ ï ʛʣʠʦʙʣʘʩʪʦʤʘ 

ɻʉʂ ï ʛʣʠʦʤʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ɻʕɹ ï ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʀʂʊ ï ʠʥʛʠʙʠʪʦʨʳ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ 

ʤɸʙ ï ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ 

ʄʈʊ ï ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ʅʉʂ ï ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ʆɺ ï ʦʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʇʕʊ ï ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ʇʕʊ-ʂʊ ï ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʩʦʚʤʝʱʸʥʥʘʷ ʩ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʝʡ (PET-CT ï Positron Emission Tomography ï 

Computed Tomography) 

ʈʅʂ ï ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʮɸʄʌ ï ʮʠʢʣʠʯʝʩʢʠʡ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

ʎʅʉ ï ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ 

ADɸ ï ʘʥʪʠʣʝʢʘʨʩʪʚʝʥʥʳʝ ʘʥʪʠʪʝʣʘ (Anti-Drug Antibodies) 

Amp ï ʘʤʧʣʠʬʠʢʘʮʠʷ (Amplification) 

ATRA ï ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩ-ʨʝʪʠʥʦʝʚʘʷ ʢʠʩʣʦʪʘ (All trans retinoic acid) 
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BDNF ï ʤʦʟʛʦʚʦʡ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (Brain-Derived Neurotrophic 

Factor) 

 

BMP4 ï ʢʦʩʪʥʳʡ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ 4 (Bone Morphogenetic Protein 4) 

CAR ï ʭʠʤʝʨʥʳʡ ʘʥʪʠʛʝʥʥʳʡ ʨʝʮʝʧʪʦʨ (Chimeric Antigen Receptor) 

CD133 (PROM1) ï prominin 1, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ 

CD44 ï ʢʣʘʩʪʝʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 44, ʨʝʮʝʧʪʦʨ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

CED ï ʢʦʥʚʝʢʮʠʦʥʥʦ-ʫʩʠʣʝʥʥʘʷ ʜʦʩʪʘʚʢʘ (Convection-Enhanced Delivery) 

CNS WHO grade ï ʩʪʝʧʝʥʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʆɿ 

ʦʧʫʭʦʣʝʡ ʎʅʉ 

CRISPR ï ʢʦʨʦʪʢʠʝ ʧʘʣʠʥʜʨʦʤʥʳʝ ʧʦʚʪʦʨʳ, ʨʘʟʜʝʣʸʥʥʳʝ ʩʧʝʡʩʝʨʘʤʠ, ʠ 

ʙʝʣʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʠʤʠ 

ECD ï ʚʥʝʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ (Extracellular Domain) 

EGF ï ɻʧʠʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (Epidermal Growth Factor) 

EGFR ï ʨʝʮʝʧʪʦʨ ɻ ʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (Epidermal Growth Factor 

Receptor) 

EGFRvIII ï ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ III EGFR (ʜʝʣʝʮʠʷ ʵʢʟʦʥʦʚ 2ï7) 

ERK ï ʢʠʥʘʟʘ, ʨʝʛʫʣʠʨʫʝʤʘʷ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ (Extracellular Signal-

Regulated Kinase) 

FAM ï ʬʣʫʦʨʝʩʮʝʠʥ (5(6)-ʢʘʨʙʦʢʩʠʬʣʫʦʨʝʩʮʝʠʥ) 

FISH ï ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ in situ (Fluorescence In Situ 

Hybridization) 

Grb2 ï ʙʝʣʦʢ 2, ʩʚʷʟʳʚʘʶʱʠʡ ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (Growth Factor 

Receptor-Bound Protein 2) 
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HAMA ï ʯʝʣʦʚʝʯʝʩʢʠʝ ʘʥʪʠʤʳʰʠʥʳʝ ʘʥʪʠʪʝʣʘ (Human Anti-Mouse 

Antibodies) 

HB-EGF ï ʛʝʧʘʨʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ EGF-ʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (Heparin-

Binding EGF-like Growth Factor) 

HDAC ï ʛʠʩʪʦʥʦʚʘʷ ʜʝʘʮʝʪʠʣʘʟʘ (Histone Deacetylase) 

HER (ErbB) ï ʨʝʮʝʧʪʦʨ ɻ ʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʯʝʣʦʚʝʢʘ (Human 

Epidermal Growth Factor Receptor) 

HIF ï ʬʘʢʪʦʨ, ʠʥʜʫʮʠʨʫʝʤʳʡ ʛʠʧʦʢʩʠʝʡ (Hypoxia-Inducible Factor) 

IHC ï ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ (Immunohistochemistry) 

IL ï ʠʥʪʝʨʣʝʡʢʠʥ (Interleukin) 

JAK/STAT ï ̫ʥʫʩ-ʢʠʥʘʟʘ / ʩʠʛʥʘʣʴʥʳʡ ʙʝʣʦʢ ʠ ʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (Janus 

Kinase / Signal Transducer and Activator of Transcription) 

Kd ï ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ 

MAPK ï ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʫʝʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ (Mitogen-Activated Protein 

Kinase) 

MDK ï ʤʠʜʢʠʥ (Neurite Growth-Promoting Factor 2) 

MEK ï ʢʠʥʘʟʘ MAPK/ERK (MAPK/ERK Kinase) 

MGMT ï O-ʤʝʪʠʣʛʫʘʥʠʥ-ɼʅʂ-ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ 

MMP ï ʤʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ (Matrix Metalloproteinase) 

mTOR ï ʤʠʰʝʥʴ ʨʘʧʘʤʠʮʠʥʘ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Mammalian Target of 

Rapamycin) 

NF-əB ï ̫ ʜʝʨʥʳʡ ʬʘʢʪʦʨ ʢʘʧʧʘB (Nuclear Factor Kappa-Light-Chain-Enhancer 

of Activated B Cells) 

NGS ï ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (Next-Generation Sequencing) 
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PDGFRŬ/ɓ ï ʨʝʮʝʧʪʦʨ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʘʣʴʬʘ/ʙʝʪʘ (Platelet-

Derived Growth Factor Receptor) 

PDX ï ʧʘʮʠʝʥʪ-ʧʨʦʠʟʚʦʜʥʳʡ ʢʩʝʥʦʛʨʘʬʪ (Patient-Derived Xenograft) 

PI3K ï ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3-ʢʠʥʘʟʘ (Phosphoinositide 3-Kinase) 

PIP2 ï ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʩʬʦʩʬʘʪ 

PIP3 ï ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3,4,5-ʪʨʠʬʦʩʬʘʪ 

PMT ï ʧʨʦʥʝʡʨʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ (Proneural-Mesenchymal 

Transition) 

PTEN ï ʬʦʩʬʘʪʘʟʘ ʠ ʛʦʤʦʣʦʛ ʪʝʥʟʠʥʘ (Phosphatase and Tensin Homolog) 

Raf ï ʢʠʥʘʟʘ, ʘʢʪʠʚʠʨʫʝʤʘʷ Ras 

RAS ï ʛʦʤʦʣʦʛ ʚʠʨʫʩʥʦʛʦ ʦʥʢʦʛʝʥʘ ʩʘʨʢʦʤʳ ʢʨʳʩ (Rat Sarcoma) 

RMAT ï ʪʝʨʘʧʠʷ ʧʝʨʝʜʦʚʳʭ ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

(Regenerative Medicine Advanced Therapy) 

RMSD ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (Root Mean Square Deviation) 

RTK ï ʨʝʮʝʧʪʦʨʥʘʷ ʪʠʨʦʟʠʥʢʠʥʘʟʘ (Receptor Tyrosine Kinase) 

SELEX ï ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ɻ ʚʦʣʶʮʠʷ ʣʠʛʘʥʜʦʚ ʧʫʪʸʤ ɻ ʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ (Systematic Evolution of Ligands by Exponential Enrichment) 

siRNA ï ʤʘʣʘʷ ʠʥʪʝʨʬʝʨʠʨʫʶʱʘʷ ʈʅʂ (Small Interfering RNA) 

SOX2 ï SRY-ʙʦʢʩ-ʩʦʜʝʨʞʘʱʠʡ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 2 (SRY-Box 

Transcription Factor 2) 

SPP1 ï ʩʝʢʨʝʪʠʨʫʝʤʳʡ ʬʦʩʬʦʧʨʦʪʝʠʥ 1, ʦʩʪʝʦʧʦʥʪʠʥ 

STAT ï ʩʠʛʥʘʣʴʥʳʡ ʙʝʣʦʢ ʠ ʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (Signal Transducer and 

Activator of Transcription) 

SUV ï ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ (Standardized Uptake Value) 
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TAM ï ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʤʘʢʨʦʬʘʛ (Tumor-Associated Macrophage) 

TERT ï ʪʝʣʦʤʝʨʘʟʥʘʷ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ (Telomerase Reverse 

Transcriptase) 

TGF-Ŭ ï ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ ʘʣʴʬʘ (Transforming Growth Factor 

Alpha) 

TGF-ɓ ï ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ ʙʝʪʘ (Transforming Growth Factor 

Beta) 

TKD ï ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʡ ʜʦʤʝʥ (Tyrosine Kinase Domain) 

TMZ ï ʪʝʤʦʟʦʣʦʤʠʜ 

TTFields ï ʧʝʨʝʤʝʥʥʳʝ ɻʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ (Tumor Treating Fields) 

VEGF ï ʬʘʢʪʦʨ ʨʦʩʪʘ ɻʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ (Vascular Endothelial Growth Factor) 
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ɻʃɸɺɸ 1. ʄʆʃɽʂʋʃʗʈʅʆ-ʌʀɿʀʆʃʆɻʀʏɽʉʂɸʗ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɻʃʀʆʄ ʀ ɻʃʀʆɹʃɸʉʊʆʄʓ ʏɽʃʆɺɽʂɸ 

ɻʣʠʦʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʫʶ ʛʨʫʧʧʫ ʧʝʨʚʠʯʥʳʭ ʦʧʫʭʦʣʝʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʢʣʝʪʦʯʥʦʤʫ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʨʦʬʠʣʶ, ʢʣʠʥʠʯʝʩʢʦʤʫ ʪʝʯʝʥʠʶ ʠ ʦʪʚʝʪʫ 

ʥʘ ʪʝʨʘʧʠʶ. ʅʘʠʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʛʣʠʦʙʣʘʩʪʦʤʘ ð ʦʧʫʭʦʣʴ, ʢʦʪʦʨʘʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʫʩʠʣʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʦʥʢʦʣʦʛʠʠ, ʩʦʭʨʘʥʷʝʪ ʩʪʘʪʫʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʣʝʯʠʤʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ ʠʩʪʦʢʠ ʪʘʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ: ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʠʥʮʠʧʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʫʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ, ʥʘʢʦʥʝʮ, ʨʦʣʴ ʦʧʫʭʦʣʝʚʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʢʘʢ ʛʣʘʚʥʳʭ ʚʠʥʦʚʥʠʢʦʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ 

ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʷ. 

1.1. ʉʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʣʠʦʤ (ɺʆɿ 2021): ʤʦʣʝʢʫʣʷʨʥʘʷ ʵʨʘ 

ʇʷʪʦʝ ʠʟʜʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʧʫʭʦʣʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʣʦʞʝʥʥʦʝ ɺʆɿ ʚ 2021 ʛʦʜʫ, ʦʟʥʘʤʝʥʦʚʘʣʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʩʜʚʠʛ ʚ 

ʤʝʪʦʜʦʣʦʛʠʠ ʥʝʡʨʦʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɽʩʣʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʚʝʨʩʠʠ ʦʧʠʨʘʣʠʩʴ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ, ʪʦ ʚ 

ʦʩʥʦʚʫ ʥʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʧʦʣʦʞʝʥ ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ: ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʙʠʦʤʘʨʢʝʨʳ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʠ ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ 

ʮʝʥʪʨʘʣʴʥʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʎʝʣʴʶ ʵʪʦʡ ʨʝʬʦʨʤʳ ʩʪʘʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʭ ʥʦʟʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʠ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʴʶ  [5,6]. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʘʣʦ ʤʦʣʝʢʫʣʷʨʥʦʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʧʨʦʚʦʜʠʤʦʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʙʠʦʤʘʨʢʝʨʦʚ ʚʳʜʝʣʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʷʶʱʠʭ, ʥʘ 

ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʚʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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ʂʣʶʯʝʚʳʤ ʨʘʟʜʝʣʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʣʫʞʘʪ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ 

ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ 1 ʠʣʠ 2 (IDH1/2). ʆʧʫʭʦʣʠ, ʥʝʩʫʱʠʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥʥʫʶ ʛʨʫʧʧʫ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʠʦʤʘʤʠ ʙʝʟ ʤʫʪʘʮʠʠ IDH 

(ʜʠʢʦʛʦ ʪʠʧʘ). ʉʪʘʪʫʩ IDH ʦʙʲʷʩʥʷʝʪ ʨʘʟʣʠʯʠʷ ʚ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʘʞʝ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʚʳʛʣʷʜʠʪ ʠʜʝʥʪʠʯʥʦʡ [5,7,8]. 

ɺʪʦʨʦʡ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʤʘʨʢʝʨ ð ʩʦʯʝʪʘʥʥʘʷ ʫʪʨʘʪʘ ʢʦʨʦʪʢʦʛʦ ʧʣʝʯʘ 

ʭʨʦʤʦʩʦʤʳ 1 ʠ ʜʣʠʥʥʦʛʦ ʧʣʝʯʘ ʭʨʦʤʦʩʦʤʳ 19 (1p/19q-ʢʦʜʝʣʝʮʠʷ), 

ʷʚʣʷʶʱʘʷʩʷ ʧʘʪʦʛʥʦʤʦʥʠʯʥʦʡ ʜʣʷ ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤ. ʕʪʘ ʢʦʜʝʣʝʮʠʷ ʚʩʝʛʜʘ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʤʫʪʘʮʠʠ IDH, ʧʦʜʪʚʝʨʞʜʘʷ ʥʝ ʪʦʣʴʢʦ 

ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʦʧʫʭʦʣʠ, ʥʦ ʠ ʝʸ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

IDH-ʤʫʪʘʥʪʥʦʤʫ ʩʝʤʝʡʩʪʚʫ [7]. ʅʘʢʦʥʝʮ, ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ ʛʠʩʪʦʥʦʚ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʟʘʤʝʥʘ ʣʠʟʠʥʘ ʥʘ ʤʝʪʠʦʥʠʥ ʚ ʧʦʟʠʮʠʠ 27 ʛʠʩʪʦʥʘ H3 (H3 K27M), ʩʪʘʣʠ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʨʷʜʘ ʚʳʩʦʢʦʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʣʠʦʤ ʜʝʪʩʢʦʛʦ 

ʪʠʧʘ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʩʪʨʦʛʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ 

ʚʟʨʦʩʣʳʭ ʠ ʧʝʜʠʘʪʨʠʯʝʩʢʠʭ ʜʠʬʬʫʟʥʳʭ ʛʣʠʦʤ [5]. 

1.1.1. ɼʠʬʬʫʟʥʳʝ ʛʣʠʦʤʳ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ 

ʅʘ ʩʤʝʥʫ ʤʥʦʞʝʩʪʚʫ ʨʘʥʝʝ ʚʳʜʝʣʷʚʰʠʭʩʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʠʰʣʘ ʧʨʦʩʪʘʷ, ʤʦʣʝʢʫʣʷʨʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɼʠʬʬʫʟʥʳʝ 

ʛʣʠʦʤʳ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ ʪʝʧʝʨʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʯʸʪʢʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʢʘʪʝʛʦʨʠʠ [5,9]: 

1. ɸʩʪʨʦʮʠʪʦʤʘ, IDH-ʤʫʪʘʥʪʥʘʷ: ɻʨʫʧʧʘ ʦʙʲʝʜʠʥʷʝʪ ʦʧʫʭʦʣʠ 

ʘʩʪʨʦʮʠʪʘʨʥʦʛʦ ʜʠʬʬʝʨʦʥʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʫʪʘʮʠʶ IDH ʠ ʥʝ 

ʠʤʝʶʪ 1p/19q-ʢʦʜʝʣʝʮʠʠ. ʂʣʶʯʝʚʦʝ ʠʟʤʝʥʝʥʠʝ: ʚ ʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʙʦʣʴʰʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʦʡ çʛʣʠʦʙʣʘʩʪʦʤʳ ʩ IDH-ʤʫʪʘʮʠʝʡè; 

ʪʝʧʝʨʴ ʵʪʦ ʘʩʪʨʦʮʠʪʦʤʘ ʩ ʤʫʪʘʮʠʝʡ IDH, ʢʦʪʦʨʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʩʪʝʧʝʥʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ 2, 3 ʠʣʠ 4 (CNS WHO grade). ʇʝʨʝʭʦʜ ʚ 4-ʶ 



24 
 

ʩʪʝʧʝʥʴ ʯʘʱʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥ ʧʦʷʚʣʝʥʠʝʤ ʛʦʤʦʟʠʛʦʪʥʦʡ ʜʝʣʝʮʠʠ 

CDKN2A/B. 

2. ʆʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʘ, IDH-ʤʫʪʘʥʪʥʘʷ ʠ 1p/19q-

ʢʦʜʝʣʠʨʦʚʘʥʥʘʷ: ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʥʦʟʦʣʦʛʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʫʪʘʮʠʠ IDH ʠ ʢʦʜʝʣʝʮʠʠ 1p/19q. 

ɻʠʩʪʦʣʦʛʠʯʝʩʢʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ çʧʝʨʠʥʫʢʣʝʘʨʥʫʶè 

ʦʧʪʠʯʝʩʢʠ ʧʫʩʪʫʶ ʮʠʪʦʧʣʘʟʤʫ, ʘ ʢʣʠʥʠʯʝʩʢʠ ʦʪʣʠʯʘʝʪʩʷ ʝʱʸ ʙʦʣʝʝ 

ʤʝʜʣʝʥʥʳʤ ʪʝʤʧʦʤ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʭʠʤʠʦʪʝʨʘʧʠʠ. 

3. ɻʣʠʦʙʣʘʩʪʦʤʘ, IDH-ʜʠʢʦʛʦ ʪʠʧʘ: ʦʩʪʘʸʪʩʷ ʥʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʦʡ 

ʦʧʫʭʦʣʴʶ, ʢʦʪʦʨʦʡ ʘʧʨʠʦʨʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 4-ʷ ʩʪʝʧʝʥʴ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ. ɺʘʞʥʝʡʰʠʤ ʥʦʚʦʚʚʝʜʝʥʠʝʤ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʜʠʘʛʥʦʟ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʪʝʧʝʨʴ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʚʳʷʚʣʝʥʠʠ 

ʤʠʢʨʦʩʦʩʫʜʠʩʪʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ/ʠʣʠ ʥʝʢʨʦʟʦʚ, ʥʦ ʠ ʫ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ 

çʥʠʟʢʦʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡè ʘʩʪʨʦʮʠʪʦʤʳ ʩ IDH ʜʠʢʦʛʦ ʪʠʧʘ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʪʝʨʠʝʚ: 

ʘʤʧʣʠʬʠʢʘʮʠʷ EGFR, ʤʫʪʘʮʠʷ ʧʨʦʤʦʪʦʨʘ TERT, ʣʠʙʦ ʩʦʯʝʪʘʥʥʦʝ 

ʩʦʙʳʪʠʝ çʫʩʠʣʝʥʠʝ ʭʨʦʤʦʩʦʤʳ 7 / ʧʦʪʝʨʷ ʭʨʦʤʦʩʦʤʳ 10è (+7/-10). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʧʫʭʦʣʠ ʙʳʣʠ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʪʠʭ ʪʨʸʭ ʪʠʧʦʚ ʛʣʠʦʤ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ɼʠʬʬʫʟʥʳʝ ʛʣʠʦʤʳ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʆɿ 2021 ʛ. 

ʊʠʧ ʦʧʫʭʦʣʠ 

ʆʧʨʝʜʝʣʷʶʱʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʨʢʝʨʳ 

ʉʪʝʧʝʥʴ 

ʟʣʦʢ-ʪʠ 

(ɺʆɿ) 

ʇʨʠʤʝʯʘʥʠʷ 

ɸʩʪʨʦʮʠʪʦʤʘ,  ʄʫʪʘʮʠʷ IDH, 

ʦʪʩʫʪʩʪʚʠʝ 1p/19q 
2, 3 ʠʣʠ 4 Grade 4 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʨʠ ʥʘʣʠʯʠʠ 
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ʊʠʧ ʦʧʫʭʦʣʠ 

ʆʧʨʝʜʝʣʷʶʱʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʨʢʝʨʳ 

ʉʪʝʧʝʥʴ 

ʟʣʦʢ-ʪʠ 

(ɺʆɿ) 

ʇʨʠʤʝʯʘʥʠʷ 

IDH-ʤʫʪʘʥʪʥʘʷ ʢʦʜʝʣʝʮʠʠ (ʯʘʩʪʦ 

ʤʫʪʘʮʠʠ ATRX, 

TP53) 

ʛʦʤʦʟʠʛʦʪʥʦʡ ʜʝʣʝʮʠʠ 

CDKN2A/B 

ʆʣʠʛʦʜʝʥʜʨʦʛʣʠʦ

ʤʘ, IDH-

ʤʫʪʘʥʪʥʘʷ 

ʄʫʪʘʮʠʷ IDH + 

1p/19q ʢʦʜʝʣʝʮʠʷ 
2 ʠʣʠ 3 

ʍʘʨʘʢʪʝʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

ç̫ ʠʯʥʠʮʳ-ʛʣʘʟʫʥʴʠè, 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʨʦʛʥʦʟ 

ɻʣʠʦʙʣʘʩʪʦʤʘ,  

IDH-ʜʠʢʦʛʦ ʪʠʧʘ 

IDH ʜʠʢʠʡ ʪʠʧ + 

(ʘʤʧʣʠʬʠʢʘʮʠʷ 

EGFR / ʤʫʪʘʮʠʷ 

ʧʨʦʤʦʪʦʨʘ TERT / 

+7/-10) 

4 

ɼʠʘʛʥʦʟ ʧʨʘʚʦʤʦʯʝʥ ʙʝʟ 

ʤʠʢʨʦʚʘʩʢʫʣʷʨʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʥʝʢʨʦʟʘ 

ʧʨʠ ʚʳʷʚʣʝʥʠʠ 

çʤʦʣʝʢʫʣʷʨʥʦʡ 

ʛʣʠʦʙʣʘʩʪʦʤʳè 

 

ʉʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʚ ʥʦʚʦʤ ʠʟʜʘʥʠʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʘʨʘʙʩʢʠʤʠ 

ʮʠʬʨʘʤʠ ʦʪ 1 ʜʦ 4. ʍʦʪʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ (ʢʣʝʪʦʯʥʘʷ 

ʘʪʠʧʠʷ, ʤʠʪʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʦʩʫʜʠʩʪʳʝ ʠʟʤʝʥʝʥʠʷ) ʩʦʭʨʘʥʷʶʪ 

ʟʥʘʯʝʥʠʝ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʨʦʬʠʣʴ ʧʨʠʦʙʨʸʣ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʠ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʛʨʘʜʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʜʣʷ 

ʦʧʫʭʦʣʝʡ IDH-ʜʠʢʦʛʦ ʪʠʧʘ: ʪʝ ʘʩʪʨʦʮʠʪʘʨʥʳʝ ʛʣʠʦʤʳ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʢʘʢ grade II ʠʣʠ III ʠ ʩʯʠʪʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤʠ, ʪʝʧʝʨʴ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʠʧʠʯʥʳʭ ʜʣʷ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʩʨʘʟʫ ʦʪʥʦʩʷʪʩʷ ʢ grade 4. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ, ʫʥʠʬʠʮʠʨʫʝʪ ʢʨʠʪʝʨʠʠ 

ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʘʜʨʝʩʥʦ ʚʳʙʠʨʘʪʴ 

ʣʝʯʝʙʥʫʶ ʪʘʢʪʠʢʫ [5,6,10]. 
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1.2. ʕʧʠʜʝʤʠʦʣʦʛʠʷ, ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʠ ʢʣʠʥʠʢʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ɻʣʠʦʙʣʘʩʪʦʤʘ (ɻɹ) ð ʦʧʫʭʦʣʴ 4-ʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʆɿ (CNS WHO grade 4) ð ʦʩʪʘʸʪʩʷ ʩʘʤʦʡ ʯʘʩʪʦʡ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʘʤʦʡ ʘʛʨʝʩʩʠʚʥʦʡ ʧʝʨʚʠʯʥʦʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʴʶ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʫ ʚʟʨʦʩʣʳʭ. ɼʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʣʝʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʫʶ 

ʨʝʟʝʢʮʠʶ, ʣʫʯʝʚʫʶ ʠ ʭʠʤʠʦʪʝʨʘʧʠʶ ʪʝʤʦʟʦʣʦʤʠʜʦʤ, ʧʨʦʛʥʦʟ ʦʩʪʘʸʪʩʷ 

ʫʜʨʫʯʘʶʱʠʤ: ʤʝʜʠʘʥʘ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 14ï16 

ʤʝʩʷʮʝʚ, ʘ ʧʷʪʠʣʝʪʥʷʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 5ï7% [1,11]. 

ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʛʣʠʦʙʣʘʩʪʦʤʦʡ ʦʪʯʸʪʣʠʚʦ ʥʘʨʘʩʪʘʝʪ ʩ ʚʦʟʨʘʩʪʦʤ: ʤʝʜʠʘʥʘ 

ʚʦʟʨʘʩʪʘ ʥʘ ʤʦʤʝʥʪ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 64 ʣʝʪ, ʘ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 75ï84 ʛʦʜʘ, 

ʧʨʠʯʸʤ ʤʫʞʯʠʥʳ ʟʘʙʦʣʝʚʘʶʪ ʯʘʱʝ ʞʝʥʱʠʥ [12]. ʇʦʧʫʣʷʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʅʦʨʚʝʛʠʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʚʷʟʴ 

ʨʠʩʢʘ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ: ʫ ʨʘʙʦʪʥʠʢʦʚ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʤʩʪʚʝʥʥʦʛʦ ʪʨʫʜʘ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʠʩʢ ʦʢʘʟʘʣʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ 17% ʚʳʰʝ, ʯʝʤ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʙʦʯʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʧʨʦʩʳ ʦ ʨʦʣʠ ʩʨʝʜʦʚʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ [1]. ɺ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʛʣʠʦʙʣʘʩʪʦʤʘ ʥʦʩʠʪ ʩʧʦʨʘʜʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʦʢʦʣʦ 5% ʛʣʠʦʤ ʚʦʟʥʠʢʘʶʪ ʥʘ ʬʦʥʝ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʥʜʨʦʤʦʚ ð ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʠʥʜʨʦʤʘ ʃʠ-ʌʨʘʫʤʝʥʠ 

(ʤʫʪʘʮʠʠ TP53), ʩʠʥʜʨʦʤʘ ʊʫʨʢʦ (ʤʫʪʘʮʠʠ ʛʝʥʦʚ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ) ʠ 

ʥʝʡʨʦʬʠʙʨʦʤʘʪʦʟʘ 1-ʛʦ ʠ 2-ʛʦ ʪʠʧʦʚ [13ï15]. ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʶʪ ʜʘʥʥʳʝ ʦʙ ʦʙʨʘʪʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ ʚ ʘʥʘʤʥʝʟʝ 

ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʠ ʘʪʦʧʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʛʣʠʦʙʣʘʩʪʦʤʳ: 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʧʨʝʜʝʣʸʥʥʘʷ ʥʘʩʪʨʦʝʥʥʦʩʪʴ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʧʨʦʪʝʢʪʠʚʥʫʶ ʨʦʣʴ, ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʵʪʦʡ ʩʚʷʟʠ ʝʱʸ ʧʨʝʜʩʪʦʠʪ 

ʨʘʩʰʠʬʨʦʚʘʪʴ [16,17]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʘʩʰʪʘʙʥʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ ʠ 
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ʤʝʪʘʘʥʘʣʠʟʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʤʦʨʬʠʟʤ rs891835 ʚ ʣʦʢʫʩʝ CCDC26 

ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʛʣʠʦʙʣʘʩʪʦʤʳ IDH-ʜʠʢʦʛʦ ʪʠʧʘ. ʃʦʢʫʩ 

CCDC26 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ ʛʝʥʦʤʘ, ʩʦʜʝʨʞʘʱʠʡ ʚʘʨʠʘʥʪʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʨʠʩʢ ʛʣʠʦʤ; ʝʛʦ ʩʚʷʟʴ ʩ ʦʧʫʭʦʣʴʶ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʦʧʨʝʜʝʣʸʥʥʳʝ ʘʣʣʝʣʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʯʘʱʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʣʠʦʤʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʝʜʠʢʪʠʚʥʳʤ ʙʠʦʤʘʨʢʝʨʦʤ [18,19]. 

ʉ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʠʦʙʣʘʩʪʦʤʳ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʣʦʭʦ ʦʪʛʨʘʥʠʯʝʥʥʳʝ, ʜʠʬʬʫʟʥʦ ʠʥʬʠʣʴʪʨʠʨʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʣʦʛʦ 

ʚʝʱʝʩʪʚʘ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ. ʀʭ ʛʣʘʚʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʢʦʚʘʨʩʪʚʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ 

ʨʘʜʠʦʣʦʛʠʯʝʩʢʠ ʠ ʜʘʞʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʠʜʠʤʳʭ ʛʨʘʥʠʮ, ʯʪʦ ʜʝʣʘʝʪ 

ʧʦʣʥʫʶ ʭʠʨʫʨʛʠʯʝʩʢʫʶ ʨʝʟʝʢʮʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʦʡ ʟʘʜʘʯʝʡ 

[20,21]. ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʙʰʠʨʥʳʝ ʟʦʥʳ 

ʥʝʢʨʦʟʘ, ʦʢʨʫʞʸʥʥʳʝ çʧʩʝʚʜʦʧʘʣʠʩʘʜʥʳʤʠè ʩʪʨʫʢʪʫʨʘʤʠ, ʠ ʚʳʨʘʞʝʥʥʘʷ 

ʤʠʢʨʦʩʦʩʫʜʠʩʪʘʷ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʥʝʨʝʜʢʦ ʚ ʚʠʜʝ ʛʠʨʣʷʥʜʦʦʙʨʘʟʥʳʭ 

ʩʦʩʫʜʠʩʪʳʭ ʨʘʟʨʘʩʪʘʥʠʡ; ʦʧʫʭʦʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ 

ʤʠʪʦʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʢʠʡ ʢʣʝʪʦʯʥʳʡ ʧʣʝʦʤʦʨʬʠʟʤ [21,22]. ʍʦʪʷ 

ʜʦʤʠʥʠʨʫʝʪ ʛʣʠʦʙʣʘʩʪʦʤʘ IDH-ʜʠʢʦʛʦ ʪʠʧʘ, ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʡ IDH ʚʜrʝʣʷʝʪ 

ʧʦʜʛʨʫʧʧʫ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʤ, ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʢʣʠʥʠʯʝʩʢʠʤ 

ʪʝʯʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ð 

ʛʠʛʘʥʪʦʢʣʝʪʦʯʥʘʷ ʛʣʠʦʙʣʘʩʪʦʤʘ, ʛʣʠʦʩʘʨʢʦʤʘ ʠ ʵʧʠʪʝʣʠʦʠʜʥʘʷ ʛʣʠʦʙʣʘʩʪʦʤʘ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ (ʊʘʙʣʠʮʘ 2)[20,22]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʤʥʦʛʦʷʜʝʨʥʳʝ ʛʠʛʘʥʪʩʢʠʝ ʢʣʝʪʢʠ, ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʚʰʠʝʩʷ ʨʝʜʢʦʩʪʴʶ, ʧʦ 

ʜʘʥʥʳʤ ʥʝʜʘʚʥʝʛʦ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦʯʪʠ 

ʚ 43% ʩʣʫʯʘʝʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ, 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʤʝʭʘʥʠʟʤʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ [23].  



28 
 

ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʠ ʠʭ 

ʢʣʶʯʝʚʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ 

ʚʘʨʠʘʥʪ 

ʍʘʨʘʢʪʝʨʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʯʝʨʪʳ 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ / 

ʢʣʠʥʠʯʝʩʢʠʝ 

ʘʢʮʝʥʪʳ 

ɻʣʠʦʙʣʘʩʪʦʤʘ, 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ 

(IDH-ʜʠʢʠʡ ʪʠʧ) 

ʅʝʢʨʦʟʳ ʩ ʧʩʝʚʜʦʧʘʣʠʩʘʜʘʤʠ, 

ʤʠʢʨʦʩʦʩʫʜʠʩʪʘʷ 

ʧʨʦʣʠʬʝʨʘʮʠʷ, ʚʳʩʦʢʠʡ 

ʤʠʪʦʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ, ʨʝʟʢʠʡ 

ʧʣʝʦʤʦʨʬʠʟʤ 

ʊʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʢʦʣʴʮʝʚʠʜʥʦʛʦ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʫʩʠʣʝʥʠʷ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʥʝʢʨʦʟʦʤ 

ɻʠʛʘʥʪʦʢʣʝʪʦʯʥʘʷ 

ʛʣʠʦʙʣʘʩʪʦʤʘ 

ʆʙʠʣʠʝ ʧʨʠʯʫʜʣʠʚʳʭ 

ʤʥʦʛʦʷʜʝʨʥʳʭ ʛʠʛʘʥʪʩʢʠʭ 

ʢʣʝʪʦʢ, ʯʘʩʪʦ ʭʦʨʦʰʦ 

ʦʪʛʨʘʥʠʯʝʥʥʳʡ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʫʟʝʣ 

ʄʦʞʝʪ ʠʤʠʪʠʨʦʚʘʪʴ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʝ 

ʧʦʨʘʞʝʥʠʝ ʠʟ-ʟʘ ʯʸʪʢʠʭ 

ʢʦʥʪʫʨʦʚ 

ɻʣʠʦʩʘʨʢʦʤʘ 

ɹʠʬʘʟʥʳʡ ʧʘʪʪʝʨʥ: 

ʯʝʨʝʜʦʚʘʥʠʝ ʛʣʠʘʣʴʥʦʛʦ ʠ 

ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ 

(ʩʘʨʢʦʤʘʪʦʟʥʦʛʦ) ʢʦʤʧʦʥʝʥʪʦʚ 

ʉʢʣʦʥʥʦʩʪʴ ʢ 

ʵʢʩʪʨʘʘʢʩʠʘʣʴʥʦʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ 

ʕʧʠʪʝʣʠʦʠʜʥʘʷ 

ʛʣʠʦʙʣʘʩʪʦʤʘ 

ʂʨʫʧʥʳʝ ʵʧʠʪʝʣʠʦʠʜʥʳʝ 

ʢʣʝʪʢʠ ʩ ʦʙʠʣʴʥʦʡ 

ʵʦʟʠʥʦʬʠʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ, 

ʯʘʩʪʦ ʤʫʪʘʮʠʷ BRAF V600E 

ʄʦʞʝʪ ʥʘʧʦʤʠʥʘʪʴ 

ʤʝʣʘʥʦʤʫ ʠʣʠ ʤʝʪʘʩʪʘʟ 

ʢʘʨʮʠʥʦʤʳ 

 

1.3. ʄʦʣʝʢʫʣʷʨʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ɻʣʠʦʙʣʘʩʪʦʤʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʛʝʪʝʨʦʛʝʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʯʝʪʘʥʠʝʤ ʩʣʦʞʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʫʧʨʘʚʣʷʝʤʳʭ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʕʪʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʮʠʝʥʪʘʤʠ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʦʜʥʦʡ 

ʦʧʫʭʦʣʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ [2,24]. 
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ʊʨʘʥʩʢʨʠʧʪʦʤʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʝʱʸ ʚ ʨʘʤʢʘʭ The Cancer 

Genome Atlas, ʚʳʷʚʠʣʦ ʪʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʜʪʠʧʘ 

ʛʣʠʦʙʣʘʩʪʦʤʳ: ʢʣʘʩʩʠʯʝʩʢʠʡ, ʧʨʦʥʝʡʨʘʣʴʥʳʡ ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʠʭ ʚʩʸ ʯʘʱʝ ʥʘʟʳʚʘʶʪ ʥʝ ʞʸʩʪʢʠʤʠ ʧʦʜʪʠʧʘʤʠ, ʘ 

çʢʣʝʪʦʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠè, ʧʦʜʯʝʨʢʠʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ 

ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʥʠʤʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ ʪʝʨʘʧʠʠ [25]: 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ 

ʤʫʪʘʮʠʡ EGFR (ʚʢʣʶʯʘʷ EGFRvIII), ʘ ʪʘʢʞʝ ʪʨʠʩʦʤʠʝʡ/ʧʦʣʠʩʦʤʠʝʡ 

ʭʨʦʤʦʩʦʤʳ 7 (+7) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʝʣʝʮʠʝʡ ʭʨʦʤʦʩʦʤʳ 10 (ï10). ʀʤʝʥʥʦ ʜʣʷ 

ʵʪʦʛʦ ʧʦʜʪʠʧʘ ʥʝʜʘʚʥʦ ʦʧʠʩʘʥ ʦʩʦʙʳʡ ʪʨʘʥʟʠʪʦʨʥʳʡ ʬʝʥʦʤʝʥ: ʚ ʟʦʥʝ 

ʠʥʚʘʟʠʚʥʦʛʦ ʬʨʦʥʪʘ ʜʦʤʠʥʠʨʫʶʱʘʷ ʚ ʷʜʨʝ ʦʧʫʭʦʣʠ ʧʦʧʫʣʷʮʠʷ ʛʣʠʘʣʴʥʳʭ 

ʧʨʦʦʙʨʘʟʫʶʱʠʭ ʢʣʝʪʦʢ (GPC-like) ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ ʘʩʪʨʦʮʠʪʦʧʦʜʦʙʥʳʤ 

ʢʣʝʪʢʘʤ (AC-like), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʣʴʟʘʥʠʶ ʦʪ ʭʠʨʫʨʛʠʯʝʩʢʦʡ 

ʨʝʟʝʢʮʠʠ [26]. 

ʇʨʦʥʝʡʨʘʣʴʥʳʡ ʧʦʜʪʠʧ ʦʙʦʛʘʱʸʥ ʤʫʪʘʮʠʷʤʠ ʛʝʥʦʚ TP53 ʠ IDH1, ʘ ʝʛʦ 

ʪʨʘʥʩʢʨʠʧʪʦʤ ʙʣʠʟʦʢ ʢ ʧʨʦʬʠʣʶ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

[25,27]. ʕʪʦʪ ʧʦʜʪʠʧ ʯʘʱʝ ʚʳʷʚʣʷʝʪʩʷ ʫ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʧʘʮʠʝʥʪʦʚ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʝʝ ʘʛʨʝʩʩʠʚʥʦʝ ʪʝʯʝʥʠʝ [28]. 

ʄʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʦʜʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʧʫʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʦʩʧʘʣʝʥʠʝʤ, ʥʝʢʨʦʟʦʤ ʠ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ, ʠ ʯʘʩʪʦ 

ʥʝʩʸʪ ʜʝʣʝʮʠʠ ʠʣʠ ʤʫʪʘʮʠʠ ʛʝʥʘ-ʩʫʧʨʝʩʩʦʨʘ NF1. ʀʤʝʥʥʦ ʤʝʟʝʥʭʠʤʘʣʴʥʘʷ 

ʩʠʛʥʘʪʫʨʘ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʠʥʬʠʣʴʪʨʘʪʠʚʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʘʠʭʫʜʰʠʤ ʧʨʦʛʥʦʟʦʤ ʢʘʢ ʧʨʠ ʧʝʨʚʠʯʥʳʭ, ʪʘʢ ʠ ʧʨʠ 

ʨʝʮʠʜʠʚʥʳʭ ʦʧʫʭʦʣʷʭ [29]. 

ʂʣʶʯʝʚʦʝ ʦʪʢʨʳʪʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʪʠʧʳ ʥʝ 

ʬʠʢʩʠʨʦʚʘʥʳ: ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʨʝʩʩʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʣʝʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʦʥʝʡʨʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ 

(proneural-mesenchymal transition, PMT), ʢʦʪʦʨʳʡ ʧʨʠʟʥʘʥ ʮʝʥʪʨʘʣʴʥʳʤ 
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ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ 

ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʷ [30]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠ ʪʘ ʞʝ ʦʧʫʭʦʣʴ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʙʦʣʝʟʥʠ ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʨʪʨʝʪʳ. 

ʇʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʛʣʠʦʙʣʘʩʪʦʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʜʨʘʡʚʝʨʥʳʭ 

ʤʫʪʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʚʪʦʥʦʤʥʳʡ ʨʦʩʪ ʢʣʝʪʦʢ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ 

NGS-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʯʘʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 10% ʚ ʧʝʨʚʠʯʥʳʭ 

ʦʧʫʭʦʣʷʭ ʚʳʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʛʝʥʦʚ TERT-ʧʨʦʤʦʪʦʨʘ, EGFR, PTEN, TP53, 

CDKN2A/2B, NF1, MTAP ʠ PIK3CA  [31ï33]: 

¶ EGFR: ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ ʤʫʪʘʮʠʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ EGFRvIII) 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 40ï50% ʩʣʫʯʘʝʚ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 

ʧʦʩʪʦʷʥʥʫʶ ʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʨʦʣʠʬʝʨʘʮʠʠ. ʉʚʷʟʴ 

ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʠʠ EGFR ʩ ʨʠʩʢʦʤ ʙʳʩʪʨʦʛʦ ʨʘʥʥʝʛʦ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ (rapid early progression, REP) ʚ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ 

ʧʝʨʠʦʜʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʝʜʘʚʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ 

ʤʘʨʢʝʨ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ[31]. 

¶ TERT: ʤʫʪʘʮʠʠ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ TERT ð ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʙʣʘʩʪʦʤʘʭ. 

ʃʦʥʛʠʪʫʜʠʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʫʪʘʮʠʠ TERT ʠ 

ʛʦʤʦʟʠʛʦʪʥʘʷ ʜʝʣʝʮʠʷ CDKN2A ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʥʥʠʝ ʩʦʙʳʪʠʷ 

ʛʣʠʦʤʦʛʝʥʝʟʘ, ʩʦʭʨʘʥʷʶʱʠʝʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʚʦʣʶʮʠʠ ʦʧʫʭʦʣʠ [34]. 

¶ TP53 ʠ PTEN: ʤʫʪʘʮʠʠ TP53 ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʧʨʦʥʝʡʨʘʣʴʥʦʛʦ ʧʦʜʪʠʧʘ ʠ ʚʪʦʨʠʯʥʳʭ ʛʣʠʦʙʣʘʩʪʦʤ, ʪʦʛʜʘ ʢʘʢ 

ʠʥʘʢʪʠʚʘʮʠʷ PTEN ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʚʳʟʳʚʘʝʪ 

ʛʠʧʝʨʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʦʡ ʦʩʠ PI3K/Akt/mTOR. ʆʙʘ ʛʝʥʘ ʧʨʠ ʵʪʦʤ 

ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʤʫʪʘʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ ʧʨʠ 

ʢʣʦʥʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʦʧʫʭʦʣʠ [34]. 
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¶ NF1: ʜʝʣʝʮʠʠ ʠʣʠ ʤʫʪʘʮʠʠ ʜʘʥʥʦʛʦ ʛʝʥʘ-ʩʫʧʨʝʩʩʦʨʘ ʩʣʫʞʘʪ ʤʘʨʢʝʨʦʤ 

ʥʝ ʪʦʣʴʢʦ ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʦʜʪʠʧʘ, ʥʦ ʠ ʩʘʨʢʦʤʘʪʦʟʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʧʨʠ ʨʝʮʠʜʠʚʝ. ʈʝʮʠʜʠʚʥʳʝ ʦʧʫʭʦʣʠ, 

ʧʦʜʚʝʨʛʰʠʝʩʷ ʩʘʨʢʦʤʘʪʦʟʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʪʣʠʯʘʶʪʩʷ 

ʫʢʦʨʦʯʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʜʦ ʨʝʮʠʜʠʚʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ 

ʤʫʪʘʮʠʷʤʠ NF1, TP53 ʠ RB1 [34]. 

ʕʧʠʛʝʥʝʪʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʧʦʟʚʦʣʷʷ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʶ ʠ ʪʝʨʘʧʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ [35,36]. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʤʘʨʢʝʨʦʤ ʦʩʪʘʸʪʩʷ 

ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ MGMT [37]. ʕʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʤʦʣʯʘʥʠʝ ʵʪʦʛʦ 

ʛʝʥʘ ʧʦʜʘʚʣʷʝʪ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʨʝʧʘʨʘʮʠʠ ɼʅʂ O-ʤʝʪʠʣʛʫʘʥʠʥ-ɼʅʂ-

ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ, ʯʪʦ ʜʝʣʘʝʪ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʫʷʟʚʠʤʳʤʠ ʢ 

ʘʣʢʠʣʠʨʫʶʱʠʤ ʘʛʝʥʪʘʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤʦʟʦʣʦʤʠʜʫ. ʄʝʪʘʘʥʘʣʠʟʳ ʠ 

ʢʨʫʧʥʳʝ ʢʦʛʦʨʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʩ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʨʦʤʦʪʦʨʦʤ MGMT ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʤʦ ʣʫʯʰʫʶ 

ʦʙʱʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʮʠʝʥʪʘʤʠ ʩ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʤ 

ʩʪʘʪʫʩʦʤ [38,39]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ 

ʥʝʠʥʚʘʟʠʚʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ MGMT-ʩʪʘʪʫʩʘ ʤʝʪʦʜʘʤʠ ʨʘʜʠʦʤʠʢʠ ʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʄʈʊ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʚʘʪʴ ʵʪʦʪ 

ʢʣʶʯʝʚʦʡ ʙʠʦʤʘʨʢʝʨ ʫ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʥʝ ʚʳʧʦʣʥʷʣʘʩʴ ʙʠʦʧʩʠʷ [40]. 

ɼʨʫʛʦʡ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʡ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ 5-

ʛʠʜʨʦʢʩʠʤʝʪʠʣʮʠʪʦʟʠʥʘ (5hmC) ʚ ʛʝʥʦʤʝ ʛʣʠʦʙʣʘʩʪʦʤʳ. ʉʥʠʞʝʥʠʝ 

ʛʣʦʙʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 5hmC, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʬʝʨʤʝʥʪʘʤʠ ʩʝʤʝʡʩʪʚʘ TET, 

ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʧʨʦʛʥʦʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘ 

ʛʣʠʦʙʣʘʩʪʦʤʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ TET ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ 5hmC (ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʤʦʟʦʣʦʤʠʜʫ ʠ 
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ʠʦʥʠʟʠʨʫʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʟʘ ʩʯʸʪ ʤʦʜʫʣʷʮʠʠ ʦʪʚʝʪʘ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ 

[41,42]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʝʜʠʥʳʤ ʚʟʛʣʷʜʦʤ ʦʭʚʘʪʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʦʜʪʠʧʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʠʭ ʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʘʙʝʨʨʘʮʠʷʤʠ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ʀʥʪʝʛʨʘʪʠʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʜʪʠʧʦʚ 

ʛʣʠʦʙʣʘʩʪʦʤʳ IDH-ʜʠʢʦʛʦ ʪʠʧʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʣʘʩʩʠʯʝʩʢʠʡ ʇʨʦʥʝʡʨʘʣʴʥʳʡ 
ʄʝʟʝʥʭʠʤʘʣʴʥ

ʳʡ 

ʂʣʶʯʝʚʳʝ 

ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʘʙʝʨʨʘʮʠʠ 

ɸʤʧʣʠʬʠʢʘʮʠʷ/ʤʫʪʘʮ

ʠʷ EGFR, +7/-10, 

ʛʦʤʦʟʠʛʦʪʥʘʷ ʜʝʣʝʮʠʷ 

CDKN2A 

ʄʫʪʘʮʠʠ TP53, 

IDH1 (ʨʝʜʢʦ), 

ʘʤʧʣʠʬʠʢʘʮʠʷ 

PDGFRA 

ɼʝʣʝʮʠʠ/ʤʫʪʘʮʠʠ 

NF1, ʤʫʪʘʮʠʠ 

PTEN, RB1 

ʊʨʘʥʩʢʨʠʧʪʦʤʥ

ʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ-

ʤʠʰʝʥʝʡ EGFR, 

ʩʠʛʥʘʪʫʨʘ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ 

ɻʝʥʳ 

ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥ

ʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

(OLIG2, SOX2) 

ɻʝʥʳ ʚʦʩʧʘʣʝʥʠʷ, 

ʥʝʢʨʦʟʘ, 

ʵʧʠʪʝʣʠʘʣʴʥʦ-

ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʘ 

ɸʩʩʦʮʠʠʨʦʚʘʥʥʦ

ʝ ʢʣʝʪʦʯʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 

GPC-like / AC-like 

(ʧʝʨʝʭʦʜ ʚ ʟʦʥʝ 

ʠʥʚʘʟʠʠ) 

ʇʨʦʛʝʥʠʪʦʨʦʧʦʜʦʙʥ

ʦʝ 

ʅʘʠʙʦʣʝʝ 

ʠʥʬʠʣʴʪʨʘʪʠʚʥʦʝ 

ʕʧʠʛʝʥʝʪʠʯʝʩʢʠ

ʡ ʧʨʦʬʠʣʴ 

ɺʘʨʠʘʙʝʣʴʥʳʡ ʩʪʘʪʫʩ 

MGMT 

ʏʘʱʝ ʤʝʪʠʣʠʨʦʚʘʥ 

MGMT (ʧʨʠ 

ʤʫʪʘʮʠʠ IDH) 

ʏʘʱʝ 

ʥʝʤʝʪʠʣʠʨʦʚʘʥ 

MGMT; 

ʛʣʦʙʘʣʴʥʘʷ ʧʦʪʝʨʷ 

5hmC 

ʇʨʦʛʥʦʟ ʇʨʦʤʝʞʫʪʦʯʥʳʡ 
ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ 

ʅʘʠʭʫʜʰʠʡ; 

ʩʢʣʦʥʥʦʩʪʴ ʢ 

PMT-ʧʝʨʝʭʦʜʫ 
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1.4.  ʆʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ  

ʂʦʥʮʝʧʮʠʷ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ (Glioma Stem Cells, ɻʉʂ) 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʙʠʦʣʦʛʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʤʦʜʝʣʠ, ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʩʫʙʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʘʷ ʧʦ ʨʷʜʫ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ, 

ʤʫʣʴʪʠʧʦʪʝʥʪʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ, 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʦʩʩʦʟʜʘʥʠʶ ʚʩʝʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʳ in vivo. 

ʀʤʝʥʥʦ ʵʪʠ ʢʣʝʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʜʨʘʡʚʝʨʦʚ 

ʧʨʦʛʨʝʩʩʠʠ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʪʝʨʘʧʠʠ ʠ ʥʝʠʟʙʝʞʥʳʭ ʨʝʮʠʜʠʚʦʚ. 

ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ ʜʣʷ ʠʭ ʚʳʜʝʣʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʩʣʫʞʘʪ CD133, 

CD44, SOX2 ʠ Nestin, ʢ ʢʦʪʦʨʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʙʘʚʠʣʠʩʴ ʘʙʝʨʨʘʥʪʥʳʝ 

ʬʦʨʤʳ ʨʝʮʝʧʪʦʨʘ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ð EGFR ʠ ʝʛʦ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʢʪʠʚʥʳʡ ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ EGFRvIII [43,44]. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝ ʯʘʱʝ ʦʧʠʩʳʚʘʶʪ ʬʝʥʦʤʝʥ çʩʪʚʦʣʦʚʦʩʪʠè ʥʝ 

ʢʘʢ ʩʪʘʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʫʶ ʤʦʛʫʪ 

ʧʨʠʦʙʨʝʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ 

ʪʝʨʘʧʠʠ [35]. 

ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ ɻʉʂ ʩʣʫʞʘʪ CD133, CD44, SOX2 ʠ Nestin 

(ʈʠʩʫʥʦʢ 1). ɺ ʥʦʨʤʝ ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʅʉʂ) ʵʢʩʧʨʝʩʩʠʨʫʶʪ 

ʤʘʨʢʸʨʳ CD133, CD44, SOX2, Nestin ʠ ʜʘʶʪ ʥʘʯʘʣʦ ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʤ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʟʨʝʣʳʝ 

ʥʝʡʨʦʥʳ, ʘʩʪʨʦʮʠʪʳ ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ (ʈʠʩʫʥʦʢ 1). ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʣʦʤʦʢ (ʘʤʧʣʠʬʠʢʘʮʠʷ/ʤʫʪʘʮʠʷ EGFR, EGFRvIII, 

ʧʦʪʝʨʷ TP53, PTEN, NF1), ʘʙʝʨʨʘʥʪʥʦʡ ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

RAS/MAPK, PI3K/AKT/mTOR, JAK/STAT, ʘ ʪʘʢʞʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʠʧʦʢʩʠʠ ʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʅʉʂ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ɻʉʂ. ɻʉʂ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ SOX2, Nestin, CD133, 

CD44 ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʤʠʛʨʘʮʠʠ ʠ ʫʢʣʦʥʝʥʠʶ ʦʪ ʘʧʦʧʪʦʟʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ 
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ʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʨʫʰʝʥʠʡ (ʤʫʪʘʮʠʠ IDH, 1p/19q-ʢʦʜʝʣʝʮʠʷ, 

ʘʤʧʣʠʬʠʢʘʮʠʷ EGFR, ʤʫʪʘʮʠʷ ʧʨʦʤʦʪʦʨʘ TERT) ɻʉʂ ʜʘʶʪ ʥʘʯʘʣʦ 

ʘʩʪʨʦʮʠʪʦʤʝ, ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʝ ʠʣʠ ʛʣʠʦʙʣʘʩʪʦʤʝ. 

 

ʈʠʩʫʥʦʢ 1 - ʅʝʡʨʦʛʝʥʝʟ ʠ ʛʣʠʦʤʦʛʝʥʝʟ: ʦʪ ʥʝʡʨʘʣʴʥʦʡ ʩʪʚʦʣʦʚʦʡ ʢʣʝʪʢʠ 

ʢ ʦʧʫʭʦʣʷʤ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʉʦʟʜʘʥʦ ʩ ʧʦʤʦʱʴʶ Biorender.com. 

CD133 (PROM1). ʇʝʥʪʘʩʧʘʥʦʚʳʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ CD133 

ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʩʘʤʳʤ ʠʟʚʝʩʪʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʘʨʢʝʨʦʤ 

ɻʉʂ. ɽʛʦ ʵʢʩʧʨʝʩʩʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʚʳʩʦʢʠʤ 

ʪʫʤʦʨʦʛʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʡʨʦʩʬʝʨʳ in 

vitro, ʯʪʦ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ CD133+ 

ʢʣʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʘʝʪʩʷ ʚ ʨʝʮʠʜʠʚʠʨʫʶʱʠʭ ʦʧʫʭʦʣʷʭ ʧʦʩʣʝ 

ʭʠʤʠʦʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ, ʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ CD133 ʷʚʣʷʝʪʩʷ 
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ʥʝʟʘʚʠʩʠʤʳʤ ʥʝʛʘʪʠʚʥʳʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʅʝʜʘʚʥʠʝ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CRISPR-Cas9 ʩʢʨʠʥʠʥʛʘ ʨʘʩʢʨʳʣʠ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʝʛʦ 

ʵʢʩʧʨʝʩʩʠʠ, ʧʦʢʘʟʘʚ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ SOX2 ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʤʦʪʦʨʦʤ ʛʝʥʘ PROM1 (ʢʦʜʠʨʫʶʱʝʛʦ CD133), ʘʢʪʠʚʠʨʫʷ ʝʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʠ ʪʝʤ ʩʘʤʳʤ ʟʘʧʫʩʢʘʷ ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩʪʨʝʩʩ-ʦʪʚʝʪʘ, 

ʣʝʞʘʱʫʶ ʚ ʦʩʥʦʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [44ï52]. 

CD44. ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ CD44, ʦʩʥʦʚʥʦʡ ʨʝʮʝʧʪʦʨ 

ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠʛʨʘʝʪ ʤʥʦʛʦʛʨʘʥʥʫʶ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʠ ɻʉʂ. ɽʛʦ 

ʵʢʩʧʨʝʩʩʠʷ ʧʦʚʳʰʝʥʘ ʚ ʛʣʠʦʤʘʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʠʥʚʘʟʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢʣʝʪʦʢ. ʇʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʨʦʣʠ, CD44 ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʳʞʠʚʘʥʠʶ, 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠ.̫ ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ CD44 ʥʘ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʠ ʝʛʦ ʣʠʛʘʥʜʦʤ SPP1 (ʦʩʪʝʦʧʦʥʪʠʥʦʤ), ʩʝʢʨʝʪʠʨʫʝʤʳʤ 

ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʤʘʢʨʦʬʘʛʘʤʠ (TAM), ʧʨʠʟʥʘʥʦ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʠ ʠ ʠʥʚʘʟʠʠ ʚ ʛʣʠʦʙʣʘʩʪʦʤʝ [53]. ʕʪʦ 

ʜʝʣʘʝʪ ʦʩʴ SPP1-CD44 ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ. 

SOX2. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ SOX2 (SRY-box transcription factor 2) 

ʷʚʣʷʝʪʩʷ ʤʘʩʪʝʨ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ ʠ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʥʦʨʤʘʣʴʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʥʦ ʠ ɻʉʂ. ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʭ ʚ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʥʘʜʝʣʷʝʪ ʬʝʥʦʪʠʧʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʝʛʦ ʨʦʣʴ ʚ ʧʨʷʤʦʡ ʨʝʛʫʣʷʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ CD133, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʥʦʚʘʪʦʨʩʢʦʤ CRISPR-ʩʢʨʠʥʠʥʛʝ [52]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʤʝʩʪʥʘʷ ʵʢʩʧʨʝʩʩʠʷ SOX2 ʠ CD133 ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʥʘʠʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʫʶ ʬʨʘʢʮʠʶ ɻʉʂ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ SOX2 ʩ ʙʝʣʢʦʤ ʢʣʝʪʦʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ Par6 ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʤʝʭʘʥʠʟʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʩʪʚʦʣʦʚʦʩʪʴ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʪʝʤʦʟʦʣʦʤʠʜʫ (TMZ) ʚ ʤʦʜʝʣʷʭ ʨʝʮʠʜʠʚʘ [49,52]. 
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Nestin. Nestin ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʦʢ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ VI ʪʠʧʘ, 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʝʟʨʝʣʳʭ, ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʠ ʚʟʨʦʩʣʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʝ [54,55]. ɺ ʛʣʠʦʤʘʭ ʫʨʦʚʝʥʴ Nestin ʧʦʣʦʞʠʪʝʣʴʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩʦ 

ʩʪʝʧʝʥʴʶ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʦʧʫʭʦʣʠ ʠ ʢʦ-ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʩ CD133, 

ʤʘʨʢʠʨʫʷ ʢʣʝʪʢʠ ʩʦ ʩʪʚʦʣʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [46,48]. ʆʥ ʥʝ ʧʨʦʩʪʦ ʧʘʩʩʠʚʥʳʡ 

ʤʘʨʢʝʨ, ʥʦ ʠ ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʥʠʢ ʧʨʦʮʝʩʩʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʚʳʞʠʚʘʝʤʦʩʪʴ, 

ʤʠʛʨʘʮʠʶ ʠ ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ ɻʉʂ, ʘ ʝʛʦ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʚ ʧʦʩʪ-

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʦʛʘʱʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʳʭ 

ʩʫʙʧʦʧʫʣʷʮʠʡ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ɻʉʂ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʘʤ ʣʝʯʝʥʠʷ (ʨʘʜʠʦ- ʠ 

ʭʠʤʠʦʪʝʨʘʧʠʠ ʪʝʤʦʟʦʣʦʤʠʜʦʤ) ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʚʨʦʞʜʝʥʥʳʭ ʠ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

[43,44,47,49,50,56,57]:  

ʋʩʠʣʝʥʥʳʡ ʨʝʧʘʨʘʪʠʚʥʳʡ ʘʧʧʘʨʘʪ ɼʅʂ: ɻʉʂ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʝʧʘʨʘʮʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ, ʚʳʟʚʘʥʥʳʭ ʨʘʜʠʘʮʠʝʡ ʠ ʘʣʢʠʣʠʨʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ 

ʵʬʬʝʢʪʠʚʥʦ çʟʘʣʝʯʠʚʘʪʴè ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. 

ɸʙʝʨʨʘʥʪʥʘʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ: ʘʢʪʠʚʘʮʠʷ ʧʨʦ-ʚʳʞʠʚʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʪʘʢʠʭ 

ʢʘʢ PI3K/Akt/mTOR, Wnt/ɓ-catenin ʠ Notch, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 

ʘʧʦʧʪʦʟʫ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ. 

ʄʝʪʘʙʦʣʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠʷ: CD44-ʚʳʩʦʢʠʝ ɻʉʂ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʥʠʢʘʣʴʥʫʶ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʛʠʙʢʦʩʪʴ, ʧʝʨʝʢʣʶʯʘʷʩʴ ʤʝʞʜʫ ʛʣʠʢʦʣʠʟʦʤ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʣʦʥʝʥʠʶ ʦʪ ʠʤʤʫʥʥʦʛʦ 

ʥʘʜʟʦʨʘ. 
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ʕʧʠʛʝʥʝʪʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ: ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ MGMT ʚ ɻʉʂ ̫ ʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʘ ʚ ɻʉʂ, ʯʪʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʬʝʨʤʝʥʪʘ ʨʝʧʘʨʘʮʠʠ MGMT ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʪʝʤʦʟʦʣʦʤʠʜʫ [58]. 

ʂʣʝʪʦʯʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ: ʚʦʟʤʦʞʥʦ, ʩʘʤʳʡ ʤʦʱʥʳʡ ʤʝʭʘʥʠʟʤ. ɻʉʂ 

ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʢʦʷʱʝʝʩʷ ʩʦʩʪʦʷʥʠʝ, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʢ ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʨʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʠʟ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʦʥʝʡʨʘʣʴʥʦʛʦ ʚ ʢʨʘʡʥʝ 

ʨʝʟʠʩʪʝʥʪʥʳʡ ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ (proneural-to-mesenchymal transition, PMT), 

ʚʦʩʧʦʣʥʷʷ ʧʦʧʫʣʷʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʣʝʯʝʥʠʷ [36]. 

ʌʘʪʘʣʴʥʘʷ ʨʦʣʴ ɻʉʂ ʚ ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʞʠʚʘʪʴ ʧʦʩʣʝ ʘʛʨʝʩʩʠʚʥʦʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʪʝʨʘʧʠʠ, 

ʧʦʜʦʙʥʦ çʩʝʤʝʥʘʤè, ʜʘʶʱʠʤ ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʨʦʩʪʫ [43,45,49,57,59]. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʘʧʠʠ: ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʭʩʷ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʫʥʠʯʪʦʞʘʝʪʩʷ, ɻʉʂ, ʠʩʧʦʣʴʟʫʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʩʦʭʨʘʥʷʶʪʩʷ. ɹʦʣʝʝ ʪʦʛʦ, ʩʫʙʧʦʧʫʣʷʮʠʷ 

ʧʦʢʦʷʱʠʭʩʷ ʨʘʢʦʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (quiescent cancer stem cells, qCSCs) 

ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʕʪʠ ʢʣʝʪʢʠ 

ʥʝ ʜʝʣʷʪʩʷ, ʥʦ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʭʦʜʷʪ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʠ ʟʘʧʫʩʢʘʶʪ ʧʦʚʪʦʨʥʳʡ ʨʦʩʪ ʦʧʫʭʦʣʠ [60]. 

ʀʝʨʘʨʭʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʧʫʭʦʣʠ: ʘʥʘʣʠʟ ʧʘʨ çʧʝʨʚʠʯʥʘʷ-ʨʝʮʠʜʠʚʥʘʷè 

ʦʧʫʭʦʣʴ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʮʠʜʠʚʥʘʷ ʛʣʠʦʙʣʘʩʪʦʤʘ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʢʣʦʥʦʚ ɻʉʂ, ʢʦʪʦʨʳʝ ʧʝʨʝʞʠʣʠ ʣʝʯʝʥʠʝ. ʕʪʠ ʢʣʝʪʢʠ 

ʩʧʦʩʦʙʥʳ ʟʘʥʦʚʦ ʚʦʩʩʦʟʜʘʪʴ ʚʩʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʦʧʫʭʦʣʠ, ʚʢʣʶʯʘʷ ʢʘʢ 

ʩʪʚʦʣʦʚʳʝ, ʪʘʢ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ [61]. 
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ʈʦʣʴ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ: ʚr ʞʠʚʘʥʠʶ ʠ ʨʝʘʢʪʠʚʘʮʠʠ ɻʉʂ ʘʢʪʠʚʥʦ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʠʰʠ ʚ ʦʧʫʭʦʣʠ. ɺ ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ 

ʥʠʰʝ ʩʠʛʥʘʣʳ ʦʪ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ 

ɻʉʂ. ɺ ʛʠʧʦʢʩʠʯʝʩʢʦʡ ʧʝʨʠʥʝʢʨʦʪʠʯʝʩʢʦʡ ʟʦʥʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʮʠʪʦʢʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ TGF-ɓ1, ʩʝʢʨʝʪʠʨʫʝʤʳʭ TAM, 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ (ʥʘʧʨʠʤʝʨ, YAP/TAZ) ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʫʣ ɻʉʂ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ 

[62]. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ: ʦʩʦʟʥʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʨʦʣʠ ɻʉʂ ʚ ʨʝʮʠʜʠʚʘʭ 

ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʠʭ ʵʣʠʤʠʥʘʮʠʶ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ CAR-T-ʢʣʝʪʦʢ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʤʘʨʢʝʨʳ ɻʉʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

CD44 ʠ CD133. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʣʶʜʷʭ 

(first-in-human) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʦʨʝʛʠʦʥʘʨʥʦ ʚʚʦʜʠʤʳʭ 

ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʭ CAR-T-ʢʣʝʪʦʢ (Tris-CAR-T), ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʦʙʘ ʵʪʠʭ 

ʘʥʪʠʛʝʥʘ, ʧʦʢʘʟʘʣʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʣʠʥʠʯʝʩʢʠʡ ʦʪʚʝʪ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʨʝʮʠʜʠʚʠʨʫʶʱʝʡ ʛʣʠʦʤʦʡ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʫʶ ʵʨʫ ʚ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ [63]. 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʢʣʶʯʝʚʳʭ ʤʘʨʢʝʨʦʚ ɻʉʂ ʩʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 4, ʛʜʝ ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʥʝʩʝʥʳ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʘʙʣʠʮʘ 4. ʂʣʶʯʝʚʳʝ ʤʘʨʢʝʨʳ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʠ ʠʭ 

ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʧʨʠʨʦʜʘ 
ʄʘʨʢʝʨ 

ʆʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʚ ɻʉʂ 

ʉʚʷʟʴ ʩ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ

 ʁ

ʉʚʷʟʴ ʩ 

ʨʝʮʠʜʠʚʦʤ 

ʇʝʥʪʘʩʧʘʥʦʚʳʡ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ 

ʛʣʠʢʦʧʨʦʪʝʠʥ 

CD133 

(PROM1) 

ʇʦʜʜʝʨʞʘʥʠʝ 

ʪʫʤʦʨʦʛʝʥʥʦʩʪʠ ʠ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ; 

ʨʝʛʫʣʷʮʠʷ ʩʪʨʝʩʩ-

ʇʨʷʤʘʷ 

ʘʢʪʠʚʘʮʠʷ ʛʝʥʦʚ 

ʩʪʨʝʩʩ-ʦʪʚʝʪʘ; 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʆʙʦʛʘʱʝʥʠʝ 

CD133+ ʢʣʝʪʦʢ ʚ 

ʨʝʮʠʜʠʚʘʭ; 

ʤʠʰʝʥʴ ʜʣʷ 
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ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʧʨʠʨʦʜʘ 
ʄʘʨʢʝʨ 

ʆʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʚ ɻʉʂ 

ʉʚʷʟʴ ʩ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ

 ʁ

ʉʚʷʟʴ ʩ 

ʨʝʮʠʜʠʚʦʤ 

ʦʪʚʝʪʘ ʯʝʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

SOX2 

TMZ ʠ ʨʘʜʠʘʮʠʠ CAR-T ʪʝʨʘʧʠʠ 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ 

ʨʝʮʝʧʪʦʨ 

ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 

CD44 

ɸʜʛʝʟʠʷ, 

ʤʠʛʨʘʮʠʷ, 

ʠʥʚʘʟʠʷ; ʤʝʜʠʘʪʦʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɻʉʂ-TAM ʯʝʨʝʟ 

ʦʩʴ SPP1-CD44 

ʄʝʪʘʙʦʣʠʯʝʩʢʘʷ 

ʘʜʘʧʪʘʮʠʷ; 

ʫʢʣʦʥʝʥʠʝ ʦʪ 

ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ 

ɸʩʩʦʮʠʘʮʠʷ ʩ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳ

ʤ ʧʝʨʝʭʦʜʦʤ; 

ʤʠʰʝʥʴ ʜʣʷ 

CAR-T ʪʝʨʘʧʠʠ 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳ

ʡ ʬʘʢʪʦʨ 
SOX2 

ʄʘʩʪʝʨ-ʨʝʛʫʣʷʪʦʨ 

ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪ

ʠ; ʧʨʷʤʘʷ 

ʘʢʪʠʚʘʮʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

CD133 

ʈʝʛʫʣʷʮʠʷ ʛʝʥʦʚ 

ʩʪʚʦʣʦʚʦʩʪʠ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ; 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ Par6 

ʇʦʜʜʝʨʞʘʥʠʝ 

ʧʫʣʘ ɻʉʂ ʧʨʠ 

ʪʝʨʘʧʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʨʝʮʠʜʠʚʫ 

ɹʝʣʦʢ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʬʠʣʘʤʝʥʪʦʚ VI 

ʪʠʧʘ 

Nestin 

ʄʘʨʢʝʨ ʥʝʟʨʝʣʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ

; ʨʝʛʫʣʷʮʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ 

ʤʠʛʨʘʮʠʠ 

ʆʙʦʛʘʱʝʥʠʝ ʚ 

ʨʝʟʠʩʪʝʥʪʥʳʭ 

ʩʫʙʧʦʧʫʣʷʮʠʷʭ; 

ʤʘʨʢʝʨ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛ

ʦ ʧʨʦʛʥʦʟʘ 

ɺʳʩʦʢʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʚ 

ʨʝʮʠʜʠʚʠʨʫʶʱʠ

ʭ ʦʧʫʭʦʣʷʭ 

ʈʝʮʝʧʪʦʨʥʘʷ 

ʪʠʨʦʟʠʥʢʠʥʘʟʘ 
EGFRwt 

ʈʝʛʫʣʷʮʠʷ 

ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʤʠʛʨʘʮʠʠ ʠ 

ʚʳʞʠʚʘʥʠʷ; 

ʧʦʜʜʝʨʞʘʥʠʝ ʧʫʣʘ 

ɻʉʂ 

ɸʢʪʠʚʘʮʠʷ ʧʨʦ-

ʚʳʞʠʚʘʪʝʣʴʥʳʭ 

ʧʫʪʝʡ; 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

EGFR ʧʦʚʳʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ

ʴ ʢ ʭʠʤʠʦ- ʠ 

ʨʘʜʠʦʪʝʨʘʧʠʠ 

ʉʦʭʨʘʥʝʥʠʝ 

ʨʝʟʠʩʪʝʥʪʥʦʛʦ 

ʧʫʣʘ ʢʣʝʪʦʢ 

ʧʦʩʣʝ ʪʝʨʘʧʠʠ 

ʂʦʥʩʪʠʪʫʪʠʚʥʦ 

ʘʢʪʠʚʥʘʷ 

ʤʫʪʘʥʪʥʘʷ 

ʨʝʮʝʧʪʦʨʥʘʷ 

ʪʠʨʦʟʠʥʢʠʥʘʟʘ 

EGFRvII

I 

ʇʦʜʜʝʨʞʘʥʠʝ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ 

ʯʝʨʝʟ ʦʩʠ STAT3-

PEDF-Notch1-

SOX2 ʠ p-

Src/PLK1-Notch1-

SOX2; ʤʘʨʢʝʨ 

ʢʣʝʪʦʢ ʩ 

ʥʘʠʚʳʩʰʝʡ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

TMZ ʠ 

ʨʘʜʠʘʮʠʠ; 

ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʙʝʣʢʦʤ ANO1; 

ʘʢʪʠʚʘʮʠʷ 

Notch1-SOX2 

ʩʠʛʥʘʣʠʥʛʘ 

ʂʦ-ʵʢʩʧʨʝʩʩʠʷ ʩ 

CD133 ʚ 

ʨʝʮʠʜʠʚʘʭ; 

ʤʠʰʝʥʴ ʜʣʷ 

CAR-T 



40 
 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʧʨʠʨʦʜʘ 
ʄʘʨʢʝʨ 

ʆʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʚ ɻʉʂ 

ʉʚʷʟʴ ʩ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ

 ʁ

ʉʚʷʟʴ ʩ 

ʨʝʮʠʜʠʚʦʤ 

ʪʫʤʦʨʦʛʝʥʥʦʩʪʴʶ 

 

ɻʃɸɺɸ 2. ʉʆɺʈɽʄɽʅʅɸʗ ʊɽʈɸʇʀʗ ɻʃʀʆɹʃɸʉʊʆʄʓ ʀ ɽɪ 

ʆɻʈɸʅʀʏɽʅʀʗ 

ʃʝʯʝʥʠʝ ʛʣʠʦʙʣʘʩʪʦʤʳ (ɻɹ) ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ 

ʦʧʫʭʦʣʠ ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʧʫʪʸʤ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʭʠʤʠʦʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ, ʥʦ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʘʤʠ ʠʟ-ʟʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʦʧʫʭʦʣʠ, ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ [64,65]. 

2.1. ʉʪʘʥʜʘʨʪʥʳʡ ʧʨʦʪʦʢʦʣ ʣʝʯʝʥʠʷ (ʉʪʝʨʤʠʥʛʘ) 

ɿʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʫʞʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʦʩʪʘʸʪʩʷ 

ʨʝʞʠʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ 2005 ʛʦʜʫ ʚ ʵʧʦʭʘʣʴʥʦʤ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ III ʬʘʟʳ EORTC-NCIC ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Roger Stupp. ɼʦ ʝʛʦ 

ʧʦʷʚʣʝʥʠʷ ʩʪʘʥʜʘʨʪʦʤ ʙʳʣʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ, ʦʙʝʩʧʝʯʠʚʘʚʰʘʷ 

ʤʝʜʠʘʥʫ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ (ʆɺ) ʥʘ ʫʨʦʚʥʝ 12,1 ʤʝʩʷʮʝʚ ʠ ʜʚʫʭʣʝʪʥʶʶ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʣʠʰʴ ʦʢʦʣʦ 10%. ɼʦʙʘʚʣʝʥʠʝ ʪʝʤʦʟʦʣʦʤʠʜʘ (TMZ) 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʣʦ ʵʪʫ ʢʘʨʪʠʥʫ: ʤʝʜʠʘʥʘ ʆɺ ʚʦʟʨʦʩʣʘ ʜʦ 14,6 ʤʝʩʷʮʝʚ, 

ʘ ʜʚʫʭʣʝʪʥʷʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ ð ʜʦ 27% [66]. 

ʇʷʪʠʣʝʪʥʷʷ ʦʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʚʩʝʡ ʢʦʛʦʨʪʳ ʩʦʩʪʘʚʠʣʘ 9,8%, ʦʜʥʘʢʦ ʚ 

ʧʦʜʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʨʦʤʦʪʦʨʦʤ MGMT ɻʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʜʦʩʪʠʛʘʣ 13,8% [67]. ɿʘ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ, ʧʨʦʰʝʜʰʠʭ ʩ ʧʫʙʣʠʢʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ EORTC-NCIC, ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʫʣʫʯʰʝʥʠʠ 

ʠʩʭʦʜʦʚ ʧʝʨʚʦʡ ʣʠʥʠʠ, ʧʦ ʦʙʱʝʤʫ ʧʨʠʟʥʘʥʠʶ, ʟʘʩʪʦʧʦʨʠʣʩʷ. ʄʘʩʰʪʘʙʥʳʡ 

ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ, ʦʭʚʘʪʠʚʰʠʡ ʜʘʥʥʳʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʟʘ 20 ʣʝʪ, ʧʦʜʪʚʝʨʜʠʣ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʘʚʰʠʭ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʪʦʢʦʣ Stupp, ʯʪʦ 
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ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʘʩʪʦʷʪʝʣʴʥʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʩʪʨʘʪʝʛʠʷʭ [65,68ï70]. 

2.1.1. ʍʠʨʫʨʛʠʯʝʩʢʘʷ ʨʝʟʝʢʮʠʷ 

ʄʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʘʷ ʨʝʟʝʢʮʠʷ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʦʣʥʦʤʫ ʫʜʘʣʝʥʠʶ 

ʢʦʥʪʨʘʩʪʠʨʫʝʤʦʡ ʯʘʩʪʠ ʦʧʫʭʦʣʠ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʚʳʤ, ʥʦ ʠ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʵʪʘʧʦʤ ʣʝʯʝʥʠʷ. ʄʘʩʰʪʘʙʥʳʡ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠ ʤʝʪʘ-ʘʥʘʣʠʟ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ 2025 ʛʦʜʫ ʠ 

ʚʢʣʶʯʠʚʰʠʡ 31 ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ 26 167 ʧʘʮʠʝʥʪʦʚ ʩ IDH-ʜʠʢʠʤ 

ʪʠʧʦʤ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʣʝʯʝʥʥʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ Stupp, ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʣ 

ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʦʙʲʸʤʘ ʨʝʟʝʢʮʠʠ ʥʘ ʠʩʭʦʜʳ: 

ʩʫʧʨʘʤʘʢʩʠʤʘʣʴʥʘʷ ʨʝʟʝʢʮʠʷ (SupraMR), ʚʳʭʦʜʷʱʘʷ ʟʘ ʧʨʝʜʝʣʳ ʟʦʥʳ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʤʝʜʠʘʥʦʡ ʆɺ 28,2 ʤʝʩʷʮʘ ʧʨʦʪʠʚ 17,5 

ʤʝʩʷʮʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʟʝʢʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʨʘʩʪʠʨʫʝʤʦʡ ʯʘʩʪʠ [71]. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʥʝʟʘʚʠʩʠʤʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʨʘʙʦʪʝ, ʨʝʚʘʣʠʜʠʨʦʚʘʚʰʝʡ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ RANO ʜʣʷ ʦʮʝʥʢʠ ʦʙʲʸʤʘ ʨʝʟʝʢʮʠʠ: 

ʩʫʧʨʘʤʘʢʩʠʤʘʣʴʥʘʷ ʨʝʟʝʢʮʠʷ (RANO ʢʣʘʩʩ 1) ʦʙʝʩʧʝʯʠʣʘ ʤʝʜʠʘʥʫ ʆɺ 35,6 

ʤʝʩʷʮʝʚ, ʟʥʘʯʠʤʦ ʧʨʝʚʦʩʭʦʜʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʘʪʝʛʦʨʠʠ (ʤʝʜʠʘʥʘ ʆɺ ʜʣʷ ʥʝ-

ʢʣʘʩʩʘ 1: 13,9 ʤʝʩʷʮʝʚ; p < 0,001) [72]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʝʨʘʨʭʠʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʩʫʧʨʘʤʘʢʩʠʤʘʣʴʥʘʷ ʨʝʟʝʢʮʠʷ > ʤʘʢʩʠʤʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʘʷ ʨʝʟʝʢʮʠʷ > 

ʩʫʙʤʘʢʩʠʤʘʣʴʥʘʷ ʨʝʟʝʢʮʠʷ > ʙʠʦʧʩʠʷ. 

ʉʪʝʧʝʥʴ ʨʝʟʝʢʮʠʠ ʧʨʷʤʦ ʩʚʷʟʘʥʘ ʠ ʩ ʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ: 

ʧʘʮʠʝʥʪʳ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʣʫʯʰʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʟʘʜʝʨʞʝʢ ʥʘʯʘʪʴ ʭʠʤʠʦʣʫʯʝʚʦʝ 

ʣʝʯʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʬʠʣʴʪʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ʦʩʪʘʸʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ð ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ ʤʠʛʨʠʨʫʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʠʜʠʤʦʛʦ ʦʯʘʛʘ, ʜʝʣʘʷ 

ʠʩʪʠʥʥʦ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʠʞʠʤʳʤ ʚʥʝ ʨʘʤʦʢ 

ʩʫʧʨʘʤʘʨʛʠʥʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ [64,73]. 
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2.1.2. ʃʫʯʝʚʘʷ ʪʝʨʘʧʠʷ 

ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʜʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʧʨʦʪʦʢʦʣʘ Stupp 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʚ ʩʫʤʤʘʨʥʦʡ ʜʦʟʝ 60 ɻʨ, 

ʨʘʟʜʝʣʸʥʥʦʡ ʥʘ 30 ʬʨʘʢʮʠʡ (2 ɻʨ/ʬʨʘʢʮʠʷ) ʠ ʧʨʦʚʦʜʠʤʦʡ ʚ ʙʫʜʥʠʝ ʜʥʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 6 ʥʝʜʝʣʴ. ʆʙʣʫʯʝʥʠʶ ʧʦʜʣʝʞʠʪ ʦʩʪʘʪʦʯʥʘʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ 

ʙʦʣʝʟʥʴ, ʘ ʪʘʢʞʝ ʟʦʥʘ ʧʝʨʠʬʦʢʘʣʴʥʦʛʦ ʦʪʸʢʘ ʩ ʦʪʩʪʫʧʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʦ 

ʜʘʥʥʳʤ ʄʈʊ ʠ ʂʊ-ʨʘʟʤʝʪʢʠ. ʆʜʥʘʢʦ ʦʙʣʫʯʝʥʠʝ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʷʞʝʥʦ ʩ 

ʨʠʩʢʘʤʠ ð ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʝʢʨʦʟʘ ʠ ʦʪʩʨʦʯʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ [65,69]. 

ɼʣʷ ʧʦʞʠʣʳʭ ʠ ʦʩʣʘʙʣʝʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʛʠʧʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʨʝʞʠʤʳ (40 ɻʨ ʟʘ 15 ʬʨʘʢʮʠʡ). ʉʦʛʣʘʩʥʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʙʟʦʨʫ ʠ ʤʝʪʘ-ʘʥʘʣʠʟʫ ʂʦʨʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ʥʝʡʨʦʦʥʢʦʣʦʛʠʠ (2025 ʛ.), ʚʢʣʶʯʠʚʰʝʤʫ 9 ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 1441 ʧʘʮʠʝʥʪʘ, 

ʛʠʧʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʠ ʩʪʘʥʜʘʨʪʥʘʷ ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ [74]. ɺ ʦʙʥʦʚʣʸʥʥʦʤ ʢʣʠʥʠʯʝʩʢʦʤ 

ʨʫʢʦʚʦʜʩʪʚʝ ASTRO 2025 ʛʦʜʘ [75] ʫ ʧʦʞʠʣʳʭ ʧʘʮʠʝʥʪʦʚ ʫʩʣʦʚʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʛʠʧʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩ ʢʦʥʢʫʨʨʝʥʪʥʳʤ ʠ ʘʜʲʶʚʘʥʪʥʳʤ 

ʪʝʤʦʟʦʣʦʤʠʜʦʤ, ʪʦʛʜʘ ʢʘʢ ʫ ʢʨʘʡʥʝ ʦʩʣʘʙʣʝʥʥʳʭ ʙʦʣʴʥʳʭ ʧʦʩʣʝ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ 

ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʠ ʧʘʣʣʠʘʪʠʚʥʘʷ ʧʦʤʦʱʴ. 

2.1.3. ʍʠʤʠʦʪʝʨʘʧʠʷ ʪʝʤʦʟʦʣʦʤʠʜʦʤ 

TMZ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʦʨʘʣʴʥʳʡ ʘʣʢʠʣʠʨʫʶʱʠʡ ʘʛʝʥʪ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʡ ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ ʮʠʪʦʩʪʘʪʠʢʘ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ [76]. ʄʝʭʘʥʠʟʤ ʝʛʦ ʜʝʡʩʪʚʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʧʫʨʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ɼʅʂ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʧʦʟʠʮʠʷʭ N-ʛʫʘʥʠʥʘ ʠ O-ʛʫʘʥʠʥʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʝʨʝʧʘʨʠʨʫʝʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʟʘʧʫʩʢʫ ʘʧʦʧʪʦʟʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʪʦʢʦʣʘ Stupp 

ʧʨʝʧʘʨʘʪ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʢʦʥʢʫʨʨʝʥʪʥʳʡ ʵʪʘʧ (75 ʤʛ/ʤĮ 

ʝʞʝʜʥʝʚʥʦ, 7 ʜʥʝʡ ʚ ʥʝʜʝʣʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʙʣʫʯʝʥʠʷ), ʛʜʝ 
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TMZ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʨʘʜʠʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʠ ʘʜʲʶʚʘʥʪʥʳʡ ʵʪʘʧ (150ï200 

ʤʛ/ʤĮ ʚ ʜʥʠ 1ï5 ʢʘʞʜʦʛʦ 28-ʜʥʝʚʥʦʛʦ ʮʠʢʣʘ, ʚʩʝʛʦ 6 ʮʠʢʣʦʚ), ʟʘʢʨʝʧʣʷʶʱʠʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʙʦʣʝʟʥʴʶ [68,70]. 

ɺʘʞʥʝʡʰʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʘʭʦʜʢʦʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʧʦʣʥʦʪʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʰʝʩʪʠ ʘʜʲʶʚʘʥʪʥʳʭ ʮʠʢʣʦʚ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʥʝʟʘʚʠʩʠʤʳʤ ʧʨʝʜʠʢʪʦʨʦʤ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʪʫʩʘ 

MGMT. ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʷ 

ʠ ʥʝʡʪʨʦʧʝʥʠʷ IIIïIV ʩʪʝʧʝʥʠ), ʦʩʣʦʞʥʷʶʱʘʷ ʦʢʦʣʦ 7% ʩʣʫʯʘʝʚ, ʪʨʝʙʫʝʪ 

ʝʞʝʤʝʩʷʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ 

ʢʦʨʨʝʢʮʠʠ ʜʦʟʳ [68,70]. 

2.1.4. ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʨʦʣʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ MGMT 

ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʘ MGMT ʧʦʜʘʚʣʷʝʪ ʬʝʨʤʝʥʪ ʨʝʤʦʥʪʘ ɼʅʂ O6-

ʤʝʪʠʣʛʫʘʥʠʥ-ɼʅʂ-ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ, ʧʦʚʳʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ TMZ; 

ʧʘʮʠʝʥʪʳ ʩ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʜʦʩʪʠʛʘʶʪ ʙʦʣʝʝ ʜʦʣʛʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, 504 ʧʨʦʪʠʚ 329 ʜʥʝʡ ʤʝʜʠʘʥʥʦʡ ʆʉ). ʆʥʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʦʣʴʟʫ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ ʠʣʠ ʩʪʝʧʝʥʠ ʨʝʟʝʢʮʠʠ, ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʠʣʠ MSP. ʅʝʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʠ ʧʦʢʘʟʳʚʘʶʪ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦʙʫʞʜʘʷ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʪʨʘʪʝʛʠʷʤ [73]. 

2.1.5. Tumor Treating Fields (TTFields): ʵʚʦʣʶʮʠʷ ʩʪʘʥʜʘʨʪʘ 

ɺʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ Stupp ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ 

Tumor Treating Fields ð ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʙʟʦʨʫ ʠ ʤʝʪʘ-ʘʥʘʣʠʟʫ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ ʚ 2025 ʛʦʜʫ ʠ ʚʢʣʶʯʠʚʰʝʤʫ 20 ʠʩʩʣʝʜʦʚʘʥʠʡ (1636 

ʧʘʮʠʝʥʪʦʚ), ʜʦʙʘʚʣʝʥʠʝ TTFields ʢ ʘʜʲʶʚʘʥʪʥʦʤʫ TMZ ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʜʠʘʥʫ 

ʆɺ ʜʦ 21,7 ʤʝʩʷʮʝʚ ʧʨʠ ʚʧʝʨʚʳʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʦʡ ʛʣʠʦʙʣʘʩʪʦʤʝ, ʘ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʙʝʟ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 7,2 ʤʝʩʷʮʘ. ʇʨʠʚʝʨʞʝʥʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʙʦʨʘ ʥʝ ʤʝʥʝʝ 75% ʦʪ ʜʥʝʚʥʦʛʦ ʚʨʝʤʝʥʠ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ 

ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠʨʦʩʪʦʤ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʳʤ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʷʚʣʝʥʠʝʤ ʦʩʪʘʸʪʩʷ ʢʦʞʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ (ʜʝʨʤʘʪʠʪ) ʩ ʩʦʚʦʢʫʧʥʦʡ ʯʘʩʪʦʪʦʡ 
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38,4% [77]. ɺ ʨʫʢʦʚʦʜʩʪʚʝ ASTRO 2025 ʛʦʜʘ ʧʨʠʤʝʥʝʥʠʝ TTFields 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ ʫʩʣʦʚʥʦ ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʦʧʮʠʷ ʚ ʧʝʨʚʦʡ ʣʠʥʠʠ 

ʪʝʨʘʧʠʠ ʥʘ ʵʪʘʧʝ ʘʜʲʶʚʘʥʪʘ. 

2.2. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʘ Stupp, ʨʝʮʠʜʠʚ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʷʚʣʷʝʪʩʷ ʩʢʦʨʝʝ ʧʨʘʚʠʣʦʤ, ʯʝʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʥʘʩʪʫʧʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ 100% ʩʣʫʯʘʝʚ. ʕʪʦʪ ʬʘʪʘʣʴʥʳʡ ʠʩʭʦʜ ʧʨʝʜʦʧʨʝʜʝʣʝʥ ʥʝ ʦʜʥʠʤ, 

ʘ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʠ ʘʜʘʧʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʫʥʠʢʘʣʴʥʫʶ ʵʢʦʩʠʩʪʝʤʫ ʦʧʫʭʦʣʠ. ʂʣʶʯʝʚʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ ʧʨʠʟʥʘʥʳ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ (ɻʕɹ), ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ ʢʣʦʥʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ, 

ʚʨʦʞʜʝʥʥʘʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʛʣʠʦʤʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ɻʉʂ), ʘ ʪʘʢʞʝ 

ʟʘʱʠʪʥʦʝ ʚʣʠʷʥʠʝ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʠ ʧʝʨʠʚʘʩʢʫʣʷʨʥʳʭ ʥʠʰ [78ï80]. 

2.2.1. ɻʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ɻʕɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʠ ʚʦ ʤʥʦʛʦʤ ʨʝʰʘʶʱʠʡ ʨʫʙʝʞ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʩʠʩʪʝʤʥʫʶ ʪʝʨʘʧʠʶ ʛʣʠʦʙʣʘʩʪʦʤʳ. ɺ ʥʦʨʤʝ, ʙʫʜʫʯʠ 

ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʟ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʧʝʨʠʮʠʪʦʚ ʠ 

ʘʩʪʨʦʮʠʪʘʨʥʳʭ ʥʦʞʝʢ, ʦʥ ʟʘʱʠʱʘʝʪ ʤʦʟʛ ʦʪ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ 

ʢʩʝʥʦʙʠʦʪʠʢʦʚ (ʈʠʩʫʥʦʢ 2). ɺ ʟʦʥʝ ʦʩʥʦʚʥʦʛʦ ʦʯʘʛʘ ʦʧʫʭʦʣʠ, ʠʟ-ʟʘ ʘʢʪʠʚʥʦʛʦ 

ʘʥʛʠʦʛʝʥʝʟʘ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʝʪʝʨʦʛʝʥʥʦ ʧʨʦʥʠʮʘʝʤʦʛʦ çʙʘʨʴʝʨʘ ʢʨʦʚʴ-ʦʧʫʭʦʣʴ-ʤʦʟʛè 

(blood-brain-tumor barrier, BBTB) [78]. ʆʜʥʘʢʦ ʢʨʠʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʠʥʬʠʣʴʪʨʘʪʠʚʥʘʷ ʟʦʥʘ ʨʦʩʪʘ ʛʣʠʦʙʣʘʩʪʦʤʳ ð ʦʙʣʘʩʪʴ, ʛʜʝ 

ʦʪʜʝʣʴʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʤʠʛʨʠʨʫʶʪ ʚ ʧʘʨʝʥʭʠʤʫ ʤʦʟʛʘ, ʥʝ ʥʘʨʫʰʘʷ ʧʨʠ 

ʵʪʦʤ ʮʝʣʦʩʪʥʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ. ʀʤʝʥʥʦ ʟʜʝʩʴ ɻʕɹ ʦʩʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʚ, 

ʚʢʣʶʯʘʷ ʪʝʤʦʟʦʣʦʤʠʜ (TMZ) [80]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʢʘʨʩʪʚʘ ʚ 

ʠʥʚʘʟʠʚʥʳʭ ʢʨʘʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʙʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʩʫʙʢʣʠʥʠʯʝʩʢʠʤ ʧʦʧʫʣʷʮʠʷʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʚʳʞʠʚʘʪʴ ʠ ʩʪʘʥʦʚʠʪʴʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʥʝʠʟʙʝʞʥʦʛʦ ʨʝʮʠʜʠʚʘ. 

 

ʈʠʩʫʥʦʢ 2 - ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. 

ɸʜʘʧʪʘʮʠʷ ʨʠʩʫʥʢʘ [81] ʧʨʠ ʧʦʤʦʱʠ Biorender.com. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʩʦʩʫʜʘʭ ʩʘʤʦʡ ʦʧʫʭʦʣʠ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ 

ʙʝʣʢʠ-ʵʬʬʣʶʢʩʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ (P-ʛʣʠʢʦʧʨʦʪʝʠʥ ʠ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ MRP), 

ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʚʳʙʨʘʩʳʚʘʶʪ ʤʦʣʝʢʫʣʳ ʣʝʢʘʨʩʪʚ ʦʙʨʘʪʥʦ ʚ ʢʨʦʚʦʪʦʢ [82]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ in silico ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʵʪʠʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʵʣʘʢʨʠʜʘʨʦʤ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʦʥʚʝʢʮʠʦʥʥʦ-

ʫʩʠʣʝʥʥʦʡ ʜʦʩʪʘʚʢʦʡ ʥʘʥʦʯʘʩʪʠʮ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʝʧʘʨʘʪʘ ʚ ʦʧʫʭʦʣʠ [83].  

2.2.2. ɺʥʫʪʨʠʦʧʫʭʦʣʝʚʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ ʢʣʦʥʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ 

ɻɹ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʫʙʦʯʘʡʰʝʡ ʛʝʥʦʤʥʦʡ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʡ ʠ 

ʬʝʥʦʪʠʧʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʘʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʦʤ, ʘ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʥʘʧʨʘʚʣʷʝʤʳʤ ʢʣʦʥʘʣʴʥʦʡ 
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ʵʚʦʣʶʮʠʝʡ. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʣʷʝʪ ʚʝʪʚʷʱʫʶʩʷ ʘʨʭʠʪʝʢʪʫʨʫ 

ʵʚʦʣʶʮʠʠ ʦʧʫʭʦʣʠ, ʛʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʫʙʢʣʦʥʳ ʢʦʥʢʫʨʠʨʫʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʠ ʢʦʦʧʝʨʠʨʫʶʪʩʷ, ʦʙʨʘʟʫʷ ʩʣʦʞʥʫʶ ʵʢʦʩʠʩʪʝʤʫ [84]. ʆʜʥʘ ʦʧʫʭʦʣʴ ʥʘ 

ʨʘʟʥʳʭ ʩʚʦʠʭ ʫʯʘʩʪʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʜʪʠʧʳ (ʢʣʘʩʩʠʯʝʩʢʠʡ, ʧʨʦʥʝʡʨʘʣʴʥʳʡ, ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ), 

ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʚʘʨʠʘʙʝʣʴʥʳʡ ʠ ʩʝʣʝʢʪʠʚʥʳʡ ʦʪʚʝʪ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʝʨʘʧʠʶ. 

ʇʦʜ ʜʘʚʣʝʥʠʝʤ ʣʝʯʝʥʠʷ (ʭʠʤʠʦ- ʠ ʨʘʜʠʦ-) ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʮʠʷ 

ʧʨʝʜʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʟʠʩʪʝʥʪʥʳʭ ʩʫʙʢʣʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʵʣʠʤʠʥʘʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʟʘʥʠʤʘʶʪ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʨʝʮʠʜʠʚʥʦʡ 

ʦʧʫʭʦʣʠ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʶʪ ʬʝʥʦʤʝʥʳ ʢʣʝʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʪʘʢʠʝ ʢʘʢ ʧʨʦʥʝʡʨʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ (PMT), ʢʦʪʦʨʳʡ ʧʨʠʟʥʘʥ 

ʮʝʥʪʨʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ 

ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʷ [30]. ʄʝʟʝʥʭʠʤʘʣʴʥʳʝ ʢʣʝʪʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ, ʠ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʩʢʦʣʴʟʘʪʴ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʨʘʧʠʠ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʨʝʢʦʥʩʪʠʪʫʮʠʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʦʧʫʭʦʣʠ ʧʦʩʣʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʫʩʧʝʰʥʦʛʦ ʣʝʯʝʥʠʷ. 

2.2.3. ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ɻʉʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʙʧʦʧʫʣʷʮʠʶ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʛʣʘʚʥʳʤ ʜʨʘʡʚʝʨʦʤ 

ʨʝʮʠʜʠʚʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʞʠʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ. ʀʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ TMZ ʠ 

ʨʘʜʠʦʪʝʨʘʧʠʠ ð ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʙʠʥʘʮʠʠ 

ʚʨʦʞʜʝʥʥʳʭ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʝʨʘʧʠʝʡ ʤʝʭʘʥʠʟʤʦʚ [79]. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ɻʉʂ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʝʥʥʳʡ ʨʝʧʘʨʘʪʠʚʥʳʡ 

ʘʧʧʘʨʘʪ ɼʅʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʨʝʧʘʨʘʮʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ (ATM, ATR), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʙʳʩʪʨʦ 

çʟʘʣʝʯʠʚʘʪʴè ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʦʙʣʫʯʝʥʠʝʤ ʠ ʘʣʢʠʣʠʨʫʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ [85,86]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ɻʉʂ ʩʪʘʪʫʩ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ MGMT ʤʦʞʝʪ ʙʳʪʴ ʜʠʥʘʤʠʯʝʩʢʠʤ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʢʣʝʪʢʘʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʵʪʦʛʦ ʢʣʶʯʝʚʦʛʦ ʬʝʨʤʝʥʪʘ 

ʨʝʧʘʨʘʮʠʠ ʠ ʧʨʠʦʙʨʝʪʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ TMZ [87]. 

ɺʪʦʨʳʤ ʚʘʞʥʝʡʰʠʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ɻʉʂ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʧʝʨʝʭʦʜʫ ʚ ʩʦʩʪʦʷʥʠʝ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʦʢʦʷ (quiescence). ɺ ʵʪʦʡ ʢʚʘʟʠ-

ʣʘʪʝʥʪʥʦʡ ʬʘʟʝ ʢʣʝʪʢʠ ʥʝ ʜʝʣʷʪʩʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ ʘʢʪʠʚʥʦ 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʥʠ ʚʥʦʚʴ ʘʢʪʠʚʠʨʫʶʪʩʷ ʠ ʟʘʧʫʩʢʘʶʪ ʧʦʚʪʦʨʥʳʡ ʨʦʩʪ ʦʧʫʭʦʣʠ. 

ʅʘʢʦʥʝʮ, ʠʭ ʬʝʥʦʪʠʧʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʝʨʝʢʣʶʯʘʪʴʩʷ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ ʠʟʙʝʛʘʷ ʛʠʙʝʣʠ. ɻʉʂ ʫʩʪʦʡʯʠʚʳ ʢ ʘʧʦʧʪʦʟʫ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʚʦʡ ʩʪʚʦʣʦʚʦʡ ʬʝʥʦʪʠʧ ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ 

ʤʘʨʢʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ CD133 ʠ SOX2 [49,79]. 

2.2.4. ɻʠʧʦʢʩʠʷ ʠ ʧʝʨʠʚʘʩʢʫʣʷʨʥʳʝ ʥʠʰʠ 

ɻʉʂ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʘ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʚʦʝʛʦ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ çʥʠʰʠè, 

ʟʘʱʠʱʘʶʱʠʝ ʠʭ ʦʪ ʪʝʨʘʧʠʠ. ɼʚʫʤʷ ʢʣʶʯʝʚʳʤʠ ʪʠʧʘʤʠ ʥʠʰ ʷʚʣʷʶʪʩʷ 

ʛʠʧʦʢʩʠʯʝʩʢʘʷ (ʧʝʨʠʥʝʢʨʦʪʠʯʝʩʢʘʷ) ʠ ʧʝʨʠʚʘʩʢʫʣʷʨʥʘʷ [88]. 

ɺ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʭʘʦʪʠʯʥʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ ʠ 

ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʦʧʫʭʦʣʠ, ʥʠʟʢʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʬʘʢʪʦʨʳ, ʠʥʜʫʮʠʨʫʝʤʳʝ ʛʠʧʦʢʩʠʝʡ (HIFs). ʀʩʩʣʝʜʦʚʘʥʠʷ 2025 

ʛʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʥʠʰʘʭ HIF-2Ŭ ʠʟʙʠʨʘʪʝʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʠʥʪʝʛʨʠʥʘ Ŭ5, ʯʪʦ ʧʨʠʜʘʝʪ ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ ʛʣʠʦʤʳ 

ʧʦʚʳʰʝʥʥʫʶ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

HIF-2Ŭ ʠ Ŭ5 ʠʥʪʝʛʨʠʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʵʪʦʪ ʠʥʪʝʛʨʠʥ, ʦʪʢʨʳʚʘʷ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʟʠʩʪʝʥʪʥʳʝ 

ʢʣʝʪʢʠ ʚ ʩʦʩʪʘʚʝ ʥʠʰ [89]. 
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ʇʝʨʠʚʘʩʢʫʣʷʨʥʳʝ ʥʠʰʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʪʝʩʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ɻʉʂ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʤʠʢʨʦʩʦʩʫʜʦʚ. ʕʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʫʶ ʦʧʦʨʫ, ʥʦ ʠ 

ʧʘʨʘʢʨʠʥʥʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʪʚʦʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʵʥʜʦʢʘʥ (Endocan), 

ʧʨʦʪʝʦʛʣʠʢʘʥ, ʩʝʢʨʝʪʠʨʫʝʤʳʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʢʦʪʦʨʳʡ 

ʘʢʪʠʚʠʨʫʝʪ ʨʝʮʝʧʪʦʨ PDGFRA ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɻʉʂ ʠ ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ ʨʘʜʠʦʧʨʦʪʝʢʮʠʠ ʵʪʠʭ ʢʣʝʪʦʢ. 

ʇʦʜʘʚʣʝʥʠʝ ʩʠʛʥʘʣʴʥʦʡ ʦʩʠ Endocan-PDGFRA ʩ ʧʦʤʦʱʴʶ ʧʦʥʘʪʠʥʠʙʘ 

ʫʚʝʣʠʯʠʚʘʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʚ ʤʳʰʠʥʦʡ ʤʦʜʝʣʠ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʦʩʪʴ ʩʦʩʫʜʠʩʪʦ-ʦʧʫʭʦʣʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʨʝʮʠʜʠʚʘ 

[90]. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ 

ʧʝʨʠʮʠʪʳ ð ʢʣʝʪʢʠ, ʚ ʥʦʨʤʝ ʦʙʚʦʣʘʢʠʚʘʶʱʠʝ ʵʥʜʦʪʝʣʠʡ ð ̫ ʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʧʘʨʘʢʨʠʥʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ʚ ʧʘʨʝʥʭʠʤʝ ʦʧʫʭʦʣʠ. 

ʀʭ ʠʩʪʦʱʝʥʠʝ ʚʝʜʝʪ ʢ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʶ ʵʥʜʦʪʝʣʠʷ, ʧʨʠʚʣʝʯʝʥʠʶ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʳʭ ʤʘʢʨʦʬʘʛʦʚ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʬʘʢʪʦʨ ʨʦʩʪʘ 

ʛʝʧʘʪʦʮʠʪʦʚ (HGF), ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʘʢʪʠʚʘʮʠʠ MET-ʨʝʮʝʧʪʦʨʘ ʥʘ ɻʉʂ 

ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʦʜʪʠʧʘ, ʯʪʦ ʨʝʟʢʦ ʫʩʢʦʨʷʝʪ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʠ 

[91]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʥʝ ʧʨʦʩʪʦ ʧʘʩʩʠʚʥʦ ʦʢʨʫʞʘʝʪ ʦʧʫʭʦʣʴ, ʘ 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʧʝʨʝʭʦʜʘʤ, ʠʥʚʘʟʠʠ ʠ ʧʦʜʘʚʣʝʥʠʶ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʥʠʰʠ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʙʫʜʫʱʠʭ ʤʝʪʦʜʦʚ 

ʣʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʝʮʠʜʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʤʝʭʘʥʠʟʤʳ, ʣʠʤʠʪʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ 

ʛʣʠʦʙʣʘʩʪʦʤʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʭ ʧʨʝʦʜʦʣʝʥʠʝ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5. ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʢ ʪʝʨʘʧʠʠ 

ʠ ʩʪʨʘʪʝʛʠʠ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ 
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ʄʝʭʘʥʠʟʤ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʨʘʧʠʠ 

ɹʠʦʣʦʛʠʯʝʩʢʘ

ʷ ʦʩʥʦʚʘ 

ʃʦʢʘʣʠʟʘʮʠʷ 

ʚ ʦʧʫʭʦʣʠ 

ɺʣʠʷʥʠʝ ʥʘ 

ʪʝʨʘʧʠʶ 

ʇʝʨʩʧʝʢʪʠʚ

ʥʳʝ 

ʩʪʨʘʪʝʛʠʠ 

ʧʨʝʦʜʦʣʝʥʠ

 ̫

ɻʝʤʘʪʦʵʥʮʝʬʘʣʠʯ

ʝʩʢʠʡ ʙʘʨʴʝʨ 

(ɻʕɹ) 

ʌʫʥʢʮʠʦʥʘʣʴʥ

ʦ ʩʦʭʨʘʥʥʳʡ 

ɻʕɹ ʚ 

ʠʥʚʘʟʠʚʥʳʭ 

ʢʨʘʷʭ ʦʧʫʭʦʣʠ, 

ʵʬʬʣʶʢʩʥʳʝ 

ʪʨʘʥʩʧʦʨʪʝʨʳ 

ʀʥʬʠʣʴʪʨʘʪʠʚ

ʥʘʷ ʟʦʥʘ ʨʦʩʪʘ 

ʉʫʙʪʝʨʘʧʝʚʪʠʯ

ʝʩʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʢʘʨʩʪʚ, 

ʚʳʞʠʚʘʥʠʝ 

ʩʫʙʢʣʠʥʠʯʝʩʢʠ

ʭ ʢʣʝʪʦʢ 

ʂʦʥʚʝʢʮʠʦʥʥʦ-

ʫʩʠʣʝʥʥʘʷ 

ʜʦʩʪʘʚʢʘ, 

ʥʘʥʦʯʘʩʪʠʮʳ, 

ʠʥʛʠʙʠʪʦʨʳ 

ʵʬʬʣʶʢʩʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ 

ɺʥʫʪʨʠʦʧʫʭʦʣʝʚʘ

ʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ɺʝʪʚʷʱʘʷʩʷ 

ʢʣʦʥʘʣʴʥʘʷ 

ʵʚʦʣʶʮʠʷ, 

ʤʥʦʞʝʩʪʚʝʥʥʳ

ʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʧʦʜʪʠʧʳ ʚ 

ʦʜʥʦʡ ʦʧʫʭʦʣʠ 

ɺʦ ʚʩʝʤ 

ʦʙʲʝʤʝ 

ʦʧʫʭʦʣʠ 

ʉʝʣʝʢʪʠʚʥʳʡ 

ʦʪʚʝʪ 

ʩʫʙʢʣʦʥʦʚ ʥʘ 

ʪʝʨʘʧʠʶ, 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʨʝʟʠʩʪʝʥʪʥʳʭ 

ʢʣʦʥʦʚ ʧʦʩʣʝ 

ʣʝʯʝʥʠʷ 

ʄʫʣʴʪʠʪʘʨʛʝʪʥ

ʘʷ ʪʝʨʘʧʠʷ, 

ʩʝʢʚʝʥʠʨʦʚʘʥʠ

ʝ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠ

ʠ ʜʨʘʡʚʝʨʥʳʭ 

ʤʫʪʘʮʠʡ 

ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ 

ɻʉʂ 

ʋʩʠʣʝʥʥʘʷ 

ʨʝʧʘʨʘʮʠʷ 

ɼʅʂ, 

ʧʨʦʣʠʬʝʨʘʪʠʚʥ

ʳʡ ʧʦʢʦʡ, 

ʘʥʪʠʘʧʦʧʪʦʪʠʯ

ʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ, 

ʵʢʩʧʨʝʩʩʠʷ 

CD133/SOX2 

ʇʝʨʠʚʘʩʢʫʣʷʨʥ

ʘʷ ʥʠʰʘ, 

ʛʠʧʦʢʩʠʯʝʩʢʘʷ 

ʥʠʰʘ 

ɺʳʞʠʚʘʥʠʝ 

ʧʦʩʣʝ TMZ ʠ 

ʨʘʜʠʘʮʠʠ, 

çʧʦʩʝʚè 

ʨʝʮʠʜʠʚʦʚ 

CAR-T ʧʨʦʪʠʚ 

CD133/CD44, 

ʠʥʛʠʙʠʪʦʨʳ 

ʧʫʪʝʡ 

ʩʪʚʦʣʦʚʦʩʪʠ 

ɻʠʧʦʢʩʠʷ ʠ HIFs 

ʉʪʘʙʠʣʠʟʘʮʠʷ 

HIF-2Ŭ ʠ HIF-

1Ŭ, ʘʢʪʠʚʘʮʠʷ 

ʠʥʪʝʛʨʠʥʦʚ, 

VEGF ʠ ʛʝʥʦʚ 

ʩʪʚʦʣʦʚʦʩʪʠ 

ʇʝʨʠʥʝʢʨʦʪʠʯ

ʝʩʢʘʷ ʟʦʥʘ 

ʀʥʜʫʢʮʠʷ 

ʠʥʚʘʟʠʠ, 

ʘʥʛʠʦʛʝʥʝʟʘ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ 

ʧʫʣʘ ɻʉʂ 

ɼʚʦʡʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

HIF-2Ŭ ʠ 

ʠʥʪʝʛʨʠʥʘ Ŭ5, 

ʘʥʪʠʘʥʛʠʦʛʝʥʥ

ʘʷ ʪʝʨʘʧʠʷ 

ʇʝʨʠʚʘʩʢʫʣʷʨʥʳ

ʝ ʥʠʰʠ 

ʇʘʨʘʢʨʠʥʥʘʷ 

ʩʠʛʥʘʣʠʟʘʮʠʷ 

ʦʪ ʵʥʜʦʪʝʣʠʷ 

(Endocan-

PDGFRA) ʠ 

ʧʝʨʠʮʠʪʦʚ 

(HGF-MET) ʢ 

ɻʉʂ 

ɺʦʢʨʫʛ 

ʤʠʢʨʦʩʦʩʫʜʦʚ 

ɸʢʪʠʚʘʮʠʷ 

ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʨʘʜʠʦʧʨʦʪʝʢʮʠ

ʷ, 

ʤʝʟʝʥʭʠʤʘʣʴʥʳ

ʡ ʧʝʨʝʭʦʜ 

ʇʦʜʘʚʣʝʥʠʝ 

Endocan-

PDGFRA ʠ 

HGF-MET 

ʩʠʛʥʘʣʠʥʛʘ, 

ʩʦʭʨʘʥʝʥʠʝ 

ʬʫʥʢʮʠʠ 

ʧʝʨʠʮʠʪʦʚ 
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2.3. ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʨʘʧʠʠ ʠ ʧʨʦʙʣʝʤʘ ʠʥʛʠʙʠʪʦʨʦʚ EGFR 

ʆʩʦʟʥʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ Stupp, ʢʦʪʦʨʳʡ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʩʨʦʯʠʚʘʝʪ ʨʝʮʠʜʠʚ, ʧʦʜʪʦʣʢʥʫʣʦ ʥʝʡʨʦʦʥʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ ʢ 

ʧʦʠʩʢʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ. ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ 

ʣʝʯʝʥʠʶ ʛʣʠʦʙʣʘʩʪʦʤʳ ʥʘʮʝʣʝʥʳ ʥʘ ʢʣʶʯʝʚʳʝ ʦʥʢʦʛʝʥʥʳʝ ʜʨʘʡʚʝʨʳ ʠ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ, ʚʢʣʶʯʘʷ ʪʘʨʛʝʪʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠʤʤʫʥʦʪʝʨʘʧʠʠ (ʦʪ ʙʣʦʢʘʜʳ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʜʦ ʘʜʦʧʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ CAR-T-ʢʣʝʪʦʢ), ʛʝʥʥʫʶ ʠ 

ʦʥʢʦʣʠʪʠʯʝʩʢʫʶ ʚʠʨʫʩʥʫʶ ʪʝʨʘʧʠʶ, ʘ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʫʶ ʪʝʨʘʧʠʶ. 

ʆʜʥʘʢʦ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʪʨʘʪʝʛʠʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʫʩʪʦʡʯʠʚʳʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʦʩʪʘʸʪʩʷ ʧʦʨʘʟʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ EGFR ð ʨʝʮʝʧʪʦʨʘ, ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʣʠ 

ʤʫʪʠʨʦʚʘʥʥʦʛʦ ʙʦʣʝʝ ʯʝʤ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ [92,93]. 

2.3.1. ʀʥʛʠʙʠʪʦʨʳ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

ʉʪʨʝʤʣʝʥʠʝ ʧʦʜʘʚʠʪʴ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʢʪʠʚʥʳʝ ʦʥʢʦʛʝʥʥʳʝ ʢʘʩʢʘʜʳ ð EGFR, 

PI3K/AKT/mTOR, RAS/MAPK ð ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʦʙʰʠʨʥʦʛʦ ʘʨʩʝʥʘʣʘ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ. ʆʜʥʘʢʦ ʢʣʠʥʠʯʝʩʢʠʡ ʦʧʳʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ ʦʢʘʟʘʣʩʷ ʨʘʟʦʯʘʨʦʚʳʚʘʶʱʠʤ. ʀʥʛʠʙʠʪʦʨʳ ʪʠʨʦʟʠʥʢʠʥʘʟʳ 

EGFR ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʵʨʣʦʪʠʥʠʙ ʠ ʛʝʬʠʪʠʥʠʙ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ in vitro, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ ʥʝ ʩʤʦʛʣʠ ʦʩʪʘʥʦʚʠʪʴ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʜʘʞʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʘʤʧʣʠʬʠʢʘʮʠʝʡ EGFR [92]. 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʠʥʛʠʙʠʪʦʨʳ ð ʦʩʠʤʝʨʪʠʥʠʙ (ʥʝʦʙʨʘʪʠʤʳʡ ʠʥʛʠʙʠʪʦʨ EGFR 

ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ) ʠ ʜʘʢʦʤʠʪʠʥʠʙ (ʧʘʥ-ErbB ʠʥʛʠʙʠʪʦʨ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ) 

ð ʦʙʝʩʧʝʯʠʣʠ ʩʢʨʦʤʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʝʟ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʫ 

ʪʱʘʪʝʣʴʥʦ ʦʪʦʙʨʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ EGFR-ʘʤʧʣʠʬʠʢʘʮʠʝʡ, ʦʜʥʘʢʦ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʩʪʨʦ ʥʠʚʝʣʠʨʫʝʪʩʷ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʠ 
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ʘʢʪʠʚʘʮʠʝʡ ʜʫʙʣʠʨʫʶʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ [94]. ʆʙʰʠʨʥʳʡ ʦʙʟʦʨ Singh ʠ 

ʩʦʘʚʪʦʨʦʚ (2025) ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʜʝʨʝʛʫʣʷʮʠʷ ʦʩʠ EGFR/PTEN/AKT/mTOR 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʜʨʘʡʚʝʨʦʤ ʛʣʠʦʤʘʛʝʥʝʟʘ, ʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʙʣʦʢʘʜʘ 

EGFR ʠ PI3K/mTOR ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʦʜʥʘʢʦ ʪʦʢʩʠʯʥʦʩʪʴ ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʠ 

ʥʝʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʤʠʰʝʥʝʡ ʚ ʎʅʉ ʦʩʪʘʶʪʩʷ ʩʝʨʴʸʟʥʳʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ [95]. 

ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʚʦʡʥʳʝ ʠʥʛʠʙʠʪʦʨʳ, ʥʘʮʝʣʝʥʥʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʟʣʦʚ ʩʠʛʥʘʣʴʥʦʡ ʩʝʪʠ. ɺʦʢʩʪʘʣʠʩʠʙ 

(PI3K/mTOR) ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʦʚʳʰʘʣ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʛʣʠʦʙʣʘʩʪʦʤʥʳʭ ʢʣʝʪʦʢ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʚʘʣʠʜʘʮʠʠ ʚ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ [92]. ʇʨʠʨʦʜʥʳʡ ʢʩʘʥʪʦʥʦʠʜ ʤʘʥʛʠʬʝʨʠʥ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

2025 ʛʦʜʘ, ʧʦʜʘʚʣʷʝʪ ʛʣʠʢʦʣʠʟ ʠ ʩʠʛʥʘʣʠʥʛ PI3K/AKT/mTOR ʯʝʨʝʟ 

ʪʘʨʛʝʪʠʨʦʚʘʥʠʝ PFKFB3, ʚʳʟʳʚʘʷ ʦʩʪʘʥʦʚʢʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ S-ʬʘʟʝ ʠ 

ʘʧʦʧʪʦʟ [96]. ʇʣʠʥʘʙʫʣʠʥ, ʠʥʛʠʙʠʪʦʨ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʪʫʙʫʣʠʥʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʪʴ ʫʨʦʚʥʠ p-mTOR ʠ EGFR ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʨʘʧʘʤʠʮʠʥʦʤ, ʠʥʜʫʮʠʨʫʷ ʟʘʱʠʪʥʫʶ ʘʫʪʦʬʘʛʠʶ ʠ ʧʦʜʘʚʣʷʷ 

ʧʨʦʣʠʬʝʨʘʮʠʶ [97]. 

2.3.2. ʀʤʤʫʥʦʪʝʨʘʧʠʷ: ʀʥʛʠʙʠʪʦʨʳ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ 

ʋʩʧʝʭ ʠʥʛʠʙʠʪʦʨʦʚ ʠʤʤʫʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ (ʀʂʊ) ʧʨʠ ʤʝʣʘʥʦʤʝ ʠ 

ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʤ ʨʘʢʝ ʣʸʛʢʦʛʦ ʧʦʨʦʜʠʣ ʥʘʜʝʞʜʳ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʛʣʠʦʙʣʘʩʪʦʤʝ, ʦʜʥʘʢʦ ʵʪʠ ʦʞʠʜʘʥʠʷ ʥʝ ʦʧʨʘʚʜʘʣʠʩʴ. ʂʣʶʯʝʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

CheckMate-143, ʩʨʘʚʥʠʚʰʝʝ ʥʠʚʦʣʫʤʘʙ ʩ ʙʝʚʘʮʠʟʫʤʘʙʦʤ ʧʨʠ ʨʝʮʠʜʠʚʥʦʡ 

ʛʣʠʦʙʣʘʩʪʦʤʝ, ʥʝ ʧʦʢʘʟʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʩʣʝʜʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ ʀʂʊ ʚ ʧʝʨʚʦʡ ʣʠʥʠʠ ʪʝʨʘʧʠʠ 

ʪʘʢʞʝ ʟʘʚʝʨʰʠʣʠʩʴ ʥʝʛʘʪʠʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [98]. 

ʇʨʠʯʠʥʳ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʂʊ ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ ʤʥʦʛʦʬʘʢʪʦʨʥʳ. ʆʧʫʭʦʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʤʫʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʦʡ (ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʦʘʥʪʠʛʝʥʦʚ), ʚʳʨʘʞʝʥʥʦʡ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʝʡ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ 
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ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʤʘʢʨʦʬʘʛʘʤʠ, ʤʠʝʣʦʠʜʥʳʤʠ ʩʫʧʨʝʩʩʦʨʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʠ ʩʝʢʨʝʮʠʝʡ TGF-ɓ, IL-10, ʘ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ɻʕɹ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʜʦʩʪʫʧ ʘʥʪʠʪʝʣ ʢ ʧʘʨʝʥʭʠʤʝ ʤʦʟʛʘ [99]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʠʩʢ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʂʊ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ʂʦʤʙʠʥʘʮʠʠ ʩ TTFields ʠʣʠ ʧʝʧʪʠʜʥʳʤʠ ʚʘʢʮʠʥʘʤʠ ʫʣʫʯʰʘʶʪ 

ʠʥʬʠʣʴʪʨʘʮʠʶ ʵʬʬʝʢʪʦʨʥʳʭ ʊ-ʢʣʝʪʦʢ ʚ ʦʧʫʭʦʣʴ, ʦʜʥʘʢʦ ʩʪʦʡʢʠʝ ʦʪʚʝʪʳ 

ʦʩʪʘʶʪʩʷ ʝʜʠʥʠʯʥʳʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʯʠʪʘʝʪʩʷ 

ʥʝʦʘʜʲʶʚʘʥʪʥʘʷ ʠʤʤʫʥʦʪʝʨʘʧʠʷ: ʚʚʝʜʝʥʠʝ ʀʂʊ ʜʦ ʦʧʝʨʘʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʦʪʜʝʣʴʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʩʧʦʩʦʙʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʠʪʝʪ ʜʘʞʝ ʚ ʦʧʫʭʦʣʷʭ ʩ ʥʠʟʢʦʡ ʤʫʪʘʮʠʦʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ. ɺ ʦʜʥʦʤ ʠʟ ʩʣʫʯʘʝʚ ʪʨʦʡʥʘʷ ʥʝʦʘʜʲʶʚʘʥʪʥʘʷ ʀʂʊ-ʪʝʨʘʧʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʟʝʢʮʠʝʡ ʠ ʘʜʲʶʚʘʥʪʥʦʡ ʧʝʧʪʠʜʥʦʡ ʚʘʢʮʠʥʦʡ ʦʙʝʩʧʝʯʠʣʘ 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 17 ʤʝʩʷʮʝʚ ʥʘʙʣʶʜʝʥʠʷ [99]. 

2.3.3. ʀʤʤʫʥʦʪʝʨʘʧʠʷ: CAR-T-ʢʣʝʪʢʠ 

ʊʝʭʥʦʣʦʛʠʷ ʭʠʤʝʨʥʳʭ ʘʥʪʠʛʝʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (CAR) ʦʪʢʨʳʣʘ ʥʦʚʫʶ ʛʣʘʚʫ ʚ 

ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʥʳʭ ʀʂʊ, CAR-T-ʢʣʝʪʢʠ 

ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʣʦʢʦʨʝʛʠʦʥʘʨʥʦ (ʠʥʪʨʘʪʫʤʦʨʘʣʴʥʦ ʠʣʠ 

ʠʥʪʨʘʚʝʥʪʨʠʢʫʣʷʨʥʦ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠ ɻʕɹ ʠ ʩʦʟʜʘʪʴ ʚʳʩʦʢʫʶ 

ʣʦʢʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʬʬʝʢʪʦʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʧʫʭʦʣʠ. 

ʄʠʰʝʥʷʤʠ ʜʣʷ CAR-T ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ ʩʣʫʞʘʪ EGFRvIII, IL13RŬ2, HER2, 

GD2, B7-H3 ʠ ʜʨʫʛʠʝ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʘʥʪʠʛʝʥʳ [93,100,101]. 

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʬʘʟʳ I ʩ ʣʦʢʦʨʝʛʠʦʥʘʨʥʳʤ ʚʚʝʜʝʥʠʝʤ CAR-T-ʢʣʝʪʦʢ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʨʦʬʠʣʴ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʷʝʤʳʡ ʩʠʥʜʨʦʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʮʠʪʦʢʠʥʦʚ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʠʩʢ ʩʠʥʜʨʦʤʘ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ 

ʠʤʤʫʥʥʳʤʠ ʵʬʬʝʢʪʦʨʥʳʤʠ ʢʣʝʪʢʘʤʠ (ICANS). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʧʦ B7-H3-ʥʘʧʨʘʚʣʝʥʥʦʡ CAR-T ʪʝʨʘʧʠʠ: ʚ 2026 ʛʦʜʫ 

FDA ʧʨʝʜʦʩʪʘʚʠʣʦ ʩʪʘʪʫʩ RMAT (Regenerative Medicine Advanced Therapy) 

ʧʨʝʧʘʨʘʪʫ BCB-276 ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʬʬʫʟʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʣʠʦʤʳ ʤʦʩʪʘ ʫ 



53 
 

ʜʝʪʝʡ, ʘ ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʦʝ ʚʚʝʜʝʥʠʝ ʜʦ 1Ĭ10 ʢʣʝʪʦʢ ʥʘ ʠʥʬʫʟʠʶ ʧʦʢʘʟʘʣʦ 

ʧʨʠʝʤʣʝʤʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʨʘʥʥʠʝ ʧʨʠʟʥʘʢʠ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʝʮʠʜʠʚʥʦʡ 

ʛʣʠʦʙʣʘʩʪʦʤʝ (ClinicalTrials.gov NCT07544992). 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʘʥʪʠʛʝʥʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʣʦʞʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ CAR-T: 

ɹʠʚʘʣʝʥʪʥʳʝ ʠ ʧʫʣʦʚʳʝ CAR: ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʮʝʣʠʚʘʥʠʝ ʥʘ EGFR ʠ 

IL13RŬ2 ʩ ʧʦʤʦʱʴʶ çʧʫʣʘè CAR-T-ʢʣʝʪʦʢ ʨʘʟʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʦʭʚʘʪʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʙʦʣʝʟʥʴ (ClinicalTrials.gov NCT07544992). 

çɹʨʦʥʠʨʦʚʘʥʥʳʝè (armored) CAR-T: ʩʝʢʨʝʮʠʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ 

(IL-12, IL-18) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ ʦʧʫʭʦʣʠ 

ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʪ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʨʝʢʨʫʪʠʨʫʝʪ 

ʵʥʜʦʛʝʥʥʳʝ ʊ-ʢʣʝʪʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʣʠʤʠʥʘʮʠʠ ʘʥʪʠʛʝʥ-ʥʝʛʘʪʠʚʥʳʭ ʢʣʦʥʦʚ 

ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ çʧʝʨʝʢʨʸʩʪʥʦʡ ʧʨʝʟʝʥʪʘʮʠʠè [102,103]. 

ARMed CAR-T: EGFRvIII-ʩʧʝʮʠʬʠʯʥʳʝ CAR-T-ʢʣʝʪʢʠ, ʩʝʢʨʝʪʠʨʫʶʱʠʝ ʤʠʥʠ-

ʘʥʪʠʪʝʣʘ ʢ PD-1 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʯʘʛ ʦʧʫʭʦʣʠ, ʧʨʝʦʜʦʣʝʚʘʶʪ ʣʦʢʘʣʴʥʫʶ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʶ, ʤʠʥʫʷ ʩʠʩʪʝʤʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ɻʕɹ ð ʚ ʦʨʪʦʪʦʧʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʪʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʟʥʘʯʠʤʦ ʧʨʝʚʦʩʭʦʜʠʪ ʤʦʥʦʪʝʨʘʧʠʶ CAR-T [104]. 

mRNA-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ CAR-T: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʈʅʂ ʚʤʝʩʪʦ ʚʠʨʫʩʥʦʡ 

ʪʨʘʥʩʜʫʢʮʠʠ ʜʣʷ ʚʨʝʤʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ CAR ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʜʦʩʪʘʚʢʫ [105]. 

2.3.4. ɻʝʥʥʘʷ ʠ ʚʠʨʫʩʥʘʷ ʪʝʨʘʧʠʷ 

ʆʪʜʝʣʴʥʦʝ ʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ð ɻ ʪʦ ʧʦʧʳʪʢʠ ʟʘʩʪʘʚʠʪʴ 

ʩʘʤʫ ʦʧʫʭʦʣʴ çʚʳʜʘʪʴ ʩʝʙʷè ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʝ ʠʣʠ ʥʘʧʨʷʤʫʶ ʫʥʠʯʪʦʞʠʪʴ ʝʸ 

ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʚʠʨʫʩʦʚ. 

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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ʇʨʠ ʚʠʨʦʪʝʨʘʧʠʠ ʚ ʦʧʫʭʦʣʴ ʧʘʮʠʝʥʪʘ ð ʣʠʙʦ ʧʨʷʤʦ ʚ ʭʦʜʝ ʦʧʝʨʘʮʠʠ, ʣʠʙʦ 

ʯʝʨʝʟ ʢʘʪʝʪʝʨ ð ʚʚʦʜʷʪ ʚʠʨʫʩ, ʢʦʪʦʨʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʨʘʞʘʝʪ 

ʜʝʣʷʱʠʝʩʷ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ, ʨʘʟʤʥʦʞʘʝʪʩʷ ʚʥʫʪʨʠ ʥʠʭ ʠ ʨʘʟʨʳʚʘʝʪ ʠʭ 

ʠʟʥʫʪʨʠ. ʇʨʠ ʵʪʦʤ ʛʠʙʥʫʱʠʝ ʢʣʝʪʢʠ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

çʩʠʛʥʘʣʳ ʦʧʘʩʥʦʩʪʠè ʠ ʦʧʫʭʦʣʝʚʳʝ ʙʝʣʢʠ-ʘʥʪʠʛʝʥʳ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʣʝʢʘʷ ʠ 

ʘʢʪʠʚʠʨʫʷ ʩʦʙʩʪʚʝʥʥʳʝ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ ʧʘʮʠʝʥʪʘ ð ʊ-ʣʠʤʬʦʮʠʪʳ, 

ʤʘʢʨʦʬʘʛʠ, ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ. ɺʦʟʥʠʢʘʝʪ ʩʚʦʝʦʙʨʘʟʥʘʷ çʚʘʢʮʠʥʘʮʠʷ ʥʘ 

ʤʝʩʪʝè: ʚʠʨʫʩ ʥʝ ʧʨʦʩʪʦ ʣʠʟʠʨʫʝʪ ʪʝ ʢʣʝʪʢʠ, ʜʦ ʢʦʪʦʨʳʭ ʜʦʙʨʘʣʩʷ, ʥʦ ʠ 

ʟʘʧʫʩʢʘʝʪ ʩʠʩʪʝʤʥʳʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [93]. 

ʂ 2025 ʛʦʜʫ ʢʣʠʥʠʯʝʩʢʠʡ ʦʧʳʪ ʥʘʢʦʧʣʝʥ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʨʫʩʥʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ. ɸʜʝʥʦʚʠʨʫʩ DNX-2401 (ʜʝʣʴʪʘ-24-RGD) ʚ ʬʘʟʝ I ʠʩʧʳʪʘʥʠʡ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʨʝʮʠʜʠʚʠʨʫʶʱʠʤʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʛʣʠʦʤʘʤʠ ʧʦʢʘʟʘʣ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʧʣʠʢʘʮʠʠ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʠ ʠʥʜʫʢʮʠʠ 

ʠʤʤʫʥʦʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʦʪʚʝʪʦʚ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʠʨʫʩ ʧʨʦʩʪʦʛʦ 

ʛʝʨʧʝʩʘ G47æ ʩʪʘʣ ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʦʥʢʦʣʠʪʠʯʝʩʢʠʤ ʚʠʨʫʩʦʤ, ʦʜʦʙʨʝʥʥʳʤ ʜʣʷ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ (ʗʧʦʥʠʷ, 2021 ʛ., ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

Delytact) [106].  

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʝʡ ʨʘʟʚʠʚʘʶʪʩʷ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʝ ʧʦʜʭʦʜʳ. 

ʊʝʭʥʦʣʦʛʠʷ CRISPR/Cas9 ð ʟʥʘʤʝʥʠʪʳʝ çʤʦʣʝʢʫʣʷʨʥʳʝ ʥʦʞʥʠʮʳè ð ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʝʯʥʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʛʝʥʳ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʣʠʦʙʣʘʩʪʦʤʝ 

ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʦʝ ð ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʘʤʠʭ 

ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ, ʥʘʧʨʠʤʝʨ, ʫʜʘʣʝʥʠʝ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ TGFɓR2 ʚ CAR-T-

ʣʠʤʬʦʮʠʪʘʭ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʠʭ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʤʫ 

ʩʠʛʥʘʣʫ TGF-ɓ, ʢʦʪʦʨʳʡ ʦʙʠʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ 

ʛʣʠʦʙʣʘʩʪʦʤʳ (ClinicalTrials.gov, City of Hope, 2025, NCT06815029). ɺʪʦʨʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ð ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ʊʝʭʥʦʣʦʛʠʷ CRISPRoff ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʴʥʦ çʚʳʢʣʶʯʠʪʴè ʛʝʥ MGMT ʚ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʙʝʟ ʨʘʟʨʳʚʘ ʥʠʪʝʡ ɼʅʂ, ʪʝʤ ʩʘʤʳʤ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʷ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʤʦʟʦʣʦʤʠʜʫ. ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

https://clinicaltrials.gov/
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ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʪʘʢʦʝ çɻ ʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʤʦʣʯʘʥʠʝè MGMT 

ʩʝʥʩʠʙʠʣʠʟʠʨʫʝʪ ʛʣʠʦʙʣʘʩʪʦʤʫ ʢ ʭʠʤʠʦʪʝʨʘʧʠʠ [107]. 

2.3.5. ɼʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʘʷ ʪʝʨʘʧʠʷ 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʘʷ ʪʝʨʘʧʠʷ, ʯʴʷ ʣʦʛʠʢʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʩʭʦʜʠʪʩʷ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ çʫʙʠʪʴ ʦʧʫʭʦʣʝʚʫʶ 

ʢʣʝʪʢʫè. ʉʫʪʴ ʧʦʜʭʦʜʘ ð ʥʝ ʫʥʠʯʪʦʞʘʪʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʣʝʪʢʠ ʮʝʥʦʡ 

ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ, ʘ çʧʝʨʝʚʦʩʧʠʪʘʪʴè ʠʭ, ʟʘʩʪʘʚʠʚ ʧʨʦʡʪʠ ʧʫʪʴ 

ʩʦʟʨʝʚʘʥʠʷ ʜʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʨʝʣʳʭ, ʥʝʩʧʦʩʦʙʥʳʭ ʢ ʜʝʣʝʥʠʶ ʥʝʡʨʦʥʦʚ ʠʣʠ 

ʘʩʪʨʦʮʠʪʦʚ. ɺ ʥʝʡʨʦʦʥʢʦʣʦʛʠʠ ʵʪʘ ʠʜʝʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʛʣʠʦʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʝʮʠʜʠʚʳ, 

ʩʦʭʨʘʥʷʶʪ ʯʝʨʪʳ ʥʝʟʨʝʣʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʠ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʥʘʧʨʘʚʠʪʴ ʠʭ ʧʦ ʧʫʪʠ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. 

ʅʘ ʜʦʢʣʠʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʟʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʠʥʜʫʢʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʘʛʝʥʪʳ ð ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩ-ʨʝʪʠʥʦʝʚʘʷ 

ʢʠʩʣʦʪʘ ʠ ʢʦʩʪʥʳʡ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ BMP4 ð ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʣʷʪʴ 

ʤʘʨʢʝʨʳ ʩʪʚʦʣʦʚʦʩʪʠ ʠ ʩʠʥʝʨʛʠʟʠʨʦʚʘʪʴ ʩ ʪʝʤʦʟʦʣʦʤʠʜʦʤ. ɺ 2025 ʛʦʜʫ 

ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ, ʯʪʦ ʬʦʨʩʢʦʣʠʥ (ʘʢʪʠʚʘʪʦʨ ʮɸʄʌ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʧʨʠʜʘʸʪ ʢʣʝʪʢʘʤ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩʦʩʪʦʷʥʠʝ 

ʪʨʘʥʟʠʪʦʨʥʦʡ ʤʫʣʴʪʠʧʦʪʝʥʪʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʬʦʨʩʢʦʣʠʥ ʥʘʧʨʘʚʣʷʝʪ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ ʤʠʢʨʦʛʣʠʘʣʴʥʦ- ʠ ʥʝʡʨʦʥʦʧʦʜʦʙʥʳʝ ʬʝʥʦʪʠʧʳ, ʠʩʪʦʱʘʷ 

ʧʫʣ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʧʨʦʜʣʝʚʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ ʚ ʦʨʪʦʪʦʧʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ [108]. ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʨʘʟʨʘʙʦʪʘʣʘ ʢʦʢʪʝʡʣʴ ʠʟ ʯʝʪʳʨʸʭ ʤʘʣʳʭ 

ʤʦʣʝʢʫʣ (YFSS), ʩʝʣʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ROCK, 

ʮɸʄʌ, TGF-ɓ ʠ JNK; ʢʦʢʪʝʡʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʥʝʡʨʦʥʘʣʴʥʫʶ 

ʢʦʥʚʝʨʩʠʶ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ in vitro ʠ ʧʦʜʘʚʣʷʝʪ ʦʧʫʭʦʣʝʚʳʡ 

ʨʦʩʪ in vivo ʚ PDX-ʤʦʜʝʣʷʭ [109]. 

ɺʘʞʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʚʥʝʩʸʥ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʫʯʸʥʳʤʠ. 

ɺ ʨʘʙʦʪʘʭ ɻ.ɺ. ʇʘʚʣʦʚʦʡ ʠ ɺ.ɸ. ʂʦʣʝʩʥʠʢʦʚʦʡ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(ʀɺʅɼ ʠ ʅʌ ʈɸʅ, ʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ) ʧʨʝʜʣʦʞʝʥ 
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ʜʚʫʭʵʪʘʧʥʳʡ ʧʨʦʪʦʢʦʣ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʦʙʨʘʪʠʤʦ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʜʝʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ɼʅʂ-ʘʧʪʘʤʝʨʘ, ʘ ʥʘ 

ʚʪʦʨʦʤ ð ʚʨʝʤʝʥʥʦ ʟʘʪʦʨʤʦʞʝʥʥʳʝ ʢʣʝʪʢʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʧʦ ʧʫʪʠ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʦʤʙʠʥʘʮʠʝʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʠʥʜʫʢʪʦʨʦʚ (SB431542, LDN-193189, Purmorphamine, BDNF). ʅʘ ʞʠʚʦʪʥʳʭ 

ʤʦʜʝʣʷʭ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʣ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʵʣʠʤʠʥʠʨʦʚʘʪʴ ʦʧʫʭʦʣʴ, 

ʣʠʙʦ ʩʪʘʙʠʣʴʥʦ ʩʜʝʨʞʠʚʘʪʴ ʝʸ ʨʦʩʪ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ [110,111]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʦʡ ʪʝʨʘʧʠʠ, 

ʦʙʲʝʜʠʥʷʶʱʝʝ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʩʦʩʪʦʠʪ ʚ ʝʸ ʥʘʮʝʣʝʥʥʦʩʪʠ ʥʘ 

ʧʝʨʚʦʧʨʠʯʠʥʫ ʨʝʮʠʜʠʚʘ ð ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ð ʠ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʭʠʤʠʦʪʝʨʘʧʠʝʡ. ʆʜʥʘʢʦ ʜʦ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ: ʦʧʪʠʤʠʟʘʮʠʶ 

ʜʦʩʪʘʚʢʠ ʠʥʜʫʢʪʦʨʦʚ ʚ ʠʥʬʠʣʴʪʨʘʪʠʚʥʳʝ ʟʦʥʳ ʦʧʫʭʦʣʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ 

ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʬʝʥʦʪʠʧʘ in vivo. 

2.3.6. ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ EGFR 

ʇʦʞʘʣʫʡ, ʥʠ ʦʜʥʘ ʜʨʫʛʘʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʥʝʫʜʘʯʘ ʚ ʥʝʡʨʦʦʥʢʦʣʦʛʠʠ ʥʝ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʦʧʘʩʪʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʝʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ ʩʪʦʣʴ ʞʝ ʷʨʢʦ, ʢʘʢ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠ-EGFR ʘʛʝʥʪʦʚ ʧʨʠ 

ʛʣʠʦʙʣʘʩʪʦʤʝ. EGFR ʘʤʧʣʠʬʠʮʠʨʦʚʘʥ, ʤʫʪʠʨʦʚʘʥ ʠʣʠ ʧʝʨʝʩʪʨʦʝʥ ʙʦʣʝʝ ʯʝʤ 

ʚ 50% ʩʣʫʯʘʝʚ, ʘ ʝʛʦ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʢʪʠʚʥʳʡ ʤʫʪʘʥʪ EGFRvIII ʷʚʣʷʝʪʩʷ, 

ʢʘʟʘʣʦʩʴ ʙʳ, ʠʜʝʘʣʴʥʦʡ ʤʠʰʝʥʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟ (ʵʨʣʦʪʠʥʠʙ, ʛʝʬʠʪʠʥʠʙ, 

ʣʘʧʘʪʠʥʠʙ) ʠ ʘʥʪʠʪʝʣ (ʮʝʪʫʢʩʠʤʘʙ) ʟʘʚʝʨʰʠʣʠʩʴ ʥʝʫʜʘʯʝʡ [92,94]. 

ʇʨʦʚʘʣ ʘʥʪʠ-EGFR ʢʦʥʲʶʛʘʪʘ ʘʥʪʠʪʝʣʦ-ʣʝʢʘʨʩʪʚʦ ð ʜʝʧʘʪʫʢʩʠʟʫʤʘʙ 

ʤʘʬʦʜʦʪʠʥʘ (ABT-414) ð ʙʳʣ ʦʩʦʙʝʥʥʦ ʧʦʢʘʟʘʪʝʣʝʥ: ʧʨʝʧʘʨʘʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʙʥʘʜʸʞʠʚʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʬʘʟʝ I/II, ʦʜʥʘʢʦ ʚ ʬʘʟʝ 

III ʥʝ ʫʣʫʯʰʠʣ ʚʳʞʠʚʘʝʤʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ Blomquist ʠ ʩʦʘʚʪʦʨʦʚ (2025) 

ʚʩʢʨʳʣʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʈʝʟʠʩʪʝʥʪʥʳʝ ʢ 
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ABT-414 ʦʧʫʭʦʣʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʛʣʫʙʦʢʦʤʫ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤʫ 

ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ: ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ ʛʝʥʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠ ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ, ʪʦʛʜʘ ʢʘʢ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʜʘʚʣʷʣʠʩʴ. 

ʇʦʣʥʦʵʢʟʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʨʝʢʫʨʨʝʥʪʥʫʶ ʤʫʪʘʮʠʶ TEK S466I 

(TIE2) ʚʦ ʚʩʝʭ ʨʝʟʠʩʪʝʥʪʥʳʭ PDX-ʤʦʜʝʣʷʭ; ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʚʘʣʠʜʘʮʠʷ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʢʘʢ ʤʫʪʘʥʪʥʦʛʦ, ʪʘʢ ʠ ʜʠʢʦʛʦ ʪʠʧʘ TEK ʧʦʜʘʚʣʷʝʪ 

ʫʨʦʚʝʥʴ EGFR ʟʘ ʩʯʸʪ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʡ ʧʝʪʣʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ [112]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ EGFR ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ 

ʠʤʝʝʪ ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʨʠʨʦʜʫ. ɺʦ-ʧʝʨʚʳʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʧʣʦʭʦ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʠʥʪʘʢʪʥʳʡ ɻʕɹ ʚ ʠʥʬʠʣʴʪʨʘʪʠʚʥʳʭ 

ʢʨʘʷʭ ʦʧʫʭʦʣʠ. ɺʦ-ʚʪʦʨʳʭ, ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʫʪʘʮʠʠ EGFR (ʚʢʣʶʯʘʷ EGFRvIII), 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ, 

ʩʪʨʫʢʪʫʨʥʦ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟ. ɺ-

ʪʨʝʪʴʠʭ, ʦʧʫʭʦʣʴ ʙʳʩʪʨʦ ʘʢʪʠʚʠʨʫʝʪ ʦʙʭʦʜʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ (PI3K/mTOR, 

RAS/MAPK) ʠʣʠ ʚʦʚʩʝ ʫʪʨʘʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ EGFR ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɻʃɸɺɸ 3. ʈɽʎɽʇʊʆʈ ʕʇʀɼɽʈʄɸʃʔʅʆɻʆ ʌɸʂʊʆʈɸ ʈʆʉʊɸ EGFR 

ʀ ɽɻʆ ʄʋʊɸʅʊʅɸʗ ʌʆʈʄɸ EGFRVIII ʂɸʂ ʂʃʖʏɽɺʓɽ ʄʀʐɽʅʀ 

ɺ ɻʃʀʆɹʃɸʉʊʆʄɽ 

ʈʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (EGFR) ʠ ʝʛʦ ʜʝʣʝʮʠʦʥʥʳʡ ʤʫʪʘʥʪ 

EGFRvIII ʟʘʥʠʤʘʶʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʦʥʢʦʛʝʥʥʳʭ ʜʨʘʡʚʝʨʦʚ 

ʛʣʠʦʙʣʘʩʪʦʤʳ. ɸʤʧʣʠʬʠʢʘʮʠʷ ʛʝʥʘ EGFR ʠ/ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʤʫʪʘʥʪʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ 40ï50% ʧʝʨʚʠʯʥʳʭ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠʯʸʤ 

ʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʡ EGFR, ʠ ʝʛʦ ʫʢʦʨʦʯʝʥʥʘʷ ʬʦʨʤʘ ʢʦʥʩʪʠʪʫʪʠʚʥʦ 

ʘʢʪʠʚʠʨʫʶʪ ʥʠʞʝʣʝʞʘʱʠʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ, ʩʪʠʤʫʣʠʨʫʷ ʧʨʦʣʠʬʝʨʘʮʠʶ, 

ʠʥʚʘʟʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʘʧʠʠ [113ï115]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʸʛʢʦʛʦ, ʛʜʝ ʤʫʪʘʮʠʠ EGFR, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʢʠʥʘʟʥʦʤ ʜʦʤʝʥʝ ʠ ʦʧʨʝʜʝʣʷʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʠʥʛʠʙʠʪʦʨʘʤ ʪʠʨʦʟʠʥʢʠʥʘʟ, ʚ ʛʣʠʦʙʣʘʩʪʦʤʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 
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ʟʘʪʨʘʛʠʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʥʝʢʣʝʪʦʯʥʫʶ ʯʘʩʪʴ ʨʝʮʝʧʪʦʨʘ, ʯʪʦ ʜʠʢʪʫʝʪ 

ʠʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʠ ʠʥʦʡ ʧʨʦʬʠʣʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ [113,116]. ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ EGFR, ʝʛʦ ʘʙʝʨʨʘʥʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚ ʛʣʠʦʙʣʘʩʪʦʤʝ ʠ, ʥʘʢʦʥʝʮ, ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ EGFRvIII, 

ʜʝʣʘʶʱʠʝ ʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʘʩʥʳʤ ʜʨʘʡʚʝʨʦʤ ʦʧʫʭʦʣʝʚʦʡ ʧʨʦʛʨʝʩʩʠʠ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

3.1. ʉʪʨʫʢʪʫʨʘ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʠ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ EGFR 

ʈʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (EGFR, ErbB1, HER1) ð ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ErbB. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ ʠʟ 1186 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʚʪʦʥʦʤʥʳʭ ʜʦʤʝʥʦʚ. ɺʥʝʢʣʝʪʦʯʥʘʷ ʯʘʩʪʴ (ECD) ʧʦʩʪʨʦʝʥʘ 

ʠʟ ʯʝʪʳʨʸʭ ʩʫʙʜʦʤʝʥʦʚ (L1, CR1, L2, CR2), ʬʦʨʤʠʨʫʶʱʠʭ ʜʚʝ ʪʘʥʜʝʤʥʳʝ 

çʜʦʣʠè; ʟʘ ʥʝʡ ʩʣʝʜʫʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ Ŭ-ʩʧʠʨʘʣʴʥʘʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʘʷ ʦʙʣʘʩʪʴ, 

ʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʩʝʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʛʠʙʢʠʡ ʶʢʩʪʘʤʝʤʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ, 

ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʡ ʜʦʤʝʥ (TKD) ʠ ʉ-ʢʦʥʮʝʚʦʡ ʨʝʛʫʣʷʪʦʨʥʳʡ ʭʚʦʩʪ ʩ 

ʤʥʦʞʝʩʪʚʦʤ ʩʘʡʪʦʚ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʉʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʘ ð ʥʘʧʨʠʤʝʨ, 

EGF ʠʣʠ TGF-Ŭ ð ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʢʦʪʦʨʳʝ 

ʯʝʨʝʟ ʜʠʤʝʨʠʟʘʮʠʶ ʠ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʘʢʪʠʚʘʮʠʶ ʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ ʚʝʜʫʪ ʢ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ ʪʠʨʦʟʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ʭʚʦʩʪʘ, ʬʦʨʤʠʨʫʷ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʩʙʦʨʢʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [113ï115,117]. 

3.1.1. ɺʥʝʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ ʠ ʜʠʤʝʨʠʟʘʮʠʷ 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʘ ʚʥʝʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ EGFR ʧʨʝʙʳʚʘʝʪ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ çʟʘʢʨʳʪʦʡè (tethered) ʢʦʥʬʦʨʤʘʮʠʠ: ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ II ʠ IV ʬʠʢʩʠʨʫʝʪ L1/CR1 ʠ L2/CR2 ʜʦʣʠ ʚ ʩʚʸʨʥʫʪʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʠʤʝʨʠʟʘʮʠʦʥʥʘʷ ʧʝʪʣʷ (dimerization arm) ʜʦʤʝʥʘ II 

ʵʢʨʘʥʠʨʦʚʘʥʘ ʠ ʥʝ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʘʨʪʥʸʨʦʤ. ʉʚʷʟʳʚʘʥʠʝ EGF ʩ 

L1 ʠ L3 (ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʜʦʤʝʥʘʭ I ʠ III) ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ ʵʪʫ ʩʚʷʟʴ, 
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ʠʥʜʫʮʠʨʫʷ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ECD ʚ çʦʪʢʨʳʪʫʶè ʢʦʥʬʦʨʤʘʮʠʶ. ɺ ʥʝʡ 

ʜʠʤʝʨʠʟʘʮʠʦʥʥʘʷ ʧʝʪʣʷ ʜʦʤʝʥʘ II ʵʢʩʧʦʥʠʨʫʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʜʠʤʝʨʘ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʝʪʣʝʡ ʜʨʫʛʦʛʦ ʨʝʮʝʧʪʦʨʘ. 

ɺʘʞʥʝʡʰʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʧʨʠʥʮʠʧ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʨʝʮʝʧʪʦʨʥʳʡ 

ʜʠʤʝʨ: ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʳʩʪʫʧʘʝʪ çʜʦʥʦʨʦʤè, ʘ ʜʨʫʛʘʷ ð çʘʢʮʝʧʪʦʨʦʤè 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. ʕʪʘ ʘʩʠʤʤʝʪʨʠʷ ʢʨʠʪʠʯʥʘ ʜʣʷ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚʥʫʪʨʴ ʢʣʝʪʢʠ [113,115,117]. 

ʂʨʦʤʝ ʛʦʤʦʜʠʤʝʨʠʟʘʮʠʠ EGFR ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʪʝʨʦʜʠʤʝʨʳ ʩ 

ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ ErbB ð ErbB2, ErbB3 ʠʣʠ ErbB4, 

ʧʨʠʯʸʤ ErbB2, ʣʠʰʸʥʥʳʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʷʤʦʛʦ ʣʠʛʘʥʜʘ, ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʘʨʪʥʸʨʦʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʨʫʝʪ ʩʠʛʥʘʣ. 

3.1.2. ʊʠʨʦʟʠʥʢʠʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʠʤʝʨʘ ʚ ʘʢʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʥʪʘʢʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʢʠʥʘʟʥʳʭ ʜʦʤʝʥʦʚ 

(TKD), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ [117]. ɺ 

ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ŬC-ʩʧʠʨʘʣʴ ʠ A-ʧʝʪʣʷ (activation loop) ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʦʣʦʞʝʥʠʠ, ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ɸʊʌ ʠ ʢʘʪʘʣʠʟʘ. ʇʨʠ 

ʜʠʤʝʨʠʟʘʮʠʠ C-ʣʦʧʘʩʪʴ (C-lobe) ʦʜʥʦʛʦ ʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ (ʘʢʪʠʚʘʪʦʨʘ) 

ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ N-ʣʦʧʘʩʪʴʶ (N-lobe) ʜʨʫʛʦʛʦ ʜʦʤʝʥʘ (ʨʝʮʠʧʠʝʥʪʘ). ʕʪʦ 

ʠʥʜʫʮʠʨʫʝʪ ʧʦʚʦʨʦʪ ŬC-ʩʧʠʨʘʣʠ ʠ ʧʝʨʝʩʪʨʦʡʢʫ A-ʧʝʪʣʠ, ʩʪʘʙʠʣʠʟʠʨʫʷ 

ʘʢʪʠʚʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ. ʂʣʶʯʝʚʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʦʩʪʘʪʢʠ Lys745 (ʢʦʦʨʜʠʥʘʮʠʷ Ŭ- ʠ ɓ-ʬʦʩʬʘʪʦʚ ɸʊʌ), Glu762 (ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʣʝʚʦʛʦ ʤʦʩʪʘ ʩ Lys745 ʚ ʘʢʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ) ʠ Asp855 (ʘʢʮʝʧʪʦʨ 

ʧʨʦʪʦʥʘ ʚ ʨʝʘʢʮʠʠ ʬʦʩʬʦʪʨʘʥʩʬʝʨʘ) ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʧʨʘʚʠʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ɸʊʌ ʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʩʫʙʩʪʨʘʪʦʚ [118]. 

ɸʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ EGFR ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʪʠʨʦʟʠʥʦʚʳʤ 

ʦʩʪʘʪʢʘʤ ʚ ʉ-ʢʦʥʮʝʚʦʤ ʭʚʦʩʪʝ. Y1068 ʠ Y1173 ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʘʡʪʘʤʠ 
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ʩʚʷʟʳʚʘʥʠʷ ʘʜʘʧʪʝʨʥʦʛʦ ʙʝʣʢʘ Grb2 (ʯʝʨʝʟ SH2-ʜʦʤʝʥ), ʯʪʦ ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜ 

RAS/ERK [119]. Y992 ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʢʨʫʪʠʨʦʚʘʥʠʠ ʬʦʩʬʦʣʠʧʘʟʳ Cɔ (PLCɔ), 

ʢʦʪʦʨʘʷ ʧʨʦʜʫʮʠʨʫʝʪ ʚʪʦʨʠʯʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ IP ʠ DAG 

[120]. Y1045 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ c-Cbl, ʯʪʦ 

ʥʘʧʨʘʚʣʷʝʪ ʨʝʮʝʧʪʦʨ ʥʘ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʠ 

ʧʦʩʣʝʜʫʶʱʫʶ ʣʠʟʦʩʦʤʘʣʴʥʫʶ ʜʝʛʨʘʜʘʮʠʶ [121]. ʆʩʪʘʪʦʢ Y845 ʚ ʢʠʥʘʟʥʦʤ 

ʜʦʤʝʥʝ ʤʦʞʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴʩʷ Src-ʢʠʥʘʟʦʡ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʯʥʳʭ 

ʢʦʥʪʝʢʩʪʘʭ ʤʦʜʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ STAT; ʦʜʥʘʢʦ ʝʛʦ ʨʦʣʴ ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʛʦ ʪʠʧʘ ʠ ʫʩʣʦʚʠʡ ʩʪʠʤʫʣʷʮʠʠ. 

ʋ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ EGFRvIII, ʣʠʰʸʥʥʦʡ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʜʦʤʝʥʘ, ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʩʪʠʪʫʪʠʚʥʦ (ʙʝʟ ʣʠʛʘʥʜʘ). 

ʂʣʶʯʝʚʦʝ ʦʪʣʠʯʠʝ EGFRvIII ð ʜʝʬʝʢʪ ʚ c-Cbl-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ 

ʫʙʠʢʚʠʪʠʥʠʟʘʮʠʠ ʠ ʜʝʛʨʘʜʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʪʘʪʦʢ Y1045 ʚ EGFRvIII 

ʣʠʙʦ ʥʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥ, ʣʠʙʦ ʛʠʧʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥ, ʯʪʦ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʯʠʥʦʡ ʫʩʢʦʣʴʟʘʥʠʷ ʤʫʪʘʥʪʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʦʪ c-Cbl-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ [122]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, EGFRvIII ʩʧʦʩʦʙʝʥ ʧʨʦʭʦʜʠʪʴ 

ʮʠʢʣʠʯʝʩʢʠʝ ʨʘʫʥʜʳ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ 

ʛʦʤʦʜʠʤʝʨʘʭ, ʦʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʦ Y1045 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʜʝʛʨʘʜʘʮʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʝʛʦ ʦʥʢʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [122]. 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ 

EGFR (ʦʪ ʥʝʘʢʪʠʚʥʦʛʦ ʤʦʥʦʤʝʨʘ ʜʦ ʘʢʪʠʚʥʦʛʦ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʤʝʨʘ), ʘ 

ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʠ ʦʩʥʦʚʥʳʭ ʩʘʡʪʦʚ 

ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ð ɸʢʪʠʚʘʮʠʷ ʪʠʨʦʟʠʥʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ EGFR. 

ɸ. ʅʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ: ʢʠʥʘʟʥʳʡ ʜʦʤʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʟʘʢʨʳʪʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ. ŬC-ʩʧʠʨʘʣʴ (ʞʸʣʪʳʡ) ʩʤʝʱʝʥʘ, A-ʧʝʪʣʷ (ʩʝʨʳʡ) ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʣʦʞʝʥʠʠ, ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʜʣʷ ʢʘʪʘʣʠʟʘ, ʦʩʪʘʪʢʠ Lys745 ʠ Glu762 

ʨʘʟʦʙʱʝʥʳ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ɹ. ɸʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʤʝʨʘ: C-ʣʦʧʘʩʪʴ ʘʢʪʠʚʘʪʦʨʥʦʛʦ ʜʦʤʝʥʘ (ʩʠʥʠʡ) 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ N-ʣʦʧʘʩʪʴʶ ʨʝʮʠʧʠʝʥʪʥʦʛʦ ʜʦʤʝʥʘ (ʦʨʘʥʞʝʚʳʡ), ʠʥʜʫʮʠʨʫʷ 

ʧʦʚʦʨʦʪ ŬC-ʩʧʠʨʘʣʠ ʠ ʦʪʢʨʳʪʠʝ A-ʧʝʪʣʠ. ʌʦʨʤʠʨʫʝʪʩʷ ʩʦʣʝʚʦʡ ʤʦʩʪ ʤʝʞʜʫ 

Lys745 ʠ Glu762, ɸʊʌ (ʢʨʘʩʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ) ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ. 

ʅʘ ʉ-ʢʦʥʮʝʚʦʤ ʭʚʦʩʪʝ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʝ ʦʩʪʘʪʢʠ 

Y1045 (ʩʚʷʟʳʚʘʥʠʝ c-Cbl), Y1068/Y1173 (ʩʚʷʟʳʚʘʥʠʝ Grb2) ʠ Y992 

(ʩʚʷʟʳʚʘʥʠʝ PLCɔ). ɺr ʨʝʟʢʘ ʜʣʷ EGFRvIII: ʛʠʧʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ Y1045 

(ʧʝʨʝʯʸʨʢʥʫʪʳʡ ʢʨʘʩʥʳʡ ʢʨʫʞʦʢ) Ÿ ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ c-Cbl Ÿ 

ʜʝʬʝʢʪʥʘʷ ʫʙʠʢʚʠʪʠʥʠʟʘʮʠʷ ʠ ʟʘʤʝʜʣʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʨʝʮʝʧʪʦʨʘ. 

3.1.3. ʂʘʩʢʘʜ RAS/RAF/MEK/ERK 

ʉʚʷʟʳʚʘʥʠʝ ʘʜʘʧʪʦʨʥʦʛʦ ʙʝʣʢʘ Grb2 ʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤ ʦʩʪʘʪʢʦʤ Y1068 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ EGFR ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʩʦʙʳʪʠʝʤ ʜʣʷ ʟʘʧʫʩʢʘ ʢʘʩʢʘʜʘ 

MAPK [123]. ʉʚʦʠʤ SH2-ʜʦʤʝʥʦʤ Grb2 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʦʩʬʦʪʠʨʦʟʠʥʦʤ 
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ʨʝʮʝʧʪʦʨʘ [123], ʘ ʯʝʨʝʟ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ SH3-ʜʦʤʝʥʳ 

ʧʦʩʪʦʷʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʘʢʪʦʨʦʤ ʦʙʤʝʥʘ ʛʫʘʥʠʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ 

SOS, ʭʦʪʷ ʩʪʝʧʝʥʴ ʵʪʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʣʝʪʦʯʥʦʛʦ ʢʦʥʪʝʢʩʪʘ [123]. ʂʦʤʧʣʝʢʩ Grb2ïSOS ʨʝʢʨʫʪʠʨʫʝʪʩʷ ʢ ʤʝʤʙʨʘʥʝ, 

ʛʜʝ SOS ʢʘʪʘʣʠʟʠʨʫʝʪ ʟʘʤʝʥʫ GDP ʥʘ GTP ʚ ʤʘʣʦʡ GTPʘʟʝ RAS [124]. 

ɸʢʪʠʚʥʳʡ RAS-GTP ʨʝʢʨʫʪʠʨʫʝʪ ʢʠʥʘʟʫ RAF ʢ ʤʝʤʙʨʘʥʝ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʩʥʷʪʠʶ ʝʸ ʘʫʪʦʠʥʛʠʙʠʨʦʚʘʥʠʷ [124]. ʇʦʩʣʝ ʵʪʦʛʦ RAF ʜʠʤʝʨʠʟʫʝʪʩʷ ʠ 

ʘʢʪʠʚʠʨʫʝʪʩʷ. ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ RAF ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʠ ʘʢʪʠʚʠʨʫʝʪ MEK1/2 ʧʦ 

ʦʩʪʘʪʢʘʤ Ser218 ʠ Ser222 ʚ ʠʭ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʧʝʪʣʝ [125]. MEK1/2, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʜʫʘʣʴʥʳʤʠ ʢʠʥʘʟʘʤʠ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ERK1/2 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʧʦ Thr202/Tyr204 (ʜʣʷ ERK1) ʠ 

Thr185/Tyr187 (ʜʣʷ ERK2) [126]. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ERK ʤʦʞʝʪ 

ʜʠʤʝʨʠʟʦʚʘʪʴʩʷ ʠ ʪʨʘʥʩʣʦʮʠʨʦʚʘʪʴʩʷ ʚ ʷʜʨʦ, ʛʜʝ ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ Elk-1, c-Fos ʠ c-Myc [126]. 

ɺ ʷʜʨʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ Elk-1 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʠʤʝʨʦʤ SRF ʥʘ ʧʨʦʤʦʪʦʨʘʭ 

ʨʘʥʥʠʭ ʛʝʥʦʚ (ʥʘʧʨʠʤʝʨ, FOS, EGR1), ʟʘʧʫʩʢʘʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʚʳʞʠʚʘʥʠʝ ʠ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ. 

ɺ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʢʪʠʚʥʳʡ 

EGFRvIII, ʥʘʙʣʶʜʘʝʪʩʷ ʭʨʦʥʠʯʝʩʢʘʷ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʣʠʛʘʥʜʘ ʘʢʪʠʚʘʮʠʷ ERK 

[126]. ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ RAS-ʟʘʚʠʩʠʤʦʛʦ ʧʫʪʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʷʭ 

ʦʧʠʩʘʥ ʚʢʣʘʜ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʘʢʪʠʚʘʮʠʶ ERK ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

EGFRvIII, ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ PLCɔ/PKC ʠ Src-ʢʠʥʘʟʥʳʝ ʧʫʪʠ [127]. ʊʘʢ, 

EGFRvIII ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ MAPK-ʩʠʛʥʘʣʠʥʛ ʯʝʨʝʟ ʦʩʴ Src-STAT5, ʯʪʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʠʢʦʛʦ ʪʠʧʘ EGFR, ʢʦʪʦʨʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʫʪʴ 

MAPK-STAT3. ʕʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʥʢʦʛʝʥʥʫʶ 

ʩʠʛʥʘʣʠʟʘʮʠʶ ʜʘʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʘʜʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʩʢʘʜʘ ʠ ʚʥʦʩʠʪʴ 

ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ [126]. 
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ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʩʢʘʜʘ RAS/RAF/MEK/ERK, ʟʘʧʫʩʢʘʝʤʦʛʦ 

EGFR ʠ EGFRvIII, ʩ ʫʢʘʟʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ ʘʢʪʠʚʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 4. 

 

ʈʠʩʫʥʦʢ 4 ð ʉʭʝʤʘ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ RAS/RAF/MEK/ERK. 

ʉʭʝʤʘ ʢʘʩʢʘʜʘ RAS/RAF/MEK/ERK ʦʪ ʨʝʮʝʧʪʦʨʘ EGFR (ʜʠʢʠʡ ʪʠʧ ʠʣʠ 

EGFRvIII) ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʜʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ 

ʷʜʨʝ. ɸ (ʆʩʥʦʚʥʦʡ ʧʫʪʴ): ʇʦʢʘʟʘʥʳ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ Y1068 EGFR, 

ʩʚʷʟʳʚʘʥʠʝ ʘʜʘʧʪʦʨʘ Grb2 ʠ ʬʘʢʪʦʨʘ ʦʙʤʝʥʘ SOS, ʘʢʪʠʚʘʮʠʷ RAS (ʦʙʤʝʥ 

GDP ʥʘ GTP), ʨʝʢʨʫʪʠʨʦʚʘʥʠʝ ʠ ʘʢʪʠʚʘʮʠʷ RAF, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ MEK ʠ 

ERK. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ERK ʪʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʚ ʷʜʨʦ ʠ ʬʦʩʬʦʨʠʣʠʨʫʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ Elk-1, c-Fos ʠ c-Myc, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʚʳʞʠʚʘʥʠʷ. 

ʇʘʥʝʣʴ ɹ (ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʜʣʷ EGFRvIII): ʇʦʢʘʟʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʢʪʠʚʘʮʠʠ ERK, ʚʢʣʶʯʘʷ ʧʫʪʠ PLCɔ/PKC ʠ 

Src/STAT5. 

3.1.4. ʂʘʩʢʘʜʳ PI3K/AKT/mTOR 
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ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ EGFR ʨʝʢʨʫʪʠʨʫʝʪ PI3K (ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-

ʢʠʥʘʟʫ) ʢʣʘʩʩʘ I, ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ p85 ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʫʙʲʝʜʠʥʠʮʳ p110 [128]. ʈʝʢʨʫʪʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ 

ʯʝʨʝʟ ʧʨʷʤʦʝ ʬʦʩʬʦʪʠʨʦʟʠʥ-ʟʘʚʠʩʠʤʦʝ ʩʚʷʟʳʚʘʥʠʝ p85, ʣʠʙʦ ʯʝʨʝʟ 

ʘʜʘʧʪʦʨʥʳʡ ʙʝʣʦʢ Gab1. ʈʝʛʫʣʷʪʦʨʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ p85 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʫʙʲʝʜʠʥʠʮʳ p110 ʫ ʤʝʤʙʨʘʥʳ, ʛʜʝ p110 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʩʬʦʩʬʘʪʘ (PIP2) 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3,4,5-ʪʨʠʬʦʩʬʘʪʘ (PIP3). ʋʨʦʚʝʥʴ PIP3 

ʚ ʤʝʤʙʨʘʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʬʦʩʬʘʪʘʟʦʡ PTEN, ʢʦʪʦʨʘʷ ʜʝʬʦʩʬʦʨʠʣʠʨʫʝʪ 

PIP3 ʦʙʨʘʪʥʦ ʚ PIP2 [128]. 

PTEN ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʟʤʝʥʷʝʤʳʭ ʛʝʥʦʚ-ʩʫʧʨʝʩʩʦʨʦʚ 

ʦʧʫʭʦʣʝʡ ʧʨʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ [128]. ʇʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ 

ʯʘʩʪʦʪʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ PTEN ʚʘʨʴʠʨʫʝʪ ʚ ʨʘʟʥʳʭ ʢʦʛʦʨʪʘʭ. ɺ 

ʢʨʫʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ PTEN ʠʟʤʝʥʸʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫ 30ï

40% ʧʘʮʠʝʥʪʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʝʨʠʷʭ ʯʘʩʪʦʪʘ ʜʦʩʪʠʛʘʝʪ 60% [129]. ʇʨʠ 

ʧʦʪʝʨʝ PTEN (ʤʫʪʘʮʠʠ, ʜʝʣʝʮʠʠ ʠʣʠ ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʘ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ PIP3, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʨʝʢʨʫʪʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ PH-ʜʦʤʝʥʳ ð ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʠʥʘʟʳ AKT (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ 

ʢʘʢ PKB) ʠ ʝʸ ʘʢʪʠʚʘʪʦʨʘ PDK1 [130]. AKT ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʧʦ Thr308 (PDK1) ʠ Ser473 (mTORC2); ʚʢʣʘʜ ʵʪʠʭ ʜʚʫʭ 

ʩʘʡʪʦʚ ʚ ʘʢʪʠʚʥʦʩʪʴ AKT ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʛʦ ʪʠʧʘ ʠ 

ʫʩʣʦʚʠʡ ʩʪʠʤʫʣʷʮʠʠ [130]. 

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ AKT ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʦʧʦʩʨʝʜʫʷ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ: 

¶ BAD ʠ ʢʘʩʧʘʟʘ-9 (ʠʥʘʢʪʠʚʘʮʠʷ) Ÿ ʧʦʜʘʚʣʝʥʠʝ ʘʧʦʧʪʦʟʘ; 

¶ FoxO (ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ Ÿ ʵʢʩʧʦʨʪ ʠʟ ʷʜʨʘ) Ÿ ʧʦʜʘʚʣʝʥʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ (ʥʘʧʨʠʤʝʨ, FASL, BIM); 
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¶ GSK3ɓ (ʠʥʘʢʪʠʚʘʮʠʷ) Ÿ ʩʪʘʙʠʣʠʟʘʮʠʷ ɓ-ʢʘʪʝʥʠʥʘ ʠ ʫʩʠʣʝʥʠʝ Wnt-

ʩʠʛʥʘʣʠʥʛʘ (ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ downstream-ʵʬʬʝʢʪʦʚ AKT); 

¶ TSC2 (ʪʫʙʝʨʦʟʥʳʡ ʩʢʣʝʨʦʟʥʳʡ ʢʦʤʧʣʝʢʩ 2) Ÿ ʠʥʘʢʪʠʚʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 

TSC1/TSC2 Ÿ ʘʢʪʠʚʘʮʠʷ ʤʘʣʦʡ GTPase Rheb Ÿ ʘʢʪʠʚʘʮʠʷ mTORC1. 

mTORC1 (ʚ ʢʦʤʧʣʝʢʩʝ ʩ Raptor) ʬʦʩʬʦʨʠʣʠʨʫʝʪ S6K (S6-ʢʠʥʘʟʫ) ʠ 4E-BP1, 

ʯʪʦ ʟʘʧʫʩʢʘʝʪ ʪʨʘʥʩʣʷʮʠʶ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ 

(ʮʠʢʣʠʥ D1, c-Myc) ʠ ʬʘʢʪʦʨʳ ʚʳʞʠʚʘʥʠʷ [131]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʷʟʴ 

AKT ʩ mTORC1 ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ: AKT-ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ TSC2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʘʢʪʠʚʘʮʠʠ mTORC1 ʚ ʦʜʥʠʭ ʪʢʘʥʷʭ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʚ ʜʨʫʛʠʭ 

[132]. ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩ, mTORC2 (ʩ Rictor), ʬʦʩʬʦʨʠʣʠʨʫʝʪ AKT ʧʦ Ser473, 

ʟʘʤʳʢʘʷ ʧʝʪʣʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɺ ʛʣʠʦʙʣʘʩʪʦʤʝ ʥʘʨʫʰʝʥʠʷ ʦʩʠ EGFR/PI3K/PTEN ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʦ, ʠ 

PI3K/AKT/mTOR-ʩʠʛʥʘʣʠʥʛ ʩ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʯʠʪʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ çʚʠʟʠʪʥʳʭ ʢʘʨʪʦʯʝʢè ɻʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ [133]. ʇʨʠ ʩʦʯʝʪʘʥʠʠ 

ʵʢʩʧʨʝʩʩʠʠ EGFRvIII ʠ ʧʦʪʝʨʠ PTEN ʧʫʪʴ PI3K/AKT/mTOR, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʪʘʸʪʩʷ ʛʠʧʝʨ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ. ʆʜʥʘʢʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʦʪʚʝʪ ʥʘ PI3K-

ʠʥʛʠʙʠʪʦʨʳ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥ ʠʟ-ʟʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʦʧʫʭʦʣʠ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʮʝʧʪʦʨʥʳʭ ʪʠʨʦʟʠʥʢʠʥʘʟ (RTK), ʚʢʣʶʯʘʷ 

PDGFRɓ ʠ MET. ɺ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʣʦʢʠʨʦʚʘʥʠʝ PI3K/mTOR ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʷʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʥʠʡ ʛʣʠʦʙʣʘʩʪʦʤʳ ʠ ʫʩʠʣʠʚʘʪʴ ʠʥʜʫʢʮʠʶ ʘʧʦʧʪʦʟʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ EGFR [95]. 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʩʢʘʜʘ PI3K/AKT/mTOR, ʟʘʧʫʩʢʘʝʤʦʛʦ EGFR ʠ 

EGFRvIII, ʩ ʫʢʘʟʘʥʠʝʤ ʪʦʯʝʢ ʜʝʡʩʪʚʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5 ð ʉʭʝʤʘ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ PI3K/AKT/mTOR. ʉʭʝʤʘ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʫʪʴ PI3K/AKT/mTOR ʦʪ ʨʝʮʝʧʪʦʨʘ EGFR ʥʘ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʜʦ ʵʬʬʝʢʪʦʨʦʚ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʷʜʨʝ.  

ɸ: ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ EGFR (ʢʨʘʩʥʳʡ ʢʨʫʞʦʢ ʩ çPè) ʨʝʢʨʫʪʠʨʫʝʪ PI3K 

(ʩʫʙʲʝʜʠʥʠʮʳ p85 ʠ p110) ʣʠʙʦ ʥʘʧʨʷʤʫʶ, ʣʠʙʦ ʯʝʨʝʟ ʘʜʘʧʪʦʨ Gab1. PI3K 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ PIP2 ʚ PIP3. PTEN (ʟʝʣʸʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ 

ʩʪʨʝʣʢʘ) ʜʝʬʦʩʬʦʨʠʣʠʨʫʝʪ PIP3 ʦʙʨʘʪʥʦ ʚ PIP2. ʅʘʢʦʧʣʝʥʠʝ PIP3 

ʨʝʢʨʫʪʠʨʫʝʪ PDK1 ʠ AKT ʢ ʤʝʤʙʨʘʥʝ. AKT ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʧʦ Thr308 (PDK1) ʠ Ser473 (mTORC2). 

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ AKT ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʫʙʩʪʨʘʪʳ: 

¶ BAD/ʢʘʩʧʘʟʘ-9 Ÿ ʧʦʜʘʚʣʝʥʠʝ ʘʧʦʧʪʦʟʘ; 

¶ FoxO Ÿ ɻ ʢʩʧʦʨʪ ʠʟ ʷʜʨʘ Ÿ ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ; 

¶ GSK3ɓ Ÿ ʠʥʘʢʪʠʚʘʮʠʷ Ÿ ʩʪʘʙʠʣʠʟʘʮʠʷ ɓ-ʢʘʪʝʥʠʥʘ; 

¶ TSC2 Ÿ ʠʥʘʢʪʠʚʘʮʠʷ Ÿ ʘʢʪʠʚʘʮʠʷ Rheb Ÿ ʘʢʪʠʚʘʮʠʷ mTORC1. 

mTORC1 ʬʦʩʬʦʨʠʣʠʨʫʝʪ S6K ʠ 4E-BP1, ʟʘʧʫʩʢʘʷ ʪʨʘʥʩʣʷʮʠʶ ʙʝʣʢʦʚ, 

ʚʦʚʣʝʯʸʥʥʳʭ ʚ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ (ʮʠʢʣʠʥ D1, c-Myc) ʠ ʚʳʞʠʚʘʥʠʝ. 
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mTORC2 (ʦʪʜʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ) ʬʦʩʬʦʨʠʣʠʨʫʝʪ AKT ʧʦ Ser473, ʫʩʠʣʠʚʘʷ 

ʝʸ ʘʢʪʠʚʥʦʩʪʴ. 

ɹ (ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ RTK-ʧʫʪʠ ʧʨʠ EGFRvIII ʠ PTEN-ʜʝʬʠʮʠʪʥʳʭ 

ʦʧʫʭʦʣʷʭ): ʧʨʠ ʧʦʪʝʨʝ PTEN ʠ/ʠʣʠ ʘʢʪʠʚʘʮʠʠ EGFRvIII PI3K-ʩʠʛʥʘʣʠʥʛ 

ʦʩʪʘʸʪʩʷ ʛʠʧʝʨʘʢʪʠʚʠʨʦʚʘʥʥʳʤ. ʂʦʤʧʝʥʩʘʪʦʨʥʘʷ ʘʢʪʠʚʘʮʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ RTK (ʥʘʧʨʠʤʝʨ, MET, PDGFRɓ) ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

PI3K/AKT-ʩʠʛʥʘʣʠʥʛ ʜʘʞʝ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ EGFR, ʩʧʦʩʦʙʩʪʚʫʷ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. 

3.1.5. ʈʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

ʉʠʛʥʘʣʠʟʘʮʠʷ EGFR ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺ ʧʝʨʠʦʜ 

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ EGFR ɻʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʢʘʢ ʚ ʨʘʜʠʘʣʴʥʳʭ 

ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ð ʦʩʥʦʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʦʟʛʘ, ð ʪʘʢ ʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʫʙʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʟʦʥʝ [134]. ɸʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʘ 

ʣʠʛʘʥʜʘʤʠ EGF ʠ TGF-Ŭ ʨʝʛʫʣʠʨʫʝʪ ʩʠʤʤʝʪʨʠʯʥʦʝ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ 

ʵʪʠʭ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ, ʢʦʥʪʨʦʣʠʨʫʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʘʤʦʧʦʜʜʝʨʞʘʥʠʝʤ 

ʧʫʣʘ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʛʝʥʝʨʘʮʠʝʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʛʣʠʠ. 

ʅʦʢʘʫʪʥʳʝ ʧʦ EGFR ʤʳʰʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʳʝ ʘʥʦʤʘʣʠʠ: 

ʥʘʨʫʰʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʛʣʠʘʣʴʥʳʭ ʚʦʣʦʢʦʥ, ʯʪʦ ʚʝʜʸʪ ʢ 

ʜʝʬʝʢʪʘʤ ʥʝʡʨʦʥʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʠ ʢʦʨʪʠʢʘʣʴʥʦʛʦ ʣʘʤʠʥʠʨʦʚʘʥʠʷ; 

ʩʥʠʞʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʤʠʝʣʠʥʠʟʘʮʠʷ [135]. ɺ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ EGFR ʧʨʦʜʦʣʞʘʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʦʟʨʝʚʘʥʠʠ ʘʩʪʨʦʮʠʪʦʚ ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʨʝʘʢʪʠʚʥʦʤ ʛʣʠʦʟʝ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʡ [136,137]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʫʪʘʮʠʠ, 

ʛʠʧʝʨʘʢʪʠʚʠʨʫʶʱʠʝ EGFR-ʩʠʛʥʘʣʠʥʛ, ʢʘʢ ʨʘʟ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʥʘʠʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʳʭ ʛʣʠʦʤʘʭ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ, ʯʪʦ ʩʚʷʟʳʚʘʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ 

ʨʝʛʫʣʷʪʦʨʥʫʶ ʩʝʪʴ ʩ ʦʥʢʦʛʝʥʝʟʦʤ [138]. 
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3.2. EGFR ʚ ʛʣʠʦʙʣʘʩʪʦʤʝ: ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ, ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʩʚʷʟʴ ʩ ʘʛʨʝʩʩʠʚʥʳʤ ʪʝʯʝʥʠʝʤ ʠ ʧʣʦʭʠʤ ʧʨʦʛʥʦʟʦʤ. 

ɸʤʧʣʠʬʠʢʘʮʠʷ ʛʝʥʘ EGFR ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʢʦʜʠʨʫʝʤʦʛʦ ʠʤ 

ʙʝʣʢʘ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ. ʋʞʝ ʨʘʥʥʠʝ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ in situ (FISH) ʠ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʠ (IHC) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʧʠʡʥʦʩʪʠ EGFR ʚʳʷʚʣʷʝʪʩʷ ʚ 35ï57% ʩʣʫʯʘʝʚ ʧʝʨʚʠʯʥʳʭ ʛʣʠʦʙʣʘʩʪʦʤ, 

ʧʨʠʯʸʤ ʦʧʫʭʦʣʠ ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ 10 ʢʦʧʠʡ ʛʝʥʘ ʥʘ ʢʣʝʪʢʫ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʩʩʠʚʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʨʝʮʝʧʪʦʨʘ ʥʘ ʤʝʤʙʨʘʥʝ [139,140]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʳʜʫʱʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʟʜʝʣʝʥʠʝ 

ʥʘ çʧʝʨʚʠʯʥʳʝè (de novo) ʠ çʚʪʦʨʠʯʥʳʝè ʛʣʠʦʙʣʘʩʪʦʤʳ, ʛʜʝ ʧʝʨʚʠʯʥʳʝ 

ʚʦʟʥʠʢʘʣʠ ʙʝʟ ʚʠʜʠʤʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʘ ʚʪʦʨʠʯʥʳʝ ʷʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʛʨʝʩʩʠʠ ʘʩʪʨʦʮʠʪʦʤʳ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ɺʆɿ 2021 ʛ. (WHO CNS5) ʧʦ ʩʫʱʝʩʪʚʫ ʫʧʨʘʟʜʥʠʣʘ ʵʪʦ ʜʝʣʝʥʠʝ, ʟʘʤʝʥʠʚ ʝʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʜʠʘʛʥʦʟʘʤʠ: ʦʢʦʣʦ 90 % ʪʦʛʦ, ʯʪʦ ʨʘʥʝʝ 

ʥʘʟʳʚʘʣʠ ʧʝʨʚʠʯʥʦʡ ʛʣʠʦʙʣʘʩʪʦʤʦʡ, ʪʝʧʝʨʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʛʥʦʟʫ 

çɻʣʠʦʙʣʘʩʪʦʤʘ, IDH-ʜʠʢʦʛʦ ʪʠʧʘè, ʪʦʛʜʘ ʢʘʢ ʪʝʨʤʠʥ çʚʪʦʨʠʯʥʘʷ 

ʛʣʠʦʙʣʘʩʪʦʤʘè ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ çɸʩʪʨʦʮʠʪʦʤʫ, IDH-ʤʫʪʘʥʪʥʫʶ, 

grade 4è. ʇʦʩʢʦʣʴʢʫ ʘʤʧʣʠʬʠʢʘʮʠʷ EGFR ʭʘʨʘʢʪʝʨʥʘ ʠʤʝʥʥʦ ʜʣʷ IDH-ʜʠʢʠʭ 

ʦʧʫʭʦʣʝʡ ʠ ʢʨʘʡʥʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ IDH-ʤʫʪʘʥʪʥʳʭ (ʤʝʥʝʝ 10 %), ʜʘʣʝʝ ʚ 

ʪʝʢʩʪʝ ʨʝʯʴ ʠʜʸʪ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦ ʛʣʠʦʙʣʘʩʪʦʤʝ IDH-ʜʠʢʦʛʦ ʪʠʧʘ. 

3.2.1. ʄʝʭʘʥʠʟʤʳ ʠ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ 

ɻʝʥʦʤʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ EGFR ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʭʨʦʤʦʩʦʤʝ 7p11.2 ʠ ʯʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʦʡʥʳʭ ʤʠʢʨʦʭʨʦʤʦʩʦʤ (double minutes) ʠʣʠ 

ʛʦʤʦʛʝʥʥʦ ʦʢʨʘʰʝʥʥʳʭ ʨʘʡʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʧʠʡʥʦʩʪʠ. ɺ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʘʤʧʣʠʬʠʢʘʮʠʶ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ 

FISH: ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ EGFR ʢ ʮʝʥʪʨʦʤʝʨʝ 7-ʡ ʭʨʦʤʦʩʦʤʳ (CEP7) >2 

ʩʯʠʪʘʝʪʩʷ ʧʦʨʦʛʦʚʳʤ ʜʣʷ ʢʦʥʩʪʘʪʘʮʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ. ʀʥʪʝʨʝʩʥʦʡ 
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ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 25ï50 % ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʣʫʯʘʝʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ ʨʝʮʝʧʪʦʨʘ EGFRvIII, 

ʚʦʟʥʠʢʘʶʱʠʡ ʚʩʣʝʜʩʪʚʠʝ ʜʝʣʝʮʠʠ ʵʢʟʦʥʦʚ 2ï7, ʦʜʥʘʢʦ ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʜʠʢʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʵʪʦʛʦ 

ʤʫʪʘʥʪʘ [141]. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʢʩʠʨʫʝʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʤʝʤʙʨʘʥʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʈʅʂ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ IHC 

ʢʘʢ ʩʢʨʠʥʠʥʛʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ.  

3.2.2. ʉʚʷʟʴ ʩ ʘʛʨʝʩʩʠʚʥʳʤ ʪʝʯʝʥʠʝʤ 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ EGFR ʥʘʜʝʣʷʝʪ ʛʣʠʦʙʣʘʩʪʦʤʫ ʨʷʜʦʤ ʘʛʨʝʩʩʠʚʥʳʭ ʩʚʦʡʩʪʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʘʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʘ ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜ RAS/RAF/MEK/ERK, 

ʢʦʪʦʨʳʡ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ PI3K/AKT/mTOR, 

ʧʦʜʘʚʣʷʶʱʠʡ ʘʧʦʧʪʦʟ. ɺʦ-ʚʪʦʨʳʭ, EGFR-ʩʠʛʥʘʣʠʥʛ ʫʩʠʣʠʚʘʝʪ ʠʥʚʘʟʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʢ ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʫʨʦʢʠʥʘʟʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ 

ʧʣʘʟʤʠʥʦʛʝʥʘ (uPA) ʠ ʤʘʪʨʠʢʩʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ 9 (MMP9), ʘ ʪʘʢʞʝ 

ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ ʩʦʩʫʜʠʩʪʦʛʦ ʵʥʜʦʪʝʣʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (VEGF), 

ʩʧʦʩʦʙʩʪʚʫʷ ʘʥʛʠʦʛʝʥʝʟʫ. ɺ-ʪʨʝʪʴʠʭ, ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʧʫʭʦʣʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʠ 

ʧʘʮʠʝʥʪʩʢʠʭ ʦʙʨʘʟʮʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʠʡ EGFR ʦʙʦʛʘʱʘʝʪ ʢʘʢ 

ʤʝʟʝʥʭʠʤʘʣʴʥʫʶ, ʪʘʢ ʠ ʧʨʦʥʝʡʨʘʣʴʥʫʶ ʩʠʛʥʘʪʫʨʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʳʩʪʨʳʤ 

ʨʦʩʪʦʤ ʠ ʨʘʥʥʠʤ ʨʝʮʠʜʠʚʦʤ [142]. 

3.2.3. ʇʣʦʭʦʡ ʧʨʦʛʥʦʟ 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ EGFR 

ʥʝʟʘʚʠʩʠʤʳʤ ʬʘʢʪʦʨʦʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ, ʦʩʪʘʸʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʠʩʢʫʩʩʠʡ. ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʩ 

ʘʤʧʣʠʬʠʢʘʮʠʝʡ ʠʤʝʶʪ ʤʝʜʠʘʥʫ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʦʢʦʣʦ 8 ʤʝʩʷʮʝʚ 

ʧʨʦʪʠʚ 11 ʤʝʩʷʮʝʚ ʫ ʧʘʮʠʝʥʪʦʚ ʙʝʟ ʥʝʸ, ʘ ʦʪʥʦʰʝʥʠʝ ʨʠʩʢʦʚ (HR) ʢʦʣʝʙʣʝʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 1,2ï1,5 [143]. ʆʜʥʘʢʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 

ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: ʭʫʜʰʠʡ ʧʨʦʛʥʦʟ ʘʩʩʦʮʠʠʨʦʚʘʥ ʥʝ ʩ ʩʘʤʳʤ 
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ʚʳʩʦʢʠʤ, ʘ ʩ ʥʠʟʢʠʤ ʠʣʠ ʫʤʝʨʝʥʥʳʤ ʫʨʦʚʥʝʤ ʘʤʧʣʠʬʠʢʘʮʠʠ (ʩʦʦʪʥʦʰʝʥʠʝ 

EGFR:CEP7 2ï20). ʇʨʠ ʩʚʝʨʭʚʳʩʦʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ (>20 ʢʦʧʠʡ) ʧʨʦʛʥʦʟ ʚ 

ʥʝʢʦʪʦʨʳʭ ʢʦʛʦʨʪʘʭ ʦʢʘʟʳʚʘʣʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʦ ʣʫʯʰʝ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʪʘʢʠʭ ʦʧʫʭʦʣʝʡ ʢ ʪʝʤʦʟʦʣʦʤʠʜʫ ð 

ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʟʢʠ ʠʣʠ ʠʟʤʝʥʸʥʥʦʛʦ ʨʝʧʘʨʘʪʠʚʥʦʛʦ 

ʦʪʚʝʪʘ [139,142,144,145]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʠʡ EGFR ð ʥʝ ʧʨʦʩʪʦ ʤʘʨʢʝʨ 

ʘʛʨʝʩʩʠʚʥʦʩʪʠ, ʥʦ ʠ ʬʘʢʪʦʨ, ʤʦʜʫʣʠʨʫʶʱʠʡ ʦʪʚʝʪ ʥʘ ʪʝʨʘʧʠʶ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ 

3.3. ʄʫʪʘʥʪʥʘʷ ʬʦʨʤʘ EGFRvIII 

ʉʨʝʜʠ ʚʩʝʭ ʘʙʝʨʨʘʮʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʣʦʢʫʩ EGFR ʚ ʛʣʠʦʙʣʘʩʪʦʤʝ, ʚʘʨʠʘʥʪ 

EGFRvIII (ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʝʤʳʡ ʢʘʢ de2-7 EGFR ʠʣʠ ȹEGFR) ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ. ʕʪʦ ʩʘʤʘʷ ʯʘʩʪʘʷ ʤʫʪʘʮʠʷ ʜʘʥʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ, ʠ ʝʸ 

ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ð ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ, ʯʪʦ, ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʜʝʣʘʝʪ ʝʸ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ. ʆʜʥʘʢʦ ʟʘ 

ʚʥʝʰʥʝʡ ʧʨʦʩʪʦʪʦʡ ʵʪʦʡ ʢʘʨʪʠʥʳ ʩʢʨʳʚʘʝʪʩʷ ʨʷʜ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ, 

ʢʘʩʘʶʱʠʭʩʷ ʢʘʢ ʩʘʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ EGFRvIII, ʪʘʢ ʠ ʝʛʦ ʨʝʘʣʴʥʦʡ 

ʨʦʣʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ [146ï148]. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ EGFRvIII ʧʦʤʦʛʘʝʪ ʛʣʠʦʙʣʘʩʪʦʤʝ ʩʦʭʨʘʥʷʪʴ 

ʩʚʦʶ ʢʨʘʡʥʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʠʨʦʜʫ: ʵʪʦʪ ʤʫʪʘʥʪʥʳʡ ʨʝʮʝʧʪʦʨ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʦʧʫʭʦʣʠ ʧʫʣ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʩʪʝʤʥʝʩʩè), ʩ ʜʨʫʛʦʡ ð ʧʦʤʦʛʘʝʪ ʝʡ ʫʩʢʦʣʴʟʘʪʴ ʦʪ ʘʪʘʢ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʧʦʜʩʪʸʛʠʚʘʝʪ ʩʠʛʥʘʣʳ, ʟʘʩʪʘʚʣʷʶʱʠʝ ʢʣʝʪʢʠ ʙʝʩʢʦʥʪʨʦʣʴʥʦ 

ʜʝʣʠʪʴʩʷ. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ EGFRvIII ʦʙʥʘʨʫʞʠʚʘʶʪ ʢʘʢ ʨʘʟ ʚ ʪʝʭ 

ʦʧʫʭʦʣʷʭ, ʛʜʝ ʛʝʥ EGFR ʠ ʙʝʟ ʪʦʛʦ ʤʥʦʛʦʢʨʘʪʥʦ ʩʢʦʧʠʨʦʚʘʥ 

(ʘʤʧʣʠʬʠʮʠʨʦʚʘʥ) ð ʪʦ ʝʩʪʴ ʵʪʠ ʜʚʘ ʩʦʙʳʪʠʷ ʷʚʥʦ ʠʜʫʪ ʨʫʢʘ ʦʙ ʨʫʢʫ 

[113,147]. 

3.3.1. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ EGFRvIII ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʛʝʥʝ EGFR 

ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠʛʝʥʦʤʥʘʷ ʜʝʣʝʮʠʷ ʵʢʟʦʥʦʚ ʩʦ 2-ʛʦ ʧʦ 7-ʡ ʚʢʣʶʯʠʪʝʣʴʥʦ, 
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ʟʘʭʚʘʪʳʚʘʶʱʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 801 ʧʘʨʫ ʥʫʢʣʝʦʪʠʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʜʝʣʝʮʠʷ ʥʝ 

ʩʜʚʠʛʘʝʪ ʨʘʤʢʫ ʩʯʠʪʳʚʘʥʠʷ, ʪʨʘʥʩʣʷʮʠʷ ʤʫʪʘʥʪʥʦʛʦ ʪʨʘʥʩʢʨʠʧʪʘ ʜʘʸʪ ʙʝʣʦʢ, 

ʢʦʪʦʨʳʡ ʢʦʨʦʯʝ ʜʠʢʦʛʦ ʪʠʧʘ ʥʘ 267 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʫʪʨʘʯʝʥʳ 

ʦʩʪʘʪʢʠ ʩ 6-ʛʦ ʧʦ 273-ʡ). ɺʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʮʝʧʪʦʨʘ ʧʨʠ ʵʪʦʤ ʠʩʯʝʟʘʶʪ 

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʝ ʜʦʤʝʥʳ I ʠ II, ʦʜʥʘʢʦ ʩʦʭʨʘʥʷʶʪʩʷ 

ʜʦʤʝʥʳ III ʠ IV, ʘ ʪʘʢʞʝ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʫʯʘʩʪʢʠ. ɺ 

ʤʝʩʪʝ ʩʣʠʷʥʠʷ ʵʢʟʦʥʦʚ 1 ʠ 8 ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʛʣʠʮʠʥʦʚʳʡ ʦʩʪʘʪʦʢ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʫʥʠʢʘʣʴʥʳʡ ʧʝʧʪʠʜʥʳʡ ʩʪʳʢ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

EEKKGNYVVTDH [113,139,147ï149]. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ EGFR ʠ EGFRvIII ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6 - ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ EGFRwt (ɸ) ʠ EGFRvIII (ɹ) [146]. ʆʙʘ 

ʨʝʮʝʧʪʦʨʘ ʩʦʩʪʦʷʪ ʠʟ ʚʥʝʢʣʝʪʦʯʥʳʭ (IïIV), ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʠ 

ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʦʚ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ð ʜʝʣʝʮʠʷ ʵʢʟʦʥʦʚ 2ï

7 (ʜʦʤʝʥʳ I ʠ II) ʚ ʤʫʪʘʥʪʝ EGFRvIII, ʠʟ-ʟʘ ʯʝʛʦ ʦʥ ʥʝ ʩʚʷʟʳʚʘʝʪ ʣʠʛʘʥʜʳ, ʥʦ 

ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʤʝʤʙʨʘʥʝ. 

3.3.2. ʄʝʭʘʥʠʟʤ ʢʦʥʩʪʠʪʫʪʠʚʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʋʜʘʣʝʥʠʝ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʭ ʜʦʤʝʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʘʷ 

ʯʘʩʪʴ EGFRvIII ʧʝʨʤʘʥʝʥʪʥʦ ʥʘʭʦʜʠʪʩʷ ʚ çʨʘʟʚʷʟʘʥʥʦʡè, ʦʪʢʨʳʪʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ð ʪʦʡ ʩʘʤʦʡ, ʢʦʪʦʨʦʡ ʜʠʢʠʡ ʨʝʮʝʧʪʦʨ ʜʦʩʪʠʛʘʝʪ ʣʠʰʴ ʧʦʩʣʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʛʘʥʜʘ. ʆʜʥʘʢʦ ʘʢʪʠʚʥʦʩʪʴ ʤʫʪʘʥʪʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʩʢʦʣʴʢʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʇʦʩʣʝ ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ EGFR ʜʠʢʦʛʦ ʪʠʧʘ ʙʳʩʪʨʦ 

ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʜʝʛʨʘʜʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ EGFRvIII 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʥʜʦʮʠʪʦʟʫ ʠ ʜʘʫʥʨʝʛʫʣʷʮʠʠ, 

ʟʘʜʝʨʞʠʚʘʷʩʴ ʥʘ ʤʝʤʙʨʘʥʝ ʠ ʩʦʟʜʘʚʘʷ ʜʣʠʪʝʣʴʥʳʡ, ʭʦʪʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʣʘʙʳʡ, ʩʠʛʥʘʣ. ʂʨʦʤʝ ʪʦʛʦ, EGFRvIII ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʪʝʨʦʜʠʤʝʨʳ ʩ 

EGFR ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʚ ʦʧʫʭʦʣʷʭ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʝʡ EGFR ʠ 

ʥʘʣʠʯʠʝʤ EGFRvIII ʥʘ ʵʢʩʪʨʘʭʨʦʤʦʩʦʤʥʦʡ ɼʅʂ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʪʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ EGFRwtïEGFRvIIIïHB-EGF, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʩʠʣʠʚʘʶʱʘʷ ʦʥʢʦʛʝʥʥʳʡ ʩʠʛʥʘʣ [113,147,150]. 

3.3.3. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʆʮʝʥʢʠ ʯʘʩʪʦʪʳ EGFRvIII ʟʘʤʝʪʥʦ ʚʘʨʴʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ 

ʜʝʪʝʢʮʠʠ ʠ ʠʟʫʯʘʝʤʦʡ ʧʦʧʫʣʷʮʠʠ. ʉʨʝʜʠ ʚʩʝʭ ʛʣʠʦʙʣʘʩʪʦʤ EGFRvIII 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʠʤʝʨʥʦ ʚ 25ï30% ʩʣʫʯʘʝʚ, ʦʜʥʘʢʦ ʚ ʧʦʜʛʨʫʧʧʝ ʦʧʫʭʦʣʝʡ ʩ 

ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʘʤʧʣʠʬʠʢʘʮʠʝʡ ʛʝʥʘ EGFR ʝʛʦ ʯʘʩʪʦʪʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʜʦʩʪʠʛʘʝʪ ~56% [3]. ʕʢʩʧʨʝʩʩʠʷ ʤʫʪʘʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʪʝʨʦʛʝʥʥʘ: ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʦʧʫʭʦʣʠ ʤʦʛʫʪ ʩʦʩʝʜʩʪʚʦʚʘʪʴ ʧʦʟʠʪʠʚʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ ʧʦ 

EGFRvIII ʢʣʝʪʢʠ, ʘ ʜʦʣʷ ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʯʘʩʪʦ ʙʳʚʘʝʪ ʥʝʚʝʣʠʢʘ 

[145,147,150]. 

3.3.4. ʈʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʝʥʦʪʠʧʘ 

EGFRvIII ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʮʝʣʳʡ ʨʷʜ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʟʘʜʝʡʩʪʚʫʷ 

STAT3-NF-əB-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʠ ʧʦʜʘʚʣʷʝʪ ʘʧʦʧʪʦʟ ʯʝʨʝʟ 

PI3K/AKT/mTOR. ɺʦ-ʚʪʦʨʳʭ, ʤʫʪʘʥʪʥʳʡ ʨʝʮʝʧʪʦʨ ʫʩʠʣʠʚʘʝʪ ʠʥʚʘʟʠʚʥʦʩʪʴ, 

ʧʦʚʳʰʘʷ ʩʝʢʨʝʮʠʶ CXCL1 ʠ MDK, ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʥʛʠʦʛʝʥʝʟʫ (ʯʝʨʝʟ IL-8). 

ɺ-ʪʨʝʪʴʠʭ, EGFRvIII-ʧʦʟʠʪʠʚʥʳʝ ʦʧʫʭʦʣʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ. ʅʘʢʦʥʝʮ, EGFRvIII ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʢʨʦʬʘʛʦʚ ʚ ʩʪʦʨʦʥʫ ʄ2-ʬʝʥʦʪʠʧʘ [147,151]. 



74 
 

3.3.5. ʉʚʷʟʴ ʩ ʦʧʫʭʦʣʝʚʳʤʠ ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ 

ʉʚʷʟʴ EGFRvIII ʩ ʧʦʧʫʣʷʮʠʝʡ ɻʉʂ ð ʧʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ 

ʘʩʧʝʢʪ ʝʛʦ ʙʠʦʣʦʛʠʠ. ʕʢʩʧʨʝʩʩʠʷ EGFRvIII ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ SOX2 ʠ Nestin ʠ ʦʙʦʛʘʱʘʝʪ ʬʨʘʢʮʠʶ 

ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ ʠʥʠʮʠʘʮʠʠ ʦʧʫʭʦʣʠ in vivo. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ STAT3, ʠʥʜʫʢʮʠʶ ʠ 

ʩʝʢʨʝʮʠʶ ʬʘʢʪʦʨʘ ʧʠʛʤʝʥʪʥʦʛʦ ʵʧʠʪʝʣʠʷ PEDF, ʢʦʪʦʨʳʡ ʯʝʨʝʟ 

Notch-ʩʠʛʥʘʣʠʥʛ ʥʘʧʨʷʤʫʶ ʩʪʠʤʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ SOX2 ð ʤʘʩʪʝʨ-

ʨʝʛʫʣʷʪʦʨʘ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ ɻʉʂ. ʀʤʝʥʥʦ ʵʪʘ ʩʚʷʟʴ ʦʙʲʷʩʥʷʝʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ 

EGFRvIII-ʧʦʟʠʪʠʚʥʳʭ ʦʧʫʭʦʣʝʡ ʢ ʦʙʳʯʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ EGFR ʠ ʪʨʝʙʫʝʪ 

ʪʝʨʘʧʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘ ʨʝʮʝʧʪʦʨ, ʠ ʥʘ ʧʨʦʛʨʘʤʤʫ 

ʩʪʚʦʣʦʚʦʩʪʠ [147,150,152]. 

3.3.6. EGFRvIII ʢʘʢ ʠʜʝʘʣʴʥʘʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʤʠʰʝʥʴ 

ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ EGFRvIII ʢʘʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʚʘʨʠʘʥʪ ʨʝʮʝʧʪʦʨʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʷʭ [153]. ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ CAR-T-ʢʣʝʪʦʢ, 

ʩʧʝʮʠʬʠʯʥʳʭ ʢ EGFRvIII, ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʥʘʜʸʞʠʚʘʶʱʠʝ, ʭʦʪʷ ʠ 

ʥʝʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʧʨʝʧʘʨʘʪ CARv3-TEAM-E, ʚʚʦʜʠʤʳʡ 

ʠʥʪʨʘʚʝʥʪʨʠʢʫʣʷʨʥʦ, ʧʦʢʘʟʘʣ ʧʨʠʝʤʣʝʤʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

CAR-T-ʢʣʝʪʦʢ ʧʝʨʩʠʩʪʠʨʦʚʘʪʴ ʚ ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʪʢʨʳʚʘʷ 

ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ [139,145,154]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʣʫʞʘʪ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʵʢʩʧʨʝʩʩʠʠ EGFRvIII ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʫʪʨʘʪʳ ʧʨʠ ʨʝʮʠʜʠʚʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠ ʤʫʣʴʪʠʩʧʝʮʠʬʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ. 
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ɻʃɸɺɸ 4. ɸʇʊɸʄɽʈʓ ʂɸʂ ʅʆɺʓʁ ʂʃɸʉʉ ʊɸʈɻɽʊʅʓʍ ʄʆʃɽʂʋʃ 

ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʀ ʊɽʈɸʇʀʀ 

ʇʦʠʩʢ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʣʘʩʩʘ ʤʦʣʝʢʫʣ, ʩʧʦʩʦʙʥʳʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ, ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʦʩʪʘʚʘʣʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ, 

ʦʜʥʘʢʦ ʧʨʠʩʫʱʠʝ ʠʤ ʦʛʨʘʥʠʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʠʥʳʭ ʘʬʬʠʥʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʘʧʪʘʤʝʨʦʚ ʩʪʘʣʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ. ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ 

ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʘʧʪʘʤʝʨʦʚ ʢʘʢ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʪʘʨʛʝʪʥʳʭ 

ʤʦʣʝʢʫʣ, ʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʩʥʦʚʘʤ, ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, 

ʢʣʠʥʠʯʝʩʢʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʠ ʧʝʨʩʧʝʢʪʠʚʘʤ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʥʢʦʣʦʛʠʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʝʦʜʦʣʝʥʠʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, 

ʢʘʢ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ. 

4.1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ: ʦʧʨʝʜʝʣʝʥʠʝ, ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ SELEX 

ɸʧʪʘʤʝʨʳ (ʦʪ ʣʘʪ. aptus ð çʧʦʜʭʦʜʷʱʠʡè ʠ ʛʨʝʯ. meros ð çʯʘʩʪʴè) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʨʦʪʢʠʝ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ɼʅʂ ʠʣʠ 

ʈʅʂ, ʩʧʦʩʦʙʥʳʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʥʠʢʘʣʴʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʚʳʩʦʢʦʘʬʬʠʥʥʦʤʫ ʠ ʩʧʝʮʠʬʠʯʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʠʰʝʥʷʤʠ ð ʦʪ ʥʝʙʦʣʴʰʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʜʦ 

ʩʣʦʞʥʳʭ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʮʝʣʳʭ ʢʣʝʪʦʢ [155,156]. ɼʣʠʥʘ ʘʧʪʘʤʝʨʦʚ 

ʦʙʳʯʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 100 ʥʫʢʣʝʦʪʠʜʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʘʥʪʠʪʝʣ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ. 

ʀʩʪʦʨʠʷ ʘʧʪʘʤʝʨʦʚ ʥʘʯʘʣʘʩʴ ʚ 1990 ʛʦʜʫ, ʢʦʛʜʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʛʨʫʧʧʳ 

ʫʯʸʥʳʭ ð ʕʣʣʠʥʛʪʦʥ ʠ ʐʦʩʪʘʢ, ʘ ʪʘʢʞʝ ʊʶʨʢ ʠ ɻʦʣʜ ð ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ 
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ʣʠʛʘʥʜʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [157,158]. ʀʤʝʥʥʦ ʚ ʨʘʙʦʪʝ ʕʣʣʠʥʛʪʦʥʘ ʠ 

ʐʦʩʪʘʢʘ ʙʳʣ ʚʧʝʨʚʳʝ ʚʚʝʜʸʥ ʩʘʤ ʪʝʨʤʠʥ çʘʧʪʘʤʝʨè ʧʨʠ ʦʧʠʩʘʥʠʠ ʈʅʂ-

ʤʦʣʝʢʫʣ, ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʢʨʘʩʠʪʝʣʷʤʠ [157]. ʕʪʦ ʦʪʢʨʳʪʠʝ ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʰʣʘ ʧʫʪʴ ʦʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʢʫʨʴʸʟʘ ʜʦ ʢʣʠʥʠʯʝʩʢʠ ʦʜʦʙʨʝʥʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʄʝʪʦʜ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʠʷ ʘʧʪʘʤʝʨʦʚ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ SELEX 

(Systematic Evolution of Ligands by EXponential enrichment ð 

çʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʛʘʥʜʦʚ ʧʫʪʸʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷè) [159]. ʇʦ ʩʚʦʝʡ ʩʫʪʠ SELEX ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʪʝʨʘʪʠʚʥʳʡ 

ʧʨʦʮʝʩʩ, ʠʤʠʪʠʨʫʶʱʠʡ ʜʘʨʚʠʥʦʚʩʢʫʶ ʵʚʦʣʶʮʠʶ ʚ ʧʨʦʙʠʨʢʝ (ʈʠʩʫʥʦʢ 7). 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʸʪʩʷ ʦʙʰʠʨʥʘʷ ʢʦʤʙʠʥʘʪʦʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʧʦʨʷʜʢʘ 10ĭï10ĭ  ʩʣʫʯʘʡʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [160]. 

ʂʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʚ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʝ ʠʤʝʝʪ ʮʝʥʪʨʘʣʴʥʳʡ ʚʘʨʠʘʙʝʣʴʥʳʡ 

ʫʯʘʩʪʦʢ, ʬʣʘʥʢʠʨʦʚʘʥʥʳʡ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʘʤʧʣʠʬʠʢʘʮʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʙʠʙʣʠʦʪʝʢʫ ʠʥʢʫʙʠʨʫʶʪ ʩ ʤʦʣʝʢʫʣʦʡ-ʤʠʰʝʥʴʶ, ʧʦʩʣʝ ʯʝʛʦ ʥʝʩʚʷʟʘʚʰʠʝʩʷ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʫʜʘʣʷʶʪʩʷ, ʘ ʩʚʷʟʘʚʰʠʝʩʷ ð ʵʣʶʠʨʫʶʪʩʷ. ʅʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʙʦʛʘʱʸʥʥʫʶ ʬʨʘʢʮʠʶ ʘʤʧʣʠʬʠʮʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ 

ʇʎʈ (ʜʣʷ ɼʅʂ-ʘʧʪʘʤʝʨʦʚ) ʠʣʠ ʆʊ-ʇʎʈ (ʜʣʷ ʈʅʂ-ʘʧʪʘʤʝʨʦʚ), ʠ ʧʦʣʫʯʝʥʥʳʡ 

ʧʫʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʨʘʫʥʜʘ ʩʝʣʝʢʮʠʠ. ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʦʪ 6 ʜʦ 

20 ʨʘʟ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʫʣʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʬʬʠʥʥʦʩʪʠ (ʦʙʳʯʥʦ 

Kd ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ ʠʣʠ ʜʘʞʝ ʧʠʢʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ) [161,162]. 
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ʈʠʩʫʥʦʢ 7 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ï 

ʢʣʘʩʩʠʯʝʩʢʠʡ SELEX. ʉʦʟʜʘʥʦ ʩ ʧʦʤʦʱʴʶ Biorender.com. 

ʂʣʘʩʩʠʯʝʩʢʠʡ SELEX, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʦʯʠʱʝʥʥʳʝ ʙʝʣʢʠ ʠʣʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʞʠʚʳʤʠ ʢʣʝʪʢʘʤʠ. ʕʪʦʪ ʚʘʨʠʘʥʪ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ Cell-SELEX 

(ʈʠʩʫʥʦʢ 8), ʠʩʧʦʣʴʟʫʝʪ ʠʥʪʘʢʪʥʳʝ ʢʣʝʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʘʧʪʘʤʝʨʳ, ʨʘʩʧʦʟʥʘʶʱʠʝ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ-ʤʠʰʝʥʠ ʚ ʠʭ ʥʘʪʠʚʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ [160]. Cell-

SELEX ʩʪʘʣ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥ ʚ ʦʥʢʦʣʦʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʛʥʘʪʫʨʳ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʠ ʧʦʣʫʯʘʪʴ ʘʧʪʘʤʝʨʳ, ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʥʦʨʤʘʣʴʥʳʝ ʪʢʘʥʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ 
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ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʘʧʨʠʦʨʥʦʛʦ ʟʥʘʥʠʷ ʦ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ ð ʘʧʪʘʤʝʨʳ 

ʬʘʢʪʠʯʝʩʢʠ ʩʘʤʠ çʥʘʭʦʜʷʪè ʜʝʪʝʨʤʠʥʘʥʪʳ, ʦʪʣʠʯʘʶʱʠʝ ʧʦʨʘʞʸʥʥʫʶ ʢʣʝʪʢʫ 

ʦʪ ʟʜʦʨʦʚʦʡ. 

 

ʈʠʩʫʥʦʢ 8 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ï 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ Cell-SELEX. ʉʦʟʜʘʥʦ ʩ ʧʦʤʦʱʴʶ Biorender.com. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ SELEX ʧʦʰʣʦ ʧʦ ʧʫʪʠ ʧʦʩʪ-ʩʝʣʝʢʮʠʦʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʧʪʘʤʝʨʦʚ in vivo ʧʨʠʤʝʥʷʶʪ 

ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ: ʫʩʝʯʝʥʠʝ ʤʦʣʝʢʫʣʳ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʦʛʦ ʨʘʟʤʝʨʘ (ʦʙʳʯʥʦ 20ï40 ʥʫʢʣʝʦʪʠʜʦʚ), ʚʚʝʜʝʥʠʝ 2'-

ʬʪʦʨ- ʠʣʠ 2'-O-ʤʝʪʠʣ-ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ, ʢʵʧʠʨʦʚʘʥʠʝ 

3'-ʢʦʥʮʘ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʪʠʤʠʜʠʥʦʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʵʢʟʦʥʫʢʣʝʘʟ [161,162]. 



79 
 

ɺʩʝ ʵʪʠ ʧʨʠʸʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʮʠʨʢʫʣʷʮʠʠ ʘʧʪʘʤʝʨʦʚ ʚ ʢʨʦʚʦʪʦʢʝ. 

4.2. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʪʘʤʝʨʦʚ ʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ 

ʘʥʪʠʪʝʣ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ (ʤɸʙ) ʦʩʪʘʶʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʢʣʘʩʩʦʤ ʘʬʬʠʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, 

ʘʧʪʘʤʝʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʜʝʣʘʶʱʠʭ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʣʠ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʘʥʪʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ. 

ʕʪʠ ʨʘʟʣʠʯʠʷ ʥʦʩʷʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʘʤʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʜʚʫʭ ʢʣʘʩʩʦʚ ʤʦʣʝʢʫʣ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʘʧʪʘʤʝʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʘʥʪʠʪʝʣʘʤ ʚ ʨʘʟʤʝʨʘʭ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʪʠʧʠʯʥʦʛʦ ʘʧʪʘʤʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6 ʜʦ 30 ʢɼʘ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ IgG (ʦʢʦʣʦ 150 ʢɼʘ). ʕʪʦ ʨʘʟʣʠʯʠʝ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. ʄʘʣʳʡ 

ʨʘʟʤʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʧʪʘʤʝʨʘʤ ʣʫʯʰʫʶ ʪʢʘʥʝʚʫʶ ʧʝʥʝʪʨʘʮʠʶ ʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʥʝʡʨʦʦʥʢʦʣʦʛʠʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ 

ʯʝʨʝʟ ɻʕɹ [163]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ Bayra­ (2026) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʧʪʘʤʝʨʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ɻʕɹ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʮʝʧʪʦʨ-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʪʨʘʥʩʮʠʪʦʟʘ ð ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʙʦʪʘʝʪ ʜʣʷ ʢʨʫʧʥʳʭ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ [163]. ʕʪʦ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʘʧʪʘʤʝʨʳ 

ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʛʜʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ɻʕɹ ʜʣʷ ʣʝʢʘʨʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ɺʪʦʨʦʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʘʥʪʠʪʝʣ, ʪʨʝʙʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʠʣʠ ʞʠʚʦʪʥʳʭ, 

ʘʧʪʘʤʝʨʳ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʨʠʩʢ ʢʦʥʪʘʤʠʥʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʪʦʛʝʥʘʤʠ, ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʪ ʧʘʨʪʠʠ ʢ 

ʧʘʨʪʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ [162]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʫʶ ʛʠʙʢʦʩʪʴ ʚ ʧʣʘʥʝ 

ʢʦʥʲʶʛʘʮʠʠ ʘʧʪʘʤʝʨʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ: ʬʣʫʦʨʦʬʦʨʘʤʠ, 
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ʨʘʜʠʦʥʫʢʣʠʜʥʳʤʠ ʤʝʪʢʘʤʠ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʤ (ʇʕɻ) ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʚʨʝʤʝʥʠ ʮʠʨʢʫʣʷʮʠʠ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʪʦʢʩʠʥʘʤʠ ʠʣʠ ʤʘʣʳʤʠ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʤʠ ʈʅʂ (siRNA). ʊʘʢʘʷ ʤʦʜʫʣʴʥʦʩʪʴ ʦʪʢʨʳʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ. ʂʦʨʦʪʢʠʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʨʘʩʧʦʟʥʘʶʪʩʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʘʢ 

ʯʫʞʝʨʦʜʥʳʝ ʘʥʪʠʛʝʥʳ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʘʥʪʠʪʝʣ, 

ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʙʝʣʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ [162]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʞʝ 

ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʳʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʠʥʜʨʦʤ 

ʦʩʪʨʦʡ ʠʥʬʫʟʠʦʥʥʦʡ ʨʝʘʢʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʪʠʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʥʪʠʪʝʣ 

(ADA/HAMA-ʦʪʚʝʪ), ʜʣʷ ʘʧʪʘʤʝʨʦʚ ʪʘʢʘʷ ʧʨʦʙʣʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ 

(ʊʘʙʣʠʮʘ 6). ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʤʥʦʛʦʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʘʧʪʘʤʝʨʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʙʝʟ ʨʠʩʢʘ ʧʦʪʝʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʣʠ ʨʘʟʚʠʪʠʷ ʨʝʘʢʮʠʡ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʅʘʢʦʥʝʮ, ʘʧʪʘʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ: ʦʥʠ ʚʳʜʝʨʞʠʚʘʶʪ ʥʘʛʨʝʚʘʥʠʝ ʜʦ 95ÁC ʠ ʩʦʭʨʘʥʷʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ pH, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʠʭ ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʦʣʘʙʠʣʴʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ. 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʪʘʤʝʨʦʚ ʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ 

ʘʥʪʠʪʝʣ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʧʪʘʤʝʨʳ 
ʄʦʥʦʢʣʦʥʘʣʴʥʳʝ 

ʘʥʪʠʪʝʣʘ 

ʍʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ 

(ɼʅʂ/ʈʅʂ) 

ɹʝʣʢʠ 

(ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ) 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 6ï30 ʢɼʘ ~150 ʢɼʘ 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʍʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ in vitro ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ in 

vivo 
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ʇʨʦʥʠʢʥʦʚʝʥʠʝ 

ʯʝʨʝʟ ɻʕɹ 

ɺʳʩʦʢʦʝ ʅʠʟʢʦʝ 

(ʦʛʨʘʥʠʯʝʥʦ ʨʘʟʤʝʨʦʤ) 

ʀʤʤʫʥʦʛʝʥʥʦʩʪʴ ʄʠʥʠʤʘʣʴʥʘʷ ʈʠʩʢ ADA/HAMA-

ʦʪʚʝʪʘ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ɺʳʩʦʢʘʷ (ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʥʘʛʨʝʚʘʥʠʶ, ʵʢʩʪʨʝʤʘʣʴʥʳʤ pH) 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʜʝʥʘʪʫʨʘʮʠʠ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ 

ʆʛʨʘʥʠʯʝʥʥʘʷ, ʪʨʝʙʫʝʪ 

ʩʣʦʞʥʦʛʦ 

ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ 

 

4.3.  ʂʣʠʥʠʯʝʩʢʠ ʦʜʦʙʨʝʥʥʳʝ ʘʧʪʘʤʝʨʳ ʠ ʢʘʥʜʠʜʘʪʳ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʶʶ ʠʩʪʦʨʠʶ, ʪʝʭʥʦʣʦʛʠʷ ʘʧʪʘʤʝʨʦʚ ʫʞʝ 

ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʦʜʦʙʨʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʦʨʛʘʥʦʚ. ʇʝʨʚʳʤ ʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʝʛʘʧʪʘʥʠʙ 

ʥʘʪʨʠʷ (MacugenÈ) ð ʧʵʛʠʣʠʨʦʚʘʥʥʳʡ ʈʅʂ-ʘʧʪʘʤʝʨ, ʩʧʝʮʠʬʠʯʥʦ 

ʩʚʷʟʳʚʘʶʱʠʡ ʠʟʦʬʦʨʤʫ VEGF  ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ʠ 

ʙʣʦʢʠʨʫʶʱʠʡ ʝʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [161]. ɺ ʜʝʢʘʙʨʝ 2004 ʛʦʜʘ 

ʧʝʛʘʧʪʘʥʠʙ ʙʳʣ ʦʜʦʙʨʝʥ FDA (ʋʧʨʘʚʣʝʥʠʝʤ ʧʦ ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ 

ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ) ʜʣʷ ʠʥʪʨʘʚʠʪʨʝʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ ʥʝʦʚʘʩʢʫʣʷʨʥʦʡ (ʚʣʘʞʥʦʡ) ʬʦʨʤʳ ʚʦʟʨʘʩʪʥʦʡ 

ʤʘʢʫʣʷʨʥʦʡ ʜʝʛʝʥʝʨʘʮʠʠ (ɺʄɼ) ð ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʧʨʠʯʠʥ ʥʝʦʙʨʘʪʠʤʦʡ 

ʧʦʪʝʨʠ ʟʨʝʥʠʷ ʫ ʧʦʞʠʣʳʭ ʣʶʜʝʡ [161]. ʕʪʦ ʩʦʙʳʪʠʝ ʩʪʘʣʦ ʟʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʡ 

ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚʧʝʨʚʳʝ ʜʦʢʘʟʘʣʦ ʢʣʠʥʠʯʝʩʢʫʶ ʠ ʢʦʤʤʝʨʯʝʩʢʫʶ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʘʧʪʘʤʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɺ 2023 ʛʦʜʫ FDA ʦʜʦʙʨʠʣʦ ʚʪʦʨʦʡ ʘʧʪʘʤʝʨʥʳʡ ʧʨʝʧʘʨʘʪ ð ʘʚʘʮʠʥʢʘʧʪʘʜ 

ʧʝʛʦʣ (IzervayÈ), ʠʥʛʠʙʠʪʦʨ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʙʝʣʢʘ C3, ʪʘʢʞʝ 
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ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʪʝʨʘʧʠʠ ɺʄɼ [164]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʘʧʪʘʤʝʨʘ, 

ʚʳʰʝʜʰʠʭ ʥʘ ʨʳʥʦʢ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ 

ʦʬʪʘʣʴʤʦʣʦʛʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʜʦʙʩʪʚʦʤ ʣʦʢʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʠʩʪʝʤʥʳʝ ʙʘʨʴʝʨʳ ʠ ʚʳʩʦʢʦʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʥʦʚʳʭ ʘʥʪʠ-VEGF-ʘʛʝʥʪʘʭ. 

ɺ ʦʥʢʦʣʦʛʠʠ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʨʦʛʨʝʩʩ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ. ɸʧʪʘʤʝʨ AS1411, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ɼʅʂ-

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ, ʦʙʨʘʟʫʶʱʠʡ ʩʪʘʙʠʣʴʥʫʶ G-ʢʚʘʜʨʫʧʣʝʢʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʥʫʢʣʝʦʣʠʥ ð ʙʝʣʦʢ, ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʝʤʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʥʦʛʠʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ð ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʘʚʣʷʪʴ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠ ʧʨʦʰʸʣ ʬʘʟʫ II ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

[165,166]. ɼʨʫʛʦʡ ʢʘʥʜʠʜʘʪ, NOX-A12 (ʦʣʘʧʪʝʟʝʜ ʧʝʛʦʣ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ L-ʈʅʂ-ʘʧʪʘʤʝʨ (ʰʧʠʛʝʣʴʤʝʨ), ʠʥʛʠʙʠʨʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʭʝʤʦʢʠʥʘ CXCL12 ʩ ʨʝʮʝʧʪʦʨʦʤ CXCR4, ʪʘʢʞʝ ʟʘʚʝʨʰʠʣ ʬʘʟʫ II ʠʩʧʳʪʘʥʠʡ 

ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʤʦʙʠʣʠʟʘʮʠʠ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ [167]. 

4.4. ʇʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚ ʦʥʢʦʣʦʛʠʠ 

ʉʦʚʨʝʤʝʥʥʳʡ ʘʨʩʝʥʘʣ ʧʨʠʤʝʥʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ʚ ʦʥʢʦʣʦʛʠʠ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ 

ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜ-ʨʝʮʝʧʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʋʥʠʢʘʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ. 

ɸʥʪʘʛʦʥʠʩʪʳ ʨʝʮʝʧʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ð 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʙʣʦʢʘʜʘ ʦʥʢʦʛʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ. ɸʧʪʘʤʝʨʳ, 

ʥʘʮʝʣʝʥʥʳʝ ʥʘ EGFR, PD-L1 ʠʣʠ ʜʨʫʛʠʝ ʨʝʮʝʧʪʦʨʳ, ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʥʠʤʠ ʩ 

ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʝʨʝʜʘʯʫ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ 

[161]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʧʪʘʤʝʨʦʚ-ʘʥʪʘʛʦʥʠʩʪʦʚ EGFR ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʪʘʙʠʣʴʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ ʨʝʮʝʧʪʦʨʘ ʠ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʤʥʦʛʠʭ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ 
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ʘʥʪʠʪʝʣ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʣʠʰʴ ʵʢʨʘʥʠʨʫʶʪ ʨʝʮʝʧʪʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʢʠ, ʥʝ ʚʳʟʳʚʘʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʠ ʜʝʛʨʘʜʘʮʠʠ. 

ʂʦʥʲʶʛʘʪʳ ʩ ʪʦʢʩʠʥʘʤʠ. ʍʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʘʧʪʘʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʘʡʪ-ʩʧʝʮʠʬʠʯʥʫʶ ʢʦʥʲʶʛʘʮʠʶ ʩ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ. 

ʊʘʢ, ʢʦʥʲʶʛʘʪ ʘʧʪʘʤʝʨʘ ʢ EpCAM ʩ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚ 

ʜʝʩʷʪʴ ʨʘʟ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʤ [162]. 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ð ʢʦʥʲʶʛʘʪʳ ʘʧʪʘʤʝʨʘ AS1411 ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, 

ʥʘʛʨʫʞʝʥʥʳʤʠ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ 

ʮʠʪʦʪʦʢʩʠʢʘ ʚ ʢʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʟʜʦʨʦʚʳʝ ʪʢʘʥʠ [168]. 

ʉʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʘʮʝʣʠʚʘʶʱʠʭ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʜʦʩʪʘʚʢʠ ʥʘʥʦʯʘʩʪʠʮ, ʤʘʣʳʭ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʈʅʂ (siRNA) ʠ 

ʜʨʫʛʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʛʨʫʟʦʚ. ɸʧʪʘʤʝʨʳ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʠʧʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʢʣʝʪʦʯʥʦ-

ʩʧʝʮʠʬʠʯʥʫʶ ʜʦʩʪʘʚʢʫ siRNA, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ in vivo ʥʘ 

ʤʦʜʝʣʠ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ, ʛʜʝ ʜʦʩʪʠʛʘʣʩʷ ʵʬʬʝʢʪʠʚʥʳʡ 

ʩʘʡʣʝʥʩʠʥʛ ʛʝʥʘ-ʤʠʰʝʥʠ ʠʤʝʥʥʦ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ [162]. ɺ ʨʘʙʦʪʝ 

ʂʫʤʘʨʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2023) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʧʪʘʤʝʨ AS1411 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʤʝʟʦʧʦʨʠʩʪʳʭ ʢʨʝʤʥʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, 

ʥʘʛʨʫʞʝʥʥʳʭ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ ʠ siRNA, ʚ ʢʣʝʪʢʠ ʪʨʠʞʜʳ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʯʝʤ 10-ʢʨʘʪʥʦʤʫ ʩʥʠʞʝʥʠʶ IC  

ʭʠʤʠʦʧʨʝʧʘʨʘʪʘ ʚ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʢʘʭ [168]. 

ɸʛʝʥʪʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɸʧʪʘʤʝʨʳ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʠʣʠ ʨʘʜʠʦʠʟʦʪʦʧʘʤʠ, ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʣʷ ʥʝʠʥʚʘʟʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ɸʧʪʘʤʝʨʳ, ʤʝʯʝʥʥʳʝ ʪʝʭʥʝʮʠʝʤ-99m, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ çʦʧʫʭʦʣʴ/ʬʦʥè (T/B = 4,3) ʧʨʠ SPECT-ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʇʕʊ-
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ʘʧʪʘʤʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʪʝʢʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʦʯʘʛʦʚ ʩ 

ʥʘʥʦʤʦʣʷʨʥʦʡ ʘʬʬʠʥʥʦʩʪʴʶ [169]. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʘʧʪʘʤʝʨʦʚ ʧʝʨʝʜ ʘʥʪʠʪʝʣʘʤʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʙʳʩʪʨʦʡ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʝ: ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʮʠʨʢʫʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʞʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ, 

ʪʦʛʜʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʜʠʦʠʤʤʫʥʦʢʦʥʲʶʛʘʪʳ ʪʨʝʙʫʶʪ ʤʥʦʛʦʯʘʩʦʚʦʛʦ ʠʣʠ 

ʜʘʞʝ ʤʥʦʛʦʜʥʝʚʥʦʛʦ ʦʞʠʜʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʧʪʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʧʣʘʪʬʦʨʤʫ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʘʬʬʠʥʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʛʠʙʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ 

ɻʕɹ ʦʪʢʨʳʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ð 

ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʚʢʣʶʯʘʷ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ 

ʘʥʪʠʪʝʣʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʝʥʥʦ ʠʟ-ʟʘ 

ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʵʪʦʪ ʙʘʨʴʝʨ. ʀʤʝʥʥʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʩʣʫʞʠʣʦ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʧʪʘʤʝʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ EGFR ʠ ʝʛʦ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ, ʯʝʤʫ ʠ ʙʫʜʝʪ 

ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɻʃɸɺɸ 5. ɸʇʊɸʄɽʈʓ, ʅɸʎɽʃɽʅʅʓɽ ʅɸ EGFR ʀ EGFRVIII: 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

ʈʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (EGFR) ʠ ʝʛʦ ʢʦʥʩʪʠʪʫʪʠʚʥʦ 

ʘʢʪʠʚʥʳʡ ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ EGFRvIII ʟʘʥʠʤʘʶʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ. ʀʤʝʥʥʦ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ, ʠʭ ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʚ ʩʪʠʤʫʣʷʮʠʠ 

ʧʨʦʣʠʬʝʨʘʮʠʠ, ʠʥʚʘʟʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʨʘʧʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʜʝʣʘʶʪ EGFR ʠ EGFRvIII 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʘʧʪʘʤʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʘʧʪʘʤʝʨʦʚ ð ʚ ʩʠʣʫ ʠʭ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ð ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 
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(ɻʕɹ) ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʥʠʤʠ ʪʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ [163]. 

5.1. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ EGFR/EGFRvIII ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʜʣʷ 

ʘʧʪʘʤʝʨʦʚ 

ʃʦʛʠʢʘ ʚʳʙʦʨʘ EGFR ʠ EGFRvIII ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʜʣʷ ʘʧʪʘʤʝʨʥʦʡ 

ʪʝʨʘʧʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʝʜʧʦʩʳʣʢʘʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʘ ʨʝʮʝʧʪʦʨʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʥʝ ʪʨʝʙʫʶʱʠʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʥʘ 

ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [114,170]. ʉʚʷʟʳʚʘʥʠʝ ʘʧʪʘʤʝʨʘ ʩ 

ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ EGFR ʜʠʢʦʛʦ ʪʠʧʘ ʩʧʦʩʦʙʥʦ ʩʪʝʨʠʯʝʩʢʠ ʙʣʦʢʠʨʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʮʝʧʪʦʨʘ ʩ ʝʛʦ ʧʨʠʨʦʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ð EGF ʠ TGF-Ŭ, ʪʝʤ 

ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʷ ʣʠʛʘʥʜ-ʟʘʚʠʩʠʤʫʶ ʜʠʤʝʨʠʟʘʮʠʶ ʠ ʧʦʩʣʝʜʫʶʱʫʶ 

ʘʢʪʠʚʘʮʠʶ ʪʠʨʦʟʠʥʢʠʥʘʟʥʦʛʦ ʜʦʤʝʥʘ [114]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, EGFRvIII, 

ʣʠʰʸʥʥʳʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ ʠʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʣʝʮʠʠ ʵʢʟʦʥʦʚ 2ï7, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʢʪʠʚʥʳʡ ʨʝʮʝʧʪʦʨ, 

ʥʝ ʥʫʞʜʘʶʱʠʡʩʷ ʚ ʣʠʛʘʥʜʝ ʜʣʷ ʟʘʧʫʩʢʘ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʠ 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ð ʧʨʠʤʝʨʥʦ ʚ 25ï30% 

ʚʩʝʭ ʛʣʠʦʙʣʘʩʪʦʤ ʠ ʚ 50ï60% ʩʣʫʯʘʝʚ ʩ ʘʤʧʣʠʬʠʢʘʮʠʝʡ EGFR [171]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ EGFRvIII ð ʥʘʣʠʯʠʝ ʫʥʠʢʘʣʴʥʦʛʦ ʧʝʧʪʠʜʥʦʛʦ 

ʩʪʳʢʘ ʚ ʪʦʯʢʝ ʩʣʠʷʥʠʷ ʵʢʟʦʥʦʚ 1 ʠ 8 ð ʩʦʟʜʘʸʪ ʥʦʚʫʶ ʘʥʪʠʛʝʥʥʫʶ 

ʜʝʪʝʨʤʠʥʘʥʪʫ, ʦʪʩʫʪʩʪʚʫʶʱʫʶ ʚ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʷʭ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ 

ʘʧʪʘʤʝʨʦʚ, ʠʟʙʠʨʘʪʝʣʴʥʦ ʨʘʩʧʦʟʥʘʶʱʠʭ ʠʤʝʥʥʦ ʤʫʪʘʥʪʥʫʶ ʬʦʨʤʫ 

ʨʝʮʝʧʪʦʨʘ. ʆʙʘ ʨʝʮʝʧʪʦʨʘ ð ʠ EGFR ʜʠʢʦʛʦ ʪʠʧʘ, ʠ EGFRvIII ð ʟʘʧʫʩʢʘʶʪ 

ʦʜʥʠ ʠ ʪʝ ʞʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ, ʚʢʣʶʯʘʷ 

PI3K/AKT/mTOR ʠ RAS/RAF/MEK/ERK, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʣʠʬʝʨʘʮʠʶ, 

ʧʦʜʘʚʣʝʥʠʝ ʘʧʦʧʪʦʟʘ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

[172]. ɹʣʦʢʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʫʪʝʡ ʥʘ ʫʨʦʚʥʝ ʨʝʮʝʧʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʘʧʪʘʤʝʨʦʚ 
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ʧʦʟʚʦʣʷʝʪ ʧʨʝʨʚʘʪʴ ʦʥʢʦʛʝʥʥʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ ʚ ʩʘʤʦʤ ʝʸ ʥʘʯʘʣʝ, ʜʦ ʪʦʛʦ ʢʘʢ 

ʦʥʘ ʨʘʟʚʝʪʚʣʷʝʪʩʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʭʦʜʥʳʝ ʧʫʪʠ, ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʟʙʝʞʘʪʴ ʪʦʡ ʙʳʩʪʨʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʧʪʘʤʝʨʦʚ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʨʝʮʝʧʪʦʨʦʤ 

ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʦʩʪʘʚʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʛʨʫʟʦʚ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʡ ʘʧʪʘʤʝʨ, 

ʤʝʯʝʥʥʳʡ ʬʣʫʦʨʦʬʦʨʦʤ ʠʣʠ ʨʘʜʠʦʠʟʦʪʦʧʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ 

ʩʠʛʥʘʣʘ ʠʤʝʥʥʦ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ [163]. 

5.2. ʀʟʚʝʩʪʥʳʝ ʘʧʪʘʤʝʨʳ ʧʨʦʪʠʚ EGFRwt ʠ EGFRvIII 

ɿʘ ʧʦʣʪʦʨʘ ʜʝʩʷʪʠʣʝʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ 

ʦ ʥʝʩʢʦʣʴʢʠʭ ʘʧʪʘʤʝʨʘʭ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ EGFR ʠ EGFRvIII. ʅʘʠʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʶʪʩʷ ʘʧʪʘʤʝʨʳ U2, CL4 

(ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʝʤʳʡ E07) ʠ ʨʷʜ ʨʦʜʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ. 

ɸʧʪʘʤʝʨ U2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɼʅʂ-ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ, ʦʪʦʙʨʘʥʥʳʡ ʤʝʪʦʜʦʤ 

Cell-SELEX ʧʨʦʪʠʚ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ EGFRvIII, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ U87-EGFRvIII [173]. U2 ʩʚʷʟʳʚʘʝʪʩʷ ʩ EGFRvIII 

ʩ ʢʦʥʩʪʘʥʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ (Kd) ʧʦʨʷʜʢʘ 20 ʥʄ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨʝʮʝʧʪʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʩʠʛʥʘʣʴʥʳʝ 

ʧʫʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ ʠʥʚʘʟʠʠ 

EGFRvIII-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ [173]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ 

ʦʙʥʘʜʸʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, U2 ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʩʜʝʨʞʠʚʘʶʱʠʭ ʝʛʦ ʢʣʠʥʠʯʝʩʢʫʶ ʪʨʘʥʩʣʷʮʠʶ. ɺʦ-ʧʝʨʚʳʭ, 

ʜʣʠʥʘ ʠʩʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U2 ʧʨʝʚʳʰʘʝʪ 70 ʥʫʢʣʝʦʪʠʜʦʚ, ʯʪʦ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʥʦ ʠ ʩʦʟʜʘʸʪ ʨʠʩʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʙʦʧʪʠʤʘʣʴʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ in vivo. ɺʦ-ʚʪʦʨʳʭ, 

ʙʫʜʫʯʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ɼʅʂ-ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ, U2 ʧʦʜʚʝʨʞʝʥ 
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ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʵʥʜʦʛʝʥʥʳʤʠ ʥʫʢʣʝʘʟʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʨʝʤʷ ʝʛʦ ʮʠʨʢʫʣʷʮʠʠ ʚ ʢʨʦʚʦʪʦʢʝ. 

ɸʧʪʘʤʝʨ CL4 (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ E07) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʢʣʝʘʟʦ-

ʨʝʟʠʩʪʝʥʪʥʳʡ ʈʅʂ-ʘʧʪʘʤʝʨ (ʩʦʜʝʨʞʘʱʠʡ 2'-ʬʪʦʨ-ʤʦʜʠʬʠʢʘʮʠʠ), ʢʦʪʦʨʳʡ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʛʨʫʧʧʦʡ ʠʪʘʣʴʷʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʜʝʪʘʣʴʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ [171]. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ CL4 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʦʙʝʠʤʠ ʬʦʨʤʘʤʠ ʨʝʮʝʧʪʦʨʘ ð ʢʘʢ ʩ 

EGFRwt, ʪʘʢ ʠ ʩ EGFRvIII, ʥʝʩʤʦʪʨʷ ʥʘ ʫʪʨʘʪʫ ʧʦʩʣʝʜʥʠʤ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ [171]. ʉʚʷʟʳʚʘʥʠʝ CL4 ʩ EGFRvIII ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʢʦʥʩʪʠʪʫʪʠʚʥʦʛʦ ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʫʪʘʥʪʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ ʠ ʧʦʜʘʚʣʝʥʠʶ ʥʠʞʝʣʝʞʘʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʛʥʝʪʝʥʠʠ ʤʠʛʨʘʮʠʠ, ʠʥʚʘʟʠʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ EGFRvIII-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʛʣʠʦʙʣʘʩʪʦʤʳ. ɹʦʣʝʝ ʪʦʛʦ, CL4 ʩʧʦʩʦʙʝʥ ʘʢʪʠʚʥʦ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʜʦʩʪʘʚʢʠ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʥʘʙʣʶʜʝʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʧʨʠ ʠʟʫʯʝʥʠʠ CL4: 

ʪʘʨʛʝʪʠʨʦʚʘʥʠʝ EGFRvIII ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʘʧʪʘʤʝʨʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʩ ʧʦʤʦʱʴʶ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟ (ʵʨʣʦʪʠʥʠʙʘ ʠ ʛʝʬʠʪʠʥʠʙʘ), 

ʚʳʟʳʚʘʝʪ ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʫʩʠʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ PDGFRɓ ð ʜʨʫʛʦʛʦ 

ʨʝʮʝʧʪʦʨʥʦʛʦ ʪʠʨʦʟʠʥʢʠʥʘʟʥʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʥʢʦʛʝʥʥʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ ʚ ʦʙʭʦʜ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʛʦ EGFR [171]. ʕʪʦ 

ʦʪʢʨʳʪʠʝ ʠʤʝʝʪ ʜʚʘ ʚʘʞʥʳʭ ʩʣʝʜʩʪʚʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʦ ʦʙʲʷʩʥʷʝʪ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʥʦʪʝʨʘʧʠʠ ʘʛʝʥʪʘʤʠ ʧʨʦʪʠʚ EGFRvIII ʠ 

ʧʦʜʚʦʜʠʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʧʦʜ ʩʪʨʘʪʝʛʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʙʣʦʢʘʜʳ 

EGFRvIII ʠ PDGFRɓ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʜʘʞʝ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʡʩʷ ʘʧʪʘʤʝʨ ʥʝ 

ʟʘʩʪʨʘʭʦʚʘʥ ʦʪ ʘʢʪʠʚʘʮʠʠ ʦʙʭʦʜʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʦʡ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʠʥʝʨʛʠʷ CL4 ʩ ʘʥʪʠ-

PDGFRɓ ʘʧʪʘʤʝʨʦʤ Gint4.T: ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʘʧʪʘʤʝʨʦʚ 
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ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʥʘ 77%, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʣʦ ʵʬʬʝʢʪ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ [163,171]. 

5.3. ʆʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʘʧʪʘʤʝʨʘ ʢ EGFRvIII 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠ-EGFRvIII ʘʧʪʘʤʝʨʦʚ, 

ʜʦʩʪʠʛʥʫʪʳʡ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʩ U2 ʠ CL4, ʩʦʭʨʘʥʷʝʪʩʷ ʨʷʜ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʜʠʢʪʫʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. ɸʥʘʣʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʪʘʤʝʨʫ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ʅʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ɼʅʂ-ʘʧʪʘʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʠʩʭʦʜʥʳʡ U2, ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʥʫʢʣʝʘʟʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʤʘʣʦʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʚʚʝʜʝʥʠʷ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʣʫʞʠʪ 

ʚʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ð 2'-ʬʪʦʨ- ʠʣʠ 2'-O-ʤʝʪʠʣ-ʛʨʫʧʧ ʚ 

ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ, ʯʪʦ ʙʳʣʦ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʜʣʷ CL4, ʘ ʪʘʢʞʝ 

ʤʠʥʠʤʠʟʘʮʠʷ ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ 

ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʵʢʟʦʥʫʢʣʝʘʟʥʦʡ ʜʝʛʨʘʜʘʮʠʠ [174]. 

ɺʪʦʨʦʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ð ʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ɻʕɹ. ʕʪʘ ʟʘʜʘʯʘ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣʳ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ. 

ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ð ʩʦʟʜʘʥʠʝ ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʘʧʪʘʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʜʥʘ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʥʘʮʝʣʝʥʘ ʥʘ ʨʝʮʝʧʪʦʨʳ, 

ʦʧʦʩʨʝʜʫʶʱʠʝ ʪʨʘʥʩʮʠʪʦʟ ʯʝʨʝʟ ʵʥʜʦʪʝʣʠʡ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

(ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʬʝʨʨʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ TfR ʠʣʠ ʨʝʮʝʧʪʦʨ LRP1), ʘ ʚʪʦʨʘʷ ð 

ʥʘ EGFRvIII ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [163]. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʠʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʈʅʂ-ʘʧʪʘʤʝʨʘ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʷʟʳʚʘʶʱʝʛʦʩʷ ʩ ʠʥʩʫʣʠʥʦʚʳʤ ʨʝʮʝʧʪʦʨʦʤ ʜʣʷ ʪʨʘʥʩʣʦʢʘʮʠʠ 

ʯʝʨʝʟ ɻʕɹ ʠ ʩ EGFRvIII ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʥʘʮʝʣʠʚʘʥʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, 
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ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʢʘʥʴ ʛʣʠʦʙʣʘʩʪʦʤʳ [163]. 

ʊʨʝʪʴʝ ʪʨʝʙʦʚʘʥʠʝ ʢʘʩʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʣʠʯʘʪʴ EGFR 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ EGFRvIII ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʥʝ ʩʪʦʣʴʢʦ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʧʦʩʢʦʣʴʢʫ ʙʣʦʢʠʨʦʚʘʥʠʝ EGFRwt ʪʘʢʞʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʦ), ʩʢʦʣʴʢʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ ʰʠʨʦʢʫʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ EGFRwt ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʪʢʘʥʷʭ, ʚʢʣʶʯʘʷ ʧʝʯʝʥʴ ʠ ʢʦʞʫ. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʧʪʘʤʝʨʦʚ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʥʝʠʥʚʘʟʠʚʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

EGFRvIII-ʧʦʟʠʪʠʚʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʚʘʟʠʚʥʳʝ, 

ʫʜʘʣʸʥʥʳʝ ʦʪ ʦʩʥʦʚʥʦʛʦ ʦʯʘʛʘ, ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʢʘʢ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʛʨʘʥʠʮ ʦʧʫʭʦʣʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʚʝʪʘ ʥʘ ʪʝʨʘʧʠʶ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ Park J.Y. ʠ ʩʦʘʚʪʦʨʦʚ (2024), ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʣʩʷ ʘʧʪʘʤʝʨ, 

ʤʝʯʝʥʥʳʡ Ga ʯʝʨʝʟ ʭʝʣʘʪʦʨ NOTA (Ga-NOTA-EGFRvIII), ʥʘ ʤʦʜʝʣʠ 

ʢʩʝʥʦʛʨʘʬʪʘ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩ ʵʢʩʧʨʝʩʩʠʝʡ EGFRvIII [174]. ɸʚʪʦʨʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʦʝ ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦ 

ʤʝʯʝʥʦʛʦ ʘʧʪʘʤʝʨʘ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

EGFRvIII-ʧʦʟʠʪʠʚʥʳʝ ʦʯʘʛʠ ʩ ʧʦʤʦʱʴʶ ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ (ʇʕʊ) [174]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʪʘʤʝʨʥʳʭ ʇʕʊ-

ʨʘʜʠʦʪʨʝʡʩʝʨʦʚ ʜʣʷ ʥʝʠʥʚʘʟʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʚ ʩʚʝʪʝ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 

ʵʢʩʧʨʝʩʩʠʠ EGFRvIII ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʪʨʘʪʳ ʵʪʦʛʦ ʤʘʨʢʝʨʘ ʧʨʠ ʨʝʮʠʜʠʚʝ. 

ʆʪʜʝʣʴʥʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʘʧʪʘʤʝʨ A32, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ (QD-Apt), ʢʦʪʦʨʳʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ɻʕɹ ʠ ʩʝʣʝʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʠʤʝʥʥʦ 

ʟʘ ʩʯʸʪ ʩʚʷʟʳʚʘʥʠʷ ʩ EGFRvIII [163]. ʕʪʦʪ ʧʨʠʤʝʨ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ 
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ʘʧʪʘʤʝʨʦʚ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ, ʥʦ ʠ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʩʝʢʘʪʴ ɻʕɹ ð ʩʚʦʡʩʪʚʦ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʜʦʩʪʫʧʥʦʝ ʜʣʷ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ EGFR ʠ EGFRvIII ʷʚʣʷʶʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʠʰʝʥʷʤʠ ʜʣʷ ʘʧʪʘʤʝʨʥʦʡ ʪʝʨʘʧʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʧʪʘʤʝʨʳ ð U2 ʠ CL4 ð ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ EGFRvIII-ʟʘʚʠʩʠʤʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ 

(ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ 

EGFRvIII) ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʦʣʝʢʫʣ. ʆʧʪʠʤʘʣʴʥʳʡ 

ʢʘʥʜʠʜʘʪ ʜʦʣʞʝʥ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ: (1) ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʫʢʣʝʘʟʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ; (2) ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ EGFRvIII; (3) ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʵʬʬʝʢʪʠʚʥʦʡ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ; (4) ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ɻʕɹ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʩʪʘʚʝ 

ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʤʝʥʥʦ ʥʘ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʠ ʙʳʣʦ 

ʥʘʧʨʘʚʣʝʥʦ ʩʦʟʜʘʥʠʝ ʘʧʪʘʤʝʨʘ Gol1, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʢʦʪʦʨʦʛʦ 

ʧʦʩʚʷʱʝʥʳ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɻʃɸɺɸ 6. ʌʀɿʀʆʃʆɻʀʏɽʉʂɸʗ ʈʆʃʔ EGFRVIII ɺ ʈɽɻʋʃʗʎʀʀ 

ʇʈʆʃʀʌɽʈɸʎʀʀ ʀ ʄʀɻʈɸʎʀʀ ʂʃɽʊʆʂ ɻʃʀʆɹʃɸʉʊʆʄʓ 

ʇʦʥʠʤʘʥʠʝ ʬʫʥʢʮʠʡ EGFRvIII ʚ ʙʠʦʣʦʛʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ 

ʢʦʥʩʪʘʪʘʮʠʠ ʝʛʦ ʦʥʢʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʦ ʠ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʨʝʮʝʧʪʦʨʘ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ 

ʢʘʢ ʥʦʢʘʫʪ ʠʣʠ ʥʦʢʜʘʫʥ ʛʝʥʘ, ʜʘʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʵʬʬʝʢʪʘʭ ʫʪʨʘʪʳ ʙʝʣʢʘ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ: 

ʦʥʠ ʥʝʦʙʨʘʪʠʤʦ ʠʟʤʝʥʷʶʪ ʩʠʩʪʝʤʫ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʟʘʧʫʩʢʘʝʪ ʢʘʩʢʘʜʳ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʤʘʩʢʠʨʫʶʱʠʭ ʧʨʷʤʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʘʧʪʘʤʝʨʳ ʦʪʢʨʳʚʘʶʪ ʫʥʠʢʘʣʴʥʫʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʥʠʰʫ. ɹʣʘʛʦʜʘʨʷ ʦʙʨʘʪʠʤʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ 
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ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʥʠ 

ʧʦʟʚʦʣʷʶʪ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʨʘʙʦʪʫ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʦʩʪʨʦ ʠ ʣʦʢʘʣʴʥʦ, ʥʝ 

ʧʦʚʨʝʞʜʘʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʣʝʪʢʠ. ʊʘʢʦʝ ʦʙʨʘʪʠʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʮʝʧʪʦʨʦʚ, ʧʦʜʦʙʥʳʭ EGFRvIII, ʢʦʪʦʨʳʝ ʥʝ 

ʪʦʣʴʢʦ ʧʝʨʝʜʘʶʪ ʦʥʢʦʛʝʥʥʳʡ ʩʠʛʥʘʣ, ʥʦ ʠ ʚʩʪʨʦʝʥʳ ʚ ʩʣʦʞʥʳʝ ʘʜʘʧʪʠʚʥʳʝ 

ʩʝʪʠ, ʛʜʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ 

ʵʬʬʝʢʪʳ ʥʘ ʩʠʛʥʘʣʠʥʛ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʢʣʝʪʦʯʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʭʨʦʥʠʯʝʩʢʘʷ ʜʝʣʝʮʠʷ ʠʣʠ ʤʫʪʘʮʠʷ ʩʢʨʳʣʘ ʙʳ ʠʭ ʟʘ ʥʘʩʣʦʝʥʠʷʤʠ 

ʚʪʦʨʠʯʥʳʭ ʘʜʘʧʪʘʮʠʡ [162,175]. ʀʤʝʥʥʦ ʵʪʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʜʝʣʘʝʪ ʘʧʪʘʤʝʨʳ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ EGFRvIII ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

6.1. ɸʧʪʘʤʝʨʳ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʠʟʫʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʠ ʨʝʮʝʧʪʦʨʦʚ 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʤʦʣʝʢʫʣ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʭ ʧʦʪʝʥʮʠʘʣ ʘʧʪʘʤʝʨʦʚ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʘʥʘʣʠʟʝ EGFRvIII, ʩʪʘʣ ʈʅʂ-ʘʧʪʘʤʝʨ CL4 (ʪʘʢʞʝ 

ʦʙʦʟʥʘʯʘʝʤʳʡ E07). ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʢʦʨʦʯʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʜʦʤʝʥʘ ʤʫʪʘʥʪʥʦʛʦ ʨʝʮʝʧʪʦʨʘ, CL4 ʩʦʭʨʘʥʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ EGFRvIII ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʝʛʦ ʢʦʥʩʪʠʪʫʪʠʚʥʦʝ 

ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ [171]. ʕʪʦʪ ʬʘʢʪ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʠʤʝʯʘʪʝʣʝʥ: ʦʥ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʞʝ ʧʦʩʣʝ ʜʝʣʝʮʠʠ ʵʢʟʦʥʦʚ 2ï7 ʚʥʝʢʣʝʪʦʯʥʘʷ ʯʘʩʪʴ 

EGFRvIII ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʵʧʠʪʦʧʳ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʚʳʩʦʢʦʘʬʬʠʥʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʣʝʢʫʣʘʤʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʘʥʪʠʪʝʣʘ. 

ʉʚʷʟʳʚʘʥʠʝ CL4 ʩ ʨʝʮʝʧʪʦʨʦʤ ʧʦʜʘʚʣʷʝʪ ʥʠʞʝʣʝʞʘʱʠʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ 

ʠ ʫʛʥʝʪʘʝʪ ʤʠʛʨʘʮʠʶ, ʠʥʚʘʟʠʶ ʠ ʧʨʦʣʠʬʝʨʘʮʠʶ EGFRvIII-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʛʣʘʚʝ 5, CL4 ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʤʝʥʥʦ ʤʫʪʘʥʪʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ: ʦʥ ʩʚʷʟʳʚʘʝʪʩʷ ʠ ʩ EGFRwt, ʠ ʩ EGFRvIII, ʪʦ ʝʩʪʴ ʥʝ ʨʘʟʣʠʯʘʝʪ 
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ʜʚʝ ʬʦʨʤʳ ʨʝʮʝʧʪʦʨʘ [171]. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ CL4 ʥʘ EGFRvIII-ʧʦʟʠʪʠʚʥʳʝ ʢʣʝʪʢʠ ʙʣʦʢʠʨʫʝʪʩʷ ʠ 

ʥʦʨʤʘʣʴʥʳʡ ʨʝʮʝʧʪʦʨ EGFR ʜʠʢʦʛʦ ʪʠʧʘ ʪʦʞʝ, ʘ ʵʪʦ ʥʝʠʟʙʝʞʥʦ ʚʥʦʩʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʪʨʫʜʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʵʬʬʝʢʪʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʪʦʡ ʞʝ ʨʘʙʦʪʝ, ʜʣʠʪʝʣʴʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ EGFRvIII ʩ ʧʦʤʦʱʴʶ CL4, ʨʘʚʥʦ ʢʘʢ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟ, ʚʳʟʳʚʘʝʪ ʢʦʤʧʝʥʩʘʪʦʨʥʫʶ ʘʧʨʝʛʫʣʷʮʠʶ PDGFRɓ 

ð ʜʨʫʛʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʥʢʦʛʝʥʥʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ ʚ 

ʦʙʭʦʜ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʛʦ EGFR [171]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘʛʣʷʜʥʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ ʥʝʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʘ ʨʝʮʝʧʪʦʨʘ ʟʘʧʫʩʢʘʝʪ 

ʘʜʘʧʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʟʘʪʨʫʜʥʷʶʱʠʝ ʚʳʯʣʝʥʝʥʠʝ ʧʨʷʤʳʭ ʵʬʬʝʢʪʦʚ ʠʤʝʥʥʦ 

ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ.  

ʂʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʪʘʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʜʦʚ ʷʚʣʷʝʪʩʷ ʧʫʪʴ ʠʭ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʟʘʭʚʘʪ ʘʧʪʘʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʵʥʜʦʮʠʪʦʟ, ʪʦʛʜʘ ʢʘʢ 

ʢʘʚʝʦʣʠʥʦʚʳʡ ʧʫʪʴ ʠ ʤʘʢʨʦʧʠʥʦʮʠʪʦʟ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʢʣʘʜʘ [175,176]. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʝ, ʥʦ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: ʨʝʮʝʧʪʦʨʳ ʩʝʤʝʡʩʪʚʘ ErbB, ʚʢʣʶʯʘʷ EGFR 

ʜʠʢʦʛʦ ʪʠʧʘ, ʚ ʥʦʨʤʝ ʘʢʪʠʚʥʦ ʠʥʪʝʨʥʘʣʠʟʫʶʪʩʷ ʠʤʝʥʥʦ ʯʝʨʝʟ ʢʣʘʪʨʠʥʦʚʳʝ 

ʦʢʘʡʤʣʸʥʥʳʝ ʷʤʢʠ, ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʘʧʪʘʤʝʨ, ʩʚʷʟʘʚʰʠʡʩʷ ʩ EGFRvIII, 

ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʪʝʤ ʞʝ ʧʫʪʸʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʥʦʩʪʠ ʵʥʜʦʮʠʪʦʟʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʫ ʤʫʪʘʥʪʥʦʛʦ ʨʝʮʝʧʪʦʨʘ [177]. ʍʘʨʘʢʪʝʨ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʘʧʪʘʤʝʨʘ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ: 

ʘʧʪʘʤʝʨ, ʟʘʜʝʨʞʠʚʘʶʱʠʡʩʷ ʥʘ ʤʝʤʙʨʘʥʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʣʦʢʠʨʫʝʪ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʥʠʞʝʣʝʞʘʱʠʡ ʩʠʛʥʘʣʠʥʛ, ʪʦʛʜʘ ʢʘʢ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʡ 

ʘʧʪʘʤʝʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʜʫʣʠʨʫʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʨʝʮʝʧʪʦʨʘ, ʝʛʦ ʜʝʛʨʘʜʘʮʠʶ 

ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʮʠʢʣʠʥʛʫ, ʯʪʦ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʠʣʠ ʦʩʣʘʙʣʷʪʴ ʩʫʤʤʘʨʥʳʡ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʧʪʘʤʝʨʳ ʧʨʦʪʠʚ EGFRvIII ð ɻ ʪʦ ʥʝ ʧʨʦʩʪʦ ʠʥʛʠʙʠʪʦʨʳ, ʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʫʯʘʪʴ 

ʤʝʭʘʥʠʟʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʦʨʘ ʚ ʜʠʥʘʤʠʢʝ.  

6.2. EGFRvIII ʠ ʧʨʦʣʠʬʝʨʘʮʠʷ 

ʆʙʱʝʧʨʠʥʷʪʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ EGFRvIII ʢʘʢ ʦ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʘʢʪʠʚʥʦʡ 

ʪʠʨʦʟʠʥʢʠʥʘʟʝ, ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʙʝʟʦʩʪʘʥʦʚʦʯʥʦʝ ʜʝʣʝʥʠʝ ʢʣʝʪʦʢ, ʦʩʥʦʚʘʥʦ 

ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʤʫʪʘʥʪʥʳʡ ʨʝʮʝʧʪʦʨ ʘʢʪʠʚʠʨʫʝʪ 

ʪʝ ʞʝ ʢʣʶʯʝʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʯʪʦ ʠ ʣʠʛʘʥʜ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʡ EGFRwt, 

ʥʦ ʜʝʣʘʝʪ ʵʪʦ ʧʦʩʪʦʷʥʥʦ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦ. ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʵʪʠʭ 

ʧʫʪʝʡ ʟʘʥʠʤʘʶʪ ʢʘʩʢʘʜʳ RAS/RAF/MEK/ERK ʠ PI3K/AKT/mTOR, 

ʛʠʧʝʨʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ EGFRvIII-

ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʢʘʭ ʢʘʢ ʚ ʢʫʣʴʪʫʨʝ, ʪʘʢ ʠ ʚ ʦʙʨʘʟʮʘʭ ʦʧʫʭʦʣʝʡ ʧʘʮʠʝʥʪʦʚ 

[114,178]. ɺʘʞʥʝʡʰʠʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʵʪʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʝʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʠʥʛʠʙʠʪʦʨʘ 

ʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʳʭ ʢʠʥʘʟ p27KIP1. ɹʝʣʦʢ p27 ʚ ʥʦʨʤʝ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʮʠʢʣʠʥ E/CDK2 ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ 

ʧʝʨʝʭʦʜ ʠʟ G1 ʚ S-ʬʘʟʫ; ʝʛʦ ʧʦʜʘʚʣʝʥʠʝ ʩʥʠʤʘʝʪ ʵʪʦʪ ʪʦʨʤʦʟ ʠ ʦʙʣʝʛʯʘʝʪ 

ʚʩʪʫʧʣʝʥʠʝ ʢʣʝʪʢʠ ʚ ʮʠʢʣ ʜʝʣʝʥʠʷ [179,180]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦ ʠʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʩʣʝʜʩʪʚʠʡ ʘʢʪʠʚʥʦʩʪʠ EGFRvIII ð ɻʪʦ ʩʦʟʜʘʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʨʘʟʨʝʰʝʥʥʦʩʪʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (cell cycle permissiveness), ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʞʝ 

ʩʣʘʙʳʝ ʤʠʪʦʛʝʥʥʳʝ ʩʪʠʤʫʣʳ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʟʘʧʫʩʢʘ 

ʧʨʦʣʠʬʝʨʘʮʠʠ. 

ɹʦʣʝʝ ʰʠʨʦʢʠʡ ʚʟʛʣʷʜ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʠ ʧʨʦʪʝʦʤʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʘʢʪʠʚʘʮʠʠ EGFRvIII ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʮʝʧʪʦʨ ʠʥʜʫʮʠʨʫʝʪ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʥʝ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʦ 

ʜʝʣʝʥʠʝ, ʥʦ ʠ ʚʳʞʠʚʘʥʠʝ ʢʣʝʪʦʢ. ɺ EGFRvIII-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʦʧʫʭʦʣʷʭ 

ʧʦʚʳʰʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʨʦʩʪʦʚʳʭ 

ʮʠʪʦʢʠʥʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʫʪʦʢʨʠʥʥʦʡ ʧʝʪʣʠ, ʝʱʸ ʙʦʣʝʝ 

ʫʩʠʣʠʚʘʶʱʝʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʩʠʛʥʘʣ [114]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 
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ʨʘʩʩʤʘʪʨʠʚʘʪʴ EGFRvIII ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʤʘʨʢʸʨ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʘ ʢʘʢ 

ʧʦʣʥʦʮʝʥʥʳʡ ʜʨʘʡʚʝʨ ʫʩʪʦʡʯʠʚʦʛʦ ʤʠʪʦʛʝʥʥʦʛʦ ʩʠʛʥʘʣʠʥʛʘ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ 

ʧʝʨʝʩʪʨʘʠʚʘʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʣʘʥʜʰʘʬʪ ʢʣʝʪʢʠ ʚ ʧʦʣʴʟʫ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʨʦʩʪʘ.  

6.3. EGFRvIII ʠ ʤʠʛʨʘʮʠʷ/ʠʥʚʘʟʠʷ 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ, ʘ ʚʦ ʤʥʦʛʠʭ ʦʪʥʦʰʝʥʠʷʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʝʡ 

EGFRvIII ̫ʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʫʣʠʨʦʚʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ [181]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʣʠʬʝʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʨʘʱʠʚʘʥʠʝ ʤʘʩʩʳ 

ʦʧʫʭʦʣʠ, ʠʤʝʥʥʦ ʤʠʛʨʘʮʠʷ ʠ ʠʥʚʘʟʠʷ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʧʘʨʝʥʭʠʤʫ ʤʦʟʛʘ ʜʝʣʘʶʪ ʛʣʠʦʙʣʘʩʪʦʤʫ ʥʝʠʟʣʝʯʠʤʦʡ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʩʥʠʣʠ ʤʝʭʘʥʠʟʤʳ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ 

EGFRvIII ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʚʘʟʠʚʥʦʤʫ ʬʝʥʦʪʠʧʫ [182ï184]. 

ɼʝʪʘʣʴʥʦʝ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EGFRvIII-

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʫʪʘʥʪʥʳʡ ʨʝʮʝʧʪʦʨ 

ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʯʠʩʣʘ ʬʦʢʘʣʴʥʳʭ ʘʜʛʝʟʠʡ, 

ʩʥʠʞʘʝʪ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ [181]. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʵʪʦʪ 

ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʢʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʠʥʪʝʛʨʠʥʦʚ, ʘ ʥʝ ʯʝʨʝʟ ʧʨʷʤʦʝ ʬʠʟʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʮʝʧʪʦʨʘ ʩ ʘʜʛʝʟʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

EGFRvIII ʤʝʥʷʝʪ ʩʘʤʫ ʧʨʦʛʨʘʤʤʫ ʘʜʛʝʟʠʠ ʢʣʝʪʢʠ, ʜʝʣʘʷ ʝʸ ʤʝʥʝʝ 

ʧʨʠʢʨʝʧʣʸʥʥʦʡ ʢ ʚʥʝʢʣʝʪʦʯʥʦʤʫ ʤʘʪʨʠʢʩʫ ʠ ʙʦʣʝʝ ʩʢʣʦʥʥʦʡ ʢ ʧʝʨʝʤʝʱʝʥʠʶ. 

ʕʪʦ ʦʪʢʨʳʪʠʝ ʜʘʸʪ ʫʙʝʜʠʪʝʣʴʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʪʦʤʫ, ʢʘʢ ʤʫʪʘʥʪʥʳʡ ʨʝʮʝʧʪʦʨ, 

ʥʝ ʥʫʞʜʘʶʱʠʡʩʷ ʚ ʣʠʛʘʥʜʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʜʠʩʩʝʤʠʥʘʮʠʶ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʧʦ ʧʨʦʚʦʜʷʱʠʤ ʧʫʪʷʤ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʀʥʚʘʟʠʚʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʟʘʧʫʩʢʘʝʤʘʷ EGFRvIII, ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ. ʍʦʪʷ ʢʦʥʢʨʝʪʥʘʷ ʦʩʴ EGFRvIIIï

MMP ʥʝ ʚʩʝʛʜʘ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʙʱʠʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ 
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ʛʣʠʦʙʣʘʩʪʦʤʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ 

(MMP), ʚ ʦʩʦʙʝʥʥʦʩʪʠ MMP-2 ʠ MMP-9, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʵʬʬʝʢʪʦʨʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʨʘʩʱʝʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ 

ʦʙʣʝʛʯʘʶʱʠʤʠ ʧʨʦʜʚʠʞʝʥʠʝ ʢʣʝʪʦʢ ʯʝʨʝʟ ʪʢʘʥʴ ʤʦʟʛʘ [185ï187]. 

ʉʦʛʣʘʩʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʚʳʩʦʢʦʠʥʚʘʟʠʚʥʦʛʦ ʬʝʥʦʪʠʧʘ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʜʠʭʦʪʦʤʠʠ çgo or growè: ʢʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ 

ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʠ ʤʠʛʨʘʮʠʦʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʛʥʘʣʦʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ [188,189]. EGFRvIII, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʘ ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʟʥʳʭ ʩʫʙʧʦʧʫʣʷʮʠʷʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʦʧʫʭʦʣʠ, ʩʦʟʜʘʚʘʷ ʧʣʘʩʪʠʯʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʠ ʢʣʝʪʢʠ ʜʝʣʷʪʩʷ, 

ʫʚʝʣʠʯʠʚʘʷ ʤʘʩʩʫ ʦʧʫʭʦʣʠ, ʘ ʜʨʫʛʠʝ ʦʪʨʳʚʘʶʪʩʷ ʠ ʧʨʦʥʠʢʘʶʪ ʚ ʟʜʦʨʦʚʫʶ 

ʪʢʘʥʴ, ʬʦʨʤʠʨʫʷ ʦʪʜʘʣʸʥʥʳʝ ʦʯʘʛʠ. ʀʤʝʥʥʦ ʵʪʘ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʜʝʣʘʝʪ 

EGFRvIII ʩʪʦʣʴ ʦʧʘʩʥʳʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʦʣʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

6.4. ʄʝʭʘʥʠʟʤʳ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʘʧʪʘʤʝʨʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʝ 

ʏʪʦʙʳ ʘʧʪʘʤʝʨ ʤʦʛ ʥʝ ʧʨʦʩʪʦ ʩʚʷʟʘʪʴʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, 

ʥʦ ʠ ʠʟʤʝʥʠʪʴ ʝʛʦ ʬʠʟʠʦʣʦʛʠʶ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʫʪʴ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ. ʀʤʝʥʥʦ ʦʪ ʤʝʭʘʥʠʟʤʘ 

ʧʦʧʘʜʘʥʠʷ ʘʧʪʘʤʝʨʘ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʟʘʚʠʩʠʪ, ʙʫʜʝʪ ʣʠ ʦʥ ʧʨʦʩʪʦ ʧʘʩʩʠʚʥʦ 

ʙʣʦʢʠʨʦʚʘʪʴ ʨʝʮʝʧʪʦʨ, ʦʩʪʘʚʘʷʩʴ ʥʘ ʤʝʤʙʨʘʥʝ, ʠʣʠ ʞʝ ʘʢʪʠʚʥʦ ʚʤʝʰʘʝʪʩʷ ʚ 

ʪʨʘʥʩʧʦʨʪ, ʨʝʮʠʢʣʠʥʛ ʠ ʩʦʨʪʠʨʦʚʢʫ EGFRvIII ʚ ʵʥʜʦʩʦʤʘʣʴʥʦ-ʣʠʟʦʩʦʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʧʪʘʤʝʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʭʚʘʪ ʘʧʪʘʤʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʯʝʨʝʟ ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʣʘʪʨʠʥ-ʟʘʚʠʩʠʤʳʡ ʵʥʜʦʮʠʪʦʟ (ʈʠʩʫʥʦʢ 9). ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʧʳʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ: 

ʭʣʦʨʧʨʦʤʘʟʠʥ, ʥʘʨʫʰʘʶʱʠʡ ʩʙʦʨʢʫ ʢʣʘʪʨʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʜʘʚʣʷʝʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ ʥʠʩʪʘʪʠʥ (ʙʣʦʢʘʪʦʨ ʢʘʚʝʦʣʠʥʦʚʦʛʦ 
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ʧʫʪʠ) ʠ ʣʘʪʨʫʥʢʫʣʠʥ ɸ (ʠʥʛʠʙʠʪʦʨ ʤʘʢʨʦʧʠʥʦʮʠʪʦʟʘ) ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ [176]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ 

ʨʝʮʝʧʪʦʨʳ ʩʝʤʝʡʩʪʚʘ ErbB, ʚʢʣʶʯʘʷ EGFR ʜʠʢʦʛʦ ʪʠʧʘ, ʚ ʥʦʨʤʝ 

ʠʥʪʝʨʥʘʣʠʟʫʶʪʩʷ ʠʤʝʥʥʦ ʯʝʨʝʟ ʢʣʘʪʨʠʥʦʚʳʝ ʦʢʘʡʤʣʸʥʥʳʝ ʷʤʢʠ, ʠ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ EGFRvIII, ʥʝʩʤʦʪʨʷ ʥʘ ʫʪʨʘʪʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ, 

ʩʦʭʨʘʥʷʝʪ ʵʪʦʪ ʤʝʭʘʥʠʟʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʥʦʩʪʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʵʥʜʦʮʠʪʦʟʥʳʤ ʘʧʧʘʨʘʪʦʤ ʢʣʝʪʢʠ. 

 

ʈʠʩʫʥʦʢ 9 ï ʉʭʝʤʘ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ. ɸʜʘʧʪʘʮʠʷ 

ʨʠʩʫʥʢʘ [190] ʧʨʠ ʧʦʤʦʱʠ Biorender.com. 

ɿʥʘʯʝʥʠʝ ʧʫʪʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʜʘʣʝʢʦ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ɸʧʪʘʤʝʨ, ʟʘʜʝʨʞʠʚʘʶʱʠʡʩʷ ʥʘ ʤʝʤʙʨʘʥʝ, ʚ ʦʩʥʦʚʥʦʤ 

ʩʪʝʨʠʯʝʩʢʠ ʙʣʦʢʠʨʫʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨʝʮʝʧʪʦʨʘ ʠ ʥʠʞʝʣʝʞʘʱʠʝ 

ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʨʝʤʷ ʞʠʟʥʠ ʩʘʤʦʛʦ ʨʝʮʝʧʪʦʨʘ. 

ʅʘʧʨʦʪʠʚ, ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʡ ʘʧʪʘʤʝʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʚʨʝʤʷ 

ʧʨʝʙʳʚʘʥʠʷ ʨʝʮʝʧʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ ʠ ʪʝʤ 
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ʩʘʤʳʤ ʥʝ ʪʦʣʴʢʦ ʚʳʢʣʶʯʘʝʪ ʩʠʛʥʘʣ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʠʩʪʦʱʘʝʪ ʧʫʣ ʜʦʩʪʫʧʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʠ ʧʨʦʣʦʥʛʠʨʦʚʘʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ɼʣʷ ʘʧʪʘʤʝʨʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ EGFRvIII, ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ downstream-ʧʫʪʝʡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʝʭʘʥʠʟʤʦʤ, 

ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʚʷʟʳʚʘʥʠʷ ʨʝʮʝʧʪʦʨʘ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ [171,176]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʴ 

ʵʥʜʦʮʠʪʦʟʘ ð ɻ ʪʦ ʥʝ ʧʨʦʩʪʦ ʜʝʪʘʣʴ ʜʦʩʪʘʚʢʠ, ʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ. 

ɻʣʠʦʙʣʘʩʪʦʤʘ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʬʘʪʘʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʘʞʝ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ 

ʧʦʜʭʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʜʣʝʥʠʝ ʞʠʟʥʠ. 

ʀʥʬʠʣʴʪʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ, ʥʘʣʠʯʠʝ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʠ 

ʧʦʨʘʟʠʪʝʣʴʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʨʝʚʨʘʱʘʶʪ ʵʪʫ ʦʧʫʭʦʣʴ ʚ 

ʢʣʠʥʠʯʝʩʢʠʡ ʚʳʟʦʚ, ʪʨʝʙʫʶʱʠʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ EGFRvIII, ʦʙʥʘʨʫʞʠʚʘʝʤʳʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʠ ʩʧʦʩʦʙʥʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʧʨʦʛʨʘʤʤʳ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ, ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ. ɸʧʪʘʤʝʨʳ ð 

ʢʦʤʧʘʢʪʥʳʝ, ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʫʝʤʳʝ, ʣʠʰʸʥʥʳʝ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʳʝ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ð ʦʪʢʨʳʚʘʶʪ 

ʧʝʨʝʜ ʜʘʥʥʦʡ ʤʠʰʝʥʴʶ ʪʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʫʧʥʳ ʥʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ, ʥʠ ʘʥʪʠʪʝʣʘʤ. ʇʦʷʚʣʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ 

ʘʧʪʘʤʝʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, 

ʥʦ ʠ ʚʧʝʨʚʳʝ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʨʦʣʠ EGFRvIII ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ð ʙʝʟ ʪʝʭ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ 

ʠʩʢʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʳ ʧʨʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘʭ. 
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7. ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

7.1. ɼʠʟʘʡʥ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʘʧʪʘʤʝʨʘ Gol1 

ʇʦʠʩʢ ʥʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʦʧʠʨʘʣʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʚʝʩʪʥʳʭ ʘʧʪʘʤʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʦ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʩʢʘʟʘʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʜʣʷ ɼʅʂ-ʘʧʪʘʤʝʨʘ U2, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʦʙʨʘʥ ʢʦʤʘʥʜʦʡ X. Zhang 

[Wu ʠ ʜʨ., 2014]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʧʪʘʤʝʨʘ U2: 5ǋ-ATC CAG AGT GAC 

GCA GCA TTT TGA CGC TTT ATC CTT TTC TTA TGG CGG GAT AGT TTC 

GTG GAC ACG GTG GCT TAG T-3ǋ 

7.1.1. ʄʠʥʠʤʠʟʘʮʠʷ ʠ ʦʙʨʘʪʥʦʝ ʩʚʦʨʘʯʠʚʘʥʠʝ.  

ʉʨʘʚʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʘʧʪʘʤʝʨʦʚ U2, U8, U19, U31 

(Wu et al., 2014) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʦʣʴʢʦ U2 ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪ çʤʫʣʴʪʠʧʝʪʣʷè. ʉ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ViennaRNA [191] ʠ ʧʘʨʘʤʝʪʨʦʚ DNA_Mathews2004 

ʧʨʦʚʦʜʠʣʠ ʩʢʦʣʴʟʷʱʝʝ ʫʢʦʨʦʯʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 5ǋ- ʠ 3ǋ-ʢʦʥʮʦʚ, 

ʩʦʭʨʘʥʷʷ ʤʫʣʴʪʠʧʝʪʣʶ. ɼʣʷ ʦʙʨʘʪʥʦʛʦ ʩʚʦʨʘʯʠʚʘʥʠʷ (ʧʦʠʩʢʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʚʦʨʘʯʠʚʘʶʱʠʭʩʷ ʚ ʞʝʣʘʝʤʫʶ ʩʪʨʫʢʪʫʨʫ) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʪʠʣʠʪʫ RNASketch [192,193] (1000 ʠʪʝʨʘʮʠʡ). ʇʦʣʫʯʝʥʥʳʝ 

522 ʫʥʠʢʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʩʦʨʪʠʨʦʚʘʣʠ ʧʦ ʵʥʝʨʛʠʠ; ʣʫʯʰʠʡ ʦʪʨʝʜʘʢʪʠʨʦʚʘʣʠ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʧʝʪʣʷʭ. 

7.1.2. ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʧʝʪʣʠ. 

ɼʣ ̫ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤ  rʠʩʧʦʣʴʟʦʚʘʣʠ trRosettaRNA 

[194] ʩ ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ ʚʝʨʦʷʪʥʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ; 

ʧʦʩʣʝ 10 ʧʦʚʪʦʨʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 3D-ʩʪʨʫʢʪʫʨʳ, 

ʩʦʭʨʘʥʷʶʱʠʝ ʠʩʭʦʜʥʫʶ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʤʫʣʷʮʠʠ: ʄʳ ʧʨʦʚʝʣʠ ʪʨʠ ʥʘʙʦʨʘ ʩʠʤʫʣʷʮʠʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ çʩʚʷʟʫʶʱʝʛʦè ʫʯʘʩʪʢʘ (junction): AAAA, ATAT, TTTT. 

ʂʘʞʜʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʪʦʨʘʭ ʧʦ 1000 ʥʩ 

ʢʘʞʜʳʡ; ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʚʪʦʨʳ ʩʦ 
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ʩʪʘʙʠʣʴʥʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ MD-

ʪʨʘʝʢʪʦʨʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ GROMACS 2023.4. 

ʉʠʤʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʷʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ parmbsc1 [195] ʧʨʠ T = 300 K ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʪʝʨʤʦʩʪʘʪʘ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʝʡ [196], ʩ ʠʟʦʪʨʦʧʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʙʘʨʦʩʪʘʪʘ ɹʝʨʝʥʜʩʝʥʘ 

[197] ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʯʘʩʪʠʮ ʕʚʘʣʴʜʘ [198] ʜʣʷ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (PME). ɺʦʢʨʫʛ ɼʅʂ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ 

ʪʨʠʢʣʠʥʥʘʷ ̫ ʯʝʡʢʘ [199] ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ TIP4P ʥʘ ʛʣʫʙʠʥʫ 25 ¡ ʩ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ʩʠʩʪʝʤ ʙʳʣʠ ʥʝʡʪʨʘʣʠʟʦʚʘʥʳ 

ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ å0,15 M. 

ʀʦʥʳ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ ʜʦʙʘʚʣʷʣʠʩʴ ʚ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʟʘʤʝʥʳ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʩʣʫʯʘʡʥʳʭ ʧʦʟʠʮʠʷʭ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʠʦʥʘʤʠ 6 ¡. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʩ ʤʫʣʴʪʠʧʝʪʣʝʡ ATAT, 

ʥʘʟʚʘʥʥʳʡ Gol1, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

5ǋ-GCCGGCATTTTGACGCCGCCCCGGCTGCTTATGCTCCGGGGCATATGG

C-3ǋ. 

7.1.3. ʉʠʥʪʝʟ ʘʧʪʘʤʝʨʦʚ. 

ʉʠʥʪʝʟ ʥʝʤʝʯʝʥʦʛʦ ʠ FAM-ʤʝʯʝʥʦʛʦ ʧʦ 5ǋ-ʢʦʥʮʫ ʘʧʪʘʤʝʨʘ Gol1 ʟʘʢʘʟʳʚʘʣʠ ʚ 

ʆʆʆ çɻʝʥʪʝʨʨʘè (ʈʦʩʩʠʷ). ʆʯʠʩʪʢʫ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɺʕɾʍ, ʯʠʩʪʦʪʫ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ (MALDI-TOF). ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʪʘʤʝʨʳ ʧʨʝʬʦʨʤʠʨʦʚʘʣʠ: ʥʘʛʨʝʚʘʣʠ ʜʦ 95ÁC 5 ʤʠʥ, ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ʙʫʬʝʨʝ (7,3 ʤʄ KCl, 2 

ʤʄ MgCl ʚ PBS, pH 7,4). 

7.2. ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʠ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ: 
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¶ ʧʝʨʚʠʯʥʳʝ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ (grade 4), ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʧʘʮʠʝʥʪʦʚ ʚ ʌɻɸʋ çʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ɹʫʨʜʝʥʢʦè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ: BU881, Bl, G01 ʠ Sus; 

¶ ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U87 (ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ 

ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); 

¶ ʣʠʥʠʶ ʬʠʙʨʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ DF1 (ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʈɸʅ); 

¶ ʢʣʝʪʢʠ ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʦʡ ʚʳʩʪʠʣʢʠ ʥʦʩʘ OES-b (ʧʦʣʫʯʝʥʳ ʠʟ 

ʵʢʩʧʣʘʥʪʘʪʘ ʚ ʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ); 

¶ ʣʠʥʠʶ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ A431 (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʵʢʩʧʨʝʩʩʠʠ 

EGFR, ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʈɸʅ). 

ʂʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ DMEM/F12 (ʇʘʥʕʢʦ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 10% ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ (Thermo Fisher Scientific, 

ʉʐɸ), 2 ʤʄ L-ʛʣʫʪʘʤʠʥʘ (ʇʘʥʕʢʦ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) ʠ 1% ʨʘʩʪʚʦʨʘ 

ʘʥʪʠʙʠʦʪʠʢʦʚ (ʧʝʥʠʮʠʣʣʠʥ/ʩʪʨʝʧʪʦʤʠʮʠʥ) (Corning, ʂʦʨʥʠʥʛ, ʅʴʶ-ʁʦʨʢ, 

ʉʐɸ) ʧʨʠ 37ÁC ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ 5% CO . ʇʝʨʝʩʝʚ ʧʨʦʚʦʜʠʣʠ 

ʩʪʘʥʜʘʨʪʥʦ: ʢʣʝʪʢʠ ʦʪʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ɺʝʨʩʝʥʘ (ʇʘʥʕʢʦ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ), 

ʦʙʨʘʙʘʪʳʚʘʣʠ 0,25% ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ ʩ ʕɼʊɸ (ʇʘʥʕʢʦ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ), 

ʟʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (1000 ʦʙ/ʤʠʥ, 5 ʤʠʥ), ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʚʝʞʝʡ 

ʩʨʝʜʝ ʠ ʨʘʩʩʝʚʘʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʬʣʘʢʦʥʳ. 

ʈʘʙʦʪʘ ʩ ʪʢʘʥʷʤʠ ʯʝʣʦʚʝʢʘ ʦʜʦʙʨʝʥʘ ʕʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʌɻɸʋ çʅʄʀʎ 

ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ɹʫʨʜʝʥʢʦè. ʇʘʮʠʝʥʪʳ ʧʦʜʧʠʩʘʣʠ 

ʧʠʩʴʤʝʥʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ. 

7.3. ɺʳʜʝʣʝʥʠʝ ʈʅʂ ʠ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʩ ʧʦʤʦʱʴʶ RNAzolÈ RT ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʪʦʢʦʣ RNAzolÈ RT RNA Isolation Reagent User Manual (MRC, ʉʐɸ). 

ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʠʟʦʧʨʦʧʘʥʦʣʘ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʜʚʫʢʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ 

70% ʵʪʘʥʦʣʦʤ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ MilliQ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠ ʯʠʩʪʦʪʫ 
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ʦʧʨʝʜʝʣʷʣʠ ʥʘ NanoDrop 2000 (260/280 >1,9).  ɼʣʷ ʩʠʥʪʝʟʘ ʢɼʅʂ 

(ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ɼʅʂ) ʧʨʠʤʝʥʷʣʠ ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʪʘʟʫ MMLV (MMLV 

RT kit, ɽʚʨʦʛʝʥ) ʠ ʨʘʥʜʦʤʥʳʡ N10 ʧʨʘʡʤʝʨ (ɽʚʨʦʛʝʥ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʢɼʅʂ ʭʨʘʥʠʣʠ ʧʨʠ -20ÁC. 

7.4. ʇʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ) 

ʇʦʣʫʯʝʥʥʫʶ ʢɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ.  ʇʘʨʘʤʝʪʨʳ ʇʎʈ-ʈɺ:  ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ - 95
0
 ʉ  5 

ʤʠʥʫʪ; 40 ʮʠʢʣʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ: 10 ʩʝʢ ʜʝʥʘʪʫʨʘʮʠʠ ʧʨʠ 95
0
ʉ; 30 ʩʝʢ ʦʪʞʠʛ 

ʧʨʘʡʤʝʨʦʚ ʧʨʠ 60
0
ʉ ; 30 ʩʝʢ ʵʣʦʥʛʘʮʠʠ ʧʨʠ 72

0
ʉ; ʬʠʥʘʣʴʥʘʷ ʵʣʦʥʛʘʮʠʷ - 72

0
ʉ 

3 ʤʠʥ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʤʧʣʠʬʠʢʘʪʦʨʘ LightCycler 96 ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ LightCycler 96 Software Version 1.1  (ROCHE, 

ʐʚʝʡʮʘʨʠʷ). 

ʇʨʘʡʤʝʨʳ ʧʦʜʙʠʨʘʣʠ ʢ ʛʝʥʘʤ ʯʝʣʦʚʝʢʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ Primer-Blast 

(NCBI). ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʳʭ ʛʝʥʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ GAPDH 

(Glyceraldehyde 3-phosphate dehydrogenase) ʠ RPL13A (Ribosomal Protein 

L13a). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʧʦʜʦʙʨʘʥʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 7.  

ʊʘʙʣʠʮʘ 7. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʇʎʈ-ʈɺ 

ɻʝʥ-ʤʠʰʝʥʴ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʷʤʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

A-RAF 
CAA GGG ACG AAA 

GAC GGT CA 

CAC AGG TTT GGC AAC 

GGA AG 

AKT3 
CCA TTG TGA AAG 

AAG GTT GGG T 

TGC CAC TGA AAA GTT 

GTT GAG G 
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ɻʝʥ-ʤʠʰʝʥʴ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʷʤʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

TUBB3 
GGA GAT CGT GCA 

CAT CCA GG 

GAT GTC CAA AGG CCC 

CTG AG 

CD133 
TGG ATG CAG AAC 

TTG ACA ACG T 

ATA CCT GCT ACG ACA 

GTC GTG GT 

CD44 
CCC CAG CAA CCC 

TAC TGA TG 

GCC TCT TGG TTG CTG 

TCT CA 

CAV 
ACA ACA AGG CCA 

TGG CAG AC 

GGT GAA GCT GGC CTT 

CCA AA 

CIRBP 
AGA CTA CTA TAG CAG 

CCG GAG T 

GCG TAA CTG TCA TAA 

CTG TCT CT 

c-FOS 
CAA GCG GAG ACA 

GAC CAA CT 

TGC TGC TGA TGC TCT 

TGA CA 

Cyclin D1 
GGC GGA GGA GAA 

CAA ACA GA 

TGT GAG GCG GTA GTA 

GGA CA 

EGFRvIII 
GCT CTG GAG GAA 

AAG AAA GGT AAT 

TTC CGT TAC ACA CTT 

TGC GG 

EGFRwt 
GCT CTG GAG GAA 

AAG AAA GTT TGC 

TTC CCA AGG ACC ACC 

TCA CA 

ERK 
CCA GAG AAC CCT 

GAG GGA GA 

TGT TGA GCA GCA GGT 

TGG AA 
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ɻʝʥ-ʤʠʰʝʥʴ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʷʤʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

Grb2 
GGC GTT CTC CTG CTT 

GTA CT 

ATG ACT TCC TCC TCC 

GCT CT 

JUN 
GGA TCA AGG CGG 

AGA GGA AG 

GCT GCG TTA GCA TGA 

GTT GG 

L1CAM CAT GTG ATG GAG 

CCA CCT GT 

CCC AGC TCT TCC TTG 

GGT TT 

MEK TCT GCA GTT AAC 

GGG ACC AG 

GGC TTG TGG GAG ACC 

TTG AA 

MGMT AAG CTG GAG CTG 

TCT GGT TG 

AAA CGG GAT GGT GAA 

GAG CC 

mTOR CTG GTG CGA CAC 

CGA ATC AA 

CAT CCC CTT GGC CAC 

TCC TA 

NCAM1 CAT TGG GCA GGA 

GTC CTT GG 

ACC TGG TCG ATG GAT 

GGT GA 

NES TTG CCT GCT ACC CTT 

GAG AC 

GGG CTC TGA TCT CTG 

CAT CTA C 

NFkB1 TGG ACC GCT TGG 

GTA ACT CT 

GAC CCT CTC CCA GCT 

GCT AT 

PARP1 GGC AAG CAC AGT 

GTC AAA GG 

ACT CGG CTA CCT CTC 

CCA AT 

PI3K  CCT CCA CGA CCA TCA CGG TTG CCT ACT 
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ɻʝʥ-ʤʠʰʝʥʴ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʷʤʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ 

(5'Ÿ3') 

TCA TCA TCA GG GGT TC 

PTEN ACA GGC TCC CAG 

ACA TGA CA 

CCA GTT CGT CCC TTT 

CCA GC 

RAS AGC AGA TCA AAC 

GGG TGA AGG 

TCT TGG CCG AGG TCT 

CGA T 

SOS GCA GCT GCC CTA 

CGA GTT T 

GGC TGA GCT TGG CAT 

AGC A 

SOX2 GCT CGC AGA CCT 

ACA TGA AC 

GGG AGG AAG AGG TAA 

CCA CA 

GAPDH CAGGGCTGCCTTCTCT

TGTG  

GCCTTGACTGTGCCGTTG

AA 

RPL13A CATAGGAAGCTGGGA

GCAAG  

GCCCTCCAATCAGTCTTC

TG 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʚʝʨʷʣʠ ʩʝʨʠʡʥʳʤʠ ʨʘʟʚʝʜʝʥʠʷʤʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ȹȹCt, ʥʦʨʤʘʣʠʟʫʷ 

ʢ ʢʦʥʪʨʦʣʶ (ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʢʣʝʪʢʠ). ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CFX96, ʧʦʩʪʘʚʣʷʝʤʦʝ ʩ ʧʨʠʙʦʨʦʤ 

LightCyclerÈ 96 SW 1.1 (Roche, ʐʚʝʡʮʘʨʠʷ). ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚʳʧʦʣʥʷʣʠ 

3 ʧʦʚʪʦʨʘ. 
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7.5. ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʩ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ 

EGFRwt ʠ EGFRvIII 

7.5.1. ʂʣʦʥʠʨʦʚʘʥʠʝ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʦʥʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ: 

EGFRvIII/CMV3, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʢʩʧʨʝʩʩʠʦʥʥʦʤ ʚʝʢʪʦʨʝ CMV3-untagged 

(Sinobiological, ʉʐɸ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. EGFRvIII ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʇʎʈ 

ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ pCMV-EGFR (ʢʘʪ.ʥʦʤʝʨ HG10001-UT, 

Sinobiological, ʉʐɸ), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʦʜʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʠʢʦʛʦ ʪʠʧʘ EGFR, ʚʝʢʪʦʨ EGFRwt/CMV3. ɼʣʷ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʇʎʈ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʦʩʥʦʚʝ ʚʝʢʪʦʨʘ pBluescript II SK(+) 

(pBSK II SK(+)) (Stratagene, ʉʐɸ): EGFRwt ʙʳʣ ʚʳʨʝʟʘʥ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ 

ʨʝʩʪʨʠʢʮʠʠ Kpn1 ʠ Xba1, ʠ ʣʠʛʠʨʦʚʘʥ ʚ pBSK II SK(+), ʦʙʨʘʙʦʪʘʥʥʳʡ ʵʪʠʤʠ 

ʞʝ ʨʝʩʪʨʠʢʪʘʟʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʇʎʈ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʜʝʣʝʮʠʷ ʚ 801 ʧʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʣʝʮʠʠ 2ï7 ʵʢʟʦʥʘ ʜʠʢʦʛʦ ʪʠʧʘ EGFR. 

ʇʨʘʡʤʝʨʳ ʜʣʷ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʇʎʈ: 

¶ EGFRvIII_F0: CGG GCT CTG GAG GAA AAG AA 

¶ EGFRvIII_R0: GAG GGA GCG TAA TCC CAA GG 

¶ EGFRvIIIinvF: GTA ATT ATG TGG TGA CAG A 

¶ EGFRvIIIinvR: CTT TCT TTT CCT CCA GAG C 

ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʣʠʤʝʨʘʟʦʡ Phusion (ThermoFisher Scientific, ʉʐɸ) ʧʦ 

ʧʨʦʛʨʘʤʤʝ: 98ÁC 4 ʤʠʥ; 35 ʮʠʢʣʦʚ: 98ÁC 15 ʩ, 60ÁC 15 ʩ, 72ÁC 90 ʩ; ʬʠʥʘʣʴʥʘʷ 

ʵʣʦʥʛʘʮʠʷ 72ÁC 5 ʤʠʥ.  

7.5.2. ʊʨʘʥʩʬʝʢʮʠʷ ʠ ʩʝʣʝʢʮʠʷ 

ʊʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ U87 ʠ G01 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʬʝʢʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʘʛʝʥʪʘ TurboFect (ThermoFisher Scientific, ʉʐɸ).  ʉʝʣʝʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʠʛʨʦʤʠʮʠʥʘ (ThermoFisher Scientific, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

200 ʤʢʛ/ʤʣ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ 

ʪʨʘʥʩʬʝʢʮʠʶ ʢʣʝʪʦʢ ʧʣʘʟʤʠʜʦʡ pEGFP-N1 (Clontech, ʉʐɸ), ʩʦʜʝʨʞʘʱʝʡ ʛʝʥ 

GFP (ʟʝʣʝʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ), ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʝʪʦʢ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʟʝʣʝʥʳʤ ʩʚʝʯʝʥʠʝʤ ʢ ʷʜʨʘʤ ʢʣʝʪʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

KEYENCE BZ-9000.  ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʪʨʘʥʩʛʝʥʥʳʝ ʣʠʥʠʠ 

ʦʙʦʟʥʘʯʘʣʠ ʢʘʢ U87/EGFRwt, G01/EGFRwt ʠ G01/EGFRvIII. 

7.5.3. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʝʪʦʜʦʤ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʕʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʦʚ EGFR ʠ EGFRvIII ʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ (U87, 

U87/EGFRwt, G01, G01/EGFRwt, G01/EGFRvIII) ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʚʝʩʪʝʨʥ-

ʙʣʦʪ ʛʠʙʨʠʜʠʟʘʮʠʠ. ʂʣʝʪʢʠ ʣʠʟʠʨʦʚʘʣʠ ʚ SDS-ʙʫʬʝʨʝ ʃʵʤʤʣʠ (62,5 ʤʄ 

Tris-HCl pH 6,8, 2% SDS, 10% ʛʣʠʮʝʨʦʣ, 100 ʤʄ ʜʠʪʠʦʪʨʝʠʪʦʣ). 

ʅʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʣʝʪʦʢ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʨʘʟʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 8,0% ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SDS 

(SDS-ʇɸɸɻ). ʈʘʟʜʝʣʸʥʥʳʝ ʙʝʣʢʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ 

ʤʝʤʙʨʘʥʫ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,22 ʤʢʤ (BioRad, ʉʐɸ) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 100 ɺ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʩ ʦʭʣʘʞʜʝʥʠʝʤ. 

ɼʣʷ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ 

EGFR (ʢʣʦʥ 225, ʨʘʟʚʝʜʝʥʠʝ 1:750), ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ EGFRvIII (ʢʣʦʥ L8A4, 

ʨʘʟʚʝʜʝʥʠʝ 1:1000) ʠ ʘʥʪʠʪʝʣʘ ʢ GAPDH (ab9385, ʨʘʟʚʝʜʝʥʠʝ 1:4000) ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʟʘʛʨʫʟʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʥʪʠʪʝʣʘ, ʤʝʯʝʥʳʝ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ (HRP), ʚ ʨʘʟʚʝʜʝʥʠʠ 1:20 000. 

ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

(ECL) ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʸʥʢʠ. 

7.6. ɸʥʪʠʪʝʣʘ ʠ ʠʥʛʠʙʠʪʦʨʳ ʵʥʜʦʮʠʪʦʟʘ 

7.6.1. ɸʥʪʠʪʝʣʘ 

ʇʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: 
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¶ ʤʳʰʠʥʳʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʧʨʦʪʠʚ EGFR (ʢʣʦʥ 225, #MA5-12880, 

ThermoFisher Scientific) ï 1:50 (ʀʎʍ), 1:750 (ʚʝʩʪʝʨʥ); 

¶ ʤʳʰʠʥʳʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʧʨʦʪʠʚ EGFRvIII (ʢʣʦʥ L8A4, #MABC1126, 

Merck) ï 1:50 (ʀʎʍ), 1:1000 (ʚʝʩʪʝʨʥ); 

¶ ʢʨʦʣʠʯʴʠ ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʧʨʦʪʠʚ GAPDH (#ab9385, Abcam) ï 1:4000; 

ɺʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: 

¶ ʦʩʣʠʥʳʝ ʘʥʪʠ-ʤʳʰʠʥʳʝ, ʤʝʯʝʥʳʝ HRP (1:20000, Jackson 

ImmunoResearch); 

¶ ʦʩʣʠʥʳʝ ʘʥʪʠ-ʤʳʰʠʥʳʝ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ Cy5 (1:50, Jackson 

ImmunoResearch); 

7.6.2. ʀʥʛʠʙʠʪʦʨʳ ʵʥʜʦʮʠʪʦʟʘ 

ʍʣʦʨʧʨʦʤʘʟʠʥ (10 ʤʢʄ, Sigma-Aldrich), ʥʠʩʪʘʪʠʥ (25 ʤʢʛ/ʤʣ, Sigma-Aldrich), 

ʣʘʪʨʫʥʢʫʣʠʥ ɸ (1 ʤʢʄ, Sigma-Aldrich). ʈʘʩʪʚʦʨʷʣʠ ʚ DMSO, ʢʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ DMSO ʚ ʩʨʝʜʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,1%. 

7.7. ʂʦʥʢʫʨʝʥʪʥʘʷ ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʷ 

ʂʣʝʪʢʠ (G01, G01/EGFRwt, G01/EGFRvIII) ʚʳʩʝʚʘʣʠ ʥʘ ʢʨʫʛʣʳʝ ʧʦʢʨʦʚʥʳʝ 

ʩʪʸʢʣʘ ʚ 24-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ (5Ĭ10 ʢʣʝʪʦʢ/ʣʫʥʢʫ) ʟʘ ʩʫʪʢʠ ʜʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʫʶ, ʜʦʙʘʚʣʷʣʠ 

FAM-ʤʝʯʝʥʳʝ ʘʧʪʘʤʝʨʳ (U2-FAM ʠʣʠ Gol1-FAM) ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

1 ʤʢʄ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 3 ʯ ʧʨʠ 37ÁC. ɿʘʪʝʤ ʢʣʝʪʢʠ ʪʨʠʞʜʳ ʦʪʤʳʚʘʣʠ 

ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ, ʬʠʢʩʠʨʦʚʘʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ (30 ʤʠʥ, 

+4ÁC). ɼʘʣʝʝ ʜʦʙʘʚʣʷʣʠ ʧʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ (ʧʨʦʪʠʚ EGFR 1:50 ʠʣʠ ʧʨʦʪʠʚ 

EGFRvIII 1:50) ʠʥʢʫʙʠʨʦʚʘʣʠ 1 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ 

ʪʨʝʭʢʨʘʪʥʦʡ ʦʪʤʳʚʢʠ, ʜʦʙʘʚʣʷʣʠ ʚʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ, ʤʝʯʝʥʳʝ Cy5 (1:50), 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ʪʝʤʥʦʪʝ. ʇʨʦʚʦʜʠʣʘʩʴ ʪʨʠʞʜʳ ʦʪʤʳʚʢʘ ʦʪ 

ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ ʨʘʩʪʚʦʨʦʤ PBS. ʗʜʨʘ ʜʦʢʨʘʰʠʚʘʣʠ Hoechst 33342 (1:500, 

Sigma-Aldrich, 5 ʤʠʥ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʪʸʢʣʘ ʬʠʢʩʠʨʦʚʘʣʠ 
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ʤʦʥʪʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ Mowiol 4-88 (ʢʘʪ. 

ʥʦʤʝʨ 9002-89-5, çSigma-Aldrichè, Germany) ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ 1% DABCO. 

ʂʦʥʬʦʢʘʣʴʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ ʚʳʧʦʣʥʷʣʠ ʥʘ ʩʠʩʪʝʤʝ Carl Zeiss LSM-710 ʩ 

ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʳʤ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʣʘʟʝʨʦʤ ʩ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ ʜʠʘʧʘʟʦʥʦʤ (800ï1500 ʥʤ) ʜʣʷ ʤʫʣʴʪʠʬʦʪʦʥʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʚʦʟʙʫʞʜʝʥʠʝ 488, 633 ʠ 405 ʥʤ).  

7.8. ɸʧʪʘʮʠʪʦʭʠʤʠʷ  

ʂʣʝʪʢʠ BU881, Bl, G01, Sus ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʢʨʦʚʥʳʝ ʩʪʸʢʣʘ ʚ 24-ʣʫʥʦʯʥʳʝ 

ʧʣʘʥʰʝʪʳ ʚ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ DMEM/F12 ʧʨʠ 37ÁC ʠ 5% CO  ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ 70ï80% ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʢʠ ʥʘʢʦʧʣʝʥʠʷ 

ʘʧʪʘʤʝʨʦʚ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʨʘʩʪʚʦʨʘʤʠ U2-FAM ʠ Gol1-FAM 

(ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 1 ʤʢʄ) ʚ ʪʝʯʝʥʠʝ 1.5, 3, 24, 48 ʠ 72 ʯʘʩʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʦʪʜʝʣʴʥʳʝ ʧʣʘʥʰʝʪʳ ʜʣʷ ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʩʦʜʝʨʞʘʣʠ ʢʣʝʪʢʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʪʦʣʴʢʦ ʚ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʙʝʟ ʘʧʪʘʤʝʨʦʚ. 

ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩʨʝʜʫ ʫʜʘʣʷʣʠ ʠ ʧʨʦʚʦʜʠʣʠ ʪʨʝʭʢʨʘʪʥʫʶ ʦʪʤʳʚʢʫ PBS ʧʦ 5 

ʤʠʥʫʪ ʧʨʠ 37ÁC. ʌʠʢʩʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ PBS ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ +4ÁC ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʝʭʢʨʘʪʥʦʡ ʦʪʤʳʚʢʦʡ PBS. ɼʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʢʨʘʩʠʪʝʣʝʤ Hoechst 

33342 (ʨʘʟʚʝʜʝʥʠʝ 1:500 ʚ PBS), ʧʦʩʣʝ ʯʝʛʦ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ PBS. 

ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ 

ʤʠʢʨʦʩʢʦʧʝ LSM-710 (Carl Zeiss) ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʜʣʷ ʜʝʪʝʢʮʠʠ FAM 

(ʚʦʟʙʫʞʜʝʥʠʝ 488 ʥʤ, ʜʝʪʝʢʮʠʷ 500ï550  ʥʤ) ʠ Hoechst 33342 (ʚʦʟʙʫʞʜʝʥʠʝ 

405 ʥʤ, ʜʝʪʝʢʮʠʷ 410-480 ʥʤ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ ʙʝʟ ʘʧʪʘʤʝʨʦʚ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ). 

7.9. ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ CellProfiler4.2.8. (https://cellprofiler.org/). ɼʣʷ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʯʝʨʥʦ-ʙʝʣʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ColorToGray. 

https://cellprofiler.org/
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ʆʧʨʝʜʝʣʷʣʠʩʴ ʛʨʘʥʠʮʳ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ IdentifyPrimaryObjects. ɿʘʪʝʤ 

ʠʩʭʦʜʥʳʝ ʮʚʝʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʜʝʣʷʣʠʩʴ ʧʦ ʢʘʥʘʣʘʤ ʩ ʧʦʤʦʱʴʶ 

ColorToGray ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʣʝʪʦʢ ʚ 

ʥʝʦʙʭʦʜʠʤʦʤ ʢʘʥʘʣʝ ʩ ʧʦʤʦʱʴʶ MeasureObjectIntensity. ʆʧʨʝʜʝʣʷʣʘʩʴ 

ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʧʠʢʩʝʣʴ ʦʙʲʝʢʪʘ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

7.10. ʇʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ 

ʂʣʝʪʢʠ (U87, U87/EGFRwt, G01, G01/EGFRwt, G01/EGFRvIII) 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ. ɼʣʷ ʩʥʷʪʠʷ ʢʣʝʪʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʪʨʠʧʩʠʥʘ. ʆʪʜʝʣʝʥʥʳʝ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ 

ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ (PBS). ɿʘʪʝʤ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 1000 g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʡ ʢʣʝʪʦʯʥʳʡ 

ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ PBS, ʩʦʜʝʨʞʘʱʝʤ 1% ʙʳʯʴʝʛʦ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (BSA). ɼʘʣʝʝ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʣʠʙʦ ʩ FAM-

ʤʝʯʝʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ, ʣʠʙʦ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʨʘʟʚʝʜʝʥʠʝ 1:50) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʩʦ 

ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ ʬʣʫʦʨʦʬʦʨʦʤ Cy5 

(ʨʘʟʚʝʜʝʥʠʝ 1:50). ɺʩʝ ʠʥʢʫʙʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4ÁC. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʦʪʤʳʚʘʣʠ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʨʝʘʛʝʥʪʦʚ ʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 500 ʤʢʣ PBS. ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ CytoFLEX LX (Beckman Coulter, ʉʐɸ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CytExpert. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝ ʤʝʥʝʝ 10 000 ʩʦʙʳʪʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʥʶʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (mean 

fluorescence intensity, meanX). 

7.11. ʆʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʮʠʠ: ʄʊS-ʪʝʩʪ 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʧʪʘʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ MTS-ʪʝʩʪ. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 
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96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 2000 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ 200 ʤʢʣ ʧʦʣʥʦʡ 

ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ. ʇʣʘʥʰʝʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 37 ÁC ʚ 

ʘʪʤʦʩʬʝʨʝ 5% CO  ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʛʝʟʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ. ʇʦ ʠʩʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ ʚ ʦʧʳʪʥʳʝ ʣʫʥʢʠ ʜʦʙʘʚʣʷʣʠ ʘʧʪʘʤʝʨʳ U2 

ʠʣʠ Gol1 ʜʦ ʢʦʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 10 ʠ 20 ʤʢʄ. ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʣʫʥʢʘʭ 

ʢʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ. ɼʘʣʝʝ ʢʣʝʪʢʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʧʨʠ 37 ÁC ʠ 5% CO. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʥʢʫʙʘʮʠʠ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʚʥʦʩʠʣʠ 100 ʤʢʣ ʩʚʝʞʝʡ 

ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʠ 10 ʤʢʣ MTS-ʨʝʘʛʝʥʪʘ (Promega, Madison, WI, ʉʐɸ). 

ʇʣʘʥʰʝʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʠʥʢʫʙʘʮʠʠ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 495 ʥʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʰʝʪʥʦʛʦ ʨʠʜʝʨʘ SPECTROstar Nano (BMG LABTECH, 

ɻʝʨʤʘʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʧʨʠʥʠʤʘʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʢʣʝʪʦʢ ʟʘ 

100%. ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʣ ʪʨʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ (ʪʨʠ ʣʫʥʢʠ ʥʘ 

ʢʘʞʜʦʝ ʫʩʣʦʚʠʝ) ʠ ʧʨʦʚʦʜʠʣʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ (ʥʝʟʘʚʠʩʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʥʳʤʠ ʧʘʩʩʘʞʘʤʠ ʢʣʝʪʦʢ). 

7.12. ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʣʠʬʝʨʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (xCELLigence) 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ xCELLigence RTCA S16 (ACEA Biosciences, ʉʐɸ) ʩ 16-

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

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʥʦʩʠʣʠ 80 ʤʢʣ 

ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʬʦʥʦʚʳʡ ʠʤʧʝʜʘʥʩ. ɿʘʪʝʤ ʚ ʣʫʥʢʠ 

ʜʦʙʘʚʣʷʣʠ ʢʣʝʪʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 7Ĭ10į ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ 100 ʤʢʣ ʧʦʣʥʦʡ 

ʩʨʝʜʳ. ʇʣʘʥʰʝʪ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʩʝʜʘʥʠʷ ʢʣʝʪʦʢ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʘʥʮʠʶ ʩʠʩʪʝʤʳ, ʨʘʟʤʝʱʸʥʥʫʶ ʚʥʫʪʨʠ CO-ʠʥʢʫʙʘʪʦʨʘ (37 

ÁC, 5% CO). 
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ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 24 ʯʘʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʡ ʠʥʜʝʢʩ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʤʠʥʫʪʫ. ʇʦ ʠʩʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ ʚ ʦʧʳʪʥʳʝ 

ʣʫʥʢʠ ʜʦʙʘʚʣʷʣʠ ʘʧʪʘʤʝʨʳ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʞʘʣʠ ʢʘʞʜʳʝ 15 ʤʠʥʫʪ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 72 ʯʘʩʦʚ. 

ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ (ʩ 96 ʧʦ 144 ʯʘʩ) ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʡ ʫʚʝʣʠʯʠʚʘʣʠ ʜʦ 

30 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʠʥʜʝʢʩʘ ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʢ 

ʤʦʤʝʥʪʫ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ (ʚʨʝʤʷ 24 ʯʘʩʘ), ʧʨʠʥʠʤʘʷ ʵʪʦ ʚʨʝʤʷ ʟʘ ʪʦʯʢʫ 

ʦʪʩʯʸʪʘ. 

ʈʝʛʠʩʪʨʘʮʠʶ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ RTCA Lite (ʚʝʨʩʠʷ 2.2.5). ʂʣʝʪʦʯʥʳʡ ʠʥʜʝʢʩ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ 

ʩʠʩʪʝʤʦʡ, ʩʣʫʞʠʪ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʘʜʛʝʟʠʶ ʢʣʝʪʦʢ, 

ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʤʦʨʬʦʣʦʛʠʶ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʜʠʥʘʤʠʢʝ. ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʷʣʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʩ ʜʚʫʤʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʦʚʪʦʨʘʤʠ (ʧʦ ʜʚʝ ʣʫʥʢʠ ʥʘ ʫʩʣʦʚʠʝ). 

7.13. Transwell-ʘʥʘʣʠʟ ʤʠʛʨʘʮʠʠ 

ʄʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʧʪʘʤʝʨʘʤʠ ʦʮʝʥʠʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Transwell-ʚʩʪʘʚʦʢ ʩ ʧʦʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 8 ʤʢʤ (NEST, ʂʠʪʘʡ). 

ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʦ 20 000 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ 350 ʤʢʣ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʳ ʧʝʨʝʥʦʩʠʣʠ 

ʚ ʢʘʞʜʫʶ ʚʩʪʘʚʢʫ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʠʞʥʠʝ ʣʫʥʢʠ ʩʦʜʝʨʞʘʣʠ 700 ʤʢʣ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʩ 10% ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ (FBS). 

ʏʝʨʝʟ 20 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʥʝʤʤʠʛʨʠʨʦʚʘʚʰʠʝ ʢʣʝʪʢʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ 

ʚʩʪʘʚʢʠ ʫʜʘʣʷʣʠ, ʘ ʢʣʝʪʢʠ, ʤʠʛʨʠʨʦʚʘʚʰʠʝ ʥʘ ʥʘʨʫʞʥʫʶ ʩʪʦʨʦʥʫ ʚʩʪʘʚʢʠ, 

ʬʠʢʩʠʨʦʚʘʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʦʢʨʘʰʠʚʘʣʠ Hoechst 33342 (Sigma, 

ʉʐɸ). ʄʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʣʝʪʦʢ ʚ ʰʝʩʪʠ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʣʷʭ ʟʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʫʥʢʠ 

ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ. 
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7.14. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ (RNA-seq) 

ʂʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ G01 ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʧʪʘʤʝʨʘ Gol1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ. ɼʣʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʝʘʛʝʥʪʦʤ Trisol (çThermo Fisher Scientificè, ʉʐɸ) 

ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ. ʂʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʡ ʈʅʂ ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ BioAnalyzer ʠ RNA 6000 NanoKit (Agilent, ɻʝʨʤʘʥʠʷ). ɺ 

ʧʦʩʣʝʜʫʶʱʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ ʧʦʣʠɸ ʠʟ ʪʦʪʘʣʴʥʦʡ ʈʅʂ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʛʥʠʪʥʳʝ ʰʘʨʠʢʠ ʦʣʠʛʦʊ DynabeadsÈ mRNA Purification Kit 

(Ambion, Thermo Fisher Scientific, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʥʘʙʦʨʘ. 

ɿʘʪʝʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʠʙʣʠʦʪʝʢʠ ʈʅʂ PolyA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 

NEBNextÈ RNA UltraII (NEB, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific, 

ʉʐɸ) ʥʘ ʧʨʠʙʦʨʝ Qbit 2.0 ʠ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʬʨʘʛʤʝʥʪʦʚ ʩ 

ʧʦʤʦʱʴʶ Agilent High Sensitivity DNA Kit (Agilent, ɻʝʨʤʘʥʠʷ). 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ HiSeq1500 (Illumina, ʉʐɸ), ʧʦʣʫʯʘʷ 

ʤʠʥʠʤʫʤ 10 ʤʠʣʣʠʦʥʦʚ ʢʦʨʦʪʢʠʭ ʯʪʝʥʠʡ ʧʦ 50 ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʦʙʨʘʟʝʮ. 

ɼʘʣʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʛʝʥʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

1. ʀʥʜʝʢʩʠʨʦʚʘʥʠʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ ʩʙʦʨʢʠ GRCh38.p14 (NCBI 

RefSeq GCF_000001405.40) ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ RNA-seq ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ STAR (ʚ. 2.7.11). ʋʨʦʚʝʥʴ ɻ ʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ HTSeq (ʚ. 2.0.5). 

2. ɸʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʦʛʨʘʤʤʦʡ 

DESEQ2 (ʚ. 1.44.0). ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʟʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʛʝʥʳ ʩʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ p <0,05 ʠ ʟʥʘʯʝʥʠʝʤ 

|log2FoldChange| > 1. 

ɸʥʘʣʠʟʳ ʦʙʦʛʘʱʝʥʠʷ ʛʝʥʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʨʤʠʥʳ Gene ontology ʠ ʙʘʟʫ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ KEGG (Kyoto Encyclopedia of Genes and Genomes), ʜʣʷ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ClusterProfiler (ʚ. 4.12.0) ʚ R. 

7.15. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʵʥʜʦʮʠʪʦʟʘ ʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ 

ʵʬʬʝʢʪ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʧʪʘʤʝʨʘ Gol1 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʫʪʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʘʧʪʘʤʝʨʘ Gol1 ʢʣʝʪʢʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʥʜʦʮʠʪʦʟʘ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʘʪʦʨʳ: ʭʣʦʨʧʨʦʤʘʟʠʥ (10 ʤʢʄ, ʠʥʛʠʙʠʪʦʨ 

ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ), ʥʠʩʪʘʪʠʥ (10 ʤʢʄ, ʠʥʛʠʙʠʪʦʨ 

ʢʘʚʝʦʣʠʥʦʚʦʛʦ ʠ ʣʠʧʠʜ-ʨʘʬʪ-ʟʘʚʠʩʠʤʦʛʦ ʵʥʜʦʮʠʪʦʟʘ) ʠ ʣʘʪʨʫʥʢʫʣʠʥ ɸ (1 

ʤʢʄ, ʠʥʛʠʙʠʪʦʨ ʘʢʪʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʵʥʜʦʮʠʪʦʟʘ). ɺʩʝ ʠʥʛʠʙʠʪʦʨʳ ʨʘʩʪʚʦʨʷʣʠ 

ʚ DMSO, ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ DMSO ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 

0,1%. 

7.15.1. ɺʣʠʷʥʠʝ ʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ (ʄʊS-ʪʝʩʪ).  

ʂʣʝʪʢʠ BU881 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ (2000 ʢʣʝʪʦʢ/ʣʫʥʢʫ) ʚ 

ʧʦʣʥʦʡ ʩʨʝʜʝ. ʏʝʨʝʟ 24 ʯ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʫʶ ʩ 5% FBS, ʩʦʜʝʨʞʘʱʫʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʛʠʙʠʪʦʨ (ʠʣʠ 0,1% DMSO ʚ ʢʦʥʪʨʦʣʝ), ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 1 

ʯ ʧʨʠ 37 ÁC. ɿʘʪʝʤ ʚ ʣʫʥʢʠ ʜʦʙʘʚʣʷʣʠ ʘʧʪʘʤʝʨ Gol1 ʜʦ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ (ʚ ʢʦʥʪʨʦʣʝ ï PBS). ʀʥʢʫʙʘʮʠʶ ʧʨʦʜʦʣʞʘʣʠ 72 ʯ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʄʊS-ʪʝʩʪ (ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.11). 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʚʳʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ 

(ʢʣʝʪʢʠ ʙʝʟ ʘʧʪʘʤʝʨʘ ʠ ʠʥʛʠʙʠʪʦʨʘ). ʂʘʞʜʦʝ ʫʩʣʦʚʠʝ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʪʨʸʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ; ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʠ ʪʨʠʞʜʳ. 

7.15.2. ɺʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʦʛʦ ʘʧʪʘʤʝʨʘ 

(ʘʧʪʘʮʠʪʦʭʠʤʠʷ).  

ʂʣʝʪʢʠ BU881 ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʢʨʦʚʥʳʝ ʩʪʸʢʣʘ ʚ 24-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ 

(5Ĭ10 ʢʣʝʪʦʢ/ʣʫʥʢʫ). ʏʝʨʝʟ 24 ʯ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʫʶ ʩ 5% FBS ʠ 

ʜʦʙʘʚʣʷʣʠ ʠʥʛʠʙʠʪʦʨ r(ʪʝ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ), ʠʥʢʫʙʠʨʦʚʘʣʠ 1 ʯ ʧʨʠ 37 ÁC. 

ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ FAM-ʤʝʯʝʥʳʡ ʘʧʪʘʤʝʨ Gol1 (ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 1 ʤʢʄ) 
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ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʝʱʝ 3 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ ʪʨʠʞʜʳ ʦʪʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 

PBS, ʬʠʢʩʠʨʦʚʘʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʦʢʨʘʰʠʚʘʣʠ Hoechst 33342 ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʢʘʢ ʚ ʨʘʟʜʝʣʝ 2.8). 

ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣʠ ʢʣʝʪʢʠ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʘʧʪʘʤʝʨʦʤ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʠʥʢʫʙʘʮʠʠ ʩ ʠʥʛʠʙʠʪʦʨʦʤ. 

7.16. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in 

vitro (ʦʮʝʥʢʘ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʤʠʛʨʘʮʠʠ, ʇʎʈ-ʈɺ ʠ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ), ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ GraphPad Prism 9.0.0 (GraphPad Software, ʉʐɸ) ʠ ʷʟʳʢʘ R 

(ʚʝʨʩʠʷ 4.4.0) ʩ ʧʘʢʝʪʘʤʠ DESeq2, ClusterProfiler ʠ ʜʨ. ɺʩʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ (ʢʘʞʜʳʡ ʨʘʟ ï ʢʣʝʪʢʠ ʠʟ ʨʘʟʥʳʭ ʧʘʩʩʘʞʝʡ). ɺ ʢʘʞʜʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʧʦʚʪʦʨʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʦʚ (ʣʫʥʦʢ ʜʣʷ ʄʊS-ʪʝʩʪʘ, ʥʝʟʘʚʠʩʠʤʳʭ ʇʎʈ-ʨʝʘʢʮʠʡ ʠ ʪ.ʜ.). 

7.16.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʠ ʚʳʙʦʨ ʪʝʩʪʦʚ 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʧʨʦʚʝʨʷʣʠ ʛʠʧʦʪʝʟʫ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ (ʧʨʠ nÓ5) ʠʣʠ ʦʮʝʥʠʚʘʣʠ 

ʚʠʟʫʘʣʴʥʦ ʧʦ ʛʠʩʪʦʛʨʘʤʤʘʤ ʠ QQ-ʛʨʘʬʠʢʘʤ. ʈʘʚʝʥʩʪʚʦ ʜʠʩʧʝʨʩʠʡ ʚ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʃʠʚʝʥʘ ʠʣʠ ɹʘʨʪʣʝʪʪʘ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʨʘʚʝʥʩʪʚʝ ʜʠʩʧʝʨʩʠʡ ʧʨʠʤʝʥʷʣʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʪʝʩʪʳ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ. 

7.16.2. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʛʨʫʧʧ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, çʢʦʥʪʨʦʣʴè ʠ çʦʙʨʘʙʦʪʢʘ 

ʘʧʪʘʤʝʨʦʤè) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʪʝʩʪ ʉʪʴʶʜʝʥʪʘ ʠʣʠ, ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ, U-ʪʝʩʪ ʄʘʥʥʘ-ʋʠʪʥʠ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʨʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʧʨʠ *p* < 0,05. 
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7.16.3. ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ (MTS-ʪʝʩʪ, ʇʎʈ-ʈɺ, ʘʥʘʣʠʟ ʤʠʛʨʘʮʠʠ) 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ ʧʨʠʤʝʥʷʣʠ 

ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (one-way ANOVA). ɽʩʣʠ ANOVA 

ʚʳʷʚʣʷʣ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, ʧʦʩʣʝʜʫʶʱʠʝ ʧʦʧʘʨʥʳʝ 

ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʪʝʩʪʘ ɹʦʥʬʝʨʨʦʥʠ 

(ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʢʦʥʪʨʦʣʝʤ). ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʥʘ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʩʨʘʚʥʝʥʠʡ (ʜʣʷ ʪʝʩʪʘ ɹʦʥʬʝʨʨʦʥʠ ʢʨʠʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ *p* ʜʝʣʠʣʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʝʥʠʡ). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʦʚ ʜʚʫʭ ʘʧʪʘʤʝʨʦʚ (U2 ʠ Gol1) ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (two-way ANOVA) ʩ ʬʘʢʪʦʨʘʤʠ 

çʦʙʨʘʙʦʪʢʘè (ʨʘʟʥʳʝ ʘʧʪʘʤʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʠ çʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷè (ʠʣʠ 

çʚʨʝʤʷè ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ). ʇʨʠ ʟʥʘʯʠʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʬʘʢʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʧʨʘʚʢʦʡ ɹʦʥʬʝʨʨʦʥʠ. 

7.16.4. ɼʘʥʥʳʝ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ) 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʢʘʞʜʦʛʦ ʛʝʥʘ (ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦ 

ʨʝʬʝʨʝʥʩʥʳʤ ʛʝʥʘʤ GAPDH ʠ RPL13A, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ȹȹCt) 

ʩʨʘʚʥʠʚʘʣʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʢʦʥʪʨʦʣʴ vs ʦʙʨʘʙʦʪʢʘ ʘʧʪʘʤʝʨʦʤ) ʩ ʧʦʤʦʱʴʶ 

one-way ANOVA ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ (ʪʝʩʪ ɹʦʥʬʝʨʨʦʥʠ) ʜʣʷ 

ʢʘʞʜʦʛʦ ʛʝʥʘ ʦʪʜʝʣʴʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʢʘʢ ʩʨʝʜʥʝʝ Ñ SD. 

7.16.5. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ (RNA-seq) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ DESeq2 

(R), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʙʠʥʦʤʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʪʝʩʪ 

ʋʦʣʜʘ. ɻʝʥʳ ʩʯʠʪʘʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʧʨʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʤ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ (ʤʝʪʦʜ ɹʝʥʜʞʘʤʠʥʠ-ʍʦʭʙʝʨʛʘ) 

ʟʥʘʯʝʥʠʠ *p* < 0,05 ʠ |log2FoldChange| > 1. ʂʦʨʨʝʢʪʠʨʦʚʢʫ *p*-ʟʥʘʯʝʥʠʡ 

(padj) ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʯʘʩʪʦʪʳ ʣʦʞʥʳʭ ʦʙʥʘʨʫʞʝʥʠʡ (FDR). 

GO-ʘʥʘʣʠʟ ʠ ʘʥʘʣʠʟ ʧʫʪʝʡ KEGG ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ 
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ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʚ ʧʘʢʝʪʝ ClusterProfiler ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʨʨʝʢʮʠʝʡ *p*-ʟʥʘʯʝʥʠʡ (ʤʝʪʦʜ ɹʝʥʜʞʘʤʠʥʠ-ʍʦʭʙʝʨʛʘ). ʉʝʪʠ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (PPI) ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ STRING, 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

(ʵʤʧʠʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, *p*-ʟʥʘʯʝʥʠʝ enrichment). 

7.16.6. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ 

ʅʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ Ñ SD (ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ANOVA ʥʘ ʛʨʘʬʠʢʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʢʘʟʳʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʪʝʩʪʦʚ ʚ ʚʠʜʝ ʟʚʸʟʜʦʯʝʢ: * *p* < 0,05, 

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

7.17. ɾʠʚʦʪʥʳʝ ʠ ʤʦʜʝʣʴ ʪʢʘʥʝʚʦʡ ʛʣʠʦʙʣʘʩʪʦʤʳ 101/8 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʟʨʦʩʣʳʭ ʢʨʳʩ ʣʠʥʠʠ Wistar (ʩʘʤʮʳ, ʚʦʟʨʘʩʪ 

10ï12 ʥʝʜʝʣʴ, ʤʘʩʩʘ ʪʝʣʘ 250ï300 ʛ). ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22 Ñ 2 ÁC, 12-ʯʘʩʦʚʦʤ ʩʚʝʪʦʚʦʤ ʮʠʢʣʝ ʠ 

ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʢ ʚʦʜʝ ʠ ʢʦʨʤʫ. ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʙʠʦʵʪʠʢʠ ʠ ʙʳʣʠ ʦʜʦʙʨʝʥʳ ʤʝʩʪʥʳʤ ʵʪʠʯʝʩʢʠʤ 

ʢʦʤʠʪʝʪʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɼʠʨʝʢʪʠʚʝ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʦʶʟʘ 2010/63/EU ʧʦ ʟʘʱʠʪʝ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʫʯʥʳʭ ʮʝʣʷʭ. 

ʋʭʦʜ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʚʦʪʥʳʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʚʥʫʪʨʝʥʥʠʤ ʧʨʘʚʠʣʘʤ ʠ 

ʨʫʢʦʚʦʜʷʱʠʤ ʧʨʠʥʮʠʧʘʤ ʫʯʨʝʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʦʜʦʙʨʝʥʦ 

ʕʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʀɺʅɼ (ʧʨʦʪʦʢʦʣ ˉ 3 ʦʪ 12 ʤʘʷ 2025 ʛ.). ɹʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʚʩʝ ʫʩʠʣʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʦʪʥʳʭ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠ ʠʭ ʩʪʨʘʜʘʥʠʡ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ. 

ɻʣʠʦʙʣʘʩʪʦʤʫ 101/8 (ʪʢʘʥʝʚʦʡ ʰʪʘʤʤ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʅʄʀʎ ʥʝʡʨʦʭʠʨʫʨʛʠʠ 

ʠʤ. ʅ.ʅ. ɹʫʨʜʝʥʢʦ) ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʫʪʸʤ ʨʝʚʠʪʘʣʠʟʘʮʠʠ ʠ ʧʝʨʝʚʠʚʢʠ ʫ ʢʨʳʩ-

ʜʦʥʦʨʦʚ. ɼʣʷ ʠʤʧʣʘʥʪʘʮʠʠ ʦʧʫʭʦʣʴ ʠʟʚʣʝʢʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ ʩʢʘʣʴʧʝʣʷʤʠ ʠ ʩ 

ʧʦʤʦʱʴʶ ʪʨʦʘʢʘʨʘ ʚʚʦʜʠʣʠ ʚ ʤʦʟʛ ʨʝʮʠʧʠʝʥʪʘ ʧʦ ʩʪʝʨʝʦʪʘʢʩʠʯʝʩʢʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ: 2 ʤʤ ʣʘʪʝʨʘʣʴʥʝʝ, 2 ʤʤ ʢʘʫʜʘʣʴʥʝʝ ʦʪ ʙʨʝʛʤʳ, ʛʣʫʙʠʥʘ 4 ʤʤ 
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(ʧʨʘʚʳʡ ʛʠʧʧʦʢʘʤʧ). ʆʧʝʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦʜ ʥʘʨʢʦʟʦʤ (ʟʦʣʝʪʠʣ 1,02 ʤʛ/ʢʛ 

+ ʢʩʠʣʘʟʠʥ 3,2 ʤʛ/ʢʛ, ʚ/ʤ). ʆʪʚʝʨʩʪʠʝ ʚ ʯʝʨʝʧʝ ʟʘʢʨʳʚʘʣʠ ʢʦʩʪʥʳʤ ʚʦʩʢʦʤ, 

ʨʘʥʫ ʫʰʠʚʘʣʠ. ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 14ï18 ʜʝʥʴ ʧʦʩʣʝ 

ʠʤʧʣʘʥʪʘʮʠʠ 

7.17.1. ɺʚʝʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʘʨʢʝʨʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʢʘʥʠ ʤʦʟʛʘ 

ʞʠʚʦʪʥʳʤ ʩ ʛʣʠʦʙʣʘʩʪʦʤʦʡ 101/8 ʥʘ 14ï18 ʜʝʥʴ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʦʧʫʭʦʣʠ ʚʥʫʪʨʠʚʝʥʥʦ (ʚ ʭʚʦʩʪʦʚʫʶ ʚʝʥʫ) ʚʚʦʜʠʣʠ: 

¶ ʌʣʫʦʨʝʩʮʝʠʥ ʥʘʪʨʠʷ ʚ PBS ʚ ʜʦʟʘʭ 100, 600 ʠ 6300 ʥʤʦʣʴ/ʢʛ (n=3 ʥʘ 

ʛʨʫʧʧʫ); 

¶ ɸʧʪʘʤʝʨ Gol1, ʤʝʯʝʥʥʳʡ ʬʣʫʦʨʝʩʮʝʠʥʦʤ, ʚ ʜʦʟʘʭ 50, 100, 200, 400 ʠ 

3800 ʥʤʦʣʴ/ʢʛ (n=3 ʥʘ ʜʦʟʫ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ). 

ɸʧʪʘʤʝʨʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʝ (7,3 mM KCl, 2 mM MgCl ʚ PBS, MP 

Biomedicals, ʉʐɸ) ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʦʙʲʸʤʘ 1 ʤʣ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʠʥʲʝʢʮʠʠ. ɺʩʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ. 

ʊʘʨʛʝʪʥʦʝ ʚʚʝʜʝʥʠʝ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ: ʅʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ 

ʠʤʧʣʘʥʪʘʮʠʠ ʜʚʫʤ ʢʨʳʩʘʤ ʚʚʝʣʠ Gol1-FAM (3.6 ʤʢʤʦʣʴ/ʢʛ, ʚ/ʚ). 

7.17.2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʨʝʟʦʚ ʤʦʟʛʘ 

ʇʨʦʪʦʢʦʣ ʜʣʷ ʩʢʘʥʠʨʦʚʘʣʠ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʢʘʥʝʨʝ: ʯʝʨʝʟ 15 ʤʠʥ ʧʦʩʣʝ 

ʠʥʲʝʢʮʠʠ ʞʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʘʣʠ ʵʚʪʘʥʘʟʠʠ ʧʝʨʝʜʦʟʠʨʦʚʢʦʡ ʟʦʣʝʪʠʣʘ. ʄʦʟʛ 

ʟʘʤʦʨʘʞʠʚʘʣʠ ʥʘ ʩʪʦʣʠʢʝ ʇʝʣʴʪʴʝ (HM 525, Thermo Fisher), ʛʦʪʦʚʠʣʠ ʩʨʝʟʳ 

50 ʤʢʤ. 

ʇʨʦʪʦʢʦʣ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ: ʧʦʩʣʝ ʵʚʪʘʥʘʟʠʠ ʠʟʦʬʣʫʨʘʥʦʤ 

ʤʦʟʛ ʤʛʥʦʚʝʥʥʦ ʚʠʪʨʠʬʠʮʠʨʦʚʘʣʠ, ʛʦʪʦʚʠʣʠ ʩʨʝʟʳ 10 ʤʢʤ, ʬʠʢʩʠʨʦʚʘʣʠ 4% 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʢʦʥʪʨʘʩʪʠʨʦʚʘʣʠ Hoechst 33342. 
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7.17.3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ 

ʌʣʫʦʨʝʩʮʝʥʪʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ: ʉʨʝʟʳ ʩʢʘʥʠʨʦʚʘʣʠ ʥʘ Typhoon FLA 9500 (GE 

Healthcare): ʚʦʟʙʫʞʜʝʥʠʝ 473 ʥʤ, ʵʤʠʩʩʠʷ 510 ʥʤ (LPB-ʬʠʣʴʪʨ). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ImageJ (NIH, ʉʐɸ) ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʫʭʦʣʠ ʢ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ (ʀʌ). 

ʂʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ: ʅʘʢʦʧʣʝʥʠʝ Gol1-FAM ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 

ʢʦʤʧʣʝʢʩʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss 

ʩʝʨʠʠ LSM-710 ʩ ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʳʤ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʥʬʨʘʢʨʘʩʥʳʤ 

ʣʘʟʝʨʦʤ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ ʜʠʘʧʘʟʦʥʦʤ (800ï1500 ʥʤ) ʜʣʷ ʤʫʣʴʪʠʬʦʪʦʥʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

7.17.4. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ImageJ (NIH, 

ʉʐɸ). ʀʥʜʝʢʩ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʀʌ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ: 

ʀʌ = I ʦʧʫʭʦʣʠ / I ʥʦʨʤ 

ʛʜʝ: 

¶ I ʦʧʫʭʦʣʠ ï ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʫʭʦʣʠ; 

¶ I ʥʦʨʤ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ ʤʦʟʛʘ ʘʥʘʣʦʛʠʯʥʦʡ 

ʧʣʦʱʘʜʠ. 

7.17.5. ʇʕʊ-ʂʊ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩ [ĭF]FB-Gol1 

ʈʘʜʠʦʘʢʪʠʚʥʫʶ ʤʝʪʢʫ 4-[ĭF]-ʬʪʦʨʙʝʥʟʠʣʘʟʠʜ ʧʦʣʫʯʘʣʠ ʠ ʢʦʥʲʶʛʠʨʦʚʘʣʠ ʩ 

ʘʧʪʘʤʝʨʦʤ Gol1 (ʢʣʠʢ-ʭʠʤʠʷ). ʇʕʊ-ʂʊ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʠ ʥʘ 

ʜʦʢʣʠʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ MiLabs Vector6 (MiLabs, ʅʠʜʝʨʣʘʥʜʳ) ʩ 

ʢʦʣʣʠʤʘʪʦʨʦʤ HE-UHR-RM. [ĭF]FB-Gol1 ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʚʝʥʥʦ (ʭʚʦʩʪʦʚʘʷ 

ʚʝʥʘ) ʟʘ 5 ʤʠʥ ʜʦ ʥʘʯʘʣʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺʚʦʜʠʤʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 134 

Ñ 63 ʄɹʢ ʥʘ ʞʠʚʦʪʥʦʝ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ï 40 ʤʠʥ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʢʘʜʨʘ ï 4 ʤʠʥ. ʈʝʢʦʥʩʪʨʫʢʮʠʶ ʇʕʊ- ʠ 

ʂʊ-ʩʨʝʟʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MiLabs Rec 
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12.00. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʢʥʦ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ï 511 Ñ 10% ʢʵɺ. ɼʘʥʥʳʝ 

ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ʥʘ ʤʦʤʝʥʪ ʠʥʲʝʢʮʠʠ. 

ʇʦʩʪʦʙʨʘʙʦʪʢʫ, ʚʢʣʶʯʘʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ PMod 4.1 (PMOD Technologies LLC, 

ʐʚʝʡʮʘʨʠʷ). ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ (SUVmax) ʚ 

ʦʧʫʭʦʣʠ ʠ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʤʦʟʛʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʛʨʘʤʤʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ [ĭF]ʌɼɻ ʠ ʩʚʦʙʦʜʥʫʶ ʨʘʜʠʦʘʢʪʠʚʥʫʶ ʤʝʪʢʫ ʙʝʟ ʘʧʪʘʤʝʨʘ. 

7.17.6. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ (600 ʥʤʦʣʴ/ʢʛ FAM) 

ʠ ʦʧʳʪʥʳʤʠ ʛʨʫʧʧʘʤʠ (50, 100, 200, 400, 3800 ʤʢʄ Gol1-FAM) ʠʩʧʦʣʴʟʦʚʘʣʠ 

one-way ANOVA ʩ ʧʦʩʪ-ʭʦʢ ʪʝʩʪʦʤ ɼʘʥʥʝʪʘ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʙʦʩʥʦʚʘʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʳʭ (ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʩʪʦʤ ʐʘʧʠʨʦ-ʋʠʣʢʘ, 

p>0.05) ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʡ (ʪʝʩʪ ʃʠʚʝʥʘ, p=0.21). 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ Ñ SD (n=3 ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ). ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʚ GraphPad Prism 9.0 (GraphPad Software, USA). ʈʝʟʫʣʴʪʘʪʳ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʚʠʜʝ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ ʩ ʫʢʘʟʘʥʠʝʤ SD ʠ ʩʠʤʚʦʣʦʚ 

ʟʥʘʯʠʤʦʩʪʠ * = p <0,1, ** = p <0,01, *** = p <0,001, **** = p <0,0001. 
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8. ʈɽɿʋʃʔʊɸʊʓ 

8.1. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʥʦʚʦʛʦ ɼʅʂ-ʘʧʪʘʤʝʨʘ Gol1 

ʀʩʭʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʜʠʟʘʡʥʘ ʧʦʩʣʫʞʠʣ ʨʘʥʝʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ɼʅʂ-

ʘʧʪʘʤʝʨ U2, ʢʦʪʦʨʳʡ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʩʚʷʟʳʚʘʝʪʩʷ ʢʘʢ ʩ ʜʠʢʠʤ ʪʠʧʦʤ 

ʨʝʮʝʧʪʦʨʘ EGFR, ʪʘʢ ʠ ʩ ʝʛʦ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʦʡ EGFRvIII ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʦʢ ʣʠʥʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U87MG [200]. ʆʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʜʣʠʥʘ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʙʦʣʝʝ 70 ʥʫʢʣʝʦʪʠʜʦʚ) ʠ ʥʘʣʠʯʠʝ ʧʦʣʠ-ʊ 

ʧʦʚʪʦʨʦʚ, ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʛʨʘʥʠʯʠʚʘʣʠ ʝʸ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ɿʘʜʘʯʘ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U2 ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʫʟʥʘʚʘʥʠʝ ʨʝʮʝʧʪʦʨʘ EGFR. 

ʉʨʘʚʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʘʧʪʘʤʝʨʦʚ U2, U8, U19 ʠ U31 

[200], ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ Cell SELEX ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʪʦʣʴʢʦ U2 ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʳʡ ʵʣʝʤʝʥʪ çʤʫʣʴʪʠʧʝʪʣʷè, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʩʪʘʣʴʥʳʝ ʘʧʪʘʤʝʨʳ ʦʙʨʘʟʫʶʪ ʧʨʦʩʪʳʝ ʰʧʠʣʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʝʪʣʷʤʠ (ʈʠʩʫʥʦʢ 10ɸ). ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʤʝʥʥʦ 

ʤʫʣʴʪʠʧʝʪʣʷ ʩʣʫʞʠʪ ʫʟʥʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʠ ʝʸ ʩʦʭʨʘʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʧʪʘʤʝʨʘ ʩ EGFR. ɼʣʷ 

ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʮʝʣʝʚʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

dot-bracket ʥʦʪʘʮʠʶ, ʘ ʧʦʠʩʢ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʧʦʩʦʙʥʳʭ 

ʩʚʦʨʘʯʠʚʘʪʴʩʷ ʚ ʟʘʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ 

RNASketch, ʨʝʘʣʠʟʫʶʱʝʡ ʤʥʦʛʦʤʝʨʥʦʝ ɹʦʣʴʮʤʘʥʦʚʦ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʦʮʝʥʢʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʥʘʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ DNA_Mathews2004, ʘ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ python-ʧʨʠʚʷʟʢʠ ʧʘʢʝʪʘ ViennaRNA. 
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ʈʠʩʫʥʦʢ 10 - ɸʥʘʣʠʟ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʘʧʪʘʤʝʨʘ U2, 

ʩʧʝʮʠʬʠʯʥʦʛʦ ʢ EGFR ʠ ʝʛʦ ʫʢʦʨʦʯʝʥʠʝ. ɸ ï ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʚʪʦʨʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʘʧʪʘʤʝʨʘ U2. ɹ ï ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʫʢʦʨʦʯʝʥʠʷ ʘʧʪʘʤʝʨʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ 

ʚʘʨʠʘʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʝʥʘ ʤʫʣʴʪʠʧʝʪʣʷ. ɺ ï ʫʩʝʯʸʥʥʘʷ ʚʪʦʨʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʘʧʪʘʤʝʨʘ U2, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 6 ʥʫʢʣʝʦʪʠʜʦʚ ʩ 5'-ʢʦʥʮʘ 

ʠ 11 ʥʫʢʣʝʦʪʠʜʦʚ ʩ 3'-ʢʦʥʮʘ 
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ʉ ʧʦʤʦʱʴʶ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚʘʨʠʘʥʪʳ ʫʢʦʨʦʯʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 5ô- ʠ 3ô-ʢʦʥʮʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʩʫʙʩʪʨʫʢʪʫʨʳ 

ʤʫʣʴʪʠʧʝʪʣʠ ʠ ʜʚʫʭ ʙʦʢʦʚʳʭ ʧʝʪʝʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʫʜʘʣʠʪʴ 6 

ʥʫʢʣʝʦʪʠʜʦʚ ʩ 5ô-ʢʦʥʮʘ ʠ 11 ʥʫʢʣʝʦʪʠʜʦʚ ʩ 3ô-ʢʦʥʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ U2. ʅʘ ʈʠʩʫʥʢʝ 10ɹ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʫʢʦʨʦʯʝʥʠʷ; ʚʠʜʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʢʨʘʡʥʠʭ 

ʥʫʢʣʝʦʪʠʜʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʦʢʘ ʩʦʭʨʘʥʝʥʘ 

ʤʫʣʴʪʠʧʝʪʣʷ. ʇʦʣʫʯʝʥʥʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (46 ʥʫʢʣʝʦʪʠʜʦʚ) 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʩʚʦʨʘʯʠʚʘʥʠʷ ï ʧʦʠʩʢʘ 

ʚʘʨʠʘʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʞʝʣʘʝʤʫʶ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʈʠʩʫʥʢʝ 10ɺ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʜʫʨʘ ʩʦʜʝʨʞʠʪ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʦʥʘ ʙʳʣʘ ʧʦʚʪʦʨʝʥʘ 1000 ʨʘʟ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ 522 ʫʥʠʢʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʩʦʨʪʠʨʦʚʢʠ ʧʦ ʵʥʝʨʛʠʠ 

ʩʚʦʨʘʯʠʚʘʥʠʷ ʙʳʣ ʦʪʦʙʨʘʥ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʪʨʝʜʘʢʪʠʨʦʚʘʣʠ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʧʝʪʣʷʭ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʤʫʣʴʪʠʧʝʪʣʝ 

ʧʨʝʦʙʣʘʜʘʣʠ ʦʩʪʘʪʢʠ ʘʜʝʥʠʥʘ, ʯʪʦ ʧʦʙʫʜʠʣʦ ʥʘʩ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭ ʚʘʨʠʘʥʪʦʚ ʤʫʣʴʪʠʧʝʪʣʠ: 

AAAA, ATAT ʠ TTTT. ʇʦʩʢʦʣʴʢʫ ʧʨʷʤʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʣʦʞʥʳʭ ɼʅʂ-ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, AlphaFold 3) ʦʢʘʟʘʣʦʩʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (pIDDT < 

50 ʜʣʷ ʚʩʝʭ ʦʩʪʘʪʢʦʚ ɼʅʂ), ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ: 

ʩʥʘʯʘʣʘ ʩ ʧʦʤʦʱʴʶ trRosettaRNA ʩʪʨʦʠʣʠ ʈʅʂ-ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʢʦʥʚʝʨʪʠʨʦʚʘʣʠ ʚ ɼʅʂ-ʤʦʜʝʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ ʤʝʪʘʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ. 

ʂʘʞʜʳʡ ʠʟ ʪʨʸʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʣʠ ʚ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʪʦʨʥʦʩʪʷʭ 

ʧʦ 1000 ʥʩ ʚ ʷʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʩʠʣʦʚʦʝ ʧʦʣʝ parmbsc1, ʪʝʤʧʝʨʘʪʫʨʘ 300 ʂ, 

ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʠʦʥʘʤʠ ʥʘʪʨʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ GROMACS 2023.4. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 3D-ʤʦʜʝʣʠ ʘʧʪʘʤʝʨʦʚ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʤʫʣʴʪʠʧʝʪʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 11ɸ-ɺ. ɸʥʘʣʠʟ ʪʨʘʝʢʪʦʨʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 
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ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʘʨʠʘʥʪ AAAA ʬʦʨʤʠʨʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʫʶ 

ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʩʘʭʘʨʦʬʦʩʬʘʪʥʦʛʦ ʦʩʪʦʚʘ, ʢʦʪʦʨʘʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʠʤʝʨʠʟʦʚʘʥʥʳʤ EGFR. ɺʩʝ 

ʧʫʨʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʧʝʪʣʠ ʠ ʚ ʝʸ 

ʦʢʨʫʞʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʩ ʙʝʣʢʦʤ ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ, ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʪʝʨʷʝʪʩʷ. ɺʘʨʠʘʥʪ ATAT 

ʦʙʨʘʟʫʝʪ ʩʭʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʘʥʠʷ ʘʜʝʥʠʥʘ ʠ ʪʠʤʠʥʘ ʚ 

ʧʦʟʠʮʠʷʭ 45ï46 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʩʪʦʨʦʥʫ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʙʝʣʢʦʤ, ʯʪʦ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʪʵʢʠʥʛ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ. ɺʘʨʠʘʥʪ TTTT, ʥʘʧʨʦʪʠʚ, ʦʢʘʟʘʣʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ: 

ʤʫʣʴʪʠʧʝʪʣʷ ʨʘʟʨʫʰʘʣʘʩʴ, ʠ ʘʧʪʘʤʝʨ ʥʝ ʬʦʨʤʠʨʦʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ 

ʧʣʦʩʢʦʩʪʠ. ʅʘ ʈʠʩʫʥʢʝ 11ɻ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʪʦʛʦʚʘʷ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʦʚʦʛʦ ʘʧʪʘʤʝʨʘ, ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʚʟʚʘʥʠʝ - Gol1, ʛʜʝ ʥʫʢʣʝʦʪʠʜʳ ʚ ʧʝʪʣʷʭ 

ʚʳʜʝʣʝʥʳ ʮʚʝʪʦʤ: ʘʜʝʥʠʥʳ ï ʨʦʟʦʚʳʤ, ʪʠʤʠʥʳ ï ʩʠʥʠʤ. 
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ʈʠʩʫʥʦʢ 11 - ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʘʧʪʘʤʝʨʘ ʩ 

ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʤʫʣʴʪʠʧʝʪʣʠ ʠ ʠʪʦʛʦʚʘʷ ʩʪʨʫʢʪʫʨʘ Gol1. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 3D-ʤʦʜʝʣʴ ʘʧʪʘʤʝʨʘ ʩ ʤʫʣʴʪʠʧʝʪʣʝʡ: ɸ ï AAAA, ɹ ï 

ATAT, ɺ ïTTTT. ɻ ï ʇʨʝʜʩʢʘʟʘʥʥʘʷ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʧʪʘʤʝʨʘ Gol1.  

ɸʥʘʣʠʟ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (RMSD) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ 20 

ʥʘʥʦʩʝʢʫʥʜ (ʥʩ) ʥʘʟʘʜ (ʈʠʩʫʥʦʢ 12) ʧʦʢʘʟʘʣ, ʯʪʦ ʚʘʨʠʘʥʪʳ AAAA ʠ TTTT 

ʧʦʩʣʝ 250 ʥʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʷʪ ʥʘ ʧʣʘʪʦ ʩʦ ʟʥʘʯʝʥʠʷʤʠ RMSD ʥʠʞʝ 4 

¡, ʪʦʛʜʘ ʢʘʢ ʚʘʨʠʘʥʪ ATAT ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʦʜʚʠʞʥʦʩʪʴ (ʬʣʫʢʪʫʘʮʠʠ RMSD ʥʘ ʫʨʦʚʥʝ 6 ¡), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʧʦʜ ʨʝʮʝʧʪʦʨ. ʕʥʝʨʛʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʘʧʪʘʤʝʨʘ Gol1 (ʚʘʨʠʘʥʪ 

ATAT) ʩʦʩʪʘʚʠʣʘ -24,7 ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʣʫʯʰʠʤ 

ʜʠʟʘʡʥʦʤ (-26,1) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ U2 (-14,1), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʧʦʚʳʰʝʥʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 12 - ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʘʨʠʘʥʪʦʚ ʘʧʪʘʤʝʨʘ ʧʦ 

ʜʘʥʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ɻʨʘʬʠʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (RMSD) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ 

ʯʝʨʝʟ 20 ʥʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʪʨʸʭ ʚʘʨʠʘʥʪʦʚ ʤʫʣʴʪʠʧʝʪʣʠ: AAAA, ATAT ʠ 

TTTT. ʇʦʢʘʟʘʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʪʦʨʥʦʩʪʝʡ 

(ʧʦ 1000 ʥʩ ʢʘʞʜʘʷ). ɺʠʜʥʦ, ʯʪʦ ʚʘʨʠʘʥʪ ATAT ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ (ʬʣʫʢʪʫʘʮʠʠ RMSD ~6 ¡) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

AAAA ʠ TTTT (RMSD <4 ¡ ʧʦʩʣʝ 250 ʥʩ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ ʜʣʠʥʦʡ 46 ʥʫʢʣʝʦʪʠʜʦʚ, ʥʘʟʚʘʥʥʘʷ Gol1: 

5ô-GCCGGCATTTTGACGCCGCCCCGGCTGCTTATGCTCCGGGGCATATGG

C-3ô. ʇʨʝʜʩʢʘʟʘʥʥʘʷ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʤʫʣʴʪʠʧʝʪʣʶ ʩ ʤʦʪʠʚʦʤ 

ATAT, ʜʚʝ ʙʦʢʦʚʳʝ ʧʝʪʣʠ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʜʚʫʭʮʝʧʦʯʝʯʥʫʶ çʩʪʝʙʣʝʚʫʶè 

ʦʙʣʘʩʪʴ (ʈʠʩʫʥʦʢ 11ɻ). ʕʪʦʪ ʘʧʪʘʤʝʨ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʸʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʮʝʥʢʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʩʚʷʟʳʚʘʥʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

8.2. ʇʦʜʙʦʨ ʧʘʥʝʣʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʩ ʨʘʟʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ EGFRwt ʠ EGFRvIII 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʘʧʪʘʤʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʤʝʪʴ ʥʘʙʦʨ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʫʨʦʚʥʶ ʵʢʩʧʨʝʩʩʠʠ ʮʝʣʝʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ï EGFR ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʝʛʦ 
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ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ EGFRvIII. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʧʝʨʚʠʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ (grade 4), ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ 

ʧʘʮʠʝʥʪʦʚ: BU881, Bl, G01 ʠ Sus. ʋʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ EGFRwt ʠ EGFRvIII 

ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ, ʠʩʢʣʶʯʘʶʱʠʭ ʧʝʨʝʢʨʸʩʪʥʫʶ ʘʤʧʣʠʬʠʢʘʮʠʶ 

(ʈʠʩʫʥʢʠ 13 ɸ ʠ ɹ).  

 

 

 

ɸ ɹ 

ʈʠʩʫʥʦʢ 13 - ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ EGFRwt (A) ʠ EGFRvIII  

(ɹ) ʚ ʢʣʝʪʢʘʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ BU881, Bl, G01 ʠ Sus 

ʤʝʪʦʜʦʤ ʇʎʈ-ʈɺ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD; n = 3 

ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʟʚʝʟʜʦʯʢʘʤʠ (Ordinary one-way ANOVA, * = p < 0,05, ** = p < 

0,01, **** = p < 0,0001) 

ʅʘʠʙʦʣʴʰʫʶ ʵʢʩʧʨʝʩʩʠʶ EGFR ʠ EGFRvIII  ʧʦʢʘʟʘʣʘ ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ 

BU881, ʘ ʦʙʝʜʥʝʥʥʘʷ - ʢʫʣʴʪʫʨʘ Sus, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʫʩʣʦʚʥʳʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʦ ʫʨʦʚʥʶ ʵʢʩʧʨʝʩʩʠʠ ʨʝʮʝʧʪʦʨʦʚ EGFR ʠ 

EGFRvIII (ʈʠʩʫʥʦʢ 13). ʂʣʶʯʝʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ Bl  ʠ G01, 
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ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʦʚ ʜʠʢʦʛʦ ʪʠʧʘ ʠ 

ʤʫʪʘʥʪʥʦʛʦ EGFRvIII: ʢʣʝʪʢʠ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ Bl ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʢʩʧʨʝʩʩʠʶ EGFR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʢʘʤʠ G01 (ʈʠʩʫʥʦʢ 

13ɸ), ʦʜʥʘʢʦ, ʫʩʪʫʧʘʶʪ ʧʦʩʣʝʜʥʠʤ ʧʦ ʫʨʦʚʥʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ EGFRvIII 

(ʈʠʩʫʥʦʢ 13ɹ). ʊʘʢʦʡ ʧʦʜʙʦʨ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʟʚʦʣʷʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʳ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʢʘʞʜʳʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʡ ʘʥʘʣʠʟ 

ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʙʠʦʣʦʛʠʶ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʥʘ ʙʝʣʢʦʚʦʤ ʫʨʦʚʥʝ ʧʨʦʚʝʣʠ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʢʣʦʥ 

225) ʠ EGFRvIII (ʢʣʦʥ L8A4) (ʈʠʩʫʥʦʢ 14), ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ɸ431, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ EGFR.  

ʂʣʝʪʦʯʥʘʷ  

ʢʫʣʴʪʫʨʘ 

ʂʦʥʪʨʦʣʴ EGFR EGFRvIII 

 

 

 

A431 

   

 

 

BU881 
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Bl 

   
 

 

G01 

   
 

 

Sus 

   
 

 

OES-b 

   
 

ʈʠʩʫʥʦʢ 14 ï ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ ʣʠʥʠʠ ɸ431 

ʠ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ BU881, Bl, G01 ʠ Sus ʘʥʪʠʪʝʣʘʤʠ 

ʧʨʦʪʠʚ EGFR ʠ EGFRvIII (ʟʝʣʝʥʳʡ).  ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ- ʢʣʝʪʢʠ 

ʣʠʥʠʠ A431, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ï ʢʣʝʪʢʠ ʢʫʣʴʪʫʨʳ ʥʝʡʨʦʦʙʦʥʷʪʝʣʴʥʦʡ 

ʚʳʩʪʠʣʢʠ ʥʦʩʘ ʯʝʣʦʚʝʢʘ OES-b. ʉʠʥʠʡ - ʷʜʝʨʥʘʷ ʢʦʥʪʨʘʩʪʠʨʦʚʢʘ Hoechst 

33342 (Sigma-Aldrich). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʠʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ A431, ʛʜʝ EGFR 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʝʤʙʨʘʥʝ, ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʠʬʬʫʟʥʦʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʮʝʧʪʦʨʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ EGFR ʧʨʠ ʛʣʠʦʙʣʘʩʪʦʤʝ [201,202]. ɺ ʮʝʣʦʤ, 

ʜʘʥʥʳʝ ʇʎʈ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʘʥʝʣʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ʯʝʣʦʚʝʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʳ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ EGFRwt ʠ EGFRvIII: BU881 ï ʚʳʩʦʢʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʦʙʝʠʭ ʬʦʨʤ, G01 ï ʫʤʝʨʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʦʙʝʠʭ ʬʦʨʤ, Bl ï 

ʧʨʝʦʙʣʘʜʘʥʠʝ EGFRwt, Sus ï ʤʠʥʠʤʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ). ʕʪʘ ʧʘʥʝʣʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʮʝʥʢʝ ʥʘʢʦʧʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʠ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʵʪʠʭ ʢʣʝʪʦʢ. 

8.3. ʉʦʟʜʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʢ EGFRwt ʠ EGFRvIII ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʘʩʪʦʤʳ 

ʯʝʣʦʚʝʢʘ 

ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʧʪʘʤʝʨʘ U2 

ʠ ʚʥʦʚʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʘʧʪʘʤʝʨʘ Gol1 ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʣʝʪʦʯʥʳʝ ʤʦʜʝʣʠ 

ʩ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ ʨʝʮʝʧʪʦʨʘ EGFR ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ 

EGFRvIII, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʘʥʝʣʴ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ 

ʯʝʣʦʚʝʢʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʫʨʦʚʥʶ ʵʥʜʦʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ 

ʨʝʮʝʧʪʦʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ, ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʠ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʢʠ 

ʥʘʢʦʧʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʭ ʘʧʪʘʤʝʨʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʫʪʸʤ ʢʣʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ 

ʚʝʢʪʦʨʳ EGFRwt/CMV3 ʠ EGFRvIII/CMV3 (ʈʠʩʫʥʦʢ 15ɸ ʠ ɹ). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ EGFRvIII ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʫʶ ʇʎʈ ʩ ʜʝʣʝʮʠʝʡ 801 

ʧʘʨʳ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʜʘʣʝʥʠʶ 2ï7 ʵʢʟʦʥʦʚ ʜʠʢʦʛʦ ʪʠʧʘ 

EGFR. ʇʦʣʫʯʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U87 ʠ ʧʝʨʚʠʯʥʫʶ ʢʫʣʴʪʫʨʫ G01, ʚʳʜʝʣʝʥʥʫʶ ʠʟ 

ʪʢʘʥʠ ʛʣʠʦʙʘʩʪʦʤʳ ʧʘʮʠʝʥʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʝʢʮʠʠ ʦʮʝʥʠʚʘʣʠ ʧʦ 
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ʵʢʩʧʨʝʩʩʠʠ GFP ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʦʩʪʘʚʠʣʘ 21,2% 

ʜʣʷ ʢʣʝʪʦʢ U87 ʠ 8,1% ʜʣʷ ʢʣʝʪʦʢ G01 (ʈʠʩʫʥʦʢ 15ɺ ʠ ɻ). ʇʨʠ ʧʦʧʳʪʢʝ 

ʧʦʣʫʯʠʪʴ ʪʨʘʥʩʛʝʥʥʳʝ ʢʣʝʪʢʠ U87/EGFRvIII ʥʘʙʣʶʜʘʣʘʩʴ ʢʨʘʡʥʝ ʥʠʟʢʘʷ 

ʚʳʞʠʚʘʝʤʦʩʪʴ, ʧʦʵʪʦʤʫ ʵʪʘ ʣʠʥʠʷ ʙʳʣʘ ʠʩʢʣʶʯʝʥʘ ʠʟ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʪʘʙʠʣʴʥʳʝ ʪʨʘʥʩʛʝʥʥʳʝ ʢʫʣʴʪʫʨʳ U87/EGFRwt, G01/EGFRwt ʠ 

G01/EGFRvIII. ʕʢʩʧʨʝʩʩʠʷ ʮʝʣʝʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʙʝʣʢʦʚʦʤ ʫʨʦʚʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʛʠʙʨʠʜʠʟʘʮʠʠ (ʈʠʩʫʥʦʢ 15ɼ). 

ʅʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʥʘʙʣʶʜʘʣʩʷ ʚ ʢʣʝʪʢʘʭ U87/EGFRwt ʠ 

G01/EGFRvIII. 

 

ʈʠʩʫʥʦʢ 15 ï ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʩ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ EGFRwt ʠʣʠ EGFRvIII 

(ɸ) ʂʘʨʪʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ EGFRwt/CMV3; (ɹ) ʂʘʨʪʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ EGFRvIII/CMV3; ʆʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ G01 (ɺ) ʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 
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U87 (ɻ) ʛʣʠʦʙʣʘʩʪʦʤ ʯʝʣʦʚʝʢʘ, GFP ï ʟʝʣʝʥʦʝ ʩʚʝʯʝʥʠʝ. ʗʜʨʘ ʢʣʝʪʦʢ 

ʦʢʨʘʰʠʚʘʣʠ ʙʠʩʙʝʥʟʠʤʠʜʦʤ (çHoechst 33342è, çSigmaè) ï ʩʠʥʝʝ ʩʚʝʯʝʥʠʝ.  

(ɼ) ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ EGFRwt ʠʣʠ EGFRvIII ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʢʘʭ. 

ɺʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ U87 ʠ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ G01 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ. 1 ï U87 ʢʦʥʪʨʦʣʴ, 2 ï U87/EGFRwt, 3 ï G01 

ʢʦʥʪʨʦʣʴ, 4 ï G01/EGFRwt, 5 ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʣʠʥ, 6 ï G01 ʢʦʥʪʨʦʣʴ, 

7 ï G01/EGFRvIII. ʀʤʤʫʥʦʙʣʦʪ ʩ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR ʜʠʢʦʛʦ ʪʠʧʘ 

EGFR (225) ʠ ʧʨʦʪʠʚ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ EGFRvIII (L8A4) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʘʧʪʘʤʝʨʦʚ ʢ EGFRwt ʠ EGFRvIII 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʢʦʥʢʫʨʝʥʪʥʦʡ ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ (ʈʠʩʫʥʦʢ 16). 

ɾʠʚʳʝ ʢʣʝʪʢʠ ʠʩʭʦʜʥʦʡ ʢʫʣʴʪʫʨʳ G01, ʘ ʪʘʢʞʝ ʪʨʘʥʩʛʝʥʥʳʭ ʢʫʣʴʪʫʨ 

G01/EGFRwt ʠ G01/EGFRvIII ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʘʧʪʘʤʝʨʘʤʠ 

U2 ʠʣʠ Gol1, ʤʝʯʝʥʥʳʤʠ FAM (ʟʝʣʸʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ), ʧʦʩʣʝ ʯʝʛʦ 

ʬʠʢʩʠʨʦʚʘʣʠ ʠ ʧʨʦʚʦʜʠʣʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʢʣʦʥ 225) ʠʣʠ ʧʨʦʪʠʚ EGFRvIII 

(ʢʣʦʥ L8A4) ʩ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ Cy5 (ʢʨʘʩʥʳʡ 

ʩʠʛʥʘʣ). ʗʜʨʘ ʢʦʥʪʨʘʩʪʠʨʦʚʘʣʠ Hoechst 33342 (ʩʠʥʠʡ).  
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ʈʠʩʫʥʦʢ 16 - ʉʭʝʤʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʨʘʰʠʚʘʥʠʷ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ. ɾʠʚʳʝ ʢʣʝʪʢʠ ʩʥʘʯʘʣʘ 

ʠʥʢʫʙʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʧʪʘʤʝʨʦʚ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʝʪʢʦʡ, ʜʘʣʝʝ ʬʠʢʩʠʨʫʶʪ ʠʭ ʧʨʦʚʦʜʷʪ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ 

ʘʥʪʠʪʝʣʘʤʠ ʚ ʩʦʦʪʚʝʪʩʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʦʤ. 

ɺ ʢʣʝʪʢʘʭ ʠʩʭʦʜʥʦʡ ʢʫʣʴʪʫʨʳ G01, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʵʥʜʦʛʝʥʥʳʝ EGFR ʠ 

EGFRvIII, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʩ ʘʧʪʘʤʝʨʦʤ U2 ʧʨʠʚʦʜʠʣʘ ʢ 

ʧʨʝʦʙʣʘʜʘʥʠʶ ʢʨʘʩʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʘʥʪʠʪʝʣ (ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʟʝʣʸʥʳʤ), ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʪʘʤʝʨʘ Gol1 ʜʦʤʠʥʠʨʦʚʘʣ 

ʟʝʣʸʥʳʡ ʩʠʛʥʘʣ (ʪʘʢʞʝ ʚ 2 ʨʘʟʘ), ʘ ʩʚʷʟʳʚʘʥʠʝ ʘʥʪʠʪʝʣ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ 

(ʈʠʩʫʥʦʢ 17, ʊʘʙʣʠʮʘ 8), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʘʧʪʘʤʝʨʘ ʩ 

ʘʥʪʠʪʝʣʦʤ ʟʘ ʵʧʠʪʦʧ ʨʝʮʝʧʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ Gol1 ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʘʥʪʠʪʝʣʘʤ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʠ ʢ ʦʙʱʝʤʫ ʵʧʠʪʦʧʫ 

ʠʣʠ ʣʫʯʰʝʛʦ ʜʦʩʪʫʧʘ ʢ ʥʝʤʫ. 
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ʊʘʙʣʠʮʘ 8. ʀʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʘʥʪʠʪʝʣ 

(ʢʨʘʩʥʳʡ ʩʠʛʥʘʣ) ʠ ʘʧʪʘʤʝʨʦʚ (ʟʝʣʝʥʳʡ ʩʠʛʥʘʣ) 

 A/b (red) MEAN Aptamer (green) 

MEAN 

G01 EGFR A/b only 0,154 - 

U2-FAM+A/b 0,099 0,051 

Gol1-FAM+A/b 0,056 0,116 

G01/EGFRwt EGFRwt A/b only 0,198 - 

U2-FAM+A/b 0,176 0,182 

Gol1-FAM+A/b 0,122 0,058 

G01/EGFRvIII EGFRvIII A/b only 0,244 - 

U2-FAM+A/b 0,082 0,059 

Gol1-FAM+A/b 0,038 0,161 

 

   
                 ɸ                          ɹ                           ɺ 

 

ʈʠʩʫʥʦʢ 17 - ʂʦʥʢʫʨʝʥʪʥʘʷ ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʷ ʥʘ ʢʣʝʪʢʘʭ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01. (ɸ) - ʦʢʨʘʰʠʚʘʥʠʝ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR 

(ʢʨʘʩʥʳʡ), (ɹ) ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʧʪʘʤʝʨʘ U2-FAM (ʟʝʣʝʥʳʡ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʢʨʘʩʥʳʡ), (ɺ) - 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʧʪʘʤʝʨʘ Gol1-FAM (ʟʝʣʝʥʳʡ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʢʨʘʩʥʳʡ). ʆʢʨʘʩʢʘ ʷʜʝʨ - ʩʠʥʠʡ 

Hoechst 33342 (Sigma-Aldrich). 

ʅʘ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ G01/EGFRwt, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

EGFRwt, ʘʧʪʘʤʝʨ U2 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʬʬʠʥʥʦʩʪʴ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ 
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ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ: ʦʙʘ ʩʠʛʥʘʣʘ ʙʳʣʠ ʙʣʠʟʢʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʘ 

ʠʭ ʢʦʣʦʢʘʣʠʟʘʮʠʷ ʜʘʚʘʣʘ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʦʝ ʩʚʝʯʝʥʠʝ (ʈʠʩʫʥʦʢ 18, ʊʘʙʣʠʮʘ 8). 

ɸʧʪʘʤʝʨ Gol1 ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʩʚʷʟʳʚʘʣʩʷ ʩʣʘʙʝʝ: ʝʛʦ ʟʝʣʸʥʳʡ ʩʠʛʥʘʣ ʫʩʪʫʧʘʣ 

ʢʨʘʩʥʦʤʫ ʩʠʛʥʘʣʫ ʘʥʪʠʪʝʣ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ.  

   

ɸ ɹ ɺ 

ʈʠʩʫʥʦʢ 18 - ʂʦʥʢʫʨʝʥʪʥʘʷ ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʷ ʥʘ ʪʨʘʥʩʛʝʥʥʳʭ 

ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01/EGFRwt. (ɸ) - ʦʢʨʘʰʠʚʘʥʠʝ 

ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʢʨʘʩʥʳʡ), (ɹ) ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʘʧʪʘʤʝʨʘ U2-FAM (ʟʝʣʝʥʳʡ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʠʪʝʣʘʤʠ 

ʧʨʦʪʠʚ EGFR (ʢʨʘʩʥʳʡ), (ɺ) - ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʧʪʘʤʝʨʘ Gol1-

FAM (ʟʝʣʝʥʳʡ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR 

(ʢʨʘʩʥʳʡ). ʆʢʨʘʩʢʘ ʷʜʝʨ - ʩʠʥʠʡ Hoechst 33342 (Sigma-Aldrich). 

ʅʘʧʨʦʪʠʚ, ʥʘ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ G01/EGFRvIII, 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʫʪʘʥʪʥʫʶ ʬʦʨʤʫ ʨʝʮʝʧʪʦʨʘ, ʘʧʪʘʤʝʨ Gol1 ʧʦʢʘʟʘʣ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ: ʝʛʦ ʟʝʣʸʥʳʡ ʩʠʛʥʘʣ ʧʨʝʚʳʰʘʣ 

ʩʠʛʥʘʣ ʘʥʪʠʪʝʣ ʚ 4,2 ʨʘʟʘ, ʘ ʢʦʣʦʢʘʣʠʟʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʪʦ 

ʝʩʪʴ ʘʧʪʘʤʝʨ ʚʳʪʝʩʥʷʣ ʘʥʪʠʪʝʣʦ ʩ ʵʧʠʪʦʧʘ (ʈʠʩʫʥʦʢ 19, ʊʘʙʣʠʮʘ 8). ɸʧʪʘʤʝʨ 

U2 ʥʘ ʵʪʠʭ ʢʣʝʪʢʘʭ ʪʘʢʞʝ ʩʚʷʟʳʚʘʣʩʷ, ʥʦ ʝʛʦ ʩʠʛʥʘʣ ʙʳʣ ʣʠʰʴ ʚ 1,4 ʨʘʟʘ 

ʚʳʰʝ ʩʠʛʥʘʣʘ ʘʥʪʠʪʝʣ, ʠ ʥʘʙʣʶʜʘʣʘʩʴ ʚʳʨʘʞʝʥʥʘʷ ʢʦʣʦʢʘʣʠʟʘʮʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʧʪʘʤʝʨ U2 ʧʨʦʷʚʣʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢ 

EGFRwt, ʪʦʛʜʘ ʢʘʢ ʘʧʪʘʤʝʨ Gol1 ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʝʥ ʢ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʝ 

EGFRvIII. 
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ɸ ɹ ɺ 

ʈʠʩʫʥʦʢ 19 - ʂʦʥʢʫʨʝʥʪʥʘʷ ʘʧʪʘʠʤʤʫʥʦʮʠʪʦʭʠʤʠʷ ʥʘ ʪʨʘʥʩʛʝʥʥʳʭ 

ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ G01/EGFRvIII. (ɸ) - ʦʢʨʘʰʠʚʘʥʠʝ ʘʥʪʠʪʝʣʘʤʠ 

ʧʨʦʪʠʚ EGFR (ʢʨʘʩʥʳʡ), (ɹ) ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʧʪʘʤʝʨʘ U2-

FAM (ʟʝʣʝʥʳʡ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR 

(ʢʨʘʩʥʳʡ), (ɺ) - ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʧʪʘʤʝʨʘ Gol1-FAM (ʟʝʣʝʥʳʡ) 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ EGFR (ʢʨʘʩʥʳʡ). ʆʢʨʘʩʢʘ 

ʷʜʝʨ - ʩʠʥʠʡ Hoechst 33342 (Sigma-Aldrich). 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʚʷʟʳʚʘʥʠʷ ʘʧʪʘʤʝʨʦʚ ʩ ʢʣʝʪʢʘʤʠ, ʥʝʩʫʱʠʤʠ 

ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ EGFRwt ʠ EGFRvIII, ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʪʦʯʥʫʶ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʶ. ʂʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤ U87, U87/EGFRwt, G01, 

G01/EGFRwt ʠ G01/EGFRvIII ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʘʧʪʘʤʝʨʘʤʠ U2-FAM ʠʣʠ Gol1-

FAM, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʊʘʙʣʠʮʘ 9).  
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ʊʘʙʣʠʮʘ 9. ʎʠʬʨʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʩ ʢʣʝʪʢʘʤʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 

ʠ U87. 

 meanX ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ 

(ʢʦʥʪʨʦʣʴ) 

meanX ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ 

(ʩʚʷʟʳʚʘʥʠʝ ʩ U2) 

meanX ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ 

(ʩʚʷʟʳʚʘʥʠʝ ʩ 

Gol1) 

G01 15114,8 28934,4 27292,2 

G01/EGFRwt 10522,8 13882,2 13676,0 

G01/EGFRvIII 12708,1 21760,1 18909,2 

U87 14567,5 21187,1 21434,1 

U87/EGFRwt 23790, 9 34838,6 29112,4 

 

ʆʙʘ ʘʧʪʘʤʝʨʘ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʢʣʝʪʢʘʤʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤʠ 

ʮʝʣʝʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʧʨʠʯʸʤ ʚ ʢʫʣʴʪʫʨʝ G01 (ʵʥʜʦʛʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ) 

ʩʚʷʟʳʚʘʥʠʝ ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʚ ʣʠʥʠʠ U87. ʅʘ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʢʘʭ 

U87/EGFRwt ʘʧʪʘʤʝʨ U2 ʜʘʚʘʣ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʩʠʛʥʘʣ (34838,6 ʧʨʦʪʠʚ 

29112,4 ʜʣʷ Gol1), ʪʦʛʜʘ ʢʘʢ ʥʘ ʪʨʘʥʩʛʝʥʥʳʭ ʢʣʝʪʢʘʭ G01/EGFRvIII ʦʙʘ 

ʘʧʪʘʤʝʨʘ ʩʚʷʟʳʚʘʣʠʩʴ, ʥʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʙʳʣʘ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʙʘ ʘʧʪʘʤʝʨʘ ʩʧʝʮʠʬʠʯʥʳ ʢ EGFR-

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʣʝʪʢʘʤ, ʦʜʥʘʢʦ U2 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

EGFRwt, ʪʦʛʜʘ ʢʘʢ Gol1 ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʦʟʥʘʸʪ ʠ EGFRwt, ʠ EGFRvIII, ʥʦ ʩ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ. 

ʅʘʢʦʥʝʮ, ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʳʝ ʘʧʪʘʤʝʨʳ U2-FAM ʠ Gol1-FAM 
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ʜʦʙʘʚʣʷʣʠ ʢ ʢʫʣʴʪʫʨʘʤ BU881, Bl, G01 ʠ Sus (ʧʦʩʣʝʜʥʷʷ ï ʩ ʥʠʟʢʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ EGFRvIII) ʥʘ 1,5, 3, 24, 48 ʠ 72 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʣʠ 

ʩʨʝʜʥʶʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

CellProfiler (ʈʠʩʫʥʢʠ 20 ʠ 21).  
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ʈʠʩʫʥʦʢ 20 - ɸʧʪʘʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ BU881, Bl, G01 ʠ Sus ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EGFR-
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cʧʝʮʠʬʠʯʥʳʭ ʘʧʪʘʤʝʨʦʚ (ʟʝʣʝʥʳʡ) U2 ʠ Gol1 ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ FAM-

ʤʝʪʢʦʡ. ʉʠʥʝʝ ʩʚʝʯʝʥʠʝ ï ʦʢʨʘʩʢʘ ʷʜʝʨ ʙʠʩʙʝʥʟʠʤʠʜʦʤ (çHoechst 33342è, 

çSigmaè). 

 

  

ɸ ɹ 

  

ɺ ɻ 

 

ʈʠʩʫʥʦʢ 21 ï ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(Normalized mean fluorescence intensity) ʘʧʪʘʤʝʨʦʚ U2-FAM ʠ Gol1-FAM ʚ 

ʢʣʝʪʢʘʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ (ɸ) BU881, (ɹ) Bl, (ɺ) G01 ʠ (ɻ) 

Sus ʯʝʨʝʟ 1.5, 3, 24, 48 ʠ 72 ʯʘʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʬʦʥʦʚʦʤʫ ʩʠʛʥʘʣʫ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʢʘʭ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ FAM-ʤʝʪʢʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʦʧʳʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʚʝʟʜʦʯʢʘʤʠ (Two-way ANOVA ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ɹʦʥʬʝʨʨʦʥʠ, * = p < 0,05, 

** = p < 0,01, *** = p < 0,001) 
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ɺ ʢʫʣʴʪʫʨʘʭ ʛʣʠʦʙʣʘʩʪʦʤ BU881 ʠ G01, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ EGFRvIII, ʥʘʢʦʧʣʝʥʠʝ ʘʧʪʘʤʝʨʘ Gol1-FAM ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ 

ʚʳʰʝ, ʯʝʤ U2-FAM, ʠ ʵʪʦʪ ʩʠʛʥʘʣ ʩʦʭʨʘʥʷʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ 

ʪʦʯʝʢ (ʈʠʩʫʥʢʠ 21ɸ ʠ ɺ). ɺ ʢʫʣʴʪʫʨʘʭ ʛʣʠʦʙʣʘʩʪʦʤ Bl ʠ Sus, ʛʜʝ ʵʢʩʧʨʝʩʩʠʷ 

EGFRvIII ʥʠʟʢʘʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʘʧʪʘʤʝʨʘʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʈʠʩʫʥʢʠ 21ɹ ʠ ɻ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ EGFRvIII ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʥʘʢʦʧʣʝʥʠʷ Gol1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

EGFRvIII-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʧʪʘʤʝʨ Gol1 

ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʣʠʛʘʥʜʦʤ ʜʣʷ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ EGFRvIII, ʪʦʛʜʘ ʢʘʢ 

ʠʩʭʦʜʥʳʡ ʘʧʪʘʤʝʨ U2 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ EGFR ʜʠʢʦʛʦ ʪʠʧʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ Gol1 ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ EGFRvIII, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʨʘʥʦʩʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ. 

8.4. ɺʣʠʷʥʠʝ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ 

ɼʣʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʘʥʝʣʠ ʠʟ ʯʝʪʳʨʸʭ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ (BU881, Bl, G01, Sus), ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʫʨʦʚʥʶ 

ʵʢʩʧʨʝʩʩʠʠ EGFRwt ʠ EGFRvIII, ʘ ʪʘʢʞʝ ʥʘ ʢʫʣʴʪʫʨʘʭ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ï 

ʬʠʙʨʦʙʣʘʩʪʘʭ ʯʝʣʦʚʝʢʘ DF1 ʠ ʢʣʝʪʢʘʭ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ ʯʝʣʦʚʝʢʘ 

OES-b. ɸʧʪʘʤʝʨʳ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10 ʠ 20 ʤʢʄ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʠ ʤʝʪʦʜʘ: ʄʊS-ʪʝʩʪ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʧʨʦʣʠʬʝʨʘʮʠʠ), ʩʠʩʪʝʤʫ xCELLigence ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ transwell-ʘʥʘʣʠʟ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. 
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8.4.1. ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ.  

ʂʣʝʪʢʠ DF1 ʠ OES-b ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʘʧʪʘʤʝʨʘʤʠ U2 ʠ Gol1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

10 ʠ 20 ʤʢʄ ʚ ʪʝʯʝʥʠʝ 72 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʄʊS-ʪʝʩʪ (ʈʠʩʫʥʦʢ 22). 

 

ʈʠʩʫʥʦʢ 22 - ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨ 

ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ ʯʝʣʦʚʝʢʘ OES-b  ʠ ʬʠʙʨʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ DF1 ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10 ʠ 20 ʤʢʄ ʤʝʪʦʜʦʤ 

MTS-ʪʝʩʪʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʢʦʥʪʨʦʣʷ, ʚʟʷʪʦʛʦ ʟʘ 100%. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʧʳʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʚʝʟʜʦʯʢʘʤʠ (Two-way ANOVA ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʪʝʩʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ɹʦʥʬʝʨʨʦʥʠ,  ***  = < 0,001). 

 ɸʧʪʘʤʝʨ Gol1 ʥʝ ʦʢʘʟʳʚʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʠ DF1, ʥʠ OES-b ʥʠ ʧʨʠ ʦʜʥʦʡ ʠʟ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʧʪʘʤʝʨ U2 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

10 ʠ 20 ʤʢʄ ʚʳʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ DF1 ʥʘ 13% ʠ 

14% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʥʦ ʥʘ ʢʣʝʪʢʘʭ OES-b 

ʟʥʘʯʠʤʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʧʪʘʤʝʨ Gol1 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʬʠʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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8.4.2. ɸʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʥʘ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʛʣʠʦʙʣʘʩʪʦʤ ʯʝʣʦʚʝʢʘ: ʄʊS-ʪʝʩʪ.  

ɺʣʠʷʥʠʝ ʘʧʪʘʤʝʨʦʚ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʦʮʝʥʠʚʘʣʠ ʯʝʨʝʟ 

72 ʯ ʠʥʢʫʙʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʯʸʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʘ ʦʪ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ EGFRvIII ʚ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ (ʈʠʩʫʥʦʢ 23).  

 

ʈʠʩʫʥʦʢ 23 - ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ   ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ BU881, Bl, G01 ʠ Sus ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʦʚ U2 

ʠ Gol1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʠ 20 ʤʢʄ ʤʝʪʦʜʦʤ MTS-ʪʝʩʪʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʢʦʥʪʨʦʣʷ, ʚʟʷʪʦʛʦ ʟʘ 100%. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʧʳʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʚʝʟʜʦʯʢʘʤʠ (Two-

way ANOVA ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ɹʦʥʬʝʨʨʦʥʠ, 

*** = p < 0,001, **** = p < 0,0001). 

ɺ ʢʫʣʴʪʫʨʝ ʛʣʠʦʙʣʘʩʪʦʤʳ BU881, ʦʙʣʘʜʘʶʱʝʡ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

EGFRvIII, ʘʧʪʘʤʝʨ Gol1 (10 ʤʢʄ) ʩʥʠʞʘʣ ʧʨʦʣʠʬʝʨʘʮʠʶ ʥʘ 40% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (p < 0,0001), ʪʦʛʜʘ ʢʘʢ ʘʧʪʘʤʝʨ U2 ʚ ʪʦʡ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʚʘʣ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (ʦʢʦʣʦ 10%) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 
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ʥʝʟʥʘʯʠʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ U2 ʜʦ 20 ʤʢʄ ʥʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʩʠʣʝʥʠʶ ʵʬʬʝʢʪʘ. ɺ ʢʫʣʴʪʫʨʝ G01, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 

ʫʤʝʨʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ EGFRvIII, Gol1 (10 ʤʢʄ) ʚʳʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʘ 21% (p < 0,01), ʪʦʛʜʘ ʢʘʢ U2 ʥʝ ʦʢʘʟʳʚʘʣ 

ʟʥʘʯʠʤʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʢʫʣʴʪʫʨʝ Bl, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

EGFRwt, ʦʙʘ ʘʧʪʘʤʝʨʘ (10 ʤʢʄ) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʦʧʦʩʪʘʚʠʤʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ï ʩʥʠʞʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʘ 20ï25% (p < 0,01). ɺ ʢʫʣʴʪʫʨʝ Sus, ʛʜʝ 

ʵʢʩʧʨʝʩʩʠʷ ʦʙʦʠʭ ʨʝʮʝʧʪʦʨʦʚ ʤʠʥʠʤʘʣʴʥʘ, ʥʠ ʦʜʠʥ ʠʟ ʘʧʪʘʤʝʨʦʚ ʥʝ ʚʳʟʳʚʘʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. 

8.4.3 ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʣʠʬʝʨʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (xCELLigence) 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʚ 

U2 ʠ Gol1.  

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ 

xCELLigence, ʨʝʛʠʩʪʨʠʨʫʶʱʫʶ ʠʟʤʝʥʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʠʥʜʝʢʩʘ 

(ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʘʜʛʝʟʠʠ, ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ) 

ʥʝʧʨʝʨʳʚʥʦ ʚ ʪʝʯʝʥʠʝ 6 ʩʫʪʦʢ. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ E-plate 16, ʯʝʨʝʟ 24 ʯ 

ʜʦʙʘʚʣʷʣʠ ʘʧʪʘʤʝʨʳ (10 ʤʢʄ) ʠ ʧʨʦʜʦʣʞʘʣʠ ʠʟʤʝʨʝʥʠʷ (ʈʠʩʫʥʢʠ 24ï26).  

ɺ ʢʫʣʴʪʫʨʝ ʛʣʠʦʙʣʘʩʪʦʤʳ BU881, ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴʶ 

EGFRvIII, ʘʧʪʘʤʝʨ U2 ʚʳʟʳʚʘʣ ʣʠʰʴ ʫʤʝʨʝʥʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɼʦʙʘʚʣʝʥʠʝ Gol1 ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ 

ʩʥʠʞʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʠʥʜʝʢʩʘ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʳʭ ʩʫʪʦʢ, ʠ ʢ 5-ʤʫ ʜʥʶ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʝ ʢʣʝʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʈʠʩʫʥʦʢ 24).  
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ʈʠʩʫʥʦʢ 24 ï ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʠʥʜʝʢʩʘ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ BU881 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 (10 

ʤʢʄ) ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ. 

ɺ ʢʫʣʴʪʫʨʝ Bl, ʛʜʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʶ EGFRwt, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʘʧʪʘʤʝʨʘʤʠ ʩʪʘʣʠ ʟʘʤʝʪʥʳ ʧʦʩʣʝ 72 ʯ: Gol1 ʟʘʤʝʜʣʷʣ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʪʦʛʜʘ 

ʢʘʢ ʢʣʝʪʦʯʥʳʡ ʠʥʜʝʢʩ ʚ ʧʨʠʩʫʪʩʪʚʠʠ U2 ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʢʦʥʪʨʦʣʷ (ʈʠʩʫʥʦʢ 

25).  
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ʈʠʩʫʥʦʢ 25 - ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʠʥʜʝʢʩʘ ʚ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ Bl ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 (10 ʤʢʄ) ʚ 

ʪʝʯʝʥʠʝ 6 ʜʥʝʡ. 

ɺ ʢʫʣʴʪʫʨʝ G01, ʦʙʘ ʘʧʪʘʤʝʨʘ ʩʥʠʞʘʣʠ ʢʣʝʪʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʜʥʘʢʦ ʵʬʬʝʢʪ 

Gol1 ʙʳʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥ ʠ ʫʩʪʦʡʯʠʚ ʚʦ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 26). 

 

ʈʠʩʫʥʦʢ 26 - ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʠʥʜʝʢʩʘ ʚ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 (10 ʤʢʄ) 

ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ. 

 ɼʘʥʥʳʝ xCELLigence ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʄʊS-ʪʝʩʪʘ ʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʘʧʪʘʤʝʨ Gol1 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ 

ʧʨʦʣʠʬʝʨʘʮʠʠ EGFRvIII-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ. 

8.4.4. ɺʣʠʷʥʠʝ ʘʧʪʘʤʝʨʦʚ ʥʘ ʤʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (transwell-

ʘʥʘʣʠʟ).  

ʄʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ transwell-ʢʘʤʝʨ ʩ ʧʦʨʘʤʠ 

8 ʤʢʤ. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ ʚʝʨʭʥʶʶ ʢʘʤʝʨʫ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ, ʚ 

ʥʠʞʥʶʶ ʢʘʤʝʨʫ ʜʦʙʘʚʣʷʣʠ ʩʨʝʜʫ ʩ 10% FBS ʚ ʢʘʯʝʩʪʚʝ ʭʝʤʦʘʪʪʨʘʢʪʘʥʪʘ. 
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ʏʝʨʝʟ 20 ʯ ʠʥʢʫʙʘʮʠʠ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʤʠʛʨʠʨʦʚʘʚʰʠʭ ʥʘ 

ʥʠʞʥʶʶ ʩʪʦʨʦʥʫ ʤʝʤʙʨʘʥʳ (ʈʠʩʫʥʦʢ 27).  

 

ʈʠʩʫʥʦʢ 27 ï ʆʮʝʥʢʘ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ 

BU881, Bl ʠ G01 ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʦʚ U2 ʠ Gol1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʤʝʨ transwell ʯʝʨʝʟ 72 ʯ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʢʦʥʪʨʦʣʷ 

(ʥʝʦʙʨʘʙʦʪʘʥʥʘʷ ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ). ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʧʳʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʚʝʟʜʦʯʢʘʤʠ (Two-

way ANOVA ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ɹʦʥʬʝʨʨʦʥʠ 

, **** = p < 0,0001) 

ɺ ʢʫʣʴʪʫʨʝ ʛʣʠʦʙʣʘʩʪʦʤʳ BU881 ʘʧʪʘʤʝʨ Gol1 (10 ʤʢʄ) ʩʥʠʞʘʣ 

ʤʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 85,5% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (p < 0,0001), 

ʪʦʛʜʘ ʢʘʢ U2 ï ʥʘ 53,5% (p < 0,0001). ɺ ʢʫʣʴʪʫʨʘʭ Bl ʠ G01 ʘʧʪʘʤʝʨ Gol1 ʥʝ 

ʦʢʘʟʳʚʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʠʛʨʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʘʧʪʘʤʝʨ 

U2 ʚ ʢʫʣʴʪʫʨʝ Bl, ʥʘʧʨʦʪʠʚ, ʩʪʠʤʫʣʠʨʦʚʘʣ ʤʠʛʨʘʮʠʶ: ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʛʨʠʨʦʚʘʚʰʠʭ ʢʣʝʪʦʢ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 67% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (p < 

0,0001). ʕʪʦʪ ʬʝʥʦʤʝʥ, ʠʟʚʝʩʪʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ çgo or growè (ʙʝʞʘʪʴ ʠʣʠ 
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ʨʘʩʪʠ), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʦʜʘʚʣʝʥʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ 

ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʥʘ ʤʠʛʨʘʮʠʦʥʥʫʶ ʧʨʦʛʨʘʤʤʫ. 

ʆʪʩʫʪʩʪʚʠʝ ʩʪʠʤʫʣʷʮʠʠ ʤʠʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ Gol1 ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʘʞʥʳʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʧʪʘʤʝʨ Gol1 ʥʝ ʪʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʩʭʦʜʥʳʡ ʘʧʪʘʤʝʨ U2 ʧʦ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ EGFRvIII-ʧʦʟʠʪʠʚʥʳʭ 

ʢʣʝʪʦʢ, ʥʦ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ U2, ʥʝ ʚʳʟʳʚʘʝʪ ʧʘʨʘʜʦʢʩʘʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʤʠʛʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʘ ʚ ʥʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʦʡ ʢʫʣʴʪʫʨʝ BU881 

ʟʥʘʯʠʪʝʣʴʥʦ ʝʸ ʧʦʜʘʚʣʷʝʪ. 

8.5. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʘ Gol1 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʠ ʘʥʪʠʤʠʛʨʘʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʘ Gol1, ʙʳʣ 

ʧʨʦʚʝʜʸʥ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ 

G01 ʧʦʩʣʝ 72-ʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʩ ʘʧʪʘʤʝʨʦʤ Gol1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ. 

ʊʦʪʘʣʴʥʫʶ ʈʅʂ ʚʳʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ Trisol, ʢʘʯʝʩʪʚʦ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʈʅʂ ʦʮʝʥʠʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ BioAnalyzer. ɹʠʙʣʠʦʪʝʢʠ ʜʣʷ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ NEBNextÈ RNA UltraII, 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ HiSeq1500 (Illumina) ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʝ 

ʤʝʥʝʝ 10 ʤʠʣʣʠʦʥʦʚ ʢʦʨʦʪʢʠʭ ʯʪʝʥʠʡ ʧʦ 50 ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʦʙʨʘʟʝʮ. 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʯʪʝʥʠʡ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ GRCh38.p14 ʚʳʧʦʣʥʷʣʠ 

ʧʨʦʛʨʘʤʤʦʡ STAR, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ HTSeq. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʛʝʥʳ ʚʳʷʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

DESeq2; ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʣʫʞʠʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ p < 

0,05 ʠ |log2FoldChange| > 1. ɸʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʛʝʥʦʚ ʧʦ ʪʝʨʤʠʥʘʤ Gene 

Ontology (GO) ʠ ʩʠʛʥʘʣʴʥʳʤ ʧʫʪʷʤ KEGG ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ClusterProfiler ʚ R. 

ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʘʧʪʘʤʝʨʦʤ Gol1 

ʠ ʢʦʥʪʨʦʣʴʥʳʝ (ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ) ʢʣʝʪʢʠ ʦʙʨʘʟʫʶʪ ʜʚʘ ʯʸʪʢʦ ʨʘʟʜʝʣʸʥʥʳʭ 
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ʢʣʘʩʪʝʨʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʣʫʙʦʢʠʭ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʧʪʘʤʝʨʘ (ʈʠʩʫʥʦʢ 28).  

 

ʈʠʩʫʥʦʢ 28 - ɻʨʘʬʠʢ PCA (ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ) ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

(control) ʠ ʦʧʳʪʥʦʡ ʛʨʫʧʧʘʭ (Gol), ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʙʝʟ ʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʧʪʘʤʝʨʘ Gol1. 

ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ, ʦʪʨʘʞʘʶʱʘʷ ʵʢʩʧʨʝʩʩʠʶ ʚʩʝʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ, ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʈʠʩʫʥʦʢ 29).  
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ʈʠʩʫʥʦʢ 29 - ɸʥʘʣʠʟ ʪʝʧʣʦʚʦʡ ʢʘʨʪʳ, ʩʫʤʤʠʨʫʶʱʠʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʙʝʟ (control) ʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʧʪʘʤʝʨʘ Gol1 (Gol) ʜʣʷ ʛʝʥʦʚ ʩʦ ʟʥʘʯʝʥʠʝʤ log2FC ʧʦ ʤʦʜʫʣʶ 

ʙʦʣʴʰʝ 4. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ log2-ʬʦʨʤʫ ʠ ʧʦʢʘʟʘʥʘ ʢʘʢ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ z-ʦʮʝʥʢʘ. 

ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 50 006 ʛʝʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʧʦ 

ʩʨʝʜʥʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʨʠʜʦʚ (>10) ʦʩʪʘʣʦʩʴ 12 392 ʛʝʥʘ. ʀʟ ʥʠʭ 1 207 ʛʝʥʦʚ 

ʦʢʘʟʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ 

(padj < 0,05). ʉʨʝʜʠ ʵʪʠʭ ʛʝʥʦʚ 765 (63,3%) ʙʳʣʠ ʧʦʚʳʰʝʥʳ, ʘ 442 (36,7%) ï 

ʩʥʠʞʝʥʳ ʚ ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʘʧʪʘʤʝʨʦʤ Gol1, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ (ʈʠʩʫʥʦʢ 30). 
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ʈʠʩʫʥʦʢ 30 ï ɸʥʘʣʠʟ Volcano ʛʨʘʬʠʢʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ (DE) ʛʝʥʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʘʧʪʘʤʝʨʦʤ Gol1. ʆʩʴ Y ʧʨʝʜʩʪʘʚʣʷʝʪ p -

ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ī log10, ʦʩʴ x ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʘʪʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤʫ ʚ log2. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ - -log10(0,05). 

ɺʝʨʪʠʢʘʣʴʥʳʝ: ʟʥʘʯʝʥʠʝ log2FoldChange (log2 ʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʝʡ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʣʠʥʠʷʭ) ʨʘʚʥʦʝ -1 ʠ 1. 

GO-ʘʥʘʣʠʟ ʛʝʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʪʝʨʤʠʥʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʝʡʨʦʛʝʥʝʟʦʤ, ʢʣʝʪʦʯʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ, ʦʪʚʝʪʦʤ ʥʘ ʵʥʜʦʛʝʥʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ, ʘ ʪʘʢʞʝ ʩ 

ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʦʚ (ʈʠʩʫʥʦʢ 31).  
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ʈʠʩʫʥʦʢ 31 ï ɸʥʘʣʠʟ Gene Ontology (GO) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʘ Gol1. ʇʦʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʪʝʨʤʠʥʳ GO ʛʝʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʘʪʝʛʦʨʠʡ GO: ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʬʫʥʢʮʠʷ (MF) - ʞʝʣʪʳʝ ʩʪʦʣʙʮʳ, ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (CC) - ʩʠʥʠʝ 

ʩʪʦʣʙʮʳ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (BP) - ʢʨʘʩʥʳʝ ʩʪʦʣʙʮʳ 

ɺ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ ʛʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ: NOTCH3, PTN, NGF, ʘ ʪʘʢʞʝ ʛʝʥ TXNIP (ʪʠʦʨʝʜʦʢʩʠʥ-

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʙʝʣʦʢ), ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʦʧʫʭʦʣʝʚʳʡ ʩʫʧʨʝʩʩʦʨ, 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʘ ʩ ʫʩʠʣʝʥʠʝʤ ʘʧʦʧʪʦʟʘ.  

ʉʨʝʜʠ ʛʝʥʦʚ ʩʦ ʩʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʠʝ ʪʝʨʤʠʥʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʣʝʪʦʯʥʳʤ ʨʦʩʪʦʤ, ʈʅʂ-ʩʧʣʘʡʩʠʥʛʦʤ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʩʧʣʘʡʩʠʥʛʦʤ, ʧʨʦʮʝʩʩʠʥʛʦʤ ʈʅʂ, ʙʠʦʛʝʥʝʟʦʤ ʷʜʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʷʜʝʨʥʳʤʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʈʠʩʫʥʦʢ 32).  
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ʈʠʩʫʥʦʢ 32 ï ɸʥʘʣʠʟ Gene Ontology (GO) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʘ Gol1. ʇʦʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʪʝʨʤʠʥʳ GO ʛʝʥʦʚ ʩʦ ʩʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʘʪʝʛʦʨʠʡ GO: ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʬʫʥʢʮʠʷ (MF) - ʞʝʣʪʳʝ ʩʪʦʣʙʮʳ, ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (CC) - ʩʠʥʠʝ 

ʩʪʦʣʙʮʳ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (BP) - ʢʨʘʩʥʳʝ ʩʪʦʣʙʮʳ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʘʚʣʷʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ ʬʘʢʪʦʨʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʩʧʣʘʡʩʠʥʛʘ CELF2, hnRNPM, KHDRBS3, SRSF6, SRSF2, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʘʧʪʘʤʝʨʘ ʥʘ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʨʝʛʫʣʷʮʠʶ (ʈʠʩʫʥʦʢ 

33). 
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ʈʠʩʫʥʦʢ 33 -  ʉʝʪʴ PPI ʠʟ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʩʧʣʘʡʩʠʥʛʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ STRING, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ 

ʩʥʠʞʘʝʪʩʷ ʚ ʢʣʝʪʢʘʭ ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01 ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʘʧʪʘʤʝʨʘ Gol1. PPI ð ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; STRING ð 

ʧʦʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʛʝʥʦʚ. Network 

Statistics: number of nodes: 9; number of edges: 23; average node degree: 5.11; 

avg. local clustering coefficient: 0.885; expected number of edges: 2; PPI 

enrichment p-value: < 1.0e-16 

ʇʦʩʢʦʣʴʢʫ EGFR ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʝʩʢʦʣʴʢʠʭ ʦʥʢʦʛʝʥʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʢʘʩʢʘʜʳ MAPK, PI3K-Akt ʠ JAK-STAT. ɺ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ 

MAPK ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 23 ʛʝʥʦʚ ʠ ʩʥʠʞʝʥʠʝ 4 ʛʝʥʦʚ 

(ʊʘʙʣʠʮʘ 10). 

ʊʘʙʣʠʮʘ 10. ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʘʩʢʘʜʳ ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ, ʦʧʦʩʨʝʜʫʝʤʳʭ EGFR, ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʘʧʪʘʤʝʨʘ Gol1 ʚ ʢʣʝʪʢʘʭ 

ʢʫʣʴʪʫʨʳ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ G01  
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 MAPK  

signaling pathway 

PI3K-Akt signaling 

pathway 

JAK-STAT 

signaling pathway 

Up PDGFRB, ATF2, NGFR, 

DUSP5, NTRK2, 

CACNA2D1, HGF, 

CACNA2D2, BRAF, 

HSPA2, MAPK8IP3, 

CACNA1H, EREG, 

VEGFA, CACNA1G, 

ELK4, CACNG7, 

RPS6KA6, CACNB4, 

DDIT3, TAOK1, MKNK2, 

SOS1  

ATF2, CDKN1A, ITGB3, 

LAMA3, THBS2, CREB3L1, 

ITGAV, JAK2, PDGFRB, 

NGFR, NTRK2, LAMB2, 

HGF, ITGA1, LAMB1, 

EPOR, EREG, VEGFA, 

COL1A1, COL4A2, LPAR6, 

COL4A1, ITGA10, DDIT4, 

COL4A6, COL4A5, 

COL6A3, PKN2, ITGA5, 

SOS1  

PDGFRB, 

CDKN1A, CTF1, 

CISH, LEPR, PIM1, 

JAK2, SOS1, 

SOCS4, EPOR  

 

Down RRAS2, NGF, CACNA1E, 
FGFR2 

 

 

TSC1, NGF, PGF, GHR, 

PPP2R1B, CCND1, 

CCNE1, PDGFD, BCL2, 

SGK1, IL7R, TLR4, FGFR2 

 

GHR, SOCS1, 

CCND1, BCL2, 

IL7R, GFAP 

 

 

 ʉʨʝʜʠ ʧʦʚʳʰʝʥʥʳʭ ʛʝʥʦʚ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ DUSP5 (ʥʝʛʘʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ MAPK, ʧʦʜʘʚʣʷʶʱʠʡ 

ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʝʪʦʢ ʛʣʠʦʤʳ) ʠ DDIT3 (ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʪʨʘʥʩʢʨʠʧʮʠʠ). ʉʨʝʜʠ ʩʥʠʞʝʥʥʳʭ ʛʝʥʦʚ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ RRAS2, 

ʢʦʜʠʨʫʶʱʠʡ ʤʘʣʫʶ ɻʊʌʘʟʫ, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʥʝʡʨʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ. 

ɺ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ PI3K-Akt ʙʳʣʦ ʚʳʷʚʣʝʥʦ 30 ʛʝʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠ 13 

ʛʝʥʦʚ ʩʦ ʩʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ (ʊʘʙʣʠʮʘ 10). ʂʣʶʯʝʚʳʤʠ ʥʘʭʦʜʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ CDKN1A (p21), ʠʥʛʠʙʠʪʦʨʘ ʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʳʭ 

ʢʠʥʘʟ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʘʧʦʧʪʦʟʦʤ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ, ʘ ʪʘʢʞʝ PKN2, 

ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʤʠʦʙʣʘʩʪʦʚ ʠ ʠʥʛʠʙʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʠʟʘʮʠʶ Akt. ʉʨʝʜʠ ʩʥʠʞʝʥʥʳʭ ʛʝʥʦʚ ï CCND1 (ʮʠʢʣʠʥ D1, ʤʘʨʢʝʨ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʠ ʩʪʚʦʣʦʚʦʩʪʠ), BCL2 (ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʡ 

ʙʝʣʦʢ), SGK1 (ʢʠʥʘʟʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʛʣʠʦʙʣʘʩʪʦʤʳ) ʠ PPP2R1B (ʩʫʙʲʝʜʠʥʠʮʘ ʬʦʩʬʘʪʘʟʳ PP2A, 
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ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʚʣʝʯʸʥʥʘʷ ʚ ʩʫʧʨʝʩʩʠʶ ʦʧʫʭʦʣʝʡ) (ʊʘʙʣʠʮʘ 10, ʈʠʩʫʥʢʠ 

34, 35). 

 

ʈʠʩʫʥʦʢ 34 - ʉʝʪʴ PPI ʠʟ ʛʝʥʦʚ ʢʘʩʢʘʜʘ PI3K-Akt, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ 

ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʢʣʝʪʦʢ ɻɹ ʯʝʣʦʚʝʢʘ G01 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʤ Gol1, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ STRING. PPI ð ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; 

STRING ð ʧʦʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʛʝʥʦʚ.  
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ʈʠʩʫʥʦʢ 35 - ʉʝʪʴ PPI ʠʟ ʛʝʥʦʚ ʢʘʩʢʘʜʘ PI3K-Akt, ʛʠʧʦʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ 

ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʢʣʝʪʦʢ ɻɹ ʯʝʣʦʚʝʢʘ G01 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨʦʤ Gol1, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ STRING.  PPI ð ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; 

STRING ð ʧʦʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʛʝʥʦʚ.  

ɺ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ JAK-STAT ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 10 

ʛʝʥʦʚ ʠ ʩʥʠʞʝʥʠʝ 6 ʛʝʥʦʚ, ʚʢʣʶʯʘʷ ʩʥʠʞʝʥʠʝ BCL2 ʠ CCND1 (ʊʘʙʣʠʮʘ 10), 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʠʤ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʝʪʴ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʥʝʡʨʦʛʝʥʝʟʦʤ ʠ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʦʧʫʣʷʮʠʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. 

ɸʥʘʣʠʟ PPI (ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʧʪʘʤʝʨʘ Gol1 ʘʢʪʠʚʠʨʫʶʪʩʷ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʥʝʡʨʦʛʝʥʝʟʝ 

(HOOK3, AspM, Prox1), ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ 

(NOTCH3, PTN, NGF) ʠ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʧʫʣʷʮʠʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ (ʈʠʩʫʥʢʠ 36ï38). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʢʣʶʯʝʥʠʠ 
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ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʫʶ. ʅʘ ʨʠʩʫʥʢʝ 36 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʪʴ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ.  

 

ʈʠʩʫʥʦʢ 36 - ʉʝʪʴ PPI ʠʟ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʝʡʨʦʥʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ STRING. ʎʚʝʪʦʤ ʚʳʜʝʣʝʥʳ 

ʙʝʣʢʠ, ʛʝʥʳ ʢʦʪʦʨʳʭ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʘʧʪʘʤʝʨʘ Gol1. PPI ð ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; STRING ð 

ʧʦʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʛʝʥʦʚ. Network 

Statistics: number of nodes: 67; number of edges: 284; average node degree: 8.48; 
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avg. local clustering coefficient: 0.477; expected number of edges: 81; PPI 

enrichment p-value: < 1.0e-16 

ʅʘʨʷʜʫ ʩʦ ʩʪʠʤʫʣʷʮʠʝʡ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʩʪʠʤʫʣʷʮʠʷ ʥʝʡʨʦʛʝʥʝʟʘ. ʉʭʝʤʘ 

ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡʨʦʛʝʥʝʟʝ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 37. 
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ʈʠʩʫʥʦʢ 37 -  ʉʝʪʴ PPI ʠʟ ʛʝʥʦʚ, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʚ ʦʧʳʪʥʦʤ 

ʦʙʨʘʟʮʝ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʝʡʨʦʛʝʥʝʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ STRING. 

PPI ð ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; STRING ð ʧʦʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʛʝʥʦʚ. Network Statistics: number of 

nodes: 59; number of edges: 71; average node degree: 2.41; avg. local clustering 

coefficient: 0.434; expected number of edges: 28; PPI enrichment p-value: 8.58e-

12 

ʏʪʦ ʠʥʪʝʨʝʩʥʦ, ʧʦʤʠʤʦ ʫʩʠʣʝʥʠʷ ʥʝʡʨʦʛʝʥʝʟʘ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʧʪʘʤʝʨʘ 

Gol1 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʢʣʶʯʝʚʳʭ ʟʚʝʥʴʝʚ ʧʦʧʫʣʷʮʠʠ ʥʦʨʤʘʣʴʥʳʭ 

ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 38). 

 

ʈʠʩʫʥʦʢ 38  ï ʉʝʪʴ PPI ʠʟ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʧʦʧʫʣʷʮʠʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ 

STRING. ʎʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʙʝʣʢʠ, ʛʝʥʳ ʢʦʪʦʨʳʭ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ 

ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ. PPI ð ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; STRING ð 

ʧʦʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʛʝʥʦʚ. Network 

Statistics: number of nodes: 23; number of edges: 43; average node degree: 3.74; 






























































































































