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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʚ ʤʠʨʝ ʦʞʠʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʢʦʤ ʠ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʯʠʩʣʦ ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʠʪ 

ʙʦʣʝʝ 30,2 ʤʠʣʣʠʦʥʦʚ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʤʝʨʥʦ ʥʘ 30% ʯʠʩʣʦ ʣʶʜʝʡ, ʧʨʦʞʠʚʰʠʭ 

5 ʠ ʙʦʣʝʝ ʣʝʪ ʧʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ. ʈʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʈʇɾ) ʟʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ 

ʩʨʘʚʥʷʣʩʷ ʧʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩ ʨʘʢʦʤ ʣʸʛʢʦʛʦ (ʟʘʥʠʤʘʚʰʝʛʦ ʨʘʥʝʝ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ) ʠ 

ʪʝʧʝʨʴ ʦʙʘ ʵʪʠʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʥʝʜʫʛʘ ʜʝʣʷʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʫʞʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʈʦʩʩʠʠ, ʥʦ ʠ ʚ ʤʠʨʝ. ɼʘʞʝ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʧʷʪʠʣʝʪʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʦʨʤʘʭ ʈʇɾ ʚ ʩʨʝʜʥʝʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 32%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʣʦʢʘʣɹ ʥʳʭ ʬʦʨʤʘʭ ʈʇɾ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʝʪ 97% [1, 2]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʈʦʩʩʠʠ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʈʇɾ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ çʧʦʤʦʣʦʜʝʣè, ʥʦ ʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʟʘʙʦʣʝʚʘʥʠʷ ʪʝʧʝʨʴ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʚ 6 ʨʘʟ ʯʘʱʝ ʫ ʤʫʞʯʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 15 ʜʦ 40 ʣʝʪ [3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʥʝʭʚʘʪʢʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʘʨʢʝʨʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʫʪʠʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʱʫʱʘʝʪʩʷ ʦʯʝʥʴ 

ʦʩʪʨʦ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʥʘʙʦʨʦʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʦʮʝʥʢʘ ʚ ʢʨʦʚʠ ʫʨʦʚʥʷ ʧʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʥʪʠʛʝʥʘ 

(ʇʉɸ), ʧʘʣʴʮʝʚʦ-ʨʝʢʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ (ʇʈʀ) ʠ ʪʨʘʥʩʨʝʢʪʘʣʴʥʦʝ ʋɿʀ (ʊʈʋɿʀ), ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʙʦʨʦʤ ʙʠʦʧʩʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ), ʷʚʣʷʶʱʠʭʩʷ ʣʠʙʦ ʠʥʚʘʟʠʚʥʳʤʠ, ʣʠʙʦ 

ʦʙʣʘʜʘʶʱʠʤʠ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ/ʠʣʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ PCA3, TMPRSS2-ERG, 

ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʚʝʥʥʦ ʣʫʯʰʠʤʠ, ʯʝʤ ʇʉɸ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ vs ʩʧʝʮʠʬʠʯʥʦʩʪʠ: 95% vs 65% (ʜʣʷ PCA3), 37% vs 87% (ʜʣʷ TMPRSS2-

ERG) ʠ ʤʝʥʝʝ 40% (ʧʦ ʦʙʦʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʇʉɸ) [4]), ʢʦʪʦʨʳʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʫʞʜʘʶʪʩʷ ʚ 

ʫʣʫʯʰʝʥʠʠ (ʜʣʷ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). 

çɿʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ 

ʷʚʣʷʝʪʩʷ ʙʠʦʧʩʠʷ ʪʢʘʥʠ. ʆʜʥʘʢʦ ʵʪʦ ʠʥʚʘʟʠʚʥʘ ̫ ʧʨʦʮʝʜʫʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʫʭʦʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʠʦʧʩʠʷ 

ʪʢʘʥʠ ʚ ʩʚʷʟʠ ʩ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʦʧʫʭʦʣʠ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 
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ʠʥʪʝʛʨʘʣʴʥʦʤ ʢʣʦʥʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʦʧʫʭʦʣʠ, ʥʝ ʛʦʚʦʨʷ ʧʨʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʘʯʘʪʳʝ ʚ 70ʝ-ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ɸʥʢʝʨʦʤ ʠ ʉʪʨʦʫʥʦʤ [5], ʧʨʠʚʝʣʠ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʚ 1993 ʛʦʜʫ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ 

ʢʠʰʝʯʥʠʢʘ ʤʫʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʛʝʥʘ K-ras [6]. ʕʪʦ ʠʥʠʮʠʠʨʦʚʘʣʦ ʥʘʯʘʣʦ ʠʥʪʝʥʩʠʚʥʳʭ ʨʘʙʦʪ ʧʦ 

ʘʥʘʣʠʟʫ ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʚʥʅʂ) ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʝr ʩ 2017 ʛ. ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʞʠʜʢʦʩʪʥʦʡ ʙʠʦʧʩʠʠè [7, 8]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʦʥʠʤʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʚʦ ʚʥʝʢʣʝʪʦʯʥʳʭ ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ [9]. ɾʠʜʢʦʩʪʥʘʷ ʙʠʦʧʠʩʠ̫  ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʦʧʩʠʝʡ ʪʢʘʥʠ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʥʝʠʥʚʘʟʠʚʥʦʡ (ʠʣʠ ʤʘʣʦʠʥʚʘʟʠʚʥʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʞʠʜʢʦʩʪʠ) ʧʨʦʮʝʜʫʨʦʡ, ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʟʘʙʦʨʘ 

ʦʙʨʘʟʮʘ ʠʣʠ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ; ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʟʘʙʠʨʘʪʴ ʦʙʨʘʟʮʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʟʳʚʘʝʪ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʣʝʪʦʯʥʦʤ/ʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʦʧʫʭʦʣʠ ʠ ʤʝʪʘʩʪʘʟ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʚʝʪ ʦʧʫʭʦʣʠ ʥʘ ʣʝʯʝʥʠʝ, ʩʦʩʪʦʷʥʠʝ ʨʝʤʠʩʩʠʠ ʠ ʨʝʮʠʜʠʚʘ. 

ʇʦʤʠʤʦ ʛʝʥʘ ʂ-ras, ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ, ʢ ʧʝʨʚʳʤ ʦʥʢʦʤʘʨʢʝʨʘʤ ʞʠʜʢʦʩʪʥʦʡ ʙʠʦʧʩʠʠ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʤʫʪʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʦʥʢʦʛʝʥʦʚ N-ras ʠ ʈ53 [10ï12]. ʇʦʟʜʥʝʝ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ [13], ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʘʷ ʤʈʅʂ [14], ʘ 

ʪʘʢʞʝ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʝ ʤʠʢʨʦʈʅʂ [15] - ʠʟʚʝʩʪʥʳʝ ʨʝʛʫʣʷʪʦʨ rʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʈʅʂʘʟ ʚ ʪʢʘʥʷʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ [16ï19], 

ʤʈʅʂ ʦʥʢʦʤʘʨʢʝʨʳ ʥʘʰʣʠ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʡ 

ʙʠʦʧʩʠʠ, ʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʢʣʝʪʦʯʥʳʭ ʦʩʘʜʢʘʭ ʤʦʯʠ [4, 20, 21]. ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ (ʚʥ-

ʤʠʢʨʦʈʅʂ) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ [22, 23], ʧʦʩʢʦʣʴʢʫ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʘʤʠ, ʥʘʧʨʠʤʝʨ ʩ AGO1, AGO2, 

nucleophosmin 1 (NPM1), Tamm-Horsfall protein (THP), ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʚʝʟʠʢʫʣʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ɻʢʟʦʩʦʤʘʭ [24ï32]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʥʝʢʣʝʪʦʯʥʳʭ ɼʅʂ (ʚʥɼʅʂ) ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʈʅʂ (ʚʥʈʅʂ), ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʝʪʦʯʥʦʡ  ʩʤʝʨʪʠ, 

ʚʥ-ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʩʝʢʨʝʪʠʨʦʚʘʪʴʩʷ ʞʠʚʳʤʠ ʢʣʝʪʢʘʤʠ ʠ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʧʘʨʘʢʨʠʥʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʤʝʞʢʣʝʪʦʯʥʦʡ ʢʦʤʫʥʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ ʦʧʫʭʦʣʠ ʠ ʨʘʢʦʚʳʤʠ 

ʥʠʰʘʤʠ [33]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʘʙʦʨ ʚʥ-ʤʠʢʨʦʈʅʂ 

ʢʦʣʝʙʣʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʝʛʦ ʪʷʞʝʩʪʠ [33ï35].  

ʄʠʢʨʦʈʅʂ (18-25 ʥ.) - ʥʝʢʦʜʠʨʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʈʅʂ [36], ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʛʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ [24, 37]. ʇʨʠ ʵʪʦʤ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ  ʤʠʢʨʦʈʅʂ  ʢʘʢ ʨʝʛʫʣʷʪʦʨʘ  ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  
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6-7 ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʈʅʂ, ʠʥʦʛʜʘ ʧʦʜʢʨʝʧʣʝʥʥʳʝ 

ʥʝʢʘʥʦʥʠʯʝʩʢʠʤ ʩʧʘʨʠʚʘʥʠʝʤ 5'-ʢʦʥʮʝʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʤʠʢʨʦʈʅʂ ʩ ʘʜʝʥʦʟʠʥʦʤ ʚ ʤʈʅʂ 

ʤʠhʝʥʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʛʝʥʦʚ, ʚ 

ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʨʦʛʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʈʅʂ [38]. ɺʥ-ʤʠʢʨʦʈʅʂ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʧʫʭʦʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʠ ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʛʫʣʷʮʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ, ʘʧʦʧʪʦʟ ʠ ʧʨʦʣʠʬʝʨʘʮʠʷ, 

ʨʝʧʘʨʘʮʠʷ ɼʅʂ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, ʠʥʚʘʟʠʷ ʠ ʤʠʛʨʘʮʠʷ ʠ ʪ.ʜ.), ʦʧʨʝʜʝʣʷʶʱʠʭ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʩʪʝʧʝʥʴ ʝʸ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʨʦʚʦʜʠʤʦʤʫ ʣʝʯʝʥʠʶ [39ï43]. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʥʢʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʥ-ʤʠʢʨʦʈʅʂ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʠʭ ʥʘʜʝʞʥʦʛʦ ʚʳʷʚʣʝʥʠʷ, ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ [44, 45]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʤʠʢʨʦʈʅʂ ʠ ʦʛʨʦʤʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʚʣʦʞʝʥʠʷ (ʪʦʣʴʢʦ ʚ ʉʐɸ ʠ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʈʅʂ ʩʦʩʪʘʚʠʣʠ 

97,4 ʤʣʥ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2019 ʛʦʜʫ [46]), ʥʘ ʤʝʜʠʮʠʥʩʢʦʤ ʨʳʥʢʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ/ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʜʦʙʨʝʥʥʳʭ FDA. ʍʦʪʷ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʙʦʣʴʰʠʝ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʶʱʠʝ ʜʠʘʛʥʦʩʪʠʢʫ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʈʅʂ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʟʘʙʦʣʝʚʘʥʠʡ: Interpace Diagnostics (ThyraMIRÈ/ThyGENXÈ) ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ 

ʨʘʢʘ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, Rosetta Genomics/Precision Therapeutics 

(miRview mets) ʠ Genoptix (Reveal) ð ʢʦʤʧʘʥʠʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʨʘʢʘ ʥʝʠʟʚʝʩʪʥʦʡ ʠʣʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ TAmiRNA (OsteomiR ʠ ThrombomiR), ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ 

ʤʘʨʢʝʨʳ ʦʩʪʝʦʧʦʨʦʟʘ ʠʣʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʢʣʠʥʠʯʝʩʢʘʷ ʚʘʣʠʜʘʮʠʷ ʧʘʥʝʣʝʡ ʤʠʢʨʦʈʅʂ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʪʨʝʤʷ ʝʚʨʦʧʝʡʩʢʠʤʠ ʢʦʥʩʦʨʮʠʫʤʘʤʠ, ʬʠʥʘʥʩʠʨʫʝʤʳʤʠ FP7, ʘ ʠʤʝʥʥʦ 

BestAgeing, RiskyCAD ʠ EURenOmics. [46]. 

ɼʨʫʛʠʤ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝ/ 

ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʝ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ CpG-ʦʩʪʨʦʚʢʦʚ, ʥʘʧʨʠʤʝʨ ʧʨʦʤʦʪʦʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʈʅʂ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʘ (ʧʝʨʚʦʛʦ ʵʢʟʦʥʘ) ʟʘʪʨʘʛʠʚʘʝʪ ʪʦʣʴʢʦ 

ʵʢʩʧʨʝʩʩʠʶ ʥʠʞʝʣʝʞʘʱʝʛʦ ʛʝʥʘ (ʛʝʥʦʚ) [47ï49]. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ɼʅʂ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʬʠʯʥʳʭ ʥʫʢʣʝʘʟ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ 

ʢʦʥʚʝʨʩʠʠ ɼʅʂ. 

ʇʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ɼʅʂ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠ (ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʥʘ ʩʪʘʨʪʝ ʬʝʥʪʦʛʨʘʤʤʳ ʠ ʧʠʢʦʛʨʘʤʤʳ ɼʅʂ [50ï52]). ʇʨʠ 

ʧʦʤʦʱʠ ʇʎʈ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʤʝʪʠʣʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ɼʅʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʝʝ ʯʝʤ 99% 

ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ, ʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʝʱʝ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʫʚʝʣʠʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʘʥʘʣʠʟʘ 
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ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [53, 54]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʙʝʨʨʘʥʪʥʦʛʦ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʦʧʳʪʢʠ ʧʦʠʩʢʘ ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʘʨʢʝʨʦʚ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʝʱʸ ʩ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [55] ʠ ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [56]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 15 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʚʝʨʰʠʣʠʩʴ 

ʩʦʟʜʘʥʠʝʤ ʪʦʣʴʢʦ ʜʚʫʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʝʪʝʢʮʠʠ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤ ʛʝʥʦʚ (Epi proColonÈ ʠ Epi proLungÈ), ʦʜʦʙʨʝʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɽʚʨʦʧʝʡʩʢʦʤ 

ʩʦʶʟʝ ʠ ʂʠʪʘʝ ʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʝʩʪʘ (Epi proColonÈ), ʦʜʦʙʨʝʥʥʦʛʦ FDA ʚ ʉʐɸ 

(https://www.epiprocolon.com/us/, http://www.epigenomics.com, 26 ʠʶʥʷ 2023 ʛ.), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ, ʦʩʣʦʞʥʷʶʱʠʭ ʧʦʠʩʢ ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʩʥʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʯʠʥ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ɼʅʂ-ʦʥʢʦʤʘʨʢʝʨʦʚ, 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ, ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʙʳ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʪʦʯʥʳʭ ʜʠʘʛʥʦʩʪʠʢʫʤʦʚ ʈʇɾ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʢʨʦʚʠ ʠ ʤʦʯʠ ʠ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʜʠʘʛʥʦʩʪʠʢʫʤʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1) ʨʘʟʨʘʙʦʪʘʪʴ ʙʳʩʪʨʳʝ, ʧʨʦʩʪʳʝ, ʥʘʜʸʞʥʳʝ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ 

ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʦʙʨʘʟʮʘʤʠ ʜʦʥʦʨʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʫʪʠʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ;  

2) ʠʟʫʯʠʪʴ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ (ɺɺ) ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ (ɿɼ) ʠ ʙʦʣʴʥʳʭ ʈʇɾ, ʘ 

ʠʤʝʥʥʦ ʤʦʨʬʦʣʦʛʠʶ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʙʝʣʢʘ, ɼʅʂ ʠ ʈʅʂ, 

ʚʢʣʶʯʘʷ ʤʠʢʨʦʈʅʂ; 

3) ʠʟʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʚ ʧʘʨʥʳʭ ʦʙʨʘʟʮʘʭ ʙʝʩʢʣʝʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʠ 

ʬʨʘʢʮʠʠ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ (ʉɺɺ) ʤʦʯʠ ʚ ʛʨʫʧʧʘʭ ɿɼ ʠ ʧʘʮʠʝʥʪʦʚ ʩ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʛʠʧʝʨʧʣʘʟʠʝʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɼɻʇɾ) ʠ ʈʇɾ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ;  

4) ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʘʪʝʛʠʶ ʘʣʛʦʨʠʪʤʘ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʷʚʣʷʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʠʢʨʦʈʅʂ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʘʥʝʣʠ 

ʤʠʢʨʦʈʅʂ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʇɾ; 
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5) ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʧʝʪʣʝʚʦʡ ʆʊ-ʇʎʈ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʧʘʥʝʣʠ ʤʠʢʨʦʈʅʂ-

ʦʥʢʦʤʘʨʢʝʨʦʚ;  

6) ʧʨʠ ʧʦʤʦʱʠ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʘʪʪʝʨʥʳ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ GSTP1, 

RNF219 ʠ KIAA1539 ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʧʣʘʟʤʳ ʠ ʩʫʤʤʘʨʥʦʛʦ ʧʫʣʘ ʚʥɼʅʂ (ʩʫʤʤ-ʚʥɼʅʂ) ʢʨʦʚʠ 

(ʩʚʦʙʦʜʥʳʭ ʧʣʘʟʤʳ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ); ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʝʥʦʚ ʚ ʩʦʩʪʘʚʝ 

ʚʥɼʅʂ ʧʣʘʟʤʳ ʠ ʩʫʤʤ-ʚʥɼʅʂ ʢʨʦʚʠ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʧʫʭʦʣʝʡ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ, ʙʳʩʪʨʳʝ, ʧʨʦʩʪʳʝ ʚ ʠʩʧʦʣʥʝʥʠʠ ʠ ɻʢʦʥʦʤʠʯʥʳʝ ʤʝʪʦʜ rʠʭ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʘʩʥʳʭ/ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ) ʙʳʣʠ ʧʨʝʜʣʦʞʝʥ r

ʚʧʝʨʚʳʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʢʨʦʚʠ ʠ ʤʦʯʠ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʣʦʚʠʡ ʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ ʧʘʨʥʳʭ ʦʙʨʘʟʮʘʭ ʙʝʩʢʣʝʪʦʯʥʦʡ ʬʨʘʢʮʠʠ 

(ʩʫʧʝʨʥʘʪʘʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 17000g) ʠ ʬʨʘʢʮʠʠ ʩʫʤʤʘʨʥʳʭ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ (ʉɺɺ) ʤʦʯʠ ʚ ʛʨʫʧʧʘʭ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ (ɿɼ) ʠ ʧʘʮʠʝʥʪʦʚ ʩ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʛʠʧʝʨʧʣʘʟʠʝʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɼɻʇɾ) ʠ ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ 

ʞʝʣʝʟʳ (ʈʇɾ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʈʅʂ ʉʄ ʠ Cɺɺ ʦʪʣʠʯʘʶʪʩʷ, ʢʨʦʤʝ 

ʪʦʛʦ, ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ʙʦʣʴʰʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʈʅʂ, ʧʨʠʯʝʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʚʦ 

ʬʨʘʢʮʠʠ ʉʄ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ TaqMan ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥ-ʤʠʢʨʦʈʅʂ ɺɺ ʤʦʯʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʇɾ). ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʙ ʦʪʥʦʰʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʧʘʨ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʙʨʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʧʘʥʝʣʴ ʤʠʢʨʦʈʅʂ - ʤʘʨʢʝʨʦʚ ɼɻʇɾ ʠ ʈʇɾ. ʅʘʠʣʫʯʰʠʝ ʢʦʤʙʠʥʘʮʠʠ 

ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʣʠʯʠʪʴ ʚʩʝ 

ʪʨʠ ʠʩʩʣʝʜʫʝʤʳʝ ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 
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ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʘ ʧʘʥʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʚʦʩʴʤʠ ʤʠʢʨʦʈʅʂ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ, ɼɻʇɾ ʠ ɿɼ ʩ 

ʘʙʩʦʣʶʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

ʇʨʠ ʧʦʤʦʱʠ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ GSTP1, RNF219 ʠ KIAA1539 ʚ ʦʙʨʘʟʮʘʭ ʚʥɼʅʂ ʢʨʦʚʠ ʧʦʩʣʝ 

ʭʠʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʮʠʪʦʟʠʥʳ ʚ ʩʦʩʪʘʚʝ ʉʨG ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦ ʤʝʪʠʣʠʨʦʚʘʥʳ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʟʠʮʠʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʬʠʣʠ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʦʪʣʠʯʘʶʱʠʝ ʙʦʣʴʥʳʭ ɼɻʇɾ ʠ ʈʇɾ ʦʪ ɿɼ. 

ʕʪʠʤ ʞʝ ʤʝʪʦʜʦʤ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʚʳʰʝ ʚ ʧʫʣʝ 

ʩʫʤʤ-ʚʥɼʅʂ ʢʨʦʚʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʸʤ, ʢʘʢ ʦ ʙʦʣʝʝ ʫʜʦʙʥʦʤ ʠʩʪʦʯʥʠʢʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ɼʅʂ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʦʚ GSTP1 ʠ RNF219 ʚ ʧʫʣʝ 

ʩʫʤʤ-ʚʥɼʅʂ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʘʥʘʣʠʟʫ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʩʪʘʪʫʩʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ɿɼ ʠ ʙʦʣʴʥʳʭ ʩ ʦʧʫʭʦʣʷʤʠ ʇɾ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʥʘ ʵʪʘʧʘʭ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ, ʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʘʥʝʣʴ ʠʟ ʚʦʩʴʤʠ ʤʠʢʨʦʈʅʂ-ʤʘʨʢʝʨʦʚ  ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ in vitro. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ ʠ ʚʥʝʢʣʝʪʦʯʥʳʝ ɼʅʂ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɼɻʇɾ ʠ 

ʈʇɾ), ʘ ʪʘʢʞʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ɼʅʂ ʚ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʠ ʤʦʯʠ ʙʦʣʴʥʳʭ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʛʠʧʝʨʧʣʘʟʠʝʡ ʠ ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ; ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʨʘʟʮʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʈʅʂ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʣʠʢʘʪʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ ʪʨʘʥʩʤʠʩʩʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʪhʘʙʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ SYBR Green ʆʊ-ʇʎʈ ʤʠʢʨʦʈʅʂ-ʤʠʰʝʥʝʡ ʩ LNA-

ʧʨʘʡʤʝʨʘʤʠ ʚ ʨʘʤʢʘʭ ʤʠʢʨʦʯʠʧʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʧʝʪʣʝʚʘʷ ʆʊ-ʇʎʈ ʠ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʝ 
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ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚʥɼʅʂ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ, 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʚʳʜʝʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ, 

ʪʨʫʜʦʸʤʢʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʳʜʝʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʈʅʂ ʥʝ ʩʦʜʝʨʞʘʪ 

ʠʥʛʠʙʠʪʦʨʦʚ ʇʎʈ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʆʊ-ʇʎʈ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ.);  

2) ʚ ʤʦʯʝ ʢʘʢ ɿɼ, ʪʘʢ ʠ ʙʦʣʴʥʳʭ ʈʇɾ ʧʨʠʩʫʪʩʪʚʫʶʪ ɺɺ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ 

ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ɼʅʂ, ʈʅʂ ʠ ʤʠʢʨʦʈʅʂ, ʧʨʠ ʵʪʦʤ ʚʥʝʢʣʝʪʦʯʥʳʝ 

ʚʝʟʠʢʫʣʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʤʦʯʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʮʠʝʥʪʦʚ, ʩʦʜʝʨʞʘʪ ʤʠʢʨʦʈʅʂ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʦʧʫʭʦʣʝʡ ʇɾ; 

3) ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʩʰʪʘʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ 84-ʭ ʤʠʢʨʦʈʅʂ 

ʚʦ ʬʨʘʢʮʠʷʭ ʉʄ ʠ ɺɺ ʤʦʯʠ ɿɼ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʇɾ 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʠʢʨʦʈʅʂ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʧʫʭʦʣʝʡ ʇɾ. 

ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʠʰʝʥʝʡ ʚʳʷʚʣʝʥʥʳʭ ʤʠʢʨʦʈʅʂ, ʠʭ ʫʯʘʩʪʠʷ ʚ ʨʝʛʫʣʷʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ, ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʈʇɾ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʘʥʝʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʢʨʦʈʅʂ-ʤʘʨʢʝʨʦʚ. 

4) ʧʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʘʥʝʣʠ ʤʠʢʨʦʈʅʂ-ʤʘʨʢʝʨʦʚ, ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʘʢʘʷ ʧʘʥʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʘ ʠʤʝʥʥʦ ʟʜʦʨʦʚʳʭ 

ʤʫʞʯʠʥ ʠ ʙʦʣʴʥʳʭ ɼɻʇɾ ʠ ʈʇɾ, ʧʨʠʯʝʤ ɺɺ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʤʠʢʨʦʈʅʂ;  

5) ʧʨʠ ʧʦʤʦʱʠ TaqMan ʆʊ-ʇʎʈ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ 12-ʪʠ ʤʠʢʨʦʈʅʂ 

ʠʟ ʚʳʙʨʘʥʥʦʡ ʧʘʥʝʣʠ ʚ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʡ ʉʄ, ɺɺ ʤʦʯʠ ʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʥʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧʘʭ ʠʩʧʳʪʫʝʤʳʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʚ ʧʫʣʝ ɺɺ ʤʦʯʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʩʴʤʠ 

ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʰʝʩʪʠ ʧʘʨ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ, ɼɻʇɾ 

ʠ ɿɼ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ; 

6) ʜʘʥʥʳʝ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ GSTP1, RNF219 ʠ KIAA1539 ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʢʨʦʚʠ ʧʦʩʣʝ 

ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʮʠʪʦʟʠʥʦʚ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʣʦʢʫʩʦʚ. ɺʳʙʨʘʥʳ ʧʘʪʪʝʨʥʳ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɼʅʂ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩ ʘʙʩʦʣʶʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʫʜʘʣʦʩʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 
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ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ (ɿɼ, ɼɻʇɾ ʠ ʈʇɾ). ʉʫʤʤ-ʚʥɼʅʂ ʢʨʦʚʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ɼʅʂ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʙʦʣʴʥʳʭ ʈʇɾ, ʯʝʤ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ. 

 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 20 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ Web of Science ʠ/ʠʣʠ Scopus, 

ʧʦʣʫʯʝʥʳ 2 ʧʘʪʝʥʪʘ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʠ 1 ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʥʝʩʝʥʘ ʚ ʈʝʝʩʪʨ ʈʌ 

(ʇʨʠʣʦʞʝʥʠʝ 1).  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʚʢʣʶʯʘʷ çʉʠʤʙʠʦʟ-ʈʦʩʩʠʷ 2013è (ʀʨʢʫʪʩʢ, 2013); çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʢʠ ï ʤʝʜʠʮʠʥʝè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2013); çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʦʥʢʦʣʦʛʠʠè 

(ʊʦʤʩʢ, 2013); VIII ʩʲʝʟʜ ʦʥʢʦʣʦʛʦʚ ʠ ʨʘʜʠʦʣʦʛʦʚ ʉʅɻ ʠ ɽʚʨʘʟʠʠ (ʂʘʟʘʥʴ, 2014); 

ʄʝʞʜʫʥʘʨʦʜʥʫ  ʁ ʢʦʥʬʝʨʝʥʮʠ ʁ ʧʦ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʙʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʠ (ʄʦʩʢʚʘ, 2014); çEMBO Workshopè (ʊʦʤʩʢ, 2015); çCNAPS IX, X, XIè 

(Berlin, 2015; Montpellier, 2017; Jerusalem, 2019); II, III, IV, V, VI ʇʝʪʝʨʙʫʨʛʩʢʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ 

ʬʦʨʫʤʳ çɹʝʣʳʝ ʥʦʯʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016, 2017, 2018, 2019, 2020); III ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʢʦʥʬʝʨʝʥʮʠʶ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʦʚ ʠ ʚʠʨʫʩʦʣʦʛʦʚ 

(ʂʦʣʴʮʦʚʦ, 2016); V ʩʲʝʟʜ ʬʠʟʠʦʣʦʛʦʚ ʉʅɻ, V ʩʲʝʟʜ ʙʠʦʭʠʤʠʢʦʚ ʈʦʩʩʠʠ, ʢʦʥʬʝʨʝʥʮʠʶ 

ADFLIM (ʉʦʯʠ, 2016); II, III ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʥʢʦʣʦʛʠʠ (ʄʦʩʢʚʘ, 

2016, 2017); IX ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ (ʄʦʩʢʚʘ, 2017); International conference çPhysics of 

cancer: interdisciplinary problems and clinical applicationsè (ʊʦʤʩʢ, 2017); ɺʩʝʨʦʩʩʠʡʩʢʠʝ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɹʠʦʪʝʭʥʦʣʦʛʠʷ ï ʤʝʜʠʮʠʥʝ ʙʫʜʫʱʝʛʦè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2017, 2019); XII ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʂʦʥʛʨʝʩʩ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʦʥʢʦʫʨʦʣʦʛʦʚ 

(ʄʦʩʢʚʘ, 2017); ʂʦʥʬʝʨʝʥʮʠʶ çʆʧʫʭʦʣʝʚʳʝ ʤʘʨʢʝʨʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʢʣʠʥʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳè (ɻʦʨʥʦ-ɸʣʪʘʡʩʢ, 2018); V ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʇʆʉʊɻɽʅʆʄô2018 

(ʂʘʟʘʥʴ, 2018); çVII ʩʲʝʟʜ ɺʘʚʠʣʦʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʛʝʥʝʪʠʢʦʚ ʠ ʩʝʣʝʢʮʠʦʥʝʨʦʚè (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2019); 44th ESMO Congress (Barcelona, 2019) (ʇʨʠʣʦʞʝʥʠʝ 1). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʠ ʨʫʢʦʚʦʜʩʪʚʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪ. ʇʫʙʣʠʢʘʮʠʠ ʟʘ ʧʝʨʚʳʤ 
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ʘʚʪʦʨʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʧʠʩʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʤ ʘʚʪʦʨʦʤ, ʦʩʪʘʣʴʥʳʝ ʙʳʣʠ 

ʥʘʧʠʩʘʥʳ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ.  

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʸʭ ʛʣʘʚ (ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʳ ʠ 

ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ 

ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʢʘ ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʧʠʩʢʘ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʘʙʣʠʮ, 

ʚʦʩʴʤʠ ʧʨʠʣʦʞʝʥʠʡ. ʄʘʪʝʨʠʘʣ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥ ʥʘ 339 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ 

(12 ʰʨʠʬʪ, ʠʥʪʝʨʚʘʣ 1,5) ʠ ʩʦʜʝʨʞʠʪ 35 ʨʠʩʫʥʢʦʚ, 37 ʪʘʙʣʠʮ, 8 ʧʨʠʣʦʞʝʥʠʡ. ɹʠʙʣʠʦʛʨʘʬʠʷ 

ʚʢʣʶʯʘʝʪ 866 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʆ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʠʤʝʥʥʦ ʚʥɼʅʂ ʚ 

ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʠ ʈ. Mandel ʠ ʈ. Metais (1948) [57, 58]. ʆʜʥʘʢʦ ʧʦʥʘʯʘʣʫ ʵʪʠ 

ʜʘʥʥʳʝ ʥʝ ʧʨʠʚʣʝʢʣʠ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʥɼʅʂ 

ʚʦʟʦʙʥʦʚʠʣʠʩʴ ʣʠʰʴ ʚ 60-ʭ ʛʦʜʘʭ ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʩʠʩʪʝʤʥʦʡ 

ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʦʡ [59]. ɺ 1970-ʭ ʛʦʜʘʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʚ 

ʢʨʦʚʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ [60]. ʇʦʟʜʥʝʝ ʚʥɼʅʂ ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʠʤ ʦʛʨʦʤʥʳʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʳʟʚʘʣʘ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʝʩʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [61]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʞʝ ʥʝ ʪʦʣʴʢʦ 

ʚ ʢʨʦʚʠ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʦʙʥʘʨʫʞʠʚʘʶʪ ʢʘʢ ʚʥɼʅʂ, ʪʘʢ ʠ ʠʥʳʝ ʚʠʜʳ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʈʅʂ [62ï64]. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʚʥʝʢʣʦʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʭ ʢʦʣʠʯʝʩʪʚʝ ʫ ʙʦʣʴʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ, ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʮʠʨʢʫʣʷʮʠʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʘ 

ʪʘʢʞʝ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ [57, 65, 66], ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʙʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʥʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

  

1.1. ʀʩʪʦʯʥʠʢʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʭ ʩʦʩʪʘʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠ ̫

ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩʣʫʞʘʪ ʚʩʝ ʦʨʛʘʥʳ ʠ 

ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ [67]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʧʦʷʚʣʝʥʠʷ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʨʦʚʦʪʦʢʝ [68]. ʆʜʥʘ ʠʟ ʥʠʭ - ʵʪʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʬʨʘʛʤʝʥʪʦʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʨʦʚʦʪʦʢ ʢʘʢ ʥʦʨʤʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʚ 

ʦʩʥʦʚʥʦʤ ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ ʠ/ʠʣʠ ʥʝʢʨʦʟʘ [69ï71]. ʇʦʣʥʦʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʧʘʪʪʝʨʥʦʚ 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʚʥɼʅʂ ʠʤʝʝʪ ʛʝʤʦʧʦʵʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (55% ʣʝʡʢʦʮʠʪʘʨʥʦʝ ʠ 30% ʠʟ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʵʨʠʪʨʦʮʠʪʦʚ) [72]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʳʩʪʨʦʨʘʩʪʫʱʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ 

ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʛʠʧʦʢʩʠʝʡ ʠ ʜʝʬʠʮʠʪʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ, ʣʘʢʫʥʘʨʥʦʛʦ ʪʠʧʘ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʨʦʪʠʯʝʩʢʦʡ ʛʠʙʝʣʠ 

ʢʣʝʪʦʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ [73]. ɸʥʘʣʠʟ ʢʦʥʮʦʚ ɼʅʂ ʠ ʝʸ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʜʦʢʘʟʳʚʘʝʪ ʘʧʦʧʪʦʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʝ ʤʝʥʝʝ 20% ʮʠʨʢʫʣʠʨʫʶʱʠʭ ɼʅʂ (ʮʠʨɼʅʂ). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʣʠʯʠʝ ʚ ʢʨʦʚʦʪʦʢʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

5'-ʚʳʩʪʫʧʘʶʱʠʭ ʢʦʥʮʦʚ ʫ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʠʧʦʪʝʟʫ ʦ 
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ʥʝʢʨʦʪʠʯʝʩʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʮʠʨɼʅʂ ʧʨʠ ʨʘʟʚʠʪʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʜʘʞʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ [70]. ʇʦʤʠʤʦ ʘʧʦʧʪʦʟʘ ʠ ʥʝʢʨʦʟʘ, ʚʥʅʂ ʤʦʛʫʪ 

ʧʦʷʚʣʷʪʴʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʢʘʢ ʦʥʢʦʟ [74], 

ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʠʦʥʥʦʛʦ ʙʘʣʘʥʩʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʤʝʤʙʨʘʥ, ʥʘʙʫʭʘʥʠʝʤ ʢʣʝʪʢʠ, ʢʦʤʧʣʝʢʩʘ ɻʦʣʴʜʞʠ ʠ ʕʇʈ, 

ʨʘʟʨʫʰʝʥʠʝʤ ʣʠʟʦʩʦʤ ʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʘʛʨʝʛʘʮʠʝʡ ʭʨʦʤʘʪʠʥʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʧʣʦʪʥʝʥʠʡ 

ʭʨʦʤʘʪʠʥʦʚʳʭ ʪʝʣʝʮ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʚ ʢʨʦʚʦʪʦʢʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʡ 

ʩʝʢʨʝʮʠʠ ʢʘʢ ʟʜʦʨʦʚʳʤʠ, ʪʘʢ ʠ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ [5, 72, 75, 76], ʧʨʠʯʸʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ, 

ʥʘʧʨʠʤʝʨ ɼʅʂ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʝʢʨʝʪʠʨʫʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʦʨʤʘʣʴʥʳʤʠ [77]. ʈʅʂ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʈʅʂ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ ʩʝʢʨʝʪʠʨʦʚʘʪʴʩʷ ʢʣʝʪʢʘʤʠ ʚ 

ʤʝʞʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ, ʧʦʧʘʜʘʷ ʟʘʪʝʤ ʚ ʢʨʦʚʦʪʦʢ, ʣʠʤʬʫ ʠ ʜʨʫʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚʝ ʵʢʟʦʩʦʤ [69, 78, 79]. 

ʋʨʦʚʝʥʴ ʚʥʝʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʨʦʚʦʪʦʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʘʤʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʅʂ, ʛʠʜʨʦʣʠʟʘ ʠ ʚʳʚʝʜʝʥʠʷ ʅʂ. ɺʥʅʂ ʤʦʛʫʪ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʪʢʘʥʝʚʦʡ ʞʠʜʢʦʩʪʠ, ʢʨʦʚʠ, ʣʠʤʬʳ, ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʪ.ʜ. 

[80ï82]. ɺʳʚʝʜʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʚʥʅʂ ʠʟ ʢʨʦʚʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʯʝʥʴ,ʁ ʩʝʣʝʟʝʥʢʦʡ, ʧʦʯʢʘʤʠ ʠʣʠ ʣʠʤʬʘʪʠʯʝʩʢʠʤʠ ʫʟʣʘʤʠ [72, 80, 82]. 

ɺ ʩʦʩʪʘʚʝ ʚʥʅʂ ʤʦʯʠ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚʥʅʂ ʢʘʢ ʠʟ ʢʣʝʪʦʢ ʫʨʦʛʝʥʠʪʘʣʴʥʦʛʦ ʪʨʘʢʪʘ, 

ʪʘʢ ʠ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ; ʦʧʠʩʘʥʳ ʩʣʫʯʘʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʤʦʯʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʛʦʣʦʚʳ ʠ ʰʝʠ, ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ ʠ ʪ.ʜ. [83, 84]. 

ʊʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʥʅʂ ʤʦʯʠ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʭ ʧʦʷʚʣʝʥʠʷ ʚ ʵʪʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ: (1) 

ʠʟ ʫʤʠʨʘʶʱʠʭ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, (2) ʠʟ ʢʨʦʚʦʪʦʢʘ, (3) 

ʠʟ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʧʦʧʘʚʰʠʭ ʚ ʤʦʯʝʧʦʣʦʚʦʡ ʪʨʘʢʪ ʠ (4) ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʢʨʝʮʠʠ ʢʣʝʪʢʘʤʠ 

ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ [85, 86]. 

1.1.1. ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʣʝʪʦʢ ʚ ʥʠʭ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩ ̫ʜʦ 120000 ʤʦʣʝʢʫʣ 

ʟʨʝʣʦʡ ʤʠʢʨʦʈʅʂ [87], ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʝʙʦʣʴʰʠʝ ʥʝʢʦʜʠʨʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʈʅʂ 

ʨʘʟʤʝʨʦʤ ʦʪ 18 ʜʦ 25 ʥ. ʕʪʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʦʧʫʣʷʮʠʷ ʛʝʪʝʨʦʛʝʥʥʘ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʫ 

ʯʝʣʦʚʝʢʘ ʘʥʥʦʪʠʨʦʚʘʥʦ ʥʝ ʤʝʥʝʝ 3000 ʤʠʢʨʦʈʅʂ [88]. ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʠʤʝʪʴ 

ʠʟʦʬʦʨʤ,r ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 5'- ʠʣʠ 3'-ʢʦʥʮʦʚ [89ï91] ʠ GC-ʩʦʩʪʘʚʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʩʥʦʚʘʥʠ ̫ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʦʩʪʦʚʘ 

(ʪʘʙʣʠʮʘ 1.1.) [92ï100], ʚʢʣʶʯʘʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʫʨʠʜʠʥʠʣʠʨʦʚʘʥʠʝ, ʘʜʝʥʠʣʠʨʦʚʘʥʠʝ, 
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ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʘʜʝʥʦʟʠʥʘ ʚ ʠʥʦʟʠʥ ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʘʜʝʥʦʟʠʥʜʝʘʤʠʥʘʟʳ (ADAR) 

ʠʣʠ ʚʢʣʶʯʝʥʠʝ ʧʩʝʚʜʦʫʨʠʜʠʥʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʠʢʨʦʈʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʧʨʠʜʘʚʘʷ ʠʤ ʧʦʚʳʰʝʥʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʢʟʦʥʫʢʣʝʘʟʘʤ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʩʚʷʟʳʚʘʶʱʠʤ ʤʠʢʨʦʈʅʂ 

ʙʠʦʤʦʣʝʢʫʣʘʤ. 

 

ʊʘʙʣʠʮʘ 1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ (ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ 

ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ) 

ʍʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʉʩʳʣʢʠ 

3ô-ʫʨʠʜʠʥʠʣʠʨʦʚʘʥʠʝ [92ï94] 

ɸʜʝʥʠʣʠʨʦʚʘʥʠʝ [92, 94] 

ʄʦʜʠʬʠʢʘʮʠʷ N6-ʤʝʪʠʣʘʜʝʥʦʟʠʥʘ (m6A) [101ï103] 

3'-ʢʦʥʮʝʚʦʝ 2'-O-ʤʝʪʠʣʠʨʦʚʘʥʠʝ 
[92, 95, 101, 

104] 

ʄʦʜʠʬʠʢʘʮʠʷ 5-ʤʝʪʠʣʮʠʪʦʟʠʥʘ (m
5
C) [101, 105] 

ʇʨʘʚʢʘ ʘʜʝʥʦʟʠʥ-ʚ-ʠʥʦʟʠʥ 
[92ï94, 102, 

106] 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʩʝʚʜʦʫʨʠʜʠʥʘ (Ɋ) [101] 

 

ʅʘʧʨʠʤʝʨ, ʤʝʪʠʣʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʈʅʂ-21-5p ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʢ ʨʘʩʱʝʧʣʝʥʠʶ 3'Ÿ5'-

ʵʢʟʦʨʠʙʦʥʫʢʣʝʘʟʥʦʡ ʧʦʣʠʨʠʙʦʥʫʢʣʝʦʪʠʜʥʦʡ ʥʫʢʣʝʦʪʠʜʠʣʪʨʘʥʩʬʝʨʘʟʦʡ 1 (PNPT1) ʠ ʠʤʝʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ Argonaute-2 (AGO2), ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʘ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ 

ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ 4 (PDCD4), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [104]. ʇʦʩʢʦʣʴʢʫ ʚʥ-ʤʠʢʨʦʈʅʂ ʠʤʝʶʪ ʩʚʦʸ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟ ʢʣʝʪʦʯʥʦʛʦ ʧʫʣʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʪʘʢʞʝ ʠʤʝʶʪ ʪʝ ʞʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʠ ʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʩʚʦʙʦʜʥʳʭ ʈʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ (15 ʩʝʢ ʚ ʢʨʦʚʠ 

ʧʦ ʜʘʥʥʳʤ [107]). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʱʝʡ ʈʅʂ ʣʘʙʠʣʴʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ [108, 109], ʘ ʪʘʢʞʝ ʩ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ 

ʘʢʪʠʚʥʦʩʪʠ ʨʠʙʦʥʫʢʣʝʘʟʳ ʠ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ [110ï114]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ GC ʠ ʩʪʘʙʠʣʴʥʳʤʠ 

ʚʪʦʨʠʯʥʳʤʠ ʜʫʧʣʝʢʩʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ [115]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʜʦʛʝʥʥʘʷ ʈʅʂ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʢʨʦʚʦʪʦʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ð ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠ ʜʘʞʝ ʜʥʝʡ [116]. ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳ ʚ ʢʨʦʚʠ, ʤʦʯʝ, ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ, ʙʨʦʥʭʦʘʣʴʚʝʦʣʷʨʥʦʤ 

ʣʘʚʘʞʝ, ʣʠʤʬʝ, ʩʣʶʥʝ, ʤʦʣʦʢʝ, ʩʣʝʟʘʭ ʠ ʜʨ., ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 4 ʜʥʝʡ ʠ ʤʦʛʫʪ ʚʳʜʝʨʞʠʚʘʪʴ ʢʠʧʷʯʝʥʠʝ, ʤʥʦʛʦʢʨʘʪʥʳʝ ʮʠʢʣʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ - 
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ʦʪʪʘʠʚʘʥʠʷ, ʚʳʩʦʢʠʡ ʠʣʠ ʥʠʟʢʠʡ ʨʅ [24, 117, 118]. ʅʘʙʣʶʜʘʝʤʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ ʩ ʙʝʣʢʘʤʠ, ʣʠʧʦʧʨʦʪʝʠʥʘʤʠ, ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ 

ʫʧʘʢʦʚʢʦʡ ʚ ʤʝʤʙʨʘʥʥʳʝ ʚʝʟʠʢʫʣʳ ʠ ʙʝʟʤʝʤʙʨʘʥʥʳʝ ʯʘʩʪʠʮʳ (ʪʘʙʣʠʮʘ 1.2.). 

 

ʊʘʙʣʠʮʘ 1.2. ʅʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʌʦʨʤʳ ʩʚʷʟʳʚʘʥʠʷ ʩʩʳʣʢʠ 

ʄʠʢʨʦʯʘʩʪʠʮʳ ʩ ʤʝʤʙʨʘʥʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ɸʧʦʧʪʦʪʠʯʝʩʢʠʝ ʪʝʣʴʮʘ (0,1ï5 ʤʢʤ) [106, 119, 120] 

ʄʠʢʨʦʚʝʟʠʢʫʣʳ (>0,5 ʤʢʤ) [120ï124] 

ʕʢʪʦʩʦʤʳ (100ï600 ʥʤ) [25] 

ʆʥʢʦʩʦʤʳ (1ï10 ʤʢʤ) [120, 125, 126] 

ʕʢʟʦʩʦʤʳ (30ï150 ʥʤ) 
[25, 120, 121, 123, 127ï

132] 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʤʠʢʨʦʚʝʟʠʢʫʣʳ (ʧʨʦʩʪʘʩʦʤʳ (50 ʥʤ ï 0,5 ʤʢʤ), 

ʤʝʣʘʥʦʩʦʤʳ (>0,5 ʤʢʤ), çʪʨʦʤʙʦʮʠʪʘʨʥʘʷ ʧʳʣèɹ (~130ï500 ʥʤ)) 
[132ï136] 

ʄʠʢʨʦʯʘʩʪʠʮʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʤʝʤʙʨʘʥ 

ʃʠʧʦʧʨʦʪʝʠʥʳ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃɺʇ) (7-20 ʥʤ) [124, 137ï142] 

ʃʠʧʦʧʨʦʪʝʠʥʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʅʇ) (20-25 ʥʤ) [138, 139, 141] 

ʈʘʟʣʠʯʥʳʝ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʝ ʙʝʣʢʠ (ʥʘʧʨʠʤʝʨ, AGO1, AGO2, 

ʥʫʢʣʝʦʬʦʩʤʠʥ 1 (NPM1) ʠ ʜʨ.) 
[26ï31, 124, 143] 

ʕʢʟʦʤʝʨʳ (~35 ʥʤ (᾽50 ʥʤ)) [32, 144] 

ʄʠʢʨʦʈʅʂ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ [127, 131] 

 

ʄʠʢʨʦʈʅʂ ʯʘʩʪʦ ʫʧʘʢʦʚʘʥʳ ʚ ʢʦʤʧʣʝʢʩ rʩ ʙʝʣʢʘʤʠ: ʪʘʢʠʝ ʤʠʢʨʦʈʅʂ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʤʠʢʨʦʈʅʂ-16 ʠ -92a, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (ʜʦ 95%) ʩʦʦʩʘʞʜʘʶʪʩʷ ʩ ʙʝʣʢʦʚʦʡ ʬʨʘʢʮʠʝʡ [27]. ɺ 

ʢʣʝʪʢʝ ʦʩʥʦʚʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʤʠʢʨʦʈʅʂ ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ ɸʨʛʦʥʘʚʪʳ (ʫ ʯʝʣʦʚʝʢʘ ʵʪʦ AGO1ï4). 

ʇʦʵʪʦʤʫ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʘʭ ʢʣʝʪʦʢ MCF-7, ʢʨʦʚʠ [26], ʤʦʯʝ 

[145] ʠ ʧʝʨʠʢʘʨʜʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ [146] ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ AGO2 (Kd ~20ï

80 ʥʄ) [147ï149]. ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ 

375 ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʧʨʠ ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʝʝ 

67% ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʈʅʂ ʩʚʷʟʘʥʳ ʩ ʬʨʘʢʮʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʙʝʣʦʢ AGO2, ʠ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʘʢʠʭ ʤʠʢʨʦʈʅʂ ʤʦʛʣʘ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʧʫʪʝʤ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ AGO2 ʠʟ 

ʧʣʘʟʤʳ [30]. ʇʦʤʠʤʦ AGO2, ʤʠʢʨʦʈʅʂ ʚ ʢʨʦʚʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʙʝʣʢʦʤ AGO1 

[28]. ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʈʅʂ ʚ ʢʣʝʪʢʝ ʨʝʟʢʦ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ AGO (ʚ 14 

ʨʘʟ), ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʨʝʣʳʭ ʤʠʢʨʦʈʅʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ RISC [150ï152] ʠ ʜʨʫʛʠʤʠ 

ʙʝʣʢʘʤʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʤʦʪʠʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ HuR, AUF1 ʠ ʜʨ. [149], 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʪʨʘʥʩʧʦʨʪʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʠʢʨʦʈʅʂ [153, 154]. 

ɺ ʢʨʦʚʠ ʚʥ-ʤʠʢʨʦʈʅʂ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʤʝʨʦʤ 

30ï40 ʢɼʘ, ʩʦʜʝʨʞʘʱʠʭ ʥʫʢʣʝʦʬʦʩʤʠʥ (NPM1) [29], ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʜʘʞʝ ʯʝʨʝʟ ʜʠʘʣʠʟʥʳʝ 



18 

ʤʝʤʙʨʘʥʳ. ʆʜʥʘʢʦ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʙʥʘʨʫʞʝʥʥʦʝ in vitro, ʧʦʢʘ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo [26, 32]. ɺ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʠʥʳʝ ʧʘʨʪʥʝʨʳ ʧʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʤʦʯʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ 

ʩʚʷʟʴ ʤʠʢʨʦʈʅʂ ʩ ʙʝʣʢʦʤ ʊʘʤʤʘ-ʍʦʨʩʬʘʣʣʘ (THP; ʫʨʦʤʦʜʫʣʠʥ) [155], ʧʨʠʯʸʤ ʩʦʜʝʨʞʘʥʠʝ 

ʫʨʦʤʦʜʫʣʠʥʘ ʚ ʤʦʯʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 30% ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʱʝʛʦ ʙʝʣʢʘ [156]. 

ʃʠʧʦʧʨʦʪʝʠʥʳ ʚʳʩʦʢʦʡ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇɺʇ ʠ ʃʇʅʇ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʱʝ ʦʜʠʥ ʪʠʧ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʤʠʢʨʦʈʅʂ 

ʚ ʢʨʦʚʠ, ʥʝʩʫʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʦʧʫʣʷʮʠʠ ʤʠʢʨʦʈʅʂ [138ï140]. ʃʇɺʇ ʠ ʃʇʅʇ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʤʝʨʦʤ ʦʪ 5 ʜʦ 1000 ʥʤ (ʥʘʥʦ- ʠʣʠ ʤʠʢʨʦʯʘʩʪʠʮʳ), 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʠ ʥʘʙʦʨʘ ʣʠʧʠʜʦʚ [157, 158]. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʃʇɺʇ ʠ ʃʇʅʇ, ʧʦ ʦʮʝʥʢʘʤ, ʦʥʠ ʩʦʜʝʨʞʘʪ ʥʝ ʙʦʣʝʝ 10% ʚʥ-ʤʠʢʨʦʈʅʂ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ 

ʧʣʘʟʤʝ ʢʨʦʚʠ [139]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ ʢʨʦʚʠ, ʤʦʯʝ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

ʫʧʘʢʦʚʘʥʘ ʚ ʧʦʢʨʳʪʳʝ ʤʝʤʙʨʘʥʦʡ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ (ɺɺ), ʢʦʪʦʨʳʝ ʩʝʢʨʝʪʠʨʫʶʪʩʷ 

ʥʦʨʤʘʣʴʥʳʤʠ ʠ ʨʘʢʦʚʳʤʠ ʢʣʝʪʢʘʤʠ [159ï163]. ɺɺ - ʵʪʦ ʩʦʙʠʨʘʪʝʣʴʥʳʡ ʪʝʨʤʠʥ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 30ï1000 ʥʤ, ʧʦʢʨʳʪʳʝ ʜʚʦʡʥʳʤ ʩʣʦʝʤ ʤʝʤʙʨʘʥʳ, ʚʢʣʶʯʘʶʱʠʝ ʵʢʟʦʩʦʤʳ, 

ʤʠʢʨʦʚʝʟʠʢʫʣʳ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʪʝʣʴʮʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʘʟʤʝʨʫ, ʩʪʨʫʢʪʫʨʝ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʤʘʨʢʝʨʘʤ, ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʚʢʣʯʁʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 1.2.) [119, 122, 123, 164]. ɺ ʩʨʝʜʥʝʤ ʚ ʦʜʥʦʤ ʤʠʣʣʠʣʠʪʨʝ ʢʨʦʚʠ ʠ ʤʦʯʠ 
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 ʵʢʟʦʩʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [165, 166]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʦʦʙʱʝʥʠʷʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʢʟʦʩʦʤʳ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤʠ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʤʠʢʨʦʈʅʂ ʚ ʢʨʦʚʠ ʠ 

ʩʣʶʥʝ [131]. ʀʟ ʵʢʟʦʩʦʤ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 4 ʤʣ  ʩʳʚʦʨʦʪʢʠ  ʢʨʦʚʠ  ʤʦʞʥʦ  ʚʳʜʝʣʠʪʴ  ʧʨʠʤʝʨʥʦ  

2ï10 ʥʛ ʈʅʂ; ʠʟ ʵʢʟʦʩʦʤ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 10 ʤʣ ʤʦʯʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠʤʝʨʥʦ 2ï4 ʥʛ ʈʅʂ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʣʴʥʘʷ ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ ʠ ʤʦʯʘ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʈʅʂ [165]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʥ-ʤʠʢʨʦʈʅʂ ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙʝʣʢʘʤʠ, ʢʦʤʧʣʝʢʩʘʤʠ 

ʠ ʚʝʟʠʢʫʣʘʤʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ ʵʢʟʦʩʦʤ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʈʅʂ ʚ ʵʢʟʦʩʦʤʘʭ ʥʝ ʪʘʢ ʚʝʣʠʢʦ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ, ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʦʜʥʫ ʢʦʧʠ ʁʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʠʢʨʦʈʅʂ ʥʘ ʵʢʟʦʩʦʤʫ [167]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʤʠʢʨʦʈʅʂ-16 ʠ ʤʠʢʨʦʈʅʂ-223, ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʵʢʟʦʩʦʤʳ, ʦʢʘʟʘʣʠʩʴ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ AGO2, ʯʪʦ 

ʧʦʜʣʠʣʦ ʤʘʩʣʘ ʚ ʦʛʦʥʴ ʜʠʩʢʫʩʩʠʠ ʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʝ ʮʠʨʢʫʣʷʮʠʠ ʤʠʢʨʦʈʅʂ ʚ ʢʨʦʚʠ 

[168]. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʪʝʣʝʮ ʥʝ ʩʪʦʣʴ ʝʜʠʥʦʦʙʨʘʟʥʘ, ʢʘʢ ʫ ɻʢʟʦʩʦʤ 

[120] ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʙʝʣʢʦʚ, ʬʨʘʛʤʝʥʪʳ ʛʝʥʦʤʥʦʡ ɼʅʂ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʪʠʧʦʚ ʈʅʂ, ʚʢʣʶʯʘʷ ʟʨʝʣʳʝ ʠ ʥʝʟʨʝʣʳʝ ʤʠʢʨʦʈʅʂ [119, 169]. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʦʡ ʛʠʧʦʪʝʟʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʧʫʣʘ ʚʥ-ʤʠʢʨʦʈʅʂ. ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʢʦʤʧʣʝʢʩʦʚ, ʥʝʩʫʱʠʭ ʤʠʢʨʦʈʅʂ, ʤʦʛʫʪ ʘʢʪʠʚʥʦ 

ʩʝʢʨʝʪʠʨʦʚʘʪʴʩʷ (ʵʢʟʦʩʦʤʳ) [170], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʤʠʢʨʦʈʅʂ (ʩʚʦʙʦʜʥʳʝ ʦʪ ʚʝʟʠʢʫʣ) 

ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʢʨʦʚʴ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ ʫʪʝʯʢʠ ʠʟ ʧʦʚʨʝʞʜʝʥʥʳʭ ʠʣʠ ʫʤʠʨʘʶʱʠʭ ʢʣʝʪʦʢ [24, 

171, 172]. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʠʟʚʝʩʪʥʳʤ ʦʩʪʘʪʁʩʷ ʠ ʩʢʦʨʦʩʪʠ ʢʣʠʨʝʥʩʘ ʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʥ-ʤʠʢʨʦʈʅʂ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʨʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʚʥ-ʤʠʢʨʦʈʅʂ. 

1.1.2. ɺʥʝʢʣʝʪʦʯʥʳʝ ɼʅʂ ʢʨʦʚʠ 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʥʘ ʚʨʝʤʷ ʧʝʨʩʠʩʪʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ ʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʪʴ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʝʣʢʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʚʥɼʅʂ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʫʢʣʝʘʟʘʤ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʝʣʢʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʚʥɼʅʂ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʦʢʠʩʣʝʥʠʝ, ʤʦʜʠʬʠʢʘʮʠʶ ʛʠʩʪʦʥʦʚ, ʩʢʦʨʦʩʪʴ 

ʛʠʙʝʣʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʠ ʚʘʨʠʘʥʪ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ɼʅʂ, ʩʪʨʫʢʪʫʨʘ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʥɼʅʂ (ʨʘʟʤʝʨ ʚʥɼʅʂ, ʥʘʣʠʯʠʝ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ 

ʪʝʣʝʮ, ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʫʧʘʢʦʚʢʠ ʚʥɼʅʂ ʚ ʤʝʤʙʨʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ).  

ʉʪʨʦʝʥʠʝ ʚʥɼʅʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʚʥɼʅʂ, ʘ ʠʤʝʥʥʦ ʠʟ ʛʝʥʦʤʥʦʡ ʠʣʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʨʦʜʠʪʝʣʴʩʢʦʡ ɼʅʂ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʠʩʘʥʳ ʠ ʥʝʙʦʣʴʰʠʝ 

ʢʦʣʴʮʝʚʳʝ ɼʅʂ, ʤʠʢʨʦɼʅʂ ʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ (ss), ʚʠʨʫʩʥʳʝ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ɼʅʂ ʠʣʠ ɼʅʂ ʠʟ 

ʧʠʱʠ (ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠʣʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) [61, 72]. ʕʪʠ ʫʥʠʢʘʣʴʥʳʝ ʚʠʜʳ ɼʅʂ 

ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ (ʨʘʟʤʝʨ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʙʝʣʢʘʤʠ ʠ ʧʦʚʝʜʝʥʠʝ 

ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ [61, 173]. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʦʚʦʪʦʢʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚʥɼʅʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʥʫʢʣʝʘʟ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʥɼʅʂ ʩ ʢʣʝʪʢʘʤʠ ʢʨʦʚʠ ʠ ʪʢʘʥʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʁ  ʚʳʚʝʜʝʥʠʷ ʚʥɼʅʂ ʠʟ 

ʢʨʦʚʠ [65, 70, 71].  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʥɼʅʂ ʫʧʘʢʦʚʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʫʢʣʝʦʩʦʤʳ, ʧʨʠ ʵʪʦʤ ʤʝʞʥʫʢʣʝʦʩʦʤʥʳʡ 

ʛʠʩʪʦʥ ʅ1 ʚ ʢʨʦʚʦʪʦʢʝ ʟʘʤʝʱʝʥ ʘʤʠʣʦʠʜʦʤ ʈ [174ï177], ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʝʣʢʦʚ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ [178]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʮʠʨɼʅʂ ʤʦʞʝʪ ʪʘʢʞʝ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʦʙʳʯʥʦ ʩ ʙʝʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ɼʅʂ ʦʪ ʥʫʢʣʝʘʟ 

ʚ ʢʨʦʚʠ [174]. ɺʥʝʢʣʝʪʦʯʥʳʝ ɼʅʂ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ, ʢʘʢ ʯʝʨʝʟ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ [179], ʪʘʢ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ (scavenger receptors) [180] ʤʝʤʙʨʘʥʥʳʝ ʨʝʮʝʧʪʦʨʳ, 

ʯʪʦ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʦʥʢʦʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʣʝʪʦʢ [181]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʥɼʅʂ, ʢʘʢ ʠ ʚʥʈʅʂ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʚʝʟʠʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʪʝʣʴʮʘ, ʤʠʢʨʦʚʝʟʠʢʫʣʳ ʠ ʵʢʟʦʩʦʤʳ [61, 65, 70, 182, 183]. 
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ʆʜʥʘʢʦ ʜʦʣʷ ʵʢʟʦʩʦʤʘʣʴʥʦʡ ʚʥɼʅʂ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1ï0,5% ʦʪ ʦʙʱʝʡ ʚʥɼʅʂ ʢʨʦʚʠ [184]; ʭʦʪʷ 

ʧʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ, ʚʧʨʦʯʝʤ, ʥʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ, ʙʦʣʝʝ 90% 

ʚʥɼʅʂ ʩʚʷʟʘʥʦ ʩ ʵʢʟʦʩʦʤʘʤʠ [166]. 

ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥɼʅʂ ʚ ʢʨʦʚʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʚ ʮʝʣʦʤ ʚʳʰʝ, ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʙʦʣʴʥʳʭ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʦʧʫʭʦʣʷʤʠ (ʇʨʠʣʦʞʝʥʠʝ 2), ʦʜʥʘʢʦ ʪʘʢʦʝ ʨʘʧʨʝʜʝʣʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ [185ï187]. ʅʘ ʟʘʨʝ ʵʨʳ ʚʥɼʅʂ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʩʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥɼʅʂ ʚ ʢʘʯʝʩʪʚʝ ʨʘʥʥʝʛʦ ʧʨʝʜʠʢʪʦʨʘ ʨʘʢʘ, ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ, ʧʨʝʜʠʢʪʦʨʘ ʨʘʟʤʝʨʘ 

ʦʧʫʭʦʣʠ, ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʪʘʩʪʘʟʦʚ [187ï196]. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 2 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ. 

ɺ ʩʨʝʜʥʝʤ 1 ʤʣ ʧʣʘʟʤʳ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʦʣʴʥʦʛʦ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨʥʦ 1500 ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʜʠʧʣʦʠʜʥʦʛʦ ʛʝʥʦʤʘ (ɻʕ) (~10 ʥʛ ɼʅʂ) [71]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʥɼʅʂ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʥʘʨʘʩʪʘʥʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʠ ʠʥʚʘʟʠʚʥʦʩʪʴ. 

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʯʘʩʪʦ ʚʳʰʝ, 

ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ [185, 197, 198]. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʢʘ [199] ʠ ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ ʨʘʢʦʤ ʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʦʧʫʭʦʣʷʤʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ [71, 200]. ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥɼʅʂ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʦʧʫʭʦʣʷʤʠ [201]. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʨʘʚʥʝʥʠʠ ʩʨʝʜʥʝʛʦ/ʤʝʜʠʘʥʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʘ ROC-ʘʥʘʣʠʟ 

ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʩ ʨʘʟʥʳʤʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ (ʇʨʠʣʦʞʝʥʠʝ 2) [186, 202]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʮʝʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʥɼʅʂ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʢʘʢʦʛʦ-ʪʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ ʨʘʢʘ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʠʤʝʶʪ ʢʣʠʥʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʳ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ, ʠ ʨʘʟʥʳʝ ʪʢʘʥʠ ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʵʪʠ ʟʥʘʯʝʥʠʷ. ʂʘʢ 

ʧʦʢʘʟʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʥɼʅʂ 

ʷʚʣʷʶʪʩʷ ʣʝʡʢʦʮʠʪʳ (55%), ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʵʨʠʪʨʦʮʠʪʦʚ (30%), ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ 

ʩʦʩʫʜʦʚ (10%) ʠ ʜʘʞʝ ʛʝʧʘʪʦʮʠʪʳ (1%) [203]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʢʣʝʪʦʯʥʘʷ ʦʧʫʭʦʣʝʚʘʷ ɼʅʂ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʨʘʟʙʘʚʣʝʥʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ɼʅʂ ʥʝ 

ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 0,01ï2% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ [71, 

204ï206]. 
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ʃʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʧʫʭʦʣʝʚʦʡ ʚʥɼʅʂ ʚ 

ʢʨʦʚʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 10% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ ʫ ʧʘʮʠʝʥʪʦʚ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 

ʨʘʢʘ [207, 208], ʜʦʩʪʠʛʘʷ 47,9% [209] ʠʣʠ ʜʘʞʝ 93% [210]. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ Cell Lung 

Cancer Evolution Through Therapy (TRACERx) ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʠʯʥʘʷ ʦʧʫʭʦʣʝʚʘʷ 

ʥʘʛʨʫʟʢʘ ʚ 1 ʩʤ
3
, 10 ʩʤ

3
 ʠʣʠ 100 ʩʤ

3
 (ʪʦ ʝʩʪʴ 9,4Ĭ10

7
 ʢʣʝʪʦʢ, 3,02Ĭ10

8
 ʢʣʝʪʦʢ ʠ ~10

9
 ʢʣʝʪʦʢ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠʚʝʜʝʪ ʢ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʝ ʘʣʣʝʣʷ ï 0,006%, 0,1% ʠ 1,3%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [71]. 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʦʙʟʦʨʝ N. Papadopoulos [211], ʦʧʫʭʦʣʝʚʘʷ ʚʥɼʅʂ ʫ ʙʦʣʴʥʳʭ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʘʢʘ ʥʝ ʚʳʷʚʣʷʝʪʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤ ʫʜʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ 

ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ. ʂʦʣʠʯʝʩʪʚʦ ʚʥɼʅʂ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʥʝʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʦʧʫʭʦʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʣʦʢʘʣʠʟʘʮʠʷ ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʚ ʢʨʦʚʴ ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ. ʌʘʢʪʠʯʝʩʢʘʷ ʜʦʣʷ ʦʧʫʭʦʣʝʚʦʡ ʚʥɼʅʂ ʦʪ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʨʘʢʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ (ʨʠʩ. 2 ʚ [211]). 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʨʝʟʢʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʮʝʥʢʠ ʦʙʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ ʦʧʫʭʦʣʠ, ʥʦ ʥʝ ʦʪʨʠʮʘʶʪ ʝʝ ʧʦʣʝʟʥʦʩʪʠ ʢʘʢ 

ʧʨʠʟʥʘʢʘ ʦʙʱʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʜʘʶʪ ʧʦʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʦ 

ʚʦʟʤʦʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʧʫʭʦʣʝʚʦʡ ʚʥɼʅʂ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʜʠʘʛʥʦʩʪʠʢʫʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʇʎʈ, NGS ʠ ʪ.ʜ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2 ʯʘʩʘ [212] ʠ ʪʦ, 

ʯʪʦ ʚ ʢʨʦʚʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ɼʅʂ-ʛʠʜʨʦʣʠʟʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ, ʥʝʙʦʣʴʰʠʝ 

ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʪʘʢʞʝ ʤʦʛʫʪ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʚ ʢʨʦʚʠ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʶʪʩʷ ʠ ʜʝʪʝʢʪʠʨʫʶʪʩʷ, ʩʚʝʜʝʥʠʡ ʦʙ ʵʪʦʤ ʬʘʢʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʝʣʢʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʘʤʠ ʜʣʠʥʦʡ ʙʦʣʝʝ ʚʦʩʴʤʠ ʦʩʥʦʚʘʥʠʡ ʠ ʟʘʱʠʱʘʪʴ ʠʭ ʦʪ ɼʅʂʘʟ [213]. ɽʩʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʜʠʥʘʤʠʢʘ ʜʝʛʨʘʜʘʮʠʠ ɼʅʂ ʧʦʩʣʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠʟ 

ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ [174]; ʦʜʥʘʢʦ ʬʨʘʛʤʝʥʪʘʮʠʷ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʥʝ ʩʣʫʯʘʡʥʘ, ʦʥʘ 

ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ɼʅʂ ʚ ʨʦʜʠʪʝʣʴʩʢʠʭ ʢʣʝʪʢʘʭ [214] ʠ ʘʥʘʣʠʟ ʨʘʟʤʝʨʘ 

ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʦʧʨʝʜʝʣʠʪʴ ʝʸ ʠʩʪʦʯʥʠʢ [174]. ɺ ʮʝʣʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʥɼʅʂ ʦʙʦʛʘʱʝʥʘ ʬʨʘʛʤʝʥʪʘʤʠ ʨʘʟʤʝʨʦʤ 120ï160 ʧ.ʥ., ʥʦ ʜʣʠʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʪʘʢʞʝ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ [175, 215] ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʦʙʱʝʥʠʷʭ, ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ [70]. ʅʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʣʠʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʥɼʅʂ ʤʦʞʝʪ ʚʣʠʷʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʅɽʊʦʟ, ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ 

ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠ ʚʠʨʫʩʥʳʝ ʠʥʬʝʢʮʠʠ [216].  

ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʚʷʟʠ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ɼʅʂ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʜʝʢʩ ʬʨʘʛʤʝʥʪʘʮʠʠ (ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥʥʳʭ ʠ ʢʦʨʦʪʢʠʭ ʬʨʘʛʤʝʥʪʦʚ) ʚ ʧʣʘʟʤʝ 
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ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ (400 ʧʨʦʪʠʚ 100 ʧ.ʥ. (ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʝ ʨʘʢʦʚʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ) [217], 247 ʧʨʦʪʠʚ 115 ʧ.ʥ. (ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ) [218]), 

ʧʨʠʯʝʤ ʠʥʜʝʢʩ ʬʨʘʛʤʝʥʪʘʮʠʠ ɼʅʂ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʪʷʞʝʩʪʴʶ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʘʜʠʝʡ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [219] ʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ [220]. ɺ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʩ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ (347 ʠ 137 ʧ.ʥ. (ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʳʝ, ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʝ, ʫʨʦʣʦʛʠʯʝʩʢʠʝ [221])), ʣʠʙʦ ʠʥʜʝʢʩ ʬʨʘʛʤʝʥʪʘʮʠʠ ʙʳʣ ʥʠʞʝ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ (300 ʠ 60 ʧ.ʥ. (ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ [222])). 

ʊʘʢʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʘʢʘ ʠʣʠ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʧʦʜʛʦʪʦʚʢʝ ʦʙʨʘʟʮʦʚ, ʭʨʘʥʝʥʠʠ ʠ ʤʝʪʦʜʘʭ ʚʳʜʝʣʝʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘ 

ʬʨʘʛʤʝʥʪʘʮʠʶ ʚʥɼʅʂ (ʘ ʠʤʝʥʥʦ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʝʡ ʚʥɼʅʂ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 

500 ʧ.ʥ. [223ï227]) ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ GC, ʢʦʪʦʨʦʝ ʚʦ ʚʥɼʅʂ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 30,5% ʜʦ 74,8%, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ GC ʚ ʷʜʝʨʥʦʡ ɼʅʂ ʩʦʩʪʘʚʣʷʝʪ 38% [214, 224, 226]. 

ʇʦʤʠʤʦ ʦʙʦʛʘʱʝʥʠʷ ʚʥɼʅʂ ʩʦʜʝʨʞʘʥʠʝʤ CG [227, 228], ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ 

ʦʩʥʦʚʘʥʠʡ 8-oxodG [229, 230]. ʉʦʩʪʘʚ ʚʥɼʅʂ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʝ ʩʚʷʟʳʚʘʥʠʶ ʩ ʛʠʩʪʦʥʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʝʪʠʣ-CpG-ʩʚʷʟʳʚʘʶʱʠʝ ʙʝʣʢʠ (MBP) [231, 

232], ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʧʘʢʦʚʢʫ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ. ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʫʧʘʢʦʚʢʫ 

ɼʅʂ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. ʅʘʧʨʦʪʠʚ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʘ ʅ4 ʧʨʷʤʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʭʨʦʤʘʪʠʥʘ ʢ ɼʅʂʘʟʝ I [233]. ʈʘʥʝʝ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʝʪʠʣʠʨʦʚʘʥʥʘʷ ɼʅʂ, ʢʘʢ ʩʚʦʙʦʜʥʘʷ, 

ʪʘʢ ʠ ʫʧʘʢʦʚʘʥʥʘʷ ʚ ʥʫʢʣʝʦʩʦʤʳ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘ, ʯʝʤ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʘʷ ɼʅʂ (ʠʟ-ʟʘ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ɼʅʂʘʟʘʤ ʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʘʤʠ [50]), ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʥʘʷ 

ɼʅʂ, ʚʢʣʶʯʘʷ ʩʧʝʮʠʬʠʯʝʩʢʠ ʤʝʪʠʣʠʨʦʚʘʥʥʫʶ ɼʅʂ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʩʚʝʨʭʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦ 

ʚʥɼʅʂ [234ï236]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ɼʅʂ-ʛʠʜʨʦʣʠʟʫʶʱʠʤ ʬʝʨʤʝʥʪʦʤ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ 

ɼʅʂʘʟʘ I, ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ ʙʦʣʝʝ ʘʢʪʠʚʥʘ, ʯʝʤ ɼʅʂʘʟʘ II  [237]. ʇʠʨʦʬʦʩʬʘʪʘʟʘ ʠ 

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ I [238, 239], ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʙʝʣʢʠ ʩ ʥʫʢʣʝʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [240ï244] 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʨʦʚʠ, ʥʦ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʥɼʅʂ ʚ ʢʨʦʚʦʪʦʢʝ ʝʱʝ ʥʝ ʠʟʫʯʝʥʘ. 

ɸʢʪʠʚʥʦʩʪʴ ɼʅʂʘʟʳ I ʚ ʢʨʦʚʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʥʘ, ʦʩʥʦʚʥʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʘʢʪʠʚʥʦʩʪʠ ɼʅʂʘʟʳ [245ï247], ʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʥʘ ʫ 

ʙʦʣʴʥʳʭ ʩʠʩʪʝʤʥʦʡ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʦʡ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ [248]. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɼʅʂʘʟʘ I ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ ʚ ʢʨʦʚʠ [185, 202, 249]. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʘʢʪʠʥʘ ʠ ʙʝʣʢʦʚ, 
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ʩʚʷʟʳʚʘʶʱʠʭ ʘʢʪʠʥ [250] ʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʶ ʫ ʵʪʠʭ ʙʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ [251ï254]. 

ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [251, 255], ʩʪʘʨʝʥʠʷ [256], 

ʛʝʤʦʜʠʘʣʠʟʘ [252], ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ [253], ʚʦʩʧʘʣʝʥʠʷ, ʜʠʘʙʝʪʘ, ʪʨʘʚʤʳ, ʩʝʧʩʠʩʘ [254], 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ [254, 257] ʠ ʜʨ. ʆʥʢʦʣʦʛʠʯʝʩʢʠʝ ʧʘʮʠʝʥʪʳ ʩ ʙʦʣʴʰʠʤ çʦʧʫʭʦʣʝʚʳʤ 

ʙʨʝʤʝʥʝʤè ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠ/ʠʣʠ ʦʧʫʭʦʣʷʤʠ, ʦʙʳʯʥʦ ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʙʳʩʪʨʦ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʦʢ, 

ʪʘʢʠʭ ʢʘʢ ʦʩʪʨʳʡ ʣʝʡʢʦʟ ʠʣʠ ʣʠʤʬʦʤʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʫʭʦʣʠ, 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʪʝʨʘʧʠʶ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʘʠʙʦʣʴʰʝʤʫ ʨʠʩʢʫ ʨʘʟʚʠʪʠʷ ʩʠʥʜʨʦʤʘ 

ʣʠʟʠʩʘ ʦʧʫʭʦʣʠ (ʉʃʆ). ʉʃʆ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʩʧʦʥʪʘʥʥʦ (ʜʦ ʣʝʯʝʥʠʷ ʨʘʢʘ), ʥʦ ʯʘʱʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʜʝʣʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʣʝʯʝʥʠʷ [258]. ʊʘʢʦʡ ʣʠʟʠʩ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩʧʦʩʦʙʝʥ ʚʳʟʳʚʘʪʴ 

ʤʘʩʩʠʚʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ɼʅʂ [259], ʯʪʦ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ ʚ ʵʪʦʡ ʬʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʚʥɼʅʂ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʮʠʨʢʫʣʷʮʠʶ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ ʚʣʠʷʝʪ ʩʚʷʟʳʚʘʥʠʝ ɼʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ 

(ʩʢʧ-ʮʠʨɼʅʂ, ʵʪʦ ʷʚʣʝʥʠʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ [184]). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʨʘʢʘ, ʥʘʧʨʠʤʝʨ ʥʘʨʫʰʝʥʠʷ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ, ʩʤʝʱʘʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʧ-ʮʠʨɼʅʂ ʠ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʚ ʩʪʦʨʦʥʫ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ [184]. ʅʝʩʤʦʪʨʷ 

ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʢʧ-ʮʠʨɼʅʂ, ʙʦʣʝʝ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ, 

ʢʘʢ ʩʢʧ-ʮʠʨɼʅʂ, ʪʘʢ ʠ ʩʚʦʙʦʜʥʘʷ ʚʥɼʅʂ, ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʨʫʛ ʜʨʫʛʘ [186, 260, 

261]. 

ʉʣʝʜʫʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʵʣʠʤʠʥʘʮʠʷ ʚʥɼʅʂ ʠʟ ʢʨʦʚʠ. 

ɻʣʦʤʝʨʫʣʷʨʥʘʷ ʜʠʩʬʫʥʢʮʠʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʪʠʧʘ 

ʩʠʩʪʝʤʥʦʡ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʠ, ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ [262], ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʯʝʯʥʫʶ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʶ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʫʪʠ ʵʣʠʤʠʥʘʮʠʠ ʚʥɼʅʂ; ʦʜʥʘʢʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ [263]. 

 

1.2. ʅʘʨʫʰʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ ʠ ʚʥɼʅʂ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʠ ʚʥɼʅʂ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʤʝʶʱʠʭ ʩʚʦʸ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ ʠʭ 

ʦʢʨʫʞʝʥʠʷ, ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ [264, 265]. ʂ ʯʠʩʣʫ 

ʪʘʢʠʭ ʤʘʨʢʝʨʦʚ ʦʥʢʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʤʝʣʦ ʦʪʥʝʩʪʠ ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʚʥɼʅʂ [266, 267]. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʢʨʦʈʅʂ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʜʦ 60% ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ [268]; 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʮʝʥʢʘ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʥʢʦʣʦʛʠʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʧʦʠʩʢʝ 

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʭ ʤʠʢʨʦʈʅʂ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ [269]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʈʅʂ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ, ʘ ʪʘʢʞʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʥʦʨʤʳ [270ï273]. 

ʂ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʨʢʝʨʘʤ ʦʥʢʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ, 

ʷʚʣʷʶʱʠʤʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʦʙʳʪʠʡ, ʦʪʥʦʩʠʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʮʠʪʦʟʠʥʦʚ ʚ 5-ʤ 

ʧʦʣʦʞʝʥʠʠ CpG-ʜʠʥʫʢʣʝʦʪʠʜʦʚ [274, 275]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʥʘʨʫʰʝʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʠʝ ɼʅʂ, ʚʢʣʶʯʘʷ ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ, 

ʧʦʜʘʚʣʷʶʱʠʭ ʦʧʫʭʦʣʴ, ʠ ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʥʢʦʛʝʥʝʟʝ [276, 277]. ʅʘʨʫʰʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʥʘʡʜʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʧʫʭʦʣʷʭ, ʯʪʦ 

ʜʝʣʘʝʪ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʤʘʨʢʝʨʳ ʥʘʜʝʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʦʧʫʭʦʣʝʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

[278]. 

1.2.1. ʈʦʣʴ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʚʠʪʠʠ ʈʇɾ 

ʅʘ ʟʘʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʈʅʂ ʠʜʝʷ ʦ 

ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʥʘʜʝʞʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʨʘʢ ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʥʝ ʦʧʨʘʚʜʘʣʘʩʴ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʠʩʢʘ ʥʘʙʦʨʦʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʠʢʨʦʈʅʂ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʠ ʘʥʘʣʠʟ 

ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ ʠʣʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

[279ï282]. ʆʩʥʦʚʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʢʨʦʈʅʂ, ʘ ʠʤʝʥʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʈʅʂ-

ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ [283], ʪʘʢʠʝ ʢʘʢ ʨʝʛʫʣʷʮʠʷ ʦʜʥʦʡ ʤʈʅʂ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʠʢʨʦʈʅʂ ʠ ʫʯʘʩʪʠʝ ʦʜʥʦʡ ʤʠʢʨʦʈʅʂ ʚ ʨʝʛʫʣʷʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ, ʜʝʣʘʶʪ ʪʘʢʠʝ ʧʦʜʭʦʜʳ 

ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤʠ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʦʧʳʪʢʠ ʩʚʷʟʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʥʘʙʦʨʘ ʤʠʢʨʦʈʅʂ ʩ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʦʧʫʭʦʣʠ ʪʘʢʞʝ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʠʟʤʝʥʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʠʢʨʦʈʅʂ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʧʫʭʦʣʷʭ ʨʘʟʥʳʭ ʪʠʧʦʚ [284, 285]. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʈʅʂ (ʢʘʢ ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ) ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʧʦʣʝʟʥʦʩʪʴ 

ʤʠʢʨʦʈʅʂ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʦʥʢʦʛʝʥʦʚ, ʪʘʢ ʠ ʩʥʠʞʝʥʠʝ ʮʝʥʥʦʩʪʠ ʤʠʢʨʦʈʅʂ 

ʢʘʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʈʅʂ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠʣʠ 

ʪʝʨʘʧʠʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝ ʪʦʣʴʢʦ 

ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʈʅʂ-ʤʠʰʝʥʝʡ, ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʫʪʝʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʵʪʠ ʛʝʥʳ, ʠ ʦʙʱʝʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʢʣʝʪʦʯʥʦʡ ʨʝʛʫʣʷʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
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ʤʠʰʝʥʠ ʤʠʢʨʦʈʅʂ ʤʦʞʥʦ ʠʩʢʘʪʴ ʧʫʪʤy ʧʨʷʤʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʢʨʝʪʥʳʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʠʣʠ ʧʦʜʘʚʣʷʶʪʩʷ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʠ ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʳ ʜʣʷ 

ʢʣʝʪʦʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʬʝʥʦʪʠʧʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʤʥʦʛʠʝ ʛʝʥʳ, ʦʪʢʨʳʪʳʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʯʠʧʦʚ ʠʣʠ MPS, ʜʘʞʝ ʧʨʠ ʭʦʨʦʰʝʤ RPKM 

(ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʥʘ ʢʙ ʤʦʜʝʣʠ ʵʢʟʦʥʘ ʥʘ ʤʠʣʣʠʦʥ ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʧʨʦʯʪʝʥʠʡ) ʠ 

p-ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʣʦʞʥʳʭ ʦʪʢʨʳʪʠʡ, ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ, ʢʘʢ ʩʧʝʮʠʬʠʯʥʳʝ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʟʘʙʦʣʝʚʘʥʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʛʝʥʳ, ʚʳʙʨʘʥʥʳʝ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʝ, ʦʢʘʟʘʣʠʩʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʭʦʨʦʰʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷ [286]. 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʦʧʠʩʘʥʳ ʛʝʥʳ, 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪʩʷ ʠʣʠ ʧʦʥʠʞʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʈʅʂ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʛʝʥʘʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʥʳʤ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʢʣʝʪʦʢ, ʩʦʭʨʘʥʝʥʠʝʤ ʬʝʥʦʪʠʧʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʧʫʭʦʣʠ ʢ ʠʥʚʘʟʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʨʠ ʈʇɾ. 

ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʈʇɾ ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ [287], ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʠ 

ʪʝʨʘʧʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ, 

ʤʠʢʨʦʈʅʂ ʠ ʩʚʷʟʳʚʘʶʱʠʭ ʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʫʪʝʡ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʘʶʱʠʝ ʚʣʠʷʥʠʝ ʤʠʢʨʦʈʅʂ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʜʨʦʛʝʥʟʘʚʠʩʠʤʳʭ ʠ ʘʥʜʨʦʛʝʥʥʝʟʘʚʠʩʠʤʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ (ʪʘʙʣʠʮʘ 1.3.) ʠ ʪʢʘʥʝʡ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʸʥ ʘʥʘʣʠʟʫ ʚʥʝʢʣʝʪʦʯʥʳʭ ʅʂ, ʚ ʵʪʦʡ ʧʦʜʛʣʘʚʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʚ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʠʢʨʦʈʅʂ ʠ ʤʈʅʂ-

ʤʠʰʝʥʴʶ, ʪʦʛʜʘ ʢʘʢ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ in vivo ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʪʦʣʴʢʦ ʢʦʨʨʝʣʷʮʠʠ. ʆʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʘʥʘʣʠʟ ʙʳʣʦ ʦʧʠʩʘʥʠʝ çʧʨʷʤʦʛʦè 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʤʠʢʨʦʈʅʂ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʥʘ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʧʦʨʪʝʨʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ). ɺ 

ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 176 ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚʦ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʨʝʛʫʣʷʮʠʶ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʨʦʩʪ ʢʣʝʪʦʢ, ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ, ʘʧʦʧʪʦʟ, 

ʧʨʦʣʠʬʝʨʘʮʠʶ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ, ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʘʥʛʠʦʛʝʥʝʟ ʠ ʭʠʤʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʛʝʥʦʚ (132 ʛʝʥʘ) ʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʠ ʪʢʘʥʷʭ 

ʈʇɾ ʧʦʚʳʰʝʥʘ (ʇʨʠʣʦʞʝʥʠʷ 3, 4). 
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ʊʘʙʣʠʮʘ 1.3. ɸʥʜʨʦʛʝʥʥʝʟʘʚʠʩʠʤʳʝ ʠ ʘʥʜʨʦʛʝʥʟʘʚʠʩʠʤʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ ʈʇɾ 

ʂʣʝʪʦʯʥʘʷ 

ʣʠʥʠʷ 
ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʏʫʚʩʪʚʠʪʝʣʴ

ʥʦʩʪʴ ʢ 

ʘʥʜʨʦʛʝʥʘʤ 

C4-2 ʄʝʪʘʩʪʘʪʠʯʝʩʢʘʷ ʩʫʙʣʠʥʠʷ LNCaP 

ɸʥʜʨʦʛʝʥ-

ʥʝʟʘʚʠʩʠʤʳʝ 

ʉ4-2ɺ ʄʝʪʘʩʪʘʪʠʯʝʩʢʘʷ ʩʫʙʣʠʥʠʷ LNCaP 

CRPC ʂʘʩʪʨʘʮʠʦʥʥʦ-ʨʝʟʠʩʪʝʥʪʥʳʝ ʢʣʝʪʢʠ ʈʇɾ 

CWR22rv1 
ʃʠʥʠʷ ʢʣʝʪʦʢ ʈʇɾ ʯʝʣʦʚʝʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʛʦʨʤʦʥʦ-

ʨʝʟʠʩʪʝʥʪʥʦʡ ʨʝʮʠʜʠʚʠʨʫʶʱʝʡ ʦʧʫʭʦʣʠ CWR22R 

DU-145 
ʄʝʪʘʩʪʘʟʳ ʧʝʨʚʠʯʥʦʡ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ 

ʞʝʣʝʟʳ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ 

LNCaP-AI  
ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ LNCaP, ʩʧʦʩʦʙʥʘʷ ʨʘʩʪʠ 

ʚ ʦʯʠʱʝʥʥʦʡ ʦʪ ʫʛʣʷ ʩʳʚʦʨʦʪʢʝ 

LNCaP-Abl 

ʃʠʥʠʷ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʘʥʜʨʦʛʝʥ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ LNCaP ʚ ʦʙʝʜʥʝʥʥʦʡ ʘʥʜʨʦʛʝʥʘʤʠ 

ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 87 ʧʘʩʩʘʞʝʡ 

M12, F6 

ʩʫʙʣʠʥʠʷ AD 

M12, ʩʠʣʴʥʦ ʦʧʫʭʦʣʝʚʦʝ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ, 

ʨʦʩʣʦ ʢʘʢ ʜʝʟʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʤʘʩʩʘ ʢʣʝʪʦʢ ʙʝʟ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʪʦʛʜʘ ʢʘʢ ʩʫʙʣʠʥʠʷ F6, ʩʣʘʙʦ ʦʥʢʦʛʝʥʥʳʡ, 

ʥʝʤʝʪʘʩʪʘʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ M12, ʚʦʟʚʨʘʱʘʣʘʩʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʠʥʫʩʦʚ, ʩʨʦʜʥʠ P69 (ʥʝʦʧʫʭʦʣʝʛʝʥʥʳʝ 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ) 

PC3 ʃʠʥʠʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ, ʧʦʷʩʥʠʯʥʳʡ ʤʝʪʘʩʪʘʟ 

PC3-M ʄʝʪʘʩʪʘʟʥʳʡ ʚʘʨʠʘʥʪ PC3 

PC-3M-luc ʃʠʥʠʷ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʣʶʮʠʬʝʨʘʟʫ, ʧʦʣʫʯʝʥʘ ʠʟ PC3-M 

PC3 PDGF-D ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ-D ʚ PC3 

BPH1
CmiR101

 

BPH1
CAFTD

 (ʦʧʫʭʦʣʝʛʝʥʥʘʷ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʘʷ ʛʠʧʝʨʧʣʘʟʠʷ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ) ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚʝʢʪʦʨʳ EGFP-ʤʠʢʨʦʈʅʂ-101 

ɸʥʜʨʦʛʝʥ-

ʟʘʚʠʩʠʤʳʝ 

CW22 ʂʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ 

LAPC4 
ʃʠʥʠʷ ʩʦʟʜʘʥʘ ʠʟ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʪʢʘʥʠ ʨʘʢʘ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

LAPC9 ʄʦʜʝʣʴ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʤʝʪʘʩʪʘʟʳ ʚ ʙʝʜʨʝʥʥʫʶ ʢʦʩʪʴ 

LNCaP ɸʜʝʥʦʢʘʨʮʠʥʦʤʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ 

LNCaP-FGC 
ɹʳʩʪʨʦʨʘʩʪʫʱʘʷ ʢʦʣʦʥʠʘʣʴʥʘʷ ʣʠʥʠʷ, ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ 

LNCaP 

MDA-PCa-2b 
ʃʠʥʠʷ ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʩʪʥʦʛʦ ʤʝʪʘʩʪʘʟʘ ʯʸʨʥʦʛʦ ʤʫʞʯʠʥʳ ʩ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʦʡ ʧʨʦʩʪʘʪʳ 

PC-346C 

ʃʠʥʠʷ ʩʦʟʜʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʫʨʝʪʨʘʣʴʥʦʡ ʨʝʟʝʢʮʠʠ 

ʧʝʨʚʠʯʥʦʡ ʦʧʫʭʦʣʠ, ʵʢʩʧʨʝʩʩʠʨʫʝʪ ʘʥʜʨʦʛʝʥʥʳʡ ʨʝʮʝʧʪʦʨ 

(AR) ʜʠʢʦʛʦ ʪʠʧʘ (wt) ʠ ʩʝʢʨʝʪʠʨʫʝʪ ʧʨʦʩʪʘʪʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʘʥʪʠʛʝʥ (ʇʉɸ) 

PPC-1 ʅʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʘʷ ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ 
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ʂʣʝʪʦʯʥʘʷ 

ʣʠʥʠʷ 
ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʏʫʚʩʪʚʠʪʝʣʴ

ʥʦʩʪʴ ʢ 

ʘʥʜʨʦʛʝʥʘʤ 

RWPE-1 
ʂʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʥʝʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʵʧʠʪʝʣʠʷ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟ r

22RV1 
ʇʦʣʫʯʝʥʘ ʠʟ CWR22R, ʣʠʥʠʷ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʦʚ 

ʘʥʜʨʦʛʝʥʟʘʚʠʩʠʤʦʛʦ ʈʇɾ 

WPE1-NB26 
ʃʠʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʈʇɾ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʢʣʝʪʦʢ ʪʦʛʦ ʞʝ 

ʪʠʧʘ (ʢʣʝʪʢʠ RWPE1) 

 

ʆʜʥʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʦʪʜʝʣʴʥʳʭ ʤʈʅʂ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʘʥʮʝʨʦʛʝʥʝʟʦʤ, ʠ ʤʠʢʨʦʈʅʂ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʵʪʠʭ ʛʝʥʦʚ, ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠ ʜʦʢʘʟʘʪʝʣʴʥʦ ʦʪʙʠʨʘʪʴ ʤʠʢʨʦʈʅʂ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʦʧʫʭʦʣʝʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, 

ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʢʘʥʜʠʜʘʪʥʳʝ ʤʘʨʢʝʨʥʳʝ ʤʠʢʨʦʈʅʂ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ ʈʇɾ. ʆʜʥʘʢʦ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʝʥ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦʙ ʫʯʘʩʪʠʠ 

ʤʈʅʂ ʚ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʷʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʥʠʮʠʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ 

ʈʇɾ, ʘ ʪʘʢʞʝ ʦ ʚʣʠʷʥʠʠ ʤʠʢʨʦʈʅʂ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʵʪʠʭ ʤʈʅʂ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʘʥʮʝʨʦʛʝʥʝʟʝ, ʷʚʣʷʝʪʩʷ 

ʘʧʦʧʪʦʟ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚ ʨʘʟʚʠʪʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʘ ʪʘʢʞʝ ʚ ʩʘʤʦʦʙʥʦʚʣʝʥʠʠ ʞʝʣʝʟʠʩʪʦʡ 

ʪʢʘʥʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ɸʧʦʧʪʦʟ ʢʣʝʪʦʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʧʨʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ çʩʧʷʱʠʡè ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʧʨʷʤʦʡ ʘʢʪʠʚʘʮʠʠ [288], 

ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝʤ çʮʝʥʪʨʘʣʴʥʦʛʦè ʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʛʝʥʘ ʈ53, 

ʚʳʟʳʚʘʝʤʳʤ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʈʅʂ-125b (ʇʨʠʣʦʞʝʥʠʝ 4) [289]. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʨʝʮʝʧʪʦʨʳ, 

ʮʠʪʦʟʦʣʴʥʳʝ ʠ ʷʜʝʨʥʳʝ ʬʘʢʪʦʨʳ, ʤʠʪʦʭʦʥʜʨʠʠ ʠ ʪ.ʜ. ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʘʧʦʧʪʦʟʘ [290]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʝ ʠʛʨʦʢʠ ʚ ʨʝʛʫʣʷʮʠʠ ʘʧʦʧʪʦʟʘ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʨʘʟʚʠʪʠʝ ʨʘʢʘ ʠ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʤʘʨʢʝʨʦʚ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʝʛʦ ʪʝʨʘʧʠʠ. ʅʘʧʨʠʤʝʨ, ʘʥʜʨʦʛʝʥʳ 

ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʈʇɾ [291]. ʃʶʙʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚ 

ʘʥʜʨʦʛʝʥʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʘʧʦʧʪʦʟʘ ʫʩʠʣʠʚʘʶʪ ʢʘʥʮʝʨʦʛʝʥʝʟ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ ʜʦ ʘʥʜʨʦʛʝʥʥʝʟʘʚʠʩʠʤʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʜʜʘʶʱʝʛʦʩʷ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʣʝʯʝʥʠʶ [292]. 

ʊʝʨʘʧʠʷ ʈʇɾ ʧʫʪʝʤ ʘʙʣʷʮʠʠ ʘʥʜʨʦʛʝʥʦʚ (ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʘ ʘʥʜʨʦʛʝʥʦʚ), ʢʦʪʦʨʘʷ 

ʠʥʠʮʠʠʨʫʝʪ ʘʧʦʧʪʦʟ ʞʝʣʝʟʠʩʪʳʭ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʦʩʪʘʪʳ ʠ ʠʥʚʦʣʶʮʠʶ ʦʧʫʭʦʣʠ, 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʘʩʴ ʝʱ yʚ 1940-ʭ ʛʦʜʘʭ [293]. ʆʜʥʘʢʦ, ʢʘʢ ʩʦʦʙʱʘʣʦʩʴ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʈʇɾ ʫ 

ʧʘʮʠʝʥʪʦʚ, ʧʝʨʚʠʯʥʦ ʦʪʚʝʯʘʶʱʠʭ ʥʘ ʛʦʨʤʦʥʘʣʴʥʫʶ ʪʝʨʘʧʠʶ, ʨʝʮʠʜʠʚʠʨʫʝʪ ʚ ʩʨʝʜʥʝʤ ʚ 

ʪʝʯʝʥʠʝ 3 ʣʝʪ ʚ ʢʘʩʪʨʘʮʠʦʥʥʦ-ʨʝʟʠʩʪʝʥʪʥʫʶ ʬʦʨʤʫ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠ 
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ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʘʥʜʨʦʛʝʥʦʚ (ɸR), ʪʘʢʠʤʠ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʝʛʦ ʘʤʧʣʠʬʠʢʘʮʠʷ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʤʫʪʘʮʠʠ ʚ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʤ ʜʦʤʝʥʝ ʠ 

ʩʧʣʘʡʩʠʥʛ ɸR ʙʝʟ ʵʪʦʛʦ ʜʦʤʝʥʘ [292]. ɸʥʜʨʦʛʝʥʳ ʠʥʛʠʙʠʨʫʶʪ ʘʧʦʧʪʦʟ, ʙʣʦʢʠʨʫʷ ʘʢʪʠʚʘʮʠʶ 

ʢʘʩʧʘʟʥʦʛʦ ʢʘʩʢʘʜʘ ʠ ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʘ-əB, ʦʩʣʘʙʣʷʷ ʵʢʩʧʨʝʩʩʠʶ ʠ ʧʨʦʮʝʩʩʠʥʛ ʙʝʣʢʘ Bax, 

ʦʪʤʝʥʷʷ ʨʘʩʱʝʧʣʝʥʠʝ ʙʝʣʢʘ Bid ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʮʠʪʦʭʨʦʤʘ C, ʥʝʦʙʭʦʜʠʤʦʛʦ, ʥʘʧʨʠʤʝʨ, ʚ 

ʧʨʦʮʝʩʩʘʭ ʨʝʛʝʥʝʨʘʮʠʠ [294]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ AR ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʠʢʨʦʈʅʂ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʈʅʂ-31, -34a, -124, -141 ʠ -488* (ʇʨʠʣʦʞʝʥʠʝ 3) [271, 295ï299], 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʵʢʩʧʨʝʩʩʠʠ AR, ʘ ʪʘʢʞʝ ʯʘʩʪʦ ʛʠʧʦʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʧʨʠ ʈʇɾ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʧʦʪʝʥʮʠʘʣʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʈʇɾ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. 

ɻʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʟʘʯʘʩʪʫʶ ʫʯʘʩʪʚʫʶʪ ʠ ʚ 

ʠʥʜʫʢʮʠʠ ʬʝʥʦʪʠʧʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʠ ʝʛʦ ʧʦʜʜʝʨʞʘʥʠʠ. ɻʝʥ BMI1 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʝʥʦʚ, 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʈʇɾ; ʵʪʦ ʢʣʶʯʝʚʦʡ 

ʨʝʛʫʣʷʪʦʨ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ ʚʟʨʦʩʣʳʭ ʢʣʝʪʦʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʠʛʨʘʶʱʠʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʠʥʠʮʠʘʮʠʠ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʈʇɾ [300]. ʕʢʩʧʨʝʩʩʠʷ BMI1 ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʚ ʢʣʝʪʢʘʭ 

ʦʧʫʭʦʣʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʧʫʪʤy  ʧʦʜʘʚʣʝʥʠʷ ʤʠʢʨʦʈʅʂ,  ʪʘʢʠʭ ʢʘʢ ʤʠʢʨʦʈʅʂ-30d, -128,  

-200b, -200c, -203 ʠ -221 (ʇʨʠʣʦʞʝʥʠʝ 3) [301, 302]. ʅʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ BMI1 ʫʩʠʣʠʚʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʦʪʚʝʪ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ 

ʈʇɾ ʧʦʩʣʝ ʭʠʤʠʦʪʝʨʘʧʠʠ ʥʘ ʦʩʥʦʚʝ ʜʦʮʝʪʘʢʩʝʣʘ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʛʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

BMI1, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʧʨʠ ʘʛʨʝʩʩʠʚʥʳʭ ʬʦʨʤʘʭ ʈʇɾ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʯʠʩʣʦ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʜʠʢʪʦʨʦʚ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʦʪʝʨʘʧʠʠ [303]. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʫʯʘʩʪʠʠ ʛʝʥʦʚ ʠ/ʠʣʠ ʤʠʢʨʦʈʅʂ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʘʷ ʢʘʢ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʦʙʨʘʥʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ DIANA, STRING, PANTHER, GENEMANIA, DISGENER, 

KEGG GENES, Genetic Testing Registry, ʠʥʩʪʨʫʤʝʥʪ miRWalk ʠ ʜʨ., ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪ ʚ 

ʩʝʙʝ ʜʘʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʘʟʳ ʜʘʥʥʳʭ DIANA, STRING, PANTHER 

ʠ ʜʨʫʛʠʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʤʠʢʨʦʈʅʂ ʧʨʠ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʈʇɾ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʠʟ 199 ʛʝʥʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥʘ ʚ ʵʪʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʘʟʳ ʜʘʥʥʳʭ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳ ʠ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳ; ʙʦʣʝʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʛʝʥʦʚ ʩʚʷʟʘʥʘ ʩ ʈʇɾ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʡ ʛʣʘʚʝ ʛʝʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ STRING, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ 189 ʛʝʥʘʭ (ʠʟ 199); 

ʦʜʥʘʢʦ ʠʟʤʝʥʝʥʠʝ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʈʇɾ ʧʦʢʘʟʘʥʦ ʪʦʣʴʢʦ ʜʣʷ 20 ʠʟ ʥʠʭ 

(ʨʠʩ. 1.1.). 
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ʈʠʩʫʥʦʢ 1.1. ʇʨʠʤʝʨ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ 20 ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ 

ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʜʘʥʥʳʝ ʙʘʟʳ 

STRING). 

ʂʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʚʩʝ ʵʪʠ 20 ʛʝʥʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ (ʨʠʩ. 1.1.), ʘ 

ʠʤʝʥʥʦ ʪʝ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʘʧʦʧʪʦʟʘ (TP53, BCL2, AKT1, MTOR, PTEN ʠ 

FOXO1), ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʢʣʝʪʦʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʧʝʨʝʜʘʯʝ 

ʩʠʛʥʘʣʘ (EGFR, ERBB-2/HER2, FGFR1, HRAS ʠ IGF1R), ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, 

ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʧʨʦʮʝʩʩʦʚ ʙʠʦʩʠʥʪʝʟʘ (CCND1, LEF1, E2F2, E2F3, E2F1, CDKN1B, CDKN1A ʠ 

AR). 

ʇʦ ʜʘʥʥʳʤ ʙʘʟʳ GENEMANIA, ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ 175 ʛʝʥʘʭ, ʦʧʠʩʘʥʥʳʭ 

ʚ ʵʪʦʡ ʛʣʘʚʝ, ʪʦʣʴʢʦ 22 ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʈʇɾ. ʇʦʤʠʤʦ 20 ʛʝʥʦʚ, ʫʧʦʤʠʥʘʶʱʠʭʩʷ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ STRING, ʚ ʙʘʟʝ GENEMANIA ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʚʷʟʠ ʨʘʙʦʪʳ ʛʝʥʦʚ KRAS 

ʠ CDK2 ʩ ʨʘʟʚʠʪʠʝʤ ʈʇɾ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʦʜʥʦʛʦ, ʘ 

ʥʝʩʢʦʣʴʢʠʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ/ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ ʧʦ ʠʭ ʢʣʝʪʦʯʥʳʤ ʠ ʙʝʣʢʦʚʳʤ ʬʫʥʢʮʠʷʤ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʦʠʩʢʝ ʥʘʠʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʦʥʢʦʛʝʥʦʚ ʠ ʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ PANTHER, 176 ʛʝʥʦʚ (ʯʘʩʪʴ ʛʝʥʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ 3, 4) ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ çʩʚʷʟʳʚʘʥʠʝè ʠ 

çʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴè (ʨʠʩ. 1.2. ɸ), ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (çʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳè ʠ 

çʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳè) (ʨʠʩ. 1.2. ɹ) ʠ ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (çʯʘʩʪʴ ʢʣʝʪʢʠè ʠ 

çʦʨʛʘʥʝʣʣʘè) (ʨʠʩ. 1.2. ɺ). 
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ʈʠʩʫʥʦʢ 1.2. ʇʨʠʤʝʨ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ ʧʦ ʠʭ ʬʫʥʢʮʠʷʤ ʧʨʠ ʧʦʤʦʱʠ 

ʙʘʟʳ PANTHER. (A) ʄʦʣʝʢʫʣʷʨʥʳʝ ʬʫʥʢʮʠʠ; (ɹ) ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; (ɺ) ʂʣʝʪʦʯʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ; (ɻ) ʂʣʘʩʩʳ ʙʝʣʢʦʚ. 

 

ɹʝʣʢʠ (ʨʠʩ. 1.2. ɻ), ʢʦʜʠʨʫʝʤʳʝ ʵʪʠʤʠ ʛʝʥʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʣʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ (30 ʛʝʥʦʚ, ʚʢʣʶʯʘʷ AR, ZNF217, FOXM1, E2F1, 

PCAF, MDM4, SOX2 ʠ FOXO1); ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ (20 ʛʝʥʦʚ, ʚʢʣʶʯʘʷ AR, ZNF217, 

FOXM1, GTF2H1 ʠ ʈ53); ʤʦʜʫʣʷʪʦʨʳ ʬʝʨʤʝʥʪʦʚ (21 ʛʝʥ, ʚʢʣʶʯʘʷ CCND2, HRAS, CASP7, 

SEPT6 ʠ KRAS); ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ (13 ʛʝʥʦʚ, ʚʢʣʶʯʘʷ FGF2, WNT5a, BCL2 ʠ WNT3a) ʠ 

ʨʝʮʝʧʪʦʨʳ (PAR2, LAMC1, TRPM8, FZD7, CSA, ITGB1 ʠ TGFBR1). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʝʥʳ ʪʘʢʠʭ 

ʢʣʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʘ ʪʘʢʞʝ ʛʝʥʳ, 

ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʢʣʘʩʩʘʤ çʩʚʷʟʳʚʘʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪè ʠ 

çʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳè, ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʧʨʝʜʠʢʪʦʨʳ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʤʠʰʝʥʠ ʨʘʢʘ. 
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ɼʣʷ ʧʦʠʩʢʘ ʤʠʢʨʦʈʅʂ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʛʝʥʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʝʟʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʧʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʈʅʂ ʠ ʤʠʢʨʦʈʅʂ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ ʩ ʣʠʪʝʨʘʪʫʨʦʡ. 

ʅʘʧʨʠʤʝʨ, AR ð ʦʜʠʥ ʠʟ ʠʥʜʫʢʪʦʨʦʚ ʈʇɾ [304] (ʙʘʟʘ ʜʘʥʥʳʭ DIANA), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʠʢʨʦʈʅʂ-ʨʝʛʫʣʷʪʦʨʳ ʵʢʩʧʨʝʩʩʠʠ AR ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʨʝʩʥʳʝ ʤʠʰʝʥʠ ʢʘʢ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ, ʪʘʢ ʠ ʜʣʷ ʪʝʨʘʧʠʠ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʙʨʘʥʥʘʷ ʚ ʙʘʟʝ TargetScan, ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʪʘʢʠʭ ʤʠʢʨʦʈʅʂ. ʇʦ ʜʘʥʥʳʤ TargetScan, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʚ ʨʝʛʫʣʷʪʦʨʳ ʵʢʩʧʨʝʩʩʠʠ AR ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʠʢʨʦʈʅʂ: -9, -19ʘ, -124, -130ʘ, 

-130b, -301ʘ, -301b, -454, -3666 ʠ -4295. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʤʠʢʨʦʈʅʂ ʥʘ ʵʢʩʧʨʝʩʩʠʶ AR ʧʨʠ ʈʇɾ (ʇʨʠʣʦʞʝʥʠʝ 4), ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ 

ʵʪʦʡ ʛʣʘʚʝ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʯʘʩʪʠʝ ʪʦʣʴʢʦ ʤʠʢʨʦʈʅʂ-124; ʦʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʠʢʨʦʈʅʂ, ʘ ʠʤʝʥʥʦ, let-7c, ʤʠʢʨʦʈʅʂ-31, -34a, -124, -141, -488* ʠ -371, 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʙʘʟʝ ʜʘʥʥʳʭ TargetScan. ɺʩʝ ʵʪʠ ʤʠʢʨʦʈʅʂ ʨʝʛʫʣʠʨʫʶʪ 

ʵʢʩʧʨʝʩʩʠʶ ʧʫʪʤy ʧʨʷʤʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʈʅʂ ʛʝʥʘ AR [271, 296, 298, 299, 305, 306], ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ let-7c, ʢʦʪʦʨʘ ̫ʠʥʛʠʙʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ AR ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ c-Myc [297]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʛʝʥʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʛʝʥʘ, ʘ 

ʪʘʢʞʝ ʤʠʢʨʦʈʅʂ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʪʠ ʛʝʥʳ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʠʩʢʘ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʤʠʢʨʦʈʅʂ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʷʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʤʠʢʨʦʈʅʂ (let-7c, ʤʠʢʨʦʈʅʂ-19a, -34a ʠ -141) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʤʘʨʢʝʨʳ ʈʇɾ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ [272, 273, 281, 307, 308]. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʞʝ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʬʫʥʢʮʠʠ ʢʦʪʦʨʳʭ ʥʘʨʫʰʝʥ rʧʨʠ ʜʨʫʛʠʭ ʪʠʧʘʭ ʨʘʢʘ. ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ DIANA, 

ʤʠʢʨʦʈʅʂ-19a ʠ -34a ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʛʣʠʦʤʳ ʠ ʤʝʣʘʥʦʤʳ, ʘ ʪʘʢʞʝ ʨʘʢʘ 

ʵʥʜʦʤʝʪʨʠʷ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʠ ʧʨʷʤʦʡ ʢʠʰʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʙʘʟ ʜʘʥʥʳʭ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʰʝʥʝʡ-ʢʘʥʜʠʜʘʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦʠʩʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʈʇɾ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʠʢʨʦʈʅʂ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚʢʣʶʯʘʷ ʈʇɾ, ʠ 

ʚʳʙʦʨʘ ʤʠʰʝʥʝʡ ʜʣʷ ʠʭ ʚʝʨʠʬʠʢʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; ʢ 

ʩʦʞʘʣʝʥʠʶ, on-line ʙʘʟʳ ʥʝ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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1.2.2. ʅʘʨʫʰʝʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ: ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʠʘʛʥʦʩʪʠʢʝ 

ɸʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʘʷ ɼʅʂ ʦʙʥʘʨʫʞʝʥʘ ʚ ʦʧʫʭʦʣʷʭ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ. ʇʨʠ ʈʇɾ ʚ 

ʦʩʥʦʚʥʦʤ ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʳ ʛʝʥʳ-ʩʫʧʨʝʩʩʦʨʳ ʦʧʫʭʦʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʘʧʦʧʪʦʟʝ, ʢʦʥʪʨʦʣʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʧʝʨʝʜʘʯʝ 

ʩʠʛʥʘʣʦʚ ʠ ʛʦʨʤʦʥʘʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, ʥʘʧʨʠʤʝʨ RARb, GSTP1, CDH13, RASSF1A, APC, ʈ16, 

DAPK, FHIT, MGMT ʠ CDH1 [309] ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʷʚʣʷʶʱʠʝʩʷ ʦʥʢʦʤʘʨʢʝʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʘʥʘʣʠʟ ʧʨʦʬʠʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ GSTP1 (ʛʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʘ P1) 

ʚ ʧʫʣʝ ʚʥɼʅʂ ʧʨʝʜʧʦʣʘʛʘʣ ʚʳʷʚʣʝʥʠʝ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 

52% ʧʨʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʚ 89% [310, 311].  

ʇʨʠ ʈʇɾ ʬʝʥʦʪʠʧ ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ. ʄʥʦʛʠʝ ʛʝʥʳ, ʪʘʢʠʝ ʢʘʢ GSTP1, APC, MDR1, MGMT ʠ RASSF1A, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʠ ʈʇɾ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɻʇɾ ʠ 

ʠʥʳʤʠ ʥʝʦʧʫʭʦʣʝʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʦʩʪʘʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʝ ʛʝʥʦʚ RARb, 

RASSF1A, GSTP1, CDH13, APC, RUNX3, MDR1 ʠ Cyclin D2 ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ɻʣʠʩʦʥʘ ʠ ʫʨʦʚʥʷ ʇʉɸ [309]. ʇʦʩʢʦʣʴʢʫ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳ, ʪʦ ʠʤʝʥʥʦ ʤʫʣʴʪʠʛʝʥʥʳʝ ʧʘʥʝʣʠ ʠʤʝʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ 

ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʢʨʦʚʠ ʛʝʥʦʚ GSTP1, RASSF1A, RARɓ2 ʠ FOXA1 ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʫʚʝʣʠʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦ 72% [312]. ɼʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʈʇɾ ʧʦʜʘʚʘʣʘ ʥʘʜʝʞʜʫ ʠ 

ʧʘʥʝʣʴ ʛʝʥʦʚ MCAM, ERŬ ʠ ERɓ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 75% ʠ 70%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʝʥʥʘʷ ʧʘʥʝʣʴ ST6GALNAC3, CCDC181 ʠ HAPLN3 ʠʤʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦ 

67% ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ [312]. ʈʘʥʝʝ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [313] ʧʨʠ ʘʥʘʣʠʟʝ ʮʠʨɼʅʂ 

ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʧʦʤʦʱʴʶ CpG island microarray ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʛʝʥʘ (KIAA1539 ʠ 

RNF219), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʟʘʙʦʣʝʚʘʥʠʷ (P<0,05) ʠ 

ʥʝʟʘʚʠʩʠʤʳʝ ʦʪ ʚʦʟʨʘʩʪʘ (P<0,05). ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟ ʩʪʘʪʫʩʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʘ RNF219 ʧʦʟʚʦʣʷʣ ʦʪʣʠʯʘʪʴ ʙʦʣʴʥʳʭ ʈʇɾ ʦʪ ɼɻʇɾ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

61% ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 71%. 

ɸʙʝʨʨʘʥʪʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʚʦ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ çʥʘʰʫʤʝʚʰʠʭè 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʛʝʥʦʚ Septin 9 ʠ SHOX2 ʧʨʠ ʨʘʢʝ ʢʠʰʝʯʥʠʢʘ ʠ ʣʸʛʢʦʛʦ [314, 315] ʧʨʠ ʈʇɾ 

ʥʝ ʧʦʢʘʟʘʣʦ ʪʘʢʠʭ ʚʧʝʯʘʪʣʷʶʱʠʭ (ʜʦ 90% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ) ʨʝʟʫʣʴʪʘʪʦʚ, 

ʭʦʪʷ ʠ ʧʦʟʚʦʣʠʣʦ ʨʘʟʣʠʯʠʪʴ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ʙʝʟ (ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 

ʧʘʮʠʝʥʪʳ, ʠʤʝʚʰʠʝ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʇʉɸ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ ʧʨʠ ʊʈʋɿʀ ʠ/ʠʣʠ ʇʈʀ 

ʚ ʘʥʘʤʥʝʟʝ, ʢʦʪʦʨʳʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʙʠʦʧʩʠʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʄʈʊ) [316]. ʊʝʩʪʳ Epi proColonÈ 
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ʠ Epi proLungÈ ʦʜʦʙʨʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʚ ʂʠʪʘʝ ʠ 

ɽʚʨʦʧʝʡʩʢʦʤ ʩʦʶʟʝ, ʘ Epi proColonÈ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʜʦʙʨʝʥ ʠ FDA ʚ ʉʐɸ 

(https://www.epiprocolon.com/us/, http://www.epigenomics.com, 26 ʠʶʥʷ 2023 ʛ.). ʋʩʧʝʭʠ, 

ʜʦʩʪʠʛʥʫʪʳʝ ʢʦʤʧʘʥʠʝʡ Epigenomics GA ʥʘ ʨʳʥʢʝ ʦʥʢʦʜʠʘʛʥʦʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥɼʅʂ 

ʧʣʘʟʤʳ ʢʨʦʚʠ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʸ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʦ ʚʩʸʤ ʤʠʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʜʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʨʦʙʣʝʤ (ʩʚʷʟʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ɼʅʂ) ʚ ʧʦʠʩʢʝ ʧʨʠʝʤʣʝʤʳʭ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʦʥʢʦʤʘʨʢʝʨʦʚ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʠ ʙʦʣʝʝ ʥʠʟʢʦʝ ʫʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʚʥɼʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʢʘʥʴʶ ʦʧʫʭʦʣʠ [208], ʚ ʩʚʷʟʠ ʩ 

ʠʟʙʳʪʢʦʤ çʙʘʣʣʘʩʪʥʦʡè ʚʥɼʅʂ ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʦʙʱʠʡ ʧʫʣ ɼʅʂ 

ʩʦʜʝʨʞʠʪ ɼʅʂ ʠʟ ʚʩʝʭ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ, ʩʭʦʜʩʪʚʦ ʧʘʪʪʝʨʥʦʚ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ ʩ ʧʘʪʪʝʨʥʘʤʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʨʘʟʥʳʭ ʪʢʘʥʝʡ, ʪʘʢʠʭ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʥʝʡʨʦʥʳ ʠʣʠ ʢʣʝʪʢʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ / ʩʧʝʨʤʘʪʦʛʝʥʥʦʛʦ ʵʧʠʪʝʣʠʷ [317] ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʠʝ 

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʢʨʦʚʠ ʦʩʣʦʞʥʷʝʪʩʷ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʤ/ ʚʦʟʨʘʩʪʥʳʤ/ ʘʣʣʝʣʴ-

ʩʧʝʮʠʬʠʯʥʳʤ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ɼʅʂ [318, 319]. ʊʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʘʨʢʝʨʥʦʛʦ ʛʝʥʘ ʪʘʢʞʝ ʦʩʣʦʞʥʷʝʪʩʷ ʷʚʣʝʥʠʝʤ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ [318, 319]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠ ʧʦʤʦʱʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʙʦʣʝʝ 700000 ʬʨʘʛʤʝʥʪʦʚ ʚʥɼʅʂ ʩʳʚʦʨʦʪʢʠ 

ʢʨʦʚʠ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʙʦʣʝʝ ʯʝʤ 50 ʯʝʣʦʚʝʢ (ʢʘʢ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ, ʪʘʢ ʠ ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ), ʚʳʷʚʠʣ ʥʝʦʮʝʥʠʤʫʶ ʩʣʦʞʥʦʩʪʴ ʧʘʪʪʝʨʥʦʚ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʘ. ʀʩʩʣʝʜʫʝʤʳʡ 

ʧʫʣ ʚʥɼʅʂ ʩʦʜʝʨʞʘʣ ʤʦʣʝʢʫʣʳ ʧʦʯʪʠ ʩʦ ʚʩʝʤʠ ʤʳʩʣʠʤʳʤʠ ʧʘʪʪʝʨʥʘʤʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʮʠʪʦʟʠʥʘ ʚ ʢʘʞʜʦʤ ʣʦʢʫʩʝ [318], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʜʠʥʫʢʣʝʦʪʠʜʘ CpG ʚ 

ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʝ ɼʅʂ-ʤʘʪʨʠʮʳ ʙʳʪʴ ʢʘʢ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ, ʪʘʢ ʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʤ (ʩʤ. 

ʠʣʣʶʩʪʨʘʮʠʶ [319]). 

ɹʠʦʣʦʛʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʘ [320]. ɻʝʪʝʨʦʛʝʥʥʳʝ 

ʧʨʦʬʠʣʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [321] 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ [322], ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ ʥʘ ʩʪʘʜʠʠ çʵʚʦʣʶʮʠʠè [323, 324], ʘ 

ʪʘʢʞʝ ʥʘ ʩʪʘʜʠʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ [324]. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʢʨʦʚʦʪʦʢʝ 

ʤʥʦʞʝʩʪʚʘ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʭ ʤʦʣʝʢʫʣ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʦʙʱʝʤ ʧʫʣʝ ʚʥɼʅʂ ʩʪʘʥʦʚʠʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ʋ ʨʘʟʥʳʭ ʜʦʥʦʨʦʚ ʜʘʞʝ ʧʨʠ ʚʥʝʰʥʝ ʦʜʠʥʘʢʦʚʳʭ ʪʠʧʘʭ ʦʧʫʭʦʣʝʡ ʩʧʝʢʪʨ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ [324]. ʇʨʦʩʪʝʡʰʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ, 
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ʢʦʛʜʘ ʩʤʝʩʴ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʥʦʩʪʴʶ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʥʦʩʪʴʶ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ; 

ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʢʣʝʪʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʪ ʵʪʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʘʣʣʝʣʝʡ [325]. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʦʧʨʝʜʝʣʷʶʪ ʚ ʨʘʤʢʘʭ ʇʎʈ-ʘʤʧʣʠʢʦʥʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʤʘʪʨʠʮʝ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʙʠʩʫʣʴʬʠʪʦʤ ɼʅʂ [326] ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʩʪʴ 

ʪʦʣʴʢʦ 2 ʚʘʨʠʘʥʪʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʘ ʧʦ ʚʳʷʚʣʝʥʠʶ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʣʦʢʫʩʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʧʦʣʥʦʩʪʴʶ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ʣʦʢʫʩ ɼʅʂ ʤʝʪʦʜʦʤ ʇʎʈ ʜʦʩʪʘʪʦʯʥʦ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʦʚ/ʟʦʥʜʦʚ. ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʧʨʠ 

ʥʘʣʠʯʠʠ ʘʣʣʝʣʝʡ ʩ ʨʘʟʥʳʤ ʧʘʪʪʝʨʥʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʝ ʤʦʣʝʢʫʣ ʩ ʠʩʢʦʤʳʤ 

ʧʘʪʪʝʨʥʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʫʶ 

ʥʝʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʠʣʩʧʝʮʠʬʠʯʥʦʡ ʇʎʈ (ʩʤ.ʧ. 1.3.4.). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʦʩʪʦʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʙʠʩʫʣʴʬʠʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ɼʅʂ ʪʘʢ ʞʝ ʥʝ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʚ ʩʠʣʫ ʥʠʟʢʦʛʦ ʧʦʢʨʳʪʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ 

ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, 

ʢʦʪʦʨʦʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʤʧʣʠʬʠʢʘʮʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʣʦʢʫʩʘ ɼʅʂ ʧʦʩʣʝ ʝ y ʭʠʤʠʯʝʩʢʦʡ 

ʢʦʥʚʝʨʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʘʤʧʣʠʢʦʥʘ [327]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ɼʅʂ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟ ʦʧʫʭʦʣʠ, ʥʘ ʧʦʣʥʦʛʝʥʦʤʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʠʟ-ʟʘ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ (ʚ ʩʨʝʜʥʝʤ 10-100 ʥʛ/ʤʣ) [71, 328], ʥʠʟʢʦʛʦ ʫʜʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠ ̫

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ɼʅʂ (ʚ ʩʨʝʜʥʝʤ 0,1-1%) [71, 329], ʜʝʛʨʘʜʘʮʠʠ, ʧʦʪʝʨʠ ɼʅʂ ʠ ʥʝʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʮʠʪʦʟʠʥʦʚ ʧʨʠ ʙʠʩʫʣʴʬʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ [330], ʥʝ ʛʦʚʦʨʷ ʧʨʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʘʣʣʝʣʝʡ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʠ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʠʩʢ ʩʧʝʮʠʬʠʯʥʳʭ ʧʘʪʪʝʨʥʦʚ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʣʦʢʫʩʘ, ʘ ʪʘʢʞʝ ʩʝʨʴʟyʥʦʡ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʤyʦʚ ʜʘʥʥʳʭ ʠ ʠʭ ʬʠʣʴʪʨʘʮʠʠ. ʀʟʫʯʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʣʦʢʫʩʦʚ ʤʝʪʦʜʦʤ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ NGS-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʥʝʩʨʘʚʥʝʥʥʦ ʤʝʥʴʰʠʭ 

ʨʝʩʫʨʩʦʚ, ʯʝʤ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʢʘʢ ʚ ʧʣʘʥʝ ʩʘʤʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
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1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

1.3.1. ɺʳʜʝʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ: 

ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʫʯʸʥʳʤʠ ʠʟ ʤʥʦʛʠʭ ʩʪʨʘʥ ʤʠʨʘ ʘʢʪʠʚʥʦ ʚʝʜʸʪʩʷ ʠʟʫʯʝʥʠʝ 

ʙʠʦʣʦʛʠʠ ʤʠʢʨʦʈʅʂ ʠ ʠʭ ʪʨʘʥʩʧʦʨʪ ʠʟ ʢʣʝʪʦʢ ʠ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʢʣʶʯʘʷ 

ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʮʝʥʥʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʙʠʦʤʘʨʢʝʨʦʚ ʤʥʦʞʝʩʪʚʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ [33, 331, 332]. 

ʊʦʯʥʘʷ ʦʮʝʥʢʘ ʧʨʦʬʠʣʝʡ ʚʥ-ʤʠʢʨʦʈʅʂ ʟʘʚʠʩʠʪ ʦʪ ʦʯʠʩʪʢʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ 

ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (ʨʠʩ. 1.3.). 

 

ʈʠʩʫʥʦʢ 1.3. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʝʥʝʨʘʮʠʶ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʵʪʘʧʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʚʥ-ʤʠʢʨʦʈʅʂ. 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʠʢʨʦʈʅʂ, ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ (ʩʤ. ʧ.1.1.1., ʪʘʙʣʠʮʘ 1.1). ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ, ʯʠʩʪʦʪʘ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʥ-ʤʠʢʨʦʈʅʂ ʚʣʠʷʶʪ ʥʘ 

ʪʦʯʥʦʩʪʴ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʈʅʂ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʦ 

ʚʥʝʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ (ʩʤ. ʨʠʩ. 1 ʚ [333]). ʉʪʘʙʠʣʴʥʦʩʪʴ 
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ʚʥ-ʤʠʢʨʦʈʅʂ ʚ ʢʨʦʚʠ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʩʚʷʟʘʥʘ ʩ ʠʭ ʫʧʘʢʦʚʢʦʡ ʚ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʠʭ ʦʪ ʈʅʂ-ʛʠʜʨʦʣʠʟʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ 

(ʩʤ. ʧ.1.1.1., ʩʤ. ʪʘʙʣʠʮʘ 1.2.). ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʧʘʢʦʚʢʘ ʤʠʢʨʦʈʅʂ ʚ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʰʘʝʪ 

ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʤʠʢʨʦʈʅʂ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʝʨʚʳʤ ʢʣʶʯʦʤ ʢ ʫʩʧʝʰʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚʥ-ʤʠʢʨʦʈʅʂ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ ʚʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʦʙʨʘʟʮʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʠʭ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʦʜʠʬʠʢʘʮʠʡ ʠ ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʄʝʞʜʫ ʪʝʤ, 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʯʠʩʪʢʠ 

ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʯʘʩʪʦ ʧʨʠʚʣʝʢʘʶʪ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. ʇʨʠ ʵʪʦʤ, ʚ ʨʝʘʣʴʥʦʡ 

ʧʨʘʢʪʠʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʛʨʘʥʠʮʘ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ ʜʦʚʦʣʴʥʦ ʫʟʢʘ, 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʥʳʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ. 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʠʟ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

1.3.1.1. ʈʘʙʦʪʘ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ ʠ ʠʭ ʭʨʘʥʝʥʠʝ ʧʝʨʝʜ ʚʳʜʝʣʝʥʠʝʤ ʤʠʢʨʦʈʅʂ 

ʂʣʶʯʝʚʦʡ ʵʪʘʧ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʚʢʣʶʯʘʝʪ ʦʪʜʝʣʝʥʠʝ ʞʠʜʢʦʡ ʯʘʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʦʪ ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʯʥʦʛʦ ʜʝʙʨʠʩʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʨʘʟʮʘ ʢʣʝʪʦʯʥʳʤʠ ʤʠʢʨʦʈʅʂ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ (ʧʦʯʪʠ 58%) 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʠʢʨʦʈʅʂ ʚʳʩʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʜʥʦʤ ʪʠʧʝ 

ʢʣʝʪʦʢ ʢʨʦʚʠ [334]. ɻʝʤʦʣʠʟ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʝʡ ʤʥʦʛʠʭ 

ʚʥ-ʤʠʢʨʦʈʅʂ, ʚʢʣʶʯʘʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʠʢʨʦʈʅʂ-451a, ʩʧʝʮʠʬʠʯʥʫʶ ʜʣʷ ʵʨʠʪʨʦʮʠʪʦʚ [334ï

337]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʦʯʝ, ʩʣʶʥʝ, 

ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ [338ï340] ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʘʣʝʥʦ, 

ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʩʤʦʛʫʪ ʚʥʝʩʪʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʩʦʩʪʘʚ ʚʥ-ʤʠʢʨʦʈʅʂ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʥʦʡ 

ʩʝʢʨʝʮʠʠ ʠʣʠ ʧʘʩʩʠʚʥʦʡ ʫʪʝʯʢʠ. ʆʙʳʯʥʦ ʢʣʝʪʢʠ ʫʜʘʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷʤʠ ʥʘ ʥʠʟʢʠʭ ʠ, ʟʘʪʝʤ (ʢʣʝʪʦʯʥʳʡ ʜʝʙʨʠʩ) ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ [341, 342] ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʩʫʧʝʨʥʘʪʘʥʪʘ ʦʪ ʦʩʘʜʢʘ ʢʣʝʪʦʢ ʠ ʜʝʙʨʠʩʘ. 

ʋʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʝʨʝʜ ʫʜʘʣʝʥʠʝʤ ʢʣʝʪʦʯʥʦʛʦ 

ʜʝʙʨʠʩʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʭʨʘʥʝʥʠʝʤ ʧʣʘʟʤʳ/ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʙʝʩʢʣʝʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʤʦʯʠ ʠ 

ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʥ-ʤʠʢʨʦʈʅʂ [343, 344]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʩʤʦʣʝ [344], ʘ 

ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʠʢʨʦʈʅʂ ʚ ʦʙʨʘʟʮʝ, ʢʘʢ ʠ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʮʠʢʣʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ [333, 343]. ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʦʙʟʦʨʝ [333], ʧʨʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʭʨʘʥʝʥʠʠ (< 20 ʤʝʩʷʮʝʚ) ʧʨʠ -80ÁC ʠʣʠ -20ÁC ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ 
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ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʷʭ ʤʠʢʨʦʈʅʂ ʚ ʩʳʚʦʨʦʪʢʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʥʝʢʦʪʦʨʳʝ ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʈʅʂ 

ʩʝʨʴʟyʥʦ ʜʝʛʨʘʜʠʨʦʚʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ. ʇʨʠ ʭʨʘʥʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠ -20ÁC 

ʚ ʧʨʝʜʝʣʘʭ 2ï4 ʣʝʪ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ, ʘ ʧʦʩʣʝ 6 ʣʝʪ ʭʨʘʥʝʥʠʷ ʙʳʣʦ 

ʟʘʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ, ʢʦʪʦʨʦʝ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʣʦʩʴ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ [333]. 

ʍʨʘʥʝʥʠʝ ʚ ʩʫʭʦʤ ʚʠʜʝ, ʥʘʧʨʠʤʝʨ, ʟʘʩʦʭʰʠʭ ʧʷʪʝʥ ʩʳʚʦʨʦʪʢʠ, ʪʘʢ ʞʝ ʚʣʠʷʝʪ ʥʘ 

ʩʦʭʨʘʥʥʦʩʪʴ ʤʠʢʨʦʈʅʂ; ʥʝʧʦʣʥʦʝ ʚʳʩʳʭʘʥʠʝ ʙʣʦʪʦʚ ʧʝʨʝʜ ʭʨʘʥʝʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʣʠʷʣʦ 

ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʤʠʢʨʦʈʅʂ [333]. 

ɺ ʦʧʳʪʘʭ ʩ ʤʦʯʦʡ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫʜʠʚʠʪʝʣʴʥʘ ̫ʩʪʘʙʠʣʴʥʦʩʪ ɹʤʠʢʨʦʈʅʂ: 10 ʮʠʢʣʦʚ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ - ʦʪʪʘʠʚʘʥʠʷ ʧʨʠʚʦʜʠʣʠ ʢ ʛʠʜʨʦʣʠʟʫ 63-77% ʠʩʭʦʜʥʦʡ ʤʠʢʨʦʈʅʂ; ʟʘ 5-ʪʠ 

ʜʥʝʚʥʳʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʤʦʯʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʥʪʘʢʪʥʳʤʠ ʦʩʪʘʚʘʣʠʩʴ 35% 

ʤʠʢʨʦʈʅʂ, ʘ ʧʨʠ 4ÁC - 42ï56% ʠʩʭʦʜʥʦʡ ʤʠʢʨʦʈʅʂ [345]. 

ʇʨʠ ʵʪʦʤ ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʨʘʟʥʳʝ ʬʨʘʢʮʠʠ ʤʠʢʨʦʈʅʂ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʠʢʨʦʈʅʂ ʚ 

ʩʦʩʪʘʚʝ ɺɺ ʠ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʫʩʣʦʚʠʷʤ 

ʭʨʘʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʵʢʟʦʩʦʤʘʣʴʥʳʝ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʩʪʘʙʠʣʴʥ r ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʭʨʘʥʝʥʠʷ [346]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʠʢʨʦʈʅʂ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ; ʩʧʦʩʦʙ ʠ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ 

ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʠʥʠʤʘʪʴʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯ. 

 

1.3.1.2 ʆʙʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ 

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʦʩʪʘʚʘ (ʠʦʥʳ, ʙʝʣʢʠ, ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ ʠ ʩʦ-ʚʳʜʝʣʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠʨʦʜʫ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ ʠ ʚʢʣʘʜ 

ʨʘʟʥʦʛʦ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʠʦʥʥʳʭ, ʥʝʠʦʥʥʳʭ) ʚ ʧʨʦʯʥʦʩʪʴ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, 

ʧʣʘʟʤʘ ʢʨʦʚʠ ʟʜʦʨʦʚʦʛʦ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ ʩ ʦʙʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 7,2 ʛ/ʜʣ [347] ʠ ʜʦ 90% ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʨʤʝ 

ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʦʢʨʳʪʳʭ ʤʝʤʙʨʘʥʦʡ [142]. ʄʦʯʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʦʯʝʚʠʥʳ, ʬʦʩʬʦʨʘ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ 

21 ʤʛ/ʣ, ʥʘʣʠʯʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʝʛʢʦ ʧʨʝʮʠʧʠʪʠʨʫʶʱʠʭ ʙʝʣʢʦʚ ʠ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ 31,4 ʤʛ/ʛ [348], ʯʪʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʜʦʣʞʥʦ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʤʦʯʝ 

ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʚʝʟʠʢʫʣ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʧʦʢʨʳʪʳʭ ʤʝʤʙʨʘʥʦʡ ʥʝʠʟʚʝʩʪʥʦ, ʥʦ ʝʩʪʴ 
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ʜʘʥʥʳʝ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʈʅʂ, ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʵʢʟʦʩʦʤʳ, ʩʦʩʪʘʚʣʷʝʪ 7,3Ñ1,7 ʥʛ ʥʘ 100 ʤʣ 

ʤʦʯʠ, ʘ ʜʦʣʷ ʵʢʟʦʩʦʤʘʣʴʥʦʡ ʤʠʢʨʦʈʅʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʘʣʳʤʠ ʈʅʂ ʩʦʩʪʘʚʣʷʝʪ 

50,4Ñ5,7% [156]. 

ʇʨʦʛʨʝʩʩ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʩʜʝʣʘʣ ʦʯʝʚʠʜʥʳʤ ʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ 

ʣʶʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʪʦʢʦʣ ʜʦʣʞʝʥ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ī ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʫʶ ʜʠʩʩʦʮʠʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ;  

ī ʟʘʱʠʱʘʪʴ ʤʠʢʨʦʈʅʂ ʦʪ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ;  

ī ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʤʠʢʨʦʈʅʂ ʠʥʛʠʙʠʪʦʨʘʤʠ ʬʝʨʤʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨʘʭ ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ (ʥʘʧʨʠʤʝʨ, ʬʣʫʦʨʦʬʦʨʦʚ). 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʪʦʪʘʣʴʥʫʶ ʈʅʂ, 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠʙʦ ʚʳʜʝʣʝʥʠʝ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʙʝʟ ʧʦʪʝʨʠ ʤʠʢʨʦʈʅʂ, ʣʠʙʦ ʩʝʣʝʢʪʠʚʥʫʶ 

ʦʯʠʩʪʢʫ ʤʠʢʨʦʈʅʂ [115]. ɺʳʙʦʨ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʜʝʣʝʥʥʦʡ ʤʠʢʨʦʈʅʂ ʚ ʮʝʣʦʤ, ʥʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʜʝʣʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʪʜʝʣʴʥʳʭ 

ʚʥ-ʤʠʢʨʦʈʅʂ (ʦʙʦʛʘʱʝʥʠʶ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʵʢʩʧʨʝʩʩʠʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʳʜʝʣʝʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʢʦʪʦʨʳʭ 

ʚʥ-ʤʠʢʨʦʈʅʂ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʦʡ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʢʦʤʧʣʝʢʩʦʚ ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʚʷʟʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʤʠʢʨʦʈʅʂ ʠ ʪʠʧʦʤ ʬʦʨʤʠʨʫʝʤʳʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [349]. 

ʅʘʧʨʠʤʝʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʦʙʲʤyʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, 

ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʤʦʛʫʪ ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʪʴ ʚʳʜʝʣʝʥʠʶ GC-ʙʝʜʥʳʭ ʤʠʢʨʦʈʅʂ [350]. ʊʘʢʠʝ 

ʨʘʟʣʠʯʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʥʳʭ ʤʠʢʨʦʈʅʂ, ʯʪʦ ʚʘʞʥʦ, ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

ʋʩʧʝʰʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʝʸ ʚʳʜʝʣʝʥʠʶ. ʂʦʤʧʣʝʢʩʳ ʨʘʟʥʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ ʩʨʦʜʩʪʚʦ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʷ ʟʘ 

ʩʯyʪ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʠʦʥʥʦʛʦ, ʛʠʜʨʦʬʦʙʥʦʛʦ ʠ ʜʨ.). ɺɺ ʩʦʜʝʨʞʘʪ ʤʝʤʙʨʘʥʫ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʣʠʧʠʜʦʚ: ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ, ʭʦʣʝʩʪʝʨʠʥʘ, ʮʝʨʘʤʠʜʘ ʠ 

ʩʬʠʥʛʦʣʠʧʠʜʦʚ ʚ ʵʢʟʦʩʦʤʘʭ [351, 352]; ʣʠʩʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʳ, ʩʬʠʥʛʦʤʠʝʣʠʥ ʠ ʘʮʠʣʢʘʨʥʠʪʠʥʳ 

ʚ ʤʠʢʨʦʚʝʟʠʢʫʣʘʭ [164, 353, 354]. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ɺɺ 

ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʘʣʝʥʦ ʚʦ ʚʨʝʤʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ, ʠ ʣʶʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʩ 

ʤʠʢʨʦʈʅʂ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʨʫʰʝʥʦ. 
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ʇʦʣʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʙʠʦʤʦʣʝʢʫʣ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʩʳʚʦʨʦʪʢʠ ʠ ʦʩʦʙʝʥʥʦ ʤʦʯʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ʠ ʫʜʘʣʝʥʠʷ ʠʟ ʦʙʨʘʟʮʦʚ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ 

(ʘʣʴʙʫʤʠʥʘ, ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʘʛʫʣʷʮʠʠ ʠ ʢʦʤʧʣʝʤʝʥʪʘ ʩʨʝʜʠ ʧʨʦʯʝʛʦ), 

ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʟʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʠ ʦʙʨʘʟʮʘ ʜʦʣʞʥʦ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ 

ʨʘʟʥʳʭ ʧʨʦʪʦʢʦʣʘʭ ʚʤʝʩʪʝ ʩ ʦʙʲʤyʦʤ ʠʩʭʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʵʪʦ ʥʘʠʙʦʣʝʝ ʠʟʤʝʥʯʠʚʳʡ ʰʘʛ [355], 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʦʙʲʤyʘ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʠʣʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʘʜʩʦʨʙʝʥʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʝʪʦʜ 

ʚʳʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʪʠʧ ʦʙʨʘʟʮʘ, ʦʞʠʜʘʝʤʳʡ ʪʠʧ ʫʧʘʢʦʚʢʠ ʤʠʢʨʦʈʅʂ 

ʠ ʝy ʢʦʣʠʯʝʩʪʚʦ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʪʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʩ ʤʝʪʦʜʦʤ 

ʚʳʜʝʣʝʥʠʷ ɺɺ), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʜʫʨʳ, ʜʦʩʪʫʧʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

(ʥʘʧʨʠʤʝʨ, ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦ ʦʙʨʘʱʘʪʴʩʷ ʩ ʦʧʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʠʭ). 

 

1.3.1.3. ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ 

ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʵʢʩʪʨʘʢʮʠʠ ʛʫʘʥʠʜʠʥ ʪʠʦʮʠʘʥʘʪʘ-ʬʝʥʦʣʘ-

ʭʣʦʨʦʬʦʨʤʘ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʈ. Chomczynski ʠ N. Sacchi ʚ 1987 ʛ. [356, 357]. ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʪʴ ʈʅʂ, ɼʅʂ ʠ ʙʝʣʢʠ ʠ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ, ʧʦʵʪʦʤʫ ʦʥ ʩʯʠʪʘʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ 

ʈʅʂ (ʠ ʤʠʢʨʦʈʅʂ). ʈʷʜ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ, ʥʘʧʨʠʤʝʨ, Trizol LS, ʠʩʧʦʣʴʟʫʶʪ ʵʢʩʪʨʘʢʮʠʶ 

ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʣʘ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʫʧʨʦʱʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʙʦʪʝ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʪʠʧʘʤʠ ʦʙʨʘʟʮʦʚ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʳʚʦʨʦʪʢʘ ʠ ʧʣʘʟʤʘ ʢʨʦʚʠ, ʪʢʘʥʠ ʞʠʚʦʪʥʳʭ ʠʣʠ ʨʘʩʪʝʥʠʡ [115]. ʊʘʢʠʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ miRVANA 

ʠ miRNeasy, ʚʢʣʶʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ ʦʯʠʩʪʢʠ ʥʘ ʢʦʣʦʥʢʘʭ ʩʦ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʤʠ 

ʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʤʠʢʨʦʈʅʂ [358]. ʄʝʪʦʜʳ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʪʚʝʨʜʳʤʠ 

ʩʦʨʙʝʥʪʘʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɸʜʩʦʨʙʮʠʶ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʭʘʦʪʨʦʧʥʳʭ ʘʛʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʦʥʥʦʡ ʩʠʣʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʪʴ ʜʦʙʘʚʣʝʥʠʝʤ ʠʦʥʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʩʦʨʙʮʠʦʥʥʳʡ ʙʫʬʝʨ ʠʣʠ ʚ ʩʘʤ ʩʦʨʙʝʥʪ [359]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʶʮʠʠ ʪʘʢʞʝ ʟʘʚʠʩʠʪ 

ʦʪ pH ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʜʘ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʈʅʂʘʟ, ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʙʫʬʝʨʦʤ ʜʣʷ ʵʣʶʮʠʠ, ʫʯʠʪʳʚʘʷ ʝʝ ʫʜʦʙʩʪʚʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. 
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ʈʷʜ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʢʩʪʨʘʢʮʠʠ ʛʫʘʥʠʜʠʥ 

ʪʠʦʮʠʘʥʘʪ-ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʧʨʝʚʦʩʭʦʜʠʪ ʦʩʪʘʣʴʥʳʝ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʨʘʟʥʳʝ ʚʝʨʩʠʠ 

ʧʨʦʪʦʢʦʣʘ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʪʘʙʣʠʮʘ 1.4.) [360]. 

ʆʜʥʘʢʦ ʧʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʵʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʨʦʮʝʜʫʨʘ ʜʣʠʪʝʣʴʥʘ (40ï60 ʤʠʥ) ʠ ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʥʘ ʠʩʭʦʜʥʳʡ ʦʙʲʤy ʧʨʦʙʳ, 

ʠʩʧʦʣʴʟʫʝʪ ʪʦʢʩʠʯʥʳʝ ʨʝʘʛʝʥʪʳ (ʬʝʥʦʣ), ʪ.ʝ. ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʱʠʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫

(ʚʳʪʷʞʥʦʡ ʢhʘʬ) ʠ ʫʪʠʣʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʪʘʢʞʝ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʯʘʩʪʠʯʥʫʶ ʧʦʪʝʨʶ ʈʅʂ ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ GC [361]. ɺʩ yʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ 

ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʝʛʦ ʨʫʪʠʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [362]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʟʘʤʝʥʳ ʢʠʩʣʦʡ ʬʝʥʦʣ-

ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʥʘʙʦʨʝ Exiqon (miRCURY RNA Isolation Kit) ʚʤʝʩʪʦ ʪʨʫʜʦʤyʢʦʡ 

ʧʨʦʮʝʜʫʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʜʠʩʩʦʮʠʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʦʩʘʞʜʝʥʠʝ 

ʠʟʙʳʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠ ̫ʙʝʣʢʘ ʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʘʪʝʥʪʦʚʘʥʥʳʭ 

ʨʝʘʛʝʥʪʦʚ, ʦʯʠʩʪʢʘ ʤʠʢʨʦʈʅʂ ʦʪ ʦʩʪʘʚʰʠʭʩʷ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʙʠʦʤʦʣʝʢʫʣ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʦʢ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ʕʢʩʪʨʘʢʮʠʷ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ 30 ʤʠʥʫʪ ʠ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ ʥʝʩʢʦʣʴʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʵʪʦʪ 

ʧʦʜʭʦʜ ʥʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʯʝʤ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʘʷ ʵʢʩʪʨʘʢʮʠʷ [358, 363]. ʂ ʚʦʟʤʦʞʥʳʤ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʯʘʩʪʠʯʥʫʶ ʧʦʪʝʨʶ ʤʠʢʨʦʈʅʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʥʦʡ 

ʜʝʥʘʪʫʨʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʩʦ-ʦʩʘʞʜʝʥʠʷ ʩ ʠʟʙʳʪʢʦʤ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʫʪʸʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ [358, 363]. 

ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʘʥʘʣʠʟʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʦʢ/ʈʅʂ ʷʚʣʷʝʪʩʷ ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʈʅʂ ʩ ʘʥʪʠʪʝʣʘʤʠ 

ʧʨʦʪʠʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʥʝʡ ʙʝʣʢʘ [364]. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ ʘʥʪʠʪʝʣʘ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʤʤʦʙʠʣʠʟʫʶʪ ʥʘ ʩʦʨʙʝʥʪʝ ʠ ʚʳʜʝʣʷʶʪ ʤʠʢʨʦʈʅʂ ʠʟ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʧʦʤʦʱʠ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ ʤʠʢʨʦʈʅʂ-AGO2 [31]. 

 

 



ʊʘʙʣʠʮʘ 1.4. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ, 

ʯʠʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ 

ʤʠʢʨʦʈʅʂ ʠ ʤʝʪʦʜ 

ʦʙʥʘʨʫʞʝʥʠʷ 
ʊʠʧ ʦʙʨʘʟʮʘ ʉʩʳʣʢʠ 

Total RNA isolation kit < miRNeasy kit, the miRVana PARIS kit 
miRCURY LNA real-time PCR 

panel 
ʩʳʚʦʨʦʪʢʘ [365] 

TRIzol-based miRNA isolation<The miRNeasy Mini kit qRT-PCR ʤʠʢʨʦʈʅʂ-92a, -126 ʧʣʘʟʤʘ, ʩʳʚʦʨʦʪʢʘ [366] 

miRvana microRNA Isolation kit, QIAamp Circulating Nucleic Acid Kit> 

miRNeasy Serum/Plasma Kit 

qRT-PCR ʤʠʢʨʦʈʅʂ-21, -191, 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ-ʤʠʢʨʦʈʅʂ-

159a 

ʧʣʘʟʤʘ [367] 

miRNeasy Serum/Plasma kit, MagnaZolÊ cfRNA Isolation Reagent  NGS ʧʣʘʟʤʘ [368] 

miRCURY Cell and Plant Kit  ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʠʢʦʛʝʥʘ < TRIzol LS (LT) 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʦʢ mirVana ʩ 

ʛʣʠʢʦʛʝʥʦʤ/ʙʝʟ ʛʣʠʢʦʛʝʥʘ < miRCURY Cell and Plant Kit  ʩ ʛʣʠʢʦʛʝʥʦʤ < 

mirVana kit ʩ ʛʣʠʢʦʛʝʥʦʤ/ʙʝʟ ʛʣʠʢʦʛʝʥʘ 

miRCURY Cell and Plant Kit ʩ ʛʣʠʢʦʛʝʥʦʤ < miRCURY Biofluids kit ʩ 

ʛʣʠʢʦʛʝʥʦʤ/ʙʝʟ ʛʣʠʢʦʛʝʥʘ 

miRNeasy Serum/Plasma system slightly < miRCURY Biofluids kit   

qRT-PCR ʤʠʢʨʦʈʅʂ-16, -21,  

cel-ʤʠʢʨʦʈʅʂ-39 
ʧʣʘʟʤʘ [358] 

TRIzol LS (LT); miRNA purification kit <mirVana PARIS kit  qRT-PCR cel-ʤʠʢʨʦʈʅʂ-39 

ʧʣʘʟʤʘ [369] TRIzol LS (LT); miRNeasy mini kit; mirVana PARIS kit; miRNA purification 

kit 
qRT-PCR ʤʠʢʨʦʈʅʂ-21 

mirVana PARIS, Trizol LS (LT) ʩ mirVana, miRCURY <miRNeasy, 

<miRNeasy ʩ RNeasy MinElute Cleanup Kit  
Bioanalyser ʢɻʟʦʩʦʤʳ ʤʦʯʠ [170] 

mirVana PARIS (ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʢʩʪʨʘʢʮʠʠ),< miRNeasy kit  
qRT-PCR ʧʣʘʟʤʘ, ʩʳʚʦʨʦʪʢʘ [370] 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ: miRNeasy mini kit, Plasma/Serum Circulating and 

Exosomal RNA Purification Kit  = NucleoSpin miRNAs Plasma kit  
Microarray 

ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ 

ʢʣʝʪʢʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʢʨʦʚʠ 

[350] 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ, 

ʯʠʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ 

ʤʠʢʨʦʈʅʂ ʠ ʤʝʪʦʜ 

ʦʙʥʘʨʫʞʝʥʠʷ 
ʊʠʧ ʦʙʨʘʟʮʘ ʉʩʳʣʢʠ 

MirVana PARIS kit, TRIzol-LS (LT) < miRNeasy Serum/Plasma Kit ʩʚʝʞʘʷ ʧʣʘʟʤʘ 

TRIzol-LS (LT) <mirVana PARIS kit, TRIzol-LS ʧʦʩʣʝ mirVana kit 

<miRNeasy Serum/Plasma kit 

ʟʘʤʦʨʦʞʝʥʥʘʷ 

ʧʣʘʟʤʘ 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʥʘʯʝʥʠʡ Cq: 

miRCURY RNA Isolation Kits, 

Plasma/Serum Circulating ʠ Exosomal RNA Purification Mini Kit, NucleoSpin 

miRNA Plasma, miRNeasy Serum/Plasma Kit, Direct-zol RNA MiniPrep 

miRCURY microRNA QC PCR 

Panel (Exiqon) ʤʠʢʨʦʈʅʂ-18a,  

-21, -29a 

ʧʣʘʟʤʘ [371] 

TRIzol-LS (LT) < miRNeasy, mirVana miRNA Isolation Kit  < TRIzol-LS (LT) 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ miRNeasy < miRCURY RNA Isolation Kit  < SeraMir exoRNA 

columns 

RT-qPCR, ʤʠʢʨʦʈʅʂ-16 ʠ let-

7i 

ɺɺ ʤʦʯʠ, 

ʚʳʜʝʣʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ 

ʠʣʠ ʠʟ 

ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ 

ʢʣʝʪʦʢ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʢʨʦʚʠ 

[372] 

PAXgene ʠ Tempus whole blood RNA ʧʨʦʙʠʨʢʠ ʜʣʷ ʢʦʥʩʝʨʚʘʮʠʠ Qiagen 

(PAXgene Blood miRNA Kit), Life Technologies (MagMAX ʜʣʷ ʧʨʦʙʠʨʦʢ ʩʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʢʨʦʚʴʶ RNA Isolation Kit), Norgen Biotek (Norgen 

Preserved Blood RNA Purification Kit I ʠ Kit II), ʠ 2 (ʧʦʣʫ-) ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʢʦʣʘ ʥʘ QIAsymphony (Qiagen) ʠ MagMAX Express-96 Magnetic 

Particle Processor (Life Technologies) 

Norgen Kit II ʩ PAXgene < Norgen Kit I ʩ Tempus Tubes 

qRT-PCR 

ʤʠʢʨʦʈʅʂ-1, -16, -30b ʠ 

ʤʠʢʨʦʈʅʂ-133a 

ʢʨʦʚʴ [371] 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ, 

ʯʠʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ 

ʤʠʢʨʦʈʅʂ ʠ ʤʝʪʦʜ 

ʦʙʥʘʨʫʞʝʥʠʷ 
ʊʠʧ ʦʙʨʘʟʮʘ ʉʩʳʣʢʠ 

QIAGEN Exo kit < ʌʨʘʢʮʠʷ ʧʦʩʣʝ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ miRNeasy kits ʠ the NucleoSpin kit 

miRCURY microRNA QC PCR 

Panel (Exiqon) 

ʤʠʢʨʦʈʅʂ-103, -191, -23a, -

451, -18a, -21, -29a 

ɺɺ 

[373] 

ʇʦʭʦʞʠʝ ʟʥʘʯʝʥʠʷ Cq: miRNeasy Mini  Kit , miRNeasy Serum/Plasma kit, 

exoRNeasy Serum/Plasma Starter Kit , Plasma/Serum RNA Purification Mini  

Kit , Direct-zolÊ RNA MiniPrep, NucleoSpin miRNA Plasma 

ʧʣʘʟʤʘ 

miRNeasy ʥʝʤʥʦʛʦ ʣʫʯʰʝ, ʯʝʤ miRCURY 

RT-qPCR 

ʤʠʢʨʦʈʅʂ-16, -106a,  

-222, -223 

ʵʢʟʦʩʦʤʳ ʧʣʘʟʤʳ 

[360] 

miRCUR < miRNeasy 

miRCURY biofluids = miRNeasy kits 
RT-qPCR,  

ʤʠʢʨʦʈʅʂ-30c-2-3p,  

-106a, -204, -222, -141 

ʧʣʘʟʤʘ 

miRCURY < miRNeasy ʵʢʟʦʩʦʤʳ ʤʦʯʠ 

miRNeasy Serum/Plasma kit, Plasma/Serum Circulating RNA Purification Kit < 

miRCURY RNA Isolation Kit - Biofluids; mirVana PARIS Kit; NucleoSpin 

miRNA Plasma 

TaqMan miRNA PCR system 

(Applied Biosystems, California, 

USA), miRCURY LNA 

microRNA PCR system 

(Exiqon) ʠ miScript miRNA 

PCR system (Qiagen), 

ʤʠʢʨʦʈʅʂ-16,-141, -135a 

ʧʣʘʟʤʘ 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ, 

ʯʠʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ 

ʤʠʢʨʦʈʅʂ ʠ ʤʝʪʦʜ 

ʦʙʥʘʨʫʞʝʥʠʷ 
ʊʠʧ ʦʙʨʘʟʮʘ ʉʩʳʣʢʠ 

PureLink commercial column extraction kit < TiO2 nanofibers 
qRT-PCR ʤʠʢʨʦʈʅʂ-21, -191, 

spiked cel-ʤʠʢʨʦʈʅʂ-54 

MDA-MB-231 

ʢʣʝʪʢʠ ʨʘʢʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

[360] 

ʄʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʥʦʣʘ ʠ ʢʦʣʦʥʦʢ ʠ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʣʦʥʦʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʜʚʫʭ ʈʅʂ-ʥʦʩʠʪʝʣʝʡ 

(ʈʅʂ ʜʨʦʞʞʝʡ ʠ ʈʅʂ MS2); ʜʨʫʛʠʝ ʥʦʩʠʪʝʣʠ ʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ < ʈʅʂ 

ʜʨʦʞʞʝʡ 

NGS ʧʣʘʟʤʘ [374] 

ExoRNeasy Serum/Plasma Starter Kit (Cat. 77023), Plasma/Serum RNA 

Purification Mini Kit, Direct-zolÊ RNA MiniPrep < miRNeasy kits (Mini and 

Serum/Plasma kits) and NucleoSpin kit 

Bioanalyzer, 

qRT-PCR 

ʤʠʢʨʦʈʅʂ-122, -21-1, -30d, -

451a 

ʧʣʘʟʤʘ [375] 

ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʦʚ Trizol LS < miRNeasy mini 

kit ʥʘ 35% 

qRT-PCR RNU6,  

ʤʠʢʨʦʈʅʂ-145, -20a 
ʩʳʚʦʨʦʪʢʘ [376] 

Trizol LS < miRCURY < miRNeasy kit, ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʥʳʭ ʦʙʲʤyʦʚ ʧʨʦʙ 

NGS , qRT-PCR ʤʠʢʨʦʈʅʂ-

106a, -222, -16, -223 

ʧʣʘʟʤʘ ʠ 

ʮʠʨʢʫʣʠʨʫʶʱʠʝ 

ʵʢʟʦʩʦʤʳ 

[377] 

mirVana ʠ the Plasma/Serum RNA Purification Mini < miRNeasy Serum/Plasma 

< miRCURY Biofluids ʠ the miRNeasy Advanced Serum/Plasma 
NGS , qRT-PCR let-7a-5p, 

ʤʠʢʨʦʈʅʂ-150-5p, -16-5p, -

122-5p, -21-5p, -191-5p, cel-

ʤʠʢʨʦʈʅʂ-39-3p 

ʚʥ-ʤʠʢʨʦʈʅʂ 

ʧʣʘʟʤʳ 
[378] 

exoRNeasy Serum/Plasma Exosome ʥʝʤʥʦʛʦ < ʋʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ + 

miRNeasy kit 

ʤʠʢʨʦʈʅʂ ɺɺ 

ʧʣʘʟʤʳ 

Circulating Nucleic Acid Kit < TRIzol LS (TF); miRNEasy; RNA extraction kit 

ʠ the MiRCURY RNA Isolation Kit - ʩʨʝʜʥʝ 
NGS ʧʣʘʟʤʘ [64] 

miRNeasy Serum/Plasma kit (Qiagen, Germany), miRVANA miRNA Isolation 

Kit (Ambion, Austin, TX, USA), ʠ TRIzol LS (TF) < Urine microRNA 

purification kit, 

qRT-qPCR ʤʠʢʨʦʈʅʂ-16, -

10a-5p, -196a-5p) ʠ ʵʢʟʦʛʝʥʥʘʷ 

cel-ʤʠʢʨʦʈʅʂ-39 

ʦʙʨʘʟʮʳ 

ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ 

ʞʠʜʢʦʩʪʠ 

[379] 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ, 

ʯʠʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ 

ʤʠʢʨʦʈʅʂ ʠ ʤʝʪʦʜ 

ʦʙʥʘʨʫʞʝʥʠʷ 
ʊʠʧ ʦʙʨʘʟʮʘ ʉʩʳʣʢʠ 

Quick-cfRNA Serum and plasma; Isolate II miRNA kit; PureLink RNA mini kit; 

Monarch total RNA miniprep kit < miRNeasy Serum/Plasma Advanced kit < 

miRNeasy Serum/Plasma kit 

qRT-PCR  

ʤʠʢʨʦʈʅʂ-19b, -92a, -93, -103, 

-144, -345-3p, -486, -494-3p, -

1306 

ʦʚʝʯʴʷ ʧʣʘʟʤʘ 

ʩʚʝʞʘʷ ʠ 

ʟʘʤʦʨʦʞʝʥʥʘʷ 

[115] 

 

<, > - ʣʫʯʰʝ ʠʣʠ ʭʫʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ, ʯʠʩʪʦʪʳ ʠ ʫʨʦʚʥʷ ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʢʨʦʈʅʂ. 

Total RNA isolation kit, (Norgen, Thorold, Ontario, Canada);Plasma/Serum Circulating and Exosomal RNA Purification Mini Kit, (Norgen, 

Thorold, Ontario, Canada); Urine microRNA purification kit, (Norgen, Thorold, Ontario, Canada); MiRNeasy kit, (Qiagen, Hilden, Germany); QIAampÈ 

Circulating Nucleic Acid Kit, (Qiagen, Hilden, Germany); ExoRNeasy Serum/Plasma Starter Kit, (Qiagen, Hilden, Germany); MiRNeasy Serum/Plasma 

Kit, (Qiagen, Hilden, Germany); MiRNeasy with RNeasy MinElute Cleanup Kit, (Qiagen, Hilden, Germany); QiaSymphony RNA extraction kit, 

(Qiagen, Hilden, Germany); MiRVana PARIS (Ambion, Life Technologies, Austin, TX, USA); MiRvana microRNA Isolation kit (Ambion, Life 

Technologies, Austin, TX, USA ); Trizol LS reagent (LT) (Ambion, Life Technologies, Carlsbad, CA, USA); MiRCURY RNA isolation kit Biofluids 

(Exiqon, Vedbaek, Denmark); MiRCURY Cell and Plant Kit (Exiqon, Vedbaek, Denmark); MiRCURY Biofluids kit (Exiqon, Vedbaek, Denmark); 

MagnaZolÊ cfRNA Isolation Reagent (Bioo Scientific, Austin, TX, USA ); ThermoFisher Scientific Ambion TRIzol LS Reagent (TF) (Thermo Fisher 

Scientific, Third Avenue Waltham, MA, USA); PureLink commercial column extraction kit (Thermo Fisher Scientific, Third Avenue Waltham, MA, 

USA ); NucleoSpin miRNA Plasma kit (MachereyïNagel, D¿ren, Germany); Direct-zol RNA MiniPrep (Zymo Research, Irvine, CA, USA); Quick-

cfRNA Serum and plasma (Zymo Research, Irvine, CA, USA); SeraMirTM exoRNA columns (System Biosciences, Palo Alto, CA, USA); PureLink 

RNA mini kit (Bioline, Memphis, TN, USA); Monarch total RNA miniprep kit (NEB, Hitchin, UK).  
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ʉʚʷʟʘʥʥʳʝ ʩ ʣʠʧʦʧʨʦʪʝʠʥʘʤʠ ʤʠʢʨʦʈʅʂ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʣʘʟʤʳ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʣʠ ʙʨʦʤʠʜʘ ʢʘʣʠʷ. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʧʣʘʟʤʳ, 

ʷʚʣʷʝʪʩʷ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʯʘʩʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FPLC-ʭʨʦʤʘʪʦʛʨʘʬʦʚ ʩ ʢʦʣʦʥʢʘʤʠ, 

ʟʘʧʦʣʥʝʥʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʬʘʟʘʤʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ [380]. ɸʬʬʠʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ 

ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʘʤ, ʧʨʝʜʣʘʛʘʝʪ ʝʱ yʦʜʠʥ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʧʣʘʟʤʳ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʛʦ pH, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʵʣʶʠʨʦʚʘʥʠʷ ʣʠʧʦʧʨʦʪʝʠʥʦʚ, ʫʜʝʨʞʠʚʘʝʤʳʭ 

ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʢʦʡ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʨʠʩʢʫ ʧʦʪʝʨʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠʟ 

ʦʯʠʱʝʥʥʦʛʦ ʣʠʧʦʧʨʦʪʝʠʥʘ [380]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʩʪʘʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ 

ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʬʫʥʢʮʠʡ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʠ ʩʦʩʪʘʚʘ ʈʅʂ in vitro ʠʣʠ in vivo [380]. 

ʅʘʢʦʥʝʮ, ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʠ ʥʘʙʦʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʥʦ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ 

ʚʥ-ʤʠʢʨʦʈʅʂ. ʅʘʧʨʠʤʝʨ, RNAgem (microGEM, Southampton, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʜʝʣʝʥʠʝ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠ ʤʠʢʨʦʈʅʂ ʠʟ ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʢʘʥʝʡ, ʥʘʩʝʢʦʤʳʭ, 

ʙʘʢʪʝʨʠʡ ʠ ʚʠʨʫʩʦʚ ʚ ʦʜʥʦʡ ʧʨʦʙʠʨʢʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʜʝʣʝ ʬʘʟ. 

ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʦʩʘʞʜʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠ ʪʠʧ ʩʦ-ʦʩʘʜʠʪʝʣʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʚʳʭʦʜ 

ʤʠʢʨʦʈʅʂ ʚʦ ʚʨʝʤʷ ʝʸ ʚʳʜʝʣʝʥʠʷ. ʉʪʘʜʠʷ ʧʦʚʪʦʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʘ ʤʠʢʨʦʈʅʂ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʪʝʨʝ ʤʠʢʨʦʈʅʂ. ʇʦʜʦʙʥʘʷ ʧʨʦʙʣʝʤʘ ʠʟʚʝʩʪʥʘ ʜʣʷ 

ʧʨʝʮʠʧʠʪʘʮʠʠ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ɼʅʂ, ʜʣʷ ʢʦʪʦʨʦʡ ʚ ʩʣʫʯʘʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʧʦʪʝʨʠ ʠʣʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ɼʅʂ ʠʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʪʦʢʦʣʳ ʦʩʘʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʪʝ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [381]. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪ ʈʅʂ-ʙʘʢʪʝʨʠʦʬʘʛʠ (MS2), ʜʨʦʞʞʝʚʫ  ʁ ʈʅʂ, ʪʈʅʂ ʠ ʛʣʠʢʦʛʝʥ [368, 382ï384]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʦ-ʦʩʘʜʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʛʝʥ; ʦʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʙʠʥʘʮʠʷ ʪʈʅʂ ʠ ʛʣʠʢʦʛʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʚʳʭʦʜ ʠ ʯʠʩʪʦʪʫ ʈʅʂ ʠ ʤʘʢʩʠʤʠʟʠʨʫʝʪ 

ʠʟʚʣʝʯʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ TRIzol LS [384]. ʅʝʩʦʤʥʝʥʥʦ, 

ʙʦʣʴʰʠʤ ʧʣʶʩʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʠʢʦʛʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣ ̫ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʫʢʣʝʠʥʦʚʦʡ ʧʨʠʨʦʜʳ ʚ ʝʛʦ ʩʦʩʪʘʚʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʝʰʘʪʴ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʘʥʘʣʠʟʫ ʤʠʢʨʦʈʅʂ (NGS, ʤʠʢʨʦʯʠʧʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʜʨ.). 

ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 1.4.). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʘʚʥʠʚʘʶʪʩʷ 
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ʧʨʦʪʦʢʦʣʳ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʩʪʘʷ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʘʷ 

ʵʢʩʪʨʘʢʮʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʢ ʬʝʥʦʣʴʥʫʶ ʵʢʩʪʨʘʢʮʠʶ ʩ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʣʦʥʦʢ, ʪʘʢ 

ʠ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʦʣʦʥʦʢ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʝʥʦʣʘ (ʪʘʙʣʠʮʘ 1.4.). ʅʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʫʙʝʜʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʣʦʥʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʥʝʦʙʭʦʜʠʤʳ ʝʱʝ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 1.4.; [341]). 

ɹʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʝʱ y ʙʦʣʴʰʝ ʫʣʫʯʰʠʪʴ 

ʚʳʜʝʣʝʥʠʝ ʚʥ-ʤʠʢʨʦʈʅʂ. ʄʠʢʨʦʬʣʶʠʜʥʳʝ ʧʨʠʙʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʝʪʠ ʤʠʢʨʦʢʘʥʘʣʦʚ ʜʠʘʤʝʪʨʦʤ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʩ ʚʷʟʢʠʤʠ ʩʨʝʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʧʠʢʦ- ʜʦ ʤʠʢʨʦʣʠʪʨʦʚ. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʣʦʢʠ. 

ʄʠʢʨʦʬʣʶʠʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ [385]. 

ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ, ʘ ʪʘʢʞʝ ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ð ʦʜʥʘ ʠʟ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʢʨʦʬʣʶʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʧʣʘʪʬʦʨʤʳ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʵʢʟʦʩʦʤ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʵʢʟʦʩʦʤʘʣʴʥʳʭ ʤʠʢʨʦʈʅʂ ʜʣʷ 

ʞʠʜʢʦʩʪʥʳʭ ʙʠʦʧʩʠʡ ʚ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʮʝʜʫʨʳ [386]. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʤʠʢʨʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʩʭʦʜ 

ʨʝʘʛʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʩ ʤʠʣʣʠʣʠʪʨʦʚ ʜʦ ʤʠʢʨʦʣʠʪʨʦʚ [385]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʝ ʜʘʥʥʳʝ ʷʩʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ, ʘ ʚʳʙʦʨ ʤʝʪʦʜʦʣʦʛʠʠ ʯʘʩʪʦ ʜʠʢʪʫʝʪʩʷ 

ʪʠʧʦʤ ʦʙʨʘʟʮʘ ʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʬʨʘʢʮʠʠ ʤʠʢʨʦʈʅʂ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʪʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʥʝʥʠʝʤ NIH Extracellular RNA Communication Consortium, ʫʪʚʝʨʞʜʘʶʱʠʤ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʘʙʦʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʘ [363]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʢʘʢ ʧʦʧʳʪʢʠ ʫʪʦʯʥʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʵʪʫ ʧʘʨʘʜʠʛʤʫ 

ʠ ʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʥ-ʤʠʢʨʦʈʅʂ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʥʝʢʦʪʦʨʭr ʠʟ ʥʠʭ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʥʠʢ. 
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1.3.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʥʢʦʩʧʝʮʠʬʠʯʥʳʭ ʚʥ-ʤʠʢʨʦʈʅʂ, ʠʭ ʧʦʠʩʢ ʚ ʦʙʨʘʟʮʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʛʠʧʦʪʝʟʦʥʝʟʘʚʠʩʠʤʳʝ ʧʦʜʭʦʜʳ, 

ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʚ ʈʦʩʩʠʠ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ 

ʚʪʦʨʦʡ ʜʝʢʘʜʳ 21 ʚʝʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʦʪʝʟʦ-ʟʘʚʠʩʠʤʳʭ ʧʦʜʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʠʢʨʦʯʠʧʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʤʠʰʝʥʝʡ ʠ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʥʢʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ (ʪ.ʝ. 

ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ). ɺ-ʪʨʝʪʴʠʭ, 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʈʅʂ ʥʝʠʟʙʝʞʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ (ʚ ʵʪʦʡ ʛʣʘʚʝ 

ʫʧʦʤʠʥʘʶʪʩʷ ʧʨʷʤʳʝ, ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʠʣʴʥʦ 

ʫʩʪʫʧʘʶʪ ʇʎʈ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ), ʪ.ʝ. ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʮʝʥʠʚʘʶʪʩʷ ʥʝ 

ʥʘʧʨʷʤʫʶ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʝʢʚʘʪʥʳʭ 

ʧʦʜʭʦʜʦʚ. ɽʱʸ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ [387], ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʘʥʥʳʭ ʦʙ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʦʥʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʩʦʚʧʘʜʘʶʪ ʥʘ 55% 

[388]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷ/ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʪʨʫʜʦʟʘʪʨʘʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʙʣʠʞʝʥʠʝ ʜʘʥʥʳʭ ʠ ʤʠʥʠʤʠʟʘʮʠʶ 

ʧʦʪʝʨʴ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ. 

 

1.3.2.1. ɸʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (microarray) 

ʄʠʢʨʦʯʠʧʳ ï ʵʪʦ ʤʠʥʠʘʪʶʨʥʳʝ ʩʠʩʪʝʤʳ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʧʨʠ ʘʥʘʣʠʟʝ 

ʧʨʠʤʝʨʥʦ ʠʟʚʝʩʪʥʦʛʦ ʩʧʝʢʪʨʘ ʤʠʢʨʦʈʅʂ ʚ ʦʙʨʘʟʮʘʭ. ʕʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʳʧʦʣʥʷʪʴ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʠʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʩʦʪʝʥ ʤʠʢʨʦʈʅʂ [22], ʦʜʥʘʢʦ, 

ʪʨʝʙʫʶʱʘʷ ʥʘ ʩʪʘʨʪʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʈʅʂ (100-1000 ʥʛ) ʠ ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʧʨʝʜʘʤʧʣʠʬʠʢʘʮʠʶ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʯʠʩʣʦ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ [389]. ʇʨʠʥʮʠʧ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʯʠʧʦʚ ʦʩʥʦʚʘʥ ʥʘ ʦʙʨʘʪʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ɿʦʥʜʳ 

ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʳ ʩ ʪʚʝʨʜʳʤ ʥʦʩʠʪʝʣʝʤ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʤʠʢʨʦʈʅʂ ʤʘʨʢʠʨʫʶʪʩʷ ʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʞʠʜʢʦʡ ʬʘʟʝ [22]. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠ ʪʨʝʙʫʝʪ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʆʊ-ʇʎʈ. 

ʄʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʫʜʥʦʩʪʷʤʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʠʢʨʦʈʅʂ. ʅʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʥʜʦʚ ʥʘ ʦʩʥʦʚʝ LNA (Locked 
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Nucleic Acid) [390] ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʨʘʟʥʠʮʫ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʠʷ, ʥʦ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʤʠʢʨʦʈʅʂ ʩ ʙʣʠʟʢʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ [389]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ çʤʠʢʨʦʯʠʧʘʤʠè ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʠʤʠ ʥʝ ʷʚʣʷʶʪʩʷ. ʊʘʢ, ʤʠʢʨʦʯʠʧʳ ʢʦʤʧʘʥʠʠ Qiagen, 

ʥʘʧʨʠʤʝʨ, ʧʘʥʝʣʠ miRCURY LNA miRNA SYBRÈ Green PCR ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

SYBR Green ʇʎʈ ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LNA-ʧʨʘʡʤʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʚʥʠʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʨʘʡʤʝʨʦʚ ʠ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʇʎʈ ʩʠʩʪʝʤʳ, ʪʝʤ ʩʘʤʳʤ ʟʘʤʝʪʥʦ 

ʫʩʠʣʠʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʩʠʛʥʘʣʳ [391]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʳʥʢʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ 

ʤʠʢʨʦʯʠʧʳ ʬʠʨʤʳ ThermoFisher (GeneChipÈ miRNA 2.0 Array), ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

0,1 ʘʪʪʦʤʦʣʴ ʤʠʢʨʦʈʅʂ ʚ 100 ʥʛ ʩʫʤʤʘʨʥʦʡ ʈʅʂ [392]; Agilent Technologies, ʪʨʝʙʫʶʱʠʝ ʥʘ 

ʩʪʘʨʪʝ ʦʙʱʝʡ ʈʅʂ ʦʢʦʣʦ 100 ʥʛ [393]; Qiagen (miScriptÈ miRNA PCR Array), ʪʨʝʙʫʶʱʠʝ ʥʘ 

ʩʪʘʨʪʝ ʦʙʱʝʡ ʈʅʂ ʦʢʦʣʦ 10 ʥʛ [394] ʠ ʜʨ. 

 

1.3.2.2. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʤʘʣʳʭ ʬʦʨʤ ʈʅʂ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (NGS, next generation sequencing) ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʵʪʠʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʳʝ ʪʠʧʳ ʤʘʣʳʭ ʈʅʂ, 

ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ, ʢʘʢ ʧʠʈʅʂ), ʪ.ʝ. ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʈʅʂ ʚ 

ʦʙʨʘʟʮʝ, ʪʨʝʙʫʝʪ ʦʪ 1-10 ʥʛ ʦʯʠʱʝʥʥʦʡ ʢʦʨʦʪʢʦʡ ʈʅʂ ʥʘ ʩʪʘʨʪʝ (Ion Torrent, Life Technologies; 

TruSeq, Illumina). ʈʘʟʣʠʯʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠʣʠ ʫʥʠʢʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʜʝʢʩʦʚ (ʋʄʀ). ʅʦ ʠ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʜʝʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ ʣʠʛʠʨʦʚʘʥʠʷ/ʧʨʝʜʘʤʧʣʠʬʠʢʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʧʦʪʝʨʶ ʜʘʥʥʳʭ ʦ ʤʘʣʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʠʢʨʦʈʅʂ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʘʨʫʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ ʚ ʠʩʭʦʜʥʦʤ ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʨʘʟʮʘʭ [363, 

389]. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʧʨʦʯʪʝʥʠʡ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʧʨʷʤʫʶ ʥʝ ʩʚʷʟʘʥʦ ʩ ʝʸ ʢʦʣʠʯʝʩʪʚʦʤ [395]. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʦʙʨʘʟʮʝ ʢʘʢʦʡ-ʣʠʙʦ ʤʠʢʨʦʈʅʂ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʤʠʢʨʦʈʅʂ ʩʥʠʞʘʝʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʤʠʢʨʦʈʅʂ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʧʨʠ ʧʦʤʦʱʠ ʢʘʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʥʦʩʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʥʪʝʨʧʨʠʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
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ʉʫʤʤʠʨʫʷ ʚʩʸ ʚʳʰʝʦʧʠʩʘʥʥʦʝ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ (ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʯʠʧʦʚ), 

ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʊ-ʇʎʈ [363, 389]. 

 

1.3.2.3. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʆʊ-ʇʎʈ ʘʥʘʣʠʟ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʥʥʦ ʥʘʜʸʞʥʳʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠ ʩʧʝʮʠʬʠʯʥʳʡ 

ʤʝʪʦʜ ʆʊ-ʇʎʈ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʙʦʪʘʪʴ ʩ ʤʘʣʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʤʠʢʨʦʈʅʂ ʥʘ ʩʪʘʨʪʝ, ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ (ʵʪʘʣʦʥʥʳʤ), ʢʘʢ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ, ʥʘʧʨʠʤʝʨ, 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʤʠʢʨʦʯʠʧʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʈʅʂ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ [22]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʊ-ʇʎʈ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʦʜʥʫ, ʪʘʢ ʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʧʣʘʥʰʝʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʘ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʇʎʈ-ʨʝʘʢʮʠʠ, 

ʧʘʥʝʣʴ ʠʟ ʩʦʪʝʥ ʤʠʢʨʦʈʅʂ [396]. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʜʠʟʘʡʥʘ ʠ ʠʩʧʦʣʥʝʥʠʷ, ʤʝʪʦʜ ʠʤʝʝʪ ʥʝ ʤʘʣʦ ʥʶʘʥʩʦʚ ʠ 

çʪʦʥʢʦʩʪʝʡè, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʠʪʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʤʠʢʨʦʈʅʂ - ʵʪʦ ʢʦʨʦʪʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʦʙʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʈʅʂ), ʜʣʷ ʠʭ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ. ʀʤʝʥʥʦ ʵʪʦ ʚʳʥʫʞʜʘʝʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ, ʢʘʢ ʨʝʘʢʮʠʠ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʪʘʢ ʠ ʩʘʤʦʡ ʇʎʈ, ʘ ʠʤʝʥʥʦ ʚʳʙʦʨ ʤʝʞʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʤ 

TaqMan-ʟʦʥʜʦʤ ʠ ʠʥʪʝʨʢʘʣʠʨʫʶʱʠʤ ʢʨʘʩʠʪʝʣʝʤ (SYBR Green) ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʜʝʪʝʢʮʠʠ 

ʧʨʦʜʫʢʪʘ [389, 397]. ʊʘʢ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʟʨʝʣʦʡ ʤʦʣʝʢʫʣʳ ʤʠʢʨʦʈʅʂ ʩʦʧʦʩʪʘʚʠʤ ʧʦ 

ʨʘʟʤʝʨʘʤ ʩ ʜʣʠʥʦʡ ʧʨʘʡʤʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʫʚʝʣʠʯʠʪʴ 

ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ ʤʠʢʨʦʈʅʂ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʥʦʛʦ ʜʣʷ ʢʘʞʜʦʡ ʤʠʢʨʦʈʅʂ ʧʝʪʣʝʚʦʛʦ (stem-loop) ʧʨʘʡʤʝʨʘ (ʩʤ. 

ʨʠʩ.1ʘ ʚ [398]), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢɼʅʂ ʨʘʟʤʝʨʦʤ 50-60 ʥʫʢʣʝʦʪʠʜʦʚ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʬʠʨʤʳ, ʢʘʢ 3D Gene ʠ Thermo Fisher [397]. ɽʱʸ ʦʜʥʠʤ ʤʝʪʦʜʦʤ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʤʠʢʨʦʈʅʂ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʥʪʝʟ ʧʦʣʠ-U ʠʣʠ ʧʦʣʠ-ɸ ʮʝʧʦʯʢʠ ʥʘ 3ô-

ʢʦʥʮʝ ʤʠʢʨʦʈʅʂ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʬʠʨʤʘʤʠ Exiqon, Genecopeia, Qiagen ʠ Quantabio [397], ʘ ʪʘʢʞʝ 

ʣʠʛʠʨʦʚʘʥʠʝ ʘʜʘʧʪʝʨʘ (ʩʤ. ʨʠʩ.1ʙ ʚ [398]). ʊʨʝʪʴʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʪʣʝʚʦʛʦ ʆʊ-ʧʨʘʡʤʝʨʘ ʩ ʢʦʥʮʘʤʠ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʦʙʦʠʤ ʢʦʥʮʘʤ (2-Tail) ʠʩʩʣʝʜʫʝʤʦʡ 

ʤʠʢʨʦʈʅʂ (ʩʤ. ʨʠʩ.1ʚ ʚ [398]). ɺ ʨʝʟʫʣʴʪʘʪʝ ʆʊ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʤʦʣʝʢʫʣʘ ʢɼʅʂ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʇʎʈ ʨʘʟʤʝʨʘ ʩ ʦʙʦʠʤʠ ʢʦʥʮʘʤʠ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʠʩʭʦʜʥʦʡ ʤʠʢʨʦʈʅʂ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʨʝʘʢʮʠʠ ʇʎʈ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ, ʘ ʥʝ ʦʜʠʥ (ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʩʣʫʯʘʷʭ) ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʘ [398]. ʇʦʤʠʤʦ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʘʡʤʝʨʘ 

ʜʣʷ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʚʢʣʶʯʘʷ ʰʧʠʣʴʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢɼʅʂ ʩʦ 
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ʰʧʠʣʝʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ) ʩʫʱʝʩʪʚʫʶʪ ʚʘʨʠʘʥʪʳ ʧʨʘʡʤʝʨʦʚ ʠ ʜʣʷ ʢʇʎʈ, ʥʘʧʨʠʤʝʨ, ʠʭ 

ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʠʝ [397]. 

ʂ ʤʦʜʠʬʠʢʘʮʠʷʤ ʦʧʠʩʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʡʤʝʨʦʚ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ LNA-ʥʫʢʣʝʦʪʠʜʳ (çʟʘʤʢʥʫʪʳʝè, ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʥʳʭ ʤʠʢʨʦʈʅʂ), ʘ ʪʘʢʞʝ TaqMan-ʟʦʥʜʦʚ ʩ ʤʘʣʦʙʦʨʦʟʜʦʯʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʝʪʝʢʮʠʠ ʠʟʦʬʦʨʤ [389, 399ï

403]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʮʠʨʢʫʣʷʨʠʟʘʮʠʠ ʤʠʢʨʦʈʅʂ ʩ ʧʦʤʦʱʴʶ ʣʠʛʘʟʳ 

[397], ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʮʠʨʢʫʣʷʨʠʟʦʚʘʥʥʦʡ ʤʠʢʨʦʈʅʂ ʩ ʧʦʤʦʱʴʶ Sybr Green ʆʊ-ʇʎʈ 

ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʧʨʘʡʤʝʨʘʤʠ. 

 

1.3.2.4. ɺʘʨʠʘʥʪʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʠʢʨʦʈʅʂ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ, ʚʘʨʠʘʥʪʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳ. ʊʘʢ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʯʠʧʦʚ, 

ʧʦʣʴʟʫʶʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʥʘ ʦʙʱʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ (ʦʪ ʚʩʝʭ ʤʠʢʨʦʈʅʂ) [404], ʘ ʧʨʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ RPM, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʯʪʝʥʠʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʠʢʨʦʈʅʂ ʥʘ ʤʠʣʣʠʦʥ ʧʨʦʯʪʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʩʧʦʩʦʙʝʥ 

ʚʳ̫ʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ/ʪʝʥʜʝʥʮʠʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʥʝʪ ʥʠʢʘʢʠʭ ʛʘʨʘʥʪʠʡ, 

ʯʪʦ ʧʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʭʨʘʥʷʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ 

ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʈʅʂ. 

ʆʊ-ʇʎʈ ʟʘ ʦʜʥʫ ʧʦʩʪʘʥʦʚʢʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʜʘʥʥʳʭ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʩʪʝʤʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʣʷ ʥʝʸ ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʘʷ. ʄʝʪʦʜ 2
-ææCʊ

 ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʝʚʳʭ ʤʠʢʨʦʈʅʂ ʦʪʥʦʩʠʪʝʣʴʥʦ çʩʪʘʥʜʘʨʪʘè [405], ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʣʘʛʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ snRNU6 ʠ snRNU48 (ʥʝʙʦʣʴʰʠʝ 

ʷʜʝʨʥʳʝ ʈʅʂ, snRNAs). ʆʜʥʘʢʦ ʠʭ ʨʘʟʤʝʨ (> 100 ʧ.ʥ.), ʧʨʝʚʳʰʘʶʱʠʡ ʨʘʟʤʝʨ ʤʠʢʨʦʈʅʂ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʷʚʣʷʣʩʷ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʧʦʩʢʦʣʴʢʫ ʚʥʦʩʠʣ ʩʚʦʡ ʚʢʣʘʜ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʘʢ ʚʳʜʝʣʝʥʠʷ, ʪʘʢ ʠ ʆʊ-ʇʎʈ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʝ 

ʘʥʘʣʠʟʘ, ʥʦ ʠ ʢ ʧʦʣʫʯʝʥʠʶ ʦʰʠʙʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [389, 406]. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʜʣʷ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʈʅʂ-155 ʠʣʠ ʤʠʢʨʦʈʅʂ-16, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʤʠʢʨʦʈʅʂ - ʩʪʘʥʜʘʨʪʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʤʠʢʨʦʈʅʂ-16 

ʚ ʢʣʝʪʢʘʭ ʢʨʦʚʠ ʠ ʚʣʠʷʥʠʠ ʛʝʤʦʣʠʟʘ, ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠʚʝʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʤʝʥʳ ʥʦʨʤʘʣʠʟʘʪʦʨʘ [27, 389, 406]. ʇʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʦʜʠʥʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʦʪʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʜʦʥʦʨʘʤʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʳʤ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʙʦʨʳ ʤʠʢʨʦʈʅʂ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʈʅʂ-16 + ʤʠʢʨʦʈʅʂ-93 ʠʣʠ 
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ʜʘʞʝ ʥʘʙʦʨʳ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʤʠʢʨʦʈʅʂ (ʥʘʧʨʠʤʝʨ, let-7a, ʤʠʢʨʦʈʅʂ-221, -191, -181a,-26a [407, 

408] ʠʣʠ ʤʠʢʨʦʈʅʂ-197, -19b, -24, -146, -15b, -19a [409]). ʆʜʥʘʢʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʧʘʥʝʣʝʡ 

ʥʦʨʤʘʣʠʟʘʪʦʨʦʚ, ʜʘʞʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʙʱʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ. ɽʱʸ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʵʥʜʦʛʝʥʥʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʠʢʨʦʈʅʂ, ʥʘʧʨʠʤʝʨ, 

ʤʠʢʨʦʈʅʂ-484 ʠ cel-miR-39 (ʤʠʢʨʦʈʅʂ ʥʝʤʘʪʦʜʳ C. elegans) [410]. ʇʨʠ ʵʪʦʤ cel-miR-39 

ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʦʙʨʘʟʝʮ ʥʘ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ʠ ʟʘʯʘʩʪʫʶ ʵʪʘ ʤʠʢʨʦʈʅʂ ʷʚʣʷʝʪʩʷ ñspike-inò 

ʢʦʥʪʨʦʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʜʠʡ ʚʳʜʝʣʝʥʠʷ/ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʠ ʜʨʫʛʠʭ ʩʪʘʜʠʡ ʨʘʙʦʪʳ ʩ 

ʦʙʨʘʟʮʦʤ [363, 411]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʜʭʦʜʦʤ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʧʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠʟʫʯʘʝʤʳʭ 

ʤʠʢʨʦʈʅʂ [335, 412]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʘʥʝʣʠ ʤʠʢʨʦʈʅʂ, ʢʘʞʜʘʷ ʤʠʢʨʦʈʅʂ ʤʦʞʝʪ 

ʙʳʪʴ ʥʦʨʤʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʢʘʞʜʦʡ ʤʠʢʨʦʈʅʂ ʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ ʥʝʙʦʣʴʰʦʡ ʧʘʥʝʣʠ 

ʧʦʜʦʙʨʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ/ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʳ ʩ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʠʮʝʡ dCʊ 

[413]. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʦʙʘʚʣʝʥʥʦʛʦ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʝʡ ʠ, ʢʘʢ ʜʣʷ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ RT-qPCR ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʤ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ çʵʪʘʣʦʥʥʦʛʦè ʢʦʥʪʨʦʣʷ [414]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʥʦʤ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʥʠʤʘʥʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

[335] ʠ ʨʝʰʠʪʴ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʜʝʞʥʳʭ 

ʙʠʦʤʘʨʢʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʠʢʨʦʈʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

1.3.3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʚʥɼʅʂ 

ʅʘ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ (ʨʠʩ. 1.4., ʇʨʠʣʦʞʝʥʠʝ 2 ʥʘ ʧʨʠʤʝʨʝ ʪʘʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ, ʢʘʢ ʢʨʦʚʴ), ʚʢʣʶʯʘʷ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʨʘʟʤʝʨ, ʩʪʨʫʢʪʫʨʳ, 

ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥɼʅʂ, ʘ ʪʘʢʞʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʥʦʨʘ ʚʥɼʅʂ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʥɼʅʂ, 

ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʥʘʯʘʣʝ ʵʨʳ ʚʥɼʅʂ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʧʨʷʤʦʡ ʦʮʝʥʢʝ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ ɼʅʂ ʠ ʛʠʩʪʦʥʦʚ [415, 416], ʘ ʪʘʢʞʝ 

ʠʥʪʝʨʢʘʣʠʨʫʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ [417] (ʇʨʠʣʦʞʝʥʠʝ 2). 
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ʈʠʩʫʥʦʢ 1.4. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʮʝʥʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʨʢʫʣʠʨʫʶʱʝʡ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʨʦʚʠ. 

ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʢʦʤʧʣʝʢʩʘʭ ʚʥɼʅʂ ʚ ʢʨʦʚʠ (ʥʫʢʣʝʦʩʦʤʘʭ, ʙʝʣʢʘʭ ʢʨʦʚʠ ʠ ʜʨ.) ʠ 

ʚʣʠʷʥʠʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʢʨʦʚʠ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʢʨʘʩʠʪʝʣʝʡ ʟʘʩʪʘʚʠʣʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʝʨʝʡʪʠ ʢ ʠʟʤʝʨʝʥʠʶ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ɼʅʂ. ʌʝʥʦʣʴʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʩʧʠʨʪʦʤ [418] ʩʯʠʪʘʣʘʩʴ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʭʦʪʷ ʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʘʜʩʦʨʙʝʥʪʦʚ [419, 420] ʠ ʤʝʪʦʜʦʚ ʩʦ-ʦʩʘʞʜʝʥʠʷ ʚʥɼʅʂ [421ï424]. ʉʦ 

ʚʨʝʤʝʥʝʤ, ʚʳʜʝʣʝʥʠʝ ʚʥɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʭ ʬʠʣʴʪʨʦʚ [425] ʩʪʘʣʦ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʪʦʜ ʬʝʥʦʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʜʘʝʪ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 20% ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʚʥɼʅʂ, ʯʝʤ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʣʦʥʢʠ [426, 427]. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʤʥʦʞʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʥʝʣʴʟʷ ʫʧʫʩʢʘʪʴ ʠʟ ʚʠʜʫ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʦʢʦʣʦʚ ʚʳʜʝʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʥɼʅʂ, ʯʠʩʪʦʪʘ 

ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʳʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʫʣʦʚ ɼʅʂ. ʅʘʧʨʠʤʝʨ, ʘʜʩʦʨʙʝʥʪʳ 

ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʯʨʝʟʤʝʨʥʦ ʜʣʠʥʥʳʝ (ʦʢʦʣʦ 48 ʪ.ʧ.ʥ.) ʤʦʣʝʢʫʣʳ ɼʅʂ 

ʠʟ-ʟʘ ʠʭ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʘʜʩʦʨʙʝʥʪʦʤ [419]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʨʦʚʠ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʇʎʈ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʛʨʷʟʥʷʪʴ ʚʳʜʝʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʥɼʅʂ ʠ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʘʥʘʣʠʟʫ [428]. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʥʘʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʣʦʥʦʢ ʠ ʤʘʛʥʠʪʥʳʭ ʰʘʨʠʢʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʥɼʅʂ ʠʟ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ [420], ʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʚʥɼʅʂ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʮʝʣʦʤ, ʥʘʧʨʠʤʝʨ, ʠʟ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʵʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ 50ï80% ʚʥɼʅʂ (ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 100 ʧ.ʥ.) [420]. 



54 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ (ʚ ʪʝʯʝʥʠʝ 24 ʠ 48 ʯ) ʠ ʪʝʤʧʝʨʘʪʫʨʘ (20ï25Áʉ ʠ 

4ï8Áʉ) ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ [429]. 

ʆʜʥʘʢʦ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʢʘʢ ʚʳʜʝʣʝʥʥʦʡ ʚʥɼʅʂ, ʪʘʢ ʠ ʧʨʦʩʪʦ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ɼʅʂ (ʧʨʠʤʝʨʥʦ ʥʘ 30% ʚ ʛʦʜ) [430]. ɼʣʷ ʦʮʝʥʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ [418, 425], 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʨʘʩʠʪʝʣʠ (Hoechst 33258 [417] ʠʣʠ ʙʠʩʮʠʘʥʠʜʥʳʝ ʢʨʘʩʠʪʝʣʠ [431]), 

ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʤʝʯʝʥʠʝ [432] ʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʇʎʈ-ʘʥʘʣʠʟʘ [210, 433]. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʦʩʪ, 

ʥʦ ʠʤʝʝʪ ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (10 ʤʢʛ/ʤʣ) ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ. ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʬʣʫʦʨʦʤʝʪʨʠʠ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ɼʅʂ, ʯʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ (1,60 ʥʛ/ʤʢʣ (ʜʠʘʧʘʟʦʥ 25-75-ʛʦ ʧʨʦʮʝʥʪʠʣʷ: 1,10-2,10) ʧʨʦʪʠʚ 

0,080 ʥʛ/ʤʢʣ (ʜʠʘʧʘʟʦʥ 25-75-ʛʦ ʧʨʦʮʝʥʪʠʣʷ: 0,050-0,130)) ʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʤʝʩʷʤ 

ʈʅʂ ʠ ʙʝʣʢʘ ʚ ʚʳʜʝʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʥɼʅʂ [434]. ʇʨʠ ʵʪʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʨʘʩʠʪʝʣʠ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʣʷ ɼʅʂ ʠ ʠʭ ʪʠʧʠʯʥʳʭ ʧʨʠʤʝʩʝʡ [435]. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʇʎʈ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ, ʥʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʫʤʤʘʨʥʦʡ ɼʅʂ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʮʝʣʝʚʳʭ ʣʦʢʫʩʦʚ ʜʣʷ ʇʎʈ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥɼʅʂ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʇʎʈ ʦʪ ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣ 

ɼʅʂ [417], ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʇʎʈ-ʘʧʧʘʨʘʪʘʭ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ, ʦʮʝʥʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ, ʦʙʳʯʥʦ ʙʳʣʠ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʦʙʥʘʨʫʞʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ [256, 436], ʘ ʧʦʩʣʝʜʥʠʝ ʥʠʞʝ, ʯʝʤ ʦʙʥʘʨʫʞʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʘʥʘʣʠʟʘ 

[437]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥɼʅʂ ʠʣʠ ʠʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʇʎʈ, ʪʘʢ ʢʘʢ ʵʪʦ ʙʦʣʝʝ ʪʦʯʥʦ, ʫʜʦʙʥʦ ʠ 

ʢʦʨʨʝʢʪʥʦ. ʆʜʥʘʢʦ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʨʘʟʣʠʯʥʳʝ ʣʦʢʫʩʳ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʟʙʳʪʦʯʥʦ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʚʥɼʅʂ [438ï441]. ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʥɼʅʂ ʜʦʣʷ 

ʠʥʪʨʦʥʦʚ, ʵʢʟʦʥʦʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 24%, 1% ʠ 75% ʦʪ ʪʘʢʦʚʦʡ ʚ 

ʛʝʥʦʤʥʦʡ ɼʅʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [224], ʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʥɼʅʂ ʩʦʩʪʦʠʪ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ (88% ʧʨʦʪʠʚ 59% ʚ ʢʣʝʪʦʯʥʦʡ ɼʅʂ [438]). ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ Alu-ʧʦʚʪʦʨʦʚ [439, 440, 442], ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʳʭ 

ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ (TR) ʠ ʫʤʝʥʴʰʝʥʠʝ ʮʝʥʪʨʦʤʝʨʥʳʭ Ŭ-ʩʘʪʝʣʣʠʪʦʚ ʠ LINE ʵʣʝʤʝʥʪʦʚ ʚʦ 

ʚʥɼʅʂ [443]. ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʥɼʅʂ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ 

ʦʩʪʝʦʩʘʨʢʦʤʳ ʢʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʨʝʟʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ALU: L1, ERV (K) 

ʢʣʘʩʩʘ II, MaLR, TcMar-Tigger, ʩʘʪʝʣʣʠʪʦʚ ʠ ʧʨʦʩʪʳʭ ʧʦʚʪʦʨʦʚ (ʤʠʥʠ-ʩʘʪʝʣʣʠʪʦʚ), ʚ ʪʦ ʚʨʝʤʷ, 
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ʢʘʢ ʵʣʝʤʝʥʪʳ ʜʣʠʥʥʳʭ ʢʦʥʮʝʚʳʭ ʧʦʚʪʦʨʦʚ (LTR) ʠ ʵʣʝʤʝʥʪʳ ɼʅʂ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʣʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʫʨʦʚʥʷʭ, ʩʨʘʚʥʠʤʳʭ ʩ ʪʘʢʦʚʳʤʠ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ [438]. 

ɼʘʥʥʳʝ NGS, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʜʘʶʪ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʜʝʨʞʘʥʠʠ 

ʚʥɼʅʂ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʛʝʥʦʤ-ʵʢʚʠʚʘʣʝʥʪʘ ʠʣʠ ʯʠʩʣʘ ʢʦʧʠʡ ʚ ʩʫʤʤʘʨʥʦʡ ɼʅʂ 

ʠ ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ [444]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʚʥɼʅʂ ʥʘ ʦʩʥʦʚʝ NGS ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʠʟʫʯʝʥʠʠ ʤʫʪʘʥʪʥʳʭ ʛʝʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʥʝʠʥʚʘʟʠʚʥʦʡ 

ʦʥʢʦʣʦʛʠʠ. 

ʂʘʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʘʥʘʣʠʟʦʚ, ʦʯʝʚʠʜʥʦ, 

ʟʘʚʠʩʷʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥɼʅʂ, ʮʠʨʢʫʣʷʮʠʠ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʨʛʘʥʘʤ ʠ 

ʪʢʘʥʷʤ ʠ ʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʦʪ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʚʥɼʅʂ [256]. ʋʯʠʪʳʚʘʷ 

ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ɼʅʂ [418ï420], ʵʪʠ ʜʘʥʥʳʝ ʥʝ ʚʳʛʣʷʜʷʪ 

ʩʧʦʨʥʳʤʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʚʥɼʅʂ ʦʪ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ P. Jiang ʠ 

Y. Lo [445]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʨʘʚʥʝʥʠʝ ʚʥɼʅʂ ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʇʨʠʣʦʞʝʥʠʝ 2). ʂʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ, ʚ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʫ ʧʘʮʠʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʜʦʥʦʨʘʤʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʳʭ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ [446, 447] ʠ ʥʘʠʙʦʣʝʝ 

ʦʯʝʚʠʜʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ J. Jylhªvª ʠ ʜʨ. [256], ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ, ʦʮʝʥʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʇʎʈ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʨʘʟʣʠʯʘʣʠʩʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ ʚʥɼʅʂ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʦʪʩʫʪʩʪʚʠʷ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠʟ-ʟʘ ʨʘʟʤʝʨʘ ɼʅʂ (ʨʘʟʣʠʯʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʎʈ ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʇʎʈ ʠʣʠ ʥʝʩʣʫʯʘʡʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚʥɼʅʂ. 

1.3.4. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ɼʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʷʚʣʷʝʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ɼʅʂ. ɸʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʘʷ ɼʅʂ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʧʦʩʦʙʥʘ 

ʙʦʣʝʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʦʥʢʦʤʘʨʢʝʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʭʚʦʩʪʦʚʫʶ ʚʝʥʫ ʤʳʰʠ 

ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʇʎʈ-ʧʨʦʜʫʢʪʘ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ GSTP1 ʨʘʟʤʝʨʦʤ 164 ʧ.ʥ. ʯʝʨʝʟ 

5 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʝʛʦ ʦʩʪʘʝʪʩʷ ʤʝʥʝʝ 7%, ʘ ʯʝʨʝʟ 60 ʤʠʥ ʤʝʥʝʝ 5%; ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʇʎʈ-ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ 5 ʤʠʥ ʚ ʢʨʦʚʦʪʦʢʝ ʦʩʪʘʸʪʩʷ ʙʦʣʝʝ 50%, ʘ ʯʝʨʝʟ ʯʘʩ - 45% 

[50]. 
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʘʪʫʩʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ, 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʠ ʨʘʟʚʠʪʠʠ ʤʥʦʛʠʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ 

ʠ ʤʦʣʦʯʥʦʡ ʞʝʣʸʟ, ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, ʧʦʯʝʢ, ʢʠʰʝʯʥʠʢʘ, ʣʸʛʢʦʛʦ ʠ ʪ.ʜ. [448ï450], ʧʨʠʯʸʤ ʫʞʝ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ (IA ʠ IB) [451, 452]. 

ʅʘ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, QX100TMDroplet 

DigitalTMPCR system (ñBio-Radò), BioMark System (ñFluidigmò) ʥʘ ʧʣʘʪʬʦʨʤʝ 12.765 Digital 

Arrays (ñFluidigmò), ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʡ (digital) ʇʎʈ 

(ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ Methyl-BEAMing) ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʥʘ ʩʪʘʨʪʝ ʚʥɼʅʂ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ 0,5 ʤʣ ʧʣʘʟʤʳ ʢʨʦʚʠ [453, 454]. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, 

ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ FDA ʦʜʦʙʨʝʥ ʪʦʣʴʢʦ ʪʝʩʪ Epi proColon 

(ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʢʠʰʝʯʥʠʢʘ), ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʦʮʝʥʢʘ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ SEPT9 [449].  

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʥʘ ʨʳʥʢʝ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʦʝ ʩ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʚʳʩʦʢʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. 

ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʜʭʦʜʘʭ, ʠʤʝʶʱʠʭ 

ʦʪʥʦʰʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ - ʢ ʤʘʩʰʪʘʙʥʦʤʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʣʥʦʛʝʥʦʤʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʥɼʅʂ, ʘ ʪʘʢʞʝ ʢ ʘʥʘʣʠʟʫ ʦʪʜʝʣʴʥʳʭ ʣʦʢʫʩʦʚ ɼʅʂ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʚʥɼʅʂ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʪʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩ ʥʠʟʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʦʨʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚʳʩʦʢʦʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚ 

ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʣʣʘʩʪʥʦʡ ɼʅʂ (ʠʟ ʪʢʘʥʝʡ ʥʝ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) 

ʷʚʣʷʶʪʩʷ: ʇʎʈ, ʩʧʝʮʠʬʠʯʥʘʷ ʢ ʤʝʪʠʣʠʨʦʚʘʥʠʶ (MSP, methylation specific PCR); ʇʎʈ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʣʠʛʠʨʦʚʘʥʠʝʤ ʪʫʧʳʭ ʢʦʥʮʦʚ ɼʅʂ (BLM-PCR, blunt-ended ligation-mediated 

PCR); ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʘʡʤʝʨʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʢ ʤʝʪʠʣʠʨʦʚʘʥʠʶ (Ms-SNuPE, 

methylation-sensitive single nucleotide primer extension); ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ (HPLC, high performance liquid chromatography); ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ (MeDIP, methylated DNA immunoprecipitation); ʚʳʜʝʣʝʥʠʝ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ CpG-ʦʩʪʨʦʚʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʣʢʦʚ MBD2 (MIRA, methylated CpG island 

recovery assay); ʰʘʨʠʢʠ, ʵʤʫʣʴʩʠʷ, ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ ʤʘʛʥʠʪʳ (Methyl-BEAMing, beads, emulsion, 

amplification and magnetics); ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ ʜʝʩʦʨʙʮʠʷ/ʠʦʥʠʟʘʮʠʷ, 

ʚʨʝʤʷʧʨʦʣʝʪʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF MS, matrix-assisted laser desorption/ionization, 

time-f-flight mass spectrometry); ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʘʣʳʭ (ʩʣʝʜʦʚʳʭ) 

ʢʦʣʠʯʝʩʪʚ ɼʅʂ ʧʦʩʣʝ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ (qMAMBA , quantitative methylation 

analysis of minute DNA amounts after whole bisulfitome amplification); ʘʥʘʣʠʟ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 
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ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚ (ʜʦ 56 ʬʨʘʛʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ) (MethDet56, 

microarray-mediated methylation analysis of 56 fragments in each sample); ʤʘʩʩʦʚʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ (ʄʇʉ); ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʨʘʙʦʪʦʡ 

ʝʜʠʥʠʯʥʦʡ ʤʦʣʝʢʫʣʳ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ (SMRT, single molecule real-time sequencing); 

ʦʜʥʦʤʦʣʝʢʫʣʷʨʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ (tSMS, true single molecule sequencing). 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

I. ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʝ ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ, 

çʯʫʚʩʪʚʠʪʝʣʴʥʳʝè ʢ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʮʠʪʦʟʠʥʘ ʚ ʫʯʘʩʪʢʝ ʫʟʥʘʚʘʥʠʷ; 

II.  ʭʠʤʠʯʝʩʢʠʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʠ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʮʠʪʦʟʠʥʦʚ; 

III.  ʩʤʝʰʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʶ ʧʦʜʭʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʧʫʥʢʪʘʭ I ʠ II. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʠʤʝʥʥʦ ʚʳʙʨʘʥʥʳʭ ʣʦʢʫʩʦʚ ʚʥɼʅʂ. 

 

1.3.4.1. ʇʦʠʩʢ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʠʣʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ 

ɽʱʸ ʚ 1992 ʛʦʜʫ M. Frommer ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʫʩʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʠʭ ʤʦʜʠʬʠʢʘʮʠʷ ʙʠʩʫʣʴʬʠʪʦʤ [455]. ʕʪʦʪ 

ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦ ʩʝʡ ʜʝʥʴ: 

ʦʙʨʘʟʝʮ ʚʥɼʅʂ ʦʙʨʘʙʘʪʳʚʘʶʪ ʙʠʩʫʣʴʬʠʪʦʤ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʣʴʬʦʥʠʨʦʚʘʥʠʶ ʪʦʣʴʢʦ 

ʪʝʭ ʮʠʪʦʟʠʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ; ʜʘʣʝʝ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʝ 

ʮʠʪʦʟʠʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʚʝʨʩʠʝʡ ʚ ʫʨʘʮʠʣʳ ʚʳʧʦʣʥʷʶʪ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʝʘʢʮʠʷ 

ʜʝʩʫʣʴʬʦʥʠʨʦʚʘʥʠʷ).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠʤʝʝʪ ʢʘʢ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʚʠʜʝ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʥʘʯʠʥʘʷ ʩ 2 ʧʛ ɼʅʂ [52]), ʪʦʯʥʦʩʪʠ (ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʮʝʧʝʡ, ʠʟʥʘʯʘʣʴʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʜʨʫʛ ʜʨʫʛʫ), ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʥɼʅʂ ʠ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʤʝʪʠʣʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ʮʠʪʦʟʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 97-99% ʥʝʤʝʪʝʣʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ ʮʠʪʦʟʠʥʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʯʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ɼʅʂ 

[330], ʚʦʟʤʦʞʥʘʷ ʥʝʧʦʣʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ ɼʅʂ ʧʨʠ ʥʘʣʠʯʠʠ çʩʣʦʞʥʦʡè ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ 

ʚ ʨʘʡʦʥʘʭ ʧʨʦʪʷʞʝʥʥʳʭ ʧʦʚʪʦʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʝʧʦʣʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʮʠʪʦʟʠʥʦʚ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʢʦʪʦʨʳʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ (ʥʘʧʨʠʤʝʨ, çZymo 

Researchè (ʉʐɸ) ʠ çQiagenè (ɻʝʨʤʘʥʠʷ)) ʫʜʘʣʦʩʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʙʠʩʫʣʴʬʠʪʥʦʡ 
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ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʘ 

ɼʅʂ-ʤʠʰʝʥʠ [456]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʨʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʤʧʣʠʬʠʢʘʮʠʝʡ ʚʳʙʨʘʥʥʦʛʦ 

ʣʦʢʫʩʘ ʚʩʝ ʥʝʤʝʪʠʣʠʨʦʚʘʥʳʝ ʮʠʪʦʟʠʥʳ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ, ʢʘʢ ʪʠʤʠʥʳ, ʘ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ï ʢʘʢ 

ʮʠʪʦʟʠʥʳ [457, 458]. 

ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʧʨʘʡʤʝʨʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʧʨʘʡʤʝʨʳ ʤʦʛʫʪ ʥʝ ʩʦʜʝʨʞʘʪʴ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ CpG-ʜʠʥʫʢʣʝʦʪʠʜʦʚ) 

ʘʤʧʣʠʬʠʮʠʨʫʶʪ ʠʣʠ ʜʦʩʪʨʘʠʚʘʶʪ ʮʝʧʠ ɼʅʂ (ʠʣʠ ʦʜʥʫ ʮʝʧʴ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʮʝʧʠ ɼʅʂ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʣʥʦʛʝʥʦʤʥʦʡ 

ʘʤʧʣʠʬʠʢʘʮʠʝʡ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʤʝʪʦʜʝ qMAMBA  [51], ʧʦʟʚʦʣʷʶʱʝʤ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʥɼʅʂ ʦʪ 100 ʧʢʛ. 

ɼʘʣʝʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʇʎʈ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʠʢ: ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʝ (ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʨʦʬʠʣʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ) [318, 456], ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ [458], 

ʄʇʉ [459] ʠʣʠ ʢʣʦʥʠʨʦʚʘʥʠʝ ʚ ʚʝʢʪʦʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʚʩʪʘʚʢʠ [460].  

ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʩʫʣʴʬʠʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʘ, 

ʧʦʩʚʷʱʝʥʥʘʷ ʦʮʝʥʢʝ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ 

ʢʨʦʚʠ ʠ ʤʦʯʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʘʡʤʝʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ CpG-ʜʠʥʫʢʪʝʦʪʠʜʦʚ [458]. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʚʳʧʦʣʥʠʪʴ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦ ʉʵʥʛʝʨʫ, ʠʤʝʷ ʥʘ ʩʪʘʨʪʝ ʚʥɼʅʂ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ 1 ʤʣ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʠʣʠ 10 ʤʣ ʙʝʩʢʣʝʪʦʯʥʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʘ 

ʤʠʥʫʩʦʤ ï ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ. 

ɽʱʸ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʤʝʪʦʜʦʤ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʵʪʘʧʥʘʷ ʇʎʈ (nested PCR) ʩ ʧʨʘʡʤʝʨʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

CpG-ʜʠʥʫʢʪʝʦʪʠʜʳ [456]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʇʎʈ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʠʟʫʯʘʪʴ ʘʙʝʨʨʘʥʪʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʚʥɼʅʂ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ: ʇʎʈ, ʩʧʝʮʠʬʠʯʥʘʷ 

ʢ ʤʝʪʠʣʠʨʦʚʘʥʠʶ (MSP), ʠʩʧʦʣʴʟʫʶʱʘʷ ʚ ʨʘʙʦʪʝ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʤʝʪʝʣʠʨʦʚʘʥʥʦʡ ʣʠʙʦ ʢ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʚʥɼʅʂ; ʇʎʈ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ (COBRA) [461ï464]; ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

SybrGreen I ʠʣʠ TaqMan ʇʎʈ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ MSP ʧʨʘʡʤʝʨʳ/ʟʦʥʜʳ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʪʦʣʴʢʦ ʢ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʠʣʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ɼʅʂ [465]. 
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ʇʦʪʝʥʮʠʘʣʴʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ʚʥɼʅʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 99,9% ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʤʝʪʦʜʦʤ Methyl-BEAMing ʇʎʈ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʤʝʪʨʠʝʡ [54]. ʆʪʣʠʯʠʝ ʤʝʪʦʜʘ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ 

ʛʠʜʨʦʣʠʟʝ ɼʅʂ ʥʫʢʣʝʘʟʘʤʠ ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʦʙʨʘʙʦʪʢʦʡ ʝʸ ʙʠʩʫʣʴʬʠʪʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʤʧʣʠʬʠʢʘʮʠʝʡ ʧʦʣʫʯʠʚʰʠʭʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʥʘʥʦʯʘʩʪʠʮ ʚʦʜʳ, 

ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʭ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʤʘʩʣʷʥʦʡ ʬʘʟʝ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʝʡ 

ʥʘʥʦʯʘʩʪʠʮʳ ʚʦʜʳ ʥʘʨʘʙʘʪʳʚʘʶʪʩʷ ʪʳʩʷʯʠ ʠʜʝʥʪʠʯʥʳʭ ʢʦʧʠʡ ʦʜʥʦʡ ɼʅʂ-ʤʘʪʨʠʮʳ, ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩ ʢʣʦʥʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʚ ʧʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ. ɼʘʣʝʝ 

ʦʮʝʥʠʚʘʶʪ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʥʦʡ ʤʦʣʝʢʫʣʳ ɼʅʂ ʩ ʧʦʤʦʱʴʶ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʟʦʥʜʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤ ɼʅʂ (ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʠʣʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ). 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʇʎʈ (MethyLight ʇʎʈ [466, 467], HeavyMethyl ʇʎʈ 

[468]) ʧʨʠ ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʠʣʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ 

ɼʅʂ ʟʦʥʜʦʚ ʩ ʨʘʟʥʳʤʠ ʬʣʫʦʨʦʬʦʨʘʤʠ ʠʣʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʙʣʦʢʘʪʦʨʦʚ ʚʦʟʤʦʞʥʘ ʜʝʪʝʢʮʠʷ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʚʥɼʅʂ ʧʨʠ 10000-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ ʵʪʠʭ ʚʠʜʦʚ ʇʎʈ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ, ʥʝʚʦʟʤʦʞʥʦ ʚʳʷʩʥʠʪʴ ʩʪʘʪʫʩ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʮʠʪʦʟʠʥʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʣʦʢʫʩʝ ʚʥɼʅʂ. 

ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʚʦʟʤʦʞʥʦ ʢʦʤʙʠʥʘʮʠʝʡ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʢʘʢ HeavyMethyl ʇʎʈ ʠ Ms-

SNuPE [469], ʧʨʠʯʸʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʠʭ ʢʦʣʠʯʝʩʪʚ ʚʥɼʅʂ ʥʘ ʩʪʘʨʪʝ (ʦʪ 14 ʧʛ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 2000-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ɼʅʂ. ʇʨʠ ʪʘʢʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʡ 

ɼʅʂ ʧʨʘʡʤʝʨʦʚ [470], ʧʦʣʫʯʝʥʥʳʝ ʇʎʈ-ʧʨʦʜʫʢʪʳ ʠʥʢʫʙʠʨʫʶʪ ʩ [
32
ʈ]dʉTP, [

32
ʈ]dʊTP ʠʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʳʤʠ dCTP/dTTP ʠ ʪʘʢʠʤʠ Ms-SNuPE ʧʨʘʡʤʝʨʦʤ(ʘʤʠ), 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʝʨʝʜ ʠʩʩʣʝʜʫʝʤʳʤ ʮʠʪʦʟʠʥʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ddCTP/ddTTP ʠʣʠ Ŭ-S-ddCTP/Ŭ-S-ddTTP ʚʤʝʩʪʦ dCTP/dTTP ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʚʢʣʶʯʝʥʠʝ 

ʥʫʢʣʝʦʪʠʜʘ ʧʨʠ ʧʦʤʦʱʠ MALDI -TOF MS ʠʣʠ HPLC ʭʨʦʤʘʪʦʛʨʘʬʠʠ [471ï473]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʚʥɼʅʂ ʚ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ. 

 

1.3.4.2. ʇʦʠʩʢ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʮʠʪʦʟʠʥʦʚ ʚʥɼʅʂ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʠʣʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʥɻʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʘʙʩʦʣʶʪʥʦ ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, ʘ ʠʤʝʥʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʨʝʩʪʨʠʢʪʘʟ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ/ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 
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ʧʷʪʦʤ ʧʦʣʦʞʝʥʠʠ ʮʠʪʦʟʠʥʘ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʘʨʘʤʠ, ʥʘʧʨʠʤʝʨ HpaII ʠ MspI, 

SmaI ʠ XmaI, HpaII ʠ HinPII [474ï476], ʪʘʢ ʠ ʠʜʠʚʠʜʫʘʣʴʥʦ, ʥʘʧʨʠʤʝʨ Tsp509I [477], Bsh1236I 

(BstUI) [478]. ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʪʨʝʙʫʶʱʫʶʩʷ ʜʣʷ ʬʝʨʤʝʥʪʘ çʛʣʫʙʠʥʫè ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʙʦʪʳ Bls I ʠ MteI (ʪʘʙʣʠʮʘ 1.5.) ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʥʝ 

ʤʝʥʝʝ ʜʚʫʭ, ʘ ʜʣʷ PkrI ʥʝ ʤʝʥʝʝ ʪʨʸʭ m
5
C ʥʘ ʦʙʝ ʮʝʧʠ ʚ ʠʟʫʯʘʝʤʦʤ ʣʦʢʫʩʝ ʚʥɼʅʂ [479, 480]. 

ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʠʚʥʦʩʪʴ, ʵʥʜʦʥʫʢʣʝʘʟʳ MteI ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ ʩʘʡʪʝ ʫʟʥʘʚʘʥʠʷ ʯʠʩʣʘ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʮʠʪʦʟʠʥʦʚ [479]. 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʬʝʨʤʝʥʪʦʚ (ʪʘʙʣʠʮʘ 1.5.) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 99,8%, ʜʘʞʝ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʦʙʨʘʟʮʝ 70-100% ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʚʥɼʅʂ, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥɼʅʂ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʬʝʥʪʦʛʨʘʤʤʳ [50]. 

ɸʥʘʣʠʟ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ [50, 477, 481] ʧʨʠ 

ʫʩʣʦʚʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʘʡʪʘ ʛʠʜʨʦʣʠʟʘ ʤʝʞʜʫ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʧʨʘʡʤʝʨʘʤʠ. ʄʝʪʦʜ BLM-

PCR [482], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʣʠʛʠʨʦʚʘʥʠʠ ʘʜʘʧʪʝʨʦʚ ʢ ʚʥɼʅʂ ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʇʎʈ, ʛʜʝ ʦʜʠʥ ʠʟ ʧʨʘʡʤʝʨʦʚ ʠʜʝʥʪʠʯʝʥ ʘʜʘʧʪʦʨʫ, ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʣʠʟʘ ʚʥɼʅʂ ʤʝʪʠʣʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ. 

ʇʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ m
5
ʉ ʚ ʩʦʩʪʘʚʝ CG-ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʙʳʪʢʝ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʮʠʪʦʟʠʥʘ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʙʠʥʘʮʠʠ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʜʦʙʘʚʠʪʴ ʚ ʩʤʝʩʴ ʜʣʷ ʇʎʈ ʘʥʘʣʠʟʘ ʚʥɼʅʂ ʧʦʩʣʝ 

ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʫʶ ʵʥʜʦʥʫʢʣʝʘʟʫ ʨʝʩʪʨʠʢʮʠʠ Tsp509I, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʢ ʩʦʩʪʘʚʫ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʛʠʜʨʦʣʠʟʫʶʱʫʶ ɼʅʂ ʧʦ ʩʘʡʪʘʤ ɸɸʊʊ (ʪ.ʝ. 

ʠʩʭʦʜʥʦ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ʚʥɼʅʂ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AATCG) [477]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʪʥʦʩʷʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʪʨʫʜʥʦʩʪʠ ʩ 

ʚʳʷʚʣʝʥʠʝʤ ʝʜʠʥʠʯʥʳʭ ʤʦʣʝʢʫʣ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʦʥʢʦʜʠʘʛʥʦʩʪʠʢʝ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʝʩʪʳ ʥʘ ʨʘʢ ʢʠʰʝʯʥʠʢʘ çEpi proColon testè ʠ ʥʘ ʨʘʢ ʣʝʛʢʦʛʦ 

çEpi proLung testè, ʜʦʩʪʫʧʥʳʝ ʥʘ ʝʚʨʦʧʝʡʩʢʦʤ ʨʳʥʢʝ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʠʩʢ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ ʛʝʥʦʚ Septin 9 ʠ SHOX2 (çEpigenomicsè, ɻʝʨʤʘʥʠʷ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʫʣʝ ʚʥɼʅʂ 

ʧʣʘʟʤʳ ʢʨʦʚʠ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚʥʝ ʩʘʡʪʘ 

ʫʟʥʘʚʘʥʠʷ ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ. 

 

 

 



61 

ʊʘʙʣʠʮʘ 1.5. ʄʝʪʠʣʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ 

ʌʝʨʤʝʥʪ ʉʘʡʪ ʫʟʥʘʚʘʥʠʷ 

Aat II  GACGTŹC 

Acc II  CGŹCG 

Aor13H I  TŹCCGGA 

Aor51H I  AGCŹGCT 

Aox I ŹPuG(m
5
C)Py 

BisI G(m
5
C)ŹNGC 

BlsI 
G(m

5
C)NŹGC 

(m
5
C)GŷN(m

5
C)G 

Bsh 1236 I CGŹCG 

BspT104 I  TTŹCGAA 

BssH II  GŹCGCGC 

Cfr10 I  RŹCCGGY 

Cla I  ATŹCGAT 

Cpo I  CGŹGWCCG 

Eco52 I  CŹGGCCG 

GlaI Pu(m
5
C)ŷGPy 

GluI G(m
5
C)ŹNG(m

5
C) 

Hae II  RGCGCŹY 

Hap II  CŹCGG 

Hha I  GCGŹC 

HpyCh4IV AŹCGT 

Kro I GŹC(m
5
C)GGC 

Mte I G(m
5
C)G(m

5
C)ŷNG(m

5
C)G(m

5
C) 

Mlu I  AŹCGCGT 

Nae I  GCCŹGGC 

Not I  GCŹGGCCGC 

Nru I  TCGŹCGA 

Nsb I  TGCŹGCA 

Pcs I (m
5
C)GNNNNNŷNN(m

5
C)G 

Pkr I GCNŷGC 

PmaC I  CACŹGTG 

Psp1406 I  AAŹCGTT 

Pvu I  CGATŹCG 

Sac II  CCGCŹGG 

Sal I  GŹTCGAC 

Sma I  CCCŹGGG 

SnaB I  TACŹGTA 

 

ʆʜʥʘʢʦ ʦʙʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʦʜʭʦʜʘ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʫʞʝ ʠʟʫʯʝʥʥʳʭ ʣʦʢʫʩʦʚ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʘʡʪʦʚ ʫʟʥʘʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ ʠ ʠʟʚʝʩʪʥʳʤ ʧʨʦʬʠʣʝʤ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʰʪʘʙʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʭ ʥʠʞʝ, 

ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ ʧʦʜʭʦʜʷʪ ʢʘʢ ʥʝʣʴʟʷ ʣʫʯʰʝ. 

 

1.3.4.3. ʄʝʪʦʜʳ ʤʘʩʰʪʘʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʦʤʦʚ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ 

ʥʝʩʢʦʣʴʢʦ ʘʙʝʨʨʘʥʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ. ʄʝʪʦʜʳ ʤʘʩʰʪʘʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʛʝʥʦʤʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ï ʄʇʉ ʠ ʤʠʢʨʦʯʠʧʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

(microarray). 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦʯʠʧʦʚ (microarray). 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦʯʠʧʦʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʘ ʢ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʶ (ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʥʘ ʧʦʜʣʦʞʢʝ ʟʘʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠʣʠ ʩʠʥʪʝʟ ɼʅʂ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʘʪʨʠʮʝ 

[483]), ʦʪʥʦʩʠʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ (ʠ ʛʝʥʦʤʥʦʡ, ʠ ʚʥʝʢʣʝʪʦʯʥʦʡ) ʧʨʠ ʧʦʤʦʱʠ 

ʤʠʢʨʦʯʠʧʦʚ ʚʢʣʶʯʘʝʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʦʜʥʦʛʦ, ʪʘʢ ʠ ʢʦʤʙʠʥʘʮʠʠ 

ʤʝʪʦʜʦʚ, ʘ ʠʤʝʥʥʦ: ʛʠʜʨʦʣʠʟʘ, ʦʯʠʩʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʚʷʟʳʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ 

ʤʠʢʨʦʯʠʧʘ [484]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʭʦʜʷʱʘʷ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʦʡ. ʅʘʧʨʠʤʝʨ, ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɼʅʂ-ʤʠʢʨʦʯʠʧʦʚ 

NimbleGen (çRocheè) ʫʜʘʩʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ɼʅʂ ʨʘʟʤʝʨʦʤ ʥʝ ʤʝʥʝʝ 200 ʥ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 

250 ʜʦ 1000 ʥʛ/ʤʢʣ [485]. ʅʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʰʫʤʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʯʠʧʦʚ ʩ ʙʦʣʝʝ 

ʜʣʠʥʥʳʤʠ ʟʦʥʜʘʤʠ (60-ʯʣʝʥʥʳʝ Agilent ʠ NimbleGen ʚ ʩʨʘʚʥʝʥʠʠ ʩ 25-ʯʣʝʥʥʳʤʠ Affymetrix) 

[483]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʨʘʙʦʪʘʶʪ ʩ ɼʅʂ, ʦʙʦʛʘʱʸʥʥʦʡ 

ʘʬʠʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ/ʠʣʠ ʦʙʨʘʙʦʪʢʦʡ ʤʘʪʨʠʮʳ ʨʝʩʪʨʠʢʪʘʟʘʤʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ CpG-ʧʦʟʠʮʠʡ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 

ʦʜʠʥ CpG-ʜʠʥʫʢʣʝʦʪʠʜ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʘʪʬʦʨʤʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʬʠʨʤʦʡ Illumina 

(ʉʐɸ) [53] ʠ ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ɼʅʂ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʙʠʩʫʣʴʬʠʪʦʤ (ʦʪ 

200 ʥʛ ɼʅʂ ʥʘ ʩʪʘʨʪʝ [484]). ɹʣʘʛʦʜʘʨʷ ʧʣʘʪʬʦʨʤʝ Illumina Sentrix Array Matrix bead array 

platform ʚʦʟʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 1536 ʣʦʢʫʩʦʚ ʚ 96 ʦʙʨʘʟʮʘʭ [483]. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ 
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ʩʣʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʘʡʤʝʨʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʯʠʧʦʚ ʦʩʪʘʶʪʩʷ ʧʣʘʪʬʦʨʤʳ ʬʠʨʤʳ 

Illumina, ʦʪʣʠʯʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʫʞʝ 

ʠʟʫʯʝʥʥʳʭ ʣʦʢʫʩʦʚ ʥʘ ʢʨʫʧʥʳʭ ʚʳʙʦʨʢʘʭ ʦʙʨʘʟʮʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚʥɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ 300 ʤʢʣ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʙʦʣʝʝ 90% [459]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʝʥʠʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʪʦʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʤʘʩʰʪʘʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ, ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʜʦʩʪʫʧʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʇʉ, ʠʭ ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʤʦʣʝʢʫʣʝ, 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʘʥʘʣʠʟʘ ʪʦʣʴʢʦ ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʤʘ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʯʠʧʦʚ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʬʠʨʤʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʩʩʦʚʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʄʇʉ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʥʘ ʨʳʥʢʝ ʧʦʷʚʠʣʘʩʴ 454 LifeSciences/Roche [318]. ʄʝʪʦʜ ʙʳʣ 

ʦʩʥʦʚʘʥ ʥʘ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʙʘʨʢʦʜʳ ʥʘ 5ô-ʢʦʥʮʝ ʠ ʤʘʪʨʠʮʳ (ʥʝ ʤʝʥʝʝ 100 ʥʛ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʠʩʫʣʴʬʠʪʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 5-ʪʠ ʙʫʢʚʝʥʥʳʭ ʙʘʨʢʦʜʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʵʢʚʠʤʦʣʷʨʥʳʤ ʩʤʝʰʠʚʘʥʠʝʤ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʦʪ ʨʘʟʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʦʟʚʦʣʷʣʦ 

ʧʦʣʫʯʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʚʩʝʛʦ ʟʘ ʦʜʠʥ ʨʘʫʥʜ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Illumina, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʪʦʯʥʦʩʪʴʶ 

ʙʦʣʝʝ 99,9% ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʠʣʣʠʦʥ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʣʠ ɼʅʂ ʙʠʩʫʣʴʬʠʪʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʢʦʤʧʣʠʤʝʥʪʘʨʥʫʶ ʮʝʧʴ (ʦʜʠʥ ʮʠʢʣ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ = 

ʚʩʪʨʦʡʢʝ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ) [486].  

ɺ ʪʝʭʥʦʣʦʛʠʠ SOLiD 4 Analyzer (ñApplied Biosystemsò) ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʛʘʟʥʘʷ ʮʝʧʥʘʷ 

ʨʝʘʢʮʠʷ ʩ ʜʘʣʴʥʝʡʰʠʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣ ɼʅʂ ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʜʦ 96 ʦʙʨʘʟʮʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʦʯʪʝʥʠʷ ʜʦ 99,94% ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʟʘ ʦʜʠʥ ʨʘʫʥʜ ʙʦʣʝʝ 100 ʤʣʨ. ʧ.ʥ. [486, 487]. ʉʪʦʣʴ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʯʠʪʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʜʚʘʞʜʳ, ʦʜʥʘʢʦ ʩʠʩʪʝʤʘ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʘʣʠʥʜʨʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʢ ʨʘʟʥʳʝ ʩʣʫʯʘʡʥʳʝ 

[486]. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

SOLiD ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʨʘʟʤʝʨʦʤ 75 ʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʝʡ 454 - 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦ 800 ʥ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʢʠ ʢʦʨʦʪʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ɼʅʂ ʠ, ʚ ʮʝʣʦʤ, ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [488]. 

ʆʰʠʙʢʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʥʘ ʵʪʘʧʘʭ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʣʶʙʳʭ ʤʝʪʦʜʠʢ ʄʇʉ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʷʝʤʳʝ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʥʝ ʦʙʣʘʜʘʶʪ 100%-ʥʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʤʦʛʫʪ ʚʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʫʪʘʮʠʠ ʚ ʢʣʦʥʘʣʴʥʦ-ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʧʫʣʷʮʠʠ ʤʘʪʨʠʮ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʘʨʠʘʥʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [489]. 

ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʦʟʤʦʞʥʫʶ ʛʣʫʙʠʥʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ (ʧʦʢʨʳʪʠʝ), ʷʚʣʷʶʱʫʶʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ ʥʘ ʩʪʘʨʪʝ ʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ ʚ ʦʙʱʝʤ ʧʫʣʝ ʚʥɼʅʂ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʤʝʷ ʥʘ ʩʪʘʨʪʝ 50 ʥʛ ʚʥɼʅʂ ʨʘʟʤʝʨʦʤ 

300 ʧ.ʥ. ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʫʭʦʣʝʚʦʡ ɼʅʂ ʚ 1%, ʦʞʠʜʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʦʜʥʦʛʦ ʣʦʢʫʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 100. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʨʳʪʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ 15000 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʘʪʫʩʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʮʠʪʦʟʠʥʦʚ ʚ ʠʟʫʯʘʝʤʦʤ ʣʦʢʫʩʝ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʣʠʥʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʦʤ SMRT (single-molecule real-time, ʢʦʤʧʘʥʠʠ Pacific Biosciences 

(PacBio)), ʧʦʟʚʦʣʷʶʱʠʤ ʦʪʩʣʝʜʠʪʴ ʨʘʙʦʪʫ ʝʜʠʥʠʯʥʦʡ ʤʦʣʝʢʫʣʳ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʥɼʅʂ ʨʘʟʤʝʨʦʤ ʜʦ 13,6 ʪ.ʧ.ʥ. ʩ 

ʪʦʯʥʦʩʪʴʶ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 99,8% [490, 491]. 

ʄʝʪʦʜ Ion Torrent Sequencing [492], ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʪʠʜʳ, ʘ 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʪʝʢʮʠʠ ʧʨʦʪʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʮʝʧʠ ɼʅʂ, ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʪʴ ʘʙʝʨʨʘʥʪʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʚʥɼʅʂ (ʦʪ 30 ʥʛ ʥʘ ʩʪʘʨʪʝ) ʩʦ ʩʨʝʜʥʠʤ ʧʦʢʨʳʪʠʝʤ 

2500 ʥʘ ʛʝʥ [493, 494], ʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʧʨʦʯʪʝʥʠʶ ʣʠʰʴ ʢʦʨʦʪʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

[486]. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ 

(ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʚʩʪʘʚʢʠ ʠ ʜʝʣʝʮʠʠ) ʚʦ ʚʨʝʤʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʭʦʪʷ ʦʙʥʦʚʣʸʥʥʳʡ 

ʧʨʦʛʨʘʤʥʳʡ ʧʨʦʜʫʢʪ Ion Reporter ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ [486]. 

ʆʜʥʠʤ ʠʟ ʥʦʚʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ 

ʦʮʝʥʢʠ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʝʪʦʜ nanopore DNA sequencing (cfNano) [495]. ɺ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʣʝʞʠʪ ʦʮʝʥʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʫʢʣʝʦʪʠʜʘ, 
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ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʩʢʚʦʟʴ ʧʦʨʫ ʠʟ Ŭ-ʛʝʤʦʣʠʟʠʥʘ ʩʪʘʬʠʣʦʢʦʢʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʷʚʣʝʥʥʫʶ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʚ 99,8% [496], ʨʘʟʤʝʨ ʠʟʫʯʘʝʤʦʛʦ ʣʦʢʫʩʘ ʜʦʣʞʝʥ 

ʙʳʪʴ ʥʝ ʙʦʣʝʝ 830 ʧ.ʥ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ cfNano 

ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ 0,2-ʢʨʘʪʥʦʝ ʧʦʢʨʳʪʠʝ ʛʝʥʦʤʘ (2,5 ʤʣʥ ʚʳʨʦʚʥʝʥʥʳʭ ʧʨʦʯʪʝʥʠʡ) [495], 

ʦʜʥʘʢʦ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ Nanopore ʚʳʰʝ, ʯʝʤ ʫ Illumina, ʜʘ ʠ ʮʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʦʜʥʫ ʙʘʟʫ ʩ ʧʦʤʦʱʴʶ cfNano ʚʳʰʝ [495]. ʂʦʥʝʯʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʚʥɼʅʂ ʩ ʧʦʤʦʱʴʶ Nanopore ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʧʨʠ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʙʠʩʫʣʴʬʠʪʥʫʶ ʢʦʥʚʝʨʩʠʶ (ʚ ʩʚʷʟʠ ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʠ ʜʝʛʨʘʜʘʮʠʝʡ ʚʥɼʅʂ), ʘ 

ʠʤʝʥʥʦ Nanopore ʧʦʟʚʦʣʷʝʪ ʦʪʣʠʯʠʪʴ 5mC ʦʪ ʜʨʫʛʠʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ 5hmC, 5fC ʠ 5CaC 

[495]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʙʝʨʨʘʥʪʥʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ, ʪʨʫʜʦʸʤʢʦʩʪʠ ʠ 

ʬʠʥʘʥʩʦʚʦʡ ʟʘʪʨʘʪʥʦʩʪʠ. ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟ ʥʠʭ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʪʘʨʪʝ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

 

1.4. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ çʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè 

ɺ ʩʚʷʟʠ ʩ ʥʝʧʨʝʢʨʘʱʘʶʱʠʤʩʷ ʨʦʩʪʦʤ ʯʠʩʣʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʢ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ 

ʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʦʩʪʘʸʪʩʷ ʧʦʠʩʢ ʦʥʢʦʤʘʨʢʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʘʥʘʣʠʟʘ ʚ ʢʣʠʥʠʢʘʭ ʣʶʙʦʛʦ ʫʨʦʚʥʷ ʦʩʥʘɦ ʸʥʥʦʩʪʠ ʠ ʧʝʨʩʦʥʘʣʦʤ ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ. ɾʠʜʢʦʩʪʥʘʷ ʙʠʦʧʩʠʷ, ʥʘʧʨʠʤʝʨ ʢʨʦʚʴ, ʷʚʣʷʷʩʴ çʥʦʩʠʪʝʣʝʤè ʠʥʬʦʨʤʘʮʠʠ 

ʦʪ ʚʩʝʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʤʦʞʝʪ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʧʨʠʯʸʤ ʥʝ ʪʦʣʴʢʦ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʦʩʪʦʪʘ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʘ (ʢʨʦʚʠ ʠ ʤʦʯʠ) ʩ ʘʥʘʣʠʟʦʤ ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʩ 

ʧʦʤʦʱʴʶ ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʪʦʜʦʚ ʇʎʈ/ʆʊ-ʇʎʈ ʪʘʢʠʭ ʩʪʘʙʠʣʴʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ, 

ʢʘʢ ʚʥʝʢʣʝʪʦʯʥʳʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʭʚʘʪʫ ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʥʦ ʚʩʸ 

ʞʝ ʵʪʦʪ ʧʦʜʭʦʜ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʠʯʠʥʘʤʠ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʥʜʘʨʪʦʚ ʥʘ 

ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʨʦʚ ʚʳʙʦʨʢʠ, ʥʦ ʠ 

ʠʩʪʦʯʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ), ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚʢʣʶʯʘʷ ʚʥ-ʤʠʢʨʦʈʅʂ. 



66 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʛʥʦʩʪʠʢʫʤʦʚ ʜʦ ʩʠʭ ʧʦʨ 

ʜʦʣʞʥʳ ʚʳʭʦʜʠʪʴ ʨʘʙʦʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʚʥʅʂ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʫʚʝʣʠʯʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩʪʘʜʠʡ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʩʧʦʩʦʙʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 



67 

ɻʣʘʚʘ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1. ʄʘʪʝʨʠʘʣʳ 

2.1.1. ʈʝʘʢʪʠʚʳ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ: LiClO4, MgCl2, NaCl, KCl, 

(NH4)2SO4, ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦʤʝʪʘʥ (ʪʨʠʩ), ʛʫʘʥʠʜʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ, Tween-20, 

ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʘʛʘʨʦʟʘ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʣʝʛʢʦʧʣʘʚʢʘʷ ʘʛʘʨʦʟʘ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, 

ʧʦʣʠʘʢʨʠʣʘʤʠʜ, ʙʠʩʘʢʨʠʣʘʤʠʜ, SDS, TBS, ʙʨʦʤʠʩʪʳʡ ʵʪʠʜʠʡ, ʪʨʠʧʘʥʦʚʳʡ ʩʠʥʠʡ, ʩʧʝʨʤʠʜʠʥ, 

ʕɼʊɸ, ʘʮʝʪʘʪ ʥʘʪʨʠʷ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 6000, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 20000, ʦʢʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʜʠʪʠʦʪʨʝʠʪʦʣ, NaIO4, NaF, PMSF, Na2MoO4, ʪʨʠʵʪʠʣʘʤʠʥ, 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, Hoechst 33258, 

ʭʣʦʨʦʬʦʨʤ, ʬʝʥʦʣ (Sigma, ʉʐɸ); ʥʘʪʨʠʡ ʣʠʤʦʥʥʦʢʠʩʣʳʡ, ʞʝʣʝʟʦ ʩʝʨʥʦʢʠʩʣʦʝ, 

ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ, ʕɼʊɸ, ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ (Fluka, ʐʚʝʡʮʘʨʠʷ); 

ʜʝʢʩʪʨʘʥ ʩʠʥʠʡ 2000 ʢɼʘ (Ferrak Berlin, ɻʝʨʤʘʥʠʷ); PBS (ICN, ʉʐɸ); ʛʣʠʢʦʛʝʥ (20 ʤʛ/ʤʣ, 

Fermentas, ɺʠʣʴʥʶʩ, ʃʠʪʚʘ); ʩʨʝʜʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʣʠʤʬʦʮʠʪʦʚ, SYBR Green I, PicoGreen 

(Molecular Probes, ʉʐɸ); ʨʘʩʪʚʦʨ ʜʣʷ ʵʣʶʮʠʠ ʈʅʂ (ɹʠʦʉʠʣʠʢʘ, ʈʦʩʩʠʷ); ʙʫʬʝʨ ʜʣʷ ʇʎʈ, ʜʣʷ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʥʫʢʣʝʦʪʠʜ ʪʨʠʬʦʩʬʘʪʳ (dNTP) (BiolabMix, ʈʦʩʩʠʷ); EZ DNA 

Methylation-GoldÊ (Zymo Research, ʀʨʚʠʥ, ʂʘʣʠʬʦʨʥʠʷ, ʉʐɸ), ʤʳʰʠʥʳʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ 

ʘʥʪʠ-CD63, CD24 ʠ CD9-ʘʥʪʠʪʝʣʘ (Abcam), NanoOrange Protein Quantitation Kit (Invitrogen, 

ʉʐɸ), ʥʘʙʦʨ DNA 500 ʥʘ Shimadzu MCE-202 MultiNA (Shimadzu Corporation, ʂʠʦʪʦ, ʗʧʦʥʠʷ), 

GenJet Kit (Thermo Scientific, ʋʦʣʪʝʤ, ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ), ɼʅʂ NEBNext Ultra (New England 

BioLabs, ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ); miRCURY LNA miRNA qPCR panel (Exiqon, Danmark); ʨʝʘʢʪʠʚʳ 

ʜʣʷ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ PyroGold reagent kit (Biotage AB, ʉʐɸ); ʵʪʘʥʦʣ, ʠʟʦʧʨʦʧʘʥʦʣ, ʘʮʝʪʦʥ. 

ʌʝʨʤʝʥʪʳ: ɼʅʂʘʟʘ I (ʙʝʟ ʈʅʂʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ), ʈʅʂʘʟʘ ɸ (ʙʝʟ ɼʅʂʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ) 

(Fermentas, ʃʠʪʚʘ), T4 ɼʅʂ ʧʦʣʠʤʝʨʘʟʘ, ʊ4 ɼʅʂ ʣʠʛʘʟʘ, ʤʝʪʠʣʘʟʘ SssI (New England Biolabs, 

Pickering, ʂʘʥʘʜʘ), ʠʥʛʠʙʠʪʦʨ ʈʅʂʘʟʳ RiboLock (Fermentas, ɺʠʣʴʥʶʩ, ʃʠʪʚʘ), ʊ4 

ʧʦʣʠʥʫʢʣʝʦʪʠʜ ʢʠʥʘʟʘ, ɹʠʦʄʘʩʪʝʨ HS-qPCR (2Ĭ) (BioLabMix,ʈʦʩʩʠʷ), Hotstar Taq ʧʦʣʠʤʝʨʘʟʘ 

(Qiagen, ʍʠʣʜɹʝʥ, ɻʝʨʤʘʥʠʷ); ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ ʚʠʨʫʩʘ ʣʝʡʢʦʟʘ ʤʳʰʝʡ ʙʳʣʘ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʜ.ʙ.ʥ. ʍʦʜʳʨʝʚʦʡ ʉ.ʅ. (ʃʘʙʦʨʘʪʦʨʠʷ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʬʝʨʤʝʥʪʦʚ 

ʀʍɹʌʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ). 

ʈʝʘʢʪʠʚʳ ʙʝʟ ʫʢʘʟʘʥʠʷ ʩʪʨʘʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʩ ʢʚʘʣʠʬʠʢʘʮʠʝʡ 

ʦʩʯ ʠʣʠ ʭʯ. 
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[ɔ-
32

P]-ɸʊʌ ʩ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 3Ĭ10
3
 ʂʠ/ʤʄʦʣʴ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥ ʢ.ʙ.ʥ. ʉʝʤʝʥʦʚʳʤ ɼ.ɺ. (ʣʘʙʦʨʘʪʦʨʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʀʍɹʌʄ ʉʆ ʈɸʅ). 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʩʝʭ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʝʠʦʥʠʟʦʚʘʥʥʫʶ 

ʘʧʠʨʦʛʝʥʥʫʶ ʚʦʜʫ, ʧʦʣʫʯʝʥʥʫʶ ʥʘ ʫʩʪʘʥʦʚʢʝ Arium 611 VF (Sartorius Stedim Biotech, 

ɻʝʨʤʘʥʠʷ), ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʇʎʈ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ.) ʚʦʜʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʚʪʦʢʣʘʚʠʨʦʚʘʣʠ. 

2.1.2. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʨʅ-ʤʝʪʨ Sartorius PB-11, 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ Arium 611 VF (Sartorius stedim biotech, ɻʝʨʤʘʥʠʷ); ʮʝʥʪʨʠʬʫʛʘ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ Eppendorf 5810R, ʮʝʥʪʨʠʬʫʛʠ çPico-Heraeusè ʠ çK26-MLW Janetzkiè (ɻʝʨʤʘʥʠʷ); 

çJ21-Beckmanè, çBeckman Coulter Optima TM L-90kè ʩ ʨʦʪʦʨʦʤ SW 40Ti (Beckman Coulter, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ); ʄʠʢʨʦʩʧʠʥ FV-2400 (ɹʠʦʩʘʥ, ʃʘʪʚʠʷ); ʰʝʡʢʝʨ çvortex-genie2è (Scientific 

Industries, ʉʐɸ); ʚʩʪʨʷʭʠʚʘʪʝʣʴ çTitramax 1000è (Heidolph, ʀʪʘʣʠʷ); ʘʤʧʣʠʬʠʢʘʪʦʨ 

T-professional basic gradient (Biometra, ɻʝʨʤʘʥʠʷ); ʚʠʜʝʦʩʠʩʪʝʤʘ çDNA Analyzerè, ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ çʕʣʴʬ-4è (ɼʅʂ-ʪʝʭʥʦʣʦʛʠʷ, ʈʦʩʩʠʷ); ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ çGenesys 10 UVè (Thermo 

Scientific, ʉʐɸ); ʤʠʢʨʦʪʝʨʤʦʩʪʘʪ ʄ-208 (ɹʠʩ-ʅ, ʈʦʩʩʠʷ); ʩʠʩʪʝʤʘ ʜʝʪʝʢʮʠʠ (Molecular ImagerÈ 

FX, BioRad, ʉʐɸ); ʪʨʘʥʩʵʣʶʤʠʥʘʪʦʨ (Vilber Lourmat, ʌʨʘʥʮʠʷ); ʬʣʫʦʨʠʤʝʪʨ VersaFluorÊ 

(BioRad, Hercules, CA, ʉʐɸ); ʇʎʈ ʘʤʧʣʠʬʠʢʘʪʦʨʳ iCycler iQ5 (BioRad, ʉʐɸ) ʠ 

LightCycler480 II (Roche, ʐʚʝʡʮʘʨʠʷ); ʢʘʯʘʣʢʘ çTitramax 1000è (Heidolph, ʉʐɸ); 

Nanodrop 2000 (Thermo Scientific, ʉʐɸ); ʧʨʦʩʚʝʯʠʚʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEM1400 

(Jeol, ʗʧʦʥʠʷ); ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ Veleta (Olympus SIS, ɻʝʨʤʘʥʠʷ); ʧʨʠʙʦʨ ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ Agilent 2100 Bioanalyzer (Agilent Technologies, ʂʘʣʠʬʦʨʥʠʷ, ʉʐɸ); ʪʝʨʤʦʮʠʢʣʝʨ 

Veriti (Applied Biosystems, ʋʦʣʪʝʤ, ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ); ʪʝʨʤʦʮʠʢʣʝʨ TProfessional Basic 

Thermocycler (Biometra, ɻʸʪʠʥʛʝʥ, ɻʝʨʤʘʥʠʷ); ʬʣʫʦʨʠʤʝʪʨ Qubit (Life Technologies, ʂʘʨʣʩʙʘʜ, 

ʂʘʣʠʬʦʨʥʠʷ, ʉʐɸ); ʩʯʝʪʯʠʢ ɓ-ʯʘʩʪʠʮ Tri-Carb 2800 TR (PerkinElmer, ʀʣʣʠʦʥʦʠʩ, ʉʐɸ), 

ʧʠʨʦʩʝʢʚʝʥʘʪʦʨ PSQ 96MA (Biotage AB, ʉʐɸ). 

2.1.3. ʋʩʣʦʚʠʷ ʇʎʈ ʠ ʇʎʈ-ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʪʣʝʚʦʡ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. ʆʙʲʸʤ ʢʘʞʜʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʩʦʩʪʘʚʠʣ 20 ʤʢʣ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʠ: 5 ʤʢʣ ʤʠʢʨʦʈʅʂ-ʤʘʪʨʠʮʳ, ʧʦ 250 ʤʢʄ ʢʘʞʜʦʛʦ dNTP, 50 ʥʄ 

ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 1 ʝʜ. ʠʥʛʠʙʠʪʦʨʘ RiboLock RNAse, 100 ʝʜ. ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ MMLV, 

4 ʤʢʣ ʨʝʘʢʮʠʦʥʥʦʛʦ ʙʫʬʝʨʘ 5ĬMMLV (250 ʤʄ ʊʨʠʩ-HCl (ʨʅ 8,3), 250 ʤʄ KCl, 20 ʤʄ MgCl2, 

50 ʤʄ DTT). ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 16Áʉ ï 30 ʤʠʥ, 42Áʉ ï 30 ʤʠʥ, 70Áʉ ï 10 ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ 
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ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʞʝ ʩʤʝʩʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʈʅʂ-ʤʘʪʨʠʮʳ. ɺʳʧʦʣʥʷʣʠ 

ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʥʘ ʘʤʧʣʠʬʠʢʘʪʦʨʝ T-professional basic gradient. 

ɺʩʝ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ ʚʳʧʦʣʥʷʣʠ 

ʚ ʜʫʙʣʷʭ ʥʘ ʧʨʠʙʦʨʝ iCycler iQ5 Real-Time PCR Detection System. ʉʫʤʤʘʨʥʳʡ ʦʙʲyʤ ʨʝʘʢʮʠʠ ʚ 

ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʝ ʩʦʩʪʘʚʠʣ 30 ʤʢʣ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʠ: 5 ʤʢʣ ʧʨʦʜʫʢʪʘ ʆʊ-ʨʝʘʢʮʠʠ, ʨʘʟʙʘʚʣʝʥʥʦʛʦ 

ʚʦʜʦʡ ʚ 2 ʨʘʟʘ, 3 ʤʢʣ 10Ĭʇʎʈ-ʙʫʬʝʨʘ (750 ʤʄ ʊʨʠʩ-HCl (pH 8,8), 200 ʤʄ (NH4)2SO4, 0,1% 

Tween-20, 4 ʤʄ MgCl2, 250 ʤʢʄ ʢʘʞʜʦʛʦ dNTP, 1,25 ʝʜ. ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ Taq, 600 ʥʄ ʧʨʷʤʦʛʦ 

ʧʨʘʡʤʝʨʘ, 800 ʥʄ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʘ ʠ 300 ʥʄ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʟʦʥʜʘ 

TaqMan. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 95Áʉ ï 3 ʤʠʥ, ʜʘʣʝʝ 50 ʮʠʢʣʦʚ: 95Áʉ ï 15 ʩʝʢ ʠ 60Áʉ ï 45 ʩʝʢ. 

 

ʊʘʙʣʠʮʘ 2.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ*. 
 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʦʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ 5ô-GTGCAGGGTCCGAGGT-3ô  

hsa-miR-16-5p 

ʆʊ 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAA-3ô 

ʇʨʷʤʦʡ 5ô-GCCCGTAGCAGCACGTAAATAT-3ô 

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACCGCCAA-(FQ)-3ô 

hsa-miR-19b-3p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGTT-3ô  

ʇʨʷʤʦʡ 5ô-CGCTGTGCAAATCCATGCAA-3ô  

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACTCAGTT-(BHQ)-3ô  

hsa-miR-21-5p 

ʆʊ 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA-3ô 

ʇʨʷʤʦʡ 5ô-GCCCGCTAGCTTATCAGACTGAT-3ô 

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACTCAACA-(FQ)-3ô 

hsa-miR-22  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAGTT-3ô  

ʇʨʷʤʦʡ 5ô-AAGCTGCCAGTTGAAG-3ô  

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACACAGTT-(BHQ)-3ô  

hsa-miR-25-3p 

ʆʊ 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGAC-3ô 

ʇʨʷʤʦʡ 5ô-CCGCCATTGCACTTGTCTCG-3ô 

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACTCAGAC-(FQ)-3ô 

hsa-miR-30e  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTTCCA-3ô  

ʇʨʷʤʦʡ 5ô-GCCCTGTAAACATCCTTGAC-3ô  

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACCTTCCA-(BHQ)-3ô  

hsa-miR-31-5p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCTAT-3ô  

ʇʨʷʤʦʡ 5ô-CAGGCAAGATGCTGGCA-3ô  

ɿʦʥʜ 5ô-(FAM)-TCGCACTGGATACGACAGCTAT-(BHQ)-3ô  
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hsa-miR-92a  

ʆT 5ô- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAGGC-3ô  

ʇʨʷʤʦʡ 5ô-CGCTATTGCACTTGTCCCG-3ô  

ɿʦʥʜ 5ô-(FAM)-CGCACTGGATACGACACAGGC-(BHQ)-3ô  

hsa-miR-125b-5p  

ʆT 5ô- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCACAA-3ô  

ʇʨʷʤʦʡ 5ô-CGTCCCTGAGACCCTAACTT-3ô  

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACTCACAA-(BHQ)-3ô  

hsa-miR-126-3p 

ʆʊ 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCATTA-3ô 

ʇʨʷʤʦʡ 5ô-CCGCTCGTACCGTGAGTAAT-3ô 

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACGCATTA-(FQ)-3ô 

hsa-miR-200b-3p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCATCA-3ô  

ʇʨʷʤʦʡ 5ô-GTAATACTGCCTGGTAATG-3ô  

ɿʦʥʜ 5ô-(FAM)-CGCACTGGATACGACTCATCA-(BHQ)-3ô  

hsa-miR-205-5p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGACT-3ô  

ʇʨʷʤʦʡ 5ô-CCTCCTTCATTCCACCGGA-3ô  

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACCAGACT-(BHQ)-3ô  

hsa-miR-375  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCACGC-3ó  

ʇʨʷʤʦʡ 5'-GCCCTTTGTTCGTTCGGCTC-3'  

ɿʦʥʜ 5ô-(FAM)-TCGCACTGGATACGACTCACGC-(BHQ)-3ô  

hsa-miR-378a-3p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCCTTC-3ô  

ʇʨʷʤʦʡ 5ô-GACTGGACTTGGAGTCA-3ô  

ɿʦʥʜ 5ô-(FAM)-CGCACTGGATACGACAAAGTC-(BHQ)-3ô  

hsa-miR-425-5p (miR-425)  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACG-3ô  

ʇʨʷʤʦʡ 5ô-TAATGACACGATCACTCC-3ô  

ɿʦʥʜ 5ô-(FAM)-CGCACTGGATACGACTCAACG-(BHQ)-3ô  

hsa-miR-660-5p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAACTC-3ô  

ʇʨʷʤʦʡ 5ô-CCCATTGCATATCGGAG-3ô  

ɿʦʥʜ 5ô-(FAM)-GCACTGGATACGACCAACTC-(BHQ)-3ô  

cel-miR-39-3p  

ʆT 5ô-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAAGCT-3ô  

ʇʨʷʤʦʡ 5ô-ATTCACCGGGTGTAAATC-3ô  

ɿʦʥʜ 5ô-(FAM)-CACTGGATACGACCAAGCTGA-(BHQ)-3ô  

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘ ̫ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʮʘʭ ʚʥɼʅʂ ʠ ʛʝʥɼʅʂ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʡ HeLa ʠ HUVEC ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ SYBR Green I MS-qPCR ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʨʠʙʦʨʝ BioRad IQ5 Real-Time PCR Detection System. ɼʣʷ ʵʪʦʛʦ 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ ʦʜʥʦʢʨʘʪʥʳʡ ʇʎʈ-ʙʫʬʝʨ (3ʤʄ MgCl2, 16ʤʄ (NH4)2SO4, 

65 ʤʄ ʊʨʠʩ-HCl, pH 8,8, 0,05% Tween-20); dNTP (0,25 ʤʄ ʢʘʞʜʳʡ); ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʨʘʡʤʝʨʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʢ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʠʣʠ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʦʙʣʘʩʪʠ ʛʝʥʘ RARbeta2 (0,3 ʤʢʄ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ) (ʪʘʙʣʠʮʘ 2.2.); 

1 ʝʜ.ʘʢ. Taq I ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ; 5 ʤʢʣ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ɼʅʂ ʦʙʨʘʟʮʘ ʚ ʢʦʥʝʯʥʦʤ ʦʙʲʝʤʝ 

30 ʤʢʣ. ʇʎʈ ʚʳʧʦʣʥʷʣʠ ʥʘ ʧʨʠʙʦʨʝ ICycler iQ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦʜʘ ʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʝ 

ʇʎʈ-ʧʨʦʜʫʢʪʳ ʛʝʥʘ RARbeta2 (194 ʧ.ʥ.), ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ - 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʇʎʈ-ʧʨʦʜʫʢʪʳ ʛʝʥʘ RARbeta2 (194 ʧ.ʥ.) (ʪʘʙʣʠʮʘ 2.2.), ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʧʨʠ 

ʧʦʤʦʱʠ EZ DNA Methylation Kit. ʂʘʣʠʙʨʦʚʢʦʡ ʜʣʷ ʢʘʞʜʦʡ ʧʦʩʪʘʥʦʚʢʠ ʩʣʫʞʠʣʠ ʇʎʈ-ʧʨʦʜʫʢʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ (ʪʘʙʣʠʮʘ 2.2.), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʨʘʙʦʪʘʥʥʳʝ ʠ ʦʯʠʱʝʥʥʳʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʝʢʪʨʦʵʣʶʮʠʝʡ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ CpG-ʩʘʡʪʦʚ ʤʝʪʦʜʦʤ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʝ ʤʘʪʨʠʮʳ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʫʥʜʦʚ 

ʘʤʧʣʠʬʠʢʘʮʠʠ. ɺ ʧʝʨʚʦʤ ʨʘʫʥʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 5 ʤʢʣ ɼʅʂ ʦʙʨʘʟʮʘ. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ ʦʜʥʦʢʨʘʪʥʳʡ ʇʎʈ ʙʫʬʝʨ (2 ʤʄ MgCl2, 16 ʤʄ (NH4)2SO4, 65 ʤʄ 

ʊʨʠʩ-HCl, pH=8,8, 0,05% Tween); dNTP (0,25 ʤʄ ʢʘʞʜʳʡ); ʧʦ 0,3 ʤʢʄ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʨʘʡʤʝʨʘ, ʩʧʝʮʠʬʠʯʥʦʛʦ ʢ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ RARbeta2 (X56849.1, 931-1117) (ʪʘʙʣʠʮʘ 2.3.); 

1 ʝʜ.ʘʢ. Taq I ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʚ ʢʦʥʝʯʥʦʤ ʦʙʲʝʤʝ 30 ʤʢʣ.  

 

ʊʘʙʣʠʮʘ 2.2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʘ 

ʛʝʥʘ RARbeta2 ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʨʝʘʢʮʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ MS-qPCR 
 

ʌʦʨʤʘ ʛʝʥʘ 

RARbeta2 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʘ (5ô-3ô) 

ʈʘʟʤʝʨ 

ʧʨʦʜʫʢʪʘ, 

ʧ.ʥ. 

ʋʩʣʦʚʠʷ ʇʎʈ 

ʅʝʟʘʚʠʩʠʤʘ ̫ʦʪ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

(X56849.1, 

931-1117) 

ʇʨʷʤʦʡ: TTGTTTGAGGATTGGGATG 

ʆʙʨʘʪʥʳʡ: TACCATTTTCCAAACTTACTC 
186 

95ÁC ï 3ʤʠʥ, 

(95ÁC ï 25ʩʝʢ, 

55ÁC ï 5ʩʝʢ, 

72ÁC ï 30ʩʝʢ) 

x40 

ʄʝʪʠʣʠʨʦʚʘʥʥʘʷ 

ʬʦʨʤʘ 

(X56849.1, 

938-1098) 

ʇʨʷʤʦʡ: AGGATTGGGATGTCGAGAACGC 

ʆʙʨʘʪʥʳʡ: 

CTCGACCAATCCAACCGAAACG 

161 
95ÁC ï 3ʤʠʥ, 

(95ÁC ï 25ʩʝʢ, 

65ÁC ï 5ʩʝʢ, 

72ÁC ï 30ʩʝʢ) 

x40 
(X56849.1,  

924-1117) 

ʇʨʷʤʦʡ: ATGCGAGCTGTTTGAGGACT 

ʆʙʨʘʪʥʳʡ: TTACCATTTTCCAGGCTTGC 
194 
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ʊʘʙʣʠʮʘ 2.3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ CpG ʚ ʩʦʩʪʘʚʝ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ RARbeta2, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʨʝʘʢʮʠʡ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 
 

ʅʘʟʥʘʯʝʥʠʝ 

ʧʨʘʡʤʝʨʘ 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʘ (5ô-3ô) 

ʈʘʟʤʝʨ 

ʧʨʦʜʫʢʪʘ, 

ʧ.ʥ. 

ʋʩʣʦʚʠʷ ʇʎʈ 

RARbeta2, ʚʥʝʰʥʠʝ 

(X56849.1,  

858 -1128) 

ʇʨʷʤʦʡ: 

GGAAGTGAGTTGTTTAGAGGTT 

ʆʙʨʘʪʥʳʡ: 

CAAATAATCATTTACCATTTTCCA  

269 

95ÁC ï 3ʤʠʥ, 

(95ÁC ï 25ʩʝʢ, 

55ÁC ï 20ʩʝʢ, 

72ÁC ï 25ʩʝʢ) x40 

RARbeta2, 

ʚʥʫʪʨʝʥʥʠʝ 

(X56849.1,  

931-1116) 

ʇʨʷʤʦʡ: 

TTGTTTGAGGATTGGGATGT 

ʆʙʨʘʪʥʳʡ: biotin-

TACCATTTTCCAAACTTACTC 

186 

95ÁC ï 3ʤʠʥ, 

(95ÁC ï 25ʩʝʢ, 

55ÁC ï 20ʩʝʢ, 

72ÁC ï 25ʩʝʢ) x25 

ʉʝʢʚʝʥʠʨʫʶʱʠʡ 1 seq1: TTGTTTGAGGATTGGGATGT 

seq2: AGGAGAATTTGGGATTTTTTTGGGA ʉʝʢʚʝʥʠʨʫʶʱʠʡ 2 

 

ʇʝʨʝʜ ʚʪʦʨʳʤ ʨʘʫʥʜʦʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʦʮʝʥʠʚʘʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Hoechst 33258 ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 10 ʤʄ ʪʨʠʩ-HCl, 

pH 7,0, 1 ʤʄ ʕɼʊɸ, 0,2 ʄ NaCl ʥʘ ʧʨʠʙʦʨʝ VersaFluorÓ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 360 ʥʤ 

ʠ ʠʩʧʫʩʢʘʥʠʷ 460 ʥʤ. ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʫʥʜʝ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ 1 ʤʢʣ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʝʨʚʦʤ ʨʘʫʥʜʝ ʇʎʈ, ʚʳʨʦʚʥʝʥʥʳʭ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʎʈ ʩʤʝʩʴ 

ʩʦʜʝʨʞʘʣʘ ʪʝ ʞʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʥʝʯʥʦʤ ʦʙʲʝʤʝ 30 ʤʢʣ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʨʘʫʥʜʝ ʘʤʧʣʠʬʠʢʘʮʠʠ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʘʡʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʤ ʨʘʫʥʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʚʠʜʝ ʩʧʝʮʠʬʠʯʥʳʭ ʢ 

ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨʦʪʢʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ RARbeta2 (0,3 ʤʢʄ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ - ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʡ ʥʘ 5' ʢʦʥʮʝ). ʋʩʣʦʚʠʷ ʇʎʈ ʦʧʠʩʘʥʳ ʚ ʊʘʙʣʠʮʝ 2.3. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʨʘʫʥʜʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʇʎʈ-ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʛʠʙʨʠʜʠʟʦʚʘʥʳ ʩ 

ʩʝʢʚʝʥʠʨʫʶʱʠʤʠ ʧʨʘʡʤʝʨʘʤʠ ʧʦ ʧʨʦʪʦʢʦʣʫ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʙʦʨʝ PSQ 96MA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PyroGold SQA 

reagent kit. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ Q-CpG software (V 1.0.9. Pyrosequencing AB, ʉʐɸ). 

TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ LINE 1 ʵʣʝʤʝʥʪʳ, ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʚ ʜʫʙʣʷʭ ʥʘ ʧʨʠʙʦʨʝ iCycler iQ5 Real-Time PCR Detection System. ʆʙʱʠʡ ʦʙʲʝʤ ʇʎʈ 

ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣ 30 ʤʢʣ (ʠʟ ʥʠʭ 5 ʤʢʣ ɼʅʂ-ʤʘʪʨʠʮʳ ʠ 15 ʤʢʣ 2ĬQuantiTect Kit). ʋʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. 
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ʊʘʙʣʠʮʘ 2.4. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ* ʠ ʫʩʣʦʚʠʷ ʇʎʈ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʘʪʫʩʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ɼʅʂ ʢʨʦʚʠ. 
 

ʅʘʟʚʘʥʠʝ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴ 

ʥʦʩʪʴ (ʙʝʟ 

ʰʪʨʠʭ-ʢʦʜʘ) 
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ʦ
ʥ
ʮ
ʝ
ʥ
ʪ
ʨ
ʘ
ʮ
ʠ
ʷ
 

ʧ
ʨ
ʘ
ʡ
ʤ
ʝ
ʨ
ʘ
/
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ʙ
ʳ

, ʥ
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ʨ
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ʎ
ʈ
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ʫ
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ʪ
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.
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ʘ
ʟ
ʤ
ʝ
ʨ
 
ʇ
ʎ
ʈ
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ʨ
ʦ
ʜ
ʫ
ʢ
ʪ
ʘ
 

ʩ
ʦ
 
ʰ
ʪ
ʨ
ʠ
ʭ

-ʢ
ʦ
ʜ
ʘ
ʤ
ʠ
,
 
ʧ
.
ʥ
.

 

ʂ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 

C
G

 

ʉ
ʦ
ʩ
ʪ
ʘ
ʚ

 ʙ
ʫ
ʬ
ʝ
ʨ
ʘ

 (1
x) 

ʋ
ʩ
ʣ
ʦ
ʚ
ʠ
ʷ
 
ʇ
ʎ
ʈ

 

LINE1-For 

LINE1-Rev 

LINE1-Probe 

5ô-AATGGAAG

ATGAAATGAA

TGAAATGA-3ô 

600/

300 
- 155 - 

BioMaster 

qPCR Mix 

(Biolabmix) 

95ÁC ï 3ʤʠʥ, 

(95ÁC ï 15ʩʝʢ, 

60ÁC ï 

60ʩʝʢ)x40 

5ô-TTCCATTCT

CCCCATCACTT

TCA-3ô 

5ô-FAM-GAGAA

GGGAAGTTTA

GAGAAAAAAG

AAT-FQ-3ô 

RNF219-For 

RNF219-Rev 

5ô-(Y1-12)GTGA

TTGTGGGTAT

AGTTATAAAA -

3ô 600 177 161 17 
Hotstart PCR 

ʙʫʬʝʨ ʩ 

ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ 

MgCl2 

(ʢʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 

5 ʤM), 1 ʤM 

dNTPs ʠ 

0.65 ʝʜʠʥʠʮ 

Hotstart Taq 

ʧʦʣʠʤʝʨʘʟʳ 

95ÁC ï 15ʤʠʥ, 

(95ÁC ï 60ʩʝʢ, 

58ÁC ï 45ʩʝʢ, 

72ÁC ï 

60ʩʝʢ)x50 

5ô-(X1-8)ACTAC

CCCCATCTCCC

AAAA -3ô 

KIAA1539-For 

KIAA1539-Rev 

5ô-(X1-8)AGGA

AGGAGGAGAT

AAAGTGAT-3ô 
600 105 89 5 

5ô-(Y1-12)CCCC

TCTAAACTTAT

CATCACA-3ô 

GSTP1-For 

GSTP1-Rev 

5ô-(Y1-12)ATTT

GGGAAAGAGG

GAAAGGTT-3ô 
600 158 142 17 

5ô-(X1-8)CTCTT

CTAAAAAATC

C-3ô 

*ɺʩʝ ʇʎʈ-ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ çʬʦʥʦʚʦʛʦè 

ʩʠʛʥʘʣʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ. ɺʩʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ (ʀʍɹʌʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ). 

 

ʇʨʠ ʦʮʝʥʢʝ ʩʪʘʪʫʩʘ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ 

RNF219 (NC_000013.11, 125-285), KIAA1539 (chr9: 35103583-35103671) ʠ GSTP1 (NG_012075.1, 4998-
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5139) ʚ ʩʦʩʪʘʚʝ ʮʠʨɼʅʂ ʢʨʦʚʠ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʠ ʈʇɾ ʤʝʪʦʜʦʤ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʥʠʢʘʣʴʥʳʝ ʰʪʨʠʭ-ʢʦʜʳ (ʪʘʙʣʠʮʘ 2.5.). 

 

ʊʘʙʣʠʮʘ 2.5. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʫʥʠʢʘʣʴʥʳʭ ʰʪʨʠʭ-ʢʦʜʘʭ 

ʐʪʨʠʭ-ʢʦʜʳ 

ʉ ʧʨʷʤʳʤ ʠʣʠ ʦʙʨʘʪʥʳʤ ʧʨʘʡʤʝʨʦʤ ʜʣʷ ʢʘʞʜʦʡ 

ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʰʪʨʠʭ-ʢʦʜ 

RNF219 KIAA1539 GSTP1 

X1: TAGATCGC, X2: CTCTCTAT, 

X3: TATCCTCT, X4: AGAGTAGA, 

X5: ACTGCATA, X6: AAGGAGTA, 

X7: CTAAGCCT, X8: CCTCTCTG 

ʆʙʨʘʪʥʳʡ ʇʨʷʤʦʡ ʆʙʨʘʪʥʳʡ 

Y1: TCGCCTTA, Y2: CTAGTACG, 

Y3: TTCTGCCT, Y4: GCTCAGGA, 

Y5: AGGAGTCC, Y6: CATGCCTA, 

Y7: GTAGAGAG, Y8: CCTCTCTG, 

Y9: AGCGTAGC, Y10: CAGCCTCG, 

Y11: TGCCTCTT, Y12: TCCTCTAC 

ʇʨʷʤʦʡ ʆʙʨʘʪʥʳʡ ʇʨʷʤʦʡ 

 

2.1.4. ʂʣʠʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʘ ʩʦʙʨʘʥʘ ʢʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ, 

ʤʦʯʠ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʵʪʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 98 ʙʦʣʴʥʳʭ ʈʇɾ, 57 ʙʦʣʴʥʳʭ 

ɼɻʇɾ, ʧʝʨʚʠʯʥʦ ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʆʙʣʘʩʪʥʦʡ ʦʥʢʦʣʦʛʠʯʝʩʢʠʡ ʜʠʩʧʘʥʩʝʨ ʩ 2013 ʧʦ 2017 ʛʛ ʠ 

ʅʄʀʎ ʠʤ. ɽ.ʅ. ʄʝʰʘʣʢʠʥʘ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) ʩ 2018 ʧʦ 2021 ʛʛ, ʠ 133 ʢʣʠʥʠʯʝʩʢʠ 

ʟʜʦʨʦʚʦʛʦ ʤʫʞʯʠʥ r (ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʞʘʣʦʙ ʥʘ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʘʥʘʤʥʝʟʝ) ï ʜʦʥʦʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʪʜʝʣʝʥʠʷ ʧʝʨʝʣʠʚʘʥʠʷ 

ʢʨʦʚʠ ʅʄʀʎ ʠʤ. ɽ.ʅ. ʄʝʰʘʣʢʠʥʘ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ ʩ 2013 ʧʦ 2021 ʛʛ.  

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʜʦʙʨʦʚʦʣʴʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʆʩʥʦʚʘʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ ʦʙ ʦʭʨʘʥʝ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥè (ʫʢʘʟ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ ʦʪ 24.12.1993 ˉ 2288). ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʙʨʘʟʮʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʙʳʣʠ 

ʦʜʦʙʨʝʥʳ ʵʪʠʯʝʩʢʠʤʠ ʢʦʤʠʪʝʪʘʤʠ ʀʍɹʌʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʦʙʣʘʩʪʥʦʛʦ 

ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʩʧʘʥʩʝʨʘ (ˉ 15309-01 ʦʪ 22.12.2008). ʇʠʩʴʤʝʥʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʛʣʘʩʠʝ ʙʳʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʪʘʜʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʦʩʪʘʪʳ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʳʧʦʣʥʷʣʘʩʴ ʙʠʦʧʩʠʷ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʉʪʘʜʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʦʧʫʭʦʣʝʡ ʧʦ 

ʩʠʩʪʝʤʝ TNM (ɺʆɿ, 1990), ʛʜʝ ʊ-ʧʝʨʚʠʯʥʘʷ ʦʧʫʭʦʣʴ; N-ʨʝʛʠʦʥʘʣʴʥʳʝ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʣʳ; 
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M-ʦʪʜʘʣʝʥʥʳʝ ʤʝʪʘʩʪʘʟʳ. ʅʠ ʦʜʠʥ ʠʟ ʧʘʮʠʝʥʪʦʚ ʥʝ ʧʨʦʭʦʜʠʣ ʣʝʯʝʥʠʝ ʜʦ ʠʣʠ ʚʦ ʚʨʝʤʷ ʩʙʦʨʘ 

ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ, ʪ.ʝ. ʦʪʥʦʩʠʣʩʷ ʢ ʧʝʨʚʠʯʥʳʤ ʧʘʮʠʝʥʪʘʤ. 

 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʥʦʨʦʚ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.6-2.9.  

ʂʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ:  

1) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨʘ ʠ ʩʦʩʪʘʚʘ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ (ʪʘʙʣʠʮʘ 2.6.); 

2) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʚ ʤʦʯʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʪʘʙʣʠʮʘ 2.7.); 

3) ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʶ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʚ ʢʨʦʚʠ ʠ ʤʦʯʝ (ʪʘʙʣʠʮʘ 

2.8.); 

4) ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʢʨʦʚʠ (ʪʘʙʣʠʮʘ 2.9.). 

 

 

 

 

ʊʘʙʣʠʮʘ 2.6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʧʳ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ, ʦʙʨʘʟʮʳ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʟʤʝʨʘ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ 
 

 
ɻʨʫʧʧʳ 

ʇʘʮʠʝʥʪʳ ʩ ʈʇɾ, n=20 ɿʜʦʨʦʚʳʝ ʜʦʥʦʨʳ, n=14 

ɺʦʟʨʘʩʪ 

ʉʨʝʜʥʝʝÑSEM 

ɼʠʘʧʘʟʦʥ 

72Ñ1,5 59Ñ1,7 

63-82 48-73 

ʆʙʱʠʡ ʇʉɸ, ʥʛ/ʤʣ 20Ñ3 1,1Ñ0,15 

ʉʪʘʜʠʷ ʈʇɾ (T2-3NʍMʍ,1) 

T2 7 (50%) 

ʥʝʪ 

T3 7 (50%) 

Nʭ 14 (100%) 

Mʭ 13 (93%) 

M1 1 (7%) 

ɻʣʠʩʦʥ 

5-6 1 (7%) 

ʥʝʪ 6 5 (36%) 

7 8 (57%) 
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ʊʘʙʣʠʮʘ 2.7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʧʳ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʨʦʚʥʷ ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʤʠʢʨʦʈʅʂ ʚ ʤʦʯʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
 

 

ɻʨʫʧʧʳ 

ʇʘʮʠʝʥʪʳ ʩ 

ʈʇɾ 

n=10 

ʇʘʮʠʝʥʪʳ ʩ  

ɼɻʇɾ 

n=10 

ɿʜʦʨʦʚʳʝ 

ʜʦʥʦʨʳ 

n=10 

ɺʦʟʨʘʩʪ 

ʉʨʝʜʥʝʝÑSD 

ɼʠʘʧʘʟʦʥ 

70,5Ñ5,4 68Ñ7,1 57,5Ñ5,5 

56-82 53-81 48-66 

ʆʙʱʠʡ ʇʉɸ, 

ʥʛ/ʤʣ 
16,3Ñ5,9 11,6Ñ4,9 0,82Ñ0,2 

ʉʪʘʜʠʷ ʈʇɾ 

T2NʭMʭ 5 (50%) 
ʥʝʪ ʥʝʪ 

T3NʭMʭ 5 (50%) 

ɻʣʠʩʦʥ 

6 5 (50%) 
ʥʝʪ ʥʝʪ 

7 5 (50%) 

 

 

 

 

ʊʘʙʣʠʮʘ 2.8. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʧʳ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʝʨʠʬʠʢʘʮʠʠ 

 ʚʳʙʨʘʥʥʦʡ ʧʘʥʝʣʠ ʤʠʢʨʦʈʅʂ 
 

 

ɻʨʫʧʧʳ 

ʇʘʮʠʝʥʪʳ ʩ 

ʈʇɾ 

n=10 

ʇʘʮʠʝʥʪʳ ʩ ɼɻʇɾ 

n=8 

ɿʜʦʨʦʚʳʝ 

ʜʦʥʦʨʳ 

n=11 

ɺʦʟʨʘʩʪ 

ʉʨʝʜʥʝʝÑSD 

ɼʠʘʧʘʟʦʥ 

61,9Ñ6,0 72,2Ñ9,7 54,8Ñ3,6 

54-71 63-81 50-60 

ʆʙʱʠʡ ʇʉɸ, 

ʥʛ/ʤʣ 
8,2Ñ0,9 6,3Ñ2,1 0,9Ñ0,1 

ʉʪʘʜʠʷ ʈʇɾ 

T1N0M0 3 (30%) 
ʥʝʪ ʥʝʪ 

T2N0M0 7 (70%) 

ɻʣʠʩʦʥ 

5 1 (10%) 

ʥʝʪ ʥʝʪ 6 3 (30%) 

7 6 (60%) 
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ʊʘʙʣʠʮʘ 2.9. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʧʳ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʘʥʘʣʠʟʝ  

ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʢʨʦʚʠ. 
 

 

ɻʨʫʧʧʳ 

ʇʘʮʠʝʥʪʳ ʩ ʈʇɾ 

n=20 
ʇʘʮʠʝʥʪʳ ʩ ɼɻʇɾ 

n=17 
ɿʜʦʨʦʚʳʝ ʜʦʥʦʨʳ 

n=18 

ɺʦʟʨʘʩʪ 

ʉʨʝʜʥʝʝÑSD 

 

67,6Ñ7,3 66,6Ñ7,5 61,7Ñ6,6 

ɼʠʘʧʘʟʦʥ 55 - 77 54-79 53-74 

ʆʙʱʠʡ ʇʉɸ, ʥʛ/ʤʣ 

ʉʨʝʜʥʝʝÑSD 

 

17,5Ñ12,3 10,7Ñ8,5 1,2Ñ0,7 

ɼʠʘʧʘʟʦʥ 4,8-48,7 0,6-41,5 0,2-2,3 

ʉʪʘʜʠʷ ʈʇɾ 

T2bNxMx 7 (35%) 

ʥʝʪ ʥʝʪ 
T2ʩNxMx 6 (30%) 

T3ʘNxMx 4 (20%) 

T3bNxMx 3 (15%) 

ɻʣʠʩʦʥ 

ʅʝʠʟʚʝʩʪʝʥ 1 (5%) 

ʥʝʪ ʥʝʪ 

4-5 1 (5%) 

5 2 (10%) 

5-6 3 (15%) 

6 7 (35%) 

7 4 (20%) 

8 2 (10%) 

 

ɼʘʥʥʳʝ ʧʘʮʠʝʥʪʦʚ, ʦʙʨʘʟʮʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ. 

2.1.5. ʂʣʝʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ 

ʂʣʝʪʢʠ ʮʝʨʚʠʢʘʣʴʥʦʡ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ Hela ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ American Cell 

Type collection. ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʫʧʦʯʥʦʡ ʚʝʥʳ ʯʝʣʦʚʝʢʘ HUVEC ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [497]. 

ʃʝʡʢʦʮʠʪʳ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʦʪʜʝʣʝʥʠʷ ʧʝʨʝʣʠʚʘʥʠʷ ʢʨʦʚʠ ʅʄʀʎ ʠʤ. ɽ.ʅ. 

ʄʝʰʘʣʢʠʥʘ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ). 

 

2.2. ʄʝʪʦʜʳ 

2.2.1. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʣʠʥʠʡ HeLa ʠ HUVEC. 

ʂʣʝʪʢʠ ʣʠʥʠʡ HeLa ʠ HUVEC ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ [498]. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ CpG-ʩʘʡʪʦʚ ʚʥɼʅʂ ʢʣʝʪʢʠ HeLa ʠ 
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HUVEC ʚʳʩʝʠʚʘʣʠ ʚ ʧʣʦʪʥʦʩʪʠ 10
4
 ʢʣʝʪʦʢ/ʩʤ

2
. ʉʧʫʩʪʷ 16 ʯ ʧʦʩʣʝ ʧʦʩʝʚʘ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ 

DMEM ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʚʝʞʝʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʏʝʨʝʟ ʨʘʟʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ 

ʩʦʙʠʨʘʣʠ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʠ ʢʣʝʪʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ɼʅʂ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʬʨʘʢʮʠʡ (ʩʤ. ʧ. 2.2.7.12.). 

 

2.2.2. ʋʯʸʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʩʘʪʝʣʴʥʦ ʢʘʢ ʜʘʥʥʳʭ 

ʧʘʮʠʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʚʦʟʨʘʩʪ, ʧʦʣ, ʜʠʘʛʥʦʟ, ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʞʘʣʦʙʳ, ʧʦʣʫʯʝʥʥʦʝ 

ʣʝʯʝʥʠʝ, ʠʩʭʦʜ ʠ ʪ.ʜ., ʪʘʢ ʠ ʦʙʲʸʤʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʯʘʥʠʷ (ʥʘʣʠʯʠʝ ʛʝʤʦʣʠʟʘ ʚ ʢʨʦʚʠ, ʢʨʦʚʠ ʚ ʤʦʯʝ ʠ ʪ.ʜ.) ʚʥʦʩʠʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ çɹʘʟʫ ʜʘʥʥʳʭ ʫʯʝʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʦʧʠʩʘʥʠʷ ʢʣʠʥʠʢʦ-

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʮʠʝʥʪʦʚ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɹɼ-ɿʇɾ)è, 

ʩʦʜʝʨʞʘʱʫʶ ʩʫʤʤʘʨʥʦ ʜʚʝʥʥʘʜʮʘʪʴ ʪʘʙʣʠʮ. ʆʜʠʥʥʘʜʮʘʪʴ ʪʘʙʣʠʮ, ʚʭʦʜʷʱʠʭ ʚ ɹɼ-ɿʇɾ 

ʧʦʟʚʦʣʷʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʠʥʠʢʦ-ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʙʦʣʴʥʳʭ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʧʦʣʫʯʝʥʥʫʶ 

ʠʟ ʤʝʜʠʮʠʥʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʧʘʮʠʝʥʪʘ ʧʦʜ 

ʤʝʜʠʮʠʥʩʢʠʤ ʥʘʙʣʶʜʝʥʠʝʤ); ʜʚʝʥʥʘʜʮʘʪʘʷ ʪʘʙʣʠʮʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʯʸʪʘ ʨʘʟʣʠʯʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʠ ʤʦʯʠ (ʚʢʣʶʯʘʷ ʦʙʨʘʟʮʳ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ), ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ (ʢʘʢ ʩ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʇɾ, ʪʘʢ ʠ ʠʟ ʛʨʫʧʧ ʨʠʩʢʘ) ʠʣʠ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹɼ-ɿʇɾ ʧʦʟʚʦʣʷʝʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʘʭ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʠʩʢʫ ʥʦʚʳʭ 

ʤʘʨʢʝʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʈʇɾ.  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟr ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʧʦʠʩʢ 

ʧʦ ʣʶʙʦʤʫ çʧʨʠʟʥʘʢʫè ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʠ çʧʨʠʟʥʘʢʦʚè ʚʭʦʜʥʦʛʦ ʬʦʨʤʘʪʘ, ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʩʷ ʦʪʦʙʨʘʥʥʳʡ ʤʘʩʩʠʚ. 

 

2.2.3. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʫʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

2.2.3.1. ʇʦʣʫʯʝʥʠʝ ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʆʙʨʘʟʮʳ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʩʦʙʠʨʘʣʠ ʚ ʧʨʦʙʠʨʢʠ Vacutainer, ʩʦʜʝʨʞʘʱʠʝ ʕɼʊɸ, ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʥʘ ʧʣʘʟʤʫ ʠ ʢʣʝʪʢʠ ʢʨʦʚʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʧʦʩʣʝ ʟʘʙʦʨʘ ʢʨʦʚʠ. ɼʣʷ ʵʪʦʛʦ, 

ʧʣʘʟʤʫ ʦʪʙʠʨʘʣʠ ʠʟ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʧʦʩʣʝ ʜʚʦʡʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 400g ʚ ʪʝʯʝʥʠʝ 
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15 ʤʠʥʫʪ ʠ 800g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʧʣʘʟʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

ʧʨʠ 17000g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ɺʩʝ ʪʨʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4ÁC 

(ʨʠʩ. 2.1.ɸ). 

 

ʈʠʩʫʥʦʢ 2.1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʚʝʟʠʢʫʣ ʢʨʦʚʠ (ɸ) ʠ ʤʦʯʠ (ɹ). 

 

ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʧʣʘʟʤʳ ʘʣʠʢʚʦʪʠʨʦʚʘʣʠʩʴ ʠ ʟʘʤʦʨʘʞʠʚʘʣʠʩʴ (ʢʨʦʤʝ İ ʦʙʲʸʤʘ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ 17000g, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ (ʩʤ. ʥʠʞʝ ʧ. 

2.2.3.2.) ʧʨʠ ï20ÁC ʜʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʙʨʘʟʮʳ ʤʦʯʠ ʩ ʢʘʞʜʦʛʦ ʜʦʥʦʨʘ/ʧʘʮʠʝʥʪʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʩʪʝʨʠʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʜʦ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʮʝʜʫʨ. ʂʣʝʪʢʠ ʠ ʢʣʝʪʦʯʥʳʡ ʜʝʙʨʠʩ ʫʜʘʣʷʣʠ (ʨʠʩ. 2.1.ɹ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷʤʠ ʧʨʠ 400g ʠ 17000g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ İ ʦʙʲʸʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ (ʉɺɺ) ʤʦʯʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ 

ʬʨʘʢʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ, ʦʙʦʛʘʱʝʥʥʦʡ ʵʢʟʦʩʦʤʘʤʠ (ʌʆʕ) (ʩʤ. ʥʠʞʝ ʧ. 2.2.3.2.), ʜʨʫʛʘʷ 

ʯʘʩʪʴ ʩʫʧʝʨʥʘʪʘʥʪʘ ʘʣʠʢʚʦʪʠʨʦʚʘʣʘʩʴ ʠ ʭʨʘʥʠʣʘʩʴ ʧʨʠ ï20ÁC ʜʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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2.2.3.2. ʇʦʣʫʯʝʥʠʝ ʬʨʘʢʮʠʡ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʄʦʯʫ (5 ʤʣ) ʠʣʠ ʧʣʘʟʤʫ ʢʨʦʚʠ (500 ʤʢʣ) ʜʦʚʦʜʠʣʠ ʜʦ 12 ʤʣ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ 

(PBS), ʧʝʨʝʥʦʩʠʣʠ ʚ 14 ʤʣ ʮʝʥʪʨʠʬʫʞʥʫʶ ʧʨʦʙʠʨʢʫ ʩ ʦʪʢʨʳʪʳʤ ʚʝʨʭʦʤ Ultra-ClearTM 

(Beckman Coulter, Brea, CA) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 100000g ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥʫʪ ʧʨʠ 18ÁC ʚ 

ʮʝʥʪʨʠʬʫʛʝ Beckman Coulter Optima TM L-90k ʩ ʨʦʪʦʨʦʤ SW 40Ti. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʦʩʘʜʢʫ 

ʜʦʙʘʚʣʷʣʠ 20 ʤʣ PBS, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ, İ ʯʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʨʘʢʮʠʠ 

ʩʫʤʤʘʨʥʳʭ ɺɺ. ɼʣʷ ʵʪʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʦʚʪʦʨʥʦ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

(ʈʠʩ. 2.1.). ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 500 ʤʢʣ PBS, ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ 

ʠ ʭʨʘʥʠʣʠ ʧʨʠ ï80ÁC. 

ɺʪʦʨʫʶ ʯʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʨʘʢʮʠʠ ʌʆʕ. ɼʣʷ ʵʪʦʛʦ ʬʠʣʴʪʨʦʚʘʣʠ 

ʩʫʩʧʝʥʟʠʶ ʤʠʢʨʦʯʘʩʪʠʮ ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ (Minisort High-Flow, Sartorius) 

ʠ ʧʦʚʪʦʨʥʦ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 100000g, 18Áʉ, 90 ʤʠʥ (ʈʠʩ. 2.1.). ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 500 ʤʢʣ PBS, ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʠ ʭʨʘʥʠʣʠ ʧʨʠ ï80ÁC. 

2.2.4. ʊʨʘʥʩʤʠʩʩʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʊʕʄ) 

ʊʕʄ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʛʨʫʧʧʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʍɹʌʄ ʉʆ ʈɸʅ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. ʜ.ʙ.ʥ. ʈʷʙʯʠʢʦʚʦʡ ɽ.ʀ. ʉʚʝʞʠʝ ʦʙʨʘʟʮʳ ʉɺɺ ʠ ʌʆʕ (20 ʤʢʣ), ʧʦʣʫʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʦ ʚ ʧ.2.2.3.2. ʠ ʥʘ ʨʠʩʫʥʢʝ 2.1. ʘʜʩʦʨʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʥʘ ʤʝʜʥʳʭ ʩʝʪʢʘʭ, 

ʧʦʢʨʳʪʳʭ ʬʦʨʤʚʘʨʥʦʡ ʧʣʝʥʢʦʡ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʤ. ɿʘʪʝʤ ʩʝʪʢʠ ʧʦʤʝʱʘʣʠ ʜʣʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʥʘ ʢʘʧʣʶ 0,5% ʨʘʩʪʚʦʨʘ ʫʨʘʥʠʣʘʮʝʪʘʪʘ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ ʠʣʠ 2% ʨʘʩʪʚʦʨʘ ʬʦʩʬʦʨʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʳ (5-10 ʩʝʢ), ʠʟʙʳʪʦʢ ʞʠʜʢʦʩʪʠ ʫʜʘʣʷʣʠ 

ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ, ʩʝʪʢʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ 

ʧʦ ʨʘʟʤʝʨʘʤ ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 36 ʠʟʦʙʨʘʞʝʥʠʡ ʊʕʄ ʦʪ ʪʨʝʭ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʪʨʝʭ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ (ʰʝʩʪʴ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʧʘʮʠʝʥʪʘ, ʚ ʩʨʝʜʥʝʤ ~ 39 ʚʝʟʠʢʫʣ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʥʝ ʤʝʥʝʝ 200 ʥʘ ʧʘʮʠʝʥʪʘ). ʇʦʜʩʯʪy ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʨʫʯʥʫʶ ʩ ʰʘʛʦʤ 10 ʥʤ; 

ʥʘʧʨʠʤʝʨ, ʛʨʫʧʧʘ 31-40 ʥʤ ʩʦʜʝʨʞʠʪ ʚʝʟʠʢʫʣʳ ʨʘʟʤʝʨʦʤ ʦʪ 30,1 ʥʤ ʜʦ 40 ʥʤ. ɼʣʷ ʦʮʝʥʢʠ 

ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʥʳʭ ʙʝʣʢʦʚ 10 ʤʢʣ ʨʘʟʤʦʨʦʞʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 18 ʯ ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ ʰʝʡʢʝʨʝ Elpan 358S ʩ 10 ʤʢʣ 0,5% BSA/PBS ʠ 3 ʤʢʣ ʤʳʰʠʥʳʭ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠ-CD63, CD24 ʠ CD9-ʘʥʪʠʪʝʣ (100 ʤʢʛ/ʤʣ). ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚʝʟʠʢʫʣʳ 

ʘʜʩʦʨʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʥʘ ʤʝʜʥʳʭ ʩʝʪʢʘʭ, ʧʦʢʨʳʪʳʭ ʧʣʝʥʢʦʡ ʬʦʨʤʚʘʨʘ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʤ. ɼʘʣʝʝ ʩʝʪʢʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ PBS ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʢʦʥʲʶʛʘʪʦʤ (ʙʝʣʦʢ ɸ - ʢʦʣʣʦʠʜʥʦʝ ʟʦʣʦʪʦ) ʚ ʪʝʯʝʥʠʝ 2 ʯ ʚʦ ʚʣʘʞʥʦʡ ʢʘʤʝʨʝ ʥʘ 

ʰʝʡʢʝʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʦʚʘ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ PBS ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʪʝʯʝʥʠʝ 10 ʩʝʢ, ʢʘʢ ʦʧʠʩʘʥʦ 

ʨʘʥʝʝ [499, 500]. ʉʝʪʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 
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JEM1400 (80 ʢɺ, Jeol, ʗʧʦʥʠʷ), ʩʥʘʙʞʝʥʥʦʛʦ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ Veleta (Olympus SIS, 

ɻʝʨʤʘʥʠʷ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ iTEM (Olympus SIS, ɻʝʨʤʘʥʠʷ). 

2.2.5. ʆʮʝʥʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʧʨʝʧʘʨʘʪʘʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ NanoOrange Protein Quantitation Kit  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʝʧʘʨʘʪʳ ʉɺɺ ʠ ʌʆʕ ʣʠʟʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥ ʥʘ ʣʴʜʫ ʚ ʙʫʬʝʨʝ ʜʣʷ ʣʠʟʠʩʘ (125 ʤʄ ʊʨʠʩ-HCl, pH 6,8, 4% SDS, 0,1 M DTT), ʟʘʪʝʤ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 95ÁC ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʩ ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʦʤ ʨʝʘʛʝʥʪʘ NanoOrange. 

ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʠʟʤʝʨʷʣʠ ʥʘ ʬʣʫʦʨʠʤʝʪʨʝ VersaFluorÊ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠ ̫480 ʥʤ ʠ 

ʠʩʧʫʩʢʘʥʠʷ 580 ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ɹʉA. 

2.2.6. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʃʝʤʤʣʠ ʠ 

ɺʝʩʪʝʨʥ-ʙʣʦʪ 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ 10-20% ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʛʦ ʛʝʣʷ 30:1) ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ SDS PAGE, ʙʫʬʝʨʦʚ 

ʃʝʤʤʣʠ ʠ 4,5% ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʛʦ ʛʝʣʷ [501]. ɺʥʘʯʘʣʝ ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ 

(62,5 ʤʄ ʊʨʠʩ-HCl (ʨʅ 6,8), 10% ʛʣʠʮʝʨʠʥ, 0,5% SDS ʠ 2,5% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ), ʩʦʜʝʨʞʘʱʠʤ 

ʙʨʦʤʬʝʥʦʣ ʩʠʥʠʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 95Áʉ, ʘ ʜʘʣʝʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 17000g ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʛʝʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟ ʛʝʣʷ ʧʝʨʝʥʦʩʠʣʠ ʙʝʣʢʠ ʥʘ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫ  ʁʤʝʤʙʨʘʥʫ ʚ ʙʫʬʝʨʝ ɺʝʩʪʝʨʥ-ʙʣʦʪ (217 ʤʄ ʊʨʠʩ-ʛʣʠʮʠʥ (ʨʅ 8,6) ʠ 9,5% 

ʵʪʘʥʦʣ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʤʝʤʙʨʘʥ rʢʦʣʣʦʠʜʥʳʤ ʩʝʨʝʙʨʦʤ [502]. 

2.2.7. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʘʥʘʣʠʟ  

2.2.7.1. ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʫʧʝʨʥʘʪʘʥʪʘ ʧʣʘʟʤʳ ʢʨʦʚʠ (ʧʦʩʣʝ 17000g) 

ʠ ʬʨʘʢʮʠʠ ʉɺɺ ʧʣʘʟʤʳ. ɼʣʷ ʵʪʦʛʦ ʢ ʥʝʦʙʭʦʜʠʤʦʤʫ ʦʙʲʸʤʫ (V) ʦʙʨʘʟʮʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʪʱʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʜʦʙʘʚʣʷʣʠ 0,03 V 

100% 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ, 0,67 V 6,75 ʄ GuSCN ʠ 1 V 3,75% ʨʘʩʪʚʦʨʘ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 2 ʄ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, pH 4,0. ʀʥʢʫʙʠʨʦʚʘʣʠ 3 ʤʠʥʫʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [503]. 

ɼʘʣʝʝ ʚ ʦʙʨʘʟʮʳ ʚʥʦʩʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʫʶ cel miR 39 3p ʚ ʢʦʣʠʯʝʩʪʚʝ 5Ĭ10
7
 ʢʦʧʠʡ ʥʘ ʚʳʜʝʣʝʥʠʝ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2,67 V 96% 

ʵʪʘʥʦʣʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʥʘʥʦʩʠʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʥʘ ʤʠʢʨʦʢʦʣʦʥʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʠʦʩʠʣʠʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ɼʘʣʝʝ ʚ ʢʦʣʦʥʢʫ ʚʥʦʩʠʣʠ 600 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ˉ1 (0,5 ʄ GuSCN, 10 ʤM ʊʨʠʩ-ʘʮʝʪʘʪ (pH 6,5), 50% ʵʪʘʥʦʣ), ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ ʮʝʥʪʨʠʬʫʛʝ 
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Biofuge pico heraeus ʧʨʠ 13000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʢʦʣʦʥʢʫ ʚʥʦʩʠʣʠ 

700 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʤʳʚʢʠ ˉ2 (10 ʤM Tris-HCl (pH 7,5) 0.1 M NaCl, 75% ʵʪʘʥʦʣ), 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 13000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ɿʘʪʝʤ ʧʝʨʝʥʦʩʠʣʠ ʢʦʣʦʥʢʫ ʚ ʥʦʚʫʶ 

ʧʨʦʙʠʨʢʫ ʠ ʚʥʦʩʠʣʠ ʚ ʥʝʸ 120 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʵʣʶʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʠʦʉʠʣʠʢʘè ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʚʦʡʥʳʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 2000 ʦʙ/ʤʠʥ ʠ 13000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ ʢʘʞʜʦʝ. ɼʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʈʅʂ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.7. 

 

2.2.7.2. ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʦʬʦʨʤʘ (ʦʜʥʦʬʘʟʥʳʡ 

ʧʨʦʪʦʢʦʣ) 

ʆʙʨʘʟʮʳ ʧʣʘʟʤʳ ʢʨʦʚʠ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʭʨʘʥʠʣʠʩʴ ʧʨʠ -20Áʉ. ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ 

ʦʪʪʘʠʚʘʥʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʨʠʦʧʨʝʮʠʧʠʪʘʪʘ ʦʙʨʘʟʮʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (3000g, 5 ʤʠʥ). ʀʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪʘ (150 ʤʢʣ) ʚʳʜʝʣʷʣʠ ʤʠʢʨʦʈʅʂ. ɼʣʷ ʵʪʦʛʦ, ʦʙʨʘʟʝʮ ʧʣʘʟʤʳ 

ʩʤʝʰʠʚʘʣʠ ʩ 4,5 ʤʢʣ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʠ 300 ʤʢʣ ʜʝʥʘʪʫʨʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (6 ʄ ʛʫʘʥʠʜʠʥʘ 

ʠʟʦʪʠʦʮʠʘʥʘʪ ʠ 15 ʤʄ ʊʨʠʩ-ʘʮʝʪʘʪ, ʨʅ 6,5). ʉʤʝʩʴ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʩʝʢ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 1,35 ʤʣ ʨʘʩʪʚʦʨʘ 

ʵʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (ʚ ʧʨʦʧʦʨʮʠʠ 2:1), ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʩʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (10000g, 5 ʤʠʥ) ʠ 

ʥʘʥʦʩʠʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʥʘ ʢʦʣʦʥʢʫ ʩʦ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʤ ʩʦʨʙʝʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʠʦʉʠʣʠʢʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʢʦʣʦʥʢʫ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʧʦ 300 ʤʢʣ ʙʫʬʝʨʦʤ ʜʣʷ ʧʨʦʤʳʚʢʠ 1 (1 ʄ GuSCN, 

2,5 ʤʄ ʊʨʠʩ-ʘʮʝʪʘʪ, 50% ʵʪʘʥʦʣ, 25% ʭʣʦʨʦʬʦʨʤ ʠ 1% 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʫʰʢʦʡ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10000g, 1 ʤʠʥ). ɼʘʣʝʝ ʜʚʘʞʜʳ 

ʧʨʦʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʧʦ 300 ʤʢʣ ʙʫʬʝʨʦʤ ʜʣʷ ʧʨʦʤʳʚʢʠ 2 (0,1 ʄ NaCl, 75% ʵʪʘʥʦʣ ʠ 10 ʤʄ 

ʊʨʠʩ-HCl, pH 7,5) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 

(10000g, 1 ʤʠʥ). ʂʦʣʦʥʢʫ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫʶ ʧʨʦʙʠʨʢʫ ʠ ʵʣʶʠʨʦʚʘʣʠ ʈʅʂ ʩʦ 

ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʜʦʙʘʚʣʝʥʠʝʤ 120 ʤʢʣ ʵʣʶʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ ʜʣʷ ʈʅʂ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʠʦʉʠʣʠʢʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (400g, 1 ʤʠʥ ʠ 10000g, 1 ʤʠʥ). 

ʇʦʣʫʯʝʥʥʳʡ ʵʣʶʘʪ ʩʦʜʝʨʞʠʪ ʦʯʠʱʝʥʥʫʶ ʤʠʢʨʦʈʅʂ. 

 

2.2.7.3. ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ (ʧʦʩʣʝ 17000g) ʠ 

ʬʨʘʢʮʠʡ ɺɺ ʤʦʯʠ. ɼʣʷ ʵʪʦʛʦ ʢ ʥʝʦʙʭʦʜʠʤʦʤʫ ʦʙʲʸʤʫ (V) ʦʙʨʘʟʮʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʪʱʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʜʦʙʘʚʣʷʣʠ 

0,025 V 100% 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ, İ V 6,75ʄ GuSCN ʠ 1 V 3,75% ʨʘʩʪʚʦʨʘ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 
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2ʄ ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, pH 4,0. ʀʥʢʫʙʠʨʦʚʘʣʠ 3 ʤʠʥʫʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [503]. 

ɼʘʣʝʝ ʚ ʦʙʨʘʟʮʳ ʚʥʦʩʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʫʶ cel miR 39 3p ʚ ʢʦʣʠʯʝʩʪʚʝ 5Ĭ10
7
 ʢʦʧʠʡ ʥʘ ʚʳʜʝʣʝʥʠʝ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 2,5 V 96% 

ʵʪʘʥʦʣʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʥʘʥʦʩʠʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʥʘ ʤʠʢʨʦʢʦʣʦʥʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʠʦʉʠʣʠʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ɼʘʣʝʝ ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʚʳʧʦʣʥʷʣʠ ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ 

ʧ.2.2.7.1. ʉʫʭʦʡ ʦʩʘʜʦʢ ʪʱʘʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ ʚ 30 ʤʢʣ ʚʦʜʳ ʠ ʭʨʘʥʠʣʠ 

ʧʨʠ -20Áʉ. 

 

2.2.7.4. ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʦʬʦʨʤʘ (ʦʜʥʦʬʘʟʥʳʡ ʧʨʦʪʦʢʦʣ) 

ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʧʨʝʜʣʦʞʝʥʥʳʤ ʥʠʞʝ ʤʝʪʦʜʦʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ 

ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʤʦʯʠ (ʧʦʩʣʝ 400g ʠ 17000g) ʠ ʬʨʘʢʮʠʡ ʉɺɺ ʠ ʌʆʕ ʤʦʯʠ. ɼʣʷ ʵʪʦʛʦ, ʢ 1 V 

ʦʙʨʘʟʮʘ ʩ ʪʱʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ 0,03 V 100% 2-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʠ 2 V ʜʝʥʘʪʫʨʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (6 ʄ GuSCN ʠ 15 ʤʄ ʪʨʠʩ-ʘʮʝʪʘʪ, pH 6,5). 

ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʩ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ 9 V ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (2 ʦʙʲʝʤʘ ʵʪʘʥʦʣʘ ʠ ʦʜʠʥ ʦʙʲʝʤ ʭʣʦʨʦʬʦʨʤʘ), 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 10000g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɼʘʣʝʝ ʥʘʥʦʩʠʣʠ 

ʧʦʣʫʯʝʥʥʳʡ ʩʫʧʝʨʥʘʪʘʥʪ ʥʘ ʤʠʢʨʦʢʦʣʦʥʢʫ ʩʦ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʤ ʩʦʨʙʝʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

çɹʠʦʩʠʣʠʢʘè ʠ ʚʳʧʦʣʥʷʣʠ ʚʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʘʥʘʣʦʛʠʯʥʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ 

ʚʳʜʝʣʝʥʠʷ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ (ʩʤ ʧ.2.2.7.2.). 

ʂʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʤʠʢʨʦʈʅʂ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.7. 

 

2.2.7.5. ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʥʦʣʘ ʠ ʭʣʦʨʦʬʦʨʤʘ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʢʠʩʣʫʶ ʵʢʩʪʨʘʢʮʠʶ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʚʧrʦʣʥʷʣʠ, ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ 

ʧʨʦʪʦʢʦʣ, ʦʧʠʩʘʥʥʳʡ ʚ [356] ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʠ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ. ɼʣʷ ʵʪʦʛʦ, 1 ʦʙʲʸʤ ʦʙʨʘʟʮʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ 

ʦʙʲʸʤʦʤ ʜʝʥʘʪʫʨʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (1% 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ ʠ 3 ʄ GuSCN ʚ ʩʣʫʯʘʝ ʧʣʘʟʤʳ ʠʣʠ 

1 ʄ GuSCN ʚ ʩʣʫʯʘʝ ʤʦʯʠ) ʠ 0,0375 V 2 ʄ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, pH 4,0. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʪʱʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʜʦʙʘʚʣʷʣʠ 2 V ʬʝʥʦʣʘ ʠ 0,35 V ʭʣʦʨʦʬʦʨʤʘ. ʉʤʝʩʴ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 10000g, 4ÁC ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʚʦʜʥʫʶ ʬʘʟʫ 

ʩʦʙʠʨʘʣʠ ʠ ʧʦʚʪʦʨʥʦ ʧʨʦʚʦʜʠʣʠ ʵʢʩʪʨʘʢʮʠʶ ʬʝʥʦʣʦʤ. ɺʦʜʥʫʶ ʬʘʟʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʚʪʦʨʦʡ 

ʵʢʩʪʨʘʢʮʠʠ, ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ 2 ʄ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, pH 4,0, ʜʚʦʡʥʳʤ ʦʙʲʝʤʦʤ 96% 

ʵʪʘʥʦʣʘ ʠ ʦʯʠʱʘʣʠ ʥʘ ʢʦʣʦʥʢʘʭ ʩʦ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʤ ʩʦʨʙʝʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʠʦʩʠʣʠʢʘè. 

ɼʘʣʝʝ ʢʦʣʦʥʢʫ ʧʨʦʤʳʚʘʣʠ 300 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʤʳʚʢʠ 1 (0,3 ʄ GuSCN, 10 ʤʄ ʪʨʠʩ-ʘʮʝʪʘʪ, 
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pH 6,5, 50% ʵʪʘʥʦʣ, 1% 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ) ʠ 300 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʧʨʦʤʳʚʢʠ 2 (0,1 ʄ NaCl, 75% 

ʵʪʘʥʦʣ ʠ 10 ʤʄ ʪʨʠʩ-HCl, pH 7,5), ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.2. ʄʠʢʨʦʈʅʂ ʵʣʶʠʨʦʚʘʣʠ ʩ ʢʦʣʦʥʢʠ 

120 ʤʢʣ ʵʣʶʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʠʦʩʠʣʠʢʘè. ʂʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʤʠʢʨʦʈʅʂ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.7. 

 

2.2.7.6. ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ Exiqon miRCURY 

ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ Exiqon 

miRCURY (ˉ 300112) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʧ ʦʩʘʞʜʝʥʠʷ ʤʠʢʨʦʈʅʂ ʙʳʣ ʚʳʧʦʣʥʝʥ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.7., ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʙʦʣʝʝ ʯʠʩʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ʤʠʢʨʦʈʅʂ.  

 

2.2.7.7. ʆʩʘʞʜʝʥʠʝ ʤʠʢʨʦʈʅʂ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʙʦʣʝʝ ʯʠʩʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʠʢʨʦʈʅʂ, ʢ 

ʧʦʣʫʯʝʥʥʦʤʫ ʦʙʨʘʟʮʫ (ʤʠʢʨʦʈʅʂ ʚ 120 ʤʢʣ ʵʣʶʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʠʦʩʠʣʠʢʘè) 

ʜʦʙʘʚʣʷʣʠ, ʩ ʪʱʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 1,5 ʤʢʣ 

ʛʣʠʢʦʛʝʥʘ (20 ʤʛ/ʤʣ), 12 ʤʢʣ 3 ʄ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ (pH 7,4) ʠ 130 ʤʢʣ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʉʤʝʩʴ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥʫʪ ʧʨʠ -20Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 13000g, 4Áʉ ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥʫʪ. ʉʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ, ʢʦʥʪʨʦʣʠʨʫʷ ʧʦʣʦʞʝʥʠʝ ʦʩʘʜʢʘ ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ. 

ʂ ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ 300 ʤʢʣ 70% ʵʪʘʥʦʣʘ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 7500g ʠ 

ʧʨʠ 4Áʉ. ʉʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ, ʢʦʥʪʨʦʣʠʨʫʷ ʧʦʣʦʞʝʥʠʝ ʦʩʘʜʢʘ ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ. ɺ 

ʧʨʦʙʠʨʢʫ ʚʥʦʩʠʣʠ 300 ʤʢʣ 96% ʵʪʘʥʦʣʘ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 7500g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 

4Áʉ. ʉʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ, ʢʦʥʪʨʦʣʠʨʫʷ ʧʦʣʦʞʝʥʠʝ ʦʩʘʜʢʘ. ʉʫʰʠʣʠ ʦʩʘʜʦʢ ʚ 

ʪʝʯʝʥʠʝ 20-40 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʫʭʦʡ ʦʩʘʜʦʢ ʪʱʘʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ 

ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ ʚ 30 ʤʢʣ ʚʦʜʳ ʠ ʭʨʘʥʠʣʠ ʧʨʠ -20Áʉ. 

 

2.2.7.8. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [
32

P]-ʤʝʯʝʥʦʡ ʤʠʢʨʦʈʅʂ 

ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ ʬʦʩʬʦʨʘ ʚʚʦʜʠʣʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜ hsa-miR-

21-5ʨ (5ô-UAGCUUAUCAGACUGAUGUUGA-3ô, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʍʠʤʠʠ ʈʅʂ 

ʀʍɹʌʄ ʉʆ ʈɸʅ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊ4 ʧʦʣʠʥʫʢʣʝʦʪʠʜ ʢʠʥʘʟʳ [504]. ɼʣʷ ʵʪʦʛʦ ʢ 0,2 ʦ.ʝ. 

ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʜʦʙʘʚʣʷʣʠ 5 ʝʜ. ʊ4 ʧʦʣʠʥʫʢʣʝʦʪʠʜ ʢʠʥʘʟʳ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 0,1 ʤM 

ʩʧʝʨʤʠʜʠʥ, 5 ʤM ɼʊʊ, 50 ʤM ʪʨʠʩ-HCl (pH 7.6), 10 ʤM MgCl2, 0,1 ʤM ʕɼʊɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

14 ʤɹʢ [ɔ-
32

P]-ɸʊʌ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 1ʯʘʩʘ. ɼʘʣʝʝ ʜʦʙʘʚʣʷʣʠ ʢ ʧʦʣʫʯʝʥʥʦʡ 

ʩʤʝʩʠ 5 ʝʜ. ʊ4 ʧʦʣʠʥʫʢʣʝʦʪʠʜ ʢʠʥʘʟʳ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ï20Áʉ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ (10-12 ʯʘʩʦʚ). 
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ʇʦʣʫʯʝʥʥʳʡ ʨʘʜʠʦʘʢʪʠʚʥʦ-ʤʝʯʝʥʳʡ ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʤʠʢʨʦʈʅʂ-21 ʙʳʣ ʦʯʠʝɦʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ (16% ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ ʛʝʣɹ (ʩʦʦʪʥʦʰʝʥʠʝ 

ʘʢʨʠʣʘʤʠʜ:ʙʠʩʘʢʨʠʣʘʤʠʜ = 30:1) ʩ 8 ʄ ʤʦʯʝʚʠʥʦʡ). ɼʘʣʝʝ ʧʨʠ ʧʦʤʦʱʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʠ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚ ʛʝʣʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʵʣʶʮʠʠ (200 ɺ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ) ʧʝʨʝʥʦʩʠʣʠ ʠʟ ʛʝʣʷ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʳʝ 

ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʥʘ ɼɽɸɽ-ʮʝʣʣʶʣʦʟʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʮʁʠʝʡ ʦʙʨʘʟʮʘ 5-ʶ ʩʤʝʥʘʤʠ 

3ʄ LiClO4 ʚ ʚʦʜʝ ʧʦ 20 ʤʢʣ ʢʘʞʜʘʷ. ʆʩʘʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚʳʧʦʣʥʷʣʠ 

10-ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʜʚʫʭ ʧʨʦʮʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ LiClO4 ʚ ʘʮʝʪʦʥʝ (5 ʤʠʥ ʧʨʠ 14000g). ɼʘʣʝʝ 

ʦʩʘʜʦʢ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʡ ʦʯʠʱʝʥʥʳʡ ʨʠʙʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʨʘʩʪʚʦʨʷʣʠ ʚ 30 ʤʢʣ ʚʦʜʳ ʠ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʦʧʨʝʜʝʣʷʣʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ. 

ʉʤʝʩʴ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʦʛʦ ʠ ʥʝʤʝʯʝʥʦʛʦ ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:9 (ʭʨʘʥʠʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘ ʣʴʜʫ ʠ 

ʩʤʝʰʠʚʘʣʠ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʝʨʝʜ ʚʳʜʝʣʝʥʠʝʤ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢ 

ʧʦʩʣʝʜʥʠʤ ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʠ ʜʝʥʘʪʫʨʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (100 ʥʤʦʣʴ ʥʘ 100 ʤʢʣ ʦʙʨʘʟʮʘ)). 

ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʯʝʪʘ ʧʦ ʏʝʨʝʥʢʦʚʫ ʥʘ ʩʯʝʪʯʠʢʝ ɓ-ʯʘʩʪʠʮ Tri-Carb 2800 TR ʠʟʤʝʨʷʣʠ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, ʨʘʟʙʘʚʣʝʥʥʦʝ ʚ ʨʘʚʥʦʤ ʦʙʲʝʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ (ʙʫʬʝʨ ʜʣʷ 

ʦʪʤʳʚʢʠ, ʙʫʬʝʨ ʜʣʷ ʵʣʶʮʠʠ, ʚʦʜʘ). 

 

2.2.7.9. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TaqMan ʆʊ-ʇʎʈ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʠʢʨʦʈʅʂ ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʪʣʝʚʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ TaqMan ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ (ʆʊ) 

ʥʘ ʤʘʪʨʠʮʘʭ ʤʠʢʨʦʈʅʂ ʚʳʧʦʣʥʷʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ Chen et al. [399]. ʇʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ 

ʜʠʟʘʡʥʠʨʦʚʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʀʭ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʡ ʫʢʘʟʘʥʳ ʚ ʧ.2.1.3 ʠ ʪʘʙʣʠʮʝ 2.1. ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʦʜʫ ʠ ʧʨʝʧʘʨʘʪʳ ʛʝʥʦʤʥʦʡ ɼʅʂ. 

 

 

2.2.7.10. ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʤʦʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ miRCURY LNA miRNA qPCR ʚʦ ʬʨʘʢʮʠʷʭ ʤʦʯʠ (ʉʄ 

ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 17000g ʠ ʉɺɺ) ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʬʠʣʷ 

ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ. ʅʘʙʦʨ ʤʠʢʨʦʈʅʂ ʙʳʣ ʩʢʦʤʙʠʥʠʨʦʚʘʥ ʠʟ ʤʠʢʨʦʈʅʂ ʩʪʘʥʜʘʨʪʥʦʡ ʧʘʥʝʣʠ 
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Urine Exosomes Focus Panel (Exiqon Ltd, ɼʘʥʠʷ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʈʅʂ ʤʦʯʠ, 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʠʢʨʦʈʅʂ, ʚʳʙʨʘʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʚ ʪʢʘʥʷʭ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʤʦʯʝ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ ʵʪʦʛʦ ʦʨʛʘʥʘ (ʪʘʙʣʠʮʘ 2.10.). ɺʩʝʛʦ ʚ ʘʥʘʣʠʟ ʙʳʣʦ ʚʢʣʶʯʝʥʦ 84 ʤʠʢʨʦʈʅʂ-

ʤʘʨʢʝʨʦʚ ʠ 8 ʥʦʨʤʘʣʠʟʘʪʦʨʦʚ. 

 

ʊʘʙʣʠʮʘ 2.10. ʉʦʩʪʘʚ ʧʘʥʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ 

hsa-let-7a-5p hsa-miR-126-3p hsa-miR-191-5p hsa-miR-24-3p hsa-miR-346 

hsa-let-7b-5p hsa-miR-1285-3p hsa-miR-193b-3p hsa-miR-25-3p hsa-miR-34a-5p 

hsa-let-7c-5p hsa-miR-130a-3p hsa-miR-195-5p hsa-miR-26b-5p hsa-miR-375 

hsa-let-7d-3p hsa-miR-133a-3p hsa-miR-19b-3p hsa-miR-27b-3p hsa-miR-378a-3p 

hsa-let-7d-5p hsa-miR-141-3p hsa-miR-200a-3p hsa-miR-29a-3p hsa-miR-423-5p 

hsa-let-7e-5p hsa-miR-143-3p hsa-miR-200b-3p hsa-miR-29b-3p hsa-miR-425-5p 

hsa-let-7f-5p hsa-miR-145-5p hsa-miR-200c-3p hsa-miR-29c-3p hsa-miR-429 

hsa-let-7g-5p hsa-miR-146a-5p hsa-miR-205-5p hsa-miR-30a-5p hsa-miR-451a 

hsa-let-7i-5p hsa-miR-148a-3p hsa-miR-20a-5p hsa-miR-30b-5p hsa-miR-483-5p 

hsa-miR-100-5p hsa-miR-149-5p hsa-miR-210-3p hsa-miR-30c-5p hsa-miR-484 

hsa-miR-101-3p hsa-miR-151a-5p hsa-miR-214-3p hsa-miR-30d-5p hsa-miR-574-3p 

hsa-miR-103a-3p hsa-miR-15a-5p hsa-miR-21-5p hsa-miR-30e-3p hsa-miR-582-5p 

hsa-miR-106a-5p hsa-miR-15b-5p hsa-miR-221-3p hsa-miR-30e-5p hsa-miR-660-5p 

hsa-miR-106b-5p hsa-miR-16-5p hsa-miR-222-3p hsa-miR-31-3p hsa-miR-92a-3p 

hsa-miR-107 hsa-miR-17-5p hsa-miR-22-3p hsa-miR-31-5p hsa-miR-93-5p 

hsa-miR-10b-5p hsa-miR-183-5p hsa-miR-22-5p hsa-miR-331-3p hsa-miR-99b-5p 

hsa-miR-125b-5p hsa-miR-187-3p hsa-miR-23b-3p hsa-miR-33a-5p ʩel-miR-39-3p 

 

2.2.7.11. ɺʳʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʫʤʤʘʨʥʳʭ ɼʅʂ ʠ ʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʉʫʤʤʘʨʥʫʶ ɼʅʂ ʠ ʈʅʂ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʳʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʣʠ ʈʅʂ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʠʦʉʠʣʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʘʮʝʪʦʥʦʤ ʠ ʪʨʠʵʪʠʣʘʤʠʥʦʤ, 

ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [381]. ʂʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʢʨʘʩʠʪʝʣʷ Hoechst 33258 [505] ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ TaqMan ʇʎʈ (Ŭ-ʩʘʪʝʣʣʠʪʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠ ʧʦʚʪʦʨʳ LINE1) [381]. ɺ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʦʤʥʫʶ ɼʅʂ 

ʣʝʡʢʦʮʠʪʦʚ ʟʜʦʨʦʚʦʛʦ ʜʦʥʦʨʘ. 

ʆʙʨʘʟʮʳ ʈʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ I ʧʨʠ 37ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ, ʘ ʦʜʠʥ ʦʙʨʘʟʝʮ 

ʈʅʂ ʦʪ ʧʘʮʠʝʥʪʘ ʩ ʈʇɾ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʈʅʂʘʟʦʡ A. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈʅʂ ʧʦ 

ʨʘʟʤʝʨʫ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ Agilent 2100 

Bioanalyzer ʠ ʥʘʙʦʨʘ RNA 6000 Pico Kit. ʄʠʢʨʦʈʅʂ ʠʟ ʚʩʝʭ ʬʨʘʢʮʠʡ ʚʳʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʢʘʢ ʦʧʠʩʘʥʦ [506]. ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʈʅʂ 

(ʤʠʢʨʦʈʅʂ-16, -19b, -25, -125b ʠ -205) ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʝʪʣʝʚʦʡ TaqMan ʆʊ-ʇʎʈ, ʢʘʢ 



87 

ʦʧʠʩʘʥʦ ʚ [506]. ʇʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʜʣʷ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʛʣʘʚʝ 2.1.3. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʪʦʢʦʣʘ GuSCN/OcA (ʩʤ. ʧ.2.2.7.1. ʠ ʧ.2.2.7.3.), ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʠ ʥʘʙʦʨʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʣʦʡ ʈʅʂ ʬʠʨʤʳ Agilent ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Agilent 2100 

Expert B.02.07. 

 

2.2.7.12. ɺʳʜʝʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʡ ʠ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠ ʦʮʝʥʢʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʛʝʥʘ RARbeta2 ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʠ 

ʛʝʥɼʅʂ ʢʣʝʪʦʢ ʣʠʥʠʡ HeLa ʠ HUVEC, ɼʅʂ ʚʳʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʠʦʉʠʣʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺʥʝʢʣʝʪʦʯʥʫʶ ɼʅʂ ʠʟ 2 ʤʣ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠʣʠ 4 ʤʣ ʩʫʧʝʨʥʘʪʘʥʪʘ ʢʨʦʚʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ GSTP1, RNF219 ʠ KIAA1539 ʚʳʜʝʣʷʣʠ ʚ 

ʜʫʙʣʷʭ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʠʦʉʠʣʠʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʵʣʶʠʨʦʚʘʣʠ ʚ 240 ʤʢʣ ʚʦʜʳ (ʙʝʟ ʥʫʢʣʝʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ). ɼʘʣʝʝ: 

1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ PicoGreen (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ) ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʚ ʧʣʘʟʤʝ ʠ 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ. ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ 480 ʥʤ/520 ʥʤ ʧʨʠʙʦʨʝ VersaFluorÓ. 

2) ʧʦʣʫʯʝʥʥʫ  ʁʚʥɼʅʂ (225 ʤʢʣ) ʩʤʝʰʠʚʘʣʠ ʩ 5 ʤʢʣ ʛʣʠʢʦʛʝʥʘ (20 ʤʛ/ʤʣ) ʠ 1/10 ʦʙʲʝʤʦʤ 

50 ʤʄ ʪʨʠʵʪʠʣʘʤʠʥʘ, ʟʘʪʝʤ ʩʤʝʩʴ ʦʩʘʞʜʘʣʠ 5-  ʁʦʙʲʝʤʘʤʠ ʘʮʝʪʦʥʘ [381]. ʇʦʩʣʝ ʧʝʨʝʦʩʘʞʜʝʥʠʷ 

ʚʥɼʅʂ ʨʘʩʪʚʦʨʷʣʠ ʚ 52 ʤʢʣ ʚʦʜʳ. ɸʣʠʢʚʦʪʫ ɼʅʂ, ʧʦʣʫʯʝʥʥʫʶ ʥʘ ʵʪʦʤ ʵʪʘʧʝ (2 ʤʢʣ), ʨʘʟʚʦʜʠʣʠ 

ʚ 6 ʨʘʟ ʠ ʦʮʝʥʠʚʘʣʠ ʝʸ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘʮʝʣʝʥʥʦʡ ʥʘ LINE 1 ʵʣʝʤʝʥʪʳ (ʩʤ. ʧ.2.1.3. ʠ ʪʘʙʣʠʮʫ 2.4.). ʆʙʨʘʟʮʳ ɼʅʂ ʟʘʤʦʨʘʞʠʚʘʣʠ ʠ 

ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -20ÁC ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɻʝʥʦʤʥʘ ̫ ɼʅʂ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ çʷʜʝʨʥʦʡè ʬʨʘʢʮʠʠ ʣʝʡʢʦʮʠʪʦʚ ʟʜʦʨʦʚʦʛʦ ʤʫʞʯʠʥʳ, 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʢ ʢʦʥʪʨʦʣ ɹ ʜʣʷ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ (ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʧʦʣʥʦʩʪʴʶ 

ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚ ʣʦʢʫʩʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ) ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. çʗʜʝʨʥʫʶè 

ʬʨʘʢʮʠʶ ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ ʣʠʟʠʩʘ ʣʝʡʢʦʮʠʪʦʚ ʙʫʬʝʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 50 ʤʄ ʪʨʠʩ-HCl, 

0,6% Nonidet P-40, 0,15 M NaCl, 1 ʤʄ Na2MoO4, 1 ʤʤ PMSF, 2 ʤʄ ʕɼʊɸ (15 ʤʠʥ, 4Áʉ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʷʜʝʨ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10000g, 15 ʤʠʥ). 
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ɺʳʜʝʣʝʥʠʝ ʛʝʥʦʤʥʦʡ ɼʅʂ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʦʨʙʮʠʠ ʥʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ, ʢʘʢ ʦʧʠʩʘʥʦ [507]. ɼʘʣʝʝ, ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʝʧʘʨʘʪʫ ɼʅʂ, ʩ ʮʝʣʴʶ 

ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʈʅʂ, ʜʦʙʘʚʣʷʣʠ 0,5 ʤʢʣ 10 ʤʛ/ʤʣ ʈʅʂʘʟʳ ɸ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ 

37Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʚʪʦʨʷʣʠ ʧʨʦʮʝʜʫʨʫ ʚʳʜʝʣʝʥʠʷ ɼʅʂ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ɸ260/ɸ280 ʦʮʝʥʠʚʘʣʠ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ɼʅʂ. 

 

2.2.7.13. ʇʦʜʛʦʪʦʚʢʘ ʧʦʣʥʦʩʪʴʶ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʠ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ 

ʇʎʈ-ʧʨʦʜʫʢʪʳ ʛʝʥʘ RARbeta2 (194 ʧ.ʥ., (ʪʘʙʣʠʮʘ 2.2.)), ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʬʨʘʛʤʝʥʪʳ 

RARbeta2, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ MS-qPCR (ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʩʧʝʮʠʬʠʯʥʳʡ ʜʣʷ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ, ʪʘʙʣʠʮʘ 2.2.) ʙʳʣʠ ʥʘʨʘʙʦʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʇʎʈ. ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʜʣʷ ʇʎʈ ʩʦʩʪʦʷʣʘ ʠʟ ʤʘʪʨʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (5 ʤʢʣ ʛʝʥʦʤʥʦʡ ɼʅʂ HUVEC), 

0,3 ÕM ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʦʚ, 1 ʝʜ.ʘʢ. Taq DNA ʧʦʣʠʤʝʨʘʟʳ ʚ ʙʫʬʝʨʝ ʜʣʷ ʇʎʈ, 

ʩʦʜʝʨʞʘʱʠʤ 2 ʤM MgCl2) ʚ ʢʦʥʝʯʥʦʤ ʦʙʲʸʤʝ 30 ʤʢʣ. ʄʝʪʠʣʠʨʦʚʘʥʥʳʝ ʇʎʈ-ʧʨʦʜʫʢʪʳ 

ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʤʝʪʠʣʘʟʦʡ Msss.I. ɿʘʪʝʤ ʚʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʇʎʈïʧʨʦʜʫʢʪʳ ʛʝʥʘ RARbeta2 (ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʝ) ʙʳʣʠ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.7.14. 

 

2.2.7.14. ɹʠʩʫʣʴʬʠʪʥʘʷ ʢʦʥʚʝʨʩʠʷ ɼʅʂ 

ʆʙʨʘʙʦʪʢʫ ʙʠʩʫʣʴʬʠʪʦʤ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ EZ DNA Methylation-

GoldÊ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʆʙʨʘʟʮʳ (50 ʤʢʣ) ʧʦʣʫʯʝʥʥʳʭ ʚʥɼʅʂ 

(~10ï30 ʥʛ), ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʫ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʣʠ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ 

RARbeta2 (194 ʧ.ʥ.) ʧʦʜʚʝʨʛʘʣʠ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʣʶʠʨʦʚʘʣʠ ɼʅʂ ʚ 

32 ʤʢʣ ʵʣʶʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ. ɸʣʠʢʚʦʪʫ ɼʅʂ (2 ʤʢʣ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʸ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ LINE 1 ʵʣʝʤʝʥʪʳ 

(ʢʨʦʤʝ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʛʝʥʘ RARbeta2) (ʩʤ. ʧ.2.2.7.15.). ʊʠʧʠʯʥʳʡ 

ʚʳʭʦʜ ʚʥɼʅʂ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʢʦʣʝʙʘʣʩʷ ʤʝʞʜʫ 70% ʠ 80%. ʆʩʪʘʚʰʠʝʩʷ 30 ʤʢʣ 

ʦʙʨʘʟʮʘ ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -20ÁC ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ.  

 

2.2.7.15. TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ LINE 1 ʵʣʝʤʝʥʪʳ (ʩʤ. ʧ.2.1.3. 

ʠ ʪʘʙʣʠʮʫ 2.4.), ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʘʢ ʠʩʭʦʜʥʦʡ, ʪʘʢ ʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʙʠʩʫʣʴʬʠʪʦʤ ɼʅʂ, ʜʣʷ ʢʦʥʪʨʦʣ ̫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨ ɹ ɼʅʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʩʫʣʴʬʠʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʝy  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʡ 
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ʇʎʈ. ɻʝʥʦʤʥʘ ̫ɼʅʂ ʣʝʡʢʦʮʠʪʦʚ ʤʫʞʯʠʥʳ ʜʦ ʠ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʇʎʈ-ʨʝʘʢʮʠʡ. 

 

2.2.7.16. ɸʤʧʣʠʬʠʢʘʮʠʷ ʚʳʙʨʘʥʥʳʭ ʣʦʢʫʩʦʚ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʡ ʇʎʈ ʪʨʸʭ ʛʝʥʦʚ (GSTP1, RNF219 ʠ KIAA1539 

(ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʛʦ, ʢʘʢ FAM214B)) ʧʨʦʜʫʢʪʳ ʇʎʈ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʢʘʞʜʦʛʦ ʜʦʥʦʨʘ, ʙʳʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʟʘʢʦʜʠʨʦʚʘʥʳ ʧʘʨʦʡ ʫʥʠʢʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦ 8 ʧ.ʥ. (ʪʘʙʣʠʮʘ 2.5.), 

ʨʘʟʨʘʙʦʪʘʥʥrʭ J. Caporaso [508], ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʀʥʪʝʨʝʩʫʶʱʠʝ ʣʦʢʫʩʳ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Hotstar Taq ʧʦʣʠʤʝʨʘʟʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʚʥʝʩʷ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ. ɺʢʨʘʪʮʝ, 5 ʤʢʣ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʙʠʩʫʣʴʬʠʪʦʤ ɼʅʂ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥʥʳʭ ʚ (ʧ.2.1.3. ʠ 

ʪʘʙʣʠʮʝ 2.4.). 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʚ̫ʣʝʥʠ ̫ ʭʠʤʝʨʥʦʡ ɼʅʂ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ 

ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʧʨʦʜʫʢʪʳ ʇʎʈ ʙʳʣʠ ʟʘʢʦʜʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʩʴʤʠ 

5ô-ʧʨʷʤʳʭ (Xn) ʠ 12 ʦʙʨʘʪʥʳʭ ʧʨʘʡʤʝʨʦʚ (Yn) (ʪʘʙʣʠʮʘ 2.5.); ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʮ rʦʪ ʪʨʸʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʜʦʥʦʨʦʚ ʥʝ ʩʦʜʝʨʞʘʣʠ ʦʙʱʠʭ ʰʪʨʠʭ-ʢʦʜʦʚ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʢʦʤʙʠʥʘʮʠʷʤʠ ʧʨʘʡʤʝʨʦʚ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʙʠʙʣʠʦʪʝʢ, ʩʯʠʪʘʣʠʩʴ ʭʠʤʝʨʥʳʤʠ ʠ ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʘʥʘʣʠʟʘ. ʈʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʮʠʢʣʝʨʘ Veriti. ʇʦʩʣʝ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʳ ʇʎʈ 

ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -20ÁC ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʡ ʧʨʠ ʢʘʞʜʦʡ ʧʦʩʪʘʥʦʚʢʝ ʇʎʈ ʠʩʧʦʣʴʟʦʚʘʣʠ 5 ʥʛ ʛʝʥʦʤʥʦʡ ɼʅʂ 

ʣʝʡʢʦʮʠʪʦʚ ʤʫʞʯʠʥʳ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠ ʦʙʨʘʟʝʮ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ɼʅʂ-ʤʘʪʨʠʮʫ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 

DNA 500 ʥʘ Shimadzu MCE-202 MultiNA. ɺʳʭʦʜ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ 

ʤʝʪʠʣʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʘʡʤʝʨʘʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣ ʥʝ ʤʝʥʝʝ 50 ʥʛ ɼʅʂ. 

 

2.2.7.17. ʇʦʜʛʦʪʦʚʢʘ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʇʎʈ-ʧʨʦʜʫʢʪʳ ʦʜʥʦʛʦ ʛʝʥʘ ʠ ʦʜʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ 

ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ ʦʙʲʝʜʠʥʷʣʠ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ Shimadzu MCE-202. ɼʘʣʝʝ ʦʯʠʱʘʣʠ ʠʭ ʚ 2% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ GenJet Kit ʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʠʤʝʪʨʘ Qubit. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʠʙʣʠʦʪʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝ ʤʝʥʝʝ 100 ʥʛ ʩʤʝʩʠ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ. ɹʠʙʣʠʦʪʝʢʠ 

ɼʅʂ ʛʦʪʦʚʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʠʙʣʠʦʪʝʢʠ ɼʅʂ NEBNext Ultra ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ (ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ 

ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ) ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ɼʅʂ-ʯʠʧʘ 

Agilent ʥʘ ʙʠʦʘʥʘʣʠʟʘʪʦʨʝ Agilent 2100. ɹʠʙʣʠʦʪʝʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 
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Illumina MiSeq ʩ ʧʘʨʥʳʤʠ ʢʦʥʮʘʤʠ 150 + 150 ʥ ʚ ʎʂʇ çɻʝʥʦʤʠʢʘè ʀʍɹʌʄ ʉʆ ʈɸʅ. ʇʨʦʜʫʢʪʳ 

ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʩʪʴʶ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʠ ʧʦʣʥʦʩʪʴʶ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʡ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2.2.8. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

2.2.8.1. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GraphPad Prism 5 ʠ ʧʨʠ ʧʦʤʦʱʠ ʷʟʳʢʘ R (ʚʝʨʩʠʷ 3.3.1) ʚ ʦʙʦʣʦʯʢʝ 

Rstudio (ʚʝʨʩʠʷ 1.0.136, ʧʘʢʝʪʳ RandomForrest, Boruta, pROC,[403] (The R Project for Statistical 

Computing. Available online: https://www.R-project.org/ (accessed on 16 December 2018)). ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ stats (v.3.3.1). ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ROC-ʢʨʠʚʳʤʠ (Receiving Operator Characteristic curves). 

ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ (Ct) ʜʣʷ ʚʩʝʭ ʤʠʢʨʦʈʅʂ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆT-ʇʎʈ, ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ (ʣʠʙʦ ʥʘ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʈʅʂ-16, ʣʠʙʦ ʧʦʧʘʨʥʦ 

[335, 412]). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ, ʜʣʷ ʢʘʞʜʦʡ 

ʧʘʨʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʮʠʢʣʦʚ (dCt) [335, 412]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʤʝʜʠʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ dCt ʨʘʟʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ dCt (ddCt). 

ʇʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚ Exiqon, 

ʚʳʧʦʣʥʷʣʠ ʚ Exiqon Services ʧʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʆʙʨʘʟʮʳ, ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʳʭ 

ʮʠʢʣʦʚ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʣʠ 37, ʠ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʥʠʮʘ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 

5 ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʠ ʩʧʝʮʠʬʠʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʠʩʢʣʶʯʘʣʠ ʠʟ ʘʥʘʣʠʟʘ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ NormFinder ʦʧʨʝʜʝʣʷʣʠ ʚ ʦʙʨʘʟʮʘʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʢʩʧʨʝʩʩʠʠ 

ʤʠʢʨʦʈʅʂ [509]. ɺʥʘʯʘʣʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʣʦʙʘʣʴʥʦʝ ʩʨʝʜʥʝʝ 

(ʫʩʨʝʜʥʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʚʩʝʭ ʤʠʢʨʦʈʅʂ ʚ ʦʙʨʘʟʮʘʭ) [510], ʘ ʠʤʝʥʥʦ ʫʩʨʝʜʥʸʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ ʚʩʝʭ ʤʠʢʨʦʈʅʂ ʚ ʦʙʨʘʟʮʝ ʚʳʯʠʪʘʣʠ ʠʟ ʟʥʘʯʝʥʠʡ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ 

ʜʣʷ ʢʘʞʜʦʡ ʤʠʢʨʦʈʅʂ (Ct), ʧʦʣʫʯʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ (dCt). 

ɿʥʘʯʝʥʠʷ ʨʘʟʥʠʮʳ ʨʘʟʥʠʮ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ (ddCt) ʧʦʣʫʯʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ʨʘʟʥʠʮʳ ʤʝʞʜʫ 

ʤʝʜʠʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʤʠʢʨʦʈʅʂ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ, ʜʣʷ ʠʭ ʫʯʸʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʡ 

ʧʦʜʭʦʜ: ʚʥʘʯʘʣʝ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ (ʚʳʙʦʨ ʙʝʟ ʚʦʟʚʨʘʱʝʥʠʡ) ʚʳʙʠʨʘʣʠ 

9 ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨ ʤʠʢʨʦʈʅʂ; ʜʘʣʝʝ ʦʮʝʥʠʚʘʣʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʠʢʪʦʨʦʚ ʈʇɾ, ɿɼ ʠʣʠ ɼɻʇɾ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ Boruta. ʕʪʦʪ ʰʘʛ ʚʳʧʦʣʥʷʣʠ 
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ʪʳʩʷʯʫ ʨʘʟ. ɿʥʘʯʠʤʳʝ ʧʨʝʜʠʢʪʦʨʳ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ʇʦʩʣʝ ʵʪʦʛʦ, ʨʘʟʥʦʩʪʴ ʤʝʜʠʘʥ 

ʦʪʦʙʨʘʥʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʦʮʝʥʠʚʘʣʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ bootstrap ʧʦʜʭʦʜʘ 

ʩʪʨʦʠʣʠ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ [511]. ɽʩʣʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʢʣʶʯʘʣ ʥʫʣʝʚʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʦ ʪʘʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʠʩʢʣʶʯʘʣʠ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʤʠʢʨʦʈʅʂ ʚʳʧʦʣʥʷʣʠ ʩʨʘʚʥʝʥʠʝ ʛʨʫʧʧ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʛʦ ʪʝʩʪʘ ʄʘʥʥʘ-ʋʠʪʥʠ 

(Asymptotic Wilcoxon-Mann-Whitney Test). ɼʦʩʪʦʚʝʨʥʳʤʠ ʩʯʠʪʘʣʠʩʴ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩ 

ʈ<0,05. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʙʳʣ ʧʨʠʤʝʥʸʥ ʘʣʛʦʨʠʪʤ ɹʝʥʜʞʘʤʠʥʠ-ʍʦʭʙʝʨʛʘ (padj). ʈʘʩʯʝʪ 

ʧʣʦʱʘʜʠ ʧʦʜ ROC-ʢʨʠʚʦʡ (AUC) ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ ʤʠʢʨʦʈʅʂ, ʘ ʠʤʝʥʥʦ ʦʮʝʥʢʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʨʘʟʜʝʣʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ. 

ʇʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʥʘʣʠʟʫ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʪʣʝʚʦʡ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʇʎʈ ʚʳʧʦʣʥʷʣʘʩʴ 

ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʩʪʘʥʦʚʢʘʭ (ʧʦ 5 ʠ 7 ʤʠʢʨʦʈʅʂ); ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ 12 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʠʢʨʦʈʅʂ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ 31 ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦʈʅʂ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ Ct (dCt) ʠ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ dCt (ddCt) ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ 

ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ (ʉʄ ð ɺɺ ʤʦʯʠ, ʉʄ ð ʧʣʘʟʤʘ ʢʨʦʚʠ ʠ ɺɺ ʤʦʯʠ ð ʧʣʘʟʤʘ ʢʨʦʚʠ). ɼʣʷ 

ʢʘʞʜʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʈʅʂ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʠʝ dCt, ʩʨʝʜʥʠʝ ddCt ʠ ʠʭ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʬʨʘʢʮʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʉʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ʌʠʰʝʨʘ (Fisherôs Post Hoc Test). ʈ0̓,05 ʩʯʠʪʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʦʧʨʘʚʢʘ ɹʝʥʜʞʘʤʠʥʠ-ʍʦʭʙʝʨʛʘ (padj) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ. ɹʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʤʦʱʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʨʘʟʣʠʯʠʡ (ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʨʠ 95% ʠ 99% ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʠ 95% ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ). 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ROC-ʢʨʠʚʳʭ. 

ʇʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʳʤʠ ROC (AUC) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʫʨʦʚʥʝʡ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʠʢʨʦʈʅʂ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʥʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ. 

 

2.2.8.2. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ 

ʈʝʟʫʣʴʪʘʪʳ NGS-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ CpG-

ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʠʟʫʯʘʝʤʳʭ ʣʦʢʫʩʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ɼʅʂ ʢʨʦʚʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ BiQ Analyzer HT, ʠʩʧʦʣʴʟʫʷ ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

0,95 ʠ ʠʩʢʣʶʯʘʷ ʯʪʝʥʠʷ ʩ ʥʝʨʘʩʧʦʟʥʘʥʥʳʤʠ ʩʘʡʪʘʤʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʚ ʛʨʫʧʧʘʭ ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʠʣʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʦʤ, ʤʳ ʚʚʝʣʠ 

ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʣʷʤ ʪʘʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʉʠʤʚʦʣ çʉè 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʠʣʠʨʦʚʘʥʥʦʤʫ ʮʠʪʦʟʠʥʫ, ʘ çTè ï ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʤʫ ʮʠʪʦʟʠʥʫ 

(ʫʨʘʮʠʣʫ/ʪʠʤʠʜʠʥʫ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ/ʘʤʧʣʠʬʠʢʘʮʠʠ). ʇʝʨʝʤʝʥʥʳʝ GSTP1.C1 ï 

GSTP1.C17 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʣʷʤ (ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʦʤ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʣʦʢʫʩʝ ʛʝʥʘ GSTP1 ʩ 1-ʦʡ ʧʦ 17-ʶ ʧʦʟʠʮʠʶ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʣʦʢʫʩʦʚ ʛʝʥʦʚ 

RNF219 ʠ KIAA1539: RNF219.C1 ï RNF219.C17 ʠ KIAA1539.C1 ï KIAA1539.C5. 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʠʣʠ 

ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʦʤ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʧʦʟʠʮʠʷʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʣʝʢʫʣʳ, ʤʳ ʚʚʝʣʠ 

ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʣʷʤ ʪʘʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʤʝʥʥʘʷ 

RNF219.C4.T10 ʦʙʦʟʥʘʯʘʣʘ ʜʦʣʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʦʤ ʚ 4-ʡ 

ʧʦʟʠʮʠʠ ʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʚ 10-ʡ ʧʦʟʠʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʣʦʢʫʩʘ ʛʝʥʘ RNF219. 

ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʧʦ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʠ ʧʦʧʘʨʥʦ çʩʮʝʧʣʝʥʥʦʝè ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʣʦʢʫʩʦʚ ʛʝʥʦʚ 

GSTP1, RNF219, KIAA1539 ʦʧʠʩʳʚʘʣʦʩʴ ʬʦʨʤʫʣʦʡ 2Ĭ(17+4Ĭ(17Ĭ16õ2))+5+4Ĭ(5Ĭ4õ2)=1167 

ʧʝʨʝʤʝʥʥʳʭ. 

ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧʘʭ 

ʩʨʘʚʥʝʥʠʷ:  

1. ɹʦʣʴʥʳʝ ʈʇɾ ʧʨʦʪʠʚ ʦʙʱʝʡ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʶʱʝʡ ɿɼ ʠ ɼɻʇɾ; 

2. ɿɼ ʧʨʦʪʠʚ ʦʙʱʝʡ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʶʱʝʡ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ɼɻʇɾ; 

3. ʇʘʮʠʝʥʪʳ ʩ ɼɻʇɾ ʧʨʦʪʠʚ ʦʙʱʝʡ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʶʱʝʡ ɿɼ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʚʚʝʜʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʧʦʣʦʞʝʥʠʝ CpG-ʜʠʥʫʢʣʝʦʪʠʜʘ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʠʣʠʨʦʚʘʥʠʶ, ʩʨʘʚʥʠʚʘʣʠ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ 

ʄʘʥʥʘ ï ʋʠʪʥʠ. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ p-ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ ɹʦʥʬʝʨʨʦʥʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ p-ʟʥʘʯʝʥʠʷ, ʫʤʥʦʞʝʥʥʳʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʝʥʠʡ (3Ĭ1167). ʈʘʟʣʠʯʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

p-ʟʥʘʯʝʥʠʷʤ < 0,05õ(3Ĭ1167) (ʪʦ ʝʩʪʴ, ʢʦʛʜʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ p-ʟʥʘʯʝʥʠʷ ʙʳʣʠ <0,05), 

ʩʯʠʪʘʣʠʩʴ ʟʥʘʯʠʤʳʤʠ. 

ʇʦʤʠʤʦ p-ʟʥʘʯʝʥʠʡ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ 

ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʨʘʚʥʝʥʠʷ: ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʧʨʠ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦʯʥʦʩʪʴ ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ROC AUC ʩ 95% 
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ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ɼʝʣʦʥʛʘ ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ. ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ɼʝʣʦʥʛʘ ʥʝ ʧʨʠʚʦʜʠʣʠʩʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ROC AUC = 1, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʚʩʝʛʜʘ 

ʨʘʚʥʳ (1, 1).  

ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʝʨʝʢʨʝʩʪʥʘ ̫ʧʨʦʚʝʨʢʘ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦ ʦʜʥʦʤʫ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʚʝʩʘʤʠ, 

ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʤʠ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ. ʊʦʯʥʦʩʪʴ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʧʦʨʦʛʘ 0,5. ɽʩʣʠ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʦʣʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ (100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ), ʪʦ ʪʦʯʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ROC AUC ʫʢʘʟʳʚʘʣʠʩʴ ʢʘʢ 100%. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʙʣrʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ. ɺ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʜʚʫʭ ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʡ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ 

ʙʝʨyʪʩʷ ʠʟ ʦʜʥʦʡ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ, ʘ ʜʨʫʛʦʝ ð ʠʟ ʜʨʫʛʦʡ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ. ɽʩʣʠ ʦʜʥʦ ʠʟ ʜʚʫʭ 

ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʡ ʨʘʚʥʦ ʥʫʣʶ, ʪʦ ʚʤʝʩʪʦ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. 

ɽʩʣʠ ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʨʫʧʧ ʥʝ ʜʦʩʪʠʛʘʣʦʩʴ, ʪʦ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʫʢʘʟʳʚʘʣʦʩʴ ʢʘʢ 

ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ + ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʘ ʦʪʥʦʰʝʥʠʝ ʥʝ ʫʢʘʟʳʚʘʣʦʩʴ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʩʨʘʚʥʝʥʠʷ ʛʨʫʧʧ ʈʇɾ ʠ ɿɼ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣ ɹ

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʜʠʢʪʦʨʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʘ ʠʤʝʥʥʦ ʩ ʚʝʩʘʤʠ, 

ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʤʠ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ. ʇʝʨʝʤʝʥʥʳʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʧʨʷʤʫʶ ʥʘ ʦʩʥʦʚʝ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦ ʦʜʥʦʤʫ. ɸʥʘʣʠʟ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ R v. 3.6.3 (R Core Team). 

 

2.2.8.3. ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ on-line ʜʦʩʪʫʧʥʳʭ 

ʙʘʟ ʜʘʥʥʳʭ, ʢʘʢ DIANA -mirPath v.3.0 (http://snf-515788.vm.okeanos.grnet.gr), TargetScan v.7.1 

(https://www.targetscan.org/vert_71/), miRDB (http://mirdb.org), MiRTarBase 

(https://mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/search.php), PANTHERÊ 

v.10.0 (http://pantherdb.org) ʠ STRING (http://version10.string-db.org). 

ɺʥʘʯʘʣʝ ʤʠʰʝʥʠ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ DIANA , 

MiRTarBase, TargetScan ʠ miRDB. ɼʘʣʝʝ ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʙʘʟʳ ʜʘʥʥʳʭ 

STRING. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʵʪʠ ʛʝʥʳ ʠ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʬʫʥʢʮʠʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ PANTHER. ɹʘʟʫ ʜʘʥʥʳʭ 

Exocarta, ʩʦʜʝʨʞʘʱʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʵʢʟʦʩʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʟʦʩʦʤʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʝʣʢʦʚ. 
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʟʫʯʝʥʠʝʤ ʚʥ-ʤʠʢʨʦʈʅʂ ʠ ʚʥɼʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʨʦʚʠ 

ʠ ʤʦʯʝ. ʅʘʧʨʠʤʝʨ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʦʛʦ, 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʧʦʩʪʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ, 

ʚʢʣʶʯʘʷ ʧʨʦʪʦʢʦʣʳ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʮʝʜʫʨʳ 

ʚʳʜʝʣʝʥʠʷ ʚʥʅʂ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʙʠʦʤʘʨʢʝʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʪ.ʜ. ʊʘʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʦʙʨʘʟʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʠʭ ʮʝʥʥʦʩʪʴ [512]. 

 

3.1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʥʅʂ 

3.1.1. ɺʳʜʝʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʇʦʩʢʦʣʴʢʫ ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʚʢʣʶʯʘʷ 

ʢʨʦʚʴ ʠ ʤʦʯʫ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ, ʪʦ ʨʘʟʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʥʝʥʫʢʣʝʦʪʠʜʥʦʡ ʧʨʠʨʦʜʳ, ʘ ʠʤʝʥʥʦ ʙʝʣʢʠ, ʣʠʧʦʧʨʦʪʝʠʥʳ, ʣʠʧʠʜʳ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʳ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʠʢʨʦʈʅʂ [26, 64, 65, 140, 145]. ʕʪʠ ʙʠʦʤʦʣʝʢʫʣʳ 

ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʳʜʝʣʝʥʠʶ ʤʠʢʨʦʈʅʂ ʠ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʡ ʤʠʢʨʦʈʅʂ, 

ʤʝʰʘʷ ʨʘʙʦʪʝ ʬʝʨʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʭ ʘʥʘʣʠʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʈʅʂ-ʛʠʜʨʦʣʠʟʫʶʱʠʝ 

ʬʝʨʤʝʥʪ r ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʡ ʤʠʢʨʦʈʅʂ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʫʧʫʱʝʥʘ ʠʟ ʚʠʜʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦʡ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʈʅʂ ʧʨʠ ʈʇɾ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʝʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʈʅʂ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʤʝʪʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʥʘ ʨʳʥʢʝ ʠʣʠ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʈʅʂ ʩ ʫʩʣʦʚʠʝʤ, ʯʪʦ ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʤʠʢʨʦʈʅʂ, ʘ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʪʳʤʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ. 
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ʇʠʣʦʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ 

ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ, ʢʦʪʦʨʳʝ ʤʳ ʚʳʧʦʣʥʠʣʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪ ʧʦ ʪʝʤʝ 

ʚʥ-ʤʠʢʨʦʈʅʂ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʩʪʫʧʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʥʘʙʦʨʳ ʥʝ ʦʪʚʝʯʘʶʪ ʥʘʰʠʤ 

ʪʨʝʙʦʚʘʥʠʤ̫.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʙʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʨʠʟʦʣʘ, ʦʪʣʠʯʘʶʪʩʷ 

ʪʨʫʜʦʤyʢʦʩʪʴʶ, ʧʣʦʭʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʜʦʨʦʛʦʚʠʟʥʦʡ, ʘ ʥʘʙʦʨʳ ʦʪ ʢʦʤʧʘʥʠʠ Exiqon 

ʥʝʧʣʦʭʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ, ʥʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʦʙʨʘʟʮʦʚ 

ʚʥ-ʤʠʢʨʦʈʅʂ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʦʙʨʘʟʮʳ 

ʤʠʢʨʦʈʅʂ ʩʦʜʝʨʞʘʪ ʠʥʛʠʙʠʪʦʨʳ ʧʦʣʠʤʝʨʘʟ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʠʢʨʦʈʅʂ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʧʨʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʢʨʦʚʠ ʠ ʤʦʯʠ, ʘ ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʧʦʤʦʱʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʭʘʦʪʨʦʧʥʳʭ ʘʛʝʥʪʦʚ ʥʝʚʦʟʤʦʞʥʦ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʵʢʨʘʥʠʨʦʚʘʥʳ ʦʪ 

ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʣʠʟʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʧʦʣʠʤʝʨʘʤʠ, ʥʘʧʨʠʤʝʨ ʣʠʧʦʧʨʦʪʝʠʥʘʤʠ 

ʥʠʟʢʦʡ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ [25, 27, 139] ʠʣʠ ʠʥʢʘʧʩʫʣʷʮʠʝʡ ʚ ʤʝʤʙʨʘʥʥʳʝ ʚʝʟʠʢʫʣʳ, ʚʢʣʶʯʘʷ 

ʵʢʟʦʩʦʤʳ [123, 131, 134], ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʠʢʨʦʈʅʂ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʭʘʦʪʨʦʧʥʳʭ ʩʦʣʝʡ ʧʦʟʚʦʣʷʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʚʥ-ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ:  

1). ʇʝʨʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʌʦʣʯʘ (ʠʩʪʠʥʥʳʡ ʦʜʥʦʬʘʟʥʳʡ 

ʨʘʩʪʚʦʨ ʩʦʩʪʦʷʱʠʡ ʠʟ ʭʣʦʨʦʬʦʨʤʘ, ʩʧʠʨʪʘ ʠ ʚʦʜr, ʧʨʝʜʣʦʞʝʥʥʳʡ ʨʘʥʝʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʦʚ [513]). ʆʙʨʘʟʮʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʘʤʠ 

ʛʫʘʥʠʜʠʥʠʟʦʪʠʦʮʠʘʥʘʪʘ ʠ ʟʘʪʝʤ ʩ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʭʣʦʨʦʬʦʨʤ ʠ ʵʪʘʥʦʣ (ʚ ʧʨʦʧʦʨʮʠʠ 

ʵʪʘʥʦʣ: ʭʣʦʨʦʬʦʨʤ: ʚʦʜʘ - 2:1:1). ʂʦʥʝʯʥʳʡ ʨʘʩʪʚʦʨ ʥʘʥʦʩʠʣʠ ʥʘ ʤʠʢʨʦʢʦʣʦʥʢʫ ʩʦ 

ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʤ ʩʦʨʙʝʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çɹʠʦʉʠʣʠʢʘè, ʦʪʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʦʪ ʠʟʙʳʪʢʘ 

ʨʝʘʛʝʥʪʦʚ ʠ ʵʣʶʠʨʦʚʘʣʠ ʤʠʢʨʦʈʅʂ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, 1 ʄ ʛʫʘʥʠʜʠʥʠʟʦʪʠʦʮʠʘʥʘʪ ʠ 50% ʵʪʘʥʦʣ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʤʘʣʳʭ ʈʅʂ c ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ [514]. ʄʳ ʧʨʦʚʝʨʠʣʠ ʚʣʠʷʥʠʝ 

ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ GuSCN ʥʘ ʩʦʨʙʮʠʶ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ (ʧʦ 10 ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ), ʠʩʧʦʣʴʟʫʷ ʨʘʜʠʦʘʢʪʠʚʥʦʤʝʯʝʥʫʶ ʤʠʢʨʦʈʅʂ-21. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʷ ʤʝʯʝʥʫʶ ʤʠʢʨʦʈʅʂ-21 ʚʳʜʝʣʷʣʠ ʠʟ ʚʦʜʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʚʳʜʝʣʷʣʠ ʤʝʯʝʥʫʶ ʤʠʢʨʦʈʅʂ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʦʡ ʬʝʥʦʣ-

ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʥʘ ʢʦʣʦʥʢʘʭ ʩʦ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʤ 
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ʩʦʨʙʝʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çɹʠʦʉʠʣʠʢʘè. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʦʧʨʝʜʝʣʷʣʠ 

ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ, ʦʩʪʘʚʰʝʡʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʨʘʢʮʠʠ (ʦʩʘʜʦʢ, 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʘ, ʧʨʦʩʢʦʢ, ʤʠʢʨʦʢʦʣʦʥʢʘ ʠʣʠ ʵʣʶʘʪ), ʢ ʠʩʭʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʨʘʜʠʦʘʢʪʠʚʥʦ-

ʤʝʯʝʥʦʡ ʤʠʢʨʦʈʅʂ-21 (ʪʘʙʣʠʮʘ 3.1.). 

 

ʊʘʙʣʠʮʘ 3.1. ʆʩʪʘʪʦʯʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʤʠʢʨʦʈʅʂ 

 

ʆʩʘʜʦʢ/ 

ʆʨʛʘʥʠʯʝʩʢʘʷ 

ʬʘʟʘ 

ʉʨʝʜʥʝʝÑSD (%) 

ʇʨʦʩʢʦʢ 

ʉʨʝʜʥʝʝÑSD 

(%) 

ʂʦʣʦʥʢʘ* 

ʉʨʝʜʥʝʝÑSD 

(%) 

ʕʣʶʘʪ 

ʉʨʝʜʥʝʝÑSD 

(%) 

ʆʜʥʦʬʘʟʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʦʬʦʨʤʘ ʠ ʵʪʘʥʦʣʘ 

ʂʦʥʪʨʦʣʴ, 4 ʄ GuSCN 
ʥʝ 

ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ**  
0,8Ñ0,7 8,1Ñ2,2 72,5Ñ3,6 

ʇʣʘʟʤʘ, 4 ʄ GuSCN 15,3Ñ1,8 23,3Ñ3,2 6,1Ñ2,1 54,9Ñ3,1 

ʇʣʘʟʤʘ, 2 ʄ GuSCN 56,3Ñ5,1 12,2Ñ1,7 3,9Ñ1,8 24,8Ñ4,8 

ʇʣʘʟʤʘ, 1 M GuSCN 63,1Ñ4,9 11,4Ñ2,6 3,1Ñ1,5 14,1Ñ3,7 

ʄʦʯʘ, 4,5 ʄ GuSCN 25,0Ñ1,9 27,0Ñ3,1 6,0Ñ1,7 47,0Ñ2,1 

ʄʦʯʘ, 4,5 ʄ GuSCN, 

ʨʘʟʚʝʜʝʥʠʝ 

8,3Ñ0,9 28,0Ñ3,3 9,5Ñ1,2 57,1Ñ1,4 

ʂʠʩʣʘʷ ʵʢʩʪʨʘʢʮʠʷ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ 

ʂʦʥʪʨʦʣʴ 18,4Ñ2,1 9,2Ñ1,5 15,6Ñ3,1 56,4Ñ3,6 

ʇʣʘʟʤʘ 22,1Ñ3,4 21,3Ñ2,2 14,7Ñ2,3 40,9Ñ4,4 

ʄʦʯʘ 18,1Ñ1,9 33,0Ñ2,0 3,0Ñ0,9 30,0Ñ4,1 
*ʆʩʪʘʪʦʯʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʢʦʣʦʥʢʠ. 

**ʅʝ ʬʦʨʤʠʨʦʚʘʣʩʷ ʦʩʘʜʦʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʣʘʟʤʳ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʡ ʵʢʩʪʨʘʢʮʠʠ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ 

ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʧʦʟʚʦʣʷʣʘ ʫʚʝʣʠʯʠʪʴ ʢʦʥʝʯʥʳʡ ʚʳʭʦʜ ʤʠʢʨʦʈʅʂ 

ʧʨʠʤʝʨʥʦ ʥʘ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʠʛʠʥʘʣʴʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [356] (ʜʘʥʥʳʝ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ). 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4 ʄ 

GuSCN ʚ ʙʫʬʝʨʝ ʜʣʷ ʩʦʨʙʮʠʠ (72,5% ʚ ʢʦʥʪʨʦʣʝ, 54,9% ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ 47% ʠʟ ʤʦʯʠ). 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʫʘʥʠʜʠʥʠʟʦʪʠʦʮʠʘʥʘʪʘ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʮʠʧʠʪʘʮʠʠ 

ʤʠʢʨʦʈʅʂ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʸ ʦʩʘʞʜʝʥʠʝʤ (ʜʦ 63% ʚ ʦʩʘʜʢʝ, ʪʘʙʣʠʮʘ 3.1.). ʇʨʠ ʚʳʜʝʣʝʥʠʠ 

ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʟʚʝʜʝʥʠʝ GuSCN ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ʩʤʝʩʠ ʵʪʘʥʦʣï

ʭʣʦʨʦʬʦʨʤ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʤʠʢʨʦʈʅʂ ʜʦ 57,1%. ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʥʳʤ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʚ ʤʦʯʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʟʤʳ ʢʨʦʚʠ), 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʤʠʢʨʦʈʅʂ ʩ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʤʝʪʦʜʦʤ ʢʠʩʣʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʘ, ʩʦʩʪʘʚʠʣʘ 56,4%, 40,9% ʠ 30% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʣʘʟʤʳ ʠ ʤʦʯʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʦʬʘʟʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʦʬʦʨʤʘ ʠ 
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ʵʪʘʥʦʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 14% ʵʬʬʝʢʪʠʚʥʝʝ ʢʠʩʣʦʡ ʵʢʩʪʨʘʢʮʠʠ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʧʨʠ ʚʳʜʝʣʝʥʠʠ 

ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʧʦʯʪʠ ʥʘ 30% ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʝʯʝʥʦʡ ʤʠʢʨʦʈʅʂ ʤʳ ʧʦʣʫʯʘʝʤ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʚ ʦʙʨʘʟʮʝ, ʥʦ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʫʯʝʩʪʴ ʛʠʜʨʦʣʠʟ ʤʝʯʝʥʦʡ 

ʤʦʣʝʢʫʣʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ 5-ʪʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʙʳʣʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʝʥʘ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 150 ʥʄ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʈʅʂ-

21. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʜʦʛʝʥʥʦʡ ʤʠʢʨʦʈʅʂ-21 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʙʘʚʣʝʥʥʦʡ ʤʠʢʨʦʈʅʂ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1% 

ʦʪ ʚʚʝʜʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1.(ɸ).  

 

 

ʈʠʩʫʥʦʢ 3.1. (A) ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʠʢʨʦʈʅʂ-21 ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ ʠ ʢʠʩʣʦʡ ʵʢʩʪʨʘʢʮʠʠ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ. (ɹ) 

ʂʨʠʚʘ ̫ʨʘʟʙʘʚʣʝʥʠʷ ʤʠʢʨʦʈʅʂ-ʤʘʪʨʠʮʳ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ 

ʆʊ-ʇʎʈ ʦʪʣʦʞʝʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 0,2 ʮʠʢʣʘ. 

ʂʘʢ ʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʯʝʥʦʛʦ ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ (ʨʠʩ. 3.1.ɸ). ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʈʅʂ, ʚ ʚʳʜʝʣʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʤʠʢʨʦʈʅʂ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʦʜʥʦʬʘʟʥʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʢʨʠʚʦʡ ʨʘʟʙʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ ʤʠʢʨʦʈʅʂ ʚ 2 ʠ 4 ʨʘʟʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ 

ʩʪʘʜʠʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʇʦʣʫʯʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʢʨʠʚʘʷ (ʨʠʩ. 3.1.ɹ) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʦʜʥʦʬʘʟʥʦʤʫ 

ʧʨʦʪʦʢʦʣʫ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʨʠʛʦʜʥʦʩʪʠ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʆʊ-ʇʎʈ. 

[
32

P] 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚʳʜʝʣʷʪʴ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠ ɻʥʜʦʛʝʥʥʫʶ ʤʠʢʨʦʈʅʂ, ʤʠʢʨʦʈʅʂ-16, -21 ʠ -126 ʚʳʜʝʣʷʣʠ ʚ ʜʫʙʣʷʭ ʠʟ 10 ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ 

ʢʨʦʚʠ (300 ʤʢʣ) ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʠ ʢʠʩʣʦʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʠʟʦʧʨʦʧʘʥʦʣʦʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.7., 

ʠ ʜʘʣʴʥʝʡʰʠʤ ʘʥʘʣʠʟʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.2. ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ 

ʮʠʢʣʘ (Ct ʙʝʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ (p>0,05)) ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʠʭ ʤʝʪʦʜʦʚ. 

 

ʊʘʙʣʠʮʘ 3.2. ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ (Ct) ʜʣʷ ʵʥʜʦʛʝʥʥʳʭ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʧʣʘʟʤʳ ʢʨʦʚʠ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. 
 

 
ʤʠʢʨʦʈʅʂ-16 

ʉʨʝʜʥʝʝÑSD 
ʤʠʢʨʦʈʅʂ-126 

ʉʨʝʜʥʝʝÑSD 

ʤʠʢʨʦʈʅʂ-21 

ʉʨʝʜʥʝʝÑSD 

ʆʜʥʦʬʘʟʥʳʡ ʤʝʪʦʜ 20,78Ñ1,43 25,23Ñ1,44 28,91Ñ2,50 

ʕʢʩʪʨʘʢʮʠʷ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ 21,03Ñ1,81 25,00Ñ1,62 28,73Ñ1,97 

 

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʬʦʨʤʘ ʮʠʨʢʫʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʈʅʂ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʦʜʥʦʬʘʟʥʳʡ ʧʨʦʪʦʢʦʣ ʚʳʜʝʣʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʯʘʩʪʠʮ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʈʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ 50-ʪʠ ʠ  

10-ʪʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʜʫʙʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʢʦʪʦʨʳʭ 

ʠʟ ʥʠʭ (ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [131, 165, 515] ʚ ʢʨʦʚʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ 

ʵʢʟʦʩʦʤ, ʥʦ ʠ ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ) ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʆʊ-ʇʎʈ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʢʦʣʝʙʘʣʠʩʴ ʦʪ 18 ʜʦ 

36 (ʊʘʙʣʠʮʘ 3.3.). 

 

ʊʘʙʣʠʮʘ 3.3. ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ (Ct, ʉʨʝʜʥʝʝÑSD) ʜʣʷ ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ. 
 

ʤʠʢʨʦʈʅʂ -16 -19b -25 -205 -125b -21 -126 

ʇʣʘʟʤʘ 21,1Ñ2,2 24,5Ñ2,8 26,9Ñ1,2 33,8Ñ0,5 32,7Ñ1,8 28,6Ñ1,8 25,5Ñ2,0 

ʄʦʯʘ 26,7Ñ0,5 34,9Ñ2,5 22,7Ñ0,7 29,9Ñ1,8 35,0Ñ1,8   

 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦ ʟʥʘʯʝʥʠʷʭ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ ʜʣʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʢʨʦʚʠ ʠ ʤʦʯʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʢʘʟʘʚʰʠʭ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʜʣʷ 

ʤʠʢʨʦʈʅʂ-16, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ 

miRVana, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ct ʩʦʩʪʘʚʣʷʝʪ 22 [516]; ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ct, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʤʠʢʨʦʈʅʂ-126 ʠ ʤʠʢʨʦʈʅʂ-25, ʚʳʜʝʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ miRNeasy, ʩʦʩʪʘʚʣʷʣʠ ʚ ʩʨʝʜʥʝʤ ʦʪ 
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24,0 ʜʦ 24,5 [517]; ʜʣʷ ʤʠʢʨʦʈʅʂ-205, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʧʣʘʟʤʳ ʩ ʧʦʤʦʱʴʶ Trizol LS, ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ Cq ʩʦʩʪʘʚʣʷʣʠ ʧʨʠʤʝʨʥʦ 32 [518]; ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʟʥʘʯʝʥʠʡ Ct ʤʠʢʨʦʈʅʂ-126 ʥʘ 

ʤʠʢʨʦʈʅʂ-16, ʚʳʜʝʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ miRvana, dCt ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 8,2 (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ Ct=20) [519]; ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦʈʅʂ-21/ʤʠʢʨʦʈʅʂ-16 ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʦ 

ʦʢʦʣʦ 5 [520], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʦʜʥʦʬʘʟʥʳʡ ʧʨʦʪʦʢʦʣ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʆʊ-ʇʎʈ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʥʝ ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʦʜʥʦʬʘʟʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʠʟ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʚʝʟʠʢʫʣ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʦʩʦʙʝʥʥʦ ʦʙʦʛʘʱʝʥʥʳʭ 

ʣʠʧʠʜʘʤʠ, ʚʢʣʶʯʘʷ ʪʢʘʥʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʘʥʘʣʠʟʦʤ ʧʨʠ ʧʦʤʦʱʠ ʆʊ-ʇʎʈ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʧʨʠ ʧʦʤʦʱʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʟʘʥʠʤʘʝʪ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ (ʪʘʙʣʠʮʘ 3.4.), ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʧʨʠ ʝʞʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʮʦʚ. ʂ 

ʯʠʩʣʫ ʥʝʜʦʪʘʪʢʦʚ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʛʦ ʩʤʝʰʠʚʘʥʠʷ ʩ ʨʘʩʪʚʦʨʦʤ ʛʫʘʥʠʜʠʥʠʟʦʪʠʦʮʠʘʥʘʪʘ ʠ ʩʤʝʩʴʶ ʭʣʦʨʦʬʦʨʤʘ ʩʦ 

ʩʧʠʨʪʦʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ, ʚ ʢʦʪʦʨʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʈʅʂ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʣʘʟʤʝ [165]. 

 

ʊʘʙʣʠʮʘ 3.4. ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ  

ʠ ʢʠʩʣʦʡ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. 

ʕʪʘʧ ʌʝʥʦʣ-ʭʣʦʨʦʬʦʨʤ, ʤʠʥ ʆʜʥʦʬʘʟʥʳʡ ʤʝʪʦʜ, ʤʠʥ 

ɼʝʥʘʪʫʨʘʮʠʷ 15 5 

ʕʢʩʪʨʘʢʮʠʷ 20 - 

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 1 - 

ʅʘʥʝʩʝʥʠʝ ʥʘ ʤʠʢʨʦʢʦʣʦʥʢʫ 3 3 

ʇʨʦʤʳʚʢʘ 5 5 

ʕʣʶʮʠʷ 5 5 

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʙʝʟ ʧʝʨʝʦʩʘʞʜʝʥʠʷ 49 18 

ʆʙʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʝʥʠʷ 99 68 
 

2). ʈʘʟʨʫʰʝʥʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʩʘʞʜʝʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʧʦʤʦʱʠ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʋʞʝ ʤʥʦʛʦ ʣʝʪ ʥʘʟʘʜ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʆʩɸ) ʚ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0,04 ʄ) ʬʦʨʤʠʨʫʝʪ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʢʦʪʦʨʳʤʠ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ 

ʢʨʦʚʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ Ŭ-, ɓ-ʛʣʦʙʫʣʠʥʘʤʠ, ʘʣʴʙʫʤʠʥʦʤ ʠ ʪ.ʜ. [521]. ɻʘʤʤʘ-ʛʣʦʙʫʣʠʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʘʞʜʘʶʪʩʷ ʚ ʧʨʠʩʫʩʪʚʠʠ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʵʪʦʤʫ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 
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ʧʣʘʟʤʳ/ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ [522, 523]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʧʦʩʦʙʥʘ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʙʠʦʤʦʣʝʢʫʣ, ʧʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʩɸ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʘʙʦʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʦʪ ʢʦʤʧʘʥʠʠ Exiqon ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʫʝʪ ʥʝʢʠʡ ʭʠʤʠʯʝʩʢʠʡ 

ʨʝʘʛʝʥʪ (ʦʥ ʥʝ ʦʧʠʩʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʧʘʪʝʥʪʦʚ ʥʘ ʩʝʡ ʩʯʝʪ), ʦʩʘʞʜʘʶʱʠʡ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʙʠʦʤʦʣʝʢʫʣ ʧʣʘʟʤʳ ʢʨʦʚʠ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʨʷʜ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ 

ʚʨʝʤʷ ʠʭ ʠʥʢʫʙʘʮʠʠ ʩ ʧʣʘʟʤʦʡ ʢʨʦʚʠ ʠ ʤʦʯʦʡ, ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ ʠ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ/ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʩʪʘʚʝ 

ʚʝʟʠʢʫʣ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʠʢʨʦʈʅʂ ʚʳʜʝʣʷʣʠ ʠʟ 200 ʤʢʣ ʧʣʘʟʤʳ ʠ 400 ʤʢʣ 

ʤʦʯʠ 10-ʪʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʜʦʙʘʚʣʷʷ ʚ ʙʫʬʝʨ ʜʣʷ ʩʦʨʙʮʠʠ ʨʘʟʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ OcA ʠ 

GuSCN, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʫʷ ʝʛʦ ʨʅ. ʉ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ 

ʤʠʢʨʦʈʅʂ-16 ʠ -126, ʦʮʝʥʠʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Genesys 10 UV ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 260 ʥʤ ʠ 280 ʥʤ ʦʧʨʝʜʝʣʷʣʠ ʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʙʘʚʣʷʷ ʝʛʦ ʚ 10 ʨʘʟ (0,02 ʄ Tris-HCl, 

0,15 ʄ NaCl, pH 7,5 ʚ TBS). 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2.  

 

ʈʠʩʫʥʦʢ 3.2. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ GuSCN ʠ ʨʅ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ OcA = 0,5%.  

ɻʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: ʩʨʝʜʥʝʝÑSD.  

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʫʢʘʟʘʥʳ ʟʚʸʟʜʦʯʢʦʡ (*). 
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ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,6 ʄ 

GuSCN, 0,5% OcA ʠ ʫʩʣʦʚʠʷʭ ʨʅ 4,0; ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʳʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʠʥʠʤʘʣʴʥʦ (ʪʘʙʣʠʮʘ 3.5.). ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

OcA, ʨʅ 4,0 ʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ GuSCN ʜʦ 0,3 ʄ, ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ, ʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʠʢʨʦʈʅʂ, ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʩʦ-ʦʩʘʞʜʝʥʠʶ ʩʦʚʤʝʩʪʥʦ ʩ ʙʠʦʧʦʣʠʤʝʨʘʤʠ (ʪʘʙʣʠʮʘ 3.5.). 

ʊʘʙʣʠʮʘ 3.5. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʩɸ, GuSCN ʠ ʨʅ. 

ʆʩɸ, %  GuSCN, M pH 
ʤʠʢʨʦʈʅʂ-16,  

ʉʨʝʜʥʝʝÑSD 

ʤʠʢʨʦʈʅʂ-126, 

ʉʨʝʜʥʝʝÑSD 

ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʥʤ 

260 280 

0,5 

0,3 4 25,7Ñ0,2 30,3Ñ0,1 0,66 0,27 

0,6 4 22,6Ñ0,5 28,7Ñ0,1 0,81 0,29 

0,9 4 23Ñ0,7 29,1Ñ0,1 0,96 0,35 

1,35 4 23,3Ñ0,5 29,1Ñ0,3 1,46 0,67 

0,3 5 29,6Ñ1,9 45,8Ñ1,7 1,11 0,76 

0,6 5 24,1Ñ0,5 28,8Ñ0,1 0,83 0,28 

0,9 5 23Ñ0,7 28,5Ñ0,3 0,95 0,31 

1,35 5 23,3Ñ0,2 28,6Ñ0,2 1,34 0,54 

0,3 6 31,8Ñ2 37,8Ñ0,4 1,6 1,4 

0,6 6 24,6Ñ0,5 30,3Ñ0,2 0,91 0,36 

0,9 6 23,7Ñ0,3 29,5Ñ0,2 1,01 0,44 

1,35 6 23,6Ñ0,4 29,7Ñ0,3 1,62 0,8 

1,5 

0,3 4 25,4Ñ0,3 28,6Ñ0,3 0,67 0,27 

0,6 4 25,3Ñ0,9 29,0Ñ0,1 0,79 0,28 

0,9 4 25,3Ñ0,3 28,2Ñ0,4 0,91 0,3 

1,35 4 32,6Ñ1,5 27,9Ñ0,5 1,13 0,42 

0,3 5 30,2Ñ0,5 35,4Ñ0,2 0,68 0,26 

0,6 5 26Ñ0,7 28,3Ñ0,3 0,76 0,25 

0,9 5 26Ñ0,1 28,2Ñ0,6 0,86 0,26 

1,35 5 26Ñ0,2 28,4Ñ0,2 1,12 0,35 

0,3 6 25,9Ñ0,1 37,5Ñ0,5 0,99 0,74 

0,6 6 26,1Ñ0,2 28,4Ñ0,3 0,82 0,27 

0,9 6 26,2Ñ0,3 28,0Ñ0,3 0,94 0,33 

1,35 6 25,4Ñ0,1 28,5Ñ0,5 1,31 0,56 

2,5 

0,3 4 26,7Ñ0,0 30,1Ñ0,2 0,65 0,27 

0,6 4 24,3Ñ0,5 28,8Ñ0,1 0,75 0,27 

0,9 4 24,5Ñ0,1 28,1Ñ0,1 0,89 0,3 

1,35 4 24,1Ñ0,4 28,3Ñ0,4 1,37 0,6 

0,3 5 36,6Ñ0,6 36,5Ñ0,4 0,67 0,28 

0,6 5 24,6Ñ0,7 28,6Ñ0,2 0,75 0,25 

0,9 5 24,3Ñ0,6 28,4Ñ0,3 0,87 0,27 

1,35 5 24,2Ñ0,3 28,8Ñ0,1 0,98 0,28 

0,3 6 46,2 39,8Ñ0,9 0,89 0,61 

0,6 6 27,1Ñ0,2 30,8Ñ0,1 0,83 0,32 

0,9 6 25,6Ñ0,2 29,3Ñ0,3 0,89 0,27 

1,35 6 24,8Ñ0,4 28,7Ñ0,2 1,13 0,41 
*ʉʝʨʳʤ ʚʳʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ 
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ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʦʢʘʟʘʣʠʩʴ ʫʩʣʦʚʠʷ: 0,5% OcA, 0,9 ʄ 

GuSCN ʠ pH 5,0, ʭʦʪʷ ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʩʫʧʝʨʥʘʪʘʥʪʘʭ ʧʣʘʟʤʳ 

ʢʨʦʚʠ, ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,5% OcA, 0,6 ʄ GuSCN ʠ ʧʨʠ pH 4,0. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʦʢʘʟʘʣʠʩʴ ʫʩʣʦʚʠʷ: 1,5% OcA, 1,35 ʄ 

GuSCN, ʨʅ 4,0 (ʨʠʩ. 3.3.). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ ʚ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʙʳʣʦ ʥʘʠʤʝʥʴʰʠʤ (ʪʘʙʣʠʮʘ 3.6.). 

 

 

ʈʠʩʫʥʦʢ 3.3. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ GuSCN ʠ ʨʅ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ OcA = 1,5%.  

ɻʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: ʩʨʝʜʥʝʝÑSD.  

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʫʢʘʟʘʥʳ ʟʚʸʟʜʦʯʢʦʡ (*). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ GuSCN ʠ ʆʩɸ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʚʳʜʝʣʝʥʠʶ ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ ʆʩɸ ʟʘʚʠʩʠʪ ʦʪ ʝʸ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʥʘʯʝʥʠʡ ʨʅ ʠ ʨʘʟʙʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ [524]. ʆʩʘʞʜʝʥʠʝ 

ʦʩʥʦʚʥʦʡ ʥʝʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʙʝʣʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʅ 4,2 ʠ 4,5, ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʅ ʜʦ ʟʥʘʯʝʥʠʷ 5,1 [521, 522]. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʩɸ ʚ 2-3% ʠ ʪʝʤʧʝʨʘʪʫʨʝ 22Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʦʩʘʞʜʝʥʠʝ Ŭ- ʠ ɓ-

ʛʣʦʙʫʣʠʥʦʚ, ʘ ʪʘʢʞʝ ʘʣʴʙʫʤʠʥʘ [524]. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʆʩɸ ʩ ʙʝʣʢʘʤʠ 

ʠʛʨʘʶʪ ʠʭ ʪʠʨʦʟʠʥʦʚʳʝ ʦʩʪʘʪʢʠ ʠ ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ [525, 526]. 

ɼʘʣʝʝ ʤʳ ʦʮʝʥʠʚʘʣʠ ʢʘʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʩɸ ʧʨʝʧʘʨʘʪʦʚ 

ʤʠʢʨʦʈʅʂ ʧʨʠ ʧʦʤʦʱʠ Bioanalyzer Agilent 2100 ʠ ʥʘʙʦʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʣʳʭ ʈʅʂ (ʜʝʪʝʢʪʠʨʫʝʪ 

ʩʫʤʤʘʨʥʫʶ ʬʨʘʢʮʠʶ ʈʅʂ ʨʘʟʤʝʨʦʤ ʦʪ 6 ʜʦ 150 ʥ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʈʅʂ (18-25 ʥ)). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʢʘʢ ʚ ʦʙʨʘʟʮʘʭ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʪʘʢ ʠ ʚʳʜʝʣʝʥʥʳʭ ʠʟ 
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ʤʦʯʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GuSCN/ʆʩɸ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʨʦʪʢʠʝ ʈʅʂ, ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 50 ʥ. 

(ʨʠʩ. 3.4.). 

 

ʊʘʙʣʠʮʘ 3.6. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʩɸ, GuSCN ʠ ʨʅ. 

ʆʩɸ,% GuSCN, M pH 
ʤʠʢʨʦʈʅʂ-16,  

ʉʨʝʜʥʝʝÑSD 

ʤʠʢʨʦʈʅʂ-126,  

ʉʨʝʜʥʝʝÑSD 

ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʥʤ 

260 280 

0,5 

0,3 4 29,3Ñ0,1 33,5Ñ0,7 0,58 0,47 
0,6 4 27,1Ñ0,2 32,5Ñ0,0 0,75 0,5 

0,9 4 27,3Ñ0,1 33,5Ñ0,2 0,8 0,46 

1,35 4 27,6Ñ0,3 34,5Ñ0,6 0,96 0,46 

0,3 5 35,6Ñ0,1 34,5Ñ0,3 0,54 0,42 
0,6 5 28,4Ñ0,1 35,1Ñ0,4 0,65 0,42 

0,9 5 28,3Ñ0,2 34,8Ñ1 0,76 0,41 

1,35 5 28Ñ0,6 35Ñ2,2 0,94 0,44 

0,3 6 35,8Ñ1 41,1Ñ0,8 0,59 0,45 
0,6 6 29, 7Ñ0,8 33,8Ñ0,6 0,63 0,4 

0,9 6 27,4Ñ0,1 34,5Ñ0,3 0,76 0,42 

1,35 6 27,1Ñ0,1 33,6Ñ0,7 0,97 0,44 

1,5 

0,3 4 28,3Ñ0,5 33,2Ñ0,9 0,56 0,47 
0,6 4 27,8Ñ0,4 33,2Ñ0,7 0,66 0,44 

0,9 4 28Ñ0,4 33,3Ñ0,4 0,72 0,41 

1,35 4 26,8Ñ0,3 32,2Ñ0,4 0,91 0,44 

0,3 5 28,3Ñ0,5 33,4Ñ0,7 0,58 0,45 
0,6 5 29,3Ñ0,4 33,8Ñ1 0,63 0,41 

0,9 5 30,2Ñ0,0 33,5Ñ1,1 0,72 0,41 

1,35 5 32Ñ0,2 33,9Ñ0,5 0,91 0,43 

0,3 6 32,4Ñ0,8 34,7Ñ1,8 0,56 0,42 
0,6 6 33,2Ñ0,5 36,2Ñ0,3 0,67 0,42 

0,9 6 28,9Ñ0,2 33,3Ñ1,2 0,73 0,41 

1,35 6 28Ñ0,3 34,4Ñ0,0 0,9 0,41 

2,5 

0,3 4 34,2Ñ0,5 34,4Ñ2,5 0,57 0,45 
0,6 4 34,9Ñ0,3 38,3Ñ0,7 0,65 0,43 

0,9 4 41,7Ñ1,4 35,2Ñ0,4 0,76 0,45 

1,35 4 25Ñ0,4 32,3Ñ0,5 0,91 0,43 

0,3 5 42,9Ñ2,3 33,1Ñ0,8 0,49 0,38 
0,6 5 33Ñ0,8 35,2Ñ0,4 0,65 0,43 

0,9 5 40,6Ñ1,3 36Ñ1,2 0,7 0,39 

1,35 5 43,5Ñ1 34Ñ1,9 0,87 0,39 

0,3 6 44,8Ñ1,4 42,6Ñ0,4 0,547 0,42 
0,6 6 36,1Ñ0,7 35,1Ñ0,6 0,66 0,42 

0,9 6 38,5Ñ0,4 34,3Ñ1,6 0,73 0,42 

1,35 6 42,6Ñ0,2 37,9Ñ0,0 0,93 0,43 
*ʉʝʨʳʤ ʚʳʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ 
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ɸ                                                                 ɹ 

 

ʈʠʩʫʥʦʢ 3.4. ɼʘʥʥʳʝ Bioanalyzer Agilent 2100 ʦʙʨʘʟʮʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʧʣʘʟʤʳ ʢʨʦʚʠ (A) ʠ ʤʦʯʠ (ɹ). ʇʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʫ ʥʫʢʣʝʦʪʠʜʦʚ (nt) ʈʅʂ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʷʚʣʷʝʪʩʷ ʧʠʢ 4 ʥ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʪʦʢʦʣ 

ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GuSCN/ʆʩɸ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʝʧʘʨʘʪʦʚ ʢʦʨʦʪʢʠʭ ʈʅʂ. ɺ ʟʘʚʝʨʰʝʥʠʠ ʤʳ ʨʝʰʠʣʠ ʩʨʘʚʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʨʦʪʦʢʦʣ 

ʚr ʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ GuSCN/ʆʩɸ ʩʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ [357] ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʥʘʙʦʨʦʤ miRCURY RNA 

Isolation Kit - Biofluids (Exiqon) [358, 527]. 

ʅʘʙʦʨ miRCURY RNA Isolation Kit  ï Biofluids ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ (ʥʘ 

ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʦʤʤʝʨʯʝʩʢʠʤ 

ʤʝʪʦʜʘʤ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʣʘ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʬʝʥʦʣʘ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʪʨʫʜʦyʤʢʦʡ ʩʪʘʜʠʠ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ, ʠ 

ʫʧʨʦʱʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [362]. ʆʥ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ 

ʧʣʘʟʤʳ ʢʨʦʚʠ, ʵʢʟʦʩʦʤ ʠʣʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ ʜʨʫʛʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʥʘʙʦʨʳ, ʚʢʣʶʯʘʷ 

Trizol LS [358, 527], ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ 

ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʤʠʢʨʦʈʅʂ ʥʘ ʢʦʣʦʥʢʘʭ ʩʦ 

ʩʪʝʢʣʦʚʦʣʦʢʥʦʤ [527]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʨʸʭ ʤʝʪʦʜʦʚ ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ 

ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ (ʧʦ 10 ʯʝʣʦʚʝʢ ʚ ʛʨʫʧʧʝ, ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ 

çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè). ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʩ ʧʦʤʦʱʴʶ miRCURY RNA Isolation Kit ï 

Biofluids ʚʳʧʦʣʥʷʣʦʩʴ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚʳʜʝʣʝʥʠʷ, ʥʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʚʩʝ ʤʠʢʨʦʈʅʂ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʪʘʜʠʠ 
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ʧʝʨʝʦʩʘʞʜʝʥʠʷ (ʩʤ. ʧ.2.2.7.7.). ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʤʠʢʨʦʈʅʂ-16 ʠ 

ʤʠʢʨʦʈʅʂ-126. ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʠʤʝʥʥʦ ʵʪʠʭ ʤʠʢʨʦʈʅʂ ʙʳʣ ʩʜʝʣʘʥ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ. ʉʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ (Ct) ʚʳʧʦʣʥʷʣʠ 

ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʦʥʦʨʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʨʦʪʦʢʦʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ GuSCN/ʆʩɸ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʚʰʠʤʠʩʷ ʜʚʫʤʷ, ʘ ʠʤʝʥʥʦ ʚ 7,2 ʠ ʧʦʯʪʠ ʚ 1,4 ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʝʝ 

ʵʢʩʪʨʘʢʮʠʠ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 1,7 ʠ 2,9 ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʝʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʥʘʙʦʨʘ miRCURY RNA Isolation Kit ï Biofluids ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʤʠʢʨʦʈʅʂ-16 ʠ 

ʤʠʢʨʦʈʅʂ-126, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 3.7.). 

 

ʊʘʙʣʠʮʘ 3.7. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʤʦʯʠ 

 GuSCN/OcA ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤ miRCURY Biofluids Kit 

ʇʣʘʟʤʘ ʤʠʢʨʦʈʅʂ-16 21,9Ñ1,7 22,8Ñ1,5 22,6Ñ1,5 

ʤʠʢʨʦʈʅʂ-126 30,7Ñ0,6 31,2Ñ0,3 32,2Ñ1,4 

ʄʦʯʘ ʤʠʢʨʦʈʅʂ-16 29,8Ñ1,9 31Ñ1 37Ñ1 
ʤʠʢʨʦʈʅʂ-126 34,2Ñ1,9 34,7Ñ1,1

 
ND

**
 

* ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ ʩʨʝʜʥʝʝÑSD 

** ʉʠʛʥʘʣ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ 

 

ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʪʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʘ ʥʘ ʦʩʥʦʚʝ GuSCN/ʆʩɸ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʨʝʚʦʩʭʦʜʠʣ ʚ 2,3 ʠ 

1,5 ʨʘʟʘ ʵʢʩʪʨʘʢʮʠʶ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʧʨʠ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ-16 ʠ -126, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʚ 142 ʨʘʟʘ ʥʘʙʦʨ miRCURY RNA Isolation Kit ï Biofluids ʧʨʠ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ-16 ʚ ʤʦʯʝ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣ ʦʪ ʤʠʢʨʦʈʅʂ-126 ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʥʘʙʦʨʦʤ miRCURY RNA Isolation Kit 

ʚʦʦʙʱʝ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ (ʪʘʙʣʠʮʘ 3.7.).  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʝʪʦʜʝ miRCURY RNA Isolation Kit ï Biofluids ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʦʩʘʞʜʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ 

ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʪʨʘʢʮʠʝʡ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʦʤ ʣʠʙʦ ʦʯʝʥʴ ʙʣʠʟʢʠ (ʚ 

ʩʣʫʯʘʝ ʧʣʘʟʤʳ ʢʨʦʚʠ), ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʚ ʩʣʫʯʘʝ ʤʦʯʠ), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʠʟ ʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʄʝʪʦʜ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʩʠ GuSCN/ʆʩɸ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʤʠʢʨʦʈʅʂ ʠʟ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ, ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ rʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GuSCN/ʆʩɸ ʠ miRCURY RNA Isolation Kit ï 

Biofluids ʠʤʝʶʪ ʦʙʱʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʤʠʢʨʦʈʅʂ (ʭʦʪʷ 

ʫʜʘʣʝʥʠʝ/ʠʩʪʦʱʝʥʠʝ ʙʝʣʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ), ʥʘʤ ʙʳʣʦ 
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ʠʥʪʝʨʝʩʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʚʳʟʚʘʣʦ ʪʘʢʠʝ ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʙʝʣʢʦʚ ʦʙʦʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ 

ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʧʨʠ 260 ʠ 280 ʥʤ, ʘ ʪʘʢʞʝ ʦʩʪʘʚʰʠʝʩʷ ʙʝʣʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥ  rʩ ʧʦʤʦʱʴʶ SDS 

PAGE. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʙʝʣʢʠ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ ʫʜʘʣʷʶʪ ʨʝʘʛʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

miRCURY RNA Isolation Kit ï Biofluids (A260/A280=0,45/0,16 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʢʦʣʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GuSCN/ʆʩɸ: 0,54/0,27). ʆʜʥʘʢʦ ʧʨʦʪʦʢʦʣ GuSCN/ʆʩɸ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚ 

ʫʜʘʣʝʥʠʠ ʙʝʣʢʦʚ ʠʟ ʤʦʯʠ (A260/A280=0,88/0,73 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ miRCURY RNA Isolation Kit ï 

Biofluids: 1,12/0,88). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʣʘʟʤʳ ʢʨʦʚʠ ʥʘʙʦʨʦʤ miRCURY RNA Isolation Kit ï 

Biofluids ʥʘ SDS PAGE ʚʳʷʚʣʷʣʩʷ ʤʠʥʦʨʥʳʡ ʙʝʣʦʢ ʨʘʟʤʝʨʦʤ 52 ʢɼʘ (ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʠʟʦʬʦʨʤʳ 1 ʚʠʪʘʤʠʥʘ D-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ, ʘʥʪʠʪʨʦʤʙʠʥ III, 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʮʝʧʴ ʢʘʨʙʦʢʩʠʧʝʧʪʠʜʘʟʳ N ʠ ʜʨʫʛʠʝ ʙʝʣʢʠ [528, 529]), ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʴʶ GuSCN/ʆʩɸ ʚʳʷʚʣʷʶʪʩʷ ʧʦʨʷʜʢʘ ʜʝʩʷʪʠ ʙʝʣʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ IgG ʠ ʘʣʴʙʫʤʠʥ 

(ʨʠʩ. 3.5.).  

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʦʤ ʦʩʘʞʜʝʥʠʠ ʙʝʣʢʦʚ ʥʘʙʦʨʦʤ 

miRCURY RNA Isolation Kit ï Biofluids, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦ-ʦʩʘʞʜʝʥʠʶ ʯʘʩʪʠ ʤʠʢʨʦʈʅʂ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʆʊ-ʇʎʈ, ʦʩʪʘʚʰʠʝʩʷ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʝʣʢʠ ʧʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ ʤʝʪʦʜʦʤ GuSCN/ʆʩɸ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʤʝʰʘʶʪ ʚʳʜʝʣʝʥʠʶ ʤʠʢʨʦʈʅʂ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʊʘʙʣʠʮʘ 3.7) 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʧʨʦʪʦʢʦʣʳ (ʦʜʥʦʬʘʟʥʳʡ ʤʝʪʦʜ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ, ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʚʳʜʝʣʷʪʴ ʤʠʢʨʦʈʅʂ (ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʫʧʘʢʦʚʢʠ) ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʨʠʩ. 3.1., 3.4., ʪʘʙʣʠʮʳ 3.2. - 3.6.). ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʘ ʧʨʦʪʦʢʦʣʘ 

ʩʨʘʚʥʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʜʥʘʢʦ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʮʦʚ ʠ ʩ ʦʙʨʘʟʮʘʤʠ 

ʈʠʩʫʥʦʢ 3.5. SDS-PAGE 

ʩʫʧʝʨʥʘʪʘʥʪʘ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ 

ʙʝʣʢʦʚ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʢʪʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. 

3.1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʘʟʥʦʡ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ 

ɺʩʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ 

ʨʘʙʦʪ ʢʘʢ ʩ ʤʠʢʨʦʈʅʂ, ʪʘʢ ʠ ʩ ɼʅʂ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè. 

ʋʨʦʚʝʥʴ 17-ʪʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʧʝʪʣʝʚʦʡ TaqMan ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩʦʩʪʘʚʠʣʘ 10-100 ʢʦʧʠʡ ʤʠʢʨʦʈʅʂ. ʊʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʚʘʨʠʘʮʠʠ, ʥʝ ʧʨʝʚʳʰʘʣʘ 9,4%. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ CpG-ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʛʝʥʦʤʥʦʡ ɼʅʂ 

(ʛʝʥɼʅʂ) ʠ ʚʥɼʅʂ ʚ ʢʫʣʴʪʫʨʝ ʧʝʨʚʠʯʥʳʭ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

MS-qPCR ʙʳʣ ʚʳʙʨʘʥ ʬʨʘʛʤʝʥʪ ʛʝʥʘ RARbeta2, ʩʦʜʝʨʞʘʱʠʡ 13 ʩʘʡʪʦʚ CpG. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʘ RARbeta2, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʙʨʘʟʮʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʇʎʈ ʥʝʟʘʚʠʩʠʤʘʷ ʦʪ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ, ʬʣʘʥʢʠʨʫʶʱʝʡ ʬʨʘʛʤʝʥʪ ʛʝʥʘ 

RARbeta2 ʜʣʠʥʦʡ 186 ʧ.ʥ. (931-1117, Genbank accession no ʍ56849). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʙʠʩʫʣʴʬʠʪʦʤ ʥʘʪʨʠʷ ɼʅʂ ʯʝʣʦʚʝʢʘ 

ʤʝʪʦʜʦʤ SYBR-Green MS-qPCR ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 25 ʢʦʧʠʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʤʝʞʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʜʘʥʥʳʤ ʪʨʭy 

ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʦʩʪʘʚʠʣ 10,5%. ɼʣʷ ʜʝʪʝʢʮʠʠ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ RARbeta2 

ʤʝʪʦʜʦʤ SYBR-Green MS-qPCR ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʘʡʤʝʨʳ, ʬʣʘʥʢʠʨʫʶʱʠʝ ʬʨʘʛʤʝʥʪ 

ʜʣʠʥʦʡ 161 ʧ.ʥ. (938-1098, Genbank accession no ʍ56849). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʘ 

30 ʢʦʧʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ - 9,7%. 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʮʠʪʦʟʠʥʘ ʚ ʩʦʩʪʘʚʝ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ RARbeta2 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 2,5% ML, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ - 3,5%. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʢʨʦʚʠ ʜʦ ʠ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʘʡʤʝʨʳ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ LINE 1 ʵʣʝʤʝʥʪʳ. ɼʣʷ ʨʘʙʦʪ r ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʢʨʦʚʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʘʡʤʝʨʳ, ʫʟʥʘʶʱʠʝ ʫʯʘʩʪʢʠ 

ʛʝʥʦʚ GSTP1, RNF219 ʠ KIAA1539 ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ CpG-ʜʠʥʫʢʣʝʦʪʠʜʦʚ, ʪ.ʝ., 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʥʠ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʤʝʪʠʣʠʨʦʚʘʥʳ. ʇʨʠ ʧʦʤʦʱʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʳ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʠʩʢʦʤʳʝ ʣʦʢʫʩʳ ʛʝʥʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʝʪʠʣʠʨʦʚʘʥʠʷ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ TaqMan ʇʎʈ ʩʠʩʪʝʤ ʩʦʩʪʘʚʠʣʘ 5 ʧʛ ɼʅʂ. ʊʦʯʥʦʩʪʴ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
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ʚʨʝʤʝʥʠ, ʚʳʨʘʞʝʥʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ, ʩʦʩʪʘʚʠʣʘ 12%, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʎʈ ʙʳʣʘ ʦʪ 

97,4% ʜʦ 99,5%. 

 

3.2. ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʠ ʩʦʩʪʘʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ ʚ ʛʣʘʚʝ çʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè ʤʠʢʨʦʈʅʂ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʫʧʘʢʦʚʘʥʳ ʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʠʣʠ ʚ 

ʧʦʢʨʳʪʳʝ ʤʝʤʙʨʘʥʦʡ ʯʘʩʪʠʮʳ (ʪʘʙʣʠʮʘ 1.2.). ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚʦ 

ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʦʡ ʩʝʢʨʝʮʠʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ 

(ʩʤ. ʧ. 1.1.1). ʉʦʩʪʘʚ ʤʠʢʨʦʈʅʂ-ʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʭʘʥʠʟʤʦʤ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʮʠʨʢʫʣʷʮʠʠ (ʨʘʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʨʛʘʥʘʤ ʠ ʪʢʘʥʷʤ) ʠ ʚʳʚʝʜʝʥʠʷ. 

ɺʢʣʘʜ ʤʝʭʘʥʠʟʤʦʚ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ, ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, 

ʚʳʩʚʦʙʦʞʜʘʶʱʠʭ ʤʠʢʨʦʈʅʂ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ ʢʣʫʙʦʯʢʦʚʘʷ 

ʬʠʣʴʪʨʘʮʠʷ, ʨʝʘʙʩʦʨʙʮʠʷ, ʢʦʥʪʘʢʪ ʩ ʧʨʦʪʦʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʚʣʠʷʶʪ ʥʘ ʪʦ, ʚ ʢʘʢʦʤ 

ʚʠʜʝ ʚʥ-ʤʠʢʨʦʈʅʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʪʠʭ ʞʠʜʢʦʩʪʷʭ ʠ ʢʘʢʠʝ ʢʣʝʪʢʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʠʭ ʧʦʷʚʣʝʥʠʝ 

[530]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʚ ʤʦʯʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʦʧʫʣʷʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ [83, 530], ʚʢʣʶʯʘʷ ʵʢʟʦʩʦʤʳ (30ï100 ʥʤ), ʧʨʦʩʪʘʩʦʤʳ (50ï

500 ʥʤ), ʵʢʪʦʩʦʤʳ (50ï1000 ʥʤ), ʦʥʢʦʩʦʤʳ (50ï500 ʥʤ) ʠ ʤʠʢʨʦʚʝʟʠʢʫʣʳ (100ï1000 ʥʤ) [531]. 

ʕʢʟʦʩʦʤʳ ʤʦʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʚʝʟʠʢʫʣʳ ʩʬʝʨʠʯʝʩʢʦʡ [532], 

ʙʣʶʜʮʝʚʠʜʥʦʡ [533] ʠʣʠ ʯʘʰʝʚʠʜʥʦʡ ʬʦʨʤʳ [534, 535], ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʝʣʢʠ, ʤʈʅʂ ʠ 

ʤʠʢʨʦʈʅʂ [536] ʠ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʢʣʝʪʢʘʤʠ ʚʦ ʚʩʝʭ ʩʝʛʤʝʥʪʘʭ ʥʝʬʨʦʥʘ ʠ ʤʦʯʝʧʦʣʦʚʦʛʦ ʪʨʘʢʪʘ 

[537]. ʕʢʟʦʩʦʤʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʢʣʝʪʢʘʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʩ ʩʝʢʨʝʪʦʤ 

ʇɾ ʯʝʨʝʟ ʵʷʢʫʣʷʪʦʨʥʳʝ ʧʨʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʚʧʘʜʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʨʝʪʨʫ ʠ ʧʦʧʘʜʘʶʪ ʚ 

ʤʦʯʫ, ʛʜʝ ʠʭ ʤʦʞʥʦ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ [538]. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺɺ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʝʪʦʯʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ [83, 530]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʤʦʯʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʩʪʚʫʶʪ ʢʣʝʪʢʠ ʵʥʜʦʪʝʣʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʠ 

ʤʦʯʝʚʳʚʦʜʷʱʠʭ ʧʨʦʪʦʢʦʚ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʤʳ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ ʵʪʠ ʢʣʝʪʢʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʝʩʢʣʝʪʦʯʥʫʶ ʬʨʘʢʮʠʶ ʜʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʫʣʘ ʤʠʢʨʦʈʅʂ ʤʦʯʠ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʨʘʟʜʝʣʷʣʠ ʤʦʯʫ ʥʘ ʯʝʪʳʨʝ 

ʬʨʘʢʮʠʠ: 1 - ʦʙʝʜʥʝʥʥʘʷ ʢʣʝʪʢʘʤʠ ʤʦʯʘ (ʩʫʧʝʨʥʘʪʘʥʪ 1), ʪ.ʝ. ʩʫʧʝʨʥʘʪʘʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʤʦʯʠ ʧʨʠ 400g (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʚʩʝ ʪʠʧʳ ʚʝʟʠʢʫʣ, 
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ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʤʦʯʝ, ʙʝʣʢʠ ʠ ʙʝʣʢʦʚʳʝ ʘʛʨʝʛʘʪʳ ʤʦʯʠ, ʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʜʝʙʨʠʩ, ʘ 

ʪʘʢʞʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʤʙʨʘʥʥʳʤʠ ʚʝʟʠʢʫʣʘʤʠ);  

2 - ʩʫʧʝʨʥʘʪʘʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʫʧʝʨʥʘʪʘʥʪʘ 1 ʧʨʠ 17000g 

(ʩʫʧʝʨʥʘʪʘʥʪ 2) (ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʳʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ ʤʦʯʠ, ʨʘʩʪʚʦʨʠʤʳʡ ʙʝʣʦʢ ʤʦʯʠ ʠ 

ʚʥʝʢʣʝʪʦʯʥʳʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʥʝ ʫʧʘʢʦʚʘʥʥʳʝ ʚʦ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ); 3 - ʬʨʘʢʮʠʷ, 

ʩʦʜʝʨʞʘʱʘʷ ʩʫʤʤʘʨʥʳʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ (ʉɺɺ), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʩʘʜʦʢ ʧʦʩʣʝ 

ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʫʧʝʨʥʘʪʘʥʪʘ 2 (ʧʨʠ 100000g) ʠ ʩʦʩʪʦʷʱʘʷ ʠʟ ʵʢʟʦʩʦʤʦʧʦʜʦʙʥʳʭ 

ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʚʝʟʠʢʫʣ ʜʦ 200ï300 ʥʤ; 4 - ʬʨʘʢʮʠʷ, ʦʙʦʛʘʱʸʥʥʘʷ ʤʝʣʢʠʤʠ ʚʝʟʠʢʫʣʘʤʠ, 

ʚʢʣʶʯʘʷ ʵʢʟʦʩʦʤʳ (ʌʆʕ), ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʸʤ ʬʠʣʴʪʨʘʮʠʠ ʬʨʘʢʮʠʠ ʉɺɺ ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʩ 

ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ. 

ʉʦʩʪʘʚ ɺɺ ʠʟʫʯʘʣʠ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʌʆʕ, ʢʦʥʮʝʥʪʨʘʮʠ ʁʤʠʢʨʦʈʅʂ ʦʮʝʥʠʚʘʣʠ ʚʦ 

ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʷʭ ʤʦʯʠ. 

 

3.2.1. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ ʟʜʦʨʦʚʳʭ 

ʤʫʞʯʠʥ ʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʢʟʦʩʦʤ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʨʘʟʤʝʨ, ʤʦʨʬʦʣʦʛʠ ̫ ʠ ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʵʢʟʦʩʦʤʳ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʠʭ 

ʤʝʤʙʨʘʥʘʭ ʠʤʝʶʪʩʷ/ʵʢʩʧʦʥʠʨʦʚʘʥʳ ʪʝʪʨʘʩʧʘʥʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨ r CD63 ʠ CD9, ʢʦʪʦʨʳʝ 

ʦʧʦʩʨʝʜʫʶʪ ʘʜʛʝʟʠʶ ʵʢʟʦʩʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʮʠʧʠʝʥʪʥʦʡ ʢʣʝʪʢʠ [83, 530, 539ï541], ʠ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʮʝʧʪʦʨ CD24 ï ʤʘʨʢʝʨ ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʭʩʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭʩʷ ʢʣʝʪʦʢ [542, 

543]. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʊʕʄ, ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ ʩʦʜʝʨʞʘʪ ɺɺ ʨʘʟʤʝʨʦʤ ʦʪ 20 ʜʦ 230 ʥʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʝʟʠʢʫʣ ʠʤʝʣʠ 

ʚʠʜ ʩʬʝʨʠʯʝʩʢʠʭ ʧʫʟʳʨʝʡ ʠʣʠ çʯʘʰʝʯʝʢè, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʵʢʟʦʩʦʤʘʣʴʥʦʝ/ʵʥʜʦʮʠʪʘʨʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʨʠʩ. 3.6.ɸ). ɼʦʣʷ ʚʝʟʠʢʫʣ ʨʘʟʤʝʪʦʤ ʦʪ 30 ʜʦ 120 ʥʤ (ʨʘʟʤʝʨ ʵʢʟʦʩʦʤ) ʩʦʩʪʘʚʠʣʘ 

95% ʠ 90% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʝʟʠʢʫʣ ʚ ʦʙʨʘʟʮʘʭ ʉɺɺ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʄʘʥʥʘ-ʋʠʪʥʠ ʵʪʘ ʨʘʟʥʠʮʘ ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

(ʨʠʩ. 3.7.ɸ)); ʜʦʣʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (ʜʦ 230 ʥʤ) ʥʝ ʧʨʝʚʳʰʘʣʘ 5% ʠ 10%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʠʣʴʪʨʘʮʠʷ ʬʨʘʢʮʠʠ ʉɺɺ ʩʢʚʦʟʴ ʬʠʣʴʪʨ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ ʫʚʝʣʠʯʠʚʘʣʘ ʜʦʣʶ 

ʵʢʟʦʩʦʤʦʧʦʜʦʙʥʳʭ ʚʝʟʠʢʫʣ ʨʘʟʤʝʨʦʤ ʦʪ 30 ʜʦ 120 ʥʤ ʧʦʯʪʠ ʜʦ 100%, ʫʜʘʣʷʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʚʝʟʠʢʫʣʳ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 110 ʥʤ (ʨʠʩ. 3.7.ɹ). 
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ʉʚʷʟʳʚʘʥʠʝ ʘʥʪʠʪʝʣ ʢ CD9, CD24 ʠ CD63 ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʢʟʦʩʦʤʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʚʝʟʠʢʫʣ ʨʘʟʤʝʨʦʤ ʦʪ 30 ʜʦ 100 ʥʤ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ ʵʢʟʦʩʦʤʘʤʠ (ʨʠʩ. 3.6.ɹ). 

 

ɸ 
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 CD9 CD24 CD63 

ɿʜʦʨʦʚʳʝ 

ʜʦʥʦʨʳ 

   

ɹʦʣʴʥʳʝ 

ʈʇɾ 

   

ʈʠʩʫʥʦʢ 3.6. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʨʘʟʤʝʨ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ. (A) ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʘ 

ʦʪʜʝʣʴʥʳʭ ʵʢʟʦʩʦʤʦʧʦʜʦʙʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʤʦʯʠ. (ɹ) ʊʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ɺɺ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʙʦʣʴʥʳʭ ʈʇɾ ʜʦ ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʩʢʚʦʟʴ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ, ʤʝʯʝʥʳʝ ʘʥʪʠʪʝʣʘʤʠ ʢ 

CD9, CD24 ʠ CD63. ʄʘʩʰʪʘʙʥʘʷ ʣʠʥʠʷ - 100 ʥʤ. 
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ʈʠʩʫʥʦʢ 3.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʫ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʙʦʣʴʥʳʭ ʈʇɾ ʜʦ (ɸ) ʠ ʧʦʩʣʝ (ɹ) ʬʠʣʴʪʨʘʮʠʠ ʩʢʚʦʟʴ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ.  

 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʮʝʣʦʤ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʟʤʝʨ ʵʢʟʦʩʦʤ ʤʦʯʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 30 ʜʦ 100 ʥʤ [165, 536, 

537, 544, 545]; ʚʦ-ʚʪʦʨʳʭ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʦʧʘʜʘʶʪ ʚ ʜʠʘʧʘʟʦʥ 35ï40 ʥʤ [163, 546];  

ʚ-ʪʨʝʪʴʠʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ɺɺ ʩʢʚʦʟʴ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ [547], 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʤʝʨʦʤ 300ï400 ʥʤ ʦʩʪʘʸʪʩʷ ʚ ʤʦʯʝ (ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NanoSight LM10 (Malvern, UK)) (ʨʠʩ. 3.8.). 

  
ʈʠʩʫʥʦʢ 3.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ɺɺ ʤʦʯʠ, ʚʳʜʝʣʝʥʥʳʭ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ NanoSight LM10. 
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ɼʘʥʥʳʝ ʊʕʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʨʘʢʮʠʠ ʉɺɺ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ Zetasizer Nano ZS (Malvern Instruments Ltd, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʆʩʥʦʚʥʘʷ ʰʠʨʠʥʘ ʧʦʣʫʯʝʥʥʳʭ ʧʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 180ï260 ʥʤ. ʕʪʠʤ 

ʤʝʪʦʜʦʤ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʯʘʩʪʠʮ ʙʣʠʟʢʦʛʦ ʨʘʟʤʝʨʘ (149Ñ20 ʥʤ) ʚ ʤʦʯʝ ɿɼ ʠ 

ʙʦʣʴʥʳʭ ʈʇɾ (ʧʦ 2 ʦʙʨʘʟʮʘ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ) (ʨʠʩ. 3.9.).  

 

 

ʈʠʩʫʥʦʢ 3.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ɺɺ ʤʦʯʠ, ʚʳʜʝʣʝʥʥʳʭ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ Zetasizer Nano ZS. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʦʮʝʥʢʘ ʨʘʟʤʝʨʘ ɺɺ ʩ ʧʦʤʦʱʴʶ NanoSight LM10 ʠ 

Zetasizer Nano ZS, ʘ ʪʘʢʞʝ ʥʝʜʦʦʮʝʥʢʘ ʨʘʟʤʝʨʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʕʄ [548] ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʣʠʷʥʠʝʤ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ/ʦʪʪʘʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʤʝʰʘʪʴ ʩʨʘʚʥʝʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺɺ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩʨʘʚʥʝʥʠʶ ʠʭ ʧʨʦʬʠʣʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʕʄ ʜʦ ʠ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,1 ʤʢʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʊʕʄ ʥʘ ʨʘʟʤʝʨ ɺɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʯʝ ɿɼ ʠ ʙʦʣʴʥʳʭ ʈʇɾ ʧʨʦʬʠʣʴ ʉɺɺ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʡ, ʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

3.2.2. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʙʝʣʢʘ ʚ ʩʦʩʪʘʚʝ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ 

ʂʦʩʚʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʚʝʟʠʢʫʣ ʠ ʵʢʟʦʩʦʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ 

ʙʝʣʢʘ ʚ ʠʭ ʧʨʝʧʘʨʘʪʘʭ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʩʦʦʙʱʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ 48% ʦʙʱʝʛʦ ʙʝʣʢʘ ʤʦʯʠ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʝʸ ʦʩʘʜʢʝ, 49% ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʠʤʦʤ ʚʠʜʝ [549] ʠ 3% ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ 

ʵʢʟʦʩʦʤ [550, 551], ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʝ [552], ʪʘʢ ʠ ʫʥʠʢʘʣʴʥʳʝ ʥʘʙʦʨʳ 

ʙʝʣʢʦʚ [553]. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʧʨʝʧʘʨʘʪʘʭ ɺɺ ʤʦʯʠ ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ NanoOrange Protein Quantification Kit, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʶ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʩ ʜʝʪʝʨʛʝʥʪʦʤ ʜʣʷ ʣʠʟʠʩʘ ʚʝʟʠʢʫʣ. ɼʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ɿʜʦʨʦʚʳʝ 
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ʙʝʣʢʘ ʚ ʧʨʝʧʘʨʘʪʘʭ ɺɺ ʤʦʯʠ ʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ (ʨʠʩ. 3.10.). ʂʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʧʨʝʧʘʨʘʪʘʭ ɺɺ ʤʦʯʠ ʩʦʩʪʘʚʠʣʠ 12Ñ0,7 ʤʛ/ʤʣ ʠ 

9Ñ0,4 ʤʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3.10.ɸ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 171Ñ22 ʥʛ ʠ 140Ñ21 ʥʛ ʥʘ ʤʣ ʤʦʯʠ 

(ʨʠʩ. 3.10.ɹ). ʉ ʫʯʝʪʦʤ ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʤʦʯʝ (ʦʢʦʣʦ 33 ʤʢʛ/ʤʣ) ʠ ʨʘʟʚʝʜʝʥʠʡ 

ʧʨʠ ʚʳʜʝʣʝʥʠʠ ɺɺ, ʚʢʣʶʯʘʷ ʵʪʘʧʳ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʧʨʝʧʘʨʘʪʳ ɺɺ 

ʩʦʜʝʨʞʘʣʠ ʥʝ ʙʦʣʝʝ 3 ʥʛ/ʤʣ ʦʩʪʘʪʦʯʥʦʛʦ ʙʝʣʢʘ ʤʦʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ 

ʧʨʝʧʘʨʘʪʘʭ ɺɺ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,6% ʦʪ ʦʙʱʝʛʦ ʙʝʣʢʘ ʤʦʯʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ 

75% ʦʙʱʝʛʦ ʙʝʣʢʘ ʉɺɺ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʌʆʕ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 90-95% ʚʩʝʭ ʚʝʟʠʢʫʣ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, 5ï10% ʢʨʫʧʥʳʭ ʚʝʟʠʢʫʣ (>110 ʥʤ) ʩʦʜʝʨʞʘʣʠ 25% ʚʩʝʛʦ ʙʝʣʢʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ 

ɺɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʡ ʧʨʠʨʦʜʝ ʤʝʣʢʠʭ (1̓00 ʥʤ) ʠ ʢʨʫʧʥʳʭ, ʙʦʛʘʪʳʭ ʙʝʣʢʦʤ ɺɺ. 

ʅʘʧʨʠʤʝʨ, ʯʘʩʪʴ ʢʨʫʧʥʳʭ ʚʝʟʠʢʫʣ ʤʦʛʫʪ ʙʳʪʴ ʵʢʪʦʩʦʤʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʢʟʦʩʦʤ 

ʤʝʭʘʥʠʟʤʦʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠ ʩʦʩʪʘʚʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʝʣʢʦʚʳʤ [530]. ʇʨʠ ʨʘʟʚʠʪʠʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫʨʦʛʝʥʠʪʘʣʴʥʦʛʦ ʪʨʘʢʪʘ ʙʝʣʢʦʚʳʡ ʩʦʩʪʘʚ ɺɺ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ, 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʙʝʣʢʦʚ ɺɺ [530]. 
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ʈʠʩʫʥʦʢ 3.10. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʚ ʩʦʩʪʘʚʝ ɺɺ ʤʦʯʠ ʙʦʣʴʥʳʭ ʈʇɾ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʛ ʥʘ ʤʣ ʧʨʝʧʘʨʘʪʘ (ɸ) ʠʣʠ ʥʛ ʥʘ ʤʣ ʤʦʯʠ (ɹ). 

 

ɸ 

ɹ 

ʉ
ɺ
ɺ

ʌ
ʆ
ʕ

ʉ
ɺ
ɺ

ʌ
ʆ
ʕ

ʉ
ɺ
ɺ

ʌ
ʆ
ʕ

0

100

200

300

400

ʈʇɾ ɿɼ ʈʇɾ+ɿɼ

184°31

149°25

160°33

132°33

171°22

140°21

ʥ
ʛ/
ʤ
ʣ

 ʤ
ʦ
ʯ
ʠ



114 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʩʧʝʢʪʨ ʙʝʣʢʦʚ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʵʢʟʦʩʦʤʘʭ ʤʦʯʠ, ʚʢʣʶʯʘʝʪ 

ʙʦʣʝʝ ʪʨʝʭ ʪʳʩʷʯ ʥʘʠʤʝʥʦʚʘʥʠʡ [554] ʠ ʧʨʦʜʦʣʞʘʝʪ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʪʴʩʷ [552]. ʅʝʢʦʪʦʨʳʝ 

ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʵʢʟʦʩʦʤʘʭ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʦʪ 2,78 ʜʦ 

11,8 ʤʢʛ/ʤʣ ʤʦʯʠ [532, 551]; ʨʝʟʫʣʴʪʘʪʳ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʘʨʴʠʨʫʶʪ ʦʪ 0,11 ʜʦ 

0,635 ʤʢʛ/ʤʣ ʤʦʯʠ [555, 556]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʢʨʘʩʠʪʝʣʴ NanoOrange (ʚ ʦʪʣʠʯʠʝ ʦʪ BCA assay kit) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʣʢʘ, ʘ ʧʨʦʪʦʢʦʣʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɺɺ ʠʟ ʤʦʯʠ ʚʢʣʶʯʘʣʠ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ 

ʧʨʦʤʳʚʢʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʫʤʝʥʴʰʘʣʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ɺɺ ʙʝʣʢʦʤ ʤʦʯʠ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʚʝʟʠʢʫʣ ʧʦ ʨʘʟʤʝʨʫ ʚʦ ʌʆʕ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʚʝʟʠʢʫʣ (ʨʠʩ. 3.7.), ʪʨʠʚʠʘʣʴʥʘʷ ʦʮʝʥʢʘ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʢʟʦʩʦʤʳ ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʝʟʠʢʫʣʳ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʚʝʟʠʢʫʣʳ ʥʝʩʫʪ ʧʨʠʤʝʨʥʦ 25% ʦʙʱʝʛʦ ʙʝʣʢʘ ɺɺ, ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʩʪʘʚ 

ʙʠʦʧʦʣʠʤʝʨʦʚ/ʙʠʦʤʦʣʝʢʫʣ ʤʝʣʢʠʭ ʚʝʟʠʢʫʣ ʚʦ ʌʆʕ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʝʟʠʢʫʣ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ. 

3.2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ɺɺ ʤʦʯʠ 

ʅʘ ʤʦʤʝʥʪ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʦʩʪʚʝ ʵʢʟʦʩʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʤʈʅʂ 

ʠ ʤʠʢʨʦʈʅʂ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɼʅʂ ʙʳʣʠ ʥʝʩʠʩʪʝʤʥʳʝ ʠ ʧʣʦʭʦ ʩʪʳʢʫʶʱʠʝʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʜʘʥʥʳʝ [557ï561]. ʇʦʩʢʦʣʴʢʫ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʤʠʢʨʦʯʘʩʪʠʮʘʭ ʤʦʯʠ ʥʘʭʦʜʠʪʩʷ 

ʤʥʦʛʦ ʙʝʣʢʘ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ɼʅʂ ʠ ʈʅʂ. ɼʅʂ ʚ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʠ ʉɺɺ ʠ 

ʌʆʕ ʤʦʯʠ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ TaqMan ʇʎʈ (Ŭ-ʩʘʪʝʣʣʠʪʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʧʦʚʪʦʨʳ LINE1) (ʩʤ. ʧ. 2.2.7.11.). 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʧʨʝʧʘʨʘʪʘʭ ʉɺɺ ʠ ʌʆʕ ʤʦʯʠ ʙʦʣʴʥʳʭ ʈʇɾ ʠ ɿɼ. ɿʥʘʯʝʥʠʝ ʤʝʜʠʘʥʳ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʩʦʩʪʘʚʠʣʦ 18 ʧʛ/ʤʣ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

200 ʧʛ/ʤʣ), ʘ ʚʦ ʌʆʕ ï 2,6 ʧʛ/ʤʣ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 50 ʧʛ/ʤʣ) (ʨʠʩ. 3.11.). ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥɼʅʂ ʚ ʤʦʯʝ ʟʜʦʨʦʚʦʛʦ ʤʫʞʯʠʥʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6 ʥʛ/ʤʣ ʜʦ 50 ʥʛ/ʤʣ [562]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʬʨʘʢʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʙʦʣʝʝ 0,2% ʦʙʱʝʡ ʚʥɼʅʂ ʤʦʯʠ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʛʝʥʦʤ-ʵʢʚʠʚʘʣʝʥʪʦʚ ɼʅʂ. ʊʘʢʘʷ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥɼʅʂ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʘʡʥʝ ʩʣʦʞʥʳʤ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʥʝʦʜʥʦʟʥʘʯʥʳʤʠ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ɼʅʂ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. 
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ʈʠʩʫʥʦʢ 3.11. ʂʦʥʮʝʥʪʨʘʮʠʷ ɼʅʂ ʚ ʧʨʝʧʘʨʘʪʘʭ ɺɺ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ TaqMan ʇʎʈ ʥʘʮʝʣʝʥʥʦʡ ʥʘ LINE1 ʵʣʝʤʝʥʪʳ ʠ 

Ŭ-ʩʘʪʝʣʣʠʪʥʳʝ ʧʦʚʪʦʨ rɼʅʂ ʯʝʣʦʚʝʢʘ. 

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚʥɼʅʂ ɺɺ ʤʦʯʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʟʠʢʫʣ, 

ʧʦʜʦʙʥʦ ʬʨʘʛʤʝʥʪʘʤ ɼʅʂ ʨʘʟʤʝʨʦʤ 25ï1500 ʥ., ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʦʙʨʘʙʦʪʢʝ ɼʅʂʘʟʦʡ ʠ 

ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʧʨʝʧʘʨʘʪʘʭ ʵʢʟʦʩʦʤ ʤʦʯʠ ʂ. Miranda ʩ ʩʦʘʚʪ. [563]. ɼʚʫʭʮʝʧʦʯʝʯʥʘʷ ʛʝʥʦʤʥʘʷ 

ɼʅʂ ʪʘʢʞʝ ʨʘʥʝʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʧʨʝʧʘʨʘʪʘʭ ʵʢʟʦʩʦʤ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ [564] ʠ ʵʢʟʦʩʦʤ, 

ʚʳʩʚʦʙʦʞʜʘʝʤʳʭ ʠʟ ʢʣʝʪʦʢ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ GBM [564, 565] ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʩʨʘʚʥʠʤʳʭ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠ ʙʦʣʝʝ 

ʢʦʨʦʪʢʘʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʵʢʟʦʩʦʤʘʭ ʤʠʦʙʣʘʩʪʦʚ ʉ2ʉ12 [566], 

ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʠ ʘʩʪʨʦʮʠʪʦʚ [567]. ʇʨʠʩʫʪʩʪʚʠʝ ʨʝʮʝʧʪʦʨʦʚ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʵʢʟʦʩʦʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʦʩʨʝʜʫʶʱʠʭ ʩʚʷʟʳʚʘʥʠʝ ɼʅʂ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʲʷʩʥʝʥʠʝʤ ʥʘʣʠʯʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɼʅʂ ʠʟ ʬʨʘʢʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʢ ɼʅʂ-ʛʠʜʨʦʣʠʟʫʶʱʠʤ ʬʝʨʤʝʥʪʘʤ 

[568]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʈʅʂ ʚʦ ʌʆʕ ʠ ʉɺɺ ʤʦʯʠ (ʨʠʩ. 3.12.) ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ 

ʪʘʢʞʝ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʧʠʢʦʛʨʘʤʤ ʥʘ ʤʠʣʣʠʣʠʪʨ ʤʦʯʠ ʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 290 ʧʛ/ʤʣ ʤʦʯʠ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʈʅʂ ʚ ʤʦʯʝ ʟʜʦʨʦʚʦʛʦ ʤʫʞʯʠʥʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

24 ʥʛ/ʤʣ ʜʦ 140 ʥʛ/ʤʣ [562], ʯʪʦ ʪʘʢ ʞʝ ʛʦʚʦʨʠʪ ʦ ʩʦʜʝʨʞʘʥʠʠ ʥʝ ʙʦʣʝʝ 0,2% ʚʥʈʅʂ ʚ ʩʦʩʪʘʚʝ 

ɺɺ ʦʪ ʩʫʤʤʘʨʥʦʡ ʚʥʈʅʂ ʤʦʯʠ. ʈʘʟʤʝʨ ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʚ ʩʦʩʪʘʚʝ ɺɺ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʚ ʦʙʝʠʭ ʬʨʘʢʮʠʷʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 30 ʜʦ 180 ʥ. 

(ʨʠʩ. 3.12.). ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʧʨʦʬʠʣʠ ʩʫʤʤʘʨʥʳʭ ʈʅʂ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʧʨʦʬʠʣʷʤ, ʧʦʣʫʯʝʥʥʳʤ 

F. Royo ʩ ʩʦʘʚʪʦʨʘʤʠ [547] ʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʈʅʂ ʵʢʟʦʩʦʤ. 
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ɸ                                                                      ɹ 

 

ʈʠʩʫʥʦʢ 3.12. ɼʘʥʥʳʝ Bioanalyzer Agilent 2100 ʦʙʨʘʟʮʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʌʆʕ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ (A) ʠ ʙʦʣʴʥʳʭ ʈʇɾ (ɹ). ʇʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʫ ʥʫʢʣʝʦʪʠʜʦʚ 

ʈʅʂ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʷʚʣʷʝʪʩʷ ʧʠʢ 22 ʥ. 

 

ʊʘʢʠʝ ʧʨʦʬʠʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ tʈʅʂ (73ï93 ʥ.), 5,8 rʈʅʂ (~150 ʥ.), snoʈʅʂ (10ï

20 ʥ.), snʈʅʂ (60ï300 ʥ.), piʈʅʂ (29ï30 ʥ.), miʈʅʂ (20ï25 ʥ.), siʈʅʂ (21ï25 ʧ.ʥ.) ʠ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʈʅʂ [165] ʚ ʧʨʝʧʘʨʘʪʘʭ ɺɺ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʜʘʥʥʳʝ ʦ ʈʅʂ ʚ ʩʦʩʪʘʚʝ ʵʢʟʦʩʦʤ/ʤʠʢʨʦʚʝʟʠʢʫʣ ʤʦʯʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʚ ʦʩʥʦʚʥʦʤ ʠʥʪʘʢʪʥʳʭ 18S ʠ 28S rʈʅʂ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈʅʂ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

381Ñ47 ʥʛ/ʤʣ ʜʦ 410Ñ28 ʥʛ/ʤʣ [563] ʠ ʜʦ 0,2ï0,4 ʥʛ/ʤʣ [165]; ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʦʚʦʨʠʪʩʷ 

ʦ ʪʦʤ, ʯʪʦ 80% ʵʢʟʦʩʦʤʥʦʡ ʈʅʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʈʅʂ [170], ʧʨʠʯʸʤ ʝʸ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʥʛ/ʤʣ ʤʦʯʠ ʠ ʚʳʰʝ [544, 546]. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʜʘʥʥʳʭ ʦ 

ʨʘʟʤʝʨʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈʅʂ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʩʧʦʩʦʙʘʭ ʝʸ ʚʳʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʈʅʂ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʈʅʂ, ʥʦ ʠ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʚʳʜʝʣʝʥʠʷ ʈʅʂ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʢʨʦʈʅʂ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʯʠʪʘʶʪʩʷ ʚʳʛʦʜʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦ ʬʨʘʢʮʠʷʭ ɺɺ ʤʦʯʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʝʩʷʪʢʦʚ ʧʛ/ʤʣ ʩʦʛʣʘʩʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʩʯʸʪʘʤ 

ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʥʘʜʝʞʥʦʡ ʜʝʪʝʢʮʠʠ (ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʚ 1 ʤʣ ʤʦʯʠ ʩʦʜʝʨʞʠʪʩʷ 10
9
 ʵʢʟʦʩʦʤ, ʚ 

ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʧʦ 1 ʤʦʣʝʢʫʣʝ ʤʠʢʨʦʈʅʂ [569]; ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫ ʯʝʣʦʚʝʢʘ 

ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 3000 ʤʠʢʨʦʈʅʂ [88], ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʵʢʟʦʩʦʤ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 1 ʤʣ ʤʦʯʠ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʢʦʣʦ 3Ĭ10
5
 ʢʦʧʠʡ ʦʜʥʦʡ ʤʠʢʨʦʈʅʂ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʧʨʠ ʇʎʈ-

ʘʥʘʣʠʟʝ). 
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3.2.4. ʄʠʢʨʦʈʅʂ ʤʦʯʠ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʠʢʨʦʈʅʂ ʚ ʤʦʯʝ, ʚʩʪʨʝʯʘʶʪʩʷ ʣʠ ʦʥʠ ʚ 

ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʨʘʟʥʳʭ ʬʨʘʢʮʠʷʭ ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʥʦʡ ʠʟ ʬʨʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʥ-ʤʠʢʨʦʈʅʂ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʠʢʨʦʈʅʂ ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʦʪʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʫ ɿɼ [570, 571]. ɹʳʣʠ 

ʚʳʙʨʘʥʳ ʯʝʪʳʨʝ ʤʠʢʨʦʈʅʂ (ʤʠʢʨʦʈʅʂ-19b, -25, -205, -125b), ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʈʇɾ [571ï573]. ʄʠʢʨʦʈʅʂ-16, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʠʟʘʪʦʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʤʦʱʠ TaqMan ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʩʤ ʧ. 2.2.6.9.) ʥʘʤʠ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʪ̫ʠ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʤʦʯʠ ʧʨʠ 400g ʠ 17000g, ʘ ʪʘʢʞʝ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʌʆʕ (ʨʠʩ. 3.13.). 

ɺʳʜʝʣʷʣʠ ʤʠʢʨʦʈʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʪʦʢʦʣʘ (ʭʣʦʨʦʬʦʨʤ: ʩʧʠʨʪ: ʚʦʜʘ), ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʧ.2.2.7.4. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʠʢʨʦʈʅʂ ʚ ʧʝʨʝʩʯʪyʝ ʥʘ ʠʩʭʦʜʥʳʡ ʦʙʲʝʤ 

ʤʦʯʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʨʘʟʚʝʜʝʥʠʡ ʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʆʊ ʠ ʇʎʈ 

(ʪʘʙʣʠʮʘ 3.8.). ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.8., ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʢʨʦʈʅʂ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʘʢ ʚʦ ʬʨʘʢʮʠʷʭ ɺɺ, ʪʘʢ ʠ ʚʦ ʬʨʘʢʮʠʷʭ ʠʭ ʥʝ ʩʦʜʝʨʞʘʱʠʭ. ɿʥʘʯʠʤʳʝ ʢʦʨʨʝʣʷʮʠʠ (|R|>0,6, 

ʈ<0,05) ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʥʳʭ ʬʨʘʢʮʠʷʭ ʤʦʯʠ ʠʥʬʦʨʤʠʨʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ 

ʤʠʢʨʦʈʅʂ ʦʜʠʥʘʢʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʩ ʙʦʣʝʝ-ʤʝʥʝʝ ʙʣʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ 

ʈʠʩʫʥʦʢ 3.13. ʋʨʦʚʝʥʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ 

ʤʠʢʨʦʈʅʂ ʚ ʤʦʯʝ. ɿʚʝʟʜʦʯʢʠ 

(*) ʫʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ: 

*** ʈ<0,0001; *ʈ = 0,0150. 
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ʚʳʜʝʣʝʥʳ ʠʟ ʵʪʠʭ ʬʨʘʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʤʠʢʨʦʈʅʂ-16 ʠ -205 ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʬʨʘʢʮʠʷʭ 

ʌʆʕ ʠ ʉɺɺ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʜʦʥʦʨʦʚ, ʪ.ʝ. ʵʪʠ ʤʠʢʨʦʈʅʂ ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ 

ʬʨʘʢʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʤʠʢʨʦʈʅʂ-16 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚʦ ʌʆʕ ʤʦʯʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ; ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʈʅʂ-19b, ʢʦʪʦʨʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʚʦ ʌʆʕ ʫ ʙʦʣʴʥʳʭ 

ʈʇɾ, ʥʦ ʥʝ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ (ʨʠʩ. 3.14.). 

 

 

ʊʘʙʣʠʮʘ 3.8. ʂʦʨʨʝʣʷʮʠʷ ʉʧʠʨʤʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ*. 
 ɿʜʦʨʦʚʳʝ ʜʦʥʦʨʳ ɹʦʣʴʥʳʝ ʈʇɾ 

17000g ʉɺɺ ʌʆʕ 17000g ʉɺɺ ʌʆʕ 
ʤʠʢʨʦʈʅʂ-16 
400g 0,08 

(ʈ=0,7) 
0,58 
(ʈ=0,009)  

0,43 
(ʈ=0,058) 

0,009 
(ʈ=0,98) 

-0,03 
(ʈ=0,91) 

-0,09 
(ʈ=0,75) 

17000g  0,12 
(ʈ=0,62) 

0,06  
(ʈ=0,8) 

 0,03 
(ʈ=0,93) 

0,2  
(ʈ=0,49) 

Cɺɺ   0,9 
(ʈ᾽0,00001) 

  0,89 
(ʈ=0,00002) 

ʤʠʢʨʦʈʅʂ-19b 
400g -0,35 

(ʈ=0,12) 
0,16 
(ʈ=0,52) 

-0,006 
(ʈ=0,98) 

0,22 
(ʈ=0,45) 

0,32 
(ʈ=0,27) 

0,37 
(ʈ=0,19) 

17000g  0,16 
(ʈ=0,5) 

0,12 (ʈ=0,6)  0,33 
(ʈ=0,25) 

0,32 
(ʈ=0,27) 

Cɺɺ   0,42 
(ʈ=0,07) 

  0,89 
(ʈ=0,00002) 

ʤʠʢʨʦʈʅʂ-25 
400g 0,27 

(ʈ=0,25) 
0,43 
(ʈ=0,06) 

0,26 
(ʈ=0,27) 

-0,51 
(ʈ=0,06) 

0,13 
(ʈ=0,65) 

0,39 
(ʈ=0,17) 

17000g  -0,02 
(ʈ=0,94) 

-0,29 
(ʈ=0,21) 

 -0,64 
(ʈ=0,015) 

-0,39 
(ʈ=0,17) 

Cɺɺ   0,74 
(ʈ=0,0003) 

  0,46 
(ʈ=0,09) 

ʤʠʢʨʦʈʅʂ-205 
400g -0,04 

(ʈ=0,86) 
0,53 
(ʈ=0,02) 

0,57 
(ʈ=0,009) 

0,42 
(ʈ=0,14) 

0,43 
(ʈ=0,12) 

0,43 
(ʈ=0,13) 

17000g  0,21 
(ʈ=0,4) 

0,02 
(ʈ=0,95) 

 0,43 
(ʈ=0,13) 

0,15  
(ʈ=0,6) 

Cɺɺ   0,9 
(ʈ᾽0,00001) 

  0,74 
(ʈ=0,002) 

ʤʠʢʨʦʈʅʂ-125b 
400g 0,25 

(ʈ=0,29) 
0,25 
(ʈ=0,3) 

0,31 
(ʈ=0,18) 

-0,19 
(ʈ=0,52) 

0,28 
(ʈ=0,34) 

0,28 
(ʈ=0,33) 

17000g  0,32 
(ʈ=0,18) 

0,37 
(ʈ=0,11) 

 -0,28 
(ʈ=0,34) 

-0,35 
(ʈ=0,22) 

Cɺɺ   0,95 
(ʈ᾽0,00001) 

  0,95 
(ʈ᾽0,00001) 

*ʚʩʝ ʜʘʥʥʳʝ ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʠʩʭʦʜʥʳʡ ʦʙʲʸʤ ʤʦʯʠ 
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ʈʠʩʫʥʦʢ 3.14. ʇʨʠʤʝʨ ʛʨʘʬʠʢʦʚ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʜʣʷ ʤʠʢʨʦʈʅʂ-19b ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ 

ʌʆʕ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ (A) ʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɹ). ʋɽʂ ï ʫʩʣʦʚʥʳʝ ʝʜʠʥʠʮʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ɺɺ ʤʦʯʠ ʠ ʙʝʟʚʝʟʠʢʫʣʷʨʥʳʤʠ 

ʬʨʘʢʮʠʷʤʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʤʠʢʨʦʈʅʂ-25 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʫʧʘʢʦʚʘʥʘ ʚʦ ɺɺ (ʬʨʘʢʮʠʠ ʌʆʕ/ʉɺɺ ʤʦʯʠ (R=0,74, P=0,0003)), ʘ ʫ ʙʦʣʴʥʳʭ ʈʇɾ ʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 17000g (R=-0,64, P=0,015, 

17000g/ʤʠʢʨʦʚʝʟʠʢʫʣʳ), ʪ.ʝ. ʥʘʨʷʜʫ ʩ ʫʧʘʢʦʚʘʥʥʦʡ ʚʦ ɺɺ ʧʦʷʚʣʷʶʪʩʷ ʥʝʚʝʟʠʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʵʪʦʡ ʤʠʢʨʦʈʅʂ. ɼʚʝ ʦʩʪʘʚʰʠʝʩʷ ʠʟ ʠʟʫʯʘʝʤʳʭ ʤʠʢʨʦʈʅʂ, ʤʠʢʨʦʈʅʂ-205 ʠ 

ʤʠʢʨʦʈʅʂ-125b, ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʉɺɺ ʢʘʢ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʪʘʢ ʠ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ. 

ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʈʅʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʠʢʨʦʈʅʂ-19b, ʢʦʪʦʨʘʷ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʚʦ ʬʨʘʢʮʠʷʭ ɺɺ ʫ ʙʦʣʴʥʳʭ ʈʇɾ, ʚ ʦʪʣʠʯʠʝ ʦʪ ɿɼ, ʫ ʢʦʪʦʨʳʭ ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʙʝʟʚʝʟʠʢʫʣʷʨʥʳʭ ʩʫʧʝʨʥʘʪʘʥʪʘʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʦʡ ʩʝʢʨʝʮʠʠ ʚʝʟʠʢʫʣ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦʈʅʂ-19b, ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʙʝʟʚʝʟʠʢʫʣʷʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ɺɺ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʥʘʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʠ 

ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʚʥʝʢʣʝʪʦʯʥʳʭ 

ʤʠʢʨʦʈʅʂ ʤʦʯʠ. ɸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺɺ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʠʢʨʦʈʅʂ-ʙʠʦʤʘʨʢʝʨʦʚ ʚʤʝʩʪʦ 

ʨʘʟʣʠʯʥʳʭ ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʤʦʯʠ ʧʦʟʚʦʣʠʪ ʧʨʝʦʜʦʣʝʪʴ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʈʅʂ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠ ̫ ʄʘʥʥʘ-ʋʠʪʥʠ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ dCt ʤʠʢʨʦʈʅʂ-19b ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʌʆʕ (P̓ 0,0001) ʠ dCt 

ʤʠʢʨʦʈʅʂ-125b ʚʦ ʬʨʘʢʮʠʷʭ ʌʆʕ (P = 0,0150) ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ 

(ʪʘʙʣʠʮʘ 3.9.).  
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ʊʘʙʣʠʮʘ 3.9. ʕʢʩʧʨʝʩʩʠʷ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʈʅʂ  

ʚ ʦʙʨʘʟʮʘʭ ʤʦʯʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ. 

 

ʌʨʘʢʮʠʷ ʤʦʯʠ 

400g 17000g ʉɺɺ ʌʆʕ 

ʤʠʢʨʦʈʅʂ-205 

ddCt, ɿɼ/ʈʇɾ -1,03 -0,40 -0,81 -0,25 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 64% 71% 64% 57% 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ 87% 55% 42% 75% 

P value 0,2658 0,1324 0,9855 0,6618 

ʤʠʢʨʦʈʅʂ-125b 

ddCt, ɿɼ/ʈʇɾ -0,97 -0,35 -0,38 1,26 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 50% 71% 64% 86% 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ 67% 65% 53% 65% 

P value 0,7107 0,2142 0,9564 0,0150 

ʤʠʢʨʦʈʅʂ-25 

ddCt, ɿɼ/ʈʇɾ -0,01 0,11 0,39 -0,46 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 43% 64% 50% 71% 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ 80% 55% 53% 60% 

P value 0,8272 0,5403 0,5848 0,1369 

ʤʠʢʨʦʈʅʂ-19b 

ddCt, ɿɼ/ʈʇɾ 2,94 0,70 11,01 6,08 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 50% 50% 93% 79% 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ 87% 60% 100% 95% 

P value 0,6784 0,6119 <0,0001 <0,0001 

 

ROC-ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʚʦ ʚʩʝʭ ʬʨʘʢʮʠʷʭ ʤʦʯʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʡ ʙʳʣʘ ʪʦʣʴʢʦ ʨʘʟʥʠʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʠʢʨʦʈʅʂ-19b ʚʦ ʬʨʘʢʮʠʷʭ ɺɺ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʙʦʣʴʥʳʭ ʈʇɾ ʦʪ ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʩ 93% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʩ 79% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 95% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʣʷ ʬʨʘʢʮʠʡ 

ʉɺɺ ʠ ʌʆʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 3.9.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʈʅʂ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʠʢʨʦʈʅʂ-19b) ʚ ʤʠʢʨʦʚʝʟʠʢʫʣʘʭ ʤʦʯʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʈʅʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ 

ʤʦʯʠ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ [281, 574]. ʆʜʥʘʢʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʈʅʂ ʚ ʢʣʝʪʦʯʥʳʭ ʦʩʘʜʢʘʭ ʤʦʯʠ ʠʤʝʝʪ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʙʳʩʪʨʦ 

ʜʝʛʨʘʜʠʨʫʝʪ [544]. ʕʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʦʯʢʘʭ, ʤʦʯʝʚʦʤ ʧʫʟʳʨʝ ʠ ʤʦʯʝʚʳʚʦʜʷʱʠʭ 

ʧʫʪʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʈʅʂʘʟ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʝʨʠʣʴʥʦʩʪʠ ʠ ʟʘʱʠʪʳ 

ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʤʠʢʨʦʙʥʳʭ ʠʥʬʝʢʮʠʡ [18]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʬʠʣʝʡ ʤʠʢʨʦʈʅʂ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ, ʙʝʩʢʣʝʪʦʯʥʘʷ 

ʬʨʘʢʮʠʷ ʤʦʯʠ ʥʝ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʈʅʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2,5 ʤʣ ʙʝʩʢʣʝʪʦʯʥʦʡ ʤʦʯʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʥʘʜʝʞʥʦ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ 

12 ʤʠʢʨʦʈʅʂ [544]. ʅʘʧʨʦʪʠʚ, 1 ʤʣ ʧʣʘʟʤʳ ʠʣʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʚʦʸʤ 
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ʩʦʩʪʘʚʝ ʙʦʣʝʝ 500 ʤʠʢʨʦʈʅʂ [575]. ʅʠʟʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ 

ʤʦʯʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʢʣʝʪʦʢ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʈʅʂʘʟ 

ʚ ʤʦʯʝʚʦʤ ʧʫʟʳʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʳʚʦʨʦʪʢʦʡ [576]. 

ʆʙʲʝʤ ʤʦʯʠ (20 ʤʣ), ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʟʦʩʦʤ, 

ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʦʙʲʝʤ ʙʝʩʢʣʝʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʤʦʯʠ (2,5 ʤʣ), ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʡ ʤʠʢʨʦʈʅʂ. ʇʨʠ ʵʪʦʤ ʚ ʦʩʘʜʢʝ ʵʢʟʦʩʦʤ, ʧʦʣʫʯʝʥʥʦʤ 

ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 184 ʤʠʢʨʦʈʅʂ, ʪʦʣʴʢʦ 7 ʠʟ ʥʠʭ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʚ ʙʝʩʢʣʝʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʤʦʯʠ [544]. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʪʁ ʥʘ ʩʝʣʝʢʪʠʚʥʫʶ 

ʫʧʘʢʦʚʢʫ ʤʠʢʨʦʈʅʂ ʚʦ ɺɺ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʚʝʟʠʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʠʢʨʦʈʅʂ ʠʟ ʤʦʯʠ ʠ ʧʦʜʪʚʝʨʞʜʘʪʁ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʥ-ʤʠʢʨʦʈʅʂ ʚ 

ʤʦʯʝ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʝʸ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʘʢʪʥʳʝ ʤʠʢʨʦʚʝʟʠʢʫʣʳ, ʚʢʣʶʯʘʷ ʵʢʟʦʩʦʤʳ, ʦʙʦʛʘʱʝʥʳ ʤʠʢʨʦʈʅʂ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʦʯʥʳʤ ʦʩʘʜʢʦʤ ʠ ʙʝʩʢʣʝʪʦʯʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʯʠ. ʆʙʠʣʠʝ ʤʠʢʨʦʈʅʂ ʚ 

ʵʢʟʦʩʦʤʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʭ ʬʫʥʢʮʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʝʟʠʢʫʣ, ʩʧʦʩʦʙʥʳʭ 

ʙʝʟʦʧʘʩʥʦ ʧʝʨʝʤʝʩʪʠʪʴ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʟʘʢʣʶʯʝʥʥʡr ʠ ʟʘʱʠʱʝʥʥʡr ʤʝʤʙʨʘʥʦʡ 

ʵʢʟʦʩʦʤ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʳʣ ʙʳ ʧʦʜʚʝʨʛʥʫʪ ʛʠʜʨʦʣʠʟʫ ʈʅʂʘʟʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʪʦʤ, ʯʪʦ ɺɺ ʤʦʯʠ ʤʦʛʫʪ ʙʳʪʴ ʩʪʘʙʠʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʢʨʦʈʅʂ, ʜʝʣʘʝʪ ʤʦʯʫ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʤʘʨʢʝʨʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʦʙʝ ʬʨʘʢʮʠʠ ɺɺ ʩʦʜʝʨʞʘʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʠʢʨʦʈʅʂ ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ, ʥʦ ROC-ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʯʘʩʪʠʯʥʫʶ ʧʦʪʝʨʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʜʘ ʠ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʨʘʢʮʠʠ ʉɺɺ ʤʝʥʝʝ ʪʨʫʜʦʟʘʪʨʘʪʝʥ, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ 

ʨʘʙʦʪʘʣʠ ʠʤʝʥʥʦ ʩ ʬʨʘʢʮʠʝʡ ʉɺɺ ʤʦʯʠ. 

3.2.5. ʄʠʢʨʦʈʅʂ ʤʦʯʠ ï ʨʘʩʰʠʨʝʥʥʳʡ ʧʦʠʩʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ 

ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

3.2.5.1. ʇʦʠʩʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʩ ʧʦʤʦʱʴʶ on-line 

ʜʦʩʪʫʧʥʳʭ ʙʘʟ ʜʘʥʥʳʭ 

ʇʦʩʢʦʣʴʢʫ ʤʠʢʨʦʈʅʂ-19b ʚʦ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣʘʭ ʤʦʯʠ ʠʤʝʣʘ ʥʘʠʙʦʣʴʰʫʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʤʠʢʨʦʈʅʂ-125b ʚ ʵʢʟʦʩʦʤʘʭ ʤʦʯʠ ʠʤʝʣʘ ʧʨʠʝʤʣʝʤʫʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʘ ʤʠʢʨʦʈʅʂ-205 [577] ʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʭʦʨʦʰʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (AUC=0,85, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 85% ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

83%), ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʛʝʥʳ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʵʪʠ ʪʨʠ ʤʠʢʨʦʈʅʂ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʠʢʨʦʈʅʂ - ʦʥʢʦʤʘʨʢʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ çʫʩʠʣʠʪʴè ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʥʘ ʈʇɾ. 
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ʄʠʰʝʥʠ ʜʣʷ ʤʠʢʨʦʈʅʂ-19b, -125b ʠ -205 ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʟʳ ʜʘʥʥʳʭ DIANA ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʟʥʘʯʝʥʠʝʤ (P<0,05). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʠʰʝʥʠ 

ʜʣʷ ʵʪʠʭ ʪʨʝʭ ʤʠʢʨʦʈʅʂ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʯʝʪʳʨʝʭ ʧʫʪʝʡ KEGG (ʠʟ 35, ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʙʘʟʦʡ ʜʘʥʥʳʭ DIANA): ʧʨʦʪʝʦʛʣʠʢʘʥʳ ʧʨʠ ʨʘʢʝ (64 ʛʝʥʘ), ʚʠʨʫʩʥʳʡ ʢʘʥʮʝʨʦʛʝʥʝʟ (65 ʛʝʥʦʚ), 

ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (34 ʛʝʥʘ) ʠ ʤʝʪʘʙʦʣʠʟʤ ʫʛʣʝʨʦʜʘ ʧʨʠ ʨʘʢʝ (23 ʛʝʥʘ). ʆʥʪʦʣʦʛʠʷ ʚʩʝʭ 

34 ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (BRAF, GSK3B, E2F1, ERBB2, 

NFKB1, E2F2, NRAS, PIK3CB, PIK3R5, RAF1, BCL2, CDKN1B, IGF1R, TP53, CREB1, PIK3R3, 

CCND1, CTNNB1, CCNE2, E2F3, AKT1, HSP90B1, HRAS, CREB3L2, CCNE1, PDGFD, CDKN1A, 

MAP2K1, FGFR2, PTEN, FGFR1, MAPK1, CREBBP, MDM2) ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ PANTHER, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ (ʠ ʠʭ ʛʝʥʦʚ) (ʨʠʩ. 3.15.).  

 

 

 

 

 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʝʥʳ CCND1, BRAF, CCNE1, CCNE2 ʠ RAF1 ʩʚʷʟʘʥʳ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʨʝʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

(ʪʘʙʣʠʮʘ 3.10.).  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ STRING (ʙʘʟʘ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʳʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ), ʵʪʦʪ ʥʘʙʦʨ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ 

(ʨʠʩ. 3.16.).  

 

 

ʈʠʩʫʥʦʢ 3.15. ɼʘʥʥʳʝ ʙʘʟʳ 

PANTHER: ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 34 ʛʝʥʘ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ 

ʞʝʣʝʟʳ. 
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ʊʘʙʣʠʮʘ 3.10. ʌʫʥʢʮʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʧʨʦʜʫʢʮʠʠ (ʜʘʥʥʳʝ ʙʘʟʳ STRING). 

CCND1 Cyclin D1: ʨʝʛʫʣʷʪʦʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʢʩʘ ʮʠʢʣʠʥ D1-CDK4 (DC), ʢʦʪʦʨʳʡ 

ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʠ ʠʥʛʠʙʠʨʫʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʙʝʣʢʦʚ ʨʝʪʠʥʦʙʣʘʩʪʦʤʳ 

(RB), ʚʢʣʶʯʘʷ RB1, ʠ ʨʝʛʫʣʠʨʫʝʪ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ G1/S. 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ RB1 ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ E2F ʦʪ 

ʢʦʤʧʣʝʢʩʘ RB/E2F ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ E2F, ʢʦʪʦʨʳʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ ʬʘʟʫ G1. ɻʠʧʦʬʦʩʬʦʨʠʣʠʨʫʝʪ RB1 ʚ ʨʘʥʥʝʡ 

ʬʘʟʝ G1. ʂʦʤʧʣʝʢʩʳ ʮʠʢʣʠʥ D-CDK4 ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʥʪʝʛʨʘʪʦʨʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʤʠʪʦʛʝʥʥʳʭ ʠ ʘʥʪʠʤʠʪʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

RAF1 V-raf-1 murine leukemia viral oncogene homolog 1: ʩʝʨʠʥ/ʪʨʝʦʥʠʥ-ʧʨʦʪʝʠʥʢʠʥʘʟʘ, 

ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʨʝʛʫʣʠʨʫʶʱʝʝ ʟʚʝʥʦ ʤʝʞʜʫ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ 

ʤʝʤʙʨʘʥʦʡ Ras ɻʊʌʘʟʘʤʠ ʠ ʢʘʩʢʘʜʦʤ MAPK/ERK, ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʨʝʛʫʣʷʪʦʨʥʳʤ ʟʚʝʥʦʤ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʧʝʨʝʢʣʶʯʘʪʝʣʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʨʝʰʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʩʫʜʴʙʳ, ʚʢʣʶʯʘʷ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʘʧʦʧʪʦʟ, 

ʚʳʞʠʚʘʥʠʝ ʠ ʦʥʢʦʛʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ɸʢʪʠʚʘʮʠʷ RAF1 ʠʥʠʮʠʠʨʫʝʪ ʢʘʩʢʘʜ 

ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ (MAPK), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʠʥʘʟ MAPK ʩ ʜʚʦʡʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

(MAP2K1/MEK1 ʠ MAP2K2/MEK2) ʠ ʢʠʥʘʟʳ, ʨʝʛʫʣʠʨʫʝʤʳʝ ʚʥʝʢʣʝʪʦʯʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ. 

CCNE1 Cyclin E1: ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʧʨʠ ʧʝʨʝʭʦʜʝ G1/S. 

BRAF V-raf murine sarcoma viral oncogene homolog B1: ʧʨʦʪʝʠʥʢʠʥʘʟʘ, ʫʯʘʩʪʚʫʶʱʘʷ ʚ 

ʧʝʨʝʜʘʯʝ ʤʠʪʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʢ ʷʜʨʫ. ʄʦʞʝʪ ʠʛʨʘʪʴ 

ʨʦʣʴ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʪʚʝʪʘʭ ʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ. ʌʦʩʬʦʨʠʣʠʨʫʝʪ 

MAP2K1 ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʢʠʥʘʟʳ 

MAP. 

CCNE2 Cyclin E2: ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʧʦʟʜʥʝʡ G1 ʠ ʨʘʥʥʝʡ S 

ʬʘʟʘʭ. 

 

 

 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ CCND1, CCNE1, CCNE2 ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ CDK, ʪʦʛʜʘ 

ʢʘʢ BRAF ʠ RAF1 ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʧʫʪʠ MAPK. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʘʥʘʣʠʟ ʧʫʪʝʡ KEGG 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʧʫʪʷʤʠ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʜʨʫʛʠʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ð ʚʩʝ 5 ʛʝʥʦʚ; ʩ ʨʘʟʚʠʪʠʝʤ ʛʝʧʘʪʠʪʘ ɺ ʠ ʧʫʪʸʤ PI3K-Akt 

ʈʠʩʫʥʦʢ 3.16. ɼʘʥʥʳʝ ʙʘʟʳ 

STRING: ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʷʪʠ 

ʛʝʥʦʚ ʠʟ ʢʘʪʝʛʦʨʠʠ ʧʨʦʮʝʩʩʦʚ 

ʨʝʧʨʦʜʫʢʮʠʠ ʙʘʟʳ PANTHER. 
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ð 4 ʛʝʥʘ (CCND1, CCNE1, CCNE2, RAF1); ʩ ʨʘʙʦʪʦʡ ʨ53-ʧʫʪʠ ʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ï 3 ʛʝʥʘ 

(CCND1, CCNE1, CCNE2); ʩ ʨʘʙʦʪʦʡ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ ʧʨʠ ʨʘʢʝ, ʩʠʛʥʘʣʴʥʳʤ ʧʫʪyʤ FoxO, 

ʬʦʢʘʣʴʥʦʡ ʘʜʛʝʟʠʝʡ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʢʘ, ʚʢʣʶʯʘʷ ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ, ʨʘʢ ʤʦʯʝʚʦʛʦ 

ʧʫʟʳʨʷ, ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʠ ʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢʠ ʣʝʛʢʦʛʦ, ʨʘʢ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, 

ʛʣʠʦʤʫ, ʤʝʣʘʥʦʤʫ ð 3 ʛʝʥʘ (BRAF, RAF1, CCND1). 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʛʫʣʷʮʠʷ ʵʪʠʭ ʧʷʪʠ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʈʅʂ-19b, -125b ʠ -205 ʙʳʣʘ 

ʧʝʨʝʢʨʝʩʪʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʭy ʙʘʟ ʜʘʥʥʳʭ: TargetScan (ʙʘʟʘ ʜʘʥʥʳʭ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʤʠʰʝʥʝʡ ʤʠʢʨʦʈʅʂ), MiRTarBase (ʙʘʟʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʠʢʨʦʈʅʂ-ʤʠʰʝʥʝʡ) ʠ miRDB (ʦʥʣʘʡʥ-ʙʘʟʘ ʜʘʥʥʳʭ ʤʠʰʝʥʝʡ 

ʤʠʢʨʦʈʅʂ). ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʪʨʝʤ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʥʠ ʦʜʥʘ ʠʟ ʠʟʫʯʝʥʥʳʭ ʤʠʢʨʦʈʅʂ ʥʘʧʨʷʤʫʶ ʥʝ 

ʥʘʮʝʣʝʥʘ ʥʘ BRAF ʠʣʠ CCNE2. CCND1 ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʤʠʰʝʥʴʶ ʤʠʢʨʦʈʅʂ-19b 

(TargetScan), ʠ ʪʦʣʴʢʦ miR125b, ʢʘʢ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʳʤʠ MiRTarBase, ʥʘʮʝʣʝʥʘ ʥʘ ʵʢʩʧʨʝʩʩʠʶ CCNE1. ɺ ʨʝʛʫʣʷʮʠʠ ʛʝʥʘ RAF1 ʫʯʘʩʪʚʫʶʪ ʜʚʝ 

ʤʠʢʨʦʈʅʂ: ʤʠʢʨʦʈʅʂ-19b (ʧʦ ʜʘʥʥʳʤ ʚʩʝʭ ʪʨʭy ʙʘʟ ʜʘʥʥʳʭ) ʠ ʤʠʢʨʦʈʅʂ-125b (ʧʦ ʜʘʥʥʳʤ 

TargetScan ʠ MiRTarBase). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʮʠʷ ʛʝʥʘ RAF1 ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʣʝʪʦʢ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦ ʥʘʨʫʰʝʥʠʠ ʨʝʛʫʣʷʮʠʠ ʧʫʪʠ RAF ʧʨʠ ʨʘʢʝ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ [578, 579]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʢʨʦʈʅʂ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʫʪʝʤ RAF, ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʫʜʦʙʥʳʝ 

ʤʠʰʝʥʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ɸʥʘʣʠʟ ʪʨʝʭ ʙʘʟ ʜʘʥʥʳʭ (TargetScan, MiRTarBase ʠ miRDB) ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʚʷʟʳʚʘʥʠʷ ʤʠʢʨʦʈʅʂ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ-ʤʠʰʝʥʷʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʚ ʙʘʟʝ TargetScan, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʯʝʪʳʨʝ ʤʠʢʨʦʈʅʂ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʛʝʥ RAF1 (ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʨʭy 

ʙʘʟʘʭ ʜʘʥʥʳʭ): ʤʠʢʨʦʈʅʂ-16, -195, - 497 ʠ -7 ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʳ ʠʟʫʯʠʣʠ ʵʢʩʧʨʝʩʩʠʶ 64 ʛʝʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ KEGG ʠ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ESR1, 

BRAF, ACTB, TLR2, PRKCA, FZD5, ERBB2, ITGB1, EZR, ROCK1, SDC1, NRAS, THBS1, PIK3CB, 

WNT10B, CAV1, ARHGEF12, PIK3R5, PPP1CC, MAPK14, ACTG1, PXN, FRS2, RDX, IQGAP1, 

RAF1, TIAM1, WNT3, IGF1R, ERBB3, TWIST2, RRAS2, TP53, CTTN, SLC9A1, FZD4, NUDT16L1, 

CASP3, PIK3R3, CCND1, CTNNB1, HIF1A, AKT1, IGF2, FLNA, ITPR1, PRKX, DDX5, SRC, FGF2, 

PPP1R12C, FAS, HRAS, SDC2, FN1, CDKN1A, MAP2K1, SMO, VMP1, VEGFA, FGFR1, MAPK1, 

MDM2, PRKACB). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʠ ʝʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ [580], ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʥʪʘʢʪʦʚ 

ʢʣʝʪʢʠ ʩ ʦʢʨʫʞʘʶʱʠʤ ʝʸ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ [581]. ʅʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʧʨʦʪʝʦʛʣʠʢʘʥʳ 

ʚʦʚʣʝʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʳ ʚʦʩʧʘʣʝʥʠʷ, ʥʦ ʠ ʚ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠ ̫ʦʧʫʭʦʣʝʡ, ʚʢʣʶʯʘʷ ʈʇɾ 
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[582, 583], ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʤʦʣʝʢʫʣ, ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʩʘʤʠʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʠʭ 

ʦʢʨʫʞʝʥʠʷ [584, 585]. ʊʦʣʴʢʦ ʪʨʠ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʝʥʦʚ (CCND1, BRAF ʠ RAF1 (ʪʘʙʣʠʮʘ. 

3.10.)) ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʧʨʦʜʫʢʮʠʠ, ʩʦʚʧʘʜʘʷ ʩ ʛʝʥʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʘʟʚʠʪʠʠ ʨʘʢʘ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ, ʚʢʣʶʯʘʷ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʦʥʢʦʛʝʥ RAF1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʘʣ ʚʪʦʨʳʤ ʙʦʣʴʰʠʤ ʰʘʛʦʤ 

ʚ ʧʦʠʩʢʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʢʨʦʈʅʂ - ʤʘʨʢʝʨʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

3.2.5.2. ʈʘʟʨʘʙʦʪʢʘ ʧʘʥʝʣʠ ʤʠʢʨʦʈʅʂ ʜʣʷ ʤʠʢʨʦʯʠʧʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʨʝʪʴʠʤ ʰʘʛʦʤ ʚ ʧʦʠʩʢʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʢʨʦʈʅʂ-ʦʥʢʦʤʘʨʢʝʨʦʚ ʩʪʘʣʦ ʤʘʩʰʪʘʙʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ 84-ʭ ʚʥ-ʤʠʢʨʦʈʅʂ ʤʦʯʠ ʧʨʠ ʧʦʤʦʱʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʣʘʪʬʦʨʤʝ 

miRCURY LNA miRNA qPCR Panels, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ Sybr Green ʇʎʈ 

ʚʳʙʨʘʥʥʳʭ ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 2.10.) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LNA ʧʨʘʡʤʝʨʦʚ. 

ʀʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʈʅʂ, ʚʭʦʜʷʱʠʭ ʚ ʧʘʥʝʣʴ Exiqon ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʯʠ, ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 67 ʤʠʢʨʦʈʅʂ, ʘ ʦʩʪʘʣʴʥʳʝ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʈʇɾ ʤʠʢʨʦʈʅʂ, ʙʳʣʠ 

ʜʦʙʘʚʣʝʥʳ ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʠ ʦʧʠʩʘʥʥʳʭ ʚ 

ʛʣʘʚʘʭ 3.2.4. ʠ 3.2.6.1., ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ ʙʘʟʳ miRTarBase. ɸ ʠʤʝʥʥʦ, 

ʠʩʩʣʝʜʫʝʤʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ miRCURY ʤʠʢʨʦʈʅʂ, ʧʦ ʜʘʥʥʳʤ miRTarBase ʜʦʣʞʥʘ ʦʢʘʟʳʚʘʪʴ 

ʩʚʦʸ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʛʝʥʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʛʣʘʚʝ 3.2.6.1., ʛʝʥʦʚ ʪʝʩʪʦʩʪʝʨʦʥʦʚʦʛʦ ʧʫʪʠ 

(CYP19A1, SRD5A1, SRD5A2, AKR1C2, LHGR, HSD17B6 ï ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʈʇɾ ʢ ʘʥʜʨʦʛʝʥʘʤ), AR (ʘʥʜʨʦʛʝʥʘ) ʠʣʠ ʠʥʳʭ 

ʛʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ PI3K-AKT ʧʫʪʠ (ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-ʢʠʥʘʟʳ, 

ʷʚʣʷʶʱʠʡʩ ̫ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʘʢʪʠʚʠʨʫʝʤʳʭ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ, ʚʢʣʶʯʘʷ ʈʇɾ [586]) ʠ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʠʟʤʝʥʷʪʴ ʫʨʦʚʝʥʴ ʩʚʦʝʡ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ çʧʣʶʩʘʤʠè ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʤʠʢʨʦʈʅʂ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʘʥʝʣʴ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʠʝ ʠʭ ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʨʦʚʠ ʠ/ʠʣʠ ʤʦʯʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʈʇɾ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʘʢ BRCA1, BRCA2 (ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʫʪʘʮʠʠ ʚ ʢʦʪʦʨʳʭ 

ʧʦʚʳʰʘʶʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʈʇɾ ʠ ʝʛʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʫʶ ʩʪʝʧʝʥʴ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʳʤ ʢʣʠʥʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʟʘʙʦʣʝʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʟʘʯʘʩʪʫʶ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʤ ʈʇɾ [587]), GSTP1 ʠ RNF219, ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʟʘʯʘʩʪʫʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʦʧʫʭʦʣʷʭ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʥʦ ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʈʇɾ [309ï311, 313]. 

ʅʘʧʨʠʤʝʨ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʈʅʂ-125b, -16 ʠ 195, ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʬʠʨʤʦʡ Exiqon, ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʘʢ ʥʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ, ʪʘʢ ʠ 
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ʜʨʫʛʠʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʧʨʠʯʸʤ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢ ʠ 

ʧʨʦʛʥʦʟʘ ʦʪʚʝʪʘ ʥʘ ʧʨʦʚʦʜʠʤʫʶ ʪʝʨʘʧʠʶ) [588ï591]. ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣ ʫʯʘʩʪʠʝ ʵʪʠʭ ʤʠʢʨʦʈʅʂ ʚ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʛʣʘʚʝ 3.2.6.1, 

ʥʘʧʨʠʤʝʨ BCL2, AKT1, CCND1, FGFR1, WNT3 ʠ ʜ.ʨ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʨʦʣʴ ʚ ʦʪʥʦʰʝʥʠʠ ʈʇɾ ʤʠʢʨʦʈʅʂ-

10b, -15a, -15b, -17, -20a, -21, -22, -23b, -24, -27b, -29ʘ, -29b, -29c, -30a, -30b, -30ʩ, -30d, -30e, -31, 

-34a, -92ʘ, -93, -99b, -101, -103, -106b, -107, -126, -133ʘ, -141, -145, -148a, -149, -151, -187, -191, 

-193b, -200a, -200b, -200c, -210, -221, -222, 375, -378, -423, -425, -429, -574, -582, -660, let-7b, 

let-7d, let-7g (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʩʪʘʚʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ), ʧʨʝʜʣʦʞʝʥʥʳʭ ʬʠʨʤʦʡ 

Exiqon ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ ʠ ʦʙʟʦʨʘʭ [273, 296, 308, 588, 589, 591ï608] ʠ 

ʦʪʨʘʞʝʥʘ ʚ ʙʘʟʝ miRTarBase ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʛʝʥʦʚ BCL2 ʠ CCND1, ʥʦ ʠ, ʥʘʧʨʠʤʝʨ, 

E2F3, E2F1, E2F2, PTEN, PDK1, AR, CCNE1, HIF1A, VEGFA, ERBB2, CREB1, CDKN1B, CTNNB1, 

AKT3, IGF1R, BRAF, FAS, NFKB1, HSP90B1, CDKN1A, CYP19A1, AKR1C2, LHGR, CCNE2, 

SRD5A2, RNF219, BRCA1, BRCA2 ʠ ʜ.ʨ. ʅʝʩʦʤʥʝʥʥʳʤ çʧʣʶʩʦʤè ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʤʠʢʨʦʈʅʂ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʯʠʧʦʚ ʷʚʣʷʣʦʩʴ ʠ ʝ y ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʠʢʨʦʈʅʂ-29ʩ, -30e, -34ʘ, -141, -200b, -582, ʠ let-7f [594, 

595, 601, 606, 609]. 

ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʡ ʠʟ ʥʘʰʠʭ ʟʘʜʘʯ ʙʳʣʦ ʥʘʡʪʠ ʦʥʢʦʤʘʨʢʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʥʝ ʪʦʣʴʢʦ 

ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʪʴ ʙʦʣʴʥʳʭ ʈʇɾ ʦʪ ɿɼ, ʥʦ ʠ ʙʦʣʴʥʳʭ ɼɻʇɾ ʦʪ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ, ʪʦ ʚ 

ʧʘʥʝʣʴ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʬʠʨʤʦʡ Exiqon ʧʦʤʠʤʦ ʤʠʢʨʦʈʅʂ-191, -16, -30a, -30c ʙʳʣʠ ʚʢʣʶʯʝʥʳ 

ʠ ʤʠʢʨʦʈʅʂ-25, -26b, -106a, let-7ʘ, let-7i ʠ let-7e [590, 610ï612] ʦʢʘʟʳʚʘʶʱʠʝ ʩʚʦʸ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʙʦʪʫ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʘʢ E2F1, CDKN1A, PTEN, CCND1, SRD5A2, IGF1R ʠ ʜ.ʨ. 

ʇʦʤʠʤʦ ʤʠʢʨʦʈʅʂ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʨʤʦʡ Exiqon, ʚ ʧʘʥʝʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ (ʢʘʢ ʠ ʦʧʠʩʘʥʦ ʚʳʰʝ) ʪʘʢʠʝ ʤʠʢʨʦʈʅʂ, ʢʘʢ ʤʠʢʨʦʈʅʂ-19b ʠ -205 (ʧʦʢʘʟʘʚʰʠʝ 

ʚʳʩʦʢʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ,r ʚʢʣʶʯʘʷ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʥʠʝ 

ʛʨʫʧʧʳ ʙʦʣʴʥʳʭ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ (ɼɻʇɾ), ʢʘʢ ʚ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [273, 572, 588ï590]. ʄʠʢʨʦʈʅʂ-19b ʠ -205 

ʦʢʘʟʳʚʘʶʪ ʩʚʦʸ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʘʢ PTEN, CYP19A1, BCL2, HRAS, FGFR1, 

ERBB3, SRC, HSD17B6, ʘ ʪʘʢʞʝ BRCA1, ʚʘʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʘ ʚʳʰʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʧʘʥʝʣʴ Exiqon ʥʘʤʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʤʠʢʨʦʈʅʂ-33a, -100, -143, -146a, 

-183, -214, -331, -346, -483, -484 ʠ let-7c, ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʝʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʈʇɾ [572, 588, 595, 604, 605, 613, 614]. ʕʪʠ ʤʠʢʨʦʈʅʂ 

ʦʪʚʝʯʘʶʪ ʟʘ ʨʘʙʦʪʫ ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʨʠ ʨʘʟʚʠʪʠʠ ʈʇɾ ʛʝʥʦʚ, ʢʘʢ ACTB, HIF1A, IGF1R, AKT1, 

CCND1, FoxO1, PIK3R3, LHGR, CREBBP, SRD5A1, ROCK1, MAPK1, HSP90B1, SRD5A2, AR, ʘ 

ʪʘʢʞʝ BRCA1 ʠ BRCA2. ʄʠʢʨʦʈʅʂ-130ʘ, -1285 ʠ let7c ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʧʘʥʝʣʴ, ʧʦʩʢʦʣʴʢʫ ʠʭ 
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ʘʙʝʨʨʘʥʪʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʙʦʣʴʥʳʭ ɼɻʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʈʇɾ ʠ/ʠʣʠ ɿɼ [590, 597, 

611, 612]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʳ ʜʦʙʘʚʠʣʠ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʘʥʝʣʴ ʤʠʢʨʦʈʅʂ-451ʘ, ʷʚʣʷʶʱʫʶʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʦʥʢʦʤʘʨʢʝʨʦʤ ʈʇɾ ʠ ʦʪʚʝʯʘʶʱʫʶ ʟʘ ʨʘʙʦʪʫ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, BCL2 ʠ AKT1, ʥʦ ʠ ʷʚʣʷʶʱʫʷʩʷ çʤʘʨʢʝʨʦʤè ʛʝʤʦʣʠʟʘ ʠ ʧʦʧʘʜʘʥʠʷ ʢʨʦʚʠ ʚ ʤʦʯʫ 

[337, 595, 615]. 

 

3.2.6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʤʦʯʠ ʧʨʠ ʧʦʤʦʱʠ 

ʤʠʢʨʦʯʠʧʦʚʦʛʦ ʘʥʘʣʠʟʘ 

3.2.6.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʠ 

ʩʫʧʝʨʥʘʪʘʥʪʦʤ ʤʦʯʠ 

ɺʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ ʧʫʣʘ ʚʥʅʂ ʤʦʯʠ ʙʳʣʠ ʦʙʩʫʞʜʝʥʳ ʨʘʥʝʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢʣʫʙʦʯʢʦʚʘʷ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʥʦʨʤʝ ʧʦʧʘʩʪʴ ʠʟ ʢʨʦʚʠ ʚ ʤʦʯʫ 

ʯʘʩʪʠʮʘʤ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 6,4 ʥʤ ʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ 70 ʢɼʘ [616]. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʤʦʯʫ ʠʟ ʢʣʝʪʦʢ 

ʵʥʜʦʪʝʣʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʠ ʤʦʯʝʪʦʯʥʠʢʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʠʟ ʩʝʢʨʝʪʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʠʢʨʦʈʅʂ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʤʦʯʫ ʠʤʝʥʥʦ ʠʟ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ 

ʷʚʣʷʶʱʠʭʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ ʟʘʙʦʣʝʚʘʥʠʡ ʇɾ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʚʳʙʨʘʪʴ ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ/ʬʨʘʢʮʠʶ ʤʠʢʨʦʈʅʂ ʤʦʯʠ ʧʨʠ ʧʦʤʦʱʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 

ʧʣʘʪʬʦʨʤʝ miRCURY LNA miRNA qPCR Panels ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʵʢʩʧʨʝʩʩʠ ̫84-ʭ ʤʠʢʨʦʈʅʂ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʛʣʘʚʝ ʚʳʰʝ, ʚ ʦʙʨʘʟʮʘʭ ʉɺɺ ʠ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ ʧʦʩʣʝ 17000g (ʉʄ) ʫ ʪʨʸʭ ʛʨʫʧʧ 

ʜʦʥʦʨʦʚ (ʧʦ 10 ʯʝʣʦʚʝʢ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ): ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ɼɻʇɾ ʠ ʈʇɾ (ʩʤ 

ʧ. 2.2.7.10., ʪʘʙʣʠʮʘ 2.7.). ʄʠʢʨʦʈʅʂ ʚʳʜʝʣʷʣʠ ʠʟ 2 ʤʣ ʉʄ ʠ 200 ʤʢʣ ʬʨʘʢʮʠʠ ʉɺɺ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ 20-30 ʤʣ ʤʦʯʠ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʛʣʘʚʝ çʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè, ʧʣʘʪʬʦʨʤʘ 

miRCURY LNA miRNA qPCR ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ SYBR Green ʇʎʈ ʩ LNA-

ʧʨʘʡʤʝʨʘʤʠ ʠ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʯʝʤ ʢʦʥʚʝʢʮʠʦʥʥʳʝ ʤʠʢʨʦʯʠʧʳ.  

ʅʝ ʤʝʥʝʝ 70-ʪʠ ʠʟ 84-ʭ ʤʠʢʨʦʈʅʂ ʙr ʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ 

ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ; ʢʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʯʝʤ ʚ 70% ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 72 ʤʠʢʨʦʈʅʂ. ɺ 

ʪʘʙʣʠʮʝ 3.11. ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ (ddCt) ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʜʫ 

ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʜʦʥʦʨʦʚ/ʧʘʮʠʝʥʪʦʚ. 
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ʊʘʙʣʠʮʘ 3.11. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʯʠʧʦʚʦʛʦ ʘʥʘʣʠʟʘ. 
 

ʤʠʢʨʦʈʅʂ 

ʈʇɾ ɼɻʇɾ ɿɼ 

P-value 
ddCt 

(ʉɺɺ - ʉʄ) 
P-value 

ddCt 

(ʉɺɺ - ʉʄ) 
P-value 

ddCt 

(ʉɺɺ - ʉʄ) 

let-7a-5p 0,6523 0,2596 0,5781 -0,3358 0,0469 -1,2472 

let-7b-5p 0,0977 -1,9521 0,0156 -1,9732 0,0391 -2,8268 

let-7c-5p 0,0781 -1,1113 0,0313 -0,8976 0,0547 -1,6267 

let-7d-3p 0,0078 -1,1815 0,2188 -0,4889 0,0547 -0,5068 

let-7i-5p 0,0273 -1,7690 0,0156 -1,9217 0,0313 -1,6297 

miR-15a-5p 0,0039 -0,8210 0,9375 0,1126 0,1484 -0,9342 

miR-22-3p 0,0039 -1,8357 0,0313 -1,3648 0,0156 -1,7192 

miR-23b-3p 0,0039 1,0138 0,0313 0,6452 0,0078 0,7962 

miR-25-3p 0,0039 -1,6459 0,0156 -1,5436 0,0156 -1,3614 

miR-26b-5p 0,0391 1,2291 0,0781 0,6546 0,9453 -0,1485 

miR-27b-3p 0,0195 0,7474 0,2969 0,2305 0,3125 -0,2335 

miR-29a-3p 0,0078 0,7380 0,0313 0,8929 0,5469 -0,2138 

miR-29b-3p 0,0039 1,4939 0,0469 1,0169 0,3828 0,1817 

miR-29c-3p 0,0078 0,6175 0,0313 0,6002 0,7422 0,0017 

miR-30a-5p 0,0078 0,9227 0,1563 0,3559 0,5469 0,1076 

miR-30b-5p 0,0039 1,6768 0,0156 1,1478 0,0391 0,7509 

miR-30c-5p 0,0039 2,1381 0,0156 1,1340 0,0078 1,1448 

miR-30e-5p 0,0391 0,6934 0,2188 0,2621 0,6406 -0,3790 

miR-31-3p 0,0313 1,3094 0,0313 0,8869 0,0547 1,1269 

miR-31-5p 0,0039 0,7300 0,0313 1,0441 0,2500 0,2783 

miR-34a-5p 0,0117 -1,0906 0,0781 -0,9627 0,0313 -1,4074 

miR-92a-3p 0,0039 1,0340 0,0156 0,8423 0,0234 1,0953 

miR-100-5p 0,0195 -0,9161 0,0469 -0,9736 0,0547 -1,1450 

miR-101-3p 0,0039 0,9452 0,0156 1,0734 0,3828 0,2155 

miR-106b-5p 0,5703 0,2037 0,0313 0,7032 0,2969 0,1872 

miR-107 0,0273 0,4468 1,0000 0,0529 0,6406 0,1529 

miR-141-3p 0,0195 0,8915 0,0156 1,3346 0,1953 0,3761 

miR-146a-5p 0,0313 -1,1711 0,1250 -1,2522 0,1875 -0,8803 

miR-193b-3p 0,0039 -1,2846 0,0313 -1,2351 0,1563 -1,1112 

miR-200a-3p 0,0391 0,3168 0,0781 0,4157 0,7422 -0,1160 

miR-205-5p 0,0195 -1,0134 0,0781 -0,8749 0,1563 -1,0264 

miR-210-3p 0,0078 -1,5356 0,8125 -0,2770 0,0313 -0,9959 

miR-221-3p 0,0547 -0,7723 0,0313 -0,9054 0,0156 -1,5029 

miR-331-3p 0,0039 1,9201 0,0156 1,2673 0,0156 1,1551 

miR-375 0,0078 -2,3628 0,0625 -1,8577 0,1094 -0,7023 

miR-378a-3p 0,0039 -2,0432 0,0781 -1,2028 0,0234 -1,3745 

miR-423-5p 0,0156 -2,1558 0,0156 -2,5596 0,1250 -1,2498 

miR-425-5p 0,0078 -1,1336 0,2188 -0,9404 1,0000 0,0648 

miR-429 0,0078 1,1766 0,0313 0,7491 0,0078 0,5323 

miR-574-3p 0,0273 1,1174 0,4375 0,0890 0,5469 0,5830 

miR-582-5p 0,0078 1,7516 0,0625 1,1115 0,3125 0,5471 

miR-660-5p 0,0391 0,4908 0,4688 0,1660 1,0000 -0,0315 
*ʉɺɺ ï ʬʨʘʢʮʠʷ  
  ʉʄ ï ʩʫʧʝʨʥʘʪʘʥʪ ʤʦʯʠ ʧʦʩʣʝ 17000g 
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ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʤʠʢʨʦʈʅʂ ʚ ʦʙʝʠʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʨʘʢʮʠʷʭ ʤʦʯʠ ʙʳʣʦ ʢʘʯʝʩʪʚʝʥʥʳʤ, ʥʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʤʠʢʨʦʈʅʂ, ʧʨʝʜʩʪʘʚʣʝʥʥrʝ ʚ 

ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʤʘʩʩʝ ʚ ʦʜʥʦʡ ʠʟ ʬʨʘʢʮʠʡ ʤʦʯʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʈʅʂ-451a ʠ 

ʤʠʢʨʦʈʅʂ-143-3p, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ 

ʦʙʨʘʟʮʘʭ ʉɺɺ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʈʅʂ-451a ʠʤʝʥʥʦ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʝʸ 

ʧʦʷʚʣʝʥʠʝʤ ʠʟ ʢʨʦʚʠ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʵʢʩʧʨʝʩʩʠʷ ʵʪʦʡ ʤʠʢʨʦʈʅʂ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʛʝʤʦʣʠʟʦʤ [617]; ʧʨʠ ʵʪʦʤ, ʚʳʜʝʣʝʥʠʝ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʙʘʣʣʘʩʪʥʳʭ ʤʠʢʨʦʈʅʂ ʢʨʦʚʠ (ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʠʢʨʦʈʅʂ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʚʢʠ ʠ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʤʠʥʠʤʫʤ ʚ 20 ʨʘʟ) [337, 615]. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʷʭ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ, ʦʮʝʥʸʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʋʠʣʢʦʢʩʦʥʘ, 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʈʇɾ (38 ʤʠʢʨʦʈʅʂ), ʥʘʠʤʝʥʴʰʝʝ ï ʚ ʛʨʫʧʧʝ ɿɼ (15 ʤʠʢʨʦʈʅʂ) 

(ʪʘʙʣʠʮʘ 3.11.). 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3.11 ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ ʤʦʯʝ ʙʦʣʴʥʳʭ ʈʇɾ ʠ ɼɻʇɾ 43% 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʠʢʨʦʈʅʂ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʬʨʘʢʮʠʝʡ ʉɺɺ, ʪ.ʝ. ʵʪʠ ʤʠʢʨʦʈʅʂ ʥʘʭʦʜʷʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ. ɺ ʤʦʯʝ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʥʘʦʙʦʨʦʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʤʠʢʨʦʈʅʂ (57%) ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ɺɺ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʤʠʰʝʥʠʡ ʠ ʬʫʥʢʮʠʡ ʤʠʢʨʦʈʅʂ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ 

ʪʘʙʣʠʮʳ 3.11., ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʤʠʢʨʦʈʅʂ, ʧʨʠʯʸʤ ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʣʠ 

ʚʦ ʚʥʠʤʘʥʠʝ, ʢʘʢ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ, ʪʘʢ ʠ ʠʭ ʭʘʨʘʢʪʝʨ ʠ ʘʤʧʣʠʪʫʜʫ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʙʳʣʠ 

ʚʢʣʶʯʝʥʳ ʜʝʚʷʪʴ ʤʠʢʨʦʈʅʂ (let-7i-5p, ʤʠʢʨʦʈʅʂ-22-3p, -23b-3p, -30b-5p, -30c-5p, -92a-3p, -93-

5p, -331-3p, -429), ʘʩʩʦʮʠʠʨʦʚʘʥʥrʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʦʜʥʦʡ ʠʟ ʠʟʫʯʘʝʤʳʭ ʬʨʘʢʮʠʡ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʫʧʧʳ ʜʦʥʦʨʘ ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ 

ʠ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ. ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ ʤʠʢʨʦʈʅʂ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʚʷʟʘʥʥrʝ ʩ 

ʨʘʟʚʠʪʠʝʤ ʈʇɾ ʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʧʘʪʦʣʦʛʠʝʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʵʢʩʧʨʝʩʩʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʘʩʴ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʝ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠʣʠ 

ʙʦʣʴʥʳʭ ʈʇɾ (let-7a-5p, -7d-3p, ʤʠʢʨʦʈʅʂ-26b-5p, -27b-3p, -30a-5p, -30e-5p, -107, -375, -582-5p) 

ʠʣʠ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʪʦʣʴʢʦ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ (ʤʠʢʨʦʈʅʂ-29a-3p, -29b-3p, -29c-3p, -101-3p, -

141-3p, -423-5p), ʥʦ ʠʤʝʣʠʩ ɹʨʘʟʣʠʯʠʷ ʚ ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʛʨʫʧʧʘʭ. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʛʝʥʳ-ʤʠʰʝʥʠ ʵʪʠʭ ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥ rʩ ʨʘʟʚʠʪʠʝʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ DIANA  ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʙʱʠʝ ʜʣʷ ʦʙʝʠʭ ʛʨʫʧʧ ʤʠʰʝʥʠ ʤʠʢʨʦʈʅʂ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʚ 

ʨʘʤʢʘʭ ʢʘʪʝʛʦʨʠʡ KEGG, ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʷʤʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʈʅʂ-

ʤʠʰʝʥʷʤʠ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩʝʢʨʝʮʠʠ ʠʣʠ ʬʫʥʢʮʠʷʤʠ ɺɺ. ʉʨʝʜʠ ʦʙʱʠʭ 

ʤʠʰʝʥʝʡ ʯʘʩʪʠ ʤʠʢʨʦʈʅʂ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʠʥʪʝʟʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (Fatty 
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acid biosynthesis ï FASN) ʠ ʨʷʜʘ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ: Hippo signaling pathway (11 ʛʝʥʦʚ), ʨathways 

in cancer (22 ʛʝʥʘ), p53 signaling pathway (9 ʛʝʥʦʚ) (ʨʠʩ. 3.17.).  

 

ʈʠʩʫʥʦʢ 3.17. ɼʘʥʥʳʝ ʙʘʟʳ DIANA:  ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ ʠ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʦʙʱʠʭ ʤʠʰʝʥʝʡ 

ʤʠʢʨʦʈʅʂ (ʚ ʪʝʨʤʠʥʘʭ ʢʘʪʝʛʦʨʠʡ KEGG), ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ ʚʦ 

ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʛʨʫʧʧʘʭ ʜʦʥʦʨʦʚ (ɻʨʫʧʧʘ 1). 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʣʢʠ FASN ʨʘʥʝʝ ʫʞʝ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʵʢʟʦʩʦʤ 

[618]. ʇʦʠʩʢ ʞʝ ʦʙʱʠʭ ʤʠʰʝʥʝʡ ʤʠʢʨʦʈʅʂ ʠʟ ʛʨʫʧʧʳ 1 ʚ ʨʘʤʢʘʭ ʢʘʪʝʛʦʨʠʡ GO ʧʦʢʘʟʘʣ, ʯʪʦ 

ʵʪʦʪ ʥʘʙʦʨ ʤʠʢʨʦʈʅʂ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʥʝʢʦʪʦʨʳʭ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ (ʥʘʧʨʠʤʝʨ, 

AGO1, AHNAK, HNRNPM, NUCKS1, NUFIP2, RC3H2), ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʥʝʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʳ ʚ ʵʢʟʦʩʦʤʘʭ (ʧʦ ʜʘʥʥʳʤ Exocarta 5). ɹʦʣʝʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʥʳʡ 

ʥʫʢʣʝʦʧʨʦʪʝʠʥ AHNAK ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʘʥʝʝ ʚ ʵʢʟʦʩʦʤʘʭ, ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʢʣʝʪʢʘʤʠ ʨʘʢʘ 

ʧʨʦʩʪʘʪʳ DU145 [619]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʝʢʨʝʮʠʷ ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ 

ʚʝʟʠʢʫʣ ʠʣʠ ʠʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩʝʣʝʢʮʠʠ ʩʧʦʩʦʙʘ 

ʩʝʢʨʝʮʠʠ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʤʠʢʨʦʈʅʂ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʠʰʝʥʝʡ ʤʠʢʨʦʈʅʂ ʠʟ ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʪ.ʝ. ʤʠʢʨʦʈʅʂ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ), ʥʝʩʤʦʪʨʷ ʥʘ 

ʜʨʫʛʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ KEGG ʚʦ ʤʥʦʛʦʤ ʙʳʣʠ ʩʭʦʞʠʝ (ʨʠʩ. 3.18.). 
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ʈʠʩʫʥʦʢ 3.18. ɼʘʥʥʳʝ ʙʘʟʳ DIANA:  ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ ʠ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʦʙʱʠʭ ʤʠʰʝʥʝʡ 

ʤʠʢʨʦʈʅʂ (ʚ ʪʝʨʤʠʥʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ KEGG), ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ (ɻʨʫʧʧʘ 2). 

 

ʅʘʧʨʠʤʝʨ, ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʬʝʨʤʝʥʪʳ ʩʠʥʪʝʟʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

(Fatty acid biosynthesis), ʚʢʣʶʯʘʷ FASN. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʦʚʣʝʯʝʥʠʝ ʵʪʠʭ 

ʤʠʢʨʦʈʅʂ ʚ ʨʝʛʫʣʷʮʠʶ ʪʘʢʠʭ ʦʩʥʦʚʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʢʘʢ p53 signaling (8 ʛʝʥʦʚ), Hippo 

signaling pathway (9 ʛʝʥʦʚ), ʩell cycle (13 ʛʝʥʦʚ), PI3K-Akt signaling (21 ʛʝʥ), ʚʢʣʶʯʘʷ ʩʚʷʟʘʥʥʳʝ 

ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ: Transcriptional misregulation in cancer (11 ʛʝʥʦʚ), Pathways 

in cancer (18 ʛʝʥʦʚ), Proteoglycans in cancer (11). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʢʩʧʨʝʩʩʠʠ ʵʪʦʛʦ ʥʘʙʦʨʘ ʤʠʢʨʦʈʅʂ ʩʚʷʟʘʥ rʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʘʢʠʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ʨʘʢ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, ʧʨʷʤʦʡ ʢʠʰʢʠ, ʵʥʜʦʤʝʪʨʠʷ, ʤʝʣʘʥʦʤʘ, 

ʛʣʠʦʤʘ ʠ ʭʨʦʥʠʯʝʩʢʘ ̫ʤʠʝʣʦʠʜʥʘ ̫ʣʝʡʢʝʤʠ.̫ 

ʆʜʥʘʢʦ ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʷʟʴ ʪʘʢʦʛʦ ʥʘʙʦʨʘ 

ʤʠʢʨʦʈʅʂ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʚʦʩʴʤʠ ʛʝʥʦʚ ʠʟ ʢʘʪʝʛʦʨʠʠ Prostate cancer, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ 

ʈʇɾ (IGF1R, GSK3B, CCND1, NRAS, TP53, MDM2, CTNNB1, CDKN1A). ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 

PANTHER, ʪʦʣʴʢʦ ʛʝʥ ʮʠʢʣʠʥ D1 (CCND1) ʩʚʷʟʘʥ ʥʘʧʨʷʤʫʶ ʩ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʝʡ, ʥʦ 
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ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʛʝʥʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʦʥʢʦʛʝʥʳ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʈʇɾ [620ï623]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʛʠʧʦʪʝʟʳ ʦ 

ʬʫʥʢʮʠʷʭ ʚʳʜʝʣʝʥʥʳʭ ʥʘʙʦʨʦʚ ʤʠʢʨʦʈʅʂ, ʦʜʥʘʢʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 1. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʈʅʂ ʚ ʤʦʯʝ ʦʥʠ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ ʚʝʟʠʢʫʣ, ʣʠʙʦ ʚ ʩʚʦʙʦʜʥʦʤ ʦʪ ʥʠʭ ʚʠʜʝ. ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʩʦʢʘ ̫ʨʘʟʥʠʮʘ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʝʞʜʫ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʤʠ ʠʟ ʨʘʟʥʳʭ 

ʬʨʘʢʮʠʡ ʤʦʯʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʠʢʨʦʈʅʂ-375 ʠ -378a ʠʣʠ let-7b, ʪʘʙʣʠʮʘ 3.11.); 2. ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʈʅʂ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʠʢʨʦʈʅʂ-375) ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʣʠʯʠʷ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ ʫ ʨʘʟʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʙʦʣʴʥʳʭ ʠ ɿɼ, ʯʪʦ 

ʤʦʞʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʟʘʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʧʘʢʦʚʢʦʡ ʤʠʢʨʦʈʅʂ ʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚ ʤʦʯʝ ʠ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʠʣʦʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚ ʤʦʯʝ ʫʧʘʢʦʚʢʠ ʤʠʢʨʦʈʅʂ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʆʊ-ʇʎʈ ʠ 

ʦʧʠʩʘʥʥʳʝ ʚ ʧ.3.2.4. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʩʣʦʞʥʸʥ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʢ 

1. ʩʣʦʞʥʦʩʪʴ ʠ ʦʙʰʠʨʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʝʡ ʤʠʢʨʦʈʅʂ ʩʧʦʩʦʙʥʳʭ çʤʘʩʢʠʨʦʚʘʪʴè ʩʚʦʠ 

ʤʠʰʝʥʠ, ʷʚʣʷʶʱʠʝʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʚ ʢʦʥʢʨʝʪʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠ ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ 

ʥʘʧʨʷʤʫʶ ʚʳʷʚʣʷʪʴ ʨʝʛʫʣʷʪʦʨʥʳʝ ʧʫʪʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʨʦʮʝʩʩʝ; 

2. ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʟʥʘʥʠ ̫ ʦ ʨʝʛʫʣʷʮʠʠ ʩʝʢʨʝʮʠʠ ʤʠʢʨʦʈʅʂ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʘʩʧʝʢʪʳ ʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʚ ʤʦʯʝ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʦ ʬʘʢʪʦʨʘʭ, ʩʧʦʩʦʙʥʳʭ 

ʧʦʚʣʠʷʪ ɹʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʛʨʫʟʢʠ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʣʠʯʥʳʝ ɺɺ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʳ ʚʳʜʝʣʠʣʠ ʣʠʰʴ ʜʚʝ ʛʨʫʧʧʳ ʤʠʢʨʦʈʅʂ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ, ʠʟ ʨʠʩʫʥʢʦʚ 3.17. ʠ 3.18. ʚʠʜʥʦ (ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʥʘʙʦʨʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʤʠʰʝʥʝʡ), ʯʪʦ ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʦʜʛʨʫʧʧʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʧʝʨʝʩʝʯʝʥʠʝ ʥʘʙʦʨʦʚ ʤʠʰʝʥʝʡ ʨʦʜʩʪʚʝʥʥʳʭ ʤʠʢʨʦʈʅʂ 

(ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʈʅʂ-29a, -29b, -29c ʠ ʤʠʢʨʦʈʅʂ-30a, -30e). ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʠʩʢʘ ʠʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʳʙʨʘʥʥʳʭ ʤʠʢʨʦʈʅʂ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʳʙʦʨʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʝʡ ʩ ʮʝʣʴʶ 

ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʷʟʠ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʩ ʨʘʟʚʠʪʠʝʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʠʥʘʯʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʤʠʢʨʦʯʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʘʥʥʳʝ ʦʙ ʵʢʩʧʨʝʩʩʠʠ 84-ʭ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʠ ʬʨʘʢʮʠʠ 

ʉɺɺ ʤʦʯʠ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʝʩʣʠ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʯʠ ʦʜʥʦʛʦ ʜʦʥʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 
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ʥʦʨʤʘʣʠʟʘʮʠʠ, ʪʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʜʦʥʦʨʘʤʠ ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ. ɼʣʷ ʪʘʢʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ ʫʞʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ (ʧ. 1.3.2.). ʆʜʥʠʤ ʠʟ ʦʧʪʠʤʘʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʠʢʨʦʈʅʂ ʥʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʚʩʝʭ ʤʠʢʨʦʈʅʂ, ʦʜʥʘʢʦ ʦʥ ʭʦʨʦʰ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʰʪʘʙʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʦʣʝʝ ʫʜʦʙʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʯʝʪʥʦʛʦ ʯʠʩʣʘ ʤʠʰʝʥʝʡ ʷʚʣʷʝʪʩʷ ʧʘʨʥʘʷ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʦʜʥʦʡ ʤʠʢʨʦʈʅʂ ʥʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʢʘʞʜʫʶ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʤʠʢʨʦʈʅʂ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʥʦʨʤʠʨʦʚʢʠ ʟʥʘʯʝʥʠʡ dCt 

ʚʳʙʠʨʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ (ʧʘʨʳ ʤʠʢʨʦʈʅʂ [335, 412]), ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ. ʇʦʩʣʝ ʵʪʦʛʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Random Forests ʩ 

ʩʝʣʝʢʮʠʝʡ Boruta, ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ ʪʘʢʠʝ ʜʘʥʥʳʝ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʘ ̫

ʚʩʪʨʝʯʘʝʤʦʩʪ ɹ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʠʤʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʨʘʚʥʝʥʠʡ 

(ʟʘʧʫʩʢʦʚ), ʨʘʟʥʦʩʪʴ ʤʝʜʠʘʥ, ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʠ ʟʥʘʯʠʤʦʩʪʴ (p). 

ɼʣʷ ʦʪʙʦʨʘ ʣʫʯʰʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʫʩʣʦʚʠʷ/ʢʨʠʪʝʨʠʠ ʠʭ ʚʢʣʶʯʝʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʧʘʥʝʣʴ, ʘ ʠʤʝʥʥʦ: 1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʦʥʦʨʦʚ/ʧʘʮʠʝʥʪʦʚ; 2. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʤʝʜʠʘʥʘʤʠ (dCt) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʜʦʥʦʨʦʚ; 3. ʅʘʠʙʦʣʴʰʘ ̫ ʫʜʘʣʝʥʥʦʩʪʴ 95% 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (CI) ʜʣʷ ʨʘʟʥʦʩʪʠ ʤʝʜʠʘʥ ʦʪ 0, ʥʦ ʥʝ ʤʝʥʝʝ 0,1; 4. ʅʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ padj (ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ) (ʪʘʙʣʠʮʘ 3.12.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ˉ1 (ʦ ʥʘʠʙʦʣʴʰʝʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ 

(ʟʥʘʯʠʤʳʡ ʢʨʠʪʝʨʠʡ ʘʣʛʦʨʠʪʤʘ Boruta)) ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʪʴ ʧʘʨʳ, ʚʦ-ʧʝʨʚʳʭ, ʥʘʠʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʚʳʙʨʦʩʘʤ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʧʘʨ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴʩʷ ʩ ʦʩʪʘʚʰʠʤʠʩʷ ʤʠʢʨʦʈʅʂ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʛʨʫʧʧ ʜʦʥʦʨʦʚ. ʋʩʣʦʚʠʷ ˉ2 ʠ ˉ3 ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ çʨʘʟʥʝʩʥyʥʦʩʪʠè ʟʥʘʯʝʥʠʡ ʚ ʛʨʫʧʧʘʭ 

ʩʨʘʚʥʝʥʠʷ ʠ ʚʘʞʥʳ ʜʣʷ ʦʮʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʚʦʟʤʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʙʣʠʟʦʩʪʠ ʜʘʥʥʳʭ 

ʩʧʦʩʦʙʥʳ ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʠʩʭʦʜ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʧʨʘʢʪʠʢʫ. ʋʩʣʦʚʠʝ ˉ4 ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʪʴ ʧʘʨʳ ʤʠʢʨʦʈʅʂ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʘʥʝʣʴ ʬʦʨʤʠʨʦʚʘʣʠ ʠʟ ʧʘʨ ʤʠʢʨʦʈʅʂ, ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʯʝʪʳʨʸʤ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʠʣʦʪʥʦʡ ʧʘʥʝʣʠ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʨʘʥʥʦʡ ʧʘʨʳ 

ʤʠʢʨʦʈʅʂ ʙʳʣ ʚʳʧʦʣʥʝʥ ROC-ʘʥʘʣʠʟ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ (AUC) 

(ʪʘʙʣʠʮʘ 3.12.). 
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ʊʘʙʣʠʮʘ 3.12. ɿʥʘʯʠʤʳʝ ʧʘʨʳ ʤʠʢʨʦʈʅʂ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ 

 ʠ ʙʦʣʴʥʳʭ ɼɻʇɾ ʠ ʈʇɾ* 
 

ʧʘʨʳ ʤʠʢʨʦʈʅʂ 
ʏʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ**,% 
ȹCt (95% CI) AUC ʈ ʈadj 

ʉʄ: ɿɼ-ʈʇɾ (1770 ʧʘʨ) 

-107/ -26b-5p 74,8 -0,74 (-1,94;-0,33) 0,93 0,001 0,02 

-93-5p/ -29b-3p 36,3 -0,54 (-1,31;-0,26) 0,92 0,002 0,02 

-22-3p/ -30e-5p 36,0 -0,76 (-1,95;-0,23) 0,86 0,007 0,03 

-375/ -26b-5p 6,2 -1,71 (-3,92;-0,17) 0,83 0,014 0,03 

-29b-3p/ -205-5p 4,6 1,92 (0,25;2,81) 0,88 0,004 0,02 

-331-3p/ -205-5p 0,3 1,72 (0,24;3,06) 0,79 0,002 0,04 

-205-5p/ -26b-5p 15,2 -1,4 (-3,17;-0,55) 0,88 0,004 0,02 

-29a-3p/ -205-5p 10,3 1,69 (0,57;2,74) 0,83 0,013 0,03 

-151a-5p/ -205-5p 6,3 1,18 (0,43;3,29) 0,84 0,01 0,03 

let-7e-5p/ -23b-3p 15,8 0,88 (0,27;1,35) 0,92 0,002 0,02 

ʉʄ: ɿɼ-ɼɻʇɾ (254 ʧʘʨʳ) 

-30a-5p/ let-7g-5p 98,5 0,57 (0,28;1,09) 0,83 0,014 0,04 

-200a-3p/ let-7a-5p 3,9 0,53 (0,03;1,34) 0,7 0,005 0,14 

-205-5p/ let-7a-5p 0,2 0,86 (0,06;2,71) 0,78 0,041 0,06 

ʉʄ: ɼɻʇɾ-ʈʇɾ (254 ʧʘʨʳ) 

-103a-3p/ -30c-5p 28,6 1,03 (0,03;1,45) 0,79 0,034 0,05 

-30c-5p/ -30e-5p 21,8 -0,43 (-1,13;-0,17) 0,83 0,014 0,04 

-100-5p/ -30e-3p 18,9 0,73 (0,02;1,02) 0,77 0,05 0,05 

-30c-5p/ -16-5p 15,2 -0,74 (-1,36;-0,01) 0,84 0,011 0,04 

-23b-3p/ -103a-3p 8,8 -0,41 (-0,99;-0,03) 0,78 0,041 0,05 

-100-5p/ -30a-5p 7,2 0,52 (0,09;1,39) 0,79 0,034 0,05 

ʉɺɺ: ɿɼ-ʈʇɾ (849 ʧʘʨ) 

-20a-5p/ -16-5p 50,3 0,39 (0,17;0,8) 0,89 0,003 0,02 

-24-3p/ -200b-3p 12,0 0,47 (0,13;1,08) 0,88 0,006 0,02 

-101-3p/ -30e-5p 11,8 -0,28 (-0,46;-0,09) 0,82 0,018 0,03 

-24-3p/ -16-5p 5,3 0,45 (0,09;0,95) 0,85 0,008 0,02 

-99b-5p/ -24-3p 3,5 -0,25 (-0,86;-0,06) 0,76 0,01 0,05 

-30b-5p/ -125b-5p 3,3 0,32 (0,06;0,91) 0,8 0,023 0,03 

-31-5p/ -16-5p 1,7 0,77 (0,08;1,23) 0,85 0,012 0,03 

-30c-5p/ -16-5p 0,3 0,42 (0;0,9) 0,82 0,016 0,03 

-30b-5p/ -16-5p 0,1 0,85 (0,08;1,5) 0,79 0,028 0,03 

ʉɺɺ: ɿɼ-ɼɻʇɾ (849 ʧʘʨ) 

-107/ -31-5p 95,3 -0,73 (-1,95;-0,27) 0,87 0,007 0,01 

-31-5p/ -16-5p 61,5 0,79 (0,31;1,25) 0,89 0,004 0,01 

-31-5p/ -30e-3p 43,8 0,69 (0,15;1,5) 0,88 0,006 0,01 

-31-5p/ -200b-3p 23,9 0,58 (0,18;1,3) 0,88 0,006 0,01 

-31-5p/ -660-5p 22,1 0,74 (0,08;1,79) 0,84 0,002 0,01 

-29a-3p/ -660-5p 20,4 0,65 (0,38;1,06) 0,86 0,009 0,01 

-31-5p/ -200c-3p 17,3 0,63 (0,25;1,24) 0,83 0,014 0,02 

-107/ -141-3p 5,6 -0,79 (-1,95;-0,09) 0,78 0,041 0,04 

-29a-3p/ -30e-3p 1,6 0,82 (0,04;1,16) 0,84 0,011 0,01 

-660-5p/ -24-3p 0,8 -0,58 (-1,16;-0,05) 0,87 0,007 0,01 

ʉɺɺ: ɼɻʇɾ-ʈʇɾ (254 ʧʘʨʳ) 

-191-5p/ -31-5p 22,7 0,41 (0,16;1,09) 0,91 0,003 0,01 

-100-5p/ -30d-5p 11,1 0,32 (0,15;1,27) 0,84 0,011 0,02 
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ʧʘʨʳ ʤʠʢʨʦʈʅʂ 
ʏʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ**,% 
ȹCt (95% CI) AUC ʈ ʈadj 

-106b-5p/ -191-5p 7,4 -0,71 (-1,34;-0,29) 0,88 0,004 0,01 

-93-5p/ -22-3p 2,9 -0,4 (-0,75;-0,02) 0,78 0,003 0,04 

-191-5p/ -200b-3p 0,3 0,54 (0,02;1,21) 0,83 0,013 0,02 

-22-3p/ -92a-3p 0,1 0,44 (0,12;0,89) 0,78 0,041 0,04 

-191-5p/ -200a-3p 0,1 0,69 (0,17;1,13) 0,83 0,013 0,02 
*ʉɺɺ ï ʬʨʘʢʮʠʷ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ, ʉʄ - ʩʫʧʝʨʥʘʪʘʥʪ ʤʦʯʠ. 

** ʋʢʘʟʘʥʘ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʦʤʙʠʥʘʮʠʠ ʟʘ 1000 ʟʘʧʫʩʢʦʚ ʘʣʛʦʨʠʪʤʘ Boruta 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ çʩʠʛʥʘʪʫʨè ʠ ʚʳʷʚʠʪʴ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʫʥʠʢʘʣʴʥʳʝ 

ʥʘʙʦʨʳ ʧʘʨ ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 3.12.). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʯʘʩʪʴ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʱʝ ʦʩʪʘʣʴʥʳʭ, ʥʘʧʨʠʤʝʨ, 

ʤʠʢʨʦʈʅʂ-107/ -26b-5p (74,8%, ʉʄ: ɿɼ-ʈʇɾ), ʤʠʢʨʦʈʅʂ-30a-5p/ let-7g-5p (98,5%, ʉʄ: ɿɼ-

ɼɻʇɾ), ʤʠʢʨʦʈʅʂ-20a-5p/ -16-5p (50,3%, ʉɺɺ: ɿɼ-ʈʇɾ) ʠ ʤʠʢʨʦʈʅʂ-107/ -31-5p (95,3%, 

ʉɺɺ: ɿɼ-ɼɻʇɾ). AUC ʜʣʷ ʵʪʠʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʳʨʴʠʨʦʚʘʣ ʦʪ 0,7 ʜʦ 0,93. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɿɼ ʠ ʈʇɾ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʈʅʂ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨ ʤʠʢʨʦʈʅʂ: ʤʠʢʨʦʈʅʂ-375/ -26b-5p, 

ʤʠʢʨʦʈʅʂ-29a-3p/ -205-5p (ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʥʦʩʪʠ ʤʝʜʠʘʥ 

ʦʪ ʥʫʣʷ), ʤʠʢʨʦʈʅʂ-331-3p/ -205-5p, ʤʠʢʨʦʈʅʂ-205-5p/ -26b-5p, ʤʠʢʨʦʈʅʂ-29b-3p/ -205-5p ʠ 

ʤʠʢʨʦʈʅʂ-151a-5p/ -205-5p (ʥʘʠʙʦʣʴʰʘ ̫ ʨʘʟʥʦʩʪʴ ʤʝʜʠʘʥ). ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-107/ -26b-5p, ʦʜʥʘʢʦ ʨʘʟʥʠʮʘ ʤʝʜʠʘʥ ʤʝʞʜʫ 

ʵʪʠʤʠ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ ʝʜʠʥʠʮʳ (ʪʘʙʣʠʮʘ 3.12.). ʇʨʠ ʨʘʟʜʝʣʝʥʠʠ ʵʪʠʭ ʞʝ ʜʚʫʭ 

ʛʨʫʧʧ ʜʦʥʦʨʦʚ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʘʢʮʠʠ ʉɺɺ ʥʘʠʙʦʣʴʰʘʷ ʚʳʷʚʣʷʝʤʦʩʪʴ (50,3%) 

ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-20a-5p/ -16-5p, ʦʜʥʘʢʦ ʨʘʟʥʠʮʘ ʤʝʜʠʘʥ ʙʳʣʘ ʥʝʚʳʩʦʢʦʡ (ʥʝ 

ʧʨʝʚʳʰʘʣʘ 0,39), ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨ ʤʠʢʨʦʈʅʂ-31-5p/ -16-5p ʠ ʤʠʢʨʦʈʅʂ-30b-5p/ -16-5p, ʜʣʷ 

ʢʦʪʦʨʳʭ ʨʘʟʥʠʮʘ ʤʝʜʠʘʥ ʩʦʩʪʘʚʠʣʘ 0,77 ʠ 0,85, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ ɼɻʇɾ, ʪ.ʝ. ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɿɼ-ɼɻʇɾ ʠ ɼɻʇɾ-ʈʇɾ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʈʅʂ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 3 ʠ 6 ʧʘʨ ʤʠʢʨʦʈʅʂ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʫ ʥʝʢʦʪʦʨʳʭ ʧʘʮʠʝʥʪʦʚ ʤʠʢʨʦʈʅʂ ʠʟ ʩʦʩʪʘʚʘ ʵʪʠʭ ʧʘʨ ʥʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ, ʯʪʦ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʣʦ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ɺ ʵʪʦʤ ʙʣʦʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʣʠʰʴ ʦʜʥʘ ʟʥʘʯʠʤʘʷ (ʩ ʯʘʩʪʦʪʦʡ 98,5%) ʧʘʨʘ ʤʠʢʨʦʈʅʂ, 

ʩʧʦʩʦʙʥʘʷ ʨʘʟʜʝʣʠʪʴ ʛʨʫʧʧʳ ɿɼ ʠ ɼɻʇɾ - ʤʠʢʨʦʈʅʂ-30a-5p/ let-7g-5p. ʇʘʨʘ ʤʠʢʨʦʈʅʂ-103a-

3p/ -30c-5p ʚ ʛʨʫʧʧʝ ɼɻʇɾ-ʈʇɾ ʭʦʪʴ ʠ ʠʤʝʣʘ ʨʘʟʥʠʮʫ ʤʝʜʠʘʥ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʥʦ ʯʘʩʪʦʪʘ ʝʸ 

ʚʳʷʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʣʠʰʴ 28,6%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʈʅʂ ʠʟ ʬʨʘʢʮʠʠ ʉɺɺ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɿɼ-ɼɻʇɾ ʥʘʠʙʦʣʴʰʘ ̫ʨʘʟʥʠʮʘ ʤʝʜʠʘʥ (0,82) ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʧʘʨʳ 
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ʤʠʢʨʦʈʅʂ-29a-3p/ -30e-3p, ʦʜʥʘʢʦ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ 

ʥʫʣʷ; ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʚʳʷʚʣʷʝʤʦʩʪʠ (95,3%) ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-107/ -31-5p. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɼɻʇɾ-ʈʇɾ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʘʢʮʠʠ ʉɺɺ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʧʘʨ ʤʠʢʨʦʈʅʂ-191-5p/ -31-5p (ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 22,7%) ʠ 

ʤʠʢʨʦʈʅʂ-106b-5p/ -191-5p (ʤʘʢʩʠʤʘʣʴʥʘʷ dCt=0,71) (ʪʘʙʣʠʮʘ 3.12.). 

ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʫʥʠʢʘʣʴʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʰʝʩʪʠ 

ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ, ʯʘʩʪʴ ʤʠʢʨʦʈʅʂ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧʘʭ 

(ʪʘʙʣʠʮʘ 3.12.). ɽʱʸ ʨʘʟ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʬʘʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʯʘʩʪʠ ʤʠʢʨʦʈʅʂ ʪʦʣʴʢʦ ʚ 

ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ (ʤʠʢʨʦʈʅʂ-23b-3p, -30a-5p, -205-5p) ʠʣʠ ʪʦʣʴʢʦ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

(ʤʠʢʨʦʈʅʂ-24-3p, -31-5p, -200b-3p) (ʪʘʙʣʠʮʘ 3.13.).  

 

 

ʊʘʙʣʠʮʘ 3.13. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʭ 

ʩʨʝʜʠ ʚʩʝʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʡ 
 

ʤʠʢʨʦʈʅʂ 

ʉʄ ʉɺɺ 

ɿɼ-

ʈʇɾ 

ɿɼ-

ɼɻʇɾ 

ɼɻʇɾ-

ʈʇɾ 

ɿɼ- 

ʈʇɾ 

ɿɼ-

ɼɻʇɾ 

ɼɻʇɾ-

ʈʇɾ 

-16-5p       

-22-3p       

-23b-3p       

-24-3p       

-29a-3p       

-30a-5p       

-30c-5p       

-30e-5p       

-31-5p       

-93-5 p       

-100-5p       

-107       

-200a-3p       

-200b-3p       

-205-5p       

 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦʈʅʂ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ (ʪʘʙʣʠʮʘ 3.12.). ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʉʄ: ɿɼ-ʈʇɾ ʤʠʢʨʦʈʅʂ-205-5p ʠ -26b-5p ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 50% ʠ 40% ʢʦʤʙʠʥʘʮʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʉɺɺ: ɿɼ-ɼɻʇɾ ʤʠʢʨʦʈʅʂ-31-5p ʚʩʪʨʝʯʘʣʘʩʴ ʚ hʝʩʪʠ ʠʟ 

10 ʧʘʨ (ʪʘʙʣʠʮʘ 3.14).  
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ʊʘʙʣʠʮʘ 3.14. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʈʅʂ ʚʥʫʪʨʠ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʡ. 

ʌʨʘʢʮʠʷ 

ʤʦʯʠ 

ɻʨʫʧʧʳ 

ʜʦʥʦʨʦʚ 
ʤʠʢʨʦʈʅʂ 

ɺʩʪʨʝʯʘʝʤʦʩʪʴ 

ʤʠʢʨʦʈʅʂ, % 

ʆʙʱʝʝ ʯʠʩʣʦ ʧʘʨ 

ʤʠʢʨʦʈʅʂ ʚ 

ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ 

ʉ
ʫ
ʧ
ʝ
ʨ
ʥ
ʘ
ʪ
ʘ
ʥ
ʪ

 ɿɼ-ʈʇɾ 
-205-5p 50 

10 -26b-5p 30 

-29b-3p 20 

ɿɼ-ɼɻʇɾ let-7a-5p 67 3 

ɼɻʇɾ-ʈʇɾ 

-30c-5p 50 

6 -30e-5p 33 

-100-5p 33 

-103a-3p 33 

ʉ
ʫ
ʤ
ʤ
ʘ
ʨ
ʥ
ʳ
ʝ
 
ʚ
ʥ
ʝ
ʢ
ʣ
ʝ
ʪ
ʦ
ʯ
ʥ
ʳ
ʝ
 

ʚ
ʝ
ʟ
ʠ
ʢ
ʫ
ʣ
ʳ

 

ɿɼ-ʈʇɾ 
-16-5p 56 

9 -24-3p 33 

-30b-5p 22 

ɿɼ-ɼɻʇɾ 

-31-5p 60 

10 
-660-5p 30 

-107 20 

-30e-3p 20 

-29a-3p 20 

ɼɻʇɾ-ʈʇɾ 
-191-5p 57 

7 
-22-3p 29 

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 3.14) ʷʚʣʷʶʪʩʷ 

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʫ ʙʦʣʴʥʳʭ ʈʇɾ ʫʯʘʩʪʢʦʚ 

ʛʠʧʝʨʧʣʘʟʠʠ, ʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʥʝʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ ʦʯʘʛʦʚ ʩ ʧʨʠʟʥʘʢʘʤʠ ʤʘʣʠʛʥʠʟʘʮʠʠ, 

ʚ ʩʫʧʝʨʥʘʥʪʘʭ ʤʦʯʠ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʦʪʣʠʯʠʝ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʚ ʧʘʨʘʭ ʤʠʢʨʦʈʅʂ 

(ʪʘʙʣʠʮʘ 3.12.). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʚ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʝ ʛʠʧʝʨʧʣʘʩʪʠʯʝʩʢʠʭ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʪʘʸʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʘʙʝʨʨʘʥʪʥʳʭ ʤʠʢʨʦʈʅʂ, ʥʝ ̫ʚʣʷʶʱʠʭʩʷ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʤʠ, ʘ 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʪʢʘʥʝʡ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʚ ʥʦʨʤʝ ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʇɾ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʦʡ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ, ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʦʯʘʛʦʚ ʛʠʧʝʨʧʣʘʟʠʠ, ʧʘʨʘʣʣʝʣʴʥʦ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʯʘʛʠ ʜʠʩʧʣʘʟʠʠ, ʥʘʨʫʰʘ ̫ ʩʪʨʫʢʪʫ ʇɾ. 

ʊʘʢʦʝ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ ʬʘʢʫʣʴʪʘʪʠʚʥʳʤ ʧʨʝʜʨʘʢʦʤ, ʭʦʪʴ ʠ ʥʝ ʠʤʝʝʪ ʚ ʩʚʦʝʡ 

ʦʩʥʦʚʝ ʧʨʠʟʥʘʢʦʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ [624]. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʜʘʞʝ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦ 25% ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʠʤʝʶʪ ʦʯʘʛʠ ʈʇɾ [625]. 

ʉʫʱʝʩʪʚʫʝʪ ʠ ʣʘʪʝʥʪʥʘʷ ʢʘʨʮʠʥʦʤʘ ʧʨʦʩʪʘʪʳ, ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʧʨʠʤʝʨʥʦ ʚ 15% ʩʣʫʯʘʝʚ ɼɻʇɾ 

[626, 627]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫ ʪʨʝʪʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʨʘʢʦʤ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʘʛʠ ɼɻʇɾ. ʍʦʪʷ ʨʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 
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ʩʚʷʟʠ ʵʪʠʭ ʜʚʫʭ ʧʘʪʦʣʦʛʠʡ ʤʝʞʜʫ ʩʦʙʦʡ [624], ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʞʝ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʪʦʤ, ʯʪʦ ɼɻʇɾ ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʈʇɾ [628]. 

ɼʘʣʝʝ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʙʳʣʘ ʦʮʝʥʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʥʘʠʙʦʣʴʰʝʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-107/-26b-5p (AUC=0,93, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 80%), ʤʠʢʨʦʈʅʂ-375-3p/-26b-5p (AUC=0,83, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 70%) ʜʣʷ 

ʛʨʫʧʧ rʩʨʘʚʥʝʥʠʷ ʉʄ: ɿɼ-ʈʇɾ ʠ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-31-5p/-16-5p (AUC=0,89, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

80%), ʤʠʢʨʦʈʅʂ-31-5p/-200b (AUC=0,88, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 70%), ʤʠʢʨʦʈʅʂ-31-5p/-30e-3p 

(AUC=0,88, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 80%) ʠ ʤʠʢʨʦʈʅʂ-31-5p/-660-5p (AUC=0,84, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

70%) ʜʣʷ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʉɺɺ: ɿɼ-ɼɻʇɾ (ʪʘʙʣʠʮʘ 3.15.). 

ɼʘʣʝʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʥʘʯʝʥʠʡ ʧʘʨ ʤʠʢʨʦʈʅʂ, ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨ ʚ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ (ʨʠʩ. 3.19). 

 

 

 

ʈʠʩʫʥʦʢ 3.19. ɼʠʘʛʨʘʤʤʘ ʨʘʟʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʩʫʧʝʨʥʘʪʘʥʪʘ (ɸ) ʠ 

ʬʨʘʢʮʠʠ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ (ɹ).  

 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʠʩʫʥʦʢ 3.19. ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɿɼ-ʈʇɾ ʦʙʣʘʜʘʝʪ ʧʘʨʘ ʤʠʢʨʦʈʅʂ-

375-3p/ -26b-5p, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ, ʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɿɼ-ɼɻʇɾ ï ʧʘʨʘ 

ʤʠʢʨʦʈʅʂ-31-5p/ -660-5p ʚ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʠ ʉɺɺ. ɼʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʝʝ çʧʣʦʪʥʦʝè ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʰʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 3.15. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʠʣʫʯʰʠʭ ʧʘʨ ʤʠʢʨʦʈʅʂ-

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʝʜʠʢʪʦʨʦʚ. 

ʀ
ʩ
ʪ
ʦ
ʯ
ʥ
ʠ
ʢ

 

ɻʨʫʧʧʘ 

ʩʨʘʚʥʝʥʠʷ 
ʇʘʨʳ ʤʠʢʨʦʈʅʂ AUC 

ʇ
ʦ
ʨ
ʦ
ʛ
ʦ
ʚ
ʦ
ʝ
 
ʟ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ

 

95% CI 

ʏ
ʫ
ʚ
ʩ
ʪ
ʚ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʩ
ʪ
ʴ
%

 

ʉ
ʧ
ʝ
ʮ
ʠ
ʬ
ʠ
ʯ
ʥ
ʦ
ʩ
ʪ
ʴ
%

 

ʉ
ʄ

 

ɿɼ-ʈʇɾ 

-205-5p/-26b-5p 0,88 <-3,37 0,72-1,04 30 100 
-107/-26b-5p 0,93 <-0,49 0,81-1,05 80 100 

-375/-26b-5p 0,83 <-0,69 0,63-1,04 70 100 

-151a-5p/-205-5p 0,84 >3,15 0,65-1,03 30 100 

-29b-3p/-205-5p 0,88 >2,03 0,73-1,03 50 100 

-29a-3p/-205-5p 0,83 >3,34 0,64-1,02 20 100 

-331-3p/-205-5p 0,79 >5,65 0,56-1,02 10 100 

ɿɼ-ɼɻʇɾ -30a-5p/let-7g-5p 0,83 <-2,32 0,61-1,06 33 100 

ɼɻʇɾ-ʈʇɾ -30c-5p/-30e-5p 0,83 >-0,79 0,64-1,03 20 100 

-103a-3p/-30c-5p 0,79 <1,15 0,57-1,01 60 100 

ʉ
ɺ
ɺ 

ɿɼ-ʈʇɾ 

-20a-5p/-16-5p 0,85 <0,72 0,65-1,05 56 100 
-30b-5p/-16-5p 0,83 <-2,96 0,64-1,02 22 100 

-31-5p/-16-5p 0,79 <1,83 0,56-1,01 38 100 

-24-3p/-200b-3p 0,93 <1,31 0,82-1,04 67 100 

ɿɼ-ɼɻʇɾ 

-31-5p/-200c-3p 0,83 <3,06 0,64-1,03 60 100 

-31-5p/-16-5p 0,89 <2,26 0,73-1,05 80 100 

-107/-141-3p 0,78 >5,21 0,55-1,01 10 100 

-31-5p/-200b-3p 0,88 <3,1 0,72-1,04 70 100 

-31-5p/-30e-3p 0,88 <1,25 0,71-1,05 80 100 

-29a-3p/-30e-3p 0,84 <-0,14 0,66-1,03 40 100 

-31-5p/-660-5p 0,84 <0,57 0,66-1,03 70 100 

-29a-3p/-660-5p 0,86 <-0,73 0,67-1,04 20 100 

-20a-5p/-16-5p 0,73 <0,82 0,47-0,99 70 100 

-107/-31-5p 0,87 >1,32 0,67-1,06 10 100 

ɼɻʇɾ-ʈʇɾ 

-191-5p/-200a-3p 0,83 <2,6 0,65-1,01 40 100 

-191-5p/-31-5p 0,91 <0,06 0,77-1,05 33 100 

let-7i-5p/let-7a-5p 0,83 <4,61 0,61-1,04 57 100 

-100-5p/-200b-3p 0,81 <3,87 0,60-1,02 56 100 

-106b-5p/-191-5p 0,88 >0,39 0,72-1,04 30 100 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʨʘʚʥʝʥʠʷ ʧʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ 

ʜʚʫʭ ʬʨʘʢʮʠʡ ʤʦʯʠ ʫ ʪʨʸʭ ʛʨʫʧʧ ʜʦʥʦʨʦʚ, ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʭ ʧʘʨ 

ʤʠʢʨʦʈʅʂ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ɿɼ-ʈʇɾ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʬʨʘʢʮʠʠ ʤʦʯʠ. ʅʘʠʣʫʯʰʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʣʘʜʘʣʠ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-107/  

-26b-5p ʠ ʤʠʢʨʦʈʅʂ-375-3p/ -26b-5p ʚ ʩʦʩʪʘʚʝ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ (ʪʘʙʣʠʮʘ 3.15). 

ʇʨʠ ʠʥʦʤ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ʜʦʥʦʨʦʚ (ɿɼ-ɼɻʇɾ ʠ ɼɻʇɾ-ʈʇɾ), ʢ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʜʦʩʪʦʚʝʨʥʦ 
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ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʘʨʳ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ, ʘ ʚʦ ʬʨʘʢʮʠʠ ʉʄ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʪʣʠʯʠʡ 

ʥʝʢʦʪʦʨʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʛʨʘʥʠʮʝ ʟʥʘʯʠʤʦʩʪʠ (ʪʘʙʣʠʮʘ 3.12.). ʆʜʥʘʢʦ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ɿɼ-ɼɻʇɾ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ: ʤʠʢʨʦʈʅʂ-31-5p/ -16-5p, ʤʠʢʨʦʈʅʂ-31-5p/ -200b, 

ʤʠʢʨʦʈʅʂ-31-5p/ -30e-3p, ʤʠʢʨʦʈʅʂ-31-5p/ -660-5p (ʪʘʙʣʠʮʘ 3.15.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ ʤʠʢʨʦʈʅʂ ʩʦ 

ʚʩʝʛʦ ʤʦʯʝʧʦʣʦʚʦʛʦ ʪʨʘʢʪʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʠʤʝʶʱʠʭ ʧʨʦʩʪʘʪʠʯʝʩʢʦʝ/ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʪʦʡ ʬʨʘʢʮʠʠ ʤʦʯʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʠʘʛʥʦʩʪʠʢʫʤʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ 

ʞʝʣʝʟʳ. ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʥʳʭ ʬʨʘʢʮʠʷʭ ʤʦʯʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʥʝʨʘʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʦʚʦ-

ʣʠʧʦʧʨʦʪʝʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ɺɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʘʷ ʠʟ ʵʪʠʭ ʬʨʘʢʮʠʡ ʤʦʯʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʤʠʢʨʦʈʅʂ [281, 572, 591, 592, 629ï637]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ, ʘ 

ʥʝ ʦʜʥʦʡ, ʢʦʤʙʠʥʘʮʠʡ ʤʠʢʨʦʈʅʂ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦ 100% 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʨʘʟʜʝʣʷʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʛʨʫʧʧʳ ʜʦʥʦʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʛʨʫʧʧ ɿɼ-ʈʇɾ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-107/  

-26b-5p ʠʣʠ ʤʠʢʨʦʈʅʂ-375/ -26b-5p ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʙʣʘʜʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ 80% 

ʠ 70%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʭ ʘʥʘʣʠʟʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 100% (ʪʘʙʣʠʮʘ 3.15.). ʇʨʠ ʨʘʟʜʝʣʝʥʠʠ ʛʨʫʧʧ ɿɼ-ɼɻʇɾ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʨʘʢʮʠʠ ʉɺɺ, ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʧʘʨ ʤʠʢʨʦʈʅʂ-31-5p/ -16-5p ʠ ʤʠʢʨʦʈʅʂ-20a-5p/ -16-5p 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦ 100%, ʚ ʦʪʣʠʯʠʝ ʦʪ 80% ʠ 

70%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʪʜʝʣʴʥʦʤ ʠʭ ʘʥʘʣʠʟʝ (ʪʘʙʣʠʮʘ 3.15.). 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʧʘʮʠʝʥʪʘ ʈʇɾ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʦʯʘʛʠ ɼɻʇɾ [624]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

(ʠʣʠ ʠʭ ʥʘʙʦʨʦʚ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʰʘ ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ) ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʤʠʢʨʦʈʅʂ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨ ʚ ʦʙʝʠʭ ʬʨʘʢʮʠʷʭ 

ʤʦʯʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ ʩʦ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

(ʥʘʧʨʠʤʝʨ, ʉʄ: ʤʠʢʨʦʈʅʂ-103a-3p/ -30c-5p (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 60%) + ʉɺɺ: ʤʠʢʨʦʈʅʂ-

100-5p/ -200b-3p (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 50%) + ʉɺɺ: let-7i-5p/ let-7a-5p (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 40%) 

(ʪʘʙʣʠʮʘ 3.15.)). 
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3.2.6.2. ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʈʅʂ ʤʦʯʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʜʠʘʛʥʦʟʘ ʙʦʣʴʥʳʤ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [592, 637] ʠ ʢʘʢ ʫʞʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, 

ʥʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʢʨʦʈʅʂ, ʘ ʥʝ ʦʜʥʦʡ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʜʸʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʣʴʢʦ ʛʨʫʧʧʫ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʦʜʥʘʢʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ, ʜʣʷ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ 

ʪʨʝʙʫʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʴʥʳʭ ʠ ʩ ʜʨʫʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʇɾ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʙʦʣʴʥʳʭ ʩ ɼɻʇɾ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʣʠʥʠʯʝʩʢʫʶ 

ʧʨʘʢʪʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘʤʠ, ʚʢʣʶʯʘʷ 

ʧʦʩʪʘʥʦʚʢʫ ʆʊ-ʇʎʈ. ʆʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʧʨʠ ʚʳʙʦʨʝ ʤʠʢʨʦʈʅʂ-

ʤʘʨʢʝʨʦʚ (ʠʣʠ ʠʭ ʧʘʨ), ʪʘʢ ʠ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ (cut-off) ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʚʳʙʦʨʘ 

ʠʥʪʝʨʚʘʣʦʚ ʟʥʘʯʝʥʠʡ ʩ ʫʯʝʪʦʤ ʨʦʩʪʘ ʚʳʙʦʨʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʟʜʝʩʴ ʘʣʛʦʨʠʪʤ ʦʧʠʩʳʚʘʝʪ ʨʷʜ ʰʘʛʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ cut-off ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʙʨʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ cut-off, ʜʣʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ. ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ ʚʳʙʠʨʘʣʠ, ʥʘʯʠʥʘʷ ʩ ʧʘʨ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʥʘʠʙʦʣʴʰʫ  ʁ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹ ʧʨʠ 

100%-ʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʧʨʠʥʠʤʘʷ ʪʘʢʞʝ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʥʠʮʫ ʚ ʫʨʦʚʥʝ ɻʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ 

(ʨʠʩ. 3.20., ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ çʪʦʯʥʦ ʈʇɾè): 

ʐʘʛ 1. ɺʳʙʠʨʘʝʤ ʛʨʫʧʧʫ ʩʨʘʚʥʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çʈʇɾè) ʠ ʢʦʥʪʨʦʣʴʥʫ  ʁ(ʟʜʝʩʴ 

çɿɼ+ɼɻʇɾè). ɸʥʘʣʠʟʠʨʫʝʤ ʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʝʡ ʚʳʙʨʘʥʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉʄ ʠʣʠ 

ʉɺɺ. ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ, ʪʦ ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (SD) ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ; ʝʩʣʠ ʞʝ ʫʩʣʦʚʠʝ ʥʦʨʤʘʣʴʥʦʩʪʠ ʥʝ 

ʚʳʧʦʣʥʝʥʦ, ʪʦ ʚʳʧʦʣʥʷʝʤ ʨʘʩʯʸʪʳ ʤʝʜʠʘʥʳ ʠ ʢʚʘʥʪʠʣʝʡ 5% ʠ 95% (Q5, Q95). ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠ ̫ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

ʐʘʛ 2. ɸʥʘʣʠʟʠʨʫʝʤ ʜʘʥʥʳʝ ʦʙ ʦʪʥʦʰʝʥʠʷʭ ʤʠʢʨʦʈʅʂ ʚ ʦʙʨʘʟʮʘʭ (ʚʳʙʨʘʥʥʦʡ ʬʨʘʢʮʠʠ 

ʤʦʯʠ) ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ (cut-off) ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ çʩʨʝʜʥʝʝ +2SDè ʠʣʠ 

çʩʨʝʜʥʝʝ-2SDè, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʘʥʘʣʠʟʘ ʦʪʥʦʰʝʥʠʡ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

çɿɼ+ɼɻʇɾè. ɽʩʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷ ʫ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ç-2SDè, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ç+2SDè 

(ʨʠʩ. 3.20). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʛʨʫʧʧʘ ʩʨʘʚʥʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ dCt/ddCt ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʨʳ 

ʤʠʢʨʦʈʅʂ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʨʘʢʮʠʠ ʤʦʯʠ ʟʘ ʧʨʝʜʝʣʘʤʠ cut-off ʦʪʥʦʩʠʪʩʷ ʢ ʈʇɾ. 
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ʐʘʛ 3. ɼʣʷ ʦʩʪʘʚʰʠʭʩʷ ʧʘʮʠʝʥʪʦʚ ʚʳʧʦʣʥʷʝʤ ʦʮʝʥʢʫ ʦʪʥʦʰʝʥʠʡ ʫʨʦʚʥʷ ʣʠʙʦ ʪʦʡ ʞʝ 

ʧʘʨʳ ʤʠʢʨʦʈʅʂ, ʥʦ ʚ ʜʨʫʛʦʡ ʬʨʘʢʮʠʠ ʤʦʯʠ, ʣʠʙʦ ʩʣʝʜʫʶʱʝʡ ʧʘʨʳ ʤʠʢʨʦʈʅʂ ʚ ʪʦʡ ʞʝ/ʜʨʫʛʦʡ 

ʬʨʘʢʮʠʠ ʤʦʯʠ. ʂʘʢ ʠ ʨʘʥʝʝ, ʚʳʷʚʣʝʥʠʝ ʙʦʣʴʥʦʛʦ ʈʇɾ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪyʤ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

dCt/ddCt ʩʦ ʩʨʝʜʥʠʤʠ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Ñ2SD, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

çɿɼ+ɼɻʇɾè. ɸ ʠʤʝʥʥʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʘʮʠʝʥʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʈʇɾ ʧʨʠ 

ʫʩʣʦʚʠʠ ʟʥʘʯʝʥʠʷ dCt/ddCt ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ +2SD ʠʣʠ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ-2SD. 

ʐʘʛ 4. ʐʘʛʠ 2 ʠ 3 ʧʦʚʪʦʨʷʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʘʨ ʤʠʢʨʦʈʅʂ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʪʥʝʩʝʥʠʷ ʦʙʨʘʟʮʘ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʚ ʛʨʫʧʧʫ çʪʦʯʥʦ ʈʇɾè ʥʘ ʧʨʝʜʳʜʫʱʠʭ 

ʰʘʛʘʭ. ɸʣʛʦʨʠʪʤ ʧʦʚʪʦʨʷʝʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ ʧʘʮʠʝʥʪʳ ʥʝ ʙʫʜʫʪ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʠʣʠ ʥʝ ʙʫʜʝʪ ʠʩʯʝʨʧʘʥ ʧʫʣ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

 
ʈʠʩʫʥʦʢ 3.20. ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʣʴʥʳʭ 

ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. (ɸ) ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʤʘʨʢʝʨʥʳʭ ʤʠʢʨʦʈʅʂ; 

(ɹ) ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ çʪʦʯʥʦ ʈʇɾè. 

 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʦʜʭʦʜ ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʘʨ ʤʠʢʨʦʈʅʂ ʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʛʨʫʧʧ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʝʡ. ʅʘʧʨʠʤʝʨ, ʥʘʨʷʜʫ ʩ 

ʦʧʠʩʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ çʪʦʯʥʦ ʈʇɾè, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʙʣʦʢʠ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʦʚ çʪʦʯʥʦ ʙʦʣʝʥè (ɼɻʇɾ+ʈʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɿɼ (ʢʦʥʪʨʦʣʴ)), 

ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ çʪʦʯʥʦ ʈʇɾè: 

ɸ 

ɹ 
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ʐʘʛ 4: ʉɺɺ: ʤʠʢʨʦʈʅʂ-191/-200a

ɿɼ+ɼɻʇɾ ʈʇɾ
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ʐʘʛ 5: ʉʄ/ʉɺɺ: ʤʠʢʨʦʈʅʂ-331/-106b

ɿɼ+ɼɻʇɾ ʈʇɾ
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P=0.036  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ - 30%
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çʪʦʯʥʦ ʥʝ ʈʇɾè (ɿɼ+ɼɻʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʈʇɾ (ʢʦʥʪʨʦʣʴ)), çʪʦʯʥʦ ʟʜʦʨʦʚè (ɿɼ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɼɻʇɾ+ʈʇɾ (ʢʦʥʪʨʦʣʴ)) (ʨʠʩ. 3.21). 

 

ɸ: çʊʦʯʥʦ ʙʦʣʝʥè 

ɼɻʇɾ+ʈʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɿɼ (ʢʦʥʪʨʦʣʴ) 

 

 

 

  

 

 

 

 

 

 

ɹ: çʊʦʯʥʦ ʈʇɾè 

ʈʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɿɼ+ɼɻʇɾ (ʢʦʥʪʨʦʣʴ) 

ʐʘʛ 1: ʉʄ: ʤʠʢʨʦʈʅʂ-30a/-125b

ɿɼ+ɼɻʇɾ ʈʇɾ
-2

-1

0

1

2

P=0.021  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ - 40%

d
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ʐʘʛ 3: ʉʄ/ʉɺɺ: ʤʠʢʨʦʈʅʂ-29b/-21

ɿɼ+ɼɻʇɾ ʈʇɾ

-2

0

2

4

P=0.01  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ - 40%

d
d
C

t

ʐʘʛ 1: ʉʄ: ʤʠʢʨʦʈʅʂ-331/-92a

ɿɼ ɼɻʇɾ+ʈʇɾ
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P=0.025  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  52%

d
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ʐʘʛ 2: ʉʄ: ʤʠʢʨʦʈʅʂ-425/-331

ɿɼ+ɼɻʇɾ ʈʇɾ
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P=0.002  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ - 40%
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           ʈʇɾ 

             ʈʇɾ 

        ʈʇɾ 

 

    ʈʇɾ 

            ʈʇɾ 

ʩʨʝʜʥʝʝ-2SD 

ʩʨʝʜʥʝʝ+2SD 
ʩʨʝʜʥʝʝ+2SD 

ʩʨʝʜʥʝʝ-2SD 

ʩʨʝʜʥʝʝ+2SD 

ʐʘʛ 2: ʉʄ: ʤʠʢʨʦʈʅʂ-23b/let-7g

ɿɼ ɼɻʇɾ+ʈʇɾ
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ʐʘʛ 3: ʉɺɺ: ʤʠʢʨʦʈʅʂ-148a/-24

ɿɼ ɼɻʇɾ+ʈʇɾ
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P=0.004  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  35%
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ʐʘʛ 4: ʉʄ/ʉɺɺ: ʤʠʢʨʦʈʅʂ-148a/-29b

ɿɼ ɼɻʇɾ+ʈʇɾ
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     ʙʦʣʝʥ 

ʩʨʝʜʥʝʝ+2SD 
 

      ʙʦʣʝʥ 

ʩʨʝʜʥʝʝ-2SD 

     ʙʦʣʝʥ 

ʩʨʝʜʥʝʝ+2SD 

 

       

        ʙʦʣʝʥ 

ʩʨʝʜʥʝʝ-2SD 
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ʐʘʛ 1: ʉɺɺ: ʤʠʢʨʦʈʅʂ-106b/-191

ʈʇɾ ɿɼ+ɼɻʇɾ
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ʐʘʛ 2: ʉʄ: ʤʠʢʨʦʈʅʂ-100/-30c

ʈʇɾ ɿɼ+ɼɻʇɾ
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d
C

t

ʐʘʛ 3: ʉʄ/ʉɺɺ: ʤʠʢʨʦʈʅʂ-31/-29b

ʈʇɾ ɿɼ+ɼɻʇɾ-3
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P=0.02     ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 37%
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ʐʘʛ 4: ʉɺɺ: ʤʠʢʨʦʈʅʂ-22/-103a

ʈʇɾ ɿɼ+ɼɻʇɾ
0

1

2

3

4

5

P=0.03   ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  35%
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ʐʘʛ 5: ʉɺɺ: ʤʠʢʨʦʈʅʂ-106b/-34a

ʈʇɾ ɿɼ+ɼɻʇɾ
-4
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P=0.018   ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  15%
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ɺ: çʊʦʯʥʦ ʥʝ ʈʇɾè 

ɿɼ+ɼɻʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʈʇɾ (ʢʦʥʪʨʦʣʴ) 

 

 

 

 

 

 

 

 

 

ɻ: çʊʦʯʥʦ ʟʜʦʨʦʚè 

ɿɼ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɼɻʇɾ+ʈʇɾ (ʢʦʥʪʨʦʣʴ) 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.21. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ ʨʘʢʦʤ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. (ɸ) ɹʣʦʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɼɻʇɾ+ʈʇɾ); (ɹ) ɹʣʦʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ ʈʇɾ; (ɺ) ɹʣʦʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʦʥʦʨʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʈʇɾ; (ɻ) ɹʣʦʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ. 

ɿʥʘʯʝʥʠ ̫ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʈ ʫʢʘʟʘʥʳ ʜʣʷ ʢʘʞʜʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ:  

¶ ʦʧʨʝʜʝʣʠʪʴ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ɼɻʇɾ ʠʣʠ ʈʇɾ) ʩ ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (ʨʠʩ. 3.21.ɸ; ʪʘʙʣʠʮʘ 3.16), ʠʩʧʦʣʴʟʫʷ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ 7-ʤʠ 

ʤʠʢʨʦʈʅʂ (ʚʦʰʝʜʰʠʭ ʚ ʯʝʪʳʨʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ) ʚ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʷʭ ʤʦʯʠ; 

¶ ʚʳʷʚʠʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʩ 90% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

(ʨʠʩ. 3.21.ɹ; ʪʘʙʣʠʮʘ 3.17), ʘʥʘʣʠʟʠʨʫʷ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 9-ʪʠ ʤʠʢʨʦʈʅʂ (ʚʦʰʝʜʰʠʭ ʚ 

ʧʷʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ); 

 

  ʥʝ ʈʇɾ 

    ʥʝ ʈʇɾ        ʥʝ ʈʇɾ 

  ʥʝ ʈʇɾ 

          

      ʥʝ ʈʇɾ 

ʩʨʝʜʥʝʝ-2SD 
ʩʨʝʜʥʝʝ+2SD 

ʩʨʝʜʥʝʝ+2SD 

ʩʨʝʜʥʝʝ-2SD 

ʩʨʝʜʥʝʝ+2SD 

ʐʘʛ 1: ʉʄ/ʉɺɺ: ʤʠʢʨʦʈʅʂ-29a/-200b

ɼɻʇɾ+ʈʇɾ ɿɼ

-2

-1

0

1

2

P=0.009  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  50%

d
d
C

t

ʐʘʛ 2: ʉʄ: let-7f/ʤʠʢʨʦʈʅʂ-205

ɼɻʇɾ+ʈʇɾ ɿɼ
-4

-2

0

2

4

P=0.025  ʏʫʚʩʪʚʠʪʝʣɹʥʦʩʪɹ  40%

d
C

t

ʐʘʛ 3: ʉɺɺ: ʤʠʢʨʦʈʅʂ-200a/-200b

ɼɻʇɾ+ʈʇɾ ɿɼ
0.0

0.5

1.0

1.5

2.0

P=0.023  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  20%

d
C

t

           

   ʟʜʦʨʦʚ 

ʩʨʝʜʥʝʝ-2SD 
 

        ʟʜʦʨʦʚ 

ʩʨʝʜʥʝʝ-2SD 

  ʟʜʦʨʦʚ 

ʩʨʝʜʥʝʝ+2SD 
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¶ ʩ ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʚʳʷʚʠʪʴ ʧʘʮʠʝʥʪʦʚ, ʥʝ 

ʠʤʝʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʈʇɾ (ɿɼ ʠ ɼɻʇɾ) (ʨʠʩ. 3.21.ɺ; ʪʘʙʣʠʮʘ. 3.18), ʘʥʘʣʠʟʠʨʫʷ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ 9-ʪʠ ʤʠʢʨʦʈʅʂ (ʚʦʰʝʜʰʠʭ ʚ ʧʷʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ); 

¶ ʩ ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʚʳʷʚʠʪʴ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ 

(ʨʠʩ. 3.21.ɻ; ʪʘʙʣʠʮʘ 3.19.), ʘʥʘʣʠʟʠʨʫʷ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 5-ʪʠ ʤʠʢʨʦʈʅʂ (ʚʦʰʝʜʰʠʭ ʚ 

ʪʨʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ). 

ʇʦʩʢʦʣʴʢʫ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʢʘʢ ʙʦʣʴʥʦʛʦ ʈʇɾ 

(ʪʘʙʣʠʮʘ 3.17.), ʥʦ ʧʦʣʫʯʠʣʦʩʴ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (çʪʦʯʥʦ ʙʦʣʝʥè) (ʪʘʙʣʠʮʘ 3.16.), ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣʘ 97,5%. 

 

 

ʊʘʙʣʠʮʘ 3.16. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ  

ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 
 

ˉ 

ʆʙʨʘʟʮʘ 

ʐʘʛ 1 
ʤʠʢʨʦʈʅʂ

-331/ -92a 

(ʉʄ) 

ʐʘʛ 2 
ʤʠʢʨʦʈʅʂ

-23b/ let-7g 

(ʉʄ) 

ʐʘʛ 3 
ʤʠʢʨʦʈʅʂ

-148a/ -24 

(ʉɺɺ) 

ʐʘʛ 4 
ʤʠʢʨʦʈʅʂ-

148a/ -29b 

(ʉʄ/ʉɺɺ) 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʠʩʪʝʤ, ʜʘʚʰʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 

ʇʘʮʠʝʥʪʳ ʩ ɼɻʇɾ 

1     1 

2     1 

3     3 

4     1 

5     1 

6     1 

7     3 

8     1 

9     1 

10     1 

ʇʘʮʠʝʥʪʳ ʩ ʈʇɾ 

1     1 

2     1 

3     2 

4     1 

5     3 

6     4 

7     1 

8     2 

9     1 

10     2 
ɼɻʇɾ+ʈʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɿɼ (ʢʦʥʪʨʦʣʴ) 
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ʊʘʙʣʠʮʘ 3.17. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ  

ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 
 

ˉ 

ʆʙʨʘʟʮʘ 

ʈʇɾ 

ʐʘʛ 1 
ʤʠʢʨʦʈʅʂ 

-30a/ -125b 

(ʉʄ) 

ʐʘʛ 2 
ʤʠʢʨʦʈʅ

ʂ 

-425/ -331 

(ʉʄ) 

ʐʘʛ 3 
ʤʠʢʨʦʈʅʂ 

-29b/ -21 

(ʉʄ/ʉɺɺ) 

ʐʘʛ 4 
ʤʠʢʨʦʈʅʂ 

-191/ -200a 

(ʉʄ) 

ʐʘʛ 5 
ʤʠʢʨʦʈʅʂ 

-331/ -106b 

(ʉʄ/ʉɺɺ) 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʠʩʪʝʤ, 

ʚʳʜʘʚʰʠʭ 

ʧʦʣʦʞʠʪʝʣʴ

ʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 

1      1 

2      0 

3      3 

4      1 

5      1 

6      4 

7      1 

8      5 

9      1 

10      1 
ʈʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɿɼ+ɼɻʇɾ (ʢʦʥʪʨʦʣʴ) 

ʊʘʙʣʠʮʘ 3.18. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʥʦʨʦʚ, 

ʥʝ ʠʤʝʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʈʇɾ 
 

ˉ  

ʆʙʨʘʟʮʘ 

ʐʘʛ 1 
ʤʠʢʨʦʈʅʂ 

-106b/ -191 

(ʉɺɺ) 

ʐʘʛ 2 
ʤʠʢʨʦʈʅʂ 

-100/ -30c 

(ʉʄ) 

ʐʘʛ 3 
ʤʠʢʨʦʈʅʂ 

-31/ -29b 

(ʉʄ/ʉɺɺ) 

ʐʘʛ 4 
ʤʠʢʨʦʈʅʂ 

-22/ -103a 

(ʉɺɺ) 

ʐʘʛ 5 
ʤʠʢʨʦʈʅʂ 

-106/ -34a 

(ʉɺɺ) 

ʂʦʣʠʯʝʩʪʚ

ʦ ʩʠʩʪʝʤ, 

ʜʘʚʰʠʭ 

ʧʦʣʦʞʠʪʝ

ʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 

ɿɼ 

1      2 

2      1 

3      1 

4      1 

5      1 

6      1 

7      1 

8      4 

9      1 

10      1 

ʇʘʮʠʝʥʪʳ ʩ ɼɻʇɾ 

1      2 

2      3 

3      4 

4      1 

5      1 

6      1 

7      1 

8      2 

9      2 

10      1 
ɿɼ+ɼɻʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʈʇɾ (ʢʦʥʪʨʦʣʴ) 
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ʊʘʙʣʠʮʘ 3.19. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʛʨʫʧʧʳ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ 
 

ˉ 

ʆʙʨʘʟʮʘ 

ʈʇɾ 

ʐʘʛ 1 
ʤʠʢʨʦʈʅʂ 

-29a/ -200b 

(ʉʄ/ʉɺɺ) 

ʐʘʛ 2 

let-7f/  
ʤʠʢʨʦʈʅʂ-205 

(ʉʄ) 

ʐʘʛ 3 
ʤʠʢʨʦʈʅʂ 

-200a/ -200b 

(ʉɺɺ) 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʠʩʪʝʤ, ʚʳʜʘʚʰʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 

1    1 

2    1 

3    2 

4    1 

5    1 

6    1 

7    1 

8    1 

9    1 

10    1 
ɿɼ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ɼɻʇɾ+ʈʇɾ (ʢʦʥʪʨʦʣʴ) 

 

ʅʝʢʦʪʦʨʳʝ ʧʘʮʠʝʥʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʙʦʣʴʥʳʝ ʈʇɾ (ʪʘʙʣʠʮʘ 3.17.) ʠʣʠ ʢʘʢ ʥʝ 

ʠʤʝʶʱʠʝ ʧʨʠʟʥʘʢʦʚ ʈʇɾ (ʪʘʙʣʠʮʘ 3.18.) ʧʦ ʜʘʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʧʘʨ ʤʠʢʨʦʈʅʂ, ʪ.ʝ. ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʧʘʥʝʣʴ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʆʜʥʘʢʦ ʵʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʣʠ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʳʩʦʢʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘ ̫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʧʘʥʝʣʠ 

ʦʪ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʪʘʢʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ɺʦʟʤʦʞʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʙʦʨʢʠ ʜʦʥʦʨʦʚ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ (cut 

off) ʤʦʛʫʪ ʠʟʤʝʥʠʪʴʩʷ, ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʘʢ ʚʳʰʝ, 

ʪʘʢ ʠ ʥʠʞʝ ʟʥʘʯʝʥʠʡ çʩʨʝʜʥʝʛʦÑ2SDè ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʣʶʙʦʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʙʣʦʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥʦ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʚʳʰʝʥʠ ʁ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʦʭʚʘʪʘ, ʥʘʜʝʞʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ, ʚʦʟʤʦʞʥʦ, ʜʣʷ 

ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʘʮʠʝʥʪʫ ʪʝʨʘʧʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʧʘʥʝʣʴ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 24 ʤʠʢʨʦʈʅʂ (ʤʠʢʨʦʈʅʂ-21, -22, -23b, -24, -29a, -29b, -30a, -30c, -31, -34a, -92a, 

-100, -103a, -106b, -125b, -148ʘ, -191, -200ʘ, 200b, -205, -331, -425 ʠ let-7f, let7g). ʂʘʢ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʚʳʰʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʚʦʚʣʝʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʚʳʙʨʘʥʥʳʭ ʥʘʤʠ 

ʤʠʢʨʦʈʅʂ (ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʈʅʂ-191, -425 ʠ ʜʨ. [573]) ʚ ʨʘʟʚʠʪʠʝ ʈʇɾ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 
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ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ [588, 589] ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ [280, 573, 588, 595] ʮʝʣʷʭ. 

ʀʩʧʦʣʴʟʫʷ ʜʦʩʪʫʧʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ (DIANA, STRING, PANTHER), ʤʳ 

ʧʨʦʚʝʣʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʞʝ 24-ʭ ʤʠʢʨʦʈʅʂ, ʚʳʙʨʘʥʥʳʭ ʥʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦ 

ʚʩʝʭ 4-ʭ ʙʣʦʢʘʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʜʘʥʥʳʤ DIANA, ʵʪʠ ʤʠʢʨʦʈʅʂ ʢʦʥʪʨʦʣʠʨʫʶʪ 

78 ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʈʇɾ. 

ʕʪʠ ʛʝʥʳ ʩʚʷʟʘʥʳ ʩ ʪʘʢʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʘʢ: ʩʚʷʟʳʚʘʥʠʝ ʩ ʢʣʝʪʦʯʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ (41,7%, ʠʟ ʥʠʭ 8,8% ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʭʨʦʤʘʪʠʥʘ, 28,1% - ʩʦ 

ʩʚʷʟʳʚʘʥʠʝʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ 63,2% - ʩ ʙʝʣʢʘʤʠ), ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (38%, ʧʨʠ 

ʵʪʦʤ 80,5% ʠʟ ʥʠʭ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʘʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʝʨʘʟʳ), ʘʢʪʠʚʥʦʩʪʴ ʨʝʮʝʧʪʦʨʘ (6,5%) ʧʦ 

ʙʘʟʝ PANTHER. ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʤʠʰʝʥʠ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (23,3%, ʠʟ ʥʠʭ 65,3% ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʢʣʝʪʦʯʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ), 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (21,8%), ʨʝʘʢʮʠʝʡ ʥʘ ʩʪʠʤʫʣ r (15,6%), ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʨʝʛʫʣʷʮʠʝʡ (12,6%) ʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʚʠʪʠʷ (7,3%, ʠʟ ʥʠʭ 34,8% ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ, 17,4% - ʟʘ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʠ 17,4% - ʟʘ ʨʘʟʚʠʪʠʝ ʵʢʪʦʜʝʨʤʳ). 

ʀʟ 78 ʛʝʥʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ STRING ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 77 ʛʝʥʘʭ, ʠʟ ʢʦʪʦʨʳʭ 

73 ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʚʠʪʠʠ ʈʇɾ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ 10-ʪʠ ʛʝʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʙʱʠʤʠ ʤʠʰʝʥʷʤʠ ʤʠʢʨʦʈʅʂ ʚ ʪʨʝʭ ʙʣʦʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝʛʦʨʠʠ çʙʦʣʴʥʳʭè (çʪʦʯʥʦ ʙʦʣʝʥè, çʪʦʯʥʦ ʈʇɾè, çʪʦʯʥʦ ʥʝ ʈʇɾè), ʥʦ 

ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʙʣʦʢʝ, ʦʪʥʝʩʸʥʥʦʛʦ ʢ ʢʘʪʝʛʦʨʠʠ çʟʜʦʨʦʚʳʡè ʠ ʦʜʥʦʛʦ ʛʝʥʘ (HRAS), 

ʥʘʮʝʣʝʥʥʦʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʤʠʢʨʦʈʅʂ, ʚʭʦʜʷʱʫʶ ʚ ʩʦʩʪʘʚ ʙʣʦʢʘ çʟʜʦʨʦʚʳʡè. ʉʦʛʣʘʩʥʦ 

ʙʘʟʝ ʜʘʥʥʳʭ STRING, ʵʪʠ 11 ʛʝʥʦʚ (ʪʘʙʣʠʮʘ 3.20.) ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʟʚʠʪʠʝ ʈʇɾ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʨʠʩ. 3.22.). ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ, ʵʢʩʧʨʝʩʩʠʷ ʵʪʠʭ ʛʝʥʦʚ 

ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʠʣʠ ʧʦʥʠʞʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ: PDGFRA (ŷ), E2F2 

(ŷ+Ź), HSP90AA1 (ŷ), RAF1 (ŷ), EGFR (ŷ), ARAF (ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ), AKT2 (ŷ), PDPK1 (ŷ+Ź), 

CREBBP (ŷ), PDGFRB (ŷ+Ź), HRAS(ŷ). ʉʦʛʣʘʩʥʦ ʙʘʟʝ PANTHER ʛʝʥʳ PDGFRA, PDGFRB, E2F2, 

EGFR, CREBBP ʠ HRAS ʦʪʚʝʯʘʶʪ ʟʘ ʧʨʦʮʝʩʩʳ ʩʚʷʟʳʚʘʥʠ;̫ ʛʝʥʳ ARAF, RAF1, HRAS, AKT2, 

CREBBP ʠ PDPK1 - ʟʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ; ʘ ʛʝʥʳ PDGFRB, PDGFRA ʠ EGFR ʩʚʷʟʘʥʳ 

ʢʘʢ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʨʝʮʝʧʪʦʨʘ, ʪʘʢ ʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʠʛʥʘʣʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ ʦʧʠʩʘʥʥʳʝ ʛʝʥʳ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʯʘʩʪʷʤʠ ʢʣʝʪʢʠ, 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʤʝʤʙʨʘʥʦʡ ʚ ʨʘʚʥʳʭ ʧʨʦʧʦʨʮʠʷʭ (ʧʦ 33,33%). 
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ʊʘʙʣʠʮʘ 3.20. ʌʫʥʢʮʠʠ ʛʝʥʦʚ, ʩʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ STRING, ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

3-ʭ ʙʣʦʢʘʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝʛʦʨʠʠ çʙʦʣʴʥʳʭè (çʪʦʯʥʦ ʙʦʣʝʥè, 

çʪʦʯʥʦ ʈʇɾè, çʪʦʯʥʦ ʥʝ ʈʇɾè), ʥʦ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʙʣʦʢʝ, ʦʪʥʝʩʸʥʥʦʛʦ ʢ ʢʘʪʝʛʦʨʠʠ 

çʟʜʦʨʦʚʳʡè ʠ ʦʜʥʦʛʦ ʛʝʥʘ (HRAS), ʥʘʮʝʣʝʥʥʦʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʤʠʢʨʦʈʅʂ, ʚʭʦʜʷʱʫʶ ʚ 

ʩʦʩʪʘʚ ʙʣʦʢʘ çʟʜʦʨʦʚʳʡè. 

RAF1 V-raf-1 ʛʦʤʦʣʦʛ ʚʠʨʫʩʥʦʛʦ ʦʥʢʦʛʝʥʘ ʣʝʡʢʦʟʘ ʤʳʰʠ 1; ʉʝʨʠʥ/ʪʨʝʦʥʠʥ-

ʧʨʦʪʝʠʥʢʠʥʘʟʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʢʘʢ ʚʘʞʥʝʡʰʝʝ ʨʝʛʫʣʷʪʦʨʥʦʝ ʟʚʝʥʦ ʤʝʞʜʫ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʤʝʤʙʨʘʥʦʡ Ras-ɻʊʌʘʟʘʤʠ ʠ ʢʘʩʢʘʜʦʤ MAPK/ERK, 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʧʝʨʝʢʣʶʯʘʪʝʣʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʝʰʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʩʫʜʴʙʳ, 

ʚʢʣʶʯʘʷ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʘʧʦʧʪʦʟ, ʚʳʞʠʚʘʥʠʝ ʠ ʦʥʢʦʛʝʥʥʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ɸʢʪʠʚʘʮʠʷ RAF1 ʠʥʠʮʠʠʨʫʝʪ ʢʘʩʢʘʜ ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ 

ʧʨʦʪʝʠʥʢʠʥʘʟ (MAPK), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

MAPK ʢʠʥʘʟ ʩ ʜʚʦʡʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (MAP2K1/MEK1 ʠ MAP2K2/MEK2) ʠ 

ʢʠʥʘʟʳ, ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʥʝʢʣʝʪʦʯʥʳʤ ʩʠʛʥʘʣʦʤ. 

PDGFRA ʈʝʮʝʧʪʦʨ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ, ʘʣʴʬʘ-ʧʦʣʠʧʝʧʪʠʜ; ʊʠʨʦʟʠʥ-

ʧʨʦʪʝʠʥʢʠʥʘʟʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʢʘʢ ʨʝʮʝʧʪʦʨ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ PDGFA, 

PDGFB ʠ PDGFC ʠ ʠʛʨʘʶʱʘʷ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʚʳʞʠʚʘʥʠʷ ʠ ʭʝʤʦʪʘʢʩʠʩʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʪʝʢʩʪʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʣʠ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ. 

ʀʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʢʝʣʝʪʘ ʠ ʟʘʢʨʳʪʠʷ ʛʦʣʦʚʳ 

ʚʦ ʚʨʝʤʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

PDGFRB ʈʝʮʝʧʪʦʨ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ, ʙʝʪʘ-ʧʦʣʠʧʝʧʪʠʜ; ʊʠʨʦʟʠʥ-

ʧʨʦʪʝʠʥʢʠʥʘʟʘ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʨʝʮʝʧʪʦʨ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʛʦʤʦʜʠʤʝʨʦʚ PDGFB ʠ PDGFD ʠ ʜʣʷ ʛʝʪʝʨʦʜʠʤʝʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ PDGFA ʠ 

PDGFB. ʀʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʣʝʪʦʯʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ, ʚʳʞʠʚʘʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʭʝʤʦʪʘʢʩʠʩʘ ʠ ʤʠʛʨʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚ ʨʘʟʚʠʪʠʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ 

ʧʨʠʚʣʝʯʝʥʠʶ ʧʝʨʠʮʠʪʦʚ ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʢ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤ ʢʣʝʪʢʘʤ. 

CREBBP CREB-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ; ɸʮʝʪʠʣʠʨʫʝʪ ʛʠʩʪʦʥʳ, ʜʘʚʘʷ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʤʝʪʢʫ 

ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʊʘʢʞʝ ʘʮʝʪʠʣʠʨʫʝʪ ʥʝʛʠʩʪʦʥʦʚʳʝ ʙʝʣʢʠ, ʪʘʢʠʝ ʢʘʢ 

NCOA3 ʠ FOXO1. ʉʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤ CREB ʠ 

ʫʩʠʣʠʚʘʝʪ ʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʝʥʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʮɸʄʌ. 

EGFR ʈʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ; ʈʝʮʝʧʪʦʨʥʘʷ ʪʠʨʦʟʠʥʢʠʥʘʟʘ 

ʩʚʷʟʳʚʘʶʱʘʷ ʣʠʛʘʥʜʳ ʩʝʤʝʡʩʪʚʘ EGF ʠ ʘʢʪʠʚʠʨʫʶʱʘʷ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʴʥʳʭ 

ʢʘʩʢʘʜʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʣʝʪʦʯʥʳʝ ʦʪʚʝʪʳ. 

HRAS v-Ha-ras ʛʦʤʦʣʦʛ ʚʠʨʫʩʥʦʛʦ ʦʥʢʦʛʝʥʘ ʩʘʨʢʦʤʳ ʢʨʳʩʳ ʍʘʨʚʠ; ɹʝʣʢʠ Ras 

ʩʚʷʟʳʚʘʶʪ GDP/GTP ʠ ʦʙʣʘʜʘʶʪ ʚʥʫʪʨʝʥʥʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ɻʊʌʘʟ. 

HSP90AA1 ɹʝʣʦʢ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ ʨʘʟʤʝʨʦʤ 90 ʢɼʘ ʘʣʴʬʘ (ʮʠʪʦʟʦʣʴʥʳʡ), ʯʣʝʥ ʢʣʘʩʩʘ ɸ1; 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʰʘʧʝʨʦʥ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʩʦʟʨʝʚʘʥʠʶ, ʧʦʜʜʝʨʞʘʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʠ ʧʨʘʚʠʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚ-ʤʠʰʝʥʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʦʥʪʨʦʣʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ. 

PDPK1 3-ʬʦʩʬʦʠʥʦʟʠʪʠʜʟʘʚʠʩʠʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ-1; ʉʝʨʠʥ/ʪʨʝʦʥʠʥʢʠʥʘʟʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʢʠʥʘʟʘ, ʬʦʩʬʦʨʠʣʠʨʫʶʱʘʷ ʠ ʘʢʪʠʚʠʨʫʶʱʘʷ 
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ʧʦʜʛʨʫʧʧʫ ʩʝʤʝʡʩʪʚʘ ʧʨʦʪʝʠʥʢʠʥʘʟ AGC. ɽʸ ʤʠʰʝʥʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ 

B (PKB/AKT1, PKB/AKT2, PKB/AKT3), ʨʠʙʦʩʦʤʘʣʴʥʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ S6 p70 

(RPS6KB1), ʨʠʙʦʩʦʤʘʣʴʥʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ S6 p90 (RPS6KA1, RPS6KA2 ʠ 

RPS6KA3), ʮʠʢʣʠʯʝʩʢʘʷ AMP-ʟʘʚʠʩʠʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ (PRKACA), 

ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ (PRKCD ʠ PRKCZ), ʩʳʚʦʨʦʪʦʯʥʘʷ ʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜ-

ʠʥʜʫʮʠʨʫʝʤʘʷ ʢʠʥʘʟʘ (SGK1, SGK2 ʠ SGK3), p21-ʘʢʪʠʚʠʨʫʝʤʘʷ ʢʠʥʘʟʘ-1 (PAK1), 

ʧʨʦʪʝʠʥʢʠʥʘʟʘ PKN (PKN1 ʠ PKN2). 

E2F2 ʌʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ E2F2; ɸʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʚʷʟʳʚʘʶʱʠʡ ɼʅʂ 

ʩʦʚʤʝʩʪʥʦ ʩ ʙʝʣʢʘʤʠ DP ʯʝʨʝʟ ʩʘʡʪ ʫʟʥʘʚʘʥʠʷ E2, 5'-TTTC[CG]CGC-3', 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʡ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʨʷʜʘ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠʣʠ ʚ ʨʝʧʣʠʢʘʮʠʠ ɼʅʂ. ʂʦʤʧʣʝʢʩ 

DRTF1/E2F ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʥʪʨʦʣʝ ʧʝʨʝʭʦʜʘ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʦʪ ʬʘʟʳ G1 ʢ ʬʘʟʝ 

S. E2F2 ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ RB1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ. 

ARAF ɻʦʤʦʣʦʛ ʚʠʨʫʩʥʦʛʦ ʦʥʢʦʛʝʥʘ V-raf ʩʘʨʢʦʤʳ ʤʳʰʠ 3611; ʋʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ 

ʤʠʪʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʢ ʷʜʨʫ. ʊʘʢʞʝ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ TOR. 

AKT2 ɻʦʤʦʣʦʛ ʚʠʨʫʩʥʦʛʦ ʦʥʢʦʛʝʥʘ ʪʠʤʦʤʳ ʤʳʰʝʡ 2 V-akt; AKT2 ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 3-ʭ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʩʝʨʠʥ/ʪʨʝʦʥʠʥʦʚʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ (AKT1, AKT2 ʠ AKT3), 

ʥʘʟʳʚʘʝʤʳʭ ʢʠʥʘʟʦʡ AKT, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ 

ʤʝʪʘʙʦʣʠʟʤ, ʧʨʦʣʠʬʝʨʘʮʠʶ, ʚʳʞʠʚʘʥʠʝ ʢʣʝʪʦʢ, ʨʦʩʪ ʠ ʘʥʛʠʦʛʝʥʝʟ, ʧʦʛʣʦʱʝʥʠʝ 

ʛʣʶʢʦʟʳ. 

 

 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʈʅʂ (15 ʠʟ 24), ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ, ʫʯʘʩʪʚʫʶʪ 

ʚ ʨʝʛʫʣʷʮʠʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʨ53, ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʈʅʂ ʥʘʮʝʣʝʥʦ ʥʘ ʨʝʛʫʣʷʮʠʶ 

ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʧʫʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʈʇɾ, ʚʢʣʶʯʘʷ TNF - 2 ʛʝʥʘ, AMPK - 2 ʛʝʥʘ, 

mTOR - 1 ʛʝʥ, MAPK -7 ʛʝʥʦʚ, ERBB - 7 ʛʝʥʦʚ (ʙʘʟʘ ʜʘʥʥʳʭ DIANA). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʘʥʘʣʠʟ ʧʘʥʝʣʠ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʠʟ ʵʪʠʭ ʤʠʢʨʦʈʅʂ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʩʪʘʪʫʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʫʪʝʡ, ʧʦʚʳʰʘʷ ʮʝʥʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ʈʠʩʫʥʦʢ 3.22. ɼʘʥʥʳʝ ʙʘʟʳ STRING: ʩʝʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 10-ʪʠ ʛʝʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 3-ʭ ʙʣʦʢʘʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝʛʦʨʠʠ 

çʙʦʣʴʥʳʭè (çʪʦʯʥʦ ʙʦʣʝʥè, çʪʦʯʥʦ ʈʇɾè, 

çʪʦʯʥʦ ʥʝ ʈʇɾè), ʥʦ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʙʣʦʢʝ, 

ʦʪʥʝʩʸʥʥʦʛʦ ʢ ʢʘʪʝʛʦʨʠʠ çʟʜʦʨʦʚʳʡè ʠ 

ʦʜʥʦʛʦ ʛʝʥʘ (HRAS), ʥʘʮʝʣʝʥʥʦʛʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʤʠʢʨʦʈʅʂ, ʚʭʦʜʷʱʫʶ ʚ 

ʩʦʩʪʘʚ ʙʣʦʢʘ çʟʜʦʨʦʚʳʡè. 
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ʉʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ DIANA ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʈʅʂ ʠʟ ʙʣʦʢʘ çʪʦʯʥʦ ʈʇɾè, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʠʢʨʦʈʅʂ-331 ʠ ʤʠʢʨʦʈʅʂ-125, ʨʝʛʫʣʠʨʫʶʪ ʪʘʢʠʝ ʛʝʥʳ-ʤʠʰʝʥʠ, ʢʘʢ BRAF, GSK3B, E2F1, 

CDKN1A, CDKN1B, EGFR, AKT2, MAPK1, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ERBB-ʧʫʪʝʤ ʠ ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʨʘʟʚʠʪʠʠ ʈʇɾ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʢʝ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʰʝʡʢʠ ʤʘʪʢʠ, ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʵʥʜʦʤʝʪʨʠʷ, ʧʠʱʝʚʦʜʘ, ʣʝʛʢʠʭ ʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ 

ʯʘʩʪʦ ʥʘʙʣʶʜʘʪʁʩʷ ʥʘʨʫʰʝʥʠ ̫ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ ʠʤʝʥʥʦ ʠʟ ʩʝʤʝʡʩʪʚʘ ERBB [638ï640]. 

ʇʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ERBB2/HER2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ, 

ʘʥʛʠʦʛʝʥʝʟʫ, ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʦʧʫʭʦʣʠ, ʧʦʜʘʚʣʷʝʪ ʘʧʦʧʪʦʟ ʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʣʦʭʦʡ 

ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ. ʕʪʦʪ ʛʝʥ ʷʚʣʷʝʪʩʷ ʤʠʰʝʥʴʶ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʣʝʯʝʥʠʝ ʈʇɾ; ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʮʝʣʝʢʦʢʩʠʙ, 

ʷʚʣʷʶʱʠʡʩʷ ʠʥʛʠʙʠʪʦʨʦʤ COX-2, ʦʙʣʘʜʘʝʪ ʘʥʪʠʘʥʜʨʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʤʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʢʠʥʘʟʳ ʨʝʮʝʧʪʦʨʘ ErbB [641]. ʀʟ ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.20 ʛʝʥʦʚ, ʩʦʛʣʘʩʥʦ 

ʙʘʟʝ DIANA, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʪʁ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪ r (ʂʘʧʠʚʘʩʝʨʪʠʙ ʠ 

ʀʧʘʪʘʩʝʨʪʠʙ) ʪʦʣʴʢʦ ʥʘ ʛʝʥ AKT. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʨʘʥʥʳʝ ʤʠʢʨʦʈʅʂ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʶʯʝʚʳʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ 

ʈʇɾ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʨʘʩʰʠʨʠʪʴ ʧʦʣʝʟʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʟʘ ʧʨʝʜʝʣʳ ʚʳʷʚʣʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ. 

3.2.7. ɺʝʨʠʬʠʢʘʮʠʷ ʧʘʥʝʣʠ ʠʟ 12 ʤʠʢʨʦʈʅʂ ʚ ʩʦʩʪʘʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ - ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ɸʥʘʣʠʟʠʨʫʷ ʘʙʝʨʨʘʥʪʥʫ  ʁʵʢʩʧʨʝʩʩʠ ʁʤʠʢʨʦʈʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʬʘʢʪ 

ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʠʢʨʦʈʅʂ ï ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ ʤʝʞʜʫ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʜʦʥʦʨʦʚ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʠʢʨʦʈʅʂ ʧʨʠʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʳʚʘʪʴ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʪʠʧ spike-in ʢʦʥʪʨʦʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʚʪʦʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʪʝʨʠʝʚ ʚʢʣʶʯʝʥʠʷ ʠ/ʠʣʠ ʠʩʢʣʶʯʝʥʠʷ ʢʘʢ ʜʦʥʦʨʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʠ ʤʦʯʠ, ʪʘʢ ʠ ʩʘʤʠʭ 

ʤʠʢʨʦʈʅʂ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʵʪʠʭ ʦʙʨʘʟʮʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʚ ʚʩʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʢʘʭ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʥʘʤʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʚʝʨʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ 12-ʪʠ ʤʠʢʨʦʈʅʂ (ʚ ʩʦʩʪʘʚʝ 31-ʦʡ ʧʘʨʳ) ʚʦ ʬʨʘʢʮʠʷʭ ʤʦʯʠ (ʉɺɺ ʠ ʉʄ) ʠ ʧʣʘʟʤʝ 
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ʢʨʦʚʠ (ʧʦʩʢʦʣʴʢʫ ʟʘʯʘʩʪʫʶ ʚʨʘʯʘʤ ʫʜʦʙʥʝʝ ʨʘʙʦʪʘʪʴ ʠʤʝʥʥʦ ʩ ʵʪʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ) 

ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʧʝʪʣʝʚʦʡ ʆʊ-ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʚʩʝʭ 

ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ TaqMan ʆʊ-ʇʎʈ (ʪʘʙʣʠʮʘ 2.1.) ʩ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ 

24ï38 ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ (Ct). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʥʪʨʦʣʠ ʜʣʷ ʚʩʝʭ TaqMan ʆʊ-ʇʎʈ ʩʠʩʪʝʤ ʣʠʙʦ 

ʚʦʦʙʱʝ ʥʝ ʜʘʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʣʠʙʦ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʣ ʟʥʘʯʝʥʠʝ Ct 

ʤʠʥʠʤʫʤ ʥʘ ʩʝʤʴ ʮʠʢʣʦʚ ʚʳʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ 

ʦʙʨʘʟʮʝ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʈʅʂ ʥʝʤʘʪʦʜ cel-miR-39, ʩʠʛʥʘʣ 

ʦʪ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʣʩʷ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʟʥʘʯʝʥʠʷʭ Ct 25Ñ1.  

ɺ ʪʘʙʣʠʮʘʭ 3.21. ʠ 3.22. ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʡ (dCt 

ʠ ddCt) ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʠʣʠ ʟʥʘʯʝʥʠʡ dddCt ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧʘʭ. ʇʦʢʘʟʘʥʳ 

ʪʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ. 

ʂ ʩʦʞʘʣʝʥʠʶ (ʢʘʢ ʤʳ ʠ ʦʞʠʜʘʣʠ), ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʜʦʩʪʦʚʝʨʥʳʭ ʤʝʞʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʈʅʂ ʥʘʤʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʦʦʪʥʦʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʤʠʢʨʦʈʅʂ ʙʳʣʘ ʬʨʘʢʮʠʷ ʉɺɺ ʤʦʯʠ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʪʁʩʷ ʩ ʧʦʩʣʝʜʥʝʡ ʪʝʥʜʝʥʮʠʝʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ, ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ 

ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʤʘʨʢʝʨʦʚ (ʪʘʢʠʭ ʢʘʢ PCA3 ʠ TMPRSS2:ERG [642]). 

ʅʘʧʨʠʤʝʨ, ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʡ ʚ ʉʐɸ ʪʝʩʪ ExoDx Prostate Intelliscore ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ 

PCA3, TMPRSS2:ERG ʠ SPDEF [20, 21]. 

ɸʙʝʨʨʘʥʪʥʳʝ ʠʟʤʝʥʝʥʠʷ 15-ʪʠ ʧʘʨ ʤʠʢʨʦʈʅʂ (ʩʦʩʪʦʷʱʠʝ ʠʟ 12-ʪʠ ʤʠʢʨʦʈʅʂ), ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʦʜʥʦʡ ʠʟ ʠʟʫʯʘʝʤʳʭ ʬʨʘʢʮʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʟʚʦʣʠʣʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ (ʪʘʙʣʠʮʘ 3.21. (ʛʨʫʧʧʘ ʩʨʘʚʥʝʥʠʷ 

ʈʇɾ-ɿɼ)). ʉʨʝʜʠ ʥʠʭ 14-ʪ ɹʧʘʨ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʠ ʦʜʥʘ ʚ ʉʄ. ɸʥʘʣʠʟ 

ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ 10-ʪʠ ʤʠʢʨʦʈʅʂ (ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 20-ʪʠ ʧʘʨ: 14 ʚ ʩʦʩʪʘʚʝ ʉɺɺ ʠ 9 ʚ ʉʄ) 

ʧʦʟʚʦʣʠʣ ʨʘʟʜʝʣʠʪʴ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ɼɻʇɾ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

10 ʧʘʨ ʤʠʢʨʦʈʅʂ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ dCt ʚ ʛʨʫʧʧʘʭ ɿɼ ʠ ɼɻʇɾ ʙʳʣʠ ʚʳʰʝ ʠʣʠ ʥʠʞʝ 

ʪʘʢʦʚʳʭ ʜʣʷ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ (ʪ.ʝ. ʟʥʘʯʝʥʠʷ dCt ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʡ ʟʥʘʢ). ʊʘʢʘʷ ʦʙʱʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʟʥʘʯʝʥʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ʈʇɾ ʩʦ ɿɼ ʠ ɼɻʇɾ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪɻʠ ʤʠʢʨʦʈʅʂ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʛʨʫʧʧʫ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʥʦ ʠ ʨʘʟʜʝʣʷʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʮʠʝʥʪʦʚ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʪʘʙʣʠʮʘ 3.21., ʚʳʜʝʣʝʥ rʩʝʨʳʤ ʮʚʝʪʦʤ). ʅʘʢʦʥʝʮ, 

ʘʥʘʣʠʟ ʦʪʥʦʰʝʥʠʡ 15-ʪʠ ʧʘʨ ʤʠʢʨʦʈʅʂ (15 ʚ ʩʦʩʪʘʚʝ ʉɺɺ ʠ ʜʚʝ ð ʚ ʉʄ) ʧʦʟʚʦʣʠʣ ʨʘʟʜʝʣʠʪʴ 

ʤʝʞʜʫ ʩʦʙʦʡ ʛʨʫʧʧʳ ɿɼ ʠ ɼɻʇɾ. ɼʣʷ ʧʷʪʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ dCt ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ɿɼ ʠ ʈʇɾ ʠʣʠ ɼɻʇɾ ʠʤʝʣʘ ʦʜʠʥʘʢʦʚʫ  ʁʥʘʧʨʘʚʣʝʥʥʦʩʪʴ (ʪʘʙʣʠʮʘ 3.21., ʚʳʜʝʣʝʥ r

ʩʝʨʳʤ ʮʚʝʪʦʤ). ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ, ʤʠʥʠʤʘʣʴʥʳʡ 
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ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 95% ʟʥʘʯʠʤʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ 

ʥʝ ʧʨʝʚʳʰʘʣ 18 ʫʯʘʩʪʥʠʢʦʚ ʥʘ ʛʨʫʧʧʫ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 35 ʥʘ ʛʨʫʧʧʫ ʧʨʠ 99% ʟʥʘʯʠʤʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 3.21. ɿʥʘʯʝʥʠʷ ddCt ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ 

ʚ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ: ʈʇɾ-ɿɼ, ʈʇɾ-ɼɻʇɾ, ɼɻʇɾ-ɿɼ 

ʇʘʨʳ ʤʠʢʨʦʈʅʂ 
ʈʇɾ - ɿɼ ʈʇɾ - ɼɻʇɾ ɼɻʇɾ - ɿɼ 

ʉɺɺ ʉʄ ʉɺɺ ʉʄ ʉɺɺ ʉʄ 

22/ 19b   -1,7 * 3,2 ***    -2,2 **  -1,6 * 

19b/ 92a  -8,2 ***    -8,4 ***  1,5 *     

378a/ 19b 1,8 **    2,5 ***  -1,7 *     

425/ 19b 1,0 **    1,6 ***        

22/ 92a -6,7 ***    -4,7 ***        

378a/ 92a  -5,9 ***    -5,4 ***        

425/ 92a -6,7 ***    -6,3 ***        

22/ 378a       1,5 * -1,5 * -1,5 * 

22/ 425     1,6 ***    -1,6 **    

31/ 30e -7,4 ***        -4,8 **    

125b/ 30e -6,0 ***    5,6 ***  -1,3 *     

200b/ 30e   -8,4 ***        -5,3 **    

205/ 30e -7,0 ***    -5,8 ***        

375/ 30e -5,0 **    -3,5 **        

660/ 30e -4,4 ***    -5,9 ***    1,5 *   

125b/ 31       -3,0 * 4,3 **    

205/ 31       -0,74 *     

375/ 31         3,3 *   

660/ 31         6,3 **    

200b/ 125b       3,4 * -4,9 **    

375/ 125b     2,1 *       

660/ 125b 1,7 *       2,0 *   

205/ 200b       -2,8 * 4,1 *   

375/ 200b 3,3*       3,8 *   

660/ 200b       -2,9 * 6,8 *   

660/ 375     -2,4 *   3,0 *   

ʂʦʣʠʯʝʩʪʚʦ ʘʙʝʨʨʘʥʪʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʧʘʨ 

ʤʠʢʨʦʈʅʂ 

14 1 14 9 15 2 

ʉʝʨʳʤ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ddCt ʩ ʦʙʱʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʨʘʟʣʠʯʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ʈʇɾ ʠ ɿɼ. 

*** ʈ<0,001; ** ʈ<0,01; *ʈ<0,05. ʉɺɺ: ʟʥʘʯʝʥʠʷ ddCt ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʩʫʤʤʘʨʥʳʭ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ; ʉʄ: ʟʥʘʯʝʥʠʷ ddCt ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

 

ʀʟʫʯʝʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʤʠʢʨʦʈʅʂ ʚʳʷʚʠʣʦ 20 ʧʘʨ ʩʦ ʟʥʘʯʠʤʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʟʥʘʯʝʥʠʷʭ ddCt ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʬʨʘʢʮʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʩ ʈʇɾ 

ʠ ʟʜʦʨʦʚʳʤʠ ʜʦʥʦʨʘʤʠ (ʪʘʙʣʠʮʘ 3.22.), ʚ ʪʦʤ ʯʠʩʣʝ 16 ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦ-ʨʘʟʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʉɺɺ ʠ ʩʫʧʝʨʥʘʪʘʥʪʦʤ ʤʦʯʠ, ʘ ʪʘʢʞʝ ʦʜʥʦ ʠ 15 ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʧʣʘʟʤʦʡ ʠ ʉʄ ʠʣʠ ʉɺɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 3.22. ɿʥʘʯʝʥʠʷ dddCt ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ  

ʚ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ: ʈʇɾ-ɿɼ, ʈʇɾ-ɼɻʇɾ, ɼɻʇɾ-ɿɼ. 

ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ 

ʈʇɾ - ɿɼ ʈʇɾ - ɼɻʇɾ ɼɻʇɾ - ɿɼ 

ʉɺɺ-

ʉʄ 

ʇʣ-

ʉʄ 

ʉɺɺ- 

ʇʣ 

ʉɺɺ-

ʉʄ 

ʇʣ-

ʉʄ 

ʉɺɺ-

ʇʣ 

ʉɺɺ

-ʉʄ 

ʇʣ-

ʉʄ 

ʉɺɺ-

ʇʣ 

22/ 19b 2,9***  -2,3*   3,4***    2,1*       

19b/ 92a  -9,2***    -8,5***  -9,9***    -7,5***        

378a/ 19b 3,2**      4,4***            

425/ 19b 2,8**      2,8**            

22/ 92a -6,1***    -7,3***  -6,0**    -4,8**        

378a/ 92a -5,6**    -6,0***  -5,2**    -5,4***        

425/ 92a -6,2***    -7,2***  -6,5***    -6,2***        

22/ 378a     -1,4*           2,1* 

22/ 425           1,4*     -1,5* 

31/ 30e -8,0***    -9,5**  -3,9**          -4,2* 

125b/ 30e 5,8***    -7,5***  -4,3***    -6,1***        

200b/ 30e -9,5***    -11,8***  -5,3*   -5,0**      -4,3***  

205/ 30e -6,7***    -9,4***  -5,1*   -7,0*       

375/ 30e -3,3**    -5,9***      -4,3**        

660/ 30e -4,4***    -4,0***  -5,4***    -5,7***        

200b/ 125b     -4,3***            -2,8**  

375/ 125b  2,4*                 

660/ 125b     3,5***            2,5**  

375/ 200b     5,9***  3,0**          3,2**  

660/ 200b 5,1*   7,8***            5,3***  

660/ 375 -1,1*               2,0* 

ʂʦʣʠʯʝʩʪʚʦ 

ʘʙʝʨʨʘʥʪʥʦ 

ʵʢʩʧʨʝʩʩʠ-

ʨʫʝʤʳʭ ʧʘʨ 

ʤʠʢʨʦʈʅʂ 

16 1 15 13 0 11 0 0 9 

ʉʝʨʳʤ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ dddCt ʩ ʦʙʱʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʨʘʟʣʠʯʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ʈʇɾ ʠ ɿɼ. 

*** ʈ<0,001; ** ʈ<0,01; *ʈ<0,05 

ʉɺɺ-ʉʄ: ʟʥʘʯʝʥʠʷ dddCt ʧʘʨ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʠ 

ʩʫʧʝʨʥʘʪʘʥʪʦʤ ʤʦʯʠ; ʇʣ-ʉʄ: ʟʥʘʯʝʥʠʷ dddCt ʧʘʨ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʧʣʘʟʤʦʡ ʢʨʦʚʠ ʠ ʩʫʧʝʨʥʘʪʘʥʪʦʤ ʤʦʯʠ; 

ʉɺɺ-ʇʣ: ʟʥʘʯʝʥʠʷ dddCt ʧʘʨ ʤʠʢʨʦʈʅʂ ʤʝʞʜʫ ʬʨʘʢʮʠʝʡ ʩʫʤʤʘʨʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʠ ʧʣʘʟʤʦʡ ʢʨʦʚʠ 

 

ʊʦʯʥʦ ʪʘʢ ʞʝ 15 ʧʘʨ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʩ 

ʈʇɾ ʠ ɼɻʇɾ (13 ʜʣʷ ʬʨʘʢʮʠʡ ʉɺɺ-ʉʄ, ʥʠ ʦʜʥʦʛʦ ʜʣʷ ʩʫʧʝʨʥʘʪʘʥʪʘ ʤʦʯʠ ð ʧʣʘʟʤʳ ʢʨʦʚʠ, 11 

ʜʣʷ ʬʨʘʢʮʠʠ ʉɺɺ ð ʧʣʘʟʤʘ ʢʨʦʚʠ). ʆʙʱʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʈʇɾ ʩ 

ʛʨʫʧʧʘʤʠ ɿɼ ʠ ɼɻʇɾ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ 21 ʟʥʘʯʝʥʠʷ dddCt (ʪʘʙʣʠʮʘ 3.22., ʚʳʜʝʣʝʥʳ ʩʝʨʳʤ 

ʮʚʝʪʦʤ). ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʩ ɼɻʇɾ ʠ ʟʜʦʨʦʚʳʤʠ 

ʜʦʥʦʨʘʤʠ ʚ ʟʥʘʯʝʥʠʷʭ ʜʝʚʷʪʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʧʨʠ ʘʥʘʣʠʟʝ ʛʨʫʧʧʳ ʉɺɺ - ʧʣʘʟʤʘ ʢʨʦʚʠ. ɼʚʘʜʮʘʪʴ 

ʦʜʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦʈʅʂ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ʈʇɾ-ɿɼ ʠ ʈʇɾ-ɼɻʇɾ ʠʤʝʣʦ ʦʜʠʥʘʢʦʚʳʡ 

ʟʥʘʢ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ɿɼ-ʈʇɾ ʠ ɿɼ-ɼɻʇɾ ʯʠʩʣʦ 
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ʪʝʭ ʞʝ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʢʘʤʠ ʙʳʣʦ ʚʩʝʛʦ ʩʝʤʴ. ɼʚʝ ʧʘʨʳ ʤʠʢʨʦʈʅʂ (ʤʠʢʨʦʈʅʂ-

31/ -30e ʠ ʤʠʢʨʦʈʅʂ-200b/ -30e) ʚ ʩʦʩʪʘʚʝ ʉɺɺ ʤʦʯʠ ʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʳʣʠ ʧʦ-ʨʘʟʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ, ʧʨʠʯʸʤ ʚ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʧʦʨʷʜʢʝ (ʪʘʙʣʠʮʘ 3.22). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʳʙʦʨ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʝ ʙʳʣ ʠʜʝʥʪʠʯʝʥ ʧʦ-

ʨʘʟʥʦʤʫ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʤʠʢʨʦʈʅʂ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 3.22., ʩʦʩʪʘʚʠʣ ʥʝ ʙʦʣʝʝ 35 ʜʦʥʦʨʦʚ ʧʨʠ 95% ʟʥʘʯʠʤʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ ʠ 40 ʜʦʥʦʨʦʚ ʥʘ 

ʛʨʫʧʧʫ ʧʨʠ 99% ʟʥʘʯʠʤʦʩʪʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʈʅʂ-660/ -375, ʢʦʪʦʨʦʝ 

ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ 75 ʫʯʘʩʪʥʠʢʦʚ ʚ ʛʨʫʧʧʝ). 

ʆʮʝʥʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʛʨʫʧʧ ʜʦʥʦʨʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ROC - ʢʨʠʚʦʡ. ɺ ʪʘʙʣʠʮʘʭ 3.23. - 3.26. 

ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʙʦʣʴʥʳʭ ʈʇɾ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ɼɻʇɾ+ɿɼ) ʠ ʧʦʧʘʨʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʈʇɾ ʦʪ ɿɼ, 

ʈʇɾ ʦʪ ɼɻʇɾ ʠ ɼɻʇɾ ʦʪ ɿɼ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʊʘʙʣʠʮʘ 3.23. ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ROC-ʢʨʠʚʳʭ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ) 

ʙʦʣʴʥʳʭ ʈʇɾ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʫʧʧʦʡ çɿɼ+ɼɻʇɾè 
 

ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ 
ʉɺɺ ʉʄ ʇʣʘʟʤʘ ʉɺɺ-ʉʄ ʇʣʘʟʤʘ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ 

19b/ 92a 100     100   90 

22/ 19b       90     

22/ 92a 70     60   60 

378a/ 19b 80     90     

378a/ 92a 60     60   60 

425/ 19b 70           

425/ 92a 80     70   90 

125b/ 30e 100     100   100 

200b/ 30e 100     90   100 

205/ 30e 100     80     

31/ 30e 100     100   60 

375/ 30e           80 

660/ 30e 100     60     
ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉʄ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

ʇʣʘʟʤʘ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʇʣʘʟʤʘ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʉʄ ʠ ʧʣʘʟʤʝ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

ʉʦʦʪʥʦʰʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 
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ʊʘʙʣʠʮʘ 3.24. ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ROC-ʢʨʠʚʳʭ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ) 

ʙʦʣʴʥʳʭ ʈʇɾ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʫʧʧʦʡ ɿɼ. 

ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ 
ʉɺɺ ʉʄ ʇʣʘʟʤʘ ʉɺɺ-ʉʄ ʇʣʘʟʤʘ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ 

19b/ 92a 100 

  

100 

 

90 

22/ 19b 
 

70 
 

90 90 
 22/ 92a 80 

  
60 

 
100 

378a/ 19b 78 
  

90 
  378a/ 92a 70 

     425/ 19b 67 
  

70 80 
 425/ 92a 90 

  
70 

 
90 

125b/ 30e 100 

  

100 

 

100 

200b/ 30e 100   90  100 

205/ 30e 100  60 90  100 

31/ 30e 100   100  70 

375/ 30e 90      

378a/ 425 70      

660/ 30e 100      
 

ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉʄ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

ʇʣʘʟʤʘ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʇʣʘʟʤʘ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʉʄ ʠ ʧʣʘʟʤʝ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

ʉʦʦʪʥʦʰʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 

 

 

ʄʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʠ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʰʝʩʪʠ ʧʘʨ 

(ʤʠʢʨʦʈʅʂ-125/ -30ʝ, ʤʠʢʨʦʈʅʂ-200/ -30ʝ, ʤʠʢʨʦʈʅʂ-205/ -30ʝ, ʤʠʢʨʦʈʅʂ-31/ -30e, 

ʤʠʢʨʦʈʅʂ-660/ -30e ʠ ʤʠʢʨʦʈʅʂ-19b/ -92a), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʠʚʳʩʰʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ (ʪʘʙʣʠʮʳ 3.23.ï3.25.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʦʪ ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ çɿɼ+ɼɻʇɾè ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

(ʪʘʙʣʠʮʘ 3.23.). ɿʥʘʯʝʥʠʷ dCt ʜʣʷ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.23. 
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ʊʘʙʣʠʮʘ 3.25. ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ROC-ʢʨʠʚʳʭ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ) 

ʙʦʣʴʥʳʭ ʈʇɾ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʫʧʧʦʡ ɼɻʇɾ. 

ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ 
ʉɺɺ ʉʄ ʇʣʘʟʤʘ ʉɺɺ-ʉʄ ʇʣʘʟʤʘ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ 

19b/ 92a 100 70 70 100   90 

22/ 19b 100   70 90   70 

22/ 92a 70     70   60 

378a/ 19b 100   60 90     

378a/ 92a 60     60   60 

425/ 19b 100   70       

425/ 92a 80         90 

22/ 425 80           

125b/ 30e 100     100   100 

125b/ 31 100       70   

200b/ 125b 100           

200b/ 30e 100     100   100 

205/ 200b   70         

205/ 30e 100     80     

31/ 30e 100     100   60 

375a/ 200b       70   100 

375a/ 30e       80     

660/ 125b       80     

660/ 200b 100 80         

660/30e 100 70   100   100 

660/ 31 100     80     

660/ 375a     60 90     
ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉʄ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

ʇʣʘʟʤʘ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʇʣʘʟʤʘ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʉʄ ʠ ʧʣʘʟʤʝ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

ʉʦʦʪʥʦʰʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʯʝʪʳʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʛʫʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 80% ʜʦ 100% ʧʨʠ ʘʙʩʦʣʶʪʥʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ: ʤʠʢʨʦʈʅʂ-375/ -30e, ʤʠʢʨʦʈʅʂ-22/ -19b, ʤʠʢʨʦʈʅʂ-378a/ -19b ʠ ʤʠʢʨʦʈʅʂ-

425/ -92ʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ (AUC) = 0,90, 0,86, 0,98, 0,99, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʪʘʙʣʠʮʘ 3.23.). ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʘʨ ʤʠʢʨʦʈʅʂ-22/  

-19b, ʤʠʢʨʦʈʅʂ-378a/ -19b ʠ ʤʠʢʨʦʈʅʂ-425/ -92a (ʪʘʙʣʠʮʘ 3.23.). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ, ʜʦʩʪʠʛʣʘ 

ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʘʨ ʤʠʢʨʦʈʅʂ-30e/ -31, 

ʤʠʢʨʦʈʅʂ-19b/ -92a ʠ ʤʠʢʨʦʈʅʂ-125b/ -30e, ʦʜʥʘʢʦ ʚʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ 
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ʵʢʩʧʨʝʩʩʠʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʪʦʣʴʢʦ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʜʘʝʪ ʪʘʢʫʶ ʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ (ʪʘʙʣʠʮʘ 3.23). 

 

 

ʈʘʟʜʝʣʝʥʠʝ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 

100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʝʡ 

ʵʢʩʧʨʝʩʩʠʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨ ʤʠʢʨʦʈʅʂ: ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ dCt ʤʠʢʨʦʈʅʂ-125b/ -30e, 

ʤʠʢʨʦʈʅʂ-200b/ -30e, ʤʠʢʨʦʈʅʂ-205/ -30e, ʤʠʢʨʦʈʅʂ-31/ -30e ʠ ʤʠʢʨʦʈʅʂ-19b/ -92a ʠ ddCt ʚ 

ʛʨʫʧʧʝ ʉɺɺ ï ʧʣʘʟʤʘ ʜʣʷ ʤʠʢʨʦʈʅʂ-22/ -92a (ʪʘʙʣʠʮʘ 3.24.). ɽʱʝ ʪʨʠ ʧʘʨʳ ʤʠʢʨʦʈʅʂ 

ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʣʠ ʙʦʣʴʥʳʭ ʈʇɾ ʠ ɿɼ ʩʦ 100%-ʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

80% ʠʣʠ 90%: ʤʠʢʨʦʈʅʂ-378a/ -19b, ʤʠʢʨʦʈʅʂ-425/ -92a (AUC=0,97, 0,99, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; dCt 

ʜʣʷ ʉɺɺ ʤʦʯʠ) ʠ ʤʠʢʨʦʈʅʂ-22/ -19b (AUC=0,92, ddCt ʜʣʷ ʉʄ - ʧʣʘʟʤʘ) (ʪʘʙʣʠʮʘ 3.24.). 

ʉʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʈʅʂ ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 100% 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʜʝʣʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʛʨʫʧʧʳ ʈʇɾ ʠ ɼɻʇɾ: ʤʠʢʨʦʈʅʂ-125b/  

-30e, ʤʠʢʨʦʈʅʂ-125b/ -31, ʤʠʢʨʦʈʅʂ-200b/ -125b, ʤʠʢʨʦʈʅʂ-200b/ -30e, ʤʠʢʨʦʈʅʂ-205/ -30e, 

ʤʠʢʨʦʈʅʂ-31/ -30e, ʤʠʢʨʦʈʅʂ-660/ -200b, ʤʠʢʨʦʈʅʂ-660/ -30e, ʤʠʢʨʦʈʅʂ-660/ -31, ʤʠʢʨʦʈʅʂ-

19b/ -92a, ʤʠʢʨʦʈʅʂ-22/ -19b, ʤʠʢʨʦʈʅʂ-378a/ -19b ʠ ʤʠʢʨʦʈʅʂ-425/ -19b ʚ ʩʦʩʪʘʚʝ ʉɺɺ ʤʦʯʠ 

ʠ ʤʠʢʨʦʈʅʂ-375/ -200b ʧʨʠ ʘʥʘʣʠʟʝ ddCt ʉɺɺ-ʧʣʘʟʤʘ (ʪʘʙʣʠʮʘ 3.25.). ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʧʷʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʁ(80ï100%) ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʣ 

ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ɼɻʇɾ: ʤʠʢʨʦʈʅʂ-22/ -425 (AUC=0,91; ʉɺɺ ʤʦʯʠ), ʤʠʢʨʦʈʅʂ-425/ -92a 

ʈʠʩʫʥʦʢ 3.23. ɿʥʘʯʝʥʠʷ dCt 

ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ 

ʠʟ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʩ ʥʘʠʚʳʩʰʝʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ. 
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(AUC=0,94; ddCt ʉɺɺ ï ʧʣʘʟʤʘ), ʤʠʢʨʦʈʅʂ-375/ -30e, ʤʠʢʨʦʈʅʂ-660/ -375 ʠ ʤʠʢʨʦʈʅʂ-660/  

-125b (AUC=0,84, 0,98, 0,89, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ddCt ʉɺɺ ï ʉʄ) (ʪʘʙʣʠʮʘ 3.25.). 

ʊʦʣʴʢʦ ʧʘʨʘ ʤʠʢʨʦʈʅʂ-22/ -92ʘ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ ʨʘʟʜʝʣʷʣʘ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʦʪ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ (ʪʘʙʣʠʮʘ 3.26.). ʊʨʠ 

ʧʘʨʳ ʤʠʢʨʦʈʅʂ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʁ(80ï100%): ʤʠʢʨʦʈʅʂ-125b/ -30e, 

ʤʠʢʨʦʈʅʂ-200b/ -125b (AUC=0,89 ʠ 0,91; ʉʄ) ʠ ʤʠʢʨʦʈʅʂ-200b/ -30e (AUC=0,99; ddCt ʉɺɺ ï 

ʧʣʘʟʤʘ) (ʪʘʙʣʠʮʘ 3.26). 

 

ʊʘʙʣʠʮʘ 3.26. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ) ʩʝʣʝʢʮʠʠ ʙʦʣʴʥʳʭ  

ɼɻʇɾ ʦʪ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ 
 

ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ 
ʉɺɺ ʉʄ ʇʣʘʟʤʘ ʉɺɺ-ʉʄ ʇʣʘʟʤʘ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ 

22/ 19b   75         

22/ 378a 62           

22/ 92a 100         100 

22/ 425 75           

425/ 92a           62 

125b/ 30e   87         

125b/ 31   62         

200b/ 30e   75       87 

200b/ 125b   87         

205/ 30e     62       

375/ 205     75       
ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉʄ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

ʇʣʘʟʤʘ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʇʣʘʟʤʘ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚ ʉʄ ʠ ʧʣʘʟʤʝ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

ʉʦʦʪʥʦʰʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 

 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨ ʤʠʢʨʦʈʅʂ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʦʜʠʬʠʢʘʮʠ ̫ʘʣʛʦʨʠʪʤʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʛʣʘʚʝ 3.2.6.2. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʦʣʴʢʦ 

ʧʝʨʚʳʝ ʜʚʘ ʰʘʛʘ ʜʣʷ ʧʘʨ ʤʠʢʨʦʈʅʂ ʩ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (50% ʠ ʚʳʰʝ) ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʱʝʡʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʣʷ ʚʩʝʭ ʦʪʥʦʰʝʥʠʡ 

ʤʠʢʨʦʈʅʂ ï ʢʘʥʜʠʜʘʪʦʚ ʚ ʙʠʦʤʘʨʢʝʨʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʚʳʙʦʨʘ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʟʥʘʯʝʥʠʷ SD. ɺ ʪʘʙʣʠʮʘʭ 3.27.ï3.30. ʧʦʢʘʟʘʥ ʧʨʦʮʝʥʪ 

ʩʣʫʯʘʝʚ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʦ ʢʘʞʜʦʡ ʧʘʨʝ 

ʤʠʢʨʦʈʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʂʘʞʜʦʛʦ ʠʟ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʤʦʞʥʦ ʙʳʣʦ 

ʦʪʣʠʯʠʪʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ɿɼ+ɼɻʇɾ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʪ 7-ʤʠ ʜʦ 21-ʦʛʦ 
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ʩʦʦʪʥʦʰʝʥʠʷ dCt ʠʣʠ ddCt ʤʠʢʨʦʈʅʂ. ɺ ʮʝʣʦʤ, ʜʣ̫ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʩʝʭ ʛʨʫʧʧ ʜʦʥʦʨʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 11-ʪʠ ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 3.27.). 

ʉ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʢʘʞʜʳʡ ʠʟ ʜʦʥʦʨʦʚ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʥʝʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʝ 

(ɿɼ+ɼɻʇɾ) ʦʪʣʠʯʘʣʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ʧʘʮʠʝʥʪʳ ʩ ʈʇɾ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

14ï23 dCt ʠʣʠ ddCt ʤʠʢʨʦʈʅʂ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

12 ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 3.28.). 

 

ʊʘʙʣʠʮʘ 3.27. ʇʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ ʈʇɾ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ɿɼ+ɼɻʇɾ) 
 

ʇʘʨʳ ʤʠʢʨʦʈʅʂ ʉɺɺ ʉɺɺ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ ɺʩʝ ʬʨʘʢʮʠʠ 

19b/ 92a 100% 90% 70% 100% 

22/ 92a 70% 60% 60% 70% 

378a/ 92a 60% 60% 60% 60% 

425/ 92a 80% 70% 80% 90% 

125/ 30e 100% 100% 100% 100% 

200b/ 30e 

  

60% 50% 

205/ 30e 60% 

  

60% 

375/ 30e 50% 

 

70% 60% 

660/ 30e 100% 70% 70% 100% 

ɺʩʝ ʦʪʥʦʰʝʥʠʷ 100% 100% 100% 100% 
ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

 

ʊʘʙʣʠʮʘ 3.28. ʇʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ ʜʦʥʦʨʦʚ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʈʇɾ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ʈʇɾ) 
 

ʇʘʨʳ ʤʠʢʨʦʈʅʂ ʉɺɺ ʉɺɺ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ ɺʩʝ ʬʨʘʢʮʠʠ 

19b/ 92a 

 

63% 

 

63% 

22/ 425 58% 

  

58% 

378a/ 425 74% 

  

74% 

125b/ 30e 100% 100% 100% 100% 

200b/ 30e 100% 

 

68% 100% 

205/ 30e 100% 53% 89% 100% 

31/ 30e 100% 100% 

 

100% 

375/ 30e 84% 

  

58% 

660/ 30e 100% 84% 89% 100% 

205/ 31 74% 

  

74% 

660/ 125b 

  

53% 53% 

205/ 200b 53% 

  

53% 

660/ 200b 

  

53% 53% 

660/ 205 

  

53% 63% 

ɺʩʝ ʦʪʥʦʰʝʥʠʷ 100% 100% 100% 100% 

ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

 



161 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʫʜʘʣʦʩʴ ʦʪʜʝʣʠʪʴ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ʚʩʝʭ, ʢʨʦʤʝ ʦʜʥʦʛʦ 

ʧʘʮʠʝʥʪʘ ʩ ɼɻʇɾ, ʦʪ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʡ 2ï14 dCt ʠʣʠ ddCt 

ʤʠʢʨʦʈʅʂ. ʆʩʪʘʚʰʠʡʩʷ ʧʘʮʠʝʥʪ ʩ ɼɻʇɾ ʙʳʣ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʥ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ddCt 

ʤʠʢʨʦʈʅʂ-22/ -92a ʤʝʞʜʫ ʬʨʘʢʮʠʝʡ ʉɺɺ ʤʦʯʠ ʠ ʧʣʘʟʤʦʡ ʢʨʦʚʠ. ɼʣʷ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ 

ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʣʠ 10 ʤʠʢʨʦʈʅʂ (ʪʘʙʣʠʮʘ 3.29.). 

 

ʊʘʙʣʠʮʘ 3.29. ʇʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ ʚʩʝʭ ʙʦʣʴʥʳʭ (ɼɻʇɾ ʠ ʈʇɾ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ɿɼ) 
 

ʇʘʨʳ 

ʤʠʢʨʦʈʅʂ 
ʉɺɺ ʉʄ ʉɺɺ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ ɺʩʝ ʬʨʘʢʮʠʠ 

22/ 19b 

 

50% 

  

50% 

22/ 92a 50% 

  

72% 72% 

378a/ 92a 50% 

   

50% 

425/ 92a 55% 

  

61% 61% 

125b/ 30e 55% 

 

55% 55% 55% 

200/ b30e 

   

83% 83% 

205/ 30e 

   

66% 66% 

660/ 30e 55% 

   

55% 

19b/ 92a 55% 
 

55% 
 

55% 

ɺʩʝ ʦʪʥʦʰʝʥʠʷ 55% 50% 55% 100% 100% 
ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉʄ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

 

ɺ ʟʘʚʝʨʰʝʥʠʠ, ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʤʦʞʥʦ ʙʳʣʦ ʦʪʜʝʣʠʪʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ 

ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ɼɻʇɾ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʷ 5ï9 dCt ʠʣʠ ddCt ʤʠʢʨʦʈʅʂ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʨʘʚʠʣʴʥʦ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʪʴ ʦʜʥʦʛʦ ʟʜʦʨʦʚʦʛʦ ʜʦʥʦʨʘ ʥʠ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʥʠ ʚ ʦʜʥʦʤ ʪʠʧʝ ʚʳʙʦʨʢʠ. ʆʜʥʘʢʦ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ddCt ʤʠʢʨʦʈʅʂ-375/-30e ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʉɺɺ ʠ ʧʣʘʟʤʦʡ ʢʨʦʚʠ 

ʵʪʦʪ ʜʦʥʦʨ ʙʳʣ ʚʝʨʥʦ ʦʪʥʝʩʸʥ ʢ ʛʨʫʧʧʝ ʟʜʦʨʦʚʳʭ (ʪʘʙʣʠʮʘ 3.30.). 

ɼʘʣʝʝ ʤʳ ʚʳʧʦʣʥʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʠʢʨʦʈʅʂ ʩ ʢʣʠʥʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʘʟʤʝʨʦʤ ʦʧʫʭʦʣʠ (TNM), ʦʮʝʥʢʦʡ ʧʦ 

ʰʢʘʣʝ ɻʣʠʩʦʥʘ, ʫʨʦʚʥʝʤ ʇʉɸ ʚ ʢʨʦʚʠ ʠ ʚʦʟʨʘʩʪʦʤ). ʅʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʢʦʨʨʝʣʷʮʠʡ (k>=0,6) 

ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʥʦʨʘ ʠ ʫʨʦʚʥʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ ʠʣʠ 

ʧʣʘʟʤʝ ʢʨʦʚʠ. ʆʜʥʘʢʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʤʠʢʨʦʈʅʂ-19b/ -92a 

(k=-0,76), ʤʠʢʨʦʈʅʂ-22/ -92a (k=-0,73), ʤʠʢʨʦʈʅʂ-378a/ -92a (k=-0,76), ʤʠʢʨʦʈʅʂ-425/ -92a 

(k=-0,77), ʤʠʢʨʦʈʅʂ-30e/ -125b (k=0,78) ʠ ʤʠʢʨʦʈʅʂ-205/ -30e (k=-0,70) ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇʉɸ. ɸʥʘʣʠʟ ʠʤʝʥʥʦ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʦʢʘʟʘʣʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ (ʪʘʙʣʠʮʘ 3.27.).  
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ʊʘʙʣʠʮʘ 3.30. ʇʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ɼɻʇɾ+ʈʇɾ) 
 

ʇʘʨʳ ʤʠʢʨʦʈʅʂ ʉɺɺ ʉɺɺ-ʉʄ ʉɺɺ-ʇʣʘʟʤʘ ɺʩʝ ʬʨʘʢʮʠʠ 

31/ 30e 63% 

  

63% 

200b/ 30e 63% 

 

81% 91% 

375/ 31 

 

54% 63% 73% 

660/ 31 63% 

 

72% 91% 

200b/ 125b 63% 

 

63% 91% 

660/ 125b 54% 

 

82% 91% 

375/ 200b 54% 

 

63% 82% 

660/ 200b 63% 63% 91% 91% 

ɺʩʝ ʦʪʥʦʰʝʥʠʷ 

  

91% 91% 
ʉɺɺ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ 

ʉʄ: dCt ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʤʠʢʨʦʈʅʂ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʤʦʯʠ 

ʉɺɺ-ʉʄ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʷʭ ʉɺɺ ʠ ʉʄ 

ʉɺɺ-ʇʣʘʟʤʘ: ddCt ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ ʧʘʨ ʤʠʢʨʦʈʅʂ ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʠ ʧʣʘʟʤʝ 

 

ʕʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʦ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʇʉɸ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʝ ʩ ʇʉɸ ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʚ ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʈʇɾ. ɸʙʝʨʨʘʥʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʝʱy  ʧʷʪʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ 

(ʤʠʢʨʦʈʅʂ-200b/ -30ʝ, ʤʠʢʨʦʈʅʂ-205/ -30ʝ, ʤʠʢʨʦʈʅʂ-31/ -30ʝ, ʤʠʢʨʦʈʅʂ-660/ -30ʝ ʠ 

ʤʠʢʨʦʈʅʂ-22/ -378ʘ) ʥʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʫʨʦʚʥʝʤ ʇʉɸ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʈʇɾ ʩʦ 100% 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʁ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ .ʁ ʀʤʝʥʥʦ ʵʪʠ ʦʪʥʦʰʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʙʠʦʤʘʨʢʝʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ ʤʘʨʢʝʨʘʤʠ ʈʇɾ. ʂʦʥʝʯʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʠ ʚʦ ʤʥʦʛʦʤ ʙʳʣʠ ʠʩʢʘʞʝʥʳ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʫʧʧ ʜʦʥʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʇʉɸ ʢʨʦʚʠ. ʇʦʵʪʦʤʫ, ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ɼɻʇɾ 

ʙʳʣʠ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʇʉɸ, ʯʪʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ 

ʙʦʣʴʥʳʭ, ʩʪʨʘʜʘʶʱʠʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʨʘʟʤʝʨʘ ʦʧʫʭʦʣʠ (T) ʩ 

ʘʙʝʨʨʘʥʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-205/ -200b ʚʦ ʬʨʘʢʮʠʠ ʉɺɺ ʤʦʯʠ 

(k=0,79). ʅʠʢʘʢʦʡ ʟʥʘʯʠʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʦʮʝʥʢʦʡ ɻʣʠʩʦʥʘ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʡ. ʕʪʦ ʯʘʩʪʠʯʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [643], ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʴ ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ-125b, 

-205 ʠ -222 ʩʦ ʩʪʘʜʠʝʡ ʦʧʫʭʦʣʠ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʘ ̫ʢʦʨʨʝʣʷʮʠ ̫ʤʝʞʜʫ ʩʪʘʜʠʝʡ ɻʣʠʩʦʥʘ ʠ 

ʵʢʩʧʨʝʩʩʠʝʡ ʤʠʢʨʦʈʅʂ-205. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ 

ʤʠʢʨʦʈʅʂ-205 ʠ ʤʠʢʨʦʈʅʂ-200b ʚ ʦʧʫʭʦʣʝʚʦʡ ʧʨʦʛʨʝʩʩʠʠ [644]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʥʘʤʠ ʚʳʙʦʨʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʥʥʝʡ ʩʪʘʜʠʝʡ ʈʇɾ (ʊ1-2, ʦʮʝʥʢʘ ʧʦ 

ʰʢʘʣʝ ɻʣʠʩʦʥʘ 5-7), ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʧʦʠʩʢʫ ʙʠʦʤʘʨʢʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 
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ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʜʨʫʛʠʭ 

ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʧʫʭʦʣʝʚʦʡ ʧʨʦʛʨʝʩʩʠʠ ʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʠʩʢʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʞʛʨʫʧʧʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʚʦʟʨʘʩʪʝ ʜʦʥʦʨʦʚ (ʟʜʦʨʦʚʳʝ 50ï60 ʣʝʪ, ʧʘʮʠʝʥʪʳ 

ʩ ʈʇɾ 54ï71 ʛʦʜ ʠ ʧʘʮʠʝʥʪʳ ʩ ɼɻʇɾ 63ï81 ʛʦʜ), ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʠʢʨʦʈʅʂ ʠ ʚʦʟʨʘʩʪʦʤ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʪʢʨʳʪʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʢʘʥʷʭ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʥʘʙʣʶʜʘʪʁʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠ,̫ ʢʦʪʦʨʳʝ 

ʠʤʝʶʱʠʤʠʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʢʣʠʥʠʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʪʝʩʪʘʤʠ, ʯʘʩʪʦ ʦʰʠʙʦʯʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʈʇɾ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʥʫʞʥʳʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʝʩʪʘʤ ʠ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤ ʜʠʘʛʥʦʟʘʤ. ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʵʢʩʧʨʝʩʩʠʝʡ ʤʠʢʨʦʈʅʂ ʠ ʚʦʟʨʘʩʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʦʪʜʝʣʴʥʳʭ ʧʘʨ 

ʤʠʢʨʦʈʅʂ ʚ ʢʘʯʝʩʪʚʝ ʦʥʢʦʤʘʨʢʝʨʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʤʠʢʨʦʈʅʂ-19b, -30e, -92a, -125b, -200b, -205, -378a ʠ 

ʤʠʢʨʦʈʅʂ-660 ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʈʇɾ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

ʠ/ʠʣʠ ʪʢʘʥʷʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [273, 572, 593, 645ï657]. ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ 

ʚʳʰʝ, ʵʪʠ ʤʠʢʨʦʈʅʂ ʩʚʷʟʘʥʳ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʘʩʧʝʢʪʘʤʠ ʦʥʢʦʛʝʥʝʟʘ ʈʇɾ, ʚʢʣʶʯʘʷ 

ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʨʝʮʝʧʪʦʨʘ ʘʥʜʨʦʛʝʥʘ (AR) [296, 658], ʨʝʛʫʣʷʮʠʶ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ [296], 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ [646, 659], ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ 

(ʕʄʇ) [643, 660ï662], ʨʦʩʪ ʢʣʝʪʦʢ, ʘʧʦʧʪʦʟ [289, 663, 664], ʘʜʛʝʟʠ ʁ ʠ ʠʥʚʘʟʠ ʁ [644], 

ʚʥʝʧʨʦʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʫʭʦʣʠ [652], ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ [657, 660], 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʙʦʡ [273, 659] ʠ ʛʦʨʤʦʥʘʣʴʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ [650, 653]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʈʅʂ ʠʤʝʶʪ ʠʟʚʝʩʪʥʳʝ ʤʠʰʝʥʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʥʢʦʛʝʥʝʟʝ ʈʇɾ. 

ʊʘʢ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʵʪʠ ʤʠʢʨʦʈʅʂ ʠʤʝʶʪ ʤʠʰʝʥʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʫʪʷʤʠ ʨʘʟʚʠʪʠʷ ʨʘʢʘ, ʪʘʢʠʤʠ 

ʢʘʢ TGF-ɓ, FoxO, p53, ErbB, TNF, HIF, MAPK ʠ Wnt, ʘ 11 ʤʠʢʨʦʈʅʂ ʩʚʷʟʘʥʳ ʩ ʨʘʙʦʪʦʡ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ mTOR (DIANA-mirPath v.3, http://snf- 515788.vm.okeanos.grnet.gr/). ʅʘʧʨʠʤʝʨ, 

ʤʠʢʨʦʈʅʂ-125b ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʧʫʪʠ AKT/mTOR ʠ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʪʘʢʠʭ ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ, ʢʘʢ BAK1 ʠ EIF4EBP1, ʩʚʷʟʘʥʥʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩ ʧʫʪʝʤ AKT/mTOR [643, 647, 

651]. ʄʠʢʨʦʈʅʂ-19b ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʛʫʣʠʨʫʝʪ ʨʘʙʦʪʫ ʛʝʥʦʚ PTEN ʠ TP53 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʥʠʞʘʝʪ ʫʨʦʚʥʠ ʠʭ ʥʠʞʝʩʪʦʷʱʠʭ ʤʠʰʝʥʝʡ, ʪʘʢʠʭ ʢʘʢ Bax ʠ p21 [665]. ʉʥʠʞʝʥʠʝ ʤʠʢʨʦʈʅʂ-200 

ʚ ʢʣʝʪʢʘʭ ʈʉ3, ʟʘʧʫʩʢʘʝʤʦʝ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ PDGFD, ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʨʝʧʨʝʩʩʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ZEB1, ZEB2 ʠ SNAI2, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʨʝʛʫʣʠʨʫʶʪ ʧʦʪʝʨʶ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ð ʭʘʨʘʢʪʝʨʥʦʤʫ ʧʨʦʮʝʩʩʫ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

[644]. ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʈʅʂ-205 ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ p63 

(ʩʫʧʨʝʩʩʦʨʘ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ) ʥʘ ʤʘʨʢʝʨʳ EMT, ZEB1 ʠ ʚʠʤʝʥʪʠʥ ʚ ʢʣʝʪʢʘʭ ʈʇɾ [660]. 

ʄʠʢʨʦʈʅʂ-660 ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʪʘʢʠʭ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʈʇɾ, ʢʘʢ AMACR ʠ PSMA 

[656]. ʋʯʘʩʪʠʝ ʚ ʦʥʢʦʛʝʥʝʟʝ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʪʫʩ ʚʳʙʨʘʥʥʳʭ ʤʠʢʨʦʈʅʂ-ʙʠʦʤʘʨʢʝʨʦʚ 
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ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɹʦʣʝʝ ʪʦʛʦ, 

ʚʳʙʨʘʥʥʳʝ ʤʠʢʨʦʈʅʂ ʨʝʛʫʣʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʧʘʥʝʣʠ. ʈʘʥʝʝ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

(ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ 45 ʤʠʢʨʦʈʅʂ-ʢʘʥʜʠʜʘʪʦʚ) ʪʘʢʞʝ ʧʳʪʘʣʠʩʴ ʩʦʟʜʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʧʘʥʝʣʴ 

ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʠ ɼɻʇɾ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʝʭ 

ʤʠʢʨʦʈʅʂ ʚ ʙʝʩʢʣʝʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʤʦʯʠ (ʤʠʢʨʦʈʅʂ-222-3p * ʤʠʢʨʦʈʅʂ-24-3p/ -30c-5p [666]) 

ʠ ʜʚʫʭ ʤʠʢʨʦʈʅʂ (ʤʠʢʨʦʈʅʂ-100/-200b) ʚ ʢʣʝʪʦʯʥʦʤ ʦʩʘʜʢʝ ʤʦʯʠ [635]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʪʘʢʠʝ ʪʝʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʇʉɸ (ʫ ʧʘʮʠʝʥʪʦʚ 

ʩ ʫʨʦʚʥʝʤ ʇʉɸ ʚ çʩʝʨʦʡ ʟʦʥʝè (4ï10 ʥʛ/ʤʣ)) ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʙʠʦʧʩʠʠ ʧʨʦʩʪʘʪʳ, ʥʦ ʠʭ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʝʩʪʦʚ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʠ 

ʨʦʣʴ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʚʠʪʠʠ ʈʇɾ, ʥʘʰʠ ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʤʠʢʨʦʈʅʂ ʚʥʝʢʣʝʪʦʯʥʳʭ ʚʝʟʠʢʫʣ ʤʦʯʠ ʙʳʣʠ ʧʦʣʫʯʥʳ ʚʧʝʨʚʳʝ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʥʘʣʠʟʦʤ ʧʘʨ 

ʤʠʢʨʦʈʅʂ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʩʝʢʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʈʇɾ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ 

ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʢʨʦʈʅʂ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ (ʨʠʩ. 3.24.). 

ʅʘ ʨʠʩʫʥʢʝ 3.24. ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʚʳʙʦʨʘ ʧʘʨ ʤʠʢʨʦʈʅʂ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʈʇɾ ʠ ʚʳʜʝʣʝʥʳ ʧʘʨʳ ʤʠʢʨʦʈʅʂ ʚʳʙʨʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʘʨʘʤʠ ʤʠʢʨʦʈʅʂ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʈʇɾ ʦʢʘʟʘʣʠʩʴ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-125b/ -30e, ʤʠʢʨʦʈʅʂ-200b/ -30e, ʤʠʢʨʦʈʅʂ-205/ -30e, 

ʤʠʢʨʦʈʅʂ-31/ -30e, ʤʠʢʨʦʈʅʂ-660/ -30e ʠ ʤʠʢʨʦʈʅʂ-19b/ -92ʘ. ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʚʳʙʨʘʥʥʳʭ 

ʧʘʨ ʤʠʢʨʦʈʅʂ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ 

ʘʙʩʦʣʶʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥ ʯʝʪʳʨʴʤʷ ʜʨʫʛʠʤʠ ʤʠʢʨʦʈʅʂ 

(ʤʠʢʨʦʈʅʂ-375, -378a, -22, -425) ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʚ ʯʝʪʳʨʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʳ, 

ʢʦʪʦʨʳʝ ʭʦʪʴ ʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (80%ï90%), ʥʦ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ 

ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʠʚʥʳʤʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (ɿɼ+ɼɻʇɾ) ʷʚʣʷʶʪʩʷ ʧʘʨʳ ʤʠʢʨʦʈʅʂ-125b/ -30ʝ, 

ʤʠʢʨʦʈʅʂ-660/ -30ʝ ʠ ʤʠʢʨʦʈʅʂ-19b/ -92ʘ. 

 



165 

 

ʈʠʩʫʥʦʢ 3.24. ʀʪʦʛʦʚʘʷ ʩʭʝʤʘ ʚʳʙʦʨʘ ʧʘʨ ʤʠʢʨʦʈʅʂ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ 

ʚʳʜʝʣʝʥʳ ʧʘʨʳ ʤʠʢʨʦʈʅʂ, ʦʙʣʘʜʘʶʱʠʝ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʚʦʰʝʜʰʠʝ ʚ 

ʠʪʦʛʦʚʫʶ ʧʘʥʝʣʴ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʘ ʫʩʪʦʡʯʠʚʘʷ ʧʘʥʝʣʴ ʤʠʢʨʦʈʅʂ ï ʦʥʢʦʤʘʨʢʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ, ɼɻʇɾ ʠ ɿɼ ʩʦ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, 100% 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʦʥʦʨʦʚ. 

 

3.3. ɸʙʝʨʨʘʥʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ɼʅʂ 

ɼʅʂ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʢʘʢ ʠ ʤʠʢʨʦʈʅʂ, ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʚ ʮʠʨʢʫʣʠʨʫʶʱʫʶ ʢʨʦʚʴ, 

ʧʨʠʯʝʤ ʪʘʢʘʷ ʚʥɼʅʂ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʩʪʨʦʡʢʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [667]. ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʬʠʣʝʡ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, 

ʦʙʥʘʨʫʞʝʥʥʦʝ ʚʦ ʚʥɼʅʂ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʦʢʫʩ-

ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʙʠʩʫʣʴʬʠʪʥʦʛʦ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠ,̫ ʟʘʩʪʘʚʠʣʦ 

ʩʝʨʴʟyʥʦ ʟʘʜʫʤʘʪʴʩʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠ, ʤʝʭʘʥʠʟʤʘʭ 

ʛʝʥʝʨʘʮʠʠ ʠ ʮʠʨʢʫʣʷʮʠʠ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʚʥɼʅʂ [318]. 
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3.3.1. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʫʣʴʪʫʨʝ ʧʝʨʚʠʯʥʳʭ 

ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ ʚʣʠʷʝʪ ʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʢ (ʬʘʟʘ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ) ʥʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ CpG-

ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʛʝʥʦʤʥʦʡ ɼʅʂ (ʛʝʥɼʅʂ) ʠ ʚʥɼʅʂ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ MS-qPCR ʠ 

ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʣʦʢʫʩʘ ʙʳʣ ʚʳʙʨʘʥ ʬʨʘʛʤʝʥʪ ʛʝʥʘ RARbeta2 

(X56849.1, 924-1117), ʩʦʜʝʨʞʘʱʠʡ 13 ʩʘʡʪʦʚ CpG.  

ɿʘ ʫʨʦʚʝʥʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ (ML) ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʛʝʥʘ RARbeta2 ʢ ʝʛʦ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ĭ 100%. 

ɼʘʥʥʳʝ MS-qPCR ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥɼʅʂ ʠ ʛʝʥɼʅʂ ʠʟ ʢʣʝʪʦʢ ʣʠʥʠʠ HeLa ʠʤʝʶʪ ʚ ʮʝʣʦʤ 

ʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ (100%), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʣʝʪʦʢ ʧʦʩʣʝ 24 ʯʘʩʦʚ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʚʥɼʅʂ ʩʥʠʞʘʣʦʩʴ ʜʦ 37% (ʨʠʩ. 3.25. ɸ). 

 

ʈʠʩʫʥʦʢ 3.25. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʛʝʥʝ RARbeta2 ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʠ ʛʝʥɼʅʂ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ (ɸ) ʠ ʧʝʨʚʠʯʥʳʭ (ɹ ʠ ɺ) ʢʣʝʪʦʢ 

 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʛʝʥʘ RARbeta2 ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ 

HUVEC ʟʘʯʘʩʪʫʶ ʙʳʣʦ ʚʳʰʝ (8,9%), ʯʝʤ ʚ ʛʝʥɼʅʂ (1,6%). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ML ʛʝʥʘ 

RARbeta2 ʧʦʚʳʰʘʣʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʣʝʪʦʯʥʳʭ ʧʘʩʩʘʞʝʡ ʠ ʚʘʨʴʠʨʦʚʘʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʣʠʥʠʠ ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʦʢ (ʜʦʥʦʨʘ) (ʨʠʩ. 3.25. ɹ ʠ ɺ). ʆʪʣʠʯʠʝ ʚ ʫʨʦʚʥʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ 

ʦʪ ʛʝʥʦʤʥʦʡ ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʤʦ. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʘʧʦʧʪʦʟʝ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʘʧʦʧʪʦʟ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʥɼʅʂ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ 
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ʜʘʥʥʳʤ [668, 669]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ MS-qPCR ʥʝ ʜʘʚʘʣʦ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʦ 

ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʣʦʢʫʩʘ, ʘ ʧʦʟʚʦʣʷʣʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʧʨʘʡʤʝʨʘʤ ʠ ʟʦʥʜʫ ʜʣʷ MS-qPCR. 

ɼʘʥʥʳʝ CpG-ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʘ RARbeta2 ʚ ʩʦʩʪʘʚʝ ɼʅʂ ʠʟ ʢʣʝʪʦʢ ʣʠʥʠʠ HeLa, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ ʩʭʦʜʥʳʡ ʧʨʦʬʠʣʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʠ 

ʛʝʥɼʅʂ. ʆʜʥʘʢʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʘʭ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ 

ʪʝʯʝʥʠʝ 24 ʯ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʪʦʜʦʤ MS-qPCR, ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʥʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ. 

ɺ ʢʣʝʪʢʘʭ ʣʠʥʠʠ HUVEC ML ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʘʡʪʦʚ ʩʦʩʪʘʚʣʷʣ 3Ñ0,25%, ʢʘʢ ʚ ʩʦʩʪʘʚʝ 

ʚʥɼʅʂ, ʪʘʢ ʠ ʚ ʛʝʥɼʅʂ, ʦʜʥʘʢʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʚʠʩʝʣ ʦʪ ʥʦʤʝʨʘ ʧʘʩʩʘʞʘ ʠ ʦʪʣʠʯʘʣʩʷ ʤʝʞʜʫ 

ʚʥɼʅʂ ʠ ʛʝʥɼʅʂ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʚʥɼʅʂ ʠ ʛʝʥɼʅʂ ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʦʢ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ɼʅʂ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʬʘʢʪʦʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʷʚʣʷʣʩʷ 

ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʚʥɼʅʂ ʠ ʛʝʥɼʅʂ. ɸ 

ʠʤʝʥʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʠ ʛʝʥʦʤʥʦʡ ɼʅʂ ʤʦʛʫʪ ʙʳʪʴ ʤʝʪʠʣʠʨʦʚʘʥʳ ʨʘʟʥʳʝ 

ʮʠʪʦʟʠʥʳ; ʚʦ-ʚʪʦʨʳʭ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ CpG 

ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʣʦʢʫʩʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ çʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝè ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʥʘʣʠʯʠʝ 

ʧʦʣʥʦʩʪʴʶ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʥʦʩʪʴʶ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʣʦʢʫʩʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ 

ʠʩʪʠʥʦʡ. ʇʨʠ ʵʪʦʤ, ʤʝʪʦʜ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʦʪʥʦʰʝʥʠʠ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʮʠʪʦʟʠʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʮʠʪʦʟʠʥʦʚ ʦʪʣʠʯʘʝʪʩʷ, ʚʦʟʥʠʢʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ ʦ ʪʦʤ, 

ʢʘʢʘʷ ʢʦʤʙʠʥʘʮʠʷ ʤʦʣʝʢʫʣ ʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ MS-qPCR ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʦ ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ CpG, ʧʨʠʯʝʤ ʚ ʩʫʤʤʘʨʥʦʤ 

ʚʠʜʝ (ʜʣʷ ʧʠʨʦʩʢʚʝʥʠʨʦʚʘʥʠʷ) ʠʣʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʤʠʰʝʥʤ̫ʠ ʜʣʷ ʧʨʘʡʤʝʨʦʚ (ʟʦʥʜʘ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʞʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʥʝʢʣʘʩʩʠʯʝʩʢʦʤ CpG-

ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʮʠʪʦʟʠʥʦʚ ʚ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ [670]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ MS-qPCR ʠ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʫʣ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚʥɼʅʂ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʦʣʝʢʫʣ ʩ ʨʘʟʥʳʤ ʧʨʦʬʠʣʝʤ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ, ʢʘʢ ʵʪʦ ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʂʦʨʰʫʥʦʚʦʡ ʩ ʩʦʘʚʪ [318]. 

ʇʨʠ ʵʪʦʤ ʩʚʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʫʣʘ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʚʥɼʅʂ ʤʦʛʫʪ 

ʚʥʦʩʠʪʴ ʢʘʢ ʢʣʝʪʢʠ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ, ʪʘʢ ʠ ʢʣʝʪʢʠ ʦʧʫʭʦʣʝʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʤʘʨʢʝʨʦʚ, ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʠʣ-

ʩʧʝʮʠʬʠʯʥʦʡ ʇʎʈ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʥʘʣʠʟ ʧʫʣʘ ʤʦʣʝʢʫʣ ʩ ʨʘʟʥʳʤ ʧʨʦʬʠʣʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 
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ʮʠʪʦʟʠʥʦʚ ʠ ʧʦʠʩʢ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʚʦʟʤʦʞʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʬʠʣʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ɼʅʂ ï ʪ.ʝ. ʤʝʪʠʣ-ʩʧʝʮʠʬʠʯʥʦʝ 

ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ. 

3.3.2. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ 

ʢʨʦʚʠ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚʥɼʅʂ ʜʝʣʘʝʪ ʝʝ ʫʜʦʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʙʦʣʴʰʦʡ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1,5 ʯʘʩʦʚ, ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʨʝʮʠʜʠʚ ʦʧʫʭʦʣʠ, ʦʮʝʥʠʚʘʪʴ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [671]. ʋʞʝ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʧʨʠ ʈʇɾ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʛʝʥʳ, ʪʘʢʠʝ ʢʘʢ GSTP1 ʠ SFRP2 [672, 673]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʯʠʧʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɸ. Petronis ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʤʘʨʢʝʨʦʚ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ [313]. ɼʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ɼʅʂ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ ʚ ʢʨʦʚʠ, ʯʝʤ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʝ, ʜʦʣʴʰʝ ʮʠʨʢʫʣʠʨʫʶʪ ʚ 

ʢʨʦʚʠ [50], ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʣʝʪʢʘʤʠ ʢʨʦʚʠ [184], ʜʝʣʘʶʪ ʵʪʦʪ ʪʠʧ ʤʦʣʝʢʫʣ 

ʝʱʸ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʫʞʝ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʦʬʠʣʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʪʨʦʚʘʥʥʳʭ ɼʅʂ ʩ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥɼʅʂ [57, 674] ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʭ ʤʦʣʝʢʫʣ ʚ ʧʫʣʝ ʚʥɼʅʂ ʢʨʦʚʠ [71, 204ï206], ʥʘʠʙʦʣʝʝ 

ʨʘʟʫʤʥʳʤ ʚʘʨʠʘʥʪʦʤ ʘʥʘʣʠʟʘ ʪʘʢʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʝ 

ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ. 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʨʘʟʨʝʰʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʜʠʥʫʢʣʝʦʪʠʜʦʚ CpG, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠ ̫NGS, ʩ 

ʮʝʣʴʶ ʧʦʠʩʢʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʢʨʦʚʠ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʚʥɼʅʂ, ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ 

ʦʧʫʭʦʣʝʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʣʦʢʫʩʳ ʪʨʝʭ ʛʝʥʦʚ, ʘ ʠʤʝʥʥʦ 

GSTP1 (NG_012075.1, 4998-5139), RNF219 (NC_000013.11, 125-285) ʠ KIAA1539 (chr9: 

35103583-35103671), ʢʦʪʦʨʳʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʠʟʤʝʥʷʶʪ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʦʧʫʭʦʣʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ [313, 458, 675]. ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʥʦʡ 

ʦʙʣʘʩʪʠ ʛʝʥʘ GSTP1 ʚ ʛʝʥʦʤʥʦʡ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʪʢʘʥʠ ʦʧʫʭʦʣʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ʦʙʥʘʨʫʞʠʚʘʣʠ ʚ 86% - 100% ʦʙʨʘʟʮʦʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʇɾ [676]. ɸʥʘʣʠʟ 

ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʘ RNF219, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʛʣʘʚʝ 1.2.2., ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʙʦʣʴʥʳʭ ʧʦʟʚʦʣʠʣ ʦʪʣʠʯʠʪʴ ʙʦʣʴʥʳʭ ʈʇɾ ʦʪ ʙʦʣʴʥʳʭ ɼɻʇɾ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 61% ʠ 
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ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 71% [313]; ʭʦʨʦʰʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʛʝʥʘ KIAA1539 ʪʘʢʞʝ ʙʳʣ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʨʘʙʦʪʝ [313]. 

 

3.3.2.1. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʥʝʢʣʝʪʦʯʥʳʭ ɼʅʂ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ 

ʆʜʥʘʢʦ ʧʨʝʞʜʝ ʯʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚʥɼʅʂ ʧʨʠ ʧʦʤʦʱʠ NGS, ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʦʮʝʥʠʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ 1 ʤʣ ʧʣʘʟʤʳ ʢʨʦʚʠ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʦʣʴʥʦʛʦ ʩʦʜʝʨʞʠʪ 

ʧʨʠʤʝʨʥʦ 1500 ʵʢʚʠʚʘʣʝʥʪʦʚ ʜʠʧʣʦʠʜʥʦʛʦ ʛʝʥʦʤʘ (ɻʕ) (~10 ʥʛ ɼʅʂ), ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ ʨʘʢʦʤ. ʊʠʧʠʯʥʳʡ ʟʘʙʦʨ 

ʢʨʦʚʠ ʦʙʲʝʤʦʤ 10 ʤʣ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ ʩʨʝʜʥʝʤ 4 ʤʣ ʧʣʘʟʤʳ, ʩʦʜʝʨʞʘʱʝʡ 6000 ɻʕ 

(12Ĭ10
3
 ʤʦʣʝʢʫʣ ʥʘ ʦʙʣʘʩʪʴ ʠʣʠ ʛʝʥ) [71]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ɼʅʂ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1% ʜʦ 10%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 60 - 600 ɻʕ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ~0,01% (ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʥʘʨʫʞʠʚʘʪʴ 1 ʬʨʘʛʤʝʥʪ ʠʟ 12000 ʢʦʧʠʡ). 

ʋʯʠʪʳʚʘʷ ʥʝʦʜʥʦʨʦʜʥʫ  ʁ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʛʝʥʦʤʥʦʡ ɼʅʂ ʚ ʮʠʨʢʫʣʷʮʠʠ [677, 678], 

ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʩʣʦʞʥʦʩʪʠ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʇʎʈ, ʦʙʥʘʨʫʞʝʥʠʝ ʪʘʢʠʭ ʤʘʨʢʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʦʩʪʫʶ ʟʘʜʘʯʫ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʧʨʝʦʜʦʣʝʥʠʶ ʵʪʠʭ ʦʩʣʦʞʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʥɼʅʂ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʥɼʅʂ, ʩʚʷʟʘʥʥʘ ̫ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʢʘʢ ʤʠʥʠʤʫʤ ʩʨʘʚʥʠʤʳʭ ʩ ʚʥɼʅʂ ʚ ʧʣʘʟʤʝ [679], ʠ ʚ ʵʪʦʡ ʬʨʘʢʮʠʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ɼʅʂ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ [261, 458, 463]. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥɼʅʂ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ NGS, ʝʸ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʠ ʚ ʚʠʜʝ, ʩʚʷʟʘʥʥʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Hoechst 33258. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʪʝʨʠʷʤ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɻʘʫʩʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʜʦʥʦʨʦʚ (ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʝʝÑSE) ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ 

ʫ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ (ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʝʜʠʘʥʳ ʠ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ). ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥɼʅʂ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʩʦʩʪʘʚʠʣʠ ʚ ʧʣʘʟʤʝ ï 11,8Ñ2,04 ʥʛ/ʤʣ ʢʨʦʚʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʦʢ ï 712,5 (193-2435 ʥʛ/ʤʣ). ʋ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʠ ʈʇɾ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʠ ʩʦʩʪʘʚʣʷʣʠ ʚ ʧʣʘʟʤʝ ï 85,4Ñ26,1 ʥʛ/ʤʣ ʠ 46,1Ñ21 ʥʛ/ʤʣ, ʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʢʨʦʚʠ ï 57,5Ñ6 ʥʛ/ʤʣ ʠ 60,6Ñ9,9 ʥʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɼʅʂ ʚ ʢʨʦʚʠ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ɼʅʂ 

ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʢʨʦʚʠ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʧʨʠ ʨʘʟʚʠʪʠʠ ɼɻʇɾ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʚʠʪʠʠ 
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ʈʇɾ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʚʥɼʅʂ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ (ʨʠʩ. 3.26.). 

 

ʈʠʩʫʥʦʢ 3.26. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. 

ʊʘʢʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʥɼʅʂ ʚ ʢʨʦʚʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʨʘʟʣʠʯʥʳʭ 

ʬʝʨʤʝʥʪʦʚ (ʧʨʦʪʝʘʟ, ʥʫʢʣʝʘʟ ʠ ʠʭ ʠʥʛʠʙʠʪʦʨʦʚ) [185, 680ï683], ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʫ ʙʦʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʉɸ (ʩʝʨʠʥʦʚʘ ̫ʧʨʦʪʝʘʟʘ kallikrein 3) [684]. 

ɽʱʸ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʚʥɼʅʂ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ, 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʥʘʨʫʰʝʥʠʷ ʚ ʩʪʨʦʝʥʠʠ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠ ̫

ʣʠʧʠʜʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʶ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʦʢ-ʣʠʧʠʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʥʘʨʫʰʝʥʠʷʤ, ʢʘʢ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʠ ʨʘʙʦʪʳ ʢʘʪʠʦʥ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥʥʳʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜ ɹʚʣʠʷʝʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʨʭʠʪʝʢʪʦʥʠʢʠ ʢʣʝʪʦʢ [685]. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʧʫʣ ʚʥɼʅʂ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ, 

ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠ ʦʯʝʥʴ ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ɼʅʂ [463]. 

ɼʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʘ (ʭʦʪʷ ʤʝʭʘʥʠʟʤʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʢʘ ʥʝ ʠʟʫʯʝʥʳ) ʩʚʦʙʦʜʥʦʡ 

ʚʥɼʅʂ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʥɼʅʂ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʩʫʤʤʘʨʥʦʡ 

(ʩʚʦʙʦʜʥʦʡ + ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴ ʁʢʣʝʪʦʢ ʢʨʦʚʠ) ʚʥɼʅʂ. 
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3.3.2.2. ɸʥʘʣʠʟ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʦʚ GSTP1, RNF219 ʠ KIAA1539 ʚ ʩʦʩʪʘʚʝ 

ʚʥɼʅʂ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

ɹʣʦʢ-ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.27. 

 

ʈʠʩʫʥʦʢ 3.27. ɹʣʦʢ-ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ 

ʩʚʦʙʦʜʥʳʭ ʠ ʩʫʤʤʘʨʥʳʭ (ʩʚʦʙʦʜʥʳʝ + ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢʨʦʚʠ) ʚʥɼʅʂ ʢʨʦʚʠ. 

 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ, ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʠ 

ʩʫʤʤʘʨʥʦʡ ʚʥɼʅʂ, ʝy ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʧʦʜʛʦʪʦʚʢʠ ɼʅʂ-

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ NGS ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ ʧʦʣʫʯʝʥʠʷ, ʢʘʢ ʩʚʦʙʦʜʥʦʡ, ʪʘʢ ʠ ʩʫʤʤʘʨʥʦʡ ʚʥɼʅʂ ʜʦ ʚʳʧʦʣʥʝʥʠʷ 

ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦ ʵʪʘʧʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʮʝʥʠʚʘʪʴ 

ʧʦʪʝʨʠ ɼʅʂ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʦʣʠʯʝʩʪʚʘ ɼʅʂ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ TaqMan ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘʮʝʣʝʥʥʫʶ ʥʘ LINE 1 ʵʣʝʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʥʝ ʟʘʚʠʩʠʤʳʭ ʦʪ 
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ʤʝʪʠʣʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 3.1.2. ʂʘʞʜʳʡ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʘʣ ɼʅʂ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 3,3 ʥʛ/ʤʣ ʠʩʭʦʜʥʦʡ ʢʨʦʚʠ, 

ʩʪʘʥʜʘʨʪʥʳʡ ʚʳʭʦʜ ʩʫʤʤʘʨʥʦʡ ʚʥɼʅʂ ʧʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

70-80%. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʤʝʪʠʣ-ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʧʨʘʡʤʝʨʘʤʠ ʧʦʣʫʯʘʣʠ ʥʝ ʤʝʥʝʝ 50 ʥʛ ɼʅʂ ʜʣʷ ʢʘʞʜʦʛʦ ʣʦʢʫʩʘ. 

ʇʦʩʣʝ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʇʎʈ ʠ ʦʯʠʩʪʢʠ ʤʝʪʦʜʦʤ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʥʝ ʤʝʥʝʝ 100 ʥʛ (ʧʦ ʜʘʥʥʳʤ Agilent 2100) ʚʩʝʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʇʎʈ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʠʙʣʠʦʪʝʢ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʡ ʇʎʈ 

ʧʨʦʜʫʢʪʳ ʇʎʈ ʙʳʣʠ ʰʪʨʠʭ-ʢʦʜʠʨʦʚʘʥʳ ʧʘʨʦʡ ʫʥʠʢʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ (ʪʘʙʣʠʮʘ 2.5.) ʨʘʟʤʝʨʦʤ 

8 ʧ.ʥ. (ʢʦʜʠʨʫʶʱʠʝ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ), ʧʨʝʜʣʦʞʝʥʥʳʝ J. Caporaso [508], ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʷʚʣʝʥʠ ̫ ʭʠʤʝʨʥʦʡ ɼʅʂ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʙʦʣʴʥʳʭ ʈʇɾ ʠ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ, ʧʨʦʜʫʢʪʳ ʇʎʈ ʢʦʜʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʦʩʴʤʠ 5'-ʧʨʷʤʳʭ (Xn) ʠ ʜʚʝʥʘʜʮʘʪʠ 

ʦʙʨʘʪʥʳʭ ʧʨʘʡʤʝʨʦʚ (Yn), ʪʘʢ ʯʪʦʙ  rʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʦʪ ʙʦʣʴʥʳʭ ʈʇɾ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʥʝ 

ʩʦʜʝʨʞʘʣʠ ʦʙʱʠʭ ʰʪʨʠʭ-ʢʦʜʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ NGS, ʠʤʝʶʱʠʝ 

ʢʦʤʙʠʥʘʮʠʠ ʧʨʘʡʤʝʨʦʚ, ʦʪʩʫʪʩʪʚʦʚʘʚʰʠʭ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʙʠʙʣʠʦʪʝʢ, ʩʯʠʪʘʣʠʩʴ ʭʠʤʝʨʥʳʤʠ 

ʠ ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʋʯʠʪʳʚʘʷ ʜʦʣʶ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ɼʅʂ ʚ ʮʠʨʢʫʣʷʮʠʠ [204], ʜʘʞʝ 10
4
 ʧʨʦʯʪʝʥʠʡ ʥʘ 

ʣʦʢʫʩ ʥʘ ʦʙʨʘʟʝʮ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʤʝʥʝʝ 100-ʢʨʘʪʥʦʛʦ ʦʭʚʘʪʘ ʚʥɼʅʂ ʠ ʥʘʜʝʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ 

ʦʜʥʦʡ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ. 

ɺʩʝʛʦ ʥʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 6,3, 9,0 ʠ 9,2 ʤʠʣʣʠʦʥʘ ʧʨʦʯʪʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʝʡ 

ʛʝʥʦʚ GSTP1, RNF219 ʠ KIAA1539, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʫʪʝʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʘʨʥʳʭ ʢʦʥʮʦʚ 

ʜʣʠʥʦʡ 250 ʧ.ʥ. ʂʘʯʝʩʪʚʦ ʚʩʝʭ ʙʠʙʣʠʦʪʝʢ ʙʳʣʦ ʚʳʩʦʢʠʤ, ʧʨʦʮʝʥʪ ʦʜʥʦʟʥʘʯʥʦ ʢʘʨʪʠʨʦʚʘʥʥʳʭ 

ʧʨʦʯʪʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 80-85%. ɺʳʙʨʘʥʥʳʝ ʣʦʢʫʩʳ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʩ ʦʭʚʘʪʦʤ 

ʦʪ 23509 ʜʦ 143953. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦʜʩʯʪy ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʦʬʠʣʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʫ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ. 

 

3.3.2.2.ƕȭɯʥ˲˸̓̓˰̖̏̏̑˸ɯ̎˸̖̄̍̄̓̑˳˰̏̄˸ɯ˴˸̏̑˳ɯ˳ɯ̖̔̑̔˰˳˸ɯ̔˳̑˲̑˷̏̑̅ɯ˳ʬ̏ˁʺɯ̒̍˰̧̂̎ɯ̈̓̑˳̄ 

ɼʦʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʦʤ ʚ ʢʘʞʜʦʤ ʠʟ ʧʦʣʦʞʝʥʠʡ 

ʤʦʣʝʢʫʣʳ ʚ ʛʨʫʧʧʘʭ ɿɼ, ʙʦʣʴʥʳʭ ʈʇɾ ʠ ɼɻʇɾ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 3.28.). 

ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʉ9 ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʣʦʢʫʩʝ ʛʝʥʘ GSTP1 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʩʦʙʳʪʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʚʠʪʠʝʤ ʦʧʫʭʦʣʝʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ 

ʞʝʣʝʟʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʚ ʜʨʫʛʠʭ ʦʜʠʥʦʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʵʪʦʛʦ ʣʦʢʫʩʘ. 

ʄʝʪʠʣʠʨʦʚʘʥʠʝ 3-ʛʦ ʠ 13-ʛʦ ʮʠʪʦʟʠʥʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʣʦʢʫʩʘ ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʫ 
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ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʩ ʦʧʫʭʦʣʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ɹʦʣʴʥʳʝ ɼɻʇɾ ʠ ʈʇɾ 

ʥʘʠʙʦʣʝʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʝʪʠʣʠʨʦʚʘʥʠʶ 2-ʛʦ ʠ 16-ʛʦ ʮʠʪʦʟʠʥʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʣʦʢʫʩʘ ʛʝʥʘ 

GSTP1. ʉʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʟʠʮʠʡ ʮʠʪʦʟʠʥʦʚ ʚ ʛʝʥʘʭ RNF219 ʠ 

KIAA1539 ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʨʫʧʧʘʭ ʜʦʥʦʨʦʚ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʩʷ. 

 

 

ʈʠʩʫʥʦʢ 3.28. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ CpG - ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚ ʨʘʟʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʠʟʫʯʘʝʤʳʭ ʣʦʢʫʩʦʚ ʚ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʙʦʣʴʥʳʭ ɼɻʇɾ ʠ ʈʇɾ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʤʝʜʠʘʥʳ ʠ ʩ ʧʝʨʚʳʤ 

ʠ ʪʨʝʪʴʠʤ ʢʚʘʨʪʠʣʷʤʠ. 

 

ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ CpG - ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ʛʝʥʘ 

GSTP1 (ʨʠʩ. 3.29.) ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʚ ʛʨʫʧʧʘʭ ɿɼ 

ʠ ɼɻʇɾ (ʘ ʠʤʝʥʥʦ, ʉ7-ʉ12 ʫ ɿɼ ʠ ʉ3-ʉ15 ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ; r > 0,9), ʪʦʛʜʘ ʢʘʢ ʫ ʙʦʣʴʥʳʭ 

ʈʇɾ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ (r > 0,9) ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʘʙʝʨʨʘʥʪʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʉ2 ʩʦ 

ʩʪʘʪʫʩʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ ʉ6, -7, -10, -15 ʠ -17; ʉ6 ʩʦ ʩʪʘʪʫʩʦʤ ʉ2, -7, 

-10, -11, -15, -16 ʠ -17; ʠ C10 ʩʦ ʩʪʘʪʫʩʦʤ C15, -16 ʠ -17. 

ʇʦʤʠʤʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʦʢʫʩʦʚ, ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʦʧʘʨʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʠʣʠ, ʪʦʯʥʝʝ, ʚʚʦʜʠʣʠ ʧʝʨʝʤʝʥʥʳʝ, 

ʦʪʨʘʞʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʙʦʠʭ ʮʠʪʦʟʠʥʦʚ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ 

ɼʅʂ. 

ɿɼ ɼɻʇɾ ʈʇɾ 

ɿɼ ɼɻʇɾ ʈʇɾ 

ɿɼ ɼɻʇɾ ʈʇɾ 
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ʈʠʩʫʥʦʢ 3.29. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʠʟʫʯʘʝʤʦʛʦ ʣʦʢʫʩʘ ʛʝʥʘ 

GSTP1 ʠ ʩʦʩʪʘʚʦʤ ɼʅʂ ʚ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʦʣʴʥʳʭ. ɼʚʦʠʯʥʳʝ ʣʦʛʘʨʠʬʤʳ 

ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʩʝʭ ʛʨʘʬʠʢʦʚ. ɺ ʜʠʘʛʦʥʘʣʴʥʳʭ ʷʯʝʡʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʛʨʫʧʧ ʈʇɾ (ʢʨʘʩʥʳʡ), ɼɻʇɾ (ʟʝʣʝʥʳʡ) ʠ ɿɼ (ʩʠʥʠʡ) ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ. ʂʘʞʜʘʷ 

ʜʠʘʛʦʥʘʣʴʥʘʷ ʷʯʝʡʢʘ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʰʢʘʣʫ ʦʩʠ Y, ʢʦʪʦʨʘʷ ʥʝ ʦʙʦʟʥʘʯʝʥʘ. çɿɼè, çɼɻʇɾè ʠ çʈʇɾè 

ʦʙʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ. çʂʦʨʨè ʦʙʦʟʥʘʯʘʝʪ 

ʢʦʨʨʝʣʷʮʠʶ ʇʠʨʩʦʥʘ ʜʣʷ ʚʩʝʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʛʨʫʧʧ; ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʜʚʦʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ 

ʧʝʨʝʤʝʥʥʳʭ. ɺ ʷʯʝʡʢʘʭ ʧʦʜ ʜʠʘʛʦʥʘʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ 

ʧʝʨʝʤʝʥʥʳʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʙʦʣʴʥʳʤʠ ʈʇɾ ʠ ʛʨʫʧʧʦʡ ʜʦʥʦʨʦʚ ɿɼ ʠ ɼɻʇɾ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.31. ʇʝʨʝʯʠʩʣʝʥʳ ʪʦʣʴʢʦ ʧʝʨʝʤʝʥʥʳʝ ʩ pĬ3Ĭ1167<0.005 ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (ʜʣʷ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ) >70% (ʦʙʱʠʝ ʜʘʥʥʳʝ ʜʣʷ p<0,005 ʧʨʠʚʝʜʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 5). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʦʜʝʣʝʡ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ-ʧʨʝʜʠʢʪʦʨʘʤʠ.  
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ʊʘʙʣʠʮʘ 3.31. ʉʨʘʚʥʝʥʠʝ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʩ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʛʨʫʧʧʦʡ, ʚʢʣʶʯʘʶʱʝʡ ɿɼ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ. 

 

ɻʝʥ, 

ʇʦʟʠʮʠʷ, 

ʉʪʘʪʫʩ 

(C ʠʣʠ T ʧʦʩʣʝ ʢʦʥʚʝʨʩʠʠ) 
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ʇʉA  ,016     10,0  55,6    75,0  65,0  80,6  83,9 (73,5, 94,2) 
GSTP1.C9 + RNF219.C2 + GSTP1.C2      100  100    100  100  100  100  
GSTP1.C9 + RNF219.C2 + GSTP1.C16      100  100    100  100  100  100  
GSTP1.C9 + RNF219.C2.T10      95,0  97,1    94,5  90,0  97,1  92,4 (83,2, 100) 
GSTP1.C3.C9 ,00000073 8,03/ ,0394 80,0  54,3  ,101  87,3  80,0  91,4  93,0 (85,1, 100) 
GSTP1.C9 ,00000090 8,35/ ,160 80,0  48,6  ,215  90,9  80,0  97,1  92,6 (83,2, 100) 
GSTP1.C9.T17 ,0000011 4,04/ ,143 80,0  37,1  ,198  89,1  80,0  94,3  93,1 (83,5, 100) 
GSTP1.T2.C9 ,0000011 3,71/ ,142 75,0  45,7  ,177  87,3  80,0  91,4  93,0 (84,7, 100) 
GSTP1.T1.C9 ,0000024 3,94/ ,142 75,0  34,3  ,199  89,1  80,0  94,3  92,1 (82,2, 100) 
GSTP1.T6.C9 ,0000024 3,71/ ,142 70,0  51,4  ,177  87,3  80,0  91,4  92,6 (84,4, 100) 
GSTP1.T4.C9 ,0000029 3,71/ ,142 75,0  51,4  ,179  87,3  80,0  91,4  92,1 (83,1, 100) 
GSTP1.C9.T16 ,0000050 4,01/ ,140 70,0  48,6  ,190  89,1  85,0  91,4  92,0 (83,4, 100) 
GSTP1.C9.T14 ,0000070 3,90/ ,138 70,0  34,3  ,190  87,3  85,0  88,6  91,9 (82,3, 100) 
GSTP1.T5.C9 ,0000084 3,67/ ,143 75,0  42,9  ,188  87,3  80,0  91,4  91,7 (82,9, 100) 
GSTP1.C9.C13 ,0044 4,76/ ,0197 70,0  40,0  ,0512  85,5  70,0  94,3  85,0 (73,0, 97,0) 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʚ ʛʨʫʧʧʝ ʈʇɾ/ʩʨʝʜʥʝʝ ʚ ʛʨʫʧʧʝ ɿɼ+ɼɻʇɾ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʦʡ 

ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ð ʵʪʦ ʜʦʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ, ʧʨʘʚʠʣʴʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð ʵʪʦ ʜʦʣʷ ʜʦʥʦʨʦʚ ɿɼ+ɼɻʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ. 

ʉʦʢʨʘʱʝʥʠʷ: CV = ʧʝʨʝʢʨʝʩʪʥʘʷ ʧʨʦʚʝʨʢʘ, AUC = ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ROC, CI = ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 
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ʉʫʱʝʩʪʚʫʶʪ ʜʝʩʷʪʢʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʩ ʪʨʝʤʷ ʧʨʝʜʠʢʪʦʨʘʤʠ, ʜʘʶʱʠʤʠ ʧʦʣʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ (100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ). ʅʘʧʨʠʤʝʨ, 

ʘʥʘʣʠʟ ʩʣʝʜʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚʤʝʩʪʝ ʩ GSTP1.C9 ʠ RNF219.C2 ʧʦʢʘʟʘʣ ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ: GSTP.C2, GSTP.C16, GSTP.T2.T7, GSTP.T2.T9, GSTP.T2.T10, GSTP.T2.T11, 

GSTP.T2.T15, GSTP.T2.T16, GSTP.T7.T16, GSTP.T9.T16, GSTP.T10.T16, GSTP.T15.T16, 

GSTP.T1.C2, GSTP.T1.C16, GSTP.T2.C16, GSTP.T3.C16, GSTP.T4.C16, GSTP.T5.C16, 

GSTP.T6.C16, GSTP.T7.C16, GSTP.T8.C16, GSTP.T9.C16, GSTP.T10.C16, GSTP.T11.C16, 

GSTP.T12.C16, GSTP.T13.C16, GSTP.T14.C16, GSTP.T15.C16, GSTP.C2.T3, GSTP.C2.T4, 

GSTP.C2.T5, GSTP.C2.T6, GSTP.C2.T7, GSTP.C2.T8, GSTP.C2.T9, GSTP.C2.T10, GSTP.C2.T11, 

GSTP.C2.T12, GSTP.C2.T13, GSTP.C2.T14, GSTP.C2.T15, GSTP.C2.T16, GSTP.C2.T17, 

GSTP.C16.T17, RNF.T7.T9, RNF.C5.C6, RNF.C4.C13, KIAA.C2, KIAA.T2.T3, KIAA.T2.T4, 

KIAA.T1.C2, KIAA.C2.T3, KIAA.C2.T4 ʠ KIAA.C2.T5. 

ʆʜʥʘʢʦ ʤʳ ʥʝ ʫʚʝʨʝʥʳ, ʙʳʣʘ ʣʠ ʧʦʚʳʰʝʥʥʘʷ ʯʘʩʪʦʪʘ ʧʨʝʜʩʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʝʨʝʦʙʫʯʝʥʠʷ ʠʣʠ ʦʥʘ ʦʪʨʘʞʘʣʘ ʠʩʪʠʥʥʫʶ ʧʨʠʨʦʜʫ ʘʩʩʦʮʠʘʮʠʠ. ʇʦʵʪʦʤʫ ʤʳ ʫʧʦʤʷʥʫʣʠ ʣʠʰʴ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠʤʝʣʠ 

ʭʦʨʦʰʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʢʘʞʜʘʷ ʠʟ ʧʝʨʝʤʝʥʥʳʭ GSTP1.C3.C9, 

GSTP1.C9 ʠ GSTP1.C9.T17 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 80% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʪʘʪʫʩ ʤʝʪʠʣʠʨʦʚʘʥʠ ̫ ʛʝʥʘ GSTP1, 

ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ) ʜʨʫʛʠʭ ʧʦʟʠʮʠʡ CpG ʚ ʧʨʝʜʝʣʘʭ ʣʦʢʫʩʘ 

ʛʝʥʘ GSTP1 ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ; ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʪʘʪʫʩʫ 

ʤʝʪʠʣʠʨʦʚʘʥʠ ̫ʥʝʩʢʦʣʴʢʠʭ ʜʠʥʫʢʣʝʦʪʠʜʦʚ CpG ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʦʟʠʮʠʷʭ, ʙʳʣʠ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

(3ï8%), ʘ ʫʨʦʚʝʥʴ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 0,1ï0,2%. ʅʘ ʨʠʩʫʥʢʝ 3.30. 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʜʣʷ GSTP1.C3 ʠ GSTP1.C9, ʢʦʪʦʨʘ ̫ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʨʫʧʧʘ 

ʙʦʣʴʥʳʭ ɼɻʇɾ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ GSTP1.C3 (ʟʥʘʯʝʥʠʷ GSTP1.C9 ʚ 

ʥʦʨʤʝ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʫʧʧʘ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʦʙʦʠʭ GSTP1.C3 ʠ GSTP1.C9. 

ɿʥʘʯʝʥʠʝ cut off ʷʚʣʷʣʦʩʴ ʦʮʝʥʢʦʡ ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ, ʧʨʘʚʠʣʴʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʣʶ ʜʦʥʦʨʦʚ 

ɿɼ+ɼɻʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ. 
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ʈʠʩʫʥʦʢ 3.30. ɼʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʜʣʷ GSTP1.C3 ʠ GSTP1.C9. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ ʠʟʦʙʨʘʞʘʝʪ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ log2(0,00215), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 94,3% ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 90,0% ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʙʦʣʴʥʳʭ ʈʇɾ ʩ ʛʨʫʧʧʦʡ ɿɼ+ɼɻʇɾ. 

 

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʙʦʣʴʥʳʭ ɼɻʇɾ ʩ ʛʨʫʧʧʦʡ ɿɼ+ʈʇɾ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3.32. ʇʝʨʝʯʠʩʣʝʥʳ ʧʝʨʝʤʝʥʥʳʝ ʩ pĬ3Ĭ1167<0,0000000001 ʠ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʜʣʷ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ (ʩʫʤʤʘʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ p<0,005 ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 6).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 80 ʧʝʨʝʤʝʥʥʳʭ 

(ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʘʤ ʚ ʢʘʞʜʦʤ ʣʦʢʫʩʝ ʛʝʥʘ), 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʠʯʠʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʩ p<0,0000000001. ʀʟ ʵʪʠʭ 

ʧʝʨʝʤʝʥʥʳʭ 77 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʛʝʥʘ RNF219, ʘ 3 ð ʜʣʷ ʛʝʥʘ GSTP1. ʂʨʦʤʝ ʪʦʛʦ, 

46 ʧʝʨʝʤʝʥʥʳʭ ʦʪʣʠʯʘʣʠ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʧʨʠ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʚ 

94% ʠ p<0,00001. 

ʅʘ ʨʠʩʫʥʢʝ 3.31. ʧʦʢʘʟʘʥʦ ʨʘʟʜʝʣʝʥʠʝ ʛʨʫʧʧʳ ʙʦʣʴʥʳʭ ɼɻʇɾ ʦʪ ʦʩʪʘʣʴʥʳʭ ʜʦʥʦʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ GSTP1.C4.C5 ʠ 

GSTP1.T11.C16. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʤʥʦʛʠʤʠ 

ʚʚʝʜʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʩ ʜʠʘʛʥʦʟʦʤ ɼɻʇɾ. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʫʤʘ ʚ ʛʨʫʧʧʝ 

ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢ ʤʘʢʩʠʤʫʤʫ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. 

ɿɼ 

ɼɻʇɾ 

ʈʇɾ 
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ʈʠʩʫʥʦʢ 3.31. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧʳ ʙʦʣʴʥʳʭ ɼɻʇɾ. ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʩʝʯʢʠ log2(0,0214). ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʠʟʦʙʨʘʞʘʝʪ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

log2(0,000548). ʆʙʘ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʙʦʣʴʥʳʭ ɼɻʇɾ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʜʦʥʦʨʘʤʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʆʜʥʦ ʥʘʙʣʶʜʝʥʠʝ ʠʟ ʛʨʫʧʧʳ 

ʙʦʣʴʥʳʭ ɼɻʇɾ ʩ GSTP1.C4.C5 = 0 ʠ log2(GSTP1.T11.C16) = -3,1 ʥʝ ʦʪʦʙʨʘʞʝʥʦ, ʪʘʢ ʢʘʢ 

log2(GSTP1.C4.C5) ʙʝʩʢʦʥʝʯʝʥ ʜʣʷ ʵʪʦʡ ʪʦʯʢʠ.  

 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ, ʧʨʘʚʠʣʴʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʣʶ ʧʘʮʠʝʥʪʦʚ 

ɿɼ+ʈʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʛʨʫʧʧʳ ɿɼ ʩ ʙʦʣʴʥʳʤʠ ɼɻʇɾ ʠ ʈʇɾ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3.33. ʇʝʨʝʯʠʩʣʝʥʳ ʧʝʨʝʤʝʥʥʳʝ ʩ pĬ3Ĭ1167<0,000000035 (ʩʫʤʤʘʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ p<0,005 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 7). ʊʦʣʴʢʦ ʧʝʨʝʤʝʥʥʘʷ GSTP1.T3.T13 ʧʦʟʚʦʣʠʣʘ ʧʦʣʥʦʩʪʴʶ ʨʘʟʜʝʣʠʪʴ 

ʛʨʫʧʧʫ ɿɼ ʦʪ ʧʘʮʠʝʥʪʦʚ ʩ ʦʧʫʭʦʣʷʤʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʆʜʥʘʢʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʝʤʴ 

ʧʝʨʝʤʝʥʥʳʭ ʦʙʣʘʜʘʶʱʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 77ï89% ʧʨʠ 100% ʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʦʣʝʢʫʣ ʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʩʘʡʪʘʤʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ɿɼ 

ʩʦʩʪʘʚʠʣʘ 0,2ï1%, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ï 1ï11%. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʣʷʝʪ 

0,5-1%; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʥʘʨʫʞʝʥʠʝ ʪʘʢʠʭ ʨʘʟʣʠʯʠʡ ʥʝ ʪʨʝʙʦʚʘʣʦ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

 

ɿɼ 

ɼɻʇɾ 

ʈʇɾ 
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ʊʘʙʣʠʮʘ 3.32. ʉʨʘʚʥʝʥʠʝ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʩ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʛʨʫʧʧʦʡ, ʚʢʣʶʯʘʶʱʝʡ ɿɼ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʈʇɾ. 

ʅʦʤʝʨ 

ɻʝʥ, 

ʇʦʟʠʮʠʷ,  

ʉʪʘʪʫʩ 

(C ʠʣʠ T ʧʦʩʣʝ 

ʢʦʥʚʝʨʩʠʠ) 
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 ʇʉɸ  > 1     0  12,8   55,4 23,5 69,2 54,9 (38,8, 71,0) 
1 RNF219.C1.C2 ,000000000071 ,00500/ ,133 100  100  ,0526 (1,03) 100  100  100  100  
2 RNF219.C2.C4 ,000000000071 ,0101/ ,206 100  100  ,0567 (1,20) 100  100  100  100  
3 RNF219.C1.C5 ,000000000071 ,00986/ ,136 100  100  ,0526 (1,03) 100  100  100  100  
4 RNF219.C2.C5 ,000000000071 ,00528/ ,160 100  100  ,0481 (1,24) 100  100  100  100  
5 RNF219.C4.C5 ,000000000071 ,0199/ ,144 100  100  ,0561 (1,31) 100  100  100  100  
éééééééééééééééééééééééééééééééééééééééééééééééééééééééé 
76 RNF219.C12.C17 ,000000000071 ,00464/ ,135 100  100  ,0508 (1,38) 100  100  100  100  
77 RNF219.C13.C17 ,000000000071 ,00650/ ,139 100  100  0,0557 (1,15) 100  100  100  100  
78 GSTP1.T7.C16 ,00000000010 4,10/ ,26 100  100  1,32 (1,20) 100  100  100  100  
79 GSTP1.T11.C16 ,00000000010 5,33/ ,231 100  100  1,24 (1,70) 100  100  100  100  
80 GSTP1.C4.C5 ,00000000010 ,0197/ 3,72 100  100  ,0548 (1,03) 100  100  100  100  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʚ ʛʨʫʧʧʝ ɼɻʇɾ/ʩʨʝʜʥʝʝ ʚ ʛʨʫʧʧʝ ɿɼ+ʈʇɾ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʦʡ 

ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚ ʩʣʫʯʘʝ 

ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʫʤʘ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢ ʤʘʢʩʠʤʫʤʫ ʚ 

ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ð ʵʪʦ ʜʦʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ 

ʪʘʢʦʚʳʝ, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð ʵʪʦ ʜʦʣʷ ʜʦʥʦʨʦʚ ɿɼ+ʈʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ. ʉʦʢʨʘʱʝʥʠʷ: CV = ʧʝʨʝʢʨʝʩʪʥʘʷ 

ʧʨʦʚʝʨʢʘ, AUC = ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ROC, CI = ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 
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ʊʘʙʣʠʮʘ 3.33. ʉʨʘʚʥʝʥʠʝ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʫ ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ ʩ ʦʙʲʝʜʠʥʝʥʥʦʡ ʛʨʫʧʧʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʠ ʈʇɾ. 

ɻʝʥ, 

ʇʦʟʠʮʠʷ,  

ʉʪʘʪʫʩ 

(C ʠʣʠ T ʧʦʩʣʝ 

ʢʦʥʚʝʨʩʠʠ) 
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ʇʉɸ ,0000000076    26,3  97,3    98,2 100  97,3  97,3 (92,0, 100) 
GSTP1.T3.T13 ,000000000049 99,5/88,5 100  100  99,3 (1,00) 100  100  100  100  
GSTP1.T8.T13 ,00000000019 99,6/91,7 88,9  97,3  99,4  96,4  94,4  97,3  94,1 (86,1, 100) 
GSTP1.T9.T13 ,0000000068 99,6/90,5 77,8  91,9  99,3  92,7  94,4  91,9  97,6 (94,3, 100) 
GSTP1.C13 ,000000018 ,260/7,48 77,8  89,2  ,506  90,9  94,4  89,2  96,8 (93,2, 100) 
GSTP1.T6.T13 ,000000018 99,5/ 91,9  77,8  89,2  99,2  90,9  94,4  89,2  97,7 (94,8, 100) 
GSTP1.T1.C13 ,000000025 ,238/ 5,09  77,8  89,2  ,497  90,9  94,4  89,2  96,4 (92,4, 100) 
GSTP1.T1.C6 ,000000078 ,188/ ,780  77,8  64,9  ,242  89,1  88,9  89,2  95,5 (89,8, 100) 
GSTP1.C13.T17 ,000000078 ,241/ 5,15  77,8  83,8  ,496  87,3  94,4  83,8  96,7 (92,7, 100) 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʚ ʛʨʫʧʧʝ ɿɼ/ʩʨʝʜʥʝʝ ʚ ʛʨʫʧʧʝ ɼɻʇɾ+ʈʇɾ.  

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʦʪʥʦʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʫʤʘ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢ ʤʘʢʩʠʤʫʤʫ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ð ʵʪʦ ʜʦʣʷ ɿɼ, ʧʨʘʚʠʣʴʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð ʵʪʦ ʜʦʣʷ ʧʘʮʠʝʥʪʦʚ ɼɻʇɾ+ʈʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ. 

ʉʦʢʨʘʱʝʥʠʷ: CV = ʧʝʨʝʢʨʝʩʪʥʘʷ ʧʨʦʚʝʨʢʘ, AUC = ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ROC, CI = ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 
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ʅʘ ʨʠʩʫʥʢʝ 3.32. ʧʦʢʘʟʘʥʦ ʨʘʟʜʝʣʝʥʠʝ ʛʨʫʧʧʳ ɿɼ ʧʦ ʧʝʨʝʤʝʥʥʳʤ GSTP1.T3.T13 ʠ 

GSTP1.C3. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʤʥʦʛʠʤʠ 

ʚʚʝʜʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʩʪʘʪʫʩʦʤ ɿɼ. 

 

ʈʠʩʫʥʦʢ 3.32. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧʳ ɿɼ ʧʨʠ ʘʥʘʣʠʟʝ GSTP1.T3.T13. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘʥʝʩʝʥʘ ʜʣʷ ʟʥʘʯʝʥʠʷ ʦʪʩʝʯʢʠ log2(1ī0.99281), ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ɿɼ ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. 

 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʳ ʠ ʧʨʝʜʩʪʘʚʣʷʣʦ 

ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʫʤʘ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢ ʤʘʢʩʠʤʫʤʫ ʚ 

ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʣʶ ɿɼ, 

ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʣʶ 

ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ+ʈʇɾ, ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʪʘʢʦʚʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʚʳʷʚʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʣʠʯʘʪʴ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʛʨʫʧʧʳ ɿɼ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʘʣʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʘ GSTP1, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʥʳʭ ʈʇɾ 

ʪʨʝʙʦʚʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʨʦʬʠʣʝʡ ʠʟ ʣʦʢʫʩʦʚ ʛʝʥʦʚ GSTP1 ʠʣʠ 

RNF219. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ ʫʯʘʩʪʢʠ ɼʅʂ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ 

ʤʝʪʠʣʠʨʦʚʘʥʳ, ʪʦʛʜʘ ʢʘʢ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʦʥʠ ʥʝʤʝʪʠʣʠʨʦʚʘʥʳ. ʆʜʥʘʢʦ ʥʝ ʙʳʣʦ 

ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʙʳʣʘ ʣʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠʣʠ ʦʥʘ 

ʦʪʨʘʞʘʣʘ ʠʩʪʠʥʥʫʶ ʧʨʠʨʦʜʫ ʘʩʩʦʮʠʘʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʫʧʦʤʷʥʫʪʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ 

ʤʦʜʝʣʝʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ɿɼ 

ɼɻʇɾ 

ʈʇɾ 
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ʟʥʘʯʠʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʤʥʦʛʠʤʠ ʚʚʝʜʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʤʝʪʠʣʠʨʦʚʘʥʠʶ, ʠ ʠʩʭʦʜʦʤ ʈʇɾ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʦ ʯʘʩʪʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣ ʚ ʮʠʨʢʫʣʷʮʠʠ ʩ ʤʘʨʢʝʨʥʳʤ 

ʧʨʦʬʠʣʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ ʫʨʦʚʥʝ cut off (ʪʘʙʣʠʮʘ 3.31.) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ 

ʤʦʣʝʢʫʣ ʩ ʪʘʢʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʮʝʣʦʤ ʙʣʠʟʢʘ ʢ ʧʨʦʮʝʥʪʫ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ɼʅʂ ʚ ʮʠʨʢʫʣʷʮʠʠ [71]. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʙʦʣʴʥʳʤʠ ʠ ʟʜʦʨʦʚʳʤʠ ʜʦʥʦʨʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʦʜʭʦʜʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʝʪʦʜ NGS ʩ ʦʭʚʘʪʦʤ ʚ ʦʜʥʦʤ ʣʦʢʫʩʝ ʦʪ 10000 ʠ ʙʦʣʝʝ ʫʞʝ ʜʦʣʞʝʥ 

ʧʦʟʚʦʣʷʪʴ ʥʘʜʝʞʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʙʦʣʝʟʥʴʶ ʠ ʟʜʦʨʦʚʴʝʤ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʇʎʈ ʩ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʧʨʘʡʤʝʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʇʎʈ ʩ 

ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʥʘʧʨʠʤʝʨ, ʬʠʨʤʘ Agena Bioscience ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʯʘʩʪʦʪʫ 

ʚʘʨʠʘʥʪʥʦʛʦ ʘʣʣʝʣʷ ʚ 1%, ʥʘʯʠʥʘʷ ʩ 10ï15 ʥʛ ɼʅʂ (https://agenabio.com/products/panels/cancer-

solutions/, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 3 ʠʶʣʷ 2021 ʛ.). 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɼɻʇɾ ʘʥʘʣʠʟ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʘ RNF219 ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʧʦʜʭʦʜʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ 79 ʧʝʨʝʤʝʥʥʳʭ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʮʠʪʦʟʠʥʘʤ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ) ʠʤʝʥʥʦ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ, 

ʩʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ p<0,0000000001, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ 

ʚʳʙʦʨʢʠ ʥʝ ʠʟʤʝʥʠʪ ʩʠʪʫʘʮʠʶ ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʝʨʝʤʝʥʥʳʭ ʩʦʭʨʘʥʷʪ ʩʚʦʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ ʠʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʙʦʨʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʙʣʠʟʢʠʭ ʢ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʤʠʢʨʦʈʅʂ (ʧ.3.2.6.2.). ʂʘʢ ʫʞʝ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʙʩʦʣʶʪʥʘʷ ʜʠʩʢʨʠʤʠʥʘʮʠʷ ʙʦʣʴʥʳʭ ɼɻʇɾ ʦʩʪʘʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ ʙʦʣʴʥʳʭ ʈʇɾ ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ ʪʢʘʥʠ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʩ ʛʠʧʝʨʧʣʘʟʠʝʡ. ʗʚʣʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʣʦʢʫʩʘ ʛʝʥʘ RNF219, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ɼɻʇɾ, ʷʚʣʷʝʪʩʷ ʥʝʦʞʠʜʘʥʥʳʤ ʬʘʢʪʦʤ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʈʇɾ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʛʝʥʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʥʝʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʢ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ. ʋʯʠʪʳʚʘʷ ʝʛʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʫʶ 

ʵʢʩʧʨʝʩʩʠʶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʢʘʥʝʡ (ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚ ʩʝʤʝʥʥʠʢʘʭ; 

https://www.proteinatlas.org/ENSG00000152193-RNF219/tissue, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 3 ʠʶʣʷ 2021 ʛ.), 

ʚʳʷʩʥʠʪʴ ʨʦʣʴ ʵʪʦʛʦ ʙʝʣʢʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʫʶ ʦʧʫʭʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʠʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ɼɻʇɾ ʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʣʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʦʟʠʮʠʡ ʛʝʥʘ 

RNF219, ʪ.ʝ. ʫʨʦʚʝʥʴ ʠʭ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣ 0,02%. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 0,06%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ɼɻʇɾ ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʯʝʤ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ 

ʈʇɾ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʪʣʠʯʠʪʴ ʙʦʣʴʥʳʭ ʦʪ ʟʜʦʨʦʚʳʭ 
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ʣʶʜʝʡ ʩʦ 100% ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʜʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ 

ʣʫʯʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʫʧʥʳ ʥʝʩʢʦʣʴʢʦ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ, ʪʘʢʠʝ ʢʘʢ Illumina HumanMethylation 450 BeadChip array, 

DREAMing ʠ Illumina HumanMethylation27 Bead-Chip [459, 686ï690], ʥʦ ʪʦʣʴʢʦ ʤʝʪʦʜ NGS 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʘʪʫʩʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʮʠʪʦʟʠʥʘ ʚ ʢʘʞʜʦʡ 

ʤʦʣʝʢʫʣʝ ɼʅʂ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʜʚʫʭ ʮʠʪʦʟʠʥʦʚ ʚ ʦʜʥʦʤ ʣʦʢʫʩʝ 

ɼʅʂ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʄʇʉ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʪʦʢʦʣʘʤʠ ʮʝʣʝʚʦʛʦ ʦʙʦʛʘʱʝʥʠʷ [691], ʘ ʪʘʢʞʝ ʧʣʘʪʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʪʘʢʠʝ ʢʘʢ MassARRAY ʦʪ Agena Bioscience Inc. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʧʦʩʣʝʜʥʷʷ 

ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʵʢʦʥʦʤʠʯʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʮʠʪʦʟʠʥʳ ʚ ʟʘʜʘʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʮʠʪʦʟʠʥʦʚ. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʮʝʥ ʥʘ ʦʙʨʘʟʮʳ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʙʦʠʭ 

ʧʨʦʪʦʢʦʣʦʚ ʚ ʢʣʠʥʠʢʘʭ, ʢʘʞʝʪʩʷ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʳʤ ʘʥʘʣʠʟ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʬʠʣʝʡ ʢʦʥʢʨʝʪʥʳʭ ʣʦʢʫʩʦʚ. ʅʘʧʨʠʤʝʨ, Illumina ʦʙʲʷʚʠʣʘ ʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʦʢʦʣʘ 

ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʮʠʪʦʟʠʥʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʫʢʣʝʦʪʠʜʘʤ ʚ 48 ʘʤʧʣʠʢʦʥʘʭ 

ʇʎʈ ʠ 48 ʦʙʨʘʟʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʥʥʦʡ ʬʠʨʤʦʡ Fluidigm 

[692]. ʇʦʩʣʝ ʙʠʩʫʣʴʬʠʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ɼʅʂ-ʤʠʰʝʥʠ ʧʨʦʚʦʜʷʪ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ 

ʜʦʩʪʫʧʘ 48.48, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʘʤʧʣʠʬʠʢʘʮʠʶ 48 ʦʙʨʘʟʮʦʚ ʩ 

ʧʦʤʦʱʴʶ 48 ʧʘʨ ʧʨʘʡʤʝʨʦʚ. ʇʨʦʜʫʢʪʳ ʢʘʞʜʦʡ ʨʝʘʢʮʠʠ ʧʦʤʝʯʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʤʝʪʢʘʤʠ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʟʘʪʝʤ ʦʙʲʝʜʠʥʷʶʪ ʚ ʝʜʠʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʠ ʩʝʢʚʝʥʠʨʫʶʪ. 

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝʥʢʠ ʩʪʘʪʫʩʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠ ̫ɼʅʂ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʤʘʨʢʝʨʘ ʨʘʢʘ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʚ 

ʦʧʫʭʦʣʷʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ [693, 694]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʈʅʂ, ʘʙʝʨʨʘʥʪʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʘʷ ɼʅʂ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ çʪʦʯʥʳʤè ʤʘʨʢʝʨʦʤ, ʪʘʢ ʢʘʢ ʥʘʧʨʷʤʫʶ 

ʨʝʛʫʣʠʨʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʛʝʥ, ʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʥʳʭ ʩʝʪʝʡ [695]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ 

ʩ ɼʅʂ ʙʦʣʝʝ ʚʳʛʦʜʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʈʅʂ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʚʘʞʥʦʩʪʠ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ɼʅʂ ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʤʘ, ʥʦ ʠ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ɼʅʂ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʩʙʦʨ, 

ʦʙʨʘʙʦʪʢʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʭʨʘʥʝʥʠʝ ʦʙʨʘʟʮʦʚ. ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʟʦʚ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʡ 

ɼʅʂ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʢʣʝʪʦʢ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʈʅʂ ʥʝʙʦʣʴʰʘʷ ʩʫʙʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ 

ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʦʞʝʪ ʤʘʩʢʠʨʦʚʘʪʴ ʧʨʦʬʠʣʠ ʜʨʫʛʠʭ [696]. ɼʘʣʝʝ, ʜʘʞʝ ʝʩʣʠ 

ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʜʘʥʥʳʝ ʦ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ NGS, 

ʤʦʛʫʪ ʧʦʢʘʟʘʪʴʩʷ ʩʚʝʨʭʠʥʬʦʨʤʘʪʠʚʥʳʤʠ, ʢʦʨʨʝʣʷʮʠʷ ʜʘʥʥʳʭ ɼʅʂ ʩ ʜʘʥʥʳʤʠ ʦ ʨʘʟʚʠʪʠʠ 
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ʦʧʫʭʦʣʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ ʠ ʨʝʮʠʜʠʚʝ ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʬʠʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʝʚʳʩʠʣʦ ʫʨʦʚʝʥʴ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʩʯʝʪʘʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥɼʅʂ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʚʝʨʠʬʠʢʘʮʠʠ ʵʪʘʣʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ 

ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʤʘʨʢʝʨʦʚ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʟʘʷʚʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʚʥɼʅʂ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʦʥʢʦʤʘʨʢʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʝʝ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʚ ʢʨʦʚʠ ʛʦʨʘʟʜʦ 

ʜʦʣʴʰʝ [50]. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʩʢʦʤʦʛʦ 

ʦʥʢʦʤʘʨʢʝʨʘ ʚ ʢʨʦʚʠ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ɺʚʠʜʫ ʚʩʸ ʙʦʣʴʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ NGS-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʷʚʣʝʥʠʷ ʩʝʢʚʝʥʘʪʦʨʦʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʡ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʝʩʪʦʚ ʚ ʢʣʠʥʠʢʘʭ. ʊʝʩʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʧʫʭʦʣʝʡ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʙʦʣʴʥʳʤʠ ʈʇɾ ʧʦʩʣʝ ʪʝʨʘʧʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʚʳʩʦʢʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʯʠʩʣʘ ʙʦʣʴʥʳʭ ʩ ʦʧʫʭʦʣʴʶ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʙʦʣʴʥʳʭ ʩ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʇʦʩʢʦʣʴʢʫ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʘʨʢʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʮʠʪʦʟʠʥʦʚ 

ʠʟʫʯʘʝʤʳʭ ʣʦʢʫʩʦʚ) ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʪʘʢ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʫ ʙʦʣʴʥʳʭ ʈʇɾ (ʨʠʩ. 3.29.), ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʨʦʬʠʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ. ʅʘʧʨʠʤʝʨ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ 7-ʛʦ 

ʠ 12-ʛʦ, ʘ ʪʘʢʞʝ 3-ʛʦ ʠ 15-ʛʦ ʮʠʪʦʟʠʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GSTP1. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʚ ʧʦʣʦʞʝʥʠʷʭ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʣʷ 

ʙʦʣʴʥʳʭ ʈʇɾ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʇɾ [672, 697], ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʘʢʦʚʢʠ 

ɼʅʂ, ʪʘʢ ʠ ʨʘʙʦʪʫ, ʦʩʫʱʝʩʪʚʣʷʝʤʫʶ ʤʝʪʠʣʘʟʘʤʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ʆʜʥʠ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʵʪʦʡ ʪʝʤʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʛʨʝʩʩʝ ESMO 

Oxnard et al. ʠ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥʥʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʢʘʟʘʣʠʩʴ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ 
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(https://grail.com/wp-content/uploads/ESMO_2019_Oxnard_CCGA2_Training_Final.pdf, ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 3 ʠʶʣʷ 2021 ʛ.). ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 4500 ʧʘʮʠʝʥʪʦʚ ʜʦʢʘʟʘʣʠ ʩʚʦʶ 

ʧʦʣʝʟʥʦʩʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʠʤʝʥʥʦ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʤʘ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʣʛʦʨʠʪʤʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʨʘʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʢʘʥʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʧʫʭʦʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʝ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʨʝʛʠʦʥʳ ʛʝʥʦʚ, ʩʦʚʧʘʜʘʶʪ ʩ ʦʧʠʩʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʘʥʘʣʠʟ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

 

3.3.2.2.2. ʥ˲˸̓̓˰̖̏̏̑˸ɯ̎˸̖̄̍̄̓̑˳˰̏̄˸ɯ˴˸̏̑˳ɯ˳ɯ̖̔̑̔˰˳˸ɯ̗̔̎̎˰̓̏̑̅ɯ˳ʬ̏ˁʺɯȹ̔˳̑˲̑˷̏̑̅ɯ

˳ʬ̏ˁʺɯ̒̍˰̧̂̎ɯǶɯ˳ʬ̏ˁʺȮɯ̔˳̬̂˰̏̏̑̅ɯ̔ɯ̈̍˸̡̖̑̏̑̅ɯ̒̑˳˸̨̞̖̫̓̏̑̔Ⱥɯ̈̓̑˳̄ 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ NGS-ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʥɼʅʂ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʤʳ ʟʘʜʘʣʠʩʴ 

ʚʦʧʨʦʩʦʤ, ʙʫʜʝʪ ʣʠ ʧʫʣ ʩʫʤʤʘʨʥʦʡ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ (ʩʫʤʤ-ʚʥɼʅʂ) ʪʘʢʞʝ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʥʳʭ ʘʙʝʨʨʘʥʪʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʫʩ-ʩʧʝʮʠʬʠʯʥʦʛʦ NGS. 

ʉʣʝʜʫʝʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ 

ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʥɼʅʂ ʠ ʩʫʤʤ-ʚʥɼʅʂ, ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʜʦʣʶ 

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ɼʅʂ ʚ ʦʙʱʝʤ ʧʫʣʝ ʩʫʤʤ-ʚʥɼʅʂ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ [71], ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚ 10
4
 ʧʨʦʯʪʝʥʠʡ ʥʘ ʠʟʫʯʘʝʤʳʡ ʣʦʢʫʩ ʥʘ ʦʙʨʘʟʝʮ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ 100-ʢʨʘʪʥʦʝ ʧʦʢʨʳʪʠʝ ʩʫʤʤ-ʚʥɼʅʂ ʠ ʥʘʜʝʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʜʥʦʡ 

ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ, ʪʦʛʜʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʦʝ ʙʠʩʫʣʴʬʠʪʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʝ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʦʭʚʘʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʣʶ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚ 

ʧʫʣʝ ʩʫʤʤ-ʚʥɼʅʂ (ʨʠʩ. 3.33.) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʩʫʤʤ-ʚʥɼʅʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʚʝʨʥʦ ʜʣʷ 

ʛʝʥʦʚ GSTP1 ʠ RNF219. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʥɼʅʂ ʧʣʘʟʤʳ ʢʨʦʚʠ ʜʣʷ ʙʦʣʴʥʳʭ ʈʇɾ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʦʞʝʥʠʷ ʉ9 ʣʦʢʫʩʘ ʛʝʥʘ GSTP1 (ʨʠʩ. 3.28. ʠ 

3.33.). ɺ ʧʫʣʝ ʩʫʤʤ-ʚʥɼʅʂ ʨʷʜ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʮʠʪʦʟʠʥʦʚ (ʥʘʧʨʠʤʝʨ, ʉ3ïʉ9, ʉ11 ʠ ʜʨ.) ʨʝʟʢʦ 

ʨʘʟʣʠʯʘʣʩʷ ʫ ʙʦʣʴʥʳʭ ʈʇɾ ʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ. ʋʨʦʚʥʠ ʩʫʤʤʘʨʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʛʝʥʦʚ RNF219 ʠ KIAA1539 ʚ ʦʙʝʠʭ ʬʨʘʢʮʠʷʭ ʚʥɼʅʂ ʢʨʦʚʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉ4, ʉ6, ʉ7 ʠ ʉ14 ʚ ʩʫʤʤ-

ʚʥɼʅʂ ʛʝʥʘ RNF219. 
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ʈʠʩʫʥʦʢ 3.33. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ CpG - ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚ ʨʘʟʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʠʟʫʯʘʝʤʳʭ ʣʦʢʫʩʦʚ ʚ ʩʦʩʪʘʚʝ ʩʫʤʤʘʨʥʦʡ ʠ ʩʚʦʙʦʜʥʦʡ ʚʥɼʅʂ ʢʨʦʚʠ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ 

ʙʦʣʴʥʳʭ ʈʇɾ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʤʝʜʠʘʥʳ ʩ ʧʝʨʚʳʤ ʠ ʪʨʝʪʴʠʤ 

ʢʚʘʨʪʠʣʷʤʠ. ʋʩ rʦʪʨʘʞʘʶʪ ʤʠʥʠʤʫʤʳ ʠ ʤʘʢʩʠʤʫʤʳ. 

 

ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʪʘʪʫʩʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʛʝʥʘ GSTP1 ʚ 

ʩʫʤʤ-ʚʥɼʅʂ (ʨʠʩ. 3.34., ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʜʣʷ ʣʦʛʘʨʠʬʤʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʡ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʙʦʣʴʥʳʭ ʈʇɾ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣ̫ ʮʠʷ ʤʝʞʜʫ 

ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ (ʘ ʠʤʝʥʥʦ, ʉ1ïʉ2, 8ï10,12,14ï17;ʉ2ïʉ8ï10,12ï17;ʉ3ï

ʉ4ï7,11,12;ʉ4ïʉ5ï7,11,12;ʉ5ïʉ6,7,11,12; ʉ6ïʉ7,11,12; ʉ7ïʉ11,12; ʉ8ïʉ9,10,12,14ï17; ʉ9ï

ʉ10,12,14ï17; ʉ10ïʉ11,14ï17; ʉ11ïʉ12; ʉ12ï ʉ14ï17; ʉ14ïʉ15ï17; ʉ15ïʉ16,17; r>0.9).  

ʇʨʠ ʵʪʦʤ ʫ ʙʦʣʴʥʳʭ ʈʇɾ ʜʣʷ ʉ6ïʉ5 ʠ ʉ8ïʉ15 ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ 

r=0,999, ʘ ʜʣʷ ʢʦʤʙʠʥʘʮʠʠ ʉ7ïʉ6 r=1.000, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʛʨʫʧʧʳ ɿɼ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ (r>0,8) 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʜʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠ ̫C12 ʩ C1 ʠ ʉ10. 

ʉʨʘʚʥʝʥʠʝ ʩʪʘʪʫʩʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʘ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʜʚʫʭ 

ʮʠʪʦʟʠʥʦʚ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʩ ʈʇɾ ʠ ʛʨʫʧʧʦʡ ɿɼ ʚ ʩʫʤʤ-ʚʥɼʅʂ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 3.34. 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪ ɹ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʦʟʠʮʠʷʭ, ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʘ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʘʨʴʠʨʫʝʪ ʚ 
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ʜʠʘʧʘʟʦʥʝ 0,17ï1%. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʤʦʣʝʢʫʣ ʩ ʪʘʢʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ 

ʮʝʣʦʤ ʙʣʠʟʢʘ ʢ ʧʨʦʮʝʥʪʫ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ɼʅʂ ʚ ʮʠʨʢʫʣʷʮʠʠ [71]. 

 

 

ʈʠʩʫʥʦʢ 3.34. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʮʠʪʦʟʠʥʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʣʦʢʫʩʘ 

ʛʝʥʘ GSTP1 ʚ ʧʫʣʝ ʩʫʤʤ-ʚʥɼʅʂ ʙʦʣʴʥʳʭ ʈʇɾ. ɼʚʦʠʯʥʳʝ ʣʦʛʘʨʠʬʤʳ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʚʩʝʭ ʛʨʘʬʠʢʦʚ. ɺ ʜʠʘʛʦʥʘʣʴʥʳʭ ʷʯʝʡʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʛʨʫʧʧ ʈʇɾ (ʪʸʤʥʳʡ) ʠ 

ɿɼ (ʩʚʝʪʣʳʡ) ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ. ʂʘʞʜʘʷ ʜʠʘʛʦʥʘʣʴʥʘʷ ʷʯʝʡʢʘ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʰʢʘʣʫ ʦʩʠ Y, 

ʢʦʪʦʨʘʷ ʥʝ ʦʙʦʟʥʘʯʝʥʘ. çɿɼè ʠ çʈʇɾè ʦʙʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʛʨʫʧʧ. çʂʦʨʨè ʦʙʦʟʥʘʯʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʇʠʨʩʦʥʘ ʜʣʷ ʚʩʝʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʛʨʫʧʧ; ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʩʯʠʪʘʥʳ 

ʜʣʷ ʜʚʦʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʷʯʝʡʢʘʭ ʧʦʜ ʜʠʘʛʦʥʘʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ 

ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʝʨʝʤʝʥʥʳʭ. 

 

 












































































































































































































































































