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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ɿʂʂ ï ( copy number variation, CNV) ï ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ  

ʂ-ʇʃʈ ï ʢʽʣʴʢʽʩʥʘ ʧʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ 

ʉʂʂʅ ï ʩʚʽʪʣʦʢʣʽʪʠʥʥʘ ʢʘʨʮʠʥʦʤʘ ʥʠʨʢʠ 

LOH (loss of heterozygosity) ï ʚʪʨʘʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ 

NCBI ï ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʙʦ̔ʪʝʭʥʦʣʦʛʯ̔ʥʦʾ ʥ̔ʬʦʨʤʘʮʽʾ 

NMA ï NotI-ʤʽʢʨʦʯʽʧʠ 

SAGE ï (serial analysis of gene expression) ï ʧʦʩʣʽʜʦʚʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ 

SNP (single-nucleotide polymorphisms) ï ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ 

TSG (tumor suppressor gene) ï ʛʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʘʭʚʦʨʶʚʘʥʽʩʪʴ ʧʫʭʣʠʥʘʤʠ ʩʝʯʦʩʪʘʪʝʚʦʾ ʩʠʩʪʝʤʠ 

ʚ ʩʚʽʪʽ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 200 ʪʠʩ. ʚʠʧʘʜʢʽʚ ʱʦʨʽʯʥʦ. ʇʨʦʪʷʛʦʤ 2011 ʨʦʢʫ ʨʘʢ 

ʥʠʨʢʠ ʙʫʚ ʜʽʘʛʥʦʩʪʦʚʘʥʠʡ ʚ 5622 ʧʘʮʽʻʥʪʽʚ ʚ ʋʢʨʘʾʥʽ. ɼʣʷ ʙʣʠʟʴʢʦ ʯʚʝʨʪʽ ʮʠʭ 

ʧʘʮʽʻʥʪʽʚ ʧʝʨʽʦʜ ʟ ʤʦʤʝʥʪʫ ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ ʜʦ ʩʤʝʨʪʽ ʩʪʘʥʦʚʠʪʴ ʤʝʥʝh, 

ʥʽʞ ʦʜʠʥ ʨʽʢ [1]. ʉʝʨʝʜ ʫʨʦʣʦʛʽʯʥʠʭ ʧʫʭʣʠʥ ʩʚʽʪʣʦʢʣʽʪʠʥʥʘ ʢʘʨʮʠʥʦʤʘ ʥʠʨʢʠ 

(ʉʂʂʅ) ʟʘʡʤʘʻ ʪʨʝʪʻ ʤʽʩʮʝ ʧʦ ʯʘʩʪʦʪʽ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ, ʧʽʩʣʷ ʨʘʢʫ ʧʨʦʩʪʘʪʠ ʽ 

ʨʘʢʫ ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ. ʇʨʠ ʮʴʦʤʫ ʉʂʂʅ ʟʘʡʤʘʻ ʧʝʨʰʝ ʤʽʩʮʝ ʧʦ ʩʤʝʨʪʥʦʩʪʽ ʽ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 85% ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʨʘʢʫ ʥʠʨʢʠ [2]. ʎʝ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʤ ʧʨʦʛʥʦʟʦʤ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʛʘʥʦ ʧʽʜʜʘʻʪʴʩʷ 

ʭʽʤʽʦ- ʪʘ ʨʘʜʽʦʪʝʨʘʧʽʾ [3]. ʊʦʤʫ ʜʽʘʛʥʦʩʪʠʢʘ ʽ ʣʽʢʫʚʘʥʥʷ ʩʚʽʪʣʦʢʣʽʪʠʥʥʦʾ 

ʢʘʨʮʠʥʦʤʠ ʥʠʨʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʋʢʨʘʾʥʽ ʽ ʚ ʩʚʽʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʢ ʦʨʛʘʥʽʚ ʫʨʦʛʝʥʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʽ ʜʦʩʣʽʜʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʘʥʮʝʨʦʛʝʥʝʟʫ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ ʤʦʞʝ ʧʨʠʷʪʠ ʚʠʷʚʣʝʥʥʶ ʥʦʚʠʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʦʥʢʦʤʘʨʢʝʨʽʚ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʬʦʨʤ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ʑʦ, ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ, ʩʧʨʠʷʪʠʤʝ ʨʘʥʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ, ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʢʦʥʪʨʦʣʶ ʟʘʭʚʦʨʶʚʘʥʥʷ [4].  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʦʥʢʦʛʝʥʝʟʫ ʚʠʷʚʠʣʠ ʨʷʜ ʩʪʨʫʢʪʫʨʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʽ ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ ʧʫʭʣʠʥʦʫʪʚʦʨʝʥʥʷ [5]. ʅʘʧʨʠʢʣʘʜ, ʜʝʣʝʮʽʾ ʪʘ 

ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʠʭ ʜʽʣʷʥʦʢ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʪʘ ʘʤʧʣʽʬʽʢʘʮʽʾ 

ʦʥʢʦʛʝʥʽʚ ʽ ʾʭ ʪʨʘʥʩʣʦʢʘʮʽʾ ʚ ʙʽʣʴʰ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦ ʘʢʪʠʚʥʽ ʨʝʛʽʦʥʠ. ʊʘʢʽ 

ʟʤʽʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʘʙʦ ʙʣʦʢʫʚʘʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ 

ʧʫʭʣʠʥ ʽ ʥʘʜʝʢʩʧʨʝʩʽʾ ʧʨʦʪʦʦʥʢʦʛʝʥʽʚ.  

ɺʠʱʝʚʢʘʟʘʥʽ ʟʤʽʥʠ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʭʨʦʤʦʩʦʤʽ 3 ʣʶʜʠʥʠ ʫ 

ʚʠʧʘʜʢʫ ʨʦʟʚʠʪʢʫ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʧʫʭʣʠʥ ʽ, ʟʦʢʨʝʤʘ, ʧʨʠ ʉʂʂʅ. ʊʘʢ, ʧʨʠ 

ʉʂʂʅ ʯʘʩʪʠʤʠ ʻ ʽʥʘʢʪʠʚʘʮʽʾ ʛʝʥʽʚ VHL [6] ʪʘ FHIT [7, 8]. ʊʘʢʦʞ ʥʘ 3-ʡ 
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ʭʨʦʤʦʩʦʤʽ ʟʥʘʭʦʜʷʪʴʩʷ ʢʽʣʴʢʘ ʛʝʥʽʚ, ʜʣʷ ʷʢʠʭ ʩʫʧʨʝʩʽʷ ʧʫʭʣʠʥ ʧʦʢʘʟʘʥʘ 

ʪʽʣʴʢʠ ʥʘ ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʷʭ. ɿʦʢʨʝʤʘ, ʥʘ ʜʽʣʷʥʮʽ 3ʨ21.3 ʙʫʚ ʚʽʜʢʨʠʪʠʡ ʛʝʥ-

ʩʫʧʨʝʩʦʨ RASSF1A (Ras association domain family 1A). ʈʝʝʢʩʧʨʝʩʽʷ ʛʝʥʘ 

RASSF1A ʚ ʣʽʥʽʷʭ ʢʣʽʪʠʥ ʨʘʢʫ ʣʝʛʝʥʽ ʽʥʛʽʙʫʚʘʣʘ ʨʽʩʪ ʧʫʭʣʠʥ ʫ ʙʝʟʪʠʤʫʩʥʠʭ 

ʤʠʰʝʡ ʧʨʠ ʽʥʦʢʫʣʷʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʩʫʙʣʽʥʽʷʤʠ [9, 10]. ɻʝʥ NPRL2/G21 

(nitrogen permease regulator - like 2) ʻ ʥʝʛʘʪʠʚʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʽʥʘʟʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ ʽʥʘʢʪʠʚʫʶʯʽ ʤʫʪʘʮʽʾ ʮʴʦʛʦ ʛʝʥʘ ʜʣʷ ʨʷʜʫ 

ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʥʘ 3'-ʢʽʥʮʽ ʫ 

ʢʣʽʪʠʥʘʭ ʣʽʥʽʡ ʢʘʨʮʠʥʦʤʠ ʥʠʨʢʠ, ʣʝʛʝʥʽ ʽ ʰʠʡʢʠ ʤʘʪʢʠ. ʉʫʧʨʝʩʽʶ ʨʦʩʪʫ 

ʧʫʭʣʠʥ ʙʫʣʦ ʧʦʢʘʟʘʥʦ in vitro [11]. ɻʝʥ hMLH1 (human mutL homolog 1) ʙʝʨʝ 

ʫʯʘʩʪʴ ʫ ʨʝʧʘʨʘʮʽʾ ɼʅʂ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʛʝʥʘ hMLH1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʙʽʣʢʘ ʧʨʠ ʥʝʜʨʽʙʥʦʢʣʽʪʠʥʥʦʤʫ ʨʘʢʫ ʣʝʛʝʥ ̔ [12, 13, 14]. 

ʑʝ ʦʜʠʥ ʛʝʥ - BAP1 (BRCA associated protein 1) ʧʦʢʘʟʫʻ ʯʘʩʪʫ ʚʪʨʘʪʫ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʽ ʽʥʪʨʘʛʝʥʥʽ ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʚ ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʷʭ ʨʘʢʫ 

ʣʝʛʝʥʽ. ɹʫʣʦ ʚʠʩʫʥʫʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʮʝʡ ʛʝʥ-ʩʫʧʨʝʩʦʨ ʙʝʨʝ ʫʯʘʩʪʴ ʚ 

ʩʠʛʥʘʣʴʥʠʭ ʰʣʷʭʘʭ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʧʨʦʪʝʾʥʦʤ BRCA1 [15]. ʅʝʱʦʜʘʚʥʦ 

ʧʦʪʝʥʮʽʡʥʠʤ ʛʝʥʦʤ-ʩʫʧʨʝʩʦʨʦʤ ʩʪʘʚ ʛʝʥ FUS1, ʱʦ ʤʽʩʪʠʪʴ ʚʥʫʪʨʽʰʥʽ 

ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʚ ʢʣʽʪʠʥʘʭ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʽ ʣʝʛʝʥʽ. ʇʽʜʚʠʱʝʥʘ 

ʝʢʩʧʨʝʩʽʷ ʜʘʥʦʛʦ ʛʝʥʘ ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʣʦʥʽʡ ʥʘ 60-80%, 

ʩʬʦʨʤʦʚʘʥʠʭ ʣʽʥʽʻʶ ʢʣʽʪʠʥ ʚ ʪʝʩʪʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʦʥʽʡ [16]. 

ʈʦʟʫʤʽʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʥʢʦʩʫʧʨʝʩʽʾ ʜʦʟʚʦʣʠʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʥʝʣʽ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʣʽʢʘʨʩʴʢʽ ʧʨʝʧʘʨʘʪʠ ʜʣʷ 

ʩʪʨʠʤʫʚʘʥʥʷ ʨʦʩʪʫ ʧʫʭʣʠʥ. ɺ ʟʚʷʟʢʫ ʟ ʮʠʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʦʤʠʭ ʛʝʥʽʚ, ʱʦ 

ʤʘʪʁʴ ʬʫʥʢʮʽʾ ʦʥʢʦʩʫʧʨʝʩʦʨʽʚ, ʪʘ ʧʦʰʫʢ ʥʦʚʠʭ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʨʦʩʪʫ 

ʧʫʭʣʠʥ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʦʥʢʦʛʝʥʝʪʠʢʠ. 

ɿʚôʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʫ 

ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʠʭ ʧʨʦʝʢʪʽʚ ʚʽʜʜʽʣʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʛʝʥʦʤʽʢʠ 

ɯʥʩʪʠʪʫʪʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʙʽʦʣʦʛʽʾ ʪʘ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ çɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ, ʢʘʨʪʦʚʘʥʠʭ ʥʘ 3-ʡ ʭʨʦʤʦʩʦʤʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʨʢʝʨʽʚ ï 

ʢʣʶʯʦʚʠʭ ʜʣʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʝʧʽʪʝʣʽʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷè 
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(2007-2011 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0107U000337), ʪʘ çɼʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʷʢ ʦʩʥʦʚʠ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʧʘʪʦʣʦʛʽʡè (2007-2009 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0107U0004941), ʘ ʪʘʢʦʞ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʪʝʤʠ ʚʽʜʜʽʣʫ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʦʥʢʦʛʝʥʝʪʠʢʠ çɺʠʚʯʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʪʘ ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ ʚ ʟʣʦʷʢʽʩʥʠʭ 

ʧʫʭʣʠʥʘʭ ʝʧʽʪʝʣʠʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷè (2010-2015 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0110U000691). 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʷʚʠʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʛʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʨʦʩʪʫ ʧʫʭʣʠʥ ʜʣʷ ʩʚʽʪʣʦʢʣʽʪʠʥʥʦʾ ʢʘʨʮʠʥʦʤʠ 

ʥʠʨʢʠ ʣʶʜʠʥʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʛʝʥʝʪʠʯʥʠʭ ʧʦʨʫʰʝʥʴ ʽ ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ 

ʥʘ ʾʭ ʝʢʩʧʨʝʩʽʶ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʷʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʰʠʨʦʢʦʤʘʰʪʘʙʥʦʛʦ ʩʢʨʽʥʽʛʫ ʧʦʪʝʥʮʽʡʥʽ 

ʛʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʜʣʷ ʉʂʂʅ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʝʥʽʚ-

ʩʫʧʨʝʩʦʨʽʚ ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ ʣʶʜʠʥʠ; 

3. ɺʩʪʘʥʦʚʠʪʠ ʩʪʘʪʫʩ ʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʠʭ ʜʽʣʷʥʦʢ ʛʝʥʽʚ ʟʽ ʟʤʽʥʝʥʦʶ 

ʝʢʩʧʨʝʩʽʻʶ ʚ ʟʨʘʟʢʘʭ ʧʫʭʣʠʥ ʜʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʤʦʞʣʠʚʦʾ ʧʨʠʯʠʥʠ ʟʤʽʥ 

ʨʽʚʥʷ ʾʭʥʴʦʾ ʝʢʩʧʨʝʩʽʾ ʫ ʧʫʭʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʨʤʘʣʴʥʠʤʠ 

ʪʢʘʥʠʥʘʤʠ. 

4.  ʇʝʨʝʚʽʨʠʪʠ ʥʘʷʚʥʽʩʪʴ ʜʝʣʝʮʽʡ ʚ ʛʦʤʦ- ʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʦʤʫ ʩʪʘʥʽ ʽ ʟʤʽʥ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʜʣʷ ʚʽʜʽʙʨʘʥʠʭ ʛʝʥʽʚ ʫ ʧʫʭʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʛʝʥʝʪʠʯʥʠʡ ʪʘ ʝʧʽʛʝʥʝʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʨʦʩʪʫ 

ʧʫʭʣʠʥ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʪʝʥʮʽʡʥʽ ʛʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ 

ʩʚʽʪʣʦʢʣʽʪʠʥʥʦʾ ʢʘʨʮʠʥʦʤʠ ʥʠʨʢʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʣʝʢʫʣʷʨʥʦ-ʙʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

NotI-ʤʽʢʨʦʯʽʧʠ (NMA), ʧʦʣʽʤʝʨʘʟʥʫ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʂ-

ʇʃʈ), ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʚ ʧʦʣʽʤʦʨʬʥʠʭ ʣʦʢʫʩʘʭ (LOH-
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ʘʥʘʣʽʟ), ʤʝʪʠʣʩʧʝʮʠʬʽʯʥʫ ʧʦʣʽʤʝʨʘʟʥʫ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ (ʄʉ-ʇʃʈ), ʘʥʘʣʽʟ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ, ʘ ʪʘʢʦʞ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʽ ʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʾ NotI-ʤʽʢʨʦʯʽʧʽʚ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʤʽʥʠ ʚ ʛʝʥʘʭ/ʣʦʢʫʩʘʭ 3-ʾ 

ʭʨʦʤʦʩʦʤʠ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʛʝʥʽʚ-

ʩʫʧʨʝʩʦʨʽʚ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ ʥʘ ʨʽʚʥʽ ʤʈʅʂ NKIRAS1, PPM1M, PRICKLE2 ʚ 

ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʨʦʜʠʥʠ 

ʩʝʣʝʥʦʚʤʽʩʥʠʭ ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟ (GPX 1-4,6) ʚ ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʛʝʥʠ GPX2 ʽ GPX6 ʥʝ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʚ ʧʫʭʣʠʥʘʭ ʽ ʥʦʨʤʘʣʴʥʽʡ 

ʪʢʘʥʠʥʽ ʥʠʨʢʠ. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʧʝʚʥʠʭ ʛʝʥʽʚ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʫʪʥʽʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʝʢʩʧʨʝʩʽʻʶ ʛʝʥʽʚ ʥʘ ʨʽʚʥʽ ʤʈʅʂ ʪʘ 

ʤʝʪʠʣʫʚʘʥʥʷʤ ʭʾ ʧʨʦʤʦʪʦʨʥʠʭ ʜʽʣʷʥʦʢ. ʊʘʢ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʚ 

ʟʨʘʟʢʘʭ ʉʂʂʅ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʛʝʥʽʚ NKIRAS1, PPM1M, PRICLE2 ʪʘ GPX1. 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʣʷ ʛʝʥʘ GPX3, ʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ 

ʛʝʥʘ GPX4 ʟʘʣʠʰʘʣʘʩʷ ʥʝʟʤʽʥʥʦʶ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʥʘʤʠ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʾʽ ï 

NotI-ʤʽʢʨʦʯʽʧʽʚ ï ʜʣʷ ʤʘʰʪʘʙʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʛʝʥʦʤʫ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʫʭʣʠʥʦʩʫʧʨʝʩʦʨʥʠʭ ʛʝʥʽʚ ʽ ʥʘʙʦʨʽʚ ʦʥʢʦʤʘʨʢʝʨʽʚ ʜʣʷ ʨʘʥʥʴʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʘʢʫ. ɺʠʷʚʣʝʥʽ ʛʝʥʝʪʠʯʥʽ ʧʦʨʫʰʝʥʥ ̫ʚ ʛʝʥʘʭ NKIRAS1, PPM1M, 

PRICLE2 ʪʘ GPX1 ʚ ʧʫʭʣʠʥʘʭ ʭʚʦʨʠʭ ʥʘ ʉʂʂʅ ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʛʝʥʽʚ ʷʢ ʢʦʤʧʦʥʝʥʪʽʚ ʤʫʣʴʪʠʤʘʨʢʝʨʥʦʾ ʧʘʥʝʣʽ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʘʥʦʛʦ ʪʠʧʫ ʢʘʨʮʠʥʦʤ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʟʜʦʙʫʚʘʯʘ. ʆʪʨʠʤʘʥʥʷ ʛʝʥʦʤʥʦʾ ɼʅʂ ʽʟ ʟʨʘʟʢʽʚ 

ʭʽʨʫʨʛʽʯʥʦ ʚʠʜʘʣʝʥʠʭ ʪʢʘʥʠʥ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʧʫʭʣʠʥ ʪʘ ʦʪʦʯʫʶʯʠʭ ʪʢʘʥʠʥ, ʘ 

ʪʘʢʦʞ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʟʜʦʙʫʚʘʯʝʤ ʚʠʢʦʥʘʥʦ ʚʠʚʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʪʘ ʘʥʘʣʽʟ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʽʚ ʫ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʧʫʭʣʠʥʘʭ ʥʠʨʢʠ ʣʶʜʠʥʠ ʤʝʪʦʜʦʤ ʂ-

ʇʃʈ. ɹʽʩʫʣʴʬʽʪʥʘ ʦʙʨʦʙʢʘ ʛʝʥʦʤʥʦʾ ɼʅʂ, ʚʠʜʽʣʝʥʥʷ ʈʅʂ ʟʽ ʟʨʘʟʢʽʚ ʧʫʭʣʠʥ ʪʘ 
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ʄʉ-ʇʃʈ ʧʨʦʚʦʜʠʣʠʩʷ ʩʧʽʣʴʥʦ ʟʽ ʩʪ. ʥ. ʩ. ɻʝʨʘʱʝʥʢʦ ɻ.ɺ. ʪʘ ʥ. ʩ. ʂʦʥʜʨʘʪʦʚʠʤ 

ʆ.ɻ. ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʚʪʦʨʽʚ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʩʪ. 

ʥ. ʩ. ʂʨʘʚʯʝʥʢʦ ʉ.ɸ. ʎʠʢʣ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʪʝʭʥʦʣʦʛʽʻʶ NotI-

ʤʽʢʨʦʯʽʧʽʚ, ʚʠʢʦʥʘʥʦ ʫ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʽ ʟ ʂʘʨʦʣʽʥʩʴʢʠʤ ʽʥʩʪʠʪʫʪʦʤ, 

ʉʪʦʢʛʦʣʴʤ, ʐʚʝʮʽ̫ . 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʧʦʪʦʯʥʠʭ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʚʽʜʜʽʣʽʚ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʦʥʢʦʛʝʥʝʪʠʢʠ  ̔ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʛʝʥʦʤʽʢʠ ɯʄɹʽɻ ʪʘ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

ɹʽʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʚ ʋʢʨʘʾʥʽ (ʂʠʾʚ, 2012); ɹʽʦʪʝʭʥʦʣʦʛʽʷ 

XXI  ʩʪʦʣʽʪʪʷ (ʂʠʾʚ, 2013); ʐʝʚʯʝʥʢʽʚʩʴʢʘ ɺʝʩʥʘ (ʂʠʾʚ, 2013). ʄʦʣʦʜʴ ʽ 

ʧʦʩʪʫʧ ʚ ʙʽʦʣʦʛʽʾ (ʃʴʚʽʚ, 2014). 

ʇʫʙʣʽʢʘʮʽʾ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ: ʦʧʫʙʣʽʢʦʚʘʥʦ 11 ʧʨʘʮʴ, ʟ ʥʠʭ 7 ʩʪʘʪʝʡ 

ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ ʪʘ ʪʝʟʠ 4 ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʦʛʣʷʜʫ 

ʣʽʪʝʨʘʪʫʨʠ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ - 134 ʩʪʦʨʽʥʢʠ. 

ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 16 ʨʠʩʫʥʢʽʚ, 10 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

ʦʭʦʧʣʶʻ 288 ʥʘʡʤʝʥʫʚʘʥʥʴ. 
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ʈʆɿɼɯʃ 1 

 

 

 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

 

1.1. ʆʥʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ 

 

ʉʪʨʫʢʪʫʨʘ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʚ ʋʢʨʘʾʥʽ ʥʘʩʪʫʧʥʘ: ʜʣʷ ʯʦʣʦʚʽʢʽʚ 

75% ʫʩʽʭ ʚʠʧʘʜʢʽʚ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʩʢʣʘʜʘʶʪʴ ʥʦʚʦʫʪʚʦʨʝʥʥʷ 

ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʨʘʢ ʰʢʽʨʠ, ʦʨʛʘʥʽʚ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ, ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ 

ʟʘʣʦʟʠ, ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ, ʥʠʨʦʢ ʽ ʛʦʨʪʘʥʽ; ʜʣʷ ʞʽʥʦʢ 77% ʫʩʽʭ ʚʠʧʘʜʢʽʚ 

ʟʣʦ̫ʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʩʢʣʘʜʘʶʪʴ ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ, ʰʢʽʨʠ, ʦʨʛʘʥʽʚ 

ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ, ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʪʽʣʘ ʽ ʰʠʡʢʠ ʤʘʪʢʠ, ʷʻʯʥʠʢʽʚ [1]. ʈʘʢ 

ʥʠʨʦʢ ʤʘʻ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʩʤʝʨʪʥʦʩʪʽ ʩʝʨʝʜ ʧʫʭʣʠʥ ʩʝʯʦʩʪʘʪʝʚʦʾ ʩʠʩʪʝʤʠ. 

ɹʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʧʘʮʽʻʥʪʽʚ ʥʘ ʤʦʤʝʥʪ ʚʠʷʚʣʝʥʥʷ ʭʚʦʨʦʙʠ ʤʘʶʪʴ ʤʝʪʘʩʪʘʟʠ. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʢʽʣʴʢʽʩʪʴ ʭʚʦʨʠʭ ʥʠʨʢʦʚʦ-ʢʣʽʪʠʥʥʦʶ ʢʘʨʮʠʥʦʤʦʶ 

ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʻ ʥʘ 2,5%. [20]. ɺ ʋʢʨʘʾʥʽ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʨʘʢʦʤ ʥʠʨʦʢ ʩʝʨʝʜ 

ʯʦʣʦʚʽʢʽʚ ʫ ʚʽʮʽ 30-54 ʨʦʢʽʚ ʩʢʣʘʜʘʻ 5,3% ʚʽʜ ʫʩʽʭ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ 

[1].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʢ ʦʨʛʘʥʽʚ ʫʨʦʛʝʥʽʪʘʣʴʥʦʾ ʩʬʝʨʠ ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʫ ʟʚ'ʷʟʢʫ ʟ ʡʦʛʦ ʧʦʰʠʨʝʥʽʩʪʶ ʽ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʩʤʝʨʪʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʤʦʣʝʢʫʣʷʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʘʥʦʛʦ ʚʠʜʫ ʨʘʢʫ ʜʦʩʣʽʜʞʝʥʽ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʦ, ʬʦʨʤʫʚʘʥʥʷ ʛʨʫʧ ʨʠʟʠʢʫ ʽ ʨʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʘ ʫʩʢʣʘʜʥʝʥʽ. 

ɺʠʚʯʝʥʥʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʘʥʮʝʨʦʛʝʥʝʟʫ ʜʣʷ ʮʠʭ 

ʥʦʟʦʣʦʛʽʯʥʠʭ ʬʦʨʤ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʤʦʞʝ ʩʧʨʠʷʪʠ ʾʭ ʨʘʥʥʽʡ 

ʜʽʘʛʥʦʩʪʠʮʽ. 
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1.2. ɼʦʙʨʦʷʢʽʩʥʽ ʽ ʟʣʦʷʢʽʩʥʽ ʝʧʽʪʝʣʽʘʣʴʥʽ ʧʫʭʣʠʥʠ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʟʜʘʪʥʦʩʪʽ ʧʫʭʣʠʥ ʜʦ ʧʨʦʛʨʝʩʽʾ ʽ ʢʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ - ʜʦʙʨʦʷʢʽʩʥʽ ʽ ʟʣʦʷʢʽʩʥʽ. 

ɼʦʙʨʦʷʢʽʩʥʠʤ (ʟʨʽʣʠʤ) ʧʫʭʣʠʥʘʤ ʚʣʘʩʪʠʚʠʡ ʝʢʩʧʘʥʩʠʚʥʠʡ ʨʽʩʪ: ʚʦʥʠ 

ʨʦʟʩʦʚʫʶʪʴ ʘʣʝ ʥʝ ʫʰʢʦʜʞʫʶʪʴ ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ. ɺʥʘʩʣʽʜʦʢ ʘʪʨʦʬʽʾ 

ʪʢʘʥʠʥ ʥʘ ʤʝʞʽ ʟ ʧʫʭʣʠʥʦʶ ʬʦʨʤʫʻʪʴʩʷ ʦʙʦʣʦʥʢʘ. ʅʝʙʝʟʧʝʯʥʽ ʤʘʩʘ ʘʙʦ 

ʣʦʢʘʣʽʟʘʮʽʷ ʜʦʙʨʦʷʢʽʩʥʠʭ ʫʪʚʦʨʝʥʴ, ʘʣʝ ʚʦʥ ̔ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʜʘʣʝʥʽ ʧʨʠ ʦʧʝʨʘʮʽʾ. ʄʽʨʘ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʢʣʽʪʠʥ ʪʘʢʠʭ ʧʫʭʣʠʥ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʾʭ ʪʢʘʥʠʥʥʫ ʧʨʠʥʘʣʝʞʥʽʩʪʴ. ɼʦ ʜʦʙʨʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ, ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʥʦʩʷʪʴʩʷ: ʘʜʝʥʦʤʠ (ʟʘʣʦʟʠʩʪʠʡ ʝʧʽʪʝʣʽʡ), ʧʘʧʽʣʦʤʠ (ʧʦʢʨʠʚʥʠʡ ʝʧʽʪʝʣʽʡ), 

ʣʽʧʦʤʠ (ʞʠʨʦʚʘ ʪʢʘʥʠʥʘ), ʦʩʪʝʦʤʘ (ʢʽʩʪʢʦʚʘ ʪʢʘʥʠʥʘ), ʭʦʥʜʨʦʤʘ (ʭʨʷʱʦʚʘ 

ʪʢʘʥʠʥʘ) [17]. 

ɿʣʦʷʢʽʩʥʝ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʫ ʧʘʪʦʣʦʛʽʯʥʽʡ ʬʽʟʽʦʣʦʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʘʥʦʤʘʣʴʥʝ ʨʦʟʨʦʩʪʘʥʥʷ ʪʢʘʥʠʥʠ ʽʟ ʩʧʘʜʢʦʚʦ ʟʘʢʨʽʧʣʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʥʝʦʙʤʝʞʝʥʦʛʦ ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʨʦʩʪʫ. ɿʣʦʷʢʽʩʥʠʤ ʧʫʭʣʠʥʘʤ ʚʣʘʩʪʠʚʠʡ 

ʽʥʚʘʟʠʚʥʠʡ ʨʽʩʪ: ʚʦʥʠ ʚʨʦʩʪʘʶʪʴ ʚ ʧʨʠʣʝʛʣʽ ʪʢʘʥʠʥʠ, ʨʫʡʥʫʶʪʴ ʾʭ, ʜʘʶʪʴ 

ʤʝʪʘʩʪʘʟʠ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʘʥʘʧʣʘʟʽ̫  - ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʙʽʣʴʰ ʧʨʠʤʽʪʠʚʥʦʛʦ 

ʪʠʧʫ. 

ʍʽʨʫʨʛʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʫʩʢʣʘʜʥʝʥʝ, ʜʣʷ ʨʘʢʫ 

ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʽ ʨʝʮʠʜʠʚʠ. ʅʠʥʽ ʧʨʠʡʥʷʪʘ ʤʽʞʥʘʨʦʜʥʘ TNM-ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ (T (tumor) - ʧʦʰʠʨʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʧʫʭʣʠʥʠ, N 

(nodes) - ʽʥʚʘʟʽʷ ʚ ʨʝʛʽʦʥʘʨʥʽ ʣʽʤʬʦʚʫʟʣʠ, M (metastases) - ʥʘʷʚʥʽʩʪʴ 

ʤʝʪʘʩʪʘʟʽʚ) [18].  

ɼʦ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʣʦʷʢʽʩʥʦʾ ʧʫʭʣʠʥʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ 

ʩʠʩʪʝʤʥʫ ʜʽʶ ʥʘ ʦʨʛʘʥʽʟʤ. ɹʫʜʦʚʘ ʧʫʭʣʠʥʠ ʽ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʚ'ʷʟʢʠ ʟ 

ʥʦʨʤʘʣʴʥʠʤ ʦʪʦʯʝʥʥʷʤ ʩʢʣʘʜʥʽ: ʚʦʥʘ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʷʢ ʦʩʦʙʣʠʚʠʡ ʦʨʛʘʥ ʽ 

ʟʜʘʪʥʘ ʨʝʢʨʫʪʫʚʘʪʠ ʥʦʨʤʘʣʴʥʽ ʢʣʽʪʠʥʠ ʜʣʷ ʘʥʛʽʦʛʝʥʝʟʫ, ʧʽʜʛʦʪʦʚʢʠ 

ʤʝʪʘʩʪʘʪʠʯʥʠʭ ʥʽʰ ʽ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ. 
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ʂʘʨʮʠʥʦʤʘ ʘʙʦ ʚʣʘʩʥʝ ʨʘʢ ʫʪʚʦʨʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟ ʝʧʽʪʝʣʽʘʣʴʥʠʭ 

ʢʣʽʪʠʥ (ʥʘʧʨʠʢʣʘʜ, ʨʘʢ ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ ʟʘʣʦʟʠ, ʣʝʛʝʥʴ, ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ), ʽʥʰʽ 

ʚʠʜʠ ʟʣʦʷʢʽʩʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʨʠʡʥʷʪʦ ʨʦʟʨʽʟʥʷʪʠ ʟʘ ʪʠʧʦʤ ʪʢʘʥʠʥʠ 

ʧʦʭʦʜʞʝʥʥʷ: ʤʝʣʘʥʦʤʘ (ʤʝʣʘʥʦʮʠʪʠ), ʩʘʨʢʦʤʘ (ʩʧʦʣʫʯʥʘ ʪʢʘʥʠʥʘ, ʢʽʩʪʢʦʚʘ ʽ 

ʤ`ʷʟʦʚʘ ʪʢʘʥʠʥʘ), ʣʝʡʢʦʟ (ʩʪʦʚʙʫʨʦʚʽ ʢʣʽʪʠʥʠ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ), ʣʽʤʬʦʤʘ 

(ʣʽʤʬʘʪʠʯʥʘ ʪʢʘʥʠʥʘ), ʪʝʨʘʪʦʤʘ (ʟʘʨʦʜʢʦʚʽ ʢʣʽʪʠʥʠ), ʛʣʽʦʤʘ (ʛʣʽʘʣʴʥʽ ʢʣʽʪʠʥʠ) 

[17]. 

ɿʣʦʷʢʽʩʥʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʥʠʨʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʤ 

(ʛʽʧʝʨʥʝʬʨʦʾʜʥʠʤ), ʧʘʧʽʣʷʨʥʠʤ ʥʠʨʢʦʚʦʢʣʽʪʠʥʥʠʤ, ʭʨʦʤʦʬʦʙʥʠʤ 

ʥʠʨʢʦʚʦʢʣʽʪʠʥʥʠʤ, ʫʨʦʪʝʣʽʘʣʴʥʠʤ ʨʘʢʦʤ ʽ ʨʘʢʦʤ ʝʧʽʪʝʣʽʶ ʟʙʠʨʘʣʴʥʠʭ 

ʪʨʫʙʦʯʦʢ. ɹʣʠʟʴʢʦ 85% ʚʠʧʘʜʢʽʚ ʨʘʢʫ ʥʠʨʦʢ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤ [19]. 

 

1.3. ʄʦʣʝʢʫʣʷʨʥʽ ʦʩʥʦʚʠ ʢʘʥʮʝʨʦʛʝʥʝʟʫ 

 

1.3.1. ʈʦʣʴ ʦʥʢʦʛʝʥʽʚ ʽ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʨʦʩʪʫ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʚ 

ʨʦʟʚʠʪʢʫ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʠʟʥʘʥʦ, ʱʦ ʨʘʢ ʚʠʥʠʢʘʻ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʟʤʽʥʘʭ ʽ ʚʽʜʙʦʨʽ. 

ʃʦʛʘʨʠʬʤʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʚʠʥʠʢʥʝʥʥʷ ʨʘʢʫ ʚʽʜ ʚʽʢʫ ʧʨʠʧʫʩʢʘʻ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʣʽʯ ʧʦʜʽʡ [21]. ʋ 1954 ʨʦʮʽ Armitage  ̔ Dall ʦʧʫʙʣʽʢʫʚʘʣʠ 

ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʟʘʭʚʦʨʶʚʘʥʴ ʚʽʜ ʚʽʢʫ ʜʣʷ 17 ʪʠʧʽʚ ʨʘʢʫ [22]. ʅʘ ʧʽʜʩʪʘʚʽ 

ʮʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʢʘʥʮʝʨʦʛʝʥʝʟ - ʮʝ ʩʢʣʘʜʥʠʡ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʡ ʧʨʦʮʝʩ.  

ɯʩʥʫʻ 4 ʪʠʧʠ ʛʝʥʽʚ, ʱʦ ʟʘʜʽʷʥʽ ʚ ʢʘʥʮʝʨʦʛʝʥʝʟʽ: ʦʥʢʦʛʝʥʠ, ʘʢʪʠʚʘʮʽʷ ʷʢʠʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥ, ʛʝʥʠ, ʱʦ ʩʫʧʨʝʩʫʶʪʴ ʧʫʭʣʠʥʥʠʡ ʨʽʩʪ (TSG), 

ʛʝʥʠ-ʤʫʪʘʪʦʨʠ, ʘʢʪʠʚʘʮʽʷ ʷʢʠʭ ʧʽʜʚʠʱʫʻ ʯʘʩʪʦʪʫ ʤʫʪʘʮʽʡ ʽ ʛʝʥʠ-ʙʣʦʢʘʪʦʨʠ 

ʘʧʦʧʪʦʟʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʞʠʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʣʽʪʠʥ [23].  

ɺʘʞʣʠʚʫ ʨʦʣʴ ʚ ʢʘʥʮʝʨʦʛʝʥʝʟʽ ʛʨʘʶʪʴ ʦʥʢʦʛʝʥʠ. ʇʨʦʪʦʦʥʢʦʛʝʥʠ 

ʢʦʜʫʶʪʴ ʙʽʣʢʠ, ʷʢʽ ʻ ʢʦʤʧʦʥʝʥʪʘʤʠ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʚ ʢʣʽʪʠʥʽ. ʋ 

ʥʦʨʤʘʣʴʥʽʡ ʢʣʽʪʠʥʽ ʝʢʩʧʨʝʩʽʷ ʧʨʦʪʦʦʥʢʦʛʝʥʚ̔ ʨʝʪʝʣʴʥʦ ʨʝʛʫʣʶʻʪʴʩʷ, ʽ ʾʭ 
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ʪʨʘʥʩʢʨʠʧʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʦʛʦ ʥʘ ʧʝʚʥʠʭ ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ ʢʣʽʪʠʥ. 

ʄʫʪʘʮʽʾ ʚ ʮʠʭ ʛʝʥʘʭ ʜʽʶʪʴ ʷʢ ʜʦʤʽʥʘʥʪʥʽ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ ʦʨʠʛʽʥʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ ʙʝʟʢʦʥʪʨʦʣʴʥʝ ʧʨʠʩʢʦʨʝʥʝ ʜʽʣʝʥʥʷ ʢʣʽʪʠʥ. 

Oʥʢʦʛʝʥʠ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʧʨʠ ʽʥʬʝʢʮʽʾ ʨʝʪʨʦʚʽʨʫʩʘʤʠ, ʟʦʢʨʝʤʘ, ʙʫʣʦ ʜʦʚʝʜʝʥʦ, 

ʱʦ ʧʨʦʜʫʢʪʠ ʮʠʭ ʛʝʥʽʚ ʧʨʦʚʦʢʫʶʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʫʭʣʠʥʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʨʝʪʨʦʚʽʨʫʩʥʽ ʦʥʢʦʛʝʥʠ ʟʘʤʽʱʘʶʪʴ ʩʦʙʦʶ ʢʣʽʪʠʥʥʽ ʛʝʥʠ ʽ ʻ ʟʤʽʥʝʥʦʶ 

ʚʝʨʩʽʻʶ ʦʩʪʘʥʥʽʭ [24]. 

ɸʢʪʠʚʫʚʘʥʥʷ ʧʨʦʪʦʦʥʢʦʛʝʥʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ, 

ʜʦʤʽʥʘʥʪʥʠʭ ʬʝʥʦʪʠʧʽʚ  ̔ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ: ʪʦʯʢʦʚʽ 

ʤʫʪʘʮʽʾ; ʪʨʘʥʩʣʦʢʘʮʽʾ ʭʨʦʤʦʩʦʤʥʠʭ ʜʽʣʷʥʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʟʣʠʪʠʭ ʙʽʣʢʽʚ ʘʙʦ ʧʦʷʚʠ ʧʝʨʝʙʫʜʦʚʘʥʠʭ ʯʠ ʫʢʦʨʦʯʝʥʠʭ ʬʦʨʤ ʙʽʣʢʫ; ʟʤʽʥʠ 

ʝʢʩʧʨʝʩʽʾ ʙʽʣʢʘ ʚʥʘʩʣʽʜʦʢ ʘʤʧʣʽʬʽʢʘʮʽʾ, ʟʙʽʣʴʰʝʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʤʦʪʦʨʘ ʘʙʦ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʙʽʣʢʫ. ʇʨʦʪʦʦʥʢʦʛʝʥʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʬʫʥʢʮʽʶ ʬʘʢʪʦʨʽʚ ʨʦʩʪʫ, 

ʨʝʮʝʧʪʦʨʽʚ ʬʘʢʪʦʨʽʚ ʨʦʩʪʫ, ʧʝʨʝʜʘʚʘʯʽʚ ʩʠʛʥʘʣʫ ʷʜʝʨʥʠʭ ʧʨʦʪʦʦʥʢʦʛʝʥʚ̔ ʽ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ [25].  

ʆʜʠʥ ʦʥʢʦʛʝʥ ʥʝ ʟʜʘʪʥʠʡ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽ.ʾ ʇʨʦʪʝ, ʩʧʽʣʴʥʘ 

ʜʽʷ ʜʝʢʽʣʴʢʦʭ ʦʥʢʦʛʝʥʚ̔ ʤʦʞʝ ʟʘʢʽʥʯʠʪʠʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʢʣʽʪʠʥʠ [26, 27]. 

ʎ ̔ʤʽʥʽʤʘʣʴʥʽ ʟʤʽʥʠ ʚʢʣʶʯʘʶʪʴ ʽʥʘʢʪʠʚʘʮʽʶ p53  ̔ Rb ʰʣʷʭʽʚ, ʧʽʜʪʨʠʤʢʫ 

ʧʦʩʪʽʡʥʦʾ ʜʦʚʞʠʥʠ ʪʝʣʦʤʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ hTERT  ̔ʦʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ 

ʤ̔ʪʦʛʝʥʥʥʦʛʦ ʩʠʛʥʘʣʫ, ʩʪʚʦʨʝʥʦʛʦ ʦʥʢʦʛʝʥʥʠʤ ras. 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥ ʻ ʥʝ ʣʠʱʝ ʘʢʪʠʚʘʮʽʷ 

ʧʨʦʪʦʦʥʢʦʛʝʥʽʚ, ʘ ʡ ʽʥʘʢʪʠʚʘʮʽʷ ʛʝʥʽʚ ʩʫʧʨʝʩʦʨʽʚ - ʘʣʣʝʣʽʚ ʛʝʥʽʚ ʜʠʢʦʛʦ ʪʠʧʫ, 

ʷʢʽ ʛʨʘʶʪʴ ʥʝʛʘʪʠʚʥʫ ʨʝʛʫʣʶʶʯʫ ʨʦʣʴ, ʟʦʢʨʝʤʘ ʚ ʧʨʦʣʽʬʝʨʘʮʽʾ ʽ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʽ ʢʣʽʪʠʥ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʢʣʽʪʠʥʥʠʭ ʧʨʦʮʝʩʘʭ. ʆʥʢʦʛʝʥʥʦʶ ʻ 

ʚʪʨʘʪʘ ʘʙʦ ʽʥʘʢʪʠʚʘʮʽʷ ʪʘʢʠʭ ʘʣʝʣʽʚ. ʎʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʛʽʙʨʠʜʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʣʠʪʪʷʤ ʥʦʨʤʘʣʴʥʠʭ ʽ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ [28-32]. 

ʉʧʦʯʘʪʢʫ ʛʽʙʨʠʜʠ ʙʫʣʠ ʥʝ ʦʥʢʦʛʝʥʥʠʤʠ, ʦʩʢʽʣʴʢʠ, ʧʦʜʽʙʥʦ ʜʦ ʥʦʨʤʘʣʴʥʠʭ 

ʢʣʽʪʠʥ, ʚʦʥʠ ʥʝ ʧʨʦʣʽʬʝʨʫʚʘʣʠ ʚ ̔ʤʫʥʦʩʫʤʽʩʥʠʭ ʨʝʮʠʧʽʻʥʪʘʭ. ʇʨʦʪʝ, ʧʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʛʽʙʨʠʜʥʽ ʢʣʦʥʠ ʧʨʦʡʰʣʠ ʜʝʢʽʣʴʢʘ ʧʘʩʘʞʽʚ ʚ ʢʫʣʴʪʫʨʽ, ʧʝʚʥʽ 
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ʭʨʦʤʦʩʦʤʠ ʙʫʣʠ ʚʪʨʘʯʝʥʽ, ʽ ʢʣʽʪʠʥʠ ʚʽʜʥʦʚʣʶʚʘʣʠ ʩʚʦʶ ʟʜʘʪʥʽʩʪʴ ʬʦʨʤʫʚʘʪʠ 

ʧʫʭʣʠʥʫ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ in vitro ʘʙʦ 

ʧʨʠʛʥʽʯʝʥʥʷ ʧʫʭʣʠʥʠ in vivo ʻ ʚʚʝʜʝʥʥʷ ʦʜʥʽʻʾ ʢʦʧʽʾ ʥʦʨʤʘʣʴʥʦʾ ʭʨʦʤʦʩʦʤʠ. 

ʂʥʫʜʩʦʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʦʜʝʣʴ [33], ʟʛʽʜʥʦ ʷʢʦʾ ʚʠʥʠʢʥʝʥʥʷ ʨʝʪʠʥʦʙʣʘʩʪʦʤʠ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʤʫʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʦʙʦʭ ʘʣʣʝʣʷʭ ʦʜʥʦʛʦ 

ʛʝʥʘ. ʎʷ ʤʦʜʝʣʴ ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʛʽʧʦʪʝʟʠ ʜʚʦʭ ʫʜʘʨʽʚ (two-hits hypothesis). ɿ 

ʯʘʩʫ ʚʽʜʢʨʠʪʪʷ ʛʝʥʘ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʚʠʥʠʢʥʝʥʥʷ ʨʝʪʠʥʦʙʣʘʩʪʦʤʠ (RB) ʚ 

1986, ʙʫʣʦ ̔ʜʝʥʪʠʬʽʢʦʚʘʥʦ ʩʦʪʥʽ ʦʥʢʦʘʩʦʮʽʡʦʚʘʥʠʭ ʛʝʥʽʚ 

(http://bioinfo.mc.vanderbilt.edu/TSGene/) [34]. TSG ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʢʦʥʪʨʦʣʽ 

ʢʣʽʪʠʥʥʦʛʦ ʮʠʢʣʫ, ʨʝʛʫʣʶʶʪʴ ʨʽʩʪ ʽ ʪʨʘʥʩʢʨʠʧʮʽʶ, ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ, ʘ 

ʪʘʢʦʞ ʘʥʛʽʦʛʝʥʝʟ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ TSG ʤʦʞʫʪʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʘʥʪʠʧʫʭʣʠʥʥʽʡ ʪʝʨʘʧʽʾ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʪʘʢ ʟʚʘʥʽ ʛʝʥʝʪʠʯʥʽ ʤʫʪʘʛʝʥʠ ʘʙʦ ʛʝʥʠ-ʤʫʪʘʪʦʨʠ, ʷʢʽ 

ʧʽʜʚʠʱʫʶʪʴ ʯʘʩʪʦʪʫ ʤʫʪʘʮʽʡ ʚ ʦʢʨʝʤʽʡ ʢʣʽʪʠʥʽ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʥ̔ʩʝʨʮʽʡʥ̔ 

ʩʝʛʤʝʥʪʠ (ɯʉ), ʷʢʽ ʻ ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ (ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʽʥʰʠʭ ʛʝʥʽʚ), ʽ ʪʨʘʥʩʧʦʟʦʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʩʪʨʫʢʪʫʨʥʽ ʛʝʥʠ 

(ʥʘʧʨʠʢʣʘʜ, ʛʝʥ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʥʪʠʙʽʦʪʠʢʘ). ɯ ʪʽ, ʽ ʽʥʰʽ 

ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʤʽʞ ʨʽʟʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʭʨʦʤʦʩʦʤ, ʤʽʞ ʷʜʨʦʤ ʽ 

ʮʠʪʦʧʣʘʟʤʦʶ, ʤʽʞ ʨʽʟʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʽ ʥʘʚʽʪʴ ʤʽʞ ʨʽʟʥʠʤʠ ʪʘʢʩʦʥʘʤʠ [35]. 

ɼʽʘʧʘʟʦʥ ʾʭ ʜʽʾ ʜʫʞʝ ʰʠʨʦʢʠʡ: ʧʝʨʝʥʝʩʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʛʝʥʽʚ, ʙʣʦʢʫʚʘʥʥʷ 

(ʘʙʦ, ʥʘʚʧʘʢʠ ʘʢʪʠʚʫʚʘʥʥʷ) ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʭʨʦʤʦʩʦʤ, ʧʽʜʚʠʱʝʥʥʷ (ʫ 100 - 

1000 ʨʘʟʽʚ) ʯʘʩʪʦʪʠ ʤʫʪʘʮʽʡ ʫ ʬʽʢʩʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ.  

ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʚ ʧʽʜʚʠʱʝʥʥʽ ʨʽʚʥʷ ʤʫʪʘʮʽʡ ʛʨʘʁʪʴ ʤʝʭʘʥʽʟʤʠ ʨʝʧʘʨʘʮʽʾ. 

ʇʝʨʰʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʦʢʘʨʽʦʪ, ʘʣʝ, ʷʢ ʽ ʩʣʽʜ ʙʫʣʦ 

ʦʯʽʢʫʚʘʪʠ, ʤʝʭʘʥʽʟʤ ʮʝʡ ʚʠʷʚʠʚʩʷ ʟʘʛʘʣʴʥʠʤ ʽ ʜʣʷ ʝʫʢʘʨʦ̔ʪ (ʚʢʣʶʯʘʶʯʠ 

ʩʩʘʚʮʽʚ ʽ ʣʶʜʠʥʫ). ʄʫʪʘʮʽʾ ʘʙʦ ʜʝʣʝʮʽʾ ʛʝʥʽʚ-ʤʫʪʘʪʦʨʽʚ, ʟʘʣʫʯʝʥʠʭ ʚ "ʨʝʤʦʥʪ" 

ɼʅʂ, ʧʨʠʟʚʦʜʪ̫ʴ ʜʦ ʩʧʝʮʠʬʽʯʥʦʛʦ ʤʫʣʴʪʠʨʘʢʦʚʦʛʦ ʩʠʥʜʨʦʤʫ. ʄʫʪʘʮʽʾ ʚ 

ʛʝʥʘʭ-ʤʫʪʘʪʦʨʘʭ ʩʧʨʠʯʠʥʷʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʤʫʪʘʮʽʡ  ̔ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠ ʤʫʪʘʮʽ ʾ ʚ ʽʥʰʠʭ ʛʝʥʘʭ, ʷʢ p53 ʘʙʦ APC. ɺ 
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ʨʝʟʫʣʴʪʘʪʽ ʽʤʦʚʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥʠ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. ʇʦʪʝʥʮ̔ʡʥʠʤʠ 

ʛʝʥʘʤʠ-ʤʫʪʘʪʦʨʘʤʠ ʚʚʘʞʘʶʪʴ MSH2 ʥʘ ʣʶʜʩʴʢʽʡ ʭʨʦʤʦʩʦʤʽ 2p21 (ʮʝʡ ʛʝʥ - 

ʛʦʤʦʣʦʛ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ MutS ̔  ʜʨʽʞʜʞʦʚʦʛʦ MSH2), ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʧʦʜʽʙʥʠʡ ʛʝʥ hMLH1 ʥʘ ʭʨʦʤʦʩʦʤʽ 3p21.3[36, 37]. 

ʇʽʩʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʣʽʪʠʥʠ ʥʘʩʪʫʧʥʠʤʠ ʢʨʠʪʠʯʥʠʤʠ ʝʪʘʧʘʤʠ 

ʬʦʨʤʫʚʘʥʥʷ ʧʫʭʣʠʥʠ ʻ ʟʤʽʥʠ ʛʝʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʘʧʦʧʪʦʟʽ, ʘʥʛʽʦʛʝʥʝʟʽ ʽ 

ʤʝʪʘʩʪʘʟʫʚʘʥʥʽ ʧʫʭʣʠʥ. ʈʘʢʦʚʘ ʢʣʽʪʠʥʘ ʤʽʩʪʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʦʰʢʦʜʞʝʥʴ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʽ ʟʘ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʽʚ 

ʘʧʦʧʪʦʟʫ ʪʘʢʘ ʢʣʽʪʠʥʘ ʙʫʜʝ ʟʥʠʱʝʥʘ ʰʣʷʭʦʤ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʟʘʛʠʙʝʣʽ. ʊʽʣʴʢʠ 

ʪʦʜʽ, ʢʦʣʠ ʤʝʭʘʥʽʟʤʠ ʘʧʦʧʪʦʟʫ ʟʘʙʣʦʢʦʚʘʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʨʫʰʝʥʘ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʢʣʽʪʠʥʘ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʚʘʪʠʩʷ. 

ɸʥʛʽʦʛʝʥʝʟ ʪʘʢʦʞ ʻ ʢʨʠʪʠʯʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʥʝʦʧʣʘʟʽʾ. ʇʨʠ ʮʴʦʤʫ 

ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʣʦʥʽʚ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʣʽʪʠʥ ʤʘʻ ʟʜʘʪʥʽʩʪʴ 

ʩʪʠʤʫʣʶʚʘʪʠ ʘʥʛʽʦʛʝʥʝʟ ʚ ʫʤʦʚʘʭ ʛʽʧʦʢʩʽʾ. [38]. ʂʣʽʪʠʥʠ ʩʝʢʨʝʪʫʶʪʴ ʚ 

ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʧʦʟʠʪʠʚʥʠʡ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʡ ʤʦʜʫʣʷʪʦʨʠ ʘʥʛʽʦʛʝʥʝʟʫ, 

ʟʦʢʨʝʤʘ, ʧʨʦʘʥʛʽʦʛʝʥʥʠʤ ʬʘʢʪʦʨʦʤ ʻ VEGF, ʘ ʘʥʪʠʘʥʛʽʦʛʝʥʥʠʤ - 

ʪʨʦʤʙʦʩʧʦʥʜʠʥ. ɸʥʛʽʦʛʝʥʝʟ ʪʽʩʥʦ ʧʦʚ`ʷʟʘʥʠʡ ʟ ʛʽʧʦʢʩʽʻ,ʁ ʾʭ ʨʝʛʫʣʷʮʽʷ 

ʩʢʣʘʜʥʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʚʩʽʭ ʧʨʦ- ʪʘ ʘʥʪʠʘʥʛʽʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ ʷʢ ʚ ʢʣʽʪʠʥʘʭ ʩʘʤʦʾ ʧʫʭʣʠʥʠ, ʪʘʢ ʽ ʚ ʾʾ ʤʽʢʨʦʩʝʨʝʜʦʚʠʱʽ [39, 40]. 

ʅʘʩʪʫʧʥʠʤ ʢʨʠʪʠʯʥʠʤ ʤʦʤʝʥʪʦʤ ʚ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥʠ ʻ ʥʘʙʫʪʪʷ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʤʝʪʘʩʪʘʟʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʠʤʠ ʻ ʚʪʨʘʪʘ ʘʜʛʝʟʠʚʥʠʭ 

ʬʫʥʢʮʽʡ, ʬʦʨʤʫʚʘʥʥʷ ʨʫʭʣʠʚʦʛʦ ʬʝʥʦʪʠʧʫ ʽ ʤʦʞʣʠʚʽʩʪʴ ʣʽʟʠʩʫ ʦʪʦʯʫʶʯʠʭ 

ʪʢʘʥʠʥ ʜʣʷ ʚʠʭʦʜʫ ʚ ʢʨʦʚ`ʷʥʝ ʨʫʩʣʦ (ʩʪʘʜʽʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʘʟʠʚʥʦʛʦ 

ʬʝʥʦʪʠʧʫ ʧʫʭʣʠʥʠ). [35-37; 41-43].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʟʣʦʷʢʽʩʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʣʽʪʠʥ ʻ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ ʪʘ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʤ ʧʨʦʮʝʩʦʤ, ʜʣʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʘ ʷʢ 

ʽʥʘʢʪʠʚʘʮʽʷ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ, ʪʘʢ ʽ ʥʘʜʤʽʨʥʘ ʘʢʪʠʚʘʮʽʷ ʦʥʢʦʛʝʥʽʚ. 

1.3.2. ɻʝʥʝʪʠʯʥʽ ʤʝʭʘʥʽʟʤʠ ʽʥʘʢʪʠʚʘʮʽʾ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʨʦʩʪʫ 

ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ. ɼʣʷ ʤʘʣʽʛʥʽʟʦʚʘʥʠʭ ʢʣʽʪʠʥ ʭʘʨʘʢʪʝʨʥʽ ʚʩʽ ʚʽʜʦʤʽ ʚʠʜʠ 

ʛʝʥʝʪʠʯʥʠʭ ʧʦʨʫʰʝʥʴ: ʷʢ ʭʨʦʤʦʩʦʤʥʽ ï ʘʥʝʫʧʣʦʾʜʽʾ, ʜʝʣʝʮʽʾ, ʪʨʘʥʩʣʦʢʘʮʽʾ, 
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ʘʤʧʣʽʬʽʢʘʮʽʾ, ʽʥʚʝʨʩʽʾ, ʪʘʢ ʽ ʤʝʥʰ ʤʘʰʪʘʙʥʽ ï ʪʦʯʢʦʚʽ ʤʫʪʘʮʽʾ, 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʽ ʧʦʣʽʤʦʨʬʽʟʤʠ (SNP) ʘʙʦ ʤʫʪʘʮʽʾ ʟʩʫʚʫ ʨʘʤʢʠ ʟʯʠʪʫʚʘʥʥʷ. 

ɸʤʧʣʽʬʽʢʘʮʽʾ ʪʘ ʪʨʘʥʩʣʦʢʘʮʽʾ ʚ ʙʽʣʴʰ ʪʨʘʥʩʢʨʠʧʮʽʡʥʦ ʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʘʢʦʚʽʡ ʢʣʽʪʠʥʽ ʘʢʪʠʚʘʮʽʶ ʦʥʢʦʛʝʥʽʚ. ɸʥʝʫʧʣʦʾʜʽʷ, ʜʝʣʝʮʽʾ 

ʚʝʣʠʢʠʭ ʜʽʣʷʥʦʢ ʘʙʦ ʧʨʦʤʦʪʦʨʥʠʭ ʨʝʛʽʦʥʽʚ, ʪʨʘʥʩʣʦʢʘʮʽʾ ʚ ʥʝʘʢʪʠʚʥʽ ʯʘʩʪʠʥʠ 

ʛʝʥʦʤʫ, ʪʦʯʢʦʚʽ ʤʫʪʘʮʽʾ ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʽʥʘʢʪʠʚʘʮʽʾ ʛʝʥʽʚ-

ʦʥʢʦʩʫʧʨʝʩʦʨʽʚ. 

ɻʝʥʝʪʠʯʥʘ ʤʽʥʣʠʚʽʩʪʴ ʣʶʜʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʫʩʝʨʝʜʠʥʽ ʪʘʢ ʽ ʤʽʞ 

ʧʦʧʫʣʷʮʽʷʤʠ, ʽ ʙʽʣʴʰʽʩʪʴ ʛʝʥʝʪʠʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʷʚʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʘʣʝ ʨʦʙʣʷʪʴ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦ ʭʚʦʨʦʙʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʶʪʴ ʤʽʨʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʣʽʢʘʨʩʴʢʽ ʧʨʝʧʘʨʘʪʠ. ʇʨʦʪʷʛʦʤ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ ʨʽʟʥʽ ʛʝʥʝʪʠʯʥʽ ʚʘʨʽʘʥʪʠ, ʪʘʢʽ ʷʢ ʚʘʨʽʘʮʽʾ, ʯʠʩʣʘ ʢʦʧʽʡ, ʙʫʣʠ ʚʧʝʨʰʝ 

ʧʦʚ'ʷʟʘʥʽ ʟ ʨʽʟʥʠʤʠ ʨʦʟʣʘʜʘʤʠ ʫ ʣʶʜʠʥʠ. [44, 45] ʊʘʢʽ ʚʘʨʽʘʮʽʾ ʙʫʣʠ ʚʠʟʥʘʥʽ 

ʛʝʥʝʪʠʯʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ, ʱʦ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ (ɿʂʂ) ï ( 

copy number variation, CNV) [46-48]. ɿʂʂ - ʩʧʘʜʢʦʚʽ ʘʙʦ de novo ʩʪʨʫʢʪʫʨʥʽ 

ʟʤʽʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʩʽ ʚʠʜʠ ʛʝʥʦʤʥʠʭ ʚʘʨʽʘʮʽʡ >1 ʢʙ, ʥʘʧʨʠʢʣʘʜ ʽʥʩʝʨʮʽʾ, 

ʜʝʣʝʮʽʾ, ʽʥʚʝʨʩʽʾ, ʪʨʘʥʩʣʦʢʘʮʽʾ [49, 50]. ɿʘʛʘʣʦʤ, ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʧʦʥʘʜ 350 

ʪʠʩ. ɿʂʂ ʚ ɹʘʟʽ ɼʘʥʠʭ ɻʝʥʦʤʥʠʭ ɺʘʨʽʘʥʪʽʚ (Database of Genomic Variants, 

http://dgv.tcag.ca/dgv/app/home) ʚ ʞʦʚʪʥʽ 2014 ʨʦʢʫ. ʇʽʜʨʘʭʦʚʘʥʦ, ʱʦ 75,6% 

ʝʢʟʦʥʽʚ ʽ 91,2% ʪʨʘʥʩʢʨʠʧʪʽʚ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʧʨʠʥʘʡʤʽ ʦʜʥʠʤ ɿʂʂ-ʨʝʛʽʦʥʦʤ, 

ʦʪʞʝ, ɿʂʂ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʽ ʙʽʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ [51]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʘʣʝʣʴʥʦʛʦ ʛʦʤʦʣʦʛʽʯʥʦʛʦ 

ʩʝʢʚʝʥʫʚʘʥʥʷ (NGS-ʪʝʭʥʦʣʦʛʽʾ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝʘʣʝʣʴʥʽ ʛʦʤʦʣʦʛʽʯʥʽ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ ʧʨʠʻʜʥʘʥʥʷ ʥʝʛʦʤʦʣʦʛʽʯʥʠʭ ʢʽʥʮʽʚ ʻ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʘʤʠ, 

ʱʦ ʬʦʨʤʫʶʪʴ ɿʂʂ [52]. ɹʽʣʴʰʝ 99% ɿʂʂ ʫʩʧʘʜʢʦʚʫʶʪʴʩʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ 

ʩʪʚʦʨʶʶʪʴʩʷ de novo ʧʽʜ ʯʘʩ ʤʝʡʦʟʫ. ɺʘʥ ʆʤʤʝʥ ʚʠʤʽʨʷʚ ʯʘʩʪʦʪʫ de novo 

ɿʂʂ ʚʝʣʠʢʠʭ ʬʨʘʛʤʝʥʪʽʚ ɼʅʂ ʫ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʽ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʯʘʩʪʦʪʘ 

ʜʝʣʝʮʽʡ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ 1 ʟ 8, ʘ ʜʫʧʣʽʢʘʮʽ ʾʫ 1 ʟ 50 ʥʝʤʦʚʣʷʪ [53]. 

ʂʨʽʤ ʪʦʛʦ, ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ, ʷʢ ʛʝʥʝʪʠʯʥʘ ʚʘʨʽʘʮʽʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʬʝʢʪʫ ʜʦʟʠ ʛʝʥʘ. ɿʂʂ ʦʙʫʤʦʚʣʶʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʠʟʠʢʫ 
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ʚʠʥʠʢʥʝʥʥʷ ʭʚʦʨʦʙ ʯʝʨʝʟ ʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʨʝʩʽʶ 

ʛʝʥʽʚ, ʥʘʧʨʠʢʣʘʜ ʽʥʘʢʪʠʚʘʮʽʷ ʘʙʦ ʧʝʨʝʩʪʘʥʦʚʢʘ ʛʝʥʘ [44, 45]. ɿʂʂ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ CGH-ʤʽʢʨʦʯʽʧʽʚ, SNP-ʤʽʢʨʦʯʽʧʘʤʠ ʜʣʷ ʚʩʴʦʛʦ 

ʛʝʥʦʤʫ ʪʘ/ʘʙʦ ʩʠʢʚʝʥʫʚʘʥʥʷʤ ʮʽʣʦʛʦ ʛʝʥʦʤʘ. ɺʠʚʯʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʚʘʨʽʘʮʽʡ ʚ 

ʤʘʰʪʘʙʘʭ ʮʽʣʦʛʦ ʛʝʥʦʤʫ ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʛʝʥʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʴ [54, 55]. ɼʽʡʩʥʦ, ʜʝʷʢʽ ɿʂʂ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʦʥʢʦʣʦʛʽʯʥʠʤʠ ʘʙʦ ʘʫʪʦʽʤʫʥʥʠʤʠ ʭʚʦʨʦʙʘʤʠ [56-59], ʽ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʘʪʦʛʝʥʝʟʫ ʭʚʦʨʦʙ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʤʽʰʝʥʝʡ 

ʜʣʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ [60]. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʪʨʘʪʘ ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʭʨʦʤʦʩʦʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʛʝʥʘ-ʩʫʧʨʝʩʦʨʘ. ʊʦʤʫ ʤʝʪʦʜ LOH ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ. ɿʛʽʜʥʦ 

ʟ ʮʽʻʶ ʛʽʧʦʪʝʟʦʶ, ʙʘʛʘʪʦ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʧʫʭʣʠʥ ʱʝ ʥʝ ʚʽʜʢʨʠʪʦ [61]. 

ɺʪʨʘʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. ɼʦ 

ʚʪʨʘʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ: ʤʪ̔ʦʟʥ ̔

ʨʝʢʦʤʙʽʥʘʮʽʾ, ʜʝʣʝʮʽ,ʾ ʢʦʥʚʝʨʩʽʷ ʛʝʥʽʚ, ʜʚʦʥʠʪʢʦʚʽ ʨʦʟʨʠʚʠ ʭʨʦʤʦʩʦʤ, ʟʣʠʪʪʷ 

ʭʨʦʤʦʩʦʤ ʘʙʦ ʪʝʣʦʤʝʨʥ ̔ʟʣʠʪʪʷ ʪʠʧʫ ʢʽʥʝʮʴ-ʜʦ-ʢʽʥʮʷ  ̔ʥʘʚʽʪʴ ʚʪʨʘʪʘ ʮʽʣʦʾ 

ʭʨʦʤʦʩʦʤʠ. ɺʪʨʘʪʘ ʮʽʣʦʾ ʭʨʦʤʦʩʦʤʠ ʧʨʠʟʚʦʜʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʜʝʬʝʢʪʽʚ ʚ 

ʩʝʛʨʝʛʘʮʽʾ ʭʨʦʤʦʩʦʤ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʧʫʭʣʠʥʘʭ ʚʪʨʘʪʘ ʭʨʦʤʦʩʦʤ 

ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʭʨʦʤʦʩʦʤ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ, ʱʦ ʯʘʩʪʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʦʤʦʟʠʛʦʪʥʦʩʪʽ. ɺʪʨʘʪʘ ʧʣʝʯʘ ʘʙʦ ʚʝʣʠʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʞʝ 

ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʦʣʘʥʮ ʛʁʦʚʠʭ ʨʦʟʨʠʚʽʚ ɼʅʂ, ʪʨʘʥʩʣʦʢʘʮʽʡ ʘʙʦ ʤʪ̔ʦʟʥʦʾ 

ʨʝʢʦʤʙʽʥʘʮʽʾ [62, 63]. ɺʪʨʘʪʘ ʦʜʥʦʛʦ ʘʣʝʣ ̫ʘʙʦ ʛʝʥʘ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ 

ʜʝʣʝʮʽ̫ ʤʠ, ʱʦ ʚʽʜʙʫʚʘʪʁʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʚʦʣʘʥʮʶʛʦʚʠʭ ʨʦʟʨʠʚʽʚ ɼʅʂ ʘʙʦ 

ʤ̔ʪʦʟʥʦʡ ʨʝʢʦʤʙʽʥʘʮʽʾ ʛʦʤʦʣʦʛʽʯʥʠʭ ʧʣʝʯʝʡ ʭʨʦʤʦʩʦʤ.  

ɺʽʜʦʤʘ ʪʘʢʦʞ ʪʘʢʘ ʛʝʥʝʪʠʯʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʷʢ ʧʦʣʽʤʦʨʬʽʟʤ ʣʦʢʫʩʽʚ. 

ʃʦʢʫʩ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʣʽʤʦʨʬʥʠʤ, ʷʢʱʦ ʚ ʧʦʧʫʣʷʮʽʾ ʽʩʥʫʻ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ 

ʘʣʣʝʣʽʚ ʮʴʦʛʦ ʣʦʢʫʩʫ. ʇʦʣʽʤʦʨʬʥʽ ʛʝʥʠ - ʮʝ ʛʝʥʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʦʧʫʣʷʮʽʾ 

ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʘʣʝʣʽʚ (ʨʽʟʥʽ ʬʦʨʤʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʛʝʥʘ), ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʠʭ ʦʟʥʘʢ. ɹʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʚ ɼʅʂ ʚʝʜʫʪʴ ʜʦ 
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ʚʠʥʠʢʥʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ. ɸʣʝ ʟʘʟʚʠʯʘʡ ʣʦʢʫʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʧʦʣʽʤʨʦʬʥʠʡ, ʷʢʱʦ ʯʘʩʪʦʪʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ ʘʣʣʝʣʷ ʤʝʥʰʝ 0,99. ʊʘʢʠʡ 

ʧʦʜʽʣ ʥʦʩʠʪʴ ʜʦʩʠʪʴ ʫʤʦʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʥʰʽ 

ʢʨʠʪʝʨʽʾ ʧʦʣʽʤʦʨʬʥʦʩʪʽ. ɺ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʦʣʽʤʦʨʬʽʟʤʠ 

ʤʘʶʪʴ ʥʝʡʪʨʘʣʴʥʠʡ ʝʬʝʢʪ. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʧʦʣʽʤʦʨʬʽʟʤʠ, ʟʜʘʪʥʽ ʚʧʣʠʥʫʪʠ ʥʘ 

ʩʪʫʧʽʥʴ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʘʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʙʽʣʢʽʚ, ʈʅʂ) ʽ 

ʩʪʨʫʢʪʫʨʫ ʙʽʣʢʽʚ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʘʣʝʣʷʤʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʛʝʥʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʦʣʷʛʘʶʪʴ ʚ ʥʝʟʥʘʯʥʠʭ ʚʘʨʽʘʮʽʷʭ ʡʦʛʦ ʛʝʥʝʪʠʯʥʦʛʦ ʢʦʜʫ. ɻʝʥʝʪʠʯʥʽ 

ʧʦʣʽʤʦʨʬʽʟʤʠ ʟʘʟʚʠʯʘʡ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʤʽʥʠ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʫ ʥʘ ʽʥʰʠʡ ʽ 

ʟʤʽʥʠ ʯʠʩʣʘ ʧʦʚʪʦʨʶʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ɼʅʂ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʫʩʽʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʛʝʥʦʤʘ: ʝʢʟʦʥʘʭ, ʽʥʪʨʦʥʘʭ, ʨʝʛʫʣʷʪʦʨʥʠʭ ʜʽʣʷʥʢʘʭ. ɿʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʧʦʣʽʤʦʨʬʽʟʤʠ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ: 1) ʬʝʥʦʪʠʧʦʚʦ ʥʝ ʚʠʨʘʞʝʥʽ (ʥʘʧʨ., ʧʦʣʽʤʦʨʬʥʽ 

ʜʽʣʷʥʢʠ ɼʅʂ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ); 2) ʚʠʢʣʠʢʘʶʪʴ ʬʝʥʦʪʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ (ʥʘʧʨ.,  ʢʦʣʽʨ 

ʚʦʣʦʩʩʷ ʘʙʦ ʟʨʽʩʪ), ʘʣʝ ʥʝ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʟʘʭʚʦʨʶʚʘʥʥʷ; 3) ʛʨʘʶʪʴ ʜʝʷʢʫ ʨʦʣʴ ʫ 

ʧʘʪʦʛʝʥʝʟʽ ʟʘʭʚʦʨʶʚʘʥʥʷ (ʥʘʧʨ., ʧʨʠ ʧʦʣʽʛʝʥʥʠʭ ʭʚʦʨʦʙʘʭ); 4) ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ 

ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʟʘʭʚʦʨʶʚʘʥʥʷ (ʧʨʠ ʤʦʥʦʛʝʥʥʠʭ ʭʚʦʨʦʙʘʭ) [64].  

ʆʢʨʝʤʦ ʚʠʜʽʣʷʶʪʴ ʪʘʢʠʡ ʨʽʟʥʦʚʠʜ ʛʝʥʝʪʠʯʥʠʭ ʧʦʣʽʤʦʨʬʽʟʤʽʚ ʷʢ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ - SNP. ʎʽ ʧʦʣʽʤʦʨʬʽʟʤʠ ʚʠʟʥʘʯʘʶʪʴ 

ʛʝʥʝʪʠʯʥʫ ʫʥʽʢʘʣʴʥʽʩʪʴ ʢʦʞʥʦ ʾʦʩʦʙʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʩʭʠʣʴʥʽʩʪʴ 

ʜʦ ʭʚʦʨʦʙ [65]. ʇʝʚʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʤʦʞʝ ʙʫʪʠ ʩʧʘʜʢʦʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 

ʽʥʜʠʚʽʜʘ ʘʙʦ ʥʘʙʫʪʠʤ ʢʣʽʪʠʥʘʤʠ ʧʫʭʣʠʥʠ ʚ ʧʨʦʮʝʩʽ ʟʣʦʷʢʽʩʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

ɼʝʷʢʽ ʩʧʘʜʢʦʚʽ ʧʦʣʽʤʦʨʬʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʬʘʢʪʦʨʘʤʠ ʨʠʟʠʢʫ ʧʝʚʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʘ ʥʘʙʫʪʽ ʚ ʧʨʦʮʝʩʽ ʢʘʥʮʝʨʦʛʝʥʝʟʫ ï ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʷʢ ʦʥʢʦʤʘʨʢʝʨʠ. ʗʢʱʦ ʧʦʣʽʤʦʨʬʽʟʤ ʻ ʦʩʦʙʣʠʚʽʩʪʶ ʛʝʥʦʤʫ ʧʫʭʣʠʥʠ ʽ ʥʝ 

ʩʧʽʚʧʘʜʘʻ ʟ ʛʝʥʦʪʠʧʦʤ ʦʩʦʙʠ, ʪʦ ʚʽʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʜʘʪʢʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʟʤʽʥʠ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʤʦʞʣʠʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. 

ʄʽʞʥʘʨʦʜʥʠʡ ʢʦʥʩʦʨʮʽʫʤ HapMap (human haplotype map) ʧʦʯʘʚ ʧʨʦʝʢʪ ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʚ ʞʦʚʪʥʽ 2002 ʨʦʢʫ. ʅʘ 
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ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʯʠʩʣʦ ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʨʦʣʴ SNP ʚʠʨʦʩʣʦ ʜʦ ʢʽʣʴʢʦʭ 

ʤʽʣʴʡʦʥʽʚ (http://hapmap.ncbi.nlm.nih.gov) [66]. 

1.3.3. ɽʧʽʛʝʥʝʪʠʯʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʧʫʭʣʠʥ ʧʨʠ 

ʢʘʥʮʝʨʦʛʝʥʝʟʽ. ʆʩʥʦʚʥʠʤʠ ʝʧʽʛʝʥʝʪʠʯʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʛʝʥʦʤʫ ʻ 

ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʛʽʩʪʦʥʽʚ, ʧʨʠʯʦʤʫ ʮʽ ʜʚʘ ʷʚʠʱʘ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ. ʍʨʦʤʦʩʦʤʠ ʝʫʢʘʨʽʦʪ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʢʪʠʚʥʠʭ ʨʝʛʽʦʥʽʚ, ʚ ʷʢʠʭ 

ʩʪʨʫʢʪʫʨʘ ʭʨʦʤʘʪʠʥʫ ʻ çʚʽʜʢʨʠʪʦʶè (ʝʫʭʨʦʤʘʪʠʥ) ʽ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʙʽʣʢʽʚ, ʱʦ 

ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ɼʅʂ. ʊʘʢʘ ɼʅʂ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʫʻʪʴʩʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, ʚ 

ʨʝʛʽʦʥʘʭ çʫʤʦʚʯʘʥʥʷè ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʠʡ ʭʨʦʤʘʪʠʥ (ʛʝʪʝʨʦʭʨʦʤʘʪʠʥʦʚʽ 

ʜʽʣʷʥʢʠ) ʟʘʢʨʠʚʘʻ ʜʦʩʪʫʧ ʜʦ ɼʅʂ. ɸʮʝʪʠʣʫʚʘʥʥʷ ʛʽʩʪʦʥʽʚ ʧʝʨʝʜʫʻ 

ʪʨʘʥʩʢʨʠʧʮʽʾ ʽ ʟʘʚʝʨʰʫʻʪʴʩʷ ʜʝʢʦʥʜʝʥʩʘʮʽʻʶ ʭʨʦʤʘʪʠʥʫ ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʚ'ʷʟʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ ʪʨʘʥʩʢʨʠʧʮʽʾ ʟ ɼʅʂ. ɸʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ ʛʽʩʪʦʥʽʚ ʽ 

ʜʝʘʮʝʪʠʣʘʟʘ ʛʽʩʪʦʥʽʚ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. ɸʮʝʪʠʣʫʚʘʥʥʷ 

ʛʽʩʪʦʥʽʚ ʧʦʚ'ʷʟʘʥʝ ʟ ʘʢʪʠʚʥʦʶ ʪʨʘʥʩʢʨʠʧʮʽʻʶ [67]. ʋ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʙʫʚ 

ʚʠʷʚʣʝʥʠʡ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷʤ ɼʅʂ, 

ʽʥʛʽʙʫʚʘʥʥʷʤ ʪʨʘʥʩʢʨʠʧʮʽʾ ʽ ʱ̔ ʣʴʥʦ ʫʧʘʢʦʚʘʥʠʤ ʭʨʦʤʘʪʠʥʦʤ [68]. ʇʨʦʮʝʩ 

ʽʥʛʽʙʫʚʘʥʥʷ ʪʨʘʥʩʢʨʠʧʮʽʾ ʩʧʝʨʰʫ ʙʫʚ ʧʦʷʩʥʝʥʠʡ ʬʽʟʠʯʥʠʤ ʝʬʝʢʪʦʤ 

ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ, ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʥʘʜ ɼʅʂ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʟʤ 

ʪʨʘʥʩʢʨʠʧʮʽʾ [69]. ʅʠʥʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʤʝʭʘʥʽʟʤ ʽʥʛʽʙʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʟʚ'ʷʟʫʚʘʥʥʽ ʧʝʚʥʠʭ ʙʽʣʢʽʚ ʟ ʤʝʪʠʣʴʦʚʘʥʦʶ ɼʅʂ. 

ɸʮʝʪʠʣʫʚʘʥʥʷ ʛʽʩʪʦʥʽʚ ʽ ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʯʝʨʝʟ ʙʽʣʦʢ MeCP2 [70]. ɺʽʥ ʚʧʽʟʥʘʻ ʽ ʧʝʨʝʚʘʞʥʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʟ ʤʝʪʠʣʦʚʘʥʦʶ 

CpG ʛʨʫʧʦʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʫʢʣʝʦʪʠʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʄʝʉʈ2 ʤʽʩʪʠʪʴ 

ʪʘʢʦʞ ʜʦʤʝʥ ʨʝʧʨʝʩʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ (TRD), ʷʢʠʡ ʬʦʨʤʫʻ ʢʦʤʧʣʝʢʩ ʟ ʨʽʟʥʠʤʠ 

ʨʝʧʨʝʩʦʨʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʥʘʧʨʠʢʣʘʜ, mSin3A) ʽ ʜʝʘʮʝʪʠʣʘʟʦʶ ʛʽʩʪʦʥʽʚ 

(ʥʘʧʨʠʢʣʘʜ, HDAC1, HDAC2). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʽʥʛʽʙʽʪʦʨ ʜʝʘʮʝʪʠʣʘʟʠ ʛʽʩʪʦʥʽʚ, 

ʪʨʠʭʦʩʪʘʪʠʥ (TSA), ʤʦʞʝ ʘʢʪʠʚʫʚʘʪʠ ʪʨʘʥʩʢʨʠʧʮʽʶ ʜʝʷʢʠʭ ʛʝʥʽʚ [71]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʙʫʚ ʫʧʝʨʰʝ ʧʦʢʘʟʘʥʠʡ ʧʨʷʤʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʚʦʤʘ ʰʣʷʭʘʤʠ ʨʝʧʨʝʩʽʾ 

ʪʨʘʥʩʢʨʠʧʮʽʾ. ʊʝʧʝʨ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʩʘʤʝ ʙʽʣʢʠ, ʱʦ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʤʝʪʠʣʦʤ, - 
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MBD1, MBD2, MBD3, MBD4 ʽ MeCP2, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʟʚ̫̀ʟʫʚʘʥʥʷ 

ʜʝʘʮʝʪʠʣʘʟʠ ʛ̔ʩʪʦʥʚ̔ (HDACs) ʽ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʭʨʦʤʘʪʠʥʫ.  

ɻʝʥʦʤ ʩʩʘʚʮʽʚ ʤʦʞʝ ʙʫʪʠ ʟʨʫʯʥʦ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʜʚʽ ʬʨʘʢʮʽʾ ʚʽʜʥʦʩʥʦ 

ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ [72, 73]. ʋ ʛʦʣʦʚʥʽʡ ʬʨʘʢʮʽʾ ʜʠʥʫʢʣʝʦʪʠʜʠ CpG (ʧʨʠʙʣʠʟʥʦ 

98% ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ) ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 50-100 ʧ.ʥ. ʽ ʩʠʣʴʥʦ 

ʤʝʪʠʣʦʚʘʥʽ. ʋ ʤʝʥʰʽʡ ʬʨʘʢʮʽʾ (ʧʨʠʙʣʠʟʥʦ 2%), CpG ʜʠʥʫʢʣʝʦʪʠʜʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 10 ʧ.ʥ. ʽ ʥʝʤʝʪʠʣʦʚʘʥʽ. ʄʝʥʰʘ ʬʨʘʢʮʽʷ 

ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʛʝʥʦʤʫ ʚ 45 000 ʢʦʨʦʪʢʠʭ ʦʙʣʘʩʪʝʡ ʧʦ 1 ʪ.ʧ.ʥ., ʚʽʜʦʤʠʭ ʷʢ 

CpG ʦʩʪʨʚ̔ʮ.̔ ɺʦʥʠ ʢʦʣʦʢʘʣʟ̔ʫʶʪʩɹʷ ʟ 5' ʢʽʥʮʷʤʠ ʛʝʥʽʚ [74]. ʋ ʛʝʥʦʤʽ ʣʶʜʠʥʠ 

ʧʨʠʙʣʠʟʥʦ 60% ʛʝʥʽʚ ʧʦʚ'ʷʟʘʥ ̔ ʟ ʦʩʪʨʽʚʮʷʤʠ CpG, ʚʢʣʶʯʘʶʯʠ ʫʩʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʛʝʥʠ ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ʭʘʫʩʢʧ̔̔ʥʛ) ʽ 

ʧʨʠʙʣʠʟʥʦ 40% ʪʢʘʥʠʥʦʩʧʝʮʠʬʽʯʥʠʭ ʛʝʥʽʚ. ʈʽʟʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ 

ʥʘʤʘʛʘʶʪʴʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʩʪʨʽʚʮʽ CpG ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ ʪʽʣʴʢʠ ʧʝʨʚʠʥʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʥʝ ʧʝʨʝʚʽʨʷʶʯʠ ʥʘʷʚʥʽʩʪʴ ʤʝʪʠʣʫʚʘʥʥʷ ʮʠʪʦʟʠʥʘ [75]. 

ʑʽʣʴʥʽʩʪʴ CpG ʦʩʪʨʽʚʮʽʚ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʭʨʦʤʦʩʦʤ. 

ɹʽʣʴʰʽʩʪʴ ʭʨʦʤʦʩʦʤ ʤʘʶʪʴ 5-15 ʦʩʪʨʽʚʮʽʚ ʥʘ 1 ʤ.ʧ.ʥ., ʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

10,5 ʦʩʪʨʽʚʮʽʚ ʥʘ 1ʄɹ. ʅʘ Y ʭʨʦʤʦʩʦʤʽ ʤʘʻ ʤʽʩʮʝ ʥʝʟʚʠʯʥʦ ʥʠʟʴʢʘ ʱʽʣʴʥʽʩʪʴ 

ʦʩʪʨʽʚʮʽʚ ï 2,9 ʥʘ 1 ʄɹ. ɺʽʜʥʦʩʥʘ ʱʽʣʴʥʽʩʪʴ ʦʩʪʨʽʚʮʽʚ CpG ʢʦʨʝʣʶʻ ʟ 

ʚʽʜʥʦʩʥʦʶ ʱʽʣʴʥʽʩʪʶ ʛʝʥʽʚ ʥʘ ʮʠʭ ʭʨʦʤʦʩʦʤʘʭ. CpG ʦʩʪʨʽʚʮʽ ʻ ʝʬʝʢʪʠʚʥʠʤʠ 

ʤʘʨʢʝʨʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʝʥʽʚ,  ̔ ʾʭ ʢʣʦʥʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʚ ʢʘʨʪʫʚʘʥʥʽ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʢʦʞʝʥ CpG ʦʩʪʨʽʚʝʮʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʥʩʢʨʠʧʪʚ̔, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʢɼʅʂ ʙʽʙʣʽʦʪʝʢʘʭ, ʧʨʠʩʫʪʥʽʡ ʚ ʛʝʥʦʤʥʽʡ ɼʅʂ ʚ 

ʝʢʚʽʤʦʣʷʨʥʽʡ ʢʽʣʴʢʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʝʥʥʷ CpG ʦʩʪʨʽʚʮʽʚ ʟʘʙʝʟʧʝʯʠʣʦ 

ʙ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʝʥʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʘʙʦ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʝʢʩʧʨʝʩʽʾ ʚ ʪʢʘʥʠʥʘʭ [76]. 

ʇʨʠ ʤʝʪʠʣʫʚʘʥʥʽ ʮʠʪʦʟʠʥʽʚ ʚ CpG-ʦʩʪʨʽʚʮʷʭ ʧʨʠʻʜʥʘʥʥʷ ʤʝʪʠʣʴʥʦʾ 

ʛʨʫʧʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʥʟʠʤʘʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʚ ʷʢʦʤʫ ʤʝʪʠʣʴʥʘ ʛʨʫʧʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ S - adenosylmethionine (SAʄ) ʜʦ ʚʫʛʣʝʮʶ 5 ʮʠʪʦʟʠʥʘ [77]. 

ɹʽʣʴʰʽʩʪʴ 5 '- ʤʝʪʠʣʮʠʪʦʟʠʥʽʚ ʫ ɼʅʂ ʩʩʘʚʮʽʚ ʻ ʧʨʠʩʫʪʥʽʤʠ ʚ 5 '- CpG - 3' 

ʜʠʥʫʢʣʝʦʪʠʜʘʭ [78]. ʅʝ-CpG ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʠʧʫ 5 '- CpNpG - 3' ʯʠ 
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ʘʩʠʤʝʪʨʠʯʥʽ 5 '- CpA - 3' ʽ 5 '- CpT - 3'[79, 80] ʤʦʞʫʪʴ ʪʘʢʦʞ ʙʫʪʠ ʤʝʪʠʣʦʚʘʥʽ, 

ʧʨʦʪʝ ʟ ʥʘʙʘʛʘʪʦ ʥʠʞʯʦʶ ʯʘʩʪʦʪʦʶ. ʄʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʦʨʛʘʥʽʟʤʘʭ ʚʽʜ ʙʘʢʪʝʨʽʡ ʜʦ ʣʶʜʠʥʠ. ʄʝʪʠʣʫʚʘʥʥʷ ʫ ʙʘʢʪʝʨʽʡ ʻ ʯʘʩʪʠʥʦʶ 

ʤʝʭʘʥʽʟʤʫ ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʬʝʨʫ ʛʝʥʽʚ ʤʽʞ ʚʠʜʘʤʠ. ʉʧʝʮʠʬʽʯʥʽ ʤʫʪʘʥʪʠ 

ʙʘʢʪʝʨʽʡ, ʫ ʷʢʠʭ ʥʝ ʚʠʷʚʣʷʶʪʴ ʤʝʪʠʣʫʚʘʥʥʷ, ʚʠʞʠʚʘʶʪʴ ʽ ʧʨʦʣʬ̔ʝʨʫʶʪɹ. ʋ 

ʢʣʽʪʠʥʘʭ ʩʩʘʚʮʽʚ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʪʨʠ ɼʅʂ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʠ - DNMT1, 

DNMT3A, ʽ DNMT3B [81, 82]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʢʪʝʨʽʡ, ʚʠʜʘʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʟ ʪʨʴʦʭ ʛʝʥʽʚ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʠ ʫ ʤʠʝhʡ ʣʝʪʘʣʴʥʝ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʤʝʪʠʣʫʚʘʥʥʷ ʤʘʻ ʜʦʜʘʪʢʦʚʫ ʽ ʦʙʦʚ'ʷʟʢʦʚʫ ʬʫʥʢʮʽʶ ʫ ʩʩʘʚʮʽʚ. ʋ ʜʦʨʦʩʣʠʭ 

ʢʽʣʴʢʽʩʪʴ ʽ ʤʘʣʶʥʦʢ ʤʝʪʠʣʫʚʘʥʥʷ ʻ ʪʢʘʥʠʥʦʩʧʝʮʠʬʽʯʥʠʤʠ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ 

ʢʣʽʪʠʥ [83]. ɯʩʥʫʶʪʴ ʜʘʥʽ ʧʨʦ ʤʝʪʠʣʫʚʘʥʥʷ ʮʠʪʦʟʠʥʽʚ ʚ CpG ʦʩʪʨʽʚʮʷʭ  

ʧʨʦʤʦʪʦʨʽʚ ʛʝʥʽʚ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʚʽʢʦʚʽ ʟʤʽʥʠ, ʚʢʣʶʯʘʶʯʠ ʛʝʥ ʨʝʮʝʧʪʦʨʘ 

ʝʩʪʨʦʛʝʥʫ ʽ MYOD1 [84, 85]. 

ʉʧʦʯʘʪʢʫ ʚʚʘʞʘʣʠ, ʱʦ ʛʦʣʦʚʥʠʤʠ ʧʦʜʽʷʤʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʽʥʘʢʪʠʚʘʮʽʾ TSG, ʻ  ʪʦʯʢʦʚʽ ʤʫʪʘʮʽʾ ʽ ʭʨʦʤʦʩʦʤʥʽ ʧʝʨʝʙʫʜʦʚʠ. ɺʽʜʢʨʠʪʪʷ 

ʽʥʘʢʪʠʚʘʮʽʾ ʙʘʛʘʪʴʦʭ TSG ʟʘ ʨʘʭʫʥʦʢ ʤʝʪʠʣʫʚʘʥʥʷ ʮʠʪʦʟʠʥʽʚ ʫ CpG ʦʩʪʨʽʚʮʷʭ 

ʾʭ ʧʨʦʤʦʪʦʨʥʠʭ ʦʙʣʘʩʪʝʡ, ʚʢʘʟʫʻ ʱʦ ʝʧʽʛʝʥʝʪʠʯʥʽ ʟʤʽʥʠ ʪʘʢʦʞ ʛʨʘʶʪʴ ʜʫʞʝ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʽʥʘʢʪʠʚʘʮʽʾ TSG ʧʨʠ ʦʥʢʦʛʝʥʝʟʽ [86]. 

ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʽ ʩʪʘʪʫʩ ʭʨʦʤʘʪʠʥʫ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ 

ʥʦʨʤʘʣʴʥʠʡ ʢʣʽʪʠʥʥʠʡ ʛʦʤʝʦʩʪʘʟ ʽ ʝʢʩʧʨʝʩʽʶ ʛʝʥʽʚ, ʧʦʨʫʰʝʥʽ ʚ ʨʘʢʦʚʠʭ 

ʢʣʽʪʠʥʘʭ. ɼʣʷ ʜʝʷʢʠʭ ʛʝʥʽʚ, ʤʝʪʠʣʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʝʣʝʢʮʽʡʥʫ ʧʝʨʝʚʘʛʫ ʧʨʠ 

ʨʦʟʚʠʪʢʫ ʥʝʧʣʘʟʽʡ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʤʫʪʘʮʽʾ ʘʙʦ ʜʝʣʝʮʽʾ; ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʪʨʝʙʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʠʥ ʟ ʤʝʭʘʥʽʟʤʽʚ ʽʥʘʢʪʠʚʘʮʽʾ ʚ ʤʦʜʝʣʽ Knudson ʜʣʷ TSG [87]. 

ʎʷ ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʦʧʫʙʣʽʢʦʚʘʥʠʤ ʜʘʥʠʤ: ʜʝʷʢʽ ʛʝʥʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʨʘʢʦʤ, ʽʥʘʢʪʠʚʫʶʪʴʩʷ ʙʽʘʣʣʝʣʴʥʠʤ ʤʝʪʠʣʫʚʘʥʥʷʤ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ CpG [88, 

89]. ɺʠʚʯʝʥʥʷ ʤʝʪʠʣʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʯʘʩʪʦ ʚʠʷʚʣʷʻ 

ʟʤʥ̔ʫ ʤʝʪʠʣʫʚʘʥʥʷ ʛʝʥʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʘʢʦʤ, ʦʩʦʙʣʠʚʦ ʪʘʢʠʭ, ʱʦ ʥʝ ʤʘʶʪʴ 

ʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʜʦʩʪʘʪʥʴʦ ʜʦʢʘʟʽʚ, ʱʦ ʤʝʪʠʣʫʚʘʥʥʷ ʚ 

CpG ʦʩʪʨʽʚʮʷʭ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʤʘʣʽʛʥʽʟʘʮʽʶ [90, 91]. 
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ʆʙʨʦʙʢʘ ʢʣʽʪʠʥ 5-ʘʟʘʮʠʪʠʜʠʥʦʤ ʽ ʡʦʛʦ ʜʝʦʢʩʠ- ʚʝʨʩʽʻʶ 5-ʘʟʘ-2'-

ʜʝʦʢʩʠʮʠʪʠʜʠʥʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʛʨʝʩʠʚʥʦʾ ʚʪʨʘʪʠ ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʟ 

ʢʦʞʥʠʤ ʮʠʢʣʦʤ ʜʽʣʝʥʥʷ ʢʣʽʪʠʥʠ [92]. ʊʘʢʘ ʦʙʨʦʙʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʙʘʛʘʪʦ ʛʝʥʽʚ 

ʤʦʛʣʠ ʙʫʪʠ ʨʝʘʢʪʠʚʦʚʘʥʽ, ʭʦʯʘ ʧʨʦʷʚʣʷʣʘʩʴ ʧʝʚʥʘ ʩʧʝʮʠʬʽʢʘ ʚ ʮʴʦʤʫ ʝʬʝʢʪʽ. 

ʄʦʞʣʠʚʦ, ʚʽʜʙʫʚʘʣʘʩʷ ʘʜʘʧʪʘʮʽʷ ʜʦ ʫʤʦʚ ʨʦʩʪʫ ʢʣʽʪʠʥʥʦʾ ʢʫʣʴʪʫʨʠ, ʽ ʩʘʤʝ ʮʝ 

"ʘʙʥʦʨʤʘʣʴʥʝ", ʘʙʦ ʘʩʦʮʽʡʦʚʘʥʝ ʟ ʢʣʽʪʠʥʥʦʶ ʢʫʣʴʪʫʨʦʶ ʤʝʪʠʣʫʚʘʥʥʷ 

ʚʠʜʘʣʷʣʦʩʷ ʧʨʠ ʦʙʨʦʙʮʽ 5-ʘʟʘʮʠʪʠʜʠʥʦʤ [93, 94]. ʍʦʯʘ ʦʙʠʜʚʽ ʩʧʦʣʫʢʠ 

ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʽ ʭʝʤʦʪʝʨʘʧʝʚʪʠʯʥʽ ʟʘʩʦʙʠ, ʚʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʥʥʽ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʨʦʣʽ ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʚ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ. 

ɺʽʜʦʤʦ, ʱʦ ʚ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʤʘʣʶʥʢʘ 

ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ. ɯʩʥʫʶʪʴ ʷʢ ʚʝʣʠʢʽ ʦʙʣʘʩʪʽ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ʧʦʚʥʦʛʦ 

ʛʝʥʦʤʘ, ʪʘʢ ʽ ʣʦʢʘʣʴʥʽ ʨʝʛʽʦʥʠ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʩʘʡʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʚ CpG ʦʩʪʨʽʚʮʷʭ ʽ ʚ ʧʨʦʤʦʪʦʨʥʠʭ ʨʝʛʽʦʥʘʭ ʛʝʥʽʚ [95, 96]. ɺ ʥʘʰʽʡ 

ʨʦʙʦʪʽ ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʦ ʛʣʦʙʘʣʴʥʝ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʝʥʘ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʶ CpG ʦʩʪʨʽʚʮʽʚ ʫ TSG.  

ʆʩʢʽʣʴʢʠ ʥʝʤʝʪʠʣʴʦʚʘʥʽ ʩʘʡʪʠ ʨʝʩʪʨʠʢʮʽʾ ʨʝʩʪʨʠʢʪʘʟ, ʱʦ ʱʝʧʣʷʪʴ 

ʚʝʣʠʢʽ ʬʨʘʛʤʝʥʪʠ, ʪʠʧʫ NotI (GCGGCCGC, ʬʝʨʤʝʥʪ, ʯʫʪʣʠʚʠʡ ʜʦ 

ʤʝʪʠʣʫʚʘʥʥʷ), EagI (CGGCCG), SacII (CCGCGG),(GCGCGC), SmaI 

(CCCGGG), NaeI (GCCGGC) ʽ NarI (GGCGCC) ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ CpG 

ʦʩʪʨʽʚʮʷʭ [97], ʚʦʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ CpG ʦʩʪʨʽʚʮʽʚ ʽ 

ʧʦʰʫʢʫ ʛʝʥʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʽʙʣʽʦʪʝʢʠ ʥʘ ʦʩʥʦʚʽ NotI ʩʠʢʚʝʥʩʽʚ ʚ 

ʤʝʞʘʭ CpG ʦʩʪʨʽʚʮʽʚ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ NotI 

ʟʚô̫ ʟʫʶʯʠʭ ʙʽʙʣʽʦʪʝʢ [98-102]. 

ʈ̔ ʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷʤ CpG 

ʦʩʪʨʽʚʮʽʚ ʛʝʥʦʤ ʨʘʢʦʚʦʾ ʢʣʽʪʠʥʠ ʧʽʜʜʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʦʤʫ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʶ. 

ʈʘʢʦʚʘ ʢʣʽʪʠʥʘ ʤʦʞʝ ʤʘʪʠ ʥʘ 20-60% ʤʝʥʰʝ ʛʝʥʦʤʥʠʭ 5 '-ʤʝʪʠʣʮʠʪʦʟʠʥʽʚ, 

ʥʽʞ ʥʦʨʤʘʣʴʥʘ [103, 104]. ɺʪʨʘʪʘ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʚ ʢʦʜʫʶʯʠʭ ʨʝʛʽʦʥʘʭ  ̔ʽʥʪʨʦʥʘʭ ʛʝʥʽʚ. ʄʽʨʘ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ʛʝʥʦʤʘ ʚ 

ʧʫʭʣʠʥʘʭ ʯʘʩʪʦ ʢʦʨʝʣʶʻ ʟ ʤʽʨʦʶ ʤʘʣʽʛʥʽʟʘʮʽʾ, ʭʦʯʘ ʮʝ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ 

ʪʠʧʫ ʧʫʭʣʠʥʠ. ɹʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ, ʱʦ ʧʨʠ ʨʘʢʫ ʛʨʫʜʝʡ, ʷʻʯʥʠʢʽʚ, ʤʘʪʢʠ ʽ 
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ʤʦʟʢʫ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʛʨʝʩʫʻ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʤʽʨʠ ʤʘʣʽʛʥʽʟʘʮʽʾ [105-108]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ʤʦʞʝ ʩʣʫʞʠʪʠ ʙʽʦʣʦʛʽʯʥʠʤ ʤʘʨʢʝʨʦʤ ʟ 

ʧʨʦʛʥʦʩʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ. 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʦʛʦ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʥʘ 

ʢʘʥʮʝʨʦʛʝʥʝʟ. ʎʽ ʤʝʭʘʥʽʟʤʠ - ʭʨʦʤʦʩʦʤʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʨʝʘʢʪʠʚʘʮʽʷ 

ʪʨʘʥʩʧʦʟʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʪʨʘʪʘ ʽʤʧʨʠʥʪʠʥʛʫ. ʅʝʜʦʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʤʦʞʝ 

ʧʦʩʠʣʠʪʠ ʤʽʪʦʪʠʯʥʫ ʨʝʢʦʤʙʽʥʘʮʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ, ʜʝʪʝʢʪʫʶʪʴʩʷ ʪʘʢʦʞ ʢʘʨʽʦʪʠʧʽʯʥʽ ʟʤʽʥʠ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʝ 

ʜʝʤʝʪʠʣʫʚʘʥʥʷ ʚ ʮʝʥʪʨʦʤʝʨʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ - ʯʘʩʪʝ ʷʚʠʱʝ ʚ ʣʶʜʩʴʢʠʭ 

ʧʫʭʣʠʥʘʭ ʽ, ʥʘʧʝʚʥʦ, ʛʨʘʻ ʨʦʣʴ ʚ ʘʥʝʫʧʣʦʾʜʽʾ. ɻʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ 

ʤʘʣʽʛʥʘʥʪʥʠʭ ʢʣʽʪʠʥ ʤʦʞʝ ʪʘʢʦʞ ʘʢʪʠʚʫʚʘʪʠ ʚʥʫʪʨʽʰʥʴʦʛʝʥʦʤʥʫ ʧʘʨʘʟʠʪʥʫ 

ɼʅʂ. [109]. ʊʨʘʥʩʧʦʟʦʥʠ, ʷʢʽ ʨʘʥʽʰʝ ʤʦʚʯʘʣʠ, ʥʘʙʫʚʘʶʪʴ ʟʜʘʪʥʦʩʪʽ ʨʫʭʘʪʠʩʷ 

ʚ ʽʥʰʽ ʛʝʥʦʤʥʽ ʨʝʛʽʦʥʠ, ʜʝ ʤʦʞʫʪʴ ʧʦʨʫʰʫʚʘʪʠ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʛʝʥʽʚ. 

ʅʘʨʝʰʪʽ, ʚʪʨʘʪʘ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʽʤʧʨʠʥʪʠʥʛʦʚʽ ʛʝʥʠ. 

ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʡ ʚʠʧʘʜʦʢ - ʮʝ H19/IGF-2, ʣʦʢʫʩ ʥʘ ʭʨʦʤʦʩʦʤʽ 11p15 [110], 

ʜʝ ʧʦʨʫʰʝʥʥʷ ʤʝʪʠʣʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʜʝʢʩʧʨʝʩʽʾ ʘʥʪʠʘʧʦʧʪʦʟʥʦʛʦ 

ʬʘʢʪʦʨʘ ʨʦʩʪʫ (IGF - 2) ʽ ʚʪʨʘʪʠ ʈʅʂ ʛʝʥʘ ʅ19, ʧʦʪʝʥʮʽʡʥʦʛʦ ʛʝʥʘ-ʩʫʧʨʝʩʦʨʘ 

ʧʨʠ ʧʫʭʣʠʥʽ ɺʽʣʴʤʘ. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ CpG ʩʘʡʪʠ ʻ ʛʘʨʷʯʠʤʠ ʪʦʯʢʘʤʠ ʤʫʪʘʮʽʡ ʽ, ʤʦʞʣʠʚʦ, 

ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 30% ʫʩʽʭ ʪʦʯʢʦʚʠʭ ʤʫʪʘʮʽʡ ʚ ʩʪʘʪʝʚʠʭ ʢʣʽʪʠʥʘʭ [111]. 

ʂʨʽʤ ʪʦʛʦ, CpG ʩʘʡʪʠ ʚ ʢʦʜʫʶʯʠʭ ʨʝʛʽʦʥʘʭ TSG ʻ ʛʘʨʷʯʠʤʠ ʪʦʯʢʘʤʠ ʜʣʷ 

ʥʘʙʫʪʠʭ ʩʦʤʘʪʠʯʥʠʭ ʤʫʪʘʮʽʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʘʢʫ [112, 113]. ʆʜʠʥ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʦʷʩʥʶʻ ʘʙʝʨʘʥʪʥʝ ʤʝʪʠʣʫʚʘʥʥʷ ʮʠʪʦʟʠʥʽʚ ʫ 

CpG ʦʩʪʨʽʚʮʷʭ ʨʘʢʦʚʠʭ ʧʫʭʣʠʥ, ʧʨʠʧʫʩʢʘʻ ʚʪʨʘʪʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʟʘʭʠʱʘʶʪʴ CpG ʦʩʪʨʽʚʮʽ ʚʽʜ ʤʝʪʠʣʫʚʘʥʥʷ. [114, 115]. 

ʂʨʽʤ ʟʤʽʥʠ ʤʝʪʠʣʫʚʘʥʥʷ ʮʠʪʦʟʠʥʽʚ ʚ CpG ʦʩʪʨʽʚʮʷʭ, ʽʩʥʫʶʪʴ 

ʤʦʜʠʬʽʢʘʮʽʾ ʛʽʩʪʦʥʽʚ, ʱʦ ʪʘʢʦʞ ʥʝ ʟʤʽʥʶʶʪʴ ʧʝʨʚʠʥʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ɼʅʂ, 

ʘʣʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɺʽʜʦʤʦ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʠʣʫʚʘʥʥʷ ʣʽʟʠʥʦʚʠʭ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ ʚ ʩʢʣʘʜʽ ʤʦʣʝʢʫʣ ʛʽʩʪʦʥʽʚ. 

ʎ̫  ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚôʷʟʘʥʘ ʷʢ ʟ ʘʢʪʠʚʘʮʽʻʶ, ʪʘʢ ʽ ʟ ʨʝʧʨʝʩʽʻʶ ʪʨʘʥʩʢʨʠʧʮʽʾ, ʚ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʣʠʰʢʫ ʽ ʩʪʫʧʝʥʷ ʤʝʪʠʣʫʚʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, 

ʤʦʥʦʤʝʪʠʣʫʚʘʥʥʷ ʛʽʩʪʦʥʘ ʅ3 ʧʦ ʟʘʣʠʰʢʘʭ ʣʽʟʠʥʫ 9 ʘʙʦ 27 (ʅ3ʂ9 ʘʙʦ ʅ3ʂ27) 

ʘʙʦ ʛʽʩʪʦʥʘ ʅ4 ʧʦ 20 ʟʘʣʠʰʢʫ ʣʽʟʠʥʫ (ʅ4ʂ20) ʧʦʚôʷʟʘʥʦ ʟ çʤʦʚʯʘʥʥʷʤ ʛʝʥʽʚè. 

ʅʘʚʧʘʢʠ, ʧʨʠʻʜʥʘʥʥʷ ʦʜʥʽʻʾ ʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ ʜʦ ʅ3ʂ4, ʅ3ʂ36 ʽ ʅ3ʂ79 

ʢʦʨʝʣʶʻ ʟ ʘʢʪʠʚʘʮʽʻʶ ʪʨʘʥʩʢʨʠʧʮʽʾ. ʊʘʢʦʞ ʤʝʪʠʣʫʚʘʥʥʷ ʛʽʩʪʦʥʽʚ ʤʦʞʝ ʙʫʪʠ 

ʽʥʽʮʽʘʪʦʨʦʤ ʜʣʷ ʽʥʰʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʭʨʦʤʘʪʠʥʫ, ʟʦʢʨʝʤʘ ʤʝʪʠʣʫʚʘʥʥʷ H3K36 

ʻ ʩʠʛʥʘʣʦʤ ʜʣʷ ʜʝʘʮʝʪʠʣʫʚʘʥʥʷ ʛʽʩʪʦʥʽʚ [116]. ɼʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʽʟʥʽ ʪʠʧʠ 

ʨʘʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ, ʯʘʩʪʦ ʥʘʚʽʪʴ ʧʨʦʪʠʣʝʞʥʠʤʠ, ʤʦʜʠʬʽʢʘʮʽʷʤʠ 

ʛʽʩʪʦʥʽʚ [117]. 

ɺʽʜʦʤʘ ʽ ʪʘʢʘ ʚʠʩʦʢʦʤʦʙʽʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ, ʧʨʠʪʘʤʘʥʥʘ ʛʽʩʪʦʥʘʤ ʅ1 ̔  

ʅ3, ʷʢ ʬʦʩʬʦʨʠʣʫʚʘʥʥʷ. ɺʦʥʘ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ 

ʧʨʦʮʝʩʽʚ: ʜʝʢʦʥʜʝʥʩʘʮʽʾ ʭʨʦʤʘʪʠʥʫ ʧʨʠ ʘʢʪʠʚʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ 

ʭʨʦʤʦʩʦʤ ʫ ʧʨʦʮʝʩʽ ʧʦʜʽʣʫ ʢʣʽʪʠʥʠ ʘʙʦ ʘʧʦʧʪʦʟʫ. ɻʽʩʪʦʥʘʤ ʅ2ɸ ʽ ʅ2ɺ 

ʚʣʘʩʪʠʚʘ ʪʘʢʦʞ ʤʦʜʠʬʽʢʘʮʽʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʻʜʥʘʥʥʷʤ ʫʙʽʢʚʽʪʠʥʫ. 

ʎʝʡ ʧʨʦʮʝʩ ʨʝʛʫʣʶʻʪʴʩʷ ʫʙʽʢʚʽʪʠʥ-ʣʽʛʘʟʘʤʠ ʪʘ ʧʨʦʪʝʘʟʘʤʠ [118]. 

ʑʝ ʦʜʥʽʻʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʛʽʩʪʦʥʽʚ ʻ SUMO-ʣʶʚʘʥʥʷ. SUMO (small 

ubiquitin-related modifier) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʣʘʩ ʫʙʽʢʚʽʪʠʥ-ʧʦʜʽʙʥʠʭ ʙʽʣʢʽʚ, ʷʢʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʽʪʠʥʥʠʭ ʬʝʨʤʝʥʪʽʚ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʙʽʣʢʽʚ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʜʦ ʛʽʩʪʦʥʽʚ, ʧʨʠ ʮʴʦʤʫ, ʥʘ ʧʨʦʪʠʚʘʛʫ ʫʙʽʢʚʽʪʠʥʫ, ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʾʭ 

ʜʝʛʨʘʜʘʮʽʾ. ɯʟ ʫʩʽʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ SUMO-ʣʶʚʘʥʥʷ ʻ ʥʘʡʤʝʥʰ 

ʚʠʚʯʝʥʦʶ, ʪʠʤ ʥʝ ʤʝʥʰ, ʚʽʜʦʤʦ, ʱʦ ʧʨʠʻʜʥʘʥʥʷ ʫʙʽʢʚʽʪʠʥ-ʧʦʜʽʙʥʠʭ ʙʽʣʢʽʚ ʜʦ 

ʛʽʩʪʦʥʫ ʅ4 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ ʪʨʘʥʩʢʨʠʧʮʽʾ, ʰʣʷʭʦʤ ʨʝʢʨʫʪʫʚʘʥʥʷ 

ʜʝʘʮʝʪʠʣʘʟʠ ʛʽʩʪʦʥʽʚ ʪʘ ʙʽʣʢʘ ʅʈ1 (Heterochromatin Protein 1) [119].  

ʆʜʥʠʤ ʟ ʥʝʜʘʚʥʽʭ ʚʽʜʢʨʠʪʪʽʚ ʩʪʘʚ ʩʧʦʩʽʙ ʥʝʛʘʪʠʚʥʦʾ ʨʝʛʫʣʷʮʽʾ ʛʝʥʽʚ ʙʝʟ 

ʟʤʽʥʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɼʅʂ - ʨʝʛʫʣʷʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʈʅʂ. ʇʨʠʛʥʽʯʝʥʥʷ 

ʪʨʘʥʩʢʨʠʧʮʽʾ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʫʯʘʩʪʶ ʤʦʣʝʢʫʣ ʤʽʢʨʦʈʅʂ ï ʢʣʘʩʫ 

ʥʝʢʦʜʫʶʯʠʭ ʈʅʂ, ʱʦ ʤʘʶʪʴ ʜʦʚʞʠʥʫ ʙʣʠʟʴʢʦ 18-22 ʥʫʢʣʝʦʪʠʜʽʚ ʪʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʨʝʩʽʶ ʛʝʥʽʚ ʫ ʥʦʨʤʽ ʽ ʧʨʠ ʧʘʪʦʣʦʛʽʾ. ʄʝʭʘʥʽʟʤ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʮʽ ʤʦʣʝʢʫʣʠ ʟʚôʷʟʫʶʯʠʩʴ ʽʟ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʶ ʤʈʅʂ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʾʾ ʜʝʛʨʘʜʘʮʽʾ ʽ ʙʣʦʢʫʚʘʥʥʷ ʪʨʘʥʩʣʷʮʽʾ. ɺ ʛʝʥʦʤʽ ʣʶʜʠʥʠ ʽʩʥʫʻ ʙʽʣʴʰʝ ʪʠʩʷʯʽ 
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ʛʝʥʽʚ ʤʽʢʨʦʈʅʂ ʽ ʚʽʜʦʤʦ, ʱʦ ʢʘʥʮʝʨʦʛʝʥʝʟ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʾʭ 

ʝʢʩʧʨʝʩʽʾ. ʊʦʤʫ ʮʽ ʤʦʣʝʢʫʣʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʤʘʨʢʝʨʽʚ ʜʣʷ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʘʢʫ [120].  

1.3.4. ɻʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʨʦʩʪʫ ʧʫʭʣʠʥ ʪʘ ʾʭ ʽʥʘʢʪʠʚʘʮʽʷ ʧʨʠ ʨʘʢʫ 

ʥʠʨʦʢ ʣʶʜʠʥʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʛʝʥʝʪʠʯʥʽ ʟʤʽʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ 

ʧʘʪʦʛʝʥʝʟʽ ʧʝʨʚʠʥʥʠʭ ʩʧʦʨʘʜʠʯʥʠʭ ʉʂʂʅ, ʭʚʦʨʦʙʠ ʚʦʥ ʍʧ̔ʧʝʣʷ-ʃʽʥʜʘʫ, ʨʘʢʫ 

ʣʝʛʝʥʽ ʽ ʽʥʰʠʭ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ [121-123]. ɯʥʘʢʪʠʚʘʮʽʷ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ 

ʧʫʭʣʠʥ ʽ ʚʪʨʘʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʚ ʣʦʢʫʩʘʭ 3p12, 3p14.2, 3p21.3 ʽ 3p25 ʯʘʩʪʦ 

ʦʧʠʩʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧ̔ ʚ ʧʫʭʣʠʥ [124, 125].  

Toma ʟ ʢʦʣʝʛʘʤʠ ʫ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʝʛʽʦʥʽ 3pter-

3p21.31, ʚʪʨʘʪʘ ʯʠʩʣʘ ʢʦʧʽʡ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʫ 91% ʚʠʧʘʜʢʽʚ ʉʂʂʅ [126].  ʅʘ 

ʧʽʜʩʪʘʚʽ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʘʥʠʭ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʥʘ 3p ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ 

TSG. ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʘʯʽ ʭʨʦʤʦʩʦʤ, ʽʥʽʮʽʡʦʚʘʥʠʭ ʚ ʤʽʢʨʦʢʣʽʪʠʥʘʭ, 

ʧʦʢʘʟʘʣʠ ʟʜʘʪʥʽʩʪʴ ʧʨʠʛʥʽʯʝʥʥʷ ʧʫʭʣʠʥʠ ʭʨʦʤʦʩʦʤʦʶ 3 ʚ ʉʂʂʅ, 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʽ ʣʝʛʝʥʽ, ʨʘʢʫ ʷʻʯʥʠʢʘ ʽ ʥʦʩʦʛʣʦʪʢʦʚʽʡ ʢʘʨʮʠʥʦʤʽ [127-132].  

ʅʝ ʣʠʰʝ ʫʩʷ ʭʨʦʤʦʩʦʤʘ 3, ʘʣʝ ʽ ʾʾ ʯʘʩʪʠʥʘ ʚʠʷʚʠʣʘ ʪʘʢʫ ʞ ʘʢʪʠʚʥʽʩʪʴ. 

Sanchez ʧʦʚʽʜʦʤʠʚ, ʱʦ ʦʙʣʘʩʪʴ 3p14 - p12 ʚʠʷʚʠʣʘ ʩʫʧʨʝʩʽʶ ʚ ʥʝʧʘʧʽʣʷʨʥʽʡ 

ʥʠʨʢʦʚʽʡ ʢʘʨʮʠʥʦʤʽ [133]. Killary ʚʠʷʚʠʚ ʛʦʤʦʟʠʛʦʪʥʫ ʜʝʣʝʮʽʶ ʬʨʘʛʤʝʥʪʘ 

ʭʨʦʤʦʩʦʤʠ 3p21.3 ʨʦʟʤʽʨʦʤ 2 ʤ.ʧ.ʥ. ʫ SCLC (ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʡ ʨʘʢ ʣʝʛʝʥʽ) ʽ 

ʨʘʢʫ ʛʨʫʜʝʡ [134]. ʎʝʡ ʬʨʘʛʤʝʥʪ ʧʨʠʛʥʽʯʫʚʘʚ ʦʥʢʦʛʝʥʥʽʩʪʴ ʤʠʰʘʯʦʾ 

ʬʽʙʨʦʢʘʨʮʠʥʦʤʠ A9 ʫ ʙʝʟʪʠʤʫʩʥʠʭ ʤʠʰʘʭ. ʇʽʟʥʽʰʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʦʥʢʦʛʝʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʤʘʻ ʢʣʦʥ ʨʦʟʤʽʨʦʤ ʙʣʠʟʴʢʦ 80 ʪ.ʧ.ʦ. - P1/294 ʚ ʮʴʦʤʫ ʞ 

ʨʝʛʽʦʥʽ, ʱʦ ʤʽʩʪʠʪʴ ʛʝʥʠ SEMA3F, GNAT1, G17 ʽ GNAT2 [135]. ʅʝʱʦʜʘʚʥʦ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʛʝʥʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʜʽʣʷʥʢʘʭ 3p14.2-p21, 3p12-21.1 ʽ 

3p21.3-p22 ʩʫʧʨʝʩʫʶʪʴ ʪʝʣʦʤʝʨʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʉʂʂʅ ʽ ʚ ʨʘʢʫ ʛʨʫʜʝʡ [136, 

137]. 

ʏʘʩʪʦ ʟʥʘʭʦʜʷʪʴ ʚʪʨʘʪʫ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʥʘ 3p ʚ ʨʽʟʥʠʭ ʣʶʜʩʴʢʠʭ 

ʧʫʭʣʠʥʘʭ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʘʢʫ ʣʝʛʝʥʽ ʽ ʥʠʨʦʢ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʨʤʽʥʘʣʴʥʠʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʜʝʣʝʮʽʡ [138-142]. ʂʣʘʩʠʯʥʠʡ ʭʨʦʤʦʩʦʤʥʠʡ ʘʥʘʣʽʟ 

ʟ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ ʟʘʬʽʢʩʫʚʘʚ ʯʘʩʪʽ ʚʪʨʘʪʠ 3p ʯʝʨʝʟ ʜʝʣʝʮʽʾ ʯʠ 
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ʥʝʟʙʘʣʘʥʩʦʚʘʥʽ ʪʨʘʥʩʣʦʢʘʮʽʾ, ʟʘʟʚʠʯʘʡ ʟ ʭʨʦʤʦʩʦʤʦʶ 5. ʊʨʘʥʩʣʦʢʘʮʽʷ 3;5 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʪʘʣʴʥʦʛʦ ʢʽʥʮʷ ʧʣʝʯʘ 5q. ʅʘʷʚʥʽ ʜʘʥʽ, ʱʦ 

ʧʘʮʽʻʥʪʠ ʟ ʪʘʢʠʤ ʪʠʧʦʤ ʧʝʨʝʙʫʜʦʚ ʤʘʶʪʴ ʟʥʘʯʥʦ ʢʨʘʱʠʡ ʧʨʦʛʥʦʟ ʧʝʨʝʙʽʛʫ 

ʟʘʭʚʦʨʶʚʘʥʥʷ, ʥʽʞ ʧʘʮʽʻʥʪʠ ʟ ʜʝʣʝʪʦʚʘʥʠʤ ʬʨʘʛʤʝʥʪʦʤ [143]. ɿʘʛʘʣʦʤ, 

ʽʥʘʢʪʠʚʘʮʽʷ ʨʝʛʽʦʥʫ 3ʨ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʉʂʂʅ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʧʫʭʣʠʥ. 

[126, 144-146]. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʢaʨʪʫʚʘʥʥʷ ʜʝʣʝʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʘʪʝʣʽʪʥʠʭ 

ʤʘʨʢʝʨʽʚ LOH ʽ ʚʠʟʥʘʯʝʥʥʷ ʛʦʤʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʽʡ ʻ ʥʘʡʧʦʪʫʞʥʽʰʠʤʠ 

ʤʝʪʦʜʘʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʊSG [147]. ʍʦʯʘ ʚ ʟʨʘʟʢʘʭ ʧʫʭʣʠʥ 

ʚʠʟʥʘʯʝʥʦ ʜʝʢʽʣʴʢʘ ʨʝʛʽʦʥʽʚ LOH, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʪʨʘʪʠ ʚ ʪʨʴʦʭ ʜʽʣʷʥʢʘʭ ʪʨʝʪʴʦʾ ʭʨʦʤʦʩʦʤʠ - 3ʨ25, 3ʨ21.3 ʠ 

3ʨ14, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʙʽʣʴʰʝ, ʥʽʞ ʦʜʥʦʛʦ ʛʝʥʘ-ʩʫʧʨʝʩʦʨʘ ʥʘ ʮʴʦʤʫ 

ʧʣʝʯʽ [148]. 

ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʥʫʪʨʽʰʥʽ ʚʪʨʘʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʝʦʧʣʘʟʽʡ ʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʽ ʨʘʥʥʽ ʧʦʜʽʾ 

ʢʘʥʮʝʨʦʛʝʥʝʟʫ [149, 150]. Shridhar et al., ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʥʦʞʠʥʥʽ ʢʣʦʥʠ 

3p14.2, ʚʠʷʚʠʚ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 3p LOH ʚ ʥʝʩʚʽʪʣʦʢʣʽʪʠʥʥʽʡ ʢʘʨʮʠʥʦʤ ̔[151]. 

ɻʝʥ FHIT (3p14.2) ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʷʢʦʩʪʽ ʛʝʥʘ-ʩʫʧʨʝʩʦʨʘ ʚ ʨʷʜʽ 

ʧʦʰʠʨʝʥʠʭ ʪʠʧʽʚ ʨʘʢʫ. ɺʠʷʚʣʝʥʦ ʪʘʢʦʞ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʾ 

ʜʽʣʷʥʢʠ ʮʴʦʛʦ ʛʝʥʘ ʚ ʉʂʂʅ [152]. ʇʨʦʪʝ ʘʩʦʮʽʘʮʽʷ ʤʽʞ ʤʘʣʽʛʥʘʥʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʣʽʪʠʥʠ ʽ ʘʙʝʨʘʮʽʻʶ ʙʽʣʢʘ FHIT, ʱʦ ʤʘʻ ʬʫʥʢʮʽʶ ʜʠʥʫʢʣʝʦʟʠʜ 

ʧʦʣʽʬʦʩʬʘʪ ʛʽʜʨʦʣʘʟʠ, ʪʘʢ ʽ ʥʝ ʧʦʷʩʥʝʥʘ ʧʦʚʥʽʩʪʶ [6]. 

ɻʝʥ VHL, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʜʽʣʷʥʮʽ 3p25-p26, ʟʚ'ʷʟʫʶʪʴ ʟ ʨʝʛʫʣʷʮʽʻʶ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʛʽʧʦʢʩʽʶ [153]. ʎʝʡ ʛʝʥ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʜʦʤʽʥʘʥʪʥʦʶ ʩʧʘʜʢʦʚʽʩʪʶ ʘʙʦ ʭʚʦʨʦʙʦʶ ʚʦʥ ʍʧ̔ʧʝʣʴ-ʃ̔ʥʜʘʫ [154], ʧʨʠ ʷʢʽʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʨʘʢʫ. ɼʣʷ ʩʧʦʥʪʘʥʥʠʭ ʉʂʂʅ ʮʝʡ ʛʝʥ 

ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʦʩʥʦʚʥʫ ʤʽʰʝʥʴ ʧʨʠ ʚʪʨʘʪʘʭ ʚ ʨʝʛʽʦʥʽ 3ʨ. ɻʝʥ VHL 

ʜʝʤʦʥʩʪʨʫʻ ʚʽʜ 50% ʜʦ 80% ʩʦʤʘʪʠʯʥʠʭ ʤʫʪʘʮʽʡ ʚ ʩʧʦʥʪʘʥʥʠʭ ʉʂʂʅ [155]. 

ʇʨʦʪʝ, VHL-ʩʪʘʪʫʩ ʥʝ ʤʦʞʝ ʙʫʪʠ ʘʩʦʮʽʡʦʚʘʥʠʡ ʟʽ ʩʪʘʜʽʻʶ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥʠ. 

Thrash - Bingham ʫ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝ ʚʽʜʤʽʪʠʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ LOH ʽ 
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ʘʣʝʣʴʥʦʶ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʶ ʟ ʨʦʟʤʽʨʦʤ ʧʫʭʣʠʥʠ, ʫʨʘʞʝʥʽʩʪʶ ʣʽʤʬʦʚʫʟʣʽʚ, 

ʤʝʪʘʩʪʘʟʘʤʠ ʯʠ ʩʪʫʧʝʥʝʤ ʧʦʣʽʤʦʨʬʽʟʤʫ ʷʜʝʨ [156]. 

ʍʨʦʤʦʩʦʤʘ 3p, ʢʨʽʤ ʜʦʙʨʝ ʦʧʠʩʘʥʦʛʦ VHL ʤʽʩʪʠʪʴ ʪʘʢʦʞ ʜʝʷʢʽ ʽʥʰʽ 

TSG, ʪʘʢʽ ʷʢ FOXP1, FHIT, TUSC2, MLH1, SETD2, NPRL2, RASSF1A [157-

164]. 

ɿʤʽʥʠ ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʚ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʜʨʘʢʦʚʠʭ ʩʪʘʥʽʚ ʥʝ 

ʚʠʥʠʢʘʶʪʴ ʙʝʟʣʘʜʥʦ, ʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʧʽʜʚʠʱʫʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʢʣʽʪʠʥ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʽ ʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ, ʤʦʞʫʪʴ ʟʫʤʦʚʣʶʚʘʪʠ ʙʽʣʴʰ 

ʘʛʨʝʩʠʚʥʝ ʧʨʦʪʽʢʘʥʥʷ ʭʚʦʨʦʙʠ ʽ ʥʘʚʽʪʴ ʚʠʟʥʘʯʘʪʠ ʤʘʡʙʫʪʥʽʡ ʨʝʟʫʣʴʪʘʪ 

ʣʽʢʫʚʘʥʥʷ ʜʣʷ ʧʘʮʽʻʥʪʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ, ʽʥʘʢʪʠʚʦʚʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʠʣʫʚʘʥʥʷ ʚʠʱʘ ʚ ʉʂʂʅ, ʥʝ ʧʦʚôʷʟʘʥʠʭ ʟ ʤʫʪʘʮʽʷʤʠ ʚ VHL. 

ɺ ʪʘʢʠʭ ʧʫʭʣʠʥʘʭ ʯʘʩʪʽʰʝ, ʥʽʞ ʚ ʧʫʭʣʠʥʘʭ ʟ ʽʥʘʢʪʠʚʦʚʘʥʠʤ VHL, 

ʛʽʧʝʨʤʝʪʠʣʴʦʚʘʥʽ ʧʨʦʤʦʪʦʨʠ ʪʘʢʠʭ ʛʝʥʽʚ ʷʢ: RASSF1 (Ras association domain 

family member 1), TWIST1 (twist  homolog 1), PITX2 (paired - like homeodomain 

2), CDH13 (cadherin 13), HS3ST2 (heparan sulfate (glucosamine) 3 - O - 

sulfotransferase 2), TAL1 (T - cell acute lymphocytic leukemia 1), WT1 (Wilms' 

tumor 1), matrix MMP2 (metallopeptidase 2), DCC (deleted in colorectal 

carcinoma), ICA1 (islet cell autoantigen 1) ʽ TUSC3 (tumor suppressor candidate 

3). ʋ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʟ ʤʫʪʘʥʪʥʠʤ ʪʠʧʦʤ VHL ʭʘʨʘʢʪʝʨʥʝ 

ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʣʠʰʝ ʜʣʷ ʛʝʥʘ GABRB3 (gamma - aminobutyric acid A 

receptor, beta 3) [165]. 

ʑʦʜʦ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ ʚ ʉʂʂʅ ʥʘʷʚʥʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮʽʷ 

ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʘ. ɺʠʷʚʣʝʥʦ ʛʽʧʦʤʝʪʠʣʫʚʘʥʥʷ CA9 (Carbonic anhydrase IX). 

ʊʘʢʦʞ ʛʽʧʦʤʝʪʠʣʴʦʚʘʥʠʤʠ ʙʫʚʘʶʪʴ ʧʘʨʘʟʠʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʛʝʥʦʤʫ, ʪʘʢʽ ʷʢ 

LINE-1 ʽ HERV-K. ɯ ʭʦʯʘ ʮʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʾʭ ʩʧʦʥʪʘʥʥʦʛʦ 

ʚʙʫʜʦʚʫʚʘʥʥʷ ʫ ʚʥʫʪʨʽʰʥʴʦʛʝʥʥʠʡ ʧʨʦʩʪʽʨ, ʥʝ ʩʭʦʞʝ, ʱʦ ʜʘʥʽ ʧʦʜʽʾ 

ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʧʨʦʛʨʝʩʫʚʘʥʥʽ ʉʂʂʅ [166]. 

ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʷ ʘʥʘʣʽʟʫ ʤʦʜʠʬʽʢʘʮʽʾ ʛʽʩʪʦʥʽʚ ʚ ʢʣʽʥʽʯʥʠʭ ʟʨʘʟʢʘʭ 

ʪʢʘʥʠʥʠ ʥʝ ʙʫʣʘ ʧʦʚʥʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʩʴʦʛʦʜʥʽ, ʧʦʚʥʘ ʢʘʨʪʠʥʘ 

ʤʦʜʠʬʽʢʘʮʽʡ ʛʽʩʪʦʥʽʚ ʚ ʢʣʽʥʽʯʥʠʭ ʟʨʘʟʢʘʭ ʨʽʟʥʠʭ ʦʥʢʦʧʘʪʦʣʦʛʽʡ, ʱʦ 
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ʚʢʣʶʯʘʶʪʴ ʉʂʂʅ, ʥʝʷʩʥʘ. ʇʨʦʪʝ, ʨʽʚʝʥʴ ʤʝʪʠʣʫʚʘʥʥʷ ʛʽʩʪʦʥʽʚ ʙʫʚ ʦʮʽʥʝʥʠʡ 

ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʬʘʨʙʫʚʘʥʥʷ H3K4-ʤʦʥʦʤʝʪʠʣʫ, -

ʜʠʤʝʪʠʣʫ ʽ -ʪʨʠʤʝʪʠʣʫ, ʟʚʦʨʦʪʥʴʦ ʢʦʨʝʣʶʚʘʣʠ ʟ ʘʛʨʝʩʠʚʥʽʩʪʶ ʉʂʂʅ. ʊʘʢʦʞ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʬʘʨʙʫʚʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ H3K4 

(ʤʦʥʦʤʝʪʠʣʫ ʚ ʪʨʠʤʝʪʠʣ) ʤʦʞʝ ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʠʞʠʚʘʥʦʩʪʽ ʫ 

ʭʚʦʨʠʭ ʥʘ ʉʂʂʅ [167, 168]. 

ʑʦʜʦ ʜʠʩʢʫʩʽʾ ʧʨʦ ʟʥʘʯʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ ʽ ʤʦʜʠʬʽʢʘʮʽʡ ʛʽʩʪʦʥʽʚ, 

ʥʝʜʘʚʥʽʡ ʘʥʘʣʽʟ 3544 ʙʽʣʢʦʚʠʭ ʛʝʥʽʚ ʚ ʉʂʂʅ ʚʠʷʚʠʚ ʩʦʤʘʪʠʯʥʽ ʤʫʪʘʮʽʾ 

(ʜʝʣʝʮʽʾ) ʚ ʛʝʥʽ SETD2, ʷʢʠʡ ʢʦʜʫʻ H3K36 ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ ʛʽʩʪʦʥʽʚ, ʘ ʪʘʢʦʞ 

ʚ ʛʝʥʽ KDM5C/JARID1C, ʱʦ ʢʦʜʫʻ ʜʝʤʝʪʠʣʘʟʫ ʛʽʩʪʦʥʽʚ H3K4. ɯʩʪʦʪʥʽ (ʚʜʚʽʯʽ 

ʘʙʦ ʙʽʣʴʰʝ) ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʽʚʥʽ ʝʢʩʧʨʝʩʽʾ 298 ʛʝʥʽʚ ʙʫʣʠ ʚʽʜʤʽʯʝʥʽ ʚ ʉʂʂʅ, ʱʦ 

ʤʘʣʠ ʤʫʪʘʮʽʶ SETD2 ʚʽʜʥʦʩʥʦ ʪʠʭ, ʥʝ ʱʦ ʥʝ ʥʝʩʣʠ ʤʫʪʘʮʽʡ, ʪʦʜʽ ʷʢ ʉʂʂʅ, 

ʤʫʪʘʥʪʥʽ ʧʦ KDM5C ʧʦʢʘʟʘʣʠ ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʽʚʥʽ ʝʢʩʧʨʝʩʽʾ ʚʩʴʦʛʦ 18 

ʛʝʥʽʚ ʚʽʜʥʦʩʥʦ ʪʠʭ ʉʂʂʅ, ʱʦ ʤʘʣʠ KDM5C ʜʠʢʦʛʦ ʪʠʧʫ [169]. ʃʦʛʽʯʥʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʦʜʽʙʥʽ ʤʘʰʪʘʙʥʽ ʟʤʽʥʠ ʥʝ ʤʦʛʣʠ ʥʝ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʦʮʝʩʠ 

ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʽʭ ʜʘʥʥʠʭ ʧʨʦ ʟʥʘʯʝʥʥʷ 

ʮʠʭ ʟʤʽʥ ʚ ʧʘʪʦʛʝʥʝʟʽ, ʝʧʽʛʝʥʝʪʠʯʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʮʽʥʥʠʤʠ ʚ 

ʣʽʢʫʚʘʥʥʽ ʽ ʜʽʘʛʥʦʩʪʠʮʽ. 

 

1.4. ʅʦʚʽ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʽʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʨʘʢʫ 

 

1.4.1. ɸʥʘʣʽʟ ʰʠʨʦʢʦʤʘʰʪʘʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʛʝʥʦʤʘ ʚ ʟʣʦʷʢʽʩʥʠʭ 

ʧʫʭʣʠʥʘʭ. ʊʨʘʜʠʮʽʡʥʦ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʚʯʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ (ʣʠʰʝ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʛʝʥʽʚ ʦʜʥʦʯʘʩʥʦ). ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʮʴʦʛʦ, ʤʝʪʦʜʠ ʩʢʘʥʫʚʘʥʥʷ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʦʤʽʚ ʽ ʧʨʦʪʝʦʤʽʚ ʪʘ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʽ ʧʽʜʭʦʜʠ ʩʢʘʥʫʚʘʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʤʽʢʨʦʯʽʧʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʽ ʧʨʦʤʦʪʝʨʽʚ, ʪʝʭʥʦʣʦʛʽʷ 

ChIP-on-CHIPs ʽ ʪ.ʜ.) ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʰʠʨʦʢʦʤʘʰʪʘʙʥʠʡ ʧʦʰʫʢ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʨʢʝʨʽʚ ʩʝʨʝʜ ʙʘʟ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʛʝʥʽʚ. ɿ'ʷʚʣʷʶʪʴʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʦʜʥʦʯʘʩʥʦ ʦʮʽʥʶʚʘʪʠ 
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ʟʤʽʥʠ ʪʘ ʨʝʛʫʣʷʮʽʶ ʛʝʥʽʚ ʧʦ ʚʩʴʦʤʫ ʛʝʥʦʤʫ ʟʘ ʧʝʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʎʽ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʟʚʠʯʘʡ ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʢʽ ʩʧʠʩʢʠ ʛʝʥʽʚ (ʚʽʜ 

ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ ʛʝʥʽʚ), ʱʦ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʽʥʪʝʨʝʩ ʜʣʷ ʜʦʩʣʽʜʥʠʢʘ. 

ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʟô̫ ʚʠʣʠʩʴ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽ ʙʘʟʠ ʙʽʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, Gene 

Ontology [170], ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʷʪʠ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʽ ʽʥʪʝʨʝʩʘʤ 

ʜʦʩʣʽʜʥʠʢʘ ʛʝʥʠ ʟ ʪʠʩʷʯ ʧʫʙʣʽʢʘʮʽʡ, ʥʘ ʷʢʽ ʧʦʩʠʣʘʻʪʴʩʷ ʨʝʩʫʨʩ. ʊʘʢʦʞ 

ʩʪʚʦʨʶʪʴʩʷ ʚʝʣʠʢʽ ʙʽʙʣʽʦʪʝʢʠ ʛʝʥʦʤʽʚ (ncbi genbank), ʧʨʦʪʝʦʤʽʚ 

(UniProtKB/Swiss-Prot), ʪʨʘʥʩʢʨʠʧʪʦʤʽʚ (ʙʽʙʣʽʦʪʝʢʠ RNA-seq ʢʦʜʫʶʯʠʭ ʽ 

ʥʝʢʦʜʫʶʯʠʭ ʈʅʂ), ʧʨʠʯʦʤʫ ʥʝ ʣʠʰʝ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʘʣʝ ʡ ʜʣʷ ʦʢʨʝʤʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ.  

ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘʢʦʞ ʚ ʩʪʚʦʨʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦʰʫʢʫ ʪʘ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʚ ʮʠʭ ʚʝʣʠʯʝʟʥʠʭ ʤʘʩʠʚʘʭ ʜʘʥʠʭ. ɺ ʥʘʰ ʯʘʩ ʮʷ ʛʘʣʫʟʴ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʉʪʘʥʦʤ ʥʘ 2005 ʨʽʢ ʙʫʣʦ ʦʧʠʩʘʥʦ 14 

ʧʦʜʽʙʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦʰʫʢʫ. ɺʞʝ ʯʝʨʝʟ 3 ʨʦʢʠ ʙʫʣʦ ʙʣʠʟʴʢʦ 68 

ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʧʫʙʣʽʯʥʦʤʫ ʜʦʩʪʫʧʽ [171]. ʆʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʩʧʠʩʢʽʚ ʛʝʥʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ ʛʝʥʦʤʽʚ ʽ ʧʨʦʪʝʦʤʽʚ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ (ʰʠʨʦʢʦʤʘʰʪʘʙʥʠʡ ʩʢʨʽʥʽʥʛ). 

ʊʘʢʘ ʩʪʨʘʪʝʛʽʷ ʜʣʷ ʤʝʪʦʜʽʚ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʝ 

ʣʠʰʝ ʥʘ ʢʽʣʴʢʽʩʥʠʡ ʚʽʜʙʽʨ, ʘ ʡ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʨʠʪʝʨʽʾ, ʟʙʽʣʴʰʫʻ 

ʽʤʦʚʽʨʥʽʩʪʴ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʥʘʡʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʦʢʨʝʤʘ, ʧʦʜʽʙʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʚʥʦʛʝʥʦʤʥʦʛʦ ʧʦʰʫʢʫ ʚʽʜʤʽʥ ʧʫʭʣʠʥʥʠʭ ʽ 

ʥʦʨʤʘʣʴʥʠʭ ʛʝʥʦʤʽʚ [172,173]. 

1.4.2. ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʧʫʭʣʠʥ ʚ 

ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ. ʇʫʭʣʠʥʥʽ ʤʘʨʢʝʨʠ (ʦʥʢʦʤʘʨʢʝʨʠ) ï ʮʝ ʙʽʦʭʽʤʽʯʥʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʢʘʥʮʝʨʦʛʝʥʝʟʦʤ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʨʦʜʫʢʫʚʘʪʠʩʷ ʷʢ ʧʫʭʣʠʥʥʠʤʠ ʢʣʽʪʠʥʘʤʠ 
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(ʤʘʨʢʝʨʠ ʧʫʭʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ), ʪʘʢ ʽ ʟʜʦʨʦʚʠʤʠ ʢʣʽʪʠʥʘʤʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ 

ʧʫʭʣʠʥʥʽ ʧʨʦʮʝʩʠ ʚ ʦʨʛʘʥʽʟʤʽ (ʧʫʭʣʠʥʥʦ-ʘʩʦʮʽʡʦʚʘʥʽ). 

ʂʨʽʤ ʧʦʭʦʜʞʝʥʥʷ, ʦʥʢʦʤʘʨʢʝʨʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʛʨʫʧʠ ʟʘ ʨʽʟʥʠʤʠ 

ʦʟʥʘʢʘʤʠ [174], ʟʦʢʨʝʤʘ: 

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ: 

ɼʽʘʛʥʦʩʪʠʢʘ, ʚ ʪ.ʯ. ʫʪʦʯʥʝʥʥʷ ʩʪʘʜʽʾ ʟʘʭʚʦʨʶʚʘʥʥʷ ʽ ʪʠʧʫ ʧʫʭʣʠʥʠ 

ʇʨʦʛʥʦʟ ʧʝʨʝʙʽʛʫ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʇʨʦʛʥʦʟ ʚʽʜʧʦʚʽʜʽ ʥʘ ʣʽʢʫʚʘʥʥʷ, ʚʠʙʽʨ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʂʦʥʪʨʦʣʴ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʽ ʧʫʭʣʠʥʠ ʥʘ ʣʽʢʫʚʘʥʥʷ 

ʂʦʥʪʨʦʣʴ ʟʘ ʤʦʞʣʠʚʠʤ ʨʝʮʝʜʠʚʦʤ 

ʇʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʪʠʧʫ: 

ɹʽʣʦʢ, ɻʝʥ(ɼʅʂ), ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ (ʈʅʂ), miʈʅʂ 

ʇʦ ʤʘʪʝʨʽʘʣʫ, ʚ ʷʢʦʤʫ ʘʥʘʣʽʟʫʶʪʴ ʤʘʨʢʝʨ: 

ɹʽʦʧʩʽʷ, ʬʽʟʽʦʣʦʛʽʯʥʽ ʨʽʜʠʥʠ (ʥʘʧʨʠʢʣʘʜ ʢʨʦʚ, ʩʝʯʘ), ʢʘʣ.  

ʆʩʢʽʣʴʢʠ ʧʫʭʣʠʥʥʽ ʤʘʨʢʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫ ʽ 

ʦʮʽʥʢʠ ʨʝʘʢʮʽʾ ʧʫʭʣʠʥʠ ʥʘ ʣʽʢʫʚʘʥʥʷ, ʻ ʧʽʜʩʪʘʚʠ ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ ʚʦʥʠ ʪʘʢʦʞ 

ʤʦʛʣʠ ʙ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʫ ʩʢʨʠʥʽʥʛʦʚʠʭ ʪʝʩʪʘʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʘʥʥʻ 

ʚʠʷʚʣʝʥʥʷ ʨʘʢʫ ʜʦ ʧʦʷʚʠ ʙʫʜʴ-ʷʢʠʭ ʩʠʤʧʪʦʤʽʚ, ʦʩʢʽʣʴʢʠ ʉʂʂʅ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʤʘʻ ʩʧʝʮʠʬʽʯʥʠʭ ʩʠʤʧʪʦʤʽʚ ʽ ʜʝʪʝʢʪʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ, ʢʦʣʠ ʫ ʧʘʮʽʻʥʪʘ ʚʞʝ 

ʥʘʷʚʥʽ ʤʝʪʘʩʪʘʟʠ [175, 176]. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʩʢʨʠʥʽʥʛ-ʪʝʩʪʫ ʻ ʜʫʞʝ 

ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ (ʟʜʘʪʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʣʶʜʝʡ, ʷʢʽ ʤʘʶʪʴ 

ʟʘʭʚʦʨʶʚʘʥʥʷ) ʽ ʩʧʝʮʠʬʽʯʥʽʩʪʴ (ʟʜʘʪʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʣʶʜʝʡ, 

ʷʢʽ ʥʝ ʤʘʶʪʴ ʟʘʭʚʦʨʶʚʘʥʥʷ). ʗʢʱʦ ʪʝʩʪ ʜʫʞʝ ʯʫʪʣʠʚʠʡ, ʚʽʥ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ 

ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʽʟ ʟʘʭʚʦʨʶʚʘʥʥʷʤ, ʪʦʙʪʦ ʙʫʜʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʜʫʞʝ ʥʠʟʴʢʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʗʢʱʦ ʪʝʩʪ ʚʠʩʦʢʦ 

ʩʧʝʮʠʬʽʯʥʠʡ, ʪʽʣʴʢʠ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʭʚʦʨʦʙʠ ʙʫʜʫʪʴ 

ʤʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʫ. ɯʥh ʠʤʠ ʩʣʦʚʘʤʠ, ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʝʙʘʛʘʪʴʦʭ ʧʦʤʠʣʢʦʚʦ-ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʞʘʣʴ, ʥʝ ʽʩʥʫʻ "ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ" ʧʫʭʣʠʥʥʦʛʦ ʤʘʨʢʝʨʘ, ʷʢʠʡ ʤʦʞʝ 

ʚʠʷʚʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʪʠʧ ʨʘʢʫ. ʂʨʽʤ ʪʦʛʦ, ʜʫʞʝ ʤʘʣʦ ʧʫʭʣʠʥʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ 
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ʙʫʣʠ ʙ ʚʠʩʦʢʦ ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʨʘʢʫ [175, 176]. ʇʫʭʣʠʥʥʽ 

ʤʘʨʢʝʨʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʤʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʘʷʚʥʦʩʪʽ ʨʝʘʢʮʽʾ ʧʫʭʣʠʥʠ ʥʘ 

ʣʽʢʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʤʦʞʣʠʚʦʛʦ ʨʝʮʠʜʠʚʫ, ʘʣʝ ʥʘʨʘʟʽ ʥʝ ʚʠʷʚʣʝʥʦ ʞʦʜʥʦʛʦ 

ʤʘʨʢʝʨʘ ʧʫʭʣʠʥ, ʱʦ ʻ ʜʦʩʪʘʪʥʴʦ ʯʫʪʣʠʚʠʤ ʽ ʩʧʝʮʠʬʽʯʥʠʤ ʜʣʷ ʥʝʟʘʣʝʞʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʷʚʣʝʥʥʽ ʨʘʢʫ. 

ɺʪʽʤ, ʟʤʽʥʠ ʜʝʷʢʠʭ ʟ ʧʫʭʣʠʥʥʠʭ ʤʘʨʢʝʨʽʚ ʙʫʣʠ ʜʦʩʠʪʴ ʩʫʪʪʻʚʽ, ʱʦʙ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʚ ʷʢʦʩʪʽ ʤʽʰʝʥʝʡ ʫ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ʍʦʯʘ 

ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʤʘʨʢʝʨʘ ʧʫʭʣʠʥʠ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʦʥʢʦʧʘʪʦʣʦʛʽʾ, ʮʝ ʥʝ ʻ ʜʦʩʪʘʪʥʴʦʶ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ. ʊʦʤʫ 

ʧʫʭʣʠʥʥʽ ʤʘʨʢʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʙʽʦʧʩʽʻ  ʁ ʪʘ ʨʝʥʪʛʝʥʦʣʦʛʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʍʦʯʘ ʻ ʙʝʟʣʽʯ ʧʫʭʣʠʥʥʠʭ ʤʘʨʢʝʨʽʚ, ʜʫʞʝ ʤʘʣʦ ʟ ʥʠʭ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʝʮʠʬʽʯʥʦʩʪʽ. ʊʠʤ ʥʝ ʤʝʥʰ, ʜʝʷʢʽ ʟ ʮʠʭ 

ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʤʘʨʢʝʨʽʚ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʢʫ, ʚ 

ʦʩʥʦʚʥʦʤʫ ʮʝ ʙʽʣʢʦʚʽ ʤʘʨʢʝʨʠ, ʱʦ ʩʝʢʨʝʪʫʶʪʴʩʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʚ 

ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ. ɺ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ 

ʤʘʨʢʝʨʠ ʷʢ: ʉɸ 9, Ŭ- ʬʝʪʦʧʨʦʪʝʾʥ, ʉɸ 19-9, ʉɸ 27-29, CEA, ʢʘʣʴʮʠʪʦʥʽʥ, 

ʉD20, ʅɽ4 [174, 177-181]. ʎʽ ʤʘʨʢʝʨʠ ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ 

ʷʢ  ʜʦʧʦʤʦʛʘ ʚ ʜʽʘʛʥʦʩʪʠʮʽ, ʢʦʥʪʨʦʣʴ ʟʘ ʨʝʤʽʩʽʻʶ, ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʛʨʝʩʫʚʘʥʥʷ 

ʭʚʦʨʦʙʠ, ʫʪʦʯʥʝʥʥʷ ʩʪʘʜʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʛʨʫʧ ʨʠʟʠʢʫ, ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʣʽʢʫʚʘʥʥʷ. 

ʈʽʚʝʥʴ ʧʫʭʣʠʥʥʦʛʦ ʤʘʨʢʝʨʘ ʩʣʽʜ ʚʠʤʽʨʶʚʘʪʠ ʜʦ ʧʦʯʘʪʢʫ ʣʽʢʫʚʘʥʥʷ, ʱʦʙ 

ʜʦʧʦʤʦʛʪʠ ʣʽʢʘʨʷʤ ʧʣʘʥʫʚʘʪʠ ʢʫʨʩ ʪʝʨʘʧʽʾ. ʋ ʜʝʷʢʠʭ ʚʠʜʽʚ ʨʘʢʫ ʨʽʚʝʥʴ 

ʧʫʭʣʠʥʥʦʛʦ ʤʘʨʢʝʨʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʜʽʶ ʟʘʭʚʦʨʶʚʘʥʥʷ ʽ/ʘʙʦ ʧʨʦʛʥʦʟ ʧʝʨʝʙʽʛʫ 

ʭʚʦʨʦʙʠ ʧʘʮʽʻʥʪʘ. ɺʠʩʥʦʚʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʫʭʣʠʥʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ ʟʨʦʙʣʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʜʥʦʛʦ ʪʝʩʪʫ, ʤʘʪʠʤʫʪʴ 

ʤʽʥʽʤʘʣʴʥʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʨʷʜ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʪʘʢ ʟʚʘʥʠʭ ʩʝʨʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɼʠʥʘʤʽʢʘ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚ ʩʝʨʽʾ ʻ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʶ, ʥʽʞ ʦʜʠʥʠʯʥʠʡ ʟʘʤʽʨ. 
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ʃʠʰʝ ʪʘʢʽ ʤʘʨʢʝʨʠ, ʱʦ ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦ ʧʦʯʘʪʢʫ ʣʽʢʫʚʘʥʥʷ, 

ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʮʽʻʥʪʘ ʧʽʜ ʯʘʩ ʘʙʦ ʧʽʩʣʷ 

ʣʽʢʫʚʘʥʥʷ. ʊʝʨʤʽʥʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘʢʦʞ ʚʘʞʣʠʚʽ. ʂʦʞʝʥ ʤʘʨʢʝʨ ʧʫʭʣʠʥʠ ʤʘʻ 

ʫʥʽʢʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʚ ʢʨʦʚʽ. ɼʣʷ ʦʙ`ʻʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫʩʧʽʭʫ 

ʣʽʢʫʚʘʥʥʷ ʤʘʻ ʧʨʦʡʪʠ ʜʦʩʪʘʪʥʴʦ ʯʘʩʫ ʜʣʷ ʨʦʟʧʘʜʫ ʤʘʨʢʝʨʘ ʽ ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʢʽʣʴʢʦʩʪʽ ʚ ʢʨʦʚʽ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ. ɺʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʽ 

ʟʘʥʘʜʪʦ ʨʘʥʦ, ʤʦʞʫʪʴ ʜʘʪʠ ʧʦʤʠʣʢʦʚʦ ʧʽʜʚʠʱʝʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʙʦ ʱʝ ʧʨʠʩʫʪʥʽʡ 

ʤʘʨʢʝʨ, ʱʦ ʙʫʚ ʚ ʢʨʦʚʽ ʜʦ ʧʦʯʘʪʢʫ ʣʽʢʫʚʘʥʥʷ (http://www.cancer.gov/about-

cancer/diagnosis-staging/diagnosis/tumor-markers-fact-sheet) [174]. 

ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʰʣʷʭʽʚ ʢʘʥʮʝʨʦʛʝʥʝʟʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʨʦʟʨʦʙʮʽ ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʪʘʨʛʝʪʥʦʾ ʪʝʨʘʧʽʾ. ʊʘʨʛʝʪʥʘ ʪʝʨʘʧʽʷ ï 

ʮʝ ʣʽʢʫʚʘʥʥʷ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʨʝʧʘʨʘʪʘʤʠ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʧʣʠʚʽ ʥʘ ʢʦʥʢʨʝʪʥʽ ʤʦʣʝʢʫʣʠ ʚʩʝʨʝʜʠʥʽ ʨʘʢʦʚʦʾ ʢʣʽʪʠʥʠ ʪʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʩʪ ʧʫʭʣʠʥʠ ʽ ʤʝʪʘʩʪʘʟʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʽʩʥʫʻ ʪʘʢʦʞ ʽʥʰʘ 

ʥʘʟʚʘ ï ʤʦʣʝʢʫʣʷʨʥʘ ʪʘʨʛʝʪʥʘ ʪʝʨʘʧʽʷ. ʊʘʨʛʝʪʥʘ ʪʝʨʘʧʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʭʽʤʽʦʪʝʨʘʧʽʾ ʪʠʤ, ʱʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʽ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ, ʦʩʢʽʣʴʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʟʜʦʨʦʚʠʭ ʢʣʽʪʠʥ. ʊʦʞ, ʱʦʙ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʝʬʝʢʪʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʽ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʩʪʨʘʪʝʛʽʾ, ʜʝ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʘʛʝʥʪ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʫʭʣʠʥʥʽ ʢʣʽʪʠʥʠ ʯʝʨʝʟ ʢʦʥ'ʶʛʘʮʽʶ ʟ ʣʽʛʘʥʜʦʤ ʢʦʥʢʨʝʪʥʠʭ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ, ʪʠʤ ʩʘʤʠʤ 

ʟʤʝʥʰʫʶʯʠ ʜʦʩʪʘʚʢʫ ʚ ʥʦʨʤʘʣʴʥʽ ʢʣʽʪʠʥʠ [182]. ʅʘ ʜʘʥʠʡ ʯʘʩ ʘʢʪʠʚʥʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ ʣʽʛʘʥʜʠ-ʢʦʥ'ʶʛʘʪʠ, ʽ ʣʽʛʘʥʜʠ-ʪʝʨʘʧʝʚʪʠʯʥʽ ʘʛʝʥʪʠ. 

ʊʘʢʦʞ ʚʠʚʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʟʤʽʥ ʚ ʧʫʭʣʠʥʘʭ ʥʝʦʙʭʽʜʥʝ ʜʣʷ  

ʧʨʦʬʽʣʶʚʘʥʥʷ ʧʫʭʣʠʥ. ɿʦʢʨʝʤʘ, ʚʚʘʞʘʻʪʩʷ, ʱʦ ʥʝʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʜʝʷʢʠʭ ʪʘʨʛʝʪʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʘ III  ʬʘʟʽ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʪʘʢʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʷ ʜʣʷ ʧʘʮʽʻʥʪʽʚ, ʱʦ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʫ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [183]. ʊʦʤʫ ʧʨʠ ʤʘʡʙʫʪʥʽʭ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʣʝʢʫʣʷʨʥʝ ʧʨʦʬʽʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʫʭʣʠʥ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʨʛʝʪʥʦʾ ʪʝʨʘʧʽʾ ʚ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʥʠʭ 

ʧʘʮʽʻʥʪʽʚ. 
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ʇʽʜʩʫʤʦʚʫʶʯʠ ʦʛʣʷʜ, ʚʽʜʤʽʪʠʤʦ, ʱʦ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʧʫʭʣʠʥ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʷʜʦʤ ʛʝʥʝʪʠʯʥʠʭ ʪʘ ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ. ʆʩʥʦʚʦʶ 

ʟʣʦʷʢʽʩʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʣʫʛʫʶʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʢʣʽʪʠʥʠ, ʥʘʩʣʽʜʢʦʤ ʷʢʠʭ ʤʦʞʝ ʩʪʘʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʦʪʦʦʥʢʦʛʝʥʽʚ ʚ 

ʦʥʢʦʛʝʥʠ, ʽʥʘʢʪʠʚʘʮʽʷ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʧʣʽʢʘʮʽʾ 

ɼʅʂ. ʂʨʽʤ ʪʦʛʦ,  ʧʨʠ ʢʘʥʮʝʨʦʛʝʥʝʟʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʝʧʽʛʝʥʝʪʠʯʥʽ 

ʬʘʢʪʦʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʛʫʣʷʮʽʶ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʥʘ ʪʨʘʩʢʨʠʧʮʽʡʥʦʤʫ ʪʘ 

ʪʨʘʥʩʣʷʮʽʡʥʠʭ ʨʽʚʥʷʭ ï ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ, ʤʦʜʠʬʽʢʘʮʽʾ ʭʨʦʤʘʪʠʥʫ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʤʽʢʨʦʈʅʂ. ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʪʘ 

ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʣʽʪʠʥ  ̒ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʙʽʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʮ ̔ʟʥʘʥʥʷ  ̒ʥʝʦʙʭʽʜʥʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʧʫʭʣʠʥ. 
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ʈʆɿɼɯʃ 2 

 

ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

 

 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʭʽʤʽʯʥʽ ʨʝʘʢʪʠʚʠ ʢʦʤʧʘʥʽʡ òSigmaò(ʉʐɸ), 

ñSilexò (ʈʦʩʽʷ), ñServaò(ʅʽʤʝʯʯʽʥʘ), ñNEB (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ)ò, ñBio Radò 

(ʉʐɸ), ñAmersham Pharmacia Biotechò (ʐʚʝʮʽʷ/ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), ñDifcoò 

(ʉʐɸ), ñZYMO RESEARCHò (ʉʐɸ). ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʝʨʤʝʥʪʠ 

Taq-ʧʦʣʽʤʝʨʘʟʘ, ʟʚʦʨʦʪʥʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ, ʣʽʛʘʟʘ, ʢʽʥʘʟʘ ʊ4, ʨʝʩʪʨʠʢʪʘʟʠ NotI, 

Sau3AI ʢʦʤʧʘʥʽʡ ñThermo Scientificò (ʉʐɸ), ñRosheò (ʅʽʤʝʯʯʽʥʘ), ñNEB 

(ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ)ò, ñUSBò (ʉʐɸ).  

 

2.1. ɿʘʙʽʨ ʟʨʘʟʢʽʚ 

 

ɺʠʜʘʣʝʥʽ ʭʽʨʫʨʛʽʯʥʠʤ ʰʣʷʭʦʤ ʧʫʭʣʠʥʠ ʽ ʦʪʦʯʫʶʯʽ ʾʭ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʽ 

ʪʢʘʥʠʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʂʠʾʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʨʦʣʦʛʽʯʥʦʤʫ ʮʝʥʪʨʽ 

(ʂʠʾʚ, ʋʢʨʘʾʥʘ). ɿʨʘʟʢʠ ʟʙʝʨʽʛʘʣʠ ʚ ʨʽʜʢʦʤʫ ʘʟʦʪʽ. ʇʫʭʣʠʥʠ ʛʽʩʪʦʣʦʛʽʯʥʦ 

ʢʣʘʩʠʬʽʢʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʾʚ ɺʆʆɿ ʧʦ TNM ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺʩʽ 

ʟʨʘʟʢʠ ʙʫʣʠ ʟʽʙʨʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʚ ɻʝʣʴʩʽʥʢʩʴʢʽʡ 

ʜʝʢʣʘʨʘʮʽʾ ʪʘ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʷʤʠ ɽʪʠʯʥʦʛʦ ʂʦʤʽʪʝʪʫ ɯʄɹɯɻ.  

 

2.2. ɺʠʜʽʣʝʥʥʷ ʛʝʥʦʤʥʦʾ ɼʅʂ 

 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ɼʅʂ ʚʠʢʦʨʠʩʪʫʚʘʣʠ GeneJETÊ Genomic DNA 

Purification Kit  ñThermo Scientificò ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʚʠʨʦʙʥʠʢʘ. ɿʨʘʟʢʠ 

ʧʫʭʣʠʥ ʽ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ ʚʘʛʦʶ 25-30 ʤʛ ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʚ 

ʨʽʜʢʦʤʫ ʘʟʦʪʽ ʫ ʬʘʨʬʦʨʦʚʽʡ ʩʪʫʧʮʽ. ʆʪʨʠʤʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʤʽʱʘʣʠ ʚ 1,5 ʤʣ 

ʧʨʦʙʽʨʢʠ ʽ ʨʝʩʫʩʧʝʥʜʫʚʘʣʠ ʚ 180 ʤʢʣ Digestion Solution. ʇʦʪʽʤ ʜʦʜʘʚʘʣʠ 20 



 36 

ʤʢʣ ʨʦʟʯʠʥʫ ʧʨʦʪʝʾʥʘʟʠ K ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʩʫʤʽʰ ʥʘ ʚʦʨʪʝʢʩʽ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʦʜʥʦʨʽʜʥʦʾ ʩʫʩʧʝʥʟʽʾ. ɯʥʢʫʙʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 56ÁC ʧʨʦʪʷʛʦʤ ʥʦʯʽ. 

ɿʨʘʟʢʠ ʦʙʨʦʙʣʷʣʠ 20 ʤʢʣ ʨʦʟʯʠʥʫ RNase A Solution, ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ 

ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 10ʭʚ. ʇʽʩʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦʜʘʚʘʣʠ 200 ʤʢʣ Lysis 

Solution, ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʚʦʨʪʝʢʩʽ ʜʦ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʫʤʽʰʽ. 

ɼʦʜʘʚʘʣʠ 400 ʤʢʣ 50% ʝʪʘʥʦʣʫ ʽ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ. ʆʪʨʠʤʘʥʠʡ ʣʽʟʘʪ 

ʧʝʨʝʥʦʩʠʣʠ ʜʦ ʢʦʣʦʥʢʠ GeneJETÊ Genomic DNA Purification ʽʟ ʧʨʦʙʽʨʢʦ  ʁ

ʜʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ. ʂʦʣʦʥʢʫ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʭʚ ʧʨʠ 6000 g, 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫ ʧʨʦʙʽʨʢʫ ʜʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ ʽ ʜʦʜʘʚʘʣʠ 500 ʤʢʣ Wash Buffer 

I, ʟʤʽʰʘʥʦʛʦ ʟ ʝʪʘʥʦʣʦʤ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 8000 g. ʧʨʦʪʷʛʦʤ 1 ʭʚ. 

ɺʽʜʮʝʥʪʨʠʬʫʛʦʚʘʥʫ ʢʦʣʦʥʢʫ ʚʩʪʘʚʣʷʣʠ ʟʥʦʚʫ ʫ ʧʨʦʙʽʨʢʫ ʜʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ. 

ɺ ʢʦʣʦʥʢʫ ʜʦʜʘʚʘʣʠ 500 ʤʢʣ Wash Buffer II (ʟ ʝʪʘʥʦʣʦʤ), 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 3 ʭʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ (12000 g). ʇʨʠ ʥʘʷʚʥʦʩʪʽ 

ʟʘʣʠʰʢʫ ʨʽʜʠʥʠ ʚ ʢʦʣʦʥʮʽ ʧʨʦʮʝʜʫʨʫ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠ, ʧʽʩʣʷ 

ʯʦʛʦ ʢʦʣʦʥʢʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʝʨʠʣʴʥʽ 1,5 ʤʣ ʧʨʦʙʽʨʢʠ ʽ ʜʦʜʘʚʘʣʠ 200 ʤʢʣ 

Elution Buffer ʚ ʮʝʥʪʨ ʤʝʤʙʨʘʥʠ ʢʦʣʦʥʢʠ. ɯʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 2 ʭʚ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʦʪʽʤ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 2 ʭʚ ʥʘ 8000 g. ʆʪʨʠʤʘʥʽ 

ʟʨʘʟʢʠ ʟʙʝʨʽʛʘʣʠ ʧʨʠ -20ÁC. 

 

2.3. ʇʨʠʛʦʪʫʚʘʥʥʷ ʧʨʦʙ ʜʣʷ ʛʽʙʨʠʜʠʟʘʮʽʾ ʟ NotI -ʤʽʢʨʦʯʽʧʘʤʠ 

 

ʆʙʨʦʙʢʘ ʧʨʦʙ NotI -ʨʝʩʪʨʠʢʪʘʟʦʶ. ɼʣʷ ʦʙʨʦʙʢʠ ʨʝʩʪʨʠʢʪʘʟʦʶ NotI 

ʙʨʘʣʠ 3ʤʢʛ ʛʝʥʦʤʥʦʾ ɼʅʂ, 10x ʙʫʬʝʨ 3 (NEB), 100xBSA (NEB) (10ʤʛ/ʤʣ), 10 

ʦʜ. NotI (NEB), ʜʦʚʦʜʠʣʠ ʦʙô̒ ʤ dH2O ʜʦ 40 ʤʢʣ. ɯʥʢʫʙʫʚʘʣʠ ʧʨʠ 37C̄ ʥʘ 

ʧʨʦʪʷʟʽ 4 ʛʦʜʠʥ, ʟʫʧʠʥʷʣʠ ʨʝʘʢʮʽʶ ʨʽʜʢʠʤ ʘʟʦʪʦʤ ʽ ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ 65C̄ 3 

ʨʘʟʠ. ʂʦʥʪʨʦʣʴ ʧʨʦʜʫʢʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʚ 0,8% ʘʛʘʨʦʟʥʦʤ ʛʝʣʽ (ʙʨʘʣʠ 1ʤʢʣ 

ʧʨʦʜʫʢʪʫ ʧʽʩʣʷ ʦʙʨʦʙʢʠ).  

ʃʽʛʫʚʘʥʥʷ ʟ NotI -ʣʽʥʢʝʨʦʤ. ɼʣʷ ʣʽʛʫʚʘʥʥʷ ʙʨʘʣʠ 39 ʤʢʣ ʨʦʟʯʠʥʫ ɼʅʂ 

ʧʽʩʣʷ ʦʙʨʦʙʢʠ NotI, 10x ʣʽʛʫʶʯʠʡ ʙʫʬʝʨ (NEB), 0,5 ʤʢʣ NotI-anti-link, 5 ʦʜ. 
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ʣʽʛʘʟʠ (NEB), ʜʦʚʦʜʠʣʠ dH2O ʜʦ 110 ʤʢʣ, ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 4 C̄ ʥʘ ʧʨʦʪʷʟʽ ʥʦʯʽ 

(ʨʠʩ. 2.1). 

ʇʨʠʛʦʪʫʚʘʥʥʷ NotI -anti-link . ɹʨʘʣʠ 10 ʤʢʣ NotAntBiʦ*, 10 ʤʢʣ 

NotAntComp*, 10ʭ ʙʫʬʝʨ (Roshe), ʜʦʚʦʜʠʣʠ ʙʫʬʝʨʦʤ 1ʭ ʊɽ ʜʦ 100 ʤʢʣ, 

ʥʘʛʨʽʚʘʣʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʥʘ ʧʨʦʪʷʟʽ 2 ʭʚ., ʦʭʦʣʦʜʞʫʚʘʣʠ. ɹʨʘʣʠ 5 ʤʢʣ 

ʧʨʠʛʦʪʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, 10ʭ ʢʽʥʘʟʥʠʡ ʙʫʬʝʨ (NEB), 10 ʦʜ. ʢʽʥʘʟʠ ʊ4, 

ʜʦʚʦʜʠʣʠ ʙʫʬʝʨʦʤ 1ʭ ʊɽ ʜʦ 100 ʤʢʣ, ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 37C̄ ʥʘ ʧʨʦʪʷʟʽ 30 ʭʚ. 

* ʆʣʽʛʦʥʫʢʣʝʦʪʠʜʠ: 

NotAntBio 5Ë-Biotin-cagcactgacccttttgggaccgc-3Ë  24bp 

NotAntComp 5Ë-ggccgcggtcccaaaagggtcagtgctg-3Ë  28bp 

ʆʩʘʜʞʫʚʘʥʥʷ ʟ PEG. ɼʣʷ ʦʩʘʜʞʫʚʘʥʥʷ ʙʨʘʣʠ 110 ʤʢʣ ʨʦʟʯʠʥʫ ɼʅʂ 

ʧʽʩʣʷ ʣʽʛʫʚʘʥʥʷ ʟ NotI-ʣʽʥʢʝʨʦʤ, 33 ʤʢʣ 5M NaCl, 71,5 ʤʢʣ 20% PEG 8000. 

ʉʫʤʽʰ ʦʭʦʣʦʜʞʫʚʘʣʠ 1 ʛʦʜʠʥʫ ʥʘ ʣʴʦʜʫ, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 20 ʭʚ. ʥʘ 8000 g 

ʧʨʠ 4ÜC, ʦʩʘʜ ʨʦʟʯʠʥʠʣʠ ʚ 30ʤʢʣ1xTE. ʂʦʥʪʨʦʣʴ ʧʨʦʜʫʢʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʚ 

0,8% ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ (ʙʨʘʣʠ 1 ʤʢʣ ʦʩʘʜʫ  ̔10 ʤʢʣ ʩʫʧʝʨʥʘʪʘʥʪʫ). 

ʆʙʨʦʙʢʘ Sau3AI . ɼʣʷ ʦʙʨʦʙʢʠ Sau3AI ʙʨʘʣʠ 29 ʤʢʣ ɼʅʂ ʧʽʩʣʷ 

ʦʩʘʜʞʫʚʘʥʥʷ ʟ PEG, 10x ʙʫʬʝʨ Sau3A (NEB), 20 ʦʜ. Sau3AI (NEB), ʜʦʚʦʜʠʣʠ 

dH2O ʜʦ 40 ʤʢʣ, ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 37C̄ ʥʘ ʧʨʦʪʷʟʽ 3 ʛʦʜʠʥ. 

ɯʤʤʦʙʽʣʽʟʘʮʽʷ ʥʘ ʢʫʣʴʢʘʭ (Dynabeads M-280 Streptavidin ñDynalò). 5 

ʤʢʣ ʢʫʣʴʦʢ ʚʽʜʤʠʚʘʣʠ 3 ʨʘʟʠ ʚ 2xB&W ʙʫʬʝʨʽ (10ʤʄʦʣʴ Tris-HCl (pH 7,5), 

1ʤʄʦʣʴ EDTA, 2ʄ NaCl) ʽ ʨʦʟʯʠʥʠʣʠ ʚ 50 ʤʢʣ 2xB&W ʙʫʬʝʨʘ. ʇʦʪʽʤ ʜʦʜʘʣʠ 

ʜʦ ʮʠʭ ʢʫʣʴʦʢ ʚ 2xB&W ʙʫʬʝʨʽ 40 ʤʢʣ ɼʅʂ, ʦʙʨʦʙʣʝʥʦʾ Sau3AI. ʇʦʤʽʩʪʠʣʠ 

ʫʩʽ ʧʨʦʙʽʨʢʠ ʚ ʦʜʠʥʫ ʧʨʦʙʽʨʢʫ 50ʤʣ i ʥʘ ʧʨʦʪʷʟʽ 20-ʪʠ ʭʚ. ʢʨʫʪʠʣʠ ʡʦʛʦ ʥʘ 

ʨʦʣʝʨʽ, ʧʦʪʽʤ ʩʪʘʚʠʣʠ ʥʘ 2 ʭʚ. ʥʘ ʤʘʛʥʽʪ. ɼʦʜʘʚʘʣʠ 50 ʤʢʣ 2xB&W ʙʫʬʝʨʫ ʽ 

ʨʝʩʫʩʧʝʥʜʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʨʥʦʾ ʧʽʧʝʪʢʠ. ʉʪʘʚʠʣʠ ʟʥʦʚʫ ʥʘ 2 ʭʚ. ʥʘ 

ʤʘʛʥʽʪ, ʚʠʜʘʣʣ̫ʠ ʩʫʧʝʨʥʘʪʘʥʪ. ɺʜ̔ʤʠʚʘʥʥʷ ʢʫʣʴʦʢ ʧʦʚʪʦʨʠʣʠ 3 ʨʘʟʠ ʚ 

2xB&W ʙʫʬʝʨʽ. ʇʦʪʽʤ ʧʨʦʤʠʣʠ ʢʫʣʴʢʠ ʜʚʽʯʠ ʚ 50 ʤʢʣ 1xB&W ʙʫʬʝʨʘ ʽ 3 

ʨʘʟʠ ʚ Tɽ ʙʫʬʝʨʽ. ʈʦʟʯʠʥʠʣʠ ʢʫʣʴʢʠ ʚ 20ʤʢʣ1xTE.  
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ʈʠʩ. 2.1. ʉʭʝʤʘ NotI-ʤʽʢʨʦʯʽʧʽʚ. N ï ʨʝʩʪʨʠʢʪʘʟʘ NotI, S ï ʨʝʩʪʨʠʢʪʘʟʘ 

Sau3AI , B ï ʙʽʦʪʠʥ, Cy5/Cy3- ʤʽʯʝʥʠʡ dCTP (ʚʢʣʶʯʝʥʥʷ ʧʨʠ ʇʃʈ-

ʘʤʧʣʽʬʽʢʘʮʽʾ) 

 

ʇʨʠʛʦʪʫʚʘʥʥʷ SauZgt99link . ɹʨʘʣʠ 10 ʤʢʣ SauZgtBlock*, 10 ʤʢʣ 

SauZgtComp*, 10ʭ ʙʫʬʝʨ (Roshe), ʜʦʚʦʜʠʣʠ ʙʫʬʝʨʦʤ 1ʭ ʊɽ ʜʦ 100 ʤʢʣ, 

ʥʘʛʨʽʚʘʣʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʥʘ ʧʨʦʪʷʟʽ 2 ʭʚ., ʦʭʦʣʦʜʞʫʚʘʣʠ ʥʘ ʚʦʜʽ. ɹʨʘʣʠ 20 

ʤʢʣ ʧʨʠʛʦʪʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, 10ʭ ʢʽʥʘʟʥʠʡ ʙʫʬʝʨ (NEB), 10 ʦʜ. ʢʽʥʘʟʠ (NEB), 

B 
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ʜʦʚʦʜʠʣʠ ʜʦ 100 ʤʢʣ ʙʫʬʝʨʦʤ 1ʭ ʊɽ, ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 37̄ C ʥʘ ʧʨʦʪʷʟʽ 10 

ʭʚʠʣʠʥ. 

* ʆʣʽʛʦʥʫʢʣʝʦʪʠʜʠ: 

SauZgtBlock 5Ë-gatcctcaaacgcgt-block-3Ë                     15bp 

SauZgtComp 5Ë-ggcgatctatcctagagcccgtacgcgtttgag-3Ë 33bp 

ʃʽʛʫʚʘʥʥʷ ʟ Sau3AI -ʣʽʥʢʝʨʦʤ. ɼʣʷ ʣʽʛʫʚʘʥʥʷ ʙʨʘʣʠ 20 ʤʢʣ ɼʅʂ ʥʘ 

ʢʫʣʴʢʘʭ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ, 10x ʙʫʬʝʨ ʜʣʷ ʣʽʛʫʚʘʥʥʷ (NEB), 0,5 ʤʢʣ 

SauZgt99link, 5 ʦʜ. ʣʽʛʘʟʠ (NEB), ʜʦʚʦʜʠʣʠ dH2O ʜʦ 50 ʤʢʣ, ʽʥʢʫʙʫʚʘʪʠ ʧʨʠ 

4 C̄ ʥʘ ʧʨʦʪʷʟʽ ʥʦʯʽ. ʇʦʪʽʤ ʧʨʦʤʠʣʠ 3 ʨʘʟʠ ʚ 50 ʤʢʣ ʙʫʬʝʨʘ TE, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʛʥʽʪʫ. ʆʩʘʜ ʨʦʟʯʠʥʠʣʠ ʚ 50 ʤʢʣ TE.  

ɸʤʧʣʽʬʽʢʘʮʽʷ ɼʅʂ (ʇʃʈ): ɹʨʘʣʠ 1 ʤʢʣ ɼʅʂ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʨʦʢʫ 

ʨʘʟʦʤ ʟ ʢʫʣʴʢʘʤʠ, 5x ʇʃʈ ʙʫʬʝʨ#9, 200 ʤʢʄ dNTP, 1 ʤʢʣ Primer anti-univ* 

(20mM), 1 ʤʢʣ Primer Zgt99* (20mM), 1 ʦʜ. (1 ʤʢʣ) Taq-ʧʦʣʽʤʝʨʘʟʠ (NEB), 

ʜʦʚʦʜʠʣʠ dH2O ʜʦ 30 ʤʢʣ. ʂʦʥʪʨʦʣʴ ʧʨʦʜʫʢʪʘ ʟʜʽʡʩʥʶʚʘʣʠ ʚ 0.8% ʘʛʘʨʦʟʥʦʤ 

ʛʝʣʽ (ʥʘʥʦʩʠʣʠ 3ml  ʧʨʦʜʫʢʪʘ ʇʃʈ). 

ʋʤʦʚʠ ʇʃʈ: ɸʤʧʣʽʬʽʢʘʮʽʶ ɼʅʂ (35 ʮʠʢʣʽʚ) ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ 

Percin-Elmer 2720 (95̄ʉ-45 ʩʝʢ., 64ʉ̄-40 ʩʝʢ., 72ʉ̄-2ʭʚ. 20 ʩʝʢ. )ʟ ʽʥʽʮʽʘʮʽʻʶ 

ʜʝʥʘʪʫʨʘʮʽʾ ʧʨʠ 95ʉ̄ ʥʘ ʧʨʦʪʷʟʽ 2 ʭʚ. ʌʽʥʘʣʴʥʫ ʝʣʦʥʛʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

72̄ʉ ʥʘ ʧʨʦʪʷʟʽ 4 ʭʚ..  

*ʇʨʘʡʤʝʨʠ: 

Anti-univ  5Ë-cagcactgacccttttgggacc-3Ë  22bp 

Zgt99  5Ë-ggcgatctatcctagagcccgt-3Ë  22bp 

ʆʩʘʜʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʇʃʈ. ɹʨʘʣʠ 27 ʤʢʣ ʧʨʦʜʫʢʪʫ ʇʃʈ, 2,7 ʤʢʣ 

5M NaCl, 81 ʤʢʣ 99 % ʝʪʘʥʦʣʫ, ʪʨʠʤʘʣʠ 15 ʭʚ ʧʨʠ -80ÜC, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 20 

ʭʚ. ʇʨʠ 8000 g, ʚʠʜʘʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ; ʜʦʜʘʚʘʣʠ 150 ʤʢʣ 70% EtOH, 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 20 ʭʚ ʧʨʠ 8000 g, ʦʩʘʜ ʨʦʟʯʠʥʷʣʠ ʚ 50 ʤʢʣ ʙʫʬʝʨʘ 1xTE. 

ʄʽʯʝʥʥʷ ɼʅʂ Cy3 ʽ Cy5 ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʃʈ (ʫʩʽ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ 

ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʜʦʩʪʫʧʫ ʩʚʽʪʣʘ). ɹʨʘʣʠ 3ʤʢʣ (200-400ʥʛ) ɼʅʂ, 5xʇʃʈ 

ʙʫʬʝʨ#9, 200 ʤʢʄ dNTP (ʫʩʽ, ʢʨʽʤ dCTP), 80 ʤʢʄ dCTP, 1,2 ʤʢʣ (1,25 ʥʄ) 

dCTP Cy3 (ʘʙʦ 1,5 ʤʢʣ (1,5 ʥʄ) dCTP Cy5), 1 ʤʢʣ ʧʨʘʡʤʝʨʘ anti-univ* (20 
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ʤM), 1 ʤʢʣ ʧʨʘʡʤʝʨʘ Zgt99* (20 ʤʄ), 1 ʦʜ. (1 ʤʢʣ) Taq-ʧʦʣʽʤʝʨʘʟʠ (NEB), 

ʜʦʚʦʜʠʣʠ dH2O ʜʦ 30 ʤʢʣ.  

ʋʤʦʚʠ ʇʃʈ: ɸʤʧʣʽʬʽʢʘʮʽʶ ɼʅʂ (35 ʮʠʢʣʽʚ) ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ 

Perʢin-Elmer 2720 (95 ʉ-45 ʩ, 60 ʉ-40 ʩ, 72 ʉ-2 ʭʚ 20 ʩ) ʟ ʽʥʽʮʽʘʮʽʻʶ 

ʜʝʥʘʪʫʨʘʮʽʾ ʧʨʠ 95 ʉ ʧʨʦʪʷʛʦʤ 2 ʭʚ. ʌʽʥʘʣʴʥʫ ʝʣʦʥʛʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 72 ʉ 

ʧʨʦʪʷʛʦʤ 4 ʭʚ. 

ɼʣʷ ɼʅʂ ʟ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ 

ʙʘʨʚʥʠʢ Cy3 (ʟʝʣʝʥʠʡ), a ʜʣʷ ɼʅʂ ʟ ʧʫʭʣʠʥ ï Cy5 (ʯʝʨʚʦʥʠʡ), Amersham. 

ʆʩʘʜʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʇʃʈ. ɹʨʘʣʠ 30 ʤʢʣ ʧʨʦʜʫʢʪʫ ʇʃʈ, 3 ʤʢʣ 5M 

NaCl, 90 ʤʢʣ 99% ʝʪʘʥʦʣʫ, ʚʠʪʨʠʤʫʚʘʣʠ 1 ʛʦʜʠʥʫ ʧʨʠ -80ÜC, 20 ʭʚ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 8000 g, ʚʠʜʘʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ. ɼʦʜʘʚʘʣʠ 150 ʤʢʣ 70% 

ʝʪʘʥʦʣʫ, ʽʥʢʫʙʫʚʘʣʠ 20 ʭʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 20 ʭʚ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 

ʧʨʠ 8000 g, ʩʫʰʠʣʠ ʙʣʠʟʴʢʦ 1 ʭʚ; ʦʩʘʜ ʨʦʟʯʠʥʷʣʠ ʚ 20ʤʢʣ dH2O (ʟʨʘʟʢʠ ʛʦʪʦʚʽ 

ʜʣʷ ʛʽʙʨʠʜʠʟʘʮʽʾ). 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʛʽʙʨʠʜʠʟʘʮʽʻʶ ʦʙôʻʜʥʫʚʘʣʠ ʧʨʦʙʠ, ʷʢʽ ʙʫʣʠ 

ʧʨʠʛʦʪʦʚʘʥʽ ʟ ɼʅʂ ʧʫʭʣʠʥ ʪʘ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ, ʧʦ 50 ʤʢʣ. ɼʦʜʘʚʘʣʠ 100 

ʤʢʣ 2,5ʭ ʛʽʙʨʠʜʠʟʘʮʽʡʥʦʛʦ ʙʫʬʝʨʘ (5x SSC, 5x ʨʦʟʯʠʥ ɼʝʥʭʘʨʪʘ, 1 mM 

ʧʽʨʦʬʦʩʬʘʪ Na, 50 mM Tʨʽʩ, ʨʅ 7,5) ʪʘ 100 ʤʢʣ ʬʦʨʤʘʤʽʜʫ. ɯʥʢʫʙʫʚʘʣʠ ʧʨʠ 

95Üʉ ʧʨʦʪʷʛʦʤ 5 ʭʚ, ʦʭʦʣʦʜʞʫʚʘʣʠ ʩʫʤʽʰ 1 ʭʚ. ʥʘ ʣʴʦʜʫ, ʜʦʜʘʚʘʣʠ 2,5 ʤʢʣ 

10% SDS. ʉʫʤʽʰ ʧʨʦʙ ʚʥʦʩʠʣʠ ʫ ʛʽʙʨʠʜʠʟʘʮʽʡʥʫ ʢʘʤʝʨʫ. 

ɻʽʙʨʠʜʠʟʘʮʽʶ NotI-ʤʽʢʨʦʯʽʧʽʚ ʟ ʤʽʯʝʥʠʤʠ ʧʨʦʙʘʤʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʠʣʘʜʽ TECAN100 ʽ ʩʢʘʥʫʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ GenPix400. ʆʙʨʘʭʫʥʦʢ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ GenPix4.0.  

ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʦʮʽʥʶʚʘʣʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ Cy5 ʽ Cy3. ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ Cy5/Cy3 ʤʝʥʰʝ, 

ʥʽʞ 0,35, ʪʦ ʟʨʘʟʦʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʪʘʢʠʡ, ʱʦ ʤʽʩʪʠʪʴ ʛʦʤʦʟʠʛʦʪʥʫ 

ʜʝʣʝʮʽʶ/ʤʝʪʠʣʫʚʘʥʥʷ, ʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,35 ʜʦ 0,85 ï ʢ̫ ʛʝʪʝʨʦʟʠʛʦʪʥʫ 

ʜʝʣʝʮʽʶ/ʤʝʪʠʣʫʚʘʥʥʷ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʧʦʥʘʜ 1,5, ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʤʘʻ 

ʤʽʩʮʝ ʘʤʧʣʽʬʽʢʘʮʽʷ. 
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2.4. ɺʠʜʽʣʝʥʥʷ ʪʦʪʘʣʴʥʦʾ ʈʅʂ 

 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʪʦʪʘʣʴʥʦʾ ʈʅʂ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ RNeasy Mini  Kit . 

ɿʘʤʦʨʦʞʝʥʽ ʟʨʘʟʢʠ ʪʢʘʥʠʥ ʥʠʨʦʢ ʨʦʟʪʠʨʘʣʠ ʫ ʬʘʨʬʦʨʦʚʽʡ ʩʪʫʧʮʽ ʫ ʨʽʜʢʦʤʫ 

ʘʟʦʪʽ ʽ ʚʥʦʩʠʣʠ 25-30 ʥʛ ʚ 600 ʤʢʣ RLT-ʙʫʬʝʨʘ, ʦʪʨʠʤʘʥʠʡ ʣʽʟʘʪ ʦʙʨʦʙʣʷʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʤ Ultra Sonic Homogenizer 4710 Series Cole Parmer. ɼʘʣʽ 

ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 3ʭʚ. ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʰʚʠʜʢʦʩʪʽ. ʆʪʨʠʤʘʥʠʡ ʩʫʧʝʨʥʘʪʘʥʪ ʦʙʝʨʝʞʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫ ʧʨʦʙʽʨʢʫ 

ʤʽʨʥʦʶ ʧʽʧʝʪʢʦʶ ʪʘ ʜʦʜʘʚʘʣʠ ʨʽʚʥʠʡ ʦʙôʻʤ 70% ʝʪʘʥʦʣʫ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʧʽʧʝʪʢʦʶ. ɺ ʢʦʣʦʥʢʫ RNeasy spin ʟ ʧʨʦʙʽʨʢʦʶ ʜʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ ʚʥʦʩʠʣʠ 700 

ʤʢʣ ʨʽʜʠʥʠ ʟ ʧʝʨʰʦʾ ʧʨʦʙʽʨʢʠ, ʚʢʣʶʯʘʶʯʠ ʦʩʘʜ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ 15 ʩ ʧʨʠ 

8000g. ʇʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʥʘ ʤʘʪʨʠʢʩ ʢʦʣʦʥʢʠ RNeasy spin ʟʽ 

ʟʙʠʨʘʣʴʥʦʶ ʧʨʦʙʽʨʢʦʶ ʥʘʥʦʩʠʣʠ 500ʤʢʣ ʙʫʬʝʨʘ RPE. ʆʙʝʨʝʞʥʦ ʟʘʢʨʠʚʘʣʠ 

ʢʦʣʦʥʢʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʩʪʨʫʰʫʚʘʥʥʷ, ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 15 ʩ ʧʨʠ 8000 g, ʱʦʙ 

ʧʨʦʤʠʪʠ ʤʝʤʙʨʘʥʫ ʢʦʣʦʥʢʠ. ʇʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʶʚʘʣʠ ʱʝ ʨʘʟ, ʮʝʥʪʨʠʬʫʛʫʶʯʠ 

2 ʭʚ ʧʨʠ 8000 g. ɺʧʝʚʥʠʚʰʠʩʴ, ʱʦ ʤʝʤʙʨʘʥʘ ʢʦʣʦʥʢʠ ʥʝ ʤʽʩʪʠʪʴ ʨʽʜʠʥʠ, 

ʢʦʣʦʥʢʫ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫ ʟʙʠʨʘʣʴʥʫ ʧʨʦʙʽʨʢʫ ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 1 ʭʚ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʣʠʰʢʽʚ ʙʫʬʝʨʘ. 

ʇʦʪʽʤ ʢʦʣʦʥʢʫ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫ ʟʙʠʨʘʣʴʥʫ ʧʨʦʙʽʨʢʫ ʽ ʜʦʜʘʚʘʣʠ 30-50 ʤʢʣ 

ʚʦʜʠ, ʦʙʨʦʙʣʝʥʦʾ DEPC, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʘʪʨʠʢʩ ʢʦʣʦʥʢʠ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 1 ʭʚ. ʧʨʠ 8000 g ʜʣʷ ʝʣʶʮʽʾ ʪʦʪʘʣʴʥʦʾ ʈʅʂ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʦʩʪʘʥʥʽʡ ʢʨʦʢ ʚʠʢʦʥʫʚʘʣʠ ʧʦʚʪʦʨʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʣʶʘʪ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʢʨʦʢʫ.   

 

2.5. Cʠʥʪʝʟ ʧʝʨʰʦʛʦ ʣʘʥʮʶʛʘ ʢɼʅʂ 

 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʜʫʨʠ ʩʠʥʪʝʟʫ ʢɼʅʂ ʪʦʪʘʣʴʥʫ ʈʅʂ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʦʙʣʷʣʠ ɼʅʂʘʟʦʶ (Thermo Scientific) ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ ʜʦʤʽʰʦʢ 

ʛʝʥʦʤʥʦʾ ɼʅʂ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʨʦʙʽʨʢʫ, ʚʽʣʴʥʫ ʚʽʜ ʈʅʂʘʟʠ ʜʦʜʘʚʘʣʠ 1 ʤʢʛ ʈʅʂ 
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ʽ 1 ʤʢʣ 10X ʙʫʬʝʨʘ ʟ MgCl2, 1 ʤʢʣ DNase I ʽ ʚʦʜʫ, ʦʙʨʦʙʣʝʥʫ DEPC ʜʦ 10 ʤʢʣ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ. ɯʥʢʫʙʫʚʘʣʠ 30 ʭʚ. ʧʨʠ 37ÁC, ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʚʘʣʠ 1 ʤʢʣ 

50ʤʄʦʣʴ EDTA ʽ ʧʨʦʜʦʚʞʫʚʘʣʠ ʽʥʢʫʙʘʮʽʶ ʧʨʠ 65ÁC ʱʝ 10ʭʚ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʧʝʨʰʦʛʦ ʣʘʥʮʶʛʘ ʢɼʅʂ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ RevertAidÊ H 

Minus First Strand cDNA Synthesis Kit  (Thermo Scientific) ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ 

ʚʠʨʦʙʥʠʢʘ.  

ɺ ʩʪʝʨʠʣʴʥʫ ʧʨʦʙʽʨʢʫ ʥʘ ʣʴʦʜʫ ʜʦʜʘʚʘʣʠ 2 ʤʢʛ ʪʦʪʘʣʴʥʦʾ  ʈʅʂ, 

ʧʨʘʡʤʝʨʠ oligo (dT)18  -1 ʤʢʣ, ʚʦʜʦʶ, ʚʽʣʴʥʦʶ ʚʽʜ ʥʫʢʣʝʘʟ, ʦʙôʻʤ ʜʦʚʦʜʠʣʠ ʜʦ 

12 ʤʢʣ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 

ʤʘʣʠʭ ʦʙʝʨʪʘʭ ʽ ʽʥʢʫʙʫʚʘʣʠ 65ÁC ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʇʽʩʣʷ ʽʥʢʫʙʫʚʘʥʥʷ 

ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʣʽʜ, ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ.  

ʅʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʦʜʘʚʘʣʠ ʚ ʪʘʢʠʭ ʦʙô̒ ʤʘʭ: 5X Reaction Buffer - 4 

ʤʢʣ, RiboLockÊ RNase Inhibitor (20 ʦʜ/ʤʢʣ) - 1 ʤʢʣ, 10 ʤʄʦʣʴ dNTP Mix  - 2 

ʤʢʣ, RevertAidÊ H Minus M-MuLV Reverse Transcriptase (200 ʦʜ/ʤʢʣ) - 1 ʤʢʣ. 

ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʨʝʘʢʮʽʾ ʤʘʻ ʩʪʘʥʦʚʠʪʠ ʧʨʠ ʮʴʦʤʫ 20ʤʢʣ. ʆʪʨʠʤʘʥʠʡ ʦʙôʻʤ 

ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ. ɯʥʢʫʙʫʚʘʣʠ 60 ʭʚ ʧʨʠ 42ÁC. 

ʊʝʨʤʽʥʘʮʽʷ ʨʝʘʢʮʽʾ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ 70ÁC ʧʨʦʪʷʛʦʤ 5 ʭʚ. 

ʆʪʨʠʤʘʥʽ ʧʨʦʙʠ ʢɼʅʂ ʟʙʝʨʽʛʘʣʠ ʧʨʠ -20ÁC. 

 

2.6. ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʥʘ ʨʽʚʥʽ ʤʈʅʂ 

 

ʈʽʚʝʥʴ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʧʨʠʣʘʜʽ Bio-Rad iQ5. ʇʨʘʡʤʝʨʠ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʫ Primer3 (http://frodo.wi.mit.edu/primer3/). ɺ ʷʢʦʩʪʽ 

ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʫ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ TBP [184]. 

ʈʝʘʢʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʢʪʠʚʠ ʬʽʨʤʠ çThermo Scientificè 2x 

SYBR Green PCR Master Mix. ʂʦʞʥʘ ʧʨʦʙʘ ʤʽʩʪʠʣʘ 20 ʤʢʣ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦɹʛʦ ʧʨʘʡʤʝʨʽʚ ʩʢʣʘʜʘʣʘ 400 ʥMʦʣʴ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢɼʅʂ ʩʢʣʘʜʘʣʘ 10 ʥʛ/ʤʢʣ. ʈʝʘʢʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʧʨʦʛʨʘʤʦʶ: 
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ʜʝʥʘʪʫʨʘʮʽʷ 10ʭʚ ʧʨʠ 95 ÁC, ʧʦʪʽʤ 35 ʮʠʢʣʽʚ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ: ʜʝʥʘʪʫʨʘʮʽʷ 95 

ÁC 20 ʩ, ʚʽʜʧʘʣ ʧʨʘʡʤʝʨʽʚ 60 ÁC ʧʨʦʪʷʛʦʤ 20 ʩ ʽ ʝʣʦʥʛʘʮʽʷ 72 ÁC 40 ʩ. ɼʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʢʮʽʾ ʩʪʚʦʨʶʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʣʦʛʘʨʠʬʤʽʯʥʫ ʢʨʠʚʫ 

ʩʝʨʽʾ ʨʦʟʚʝʜʝʥʴ ʜʣʷ ʧʨʘʡʤʝʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʥʫʚʘʣʠ ʩʝʨʽʶ ʨʦʟʚʝʜʝʥʴ ʤʘʪʨʠʮʽ ʚʽʜ 1 ʜʦ 100 ʥʛ. ʂʦʞʥʠʡ ʟʨʘʟʦʢ 

ʘʥʘʣʽʟʫʚʘʣʠ ʫ ʪʨʠʧʣʝʪʘʭ, ʜʣʷ ʢʦʞʥʦ ʾʧʘʨʠ ʧʨʘʡʤʝʨʽʚ ʨʦʙʠʣʠ ʥʝʛʘʪʠʚʥʠʡ 

ʢʦʥʪʨʦʣʴ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ ʜʣʷ ʚ̔ ʜʥʦʩʥʦʾ ʢʽʣʴʢʽʩʥʦʾ 

ʇʃʈ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ȹȹCt-ʤʝʪʦʜ). 

 

ʇʨʘʡʤʝʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʂ-ʇʃʈ:  

NKIRAS1_expr 

For 5ô -CTTTCAAAGAGTGGAGCTTCTG -3ô, 

Rev 5ô - TTTCCGATCTGTAACAGTCACC -3ô. 

PPM1M_expr 

For 5ô-GATGTACTGTCCAACGAGCAG-3, 

Rev 5ô-TGTCTTCCTTTCCCTGTGTG-3. 

PRICKLE2_expr 

For 5ô - TGCCCTATTGAGGAGAAGGA - 3ô, 

Rev 5ô - TAATGGTTGTGATGGAGGAAT - 3ô. 

GPX1_expr 

For 5ô-CCAAGCTCATCACCTGGTCT-3ô,  

Rev 5ô-TCGATGTCAATGGTCTGGAA-3ô.  

GPX2_expr 

For 5ô-TTTTGGACAAGGGTGAAGGT-3ô, 

Rev 5ô-TGCAACCAATTTGGACATCA-3ô. 

GPX3_expr 

For 5ô-TACGAGTACGGAGCCCTCAC-3ô,  

Rev 5ô-CCAGAATGACCAGACCGAAT-3ô.  

GPX4_expr 

For 5ô-ATGTCCTTGGCGGAAAACTC-3ô,   
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Rev 5ô-CCTTGGGTTGGATCTTCATC-3ô. 

GPX6_expr 

For 5ô-AGGGTGAGGGCTCCATACTC-3ô, 

Rev 5ô-AGTTCCAGGCCTCCTGTCTT-3ô. 

TBP_expr 

For 5ô - GAACCACGGCACTGATTTTC - 3ô, 

Rev 5ô - CACAGCTCCCCACCATATTC-3ô. 

 

2.7. ɹʽʩʫʣʴʬʽʪʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʛʝʥʦʤʥʦʾ ɼʅʂ 

 

ɼʣʷ ʙʽʩʫʣʴʬʽʪʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ EZ DNA MethylationÊ 

Kit  (ZYMO RESEARCH). ɼʦ 500 ʥʛ ʛʝʥʦʤʥʦʾ ɼʅʂ ʧʫʭʣʠʥ ʽ ʫʤʦʚʥʦ 

ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ ʜʦʜʘʚʘʣʠ 5 ʤʢʣ M-Dilution Buffer ʽ ʜʦʚʦʜʠʣʠ ʦʙôʻʤ ʜʦ 50 

ʤʢʣ ʚʦʜʦʶ. ʇʝʨʝʤʽʰʘʥʠʡ ʟʨʘʟʦʢ ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 15 ʭʚ ʧʨʠ 37ÁC. ʇʦʪʽʤ 

ʜʦ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʜʦʜʘʚʘʣʠ 100 ʤʢʣ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ CT Conversion Reagent ʽ 

ʧʝʨʝʤʽʰʫʚʘʣʠ. ɿʨʘʟʢʠ ʽʥʢʫʙʫʚʘʣʠ ʚ ʪʝʤʨʷʚʽ, ʧʨʠ 50ÁC ʧʨʦʪʷʛʦʤ 15 ʛʦʜʠʥ (ʥʘ 

ʥʽʯ). 

ʇʽʩʣʷ ʽʥʢʫʙʘʮʽʾ ʟʨʘʟʢʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʣʽʜ ʥʘ 10 ʭʚ. ɼʘʣʽ ʜʦʜʘʚʘʣʠ 400 

ʤʢʣ M-Binding Buffer ʜʦ ʢʦʣʦʥʢʠ Zymo-SpinÊ IC Columnʽ, ʩʪʘʚʠʣʠ ʢʦʣʦʥʢʫ ʚ 

ʧʨʦʙʽʨʢʫ ʜʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʥʦʩʠʣʠ ʟʨʘʟʦʢ ʥʘ ʢʦʣʦʥʢʫ ʽ 

ʧʝʨʝʤʽʰʫʚʘʣʠ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʦʙʝʨʪʘʭ (>10,000 g) 

ʧʨʦʪʷʛʦʤ 30 ʩ. ɼʦ ʢʦʣʦʥʢʠ ʜʦʜʘʚʘʣʠ 100 ʤʢʣ M-Wash Buffer ʽ ʟʥʦʚʫ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ. ɼʘʣʽ ʚ ʢʦʣʦʥʢʫ ʜʦʜʘʚʘʣʠ 200 ʤʢʣ M-

Desulphonation Buffer ʽ ʟʘʣʠʰʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 15-20 ʭʚ. 

ʇʽʩʣʷ ʽʥʢʫʙʘʮʽʾ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 30 ʩ. ʥʘ ʧʦʚʥʽʡ ʰʚʠʜʢʦʩʪʽ. ʇʦʪʽʤ ʜʦ ʢʦʣʦʥʢʠ 

ʜʦʜʘʚʘʣʠ 200 ʤʢʣ M-Wash Buffer. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ ʽ ʜʦʜʘʚʘʣʠ 

ʧʦʚʪʦʨʥʦ 200 ʤʢʣ M-Wash Buffer, ʧʽʩʣʷ ʯʦʛʦ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 30 ʩ. ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʦʙʝʨʪʘʭ. ɼʘʣʽ ʢʦʣʦʥʢʠ ʧʝʨʝʥʦʩʠʣʠ ʜʦ ʩʪʝʨʠʣʴʥʠʭ 1,5ʤʣ 

ʧʨʦʙʽʨʦʢ, ʚʥʦʩʠʣʠ 10 ʤʢʣ M-Elution Buffer, ʧʨʷʤʦ ʚ ʮʝʥʪʨ ʤʘʪʨʠʢʩʫ ʢʦʣʦʥʢʠ. 
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ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ 30 ʩ. ʜʣʷ ʝʣʶʮʽʾ ɼʅʂ. 

ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʟʙʝʨʽʛʘʣʠ ʧʨʠ -20ÁC ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʄʦʜʠʬʽʢʦʚʘʥʘ ɼʅʂ (100 ʥʛ) ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʷʢʦʩʪʽ ʤʘʪʨʠʮʽ ʜʣʷ 

ʇʃʈ ʟ ʧʨʘʡʤʝʨʘʤʠ, ʷʢʽ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʥʣʘʡʥ-ʽʥʩʪʨʫʤʝʥʪʫ 

MethPrimer (http://www.urogene.org/methprimer/). ʇʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ 

ʨʝʘʢʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʫ 1ʭ ʇʃʈ ʙʫʬʝʨʽ (Thermo scientific) ʟ 0,2 ʤʄʦʣʴ dNTPs, 

0,3 ʤʢʄʦʣʴ ʧʨʘʡʤʝʨʘʤʠ, 100 ʥʛ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ɼʅʂ ʽ 1,5U DreamTaq-

ʧʦʣʽʤʝʨʘʟʠ (Thermo scientific). ɸʤʧʣʽʬʽʢʘʮʽʷ (35 ʮʠʢʣʽʚ) ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʥʘ 

ʧʨʠʣʘʜʽ BIS Termocycler 30 ʩ. ʧʨʠ 95Áʉ, 30 ʩ. ʧʨʠ 60Áʉ ʽ 30 ʩ. ʧʨʠ 72Áʉ ʟ 

ʽʥʽʮʽʘʮʽʻʶ ʜʝʥʘʪʫʨʘʮʽʾ ʧʨʠ 95Áʉ ʚʧʨʦʜʦʚʞ 4 ʭʚ. ʌʽʥʘʣʴʥʘ ʝʣʦʥʛʘʮʽʷ ʧʨʠ 72Áʉ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʨʦʪʷʟʽ 5 ʭʚ. ɽʣʝʢʪʨʦʬʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ɼʅʂ ʧʽʩʣʷ 

ʇʃʈ ʧʨʦʚʦʜʠʚʩʷ ʫ 2% ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ.  

 

ʇʨʘʡʤʝʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʫʩʫ ʤʝʪʠʣʫʚʘʥʥʷ: 

NKIRAS1 ʜʣʷ ʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-ATGTAATGTCGCGTTACGCGTTCGTT-3ô 

Rev 5ô-CGCGTATCCGCCTCTAACTCGATTC-3ô  

NKIRAS1 ʜʣʷ ʥʝ ʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-TGTAATGTTGTGTTATGTGTTTGTTT-3ô 

Rev 5ô-CCACATATCCACCTCTAACTCAATTC-3ô 

PPM1M ʜʣʷ ʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-CGTGTTTTATCGACGGTTTC-3ô 

Rev 5ô-AACGTACGTCCTCGTACGAA-3ô 

PPM1M ʜʣʷ ʥʝʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-AGT TTT GTGTTTTATTGATGGTTTT-3ô 

Rev 5ô-CCAAAATAACATACATCCTCATACA -3ô 

GPX1 ʜʣʷ ʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-CTAACCGAACAACACACATAACG-3ô 

Rev 5ô-GAGGCGGGATTTTTAGGTTC-3ô 

GPX1 ʜʣʷ ʥʝʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 
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For 5ô-ACCAAACAACACACATAACACA -3ô 

Rev 5ô-ATGAGGTGGGATTTTTAGGTTT-3ô 

GPX3 ʜʣʷ ʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-GTTGAGGGTAAGTCGCGTTC-3ô 

Rev 5ô-GTCCGTCTAAAATATCCGACG-3ô 

GPX3 ʜʣʷ ʥʝʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-GAGTTGAGGGTAAGTTGTGTTTGT-3ô 

Rev 5ô-CCATCCATCTAAAATATCCAACACT-3ô 

GPX4 ʜʣʷ ʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-GTTGGAAATTTCGGATTACGC-3ô 

Rev 5ô-ACCGTAATCAAAACTACGCG-3ô 

GPX4 ʜʣʷ ʥʝʤʝʪʠʣʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

For 5ô-GGGTTGGAAATTTTGGATTATGT -3ô 

Rev 5ô-CCAAAAACCATAATC AAAACTACAA -3ô 

 

2.8. ɸʥʘʣʽʟ ʘʣʝʣʴʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʣʦʢʫʩʽʚ D3S1287, D3S4182, 

A002C09, MARC _15661, RH76369, RH12810 ʚ ʧʦʧʫʣʷʮʽʡʥʽʡ ʚʠʙʽʨʮʽ 

 

ʇʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʫ DreamTaq 1ʭ ʇʃʈ 

ʙʫʬʝʨʽ (Thermo Scientific) ʟ 0,2 ʤʄʦʣʴ dNTPs, 0,3 ʤʢʄʦʣʴ ʧʨʘʡʤʝʨʽʚ, 100 ʥʛ 

ɼʅʂ ʽ 1,5U DreamTaq-ʧʦʣʽʤʝʨʘʟʠ (Thermo Scientific). ɸʤʧʣʽʬʽʢʘʮʽʷ (28 

ʮʠʢʣʽʚ) ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʥʘ ʧʨʠʣʘʜʽ BIS Termocycler (30 ʩ. ʧʨʠ 95ÁC, 30ʩ. ʧʨʠ 

60ÁC ʽ 1ʭʚ. ʧʨʠ 72Áʉ) ʟ ʽʥʽʮʽʘʮʽʻʶ ʜʝʥʘʪʫʨʘʮʽʾ ʧʨʠ 95Áʉ ʧʨʦʪʷʛʦʤ 4ʭʚ. 

ʌʽʥʘʣʴʥʘʷ ʝʣʦʥʛʘʮʽʷ ʧʨʠ 72ÁC ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ɼʣʷ ʨʝʘʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʘʡʤʝʨʠ ʟ ʙʘʟʠ ʜʘʥʠʭ NCBI: D3S1287, D3S4182, A002C09, 

MARC_15661, RH76369, RH12810 (http://www.ncbi.nlm.nih.gov/probe). ɸʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʇʃʈ ʧʨʦʚʦʜʠʣʠ ʚ 6% ʧʦʣʽʘʢʨʽʣʘʤʽʜʥʦʤʫ ʛʝʣʽ ʧʨʦʪʷʛʦʤ 

3 ʛʦʜ. ʧʨʠ 150ɺ. 

 

http://www.ncbi.nlm.nih.gov/probe
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2.9. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʽʚ 

 

ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʧʨʠʣʘʜʽ Bio-Rad iQ5. ʇʨʘʡʤʝʨʠ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʫ Primer3 (http://frodo.wi.mit.edu/primer3/). ɼʣʷ 

ʛʝʥʽʚ NKIRAS1, PPM1M, PRICKLE2 ʚ ʷʢʦʩʪʽ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ TBP. ɼʣʷ ʛʝʥʽʚ GPX1, 3, 4 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʝʬʝʨʝʥʩʥʠʡ 

ʛʝʥ COL2A1. ʈʝʘʢʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʢʪʠʚʠ ʬʽʨʤʠ çThermo 

Scientificè 2x SYBR Green PCR Master Mix. ʂʦʞʥʘ ʧʨʦʙʘ ʤʽʩʪʠʣʘ 20ʤʢʣ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦɹʛʦ ʧʨʘʡʤʝʨʽʚ ʩʢʣʘʜʘʣʘ 

400 ʥMʦʣ,ɹ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢɼʅʂ ʩʢʣʘʜʘʣʘ 10 ʥʛ/ʤʢʣ. ʈʝʘʢʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʟʘ 

ʧʨʦʛʨʘʤʦʶ: ʜʝʥʘʪʫʨʘʮʽʷ 10 ʭʚ ʧʨʠ 95ÁC, ʧʦʪʽʤ 35 ʮʠʢʣʽʚ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ: 

ʜʝʥʘʪʫʨʘʮʽʷ 95ÁC 20ʩ., ʚʽʜʧʘʣ ʧʨʘʡʤʝʨʽʚ 60ÁC ʧʨʦʪʷʛʦʤ 20 ʩ. ʽ ʝʣʦʥʛʘʮʽʷ 72ÁC 

40ʩ. ʂʦʞʥʠʡ ʟʨʘʟʦʢ ʘʥʘʣʽʟʫʚʘʣʠ ʫ ʪʨʠʧʣʝʪʘʭ. 

ɿʛʽʜʥʦ ʟ ʛʽʩʪʦʣʦʛʽʯʥʠʤ ʘʥʘʣʽʟʦʤ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʫʭʣʠʥʥʦʛʦ ʟʨʘʟʢʘ 

ʪʢʘʥʠʥʘʤʠ ʩʪʨʦʤʠ ʽ ʣʽʤʬʦʮʠʪʘʤʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 30ï40%. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ 

ʨʦʟʨʘʭʦʚʘʥʝ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʢʦʧʽʡ ʛʝʥʘ ʫ ʧʫʭʣʠʥʽ ʚʽʜʥʦʩʥʦ ʜʦ ʥʦʨʤʘʣʴʥʦʾ 

ʪʢʘʥʠʥʠ ʙʫʣʦ ʥʠʞʯʝ 0,35, ʚʚʘʞʘʣʠ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ, ʷʢ 

ʛʝʪʝʨʦʟʠʛʦʪʥʫ ʜʝʣʝʮʽʶ ʚʠʟʥʘʯʘʣʠ ʟʨʘʟʢʠ, ʱʦ ʤʘʣʠ ʟʥʘʯʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 0,35-

0,85. ɸʣʣʝʣʴ ʚʚʘʞʘʣʠ ʘʤʧʣʽʬʽʢʦʚʘʥʠʤ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 [185]. 

ɿʨʘʟʢʠ, ʱʦ ʤʘʣʠ ʟʥʘʯʝʥʥʷ 0,85-1,5 ʚʚʘʞʘʣʠ ʪʘʢʠʤʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʟʤʽʥ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ.  

ʇʨʘʡʤʝʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ: 

NKIRAS1_copy 

For 5ô-TGCAATTTGGAATGGAGTGT-3ô 

Rev 5ô-CATTTCCCACTTTCCCCTAC-3ô 

PPM1M _copy 

For 5'-TCCGAATCCTGACAACTTC-3'      

Rev 5'- CCGAATGCTGGAACTCTA -3'      

http://frodo.wi.mit.edu/primer3/
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PRICKLE2_copy 

For 5'- ATGTTTGCTCCTGGTTTCA -3'      

Rev 5'- ACTCAGACCCTCAGTTCAC -3'   

TBP_copy 

For 5'-  ATAAAGCAGCAGCAGGGTTT-3'      

Rev 5'- AGTCAGTGTGGCAAACTTCG-3'     

GPX1_copy 

For 5'-  ACCAAACAACACACATAACACA -3 

Rev 5'-  ATGAGGTGGGATTTTTAGGTTT-3 

GPX3_copy 

For 5'-  GAGTTGAGGGTAAGTTGTGTTTGT-3 

Rev 5'-  CCATCCATCTAAAATATCCAACACT-3 

GPX4 _copy 

For 5'-  GGGTTGGAAATTTTGGATTATGT-3 

Rev 5'-  CCAAAAACCATAATCAAAACTACAA -3 

COL2A1_copy 

For 5'-  GTAATGTTAGGAGTATTTTGTGGGA-3 

Rev 5'-  CTACCCCAAAAAAA  CCCAATCCTA-3 

 

2.10. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʚʪʦʨʽʚ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʚʪʦʨʽʚ GCG (ʘʣʘʥʽʥʦʚʽ 

ʧʦʚʪʦʨʠ) ʧʨʦʚʦʜʠʣʠ ʘʤʧʣʽʬʽʢʘʮʽʶ ʜʽʣʷʥʢʠ, ʱʦ ʤʽʩʪʠʣʘ ʧʦʣʽʤʦʨʬʥʠʡ ʣʦʢʫʩ. 

ʅʘ 5'-ʢʽʥʮʽ ʧʨʷʤʦʛʦ ʧʨʘʡʤʝʨʘ ʤʽʩʪʠʣʘʩʷ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʤʪ̔ʢʘ ʉʫ5. ɼʣʷ 

ʨʝʘʢʮʽʾ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʩʪʫʧʥʘ ʧʘʨʘ ʧʨʘʡʤʝʨʽʚ: 

For 5'- ʉʫ5-GAAAACTGCCTCTGCCACGTGACC - 3ô  

Rev 5'- CGAGAAGGCATACACCGACTGGGC - 3ô 

ʇʃʈ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʦʙôʻʤʽ 25 ʤʢʣ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʷʢʘ ʤʽʩʪʠʣʘ: 1ʭ 

ʇʃʈ ʙʫʬʝʨʫ ʟ 15 ʤʄʦʣʴ Mg2+ , 0,2 ʤʄʦʣʴ dNTPs, 0,3 ʤʢʄʦʣʴ ʧʨʘʡʤʝʨʽʚ, 

1,5U DreamTaq-ʧʦʣʽʤʝʨʘʟʠ ʪʘ 100 ʥʛ ɼʅʂ. ʈʝʘʢʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʧʨʦʛʨʘʤʦʶ: 
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ʧʦʧʝʨʝʜʥʷ ʜʝʥʘʪʫʨʘʮʽʷ 4 ʭʚ. ʧʨʠ 95 ÁC, ʧʦʪʽʤ 28 ʮʠʢʣʽʚ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ: 

ʜʝʥʘʪʫʨʘʮʽʷ 95ÁC 30 ʩ., ʚʽʜʧʘʣ ʧʨʘʡʤʝʨʽʚ 59ÁC ʧʨʦʪʷʛʦʤ 30 ʩ. ʽ ʝʣʦʥʛʘʮʽʷ 72ÁC 

60 ʩ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʜʫʢʪʽʚ ʘʤʧʣʽʬʽʢʘʮʽʾ, ʾʭ ʨʦʟʜʽʣʷʣʠ 

ʚ 6% ʜʝʥʘʪʫʨʫʶʯʦʤʫ ʧʦʣʽʘʢʨʠʣʘʤʽʜʥʦʤʫ ʛʝʣʽ. ɼʣʷ ʮʴʦʛʦ ʘʣʽʢʚʦʪʫ ʤʽʯʝʥʦʛʦ 

ʧʨʦʜʫʢʪʫ (0,5-3 ʤʢʣ) ʟʤʽʰʫʚʘʣʠ ʟ 3 ʤʢʣ ʨʦʟʯʠʥʫ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ ʛʝʣʴ, ʱʦ 

ʤʽʩʪʠʚ 95 % ʨʦʟʯʠʥ ʬʦʨʤʘʤʽʜʫ ʪʘ ʨʦʟʯʠʥ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥɹʦʛʦ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 5 ʤʛ/ʤʣ, ʪʘ ʜʚʘ ʚʥʫʪʨʽʰʥʽʭ ʤʘʨʢʝʨʠ ʚʽʜʦʤʦʛʦ ʨʦʟʤʽʨʫ. 

ʇʨʠʛʦʪʦʚʘʥʫ ʩʫʤʽʰ ʜʝʥʘʪʫʨʫʚʘʣʠ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʥʦʩʠʣʠ ʥʘ ʛʝʣʴ. 

ʌʣʫʦʨʝʩʮʝʥʮʽʶ ʬʽʢʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʝʢʚʝʥʘʪʦʨʘ ALF-express. ɽʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50Áʉ, 

ʧʨʠ 1000 V, 50 ʤɸ, 30 W ʧʨʦʪʷʛʦʤ 90 ʭʚ. ʇʽʩʣʷ ʩʢʘʥʫʚʘʥʥʷ ALF-ʛʝʣʴ 

ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ FM2.1 (Fragment Manager Software V2.1, 

Pharmacia, ʐʚʝʮʽʷ). 

 

2.11. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ 

 

ʅʝʧʘʨʘʤʝʪʨʠʯʥʠʡ ʪʝʩʪ ɺʽʣʢʦʢʩʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʚʽʜʥʦʩʥʦʛʦ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ ʽ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʠʭ 

ʪʢʘʥʠʥ. ɼʣʷ ʦʙʨʘʭʫʚʘʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ 

ʛʝʥʽʚ ʚ ʪʨʠʧʣʝʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ.  

ʏʘʩʪʦʪʠ ʘʣʝʣʝʡ ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʦʯʽʢʫʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʛʝʥʦʪʠʧʽʚ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʃʽ [186]. ʇʦʢʘʟʥʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʈ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʽʚʥʦʚʘʟʽ ʍʘʨʜʽ-ɺʘʡʥʙʝʨʛʘ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ ʟʘ Guo ʪʘ Thompson [187]. 

ʇʦʢʘʟʥʠʢʠ ʬʘʢʪʠʯʥʦʾ ʽ ʪʝʦʨʝʪʠʯʥʦʾ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʪʘ ʩʪʘʥʜʘʨʪʥʫ 

ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʅʝʻʤ [188]. 

ɺʠʟʥʘʯʝʥʥʷ ʜʝʬʽʮʠʪʫ ʯʠ ʥʘʜʣʠʰʢʫ ʛʝʪʝʨʦʟʠʛʦʪ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʈʦʩʝ ʪʘ ʈʘʡʤʦʥʜʦʤ [189]. ʈʽʟʥʠʮʶ ʤʽʞ ʥʘʡʙʽʣʴʰʠʤʠ ʪʘ 
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ʥʘʡʤʝʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʛʝʪʝʨʟʠʛʦʪʥʦʩʪʽ ʦʮʽʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ t-

ʢʨʠʪʝʨʽʷ ʉʪʴʶʜʝʥʪʘ [190].  

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʦʥʣʘʡʥ ʦʥʣʘʡʥ ʨʝʩʫʨʩʽʚ http://www.openepi.com, ʘ ʪʘʢʦʞ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Statistica v.10.0, ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ATG [191] ʽ NIMAN [192], ʘ ʪʘʢʦʞ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʽʨʤʠ BioStat [193]. ɼʣʷ ʚʩʽʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʝʩʪʽʚ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʛʣʷʜʘʣʠ 95%-ʡ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ. 
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ʈʆɿɼɯʃ 3 

 

ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

3.1. ʐʠʨʦʢʦʤʘʰʪʘʙʥʠʡ ʘʥʘʣʽʟ ʟʤʽʥ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʧʨʠ ʨʘʢʫ ʥʠʨʢʠ  

 

ʅʝʱʦʜʘʚʥʦ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʯʫʪʣʠʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ NotI-

ʤʽʢʨʦʯʽʧʘʭ, ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʝʥʝʪʠʯʥʠʭ (ʜʝʣʝʮʽʾ/ʘʤʧʣʽʬʽʢʘʮʽʾ) ʽ 

ʝʧʽʛʝʥʝʪʠʯʥʠʭ (ʤʝʪʠʣʫʚʘʥʥʷ/ʜʝʤʝʪʠʣʫʚʘʥʥʷ) ʟʤʽʥ ɼʅʂ [194]. ʎʷ ʪʝʭʥʦʣʦʛʽʷ 

ʙʫʣʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʤʝʪʠʣʫʚʘʥʥʷ/ʜʝʣʝʮʽʡ ʚ ʨʘʢʫ ʣʝʛʝʥʴ, 

ʷʻʯʥʠʢʽʚ ʽ ʨʘʢʫ ʰʠʡʢʠ ʤʘʪʢʠ [195-197]. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ 

ʟʜʘʪʥʦʩʪʽ ʬʝʨʤʝʥʪʫ NotI-ʨʝʩʪʨʠʢʪʘʟʠ ʚʧʽʟʥʘʚʘʪʠ ʽ ʨʦʟʨʽʟʘʪʠ ʪʽʣʴʢʠ 

ʥʝʤʝʪʠʣʦʚʘʥʠʡ ʤʦʪʠʚ 5'-GCGGCCGC-3, ʱʦ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ CpG-

ʦʩʪʨʽʚʮʷʭ. CpG-ʦʩʪʨʽʚʮʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʦʤʦʪʦʨʥʽʡ ʦʙʣʘʩʪʽ ʙʘʛʘʪʴʦʭ ʛʝʥʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʘʢʦʤ, ʽ ʾʭ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʰʠʨʝʥʠʡ 

ʤʝʭʘʥʽʟʤ ʽʥʘʢʪʠʚʘʮʽʾ TSGs, ʱʦ ʩʧʨʠʷʻ ʟʣʦʷʢʽʩʥʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ [198]. 

 

3.1.1. ɺʠʢʦʨʠʩʪʘʥʥʷ NotI -ʤʽʢʨʦʧʘʥʝʣʝʡ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʤʽʥ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʨʘʡʦʥʘʭ, ʷʢʽ ʟʘʜʽʷʥʽ ʫ ʨʦʟʚʠʪʢʫ ʨʘʢʫ 

ʥʠʨʢʠ. ɼʣʷ ʧʦʰʫʢʫ ʧʦʪʝʥʮʽʡʥʠʭ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʨʦʩʪʫ ʧʫʭʣʠʥ ʥʠʨʢʠ, ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ NotI-ʤʽʢʨʦʧʘʥʝʣʽ ʜʣʷ ʭʨʦʤʦʩʦʤʠ 3 ʣʶʜʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʭʥʦʣʦʛʽʾ NMA ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 23 ʟʨʘʟʢʘ ʨʘʢʫ ʥʠʨʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʤʝʪʠʣʫʚʘʥʥʷ, ʜʝʣʝʮʽʡ ʘʙʦ ʘʤʧʣʽʬʽʢʘʮʽʡ ʚ NotI-ʩʘʡʪʘʭ ʭʨʦʤʦʩʦʤʠ 3 ʣʶʜʠʥʠ. 

ɺʽʜʥʦʩʥʽ ʩʠʛʥʘʣʠ ʛʽʙʨʠʜʠʟʘʮʽʾ ɼʅʂ ʽʟ 23 ʟʨʘʟʢʽʚ ʨʘʢʫ ʥʠʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 3.1. 

ʈʝʟʫʣʴʪʘʪʠ ʛʽʙʨʠʜʠʟʘʮʽʾ 23-ʭ ɼʅʂ-ʟʦʥʜʽʚ ʟ ʭʨʦʤʦʩʦʤʠ 3, ʱʦ ʤʽʩʪʠʣʠ 

NotI-ʩʘʡʪʠ ʽʟ ʧʘʨʥʠʭ ʧʨʦʙ ʪʢʘʥʠʥʠ ʥʠʨʢʠ ʥʦʨʤʘ/ʧʫʭʣʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 3.1. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.1., ʦʩʥʦʚʥʠʤʠ ʟʤʽʥʘʤʠ ɼʅʂ ʻ ʤʝʪʠʣʫʚʘʥʥʷ ʘʙʦ 

ʜʝʣʝʮʽʾ (ʄ/D). ɸʤʧʣʽʬʽʢʘʮʽʾ ʪʘ/ʘʙʦ ʜʝʤʝʪʠʣʫʚʘʥʥʷ ʙʫʣʦ ʟʘʜʝʪʝʢʪʦʚʘʥʦ ʚʢʨʘʡ 

ʨʽʜʢʦ, ʪʦʤʫ ʪʘʢʽ ʚʠʧʘʜʢʠ ʙʫʣʦ ʧʨʦʽʛʥʦʨʦʚʘʥʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ. ɸʥʘʣʽʟ 
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ʚʠʷʚʠʚ 19 NotI-ʩʘʡʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 22 ʛʝʥʘʤʠ, ʚ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʠʣʫʚʘʥʥʷ/ʜʝʣʝʮʽʾ ʫ ʙʽʣʴʰ ʥʽʞ 17% ʚʠʧʘʜʢʽʚ (ʨʠʩ. 3.1., ʪʘʙʣʠʮʷ 3.1.). ʇ'ʷʪʴ 

ʟ 23 ʟʨʘʟʢʽʚ (22%) ʧʦʢʘʟʘʣʠ ʦʜʥʦʯʘʩʥʽ M/D ʚ ʙʽʣʴʰ ʥʽʞ 9 ʟ 19 NotI-ʩʘʡʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ, ʽ, ʤʝʥʰʦʶ ʤʽʨʦʶ, ʫ 12 NotI-ʩʘʡʪʘʭ (ɿʨʘʟʢʠ ˉ8, 11, 16, 17, 

22 ʟ ʨʠʩ. 3.1. ). 

 

 

ʈʠʩ. 3.1. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ NotI-ʤʽʢʨʦʯʽʧʽʚ ʜʣʷ ʛʝʥʽʚ ʟ ʚʠʩʦʢʦʶ 

ʯʘʩʪʦʪʦʶ ʤʝʪʠʣʫʚʘʥʥʷ ʪʘ/ʘʙʦ ʜʝʣʝʮʽʡ ʚ ʉʂʂʅ. ɺʝʨʪʠʢʘʣʴ: NotI-ʩʘʡʪʠ, 

ʫʧʦʨʷʜʢʦʚʘʥ̔ ʧʦ ʯʘʩʪʦʪʽ ʟʤʽʥ, ʽ ʫ ʷʢʠʭ ʯʘʩʪʦʪʘ ʤʝʪʠʣʫʚʘʥʥʷ/ʜʝʣʝʮʽʡ ʚʘʨʽʶʻ 

ʚʽʜ 57% ʜʦ 17%. ɻʦʨʠʟʦʥʪʘʣʴ: 23 ʟʨʘʟʢʘ ʉʂʂʅ. ʊʝʤʥʦ-ʩʽʨʽ ʢʚʘʜʨʘʪʠ ʚʢʘʟʫʶʪʴ 

ʤʝʪʠʣʫʚʘʥʥʷ ʪʘ/ʘʙʦ ʜʝʣʝʮʽʾ ɼʅʂ; ʉʚʽʪʣʦ-ʩʽʨʽ ï ʙʝʟ ʟʤʽʥ, ʢʚʘʜʨʘʪ ʟʽ 

ʰʪʨʠʭʦʚʢʦʶ - ʘʤʧʣʽʬʽʢʘʮʽʶ/ʜʝʤʝʪʠʣʫʚʘʥʥʷ, ʙʽʣʠʡ - ʥʝ ʽʥʬʦʨʤʘʪʠʚʥʽ ʜʘʥʽ  

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʜʣʷ 22 ʛʝʥʽʚ ʟʤʽʥʠ ʧʨʠʩʫʪʥʽ ʚ ʙʽʣʴʰ ʥʽʞ 17% 

ʚʠʧʘʜʢʽʚ. ɿʛ̔ʜʥʦ ʟ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ, 6 ʟ ʥʠʭ ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʢʘʨʮʠʥʦʤ (LRRN1, GORASP1, FOXP1, FGD5, PLCL2  ̔ALDH1L1). ʊʘʢ, ʫ 57% 

ʚʠʧʘʜʢʽʚ ʧʨʠʩʫʪʥʷ ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ/ʤʝʪʠʣʫʚʘʥʥʷ ʚ ʣʦʢʫʩʽ, 
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ʘʩʦʮʽʡʦʚʘʥʦʤʫ ʟ ʛʝʥʦʤ NKIRAS1, ʘ ʪʘʢʦʞ ʨʠʙʦʩʦʤʘʣʴʥʠʤ ʛʝʥʦʤ RPL15, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʘʙʦ ʚʪʨʘʪʠ ʝʢʩʧʨʝʩʽʾ ʮʠʭ ʛʝʥʽʚ. NKIRAS1 

ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʱʦʜʘʚʥʦ ʚʽʜʢʨʠʪʦʛʦ ʢʣʘʩʫ ʝʚʦʣʶʮʽʡʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ Ras-

ʧʦʜʽʙʥʠʭ ʙʽʣʢʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʽʾ NF-əB ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʜʝʛʨʘʜʘʮʽʾ ʡʦʛʦ ʽʥʛʽʙʽʪʦʨʽʚ [199]. ʆʩʢʽʣʴʢʠ 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ NF-əB ʜʽʻ ʷʢ ʬʘʢʪʦʨ, ʷʢʠʡ ʧʨʦʪʠʜʽʻ p53-ʟʘʣʝʞʥʦʤʫ ʘʧʦʧʪʦʟʫ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʣʽʪʠʥ, ʩʪʠʤʫʣʶʻ ʧʨʦʮʝʩʠ ʟʘʧʘʣʝʥʥʷ ʪʘ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, 

ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ NKIRAS1 ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʘʢʪʠʚʘʮʽʾ 

ʪʨʘʥʩʢʨʠʧʮʽʾ ʬʘʢʪʦʨʽʚ ʽʥʽʮʽʘʮʽʾ ʟʘʧʘʣʝʥʥʷ ʽ ʙʣʦʢʫʚʘʥʥʷ ʘʧʦʧʪʦʟʫ, ʱʦ ʩʧʨʠʷʻ 

ʟʣʦʷʢʽʩʥʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ.  

ʊʘʙʣʠʮʷ 3.1. 

ʉʧʠʩʦʢ NotI -ʩʘʡʪʽʚ ʥʘ ʭʨʦʤʦʩʦʤʽ 3 ʟ ʯʘʩʪʦʪʘʤʠ ʤʝʪʠʣʫʚʘʥʥʷ/ʜʝʣʝʮʽʡ 

ʚʠɦʝ 17% ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʦʤʫ ʨʘʢʫ ʥʠʨʢʠ. 

NotI-ʩʘʡʪ ʅʘʟʚʘ ʛʝʥʘ ʃʦʢʫʩ ʏʘʩʪʦʪʘ 

 ʤʝʪʠʣʫʚʘʥʥʷ/ 

ʜʝʣʝʮʽʡ, % 

NL1-CJ4R (C) NKIRAS1/RPL15 3p24.2 57 (13/23) 

NL6-FJ5R (C) LRRN1 3p26.2 43 (10/23) 

NL3-CA11RS LRRC3B 3p24 43 (10/23) 

NLJ-003RD RBSP3 (CTDSPL) 3p21.3 35 (8/23) 

NL3003R (U) GORASP1/TTC21A 3p22-p21.33 35 (8/23) 

NRLA404R (U) VHL 3p25.3 30 (7/23) 

NR1-XM13C IQSEC1 3p25.2 26 (6/23) 

NL1-BA6R FOXP1 3p14.1 26 (6/23) 

NR1-AN24RS ABHD5/C3orf77 3p21 22 (5/23) 

NL3A006R (D) NBEAL2 3p21.31 22 (5/23) 

NL3A001R (D) GNAI2 3p21.31 22 (5/23) 

NR1-NC7RS PPM1M 3p21.2 22 (5/23) 

NR1-NJ9R (C) PRICKLE2 3p14.1 22 (5/23) 

HSJ4-AB7R (C) RPL32/IQSEC1 3p25.2 17 (4/23) 

NL4-DP2RS FGD5 3p25.1 17 (4/23) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.1. 

NL4-AP18R (C) PLCL2 3p24.3 17 (4/23) 

NL4-BC8R (C) ALDH1L1 3q21.3 17 (4/23) 

NL1A079R (D) EPHB1 3q21-q23 17 (4/23) 

NR1-PD1R ZIC4 3q24 17 (4/23) 

 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʛʝʥʠ NKIRAS1, PPM1M 

ʽ PRICKLE2. ʈʝʰʪʘ ʛʝʥʽʚ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʠ ʙʽʣʴʰʝ, ʥʽʞ ʫ 17%, ʙʫʣʠ 

ʦʧʠʩʘʥʽ ʥʘʤʠ ʨʘʥʽʰʝ, ʘʙʦ ʥʝʤʘʻ ʜʘʥʠʭ ʧʨʦ ʾʭ ʟʚ'ʷʟʦʢ ʟ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʥʘ 

ʨʘʢ. 

3.1.2 ɸʥʘʣʽʟ ʚʽʜʢʨʠʪʠʭ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ. ʆʜʥʠʤ ʟ 

ʧʽʜʭʦʜʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ TSG ʻ ʘʥʘʣʽʟ ʚʽʜʢʨʠʪʠʭ 

ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʙʘʟʠ ʜʘʥʠʭ ʦʣʽʛʦʥʫʢʣʝʦʪʠʜʥʠʭ 

ʤʽʢʨʦʯʽʧʽʚ (ʤʽʢʨʦʯʽʧʽʚ) ʽ SAGE. ʊʝʭʥʦʣʦʛʽʷ ɼʅʂ-ʤʽʢʨʦʯʽʧʽʚ (ʥʘ ʦʩʥʦʚʽ ʢɼʅʂ 

ʘʙʦ ʦʣʽʛʦʥʫʢʣʝʦʪʠʜʽʚ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʚʝʥʴ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ. SAGE - ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʢʨʠʧʪʦʤʫ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʤʈʅʂ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʪʠʧʽ 

ʢʣʽʪʠʥ ʘʙʦ ʪʢʘʥʠʥʠ [200, 201]. 

ɿ ʤʝʪʦʶ ʧʦʰʫʢʫ ʧʦʪʝʥʮʽʡʥʠʭ ʤʘʨʢʝʨʽʚ ʉʂʂʅ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʨʽʚʝʥʴ 

ʝʢʩʧʨʝʩʽʾ ʚʩʽʭ ʛʝʥʽʚ ʣʶʜʠʥʠ ʫ ʉʂʂʅ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʜʘʥʠʭ ʤʽʢʨʦʯʽʧʽʚ ʢɼʅʂ. ɸʥʘʣʽʟ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ 11 ʙʘʟ ʜʘʥʠʭ (ʪʘʢʽ, 

ʷʢ GSE11985, GSE12114, GSE781, GSE12630 ʪʘ ʽʥʰʽ),  ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʜʘʥʠʤʠ, ʷʢʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʛʽʙʨʠʜʠʟʘʮʽʾ 84 ʟʨʘʟʢʽʚ 

ʥʦʨʤʘʣʴʥʦʾ ʪʢʘʥʠʥʠ ʪʘ 83 ʟʨʘʟʢʽʚ ʧʫʭʣʠʥʠ ʥʠʨʢʠ. ɿ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʛʝʥʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʨʘʢʫ ʥʠʨʢʠ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ, 

ʩʪʚʦʨʝʥʫ ʟ ʧʫʭʣʠʥʠ ʥʠʨʢʠ ʪʘ 2 ʙʽʙʣʽʦʪʝʢʠ ʟ ʥʦʨʤʘʣʴʥʦʾ ʪʢʘʥʠʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ SAGE Digital Gene Expression Displayer (DGED). 

ɹʽʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʛʝʥ TBP ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ 

ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʛʝʥʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ ʚ ʢʘʨʮʠʥʦʤ ̔ʥʠʨʢʠʠ ʟ 

ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʘʥʽʰʝ [184]. 
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ɹʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 12 ʛʝʥʽʚ, ʝʢʩʧʨʝʩʽʷ ʷʢʠʭ ʩʧʽʚʧʘʜʘʣʘ ʟʘ ʜʘʥʠʤʠ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʤʽʢʨʦʯʽʧʽʚ ʽ ʫ ʙʘʟʘʭ ʜʘʥʠʭ SAGE. ɼʚʘ ʛʝʥʘ - ʛʣʶʪʘʪʽʦʥ 

ʧʝʨʦʢʩʠʜʘʟʠ GPX1 ʪʘ GPX3 ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ ʚʠʚʯʝʥʥʷ  ʛʝʥʝʪʠʯʥʠʭ ʽ 

ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ, ʫ ʟʚ'ʷʟʢʫ ʟ ʾʭ ʧʦʢʘʟʘʥʦʶ ʫʯʘʩʪʶ ʫ ʧʨʦʛʨʝʩʽʾ ʽ 

ʤʝʪʘʩʪʘʟʫʚʘʥʥʽ ʧʫʭʣʠʥ. ʄʠ ʧʨʠʧʫʩʪʠʣʠ, ʱʦ ʡ ʽʥʰʽ ʛʝʥʠ ʮʴʦʛʦ ʩʽʤʝʡʩʪʚʘ 

ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʉʂʂʅ. ʊʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʠʟʫ ʪʘʢʦʞ 

ʙʫʣʦ ʚʟʷʪʦ ʽʥʰʽ ʛʝʥʠ ʩʽʤʝʡʩʪʚʘ ʩʝʣʝʥʦʮʠʩʮʝʠʥʚʤʽʩʥʠʭ ʛʣʶʪʘʪʽʦʥ ʧʝʨʦʢʩʠʜʘʟ , 

ʪʘʢʽʭ ʷʢ GPX2, GPX4 ̔  GPX6. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʜʘʥʠʭ ʚ ʧʽʜʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

ʧʨʘʮʽ:  

 

1. Epigenetic Alterations of Chromosome 3 Revealed by NotI-Microarrays in 

Clear Cell Renal Cell Carcinoma / A. A. Dmitriev, E. E. Rudenko, A. V. 

Kudryavtseva, G. S. Krasnov, V. V. Gordiyuk, N. V. Melnikova, E. O. 

Stakhovsky, O. A. Kononenko, L. S. Pavlova, T. T. Kondratieva, B. Y. Alekseev, 

E.A. Braga, V. N. Senchenko, V. I. Kashuba // BioMed Research International 

2014, Article ID 735292. 

 

3.2. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ, ʘ ʪʘʢʦʞ ʛʝʥʝʪʠʯʥʠʭ ʽ ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ 

ʛʝʥʽʚ ʣʶʜʠʥʠ, ʚʽʜʽʙʨʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʤʽʢʨʦʯʧ̔ʽʚ ʽ 

ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ʄʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʾ ʜʽʣʷʥʢʠ ʪʘ ʜʝʣʝʮʽʾ ʻ 

ʯʘʩʪʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʽʥʘʢʪʠʚʘʮʽʾ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʠʡ ʟʚôʷʟʦʢ ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʝʢʩʧʨʝʩʽʻʶ ʛʝʥʽʚ ʣʶʜʠʥʠ, ʱʦ 

ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʥʘ ʦʩʥʦʚʽ NMA ʪʘ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʦʛʦ ʧʦʰʫʢʫ: NKIRAS1, 

PPM1M, PRICKLE2 ʪʘ GPX1, GPX2, GPX3, GPX4, GPX6. 

3.2.1. ʇʨʦʬʽʣʴ ʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʠʭ ʜʽʣʷʥʦʢ ʛʝʥʽʚ NKIRAS1, 

PPM1M, PRICKLE 2 ʪʘ ʩʽʤʝʡʩʪʚʘ ʛʝʥʽʚ GPXs ʽ ʚʪʨʘʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʚ 

ʟʨʘʟʢʘʭ ʪʢʘʥʠʥ ʉʂʂʅ. CpG ʦʩʪʨʽʚʮʽ ʚ ʧʨʦʤʦʪʦʨʥʠʭ ʜʽʣʷʥʢʘʭ ʛʝʥʽʚ 

NKIRAS1, PPM1M, PRICKLE2 ʪʘ ʩʽʤʝʡʩʪʚʘ ʛʝʥʽʚ GPX ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʦʥʣʘʡʥ-ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʦʰʫʢʫ CpG ʦʩʪʨʚ̔ʮʚ̔ 

(http://www.uscnorris.com/cpgislands2/cpg.aspx). ʄʠ ʚʠʷʚʠʣʠ CpG ʦʩʪʨʽʚʮʽ ʚ 

ʧʨʦʤʦʪʦʨʥʠʭ ʦʙʣʘʩʪʷʭ ʛʝʥʽʚ NKIRAS1, PPM1M, GPX1, GPX3 ʽ GPX4, ʘʣʝ ʥʝ ʫ 

ʛʝʥʽʚ PRICKLE2, GPX2 ʽ GPX6. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 25 ʟʨʘʟʢʽʚ ʉʂʂʅ ʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʠʣʩʧʝʮʠʬʠʯʥʫ ʇʃʈ ʽ 

ʩʧʝʮʠʬʽʯʥʽ ʧʨʘʡʤʝʨʠ ʜʣʷ ʥʝʤʝʪʠʣʴʦʚʘʥʠʭ ʽ ʤʝʪʠʣʴʦʚʘʥʠʭ ʥʫʢʣʝʦʪʠʜʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʽʚ NKIRAS1, PPM1M, GPX1, GPX3 ʽ GPX4. . ʅʘʤʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʤʦʪʦʨʠ ʚʢʘʟʘʥʠʭ ʛʝʥʽʚ ʥʝ ʤʝʪʠʣʦʚʘʥʽ ʘʥʽ ʚ ʟʨʘʟʢʘʭ 

ʧʫʭʣʠʥ, ʘʥʽ ʚ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥʘʭ. 

ʊʦʤʫ, ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʜʝʣʝʮʽʡ ʚ ʛʦʤʦ- ʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʽʡ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʚʪʨʘʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ (LOH) ʜʣʷ NKIRAS1, 

PPM1M, PRICKLE2 ʽ GPXs. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʣʦʢʫʩʽʚ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʣʝʣʴʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʫ ʚʠʙʽʨʮʽ ʫʤʦʚʥʦ 

ʟʜʦʨʦʚʠʭ ʽʥʜʠʚʽʜʽʚ ʟ ʋʢʨʘʾʥʠ (n=25). ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʛʝʥʽʚ 

ʧʝʨʝʚʽʨʝʥʦ ʧʦ 25 ʟʨʘʟʢʽʚ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ ʟʨʘʟʢʽʚ ʧʘʮʽʻʥʪʽʚ ʟ 

ʉʂʂʅ. ɿʘ ʚʽʜʦʤʠʤʠ ʧʦʣʽʤʦʨʬʥʠʤʠ ʣʦʢʫʩʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʽʚ ʥʝ 

ʚʠʷʚʣʝʥʦ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʠʟʴʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʮʠʭ ʣʦʢʫʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʣʽʤʦʨʬʥʽ ʤʘʨʢʝʨʠ ʥʝ ʻ ʧʦʣʽʤʦʨʬʥʠʤʠ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ʉʂʂʅ ʘʙʦ ʛʝʪʝʨʦʟʠʛʦʪʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟ ʜʫʞʝ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ, 

ʪʦʤʫ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʧʫʭʣʠʥ ʥʝ ʧʨʦʚʦʜʠʚʩʷ. 

 

3.2.2 ɻʝʥ ʣʶʜʠʥʠ NKɯRAS1. ɻʝʥ Ras1-ʧʦʜʽʙʥʠʡ ʽʥʛʽʙʽʪʦʨ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ NF-əB  (NKɯRAS1), ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ 3p24.2, 

ʢʦʜʫʻ ʙʽʣʦʢ kappaB-Ras. ʎʝʡ ʙʽʣʦʢ ʚʟʘʻʤʦʜʽʻ ʚ ʢʣʽʪʠʥʽ ʟ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʤ 

ʬʘʢʪʦʨʦʤ NF-kB ʽ ʨʝʛʫʣʶʻ ʡʦʛʦ ʘʢʪʠʚʥʽʩʪʴ [199].  

3.2.2.1. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ NKɯRAS1. ɼʣʷ ʟʨʘʟʢʽʚ ʩʚʽʪʣʦʢʣʽʪʠʥʥʦʾ 

ʢʘʨʮʠʥʦʤʠ ʥʠʨʦʢ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʠʡ ʩʢʨʠʥʽʥʛ 3-ʾ ʭʨʦʤʦʩʦʤʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ NotI-ʤʽʢʨʦʯʽʧʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʛʝʥʝʪʠʯʥʠʭ/ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʧʨʦʤʦʪʦʨʥʽʡ ʟʦʥʽ ʛʝʥʫ NKIRAS1 (57%, 13 ʟ 23), ʧʨʠʯʦʤʫ ʪʘʢʠʡ ʚʽʜʩʦʪʦʢ ʟʤʽʥ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʚ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ ʢʘʨʮʠʥʦʤʘʭ (ʨʠʩ. 3.1.). ʌʘʢʪʠʯʥʦ, 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʛʝʥ NKIRAS1 ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʪʝʥʮʽʡʥʠʤ ʛʝʥʦʤ-

ʩʫʧʨʝʩʦʨʦʤ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ ʚ ʨʝʛʽʦʥʽ 3p24. ʑʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʽ ʫʪʦʯʥʠʪʠ 

ʜʘʥʽ NotI-ʤʽʢʨʦʯʽʧʽʚ, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʂ-ʇʃʈ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʛʝʥʽ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʦʜʥʘ ʟ ʥʘʡʚʠʱʠʭ ʯʘʩʪʦʪ ʟʤʽʥ [202]. 

ʆʮʽʥʢʘ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾʾ ʛʝʥʘ NKɯRAS1 ʥʘ ʨʽʚʥʽ ʤʈʅʂ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɽʢʩʧʨʝʩʽʷ NKIRAS1 

ʚʠʷʚʠʣʘʩʴ ʟʥʠʞʝʥʦʶ ʚ 75% ʟʨʘʟʢʽʚ ʉʂʂʅ (9 ʟ 12), ʧʦʨʽʚʥʷʥʦ ʟ ʦʪʦʯʫʶʯʠʤʠ 

ʪʢʘʥʠʥʘʤʠ (ʨʠʩ. 3.2.). 

 

 

ʈʠʩ. 3.2. ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ NKIRAS1 ʥʘ ʨʽʚʥʽ ʤʈʅʂ (12 ʟʨʘʟʢʽʚ) ʫ 

ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɿʨʘʟʢʠ 1-7 ʩʪʘʜʽʾ 1-2, 8-12 ï ʩʪʘʜʽʾ 3-4 

 

ɽʢʩʧʨʝʩʽʷ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʫ TBP ʙʫʣʘ ʩʪʘʣʦʶ ʚ ʟʨʘʟʢʘʭ ʧʫʭʣʠʥ ʽ ʥʦʨʤʠ. 

ʉʫʪʪʻʚʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʝʢʩʧʨʝʩʽʻʶ NKIRAS1 ʽ ʚʽʢʦʤ ʯʠ ʩʪʘʪʪʶ ʧʘʮʽʻʥʪʽʚ 

ʚʠʷʚʣʝʥʦ ʥʝ ʙʫʣʦ, ʘʣʝ ʪʘʢʠʡ ʟʚ'ʷʟʦʢ ʚʠʷʚʣʝʥʦ ʤʽʞ ʩʪʘʜʽʻʶ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥʠ ʽ 

ʨʽʚʥʝʤ ʝʢʩʧʨʝʩʽʾ NKIRAS1. ɼʽʡʩʥʦ, ʚ ʧʫʭʣʠʥʘʭ 3-4 ʩʪʘʜʽʾ ʝʢʩʧʨʝʩʽʷ ʙʫʣʘ 

ʥʠʞʯʦʶ, ʥʽʞ ʜʣʷ ʩʪʘʜʽʡ 1-2. 
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3.2.2.2. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ NKɯRAS1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ NKIRAS1 ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ 78,6% (11 ʟ 14) 

ʟʨʘʟʢʽʚ ʉʂʂʅ: ʚ 9 ʟʨʘʟʢʘʭ ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,35 ʜʦ 0,85, 

ʱʦ ʙʫʣʦ ʦʮ̔ ʥʝʥʦ, ʷʢ ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ, 2 ʟʨʘʟʢʠ ʤʘʣʠ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ 

0,35, ʱʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʷʢ ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ. ɺ 3 ʟʨʘʟʢʘʭ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜ 0,85 ʜʦ 1,5, ʱʦ ʚʢʘʟʫʚʘʣʦ ʥʘ ʥʝʟʤʽʥʝʥʠʡ ʩʪʘʪʫʩ ʯʠʩʣʘ ʢʦʧʽʡ ʛʝʥʘ 

ʚ ʜʘʥʠʭ ʟʨʘʟʢʘʭ, ʘʤʧʣʽʬʽʢʘʮʽʡ ʛʝʥʘ NKIRAS1 ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʉʂʂʅ ʥʝ 

ʚʠʷʚʣʝʥʦ (ʪʘʙʣ. 3.2.). 

 

ʊʘʙʣʠʮʷ 3.2.  

ʂʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

NKɯRAS1 ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. 

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 

ʉʪʘʪʴ ʉʪʘʜʽʷ 

ʘʪʠʧʽʾ 

ɺʽʢ TNM 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʈʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ 

ʢʦʧʽʡ ʛʝʥʘ 

NKɯRAS1 (min ʽ 

max ʟʥʘʯʝʥʥʷ) 

1 ɾ 1 52 T3N0M0 0,36 (0,30-0,43) 

2 ʏ 1 46 T2N0M0 0,74 (0,68-0,82) 

3 ɾ 1 57 T2N0M0 0,58 (0,56-0,61) 

4 ʏ 1 57 T2N0M0 0,54 (0,53-0,55) 

5 ɾ 2 66 T3N0M0 0,44 (0,37-0,52) 

6 ɾ 2 60 T2N0M0 0,57 (0,56-0,59) 

7 ʏ 2 66 T3N0M0 0,35 (0,27-0,43) 

8 ʏ 2 55 T2N0M0 1,09 (1,08-1,1) 

9 ʏ 3 65 T3N0M0 1,01 (0,72-1,28) 

10 ʏ 3 56 T3N0M0 0,79 (0,68-0,89) 

11 ʏ 3 46 T2N0M0 0,34 (0,33-0,35) 

12 ɾ 3 60 T3N0M0 0,34 (0,33-0,35) 

13 ʏ 4 60 T2N0M0 0,41 (0,37-0,46) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.2. 

14 ɾ 4 61 T3N0M0 0,89 (0,72-1,06) 

ʇʨʠʤʽʪʢʘ: ɺʚʘʞʘʣʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʠʞʯʝ 0,35 ʤʘʻ 

ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,35-0,85 - ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,85-1,5 ï 

ʥʦʨʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ; ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 ï ʘʤʧʣʽʬʽʢʘʮʽʷ. 

 

ɺʽʜʦʤʦ, ʱʦ ʧʨʦʜʫʢʪ ʛʝʥʘ NKɯRAS1, ʙʽʣʦʢ kappaB-Ras, ʥʘʣʝʞʠʪʴ ʜʦ 

ʝʚʦʣʶʮʽʡʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʧʽʜʢʣʘʩʫ Ras-ʧʦʜʽʙʥʠʭ ʤʘʣʠʭ G-ʙʽʣʢʽʚ, ʤʘʻ 

ʤʦʣʝʢʫʣʷʨʥʫ ʚʘʛʫ 22 ʢɼɸ  ̔ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 192 ʘʤʽʥʦʢʠʩʣʦʪ 

(http://www.ncbi.nlm.nih.gov/protein/NP_065078.1). 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʦʣʴ ʛʝʥʘ NKɯRAS1 ʚ ʢʘʥʮʝʨʦʛʝʥʝʟʽ ʥʝ ʚʽʜʦʤʘ. ʆʜʥʘʢ, 

ʚʠʭʦʜʷʯʠ ʟ ʡʦʛʦ ʬʫʥʢʮʽʡ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʠʟʢʫ ʧʨʠʧʫʱʝʥʥʴ, ʩʪʦʩʦʚʥʦ ʡʦʛʦ 

ʨʦʣʽ ʚ ʨʦʟʚʠʪʢʫ ʉʂʂʅ. ʊʘʢ, ʽʥʛʽʙʫʶʯʠ NF-kB, ʚʽʥ ʧʨʠʟʚʦʜʠʪʴ ʚ ʪʦʤʫ ʯʠʩʣʽ, ʜʦ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʨʘʥʩʢʨʠʧʮʽʾ ʛʝʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʧʨʦʮʝʩʠ ʟʘʧʘʣʝʥʥʷ [203]. ɸ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ NKɯRAS1 ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʥʦʤʫ NF-kB ʩʪʠʤʫʣʶʚʘʪʠ 

ʧʨʦʮʝʩʠ ʟʘʧʘʣʝʥʥʷ ʥʘʚʢʦʣʦ ʧʫʭʣʠʥʠ, ʱʦ ʜʽʡʩʥʦ ʻ ʯʘʩʪʠʤ ʷʚʠʱʝʤ ʧʨʠ 

ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʥʷʭ. ʂʨʽʤ ʪʦʛʦ, ʦʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʬʫʥʢʮʽʡ NF-

kB ʻ ʨʝʛʫʣʷʮʽʷ ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ ʯʝʨʝʟ TNF [204]. ʈʘʟʦʤ ʟ ʮʠʤ, NF-kB ʻ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʥʘʜ 100 ʨʽʟʥʠʭ ʛʝʥʽʚ, ʯʝʨʝʟ ʷʢʽ ʢʦʥʪʨʦʣʶʻ 

ʢʣʽʪʠʥʥʠʡ ʮʠʢʣ, ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʽ ʤʽʛʨʘʮʽʶ [205]. ʆʪʞʝ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʮʝʡ 

ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʡ ʬʘʢʪʦʨ, kappaB-Ras ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʢʣʽʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʦʤ NotI-ʤʽʢʨʦʯʽʧʽʚ ʥʘʤʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʘʙʦ ʤʝʪʠʣʫʚʘʥʥʷ ʛʝʥʘ NKIRAS1 ʫ 57%  ʟʨʘʟʢʽʚ ʧʫʭʣʠʥ. 

ʇʦʢʘʟʘʥʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ʛʝʥʘ NKIRAS1 ʚ 75% ʟʨʘʟʢʽʚ ʉʂʂʅ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʪʦʯʫʶʯʦʶ ʥʦʨʤʘʣʴʥʦʶ ʪʢʘʥʠʥʦʶ. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ 

ʛʝʥʘ ʧʽʜʪʚʝʨʜʠʚ ʥʘʷʚʥʽʩʪʴ ʜʝʣʝʮʽʡ ʛʝʥʘ NKIRAS1 ʫ 78,6% ʟʨʘʟʢʽʚ. ɿʘʛʘʣʦʤ, 

ʜʘʥʽ NotI-ʤʽʢʨʦʯʽʧʽʚ, ʘʥʘʣʽʟʫ ʝʢʩʧʨʝʩʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʶʪʴʩʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʛʝʥʘ NKIRAS1 

ʭʘʨʘʢʪʝʨʥʝ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʚ ʉʂʂʅ, ʽʤʦʚʽʨʥʦ, ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 
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ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʻ ʜʝʣʝʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʬʫʥʢʮʽʾ ʧʨʦʜʫʢʪʘ ʛʝʥʘ NKIRAS1 ʪʘ 

ʡʦʛʦ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʦʜʠʥ ʟ ʮʝʥʪʨʘʣʴʥʠʭ ʧʫʭʣʠʥʥʦ-ʘʩʦʮʽʡʦʚʘʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʰʣʷʭʽʚ, ʮʝʡ ʛʝʥ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʢʘʥʜʠʜʘʪ ʚ ʛʝʥʠ-

ʩʫʧʨʝʩʦʨʠ ʨʦʩʪʫ ʧʫʭʣʠʥ. 

 

3.2.3. ɻʝʥ ʣʶʜʠʥʠ ʈʈʄ1ʄ. ɻʝʥ ʈʈʄ1ʄ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ ʜʽʣʷʥʮʽ 

3p21.1 ʽ ʢʦʜʫʻ ʦʜʥʦʽʤʝʥʥʠʡ ʙʽʣʦʢ ʈʈʄ1ʄ (Mg2+/Mn2+-ʟʘʣʝʞʥʘ ʧʨʦʪʝʾʥ 

ʬʦʩʬʘʪʘʟʘ 1M) ï ʧʨʦʪʝʾʥ-ʬʦʩʬʘʪʘʟʘ, ʷʢʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʧʝʨʝʚʘʞʥʦ ʚ ʷʜʨʽ ʽ ʤʘʻ 

ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʬʦʩʬʘʪʘʟʥʽ ʜʦʤʝʥʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʈʈʄ1ʄ ʜʝʬʦʩʬʦʨʠʣʶʻ ʩʧʝʮʠʬʽʯʥʽ ʩʫʙʩʪʨʘʪʠ ʚ ʷʜʨʽ [206]. 

3.2.3.1. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ ʈʈʄ1ʄ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʘʥʘʣʽʟʫ NotI-

ʤʽʢʨʦʯʽʧʽʚ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʤʽʥʠ (ʜʝʣʝʮʽʾ/ʤʝʪʠʣʫʚʘʥʥʷ) ʫ ʣʦʢʫʩʽ, 

ʘʩʦʮʽʡʦʚʘʥʦʤʫ ʟ ʧʨʦʤʦʪʦʨʥʦʶ ʟʦʥʦʶ ʛʝʥʘ ʈʈʄ1ʄ (ʟʤʽʥʠ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʫ 

22% (5/23) ʟʨʘʟʢʽʚ, ʨʠʩ. 3.1.). ʑʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʜʘʥʽ NotI-ʤʽʢʨʦʯʽʧʽʚ, ʙʫʣʦ 

ʧʨʦʚʝʜʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʫ ʈʈʄ1ʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂ-ʇʃʈ (ʨʠʩ. 

3.3.). 

 

 

ʈʠʩ. 3.3. ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ ʈʈʄ1ʄ (18 ʟʨʘʟʢʽʚ) ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɿʨʘʟʢʠ 1-14 ʩʪʘʜʽʾ 1-2, 15-18ï ʩʪʘʜʽʾ 3-4 
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ɼʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʈʅʂ ʟ 18 ʟʨʘʟʢʽʚ ʉʂʂʅ ʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ. ɼʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ ʙʫʣʠ 

ʟʛʨʫʧʦʚʘʥʽ ʧʦ ʩʪʘʜʽʷʤ ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥ ʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ 

ʘʪʠʧʽʾ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʨʽʚʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂ-ʇʃʈ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʫ 50% ʟʨʘʟʢʽʚ (9 ʟ 18), ʟʥʠʞʝʥʦʶ 

ʝʢʩʧʨʝʩʽʷ ʙʫʣʘ ʫ 33% ʟʨʘʟʢʽʚ (6 ʟ 18), ʫ 3 ʟʨʘʟʢʘʭ ʝʢʩʧʨʝʩʽʷ ʚʠʷʚʠʣʘʩʴ 

ʥʝʟʤʽʥʥʦʶ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʥʘ ʨʘʥʥʽʭ 

ʩʪʘʜʽʷʭ ʘʪʠʧʽʾ.  

3.2.3.2. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʈʈʄ1ʄ. ʇʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ 

ʤʝʪʠʣʫʚʘʥʥʷ ʫ ʧʨʦʤʦʪʦʨʥʽʡ ʦʙʣʘʩʪʽ ʛʝʥʘ ʈʈʄ1ʄ ʤʝʪʦʜʦʤ ʤʝʪʠʣʩʧʝʮʠʬʽʯʥʦʾ 

ʥʝ ʚʠʷʚʠʣʘ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʨʝʩʽʾ ʪʘ ʤʝʪʠʣʫʚʘʥʥʷ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʤʽʥʠ ʝʢʩʧʨʝʩʽʾ ʛʝʥʫ ʈʈʄ1ʄ ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤʘʭ ʤʘʶʪʴ ʽʥʰʫ ʧʨʠʯʠʥʫ.  

ʆʩʢʽʣʴʢʠ ʧʦʰʫʢ ʛʦʤʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʽʡ ʪʘʢʦʞ ʥʝ ʜʘʚ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ (ʪʘʙʣ. 3.3. ). 

 

 

ʊʘʙʣʠʮʷ 3.3.  

ʂʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

ʈʈʄ1ʄ ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. 

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 

ʉʪʘʪʴ ʉʪʘʜʽʷ ʘʪʠʧʽʾ ɺʽʢ TNM 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ PPM1M 

(min ʽ max ʟʥʘʯʝʥʥʷ) 

1 ʏ 1 38 T2NxM0 0,98 (0,98-0,98) 

2 ʏ 1 47 T2NxM0 2,76 (2,72-2,80) 

3 ɾ 1 43 T3N0M0 0,68 (0,61-0,74) 

4 ʏ 1 38 T2NxM0 1,21 (1,05-1,38) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.3. 

5 ɾ 2 46 T2NxM0 0,76 (0,71-0,81) 

6 ɾ 2 46 T2NxM0 0,93 (0,90-0,97) 

7 ʏ 2 41 T3NxM0 0,71 (0,44-0,97) 

8 ʏ 2 50 T2NxM0 0,97 (0,94-1,01) 

9 ɾ 2 45 T2NxM0 2,42 (1,95-2,89) 

10 ɾ 2 66 T3N0M0 0,51 (0,41-0,61) 

11 ʏ 2 68 T2NxM0 0,63 (0,60-0,67) 

12 ʏ 2 38 T2NxM0 0,37 (0,32-0,42) 

13 ʏ 3 45 T2NxM0 0,85 (0,81-0,88) 

14 ʏ 3 67 T2NxM0 0,40 (0,37-0,38) 

15 ʏ 3 46 T2N0M0  0,71 (0,70-0,70) 

16 ɾ 4 61 T3N0M0 0,88 (0,69-1,08) 

17 ʏ 4 51 T3N0M0 1,68 (1,41-1,95) 

18 ʏ 4 62 T2NxM0 0,22 (0,21-0,23) 

ʇʨʠʤʽʪʢʘ: ɺʚʘʞʘʣʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʠʞʯʝ 0,35 ʤʘʻ 

ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,35-0,85 - ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,85-1,5 ï 

ʥʦʨʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ; ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 ï ʘʤʧʣʽʬʽʢʘʮʽʷ. 

 

ɻʝʥ PPM1M ʯʘʩʪʢʦʚʦ ʜʝʣʝʪʦʚʘʥʠʡ ʫ 50% ʚʠʧʘʜʢʽʚ (8 ʚʠʧʘʜʢʽʚ 

ʛʝʪʝʨʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʠʡ ʽ 1 ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ). ɸʤʧʣʽʬʽʢʘʮʽʷ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʫ 16,7% (3 ʟ 18) ʟʨʘʟʢʽʚ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʫ 33,3% ʚʠʧʘʜʢʽʚ (6 

ʟʨʘʟʢʽʚ) ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʽ ʟʤʽʥ ʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ. 

ʌʦʩʬʦʨʠʣʶʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʢʣʽʪʠʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ ʥʘ ʚʥʫʪʨʽʰʥʽ ʽ ʟʦʚʥʽʰʥʽ ʩʠʛʥʘʣʠ: ʚʦʥʦ ʧʨʦʭʦʜʠʪʴ ʜʫʞʝ ʰʚʠʜʢʦ, ʥʝ 

ʚʠʤʘʛʘʻ ʩʠʥʪʝʟʫ ʯʠ ʜʝʛʨʘʜʘʮʽʾ ʙʽʣʢʽʚ, ʽ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʩʢʘʩʦʚʘʥʝ. ɹʽʣʢʠ 
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ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʨʝʛʫʣʶʚʘʥʥʽ ʨʽʟʥʠʭ ʢʣʽʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʪʘʢʠʭ ʷʢ ʤʽʛʨʘʮʽʷ, ʧʨʦʣʽʬʝʨʘʮʽʷ, ʘʧʦʧʪʦʟ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʤʝʪʘʙʦʣʽʟʤ, 

ʽʤʫʥʽʪʝʪ, ʟʤʽʥʠ ʢʣʽʪʠʥʥʦʛʦ ʮʠʢʣʫ. ʆʩʢʽʣʴʢʠ ʬʦʩʬʘʪʘʟʠ ʨʘʟʦʤ ʟ ʢʽʥʘʟʘʤʠ 

ʤʦʜʫʣʶʶʪʴ ʨʽʚʝʥʴ ʬʦʩʬʦʨʠʣʫʚʘʥʥʷ ʙʽʣʢʽʚ, ʞʠʨʽʚ ʽ ʚʫʛʣʝʚʦʜʽʚ ʚ 

ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʢʣʽʪʠʥʘʭ, ʩʝʨʝʜ ʬʦʩʬʘʪʘʟ ʯʘʩʪʦ ʚʠʷʚʣʶʪʴʩʷ ʦʥʢʦʘʩʦʮʽʡʦʚʘʥʽ 

ʙʽʣʢʠ [207, 208]. 

ɻʝʥ PPM1M ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʝʢʟʦʥʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ 4 ʽʟʦʬʦʨʤʠ 

ʟʘʚʜʷʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʩʧʣʘʡʩʠʥʛʫ ʤʈʅʂ. ɹʽʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 270 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ. ɹʽʣʦʢ PPM1M  ʚʠʙʽʨʢʦʚʦ ʽ ʥʝʢʦʚʘʣʝʥʪʥʦ ʚʟʘʻʤʦʜʽʻ 

ʟ ʡʦʥʘʤʠ ʤʘʥʛʘʥʫ (Mn+2), ʘ ʪʘʢʦʞ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʤʘʻ ʬʦʩʬʘʪʘʟʥʫ 

ʘʢʪʠʚʥʽʩʪʴ (http://www.ncbi.nlm.nih.gov/gene/132160). ʋʯʘʩʪʴ ʈʈʄ1ʄ ʫ 

ʢʘʥʮʝʨʦʛʝʥʝʟʽ ʥʘʨʘʟʽ ʥʝ ʚʽʜʦʤʘ. 

ʌ̔ ʟʽʦʣʦʛʽʯʥʘ ʨʦʣʴ ʜʘʥʦʾ ʬʦʩʬʘʪʘʟʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʜʦʩʣʽʜʞʝʥʘ ʪʽʣʴʢʠ ʫ 

ʤʠʰʝʡ. ɺʽʜʦʤʦ, ʱʦ ʈʈʄ1ʄ ʙʝʨʝ ʫʯʘʩʪʴ ʚ IL1-ʽʥʜʫʢʦʚʘʥʦʤʫ ʰʣʷʭʫ ʘʢʪʠʚʘʮʽʾ 

ʟʘʧʘʣʝʥʥʷ ʯʝʨʝʟ NF-kB. ʈʈʄ1ʄ ʜʝʬʦʩʬʦʨʠʣʶʻ IkB, ʱʦ ʙʣʦʢʫ ̒ʘʢʪʠʚʘʮʽ ʁ

NF-KB, ʟʘʧʦʙʽʛʘʶʯʠ ʽʥʜʫʢʮʽʾ ʙʽʣʢʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʟʘʧʘʣʝʥʥʷ 

[209]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʦʟʜʽʣ ʢʦʥʩʪʘʪʫʻʤʦ, ʱʦ ʟʤʽʥʠ ʫ ʣʦʢʫʩʽ ʛʝʥʘ PPM1M 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ 22% (5 ʟ 23) ʟʨʘʟʢʽʚ ʉʂʂʅ ʟʘ ʜʘʥʠʤʠ NotI-ʤʽʢʨʦʯʽʧʽʚ. 

ɿʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ PPM1M ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʚ 33% ʟʨʘʟʢʽʚ ʉʂʂʅ, ʦʜʥʘʢ, 

ʝʢʩʧʨʝʩʽʷ ʚ 50% ʟʨʘʟʢʽʚ ʙʫʣʘ ʧʽʜʚʠʱʝʥʘ. ʄʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʛʦ ʨʝʛʽʦʥʫ 

ʛʝʥʘ ʈʈʄ1ʄ ʥʝ ʟʥʘʡʜʝʥʦ. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ 

ʜʝʣʝʮʽʡ ʫ ʈʈʄ1ʄ ʚ 50% ʟʨʘʟʢʽʚ ʉʂʂʅ, ʭʦʯʘ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʽ 

ʘʤʧʣʽʬʽʢʘʮʽʾ ʫ 16,7% ʟʨʘʟʢʽʚ. ʆʯʝʚʠʜʥʦ, ʜʣʷ ʜʘʥʦʛʦ ʛʝʥʘ ʭʘʨʘʢʪʝʨʥʘ ʩʢʣʘʜʥʘ 

ʨʝʛʫʣʷʮʽʷ ʘʢʪʠʚʥʦʩʪʽ. ʇʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʤʦʞʣʠʚʫ ʫʯʘʩʪʴ ʚ ʦʜʥʦʤʫ ʟ 

ʢʣʶʯʦʚʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʰʣʷʭʽʚ ʢʘʥʮʝʨʦʛʝʥʝʟʫ (IL1-ʽʥʜʫʢʦʚʘʥʦʤʫ ʰʣʷʭʫ 

ʘʢʪʠʚʘʮʽʾ ʟʘʧʘʣʝʥʥʷ ʯʝʨʝʟ NF-kB) ʪʘ ʚʠʩʦʢʠʡ ʚʽʜʩʦʪʦʢ ʟʤʽʥ ʷʢ ʚ ʝʢʩʧʨʝʩʽʾ, ʪʘʢ 

ʽ ʚ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ, ʛʝʥ ʈʈʄ1ʄ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʫʭʣʠʥʦʘʩʦʮʽʡʦʚʘʥʠʭ. 

ʄʝʭʘʥʽʟʤʠ ʨʝʛʫʣʷʮʽʾ ʝʢʩʧʨʝʩʽʾ ʪʘ ʪʦʯʥʽ ʬʫʥʢʮʽʾ ʮʴʦʛʦ ʛʝʥʘ ʚ ʥʦʨʤʽ ʽ ʧʨʠ 

ʉʂʂʅ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. 
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3.2.4. ɻʝʥ ʣʶʜʠʥʠ PRICKLE2. ɻʝʥ PRICKLE2 ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ 

3p14.1. ɻʝʥ ʢʦʜʫʻ ʙʽʣʦʢ prickle-like 2, ʱʦ ʻ ʛʦʤʦʣʦʛʦʤ ʛʝʥʫ prickle ʫ 

Drosophila ʽ ʧʨʦʷʚʣʷʻ ʟʥʘʯʥʫ ʢʦʥʩʝʨʚʘʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʚʽʜ ʜʨʦʟʦʬʽʣʠ 

ʜʦ ʣʶʜʠʥʠ. ʎʝʡ ʙʽʣʦʢ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʚ ʘʧʽʢʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʝʤʙʨʘʥʠ ʽ ʚ ʷʜʨʽ, 

ʚʽʥ ʤʦʞʝ ʟʚôʷʟʫʚʘʪʠ ʡʦʥʠ ʮʠʥʢʫ ʪʘ ʤʘʥʛʘʥʫ, ʘ ʪʘʢʦʞ ʻ ʣʘʥʢʦʶ ʫ Wnt-

ʩʠʛʥʘʣʴʥʦʤʫ hʣʷʭʫ [210, 211].  

3.2.4.1. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ PRICKLE2. ɸʥʘʣʽʟ ʛʽʙʨʠʜʠʟʘʮʽʾ ɼʅʂ, 

ʚʠʜʽʣʝʥʦʾ ʟ ʭʽʨʫʨʛʽʯʥʦ ʚʠʜʘʣʝʥʠʭ ʧʫʭʣʠʥ ʥʠʨʦʢ, ʟ NotI-ʢʣʦʥʘʤʠ ʧʦʢʘʟʘʚ 

ʟʤʽʥʠ ʫ 22% (5/23) ʟʨʘʟʢʽʚ (ʨʠʩ.3.1.). ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ 

PRICKLE2 ʚʠʢʦʥʘʣʠ ʥʘ 18 ʟʨʘʟʢʘʭ, ʚʠʷʚʠʣʦ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʚ 83% (15 ʟ 

18) ʟʨʘʟʢʽʚ ʉʂʂʅ. ɺʠʷʚʣʝʥʦ ʪʘʢʦʞ 3 ʟʨʘʟʢʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʝʢʩʧʨʝʩʽʻʶ (ʨʠʩ. 

3.4.).  

 

 

ʈʠʩ. 3.4. ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ PRICKLE2 (18 ʟʨʘʟʢʽʚ) ʫ 

ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɿʨʘʟʢʠ 1-14 ʩʪʘʜʽʷ 1-2, 15-18 ï ʩʪʘʜʽʾ 3-4 
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3.2.4.2. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ PRICKLE2. 

ʆʩʢʽʣʴʢʠ CpG-ʦʩʪʨʽʚʮʽʚ ʫ ʧʨʦʤʦʪʦʨʥʽʡ ʟʦʥʽ ʛʝʥʘ PRICKLE2 ʥʝ 

ʚʠʷʚʣʝʥʦ, ʦʪʞʝ, ʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʾ ʟʦʥʠ ʥʝ ʤʦʛʣʦ ʙʫʪʠ ʧʨʠʯʠʥʦʶ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ 

ʛʝʥʘ (ʪʘʙʣ. 3.4.). 

ʊʘʙʣʠʮʷ 3.4.  

ʂʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

PRICKLE2 ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. 

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 
ʉʪʘʪʴ 

ʉʪʘʜʽʷ 

ʘʪʠʧʽʾ 
ɺʽʢ 

TNM 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ 

ʢʦʧʽʡ PRICKLE (min ʽ max 

ʟʥʘʯʝʥʥʷ) 

1 ʏ  1 38 T2NxM0 0,41 (0,40-0,41) 

2 ʏ  1 47 T2NxM0 0,97 (0,98-0,99) 

3 ɾ  1 43 T3N0M0 1,29 (1,15-1,43) 

4 ʏ  1 38 T2NxM0 0,85 (0,78-0,91) 

5 ɾ  2 46 T2NxM0 0,81 (0,79-0,83) 

6 ɾ  2 46 T2NxM0 1,01 (0,91-1,11) 

7 ʏ  2 41 T3NxM0 0,81 (0,73-0,89) 

8 ʏ  2 50 T2NxM0 1,63 (1,58-1, 69) 

9 ɾ  2 45 T2NxM0 0,58 (0,53-0,63) 

10 ɾ  2 66 T3N0M0 0,93 (0,88-0,99) 

11 ʏ  2 68 T2NxM0 0,47 (0,47-0,47) 

12 ʏ  2 38 T2NxM0 0,43 (0,36-0,50) 

13 ʏ  3 45 T2NxM0 1,04 (0,85-1,24) 

14 ʏ  3 67 T2NxM0 1,03 (0,97-1,08) 

15 ʏ  3 46 T2N0M0  1,15 (0,99-1,30) 

16 ɾ  4 61 T3N0M0 1,43 (1,26-1,59) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.4. 

17 ʏ  4 51 T3N0M0 0,53 (0,51-0,54) 

18 ʏ  4 62 T2NxM0 0,37 (0,31-0,42) 

ʇʨʠʤʽʪʢʘ: ɺʚʘʞʘʣʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʠʞʯʝ 0,35 ʤʘʻ 

ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,35-0,85 - ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,85-1,5 ï 

ʥʦʨʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ; ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 ï ʘʤʧʣʽʬʽʢʘʮʽʷ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 18 ʟʨʘʟʢʽʚ ʉʂʂʅ ʜʝʣʝʮʽʾ ʛʝʥʘ PRICKLE2 

ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʫ 44,4% ʟʨʘʟʢʽʚ (8 ʚʠʧʘʜʢʽʚ ʛʝʪʝʨʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʽʡ). ʋ 50% (9 

ʧʨʦʙ) ʥʝ ʙʫʣʦ ʟʤʽʥ ʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ, ʚ ʦʜʥʦʤʫ ʟʨʘʟʢʫ ʚʠʷʚʣʝʥʦ ʘʤʧʣʽʬʽʢʘʮʽʶ, 

5,6% . 

ɺʧʝʨʰʝ ʙʽʣʦʢ ʈRICKLE ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʫ ʜʨʦʟʦʬʽʣʠ ʷʢ ʛʝʥ, ʱʦ 

ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʣʷʨʥʦʩʪʽ ʢʣʽʪʠʥ. ʇʨʠʢʣʘʜʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʧʣʦʱʠʥʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʫ ʪʘʢʠʭ ʢʦʤʘʭ, ʷʢ ʜʨʦʟʦʬʽʣʘ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ, ʚ 

ʷʢʦʤʫ ʨʦʩʪʫʪʴ ʤʽʢʨʦʚʦʣʦʩʢʠ ʥʘ ʢʨʠʣʘʭ ʢʦʤʘʭʠ [212]. ʇʣʦʱʠʥʥʘ ʧʦʣʷʨʥʽʩʪʴ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʘʟʘʣʴʥʦ-ʘʧʽʢʘʣʴʥʦʾ ʽ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʥʝʾ.  

ʋ ʭʨʝʙʝʪʥʠʭ ʮʝʡ ʛʝʥ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʥʘ ʧʘʮʶʢʘʭ, ʷʢ ʙʽʣʦʢ, ʱʦ 

ʟʚôʷʟʫʻʪʴʩʷ ʟ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʤʠ ʬʘʢʪʦʨʦʤ NRSF (neuron-restrictive silencer 

factor). ʊʦʜʽ ʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʭʨʝʙʝʪʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʤʠʰʽ ʽ 

ʣʶʜʠʥʠ, ʥʘʷʚʥʽ 2 ʛʝʥʠ, ʛʦʤʦʣʦʛʽʯʥʽ ʛʝʥʫ ʈrickle ʫ ʜʨʦʟʦʬʽʣ. ʋ ʤʠʰʽ ʝʢʩʧʨʝʩʽʶ 

ʈrickle-2 ʚʠʷʚʠʣʠ ʚ ʟʨʽʣʠʭ ʥʝʡʨʦʥʘʭ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʤʠʰʠʥʠʤʠ ʛʦʤʦʣʦʛʘʤʠ 

ʛʝʥʽʚ ʧʦʣʷʨʥʦʩʪʽ ʢʣʽʪʠʥ ʜʨʦʟʦʬʽʣʠ (flamingo ʽ dischevelled) [210, 213]. 

ʋ ʜʨʦʟʦʬʽʣʠ prickle ʧʨʠʩʫʪʥʽʡ ʫ ʜʝʢʽʣʴʢʦʭ ʬʦʨʤʘʭ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʟʘʚʜʷʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʩʧʣʘʡʩʠʥʛʫ ʤʈʅʂ, ʧʨʠʯʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ 

ʬʦʨʤ ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʣʷʨʥʽʩʪʴ [214]. ʋ ʩʠʛʥʘʣʴʥʠʭ 

ʰʣʷʭʘʭ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʣʦʩʢʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ 

ʙʽʣʢʠ, ʢʦʜʦʚʘʥʽ ʛʝʥʘʤʠ ʢʦʤʧʣʝʢʩʫ frizzled ʽ dishevelled, ʧʨʦʪʝ ʥʝ ʙʽʣʢʠ 

ʢʦʤʧʣʝʢʩʫ ʘʢʪʠʥʘ. ʅʝʢʣʘʩʠʯʥʽ ʢʘʜʛʝʨʠʥʠ (fat, dachsous, ʽ flamingo) 

ʤʦʜʫʣʶʶʪʴ ʬʫʥʢʮʽʾ ʛʝʥʘ frizzled. ɯʥʰʽ ʙʽʣʢʠ, ʚʢʣʶʯʘʶʯʠ prickle, strabismus, 

rhoA  ̔ rho-ʢʽʥʘʟʫ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʩʠʛʥʘʣʴʥʠʡ ʰʣʷʭ ʧʽʟʥʽʰʝ; frizzled ʽ 



 67 

dishevelled ʨʝʛʫʣʶʶʪʴ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʪʦʩʢʝʣʝʪʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʘʶʪʴ 

ʧʣʦɦʠʥʥʫ ʧʦʣʷʨʥʽʩʪʴ [215]. ɼʝʷʢʽ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʛʝʥʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫ 

ʭʨʝʙʝʪʥʠʭ ʟʘ ʛʘʩʪʨʫʣʷʮʽʶ. ɿʦʢʨʝʤʘ, ʛʝʥʘʤʠ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʢʦʥʪʨʦʣʶʶʪʴ 

ʥʘʧʨʷʤʦʢ ʨʦʩʪʫ ʚʦʣʦʩʢʽʚ ʫ ʜʨʦʟʦʬʽʣʠ ʽ ʛʘʩʪʨʫʣʷʮʽʶ ʫ ʭʨʝʙʝʪʥʠʭ ʯʝʨʝʟ 

ʨʝʛʫʣʷʮʽʶ ʘʢʪʠʥʦʚʠʭ ʬʽʣʘʤʝʥʪʽʚ, ʻ G-ʙʽʣʢʠ Rho ʽ Rac [216, 217].  

ɺ 2003 ʨʦʮʽ Katoh ʟʽ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ, ʰʫʢʘʶʯʠ ʛʦʤʦʣʦʛʠ ʛʝʥʫ prickle, 

ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʛʝʥʘ PRICKLE2 ʫ ʣʶʜʠʥʠ. ɺʠʷʚʣʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟ 844 

ʘʤʽʥʦʢʠʩʣʦʪ ʤʽʩʪʠʣʘ N-ʢʽʥʮʝʚʠʡ PET ʜʦʤʝʥ ʩʣʽʜʦʤ ʟʘ ʪʨʴʦʤʘ LIM  ʜʦʤʝʥʘʤʠ ʽ 

C-ʢʽʥʮʝʚʠʡ ʜʦʤʝʥ ʛʦʤʦʣʦʛʽʯʥʦʩʪʽ prickle. ɻʝʥ PRICKLE2 ʧʦʢʘʟʫ̒ 51,9% 

ʛʦʤʦʣʦʛʽʾ ʟ ʛʝʥʦʤ PRICKLE1 ʽ 79,3% - ʟ N-ʢʽʥʮʝʚʠʤ PET ʽ LIM  ʜʦʤʝʥʘʤʠ. 

ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ PRICKLE2 ʤʩ̔ʪʠʪʴ ʧʨʠʥʘʡʤʽ 8 ʝʢʟʦʥʽʚ ʽ ʱʦ 5ô- 

ʥʝʪʨʘʥʩʣʴʦʚʘʥʠʡ ʨʝʛʽʦʥ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʽʥʪʨʦʥʦʤ 1 [210].  

ɺ 2011 ʨʦʮʽ ʛʨʫʧʘ Tao ʧʽʜʪʚʝʨʜʠʣʘ ʥʘʷʚʥʽʩʪʴ ʝʢʩʧʨʝʩʽʾ PRICKLE2 ʚ 

ʛʽʧʦʢʘʤʧʽ ʽ ʩʧʠʥʥʦ-ʤʦʟʢʦʚʦʤʫ ʢʦʨʪʝʢʩʽ ʤʠʰʽ. ʊʘʢʦʞ ʮʽʻʶ ʛʨʫʧʦʶ ʚʯʝʥʠʭ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʛʝʥʘ PRICKLE2 ʫ ʯʦʣʦʚʽʢʽʚ ʟ ʟʘʪʨʠʤʢʦʶ 

ʨʦʟʚʠʪʢʫ, ʝʧʽʣʝʧʩʽʻʶ ʪʘ ʘʫʪʠʯʥʠʤʠ ʨʦʟʣʘʜʘʤʠ [218]. 

ɺ ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ Pk2 ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʬʨʘʢʮʽʻʶ ʧʦʩʪʩʠʥʘʧʪʠʯʥʦʾ 

ʛʫʩʪʠʥʠ (PSD), ʦʪʨʠʤʘʥʦʾ ʩʫʙʢʣʽʪʠʥʥʠʤ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷʤ. ɯʤʫʥʥʦʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ ʧʦʢʘʟʘʣʘ, ʱʦ Pk2 ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʥʽʡ ʛʫʩʪʠʥʽ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʩʠʥʘʧʩʽʚ ʚ ʛʽʧʦʢʘʤʧʘʣʴʥʦʤʫ CA1 ʨʝʛʽʦʥʽ. ɹʽʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʠʷʚʠʚ, ʱʦ Pk2 ʬʦʨʤʫʻ ʢʦʤʧʣʝʢʩ ʟ PSD ʙʽʣʢʘʤʠ, ʚʢʣʶʯʘʶʯʠ PSD-95 ʽ 

ʩʫʙʦʜʠʥʠʮʽ ʨʝʮʝʧʪʦʨʘ NMDA ʯʝʨʝʟ ʧʨʷʤʝ ʟʚôʷʟʫʚʘʥʥʷ ʟ ʉ-ʢʽʥʮʝʤ ʛʫʘʥʽʣʘʪ-

ʢʽʥʘʟʥʦʛʦ ʜʦʤʝʥʫ PSD-95. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, ʱʦ Pk2 ʻ ʥʦʚʠʤ 

PSD ʙʽʣʢʦʤ, ʷʢʠʡ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʟʘʻʤʦʜʽʻ ʟ PSD-

95 ʽ ʨʝʮʝʧʪʦʨʦʤ NMDA ʚ ʪʢʘʥʠʥʘʭ ʤʦʟʢʫ [219]. 

ɽʢʩʧʨʝʩʽ ̫ PRICKLE2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ, ʢʨʽʤ ʪʘʢʥʠʥ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʢʫ, ʫ ʪʢʘʥʠʥʘʭ, ʦʢʘ ʽ ʪʝʩʪʠʢʫʣ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʭʨʷʱʦʚʠʭ ʪʢʘʥʠʥʘʭ, 

ʦʩʪʨʽʚʮʷʭ ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ, ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥʘʭ ʰʣʫʥʢʫ ʽ ʤʘʪʢʠ. 

ɼʦʚʝʜʝʥʘ ʪʘʢʦʞ ʣʦʢʘʣʽʟʘʮʽʷ ʙʽʣʢʘ ʈRICKLE2 ʚ ʩʠʥʘʧʩʘʭ, ʧʨʦʪʝ ʡʦʛʦ ʨʦʣʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʷʩʥʦʶ [210]. 
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ʆʪʞʝ, ʤʝʪʦʜʦʤ NotI-ʤʽʢʨʦʯʽʧʽʚ ʥʘʤʠ ʚʠʷʚʣʝʥʦ 22% (5 ʟ 23) ʟʤʽʥ ʫ 

ʣʦʢʫʩʽ ʛʝʥʘ PRICKLE2 ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. ɽʢʩʧʨʝʩʽʷ ʛʝʥʘ PRICKLE2 ʙʫʣʘ 

ʟʥʠʞʝʥʘ ʫ 83% ʟʨʘʟʢʽʚ ʉʂʂʅ. ʆʩʢʽʣʴʢʠ ʧʨʦʤʦʪʦʨʥʘ ʟʦʥʘ ʜʘʥʦʛʦ ʛʝʥʘ ʥʝ 

ʤʽʩʪʠʪʴ CpG ʦʩʪʨʽʚʮʽʚ, ʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʛʦ ʨʝʛʽʦʥʫ ʥʝ ʤʦʛʣʦ ʙʫʪʠ 

ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ PRICKLE2. ɸʥʘʣʽʟ ʚʪʨʘʪ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ 

(LOH) ʫ ʨʝʛʽʦʥʽ ʛʝʥʘ PRICKLE2 ʥʝ ʚʠʷʚʠʚ ʧʦʣʽʤʦʨʬʥʠʭ ʣʦʢʫʩʽʚ. ɺʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʚʠʷʚʠʣʦ ʜʝʣʝʮʽʾ ʫ 44,4% ʟʨʘʟʢʽʚ ʉʂʂʅ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʚʢʘʟʘʪʠ ʥʘ ʜʝʣʝʮʽʾ, ʷʢ ʦʜʥʫ ʟ ʤʦʞʣʠʚʠʭ 

ʧʨʠʯʠʥ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ. ʆʩʢʽʣʴʢʠ PRICKLE2 ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ Wnt-

ʩʠʛʥʘʣʴʥʦʤʫ ʰʣʷʭʫ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʠʥʥʦʾ ʢʣʽʪʠʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, 

ʽʥʘʢʪʠʚʘʮʽʷ ʮʴʦʛʦ ʛʝʥʘ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʧʨʦʮʝʩʠ ʜʝʜʠʬʝʨʝʥʮʽʘʮʽʾ ʪʘ ʚʪʨʘʪʠ 

ʢʣʽʪʠʥʘʤʠ ʧʫʭʣʠʥ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ ʪʢʘʥʠʥʠ, ʟ ʷʢʦʾ ʚʦʥʠ ʧʦʭʦʜʷʪʴ. ʆʪʞʝ, 

PRICKLE2 ʪʘʢʦʞ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʪʝʥʮʽʡʥʠʤ ʛʝʥʦʤ-ʩʫʧʨʝʩʦʨʦʤ ʨʦʩʪʫ 

ʧʫʭʣʠʥ. 

 

3.2.5. ɻʝʥ ʣʶʜʠʥʠ GPX1. ɻʝʥ GPX1 ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ 3p14.1. ɺʽʥ ʢʦʜʫʻ 

ʙʽʣʦʢ ʛʣʶʪʘʪʽʦʥ ʧʝʨʦʢʩʠʜʘʟʫ 1, ʱʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʬʝʨʤʝʥʪʽʚ-

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʜʣʷ ʣʶʜʠʥʠ. ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʛʝʥʽʚ ʜʘʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʻ 

ʜʝʪʦʢʩʠʢʘʮʽʷ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʰʣʷʭʦʤ ʦʢʠʩʥʝʥʥʷ ʛʣʫʪʘʪʽʦʥʫ [220]. 

3.2.5.1. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ GPX1. ɼʣʷ ʜʘʥʦʛʦ ʛʝʥʘ ʙʫʣʦ ʚʠʢʦʥʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʤʝʪʦʜʦʤ ʇʃʈ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʝʢʩʧʨʝʩʽʷ GPX1 ʟʥʠʞʝʥʘ ʫ 75% (9 ʟ 12) ʟʨʘʟʢʽʚ ʉʂʂʅ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʪʦʯʫʶʯʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʧʨʠʯʦʤʫ ʥʘ ʙʽʣʴʰ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʟʥʠʞʝʥʥʷ ʙʽʣʴʰ 

ʩʫʪʪʻʚʝ. ɺ 3 ʟʨʘʟʢʘʭ (25%) ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ 

(ʨʠʩ. 3.5.).  
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ʈʠʩ. 3.5. ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX1 (12 ʟʨʘʟʢʽʚ) ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɿʨʘʟʢʠ 1-7 ʩʪʘʜʽʾ 1-2, 8-12 ï ʩʪʘʜʽʾ 3-4 

 

3.2.5.2. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ GPX1. ʆʩʢʽʣʴʢʠ ʥʽ 

ʤʝʪʠʣʩʧʝʮʠʬʽʯʥʘ ʇʃʈ, ʥʽ LOH ʘʥʘʣʽʟ ʥʝ ʚʠʷʚʠʣʠ ʟʤʽʥ ʚ ʉʂʂʅ ʧʦʨʽʚʥʷʥʦ ʟ 

ʫʤʦʚʥʦ-ʥʦʨʤʘʣʴʥʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

(ʪʘʙʣ. 3.5.). ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʚʠʷʣʝʥʦ 91,7% ʟʨʘʟʢʽʚ ʟ ʜʝʣʝʮʽʷʤʠ (1 ʛʦʤʦʟʠʛʦʪʥʘ ʽ 

10 ʛʝʪʝʨʦʟʠʛʦʪʥʠʭ), 1 ʟʨʘʟʦʢ ʟ 12 (8,3%) ʥʝ ʤʘʚ ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

GPX1. ʆʯʝʚʠʜʥʦ, ʛʦʤʦ- ʽ ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʚ ʛʝʥʽ GPX1  ̒ ʦʜʥʠʤ ʟ 

ʤʝʭʘʥʽʟʤʽʚ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʝʢʩʧʨʝʩʽʾ ʧʨʠ ʉʂʂʅ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʝʥ GPX1 ʻ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ ʽ ʪʠʧʦʚʠʤ 

ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʨʦʜʠʥʠ. ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʣʢʘ ʙʣʠʟʴʢʦ 

83ʢɼɸ, ʚʽʥ ʻ ʪʝʪʨʘʤʝʪʨʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4 ʦʜʥʘʢʦʚʠʭ ʩʫʙʦʜʠʥʠʮʴ ʧʦ 202-

204 ʘ.ʢ. ɹʽʣʦʢ GPX1 ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʚ ʮʠʪʦʧʣʘʟʤʽ, ʤʽʪʦʭʦʥʜʨʽʷʭ, ʧʝʨʦʢʩʠʩʦʤʘʭ 

[221].  
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ʊʘʙʣʠʮʷ 3.5.  

ʂʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

GPX1 ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. 

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 
ʉʪʘʪʴ 

ʉʪʘʜʽʷ 

ʘʪʠʧʽʾ 
ɺʽʢ 

TNM 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ 

ʢʦʧʽʡ GPX1 (min ʽ max 

ʟʥʘʯʝʥʥʷ) 

1 ɾ 3 55 T4NxM0 1,23 (1,12-1,34) 

2 ʏ 3 61 T2aNxM1 0,46 (0,41-0,51) 

3 ʏ 4 46 T2NxM1 0,24 (0,2-0,28) 

4 ʏ 3 50 T2aNxM1 0,77 (0,68-0,86) 

5 ɾ 4 60 T4NxM0 0,36 (0,28-0,44) 

6 ɾ 3 59 T4N0M1 0,44 (0,39-0,49) 

7 ʏ 2 66 T3bNxM0 0,79 (0,71-0,87) 

8 ɾ 2 56 T3bNxM0 0,78 (0,71-0,85) 

9 ɾ 2 49 T1bNxM0 0,47 (0,35-0,59) 

10 ɾ 3 52 T3N1M0 0,43 (0,39-0,47) 

11 ʏ 3 66 T3N0M0 0,36 (0,31-0,41) 

12 ʏ 3 62 T3N0M0 0,60 (0,52-0,68) 

ʇʨʠʤʽʪʢʘ: ɺʚʘʞʘʣʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʠʞʯʝ 0,35 ʤʘʻ 

ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,35-0,85 - ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,85-1,5 ï 

ʥʦʨʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ; ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 ï ʘʤʧʣʽʬʽʢʘʮʽʷ. 

 

ɼʘʥʠʡ ʙʽʣʦʢ ʫʥʽʢʘʣʴʥʠʡ ʪʠʤ, ʱʦ ʤʽʩʪʠʪʴ ʩʝʣʝʥʦʮʠʩʪʝʾʥ (Sec) ʚ 

ʘʢʪʠʚʥʦʤʫ ʩʘʡʪʽ ʛʣʶʪʘʪʽʦʥ ʧʝʨʦʢʩʠʜʘʟʠ ʽ ʢʦʜʫʻʪʴʩʷ ʪʨʠʧʣʝʪʦʤ UGA, ʱʦ 

ʟʘʟʚʠʯʘʡ ʻ ʩʪʦʧ ʢʦʜʦʥʦʤ ʽ ʧʨʠʧʠʥʷʻ ʪʨʘʥʩʣʷʮʽʶ. ɺʩʪʘʚʢʘ cʝʣʝʥʦʮʠʩʪʝʾʥʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʚ 25 ʙʽʣʢʘʭ ʽ ʾʭ ʽʟʦʬʦʨʤʘʭ ʫ ʨʽʟʥʠʭ ʩʩʘʚʮʽʚ. 3' UTR ʛʝʥʽʚ, 

ʱʦ ʤʽʩʪʷʪʴ ʩʝʣʝʥʦʮʠʩʪʝʾʥ, ʤʘ̒ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʩʪʝʙʣʦʚʦʾ ʧʝʪʣʽ, SECIS (sec 

insertion sequence), ʘʙʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʩʪʘʚʢʠ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ, ʷʢʘ ʧʦʪʨʽʙʥʘ 

ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ UGA ʷʢ ʩʝʣʝʥʦʮʠʩʪʝʾʥʦʚʦʛʦ ʢʦʜʦʥʫ ʟʘʤʽʩʪʴ ʩʪʦʧ ʢʦʜʦʥʫ. 

ʉʪʨʫʢʪʫʨʥʦ, ʮʷ ʘʤʽʥʦʢʠʩʣʦʪʘ ʧʦʜʽʙʥʘ ʜʦ Cys, ʘʣʝ ʟ ʩʝʣʝʥʦʤ Se ʟʘʤʽʩʪʴ ʩʽʨʢʠ 

S. ɿʘ ʬʫʥʢʮʽʷʤʠ ʩʝʣʝʥʦʮʠʩʪʝʾʥ, ʷʢ ʽ Cys,  ̒ʘʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʦʢʠʩʥʦ-
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ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʡ. ɼʦʜʘʪʢʦʚʽ ʨʝʛʽʦʥʠ ʚ 3ǋUTR ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʦʮʝʩʫ ʚʩʪʘʚʢʠ ʩʝʣʝʥʫ [222, 223]. 

ʍʦʯʘ ʫ ʙʽʣʴʰʦʩʪʽ ʪʨʘʥʩʢʨʠʧʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ UGA-ʢʦʜʦʥ, ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʪʘʚʢʠ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ, ʚʩʪʘʚʢʠ 3ǋ UTR ʟ ʝʣʝʤʝʥʪʦʤ SECIS ʜʦ 

ʥʝʩʧʦʨʽʜʥʝʥʠʭ ʛʝʥʽʚ ʟ ʢʦʜʦʥʦʤ UGA, ʱʦ ʧʦʪʨʘʧʣʷʻ ʫ ʚʽʜʢʨʠʪʫ ʨʘʤʢʫ 

ʟʯʠʪʫʚʘʥʥʷ, ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʩʪʘʚʢʠ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ. ʈʦʣʴ ʩʪʨʫʢʪʫʨʠ ʩʪʝʙʣʦʚʦʾ 

ʧʝʪʣʽ ʚ ʝʣʝʤʝʥʪʽ SECIS ï ʨʝʢʨʫʪʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʈʅʂ-ʟʚôʷʟʫʶʯʽ ʙʽʣʢʠ, ʷʢʽ 

ʨʝʛʫʣʶʶʪʴ ʚʩʪʘʚʢʫ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ. ʆʜʥʠʤ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʟ ʮʠʭ 

ʦʙʦʚ'ʷʟʢʦʚʠʭ SECIS - ʟʚ'ʷʟʫʶʯʠʭ ʙʽʣʢʽʚ ʻ SBP2 (SECIS binding protein-2). 

ʆʯʝʚʠʜʥʦ SBP2, ʟʚ'ʷʟʫʶʯʠʩʴ ʟ SECIS-ʝʣʝʤʝʥʪʘʤʠ, ʧʦʣʝʛʰʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

Sec ʬʘʢʪʦʨʦʤ ʝʣʦʥʛʘʮʽʾ (eEFsec) ʽ ʩʧʝʮʠʬʽʯʥʦʶ tRNA ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ 

(tRNAsec), ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʩʪʘʚʢʠ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ. ɯʥʰʽ SECIS-binding 

ʙʽʣʢʠ, ʷʢʽ, ʤʦʞʣʠʚʦ, ʤʦʜʫʣʶʶʪʴ ʚʩʪʘʚʢʠ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ, ʮʝ - ʨʠʙʦʩʦʤʥʠʡ 

L30, nucleolin, NSEP1, ʽ eIF4a3 [224-226]. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ SBP2 ʤʽʩʪʠʪʴ ʦʢʠʩʥʦ-ʘʢʪʠʚʥʠʡ ʮʠʩʪʝʾʥ, ʷʢʠʡ 

ʦʙʫʤʦʚʣʶʻ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʫ ʣʦʢʘʣʽʟʘʮʽʶ, ʙʽʣʴʰʝ ʪʦʛʦ, ʦʢʠʩʥʽ ʫʤʦʚʠ 

ʤʦʞʫʪʴ ʽʟʦʣʶʚʘʪʠ ʮʝʡ ʧʨʦʪʝʾʥ ʚ ʷʜʨʽ ʽ ʦʙʤʝʞʠʪʠ ʚʩʪʘʚʢʫ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ ʚ 

ʜʝʷʢʠʭ ʩʝʣʝʥʦʧʨʦʪʝʾʥʘʭ [227].  

ɯʩʥʫʻ ʪʝʦʨʽʷ ʱʦʜʦ ʬʫʥʢʮʽʾ ʩʝʣʝʥʫ ʚ ʘʢʪʠʚʥʦʤʫ ʩʘʡʪʽ GPʍs, ʚʦʥʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʩʝʣʝʥʦʮʠʩʪʝʾʥʫ ʟʘʤʽʩʪʴ Cys ʚ ʘʢʪʠʚʥʦʤʫ ʩʘʡʪʽ 

ʟʙʽʣʴʰʫʻ ʥʦʨʤʫ ʨʝʘʢʮʽʾ ʟ ʚʦʜʥʝʚʠʤ ʧʝʨʝʢʠʩʦʤ, ʪʦʤʫ ʱʦ Sec ʜʝʧʨʦʪʦʥʦʚʘʥʠʡ 

ʧʨʠ ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ pH [228, 229]. 

ʊʨʘʥʩʢʨʠʧʮʽʶ GPʍ1 ʪʘʢʦʞ ʨʝʛʫʣʶʻ ʦʢʠʩʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʆʩʦʙʣʠʚʦ ʫ 

ʣʶʜʠʥʠ, ʛʝʥ GPʍ1, ʷʢʠʡ ʤʘʻ ʜʚʘ ʝʣʝʤʝʥʪʠ ORE (oxygen response elements), 

ʱʦ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʦʢʠʩʥʠʭ ʫʤʦʚ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʪʨʘʥʩʢʨʠʧʮʽʾ [230]. 

ʇʦʩʣʽʜʦʚʥʦʩʪʽ ORE ʟʚ'ʷʟʫʶʪʴ ʷʜʝʨʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʷʜʝʨʥʠʡ 

ʬʘʢʪʦʨ, Ku. ʋ ʢʘʨʜʽʦʤʽʦʮʠʪʘʭ, ʚʠʨʦʱʝʥʠʭ ʚ ʢʫʣʴʪʫʨʽ, ʭʨʦʥʽʯʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʤʝʥʰʝʥʥ ̫ʢʠʩʥʝʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʝʥʰʠʣʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙʦʜʠʥʠʮʴ ʢʽʥʘʟʠ 

p70 (ʢʽʥʘʟʘ, ʱʦ ʨʝʛʫʣʶʻ ʮʠʪʦʩʢʝʣʝʪ), ʟʚʷʟʘʥʠʭ ʟ ORE, ʱʦ ʜʘʣʦ ʘʚʪʦʨʘʤ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʩʪʘʚʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮʝʡ ʧʨʦʪʝʾʥ, ʤʦʞʣʠʚʦ, ʤʦʜʫʣʶʻ 

ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʨʝʩʽʾ GPʍ1 ʚ ʮʠʭ ʢʣʽʪʠʥʘʭ ʚʧʨʦʜʦʚʞ ʛʽʧʦʢʩʽʾ [231]. 

ʎʽʢʘʚʦ, ʱʦ ʛʽʧʝʨʦʢʩʽʷ ʟʙʽʣʴʰʫʻ ʪʨʘʥʩʢʨʠʧʮʽʶ GPʍ1 ʚ ʢʣʽʪʠʥʘʭ 

ʝʥʜʦʪʝʣʽʶ ʧʫʧʦʚʠʥʥʦʾ ʚʝʥʠ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ, ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ORE, ʱʦ 

ʥʘʚʦʜʠʪʴ ʥʘ ʜʫʤʢʫ, ʱʦ ʪʨʘʥʩʢʨʠʧʮʽʷ GPʍ1 ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʢʠʩʥʝʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʫʣʶʻʪʴʩʷ ʙʽʣʴʰ, ʥʽʞ ʦʜʥʠʤ ʤʝʭʘʥʽʟʤʦʤ [232]. 

3.2.5.3. ɸʥʘʣʽʟ ʧʦʣʽʤʦʨʬʽʟʤʘ ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʚʪʦʨʽʚ ʽ ʢʽʣʴʢʦʩʪʽ 

ʢʦʧʽʡ ʛʝʥʘ GPX1. ɼʣʷ ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʠ 1 ʦʧʠʩʘʥʦ ʧʦʣʽʘʣʘʥʽʥʦʚʠʡ 

ʧʦʣʽʤʦʨʬʽʟʤ ʚ N-ʢʽʥʮʝʚʦʤʫ ʨʝʛʽʦʥʽ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʪʨʠ ʘʣʝʣʷ ʟ ʧ'ʷʪʴʤʘ, 

ʰʽʩʪʴʤʘ ʘʙʦ ʩʽʤʦʤʘ ʘʣʘʥʽʥʘʤʠ (Ala5, Ala6, Ala7) ʚ ʮʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʧʽʜ ʯʘʩ ʇʃʈ-ʨʝʘʢʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦ 1 ʧʨʦʜʫʢʪʫ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʜʣʷ ʛʦʤʦʟʠʛʦʪʥʠʭ 

ʽʥʜʠʚʽʜʽʚ ʘʙʦ 2 ʧʨʦʜʫʢʪʠ ʫ ʚʠʧʘʢʫ ʛʝʪʝʨʦʟʠʛʦʪ (ʨʠʩ. 3.6.).  

ʆʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʣʦʢʫʩ ʤʽʩʪʠʪʴ ʧʦʣʽʤʦʨʬʥʽ ʪʨʠʢʣʝʦʪʠʜʥʽ 

ʧʦʚʪʦʨʠ, ʘ ʾʭ ʘʣʝʣʴʥʽ ʚʘʨʽʘʥʪʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʣʠʰʝ ʥʘ 1 

ʧʦʚʪʦʨ (3 ʧ.ʥ.), ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʜʫʢʪʽʚ ʘʤʧʣʽʬʽʢʘʮʽʾ 

ʢʦʥʢʨʝʪʥʠʭ ʘʣʝʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʬʣʫʦʨʠʤʝʪʨʘ ALF express ɯɯ (Amersham Biosciences, ʐʚʝʮʽʷ). 

 

ʈʠʩ. 3.6. ʇʨʠʢʣʘʜ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʽʯʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʇʃʈ 

ʘʣʝʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʣʽʘʣʘʥʽʥʦʚʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʘ GPX1 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʬʣʫʦʨʠʤʝʪʨʫ ALF-express ɯɯ, ʦʪʨʠʤʘʥʦʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ Fragment Manager v 2.0. ʘ). Ala5/Ala5 (ʛʦʤʦʟʠʛʦʪʘ), 

ʙ) Ala6/Ala7 (ʛʝʪʝʨʦʟʠʛʦʪʘ) 
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ɸʣʝʣʴ Ala5 ʜʣʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʨʘʢʫ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ 

ʚʠʥʠʢʥʝʥʥʷ ʦʥʢʦʣʦʛʽʯʥʠʭ ʭʚʦʨʦʙ. ʎʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʪʠʤ, ʱʦ ʮʝʡ ʘʣʝʣʴ 

ʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʜʦ ʽʥʜʫʢʮʽʾʾ ʩʝʣʝʥʦʤ [233]. ʆʜʥʘʢ, ʥʘʷʚʥʽ ʜʘʥʽ ʜʣʷ ʨʘʢʫ 

ʛʨʫʜʝʡ ʽ ʧʨʦʩʪʘʪʠ ʜʦʩʠʪʴ ʩʫʧʝʨʝʯʣʠʚʽ [234, 235]. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʾ ʘʩʦʮʽʘʮʽʾ ʘʣʝʣ ̫Ala5 ʽ ʛʝʥʦʪʠʧʫ Ala5/Ala5 ʟ 

ʨʠʟʠʢʦʤ ʚʠʥʠʢʥʝʥʥʷ ʉʂʂʅ. 

ʑʦʙ ʧʝʨʝʚʽʨʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ, ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʘʥʦʛʦ ʘʣʝʣʴʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʚ 41 ʟʨʘʟʢʫ ʧʣʘʟʤʠ ʢʨʦʚʽ 

ʫʤʦʚʥʦ ʟʜʦʨʦʚʠʭ ʽʥʜʠʚʽʜʽʚ, ʩʪʘʨʰʠʭ ʟʘ 60 ʨʦʢʽʚ, ʙʝʟ ʦʥʢʦʣʦʛʽʯʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʚ ʘʥʘʤʥʝʟʽ, ʷʢʽ ʧʨʦʞʠʚʘʣʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ.  

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʘʣʝʣʽʚ ʪʘ ʛʝʥʦʪʠʧʽʚ ʚ ʮʽʡ ʛʨʫʧʽ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʚʩʷ 

ʚʽʜ ʜʘʥʠʭ ʜʣʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʦʧʫʣʷʮʽʡ [236]. ʌʘʢʪʠʯʥʘ ʛʝʪʝʨʦʟʠʛʦʪʥʽʩʪʴ 

58,54% ʜʦʩʪʦʚʽʨʥʦ ʥʝ ʚʽʜʨʽʟʥʷʣʘʩʴ ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʨʽʚʥʷʥʥʷʤ ʍʘʨʜʽ-

ɺʘʡʥʙʝʨʛʘ ï 63,62 (ʪʘʙʣ. 3.6.).  

 

 

ʊʘʙʣʠʮʷ 3.6.  

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʘʣʝʣʽʚ ʪʘ ʛʝʥʦʪʠʧʽʚ ʧʦʣʽʘʣʘʥʽʥʦʚʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʘ 

GPX1 ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ (n=41). 

ɸʣʝʣ,̔ % 

ʌʘʢʪʠʯʥʘ 

ʯʘʩʪʦʪʘ 

Ala5 Ala6 Ala7 

47,56 26,83 25,61 

ɻʝʥʦʪʠʧʠ, % 
ɻʝʪʝʨʦʟʠ-

ʛʦʪʥʽʩʪʴ 
ʈ ʏʘʩʪʦʪʘ Ala5/ 

Ala5 

Ala5/ 

Ala6 

Ala6/ 

Ala6 

Ala6/ 

Ala7 

Ala7/ 

Ala7 

Ala5/ 

Ala7 

ʌʘʢʪʠʯʥʘ 26,83 26,83 4,88 17,07 9,76 14,63 58,54 
0,3593 

ʆʯʽʢʫʚʘʥʘ  22,62 25,52 7,20 13,74 6,56 24,36 63,62 

 

ɺʽʜʩʫʪʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʷʥʥʷ ʍʘʨʜʽ-ɺʘʡʥʙʝʨʛʘ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʦʢʨʝʤʽ ʛʝʥʦʪʠʧʠ ʜʘʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʥʝ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 



 74 

ʝʢʟʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʚʥʫʪʨʽʰʥʴʦʧʦʧʫʣʷʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʚʠʙʽʨʮʽ, ʘ ʚʠʙʽʨʢʘ ʻ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʶ. ʆʪʨʠʤʘʥʽ ʯʘʩʪʦʪʠ ʘʣʝʣʽʚ ʪʘ ʛʝʥʦʪʠʧʽʚ 

ʪʘ ʧʦʢʘʟʥʠʢ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ, ʻ ʜʦʩʪʦʚʽʨʥʦ ʟʥʘʯʫʱʠʤʠ, ʪʦʤʫ ʜʘʥʠʡ 

ʧʦʣʽʤʦʨʬʽʟʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʩʦʮʽʘʮʽʾ ʧʝʚʥʠʭ ʘʣʝʣʽʚ ʪʘ ʛʝʥʦʪʠʧʽʚ ʧʦʣʽʤʦʨʬʥʦʛʦ 

ʣʦʢʫʩʫ ʛʝʥʘ GPX1 ʟ ʨʦʟʚʠʪʢʦʤ ʉʂʂʅ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚʠʙʽʨʢʘ ʟ 40 ʧʘʨ 

ʟʨʘʟʢʽʚ ʧʫʭʣʠʥʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʫʤʦʚʥʦ ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ. ɿʨʘʟʢʠ 

ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ ʧʘʮʽʻʥʪʽʚ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʤʦʞʣʠʚʦʾ ʚʪʨʘʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʛʝʪʝʨʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʽʡ ʚ 

ʟʨʘʟʢʘʭ ʧʫʭʣʠʥ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʧʘʨʘʭ ʧʫʭʣʠʥʘ-

ʥʦʨʤʘ ʥʝ ʚʠʷʚʣʝʥʦ ʚʪʨʘʪʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʪʦʛʦ, 

ʱʦ ʜʝʣʝʮʽʾ ʜʘʥʦʛʦ ʣʦʢʫʩʫ ʥʝ ʻ ʯʘʩʪʠʤ ʷʚʠʱʝʤ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʧʫʭʣʠʥ. 

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʛʝʥʦʪʠʧʽʚ ʚ ʟʨʘʟʢʘʭ ʧʫʭʣʠʥ 40 ʧʘʮʽʻʥʪʽʚ ʟ ʉʂʂʅ ʪʘʢʦʞ ʥʝ 

ʤʘʚ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʦʯʽʢʫʚʘʥʠʭ ʟʘ ʟʘʢʦʥʦʤ ʍʘʨʜʽ-ɺʘʡʥʙʝʨʛʘ (ʪʘʙʣ. 3.7.), ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʾ ʧʝʨʝʚʘʛʠ ʞʦʜʥʦʛʦ ʛʝʥʦʪʠʧʫ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʪʠʧʫ ʧʫʭʣʠʥ.  

ʊʘʙʣʠʮʷ 3.7.  

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʘʣʝʣʽʚ ʪʘ ʛʝʥʦʪʠʧʽʚ ʧʦʣʽʘʣʘʥʽʥʦʚʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʛʝʥʘ 

GPX1 ʚ ʛʨʫʧʽ ʧʘʮʽʻʥʪʽʚ ʟ ʉʂʂʅ (n=40). 

ɸʣʝʣ,̔ % 

ʌʘʢʪʠʯʥʘ 

ʯʘʩʪʦʪʘ 

Ala5 Ala6 Ala7 

48,75 30,00 21,25 

ɻʝʥʦʪʠʧʠ, % 
ɻʝʪʝʨʦʟʠ-

ʛʦʪʥʽʩʪʴ 
ʈ ʏʘʩʪʦʪʘ Ala5/ 

Ala5 

Ala5/ 

Ala6 

Ala6/ 

Ala6 

Ala6/ 

Ala7 

Ala7/ 

Ala7 

Ala5/ 

Ala7 

ʌʘʢʪʠʯʥʘ 25,00 25,00 10,00 15,00 2,50 22,50 62,50 
0,8261 

ʆʯʽʢʫʚʘʥʘ 23,77 29,25 9,00 12,75 4,52 20,72 62,76 
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ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʪʦʪ ʘʣʝʣʽʚ (ʨʠʩ. 3.7.) ʪʘ ʛʝʥʦʪʠʧʽʚ (ʨʠʩ. 

3.8.) ʟʘ ʧʦʣʽʘʣʘʥʽʥʦʚʠʤ ʧʦʣʽʤʦʨʬʽʟʤʦʤ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʽʟ ʉʂʂʅ ʪʘ ʟʜʦʨʦʚʠʭ 

ʜʦʥʦʨʽʚ, ʩʪʘʨʰʠʭ 60 ʨʦʢʽʚ. ɸʣʝʣɹ ʟ 5 ʘʣʘʥʽʥʦʚʠʤʠ ʧʦʚʪʦʨʘʤʠ ʷʢ ʚ ʛʨʫʧʽ ʟ 

ʉʂʂʅ, ʪʘʢ ʽ ʫ ʟʜʦʨʦʚʠʭ ʜʦʥʦʨʽʚ ʻ ʤʘʞʦʨʥʠʤ.  

ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʘʣʝʣʽʚ ʟʘ ʧʦʣʽʘʣʘʥʽʥʦʚʠʤ ʧʦʣʽʤʦʨʬʽʟʤʦʤ ʜʣʷ 

ʧʘʮʽʻʥʪʽʚ ʽʟ ʉʂʂʅ ʽ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʜʦʥʦʨʽʚ, ʩʪʘʨʰʠʭ 60 ʨʦʢʽʚ ʙʝʟ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʭʚʦʨʦʙ ʚ ʘʥʘʤʥʝʟʽ, ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʦ ʥʝ ʚʽʜʨʽʟʥʷʚʩʷ. 

ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʥʘʰʠʤʠ ʜʘʥʠʤʠ, ʫ ʭʚʦʨʠʭ ʥʘ ʉʂʂʅ ʤʘʞʦʨʥʠʡ ʘʣʝʣʴ 

Ala5 ʟʫʩʪʨʽʯʘʚʩʷ ʟ ʯʘʩʪʦʪʦʶ 48,8%Ñ5.6, ʘ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʯʘʩʪʦʪʘ Ala5 

ʩʪʘʥʦʚʠʣʘ 47,6% Ñ5.5, ʧʨʠ ʮʴʦʤʫ ʚʠʷʚʣʝʥʘ ʨʽʟʥʠʮʷ ʥʝ ʻ ʩʪʘʪʠʩʪʠʯʥʦ 

ʜʦʩʪʦʚʽʨʥʦʶ (ʨ=0,34). ɺʽʜʩʦʪʦʢ ʛʦʤʦʟʠʛʦʪʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ ʉʂʂʅ ʩʪʘʥʦʚʠʚ 

55%, ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ ï 40%, ʧʨʦʪʝ ʜʦʩʪʦʚʽʨʥʦʾ ʨʽʟʥʠʮʽ ʥʝ ʟʥʘʡʜʝʥʦ 

(ʨ=0,29). ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʡʙʽʣʴʰʦʶ ʚʠʷʚʠʣʘʩʴ ʨʽʟʥʠʮʷ 

ʤʽʞ ʢʦʥʪʨʦʣʴʥʦʶ ʪʘ ʜʦʩʣʽʜʥʦʶ ʛʨʫʧʦʶ ʟʘ ʘʣʝʣʝʤ Ala7 (25,6% ʪʘ 21,3%, 

ʚʽʜʧʦʚʽʜʥʦ), ʧʨʦʪʝ ʮʝʡ ʧʦʢʘʟʥʠʢ ʪʘʢʦʞ ʥʝ ʜʦʩʷʛʥʫʚ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʦʾ 

ʟʥʘʯʫʱʦʩʪʽ (ʨ= 0,22).  

 

 

ʈʠʩ. 3.7. ʈʦʟʧʦʜʽʣ ʘʣʝʣʽʚ ʟʘ ʧʦʣʽʘʣʘʥʽʥʦʚʠʤ ʧʦʣʽʤʦʨʬʥʠʤ ʣʦʢʫʩʦʤ ʫ 

ʭʚʦʨʠʭ ʥʘ ʉʂʂʅ ʪʘ ʦʩʽʙ ʙʝʟ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 1. - Ala5. 2. - Ala6. 3. 

- Ala7.  
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ʇʨʠ ʧʦʨʽʚʥʷʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʽʚ ʯʘʩʪʦʪ ʛʝʥʦʪʠʧʽʚ ʚʠʷʚʣʝʥʦ ʪʽ 

ʩʘʤʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʦʧʠʩʘʥʽ ʥʘʤʠ ʚʠʱʝ ʜʣʷ ʯʘʩʪʦʪ ʘʣʝʣʽʚ. ʉʪʘʪʠʩʪʠʯʥʦ 

ʜʦʩʪʦʚʽʨʥʦ ʯʘʩʪʦʪʠ ʛʝʥʦʪʠʧʽʚ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʪʘ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʘʭ ʥʝ 

ʚʽʜʨʽʟʥʷʣʠʩʷ. ʇʨʦʪʝ, ʚʘʞʣʠʚʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʛʝʥʦʪʠʧ Ala7/Ala7 ʚ ʛʨʫʧʽ 

ʧʘʮʽʻʥʪʽʚ ʟ ʉʂʂʅ ʚʠʷʚʣʝʥʦ ʣʠʰʝ ʫ 1 ʽʥʜʠʚʽʜʘ ʥʘʧʨʦʪʠʚʘʛʫ 4 ʽʥʜʠʚʽʜʘʤ, ʷʢʽ 

ʤʘʣʠ ʮʝʡ ʛʝʥʦʪʠʧ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ (ʨ=0,11). ʄʦʞʣʠʚʦ, ʘʣʝʣʴ Ala7 ʤʘʻ 

ʦʥʢʦʧʨʦʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʛʦʤʦʟʠʛʦʪʥʦʤʫ ʩʪʘʥʽ (ʨʝʮʝʩʠʚʥʘ ʤʦʜʝʣʴ). ʇʨʦʪʝ, ʦʩʢʽʣʴʢʠ ʚ ʥʘʰʽʡ ʧʦʧʫʣʷʮʽʾ 

ʯʘʩʪʦʪʘ ʮʴʦʛʦ ʘʣʝʣʷ (25,6%) ʪʘ ʦʩʦʙʣʠʚʦ ʛʦʤʦʟʠʛʦʪʥʦʛʦ ʛʝʥʦʪʠʧʫ (9,8%) 

ʥʠʟʴʢʘ, ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʪʠʩʪʦʯʥʦ ʜʦʩʪʦʚʽʨʥʦʾ ʨʽʟʥʠʮʽ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʠʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ. 

 

 

ʈʠʩ. 3.8. ʈʦʟʧʦʜʽʣ ʛʝʥʦʪʠʧʽʚ ʟʘ ʧʦʣʽʘʣʘʥʽʥʦʚʠʤ ʧʦʣʽʤʦʨʬʥʠʤ ʣʦʢʫʩʦʤ ʫ 

ʭʚʦʨʠʭ ʥʘ ʉʂʂʅ ʪʘ ʦʩʽʙ ʙʝʟ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 1. - Ala5/Ala5. 2. - 

Ala6/Ala6. 3. - Ala7/Ala7. 4. - Ala5/Ala6. 5. - Ala 5/Ala7. 6. - Ala6/Ala7. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʉʂʂʅ, ʪʘʢ ʩʘʤʦ, ʷʢ  ̔ʧʨʠ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʪʘ 

ʧʨʦʩʪʘʪʠ, ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʘʣʝʣʴ ʛʝʥʘ GʈX1 ʟ ʧô̫ ʪʴʤʘ ʘʣʘʥʽʥʦʚʠʤʠ 

ʧʦʚʪʦʨʘʤʠ. ʇʨʦʪʝ ʜʦʩʪʦʚʽʨʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʯʘʩʪʦʪʦʶ ʘʣʝʣ ̫ Ala5 ʫ 

ʭʚʦʨʠʭ ʥʘ ʉʂʂʅ ʪʘ ʦʩʽʙ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʙʝʟ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʚ 

ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʝ ʚʠʷʚʣʝʥʦ (p=0,44). ʇʦʧʨʠ ʜʘʥʽ ʣʽʪʝʨʘʪʫʨʠ, ʦʪʨʠʤʘʥʽ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʰʠʭ ʚʠʜʽʚ ʨʘʢʫ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ 

ʜʝʷʢʠʭ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʽʥʜʠʚʽʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʘʣʝʣʴ ʟ 5 

ʘʣʘʥʽʥʦʚʠʤʠ ʧʦʚʪʦʨʘʤʠ, ʥʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʣʷ ʉʂʂʅ. ɿʛʽʜʥʦ ʥʘʰʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʦʣʽʘʣʘʥʽʥʦʚʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʥʝ ʤʘʻ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʉʂʂʅ. 

ʆʪʞʝ, ʥʘʰʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX1 ʙʫʣʘ ʟʥʠʞʝʥʘ ʫ 75% 

ʟʨʘʟʽʚ ʉʂʂʅ, ʧʨʠʯʦʤʫ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʟʘʭʚʦʨʶʚʘʥʥʷ ʟʥʠʞʝʥʥʷ ʙʽʣʴʰ 

ʟʥʘʯʥʝ. ʎʝ ʜʦʙʨʝ ʧʦʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʱʦ ʝʢʩʧʨʝʩʽʷ GPX1 ʟʥʠʞʫʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʢʠʩʥʶ, ʦʩʢʽʣʴʢʠ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʢʘʥʮʝʨʦʛʝʥʝʟʫ 

ʭʘʨʘʢʪʝʨʥʝ ʥʘʨʦʩʪʘʥʥʷ ʛʽʧʦʢʩʽʾ. ʄʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʾ ʜʽʣʷʥʢʠ ʛʝʥʘ 

GPX1 ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʦʜʥʘʢ ʛʦʤʦ- ʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʛʝʥʘ GPX1 

ʩʧʦʩʪʝʽʛʘʣʠʩʷ ʚ 91,7% ʟʨʘʟʢʽʚ ʉʂʂʅ. ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʜʝʣʝʮʽʾ ʮʴʦʛʦ ʛʝʥʘ ʻ 

ʜʦʜʘʪʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʷʢʠʡ ʧʘʨʘʣʝʣʴʥʦ ʟ ʨʝʛʫʣʷʮʽʻʶ ʥʘ ʨʽʚʥʽ ʈʅʂ ʪʘ ʙʽʣʢʘ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ GPX1 ʚ ʉʂʂʅ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʥ GPX1 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʪʝʥʮʽʡʥʠʭ ʛʝʥʽʚ-ʩʫʧʨʝʩʦʨʽʚ ʉʂʂʅ ʧʫʭʣʠʥ. 

 

3.2.6. ɻʝʥ ʣʶʜʠʥʠ GPX3. ɻʝʥ GPX3 ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 5q33.1 ʽ ʢʦʜʫʻ 

ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʫ 3 ï ʙʽʣʦʢ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʛʽʜʨʦʧʝʨʦʢʩʠʜʽʚ ʞʠʨʽʚ, ʽ, ʷʢ GPX1, ʤʽʩʪʠʪʴ ʩʝʣʝʥʦʮʠʩʪʝʾʥ ʪʘ ʤʘʻ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ GPʍ3 ̒ ʪʝ, ʱʦ ʚʽʥ 

ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʚ ʧʦʟʘʢʣʽʪʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʦʙʪʦ ʻ ʙʽʣʢʦʤ ʧʣʘʟʤʠ, ʘ 

ʩʝʢʨʝʪʫʶʪʴ ʜʘʥʠʡ ʙʽʣʦʢ ʚ ʦʩʥʦʚʥʦʤʫ ʢʣʽʪʠʥʠ ʧʨʦʢʩʠʤʘʣʴʥʠʭ ʟʙʠʨʘʣʴʥʠʭ 

ʪʨʫʙʦʯʦʢ ʥʠʨʢʠ [237-239]. ʎʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʡ ʬʝʨʤʝʥʪ ʧʽʜʪʨʠʤʫʻ ʛʝʥʦʤʥʫ 

ʮʽʣʽʩʥʽʩʪʴ ʰʣʷʭʦʤ ʽʥʘʢʪʠʚʘʮʽ ʾʨʝʘʢʪʠʚʥʠʭ ʢʠʩʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ (ROS), ʚʽʜʦʤʠʭ 

ʫʰʢʦʜʞʫʶʯʠʭ ʘʛʝʥʪʽʚ ɼʅʂ ʽ ʧʦʩʝʨʝʜʥʠʢʽʚ ʚʽʜʧʦʚʽʜʽ ʥʘ ʭʽʤʽʦʪʝʨʘʧʽʾʶ ʧʨʠ 
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ʟʘʭʚʦʨʶʚʘʥʥʽ ʥʘ ʨʘʢ. ʅʘʷʚʥʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ GPʍ3 ʤʦʞʝ 

ʧʝʨʝʰʢʦʜʞʘʪʠ ʘʥʪʠʨʘʢʦʚʽʡ ʪʝʨʘʧʽʾ [240, 241]. 

ʈʝʛʫʣʶʚʘʥʥʷ ʝʢʩʧʨʝʩʽʾ ʙʽʣʢʘ GPʍ3 ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʤ, ʘʣʝ ʻ ʨʦʙʦʪʠ ʧʦ ʚʠʚʯʝʥʥʶ ʡʦʛʦ ʪʨʘʥʩʢʨʠʧʮʽʾ ̔ ʪʨʘʥʩʣʷʮʽʾ 

ʚ ʢʫʣʴʪʫʨʘʭ ʢʣʽʪʠʥ. ɸʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ GPʍ3 ʧʦʢʘʟʘʚ ʩʘʡʪʠ 

ʟʚôʷʟʫʚʘʥʥʷ ʟ ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʽʾ Sp-1  ̔ HIF1A. ɻʽʧʦʢʩʽʷ ʙʫʣʘ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʷʢ ʩʠʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʪʨʘʥʩʢʨʠʧʮʽʾ ʽ ʝʢʩʧʨʝʩʽʾ GPʍ3 [242]. 

3.2.6.1. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ GPX3. ɼʣ̫  ʮʴʦʛʦ ʛʝʥʘ ʙʫʣʦ ʚʠʢʦʥʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʧʨʠ ʉʂʂʅ. ɽʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX3 ʚʠʷʚʠʣʘʩʴ ʟʥʠʞʝʥʦʶ 

ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ (ʨʠʩ.3.9.), ʧʨʠ ʯʦʤʫ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʙʽʣʴʰ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ, ʥʽʞ ʜʣʷ ʩʪʘʜʽʡ 1-2. 

 

ʈʠʩ. 3.9. ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX3 (12 ʟʨʘʟʢʽʚ) ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɿʨʘʟʢʠ 1-6 ʩʪʘʜʽʾ 1-2, 7-12 ï ʩʪʘʜʽʾ 3-4 
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3.2.6.2. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ GPX3. ʑʦʙ ʚʩʪʘʥʦʚʠʪʠ ʤʦʞʣʠʚʽ 

ʧʨʠʯʠʥʠ ʟʤʽʥ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ, ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʛʦ ʨʝʛʽʦʥʫ ʛʝʥʘ, ʘʣʝ ʟʤʽʥ ʤʝʪʠʣʫʚʘʥʥʷ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ʊʦʤʫ ʜʣʷ ʮʴʦʛʦ ʛʝʥʘ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ 

ʛʝʥʘ (ʪʘʙʣ. 3.8.). 

ʊʘʙʣʠʮʷ 3.8.  

ʂʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

GPX3 ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. 

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 

ʉʪʘʪʴ ʉʪʘʜʽʷ 

ʘʪʠʧʽʾ 

ɺʽʢ TNM 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ 

ʢʦʧʽʡ GPX3 (min ʽ max 

ʟʥʘʯʝʥʥʷ) 
1 ɾ 3 55 T4NxM0 1,12 (1,02-1,22) 

2 ʏ 3 61 T2aNxM1 1,48 (1,41-1,55) 

3 ʏ 4 46 T2NxM1 2,23 (1,40-3,06) 

4 ʏ 3 50 T2aNxM1 1,18 (0,99-1,37) 

5 ɾ 4 60 T4NxM0 0,89 (0,83-0,95) 

6 ɾ 3 59 T4N0M1 1,5 (1,39-1,61) 

7 ʏ 2 66 T3bNxM0 0,90 (0,86-0,94) 

8 ɾ 2 56 T3bNxM0 0,97 (0,89-1,05) 

9 ɾ 2 49 T1bNxM0 1,04 (0,92-1,16) 

10 ɾ 3 52 T3N1M0 1,42 (1,31- 1,53) 

11 ʏ 3 66 T3N0M0 1,57 (1,41-1,73) 

12 ʏ 3 62 T3N0M0 1,53 (1,4-1,66) 

ʇʨʠʤʽʪʢʘ: ɺʚʘʞʘʣʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʠʞʯʝ 0,35 ʤʘʻ 

ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,35-0,85 - ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,85-1,5 ï 

ʥʦʨʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ; ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 ï ʘʤʧʣʽʬʽʢʘʮʽʷ. 

 

ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʚʠʷʚʠʚ 33,3% (4 ʟ 12) ʟʨʘʟʢʽʚ ʉʂʂʅ, ʱʦ 

ʙʫʣʠ ʘʤʧʣʽʬʽʢʦʚʘʥʽ, ʨʝʰʪʘ 66,7% ʟʨʘʟʢʽʚ ʥʝ ʤʘʣʠ ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʛʝʥʦʤʥʦʾ ɼʅʂ, ʱʦ ʢʦʜʫʻ ʙʽʣʦʢ GPʍ3, ʙʫʣʘ ʽʟʦʣʴʦʚʘʥʘ 

ʷʧʦʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ ʚ 1994 ʨʦʮʽ. ʇʨʠ ʮʴʤʫ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʛʝʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 
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5 ʝʢʟʦʥʽʚ [243]. ɸʥʘʣʽʟ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʨʘʟʢʽʚ ʚʠʷʚʠʚ ʤʈʅʂ ʛʝʥʘ GPʍ3 ʚ 

ʧʝʯʽʥʮʽ, ʥʠʨʢʘʭ, ʩʝʨʮʽ, ʣʝʛʝʥʽ ʽ ʤʦʣʦʯʥʽʡ ʟʘʣʦʟʽ ʣʶʜʠʥʠ. ʊʘʢʦʞ ʤʈʅʂ ʛʝʥʘ 

GPʍ3 ʚʠʷʚʠʣʠ ʚ ʪʢʘʥʠʥʘʭ, ʽʟʦʣʴʦʚʘʥʠʭ ʟ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʧʘʮʶʢʘ, ʩʝʨʮ,̫ 

ʣʝʛʝʥʽ ʪʘ ʪʢʘʥʠʥ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʤʠʰ.̔ ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʚʢʘʟʫʻ, ʱʦ, ʤʦʞʣʠʚʦ, 

ʥʝʤʘʻ ʥʽʷʢʦʾ  ʚʠʜʦʩʧʝʮʠʬʽʯʥʦʾ ʨʽʟʥʠʮʽ ʫ ʝʢʩʧʨʝʩʽʾ GPʍ3 [244]. ɼʝʬʽʮʠʪ ʙʽʣʢʘ 

GPʍ3 ʘʩʦʮʽʡʦʚʘʥʦ ʟ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʶ ʭʚʦʨʦʙʦʶ ʽ ʧʘʨʘʣʽʯʝʤ [242]. 

ʊʘʢʦʞ ʙʫʣʦ ʫʪʦʯʥʝʥʦ ʨʦʣʴ ʢʦ-ʬʘʢʪʦʨʽʚ ʪʨʘʥʩʣʷʮʽʾ, ʪʘʢʠʭ, ʷʢ tRNASec, 

SECIS-ʟʚ'ʷʟʫʶʯʦʛʦ ʧʨʦʪʝʾʥʫ-2 ʽ SelD (selenophosphate synthe- tase D) ʚ 

ʨʝʛʫʣʷʮʽʾ ʝʢʩʧʨʝʩʽʾ GPʍ3. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ tRNASec ʽ SelD ʟʥʘʯʥʦ 

ʧʨʠʛʥʽʯʫʚʘʣʠ ʝʢʩʧʨʝʩʽʶ GPʍ3, ʪʦʜʽ ʷʢ SECIS-ʟʚ'ʷʟʫʶʯʠʡ ʧʨʦʪʝʾʥ-2 ʧʦʢʘʟʘʚ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʨʝʩʽʾ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʠʩʫʪʥʽʩʪʴ 

ʥʦʚʠʭ ʬʫʥʢʮʽʡ ʩʪʘʨʪʫ ʪʨʘʥʩʢʨʠʧʮʽʾ ʛʝʥʘ GPʍ3, ʱʦ ʤʘʻ ʧʨʦʤʦʪʦʨ, 

ʨʝʛʫʣʴʦʚʘʥʠʡ ʛʽʧʦʢʩʽʻʶ [245]. 

ɼʘʥʽ ʱʦʜʦ ʫʯʘʩʪʽ ʛʝʥʘ GPʍ3 ʚ ʢʘʥʮʝʨʦʛʝʥʝʟʽ ʜʦʩʠʪʴ ʩʫʧʝʨʝʯʣʠʚʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʨʠʤʫʶʪʴ ʛʽʧʦʪʝʟʫ, ʱʦ ʜʝʬʝʢʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ 

ʩʠʩʪʝʤʠ, ʤʦʞʣʠʚʦ, ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ [241, 245]. ʄʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ GPʍ3 ʢʦʨʝʣʶʻ ʟ 

ʭʽʤʽʦʨʝʟʠʩʪʝʥʪʥʽʩʪʶ ʧʨʠ ʨʘʢʫ ʛʦʣʦʚʠ ʪʘ ʰʠʾ ʽ, ʤʦʞʣʠʚʦ, ʩʣʫʞʠʪʴ 

ʽʥʜʠʢʘʪʦʨʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʢʫʚʘʥʥʷ ʭʽʤʽʦʪʝʨʘʧʝʚʪʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʮʠʩʧʣʘʪʠʥʠ ʜʣʷ ʧʘʮʽʻʥʪʽʚ, ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʛʦʣʦʚʠ ʪʘ ʰʠʾ [241].  

ʃʦʢʫʩ 5q33-34, ʜʝ ʨʦʟʪʘʰʦʚʘʥʠʡ GPʍ3, ʯʘʩʪʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʨʘʢʦʤ 

ʧʨʦʩʪʘʪʠ. ʅʘʷʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʝʣʝʮʽʾ ʚ ʝʢʟʦʥʘʭ ʛʝʥʘ 

GPʍ3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ï ʇʃʈ, ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ ʪʘ FISH ʧʦʢʘʟʘʥʦ 

ʥʘʷʚʥʽʩʪʴ ʛʦʤʦʟʠʛʦʪʥʠʭ ʜʝʣʝʮʽʡ ʚ 10% ʟʨʘʟʢʽʚ. ɻʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʚ 52% ʧʫʭʣʠʥ ʧʨʦʩʪʘʪʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʞʝ ʜʦʩʣʽʜʞʝʥʴ, 

ʤʝʪʠʣʫʚʘʥʥʷ ʚ ʨʝʛʽʦʥʽ ʝʢʟʦʥʫ 1 GPʍ3 ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ 90% ʟʨʘʟʢʽʚ ʨʘʢʫ 

ʧʨʦʩʪʘʪʠ, ʱʦ ʥʝ ʤʘʣʠ ʜʝʣʝʮʽʡ. ʋʩʽ ʪʨʠ ʣʽʥʽʾ ʢʣʽʪʠʥ ʨʘʢʫ ʧʨʦʩʪʘʪʠ (PC-3, 

Du145, ʽ LNCaP) ʧʦʢʘʟʫʚʘʣʠ ʤʝʪʠʣʫʚʘʥʥʷ [246].  

ʅʘʷʚʥʽ ʪʘʢʦʞ ʜʘʥʽ ʧʨʦ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ʛʝʥʘ GPʍ3 ʚ 

ʘʜʝʥʦʢʘʨʮʝʥʦʤʘʭ ɹʘʨʝʪʩʘ (ʝʧʽʪʝʣʽʡ ʰʣʫʥʢʘ), ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ 91% ʟʨʘʟʢʽʚ 
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ʧʫʭʣʠʥ. ʄʝʭʘʥʽʟʦʤ ʽʥʘʢʪʠʚʘʮʽʾ ʚʠʷʚʠʣʦʩʴ ʙʽʘʣʝʣʴʥʝ ʤʝʪʠʣʫʚʘʥʥʷ ʛʝʥʘ. 

ʇʨʠʯʦʤʫ ʚ ʩʬʦʨʤʦʚʘʥʠʭ ʢʘʨʮʠʥʦʤʘʭ ʛʽʧʝʨʤʝʪʠʣʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʠ ʯʘʩʪʽʰʝ, 

ʥʽʞ ʫ ʤʝʪʘʧʣʘʟʽʷʭ [247]. 

ʅʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʚʠʷʚʠʣʠ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʤʈʅʂ ʛʝʥʘ 

GPʍ3 ʥʘ ʨʽʚʥʽ ʤʈʅʂ ʫ 100% ʟʨʘʟʢʽʚ ʉʂʂʅ (ʨʠʩ. 3.9.), ʘʣʝ ʤʝʪʠʣʫʚʘʥʥʷ 

ʧʨʦʤʦʪʦʨʥʦʛʦ ʨʝʛʽʦʥʫ ʛʝʥʘ GPʍ3 ʚʽʜʩʫʪʥʻ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʫʥʢʮʽʾ ʛʝʥʘ GPX3. ɼʽʡʩʥʦ, ʧʨʠ ʢʘʥʮʝʨʦʛʝʥʝʟʽ 

ʧʫʭʣʠʥʘ ʧʝʨʝʞʠʚʘʻ ʥʘʨʦʩʪʘʥʥʷ ʛʽʧʦʢʩʽʾ, ʪʦʞ ʽʥʘʢʪʠʚʘʮʽʷ ʧʝʨʝʢʩʠʜʫ ʚʪʨʘʯʘʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʢʣʦʥʠ ʧʫʭʣʠʥʠ, ʱʦ ʥʝ ʥʝʩʫʪʴ ʧʝʨʦʢʩʠʜʘʟ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʞʠʪʪʻʟʜʘʪʥʠʤʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʭʽʤʽʦʪʝʨʘʧʽʾ, 

ʧʝʨʦʢʩʠʜʘʟʘ ʥʝʦʙʭʽʜʥʘ, ʽ ʢʣʽʪʠʥʠ, ʱʦ ʤʘʶʪʴ ʮʝʡ ʛʝʥ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰʫ 

ʚʠʞʠʚʘʥʽʩʪʴ, ʘ ʦʪʞʝ, ʭʽʤʽʦʨʝʟʠʩʪʝʥʪʥʽʩʪʴ. ɹʣʦʢʫʚʘʥʥʷ ʜʘʥʦʛʦ ʛʝʥʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʣʽʢʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʧʣʘʪʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʨʝʩʽʷ GPX3 ʙʫʣʘ ʟʥʠʞʝʥʘ ʫ 100% ʟʨʘʟʢʽʚ ʉʂʂʅ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʪʦʯʫʶʯʠʤʠ ʪʢʘʥʠʥʘʤʠ. ʄʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʾ ʜʽʣʷʥʢʠ ʛʝʥʘ 

GPX3 ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ. ʆʜʥʘʢ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ ʚʠʚ̫ʠʚ 

ʘʤʧʣʽʬʽʢʘʮʽʾ ʫ 33,3% (4 ʟ 12) ʟʨʘʟʢʽʚ ʉʂʂʅ. ʄʝʭʘʥʽʟʤʠ ʨʝʛʫʣʷʮʽʾ ʝʢʩʧʨʝʩʽʾ 

ʛʝʥʘ GPX3 ʚ ʉʂʂʅ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʨʦʟʫʤʽʣʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʄʦʞʣʠʚʦ, ʝʢʩʧʨʝʩʽʷ ʜʘʥʦʛʦ ʛʝʥʘ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʣʢʦʚʦʾ ʨʝʛʫʣʷʮʽʾ ʘʙʦ ʤʘʣʠʤʠ ʈʅʂ. ʆʪʞʝ, ʛʝʥ GPX3 ʤʦʞʝ ʙʫʪʠ ʢʘʥʜʠʜʘʪʦʤ ʫ 

ʛʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʧʫʭʣʠʥʥʦʛʦ ʨʦʩʪʫ ʚ ʉʂʂʅ. 

 

3.2.7. ɻʝʥ ʣʶʜʠʥʠ GPX4. ɻʝʥ GPX4, ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ ʭʨʦʤʦʩʦʤʽ 

19p13.3, ʢʦʜʫʻ ʦʩʥʦʚʥʫ ʧʝʨʦʢʩʠʜʘʟʫ ʜʣʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʬʦʩʬʦʣʽʧʽʜʥʠʭ 

ʛʽʜʨʦʧʝʨʦʢʩʠʜʽʚ. ɿʘʟʚʠʯʘʡ ʢʦʜʦʚʘʥʠʡ ʮʠʤ ʛʝʥʦʤ ʙʽʣʦʢ ʬʫʥʢʮʽʦʥʫʻ ʚʩʝʨʝʜʠʥʽ 

ʤʝʤʙʨʘʥ [248]. ʅʦʢʘʫʪ ʮʴʦʛʦ ʛʝʥʘ ʣʝʪʘʣʴʥʠʡ ʜʣʷ ʝʤʙʨʽʦʥʽʚ ʤʠʰʝʡ, ʘ 

ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʦʩʦʙʠʥʠ ʤʘʶʪʴ ʟʥʠʞʝʥʫ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ [249]. 

ʉʭʦʞʝ, ʱʦ GPʍ4 ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʬʝʨʤʝʥʪʦʤ, ʱʦ ʧʨʠʛʥʽʯʫʻ 

12,15 LOX ʽ ʚʠʜʘʣʷʻ ʧʨʦʜʫʢʪʠ ʾʾ ʜʽʷʣʴʥʦʩʪʽ. ʎʝ ʨʦʙʠʪʴ GPʍ4 ʝʬʝʢʪʠʚʥʠʤ 
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ʧʘʨʪʥʝʨʦʤ ʚ ʨʝʛʫʣʶʚʘʥʥʽ ʚʘʞʣʠʚʦʛʦ, ʘʣʝ, ʧʦʪʝʥʮʽʡʥʦ ʰʢʽʜʣʠʚʦʛʦ ʬʝʨʤʝʥʪʘ - 

ʣʽʧʦʢʩʠʛʝʥʘʟʠ. ʃʦʛʽʯʥʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʣʝʪʘʣʴʥʽ ʥʘʩʣʽʜʢʠ ʚʽʜ ʥʦʢʘʫʪʫ ʛʝʥʘ 

GPʍ4 ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʨʫʰʝʥʥʷ ʯʫʪʣʠʚʦʾ ʨʽʚʥʦʚʘʛʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ ʽ ʚʠʜʘʣʝʥʥʷ ʡʦʛʦ ʧʨʦʜʫʢʪʽʚ [250]. 

3.2.7.1. ɸʥʘʣʽʟ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ GPX4. ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʢʩʧʨʝʩʽʾ 

ʛʝʥʘ GPX4 ʫ ʉʂʂʅ ʧʨʦʚʝʜʝʥʘ ʥʘ 18 ʧʘʨʘʭ ʟʨʘʟʢʽʚ ʧʫʭʣʠʥ ʪʘ ʫʤʦʚʥʦ 

ʥʦʨʤʘʣʴʥʠʭ ʪʢʘʥʠʥ (ʨʠʩ. 3.10.). ɽʢʩʧʨʝʩʽʷ ʜʘʥʦʛʦ ʛʝʥʘ ʙʫʣʘ ʟʥʠʞʝʥʘ ʫ 61% 

ʚʠʧʘʜʢʽʚ (11 ʟ 18) ʟʨʘʟʢʽʚ ʉʂʂʅ. ʋ 28% ʟʨʘʟʢʽʚ (5 ʟ 18) ʝʢʩʧʨʝʩʽʷ ʙʫʣʘ 

ʧʽʜʚʠʱʝʥʘ, 2 ʟʨʘʟʢʠ ʥʝ ʤʘʣʠ  ʟʤʽʥ. 
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ʈʠʩ. 3.10. ɺʽʜʥʦʩʥʘ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX4 (16 ʟʨʘʟʢʽʚ) ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ. ɿʨʘʟʢʠ 1-12 ʩʪʘʜʽʾ 1-2, 13-16 ï ʩʪʘʜʽʾ 3-4 

 

3.2.7.2. ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ GPX4. ʆʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʠʣʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʥʦʾ ʜʽʣʷʥʢʠ ʟʤʽʥ ʥʝ ʚʠʷʚʠʣʦ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ (ʪʘʙʣ. 3.9.) ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 3.7., ʛʝʥ GPX4 ʥʝ ʤʘʚ ʟʤʽʥ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ.  
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ʊʘʙʣʠʮʷ 3.9.  

ʂʣʽʥʽʢʦ-ʤʦʨʬʦʣʦʛʽʯʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʘ 

GPX4 ʫ ʟʨʘʟʢʘʭ ʉʂʂʅ. 

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 

ʉʪʘʪʴ ʉʪʘʜʽʷ 

ʘʪʠʧʽʾ 

ɺʽʢ TNM 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ GPX4 

(min ʽ max ʟʥʘʯʝʥʥʷ) 

1 ɾ 3 55 T4NxM0 1,14 (0,94-1,34) 

2 ʏ 3 61 T2aNxM1 1,13 (0,87-1,39) 

3 ʏ 4 46 T2NxM1 1,18 (0,89-1,47) 

4 ʏ 3 50 T2aNxM1 1,21 (0,98-1,44) 

5 ɾ 4 60 T4NxM0 0,98 (0,79-1,17) 

6 ɾ 3 59 T4N0M1 1,17 (0,96-1,38) 

7 ʏ 2 66 T3bNxM0 1,11 (0,87-1,35) 

8 ɾ 2 56 T3bNxM0 1,04 (0,83-1,25) 

9 ɾ 2 49 T1bNxM0 0,93 (0,81-1,05) 

10 ɾ 3 52 T3N1M0 0,99 (0,79-1,19) 

11 ʏ 3 66 T3N0M0 1,03 (0,86-1,20) 

12 ʏ 3 62 T3N0M0 1,08 (0,87-1,29) 

ʇʨʠʤʽʪʢʘ: ɺʚʘʞʘʣʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʠʞʯʝ 0,35 ʤʘʻ 

ʤʽʩʮʝ ʛʦʤʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,35-0,85 - ʛʝʪʝʨʦʟʠʛʦʪʥʘ ʜʝʣʝʮʽʷ; 0,85-1,5 ï 

ʥʦʨʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ; ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʱʝ 1,5 ï ʘʤʧʣʽʬʽʢʘʮʽʷ. 

 

ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʙʽʣʢʘ GPX4 ʻ ʪʝ, ʱʦ ʚʽʥ ʟʜʘʪʝʥ ʤʝʪʘʙʦʣʽʟʫʚʘʪʠ 

ʛʽʜʨʦʧʝʨʦʢʩʠʜʠ ʣʽʧʽʜʽʚ ʪʘ ʧʨʘʮʶʚʘʪʠ ʚʩʝʨʝʜʝʥʽ ʢʣʽʪʠʥʥʦʾ ʤʝʤʙʨʘʥʠ. ɯʩʥʫʻ ʫ 3 

ʬʦʨʤʘʭ, ʱʦ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ, ʮʠʪʦʟʦʣʽ ʽ ʷʜʨʽ ʩʧʝʨʤʘʪʦʟʦʾʜʽʚ. 

ʅʦʢʘʫʪ ʛʝʥʘ GPX4 ʟʘ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʶ ʽʟʦʬʦʨʤʦʶ ʥʝ ʣʝʪʘʣʴʥʠʡ, ʘʣʝ ʩʘʤʮʽ 

ʤʠʰʝʡ ʟ ʪʘʢʦʶ ʤʦʜʠʬʽʢʘʮʻʶ ʩʪʝʨʠʣʴʥʽ. ʄʠʰʽ, ʥʦʢʘʫʪʥʽ ʟʘ ʽʟʦʬʦʨʤʦʶ ʛʝʥʘ 

GPX4, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʷʜʨʽ ʩʧʝʨʤʘʪʦʟʦʾʜʽʚ, ʙʫʣʠ ʞʠʪʪʻʟʜʘʪʥʽ, ʩʪʝʨʠʣʴʥʽ,  ̔

ʤʘʣʠ ʜʝʬʝʢʪʠ ʢʦʤʧʘʢʪʠʟʘʮʽʾ ʭʨʦʤʘʪʠʥʫ ʚ ʷʜʘʭ ʩʧʝʨʤʘʪʦʟʦʾʜʽʚ [251]. 

ʅʦʢʘʫʪ ʛʝʥʘ GPX4 ʟʘ ʮʠʪʦʟʦʣʴʥʦʶ ʬʦʨʤʶ ʻ ʣʝʪʘʣʴʥʠʤ, ʝʤʙʨʽʦʥʠ 

ʛʠʥʫʪʴ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ. ɹʣʦʢʫʚʘʥʥʷ ʮʽʻʾ ʽʟʦʬʦʨʤʠ ʫ ʜʦʨʦʩʣʠʭ 
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ʤʠʰʝʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʛʠʙʝʣʽ ʦʩʦʙʠʥ ʧʨʦʪʷʛʦʤ 2 ʪʠʞʥʽʚ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʙʽʣʦʢ GPʍ4, ʦʢʨʽʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʦʩʪʝʡ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʝʚʥʽ 

ʞʠʪʪʻʚʦʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ. ɿ ʫʩʽʭ ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟ ʪʽʣʴʢʠ GPʍ4 ʤʦʞʝ 

ʟʥʠʞʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʛʽʜʨʦʧʝʨʦʢʩʠʜʽʚ ʚ ʤʝʤʙʨʘʥʘʭ, ʯʠʤ, ʤʦʞʣʠʚʦ, ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʚ ʤʝʤʙʨʘʥʽ. ɺ ʜʦʩʣʽʜʘʭ ʥʘ ʤʠʰʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ GPʍ4 

ʜʡ̔ʩʥʦ ʧʨʦʪʠʜʽʻ ʜʽʷʣʴʥʦʩʪʽ 12,15-ʣʽʧʦʢʩʠʛʝʥʘʟʠ (LOX) [252]. ɿʘʟʥʘʯʝʥʘ 

ʣʽʧʦʢʩʠʛʝʥʘʟʘ ʢʘʪʘʣʽʟʫʻ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʧʝʨʦʢʩʽʜʽʚ ʚ ʤʝʤʙʨʘʥʘʭ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʜʘʣʝʥʥʷ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʩʫʙʩʪʨʘʪʽʚ ʜʣʷ GPʍ4. ɺʦʥʘ ʚʠʢʣʠʢʘʻ ʘʧʦʧʪʦʟ ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ AIF (apoptosis 

inducing factor), ʟʘʤʽʩʪʴ ʘʢʪʠʚʘʮʽʾ ʢʘʩʧʘʟ. ʇʨʠ ʨʦʟʱʝʧʣʝʥʥʽ ʢʘʣʴʧʘʾʥʦʤ-1, AIF 

ʪʨʘʥʩʣʦʢʫʻʪʴʩʷ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʤʙʨʘʥʠ ʤʽʪʦʭʦʥʜʨʽʡ ʚ ʷʜʨʦ ʽ ʽʥʜʫʢʫʻ 

ʬʨʘʛʤʝʥʪʘʮʽʶ ɼʅʂ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʪʠʚʘʮʽʾ ʧʦʣʽ (ADP ʨʠʙʦʟʘ) ʧʦʣʽʤʝʨʘʟʠ-1 

poly (ADP ribose) polymerase-1 [253]. 

ʊʨʘʥʩʬʝʢʮʽʷ ʝʤʙʨʽʦʥʘʣʴʥʠʭ ʬʽʙʨʦʙʣʘʩʪʽʚ ʤʠʰʝʡ, ʦʪʨʠʤʘʥʠʭ ʟ GPʍ4 

ʥʦʢʘʫʪʽʚ ʥʦʨʤʘʣʴʥʠʤ ʛʝʥʦʤ GPʍ4, ʧʨʠʚʦʜʠʣʘ ʜʦ ʽʥʛʽʙʫʚʘʥʥʷ GPʍ4KO-

ʽʥʜʫʢʦʚʘʥʽʡ ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʥʠʟʴʢʫ ʧʠʪʦʤʫ 

ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʘ ʫ ʤʫʪʘʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʨʽʚʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʙʽʣʢʘ ʜʠʢʦʛʦ ʪʠʧʫ ʽ Sec/Cys ʤʫʪʘʥʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʝʢʩʧʨʝʩʽʾ ʙʽʣʢʘ ʜʠʢʦʛʦ ʪʠʧʫ, ʘʣʝ ʥʝ ʤʫʪʘʥʪʥʦʛʦ, ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʣʽʬʝʨʘʮʽʾ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʽʣʦʢ GPʍ4 ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ 

ʥʘ ʚʠʞʠʚʘʥʥʷ ʢʣʽʪʠʥ, ʘ ʡ ʥʘ ʾʭ ʧʨʦʣʽʬʝʨʘʮʽʶ [254].  

ʅʘʢʦʧʠʯʝʥʥʷ ʛʽʜʨʦʧʝʨʝʢʠʜʽʚ ʣʽʧʽʜʽʚ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʴ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ 

GPʍ4 ʙʫʚ ʟʥʠʞʝʥʠʡ ʚ ʤʦʟʢʫ ʤʠʰʝʡ ʟ ʤʦʜʝʣʣʶ ʭʚʦʨʦʙʠ ɸʣʴʮʛʝʡʤʝʨʘ [255]. 

ʎʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʽʣʦʢ GPʍ4 ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ 

ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʫ ʨʦʣʴ, ʢʦʥʪʨʦʣʶʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʛʽʜʨʦʧʝʨʝʢʩʠʜʽʚ ʣʽʧʽʜʽʚ ʽ 

ʘʧʦʧʪʦʟ. 

ɸʧʦʧʪʦʟ ʚ ʧʦʩʪ-ʤʪ̔ʦʪʠʯʥʠʭ ʢʣʽʪʠʥʘʭ, ʪʘʢʠʭ, ʷʢ ʥʝʡʨʦʥʠ ʘʙʦ 

ʢʘʨʜʽʦʤʽʦʮʠʪʠ ʤʦʞʝ ʤʘʪʠ ʟʛʫʙʥʽ ʥʘʩʣʽʜʢʠ, ʘʣʝ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʘʧʦʧʪʦʟ ʚʠʜʘʣʷʻ 

ʧʦʰʢʦʜʞʝʥʽ ʽ ʜʠʩʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʣʽʪʠʥʠ. ʇʽʜʚʠʱʝʥʘ ʯʫʪʣʠʚʽʩʪʴ 
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ʛʝʪʝʨʦʟʠʛʦʪʥʠʭ GPʍ4+/ï ʪʚʘʨʠʥ ʜʦ ʘʧʦʧʪʦʟʫ, ʽʤʦʚʽʨʥʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʦʛʨʝʩʽʾ ʬʘʪʘʣʴʥʦ ʾ ʣʽʤʬʦʤʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ [256].  

ɿʘʛʘʣʦʤ, ʜʣʷ ʧʫʭʣʠʥ ʭʘʨʘʢʪʝʨʥʝ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ GPʍ4, 

ʟʦʢʨʝʤʘ, ʧʦʢʘʟʘʥʦ ʟʥʠʞʝʥʥʷ ʚ ʢʣʽʪʠʥʥʠʭ ʣʽʥʷʭ ʨʘʢʫ ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ; ʧʨʠ 

ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʨʽʚʝʥʴ ʙʽʣʢʘ GPʍ4 ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ ʧʫʭʣʠʥʠ ʽ ʢʦʨʝʣʶʻ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʤʫʪʘʥʪʥʦʛʦ p53. ʅʘʜʝʢʩʧʨʝʩʽʷ 

ʛʝʥʘ GPʍ4, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʛʥʽʯʫʻ ʨʽʩʪ ʧʫʭʣʠʥ, ʟʦʢʨʝʤʘ, ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʡ 

ʬʽʙʨʦʩʘʨʢʦʤʠ L929 ʪʘ ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʡ ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ [245]. 

ɿʘ ʜʘʥʠʤʠ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX4 ʙʫʣʘ ʟʥʠʞʝʥʘ ʫ 

61% ʟʨʘʟʢʽʚ ʉʂʂʅ, ʧʦʨʽʚʥʷʥʦ ʟ ʦʪʦʯʫʶʯʠʤʠ ʪʢʘʥʠʥʘʤʠ. ʄʝʪʠʣʫʚʘʥʥʷ 

ʧʨʦʤʦʪʦʨʥʦʾ ʜʽʣʷʥʢʠ ʛʝʥʘ GPX4 ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʡʦʛʦ ʢʦʧʽʡ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʭʘʥʽʟʤ ʟʥʠʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ ʛʝʥʘ 

GPX4 ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʷʩʥʠʤ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʮʝʡ ʛʝʥ ʤʦʞʝ 

ʙʫʪʠ ʢʘʥʜʠʜʘʪʦʤ ʚ ʛʝʥʠ-ʩʫʧʨʝʩʦʨʠ ʨʦʩʪʫ ʧʫʭʣʠʥ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʦʮʽʣɹ ʥʦ 

ʜʦʩʣ̔ ʜʠʪʠ ʚʧʣʠʚ ʨʝʛʫʣʶʶʯʠʭ ʙʽʣʢʽʚ ʽ ʥʝʢʦʜʫʶʯʠʭ ʈʅʂ ʥʘ ʝʢʩʧʨʝʩʽʶ ʜʘʥʦʛʦ 

ʛʝʥʘ. 

 

3.2.8. ɺʠʚʯʝʥʥʷ ʽʥʰʠʭ ʛʝʥ̔ʚ ʨʦʜʠʥʠ GPX ʫ ʣʶʜʠʥʠ. ɻʝʥ GPX2, ʱʦ 

ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ 14q24.1 ʪʘ ʛʝʥ GPX6, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʘ 6p22.1, ʻ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʩʽʤʝʡʩʪʚʘ ʛʣʫʪʘʪʽʦʥ ʧʝʨʦʢʩʠʜʘʟ ʽ ʢʦʜʫʶʪʴ ʩʝʣʝʥʦʚʤʽʩʥ ̔

ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʠ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʱʦ ʙ̔ʣʢʠ GPX2  ̔ GPX7 ʟʘʭʠʱʘʶʪʴ 

ʩʪʨʘʚʦʭʽʜ, ʚʽʜʧʦʚʽʜʘʶʯʠ ʟʘ ʟʥʝʰʢʦʜʞʝʥʥʷ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʚ ʝʧʽʪʝʣʽʾ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ [257, 258]. ʇʦʢʘʟʘʥʦ ʨʦʣʴ ʙʽʣʢʘ GPX2 ʚ 

ʢʘʥʮʝʨʦʛʝʥʝʟʽ ʘʜʝʥʦʢʘʨʮʠʥʦʤʠ ɹʘʨʨʝʪʪʘ, ʧʣʦʩʢʦʢʣʽʪʠʥʥʦʤʫ ʨʘʢʫ, 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʤʫ ʨʘʢʫ, ʨʘʢʫ ʣʝʛʝʥʽʚ [259-262]. 

ɽʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX6 ʦʙʤʝʞʫʻʪʴʩʷ ʥʘʟʦʬʘʨʝʥʛʽʘʣʴʥʠʤ ʝʧʽʪʝʣʽʻʤ ʫ 

ʝʤʙʨʽʦʥʽʚ ʽ ʜʦʨʦʩʣʠʭ. ɻʝʥ GPX6 ʚʠʚʯʝʥʠʡ ʚʢʨʘʡ ʤʘʣʦ, ʚʽʥ, ʤʦʞʣʠʚʦ, 

ʝʢʩʧʨʝʩʫʻʪʴʩʷ ʫ ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ, ʥʶʭʦʚʦʤʫ ʥʝʨʚʽ [263-265].  
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ʇʨʦʪʝ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ, ʛʝʥ GPX2 ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʫ ʝʢʩʧʨʝʩʽʁ 

ʷʢ ʚ ʥʦʨʤʽ ʪʘʢ ʽ ʚ ʨʘʢʫ ʥʠʨʢʠ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʦʩʪʦʚʽʨʥʫ ʨʽʟʥʠʮʶ. 

ɽʢʩʧʨʝʩʽʷ ʛʝʥʘ GPX6 ʤʝʪʦʜʦʤ ʢʽʣʴʢʽʩʥʦʾ ʇʃʈ ʥʝ ʚʜʘʣʦʩʷ ʜʝʪʝʢʪʫʚʘʪʠ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʜʘʥʠʭ ʚ ʧʽʜʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 

ʧʨʘʮʷʭ: 

 

1. Genetic and epigenetic changes of NKIRAS1 gene in human renal cell 

carcinomas / E. E. Rudenko, G.V. Gerashchenko, O.O. Bogatyrova, A.G. 

Kondratov // Experimental Oncology 2010, 71-75.  

2. ʈʈʄ1ʄ ʷʢ ʧʦʪʝʥʮʽʡʥʠʡ ʛʝʥ ʩʫʧʨʝʩʦʨ ʨʦʩʪʫ ʧʫʭʣʠʥ ʫ ʩʚʽʪʣʦʢʣʽʪʠʥʥʠʭ 

ʢʘʨʮʠʥʦʤʘʭ ʥʠʨʦʢ ʣʶʜʠʥʠ / ɭ.ɭ. ʈʫʜʝʥʢʦ, ɻ.ɺ.ɻʝʨʘʱʝʥʢʦ, ɺ.ɺ.ɻʦʨʜʽʶʢ, 

ɸ.ɻ.ʂʦʥʜʨʘʪʦʚ, ɺ.ɯ.ʂʘʰʫʙʘ // ʌʘʢʪʦʨʠ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ɽʚʦʣʶʮʽʾ 

ʆʨʛʘʥʽʟʤʽʚ. ʂʠʾʚ. 2011. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊ.11. ʉ.522-526.  

3. Genetic and epigenetic changes of GPX1 and GPX3 in human clear-cell 

renal cell carcinoma / E. E. Rudenko, G. V. Gerashchenko, Y. V. Lapska, O. O. 

Bogatyrova, S. O. Vozianov, Y. M. Zgonnyk, V. I. Kashuba // Biopolymers and 

Cell 2013, 395ï401.  

4. PPM1M and PRICKLE2 are potential tumor suppressor genes in human 

clear-cell renal cell carcinoma / E. E. Rudenko, G. V. Gerashchenko, Y. V. 

Lapska, S. O. Vozianov, Y. M. Zgonnyk, V. I. Kashuba // Biopolymers and Cell 

2014, 229ï233.  

5. Heterozygous deletions are main cause of expression alterations of PPM1M 

and PRICLE2 genes in human clear cell renal cell carcinomas / E. E. Rudenko, Y. 

V. Lapska, G. V. Gerashchenko, E. O. Stakhovsky, M. V. Vikarchuk, V. I. 

Kashuba // Biopolymers and Cell 2015, 29ï33.  

6. Aberrant expression of selenium-containing glutathione peroxidases in clear 

cell renal cell carcinomas / E. E. Rudenko, O. Kondratov, G. Gerashchenko, Y. 

Lapska,  S. Kravchenko, O. Koliada, S. Vozianov, Y. Zgonnyk, V. Kashuba // Exp 

Oncol 2015, 105ï110. 



 87 

3.3. ɻʽʧʦʪʝʪʠʯʥʽ ʟʤʽʥʠ ʫ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʽʚ, ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʨʝʩʫʨʩʫ cBioPortal 

 

ʑʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʝʙ-ʨʝʩʫʨʩ cBioPortal [266, 

267]. cBioPortal ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʨʦʬʽʣʶʚʘʥʥʶ ʪʢʘʥʠʥ ʨʽʟʥʠʭ 

ʨʘʢʦʚʠʭ ʧʫʭʣʠʥ, ʘ ʪʘʢʦʞ ʽʥʰ̔ ʙʘʟʠ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ ʛʽʙʨʠʜʠʟʘʮʽʡ 

ʤʽʢʨʦʯʽʧʽʚ, RNAseq, ʽ ʪ.ʜ.). ʇʨʦʝʢʪʠ ʛʝʥʦʤʽʢʠ ʨʘʢʫ, ʧʨʦʚʝʜʝʥʽ ʫ ʚʝʣʠʢʦʤʫ 

ʤʘʩʰʪʘʙʽ, ʪʘʢʽ, ʷʢ ɸʪʣʘʩ ʛʝʥʦʤʘ ʨʘʢʫ (The Cancer Genome Atlas, TCGA) ʪʘ 

ʄʽʞʥʘʨʦʜʥʠʡ ʢʦʥʩʦʨʮʽʫʤ ʛʝʥʦʤʘ ʨʘʢʫ (the International Cancer Genome 

Consortium, ICGC) ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʙʘʛʘʪʴʦʭ ʪʝʭʥʽʯʥʠʭ ʧʣʘʪʬʦʨʤ. ʊʘʢʘ ʤʥʦʞʠʥʘ ʜʘʥʠʭ ʻ ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʜʣʷ 

ʘʥʘʣʽʟʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʯʝʥʠʭ, ʷʢʽ ʥʝ ʚʦʣʦʜʽʶʪʴ ʙʽʦʽʥʬʦʨʤʘʪʠʢʦʶ ʥʘ 

ʜʦʩʪʘʪʥʴʤʫ ʨʽʚʥʽ.  

cBioPortal ʜʣʷ ʛʝʥʦʤʽʢʠ ʨʘʢʦʚʠʭ ʧʫʭʣʠʥ (http://cbioportal.org) ʙʫʚ 

ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʡ ʟ ʤʝʪʦʶ ʧʦʥʠʟʠʪʠ ʙʘʨô̒ ʨ ʜʦʩʪʫʧʫ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ 

ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʪʠʤʝ ʧʨʠʩʢʦʨʝʥʥʶ ʪʨʘʥʩʣʷʮʽʾ ʜʘʥʠʭ 

ʘʥʘʣʽʟʫ ʛʝʥʦʤʫ ʫ ʥʦʚʽ ʙʽʦʣʦʛʽʯʥʽ ʛʽʧʦʪʝʟʠ, ʪʝʨʘʧʽʶ ʽ ʢʣʽʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ cBioPortal ʧʦʣʝʛʰʫʻ ʚʠʚʯʝʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʘʥʮʝʨʦʛʝʥʝʟʫ, ʪʦʤʫ ʱʦ ʥʘ ʧʦʨʪʘʣʽ ʟʽʙʨʘʥʦ ʜʘʥʽ ʧʦ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ 

ʥʘʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ, ʧʦʨʽʚʥʶʶʯʠ ʛʝʥʠ, ʟʨʘʟʢʠ ʨʽʟʥʠʭ 

ʧʫʭʣʠʥ ʽ ʨʽʟʥʽ ʤʘʩʠʚʠ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʥʘʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʟʤʽʥʠ ʫ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʧʦʨʽʚʥʶʶʯʠ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʜʝʢʽʣʴʢʘʤʠ ʣʘʙʦʨʘʪʦʨʽʷʤʠ ʽ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ. ʇʦʨʪʘʣ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ 

ʨʽʟʥʽ ʩʠʛʥʘʣʴʥʽ ʢʣʽʪʠʥʥʽ ʰʣʷʭʠ, ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʠʞʠʚʘʥʦʩʪʽ ʧʘʮʽʻʥʪʽʚ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʷʥʽʩʪʴ ʢʦʨʝʣʷʮʽʡ ʛʝʥʦʤʥʠʭ ʘʣʴʪʝʨʘʮʽʡ ʽ ʦʪʨʠʤʘʪʠ ʚʠʙʦʨʢʫ 

ʧʝʚʥʠʭ ʜʘʥʠʭ. cBioPortal ʜʘʻ ʜʦʩʪʫʧ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʝʚʥʦʾ ʚʠʙʦʨʢʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʫʻ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʫ 

ʚʠʛʣʷʜʽ ʛʦʪʦʚʠʭ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ ʯʘʨʪʽʚ ʽ ʩʭʝʤ.  
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ɼʘʥʽ ʘʥʘʣʽʟʫ ʛʝʥʦʤʫ ʥʘ cBioPortal ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʩʦʤʘʪʠʯʥʽ ʤʫʪʘʮʽʾ, 

ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ɼʅʂ (copy-number alterations, CNA), ʝʢʩʧʨʝʩʽʶ ʤʈʅʂ ʽ 

ʤʽʢʨʦʈʅʂ (ʤʽʈʅʂ), ʤʝʪʠʣʫʚʘʥʥʷ ɼʅʂ, ʢʽʣʴʢʽʩʪʴ ʙʽʣʢʘ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ 

ʬʦʩʬʦʨʠʣʴʦʚʘʥʠʭ ʧʨʦʪʝʾʥʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʧʫʭʣʠʥʠ ʜʦʩʪʫʧʥʽ ʜʘʥʽ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ ʧʨʠ ʘʥʘʣʽʟʽ 

ʛʝʥʦʤʫ. ʂʦʥʮʝʧʮʽʻʶ ʩʧʨʦʱʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʽʥʪʝʛʨʘʮʽʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʜʘʥʠʭ ʥʘ ʨʽʚʥʽ ʦʜʥʦʛʦ ʛʝʥʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʚʩʶ ʥʘʷʚʥʽʩʪʴ 

ʩʧʝʮʠʬʽʯʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʜʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʧʨʦʩʪʠʤ ʧʦʰʫʢʦʚʠʤ 

ʘʣʛʦʨʠʪʤʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʥʘʡʪʠ ʛʝʥʝʪʠʯʥʽ ʟʤʽʥʠ ʜʣʷ 

ʧʝʚʥʦʛʦ ʛʝʥʘ ʘʙʦ ʟʨʘʟʢʘ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʛʝʥʦʤʥʠʭ ʟʤʽʥ ʚ 

ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʘʭ ʨʘʢʫ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʛʝʥʝʪʠʯʥʽ ʟʤʽʥʠ ʚ 415 ʟʨʘʟʢʘʭ ʉʂʂʅ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ cBioPortal. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.11, ʜʣ ̫ʛʝʥʘ NKIRAS1 ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ, ʭʦʯʘ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʘʢʦʞ ʟʨʘʟʢʠ ʙʝʟ 

ʟʤʽʥ ʪʘ ʟ ʛʦʤʦʟʠʛʦʪʥʠʤʠ ʜʝʣʝʮʽʷʤʠ.  

  
ʈʠʩ. 3.11. ɺʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʯʠʩʣʘ 

ʢʦʧʽʡ ʛʝʥʘ NKIRAS1. Deep deletion - ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; shallow deletion - 

ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; Diploid - ʧʨʠʩʫʪʥʽ ʦʙʠʜʚʘ ʘʣʝʣʽ 
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ɼʣʷ ʛʝʥʽʚ PPM1M, PRICKLE2 ʪʘ GPX1 ʧʝʨʝʚʘʞʘʶʪʴ ʛʝʪʝʨʦʟʠʛʦʪʥʽ 

ʜʝʣʝʮʽʾ, ʜʣʷ PPM1M ʽ PRICKLE2 ʟʨʽʜʢʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʘʤʧʣʽʬʽʢʘʮʽʾ, ʷʢ ʚ 

ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʪʘʢ ʽ ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

(ʨʠʩ. 3.12. ʘ, ʙ ʪʘ ʨʠʩ. 3.13.)  

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3.12. ɺʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʯʠʩʣʘ 

ʢʦʧʽʡ ʛʝʥʽʚ ʘ) PPM1M ʽ ʙ)PRICKLE2. Deep deletion - ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; 

shallow deletion - ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; Diploid - ʧʨʠʩʫʪʥʽ ʦʙʠʜʚʘ ʘʣʝʣʽ; Gain - 

ʥʝʟʥʘʯʥʘ ʘʤʧʣʽʬʽʢʘʮʽʷ ʛʝʥʘ 
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ʈʠʩ. 3.13. ɺʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʯʠʩʣʘ 

ʢʦʧʽʡ ʛʝʥʘ GPX1. Homdel - ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; Hetloss - ʛʝʪʝʨʦʟʠʛʦʪʥʽ 

ʜʝʣʝʮʽʾ; Diploid - ʧʨʠʩʫʪʥʽ ʦʙʠʜʚʘ ʘʣʝʣʽ; Gain  - ʥʝʟʥʘʯʥʘ ʘʤʧʣʽʬʽʢʘʮʽʷ ʛʝʥʘ 

 

ɻʝʥ GPX3 ʚ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʚ ʘʤʧʣʽʬʽʢʦʚʘʥʠʡ ʘʙʦ ʥʝ ʤʘʚ ʟʤʽʥ, 

ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ. 3.14.ʘ). ɼʣʷ ʛʝʥʘ 

GPX4 ʥʘʤʠ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʞʦʜʥʠʭ ʟʤʽʥ (ʨʠʩ. 3.14.ʙ). ɹʽʦʽʥʬʦʨʤʘʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʚʠʷʚʠʚ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʪʘ ʜʝʣʝʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɸʣʝ 

ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʟʨʘʟʢʽʚ ʙʫʣʘ ʜʠʧʣʦʾʜʥʘ. 
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                                                          ʘ) 

 

                                                 ʙ) 

ʈʠʩ. 3.14. ɺʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʯʠʩʣʘ 

ʢʦʧʽʡ ʛʝʥʽʚ ʘ) GPX3 ʽ ʙ)GPX4. Homdel - ʛʦʤʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; Hetloss- 

ʛʝʪʝʨʦʟʠʛʦʪʥʽ ʜʝʣʝʮʽʾ; Diploid - ʧʨʠʩʫʪʥʽ ʦʙʠʜʚʘ ʘʣʝʣʽ; Gain  - ʥʝʟʥʘʯʥʘ 

ʘʤʧʣʽʬʽʢʘʮʽʷ ʛʝʥʘ, Amp ï ʩʫʪʪʻʚʘ ʘʤʧʣʽʬʽʢʘʮʽʷ ʛʝʥʘ 

 

ɻʝʥ GPX2 ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʣʘʙʢʫ ʝʢʩʧʨʝʩʽʶ, ʘ GPX6 ʥʝ ʝʢʩʧʨʝʩʫʻʪʴʩʷ 

ʚ ʉʂʂʅ (ʨʠʩ. 3.15. ʘ, ʙ). 


