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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

AZT ï ʘʟʠʜʦʪʠʤʠʜʠʥ 

BER ï ʵʢʩʮʠʟʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʦʩʥʦʚʘʥʠʡ (ʘʥʛʣ. base excision repair)  

BIC ï ʙʠʢʪʝʛʨʘʚʠʨ 

BRD4 - ʙʨʦʤʜʦʤʝʥ-ʩʦʜʝʨʞʘʱʠʡ ʙʝʣʦʢ 4 

CA ï ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ 

CAB ï ʢʘʙʦʪʝʛʨʘʚʠʨ 

CAR-T ï ʪʝʨʘʧʠʷ ʊ-ʢʣʝʪʢʘʤʠ ʩ ʭʠʤʝʨʥʳʤ ʘʥʪʠʛʝʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ (ʘʥʛʣ. chimeric 

antigen receptor T-cell therapy) 

DLV ï ʜʝʣʘʚʝʨʜʠʥ 

DOR ï ʜʦʨʘʚʠʨʠʥ 

DPV ï ʜʘʧʠʚʠʨʠʥ 

DTG ï ʜʦʣʫʪʝʛʨʘʚʠʨ 

EFV ï ʵʬʘʚʠʨʝʥʮ 

ETR ï ʵʪʨʘʚʠʨʠʥ 

EVG ï ʵʣʚʠʪʝʛʨʘʚʠʨ 

HDAC ï ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʳ 

IN ï ʠʥʪʝʛʨʘʟʘ 

LEDGF/p75 ï ʬʘʢʪʦʨ ʨʦʩʪʘ ʵʧʠʪʝʣʠʷ ʭʨʫʩʪʘʣʠʢʘ (ʘʥʛʣ. lens epithelium-derived growth 

factor) 

LRAs ï ʘʛʝʥʪʳ, ʦʙʨʘʱʘʶʱʠʝ ʣʘʪʝʥʪʥʦʩʪʴ (ʘʥʛʣ. latency-reversing agents) 

LTR ï ʜʣʠʥʥʳʝ ʢʦʥʮʝʚʳʝ ʧʦʚʪʦʨʳ (ʘʥʛʣ. long terminal repaeats) 

NHEJ ï ʥʝʛʦʤʦʣʦʛʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʮʦʚ (ʘʥʛʣ. non-homologous end joining) 

NVP ï ʥʝʚʠʨʘʧʠʥ 

PARP1 ï ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ) ʧʦʣʠʤʝʨʘʟʘ 1 

PBMC ï ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ ʢʣʝʪʢʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ (ʘʥʛʣ. peripheral blood 

mononuclear cells) 

PFV ï ʧʨʦʪʦʪʠʧʥʳʡ ʧʝʥʠʩʪʳʡ ʚʠʨʫʩ (ʘʥʛʣ. Prototype Foamy Virus) 

P-TEFb ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʬʘʢʪʦʨ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ b (ʘʥʛʣ. Positive 

Transcription Elongation Factor b) 

RAL ï ʨʘʣʪʝʛʨʘʚʠʨ 

RPV ï ʨʠʣʧʠʚʠʨʠʥ 

TAF ï ʪʝʥʦʬʦʚʠʨ ʘʣʘʬʝʥʘʤʠʜ 

TAR - ʵʣʝʤʝʥʪ ʦʪʚʝʪʘ ʥʘ ʪʨʘʥʩʘʢʪʠʚʘʮʠʶ (ʘʥʛʣ. Trans Activation Response element) 

Tat ï ʪʨʘʥʩʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʘʥʛʣ. Trans-Activator of Transcription) 

TDF ï ʪʝʥʦʬʦʚʠʨ ʜʠʟʦʧʨʦʢʩʠʣ ʬʫʤʘʨʘʪ 

ɸʈɺʇ ï ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ɸʈɺʇ-ɼɼ ï ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ɸʈɺʊ ï ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʘʷ ʪʝʨʘʧʠʷ 

ɺʀʏ ï ʚʠʨʫʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ 

ʀʇ ï ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ 

ʀʇʎʀ ï ʠʥʛʠʙʠʪʦʨ rʧʝʨʝʥʦʩʘ ʮʝʧʠ ʠʥʪʝʛʨʘʟʳ 

ʢɼʅʂ ï ɼʅʂ ʢʦʧʠʷ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ 

ʅʀʆʊ ï ʥʫʢʣʝʦʟʠʜʥʳʝ/ʥʫʢʣʝʦʪʠʜʥʳʝ ʠʥʛʠʙʠʪʦʨ rʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ 

ʅʀʊʆʊ ï ʥʫʢʣʝʦʟʠʜʥʳʡ ʠʥʛʠʙʠʪʦʨ ʪʨʘʥʩʣʦʢʘʮʠʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ 

ʅʅʀʆʊ ï ʥʝʥʫʢʣʝʦʟʠʜʥʳʡ ʠʥʛʠʙʠʪʦʨ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ 

ʆʊ ï ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ 

ʇʂʉ ï ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ 

ʇʈ ï ʧʨʦʪʝʘʟʘ 

ʉʇʀɼ ï ʩʠʥʜʨʦʤ ʧʨʠʦʙʨʝʪʸʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʜʝʬʠʮʠʪʘ 
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1. ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʠʨʫʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ (ɺʀʏ), ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ ʚ 1983 ʛʦʜʫ, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʩʪʘʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ɸʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʵʪʦʛʦ ʚʠʨʫʩʘ ʧʨʠʚʝʣʠ ʢ 

ʩʦʟʜʘʥʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʨʝʧʘʨʘʪʦʚ ʦʙʝʩʧʝʯʠʣʦ ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʥʪʨʦʣ ɹ ʚʠʨʫʩʥʦʡ ʨʝʧʣʠʢʘʮʠʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʚʝʩʪʠ ɺʀʏ-

ʠʥʬʝʢʮʠʶ ʠʟ ʛʨʫʧʧʳ ʩʤʝʨʪʝʣʴʥʦ ʦʧʘʩʥʳʭ ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʢʘʪʝʛʦʨʠʶ 

ʭʨʦʥʠʯʝʩʢʠʭ ʠʥʬʝʢʮʠʡ, ʦʜʥʘʢʦ, ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʧʨʠʝʤʘ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʜʦ 

ʥʝʜʝʪʝʢʪʠʨʠʫʝʤʳʭ ʫʨʦʚʥʝʡ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ.  

ʉʝʛʦʜʥʷ ʦʩʥʦʚʫ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ ʩʦʩʪʘʚʣʷʶʪ ʠʥʛʠʙʠʪʦʨʳ ʪʨʝʭ 

ʢʣʶʯʝʚʳʭ ʚʠʨʫʩʥʳʭ ʬʝʨʤʝʥʪʦʚ: ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ, ʠʥʪʝʛʨʘʟʳ ʠ ʧʨʦʪʝʘʟʳ. ʈʝʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʛʠʙʠʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʩ CD4-ʨʝʮʝʧʪʦʨʦʤ ʠʣʠ CCR5-

ʢʦʨʝʮʝʧʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʠʥʛʠʙʠʪʦʨʳ ʩʣʠʷʥʠʷ ʚʠʨʫʩʘ ʩ ʢʣʝʪʢʦʡ (ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ 

ʪʝʨʘʧʠʠ ɺʀʏ-1 ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 2 çʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè). ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʝʧʘʨʘʪʦʚ ʢ ʨʘʟʥʳʤ ʤʠʰʝʥʷʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʦʪʚʝʪʦʤ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʥʘ 

ʫʥʠʢʘʣʴʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʚʠʨʫʩʘ ï ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡ, ʧʨʠʚʦʜʷʱʫʶ 

ʢ ʧʦʷʚʣʝʥʠʶ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʧʨʝʧʘʨʘʪʦʚ [1]. ɼʦʣʛʦʝ ʚʨʝʤʷ 

ʪʘʢʠʝ ʨʝʟʠʩʪʝʥʪʥʳʝ ʰʪʘʤʤʳ ʦʙʥʘʨʫʞʠʚʘʣʠ ʣʠʰʴ ʫ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʧʨʠʥʠʤʘʣʠ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʫʶ ʪʝʨʘʧʠʶ. ʉʝʛʦʜʥʷ ʪʘʢʠʝ ʰʪʘʤʤʳ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫ ʣʶʜʝʡ, ʢʦʪʦʨʳʤ ʚʧʝʨʚʳʝ ʧʦʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ ɺʀʏ ʠ 

ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ ʜʦ ʵʪʦʛʦ ʥʝ ʧʨʠʥʠʤʘʣʠ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʫʶ ʪʝʨʘʧʠʶ, ʪ.ʝ. ʪʘʢʠʝ ʰʪʘʤʤʳ 

ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʧʦʧʫʣʷʮʠʠ [2,3]. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʥʦʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʚ ʨʘʤʢʘʭ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʦʚ 

ʧʨʝʧʘʨʘʪʦʚ. ʍʦʪʷ ʪʘʢʠʝ ʤʦʣʝʢʫʣʳ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ, ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʘʡʪʘʭ ʬʝʨʤʝʥʪʦʚ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʭʨʘʥʷʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ 

ʬʝʨʤʝʥʪʦʚ, ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʙʫʜʫʪ ʩʦ 

ʚʨʝʤʝʥʝʤ ʠʩʯʝʨʧʘʥʳ.  
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ʀʤʝʥʥʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ɺʀʏ ʠ 

ʧʦʠʩʢ ʥʦʚʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʦʟʜʘʪʴ ʠʥʛʠʙʠʪʦʨʳ ʚʠʨʫʩʥʦʡ 

ʨʝʧʣʠʢʘʮʠʠ ʩʦ ʩʥʠʞʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʦʤʧʣʝʢʩʳ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʩ ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ-ʧʘʨʪʥʝʨʘʤʠ, ʙʝʟ 

ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʧʣʠʢʘʮʠʷ ʚʠʨʫʩʘ. ʅʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʪʘʢʠʤʠ ʙʝʣʢʘʤʠ ʜʦʣʞʥʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʘ, ʘ ʚʳʩʦʢʘʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʙʝʣʢʦʚ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ.     

ʕʪʘ ʠʜʝʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʘ ʚʠʨʫʩʥʦʡ ʠʥʪʝʛʨʘʟʳ ʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ LEDGF/p75, 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʠʥʪʝʛʨʘʮʠʶ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʘʢʪʠʚʥʦ-ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʫʯʘʩʪʢʠ 

ʛʝʥʦʤʘ ʢʣʝʪʢʠ [4]. ɼʣʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʠʥʛʠʙʠʪʦʨʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʧʨʦʷʚʣʷʝʪ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʤʧʘʥʠʷ Gilead Sciences, ʟʘʥʠʤʘʶʱʘʷʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʚʘʢʮʠʥ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [5].  

ʅʘʰʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢ ʜʨʫʛʦʡ ʧʘʨʪʥʝʨ ʠʥʪʝʛʨʘʟʳ ï ʢʣʝʪʦʯʥʳʡ ʙʝʣʦʢ Ku70. 

ʈʘʥʝʝ, ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʠʨʫʩʥʦʡ ʠʥʪʝʛʨʘʟʳ ʩ ʵʪʠʤ ʙʝʣʢʦʤ ʟʘʧʫʩʢʘʝʪ 

ʧʨʦʮʝʩʩ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ï ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʡ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʚʠʨʫʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʮʠʠ ɼʅʂ-ʢʦʧʠʠ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʚ ʢʣʝʪʦʯʥʳʡ ʧʦ ʦʙʦʠʤ 

ʢʨʘʷʤ ʦʪ ʚʩʪʨʦʝʥʥʦʡ ʚʠʨʫʩʥʦʡ ɼʅʂ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ, 

ʧʷʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʦʜʥʦʥʠʪʝʚʳʝ ʫʯʘʩʪʢʠ ʢʣʝʪʦʯʥʦʡ ɼʅʂ ʠ ʥʝʩʧʘʨʝʥʥʳʝ ɸʉ-

ʜʠʥʫʢʣʝʦʪʠʜʳ ʥʘ 5'-ʢʦʥʮʘʭ ʚʠʨʫʩʥʦʡ ɼʅʂ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʥʘʧʨʷʤʫʶ ʨʘʩʧʦʟʥʘʶʪʩʷ ʢʣʝʪʦʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʦʜʥʘʢʦ, 

ʨʘʥʝʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʟʘʧʫʩʢʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʳʤ ʙʝʣʢʦʤ 

Ku70. ʇʦʤʠʤʦ ʵʪʦʛʦ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʨʷʜʫ ʩ Ku70 

ʩʫʙʲʝʜʠʥʠʮʝʡ ɼʅʂ-ʟʘʚʠʩʠʤʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʳ (DNA-PK) ʪʘʢʞʝ ʚʘʞʥʳ ʜʚʝ ʜʨʫʛʠʝ 

ʩʫʙʲʝʜʠʥʠʮʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ï Ku80 ʠ DNA-PKcs. ʊʘʢʞʝ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʠ Ku70 ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʪʦʯʝʯʥʳʭ 

ʤʫʪʘʮʠʡ ʚ ʩʦʩʪʘʚ ʠʥʪʝʛʨʘʟʳ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1 ʟʘ ʩʯʝʪ ʥʘʨʫʰʝʥʠʷ 
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ʠʥʠʮʠʘʮʠʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʠʝ ʩʦʙʳʪʠʷ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʝ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʠʥʛʠʙʠʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʚʫʭ ʙʝʣʢʦʚ ʠ ʥʝ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʘ ʩ ʠʭ ʧʦʤʦʱʴʶ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʩʣʝʜʫʶʪʩʷ ʵʪʠ ʚʦʧʨʦʩʳ.  

 

ʎʝʣɹ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʠ 

ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70 ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʚʠʨʫʩʥʦʡ 

ʨʝʧʣʠʢʘʮʠʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʢʠʥʘʟ ʠʟ PIKK-ʩʝʤʝʡʩʪʚʘ: DNA-PK, ATM ʠ ATR, ʚ 

ʠʥʠʮʠʘʮʠʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʘ ʪʘʢʞʝ ʚʳʷʩʥʠʪʴ 

ʤʝʭʘʥʠʟʤʳ ʠʭ ʘʢʪʠʚʘʮʠʠ ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ;  

2) ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʫʩʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʤʠʰʝʥʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʠʥʘʟ ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1;  

3) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʢʣʝʪʦʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ ʩʘʡʪʘʤ 

ʠʥʪʝʛʨʘʮʠʠ ʢɼʅʂ ɺʀʏ-1 ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʨʦʣʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʟ 

ʥʠʭ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1;  

4) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ ʚ ʙʝʣʢʝ Ku70, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1; 

5) ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ, 

ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʘʡʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ku70 ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʙʣʦʢʠʨʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʙʝʣʢʦʚ;  

6) ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʪʘʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ 

ɺʀʏ-1, ʚʢʣʶʯʘʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʥʫʶ 

ʢʣʝʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʙʝʣʢʘ Ku70.  

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ɺʀʏ-1. 

 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʠʝ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ɺʀʏ-1 ʠ ʩʦʟʜʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʚʧʝʨʚʳʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʨʦʣʴ ʢʠʥʘʟ DNA-PK ʠ ATM ʠʟ PIKK-

ʩʝʤʝʡʩʪʚʘ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɸʢʪʠʚʘʮʠʷ ʵʪʠʭ ʢʠʥʘʟ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ɼʅʂ-ʢʦʧʠʠ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʚ ʢʣʝʪʦʯʥʫʶ ɼʅʂ ʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʚʠʨʫʩʥʦʡ ʠʥʪʝʛʨʘʟʳ ʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70 ï ʢʦʤʧʦʥʝʥʪʘ 

DNA-PK, ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ. ʆʙʝ ʢʠʥʘʟʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ. ʀʭ ʘʢʪʠʚʘʮʠʷ ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʭ ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʠʭ ʢʣʶʯʝʚʳʭ ʤʠʰʝʥʝʡ ï 

H2AX ʠ Chk2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-

1 ʥʘʧʦʤʠʥʘʶʪ ʨʘʥʥʠʝ ʩʦʙʳʪʠʷ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʤʝʜʠʘʪʝ ɺʀʏ-1, ʟʘʧʫʩʢ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʢʣʝʪʦʯʥʳʤ ʙʝʣʢʦʤ Ku70 ï ʢʦʤʧʦʥʝʥʪʦʤ DNA-PK. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʩʦʦʩʘʞʜʝʥʥʳʭ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ChIP-MS) ʥʘʤʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ (52 

ʙʝʣʢʘ), ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ ʩʘʡʪʘʤ ʠʥʪʝʛʨʘʮʠʠ ɼʅʂ-ʢʦʧʠʠ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʚ ʢʣʝʪʦʯʥʳʡ 

ʛʝʥʦʤ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʙʳʣʠ ʠʥʠʮʠʘʪʦʨʥʳʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ 

ʬʘʢʪʦʨʳ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪʳ, 

ʟʘʚʝʨʰʘʶʱʠʝ ʧʫʪʴ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ (BER). ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʦʩʣʝʜʥʝʤʫ ʧʫʪʠ, ʥʘʤʠ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʦʜʠʥ ʨʝʛʫʣʷʪʦʨʥʳʡ 

ʙʝʣʦʢ ï PARP1, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʦʦʩʘʞʜʘʪʴʩʷ ʩ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʡ ʠʥʪʝʛʨʘʟʦʡ 

ɺʀʏ-1. ʅʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʙʝʣʢʦʚ ʠʟ BER-ʧʫʪʠ ï PARP1 ʠ Fen1 ï ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʦʥʝʥʪʳ BER-ʧʫʪʠ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʘʞʥʳ ʜʣʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ɺʀʏ-1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ɺʀʏ-1 ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʬʘʢʪʦʨʦʚ 

ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʪʘʢ ʠ ʦʪ 

ʢʦʤʧʦʥʝʥʪʦʚ BER-ʧʫʪʠ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʘʢʪʠʚʥʦʩʪʷʤ 

ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʢʦʥʲʶʛʘʪʦʚ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ ʢʘʢ ʠʥʛʠʙʠʪʦʨʦʚ, ʥʘʨʫʰʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʟʳ 

ʠ Ku70. ʇʦʢʘʟʘʥʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʢʦʥʲʶʛʘʪʘ, ʘ 
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ʪʘʢʞʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʠʤ ʠʥʛʠʙʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ.  

ʅʘʤʠ ʪʘʢʞʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʠʥʪʝʛʨʘʟʳ ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʘ Ku70: 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʪʝʛʨʘʟʦʡ ʚʘʞʥʳ ʦʩʪʘʪʢʠ S69, I72, S73 ʠ I76. 

ɼʘʥʥʳʝ ʦʩʪʘʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʘʨʤʘʥʝ Ku70, ʧʦʜʭʦʜʷʱʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʙʝʣʢʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʥʘʤʠ ʦʪʦʙʨʘʥ ʵʬʬʝʢʪʠʚʥʳʡ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʠʥʛʠʙʠʪʦʨ s17, ʥʘʨʫʰʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʟʳ ʠ ʙʝʣʢʘ 

Ku70. ʅʘ ʢʣʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ s17 ʧʦʜʘʚʣʷʝʪ ʨʘʥʥʠʝ ʵʪʘʧʳ 

ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʧʨʝʧʷʪʩʪʚʫʷ ʢʦʨʨʝʢʪʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʠʥʛʠʙʠʪʦʨ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʣʝʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʙʝʣʢʘ 

Ku70. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʛʠʙʠʪʦʨʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪr , ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʜʚʫʭ 

ʙʝʣʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʚʥʦʩʷʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʙʣʦʢʠʨʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʟʳ ʠ ʙʝʣʢʘ Ku70, ʥʘʨʫʰʘʶʪ ʨʘʥʥʠʝ ʵʪʘʧʳ 

ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ, ʘ ʟʥʘʯʠʪ, ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʜʘʪʴ ʥʘʯʘʣʦ ʥʦʚʦʤʫ 

ʢʣʘʩʩʫ ʠʥʛʠʙʠʪʦʨʦʚ ʜʣʷ ʪʝʨʘʧʠʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ.      

 

ʄʝʪʦʜʦʣʦʛʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʙʠʦʣʦʛʠʠ, ʚʠʨʫʩʦʣʦʛʠʠ, ʙʠʦʭʠʤʠʠ ʠ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʦʣʫʯʝʥʳ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HEK293, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʥʘ ʣʠʤʬʦʠʜʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ Jurkat, CEM ʠʣʠ ʧʝʨʚʠʯʥʳʭ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʢʘʭ ʠʟ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ. ɼʣʷ ʦʮʝʥʢʠ ʫʯʘʩʪʠʷ PIKK ʢʠʥʘʟ, ʘ ʪʘʢʞʝ PARP1 ʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʫʢʘʟʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʥʥʠʭ 

ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʥʘ ʧʨʠʙʦʨʝ BioRad CFX96, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʮʠʬʨʦʚʦʡ ʇʎʈ ʥʘ ʧʨʠʙʦʨʝ QIAcuity One 5 

plex. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʫʩʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʰʝʥʝʡ PIKK-ʢʠʥʘʟ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʘʥʪʠʪʝʣ ʢ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤ ʬʦʨʤʘʤ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ (Cell Signaling). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʙʝʣʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʠʣʠ ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ ʩʘʡʪʘʤ 

ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ XL-MS ʠ ChIP-MS. 

ɺ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʝʛʦ ʤʝʪʦʜʘ ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʠ ʚʘʣʠʜʠʨʦʚʘʥʥʳʝ 

ʥʘʤʠ ʘʥʪʠʪʝʣʘ ʢ ʠʥʪʝʛʨʘʟʝ ɺʀʏ-1. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʟʤʠʜ, ʢʦʜʠʨʫʶʱʠʭ ʮʝʣʝʚʳʝ ʙʝʣʢʠ 

ʠʣʠ ʠʭ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʘʤʠʭ ʙʝʣʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʰʪʘʤʤʳ-ʧʨʦʜʫʮʝʥʪʳ E.coli. ɼʠʟʘʡʥ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70 ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AutoDock-GPU (v1.4.3). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʚʘʣʠʜʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩʦʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ, ʘ ʟʘʪʝʤ ʜʣʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʭ ʵʬʬʝʢʪʘ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ ʥʘ ʢʣʝʪʢʘʭ 

HEK293T, CEM ʠ Jurkat. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʬʫʥʢʮʠʠ Ku70 ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʚʢʣʶʯʘʷ ʤʝʪʦʜ ɼʅʂ-ʢʦʤʝʪ, ʘ ʪʘʢʞʝ GFP-ʨʝʧʦʨʪʝʨ c 

CRISPR-Cas9-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ ʨʘʟʨʳʚʘʤʠ.     

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʘʢʪʠʚʳ 

ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʠʥʠʤʫʤ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ, ʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʚʩʪʨʦʝʥʥʦʛʦ ʧʘʢʝʪʘ ʩʨʝʜʩʪʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ GraphPad Prism 8.0.1.      

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʠʥʠʮʠʘʮʠʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡʩʪʚʠʝʤ 

ʢʣʝʪʦʯʥʳʭ ʢʠʥʘʟ ATM ʠ DNA-PK. ʀʭ ʘʢʪʠʚʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʛʨʘʟʳ 

ɺʀʏ-1 ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩ Ku70 ʩʫʙʲʝʜʠʥʠʮʝʡ DNA-PK; 

2) ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ï ʜʚʫʭʵʪʘʧʥʳʡ ʛʠʙʨʠʜʥʳʡ ʧʨʦʮʝʩʩ, ʠʥʠʮʠʠʨʫʝʤʳʡ 

ʩʠʛʥʘʣʴʥʳʤʠ ʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ, ʘ ʟʘʚʝʨʰʘʝʤʳʡ ï ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ʦʩʥʦʚʘʥʠʡ; 



12 
 

3) ʢʦʥʲʶʛʘʪʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ ʙʣʦʢʠʨʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʟʳ ʩ 

Ku70 in vitro. ɸʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʜʣʠʥʦʡ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʠ ʥʘʣʠʯʠʝʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚ ʝʝ ʩʦʩʪʘʚʝ; 

4) ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ I72, S73 ʠ I76 ʙʝʣʢʘ Ku70 ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʠʥʪʝʛʨʘʟʳ, ʘ ʦʩʪʘʪʦʢ S69 ʚʳʧʦʣʥʷʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ; 

5) ʩʦʝʜʠʥʝʥʠʝ s17, ʩʚʷʟʳʚʘʷʩʴ ʩ Ku70, ʵʬʬʝʢʪʠʚʥʦ ʙʣʦʢʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 in vitro ʠ ʧʦʜʘʚʣʷʝʪ ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʘ, ʜʝʡʩʪʚʫʷ ʥʘ ʵʪʘʧʝ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ.     

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʳ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ ʭʠʤʠʠ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 18 

ʬʝʚʨʘʣʷ 2026 ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ 

ʜʦʢʣʘʜʦʚ ʥʘ 10 ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʙʠʦʣʦʛʠʠ ʠ ʚʠʨʫʩʦʣʦʛʠʠ: FEBS Congress, ʂʨʘʢʦʚ, ʇʦʣʴʰʘ, 2019; PROHIV2019, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 2019; VI ʉʲʝʟʜ ʙʠʦʭʠʤʠʢʦʚ ʈʦʩʩʠʠ, ɼʘʛʦʤʳʩ, ʈʦʩʩʠʷ, 2019; EMBO Conference: 

The DNA damage response in cell physiology and disease, ɸʪʪʠʢʘ, ɻʨʝʮʠʷ, 2019; Joint 

Bavarian-Russian Conference ĂChemistry meets Biomedicineñ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2020; Cell 

Bio Virtual, ʆʥʣʘʡʥ ASCB|EMBO ʢʦʥʬʝʨʝʥʮʠʷ, 2020; VI I ʉʲʝʟʜ ʙʠʦʭʠʤʠʢʦʚ ʈʦʩʩʠʠ, 

ʉʦʯʠ, ʈʦʩʩʠʷ, 2022; ʇʆʉʊɻɽʅʆʄ 2024, ʇʘʨʢ ʇʘʪʨʠʦʪ, ʈʦʩʩʠʷ, 2024; FUTURE OF 

BIOMEDICINE, ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ, 2025, I ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çChemNetè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2026.   

 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 15 ʧʫʙʣʠʢʘʮʠʷʭ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus.  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʨʘʛʠʚʘʣʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʦʧʨʦʩʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ɺʀʏ-1, ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʭʠʤʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʣʝʢʪʠʚʦʤ. ʆʜʥʘʢʦ ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʦʩʪʘʥʦʚʢʝ 
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ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʢʫ 

ʠ ʘʜʘʧʪʘʮʠʶ ʤʝʪʦʜʠʢ, ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʫ ʧʫʙʣʠʢʘʮʠʡ ʠ ʚʳʩʪʫʧʣʝʥʠʡ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʅʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ: ɸʛʘʧʢʠʥʦʡ ʖ.ʖ., ʂʦʨʦʣʝʚʳʤ 

ʉ.ʇ., ʩʦʪʨʫʜʥʠʢʦʤ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ï ʍʨʝʥʦʚʦʡ ʄ.ɻ., ʩʦʪʨʫʜʥʠʢʦʤ ʅʀʀ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ 

ʠʤʝʥʠ ɸ.ʅ. ɹʝʣʦʟʝʨʩʢʦʛʦ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ï ʂʠʨʝʝʚʳʤ ʀ.ʀ., ʩʦʪʨʫʜʥʠʢʦʤ 

ʬʘʢʫʣʴʪʝʪʘ ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ï 

ɿʘʣʝʚʩʢʠʤ ɸ.ʆ.,  ʜʠʧʣʦʤʥʠʢʘʤʠ ʠ ʘʩʧʠʨʘʥʪʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʠ ʬʘʢʫʣʴʪʝʪʘ 

ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʚʳʧʦʣʥʷʚʰʠʤʠ ʩʚʦʶ 

ʨʘʙʦʪʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ɻʘʣʢʠʥʳʤ ʉ.ʆ., ʀʣʴʛʦʚʦʡ ɽ.ɸ., ʂʘʩʴʷʥʦʚʦʡ 

ʄ.ʄ., ʅʝʬʝʜʦʚʦʡ ɸ.ɸ., ʈʦʟʠʥʦʡ ɸ.ɸ., ʐʫʣʝʧʦʚʦʡ ɸ.ɸ., ʑʠʛʘʣ ʆ.ɽ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʘʭ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʘʢʘʜʝʤʠʢʦʚ ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ ʈɸʅ ï ʄʠʭʘʡʣʦʚʘ ɸ.ɸ. ʠ 

ɿʠʛʘʥʰʠʥʘ ʈ.ʍ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʝʩʦʤʳʤ ʚʦ ʚʩʝʭ 15 ʨʘʙʦʪʘʭ. ɸʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʠ ʚʘʣʠʜʠʨʦʚʘʥ ʩʘʤ ʤʝʪʦʜ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʚ ʨʘʙʦʪʝ [6], ʩʦʙʨʘʥʘ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʫʯʘʩʪʠʶ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ɺʀʏ-

1 [7], ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʷʩʥʝʥʠʶ ʨʦʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ DNA-PK ʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 [8], ʩʦʙʨʘʥʘ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʠʰʝʥʷʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ DNA-PK [9], 

ʘ ʪʘʢʞʝ ʧʦ ʫʯʘʩʪʠʶ ʢʣʝʪʦʯʥʳʭ ʧʘʨʪʥʝʨʦʚ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʚ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʝʧʣʠʢʘʮʠʠ 

ʚʠʨʫʩʘ [10], ʨʘʟʨʘʙʦʪʘʥ ʠ ʚʘʣʠʜʠʨʦʚʘʥ ʤʝʪʦʜ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70, ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʮʝʥʢʝ 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʩʝʨʠʠ ʢʦʥʲʶʛʘʪʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ, ʘ ʪʘʢʞʝ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ ʠʥʪʝʛʨʘʟʳ ʩ ʪʘʢʠʤʠ ʢʦʥʲʶʛʘʪʘʤʠ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ [11]. ɺ ʨʘʙʦʪʘʭ [12,13] ʧʨʦʚʝʜʝʥʘ ʧʦʜʛʦʪʦʚʢʘ NGS-ʙʠʙʣʠʦʪʝʢ, 

ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʠ ʥʦʢʘʫʪʝ ʢʘʞʜʦʡ ʠʟ 

ʩʫʙʲʝʜʠʥʠʮ DNA-PK ʢʦʤʧʣʝʢʩʘ. ɺ ʨʘʙʦʪʘʭ [14ï18] ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʙʦʨ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 



14 
 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʘ Ku70 ʠ ʧʦ ʦʮʝʥʢʝ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʦʪʦʙʨʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ in vitro [14], ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʤʝʭʘʥʠʟʤʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʫʯʘʩʪʠʷ ATM ʠ DNA-PK ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 [15], ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʫʩʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʤʠʰʝʥʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʠʥʘʟ [17], ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʣʠʷʥʠʶ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʛʨʘʟʳ ʠ Ku70 ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʳʝ 

ʬʫʥʢʮʠʠ ʙʝʣʢʘ Ku70 [16], ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʤʝʪʦʜʦʤ XL-MS [18]. ɺ ʨʘʙʦʪʝ [19] ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1, ʥʘ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ ɺʀʏ-1.  ɺ 

ʨʘʙʦʪʝ [20] ʧʨʦʚʝʜʝʥ ʜʠʟʘʡʥ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1.  

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚ: çʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡè, çɺʚʝʜʝʥʠʝè, 

çʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè, çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʈʝʟʫʣʴʪʘʪʳ ʠ 

ʦʙʩʫʞʜʝʥʠʝè, çɿʘʢʣʶʯʝʥʠʝè, çɺʳʚʦʜʳè ʠ çʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳè (ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ 411 

ʩʩʳʣʦʢ). ʈʘʙʦʪʫ ʠʣʣʶʩʪʨʠʨʫʶʪ 64 ʨʠʩʫʥʢʘ ʠ 5 ʪʘʙʣʠʮ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 204 

ʩʪʨʘʥʠʮ.r 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

2. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

çʇʦʜʭʦʜʳ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1è 

 

ɺʀʏ-ʠʥʬʝʢʮʠʷ ð ʵʪʦ ʤʝʜʣʝʥʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ 

ʚʠʨʫʩʦʤ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ ʧʝʨʚʦʛʦ ʪʠʧʘ (ɺʀʏ-1). ʕʪʦʪ ʚʠʨʫʩ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʝʤʝʡʩʪʚʫ Retroviridae, ʨʦʜʫ Lentivirus. ɺʀʏ-1 ʧʦʨʘʞʘʝʪ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʝʩʫʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʮʝʧʪʦʨʳ CD4, ʚ ʯʘʩʪʥʦʩʪʠ ʊ-ʭʝʣʧʝʨʳ, ʤʦʥʦʮʠʪʳ, ʤʘʢʨʦʬʘʛʠ, 

ʢʣʝʪʢʠ ʃʘʥʛʝʨʛʘʥʩʘ, ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ, ʢʣʝʪʢʠ ʤʠʢʨʦʛʣʠʠ [21ï23]. ʉʣʝʜʩʪʚʠʝʤ 

ʠʥʬʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʫʛʥʝʪʝʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʟʚʠʪʠʝ ʩʠʥʜʨʦʤʘ ʧʨʠʦʙʨʝʪʸʥʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʜʝʬʠʮʠʪʘ (ʉʇʀɼ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʨʛʘʥʠʟʤ ʙʦʣʴʥʦʛʦ ʪʝʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʱʠʱʘʪʴʩʷ ʦʪ ʧʘʪʦʛʝʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚʠʨʫʩʥʦʡ, ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʛʨʠʙʢʦʚʦʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʙʦʣʝʟʥʝʡ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʶʜʝʡ ʩ ʥʦʨʤʘʣʴʥʳʤ ʠʤʤʫʥʥʳʤ ʩʪʘʪʫʩʦʤ [24]. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʘʷ ʪʝʨʘʧʠʷ (ɸʈɺʊ), 

ʩʦʩʪʦʷʱʘ ̫ʚ ʨʝʛʫʣʷʨʥʦʤ ʧʨʠʸʤʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɸʈɺʊ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʘʮʠʝʥʪʦʚ ʫʨʦʚʥʷ ʈʅʂ ɺʀʏ ʜʦ 

ʥʝʦʧʨʝʜʝʣʷʝʤʦʛʦ (ʤʝʥʴʰʝ 20-50 ʢʦʧʠʡ/ʤʣ) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ CD4+ ʢʣʝʪʦʢ ʜʦ 

ʥʦʨʤʘʣʴʥʦʛʦ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ɸʈɺʇ) ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʟʚʦʣʠʣ ʚʟʷʪʴ ʧʦʜ ʢʦʥʪʨʦʣʴ 

ʨʘʟʚʠʪʠʝ ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʥʦ ʣʝʢʘʨʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʥʦʩʪʴʶ ʠʟʣʝʯʠʪʴ ʜʘʥʥʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ, ʜʦ ʩʠʭ ʧʦʨ ʪʘʢ ʠ ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ. ɼʘʞʝ ʫ ʧʘʮʠʝʥʪʦʚ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ɸʈɺʊ, ʚ ʦʨʛʘʥʠʟʤʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʠʨʫʩ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʧʠʡ 

ʚʠʨʫʩʥʦʡ ʈʅʂ ʥʘ ʤʣ ʧʣʘʟʤʳ ʢʨʦʚʠ. ʆʩʥʦʚʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ɺʀʏ-1 ʷʚʣʷʶʪʩʷ CD4+ ʊ-

ʢʣʝʪʢʠ ʧʘʤʷʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʚʠʨʫʩ ʚ ʣʘʪʝʥʪʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʦʩʪʘʥʦʚʢʝ 

ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʝʘʢʪʠʚʘʮʠʷ ʣʘʪʝʥʪʥʦʛʦ 

ʧʨʦʚʠʨʫʩʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʠʨʫʩʘ ʚ ʢʨʦʚʠ ʧʘʮʠʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [25,26], ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ɸʈɺʊ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʘʮʠʝʥʪʘ. ʆʜʥʘʢʦ, ʜʣʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʨʝʧʘʨʘʪʦʚ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʠʤ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ, ʧʦʵʪʦʤʫ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ 

ʧʨʝʦʜʦʣʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ɺʀʏ-1 ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ɸʈɺʊ ʠ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʪʝʨʘʧʠʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ [2,27].   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʦʨʴʙʳ ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʫʞʝ 
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ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʣʘʩʩʦʚ, ʧʦʠʩʢ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʢʣʘʩʩʦʚ ʠʥʛʠʙʠʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ 

ʚʠʨʫʩʘ ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ.  

ʇʦʥʠʤʘʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1 ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʤʠʰʝʥʝʡ ʘʥʪʠʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʀʥʬʝʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʚʷʟʳʚʘʥʠʷ ʚʠʨʫʩʥʦʛʦ 

ʙʝʣʢʘ ʦʙʦʣʦʯʢʠ gp120 ʩ ʨʝʮʝʧʪʦʨʦʤ CD4+ ʊ-ʢʣʝʪʦʢ, ʘ ʟʘʪʝʤ ʩ ʢʦʨʝʮʝʧʪʦʨʦʤ, ʯʘʱʝ ʚʩʝʛʦ 

ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ ʭʝʤʦʢʠʥʦʚʳʤ ʨʝʮʝʧʪʦʨʦʤ CCR5 ʠʣʠ CXCR4. ɼʦʣʛʦʝ ʚʨʝʤʷ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ ʦʙʦʣʦʯʢʠ ɺʀʏ ʩ ʨʝʮʝʧʪʦʨʦʤ ʠ ʢʦʨʝʮʝʧʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʤʝʤʙʨʘʥ ʚʠʨʠʦʥʘ ʠ ʊ-ʢʣʝʪʢʠ, ʦʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ, 

ʩʣʠʷʥʠʶ ʤʝʤʙʨʘʥ ʧʨʝʜʰʝʩʪʚʫʝʪ ʵʥʜʦʮʠʪʦʟ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ [28]. ɺʠʨʫʩʥʳʡ ʢʘʧʩʠʜ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʫ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ ʠ ʧʦ ʩʠʩʪʝʤʝ ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʧʨʦʭʦʜʠʪ ʚ 

ʷʜʨʦ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʧʩʠʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʤʥʦʡ ʈʅʂ 

ʚʠʨʫʩʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚʠʨʫʩʥʘʷ ʢɼʅʂ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʪʝʛʨʘʮʠʠ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʛʝʥʦʤ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ, ʦʙʨʘʟʫʷ ʧʨʦʚʠʨʫʩ. ɼʘʣʴʥʝʡʰʠʤʠ 

ʩʪʘʜʠʷʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1 ʷʚʣʷʶʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʧʨʦʚʠʨʫʩʘ, ʪʨʘʥʩʣʷʮʠʷ 

ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʚ ʥʝʤ ʙʝʣʢʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʚʳʭʦʜ ʠʟ ʢʣʝʪʢʠ 

[29,30] (ʈʠʩ. 1).    

ʆʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʪʘʧʘʤʠ ʚ ʚʠʨʫʩʥʦʤ 

ʨʝʧʣʠʢʘʪʠʚʥʦʤ ʮʠʢʣʝ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʠʨʫʩʥʳʭ ʬʝʨʤʝʥʪʦʚ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ ʠ ʠʥʪʝʛʨʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [31]. ɼʝʡʩʪʚʠʝ ʤʥʦʛʠʭ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʪʘʟ rʣʠʙʦ ʠʥʪʝʛʨʘʟ.r ɽʱʝ ʦʜʥʦʡ ʠʟʚʝʩʪʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ɸʈɺʇ ʷʚʣʷʝʪʩʷ 

ʧʨʦʪʝʘʟʘ ɺʀʏ-1, ʢʦʪʦʨʘʷ ʨʘʩʱʝʧʣʷʝʪ ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʚ ʭʦʜʝ ʪʨʘʥʩʣʷʮʠʠ ʧʦʣʠʧʨʦʪʝʠʥʳ 

(ʚ ʯʘʩʪʥʦʩʪʠ, Gag ʠ Gag-Pol), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʨʘʟʫʶʪʩʷ ʟʨʝʣʳʝ ʙʝʣʢʠ ʚʠʨʫʩʘ [32]. 

ʀʥʛʠʙʠʪʦʨʳ ʚʠʨʫʩʥʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ɸʈɺʊ, ʧʦʩʢʦʣʴʢʫ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʥʦʨʤʘʣʴʥʳʝ 

ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʘʢʦ ʫ ʥʠʭ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʢ, ʚʳʟʚʘʥʥʳʡ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ 

ʯʘʩʪʦʪʘ ʤʫʪʘʮʠʡ ʚ ʚʠʨʫʩʥʦʤ ʛʝʥʦʤʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʜʘʥʥʦʤʫ ʧʨʝʧʘʨʘʪʫ [33].  

ɻʝʥʦʤ ɺʀʏ ʢʦʜʠʨʫʝʪ 15 ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ, ʦʜʥʘʢʦ ʤʥʦʛʠʝ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ ʪʘʢʞʝ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ɺʀʏ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʙʝʣʢʘʤʠ ʚʠʨʫʩʘ 

[34]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤʳ 
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ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʟʨʘʙʦʪʢʘ ɸʈɺʇ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʥʘʨʫʰʝʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʢʣʝʪʦʯʥʳʭ ʠ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1. 

 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʢʘʢ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ, ʩ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙ ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʷʭ ʧʨʠ ʣʝʯʝʥʠʠ ɺʀʏ-1, ʚ 

ʢʦʪʦʨʳʭ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ. 

 

2.1. ʂʣʘʩʩʠʯʝʩʢʠʝ ʪʠʧʳ ɸʈɺʇ ï ʠʥʛʠʙʠʪʦʨʳ ʚʠʨʫʩʥʳʭ ʬʝʨʤʝʥʪʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 20 ɸʈɺʇ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ. ɹʦʣʴʰʠʥʩʪʚʫ ʧʘʮʠʝʥʪʦʚ ʥʘʟʥʘʯʘʶʪ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ 

ʥʫʢʣʝʦʟʠʜʥʳʭ/ʥʫʢʣʝʦʪʠʜʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ (ʅʀʆʊ) ʩ ʪʨʝʪʴʠʤ 

ʧʨʝʧʘʨʘʪʦʤ ʠʟ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ: ʥʝʥʫʢʣʝʦʟʠʜʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ 

(ʅʅʀʆʊ), ʠʥʛʠʙʠʪʦʨʦʤ ʠʥʪʝʛʨʘʟʳ ʠʣʠ ʧʨʦʪʝʘʟʳ. ʆʜʥʘʢʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ 

ʩʭʝʤʳ, ʥʘʧʨʠʤʝʨ, ʩ ʜʚʫʤʷ ʧʨʝʧʘʨʘʪʘʤʠ ʠʟ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ. ʉʪʘʥʜʘʨʪʥʘʷ ʩʦʚʨʝʤʝʥʥʘʷ 
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ɸʈɺʊ ʪʨʝʙʫʝʪ ʝʞʝʜʥʝʚʥʦʛʦ ʧʨʠʝʤʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʝʪʦʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʞʠʟʥʠ [35]. 

2.1.1. ʀʥʛʠʙʠʪʦʨʳ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ 

2.1.1.1. ʆʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʠ 

 ʆʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ (ʆʊ) ʩʧʦʩʦʙʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʣʶʯʝʚʦʡ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ 

ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ɺʀʏ-1 ʟʘ ʩʯʝʪ ʪʨʝʭ ʩʚʦʠʭ ʘʢʪʠʚʥʦʩʪʝʡ: ʈʅʂ- ʠ ɼʅʂ- 

ʟʘʚʠʩʠʤʦʡ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʠ ʨʠʙʦʥʫʢʣʝʘʟʳ H (ʈʅʂʘʟʘ H). ʆʊ ɺʀʏ-1 ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʚ ʬʦʨʤʝ ʛʝʪʝʨʦʜʠʤʝʨʘ p66/p51, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʠʥʛʘ 

ʧʦʣʠʧʨʦʪʝʠʥʘ Gag-Pol ʚʠʨʫʩʥʦʡ ʧʨʦʪʝʘʟʦʡ. ɹʦʣʴʰʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʨ66 ʩʦʜʝʨʞʠʪ ʜʦʤʝʥʳ 

ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʠ ʈʅʂʘʟʳ H, ʘ ʩʫʙʲʝʜʠʥʠʮʘ ʨ51 - ʪʦʣʴʢʦ ʧʦʣʠʤʝʨʘʟʥʳʡ ʜʦʤʝʥ [36ï

38]. ʌʫʥʢʮʠʷ p51 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʚʘʞʥʘ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʩʫʙʩʪʨʘʪʘ [39]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʜʦʤʝʥʦʚ ï 

ʧʦʣʠʤʝʨʘʟʥʦʛʦ ʠ ʈʅʂʘʟʥʦʛʦ ï ʚʟʘʠʤʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʠʭ ʘʢʪʠʚʥʦʩʪʠ [40ï42]. ʇʦʣʦʞʝʥʠʝ 

ʨʘʩʱʝʧʣʝʥʠʷ ʈʅʂ ʚ ʜʫʧʣʝʢʩʝ ʈʅʂ/ɼʅʂ ʈʅʂʘʟʦʡ H ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʝʞʜʫ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʦʣʠʤʝʨʘʟʥʳʤ ʜʦʤʝʥʦʤ.  

 ɺ ʭʦʜʝ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʢʦʧʠʠ 

ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ (ʢɼʅʂ) ʥʘ ʤʘʪʨʠʮʝ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ʛʝʥʦʤʥʦʡ ʈʅʂ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: ʠʥʠʮʠʘʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʪʈʅʂ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʘʡʤʝʨʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʈʅʂ-ɼʅʂ ʛʠʙʨʠʜʘ, ʜʝʛʨʘʜʘʮʠʶ 5ô-ʫʯʘʩʪʢʘ ʈʅʂ-ʤʘʪʨʠʮʳ ʚ ʵʪʦʤ 

ʛʠʙʨʠʜʝ, ʧʝʨʝʩʢʦʢ ʪʈʅʂ ʥʘ 3ô-ʫʯʘʩʪʦʢ ʈʅʂ, ʵʣʦʥʛʘʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʜʝʛʨʘʜʘʮʠʶ 

ʚʠʨʫʩʥʦʡ ʈʅʂ, ʠʥʠʮʠʘʮʠʶ ʩʠʥʪʝʟʘ ʚʪʦʨʦʡ ʮʝʧʠ ɼʅʂ ʩ ʧʦʣʠʧʫʨʠʥʦʚʦʛʦ ʪʨʘʢʪʘ, ʚʪʦʨʦʡ 

ʧʝʨʝʩʢʦʢ ʚʪʦʨʦʡ ʮʝʧʠ ɼʅʂ ʢ 3ô-ʢʦʥʮʫ ʧʝʨʚʦʡ ʮʝʧʠ ʠ, ʥʘʢʦʥʝʮ, ʵʣʦʥʛʘʮʠʶ ʚʪʦʨʦʡ ʮʝʧʠ 

(ʈʠʩ. 2). ɻʠʜʨʦʣʠʟ ʈʅʂ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʠʥʪʝʟʦʤ ɼʅʂ-ʮʝʧʠ, ʧʨʠʤʝʨʥʦ ʦʜʠʥ 

ʘʢʪ ʛʠʜʨʦʣʠʟʘ ʥʘ ʢʘʞʜʳʝ 7 ʜʦʙʘʚʣʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʱʝʧʣʝʥʠʝ 

ʈʅʂʘʟʦʡ H ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʢʦʛʜʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

[43].  

 ʆʊ ʥʝ ʠʤʝʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ 

ʟʘʤʝʥ ʥʫʢʣʝʦʪʠʜʦʚ, ʚʩʪʘʚʦʢ ʠʣʠ ʜʝʣʝʮʠʡ ʧʨʠ ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ ʨʝʧʣʠʢʘʮʠʠ 

ʚʠʨʫʩʘ [44,45]. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʫʪʘʮʠʡ, ʩʚʷʟʘʥʥʳʡ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʜʝʡʩʪʚʠʝʤ 

ʢʣʝʪʦʯʥʳʭ ʮʠʪʠʜʠʥʜʝʘʤʠʥʘʟ APOBEC[46], ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ, ʟʘ ʩʯʝʪ ʧʨʦʜʫʢʮʠʠ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʩʦ ʟʥʘʯʠʤʳʤʠ ʜʝʣʝʮʠʷʤʠ, 

ʩʜʚʠʛʘʤʠ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ ʠ ʧʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʥʦʪʠʧʦʚ ɺʀʏ-1 
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ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʩʷʢʘʝʤʳʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʦʪʙʦʨʘ ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʠʥʛʠʙʠʪʦʨʘʤ ʚʠʨʫʩʥʳʭ ʬʝʨʤʝʥʪʦʚ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʆʊ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʧʨʦʙʣʝʤʳ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʦʩʪʦʷʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ɸʈɺʇ. 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʨʝʪʨʦʚʠʨʫʩʦʚ. ʆʜʥʦʮʝʧʦʯʝʯʥʘʷ ʛʝʥʦʤʥʘʷ ʈʅʂ 

(ʟʝʣʝʥʘʷ) ɺʀʏ-1 ʚ ʩʦʩʪʘʚʝ ʚʠʨʠʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʣʠʟʠʥʦʚʦʡ ʪʈʅʂ (ʪʝʤʥʦ-

ʟʝʣʝʥʘʷ) (1), ʢʦʪʦʨʘʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʈʅʂ-

ʧʨʘʡʤʝʨʘ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʩʠʥʪʝʟʘ ʧʝʨʚʦʡ ʮʝʧʠ ʢɼʅʂ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʩʠʥʪʝʟʦʤ ɼʅʂ 

(ʢʨʘʩʥʘʷ) ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʈʅʂ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʘʚʝ ʈʅʂ-ɼʅʂ ʛʠʙʨʠʜʘ (2), ʯʪʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʧʝʨʚʳʡ ʧʝʨʝʩʢʦʢ ɼʅʂ-ʮʝʧʠ (3). ʇʦʩʣʝ ʧʝʨʝʩʢʦʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʠʥʪʝʟ 

ʧʝʨʚʦʡ ʮʝʧʠ ɼʅʂ ʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʛʠʜʨʦʣʠʟ ʈʅʂ-ʮʝʧʠ. ʅʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʈʅʂ, 

ʥʘʟʳʚʘʝʤʳʡ ʧʦʣʠʧʫʨʠʥʦʚʳʤ ʪʨʘʢʪʦʤ (PPT), ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʜʨʫʛʠʝ 

ʫʯʘʩʪʢʠ (4). ʀʤʝʥʥʦ ʵʪʦʪ ʬʨʘʛʤʝʥʪ ʈʅʂ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʚʪʦʨʦʡ ʮʝʧʠ (5). ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʬʨʘʛʤʝʥʪʘ ʚʪʦʨʦʡ ʮʝʧʠ ʧʨʦʠʩʭʦʜʠʪ ʚʪʦʨʦʡ ʧʝʨʝʩʢʦʢ 

ɼʅʂ (6) ʠ ʜʦʩʪʨʦʡʢʘ ʢʘʞʜʦʡ ʠʟ ʮʝʧʝʡ ɼʅʂ ʧʦ ʤʘʪʨʠʮʝ ʜʨʫʛʦʡ (7), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦʣʥʦʨʘʟʤʝʨʥʘʷ ʢɼʅʂ.  R ï ʧʦʚʪʦʨ, U3 ʠ U5 ï 3'- ʠ 5'-ʢʦʥʮʝʚʦʡ 

ʫʥʠʢʘʣʴʥʳʡ ʨʝʛʠʦʥ, pbs ï ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʧʨʘʡʤʝʨʘ, gag, pol, env ï ʦʩʥʦʚʥʳʝ ʚʠʨʫʩʥʳʝ 

ʦʪʢʨʳʪʳʝ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, ppt ï ʧʦʣʠʧʫʨʠʥʦʚʳʡ ʪʨʘʢʪ.  
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2.1.1.2. ʅʫʢʣʝʦʟʠʜʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ (ʅʀʆʊ) 

  

ʇʦʩʢʦʣʴʢʫ ʩʫʙʩʪʨʘʪʦʤ ʆʊ ʩʣʫʞʘʪ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ, ʥʝʢʦʪʦʨʳʝ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʟʠʜʳ ʠʣʠ ʥʫʢʣʝʦʪʠʜʳ ʤʦʛʫʪ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ. ʅʀʆʊ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʆʊ ʚ ʥʫʢʣʝʦʪʠʜ-ʩʚʷʟʳʚʘʶʱʝʤ ʩʘʡʪʝ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʫ  ʁʪʨʠʘʜʫ D110, D185 ʠ D186 

[47]. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥ rʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʘʭʘʨʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʪʁ ʜʘʣʴʥʝʡʰʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʮʝʧʠ ɼʅʂ. ʊʘʢʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʟʠʜʳ ʪʨʠʞʜʳ ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʚ ʢʣʝʪʢʝ, ʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʆʊ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʅʀʆʊ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʨʠ ʤʦʤʝʥʪʘ: 1) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʟʠʜʳ ʜʦʣʞʥʳ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʥʫʢʣʝʦʟʠʜʤʦʥʦʬʦʩʬʘʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʦʟʠʜʢʠʥʘʟ; 2) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʭʦʨʦʰʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚʠʨʫʩʥʦʡ ʆʊ ʠ 3) ʥʝ ʜʦʣʞʥʳ ʫʟʥʘʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ 

ʢʣʝʪʦʯʥʳʤʠ ʧʦʣʠʤʝʨʘʟʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʅʀʆʊ, ʢʦʪʦʨʳʝ ʣʠʰʝʥʳ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 3'-ʧʦʣʦʞʝʥʠʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠʥʛʠʙʠʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʫʜʣʠʥʝʥʠʝ ʮʝʧʠ ɼʅʂ, ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ 3'-ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. 

ʂʣʘʩʩ ʥʫʢʣʝʦʟʠʜʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ (ʅʀʆʊ) ʙʳʣ ʧʝʨʚʳʤ 

ɸʈɺʇ, ʦʜʦʙʨʝʥʥʳʤ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ [48]. ʇʝʨʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, 

ʨʘʟʨʝʰʝʥʥʳʤ ʚ 1987 ʛ. ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʅʀʆʊ, ʩʪʘʣ ʟʠʜʦʚʫʜʠʥ 

(ʘʟʠʜʦʪʠʤʠʜʠʥ, AZT) - ʘʥʘʣʦʛ ʜʝʟʦʢʩʠʪʠʤʠʜʠʥʘ ʩ ʘʟʠʜʦʛʨʫʧʧʦʡ ʚ 3ô-ʧʦʣʦʞʝʥʠʠ (ʈʠʩ. 3). 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ AZT ʚ ʢʣʝʪʢʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʪʫʱʫʶ ʮʝʧʴ ɼʅʂ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʆʊ ʠ ʦʙʨʳʚʘʝʪ ʮʝʧʴ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 3'-ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ.r ʇʦʤʠʤʦ 

ɺʀʏ-1 AZT ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʠ  ʜʨʫʛʠʝ ʨʝʪʨʦʚʠʨʫʩ,r ʚʠʨʫʩ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ, ʘ ʪʘʢʞʝ 

ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [49ï51].  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʳ ʅʀʆʊ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ, ʢʘʢ ʠ AZT 

[52,53]. ʂ ʘʥʘʣʦʛʘʤ ʪʠʤʠʜʠʥʘ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʩʪʘʚʫʜʠʥ, ʮʠʪʠʜʠʥʘ - ʟʘʣʴʮʠʪʘʙʠʥ, 

ʣʘʤʠʚʫʜʠʥ ʠ ʵʤʪʨʠʮʠʪʘʙʠʥ, ʢ ʘʥʘʣʦʛʘʤ ʠʥʦʟʠʥʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʠʜʘʥʦʟʠʥ, ʢ ʘʥʘʣʦʛʘʤ 

ʛʫʘʥʦʟʠʥʘ ï ʘʙʘʢʘʚʠʨ (ʈʠʩ. 3).  
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ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʟʠʜʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʆʊ ɺʀʏ-1. 

 

ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʧʨʝʧʘʨʘʪ ʘʟʚʫʜʠʥ (ʈʠʩ. 3), ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʅʀʆʊ ʩʦʜʝʨʞʠʪ 3ô-ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ 

ʠʥʛʠʙʠʨʫʝʪ ʆʊ. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 2008 ʛ. ʜʣʷ ʣʝʯʝʥʠʷ ʛʝʧʘʪʠʪʘ ʉ [54], ʘ 

ʟʘʪʝʤ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠ ̫ʢʘʢ ʠʥʛʠʙʠʪʦʨʘ ʆʊ ɺʀʏ-1 ʠ ʈʅʂ-

ʟʘʚʠʩʠʤʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ r SARS-CoV-2 [55,56]. ʇʦʢʘ ʘʟʚʫʜʠʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʪʦʣʴʢʦ ʚ ʂʠʪʘʝ. ʕʪʦʪ ʠʥʛʠʙʠʪʦʨ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʧʨʦʷʚʣʷʝʪ 

ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʘʥʪʠ-ɺʀʏ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʦʜʘʚʣʷʝʪ ʚ ʥʘʥʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʘʢ 

ʚʠʨʫʩ ʜʠʢʦʛʦ ʪʠʧʘ, ʪʘʢ ʠ ʰʪʘʤʤ rʚʠʨʫʩʘ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʜʝʡʩʪʚʠʶ ʜʨʫʛʠʭ ʅʀʆʊ.   

ɽʱʝ ʦʜʥʠʤ ʠʥʛʠʙʠʪʦʨʦʤ ʆʊ ʷʚʣʷʝʪʩʷ ʬʦʩʬʘʟʠʜ (ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ çʅʠʢʘʚʠʨè) - 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ʘʥʪʠ-ɺʀʏ ʧʨʝʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʧʨʦʰʸʣ ʧʦʣʥʳʡ ʦʙʲʝʤ 

ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

[57]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʅ-ʬʦʩʬʦʥʘʪʥʦʛʦ ʦʩʪʘʪʢʘ (ʈʠʩ. 3), ʬʦʩʬʘʟʠʜ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʥʫʢʣʝʦʟʠʜʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʆʊ, ʧʦʩʢʦʣʴʢʫ, ʧʨʦʥʠʢʘʷ ʚ ʢʣʝʪʢʫ, ʦʥ 

ʛʠʜʨʦʣʠʟʠʨʫʝʪʩʷ ʜʦ ʥʫʢʣʝʦʟʠʜʘ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ, ʢʘʢ ʠ 

ʘʟʠʜʦʪʠʤʠʜʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʩʬʘʟʠʜ ʷʚʣʷʝʪʩʷ ʜʝʧʦ-ʬʦʨʤʦʡ (ʘʥʛʣ. prodrug) 

ʘʟʠʜʦʪʠʤʠʜʠʥʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʜʣʠʪʝʣʴʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʢʨʦʚʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʨʘʪʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʟʠʜʦʪʠʤʠʜʠʥʘ [58]. 
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2.1.1.3 ʅʫʢʣʝʦʪʠʜʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ (ʅʪʀʆʊ) 

 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʟʠʜʳ 

ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʩʫʙʩʪʨʘʪ ʜʣʷ ʆʊ, ʦʥʠ ʜʦʣʞʥʳ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ. 

ɺʘʞʥʦ, ʯʪʦ ʧʝʨʚʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʧʨʝʚʨʘʱʝʥʠʝ ʥʫʢʣʝʦʟʠʜʘ ʚ ʥʫʢʣʝʦʪʠʜ, 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʩʪʨʫʢʪʫʨʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ 

ʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʦʟʠʜʢʠʥʘʟ. ʄʥʦʛʠʝ ʪʠʧʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʫʟʥʘʚʘʥʠʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʫʢʣʝʦʟʠʜʘ ʵʪʠʤʠ ʬʝʨʤʝʥʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʥʫʢʣʝʦʪʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʫʞʝ ʩʦʜʝʨʞʘʪ ʘʥʘʣʦʛ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʤʦʞʝʪ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʢʘʯʝʩʪʚʝ ʅʪʀʆʊ ʠʩʧʦʣʴʟʫʪʁʩʷ ʪʝʥʦʬʦʚʠʨ ʜʠʟʦʧʨʦʢʩʠʣ ʬʫʤʘʨʘʪ (TDF) ʠ ʝʛʦ ʜʝʧʦ-

ʬʦʨʤʘ ʪʝʥʦʬʦʚʠʨ ʘʣʘʬʝʥʘʤʠʜ (TAF) (ʈʠʩ. 4), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʣʝʯʝʥʠʷ 

ʛʝʧʘʪʠʪʘ ɺ [59].  

 

 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʳ ʪʝʥʦʬʦʚʠʨ ʜʠʟʦʧʨʦʢʩʠʣ ʬʫʤʘʨʘʪʘ (TDF) ʠ ʝʛʦ ʜʝʧʦ-ʬʦʨʤʳ 

ʪʝʥʦʬʦʚʠʨ ʘʣʘʬʝʥʘʤʠʜʘ (TAF).  

 

ʇʨʠ ɸʈɺʊ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʅʀʆʊ ʠ/ʠʣʠ ʅʪʀʆʊ 

ʷʚʣʷʶʪʩʷ ʘʙʘʢʘʚʠʨ+ʣʘʤʠʚʫʜʠʥ (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ Kivexa), ʪʝʥʦʬʦʚʠʨ ʜʠʟʦʧʨʦʢʩʠʣ 

ʬʫʤʘʨʘʪ+ʵʤʪʨʠʮʠʪʘʙʠʥ (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ Truvada) ʠ ʪʝʥʦʬʦʚʠʨ ʘʣʘʬʝʥʘʤʠʜ+ 

ʵʤʪʨʠʮʠʪʘʙʠʥ (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ Descovy). ʅʘʜʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʧʘʨʘʪ rTruvada ʠ 

Descovy ʙʳʣr ʠʩʩʣʝʜʦʚʘʥ rʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ɺʀʏ-

ʠʥʬʝʢʮʠʠ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʟʘʨʘʞʝʥʠʷ 

ɺʀʏ-1 [60]. 
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2.1.1.4 ʅʝʥʫʢʣʝʦʟʠʜʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ 

 

ʅʝʥʫʢʣʝʦʟʠʜʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ (ʅʅʀʆʊ) ʷʚʣʷʶʪʩʷ ʝʱʝ 

ʦʜʥʠʤ ʢʣʘʩʩʦʤ ʠʥʛʠʙʠʪʦʨʦʚ ʆʊ. ʕʪʠ ʠʥʛʠʙʠʪʦʨʳ ʘʢʪʠʚʥʳ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʆʊ 

ɺʀʏ-1 ʠ ʥʝ ʠʥʛʠʙʠʨʫʶʪ ʆʊ ʜʨʫʛʠʭ ʨʝʪʨʦʚʠʨʫʩʦʚ; ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ  ʁʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʀʆʊ.  

ʇʝʨʚʳʡ ʅʅʀʆʊ, ʥʝʚʠʨʘʧʠʥ (NVP), ʙʳʣ ʨʘʟʨʝʰʝʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʋʧʨʘʚʣʝʥʠʝʤ 

ʧʦ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʉʐɸ (Food and 

Drug Administration ï FDA) ʚ 1996 ʛ. ɺ 1997 ʛ. ʙʳʣ ʨʘʟʨʝʰʝʥ ʜʝʣʘʚʝʨʜʠʥ (DLV) (ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʝʥʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʨʘʞʝʥʥʦʛʦ ʧʦʙʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ), ʘ ʛʦʜʦʤ ʧʦʟʞʝ ʵʬʘʚʠʨʝʥʮ (EFV) 

(ʈʠʩ. 5). ʕʪʠ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʧʝʨʚʦʤʫ ʧʦʢʦʣʝʥʠʶ ʅʅʀʆʊ, 

ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʦ ʫʩʪʦʡʯʠʚʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ. ʂ ʩʣʝʜʫʶʱʝʤʫ ʧʦʢʦʣʝʥʠʶ ʅʅʀʆʊ 

ʦʪʥʦʩʷʪʩʷ ʵʪʨʘʚʠʨʠʥ (ETR), ʨʠʣʧʠʚʠʨʠʥ (RPV), ʜʦʨʘʚʠʨʠʥ (DOR) (ʈʠʩ. 5), ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʙʳʣʠ ʨʘʟʨʝʰʝʥʳ ʢ ʧʨʠʤʝʥʝʥʠʶ FDA. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʜʘʧʠʚʠʨʠʥ 

(DPV) (ʈʠʩ. 5), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʙʠʮʠʜʘ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʟʘʨʘʞʝʥʠʷ ʫ ʞʝʥʱʠʥ [61].   

 

 

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʳ ʥʝʥʫʢʣʝʦʟʠʜʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʆʊ ɺʀʏ-1. 
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ɺ 2017 ʛʦʜʫ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣ 

ʦʜʦʙʨʝʥ ʧʨʝʧʘʨʘʪ ʵʣʩʫʣʴʬʘʚʠʨʠʥ, ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʡʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʜʦ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ VM-1500A (ʈʠʩ. 6) [62]. ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʘʥʪʠ-ɺʀʏ 

ʧʨʝʧʘʨʘʪʘʤʠ (ʣʘʤʠʚʠʜʠʥʦʤ ʠʣʠ ʵʤʪʨʠʮʠʪʘʙʠʥʦʤ ʠ ʪʝʥʦʬʦʚʠʨʦʤ), ʧʨʠʯʝʤ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʵʬʘʚʠʨʝʥʟʦʤ ʵʣʩʫʣʴʬʘʚʠʨʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʧʨʠʚʦʜʠʣ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ [63,64]. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʩʫʣʴʬʘʚʠʨʠʥʘ ʪʘʢʦʚʳ, ʯʪʦ ʦʥ 

ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ VM-1500A (t1/2 Ḑ 2 ʯ), ʘ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ (t1/2 > 5 ʜʥʝʡ). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʝʨʚʠʯʥʘʷ ʩʫʣʴʬʦʥʘʤʠʜʥʘʷ 

ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ ʵʨʠʪʨʦʮʠʪʘʤʠ, ʛʜʝ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʪʠʤʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʘʨʙʦʘʥʛʠʜʨʘʟʦʡ ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʣʘʟʤʫ ʢʨʦʚʠ [65]. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠʝʤ ʧʨʝʧʘʨʘʪʘ ʦʜʠʥ ʨʘʟ ʚ 

ʩʫʪʢʠ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʧʘʮʠʝʥʪʘʤʠ ʨʝʞʠʤʘ ʣʝʯʝʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʣʝʯʝʥʠʝ ʠʥʬʝʢʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʳ ʵʣʩʫʣʴʬʘʚʠʨʠʥʘ ʠ VM 1500ɸ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʅʅʀʆʊ, ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʢʘʨʤʘʥʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 10 ¡ ʦʪ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʆʊ [40].ʉʚʷʟʳʚʘʥʠʝ 

ʅʅʀʆʊ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʧʦʣʠʤʝʨʘʟʥʦʤ 

ʜʦʤʝʥʝ ʆʊ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʘʟʥʦʡ ʨʝʘʢʮʠʠ [66].  

ʉʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʆʊ ʧʦ ʧʨʠʥʮʠʧʫ ʅʅʀʆʊ, ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢ, ʪʦʣʴʢʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʠ ʦʧʠʩʘʥʦ ʢʘʢ 

ʅʅʀʆʊ ʙʦʣʝʝ 60 ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʝʢʦʪʦʨʳʝ ʥʝʢʘʥʦʥʠʯʝʩʢʠʝ ʅʅʀʆʊ, 

ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p66 ʠ p51, ʩʧʦʩʦʙʥʳ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

https://www.rlsnet.ru/active-substance/elsulfavirin-3700
https://www.rlsnet.ru/active-substance/elsulfavirin-3700
https://www.rlsnet.ru/active-substance/elsulfavirin-3700
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ʜʠʤʝʨ ʆʊ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʛʠʙʠʨʫʷ ʧʦʣʠʤʝʨʘʟʥʫʶ ʠ ʈʅʂʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʠ [67ï69]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʜʨʫʛʠʝ ʅʅʀʆʊ ʩʧʦʩʦʙʥʳ 

ʫʩʠʣʠʚʘʪʴ ʜʠʤʝʨʠʟʘʮʠʶ ʠ ʛʝʪʝʨʦʜʠʤʝʨʠʟʘʮʠʶ ʆʊ [70]. 

 ʋʧʦʤʷʥʫʪʳʝ ʅʅʀʆʊ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ɸʈɺʇ, ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʚʫʤʷ ʅʀʆʊ ʠʣʠ ʦʜʥʠʤ ʅʀʆʊ ʠ ʠʥʛʠʙʠʪʦʨʦʤ ʧʨʦʪʝʘʟʳ, 

ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʥʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 

ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʭʝʤʘʭ ʧʝʨʚʦʡ ʣʠʥʠʠ ɸʈɺʊ [61,71]. ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʡ ʟʘʤʝʥʳ 

ʩʣʫʞʘʪ ʙʳʩʪʨʦ ʚʦʟʥʠʢʘʶʱʠʝ ʤʫʪʘʮʠʠ ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʢʘʨʤʘʥʝ ʆʊ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ, ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʅʅʀʆʊ ʩ ʮʠʪʦʭʨʦʤʦʤ P450 3A4 ï ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʳʤʠ ʥʝʡʨʦʧʩʠʭʠʘʪʨʠʯʝʩʢʠʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

 

2.1.2. ʀʥʛʠʙʠʪʦʨʳ ʠʥʪʝʛʨʘʮʠʠ  

 

2.1.2.1. ʀʥʪʝʛʨʘʟʘ ɺʀʏ-1. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʠ 

 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢɼʅʂ ɺʀʏ-1 ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʢʣʝʪʦʯʥʫʶ ʛʝʥʦʤʥʫʶ ɼʅʂ. ʂʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʩʪʨʘʠʚʘʥʠʝ ʢɼʅʂ, ʷʚʣʷʝʪʩʷ ʚʠʨʫʩʥʘʷ ʠʥʪʝʛʨʘʟʘ. ʀʥʪʝʛʨʘʟʘ ɺʀʏ-1 (IN) 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʜʚʘ ʚʘʞʥʳʭ ʵʪʘʧʘ: 3ô-ʧʨʦʮʝʩʩʠʥʛ ʠ ʧʝʨʝʥʦʩ ʮʝʧʠ ʚʠʨʫʩʥʦʡ ɼʅʂ (ʈʠʩ. 7). 

ʇʨʠ 3ô-ʢʦʥʮʝʚʦʤ ʧʨʦʮʝʩʩʠʥʛʝ ʧʨʦʠʩʭʦʜʠʪ ʵʥʜʦʥʫʢʣʝʘʟʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚʠʨʫʩʥʦʡ 

ʢɼʅʂ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩ 3'-ʢʦʥʮʘ ʢʘʞʜʦʡ ʮʝʧʠ ʫʜʘʣʷʝʪʩʷ ʜʠʥʫʢʣʝʦʪʠʜ GT. 

ʈʝʘʢʮʠ ̫ ʧʝʨʝʥʦʩʘ ʮʝʧʠ ʚʢʣʶʯʘʝʪ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ 3'-ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʧʨʦʮʝʩʩʠʨʦʚʘʥʥʳʭ ʮʝʧʝʡ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʥʘ ʤʝʞʥʫʢʣʝʦʪʠʜʥʳʝ ʬʦʩʬʘʪʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʮʝʧʷʭ ʢʣʝʪʦʯʥʦʡ ɼʅʂ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʧʘʨ 

ʥʫʢʣʝʦʪʠʜʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʀʥʪʝʛʨʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʚʩʪʨʦʝʥʥʘʷ ʚʠʨʫʩʥʘʷ ɼʅʂ ʬʣʘʥʢʠʨʦʚʘʥʘ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ 

ʙʨʝʰʘʤʠ ʠ ʩʦʜʝʨʞʠʪ ʥʝʩʧʘʨʝʥʥʳʝ ʜʠʥʫʢʣʝʦʪʠʜʳ ʥʘ ʩʚʦʠʭ 5'-ʢʦʥʮʘʭ. ʈʝʧʘʨʘʮʠʷ ʵʪʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʚʣʝʢʘʝʤʳʭ IN ʢʣʝʪʦʯʥʳʭ ʬʘʢʪʦʨʦʚ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʥʘʧʨʠʤʝʨ, ʙʝʣʢʘ Ku70 [8]. 

ɺ ʩʪʨʫʢʪʫʨʝ IN ʚʳʜʝʣʷʶʪ ʪʨʠ ʜʦʤʝʥʘ: N-ʢʦʥʮʝʚʦʡ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʠ C-ʢʦʥʮʝʚʦʡ 

[72]. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʠʤʝʝʪ ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ ʫʢʣʘʜʢʫ, ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʜʦʤʝʥʘ IN ʚʭʦʜʠʪ ʪʨʠʘʜʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʜʣʷ ʨʝʪʨʦʚʠʨʫʩʥʳʭ ʠʥʪʝʛʨʘʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 
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ʦʩʪʘʪʢʦʚ (D64, D116 ʠ E152), ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʙʝʣʢʘ ʠ 

ʢʦʦʨʜʠʥʠʨʫʶʪ ʜʚʘ ʠʦʥʘ Mg2+, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʢʘʪʘʣʠʟʘ 3ô-ʧʨʦʮʝʩʩʠʥʛʘ ʠ ʧʝʨʝʥʦʩʘ 

ʮʝʧʠ. N-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʥʮʦʚ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ 

ʩʪʘʙʠʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ IN ʩ ɼʅʂ [73]. ɺʩʝ ʪʨʠ ʜʦʤʝʥʘ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʤʝʨʘ IN ʩ ɼʅʂ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʚʠʨʫʩʥʳʤʠ ʠ 

ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ [74,75]. ɼʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʚʦʛʦ ʢʦʤʧʣʝʩʘ IN ʩ ɼʅʂ ʧʨʠʤʝʥʷʶʪ ʪʝʨʤʠʥ ʠʥʪʘʩʦʤʘ.  

 

 

ʈʠʩʫʥʦʢ 7. ʀʥʪʝʛʨʘʮʠʷ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʢʣʝʪʦʯʥʳʡ ʛʝʥʦʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚʠʨʫʩʥʫʶ IN ʠ ʚʠʨʫʩʥʫʶ ʢɼʅʂ, 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʘʢʮʠʶ 3'-ʧʨʦʮʝʩʩʠʥʛʘ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʫʜʘʣʝʥʠʶ ʩ ʢʘʞʜʦʛʦ 3'-ʢʦʥʮʘ 

ʚʠʨʫʩʥʦʡ ʢɼʅʂ GT-ʜʠʥʫʢʣʝʦʪʠʜʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʩʚʷʟʳʚʘʝʪ ʢʣʝʪʦʯʥʫʶ ɼʅʂ-ʤʠʰʝʥʴ ʠ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ ʧʝʨʝʥʦʩʘ ʮʝʧʠ, 

ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ 3'-ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʦʮʝʩʩʠʨʦʚʘʥʥʳʭ 

ʮʝʧʝʡ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʥʘ ʤʝʞʥʫʢʣʝʦʪʠʜʥʳʝ ʬʦʩʬʘʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʮʝʧʷʭ ʢʣʝʪʦʯʥʦʡ ɼʅʂ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʨʝʧʘʨʘʮʠʷ ʢʦʪʦʨʦʛʦ 

ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʚʠʨʫʩʘ.  

 

2.1.2.2. ʀʥʛʠʙʠʪʦʨʳ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʮʝʧʠ 

 

ʍʦʪʷ IN ʢʘʪʘʣʠʟʠʨʫʝʪ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʘʢʮʠʠ, ʨʝʧʣʠʢʘʮʠʷ ɺʀʏ-1 ʚ ʢʫʣʴʪʫʨʝ 

ʢʣʝʪʦʢ ʠ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʜʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʨʝʘʢʮʠʶ 

ʧʝʨʝʥʦʩʘ ʮʝʧʠ. ɺʩʝ ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʥʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʙʝʣʢʦʤ, ʘ ʩ ʢʦʤʧʣʝʢʩʦʤ IN ʩ 

ʧʨʦʮʝʩʩʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʥʦʡ ʢɼʅʂ, ʧʦʵʪʦʤʫ ʥʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʨʝʘʢʮʠʶ 3ô-ʧʨʦʮʝʩʩʠʥʛʘ.  
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ʇʝʨʚʳʡ ʫʩʧʝʰʥʳʡ ʠʥʛʠʙʠʪʦʨ IN ï L-731988 (ʈʠʩ. 8, ɸ), ʜʝʡʩʪʚʦʚʘʣ ʟʘ ʩʯʝʪ 

ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʠʦʥʦʚ ʤʘʛʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʮʝʧʠ [76]. ʅʘ ʦʩʥʦʚʝ 

ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʘ ʠʥʛʠʙʠʪʦʨʦʚ ʧʝʨʝʥʦʩʘ ʮʝʧʠ 

ʠʥʪʝʛʨʘʟʦʡ (ʀʇʎʀ), ʪʘʢʠʝ ʢʘʢ ʨʘʣʪʝʛʨʘʚʠʨ (RAL) ʠ ʵʣʚʠʪʝʛʨʘʚʠʨ (EVG) [77,78]. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʠʭ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ [73,79]. 

ɺʦ-ʧʝʨʚʳʭ, ʀʇʎʀ ʩʦʜʝʨʞʘʪ ʮʝʥʪʨʘʣʴʥʳʡ ʬʘʨʤʘʢʦʬʦʨ, ʭʝʣʘʪʠʨʫʶʱʠʡ ʠʦʥʳ Mg2+ ʚ 

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ IN. ɺʦ-ʚʪʦʨʳʭ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤ ʛʘʣʦʛʝʥʘ ʙʝʥʟʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ 

ʀʇʎʀ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ IN ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʩʤʝʱʘʶʪ 3ô-ʢʦʥʮʝʚʫʶ 

ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʙʦʣʝʝ ʯʝʤ ʥʘ 6 ¡ ʠʟ ʧʦʣʦʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʤʝʞʥʫʢʣʝʦʪʠʜʥʦʛʦ ʬʦʩʬʘʪʘ ʢʣʝʪʦʯʥʦʡ ɼʅʂ 

(ʈʠʩ. 8, ɹ). ʆʜʥʘʢʦ ʢ ʵʪʠʤ ʠʥʛʠʙʠʪʦʨʘʤ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ 

ʰʪʘʤʤʳ ɺʀʏ-1. 

 

ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʳ ʠʥʛʠʙʠʪʦʨʦʚ IN ɺʀʏ-1 (ɸ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʠʥʪʘʩʦʤʳ ʧʨʦʪʦʪʠʧʘ ʧʝʥʠʩʪʦʛʦ ʚʠʨʫʩʘ (Prototype Foamy Virus - PFV) ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʤʘʛʥʠʝʤ (ʦʪʤʝʯʝʥ ʢʨʘʩʥʳʤ), ʨʘʣʪʝʛʨʘʚʠʨʦʤ (ʟʝʣʝʥʳʡ) ʠ ʚʠʨʫʩʥʦʡ ʢɼʅʂ (ʩʝʨʘ)̫; ʦʩʪʘʪʢʠ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ IN PFV (ʩʠʥʠʝ) (PDB ID: 3OYA) (ɹ).   

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʫʩʧʝʭ ʚ ʙʦʨʴʙʝ ʩʦ ʰʪʘʤʤʘʤʠ ɺʀʏ-1, ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʨʘʣʪʝʛʨʘʚʠʨʫ 

ʠ ʵʣʚʠʪʝʛʨʘʚʠʨʫ, ʧʨʦʠʟʦʰʝʣ ʩ ʦʪʢʨʳʪʠʝʤ ʀʇʎʀ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʜʦʣʫʪʝʛʨʘʚʠʨ 

(DTG), ʙʠʢʪʝʛʨʘʚʠʨ (BIC) ʠ ʢʘʙʦʪʝʛʨʘʚʠʨ (ʉɸɺ)) (ʈʠʩ. 5ɸ). ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʝʨʝʢʨʝʩʪʥʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʠʝʤʦʤ ʨʘʣʪʝʛʨʘʚʠʨʘ ʠ ʵʣʚʠʪʝʛʨʘʚʠʨʘ, ʚʦʟʤʦʞʥʘ, ʦʜʥʘʢʦ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʫʪʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʜʦʣʫʪʝʛʨʘʚʠʨʫ ʠ ʙʠʢʪʝʛʨʘʚʠʨʫ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ [80ï82]. ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʀʇʎʀ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʘʢʞʝ ʦʩʥʦʚʘʥ ʥʘ ʩʚʷʟʳʚʘʥʠʠ ʠʦʥʦʚ ʤʘʛʥʠʷ ʚ 

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ, ʥʦ ʠʭ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʜʨʫʛʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʬʘʨʤʘʢʦʬʦʨʘ ï ʥʝ ʙʠʮʠʢʣʠʯʝʩʢʦʡ, ʘ ʪʨʠʮʠʢʣʠʯʝʩʢʦʡ ʢʦʣʴʮʝʚʦʡ 

ʩʠʩʪʝʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ. ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʠʥʪʘʩʦʤʦʡ 

ʜʦʣʫʪʝʛʨʘʚʠʨ ʟʘʥʠʤʘʝʪ ʪʦʪ ʞʝ ʩʘʡʪ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ, ʯʪʦ ʠ ʨʘʣʪʝʛʨʘʚʠʨ ʠʣʠ 

ʵʣʚʠʪʝʛʨʘʚʠʨ, ʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪ ʠʦʥʳ Mg2+ ʧʦʜ ʥʝʤʥʦʛʦ ʜʨʫʛʠʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʛʣʘʤʠ [83,84]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʀʇʎʀ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʭʝʤ ɸʈɺʊ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʧʨʠʤʝʥʝʥʠʷ, ʀʇʎʀ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʠʣʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʭʝʤ ɸʈɺʊ ʚ 

ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʣʝʯʝʥʠʶ ɺʀʏ-1 ʚʦ ʚʩʝʤ ʤʠʨʝ [85].  

 

2.1.3 ʀʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ 

ʇʨʦʪʝʘʟʘ ɺʀʏ-1 (ʇʈ) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʚʠʜʝ ʛʦʤʦʜʠʤʝʨʘ, ʪʘʢ ʢʘʢ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʦʩʪʘʪʢʠ D25-T26-G27, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʩʧʘʨʪʘʪʥʳʭ ʧʨʦʪʝʘʟ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʝʪʣʝ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʫ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. ʇʨʠ 

ʜʠʤʝʨʠʟʘʮʠʠ ʜʚʘ ʦʩʪʘʪʢʘ ʘʩʧʘʨʪʘʪʘ ʦʙʨʘʟʫʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʜʠʘʜʫ ʧʨʦʪʝʘʟʳ. ʆʜʠʥ ʠʟ 

ʦʩʪʘʪʢʦʚ ʘʩʧʘʨʪʘʪʘ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʢʠʩʣʦʪʘ, ʘ ʜʨʫʛʦʡ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ 

ʠʛʨʘʝʪ ʨʦʣʴ ʦʩʥʦʚʘʥʠʷ [86,87].  

ʇʈ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʚʠʨʫʩʘ ʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʨʝʣʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩʠʥʛ ʧʦʣʠʧʨʦʪʝʠʥʦʚ Gag ʠ Gag-Pol, ʢʦʪʦʨʳʝ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, 

ʚʳʩʚʦʙʦʞʜʘʶʱʠʭʩʷ ʠʟ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ Gag ʠ Gag-

Pol ʦʙʨʘʟʫʶʪʩʷ ʟʨʝʣʳʝ ʚʠʨʫʩʥʳʝ ʙʝʣʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʦʩʪʴ ʇʈ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʭʦʜʘ ʚʠʨʫʩʘ ʠʟ ʢʣʝʪʢʠ, ʥʦ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʟʨʝʚʘʥʠʷ ʚʠʨʫʩʘ, 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʬʝʢʮʠʦʥʥʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ. 

ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʟʥʘʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʝʘʟʳ ʠ ʝʝ ʩʫʙʩʪʨʘʪʦʚ, ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ (ʀʇ) ɺʀʏ-1, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʚʪʦʨʳʤ 

ʢʣʘʩʩʦʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʈʠʩ. 6). ʇʦʷʚʣʝʥʠʝ ʧʝʨʚʳʭ ʀʇ 

ʩʪʘʣʦ ʧʦʚʦʨʦʪʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʨʘʟʚʠʪʠʠ ɸʈɺʊ, ʪ.ʢ. ʦʥʠ ʩʜʝʣʘʣʠ ʚʦʟʤʦʞʥʦʡ 



29 
 

ʢʦʤʧʣʝʢʩʥʫʶ ʪʝʨʘʧʠ,ʁ ʧʦʜʨʘʟʫʤʝʚʘʶʱʫʶ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʧʨʠʸʤ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʚʠʨʫʩʘ [88]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʜʦʙʨʝʥʦ ʜʝʚʷʪʴ ʀʇ: ʩʘʢʚʠʥʘʚʠʨ, 

ʨʠʪʦʥʘʚʠʨ, ʠʥʜʠʥʘʚʠʨ, ʥʝʣʬʠʥʘʚʠʨ, ʘʤʧʨʝʥʘʚʠʨ, ʣʦʧʠʥʘʚʠʨ, ʘʪʘʟʘʥʘʚʠʨ, ʪʠʧʨʘʥʘʚʠʨ ʠ 

ʜʘʨʫʥʘʚʠʨ (ʈʠʩ. 9). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʘʟʥʘʯʘʶʪ ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʠʟʢʦʡ ʜʦʟʦʡ 

ʨʠʪʦʥʘʚʠʨʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. ɺʩʝ ʀʇ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʠʧʨʘʥʘʚʠʨʘ, 

ʷʚʣʷʶʪʩʷ ʧʝʧʪʠʜʦʤʠʤʝʪʠʢʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʫʙʩʪʨʘʪ ʬʝʨʤʝʥʪʘ, ʠ ʩ 

ʚʳʩʦʢʦʡ ʘʬʬʠʥʦʩʪʴʶ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʇʈ ʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ. ɺʩʝ ʧʝʧʪʠʜʦʤʠʤʝʪʠʢʠ ʩʦʜʝʨʞʘʪ ʛʠʜʨʦʢʩʠʵʪʠʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʨʘʩʱʝʧʣʝʥʠʶ ʧʨʦʪʝʘʟʦʡ ɺʀʏ-1 [89].  

 

ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʳ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟʳ ɺʀʏ-1. 
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ʊʠʧʨʘʥʘʚʠʨ ʚʳʜʝʣʷʝʪʩʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʀʇ ʥʘʣʠʯʠʝʤ ʜʠʛʠʜʨʦʧʠʨʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ 

ʧʦʚʳʰʝʥʥʳʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʪʠʧʨʘʥʘʚʠʨ ʦʙʨʘʟʫʝʪ ʦʯʝʥʴ ʧʨʦʯʥʫʶ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʠʥʚʘʨʠʘʥʪʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʧʨʦʪʝʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʦʩʪʘʪʢʦʤ D25 ʠ ʜʨʫʛʠʤʠ. ʅʘʧʨʠʤʝʨ, 

ʩ I50 ʪʠʧʨʘʥʘʚʠʨ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʘʧʨʷʤʫʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʜʨʫʛʠʝ 

ʠʥʛʠʙʠʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʤʦʣʝʢʫʣʳ ʚʦʜʳ [90]. ʊʠʧʨʘʥʘʚʠʨ ʥʝ ʪʦʣʴʢʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʩ ʬʝʨʤʝʥʪʦʤ ʜʠʢʦʛʦ ʪʠʧʘ, ʥʦ ʠ ʩʧʦʩʦʙʝʥ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʤʫʪʘʥʪʥʫʶ ʤʫʣʴʪʠʨʝʟʠʩʪʝʥʪʥʫʶ ʧʨʦʪʝʘʟʫ [91,92].  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦ 

ʚʩʝʤ ʀʇ. ʂʨʦʤʝ ʪʦʛʦ, ʀʇ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʢʣʘʩʩ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ [93]. 

 

2.2. ɹʣʦʢʘʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʩ ʙʝʣʢʘʤʠ ʢʣʝʪʢʠ 

  

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1 ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʝʪʦʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʩʠʩʪʝʤ ʩ ʚʠʨʫʩʥʳʤʠ ʙʝʣʢʘʤʠ ʠ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʅʝʢʦʪʦʨʳʝ 

ʢʣʝʪʦʯʥʳʝ ʬʘʢʪʦʨʳ ʥʘʮʝʣʝʥʳ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʜʨʫʛʠʝ, ʥʘʦʙʦʨʦʪ, 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʠʨʫʩʥʦʡ ʨʝʧʣʠʢʘʮʠʠ. ɼʝʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1 ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʨʠ ʧʦʠʩʢʝ ʙʣʦʢʘʪʦʨʦʚ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, 

ʠʛʨʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ. ʆʜʥʘʢʦ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ 

ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʫʪʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʭ ʫʯʘʩʪʥʠʢʦʚ ʥʝʩʝʪ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʚʠʨʫʩʥʳʤʠ ʠ 

ʢʣʝʪʦʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ. ʈʘʟʚʠʪʠʝ 

ʚʠʨʫʩʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʪʘʢʠʤ ʧʨʝʧʘʨʘʪʘʤ ʤʝʥʝʝ ʚʝʨʦʷʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʘʷ ʠ ʷʚʣʷʝʪʩʷ ʤʠʰʝʥʴʶ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʯʝʥʴ 

ʢʦʥʩʝʨʚʘʪʠʚʥʘ, ʣʶʙʳʝ ʤʫʪʘʮʠʠ ʚ ʥʝʡ ʙʫʜʫʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [94].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʘʚʝ ɸʈɺʊ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʪʠʧʘ ʙʣʦʢʘʪʦʨʦʚ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʵʪʦ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɺʀʏ-1 ʚ ʢʣʝʪʢʫ ʠ 

ʠʥʛʠʙʠʪʦʨ ʣʝʥʘʢʘʧʘʚʠʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʠʨʫʩʥʦʛʦ ʢʘʧʩʠʜʘ ʠ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʝʣʢʘʤʠ ʷʜʝʨʥʦʡ ʧʦʨʳ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʩʚʷʟʳʚʘʥʠʶ IN ɺʀʏ-1 ʩ ʢʣʝʪʦʯʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ.   
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2.2.1. ʀʥʛʠʙʠʪʦʨʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ 

 

ʇʨʦʥʠʢʥʦʚʝʥʠʝ ɺʀʏ-1 ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʚʷʟʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʙʝʣʢʘ 

ʦʙʦʣʦʯʢʠ Env ʚʠʨʫʩʘ (Env) ʩ ʝʛʦ ʧʝʨʚʠʯʥʳʤ ʨʝʮʝʧʪʦʨʦʤ CD4 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʢʨʦʬʘʛʦʚ ʠʣʠ ʊ-ʭʝʣʧʝʨʥʳʭ ʣʠʤʬʦʮʠʪʦʚ. ɺʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ CD4 ʫʯʘʩʪʚʫʝʪ 

ʛʣʠʢʦʧʨʦʪʝʠʥ gp120 ï ʦʜʥʘ ʠʟ ʩʫʙʲʝʜʠʥʠʮ Env. ɻʣʠʢʦʧʨʦʪʝʠʥ gp120 ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ 

ʚʠʨʫʩʥʦʡ ʦʙʦʣʦʯʢʝ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʴʶ Env 

ï ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ gp41. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ Env, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʠʢʨʝʧʣʝʥʠʝ ʚʠʨʫʩʘ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʥʝʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʠʤʝʪʨ ʛʝʪʝʨʦʜʠʤʝʨʦʚ 

gp120/gp41 [95ï97]. ʇʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ gp120 ʩ CD4 ʚ ʥʝʤ ʧʨʦʠʩʭʦʜʷʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʨʳʪʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʢʦ-ʨʝʮʝʧʪʦʨʘ ï ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʭʝʤʦʢʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ: CCR5 ʠʣʠ CXCR4. 

ʇʦʩʣʝ ʩʚʷʟʳʚʘʥʠ ̫ ʢʦʨʝʮʝʧʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ gp41, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʛʠʜʨʦʬʦʙʥʳʤ ʧʝʧʪʠʜʘʤ gp41 ʚʩʪʨʦʠʪʴʩʷ ʚ ʤʝʤʙʨʘʥʫ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʣʠʷʥʠʝ. 

ɹʣʦʢʠʨʦʚʘʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʩʪʘʥʦʚʠʪʴ ʝʝ 

ʨʘʟʚʠʪʠʝ ʥʘ ʩʘʤʦʤ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ. ʉ ʮʝʣʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠ ̫ʩʚʷʟʳʚʘʥʠʷ ʚʠʨʫʩʘ ʩ 

ʨʝʮʝʧʪʦʨʘʤʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠ ̫ʝʛʦ ʚʭʦʜʘ ʚ ʢʣʝʪʢʫ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʦ 4 ʪʠʧʘ 

ʠʥʛʠʙʠʪʦʨʦʚ: 

1. ʄʘʨʘʚʠʨʦʢ, ʥʘʟʳʚʘʝʤʳʡ çʘʥʪʘʛʦʥʠʩʪʦʤ ʭʝʤʦʢʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘè, ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʢʦʨʝʮʝʧʪʦʨʦʤ CCR5, ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ gp120.  

2. ʕʥʬʫʚʠʨʪʠʜ, ʠʥʛʠʙʠʪʦʨ ʩʣʠʷʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʝʧʪʠʜ, 

ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ gp41, ʙʣʦʢʠʨʫʷ ʩʣʠʷʥʠʝ ʚʠʨʫʩʥʦʡ ʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥ.  

3. ʀʙʘʣʠʟʫʤʘʙ, ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʜʦʤʝʥʦʤ CD4 ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʪʘʧʘʤ ʧʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʚʠʨʫʩʘ, ʥʝʦʙʭʦʜʠʤʳʤ 

ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ɺʀʏ-1 ʚ ʢʣʝʪʢʫ. 

4. ʌʦʩʪʝʤʩʘʚʠʨ, ʠʥʛʠʙʠʪʦʨ ʧʨʠʢʨʝʧʣʝʥʠʷ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ gp120 ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ CD4. 
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2.2.1.1. ʄʘʨʘʚʠʨʦʢ 

 

ʄʘʨʘʚʠʨʦʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ Pfizer ʚ ʧʨʦʮʝʩʩʝ ʩʢʨʠʥʠʥʛʘ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʪʘʛʦʥʠʩʪʦʚ ʢʦʨʝʮʝʧʪʦʨʘ CCR5 [98] ʠ ʦʜʦʙʨʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʩʦʩʪʘʚʝ ɸʈɺʊ ʚ 2007 ʛʦʜʫ. ʀʤʠʜʘʟʦʧʠʨʠʜʠʥ (UK-107,543) ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʣʠʛʘʥʜʦʚ ʠ ʩʪʘʣ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ: ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʘ ̫ʘʢʪʠʚʥʦʩʪ,ɹ ʘʙʩʦʨʙʮʠ ̫ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ, ʘ ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪ ɹ

ʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʦʪʦʙʨʘʥ ʤʘʨʘʚʠʨʦʢ (UK-427,857), ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

in vitro ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ [99] (ʈʠʩ. 10).  

 

 

ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʳ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʘ UK-107,543 ʠ ʤʘʨʘʚʠʨʦʢʘ. 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʤʘʨʘʚʠʨʦʢ ʠʥʛʠʙʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ gp120 ɺʀʏ-1 ʩ CCR5; ʦʥ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʥʳʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ɸʈɺʊ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʱʠʤ ʥʝ ʩ ʚʠʨʫʩʥʳʤ, ʘ ʩ ʢʣʝʪʦʯʥʳʤ 

ʙʝʣʢʦʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʮʝʧʪʦʨ ʭʝʤʦʢʠʥʦʚ CCR5 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ T-ʢʣʝʪʦʢ 

ʷʚʣʷʝʪʩʷ ʢʦʨʝʮʝʧʪʦʨʦʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʝʨʝʜʘʶʱʠʭʩʷ ʰʪʘʤʤʦʚ ɺʀʏ-1, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʥʬʝʢʮʠʠ ʠ ʦʩʪʘʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʫ ʙʦʣʝʝ 

ʯʝʤ ʧʦʣʦʚʠʥʳ ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʟʜʥʝʡ ʩʪʘʜʠʝʡ ɺʀʏ-ʠʥʬʝʢʮʠʠ [100]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʘʨʘʚʠʨʦʢ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʙʨʘʪʥʳʡ ʘʛʦʥʠʩʪ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʩʪʘʙʠʣʠʟʘʮʠʠ CCR5 ʚ 
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ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ [99,101]. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʘʨʘʚʠʨʦʢ 

ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʢʘʨʤʘʥʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ ʜʦʤʝʥʦʤ CCR5, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʝʪʝʣʴ ʨʝʮʝʧʪʦʨʘ. ʊʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʤʠʪʠʨʫʝʪ çʥʫʣʝʚʦʡè ʬʝʥʦʪʠʧ ȹ32 ʫ ʣʶʜʝʡ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʚʠʜʠʤʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ ʠʣʠ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ [102].  

ʀʥʬʝʢʮʠʷ ɺʀʏ-1 ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʨʝʮʝʧʪʦʨʘ, ʢʦʪʦʨʳʡ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ, ʘ ʠʤʝʥʥʦ 

ʭʝʤʦʢʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ 5 (CCR5) ʠʣʠ ʭʝʤʦʢʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ 4 CXC (CXCR4). ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʦʨʝʮʝʧʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʠʨʫʩʦʤ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, 

ʚʳʜʝʣʷʶʪ CCR5- ʠ CXCR4-ʪʨʦʧʥʳʝ ʚʠʨʫʩʳ. ʄʘʨʘʚʠʨʦʢ ʧʦʢʘʟʘʥ ʪʦʣʴʢʦ ʜʣʷ ʣʝʯʝʥʠʷ 

ʚʟʨʦʩʣʳʭ ʩ CCR5-ʪʨʦʧʥʳʤ ʚʠʨʫʩʦʤ ɺʀʏ-1 ʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

CXCR4-ʪʨʦʧʥʦʛʦ ʚʠʨʫʩʘ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʠʝʤʘ ʤʘʨʘʚʠʨʦʢʘ ʢʨʘʡʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʨʷʪʴ ʧʘʮʠʝʥʪʦʚ ʥʘ ʪʨʦʧʠʟʤ CCR5, ʠʩʧʦʣʴʟʫʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʪʨʦʧʠʟʤʘ. 

ʄʘʨʘʚʠʨʦʢ ʦʜʦʙʨʝʥ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ, ʫʞʝ ʧʨʠʥʠʤʘʚʰʠʭ ʨʘʥʝʝ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʢ ʢʦʪʦʨʳʤ ʚʳʨʘʙʦʪʘʣʘʩʴ ʚʠʨʫʩʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ 

ʧʘʮʠʝʥʪʦʚ, ʚʧʝʨʚʳʝ ʧʨʠʥʠʤʘʶʱʠʭ ɸʈɺʊ [103,104]. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ɸʈɺʇ ʦʥ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʨʦʜʠʚʰʠʭʩʷ 

ʜʦʥʦʰʝʥʥʳʤʠ, ʩ ʤʘʩʩʦʡ ʪʝʣʘ ʙʦʣʴʰʝ 2 ʢʛ, ʜʝʪʝʡ, ʧʦʜʨʦʩʪʢʦʚ ʠ ʚʟʨʦʩʣʳʭ [105ï107]. 

ɺʝʜʫʪʩʷ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʨʝʮʝʧʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʤʘʨʘʚʠʨʦʢʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʜʣʠʪʝʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʜʦʢʦʥʪʘʢʪʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ɺʀʏ-1 [108,109]. ʂʨʦʤʝ ʪʦʛʦ, 1 ʬʘʟʘ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʘʨʘʚʠʨʦʢ ʤʦʞʝʪ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʪ ʟʘʨʘʞʝʥʠʷ ɺʀʏ-1 ʚ ʧʝʨʚʳʝ 6 ʥʝʜʝʣ ɹʞʠʟʥʠ [106].  

ʆʩʦʙʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʤʘʨʘʚʠʨʦʢʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʪʘʢʞʝ ʦʪʣʠʯʥʳʡ ʦʪ 

ʜʨʫʛʠʭ ɸʈɺʇ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʠʨʫʩʘ ʢ 

ʤʘʨʘʚʠʨʦʢʫ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ ʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʨʦʧʠʟʤʘ ɺʀʏ-1 ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʥʝʙʦʣʴʰʠʝ 

ʨʝʟʝʨʚʫʘʨʳ CXCR4-ʪʨʦʧʥʦʛʦ ʚʠʨʫʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʪʘʢʠʭ 

ʰʪʘʤʤʦʚ ɺʀʏ-1 ʫʞʝ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʠʝʤʘ ʤʘʨʘʚʠʨʦʢʘ [110,111]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʤʫʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ V3 ʛʣʠʢʦʧʨʦʪʝʠʥʘ gp120, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʚʠʨʫʩʘ ʢ ʤʘʨʘʚʠʨʦʢʫ [112,113].  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʤʘʨʘʚʠʨʦʢ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʜʦʙʨʝʥʥʳʤ 

ʘʥʪʘʛʦʥʠʩʪʦʤ ʭʝʤʦʢʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʚ 
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ʢʣʝʪʢʫ [114]. ɹʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ɺʀʏ-1 ʚ ʢʣʝʪʢʫ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ CXCR4, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [115].  

 

2.2.1.2. ʕʥʬʫʚʠʨʪʠʜ 

 

ʕʥʬʫʚʠʨʪʠʜ ʠʣʠ ʊ20, ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ ʌʫʟʝʦʥ ð ʵʪʦ ʧʝʧʪʠʜ ʠʟ 36 ʘʤʠʥʦʢʠʩʣʦʪ, 

ʦʥ ʙʳʣ ʦʜʦʙʨʝʥ FDA 13 ʤʘʨʪʘ 2003 ʛ. ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʩʣʠʷʥʠʷ ɺʀʏ-1 ʩ 

ʢʣʝʪʢʦʡ. ʇʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʥʬʫʚʠʨʪʠʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ gp41 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʨʫʩʘ [116]. ʕʥʬʫʚʠʨʪʠʜ ʚʚʦʜʠʪʩʷ ʧʘʮʠʝʥʪʘʤ 

ʧʫʪʝʤ ʧʦʜʢʦʞʥʦʡ ʠʥʲʝʢʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-1-ʠʥʬʝʢʮʠʠ ʚ ʩʦʩʪʘʚʝ 

ɸʈɺʊ ʫ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʥʝ ʧʦʤʦʛʣʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʣʝʯʝʥʠʷ [117].  

ʅʘʜʦ, ʦʜʥʘʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʥʬʫʚʠʨʪʠʜ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʝʤʝ ʠ ʙʳʩʪʨʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʟʘ ʧʨʦʰʝʜʰʠʝ ʩ ʦʪʢʨʳʪʠʷ ʵʥʬʫʚʠʨʪʠʜʘ ʛʦʜʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʮʠʡ ʚ ʩʦʩʪʘʚʝ gp41, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʝʨʴʝʟʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʘʥʥʦʤʫ ʧʨʝʧʘʨʘʪʫ [118,119]. ʊʘʢ, ʚʳʜʝʣʝʥʳ ʠʟʦʣʷʪʳ ɺʀʏ-1 ʩʦ 

ʩʥʠʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʵʥʬʫʚʠʨʪʠʜʫ, ʩʦʜʝʨʞʘʱʠʝ ʟʘʤʝʥ r ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ 36ï38 gp41. ʕʪʠ ʟʘʤʝʥʳ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʩʥʠʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʵʥʬʫʚʠʨʪʠʜʫ ʫ ʚʘʨʠʘʥʪʦʚ ʚʠʨʫʩʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʫʪʘʮʠʷʤʠ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʜʦʣʞʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʧʦʧʳʪʢʠ ʢʘʢ ʫʣʫʯʰʠʪʴ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʫ 

ʩʘʤʦʛʦ ʵʥʬʫʚʠʨʪʠʜʘ, ʪʘʢ ʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʧʝʧʪʠʜʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʣʠʷʥʠʷ [117]. ʊʘʢ, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʵʥʬʫʚʠʨʪʠʜʘ ʧʨʦʚʦʜʠʪʩʷ ʝʛʦ ʇʕɻʠʣʠʨʦʚʘʥʠʝ ï 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʢʦʥʮʫ ʧʝʧʪʠʜʘ ʦʩʪʘʪʢʘ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʩʯʠʪʘʝʪʩʷ ʇʕɻʠʣʠʨʦʚʘʥʠʝ ʧʦ N-ʢʦʥʮʫ ʵʥʬʫʚʠʨʪʠʜʘ, ʢʦʪʦʨʦʝ ʚ ʤʳʰʠʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʫʣʫʯʰʠʣʦ ʢʘʢ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʪʘʢ ʠ ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʙʝʟ 

ʟʘʤʝʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʧʝʧʪʠʜʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʩʣʠʷʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʉʠʬʫʚʠʨʪʠʜ (SFT) ð ʧʝʧʪʠʜ ʠʟ 36 ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʥʘ ʦʩʥʦʚʝ ʚʩʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ gp41. SFT ʦʙʣʘʜʘʝʪ ʣʫʯʰʠʤʠ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʵʥʬʫʚʠʨʪʠʜ [120]. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʠʤʝʝʪ 

ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ ʵʥʬʫʚʠʨʪʠʜʘ, ʥʦ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʝʥ ʧʨʦʪʠʚ ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʝʤʫ ʰʪʘʤʤʦʚ. ʂʘʢ ʠ ʵʥʬʫʚʠʨʪʠʜ, SFT ʪʘʢʞʝ 
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ʜʦʩʪʘʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʜʢʦʞʥʦʡ ʠʥʲʝʢʮʠʠ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʣʘʶʪ ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʧʨʝʚʦʩʭʦʜʥʳʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ɸʈɺʊ. SFT ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ 

ʥʘ III ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʂʠʪʘʝ [117]. 

 

2.2.1.3. ʀʙʘʣʠʟʫʤʘʙ 

 

ɺ 2018 ʛʦʜʫ ʚ ʉʐɸ ʙʳʣ ʦʜʦʙʨʝʥ ʠʥʛʠʙʠʪʦʨ ʠʙʘʣʠʟʫʤʘʙ ð 

ʥʝʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʝ ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʦʝ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ IgG4, ʢʦʪʦʨʦʝ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ CD4 ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ, 

ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠ ̫ɺʀʏ-1 ʚ ʢʣʝʪʢʠ [121]. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʧʨʦʜʘʝʪʩʷ ʧʦʜ 

ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ ʊʨʦʛʘʨʟʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ɸʈɺʊ ʫ 

ʧʘʮʠʝʥʪʦʚ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺʀʏ-1 ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʫ 

ʢʦʪʦʨʳʭ ʪʝʢʫʱʠʡ ʨʝʞʠʤ ɸʈɺʊ ʦʢʘʟʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʜʦʟʘ 

ʠʙʘʣʠʟʫʤʘʙʘ ð ʦʜʥʦʢʨʘʪʥʘʷ ʚʥʫʪʨʠʚʝʥʥʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʜʦʟʘ 2000 ʤʛ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʥʫʪʨʠʚʝʥʥʦʡ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʜʦʟʦʡ 800 ʤʛ ʦʜʠʥ ʨʘʟ ʚ 2 ʥʝʜʝʣʠ. ʀʙʘʣʠʟʫʤʘʙ ʙʳʣ 

ʧʝʨʚʳʤ ʦʜʦʙʨʝʥʥʳʤ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʪʨʝʙʫʝʪ ʝʞʝʜʥʝʚʥʦʛʦ 

ʧʨʠʸʤʘ. ʆʥ ʙʣʦʢʠʨʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ɺʀʏ-1 ʚ ʢʣʝʪʢʠ CD4+, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ 

ʥʦʨʤʘʣʴʥʫʶ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ CD4-ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʠʥʛʠʙʠʪʦʨʦʤ ɺʀʏ-1 ʠ ʧʝʨʚʳʤ ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʳʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʦʤ ʜʣʷ 

ʣʝʯʝʥʠʷ ɺʀʏ/ʉʇʀɼʘ [122,123]. ɺʘʞʥʦ, ʯʪʦ ʜʣʷ ʠʙʘʣʠʟʫʤʘʙʘ ʭʘʨʘʢʪʝʨʥʳ ʤʠʥʠʤʘʣʴʥʳʝ 

ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʨʝʩʪʥʦʡ ʨʝʟʠʩʪʠʪʝʥʪʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ɸʈɺʊ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʙʘʣʠʟʫʤʘʙʘ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-

ʠʥʬʝʢʮʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ.   

 

2.2.1.4. ʌʦʩʪʝʤʩʘʚʠʨ ʠ ʪʝʤʩʘʚʠʨ 

 

ɺ 2020 ʛʦʜʫ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʙʳʣ ʦʜʦʙʨʝʥ ʧʨʝʧʘʨʘʪ ʬʦʩʪʝʤʩʘʚʠʨ 

(RukobiaTM). ʆʜʦʙʨʝʥʠʝ ʬʦʩʪʝʤʩʘʚʠʨʘ ʷʚʠʣʦʩʴ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʜʣʷ ʣʶʜʝʡ, 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺʀʏ-1 ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ 

ʥʦʚʦʤʫ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ ʬʦʩʪʝʤʩʘʚʠʨʘ ʠ ʦʪʩʫʪʩʪʚʠʶ ʧʝʨʝʢʨʝʩʪʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʩ ʜʨʫʛʠʤʠ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. 
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ʌʦʩʪʝʤʩʘʚʠʨ (BMS-663068) (ʈʠʩ. 11) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʧʦ-ʬʦʨʤʫ 

(ʧʨʦʣʝʢʘʨʩʪʚʦ) ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʪʝʤʩʘʚʠʨʘ (BMS-626529), ʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ gp120 ʠ ʙʣʦʢʠʨʦʚʘʥʠʠ 

ʧʨʠʢʨʝʧʣʝʥʠ ̫ʚʠʨʫʩʘ ʢ CD4+ ʊ-ʢʣʝʪʢʘʤ. ʊʝʤʩʘʚʠʨ ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʫʯʘʩʪʢʦʤ gp120, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʨʷʜʦʤ ʩ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ 

ʧʦʩʣʝʜʥʝʛʦ ʩ CD4, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ gp120, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢ ʨʝʮʝʧʪʦʨʫ CD4 ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ [124]. ʊʝʤʩʘʚʠʨ ʚ in vitro ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʤʝʣ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʝʝ 10 ʥʄ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʦʣʷʪʦʚ ɺʀʏ-1. ʇʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʤʩʘʚʠʨʘ in 

vitro ʦʙʳʯʥʦ ʥʝ ʙʳʣʘ ʩʚʷʟʘʥʘ ʥʠ ʩ ʪʨʦʧʠʟʤʦʤ, ʥʠ ʩ ʧʦʜʪʠʧʦʤ ʚʠʨʫʩʘ [125].  

ʌʦʩʪʝʤʩʘʚʠʨ (BMS-663068) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ ʪʝʤʩʘʚʠʨʘ ʠ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ [126]. ʌʦʩʪʝʤʩʘʚʠʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʤʩʘʚʠʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʥʦʡ 

ʬʦʩʬʘʪʘʟʳ ʥʘ ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʰʝʯʥʠʢʘ [127]. 

 

 

ʈʠʩʫʥʦʢ 11. ʉʪʨʫʢʪʫʨʘ ʬʦʩʪʝʤʩʘʚʠʨʘ, ʪʝʤʩʘʚʠʨʘ ʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ BMS-378806 ʠ 

BMS-488043. 

 

ɺʦ ʚʨʝʤʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʫ ʧʘʮʠʝʥʪʦʚ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ɺʀʏ-1 ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʬʦʩʪʝʤʩʘʚʠʨ ʵʬʬʝʢʪʠʚʥʦ 

ʩʥʠʞʘʣ ʫʨʦʚʝʥɹ ʈʅʂ ɺʀʏ ʠ ʧʨʠʚʦʜʠʣ ʢ ʫʚʝʣʠʯʝʥʠ ʁʯʠʩʣʘ CD4+ ʊ-ʢʣʝʪʦʢ [128,129]. 
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ʌʦʩʪʝʤʩʘʚʠʨ ʙʳʣ ʦʜʦʙʨʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

(600 ʤʛ), ʧʨʠʥʠʤʘʝʤʳʭ ʧʝʨʦʨʘʣʴʥʦ ʜʚʘ ʨʘʟʘ ʚ ʜʝʥʴ. ʆʥ ʦʙʣʘʜʘʝʪ ʫʣʫʯʰʝʥʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʠ ʙʳʩʪʨʦ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ 

ʜʦ ʪʝʤʩʘʚʠʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʤ ʚ ʧʣʘʟʤʝ 

[130].  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʵʪʦʡ ʛʨʫʧʧʝ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʘʚʣʝʥʠʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ ʜʝʡʩʪʚʠʷ ʬʦʨʪʝʤʩʘʚʠʨʘ, ʠʥʛʠʙʠʪʦʨʘ ʩʣʠʷʥʠʷ ʵʥʬʫʚʠʨʪʠʜʘ, CD4-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʧʨʠʢʨʝʧʣʝʥʠʷ ʠʙʘʣʠʟʫʤʘʙʘ ʠ ʘʥʪʘʛʦʥʠʩʪʘ ʢʦʨʝʮʝʧʪʦʨʘ CCR5 

ʤʘʨʘʚʠʨʦʢʘ, ʦʥʠ ʥʝ ʠʤʝʶʪ ʧʝʨʝʢʨʝʩʪʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ [131]. 

ʇʦʠʩʢ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʮʝʣʝʥʥʳʭ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʙʝʣʢʘʤʠ, ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩ ̫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʭr ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ ʦʙʦʣʦʯʢʠ ɺʀʏ-1 ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ [132ï137].  

 

2.2.2. ʀʥʛʠʙʠʪʦʨʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʙʦʨʢʫ ʠ ʨʘʟʙʦʨʢʫ ʚʠʨʫʩʥʦʛʦ ʢʘʧʩʠʜʘ  

 

2.2.2.1. ʉʪʨʫʢʪʫʨʘ ʢʘʧʩʠʜʘ ʠ ʝʛʦ ʨʦʣʴ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ɺʀʏ-1 

 

ʀʥʬʝʢʮʠʷ ɺʀʏ-1 ʟʘʚʠʩʠʪ ʦʪ ʚʠʨʫʩʥʦʡ ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʨʝʮʝʧʪʦʨʦʤ CD4 ʭʦʟʷʠʥʘ ʠ ʢʦʨʝʮʝʧʪʦʨʘʤʠ CXCR4 ʠʣʠ CCR5 ʜʣʷ ʧʨʠʢʨʝʧʣʝʥʠʷ ʠ 

ʩʣʠʷʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʚʠʨʫʩʥʦʛʦ ʢʘʧʩʠʜʘ ʚ ʢʣʝʪʦʯʥʫʶ ʮʠʪʦʧʣʘʟʤʫ. 

ʂʘʧʩʠʜ ʩʦʜʝʨʞʠʪ ʚʠʨʫʩʥʳʡ ʈʅʂ-ʛʝʥʦʤ ʠ ʨʝʧʣʠʢʘʪʠʚʥʳʝ ʬʝʨʤʝʥʪʳ ʆʊ ʠ IN.  

ʂʘʞʜʳʡ ʢʘʧʩʠʜ ʩʦʩʪʦʠʪ ʠʟ ~250 ʛʝʢʩʘʤʝʨʦʚ ʠ ʨʦʚʥʦ 12 ʧʝʥʪʘʤʝʨʦʚ, ʩʦʙʨʘʥʥʳʭ 

ʠʟ ~1500 ʢʦʧʠʡ ʤʦʥʦʤʝʨʥʳʭ ʢʘʧʩʠʜʥʳʭ ʙʝʣʢʦʚ (CA) [138]. ɹʝʣʦʢ CA ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʣʠʯʥʳʭ ʜʦʤʝʥʘ, N-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ (CA-NTD) ʠ C-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ (CA-

CTD), ʩʦʝʜʠʥʝʥʥʳʝ ʛʠʙʢʠʤ ʣʠʥʢʝʨʦʤ. ʉʙʦʨʢʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʦʣʦʯʢʠ ʢʘʧʩʠʜʘ 

ʦʙʫʩʣʦʚʣʝʥʳ ʪʨʝʤʷ ʚʠʜʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʩʫʙʲʝʜʠʥʠʮʘʤʠ CA: (1) ʚʥʫʪʨʠʛʝʢʩʘʤʝʨʥʳʝ ʢʦʥʪʘʢʪʳ NTD-NTD ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ CA ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʛʝʢʩʘʤʝʨʳ ʠ ʧʝʥʪʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʢʘʧʩʠʜʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʨʫ, (2) 

ʚʥʫʪʨʠʛʝʢʩʘʤʝʨʥʳʝ ʢʦʥʪʘʢʪʳ NTD-CTD ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ CA 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʛʝʢʩʘʤʝʨʳ ʠ ʧʝʥʪʘʤʝʨʳ, ʠ (3) 
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ʤʝʞʛʝʢʩʘʤʝʨʥʳʝ ʢʦʥʪʘʢʪʳ CTD-CTD ʫʯʘʩʪʚʫʶʪ ʚ ʜʠʤʝʨʥʳʭ ʠ ʪʨʠʤʝʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʩʚʷʟʳʚʘʷ ʦʪʜʝʣʴʥʳʝ ʛʝʢʩʘʤʝʨʳ ʠ ʧʝʥʪʘʤʝʨʳ [139].  

ʇʦ ʩʝʪʠ ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʢʘʧʩʠʜ ʧʨʦʭʦʜʠʪ ʢ ʷʜʝʨʥʦʡ ʤʝʤʙʨʘʥʝ ʠ ʟʘʪʝʤ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʷʟʳʚʘʝʪ ʥʫʢʣʝʦʧʦʨʠʥ Nup358 ʠ ʜʨʫʛʠʝ ʢʣʝʪʦʯʥʳʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʤʧʦʨʪʫ ʢʘʧʩʠʜʘ ʚ ʷʜʨʦ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩ ʷʜʝʨʥʦʡ ʧʦʨʳ ʚ 

ʠʥʪʘʢʪʥʦʤ ʠʣʠ ʧʦʣʫʠʥʪʘʢʪʥʦʤ ʚʠʜʝ [140]. ɺ ʷʜʝʨʥʦʤ ʠʤʧʦʨʪʝ ʢʘʧʩʠʜʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ 

ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ CPSF6 (ʩleavage and polyadenylation specificity factor subunit 6), 

ʥʫʢʣʝʦʧʦʨʠʥ Nup153 ʠ ʪʨʘʥʩʧʦʨʪʠʥ 1 (TRN-1) [139]. ʇʦ ʤʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʢʘʧʩʠʜʦʚ ʢ 

ʷʜʨʫ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ, ʢʦʪʦʨʘʷ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʷʜʨʝ, ʢʘʧʩʠʜ 

ʨʘʟʙʠʨʘʝʪʩʷ, ʠʟ ʥʝʛʦ ʚʳʭʦʜʠʪ ʚʠʨʫʩʥʘʷ ɼʅʂ, ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʛʝʥʦʤ ʢʣʝʪʢʠ 

[141].  

ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʢʘʢ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʢʘʧʩʠʜʘ ɺʀʏ-1 ʚ ʨʘʟʚʠʪʠʠ 

ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʪʘʢ ʠ ʟʥʘʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʘʧʩʠʜʘ ʩ ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʠʨʫʩʥʳʡ ʢʘʧʩʠʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʤʠʰʝʥʴ 

ʜʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʣʠʙʦ ʩʙʦʨʢʠ ʢʘʧʩʠʜʘ, ʣʠʙʦ ʝʛʦ 

ʨʘʟʙʦʨʢʠ ʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʬʝʢʮʠʶ.  

 

2.2.2.2. ʀʥʛʠʙʠʪʦʨʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʠʨʫʩʥʳʡ ʢʘʧʩʠʜ. 

ʃʝʥʘʢʘʧʘʚʠʨ  

 

ʇʝʨʚʳʤ ʭʦʨʦʰʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʷʚʣʷʣʩʷ 

PF74. ʆʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʠʠ GS-CA: GS-

CA1 ʠ GS-6207 (ʣʝʥʘʢʘʧʘʚʠʨ) (ʈʠʩ. 12), ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʘʥʘʣʦʛʠʯʥʳʡ PF74 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʘʨʢʘʩ, ʥʦ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ [142]. ɺʩʝ ʪʨʠ ʠʥʛʠʙʠʪʦʨʘ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʢʘʨʤʘʥʝ ʚ ʤʝʞʩʫʙʲʝʜʠʥʠʯʥʦʤ ʠʥʪʝʨʬʝʡʩʝ NTD-CTD ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʧʩʠʜʘ (ʈʠʩ. 12). ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʩ ʵʪʠʤ ʞʝ ʢʘʨʤʘʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ CPSF6 ʠ Nup153, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʛʠʙʠʪʦʨʳ ʥʘʨʫʰʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʧʩʠʜʘ ʩ ʵʪʠʤʠ ʙʝʣʢʘʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʘʧʩʠʜʘ ʚ ʷʜʨʦ [143].  

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʣʝʥʘʢʘʧʘʚʠʨʘ ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʚ 2022 ʛʦʜʫ ʥʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ɸʈɺʊ, ʥʘʟʚʘʥʥʦʛʦ Sunlenca. ʅʘʜʦ ʦʪʤʝʪʠʪʴ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʣʝʥʘʢʘʧʘʚʠʨʘ. ɽʛʦ ʩʨʝʜʥʷʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

(EC50) ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ MT-4, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺʀʏ-1, ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 105 ʧʄ, ʯʪʦ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ EC50 ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ɸʈɺʇ [144]. ʊʘʢʞʝ ʧʠʢʦʤʦʣʷʨʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ EC50 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʧʝʨʚʠʯʥʳʭ CD4
+ T-ʢʣʝʪʢʘʭ (32 ʧʄ) ʠ ʥʘ 

ʤʘʢʨʦʬʘʛʘʭ (56 ʧʄ), ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺʀʏ-1.  

 

 

ʈʠʩʫʥʦʢ 12. ʉʪʨʫʢʪʫʨʳ ʠʥʛʠʙʠʪʦʨʦʚ ʨʘʟʙʦʨʢʠ ʢʘʧʩʠʜʘ ɺʀʏ-1. 

 

ʃʝʥʘʢʘʧʘʚʠʨ ð ʧʝʨʚʳʡ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ ʠʥʛʠʙʠʪʦʨ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʉʨʝʜʥʠʡ ʧʝʨʠʦʜ ʝʛʦ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʧʦʩʣʝ ʧʝʨʦʨʘʣʴʥʦʛʦ ʠʣʠ ʧʦʜʢʦʞʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 12 ʜʥʝʡ ʠ ʦʪ 8 ʜʦ 12 ʥʝʜʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [145]. 

ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʣʝʥʘʢʘʧʘʚʠʨʘ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʝʤʝ ʩʦʩʪʘʚʣʷʝʪ 6ï10 %, ʘ ʧʠʢ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʯʝʨʝʟ 4 ʯʘʩʘ. ʇʨʠ ʧʦʜʢʦʞʥʦʤ ʚʚʝʜʝʥʠʠ 

ʣʝʥʘʢʘʧʘʚʠʨ ʤʝʜʣʝʥʥʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʤʝʩʪʘ ʠʥʲʝʢʮʠʠ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʯʝʨʝʟ 84 ʜʥʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʣʝʥʘʢʘʧʘʚʠʨ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʯʘʩʪʴ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʩ ʠʥʪʝʨʚʘʣʦʤ 

ʤʝʞʜʫ ʜʦʟʘʤʠ ʜʦ 6 ʤʝʩʷʮʝʚ ʠʣʠ ʧʝʨʦʨʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʩ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʜʦʟʘʤʠ ʜʦ 

ʥʝʜʝʣʠ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪʴ ʩʭʝʤʫ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʘʮʠʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʣʝʥʘʢʘʧʘʚʠʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʣʷ ʜʦʢʦʥʪʘʢʪʥʦʡ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʨʘʞʝʥʠʷ ɺʀʏ-1 [146].  

ʃʝʥʘʢʘʧʘʚʠʨ ʚʦ ʤʥʦʛʦʤ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ɸʈɺʊ ʦʥ ʩʧʦʩʦʙʝʥ ʠʥʛʠʙʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ɺʀʏ-1. ʄʥʦʛʦʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʣʝʥʘʢʘʧʘʚʠʨʘ ʦʩʥʦʚʘʥ ʥʘ ʝʛʦ 
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ʧʨʦʯʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʢʘʨʤʘʥʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʤʦʥʦʤʝʨʘʤʠ CA, ʧʨʠ ʵʪʦʤ ʩ ʢʘʞʜʳʤ ʛʝʢʩʘʤʝʨʦʤ CA ʩʚʷʟʳʚʘʝʪʩʷ ʰʝʩʪ ɹ ʤʦʣʝʢʫʣ 

ʣʝʥʘʢʘʧʘʚʠʨʘ [144]. ʄʝʞʜʫ ʠʥʛʠʙʠʪʦʨʦʤ ʠ ʛʠʜʨʦʬʦʙʥʳʤ ʢʘʨʤʘʥʦʤ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʦʤʫ ʛʝʢʩʘʤʝʨʫ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʙʦʨʢʝ ʢʘʧʩʠʜʘ ʚ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʣʝʥʘʢʘʧʘʚʠʨ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʢʘʧʩʠʜʘ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ CPSF6 ʠ Nup153, ʚʘʞʥʳʤʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʢʘʧʩʠʜʘ ʚ ʷʜʨʦ ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʠʥʪʝʛʨʘʮʠʶ ʚ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ [147]. ʅʘ 

ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ ʣʝʥʘʢʘʧʘʚʠʨ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʘʚʠʣʴʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʧʩʠʜʘ ʧʫʪʝʤ ʥʘʨʫʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʘʩʩʦʮʠʘʮʠʠ ʤʦʥʦʤʝʨʦʚ ʉɸ [143,147]. 

ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʣʝʥʘʢʘʧʘʚʠʨ ʤʝʰʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʛʝʢʩʘʤʝʨʘ ʉɸ ʩ ʢʣʝʪʦʯʥʳʤ 

ʙʝʣʢʦʤ Sec24C, ʢʦʪʦʨʳʡ ʤʠʛʨʠʨʫʝʪ ʚʤʝʩʪʝ ʩ ʢʘʧʩʠʜʦʤ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠʥʬʠʮʠʨʦʚʘʥʥʦʡ 

ʢʣʝʪʢʠ ʠ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʢʘʧʩʠʜʘ ʚ ʷʜʨʦ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʪʦʛʦ ʙʝʣʢʘ 

ʚ ʢʣʝʪʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʧʩʠʜʘ ɺʀʏ-1 ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʷʜʝʨʥʳʡ ʠʤʧʦʨʪ ʠ ʠʥʬʝʢʮʠʦʥʥʦʩʪʴ ʚʠʨʫʩʘ [148]. 

ɼʣʷ ʣʝʥʘʢʘʧʘʚʠʨʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʨʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʜʨʫʛʠʤ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʣʘʩʩʘʤ ɸʈɺʇ [149,150]. ʆʥ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʰʪʘʤʤʦʚ ɺʀʏ-1 ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʚ, 

ʫʩʪʦʡʯʠʚʳʭ ʢʦ ʚʩʝʤ ʦʜʦʙʨʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɸʈɺʇ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ [151], ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ ʪʷʞʝʣʳʭ ʧʘʮʠʝʥʪʦʚ, 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʤʫʣʴʪʠʨʝʟʠʩʪʝʥʪʥʳʤ ʚʠʨʫʩʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʣʝʥʘʢʘʧʘʚʠʨʘ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ M66I, Q67H, K70R ʠ N74D ʚ ʤʦʥʦʤʝʨʝ ʉɸ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʣʝʥʘʢʘʧʘʚʠʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʚʳʨʘʙʦʪʢʝ 

ʚʠʨʫʩʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʵʪʦʤʫ ʠʥʛʠʙʠʪʦʨʫ. ʀʟ ʚʩʝʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʘʤʝʥ, ʟʘʤʝʥʘ M66I 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʣʝʥʘʢʘʧʘʚʠʨʫ [143,150].  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʧʝʭ ʣʝʥʘʢʘʧʘʚʠʨʘ ʢʘʢ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ɸʈɺʇ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʠʧʦʚ ʠʥʛʠʙʠʪʦʨʦʚ 

ʨʘʟʙʦʨʢʠ ʚʠʨʫʩʥʦʛʦ ʢʘʧʩʠʜʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʘʢʪʠʚʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ 

ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ, ʫʩʪʦʡʯʠʚr ʭ ʢ ʣʝʥʘʢʘʧʘʚʠʨʫ [152ï154]. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʠ ʦʜʥʦ ʠʟ 

ʩʦʟʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʨʘʚʥʠʤʦʡ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʣʝʥʘʢʘʧʘʚʠʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʧʩʠʜʦʤ ʚ ʪʦʤ ʞʝ ʩʘʡʪʝ, 

ʯʪʦ ʠ ʣʝʥʘʢʘʧʘʚʠʨ, ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʟʠʩʪʝʥʪʥʳʤ 

ʢ ʣʝʥʘʢʘʧʘʚʠʨʫ ʰʪʘʤʤʘʤ ʚʠʨʫʩʘ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʘ.  
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2.2.3. ʉʦʝʜʠʥʝʥʠʷ, ʙʣʦʢʠʨʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʩ ʢʣʝʪʦʯʥʳʤʠ 

ʙʝʣʢʘʤʠ 

 

ʀʟ ʚʩʝʭ ʙʝʣʢʦʚ ɺʀʏ-1 ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʙʣʘʜʘʝʪ IN: 

ʧʦʤʠʤʦ ʩʪʘʜʠʠ ʠʥʪʝʛʨʘʮʠʠ ʦʥʘ ʫʯʘʩʪʚʫʝʪ ʠ ʚ ʜʨʫʛʠʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʘ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʟʥʳʤʠ ʚʠʨʫʩʥʳʤʠ ʠ ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ [10,155]. ʊʘʢ, ʠʟʚʝʩʪʥʦ, 

ʯʪʦ IN ʠ ʆʊ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʥʘʨʫʰʝʥʠʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ [156]. IN 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʠʨʫʩʥʦʡ ʛʝʥʦʤʥʦʡ ʈʅʂ ʠ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʘʞʥʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʚʠʨʫʩʥʦʡ ʈʅʂ ʚ ʢʘʧʩʠʜ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʢʣʝʪʢʝ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ [157]. ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʠ ʚ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ 

ʠʥʪʝʛʨʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ IN 

[158,159]. ʇʦʥʷʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IN ʩ ʝʝ ʚʠʨʫʩʥʳʤʠ ʠ ʢʣʝʪʦʯʥʳʤʠ 

ʧʘʨʪʥʝʨʘʤʠ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʩʦʟʜʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ, ʙʣʦʢʠʨʫʶʱʠʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ IN ʠ ʝʝ 

ʧʘʨʪʥʝʨʘʤʠ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ [160,161].  

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʠ ʦʜʠʥ ʠʟ ʙʣʦʢʘʪʦʨʦʚ ʩʚʷʟʳʚʘʥʠʷ IN ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ ʥʝ ʫʪʚʝʨʞʜʝʥ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʦʜʥʘʢʦ ʤʳ 

ʚʢʣʶʯʠʣʠ ʠʭ ʚ ʥʘʩʪʦʷʱʠʡ ʦʙʟʦʨ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ɸʈɺʊ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʙʣʦʢʘʪʦʨʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ IN ʩ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ ʧʘʨʪʥʝʨʦʚ ð LEDGF/p75.  

 

LEDGF/p75 (lens epithelium-derived growth factor) - ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ 

ʭʨʦʤʘʪʠʥʦʤ ʢʦʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ - ʚʳʜʝʣʷʝʪʩʷ ʩʨʝʜʠ ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ 

ʧʘʨʪʥʝʨʦʚ IN ʪʝʤ, ʯʪʦ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʡ 

ʢɼʅʂ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ [158,162ï164]. IN 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ LEDGF/p75 ʚ ʚʠʜʝ ʪʝʪʨʘʤʝʨʘ [162]; ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʙʝʣʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ C-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ LEDGF/p75 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʜʚʫʤʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʜʦʤʝʥʘʤʠ IN [165].  

ʈʦʣʴ LEDGF/p75 ʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ, ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʘ ʩ IN, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʢʘʤʠ, ʤʘʨʢʠʨʫʶʱʠʤʠ ʘʢʪʠʚʥʦ 

ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʧʨʘʚʣʷʝʪ ʠʥʪʝʛʨʘʮʠʶ ʠʤʝʥʥʦ ʚ 

ʵʪʠ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ LEDGF/p75 ʠʥʪʝʛʨʘʮʠʷ ʠʜʝʪ ʚ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ɼʅʂ 

ʠ ʝʝ ʫʨʦʚʝʥʴ ʧʦʯʪʠ ʚ 10 ʨʘʟ ʥʠʞʝ [166].  
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ʇʝʨʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʠ LEDGF/p75 ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʢʦʣʦ 15 ʣʝʪ 

ʥʘʟʘʜ [167]. ɺʩʝ ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ IN ʚ ʩʘʡʪʝ, ʦʪʣʠʯʥʦʤ ʦʪ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ɼʅʂ, 

ʧʦʵʪʦʤʫ ʠʭ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ IN. ʉʚʷʟʳʚʘʥʠʝ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʛʝʦʤʝʪʨʠʶ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ, 

ʤʦʞʝʪ ʙʣʦʢʠʨʦʚʘʪʴ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ, ʠ/ʠʣʠ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʝʨʤʝʥʪʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʤʫʣʴʪʠʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʘ ʮʝʣʘʷ ʩʝʨʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ 

LEDGF/p75, ʠʟʚʝʩʪʥʳʭ ʧʦʜ ʨʘʟʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ: LEDGIN, ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ 

ʠʥʛʠʙʠʪʦʨʳ IN (ALLINI), ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ IN (NCINI), ʠʥʛʠʙʠʪʦʨʳ 

ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʠ IN (MINI) ʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ IN-

LEDGF (INLAI) [161].  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʦʜʝʨʞʘʪ ʨʘʟʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʢʘʨʢʘʩʳ: ʭʠʥʦʣʠʥ ʚ 

BI-224436 [168], ʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥ ʚ GSK3839919 [169], ʪʠʦʬʝʥ ʚ MUT-A [170], 

ʙʝʥʟʦʣ ʚ BDM-2 [161], ʙʝʥʟʦʪʠʘʟʦʣ ʚ GS-9822 [5] ʠ ʧʠʨʨʦʣʦʧʠʨʠʜʠʥ ʚ STP0404 [171] 

(ʈʠʩ. 13). ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʨʢʘʩ, ʚʩʝ INLAI  ʠʤʝʶʪ ʦʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴ, ʚʢʣʶʯʘʶʱʠʡ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʠ ʪʨʝʪ-ʙʫʪʦʢʩʠʛʨʫʧʧʫ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ 

ʦʙʲʝʤʥʦʡ ʛʠʜʨʦʬʦʙʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʠ ʯʝʨʝʟ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʳʝ 

ʩʦʚʤʝʩʪʥʦ ʦʪʚʝʯʘʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʢʘʨʤʘʥʦʤ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʜʠʤʝʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʜʦʤʝʥʘ IN ɺʀʏ-1. ʉ ʵʪʠʤ ʞʝ ʢʘʨʤʘʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʚʷʟʳʚʘʶʱʠʡ IN ʜʦʤʝʥ 

LEDGF/p75 [165].  

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ INLAI  ʜʝʡʩʪʚʫʶʪ ʢʘʢ çʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʣʝʠè, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʪʠʧʠʯʥʦʛʦ ʜʣʷ IN ʠʥʪʝʨʬʝʡʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʜʠʤʝʨ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ ʠ ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ [172]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʳʚʘʥʠʝ 

INLAI  ʩ IN ʥʝ ʪʦʣʴʢʦ ʥʘʨʫʰʘʝʪ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ LEDGF/p75, ʥʦ ʠ ʚʣʠʷʝʪ ʥʘ ʝʝ 

ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʶ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ IN ɺʀʏ-1 ʬʦʨʤʠʨʫʝʪ 

ʩʪʘʙʠʣʴʥʳʝ ʪʝʪʨʘʤʝʨʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʠʥʛʠʙʠʪʦʨʦʤ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʠ IN. 
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ʈʠʩʫʥʦʢ 13. ʉʪʨʫʢʪʨʳ INLAI  ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʨʢʘʩʘ. 

 

ɸʥʘʣʠʟ ʘʥʪʠʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ INLAI  ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʚʣʠʷʶʪ 

ʢʘʢ ʥʘ ʨʘʥʥʠʝ, ʪʘʢ ʠ ʥʘ ʧʦʟʜʥʠʝ ʩʪʘʜʠʠ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1. ʂʘʢ ʢʦʥʢʫʨʝʥʪʳ LEDGF/p75 

ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ IN, INLAI  ʚʣʠʷʶʪ ʥʘ ʠʥʪʝʛʨʘʮʠʶ, ʥʘʨʫʰʘ ̫ ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʨʫʩʘ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘ ̫

ʧʦʩʣʝʜʫʶʱʫʶ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʚʠʨʫʩʘ [160,173ï176]. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ INLAI  ʥʘ 

ʧʦʟʜʥʠʝ ʩʪʘʜʠʠ ʨʝʧʣʠʢʘʮʠʠ ʙʳʣ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠʥʛʠʙʠʪʦʨ KF116, ʚ 

ʢʦʪʦʨʦʤ ʦʩʪʘʪʦʢ ʭʠʥʦʣʠʥʘ ʚ ʠʥʛʠʙʠʪʦʨʝ BI-1001 ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʦʩʪʘʪʦʢ ʧʠʨʠʜʠʥʘ (ʈʠʩ. 

14), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ KF116 ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʣʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʥʦʤʝʨʘʤʠ IN, ʥʦ ʥʝ 

ʥʘʨʫʰʘʣ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ LEDGF/p75 [177]. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʛʠʙʠʪʦʨʘ KF116 

ʧʨʦʠʩʭʦʜʠʣʘ ʘʙʝʨʨʘʥʪʥʘ ̫ ʛʠʧʝʨʤʫʣʴʪʠʤʝʨʠʟʘʮʠ ̫ IN ɺʀʏ-1, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʣʘ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʥʳʭ ʚʠʨʠʦʥʦʚ, ʥʝʩʫʱʠʭ ʛʝʥʦʤʥʫʶ ʈʅʂ, ʥʝʧʨʘʚʠʣʴʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʫʶ ʚʥʝ ʟʨʝʣʦʛʦ ʷʜʨʘ ʢʘʧʩʠʜʘ. ʊʘʢʠʝ ʚʠʨʠʦʥʳ ʙʳʣʠ ʥʝ ʩʧʦʩʦʙʥʳ 

ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʥʦʚʳʝ ʢʣʝʪʢʠ [174,178] 

ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ INLAI  ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʧʦʜʘʚʣʝʥʠʠ 

ʧʨʦʜʫʢʮʠʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʯʘʩʪʠʮ ɺʀʏ-1, ʯʝʤ ʥʘ ʵʪʘʧʝ ʠʥʪʝʛʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʚ 

ʮʝʣʦʤ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʠ IN ʠ ʩʦʟʨʝʚʘʥʠʷ ʥʦʚʳʭ 

ʚʠʨʠʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 14. ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʠʥʛʠʙʠʪʦʨʘ BI-1001 ʚ KF116. 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʪʜʝʣʴʥʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ 

ʠʥʛʠʙʠʪʦʨʦʚ INLAI, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦʧʫʱʝʥʳ ʜʦ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 2-(ʭʠʥʦʣʠʥ-3-

ʠʣ)ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʛʨʫʧʧʝ ɿ. ɼʝʙʠʟʝʨʘ [167], ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʩʦʝʜʠʥʝʥʠ ̫ BI-224436 (ʈʠʩ. 13) [168]. ʆʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʣʦ ʨʘʟʣʠʯʥʳʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʰʪʘʤʤʳ ɺʀʏ-1 (EC50 30 ʥʄ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ), 

ʥʝ ʧʨʦʷʚʣʷʣʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 90 ʤʢʄ ʠ ʩʦʭʨʘʥʷʣʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ 

ʚʠʨʫʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʛʝʥʝ IN ʤʫʪʘʮʠʠ, ʚʳʟʳʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʛʠʙʠʪʦʨʘʤ 

ʧʝʨʝʥʦʩʘ ʮʝʧʠ. ɺʳʩʦʢʘʷ ʘʥʪʠʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ BI-224436 ʠ ʭʦʨʦʰʠʝ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʢʨʳʩʘʭ, 

ʧʦʟʚʦʣʠʣʠ ʥʘʯʘʪʴ ʬʘʟʫ 1 ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʵʪʦʛʦ ʠʥʛʠʙʠʪʦʨʘ [179]. ʆʜʥʘʢʦ, ʵʪʠ 

ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʠʦʩʪʘʥʦʚʣʝʥʳ ʚ 2012 ʛʦʜʫ ʧʦ ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʠʯʠʥʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ ʧʨʦʜʦʣʞʘʶʪʩʷ [180], ʠ ʚʦʟʤʦʞʥʦ 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 2-(ʭʠʥʦʣʠʥ-3-ʠʣ)ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.   

ʄʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʪʠʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ GS-9822, ʩʦʜʝʨʞʘʱʝʛʦ ʙʝʥʟʦʪʠʘʟʦʣʴʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʨʢʘʩ 

(ʈʠʩ. 15) [5]. ʕʪʦʪ ʠʥʛʠʙʠʪʦʨ ʧʦʜʘʚʣʷʣ ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʘ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʦʣʝʡ (ɽʉ50 = 2-3 ʥʄ) ʠ ʧʨʦʷʚʣʷʣ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʪʦʣʴʢʦ ʚ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʂʘʢ ʠ ʜʨʫʛʠʝ INLAI , ʦʥ ʠʥʛʠʙʠʨʦʚʘʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʩ LEDGF/p75 ʠ ʩʥʠʞʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʥʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʶ IN, ʟʘʪʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 
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ʠʥʪʝʨʝʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ. ʅʘʨʫʰʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʩ LEDGF/p75 ʚ ʧʨʠʩʫʪʩʪʚʠʠ GS-9822 ʥʘʧʨʘʚʣʷʣʦ ʠʥʪʝʛʨʘʮʠʶ 

ʚʠʨʫʩʥʦʡ ɼʅʂ ʚ ʦʙʣʘʩʪ ɹʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʭʨʦʤʘʪʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʤʝʜʣʝʥʥʦʡ 

ʚʠʨʫʩʥʦʡ ʣʘʪʝʥʪʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ GS-

9822 ʧʨʦʚʠʨʫʩʳ ʢʨʘʡʥʝ ʧʣʦʭʦ ʨʝʘʢʪʠʚʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ 

Ŭ (TNF-Ŭ). ʉʧʦʩʦʙʥʦʩʪʴ GS-9822 ʫʩʠʣʠʚʘʪʴ ʥʝʤʝʜʣʝʥʥʫʶ ʣʘʪʝʥʪʥʦʩʪʴ ʚʠʨʫʩʘ ʠ ʩʥʠʞʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʢʪʠʚʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʨʦʚʠʨʫʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ 

ʪʝʨʘʧʠʠ ɺʀʏ-1 ʧʦ ʩʪʨʘʪʝʛʠʠ ñBlock and Lockò (ʩʤ. ʨʘʟʜʝʣ 2.4.4). GS-9822 ʥʘʭʦʜʠʣʩʷ ʥʘ 

ʩʪʘʜʠʠ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʢʘʟʘʣ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʙʳʣʠ 

ʦʩʪʘʥʦʚʣʝʥʳ ʠʟ-ʟʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʘʢʫʦʣʠʟʘʮʠʠ ʫʨʦʪʝʣʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʫ ʷʚʘʥʩʢʠʭ 

ʦʙʝʟʴʷʥ, ʥʦ ʥʝ ʫ ʢʨʳʩ, ʥʘ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ [181]. ʆʪʜʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʯʠʥ ʩʪʦʣʴ ʥʝʦʙʳʯʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ GS-9822 ʷʚʣʷʝʪʩʷ 

ʮʚʠʪʪʝʨ-ʠʦʥʦʤ ʚ ʜʠʘʧʘʟʦʥʝ pH ʚ ʤʦʯʝʚʦʤ ʧʫʟʳʨʝ ʷʚʘʥʩʢʦʛʦ ʤʘʢʘʢʘ (ʨʅ ʤʦʯʠ 5,5ï7,4). 

ʀʟ-ʟʘ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʮʚʠʪʪʝʨ-ʠʦʥʘʤʠ 

GS-9822 ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʠʩʣʦʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟʨʫʰʘʪʴ ʫʨʦʪʝʣʠʡ. ʕʪʦʛʦ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʯʝʚʦʤ ʧʫʟʳʨʝ ʢʨʳʩ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʅ (ʨʅ ʤʦʯʠ 7,3ï8,5), ʧʨʠ 

ʢʦʪʦʨʦʤ ʮʚʠʪʪʝʨ-ʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ [181]. 

ʉʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ BDM-2 ʠ ʩʝʨʠʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʙʝʥʟʦʣʴʥʦʤ 

ʢʘʨʢʘʩʝ (ʈʠʩ. 15, ɸ) [161]. ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʣʠʙʦ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʪʨʝʪ-

ʙʫʪʦʢʩʠʛʨʫʧʧʳ (BDM-2 ʠ MUT871), ʣʠʙʦ ʧʨʦʠʟʚʦʜʥʦʝ ʵʪʦʛʦ ʤʦʪʠʚʘ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʪ-

ʙʫʪʦʢʩʠʣʴʥʘʷ ʙʦʢʦʚʘʷ ʮʝʧʴ ʟʘʤʝʥʝʥʘ ʮʠʢʣʦʧʨʦʧʠʣʦʢʩʠʛʨʫʧʧʦʡ (MUT872, MUT884 ʠ 

MUT916). ɺ in vitro ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʨʫʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ IN ʠ LEDGF/p75 

ʜʣʷ BDM-2 ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʘʥʦʤʦʣʷʨʥʘʷ 50% ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʪʦʤ ʞʝ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ BDM-2 ʜʦʩʪʠʛʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʠ IN [161]. ʉʦʝʜʠʥʝʥʠʷ ʩʝʨʠʠ MUT ʧʦʢʘʟʳʚʘʶʪ ʩʨʘʚʥʠʤʫʶ ʩ BDM-2 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʩʚʷʟʳʚʘʥʠʷ IN ʩ LEDGF/p75, ʠ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ 

ʧʨʘʚʠʣʴʥʦʡ ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʠ IN [161].  

ɸʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ INLAI, ʠʥʛʠʙʠʪʦʨ BDM-2 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʦʤ 

ʢʘʨʤʘʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʤʝʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ IN ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ 

ʩ ʥʠʤ C-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʛʨʝʛʘʮʠʠ IN (ʈʠʩ. 15, ɹ).  
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ʈʠʩʫʥʦʢ 15. ʉʪʨʫʢʪʫʨʳ ʠʥʛʠʙʠʪʦʨʘ BDM-2 ʠ ʩʝʨʠʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ (ɸ) ʠ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʘ ʜʠʤʝʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ IN (CCD), ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʫʤʷ ʉ-ʢʦʥʮʝʚʳʤʠ 

ʜʦʤʝʥʘʤʠ (CTD), ʩ ʠʥʛʠʙʠʪʦʨʦʤ BDM-2 (PDB ID 8CBR) (ɹ). 

 

BDM-2 ʧʨʦʰʝʣ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʙʳʣ ʜʦʧʫʱʝʥ ʢ ʬʘʟʝ I ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2020 ʛʦʜʫ (Clinical trial NCT03634085). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʝʨʴʝʟʥʳʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʵʪʦʛʦ ʠʥʛʠʙʠʪʦʨʘ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʱʝ ʦʜʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʝʥʟʦʣʴʥʳʤ ʢʘʨʢʘʩʦʤ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʦʥʘʤʠʜʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ C1 ʙʝʥʟʦʣʘ (ʈʠʩ. 16) [182]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʵʪʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʧʦʚʳʰʘʝʪ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʩʪʘʪʢʦʤ 

IN Q95. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʠʥʛʠʙʠʪʦʨ ʵʪʦʡ ʩʝʨʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʥʪʠ-

ɺʀʏ ʘʢʪʠʚʥʦʩʪʴ (EC50 = 3,9 ʥʄ) ʠ ʭʦʨʦʰʫʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʥʘ ʩʪʘʜʠʠ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ.  

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʠʟ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʥʛʠʙʠʪʦʨʦʚ 

INLAI  ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʢʦʤʧʘʥʠʝʡ ST Pharm ʩʦʝʜʠʥʝʥʠʝ STP0404 (Pirmitegravir 

- ʇʠʨʤʠʪʝʛʨʘʚʠʨ) ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʨʢʘʩʦʤ ʥʘ ʦʩʥʦʚʝ ʧʠʨʨʦʣʠʜʠʥʘ (ʈʠʩ. 13 ʠ 17, ɸ) 

[171]. ʆʥʦ ʧʦʜʘʚʣʷʝʪ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1 ʚ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʢʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʢʨʦʚʠ (peripheral blood mononuclear cell (PBMC)) ʚ ʧʠʢʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ 

ʠʤʝʝʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʳ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 
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ʩʨʝʜʩʪʚʘ, ʥʝ ʧʨʦʷʚʣʷʶʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʢ ʜʦʟʝ, ʜʘʶʱʝʡ ʥʫʞʥʳʡ ʵʬʬʝʢʪ, ʙʦʣʴʰʝ 24000, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ ʜʣʷ ʜʨʫʛʠʭ INLAI .  
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ʈʠʩʫʥʦʢ 16. ʉʪʨʫʢʪʫʨʘ ʘʥʘʣʦʛʘ ʠʥʛʠʙʠʪʦʨʘ BDM-2 ʩ ʩʫʣʴʬʦʥʘʤʠʜʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ 

ʧʦʣʦʞʝʥʠʠ C1 ʙʝʥʟʦʣʘ. 

 

ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʧʠʨʤʠʪʝʛʨʘʚʠʨʘ ʧʦʜʦʙʝʥ ʜʨʫʛʠʤ INLAI, ʠʥʛʠʙʠʪʦʨ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʢʘʨʤʘʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʤʝʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ 

IN, ʚ ʪʦʤ ʞʝ ʤʝʩʪʝ, ʛʜʝ ʩʚʷʟʳʚʘʝʪʩʷ LEDGF/p75. ʇʨʠ ʵʪʦʤ ʢʘʨʙʦʢʩʠʣʥɹʘʷ ʛʨʫʧʧʘ 

ʦʙʨʘʟʫʝʪ ʙʠʜʝʥʪʘʪʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ ʘʤʠʜʥʤrʠ ʛʨʫʧʧʘʤʠ ʦʩʪʘʪʢʦʚ E170 ʠ H171 ʚ 

ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ, ʪʦʛʜʘ ʢʘʢ ʪʨʝʪ-ʙʫʪʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ ʦʙʲʝʤʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʛʨʫʧʧʠʨʦʚʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ ʦʙʝʠʭ 

ʩʫʙʲʝʜʠʥʠʮ ʜʠʤʝʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ IN (Q95, Y99, L102, W125, W132, T174 ʠ 

M178) (ʈʠʩ. 17, ɹ). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚʠʨʫʩʘ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʠʨʤʠʪʝʛʨʘʚʠʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ IN ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ Y99H ʠ A128T, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ɺʀʏ-1 ʢʘʢ ʢ ʵʪʦʤʫ ʠʥʛʠʙʠʪʦʨʫ, ʪʘʢ ʠ ʢ 

ʧʨʦʠʟʚʦʜʥʦʤʫ 2-(ʭʠʥʦʣʠʥ-3-ʠʣ)ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ BI224436. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʤʫʪʘʮʠʠ, ʦʪʦʙʨʘʥʥʳʝ ʧʨʦʪʠʚ ʧʠʨʤʠʪʝʛʨʘʚʠʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʢʨʝʩʪʥʫʶ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ INLAI. ʕʪʦ ʥʝ 

ʫʜʠʚʠʪʝʣʴʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʩʝ ʵʪʠ ʠʥʛʠʙʠʪʦʨʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ IN ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʩʘʡʪʝ.  
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ʈʠʩʫʥʦʢ 17. ʉʪʨʫʢʪʫʨʘ ʧʠʨʤʠʪʝʛʨʘʚʠʨʘ (ɸ) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʜʠʤʝʨʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʜʦʤʝʥʦʚ IN (CCD), ʩʚʷʟʘʥʥʳʭ ʩ ʉ-ʢʦʥʮʝʚʳʤ ʜʦʤʝʥʦʤ (CTD), (ɹ).  

 

ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʠʨʤʠʪʝʛʨʘʚʠʨʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʢʨʳʩʘʭ ʠ ʩʦʙʘʢʘʭ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʠʥʛʠʙʠʪʦʨ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʠ ʚ ʛʝʧʘʪʦʮʠʪʘʭ, ʭʦʨʦʰʝʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʠ ʧʝʨʦʨʘʣʴʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʛʦ ʢ ʧʨʠʤʝʥʝʥʠʶ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ.  

ʇʠʨʤʠʪʝʛʨʘʚʠʨ ï ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ IN, ʢʦʪʦʨʳʡ ʥʝ 

ʪʦʣʴʢʦ ʫʩʧʝʰʥʦ ʧʨʦʰʝʣ ʧʝʨʚʫʶ ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʥʦ ʠ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʚʪʦʨʦʡ ʬʘʟʝ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʵʬʬʝʢʪʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʧʠʨʤʠʪʝʛʨʘʚʠʨʘ ʫ ʨʘʥʝʝ ʥʝ ʧʦʣʫʯʘʚʰʠʭ ʣʝʯʝʥʠʷ 

ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚʟʨʦʩʣʳʭ (Clinical trial NCT05869643).  

ɿʘʢʘʥʯʠʚʘʷ ʨʘʟʜʝʣ, ʧʦʩʚʷʱʝʥʥʳʡ ʠʥʛʠʙʠʪʦʨʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʠ LEDGF/p75, 

ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ 2-ʬʝʥʠʣ-1,2-ʙʝʥʟʦʩʝʣʝʥʘʟʦʣ-3-ʦʥ, ʠʣʠ ʵʙʩʝʣʝʥ (ʈʠʩ. 18) [183].  

 

ʈʠʩʫʥʦʢ 18. ʉʪʨʫʢʪʫʨʘ ʵʙʩʝʣʝʥʘ. 

 

ʕʙʩʝʣʝʥ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ 

ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʘʢ ʧʨʝʧʘʨʘʪ ʜʣʷ ʪʝʨʘʧʠʠ ʥʝʩʢʦʣʴʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʉlinical trial 

NCT06859788). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

IN ʠ LEDGF/p75, ʧʦʢʘʟʳʚʘʷ ʚ in vitro ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 
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ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (IC50 = 7,7 ʤʢʄ). ʆʜʥʘʢʦ ʦʥʦ ʠʥʪʝʨʝʩʥʦ ʪʝʤ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ 

ʥʝ ʩ IN, ʘ ʩ LEDGF/p75. In vitro ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʙʩʝʣʝʥ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚ̫ʟʳʚʘʝʪʩʷ ʩ LEDGF/p75, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʫ ̫ʩʚʷʟʠ ʩʝʣʝʥ-ʩʝʨʘ ʩ ʦʩʪʘʪʢʘʤʠ ʮʠʩʪʝʠʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50 ʤʢʄ 

ʜʠʪʠʦʪʨʝʠʪʦʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʙʩʝʣʝʥ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʥʛʠʙʠʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN 

ʠ LEDGF/p75, ʢʦʪʦʨʳʡ ʥʝ ʷʚʣʷʝʪʩʷ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʠʥʛʠʙʠʪʦʨʦʤ ʀʅ.  

ʇʨʠʤʝʨ ʵʙʩʝʣʝʥʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ LEDGF/p75, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ LEDGF/p75, ʘ ʥʝ IN. ʋʯʠʪʳʚʘʷ 

ʧʨʠʤʝʨ ʤʘʨʘʚʠʨʦʢʘ, ʢʦʪʦʨʳʡ ʙʣʦʢʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ ʚʠʨʫʩʥʦʛʦ ʛʣʠʢʦʧʨʦʪʝʠʥʘ gp120 ʩ 

ʢʣʝʪʦʯʥʳʤ ʨʝʮʝʧʪʦʨʦʤ CCR5, ʩʚʷʟʳʚʘʷʩʴ ʩ ʧʦʩʣʝʜʥʠʤ, ʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʝʤʫ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʰʪʘʤʤʦʚ ɺʀʏ-1 [184], ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʳʨʘʙʦʪʢʘ ʚʠʨʫʩʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʵʙʩʝʣʝʥʫ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ʪʘʢʞʝ ʙʫʜʝʪ ʤʘʣʦʚʝʨʦʷʪʥʘ. 

 

 

2.3. ɸʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ 

 

ɸʈɺʊ ʪʨʝʙʫʝʪ ʯʸʪʢʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʧʘʮʠʝʥʪʘʤʠ ʛʨʘʬʠʢʘ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚ: 

ʧʨʝʧʘʨʘʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʯʘʩ ʠʣʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʜʦ ʠʣʠ 

ʧʦʩʣʝ ʝʜʳ; ʥʝʣʴʟʷ ʧʨʦʧʫʩʢʘʪʴ ʧʨʠʝʤʳ ʧʨʝʧʘʨʘʪʦʚ, ʥʝʣʴʟʷ ʧʨʠʥʠʤʘʪʴ ʫʤʝʥʴʰʝʥʥʳʝ ʠʣʠ 

ʫʚʝʣʠʯʝʥʥʳʝ ʜʦʟʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ɸʈɺʇ ʪʨʝʙʫʶʪ ʦʪ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʦʜʠʥ ʠʣʠ ʜʚʘ ʨʘʟʘ ʚ ʜʝʥʴ. ʂʘʢ 

ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ɸʈɺʊ ʧʨʝʧʘʨʘʪ r ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʪʨʝʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩ ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ, ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʠ ʢʦʤʙʠʥʘʮʠʠ ʪʦʣʴʢʦ ʜʚʫʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʪʦʨ IN ʜʦʣʫʪʝʛʨʘʚʠʨ, ʘ ʚʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ ʅʀʆʊ ʣʘʤʠʚʫʜʠʥ [185] ʠʣʠ ʅʅʀʆʊ 

ʨʠʣʧʠʚʠʨʠʥ [186].  

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʭʝʤʳ ɸʈɺʊ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ 

ʞʠʟʥʴ ʧʘʮʠʝʥʪʦʚ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʦʜʥʘʢʦ, ʤʥʦʛʠʝ ʣʶʜʠ ʠʩʧʳʪʳʚʘʶʪ 

ʪʨʫʜʥʦʩʪʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʨʝʞʠʤʘ ʣʝʯʝʥʠʷ [187ï189]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʈɺʇ 

ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ (ɸʈɺʇ-ɼɼ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ ʢʘʢ ʜʣʷ 

ʣʝʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ [190]. ɸʈɺʇ-ɼɼ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ 
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ʧʦʣʴʟʫ ʧʘʮʠʝʥʪʘʤ, ʢʦʪʦʨʳʤ ʩʣʦʞʥʦ ʩʦʙʣʶʜʘʪʴ ʨʝʞʠʤ ʣʝʯʝʥʠʷ ʠʟ-ʟʘ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʫʩʪʘʣʦʩʪʠ ʦʪ ʧʨʠʝʤʘ ʪʘʙʣʝʪʦʢ ʠʣʠ ʩʪʠʛʤʘʪʠʟʘʮʠʠ.  

 

2.3.1. ʂʘʙʦʪʝʛʨʘʚʠʨ ʠ ʨʠʣʧʠʚʠʨʠʥ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ 

 

ɺ ʷʥʚʘʨʝ 2021 ʛʦʜʘ ʙʳʣʘ ʦʜʦʙʨʝʥʘ ʧʝʨʚʘʷ ʩʭʝʤʘ ɸʈɺʇ-ɼɼ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʥʫʪʨʠʤʳʰʝʯʥʳʭ ʠʥʲʝʢʮʠʷʭ ʠʥʛʠʙʠʪʦʨʘ IN 

ʢʘʙʦʪʝʛʨʘʚʠʨʘ (CAB) (ʈʠʩ. 8) ʠ ʅʅʀʆʊ ʨʠʣʧʠʚʠʨʠʥʘ (RPV) (ʈʠʩ. 5). ʂʦʤʙʠʥʘʮʠʷ 

ʢʘʙʦʪʝʛʨʘʚʠʨʘ ʠ ʨʠʣʧʠʚʠʨʠʥʘ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘʟʳʚʘʝʤʘʷ Cabenuva, ʦʜʦʙʨʝʥʘ 

ʜʣʷ ʣʝʯʝʥʠʷ ʚʟʨʦʩʣʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʫʨʦʚʥʝʤ ʚʠʨʫʩʥʦʡ ʈʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʥʠʞʝ ʧʨʝʜʝʣʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ [191ï193]. ʂʘʙʦʪʝʛʨʘʚʠʨ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʘʢʞʝ ʦʜʦʙʨʝʥ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʜʦʢʦʥʪʘʢʪʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ɺʀʏ [194]. 

ʂʦʤʙʠʥʘʮʠʷ ʢʘʙʦʪʝʛʨʘʚʠʨʘ ʩ ʨʠʣʧʠʚʠʨʠʥʦʤ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʯʘʩʪʦʪʫ ʧʨʠʝʤʘ ʧʨʝʧʘʨʘʪʘ ʩ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʜʝʥʴ ʜʦ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʤʝʩʷʮ ʠʣʠ ʜʘʞʝ ʢʘʞʜʳʝ 

2 ʤʝʩʷʮʘ [190,195]. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʙʦʪʝʛʨʘʚʠʨʘ/ʨʠʣʧʠʚʠʨʠʥʘ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʥʘʟʥʘʯʘʶʪ ʧʘʮʠʝʥʪʘʤ ʪʦʣʴʢʦ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ 

ʢʘʙʦʪʝʛʨʘʚʠʨʘ/ʨʠʣʧʠʚʠʨʠʥʘ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʣʝʯʝʥʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʨʘʟʚʠʪʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʦʪʙʦʨ 

ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ ʝʞʝʤʝʩʷʯʥʦʤʫ ʛʨʘʬʠʢʫ ʠʥʲʝʢʮʠʡ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʩʠʩʪʝʤʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʥʫʞʥʦʤ ʫʨʦʚʥʝ [196]. ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ 

ʩʦʚʤʝʩʪʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʢʘʙʦʪʝʛʨʘʚʠʨʘ/ʨʠʣʧʠʚʠʨʠʥʘ ʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚʢʣʶʯʘʷ 

ʧʨʦʪʠʚʦʩʫʜʦʨʦʞʥʳʝ, ʧʨʦʪʠʚʦʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʝ (ʨʠʬʘʙʫʪʠʥ ʠ ʨʠʬʘʤʧʠʮʠʥ), 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʳ ʠ ʤʘʢʨʦʣʠʜʳ ʠʣʠ ʢʝʪʦʣʠʜʳ, ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ RPV ʠʣʠ CAB ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʚʠʨʫʩʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʠ ʨʘʟʚʠʪʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

[192]. 

 

2.3.2. ʀʩʣʘʪʨʘʚʠʨ 

ʀʩʣʘʪʨʘʚʠʨ ʧʦʢʘ ʥʝ ʨʘʟʨʝʰʝʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ɸʈɺʇ, ʥʦ ʧʨʦʭʦʜʠʪ 

ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʢʘʢ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʝʝ ʧʨʦʬʠʣʘʢʪʠʢʠ [197]. ʀʩʣʘʪʨʘʚʠʨ (4ǋ-ethynyl-2-fluoro-2ǋ-deoxyadenosine, EFdA ʠʣʠ 

MK-8591) (ʈʠʩ. 19), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʬʠʨʤʦʡ Merck, ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʆʊ ɺʀʏ-1 

ʥʦʚʦʛʦ ʪʠʧʘ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʥʫʢʣʝʦʟʠʜʥʳʡ ʠʥʛʠʙʠʪʦʨ ʪʨʘʥʩʣʦʢʘʮʠʠ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʪʘʟʳ (ʅʀʊʆʊ). ʀʩʣʘʪʨʘʚʠʨ ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʆʊ ɺʀʏ-1 ʧʦ ʥʝʩʢʦʣʴʢʠʤ 
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ʤʝʭʘʥʠʟʤʘʤ: ʚ ʢʘʯʝʩʪʚʝ çʥʝʤʝʜʣʝʥʥʦʛʦè ʪʝʨʤʠʥʘʪʦʨʘ ʮʝʧʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ 

ʨʘʩʪʫʱʫʶ ʮʝʧʴ ɼʅʂ ʠ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʩʠʥʪʝʟ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʅʀʆʊ; ʤʦʞʝʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ çʦʪʣʦʞʝʥʥʳʡè ʪʝʨʤʠʥʘʪʦʨ ʮʝʧʠ, ʧʦʟʚʦʣʷʷ ʚʢʣʶʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

dNTP ʧʝʨʝʜ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘ ɼʅʂ; ʤʦʞʝʪ ʥʝʧʨʘʚʠʣʴʥʦ ʫʟʥʘʚʘʪʴʩʷ ʆʊ ʧʨʠ 

ʩʠʥʪʝʟʝ ʚʪʦʨʦʡ ʮʝʧʠ ɼʅʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʠʩʤʘʪʯʝʡ [198]. ɺʢʣʘʜ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʆʊ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʈʅʂ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ 

ʠʩʣʘʪʨʘʚʠʨ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʪʘʤʤʘʤ 

ɺʀʏ-1, ʫʩʪʦʡʯʠʚʳʤ ʢ ʜʝʡʩʪʚʠʶ ʅʀʆʊ ʠ ʅʅʀʆʊ [198].  

 

ʈʠʩʫʥʦʢ 19. ʉʪʨʫʢʪʫʨʘ ʠʩʣʘʪʨʘʚʠʨʘ. 

 

ɺ ʢʦʤʙʠʥʘʮʠʠ ʩ ʅʅʀʆʊ ʜʦʨʘʚʠʨʠʥʦʤ ʠʩʣʘʪʨʘʚʠʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ 3 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʘʢ ʧʨʝʧʘʨʘʪ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʡ ʪʘʙʣʝʪʢʠ ʜʦʨʘʚʠʨʠʥʘ (100 ʤʛ) ʠ ʠʩʣʘʪʨʘʚʠʨʘ (0,75 ʤʛ) 

ʧʦʜʜʝʨʞʠʚʘʣʦ ʧʦʜʘʚʣʝʥʠʝ ʫʨʦʚʥʷ ʚʠʨʫʩʘ ʜʦ 48-ʦʡ ʥʝʜʝʣʠ ʥʝ ʭʫʞʝ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʚʟʨʦʩʣʳʭ ʧʘʮʠʝʥʪʦʚ; ʦʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ CD4+ ʠ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʣʠʤʬʦʮʠʪʦʚ ʦʩʪʘʥʦʚʠʣʦ ʜʘʣʴʥʝʡʰʫʶ ʨʘʟʨʘʙʦʪʢʫ ʦʜʥʦʢʨʘʪʥʦʛʦ ʝʞʝʜʥʝʚʥʦʛʦ ʧʨʠʝʤʘ 

ʜʦʨʘʚʠʨʠʥʘ ʠ ʠʩʣʘʪʨʘʚʠʨʘ ʚ ʪʘʢʠʭ ʜʦʟʘʭ [199]. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʤʝʥʴʰʝʥʥʫʶ ʜʦʟʫ ʠʩʣʘʪʨʘʚʠʨʘ (0,25 ʤʛ) ʙʝʟ ʩʥʠʞʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ [200].   

ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ ʠʩʣʘʪʨʘʚʠʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʢʦʞʥʦʛʦ 

ʠʤʧʣʘʥʪʘ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ [201]. ɺ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ, ʜʚʦʡʥʦʤ 

ʩʣʝʧʦʤ, ʧʣʘʮʝʙʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʳ 1 ʠʤʧʣʘʥʪ ʩ ʠʩʣʘʪʨʘʚʠʨʦʤ ʠʣʠ 

ʠʤʧʣʘʥʪ ʧʣʘʮʝʙʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 12 ʥʝʜʝʣʴ ʫ ʫʯʘʩʪʥʠʢʦʚ ʩ ʥʠʟʢʠʤ ʨʠʩʢʦʤ ʟʘʨʘʞʝʥʠʷ 

ɺʀʏ-1. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʤʝʱʝʥʠʷ ʠ ʯʝʨʝʟ 8 ʥʝʜʝʣʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʤʧʣʘʥʪʘ 

ʦʮʝʥʠʚʘʣʠʩʴ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʝʨʝʥʦʩʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʠʩʭʦʜʥʦʛʦ 

ʠʩʣʘʪʨʘʚʠʨʘ ʠ ʪʨʠʬʦʩʬʘʪʘ ʠʩʣʘʪʨʘʚʠʨʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʢʘʭ 
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ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʠʩʣʘʪʨʘʚʠʨ, ʚʚʦʜʠʤʳʡ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʢʦʞʥʦʛʦ ʠʤʧʣʘʥʪʘ, ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʤʳʤ 

ʤʝʪʦʜʦʤ ʧʨʦʬʠʣʘʢʪʠʢʠ ʫ ʣʠʮ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʠʩʢʫ ʟʘʨʘʞʝʥʠʷ ɺʀʏ-1. 

 

2.3.3. ʃʝʥʘʢʘʧʘʚʠʨ 

 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʣʝʥʘʢʘʧʘʚʠʨ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ɸʈɺʇ-

ɼɼ [144]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥ ʨʘʟʨʝʰʝʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʢʘʢ ʧʨʠʥʠʤʘʝʤʳʡ ʜʚʘ ʨʘʟʘ ʚ 

ʛʦʜ ʧʨʝʧʘʨʘʪ ʜʣʷ ʜʦʢʦʥʪʘʢʪʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʨʘʞʝʥʠʷ ɺʀʏ-1. ʕʪʦ ʨʝʰʝʥʠʝ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ: PURPOSE-1 (Clinical 

trial NCT04994509) ʠ PURPOSE-2 (Clinical trial NCT04925752) ʫ ʣʠʮ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʨʠʩʢʫ ʟʘʨʘʞʝʥʠʷ ɺʀʏ-1. 

ʇʨʦʜʦʣʞʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʠ 

ʣʝʥʘʢʘʧʘʚʠʨʘ ʩ ʠʩʣʘʪʨʘʚʠʨʦʤ ʧʨʠ ʝʞʝʥʝʜʝʣʴʥʦʤ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʝʤʝ ʜʣʷ ʣʝʯʝʥʠʷ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ (Clinical trial 

NCT05052996), ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʩʪʘʪʴ ʠʟʚʝʩʪʥʤrʠ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʠʥʲʝʢʮʠʦʥʥʳʡ ʨʝʞʠʤ ʣʝʯʝʥʠʷ ʠʩʣʘʪʨʘʚʠʨʦʤ ʠ 

ʣʝʥʘʢʘʧʘʚʠʨʦʤ ʩ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʚʚʝʜʝʥʠʝʤ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʝʥʘʢʘʧʘʚʠʨ ʠ ʠʩʣʘʪʨʘʚʠʨ ʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʥʳʝ ʤʠʰʝʥʠ, ʉɸ 

ʠ ʆʊ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʵʪʦʤʫ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʠ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʫʪ ʠʤʝʪʴ 

ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʨʦʬʠʣʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʜʚʫʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʣʝʯʝʥʠʷ ɺʀʏ-1, ʥʝ 

ʚʳʟʳʚʘʶʱʠʤ ʧʦʷʚʣʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ. 

ʀʩʩʣʝʜʫʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʘʮʠʡ ʣʝʥʘʢʘʧʘʚʠʨʘ ʩ 

ʨʠʣʧʠʚʠʨʠʥʦʤ ʠ ʢʘʙʦʪʝʛʨʘʚʠʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ [202].   

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʝʧʘʨʘʪʦʚ, ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ɺʀʏ-

ʠʥʬʝʢʮʠʠ ʠʟʫʯʘʶʪʩʷ ʠ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʙʠʥʘʮʠʡ ɸʈɺʇ-ɼɼ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ʍʦʪʷ 

ɸʈɺʇ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʜʣʷ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʙʣʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʙʝʨʝʤʝʥʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʨʦʚʠ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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2.4. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʧʦʜʭʦʜʳ ʢ ʵʣʣʠʤʠʥʘʮʠʠ ʠʣʠ ʛʣʫʙʦʢʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ɺʀʏ-ʠʥʬʝʢʮʠʠ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ɸʈɺʊ ʧʦʟʚʦʣʠʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʦʜʥʘʢʦ 

ʦʥʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʟʣʝʯʝʥʠʶ, ʪ.ʝ. ʫʜʘʣʝʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʛʝʥʦʤʘ ʚʠʨʫʩʘ 

ʠʟ ʦʨʛʘʥʠʟʤʘ. ʇʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʚʠʨʫʩʘ ʚ ʦʨʛʘʥʠʟʤ ʦʥ ʠʥʬʠʮʠʨʫʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

CD4+ T ʣʠʤʬʦʮʠʪʳ. ʇʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʛʝʥʦʤ ʵʪʠʭ ʢʣʝʪʦʢ ʯʘʩʪʴ 

ʣʠʤʬʦʮʠʪʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ, ʠ ʵʪʠ ʧʦʢʦʷʱʠʝʩʷ ʥʝʘʢʪʠʚʥʳʝ CD4+ T 

ʣʠʤʬʦʮʠʪʳ ʦʙʨʘʟʫʶʪ ʩʢʨʳʪʳʡ ʨʝʟʝʨʚʫʘʨ ɺʀʏ-1 [203]. ɺʠʨʫʩ ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʧʝʨʝʭʦʜʠʪ 

ʚ ʣʘʪʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʘʢʪʠʚʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʚʠʨʠʦʥʦʚ [204]. ʇʦʤʠʤʦ CD4+ T ʣʠʤʬʦʮʠʪʦʚ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʠʨʫʩʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ ʤʘʢʨʦʬʘʛʠ, ʜʝʥʜʨʠʪʥʳʝ 

ʢʣʝʪʢʠ, ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʢʣʝʪʢʠ [205].  

ɸʈɺʊ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʚ ʢʣʝʪʢʘʭ, ʛʜʝ ʧʨʦʭʦʜʠʪ ʨʘʟʤʥʦʞʝʥʠʝ 

ʚʠʨʫʩʘ, ʥʦ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʠʨʫʩ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʣʘʪʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʢʣʝʪʢʘʭ-

ʨʝʟʝʨʚʫʘʨʘʭ [206]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʣʘʪʝʥʪʥʦʛʦ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʘʭ-

ʨʝʟʝʨʚʫʘʨʘʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʣʝʯʝʥʠʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʥʦʤʫ ʠʟʣʝʯʝʥʠ ʁ

ɺʀʏ-ʠʥʬʝʢʮʠʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ɺʀʏ-1 ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʝʱʝ 

ʚ 2009 ʛʦʜʫ, ʢʦʛʜʘ ʫ ɺʀʏ-1 ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ ʊʠʤʦʪʠ ʈʵʡ ɹʨʘʫʥʘ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ çɹʝʨʣʠʥʩʢʦʛʦ ʧʘʮʠʝʥʪʘè) ʦʙʥʘʨʫʞʠʣʠ ʣʝʡʢʝʤʠʶ ʠ ʧʨʦʚʝʣʠ ʝʤʫ ʧʝʨʝʩʘʜʢʫ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʦʪ ʜʦʥʦʨʘ, ʠʤʝʶʱʝʛʦ ʛʦʤʦʟʠʛʦʪʥʫʶ ʜʝʣʝʮʠʶ 32 ʧʘʨ 

ʦʩʥʦʚʘʥʠʡ ʚ ʛʝʥʝ ʢʦʨʝʮʝʧʪʦʨʘ CCR5 (CCR5ȹ32/ȹ32). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʘ ʜʝʣʝʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʧʦʷʚʣʝʥʠʶ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʩʪʦʧ-ʢʦʜʦʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʘʢʪʠʚʥʳʡ ʫʢʦʨʦʯʝʥʥʳʡ ʙʝʣʦʢ-

ʢʦʨʝʮʝʧʪʦʨ [207]. ɼʦ ʧʝʨʝʩʘʜʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ çʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷè, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʜʘʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢʠ ʚʢʣʶʯʘʶʱʘʷ 

ʭʠʤʠʦ- ʠʣʠ ʨʘʜʠʦʪʝʨʘʧʠʶ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ ʧʝʨʝʩʘʜʢʠ ʜʦʥʦʨʩʢʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ɸʈɺʊ 

ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʣʘʟʤʳ ʢʨʦʚʠ, 

ʩʝʤʝʥʥʦʡ ʠ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʘ ʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʠ 

ʈʅʂ ɺʀʏ-1, ʥʠ ʥʝʧʦʚʨʝʞʜʝʥʥʘʷ ʧʨʦʚʠʨʫʩʥʘʷ ɼʅʂ, ʥʠ ʚʠʨʫʩʥʳʝ ʙʝʣʢʠ [208,209]. 

ɺʪʦʨʦʡ ʘʥʘʣʦʛʠʯʥʳʡ ʩʣʫʯʘʡ ʠʟʣʝʯʝʥʠʷ ʦʪ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʧʨʦʠʟʦʰʝʣ ʚ 2019 ʛʦʜʫ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʘʜʢʠ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʧʘʮʠʝʥʪʫ, ʩʪʨʘʜʘʶʱʝʤʫ ʦʪ ʣʠʤʬʦʤʳ 
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ʍʦʜʞʢʠʥʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʦʩʝʤʴ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʩʘʜʢʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʩʯʠʪʘʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʚʠʨʫʩʘ ʚ ʦʨʛʘʥʠʟʤʝ [210].   

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʝʩʪʠ ʠʟ ʚʦʩʴʤʠ ʧʘʮʠʝʥʪʘʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʩʘʜʢʘ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʦʪ ʜʦʥʦʨʦʚ, ʠʤʝʶʱʠʭ ʛʦʤʦʟʠʛʦʪʥʫʶ ʜʝʣʝʮʠʶ ʚ ʛʝʥʝ ʢʦʨʝʮʝʧʪʦʨʘ CCR5 

(CCR5ȹ32/ȹ32). ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ɺʀʏ-1 ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ 

ʢʘʢ ʭʝʤʦʢʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ 5 (CCR5), ʪʘʢ ʠ ʭʝʤʦʢʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ 4 CXC (CXCR4). R5-

ʪʨʦʧʥʳʝ ʚʠʨʫʩʳ ʩʚʷʟʳʚʘʶʪ CCR5 ʜʣʷ ʩʣʠʷʥʠʷ ʢʣʝʪʦʢ-ʭʦʟʷʝʚ ʠ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ɺʀʏ-ʠʥʬʝʢʮʠʠ, X4-ʪʨʦʧʥʳʝ ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʨʝʮʝʧʪʦʨ CXCR4, ʥʘʯʠʥʘʶʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 

ʠʥʬʝʢʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦʨʤʘʣʴʥʦʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʪʨʦʧʠʟʤʘ R5, ʘ ʟʘʪʝʤ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ X4-ʪʨʦʧʥʳʡ ʚʠʨʫʩ. ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʵʪʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩ R5 ʥʘ X4 ʝʱʝ ʥʝ ʧʨʦʠʟʦʰʣʦ ʥʠ ʫ ʦʜʥʦʛʦ ʠʟ ʧʷʪʠ 

ʧʘʮʠʝʥʪʦʚ ʩ ʧʝʨʝʩʘʞʝʥʥʳʤʠ CCR5ȹ32/ȹ32 ʢʣʝʪʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʪʨʦʧʥʳʝ ʚʠʨʫʩʳ CXCR4 ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʠʣʠ, ʝʩʣʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ, ʥʝ ʤʦʛʣʠ 

ʠʥʬʠʮʠʨʦʚʘʪʴ ʜʦʥʦʨʩʢʠʝ ʢʣʝʪʢʠ ʩ ʜʝʣʝʮʠʝʡ ʚ ʛʝʥʝ CCR5 [210,211]. 

ɽʱʝ ʦʜʥʦʤʫ ʧʘʮʠʝʥʪʫ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʦʪ ʜʦʥʦʨʘ 

ʩ ʛʝʪʝʨʦʟʠʛʦʪʥʳʤ ʛʝʥʦʪʠʧʦʤ CCR5 wt/ȹ32, ʦʜʥʘʢʦ, ʜʘʞʝ ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʨʝʮʝʧʪʦʨʘ CCR5 ʧʨʠʚʝʣʦ ʢ ʥʝʜʝʪʝʢʪʠʨʫʝʤʦʤʫ ʫʨʦʚʥʶ ʈʅʂ ɺʀʏ-1 

ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʥʘ ʬʦʥʝ ʦʪʤʝʥʳ ɸʈɺʊ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [210]. ɺ 

ʩʣʫʯʘʝ ʝʱʝ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ çɾʝʥʝʚʩʢʦʛʦ ʧʘʮʠʝʥʪʘè ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʩʢʦʛʦ ʢʦʩʪʥʦʛʦ 

ʤʦʟʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣ ʩ ʧʨʠʨʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ CCR5 (CCR5 wt/wt). ʇʦʩʣʝ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ 2018 ʛʦʜʫ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚ 2021 ʛʦʜʫ ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ ɸʈɺʊ. 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʧʘʮʠʝʥʪʦʤ ʚ ʪʝʯʝʥʠʝ 32 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ 

ʚʠʨʫʩʥʦʡ ʈʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʢʣʝʪʢʘʭ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʚʠʨʫʩʥʳʭ ɼʅʂ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ʝʛʦ ʦʨʛʘʥʠʟʤʝ 

ʨʝʧʣʠʮʠʨʫʶʱʝʛʦʩʷ ʚʠʨʫʩʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʧʘʮʠʝʥʪ ʙʳʣ ʚʳʥʫʞʜʝʥ 

ʨʝʛʫʣʷʨʥʦ ʧʨʠʥʠʤʘʪʴ ʨʫʢʩʦʣʠʪʠʥʠʙ ʠʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʨʝʘʢʮʠʠ ʪʨʘʥʩʧʣʘʥʪʘʥʪʘ ʧʨʦʪʠʚ 

ʭʦʟʷʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ɺʀʏ-1. ɺʦ ʚʨʝʤʷ 

ʦʪʤʝʥʳ ɸʈɺʊ ʜʘʥʥʦʤʫ ʧʘʮʠʝʥʪʫ ʥʘ ʤʝʩʷʮ ʙʳʣ ʦʪʤʝʥʝʥ ʧʨʠʝʤ ʨʫʢʩʦʣʠʪʠʥʠʙʘ ʠ ʜʘʞʝ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫ ʧʘʮʠʝʥʪʘ ʥʝ ʥʘʙʣʶʜʘʣʠ ɺʀʏ-1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʫʯʘʡ çɾʝʥʝʚʩʢʦʛʦè 

ʧʘʮʠʝʥʪʘ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʩʪʨʦʛʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 

ʜʦʥʦʨʘ ʩ ʛʝʥʦʪʠʧʦʤ CCR5ȹ32/ȹ32 ʜʣʷ ʠʟʣʝʯʝʥʠʷ ʦʪ ɺʀʏ-1, ʭʦʪʷ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʘʮʠʝʥʪʦʤ ʠ ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝ ʚ ʙʫʜʫʱʝʤ [210,212].       
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ʇʦʥʷʪʥʦ, ʦʜʥʘʢʦ, ʯʪʦ ʧʨʦʚʝʩʪʠ ʪʘʢʫʶ ʧʝʨʝʩʘʜʢʫ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚʩʝʤ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʤ ʧʘʮʠʝʥʪʘʤ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʠʜʸʪ ʧʦʠʩʢ ʙʝʟʦʧʘʩʥʳʭ ʩʧʦʩʦʙʦʚ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʠ ʫʜʘʣʝʥʠʷ ʠʟ ʥʝʛʦ ʛʝʥʦʚ ʨʝʮʝʧʪʦʨʦʚ CCR5 ʠ/ʠʣʠ 

CXCR4 ʠʣʠ ʧʨʦʚʠʨʫʩʥʦʡ ɼʅʂ.  

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʠʟʣʝʯʝʥʠʶ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʣʘʪʝʥʪʥʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʧʘʮʠʝʥʪʘ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʚʠʨʫʩʘ. ʕʪʦʪ ʧʦʭʦʜ ʩʪʘʣ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʘʢʪʦʨʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʠʨʫʩʥʦʡ ʣʘʪʝʥʪʥʦʩʪʠ ʠ ʚʳʭʦʜʫ ʠʟ ʥʝʝ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʩʪʨʘʪʝʛʠʠ: ʧʦʩʪʦʷʥʥʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʚʠʨʫʩʥʦʡ ʣʘʪʝʥʪʥʦʩʪʠ (çBlock and Lockè) ʠʣʠ ʥʘʦʙʦʨʦʪ - ʨʝʘʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ 

ʧʨʦʚʠʨʫʩʘ ʚ ʣʘʪʝʥʪʥʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʘʪʝʛʠʷʤʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʤʤʫʥʠʪʝʪʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺʀʏ-1 ʢʣʝʪʦʢ ʠʟ 

ʦʨʛʘʥʠʟʤʘ ʭʦʟʷʠʥʘ (çShock and Killè) (ʈʠʩ. 20) [213]. ʇʦʥʷʪʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʩʪʨʘʪʝʛʠʡ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʠʨʫʩʥʦʡ 

ʣʘʪʝʥʪʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʚʠʨʫʩʥʳʭ ʛʝʥʦʚ. 

 

ʈʠʩʫʥʦʢ 20. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʘʪʝʛʠʡ çShock and Killè (ɸ) ʠ çBlock and 

Lockè (ɹ). LRA ï ʘʛʝʥʪ, ʦʙʨʘʱʘʶʱʠʡ ʣʘʪʝʥʪʥʦʩʪʴ, LPA ï ʘʛʝʥʪ, ʫʩʠʣʠʚʘʶʱʠʡ 

ʣʘʪʝʥʪʥʦʩʪʴ.   
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ʇʦʢʘ ʥʠ ʦʜʠʥ ʠʭ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʦʜʥʘʢʦ 

ʫʯʠʪʳʚʘʷ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, ʤʳ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʢʨʘʪʢʦ ʦʙʩʫʜʠʪʴ 

ʠʭ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ,  

 

2.4.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ  

 

ʕʪʦʪ ʧʦʜʭʦʜ ʥʘʯʘʣ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ [214] ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʦʚʦʩʪʝʡ ʦʙ ʫʩʧʝʰʥʦʤ ʠʟʣʝʯʝʥʠʠ çɹʝʨʣʠʥʩʢʦʛʦ ʧʘʮʠʝʥʪʘè [215]. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ: ʘ) ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ 

ʧʨʦʚʠʨʫʩʘ ʠʟ ʚʩʝʭ ʣʘʪʝʥʪʥʳʭ ʢʣʝʪʦʢ-ʨʝʟʝʨʚʫʘʨʦʚ ʠʣʠ ʙ) ʥʘʨʫʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʢʦʨʝʮʝʧʪʦʨʦʚ ɺʀʏ-1 CXCR4 ʠ CCR5 [216].  

ʀʩʪʦʨʠʯʝʩʢʠ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʚ ʵʪʠʭ ʢʦʨʝʮʝʧʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ: ʮʠʥʢ-ʧʘʣʴʮʠʚʳʝ ʥʫʢʣʝʘʟʳ (ZFN), ʵʬʬʝʢʪʦʨʥʳʝ ʥʫʢʣʝʘʟʳ, ʧʦʜʦʙʥʳʝ 

ʘʢʪʠʚʘʪʦʨʘʤ ʪʨʘʥʩʢʨʠʧʮʠʠ (TALENs) ʠ ʩʠʩʪʝʤʘ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʦʨʦʪʢʠʭ ʧʘʣʠʥʜʨʦʤʥʳʭ ʧʦʚʪʦʨʦʚ (CRISPR)/Cas9) [217], ʠʟ ʢʦʪʦʨʳʭ 

ʩʠʩʪʝʤʘ CRISPR/Cas9 ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ [218]. ʅʝʟʘʚʠʩʠʤʦ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʠʣʠ CD4+ ʊ-ʢʣʝʪʢʠ 

ʠʟʚʣʝʢʘʶʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʝʥʦʤʥʦʤʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʠ ʨʝʠʥʬʫʟʠʨʫʶʪʩʷ 

ʧʘʮʠʝʥʪʫ. ʇʦʥʷʪʥʦ, ʯʪʦ ʵʪʘ ʩʪʨʘʪʝʛʠʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʣʝʪʦʢ ʩ çʠʩʧʦʨʯʝʥʥʳʤʠè 

ʢʦʨʝʮʝʧʪʦʨʘʤʠ CXCR4 ʠ CCR5 ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ɺʀʏ-ʠʥʬʝʢʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ 

ʫʩʪʦʡʯʠʚʦʡ ʧʦʧʫʣʷʮʠʠ ʪʘʢʠʭ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʦʢ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʠʟ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ CCR5 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ 32 ʧʘʨʳ 

ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʧʦʣʫʯʝʥʠʝ CD4+ T ʠʣʠ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ CCR5ȹ32ȹ32 ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʧʦʩʣʝ ʪʨʘʥʩʬʫʟʠʠ ʪʘʢʠʭ ʢʣʝʪʦʢ ʧʘʮʠʝʥʪʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʨʦʚʠ ʩʥʠʞʘʝʪʩʷ 

ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʵʥʜʦʛʝʥʥʳʭ ʊ-ʢʣʝʪʦʢ ʚ ʧʝʨʠʦʜ ʧʨʝʨʳʚʘʥʠʷ ɸʈɺʊ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ CCR5 ʢʣʝʪʢʠ ʠʤʝʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ɺʀʏ-ʠʥʬʝʢʮʠʠ 

[219]. ʅʘʜʦ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʝʩʣʠ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʨʝʮʝʧʪʦʨʘ CCR5 ʥʦʨʤʘʣʴʥʦ 

ʧʝʨʝʥʦʩʠʪʩʷ ʧʘʮʠʝʥʪʘʤʠ [209,211], ʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʨʝʮʝʧʪʦʨʘ CXCR4 ʚ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʥʘ ʤʳʰʠʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʤʦʟʠʛʦʪʥʳʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ CXCR4 ʧʨʠʚʦʜʷʪ 

ʢ ɻʤʙʨʠʦʥʘʣʴʥʦʡ ʣʝʪʘʣʴʥʦʩʪʠ [220]. 

ɼʨʫʛʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦ ʠʟʣʝʯʝʥʠʶ ɺʀʏ-1 ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ CRISPR/Cas9-ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 
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ʧʨʦʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʆʥʘ ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʢʘʢ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro, ʪʘʢ 

ʠ in vivo, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʨʝʟʫʩ-ʤʘʢʘʢʘʭ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚʠʨʫʩʦʤ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ 

ʦʙʝʟʴʷʥ [221]. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʘ CRISPR/Cas9 ʜʦʩʪʘʚʣʷʣʘʩʴ ʚ ʦʨʛʘʥʠʟʤ ʩ 

ʧʦʤʦʱʴʶ ʘʜʝʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʚʠʨʫʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʠʨʫʩʥʦʡ ɼʅʂ ʚ ʦʙʨʘʟʮʘʭ, ʩʦʙʨʘʥʥʳʭ ʠʟ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ 

ʢʨʦʚʠ ʠ ʜʨʫʛʠʭ ʪʢʘʥʝʡ, ʚʢʣʶʯʘʷ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʣʳ, ʩʝʣʝʟʝʥʢʫ, ʢʦʩʪʥʳʡ ʠ ʛʦʣʦʚʥʦʡ 

ʤʦʟʛ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʣʠʢʚʠʜʘʮʠʠ ɺʀʏ-1 ʚ ʦʨʛʘʥʠʟʤʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʳʭ ʤʳʰʝʡ [222]. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʘʣʝʥʠʶ ʠʟ 

ʛʝʥʦʤʘ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʤʳʰʠ ʜʣʠʥʥʳʭ ʢʦʥʮʝʚʳʭ ʧʦʚʪʦʨʦʚ ʚʠʨʫʩʥʦʡ ɼʅʂ ʠ ʛʝʥʘ 

gag ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʪʠʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʝʡ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʤʝʜʣʝʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʝʧʘʨʘʪʘ (long-acting slow-effective release 

antiviral therapy - LASER ART) [223]. ɼʣʷ ʵʪʦʡ ʪʝʨʘʧʠʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʨʦʣʝʢʘʨʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʠʨʠʩʪʦʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʦʣʫʪʝʛʨʘʚʠʨ 

(DTG), ʣʘʤʠʚʫʜʠʥ (3TC) ʠ ʘʙʘʢʘʚʠʨ (ABC) (ʈʠʩ. 21) [223ï225]. ɺ ʦʨʛʘʥʠʟʤʝ ʵʪʠ 

ʧʨʦʣʝʢʘʨʩʪʚʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʜʣʝʥʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʢʣʝʪʦʯʥʳʤʠ ʵʩʪʝʨʘʟʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʘʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ.    

 

ʈʠʩʫʥʦʢ 21. ʉʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ʧʨʦʣʝʢʘʨʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʦʢ ʤʠʨʠʩʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ: ɸ. ʜʦʣʫʪʝʛʨʘʚʠʨʘ; ɹ. ʣʘʤʠʚʫʜʠʥʘ; ɺ. ʘʙʘʢʘʚʠʨʘ. DIEA - N,N-

ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ, DMF - N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ,  TBDMSCl ï ʪʨʝʪ-

ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣʭʣʦʨʠʜ, DMTrCl ï 4,4ǋ-ʜʠʤʝʪʦʢʩʠʪʨʠʬʝʥʠʣʤʝʪʠʣʭʣʦʨʠʜ, TBAF ï 

ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʬʪʦʨʠʜ, TFA ï ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ.  
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ɸʚʪʦʨʳ ʨʘʙʦʪʳ [222] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʘʢʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ CD4+ T-ʢʣʝʪʦʢ ʩʠʩʪʝʤʦʡ CRISPR/Cas9, 

ʜʦʩʪʘʚʣʷʝʤʦʡ ʚ ʦʨʛʘʥʠʟʤ ʤʳʰʝʡ ʩ ʧʦʤʦʱʴʶ ʘʜʝʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʚʠʨʫʩʘ. ʇʦʩʣʝ 

ʪʘʢʦʡ ʜʚʦʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ɺʀʏ-1 ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʚ ʢʨʦʚʠ, ʩʝʣʝʟʝʥʢʝ, ʣʝʛʢʠʭ, ʧʦʯʢʘʭ, 

ʧʝʯʝʥʠ, ʢʠʰʝʯʥʠʢʝ, ʢʦʩʪʥʦʤ ʠ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʳʭ ʤʳʰʝʡ 

LASER ART ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [226]. ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ CRISPR/Cas9 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʠʨʫʩʘ, ʪʘʢ ʠ ʢʦʨʝʮʝʧʪʦʨʘ 

CCR5. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʨʘʧʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʳʣʘ ʪʘʢʞʝ ʜʦʧʦʣʥʝʥʘ ʚʚʝʜʝʥʠʝʤ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʠʣʧʠʚʠʨʠʥʘ. ʇʦʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ɺʀʏ-1 ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʚ ʢʨʦʚʠ, ʩʝʣʝʟʝʥʢʝ, ʣʝʛʢʠʭ, ʧʦʯʢʘʭ, ʧʝʯʝʥʠ, ʢʠʰʝʯʥʠʢʝ, ʢʦʩʪʥʦʤ ʠ 

ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʞʠʚʦʪʥʳʭ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ɺʀʏ-1 ʤʳʰʠ, 

ʧʦʜʚʝʨʛʰʠʝʩʷ ʫʢʘʟʘʥʥʦʡ ʜʚʦʡʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʙʦʣʝʝ ʥʝ ʟʘʨʘʞʘʣʠʩʴ ʚʠʨʫʩʦʤ. ʅʠ ʫ ʦʜʥʦʛʦ 

ʠʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʥʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺʘʞʥʦ, ʯʪʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʨʘʧʠʷ LASER ART + CRISPR/Cas9 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʠ ʠʟʣʝʯʝʥʠʠ ɺʀʏ-1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʘʧʠʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ LASER ART ʠʣʠ ʪʦʣʴʢʦ CRISPR/Cas9. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ, ʭʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʘʪʝʛʠʷ ʫʜʘʣʝʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʠʨʫʩʘ ʝʱʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʠ ʜʦ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʧʨʠʜʝʪʩʷ ʧʨʦʡʪʠ ʜʣʠʥʥʳʡ ʧʫʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠ ʝʝ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʝʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʚ ʢʦʨʝʮʝʧʪʦʨʦʚ CCR5/CXCR4, ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʧʘʮʠʝʥʪʘ ʥʝ 

ʥʫʞʜʘʝʪʩʷ ʚ ʪʨʘʥʩʬʫʟʠʠ ʥʦʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʘ in vivo. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʦʜʪʠʧʦʚ ɺʀʏ-1 ʠ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʨʝʮʝʧʪʦʨʦʚ 

CCR5/CXCR4 ʜʦʣʞʥʦ ʟʘʱʠʪʠʪ ɹ ʧʘʮʠʝʥʪʦʚ ʦʪ ʧʦʚʪʦʨʥʦʛʦ ʟʘʨʘʞʝʥʠʷ, ʪʦ ʫʜʘʣʝʥʠʝ 

ʧʨʦʚʠʨʫʩʘ ð ʥʝʪ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʘ ʥʝ ʙʫʜʝʪ ʟʘʙʣʦʢʠʨʦʚʘʥʦ. ʅʘʜʦ ʪʘʢʞʝ 

ʧʨʠʟʥʘʪʴ, ʯʪʦ ʧʝʨʝʜ ʚʥʝʜʨʝʥʠʝʤ ʚ ʢʣʠʥʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ CRISPR/Cas9. ʊʘʢ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʠʨʫʩʘ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʪʘʤʤʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚ ʛʝʥʦʤʝ ɺʀʏ-1 

ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʫʯʘʩʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʥʝʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚ 

ʩʘʡʪʘʭ ʩʚʷʟʳʚʘʥʠʷ ʛʠʜʦʚʳʭ ʈʅʂ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ʍʦʪʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʤʳʰʘʭ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ ʠʭ ʧʦʷʚʣʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ CRISPR/Cas9 ʫ 
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ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ 

ʚʘʨʠʘʥʪ ʜʦʩʪʘʚʢʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ.  

 

2.4.2. ʉʪʨʘʪʝʛʠʷ çShock and Killè 

 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʧʦʣʥʦʡ ʠʨʠʜʠʢʘʮʠʠ ɺʀʏ-1 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʝʨʚʫʘʨʳ ʚʠʨʫʩʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʣʘʪʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʪʘʢʠʝ 

ʢʣʝʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʚʠʨʫʩʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʢʣʝʪʦʯʥʳʡ ʛʝʥʦʤ, 

ʥʦ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʥʝʘʢʪʠʚʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʠʨʫʩ ʚ ʪʘʢʠʭ ʢʣʝʪʢʘʭ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʩʧʨʠʠʤʯʠʚ ʢ ʜʝʡʩʪʚʠʶ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ, ʘ ʣʘʪʝʥʪʥʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ ʚʠʨʫʩʥʳʭ ʘʥʪʠʛʝʥʦʚ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʍʦʪʷ ʪʘʢʠʝ ʢʣʝʪʢʠ ʠ 

ʥʝ ʧʨʦʜʫʮʠʨʫʶʪ ʥʦʚʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʩʧʦʥʪʘʥʥʳʡ ʚʳʭʦʜ ʚʠʨʫʩʘ ʠʟ ʣʘʪʝʥʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʥʷʪʴ ɸʈɺʊ ʜʘʞʝ ʧʨʠ ʥʝʜʝʪʝʢʪʠʨʫʝʤʦʡ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʝ ʚ 

ʧʣʘʟʤʝ ʢʨʦʚʠ [205].   

ʇʝʨʝʭʦʜ ʚʠʨʫʩʘ ʚ ʣʘʪʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʳʭʦʜ ʠʟ ʥʝʛʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʤʝʭʘʥʠʟʤʘʤʠ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ɺʀʏ-1 ʢʣʝʪʦʯʥʳʤʠ ʠ ʚʠʨʫʩʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʅʘ 

ʦʙʦʠʭ ʢʦʥʮʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʠʨʫʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʥʘʟʳʚʘʝʤʳʝ ʜʣʠʥʥʳʤʠ ʢʦʥʮʝʚʳʤʠ ʧʦʚʪʦʨʘʤʠ (Long Terminal Repeat - LTR). 

ʈʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 5ô-ʢʦʥʮʝ ʧʨʦʚʠʨʫʩʘ 5ǋ-LTR ʷʚʣʷʝʪʩʷ ʧʨʦʤʦʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʵʢʩʧʨʝʩʩʠʶ ʚʠʨʫʩʥʳʭ ʛʝʥʦʚ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʫʯʘʩʪʢʦʚ U3, R ʠ U5, ʦʪʚʝʯʘʝʪ ʟʘ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʚʠʨʫʩʘ ʠ ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʷʪʦʨʥʳʡ ʨʝʛʫʣʷʪʦʨʥʳʡ ʵʣʝʤʝʥʪ, ʵʥʭʘʥʩʝʨ ʠ 

ʧʨʦʤʦʪʦʨ ʚ ʦʙʣʘʩʪʠ U3, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʵʣʝʤʝʥʪ ʦʪʚʝʪʘ ʥʘ ʪʨʘʥʩʘʢʪʠʚʘʮʠʶ (Trans 

Activation Response element - TAR) ʚ ʦʙʣʘʩʪʠ R [227]. ɺ ʧʨʦʮʝʩʩʝ ʠʥʠʮʠʘʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ II ʩʠʥʪʝʟʠʨʫʝʪ ʥʝʙʦʣʴʰʫʶ 5ô-ʢʦʥʮʝʚʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʤʥʦʡ ʈʅʂ, ʩʦʜʝʨʞʘʱʫʶ TAR-ʵʣʝʤʝʥʪ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʰʧʠʣʴʢʫ, ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʳʚʘʝʪʩ ̫ʚʠʨʫʩʥʳʡ ʙʝʣʦʢ Tat (Trans-Activator of Transcription), 

ʠʤʝʶʱʠʡ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ɺʀʏ-1, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ TAR ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ P-TEFb ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ 

ʧʝʨʝʭʦʜ ʢ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ [228,229]. ʉ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 5ǋ-LTR, ʢʘʢ ʩ 

ʧʨʦʤʦʪʦʨʦʤ, ʩʚʷʟʳʚʘʶʪʩʷ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʪʨʘʥʩʢʨʠʧʮʠʶ: ʘʢʪʠʚʘʪʦʨʳ, 

ʨʝʧʨʝʩʩʦʨʳ ʠʣʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʩʘʡʣʝʥʩʝʨʳ. ʂʦʛʜʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ɺʀʏ-1 CD4+ ʊ-

ʢʣʝʪʢʠ ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ, ʵʢʩʧʨʝʩʩʠʷ ʧʨʦʚʠʨʫʩʥʳʭ ʛʝʥʦʚ ʤʦʞʝʪ ʧʦʜʘʚʣʷʪʴʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʠʭ 
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ʩʚʷʟʳʚʘʥʠʷ ʩ 5ǋ-LTR. ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʧʦʜʘʚʣʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʘ Tat ʩ TAR ʈʅʂ ʠʣʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ Tat 

ʚ ʢʣʝʪʢʝ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʚʠʨʫʩʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ. 

ʊʘʢ, ʧʦʜʘʚʣʷʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ɺʀʏ-1 ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʜʜʝʨʞʘʥʠʶ ʣʘʪʝʥʪʥʦʩʪʠ 

ʤʦʞʝʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʩʘʡʪʦʚ CpG ʚ ʧʨʦʚʠʨʫʩʥʦʤ ʧʨʦʤʦʪʦʨʝ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʥʫʢʣʝʦʩʦʤ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʨʦʤʘʪʠʥʘ, ʤʦʜʠʬʠʢʘʮʠ ̫ʛʠʩʪʦʥʦʚ ʚʙʣʠʟʠ ʧʨʦʤʦʪʦʨʘ 

ɺʀʏ-1, ʚʢʣʶʯʘʷ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʠ ʛʠʧʦʘʮʝʪʠʣʠʨʦʚʘʥʠʝ [230].  

ʉʪʨʘʪʝʛʠʷ çShock and Killè, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 2004 ʛʦʜʫ [231], ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʚʠʨʫʩʘ ʠʟ ʦʨʛʘʥʠʟʤʘ ʧʫʪʝʤ ʨʝʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʣʘʪʝʥʪʥʳʭ 

ʧʨʦʚʠʨʫʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʥʠʯʪʦʞʝʥʠʝʤ ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʚʠʨʫʩʳ, 

ʣʠʙʦ ʟʘʜʝʡʩʪʚʫʷ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʧʘʮʠʝʥʪʘ, ʣʠʙʦ ʩʧʦʩʦʙʩʪʚʫʷ ʘʧʦʧʪʦʟʫ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʛʝʥʪʳ, 

ʦʙʨʘʱʘʶʱʠʝ ʠʣʠ ʦʪʤʝʥʷʶʱʠʝ ʣʘʪʝʥʪʥʦʩʪʴ (latency-reversing agents - LRAs), ʪ.ʝ. 

ʨʝʘʛʝʥʪʳ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʵʢʩʧʨʝʩʩʠʶ ʚʠʨʫʩʥʳʭ ʛʝʥʦʚ ʚ ʣʘʪʝʥʪʥʳʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʢʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʛʝʥʪʦʚ, 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ LRAs, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʣʘʪʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ɺʀʏ-1 

ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʚʠʨʫʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʨʝʛʫʣʷʮʠʠ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʦʚ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

toll-like ʨʝʮʝʧʪʦʨ r(TLR) ʠ ʜʨʫʛʠʝ [230,232]. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ LRAs, 

ʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʘʢʪʠʚʘʪʦʨʳ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ (ʇʂʉ) ʠ 

ʠʥʛʠʙʠʪʦʨʳ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟ (HDAC) ʠ ʙʨʦʤʜʦʤʝʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʙʝʣʢʘ 4 (BRD4) (ʈʠʩ. 

22) [233].  

ʇʂʉ ð ʬʝʨʤʝʥʪ ʠʟ ʩʝʤʝʡʩʪʚʘ ʩʝʨʠʥʦʚʳʭ/ʪʨʝʦʥʠʥʦʚʳʭ ʢʠʥʘʟ, 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠʭ ʢʣʝʪʦʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʨʠʚʦʜʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʘʢʪʠʚʘʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ NF-əB. 

ʉʚʷʟʳʚʘʥʠʝ NF-əB ʩ ʵʥʭʘʥʩʝʨʦʤ ʚ ʩʦʩʪʘʚʝ ʚʠʨʫʩʥʦʛʦ 5ǋ-LTR ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʚʠʨʫʩʥʳʭ ʛʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʣʘʪʝʥʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʠʨʫʩʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʠʚʘʪʦʨʳ ʇʂʉ ʘʢʪʠʚʠʨʫʶʪ ʧʫʪʴ NF-əB, ʠʥʜʫʮʠʨʫʷ ʪʨʘʥʩʢʨʠʧʮʠʶ 

ʣʘʪʝʥʪʥʦʛʦ ɺʀʏ-1 [234].   

ɻʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʳ, HDAC, ʢʘʪʘʣʠʟʠʨʫʶʪ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ ʚ 

ʩʦʩʪʘʚʝ ʦʩʥʦʚʥʳʭ ʛʠʩʪʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʭʨʦʤʘʪʠʥʘ ʠ 

ʧʦʜʘʚʣʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ. ʀʥʛʠʙʠʪʦʨʳ HDAC ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʘʢʪʠʚʘʮʠʠ 

ʚʠʨʫʩʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʦʤʦʪʦʨʘ ɺʀʏ-1 [235]. 
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ʈʠʩʫʥʦʢ 22.     ʉʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʝʥʪʦʚ, ʦʙʨʘʱʘʶʱʠʭ 

ʣʘʪʝʥʪʥʦʩʪʴ (LRAs). ʀʥʛʝʥʦʣ-3-ʘʥʛʝʣʘʪ, ʧʨʦʩʪʨʘʪʠʥ ʠ ʙʨʠʦʩʪʘʪʠʥ-1 - ʘʢʪʠʚʘʪʦʨʳ ʇʂʉ; 

ʚʦʨʠʥʦʩʪʘʪ, ʧʘʥʦʙʠʥʦʩʪʘʪ ʠ ʨʦʤʠʜʝʧʩʠʥ ï ʠʥʛʠʙʠʪʦʨʳ HDAC; JQ1 ï ʠʥʛʠʙʠʪʦʨ BRD4; 

Q205 ï ʘʢʪʠʚʘʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ P-TEFb ʩ ʚʠʨʫʩʥʳʤ ʙʝʣʢʦʤ Tat; ʦʙʘʪʦʢʣʘʢʩ - 

ʠʥʛʠʙʠʪʦʨ ʙʝʣʢʘ BCL-2.  

 

BRD4 ʚ̫ʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʦʪʦʨʳʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ 

ʧʨʠʚʣʝʢʘʪʴ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ II ʢ ʘʢʪʠʚʥʳʤ ʦʙʣʘʩʪʷʤ ʧʨʦʤʦʪʦʨʘ ʠ ʵʥʭʘʥʩʝʨʘ, ʘ ʩ ʜʨʫʛʦʡ 

ï ʩʚʷʟʳʚʘʝʪ P-TEFb, ʘʢʪʠʚʠʨʫʶʱʠʡ ʠʥʠʮʠʘʮʠʶ ʠ ʵʣʦʥʛʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ [236]. ɺʦ 

ʚʨʝʤʷ ʘʢʪʠʚʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ɺʀʏ-1 BRD4 ʠ Tat ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ P-TEFb, 

ʢʦʪʦʨʳʡ ʜʦʩʪʫʧʝʥ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ [237]. ɺ ʣʘʪʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʳʩʦʢʠʝ 

ʫʨʦʚʥʠ BRD4 ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʚʷʟʳʚʘʥʠʶ Tat ʩ P-TEFb ʠ ʠʥʛʠʙʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ 

ʪʨʘʥʩʘʢʪʠʚʘʮʠʶ, ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ Tat. ʀʥʛʠʙʠʪʦʨʳ BRD4 ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʝʛʦ 

ʙʨʦʤʦʜʦʤʝʥʘʤʠ BD1 ʠ BD2 ʠ ʚʳʪʝʩʥʷʶʪ BRD4 ʠʟ ʭʨʦʤʘʪʠʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ Tat 

ʩʚʷʟʘʪʴʩʷ ʩ P-TEFb, ʪʝʤ ʩʘʤʳʤ ʘʢʪʠʚʠʨʫʷ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʚʠʨʫʩʘ [238].   

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ LRAs ʧʨʦʜʦʣʞʘʝʪʩʷ. ʊʘʢ, ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʥʦʚʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʝʥʪʦʚ [239ï242], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 
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5,7-ʜʠʤʝʪʦʢʩʠ-2-(5-(ʤʝʪʦʢʩʠʤʝʪʠʣ)ʬʫʨʘʥ-2-ʠʣ)ʭʠʥʘʟʦʣʠʥ-4(3H)-ʦʥ (Q205) ʠ ʘʥʪʘʛʦʥʠʩʪ 

ʙʝʣʢʘ BCL-2 ʦʙʘʪʦʢʣʘʢʩ.  

Q205 ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʢʪʠʚʠʨʦʚʘʪʴ ʚʠʨʫʩ ʚ ʣʘʪʝʥʪʥʳʭ ɺʀʏ-1-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ, ʥʝ ʚʳʟʳʚʘʷ ʠʥʜʫʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʚʨʝʞʜʘʶʱʠʭ 

ʮʠʪʦʢʠʥʦʚ. ʋʩʪʘʥʦʚʣʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ Q205 ï ʩʪʠʤʫʣʷʮʠʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʦʩʪʘʪʢʘ T186 ʚ ʘʢʪʠʚʘʪʦʨʥʦʡ ʧʝʪʣʝ (T-loop) ʙʝʣʢʘ CDK9 - 

ʢʦʤʧʦʥʝʥʪʘ P-TEFb. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ P-TEFb ʩ ʚʠʨʫʩʥʳʤ ʙʝʣʢʦʤ Tat, 

ʠʭ ʩʚʷʟʳʚʘʥʠʶ ʩ TAR ʈʅʂ ʠ ʘʢʪʠʚʘʮʠʠ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʠʨʫʩʘ [239]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʣʦʢ BCL-2 ʠ ʝʛʦ ʛʦʤʦʣʦʛʠ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʤʥʦʞʝʩʪʚʘ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʚʳʞʠʚʘʥʠʝ ʢʣʝʪʦʢ ʠ ʘʧʦʧʪʦʟ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ɺʀʏ-1 ʤʦʞʝʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ-ʭʦʟʷʝʚ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ BCL-2 ʥʘ ʜʠʥʘʤʠʢʫ ɺʀʏ-ʠʥʬʝʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʝʣʝʢʪʠʚʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ BCL-2 ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʢ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʚʠʨʫʩʦʤ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʢʣʝʪʦʢ-ʨʝʟʝʨʚʫʘʨʦʚ ʣʘʪʝʥʪʥʦʛʦ ʚʠʨʫʩʘ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ɺʀʏ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʣʠʤʬʦʮʠʪʦʚ ʥʘʮʝʣʠʚʘʪʴʩʷ ʥʘ 

ʣʘʪʝʥʪʥʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʧʦʩʣʝ ʨʝʘʢʪʠʚʘʮʠʠ [243ï245]. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʤ ʦʢʘʟʘʣʩʷ ʠʥʛʠʙʠʪʦʨ BCL-2 ʦʙʘʪʦʢʣʘʢʩ (ʈʠʩ. 

22), ʚʳʟʳʚʘʶʱʠʡ ʨʝʘʢʪʠʚʘʮʠʶ ɺʀʏ-1 ʚ ʣʘʪʝʥʪʥʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ 

in vitro ʠ ʚ PBMC/CD4+ T-ʢʣʝʪʢʘʭ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʣʶʜʝʡ ex vivo [240,246]. 

ʆʙʘʪʦʢʣʘʢʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʠʮʠʘʮʠʠ ʠ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ɺʀʏ-1, ʨʝʛʫʣʠʨʫʷ ʧʫʪʴ 

NF-əB, ʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʦʥ ʩʪʠʤʫʣʠʨʫʝʪ ʘʧʦʧʪʦʟ ʚ ʣʘʪʝʥʪʥʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʢʘʭ. ʉʧʦʩʦʙʥʦʩʪʴ ʨʝʘʢʪʠʚʠʨʦʚʘʪʴ ʣʘʪʝʥʪʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ɺʀʏ-1, ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʠʥʬʝʢʮʠʶ ɺʀʏ-1 ʠ ʚʳʟʳʚʘʪʴ ʘʧʦʧʪʦʟ ʣʘʪʝʥʪʥʳʭ ʢʣʝʪʦʢ ɺʀʏ-1 ʜʝʣʘʝʪ ʦʙʘʪʦʢʣʘʢʩ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʘʪʝʛʠʠ çShock and Killè. 

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʣʘʪʝʥʪʥʳʡ ʚʠʨʫʩ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʚʨʝʤʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠ ʁʫʨʦʚʥʷ ʢʣʝʪʦʯʥʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ 

ʠ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʚʠʨʫʩʥʦʡ ʈʅʂ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʝʘʢʪʠʚʘʮʠʠ ʚʠʨʫʩʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʘʤʠʭ ʢʣʝʪʦʢ-ʨʝʟʝʨʚʫʘʨʦʚ ɺʀʏ-1 [247ï251]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟ (ʥʘʧʨʠʤʝʨ, ʚʦʨʠʥʦʩʪʘʪ) ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ CD4+ T-ʢʣʝʪʦʢ ʢ ʟʘʨʘʞʝʥʠʶ ʚʠʨʫʩʦʤ [252].  
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ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ LRAs in vitro ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ ʢʣʠʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʣʘʪʝʥʪʥʦʩʪʠ ɺʀʏ-1 in vivo ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʝ, ʝʱʝ ʥʝ ʜʦ 

ʢʦʥʮʘ ʠʟʫʯʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ. ɹʦʣʝʝ ʪʦʛʦ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʚʳʚʦʜʠʪʴ ʪʘʢʠʝ ʢʣʝʪʢʠ ʠʟ 

ʣʘʪʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠ ̫ʩ ʧʦʤʦʱʴʶ ʣʠʰʴ ʦʜʥʦʛʦ ʘʛʝʥʪʘ.  

ʆʯʝʚʠʜʥʦ, ʦʜʥʦʡ ʦʪʤʝʥʳ ʣʘʪʝʥʪʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʣʝʪʦʢ-

ʨʝʟʝʨʚʫʘʨʦʚ ɺʀʏ-1. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʩʪʨʘʪʝʛʠʷ çShock and Killè ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʫʥʠʯʪʦʞʝʥʠʝ ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʢʪʠʚʠʨʦʚʘʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʣʘʪʝʥʪʥʳʭ ʧʨʦʚʠʨʫʩʦʚ, 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʘʮʠʝʥʪʘ ʠʣʠ ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ. ʆʜʥʘʢʦ, ɺʀʏ-ʠʥʬʝʢʮʠʷ ʫʥʠʯʪʦʞʘʝʪ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʟʳʚʘʝʪ 

ʠʤʤʫʥʥʫʶ ʜʠʩʨʝʛʫʣʷʮʠʶ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʫʩʪʨʘʥʝʥʠʝ ʚʠʨʫʩʘ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ LRA. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʨʘʞʝʥʠʷ 

ʥʝʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚʠʨʫʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʪʠʚʘʮʠʠ ʣʘʪʝʥʪʥʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʤʦʞʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʯʝʪʘʥʠʝ LRAs ʩ ʩʠʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ɸʈɺʊ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʠʤʤʫʥʥʳʭ ʪʝʨʘʧʠʡ, ʚʢʣʶʯʘʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʚʘʢʮʠʥʳ, ʘʥʪʠʪʝʣʘ, 

ʠʤʤʫʥʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪ,r ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʬʫʥʢʮʠʶ ʊ-ʢʣʝʪʦʢ, ʜʣʷ 

ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ ʣʘʪʝʥʪʥʦʛʦ ɺʀʏ-1.  

 

2.4.3. CAR-T ʪʝʨʘʧʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʩʪʨʘʪʝʛʠʠ çShock and Kill è 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʣʶʜʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʪʝʨʘʧʠʠ ʊ-ʢʣʝʪʢʘʤʠ ʩ ʭʠʤʝʨʥʳʤ ʘʥʪʠʛʝʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ (CAR-T). ɺ ʝʝ 

ʦʩʥʦʚʝ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʣʦʛʝʥʥʳʭ ʊ-ʢʣʝʪʦʢ ʧʘʮʠʝʥʪʘ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ex vivo 

ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʤʝʨʥʳʤ ʘʥʪʠʛʝʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ (CAR) ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʢʣʝʪʢʠ, ʥʝʩʫʱʠʝ ʮʝʣʝʚʦʡ ʘʥʪʠʛʝʥ, ʥʘʧʨʠʤʝʨ, ʙʝʣʦʢ Env ɺʀʏ-1, ʠ 

ʫʥʠʯʪʦʞʘʪʴ ʠʭ [253].   

CAR, ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1987-1989 ʛʦʜʘʭ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ: ʚʥʝʢʣʝʪʦʯʥʦʛʦ ï ʦʪʚʝʯʘʝʪ ʟʘ ʫʟʥʘʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʘʥʪʠʛʝʥʘ, 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ï ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʨʝʮʝʧʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ï ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ  ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʠ ʘʢʪʠʚʘʮʠʶ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʧʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ CAR ʩ ʘʥʪʠʛʝʥʦʤ [254]. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʢʣʝʪʦʯʥʦʡ 
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ʯʘʩʪʠ CAR ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʠʛʝʥ-ʨʘʩʧʦʟʥʘʶʱʠʡ ʤʦʜʫʣʴ, ʥʘʧʨʠʤʝʨ, ʬʨʘʛʤʝʥʪ 

ʘʥʪʠʪʝʣ ʠʣʠ ʢʣʝʪʦʯʥʳʡ ʨʝʮʝʧʪʦʨ, ʩʧʝʮʠʬʠʯʥʳʡ ʢ ʤʠʰʝʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ 

ï ʬʨʘʛʤʝʥʪ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ ʊ-ʢʣʝʪʦʢ, ʥʘʧʨʠʤʝʨ, CD3ɕ, CD28, CD8Ŭ ʠ ʜʨʫʛʠʝ, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ï ʩʠʛʥʘʣʴʥʳʡ ʜʦʤʝʥ CD3ɕ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠʣʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʦʩʪʠʤʫʣʷʪʦʨʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ [254]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ CAR-T, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʩʧʦʟʥʘʶʱʠʭ ʤʦʣʝʢʫʣ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ ʜʝʣʘʝʪ CAR-T ʤʦʱʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʪʝʨʘʧʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʪʝʨʘʧʠʠ ɺʀʏ-1 ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʯʘʩʪʠ CAR ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʨʘʛʤʝʥʪʳ CD4-ʨʝʮʝʧʪʦʨʘ. ʂʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʚʠʨʫʩ ʠʩʧʦʣʴʟʫʝʪ CD4-ʨʝʮʝʧʪʦʨ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʮʝʣʝʚʦʡ ʢʣʝʢʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ CAR ʧʦʟʚʦʣʠʪ ʢʣʝʪʢʘʤ ʨʘʩʧʦʟʥʘʪʴ 

Env-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʟʘʨʘʞʝʥʥʳʝ ʢʣʝʪʢʠ [254,255].   

CD8+ T-ʣʠʤʬʦʮʠʪʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ CAR ʩ CD4-ʫʟʥʘʶʱʝʡ ʯʘʩʪʴʶ, 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʦʟʥʘʚʘʣʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ɺʀʏ-1 ʊ-ʣʠʤʬʦʮʠʪʳ ʠ ʚʳʟʳʚʘʣʠ ʠʭ ʛʠʙʝʣʴ 

ʚ ʫʩʣʦʚʠʷʭ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ in vitro [254,255]. ʆʜʥʘʢʦ ʧʝʨʚʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʪʘʢʦʛʦ ʚʘʨʠʘʥʪʘ CAR-ʊ ʥʘ ʧʘʮʠʝʥʪʘʭ, ʩ ʧʦʜʘʚʣʝʥʥʦʡ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ, ʭʦʪʷ ʠ 

ʧʦʢʘʟʘʣʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʘʮʠʝʥʪʦʚ, ʥʦ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ɺʀʏ-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʣʛʦʝ ʩʦʭʨʘʥʝʥʠʝ ʪʘʢʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ (ʜʦ 11 ʣʝʪ). ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ 

ʥʝʫʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʈɺʊ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʚʠʨʫʩʥʦʡ ʨʝʧʣʠʢʘʮʠʠ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʮʠʠ Env 

ʟʘʨʘʞʝʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʭʦʪʷ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʜʦʟʘ ʢʣʝʪʦʢ, ʥʠʟʢʘʷ 

ʩʢʦʨʦʩʪʴ ʵʢʩʧʘʥʩʠʠ ʪʘʢʠʭ ʢʣʝʪʦʢ, ʤʦʛʫʪ ʪʘʢʞʝ ʠʤʝʪʴ ʚʢʣʘʜ ʚ ʥʝʫʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɽʱʝ 

ʦʜʠʥ ʬʘʢʪʦʨ ʚ ʧʦʣʴʟʫ ʥʝʫʜʘʯʥʦʛʦ ʠʩʭʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʠʭ CAR-T ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʳʙʦʨʝ ʨʝʮʝʧʪʦʨʥʦʡ ʯʘʩʪʠ CAR: ʚʠʨʫʩ ʤʦʞʝʪ ʟʘʨʘʞʘʪʴ ʪʘʢʠʝ ʢʣʝʪʢʠ 

ʟʘ ʩʯʝʪ CD4-ʨʝʮʝʧʪʦʨʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʝʛʦʜʥʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʩʪʨʘʪʝʛʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʠʣʠ ʫʜʘʣʝʥʠʝ CCR5 

ʢʦʨʝʮʝʧʪʦʨʘ, ʥʘʨʷʜʫ ʩ ʚʚʝʜʝʥʠʝʤ CD4-CAR, ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʪʨʘʥʩʜʫʢʮʠʠ ʪʘʢʠʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ [254,255].    

ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʜʦʤʝʥʘ ʜʣʷ CAR ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʰʠʨʦʢʦ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʘʥʪʠʪʝʣ (ʘʥʛʣ. broadly neutralizing 

antibodies, bNAbs) ʢ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʫʯʘʩʪʢʘʤ Env ʙʝʣʢʘ [254]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ 

ʘʥʪʠʪʝʣ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʪʴ Env h ʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ ʠ 
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ʙʣʦʢʠʨʦʚʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʳʯʥʦ, ʪʘʢʠʝ ʘʥʪʠʪʝʣʘ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʠʭ ʥʘʣʠʯʠʝ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʥʝ ʧʦʤʦʛʘʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʝ, ʪ.ʢ. ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʘʥʪʠʪʝʣ 

ʪʨʝʙʫʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 3 ʜʦ 5 ʣʝʪ, ʠ ʟʘ ʵʪʦ ʚʨʝʤʷ ʛʦʥʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʠʨʫʩʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʧʦʙʝʞʜʘʝʪ ʚʠʨʫʩ, ʩʦʟʜʘʚʘʷ ʣʘʪʝʥʪʥʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʠ 

ʘʜʘʧʪʠʨʫʷ ʩʪʨʫʢʪʫʨʫ Env. ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʠʩʢʣʶʯʝʥʠʷ. ʊʘʢ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʦʥ-

ʧʨʦʛʨʝʩʩʦʨʦʚ ʠ ʵʣʠʪʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʯʴʷ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʵʬʬʝʢʪʠʚʥʦ ʩʜʝʨʞʠʚʘʝʪ 

ʨʘʟʚʠʪʠʝ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʤʝʥʳ ɸʈɺʊ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ bNAbs ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʢʦʥʪʨʦʣʶ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ 

[256,257].     

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ bNAbs ʦʪ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʚʤʝʩʪʦ CD4-ʨʝʮʝʧʪʦʨʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ CAR ʟʘʱʠʱʘʝʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʊ-ʢʣʝʪʢʠ ʦʪ ʠʥʬʝʢʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʝʪ 

ʠʤ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚʠʨʫʩʘ ʢʣʝʪʢʠ. ʈʘʟʥʳʝ 

ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ CD8-ʢʣʝʪʢʠ ʩ bNAbs-CAR ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʦʟʥʘʶʪ ʠ 

ʫʥʠʯʪʦʞʘʶʪ Env-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʨʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʣʘʪʝʥʪʥʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ in vitro. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ CAR-T ʥʘ ʙʘʟʝ bNAbs (Clinical trial 

NCT03240328) [255]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʧʦʢʘ ʥʘʭʦʜʷʪʩʷ ʣʠʰʴ ʥʘ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʜʝʪʩʷ ʠʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʘʙʘʪʳʚʘʪʴ, ʥʦ ʠʤʝʥʥʦ ʦʥʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʪʨʘʪʝʛʠʝʡ çShock and Kill è 

ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʭʦʜʦʚ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʟʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ.   

 

2.4.4. ʉʪʨʘʪʝʛʠʷ çBlock and Lockè 

 

ʕʪʘ ʩʪʨʘʪʝʛʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʘ çShock and Kill è, ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʝʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʠʨʫʩʘ ʧʫʪʝʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʨʦʚʠʨʫʩʦʚ ʚ ʩʦʩʪʦʷʥʠʝ ʛʣʫʙʦʢʦʡ ʣʘʪʝʥʪʥʦʩʪʠ [230,258]. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʛʝʥʪʦʚ, ʫʩʠʣʠʚʘʶʱʠʭ ʣʘʪʝʥʪʥʦʩʪʴ (latency-promoting agents - 

LPAs), ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʚʠʨʫʩʘ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʬʘʢʪʦʨʳ, 

ʩʧʝʮʠʬʠʯʥʳʝ ʣʠʙʦ ʜʣʷ ʩʘʤʦʛʦ ɺʀʏ-1, ʣʠʙʦ ʜʣʷ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʠʨʫʩʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʇʨʠ ʵʪʦʤ ʘʛʝʥʪ çBlockè ʠʥʛʠʙʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ɺʀʏ-1, 

ʪʦʛʜʘ ʢʘʢ ʘʛʝʥʪ çLockè ʜʝʣʘʝʪ ʣʘʪʝʥʪʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʨʝʘʢʪʠʚʘʮʠʠ ʜʘʞʝ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ɸʈɺʊ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʨʘʪʝʛʠʷ çBlock and Lockè ʧʨʝʜʣʘʛʘʝʪ ɺʀʏ-

ʠʥʬʠʮʠʨʦʚʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ LPAs ʥʘʨʷʜʫ ʩ ɸʈɺʇ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 
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ʚʠʨʫʩʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʥʠʞʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʚʠʨʝʤʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʪʦʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʪʝʥʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʊʘʢʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʨʘʧʠʷ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʘ ʣʘʪʝʥʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ɺʀʏ-1 ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʚʠʨʫʩʥʦʡ ʨʝʘʢʪʠʚʘʮʠʠ ʙʫʜʝʪ ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ, ʤʦʞʥʦ 

ʙʫʜʝʪ ʦʪʤʝʥʠʪʴ ʧʨʠʝʤ ɸʈɺʇ, ʠ LPAs ʙʫʜʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʜʦʣʞʘʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʛʣʫʙʦʢʫʶ ʠ ʥʝʦʙʨʘʪʠʤʫʶ ʣʘʪʝʥʪʥʦʩʪʴ ʚʠʨʫʩʘ, ʜʦʩʪʠʛʘʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʧʨʦʚʠʨʫʩʦʚ ʙʝʟ ɸʈɺʊ ʠ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʷ ʢ ʣʠʢʚʠʜʘʮʠʠ ʣʘʪʝʥʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ɺʀʏ-1.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ LPAs, ʙʣʦʢʠʨʫʶʱʠʭ ʚʠʨʫʩʥʫʶ 

ʪʨʘʥʩʢʨʠʧʮʠʶ, ʷʚʣʷʝʪʩʷ ʜʠʜʝʛʠʜʨʦʢʦʨʪʠʩʪʘʪʠʥ ɸ (dCA) (ʈʠʩ.   23), ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʙʝʣʢʦʤ Tat, ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ TAR ʈʅʂ ʠ ʪʝʤ ʩʘʤʳʤ ʙʣʦʢʠʨʫʝʪ 

ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʩʝʛʦ 1 ʥʄ [259,260]. ʉʦ ʚʨʝʤʝʥʝʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ Tat-ʟʘʚʠʩʠʤʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ɺʀʏ-1 ʩ ʧʦʤʦʱʴʶ dCA ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʭʨʦʤʘʪʠʥʝ ʧʦʩʣʝ ʧʨʦʤʦʪʦʨʘ ɺʀʏ-1, 

ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʚʷʟʳʚʘʥʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ II ʠ ʩʠʥʪʝʟʫ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʈʅʂ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʚʠʨʫʩʥʘʷ ʣʘʪʝʥʪʥʦʩʪ,ɹ ʥʝʚʦʩʧʨʠʠʤʯʠʚʘ ̫ ʢ ʨʝʘʢʪʠʚʘʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʮʠʪʦʢʠʥʘʤʠ, ʠʥʛʠʙʠʪʦʨʘʤʠ HDAC ʠ ʘʢʪʠʚʘʪʦʨʘʤʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ C 

(ʇʂʉ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ, ʠ 

ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʳʭ ʤʳʰʠʥʳʭ ʤʦʜʝʣʝʡ ʣʘʪʝʥʪʥʦʩʪʠ ɺʀʏ-1 ʧʦʢʘʟʘʥʦ, ʯʪʦ dCA ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʠʨʫʩʥʦʡ ʣʘʪʝʥʪʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, dCA 

ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʦʙʝʟʴʷʥ (SIV) ʠ 

ʨʝʘʢʪʠʚʘʮʠʶ ʵʪʦʛʦ ʚʠʨʫʩʘ, ʧʨʝʧʷʪʩʪʚʫʷ ʧʨʠʚʣʝʯʝʥʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ II ʢ SIV-LTR 

[261].  

ʀʥʛʠʙʠʪʦʨʳ ʢʠʥʘʟ CDK8 ʠ CDK19, ʩʝʥʝʢʩʠʥ A ʠ BRD6989, ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʣʷʪʴ 

ʠʥʜʫʢʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ɺʀʏ-1 ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ, ʦʪʤʝʥʷʶʱʠʭ ʣʘʪʝʥʪʥʦʩʪʴ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʠ ʠʥʛʠʙʠʪʦʨʳ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʠʚʣʝʯʝʥʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ II ʢ LTR 

ɺʀʏ-1, ʧʦʩʢʦʣʴʢʫ ʢʠʥʘʟʳ CDK8 ʠ CDK19 ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ɺʀʏ-1 ʠ ʯʪʦ ʤʘʣʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʝʨʘʧʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʛʣʫʙʦʢʦʡ ʣʘʪʝʥʪʥʦʩʪʠ, 

ʚʢʣʶʯʘʶʱʝʡ ʜʣʠʪʝʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʧʨʦʚʠʨʫʩʘ [262]. 

ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʫʪʝʤ ʩʢʨʠʥʠʥʛʘ ʫʞʝ ʨʘʟʨʝʰʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘʡʜʝʥʦ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʪʨʘʥʩʢʨʠʧʮʠʶ ɺʀʏ-1.  

ʊʘʢ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʝʧʘʨʘʪ ʨʠʧʨʝʪʠʥʠʙ, ʧʨʦʜʘʚʘʝʤʳʡ ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ 

Qinlock ʜʣʷ ʣʝʯʝʥʠʷ ʚʟʨʦʩʣʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʴʥʦʡ 
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ʩʪʨʦʤʘʣʴʥʦʡ ʦʧʫʭʦʣʴʶ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ [263], 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʠʨʫʩʘ ʚ ʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʷʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʣʘʪʝʥʪʥʳʡ ɺʀʏ-1, ʘ ʪʘʢʞʝ ʚ CD4+ T-ʢʣʝʪʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʜʝʡʩʪʚʠʝ ʨʠʧʨʝʪʠʥʠʙʘ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʠʥʘʟʳ KIT, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ PI3K-AKT-

mTOR [264]. ʕʪʦʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʧʫʪʴ, ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʬʝʨʤʝʥʪʳ ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3-ʢʠʥʘʟ r(PI3K), ʢʠʥʘʟʳ AKT ʠ mTOR. ʕʪʦ ʦʜʠʥ 

ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ, 

ʦʪʚʝʯʘʶʱʠʡ ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʫʭʦʜ ʢʣʝʪʢʠ ʦʪ ʘʧʦʧʪʦʟʘ, ʨʦʩʪ ʠ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ. 

ɸʢʪʠʚʘʮʠʷ ʵʪʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ II ʩ 

5ô-LTR [265].  

 

 

 

ʈʠʩʫʥʦʢ 23.  ʉʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʘʛʝʥʪʦʚ, ʫʩʠʣʠʚʘʶʱʠʭ ʣʘʪʝʥʪʥʦʩʪʴ. 

 

ʇʨʝʧʘʨʘʪ ʣʝʚʦʩʠʤʝʥʜʘʥ (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ Simdax), ʢʦʪʦʨʳʡ ʚ ʢʣʠʥʠʢʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [266], ʦʢʘʟʘʣʩʷ ʤʦʱʥʳʤ 

ʠʥʛʠʙʠʪʦʨʦʤ ʨʝʘʢʪʠʚʘʮʠʠ ɺʀʏ-1 ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, 

ʯʪʦ ʚ ʧʝʨʚʠʯʥʳʭ CD4+ T-ʢʣʝʪʢʘʭ ʣʝʚʦʩʠʤʝʥʜʘʥ ʠʥʛʠʙʠʨʫʝʪ ʢʘʢ ʘʢʪʠʚʥʫʶ ʨʝʧʣʠʢʘʮʠʶ 

ɺʀʏ-1, ʪʘʢ ʠ ʨʝʘʢʪʠʚʘʮʠʶ ʣʘʪʝʥʪʥʳʭ ʧʨʦʚʠʨʫʩʦʚ [267]. 

ɸʥʘʣʦʛ ʢʘʤʧʪʦʪʝʮʠʥʘ ʪʦʧʦʪʝʢʘʥ (TPT) (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ Hycamtin) ʷʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʪʦʨʦʤ ʪʦʧʦʠʟʦʤʝʨʘʟʳ I ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʢʘ [268]. 
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ʆʢʘʟʘʣʦʩʴ, ʦʜʥʘʢʦ, ʯʪʦ ʊʈʊ ʩʥʠʞʘʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ɺʀʏ-1 ʚ ʣʘʪʝʥʪʥʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ, ʧʨʠʯʝʤ ʜʝʡʩʪʚʠʝ TPT ʥʝ ʦʪʤʝʥʷʝʪʩʷ ʘʛʝʥʪʘʤʠ, ʦʪʤʝʥʷʶʱʠʤʠ 

ʣʘʪʝʥʪʥʦʩʪʴ [269].  

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʷ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʘʛʝʥʪʘʤ çBlockè, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ɺʀʏ-1. 

ʆʜʥʘʢʦ ʜʣʷ ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʛʣʫʙʦʢʦʡ ʣʘʪʝʥʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʢʣʝʪʢʠ-ʨʝʟʝʨʚʫʘʨʳ ʣʘʪʝʥʪʥʦʛʦ ʚʠʨʫʩʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʥʝ 

ʤʦʛʣʠ ʨʝʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ɸʈɺʊ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʧʨʦʚʠʨʫʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʥʝʘʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ (ʥʘʧʨʠʤʝʨ, ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʭʨʦʤʘʪʠʥ) ʠʣʠ ʝʩʣʠ ʚʠʨʫʩʥʳʡ 5ô-LTR ʧʨʦʤʦʪʦʨ ʤʝʪʠʣʠʨʦʚʘʥ 

(ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʦʩʪʘʪʢʦʚ ʮʠʪʦʟʠʥʘ ʧʦ 5 ʧʦʣʦʞʝʥʠʶ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ CpG 

ʧʨʦʤʦʪʦʨʦʚ ʛʝʥʦʚ ʧʦʜʘʚʣʷʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ) [270].  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʭʨʦʤʘʪʠʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ 

ʠʥʛʠʙʠʪʦʨʦʚ IN, ʥʘʨʫʰʘʶʱʠʭ ʝʝ ʩʚʷʟʳʚʘʥʠʝ ʩ ʙʝʣʢʦʤ LEDGF/p75 (ʨʘʟʜʝʣ 3.3.1). ʊʘʢ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʷ GS-9822 ʠʥʪʝʛʨʘʮʠʷ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʧʨʦʪʝʢʘʣʘ ʢʘʢ ʨʘʟ ʚ 

ʦʙʣʘʩʪ ɹ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʭʨʦʤʘʪʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʤʝʜʣʝʥʥʦʡ ʚʠʨʫʩʥʦʡ 

ʣʘʪʝʥʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ GS-9822 ʧʨʦʚʠʨʫʩʳ 

ʢʨʘʡʥʝ ʧʣʦʭʦ ʨʝʘʢʪʠʚʠʨʦʚʘʣʠʩʴ [5,271]. ʉʧʦʩʦʙʥʦʩʪʴ GS-9822 ʫʩʠʣʠʚʘʪʴ ʣʘʪʝʥʪʥʦʩʪʴ 

ʚʠʨʫʩʘ ʠ ʩʥʠʞʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʢʪʠʚʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʨʦʚʠʨʫʩʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʘ ʜʣʷ ʩʪʨʘʪʝʛʠʠ ñBlock and Lockò. 

ʇʦʧʳʪʢʘ ʫʩʠʣʝʥʠʷ ʣʘʪʝʥʪʥʦʩʪʠ ʧʫʪʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʘ ɺʀʏ-1 ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [272]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ GSK-J4 - ʠʥʛʠʙʠʪʦʨʘ 

ʜʝʤʝʪʠʣʘʟʳ UTX/KDM6A, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʫʜʘʣʝʥʠʝ ʤʝʪʠʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʨʠʚʝʣʦ ʢ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʨʝʘʢʪʠʚʘʮʠʠ ʣʘʪʝʥʪʥʦʛʦ ɺʀʏ-1 ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʶ ɼʅʂ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ 5'-LTR ʣʘʪʝʥʪʥʦʛʦ ʚʠʨʫʩʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʭʦʪʷ ʠʥʛʠʙʠʪʦʨ GSK-

J4 ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣ ʚʠʨʫʩʥʫʶ ʨʝʘʢʪʠʚʘʮʠʶ, ʵʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʠ 

ʙʳʩʪʨʦ ʧʨʦʧʘʜʘʣ ʧʦʩʣʝ ʦʪʤʝʥʳ ʧʨʝʧʘʨʘʪʘ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʦʧʠʩʘʥʠʶ ʩʪʨʘʪʝʛʠʠ ñBlock and Lockò, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦʢʘ ʥʠ ʦʜʠʥ 

ʠʟ ʘʛʝʥʪʦʚ, ʫʩʠʣʠʚʘʶʱʠʭ ʣʘʪʝʥʪʥʦʩʪʴ, ʥʝ ʜʦʰʝʣ ʜʦ ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʢʪʠʚʥʦ ʧʨʦʜʦʣʞʘʶʪʩʷ.  

ʂʘʞʜʳʡ ʠʟ ʧʦʜʭʦʜʦʚ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʚʠʨʫʩʘ ʠʟ ʦʨʛʘʥʠʟʤʘ ʠʣʠ ʧʦʜʘʚʣʝʥʠʶ ʝʛʦ 

ʚʦʟʤʦʞʥʦʡ ʨʝʘʢʪʠʚʘʮʠʠ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʛʨʝʩʩ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʜʣʷ ʧʦʣʥʦʛʦ ʠʟʣʝʯʝʥʠʷ ɺʀʏ-ʠʥʬʝʢʮʠʠ 
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ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʷ ɻ ʬʬʝʢʪʠʚʥʫʶ ɸʈɺʊ, çShock 

and Killè, çBlock and Lockè, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʪʝʣ ʠ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʦʚ. 

 

 

2.5. ɿʘʢʣʶʯʝʥʠʝ ʢ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

  

ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʦʜʦʙʨʝʥʥʳʝ ɸʈɺʇ, ʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʨʝʜʠ ʦʜʦʙʨʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʝʩʪʴ ʪʝ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʫʞʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʙʦʨʴʙʝ ʩ 

ɺʀʏ-ʠʥʬʝʢʮʠʝʡ ʠ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠ ʁ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʫʣʫʯʰʝʥʠ ʁ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʣʶʜʝʡ. ʆʜʥʘʢʦ, ʢʘʢʠʤ ʙʳ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʥʝ ʙʳʣ ʦʜʦʙʨʝʥʥʳʡ ʧʨʝʧʘʨʘʪ, ʫ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʝʩʪʴ ʩʚʦʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʣʠʤʠʪʠʨʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʧʘʨʘʪʘ, ʦʩʪʘʝʪʩʷ 

ʚʳʨʘʙʦʪʘʥʥʘʷ ʚʠʨʫʩʦʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʝʤʫ. ʄʫʣʴʪʠ- ʠ ʢʨʦʩʩ-ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʨʘʟʥʳʭ 

ʰʪʘʤʤʦʚ ɺʀʏ-1 ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʠʩʢ ʚʩʝ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ ʠ 

ʧʦʜʭʦʜʦʚ ʢ ʠʟʣʝʯʝʥʠʶ ɺʀʏ-ʠʥʬʝʢʮʠʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʚʠʨʫʩʥʳʭ ʬʝʨʤʝʥʪʦʚ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʙʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ, ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʤʫʪʘʮʠʡ ʚʠʨʫʩʘ 

ʧʨʠʚʦʜʠʪ ʠ ʢ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʚʠʨʫʩʥʳʤʠ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʙʝʣʢʘʤʠ ʧʦʟʚʦʣʠʣʦ 

ʙʳ ʦʙʦʡʪʠ ʵʪʫ ʧʨʦʙʣʝʤʫ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʞʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ, ʥʦ ʜʣʷ ʚʳʭʦʜʘ ʥʘ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ɸʈɺʊ ʝʱʝ 

ʧʨʝʜʩʪʦʠʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ. ɼʨʫʛʦʡ ʥʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʦʩʪʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʚ ʧʦ ʧʦʣʥʦʤʫ ʠʟʣʝʯʝʥʠʶ ʦʪ ʚʠʨʫʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʚ ʦʨʛʘʥʠʟʤʝ ʢʣʝʪʦʢ-ʨʝʟʝʨʚʫʘʨʦʚ ʣʘʪʝʥʪʥʦʛʦ ɺʀʏ-1. ʇʨʠʤʝʥʝʥʠʝ ɸʈɺʊ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʘʪʝʥʪʥʦʩʪʠ ɺʀʏ-1, ʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʨʘʟʤʝʨ ʨʝʟʝʨʚʫʘʨʦʚ ʣʘʪʝʥʪʥʦʛʦ ʚʠʨʫʩʘ ʠ ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʟʘʢʣʘʜʳʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʠʟʣʝʯʝʥʠʷ ʦʪ ɺʀʏ-

ʠʥʬʝʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ.  

 

 

 



70 
 

3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

3.1. ʀʩʧʦʣʴʟʫʝʤʳʝ ʨʝʘʢʪʠʚʳ ʠ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ 

ʈʝʘʢʪʠʚʳ, ʥʘʙʦʨʳ ʠ ʬʝʨʤʝʥʪʳ: Plasmid Miniprep 2.0 (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), PureLink 

HiPure Plasmid Midiprep Kit  ʠʣʠ PureLink HiPure Plasmid Maxiprep Kit  (Invitrogen, ʉʐɸ), 

PureLink HiPure Plasmid Midiprep Kit  ʠʣʠ PureLink HiPure Plasmid Maxiprep Kit  

(Invitrogen, ʉʐɸ), ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʘ (Thermo, ʉʐɸ), Ni-NTA-ʘʛʘʨʦʟʘ (Thermo, ʉʐɸ), 

ʜʠʘʣʠʟʥʘʷ ʤʝʤʙʨʘʥʘ SnakeSkin, 3.5K MWCO (Thermo, ʉʐɸ), Coomassie Brilliant Blue R-

250 Staining Solution (BioRad, ʉʐɸ), Quick Start Bradford Protein Assay (BioRad, ʉʐɸ), 

PVDF-ʤʝʤʙʨʘʥʘ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,22 ʤʢʤ (BioRad, ʉʐɸ), Clarity Western ECL Substrate 

(BioRad, ʉʐɸ), ʪʨʠʧʩʠʥ/LysC (Promega, ʉʐɸ), Halt Protease Inhibitor Cocktail (Thermo 

Fisher Scientific, ʉʐɸ), Millipore ziptip C18 P10 (Merck, ɻʝʨʤʘʥʠʷ), HiTrap NHS-

Activated HP affinity columns (Cytiva, ʉʐɸ), ʄʊʊ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ), ʀʌɸ ʥʘʙʦʨ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ p24 (Vector Best, ʈʦʩʩʠʷ), ʧʦʣʠʙʨʝʥ (Sigma, ʉʐɸ), 1 ʄ HEPES pH 7.2 

(Gibco, ʉʐɸ), 1ʭ Passive Lysis Buffer (Promega, ʉʐɸ), Promega Luciferase Assay Systems 

(Promega, ʉʐɸ), ExtractDNA Blood and Cells (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), 5X qPCRmix-HS 

(ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), 5ʭ qPCR Mix-HS SYBR (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), Lipofectamine 2000 

(Invitrogen, ʉʐɸ), Lipofectamine 3000 (Invitrogen, ʉʐɸ), RNAiMAX  (Invitrogen, ʉʐɸ), 

DC Protein Assay (Bio-Rad, ʉʐɸ), QIAquick PCR Purification Kit  (QIAGEN, ʉʐɸ), ʊ4 

ɼʅʂ ʣʠʛʘʟʘ (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), iProof ʧʦʣʠʤʝʨʘʟʘ (BioRad, ʉʐɸ), DreamTaq ɼʅʂ-

ʧʦʣʠʤʝʨʘʟʘ (Thermo, ʉʐɸ), Fast Digest ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ (Thermo, ʉʐɸ).   

ʇʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: ʢʨʦʣʠʯʴʠ anti-Phospho-ATR (Ser428) #2853, ʢʨʦʣʠʯʴʠ anti-

Phospho-Chk2 (Thr68) (C13C1) #2197, ʢʨʦʣʠʯʴʠ anti-Phospho-Chk1 (Ser345) (133D3) 

#2348, ʢʨʦʣʠʯʴʠ anti-Phospho-Histone H2A.X (Ser139) (20E3) #9718, ʤʳʰʠʥʳʝ anti-

Phospho-p53 (Ser15) (16G8) #9286, ʢʨʦʣʠʯʴʠ anti-Phospho-ATM (Ser1981) (D25E5) 

#13050 ï ʧʨʦʠʟʚʦʜʩʪʚʘ Cell Signaling Technology, ʉʐɸ, ʘ ʪʘʢʞʝ ʢʨʦʣʠʯʴʠ anti-GST, 

ʤʳʰʠʥʳʝ anti-His6, HRP-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ anti-FLAG M2, ʢʨʦʣʠʯʴʠ anti-actin (Sigma, 

ʉʐɸ), ʤʳʰʠʥʳʝ anti-tubulin ʢʣʦʥ 12G10 mAb (Developmental Studies Hybridoma Bank at 

the University of Iowa, ʉʐɸ) 

ɺʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: Anti-rabbit IgG, HRP-linked Antibody #7074, Anti-mouse IgG, 

HRP-linked Antibody #7076 (Cell Signaling Technology, ʉʐɸ), Anti-rabbit IgG (H+L), 

F(ab')2 Fragment (Alexa FluorÈ 555 Conjugate) (Thermo, ʉʐɸ). 
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ʊʘʙʣʠʮʘ 1. ʈʘʩʪʚʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ  

ʅʘʟʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʘ 

ɹʫʬʝʨ ɸ 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40 

ɹʫʬʝʨ ɸ1 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 1 ʤʄ PMSF, 1ʛ/ʣ ʣʠʟʦʮʠʤ 

ɹʫʬʝʨ ɸ2 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 50 ʤʄ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʛʣʫʪʘʪʠʦʥ 

ɹʫʬʝʨ ɸ30 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 30 ʤʄ ʠʤʠʜʘʟʦʣ 

ɹʫʬʝʨ ɸ50 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 50 ʤʄ ʠʤʠʜʘʟʦʣ 

ɹʫʬʝʨ ɸ70 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 70 ʤʄ ʠʤʠʜʘʟʦʣ 

ɹʫʬʝʨ ɸ100 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 100 ʤʄ ʠʤʠʜʘʟʦʣ 

ɹʫʬʝʨ ɸ500 50 ʤʄ Tris-HCl, pH 8,0, 10 % ʛʣʠʮʝʨʠʥ, 1 ʄ NaCl, 2 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40, 500 ʤʄ ʠʤʠʜʘʟʦʣ 

ɹʫʬʝʨ PD 20 ʤM HEPES, pH 7,5, 100 ʤM NaCl, 7,5 ʤM MgCl , 2 ʤM 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 0,1% 

NP-40 

ɹʫʬʝʨ PD-BSA 20 ʤM HEPES, pH 7,5, 100 ʤM NaCl, 7,5 ʤM MgCl , 2 ʤM 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 50 

ʤʢʛ/ʤʣ BSA; 0,1% NP-40 

ɹʫʬʝʨ Ab1 0,02 ʄ NaH2PO4 pH 8,0, 0,15 M NaCl 

ɹʫʬʝʨ Ab2 0,02 ʄ Na2HPO4, 0.1 ʄ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ pH 3,0 

ɹʫʬʝʨ Ab3 100 ʤʄ ʛʣʠʮʠʥ-HCl, pH 2,5 

ɹʫʬʝʨ 1ʭ TBS 20 ʤʄ Tris-HCl, pH 7,2, 150 ʤʄ NaCl 

ɹʫʬʝʨ 10ʭ TBS 200 ʤʄ Tris-HCl, pH 7,2, 1500 ʤʄ NaCl 

10ʭ ʈʘʩʪʚʦʨ Tris-ʛʣʠʮʠʥʘ 1,25 M ʛʣʠʮʠʥ, 100 ʤʄ Tris-HCl pH 8,0 

ɹʫʬʝʨ Lb1 25 mM Hepes, 150 mM NaCl, 8 mM MgCl2, 10% ʛʣʠʮʝʨʠʥ, 0,25% NP40  

ɹʫʬʝʨ Lb2 25 mM Hepes, 500 mM NaCl, 8 mM MgCl2, 10% ʛʣʠʮʝʨʠʥ, 0,25% NP40 

ɹʫʬʝʨ CLB 5 ʤʄ HEPES pH 8,0, 85 ʤʄ KCl, 0,5% NP-40 

ɹʫʬʝʨ NLB 50 ʤʄ Tris-HCl pH 8.0, 3 ʤʄ EDTA, 0,3% SDS 

ɹʫʬʝʨ DB 5 ʤʄ Tris-HCl pH 8.1, 2 ʤʄ EDTA, 1,5% Triton X-100, 225 ʤM NaCl 

LiCl  ʙʫʬʝʨ 50 ʤʄ Tris-HCl pH 8.0, 1 ʤʄ EDTA, 1,0 % NP-40, 500 ʤM NaCl, 0.1% SDS, 250 ʤʄ 

LiCl , 1% ʜʝʦʢʩʠʭʦʣʘʪ ʥʘʪʨʠʷ 

ɹʫʬʝʨ TE 10 ʤʄ Tris-HCl pH 8.0, 0,25 ʤʄ EDTA 
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ʊʘʙʣʠʮʘ 2. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ (ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʆʆʆ 

çɽʚʨʦʛʝʥè ʠʣʠ ɿʘʮʝʧʠʥʳʤ ʊ.ʉ.).  

ʅʘʟʚʘʥʠʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 5'-3' 

IN_E212A/L213A_s GAAAATTTTGAATTTTTGTAATTTGTTTTTGTGCTGCTTTAGTTTGTATGT 

CTGTTGCTATTATGT 

IN_E212A/L213A_s ACATAATAGCAACAGACATACAAACTAAAGCAGCACAAAAACAAATTACAAA

AA TTCAAAATTTTC  

IN_E152A_s ATTTTCTTTAATTCTTTATTCATAGATGCTATTACTCCTTGACTTTGGGGATTG 

IN_E152A_as CAATCCCCAAAGTCAAGGAGTAATAGCATCTATGAATAAAGAATTAAAGAAA

AT 

IN_F185A_s CCCAATCCCCCCTTTTCTTTTAGCATTGTGGATGAATACTGCCAT T 

IN_F185A_as AATGGCAGTATTCATCCACAATGCTAAAAGAAAAGGGGG GATTGGG 

mCER_s ATGATCGGTACCGGATCCGTGAGCAAGGGCGAGGAG 

mCER_as ATGATCCATATGTCCAGATCCCTTGTACAGCTCGTCCATGCC 

mCER_stop_s CATGGACGAGCTGTACAAGTGATCTGGACATATGTTTTT 

mCER_stop_as AAAAACATATGTCCAGATCACTTGTACAGCTCGTCCATG 

Ku70-78_s GTGTACATCAGTAAGATCATAAGCAGTTAGCGAGATCTCTTGGC 

Ku70-78_as GCCAAGAGATCTCGCTAACTGCTTATGATCTTACTGATGTACAC 

Ku70-64_s GTTGACACCTTTTGACATGAGCTAGCAGTGTATCCAAAGTGTGTACA 

Ku70-64_as TGTACACACTTTGGATACACTGCTAGCTCATGTCAAAAGGTGTCAAC 

Ku70-44_s GTTTGATTTTTTTGGTTGATGCCTAGAAGGCTATGTTTGAATCTCAGAGT 

Ku70-44_as ACTCTGAGATTCAAACATAGCCTTCTAGGCATCAACCAAAAAAATCAAAC  

Ku70_ȹ51-57/insAG_s GGTTGATGCCTCCAAGGCTATGTTTGAAGCTGGAACACCTTTTGACATG 

Ku70_ȹ51-57/insAG_as CATGTCAAAAGGTGTTCCAGCTTCAAACATAGCCTTGGAGGCATCAACC 

Ku70_Q65A/Q68A_s GATCTTACTGATGTACACACTTGCGATACACGCGATGCTCATGTCAAAAGGTG

TC 

Ku70_Q65A/Q68A_as GACACCTTTTGACATGAGCATCGCGTGTATCGCAAGTGTGTACATCAGTAAGA

TC 

Ku70_S69A/I72A_s GATCACTGCTTATGATCTTACTGGCGTACACAGCTTGGATACACTGGATGCTC

ATGTC 

Ku70_S69A/I72A_as GACATGAGCATCCAGTGTATCCAAGCTGTGTACGCCAGTAAGATCATAAGCAG

TGATC 

Ku70_S73A/I76A_s CCAAGAGATCTCGATCACTGCTTGCGATCTTAGCGATGTACACACTTTGGATA

CACT 

Ku70_S73A/I76A_as AGTGTATCCAAAGTGTGTACATCGCTAAGATCGCAAGCAGTGATCGAGATCTC

TTGG 

Ku70_S69A_s TGATCTTACTGATGTACACAGCTTGGATACACTGGATGCTCATG 

Ku70_S69A_as CATGAGCATCCAGTGTATCCAAGCTGTGTACATCAGTAAGATCA 

Ku70_I72A_s ATCACTGCTTATGATCTTACTGGCGTACACACTTTGGATACACTGG 

Ku70_I72A_as CCAGTGTATCCAAAGTGTGTACGCCAGTAAGATCATAAGCAGTGAT 

Ku70_S73A_s CTCGATCACTGCTTATGATCTTAGCGATGTACACACTTTGGATACAC 

Ku70_S73A_as GTGTATCCAAAGTGTGTACATCGCTAAGATCATAAGCAGTGATCGAG 
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Ku70_I76A_s CAAGAGATCTCGATCACTGCTTGCGATCTTACTGATGTACACACTT 

Ku70_I76A_as AAGTGTGTACATCAGTAAGATCGCAAGCAGTGATCGAGATCTCTTG 

tRFP_s ATGATCGGATCCAGCGGCGGCGAGCTGATCAAG 

tRFP_as ATGATCGGATCCTCATCTGTGCCCCAGTTTGCT 

LTR-fw GCTTAAGCCTCAATAAAGCTTGC 

LTR-rev TGACTAAAAGGGTCTGAGGGAT 

ULF1 ATGCCACGTAAGCGAAACTCTGGGTCTCTCTGGTTAGAC 

Alu1 TCCCAGCTACTGGGGAGGCTGAGG 

Alu2 GCCTCCCAAAGTGCTGGGATTACAG 

UR1 CCATCTCTCTCCTTCTAGC 

ɚT ATGCCACGTAAGCGAAACT 

UR2 CTGAGGGATCTCTAGTTACC 

HCD3OUT3ô ACTGACATGGAACAGGGGAAG 

HCD3OUT5ô CCAGCTCTGAAGTAGGGAACATAT 

HCD3IN5ô GGCTATCATTCTTCTTCAAGGT 

HCD3IN3ô CCTCTCTTCAGCCATTTAAGTA 

UHIV_TaqMan FAM-GCACTCAAGGCAAGCTTTATTGAGG-BHQ-1 

CD3_TaqMan FAM-AGCAGAGAACAGTTAAGAGCCTCCAT-BHQ-1 

shCntr_s GATCCCCGTCACGTCTAACTAACTAAGAACCTTGTTCAAGAGACAAGGTTCTT

AGTTAGTTAGACGTGACTTTTTA 

shCntr_as AGCTTAAAAAGTCACGTCTAACTAACTAAGAACCTTGTCTCTTGAACAAGGTT

CTTAGTTAGTTAGACGTGACGGG 

shFen1_s GATCCCCGGAGATCGTGCGGCGACTTGATTCAAGAGATCAAGTCGCCGCACG

ATCTCCTTTTTA 

shFen1_as AGCTTAAAAAGGAGATCGTGCGGCGACTTGATCTCTTGAATCAAGTCGCCGCA

CGATCTCCGGG 

siCntr_s AGGUCGAACUACGGGUCAAdTsdT 

siCntr_as UUGACCCGUAGUUCGACCUdTsdT 

siKu70_s GUGCAAAACGAAUUCUAGAdTsdT 

siKu70_as UCUAGAAUUCGUUUUGCACdTsdT 

 

3.2. ʇʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ 

ʇʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ pCMV6-AC EJ7-GFP (Addgene, ˉ 113617), 7a sgRNA for 

EJ7-GFP reporter (Addgene, ˉ 113620) ʠ 7b sgRNA for EJ7-GFP reporter (Addgene, ˉ 

113624) ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ NHEJ-

ʧʫʪʠ, ʘ ʪʘʢʞʝ ʚʝʢʪʦʨʘ pCMV-VSV-G (Addgene, ˉ8454), pCMVȹR8.2 (Addgene, ˉ 

12263), and LeGo-G/ BSD (Addgene, ˉ 27354) ʜʣʷ ʩʙʦʨʢʠ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʜʝʧʦʟʠʪʘʨʠʷ ʧʣʘʟʤʠʜ AddGene. ʇʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ pUCHR_inLuc, 

ʢʦʜʠʨʫʶʱʠʡ ʛʝʥʦʤ ʣʝʥʪʠʚʠʨʫʩʥʦʛʦ ʚʝʢʪʦʨʘ ʩ ʛʝʥʦʤ ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʯʢʘ, ʙʳʣʘ 

ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʜ.ʙ.ʥ. ɼ.ɺ. ʄʘʟʫʨʦʚʳʤ (ʀɹɻ ʈɸʅ, ʈʦʩʩʠʷ). ɺʝʢʪʦʨ pET15b-IN 
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ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ His6-ʪʘʛʠʨʦʚʘʥʥʦʡ ʧʦ N-ʢʦʥʮʫ IN ʠ ʚʝʢʪʦʨ pGGWA_GST-IN ʜʣʷ 

ʵʢʩʧʨʝʩʩʠʠ GST-ʪʘʛʠʨʦʚʘʥʥʦʡ ʧʦ N-ʢʦʥʮʫ IN ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʜʦʢʪʦʨʦʤ ɼʞʝʡ-

ʌ. ʄʫʩʢʘʜʝ (ɸʅʉ-ʜʝ-ʂʘʰʘʥ, ʌʨʘʥʮʠʷ). ɺʝʢʪʦʨʳ pcDNA3.1_HA-IN ʠ pcDNA3.1_Ku70-

3xFlag ʙʳʣʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pcDNA3.1, ʚʝʢʪʦʨʘ pGEX-

6p1-Ku70 ʠ pGEX-6p1-Ku70_1-250 ï ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pGEX-6p1, ʘ pET-15b_His6-Ku70 ï 

ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pET-15b.  

ʇʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ pCMVȹR8.2_E212A/L213A, pCMVȹR8.2_E152A, 

pCMVȹR8.2_F185A ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ʩ ʤʫʪʘʥʪʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pCMVȹR8.2 ʧʫʪʝʤ ʩʘʡʪ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ Quick Change II Site-

Directed Mutagenesis Kit (Stratagene, ʉʐɸ), ʘ ʪʘʢʞʝ ʧʘʨ ʧʨʘʡʤʝʨʦʚ IN_ E212A/L213A_s 

ʠ IN_E212A/L213A_as, IN_E152A_s ʠ IN_E152A_as, IN_F185A_s ʠ IN_F185A_s, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 2). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʢʪʦʨʘ pGGWA_GST-mCer-IN mCer ʢʦʜʠʨʫʶʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ mCER_s ʠ 

mCER_as (ʊʘʙʣʠʮʘ 2) ʠ ʢʣʦʥʠʨʦʚʘʥʘ ʚ ʠʩʭʦʜʥʳʡ ʚʝʢʪʦʨ pGGWA_GST-IN ʧʦ ʩʘʡʪʘʤ 

ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ KpnI ʠ NdeI. ʂʦʥʩʪʨʫʢʮʠʷ pGGWA_GST-mCer ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʥʘ ʙʘʟʝ pGGWA_GST-mCer-IN ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʪʦʧ-ʢʦʜʦʥʘ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

GST-mCer ʤʝʪʦʜʦʤ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ 

mCER_stop_s ʠ mCER_stop_as. ʇʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ pET-15b_His6-Ku70-tRFP ʙʳʣ 

ʧʦʣʫʯʝʥ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pET-15b_His6-Ku70 ʧʫʪʝʤ ʢʣʦʥʠʨʦʚʘʥʠʷ ʇʎʈ-ʧʨʦʜʫʢʪʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ tRFP, ʧʦ ʩʘʡʪʫ ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ BamHI. ɼʣʷ ʥʘʨʘʙʦʪʢʠ ʇʎʈ-

ʧʨʦʜʫʢʪʘ ʛʝʥʘ tRFP ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʘʡʤʝʨʳ tRFP_s ʠ tRFP_as (ʊʘʙʣʠʮʘ 2). 

ʇʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ pGEX-6p1-Ku70_1ï78, pGEX-6p1-Ku70_1ï64 ʠ pGEX-6p1-

Ku70_1ï44 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pGEX-6p1-Ku70 ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʪʦʧ-

ʢʦʜʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʟʠʮʠʠ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨ ʧʨʘʡʤʝʨʦʚ Ku70-78_s ʠ Ku70-

78_as, Ku70-64_s ʠ Ku70-64_as, Ku70-44_s ʠ Ku70-44_as, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 2). 

ɺʝʢʪʦʨʳ pGEX-6p1-Ku70_1-250ȹ51-57/insAG, pGEX-6p1-Ku70_1-250_Q65A/Q68A, 

pGEX-6p1-Ku70_1-250_S69A/I72A, pGEX-6p1-Ku70_1-250_S73A/I76A, pGEX-6p1-

Ku70_1-250_S69A, pGEX-6p1-Ku70_1-250_ I72A, pGEX-6p1-Ku70_1-250_S73A, pGEX-

6p1-Ku70_1-250_ I76A ʧʦʣʫʯʝʥʳ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pGEX-6p1-Ku70_1-250 ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʫʪʘʮʠʡ ʤʝʪʦʜʦʤ ʩʘʡʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ, ʠʩʧʦʣʴʟʫʷ 

ʧʨʘʡʤʝʨʳ Ku70_ȹ51-57/insAG_s ʠ Ku70_ȹ51-57/insAG_as, Ku70_Q65A/Q68A_s ʠ 
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Ku70_Q65A/Q68A_as, Ku70_S69A/I72A_s ʠ Ku70_S69A/I72A_as, Ku70_S73A/I76A_s ʠ 

Ku70_S73A/I76A_as, Ku70_S69A_s ʠ Ku70_S69A_as, Ku70_I72A_s ʠ Ku70_I72A_as, 

Ku70_S73A_s ʠ Ku70_S73A_as, Ku70_I76A_s ʠ Ku70_I76A_as,  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 

2).  

ʇʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ pSuper-Retro-Puro_shCntr ʠ pSuper-Retro-Puro_shFen1 ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʘʤʤʘʨʝʪʨʦʚʠʨʫʩʥʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʠ ʣʠʥʠʠ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʥʦʢʜʘʫʥʦʤ Fen1 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʘ pSuper-Retro-

Puro ʧʫʪʝʤ ʢʣʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʠʥʠʨʦʚʘʥʥʳʭ ʊ4 ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʦʡ 

(Thermo, ʉʐɸ) ʠ ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʭ ʜʫʧʣʝʢʩʦʚ shCntr_s/shCntr_as, shFen1_s/shFen1_as 

(ʊʘʙʣʠʮʘ 2) ʧʦ ʩʘʡʪʘʤ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ BglII ʠ HindIII.  

ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʪʚʝʨʞʜʘʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ 

ʮʝʣʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦ ʉʵʥʛʝʨʫ (ʎʂʇ çɻʝʥʦʤè).  

ɺʩʝ ʧʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ ʥʘʨʘʙʘʪʳʚʘʣʠ ʚ ʢʣʝʪʢʘʭ E.coli ʰʪʘʤʤ XL1 ʧʨʠ 37ʦʉ, ʘ 

ʧʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʘ ʜʣʷ ʩʙʦʨʢʠ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʠʣʠ ʛʘʤʤʘʨʝʪʨʦʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ʚ 

ʢʣʝʪʢʘʭ E.coli ʰʪʘʤʤ NEB Stable (NEB, ʉʐɸ) ʧʨʠ 30ʦʉ. ɺʳʜʝʣʝʥʠʝ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

ʧʨʦʚʦʜʠʣʠ ʥʘʙʦʨʦʤ Plasmid Miniprep 2.0 (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), ʘ ʚ ʩʣʫʯʘʝ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ 

ʵʢʩʧʨʝʩʩʠʦʥʥʳʭ ʚʝʢʪʦʨʦʚ ʠʣʠ ʚʝʢʪʦʨʦʚ ʜʣʷ ʩʙʦʨʢʠ ʣʝʥʪʠ- ʠ ʛʘʤʤʘʨʝʪʨʦʚʠʨʫʩʥʳʭ 

ʚʝʢʪʦʨʦʚ ʥʘʙʦʨʦʤ PureLink HiPure Plasmid Midiprep Kit ʠʣʠ PureLink HiPure Plasmid 

Maxiprep Kit (Invitrogen, ʉʐɸ).  

 

3.3. ʇʦʣʫʯʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ 

ɼʣʷ ʥʘʨʘʙʦʪʢʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ GST-Ku70_wt, ʜʝʣʝʮʠʦʥʥʳʭ ʤʫʪʘʥʪʦʚ 

GST-Ku70_1-250, GST-Ku70_1-95, GST-Ku70_1-78, GST-Ku70_1-64, GST-Ku70_1-44, 

GST-Ku70_1-33, ʤʫʪʘʥʪʦʚ GST-Ku70_1-250ȹ51-57/insAG, GST-Ku70_1-

250_Q65A/Q68A, GST-Ku70_1-250_S69A/I72A, GST-Ku70_1-250_S73A/I76A, GST-

Ku70_1-250_S69A, GST-Ku70_1-250_ I72A, GST-Ku70_1-250_S73A, GST-Ku70_1-250_ 

I76A, ʘ ʪʘʢʞʝ His6-Ku70 ʠ His6-Ku70-tRFP ʢʣʝʪʢʠ E.coli ʰʪʘʤʤ BL21-CodonPlus (DE3) 

ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʧʣʘʟʤʠʜʘʤʠ, ʢʦʜʠʨʫʶʱʠʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʣʢʠ, ʚʳʩʝʚʘʣʠ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʫʶ 2,5 % ʩʨʝʜʫ LB c ʘʤʧʠʮʠʣʣʠʥʦʤ (100 ʤʛ/ʣ), ʧʦʩʣʝ ʯʝʛʦ ʜʣʷ ʢʘʞʜʦʡ 

ʧʣʘʟʤʠʜʳ ʧʦ ʦʜʥʦʡ ʢʦʣʦʥʠʠ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚ 100 ʤʣ 2,5 % LB ʩʨʝʜʳ ʠ ʧʨʦʚʦʜʠʣʠ 

ʥʘʨʘʙʦʪʢʫ ʢʫʣʴʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 37ʦʉ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠ ʠ ʧʨʠ 

ʥʘʨʘʙʦʪʢʝ ʙʝʣʢʦʚ GST-IN, GST-mCer-IN ʠ GST-mCer, ʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʫʛʦʡ ʰʪʘʤʤ 

E.coli ï Rossetta (DE3). ʅʦʯʥʫʶ ʢʫʣʴʪʫʨʫ ʚʥʦʩʠʣʠ ʚ 1 ʣ 2,5 % ʩʨʝʜʳ LB c ʩʝʣʝʢʪʠʚʥʳʤ 

ʘʥʪʠʙʠʦʪʠʢʦʤ ʘʤʧʠʮʠʣʣʠʥʦʤ (100 ʤʛ/ʣ) ʜʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 0,05-0,1 ʦʝ/ʤʣ, 
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ʠʟʤʝʨʝʥʥʦʡ ʧʨʠ 600 ʥʤ. ʂʫʣʴʪʫʨʫ ʜʦʨʘʱʠʚʘʣʠ ʜʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 0,6-0,8 ʦʝ/ʤʣ, 

ʧʦʩʣʝ ʯʝʛʦ ʠʥʠʮʠʠʨʦʚʘʣʠ ʥʘʨʘʙʦʪʢʫ ʙʝʣʢʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 1 ʤʄ IPTG. ʅʘʨʘʙʦʪʢʫ ʙʝʣʢʘ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 25ʦʉ (ʚ ʩʣʫʯʘʝ Ku70-ʙʝʣʢʦʚ) ʠʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ 

37ʦʉ (ʚ ʩʣʫʯʘʝ GST-IN, GST-mCer-IN ʠ GST-mCer). ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʢʣʝʪʢʠ 

ʦʩʘʞʜʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, 5000 g ʧʨʠ 4oC. ʇʦʣʫʯʝʥʥʳʝ ʦʩʘʜʢʠ ʙʘʢʪʝʨʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʙʝʣʢʘ (ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 4ʦʉ, ʝʩʣʠ 

ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ).  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʙʝʣʢʦʚ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 

ʙʫʬʝʨʝ ɸ1 ʠʟ ʨʘʩʯʝʪʘ 10 ʤʣ ʙʫʬʝʨʘ ʥʘ 1 ʛ ʢʣʝʪʦʢ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʝʟʠʥʪʝʛʨʘʪʦʨʘ QSonica Q700 (ʉʐɸ). ʅʝʨʘʩʪʚʦʨʠʤʳʡ ʤʘʪʝʨʠʘʣ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ 20000 g ʧʨʠ 4ʦʉ. ʆʩʚʝʪʣʝʥʥʳʡ ʣʠʟʘʪ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʩ 1 ʤʣ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʳ (Thermo, ʉʐɸ) ʚ ʩʣʫʯʘʝ GST-

ʪʘʛʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ, ʟʘʪʝʤ ʩʤʦʣʫ ʧʨʦʤʳʚʘʣʠ ʪʨʠʞʜʳ 50 ʤʣ ʙʫʬʝʨʘ ɸ ʠ ʵʣʶʠʨʦʚʘʣʠ 

ʮʝʣʝʚʳʝ ʙʝʣʢʠ 1 ʤʣ ʙʫʬʝʨʘ ɸ2 ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʣʫʯʘʝ 

GST-IN ʠ GST-mCer-IN ʚ ʵʣʶʠʨʫʶʱʠʡ ʙʫʬʝʨ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥ 50 ʤʢʄ 

ʩʫʣʴʬʘʪ ʮʠʥʢʘ.  

ɺ ʩʣʫʯʘʝ His6-ʪʘʛʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ Ku70 ʣʠʟʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 2 ʯʘʩʘ ʩ 1 ʤʣ Ni-

NTA-ʘʛʘʨʦʟʳ (Thermo, ʉʐɸ), ʥʦ ʧʝʨʝʜ ʵʪʠʤ ʚ ʧʦʣʫʯʝʥʥʳʝ ʣʠʟʘʪʳ ʚʚʦʜʠʣʠ 1 ʄ 

ʠʤʠʜʘʟʦʣ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʤʄ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʝʣʢʦʚ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʘʜʠʠ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ ʩ ʩʦʨʙʝʥʪʦʤ ʩʤʦʣʫ 

ʧʨʦʤʳʚʘʣʠ ʪʨʠʞʜʳ 25 ʤʣ ʙʫʬʝʨʘ ɸ30, ʟʘʪʝʤ ɸ50, ɸ70 ʠ ɸ100. ʕʣʶʮʠʶ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ 

1 ʤʣ ʙʫʬʝʨʘ ɸ500.  

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʧʦʩʣʝ ʵʣʶʮʠʠ ʩ ʩʦʨʙʝʥʪʘ ʜʠʘʣʠʟʦʚʘʣʠ 

ʧʨʦʪʠʚ ʙʫʬʝʨʘ ʙʝʟ ʵʣʶʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʛʣʫʪʘʪʠʦʥ ʠʣʠ ʠʤʠʜʘʟʦʣ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʘʣʠʟʥʦʡ ʤʝʤʙʨʘʥʳ SnakeSkin, 3.5K MWCO (Thermo, ʉʐɸ). 

ʏʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʦʮʝʥʠʚʘʣʠ 

ʤʝʪʦʜʦʤ ɼʉʅ-ʇɸɸɻ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʘʰʠʚʘʥʠʝʤ Coomassie Brilliant Blue R-250 

Staining Solution (BioRad, ʉʐɸ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ 

ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ Quick Start Bradford Protein Assay (BioRad, ʉʐɸ).    

 

3.4. ʄʝʪʦʜ ʩʦʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ      

 ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70 ʠʣʠ ʝʛʦ 

ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ ʧʨʦʚʦʜʠʣʠ GST-ʩʦʩʘʞʜʝʥʠʝ ʙʝʣʢʦʚ. ɼʣʷ ʵʪʦʛʦ GST-ʪʘʛʠʨʦʚʘʥʥʳʡ 
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Ku70 ʠʣʠ ʝʛʦ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ (100 ʥʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ His6-IN (100 ʠʣʠ 200 ʥʄ) ʚ 

150 ʤʢʣ ʙʫʬʝʨʘ PD-BSA ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ ʚ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʚʦʜʠʣʠ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ 

ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʠ 30 ʤʢʣ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʠʥʢʫʙʠʨʦʚʘʥʥʦʡ ʩ 

ʙʫʬʝʨʦʤ PD + 5% ɹʉɸ ʠ ʧʝʨʝʚʝʜʝʥʥʦʡ ʚ PD ʙʫʬʝʨ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʦʙʨʘʟʮʳ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʥʝʩʧʝʮʠʬʠʯʥʦʡ ʩʦʨʙʮʠʠ His6-IN ʥʘ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʝ ʛʦʪʦʚʠʣʠ 

ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʨʘʟʮʳ, ʥʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ GST-ʪʘʛʠʨʦʚʘʥʥʳʭ Ku70. ɿʘʪʝʤ ʩʤʦʣʫ 

ʦʪʤʳʚʘʣʠ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ ʪʨʠʞʜʳ 500 ʤʢʣ ʙʫʬʝʨʘ PD. ɹʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ 20 

ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 5 ʤʠʥ ʧʨʠ 95ʦʉ. ʕʣʶʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʨʘʟʜʝʣʷʣʠ ʚ 12 % ɼʉʅ-

ʇɸɸɻ, ʧʦʩʣʝ ʯʝʛʦ ʠʭ ʧʝʨʝʥʦʩʠʣʠ ʥʘ PVDF-ʤʝʤʙʨʘʥʫ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,22 ʤʢʤ (BioRad, 

ʉʐɸ) ʠ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʷ GST- ʠ His6-ʪʘʛʠʨʦʚʘʥʳʭ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ 

ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ anti-GST ʠ anti-His6 ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ, ʘ ʪʘʢʞʝ 

HRP-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ 

ʥʘʙʦʨʦʤ Clarity Western ECL Substrate (BioRad, ʉʐɸ) ʥʘ ʧʨʠʙʦʨʝ ChemiDoc MP 

(BioRad, ʉʐɸ).    

ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʭ ʙʝʣʢʦʚ (GST-mCer-IN ʠ His6-

Ku70-tRFP) ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ 

ʩʦ ʩʤʦʣʦʡ ʠʭ ʵʣʶʠʨʦʚʘʣʠ ʙʫʬʝʨʦʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ, ʥʦ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʜʦʚʝʩʢʦʚ, ʘ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʚ ɼʉʅ-ʇɸɸɻ 

ʦʮʝʥʠʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʛʝʣʝ ʥʘ ʧʨʠʙʦʨʝ ChemiDoc MP (BioRad, ʉʐɸ).    

 

3.5. ʄʝʪʦʜ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (SPR) 

ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʠ 

ʙʝʣʢʦʤ Ku70 ʠʣʠ ʛʝʪʝʨʦʜʠʤʝʨʦʤ Ku70/Ku80 ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ProteOn XPR36 (BioRad, ʉʐɸ). 

200 ʥʄ His6-ʪʘʛʠʨʦʚʘʥʥʳʝ ʠʥʪʝʛʨʘʟʫ, Ku70 ʠʣʠ Ku70/Ku80 (ʪʵʛ ʥʘ Ku70 ʩʫʙʲʝʜʠʥʠʮʝ) 

ʠʤʤʦʙʠʣʠʟʦʚʘʣʠ ʥʘ HTE-ʯʠʧʝ (BioRad, ʉʐɸ). ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʙʫʬʝʨʝ PD 

ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 30 ʤʢʣ/ʤʠʥ. ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ s17 ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʙʝʣʢʘʤʠ 100 ʤʢʄ ʠʥʛʠʙʠʪʦʨ ʚ ʙʫʬʝʨʝ PD c ʜʦʙʘʚʣʝʥʠʝʤ 5 % DMSO 

ʧʨʦʧʫʩʢʘʣʠ ʥʘʜ ʠʩʩʣʝʜʫʝʤʳʤʠ ʜʦʨʦʞʢʘʤʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 100 

ʤʢʣ/ʤʠʥ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʠʥʛʠʙʠʪʦʨʦʤ, ʧʨʦʜʦʣʞʘʣʠ ʧʨʦʧʫʩʢʘʪʴ ʙʫʬʝʨ PD ʩ 5 % 
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DMSO, ʜʣʷ ʦʮʝʥʢʠ ʜʠʩʩʦʮʠʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. SPR-ʩʠʛʥʘʣʳ ʙʳʣʠ 

ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʢʘʥʘʣ.  

 

3.6. ʄʝʪʦʜ ʧʝʧʪʠʜʥʦʛʦ-ʬʠʰʠʥʛʘ 

1 ʤʛ His6-Ku70, ʠʤʤʦʙʠʣʠʟʠʦʚʘʥʥʦʛʦ ʥʘ Ni-NTA-ʘʛʘʨʦʟʝ, ʧʦʜʚʝʨʛʘʣʠ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʧʩʠʥʘ 

(Promega, ʉʐɸ) ʧʨʠ 37ʦʉ ʠʣʠ GluC ʧʨʦʪʝʘʟʦʡ ʠʟ Bacillus intermedius ʰʪʘʤʤ 3-19, 

ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʜ.ʭ.ʥ. ɻ.ʅ. ʈʫʜʝʥʩʢʦʡ, ʧʨʠ 55ʦʉ ʚ 500 ʤʢʣ ʙʫʬʝʨʘ PD. 

ʉʦʦʪʥʦʰʝʥʠʝ ʙʝʣʦʢ ʢ ʧʨʦʪʝʘʟʝ ʩʦʩʪʘʚʣʷʣʦ 40:1. ʇʨʦʪʝʘʟʳ ʠʥʘʢʪʠʚʠʨʦʚʘʣʠ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʦʢʪʝʡʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ HaltÊ Protease Inhibitor 

Cocktail (Thermo Fisher Scientific, ʉʐɸ).  

ʇʦʣʫʯʝʥʥʳʝ ʧʝʧʪʠʜʥʳʝ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ IN. ɼʣʷ ʵʪʦʛʦ 500 ʥʄ GST-IN ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʛʠʜʨʦʣʠʟʘʪʘʤʠ (1 ʤʢʄ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʙʝʣʢʘ) ʚ ʪʝʯʝʥʠʝ 

1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʙʫʬʝʨʝ PD-BSA, ʘ ʟʘʪʝʤ ʢ ʨʝʘʢʮʠʦʥʥʳʤ ʩʤʝʩʷʤ 

ʜʦʙʘʚʣʷʣʠ 30 ʤʢʣ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʳ ʠ ʧʨʦʚʦʜʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʢʫʙʘʮʠʶ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʅʝʩʚʷʟʘʚʰʠʝʩʷ ʙʝʣʢʠ ʠ ʧʝʧʪʠʜʳ ʦʪʤʳʚʘʣʠ ʦʪ ʩʤʦʣʳ ʪʨʠʞʜʳ 500 ʤʢʣ ʙʫʬʝʨʘ PD. ɼʣʷ 

ʵʣʶʮʠʠ ʮʝʣʝʚʳʭ ʧʝʧʪʠʜʦʚ ʩʤʦʣʫ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 7 ʄ ʨʘʩʪʚʦʨʦʤ ʤʦʯʝʚʠʥʳ 5 ʤʠʥ ʧʨʠ 

94ʦʉ.  

ɼʝʩʷʪʴ ʤʠʢʨʦʣʠʪʨʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʦʯʠʱʘʣʠ ʦʪ ʩʦʣʝʡ ʥʘ Millipore ziptip 

C18 P10 (Merck, ɻʝʨʤʘʥʠʷ). ʇʝʧʪʠʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʵʣʶʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 50% ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 0,1% 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (TFA). ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʥʳʭ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʠ ʚʳʜʝʣʝʥʥʳʭ ʧʝʧʪʠʜʦʚ ʧʨʦʚʦʜʠʣʘ ʄ.ɺ. ʉʝʨʝʙʨʷʢʦʚʘ (ʅʀʀ ʌʍɹ ʠʤʝʥʠ 

ɸ.ʅ. ɹʝʣʦʟʝʨʩʢʦʛʦ) ʤʝʪʦʜʦʤ MALDI-TOF/TOF ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ UltrafleXtreme 

(Bruker Daltonics, ɻʝʨʤʘʥʠʷ), ʨʝʛʠʩʪʨʠʨʫʷ ʠʦʥʳ MH+. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ 0,5 ʤʢʣ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ ʩʤʝʰʠʚʘʣʠ ʩ 1 ʤʢʣ ʤʘʪʨʠʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 2,5-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ (40 ʤʛ/ʤʣ ʚ 30% ʘʮʝʪʦʥʠʪʨʠʣʝ, 0,5% TFA). ʉʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʚ ʨʝʬʣʝʢʪʦʨʥʦʤ 

ʨʝʞʠʤʝ; ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʤʦʥʦʠʟʦʪʦʧʥʳʭ ʧʠʢʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 50 ppm. 

ʆʙʨʘʙʦʪʢʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ FlexAnalysis 3.3 (Bruker 

Daltonics, ɻʝʨʤʘʥʠʷ). ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʩʦʙʩʪʚʝʥʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ, ʠ 

ʧʦʠʩʢʦʚʫʶ ʧʨʦʛʨʘʤʤʫ Mascot (ʚʝʨʩʠʷ 2.3.02). 
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3.7. ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʳ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʦʚ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ AutoDock-GPU (ʚʝʨʩʠʷ 

1.4.3) ð ʫʩʢʦʨʝʥʥʦʡ ʚʝʨʩʠʠ AutoDock 4.2.6, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ OpenCL ʠ 

CUDA [273]. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ macOS Catalina 

10.15.7 ʩ 16 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ AMD Radeon Pro 

5300M (4 ɻɹ). ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ PyMol, 

ʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ð ʩ ʧʦʤʦʱʴʶ Python. ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʠ ʙʝʣʢʘ: ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʛʝʪʝʨʦʜʠʤʝʨʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʙʝʣʢʘ Ku (PDB ID: 1JEQ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ Protein Data Bank. ɺʩʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʫʜʘʣʠʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AutoDockTools [274] ʧʦʜʛʦʪʦʚʠʣʠ ʬʘʡʣʳ ʜʣʷ ʨʘʙʦʪʳ ʩ 

AutoDock-GPU: ʦʧʨʝʜʝʣʠʣʠ ʧʦʣʷʨʥʦʩʪʴ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʨʘʩʩʯʠʪʘʣʠ ʟʘʨʷʜʳ ɻʘʩʪʝʡʛʝʨʘ 

ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠ ʬʘʡʣ ʠʟ ʬʦʨʤʘʪʘ PDB ʚ ʬʦʨʤʘʪ PDBQT. ʂʘʨʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʛʨʘʤʤʦʡ AutoGrid. ʈʘʟʤʝʨ ʨʝʰʝʪʢʠ 

ʩʦʩʪʘʚʠʣ 82 Ĭ 72 Ĭ 76 ʪʦʯʝʢ ʧʦ ʦʩʷʤ x, y ʠ z ʩ ʰʘʛʦʤ 0,292 ¡, ʘ ʝʝ ʮʝʥʪʨ ʙʳʣ ʟʘʜʘʥ 

ʢʦʦʨʜʠʥʘʪʘʤʠ: x = 41,744; y = 8,608; z = 128,236 [16].  

ʇʦʜʛʦʪʦʚʢʘ ʣʠʛʘʥʜʦʚ  

ɺʠʨʪʫʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʢʦʤʧʘʥʠʠ ChemDiv ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ ʩ ʝʝ 

ʚʝʙ-ʩʘʡʪʘ ʚ ʬʦʨʤʘʪʝ SMILES. ʇʦʩʣʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

RDKit (ʊʘʙʣʠʮʘ 3) ʙʠʙʣʠʦʪʝʢʫ ʧʨʝʦʙʨʘʟʦʚʘʣʠ ʚ ʬʦʨʤʘʪ PDB ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Gypsum-DL. ɼʣʷ ʚʩʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ ʜʦʙʘʚʠʣʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʦʧʨʝʜʝʣʠʣʠ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʠʟʘʮʠʠ ʧʨʠ pH 7,2 [16].  

 

ʊʘʙʣʠʮʘ 3. ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʅʝ ʤʝʥʝʝ 150 ʛ/ʤʦʣʴ, ʥʝ ʙʦʣʝʝ 500 ʛ/ʤʦʣʴ 

LogP ʅʝ ʤʝʥʝʝ -5, ʥʝ ʙʦʣʝʝ 5 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʅʝ ʙʦʣʝʝ 5 

ʂʦʣʠʯʝʩʪʚʦ ʘʢʮʝʧʪʦʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʅʝ ʙʦʣʝʝ 10 

ʌʦʨʤʘʣʴʥʳʡ ʟʘʨʷʜ ʅʝ ʤʝʥʝʝ -2, ʥʝ ʙʦʣʝʝ 2 

ɺʨʘʱʘʶʱʠʝʩʷ ʩʚʷʟʠ ʅʝ ʙʦʣʝʝ 8 

ʏʠʩʣʦ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʅʝ ʤʝʥʝʝ 15, ʥʝ ʙʦʣʝʝ 50 
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ʇʘʨʘʤʝʪʨʳ ʜʦʢʠʥʛʘ 

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʣʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 100 ʟʘʧʫʩʢʦʚ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (LGA), ʤʘʢʩʠʤʫʤ 2 500 000 ʦʮʝʥʦʢ 

ʩʢʦʨʠʥʛʘ ʠ 42 000 ʧʦʢʦʣʝʥʠʡ ʥʘ ʢʘʞʜʳʡ ʟʘʧʫʩʢ LGA. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʠʩʢʘ ADADELTA (ʤʘʢʩʠʤʫʤ 300 ʠʪʝʨʘʮʠʡ) [16].  

 

3.8. ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʢʦʤʧʣʝʢʩʘ Ku/s17 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜ.ʭ.ʥ. ʄ.ɻ. ʍʨʝʥʦʚʦʡ 

(ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ) ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʇʦʣʥʦʘʪʦʤʥʘʷ ʤʦʜʝʣʴ 

ʛʝʪʝʨʦʜʠʤʝʨʘ Ku70/Ku80 ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʪ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʠʟ PDB 

1JEQ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ [14]. ʇʘʨʘʤʝʪʨʳ ʩʠʣʦʚʳʭ ʧʦʣʝʡ: ʜʣʷ 

ʣʠʛʘʥʜʘ s17 ð CGenFF, ʜʣʷ ʙʝʣʢʘ ð CHARMM36, ʜʣʷ ʚʦʜʳ ð TIP3P. ʈʘʩʯʝʪʳ ʄɼ 

ʧʨʦʚʦʜʠʣʠ ʚ ʘʥʩʘʤʙʣʝ NPT (300 K, 1 ʘʪʤ), ʢʦʥʪʨʦʣʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ ʤʝʪʦʜʦʤ 

ʃʘʥʞʝʚʝʥʘ, ʘ ʜʘʚʣʝʥʠʝ ð ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʅʦʟʝïɻʫʚʝʨʘ ʩ ʜʠʥʘʤʠʢʦʡ 

ʃʘʥʞʝʚʝʥʘ ʜʣʷ ʙʘʨʦʩʪʘʪʘ. ʇʨʦʮʝʜʫʨʘ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʚʢʣʶʯʘʣʘ 10 000 ʰʘʛʦʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠ 30 ʥʩ ʄɼ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ s17-Ku70/Ku80 ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦ 

ʧʨʦʠʟʚʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 200 ʥʩ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʝʜʝʥ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʝ PyMol 

 

3.9. ʇʦʣʫʯʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʘʥʪʠʪʝʣ ʢ ʠʥʪʝʛʨʘʟʝ ɺʀʏ-1 

ʉʳʚʦʨʦʪʢʘ ʢʨʦʚʠ ʢʨʦʣʠʢʦʚ, ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ 

His6-IN, ʩʦʙʨʘʥʥʘʷ ʯʝʨʝʟ 3 ʤʝʩʷʮʘ ʧʦʩʣʝ ʠʤʤʫʥʠʟʘʮʠʠ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʜʣʷ ʥʘʩ 

ʀʥʩʪʠʪʫʪʦʤ ʚʠʨʫʩʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ. ʆʯʠʩʪʢʘ ʘʥʪʠʪʝʣ ʢ ʠʥʪʝʛʨʘʟʝ ʠʟ 

ʩʳʚʦʨʦʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʫʤʤʘʨʥʘʷ IgG-

ʬʨʘʢʮʠʷ ʘʥʪʠʪʝʣ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʬʬʠʥʥʳʡ ʩʦʨʙʝʥʪ ï ʘʛʘʨʦʟʫ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʙʝʣʢʦʤ ɸ ʠʟ Staphylococcus aureus Protein AïAgarose (Merck, 

ɻʝʨʤʘʥʠʷ). 1 ʤʣ ʘʬʬʠʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʙʳʣ ʫʨʘʚʥʦʚʝʰʝʥ 20 ʤʣ ʙʫʬʝʨʘ Ab1, ʟʘʪʝʤ ʯʝʨʝʟ 

ʥʝʛʦ ʙʳʣʠ ʪʨʠʞʜʳ ʧʨʦʧʫʱʝʥʳ 5 ʤʣ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 0,45 ʤʢʤ ʬʠʣʴʪʨ. ʅʝʩʚʷʟʘʚʰʠʝʩʷ ʙʝʣʢʠ 

ʦʪʤʳʚʘʣʠ 10 ʤʣ ʙʫʬʝʨʘ Ab1, ʘ ʮʝʣʝʚʳʝ IgG ʵʣʶʠʨʦʚʘʣʠ 3 ʤʣ ʙʫʬʝʨʘ Ab2. ʕʣʶʘʪ 

ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 1/10 ʦʙʲʝʤʘ 10x TBS ʙʫʬʝʨʘ ʠ ʟʘʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʚʦʜʠʣʠ ʜʠʘʣʠʟ ʧʨʦʪʠʚ 1x TBS ʙʫʬʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʣʠʟʥʦʡ ʤʝʤʙʨʘʥʳ 

SnakeSkin, 3.5K MWCO (Thermo, ʉʐɸ). 
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ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ ʘʥʪʠʪʝʣ ʢ ʠʥʪʝʛʨʘʟʝ ɺʀʏ-1 ʙʳʣʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʘ 

ʘʬʬʠʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ NHS-ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

ʩʝʬʘʨʦʟʫ (HiTrap NHS-Activated HP affinity columns, Cytiva, ʉʐɸ) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʥʘ ʥʝʡ His6-IN. ʂʦʣʦʥʢʫ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 3 ʤʣ ʙʫʬʝʨʘ 1x TBS, 

ʟʘʪʝʤ ʥʘʥʦʩʠʣʠ ʧʨʝʧʘʨʘʪ IgG, ʚʳʜʝʣʝʥʥʳʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ, ʦʪʤʳʚʘʣʠ ʢʦʣʦʥʢʫ ʦʪ 

ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʘʥʪʠʪʝʣ 10 ʤʣ ʙʫʬʝʨʘ 1ʭ TBS, ʧʦʩʣʝ ʯʝʛʦ ʵʣʶʠʨʦʚʘʣʠ ʮʝʣʝʚʳʝ ʘʥʪʠʪʝʣʘ 

4 ʤʣ ʙʫʬʝʨʘ Ab3, ʩʦʙʠʨʘʷ ʬʨʘʢʮʠʠ ʧʦ 1 ʤʣ. ʂʘʞʜʘʷ ʧʦʣʫʯʝʥʥʘʷ ʬʨʘʢʮʠʷ ʙʳʣʘ 

ʥʝʡʪʨʘʣʠʟʦʚʘʥʘ 1/10 ʦʙʲʝʤʘ 10ʭ ʊɺS, ʧʦʩʣʝ ʯʝʛʦ ʜʠʘʣʠʟʦʚʘʥʘ ʧʨʦʪʠʚ 1ʭ TBS.  

   

3.10. ʈʘʙʦʪʘ ʩ ʢʫʣʴʪʫʨʘʤʠ ʢʣʝʪʦʢ 

ʂʣʝʪʢʠ HEK293T ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ DMEM (ʇʘʥʕʢʦ, 

ʈʦʩʩʠʷ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 % ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ FBS (Himedia, ʀʥʜʠʷ) ʠ ʩʤʝʩʠ 

ʧʝʥʠʮʠʣʣʠʥʘ-ʩʪʨʝʧʪʦʤʠʮʠʥʘ (100 ɽʜ/ʤʣ ʠ 100 ʤʢʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ 

37ʦʉ, 5 % ʉʆ2 ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦʩʪʠ. ʉʫʩʧʝʥʟʠʦʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ Jurkat ʠ 

CEM ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ RPMI-1640 (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 10 % ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ FBS (Himedia, ʀʥʜʠʷ) ʠ ʩʤʝʩʠ 

ʧʝʥʠʮʠʣʣʠʥʘ-ʩʪʨʝʧʪʦʤʠʮʠʥʘ (100 ɽʜ/ʤʣ ʠ 100 ʤʢʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ.   

ʇʝʨʚʠʯʥʳʝ ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ ʢʣʝʪʢʠ ʠʟ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ (PBMC) ʚʳʜʝʣʷʣʠ 

ʠʟ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʧʦʜʫʰʢʫ ʬʠʢʦʣʘ 

ʧʣʦʪʥʦʩʪʴ 1,077 ʛ/ʤʣ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ). ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ 

ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ (PBS), ʩʦʜʝʨʞʘʱʠʤ 2% FBS, ʠ ʟʘʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ RPMI ʩ 10 % FBS ʠ ʩʤʝʩʠ ʧʝʥʠʮʠʣʣʠʥʘ-ʩʪʨʝʧʪʦʤʠʮʠʥʘ (100 

ɽʜ/ʤʣ ʠ 100 ʤʢʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʢʣʝʪʦʢ ʧʨʠʤʝʥʷʣʠ 

ʬʠʪʦʛʝʤʘʛʛʣʶʪʠʥʠʥ PHA (Sigma, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʢʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 100 ɽʜ/ʤʣ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʨʣʝʡʢʠʥʘ-2 (ʈʦʥʢʦʣʝʡʢʠʥ, ɹʠʦʪʝʭ, ʈʦʩʩʠʷ).  

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʨʦʚʠ ʙʳʣʠ 

ʦʜʦʙʨʝʥʳ ʂʦʤʠʪʝʪʦʤ ʧʦ ʙʠʦʵʪʠʢʝ ʀʥʩʪʠʪʫʪʘ ʠʤʤʫʥʦʣʦʛʠʠ (ʄʦʩʢʚʘ). ɼʦʥʦʨʳ ʢʨʦʚʠ 

ʧʨʝʜʦʩʪʘʚʠʣʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʙʠʦʤʘʪʝʨʠʘʣʘ ʚ 

ʦʧʠʩʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʨʫʢʦʚʦʜʩʪʚʘʤʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʧʨʠʤʝʥʷʣʠ ʄʊʊ-ʪʝʩʪ. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʟʘ 

24 ʯʘʩʘ ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʥʦʩʠʣʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 
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ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʦʭʨʘʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʶ DMSO ʚ ʩʨʝʜʝ ʥʘ ʫʨʦʚʥʝ 0,5 % ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʩ ʢʣʝʪʢʘʤʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʥʢʫʙʘʮʠʠ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʜʦʙʘʚʣʷʣʠ 

ʨʝʘʛʝʥʪ ʄʊʊ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 500 ʤʢʛ/ʤʣ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʣʘʥʰʝʪ 

ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʬʦʨʤʘʟʘʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 100% 

DMSO. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʤʠʢʨʦʧʣʘʥʰʝʪʥʦʤ-ʨʠʜʝʨʝ 

BioTek Synergy H1 (BioTek Instruments Inc., ʉʐɸ). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʠʨʦʚʘʣʠ 

ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮ.r 

ɼʣʷ ʦʮʝʥʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʫʩʦʚ ɔH2AX ʢʣʝʪʢʠ HEK293T, ʧʦʩʘʞʝʥʥʳʝ ʥʘ 

ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʬʠʙʨʦʥʝʢʪʠʥʦʤ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ 

ʧʩʝʚʜʦʚʠʨʫʩʘʤʠ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1, ʘ ʯʝʨʝʟ 12 ʯʘʩʦʚ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ 1ʭ PBS, 

ʬʠʢʩʠʨʦʚʘʣʠ 4 % ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʥʘ 1ʭ PBS. ɼʘʣʴʥʝʡʰʝʝ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ 

ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘʙʦʨʦʤ HCS DNA Damage Kit (Invitrogen, ʉʐɸ), ʩʦʛʣʘʩʥʦ 

ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.   

 

3.11. ʇʦʣʫʯʝʥʠʝ ʠ ʨʘʙʦʪʘ ʩ ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ VSV-G ʨʝʧʣʠʢʘʪʠʚʥʦ ʥʝʢʦʤʧʝʪʝʥʪʥʳʭ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 (ʧʩʝʚʜʦʚʠʨʫʩʦʚ), ʢʦʜʠʨʫʶʱʠʭ ʣʶʮʠʬʝʨʘʟʫ ʩʚʝʪʣʷʯʢʘ ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ CMV-ʧʨʦʤʦʪʦʨʘ, ʢʣʝʪʢʠ HEK293T ʢʦʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʩʤʝʩʴʶ ʧʣʘʟʤʠʜ 

pCMV-VSV-G, pCMVȹR8.2 ʠ pUCHR_inLuc, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2:3. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʘ ʜʦʩʪʘʚʢʠ ʮʝʣʝʚʳʭ ɼʅʂ ʚʳʙʨʘʥʘ ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʘʷ ʪʨʘʥʩʬʝʢʮʠʷ. ɺ ʩʣʫʯʘʝ 

ʧʦʣʫʯʝʥʠʷ ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʩ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʦʡ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʧʣʘʟʤʠʜʘ pCMVȹR8.2 

ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ, ʩʦʜʝʨʞʘʱʫʶ ʤʫʪʘʮʠʶ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʥʪʝʛʨʘʟʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ GFP-ʢʦʜʠʨʫʶʱʠʭ ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʧʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ 

pUCHR_inLuc ʟʘʤʝʥʷʣʠ ʥʘ LeGo-G/BSD. ʏʝʨʝʟ 6 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʩʨʝʜʘ ʫ 

ʢʣʝʪʦʢ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʷʣʘʩʴ. ʂʦʥʜʠʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʩʦʜʝʨʞʘʱʫʶ ʧʩʝʚʜʦʚʠʨʫʩʥʳʝ 

ʯʘʩʪʠʮʳ, ʩʦʙʠʨʘʣʠ ʯʝʨʝʟ 48 ʠ 72 ʯʘʩʘ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ. ʇʩʝʚʜʦʚʠʨʫʩʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 30000 g, ʧʦʣʫʯʝʥʥʳʝ ʦʩʘʜʢʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʩʝʚʜʦʚʠʨʫʩʳ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1ʭ PBS.    

ʄʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠʥʬʝʢʮʠʠ (MOI) ʧʩʝʚʜʦʚʠʨʫʩʘ ʩ ʧʨʠʨʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʠʥʪʝʛʨʘʟʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ʥʘ ʢʣʝʪʢʫ ʚ ʩʣʫʯʘʝ 

ʧʩʝʚʜʦʚʠʨʫʩʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʣʶʮʠʬʝʨʘʟʫ ʩʚʝʪʣʷʯʢʘ, ʠʣʠ ʧʦ ʜʦʣʝ GFP-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʢʣʝʪʦʢ ʚ ʩʣʫʯʘʝ GFP-ʢʦʜʠʨʫʶʱʝʛʦ ʧʩʝʚʜʦʚʠʨʫʩʘ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʩʝʚʜʦʚʠʨʫʩʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ ʠʥʪʝʛʨʘʟʳ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʨʘʚʥʠʚʘʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 
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p24 ʘʥʪʠʛʝʥʘ ɺʀʏ-1, ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʪʦʨʦʛʦ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʜʣʷ ʀʌɸ 

ʦʧʨʝʜʝʣʝʥʠʷ p24 (Vector Best, ʈʦʩʩʠʷ).  

ʂʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʤʠ ʧʩʝʚʜʦʚʠʨʫʩʘʤʠ ʚ ʧʦʣʥʦʡ 

ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʩʝʚʜʦʚʠʨʫʩʘ, ʘ ʚ ʩʣʫʯʘʝ CEM, 

Jurkat ʠʣʠ PBMC ʧʨʦʚʦʜʠʣʠ ʧʨʦʮʝʜʫʨʫ ʩʧʠʥʦʢʫʣʷʮʠʠ: ʧʩʝʚʜʦʚʠʨʫʩ ʢ ʢʣʝʪʢʘʤ 

ʜʦʙʘʚʣʷʣʠ ʚ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʣʠʙʨʝʥʘ (Sigma, ʉʐɸ) ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 7 ʤʛ/ʤʣ, ʘ ʪʘʢʞʝ HEPES pH 7.2 (Gibco, ʉʐɸ) ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʄ 

ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ 2000Ĭg ʚ 

ʪʝʯʝʥʠʝ 1,5 ʯʘʩʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʧʩʝʚʜʦʚʠʨʫʩʘʤʠ ʚ ʧʦʣʥʫʶ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ ʠʩʩʣʝʜʫʝʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ ʩʦʭʨʘʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʶ DMSO ʥʘ ʫʨʦʚʥʝ 0,5 

%. ɺ ʩʝʨʠʶ ʚʢʣʶʯʘʣʠ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʣʠ ʪʦʣʴʢʦ 

DMSO ʜʦ 0,5 %, ʥʦ ʥʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ.   

ʏʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʢʠ ʩʦʙʠʨʘʣʠ, ʣʠʟʠʨʦʚʘʣʠ ʚ 1ʭ Passive Lysis 

Buffer (Promega, ʉʐɸ) ʠ ʠʟʤʝʨʷʣʠ ʩʠʛʥʘʣ ʣʶʤʠʥʠʩʮʝʥʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 

ʨʝʘʢʪʠʚʦʚ Promega Luciferase Assay Systems (Promega, ʉʐɸ) ʥʘ ʤʠʢʨʦʧʣʘʥʰʝʪʥʦʤ-

ʨʠʜʝʨʝ BioTek Synergy H1 (BioTek, ʉʐɸ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʢʣʝʪʦʢ ʠ ʥʦʨʤʠʨʦʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ.  

 

3.12. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤ ɼʅʂ ɺʀʏ-1 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʘ ʠʤʝʥʥʦ, 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʢʣʝʪʢʠ 

HEK293T (500 ʪʳʩ ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ 24 ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ) ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ 

ʧʩʝʚʜʦʚʠʨʫʩʦʤ ɺʀʏ_wt ʩ ʧʨʠʨʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ ʠʥʪʝʛʨʘʟʳ ʧʨʠ MOI = 2. ʏʝʨʝʟ 20 ʯʘʩʦʚ 

ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʢʠ ʩʦʙʠʨʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ 500 ʤʢʣ 1ʭ PBS. ʊʦʪʘʣʴʥʫʶ 

ɼʅʂ ʠʟ ʦʙʨʘʟʮʦʚ ʚʳʜʝʣʷʣʠ ʥʘʙʦʨʦʤ ExtractDNA Blood and Cells (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), 

ʢʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʙʦʨʘ Nanodrop 2000 (Thermo, ʉʐɸ).  

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʪʘʣʴʥʦʡ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ɺʀʏ-1 ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʦʜ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [275], ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʤʝʪʦʜ ʚʣʦʞʝʥʥʦʡ ʇʎʈ (ʈʠʩ. 

24).  
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ʈʠʩʫʥʦʢ 24. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʧʨʦʪʦʢʦʣ 

ʪʦʪʘʣʴʥʘʷ ɼʅʂ ɺʀʏ-1), ʠʥʪʝʛʨʘʮʠʠ (ʧʨʦʪʦʢʦʣ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ɼʅʂ ɺʀʏ-1) ʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ (ʧʨʦʪʦʢʦʣ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ).  

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ɺʀʏ-1 ʠʩʭʦʜʥʳʡ 

ʦʙʨʘʟʝʮ (200 ʥʛ ɼʅʂ) ʘʤʧʣʠʬʠʮʠʨʫʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʢ LTR-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ɺʀʏ-1 ULF1 ʠ UR1, ʘ ʪʘʢʞʝ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʢ ʚʥʫʪʨʝʥʥʝʤʫ 

ʢʦʥʪʨʦʣʶ ï ʛʝʥʫ CD3, HCD3OUT5' ʠ HCD3OUT3' (ʊʘʙʣʠʮʘ 2). ɺʩʝʛʦ ʧʨʦʚʦʜʷʪ 24 ʮʠʢʣʘ 

ʧʨʝʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 5X qPCRmix-HS (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ). ʇʦʩʣʝ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʦʙʨʘʟʮʳ ʨʘʟʚʦʜʷʪ ʚ 64000 ʨʘʟ ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ɺʀʏ-1 (ʧʘʨʘ ʧʨʘʡʤʝʨʦʚ ɚT ʠ UR2, UHIV_TaqMan-ʟʦʥʜ) ʠ 
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ʦʪʜʝʣʴʥʦ CD3 (HCD3IN5' ʠ HCD3IN3', CD3_TaqMan-ʟʦʥʜ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 5X 

qPCRmix-HS (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʥʘ ʧʨʠʙʦʨʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

BioRad CFX96 (BioRad, ʉʐɸ). ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ (ʧʨʝʘʤʧʣʠʬʠʢʘʮʠʷ) ʘʤʧʣʠʬʠʮʠʨʫʶʪ ʭʠʤʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ LTR-ʢʣʝʪʦʯʥʘʷ ɼʅʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʧʨʘʡʤʝʨʦʚ ULF1 ʢ LTR-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɺʀʏ-1, Alu1 ʠ Alu2 ʢ 

Alu-ʧʦʚʪʦʨʘʤ ʚ ʛʝʥʦʤʝ ɺʀʏ-1, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪ CD3 ʛʝʥʘ ʧʨʘʡʤʝʨʘʤʠ HCD3OUT5' ʠ 

HCD3OUT3' (ʊʘʙʣʠʮʘ 2). ɺʩʝʛʦ ʧʨʦʚʦʜʷʪ 11 ʮʠʢʣʦʚ ʧʨʝʘʤʧʣʠʬʠʢʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DreamTaq ʧʦʣʠʤʝʨʘʟʳ (Thermo, ʉʐɸ), ʯʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʥʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʨʘʟʚʦʜʷʪ ʚ 100 ʨʘʟ 

ʠ ʦʪʜʝʣʴʥʦ ʦʮʝʥʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ ɺʀʏ-1 (ʧʘʨʘ ʧʨʘʡʤʝʨʦʚ ɚT ʠ UR2, 

UHIV_TaqMan-ʟʦʥʜ) ʠ CD3 (HCD3IN5' ʠ HCD3IN3', CD3_TaqMan-ʟʦʥʜ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 5X qPCRmix-HS (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ).  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʠ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [6] (ʈʠʩ. 24). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʪʦʢʦʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ɼʅʂ ɺʀʏ-1. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʜʚʫʭ ʵʪʘʧʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ɺʀʏ-1, ʧʨʦʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʧ 12-24 ʮʠʢʣʘ ʣʠʥʝʡʥʦʡ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DreamTaq ʧʦʣʠʤʝʨʘʟʳ (Thermo, ʉʐɸ) ʠ ʧʨʘʡʤʝʨʘ 

ULF1 ʢ LTR-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ. ɼʘʥʥʳʡ ʵʪʘʧ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʭʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ LTR-ʢʣʝʪʦʯʥʘʷ ɼʅʂ, ʝʩʣʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ 

ʟʘʚʝʨʰʠʣʘʩʴ. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚ ʪʘʢʠʭ 

ʦʙʨʘʟʮʘʭ, ʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʤʝʨʷʣʠ ʪʦʣʴʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ɼʅʂ, ʧʦ ʩʜʚʠʛʫ ʮʠʢʣʘ Ct ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ (ʈʠʩ. 24).  

 

 3.13. ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʧʦʜʭʦʜʘ: ʨʝʧʦʨʪʝʨʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ GFP ʠ ʤʝʪʦʜ ɼʅʂ-ʢʦʤʝʪ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʣʝʪʢʠ HEK293T ʚ ʢʦʣʠʯʝʩʪʚʝ 50000 ʚʳʩʝʚʘʣʠ ʚ 24-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ, 

ʘ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ ʢʦʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʩʤʝʩʴʶ ʧʣʘʟʤʠʜ: 200 ʥʛ 

ʨʝʧʦʨʪʝʨʥʦʡ ʧʣʘʟʤʠʜʳ pCMV6-AC EJ7-GFP, ʢʦʜʠʨʫʶʱʝʡ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʡ GFP ʩ 46-

ʥʫʢʣʝʦʪʠʜʥʦʡ ʚʩʪʘʚʢʦʡ ʚ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʝʤ ʫʯʘʩʪʢʝ, ʘ ʪʘʢʞʝ ʧʦ 200 ʥʛ ʧʣʘʟʤʠʜ, 

ʢʦʜʠʨʫʶʱʠʭ sgRNA ʢ ʵʪʦʡ ʚʩʪʘʚʢʝ ʠ Cas9 ï ʧʣʘʟʤʠʜʳ 7a sgRNA ʠ 7b sgRNA. ɼʣʷ 

ʪʨʘʥʩʬʝʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ Lipofectamine 2000 (Invitrogen, ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʝʡ (Cntr-1 ʠ Cntr-2) ʢʣʝʪʢʠ ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʨʝʧʦʨʪʝʨʥʦʡ 

ʧʣʘʟʤʠʜʦʡ pCMV6-AC EJ7-GFP ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʘʟʤʠʜʦʡ, ʢʦʜʠʨʫʶʱʝʡ ʪʦʣʴʢʦ sgRNA 7a 

ʠʣʠ 7b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʝʟ 6 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʫʶ ʠ 

ʚʥʦʩʠʣʠ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ (s17, Nu7441) ʚ 1% DMSO ʠʣʠ ʪʦʣʴʢʦ 1% DMSO 

(ʢʦʥʪʨʦʣʴ ʨʘʩʪʚʦʨʠʪʝʣʷ). ʏʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ GFP 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ MACSQuant Analyzer 

(Miltenyi Biotec, ɻʝʨʤʘʥʠʷ). ʄʝʪʦʜ ɼʅʂ-ʢʦʤʝʪ (ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ, Neutral commet 

assay) ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [276]. ɼʣʷ ʠʥʜʫʢʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʢʣʝʪʢʠ HEK293T ʦʙʨʘʙʘʪʳʚʘʣʠ 100 ʤʢʄ ʵʪʦʧʦʟʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʫʶ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ ʙʝʟ ʥʠʭ. 

ʆʙʨʘʟʮʳ ʩʦʙʠʨʘʣʠ ʯʝʨʝʟ 0, 40, 90, 150 ʠ 300 ʤʠʥ ʧʦʩʣʝ ʩʤʝʥʳ ʩʨʝʜʳ, ʢʣʝʪʢʠ ʟʘʢʣʶʯʘʣʠ 

ʚ ʣʝʛʢʦʧʣʘʚʢʫʶ ʘʛʘʨʦʟʫ, ʧʨʦʚʦʜʠʣʠ ʣʠʟʠʩ ʢʣʝʪʦʢ ʠ ʜʝʧʨʦʪʝʠʥʠʟʘʮʠʶ, ʟʘʪʝʤ ʵʣʝʢʪʨʦʬʨʝʟ 

ɼʅʂ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ɼʅʂ ʩʣʘʡʜʳ ʦʢʨʘʰʠʚʘʣʠ ʧʨʦʧʠʜʠʡ ʡʦʜʠʜʦʤ. ʀʟʦʙʨʘʞʝʥʠʷ 

ɼʅʂ-ʢʦʤʝʪ ʧʦʣʫʯʘʣʠ ʥʘ ʵʧʠʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Celena S (Logos Biosystem, 

ʖʞʥʘʷ ʂʦʨʝʷ) (ʈʠʩ. 25). ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ CometScore 2.0.  

 

ʈʠʩʫʥʦʢ 25. ʇʨʠʤʝʨ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʤʝʪʦʜʦʤ ɼʅʂ-ʢʦʤʝʪ 

(ʥʝʡʪʨʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʜʝʪʝʢʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ). ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ 

100 ʤʢʄ ʵʪʦʧʦʟʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʢʨʘʰʠʚʘʝʤʦʛʦ ʧʨʦʧʠʜʠʡ 

ʡʦʜʠʜʦʤ çʭʚʦʩʪʘè, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʨʝʞʜʝʥʠʝʤ ɼʅʂ, ʫʤʝʥʴʰʝʥʠʝʤ ʝʝ ʜʣʠʥʥʳ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʧʦʜʚʠʞʥʦʩʪʠ. çɻʦʣʦʚʘè ʢʦʤʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʘʢʪʥʦʡ ɼʅʂ. 

 

3.14. ʂʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʪʦʯʝʯʥʳʭ ʤʫʪʘʥʪʦʚ Ku70 ʠ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʤʫʪʘʮʠʡ S69A/I72A ʠ S73A/I76A ʚ ʩʦʩʪʘʚʝ Ku70 ʥʘ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ex vivo 1 ʤʠʣʣʠʦʥ ʢʣʝʪʦʢ HEK293T 

ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʤ ʬʣʘʢʦʥʝ ʊ25 ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ 50 ʥʄ siKu70 ʠʣʠ siCntr (ʊʘʙʣʠʮʘ 2) ʩ 

ʧʦʤʦʱʴʶ ʣʠʧʦʬʝʢʪʘʤʠʥʘ RNAiMAX  (Invitrogen, ʉʐɸ) ʜʣʷ ʩʥʠʞʝʥʠʷ 
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ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʧʨʠʨʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʝʣʢʘ Ku70. ʏʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʢʠ ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ pcDNA3.1 (9 ʤʢʛ) ʠʣʠ 

ʢʦʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ 6 ʤʢʛ ʚʝʢʪʦʨʘ pcDNA3.1_IN-HA, ʢʦʜʠʨʫʶʱʝʡ ʅɸ-ʪʘʛʠʨʦʚʘʥʥʫʶ 

ʠʥʪʝʛʨʘʟʫ ɺʀʏ-1 ʠ 3 ʤʢʛ ʧʣʘʟʤʠʜ pʩDNA3_Ku70_3xFLAG_siRes, 

pʩDNA3_Ku70_3xFLAG_S69A/I72A_siRes ʠʣʠ 

pʩDNA3_Ku70_3xFLAG_S73A/I76A_siRes, ʢʦʜʠʨʫʶʱʝʡ ʧʨʠʨʦʜʥʳʡ ʚʘʨʠʘʥʪ Ku70 ʠʣʠ 

ʦʜʠʥ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʫʪʘʥʪʦʚ, ʧʨʠʯʝʤ ʚʩʝ ʧʣʘʟʤʠʜʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʤʈʅʂ Ku70, 

ʫʩʪʦʡʯʠʚʫʶ ʢ ʜʝʡʩʪʚʠʶ siKu70. ɼʣʷ ʪʨʘʥʩʬʝʢʮʠʠ ʧʣʘʟʤʠʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʛʝʥʪ 

Lipofectamine 3000 (Invitrogen, ʉʐɸ).     

ʉʧʫʩʪʷ ʩʦʨʦʢ ʚʦʩʝʤʴ ʯʘʩʦʚ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʡ ʪʨʘʥʩʬʝʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʣʠʟʠʩ 

ʢʣʝʪʦʢ. ʂʣʝʪʢʠ ʣʠʟʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʥʘ ʣʴʜʫ, ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʫ RPMI 

(Invitrogen, ʉʐɸ), ʚ ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʣʠ ʩʤʝʩʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ Halt Protease 

inhibitors cocktail (Thermo Fisher Scientific, ʉʐɸ) ʠ 0,25% ʜʝʪʝʨʛʝʥʪʘ NP-40 (ʍʝʣʠʢʦʥ, 

ʈʦʩʩʠʷ). ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʣʠʟʘʪʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 14000 ʦʙ/ʤʠʥ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʜʝʙʨʠʩʘ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʫʧʝʨʥʘʪʘʥʪʘʭ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ DC Protein Assay (Bio-Rad, ʉʐɸ). ʀʟ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 0,1 ʤʛ ʦʙʱʝʛʦ ʙʝʣʢʘ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ("input"). ɼʣʷ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ 1 ʤʛ ʦʙʱʝʛʦ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠ 4 ÁC ʩ ʘʛʘʨʦʟʦʡ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʦʡ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ 

HA-ʵʧʠʪʦʧʫ (Sigma, ʉʐɸ). ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩʤʦʣʫ ʯʝʪʳʨʝ ʨʘʟʘ ʦʪʤʳʚʘʣʠ ʙʫʬʝʨʦʤ ʜʣʷ 

ʣʠʟʠʩʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ. ʉʚʷʟʘʥʥʳʝ ʙʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʩ ʥʦʩʠʪʝʣʷ, 

ʜʦʙʘʚʣʷʷ ʢʦʥʢʫʨʝʥʪʥʳʡ HA-ʧʝʧʪʠʜ ʠ ʠʥʢʫʙʠʨʫʷ 25 ʤʠʥʫʪ ʧʨʠ 37 ÁC. ʌʨʘʢʮʠʠ ʵʣʶʘʪʦʚ, 

ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʡ ʣʠʟʘʪ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. 

 

3.15. XL -MS ʧʨʦʪʦʢʦʣ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-

1, ʚʢʣʶʯʘʷ ʪʝ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʪʨʘʥʟʠʝʥʪʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1, 10 ʤʣʥ. 

ʢʣʝʪʦʢ HEK293T ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʤ ʬʣʘʢʦʥʝ ʊ75 ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ 30 ʤʢʛ ʚʝʢʪʦʨʘ 

pcDNA3.1_IN-HA ʠʣʠ pcDNA3.1 (ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ) ʤʝʪʦʜʦʤ ʢʘʣʴʮʠʡ-ʬʦʩʬʘʪʥʦʡ 

ʪʨʘʥʩʬʝʢʮʠʠ. ʂʘʞʜʳʡ ʪʠʧ ʦʙʨʘʟʮʦʚ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʚ ʪʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ʏʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʢʠ ʩʥʠʤʘʣʠ ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ-ʕɼʊɸ, 

ʠʥʘʢʪʠʚʠʨʦʚʘʣʠ ʪʨʠʧʩʠʥ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ DMEM c 10 % FBS, ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ 
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ʦʪʤʳʚʘʣʠ ʪʨʠʞʜʳ 1ʭ PBS, ʧʝʨʝʚʦʜʠʣʠ ʠʭ ʚ ʩʨʝʜʫ DMEM ʙʝʟ ʜʦʙʘʚʦʢ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 1 % ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʥʢʫʙʘʮʠʠ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 1/10 ʦʙʲʝʤʘ 10x ʨʘʩʪʚʦʨʘ Tris-ʛʣʠʮʠʥʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʥʠʤ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʚʘʣʠ 

ʜʚʘʞʜʳ ʭʦʣʦʜʥʳʤ 1ʭ PBS, ʘ ʟʘʪʝʤ ʣʠʟʠʨʦʚʘʣʠ ʚ 1 ʤʣ ʙʫʬʝʨʘ Lb1 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʢʪʝʡʣʷ 

ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ Halt Protease inhibitors cocktail (Thermo Fisher Scientific, ʉʐɸ) ʚʦ 

ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɿʘʪʝʤ ʢ ʣʠʟʘʪʘʤ ʜʦʙʘʚʣʷʣʠ 1 ʤʢʣ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʥʫʢʣʝʘʟʳ 

Universal Nuclease (Pierce, ʉʐɸ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʣʠʟʘʪʳ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʣʠʟʘʪʳ ʦʩʚʝʪʣʷʣʠ ʧʫʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 15000 g ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 4oC. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʫʧʝʨʥʘʪʘʥʪʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ DC Protein Assay (Bio-Rad, 

ʉʐɸ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʜʦʚʦʜʠʣʠ ʜʦ 0,8 ʤʛ/ʤʣ, ʥʘ ʢʦ-

ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʶ ʙʨʘʣʠ ʧʦ 2 ʤʣ ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʟʘʪʦʚ. ʂ ʣʠʟʘʪʘʤ 

ʜʦʙʘʚʣʷʣʠ 2 ʤʢʣ anti-HA ʘʥʪʠʪʝʣ, ʠʥʢʫʙʠʨʦʚʘʣʠ 17 ʯʘʩʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʬʦʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʥʪʠʪʝʣ ʩ ʠʥʪʝʛʨʘʟʦʡ ʠ ʝʝ 

ʧʘʨʪʥʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ Dynabeads Protein G (Invitrogen, ʉʐɸ). 

ɼʣʷ ʵʪʦʛʦ ʣʠʟʘʪʳ ʩ ʘʥʪʠʪʝʣʘʤʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 4ʦʉ ʩ 35 ʤʢʣ ʯʘʩʪʠʮ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ Lb1 ʙʫʬʝʨʦʤ. ʉʤʦʣʫ ʦʪʤʳʚʘʣʠ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ 

ʙʝʣʢʦʚ ʪʨʠʞʜʳ 500 ʤʢʣ ʙʫʬʝʨʘ Lb1, ʟʘʪʝʤ ʪʨʠʞʜʳ 500 ʤʢʣ ʙʫʬʝʨʘ Lb2, ʘ ʪʘʢʞʝ ʪʨʠʞʜʳ 

500 ʤʢʣ 100 ʤʄ TEAB (Thermo, ʉʐɸ). ɼʘʣʴʥʝʡʰʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʤʦʣʦʡ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣ ʢ.ʭ.ʥ. ʈ.ʍ. ɿʠʛʘʥʰʠʥ (ʀɹʍ ʈɸʅ) ʤʝʪʦʜʦʤ LC-MS/MS.  

 

3.16. ChIP-MS ʧʨʦʪʦʢʦʣ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ 

ʩʘʡʪʘʤ ʠʥʪʝʛʨʘʮʠʠ ɺʀʏ-1 

30 ʤʣʥ. ʢʣʝʪʦʢ HEK293T ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʤ ʬʣʘʢʦʥʝ ʊ175 ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ 

ʧʩʝʚʜʦʚʠʨʫʩʦʤ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʠʥʬʝʢʮʠʠ ʨʘʚʥʦʡ 50. 

ʏʝʨʝʟ 14 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʢʠ ʚ ʧʨʠʢʨʝʧʣʝʥʥʦʤ ʚʠʜʝ ʬʠʢʩʠʨʦʚʘʣʠ 1 % 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʧʦʩʣʝ ʵʪʦʛʦ ʢʨʦʩʩ-ʣʠʥʢʠʥʛ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʩʨʝʜʝ ʩ 

ʢʣʝʪʢʘʤʠ 1/10 ʦʙʲʝʤʘ 10ʭ ʨʘʩʪʚʦʨʘ Tris-ʛʣʠʮʠʥʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʂʣʝʪʢʠ ʥʘ ʣʴʜʫ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ 1ʭ PBS, ʟʘʪʝʤ ʢʣʝʪʢʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʩʥʠʤʘʣʠ ʢʣʝʪʦʯʥʳʤ ʩʢʨʝʙʢʦʤ ʚ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ 1ʭ PBS. ʂʣʝʪʢʠ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 3000 g ʧʨʠ 4ʦʉ, ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ 1ʭ 
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PBS, ʟʘʪʝʤ ʧʦʚʪʦʨʥʦ ʦʩʘʞʜʘʣʠ. ʂʣʝʪʢʠ ʣʠʟʠʨʦʚʘʣʠ ʚ 6 ʤʣ ʙʫʬʝʨʘ CLB ʩ ʜʦʙʘʚʣʝʥʠʝ 

ʢʦʢʪʝʡʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ Halt Protease inhibitors cocktail (Thermo Fisher Scientific, 

ʉʐɸ) ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 4ʦʉ, ʧʦʩʣʝ ʯʝʛʦ ʷʜʨʘ ʢʣʝʪʦʢ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 5 ʤʠʥʫʪ 5000 g ʧʨʠ 4ʦʉ. ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʬʨʘʢʮʠʶ ʫʜʘʣʷʣʠ, 

ʘ ʷʜʨʘ ʣʠʟʠʨʦʚʘʣʠ ʚ 1,2 ʤʣ ʙʫʬʝʨʘ NLB c ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʢʪʝʡʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ. 

ʌʨʘʛʤʝʥʪʘʮʠʶ ʭʨʦʤʘʪʠʥʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʋɿ-ʜʝʟʠʥʪʝʛʨʘʪʦʨʝ Qsonica Q700 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʩʘʜʢʠ Cup-horn ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ 8 

ʤʠʥʫʪ. ɺʨʝʤʷ ʋɿ-ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʧʦʣʫʯʘʝʤʳʭ ɼʅʂ-ʬʨʘʛʤʝʥʪʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʨʘʡʦʥʝ 1000 ʧʘʨ ʦʩʥʦʚʘʥʠʡ. 

ʃʠʟʘʪʳ ʚʳʨʘʚʥʠʚʘʣʠ ʧʦ ʟʥʘʯʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 260 ʥʤ, ʘ ʟʘʪʝʤ ʨʘʟʙʘʚʣʷʣʠ 

ʚ ʪʨʠ ʨʘʟʘ ʙʫʬʝʨʦʤ DB. ʂ ʧʦʣʫʯʝʥʥʳʤ ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʠ ʘʥʪʠʪʝʣʘ ʢ ʠʥʪʝʛʨʘʟʝ ɺʀʏ-1 

(4 ʤʢʛ), ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʦʯʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 4ʦʉ. ɿʘʪʝʤ ʠʤʤʫʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ Dynabeads Protein G (Invitrogen, ʉʐɸ), ʥʦ 

ʧʝʨʝʜ ʵʪʠʤ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʙʠʨʘʣʠ 1/100 ʦʙʲʝʤʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ LTR-ʧʦʚʪʦʨʦʚ ɺʀʏ-1 ʚ ʦʙʨʘʟʮʘʭ. ʃʠʟʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʩ 20 ʤʢʣ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 4ʦʉ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʯʘʩʪʠʮʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʤʳʚʘʣʠ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ ʩʥʘʯʘʣʘ 

ʜʚʘʞʜʳ 500 ʤʢʣ ʙʫʬʝʨʘ LSB, ʜʚʘʞʜʳ 500 ʤʢʣ ʙʫʬʝʨʘ HSB, ʜʚʘʞʜʳ 500 ʤʢʣ LiCl  ʙʫʬʝʨʘ, 

ʘ ʟʘʪʝʤ ʜʚʘʞʜʳ TE-ʙʫʬʝʨʦʤ ʠ ʜʚʘʞʜʳ 500 ʤʢʣ 100 ʤʄ TEAB (Thermo, ʉʐɸ). 1/10 ʯʘʩʪʴ 

ʩʤʦʣʳ ʩʦʭʨʘʥʷʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʘ LTR-ʧʦʚʪʦʨʦʚ ɺʀʏ-1, ʩʦʦʩʘʞʜʝʥʥʳʭ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ, ʘ 9/10 ʧʝʨʝʜʘʚʘʣʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʤʦʣʦʡ ʙʝʣʢʦʚ, 

ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣ ʢ.ʭ.ʥ. ʈ.ʍ. ɿʠʛʘʥʰʠʥ (ʀɹʍ ʈɸʅ) ʤʝʪʦʜʦʤ LC-MS/MS.  

 ɺʳʜʝʣʝʥʠʝ ʩʦʦʩʘʞʜʝʥʥʦʡ ɼʅʂ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ LTR-ʧʦʚʪʦʨʦʚ 

ɼʣʷ ʦʙʨʘʱʝʥʠʷ ɼʅʂ-ʙʝʣʢʦʚʳʭ ʩʰʠʚʦʢ ʦʙʨʘʟʮʳ (ʠʩʭʦʜʥʳʡ ʣʠʟʘʪ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ 

ʩʤʦʣʳ) ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʦʯʴ ʚ ʙʫʬʝʨʝ 100ʤʄ NaHCO3 pH 8.0, 1% SDS ʧʨʠ 65ʦʉ. 

ɹʝʣʢʠ ʫʜʘʣʷʣʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ ʧʨʦʪʝʠʥʘʟʳ ʂ, ʘ ʟʘʪʝʤ ɼʅʂ ʚʳʜʝʣʷʣʠ 

ʥʘʙʦʨʦʤ QIAquick PCR Purification Kit (QIAGEN, ʉʐɸ). ɺ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ LTR-ʧʦʚʪʦʨʦʚ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʦʛʦ ʤʘʨʢʝʨʘ CD3 c 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨ ʧʨʘʡʤʝʨʦʚ LTR-fw ʠ LTR-rev, HCD3IN5' ʠ HCD3IN3' (ʊʘʙʣʠʮʘ 2), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʙʦʨʦʤ 5ʭ qPCR Mix-HS SYBR (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ). ʆʙʦʛʘʱʝʥʠʝ 

ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʦʮʝʥʠʚʘʣʠ, ʢʘʢ ʜʦʣʶ ʩʦʦʩʘʞʜʝʥʥʦʡ ʥʘ ʩʤʦʣʝ ɼʅʂ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʣʠʟʘʪʝ.   
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4. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʀʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʙʦʨʴʙʳ ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ, ʥʘʨʫʰʘʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʩ ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ 

ʬʫʥʢʮʠʠ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. ʀ ʭʦʪʷ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠʢʦʚʘʥʦ ʢ 

ʩʦʟʜʘʥʠʶ ʠʥʛʠʙʠʪʦʨʦʚ, ʙʣʦʢʠʨʫʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʦʛʦ 

ʙʝʣʢʘ LEDGF/p75, ʤʳ ʩʪʘʣʠ ʨʘʙʦʪʘʪʴ ʩ ʜʨʫʛʠʤ ʧʘʨʪʥʝʨʦʤ IN ï ʢʣʝʪʦʯʥʳʤ ʙʝʣʢʦʤ Ku70. 

ɼʣʷ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʥʘʤʠ ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʬʦʨʤʠʨʫʝʪ ʢʦʤʧʣʝʢʩ ʩ IN, ʘ ʪʘʢʞʝ 

ʝʛʦ ʥʦʢʜʘʫʥ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ [277]. ʆʜʥʘʢʦ ʥʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʥʠ ʥʘ ʢʘʢʫ  ʁʩʪʘʜʠ ʁʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ʜʝʡʩʪʚʫʝʪ ʵʪʦʪ ʙʝʣʦʢ, ʥʠ 

ʤʝʭʘʥʠʟʤ ʝʛʦ ʚʣʠʷʥʠʷ, ʢʘʢ ʠ ʥʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ IN ʠ ʙʝʣʢʦʤ 

Ku70 ʚʘʞʥʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ.      

ɺ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʢʣʝʪʢʠ ʵʪʦʪ ʙʝʣʦʢ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ ʧʫʪʠ ʥʝʛʦʤʦʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʮʦʚ (NHEJ). 

ʉʚʦʠ ʬʫʥʢʮʠʠ ʦʥ ʚʳʧʦʣʥʷʝʪ ʚ ʩʦʩʪʘʚʝ ʛʝʪʝʨʦʜʠʤʝʨʘ Ku70/Ku80, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʥʩʦʨʘ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ʉʬʦʨʤʠʨʦʚʘʚ ʢʦʤʧʣʝʢʩ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʢʦʥʮʘʤʠ 

ɼʅʂ, ʛʝʪʝʨʦʜʠʤʝʨ Ku70/Ku80 ʧʨʠʚʣʝʢʘʝʪ ʨʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ ï ʢʠʥʘʟʫ DNA-PKcs, 

ʦʙʨʘʟʫʷ ʪʨʦʡʥʦʡ ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ɼʅʂ-ʟʘʚʠʩʠʤʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʳ (DNA-PK). ʕʪʦʪ 

ʢʦʤʧʣʝʢʩ ʠ ʟʘʧʫʩʢʘʝʪ ʨʝʧʘʨʘʮʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ ʧʫʪʠ 

ʥʝʛʦʤʦʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʮʦʚ (NHEJ) [278].   

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70 ʚ ʨʝʧʣʠʢʘʪʠʚʥʦʤ ʮʠʢʣʝ ɺʀʏ-1 

ʤʳ ʥʘʰʣʠ ʤʫʪʘʮʠʠ, ʚʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʩʦʩʪʘʚ IN ʥʘʨʫʰʘʝʪ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ku70 

ʢʘʢ in vitro, ʪʘʢ ʠ ex vivo [279]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘ ʙʘʟʝ ʛʝʥʦʤʘ 

ɺʀʏ-1, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʠʨʦʜʥʳʡ ʠʣʠ ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ IN, ʤʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʫʪʘʮʠʠ, ʥʘʨʫʰʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʩ Ku70, ʥʝ ʚʣʠʷʶʪ ʥʠ ʥʘ ʩʪʘʜʠʶ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʥʠ ʥʘ ʩʪʘʜʠʶ ʠʥʪʝʛʨʘʮʠʠ, ʦʜʥʘʢʦ, ʧʦʜʘʚʣʷʶʪ ʵʪʘʧ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʢʦʤʧʣʝʢʩ IN/Ku70 ʚʘʞʝʥ ʜʣʷ 

ʠʥʠʮʠʘʮʠʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠʚʦʜʠʣʦ 

ʧʦʥʠʞʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʩʘʤʦʛʦ ʙʝʣʢʘ Ku70, ʘ ʪʘʢʞʝ ʜʚʫʭ ʜʨʫʛʠʭ 

ʩʫʙʲʝʜʠʥʠʮ DNA-PK ï Ku80 ʠ DNA-PKcs.  

ʇʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ɺʀʏ-1 ï ʦʜʠʥ ʠʟ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʭ ʵʪʘʧʦʚ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1. ʈʘʥʝʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʚʳʜʝʣʷʣʠ ʚ ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ, ʘ 
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ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʠʥʪʝʛʨʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʚʠʨʫʩʥʦʡ IN ï 

ʢʘʪʘʣʠʟ ʜʚʫʭ ʨʝʘʢʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʩʪʨʘʠʚʘʥʠʝ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʢʣʝʪʦʯʥʳʡ ʛʝʥʦʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, IN ʦʙʣʘʜʘʝʪ 

ʥʝʩʢʦʣʴʢʠʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ. ɺʦ-ʧʝʨʚʳʭ, ɼʅʂ-ʩʚʷʟʳʚʘʶʱʝʡ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʢʘʢ ʩ ʢʦʥʮʘʤʠ ʚʠʨʫʩʥʦʡ ʢɼʅʂ, ʪʘʢ ʠ ʩ ʫʯʘʩʪʢʘʤʠ ʢʣʝʪʦʯʥʦʡ ɼʅʂ. 

ɺʦ-ʚʪʦʨʳʭ, IN ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ 3'-ʧʨʦʮʝʩʩʠʥʛʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ 

GT-ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʩ 3'-ʢʦʥʮʦʚ ʚʠʨʫʩʥʦʡ ʢɼʅʂ. ʕʪʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʝʨʝʜ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʩʪʨʘʠʚʘʥʠʝʤ ʚʠʨʫʩʥʦʡ ʢɼʅʂ. ɺ-ʪʨʝʪʴʠʭ, IN ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ 

ʧʝʨʝʥʦʩʘ ʮʝʧʝʡ ï ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʬʦʩʬʦʜʠʵʬʠʨʥʳʭ ʩʚʷʟʝʡ ʢʣʝʪʦʯʥʦʡ ɼʅʂ 3'-

ʛʠʜʨʦʢʩʠʣʘʤʠ ʚ ʩʦʩʪʘʚʝ ʢɼʅʂ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʪʨʘʛʠʚʘʝʪ ʦʙʝ ʮʝʧʠ ʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʪ.ʝ. 

ʛʠʜʨʦʢʩʠʣʳ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʘʪʘʢʫʶʪ ʦʙʝ ʮʝʧʠ ɼʅʂ, ʧʨʠʯʝʤ ʘʪʘʢʘ ʚʪʦʨʳʤ ʛʠʜʨʦʢʩʠʣʦʤ 

ʧʨʦʭʦʜʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʥʫʢʣʝʦʪʠʜʦʚ ʦʪ ʧʝʨʚʦʛʦ [8].  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ, ʚ ʢʦʪʦʨʦʤ 3'-ʢʦʥʮʳ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʩʦʝʜʠʥʝʥʳ ʩ ʢʣʝʪʦʯʥʦʡ, ʘ ʧʦ ʢʨʘʷʤ 

ʦʪ ʚʩʪʨʦʝʥʥʦʡ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚʦʟʥʠʢʘʶʪ ʧʦʚʨʝʞʜʝʥʠʷ: ʦʜʥʦʥʠʪʝʚʳʝ 

ʧʷʪʠʥʫʢʣʝʦʪʠʜʥʳʝ ʫʯʘʩʪʢʠ ʠ ʥʝʩʧʘʨʝʥʥʳʝ ʜʠʥʫʢʣʝʦʪʠʜʳ AC ʥʘ 5'-ʢʦʥʮʘʭ ʚʠʨʫʩʥʦʡ 

ʢɼʅʂ (ʈʠʩ. 7). ɼʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʩʪʘʜʠʠ ʠʥʪʝʛʨʘʮʠʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʯʠʩʣʫ ʨʘʥʥʠʭ ʵʪʘʧʦʚ 

ʚʠʨʫʩʥʦʡ ʨʝʧʣʠʢʘʮʠʠ, ʢ ʚʠʨʫʩʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʪ.ʝ. ʧʦʟʜʥʠʤ ʵʪʘʧʘʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʥʦʚʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʢʣʝʪʦʯʥʦʤ ʛʝʥʦʤʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʨʝʧʘʨʠʨʦʚʘʥʳ (ʈʠʩ. 7). ʀʤʝʥʥʦ ʵʪʘ ʩʪʘʜʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ. 

ʕʪʦʪ ʵʪʘʧ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʧʨʠʚʣʝʢʘʣ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ ʧʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ ʟʘʚʠʩʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʧʦʟʥʘʶʪ 

ʪʘʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʨʝʧʘʨʠʨʫʶʪ ʠʭ [280]. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʧʨʠ ʪʘʢʦʤ ʧʨʦʩʪʦʤ 

ʧʦʜʭʦʜʝ ʢ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʠ ʪʦ, ʢʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʥʠ ʪʦ, ʢʘʢ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʵʪʦʪ ʵʪʘʧ. ʊʝʤ ʙʦʣʝʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʠ ʚʦʚʣʝʯʝʥʠʷ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʚ 

ʨʝʛʫʣʷʮʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʟʞʝ ʚ ʨʘʙʦʪʘʭ ʨʘʟʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʩʪʘʣʠ ʧʦʜʥʠʤʘʪʴʩʷ 

ʧʝʨʚʳʝ ʜʚʘ ʚʦʧʨʦʩʘ (ʦʙʟʦʨ [7]).  

ɺʩʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʨʘʙʦʪ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʜʝʷ ʫʯʘʩʪʠʷ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʙʝʣʢʦʚ ʠʟ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ (BER). ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 
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ʙʘʟʠʨʦʚʘʣʦʩʴ ʥʘ ʩʭʦʜʩʪʚʝ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ BER-ʧʫʪʠ [280ï282]. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʨʘʙʦʪ ʥʘʦʙʦʨʦʪ ʧʨʝʜʧʦʣʘʛʘʣʘ ʫʯʘʩʪʠʝ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʬʘʢʪʦʨʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ɼʘʥʥʘʷ 

ʠʜʝʷ ʥʝ ʠʤʝʣʘ ʧʦʜ ʩʦʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ, ʘ ʙʘʟʠʨʦʚʘʣʘʩʴ ʣʠʰʴ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʘʭ: ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ 

ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʨʝʧʣʠʢʘʮʠʠ 

ɺʀʏ-1 [283ï287]. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʠ ʦʜʥʫ ʠʟ ʢʦʥʮʝʧʮʠʡ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ ʜʦʚʝʩʪʠ ʜʦ 

ʣʦʛʠʯʝʩʢʦʛʦ ʟʘʚʝʨʰʝʥʠʷ, ʪ.ʝ. ʥʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʛʠʧʦʪʝʟ ʥʝ ʙʳʣʦ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʝ ʠʣʠ ʠʥʳʝ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ, 

ʯʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. 

ɺʪʦʨʘʷ ʠʜʝʷ ʦʙ ʫʯʘʩʪʠʠ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʭʦʪʷ ʠ ʢʘʟʘʣʘʩʴ ʢʦʥʪʨʠʥʪʫʠʪʠʚʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʧʨʦʜʫʢʪʝ ʠʥʪʝʛʨʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ (ʈʠʩ. 7), ʧʦʣʫʯʠʣʘ 

ʨʘʟʚʠʪʠʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ. ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 [6] ʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʠʥ ʠʟ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ ï DNA-PK, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʘʞʝʥ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʏʘʩʪʠʯʥʳʡ  ʥʦʢʘʫʪ ʝʛʦ 

ʩʫʙʲʝʜʠʥʠʮ Ku70, Ku80 ʠ DNA-PKcs ʚ ʢʣʝʪʢʘʭ HEK293T ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʣ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚ ʦʙʱʝʤ ʠ ʥʘ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ ɺʀʏ-

1. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʥʘʤʠ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ 

ʚʣʠʷʥʠʝʤ ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʞʜʦʡ ʠʟ ʩʫʙʲʝʜʠʥʠʮ DNA-PK 

ʢʦʤʧʣʝʢʩʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʜʨʫʛʠʭ ʨʝʧʘʨʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʵʪʦ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʪʨʘʥʩʢʨʠʧʪʦʤʳ ʯʝʪʳʨʝʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ HEK293T_Ku70+/-, 

HEK293T_Ku80+/-, HEK293T_DNA-PKcs+/- ʠ ʠʩʭʦʜʥʳʭ ʢʣʝʪʦʢ HEK293T ʠ ʦʧʨʝʜʝʣʠʣʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ ʛʝʥʳ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʢʘʞʜʦʡ 

ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʧʨʦʪʠʚ ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʦʢ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʩʢʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʛʝʥʦʚ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʣʠʰʴ 4 ʛʝʥʘ (CHAC1, 

TENM1, TNC ʠ TP53) ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʣʠʥʠʡ [12,13], ʪ.ʝ. ʧʦʥʠʞʝʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʜʥʦʪʠʧʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʯʪʦ ʤʦʛʣʦ ʙʳ ʦʙʲʷʩʥʷʪʴ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ.  

ʊʘʢʞʝ ʨʘʥʝʝ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ DNA-PK ʚʘʞʝʥ ʚʠʨʫʩʥʳʡ ʙʝʣʦʢ ï IN, ʬʦʨʤʠʨʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʩ ʦʜʥʦʡ ʠʟ ʩʫʙʲʝʜʠʥʠʮ DNA-PK ï Ku70. ɺʚʝʜʝʥʠʝ ʤʫʪʘʮʠʡ ʚ ʩʦʩʪʘʚ IN, 
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ʥʘʨʫʰʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ku70 [277], ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʥʝ ʚʣʠʷʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʠʥʪʝʛʨʘʮʠʠ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʩʝʚʜʦʚʠʨʫʩ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 ʩ ʪʘʢʦʡ IN ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʧʦʥʠʞʝʥʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ DNA-

PK. ɺʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ 

ʢʣʝʪʦʯʥʳʤ ʙʝʣʢʦʤ Ku70, ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʦʚ DNA-PK ʜʣʷ ʠʥʠʮʠʘʮʠʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʜʦʣʞʠʣʠ ʠʟʫʯʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʠ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

 

ʈʘʟʜʝʣ 4.1. ATM  ʠ DNA-PKcs ï ʢʣʶʯʝʚʳʝ ʢʣʝʪʦʯʥʳʝ ʨʝʛʫʣʷʪʦʨʳ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 

 

4.1.1. ATM  ʠ DNA-PKcs, ʥʦ ʥʝ ATR ʚʘʞʥʳ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʘʥʥʠʭ 

ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 

DNA-PKcs ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʢʠʥʘʟ, ʨʦʜʩʪʚʝʥʥʳʭ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-

ʢʠʥʘʟʘʤ (PIKK). ʂ ʵʪʦʤʫ ʞʝ ʩʝʤʝʡʩʪʚʫ ʧʦʤʠʤʦ DNA-PKcs ʦʪʥʦʩʷʪʩʷ ʜʚʝ ʜʨʫʛʠʝ 

ʨʝʧʘʨʘʪʠʚʥʳʝ ʢʠʥʘʟʳ ï ATM ʠ ATR [278]. ɼʦʣʛʦʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʤʠʥʠʨʦʚʘʣʘ 

ʧʘʨʘʜʠʛʤʘ ʩʪʨʦʛʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʵʪʠʭ ʢʠʥʘʟ: DNA-PKcs ʠ ATM ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʥʦ DNA-PKcs ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʧʘʨʘʮʠʠ 

ʪʘʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦ ʧʫʪʠ ʥʝʛʦʤʦʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʮʦʚ (NHEJ), ʘ ATM ï ʧʦ 

ʧʫʪʠ ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ (HR), ʘ ATR, ʥʘʧʨʦʪʠʚ, ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʨʦʪʷʞʝʥʥʳʭ ʦʜʥʦʥʠʪʝʚʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ ʠʣʠ ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʨʝʧʣʠʢʘʪʠʚʥʦʡ ʚʠʣʢʠ (ʈʠʩ. 

26) [278]. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʵʪʘ ʢʘʨʪʠʥʘ ʛʦʨʘʟʜʦ 

ʩʣʦʞʥʝʝ. ʋ ʵʪʠʭ ʢʠʥʘʟ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʢʨʝʩʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ATM ʠ DNA-PKcs 

ʤʦʛʫʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴ ʦʙʱʠʝ ʩʫʙʩʪʨʘʪʳ, ʥʘʧʨʠʤʝʨ, H2AX, ʘ ATR ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʘʭ, ʬʫʥʢʮʠʦʥʠʨʫʷ ʚ ʝʜʠʥʦʡ 

ʩʠʛʥʘʣʴʥʦʡ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʳʡ ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ 

[288,289].  

ɺ ʨʘʙʦʪʝ R. Daniel ʠ ʢʦʣʣʝʛ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʩ ʥʦʢʘʫʪʦʤ 

DNA-PKcs ʥʝʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ PIKK-ʢʠʥʘʟ ʚʦʨʪʤʘʥʠʥʦʤ ʠʣʠ ʢʦʬʝʠʥʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 [284]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ PIKK-ʢʠʥʘʟ ʤʦʛʫʪ ʙʳʪʴ 

ʚʘʞʥʳ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ [284]. ʆʪʩʫʪʩʪʚʠʝ ʚ ʪʦ ʚʨʝʤʷ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, 
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ʜʝʡʩʪʚʫʶʱʠʭ ʪʦʣʴʢʦ ʥʘ ʦʜʥʫ ʢʠʥʘʟʫ, ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʚʝʨʠʪʴ ʚʳʩʢʘʟʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʘ ʵʪʠ 

ʬʝʨʤʝʥʪʳ ʚʘʞʥʳ.      

 

 

ʈʠʩʫʥʦʢ 26. ʂʠʥʘʟʳ ATM, ATR ʠ DNA-PKcs ʚ ʢʣʝʪʦʯʥʦʤ ʦʪʚʝʪʝ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. 

ATM-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʠʛʨʘʝʪ 

ʢʦʤʧʣʝʢʩ MRN (MRE11, RAD50, NBS1). ʉʚʷʟʳʚʘʷʩʴ ʩ ʤʝʩʪʦʤ ʧʦʚʨʝʞʜʝʥʠʷ, ʦʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʢʨʫʪʠʨʦʚʘʥʠʝ ʠ ʘʢʪʠʚʘʮʠʶ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ATM, ʢʦʪʦʨʘʷ ʟʘʪʝʤ 

ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʵʬʬʝʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ CHK2 ʠ p53, ʘ ʪʘʢʞʝ ʨʷʜ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ ʧʦ HR-ʧʫʪʠ. ATR-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ. 

ʉʠʛʥʘʣʦʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ATR ʩʣʫʞʘʪ ʫʯʘʩʪʢʠ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʧʦʢʨʳʪʳʝ 

ʨʝʧʣʠʢʘʪʠʚʥʳʤ ʙʝʣʢʦʤ ɸ (RPA) ʠʣʠ ʦʩʪʘʥʦʚʢʘ ʨʝʧʣʠʢʘʪʠʚʥʦʡ ʚʠʣʢʠ. ʇʨʠ ʫʯʘʩʪʠʠ 

ʢʦʬʘʢʪʦʨʘ ATRIP ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ATR ʩ ʧʦʚʨʝʞʜʝʥʥʳʤ ʫʯʘʩʪʢʦʤ, ʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʚʣʝʯʝʥʠʝ ʙʝʣʢʘ TOPBP1 ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʘʢʪʠʚʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ATR 

ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʩʚʦʠ ʥʠʞʝʩʪʦʷʱʠʝ ʤʠʰʝʥʠ, ʦʨʢʝʩʪʨʠʨʫʷ ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ 

ʨʝʧʣʠʢʘʪʠʚʥʳʡ ʩʪʨʝʩʩ. DNA-PK-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ. ʀʥʠʮʠʘʮʠʷ ʨʝʧʘʨʘʮʠʠ ʧʦ ʧʫʪʠ NHEJ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʟʥʘʚʘʥʠʷ ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ ʨʘʟʨʳʚʘ ʛʝʪʝʨʦʜʠʤʝʨʦʤ Ku70/Ku80. ʕʪʦʪ 

ʢʦʤʧʣʝʢʩ ʩʣʫʞʠʪ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʦʩʘʜʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʫʙʲʝʜʠʥʠʮʳ DNA-PKcs. 

ɸʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ DNA-PKcs ʟʘʧʫʩʢʘʝʪ ʝʝ ʢʠʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʠʚʣʝʯʝʥʠʶ ʬʘʢʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʝʛʦʤʦʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʮʦʚ. 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʫʯʘʩʪʠʷ PIKK-ʢʠʥʘʟ ʚ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʬʠʯʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʵʪʠʭ ʢʠʥʘʟ: Nu7441 (ʜʘʣʝʝ iDNA-PKcs), Ku-

55933 (iATM) ʠ AZ20 (iATR). ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 
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ʠʩʧʦʣʴʟʦʚʘʣʠ VSV-G-ʧʩʝʚʜʦʪʠʧʠʨʦʚʘʥʥʳʡ ʨʝʧʣʠʢʘʪʠʚʥʦ-ʥʝʢʦʤʧʝʪʝʥʪʥʳʡ 

ʣʝʥʪʠʚʠʨʫʩʥʳʡ ʚʝʢʪʦʨ ɺʀʏ_wt, ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [290] ʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʥʘʤʠ [277]. ʕʪʦʪ ʚʝʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ 

ɺʀʏ-1, ʪ.ʢ. ʧʨʦʜʫʢʮʠʷ ʪʨʘʥʩʛʝʥʘ ï ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʯʢʘ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʘʢʠʭ ʵʪʘʧʦʚ ʚʠʨʫʩʥʦʡ ʨʝʧʣʠʢʘʮʠʠ, ʢʘʢ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ, 

ʠʥʪʝʛʨʘʮʠʷ ʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ (ʈʠʩ. 27).  

 

ʈʠʩʫʥʦʢ 27. VSV-G ʧʩʝʚʜʦʪʠʧʠʨʦʚʘʥʥʳʡ ʨʝʧʣʠʢʘʪʠʚʥʦ-ʥʝʢʦʤʧʝʪʝʥʪʥʳʡ 

ʣʝʥʪʠʚʠʨʫʩʥʳʡ ʚʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 (ʧʩʝʚʜʦʚʠʨʫʩ) ʢʘʢ ʤʦʜʝʣʴ ʨʘʥʥʠʭ ʵʪʘʧʦʚ 

ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1. ɸ ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 ʢʣʝʪʢʠ 

HEK293T ʢʦʪʨʘʥʩʬʝʮʠʨʫʶʪ ʪʨʝʤʷ ʧʣʘʟʤʠʜʘʤʠ. ʇʝʨʚʘʷ (pUCHRinLuc) ʢʦʜʠʨʫʝʪ ʛʝʥʦʤ 

ʧʩʝʚʜʦʚʠʨʫʩʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʥʦʤ ɺʀʏ-1, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʝʥʳ ʨʝʛʫʣʷʪʦʨʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʜʣʠʥʥʳʝ ʢʦʥʮʝʚʳʝ ʧʦʚʪʦʨʳ (LTR), ʧʦʣʠʧʫʨʠʥʦʚʳʝ ʪʨʘʢʪʳ (PPT ʠ 

cPPT), ʩʠʛʥʘʣ ʫʧʘʢʦʚʢʠ (ɣ) ʠ ʜʨʫʛʠʝ, ʘ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɺʀʏ-1 

ʟʘʤʝʥʝʥʳ ʥʘ ʮʝʣʝʚʫʶ ʵʢʩʧʨʝʩʩʠʦʥʥʫʶ ʢʘʩʩʝʪʫ, ʩʦʜʝʨʞʘʱʫʶ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʤʦʪʦʨ ʠ 

ʛʝʥ ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʯʢʘ. ɺʪʦʨʘʷ ʧʣʘʟʤʠʜʘ (pCMVȹ8.2R) ʢʦʜʠʨʫʝʪ ʙʝʣʢʠ ɺʀʏ-1, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʙʦʨʢʠ ʧʩʝʚʜʦʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ ʤʘʪʨʠʢʩʥʳʡ, ʢʘʧʩʠʜʥʳʡ ʠ 

ʥʫʢʣʝʦʢʘʧʩʠʜʥʳʡ ʙʝʣʢʠ, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪʳ: ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʪʘʟʫ, ʠʥʪʝʛʨʘʟʫ, 

ʧʨʦʪʝʘʟʫ. ʊʨʝʪʴʷ ʧʣʘʟʤʠʜʘ (pCMV-VSV-G) ʢʦʜʠʨʫʝʪ ʛʣʠʢʦʧʨʦʪʝʠʥ G ʚʠʨʫʩʘ 

ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚ ʤʝʤʙʨʘʥʳ ʧʩʝʚʜʦʚʠʨʫʩʦʚ 

ʚʤʝʩʪʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʘʥʪʠʛʝʥʘ ɺʀʏ-1 (Env) ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Env ʪʨʦʧʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʢʣʝʪʦʯʥʳʤ 

ʣʠʥʠʷʤ. ɹ ï ʧʦʣʫʯʝʥʥʳʝ ʧʩʝʚʜʦʚʠʨʫʩʳ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ 

ɺʀʏ-1 (ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʠʥʪʝʛʨʘʮʠʶ ʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ), ʪ.ʢ. 

ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ʣʶʮʠʬʝʨʘʟʳ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʮʝʣʝʚʳʭ ʢʣʝʪʦʢ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʵʪʠʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʘ, ʥʦ ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ɺʀʏ-1 ʪʘʢʠʝ ʧʩʝʚʜʦʚʠʨʫʩʳ ʙʝʟʦʧʘʩʥʳ ʠʟ-ʟʘ ʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʧʩʝʚʜʦʚʠʨʫʩʳ-ʧʦʪʦʤʢʠ.  
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ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʠʥʛʠʙʠʪʦʨʘʤʠ iDNA-PKcs ʠʣʠ iATM, ʥʦ ʥʝ iATR ʧʨʠʚʦʜʠʣʘ ʢ 

ʜʦʟʦʟʘʚʠʩʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ʣʶʮʠʬʝʨʘʟʳ ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ 

ɺʀʏ_wt, ʥʝ ʚʣʠʷʷ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ (ʈʠʩ. 28). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʧʝʰʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʘʭ HEK293T ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʘʢʪʠʚʥʦʩʪʠ DNA-PKcs, ʥʦ ʠ ʦʪ ʨʦʜʩʪʚʝʥʥʦʡ ʢʠʥʘʟʳ ATM.  

 

ʈʠʩʫʥʦʢ 28. ʂʠʥʘʟʳ ATM ʠ DNA-PKcs ʚʘʞʥʳ ʜʣʷ ʫʩʧʝʰʥʦʡ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ 

HEK293T ʠ ʧʝʨʚʠʯʥʳʭ ʤʦʥʦʥʫʢʣʝʘʨʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ (PBMC) ʣʝʥʪʠʚʠʨʫʩʥʳʤ 

ʚʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1. ɸ ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ HEK293T 

ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ Ku-55933 (iATM ), AZ20 (iATR) ʠ Nu7441 (iDNA-PK). ɹ ï ʵʬʬʝʢʪ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ, MTT-ʪʝʩʪ. ɺ ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ PBMC ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ iATM  ʠʣʠ 

iDNA-PK. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʝʪʳʨʝʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʣʠʯʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʦʜʥʦʬʘʢʪʦʨʥʳʤ ANOVA ʩ ʢʦʨʨʝʢʮʠʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ ʧʦ ɼʘʥʥʝʪʫ, ns ð 

ʥʝʪ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ, * = adj. p-value < 0.05, ** = adj. p-value < 0.01, **** = adj. p-value 

< 0.0001. 

ʍʦʪʷ ʢʣʝʪʢʠ HEK293T ʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʥʥʠʭ 

ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʬʠʣʷʭ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ ʚ ʥʠʭ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʠʰʝʥʷʭ ɺʀʏ-1, ʘ ʠʤʝʥʥʦ, CD4-ʧʦʟʠʪʠʚʥʳʭ ʊ-ʢʣʝʪʢʘʭ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʦʪʣʠʯʠʷʤ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʝʛʫʣʷʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, 

ʯʪʦ ʘʢʪʠʚʥʦʩʪʠ DNA-PKcs ʠ ATM ʚʘʞʥʳ ʜʣʷ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʤʳ 

ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʝʨʚʠʯʥʳʭ ʤʦʥʦʥʫʢʣʝʘʨʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 
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ʢʨʦʚʠ (PBMC), ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ. ʊʨʘʥʩʜʫʢʮʠʷ PBMC ʚʝʢʪʦʨʦʤ 

ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢ ʠʥʛʠʙʠʪʦʨʘ DNA-PKcs, ʪʘʢ ʠ ʠʥʛʠʙʠʪʦʨʘ ATM ʧʨʠʚʦʜʠʣʘ ʢ 

ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ʣʶʮʠʬʝʨʘʟʳ (ʈʠʩ. 28), ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʙʳʣ ʜʘʞʝ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥ, ʯʝʤ ʚ ʩʣʫʯʘʝ HEK293T. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʘʥʥʠʭ 

ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʚ PBMC ʢʣʝʪʢʘʭ, ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ DNA-PKcs ʠ 

ATM, ʘ ʟʥʘʯʠʪ ʢʣʝʪʢʠ HEK293T ̫ ʚʣʷʶʪʩʷ ʨʝʣʝʚʘʥʪʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʛʫʣʷʮʠʠ 

ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʫʢʘʟʘʥʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʢʠʥʘʟʘʤʠ.  

 

4.1.2. ɸʢʪʠʚʥʦʩʪʠ ATM ʠ DNA-PKcs ʚʘʞʥʳ ʥʘ ʵʪʘʧʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʘʧʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʀʏ-1, ʥʘ ʢʦʪʦʨʦʤ ʚʘʞʥʳ ʘʢʪʠʚʥʦʩʪʠ 

DNA-PKcs ʠ ATM, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ Gag-Alu-ʩʧʝʮʠʬʠʯʥʦʡ ʇʎʈ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ [275], ʘ ʪʘʢʞʝ ʝʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ [6]. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʛʠʙʠʪʦʨ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ï ʘʟʠʜʦʪʠʤʠʜʠʥ (AZT), ʠ 

ʠʥʪʝʛʨʘʮʠʠ ï ʨʘʣʴʪʝʛʨʘʚʠʨ (Ral). ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʠʥʛʠʙʠʨʦʚʘʣʠ ʪʨʘʥʩʜʫʢʮʠʶ ʢʣʝʪʦʢ HEK293T ʚʝʢʪʦʨʦʤ ɺʀʏ_wt, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ 

ʩʥʠʞʝʥʠʠ ʩʠʛʥʘʣʘ ʣʶʮʠʬʝʨʘʟʳ (ʈʠʩ. 29). ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʘʟʠʜʦʪʠʤʠʜʠʥʦʤ ʧʨʠʚʦʜʠʣʘ 

ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʢʘʢ ʪʦʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ɺʀʏ-1, ʪ.ʝ. ʙʳʣʘ 

ʟʘʠʥʛʠʙʠʨʦʚʘʥʘ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ, ʨʘʣʴʪʝʛʨʘʚʠʨʦʤ ï ʢ ʩʥʠʞʝʥʠʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ, ʥʦ ʥʝ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ɺʀʏ-1, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʨʫʰʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʠʥʪʝʛʨʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʠʥʛʠʙʠʪʦʨʘ iDNA-PKcs ʠ iATM  ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʪʦʪʘʣʴʥʦʡ 

ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ ɺʀʏ-1 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʩʥʠʞʘʣʘʩʴ (ʈʠʩ. 29). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʩʬʦʨʠʣʠʨʫʶʱʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ DNA-PKcs, ʪʘʢ ʠ ATM ʚʘʞʥʘ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʝ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ [8,15].  
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ʈʠʩʫʥʦʢ 29. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʠʥʘʟ ATM ʠ DNA-PKcs ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɸ ï ɺʣʠʷʥʠʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʠʜʦʪʠʤʠʜʠʥʘ (AZT, 10 ʤʢʄ), ʨʘʣʴʪʝʛʨʘʚʠʨʘ (Ral, 10 

ʤʢʄ), iDNA-PK ʠ iATM  ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ HEK293T 

ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt. ɹ,ɺ ï ʋʨʦʚʝʥʴ ʪʦʪʘʣʴʥʦʡ (ɹ) ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɼʅʂ 

ɺʀʏ-1 (ɺ) ʚ ʢʣʝʪʢʘʭ HEK293T, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ AZT, Ral, 

iATM  ʠ iDNA-PK. ɻ ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ iATM  ʠʣʠ iDNA-PK. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ Ñ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʦʪʣʠʯʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʜʥʦʬʘʢʪʦʨʥʳʤ ANOVA ʩ ʢʦʨʨʝʢʮʠʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʨʘʚʥʝʥʠʷ ʧʦ ɼʘʥʥʝʪʫ, ns ð ʥʝʪ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ, ** = adj. p-value < 0.01, **** = adj. p-

value < 0.0001. 

 

4.1.3. ɸʢʪʠʚʘʮʠʷ ʢʘʢ DNA-PKcs, ʪʘʢ ʠ ATM  ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70 

ɺ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʚ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤ 

ʠʥʪʝʨʤʝʜʠʘʪʝ ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ DNA-PK ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN 

ʩ Ku70 ï ʢʦʤʧʦʥʝʥʪʦʤ DNA-PK [8]. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70 ʥʘʤ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʦʩʪʘʪʢʠ ʚ IN, ʟʘʤʝʥʘ ʢʦʪʦʨʳʭ ʥʘʨʫʰʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʙʝʣʢʘʤʠ. ʄʳ ʧʦʢʘʟʘʣʠ, 
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ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʚʦʡʥʦʡ ʤʫʪʘʮʠʠ E212A/L213A ʚ ʩʦʩʪʘʚ IN ʥʘʨʫʰʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

Ku70 in vitro ʠ ex vivo [277]. ʃʝʥʪʠʚʠʨʫʩʥʳʡ ʚʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1, 

ʩʦʜʝʨʞʘʱʠʡ ʚʥʫʪʨʠ ʚʠʨʠʦʥʘ ʪʘʢʦʡ ʚʘʨʠʘʥʪ IN (ɺʀʏ_mut), ʭʫʞʝ ʪʨʘʥʩʜʫʮʠʨʫʝʪ ʢʣʝʪʢʠ 

HEK293T ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʥʘʨʫʰʝʥʠʡ ʥʘ ʵʪʘʧʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʘ ʥʝ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʠʥʪʝʛʨʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʜʫʢʮʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʣʝʪʦʢ HEK293T, ʥʦ ʠ ʚ 

ʣʠʤʬʦʙʣʘʩʪʦʠʜʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ CEM, Jurkat, ʘ ʪʘʢʞʝ ʚ ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʢʘʭ PBMC 

(ʈʠʩ. 30) [8].  

 

ʈʠʩʫʥʦʢ 30. ʕʬʬʝʢʪ ʠʥʛʠʙʠʪʦʨʦʚ DNA-PK ʠ ATM ʥʘ ʪʨʘʥʩʜʫʢʮʠʶ ʢʣʝʪʦʢ 

ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt ʠʣʠ ɺʀʏ_mut. A ï ʣʝʥʪʠʚʠʨʫʩʥʳʡ ʚʝʢʪʦʨ 

ɺʀʏ_mut, ʩʦʜʝʨʞʘʱʠʡ IN ʩ ʤʫʪʘʮʠʷʤʠ E212A/L213A, ʥʘʨʫʰʘʶʱʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

Ku70, ʭʫʞʝ ʪʨʘʥʩʜʫʮʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʢʠ, ʯʝʤ ɺʀʏ_wt. ɹ, ɺ ï ɺʣʠʷʥʠʝ ʠʥʛʠʙʠʪʦʨʘ 

iDNA-PK (ɹ) ʠ iATM  (ɺ) ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ HEK293T 

ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt ʠ ɺʀʏ_mut. ɼʘʥʥʳʝ ʜʣʷ ɺʀʏ_wt ʠ ɺʀʏ_mut 

ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʝʢʪʦʨʘʤʠ 

ʙʝʟ ʠʥʛʠʙʠʪʦʨʘ. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʭ (ɸ) 

ʠʣʠ ʯʝʪʳʨʝʭ (ɹ, ɺ) ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʣʠʯʠʡ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʚʫʭʬʘʢʪʦʨʥʳʤ ANOVA ʩ ʢʦʨʨʝʢʮʠʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ ʧʦ 

ʉʠʜʘʢʫ, ns ð ʥʝʪ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ, * = adj. p-value < 0.05, ** = adj. p-value < 0.01, *** 

= adj. p-value < 0.001, **** = adj. p-value < 0.0001. 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ DNA-PK ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʩʧʦʩʦʙʥʦʩʪʠ IN ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩ Ku70. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʠʣʠ ɺʀʏ_mut ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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ʠʥʛʠʙʠʪʦʨʘ ʬʦʩʬʦʨʠʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ DNA-PK. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ iDNA-PK 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣ ʪʨʘʥʩʜʫʢʮʠʶ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt, ʥʦ ʥʝ ɺʀʏ_mut (ʈʠʩ. 30) 

[8]. ʇʦ ʘʥʘʣʦʛʠʠ ʤʳ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ, ʟʘʚʠʩʠʪ ʣʠ ʘʢʪʠʚʘʮʠʷ ATM ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

IN ʩ Ku70 ʠʣʠ ʜʣʷ ʝʝ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ ʪʨʝʙʫʶʪʩʷ ʠʥʳʝ ʬʘʢʪʦʨʳ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʠʥʛʠʙʠʪʦʨʘ DNA-PKcs, ʠʥʛʠʙʠʪʦʨ ATM ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣ ʥʘ ɺʀʏ_mut ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʝʛʦ ʵʬʬʝʢʪ ʙʳʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ɺʀʏ_wt (ʈʠʩ. 30) [8,15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʘʢʪʠʚʘʮʠʷ DNA-PKcs, ʪʘʢ 

ʠ ATM ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʟʘʚʠʩʠʪ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 

IN/Ku70 [15].  

 

4.1.4. ʀʥʪʝʛʨʘʮʠʷ ʚʠʨʫʩʥʦʡ ɼʅʂ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ DNA-PKcs ʠ 

ATM  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʞʜʫ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢɼʅʂ ɺʀʏ-1 ʠ ʠʭ ʨʝʧʘʨʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʨʦʭʦʜʠʪ ʥʝ ʤʝʥʴʰʝ 

7-8 ʯʘʩʦʚ [6], ʪ.ʝ. ʧʨʦʮʝʩʩ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʨʝʛʫʣʷʮʠʶ.  

ʅʘʩ ʟʘʠʥʪʝʨʝʩʦʚʘʣʦ, ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʠʥʪʝʛʨʘʮʠʝʡ ʠ ʧʦʷʚʣʝʥʠʝʤ 

ʧʝʨʚʳʭ ʨʝʧʘʨʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ɼʅʂ ɺʀʏ-1 ʘʢʪʠʚʠʨʫʶʪʩʷ ʢʠʥʘʟʳ DNA-PKcs ʠ ATM. 

ɼʣʷ ʵʪʦʛʦ ʤʳ ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜ TOA (çtime of drug additionè, ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʠʷ 

ʠʥʛʠʙʠʪʦʨʘ). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʘʢʦʝ ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ 

ʣʝʥʪʠʚʠʨʫʩʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʘ. ɼʣʷ 

ʵʪʦʛʦ ʢ ʢʣʝʪʢʘʤ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʜʦʙʘʚʣʷʶʪ ʠʥʛʠʙʠʪʦʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʪʦʯʢʠ ʠ ʯʝʨʝʟ 48 ʯʘʩʦʚ ʘʥʘʣʠʟʠʨʫʶʪ ʧʨʦʜʫʢʮʠʶ ʣʶʮʠʬʝʨʘʟʳ, ʪ.ʝ. 

ʩʫʤʤʘʨʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 [291]. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʥʛʠʙʠʪʦʨ ʠʥʪʝʛʨʘʟʳ ʙʳʣ ʜʦʙʘʚʣʝʥ ʜʦ ʥʘʯʘʣʘ ʠʥʪʝʛʨʘʮʠʠ, ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ. ɽʩʣʠ ʠʥʛʠʙʠʪʦʨ ʜʦʙʘʚʠʣʠ, ʢʦʛʜʘ 

ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʫʞʝ ʚʩʪʨʦʠʣʘʩʴ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʤʝʥʴʰʝ. ɸ ʝʩʣʠ ʞʝ ʠʥʛʠʙʠʪʦʨ 

ʜʦʙʘʚʠʣʠ, ʢʦʛʜʘ ʠʥʪʝʛʨʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʠʣʘʩʴ, ʵʬʬʝʢʪ ʥʘ ɺʀʏ-1 ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ (ʈʠʩ. 31).  
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ʈʠʩʫʥʦʢ 31. ATM ʠ DNA-PKcs ʘʢʪʠʚʠʨʫʶʪʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚʠʨʫʩʥʦʛʦ 

ʛʝʥʦʤʘ. ɸ - ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʘʟʠʜʦʪʠʤʠʜʠʥʘ, ʨʘʣʴʪʝʛʨʘʚʠʨʘ, 

iDNA-PK ʠ iATM  ʥʘ ɺʀʏ_wt ʦʪ ʚʨʝʤʝʥʠ ʜʦʙʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ 

ʢʣʝʪʦʢ. ʂʣʝʪʢʠ HEK293T ʠʥʢʫʙʠʨʦʚʘʣʠ 1 ʯʘʩ ʩ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt, ʟʘʪʝʤ ʦʪʤʳʚʘʣʠ 

ʠʟʙʳʪʦʢ ʚʠʨʫʩʘ, ʠ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 1 - 24 ʯʘʩʘ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢ ʢʣʝʪʢʘʤ 

ʜʦʙʘʚʣʷʣʠ AZT (10 ʤʢʄ), Ral (10 ʤʢʄ), iATM  (5 ʤʢʄ) ʠʣʠ iDNA-PK (1 ʤʢʄ). ʅʘ 

ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɹ ï 

ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʥʥʠʭ ʩʦʙʳʪʠʡ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1. 

 

ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʚʝʜʝʥʠʝ ɺʀʏ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ iDNA-PK ʠʣʠ iATM, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʠʥʛʠʙʠʪʦʨʘ ʯʝʨʝʟ 1-24 ʯʘʩʘ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʛʠʙʠʪʦʨ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ AZT ʠ ʠʥʛʠʙʠʪʦʨ 

ʠʥʪʝʛʨʘʮʠʠ Ral. ɺ ʥʘʰʝʡ ʩʠʩʪʝʤʝ AZT ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʣ ɺʀʏ_wt ʚ ʧʝʨʚʳʝ ʜʚʘ 

ʯʘʩʘ ʩ ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ ʧʩʝʚʜʦʚʠʨʫʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʣ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ 

ʠ ʥʝ ʙʳʣ ʩʧʦʩʦʙʝʥ ʧʦʜʘʚʣʷʪʴ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ʧʩʝʚʜʦʚʠʨʫʩʘ ʫʞʝ ʯʝʨʝʟ 10 ʯʘʩʦʚ, 

ʪ.ʝ. ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʩ 2 ʜʦ 10 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ 

(ʈʠʩ. 31). Ral ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʘʢʪʠʚʝʥ ʚ ʧʝʨʚʳʝ 6-7 ʯʘʩʦʚ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʪʝʨʷʣ ʘʢʪʠʚʥʦʩʪʴ ʢ 15 ʯʘʩʫ, ʪ.ʝ. ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʩʝʜʴʤʦʛʦ ʧʦ ʧʷʪʥʘʜʮʘʪʳʡ ʯʘʩ 

(ʈʠʩ. 31). ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ iDNA-PKcs ʠ iATM  ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʜʝʥʪʠʯʥʳʝ 

ʧʨʦʬʠʣʠ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʧʨʦʬʠʣʝʤ Ral (ʈʠʩ. 31). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʝ ʢʠʥʘʟʳ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʚʠʨʫʩʥʦʡ ɼʅʂ, ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ [15].   
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4.1.5. ATM  ʠ DNA-PKcs ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ 

 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʘʢʪʠʚʘʮʠʠ DNA-PKcs ʠ ATM. ʉʦʛʣʘʩʥʦ 

ʧʝʨʚʦʡ ʤʦʜʝʣʠ çʇʘʨʘʣʣʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠè DNA-PKcs ʠ ATM ʘʢʪʠʚʠʨʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ ʠʭ ʘʢʪʠʚʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʛʨʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ IN ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʢʦʤʧʣʝʢʩ ʩ Ku70, ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʡ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʘʡʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʪʦʡ ʢʠʥʘʟʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʠʚʣʝʯʝʥʘ ʢ ʤʝʩʪʫ 

ʧʦʚʨʝʞʜʝʥʠʷ. ɺʪʦʨʘʷ ʤʦʜʝʣʴ çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠè ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ ʦʙʝʠʭ ʢʠʥʘʟ, ʪ.ʝ. ʢ ʤʝʩʪʫ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʚʣʝʢʘʝʪʩʷ 

ʧʝʨʚʘʷ ʢʠʥʘʟʘ, ʦʥʘ ʘʢʪʠʚʠʨʫʝʪʩʷ ʠ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʢʠʥʘʟʳ 

ʘʢʪʠʚʠʨʫʝʪ ʝʝ (ʈʠʩ. 32). 

 

ʈʠʩʫʥʦʢ 32. ɺʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʘʢʪʠʚʘʮʠʠ ɸʊʄ ʠ DNA-PKcs ʚ ʭʦʜʝ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. A ï ʄʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʩʘʡʪʫ ʠʥʪʝʛʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʣʝʯʝʥʘ ATM ʠʣʠ 

DNA-PKcs, ʠ ʪʦʪ ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʦʚʘʣʩʷ, ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʩʦʙʳʪʠʡ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ɹ ï ʄʦʜʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʠ ʘʢʪʠʚʘʮʠʷ ʦʙʝʠʭ ʢʠʥʘʟ DNA-PKcs ʠ ATM. 

ʇʦʩʢʦʣʴʢʫ DNA-PKcs ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʝʪʝʨʦʜʠʤʝʨʦʤ Ku, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʦʡ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʧʨʠʚʣʝʢʘʝʪʩʷ ʠʤʝʥʥʦ DNA-PKcs, 

ʘ ʟʘʪʝʤ ʫʞʝ ATM. ʆʙʝ ʤʦʜʝʣʠ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʣʷ ʠʭ ʘʢʪʠʚʘʮʠʠ 

ʪʨʝʙʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʩ Ku70.  
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʘʷ ʠʟ ʤʦʜʝʣʝʡ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʤʳ 

ʠʟʫʯʠʣʠ, ʢʘʢ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʢʠʥʘʟ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1. ɽʩʣʠ ʚʝʨʥʘ ʧʝʨʚʘʷ ʤʦʜʝʣʴ, ʤʳ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴ 

ʘʜʜʠʪʠʚʥʦʩʪʴ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʦʙʝʠʭ ʢʠʥʘʟ, ʪ.ʝ. ʵʬʬʝʢʪ ʙʫʜʝʪ ʨʘʚʝʥ 

ʩʫʤʤʝ ʵʬʬʝʢʪʦʚ ʦʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʢʠʥʘʟ. ɽʩʣʠ ʚʪʦʨʘʷ ï ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʢʠʥʘʟʳ ʥʝ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1.     

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ iDNA-PK (0,5 ʠʣʠ 1 ʤʢʄ), iATM  (2 ʠʣʠ 5 ʤʢʄ) ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ ʠ 

ʠʟʤʝʨʷʣʠ ʘʢʪʠʚʥʦʩʪʴ ʣʶʮʠʬʝʨʘʟʳ ʯʝʨʝʟ 24 ʯʘʩʘ (ʈʠʩ. 33). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ ʥʝ ʚʣʠʷʣʠ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ 

(ʈʠʩ. 33). ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʝʨʥʘ ʧʘʨʘʣʣʝʣʴʥʘʷ ʤʦʜʝʣʴ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ, ʵʬʬʝʢʪ 

ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʠʥʘʟ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʩʫʤʤʝ ʵʬʬʝʢʪʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʤʳ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ɺʀʏ-1 

ʢʦʤʙʠʥʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʢʠʥʘʟ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʘʜʜʠʪʠʚʥʦʩʪʠ (ʈʠʩ. 

33), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ ʦʪʚʝʨʛʘʝʪʩʷ, ʘ ʚʝʨʥʦʡ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ [15].   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝ ʢʠʥʘʟʳ ATM ʠ DNA-PKcs ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʧʫʪʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʢʘʞʜʦʤ ʩʘʡʪʝ ʠʥʪʝʛʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ʘʢʪʠʚʘʮʠʷ ʢʘʢ ʢʠʥʘʟʳ DNA-PKcs, ʪʘʢ 

ʠ ATM. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ DNA-PKcs, ʥʦ ʥʝ ATM ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ c ʛʝʪʝʨʦʜʠʤʝʨʦʤ Ku70/Ku80, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ 

DNA-PKcs ʧʝʨʚʦʡ ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʘʢʪʠʚʠʨʫʝʪʩʷ ʠ ʫʞʝ ʟʘʪʝʤ 

ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʦʚʣʝʢʘʝʪʩʷ ATM.  
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ʈʠʩʫʥʦʢ 33. ʕʬʬʝʢʪ iDNA-PK, iATM  ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ ʥʘ ʪʨʘʥʩʜʫʢʮʠʶ ʢʣʝʪʦʢ 

HEK293T ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ), ʘ ʪʘʢʞʝ ʥʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ (ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ çʧʘʨʘʣʣʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠè, ʪ.ʝ. 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʨʘʚʥʦ ʩʫʤʤʝ ʠʥʛʠʙʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʟʷʪʦʛʦ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʣʠʯʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʚʫʭʬʘʢʪʦʨʥʳʤ ANOVA ʩ 

ʢʦʨʨʝʢʮʠʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ ʧʦ ʉʠʜʘʢʫ, **** = adj. p-value < 0.0001. 

 

4.1.6. DNA-PKcs, ATM  ʠ ʠʭ ʤʠʰʝʥʠ Chk2, H2AX ʠ p53 ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʪʨʘʥʩʜʫʢʮʠʶ ʢʣʝʪʦʢ ʚʝʢʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1  

 

ɸʢʪʠʚʘʮʠʷ ʢʠʥʘʟ DNA-PKcs ʠ ATM ʚ ʭʦʜʝ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ ʩʦʧʨʷʞʝʥʘ ʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʫʙʩʪʨʘʪʦʚ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʧʦ 

ʦʙʱʝʤʫ ʜʣʷ PIKK ʩʝʤʝʡʩʪʚʘ ʩʘʡʪʫ SQ/TQ [9,278,292]. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʜʚʝ ʢʠʥʘʟʳ ʦʙʳʯʥʦ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ [9], ʘ ʚ ʧʨʦʜʫʢʪʝ 

ʠʥʪʝʛʨʘʮʠʠ ʢɼʅʂ ɺʀʏ-1 ʪʘʢʠʝ ʨʘʟʨʳʚʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʜʘʣʴʥʝʡʰʠʡ ʩʧʝʢʪʨ ʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʘʢʮʠʡ ʢʣʝʪʢʠ ʥʘ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʦʮʝʥʠʣʠ, ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʣʠ ʩʪʘʥʜʘʨʪʥʳʝ 

ʤʠʰʝʥʠ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ, ʠʥʠʮʠʠʨʫʝʤʦʛʦ 

ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ ATM ʠ DNA-PK, ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʠʰʝʥʝʡ ʜʘʣʝʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʘʤʠ ʬʝʨʤʝʥʪʳ DNA-PKcs ʠ ATM, ʪ.ʢ. 

ʦʥʠ ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʚ ʭʦʜʝ ʘʢʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʭ ʤʠʰʝʥʠ Chk2, p53 ʠ 

ʨʝʧʘʨʘʪʠʚʥʳʡ ʛʠʩʪʦʥ H2AX [9,278]. ʇʦʤʠʤʦ ʥʠʭ, ʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʰʠʣʠ 
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ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʫʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ATR, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʢʘʢ ʠ ʜʚʝ ʜʨʫʛʠʝ 

ʢʠʥʘʟʳ ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ, ʠ ʝʝ ʤʠʰʝʥʴ Chk1 [278] ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʦʩʢʦʣʴʢʫ ʢʠʥʘʟʘ ATR ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ.  

ʂʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ VSV-G ʧʩʝʚʜʦʪʠʧʠʨʦʚʘʥʥʳʤ ʨʝʧʣʠʢʘʪʠʚʥʦ-

ʥʝʢʦʤʧʝʪʝʥʪʥʳʤ ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 ʩ ʧʨʠʨʦʜʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʠʥʪʝʛʨʘʟʳ ɺʀʏ_wt, ʠ ʯʝʨʝʟ 12 ʯ ʚ ʙʝʣʢʦʚʳʭ ʣʠʟʘʪʘʭ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ 

ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʩʪʘʪʫʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ Ser2056 ʚ ʩʦʩʪʘʚʝ DNA-PKcs, Ser1981 ï ʚ 

ʩʦʩʪʘʚʝ ATM, Thr68 ï ʚ Chk2, Ser139 ï ʚ H2AX ʠ Ser15 ï ʚ p53, ʘ ʪʘʢʞʝ Ser428 ï ʚ ATR, 

ʠ Ser345 ï ʚ Chk1. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʝʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ (ʈʠʩ. 34). ɸʥʘʣʠʟ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʨʦʚʦʜʠʣʠ 

ʯʝʨʝʟ 12 ʯ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ. ɺ ʦʙʨʘʟʮʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt, ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʙʝʣʢʦʚ pSer2056-DNA-PKcs, pSer1981-ATM, 

pThr68-Chk2, pSer139-H2AX (ɔH2AX), ʘ ʪʘʢʞʝ pSer15-p53, ʧʨʠʯʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʣʠ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ (ʈʠʩ.  34). ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʥʠ ATR, ʥʠ ʝʛʦ ʤʠʰʝʥʴ Chk1 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʣʠʩʴ [17].  

ʀʟʤʝʥʝʥʠʝ ʩʪʘʪʫʩʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʙʝʣʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʢʘʢ ʧʨʦʮʝʩʩʦʤ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʠʨʫʶʪʩʷ DNA-PK 

ʠ ATM, ʪʘʢ ʠ ʜʨʫʛʠʤʠ ʵʪʘʧʘʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʣʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ 

ʢʣʝʪʢʠ ʥʘ ʧʦʧʘʜʘʥʠʝ ʯʫʞʝʨʦʜʥʳʭ ʤʦʣʝʢʫʣ ʠʟ ʚʠʨʠʦʥʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʧʨʦʠʩʭʦʜʷʪ ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ, ʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʣʠ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʤʠʰʝʥʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ 

ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ɺʀʏ_mut, ʢʦʜʠʨʫʶʱʠʤ ʠʥʪʝʛʨʘʟʫ, ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 

ʟʘʤʝʥʘʤʠ E212A/L213A, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ Ku70. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ 

ʚʳʰʝ ʪʘʢʠʝ ʤʫʪʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʠʥʪʝʛʨʘʟʳ ʥʘʨʫʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʠʰʝʥʠ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ p53, ʬʦʩʬʦʨʠʣʠʨʦʚʘʣʠʩʴ ʩʣʘʙʝʝ (ʈʠʩ. 34) [17].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʘʟʳ DNA-PKcs ʠ ATM, ʥʦ ʥʝ ATR ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʚ 

ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

IN ʩ Ku70. ʀʭ ʤʠʰʝʥʠ H2AX, Chk2 ʠ p53 ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ 

ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ɺʀʏ-1, ʥʦ, ʝʩʣʠ ʩʪʘʪʫʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ H2AX ʠ 

Chk2 ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN c Ku70, ʪ.ʝ. ʠʭ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ 
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ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʪʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ p53 ʧʨʦʠʩʭʦʜʠʪ ʧʦ IN/Ku70-

ʥʝʟʘʚʠʩʠʤʦʤʫ ʧʫʪʠ [17]. 

 

ʈʠʩʫʥʦʢ 34. ɸʥʘʣʠʟ ʫʨʦʚʥʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ DNA-PKcs, ATM, ATR, Chk1, 

Chk2, p53 ʠ H2AX ʚ ʢʣʝʪʢʘʭ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt, 

ɺʀʏ_mut ʠʣʠ ʥʝʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʦʤ ʢʦʥʪʨʦʣʝ, ʯʝʨʝʟ 12 ʯ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ. ʅʘ 

ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʦʚʥʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʙʝʣʢʘ ʚ ʢʣʝʪʢʘʭ, 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ɺʀʏ_wt ʠʣʠ ɺʀʏ_mut, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ. ʅʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʦʚʪʦʨʥʦʩʪʝʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʚ ʫʨʦʚʥʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʛʦ 

ʙʝʣʢʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ANOVA c ʧʦʧʨʘʚʢʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʨʘʚʥʝʥʠʷ ʧʦ ʊʴʶʢʠ. ns ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, **** - p-value < 0.0001. 

 

 

4.1.7 ʅʘʢʦʧʣʝʥʠʝ ɔH2AX ʠ pSer15-p53 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʚʫʤ ʥʝʟʘʚʠʩʠʤʳʤ ʧʫʪʷʤ  

 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʨʘʟʣʠʯʠʡ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ H2AX ʠ p53 ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ 

ʢʣʝʪʦʢ ʚʝʢʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ɺʀʏ-1, ʥʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʦʣʫʯʝʥ ʚʝʢʪʦʨ 

ɺʀʏ_E152A, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʫʶ ʬʦʨʤʫ ʠʥʪʝʛʨʘʟʳ 

(ʟʘʤʝʥʘ E152A) ʠ ʥʝ ʩʧʦʩʦʙʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʠʨʫʩʥʫʶ ʢɼʅʂ [293], ʘ ʪʘʢʞʝ ʚʝʢʪʦʨ 

ɺʀʏ_F185A, ʩʦʜʝʨʞʘʱʠʡ ʠʥʪʝʛʨʘʟʫ ʩ ʟʘʤʝʥʦʡ F185A. ʕʪʘ ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʟʘʤʝʥʘ ʚ 

ʩʦʩʪʘʚʝ ʠʥʪʝʛʨʘʟʳ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʝ ʩʚʷʟʳʚʘʥʠʶ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʦʡ ɺʀʏ-1, ʯʪʦ 

ʥʘʨʫʰʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ [156]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ ɺʀʏ_E152A ʚ ʥʠʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʣʠʥʝʡʥʘʷ 
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ʜʚʫʮʝʧʦʯʝʯʥʘʷ ʢɼʅʂ, ʥʦ ʦʥʘ ʥʝ ʤʦʞʝʪ ʚʩʪʨʦʠʪʴʩʷ ʚ ʛʝʥʦʤ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ, ʘ ʚ ʩʣʫʯʘʝ 

ʚʝʢʪʦʨʘ ɺʀʏ_F185A ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʠ ʚ ʢʣʝʪʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʈʅʂ-ʛʝʥʦʤ ʚʠʨʫʩʘ.  

ʂʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt, ɺʀʏ_mut, ɺʀʏ_E152A 

ʠʣʠ ɺʀʏ_F185A, ʠ ʯʝʨʝʟ 12 ʯ ʚ ʣʠʟʘʪʘʭ ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ɔH2AX ʠ pSer15-p53 

ʤʝʪʦʜʦʤ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ (ʈʠʩ.  35). ɻʠʩʪʦʥ H2AX ʵʬʬʝʢʪʠʚʥʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʣʩʷ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ɺʀʏ_wt, ʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ p53 ʧʨʦʠʩʭʦʜʠʣʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʚ ʢʣʝʪʢʝ ʩʠʥʪʝʟʠʨʦʚʘʣʘʩʴ ʢɼʅʂ, ʪ.ʝ.  ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt, 

ɺʀʏ_mut ʠ ɺʀʏ_E152A. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨ53 ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠʥʪʝʛʨʘʟʳ ʩ Ku70, ʥʠ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʛʨʘʟʳ ʚʩʪʨʘʠʚʘʪʴ 

ʚʠʨʫʩʥʫʶ ʢɼʅʂ ʚ ʛʝʥʦʤ ʢʣʝʪʢʠ, ʦʜʥʘʢʦ ʦʥʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ 

ʚʝʢʪʦʨʦʤ ɺʀʏ_F185ɸ, ʥʝ ʩʧʦʩʦʙʥʳʤ ʢ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʛʥʘʣʦʤ ʜʣʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ Ser15 ʚ ʩʦʩʪʘʚʝ p53 

ʷʚʣʷʝʪʩʷ ʩʘʤ ʬʘʢʪ ʧʦʷʚʣʝʥʠʷ ʣʠʥʝʡʥʦʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʚ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʢʘʭ [17].  

 

ʈʠʩʫʥʦʢ 35. ɺʝʩʪʝʨʥ-ʙʣʦʪ-ʘʥʘʣʠʟ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ ʬʦʨʤ p53 (pSer15) ʠ H2AX 

(pSer139) ʚ ʢʣʝʪʢʘʭ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt, ɺʀʏ_mut, ɺʀʏ_E152A ʠ 

ɺʀʏ_F185A. ʆʙʨʘʟʮʳ ɺʀʏ_wt + iDNA-PK ʠ ɺʀʏ_wt + iATM  ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ 

ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʥʛʠʙʠʪʦʨʦʤ DNA-PKcs - Nu7441 (2 

ʤʢʄ), ʠʣʠ ʠʥʛʠʙʠʪʦʨʦʤ ATM - Ku55933 (5 ʤʢʄ). 

 

ʄʳ ʪʘʢʞʝ ʦʮʝʥʠʣʠ ʢʠʥʝʪʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ɔH2AX ʠ pSer15-p53 ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ 

ʢʣʝʪʦʢ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt, ɺʀʏ_mut ʠ ɺʀʏ_E152A ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 10ï18,5 ʯ 

ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʧʝʨʠʦʜ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ ATM ʠ DNA-PK ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ TOA (ʈʠʩ. 31). ɺ ʩʣʫʯʘʝ ʧʩʝʚʜʦʚʠʨʫʩʘ ɺʀʏ_wt ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ H2AX ʥʘʙʣʶʜʘʣʩʷ ʫʞʝ ʯʝʨʝʟ 10 ʯ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʠ ʩʦʭʨʘʥʷʣʩʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʚʧʣʦʪʴ ʜʦ 18,5 ʯ (ʈʠʩ.  36). ʇʨʠ 
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ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ ɺʀʏ_mut ʪʘʢʞʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ɔH2AX, ʥʦ ʧʨʦʬʠʣʴ ʝʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʩʷ: ʯʝʨʝʟ 10 ʯ ʫʨʦʚʝʥʴ ɔH2AX ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʣ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʣ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʢ 

18,5 ʯ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʬʠʣʴ ʥʘʢʦʧʣʝʥʠʷ ɔH2AX ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʜʣʷ ʚʝʢʪʦʨʘ 

ɺʀʏ_E152 (ʈʠʩ.  36) [17].  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ H2AX ʚ ʩʣʫʯʘʝ ɺʀʏ_mut ʠ ɺʀʏ_E152A 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʷʜʨʘʭ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʣʠʥʝʡʥʦʡ ʢɼʅʂ ʚʝʢʪʦʨʘ, 

ʘ ʥʝ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ɼʅʂ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ɺʀʏ_wt. 

ʇʨʦʬʠʣʠ ʥʘʢʦʧʣʝʥʠʷ pSer15-p53 ʠʜʝʥʪʠʯʥʳ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʚʝʢʪʦʨʦʚ: ʯʝʨʝʟ 10 ʯ 

ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʙʝʣʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʢʦʥʪʨʦʣʴʥʳʝ ʫʨʦʚʥʠ, ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʯʝʨʝʟ 18,5 

ʯ (ʈʠʩ.  36) [17]. 

 

 

ʈʠʩʫʥʦʢ 36. ʂʠʥʝʪʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ɔH2AX ʠ pSer15-p53 ʚ ʢʣʝʪʢʘʭ HEK293T, 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt, ɺʀʏ_mut ʠʣʠ ɺʀʏ_E152A ʯʝʨʝʟ 10, 12, 14 ʠ 

18.5 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ. ʆʙʨʘʟʝʮ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʘʢ ʉntr, ʥʝ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥ 

ʚʝʢʪʦʨʦʤ.  

 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ p53 ʧʦ 

Ser15 ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʥʘ ʵʪʘʧʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʦʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, ʫʯʘʩʪʚʫʶʪ ʣʠ ʚ ʵʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʠʥʘʟʳ ATM ʠ DNA-PK. ɼʣʷ 

ʦʪʚʝʪʘ ʥʘ ʥʝʛʦ ʤʳ ʦʮʝʥʠʣʠ ʥʘʢʦʧʣʝʥʠʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ p53 ʧʨʠ 

ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ HEK293T ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ DNA-PKcs 

ʠʣʠ ʠʥʛʠʙʠʪʦʨʘ ATM. ʆʙʘ ʠʥʛʠʙʠʪʦʨʘ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣʠ ʥʘʢʦʧʣʝʥʠʝ 

ɔH2AX (ʈʠʩ. 35). ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ p53 ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣʦʩʴ ʠʥʛʠʙʠʪʦʨʦʤ DNA-

PKcs, ʘ ʠʥʛʠʙʠʪʦʨ ATM ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ (ʈʠʩ. 35) [17].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʩʧʝʮʠʬʠʯʥʦ ʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʪʦʣʴʢʦ H2AX, ʥʦ ʥʝ p53. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 
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p53 ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʚʝʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʚ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʣʠʥʝʡʥʦʡ ʢɼʅʂ 

ɺʀʏ-1, ʭʦʪʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ DNA-PKcs. 

 

4.1.8. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʥr ʡ H2AX ʬʦʨʤʠʨʫʝʪ ʣʦʢʫʩʳ ʚ ʷʜʨʘʭ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ 

ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠʣʠ ʘʛʝʥʪʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ 

ʧʦʷʚʣʝʥʠʝ ʚ ʢʣʝʪʦʯʥʦʡ ɼʅʂ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʷʜʨʘʭ 

ʢʣʝʪʦʢ ʣʦʢʫʩʦʚ ɔH2AX [278]. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ ATM ʠ DNA-PK [294], ʭʦʪʷ ʨʦʣʴ ʵʪʠʭ ʢʠʥʘʟ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʨʘʟʣʠʯʘʝʪʩʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʢ DNA-PKcs, ʪʘʢ ʠ ATM ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʫʩʘ, ʤʦʜʠʬʠʮʠʨʫʷ ʙʣʠʟʣʝʞʘʱʠʝ ʤʦʣʝʢʫʣʳ H2AX, ʘ ʟʘ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʙʦʣʴʰʠʝ ʜʠʩʪʘʥʮʠʠ ʦʪʚʝʯʘʝʪ ʠʤʝʥʥʦ ʢʠʥʘʟʘ 

ATM [294ï296]. ʂʘʞʜʳʡ ʣʦʢʫʩ ʩʦʜʝʨʞʠʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʦʣʝʢʫʣ 

ɔH2AX, ʠ ʯʠʩʣʦ ʣʦʢʫʩʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʯʠʩʣʦʤ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʝʧʘʨʘʮʠʠ[297]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʣʦʢʫʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʦʮʝʩʩʫ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʤʝʩʪʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʝʩʪʝ ʠʭ 

ʨʘʙʦʪʳ [298].    

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʦʪʚʝʪ ʥʘ ʨʝʪʨʦʚʠʨʫʩʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʤʳ ʦʙʥʘʨʫʞʠʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʘ H2AX ʧʦ Ser139, ʧʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ 

ʧʨʦʚʝʨʠʪʴ, ʬʦʨʤʠʨʫʶʪʩʷ ʣʠ ʣʦʢʫʩʳ ɔH2AX ʚ ʷʜʨʘʭ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠ 

ʟʘʚʠʩʠʪ ʣʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʛʨʘʟʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ Ku70. 

ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʧʨʠ MOI = 10 ʠʣʠ 

ʘʥʘʣʦʛʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʢʪʦʨʦʚ ɺʀʏ_mut, ɺʀʏ_E152A ʠ ɺʀʏ_F185 ʠ ʯʝʨʝʟ 12 ʯ 

ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʣʦʢʫʩʦʚ ɔH2AX ʤʝʪʦʜʦʤ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ pSer139-H2Aʍ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [17].  

ʃʠʰʴ ʚ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝ ʢʣʝʪʦʢ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ ʣʦʢʫʩʳ ɔH2AX (ʈʠʩ. 37, ɸ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ɔH2AX ʚ ʷʜʨʘʭ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ 

ʪʝʯʝʥʠʝ 1 ʯ ʧʝʨʝʜ ʬʠʢʩʘʮʠʝʡ ʵʪʦʧʦʟʠʜʦʤ (50 ʤʢʄ) ï ʠʟʚʝʩʪʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ 

ʪʦʧʦʠʟʦʤʝʨʘʟʳII, ʢʦʪʦʨʳʡ ʠʥʜʫʮʠʨʫʝʪ ʥʘʢʦʧʣʝʥʠʝ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʚ ɼʅʂ [9].  
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ʈʠʩʫʥʦʢ 37. ʅʘʢʦʧʣʝʥʠʝ ʣʦʢʫʩʦʚ ɔH2AX ʚ ʢʣʝʪʢʘʭ HEK293T, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ 

ʚʝʢʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1. ɸ-ɽ ï ʂʦʥʬʦʢʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʣʦʢʫʩʦʚ ɔH2AX 

ʚ ʢʣʝʪʢʘʭ HEK293T ʙʝʟ ʦʙʨʘʙʦʪʢʠ (ɸ), ʦʙʨʘʙʦʪʘʥʥʳʭ 50 ʤʢʄ ʵʪʦʧʦʟʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ ʧʝʨʝʜ ʬʠʢʩʘʮʠʝʡ (ɹ), ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʘʤʠ ɺʀʏ_wt (ɺ), ɺʀʏ_mut (ɻ), 

ɺʀʏ_E152A (ɼ), ɺʀʏ_F185A (ɽ) ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʠʥʬʝʢʮʠʠ ʨʘʚʥʦʡ 10. ʌʠʢʩʘʮʠʷ 

ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʘʩʴ ʯʝʨʝʟ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ. ɾ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʣʦʢʫʩʦʚ 

ɔH2AX, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʢʣʝʪʢʫ (ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʫʤʤʘʨʥʦ 5000 ʢʣʝʪʦʢ ʚ ʪʨʝʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʦʟʜʝʡʩʪʚʠʷ), ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʦʪʣʠʯʠʡ ʦʮʝʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʩ ʧʦʧʨʘʚʢʦʡ 

ʊʴʶʢʠ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ, ns ï ʦʪʣʠʯʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, *** - p-ʟʥʘʯʝʥʠʝ < 0,001, 

**** - p-ʟʥʘʯʝʥʠʝ < 0,0001. ɿ ï ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʢʫʩʦʚ ɔH2AX, 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʣʠʯʠʡ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʴʶ t-ʪʝʩʪʘ, ** p-ʟʥʘʯʝʥʠʝ < 0,01. 
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ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʷʜʨʦ ʢʣʝʪʦʢ ʜʘʚʘʣʦ ʦʢʨʘʰʠʚʘʥʠʝ ʘʥʪʠʪʝʣʘʤʠ ʥʘ 

ɔH2AX (ʈʠʩ.  37, ɹ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ɼʅʂ ʧʨʠ ʪʘʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʧʦʟʠʜʘ. 

ʇʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʯʝʨʝʟ 12 ʯ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʧʩʝʚʜʦʚʠʨʫʩʘ ʚ ʷʜʨʘʭ ʢʣʝʪʦʢ ʤʳ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʭ ʣʦʢʫʩʦʚ 

ʛʠʩʪʦʥʘ ɔH2AX ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʈʠʩ. 37, ɺ). ɺ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʘʤʠ 

ɺʀʏ_E152A ʠ ɺʀʏ_F185A ʫʨʦʚʝʥʴ ɔH2AX ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ 

ʢʣʝʪʦʢ (ʈʠʩ. 37, ɼ ʠ ɽ). ʇʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ ɺʀʏ_mut, ʥʝ ʩʧʦʩʦʙʥʳʤ 

ʵʬʬʝʢʪʠʚʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ, ʤʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʫʩʦʚ ɔH2AX (ʈʠʩ. 37, ɻ), ʦʜʥʘʢʦ ʠʭ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʥʘ ʢʣʝʪʢʫ ʠ ʩʨʝʜʥʷʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʢʫʩʦʚ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ɺʀʏ_wt ʚ 1,4 ʠ 2 ʨʘʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 37, ɾ ʠ ɿ) [17].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʦ ʨʘʟʥʠʮʝ ʚ ʥʘʢʦʧʣʝʥʠʠ ɔʅ2ɸʍ ʚ ʢʣʝʪʢʘʭ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ 

ʧʩʝʚʜʦʚʠʨʫʩʘʤʠ ʩ ʠʥʪʝʛʨʘʟʦʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʠʥʪʝʛʨʘʟʦʡ, ʥʝ ʩʧʦʩʦʙʥʦʡ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

Ku70, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ɔʅ2ɸʍ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʣʦʢʫʩʦʚ ʚ ʭʦʜʝ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 [17]. 

 

 

ɿʘʢʣʶʯʝʥʠʝ ʢ ʨʘʟʜʝʣʫ 4.1 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ, ʭʦʪʷ 

ʠʥʪʝʛʨʘʮʠʷ ʢɼʅʂ ɺʀʏ-1 ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʚ 

ʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʧʨʦʮʝʩʩ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ, ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ʅʘʧʨʠʤʝʨ, ʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʪʝ ʞʝ PIKK-ʢʠʥʘʟʳ, ATM ʠ DNA-PK, ʯʪʦ ʠ ʚ 

ʧʨʦʮʝʩʩʘʭ NHEJ ʠ HR-ʨʝʧʘʨʘʮʠʠ, ʦʥʠ ʠʥʠʮʠʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʧʫʪʝʤ ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʩʚʦʠʭ ʤʠʰʝʥʝʡ ï ʙʝʣʢʦʚ 

Chk2 ʠ H2AX, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ NHEJ ʠ HR (ʈʠʩ. 38). ʆʜʥʘʢʦ ʫ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʝʩʪʴ ʠ 

ʩʝʨʴʝʟʥʳʝ ʦʪʣʠʯʠʷ.  

ɽʩʣʠ ʢ ʜʚʫʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʘʤ ʚ ɼʅʂ DNA-PKcs ʠʣʠ ATM ʧʨʠʚʣʝʢʘʶʪʩʷ ʠ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ, ʛʝʪʝʨʦʜʠʤʝʨʘ Ku70/Ku80 ʠʣʠ MRN-ʢʦʤʧʣʝʢʩʘ ʩ ɼʅʂ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʚ ʩʣʫʯʘʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʘʢʪʠʚʘʮʠʷ ʦʙʝʠʭ 

ʢʠʥʘʟ ʟʘʚʠʩʠʪ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚʠʨʫʩʥʦʡ IN ʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70 ʚ ʤʝʩʪʘʭ 

ʚʩʪʨʘʠʚʘʥʠʷ ʚʠʨʫʩʥʦʡ ʢɼʅʂ (ʈʠʩ. 38). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 
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ʨʘʟʨʳʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨ53, ʘ ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ï ʥʝʪ. ʍʦʪʷ pSer15-p53 ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʪʚʝʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʣʠʥʝʡʥʦʡ ʢɼʅʂ ɺʀʏ-1, ʧʨʠʯʝʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʵʪʦʡ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʨ53 ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ DNA-PK, ʥʦ ʥʝ ɸʊʄ.  

 

 

ʈʠʩʫʥʦʢ 38. ʇʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ DNA-PKcs ʠ 

ATM, ʥʦ ʥʝ ATR ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ ʠʭ ʤʠʰʝʥʝʡ. ʀʥʪʝʛʨʘʟʘ ɺʀʏ-1, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 

ʚ ʤʝʩʪʘʭ ʚʩʪʨʘʠʚʘʥʠʷ ʛʝʥʦʤʘ ɺʀʏ-1 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʨʢʠʨʫʶʱʘʷ ʧʦʚʨʝʞʜʝʥʠʷ 

ɼʅʂ, ʧʨʠʚʣʝʢʘʝʪ ʛʝʪʝʨʦʜʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Ku70/Ku80. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ IN ʠ 

Ku70 ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ DNA-PK ʠ ATM ʚ ʤʝʩʪʘʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʚʳʟʚʘʥʥʳʭ ʠʥʪʝʛʨʘʮʠʝʡ ɺʀʏ-1. DNA-PK ʠ ATM 

ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʫʶʪʩʷ ʧʦ pSer2056 ʠ pSer1981. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʠʥʘʟʳ 

ʬʦʩʬʦʨʠʣʠʨʫʶʪ ʤʠʰʝʥʠ H2AX ʠ Chk2, ʥʦ ʥʝ p53. ATR ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʠ ʥʝ ʘʢʪʠʚʠʨʫʝʪʩʷ.  
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ʈʘʟʜʝʣ 4.2. ɼʨʫʛʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʯʘʩʪʥʠʢʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ DNA-PKcs ʠ ATM ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʠʥʠʮʠʘʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɿʘ ʩʯʝʪ ʩʚʦʝʡ ʬʦʩʬʦʨʠʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʥʠ ʤʦʛʫʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʩʘʡʪʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʨʠʚʣʝʯʝʥʠʶ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʠʟ ʵʪʠʭ 

ʩʠʩʪʝʤ [9,278]. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʝ ʫʯʘʩʪʥʠʢʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠ ʜʘʣʴʥʝʡʰʠʝ ʩʦʙʳʪʠʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʵʪʘʧʘʤʠ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ (ʈʘʟʜʝʣ 4.1), ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʫʩʘ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʜʚʫʭ ʛʣʘʚʥʳʭ ʤʠʰʝʥʝʡ ʵʪʠʭ ʢʠʥʘʟ H2AX ʠ Chk2 ʚ ʭʦʜʝ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʥʘʧʦʤʠʥʘʝʪ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 

ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. 

ʆʜʥʘʢʦ ʢʣʶʯʝʚʦʡ ʬʝʨʤʝʥʪ, ʟʘʚʝʨʰʘʶʱʠʡ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ NHEJ-ʧʫʪʠ, ʣʠʛʘʟʘ IV, ʫʞʝ ʙʫʜʝʪ ʥʝʩʧʦʩʦʙʥʘ ʨʘʩʧʦʟʥʘʪʴ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʠ ɺʀʏ-1, ʪ.ʢ. ʦʥʘ ʣʠʛʠʨʫʝʪ 

ʠʤʝʥʥʦ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ, ʘ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤ 

ʠʥʪʝʨʤʝʜʠʘʪʝ (ʈʠʩ. 7). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʦ ʜʘʣʴʥʝʡʰʠʭ ʫʯʘʩʪʥʠʢʘʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ.  

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʤʝʪʦʜʦʤ ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʩʰʠʪʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

(XL-MS), ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ 

ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ChIP-MS), ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʫ ʫʯʘʩʪʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʥʘʭʦʜʦʢ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1.     

 

4.2.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʡ ʠʥʪʝʛʨʘʟʦʡ ɺʀʏ-1 ʚ ʢʣʝʪʢʘʭ HEK293T 

 

ʇʦʩʢʦʣʴʢʫ ʠʥʠʮʠʘʮʠʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʨʫʩʥʦʡ IN ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʝʪʦʯʥʳʤ ʙʝʣʢʦʤ Ku70, ʤʳ ʨʝʰʠʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʩ ʢʘʢʠʤʠ ʝʱʝ ʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ ʦʥʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 
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ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʛʫʣʷʮʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʢʣʝʪʦʯʥʳʭ ʧʘʨʪʥʝʨʦʚ IN ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʢʣʝʪʦʯʥʳʭ 

ʙʝʣʢʦʚ ʩ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʡ HA-ʪʘʛʠʨʦʚʘʥʥʦʡ IN ʠʟ ʢʣʝʪʦʢ HEK293T. ʇʦʩʢʦʣʴʢʫ 

ʨʷʜ ʧʘʨʪʥʝʨʦʚ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʣʘʙʳʝ ʪʨʘʥʟʠʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ, ʤʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʚʝʨʩʠʶ ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ï ʧʨʦʪʦʢʦʣ XL-MS [299], 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʰʠʚʢʫ ʢʦʤʧʣʝʢʩʦʚ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚʥʫʪʨʠ ʢʣʝʪʦʢ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ IN, ʧʝʨʝʜ ʠʭ ʣʠʟʠʩʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦ-

ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʬʠʢʩʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ 1 % ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʢʣʝʪʢʠ 

HEK293T ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ pcDNA3.1_HA-IN. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ 

ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʢʠ ʩʥʠʤʘʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʩʤʝʩʴʶ ʪʨʠʧʩʠʥʘ ʩ ʕɼʊɸ, ʦʪʤʳʚʘʣʠ ʦʪ ʪʨʠʧʩʠʥʘ ʠ ʦʩʪʘʪʢʦʚ ʩʨʝʜʳ, ʧʝʨʝʚʦʜʠʣʠ ʚ 1ʭ PBS 

ʙʫʬʝʨ. ɿʘʪʝʤ ʢ ʢʣʝʪʢʘʤ ʜʦʙʘʚʣʷʣʠ ʬʦʨʤʘʣʴʜʝʛʠʜ ʜʦ ʬʠʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 %, 

ʬʠʢʩʠʨʦʚʘʣʠ ʠʭ ʚ ʪʝʯʝʥʠʝ 1-15 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʠʥʢʫʙʘʮʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜ ʠʥʘʢʪʠʚʠʨʦʚʘʣʠ Tris-ʛʣʠʮʠʥʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ ʙʝʟ ʬʠʢʩʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʣʝʪʢʠ, ʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʝ ʚʝʢʪʦʨʦʤ 

pcDNA3.1 ʙʝʟ IN. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʣʝʪʦʢ ʣʠʟʠʨʦʚʘʣʠ, ʦʮʝʥʠʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʙʝʣʢʘ ʠ ʧʨʦʚʦʜʠʣʠ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʚ ʇɸɸɻ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʚʝʜʝʥʠʝʤ ʚʝʩʪʝʨʥ-ʙʣʦʪ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ HA-ʵʧʠʪʦʧʫ (ʈʠʩ. 39).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘʤʠ 

ʘʥʪʠʪʝʣʘ ʥʝ ʜʘʶʪ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

pcDNA3.1 ʠ ʩʧʝʮʠʬʠʯʥʦ ʧʨʦʷʚʣʷʶʪ IN ʚ ʦʙʨʘʟʮʝ pcDNA3.1_HA-IN ʙʝʟ ʬʠʢʩʘʮʠʠ (ʈʠʩ. 

39, ʪʦʯʢʘ 0 ʤʠʥ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ (1-15 ʤʠʥ) ʥʘʯʠʥʘʝʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴʩʷ ʜʠʤʝʨ ʠʥʪʝʛʨʘʟʳ (ʧʦʜʚʠʞʥʦʩʪʴ ʦʢʦʣʦ 70 ʢɼʘ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ 

ʧʦʣʴʟʫ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʬʠʢʩʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ. ɹʦʣʝʝ ʪʦʛʦ ʫʞʝ ʯʝʨʝʟ 1 ʤʠʥ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 

ʧʦʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ HA-ʧʦʟʠʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʙʦʣʝʝ 

100 ʢɼʘ (ʈʠʩ. 39). ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ IN ʢʘʢ ʨʘʟ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ 

ʪʦʛʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʬʠʢʩʘʮʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ IN.  ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʬʠʢʩʘʮʠʠ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʡ ʤʦʥʦʤʝʨʥʦʡ IN, ʦʜʥʘʢʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʨʝʟ 2 ʤʠʥʫʪʳ ʧʦʩʣʝ 
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ʬʠʢʩʘʮʠʠ (ʈʠʩ. 39). ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʠʥʢʫʙʘʮʠʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʚ ʪʦʯʢʝ 15 ʤʠʥʫʪ (ʈʠʩ. 39). ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʥʦʤʝʨʥʦʡ IN ʚ ʵʪʦʡ ʪʦʯʢʝ ʤʠʥʠʤʘʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʬʠʢʩʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʰʠʚʦʢ, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʭʦʜʠʪʴ ʚ ʛʝʣʴ. ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʬʠʢʩʘʮʠʠ ʙʫʜʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ 

ʠ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ ʚʳʙʦʨ ʥʘ 

ʬʠʢʩʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ.        

 

 

  

ʈʠʩʫʥʦʢ 39. ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʬʠʢʩʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ IN ɺʀʏ-1 ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʧʘʨʪʥʝʨʦʚ ʵʪʦʛʦ ʙʝʣʢʘ. ʂʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ 

ʚʝʢʪʦʨʦʤ pcDNA3.1_HA-IN, ʢʦʜʠʨʫʶʱʠʤ HA-ʪʘʛʠʨʦʚʘʥʥʫʶ IN, ʠʣʠ ʢʦʥʪʨʦʣʴʥʳʤ 

ʚʝʢʪʦʨʦʤ pcDNA3.1. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʢʠ ʩʥʠʤʘʣʠ ʩʤʝʩʴʶ 

ʪʨʠʧʩʠʥʘ-ʕɼʊɸ, ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʬʠʢʩʠʨʦʚʘʣʠ 1 % ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 1-

15 ʤʠʥʫʪ. ʂʣʝʪʢʠ ʣʠʟʠʨʦʚʘʣʠ, ʚʳʜʝʣʷʣʠ ʪʦʪʘʣʴʥʫʶ ʬʨʘʢʮʠʶ ʙʝʣʢʦʚ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʚʦʜʠʣʠ ʨʘʟʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʚ ʇɸɸɻ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ ʅɸ-ʪʵʛʫ. 

 

ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʤʳ ʧʨʠʩʪʫʧʠʣʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʣʝʪʦʯʥʳʭ ʧʘʨʪʥʝʨʦʚ IN. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ 

pcDNA3.1_HA-IN ʠʣʠ ʢʦʥʪʨʦʣʴʥʳʤ ʚʝʢʪʦʨʦʤ pcDNA3.1 ʚ ʪʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʢʠ ʩʥʠʤʘʣʠ, ʬʠʢʩʠʨʦʚʘʣʠ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ, ʟʘʪʝʤ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʢʣʝʪʦʯʥʳʝ ʣʠʟʘʪʳ ʠ 

ʧʨʦʚʦʜʠʣʠ  ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʶ IN ʠ ʩʚʷʟʘʥʥr ʭ ʩ ʥʝʡ ʙʝʣʢʦʚ ʥʘ ʤʘʛʥʠʪʥʳʭ 
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ʯʘʩʪʠʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ ʅɸ-ʪʵʛʫ. ʇʦʩʣʝ ʦʪʤʳʚʢʠ ʩʤʦʣʳ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ 

ʙʝʣʢʦʚ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʤʝʩʴʶ ʪʨʠʧʩʠʥʘ/Lys-C 

ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ LC-MS/MS ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʝʣʢʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʭʦʜʦʢ ʤʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ 88 ʙʝʣʢʦʚ, 

ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʣʠʩʴ ʭʦʪʷ ʙʳ ʚ ʜʚʫʭ ʠʟ ʪʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʮʠʪʦʩʢʝʣʝʪʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʢʦʥʪʘʤʠʥʠʨʫʶʱʠʤʠ ʥʘʭʦʜʢʘʤʠ ʚ ʪʘʢʦʛʦ ʪʠʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʘʤʠ ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 26 ʫʥʠʢʘʣʴʥʳʭ ʥʘʭʦʜʦʢ [18]. ʉʨʝʜʠ ʥʠʭ ï ʯʝʪʳʨʝ ʙʝʣʢʘ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʨʘʥʝʝ ʦʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ IN ɺʀʏ-1 ʠ ʠʭ ʵʬʬʝʢʪ ʥʘ ʚʠʨʫʩʥʫʶ ʨʝʧʣʠʢʘʮʠʶ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ.  

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʢʦʘʢʪʠʚʘʪʦʨ LEDGF/p75, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ 

ʘʢʪʠʚʥʦʝ ʪʝʪʨʘʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ IN ʠ ʥʘʧʨʘʚʣʷʶʱʠʡ ʠʥʪʝʛʨʘʮʠʶ ʛʝʥʦʤʘ ɺʀʏ-1 ʚ 

ʘʢʪʠʚʥʦ-ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ [10,165,300], ɽ3 ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʘ HUWE1, 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʘʷ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʧʦ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ  [10,301], ʢʘʨʠʦʬʝʨʠʥ KPNB1, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʠʤʧʦʨʪʝ ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʷʜʨʦ [10,302], ʠ ʙʝʣʦʢ KAP1, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ TRIM28, ʢʦʪʦʨʳʡ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ IN   [10,303]. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʦʪʥʝʩʪʠ ʢ ʩʧʝʮʠʬʠʯʥʳʤ 

ʥʘʭʦʜʢʘʤ ʙʝʣʦʢ Ku70, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ IN ʠ ʚʘʞʝʥ ʜʣʷ ʠʥʠʮʠʘʮʠʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʪ.ʢ. ʧʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʥ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ.   

ʉʨʝʜʠ ʚʧʝʨʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ IN, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʥʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ IN, ʥʦ ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʙʝʣʢʠ: PARP1 - ʵʬʬʝʢʪ ʥʘ ɺʀʏ-1 ʥʝʦʜʥʦʟʥʘʯʥʳʡ [7] (ʦʙʩʫʞʜʘʝʪʩʷ ʥʠʞʝ), 

DNAJA1 ï ʧʦʟʠʪʠʚʥʳʡ ʬʘʢʪʦʨ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʤʝʭʘʥʠʟʤ ʥʝ ʫʩʪʘʥʦʚʣʝʥ, CFL1 ï 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1 ʚ ʊ-ʣʠʤʬʦʮʠʪʘʭ, WDR82 ï ʥʝʛʘʪʠʚʥʳʡ 

ʬʘʢʪʦʨ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʚʣʠʷʝʪ ʥʘ Tat-ʟʘʚʠʩʠʤʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ [18] ʠ HSPD1 

(HSP60) ï ʚʢʣʶʯʘʝʪʩʷ ʚ ʚʠʨʠʦʥʳ ɺʀʏ-1 [304], ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʧʦʜʘʚʣʷʝʪ ʠʥʪʝʛʨʘʮʠʶ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ 

ʨʝʧʘʨʘʮʠʶ ɺʀʏ-1, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ [19].  
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ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʙʝʣʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʥʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: AHCY, CACYBP, DNAJA2, RBBP4, RBBP7, 

SDF2L1, YWHAZ, UBR5, IPO5, SFN, ʘ ʪʘʢʞʝ 7 ʙʝʣʢʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʷʜʝʨʥʳʭ ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʚ (hnRNP) [18]. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʥʘʭʦʜʢʠ ʤʦʛʫʪ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʚʣʠʷʥʠʶ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ IN, ʥʘ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-1. ʆʜʥʘʢʦ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʠʤʝʥʥʦ ʪʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ ɺʀʏ-1, ʤʳ ʙʳ ʭʦʪʝʣʠ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʯʠʪʘʪʝʣʝʡ ʥʘ ʜʚʘ ʙʝʣʢʘ ʠʟ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ: ʙʝʣʦʢ 

ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʘ (PARP1) ʠ ʙʝʣʦʢ KAP1 (TRIM28). 

ʇʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʘ 1 (PARP1) ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʘʩʪʝʨ-

ʨʝʛʫʣʷʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. ʍʦʪʷ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

PARP1 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʦʜʥʦʥʠʪʝʚʳʤʠ ʨʘʟʨʳʚʘʤʠ ɼʅʂ, ʩʝʛʦʜʥʷ 

ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ [305]. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʧʦʚʨʝʞʜʸʥʥʦʡ ɼʅʂ, PARP1 ʠʩʧʦʣʴʟʫʝʪ NAD  ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʩʠʥʪʝʟʘ ʜʣʠʥʥʳʭ 

ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʝʡ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʳ), ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢ ʩʘʤʦʤʫ PARP1 (ʘʚʪʦʧʘʨʠʣʠʨʦʚʘʥʠʝ) ʠ ʢ ʜʨʫʛʠʤ ʙʝʣʢʘʤ-ʤʠʰʝʥʷʤ, ʩʦʟʜʘʚʘʷ ʧʣʘʪʬʦʨʤʫ 

ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ [306]. ɺ ʢʦʥʪʝʢʩʪʝ ɺʀʏ-1 ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʠʥʬʝʢʮʠʶ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʚ 2000-ʳʝ ʛʦʜʳ ʨʘʟʥʳʝ ʛʨʫʧʧʳ, ʥʦ ʧʦʣʫʯʘʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ [307ï313]. ɺ ʨʘʙʦʪʘʭ [307ï310] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ PARP1, ʪʘʢ ʠ ʝʛʦ ʥʦʢʜʘʫʥ ʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʤʳʰʠʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-

1, ʯʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʢʣʝʪʦʯʥʳʡ ʛʝʥʦʤ. 

ɺ ʨʘʙʦʪʘʭ [311ï313] ʥʝ ʫʜʘʣʦʩʴ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʵʪʠ ʵʬʬʝʢʪʳ ʥʘ ʤʳʰʠʥʳʭ ʬʠʙʨʦʙʣʘʩʪʘʭ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʟʫʣʴʪʘʪʳ ʩʠʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ɺʀʏ-ʠʥʬʝʢʮʠʠ: ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʤʳʰʠʥʳʭ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʩ ʥʦʢʘʫʪʦʤ PARP1 ʚʝʢʪʦʨʦʤ HIV-EGFȹE, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ 

ʧʨʠʨʦʜʥʳʡ ʚʘʨʠʘʥʪ ɺʀʏ-1, ʚ ʢʦʪʦʨʦʤ ʛʝʥ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʘʥʪʠʛʝʥʘ (Env) ʟʘʤʝʥʝʥ ʥʘ 

eGFP, ʥʦ ʥʝ ʚʝʢʪʦʨʦʤ HIV-sinPPT, ʚ ʢʦʪʦʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥʘ 

ʩʘʤʦʠʥʘʢʪʠʚʠʨʫʶʱʘʷ ʤʫʪʘʮʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ, ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʜʫʢʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʙʳʣʠ ʩʥʠʞʝʥʳ [311]. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ ʥʝʛʘʪʠʚʥʳʡ ʦʧʳʪ 

ʠʟʫʯʝʥʠʷ PARP1, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʥʠʟʠʣ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʵʪʦʤʫ ʙʝʣʢʫ, ʧʦʵʪʦʤʫ 

ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ PARP1 ʥʘ ɺʀʏ-1 ʚ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ.  
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ɺʪʦʨʦʡ ʙʝʣʦʢ TRIM28 ʚʳʧʦʣʥʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ ʚ ʢʣʝʪʢʝ, ʚʢʣʶʯʘʷ 

ʨʝʛʫʣʷʮʠʶ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ, ʨʝʛʫʣʷʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʛʫʣʷʮʠʶ ʢʣʝʪʦʯʥʦʛʦ 

ʦʪʚʝʪʘ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ [314]. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʛʝʥʦʤʝ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, TRIM28 ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ, ʛʜʝ ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʢʠʥʘʟʘʤʠ ATM ʠ DNA-PK 

ʧʦ ʦʩʪʘʪʢʫ Ser473, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʘʢʪʠʚʘʮʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ [314]. 

ʕʬʬʝʢʪ ʥʘ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ ɺʀʏ-1 ʥʝ ʠʟʫʯʝʥ, ʦʜʥʘʢʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 

TRIM28 ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ IN, ʧʨʠʚʣʝʢʘʪʴ ʢ ʥʝʡ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʫ HDAC1, 

ʪʝʤ ʩʘʤʳʤ ʚʣʠʷʷ ʥʘ ʩʪʘʪʫʩ ʝʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ. ɼʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝ IN ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

TRIM28 ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʚ ʢʣʝʪʦʯʥʳʡ 

[303].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʨʷʜ 

ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ IN, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʚʘ ʫʯʘʩʪʚʫʶʪ ʚ ʢʣʝʪʦʯʥʦʤ 

ʦʪʚʝʪʝ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ PARP1 ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʢʘʢ 

ʧʘʨʪʥʝʨ IN ɺʀʏ-1.  

 

4.2.2. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ ʩʘʡʪʘʤ 

ʠʥʪʝʛʨʘʮʠʠ ʛʝʥʦʤʘ ɺʀʏ-1 

 

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʪʦʣʴʢʦ ʪʝ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ IN. ɺʦ ʚʨʝʤʷ ʠʥʪʝʛʨʘʮʠʠ ʠ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ IN ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʚʠʨʫʩʥʦʡ ʠ 

ʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʦʥʬʦʨʤʘʮʠʶ IN ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʣʠʷʪʴ ʥʘ 

ʩʧʠʩʦʢ ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ ʥʝʡ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʩ 

ʛʝʪʝʨʦʜʠʤʝʨʦʤ Ku ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʟʘʧʫʩʢʘʝʪ ʯʝʨʝʟ ʢʠʥʘʟʳ ATM ʠ DNA-PK 

ʢʘʩʢʘʜ ʨʝʘʢʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ. ɸʢʪʠʚʘʮʠʷ ʵʪʠʭ 

ʢʠʥʘʟ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʚʣʝʯʝʥʠʶ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʨʝʰʠʣʠ ʠʟʫʯʠʪʴ, 

ʢʘʢʠʝ ʝʱʝ ʙʝʣʢʠ ʠʟ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʛʦ 

ʛʝʥʦʤʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʜʣʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ChIP-MS 

ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ IN, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ IN, ʚʩʪʨʘʠʚʘʷ ʚʠʨʫʩʥʫʶ 
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ʢɼʅʂ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʜʦʙʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ɼʣʷ ʥʘʯʘʣʘ ʥʘʤ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʘʥʪʠʪʝʣʘ ʢ IN ʠ ʧʨʦʚʝʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʘʥʪʠʪʝʣ ʜʣʷ ChIP-MS ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʟʤʘ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʘʥʪʠʪʝʣ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʢʨʦʣʠʢʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʤʤʫʥʦʛʝʥʘ ï ʧʦʣʥʦʨʘʟʤʝʨʥʘʷ ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ IN. ʇʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʩʳʚʦʨʦʪʦʢ ʠʟ ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʤʳ ʧʨʦʚʝʣʠ ʦʯʠʩʪʢʫ ʮʝʣʝʚʦʡ 

ʬʨʘʢʮʠʠ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ IN ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ï  ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʦʙʱʘʷ ʬʨʘʢʮʠʷ IgG 

ʥʘ ʩʝʬʘʨʦʟʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʙʝʣʢʦʤ A ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ, ʘ ʥʘ ʚʪʦʨʦʤ ï 

ʧʫʪʝʤ ʦʯʠʩʪʢʠ ʦʙʱʝʡ ʬʨʘʢʮʠʠ IgG ʥʘ ʩʤʦʣʝ ʩ ʢʦʚʘʣʝʥʪʥʦ-ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ IN 

ʧʦʣʫʯʝʥʳ ʥʝʩʢʦʣʴʢʦ ʬʨʘʢʮʠʡ ʘʥʪʠʪʝʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ IN (ʈʠʩ. 40, ɸ, ɹ).  

 

ʈʠʩʫʥʦʢ 40. ʇʦʣʫʯʝʥʠʝ ʘʥʪʠʪʝʣ ʢ IN ɺʀʏ-1. ɸ ï ʩʪʨʘʪʝʛʠʷ ʦʯʠʩʪʢʠ ʘʥʪʠʪʝʣ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʠʟ ʩʳʚʦʨʦʪʢʠ ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ IN ʢʨʦʣʠʢʦʚ ʚʳʜʝʣʷʣʠ 

ʪʦʪʘʣʴʥʫʶ ʬʨʘʢʮʠʶ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ G (IgG) ʥʘ ʩʝʬʘʨʦʟʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ 

ʙʝʣʢʦʤ ɸ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ. ɿʘʪʝʤ ʘʥʪʠʪʝʣʘ ʢ IN (ŬIN) ʠʟ ʦʙʱʝʡ ʬʨʘʢʮʠʠ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ G ʚʳʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʬʬʠʥʥʦʡ ʩʦʨʙʝʥʪʘ ʩ ʢʦʚʘʣʝʥʪʥʦ-

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ IN. ɹ ï ɸʥʘʣʠʟ ʙʝʣʢʦʚ ʩʳʚʦʨʦʪʢʠ, ʬʨʘʢʮʠʠ IgG, ʧʨʦʩʢʦʢʘ ʩʳʚʦʨʦʪʢʠ 

ʧʦʩʣʝ ʦʯʠʩʪʢʠ IgG ʥʘ ʙʝʣʦʢ ɸ-ʩʝʬʘʨʦʟʝ, ʬʨʘʢʮʠʡ ʘʥʪʠʪʝʣ ʢ IN ʠ ʧʨʦʩʢʦʢʘ IgG ʧʦʩʣʝ 

ʦʯʠʩʪʢʠ ʘʥʪʠʪʝʣ ʥʘ IN-ʩʤʦʣʝ. ɺ ï ʜʦʪ-ʙʣʦʪ ʘʥʘʣʠʟ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ IN ɺʀʏ-1 ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʩʳʚʦʨʦʪʢʠ, ʬʨʘʢʮʠʠ IgG, ʠ ʬʨʘʢʮʠʡ ʘʥʪʠʪʝʣ ʢ 

IN. ɻ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʮʠʠ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʡ IN ɺʀʏ-1 ʚ 

ʢʣʝʪʢʘʭ HEK293T ʦʙʱʝʡ ʬʨʘʢʮʠʝʡ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ IgG ʠ ʬʨʘʢʮʠʝʡ 2 ʘʥʪʠʪʝʣ ʢ IN. 

M ï ʙʝʣʢʦʚʳʡ ʤʘʨʢʝʨ, +IN ï ʣʠʟʘʪ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ IN ɺʀʏ-1, -IN ï ʣʠʟʘʪ 

ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʦʢ ʙʝʟ ʵʢʩʧʨʝʩʩʠʠ IN.    

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʘʥʪʠʪʝʣ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʜʦʪ-ʙʣʦʪ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ IN. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʘʥʪʠʪʝʣ 

ʪʦʣʴʢʦ ʚʪʦʨʘʷ ʬʨʘʢʮʠʷ ŬIN-ʘʥʪʠʪʝʣ ʧʦʟʚʦʣʷʣʘ ʵʬʬʝʢʪʠʚʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ IN (ʈʠʩ. 40, 

ɺ). ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʬʨʘʢʮʠʠ ʘʥʪʠʪʝʣ ʧʨʦʚʦʜʠʣʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ 
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ʘʥʘʣʠʟ ʣʠʟʘʪʦʚ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʅɸ-ʪʘʛʠʨʦʚʘʥʥʫʶ IN, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ï ʣʠʟʘʪ ʢʣʝʪʦʢ, ʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʘʟʤʠʜʦʡ 

pcDNA3.1. ʀʟ ʨʠʩʫʥʢʘ 40, ɻ ʚʠʜʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʚʪʦʨʘʷ ʬʨʘʢʮʠʷ ʦʯʠʱʝʥʥʳʭ ʘʥʪʠʪʝʣ 

ʩʧʝʮʠʬʠʯʥʦ ʫʟʥʘʝʪ ʙʝʣʦʢ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʦʢʦʣʦ 32 ʢɼʘ ʚ ç+INè-ʦʙʨʘʟʮʝ ʠ ʥʝ ʜʘʝʪ 

ʥʝʩʧʝʮʠʬʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ. ʆʙʱʘʷ ʬʨʘʢʮʠʷ IgG ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʵʪʘʧʘ ʦʯʠʩʪʢʠ ʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʫʨʦʚʥʝ 32 ʢɼʘ ʜʘʞʝ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ, ʘ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪ ʨʷʜ ʙʝʣʢʦʚ ʚ ʤʘʨʢʝʨʝ (ʈʠʩ. 40, ɻ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʩʠʩʪʝʤʘ 

ʦʯʠʩʪʢʠ ʘʥʪʠʪʝʣ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʧʦʣʫʯʠʪʴ ʬʨʘʢʮʠʶ ʘʥʪʠʪʝʣ ʩʧʝʮʠʬʠʯʥʳʭ ʢ IN.  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʘʥʪʠʪʝʣʘ ʧʨʝʢʨʘʩʥʦ ʨʘʩʧʦʟʥʘʶʪ ʘʥʪʠʛʝʥ ʚ ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʦʤ 

ʚʠʜʝ, ʥʦ ʙʫʜʫʪ ʣʠ ʦʥʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ IN ʚ 

ʥʝʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʚ ʩʰʠʪʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚʠʜʝ? 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʪʨʫʜʦʝʤʢʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ChIP-MS ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʠʪʴ, ʤʦʛʫʪ ʣʠ ʵʪʠ ʘʥʪʠʪʝʣʘ ʩʧʝʮʠʬʠʯʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʫʶ 

IN ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ. ʋʩʣʦʚʠʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʧʦʤʠʥʘʶʪ 

ʫʩʣʦʚʠʷ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʠʦʥʥʳʭ ʜʝʪʝʨʛʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʙʝʣʦʢ ʦʩʪʘʝʪʩʷ ʚ ʝʛʦ ʥʘʪʠʚʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʢʨʘʰʠʚʘʥʠʷ ʢʣʝʪʦʢ ʦʥʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʬʠʢʩʠʨʫʶʪʩʷ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 41 ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʘʥʪʠʪʝʣʘ 

ʩʧʝʮʠʬʠʯʥʦ ʦʢʨʘʰʠʚʘʶʪ ʷʜʨʘ ʢʣʝʪʦʢ, ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ IN, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ IN [315]. ɺ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʦʢ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʘʥʪʠʪʝʣʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʘʥʪʠʪʝʣʘ 

ʧʨʦʪʠʚ IN ʩʧʝʮʠʬʠʯʥʦ ʨʘʩʧʦʟʥʘʶʪ ʘʥʪʠʛʝʥ ʢʘʢ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ, ʪʘʢ ʠ ʚ 

ʥʝʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. 

 

ʈʠʩʫʥʦʢ 41. ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʷ ʢʣʝʪʦʢ, ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ IN ɺʀʏ-1 (+IN), ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʦʢ (-IN) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʘʥʪʠʪʝʣ ʢ IN.  
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʘʥʪʠʪʝʣ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ ʭʨʦʤʘʪʠʥʘ, 

ʩʦʜʝʨʞʘʱʝʡ IN, ʢʣʝʪʢʠ HEK293T ʙʳʣʠ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʳ ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ 

ɺʀʏ_wt ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʠʥʬʝʢʮʠʠ 2, ʘ ʯʝʨʝʟ 14 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ 

ʧʨʦʚʝʜʝʥʘ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʭʨʦʤʘʪʠʥʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʬʠʢʩʘʮʠʶ ʢʣʝʪʦʢ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʚʳʜʝʣʝʥʠʝ ʷʜʝʨ, ʣʠʟʠʩ, ʬʨʘʛʤʝʥʪʘʮʠʶ ʭʨʦʤʘʪʠʥʘ ʜʦ ʨʘʟʤʝʨʘ 1000 ʧʘʨ 

ʦʩʥʦʚʘʥʠʡ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʶ ʭʨʦʤʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʪʠʪʝʣ ʢ IN (ʈʠʩ. 42). ɼʣʷ ʘʥʘʣʠʟʘ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ChIP-ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʳʜʝʣʷʶʱʠʭʩʷ ʩ IN ʢʦʥʮʝʚʳʭ LTR-ʬʨʘʛʤʝʥʪʦʚ ʢɼʅʂ ɺʀʏ-1 

ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʦʮʝʥʠʚʘʣʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ LTR-

ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʣʠʟʘʪʘʭ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ChIP. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ChIP 

ʨʘʩʩʯʠʪʳʚʘʣʠ, ʢʘʢ ʜʦʣʶ ʚʳʜʝʣʝʥʥʳʭ LTR ʬʨʘʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ. 

 

 

ʈʠʩʫʥʦʢ 42. ʉʭʝʤʘ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʫʶʪ 

ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 ʠ ʥʘ ʵʪʘʧʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʬʠʢʩʠʨʫʶʪ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʣʠʟʠʨʫʶʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʷʜʝʨ, ʚʳʜʝʣʷʶʪ ʷʜʨʘ, ʣʠʟʠʨʫʶʪ ʠʭ ʠ ʬʨʘʛʤʝʥʪʠʨʫʶʪ ʭʨʦʤʘʪʠʥ ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʜʦ 1000 ʧʘʨ ʦʩʥʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʣʠʟʘʪʳ ʠʥʢʫʙʠʨʫʶʪ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ IN, ʘ ʟʘʪʝʤ 

ʚʳʜʝʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʘʥʪʠʪʝʣ ʠ ʭʨʦʤʘʪʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ IN, ʥʘ ʩʤʦʣʝ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʙʝʣʢʦʤ G. ʇʦʩʣʝ ʵʣʶʮʠʠ ʠʤʤʫʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʤʦʣʳ 

ʦʮʝʥʠʚʘʶʪ ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ LTR-ʬʨʘʛʤʝʥʪʦʚ ʢɼʅʂ ɺʀʏ-1 ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʚʦʜʷʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ IN-LTR, ʤʝʪʦʜʦʤ LC-MS.   

 

ʅʘ ʨʠʩʫʥʢʝ 43, ɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʟ ʣʠʟʘʪʦʚ 

ʢʣʝʪʦʢ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt, ʩ ʠʥʪʝʛʨʘʟʦʡ ʩʦʚʳʜʝʣʷʝʪʩʷ ʧʦʨʷʜʢʘ 20% 
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LTR ʬʨʘʛʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴʥʘʷ ɼʅʂ (ʬʨʘʛʤʝʥʪ ʛʝʥʘ CD3) ʥʝ ʦʙʦʛʘʱʘʝʪʩʷ. 

ʊʘʢʞʝ ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ ʦʙʦʛʘʱʝʥʠʷ ʥʠ LTR, ʥʠ CD3, ʢʦʛʜʘ ʪʝʩʪʠʨʫʝʤʳʝ ʘʥʪʠʪʝʣʘ ʢ IN 

ʥʝ ʜʦʙʘʚʣʷʣʠ ʢ ʣʠʟʘʪʘʤ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ (ʈʠʩ. 43, ɸ).  

ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʧʨʦʚʦʜʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʚʳʜʝʣʝʥʥʦʡ ʬʨʘʢʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʥʘʤ ʙʳʣʦ ʚʘʞʥʦ ʧʨʦʚʝʨʠʪʴ, ʩʤʦʞʝʤ 

ʣʠ ʤʳ ʦʙʥʘʨʫʞʠʪʴ ʩʘʤʫ IN ʠ ʝʝ ʢʣʝʪʦʯʥʳʡ ʧʘʨʪʥʝʨ Ku70. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʦʛʠʯʥʳʡ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʦ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ ʭʨʦʤʘʪʠʥʘ ʠ 

ʦʙʨʘʱʝʥʠʷ ʩʰʠʚʦʢ, ʚʳʟʚʘʥʥʳʭ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ IN ʠ Ku70 

ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʤʝʪʦʜʦʤ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ. ɺ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 8-14 ʯʘʩʦʚ 

ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʢʘʢ IN, ʪʘʢ ʠ Ku70, ʭʦʪʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʩʣʝʜʥʝʛʦ ʙʳʣʦ ʢʨʠʪʠʯʝʩʢʠ ʤʘʣʦ (ʈʠʩ. 43, ɹ). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ IN, ʢʦʪʦʨʫʶ ʤʳ ʚʥʦʩʠʤ 

ʚ ʢʣʝʪʢʠ.  ɺ ʧʦʣʥʦʮʝʥʥʦʤ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ 

ʧʦʨʷʜʢʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʚʩʝʣʷʝʪ ʥʘʜʝʞʜʫ ʥʘ ʜʦʩʪʠʞʠʤʦʩʪʴ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʥʘʤʠ ʮʝʣʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʝʟ 

ʘʥʪʠʪʝʣ ʢ IN, Ku70 ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʦʚʩʝʤ (ʈʠʩ. 43, ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ 

ʘʥʪʠʪʝʣʘ ʢ IN ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

 

 

 

ʈʠʩʫʥʦʢ 43. ʆʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʥʪʠʪʝʣ ʢ IN ʜʣʷ ChIP-qPCR ʠ ChIP-MS 

ʧʨʦʪʦʢʦʣʦʚ. ɸ ï ɼʦʣʷ LTR-ʬʨʘʛʤʝʥʪʦʚ ɺʀʏ-1, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʣʝʪʦʢ HEK293T, 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ɺʀʏ_wt, ʧʦ ʧʨʦʪʦʢʦʣʫ ChIP ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ IN (+ ŬIN). 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ 

IN (- ŬIN). ɺ ʦʙʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʮʝʥʠʚʘʣʠ ʩʪʝʧʝʥʴ ʩʦʦʩʘʞʜʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ɼʅʂ ï ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ CD3. ɹ ï ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ IN ʠ ʙʝʣʢʘ Ku70, ʩʦʚʳʜʝʣʷʶʱʠʭʩʷ 

ʩ IN, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ChIP ʧʨʦʪʦʢʦʣʘ ʠʟ ʢʣʝʪʦʢ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʤ 

ɺʀʏ_wt. ɺ ï ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ LTR-ʬʨʘʛʤʝʥʪʦʚ ɺʀʏ-1 ʚ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ 

ʣʠʟʘʪʦʚ ʢʣʝʪʦʢ, ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ, ʣʝʚʘʷ ʦʩʴ), ʠ 

ʢʦʣʠʯʝʩʪʚʘ LTR-ʬʨʘʛʤʝʥʪʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ ChIP ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ IN 

(ʩʠʥʷʷ ʢʨʠʚʘʷ, ʧʨʘʚʘʷ ʦʩʴ).  
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4.2.3. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʢʦʤʧʣʝʢʩʘʤʠ IN-LTR  

 

ʇʦ ʥʘʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, IN ʧʦʩʣʝ ʚʩʪʨʘʠʚʘʥʠʷ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʢʣʝʪʦʯʥʳʡ 

ʛʝʥʦʤ ʜʦʣʞʥʘ ʫʜʘʣʷʪʴʩʷ ʩ ʤʝʩʪ ʠʥʪʝʛʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʞʝʪ ʤʝʰʘʪʴ 

ʧʨʦʪʝʢʘʥʠʶ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʧʝʨʝʜ ʝʝ ʫʜʘʣʝʥʠʝʤ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʜʦʣʞʥʳ 

ʧʨʠʚʣʝʯʴʩʷ DNA-PKcs ʠ ATM. ʆʜʥʘʢʦ ʥʝʠʟʚʝʩʪʥʦ, ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʠʭ 

ʘʢʪʠʚʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʫʜʘʣʝʥʠʝ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ IN ʝʱʝ ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʚʷʟʘʥʥʦʤ ʩ LTR-ʧʦʚʪʦʨʘʤʠ ʚʠʜʝ, ʥʦ ʪʘʢʞʝ 

ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʩ ʤʦʤʝʥʪʘ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ ʧʨʦʰʣʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, 

ʯʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʢ IN-LTR-

ʢʦʤʧʣʝʢʩʘʤ ʚ ʭʦʜʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ LTR ʚ 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ʢʣʝʪʢʘʭ ʤʳ ʧʨʦʚʝʣʠ ChIP-qPCR 

ʵʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʠ ʯʝʨʝʟ 8, 

12, 14, 16 ʠ 24 ʯʘʩʘ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʶ ʭʨʦʤʘʪʠʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ IN ʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʦʮʝʥʠʚʘʣʠ ʜʦʣʶ LTR-

ʬʨʘʛʤʝʥʪʦʚ, ʩʦʚʳʜʝʣʷʶʱʠʭʩʷ ʩ IN (ʈʠʩ. 43, ɺ). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʷʣʠ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ LTR-ʬʨʘʛʤʝʥʪʦʚ ʚ ʷʜʝʨʥʳʭ ʣʠʟʘʪʘʭ ʜʦ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ.   

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ LTR-ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʤʘ ɺʀʏ-1, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʷʜʨʝ, ʥʘʯʠʥʘʷ ʩ 8 ʯʘʩʦʚ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʯʝʨʝʟ 14-16 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚʧʣʦʪʴ ʜʦ 24 

ʯʘʩʦʚ (ʈʠʩ. 43, ɺ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʘʮʠʠ [6]. ɼʦʣʷ LTR-

ʬʨʘʛʤʝʥʪʦʚ, ʩʦʚʳʜʝʣʷʶʱʠʭʩʷ ʩ IN, ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ (ʦʢʦʣʦ 20%) 

ʚʧʣʦʪʴ ʜʦ 14 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ (ʈʠʩ. 43, ɺ), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʜʘʣʝʥʠʠ IN ʩ ʤʝʩʪ ʠʥʪʝʛʨʘʮʠʠ ʛʝʥʦʤʘ ʣʝʥʪʠʚʠʨʫʩʘ ʣʠʰʴ ʯʝʨʝʟ 14 

ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʚʳʙʨʘʣʠ 

ʪʦʯʢʫ 14 ʯʘʩʦʚ ʧʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʚ ʷʜʨʝ ʥʘʭʦʜʠʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ LTR-ʬʨʘʛʤʝʥʪʦʚ, ʠ ʦʥʠ ʚʩʝ ʝʱʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ IN. 

ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʤʳ ʧʨʠʩʪʫʧʠʣʠ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʚʳʷʚʣʝʥʠʶ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʢʦʤʧʣʝʢʩʘʤʠ IN-

LTR. ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʚʝʢʪʦʨʦʤ ɺʀʏ_wt, ʘ ʯʝʨʝʟ 14 ʯʘʩʦʚ 

ʬʠʢʩʠʨʦʚʘʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʪʦʢʦʣʫ ChIP-MS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ IN. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳʤ 
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ʦʙʨʘʟʦʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʬʠʢʩʘʮʠʠ, ʚʳʜʝʣʝʥʠʶ ʷʜʝʨ, ʧʦʜʛʦʪʦʚʢʝ ʣʠʟʘʪʦʚ, ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʭʨʦʤʘʪʠʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ 

ʢ IN. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, 

ʥʝʩʧʝʮʠʬʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʦ ʩʤʦʣʦʡ ʠʣʠ ʘʥʪʠʪʝʣʘʤʠ. ʉʫʤʤʘʨʥʦ ʙʳʣʦ 

ʧʦʜʛʦʪʦʚʣʝʥʦ 4 ʢʦʥʪʨʦʣʴʥʳʭ ʠ 4 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʥʳʭ ʙʝʣʢʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, ʘ ʪʘʢʞʝ ʦ ʯʠʩʣʝ ʙʝʣʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʝʚʦʩʭʦʜʠʪ ʚ 3,5 ʠ ʙʦʣʝʝ ʨʘʟ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 4.   ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ 

ʪʦʣʴʢʦ ʪʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʥʘʤʠ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʭʦʪʷ ʙʳ 

ʚ ʜʚʫʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʀʭ ʦʙʱʝʝ ʯʠʩʣʦ ʩʦʩʪʘʚʠʣʦ 1241.  

 

ʊʘʙʣʠʮʘ 4. ʉʪʘʪʠʩʪʠʢʘ ʥʘʭʦʜʦʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ChIP-MS ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʬʨʘʢʮʠʝʡ ʭʨʦʤʘʪʠʥʘ, ʩʦʜʝʨʞʘʱʝʡ IN ɺʀʏ-1.  
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ʆʙʱʝʝ ʯʠʩʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ 

1074 1762 1341 1493 

ʏʠʩʣʦ ʙʝʣʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ ʚ 3,5 ʠ ʙʦʣʝʝ ʨʘʟ 

ʧʨʝʚʦʩʭʦʜʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʦʥʪʨʦʣʴʥʦʤ 

ʦʙʨʘʟʮʝ 

921 1087 1246 1373 

 

ʉʨʝʜʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʢʦʤʧʣʝʢʩʘ ʚʠʨʫʩʥʳʭ, 

ʚʢʣʶʯʘʷ IN, ʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʚʠʨʫʩʥʦʡ ʢɼʅʂ. 

ʅʘʧʨʠʤʝʨ, ʩʨʝʜʠ ʥʘʭʦʜʦʢ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʝʣʢʠ LEDGF/p75 (ʦʙʥʘʨʫʞʝʥ ʠ ʚ ʭʦʜʝ XL-MS 

ʵʢʩʧʝʨʠʤʝʥʪʘ) ʠ CPSF6, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ ʠʥʪʝʛʨʘʮʠʶ ʚ ʘʢʪʠʚʥʦ-ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ 

ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ. ʇʨʠʯʝʤ, LEDGF/p75 ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ IN, ʘ ʚʪʦʨʦʡ ʙʝʣʦʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʧʩʠʜʥʳʤ ʙʝʣʢʦʤ (CA), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [166,306,316]. ʊʘʢʞʝ ʥʘʤʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʪʘʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʘʢ BAF, HMG I(Y) [317], TRIM28 (ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥ ʥʘʤʠ ʚ ʭʦʜʝ XL-MS-ʵʢʩʧʝʨʠʤʝʥʪʘ) [10,18], VBP1 [318] ʠ SNF5 (INI1) [319]. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ ʜʣʷ 
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ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ-ʫʯʘʩʪʥʠʢʦʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-

1.  

ʉʨʝʜʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʥʦʩʠʣʦʩʴ ʢ ʬʘʢʪʦʨʘʤ 

ʤʝʪʘʙʦʣʠʟʤʘ ʈʅʂ. ʉʣʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʬʘʢʪʦʨʳ ʚʘʞʥʳ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-

1, ʥʦ ʠʭ ʦʙʦʛʘʱʝʥʠʝ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʪ.ʢ. 

ʠʭ ʩʦʚʳʜʝʣʝʥʠʝ ʩ IN ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʠʣʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤʠ ʙʝʣʢʘʤʠ, ʚʝʜʴ ʠʥʪʝʛʨʘʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʜʝʪ ʚ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ [320]. 

ɼʘʣʝʝ ʤʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʬʘʢʪʦʨʘʭ ʨʝʧʘʨʘʮʠʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ɺʩʝʛʦ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 53 ʪʘʢʠʭ ʙʝʣʢʘ (ʊʘʙʣʠʮʘ 5). ʉʨʝʜʠ 

ʥʠʭ ʥʘʤ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ Ku70, Ku80 ʠ DNA-PKcs, ʪ.ʝ. ʢʦʤʧʦʥʝʥʪʳ DNA-PK 

ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ ʤʝʩʪʘʤ ʚʩʪʨʘʠʚʘʥʠʷ ʚʠʨʫʩʥʦʡ ɼʅʂ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70 ʠ ʠʥʠʮʠʨʫʝʪ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ [8]. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʠ ʠʩʭʦʜʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ChIP-MS ʤʝʪʦʜʘ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1.    

 

ʊʘʙʣʠʮʘ 5. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ɼʅʂ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ 

IN ɺʀʏ-1. 

 

ɹʝʣʦʢ ʌʫʥʢʮʠʠ ʚ ʨʝʧʘʨʘʮʠʠ ʇʫʪʠ ʨʝʧʘʨʘʮʠʠ 

APEX1 
ɸʧʫʨʠʥʦʚʘʷ/ʘʧʠʨʠʤʠʜʠʥʦʚʘʷ ʵʥʜʦʥʫʢʣʝʘʟʘ 1. 

ʈʘʩʧʦʟʥʘʝʪ ʠ ʠʥʠʮʠʠʨʫʝʪ ʨʝʧʘʨʘʮʠʶ AP-ʩʘʡʪʦʚ. 
BER [321] 

CDK1 
CDK2 

ʎʠʢʣʠʥ-ʟʘʚʠʩʠʤʳʝ ʢʠʥʘʟʳ 1 ʠ 2.  ʈʝʛʫʣʷʮʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʢʦʥʪʨʦʣʴ ʟʘ ʫʩʧʝʰʥʦʩʪʴʶ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʧʘʨʘʮʠʠ 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ [322] 

CHAF1B 

ʌʘʢʪʦʨ ʩʙʦʨʢʠ ʭʨʦʤʘʪʠʥʘ 1, ʩʫʙʲʝʜʠʥʠʮʘ B. 

ʂʦʤʧʦʥʝʥʪ ʛʠʩʪʦʥʦʚʦʛʦ ʰʘʧʝʨʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

CAF1, ʧʨʠʚʣʝʯʝʥʠʝ ʛʠʩʪʦʥʦʚ ʢ ʨʝʧʘʨʠʨʦʚʘʥʥʦʡ 

ɼʅʂ. ɺʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ DNA-PK ʠ PCNA. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ, ʚʢʣʶʯʘʷ 

NHEJ [323,324]  

DDB1 

ɹʝʣʦʢ 1, ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ. ʂʦʤʧʦʥʝʥʪ CUL4-DDB1 E3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʧʦʟʥʘʝʪ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʟʘʧʫʩʢʘʷ NER. ɺʥʝ NER ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ NBS1 ʠ MDC1, ʩʧʦʩʦʙʩʪʚʫʷ 

ʢʣʝʪʦʯʥʦʤʫ ʦʪʚʝʪʫ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. 

NER ʠ ʜʨʫʛʠʝ 

[325,326]  

DDX1 

DEAD-ʙʦʢʩ ʭʝʣʠʢʘʟʘ 1. Cʧʦʩʦʙʩʪʚʫʝʪ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʈʅʂ ʠʟ ʈʅʂ-ɼʅʂ ʛʠʙʨʠʜʦʚ. 

ʌʦʨʤʠʨʫʝʪ ʣʦʢʫʩʳ ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

HR [327,328] 
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DNA-
PKcs 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ɼʅʂ-ʟʘʚʠʩʠʤʦʡ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ. ɺʤʝʩʪʝ ʩ Ku70 ʠ Ku80 ʠʥʠʮʠʠʨʫʝʪ 

NHEJ-ʨʝʧʘʨʘʮʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. 

ʊʘʢʞʝ ʚʳʩʢʘʟʳʚʘʶʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʚʦʟʤʦʞʥʦʤ ʫʯʘʩʪʠʠ DNA-PKcs ʚ ʨʝʧʘʨʘʮʠʠ 

ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ʇʦʢʘʟʘʥʘ ʘʢʪʠʚʘʮʠʷ 

ʢʠʥʘʟʳ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ ɼʅʂ in vitro, ʘ ʪʘʢʞʝ 

ʚʭʦʞʜʝʥʠʝ DNA-PKcs ʠ ʬʘʢʪʦʨʦʚ BER-ʧʫʪʠ 

(APEX1, UNG2, XRCC1, Pol ɓ) ʚ ʝʜʠʥʳʡ ʙʝʣʢʦʚʳʡ 

ʢʦʤʧʣʝʢʩ. 

NHEJ [278,329,330] 

FEN1 
ʌʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʘ 1. ʫʜʘʣʷʝʪ ʦʜʥʦʥʠʪʝʚʳʝ 

ʚʳʩʪʫʧʘʶʱʠʝ 5'-ʢʦʥʮʝʚʳʝ ʫʯʘʩʪʢʠ. 
BER [331,332]  

H2AX 

ʈʝʧʘʨʘʪʠʚʥʳʡ ʛʠʩʪʦʥ, ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ DNA-PK ʠ 

ATM, ʬʦʨʤʠʨʫʷ ʣʦʢʫʩʳ ɔH2AX. ɺ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʩʣʫʞʠʪ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ 

ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʦʚ Mre11, MDC1, RIF1 ʠ 53BP1 

ʢ ʤʝʩʪʘʤ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ 

NHEJ, HR [333,334]  

HDGFL2 

HDGF-ʧʦʜʦʙʥʳʡ ʙʝʣʦʢ 2. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʡ 

ʨʝʛʫʣʷʪʦʨ, ʨʠʜʝʨ ʤʝʪʦʢ ʭʨʦʤʘʪʠʥʘ. ʉʧʦʩʦʙʩʪʚʫʝʪ 

ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ HR-

ʧʫʪʠ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʘ CtIP. 

HR [335] 

HMGA1 
ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ NHEJ-ʧʫʪʠ. 

ɺʣʠʷʝʪ ʥʘ ʘʢʪʠʚʘʮʠʶ DNA-PKcs. 

NHEJ [336,337] 

  

HMGB1 
HMGB2 

ʈʝʛʫʣʷʪʦʨʥʳʝ ʙʝʣʢʠ. ʉʧʦʩʦʙʩʪʚʫʶʪ ʨʝʧʘʨʘʮʠʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʫʪʷʤ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʨʝʧʘʨʘʮʠʠ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ  [338,339] 

HMGN1 

ɹʝʣʦʢ ʛʨʫʧʧʳ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʩ ʥʫʢʣʝʦʩʦʤ-

ʩʚʷʟʳʚʘʶʱʠʤ ʜʦʤʝʥʦʤ 1. ʈʝʛʫʣʷʪʦʨ ʧʣʦʪʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ ʭʨʦʤʘʪʠʥʘ. ʂʦʥʢʫʨʠʨʫʝʪ ʩ ʛʠʩʪʦʥʦʤ H1 ʟʘ 

ʩʘʡʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʥʫʢʣʝʦʩʦʤʘʭ, ʩʥʠʞʘʷ 

ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʭʨʦʤʘʪʠʥʘ ʠ ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ 

ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʯʪʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʨʝʧʘʨʘʮʠʠ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ [340] 

HUWE1 

E3-ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʘ HUWE1. ɺʣʠʷʝʪ ʥʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ ʨʝʧʘʨʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʨʝʧʘʨʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ɺʣʠʷʝʪ 

ʥʘ ʥʝʜʜʠʣʠʨʦʚʘʥʠʝ DNA-PKcs, ʨʝʛʫʣʠʨʫʶ NHEJ-

ʧʫʪʴ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ [341ï343] 

Ku70 
Ku80 

Ku70 ʠ Ku80, ʬʦʨʤʠʨʫʶʪ ʛʝʪʝʨʦʜʠʤʝʨ Ku, 

ʨʘʩʧʦʟʥʘʶʱʠʡ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʨʦʪʝʢʘʥʠʶ NHEJ-ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ. Ku70 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʠʤʝʨʘʟʦʡ ɓ, 

ʚʦʟʤʦʞʥʦ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʦʩʩ-ʪʦʣʢ ʤʝʞʜʫ NHEJ ʠ 

BER-ʧʫʪʷʤʠ ʨʝʧʘʨʘʮʠʠ. 

NHEJ [278,344]  

LIG3 
ɼʅʂ-ʣʠʛʘʟʘ III. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ 

ʚ BER ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ NHEJ-ʧʫʪʷʭ. 
BER [345]  
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MCM2-
MCM7 

ʍʝʣʠʢʘʟʥʳʡ ʢʦʤʧʣʝʢʩ. ʀʥʠʮʠʠʨʫʝʪ ʩʙʦʨʢʫ 

ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ɼʅʂ. 

HR [346,347]  

MDC1 

ʄʝʜʠʘʪʦʨ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ 1. 

ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ. ʇʨʠʚʣʝʢʘʝʪʩʷ ʢ ʤʝʩʪʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ɔH2AX. ʌʦʨʤʠʨʫʝʪ ʣʦʢʫʩʳ ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ɼʅʂ. ʇʨʠʚʣʝʢʘʝʪ ʢ ʩʘʡʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ MRN-

ʢʦʤʧʣʝʢʩ, RNF8, 53BP1. 

HR, NHEJ [348ï350] 

MORF4L2 

ʌʘʢʪʦʨ ʩʤʝʨʪʥʦʩʪʠ 4-ʧʦʜʦʙʥʳʡ ʙʝʣʦʢ 2. 

ʂʦʤʧʦʥʝʥʪ ʛʠʩʪʦʥ ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ NuA4, ʢʦʪʦʨʳʡ ʘʮʝʪʠʣʠʨʫʝʪ ʭʚʦʩʪʳ 

ʛʠʩʪʦʥʦʚ, ʩʥʠʞʘʝʪ ʢʦʤʧʘʢʪʠʟʘʮʠʶ ʭʨʦʤʘʪʠʥʘ, 

ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʤʝʩʪʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. 

HR [351ï353] 

MPG 
ɼʅʂ-3-ʤʝʪʠʣʘʜʝʥʠʥ-ʛʣʠʢʦʟʠʣʘʟʘ. ʋʜʘʣʷʝʪ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ. 
BER [354] 

MRE11 

ʂʦʤʧʦʥʝʥʪ MRN ʢʦʤʧʣʝʢʩʘ ï ʩʝʥʩʦʨʘ ʜʚʫʥʠʪʝʚʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ, ʧʨʠʚʣʝʢʘʝʪ ATM, ʟʘʧʫʩʢʘʷ 

ʨʝʧʘʨʘʮʠʶ ʧʦ HR-ʧʫʪʠ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ NHEJ-

ʨʝʧʘʨʘʮʠʠ. 

NHEJ, HR [355ï357]  

MSH2 
MSH6 

ʉʝʥʩʦʨ ʥʝʩʧʘʨʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ. MMR [358,359] 

NONO 

ɹʝʣʦʢ, ʩʚʷʟʳʚʘʶʱʠʡ ʦʢʪʘʤʝʨʥʳʡ ʤʦʪʠʚ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʡ POU-ʜʦʤʝʥʘ. ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ. 

ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʥʘ ʨʝʧʘʨʘʮʠʶ ʥʝ ʜʦ ʢʦʥʮʘ 

ʧʦʥʷʪʝʥ. ɺʤʝʩʪʝ ʩ SFPQ ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ 

ʜʚʫʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʘʤ ɼʅʂ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, 

ʧʦ PARP1-ʟʘʚʠʩʠʤʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʢʪʠʚʘʮʠʠ DNA-PKcs ʠ ʝʝ ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ. 

ʊʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʷʜʦʤ NHEJ-ʬʘʢʪʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ, XLF. ʄʦʞʝʪ ʟʘʤʝʱʘʪʴ XLF ʚ NHEJ-

ʧʫʪʠ. 

NHEJ, HR [360ï363] 

NPM1 

ʅʫʢʣʝʦʬʦʟʤʠʥ 1. ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʘʢʪʦʨʘʤʠ 

ʨʝʧʘʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, APEX1, ʚ BER-ʧʫʪʠ. 

ʊʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʢ ʤʝʩʪʘʤ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦʩʣʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. 

BER, NHEJ, HR 

[364] 

NUCKS1 

ʗʜʝʨʥʳʡ ʩʫʙʩʪʨʘʪ ʢʘʟʝʠʥʢʠʥʘʟʳ ʠ ʮʠʢʣʠʥ-

ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʳ 1. ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ. ʇʘʨʘʣʦʛ 

RAD51AP1, ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʠ RAD51. 

HR [365,366] 

PARP1 

ʇʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʘ 1. ʉʚʷʟʳʚʘʝʪʩʷ ʩ 

ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ ʨʘʟʨʳʚʘʤʠ 

ɼʅʂ, ʧʦʣʠ-ɸɼʌ-ʨʠʙʦʟʠʣʠʨʫʝʪ ʙʝʣʢʠ ʦʢʨʫʞʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʠʚʣʝʯʝʥʠʶ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʯʝʨʝʟ ʤʦʜʠʬʠʢʘʮʠʶ ʭʨʦʤʘʪʠʥʘ, ʝʛʦ 

ʜʝʢʦʥʜʝʥʩʘʮʠʠ. 

BER, NHEJ, HR 

[367,368] 

PCNA 
ʗʜʝʨʥʳʡ ʘʥʪʠʛʝʥ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ. 

ʂʦʬʘʢʪʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʝʧʘʨʘʮʠʦʥʥʳʭ 

BER, MMR, NHEJ, 

HR [369,370]  
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ʬʝʨʤʝʥʪʦʚ. ʊʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʧʦʣʠʤʝʨʘʟʘʤʠ, ʚʢʣʶʯʘʷ ʨʝʧʘʨʘʪʠʚʥʳʝ, ʧʦʚʳʰʘʷ ʠʭ 

ʧʨʦʮʝʩʩʠʚʥʦʩʪʴ.  

POLB 

ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʙʝʪʘ (ɓ). ɼʦʩʪʨʦʡʢʘ ʮʝʧʝʡ ɼʅʂ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʣʝʤʝʥʪʘʤʠ BER-ʧʫʪʠ XRCC1, 

FEN1, PARP1, ʘ ʪʘʢʞʝ NHEJ-ʧʫʪʠ ï Ku70, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʨʦʩʩ-ʪʦʣʢ ʤʝʞʜʫ BER ʠ NHEJ-ʧʫʪʝʤ. 

BER [344,371] 

POLD1 ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʜʝʣʴʪʘ (ŭ). ɼʦʩʪʨʦʡʢʘ ʮʝʧʝʡ ɼʅʂ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ, ʚʢʣʶʯʘʷ 

NHEJ, BER, 

NER [372] 

RAD18 

E3 ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʠʥʣʠʛʘʟʘ RAD18. 

ʋʙʠʢʚʠʪʠʥʠʣʠʨʫʝʪ PCNA ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʪʨʘʥʩʣʝʟʠʦʥʥʦʤʫ ʩʠʥʪʝʟʫ ɼʅʂ, ʥʦ ʦʩʥʦʚʥʫʶ 

ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʝʪ ʚ HR, ʤʝʭʘʥʠʟʤ ʜʦ ʢʦʥʮʘ ʥʝ 

ʠʟʫʯʝʥ. ʉʫʧʨʝʩʩʠʨʫʝʪ ʧʨʠʚʣʝʯʝʥʠʝ 53BP1 ʢ ʤʝʩʪʘʤ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ʈʝʢʨʫʪʠʨʫʝʪ 

SMC5/6 ʢʦʤʧʣʝʢʩ. 

HR [373] 

RAD50 

ʂʦʤʧʦʥʝʥʪ MRN ʢʦʤʧʣʝʢʩʘ ï ʩʝʥʩʦʨʘ ʜʚʫʥʠʪʝʚʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ, ʧʨʠʚʣʝʢʘʝʪ ATM, ʟʘʧʫʩʢʘʷ 

ʨʝʧʘʨʘʮʠʶ ʧʦ HR-ʧʫʪʠ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ NHEJ-

ʨʝʧʘʨʘʮʠʠ. 

NHEJ, HR [355ï357] 

RIF1 

ʌʘʢʪʦʨ 1 ʨʝʛʫʣʷʮʠʠ ʚʨʝʤʝʥʠ ʨʝʧʣʠʢʘʮʠʠ. 

ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ. ʇʨʠʚʣʝʢʘʝʪʩʷ ʢ ʤʝʩʪʘʤ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤ 53BP1. 

ɺʤʝʩʪʝ ʟʘʱʠʱʘʶʪ ɼʅʂ ʦʪ ʠʟʙʳʪʦʯʥʦʡ ʨʝʟʝʢʮʠʠ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

NHEJ [374]  

RNF138 

ɽ3 ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʠʥʣʠʛʘʟʘ RNF138. 

ʉʪʠʤʫʣʠʨʫʝʪ ʨʝʧʘʨʘʮʠʶ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ ʧʦ HR-ʧʫʪʠ, ʨʝʟʝʢʮʠʶ ʢʦʥʮʦʚ ɼʅʂ, ʧʫʪʝʤ 

ʫʜʘʣʝʥʠʷ ʛʝʪʝʨʦʜʠʤʝʨʘ Ku ʩ ʤʝʩʪ ʧʦʚʨʝʞʜʝʥʠʡ. 

HR [375] 

RUVBL1 
RUVBL2 

ʂʦʤʧʦʥʝʥʪ ʛʠʩʪʦʥ ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ NuA4, ʢʦʪʦʨʳʡ ʘʮʝʪʠʣʠʨʫʝʪ ʭʚʦʩʪʳ 

ʛʠʩʪʦʥʦʚ, ʩʥʠʞʘʝʪ ʢʦʤʧʘʢʪʠʟʘʮʠʶ ʭʨʦʤʘʪʠʥʘ, 

ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʤʝʩʪʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. 

HR, NHEJ 

[352,353,376] 

  

SFPQ 

ʌʘʢʪʦʨ ʩʧʣʘʡʩʠʥʛʘ, ʙʦʛʘʪʳʡ ʧʨʦʣʠʥʦʤ ʠ 

ʛʣʫʪʘʤʠʥʦʤ. ʈʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ. ʄʝʭʘʥʠʟʤ 

ʚʣʠʷʥʠʷ ʥʘ ʨʝʧʘʨʘʮʠʶ ʥʝ ʜʦ ʢʦʥʮʘ ʧʦʥʷʪʝʥ. ɺʤʝʩʪʝ 

ʩ NONO ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ ʜʚʫʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʘʤ 

ɼʅʂ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʦ PARP1-ʟʘʚʠʩʠʤʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ DNA-PKcs ʠ ʝʝ 

ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ. ʊʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʨʷʜʦʤ NHEJ-ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, XLF. 

NHEJ, HR [360,377]  

STUB1 
ɹʝʣʦʢ 1, ʩʦʜʝʨʞʘʱʠʡ U-ʙʦʢʩ ʠ ʛʦʤʦʣʦʛʠʯʥʳʡ 

STIP1. ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʘ, ʜʝʛʨʘʜʘʮʠʷ ʙʝʣʢʦʚ ʚ 
BER ʠ ʜʨʫʛʠʝ [378] 
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ʤʝʩʪʘʭ ʨʝʧʘʨʘʮʠʠ. ʈʝʛʫʣʠʨʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

XRCC1 ʠ POLB. 

SUPT16H 
SSRP1 

ʌʦʨʤʠʨʫʶʪ ʛʝʪʝʨʦʜʠʤʝʨʥʳʡ ʰʘʧʝʨʦʥʦʚʳʡ 

ʛʠʩʪʦʥʥʳʡ  FACT-ʢʦʤʧʣʝʢʩ, ʠʟʤʝʥʷʶʱʠʡ 

ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʠ 

ʦʙʣʝʛʯʘʶʱʠʡ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ 

ʨʝʧʘʨʘʮʠʠ [379,380] 

TRIM28 

ɹʝʣʦʢ 28, ʩʦʜʝʨʞʘʱʠʡ ʪʨʝʭʩʦʩʪʘʚʥʦʡ ʤʦʪʠʚ. 

ɺʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ ʚʙʣʠʟʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʚʣʝʯʝʥʠʷ 

ʙʝʣʢʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ HDAC. 

NHEJ, HR [314]  

UBQLN4 

ʋʙʠʢʚʠʣʠʥ 4. ʈʝʛʫʣʠʨʫʝʪ ʨʝʧʘʨʘʮʠʶ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʚʳʩʪʫʧʘʷ ʰʘʪʪʣʦʤ 

ʧʨʦʪʝʘʩʦʤʳ. ʉʧʦʩʦʙʩʪʚʫʝʪ NHEJ-ʨʝʧʘʨʘʮʠʠ ʟʘ ʩʯʝʪ 

ʜʝʛʨʘʜʘʮʠʠ MRE11, ʪʝʤ ʩʘʤʳʤ ʧʦʜʘʚʣʷʷ HR. 

NHEJ [381]  

UHRF1 

E3 ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʠʥʣʠʛʘʟʘ. ʂʘʪʘʣʠʟʠʨʫʝʪ K63-

ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ XLF, ʩʪʠʤʫʣʠʨʫʷ 

ʧʨʠʚʣʝʯʝʥʠʝ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʢ ʤʝʩʪʘʤ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʧʨʦʤʦʪʠʨʫʷ NHEJ. 

ɺ S-ʬʘʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ BRCA1, ʢʘʪʘʣʠʟʠʨʫʝʪ 

K63-ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ RIF1, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʩʦʮʠʘʮʠʠ 53BP1 ʠ ʧʨʦʤʦʪʠʨʫʝʪ 

HR. 

NHEJ, HR [382ï384] 

USP7 
ʋʙʠʢʚʠʪʠʥ-ʩʧʝʮʠʬʠʯʥʘʷ ʧʨʦʪʝʘʟʘ 7. ʈʝʛʫʣʠʨʫʝʪ 

ʫʨʦʚʝʥʴ XPC - ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ-

ʠʥʠʮʠʘʪʦʨʦʚ NER. 

NER [385] 

WRNIP1 

ɹʝʣʦʢ 1, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʭʝʣʠʢʘʟʦʡ ɺʝʨʥʝʨʘ. 

WRNIP1 ʟʘʱʠʱʘʝʪ ʦʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʨʝʧʣʠʢʘʮʠʦʥʥʳʝ ʚʠʣʢʠ ʦʪ ʜʝʛʨʘʜʘʮʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʝʨʝʟʘʧʫʩʢʫ ʠ ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʝʧʘʨʘʮʠʠ ʤʝʞʥʠʪʝʚʳʭ ʩʰʠʚʦʢ ɼʅʂ ʯʝʨʝʟ 

ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ FANCD2/FANCI ʚ ʨʘʤʢʘʭ 

ʧʫʪʠ ʘʥʝʤʠʠ ʌʘʥʢʦʥʠ. ʄʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʝʧʘʨʘʮʠʶ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʥʦ ʤʝʭʘʥʠʟʤ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥ. 

FA [386,387] 

XRCC1 

ʉʢʘʬʬʦʣʜ ʙʝʣʦʢ, ʚʳʩʪʫʧʘʶʱʠʡ ʚ ʨʦʣʠ ʧʣʘʪʬʦʨʤʳ 

ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʧʘʨʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚ BER-

ʧʫʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʧʨʘʪʘʢʩʠʥʦʤ APTX, 

ʧʦʣʠʤʝʨʘʟʦʡ ɓ ʠ ɼʅʂ ʣʠʛʘʟʦʡ 3. 

BER [388,389] 

 

 

ʉʨʝʜʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘʤʠ ʙʝʣʢʦʚ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʦ NHEJ ʠʣʠ HR ʧʫʪʷʤ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʠʜʫʪ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʫʪʷʭ ʨʝʧʘʨʘʮʠʠ, 

ʚʢʣʶʯʘʷ NHEJ, HR ʠ ʜʨʫʛʠʝ ʧʫʪʠ. ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʠʜʫʪ ʙʝʣʢʠ ʠʟ BER-ʧʫʪʠ ʨʝʧʘʨʘʮʠʠ 

ʦʜʥʦʥʠʪʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ɼʨʫʛʠʝ ʧʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʠʯʥʳʤʠ ʙʝʣʢʘʤʠ: 1 

ʙʝʣʦʢ ʠʟ NER-ʧʫʪʠ, 2 ʙʝʣʢʘ ï MMR, 1 ʙʝʣʦʢ ï FA. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʦʜʠʥ ʠ 
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ʪʦʪ ʞʝ ʙʝʣʦʢ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʫʪʷʭ ʨʝʧʘʨʘʮʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. ʆʥʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʚʣʠʷʪʴ ʠ ʥʘ NHEJ-ʧʫʪʴ, ʠ ʥʘ HR. ʇʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʧʦ ʧʫʪʷʤ ʨʝʧʘʨʘʮʠʠ ʩʦʜʝʨʞʠʪ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ 

(ʊʘʙʣʠʮʘ 5).  

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʤʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʪʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʶʪ ʧʨʦʮʝʩʩ 

ʨʝʧʘʨʘʮʠʠ ʪʘʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ Ku70, Ku80, DNA-PKcs, Mre11, Rad50 [278], ʘ ʪʘʢʞʝ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ, ʥʘʧʨʠʤʝʨ, HMGA1, MDC1, Rif1, SFPQ, NONO, 

Rad18, RNF138 ʠ UHRF1 [336,337,348ï350,360,373ï375,377,382ï384]. ʉʨʝʜʠ ʥʘʭʦʜʦʢ 

ʦʪʩʫʪʩʪʚʫʶʪ ʙʝʣʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ, ʥʘʧʨʠʤʝʨ, LigIV , XRCC4, XLF, Artemis, Rad51, ɼʅʂ ʧʦʣʠʤʝʨʘʟʳ ɚ, ɛ, ɖ 

[278].  

ɺ ʩʣʫʯʘʝ ʥʘʭʦʜʦʢ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ BER-ʧʫʪʠ, ʥʘʦʙʦʨʦʪ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʣʠʰʴ 

ʦʜʥʫ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʫ 3MG, ʪ.ʝ. ʠʥʠʮʠʘʪʦʨ ʵʪʦʛʦ ʧʫʪʠ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ. ʂ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʥʠʮʠʘʪʦʨʘʤ ʵʪʦʛʦ ʧʫʪʠ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʙʝʣʦʢ 

PARP1 (ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʧʘʨʪʥʝʨ IN ʚ XL-MS ʵʢʩʧʝʨʠʤʝʥʪʝ), ʥʦ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ ʵʪʦʛʦ ʧʫʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʠ ʚ ʨʝʛʫʣʷʮʠʠ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ [305,367,368]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʨʫʛʠʭ ʙʝʣʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʬʝʨʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, APEX1, Fen1, ʧʦʣʠʤʝʨʘʟʘ ɓ, ʣʠʛʘʟʘ 

III  ʠ ʝʝ ʢʦʬʘʢʪʦʨ XRCC1 [390]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʲʷʩʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʣʠʥʝʡʥʦʡ ʥʝʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʢɼʅʂ, ʢʦʥʮʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʵʪʦʛʦ ʥʝʚʝʣʠʢʘ, ʪ.ʢ. ʢʦʥʮʳ ʢɼʅʂ ʟʘʱʠʱʝʥʳ ʙʝʣʢʘʤʠ ʧʨʝʜʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʘ ʝʩʣʠ ʦʥʠ ʧʦ ʢʘʢʦʡ-ʪʦ ʧʨʠʯʠʥʝ ʙʳʣʠ ʫʜʘʣʝʥʳ, ʪʦ ʚ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʫʜʝʪ 

ʥʝʚʦʟʤʦʞʥʦ ʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʣʦʞʝʥʥʳʡ ChIP-MS ʧʦʜʭʦʜ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʝʮʠʧʠʪʘʮʠʶ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ IN.  

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʤʳ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ 

ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 5 ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ChIP-MS ʠʟ ʢʣʝʪʦʢ, 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʤ ɺʀʏ_ɽ152ɸ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 
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ʥʝʘʢʪʠʚʥʫʶ ʬʦʨʤʫ IN (ʈʠʩ. 44). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʪʘʢʠʤ ʚʝʢʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʠʨʫʩʥʘʷ ʢɼʅʂ, ʦʥʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʷʜʨʦ, ʥʦ ʦʥʘ ʥʝ ʤʦʞʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ [293]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 44 ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʙʝʣʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʧʨʝʮʠʧʠʪʠʨʫʶʪʩʷ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

IN-LTR ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʚʝʢʪʦʨʦʤ ɺʀʏ_E152A, ʯʝʤ ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ɺʀʏ_wt. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʙʝʣʢʠ MCM3, H2AX, XRCC1, DDB1, DDX1, HMGB1, MSH2 ʠ 

UBP7. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʠʟ ʩʠʩʪʝʤ 

ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʩʧʝʮʠʬʠʯʥʦ ʧʨʠʚʣʝʢʘʶʪʩʷ ʢ ʢʦʤʧʣʝʢʩʘʤ IN-LTR ʪʦʣʴʢʦ 

ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʡ ʢɼʅʂ. 

 

 

ʈʠʩʫʥʦʢ 44. ʆʙʦʛʘʱʝʥʠʝ ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ    

ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ IN. ʎʚʝʪʦʚʘʷ ʰʢʘʣʘ ʦʪʦʙʨʘʞʘʝʪ 

ʣʦʛʘʨʠʬʤ ʧʦ ʦʩʥʦʚʘʥʠʶ 2 ʦʪ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʠʷ ʙʝʣʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ ï ʥʝʪʨʘʥʩʜʫʮʠʨʦʚʘʥʥʳʭ ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʢʣʝʪʦʢ.  
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4.2.4. ɻʠʧʦʪʝʟʘ ʦ ʩʦʚʤʝʩʪʥʦʤ ʫʯʘʩʪʠʠ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʢʦʤʧʦʥʝʥʪʦʚ BER-ʧʫʪʠ 

 
ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ɺʀʏ-1, ʢʘʢ ʤʳ ʦʪʤʝʯʘʣʠ ʚʳʰʝ, ʚʦ ʤʥʦʛʦʤ ʧʦʭʦʞ 

ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ BER-ʧʫʪʠ (ʈʠʩ. 7), ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪʦʚ ʠʟ ʵʪʦʛʦ ʧʫʪʠ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʘʢʠʝ ʠʜʝʠ ʚʳʩʢʘʟʳʚʘʣʠʩʴ, ʠ ʜʘʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʫʯʘʣʠ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʠʟ ʵʪʠʭ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ʚʣʠʷʶʪ ʥʘ ʨʝʧʣʠʢʘʮʠʶ ɺʀʏ-

1, ʥʘʧʨʠʤʝʨ, Fen1 ʠ ʧʦʣʠʤʝʨʘʟʘ ɓ [7]. ʍʦʪʷ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʘʞʥʦʩʪʴ ʵʪʠʭ ʙʝʣʢʦʚ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʢʦʥʢʨʝʪʥʳʡ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʚʠʨʫʩʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ, ʪʘʢ ʠ ʥʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʚʷʟʴ ʫʩʧʝʰʥʦʡ 

ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ ʩ ʬʘʢʪʦʨʘʤʠ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʪʘʢʠʭ ʢʘʢ 

DNA-PKcs ʠ ATM [7,284], ʘ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʤʳ ʥʘʧʨʷʤʫʶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 

ʦʥʠ ʚʘʞʥʳ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ [8,15]. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʢ 

ʤʝʩʪʘʤ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʚʣʝʢʘʶʪʩʷ ʢʘʢ ʙʝʣʢʠ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ, ʪʘʢ ʠ ʙʝʣʢʠ ʠʟ BER-ʧʫʪʠ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʥʦ ʩ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ.  

ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʪʦʣʴʢʦ ʠʥʠʮʠʘʪʦʨʥʳʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʝʣʢʠ, ʥʦ ʥʝ ʬʝʨʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ, ʘ ʚ ʩʣʫʯʘʝ ʫʯʘʩʪʥʠʢʦʚ BER-ʧʫʪʠ, ʥʘʦʙʦʨʦʪ, ʚ 

ʦʩʥʦʚʥʦʤ ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʣʠʰʴ ʥʘ ʧʝʨʚʳʭ 

ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ, ʘ ʢʦʤʧʦʥʝʥʪʳ BER-ʧʫʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʝʨʰʘʶʪ ʧʨʦʮʝʩʩ 

ʨʝʧʘʨʘʮʠʠ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʦʩʪʘʝʪʩʷ ʥʝʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʢʦʤʧʦʥʝʥʪʳ BER-ʧʫʪʠ ʥʝ ʤʦʛʫʪ 

ʥʘʧʨʷʤʫʶ ʧʨʠʚʣʝʢʘʪʴʩʷ ʢ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤʫ ʠʥʪʝʨʤʝʜʠʘʪʫ, ʭʦʪʷ ʦʥʠ, ʢʘʢ ʨʘʟ, ʠ ʠʤʝʶʪ 

ʩʨʦʜʩʪʚʦ ʢ ʧʦʜʦʙʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ɼʅʂ (ʈʠʩ. 7). 

ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʩʝʛʦʜʥʷ ʜʘʥʥʳʤ ʠʥʪʝʛʨʘʮʠʷ ʨʝʪʨʦʚʠʨʫʩʦʚ, ʚʢʣʶʯʘʷ ɺʀʏ-

1, ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʅʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʠʥʪʝʛʨʘʮʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʢʪʠʚʥʦ-ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ, ʥʦ 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʣʦʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ. ɺ 

ʨʷʜʝ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʚʩʪʨʘʠʚʘʥʠʝ ʨʝʪʨʦʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʢʣʝʪʦʯʥʫʶ 

ɼʅʂ ʠʤʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʩʦʤ [391ï396].  



133 
 

ɺ 2019 ʛʦʜʫ ʜʣʷ ʧʨʦʪʦʪʠʧʥʦʛʦ ʧʝʥʦʦʙʨʘʟʫʶʱʝʛʦ ʚʠʨʫʩʘ (prototype foamy virus, 

PFV), ʨʦʜʩʪʚʝʥʥʦʛʦ ɺʀʏ-1, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ IN/ʢʦʥʮʝʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʢɼʅʂ/ʥʫʢʣʝʦʩʦʤʘ [396]. ɼʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʳ IN ʩ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ 

ɼʅʂ ʩʫʙʩʪʨʘʪʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʢʦʥʮʳ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 3'-

ʧʨʦʮʝʩʩʠʥʛʘ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʥʫʢʣʝʘʩʦʤʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʘʛʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ 

IN ʦʩʫʱʝʩʪʚʠʪʴ ʚʪʦʨʫʶ ʨʝʘʢʮʠʶ ï ʧʝʨʝʥʦʩ ʮʝʧʠ [396]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʦʣʫʯʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪʳ ʢɼʅʂ ʫʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʦʩʪʘʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ, ʥʦ 

ʚʦʟʥʠʢʰʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʝʱʝ ʥʝ ʨʝʧʘʨʠʨʦʚʘʥʳ.   

ʄʳ ʨʝʰʠʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʚ ʩʚʝʪʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʦʜʫʢʪ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʫʩʥʦʡ 

ʢɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʥʫʶ ɼʅʂ ʦʩʪʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ IN, ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʥʝʩʝʥʠʝ ʨʘʟʨʳʚʦʚ ʚ ʦʙʝ ʮʝʧʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʯʝʪʳʨʝʭ ʥʫʢʣʝʦʪʠʜʦʚ, 

ʵʪʠ ʮʝʧʠ ʥʝ ʨʘʩʭʦʜʷʪʩʷ. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʜʚʫʭ ʮʝʧʝʡ ʚ ʫʯʘʩʪʢʝ ɼʅʂ ʤʝʞʜʫ 

ʨʘʟʨʳʚʘʤʠ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʬʦʨʤʠʨʫʶʪ ʢʦʥʪʘʢʪʳ ʢʘʢ ʤʝʞʜʫ ʮʝʧʷʤʠ (ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ), 

ʪʘʢ ʠ ʩ ʩʦʩʝʜʥʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ (-́ʩʪʵʢʠʥʛ). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʛʠʩʪʦʥʦʚʳʝ ʙʝʣʢʠ ʠ 

ʩʘʤʘ IN ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʢʦʥʪʘʢʪʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʤʝʞʜʫ ʨʘʟʨʳʚʘʤʠ ʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʦʡʪʠʩʴ ʮʝʧʷʤ (ʈʠʩ. 45, ɸ). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʝʱʝ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ï ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚʠʨʫʩʘ ʩʘʨʢʦʤʳ ʈʘʫʩʘ (RSV), ʷʚʣʷʶʱʝʛʦʩʷ 

ʪʘʢʞʝ ʨʝʪʨʦʚʠʨʫʩʦʤ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʩʦʭʨʘʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ ɼʅʂ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʝʥ ʙʝʟ ʛʠʩʪʦʥʦʚ (ʈʠʩ. 45, ɹ).  

ɺ ʩʣʫʯʘʝ IN ɺʀʏ-1 ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʬʦʩʬʦʜʠʵʬʠʨʥʳʭ ʩʚʷʟʝʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʥʝ 4, ʘ 5 ʥʫʢʣʝʦʪʠʜʦʚ [320], ʯʪʦ ʪʝʤ ʙʦʣʝʝ ʥʝ ʙʫʜʝʪ ʧʦʟʚʦʣʷʪʴ ʮʝʧʷʤ 

ʨʘʩʭʦʜʠʪʴʩʷ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ 

ʥʘ ʨʠʩʫʥʢʝ 7. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʩʨʘʟʫ ʧʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ 

ʧʨʦʩʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʨʘʩʧʦʟʥʘʥ ʠ ʨʝʧʘʨʠʨʦʚʘʥ ʬʝʨʤʝʥʪʘʤʠ BER-ʧʫʪʠ, ʢʘʢ ʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ʜʨʫʛʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ʆʜʥʘʢʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʣʠʥʝʡʥʫʶ 

ʬʦʨʤʫ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 7 ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʛʠʩʪʦʥʦʚʳʭ ʙʝʣʢʦʚ ʠʣʠ ʣʦʢʘʣʴʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʭʨʦʤʘʪʠʥʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ DNA-PKcs ʠ ATM ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʝʨʝʩʪʨʦʡʢʘʤ ʭʨʦʤʘʪʠʥʘ ʚʙʣʠʟʠ ʤʝʩʪ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʢʦʥʮʘʤ ɼʅʂ [397,398]. 

ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʠʤʝʥʥʦ ʬʦʩʬʦʨʠʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʚʫʭ 

ʢʠʥʘʟ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʘ H2AX ʠ ʬʘʢʪʦʨʘ 
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ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʨʦʤʘʪʠʥʘ TRIM28 [397]. ʇʨʠ ʵʪʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ H2AX 

ʩʣʫʞʠʪ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʬʘʢʪʦʨʦʚ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʨʦʤʘʪʠʥʘ [399ï

402].  

 

ʈʠʩʫʥʦʢ 45. ʉʪʨʫʢʪʫʨʳ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʝʪʨʦʚʠʨʫʩʦʚ. ɸ ï ʧʨʦʜʫʢʪ 

ʠʥʪʝʛʨʘʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʢʦʥʮʳ ʚʠʨʫʩʥʦʡ ɼʅʂ (ʦʪʤʝʯʝʥ 

ʢʨʘʩʥʳʤ), ʚ ʢʣʝʪʦʯʥʫʶ ɼʅʂ (ʦʪʤʝʯʝʥʘ ʩʝʨʳʤ) ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʩʦʤʳ ʠʥʪʝʛʨʘʟʦʡ 

ʧʨʦʪʦʪʠʧʥʦʛʦ ʧʝʥʦʦʙʨʘʟʫʶʱʝʛʦ ʚʠʨʫʩʘ (PDB ID: 6RNY). ʉʣʝʚʘ ʧʨʠʚʝʜʝʥ ʦʙʱʠʡ ʚʠʜ 

ʢʦʤʧʣʝʢʩʘ, ʩʧʨʘʚʘ ï ʬʨʘʛʤʝʥʪ ʢʦʤʧʣʝʢʩʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʥʘʣʠʯʠʝ ʨʘʟʨʳʚʦʚ ʚ 

ʢʣʝʪʦʯʥʦʡ ɼʅʂ (ʦʪʤʝʯʝʥʳ ʞʝʣʪʳʤʠ ʩʪʨʝʣʢʘʤʠ), ʧʨʠ ʦʙʱʝʤ ʩʦʭʨʘʥʝʥʠʠ ʫʯʘʩʪʢʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʮʝʧʷʤʠ ʢʣʝʪʦʯʥʦʡ ɼʅʂ. ɹ ï ʧʨʦʜʫʢʪ ʠʥʪʝʛʨʘʮʠʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʢʦʥʮʳ ʚʠʨʫʩʥʦʡ ɼʅʂ, ʚ ʩʚʦʙʦʜʥʫʶ ʦʪ 

ʛʠʩʪʦʥʦʚ ʢʣʝʪʦʯʥʫʶ ɼʅʂ ʠʥʪʝʛʨʘʟʦʡ ʚʠʨʫʩʘ ʩʘʨʢʦʤʳ ʈʘʫʩʘ (PDB ID: 8E14). ʆʙʱʠʡ ʚʠʜ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʣʝʚʦʤ ʨʠʩʫʥʢʝ, ʘ ʝʛʦ ʬʨʘʛʤʝʥʪ ʩ ʨʘʟʨʳʚʘʤʠ ʮʝʧʝʡ ʢʣʝʪʦʯʥʦʡ 

ɼʅʂ ï ʩʧʨʘʚʘ (ʠʥʪʝʛʨʘʟʘ ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʵʪʦʤ ʫʜʘʣʝʥʘ).   

 

ɺ ʩʧʠʩʢʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʙʝʣʢʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ 

ʨʝʧʘʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ (ʊʘʙʣʠʮʘ 5). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

1. PARP1 ï ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʧʘʨʠʣʠʨʫʝʪ 

ʛʠʩʪʦʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʘ ʪʘʢʞʝ ʵʪʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʩʣʫʞʠʪ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʭʨʦʤʘʪʠʥʘ [305]; 
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2. HMGN1 ï ʥʫʢʣʝʦʩʦʤ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ, ʨʝʛʫʣʷʪʦʨ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ 

ʭʨʦʤʘʪʠʥʘ. ʂʦʥʢʫʨʠʨʫʝʪ ʩ ʛʠʩʪʦʥʦʤ H1 ʟʘ ʩʘʡʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʥʫʢʣʝʦʩʦʤʘʭ, 

ʩʥʠʞʘʷ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʭʨʦʤʘʪʠʥʘ ʠ ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ 

ʧʦʚʨʝʞʜʝʥʠʷʤ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʨʝʧʘʨʘʮʠʠ [340,403]; 

3. SPT16 ʠ SSRP1 ï ʢʦʤʧʦʥʝʥʪʳ ʛʝʪʝʨʦʜʠʤʝʨʥʦʛʦ FACT-ʢʦʤʧʣʝʢʩʘ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʰʘʧʝʨʦʥʘ ʛʠʩʪʦʥʦʚ. ɺʦ ʚʨʝʤʷ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʚʨʝʤʝʥʥʦ 

ʫʜʘʣʷʝʪ ʛʠʩʪʦʥʦʚʳʝ ʙʝʣʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʤʝʩʪʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ [379]; 

4. MO4L2, RuvB1, RuvB2 - ʢʦʤʧʦʥʝʥʪʳ NuA4 ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʘʮʝʪʠʣʠʨʫʝʪ 

ʛʠʩʪʦʥ H2A ʠ H4 ʠ ʨʝʤʦʜʝʣʠʨʫʝʪ ʭʨʦʤʘʪʠʥ ʟʘ ʩʯʝʪ ɸʊʌʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʠʚʣʝʢʘʝʪʩʷ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʟʘ ʩʯʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ 

H2AX, ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ [351ï353]. 

ʉʫʤʤʠʨʫʷ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʧʨʠ 

ʚʩʪʨʘʠʚʘʥʠʠ 3'-ʢʦʥʮʦʚ ʮʝʧʝʡ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʥʫʶ ʢʣʝʪʦʯʥʫʶ ɼʅʂ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ɼʅʂ, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʝʡ ʪʦʧʦʣʦʛʠʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ ʥʝ ʥʘʧʦʤʠʥʘʝʪ ʥʠ ʬʨʘʛʤʝʥʪ ɼʅʂ ʩ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ ʨʘʟʨʳʚʘʤʠ, ʥʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ BER-ʧʫʪʠ. ɿʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʛʠʩʪʦʥʦʚʳʭ ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ IN 

ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ, ʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʟʘʤʘʩʢʠʨʦʚʘʥʳ ʵʪʠʤʠ ʙʝʣʢʘʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʠʨʫʩ ʠʩʧʦʣʴʟʫʝʪ ʫʥʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʠʥʠʮʠʘʮʠʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ, ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʪʦʨʦʤ ʠʛʨʘʶʪ ʙʝʣʢʠ ʠʟ ʩʠʩʪʝʤ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ, ʘ ʠʤʝʥʥʦ ʢʠʥʘʟʳ ATM ʠ DNA-PK. ʇʨʠʚʣʝʯʝʥʠʝ ʢ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʤʫ ʠʥʪʝʨʤʝʜʠʘʪʫ ʵʪʠʭ ʢʠʥʘʟ ʠ ʠʭ ʘʢʪʠʚʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʠʨʫʩʥʦʛʦ ʬʝʨʤʝʥʪʘ IN, ʢʦʪʦʨʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʜʥʦʡ ʠʟ ʩʫʙʲʝʜʠʥʠʮ DNA-PK ï ʙʝʣʢʦʤ Ku70. ʂʠʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʘ H2AX, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ 

ʧʨʠʚʣʝʯʝʥʠʝ ʬʘʢʪʦʨʦʚ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʨʦʤʘʪʠʥʘ ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʟʙʦʨʢʝ ʥʫʢʣʝʦʩʦʤʳ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʥʝʦʙʳʯʥʫʶ ʪʦʧʦʣʦʛʠʶ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʪʦʧʦʣʦʛʠʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʦʭʦʞʠʤ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ BER-ʧʫʪʠ, ʢʦʪʦʨʳʡ ʪʝʧʝʨʴ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ ʵʪʦʛʦ ʧʫʪʠ.  
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4.2.5. PARP1 ʠ Fen1 ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʚʘʞʥʳ 

ʜʣʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1  

     

ɺ ʩʚʝʪʝ ʚʳʩʢʘʟʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʦʚʤʝʩʪʥʦʤ ʫʯʘʩʪʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ 

ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ, ʤʳ 

ʨʝʰʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ BER-ʧʫʪʠ ʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ ɺʀʏ-1. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʙʝʣʢʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

PARP1 ʠ Fen1.  

PARP1 ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ XL-MS ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʡ IN, ʘ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤʫ ʠʥʪʝʨʤʝʜʠʘʪʫ ɺʀʏ-1 ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ 

HEK293T ʣʝʥʪʠʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1. ʍʦʪʷ ʩʘʤ PARP1 ʥʝ 

ʦʙʣʘʜʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ, ʝʛʦ ʫʯʘʩʪʠʝ ʚ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʚʝʪʘ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʘʨʠʣʠʨʦʚʘʪʴ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʨʷʜʘ 

ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦʚʨʝʞʜʝʥʠʝ [306].  

ʄʳ ʨʝʰʠʣʠ ʦʮʝʥʠʪʴ, ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʧʘʨʠʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ï ʦʣʘʧʘʨʠʙ, 

ʧʦʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ HEK293T 

ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ ʧʩʝʚʜʦʚʠʨʫʩʦʤ ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʣʘʧʘʨʠʙʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʦʮʝʥʠʣʠ ʵʬʬʝʢʪ ʦʣʘʧʘʨʠʙʘ ʥʘ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ ʧʩʝʚʜʦʚʠʨʫʩʦʤ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʣʘʧʘʨʠʙ ʜʦʟʦʟʘʚʠʩʠʤʦ 

ʩʥʠʞʘʝʪ ʧʨʦʜʫʢʮʠʶ ʣʶʮʠʬʝʨʘʟʳ ʚ ʪʘʢʠʭ ʢʣʝʪʢʘʭ (ʈʠʩ. 46, ɸ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʣʘʧʘʨʠʙ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʧʩʝʚʜʦʚʠʨʫʩ ɺʀʏ_mut, ʫ ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʝʥʘ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʟʘ ʩʯʝʪ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ IN 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ Ku70, ʯʪʦ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʠʷʥʠʝ ʦʣʘʧʘʨʠʙʘ ʠʤʝʥʥʦ ʥʘ 

ʵʪʘʧʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ (ʈʠʩ. 46, ɹ).  

ʅʘʙʣʶʜʘʝʤʳʡ ʥʘʤʠ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʣʶʮʠʬʝʨʘʟʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʣʘʧʘʨʠʙʘ ʚ ʩʣʫʯʘʝ ɺʀʏ_wt ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ 

ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1, ʚʢʣʶʯʘʷ ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʠʥʪʝʛʨʘʮʠʶ ʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ, ʠʣʠ ʞʝ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʝʛʦ ʜʝʡʩʪʚʠʝʤ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ 

ʪʨʘʥʩʛʝʥʘ, ʪ.ʢ. ʠʟʚʝʩʪʥʦ, ʯʪʦ PARP1 ʫʯʘʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, 

ʥʦ ʠ ʨʝʛʫʣʠʨʫʝʪ ʢʣʝʪʦʯʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ [404]. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʵʬʬʝʢʪ ʦʣʘʧʘʨʠʙʘ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʪʨʘʥʩʛʝʥʘ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʠʨʫʩʘ, ʤʳ ʧʦʣʫʯʠʣʠ ʢʣʝʪʦʯʥʫʶ 
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ʣʠʥʠʶ ʩʦ ʩʪʘʙʠʣʴʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʛʝʥʦʤʦʤ ʧʩʝʚʜʦʚʠʨʫʩʘ ɺʀʏ_wt. ʆʣʘʧʘʨʠʙ ʚʣʠʷʣ 

ʥʘ ʧʨʦʜʫʢʮʠʶ ʣʶʮʠʬʝʨʘʟʳ ʚ ʪʘʢʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ (ʈʠʩ. 46, ɸ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʧʩʝʚʜʦʚʠʨʫʩʘ ʠ ʠʥʛʠʙʠʪʦʨʘ ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʣʶʮʠʬʝʨʘʟʳ, ʚʳʟʚʘʥʥʦʝ ʢʘʢ ʵʬʬʝʢʪʦʤ ʠʥʛʠʙʠʪʦʨʘ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʪʨʘʥʩʛʝʥʘ, ʪʘʢ ʠ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1.  

 

 

ʈʠʩʫʥʦʢ 46. ʇʘʨʠʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ PARP ʚʘʞʥʘ ʜʣʷ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ɸ ï ʠʥʛʠʙʠʪʦʨ ʧʘʨʠʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

PARP1 ʠ PARP2 ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ HEK293T ʧʩʝʚʜʦʚʠʨʫʩʦʤ 

ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʘ ɺʀʏ-1 ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʛʝʥʘ ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʯʢʘ ʥʘ ʤʦʜʝʣʠ ʩʪʘʙʠʣʴʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʩʝʚʜʦʚʠʨʫʩʘ. ɹ ï 

ʚʣʠʷʥʠʝ ʦʣʘʧʘʨʠʙʘ ʥʘ ʪʨʘʥʩʜʫʢʮʠʶ ʢʣʝʪʦʢ HEK293T ʧʩʝʚʜʦʚʠʨʫʩʦʤ ɺʀʏ_wt ʠʣʠ 

ɺʀʏ_mut, ʥʝʩʧʦʩʦʙʥʳʤ ʵʬʬʝʢʪʠʚʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ. ɺ 

ï ʵʬʬʝʢʪ ʦʣʘʧʘʨʠʙʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ, ʚʢʣʶʯʘʷ ʦʙʨʘʪʥʫʶ 

ʪʨʘʥʩʢʨʠʧʮʠʶ (ʣʝʚʳʡ ʛʨʘʬʠʢ), ʠʥʪʝʛʨʘʮʠʶ (ʮʝʥʪʨʘʣʴʥʳʡ ʛʨʘʬʠʢ) ʠʣʠ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ (ʧʨʘʚʳʡ ʛʨʘʬʠʢ).  ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ Ñ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʦʪʣʠʯʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʚʫʭʬʘʢʪʦʨʥʳʤ ANOVA ʩ ʢʦʨʨʝʢʮʠʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʨʘʚʥʝʥʠʷ ʧʦ ʉʠʜʘʢʫ (A, ɹ) ʠʣʠ ʦʜʥʦʬʘʢʪʦʨʥʳʤ ANOVA ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʨʘʚʥʝʥʠʷ ʧʦ ɼʘʥʥʝʪʫ (ɺ), ** = adj. p-value < 0.01, *** = adj. p-value < 0.001.    

 

 

ʄʳ ʨʝʰʠʣʠ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʝʧʣʠʢʘʮʠʠ    

ɺʀʏ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʘʧʘʨʠʙʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʢʣʝʪʢʠ HEK293T ʪʨʘʥʩʜʫʮʠʨʦʚʘʣʠ 
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ʧʩʝʚʜʦʚʠʨʫʩʦʤ ɺʀʏ_wt ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʘʧʘʨʠʙʘ, ʘ ʯʝʨʝʟ 

20 ʯʘʩʦʚ ʠʟ ʥʠʭ ʚʳʜʝʣʷʣʠ ɼʅʂ ʠ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʪʦʪʘʣʴʥʦʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠ 

ʨʝʧʘʨʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ɼʅʂ ɺʀʏ-1 ʤʝʪʦʜʘʤʠ ʦʧʠʩʘʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [6,275]. ʄʳ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʣʘʧʘʨʠʙ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʠ 

ʠʥʪʝʛʨʘʮʠʶ, ʘ ʝʛʦ ʜʝʡʩʪʚʠʝ ʥʘ ʧʩʝʚʜʦʚʠʨʫʩ ʦʙʫʩʣʦʚʣʝʥʦ ʠʤʝʥʥʦ ʥʘʨʫʰʝʥʠʝʤ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ (ʈʠʩ. 46, ɺ).  

ʇʦʩʢʦʣʴʢʫ ʦʣʘʧʘʨʠʙ ʚʣʠʷʝʪ ʥʘ ʧʘʨʠʣʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ PARP1, ʥʦ 

ʠ PARP2 [405], ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʥʝ ʤʦʞʝʤ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʘʨʠʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ PARP1 ʚʘʞʥʘ ʜʣʷ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʥʷʪʥʦ, ʯʪʦ ʢʘʢ ʙʝʟ ʘʢʪʠʚʘʮʠʠ ʢʠʥʘʟ ATM ʠ DNA-PK, ʪʘʢ ʠ ʙʝʟ ʧʘʨʠʣʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ PARP ʥʝʚʦʟʤʦʞʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ 

ʨʝʧʘʨʘʮʠʷ.    

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʙʝʣʢʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘʰʝʡ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʣʵʧ-

ʵʥʜʦʥʫʢʣʝʘʟʘ Fen1, ʢʦʪʦʨʘʷ ʫʜʘʣʷʝʪ 5'-ʚʳʩʪʫʧʘʶʱʠʝ ʢʦʥʮʳ ɼʅʂ ʧʨʠ ʨʝʧʘʨʘʮʠʠ 

ʦʜʥʦʥʠʪʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ [332]. ɺ ʩʪʨʫʢʪʫʨʝ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ 5'-ʢʦʥʮʝʚʳʝ ʥʝʩʧʘʨʝʥʥʳʝ ʜʠʥʫʢʣʝʦʪʠʜʳ (ʈʠʩ. 7), ʚ ʧʨʦʮʝʩʩʠʥʛʝ ʢʦʪʦʨʳʭ 

ʜʣʷ ʫʩʧʝʰʥʦʡ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʢʘʢ ʨʘʟ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ Fen1. 

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ in vitro, ʯʪʦ Fen1 ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʠ ʫʜʘʣʷʪʴ 5'-ʢʦʥʮʝʚʳʝ ʚʳʩʪʫʧʘʶʱʠʝ 

ʜʠʥʫʢʣʝʦʪʠʜʳ [406]. 

 ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ Fen1 ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 ʥʘʤʠ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ HEK293T_shFen ʩ ʥʦʢʜʘʫʥʦʤ ʮʝʣʝʚʦʛʦ ʛʝʥʘ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʨʦʣʴʥʘʷ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ HEK293T_shCntr. ʋʨʦʚʝʥʴ ʤʈʅʂ Fen1 ʚ ʢʣʝʪʢʘʭ 

HEK293T_shFen ʙʳʣ ʚ 2,5 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ (ʈʠʩ. 47, ɸ). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ HEK293T_shFen ʚʝʢʪʦʨʦʤ ɺʀʏ_wt ʩʦʩʪʘʚʣʷʣʘ 55 

% ʦʪ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʵʬʬʝʢʪʝ Fen1 ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʨʝʧʣʠʢʘʮʠʠ ɺʀʏ-1 (ʈʠʩ. 47, ɹ). ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʦʢʜʘʫʥʝ Fen1 ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ (ʈʠʩ. 47, ɺ), ʘ ʟʥʘʯʠʪ, Fen1 ʚʘʞʝʥ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʠ.     

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʫ ʛʠʧʦʪʝʟʫ 

ʦ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʬʘʢʪʦʨʦʚ 
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ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ɺʀʏ-1.   

 

 

ʈʠʩʫʥʦʢ 47. ʌʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʘ Fen1 ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-

1. ɸ ï ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ ʛʝʥʘ Fen1 ʚ ʢʣʝʪʢʘʭ HEK293T, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

ʤʘʣʫʶ ʰʧʠʣʝʯʥʫʶ ʈʅʂ ʢ Fen1 (shFen) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʝʡ 

(shCntr). ɹ ï ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʜʫʢʮʠʠ ʢʣʝʪʦʢ shFen1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ shCntr 

ʧʩʝʚʜʦʚʠʨʫʩʦʤ ɺʀʏ_wt. ɺ ï ʵʬʬʝʢʪ ʥʦʢʜʘʫʥʘ Fen1 ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʥʥʠʭ ʵʪʘʧʦʚ 

ʨʝʧʣʠʢʘʮʠʠ, ʚʢʣʶʯʘʷ ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ (ʣʝʚʳʡ ʛʨʘʬʠʢ), ʠʥʪʝʛʨʘʮʠʶ 

(ʮʝʥʪʨʘʣʴʥʳʡ ʛʨʘʬʠʢ) ʠʣʠ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ (ʧʨʘʚʳʡ ʛʨʘʬʠʢ).  ʅʘ 

ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʣʠʯʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ t-ʪʝʩʪʦʤ ʉʪʴʶʜʝʥʪʘ, 

** = p-value < 0.01, *** = p-value < 0.001.    

 

 

ɿʘʢʣʶʯʝʥʠʝ ʢ ʨʘʟʜʝʣʫ 4.2 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʷʜ ʢʣʝʪʦʯʥʳʭ 

ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

IN ʠʣʠ ʧʨʠʚʣʝʢʘʶʪʩʷ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʠ. 

ʊʘʢʠʝ ʙʝʣʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʙʝʣʢʠ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʙʝʣʢʠ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʙʝʣʢʠ ʠʟ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ ʠʥʠʮʠʘʪʦʨʥʳʤʠ ʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ, ʥʦ ʥʝ ʬʝʨʤʝʥʪʘʤʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ. ʅʘʧʨʦʪʠʚ, ʩʨʝʜʠ ʙʝʣʢʦʚ ʠʟ BER-ʧʫʪʠ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʬʝʨʤʝʥʪʳ, ʟʘʚʝʨʰʘʶʱʠʝ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʵʪʦʛʦ ʧʫʪʠ ï ʙʝʣʦʢ PARP1. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ PARP1 ʥʘʤʠ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʙʝʣʢʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʡ IN, ʪ.ʝ. PARP1 ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʠʣʠ ʯʝʨʝʟ 
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ʙʝʣʢʠ-ʧʦʩʨʝʜʥʠʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩ IN ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ ʥʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʠʥʪʝʛʨʘʮʠʦʥʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤ 

ʠʥʪʝʨʤʝʜʠʘʪʝ ɺʀʏ-1, ʬʘʢʪ ʫʯʘʩʪʠʷ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʪʘʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʚ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʥʘʤʠ ʙʳʣ ʜʦʢʘʟʘʥ ʚ ʭʦʜʝ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ. ʄʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʢ DNA-PK, ʪʘʢ ʠ ATM ʚʘʞʥʳ ʜʣʷ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-

1, ʘ ʠʭ ʧʨʠʚʣʝʯʝʥʠʝ ʠ ʘʢʪʠʚʘʮʠʷ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʤʝʜʠʘʪʝ ɺʀʏ-1 ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʚʠʨʫʩʥʦʡ IN ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩ ʦʜʥʦʡ ʠʟ ʩʫʙʲʝʜʠʥʠʮ 

DNA-PK ï ʙʝʣʢʦʤ Ku70. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʠʥʠʮʠʘʪʦʨʥʳʭ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ ʠʟ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʥʝ ʫʜʠʚʣʷʝʪ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʬʝʨʤʝʥʪʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʮʝʣʦʩʪʥʦʩʪʴ 

ɼʅʂ ʩ ʜʚʫʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʦʤ, ʬʠʟʠʯʝʩʢʠ ʥʝ ʤʦʛʫʪ ʨʝʧʘʨʠʨʦʚʘʪʴ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪ ɺʀʏ-1. ɽʛʦ ʩʭʦʜʩʪʚʦ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ BER-ʧʫʪʠ, ʥʘʦʙʦʨʦʪ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʬʝʨʤʝʥʪʳ ʠʟ ʵʪʦʛʦ ʧʫʪʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ 

ʨʝʧʘʨʘʮʠʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ʊʘʢʠʝ ʬʝʨʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨ ʵʪʦʛʦ 

ʧʫʪʠ (PARP1) ʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ChIP-MS ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʭʦʜʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1 ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʘʞʥʘ ʧʘʨʠʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ 

PARP, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪ Fen1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʧʝʰʥʦʡ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ 

ʨʝʧʘʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʝʡʩʪʚʠʝ ʢʘʢ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ, ʪʘʢ ʠ ʢʦʤʧʦʥʝʥʪʦʚ BER-ʧʫʪʠ.  

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʨʦʜʩʪʚʝʥʥʦʛʦ ɺʀʏ-1 

ʨʝʪʨʦʚʠʨʫʩʘ ï PFV, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ 3'-

ʢʦʥʮʦʚ ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʥʫʶ ʢʣʝʪʦʯʥʫʶ ɼʅʂ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 

ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ çʟʘʤʘʩʢʠʨʦʚʘʥʥʳʝè ʠʥʪʝʛʨʘʟʦʡ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʛʠʩʪʦʥʦʚʳʤʠ ʙʝʣʢʘʤʠ ʠ ʠʥʪʝʛʨʘʟʦʡ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ (ʈʠʩ. 45), ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʷʤʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʬʘʢʪʦʨʘʤʠ BER-ʧʫʪʠ. ʀʥʪʝʛʨʘʮʠʷ 

ɺʀʏ-1 ʦʪʣʠʯʘʝʪʩʷ ʦʪ PFV ʪʝʤ, ʯʪʦ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ 3'-ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʦʥʮʘʭ ʚʠʨʫʩʥʦʡ ʢɼʅʂ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʝ ʮʝʧʠ ʢʣʝʪʦʯʥʦʡ ɼʅʂ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʧʷʪʠ, ʘ ʥʝ ʯʝʪʳʨʝʭ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʘ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʠʤʝʶʪ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ.  ɺ ʩʚʝʪʝ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ 

ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 
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ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʠ ʢʦʤʧʦʥʝʥʪʦʚ BER-ʧʫʪʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ɺʀʏ-1 ʩ ʛʝʪʝʨʦʜʠʤʝʨʦʤ Ku ʚ ʤʝʩʪʘʭ ʚʩʪʨʘʠʚʘʥʠʷ ʚʠʨʫʩʥʦʡ ʢɼʅʂ 

ʧʨʠʚʣʝʢʘʝʪ ʠ ʘʢʪʠʚʠʨʫʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʫʙʲʝʜʠʥʠʮʫ ʢʠʥʘʟʳ DNA-PK ʠ ʢʠʥʘʟʫ ATM. 

ɿʘ ʩʯʝʪ ʬʦʩʬʦʨʠʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠ ʙʝʣʢʠ ʤʦʜʠʬʠʮʠʨʫʶʪ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʦʩʬʦʨʠʣʠʨʫʶʪ ʛʠʩʪʦʥ H2AX, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʤʝʩʪʘʤ ʧʦʚʨʝʞʜʝʥʠʷ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʭʨʦʤʘʪʠʥʘ. ɿʘʜʘʯʘ ʧʦʩʣʝʜʥʠʭ ʩʚʦʜʠʪʩʷ ʢ ʨʝʣʘʢʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʚ ʦʙʣʘʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ 

ʚʠʨʫʩʥʦʡ ʢɼʅʂ ʠ ʜʝʤʘʩʢʠʨʦʚʢʠ ʚʦʟʥʠʢʰʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʬʝʨʤʝʥʪʘʤ BER-ʧʫʪʠ, ʢʦʪʦʨʳʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ɼʅʂ.  
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ʈʘʟʜʝʣ 4.3. ʈʘʟʨʘʙʦʪʢʘ ʠʥʛʠʙʠʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʛʨʘʟʳ ɺʀʏ-1 ʠ ʢʣʝʪʦʯʥʦʛʦ 

ʙʝʣʢʘ Ku70 

ʇʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ɺʀʏ-1 ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ ʩʦ ʩʣʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʷʮʠʠ, ʪʨʝʙʫʶʱʠʤ ʧʨʠʚʣʝʯʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʠʟ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʫʭ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ɼʅʂ. ʀʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʜʚʫʭ ʛʣʘʚʘʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʠʥʠʮʠʘʮʠʠ ʠ ʨʝʛʫʣʷʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠʛʨʘʝʪ ʢʦʤʧʣʝʢʩ ʚʠʨʫʩʥʦʡ IN ʠ 

ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ Ku70. ʅʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ IN ʤʫʪʘʮʠʡ E212A/L213A, ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ɺʀʏ-1. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʦʣʞʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ IN ʠ Ku70, ʥʘʨʫʰʘʷ 

ʩʘʤʳʝ ʧʝʨʚʳʝ ʵʪʘʧʳ ʧʦʩʪʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ 

ʥʘ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

    

4.3.1. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʠ Ku70 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʠ Ku70 ʪʨʝʙʫʝʪʩʷ 

ʫʜʦʙʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʩʦʝʜʠʥʝʥʠʡ-ʢʘʥʜʠʜʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʧʦʠʩʢʘ 

ʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʦʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ ʥʘ ʘʬʬʠʥʥʦʤ 

ʩʦʨʙʝʥʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʦʦʩʘʞʜʝʥʥʦʛʦ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ 

ʩ ʙʝʣʢʦʤ-ʤʠʰʝʥʴʶ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʚʝʩʪʝʨʥ-

ʙʣʦʪʪʠʥʛʘ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʚ ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ 

ʠʩʩʣʝʜʫʝʤʳʤ ʙʝʣʢʘʤ [277]. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʥʪʠʪʝʣ, ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʚ ʛʝʣʝ, ʧʝʨʝʥʦʩʘ ʠʭ ʥʘ ʤʝʤʙʨʘʥʫ ʠ ʧʨʦʚʝʜʝʥʠʷ ʚʝʩʪʝʨʥ-

ʙʣʦʪ ʘʥʘʣʠʟʘ. ʂ ʪʦʤʫ ʞʝ ʵʪʦʪ ʧʦʜʭʦʜ ʝʱʝ ʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʠʤ, ʪ.ʢ. 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʪʝʣ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʙʝʣʢʘʤ. 

 ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ ʘʥʘʣʠʟʘ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʧʦʠʩʢʘ ʠʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ AlphaScreen [407], ʥʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 
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ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʦʥʦʨʥʳʭ ʠ ʘʢʮʝʧʪʦʨʥʳʭ 

ʩʤʦʣ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʯʪʦ ʪʘʢʞʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ.  

ɹʦʣʝʝ ʜʝʰʝʚʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʘʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʭʦʜʳ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠ-ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ. ʕʪʦʪ ʧʨʠʥʮʠʧ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ FluorIA (fluorescence-based protein-protein interaction assay). ʆʥ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʰʝʪʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʤ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ [408]. ʆʜʥʘʢʦ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʦʩʥʦʚʥʘʷ ʠʟ ʢʦʪʦʨʳʭ ï 

ʥʝʩʧʝʮʠʬʠʯʥʘʷ ʩʦʨʙʮʠʷ ʙʝʣʢʘ ʠ ʥʝʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʣʫʥʢʠ ʧʣʘʥʰʝʪʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʤʤʦʙʠʣʠʟʫʝʤʦʛʦ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʩʣʦʞʥʷʝʪ 

ʜʝʪʝʢʮʠʶ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠʟ-ʟʘ ʥʠʟʢʠʭ ʩʠʛʥʘʣʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.   

ʄʳ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʡ ʤʝʪʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʥʪʝʟ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʩʦʦʩʘʞʜʝʥʠʶ ʙʝʣʢʦʚ ʥʘ ʘʬʬʠʥʥʦʤ ʩʦʨʙʝʥʪʝ, ʥʦ ʜʣʷ ʜʝʪʝʢʮʠʠ 

ʢʘʢ ʙʝʣʢʘ-ʤʠʰʝʥʠ, ʪʘʢ ʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠ ʟʘʢʦʜʠʨʦʚʘʥʥʳʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʢʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʝʪʦʜʘ FluorIA. ɿʘ ʩʯʝʪ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʥʘ 

ʘʬʬʠʥʥʦʤ ʩʦʨʙʝʥʪʝ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʠʟʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʙʝʣʢʦʚ, 

ʧʨʠʩʫʱʘʷ ʤʝʪʦʜʫ FluorIA, ʘ ʚʚʝʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʠʪʝʣ ʜʣʷ ʠʭ ʜʝʪʝʢʮʠʠ. ɺ ʥʘʰʝʤ ʧʦʜʭʦʜʝ 

ʤʳ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʜʦʚʝʩʢʘ, ʢʘʢ ʥʘ ʙʝʣʢʝ-ʤʠʰʝʥʠ, 

ʪʘʢ ʠ ʥʘ ʮʝʣʝʚʦʤ ʙʝʣʢʝ, ʯʪʦ ʜʦʣʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʟʘ ʩʯʝʪ 

ʚʚʝʜʝʥʠʷ ʥʦʨʤʠʨʦʚʢʠ ʩʠʛʥʘʣʘ ʦʪ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʚ ʦʙʨʘʟʮʝ 

(ʈʠʩ. 48). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʚʥʝʜʨʠʪʴ ʚ ʩʦʩʪʘʚ GST-

ʪʘʛʠʨʦʚʘʥʥʦʡ IN (GST-IN) ʠ His6-ʪʘʛʠʨʦʚʘʥʥʦʛʦ Ku70 (His6-Ku70) ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʙʝʣʢʠ (ʈʠʩ. 48). ɺ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʜʦʚʝʩʢʦʚ ʤʳ ʚʳʙʨʘʣʠ ʙʝʣʢʠ turbo RFP 

(tRFP) ʠ monomeric Cerulean (mCer), ʪ.ʢ. ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝʩʢʦʣʴʢʠʤ ʚʘʞʥʳʤ 

ʢʨʠʪʝʨʠʷʤ: ʤʠʥʠʤʘʣʴʥʦʝ ʧʝʨʝʢʨʳʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʠʩʧʫʩʢʘʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʩʨʘʚʥʠʤʘʷ 

ʷʨʢʦʩʪʴ ʜʦʚʝʩʢʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʜʠʤʝʨʦʚ ʤʝʞʜʫ 

ʜʚʫʤʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʙʝʣʢʘʤʠ [11]. 
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ʈʠʩʫʥʦʢ 48. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʧʦʠʩʢʘ 

ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʠ Ku70 in vitro. ɸ ï ʉʪʨʫʢʪʫʨʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 

ʭʠʤʝʨʥʳʭ ʙʝʣʢʦʚ GST-mCer-IN ʠ His6-Ku70-tRFP, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʦʠʩʢʘ ʪʘʢʠʭ 

ʠʥʛʠʙʠʪʦʨʦʚ. ɹ ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʨʫʰʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ IN ʠ Ku70. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʭʠʤʝʨʥʳʝ ʙʝʣʢʠ GST-mCer-IN ʠ His6-Ku70-tRFP, ʘ ʪʘʢʞʝ ʪʝʩʪʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʢ 

ʨʝʘʢʮʠʦʥʥʳʤ ʩʤʝʩʷʤ ʜʦʙʘʚʣʷʶʪ ʘʬʬʠʥʥʳʡ ʩʦʨʙʝʥʪ ï ʛʣʫʪʘʪʠʦʥ ʘʛʘʨʦʟʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʨʙʠʨʦʚʘʪʴ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ GST-mCer-IN ʠ ʢʦʤʧʣʝʢʩʳ GST-mCer-IN/His6-Ku70-

tRFP. ʇʦʩʣʝ ʦʪʤʳʚʢʠ ʩʤʦʣʳ ʦʪ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ ʩʚʦʙʦʜʥʫʶ GST-mCer-IN ʠ ʝʝ 

ʢʦʤʧʣʝʢʩʳ ʵʣʶʠʨʫʶʪ, ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʣʘʥʰʝʪʘʭ ʠʣʠ ʚ ʛʝʣʝ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʩʘʞʜʝʥʥʦʛʦ His6-Ku70-tRFP.  

 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦʣʦʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʜʦʚʝʩʢʘ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ in vitro ʚ ʩʣʫʯʘʝ IN ʤʳ 

ʨʘʟʤʝʩʪʠʣʠ mCer-ʜʦʚʝʩʦʢ ʤʝʞʜʫ GST ʠ IN, ʪ.ʝ. ʥʘ N-ʢʦʥʮʝ IN, ʪ.ʢ. ʩʘʡʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ Ku70 ʨʘʩʧʦʣʦʞʝʥ ʚ C-ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ʙʝʣʢʘ, ʘ ʚ ʩʣʫʯʘʝ Ku70 ʜʦʚʝʩʦʢ tRFP, ʥʘʦʙʦʨʦʪ, 

ʙʳʣ ʨʘʟʤʝʱʝʥ ʥʘ C-ʢʦʥʮʝ ʙʝʣʢʘ, ʪ.ʢ. ʩʘʡʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ IN ʚ ʩʦʩʪʘʚʝ Ku70 ʢʘʢ ʨʘʟ 

ʥʘʭʦʜʠʪʩʷ ʚ N-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ [277] (ʈʠʩ. 48). ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ 

ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʦʡ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ GST-mCer-IN ʠ His6-Ku70-tRFP ʠ ʩʘʤʠ ʙʝʣʢʠ 

(ʈʠʩ. 49, ɸ). 
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ʈʠʩʫʥʦʢ 49. ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70. ɸ ï ʘʥʘʣʠʟ ʯʠʩʪʦʪʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ GST-IN, GST-

mCER, GST-mCer-IN, His6-Ku70 ʠ His6-Ku70-tRFP, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʚʘʣʠʜʘʮʠʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʩʪ-ʩʠʩʪʝʤʳ. ɹ ï ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʯʠʩʪʦʪʳ His6-Ku70-tRFP ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ His6-ʪʵʛʫ. ɺ ï ʘʥʘʣʠʟ ʩʦʦʩʘʞʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʠ ʭʠʤʝʨʥʳʭ 

ʚʘʨʠʘʥʪʦʚ IN ʠ Ku70, ʩʣʠʪʳʭ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʜʦʚʝʩʢʘʤʠ, ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ c IN 

ʥʘ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʝ. ɻ ï ʘʥʘʣʠʟ ʩʦʦʩʘʞʜʝʥʠʷ His6-Ku70-tRFP ʩ GST-mCer-IN ʠʣʠ His6-

Ku70 ʩ GST-IN ʥʘ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ 11-ʆʄ ʠʣʠ 11-ʆʄ-ɽ. ɼ ï 

His6-Ku70-tRFP ʜʦʟʦʟʘʚʠʩʠʤʦ ʩʦʦʩʘʞʜʘʝʪʩʷ ʩ GST-mCer-IN, ʥʦ ʥʝ ʩ GST-mCER ʥʘ 

ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʝ.       

 

ʏʠʩʪʦʪʘ ʙʝʣʢʘ GST-mCer-IN ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 80-90 % (ʈʠʩ. 49, ɸ), ʪ.ʝ. 

ʚʚʝʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʜʦʚʝʩʢʘ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ IN. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʯʠʩʪʦʪʘ ʧʨʝʧʘʨʘʪʘ His6-Ku70-tRFP ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ ʣʠʰʴ 35-45 %, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʙʳʣʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʚʝʜʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʜʦʚʝʩʢʘ, ʘ, ʩʢʦʨʝʝ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝʜʝʥʠʷ 

ʩʘʤʦʛʦ Ku70 ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʚ E.coli, ʪ.ʢ. ʯʠʩʪʦʪʘ His6-Ku70, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʩʨʘʚʥʠʤʘ (ʈʠʩ. 49, ɸ) [11].  

ʈʘʥʝʝ ʤʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ GST-Ku70 ʚ E.coli ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʥʘ ʵʪʘʧʝ ʥʘʨʘʙʦʪʢʠ ʚ ʢʣʝʪʢʘʭ, ʠ ʮʝʣʝʚʦʡ ʧʨʝʧʘʨʘʪ 

ʙʝʣʢʘ ʟʘʛʨʷʟʥʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ N-ʢʦʥʮʝʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʙʝʣʢʘ ʩ 1 ʧʦ 319 ʘ.ʦ. 

[277].  ɺ ʩʣʫʯʘʝ His6-Ku70-tRFP ʤʳ ʥʘʙʣʶʜʘʝʤ ʘʥʘʣʦʛʠʯʥʫʶ ʢʘʨʪʠʥʫ: ʩʦʚʳʜʝʣʷʶʱʠʝʩʷ 

ʩ ʧʦʣʥʦʨʘʟʤʝʨʥʳʤ ʙʝʣʢʦʤ ʧʨʠʤʝʩʠ ʧʨʦʷʚʣʷʶʪʩʷ ʘʥʪʠʪʝʣʘʤʠ ʢ His6-ʪʵʛʫ, 
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ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʥʘ N-ʢʦʥʮʝ ʙʝʣʢʘ Ku70, ʪ.ʝ. ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ N-ʢʦʥʮʝʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʵʪʦʛʦ ʙʝʣʢʘ (ʈʠʩ. 49, ɹ). ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ 

ʥʝʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʦʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʙʝʣʢʘ ʚ 

ʧʨʝʧʘʨʘʪʝ, ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʛʦʤʦʜʠʤʝʨʠʟʘʮʠʠ ʙʝʣʢʘ [277]. ʇʦʩʢʦʣʴʢʫ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʜʦʚʝʩʦʢ, ʜʝʪʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʘʰʝʤ ʤʝʪʦʜʝ, ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʚ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʤ ʙʝʣʢʝ, ʤʳ ʨʝʰʠʣʠ ʧʨʦʜʦʣʞʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʘʰʝʡ ʩʠʩʪʝʤʳ [11].  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʚʝʜʝʥʠʝ ʩʪʦʣʴ ʤʘʩʩʠʚʥʳʭ ʜʦʚʝʩʢʦʚ, ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʙʝʣʢʠ, ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʜʚʫʭ 

ʙʝʣʢʦʚ. ʄʳ ʧʨʦʚʝʨʠʣʠ, ʩʧʦʩʦʙʥʳ ʣʠ ʪʘʢʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ GST-mCer-IN ʠ 

His6-Ku70-tRFP ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʘ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʙʝʣʢʠ, ʥʦ ʙʝʟ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʜʦʚʝʩʢʦʚ, ʪ.ʝ. GST-IN ʠ His6-

Ku70. ʀʟ ʨʠʩʫʥʢʘ 49, ɺ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʝʨʩʠʠ ʙʝʣʢʦʚ ʬʦʨʤʠʨʫʶʪ 

ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ, ʢʘʢ ʠ ʠʩʭʦʜʥʳʝ ʚʘʨʠʘʥʪʳ ʙʝʣʢʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʤʳ ʨʝʰʠʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʚ ʥʘʰʝʡ 

ʩʠʩʪʝʤʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʥʘʤʠ ʠʥʛʠʙʠʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʠ Ku70 ï ʢʦʥʲʶʛʘʪ 11-

ʟʚʝʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʩ ʵʦʟʠʥʦʤ-Y (11-OM-E). ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ IN, ʟʘʷʢʦʨʠʚʘʷʩʴ ʚ ʤʦʣʝʢʫʣʝ ʙʝʣʢʘ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʦʟʠʥʘ-Y ʩ ʉ-ʢʦʥʮʝʚʳʤ 

ʜʦʤʝʥʦʤ IN, ʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʴʶ ʵʢʨʘʥʠʨʫʝʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ E212 ʠ 

L213, ʚʘʞʥʳʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ku70. ɸʥʘʣʦʛʠʯʥʘʷ ʤʦʣʝʢʫʣʘ, ʥʦ ʙʝʟ ʵʦʟʠʥʘ-Y (11-

OM), ʥʝ ʩʧʦʩʦʙʥʘ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʙʝʣʢʘʤʠ [277]. 

ɼʣʷ ʥʘʯʘʣʘ ʤʳ ʦʮʝʥʠʣʠ ʚʣʠʷʥʠʝ 11-OM-E ʠ 11-OM ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ His6-ʪʘʛʠʨʦʚʘʥʥʳʭ 

Ku70 ʠ Ku70-tRFP ʩʦʦʩʘʞʜʘʪʴʩʷ ʩ GST-ʪʘʛʠʨʦʚʘʥʥʦʡ IN ʠ mCer-IN ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʥʘ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʚʳʜʝʣʷʶʱʠʭʩʷ ʙʝʣʢʦʚ ɺʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʦʤ (ʈʠʩ. 49, ɻ). 11-OM-E ʧʦʣʥʦʩʪʴʶ 

ʙʣʦʢʠʨʦʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ ʠʩʭʦʜʥʳʭ ʙʝʣʢʦʚ (His6-Ku70 ʠ GST-IN), ʪʘʢ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʝʨʩʠʡ ʙʝʣʢʦʚ (His6-Ku70-tRFP ʠ GST-mCer-IN), ʘ 11-OM ʥʝ 

ʥʘʨʫʰʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʜʦʚʝʩʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʝ ʙʝʣʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʨʨʝʢʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ in vitro [11]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʦʨʤʘʪʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʩʦʝʜʠʥʝʥʠʡ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʰʝʪʦʚ ʠʣʠ ʞʝ ʚ ʬʦʨʤʘʪʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ ʚ 

ʧʨʦʙʠʨʢʘʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʤʝʩʴ ʙʝʣʢʦʚ ʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʡ ʠʥʢʫʙʠʨʫʝʪʩʷ ʩ 

ʛʣʫʪʘʪʠʦʥ ʩʝʬʘʨʦʟʦʡ ʚ 96-ʣʫʥʦʯʥʳʭ ʩʧʠʥ-ʧʣʘʥʰʝʪʘʭ, ʥʝʩʚʷʟʘʚʰʠʝʩʷ ʙʝʣʢʠ ʫʜʘʣʷʶʪ 

ʦʪʤʳʚʢʦʡ ʙʫʬʝʨʦʤ, ʘ ʮʝʣʝʚʳʝ ï ʵʣʶʠʨʫʶʪ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʠ ʠʟʤʝʨʷʶʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ mCer ʠ tRFP. ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ tRFP ʢ mCer ʦʪʨʘʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʙʝʣʢʦʚ GST-mCer-IN/His6-Ku70-tRFP. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ ʜʣʷ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʜʦʙʘʚʣʷʣʠʩʴ ʪʝʩʪʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ï ʦʙʨʘʟʝʮ, ʚ ʢʦʪʦʨʦʤ ʩ His6-Ku70-tRFP 

ʠʥʢʫʙʠʨʫʝʪʩʷ GST-mCer ʚʤʝʩʪʦ GST-mCer-IN. ʅʘ ʨʠʩʫʥʢʝ 49, ɼ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʩʘʞʜʝʥʠʷ His6-Ku70-tRFP ʩ GST-mCer-IN ʠ GST-mCer, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʚʳʰʝ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʘ tRFP/mCer ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ His6-Ku70-tRFP ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩ GST-mCer-IN, ʥʦ ʥʝ GST-

mCer, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ [11].  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʪʘʢʞʝ ʟʘʤʝʪʠʣʠ, ʯʪʦ, ʝʩʣʠ ʠʩʩʣʝʜʫʝʤʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʠ ʝʛʦ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʠʩʧʫʩʢʘʥʠʷ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ mCer ʠʣʠ tRFP, ʵʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʚʥʦʩʷ ʦʰʠʙʢʫ ʚ ʠʟʤʝʨʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʢʣʘʜʘ ʠʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ [11].  

ʀʟ ʨʘʙʦʪʳ [409] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʙʝʣʢʠ ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ɼʉʅ, ʝʩʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʪʝʧʣʦʚʘʷ ʜʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʘ. ʄʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʩʚʦʠʭ ʮʝʣʷʭ ʠ ʧʨʝʜʣʦʞʠʣʠ ʝʱʝ ʦʜʥʫ ʤʦʜʠʬʠʢʘʮʠʶ ʤʝʪʦʜʘ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʣʢʠ ʩʦ ʩʤʦʣʳ ʵʣʶʠʨʫʶʪ 

ʩʪʘʥʜʘʨʪʥʳʤ ʙʫʬʝʨʦʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʛʝʣʴ, ʩʦʜʝʨʞʘʱʠʤ ɼʉʅ, ʥʦ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʪʝʧʣʦʚʦʡ ʜʝʥʘʪʫʨʘʮʠʠ. ɿʘʪʝʤ ʙʝʣʢʠ ʨʘʟʜʝʣʷʶʪ ʚ ɼʉʅ-ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ ʠ ʫʞʝ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʛʝʣʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʪʝʩʪʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʠ ʙʝʣʢʠ ʨʘʟʜʝʣʷʶʪʩʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪ ʙʝʣʢʦʚ [11].  
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ɼʣʷ ʥʘʯʘʣʘ ʥʘʤ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘʤʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʜʦʚʝʩʢʠ ʩʦʭʨʘʥʷʶʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. ʅʘ ʨʠʩʫʥʢʝ 50 (ɸ, ɹ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ mCer ʠ tRFP ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʛʝʣʴ ʙʝʣʢʘ GST-

mCer-IN ʠʣʠ His6-Ku70-tRFP, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʧʣʦʪʴ ʜʦ 40 ʧʤʦʣʴ ʙʝʣʢʘ (ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ) ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ 

[11].  

 

ʈʠʩʫʥʦʢ 50. ʍʠʤʝʨʥʳʝ ʙʝʣʢʠ GST-mCer-IN ʠ His6-Ku70-tRFP ʩʦʭʨʘʥʷʶʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʛʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ɼʉʅ-ʇɸɸɻ ʚ ʢʘʯʝʩʪʚʝ ʬʠʥʘʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʩʘʞʜʝʥʥʳʭ ʙʝʣʢʦʚ. ɸ, ɹ ï ʟʘʚʠʩʠʤʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʩʠʛʥʘʣʘ GST-mCer-IN (ɸ) ʠ His6-Ku70-tRFP (ɹ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʝʩʝʥʥʦʛʦ ʙʝʣʢʘ ʧʨʠ 

ʘʥʘʣʠʟʝ ʚ ɼʉʅ-ʇɸɸɻ.   

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʪʘʢʞʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ, ʯʪʦ His6-

Ku70-tRFP, ʚ ʦʪʣʠʯʠʝ ʦʪ GST-mCer-IN, ʚ ʛʝʣʝ ʠʜʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʣʦʩʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʟʦʥʝ ʦʪ 100 ʜʦ 180 ʢɼʘ (ʈʠʩ. 50, ɺ). ʅʘʠʤʝʥʝʝ ʩʣʘʙʘʷ ʧʦ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʣʦʩʘ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʦʢʦʣʦ 100 ʢɼʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʤʝʨʫ His6-

Ku70-tRFP. ʅʘʠʙʦʣʝʝ ʷʨʢʘʷ ʧʦʣʦʩʘ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʦʢʦʣʦ 180 ʢɼʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʤʝʨʫ 

ʵʪʦʛʦ ʙʝʣʢʘ. ʊʘʢʞʝ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʤʝʞʜʫ ʤʦʥʦʤʝʨʦʤ ʠ ʜʠʤʝʨʦʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʧʨʦʜʫʢʪʳ 

ʜʠʤʝʨʠʟʘʮʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ His6-Ku70-tRFP ʠ ʝʛʦ N-ʢʦʥʮʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 
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ʜʝʛʨʘʜʘʮʠʠ, ʩʦʚʳʜʝʣʷʶʱʠʝʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. ʅʘʙʣʶʜʘʝʤʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʙʝʣʢʘ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʝʛʦ ʥʝʧʦʣʥʦʡ ʜʝʥʘʪʫʨʘʮʠʝʡ, ʪ.ʢ. ʚ ʥʘʰʝʤ ʧʨʦʪʦʢʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ ʵʪʘʧ 

ʪʝʧʣʦʚʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ. ɽʩʣʠ ʝʝ ʧʨʦʚʦʜʠʪʴ, ʙʝʣʦʢ ʪʝʨʷʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʦʜʥʘʢʦ, 

ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʛʝʣʷ ʢʨʘʩʠʪʝʣʝʤ ʂʫʤʘʩʠ G250 ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʤʝʨʘʤ, ʠʩʯʝʟʘʶʪ (ʈʠʩ. 49, ɸ) [11]. 

ɼʘʣʝʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʰʘ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʵʬʬʝʢʪ ʦʪ ʠʥʛʠʙʠʪʦʨʘ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʰʝ ʦʧʠʩʘʥʥʳʡ 11-ʆʄ-ɽ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 50, ɺ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 11-ʆʄ-ɽ ʢʦʣʠʯʝʩʪʚʦ His6-

Ku70-tRFP, ʩʦʚʳʜʝʣʷʶʱʝʛʦʩʷ c GST-mCer-IN, ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʚʥʦʡ 1600 ʥʄ ʠ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

IC50, ʠʟʤʝʨʝʥʥʦʝ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ, ʩʦʩʪʘʚʠʣʦ 135Ñ20 ʥʄ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʡ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʦʡ IC50 ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ [277]. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦ ʚʩʝʭ ʝʛʦ ʚʘʨʠʘʥʪʘʭ ʘʥʘʣʠʟʘ [11].  

 

4.3.2. ʂʦʥʲʶʛʘʪʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ Y ï ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ ʢʣʝʪʦʯʥʳʤ ʧʘʨʪʥʝʨʦʤ Ku70 

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ, ʥʘʧʨʠʤʝʨ,             

11-ʆʄ-ɽ, ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70, ʟʘʨʦʜʠʣʘʩʴ ʫ ʥʘʩ ʥʘ ʨʘʥʥʠʭ 

ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ IN/Ku70 ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʘʚʣʷʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ IN ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʉ-ʢʦʥʮʝʚʳʤ ʜʦʤʝʥʦʤ IN [277], ʪ.ʝ. 

ʚʙʣʠʟʠ ʩʘʡʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ku70 ï ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ E212 ʠ L213. 

ʇʦʩʢʦʣʴʢʫ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʠʥʪʝʛʨʘʟʳ E212 ʠ L213, ʚʘʞʥʳʝ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ku70,  ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ Ŭ6-ʩʧʠʨʘʣʠ IN, ʩʦʝʜʠʥʷʶʱʝʡ ʉ-ʢʦʥʮʝʚʦʡ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥʳ ʙʝʣʢʘ, ʪ.ʝ. ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʉ-

ʢʦʥʮʝʚʦʤʫ ʜʦʤʝʥʫ IN, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʪʘʢʠʝ ʢʦʥʲʶʛʘʪʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IN ʩ Ku70. 11-OM-E, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦ ʥʘʨʫʰʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʙʝʣʢʦʚ in vitro [277]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʢʦʤʧʣʝʢʩʘ IN ʩ 11-OM-E ʩʪʘʣʦ 

ʧʦʥʷʪʥʦ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʠʥʛʠʙʠʪʦʨ ʩʚʦʝʡ ʵʦʟʠʥʦʚʦʡ ʯʘʩʪʴʶ ʣʠʰʴ ʟʘʷʢʦʨʠʚʘʝʪʩʷ ʚ              
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ʉ-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ IN, ʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʴʶ çʜʦʪʷʛʠʚʘʝʪʩʷè ʠ ʵʢʨʘʥʠʨʫʝʪ 

ʦʩʪʘʪʢʠ E212 ʠ L213 [277]. ʆʜʥʘʢʦ ʵʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʪʨʝʙʦʚʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ.    

ʈʘʟʨʘʙʦʪʘʚ ʤʝʪʦʜʠʢʫ ʙʳʩʪʨʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ IN ʠ Ku70 ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ, ʤʳ ʠʟʫʯʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ-Y ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʜʚʫʭ 

ʙʝʣʢʦʚ.   

 

4.3.2.1. ʀʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʲʶʛʘʪʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʵʦʟʠʥʦʤ ʟʘʚʠʩʷʪ ʦʪ 

ʜʣʠʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʚʦʟʤʦʞʥʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

E212 ʠ L213 ʚ ʩʦʩʪʘʚʝ IN ʠʩʩʣʝʜʫʝʤʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 11-ʆʄ-ɽ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪ ʜʣʠʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʥʲʶʛʘʪʦʚ ʥʘʨʫʰʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IN ʩ Ku70. ʄʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʢʦʥʲʶʛʘʪʦʚ 

ʵʦʟʠʥʘ-Y ʠ 2ǋ-ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʠʥʦʡ ʦʪ 5 ʜʦ 15 ʥʫʢʣʝʦʪʠʜʦʚ ʦʙʱʝʡ 

ʬʦʨʤʫʣʳ GG(T)n, ʛʜʝ n=3, 5, 8, 9, 10, 11 ʠʣʠ 13. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʥʘʟʚʘʥʳ 

5*-D-E, 7*-D-E, 10*-D-E, 11*-D-E, 12*-D-E, 13*-D-E ʠ 15*-D-E, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 

IN/Ku70 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ (ʈʠʩ. 51, A, ɹ) [11].  

 

ʈʠʩʫʥʦʢ 51. ʕʬʬʝʢʪ ʜʣʠʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʢʦʥʲʶʛʘʪʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ 

ʵʦʟʠʥʦʤ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʨʫʰʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Ku70 ʩ IN. ɸ ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʩʘʞʜʝʥʥʦʛʦ ʩ GST-mCer-IN ʙʝʣʢʘ His6-Ku70-tRFP ʥʘ ʛʣʫʪʘʪʠʦʥ-ʘʛʘʨʦʟʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɹ ï ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʠʥʛʠʙʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (IC50) ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ 2ǋ-ʆ-ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ 

ʩʣʫʯʘʝ 11-ʆʄ-ɽ ʚ ʧʦʣʴʟʫ 2ǋ-ʜʝʟʦʢʩʠʨʠʙʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʙʦʣʝʝ 

ʧʨʦʩʪʳʤʠ ʠ ʜʝʰʝʚʳʤʠ ʚ ʩʠʥʪʝʟʝ, ʠ ʚʥʝʩʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʜʣʷ ʫʥʠʬʠʢʘʮʠʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ 

ʧʦʚʣʠʷʣʠ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 11-ʟʚʝʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ 11*-D-E ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ IN/Ku70. ɿʥʘʯʝʥʠʝ IC50 ʜʣʷ ʥʝʛʦ ʩʦʩʪʘʚʠʣʦ 146Ñ30 ʥʄ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ 

ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ 11-OM-E (ʈʠʩ. 51, ɹ) [11].  

ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʠʭ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʩʥʠʞʘʣʩʷ. ɽʩʣʠ ʜʣʷ 10*-D-E ʟʥʘʯʝʥʠʝ IC50 ʙʳʣʦ ʚʩʝʛʦ ʚ 1,3 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ 11*-D-E, ʪʦ ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʠʤʝʣʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ 

ʵʬʬʝʢʪ: 7*-D-E ʧʨʝʜʦʪʚʨʘʱʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 3200 ʥʄ ʣʠʰʴ ʥʘ 50 %, ʘ 5*-

D-E ï ʚʩʝʛʦ ʥʘ 24 %. ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʠʥʛʠʙʠʪʦʨʘ (ʈʠʩ. 51, ɸ, ɹ). IC50 ʜʣʷ 15-ʟʚʝʥʥʦʛʦ ʢʦʥʲʶʛʘʪʘ 

ʙʳʣʦ ʚ 2,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 11-ʟʚʝʥʥʦʛʦ. ʅʘʙʣʶʜʘʝʤʳʡ ʥʘʤʠ ʵʬʬʝʢʪ ʦʙʨʘʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ IC50 ʦʪ ʜʣʠʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʠʥʛʠʙʠʪʦʨʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʜʚʠʥʫʪʫʶ ʛʠʧʦʪʝʟʫ. ɺʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʢʦʥʲʶʛʘʪʳ ʧʨʦʩʪʦ ʥʝ 

ʩʧʦʩʦʙʥʳ ʜʦʪʷʛʠʚʘʪʴʩʷ ʜʦ ʩʘʡʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ku70 ʚ ʩʦʩʪʘʚʝ IN (ɽ212 ʠ L213 ʘ.ʦ.) 

ʠ ʥʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʝʛʦ ʵʢʨʘʥʠʨʦʚʘʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ 

ʨʝʰʝʥʦ ʧʨʦʚʝʨʠʪʴ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ IN ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʨʘʟʥʦʡ ʜʣʠʥʳ [11].  

ʈʘʥʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ 

ʵʦʟʠʥʘ ʩʪʘʙʠʣʴʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʉ-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ IN ʚ ʜʚʫʭ ʩʘʡʪʘʭ: ʧʨʦʢʩʠʤʘʣʴʥʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʙʣʠʞʝ ʢ ʦʩʪʘʪʢʘʤ E212 ʠ L213, ʠ ʜʠʩʪʘʣʴʥʦʤ, ʙʦʣʝʝ ʫʜʘʣʝʥʥʦʤ ʦʪ ʵʪʠʭ 

ʦʩʪʘʪʢʦʚ (ʈʠʩ. 52, ɸ) [277]. ʕʪʠ ʜʚʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ IN/ʕʦʟʠʥ-Y ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ IN ʩ ʢʦʥʲʶʛʘʪʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʤʦʣʝʢʫʣʫ 

ʵʦʟʠʥʘ-Y ʥʘʨʘʱʠʚʘʣʠ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʡ ʯʘʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ 5*-

D-E ï 15*-D-E ʚ A ʠʣʠ B ʬʦʨʤʝ ʯʝʨʝʟ ʣʠʥʢʝʨ ʠ ʛʝʥʝʨʠʨʦʚʘʣʠ ʩʝʨʠʶ ʨʦʪʘʤʝʨʦʚ, ʩ 

ʧʦʚʦʨʦʪʦʤ ʤʦʣʝʢʫʣʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʥʘ 20Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʠ ʣʠʥʢʝʨ. ɼʣʷ ʢʘʞʜʦʡ ʩʪʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʧʨʦʚʦʜʠʣʠ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʜʠʥʘʤʠʢʫ ʚ ʪʝʯʝʥʠʝ 100 ʧʩ (ʈʠʩ. 52, ɸ) [11].  

ʇʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʠʥʛʠʙʠʪʦʨʳ ʷʚʣʷʶʪʩʷ ʜʣʠʥʥʳʤʠ ʧʦʜʚʠʞʥʳʤʠ 

ʧʦʣʠʤʝʨʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʧʦʣʫʯʘʣʠ 
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ʨʝʧʝʨʪʫʘʨ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʨʫʢʪʫʨ ʦʮʝʥʠʚʘʣʠ ʜʚʘ 

ʧʘʨʘʤʝʪʨʘ: ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʥʛʠʙʠʪʦʨʘ ʜʦ ʦʩʪʘʪʢʦʚ E212 ʠʣʠ L213 ʠ 

ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʶ, ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʦʩʪʘʪʢʦʚ 

(solvent-accessible surface area, SASA) [11].  

ɼʣʷ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʠ ʜʠʩʪʘʣʴʥʦʛʦ ʩʘʡʪʦʚ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʶʱʫʶʩʷ ʢʘʨʪʠʥʫ. ʂʦʛʜʘ ʵʦʟʠʥ-Y ʟʘʷʢʦʨʝʥ ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʤ ʩʘʡʪʝ, ʤʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʥʛʠʙʠʪʦʨʘ ʜʦ E212 ʠʣʠ L213 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʝʣʦ ʦʪ ʨʘʟʤʝʨʘ 

ʠʥʛʠʙʠʪʦʨʘ ʢʘʢ ʜʣʷ B, ʪʘʢ ʠ ʜʣʷ ɸ-ʬʦʨʤʳ: ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʩʠʩʪʝʤ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʩʣʝʜʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʤʝʥʴʰʝ 5 

¡ (ʈʠʩ. 52, ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠ ʠʥʛʠʙʠʪʦʨʦʚ, ʟʘʷʢʦʨʝʥʥʳʭ ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʤ 

ʩʘʡʪʝ, ʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʂʦʛʜʘ ʵʦʟʠʥ-Y ʟʘʷʢʦʨʝʥ ʚ ʜʠʩʪʘʣʴʥʦʤ ʩʘʡʪʝ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʪʨʦʛʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʟʤʝʨʘ ʠʥʛʠʙʠʪʦʨʘ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʩʣʝʜʫʝʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʩʣʫʯʘʝ ʠʥʛʠʙʠʪʦʨʦʚ ʚ B-ʬʦʨʤʝ, ʥʦ ʥʝ ɸ-ʬʦʨʤʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʨʪʦʚʳʭ (ʈʠʩ. 52, ɹ). ʊʘʢ, ʥʘʧʨʠʤʝʨ, 5*-D-E ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʩʪʨʫʢʪʫʨ ʥʝ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ 

ʙʣʠʞʝ ʯʝʤ 10 ¡ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʦʩʪʘʪʢʦʚ, ʘ 7*-D-E ʜʦʪʷʛʠʚʘʝʪʩʷ ʜʦ ʵʪʠʭ ʦʩʪʘʪʢʦʚ ʠ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʷʜʝ ʩʪʨʫʢʪʫʨ ʙʣʠʞʝ, ʯʝʤ 5 ¡. ɼʣʷ ʠʥʛʠʙʠʪʦʨʘ 10*-D-E ʠ ʙʦʣʝʝ ʜʣʠʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʳʣʦ ʤʝʥʴʰʝ 5 ¡, 

ʚʦʟʨʘʩʪʘʣʦ (ʈʠʩ. 52, ɹ) [11].  
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ʈʠʩʫʥʦʢ 52. ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʢʦʤʧʣʝʢʩʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩ IN 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʠʧʦʪʝʟʫ ʦ ʢʦʥʢʫʨʝʥʪʥʦʤ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʦʤʧʣʝʢʩʘ IN/Ku70. ɸ ï ʦʙʱʘʷ ʩʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʄʦʣʝʢʫʣʘ ʵʦʟʠʥʘ-Y+ʣʠʥʢʝʨ ʧʦʤʝʱʝʥʘ ʚʦ ʬʨʘʛʤʝʥʪ IN (206-270 ʘ.ʦ.) ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʡ 

ʠʣʠ ʜʠʩʪʘʣʴʥʳʡ ʩʘʡʪʳ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ. ɿʘʪʝʤ ʢ ʵʪʠʤ ʩʪʨʫʢʪʫʨʘʤ ʙʳʣʘ 

ʜʦʙʘʚʣʝʥʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʘ ʯʘʩʪʴ (ʚ ɸ ʠʣʠ ɹ-ʬʦʨʤʝ) ʧʫʪʝʤ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʵʦʟʠʥ-Y+ʣʠʥʢʝʨ ʠ ʧʨʦʚʝʜʝʥʘ ʛʝʥʝʨʘʮʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʦʪʘʤʝʨʦʚ ʧʦ 

ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʣʠʥʢʝʨ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʫʶ ʯʘʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʨʪʦʚʳʝ 

ʩʠʩʪʝʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
































































