
 

 

ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʅɸʋʏʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ çʌɽɼɽʈɸʃʔʅʓʁ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʎɽʅʊʈ 

ʀʅʉʊʀʊʋʊ ʎʀʊʆʃʆɻʀʀ ʀ ɻɽʅɽʊʀʂʀ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂè 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ɼʆʃɻʆɺɸ ɽɺɻɽʅʀʗ ɺʃɸɼʀʄʀʈʆɺʅɸ 

 

 

ʀʅʊɽʈʅɸʃʀɿɸʎʀʗ ɼɺʋʎɽʇʆʏɽʏʅʆʁ ɼʅʂ ʅʀɿʂʆɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʅʓʄʀ 

ʂʃɽʊʂɸʄʀ ʄʃɽʂʆʇʀʊɸʖʑʀʍ ʀ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʕʊʆɻʆ ʉɺʆʁʉʊɺɸ  

ʇʈʀ ʃɽʏɽʅʀʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʆʇʋʍʆʃɽʁ 

 

 

1.5.22. ʂʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ (ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ) 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ  

ʜ.ʙ.ʥ. ɹʦʛʘʯʝʚ ʉʝʨʛʝʡ ʉʪʘʥʠʩʣʘʚʦʚʠʯ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʆʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʦʙʱʝʡ ʩʤʝʨʪʥʦʩʪʠ ʧʦʩʣʝ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʧʘʪʦʣʦʛʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʝʦʧʣʘʟʠʡ ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ. ʕʪʦʤʫ ʬʘʢʪʫ 

ʩʧʦʩʦʙʩʪʚʫʶʪ: ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʚʨʝʜʥʳʝ ʧʨʠʚʳʯʢʠ, ʧʣʦʭʦʝ 

ʧʠʪʘʥʠʝ, ʥʝʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ ʞʝʥʱʠʥ, ʨʦʞʘʶʱʠʭ ʧʝʨʚʦʛʦ 

ʨʝʙʝʥʢʘ.  

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʪʘʢʞʝ ʩʪʦʷʪ 

ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʩʨʝʜʠ ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ 12 % ʚʩʝʭ ʩʣʫʯʘʝʚ ʩʤʝʨʪʝʡ. 

ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʢʘ (ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ɺʆɿ ï ʚʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ), ʚ ʈʦʩʩʠʠ ʚ 2022 ʛʦʜʫ ʚʳʷʚʣʝʥʦ 635 560 

ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ 

https://gco.iarc.who.int/media/globocan/factsheets/populations/643-russian-federation-fact-

sheet.pdf). ʅʝʫʪʝʰʠʪʝʣʴʥʘ ʠ ʤʠʨʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ï ʥʘ 2022 ʛʦʜ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 19 976 499 

ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ ʨʘʢʦʤ ʠ 9 743 832 ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʮʠʝʥʪʦʚ ʩʢʦʥʯʘʣʠʩʴ ʦʪ ʵʪʦʡ 

ʙʦʣʝʟʥʠ. ʇʦ ʧʨʦʛʥʦʟʘʤ ɺʆɿ ʨʦʩʪ ʯʠʩʣʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢ 2030 ʛʦʜʫ ʫʚʝʣʠʯʠʪʩʷ 

ʥʘ 18ï20 %. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʝʞʝʛʦʜʥʦ 150 ʪʳʩ. ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʩʪʘʥʦʚʷʪʩʷ 

ʠʥʚʘʣʠʜʘʤʠ. ʀʟ ʥʠʭ ʦʢʦʣʦ 30 % ʧʦʣʫʯʘʶʪ 1 ʛʨʫʧʧʫ ʠʥʚʘʣʠʜʥʦʩʪʠ (ʧʦʣʥʦʩʪʴʶ 

ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʳʝ) ʠ ʦʢʦʣʦ 70 % ʧʦʣʫʯʘʶʪ 2 ʛʨʫʧʧʫ ʠʥʚʘʣʠʜʥʦʩʪʠ (ʯʘʩʪʠʯʥʦ 

ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʳʝ). ʇʨʠ ʵʪʦʤ ʨʠʩʢ ʩʤʝʨʪʠ ʦʪ ʨʘʢʘ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 60 %, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʉʐɸ ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ï 33 % ʠ 40 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʄʘʩʣʝʥʥʠʢʦʚʘ, 

ʉʪʨʝʢʘʣʦʚʘ, 2016; ʄʝʨʘʙʠʰʚʠʣʠ, 2013).  

ʇʦʤʠʤʦ ʦʙʱʝʛʦ ʨʦʩʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ çʦʤʦʣʦʞʝʥʠʶ 

ʨʘʢʘè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʪʝʣʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʜʝʪʝʡ ʧʦʚʳʰʘʶʪʩʷ ʥʘ 

1 % ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʆʞʠʜʘʝʤʦʝ ʯʠʩʣʦ ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʦʥʢʦʧʘʪʦʣʦʛʠʠ ʫ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ 

(0ï19 ʣʝʪ) ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 429 ʪʳʩ. (Lam et al., 2019). ɺ ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

3.1 ʪʳʩ. ʜʝʪʝʡ (ʚ ʚʦʟʨʘʩʪʝ ʜʦ 17 ʣʝʪ) ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʨʠ ʯʝʤ 46.6 % 

ʠʟ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ ʦʧʫʭʦʣʠ ʚ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʠ ʩʠʩʪʝʤʝ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʘ 17.3 % ï 

ʦʧʫʭʦʣʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʄʘʩʣʝʥʥʠʢʦʚʘ, ʉʪʨʝʢʘʣʦʚʘ, 2016). 

https://gco.iarc.who.int/media/globocan/factsheets/populations/643-russian-federation-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/populations/643-russian-federation-fact-sheet.pdf
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ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʤʝʨʪʥʦʩʪʠ ʦʪ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʷʚʣʷʶʪʩʷ ʢʘʢ ʨʘʥʥʠʡ ʜʠʘʛʥʦʟ ʠ ʥʘʯʘʣʦ ʣʝʯʝʥʠʷ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ.  

ʆʙʱʝʧʨʠʥʷʪʦʡ ʪʝʨʘʧʠʝʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʮʠʪʦʨʝʜʫʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʩʣʫʯʘʝ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ ʧʨʠʤʝʥʷʶʪ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʦʧʫʭʦʣʝʚʦʛʦ ʦʯʘʛʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʭʠʤʠʦʪʝʨʘʧʠʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʪʁʩʷ ʦʙʣʫʯʝʥʠʝ ʠ ʪʝʨʘʧʠʷ 

ʛʦʨʤʦʥʘʤʠ ʚ ʩʣʫʯʘʝ ʛʦʨʤʦʥʦʟʘʚʠʩʠʤʳʭ ʦʧʫʭʦʣʝʡ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʨʛʘʥʠʟʤʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʚʘʢʮʠʥ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂ ʢʣʝʪʦʯʥʳʤ ʤʝʪʦʜʘʤ ʠʤʤʫʥʦʪʝʨʘʧʠʠ, 

ʠʣʠ ʘʜʦʧʪʠʚʥʦʡ ʪʝʨʘʧʠʠ, ʦʪʥʦʩʷʪʩʷ: ʜʝʥʜʨʠʪʥʦʢʣʝʪʦʯʥʳʝ ʚʘʢʮʠʥʳ, ʚʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ 

ʥʘʪʫʨʘʣʴʥʳʭ ʢʠʣʣʝʨʦʚ (natural killer, NK) ʠ ʪʨʘʥʩʛʝʥʥʳʭ ʦʧʫʭʦʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʊ-ʣʠʤʬʦʮʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʠʤʝʨʥʳʡ ʘʥʪʠʛʝʥʥʳʡ ʨʝʮʝʧʪʦʨ (Chimeric 

Antigen Receptor, CAR) (Fang, Xiao, Tian, 2017; Pettitt et al., 2018; Saxena, Bhardwaj, 2018; 

ɺʦʣʢʦʚ, 2016). 

ɽʱʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʡ ʷʚʣʷʶʪʩʷ ʦʥʢʦʣʠʪʠʯʝʩʢʠʝ 

ʚʠʨʫʩʳ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʨʝʧʣʠʮʠʨʫʶʱʠʝʩʷ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʢʦʣʠʪʠʯʝʩʢʠʝ 

ʚʠʨʫʩʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʤʤʫʥʦʛʝʥʥʦʡ ʛʠʙʝʣʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ 

ʨʘʟʚʠʪʠʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (Tsun et al., 2016). ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʣʫʯʠʣʘ ʠʤʤʫʥʦʪʝʨʘʧʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ, 

ʚʢʣʶʯʘʷ Ab2-ʚʘʢʮʠʥʳ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʦʥʴʶʛʘʪʳ ʘʥʪʠʪʝʣʦ-ʣʝʢʘʨʩʪʚʦ (Antibody-Drug 

Conjugate, ADC) (Moek et al., 2017; Scheinberg et al., 2005; ʄʦʠʩʝʝʥʢʦ, 2003). ɹʣʠʟʢʠʤʠ ʧʦ 

ʩʚʦʝʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ ʢ ʘʥʪʠʪʝʣʘʤ ʷʚʣʷʶʪʩʷ ʘʧʪʘʤʝʨʳ. ɸʧʪʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʢʦʨʦʪʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʠʣʠ ʈʅʂ (ʠʥʦʛʜʘ 

ʧʝʧʪʠʜʳ), ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʧʦʩʦʙʥʳ ʩ ʚʳʩʦʢʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʤʠʰʝʥʷʤʠ (ʘʥʪʠʛʝʥʘʤʠ) ʥʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʧʦʚʪʦʨʷʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʪʠʪʝʣ (Ireson, Kelland, 2006). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʦʙ ʘʜʴʶʚʘʥʪʘʭ ï 

ʩʦʝʜʠʥʝʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ (ʉʝʤʘʢʦʚʘ, 

ʄʠʢʰʠʩ, 2016). ʂ ʘʜʴʶʚʘʥʪʘʤ, ʧʨʦʭʦʜʷʱʠʤ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʢʘʢ 

CpG-ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, MPL (ʤʦʥʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ ʣʠʧʠʜ), TMX-101 (ʠʤʠʢʚʠʤʦʜ), 

ʇʘʥʘʛʝʥ (Bode et al., 2011; Proskurina et al., 2016; Temizoz, Kuroda, Ishii, 2016).  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦ, ʪʘʢ ʠ ʚ ʩʦʯʝʪʘʥʠʠ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɽʩʣʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʟʘʙʦʣʝʚʘʥʠʝ ʧʝʨʝʭʦʜʠʪ 

https://www.ncbi.nlm.nih.gov/pubmed/29024301
https://www.ncbi.nlm.nih.gov/pubmed/29024301
https://www.ncbi.nlm.nih.gov/pubmed/29024301
https://www.ncbi.nlm.nih.gov/pubmed/29024301
https://www.ncbi.nlm.nih.gov/pubmed/29024301


11 

 

 

 

ʚ ʩʪʘʜʠʶ ʨʝʤʠʩʩʠʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʫʛʨʦʟʘ ʨʝʮʠʜʠʚʘ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʛʨʦʤʥʦʡ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʫʶʱʠʝʩʷ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ, ʫʛʨʦʟʘ 

ʨʝʮʠʜʠʚʦʚ ʚ ʙʣʠʞʘʡʰʠʝ 5 ʣʝʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʪʝʨʘʧʠʠ ʜʦʩʪʠʛʘʝʪ 30ï50 %.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʪʝʦʨʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʦʧʫʭʦʣʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʥʘʣʠʯʠʠ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʆʉʂ) ʚ ʦʧʫʭʦʣʝʚʦʤ 

çʩʦʦʙʱʝʩʪʚʝè (Clarke et al., 2006). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʆʉʂ ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʦʧʣʘʟʠʠ ʢ ʭʠʤʠʦʪʝʨʘʧʠʠ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʮʠʜʠʚʦʚ 

(Rycaj, Tang, 2014). ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʨʝʮʠʜʠʚʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʩʣʝ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʆʉʂ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʥʘʙʦʨʘ ʦʩʦʙʝʥʥʳʭ ʩʚʦʡʩʪʚ ʣʝʛʢʦ ʫʩʢʦʣʴʟʘʶʪ ʢʘʢ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʨʘʧʠʠ, ʪʘʢ ʠ ʦʪ ʨʘʟʨʫʰʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ 

(Gilbert, Ross, 2011a).  

ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ ʆʉʂ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʆʉʂ ʦʧʫʭʦʣʝʡ ʨʘʟʣʠʯʥʳʭ ʥʦʟʦʣʦʛʠʡ ʦʙʣʘʜʘʶʪ ʢʘʢ ʨʘʟʣʠʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʤrʠ 

ʤʘʨʢʝʨʘʤʠ, ʪʘʢ ʠ ʦʪʣʠʯʘʶʱʝʡʩʷ ʩʠʩʪʝʤʦʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʪʨʫʜʥʦʩʪʠ ʚ ʩʦʟʜʘʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʊʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʠʧʘ ʦʧʫʭʦʣʠ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʫ ʆʉʂ 

ʵʪʦʛʦ ʪʠʧʘ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʆʉʂ, ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʭ ʜʝʪʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʪʘʨʛʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʆʉʂ, ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ 

ʧʨʦʨʳʚʘ ʚ ʣʝʯʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɺ ʣʝʯʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʷʚʠʣʦʩʴ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʪʝʨʘʧʠʷ ʦʧʫʭʦʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʦʩʥʦʚʥʦʡ ʠʜʝʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʨʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ɺ ʥʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʫʶʪʩʷ ʘʥʪʠʩʤʳʩʣʦʚʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, 

ʤʘʣʳʝ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʝ ʈʅʂ (Watts, Corey, 2012). ʅʝʦʞʠʜʘʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʣʩʴ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʦʪʢʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ʤʘʣʳʝ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʝ ɼʅʂ), ʢʦʪʦʨʳʝ ʩʚʦʠʤʠ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ ʢʦʥʮʘʤʠ ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʬʝʨʤʝʥʪʘʤʠ ʨʝʧʘʨʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʷ ʭʦʜ ʨʝʧʘʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ (ɼʎʈ) ʭʨʦʤʘʪʠʥʘ ʢʣʝʪʢʠ (Berthault et al., 2022). ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʘʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʦʩʦʙʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʚ ʢʣʝʪʢʫ (ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʚʠʨʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʣʠ 

ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʣʝʢʫʣʳ ɼʅʂ).  

ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɻ ʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʠ ʨʘʟʥʦʛʦ ʪʠʧʘ 

(ʣʠʤʬʦʮʠʪʳ, ʤʦʥʦʮʠʪʳ, ʥʝʡʪʨʦʬʠʣʳ ʠ ʜʨ.) ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ 
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ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Bennett, 1993; Hefeneider et al., 1990; Schubbert et al., 1997). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝ ʚʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ ʙʝʟ ʦʙʦʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʚʩʝʡ ʦʯʝʚʠʜʥʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʠ ʨʘʥʴʰʝ, ʥʠ ʩʝʡʯʘʩ 

ʥʝ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʢʣʝʪʦʢ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʧʫʣʷʮʠʷʭ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʦʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ, ʥʠ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʩʪʨʦʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʳʷʚʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʦʜʥʦʟʥʘʯʥʦ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʘʢʪʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (Yakubov et al., 1989; ʏʝʣʦʙʘʥʦʚ, ʃʘʢʪʠʦʥʦʚ, ɺʣʘʩʦʚ, 2006). ʇʦʩʢʦʣʴʢʫ ʥʝ 

ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʣʝʪʢʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʘʩʴ.  

ʈʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʎʠɻ ʉʆ ʈɸʅ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʜʚʫʮʝʧʦʯʝʯʥʘʷ ɼʅʂ (ʜʮɼʅʂ) ʩʧʦʩʦʙʥʘ ʧʦʧʘʜʘʪʴ ʚʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʡ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ (ʂʂʄ) ʤʳʰʝʡ 

ʢʘʢ ʧʨʠ in vivo ʚʚʝʜʝʥʠʠ ʧʨʝʧʘʨʘʪʘ ʜʮɼʅʂ ʚ ʦʨʛʘʥʠʟʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʪʘʢ ʠ ʧʨʠ 

ex vivo ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʂʂʄ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝʩʷ ʚ ʂʂʄ ʤʳʰʝʡ ʥʘ ʬʦʥʝ ʧʨʦʮʝʩʩʘ ʨʝʧʘʨʘʮʠʠ ɼʎʈ, 

ʚʳʟʚʘʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʠʭ ʮʠʪʦʩʪʘʪʠʢʦʚ, ʠʥʪʝʨʬʝʨʠʨʦʚʘʣʠ ʫʢʘʟʘʥʥʳʡ ʧʨʦʮʝʩʩ 

(Dolgova et al., 2012a, b).  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʝʨʤʠʥ çʢʨʦʩʩʣʠʥʢʠʨʫʶʱʠʝ ʮʠʪʦʩʪʘʪʠʢʠè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʨʦʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ 

(çʤʦʩʪʠʢʠè), ʥʘʟʳʚʘʝʤʳʝ ʤʝʞʮʝʧʦʯʝʯʥʳʤʠ ʩʰʠʚʢʘʤʠ (ʄʎʉ), ʤʝʞʜʫ ʥʠʪʷʤʠ ɼʅʂ ʠʣʠ ʚʥʫʪʨʠ 

ʦʜʥʦʡ ʥʠʪʠ. ɼʎʈ ɼʅʂ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʧʘʨʘʮʠʠ ʄʎʉ, ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʛʫʙʠʪʝʣʴʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʜʣʷ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ. ʇʦʜ ʪʝʨʤʠʥʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʧʦʥʠʤʘʝʪʩʷ 

ʚʦʚʣʝʯʝʥʠʝ ʚ ʨʝʧʘʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʝʛʦ ʢʘʥʦʥʠʯʝʩʢʦʛʦ (ʩʪʘʥʜʘʨʪʥʦʛʦ) ʪʝʯʝʥʠʷ.  

ɺ ʂʂʄ ʤʳʰʝʡ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʧʨʦʷʚʣʷʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʣʝʪʢʠ ʥʝ ʤʦʛʣʠ 

ʢʦʨʨʝʢʪʥʦ ʟʘʚʝʨʰʠʪʴ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʛʠʙʘʣʠ ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʙʝʣʦʛʦ ʨʦʩʪʢʘ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʠʟ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʠʥʚʦʣʶʮʠʠ 

ʠʤʤʫʥʥʳʭ ʦʨʛʘʥʦʚ, ʘʢʪʠʚʘʮʠʠ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʦʡ ʠʥʬʝʢʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʥʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʡ ʛʠʙʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (Dolgova et al., 2012a). ʉ 

ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦ ʤʦʛʣʦ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʂʂʄ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʥʘʣʠʟʫʪʁ 
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ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ ʠ ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʧʫʣʷʮʠʝʡ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ɻʉʂ).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʆʉʂ ʧʦ ʤʥʦʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʢʣʝʪʦʯʥʳʤ ʬʫʥʢʮʠʷʤ ʩʭʦʞʠ ʩ 

ʥʦʨʤʘʣʴʥʳʤʠ ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ɻʉʂ (Gilbert, Ross, 2009). ɺʦʟʤʦʞʥʦʩʪʴ 

ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʝʛʦ ʮʠʪʦʩʪʘʪʠʢʘ ʠ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ʜʮɼʅʂ, ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʣʝʪʢʫ ʥʘ ʩʪʘʜʠʠ ʨʝʧʘʨʘʮʠʠ, ʧʦʜʨʘʟʫʤʝʚʘʣʘ, ʯʪʦ ʝʩʣʠ ʆʉʂ, 

ʧʦʜʦʙʥʦ ʂʂʄ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ, 

ʪʦ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ ʜʚʫʤʷ ʧʨʝʧʘʨʘʪʘʤʠ, ʪʘʨʛʝʪʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʡ ʥʘ 

ʆʉʂ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʫʭʦʣʝʚʳʤʠ ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʠ ʧʦʠʩʢ ʨʝʞʠʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʧʫʭʦʣʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʫʢʘʟʘʥʥʦʝ ʩʚʦʡʩʪʚʦ. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʤʳʰʝʡ, ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ ʂʨʝʙʩ-2 ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ 

ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ɼʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ. 

2. ʅʘ ʤʦʜʝʣʷʭ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2 ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-

ʣʠʤʬʦʤʳ ʦʮʝʥʠʪʴ ʢʣʦʥʦʛʝʥʥʳʝ ʠ ʪʫʤʦʨʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ 

ʬʨʘʛʤʝʥʪʳ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ (TAMRA-ɼʅʂ ʟʦʥʜ) ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ.  

3. ɺ ʢʣʝʪʢʘʭ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ ʜʚʫʮʝʧʦʯʝʯʥʳʡ TAMRA-ɼʅʂ ʟʦʥʜ, ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʫʭʦʣʝʚʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʝʩʪʠ ʦʪʙʦʨ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʤʝʪʦʜʦʤ RNAseq, ʥʘ 

ʚʪʦʨʦʤ ï ʚʘʣʠʜʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ ʤʝʪʦʜʦʤ qPCR. 

4. ɼʣʷ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2 ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-ʣʠʤʬʦʤʳ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ 

ʢʣʝʪʢʦʡ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ. ʆʮʝʥʠʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ (ʛʣʠʢʦʢʘʣʠʢʩʘ) ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʟʘʭʚʘʪʳʚʘʪʴ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʦʥʠ ʦʙʣʘʜʘʶʪ ʫʢʘʟʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ.  
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5. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʳ ʦʜʠʥʦʯʥʦʛʦ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʠʭ ʮʠʪʦʩʪʘʪʠʢʦʚ ʠ ʧʨʝʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʥʘ ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ ʂʨʝʙʩ-2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʚʷʟʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩ 

ʫʜʘʣʝʥʠʝʤ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ ʦʯʘʛʘ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ɼʅʂ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʜʝʣʴʥʫʶ 

ʦʧʫʭʦʣʴ. 

6. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo ʥʘ ʤʦʜʝʣʷʭ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2 (ʩʦʣʠʜʥʦʡ ʠ ʘʩʮʠʪʥʦʡ), ʛʝʧʘʪʦʤʳ ɻ-29, 

ʢʘʨʮʠʥʦʤʳ ʃʴʶʠʩ, ʣʠʤʬʦʩʘʨʢʦʤʳ RLS, ʘ ʪʘʢʞʝ ʥʘ ʤʦʜʝʣʠ ʦʨʪʦʪʦʧʠʯʝʩʢʦʛʦ 

ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʘ ʢʣʝʪʦʢ ʣʠʥʠʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U87. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʦʚʦʝ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʆʉʂ, ʢʘʢ ʧʨʦʪʦʪʠʧʘ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʣʝʪʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʫʢʘʟʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ, 

ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ (ʛʣʠʢʦʢʘʣʠʢʩʘ), ʧʦʟʚʦʣʷʶʱʠʝ ʠʤ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ, ʥʘ ʚʪʦʨʦʤ ï ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʳʭ 

ʢʦʚʘʣʝʥʪʥʳʭ/ʭʠʤʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʠ 

ʜʘʣʝʝ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʪʠ ʬʨʘʛʤʝʥʪʳ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʤʝʭʘʥʠʟʤʘʤʠ ʢʣʘʪʨʠʥ- ʠ/ʠʣʠ ʢʘʚʝʦʣʠʥ-

ʟʘʚʠʩʠʤʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʠ ʤʘʢʨʦʧʠʥʦʮʠʪʦʟʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʆʉʂ ʠʤʝʶʪ ʦʙʱʠʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʭ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʆʉʂ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʨʘʙʦʪʘʥ ʠ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʝ. 

ʆʧʨʝʜʝʣʝʥʘ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʛʣʠʢʦʢʘʣʠʢʩʘ ʆʉʂ ï 

ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʬʘʢʪʦʨʦʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 

ʪʨʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ: ʧʨʦʪʝʦʛʣʠʢʘʥʘʤ/ʛʣʠʢʦʧʨʦʪʝʠʥʘʤ, ʩʢʘʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʘʤ ʠ 

ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-ʟʘʷʢʦʨʝʥʥʳʤ ʙʝʣʢʘʤ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ/ʧʦʣʠʘʥʠʦʥʦʚ/ʤʦʣʝʢʫʣ ʜʮɼʅʂ. 

ʉʬʦʨʤʠʨʦʚʘʥʦ ʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʆʉʂ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʫʢʘʟʘʥʥʳʭ ʪʨʝʭ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʜʠʥʘʢʦʚʦʝ ʩʚʦʡʩʪʚʦ ï ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʜʮɼʅʂ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʤʦʞʝʪ 
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ʧʨʝʜʩʪʘʚʣʷʪ ɹʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʆʉʂ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʡ ʜʮɼʅʂ ʬʨʘʛʤʝʥʪ (TAMRA-ɼʅʂ ʟʦʥʜ) 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʆʉʂ ʨʘʟʣʠʯʥʳʭ ʥʦʟʦʣʦʛʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥrʤ ʜʝʪʝʢʪʠʨʦʚʘʪ ɹʆʉʂ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʦʧʫʭʦʣʝʚʳʤʠ 

ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʝʞʠʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠ,̫ ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ çʂʘʨʘʥʘʭʘʥè (çʫʙʠʚʘʶʱʠʡ ʧʨʠʯʠʥʫè, ʩʘʥʩʢʨʠʪ). 

ʈʝʞʠʤ ʚʦʟʜʝʡʩʪʚʠʷ çʂʘʨʘʥʘʭʘʥè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʝʭʢʨʘʪʥʳʝ ʤʘʣʦʜʦʟʦʚʳʝ 

ʭʨʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʠʤ ʮʠʪʦʩʪʘʪʠʢʦʤ 

(ʮʠʢʣʦʬʦʩʬʘʤʠʜ, ʤʠʪʦʤʠʮʠʥ ʉ), ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʨʝʧʘʨʘʮʠʠ ɼʎʈ 

ʢʣʝʪʦʢ ʢʦʥʢʨʝʪʥʦʡ ʦʧʫʭʦʣʠ, ʠ ʚʚʝʜʝʥʠʝ ʩʣʦʞʥʦʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʮɼʅʂ ʚ ʪʦʯʢʫ 

ʜʝʤʘʨʢʘʮʠʠ ʜʚʫʭ ʵʪʘʧʦʚ ʨʝʧʘʨʘʮʠʠ: ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʥʫʢʣʝʪʦʪʠʜʦʚ (NER, nucleotide 

excision repair) ʠ ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ (HR, homologous recombination). ʇʨʝʧʘʨʘʪ 

ɼʅʂ-ʤʠʢʩ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ: ʥʘʪʠʚʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ, ʥʘʪʠʚʥʦʡ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ɼʅʂ ʩʧʝʨʤʳ ʣʦʩʦʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 7:5:2 (ʠʣʠ 50 %, 36 % ʠ 14 %). ʇʨʠ 

ʵʪʦʤ ʧʝʨʚʘʷ ʯʘʩʪʴ ʧʨʝʧʘʨʘʪʘ ɼʅʂ-ʤʠʢʩ ʠʥʪʝʨʬʝʨʠʨʫʝʪ ʧʨʦʮʝʩʩ NER, ʘ ʦʩʪʘʚʰʠʝʩʷ ï HR. 

ʊʘʢʞʝ ʯʘʩʪʴʶ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʘʷ (ʬʠʥʘʣʴʥʘʷ) ʦʙʨʘʙʦʪʢʘ ʫʢʘʟʘʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʚ 

ʜʝʥʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʆʉʂ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʜʣ̫ ʚʦʟʜʝʡʩʪʚʠʷ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʬʘʟʝ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (G1), ʧʨʠʚʦʜʷʱʘ ̫ʢ ʫʜʘʣʝʥʠʶ ʆʉʂ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ ʦʯʘʛʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʠʟʣʝʯʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʦʪ ʧʝʨʝʚʠʪʳʭ ʦʧʫʭʦʣʝʡ. 

ʅʦʚʳʤ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʆʉʂ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʜʣʷ 

ʪʝʨʘʧʠʠ ʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ.  

ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʞʠʤʘ çʂʘʨʘʥʘʭʘʥè ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʧʫʭʦʣʝʚʦʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ ʦʧʫʭʦʣʴ-ʨʝʘʢʪʠʚʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʢʣʝʪʦʢ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ.  

ʊʘʨʛʝʪʥʘʷ ʵʨʘʜʠʢʘʮʠʷ ʆʉʂ, ʨʘʟʨʫʰʝʥʠʝ ʩʫʧʨʝʩʩʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ ʦʧʫʭʦʣʴ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʪʨʦʤʳ ʠ ʘʢʪʠʚʘʮʠʷ ʧʨʦʪʠʚʦʚʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʦʨʛʘʥʠʟʤʘ ʩʦʟʜʘʶʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʟʦʨʙʮʠʠ ʨʘʟʚʠʪʦʡ ʦʧʫʭʦʣʠ ʠ ʧʦʣʥʦʡ ʨʝʤʠʩʩʠʠ ʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʢʨʳʪʦ ʥʦʚʦʝ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʝ ʩʚʦʡʩʪʚʦ 

ʆʉʂ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ʜʮɼʅʂ, ʦʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʫʢʘʟʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚrʡ ʨʝʞʠʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʝr 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠ,̫ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʆʉʂ, ʢʣʝʪʢʠ ʦʧʫʭʦʣʝʚʦʡ ʩʪʨʦʤʳ ʠ 
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ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʚ ʩʫʤʤʝ ʧʦʟʚʦʣʷʝʪ ʚʳʣʝʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʦʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʝʦʧʣʘʟʠʡ ʢʘʢ ʚ ʘʩʮʠʪʥʦʤ, ʪʘʢ ʠ ʚ ʩʦʣʠʜʥʦʤ ʚʘʨʠʘʥʪʘʭ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘ ̫ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ʥʦʚʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʚʦʡʩʪʚʘ ʆʉʂ ï ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ. ʆʉʂ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʫʭʦʣʠ, ʠ ʠʤʝʥʥʦ ʵʪʠ ʢʣʝʪʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʦʩʪ, ʘʛʨʝʩʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ, 

ʭʠʤʠʦ-/ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʠʥʚʘʟʠʶ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʮʠʜʠʚʦʚ 

ʟʘʙʦʣʝʚʘʥʠʷ (Clarke et al., 2006; Gilbert, Ross, 2011b; OôBrien, Kreso, Jamieson, 2010). 

ʇʦʥʠʤʘʥʠʝ ʙʠʦʣʦʛʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʆʉʂ, ʦʪʣʠʯʘʶʱʠʭ ʫʢʘʟʘʥʥʳʡ ʪʠʧ ʢʣʝʪʦʢ ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ ʠ ʧʨʠʜʘʶʱʠʭ ʠʤ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ, ʜʝʣʘʶʱʠʝ 

ʢʣʝʪʢʫ ʧʨʘʢʪʠʯʝʩʢʠ çʥʝʫʙʠʚʘʝʤʦʡè, ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʠ.  

ʆʙʥʘʨʫʞʝʥʥʦʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʆʉʂ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ɻʪʦʡ ʩʚʷʟʠ TAMRA-ɼʅʂ ʟʦʥʜʘ, ʤʘʨʢʠʨʫʶʱʝʛʦ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʠʤʝʝʪ ʤʥʦʛʦʛʨʘʥʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ. ʋʢʘʟʘʥʥʳʡ ɼʅʂ ʟʦʥʜ (ʠʣʠ ʣʶʙʦʡ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦ ʧʨʠʥʮʠʧʫ ʟʦʥʜ ʜʮɼʅʂ) ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʜʝʪʝʢʮʠʠ ʆʉʂ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ. ɸʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ TAMRA-ʧʦʟʠʪʠʚʥʳʭ ʆʉʂ ʚ ʙʠʦʧʩʠʡʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʜʠʶ 

ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʠ (ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ (Dolgova et al., 2018) ʥʘ ʧʨʠʤʝʨʝ ʦʧʫʭʦʣʝʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ). ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʆʉʂ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʚ ʦʧʫʭʦʣʠ ʠ 

ʦʢʨʫʞʘʶʱʠʭ ʝʝ ʪʢʘʥʷʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʤʦʤʝʥʪʝ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʪʝʨʘʧʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ.  

ɹʝʟʫʩʣʦʚʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ 

ʨʝʞʠʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʝr ʥʦʚʦʦʙʨʘʟʦʚʘʥʠ ̫çʂʘʨʘʥʘʭʘʥè. ʈʝʞʠʤ ʦʩʥʦʚʘʥ ʥʘ 

ʪʘʨʛʝʪʥʦʡ ʵʨʘʜʠʢʘʮʠʠ ʆʉʂ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ʦʧʫʭʦʣʝʡ 

ʤʳʰʝʡ ʠ ʤʦʜʝʣʠ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U87. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʅʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚʢʣʶʯʘʷ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ 

ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʤʳʰʠ, ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ ʂʨʝʙʩ-2 ʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ, ʦʙʣʘʜʘʶʪ ʧʨʠʨʦʜʥʦʡ 
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ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʪʝʨʥʘʣʠʟʠʨʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʬʝʢʮʠʠ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʦʧʫʭʦʣʝʚʳʤʠ ʩʪʚʦʣʦʚʳʤʠ 

ʢʣʝʪʢʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚ ʠʭ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ ʠ 

ʧʦʣʠʘʥʠʦʥʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʚʠʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʛʣʦʱʝʥʠʝ ʤʝʭʘʥʠʟʤʘʤʠ ʢʘʚʝʦʣʠʥ- ʠ/ʠʣʠ ʢʣʘʪʨʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʠ 

ʤʘʢʨʦʧʠʥʦʮʠʪʦʟʘ. 

3. ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-ʣʠʤʬʦʤʳ ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ɼʅʂ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ: ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ/ʧʨʦʪʝʦʛʣʠʢʘʥʘʤʠ, 

ʩʢʘʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʘʤʠ ʠ ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-ʟʘʷʢʦʨʝʥʥʳʤʠ ʙʝʣʢʘʤʠ. 

ʂʦʥʢʨʝʪʥʳʡ ʙʝʣʢʦʚʳʡ ʩʦʩʪʘʚ ʚʥʫʪʨʠ ʵʪʠʭ ʛʨʫʧʧ ʨʘʟʣʠʯʘʝʪʩʷ ʫ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʨʘʟʥʳʭ ʦʧʫʭʦʣʝʡ, ʬʦʨʤʠʨʫʷ ʠʭ ʫʥʠʢʘʣʴʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʨʪʨʝʪ. 

4. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ 

ʜʣʷ ʵʨʘʜʠʢʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ ʠʟ ʦʯʘʛʘ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʝʛʦ ʮʠʪʦʩʪʘʪʠʢʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʨʝʞʠʤ ʚʦʟʜʝʡʩʪʚʠʷ çʂʘʨʘʥʘʭʘʥè. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʘʚʪʦʨʦʤ ʥʘ ʩʠʤʧʦʟʠʫʤʝ çʅʦʚʝʡʰʠʝ ʤʝʪʦʜʳ 

ʢʣʝʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʝʜʠʮʠʥʝè 2ï6 ʩʝʥʪʷʙʨʷ 2014 ʛʦʜʘ, ʅʦʚʦʩʠʙʠʨʩʢ; ʥʘ XIII  

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʆʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʧʨʝʧʘʨʘʪʳè ʧʘʤʷʪʠ ɸ.ʖ. ɹʘʨʳʰʥʠʢʦʚʘ 17ï18 ʤʘʨʪʘ 

2016 ʛʦʜʘ, ʄʦʩʢʚʘ; ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çVII ʩʲʝʟʜ ɺʘʚʠʣʦʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ʛʝʥʝʪʠʢʦʚ ʠ ʩʝʣʝʢʮʠʦʥʝʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʡ 100-ʣʝʪʠʶ ʢʘʬʝʜʨʳ ʛʝʥʝʪʠʢʠ ʉʇʙɻʋ, ʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩʠʤʧʦʟʠʫʤʳè 18ï22 ʠʶʥʷ 2019 ʛʦʜʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ; ʥʘ 13-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʄʫʣʴʪʠʢʦʥʬʝʨʝʥʮʠʠ BGSR/SB 4ï8 ʠʶʣʷ 2022 ʛʦʜʘ, ʅʦʚʦʩʠʙʠʨʩʢ.  

ʊʘʢʞʝ ʧʦ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʰʝʩʪʴ ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ: 

1. ʇʘʪʝʥʪ ˉ 2530170 ʦʪ 12.08.2014 (ʟʘʷʚʢʘ ˉ 2013113328/10 ʦʪ 27.03.2013). ʉʧʦʩʦʙ 

ʜʝʪʝʢʮʠʠ ʩʪʚʦʣʦʚʳʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɼʦʣʛʦʚʘ ɽ.ɺ., ɸʣʷʤʢʠʥʘ ɽ.ɸ., ʈʦʛʘʯʝʚ ɺ.ɸ., ʅʠʢʦʣʠʥ 
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ɺ.ʇ., ʇʦʧʦʚʘ ʅ.ɸ., ʇʨʦʩʢʫʨʠʥʘ ɸ.ʉ., ʄʠʥʢʝʚʠʯ ɸ.ʄ., ɹʘʡʙʦʨʦʜʠʥ ʉ.ʀ., ɸʥʜʨʫʰʢʝʚʠʯ ʆ.ʄ., 

ɽʬʨʝʤʦʚ ʗ.ʈ., ʏʝʨʥʳʭ ɽ.ʈ., ʆʩʪʘʥʠʥ ɸ.ɸ., ʉʠʜʦʨʦʚ ʉ.ɺ., ɹʦʛʘʯʝʚ ʉ.ʉ., ʐʫʨʜʦʚ ʄ.ɸ. 

2. ʇʘʪʝʥʪ ˉ 2542410 ʦʪ 21.01.2015 (ʟʘʷʚʢʘ ˉ 2013143563 ʦʪ 27.09.2013). ʉʧʦʩʦʙ 

ʵʨʘʜʠʢʘʮʠʠ ʩʪʚʦʣʦʚʳʭ ʠʥʠʮʠʠʨʫʶʱʠʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɼʦʣʛʦʚʘ ɽ.ɺ., ɸʣʷʤʢʠʥʘ ɽ.ɸ., ʈʦʛʘʯʝʚ 

ɺ.ɸ., ʅʠʢʦʣʠʥ ɺ.ʇ., ʇʦʧʦʚʘ ʅ.ɸ., ʇʨʦʩʢʫʨʠʥʘ ɸ.ʉ., ʄʠʥʢʝʚʠʯ ɸ.ʄ., ɹʘʡʙʦʨʦʜʠʥ ʉ.ʀ., 

ɸʥʜʨʫʰʢʝʚʠʯ ʆ.ʄ., ʂʦʟʝʣ ɸ.ɺ., ɽʬʨʝʤʦʚ ʗ.ʈ., ʊʘʨʘʥʦʚ ʆ.ʉ., ʆʤʠʛʦʚ ɺ.ɺ., ʏʝʨʥʳʭ ɽ.ʈ., 

ʆʩʪʘʥʠʥ ɸ.ɸ., ʉʠʜʦʨʦʚ ʉ.ɺ., ɹʦʛʘʯʝʚ ʉ.ʉ. 

3. ʇʘʪʝʥʪ ˉ 2595864 ʦʪ 04.08.2016 (ʟʘʷʚʢʘ ˉ 2015134532 ʦʪ 18.08.2015). ʉʧʦʩʦʙ 

ʣʝʯʝʥʠʷ ʘʩʮʠʪʥʦʡ ʬʦʨʤʳ ʨʘʢʘ. ɼʦʣʛʦʚʘ ɽ.ɺ., ɸʣʷʤʢʠʥʘ ɽ.ɸ., ʈʦʛʘʯʝʚ ɺ.ɸ., ʅʠʢʦʣʠʥ ɺ.ʇ., 

ʇʦʧʦʚʘ ʅ.ɸ., ʇʨʦʩʢʫʨʠʥʘ ɸ.ʉ., ʄʠʥʢʝʚʠʯ ɸ.ʄ., ɹʘʡʙʦʨʦʜʠʥ ʉ.ʀ., ɸʥʜʨʫʰʢʝʚʠʯ ʄ.ʄ., ʂʦʟʝʣ 

ɸ.ɺ., ɽʬʨʝʤʦʚ ʗ.ʈ., ʊʘʨʘʥʦʚ ʆ.ʉ., ʆʤʠʛʦʚ ɺ.ɺ., ʏʝʨʥʳʭ ɽ.ʈ., ʆʩʪʘʥʠʥ ɸ.ɸ., ʉʠʜʦʨʦʚ ʉ.ɺ., 

ɹʦʛʘʯʝʚ ʉ.ʉ. 

4. ʇʘʪʝʥʪ ˉ 2662354 ʦʪ 25.07.2018 (ʟʘʷʚʢʘ ˉ 2017132869 ʦʪ 20.09.2017). ʉʧʦʩʦʙ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɹʦʛʘʯʝʚ ʉ.ʉ., ɼʦʣʛʦʚʘ ɽ.ɺ., ʇʦʪʪʝʨ ɽ.ɸ., ʇʨʦʩʢʫʨʠʥʘ 

ɸ.ʉ., ʈʠʪʪʝʨ ɻ.ʉ., ʅʠʢʦʣʠʥ ɺ.ʇ., ʇʦʧʦʚʘ ʅ.ɸ., ɽʬʨʝʤʦʚ ʗ.ʈ., ɹʘʡʙʦʨʦʜʠʥ ʉ.ʀ., ʊʘʨʘʥʦʚ ʆ.ʉ., 

ʆʩʪʘʥʠʥ ɸ.ɸ., ʏʝʨʥʳʭ ɽ.ʈ.  

5.  ʇʘʪʝʥʪ ˉ 2675233 ʦʪ 18.12.2018 (ʟʘʷʚʢʘ ˉ 2018104722 ʦʪ 07.02.2018). ʉʧʦʩʦʙ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɹʦʛʘʯʝʚ ʉ.ʉ., ʇʨʦʩʢʫʨʠʥʘ ɸ.ʉ., ɼʦʣʛʦʚʘ ɽ.ɺ., ʇʦʪʪʝʨ 

ɽ.ɸ., ʅʠʢʦʣʠʥ ɺ.ʇ., ʇʦʧʦʚʘ ʅ.ɸ., ɽʬʨʝʤʦʚ ʗ.ʈ., ɹʘʡʙʦʨʦʜʠʥ ʉ.ʀ., ʊʘʨʘʥʦʚ ʆ.ʉ., ʆʩʪʘʥʠʥ 

ɸ.ɸ., ʏʝʨʥʳʭ ɽ.ʈ. 

6. ʇʘʪʝʥʪ ˉ 2717218 ʦʪ 18.03.2020 (ʟʘʷʚʢʘ ˉ 2019125001 ʦʪ 07.08.2019). ʉʧʦʩʦʙ 

ʪʦʨʤʦʞʝʥʠʷ ʨʦʩʪʘ ʧʦʜʢʦʞʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U-

87, ʧʝʨʝʚʠʪʦʛʦ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʤ ʤʳʰʘʤ Nu/J. ɹʦʛʘʯʝʚ ʉ.ʉ., ʂʠʨʠʢʦʚʠʯ ʉ.ʉ., ʃʝʚʠʪʝʩ ɽ.ɺ., 

ɼʦʣʛʦʚʘ ɽ.ɺ., ʇʨʦʩʢʫʨʠʥʘ ɸ.ʉ., ʇʦʪʪʝʨ ɽ.ɸ., ʈʠʪʪʝʨ ɻ.ʉ., ʂʠʩʘʨʝʪʦʚʘ ʇ.ʕ., ɹʘʡʙʦʨʦʜʠʥ ʉ.ʀ., 

ɽʬʨʝʤʦʚ ʗ.ʈ., ʊʘʨʘʥʦʚ ʆ.ʉ., ʃʝʧʣʠʥʘ ʆ.ʖ., ʆʩʪʘʥʠʥ ɸ.ɸ., ʏʝʨʥʳʭ ɽ.ʈ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ ʚʦʟʜʝʡʩʪʚʠʷ çʂʘʨʘʥʘʭʘʥè ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʠʣʦʪʥʦʝ 

ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ʤʘʣʳʤʠ ʜʦʟʘʤʠ ʮʠʢʣʦʬʦʩʬʘʥʘ ʩ ʫʯʝʪʦʤ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʇʨʦʪʦʢʦʣ 

 ̄7 ʟʘʩʝʜʘʥʠʷ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʌɻɹʅʋ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʠʤʤʫʥʦʣʦʛʠʠè (ʅʀʀʌʂʀ) ʦʪ 15 ʦʢʪʷʙʨʷ 2019 ʛʦʜʘ, 

ʧʨʦʪʦʢʦʣ ˉ 120 ʟʘʩʝʜʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʵʪʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʨʠ ʅʀʀʌʂʀ ʦʪ 7 ʥʦʷʙʨʷ 2019 

ʛʦʜʘ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚ 2020 ʛʦʜʫ ʘʚʪʦʨʫ ʩ ʢʦʣʣʝʛʘʤʠ (ʇʨʦʩʢʫʨʠʥʘ ɸ.ʉ., 

ʇʦʪʪʝʨ ɽ.ɸ.) ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʧʨʝʤʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ 
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ʠʥʥʦʚʘʮʠʡ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʠʜʝʦʣʦʛʠʠ ʚ ʣʝʯʝʥʠʠ ʧʘʮʠʝʥʪʦʚ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʦʧʫʭʦʣʷʤʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʧʦ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʠʭ ʮʠʪʦʩʪʘʪʠʢʦʚ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʣʠʙʦ ʧʨʠ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ. 

ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ 

ʣʠʯʥʦ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʳ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ 

ʢʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ. FACS (Fluorescence-Activated Cell Sorting)-ʘʥʘʣʠʟ ʠ ʩʦʨʪʠʨʦʚʢʘ 

ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ ʗ.ʈ. ɽʬʨʝʤʦʚʘ (ʎʂʇ çʇʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠè ʀʎʠɻ ʉʆ 

ʈɸʅ). ʈʘʙʦʪʘ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʉ.ʀ. ɹʘʡʙʦʨʦʜʠʥʳʤ 

(ʎʂʇ çʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚè ʉʆ ʈɸʅ). 

ʇʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʧʨʠ ʫʯʘʩʪʠʠ ʆ.ʉ. ʊʘʨʘʥʦʚʘ. ʀʥʪʨʘʮʝʨʝʙʨʘʣʴʥʘʷ ʧʝʨʝʚʠʚʢʘ ʢʣʝʪʦʢ U87 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʤ ʤʳʰʘʤ ʠ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʫʯʘʩʪʠʝʤ 

ɽ.ʃ. ɿʘʚʴʷʣʦʚʘ ʠ ɸ.ɺ. ʈʦʤʘʱʝʥʢʦ (ʎʂʇ çSPF-ʚʠʚʘʨʠʡè). ʆʧʝʨʘʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʛʨʘʬʪʘ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʠʟ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠʤʤʫʥʥʦʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʩʦʚʤʝʩʪʥʦ ʩ ʆ.ʄ. ɸʥʜʨʫʰʢʝʚʠʯʝʤ, ʉ.ʖ. ʈʦʱʠʥʳʤ ʠ ɸ.ɺ. ɹʝʨʚʠʪʩʢʠʤ (ʌʝʜʝʨʘʣʴʥʳʡ ʮʝʥʪʨ 

ʥʝʡʨʦʭʠʨʫʨʛʠʠ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʎʂʇ çɻʝʥʦʤʠʢʘè 

ʉʆ ʈɸʅ. ɸʥʘʣʠʟ ʧʨʦʯʪʝʥʠʡ RNAseq ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ʗ.ʈ. ɽʬʨʝʤʦʚʳʤ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʣʝʯʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʧʫʭʦʣʝʡ ʤʳʰʝʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ 

ʫʯʘʩʪʠʠ ɺ.ʇ. ʅʠʢʦʣʠʥʘ, ʅ.ɸ. ʇʦʧʦʚʦʡ, ɺ.ʀ. ʂʘʣʝʜʠʥʘ, ɽ.ɸ. ʇʦʪʪʝʨ ʠ ɺ.ʉ. ʈʫʟʘʥʦʚʦʡ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, 

ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʯʝʪʳʨʝʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 465 ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 386 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 16 ʪʘʙʣʠʮ, 56 ʨʠʩʫʥʢʦʚ ʠ ʯʝʪʳʨʝ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʠʣʦʞʝʥʠʝ 1 

ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʨʠʩʫʥʦʢ. ʇʨʠʣʦʞʝʥʠʝ 2 ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʪʘʙʣʠʮ. ʇʨʠʣʦʞʝʥʠʝ 3 ʩʦʜʝʨʞʠʪ ʦʜʠʥ 

ʨʠʩʫʥʦʢ ʠ ʝʛʦ ʦʧʠʩʘʥʠʝ. ʇʨʠʣʦʞʝʥʠʝ 4 ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ ʨʠʩʫʥʢʦʚ ʠ ʠʭ ʦʧʠʩʘʥʠʝ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʁ ʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʎʠɻ ʉʆ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʜʥʷ ʠ ʥʦʯʠ, ʟʘ ʪʝʧʣʫʶ ʨʘʙʦʯʫʶ ʘʪʤʦʩʬʝʨʫ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʢ.ʙ.ʥ. ʗ.ʈ. ɽʬʨʝʤʦʚʫ ʟʘ ʠʥʪʝʨʝʩʥʳʝ ʜʠʩʢʫʩʩʠʠ ʠ ʧʦʤʦʱʴ ʚ ʘʥʘʣʠʟʝ 

ʥʝʢʦʪʦʨʳʭ ʜʘʥʥʳʭ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜ.ʤ.ʥ. ɸ.ɸ. ʆʩʪʘʥʠʥʫ ʠ ʯʣʝʥʫ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɽ.ʈ. ʏʝʨʥʳʭ ʟʘ ʦʙʩʫʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʢʘʜʝʤʠʢʫ ʈɸʅ ʅ.ɸ. ʂʦʣʯʘʥʦʚʫ ʟʘ ʧʨʦʷʚʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠ ʁʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʧʦʤʦʱʴ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʩʚʦʝʤʫ ʫʯʠʪʝʣʶ ʠ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ ʜ.ʙ.ʥ. ʉ.ʉ. ɹʦʛʘʯʝʚʫ ʟʘ ʧʨʠʚʠʪʠʝ 

ʠʥʪʝʨʝʩʘ ʠ ʜʦʣʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʥʘʫʢʝ, ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʩʫʣʴʪʘʮʠʡ ʧʨʠ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʠ ʟʘ ʪʝʨʧʝʣʠʚʳʝ, ʥʦ ʥʘʩʪʦʡʯʠʚʳʝ 

ʧʨʠʟʳʚʳ ʢ ʥʘʧʠʩʘʥʠʶ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʴʤʷ ʦʩʥʦʚʥʳʤʠ ʨʘʟʜʝʣʘʤʠ. ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ 

ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ ʦʧʫʭʦʣʠ, ʢʘʢ ʪʢʘʥʠ. ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʆʉʂ, ʢʘʢ ʪʫʤʦʨʦʛʝʥʥʦʛʦ ʥʘʯʘʣʘ ʥʝʦʧʣʘʟʠʠ. ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʩʫʤʤʠʨʦʚʘʥʳ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʢʣʝʪʢʠ ʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʨʛʝʪʥʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʉʂ. 

 

1.1.  ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʦʧʫʭʦʣʠ: ʢʣʝʪʦʯʥʳʡ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʩʧʝʢʪʳ 

ɺ ʥʦʨʤʝ ʚʩʝ ʢʣʝʪʢʠ ʚ ʦʨʛʘʥʠʟʤʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʤʝʦʩʪʘʟʘ. ʆʥʠ ʦʙʣʘʜʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʧʨʘʚʠʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʢʘʥʝʡ ʠ ʨʘʙʦʪʫ ʦʨʛʘʥʦʚ. ʅʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤ 

ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: (1) ʦʥʠ ʩʧʦʩʦʙʥʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʡ ʨʦʩʪ ʠ ʜʝʣʝʥʠʝ, ʨʝʘʛʠʨʫʷ ʥʘ 

ʚʥʝʰʥʠʝ ʩʠʛʥʘʣʳ; (2) ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ (ʘʧʦʧʪʦʟʫ); 

(3) ʠʤʝʶʪ ʢʦʥʪʘʢʪʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʠ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ (ʕʂʄ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʫʜʝʨʞʘʥʠʝ ʚ ʠʩʭʦʜʥʦʤ 

(ʩʚʦʡʩʪʚʝʥʥʦʤ ʠʤ) ʤʝʩʪʝ; (4) ʦʙʣʘʜʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʘʪʪʝʨʥʘʤʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʛʝʥʥʳʭ ʧʣʘʪʬʦʨʤ (ʧʨʠ ʠʩʭʦʜʥʦ ʦʜʠʥʘʢʦʚʦʤ ʛʝʥʦʪʠʧʝ), ʯʪʦ ʩʦʟʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʢʣʝʪʦʯʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (Lansdowne, 2020). 

ʆʧʫʭʦʣʴ ï ʢʦʤʧʣʝʢʩʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʝʥʦʪʠʧʝ ʢʣʝʪʢʠ ʠʣʠ ʛʨʫʧʧʳ ʢʣʝʪʦʢ. ʈʘʟʚʠʪʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ 

ʤʥʦʛʦʵʪʘʧʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʜʝʣʝʥʠʠ ʢʣʝʪʦʢ ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʢʣʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʦʥʢʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʦʧʫʭʦʣʠ, ʦʙʳʯʥʦ ʟʘʪʨʘʛʠʚʘʶʪ ʪʨʠ ʪʠʧʘ ʛʝʥʦʚ: ʧʨʦʪʦʦʥʢʦʛʝʥʳ, ʦʧʫʭʦʣʴ-ʩʫʧʨʝʩʩʠʨʫʶʱʠʝ ʛʝʥʳ 

ʠ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʧʘʨʘʮʠʝʡ ɼʅʂ (ʂʦʧʥʠʥ, 2004).  

ʇʨʦʪʦʦʥʢʦʛʝʥʳ ï ʵʪʦ ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʛʝʥʳ, ʫʩʠʣʝʥʠʝ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʷ 

ʬʫʥʢʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʨʘʱʘʝʪ ʠʭ ʚ ʦʥʢʦʛʝʥʳ (ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ). ʆʥʠ ʫʯʘʩʪʚʫʶʪ 

ʚ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ: ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʠ ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʢʪʠʚʘʮʠʠ ʥʘʨʫʰʘʝʪʩʷ ʢʦʥʪʨʦʣʴ 

ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʢʠ.  
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ʆʧʫʭʦʣʝʚʳʝ ʩʫʧʨʝʩʩʦʨʳ ï ʵʪʦ ʢʣʝʪʦʯʥʳʝ ʛʝʥʳ, ʠʥʘʢʪʠʚʘʮʠʷ ʢʦʪʦʨʳʭ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ 

ʥʘʦʙʦʨʦʪ ʤʦʞʝʪ ʧʦʜʘʚʠʪʴ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʫʭʦʣʝʚʳʭ ʩʫʧʨʝʩʩʦʨʦʚ 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʘʧʦʧʪʦʟʘ ʠʣʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʢʣʝʪʦʢ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʘʥʦʤʘʣʠʷʤʠ (ʂʦʧʥʠʥ, 2004). 

ɻʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʧʘʨʘʮʠʝʡ ɼʅʂ ï ʵʪʦ ʛʨʫʧʧʘ ʛʝʥʦʚ, ʜʝʬʝʢʪʳ ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʫʚʝʣʠʯʝʥʠʶ ʛʝʥʦʤʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʡ ʢʣʝʪʢʠ. ʈʝʛʫʣʷʮʠʷ ʬʫʥʢʮʠʠ ʵʪʠʭ ʛʝʥʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʠ ɻ ʧʠʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ. ʅʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʙʳʪʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʦʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʳ ʩ ʤʫʪʘʮʠʷʤʠ, 

ʤʫʣʴʪʠʧʣʠʢʘʮʠʷʤʠ, ʠʥʚʝʨʩʠʷʤʠ ʠ ʜʝʣʝʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ. 

ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ, 

ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠ ʁʛʠʩʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʠʟʤʝʥʝʥʠʷʤʠ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢʣʝʪʢʠ, ʪʘʢ ʠ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʨʫʰʝʥʠʷ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʤʫ ʧʝʨʝʨʦʞʜʝʥʠʶ 

ʢʣʝʪʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʜʠʘʮʠ,ʁ ʜʝʡʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʘʢʪʠʚʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʣʢʠʣʠʨʫʶʱʠʝ ʘʛʝʥʪʳ.  

ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʩʧʘʣʝʥʠʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʙʣʠʟʣʝʞʘʱʠʭ ʪʢʘʥʝʡ. ʀʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʪʦʤʫ, ʯʪʦ ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ 

(ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ, ʝʝ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ (Greten, Grivennikov, 2019; Singh et al., 2019). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ.  

ɺ ʭʨʦʥʠʯʝʩʢʦʤ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʢʨʦʬʘʛʠ. ɺʤʝʩʪʝ ʩ 

ʣʝʡʢʦʮʠʪʘʤʠ, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ, ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʠ ʘʟʦʪʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʠʥʬʝʢʮʠʝʡ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʠ ʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʘʭʦʞʜʝʥʠʝ ʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʤʫʪʘʛʝʥʦʚ, ʥʘʧʨʠʤʝʨ, ʧʝʨʦʢʩʠʥʠʪʨʠʪʘ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ ɼʅʂ ʠ ʚʳʟʳʚʘʝʪ ʤʫʪʘʮʠʠ ʚ 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʠ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ.  
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ʂʨʦʤʝ ʪʦʛʦ ʤʘʢʨʦʬʘʛʠ ʠ ʊ-ʣʠʤʬʦʮʠʪʳ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴ ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ-ʘʣʴʬʘ 

(Tumor necrosis factor-Ŭ, TNF-Ŭ) ʠ ʜʨʫʛʠʝ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠ ʁ

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ɼʅʂ (Singh et al., 2019). 

ʈʦʣʴ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʩʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʥʝʦʧʣʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʯʘʛʘ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʩʪʨʦʤʘ, ʢʦʪʦʨʘʷ ʠʥʬʠʣʴʪʨʦʚʘʥʘ 

ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ: ʊ- ʠ ɺ-ʢʣʝʪʢʘʤʠ, ʤʘʢʨʦʬʘʛʘʤʠ ʠ ʜʝʥʜʨʠʪʥʳʤʠ ʢʣʝʪʢʘʤʠ (ɼʂ), 

ʩʫʧʨʝʩʩʦʨʥʳʤʠ ʤʠʝʣʦʠʜʥʳʤʠ ʢʣʝʪʢʘʤʠ, NK-ʢʣʝʪʢʘʤʠ (Singh et al., 2019; ʂʦʚʘʣʝʚʘ, 

ʇʦʜʣʝʩʥʘʷ, ɻʨʘʯʝʚ, 2022). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ, 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʦʧʫʭʦʣʴʶ, ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʪʨʦʤʳ ʥʝ ʪʦʣʴʢʦ 

ʧʝʨʝʩʪʘʶʪ çʚʠʜʝʪʴè ʠ ʫʥʠʯʪʦʞʘʪʴ ʥʝʦʧʣʘʩʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ, ʥʦ, ʥʘʧʨʦʪʠʚ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʠ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ (Greten, Grivennikov, 2019). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʦʨʤʝ 

ʤʘʢʨʦʬʘʛʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʢʘʥʷʭ ʠ ʫʜʘʣʷʶʪ ʧʦʛʠʙʰʠʝ ʢʣʝʪʢʠ (ʬʘʛʦʮʠʪʠʨʫʶʪ ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ 

ʪʝʣʴʮʘ), ʧʨʦʠʟʚʦʜʷʪ ʭʝʤʦʪʦʢʩʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, 

ʨʝʛʫʣʠʨʫʶʪ ʠʤʤʫʥʥʳʝ ʠ ʙʘʨʴʝʨʥʳʝ ʬʫʥʢʮʠʠ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʠʰʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʉʂ). 

ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʝʢʨʝʪʠʨʫʶʪ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʤʘʢʨʦʬʘʛʠ ʠʟ ʢʣʝʪʦʢ-

ʘʥʪʘʛʦʥʠʩʪʦʚ ʚ ʢʣʝʪʢʠ-ʧʦʤʦʱʥʠʢʠ. ʆʥʠ ʧʨʦʜʫʮʠʨʫʶʪ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ-ɓ1 

(Tumor growth factor-ɓ1, TGF-ɓ1), ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʠʥʬʠʣʴʪʨʫʶʱʠʭ ʦʧʫʭʦʣʴ ʤʘʢʨʦʬʘʛʦʚ ʚ ʬʝʥʦʪʠʧ ʄ2. ʄʘʢʨʦʬʘʛʠ ʩ ʪʘʢʠʤ ʬʝʥʦʪʠʧʦʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʨʦʩʪʘ ʦʧʫʭʦʣʠ. ʆʥʠ ʘʢʪʠʚʥʦ ʩʝʢʨʝʪʠʨʫʶʪ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ, ʨʘʟʨʫʰʘʶʱʠʝ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʨʦʨʘʩʪʘʥʠʶ 

ʦʧʫʭʦʣʠ ʚ ʙʣʠʟʣʝʞʘʱʠʝ ʪʢʘʥʠ. ʄ2-ʤʘʢʨʦʬʘʛʠ ʪʘʢʞʝ ʩʝʢʨʝʪʠʨʫʶʪ ʬʘʢʪʦʨ ʨʦʩʪʘ ʵʥʜʦʪʝʣʠʷ 

ʩʦʩʫʜʦʚ (Vascular endothelial growth factor, VEGF), ʢʦʪʦʨʳʡ ʩʪʠʤʫʣʠʨʫʝʪ ʘʥʛʠʦʛʝʥʝʟ 

ʦʧʫʭʦʣʝʚʦʛʦ ʩʘʡʪʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʛʨʘʮʠʠ ʤʦʥʦʮʠʪʦʚ ʚ ʦʧʫʭʦʣʝʚʳʡ ʦʯʘʛ ʠ ʩʦʚʤʝʩʪʥʦ ʩ TGF-

ɓ1 ʠʥʠʮʠʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʝʚʦʡ ʩʪʨʦʤʳ (Coussens, Werb, 2002; ɹʝʨʝʞʥʦʡ ʠ ʜʨ., 

2008; ʂʦʚʘʣʝʚʘ, ʇʦʜʣʝʩʥʘʷ, ɻʨʘʯʝʚ, 2022).  

ʊ-ʨʝʛʫʣʷʪʦʨʥʳʝ ʢʣʝʪʢʠ (Treg) ʠ ʩʫʧʨʝʩʩʦʨʳ ʤʠʝʣʦʠʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Myeloid-

derived suppressor cells, MDSC), ʷʚʣʷʶʱʠʝʩʷ ʨʝʛʫʣʷʪʦʨʥʳʤ ʟʚʝʥʦʤ ʚ ʨʘʟʚʠʪʠʠ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ, ʪʘʢʞʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʢʣʝʪʢʘʤʠ ʦʧʫʭʦʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʟʥʠʢʰʠʡ ʥʝʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʣʦʥ. ʂʣʝʪʢʠ ʦʧʫʭʦʣʠ 

ʧʨʦʜʫʮʠʨʫʶʪ ʮʠʪʦʢʠʥ CCL22, ʧʨʠʚʣʝʢʘʶʱʠʡ ʚ ʩʘʡʪ ʦʧʫʭʦʣʠ Treg, ʢʦʪʦʨʳʝ ʧʨʦʜʫʮʠʨʫʷ TGF-

ɓ ʠʥʘʢʪʠʚʠʨʫʶʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʣʠʤʬʦʮʠʪʳ (ʩʥʠʞʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ 

ʚʳʩʚʦʙʦʞʜʘʪʴ ʩʝʢʨʝʪʦʨʥʳʝ ʛʨʘʥʫʣʳ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ). ɺʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʮʠʪʦʢʠʥʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʢʣʝʪʢʘʤʠ ʦʧʫʭʦʣʠ ʠ ʝʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ, ʘʢʪʠʚʠʨʫʶʪ MDSC. 
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MDSC ʧʦʜʘʚʣʷʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʟʘ ʩʯʝʪ ʧʨʦʜʫʢʮʠʠ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʢʠʩʣʦʨʦʜʘ, TGF-ɓ, ʘʢʪʠʚʘʮʠʠ ʘʨʛʠʥʘʟʳ-1 ʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʘʟʦʪʘ. ʆʥʠ ʩʦʜʝʡʩʪʚʫʶʪ 

ʘʥʛʠʦʛʝʥʝʟʫ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ (ʄʘʣʳʰʝʚ, 2012).  

ʇʘʨʘʜʦʢʩʘʣʴʥʦ, ʯʪʦ ʦʧʫʭʦʣʴ ʥʝ ʪʦʣʴʢʦ ʠʟʙʝʛʘʝʪ ʠʤʤʫʥʥʦʛʦ ʥʘʜʟʦʨʘ, ʥʦ ʠ ʧʨʠʚʣʝʢʘʝʪ ʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʪ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʠ ʥʘʯʠʥʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ 

ʧʨʦʦʧʫʭʦʣʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʦʙʨʘʟʫʷ ʟʘʱʠʪʥʫʶ ʪʢʘʥʴ ʦʧʫʭʦʣʠ ï ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʠʨʦʚʘʥʥʫʶ 

ʩʪʨʦʤʫ. 

 

1.1.1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʠ ʦʧʫʭʦʣʠ ʢʘʢ ʪʢʘʥʠ  

ʂʘʥʦʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦ ʧʝʨʝʨʦʞʜʝʥʥʳʭ ʢʣʝʪʦʢ ʚʢʣʶʯʘʶʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʦʟʥʠʢʰʠʭ ʚ ʭʦʜʝ ʤʥʦʛʦʵʪʘʧʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʝʥʦʤʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ: 

ʧʦʜʜʝʨʞʘʥʠʝ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʟʙʝʛʘʥʠʝ ʩʫʧʨʝʩʩʠʠ ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ, 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʙʝʩʩʤʝʨʪʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʧʦʧʪʦʟʫ, ʠʥʚʘʟʠʚʥʦʩʪʴ ʠ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ (Hanahan, Weinberg, 2011). ʉʘʤʘ ʦʧʫʭʦʣʝʚʘʷ ʪʢʘʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʢʪʠʚʥʳʤ ʘʥʛʠʦʛʝʥʝʟʦʤ. 

ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʫʶ, 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʪʴ ʚ ʜʨʫʛʠʝ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ.  

1.1.1.1. ʇʦʜʜʝʨʞʘʥʠʝ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʧʦʩʪʦʷʥʥʫʶ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʦʨʤʘʣʴʥʳʝ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ ʩʪʨʦʛʦ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʩʠʥʪʝʟ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ ʜʝʣʝʥʠʝ ʢʣʝʪʦʢ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʧʦʣʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʛʦʤʝʦʩʪʘʟ ʪʢʘʥʠ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ ʜʝʣʝʥʠʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ. 

ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ 

ʩʠʛʥʘʣʳ (ʥʘʧʨʠʤʝʨ, ʬʘʢʪʦʨʳ ʨʦʩʪʘ), ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʢʣʝʪʦʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʮʠʪʦʧʣʘʟʤʘʪʠʪʯʝʩʢʠʝ ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʝ ʜʦʤʝʥʳ. ʊʘʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʪʠʚʠʨʫʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʣʝʥʠ ̫ ʢʣʝʪʦʢ. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ ʩʠʛʥʘʣʳ, ʘ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʪʨʦʤʳ 

(ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʦʧʫʭʦʣʠ) ʢ ʩʠʥʪʝʟʫ ʫʢʘʟʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ (Lemmon, Schlessinger, 

2010).  
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ɽʱʝ ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʮʝʧʪʦʨʦʚ ʢ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʣʠʛʘʥʜʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ 

ʧʨʦʜʫʮʠʨʫʝʪ ʛʠʧʝʨʦʪʚʝʪ ʜʘʞʝ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʛʘʥʜʦʚ ʢ ʨʦʩʪʦʚʳʤ ʬʘʢʪʦʨʘʤ. ɺ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ ʨʝʮʝʧʪʦʨʘ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʣʠʛʘʥʜ-ʟʘʚʠʩʠʤʫʶ ʘʢʪʠʚʘʮʠʶ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ 

ʩʦʤʘʪʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, 

ʟʘʧʫʩʢʘʝʤʳʭ ʚ ʥʦʨʤʝ ʨʦʩʪʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ (Hanahan, 2022).  

ɼʨʫʛʦʡ ʧʫʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʥʘʨʫʰʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɺ ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʧʦʩʣʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ (Chandarlapaty, 

2012; Hanahan, Weinberg, 2011).  

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ, ʢʦʜʠʨʫʶʱʠʤ 

ʦʧʫʭʦʣʝʚʳʡ ʩʫʧʨʝʩʩʦʨ PTEN, ʯʪʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ (ʛʣʠʦʤʘ, ʨʘʢ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʧʨʦʩʪʘʪʳ). PTEN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʛʘʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-

ʢʠʥʘʟʥʦʛʦ PI3K/Akt-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ, ʦʩʥʦʚʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʨʦʩʪʘ ʠ ʚʳʞʠʚʘʥʠʷ 

ʢʣʝʪʦʢ (Stambolic et al., 1998). ʉʥʠʞʝʥʠʝ ʠʣʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʜʝʣʝʥʠʶ ʥʝʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʣʝʪʢʠ. ʅʝʩʢʦʣʴʢʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ PTEN, ʩʥʠʞʘʷ ʩʠʥʪʝʟ ʝʛʦ 

ʤʈʅʂ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ. ʉʥʠʞʝʥʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ PTEN ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʝʣʢʦʤ p53, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ PTEN, ʠ ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʚ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. PTEN ʪʘʢʞʝ ʨʝʧʨʝʩʩʠʨʫʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ SNAIL ʠ 

SLUG, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʕʄʇ) ʠ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʘ ʚ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʭ ʦʧʫʭʦʣʷʭ (Chen, Liao, 

Yang, 2018).  

1.1.1.2. ʀʟʙʝʛʘʥʠʝ ʩʫʧʨʝʩʩʠʠ ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ 

ʆʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʩʫʧʨʝʩʩʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʜʝʨʞʠʚʘʶʪ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ 

ʩʠʛʥʘʣʳ, ʥʝ ʜʘʚʘ ̫ ʢʣʝʪʢʝ ʙʝʩʢʦʥʪʨʦʣʴʥʦ ʜʝʣʠʪʴʩʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ 

ʨʝʪʠʥʦʙʣʘʩʪʦʤʳ (retinoblastoma-associated proteins, pRB/E2F), ʨ53 ï ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ ʘʧʦʧʪʦʟʘ, ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʩʪʘʨʝʥʠʷ.  

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ E2F ʦʙʝʩʧʝʯʠʚʘʝʪ E2F-ʟʘʚʠʩʠʤʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ, ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʩʠʥʪʝʟʘ ɼʅʂ, ʚʢʣʶʯʘʷ ʮʠʢʣʠʥʳ E ʠ ɸ. ɺ 

ʦʙʳʯʥʦʤ ʩʦʩʪʦʷʥʠʠ E2F ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ RB, ʧʨʠ ʵʪʦʤ ʛʠʩʪʦʥʦʚʳʝ ʜʝʘʮʝʪʠʣʘʟʳ ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʨʦʤʘʪʠʥʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ E2F-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 
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ʧʨʦʤʦʪʦʨʘʤʠ ʠ ʘʢʪʠʚʥʦ ʧʦʜʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠ ʁ E2F-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʛʠʧʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ RB ʙʣʦʢʠʨʫʶʪ ʚʭʦʜ ʚ S-ʬʘʟʫ, ʠʥʛʠʙʠʨʫʷ 

E2F-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫ  ʁʧʨʦʛʨʘʤʤʫ (Sherr, McCormick, 2002). ʅʘʨʫʰʝʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʩʙʠʚʘʝʪ ʧʨʦʛʨʘʤʤʫ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʝʩʢʦʥʪʨʦʣʴʥʦʤʫ ʜʝʣʝʥʠʶ 

ʢʣʝʪʢʠ. ʋʨʦʚʝʥʴ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ RB ʨʝʛʫʣʠʨʫʝʪʩʷ ʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʳʤʠ 

ʢʠʥʘʟʘʤʠ. ʇʨʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ RB ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ E2F ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠ 

ʟʘʧʫʩʢʘʝʪ ʩʠʥʪʝʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʯʘʣʫ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ.  

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ p53 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ɼʅʂ, ʛʠʧʦʢʩʠʶ, ʘʢʪʠʚʘʮʠʶ ʦʥʢʦʛʝʥʦʚ ʠ ʨʝʛʫʣʠʨʫʝʪ ʢʣʝʪʦʯʥʳʝ ʧʨʦʛʨʘʤʤʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʣʠʙʦ ʢ ʦʩʪʘʥʦʚʢʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʣʠʙʦ ʘʧʦʧʪʦʟʫ ʢʣʝʪʢʠ. ɺ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ 

ʥʘʨʫʰʝʥʳ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʠʥʪʝʟ ʵʪʦʛʦ ʩʫʧʨʝʩʩʦʨʘ, ʯʪʦ ʪʘʢ ʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʜʝʣʝʥʠʶ ʢʣʝʪʦʢ (Hanahan, Weinberg, 2011). 

ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʙʝʩʢʦʥʪʨʦʣʴʥʦ ʜʝʣʠʪʴʩʷ, 

ʷʚʣʷʝʪʩʷ ʠʟʙʝʛʘʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʨʤʦʞʝʥʠʝ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʥʦʩʣʦʷ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ ʢʣʝʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʠ in vitro ̫ ʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ in 

vivo, ʧʦʟʚʦʣʷʶʱʠʤ ʩʦʭʨʘʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʛʦʤʝʦʩʪʘʟ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʡ ʥʘʨʫʰʘʝʪʩʷ ʚ 

ʭʦʜʝ ʦʥʢʦʛʝʥʝʟʘ. ʆʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʙʝʣʢʘ 

Merlin, ʢʦʪʦʨʳʡ ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ NF2. Merlin ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʟʦʥʘʭ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʠ 

ʩʚʷʟʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʣʝʢʫʣʳ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʩ ʘʢʪʠʥʦʚʳʤʠ ʬʠʣʘʤʝʥʪʘʤʠ, ʫʯʘʩʪʚʫʷ 

ʚ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʛʝʨʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʙʝʣʢʘ ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ LKB1, 

ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʥʠʞʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʫʢʘʟʘʥʥʳʭ ʙʝʣʢʦʚ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ (Hanahan, 

Weinberg, 2011). 

1.1.1.3. ʈʝʧʣʠʢʘʪʠʚʥʦʝ ʙʝʩʩʤʝʨʪʠʝ 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʧʫʭʦʣʝʡ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʠʣʠ ʙʣʠʟʢʠʡ ʢ ʪʘʢʦʚʦʤʫ ʧʦʪʝʥʮʠʘʣ ʜʝʣʝʥʠʷ. ɺ ʥʦʨʤʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʫʜʚʦʝʥʠʡ ʢʣʝʪʢʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʯʠʩʣʦʤ ʍʝʡʬʣʠʢʘ. ɺ 1961 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʡ ʫʯʝʥʳʡ ʃʝʦʥʘʨʜ ʍʝʡʬʣʠʢ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʥʘ ʢʦʥʮʘʭ ʭʨʦʤʦʩʦʤ ʥʘʭʦʜʷʪʩʷ 

ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (-ʊʊʊɸGGG-)*n, ʢʦʪʦʨʳʝ 

ʟʘʱʠʱʘʶʪ ʢʦʥʮʳ ʭʨʦʤʦʩʦʤ ʠ ʫʢʦʨʘʯʠʚʘʶʪʩʷ ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ ʜʝʣʝʥʠʷ. ʋʢʦʨʘʯʠʚʘʥʠʝ 

ʭʨʦʤʦʩʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʵʫʢʘʨʠʦʪ ʥʝ ʩʧʦʩʦʙʥʘ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʧʠʶ ɼʅʂ ʩ ʩʘʤʦʛʦ ʢʦʥʮʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʩ ʢʘʞʜʳʤ ʜʝʣʝʥʠʝʤ ʜʣʠʥʘ ʪʝʣʦʤʝʨ 
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ʫʢʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʫ ʥʫʢʣʝʦʪʠʜʦʚ ʈʅʂ 

ʧʨʘʡʤʝʨʘ-ʟʘʪʨʘʚʢʠ (ʈʦʟʝʥʬʝʣʴʜ ʠ ʜʨ., 2021). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʣʠʤʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʩʣʠʷʥʠʷ ʢʦʥʮʦʚ ʭʨʦʤʦʩʦʤ, ʥʝ ʟʘʱʠʱʝʥʥʳʭ ʪʝʣʦʤʝʨʘʤʠ, ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ 

ʢʘʨʠʦʪʠʧʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʩʩ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʢʣʝʪʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʠʥʘ ʪʝʣʦʤʝʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʝʣʝʥʠʡ 

ʢʣʝʪʢʠ ʠ ʝʝ ʧʦʪʦʤʢʦʚ. ʄʝʭʘʥʠʟʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʪʝʣʦʤʝʨ ʟʘʱʠʱʘʝʪ 

ʦʨʛʘʥʠʟʤ ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʜʝʣʠʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦ (ʀʤʷʥʠʪʦʚ, 2010).  

ɺ ʢʣʝʪʢʝ ʩʫʱʝʩʪʚʫʝʪ ʬʝʨʤʝʥʪ ʪʝʣʦʤʝʨʘʟʘ, ʩʧʝʮʠʬʠʯʝʩʢʘʷ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʨʘʠʚʘʝʪ ʪʝʣʦʤʝʨʥʳʝ ʧʦʚʪʦʨʳ ʥʘ ʢʦʥʮʘʭ ʭʨʦʤʦʩʦʤ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ 

ʵʢʩʧʨʝʩʩʠʷ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʠ ʵʪʦʤ ʚ ʥʦʨʤʘʣʴʥʳʭ ʉʂ ʪʝʣʦʤʝʨʘʟʘ 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʜʝʪʝʢʪʠʨʫʝʤʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɺ ʢʣʝʪʢʘʭ ʧʦʜʘʚʣʷʶʱʝʛʦ ʧʨʦʮʝʥʪʘ ʦʧʫʭʦʣʝʡ 

(85 %), ʵʢʩʧʨʝʩʩʠʷ ʫʢʘʟʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʦʚʳʰʝʥʘ (Fernandez-Garcia, Ortiz-De-Solorzano, 

Montuenga, 2008).  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʪʝʣʦʤʝʨʘʟʳ ʚ ʥʝʦʪʨʥʘʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ 

ʘʥʘʣʦʛʠʯʝʥ ʤʝʭʘʥʠʟʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʉʂ, ʠ ʩʚʷʟʘʥ ʩ Wnt/ɓ-catenin-ʩʠʛʥʘʣʴʥʳʤ 

ʢʘʩʢʘʜʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɓ-

catenin, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʣʝʪʢʠ ʠ ʠʟʙʝʛʘʶʱʠʡ ʜʝʛʨʘʜʘʮʠʠ 

ʙʣʘʛʦʜʘʨʷ ʩʠʛʥʘʣʫ Wnt, ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʬʝʨʤʝʥʪʘ 

ʪʝʣʦʤʝʨʘʟʳ (TERT). ɺ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʫʯʘʩʪʚʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ KLF4, ʢʦʪʦʨʳʡ 

ʥʘʧʨʘʚʣʷʝʪ ɓ-catenin ʥʘ ʧʨʦʤʦʪʦʨ ʛʝʥʘ TERT, ʟʘʧʫʩʢʘʷ ʪʨʘʥʩʢʠʧʮʠʶ ʤʈʅʂ ʪʝʣʦʤʝʨʘʟ.r 

ʋʢʘʟʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʝʥ ʚ ʢʣʝʪʢʘʭ ʤʥʦʛʠʭ ʦʧʫʭʦʣʝʡ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʪʝʣʦʤʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʚʦʡʩʪʚʘ çʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʙʝʩʩʤʝʨʪʠʷè. 

ʕʢʩʧʝʨʩʩʠʶ ʛʝʥʘ ʪʝʣʦʤʝʨʘʟ r ʪʘʢʞʝ ʘʢʪʠʚʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʦʥʢʦʛʝʥʳ, ʥʘʧʨʠʤʝʨ, ʬʘʢʪʦʨ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ-ʄyc, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʢʦʥʪʨʦʣʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ 

(ʈʦʟʝʥʬʝʣʴʜ ʠ ʜʨ., 2021). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʙʝʩʩʤʝʨʪʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʢʣʦʥʘ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʣʠʥʫ ʪʝʣʦʤʝʨ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, 

ʟʘʧʫʩʢʘʶʱʝʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʢʣʝʪʦʯʥʫʶ ʛʠʙʝʣʴ (ʘʧʦʧʪʦʟ), ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʣʠʟʠʩʦʤ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ. 

1.1.1.4. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʧʦʧʪʦʟʫ 

ʇʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʜʚʘ ʪʠʧʘ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ: ʥʝʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ. ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʥʝʢʨʦʟ ï ʛʠʙʝʣʴ ʢʣʝʪʢʠ ʩ ʨʘʟʚʠʪʠʝʤ ʚʦʩʧʘʣʝʥʠʷ, 

ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʢʘʥʠ. ʂʦ ʚʪʦʨʦʤʫ 

ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʘʧʦʧʪʦʟ ï ʧʦʵʪʘʧʥʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʚʘʨʠʘʥʪ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʠʤʝʶʱʠʡ 
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ʵʥʝʨʛʦʟʘʚʠʩʠʤʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʪʢʘʥʠ ʠ ʦʨʛʘʥʘ. ɺ ʥʦʨʤʝ ʵʣʠʤʠʥʘʮʠʷ ʢʣʝʪʦʢ ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʭʩʷ ʪʢʘʥʷʭ, ʪʘʢʠʭ ʢʘʢ ʵʧʠʪʝʣʠʡ ʢʠʰʝʯʥʠʢʘ, ʢʦʞʘ, ʢʨʦʚʴ ʠ ʠʛʨʘʝʪ ʬʫʥʢʮʠʶ 

ʫʜʘʣʝʥʠʷ ʩʪʘʨʳʭ ʠ/ʠʣʠ ʘʙʝʨʨʘʥʪʥʳʭ ʢʣʝʪʦʢ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʟʘʧʫʩʢʘʶʱʠʤ ʧʨʦʛʨʘʤʤʫ 

ʘʧʦʧʪʦʟʘ, ʩʣʫʞʠʪ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ɼʅʂ, ʢʦʪʦʨʳʝ ʢʣʝʪʢʘ ʥʝ 

ʤʦʞʝʪ ʠʩʧʨʘʚʠʪʴ. ɸʧʦʧʪʦʟ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʦʪ ʨʘʟʚʠʪʠʷ 

ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʝʨʝʨʦʞʜʝʥʠʷ (ʀʤʷʥʠʪʦʚ, 2010). 

ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʙʭʦʜʘ ʘʧʦʧʪʦʟʘ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʘ TP53, 

ʛʣʘʚʥʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʝʥʩʦʨʘ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ɹʝʣʦʢ p53 ʠʥʜʫʮʠʨʫʝʪ ʘʧʦʧʪʦʟ, 

ʩʪʠʤʫʣʠʨʫʷ ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʦʚ Noxa ʠ Puma. ʋʢʘʟʘʥʥʳʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘʤʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤʠ ʘʢʪʠʚʘʮʠʶ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ Bcl-2 (Cao, Livas, Kyprianou, 

2016). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʵʢʩʧʨʝʩʩʠʶ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ BclL-2, Bcl-xL, ʠʣʠ ʩʠʛʥʘʣʦʚ 

ʚʳʞʠʚʘʥʠʷ IGF1/2 ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʘʚʣʝʥʠʷ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (Bax, Bim, Puma) 

(Hanahan, Weinberg, 2011; ʂʫʰʣʠʥʩʢʠʡ, ʅʝʤʮʦʚʘ, 2014). 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʝʢʨʦʟ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʦʙʳʪʠʝʤ ʚ ʦʪʚʝʪ ʥʘ ʨʝʟʢʠʝ 

ʚʥʝʰʥʠʝ ʠʟʤʝʥʝʥʠʷ (ʛʠʧʦʢʩʠʷ, ʦʞʦʛ, ʧʦʚʨʝʞʜʝʥʠʝ ʪʢʘʥʠ). ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷ ʥʝʢʨʦʟ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʢʦʥʪʨʦʣʝʤ ʢʣʝʪʢʠ (Proskuryakov, Konoplyannikov, Gabai, 2003). ʇʨʠ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʢʨʦʟʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʪʢʘʥʴ ʚʳʩʚʦʙʦʞʜʘʶʪʩ ̫ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ 

ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ ʚ ʦʯʘʛ ʧʦʚʨʝʞʜʝʥʠʷ. ʊʘʢʞʝ ʚʳʩʚʦʙʦʞʜʝʥʥʳʝ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ, 

ʥʘʧʨʠʤʝʨ, IL-1Ŭ, ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʩʦʩʝʜʥʠʭ ʢʣʝʪʦʢ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʦʧʫʭʦʣʠ (Hanahan, Weinberg, 2011; Zhao et al., 

2021). ɺ ʢʦʥʪʝʢʩʪʝ ʧʦʥʷʪʠʷ çʦʧʫʭʦʣʴè ʪʘʢʠʝ ʧʨʠʚʣʝʯʝʥʥʳʝ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʘʥʛʠʦʛʝʥʝʟʫ, ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʠʥʚʘʟʠʠ.  

1.1.1.5. ʀʥʚʘʟʠʷ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ 

ʇʨʦʮʝʩʩ ʠʥʚʘʟʠʠ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʠʩʢʨʝʪʥʳʭ ʰʘʛʦʚ, 

ʥʘʟʳʚʘʝʤʳʭ ʠʥʚʘʟʠʚʥʦ-ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ ʢʘʩʢʘʜʦʤ ʠʣʠ ʢʦʣʦʥʠʟʘʮʠʝʡ (Hanahan, Weinberg, 

2011). ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: (1) ʣʦʢʘʣʴʥʴʥʫʶ ʠʥʚʘʟʠʶ (ʧʨʦʨʘʩʪʘʥʠʝ ʚ ʙʣʠʟʣʝʞʘʱʠʝ ʪʢʘʥʠ); (2) 

ʠʥʪʨʘʚʘʟʠʶ ï ʤʠʛʨʘʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʚ ʙʣʠʟʣʝʞʘʱʠʝ ʢʨʦʚʝʥʦʩʥʳʝ ʠ/ʠʣʠ 

ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʩʦʩʫʜʳ; (3) ʧʝʨʝʥʦʩ ʢʣʝʪʦʢ ʯʝʨʝʟ ʣʠʤʬʘʪʠʯʝʩʢʫʶ ʠ/ʠʣʠ ʢʨʦʚʝʪʚʦʨʥʫʶ 

ʩʠʩʪʝʤʳ; (4) ʵʢʩʪʨʘʚʘʟʠʶ ï ʧʝʨʝʭʦʜ ʠʟ ʧʨʦʩʚʝʪʘ ʩʦʩʫʜʘ ʚ ʧʘʨʝʥʭʠʤʫ ʦʪʜʘʣʝʥʥʳʭ ʪʢʘʥʝʡ; (5) 
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ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʟʝʣʢʦʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ï ʤʠʢʨʦʤʝʪʘʩʪʘʟʦʚ; (6) ʨʦʩʪ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʦʧʫʭʦʣʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʤʝʪʘʩʪʘʟʠʨʦʚʘʪʴ ʥʝ ʧʦ ʦʜʠʥʦʯʢʝ, ʘ ʛʨʫʧʧʦʡ ʚ 

ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʘ (Ġkovierov§ et al., 2018). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʛʨʘʤʤʳ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʳʭ ʦʧʫʭʦʣʝʚʘʷ ʢʣʝʪʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʩʧʦʩʦʙʥʦʡ ʠʥʚʘʟʠʨʦʚʘʪʴ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʪʴ. ʇʝʨʚʘʷ ʧʨʦʛʨʘʤʤʘ ʩʚʷʟʘʥʘ ʩ 

ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʢʣʝʪʢʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʵʧʠʪʝʣʠʘʣʴʥʳʤʠ ʯʝʨʪʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʩʧʦʩʦʙʥʳ ʢ ʧʝʨʝʤʝʱʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʚ 

ʢʣʝʪʢʝ ʥʘʯʠʥʘʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ ʙʝʣʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ 

ʩʥʠʞʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʙʝʣʢʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʣʝʪʢʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʯʝʨʪʳ, ʫ ʥʝʝ ʧʦʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ (ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʣʦ- ʠ ʣʘʤʝʣʣʦʧʦʜʠʡ), ʦʥʘ ʪʝʨʷʝʪ ʢʦʥʪʘʢʪʳ ʩ ʦʢʨʫʞʘʶʱʠʤʠ 

ʢʣʝʪʢʘʤʠ ʠ ʕʂʄ ʠ ʦʪʢʨʝʧʣʷʝʪʩʷ ʦʪ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʚʘʥ ʕʄʇ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʕʄʇ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ (Sºkeland, 

Schumacher, 2019). 

ɺʪʦʨʘʷ ʧʨʦʛʨʘʤʤʘ ʩʚʷʟʘʥʘ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʩʚʦʡʩʪʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʘʤʝʙʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʤʝʱʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ Rho/ROCK ʧʨʦʛʨʘʤʤʘ 

(Friedl, Wolf, 2003). 

ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʤʝʭʘʥʠʟʤ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʠ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪ rʜʮɼʅʂ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʧʦʧʪʦʪʠʯʝʩʢʦʡ ʠʣʠ ʥʝʢʨʦʪʠʯʝʩʢʦʡ ʛʠʙʝʣʠ ʢʣʝʪʦʢ. ɻʨʫʧʧʦʡ ʫʯʝʥʳʭ (Garacia-Olmo, 

Garacia-Olmo, Martinez, 2000; Garc²a-Olmo et al., 1999) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʠʥʬʫʟʠʷ ʧʣʘʟʤʳ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ-ʦʧʫʭʦʣʝʥʦʩʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʢʘʢʠʭ-ʣʠʙʦ ʢʣʝʪʦʢ, 

ʟʜʦʨʦʚʳʤ ʦʩʦʙʷʤ ʧʨʠʚʦʜʠʣʘ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʦʡ ʞʝ ʩʘʤʦʡ ʧʘʪʦʣʦʛʠʠ. ʕʪʦʪ ʬʘʢʪ ʟʘʩʪʘʚʠʣ 

ʘʚʪʦʨʦʚ ʚʳʜʚʠʥʫʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ ʚ ʦʧʫʭʦʣʝʚʳʡ 

ʬʝʥʦʪʠʧ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʦʢʦʤ ʢʨʦʚʠ ʬʨʘʛʤʝʥʪʦʚ 

ɼʅʂ, ʩʦʜʝʨʞʘʱʠʭ ʦʥʢʦʛʝʥʳ, ʦʥʢʦʩʫʧʨʝʩʩʦʨʳ ʠʣʠ ʠʥʳʝ, ʠʥʠʮʠʠʨʫʶʱʠʝ ʥʝʦʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʢʣʝʪʢʠ, ʤʦʣʝʢʫʣʳ ɼʅʂ. ʕʪʦʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʥʘʟʚʘʥ 

çʛʝʥʦʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤè (Garc²a-Olmo et al., 2010).  

1.1.1.6. ɸʥʛʠʦʛʝʥʝʟ 

ʂʘʢ ʠ ʚ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ, ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʧʠʪʘʥʠʷ, ʚʳʚʦʜʝ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʫʭʦʣʝʚʘʷ ʩʦʩʫʜʠʩʪʘʷ 
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ʩʝʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʧʨʦʮʝʩʩʝ ʘʥʛʠʦʛʝʥʝʟʘ. ɺ ʥʦʨʤʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʦʩʫʜʦʚ ʘʢʪʠʚʥʦ ʠʜʝʪ 

ʚ ʧʨʦʮʝʩʩʝ ʵʤʙʨʠʦʛʝʥʝʟʘ, ʚʦ ʚʟʨʦʩʣʦʤ ʦʨʛʘʥʠʟʤʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʚʨʝʤʝʥʥʦ 

ʟʘʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʚ çʦʩʦʙʳʭè ʩʣʫʯʘʷʭ (ʟʘʞʠʚʣʝʥʠʝ ʨʘʥ, ʞʝʥʩʢʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʮʠʢʣ). 

ʅʘʧʨʦʪʠʚ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʘʥʛʠʦʛʝʥʝʟ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʘʢʪʠʚʝʥ, ʯʪʦ 

ʟʘʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ ʧʦʢʦʷʱʫʶʩʷ ʩʦʩʫʜʠʩʪʫʶ ʩʝʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʩʦʩʫʜʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʜʜʝʨʞʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ 

ʚ ʨʘʟʤʝʨʘʭ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ.  

ʆʩʥʦʚʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʘʥʛʠʦʛʝʥʝʟʘ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨ ʨʦʩʪʘ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ɸ 

(VEGF-A) ʠ ʪʨʦʤʙʦʩʧʦʥʜʠʥ-1 (TSP-1). ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ VEGF ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʪʨʠ ʪʠʧʘ 

ʨʝʮʝʧʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟʳ (VEGFR1-3) ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʫʨʦʚʥʷʭ. 

ɸʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ VEGF ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʧʦʢʩʠʠ, ʪʘʢ ʠ 

ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʢʣʝʪʢʘʤʠ ʦʧʫʭʦʣʠ ʠʣʠ ʝʝ ʦʢʨʫʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, VEGF 

ʤʦʞʝʪ ʚ ʣʘʪʝʥʪʥʦʡ ʬʦʨʤʝ ʭʨʘʥʠʪʩʷ ʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʤ ʤʘʪʨʠʢʩʝ, ʚʳʩʚʦʙʦʞʜʘʷʩʴ ʠ 

ʘʢʪʠʚʠʨʫʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ (ʥʘʧʨʠʤʝʨ, MMP9), ʘʢʪʠʚʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʠʜʝʪ ʚ ʠʥʚʘʟʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ. TSP-1 ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʘʥʛʠʦʛʝʥʝʟʘ. ʉʚʷʟʳʚʘʷʩʴ ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, 

ʫʢʘʟʘʥʥʳʡ ʙʝʣʦʢ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʘʥʛʠʦʛʝʥʥʳʤ ʩʪʠʤʫʣʘʤ (Hanahan, Weinberg, 2011). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʝʪʢʠ ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʘ ʠʤʝʥʥʦ 

ʤʘʢʨʦʬʘʛʠ, ʥʝʡʪʨʦʬʠʣʳ ʠ ʪʫʯʥʳʝ ʢʣʝʪʢʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ. ʕʪʠ ʢʣʝʪʢʠ ʠʥʬʠʣʴʪʨʫʶʪ ʧʨʝʜʨʘʢʦʚʳʝ ʩʘʡʪʳ, ʩʦʙʠʨʘʷʩʴ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʦʯʘʛʘ, ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʢʣʶʯʝʥʠʶ ʨʘʥʝʝ çʤʦʣʯʘʱʝʡè ʪʢʘʥʠ ʢ ʩʪʠʤʫʣʷʮʠʠ 

ʣʦʢʘʣʴʥʦʡ ʠʥʚʘʟʠʠ, ʨʦʩʪʫ ʚʦʟʥʠʢʰʝʡ ʦʧʫʭʦʣʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʡ ʦʧʫʭʦʣʴ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ (Albini et al., 2018). 

ʂʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʧʫʭʦʣʷʭ, ʦʙʳʯʥʦ ʘʙʝʨʨʘʥʪʥʳ. ʆʥʠ ʠʟʚʠʣʠʩʪʳʝ 

ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠ ʦʙʨʘʟʫʶʪ ʙʝʩʧʦʨʷʜʦʯʥʦ ʨʘʟʨʦʩʰʫʶʩʷ ʢʘʧʠʣʣʷʨʥʫʶ ʩʝʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʫʭʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʢʘʥʴ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʘʷ ʚʳʰʣʘ ʠʟ ʧʦʜ 

ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʨʠʦʙʨʝʣʘ ʨʷʜ ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʝʡ, ʠʩʧʦʣʴʟʫʷ ʨʝʩʫʨʩ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʥʘʠʟʤʘ, ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʡ ʦʨʛʘʥ, ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʨʘʟʤʝʨʘʭ 

ʠ ʘʢʪʠʚʨʦʚʘʪʴ ʥʦʚʳʝ ʬʫʥʢʠʦʥʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʭʤʳ (ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʥʘʨʘʩʪʘʶʱʠʤ 

ʧʦʪʦʢʦʤ ʚʩʝ ʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʥʝʦʪʠʧʘ), ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʝ ʧʨʦʛʨʝʩʩʠʶ. 

 

1.1.2. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʫʭʦʣʠ 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʣʘ çʩʪʦʭʘʩʪʠʯʝʩʢʘʷè ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʦʧʫʭʦʣʠ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ, ʯʪʦ ʚʩʝ ʢʣʝʪʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʪʫʤʦʨʦʛʝʥʥʳʡ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ 
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ʧʦʪʝʥʮʠʘʣ, ʩʧʦʩʦʙʥʳ ʢ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʥʦʚʦʤ ʤʝʩʪʝ ʦʯʘʛʘ ʦʧʫʭʦʣʠ, 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦʤʫ ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʪʝʨʘʧʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ 

(ʦʧʝʨʘʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ, ʭʠʤʠʦ-/ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ) ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʷʚʣʷʣʠʩʴ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʩʦʭʨʘʥʷʣʩʷ 

ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɺ ʢʦʥʮʝ XX ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʤʝʥʷʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ 

ʦʧʫʭʦʣʠ. ʅʘ ʩʤʝʥʫ çʩʪʦʭʘʩʪʠʯʝʩʢʦʡè ʧʨʠʰʣʘ çʠʝʨʘʨʭʠʯʝʩʢʘʷè ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʫʭʦʣʠ, 

ʢʦʪʦʨʘʷ ʧʦʩʪʫʣʠʨʫʝʪ, ʯʪʦ ʦʧʫʭʦʣʴ ʛʝʪʝʨʦʛʝʥʥʘ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʠ ʥʘ ʚʝʨʰʠʥʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʣʝʩʪʥʠʮʳ ʥʘʭʦʜʷʪʩʷ ʆʉʂ (ʏʝʭʫʥ ʠ ʜʨ., 2012). ʊʦ ʝʩʪʴ ʦʧʫʭʦʣʴ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʢʣʝʪʦʢ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠ ʚ ʵʪʦʤ ʧʣʘʥʝ ʩʭʦʞʘ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʪʢʘʥʷʤʠ 

ʦʨʛʘʥʠʟʤʘ, ʛʜʝ ʟʘ ʨʦʩʪ ʠ ʨʝʛʝʥʝʨʘʮʠʶ ʦʪʚʝʯʘʶʪ ʉʂ.  

ʆʉʂ ʩʦʩʪʘʚʣʷʶʪ ʥʝʙʦʣʴʰʫʶ ʩʫʙʧʦʧʫʣʷʮʠʶ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ (ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ 1ï

7 %), ʭʦʪʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʦʞʝʪ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʘ, ʠ ʦʙʣʘʜʘʶʪ ʦʩʥʦʚʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʭʦʞʠʤʠ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʉʂ: ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʤʤʝʪʨʠʯʥʦ/ʘʩʠʤʤʝʪʨʠʯʥʦ 

ʜʝʣʠʪʴʩʷ, ʙʝʩʢʦʥʝʯʥʳʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʉʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ VEGF. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʪʦʤʫ, ʯʪʦ 

ʠʤʝʥʥʦ ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ, ʘʛʨʝʩʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʠ ʨʘʜʠʦ-/ʭʠʤʠʦʪʝʨʘʧʠʠ (Beier et al., 2007; Lathia et 

al., 2015; Qiang et al., 2009; Rycaj, Tang, 2014; Schreck et al., 2010). ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʦʧʫʭʦʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʧʦʪʦʤʢʘʤʠ, ʘ ʪʘʢʞʝ ʦʧʫʭʦʣʝʚʦʡ 

ʩʪʨʦʤʦʡ. ʂʦʤʤʠʪʠʨʦʚʘʥʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʦʜʥʘʢʦ ʥʝ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʬʪʘ ʧʨʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ.  

ɺʧʝʨʚʳʝ ʪʝʦʨʠʷ ʦ ʪʦʤ, ʯʪʦ ʉʂ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʚʠʪʠʠ ʦʧʫʭʦʣʠ, ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʝʱʝ ʚ 

1877 ʛʦʜʫ ɺʠʨʭʦʚʳʤ ʠ ʝʛʦ ʩʪʫʜʝʥʪʦʤ ʂʦʥʭʘʡʤʦʤ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʧʦʩʪʫʣʘʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʧʫʭʦʣʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʦʨʛʘʥʠʟʤʝ çʵʤʙʨʠʦʥʘʣʴʥʳʭ ʦʩʪʘʪʢʦʚè ï 

ʨʘʩʩʝʷʥʥʳʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʕʉʂ), ʢʦʪʦʨʳʝ ʦʩʪʘʣʠʩʴ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ 

ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ. ʕʪʘ ʪʝʦʨʠʷ ʧʦʣʫʯʠʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʢʦʛʜʘ ʠʟ ʧʝʨʝʚʠʪʳʭ 

ʢʨʳʩʘʤ ʕʉʂ ʙʣrʘ ʧʦʣʫʯʝʥʘ ʦʧʫʭʦʣʴ ï ʪʝʨʘʪʦʤʘ. ʊʝʨʘʪʦʤʳ ʩʦʜʝʨʞʘʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʚʩʝʭ ʪʨʝʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʤʠ ʫ ʜʝʪʝʡ ʚ ʧʝʨʚʳʝ ʛʦʜ rʞʠʟʥʠ. ɺ 1960-ʝ ʠ 1970-ʝ ʛʦʜʳ 

ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ ʧʦ ʪʝʨʘʪʦʢʘʨʮʠʥʦʤʘʤ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ ʦʧʫʭʦʣʷʤ, ʙʦʣʝʝ 
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ʘʛʨʝʩʩʠʚʥʳʤ, ʯʝʤ ʪʝʨʘʪʦʤʳ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʠʟ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚʩʝʭ ʪʨʝʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ (Capp, 2019).  

ɼʦ 80-ʭ ʛʦʜʦʚ ʧʨʦʙʣʝʤʘ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʦʧʫʭʦʣʠ ʙʳʣʘ ʦʪʦʜʚʠʥʫʪʘ ʥʘ ʚʪʦʨʦʡ 

ʧʣʘʥ, ʠ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʚ ʚʦʧʨʦʩʘʭ ʨʘʟʚʠʪʠ ̫ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠ ̫ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʜʝʣʘʣʩʷ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʥʢʦʛʝʥʦʚ ʠ ʛʝʥʦʤʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ.  

ʇʨʦʨʳʚ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʠʟʫʯʝʥʠʠ ʨʦʣʠ ʆʉʂ ʚ ʨʘʟʚʠʪʠʠ ʦʧʫʭʦʣʠ ʙʳʣ ʩʜʝʣʘʥ ʚ 1994ï

1997 ʛʦʜʘʭ John E. Dick ʩ ʢʦʣʣʝʛʘʤʠ ʥʘ ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ ʤʠʝʣʦʠʜʥʦʛʦ ʣʝʡʢʦʟʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʘʷ ʧʦʧʫʣʷʮʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩʧʦʩʦʙʥʘ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʦʧʫʭʦʣʴ ʧʨʠ ʧʝʨʝʚʠʚʢʝ SCID ʤʳʰʘʤ. ɺ ʩʝʨʠʠ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʉʂ (Bonnet, Dick, 1997). ʆʧʫʭʦʣʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, 

ʩʦʩʪʦʷʣʠ ʠʟ ʩʤʝʩʠ ʪʫʤʦʨʦʛʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʪʦʤʢʦʚ ʠ ʙʳʣʠ ʧʦʜʦʙʥʳ 

ʠʩʭʦʜʥʦʡ ʦʧʫʭʦʣʠ. ʕʪʦ ʷʚʠʣʦʩʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʆʉʂ 

ʧʨʦʜʫʮʠʨʫʶʪ ʜʚʘ ʪʠʧʘ ʢʣʝʪʦʢ: ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʭʦʜʥʦʡ, ʩʪʚʦʣʦʚʦʡ, ʠ ʙʦʣʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʪʝʨʷʶʪ ʩʚʦʡ ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ.  

ɺ 2003 ʛʦʜʫ ɸʣʴ-ʍʘʜʞ ʩ ʢʦʣʣʝʛʘʤʠ ʚʧʝʨʚʳʝ ʩʤʦʛ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʚʳʜʝʣʠʪʴ ʆʉʂ 

ʠʟ ʦʧʫʭʦʣʠ ʩʦʣʠʜʥʦʡ ʬʦʨʤʳ, ʘ ʠʤʝʥʥʦ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʧʦʢʘʟʘʚ, ʯʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠʤʝʶʪ ʪʫʤʦʨʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ (Al-Hajj et al., 2003). ʇʦʟʜʥʝʝ ʆʉʂ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʷʭ ʜʨʫʛʠʭ ʥʦʟʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʧʫʭʦʣʠ 

ʤʦʟʛʘ, ʣʝʛʢʠʭ, ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ ʠ ʜʨ. (Dalerba et al., 2007; OôBrien et al., 2007; Singh et al., 

2004; Singh et al., 2003). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʆʉʂ ʧʝʨʝʚʝʨʥʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʠʨʦʚʦʛʦ ʥʘʫʯʥʦ-

ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʦ ʧʦʠʩʢʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʪʘʨʛʝʪʥʳʝ ʧʦʜʭʦʜʳ ʣʝʯʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʣʠʙʦ ʥʘ ʵʣʠʤʠʥʘʮʠʶ ʆʉʂ, ʣʠʙʦ ʥʘ ʙʣʦʢʠʨʦʚʘʥʠʝ ʠʭ ʪʫʤʦʨʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʣ ʙʨʦʰʝʥʦ ʥʘ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʪʝʨʘʧʠʠ, ʤʥʦʛʠʝ ʬʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚʘ ʆʉʂ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʡ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ 

ʣʫʯʰʝʛʦ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʨʠʨʦʜʘ ʆʉʂ ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʘ, ʘ ʛʝʥʦʤʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʥʘʩʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʘ, ʯʪʦ çʫʙʠʪʴè ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʆʉʂ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʘʢʪʠʚʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ.  
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1.2. ʆʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ  

 

1.2.1. ʆʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʢʘʢ ʦʨʛʘʥʠʟʫʶʱʠʝ ʝʜʠʥʠʮʳ ʥʘ ʚʝʨʰʠʥʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨ rʦʧʫʭʦʣʠ 

ʆʉʂ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʥʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ ʝʡ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʫʶ ʦʧʫʭʦʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʧʘʪʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʦʨʛʘʥʠʟʤʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʆʉʂ, ʷʚʣʷʶʪʩʷ: ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʜʦʯʝʨʥʶʶ ʢʦʤʤʠʪʠʨʦʚʘʥʥʫʶ ʢʣʝʪʢʫ ʦʧʫʭʦʣʠ, ʘ ʪʘʢʞʝ 

ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢ ʢʣʦʥʘʣʴʥʦʤʫ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʧʦʧʫʣʷʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

(Clarke et al., 2006; OôBrien, Kreso, Jamieson, 2010). ʉʦʣʠʜʥʳʝ ʦʧʫʭʦʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʠʝʨʘʨʭʠʯʝʩʢʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʆʉʂ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʨʦʩʪ ʦʧʫʭʦʣʠ, 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʠ ʚʦʟʦʙʥʦʚʣʷʶʱʠʭ ʧʦʧʫʣʷʮʠʶ ʧʝʨʝʨʦʞʜʝʥʥʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʤʝʰʘʪʝʣʴʩʪʚ, 

ʪʦ ʝʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʷ (Gilbert, Ross, 2011a). ɽʱʝ 

ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʆʉʂ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ 

(ʥʠʰʫ ʆʉʂ). ʆʉʂ ʚʳʜʝʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʭʝʤʦʢʠʥʳ ʠ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, 

ʧʨʠʚʣʝʢʘʶʱʠʝ ʚ ʩʘʡʪ ʦʧʫʭʦʣʠ ʤʘʢʨʦʬʘʛʠ, ʣʠʤʬʦʮʠʪʳ, ʤʦʥʦʮʠʪʳ ʠ ʜʨʫʛʠʝ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ. 

ʆʢʘʟʘʚʰʠʝʩʷ ʚ ʦʯʘʛʝ ʦʧʫʭʦʣʠ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʬʠʙʨʦʙʣʘʩʪʳ, ʩʦʟʜʘʶʱʠʝ 

ʩʪʨʦʤʘʣʴʥʫʶ ʪʢʘʥʴ ʦʧʫʭʦʣʠ, ʠʟʤʝʥʷʶʪ ʩʚʦʠ ʠʩʭʦʜʥʦ çʥʘʜʟʠʨʘʶʱʠʝ ʩʚʦʡʩʪʚʘè ʠ ʥʘʯʠʥʘʶʪ 

ʨʘʙʦʪʘʪʴ ʚ ʩʪʦʨʦʥʫ ʧʦʜʜʝʨʞʘʥʠʷ ʨʦʩʪʘ ʦʧʫʭʦʣʠ (ʩʤʝʥʘ ʧʦʣʷʨʠʟʘʮʠʠ) (Coussens, Werb, 2002; 

ɹʝʨʝʞʥʦʡ ʠ ʜʨ., 2008; ʂʦʚʘʣʝʚʘ, ʇʦʜʣʝʩʥʘʷ, ɻʨʘʯʝʚ, 2022). ʅʦʨʤʘʣʴʥʳʝ ʉʂ (ʥʘʧʨʠʤʝʨ, 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʉʂ), ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʩʪʚʦʣʦʚʳʭ ʥʠ hʢʦʩʥʦʛʦ ʤʦʟʛʘ, ʪʘʢ ʞʝ 

ʩʝʢʨʢʪʠʨʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ 

ʩʪʚʦʣʦʚʦʡ ʥʠʰʠ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʆʉʂ ʠ ʥʦʨʤʘʣʴʥʳʤʠ ʉʂ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʩʪʨʦʛʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʫʤʦʨʘʣʴʥʳʤ ʬʦʥʦʤ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʦʟʜʘʶʪ ʢʣʝʪʢʠ ʥʠʰʠ, ʘ ʆʉʂ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʤʠ ʩʪʨʦʤʘʣʴʥʦʡ ʥʠʰʠ (Borlongan, Saha, Wang, 2024; Efremov et al., 2018).  

ʅʘʙʦʨ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʆʉʂ ʜʦʤʠʥʠʨʦʚʘʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʢʣʝʪʢʘʤʠ ʦʨʛʘʥʠʟʤʘ, ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʦʩʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʧʫʭʦʣʠ ʚ ʦʨʛʘʥʠʟʤʝ. 

 

1.2.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʆʉʂ ʠʭ ʙʠʦʣʦʛʠʷ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʆʉʂ, ʧʨʠ 
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ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʪʠ ʢʣʝʪʢʠ ʠʟ ʦʙʱʝʡ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʳ, ʘ ʪʘʢʞʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʥʠʭ.  

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ ʆʉʂ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ: (1) ʤʦʣʝʢʫʣʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʬʝʥʦʪʠʧʠʨʦʚʘʪʴ (ʨʝʮʝʧʪʦʨʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʘʥʪʠʛʝʥʳ); (2) ʙʝʣʢʠ ʦʙʱʝʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ; (3) ʤʘʨʢʝʨʳ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʝʡ: 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʩʪ-

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʫʶ ʨʝʛʫʣʷʮʠ .ʁ ʇʦʩʣʝʜʥʠʝ ʫʯʘʩʪʚʫʶʪ ʚ ʘʢʪʠʚʘʮʠʠ 

ʩʣʦʞʥʦʡ ʩʝʪʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʆʉʂ, ʠ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ.  

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠ̫ ʠ ʚʳʜʝʣʝʥʠʷ ʆʉʂ ʠʟ 

ʦʙʱʝʡ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʳ ʤʝʪʦʜʘʤʠ ʩʦʨʪʠʨʦʚʢʠ FACS (Fluorescence-activated cell sorting) ʠʣʠ 

MAGS (Magnet activated cell sorting). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʆʉʂ ʨʘʟʣʠʯʥʳʭ ʥʦʟʦʣʦʛʠʡ 

ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʤʘʨʢʝʨʦʚ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʤʘʨʢʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 1. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ 

ʛʣʠʢʦʧʨʦʪʝʠʥʘʤ/ʧʨʦʪʝʦʛʣʠʢʘʥʘʤ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʦʙʰʠʨʥʫʶ ʩʝʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʯʘʩʪʴ ʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʛʣʠʢʦʢʘʣʠʢʩʘ. ɸʢʪʠʚʥʦ ʨʘʟʚʠʪʳʡ 

ʛʣʠʢʦʢʘʣʠʢʩ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʆʉʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʦʧʫʭʦʣʠ (Mallard, Tiralongo, 2017). 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʵʣʠʤʠʥʘʮʠʶ ʆʉʂ, ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʤʘʨʢʝʨʦʚ ʆʉʂ ʢʘʢ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʦʧʫʭʦʣʝʡ, ʪʘʢ ʠ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʪʠʧʘ ʦʧʫʭʦʣʠ (Kripnerova et al., 2019; 

Sukowati, 2019; Taussig et al., 2008). ɺ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʦʧʫʭʦʣʷʭ ʫ ʨʘʟʥʳʭ 

ʧʘʮʠʝʥʪʦʚ ʫʨʦʚʝʥʴ ʆʉʂ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʦʜʥʦʤʫ ʠʟ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʘʨʢʝʨʦʚ, ʤʦʞʝʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʆʉʂ ʛʣʠʦʙʣʘʩʪʦʤʳ, 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʧʦ ʤʘʨʢʝʨʫ CD133, ʫ ʨʘʟʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0 ʜʦ 82 % (Kase et al., 

2013). ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ ʚ ʦʜʥʦʡ ʦʧʫʭʦʣʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦ ʤʝʨʝ ʝʝ ʧʨʦʛʨʝʩʩʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʢ 

(Puchinskaya, 2016). ʇʦʵʪʦʤʫ ʦʙʳʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʆʉʂ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʪʘʨʛʝʪʥʦʡ 

(ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʆʉʂ) ʪʝʨʘʧʠʠ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ ʠʣʠ 

ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʭʦʜʦʚ ʜʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ (Deonarain, Kousparou, 

Epenetos, 2009).  
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ʊʘʙʣʠʮʘ 1. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ ʆʉʂ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ. 

ʄʘʨʢʝʨ ʆʉʂ ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʠʧ ʦʧʫʭʦʣʠ 
ʃʠʪʝʨʘʪʫʨʥʳʡ 

ʠʩʪʦʯʥʠʢ 

CD133 (AC133) 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ, ʫʯʘʩʪʚʫʶʱʠʡ 

ʚ ʧʨʦʮʝʩʩʘʭ ʢʣʝʪʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʕʄʇ. 

ʊʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʥʝʡʨʘʣʴʥʳʭ ʉʂ. ɺ 

ʤʝʤʙʨʘʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʪʘʚʝ 

ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʯʘʩʪʴ 

ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ 

ʠ ʜʠʥʘʤʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ çʚʳʧʷʯʠʚʘʥʠʡè 

(ʤʠʢʨʦʚʦʨʩʠʥʦʢ/ ʨʝʩʥʠʯʝʢ). 

ɻʣʠʦʙʣʘʩʪʦʤʘ; ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ 

ʨʘʢ; ʦʧʫʭʦʣʠ ʧʨʦʩʪʘʪʳ, ʷʠʯʥʠʢʦʚ, 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʣʝʛʢʠʭ; 

ʤʝʣʘʥʦʤʘ; ʦʩʪʝʦʩʘʨʢʦʤʘ; 

ʣʝʡʢʝʤʠʷ; ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘʷ 

ʢʘʨʮʠʥʦʤʘ; ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ 

ʧʦʣʦʩʪʠ ʨʪʘ. 

(Ludwig, 

Kornblum, 2017; 

Moreno-Londo¶o, 

Robles-Flores, 

2024; Zhang et al., 

2024) 

ʉD44 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʡ 

ʨʝʮʝʧʪʦʨ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʤʝʞʢʣʝʪʦʯʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʘʜʛʝʟʠʠ ʠ ʧʨʦʮʝʩʩʘʭ ʤʠʛʨʘʮʠʠ, 

ʠʥʚʘʟʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ. 

ʆʧʫʭʦʣʠ ʷʠʯʥʠʢʦʚ, ʧʨʦʩʪʘʪʳ, 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʞʝʣʫʜʢʘ; 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ; ʢʘʨʮʠʥʦʤʘ 

ʧʝʯʝʥʠ; ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ 

ʣʝʛʢʦʛʦ; ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. 

(Mesrati et al., 

2021; Ponomarev 

et al., 2023; Zhang 

et al., 2024) 

CD24 

ɻʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʡ ʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥ. 

ʕʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, 

ʪʘʢ ʠ ʚ ʮʠʪʦʧʣʘʟʤʝ. ʋʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʣʝʪʢʠ ʩ ʤʘʪʨʠʢʩʦʤ, ʧʨʦʣʠʬʝʨʘʮʠʠ, ʘʜʛʝʟʠʠ, 

ʠʥʚʘʟʠʠ, ʤʠʛʨʘʮʠʠ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠ.̫ 

ʃʠʤʬʦʤʘ, ʦʧʫʭʦʣʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʯʝʢ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ; ʥʘʟʦʬʘʨʠʥʛʝʘʣʴʥʳʝ 

ʦʧʫʭʦʣʠ; ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʳʡ, 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢʝ ʣʝʛʢʦʛʦ. 

(Yang et al., 2023) 

Integrin 6Ŭ 

 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ I ʪʠʧʘ 

(ʨʝʮʝʧʪʦʨ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʫʯʘʩʪʚʫʶʱʠʡ 

ʚ ʧʨʦʮʝʩʩʘʭ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʦʪ ʕʂʄ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ɸʢʪʠʚʘʮʠʷ 

ʠʥʪʝʛʨʠʥʦʚ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʣʠʛʘʥʜʘ ʟʘʧʫʩʢʘʝʪ 

ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ɻʣʠʦʙʣʘʩʪʦʤʘ; ʨʘʢ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʰʝʡʢʠ ʤʘʪʢʠ, ʧʨʦʩʪʘʪʳ; 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘʷ ʢʘʨʮʠʥʦʤʘ; 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʧʠʱʝʚʦʜʘ; 

ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʝ ʢʘʨʮʠʥʦʤʳ. 

(Krebsbach, Villa-

Diaz, 2017) 
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ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʝʪʢʠ, ʝʝ 

ʧʦʣʷʨʥʦʩʪ,ɹ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʚʳʞʠʚʘʝʤʦʩʪʴ. 

CD90 

ɻʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-ʟʘʷʢʦʨʝʥʥʳʡ 

ʛʣʠʢʦʧʨʦʪʝʠʥ (GPI-AP), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʣʝʢʫʣʫ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʩʝʤʝʡʩʪʚʫ ʠʤʤʫʥʥʦʛʣʦʙʫʣʠʥʦʚ. ʀʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʩʧʘʣʝʥʠʷ, ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ, 

ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʨʦʩʪʝ ʥʝʡʨʦʥʦʚ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʉʂ. 

ɻʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘʷ ʢʘʨʮʠʥʦʤʘ; 

ʦʧʫʭʦʣʠ ʞʝʣʫʜʢʘ, ʣʝʛʢʠʭ, 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ; ʛʣʠʦʤʘ; 

ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ ʧʠʱʝʚʦʜʘ. 

 

(Shaikh, Kala, 

Nivsarkar, 2016; 

Zhang et al., 2024) 

EpCAM 

ʄʦʣʝʢʫʣʘ ʘʜʛʝʟʠʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

ʄʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʠʛʨʘʮʠʠ, 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ɺ ʤʝʤʙʨʘʥʝ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʪʝʪʨʘʩʧʘʥʠʥʘʤʠ, 

ʠʥʪʝʛʨʠʥʘʤʠ ʠ CD44. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʧʦʜʦʙʥʦ 

ʨʘʬʪʘʤ ʦʙʦʛʘʱʝʥʳ ʜʣʠʥʥʳʤʠ ʥʘʩʳʱʝʥʥʳʤʠ 

ʘʮʠʣʴʥʳʤʠ ʮʝʧʷʤʠ ʠ ʭʦʣʝʩʪʝʨʠʥʦʤ. 

ʈʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ; 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ, 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘʷ ʢʘʨʮʠʥʦʤʘ. 

(Marhaba et al., 

2008; Zhang et al., 

2024) 

LGR5 

ʉʦʜʝʨʞʘʱʠʡ ʣʝʡʮʠʥ-ʙʦʛʘʪʳʡ ʜʦʤʝʥ ʙʝʣʦʢ G-

ʩʚʷʟʘʥʥʳʡ ʨʝʮʝʧʪʦʨ 5 ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ 

ʨʝʮʝʧʪʦʨ. ʋʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʢʣʝʪʦʯʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ, ʕʄʇ, ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

Wnt/ɓ-catenin ʠ Notch.  

ʆʧʫʭʦʣʠ ʞʝʣʫʜʢʘ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ, ̫ ʠʯʥʠʢʦʚ, h ʝʡʢʠ ʤʘʪʢʠ; 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘ ̫ʢʘʨʮʠʥʦʤʘ; 

ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ; 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ. 

(Ahmed et al., 

2023; Zhang et al., 

2024) 

ALDH1 (Aldehyde 

dehydrogenase 1), 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʬʝʨʤʝʥʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ 

ʦʢʠʩʣʝʥʠʠ ʘʣʴʜʝʛʠʜʘ ʜʦ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʩʠʥʪʝʟʝ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ.  

ʈʘʢ ʷʠʯʥʠʢʦʚ, ʣʝʛʢʦʛʦ, h ʝʡʢʠ 

ʤʘʪʢʠ, ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ; ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʘʷ 

ʢʘʨʮʠʥʦʤʘ. 

(Puchinskaya, 

2016; Zhang et al., 

2024) 
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ɻʝʥʝʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʆʉʂ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʧʦʜʭʦʜʷʱʝʡ 

ʪʝʨʘʧʠʠ ʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ, ʦʜʥʘʢʦ, ʝʩʣʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʡ ʵʣʠʤʠʥʘʮʠʠ ʆʉʂ, ʪʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʮʠʜʠʚʘ ï ʣʠʰʴ ʚʦʧʨʦʩ ʚʨʝʤʝʥʠ.  

ʇʦ ʜʘʥʥʳʤ ʩʘʡʪʘ Cancer Therapy Advisor (ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ 

https://www.cancertherapyadvisor.com/factsheets/cancer-recurrence-statistics/) ʫʨʦʚʝʥʴ ʨʝʮʠʜʠʚʦʚ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ 2019 ʛʦʜ ʚʘʨʴʠʨʦʚʘʣ ʦʪ ~10 % (ʜʣʷ ʦʧʫʭʦʣʝʡ ʩ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʨʝʮʠʜʠʚʦʚ: ʵʩʪʨʦʛʝʥ-ʟʘʚʠʩʠʤʳʡ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʣʠʤʬʦʤʘ ʍʦʜʞʢʠʥʘ, ʨʘʥʥʠʝ 

ʩʪʘʜʠʠ ʦʩʪʝʦʩʘʨʢʦʤʳ) ʜʦ 85ï100 % (ʦʧʫʭʦʣʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʝʮʠʜʠʚʦʚ: ʨʘʢ ʷʠʯʥʠʢʦʚ, 

ʛʣʠʦʙʣʘʩʪʦʤʘ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʣʥʦʡ ʵʣʠʤʠʥʘʮʠʠ ʆʉʂ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ ʥʦʚʳʭ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʆʉʂ ʠ ʧʦʜʭʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ ʜʦ ʩʠʭ 

ʧʦʨ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ.  

 

1.2.3. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ  

1.2.3.1. ʇʦʜʜʝʨʞʘʥʠʝ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʆʉʂ ʠ ʕʉʂ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʝ ʢʘʢ ʧʦʪʝʥʮʠʘʣ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʪʘʪʫʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʭʦʜʥʳʝ ʤʝʭʘʥʠʟʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʛʫʣʷʮʠʶ ʢʘʢ ʆʉʂ, 

ʪʘʢ ʠ ʕʉʂ.  

OCT-4, NANOG ʠ SOX2 ï ʪʨʠ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʕʉʂ-ʧʦʜʦʙʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʜʘʥʥʳʤ ʠʟ ʪʝʨʤʠʥʘʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʉʂ ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʯʝʪʳʨʝʭ ʢʣʶʯʝʚʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ: OCT-4, SOX2, KLF4 ʠ c-Myc (Takahashi, 

Yamanaka, 2006). ɺ ʦʧʫʭʦʣʷʭ ʫʢʘʟʘʥʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʦʭʨʘʥʝʥʠʶ ʩʪʚʦʣʦʚʳʭ ʬʫʥʢʮʠʡ ʆʉʂ. ʇʦʜʦʙʥʦ ʕʉʂ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʆʉʂ ʤʥʦʛʠʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʪʫʤʦʨʦʛʝʥʥʦʩʪʴʶ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʣʝʯʝʥʠʶ (Liu, Yu, Liu, 

2013).  

OCT-4 ʘʢʪʠʚʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ Oct-4/Tcl1/Akt1. ʇʨʠ ʵʪʦʤ TCL1 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ OCT-4 ʠ ʫʩʠʣʠʚʘʝʪ ʢʠʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ AKT1, ʘʢʪʠʚʘʮʠʷ 

https://www.cancertherapyadvisor.com/factsheets/cancer-recurrence-statistics/
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ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʘʧʦʧʪʦʟʘ, 

ʭʠʤʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʚʳʞʠʚʘʥʠʶ ʆʉʂ (M¿ller et al., 2016). 

SOX2 ʫʯʘʩʪʚʫʝʪ ʚ Sox2/Orai1/STIM1-ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ. ɼʝʧʦ-ʫʧʨʘʚʣʷʝʤʳʡ ʚʭʦʜ Ca2+ 

(SOCE, Store-operated calcium entry) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʞʝʩʪʚʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʘʧʦʧʪʦʟ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʦ-/ʨʘʜʠʦʪʝʨʘʧʠʠ, 

ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ ʆʉʂ (Chen et al., 2019). 

ʂʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ SOCE ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ ORAI1 ʠ STIM1. ORAI1 ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʪʦʛʜʘ ʢʘʢ STIM1 ʚ ʤʝʤʙʨʘʥʝ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ, ʢʘʢ ʢʘʣʴʮʠʝʚʳʡ ʩʝʥʩʦʨ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʉʘ2+ ʚ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ STIM1 ʤʝʥʷʝʪ ʩʚʦʶ ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚʤʝʩʪʝ ʩ 

ʤʝʤʙʨʘʥʦʡ ɻʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʊʘʤ ʦʥ ʩʦʝʜʠʥʷʝʪʩʷ 

ʩ ORAI1 ʠ/ʠʣʠ STIM2 ʢʘʥʘʣʦʤ ʠ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʘ ʪʠʧʘ çʙʝʣʦʢïʙʝʣʦʢè ʘʢʪʠʚʠʨʫʝʪ ʠʭ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʭʦʜʫ ʠʦʥʦʚ ʉʘ2+ ʠʟ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʚ ʮʠʪʦʟʦʣʴ. ʇʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

SOX2 ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ORAI1, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ SOCE (Liu, Yu, Liu, 2013; ʎʠʨʢʠʥ, 

ʉʠʟʦʚʘ, 2020). ʂʨʦʤʝ ʪʦʛʦ, SOX2 ʨʝʛʫʣʠʨʫʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ FGF (ʬʘʢʪʦʨ ʨʦʩʪʘ 

ʬʠʙʨʦʙʣʘʩʪʦʚ), IL-4/STAT6 ʠ EGFR-SRC-AKT, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ/ʠʣʠ ʫʩʠʣʠʚʘʝʪ 

ʢʣʶʯʝʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʫʭʦʣʝʚʦʡ ʧʨʦʛʨʝʩʩʠʠ (c-Myc, Wnt1, Wnt2 

ʠ Notch1) (M¿ller et al., 2016). 

NANOG ʚ̫ʣʷʝʪʩʷ ʧʨʷʤʦʡ ʤʠʰʝʥʴʶ ʧʫʪʠ LIF/Stat3, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ ʆʉʂ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ ʨʝʮʝʧʪʦʨʘ IGF1 (ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ 

ʬʘʢʪʦʨ ʨʦʩʪʘ 1). ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʷ NANOG ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʛʠʭ ʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʆʉʂ, ʪʘʢʠʭ ʢʘʢ CD133, ABCG2, ALDH1A1 ʠ CD44 (Liu, Yu, Liu, 2013). 

KLF4 (Kr¿ppel-like Factor 4) ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʵʚʦʣʶʮʠʦʥʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʪʠʧʘ çʮʠʥʢʦʚʳʝ ʧʘʣʴʮʳè. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 

ʩʝʤʝʡʩʪʚʘ KLF ʫʯʘʩʪʚʫʶʪ ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʘʢ ʚ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʷʭ ʚ ʧʨʦʮʝʩʩʝ ʵʤʙʨʠʦʛʝʥʝʟʘ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ 

ʥʝʦʧʣʘʟʠʠ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, KLF ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ ʪʝʣʦʤʝʨʘʟʳ ʚ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʭʨʘʥʝʥʠʶ ʪʝʣʦʤʝʨʥʳʭ ʧʦʚʪʦʨʦʚ. ʈʦʣʴ KLF ʚ 

ʦʥʢʦʛʝʥʝʟʝ ʥʝʦʜʥʦʟʥʘʯʥʘʷ. ʇʦʢʘʟʘʥʘ ʝʛʦ ʧʨʦʦʧʫʭʦʣʝʚʘʷ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ, ʤʠʛʨʘʮʠʠ ʠ 

ʠʥʚʘʟʠʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʦʧʫʭʦʣʷʭ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ ʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩʫʧʨʝʩʩʦʨ, ʠʥʛʠʙʠʨʫʷ ʨʦʩʪ ʦʧʫʭʦʣʠ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ (He, He, Xie, 

2023). ʅʘ ʢʫʣʴʪʫʨʘʭ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʯʝʣʦʚʝʢʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ KLF ʨʝʛʫʣʠʨʫʝʪ ʩʦʭʨʘʥʝʥʠʝ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʠ ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ Lgr5+, CD44+, EpCAM+ ʆʉʂ ʧʦʩʨʝʜʩʪʚʦʤ TGF-

ɓ1/Smad/Snail-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ (Leng et al., 2020). 
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C-Myc ï ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʫʧʨʘʚʣʷʶʱʠʡ ʦʙʰʠʨʥʦʡ ʛʝʥʥʦʡ ʩʝʪʴʶ, ʢʦʪʦʨʘʷ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʂ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ c-Myc ʥʘ 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʟʥʘʯʠʪʝʣʝʥ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʣʝʪʦʢ ʚ ʨʘʟʚʠʪʳʭ ʪʢʘʥʷʭ ʠ ʦʨʛʘʥʘʭ ɻ ʢʩʧʨʝʩʩʠʷ ʫʢʘʟʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʩʥʠʞʘʝʪʩʷ (Elbadawy et al., 

2019).  

C-Myc ʷʚʣʷʝʪʩʷ ʤʠʰʝʥʴʶ Wnt/ɓ-catenin-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. ʀʤʝʥʥʦ ʵʪʦʪ ʩʠʛʥʘʣʴʥʳʡ 

ʢʘʩʢʘʜ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʣʶʨʠʧʦʪʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʂ (Fernandez et al., 2014). ʂʦʛʜʘ 

ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Wnt ʜʝʘʢʪʠʚʠʨʦʚʘʥ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʠʟʢʠʡ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ɓ-

catenin. ʇʨʠ ʘʢʪʠʚʘʮʠʠ Wnt-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʢʦʣʠʯʝʩʪʚʦ ɓ-catenin ʚ ʮʠʪʦʧʣʘʟʤʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʬʘʢʪʦʨ ʤʠʛʨʠʨʫʝʪ ʚ ʷʜʨʦ, ʛʜʝ ʦʥ ʩʣʫʞʠʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʘʢʪʠʚʘʪʦʨʦʤ ʜʣʷ 

c-Myc ʠ ʮʠʢʣʠʥʘ D1, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (Elbadawy et al., 2019; M¿ller 

et al., 2016; Zhang et al., 2019). C-Myc, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʦʧʝʨʠʨʫʷʩʴ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ SOX2, NANOG ʠ OCT-4, ʘʢʪʠʚʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʨʷʜʘ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ ʢʣʝʪʢʠ. ʅʘʧʨʠʤʝʨ, ʛʝʥʘ HIF2a, ʢʦʜʠʨʫʶʱʝʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʫʯʘʩʪʚʫʶ ʠɦʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʘʤʦʦʙʥʦʚʣʝʥʠ ̫ʕʉʂ 

(Das et al., 2019).  

ʇʦʜʜʝʨʞʘʥʠʝ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʉʂ (ʕʉʂ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʉʂ, ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʉʂ) ʪʘʢʞʝ 

ʩʚʷʟʘʥʦ ʩ ʠʥʘʢʪʠʚʘʮʠʝʡ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ (Ablain, Th®, 2014). 

ɺʠʪʘʤʠʥ ɸ ʠʣʠ ʨʝʪʠʥʦʣ ï ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʡ ʚʠʪʘʤʠʥ, ʥʝʦʙʭʦʜʠʤʳʡ ʧʦʟʚʦʥʦʯʥʳʤ 

ʦʨʛʘʥʠʟʤʘʤ ʜʣʷ ʵʤʙʨʠʛʝʥʝʟʘ, ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʄʦʜʝʣʴ ʤʝʪʘʙʦʣʠʟʤʘ ʨʝʪʠʥʦʣʘ ʚ 

ʢʣʝʪʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ. ʆʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʪʨʘʥʩʪʠʨʝʪʠʥʦʤ ʠ ʨʝʪʠʥʦʣ-

ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ, ʦʙʨʘʟʫʷ ʪʨʦʡʥʦʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʮʝʧʪʦʨʦʤ 

STRA6 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ. ɺʥʫʪʨʠ ʮʠʪʦʧʣʘʟʤʳ ʨʝʪʠʥʦʣ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ 

ʢʣʝʪʦʯʥʳʤ ʨʝʪʠʥʦʣ-ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ ʠ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʨʝʪʠʥʘʣʴʜʝʛʠʜʘ 

ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʦʡ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʝʪʘʙʦʣʟʤʘ ʨʝʪʠʥʘʣʴʜʝʛʠʜ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʪʠʥʦʝʚʫʶ ʢʠʩʣʦʪʫ ʩ ʧʦʤʦʱʴʶ ʨʝʪʠʥʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ. ɿʘʪʝʤ ʨʝʪʠʥʦʝʚʘʷ ʢʠʩʣʦʪʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʢʣʝʪʦʯʥʳʤ ʨʝʮʝʧʪʦʨʦʤ CRABP, ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʷʜʨʦ. ɺ ʷʜʨʝ ʨʝʪʠʥʦʝʚʘʷ 

ʢʠʩʣʦʪʘ ʬʦʨʤʠʨʫʝʪ ʘʩʩʦʮʠʘʪ ʩ ʨʝʮʝʧʪʦʨʘʤʠ RAR ʠ RXR, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʤʝʡʩʪʚʫ 

ʣʠʛʘʥʜ-ʟʘʚʠʩʠʤʳʭ ʪʨʘʥʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɺʝʩʴ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʴ  ʁ ʛʝʥʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʧʦʩʣʝʜʥʠʭ (Khillan, 2014). 
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ʂʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʪʁ ʩ ʬʘʢʪʦʨʘʤʠ 

ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ 

Wnt/ɓ-catenin, Shh (Sonic hedhehog), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (Das et al., 2014). ʂʨʦʤʝ ʪʦʛʦ, ʨʝʪʠʥʦʣ 

ʘʢʪʠʚʠʨʫʝʪ PI3 ʢʠʥʘʟʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ IGF1 ʨʝʮʝʧʪʦʨʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ 

Akt/PKB ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʧʦ ʩʝʨʠʥʫ 308 ʠ ʩʝʨʠʥʫ 473, ʯʪʦ ʘʢʪʠʚʠʨʫʝʪ 

ʥʠʞʝʩʪʦʷʱʠʝ ʮʝʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ mTORC1 ʠ mTORC2, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï ʵʢʩʧʨʝʩʩʠʶ 

ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʉʂ ʛʝʥʦʚ NANOG ʠ OCT-4 (Khillan, 2014). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ ʢ ʉʂ ʠʥʜʫʮʠʨʫʝʪ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ 

(Illendula, Fultang, Peethambaran, 2020). ʀʥʪʨʠʛʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʆʉʂ ʥʝ ʠʤʝʶʪ 

ʬʝʨʤʝʥʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʨʝʪʠʥʦʣʘ, ʪʦ ʝʩʪʴ ʥʝ ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʨʝʪʠʥʦʝʚʫʶ ʢʠʩʣʦʪʫ. ʆʥʠ ʧʦʣʫʯʘʶʪ ʨʝʪʠʥʦʝʚʫʶ ʢʠʩʣʦʪʫ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʝʜʥʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ (ʠʟ ʩʚʦʝʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ) (Khil lan, 2014). 

1.2.3.2. ɸʩʠʤʤʝʪʨʠʯʥʦʝ/ʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ  

ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ ï ʤʝʭʘʥʠʟʤ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʉʂ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʛʦʤʝʦʩʪʘʟʘ ʪʢʘʥʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʦʛʦ ʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʜʦʯʝʨʥʠʭ ʢʣʝʪʦʢ, 

ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ ʩʪʚʦʣʦʚʦʡ, ʩʦʭʨʘʥʷʷ ʬʫʥʢʮʠʶ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ, ʘ ʚʪʦʨʘʷ, 

ʢʦʤʤʠʪʠʨʦʚʘʥʥʘʷ ʢʣʝʪʢʘ, ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ, ʥʦ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʉʂ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʜʝʧʣʝʮʠʶ ʠʣʠ ʥʝʥʦʨʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ. ʂʘʢ ʆʉʂ, ʪʘʢ ʠ ʥʦʨʤʘʣʴʥʳʝ ʉʂ ʠʥʦʛʜʘ ʨʘʩʰʠʨʷʶʪ ʩʚʦʶ ʧʦʧʫʣʷʮʠʶ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʚʠʪʠʝ, ʧʦʚʨʝʞʜʝʥʠʝ ʪʢʘʥʝʡ ʠ ʨʦʩʪ 

ʦʧʫʭʦʣʠ. ʆʥʠ ʜʦʩʪʠʛʘʶʪ ʵʪʦʡ ʮʝʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʜʦʯʝʨʥʠʝ ʉʂ (Yoo, Kwon, 2015). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ 

ʤʝʞʜʫ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʩʠʤʤʝʪʨʠʯʥʳʤ ʜʝʣʝʥʠʷʤʠ ʠ ʩʜʚʠʛ ʚ ʩʪʦʨʦʥʫ ʧʦʩʣʝʜʥʝʛʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʜʠʩʧʣʘʟʠʠ ʪʢʘʥʠ ʠ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʫʤʦʨʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (Bu 

et al., 2013; Chao, Yan, Bu, 2024). 

ɺ ʢʦʥʪʝʢʩʪʝ ʧʦʥʷʪʠʷ çʦʧʫʭʦʣʴè ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʆʉʂ, ʘʥʘʣʦʛʠʯʥʦ 

ʉʂ ʚ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ, ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʜʦʯʝʨʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʦʙʨʘʟʫʶʱʠʝ 

ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʦʧʫʭʦʣʠ ʠ ʧʨʠʜʘʶʱʠʝ ʝʡ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ (Li et al., 2022). ʉʢʦʨʦʩʪʴ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʣʝʥʠ ̫ʥʝ ʚʳʩʦʢʘʷ, ʠ ʪʘʢʦʡ ʪʠʧ ʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚʝʥʝʥ ʦʧʫʭʦʣʷʤ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ. ʉʠʤʤʝʪʨʠʯʥʳʡ ʪʠʧ ʜʝʣʝʥʠʷ ʆʉʂ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʫʨʦʚʥʝʤ (Bu et al., 2013). 
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ʇʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʜʝʣʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʠ ʦʜʥʘ ʠʟ ʢʣʝʪʦʢ, 

ʩʦʭʨʘʥʷʶʱʘʷ ʩʪʚʦʣʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʤʦʞʝʪ ʧʨʠʦʙʨʝʪʘʪʴ ʝʱʝ ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʜʝʣʝʥʠʠ ʆʉʂ ʛʣʠʦʙʣʘʩʪʦʤʳ ʢʣʝʪʢʘ, 

ʥʘʩʣʝʜʫʶʱʘʷ ʤʘʨʢʝʨ ʩʪʚʦʣʦʚʦʩʪʠ CD133, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʛʘʱʘʝʪʩʷ ʨʝʮʝʧʪʦʨʘʤʠ 

ʵʧʠʜʝʨʤʘʣʴʥʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (EGFR, Epidermal growth factor receptor) ʠ p75NTR (p75 

neurotrophin receptor, ʥʝʡʨʦʪʨʦʬʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ 75), ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʚʠʪʠʷ 

ʦʧʫʭʦʣʠ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠ.̫ ʕʪʠ ʜʚʘ ʨʝʮʝʧʪʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫ ̫ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʟʘʱʠʱʘʶʪ 

ʢʣʝʪʢʫ ʦʪ ʜʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʦʙʨʝʪʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʩʭʝʤʘʤ ʣʝʯʝʥʠʷ ʪʝʤʦʟʦʣʦʤʠʜʦʤ ʠ/ʠʣʠ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ (Hitomi et 

al., 2021). 

ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ ï ʯʝʪʢʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ, ʟʘʚʠʩʷʱʠʡ ʢʘʢ ʦʪ 

ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʘʧʠʢʘʣʴʥʦʡ ʠ ʙʘʟʘʣʴʥʦʡ ʩʪʦʨʦʥʘʭ ʢʣʝʪʢʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʝʣʢʠ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʝʣʣ r (ʤʠʪʦʭʦʥʜʨʠʠ, ʣʠʟʦʩʦʤʳ, ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ), ʤʈʅʂ ʠ ʜʨʫʛʠʝ 

ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ ʙʫʜʫʪ ʥʘʩʣʝʜʦʚʘʪʴʩʷ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦ.  

ʊʘʢ, ʚ ʉʂ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ɻʊʌ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ CDC42 ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ 

aPKC, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʢʦʤʧʣʝʢʩ ʩ PAR6/PAR3 ʥʘ ʘʧʠʢʘʣʴʥʦʡ ʩʪʦʨʦʥʝ ʢʣʝʪʢʠ. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ aPKC ʬʦʩʬʦʨʠʣʠʨʫʝʪ NUMB, ʪʝʤ ʩʘʤʳʤ ʜʝʘʢʪʠʚʠʨʫʷ ʝʛʦ ʪʦʨʤʦʟʷʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ Notch-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʩʦʭʨʘʥʝʥʠʷ 

ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ ʚ ʜʦʯʝʨʥʝʡ ʢʣʝʪʢʝ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʦʩʪʘʝʪʩʷ ʩʪʚʦʣʦʚʦʡ. ɺ ʙʘʟʘʣʴʥʦʡ 

ʯʘʩʪʠ ʘʜʘʧʪʝʨʥʳʡ ʙʝʣʦʢ Miranda ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ PROX1, ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (Chao, 

Yan, Bu, 2024). 

ɺʥʝʰʥʷʷ ʨʝʛʫʣʷʮʠʷ ʜʝʣʝʥʠʷ ʉʂ/ʆʉʂ ʠ çʩʫʜʴʙʳè ʜʦʯʝʨʥʠʭ ʢʣʝʪʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʠʛʥʘʣʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ (ʩʪʚʦʣʦʚʳʭ ʥʠ)h. ʉʂ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʥʦʨʤʘʣʴʥʳʝ ʉʂ) ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʢʣʝʪʢʘʤʠ ʩʪʚʦʣʦʚʦʡ ʥʠʰʠ, ʯʪʦ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʚʦʣʦʚʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ. ɺʦ ʚʨʝʤʷ 

ʜʝʣʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʜʦʯʝʨʥʠʭ ʢʣʝʪʦʢ ʤʦʞʝʪ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩʦ ʩʪʚʦʣʦʚʦʡ ʥʠʰʝʡ ʙʣʘʛʦʜʘʨʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʠʪʦʪʠʯʝʩʢʦʛʦ ʚʝʨʝʪʝʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʰʠ. ʇʦʪʦʤʦʢ, 

ʩʦʧʨʠʢʘʩʘʶʱʠʡʩʷ ʩʦ ʩʪʚʦʣʦʚʦʡ ʥʠʰʝʡ, ʩʦʭʨʘʥʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ. ɼʨʫʛʘʷ 

ʢʣʝʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʦʪ ʥʝʝ ʜʠʩʪʘʣʴʥʦ, ʫʭʦʜʠʪ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ (Majumdar, Liu, 2020; 

Yoo, Kwon, 2015).  
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ɺʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʜʥʦʡ ʠʟ ʜʦʯʝʨʥʠʭ ʢʣʝʪʦʢ ʩʦʭʨʘʥʷʪʴ ʩʪʚʦʣʦʚʳʝ 

ʩʚʦʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ ʣʠʛʘʥʜʳ (ʮʠʪʦʢʠʥʳ ʠ ʨʦʩʪʦʚʳʝ 

ʬʘʢʪʦʨʳ), ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ TGF-ɓ, WNT, SHH ʠ NOTCH. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʨʝʛʫʣʷʪʦʨʳ 

PTEN, BMI1, p53, p21 ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʪʝʛʨʘʮʠʶ ʵʪʠʭ ʩʠʛʥʘʣʦʚ, ʪʘʢʞʝ ʫʯʘʩʪʚʫ ̫ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠ ̫ʠ ʧʦʜʜʝʨʞʘʥʠ ̫ʩʪʚʦʣʦʚʳʭ ʬʫʥʢʮʠʡ ʢʘʢ ʥʦʨʤʘʣʴʥʳʭ, ʪʘʢ ʠ ʆʉʂ (Chao, Yan, 

Bu, 2024; Yoo, Kwon, 2015). 

Wnt-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʩʦʩʪʦʠʪ ʠʟ ʩʝʪʠ 19 Wnt-ʣʠʛʘʥʜʦʚ, 10 ʨʝʮʝʧʪʦʨʦʚ Frizzled (FZD) 

ʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʨʝʮʝʧʪʦʨʦʚ, ʚʢʣʶʯʘʷ LRP5/6, ROR1/2, PTK7 ʠ RYK. ʉʚʷʟʳʚʘʥʠʝ Wnt-

ʣʠʛʘʥʜʦʚ ʩ ʨʝʮʝʧʪʦʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ FZD-LRP5/6, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʢʣʝʪʦʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ Wnt/ɓ-catenin-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ 

ʢʘʥʦʥʠʯʝʩʢʠʡ ʧʫʪʴ Wnt. ʕʪʠ ʩʦʙʳʪʠʷ ʧʨʠʚʦʜʪ̫ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʮʠʪʦʧʣʘʟʤʝ ʙʝʣʢʦʚ ɓ-catenin 

ʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʷʜʨʦ, ʛʜʝ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʝʤʝʡʩʪʚʦʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ TCF (T-cell specific factor)/LEF (Lymphoid enhancerbinding factor), ʨʝʛʫʣʠʨʫʷ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ Wnt, ʪʘʢʠʭ ʢʘʢ AXIN2, NKD1, MYC, CCND1, TERT, HES1 ʠ ʜʨ. 

(Rajakulendran et al., 2019). ʀʥʘʢʪʠʚʘʮʠʷ ɓ-catenin ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

çʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘè, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʧʨʦʪʝʠʥʢʠʥʘʟʫ GSK3, ʦʧʫʭʦʣʝʚʳʡ 

ʩʫʧʨʝʩʩʦʨ APC, ʙʝʣʦʢ Axin ʠ ʢʘʟʝʠʥʢʠʥʘʟʫ Ia (CKIa). GSK3 ʬʦʩʬʦʨʠʣʠʨʫʝʪ ɓ-catenin, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʶ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ ɽ3 (ɓ-TrCP) ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʦʪʝʘʩʦʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʛʨʘʮʠʷ ɓ-catenin ʚ ʷʜʨʦ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʧʨʝʩʩʦʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ TCF/LEF ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʴʶ ʠ 

ʧʦʜʘʚʣʷʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʮʝʣʝʚʳʭ ʛʝʥʦʚ. ʅʝʩʢʦʣʴʢʦ ʢʦʨʝʧʨʝʩʩʦʨʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʨʝʧʨʝʩʩʦʨʳ ʩʝʤʝʡʩʪʚʘ TLE 

(Transducing-like enhancer protein)/Groucho, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʥʘ ʩʚʦʠʭ N-ʢʦʥʮʘʭ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʙʦʛʘʪʦʛʦ ʛʣʫʪʘʤʠʥʦʤ ʜʦʤʝʥʘ Q ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ TCF/LEF, 

ʫʩʠʣʠʚʘʷ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ  (Cadigan, Waterman, 2012; Kumar et al., 2021; 

Rajakulendran et al., 2019).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʥʦʥʠʯʝʩʢʠʡ ʧʫʪʴ Wnt ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ ʆʉʂ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʝʥʥʳʭ ʧʣʘʪʬʦʨʤ, 

ʦʩʥʦʚʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ OCT-4, CD24, Prom1, CD44 ʠ ALDH1 

(Manni, Min, 2022). 

Notch-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʷʪʠ ʣʠʛʘʥʜʦʚ 

(Jagged-1, -2 ʠ Delta-like-1, -3 ʠ -4) ʠ ʯʝʪʳʨʝʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ Notch (Notch 1ï4), 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ ʪʠʧʘ I. Notch ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʝʞʢʣʝʪʦʯʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʙʣʠʞʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʩ ʣʠʛʘʥʜʘʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʥʘ ʩʦʩʝʜʥʠʭ ʢʣʝʪʢʘʭ. ʉʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ Notch ʩ ʠʭ 

ʨʝʮʝʧʪʦʨʘʤʠ ʟʘʧʫʩʢʘʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘʤʠ ADAM10 ʠ ADAM17, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢ ʦʪʱʝʧʣʝʥʠʶ ʚʥʝʢʣʝʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʮʝʧʪʦʨʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ɔ-ʩʝʢʨʝʪʘʟʦʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʠ ʨʝʮʝʧʪʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʷʜʨʦ. ɿʜʝʩʴ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʧʨʝʩʩʦʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ CSL (CBF1/Suppressor of 

Hairless/LAG1, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʤ RBPJ) ʠ ʢʦʥʚʝʨʪʠʨʫʝʪ ʝʛʦ ʚ ʢʦʘʢʪʠʚʘʪʦʨʥʳʡ, ʪʝʤ ʩʘʤʳʤ 

ʟʘʧʫʩʢʘʷ ʪʨʘʥʩʢʨʠʧʮʠʶ ʮʝʣʝʚʳʭ ʛʝʥʦʚ (Kumar et al., 2021; Xia et al., 2022). 

ʉʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Notch ʘʢʪʠʚʝʥ ʚ ʥʦʨʤʘʣʴʥʳʭ ʉʂ ʠ ʚ ʆʉʂ. ʆʥ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʭ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ. ʅʘ ʢʣʝʪʢʘʭ ʣʠʥʠʡ ʤʝʜʫʣʣʦʙʣʘʩʪʦʤʳ, 

ʛʣʠʦʙʣʘʩʪʦʤʳ, ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Notch ʘʢʪʠʚʠʨʦʚʘʥ 

ʠʤʝʥʥʦ ʚ ʆʉʂ (Wang, Sullenger and Rich, 2012; Bisset et al., 2023). ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʫʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʪʠʧʘʭ ʦʧʫʭʦʣʝʡ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ Notch ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʆʉʂ (Kumar et al., 2021). 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ Hedgehog ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʳ SHH (Sonic 

hedgehog), IHH (Indian Hedgehog) ʠ DHH (Desert hedgehog), ʨʝʮʝʧʪʦʨʥʳʡ ʙʝʣʦʢ ʩ 12-

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʜʦʤʝʥʘʤʠ Patched (PTCH), 7-ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ G-ʙʝʣʦʢ-ʩʦʧʨʷʞʝʥʥʳʡ 

ʨʝʮʝʧʪʦʨ Smoothened (SMO), ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʩʫʧʨʝʩʩʦʨ ʩʣʠʪʦʛʦ ʙʝʣʢʘ (SUFU) ʠ ʬʘʢʪʦʨʳ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʣʠʦʤʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʦʥʢʦʛʝʥʘ (GLI). ɺ ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ PTCH1 

ʠʥʛʠʙʠʨʫʝʪ ʥʘʢʦʧʣʝʥʠʝ SMO, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʣʦʢʠʨʦʚʢʝ ʘʢʪʠʚʥʦʩʪʠ Hedhehog-ʧʫʪʠ. 

ʉʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ Hedgehog ʩ PTCH1 ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʠ ʜʝʛʨʘʜʘʮʠʶ ʧʦʩʣʝʜʥʠʭ, 

ʪʝʤ ʩʘʤʳʤ ʚʳʩʚʦʙʦʞʜʘʷ SMO, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ SUFU-GLI. ʕʪʦ 

ʘʢʪʠʚʠʨʫʝʪ ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ GLI ʠ ʠʭ ʪʨʘʥʩʣʦʢʘʮʠʶ ʚ ʷʜʨʦ, ʪʝʤ ʩʘʤʳʤ ʟʘʧʫʩʢʘʷ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ Hedgehog, ʪʘʢʠʭ ʢʘʢ GLI1 ʠ PTCH (Kumar et al., 2021; Xia et al., 

2022). 

ʉʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Hedgehog ʘʢʪʠʚʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʦʧʫʭʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʘʢʝ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (Cui et al., 2010), ʚ ʤʝʜʫʣʣʦʙʣʘʩʪʦʤʘʭ, ʛʣʠʦʙʣʘʩʪʦʤʘʭ, ʩʘʨʢʦʤʘʭ, ʧʨʠ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʤ ʨʘʢʝ (Douard et al., 2006; Ruiz i Altaba, S§nchez, Dahmane, 2002). 

ɸʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ Wnt, Notch ʠ Hedgehog ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʆʉʂ ʢ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ. ɹʣʦʢʠʨʦʚʢʘ ʫʢʘʟʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, 

ʘʢʪʠʚʥʳʭ ʚ ʢʣʝʪʢʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʧʫʭʦʣʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʠʭ ʨʦʩʪʘ ʠ ʩʥʠʞʝʥʠʶ 

ʘʛʨʝʩʩʠʚʥʦʩʪʠ.  
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ʇʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ, ʥʝʢʦʪʦʨʳʝ ʥʝʢʘʥʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, 

ʥʘʧʨʠʤʝʨ, Myc-cʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʚʣʠʷʪʴ ʥʘ ʪʠʧ ʜʝʣʝʥʠʷ 

ʢʣʝʪʦʢ (ʩʠʤʤʝʪʨʠʯʥʳʡ/ʘʩʠʤʤʝʪʨʠʯʥʳʡ). ʅʘ ʤʦʜʝʣʠ ʧʝʨʚʠʯʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʉʂ ʤʳʰʝʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʦʜʜʝʨʞʘʥʠʝʤ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ ʉʂ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥr ʭ ʠ ʜʝʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥr ʭ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʉʂ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʠ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ɽ3 (TRIM32) ʠ ʜʝʫʙʠʢʚʠʪʠʥʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ 

(USP7). ʊʘʢ, TRIM32 ʫʙʠʢʚʠʪʠʥʠʨʫʝʪ c-Myc, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ, ʧʨʠʚʦʜʷ 

ʢ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʤʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (Chao, Yan, Bu, 2024; Nicklas et al., 2019). ʂʨʦʤʝ ʪʦʛʦ 

ʝʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ TRIM32 ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʮʝʧʪʦʨʦʤ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ Ŭ (RARŬ), 

ʫʩʠʣʠʚʘ ̫ʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʧʝʨʚʠʯʥʳʭ 

ʥʝʡʨʘʣʴʥʳʭ ʉʂ (Sato et al., 2011).  

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʜʦʯʝʨʥʠʝ ʢʣʝʪʢʠ ʢʘʢ ʥʦʨʤʘʣʴʥʳʭ ʉʂ ʚ 

ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ, ʪʘʢ ʠ ʆʉʂ ʠʤʝʝʪ ʦʙʱʠʝ ʙʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʥʢʠʡ ʤʝʭʘʥʠʟʤ 

ʨʝʛʫʣʷʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ ʜʝʣʝʥʠʷ (ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤ) ʧʦʟʚʦʣʷʝʪ ʦʙʦʠʤ 

ʪʠʧʘʤ ʢʣʝʪʦʢ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʠʩʣʝʥʥʦʩʪʴ ʩʘʤʠʭ ʩʝʙʷ ʠ ʩʚʦʠʭ ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʪʦʤʢʦʚ 

(Bu et al., 2013; Chao, Yan, Bu, 2024; Yoo, Kwon, 2015). 

1.2.3.3. ʕʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ, ʘʥʦʠʢʠʩ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʆʉʂ ʩʯʠʪʘʝʪʩʷ ʜʝʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʪʦ ʝʩʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʝʪʢʠ ʩ ʬʝʥʦʪʠʧʦʤ ʆʉʂ ʠʟ çʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ 

ʧʦʪʦʤʩʪʚʘè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʩʪʨʦʝʥʠʷ ʦʧʫʭʦʣʠ, ʛʜʝ ʥʘ ʚʝʨʰʠʥʝ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʭʦʜʷʪʩʷ ʆʉʂ, ʥʝ ʩʪʘʪʠʯʥʘ, ʠ ʚʦʟʤʦʞʥʳ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʩʫʙʧʦʧʫʣʷʮʠʷʤʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (Friedmann-Morvinski, Verma, 2014; ʌʘʨʤʘʢʦʚʩʢʘʷ ʠ ʜʨ., 

2015). ʕʪʫ ʠʜʝʶ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʧʦʥʪʘʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʣʝʪʦʢ ʩ ʬʝʥʦʪʠʧʦʤ ʆʉʂ ʠʟ ʧʦʧʫʣʷʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʣʠʙʦ, ʚ 

ʩʣʫʯʘʝ ʦʧʫʭʦʣʝʡ, ʠʟ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʙʳʣʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʜʘʣʝʥʳ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ (Chaffer et al., 2011) ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʝʪʢʠ ʩ ʬʝʥʦʪʠʧʦʤ ʆʉʂ (CD44hi) ʤʦʛʫʪ 

ʩʧʦʥʪʘʥʥʦ ʧʦʷʚʣʷʪʴʩʷ in vitro ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʢʣʝʪʦʢ ʠ ʚ ʢʫʣʴʪʫʨʝ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ CD44lo 

ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ in vivo ʧʨʠ ʧʝʨʝʚʠʚʢʝ NOD/SCID ʤʳʰʘʤ CD44lo ʧʦʧʫʣʷʮʠʠ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʕʄʇ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʚ ʆʉʂ-ʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ (Mani et al., 2008; Singh, Settleman, 2010; Tanabe et al., 2020; Wang 

et al., 2015). 

ʕʄʇ ï ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʧʨʠʦʙʨʝʪʝʥʠ ̫ ʢʣʝʪʢʘʤʠ ʩ ʠʟʥʘʯʘʣʴʥʦ ʵʧʠʪʝʣʠʘʣʴʥʳʤ 

ʬʝʥʦʪʠʧʦʤ ʥʘʙʦʨʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ 
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ʢʣʝʪʦʢ. ɺ ʭʦʜʝ ʕʄʇ ʢʣʝʪʢʘ ʪʝʨʷʝʪ ʢʦʥʪʘʢʪʳ ʩ ʦʢʨʫʞʝʥʠʝʤ, ʦʪʢʨʝʧʣʷʝʪʩʷ ʦʪ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʩʪʘʥʦʚʠʪʩʷ ʩʧʦʩʦʙʥʦʡ ʢ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʠʥʚʘʟʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʦʙʘʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʬʠʣʷ ʵʢʩʧʨʝʩʩʠʠ ʠ ʤʝʪʘʙʦʣʠʟʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʄʇ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʤʝʪʘʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʫʭʦʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʚʘʟʠʶ ʚ 

ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ ʠ ʜʠʩʩʝʤʠʥʠʨʦʚʘʪʴ ʚ ʦʨʛʘʥʠʟʤʝ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʆʉʂ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʝʪʦʢ ʚ ʩʦʩʪʦʷʥʠʠ 

ʕʄʇ ʠ ʆʉʂ. ɸʢʪʠʚʘʮʠʷ ʕʄʇ ʩʦʧʨʷʞʝʥʘ ʩ ʘʛʨʝʩʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʦʧʫʭʦʣʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʣʝʯʝʥʠʶ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʜʣʷ ʧʘʮʠʝʥʪʘ (Kahlert, Joseph, Kruyt, 2017).  

ʇʦʪʝʨʷ ʢʣʝʪʢʦʡ ʩʚʷʟʠ ʩ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʨʘʟʨʫʰʝʥʠʷ ʘʜʛʝʟʠʚʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʠʥʪʝʟʘ ɽ-ʢʘʜʛʝʨʠʥʘ, 

ʥʘʨʫʰʝʥʠʝʤ ʝʛʦ ʩʚʷʟʠ ʩ ɓ-catenin ʠ ʤʠʢʨʦʬʠʣʘʤʝʥʪʘʤʠ. ɓ-catenin, ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʦʪ ʩʚʷʟʠ ʩ 

ɽ-ʢʘʜʛʝʨʠʥʦʤ, ʧʨʦʥʠʢʘʝʪ ʚ ʷʜʨʦ ʢʣʝʪʢʠ ʠ ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʥʝʢʦʪʦʨʳʭ ʟʚʝʥʴʝʚ Wnt-

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪ ʟʘʧʫʩʢ ʕʄʇ. ʂʨʦʤʝ ʪʦʛʦ, ɓ-

catenin ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ TCF/LEF ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʛʨʘʤʤʝ ʟʘʧʫʩʢʘ 

ʕʄʇ (Kalluri, Weinberg, 2009).  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʕʄʇ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʩʫʙʘʧʠʢʘʣʴʥʳʭ ʧʣʦʪʥʳʭ ʢʦʥʪʘʢʪʦʚ 

(ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʢʣʘʫʜʠʥʘ, ʦʢʢʣʜʁʠʥʘ ʠ ZO-1), ʜʝʩʤʦʩʦʤ ʠ ʱʝʣʝʚʳʭ ʢʦʥʪʘʢʪʦʚ 

(ʩʥʠʞʝʥʠʝ ʩʠʥʪʝʟʘ ʢʦʥʥʝʢʩʠʥʘ). ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʮʠʪʦʩʢʝʣʝʪʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʤʝʥʪʠʥʦʚʳʭ ʤʠʢʨʦʬʠʣʘʤʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʤʝʤʙʨʘʥʥʳʝ 

ʚʳʨʦʩʪʳ (ʣʘʤʝʣʣʦʧʦʜʠʠ, ʬʠʣʦʧʦʜʠʠ), ʫʩʠʣʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʬʠʙʨʦʥʝʢʪʠʥʘ ʠ N-ʢʘʜʛʝʨʠʥʘ, 

ʪʝʨʷʝʪʩ ̫ʘʧʠʢʘʣʴʥʦ-ʙʘʟʘʣʴʥʘ ̫ʧʦʣʷʨʥʦʩʪʴ ʠ ʧʨʠʦʙʨʝʪʘʝʪʩ,̫ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ, ʧʝʨʝʜʥʝ-ʟʘʜʥʷʷ 

ʧʦʣʷʨʥʦʩʪʴ (Lamouille, Xu, Derynck, 2014). ʅʘʭʦʜʷʩʴ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʣʝʪʢʘ ʦʙʣʘʜʘʝʪ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʚʘʟʠʶ ʚ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ ʠ 

ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ (Greaves, Calle, 2022; ʇʫʯʠʥʩʢʘʷ, 2015). 

ʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʕʄʇ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʨʦʩʪʦʚʳʝ ʬʘʢʪʦʨʳ, ʘʫʪʦ-, ʧʘʨʘ- ʠ ʵʥʜʦʢʨʠʥʥʳʝ ʩʠʛʥʘʣʳ, ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, 

ʘʢʪʠʚʠʨʫʶʱʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʦʧʫʭʦʣʝʚʦʡ ʩʪʨʦʤʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʥʪʝʟʘ ʕʄʇ-

ʠʥʜʫʮʠʨʫʶʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ HGF (Hepatocyte growth factor), EGF 

(Epidermal growth factor), PDGF (Plateled-derived growth factor) ʠ TGF-ɓ, ʘʢʪʠʚʠʨʫʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʟʘʧʫʩʢʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (Kalluri, Weinberg, 

2009). ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʨʫʶʱʠʝ ʠ ʭʝʤʦʪʘʢʩʠʯʝʩʢʠʝ ʮʠʪʦʢʠʥʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʨʠʚʣʝʯʝʥʠʶ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʚ ʦʧʫʭʦʣʝʚʦʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ, ʪʘʢʠʝ ʢʘʢ IL-

6, IL-8, IL-10 ʠ TNF-Ŭ, ʪʘʢʞʝ ʠʥʜʫʮʠʨʫʶʪ ʕʄʇ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ (Greaves, Calle, 2022).  
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ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʕʄʇ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, 

ʟʘʧʫʩʢʘʶʱʠʝ ʧʨʦʮʝʩʩ ʕʄʇ; ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʠ 

ʘʢʪʠʚʘʮʠʠ/ʪʦʨʤʦʞʝʥʠʠ ʩʠʥʪʝʟʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʦʚ; ʵʬʬʝʢʪʦʨʳ (ʤʘʨʢʝʨʳ) ï ʙʝʣʢʠ, 

ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ-ʤʠʰʝʥʷʤʠ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʠ/ʠʣʠ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʬʝʥʦʪʠʧ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʢʠ. 

ɺ ʟʘʧʫʩʢʝ ʕʄʇ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ: TGFȤɓ/BMP 

(Bone morphogenetic protein), Wnt/ɓȤcatenin, TKR (Tyrosine kinase receptor), TȤlymphoma 

invasion and metastasis inducing protein 1/Rac family small GTPase1, Notch, Hedgehog, YAP/TAZ 

(Deshmukh et al., 2021; Ġkovierov§ et al., 2018). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʕʄʇ, ʦʪʚʝʪ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʜʥʦʛʦ 

ʣʠʥʝʡʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʘ ʦʪʨʘʞʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʧʫʪʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ. ʊʦ ʝʩʪʴ ʟʘʧʫʩʢ ʕʄʇ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʞʜʫ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ. ɹʣʦʢʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ 

ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ çʦʙʭʦʜʥʦʛʦ ʧʫʪʠè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʦʙʠʪʴʩʷ 

ʧʦʣʥʦʛʦ ʚʢrʣʶʯʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʕʄʇ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʢʨʘʡʥʝ ʩʣʦʞʥʦ (Deshmukh et al., 

2021; Lamouille, Xu, Derynck, 2014). 

ʆʩʥʦʚʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʟʘʧʫʩʢʘʶʱʝʡ ʕʄʇ, ʩʯʠʪʘʝʪʩʷ ʮʠʪʦʢʠʥ TGF-ɓ. TGF-

ɓ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʩʝʨʠʥ/ʪʨʝʦʥʠʥʢʠʥʘʟʳ: TGF-ɓ ʪʠʧʘ I (TɓRI) ʠ ʪʠʧʘ 

II (TɓRII), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴ SMAD-ʟʘʚʠʩʠʤʳʡ ʠ SMAD-ʥʝ ʟʘʚʠʩʠʤʳʡ ʧʫʪʠ 

ʘʢʪʠʚʘʮʠʠ ʵʪʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ (Chen, Liao, Yang, 2018; Ġkovierov§ et al., 2018; ɻʘʧʦʥʦʚʘ ʠ 

ʜʨ., 2020). ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ TɓRI ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʢʦʤʧʣʝʢʩ SMAD2/3, 

ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ SMAD4. ɺʤʝʩʪʝ ʦʥʠ ʬʦʨʤʠʨʫʁʪ ʛʝʪʝʨʦʛʝʥʥʳʡ 

ʘʛʣʦʤʝʨʘʪ, ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʷʜʨʦ ʠ ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʨʷʜʘ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ ʕʄʇ. TGFȤɓ/SMAD ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ ʩʘʤ ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʝʛʫʣʷʮʠʠ, ʪʘʢ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ Ras, PI3K, 

Wnt/ɓȤcatenin/LEF (Kalluri, Weinberg, 2009; Ġkovierov§ et al., 2018). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʘʢʪʠʚʘʮʠʷ ʕʄʇ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ PI3K/Akt-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʟʘʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʨʝʮʝʧʪʦʨʳ TGF-ɓ (Ġkovierov§ et al., 2018) (ʈʠʩʫʥʦʢ 1). 

TGFȤɓ-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʘʢʪʠʚʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʷʚʣʷʶʱʠʝʩʷ 

ʢʣʶʯʝʚʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʕʄʇ: SNAIL1, SNAIL2 (SLUG), ZEB ʠ TWIST (ʈʠʩʫʥʦʢ 1). 

ʂʦʤʧʣʝʢʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ SNAIL (SNAIL1 ʠ SNAIL2) ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ɽ-ʙʦʢʩʘ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ CDH1, ʢʦʜʠʨʫʶʱʝʛʦ E-ʢʘʜʛʝʨʠʥ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʧʨʝʩʩʠʠ ʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʠ (Ġkovierov§ et al., 2018). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʘʢʪʠʚʘʮʠʠ ʕʄʇ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʪʦʢʠʥʘ TGF-ɓ. TGF-ɓ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʚʦʠʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ (TɓR) ʠ ʘʢʪʠʚʠʨʫʝʪ ʕʄʇ ʧʨʠ ʧʦʤʦʱʠ SMAD-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. SMAD2/3 

ʢʦʤʧʣʝʢʩ ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʝʣʢʦʤ SMAD4. ɼʘʣʝʝ ʦʙʨʘʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʧʘʜʘʝʪ ʚ ʷʜʨʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʨʝʛʫʣʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʕʄʇ. ʂʣʶʯʝʚʳʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʷʚʣʷʶʪʩʷ SNAIL, ZEB ʠ TWIST. ʂʨʦʤʝ ʪʦʛʦ, TGF-ɓ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʕʄʇ ʯʝʨʝʟ SMAD-

ʥʝ ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ, ʘʢʪʠʚʠʨʫʷ ʢʘʩʢʘʜ PI3K/Akt, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʬʘʢʪʦʨʦʚ ʕʄʇ. 

 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ 

ʕʄʇ ï ʩʝʤʝʡʩʪʚʦ ZEB (Zinc finger E-box-binding homeobox), ʩʦʩʪʦʷʱʝʝ ʠʟ ZEB1 ʠ ZEB2. 

ɸʢʪʠʚʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʤʦʣʝʢʫʣ ʩʦʧʨʷʞʝʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ 

ʘʛʝʥʪʘʤ, ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʨʝʧʨʝʩʩʠʝʡ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ ʠ ʨʝʛʫʣʠʨʫʝʪ TGFȤɓ, Wnt ʠ 

RasȤMAPK-ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ZEB ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ SNAIL1 (Lamouille, Xu, Derynck, 2014; Lemma et al., 2013; 

Ġkovierov§ et al., 2018). 
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ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʤʝʡʩʪʚʦʤ ʩʧʠʨʘʪʴ-ʧʝʪʣʷ-

ʩʧʠʨʘʣʴ (helix-loop-helix) ʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ TWIST1 ʠ TWIST2. ʅʘʧʦʜʦʙʠʝ SNAIL ʠ ZEB 

ʵʪʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʴʶ ʛʝʥʘ CDH1 ʠ 

ʠʥʛʠʙʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ɽ-ʢʘʜʛʝʨʠʥʘ, ʘ ʪʘʢʞʝ ʨʝʧʨʝʩʩʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʧʠʪʝʣʠʘʣʴʦʛʦ ʬʝʥʦʪʠʧʘ, ʠ ʘʢʪʠʚʠʨʫʶʪ ʛʝʥʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ N-ʢʘʜʛʝʨʠʥʘ 

(Ġkovierov§ et al., 2018). ʇʦʢʘʟʘʥʦ, ʯʪʦ TWIST1 ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʛʨʘʤʤʘʭ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʧʦʧʪʦʟʫ ʚ ʢʣʝʪʢʘʭ ʣʝʡʢʝʤʠʠ, ʧʦʜʘʚʣʷʝʪ let-7i, ʯʪʦ ʘʢʪʠʚʠʨʫʝʪ ARID3B 

(chromatin modifier AT-rich interacting domain 3B), ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʧʫʩʢʘʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʪʚʦʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (Chen, Liao, Yang, 2018). 

TWIST1 ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ TNF-Ŭ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ NF-kB-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʛʠʧʦʢʩʠʷ ʠʣʠ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ HIF-1Ŭ (Hypoxia-inducible factor 1-Ŭ) ʘʢʪʠʚʠʨʫʶʪ 

ʩʠʥʪʝʟ TWIST, ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʷʩʴ ʩ ʛʠʧʦʢʩʠʷ-ʟʘʚʠʩʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ TWIST (Yang, Wu, 2008). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ BMI1 ʪʘʢʞʝ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʕʄʇ ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʢʘʟʘʥʥʳʡ ʙʝʣʦʢ ʠʛʨʘʝʪ ʨʦʣʴ 

ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʆʉʂ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʠʭ ʩʚʦʡʩʪʚ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ. ʆʥ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʧʫʭʦʣʝʚʳʤ ʩʫʧʨʝʩʩʦʨʦʤ PTEN, ʠʥʛʠʙʠʨʫʷ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ (Liu et al., 2017). ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩʥʠʞʝʥʠʝ ʠʣʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ PTEN ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʥʝʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. 

ɺ ʧʨʦʮʝʩʩʝ ʕʄʇ ʢʣʝʪʢʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʝʦʨʛʘʥʠʟʘʮʠʶ ʘʢʪʠʥʦʚʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠʦʙʨʝʪʘʝʪʩ ̫ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʧʷʯʠʚʘʥʠʡ ʚ ʤʝʤʙʨʘʥʝ, ʢʦʪʦʨʳʝ 

ʥʘʟʳʚʘʶʪʩʷ ʣʘʤʝʣʣʦʧʦʜʠʷʤʠ, ʘ ʪʘʢʞʝ ʰʠʧʦʚʠʜʥʳʭ ʦʪʨʦʩʪʢʦʚ ʥʘ ʢʨʘʷʭ ʣʘʤʝʣʣʦʧʦʜʠʡ ʢʦʪʦʨʳʝ 

ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʬʠʣʦʧʦʜʠʡ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʜʘʶʪ ʢʣʝʪʢʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʤʝʤʙʨʘʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʆʉʂ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʚʘʟʠʶ 

ʚ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ ʠ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ, ʪʝʤ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʦʨʛʘʥʠʟʤʫ 

(ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ) (Zhang et al., 2012). 

ʈʝʛʫʣʷʮʠʶ ʧʝʨʝʩʪʨʦʡʢʠ ʘʢʪʠʥʦʚʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ Rho-

ɻʊʌʘʟ (ʩʝʤʝʡʩʪʚʦ ʬʝʨʤʝʥʪʦʚ ʛʠʜʨʦʣʘʟ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʠ ʛʠʜʨʦʣʠʟʫʶʪ 

ʛʫʘʥʦʟʠʥʪʨʠʬʦʩʬʘʪ): RhoA, Rac1 ʠ Cdc42. RhoA ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠ ʁ ʘʢʪʠʥʦʚʳʭ 

ʩʪʨʝʩʩʦʚʳʭ ʚʦʣʦʢʦʥ. Rac1 ʠ Cdc42 ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʣʘʤʝʣʣʦʧʦʜʠʡ ʠ ʬʠʣʦʧʦʜʠʡ. 

ɸʢʪʠʚʘʮʠʷ Rho-ɻʊʌʘʟ ʨʝʛʫʣʠʨʫʝʪʩʷ ʬʘʢʪʦʨʘʤʠ ʦʙʤʝʥʘ ʛʫʘʥʠʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ (GEF), 
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ʙʝʣʢʘʤʠ, ʘʢʪʠʚʠʨʫʶʱʠʤʠ ɻʊʌʘʟʳ (GAP), ʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʛʫʘʥʠʥʦʚʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ (GDI). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Rho-ɻʊʌʘʟʳ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʞʢʣʝʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʜʛʝʟʠʠ (Lamouille, Xu, Derynck, 2014). 

ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʢʘʪʝʥʠʥ p120, ʢʦʪʦʨʳʡ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʕʄʇ, ʧʦʜʘʚʣʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ Rho. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʠʩʩʦʮʠʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʘʢʪʠʚʠʨʦʚʘʪʴ Rac ʠ Cdc42, ʪʝʤ ʩʘʤʳʤ ʠʥʜʫʮʠʨʫʷ ʤʝʭʘʥʠʟʤ ʤʦʙʠʣʴʥʦʩʪʠ ʢʣʝʪʦʢ (Kourtidis, 

Ngok, Anastasiadis, 2013; Lamouille, Xu, Derynck, 2014).  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʧʠʢʘʣʴʥʦ-ʙʘʟʘʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʚ ʧʝʨʝʜʥʝ-ʟʘʜʥʶʶ ʚʢʣʶʯʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Rho-ɻʊʌʘʟʘʤʠ ʠ ʙʝʣʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʪʫ ʩʘʤʫʶ ʘʧʠʢʘʣʴʥʦ-

ʙʘʟʘʣʴʥʫʶ ʧʦʣʷʨʥʦʩʪʴ. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʧʠʢʘʣʴʥʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʘ ʫʯʘʩʪʚʫʶʪ ʙʝʣʢʠ PAR-

ʢʦʤʧʣʝʢʩʘ (PAR6, PAR3 ʠ aPKC). ɹʘʟʦʣʘʪʝʨʘʣʴʥʳʡ ʢʦʤʧʘʨʪʤʝʥʪ ʬʦʨʤʠʨʫʶʪ ʙʝʣʢʠ Scribble 

ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ DGL (Discslarge) ʠ LGL (Lethal giant larvae). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʢʦʤʧʣʝʢʩʳ PAR ʠ Scribble ʚʤʝʩʪʝ ʩ ʙʝʣʢʦʤ 

PATJ ʢʦʤʧʣʝʢʩʘ Crumbs ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʧʝʨʝʜʥʝʤʫ ʢʨʘʶ ʢʣʝʪʢʠ, ʛʜʝ Rac1 ʠ Cdc42 

ʘʢʪʠʚʠʨʫʶʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʘʢʪʠʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʧʷʯʠʚʘʥʠʡ ʤʝʤʙʨʘʥʳ. ʅʘʧʨʦʪʠʚ, RhoA 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʢʣʝʪʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʙʦʨʢʝ ʘʜʛʝʟʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʩʦʢʨʘʱʝʥʠʶ ʢʣʝʪʢʠ. PI3K ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʠʥʠʮʠʘʮʠʠ ʧʝʨʝʜʥʝ-ʟʘʜʥʝʡ ʧʦʣʷʨʥʦʩʪʠ 

ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʠʚʣʝʯʝʥʠʠ Cdc42 ʠ Rac1 ʢ ʧʝʨʝʜʥʝʤʫ ʢʨʘʶ ʢʣʝʪʢʠ (Grosheva et al., 2000; 

Lamouille, Xu, Derynck, 2014).  

ʆʪʜʝʣʠʚʰʠʩʴ ʦʪ ʩʚʦʝʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʠʤʝʷ ʬʫʥʢʮʠʶ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʢʣʝʪʢʘ 

ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ ʩʦʩʫʜʘ ʠ ʧʨʦʥʠʢʥʫʪʴ ʚ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ 

ʚʢʣʶʯʝʥʳ ʚ ʩʣʦʞʥʫʶ ʩʝʪʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʜʦʣʝʪʴ ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ.  

ʇʝʨʚʳʤ ʙʘʨʴʝʨʦʤ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʘʟʘʣʴʥʘ ̫ ʤʝʤʙʨʘʥʘ, ʜʘʣʝʝ ï 

ʦʢʨʫʞʘʶʱʠʡ ʢʣʝʪʢʫ ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʳʡ ʤʘʪʨʠʢʩ. ɺ ʧʨʦʮʝʩʩʝ ʜʝʛʨʘʜʘʮʠʠ ʫʢʘʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (ʦʩʥʦʚʥʳʝ MMP-2 ʠ MMP-

9), ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʘ ʧʨʠ ʕʄʇ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʣʦʞʥʦʡ ʩʝʪʴʶ ʦʧʠʩʘʥʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ (Hotary et al., 2006; Lamouille, Xu, Derynck, 2014). ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʦʡ ʠʟ 

ʤʠʰʝʥʝʡ ʜʝʛʨʘʜʘʮʠʠ MMP ʷʚʣʷʝʪʩʷ ɽ-ʢʘʜʛʝʨʠʥ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʜʜʝʨʞʘʥʠʶ ʤʝʟʝʥʭʠʤʘʣʴʥʴʥʦʛʦ ʬʝʥʦʪʠʧʘ (Ġkovierov§ et al., 2018). 

ʇʨʝʦʜʦʣʝʚ ʙʘʟʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ, ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʢʦʥʪʘʢʪʝ ʩʦ ʩʪʨʦʤʘʣʴʥʳʤʠ ʬʠʙʨʦʙʣʘʩʪʘʤʠ. ʉʝʢʨʝʪʠʨʫʝʤʳʝ ʦʧʫʭʦʣʴʶ ʨʦʩʪʦʚʳʝ ʬʘʢʪʦʨʳ, 

ʪʘʢʠʝ ʢʘʢ PDGF ʠ TGF-ɓ, ʠʟʤʝʥʷʶʪ ʬʝʥʦʪʠʧ ʬʠʙʨʦʙʣʘʩʪʦʚ ʢ ʬʝʥʦʪʠʧʫ ʤʠʦ-ʬʠʙʨʦʙʣʘʩʪʦʚ 
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(Bierie, Moses, 2006). ʊʘʢʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʧʫʭʦʣʴʶ ʩʪʨʦʤʘʣʴʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ 

ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ MMP ʠ ʢʘʪʝʧʩʠʥʦʚ 

(Bhowmick, Neilson, Moses, 2004; Olumi et al., 1999; Sternlicht et al., 1999), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ ʠ ʠʥʚʘʟʠʶ. ʅʘʣʠʯʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʠʛʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʮʠʷ ʘʥʛʠʦʛʝʥʝʟʘ (Bergers, Benjamin, 2003). ɼʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʧʨʦʩʚʝʪ ʩʦʩʫʜʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʜʦʣʞʥʳ ʨʘʟʨʫʰʠʪʴ ʩʦʩʫʜʠʩʪʫʶ ʙʘʟʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʠ 

ʧʦʧʘʩʪʴ ʚ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ 

ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ ʟʘʚʠʩʠʪ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ MMP-9, ʩʫʧʨʝʩʩʠʷ ʢʦʪʦʨʦʡ ʣʠʤʠʪʠʨʫʝʪ ʩʢʦʨʦʩʪʴ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ (Kim et al., 1998). 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ, ʧʨʠʦʙʨʝʪʘʝʤʦʡ ʢʣʝʪʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʕʄʇ, ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʥʦʠʢʠʩʫ. ɸʥʦʠʢʠʩ ï ʵʪʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʘʷ ʢʣʝʪʦʯʥʘʷ ʛʠʙʝʣʴ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ, ʠʥʜʫʮʠʨʫʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʢʨʝʧʣʝʥʠʷ ʦʪ ʕʂʄ ʠʣʠ ʥʘʨʫʰʝʥʠʡ ʩʚʷʟʠ ʩ ʢʣʝʪʦʯʥʳʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ. ɺ ʥʦʨʤʝ ʘʥʦʠʢʠʩ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʢʦʣʦʥʠʟʘʮʠʶ ʦʪʜʝʣʠʚʰʠʭʩʷ ʢʣʝʪʦʢ ʚ ʥʦʚʦʤ ʤʝʩʪʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʜʜʝʨʞʘʥʠʶ ʪʢʘʥʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. ʈʝʟʠʩʪʝʥʩʪʥʦʩʪʴ ʢ ʘʥʦʠʢʠʩʫ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʆʉʂ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʆʉʂ ʚ ʢʫʣʴʪʫʨʘʭ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

MDA-MB-453 ʠ MDA-MB-231 ʙʳʣʠ ʫʩʪʦʡʯʠʚʳ ʢ ʘʥʦʠʢʠʩʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʝʪʦʢ, ʥʝ 

ʦʙʣʘʜʘʶʱʠʭ ʬʝʥʦʪʠʧʦʤ ʆʉʂ. ʇʨʠ ʵʪʦʤ ʩʦʚʤʝʩʪʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʚʫʭ ʩʫʙʧʦʧʫʣʷʮʠʡ 

ʢʣʝʪʦʢ ʧʨʠʜʘʚʘʣʦ ʧʦʩʣʝʜʥʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʥʦʠʢʠʩʫ (çʵʬʬʝʢʪ ʩʚʠʜʝʪʝʣʷè) (Kim et al., 2016). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʘʢʪʠʚʘʮʠʠ ʘʥʦʠʢʠʩʘ: ʚʥʝʰʥʠʡ, ʠʥʠʮʠʠʨʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Fas-ʨʝʮʝʧʪʦʨʘ 

ʠ Fas-ʣʠʛʘʥʜʘ), ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ, ʟʘʧʫʩʢʘʶʱʠʡʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʈʠʩʫʥʦʢ 2). 

ɺʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʤʝʭʘʥʠʟʤʝ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʙʝʣʢʠ Bax ʠ 

Bak, ʢʦʪʦʨʳʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʥʘ ʚʥʝʰʥʶʶ ʤʝʤʙʨʘʥʫ ʤʠʪʦʭʦʥʜʨʠʡ, ʦʣʠʛʦʤʝʨʠʟʫʶʪʩʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʤʝʤʙʨʘʥʝ ʤʠʪʦʭʦʥʜʨʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʥʘʣʳ. ʎʠʪʦʭʨʦʤ ʉ ʚʳʭʦʜʠʪ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʢʘʩʧʘʟʦʡ-9 ʠ ʙʝʣʢʦʤ Apaf ʬʦʨʤʠʨʫʝʪ ʘʧʦʧʪʦʩʦʤʫ. ʋʢʘʟʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʘʢʪʠʚʠʨʫʝʪ ʢʘʩʧʘʟʫ-3, ʯʪʦ ʟʘʧʫʩʢʘʝʪ ʧʨʦʛʨʘʤʤʫ ʘʧʦʧʪʦʟʘ. ɸʢʪʠʚʘʪʦʨʦʤ ʪʘʢʦʛʦ ʧʫʪʠ 

ʪʘʢʞʝ ʩʣʫʞʠʪ Bim, ʯʣʝʥ BH3-only ʩʝʤʝʡʩʪʚʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʠʥʝʠʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʮʠʪʦʩʢʝʣʝʪʘ, ʢʦʛʜʘ ʢʣʝʪʢʘ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʕʂʄ. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, Bim ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ Bax ʠ 

Bak. ɼʨʫʛʠʝ ʯʣʝʥʳ BH3-only ʩʝʤʝʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ Bad, Bik, Bmf, Noxa ʠ Puma, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 
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ʩʝʥʩʘʙʠʣʠʟʘʪʦʨʳ, ʧʦʜʘʚʣʷʶʪ ʬʫʥʢʮʠʶ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʙʝʣʢʘ Bcl-2, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ Bax/Bak (Cao, Livas, Kyprianou, 2016; Kim et al., 

2012; Paoli, Giannoni, Chiarugi, 2013). 

 

ʈʠʩ. 2. ʇʫʪʠ ʘʢʪʠʚʘʮʠʠ ʘʥʦʠʢʠʩʘ. ʇʦʪʝʨʷ ʢʣʝʪʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʕʂʄ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ ʚʳʞʠʚʘʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʘʢʪʠʚʠʨʫʷ ʘʥʦʠʢʠʩ, ʟʘʧʫʩʢʘʶʱʠʡʩʷ 

ʯʝʨʝʟ ʨʝʮʝʧʪʦʨʳ ʩʤʝʨʪʠ ʠʣʠ ʤʠʪʦʭʦʥʜʨʠʠ. ɺʥʝʰʥʠʡ ʧʫʪʴ ʘʢʪʠʚʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʩ Fas ʠ/ʠʣʠ TNFR1 ʨʝʮʝʧʪʦʨʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ FADD ʢʦʤʧʣʝʢʩ ʠ ʣʠʙʦ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʢʘʩʧʘʟʳ-7, ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʢʦʨʦʯʝʥʥʦʡ ʬʦʨʤʳ Bid (tBid) ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʮʠʪʦʭʨʦʤʘ ʉ, 

ʜʘʣʝʝ ʩʙʦʨʢʘ ʘʧʦʧʪʦʩʦʤʳ ʠ ʧʨʦʪʝʦʣʠʟ ʤʠʰʝʥʠ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʧʫʪʴ ʠʥʜʫʮʠʨʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ Bad, Bik, Puma, Bmf ʠ Noxa, 

ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʤ ʙʝʣʢʘʤ ʩʝʤʝʡʩʪʚʘ Bcl-2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʧʫʪʴ ʟʘʧʫʩʢʘ ʘʥʦʠʢʠʩʘ (ʨʠʩʫʥʦʢ ʥʘ ʦʩʥʦʚʝ ʨʘʙʦʪʳ (Paoli, 

Giannoni, Chiarugi, 2013) ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ). 

 

ɺʥʝʰʥʠʡ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʘʥʦʠʢʠʩʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ Fas-ʨʝʮʝʧʪʦʨʦʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ TNF-Ŭ, FasL ʠ TRAIL. ʇʨʦʠʩʭʦʜʠʪ ʠʭ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʘʩʧʘʟʘ-8 ʩʚʷʟʳʚʘʝʪʩʷ ʩ DED-ʜʦʤʝʥʦʤ (Death Effector 

Domain) ʢʦʤʧʣʝʢʩʘ FADD (Fas-associated death domain) ʠ ʧʨʦʜʫʮʠʨʫʝʪʩʷ DISC (Death-inducing 

signaling complex). DISC ʩʪʠʤʫʣʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʢʘʩʧʘʟʳ-8 ʧʫʪʝʤ ʝʝ ʜʠʤʝʨʠʟʘʮʠʠ. ɺ ʪʘʢʦʤ 

ʚʠʜʝ ʢʘʩʧʘʟʘ-8 ʚʳʭʦʜʠʪ ʚ ʮʠʪʦʧʣʘʟʤʫ ʠ ʘʢʪʠʚʠʨʫʝʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʩʧʘʟʳ-7 ʠ -3, ʯʪʦ 

ʟʘʧʫʩʢʘʝʪ ʢʘʩʧʘʟʘ-ʟʘʚʠʩʠʤʳʡ ʘʧʦʧʪʦʟ (ʈʠʩʫʥʦʢ 2). 

FLIP (FLICE-inhibitory protein) ï ʵʥʜʦʛʝʥʥʳʡ ʠʥʛʠʙʠʪʦʨ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ 

ʘʧʦʧʪʦʟʘ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ DED-ʜʦʤʝʥʦʚ ʠ ʢʘʩʧʘʟʘ-8-ʧʦʜʦʙʥʦʛʦ ʜʦʤʝʥʘ, ʠʤʝʶʱʠʤ ʙʦʣʴʰʝʝ 
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ʩʨʦʜʩʪʚʦ ʢ DISC. FLIP ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʢʪʠʚʘʮʠʶ ʢʘʩʧʘʟʳ-8, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ DED. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʢʨʝʧʣʝʥʠʝ ʢʣʝʪʢʠ ʦʪ ʕʂʄ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʠʣʝʥʠʶ ʩʠʥʪʝʟʘ Fas ʠ FasL ʠ ʩʥʠʞʝʥʠʶ FLIP. ɺ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʵʢʩʧʨʝʩʩʠʷ FLIP 

ʧʦʚʳʰʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʥʦʠʢʠʩʫ (Riley et al., 2013). ʂʨʦʤʝ ʪʦʛʦ, 

ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʘʢʪʠʚʘʮʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʟʘʧʫʩʢʘʶʱʠʭ ʧʨʦʛʨʘʤʤʫ 

ʕʄʇ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʮʠʷ ʩʠʥʪʝʟʘ ʠʥʪʝʛʨʠʥʦʚ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ 

ʘʥʦʠʢʠʩʫ.  

ʀʥʪʝʛʨʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʦʝ ʩʝʤʝʡʩʪʚʦ ʛʦʤʦʣʦʛʠʯʥʳʭ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ 

ʙʝʣʢʦʚ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʤʘʪʨʠʢʩ ʩ ʮʠʪʦʩʢʝʣʝʪʦʤ ʠʣʠ ʩʣʫʞʘʪ 

ʤʦʣʝʢʫʣʘʤʠ ʤʝʞʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʧʫʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʠʙʨʦʥʝʢʪʠʥʘ ʠ ʣʘʤʠʥʠʥʘ ï 

ʦʩʥʦʚʥʳʭ ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʕʂʄ. ʀʥʪʝʛʨʠʥʳ ʨʝʛʫʣʠʨʫʶʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʚ ʢʣʝʪʢʫ 

ʠʟ ʕʂʄ ʧʨʠ ʧʦʤʦʱʠ ʠʥʝʛʨʠʥ-ʘʢʪʠʚʠʨʫʶʱʠʭʩʷ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ FAK (Fokal 

adhesion kinase), PI3-K, ERK1/2 (Extracellular signal regulated kinase). FAK ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʘʚʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʪʦʛʦ, ʢʦʛʜʘ ʠʥʪʝʛʨʠʥʳ ʩʚʷʟʘʥʳ ʩ 

ʕʂʄ, ʪʦ ʝʩʪʴ ʢʣʝʪʢʘ ʥʘʭʦʜʠʪʩʷ ʚ çʧʨʘʚʠʣʴʥʦʡè ʚʟʘʠʤʦʩʚʷʟʠ ʩʦ ʩʚʦʠʤ ʦʢʨʫʞʝʥʠʝʤ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʥʠʮʠʠʨʫʝʪʩʷ ʢʘʩʢʘʜ ʩʠʛʥʘʣʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʘʢʪʠʚʘʮʠʠ MAP-ʢʠʥʘʟ, ERK1/2, ʘ ʪʘʢʞʝ 

PI3-K/Akt ʠ Ras/Raf/Mek/Erk-ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʪʁ ʢʣʝʪʢʫ ʦʪ ʘʥʦʠʢʠʩʘ. 

ʉʥʠʞʝʥʠʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ FAK ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʫʪʠ 

ʚʳʢʣʶʯʘʶʪʩʷ ʠ ʧʝʨʝʩʪʘʶʪ ʟʘʱʠʱʘʪʴ ʢʣʝʪʢʫ ʦʪ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ (Costa da et al., 

2018; Frisch, Ruoslahti, 1997; Vachon, 2011). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʨʷ ʢʣʝʪʢʦʡ ʩʚʷʟʠ ʩ ʕʂʄ ʚ ʥʦʨʤʝ ʧʨʠʚʦʜʠʪ ʢ ʘʢʢʫʤʫʣʷʮʠʠ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ Bim ʟʘ ʩʯʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʦʪʝʘʩʦʤʘʤʠ. ʇʨʠ ʕʄʇ 

ʠʥʠʮʠʠʨʫʝʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ Bim ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʘʷ ʜʝʛʨʘʜʘʮʠʷ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ERK 

ʠ PI3K/Akt-ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ (Kim et al., 2012). ɸʢʪʠʚʘʮʠʷ PI3K/Akt ʪʘʢʞʝ ʯʘʩʪʦ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʠʥʪʝʟʘ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ Bim, Bax, Noxa, p21 ʠ p53 

(Cao, Livas, Kyprianou, 2016). 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʛʨʘʤʤʝ ʕʄʇ, ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʥʦʠʢʠʩʫ. ʊʘʢ, TWIST ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

Bcl-2. SNAIL  ʥʘʧʨʷʤʫʶ ʩʫʧʨʝʩʩʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩ ʘʥʦʠʢʠʩʘ. 

ʇʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ PTEN, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʕʄʇ ʠ ʧʨʦʠʩʭʦʜʷʱʝʝ ʟʘ ʩʯʝʪ 

ʩʚʷʟʳʚʘʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʙʝʣʢʘ ʩ Bmi1 (Liu et al., 2017), ʘʢʪʠʚʠʨʫʝʪ PI3-K/Akt-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

ʠ ʠʥʘʢʪʠʚʠʨʫʝʪ Bad (Cao, Livas, Kyprianou, 2016). ʉʥʠʞʝʥʠʝ ʩʠʥʪʝʟʘ E-ʢʘʜʛʝʨʠʥʘ, ʧʨʠʚʦʜʠʪ, 

ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ɓ-catenin, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʷʜʨʦ ʠ ʘʢʪʠʚʠʨʫʝʪ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʠʛʨʘʮʠʠ, ʠʥʚʘʟʠʠ 

ʠ ʧʨʦʛʨʝʩʩʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (c-Myc, Cyclin D, c-JIN, MMP-1) (Cao, Livas, Kyprianou, 2016).  

ʎʠʨʢʫʣʠʨʫʷ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ, ʦʧʫʭʦʣʝʚʘ ̫ʢʣʝʪʢʘ ʩʧʦʩʦʙʥʘ ʟʘʢʨʝʧʠʪʴʩʷ ʥʘ ʥʦʚʦʤ 

ʤʝʩʪʝ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʪʘʢʞʝ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʧʨʠʥʠʤʘʶʪ ʠʥʪʝʛʨʠʥʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʤʠʝʣʦʤʘ, ɺ-ʣʠʤʬʦʤʘ) ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʢʨʦʚʷʥʦʤ ʨʫʩʣʝ ʥʘʯʠʥʘʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʠʥʪʝʛʨʠʥ-ɓ7, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʚ ʥʦʚʦʤ ʩʘʡʪʝ 

(Greaves, Calle, 2022; Sºkeland, Schumacher, 2019).  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʦʙʨʘʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʕʄʇ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʥʷʪʠʷ ʤʝʟʝʥʭʠʤʘʣʴʥʦ-ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʨʝʧʣʝʥʠʷ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʚ ʥʦʚʦʤ ʤʝʩʪʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠ ̫

ʥʦʚʦʛʦ ʦʯʘʛʘ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʩʭʦʜʥʦʡ ʦʧʫʭʦʣʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʝʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʬʝʥʦʪʠʧ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦɻʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʢ ʜʣʷ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʬʝʥʦʪʠʧʦʚ. ɺ ʪʘʢʦʤ ʧʝʨʝʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʢʣʝʪʢʝ ʩʦʭʨʘʥʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʤʈʅʂ ɽ-ʢʘʜʛʝʨʠʥʘ ʠ ʧʦʚʳʰʝʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ 

ʚʠʤʝʥʪʠʥʘ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʕʄʇ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʬʘʢʪʦʨʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ETV1, PRRX1, ZEB1, ZEB2, TWIST1, SNAIL1 ʠ SNAIL2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʥʦʮʝʥʥʳʤ ʕʄʇ (Kahlert, Joseph, Kruyt, 2017; Yang et al., 2020a).  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʯʘʩʪʦ ʤʝʪʘʩʪʘʟʠʨʫʶʪ ʥʝ ʧʦ ʦʜʠʥʦʯʢʝ, ʘ ʚ 

ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʦʚ. ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʣʝʪʢʠ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʘ ʥʝʦʜʥʦʨʦʜʥʳ. ɺ 

ʢʣʝʪʢʘʭ ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʣʘʩʪʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʮʝʥʪʨʝ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʬʝʥʦʪʠʧ (Ġkovierov§ et al., 

2018; ɻʘʧʦʥʦʚʘ ʠ ʜʨ., 2020). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʄʇ ʦʧʨʝʜʝʣʷʝʪ ʢʣʝʪʦʯʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʢ 

ʠʟʤʝʥʝʥʠʶ ʬʝʥʦʪʠʧʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʙʨʘʪʠʤʦʩʪʴ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʵʢʩʧʨʝʩʩʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʨʢʝʨʦʚ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʝʛʦ ʨʦʣʠ ʚ ʨʘʟʚʠʪʠʠ ʠ ʧʨʦʛʨʝʩʩʠʠ ʥʝʦʧʣʘʟʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʩʚʷʟʳʚʘʶʱʠʭ ʕʄʇ ʩ ʩʦʩʪʦʷʥʠʝʤ çʩʪʚʦʣʦʚʦʩʪʠè ʦʧʫʭʦʣʝʚʭr ʢʣʝʪʦʢ. ʕʄʇ 

ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦ ʠʟ ʙʘʟʦʚʳʭ ʩʚʦʡʩʪʚ ʆʉʂ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʚʘʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʛʦ ʦʯʘʛʘ 

ʦʧʫʭʦʣʠ. ʂ ʪʦʤʫ ʞʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʟʘʧʫʩʢʘʶʱʠʝ ʕʄʇ ʠ ʘʢʪʠʚʠʨʫʶʱʠʝ ʧʨʦʛʨʘʤʤʫ ʉʂ 

(Notch, Hedgehog, WNT/b-catenin, NF-kB), ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʚʥʳ (Eun, Ham, Kim, 2017). ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʦʚ ʕʄʇ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ 
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ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ ʥʘʣʠʯʠʷ ʚ ʢʣʝʪʢʝ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʆʉʂ. 

1.2.3.4. ʕʬʬʣʶʢʩ ʠ ʜʝʪʦʢʩʠʢʘʮʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʭʠʤʠʦ-/ʨʘʜʠʦʫʩʪʦʡʯʠʚʦʩʪʴ  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʆʉʂ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʫʭʦʣʴ 

ʚ ʮʝʣʦʤ ʫʩʪʦʡʯʠʚʳ ʢ ʣʝʯʝʥʠʶ ʢʘʢ ʤʝʪʦʜʘʤʠ ʭʠʤʠʦ-/ʨʘʜʠʦʪʝʨʘʧʠʠ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʆʉʂ ʦʙʣʘʜʘʶʪ ʤʝʭʘʥʠʟʤʘʤʠ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʧʦʷʚʣʝʥʠʝ 

ɸʌʂ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. ɸʌʂ ï ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʤʦʣʝʢʫʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʦʨʦʪʢʠʤ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʠ ʩʚʦʠʤʠ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʧʦʚʨʝʞʜʘʪʴ 

ʤʦʣʝʢʫʣʫ ɼʅʂ, ʈʅʂ ʠ/ʠʣʠ ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʤʝʤʙʨʘʥʳ ʠ ʚʳʟʳʚʘʪʴ ʦʪʚʝʪ ʢʣʝʪʢʠ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

(ʘʢʪʠʚʘʮʠʷ ʨʝʧʘʨʘʪʠʚʥʦʡ ʤʘʰʠʥʳ). ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʙʳʩʪʨʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ɸʌʂ, ʆʉʂ 

ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʜʠʦʪʝʨʘʧʠʠ ʠ ʥʝʢʦʪʦʨʳʤ ʚʠʜʘʤ ʭʠʤʠʦʪʝʨʘʧʠʠ, ʛʜʝ ʘʢʪʠʚʥʳʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʤʝʪʘʙʦʣʠʪʘʤʠ ʷʚʣʷʶʪʩʷ ɸʌʂ (Zeng et al., 2023). 

ɽʱʝ ʢ ʦʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʆʉʂ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʪʚʝʪ 

ʥʘ ʩʪʨʝʩʩʦʚʳʝ ʫʩʣʦʚʠʷ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʚ G0-ʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, 

ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʤʦʣʯʘʱʠʝ ʆʉʂ. ʂʣʝʪʢʠ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʦʪʚʝʪ ʥʘ ʛʠʧʦʢʩʠʶ, 

ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʧʨʠ ʜʨʫʛʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ ʢʘʢ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘʮʝʣʝʥʦ ʥʘ ʘʢʪʠʚʥʦ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ, 

ʆʉʂ ʚ çʤʦʣʯʘʱʝʤè ʩʦʩʪʦʷʥʠʠ ʫʩʧʝʰʥʦ ʠʟʙʝʛʘʶʪ ʧʘʛʫʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʘʛʝʥʪʦʚ. ʇʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʠʩʯʝʟʥʦʚʝʥʠʠ ʬʘʢʪʦʨʦʚ ʩʪʨʝʩʩʘ ʆʉʂ 

ʚʦʟʦʙʥʦʚʣʷʶʪ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʧʨʦʣʠʬʝʨʠʨʦʚʘʪʴ, ʪʝʤ ʩʘʤʳʤ ʚʳʟʳʚʘʷ 

ʨʝʮʠʜʠʚ ʟʘʙʦʣʝʚʘʥʠʷ (Zeng et al., 2023; Zhang et al., 2024). 

ʊʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʆʉʂ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʩʚʷʟʳʚʘʶʪ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

ʙʝʣʢʦʚ-ʧʝʨʝʥʦʩʯʠʢʦʚ ɸʊʌ-ʩʚʷʟʳʚʘʶʱʝʡ ʢʘʩʩʝʪʳ (ABC-ʪʨʘʥʩʧʦʨʪʝʨʳ) ʠ 

ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ (ALDH). ʉʝʤʝʡʩʪʚʦ ABC-ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʈ-

ʛʣʠʢʦʧʨʦʪʝʠʥʳ (P-gp, MDR1, ABCB1), ʙʝʣʢʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(ʄʃʋ) (MRP1, ABCC1), ʙʝʣʦʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʢʫ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (BCRP, ABCG2). ɺ 

ʥʦʨʤʝ ʦʥʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ʠ ʦʪʚʝʯʘʶʪ ʟʘ 

ʪʨʘʥʩʧʦʨʪ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʚʠʪʘʤʠʥʦʚ) ʚ ʢʣʝʪʢʫ ʠ ʚʳʚʝʜʝʥʠʝ ʠʟ ʥʝʝ ʚʨʝʜʥʳʭ 

ʪʦʢʩʠʥʦʚ ʠ ʢʩʝʥʦʙʠʦʪʠʢʦʚ. ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʵʪʠʭ ʙʝʣʢʦʚ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʩʦʣʠʜʥʳʭ 

ʦʧʫʭʦʣʝʡ, ʘ ʪʘʢʞʝ ʦʩʪʨʦʡ ʤʠʝʣʦʠʜʥʦʡ ʣʝʡʢʝʤʠʠ ʠ ʤʠʝʣʦʤʝ ʧʨʠʚʦʜʠʪ ʢ ɸʊʌ-ʟʘʚʠʩʠʤʦʤʫ 

ʦʪʪʦʢʫ ʠʟ ʢʣʝʪʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ (Safa, 2022). 

ɹʝʣʢʠ ʩʝʤʝʡʩʪʚʘ ALDH ʦʢʠʩʣʷʪʁ ʪʦʢʩʠʯʝʩʢʠʝ ʘʣʴʜʝʛʠʜʳ ʜʦ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ 

ʫʯʘʩʪʚʫʪʁ ʚ ʫʪʠʣʠʟʘʮʠʠ ɸʌʂ ʚ ʮʠʢʣʝ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʚʷʟʘʥ rʩ ʦʙʤʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 
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ʚ ʢʣʝʪʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ALDH ʚ ʦʧʫʭʦʣʠ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʨʝʮʠʜʠʚʘʤʠ ʠ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʧʣʦʭʦʛʦ ʧʨʦʛʥʦʟʘ ʣʝʯʝʥʠʷ ʫ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ (Khoury et al., 2012; Pommergaard et al., 2022; Xue et al., 2020). ɼʣʷ 

ʤʥʦʛʠʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ALDH ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʆʉʂ (Huang et al., 

2020). 

ʇʦʨʘʟʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝʜʘʚʥʦ ʦʧʠʩʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʆʉʂ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʶ 

ʢʣʝʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʩʣʝ ʫʭʦʜʘ ʢʣʝʪʢʠ ʚ ʘʧʦʧʪʦʟ, ʚʳʟʚʘʥʥʳʡ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ɼʅʂ (Jinesh 

et al., 2013). ʅʘ ʣʠʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʯʝʣʦʚʝʢʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʤʝʩʪʦ ʪʦʛʦ, 

ʯʪʦʙʳ ʬʦʨʤʠʨʦʚʘʪʴ ʘʧʦʧʪʦʟʥʳʝ ʪʝʣʴʮʘ, ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʧʫʟʳʨʴʢʠ ʩʣʠʚʘʶʪʩʷ ʚʤʝʩʪʝ ʠ 

ʬʦʨʤʠʨʫʶʪ ʧʦʜʦʙʥʫʶ ʱʠʪʫ ʩʪʨʫʢʪʫʨʫ, ʥʘʟʚʘʥʥʫʶ çblebbishieldsè. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʷʚʠʣʠ ʧʫʟʳʨʯʘʪʫʶ ʮʠʪʦʧʣʘʟʤʫ ʠ ʧʦʯʪʠ 

ʥʝʧʦʚʨʝʞʜʝʥʥʦʝ ʷʜʨʦ ʚ ʤʦʣʦʜʦʤ çʧʫʟʳʨʯʘʪʦʤ ʱʠʪʝè, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʦʮʝʥʥʫʶ 

ʮʠʪʦʧʣʘʟʤʫ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʷʜʨʦ ʠʤʝʣʦ ʤʥʦʞʝʩʪʚʦ 

ʘʢʪʠʚʥʳʭ ʷʜʨʳʰʝʢ, ʮʠʪʦʧʣʘʟʤʘ ʪʘʢʞʝ ʠʤʝʣʘ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ 

ʷʜʨʳʰʢʠ, ʥʝʧʦʚʨʝʞʜʝʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ, ʰʝʨʦʭʦʚʘʪʫʶ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʩʝʪʴ ʠ 

ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ɻʦʣʴʜʞʠ-ʢʣʘʩʪʝʨʳ. ʉʣʠʚʘʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, çʧʫʟʳʨʯʘʪʳʝ ʱʠʪʳè ʬʦʨʤʠʨʫʶʪ 

ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʢʨʘʩʠʪʝʣʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʠʤʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʛʠʭ ʤʘʨʢʝʨʦʚ ʆʉʂ. ʇʦʜʢʦʞʥʦʝ ʚʚʝʜʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ-

ʩʬʝʨ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʤ ʤʳʰʘʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʢʣʝʪʢʠ ʪʘʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʪʫʤʦʨʦʛʝʥʥʳʤʠ (Jinesh et al., 2013). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʡ ʧʫʪʴ ï ʝʱʝ ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʚʳʞʠʚʘʥʠʷ ʆʉʂ ʧʦʩʣʝ ʠʭ ʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʘʛʫʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠʣʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ. 

1.2.3.5. ʕʬʬʝʢʪ ɺʘʨʙʫʨʛʘ 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ɸʊʌ 

ʧʫʪʝʤ ʨʘʩʱʝʧʣʝʥʠʷ ʛʣʶʢʦʟʳ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʤʘʪʨʠʢʩʝ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ ʢʣʝʪʢʘ ʠʩʧʦʣʴʟʫʝʪ ʛʣʠʢʦʣʠʟ, ʢʦʪʦʨʳʡ 

ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ ʠ ʧʦʵʪʦʤʫ ʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ.  

ɺ 1924 ʛʦʜʫ ʆʪʪʦ ɺʘʨʙʫʨʛʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʫʭʦʣʝʚʝr ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ʛʣʠʢʦʣʠʟ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʢʘʢ ʚ ʘʵʨʦʙʥʳʭ, ʪʘʢ ʠ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ 

çʘʵʨʦʙʥʦʛʦ ʛʣʠʢʦʣʠʟʘè ʙʳʣ ʥʘʟʚʘʥ ʵʬʬʝʢʪʦʤ ɺʘʨʙʫʨʛʘ (Warburg, 1956). ɸʵʨʦʙʥʳʡ ʛʣʠʢʦʣʠʟ 

ʙʦʣʝʝ ʙʳʩʪʨʳʡ, ʯʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʥʦ ʪʘʢʞʝ ʢʘʢ ʠ ʦʙʳʯʥʳʡ ʛʣʠʢʦʣʠʟ 

ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʟʘ ɸʊʌ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ 
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ʧʦʪʨʝʙʣʝʥʥʦʡ ʛʣʶʢʦʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʛʣʶʢʦʟʳ 

ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ (Sancho, Barneda, Heeschen, 2016).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʙʥʦʛʦ ʛʣʠʢʦʣʠʟʘ ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʢʦʥʝʯʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘ: 

ʧʠʨʫʚʘʪ ʠ ʣʘʢʪʘʪ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʩʝʢʨʝʪʠʨʦʚʘʥʳ ʠ ʟʘʭʚʘʯʝʥʳ ʩʦʩʝʜʥʠʤʠ 

ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʮʠʢʣʝ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʢʘ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ɼʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʣʘʢʪʘʪʘ ʠ ʧʠʨʫʚʘʪʘ (çʚè 

ʠ çʠʟè ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʤʝʡʩʪʚʘ ʤʦʥʦʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ (ʥʘʧʨʠʤʝʨ, MCT1 ʠ MCT4) (Pavlides et al., 2009). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʫʭʦʣʝʚʳʤ 

ʢʣʝʪʢʘʤ, ʩ ʘʢʪʠʚʥʳʤ ʘʵʨʦʙʥʳʤ ʛʣʠʢʦʣʠʟʦʤ, ʩʥʘʙʞʘʪʴ ʧʠʪʘʥʠʝʤ ʩʦʩʝʜʥʠʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ 

ʠ ʜʨʫʛʠʝ ʢʣʝʪʢʠ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʪʨʦʤʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʤʝʪʘʙʦʣʠʟʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʥʳʡ ʧʫʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʩʚʦʡʩʪʚʝʥʝʥ ʚʩʝʤ ʦʧʫʭʦʣʝʚʳʤ 

ʢʣʝʪʢʘʤ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʝʪʘʙʦʣʠʟʤ ʆʉʂ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʆʉʂ ʦʧʫʭʦʣʝʡ 

ʦʜʥʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ ʣʠʙʦ ʧʫʪʝʤ ʘʥʘʵʨʦʙʥʦʛʦ ʛʣʠʢʦʣʠʟʘ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ (Sancho, Barneda, Heeschen, 2016). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʳʙʦʨ ʆʉʂ ʧʫʪʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʜʘʥʥʳʡ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʩʭʦʞʜʝʥʠʝ ʤʥʝʥʠʡ ʚ ʚʦʧʨʦʩʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʘʙʦʣʠʟʤʘ 

ʆʉʂ, ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʜʚʠʛ ʚ ʩʪʦʨʦʥʫ ʛʣʠʢʦʣʠʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʜʝʨʞʘʥʠʶ 

ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ ʢʣʝʪʦʢ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʆʉʂ (Liu et al., 2014; Shen et al., 2015). 

ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʧʨʝʜʧʦʯʪʝʥʠʷ ʆʉʂ ʛʣʠʢʦʣʠʟʘ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʛʣʠʢʦʣʠʟʘ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ (G6P) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʦʤ ʧʫʪʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʅɸɼʌ (ʅʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜʬʦʩʬʘʪʘ), 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʝʥʠʝ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʠʪʦʢʘ ʢ ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʦʤʫ ʧʫʪʠ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʘʥʪʠʦʢʩʠʜʘʥʪʘ 

ʛʣʫʪʘʪʠʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʠʟʙʝʛʘʶʪ ʥʘʢʦʧʣʝʥʠʷ ɸʌʂ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ ʜʣʷ ʩʚʦʝʛʦ ʚʳʞʠʚʘʥʠʷ (Yasuda, Ishimoto, Baba, 2021).  

ʄʝʭʘʥʠʟʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʆʉʂ ʩ ʦʜʥʦʛʦ ʪʠʧʘ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʜʨʫʛʦʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ 

ʧʦʜ ʚʦʧʨʦʩʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʠʨʫʚʘʪ ʜʝʛʠʜʨʦʛʝʥʘʟʘ 1 (PDK1) ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʩʫʙʲʝʜʠʥʠʮʫ 

E1Ŭ ʧʠʨʫʚʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʠʥʘʢʪʠʚʠʨʫʝʪ ʝʝ ʬʝʨʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʧʨʝʚʨʘʱʘʝʪ 
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ʧʠʨʫʚʘʪ ʚ ʘʮʝʪʠʣ-ʢʦʬʝʨʤʝʥʪ ɸ, ʪʝʤ ʩʘʤʳʤ ʠʥʛʠʙʠʨʫʷ ʦʢʠʩʣʝʥʠʝ ʧʠʨʫʚʘʪʘ ʯʝʨʝʟ ʮʠʢʣ 

ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

PDK1 ʧʦʚʳʰʝʥʦ ʚ ʛʠʧʦʢʩʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʦʧʫʭʦʣʠ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʣʠʟ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ PDK1 ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʦʧʫʭʦʣʠ, 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʣʝʯʝʥʠʷ (Peng et al., 2018). 

ɺʩʝ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʪʨʦʤʘʣʴʥʳʝ ʠ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʦʧʫʭʦʣʠ, ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, 

ʧʝʨʝʢʣʶʯʘʷʩʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʙʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʆʉʂ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʮʠʢʣʝ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʊʘʢ, ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʥʘʯʠʥʘʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʣʘʢʪʘʪ. ʆʉʂ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʢʪʘʪ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʢʘʢ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ ɺʘʨʙʫʨʛʘ (Pavlides 

et al., 2009; Yasuda, Ishimoto, Baba, 2021). ʊʘʢʦʝ ʚʠʜʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ ʚʥʫʪʨʠ 

ʦʧʫʭʦʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʆʉʂ ʦʙʣʘʜʘʪʁ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʤʝʪʘʙʦʣʠʟʤ ʢʣʝʪʦʢ 

ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʪʨʦʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʣʷ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʛʘʪʦʝ 

ʵʥʝʨʛʠʝʡ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʦʩʪʘ ʠ ʧʨʦʛʨʝʩʩʠʠ. 

 

1.2.4. ʉʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ï  ʟʘʢʣʶʯʝʥʠʝ 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʧʫʭʦʣʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʧʫʭʦʣʴ 

ʩʦʜʝʨʞʠʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʦʧʫʭʦʣʠ, ʠ ʆʉʂ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ, ʭʠʤʠʦ-/ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʠʥʚʘʟʠʶ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ. ʆʉʂ ʩʦʩʪʘʚʣʷʶʪ 

ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʦʧʫʭʦʣʠ, ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʜʘʚʣʝʥʠʝ ʪʝʨʘʧʠʠ, ʦʙʱʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʦʯʘʛʘ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ).  

ʋʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ ʆʉʂ, ʜʠʢʪʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʙʝʞʥʦʝ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ʜʘʥʥʳʡ ʪʠʧ ʢʣʝʪʦʢ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʨʘʥʝʝ, ʵʪʠ ʩʚʦʡʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʥʦʨʤʘʣʴʥʳʭ ʉʂ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʥʦʨʤʘʣʴʥʘʷ ʉʂ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʩʠʛʥʘʣʴʥʳʭ ʩʪʠʤʫʣʦʚ, ʧʦʩʳʣʘʝʤʳʭ ʝʡ ʩʪʚʦʣʦʚʦʡ 

ʥʠʰʝʡ, ʪʦʛʜʘ ʢʘʢ ʆʉʂ ʠʛʥʦʨʠʨʫʝʪ ʣʶʙʳʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʩʠʛʥʘʣʳ ʠ ʬʦʨʤʠʨʫʝʪ ʩʚʦʶ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʦʧʫʭʦʣʝʚʘʷ ʩʪʨʦʤʘʣʴʥʘʷ ʥʠʰʘ), ʛʫʤʦʨʘʣʴʥʘʷ ʤʦʱʴ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ 

ʜʝʨʞʘʪʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʥʘʜʟʠʨʘʶʱʫʶ ʬʫʥʢʮʠʶ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ (Efremov et al., 2018; 

ɽʬʨʝʤʦʚ ʠ ʜʨ., 2019a, b). 
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ʆʙʦʙɦʘʷ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʆʉʂ ʚʢʣʶʯʘʶʪ: ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ, ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ, ʕʄʇ (ʠʥʚʘʟʠʷ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ), ʤʝʤʙʨʘʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, 

ʘʥʦʠʢʠʩ, ʠʟʙʝʛʘʥʠʝ ʠʤʤʫʥʥʦʛʦ ʥʘʜʟʦʨʘ, ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ 

(ʩʪʚʦʣʦʚʫʶ ʥʠʰʫ), ʠʟʤʝʥʝʥʥʳʡ ʤʝʪʘʙʦʣʠʟʤ (ʵʬʬʝʢʪ ɺʘʨʙʫʨʛʘ), ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

(ʠʟʤʝʥʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʬʝʨʤʝʥʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʝʧʘʨʘʮʠʶ ɼʅʂ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʪʴ çblebbisheldsè), ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʛʨʦʤʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʧʨʠʩʫʱʝʤ ʆʉʂ, ʠ ʩʪʘʚʷʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʵʣʠʤʠʥʠʨʦʚʘʪʴ ʵʪʠ ʢʣʝʪʢʠ ʠʟ 

ʦʨʛʘʥʠʟʤʘ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʛʦ ʦʨʛʘʥʠʟʤʘ.  

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʉʂ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʆʉʂ ʚ ʤʘʩʩʝ ʦʧʫʭʦʣʠ.  

ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʢʨʘʩʢʠ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ 

(CD34, CD133, EpCAM; CD166, CD38 (ʤʘʨʢʝʨʳ ʦʩʪʨʦʛʦ ʤʠʝʣʦʛʝʥʥʦʛʦ ʣʝʡʢʦʟʘ); CD138 

(ʤʘʨʢʝʨ ʜʣʷ ʪʝʨʤʠʥʘʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ɺ-ʣʠʤʬʦʮʠʪʦʚ); CD24 (ʤʘʨʢʝʨ ʬʘʢʪʦʨʘ 

ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ EpCAM ʠʣʠ ESA); B5 (ABCB5 ATP-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ)) 

(OôBrien, Kreso, Jamieson, 2010), ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ 

ʆʉʂ ʠʟ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʣʠʤʠʪʠʨʫʶʱʠʭ ʨʘʟʚʝʜʝʥʠʡ ʠ ʤʝʪʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʬʝʨ (Cianciosi et al., 2021). ɽʱʝ ʦʜʥʠʤ ʧʦʜʭʦʜʦʤ ʚ ʚʳʷʚʣʝʥʠʠ ʆʉʂ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʙʨʘʩʳʚʘʪʴ ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʣʠʧʦʬʠʣʴʥʳʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʢʨʘʩʠʪʝʣʠ, ʪʘʢʠʝ, ʢʘʢ Hoechst 33342 ʠʣʠ ʨʦʜʘʤʠʥ-123 (Brown et al., 2010). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʆʉʂ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ, ʥʦ ʠ ʩʦʙʠʨʘʪʴ 

ʠʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʬʨʘʢʮʠʶ ʥʝʦʢʨʘʰʝʥʥʳʭ ʠʣʠ ʩʣʘʙʦʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ, ʩ 

ʧʦʤʦʱʴʶ ʩʦʨʪʠʨʦʚʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʫʭʦʣʝʚʘʷ ʢʣʝʪʢʘ, ʦʙʣʘʜʘʶʱʘʷ ʠʥʠʮʠʠʨʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʧʦʩʦʙʥʘ ʢ ʤʠʛʨʘʮʠʠ ʠ ʠʤʝʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʥʦʚʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʝʛʢʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʪʠʧʦʚ ʢʣʝʪʦʢ (MDA-MB-436 ʠ MCF-7) ʧʨʦʚʝʩʪʠ ʩʦʨʪʠʨʦʚʢʫ ʆʉʂ ʧʦ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʜʝʬʦʨʤʘʮʠʠ (Zhang et al., 2012). ʊʝʤ ʥʝ ʤʝʥʝʝ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʘʣʠʯʠʷ ʩʪʚʦʣʦʚʳʭ ʩʚʦʡʩʪʚ ʫ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʘʥʘʣʠʟ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʪʘ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʦʣʴʢʦ ʆʉʂ ʩʧʦʩʦʙʥʳ 

ʜʘʚʘʪʴ ʫʩʪʦʡʯʠʚʳʡ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʪʨʘʥʩʧʣʘʥʪʘʪ, ʧʦ ʩʚʦʠʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʜʝʥʪʠʯʥʳʡ ʠʩʭʦʜʥʦʡ ʦʧʫʭʦʣʠ (Fulawka, Donizy, Halon, 

2014). 
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ɺʪʦʨʳʤ ʰʘʛʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʉʂ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ, ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʉʂ, ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʬʠʟʠʯʝʩʢʠ ʫʥʠʯʪʦʞʠʪʴ ʵʪʫ ʢʣʝʪʢʫ. ɽɦ ʝ ʙʦʣʝʝ ʟʘʤʘʥʯʠʚʳʤ ʠ ʚʧʝʯʘʪʣʷʶʱʠʤ ʤʦʛʣʦ ʙʳ 

ʙʳʪʴ ʥʘʭʦʞʜʝʥʠʝ ʧʦʜʭʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʙʳ ʩʦʯʝʪʘʣʠʩʴ ʜʚʘ ʵʣʝʤʝʥʪʘ: ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʘʨʢʝʨ 

ʆʉʂ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʨʝʟ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʆʉʂ ʬʠʟʠʯʝʩʢʠ ʫʥʠʯʪʦʞʠʪʴ ʵʪʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʫʙʠʚʘʝʤʫʶ ʢʣʝʪʢʫ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʥʦʚʦʝ ʩʚʦʡʩʪʚʦ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, 

ʚʢʣʶʯʘʷ ʆʉʂ, ï ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪ r ʜʮɼʅʂ 

ʝʩʪʝʩʪʚʝʥʥʳʤ (ʧʨʠʨʦʜʥʳʤ) ʤʝʭʘʥʠʟʤʦʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ 

ʘʛʝʥʪʦʚ. ʅʘʡʜʝʥʥʦʝ ʥʦʚʦʝ ʩʚʦʡʩʪʚʦ ʙʳʣʦ ʨʫʪʠʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʜʝʪʝʢʮʠʠ ʆʉʂ ʚ ʤʘʩʩʝ 

ʦʧʫʭʦʣʠ ʤʝʪʦʜʘʤʠ FACS ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʦʛʦ ʟʦʥʜʘ ʜʮɼʅʂ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʦʚʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʬʠʟʠʯʝʩʢʠ ʫʥʠʯʪʦʞʠʪʴ ʆʉʂ ʠʣʠ ʣʠʰʠʪʴ ʠʭ ʪʫʤʦʨʦʛʝʥʥʦʛʦ 

ʥʘʯʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʯʘʛʝ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ.  

ʇʦʩʢʦʣʴʢʫ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ, ʢʦʪʦʨʳʝ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʆʉʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ ʣʠʪʝʨʘʪʫʨʥʦʛʦ 

ʦʙʟʦʨʘ ʧʦʩʚʷʱʝʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʩʪʦʯʥʠʢʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʦʨʛʘʥʠʟʤʝ, ʠʟʚʝʩʪʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʢʣʝʪʢʘʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʠ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʦʨʛʘʥʠʟʤʝ.  

 

1.3. ʕʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʜʚʫʮʝʧʦʯʝʯʥʘʷ ɼʅʂ 

 

1.3.1. ʀʩʪʦʯʥʠʢʠ ʩʚʦʙʦʜʥʦʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʦʨʛʘʥʠʟʤʝ 

ɼʘʚʥʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʡ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʷʭ 

ʦʨʛʘʥʠʟʤʘ: ʧʣʘʟʤʝ ʢʨʦʚʠ, ʩʣʶʥʝ, ʤʦʯʝ, ʞʠʜʢʦʩʪʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʦʡ 

ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10 ʜʦ 100 ʥʛ/ʤʣ (ʂʦʟʣʦʚ, 2013). ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʠʟʤʝʥʷʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ, ʪʘʢʠʭ ʢʘʢ 

ʪʨʘʚʤʳ, ʚʦʩʧʘʣʝʥʠʝ, ʘʫʪʦʠʤʤʫʥʥʳʝ ʠʣʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ.  

ʉʚʦʙʦʜʥʫʶ ʚʥʝʢʣʝʪʦʯʥʫʶ ɼʅʂ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʵʥʜʦʛʝʥʥʫʶ (çselfè 

ɼʅʂ), ʠʤʝʶʱʫʶ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ, ʠ ʵʢʟʦʛʝʥʥʫʶ, 

ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʦʨʠʡ ʧʦʷʚʣʝʥʠʷ ʵʥʜʦʛʝʥʥʦʡ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʣʘ ɼʅʂ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʠʣʠ çʪʝʦʨʠʷ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠè, ʠ ʘʢʪʠʚʥʘʷ ʩʝʢʨʝʮʠʷ ɼʅʂ ʞʠʚʳʤʠ ʢʣʝʪʢʘʤʠ 

ʠʣʠ çʪʝʦʨʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ɼʅʂè (Gahan, Swaminathan, 2008; Peters, Pretorius, 2011). 
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ɺ ʩʣʫʯʘʝ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ɼʅʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʨʘʛʤʝʥʪʘʤʠ ʢʣʝʪʦʯʥʦʡ 

ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʠʟ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʛʠʙʝʣʠ ʧʫʪʝʤ 

ʘʧʦʧʪʦʟʘ ʠʣʠ ʥʝʢʨʦʟʘ. ʊʘʢʞʝ ʚʥʝʢʣʝʪʦʯʥʘʷ ɼʅʂ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʵʨʠʪʨʦʙʣʘʩʪʦʚ, ʷʜʨʘ ʢʦʪʦʨʳʭ 

ʵʥʫʢʣʝʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʵʨʠʪʨʦʮʠʪʳ (ʂʦʟʣʦʚ, 2013). ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʪʦʟ (NETosis) ï çʚʟʨʳʚʥʦʡè ʧʨʦʮʝʩʩ ʚʳʙʨʦʩʘ ɼʅʂ ʥʝʡʪʨʦʬʠʣʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜʦʙʠʝ ʩʝʪʠ ʠʟ ɼʅʂ ʩ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ, ʢʘʢ ʧʨʦʮʝʩʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʟʘʱʠʪʳ (Pisetsky, 2012). ɺʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ (çʪʝʦʨʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ɼʅʂè) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʝʢʨʝʮʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʚ ʧʣʘʟʤʫ ʢʨʦʚʠ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʤʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʣʠʤʬʦʮʠʪʘʤʠ (Gahan, Stroun, 2010; 

Garc²a-Olmo et al., 2010). 

ʀʩʪʦʯʥʠʢʘʤʠ ʧʦʷʚʣʝʥʠʷ ʯʫʞʝʨʦʜʥʦʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʦʨʛʘʥʠʟʤʝ ̫ ʚʣʷʶʪʩʷ ɼʅʂ 

ʵʤʙʨʠʦʥʦʚ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʠ ʚʠʨʫʩʥʘʷ ɼʅʂ. ʊʘʢʞʝ ʠʩʪʦʯʥʠʢʦʤ ʚʥʝʢʣʝʪʦʯʥʦʡ ɼʅʂ ʷʚʣʷʶʪʩʷ 

ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʢʨʦʚʴʶ, ʨʘʟʣʠʯʥʳʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʧʦʣʦʚʦʡ ʘʢʪ, ɼʅʂ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, 

ʢʦʥʩʫʤʝʥʪʥʘʷ ʤʠʢʨʦʬʣʦʨʘ, ʤʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʥʠʧʫʣʷʮʠʷʭ ʩ ʢʨʦʚʴʶ ʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ 

ʧʨʦʠʟʦʡʜʝʪ ʧʦʧʘʜʘʥʠʝ ʜʦʥʦʨʩʢʦʡ ɼʅʂ, ʙʫʜʴ ʪʦ ʢʨʦʚʴ ʠʣʠ ʩʪʨʦʤʘ, ʚ ʨʝʮʠʧʠʝʥʪʥʳʡ ʦʨʛʘʥʠʟʤ. 

ɼʅʂ ʨʘʟʨʫʰʝʥʥʳʭ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ ɼʅʂ ʧʣʦʜʘ, ʧʦʧʘʜʘʝʪ ʚ ʢʨʦʚʴ ʤʘʪʝʨʠ (Bianchi, 

Dennis Lo, 2001; Dyer et al., 1997). ʇʦʷʚʣʝʥʠʝ ʵʢʟʦʛʝʥʥʦʡ ɼʅʂ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʨʝʟ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʫʙʝʜʠʪʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ (Hohlweg, Doerfler, 2001; Palka-

Santini et al., 2003; Schubbert, Lettmann, Doerfler, 1994). ʄʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʢʠʣʦʛʨʘʤʤʘʤʠ ʦʩʥʦʚʥʦʛʦ ʢʦʥʩʫʤʝʥʪʘ Esherihia coli (E. coli). ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʢʣʝʪʦʢ ʢʠʰʝʯʥʠʢʘ ʚʳʜʝʣʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ, ʪʘʢʞʝ ʧʦʧʘʜʘʶʱʝʡ ʚ ʢʨʦʚʦʪʦʢ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʉʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʆʉʂ, ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʫʭʦʣʴ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʪʨʦʤʦʡ, ʥʦ ʠ ʬʘʢʪʦʨʘʤʠ, ʮʠʨʢʫʣʪʨʫʶʱʠʤʠ ʚ ʢʨʦʚʷʥʦʤ ʨʫʩʣʝ. ɺ ʢʨʦʚʦʪʦʢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʧʘʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʪʦʢʠʥʦʚ ʠ ʜʨʫʛʠʭ 

ʠʥʜʫʢʪʦʨʦʚ ʚʦʩʧʘʣʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʚ ʢʨʦʚʷʥʦʤ ʨʫʩʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ çselfè ɼʅʂ ʠ ʈʅʂ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʩʦ ʉʂ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ ʷʚʣʷʶʪʩʷ 

ʪʨʠʛʛʝʨʦʤ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ.  

 

1.3.2. ʄʝʭʘʥʠʟʤʳ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʡ ʩʧʠʩʦʢ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʦʜʭʦʜʦʚ 

ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʫ 
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ʬʨʘʛʤʝʥʪʘʤʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʩʣʝ ʠʭ ʧʦʧʘʜʘʥʠʷ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʛʝʥʥʘʷ ʪʝʨʘʧʠʷ ï 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ ʧʫʪʝʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ (ʟʘʤʝʥʘ ʤʫʪʘʮʠʡ ʩʦʙʩʪʚʝʥʥʳʭ ʛʝʥʦʚ ʠʣʠ ʧʨʠʚʥʝʩʝʥʠʝ 

ʟʜʦʨʦʚʳʭ ʢʦʧʠʡ ʠʟʚʥʝ). ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʩʤʳʩʣʦʚʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ASO, antisense oligonucleotide) ʠ ʤʘʣʳʭ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʈʅʂ ʷʚʣʷʝʪʩʷ 

ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ (Watts, Corey, 2012). ɺ ʦʥʢʦʪʝʨʘʧʠʠ ʧʦʷʚʠʣʦʩʴ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʪʝʨʘʧʠʷ ʦʧʫʭʦʣʝʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʝʡʩʪʚʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (NA-based 

cancer molecular therapies). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ ʜʫʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʧʫʭʦʣʝʚʫʶ ʢʣʝʪʢʫ ʤʠʤʠʢʨʠʨʫʶʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ (ɼʎʈ) ɼʅʂ, ʢʦʥʢʫʨʠʨʫʷ ʩʚʦʠʤʠ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ 

ʢʦʥʮʘʤʠ ʟʘ ʬʝʨʤʝʥʪʳ ʨʝʧʘʨʘʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʨʫʰʘʝʪʩʷ ʭʦʜ ʨʝʧʘʨʘʮʠʠ ɼʎʈ 

ʭʨʦʤʘʪʠʥʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʨʘʜʠʦ-/ʭʠʤʠʦʪʨʝʘʧʠʠ (Berthault et al., 2022). ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʥʘʟʳʚʘʶʪ siDNA (small interfering DNA).  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʦ ʤʝʭʘʥʠʟʤʘʭ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʣʝʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʢʨʘʡʥʝ ʤʘʣʦ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʦ ʪʝʤʘʪʠʢʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʙʱʝʧʨʠʥʷʪʦʡ ʩʪʘʣʘ ʧʘʨʘʜʠʛʤʘ, ʯʪʦ ʙʝʟ 

ʚʥʝʩʝʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ɼʅʂ ʠ ʙʝʟ ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʥʝ 

ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʫ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʧʣʦʪʴ ʜʦ 2010 ʛʦʜʘ ʪʘʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠ̫ ʤ ʙʳʣʦ ʫʜʝʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ ʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʧʨʦʩʘ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʭʦʪʷ ʩʚʝʞʠʭ ʜʘʥʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʢʨʘʡʥʝ ʤʘʣʦ.  

ʇʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʩʪʘʜʠʠ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʜʘʣʝʝ ʚ ʷʜʨʦ ʢʣʝʪʢʠ.  

ʅʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʢʠ ʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʥʪʘʢʪ 

ʠ ʧʨʝʦʜʦʣʝʥʠʝ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʵʫʢʘʨʠʦʪʠʯʝʩʢʘʷ ʢʣʝʪʢʘ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʤʙʨʘʥʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ ʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʥʠʤʠ ʦʩʪʘʪʢʘʤʠ ʩʠʘʣʦʚʦʡ ʢʠʩʣʦʪʳ (Eisenberg et al., 2021). ʊʘʢʞʝ 
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ʦʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʮɼʅʂ, ʠʤʝʶʱʘʷ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʞʝʥʥʳʡ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʫʜʝʪ 

ʚʦʟʥʠʢʘʪ ɹɻ ʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʦʡ ʠ ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ, 

ʯʪʦ ʜʦʣʞʥʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʩʚʷʟʳʚʘʥʠʝ ɼʅʂ ʩ ʢʣʝʪʢʦʡ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɼʅʂ ʩʧʦʩʦʙʥʘ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɼʅʂ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ ʧʦ ʧʫʪʠ ʵʥʜʦʮʠʪʦʟʘ. 

ʕʥʜʦʮʠʪʦʟ ï ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ʢʣʝʪʢʘʤʠ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʫʪʝʤ 

ʘʜʩʦʨʙʠʨʦʚʘʥʠʷ ʠʭ ʤʝʤʙʨʘʥʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʚʧʷʯʠʚʘʥʠʝʤ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʝʟʠʢʫʣ, ʚ ʢʦʪʦʨʳʭ ʟʘʭʚʘʯʝʥʥʳʝ ʠʟʚʥʝ ʦʙʲʝʢʪʳ ʧʨʦʭʦʜʷʪ ʧʦʩʣʝʜʫʶʱʫʶ ʫʪʠʣʠʟʘʮʠʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʵʥʜʦʮʠʪʦʟʘ: ʬʘʛʦʮʠʪʦʟ ʠ ʧʠʥʦʮʠʪʦʟ. ʉʨʝʜʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʦʛʣʦʱʝʥʠʠ ɼʅʂ ʢʣʝʪʢʘʤʠ, ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʛʨʫʧʧʘʤʠ ʥʘʟʳʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ ʵʥʜʦʮʠʪʦʟʘ (Amyere et al., 2001; Khalil 

et al., 2006). 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɼʅʂ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʷʚʣʷʝʪʩʷ 

ʬʘʛʦʮʠʪʦʟ ʘʧʦʧʪʦʟʥʳʭ ʪʝʣʝʮ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʫʶ ɼʅʂ (Lawen, 2003; Savill et al., 

1993). ʌʘʛʦʮʠʪʦʟ ï ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʢʣʝʪʢʦʡ ʟʘ ʩʯʝʪ ʚʳʧʷʯʠʚʘʥʠʡ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʭʚʘʪʳʚʘʥʠʷ ʘʢʮʝʧʪʠʨʫʝʤʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ (ʩʫʙʩʪʨʘʪ), ʢʦʪʦʨʳʡ 

ʠʥʜʫʮʠʨʫʝʪʩʷ ʘʢʪʠʚʘʪʦʨʘʤʠ ʩʙʦʨʢʠ ʘʢʪʠʥʘ ʠ ʩʠʛʥʘʣʴʥʳʤʠ ʢʘʩʢʘʜʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʤʘʣʳʭ 

ɻʊʌʘʟ. ʌʘʛʦʮʠʪʦʟ ʘʧʦʧʪʦʟʥʳʭ ʪʝʣʝʮ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʬʠʙʨʦʙʣʘʩʪʳ ʯʝʣʦʚʝʢʘ, ʤʘʢʨʦʬʘʛʠ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʘʦʨʪʳ ʙʳʢʘ, ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ, 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʝʯʝʥʠ, ʤʦʥʦʮʠʪʳ ʯʝʣʦʚʝʢʘ, ʢʣʝʪʢʠ ʩʦʩʫʜʦʚ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ 

(Garc²a-Olmo et al., 1999; Holmgren et al., 1999; Lawen, 2003). ʇʦʛʣʦʱʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʟʘʥʠʤʘʝʪ ʚʝʩʴʤʘ ʢʦʨʦʪʢʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ. ɼʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʯʘʩʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʘʧʦʧʪʦʪʠʨʫʶʱʠʭ 

ʠ ʨʝʮʠʧʠʝʥʪʥʳʭ ʢʣʝʪʦʢ (Hall et al., 1994; Holmgren et al., 1999). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʘʛʦʮʠʪʦʟʘ, ʧʠʥʦʮʠʪʦʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʛʣʦʱʝʥʠʝ ʢʣʝʪʢʦʡ ʞʠʜʢʦʩʪʠ 

ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ. ʇʠʥʦʮʠʪʦʟ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʞʠʜʢʦʬʘʟʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, 

ʤʘʢʨʦʧʠʥʦʮʠʪʦʟ ʠ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ (ʘʜʩʦʨʙʮʠʦʥʥʳʡ) ʧʠʥʦʮʠʪʦʟ. ʀʟʚʝʩʪʥʳ ʪʨʠ ʪʠʧʘ 

ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ. ʕʪʦ ʢʣʘʪʨʠʥ-ʟʘʚʠʩʠʤʳʡ, ʢʘʚʝʦʣʦ-ʟʘʚʠʩʠʤʳʡ ʠ 

ʬʣʦʪʝʣʠʥ-ʟʘʚʠʩʠʤʳʡ ʵʥʜʦʮʠʪʦʟ. ʂʣʘʪʨʠʥ-ʟʘʚʠʩʠʤʳʡ ʵʥʜʦʮʠʪʦʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʢʨʳʪʳʭ ʠʟʥʫʪʨʠ ʙʝʣʢʦʤ ʢʣʘʪʨʠʥʦʤ ʠʥʚʘʛʠʥʘʮʠʡ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʝʟʠʢʫʣʳ ʩʦʜʝʨʞʘʪ ʨʝʮʝʧʪʦʨʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ G-ʙʝʣʢʘʤʠ, 

ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʪʩʷ ʠʥʠʮʠʠʨʫʶʱʠʡ ʩʠʛʥʘʣ, ʘʢʪʠʚʠʨʫʶʱʠʡ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 



69 

 

 

 

 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʘʩʢʘʜʳ. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʚʝʟʠʢʫʣ ʦʧʦʩʨʝʜʫʝʪʩʷ ʢʣʘʩʪʠʨʝʟʘʮʠʝʡ ʢʣʘʪʨʠʥʘ ʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʢʘʚʠʥʘ (Hayer et al., 2010; Kaksonen, Roux, 2018; Mettlen et al., 2018). 

ʂʘʚʝʦʣʳ ʠ ʢʘʚʝʦʣʦ-ʟʘʚʠʩʠʤʳʡ ʵʥʜʦʮʠʪʦʟ ʩʚʷʟʘʥʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ 

ʤʠʢʨʦʜʦʤʝʥʦʚ (ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ ʨʘʬʪʦʚ). ɺ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʘʢʞʝ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʨʝʮʝʧʪʦʨʳ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʢʘʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʳ (SR, scavenger receptor) ʠ 

ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-ʟʘʷʢʦʨʝʥʥʳʝ ʙʝʣʢʠ (GPI-AP, glycosylphosphatidylinositol-

anchored protein). ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʬʘʢʪʦʨʦʚ ʚ 

ʭʦʣʝʩʪʝʨʠʥʦʚʦʤ ʨʘʬʪʝ, ʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʢʘʚʝʦʣʠʥʘ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʘʚʠʥʘ ʦʧʦʩʨʝʜʫʝʪ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʢʘʚʝʦʣ (Busija, Patel, Insel, 2017; Gu et al., 2017; Hubert, Larsson, Lundmark, 

2020; Martinez-Outschoorn, Sotgia, Lisanti, 2015). 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ 

ʤʝʭʘʥʠʟʤʦʤ ʬʣʦʪʝʣʣʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʵʥʜʦʮʠʪʦʟʘ. ɹʝʣʢʠ ʩʝʤʝʡʩʪʚʘ SPFH (Stomatins, Prohibitins, 

Flotillins, HflK /C), ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ çʩʠʛʥʘʣʦʩʦʤè ʢʦʪʦʨʳʝ ʠʥʪʝʨʥʘʣʠʟʫʶʪʩʷ ʚ 

ʢʣʝʪʢʫ ʢʣʘʪʠʨʠʥ-/ʢʘʚʝʦʣʠʥ-/ʜʠʥʘʤʠʥ-ʥʝʟʘʚʠʩʠʤʳʤ ʵʥʜʦʮʠʪʦʟʦʤ. ʕʪʦʪ ʪʠʧ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʘʚʝʦʣʷʨʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ, ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʤʠʢʨʦʜʦʤʝʥʘʤʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʭʦʣʝʩʪʝʨʠʥʦʚʳʤʠ ʨʘʬʪʘʤʠ (Meister, Tikkanen, 2014; Otto, Nichols, 2011).  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ 

ʩʚʷʟʳʚʘʥʠʷ ʧʦʛʣʦʱʘʝʤʳʭ ʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʣʠʙʦ ʦʪ ʘʬʬʠʥʥʦʩʪʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʮʝʧʪʦʨʘʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʢʣʝʪʢʠ. ʇʦʤʠʤʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚʦʚʣʝʯʝʥʠʝ ʬʘʛʦʮʠʪʦʟʘ ʠ ʤʘʢʨʦʧʠʥʦʮʠʪʦʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʚ 

ʢʣʝʪʢʠ ʤʦʣʝʢʫʣ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʥʤ (Gottlieb et al., 1993). ɺʝʨʦʷʪʥʦ, ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ɼʅʂ ʚ ʩʨʝʜʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʤʘʢʨʦʧʠʥʦʮʠʪʦʟ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ. 

ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɼʅʂ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʥʜʦʮʠʪʦʟ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ. ɹʳʣʦ 

ʚʳʜʝʣʝʥʦ ʠ ʦʧʠʩʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, ʩ ʨʘʟʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʚʷʟʳʚʘʶʱʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʠ ʧʨʦʪʷʞʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ɼʅʂ (Diesbach De 

et al., 2000; Herz, Strickland, 2001; ʏʝʣʦʙʘʥʦʚ, ʃʘʢʪʠʦʥʦʚ, ɺʣʘʩʦʚ, 2006). ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʚʳʜʝʣʝʥʥʳʭ ʙʝʣʢʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 15 ʜʦ 147 ʢɼʘ (ʏʝʣʦʙʘʥʦʚ, ʃʘʢʪʠʦʥʦʚ, ɺʣʘʩʦʚ, 2006). ɺ 

ʨʘʙʦʪʝ (Yakubov et al., 1989) ʧʦʢʘʟʘʥʦ ʜʚʘ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʘ ʨʘʟʤʝʨʦʤ 79 ʠ 90 ʢɼʘ, 
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ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʛʣʦʱʝʥʠʠ ʢʫʣʴʪʫʨʦʡ ʢʣʝʪʦʢ ʬʠʙʨʦʙʣʘʩʪʦʚ ʤʳʰʠ L929 ʢʦʨʦʪʢʠʭ (n = 8, 9, 

10 ʠ 16 ʧ.ʥ.) ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʮʠʨʢʫʣʷʮʠʶ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʠ ʦʙʨʘʪʥʦ ʠ ʧʦʚʪʦʨʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʮʠʨʢʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʠʥ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʣʝʪʢʫ ʧʦʨʷʜʢʘ 120 000. ɺ ʨʘʙʦʪʝ (Loke et al., 1989) ʪʘʢʞʝ 

ʧʦʢʘʟʘʥ ʟʘʭʚʘʪ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʫʪʝʤ ʵʥʜʦʮʠʪʦʟʘ ʠ ʙʳʣ ʠʟʦʣʠʨʦʚʘʥ ʙʝʣʦʢ ʨʘʟʤʝʨʦʤ 80 ʢɼʘ, 

ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ ʈʅʂ ʠ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ.  

ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ASO. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʙʦʜʥʘʷ ʬʨʘʢʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʬʦʩʬʦʨʦʪʠʦʘʪʦʤ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʤʦʞʝʪ ʥʝʩʧʝʮʠʬʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʥʪʝʛʨʠʥʳ, G-ʙʝʣʦʢ-ʩʚʷʟʘʥʥʳʝ 

ʨʝʮʝʧʪʦʨʳ (GPCRs), ʨʝʮʝʧʪʦʨʳ ʪʠʨʦʟʠʥʢʠʥʘʟʳ (RTKs), TLRs, EGFRs, SR-B, ʣʠʧʦʧʪʨʦʪʝʠʥ r

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDLR), ʘʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨ r(ASGPR). ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ 

ʙʝʣʢʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʚ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʧʫʪʠ ʵʥʜʦʮʠʪʦʟʘ (Terada et al., 2022). 

ɺʳʷʚʣʝʥʥʳʝ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʙʦʪʘʭ ʙʝʣʢʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤ ʩʨʦʜʩʪʚʦʤ ʢ ʧʦʣʠ-, 

ʦʣʠʛʦ- ʠ ʤʦʥʦʥʫʢʣʝʦʪʠʜʘʤ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ 

ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʪʨʘʥʩʧʦʨʪ ʤʦʣʝʢʫʣ ɼʅʂ ʚ ʣʠʤʬʦʮʠʪʳ, ʤʦʥʦʮʠʪʳ, ʥʝʡʪʨʦʬʠʣʳ ʠ ʢʣʝʪʢʠ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ ʩ ʙʝʣʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Bennett, 1993; Hefeneider et al., 1990; Schubbert et al., 1997). ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʦʧʠʩʳʚʘʝʤʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ, ʥʝ ʙʳʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʠ 

ʠʭ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʛʣʦʱʝʥʠʷ ʢʣʝʪʢʘʤʠ ɼʅʂ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʙʦʣʴʰʠʝ ʤʦʣʝʢʫʣʳ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʢʣʝʪʦʢ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʚ ʥʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʙʝʣʢʦʚʳʭ ʢʘʥʘʣʦʚ (Hanss et al., 1998; Leal-Pinto et al., 2005; Shi et 

al., 2007) ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʣʦʢʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ 

(Budker et al., 2000). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʟʥʘʯʝʥʠʷ pH ʚʥʫʪʨʠ ʵʥʜʦʩʦʤ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʩʣʠʷʥʠʷ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʣʠʟʦʩʦʤʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ 

ʢʣʝʪʦʯʥʳʭ ʥʫʢʣʝʘʟ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʡ 

ʚ ʢʣʝʪʢʫ ɼʅʂ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʧʨʦʥʠʢʥʝʪ ʚ ʷʜʨʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ASO 

ʧʫʪʝʤ ʤʘʢʨʦʧʠʥʦʮʠʪʦʟʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʚʝʟʠʢʫʣʳ ʩ ʣʠʟʦʩʦʤʘʤʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ɼʅʂ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʥʛʠʙʠʨʫʝʪʩʷ ʠʭ ʬʫʥʢʮʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʧʠʩʘʥ ʨʷʜ 

ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʘʤ ʩʦʭʨʘʥʝʥʠʷ ɼʅʂ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʝʝ ʪʨʘʥʩʧʦʨʪʘ ʚʦ 

ʚʥʫʪʨʠʷʜʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʨʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʧʫʪʝʤ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ, 
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ʤʦʣʝʢʫʣʳ ʪʝʨʧʝʚʪʠʯʝʩʢʦʡ ɼʅʂ ʙr ʩʪʨʦ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʷʜʨʦ, ʧʨʦʷʚʣʷʷ ʩʚʦʠ ʬʫʥʢʮʠʠ. 

ɹʝʣʢʠ ANXA2 ʫʯʘʩʪʚʫʶʪ ʚ ʩʦʭʨʘʥʝʥʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʬʝʨʤʝʥʪʘʤʠ 

ʣʠʟʦʩʦʤ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɻʊʌʘʟʘ RAB5c ʠ ʣʠʧʠʜ LBPA ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 

ʚʳʩʚʦʙʦʞʜʝʥʠʠ ASO ʚ ʮʠʪʦʟʦʣʴ ʢʣʝʪʢʠ (Terada et al., 2022). ɺʦ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʢʟʦʛʝʥʥʦʡ ɼʅʂ (ʧʣʘʟʤʠʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ) ʚ ʷʜʨʦ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʧʝʨʝʥʦʩʠʤʳʭ ʛʝʥʦʚ 

(Anker et al., 1980; Bergsmedh et al., 2002; Filaci et al., 2004; Holmgren et al., 1999). 

ɼʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʫʞʝʨʦʜʥʦʡ ɼʅʂ ʚ ʷʜʨʦ ʢʣʝʪʢʠ ʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ 

ʷʜʝʨʥʫʶ ʤʝʤʙʨʘʥʫ ï ʝʩʪʝʩʪʚʝʥʥʳʡ ʙʘʨʴʝʨ, ʦʪʜʝʣʷʶʱʠʡ ʛʝʥʦʤʥʫʶ ɼʅʂ ʢʣʝʪʢʠ ʦʪ 

ʮʠʪʦʧʣʘʟʤʳ. ʗʜʝʨʥʘʷ ʤʝʤʙʨʘʥʘ ʩʦʩʪʦʠʪ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʯʘʩʪʝʡ, ʷʜʝʨʥʳʭ ʧʦʨʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʣʘʤʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʝʪʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʦʡ ʠ ʭʨʦʤʘʪʠʥʦʤ. ɼʅʂ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʷʜʝʨʥʦʡ ʤʝʤʙʨʘʥʳ, ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚʥʫʪʨʴ ʷʜʨʘ ʣʠʙʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ, ʢʦʛʜʘ ʷʜʝʨʥʘʷ 

ʤʝʤʙʨʘʥʘ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʚʥʦʚʴ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ, ʟʘʭʚʘʪʳʚʘʷ ʯʫʞʝʨʦʜʥʫʶ ɼʅʂ, ʣʠʙʦ 

ʩʧʝʮʠʬʠʯʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʷʜʨʦ ʯʝʨʝʟ ʷʜʝʨʥʳʡ ʧʦʨʦʚʳʡ ʢʦʤʧʣʝʢʩ (Crisp et al., 2006; 

H®bert, 2003; Ondrej et al., 2008). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʘʤʠʥʘ, ʘ ʪʘʢʞʝ ʘʢʪʠʥ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ 

ʢʘʢ ʚ ʷʜʨʝ, ʪʘʢ ʠ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ, ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʩʪʘʚʢʠ ɼʅʂ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʙʣʠʟʦʩʪʴ ʢ ʷʜʨʫ ʠ ʦʧʦʩʨʝʜʫʶʪ ʝʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦ ʚʥʫʪʨʠʷʜʝʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʨʠʰʝʜʰʝʡ ʚ ʷʜʨʦ ɼʅʂ ʦʛʨʘʥʠʯʝʥʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠʞʝʥʠʝʤ ɼʅʂ ʚ ʮʠʪʦʧʣʘʟʤʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʷʜʨʦ ɼʅʂ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʥʫʪʨʠʷʜʝʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʷʜʝʨʥʳʤ 

ʤʘʪʨʠʢʩʦʤ). ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʭʦʞʜʝʥʠʝ ɼʅʂ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ ʷʜʨʘ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʨʘʡʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʣʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ɼʎʈ, ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ (Ondrej et al., 2008). 

ʃʦʢ ʠ ɿʘʤʝʯʥʠʢ ʩ ʩʦʘʚʪʦʨʘʤʠ (Loke et al., 1989; Zamecnik et al., 1994) ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 

ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʢʦʨʦʪʢʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʷʜʨʦ ʨʝʮʠʧʠʝʥʪʥʦʡ ʢʣʝʪʢʠ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ HeLa, ʣʠʤʬʦʤʳ ɹʫʨʢʠʪʪʘ, 

ʣʠʤʬʦʙʣʘʩʪʥʦʡ ʣʝʡʢʝʤʠʠ ʊ-ʢʣʝʪʦʢ, ʣʠʥʠʶ ʤʠʝʣʦʠʜʥʳʭ ʢʣʝʪʦʢ ʤʳʰʠ ʠ ʬʠʙʨʦʙʣʘʩʪʳ 

ʟʘʨʦʜʳʰʘ ʮʳʧʣʝʥʢʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʜʦʩʪʠʛʘʶʪ ʷʜʨʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʥʫʪ. ʏʝʨʝʟ 60 ʤʠʥ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʷʜʨʝ ʨʝʮʠʧʠʝʥʪʥʦʡ ʢʣʝʪʢʠ. 

ʈʘʟʤʝʨ ɼʅʂ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ɼʅʂ ʚ ʷʜʨʦ ʢʣʝʪʢʠ. ʉʪʨʫʢʪʫʨʘ ʷʜʝʨʥʦʡ ʧʦʨʳ ʥʘʣʘʛʘʝʪ ʩʪʨʦʛʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʨʘʟʤʝʨ 

ʧʨʦʥʠʢʘʶʱʠʭ ʯʘʩʪʠʮ: ʚʥʝʰʥʠʡ ʢʘʥʘʣ ʷʜʝʨʥʦʡ ʧʦʨʳ ʩʦʩʪʘʚʣʷʝʪ 9ï10 ʥʤ ʚ ʜʠʘʤʝʪʨʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ɼʅʂ ʨʘʟʤʝʨʦʤ ʜʦ 300 ʧ.ʥ. ʩʚʦʙʦʜʥʦ ʧʨʦʥʠʢʘʝʪ ʚ ʷʜʨʦ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ (Ludtke 
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et al., 1999; Munkonge et al., 2003). ʅʝ ʧʦʢʨʳʪʘʷ ʙʝʣʢʘʤʠ ʣʠʥʝʡʥʘʷ ɼʅʂ, ʩʦʩʪʦʷʱʘʷ ʠʟ 200 ʧ.ʥ., 

ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʦʢʦʣʦ 70 ʥʤ ʚ ʜʣʠʥʫ ʠ 2 ʥʤ ʚ ʜʠʘʤʝʪʨʝ ʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʬʦʨʤʠʨʫʝʪ ʛʣʦʙʫʣʷʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʪʦ ʣʝʛʢʦ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʫʟʢʠʡ ʢʘʥʘʣ ʷʜʝʨʥʦʡ ʧʦʨʳ. ɼʣʷ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʭ 

ʤʦʣʝʢʫʣ ɼʅʂ ʧʦʷʚʣʷʶʪʩʷ ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʩʚʦʙʦʜʥʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʤʦʣʝʢʫʣ ʚ ʷʜʨʦ ʢʣʝʪʢʠ. ɼʦʩʪʘʚʢʘ ʧʨʦʪʷʞʝʥʥʦʡ ɼʅʂ ʚ ʷʜʨʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʦʣʠʛʦʧʝʧʪʠʜ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʩʢʦʣʴʢʦ 

ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ ʠ ʘʨʛʠʥʠʥʘ (Crisp et al., 2006; H®bert, 2003). ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʵʥʜʦʩʦʤʘʣʴʥʦʛʦ 

ʢʦʤʧʘʨʪʤʝʥʪʘ ɼʅʂ ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʝ ʚ ʮʠʪʦʟʦʣʝ, ʛʜʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʤʦʣʝʢʫʣʳ, ʤʦʞʝʪ ʣʠʙʦ ʩʚʦʙʦʜʥʦ ʧʨʦʥʠʢʥʫʪʴ ʚ ʷʜʨʦ, ʣʠʙʦ ʦʩʪʘʪʴʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʝʩʣʠ ʝʝ 

ʨʘʟʤʝʨ ʧʨʝʚʳʰʘʝʪ 1 ʪ.ʧ.ʥ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ɼʅʂ 

ʢʣʝʪʦʯʥʳʤʠ ʥʫʢʣʝʘʟʘʤʠ. ʉʚʷʟʳʚʘʥʠʝ ɼʅʂ ʩ ʙʝʣʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʩʠʛʥʘʣʳ ʷʜʝʨʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ɼʅʂ ʚ ʷʜʨʦ, ʢʦʪʦʨʘʷ ʚʦʟʨʘʩʪʘʝʪ 

ʙʦʣʴʰʝ ʯʝʤ ʥʘ 80 % (Luo et al., 1999). ɼʅʂ, ʩʚʷʟʘʥʥʘʷ ʩ ʷʜʝʨʥʳʤʠ ʙʝʣʢʘʤʠ, 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʛʠʩʪʦʥʘʤʠ, HMG (high mobility group)-ʙʝʣʢʘʤʠ, ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʥʠʢʘʝʪ ʚ ʷʜʨʦ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ: ʢʘʢ ʤʠʥʠʤʫʤ 3ï4 ʩʠʛʥʘʣʘ 

ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʦʣʞʥʳ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 100 ʧ.ʥ. ɼʅʂ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʩʠʛʥʘʣʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʚʦʟʨʘʩʪʘʝʪ. ʉʚʷʟʳʚʘʥʠʝ ɼʅʂ ʩ ʩʠʛʥʘʣʦʤ ʷʜʝʨʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʦʩʪʘʚʢʠ 

ʤʦʣʝʢʫʣ ʜʮɼʅʂ ʚ ʷʜʨʦ. 

ɺ ʨʘʙʦʪʝ (Rogachev et al., 2006) ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ʯʝʣʦʚʝʢʘ MCF-7 ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ɼʅʂ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʜʮɼʅʂ ʯʝʨʝʟ ʦʯʝʥʴ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʤʝʥʝʝ ʤʠʥʫʪʳ, ʝʩʣʠ ʢʣʝʪʢʠ ʘʢʪʠʚʥʦ ʜʝʣʷʪʩʷ) ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ 

ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʥʝ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʤ, ʠʩʭʦʜʥʦʤ ʚʠʜʝ. ʀʥʢʫʙʘʮʠʷ 

ʜʮɼʅʂ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʣʘ ʢ ʝʝ ʜʝʛʨʘʜʘʮʠʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʜʝʛʨʘʜʠʨʦʚʘʥʥʘʷ ɼʅʂ ʪʘʢʞʝ ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʫʢʘʟʘʥʥʳʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʪʷʞʝʥʥʳʝ, ʙʦʣʝʝ 10 ʪ.ʧ.ʥ., ʤʦʣʝʢʫʣʳ ʜʮɼʅʂ ʥʝʤʝʜʣʝʥʥʦ ʦʢʘʟʳʚʘʶʪʩʷ ʚ 

ʷʜʨʝ ʢʣʝʪʢʠ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʬʨʘʛʤʝʥʪʳ (1.5 ʪ.ʧ.ʥ.) ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ 

ʤʝʞʜʫ ʮʠʪʦʧʣʘʟʤʦʡ ʠ ʷʜʨʦʤ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʦ ʚʥʝʭʨʦʤʦʩʦʤʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʜʨʘ ʢʣʝʪʦʢ MCF-7 ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 2 % ʦʪ ʤʘʩʩʳ ʛʘʧʣʦʠʜʥʦʛʦ ʛʝʥʦʤʘ. 

ʎʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʦʡ ɻʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʧʨʠ 

ʝʝ ʢʦʥʪʘʢʪʝ ʩ ʢʣʝʪʢʘʤʠ ʚʳʷʚʠʣ, ʯʪʦ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʤʠʥʫʪ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ 
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ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʟʘʢʣʶʯʝʥʥʳʡ ʚ ʚʘʢʫʦʣʠ (Rogachev et al., 2006). ɺ ʵʪʦʪ ʤʦʤʝʥʪ 

ʚ ʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʷʚʣʷʝʪʩʷ. ʏʝʨʝʟ 14 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʚʩʷ ʤʝʪʢʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʚ ʷʜʝʨʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ. ʄʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʷʜʨʝ ʚ ʚʠʜʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʠʤʝʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʩʚʝʯʝʥʠʝ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʢʨʘʪʢʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ɼʅʂ ʚ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʩʧʦʩʦʙʥʘ ʜʦʩʪʠʛʘʪʴ ʷʜʨʘ ʨʝʮʠʧʠʝʥʪʥʦʡ ʢʣʝʪʢʠ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʝʝ ʚʢʣʶʯʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʇʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʛʠʧʦʪʝʪʠʯʝʥ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʪʠʣʠʟʘʮʠʠ 

ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ, ʟʘʭʚʘʯʝʥʥʳʭ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʥʳʭ ʚ ʢʣʝʪʢʫ, 

ʧʦʤʠʤʦ ʜʝʛʨʘʜʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʨʝʧʘʨʘʪʠʚʥʦ-

ʨʝʢʦʤʙʠʥʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (Berthault et al., 2022; ʃʠʭʘʯʝʚʘ ʠ ʜʨ., 2008). 

 

1.3.3. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʦʨʛʘʥʠʟʤʝ 

ɼʚʫʮʝʧʦʯʝʯʥʘʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʵʢʟʦʛʝʥʥʘʷ ʠ ʵʥʜʦʛʝʥʥʘʷ ɼʅʂ 

ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ, ʠʥʜʫʢʪʦʨʦʤ ʠ ʠʥʜʠʢʘʪʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʦʨʛʘʥʠʟʤʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʢʟʦʛʝʥʥʳʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʧʘʪʦʛʝʥ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʘʪʪʝʨʥʘʤʠ, ʘʢʪʠʚʠʨʫʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʟʚʝʥʴʷ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʜʘʣʝʥʠʝ ʧʘʪʦʛʝʥʘ. ʕʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʜʮɼʅʂ 

ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ 

ʦʨʛʘʥʠʟʤʘ (Barbalat et al., 2011; Bode et al., 2011; Iwasaki, Medzhitov, 2010; Krieg, 2002; 

Medzhitov, Janeway, 2000; Takeshita, Ishii, 2008). ʌʨʘʛʤʝʥʪʳ ʢʘʢ ʵʢʟʦʛʝʥʥʦʡ, ʪʘʢ ʠ ʵʥʜʦʛʝʥʥʦʡ 

ʜʮɼʅʂ, ʜʦʩʪʘʚʣʝʥʥʳʝ ʚ ʮʠʪʦʧʣʘʟʤʫ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ, ʘʢʪʠʚʠʨʫʶʪ ʧʘʣʠʪʨʫ ʮʠʪʦʟʦʣʴʥʳʭ 

ʩʝʥʩʦʨʦʚ ʠ ʠʥʜʫʮʠʨʫʶʪ ʥʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (Barber, 

2011a; Barber, 2011b; Sharma, Fitzgerald, 2011). ɼʮɼʅʂ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʦʨʦʤ ʘʫʪʦʠʤʤʫʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (Almqvist, Winkler, M¬rtensson, 2011; Choubey, 2012; Kaczorowski et al., 2012) ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʠʛʥʘʣʦʚ çɻ ʬʬʝʢʪʘ ʩʚʠʜʝʪʝʣʷè (Ermakov et al., 2009). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ çʚʟʨʳʚʥʦʝè ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʥʦʡ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ ʩʝʧʩʠʩʫ (Castellheim et al., 2009; Kaczorowski et al., 2012; Saukkonen 

et al., 2007). ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʚʢʣʶʯʘʷ ʜʮɼʅʂ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʵʢʟʦʩʦʤ ʠ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʘʤʝʨʪʦʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ ʥʘʩʪʨʘʠʚʘʶʪ ʩʚʦʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ (Cai et al., 2013; Rashed et al., 2017). 

ʅʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ (ʘ ʠʤʝʥʥʦ ʦʪʢʨʳʪʳʝ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʢʦʥʮʳ 

ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ), ʜʦʩʪʘʚʣʝʥʥʳʝ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʠʤʤʫʥʥʦʡ ʢʣʝʪʢʠ, 
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ʘʢʪʠʚʠʨʫʶʪ ʦʩʪʘʥʦʚʢʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʠʥʜʫʮʠʨʫʶʪ ʨʝʧʘʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ (Berthault et 

al., 2022; MacDougall et al., 2007; Zou, 2007). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʬʨʘʛʤʝʥʪʳ 

ʩʪʘʥʦʚʷʪʩʷ ʫʯʘʩʪʥʠʢʘʤʠ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʥʪʝʨʬʝʨʠʨʫʷ ʝʛʦ ʢʦʨʨʝʢʪʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ 

ʠ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʎʠɻ ʉʆ ʈɸʅ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʤʦʛʫʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʨʝʮʠʧʠʝʥʪʥʳʡ ʛʝʥʦʤ (Dolgova et al., 

2012a; Likhacheva et al., 2007; ʃʠʭʘʯʝʚʘ ʠ ʜʨ., 2008). 

ɺʦʧʨʦʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʫ 

ʧʨʦʢʘʨʠʦʪ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥ ʜʣʷ ʥʠʟʰʠʭ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʞʠʚʦʪʥʳʭ (Andersson, 2005; 

Sibbald et al., 2020; Soucy, Huang, Gogarten, 2015) ʠ ʠʟʚʝʩʪʥʳ ʜʦʢʘʟʘʥʥʳʝ ʧʨʠʤʝʨʳ ʧʝʨʝʥʦʩʘ 

ʛʝʥʦʚ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʊʘʢ, ʠʟʚʝʩʪʝʥ ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ɼʅʂ ʨʘʟʨʫʰʝʥʥʳʭ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ ʜʨʫʛʠʤʠ çʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠè ʢʣʝʪʢʘʤʠ ʦʨʛʘʥʠʟʤʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʪʠʭ ʢʣʝʪʦʢ. ʇʨʦʮʝʩʩ ʥʘʟʚʘʥ çʛʝʥʦʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝè 

(Garc²a-Olmo, Picazo, Garc²a-Olmo, 2012; Yakubov et al., 2007). ɺ ʨʘʙʦʪʘʭ (Bergsmedh et al., 

2002; Holmgren et al., 1999; Sakamoto, Ochiya, Yoshioka, 2023) ʧʨʠʚʦʜʷʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʪʝʣʝʮ ʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ 

ʚʝʟʠʢʫʣ. ʀʟʚʝʩʪʥʘ ʨʘʙʦʪʘ ʧʝʨʝʥʦʩʘ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʷʡʮʝʢʣʝʪʢʫ 

ʩʧʝʨʤʘʪʦʟʦʠʜʘʤʠ, ʟʘʭʚʘʪʠʚʰʠʤʠ ʚʳʩʦʢʦʧʦʣʠʤʝʨʥʫʶ ɼʅʂ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫ ʤʠʜʠʡ 

(ɽʨʦʭʠʥ, ʂʫʟʥʝʮʦʚ, 2009). ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ (Xia et al., 2021) ʧʦʢʘʟʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʛʝʥʘ ʤʝʞʜʫ ʥʘʩʝʢʦʤʳʤ ʠ ʨʘʩʪʝʥʠʝʤ. ɺ 2007 ʛʦʜʫ ʙʳʣʘ 

ʧʨʠʩʫʞʜʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ, ʛʜʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʷʚʣʷʝʪʩʷ 

ʛʦʤʦʣʦʛʠʯʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʜʦʩʪʘʚʣʝʥʥʳʭ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʬʨʘʛʤʝʥʪʦʚ ʥʦʢʘʫʪʥʦʡ ɼʅʂ 

(ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ https://lenta.ru/articles/2007/10/08/nobelmed/). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʤʘʣʦ ʜʘʥʥʳʭ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʫʯʘʩʪʠʝ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ 

ʚ ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʉʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʚʝʜʝʥʥʳʡ 

ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʚ ʆʉʂ, ʵʪʠ ɼʅʂ-ʤʦʣʝʢʫʣʳ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʨʠʛʛʝʨʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʮɼʅʂ ʧʦʧʘʜʘʝʪ ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʫʶ ʢʣʝʪʢʫ, ʛʜʝ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʢʘʢ ʪʨʘʥʟʠʪʥʳʡ ʵʣʝʤʝʥʪ. ʆʥʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʢʘʢ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʪʘʢ ʠ ʚ ʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʚʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʵʢʩʪʨʘʢʣʪʦʯʥʘʷ ʜʮɼʅʂ ʤʦʞʝʪ 

ʠʥʪʝʨʛʠʨʦʚʘʪʴ ʚ ʛʝʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʣʠ 

ʥʝʛʦʤʦʣʦʛʠʯʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ. ɺ ʢʣʝʪʢʝ ʵʢʩʪʨʢʣʝʪʦʯʥʘʷ ʜʮɼʅʂ ʩʪʘʥʦʚʠʪʩʷ ʫʯʘʩʪʥʠʢʦʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʥʫʢʣʠʥʦʚʳʭ ʢʠʩʣʦʪ, 
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ʙʝʣʢʦʚʳʤ ʩʠʥʪʝʟʦʤ ʠ ʨʝʛʫʣʷʮʠʝʡ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʘʜʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʢʠ-ʨʝʮʠʧʠʝʥʪʘ.  

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʝʩʣʠ ʙʫʜʫʪ ʥʘʡʜʝʥʳ ʥʦʚʳʝ ʧʨʠʥʮʠʧʳ ʧʦʧʘʜʘʥʠʷ ʜʮɼʅʂ ʚ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʶ ʢʣʝʪʢʫ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʙʝʟ ʫʯʘʩʪʠʷ ʪʨʘʥʬʝʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʣʝʪʢʠ, ʪʦ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʤʦʞʥʦ 

ʙʫʜʝʪ ʩʦʟʜʘʪʴ ʘʙʩʦʣʶʪʥʦ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʫ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ 

ʘʢʪʠʚʠʨʫʶʱʠʤʠ, ʪʘʢ ʠ ʙʣʦʢʠʨʫʶʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʙʳʩʪʨʦ ʥʘʡʜʝʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʘʢʪʠʢʝ ʠ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʤʢʘʭ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʵʢʩʪʨʘʢʣʪʦʯʥʳʭ ʬʨʘʛʤʥʝʪʦʚ ʜʮɼʅʂ ʚ ʢʣʝʪʢʫ. 

 

1.4. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʉ ʨʘʟʚʠʪʠʝʤ ʧʦʜʨʦʙʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʙʦʪʝ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʠʤʤʫʥʠʪʝʪʘ ʚ ʦʪʚʝʪ 

ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʦʧʣʘʟʠʠ, ʘ ʪʘʢʞʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʝʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʚ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʧʫʭʦʣʠ, ʘʨʩʝʥʘʣ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ. ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʟʥʘʤʝʥʦʚʘʣʦʩʴ ʙʫʨʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʢʣʝʪʦʯʥʦʡ ʠ ʧʘʩʩʠʚʥʦʡ ʠʤʤʫʥʦʪʝʨʘʧʠʠ, ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʠ ʫʣʫʯʰʝʥʠʝʤ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ ʦʥʢʦʣʠʪʠʯʝʩʢʠʭ ʚʠʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʘʜʲʶʚʘʥʪʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʨʘʟʚʠʪʠʝ 

ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʨʘʢʦʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʨʘʟʨʘʙʦʪʦʢ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʣʠ I ʠ II ʬʘʟ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʦʣʴʢʦ ʝʜʠʥʠʮʳ 

ʠʟ ʥʠʭ ʦʜʦʙʨʝʥʳ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ.  

ʆʙʱʝʧʨʠʥʷʪʦʡ ʪʝʨʘʧʠʝʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʧʫʭʦʣʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʮʠʪʦʨʝʜʫʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ ʩʦʣʠʜʥʳʭ 

ʦʧʫʭʦʣʝʡ ʧʨʠʤʝʥʷʶʪ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʦʧʫʭʦʣʝʚʦʛʦ ʦʯʘʛʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʭʠʤʠʦʪʝʨʘʧʠʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʣʫʯʝʥʠʝ ʠ ʪʝʨʘʧʠʷ ʛʦʨʤʦʥʘʤʠ ʚ ʩʣʫʯʘʝ 

ʛʦʨʤʦʥʦʟʘʚʠʩʠʤʳʭ ʦʧʫʭʦʣʝʡ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʨʛʘʥʠʟʤʘ, ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʚʘʢʮʠʥ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʙʦʨʴʙʝ ʩ ʦʧʫʭʦʣʴʶ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʢʣʝʪʦʯʥʦʝ ʟʚʝʥʦ ʠʤʤʫʥʠʪʝʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʠʜʝʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʚʘʢʮʠʥ. ʂ ʢʣʝʪʦʯʥʳʤ ʤʝʪʦʜʘʤ 

ʠʤʤʫʥʦʪʝʨʘʧʠʠ, ʠʣʠ ʘʜʦʧʪʠʚʥʦʡ ʪʝʨʘʧʠʠ, ʦʪʥʦʩʷʪʩʷ: ʜʝʥʜʨʠʪʥʦʢʣʝʪʦʯʥʳʝ ʚʘʢʮʠʥʳ, ʚʘʢʮʠʥʳ 

ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʳʭ ʢʠʣʣʝʨʦʚ ʠ CAR ʊ-ʣʠʤʬʦʮʠʪʦʚ (Yi et al., 2023; ɺʦʣʢʦʚ, 2016).  
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1.4.1. ɼʂ-ʚʘʢʮʠʥʳ 

ɼʂ ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʘʥʪʠʛʝʥʧʨʝʟʝʥʪʠʨʫʶʱʠʝ ʢʣʝʪʢʠ, ʛʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʢʦʪʦʨʳʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʭʚʘʪʝ ʘʥʪʠʛʝʥʘ, ʝʛʦ ʧʨʦʮʝʩʩʠʥʛʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʤʝʩʪʝ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ I ʠ II ʢʣʘʩʩʦʚ (MHC-I ʠ II). ɺ ʪʘʢʦʤ ʚʠʜʝ 

ʘʥʪʠʛʝʥ ʨʘʩʧʦʟʥʘʝʪʩʷ ʥʘʠʚʥʳʤʠ ʊ-ʣʠʤʬʦʮʠʪʘʤʠ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʧʨʦʪʠʚ ʟʘʭʚʘʯʝʥʥʦʛʦ ʘʥʪʠʛʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ɼʂ-ʚʘʢʮʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʫʪʦʣʦʛʠʯʥʳʝ ɼʂ, ʥʘʛʨʫʞʝʥʥʳʝ ʦʧʫʭʦʣʝʚʳʤ ʘʥʪʠʛʝʥʦʤ ex vivo (ɺʦʣʢʦʚ, 

2016).  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʜʦʙʨʝʥʥʦʡ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ (FDA, Food and drug administration) ɼʂ-ʚʘʢʮʠʥʦʡ 

ʷʚʣʷʝʪʩʷ Sipuleucel-T. ɺʘʢʮʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʫʪʦʣʦʛʠʯʥʳʝ ɼʂ, ʥʘʛʨʫʞʝʥʥʳʝ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʛʠʙʨʠʜʥʳʤ ʙʝʣʢʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʧʨʦʩʪʘʪʠʯʝʩʢʦʡ ʢʠʩʣʦʡ ʬʦʩʬʘʪʘʟʳ ʠ 

ʛʨʘʥʫʣʦʮʠʪʘʨʥʦ-ʤʘʢʨʦʬʘʛʘʣʴʥʦʛʦ ʢʦʣʦʥʠʝʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ (GM-CSF). ʇʨʠʤʝʥʝʥʠʝ 

Sipuleucel-T ʧʦʟʚʦʣʠʣʦ ʧʨʦʜʣʠʪʴ ʤʝʜʠʘʥʫ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʫʞʯʠʥ ʩ ʥʝʦʧʝʨʘʙʝʣʴʥʳʤ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ ʨʘʢʦʤ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʥʘ 4.1 ʤʝʩʷʮʘ (Kantoff et al., 2010). 

 

1.4.2. CAR T-ʢʣʝʪʢʠ 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʘʜʦʧʪʠʚʥʳʡ ʢʣʝʪʦʯʥʦʡ 

ʠʤʤʫʥʦʪʝʨʘʧʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʝʨʥʳʭ ʘʥʪʠʛʝʥʥʳʭ T-ʢʣʝʪʦʯʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ (CAR). CAR ʊ-ʢʣʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ex vivo 

ʘʫʪʦʣʦʛʠʯʥʳʝ ʊ-ʣʠʤʬʦʮʠʪʳ ʙʦʣʴʥʦʛʦ, ʥʘʮʝʣʝʥʥʳʝ ʢ ʫʥʠʯʪʦʞʝʥʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, 

ʵʢʩʧʦʥʠʨʫʶʱʠʭ ʨʘʩʧʦʟʥʘʚʘʝʤʳʡ CAR ʘʥʪʠʛʝʥ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʭʠʤʝʨʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʝʪʢʘʤʠ-ʤʠʰʝʥʷʤʠ ʙʝʟ ʫʯʘʩʪʠʷ MHC-I/II , 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʝʥʘ (Dhatchinamoorthy, Colbert, 

Rock, 2021; Warabi, Kitagawa, Hirokawa, 2000). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʪʝʨʘʧʠʠ CAR ʊ-

ʢʣʝʪʢʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ɺ-ʢʣʝʪʦʯʥʦʡ ʧʨʠʨʦʜʳ (ʣʠʤʬʦʤʘ, 

ʣʝʡʢʝʤʠʷ, ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʤʠʝʣʦʤʘ (ʄʄ)). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʦʙʨʝʥʳ FDA ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʪʝʨʘʧʠʠ ʘʥʪʠ-CD19 CAR ʊ-ʢʣʝʪʢʘʤʠ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʦʩʪʨʦʡ ʣʠʤʬʦʙʣʘʩʪʥʦʡ ʣʝʡʢʝʤʠʝʡ 

(KymriachTM) ʠ ʢʨʫʧʥʦʢʣʝʪʦʯʥʦʡ B-ʣʠʤʬʦʤʦʡ (YescartaTM) (Arabi et al., 2018).  

ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʣʠʚʘʝʪʩʷ ʚ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʘʢ ʧʨʦʪʠʚ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʧʦʨʷʜʢʘ 65 % ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ), ʪʘʢ ʠ ʧʨʦʪʠʚ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ (ʨʘʢ ʧʨʦʩʪʘʪʳ, ʛʣʠʦʙʣʘʩʪʦʤʘ, ʩʘʨʢʦʤʘ, ʨʘʢ 

ʷʠʯʥʠʢʦʚ ʠ ʜʨ.). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʣʝʯʝʥʠʷ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ ʠʤʝʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʪʦʣʴʢʦ ʚ 9 % ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʤʠʩʩʠʷ (Hou et al., 
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2019; Pettitt et al., 2018). ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʘʧʠʷ CAR ʊ-ʢʣʝʪʢʘʤʠ ʩʦʧʨʷʞʝʥʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʤ ʦʩʣʦʞʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʠʥʜʨʦʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʮʠʪʦʢʠʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʦʪʚʝʪʘ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʥʘ ʩʚʝʨʭʩʝʢʨʝʮʠʶ 

ʥʝʩʢʦʣʴʢʠʭ ʮʠʪʦʢʠʥʦʚ (IFN-ɔ ʠ IL-6) ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ-ʤʠʰʝʥʷʤʠ. ɽʱʝ ʦʜʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʘʜʦʧʪʠʚʥʦʡ ʪʝʨʘʧʠʠ, ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʦʠʪ ʨʝʰʠʪʴ, ʷʚʣʷʝʪʩʷ ʘʪʘʢʘ CAR ʊ-ʢʣʝʪʢʘʤʠ 

ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ, ʢʣʝʪʢʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʦʧʫʭʦʣʝʚʳʡ ʘʥʪʠʛʝʥ (Pettitt et al., 

2018). 

 

1.4.3. NK-ʢʣʝʪʢʠ 

ʇʝʨʚʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NK-ʢʣʝʪʦʢ ʜʣʷ ʠʤʤʫʥʦʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘʯʘʣʠʩʴ ʝʱʝ 30 ʣʝʪ ʥʘʟʘʜ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʦʪʚʝʪʘ (ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʩʝʢʨʝʮʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʠʣʠ 

ʧʨʷʤʦʛʦ ï ʣʠʟʠʩʘ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ ʧʫʪʝʤ ʚʳʙʨʦʩʘ ʛʨʘʥʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʛʨʘʥʟʠʤʳ ʠʣʠ 

ʧʝʨʬʦʨʠʥ) NK-ʢʣʝʪʢʘʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʠʤʤʫʥʠʟʘʮʠʷ ʘʥʪʠʛʝʥʦʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʩʥʦʚʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʵʬʬʝʢʪʦʨʥʫʶ ʬʫʥʢʮʠʶ NK-ʢʣʝʪʦʢ, ʷʚʣʷʶʪʩʷ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦ-ʧʦʜʦʙʥʳʝ 

ʨʝʮʝʧʪʦʨʳ ʢʣʝʪʦʢ-ʢʠʣʣʝʨʦʚ (killer cell immunoglobulin-like receptors, KIRs), ʢʦʪʦʨʳʝ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ MHC-I ʤʦʣʝʢʫʣʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ, ʛʝʥʝʨʠʨʫʶʪ ʩʠʛʥʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʮʠʪʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ NK. ɸʢʪʠʚʥʦʩʪʴ NK-ʢʣʝʪʦʢ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʨʫʛʠʤʠ 

ʢʣʝʪʢʘʤʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʧʨʷʤʫʶ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʩʠʛʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ (IL-2, IL-12, IL-18, IL-21, TGF-ɓ ʠ ʜʨ.) (Fang, Xiao, Tian, 2017; ɺʦʣʢʦʚ, 2016).  

ʆʩʥʦʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ NK-ʢʣʝʪʦʢ ʚ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: ʚʚʝʜʝʥʠʝ ʘʫʪʦʣʦʛʠʯʥʳʭ NK, ex vivo ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ NK 

(ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʮʠʪʦʢʠʥʦʚ, ʥʘʧʨʠʤʝʨ, IL-2, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʘʥʪʠʪʝʣʘʤʠ ʠʣʠ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ CAR), ʣʠʙʦ ʚʚʝʜʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʨʛʘʥʠʟʤ ʙʦʣʴʥʦʛʦ ʩ ʮʝʣʴʶ ʘʢʪʠʚʠʨʦʚʘʪʴ, ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ NK. ɺ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʘʫʪʦʣʦʛʠʯʥʳʝ, 

ʘʣʣʦʛʝʥʥʳʝ NK, ʘ ʪʘʢʞʝ ʠʥʲʝʢʮʠʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ NK-92 ï ʝʜʠʥʩʪʚʝʥʥʦʡ ʣʠʥʠʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʪʦʨʦʡ ʦʜʦʙʨʝʥʦ FDA (Suen et al., 2018; Tonn et al., 2001). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ CAR T-

ʣʠʤʬʦʮʠʪʘʤʠ, ʧʨʠʤʝʥʝʥʠʝ NK ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʣʝʯʝʥʠʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʆʙʲʝʢʪʠʚʥʳʡ ʢʣʠʥʠʯʝʩʢʠʡ ʦʪʚʝʪ ʥʘ ʣʝʯʝʥʠʝ NK ʜʣʷ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 25 % ʜʦ 100 % (Hu, Tian, Zhang, 2019). 
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1.4.4. ʆʥʢʦʣʠʪʠʯʝʩʢʠʝ ʚʠʨʫʩʳ 

ɽʱʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʡ ʷʚʣʷʶʪʩʷ ʦʥʢʦʣʠʪʠʯʝʩʢʠʝ 

ʚʠʨʫʩʳ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʨʝʧʣʠʮʠʨʫʶʱʠʭʩʷ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʢʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʥʢʦʣʠʪʠʯʝʩʢʠʝ ʚʠʨʫʩʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʤʤʫʥʦʛʝʥʥʦʡ ʛʠʙʝʣʠ ʥʝʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ (Tsun et 

al., 2016). ʉ ʨʘʟʚʠʪʠʝʤ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʥʢʦʣʠʪʠʯʝʩʢʠʝ 

ʚʠʨʫʩʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦʩʴ ʠʭ ʩʨʦʜʩʪʚʦ ʢ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦ-

ʧʝʨʝʨʦʞʜʝʥʥʳʤ ʢʣʝʪʢʘʤ. ʊʘʢ, ʜʝʣʝʮʠʷ ʚʠʨʫʩʥʦʛʦ ʛʝʥʘ E1B 55-kDa ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʠʨʫʩʘ ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʢʣʝʪʦʯʥʳʡ ʙʝʣʦʢ p53, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʝʛʦ ʨʘʟʤʥʦʞʝʥʠʝ ʚ 

ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ. ɼʨʫʛʠʤʠ ʧʨʠʤʝʨʘʤʠ ʧʦʚʳʰʝʥʠʷ 

ʩʨʦʜʩʪʚʘ ʦʥʢʦʣʠʪʠʯʝʩʢʠʭ ʚʠʨʫʩʦʚ ʢ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʷʚʣʷʶʪʩʷ: ʜʝʣʝʮʠʷ ʛʝʥʘ 

ʪʠʤʠʜʠʥʢʠʥʘʟʳ, ʚʩʪʨʦʡʢʘ ʛʝʥʦʚ GM-CSF, IFN-ɓ (Seymour, Fisher, 2016; Tsun et al., 2016). 

ʇʝʨʚʳʤ ʦʥʢʦʣʠʪʠʯʝʩʢʠʤ ʚʠʨʫʩʦʤ, ʦʜʦʙʨʝʥʥʳʤ ʢ ʧʨʠʤʝʥʝʥʠʶ FDA ʜʣʷ ʣʝʯʝʥʠʷ 

ʤʝʣʘʥʦʤʳ ʚ 2015 ʛʦʜʫ, ʩʪʘʣ Talimogene laherparepvec (T-VEC, ImlygicÈ). ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʜʝʚʷʪʴ ʨʘʟʥʳʭ ʚʠʨʫʩʥʳʭ ʩʝʤʝʡʩʪʚ, ʚʢʣʶʯʘʷ ʢʘʢ ɼʅʂ, ʪʘʢ ʠ ʈʅʂ-ʩʦʜʝʨʞʘʱʠʝ 

ʚʠʨʫʩʳ, ʧʝʨʝʰʣʠ ʠʟ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʣʝʯʝʥʠʠ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ (ʤʝʣʘʥʦʤʘ, 

ʛʣʠʦʤʘ, ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, ʧʨʷʤʦʡ ʢʠʰʢʠ) 

(Eissa et al., 2018).  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʦʠʪ ʨʝʰʠʪʴ ʚ ʨʘʤʢʘʭ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ, ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʚʦʜʠʪʩʷ ʠʥʪʨʘʪʫʤʦʨʘʣʴʥʦ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ 

ʪʝʭʥʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʨʝʞʠʤ çʂʘʨʘʥʘʭʘʥè ʠʤʝʝʪ ʪʘʢʞʝ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʩʚʷʟʘʥʥʳʭ 

ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʜʦʩʪʘʚʢʠ ʧʨʝʧʘʨʘʪʘ ɼʅʂ ʢʦ ʚʩʝʡ ʤʘʩʩʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

 

1.4.5. ʄʝʪʨʦʥʦʤʥʘʷ ʤʘʣʦʜʦʟʦʚʘʷ ʭʠʤʠʦʪʝʨʘʧʠʷ ʮʠʢʣʦʬʦʩʬʘʤʠʜʦʤ 

ʄʝʪʨʦʥʦʤʥʘʷ ʤʘʣʦʜʦʟʦʚʘʷ ʭʠʤʠʦʪʝʨʘʧʠʷ ʧʨʝʜʩʪʘʣʷʝʪ ʩʦʙʦʡ ʩʧʦʩʦʙ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʛʜʘ ʚ ʦʨʛʘʥʠʟʤ ʙʦʣʴʥʦʛʦ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʝʨʠʦʜʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚʚʦʜʷʪʩʷ ʜʦʟʳ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʧʨʝʧʘʨʘʪʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʝʥʦʩʠʤʳʭ ʜʦʟ. ʆʪʣʠʯʠʝ ʤʝʪʨʦʥʦʤʥʦʡ ʦʪ 

ʢʦʥʚʝʥʮʠʦʥʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʜʦʟʠʨʦʚʢʠ ʮʠʪʦʩʪʘʪʠʢʘ 

ʧʦʚʳʰʘʝʪ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʣʝʯʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʣʠʪʝʣʴʥʳʭ 
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ʧʝʨʝʨʳʚʘʭ ʤʝʞʜʫ ʚʚʝʜʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤʘʭ ʭʠʤʠʦʪʝʨʘʧʠʠ ʪʘʢʠʝ 

ʧʝʨʝʨʳʚʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʥʦʨʤʘʣʴʥʳʭ ʘʢʪʠʚʥʦ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ 

ʪʢʘʥʝʡ, ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ (Basar et al., 2024). 

ʆʩʥʦʚʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʨʦʥʦʤʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʷʚʣʷʶʪʩʷ ʧʦʜʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʘʥʛʠʦʛʝʥʝʟʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʦʩʪʦʷʥʠʷ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ, ʠʥʬʠʣʴʪʨʫʶʱʠʭ ʦʧʫʭʦʣʴ. 

 ʆʧʫʭʦʣʴ-ʠʥʬʠʣʴʪʨʫʶʱʠʝ ʢʣʝʪʢʠ ʧʦʜʚʝʨʞʝʥʳ ʩʫʧʨʝʩʩʠʠ ʦʧʫʭʦʣʴʶ ʠ, ʥʘʭʦʜʷʩʴ ʚ 

ʦʧʫʭʦʣʝʚʦʤ ʦʯʘʛʝ, ʥʝ ʩʧʦʩʦʙʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʠʤʤʫʥʥʳʝ ʬʫʥʢʮʠʠ. ʂʘʢ 

ʦʢʘʟʘʣʦʩʴ, ʤʝʪʨʦʥʦʤʥʘʷ ʪʝʨʘʧʠʷ ʮʠʢʣʦʬʦʩʬʘʤʠʜʦʤ (ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ ʮʠʢʣʦʬʦʩʬʘʥ, ʎʌ) ʚ 

ʤʘʣʦʜʦʟʦʚʦʤ ʨʝʞʠʤʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʨʘʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʫʣʷʮʠʠ MDSC, 

ʵʣʠʤʠʥʘʮʠʠ Tregs ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʧʫʣʷʮʠʡ ʢʣʝʪʦʢ ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, 

ʠʥʬʠʣʴʪʨʫʶʱʠʭ ʦʧʫʭʦʣʴ. ʀʤʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʎʌ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʚʘʞʥʦʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ ʨʝʛʫʣʷʪʦʨʥʘʷ ʪʝʨʘʧʠʷ, 

ʨʝʤʦʜʝʣʠʨʫʶʱʘʷ ʩʪʨʦʤʫ ʦʧʫʭʦʣʠ ʠ ʩʦʟʜʘʶʱʘʷ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʝʪʨʦʥʦʤʥʘʷ ʪʝʨʘʧʠʷ ʎʌ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʊ-

ʣʠʤʬʦʮʠʪʦʚ ʚ ʦʧʫʭʦʣʝʚʦʤ ʦʯʘʛʝ, ʘ ʪʘʢʞʝ ʩʦʟʨʝʚʘʥʠʶ ʘʥʪʠʛʝʥ-ʧʨʝʟʝʥʪʠʨʫʶʱʠʭ ɼʂ (Basar et 

al., 2024; Maiti, 2014). 

ɸʥʪʠʘʥʛʠʦʛʝʥʥʳʡ ʵʬʬʝʢʪ ʤʝʪʨʦʥʦʤʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʩʚʷʟʘʥ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʦʩʫʜʦʚ ʦʧʫʭʦʣʠ. ʇʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʤʠʛʨʘʮʠʠ. ʋʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʚʳʰʝʜʰʠʭ ʠʟ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. ʊʘʢʞʝ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʠ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʘ ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (VEGF, PDGF, FGF-2) ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (TSP-1, -2, IL-1ɓ, IL-3, IL-6, IL-8, TNF-Ŭ) 

(Basar et al., 2024). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʎʌ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʮʠʪʦʩʪʘʪʠʢʦʚ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʝʞʠʤʦʚ ʤʘʣʦʜʦʟʦʚʦʡ ʤʝʪʨʦʥʦʤʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ 

(Basar et al., 2024; Doloff, Chen, Waxman, 2014; Heylmann et al., 2013; Maiti, 2014; Nakahara et 

al., 2010; Radojcic et al., 2010; Salem, El-Naggar, Cole, 2010; Wu, Waxman, 2014) 

ɺʚʝʜʝʥʠʷ ʮʠʪʦʩʪʘʪʠʢʘ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ CpG ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʘʤʠ, 

ʚʘʢʮʠʥʘʤʠ ʠʣʠ ʮʠʪʦʢʠʥʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʝʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (Berraondo et 

al., 2007; Guiducci et al., 2005; Marabelle et al., 2017; Medina-Echeverz et al., 2011; Tsung et al., 

2002). ʈʘʟʥʦʧʣʘʥʦʚʘʷ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʤʝʪʨʦʥʦʤʥʫʶ ʤʘʣʦʜʦʟʦʚʫʶ 

ʭʠʤʠʦʪʝʨʘʧʠʶ ʎʌ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʙʘʟʦʚʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 
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1.5. ʆʧʫʭʦʣʝʚʘʷ ʩʪʚʦʣʦʚʘʷ ʢʣʝʪʢʘ ʢʘʢ ʤʠʰʝʥʴ ʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ 

ʆʙʣʘʜʘʷ ʥʘʠʚʳʩʰʠʤ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠʟ ʚʩʝʡ ʤʘʩʩʳ ʦʧʫʭʦʣʠ, ʆʉʂ ʩʪʘʣʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʩ ʮʝʣʴʶ ʠʭ ʵʣʠʤʠʥʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʛʥʦʟʘ ʜʣʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ. 

ʋʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʆʉʂ ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʳʤ ʘʨʩʝʥʘʣʦʤ ʩʨʝʜʩʪʚ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʟʘʱʠʪʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʙʫʜʴ ʪʦ ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʠʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ. ʕʪʠ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʥʝ ʧʨʦʩʪʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʩʚʦʶ ʛʠʙʝʣʴ, 

ʥʦ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦʩʣʝ ʚʠʜʠʤʦʡ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʀʤʝʥʥʦ ʵʪʘ 

ʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʮʠʜʠʚʳ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʮʠʪʦʨʝʜʫʮʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ ʚʳʞʠʚʰʠʝ ʆʉʂ ʩʪʘʥʦʚʷʪʩʷ ʨʝʟʠʩʪʝʪʥʳʤʠ 

ʢ ʩʣʝʜʫʶʱʠʤ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʙʦʪʢʘʤ ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʙʦʣʝʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʡ ʬʝʥʦʪʠʧ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʆʉʂ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

çʠʜʝʘʣʴʥʦʡè ʤʠʰʝʥʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʝʣʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʥʠʟʢʦʜʠʬʬʝʨʥʮʠʨʦʚʘʥʥʠʝ 

ʢʣʝʪʢʠ ʦʧʫʭʦʣʝʡ (Lee et al., 2025).  

 

1.5.1. ʀʟʚʝʩʪʥʳʝ ʪʝʭʥʠʢʠ ʪʘʨʛʝʪʥʨʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ɼʣʷ ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʉʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ: (1) ʘʥʪʠʪʝʣʘ ʢ ʮʝʣʝʚʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʢʣʝʪʦʯʥʳʤ ʠʣʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ 

ʙʝʣʢʘʤ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʣʷ ʆʉʂ, ʠʣʠ ʢ ʫʯʘʩʪʥʠʢʘʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ; (2) ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʠʣʠ çʤʘʣʳʝ ʤʦʣʝʢʫʣʳè, ʥʘʮʝʣʝʥʥʳʝ 

ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ ʠʣʠ ʠʥʜʫʮʠʨʫʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʆʉʂ, ʪʝʤ 

ʩʘʤʳʤ ʜʝʣʘʷ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʪʝʨʘʧʠʠ (Maucort et al., 2021). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʘʥʪʠʪʝʣ ï ʘʥʪʘʛʦʥʠʩʪʳ ʠ ʘʛʦʥʠʩʪʳ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʘʥʪʘʛʦʥʠʩʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʤʘʨʢʝʨʦʤ 

(ʨʝʮʝʧʪʦʨʦʤ) ʠʣʠ ʩ ʵʣʝʤʝʥʪʦʤ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʠʛʥʘʣʘ 

ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʙʣʦʢʠʨʦʚʘʥʠʝ ʝʛʦ ʧʝʨʝʜʘʯʠ. ʆʩʥʦʚʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʘʥʪʠʪʝʣʘ ï Wnt, Notch, Hedhehog, NF-kɓ, 

PI3K/AKT/mTOR, ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʣʶʨʠʧʦʪʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʆʉʂ, 

ʧʨʦʮʝʩʩʘʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ (Yang et al., 2020b). ʆʙʰʠʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ-ʘʥʪʘʛʦʥʠʩʪʦʚ ʧʨʦʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(Koury, Zhong, Hao, 2017; Yang et al., 2020b). ʇʦʨʷʜʢʘ 50 ʧʨʝʧʘʨʘʪʦʚ ʦʜʦʙʨʝʥʳ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ (Baldo, 2016). ɼʨʫʛʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʨʘʙʦʪʳ ʘʥʪʠʪʝʣ ʷʚʣʷʶʪʩʷ ʙʣʦʢʘʜʘ 

ʨʝʮʝʧʪʦʨʦʚ (ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʨʝʮʝʧʪʦʨʦʤ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ) ʠ 

ʬʘʛʦʮʠʪʦʟ (ʧʦʛʣʦʱʝʥʠʝ ʧʦʢʨʳʪʳʭ ʘʥʪʠʪʝʣʘʤʠ ʢʣʝʪʦʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʤʘʢʨʦʬʘʛʘʤʠ, 
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ʤʦʥʦʮʠʪʘʤʠ, ʬʘʛʦʮʠʪʠʨʫʶʱʠʤʠ ʢʣʝʪʢʘʤʠ ʧʝʯʝʥʠ (ʢʣʝʪʢʠ ʂʫʧʬʝʨʘ) ʠ ʩʝʣʝʟʝʥʢʠ) (Scheinberg 

et al., 2005). ʇʝʨʚʳʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʚ 2011 ʛʦʜʫ ʢʦʥʴʶʛʘʪʦʤ ʩʪʘʣ brentuximab vedotin, 

ʘʥʪʠ-CD30 ʘʥʪʠʪʝʣʦ, ʢʦʥʴʶʛʠʨʦʚʘʥʥʦʝ ʩ ʪʦʢʩʠʥʦʤ ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʘʫʨʠʩʪʘʪʠʥʦʤ. ʇʨʝʧʘʨʘʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʣʠʤʬʦʤʳ ʍʦʜʞʢʠʥʘ ʠ ʘʥʘʧʣʘʩʪʠʯʝʩʢʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʤʬʦʤʳ. ɺ 

2013 ʛʦʜʫ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ado-trastuzumab emtansine. ʇʨʝʧʘʨʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʥʪʠʪʝʣʦ ʧʨʦʪʠʚ HER2, ʢʦʥʴʶʛʠʨʦʚʘʥʥʦʝ ʩ ʪʦʢʩʠʥʦʤ ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʤʝʡʪʘʥʩʠʥʦʤ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ HER2-ʧʦʟʠʪʠʚʥʦʛʦ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (Zhu, 

Choi, Shah, 2015). 

ʂ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʘʤ, ʨʘʟʨʝʰʝʥʥʳʤ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ: 

rituximab ï ʘʥʪʠʪʝʣʦ ʢ ʨʝʮʝʧʪʦʨʫ CD20 (ʣʝʯʝʥʠʝ ʨʝʮʠʜʠʚʦʚ ʠ ʨʝʬʨʘʢʪʝʨʥʳʭ ʬʦʨʤ CD20+ ɺ-

ʢʣʝʪʦʯʥʳʭ ʣʠʤʬʦʤ); trastuzumab ï ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʦʝ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ ʢ ʨʝʮʝʧʪʦʨʫ 

HER2; cetuximab ï ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ ʢʣʘʩʩʘ IgG1, ʩ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʙʣʦʢʠʨʫʶʱʝʝ ʧʨʠʢʨʝʧʣʝʥʠʝ ʣʠʛʘʥʜʘ ʢ EGFR (ʣʝʯʝʥʠʝ ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʳ ʠ ʰʝʠ) 

(ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ, ɾʫʢʦʚʝʮ, ʊʨʠʟʥʘ, 2011; ɹʦʨʠʩʦʚ, ʉʘʢʘʝʚʘ, 2015; ʄʦʠʩʝʝʥʢʦ, 2003). 

ʀʥʪʝʨʝʩʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ niclosamide, ʦʜʦʙʨʝʥʥʦʝ FDA ʢʘʢ ʧʨʦʪʠʚʦʛʣʠʩʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʪʘʢʞʝ 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨ Wnt/ɓ-catenin-ʧʫʪʠ. ʈʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʝʧʘʨʘʪ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʥʘ ʆʉʂ ʧʨʠ ʨʘʢʝ ʷʠʯʥʠʢʦʚ (Yang et al., 2020c). 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʘʥʪʠʪʝʣ-ʘʛʦʥʠʩʪʦʚ ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʷ ʚʠʜʘʤʠ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ: ʢʦʤʧʣʝʤʝʥʪ-ʟʘʚʠʩʠʤʦʡ ʠ ʘʥʪʠʪʝʣʦ-ʟʘʚʠʩʠʤʦʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʥʪʠʪʝʣʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʥʪʠʛʝʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ. ʕʪʦ ʟʘʧʫʩʢʘʝʪ ʩʠʩʪʝʤʫ 

ʢʦʤʧʣʝʤʝʥʪʘ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʘʥʪʠʪʝʣʦ ʩʚʦʠʤ ʚʘʨʠʘʙʝʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʥʪʠʛʝʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʭʦʣʝʚʦʡ 

ʢʣʝʪʢʠ, ʘ ʧʦʩʪʦʷʥʥʳʤ ʜʦʤʝʥʦʤ ʩ ʨʝʮʝʧʪʦʨʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʣʠʤʬʦʮʠʪʘ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʜʝʨʞʠʚʘʷ ʠʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ (ADCC). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʣʠʤʬʦʮʠʪ ʚʳʩʚʦʙʦʞʜʘʝʪ ʩʝʢʨʝʪʦʨʥʳʝ ʣʠʟʦʩʦʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʬʦʨʠʥʳ ʠ 

ʛʨʘʥʟʠʤʳ, ʚ ʢʣʝʪʢʫ-ʤʠʰʝʥʴ. ʇʝʨʬʦʨʠʥʳ ʥʘʨʫʰʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʘ 

ʛʨʘʥʟʠʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ ʩʝʨʠʥʦʚʳʭ ʧʨʦʪʝʘʟ, ʠʥʜʫʮʠʨʫʶʪ ʢʘʩʧʘʟʘ-

ʟʘʚʠʩʠʤʳʡ ʘʧʦʧʪʦʟ (Fang, Xiao, Tian, 2017; Lim et al., 2024; ʄʦʠʩʝʝʥʢʦ, 2003).  

ʂ ʘʛʦʥʠʩʪʘʤ ʦʪʥʦʩʷʪʩʷ ʘʥʪʠʪʝʣʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʥʛʠʙʠʨʦʚʘʥʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʙʣʦʢʘʜʘ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʣʘ ʦʧʫʭʦʣʷʤ ʫʭʦʜʠʪʴ ʦʪ ʠʤʤʫʥʥʦʛʦ ʥʘʜʟʦʨʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʨʳʚʘʥʠʷ ʘʥʪʠʪʝʣʦʤ ʪʘʢʦʛʦ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʧʫʪʠ, ʪʦʨʤʦʞʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʨʛʘʥʠʟʤʘ ʥʘ ʦʧʫʭʦʣʴ ʥʝ ʚʦʟʥʠʢʘʝʪ. ɼʚʝ ʤʠʰʝʥʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ: ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʊ-
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ʣʠʤʬʦʮʠʪ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʙʝʣʦʢ 4 (CTLA-4) ʠ ʨʝʮʝʧʪʦʨ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ 

ʛʠʙʝʣʠ-1 (PD-1) (Lim et al., 2024; ʊʝʨ-ʆʚʘʥʝʩʦʚ ʠ ʜʨ., 2017). ʇʝʨʚʳʤ ʦʜʦʙʨʝʥʥʳʤ ʚ 2011 ʛʦʜʫ 

FDA ʙʣʦʢʘʪʦʨʦʤ CTLA-4 ʨʝʮʝʧʪʦʨʘ ʩʪʘʣʦ ʘʥʪʠʪʝʣʦ ipilimumab. ʇʨʝʧʘʨʘʪ ʙʳʣ ʨʘʟʨʝʰʝʥ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʧʨʠ ʣʝʯʝʥʠʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʤʝʣʘʥʦʤʳ (Darvin et al., 2018; Peng, Bao, 2022). ɿʘ 

ʵʪʠʤ ʧʦʩʣʝʜʦʚʘʣʦ ʘʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʜʨʫʛʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ 

ʠʤʤʫʥʠʪʝʪʘ. ʋʞʝ ʚ 2014 ʛʦʜʫ ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʦʧʝʨʘʙʝʣʴʥʦʡ ʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʤʝʣʘʥʦʤʳ ʙʳʣʠ 

ʦʜʦʙʨʝʥʳ ʝʱʝ ʜʚʘ ʘʥʪʠʪʝʣʘ: nivolumab ʠ pembrolizumab. Nivolumab ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʦʤ, pembrolizumab ï ʛʫʤʘʥʠʟʠʨʦʚʘʥʥʳʤ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʦʤ. ʆʙʘ ʘʥʪʠʪʝʣʘ ʥʘʮʝʣʝʥʳ ʥʘ PDȤ1 (IgG4) ʠ ʙʣʦʢʠʨʫʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʝʮʝʧʪʦʨʦʤ PDȤ1 ʠ ʝʛʦ ʣʠʛʘʥʜʘʤʠ PD-L1 ʠ PD-L2 (Zhu, Choi, Shah, 

2015; ɻʨʘʬʘʥʦʚ ʠ ʜʨ., 2018).  

ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʘʥʪʠʪʝʣʘ ʜʝʣʷʪʩʷ ʥʘ ʤʦʥʦ- ʠ ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʥʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ, ʠʤʝʶʱʠʭ ʜʚʝ ʠʜʝʥʪʠʯʥʳʝ ʣʝʛʢʠʝ ʠ ʪʷʞʝʣʳʝ ʮʝʧʠ, 

ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ ʠʤʝʶʪ ʨʘʟʥʳʝ ʘʥʪʠʛʝʥʩʚʷʟʳʚʘʶʱʠʝ ʜʦʤʝʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʦʥʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ, ʯʘʩʪʦ ʫ ʧʘʮʠʝʥʪʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʚʠʯʥʘʷ ʠʣʠ ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʭ ʚʦʟʜʝʡʩʪʚʠʶ, ʚʳʟʚʘʥʥʘʷ 

ʘʢʪʠʚʘʮʠʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠʣʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʢʘʭ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʠ ʠʭ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝʤ ʪʘʢʞʝ 

ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʣʝʯʝʥʠʶ (Zhu, Choi, Shah, 2015). ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ ʘʢʪʠʚʘʮʠʠ ʆʉʂ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʢʘʪʴ ʢ ʦʧʫʭʦʣʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʢʣʝʪʢʠ 

ʠ ʥʝʩʪʠ ʪʦʢʩʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ. 

ʇʝʨʚʦʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʠʩʧʝʮʠʬʠʯʝʩʢʦʝ ʘʥʪʠʪʝʣʦ 

ï catumaxomab (ʘʥʪʠ-EpCAM/CD3). ɺ 2009 ʛʦʜʫ ʧʨʝʧʘʨʘʪ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ɽʚʨʦʧʝʡʩʢʠʤ 

ʤʝʜʠʮʠʥʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʩ ʘʩʮʠʪʦʤ, ʚʳʟʚʘʥʥʳʤ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝʤ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʞʝʥʩʢʦʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. ʉʣʝʜʫʶʱʠʤ 

ʦʜʦʙʨʝʥʥʳʤ ʢ ʢʣʠʥʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʤ ʘʥʪʠʪʝʣʦʤ ʩʪʘʣʦ blinatumomab 

(ʘʥʪʠ-CD19/CD3, ʚ 2014 ʛʦʜʫ ʦʜʦʙʨʝʥʦ FDA). ɸʥʪʠʪʝʣʦ blinatumomab ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʩʪʨʦʛʦ ɺ-ʣʠʤʬʦʙʣʘʩʪʥʦʛʦ ʣʝʡʢʦʟʘ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʪʦʣʠʪʠʯʝʩʢʦʛʦ 

ʢʣʝʪʦʯʥʦʛʦ ʩʠʥʘʧʩʘ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʉD19-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ɺ-ʣʠʤʬʦʮʠʪʦʚ. ʊʘʢʞʝ ʦʜʦʙʨʝʥʦ 

FDA ʠʥʛʠʙʠʪʦʨ ʨʝʮʝʧʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟʳ (RTKs) lapatinib, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʝ ʩ EGFR ʠ HER2 ʠ ʧʨʠʤʝʥʷʶʱʝʝʩʷ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ HER2-

ʧʦʟʠʪʠʚʥʦʛʦ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (Zhu, Choi, Shah, 2015; ʉʦʣʦʧʦʚʘ, ʄʠʩʶʨʠʥ, 2019).  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʭʦʜʷʪ ʜʝʩʷʪʢʠ ʙʠʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʘʥʪʠʪʝʣ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʠʰʝʥʠ: ʙʝʣʢʠ RTKs (ʘʥʪʠ-EGFR/HER3, 

HER2/HER3, EGFR/IGF1R), CD3/EpCAM, CD3/CEA, CD3/PSMA, CD3/CD33, CD28/CSPG4, 

CD64/CD19 ʠ ʜʨʫʛʠʝ (Zhu, Choi, Shah, 2015; ʉʦʣʦʧʦʚʘ, ʄʠʩʶʨʠʥ, 2019).  

çʄʘʣʳʝ ʤʦʣʝʢʫʣʳè ï ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ. ʆʥʠ ʩʧʦʩʦʙʥʳ 

ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʦʢ ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʠʰʝʥʠ: ʙʣʦʢʠʨʦʚʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ 

ʯʘʩʪʴ ʨʝʮʝʧʪʦʨʦʚ ʠʣʠ ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʆʉʂ. ʄʠʰʝʥʠ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (M¿ller et al., 2017). 

ʇʝʨʚʳʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʠʥʛʠʙʠʪʦʨ ʪʠʨʦʟʠʥʢʠʥʘʟʳ imanitib ʙʳʣ ʦʜʦʙʨʝʥ FDA ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 2001 ʛʦʜʫ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʣʫʯʠʣʘ ʪʦʣʯʦʢ ʢ ʨʘʟʚʠʪʠʶ. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʉʐɸ ʠ ʂʠʪʘʝ ʦʜʦʙʨʝʥʦ ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ 89 ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ çʤʘʣʳʭ ʤʦʣʝʢʫʣè. ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʤʠʰʝʥʝʡ, ʚʢʣʶʯʘʷ ʢʠʥʘʟʳ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʝʣʢʠ, ʬʝʨʤʝʥʪʳ ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ (Yang et al., 2020c; Zhong et al., 2021).  

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʪʠʪʝʣ ʠ ʚʘʨʠʘʥʪʦʚ ʠʭ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʧʘʩʩʠʚʥʘʷ ʠʤʤʫʥʦʪʝʨʘʧʠʷ ʚʩʝ ʝʱʝ ʥʫʞʜʘʝʪʩʷ ʚ ʫʣʫʯʰʝʥʠʷʭ. ʆʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʦʜʭʦʜʷʱʠʭ ʤʠʰʝʥʝʡ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʙʳ ʚʩʝʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʥʠʪʝʣ. 

 

1.6. ɿʘʢʣʶʯʝʥʠʝ  

ʆʧʫʭʦʣʴ ï ʵʪʦ ʘʙʙʝʨʘʥʪʥʳʡ ʦʨʛʘʥ, ʞʠʚʫʱʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʨʛʘʥʠʟʤʘ ʧʦ ʩʚʦʠʤ 

ʟʘʢʦʥʘʤ. ʇʨʠ ʵʪʦʤ ʦʧʫʭʦʣʴ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʯʫʞʝʨʦʜʥʦʡ ʦʨʛʘʥʠʟʤʫ ʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ 

ʧʝʨʝʨʦʞʜʝʥʥʘʷ ʩʚʦʷ ʩʦʙʩʪʚʝʥʥʘʷ ʪʢʘʥʴ, ʥʦ ʥʝ ʧʦʜʜʘʶʱʘʷʩʷ ʚʣʠʷʥʠ ʁʟʘʢʦʥʦʚ ʤʦʨʬʦʛʝʥʝʟʘ. 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʯʪʦ ʵʪʦʤʫ ʢʚʘʟʠ ʦʨʛʘʥʫ ʪʨʝʙʫʝʪʩʷ, ɻ ʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʯʪʦ ʦʥ 

ʠ ʧʦʣʫʯʘʝʪ ʦʪ ʦʨʛʘʥʠʟʤʘ. ɼʘʣʝʝ ʥʝʦʧʣʘʟʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʟʘʢʦʥʘʤ, ʘ 

ʠʤʝʥʥʦ: ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ, ʤʝʪʘʪʩʪʘʟʠʨʦʚʘʥʠʝ (ʛʝʥʝʨʘʣʠʟʘʮʠʷ) ʠ ʛʠʙʝʣʴ ʥʦʩʠʪʝʣʷ 

ʚʤʝʩʪʝ, ʢʘʢ ʙʳ ʧʘʨʘʜʦʢʩʘʣʴʥʦ ʵʪʦ ʥʠ ʙʳʣʦ, ʩ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ. ɹʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʦʯʝʚʠʜʥʦ 

ʩʪʨʘʥʥʘʷ ʬʠʣʦʩʦʚʩʢʠ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ çʛʫʙʠʪʝʣʴʥʦʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʥʝʯʪʦ 

ʧʦʛʠʙʘʝʪ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤ ʭʦʟʷʠʥʦʤè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʫʭʦʣʴ ï ʵʪʦ ʥʝ çʯʫʞʦʡè, ʘ çʨʦʜʥʦʝ 

ʩʫʱʝʩʪʚʦ, ʧʦʪʝʨʷʚʰʝʝ ʨʘʩʩʫʜʦʢ ʠ ʚʝʜʫʱʝʝ ʢ ʩʘʤʦʫʙʠʡʩʪʚʫè. 
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ʉʢʘʟʘʥʥʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʧʨʦʩ ʨʘʟʨʫʰʝʥʠʷ ʦʧʫʭʦʣʠ ʢʘʢ ʢʚʘʟʠ-ʦʨʛʘʥʘ ʚʩʝʛʜʘ ʙʫʜʝʪ 

ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʪʜʝʣʠʪʴ ʚʦʟʥʠʢʰʝʝ çʪʢʘʥʝʚʦʝ ʥʘʯʘʣʦ ʩ ʯʫʞʝʨʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠè ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʦʧʣʘʟʠʠ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʧʫʭʦʣʴ ï 

ʵʪʦ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʪʢʘʥɹ, ʛʜʝ ʥʘ ʚʝʨʰʠʥʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʭʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʫʙʠʚʘʝʤʳʝ ʆʉʂ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʣʠʤʠʥʘʮʠʷ ʆʉʂ ʠʟ ʦʯʘʛʘ 

ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʥʢʦʣʦʛʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʣʠʰʝʥʥʘʷ ʪʫʤʦʨʦʛʝʥʥʦʛʦ ʥʘʯʘʣʘ (ʚ ʚʠʜʝ ʆʉʂ) ʦʧʫʭʦʣʴ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʠʤʤʫʥʥʦʛʦ ʥʘʜʟʦʨʘ ʦʨʛʘʥʠʟʤʘ, ʚʳʰʝʜʰʝʡ ʠʟ-ʧʦʜ ʢʦʥʪʨʦʣʷ ʦʧʫʭʦʣʠ.  

 

1.7. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʨʝʤʘʨʢʘ ʢ ʥʘʩʪʦʷʱʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ɺ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʲʝʢʮʠʠ ʧʨʝʧʘʨʘʪʦʚ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʜʮɼʅʂ ʦʙʣʘʜʘʶʪ ʣʝʡʢʦʧʨʦʪʝʢʪʦʨʥʳʤ/ʣʝʡʢʦʩʪʠʤʫʣʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ 

ʧʨʠ ʚʳʟʚʘʥʥʦʡ ʎʌ ʤʠʝʣʦʩʫʧʨʝʩʩʠʠ ʤʳʰʝʡ (ɼʦʣʛʦʚʘ ʠ ʜʨ., 2009).  

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʩʤʝʨʪʝʣʴʥʦ ʦʙʣʫʯʝʥʥʳʤ ɔ-

ʨʘʜʠʘʮʠʝʡ ʤʳʰʘʤ (9.6 ɻʨ) ʧʨʝʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ ʜʮɼʅʂ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʧʘʩʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʦʪ ʛʠʙʝʣʠ. ɺ ʩʝʣʝʟʝʥʢʘʭ ʫ ʪʘʢʠʭ ʤʳʰʝʡ ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ 

ʩʝʣʝʟʝʥʦʯʥʳʝ ʢʦʣʦʥʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʧʘʩʝʥʠʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʢʦʪʦʨʳʝ 

ʤʠʛʨʠʨʦʚʘʣʠ ʚ ʩʝʣʝʟʝʥʢʫ, ʩʬʦʨʤʠʨʦʚʘʣʠ ʪʘʤ ʢʦʣʦʥʠʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʟʦʰʣʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʨʦʚʝʪʚʦʨʥʦʡ ʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (Likhacheva et al., 2007).  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ʜʮɼʅʂ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ (ʂʂʄ) ʤʳʰʝʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ɻʉʂ). ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ɼʅʂ ʜʦʩʪʠʛʘʝʪ ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʂʂʄ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʧʘʨʘʮʠʠ ɼʎʈ, ʚʳʟʚʘʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʝʛʦ ʮʠʪʦʩʪʘʪʠʢʘ ʎʌ, ʪʘʢ ʠ 

ʨʘʜʠʘʮʠʠ (Dolgova et al., 2012a; Likhacheva et al., 2007). 

ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ, ʦʪʨʘʞʘʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʠ ʂʂʄ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʘʢ ʚ ʩʠʩʪʝʤʝ in 

vivo ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ/ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ ʚʚʝʜʝʥʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʦʨʛʘʥʠʟʤ 

ʤʳʰʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʂʂʄ (ʈʠʩʫʥʦʢ 3 ɸ), ʪʘʢ ʠ ʚ ʩʠʩʪʝʤʝ ex vivo ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʂʂʄ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ (ʈʠʩʫʥʦʢ 3 ɹ) (Dolgova et al., 2012b).  
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ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʳʰʘʤ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʎʌ (200 ʤʢʛ/ʢʛ) ʠ ʯʝʨʝʟ 18 ʯʘʩʦʚ 

ʝʞʝʯʘʩʥʦ 12 ʨʘʟ ʚʚʦʜʠʣʠ ʧʨʝʧʘʨʘʪ ʜʮɼʅʂ ʯʝʣʦʚʝʢʘ (0.5 ʤʛ/ʠʥʲʝʢʮʠʶ). ɼʘʣʝʝ ʠʟʚʣʝʢʘʣʠ ʂʂʄ 

ʤʳʰʝʡ ʠ ʠʟ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ ʚʳʜʝʣʷʣʠ ɼʅʂ. ʋʢʘʟʘʥʥʫʶ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʚ ʇʎʈ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʘʡʤʝʨʘʤʠ, ʧʦʜʦʙʨʘʥʥʳʤʠ ʥʘ ʛʝʥ ʢʘʩʧʘʟʳ-3 ʯʝʣʦʚʝʢʘ, ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʉʘʫʟʝʨʥ-ʙʣʦʪ ʛʠʙʨʠʜʠʟʘʮʠʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʟʦʥʜʘ ʜʣʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʯʝʥʳʡ 32P ʬʨʘʛʤʝʥʪ ʛʝʥʘ ʢʘʩʧʘʟʳ-3 ʯʝʣʦʚʝʢʘ (~260 ʧ.ʥ.) (ʈʠʩʫʥʦʢ 3 ɸ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʠʩʫʪʩʪʚʠʝ ʬʨʘʛʤʝʥʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ɼʅʂ ʚ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ 

ʂʂʄ ʤʳʰʝʡ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʨʘʟʤʝʨ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣ ʥʝ ʤʝʥʝʝ 260 ʧ.ʥ. ʇʎʈ-

ʬʨʘʛʤʝʥʪʳ ʛʝʥʘ ʢʘʩʧʘʟʳ-3 ʯʝʣʦʚʝʢʘ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʚ ʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʂʂʄ ʚʧʣʦʪʴ ʜʦ 

ʧʦʩʣʝʜʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʪʦʯʢʠ: 13 ʩʫʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ (Dolgova et al., 

2012b). ʇʦʷʚʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ 

ʦʙʨʘʟʮʝ ʚʠʜʦʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Dolgova et al.c, 2012b). 

 

ʈʠʩ. 3. ɸʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʢʣʝʪʢʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ. 

ɸ) ɸʛʘʨʦʟʥʳʡ ʛʝʣʴ (ʩʣʝʚʘ) ʧʨʦʜʫʢʪʦʚ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ ʥʘ ʛʝʥ 

ʢʘʩʧʘʟʳ-3 ʯʝʣʦʚʝʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ: ʩʫʤʤʘʨʥʦʡ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ 

ʧʣʘʮʝʥʪʳ ʯʝʣʦʚʝʢʘ (1), ɼʅʂ ʂʂʄ ʤʳʰʝʡ (2) ʠ ɼʅʂ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ ʂʂʄ ʤʳʰʝʡ, ʚʳʜʝʣʝʥʥʦʡ 

ʯʝʨʝʟ 8 ʯʘʩʦʚ ʧʦʩʣʝ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʞʠʚʦʪʥʳʤ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʜʮɼʅʂ ʯʝʣʦʚʝʢʘ (3). ɸʚʪʦʨʘʜʠʦʛʨʘʬ ʵʪʦʛʦ ʞʝ ʛʝʣʷ (ʩʧʨʘʚʘ). ʉʪʨʝʣʢʦʡ 

ʫʢʘʟʘʥ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʜʫʢʪʫ ʇʎʈ ʩ ʧʨʘʡʤʝʨʘʤʠ ʥʘ ʛʝʥ 

ʢʘʩʧʘʟʳ-3. ɹ) Ex vivo ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʂʂʄ ʩ pEGFP-N1 ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʧʦʩʣʝ ʨʝʩʪʨʠʢʮʠʠ 

SmaI (1), HindIII  (2), ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ʬʦʨʤʳ ʧʣʘʟʤʠʜʳ (3) ʠʣʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ʜʮɼʅʂ (4) ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ. (ʘ) ʂʂʄ ʠʥʪʘʢʪʥʳʭ ʤʳʰʝʡ; (ʙ) ʂʂʄ ʤʳʰʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʎʌ 

(200 ʤʢʛ/ʢʛ) ʟʘ 18 ʯʘʩʦʚ ʜʦ ʚʳʜʝʣʝʥʠʷ ʂʂʄ. ɸʛʘʨʦʟʥʳʡ ʛʝʣʴ (ʩʣʝʚʘ) ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ ʂʂʄ ʠ 

ʛʠʙʨʠʜʠʟʘʮʠʷ ʧʦ ʉʘʫʟʝʨʥʫ ʪʦʛʦ ʞʝ ʛʝʣʷ ʩ 32P-ʤʝʯʝʥʳʤ ʟʦʥʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ GFP-ʛʝʥʘ 

(ʩʧʨʘʚʘ). ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ (Dolgova et al., 2012b).  

 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʟ ʪʨʫʙʯʘʪʳʭ ʢʦʩʪʝʡ ʤʳʰʝʡ CBA/Lac ʚʳʤʳʚʘʣʠ ʂʂʄ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʜʚʝ ʛʨʫʧʧʳ ʤʳʰʝʡ: ʠʥʪʘʢʪʥʳʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʎʌ (200 ʤʢʛ/ʢʛ) ʟʘ 18 ʯʘʩʦʚ ʜʦ 

ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʂʂʄ ʠʥʢʫʙʠʨʦʚʘʣʠ ex vivo ʩ pEGFP-N1 
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ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʧʦʩʣʝ ʨʝʩʪʨʠʢʮʠʠ SmaI, HindIII  ʠ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ʬʦʨʤʦʡ. ɼʘʣʝʝ, ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʟ ʢʣʝʪʦʢ ʚʳʜʝʣʷʣʠ ʷʜʨʘ, ʟʘʣʠʚʘʣʠ ʠʭ ʚ ʙʣʦʢʠ ʣʝʛʢʦʧʣʘʚʢʦʡ 

ʘʛʘʨʦʟʳ, ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟ ʠ ʉʘʫʟʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ, ʠʩʧʦʣʴʟʫ ̫ʚ ʢʘʯʝʩʪʚʝ ʟʦʥʜʘ ʜʣʷ 

ʛʠʙʨʠʜʠʟʘʮʠʠ 32P-ʤʝʯʝʥr ʡ ʛʝʥ GFP (ʈʠʩʫʥʦʢ 3 ɹ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ 

ʧʣʘʟʤʠʜʥʘʷ ɼʅʂ ʚ ʥʝʜʝʛʨʘʜʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʚ ʷʜʨʝ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ 

ʤʦʟʛʘ. ɸʥʘʣʠʟʠʨʫʷ ʩʠʛʥʘʣ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʂʂʄ ʤʳʰʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʳʢʘʥʠʝ ʤʦʣʝʢʫʣ ʧʣʘʟʤʠʜʳ ʚ ʤʦʥʦʤʝʨʥʦʝ ʠʣʠ ʤʫʣʴʪʠʤʝʨʥʦʝ ʢʦʣʴʮʦ (Dolgova 

et al., 2012b). ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ in situ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ in situ ʇʎʈ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ɼʅʂ-ʤʘʪʝʨʠʘʣ ʠʩʭʦʜʥʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʚ 

0.01ï0.1 % ʂʂʄ ʤʳʰʝʡ (Dolgova et al., 2012b).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʦʜʭʦʜʘʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʜʮɼʅʂ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʝ 

ʢʦʤʧʘʨʪʤʝʥʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʷʜʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ) ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (0.01ï0.1 %) ʂʂʄ 

ʤʳʰʝʡ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʚ ʥʝʜʝʛʨʘʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ (ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʠ ʢʦʣʴʮʝʚʘʷ 

ʬʦʨʤʳ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ). ɺʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʪʥʪʘʭ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʩʣʝʜʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʪʦʯʢʠ: 13 ʩʫʪʦʢ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ (Dolgova et al., 2012b).  

ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ, ʢʣʝʪʦʯʥʳʝ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʫ ʟʜʦʨʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʳʰʝʡ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʎʌ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʜʮɼʅʂ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʥʦʚʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʛʣʘʚʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʣʩʷ ʬʝʥʦʤʝʥ çʦʢʥʘ ʩʤʝʨʪʠè (Dolgova et al., 2012a). ʋʢʘʟʘʥʥʳʡ ʬʝʥʦʤʝʥ 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʤʳʰʘʤ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ/ʵʢʟʦʛʝʥʥʦʡ ɼʅʂ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʎʌ, ʧʨʦʠʩʭʦʜʠʣʘ ʤʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʞʠʚʦʪʥʳʭ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʬʝʥʦʤʝʥ çʦʢʥʘ ʩʤʝʨʪʠè ʦʙʫʩʣʦʚʣʝʥ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʧʨʦʮʝʩʩʘ ʨʝʧʘʨʘʮʠʠ ʥʘ 

ʵʪʘʧʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ï ɼʎʈ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʧʨʦʷʚʣʷʣʘʩʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʢʣʝʪʢʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ɻʉʂ, ʥʝ ʤʦʛʣʠ ʢʦʨʨʝʢʪʥʦ ʟʘʚʝʨʰʠʪʴ 

ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʛʠʙʘʣʠ ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ. ʋ ʤʳʰʝʡ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ 

ʠʩʯʝʟʘʣʘ ʧʦʧʫʣʷʮʠʷ ʙʝʣʦʛʦ ʨʦʩʪʢʘ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʠʥʚʦʣʶʮʠʷ ʠʤʤʫʥʥʳʭ 

ʦʨʛʘʥʦʚ (ʪʠʤʫʩ, ʩʝʣʝʟʝʥʢʘ). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʣʘ ʘʢʪʠʚʘʮʠʷ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʝʢʮʠʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʤʘ, ʫ ʤʳʰʝʡ 

ʨʘʟʚʠʚʘʣʦʩʴ ʩʠʩʪʝʤʥʦʝ ʚʦʩʧʘʣʝʥʠʝ, ʧʝʨʝʭʦʜʷʱʝʝ ʚ ʧʦʣʠʦʨʛʘʥʥʫʶ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʘʩʪʫʧʘʣʘ ʛʠʙʝʣʴ ʞʠʚʦʪʥʳʭ (Dolgova et al., 2012a). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʟʥʘʯʘʣʠ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʢʦʩʪʥʳʡ ʤʦʟʛ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 
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ʢʣʝʪʢʘʤʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʚʠʪʠʶ ʩʠʤʧʪʦʤʘ çʦʢʥʘ 

ʩʤʝʨʪʠè ʠ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʵʬʬʝʢʪʦʚ. ʆʩʥʦʚʥʦʡ ʢʣʝʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ 

ʦʪʚʝʯʘʪʴ ʟʘ ʦʧʠʩʘʥʥʳʝ ʩʦʙʳʪʠʷ, ʤʦʛʣʘ ʙʳʪʴ ʧʦʧʫʣʷʮʠʷ ɻʉʂ.   
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ: Ŭ-ʈ32 ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ 

(Ŭ-32P-dATP) ï ɿɸʆ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʠʨʤʘ çʅʫʢʣʠʜ-ʊʨʘʥʉè (ʛ. ʄʦʩʢʚʘ), ʤʝʤʙʨʘʥʘ 

Zeta-Probe (Bio-Rad, ʉʐɸ) ʠ ʤʝʤʙʨʘʥʘ Hybonde-N (Amersham, ʐʚʝʮʠʷ). ɼʣʷ ʚʢʣʶʯʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʚ ɼʅʂ ʟʦʥʜ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ: ʪʝʪʨʘʤʝʪʠʣʨʦʜʘʤʠʥ-5(6)-

[5-(3-ʢʘʨʙʦʢʩʠʘʤʠʥʦʘʣʣʠʣ)-2Ë-ʜʝʟʦʢʩʠʫʨʠʜʠʥ-5Ë-ʪʨʠʬʦʩʬʘʪ] (TAMRA-5Ë-dUTP) ʠ 

ʬʣʫʦʨʝʩʮʝʠʥ-5(6)-ʢʘʨʙʦʢʩʠʘʤʠʜʦʢʘʧʨʦʠʣ-[5-(3-ʘʤʠʥʦʘʣʣʠʣ)-2Ë-ʜʝʟʦʢʩʠʫʨʠʜʠʥ-5Ë-ʪʨʠʬʦʩʬʘʪ] 

(Flu-12Ë-dUTP) (Biosan, ʈʦʩʩʠʷ). ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

Antifade DABCO (1,4-diazabicyclo[2.2.2]octane), ʛʣʠʮʝʨʠʥ (Sigma Aldrich, ʉʐɸ); 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʦʢʨʘʰʠʚʘʶʱʠʝ ʭʨʦʤʘʪʠʥ: DAPI (40,6-diamidino-2-phenylindole) 

(Sigma Aldrich, ʉʐɸ), Hoechst (Termo Fisher Scientific, ʉʐɸ). ʂʨʦʩʩʣʠʥʢʠʨʫʶʱʠʝ 

ʮʠʪʦʩʪʘʪʠʢʠ: ʤʠʪʦʤʠʮʠʥ ʉ (Sigma Aldrich, ʉʐɸ), ʮʠʢʣʦʬʦʩʬʘʤʠʜ (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ ʕʥʜʦʢʩʘʥÈ, 

Baxter oncology, ɻʝʨʤʘʥʠʷ). ɼʣʷ ʘʥʘʣʠʟʘ ʮʠʪʦʢʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʫʶ ʪʝʩʪ-ʩʠʩʪʝʤʫ 

çhuman cytokine 27-Plex kitè (Bio-Rad, ʉʐɸ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ qPCR ʠʩʧʦʣʴʟʦʚʘʣʠ SYBR Green 

PCR Master Mix (ɹʠʦʃʘʙʤʠʢʩ, ʈʦʩʩʠʷ). ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʠʟ ʘʛʘʨʦʟʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ 

çDNA cleaning kitè (ʄʝʜʠʛʝʥ, ʈʦʩʩʠʷ); ʢɼʅʂ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ çMint-2 cDNA synthesis kitè 

(Evrogen, ʈʦʩʩʠʷ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ RNAseq ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨʳ Illumina TruSeq RNA sample 

preparation kit, v.2. (Illumina, ʉʐɸ) ʠ MiSeq Reagent Kit  v.3 (Illumina, ʉʐɸ). 

ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (ʕɼʊɸ), 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (DMSO), ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (SDS), ʛʣʠʮʠʥ, BSA, ʢʘʪʠʦʥʥʳʡ 

ʢʨʘʩʠʪʝʣʴ Basic Blue 41 (BB41), ʧʨʦʧʠʜʠʫʤ ʡʦʜʠʜ (Sigma Aldrich, ʉʐɸ); MgCl2 (Fluka, 

ʐʚʝʡʮʘʨʠʷ); ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʡ ʙʫʬʝʨ (Phosphate-buffered saline, PBS), ʵʪʠʜʠʫʤ ʙʨʦʤʠʜ, ʪʨʠʩ 

ʛʠʜʨʦʭʣʦʨʠʜ (Tris-HCl), ʧʣʘʟʤʠʜʳ pUC19 (ʄʝʜʠʛʝʥ, ʈʦʩʩʠʷ), pEGFP-N1 (Clontech, ʉʐɸ), 

pBlueScript SK(+) (Addgene, ʉʐɸ); NaCl (ʈʝʘʭʠʤ, ʈʦʩʩʠʷ); ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, Triton X-

100, N-Lauroylsarcosine, DTT (ʜʠʪʠʦʪʨʝʠʪʦʣ), ʬʠʢʦʣʣ, ʩʧʝʨʤʠʥ ʠ ʩʧʝʨʤʠʜʠʥ (Serva, ɻʝʨʤʘʥʠʷ); 

ʘʛʘʨʦʟʫ (ɼʠʘʵʤ, ʈʦʩʩʠʷ); ʣʝʛʢʦʧʣʘʚʢʫʶ ʘʛʘʨʦʟʫ (Low Melt Ultra-Pure DNA Grade Agarose) (Bio-

Rad, ʉʐɸ); ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ (AppliChem, ɻʝʨʤʘʥʠʷ), ʤʝʪʘʥʦʣ (ʍʠʤʄʝʜ, ʈʦʩʩʠʷ); TRIzol 

(Thermo Fisher Scientific,ʉʐɸ); ʚʝʨʦʛʨʘʬʠʥ (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ ʋʨʦʛʨʘʬʠʥÈ, Bayer Schering 

Pharma, ɻʝʨʤʘʥʠʷ). ʀʥʛʠʙʠʪʦʨʳ ʵʥʜʦʮʠʪʦʟʘ: ʘʟʠʜ ʥʘʪʨʠʷ, 5-(N-ʵʪʠʣ-N-ʠʟʦʧʨʦʧʠʣ)ʘʤʠʣʦʨʠʜ 

(EIPA), ʮʠʪʦʭʘʣʘʟʠʥ ɼ, ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (MɓCD), ʥʠʩʪʘʪʠʥ, ʜʠʥʘʟʦʨ, ʚʦʨʪʤʘʥʠʥ, 

ʭʣʦʨʧʨʦʤʘʟʠʥ, ʜʝʢʩʪʨʘʥ (Sigma Aldrich, ʉʐɸ). 
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ɼʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʙʘʢʪʦ-ʧʝʧʪʦʥ (DIFCO Laboratories, ʉʐɸ); 

ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʘʛʘʨ (AppliChem, ɻʝʨʤʘʥʠʷ), ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ (ʄʝʜʠʛʝʥ, ʈʦʩʩʠʷ); 5-ʙʨʦʤʦ-

4-ʭʣʦʨʦ-3-ʠʥʜʦʣʠʣ-ɓ-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (X-gal), ʠʟʦʧʨʦʧʠʣ-ɓ-D-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (IPTG) 

(SibEnzyme, ʈʦʩʩʠʷ), ʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ E. coli: XL2-Blue MRFË, DH5Ŭ (ʢʦʣʣʝʢʮʠʷ ʀʎʠɻ ʉʆ 

ʈɸʅ). 

ɼʣʷ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ: DMEM, ŬMEM, RPMI-1640, 

ʢʦʣʣʘʛʝʥʘʟʫ, 0.25 % ʨʘʩʪʚʦʨ ʪʨʠʧʩʠʥʘ-ʕɼʊɸ (Gibco, ʉʐɸ); FBS (Fetal bovine serum, ʬʝʪʘʣʴʥʘʷ 

ʙʳʯʴʷ ʩʳʚʦʨʦʪʢʘ) (HyClone, ʉʐɸ); ʘʥʪʠʙʠʦʪʠʢʠ ʧʝʥʠʮʠʣʣʠʥ/ʩʪʨʝʧʪʦʤʠʮʠʥ (Sigma Aldrich, 

ʉʐɸ) ʠʣʠ ʛʝʥʪʘʤʠʮʠʥ (ɹʠʦʪʦʊ, ʈʦʩʩʠʷ); FGF-b (Sigma-Aldrich, USA); ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʩʪʠʢ 

(TPP, ʐʚʝʡʮʘʨʠʷ); ʤʝʞ-ʬʠʣʴʪʨʳ 40 ʠ 70 ʤʢʤ (BD Bioscience, ʉʐɸ). 

ʌʝʨʤʝʥʪʳ: ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ (HindIII , EcoRV ʠ ʜʨ.) (SibEnzyme, ʈʦʩʩʠʷ); ɼʅʂʘʟʘ 

I (Serva, ɻʝʨʤʘʥʠʷ); ʈʅʂʘʟʘ (ʆʆʆ çʉʘʤʩʦʥ-ʄʝʜè, ʈʦʩʩʠʷ); 0.25 % ʪʨʠʧʩʠʥ (Sigma Aldrich, 

ʉʐɸ); ʧʨʦʪʝʠʥʘʟʘ ʂ (Bioron, ɻʝʨʤʘʥʠʷ); Big Dye 3.1 (Applied Biosystems, ʉʐɸ); Taq-

ʧʦʣʠʤʝʨʘʟʘ, Pfu-ʧʦʣʠʤʝʨʘʟʘ, ʬʨʘʛʤʝʥʪ ʂʣʝʥʦʚʘ (Evrogen, ʈʦʩʩʠʷ). 

ɸʥʪʠʪʝʣʘ: ʤʝʯʝʥʳʝ FITC ʘʥʪʠʪʝʣʘ ʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʛʠʩʪʦʥʫ ɔH2AX ʠ ʠʟʦʪʠʧ-

ʢʦʥʪʨʦʣʴ ï ʤʝʯʝʥʥʳʝ FITC ʢʦʟʴʠ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ IgG ʢʨʦʣʠʢʘ (Sigma, ʉʐɸ). ʄʝʯʝʥʳʝ FITC 

ʘʥʪʠʪʝʣʘ ʢ CD34 ʤʳʰʠ ʠ ʠʟʦʪʠʧ-ʢʦʥʪʨʦʣʴ ï ʤʝʯʝʥʳʝ FITC ʢʨʳʩʠʥʳʝ ʘʥʪʠʪʝʣʘ ʢ IgG2a (BD 

Pharmingen, ʉʐɸ). ʄʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʢ CD73, CD20, CD19, CD45, CD44 ʠ CD133 

ʯʝʣʦʚʝʢʘ (BD Biosciences, ʉʐɸ). ʄʝʯʝʥʳʝ FITC ʘʥʪʠʪʝʣʘ ʢ CD133 ʯʝʣʦʚʝʢʘ, ʤʝʯʝʥʳʝ APC 

ʘʥʪʠʪʝʣʘ ʢ CD90 ʯʝʣʦʚʝʢʘ ʠ FITC ʠʣʠ APC-ʤʝʯʝʥʳʝ ʤʳʰʠʥʳʝ ʘʥʪʠʪʝʣʘ ʢ IgG1 ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʦʪʠʧ-ʢʦʥʪʨʦʣʷ (Miltenyi Biotec, ɻʝʨʤʘʥʠʷ). ʄʝʯʝʥʳʝ PE-Cy5 ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ c-Kit  ʤʳʰʠ, 

ʤʝʯʝʥʳʝ FITC ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ Sca-1 ʤʳʰʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʦʪʠʧ-ʢʦʥʪʨʦʣʠ: PE-Cy5 c-Kit  

isotype, FITC Sca-1isotype (Biolegend, ʉʐɸ). 

ʆʙʦʨʫʜʦʚʘʥʠʝ: Molecular Imager FX Pro+ (Bio-Rad) ʠ ʧʨʦʛʨʘʤʤʘ Quantity One; ʮʝʥʪʨʠʬʫʛʘ 

Eppendorf 5810 R; ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʘ L8-M (Beckman, ʉʐɸ); ʮʠʪʦʮʝʥʪʨʠʬʫʛʘ Cytospin 4 

(Thermo Scientific, ʉʐɸ); ʘʤʧʣʠʬʠʢʘʪʦʨ T100Ê Thermal Cycler (Bio-Rad, ʉʐɸ); qPCR 

ʘʤʧʣʠʬʠʢʘʪʦʨ QuantStudio 5 (Thermo Fisher Scientific, ʉʐɸ) ʠ ʧʨʦʛʨʘʤʤʘ QuantStudio Design & 

Analysis ʠʣʠ qPCR ʘʤʧʣʠʬʠʢʘʪʦʨ Step One Real-Time PCR System (Applied Biosystems, ʉʐɸ) ʠ 

ʧʨʦʛʨʘʤʤʘ StepOne Software v2.3 (Applied Biosystems, ʉʐɸ); CO2-ʠʥʢʫʙʘʪʦʨ (Memmert, 

ɻʝʨʤʘʥʠʷ); ʗʄʈ ʪʦʤʦʛʨʘʬ çBioSpec 117/16USRè NMR (Bruker, ɻʝʨʤʘʥʠʷ); ʬʣʫʦʨʠʤʝʪʨ Qubit 

2.0 (Invitrogen, ʉʐɸ); ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ Nanodrop 2000 (Eppendorf, ʉʐɸ); ʧʨʦʪʦʯʥʳʡ ʮʠʪʦʤʝʪʨ 

BD FACSAria III  (BD Bioscience, ʉʐɸ); Bio-Plex Protein Assay System (Bio-Rad, ʉʐɸ); 

ʤʠʢʨʦʪʦʤ Reichert-Jung (Austria); ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEM 1400 (Jeol Ltd., ʗʧʦʥʠʷ), ʩʥʠʤʢʠ 

ʙʳʣʠ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ Jeol ʠ ʙʦʢʦʚʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ 
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Veleta (Olympus Soft Imaging Solutions GmbH, ɻʝʨʤʘʥʠʷ). ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʞʠʚʳʭ ʢʣʝʪʦʢ Live Cell Imager Cell IQ (CM Technologies, ʌʠʥʣʷʥʜʠʷ). 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʠʢʨʦʩʢʦʧ r AxioImager M1 (Zeiss, ɻʝʨʤʘʥʠʷ) ʠ Axioskop 2 Plus (Zeiss, 

ɻʝʨʤʘʥʠʷ), ʧʨʦʛʨʘʤʤ r ISIS V. 5.4.9 (MetaSystems) ʠʣʠ ZEN 2010 B SP1. ʃʘʟʝʨʥʳʡ 

ʩʢʘʥʠʨʫʶʱʠʡ ʢʦʥʬʦʢʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ LSM 780 NLO (Zeiss, ɻʝʨʤʘʥʠʷ) ʠ ZEN 2010 B SP1 

ʧʨʦʛʨʘʤʤʘ. RNAseq ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ MiSeq (Illumina, ʉʐɸ). 

ʇʨʘʡʤʝʨʳ. ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʘʩʧʘʟʳ-3 ʯʝʣʦʚʝʢʘ: Pr. 3 5Ë-AGCACATTACTTAGCCTCA-

3Ë, Pr. 4. 5Ë-TTTTATAACTGTTGTCCAGGGA-3Ë. ɼʣ ̫ʥʘʨʘʙʦʪʢʠ Alu-ʧʦʚʪʦʨʘ ʯʝʣʦʚʝʢʘ: Pr. 9 5ǋ-

CGAGGCGGGAGGATCACTTGAGCCC-3ǋ ʠ Pr. 11 5ǋ-GCGCGCGCCACCACGCCCGGC-3ǋ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʄ13 ʧʨʘʡʤʝʨʳ: 5Ë-ATGAGTATTCAACATTTCCG-3Ë, 5Ë-

GATCTTACCGCTGTTGAGAT-3Ë. ʇʨʘʡʤʝʨʳ ʥʘ ʫʯʘʩʪʦʢ ʛʝʥʘ Amp ʚ ʧʣʘʟʤʠʜʝ pUC19: 5Ë-

ATGAGTATTCAACATTTCCG-3Ë, 5Ë-GATCTTACCGCTGTTGAGAT-3Ë. ʅʘ ʢʦʥʩʪʘʥʪʥʳʝ 

ʦʙʣʘʩʪʠ VDJ-ʣʦʢʫʩʘ: JH 5ǋ-ACCTGAGGAGACGGTGACCAGGGT-3ǋ, FR1c 5ǋ-

AGGTGCAGCTGSWGSAGTCDGG-3ǋ, Fr3c 5ǋ-GACACGGCCGTGTATTACTC-3ǋ, FR2b 5ǋ-

GTCCTGCAGGCCCCCGGAAAAAGTCTGGAGTGG-3ǋ. ɻʝʥʳ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ ʯʝʣʦʚʝʢʘ: 

RPLP0-for 5ǋ-AGGCCTTCTTGGCTGATCCATCT-3ǋ, RPLP0-rev 5ǋ- 

TATCCTCGTCCGACTCCTCCGA-3ǋ. ɻʝʥr ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ ʤʳʰʠ: ɓ-act-for 5ǋ-

GGTGTGATGGTGGGAGAAGC-3ǋ, ɓ-act-rev 5ǋ-TCTCCATGTCGTCCCAGTTGG-3ǋ; Ptger2-

for 5ǋ-CCTGCTGCTTATCGTGGCTG-3ǋ, Ptger2-rev 5ǋ-GCCAGGAGAATGAGGTGGTC-3ǋ. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʘʡʤʝʨʳ ʜʣʷ qPCR, ʚʘʣʠʜʠʨʫʶʱʝʛʦ ʨʝʟʫʣʴʪʘʪʳ RNAseq, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

(Dolgova et al., 2025; Petrova et al., 2022; Potter et al., 2017). Random primer 5ǋ-NNNNNN-3ǋ 

(ɹʠʦʃʘʙʤʠʢʩ, ʈʦʩʩʠʷ). 

 

2.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʞʠʚʦʪʥʳʝ  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʧʦʣʳʭ 2ï6 ʤʝʩʷʯʥʳʭ ʤʳʝhʡ ʣʠʥʠʡ CBA/Lac ʠ 

C57BL/6, ʢʦʪʦʨʳʝ ʨʘʟʚʦʜʠʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ ʧʨʠ ʀʥʩʪʠʪʫʪʝ ʮʠʪʦʣʦʛʠʠ ʠ 

ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ. ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʧʣʘʩʪʠʢʦʚʳʭ ʢʣʝʪʢʘʭ, ʧʦ 5ï10 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ, 

ʠ ʠʤʝʣʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʚʦʜʝ ʠ ʧʠʱʝ (ʢʦʨʤ ʇʂ120-1 (ʃʘʙʦʨʘʪʦʨʩʥʘʙ, ʄʦʩʢʚʘ)). ɸ ʪʘʢʞʝ 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʣʠʥʠʡ SCID (Charles river) ʠ Nu/J SPF ʩʪʘʪʫʩʘ ʚ ʚʦʟʨʘʩʪʝ 6ï7 

ʥʝʜʝʣʴ. ʋʢʘʟʘʥʥʳʝ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʎʂʇ çSPF-ʚʠʚʘʨʠʡè ʀʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʠ 

ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ ʦʜʥʦʧʦʣʳʤʠ ʩʝʤʝʡʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦ 2ï5 ʦʩʦʙʝʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʢʣʝʪʢʘʭ (IVC) ʩʠʩʪʝʤʳ OptiMice (Animal Care Systems) ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22ï26 ÁC, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 30ï60 % ʠ ʩʚʝʪʦʚʦʤ ʨʝʞʠʤʝ 
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ʩʚʝʪ/ʪʝʤʥʦʪʘ 14/10 ʯ. ʂʦʨʤ Ssniff (ɻʝʨʤʘʥʠʷ) ʠ ʚʦʜʫ, ʦʙʦʛʘʱʝʥʥʫʶ ʤʠʥʝʨʘʣʴʥʦʡ ʩʤʝʩʴʶ 

ʉʝʚʝʨʷʥʢʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʞʠʚʦʪʥʳʤ ʧʨʝʜʦʩʪʘʚʣʷʣʠ at libitum.  

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʞʠʚʦʪʥʳʤʠ ʙʳʣʠ ʦʜʦʙʨʝʥʳ ʣʦʢʘʣʴʥʳʤ ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ 

ʀʥʩʪʠʪʫʪʘ ʎʠʪʦʣʦʛʠʠ ʠ ɻʝʥʝʪʠʢʠ ʉʆ ʈɸʅ ʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʦʞʝʥʠʷʤʠ ɼʠʨʝʢʪʠʚʳ 2010/63/EU ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʨʣʘʤʝʥʪʘ ʠ ʩʦʚʝʪʘ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ 

ʦʪ 22 ʩʝʥʪʷʙʨʷ 2010 ʛʦʜʘ ʧʦ ʦʭʨʘʥʝ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʫʯʥʳʭ ʮʝʣʷʭ. 

 

2.3. ʆʧʫʭʦʣʝʚʳʝ ʤʦʜʝʣʠ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʣʠʥʠʠ ʢʣʝʪʦʢ ʦʧʫʭʦʣʠ ʤʳʰʠ ʠ 

ʯʝʣʦʚʝʢʘ.  

 

2.3.1. ʂʘʨʮʠʥʦʤʘ ʤʳʰʠ ʂʨʝʙʩ-2  

ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʙʳʣʘ ʟʘʠʤʩʪʚʦʚʘʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ʀʎʠɻ ʉʆ ʈɸʅ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʩʮʠʪʥʦʡ ʬʦʨʤʳ ʦʧʫʭʦʣʠ ʢʣʝʪʢʠ ʧʝʨʝʚʠʚʘʣʠ ʤʳʰʘʤ ʣʠʥʠʠ CBA/Lac 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚ ʦʙʲʝʤʝ 200 ʤʢʣ (2 ʤʣʥ ʢʣʝʪʦʢ). ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ 

ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʧʝʨʝʚʠʚʘʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʚ ʟʘʜʥʶʶ ʧʨʘʚʫʶ ʣʘʧʫ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʚ 100 ʤʢʣ ʩʨʝʜʳ RPMI-1640 ʠʣʠ PBS. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʘʢ ʪʦʣʴʢʦ ʩʦʣʠʜʥʳʝ ʦʧʫʭʦʣʠ 

ʥʘʯʠʥʘʣʠ ʧʘʣʴʧʠʨʦʚʘʪʴʩʷ (ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 7 ʜʥʝʡ ʧʦʩʣʝ ʧʝʨʝʚʠʚʢʠ), ʢʘʞʜʳʝ 1ï2 ʜʥʷ 

ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʠʭ ʦʙʲʝʤʘ ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. ʆʙʲʝʤ ʦʧʫʭʦʣʠ ʨʘʩʩʯʠʪʳʚʘʣʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʠʥʘĬʚʳʩʦʪʘĬʰʠʨʠʥʘ.  

 

2.3.2. ʋʩʪʦʡʯʠʚʘʷ ʢ ʜʝʡʩʪʚʠʶ ʮʠʢʣʦʬʦʩʬʘʤʠʜʘ ʣʠʤʬʦʩʘʨʢʦʤʘ ʤʳʰʝʡ 

ʋʩʪʦʡʯʠʚʘʷ ʢ ʜʝʡʩʪʚʠʶ ʮʠʢʣʦʬʦʩʬʘʤʠʜʘ ʣʠʤʬʦʩʘʨʢʦʤʘ ʤʳʰʝʡ (RLS) (ɸʥʜʨʝʝʚʘ ʠ ʜʨ., 

2006; ɸʥʜʨʝʝʚʘ, ʐʝʩʪʦʧʘʣʦʚʘ, ʇʦʧʦʚʘ, 2006) (resistant lymphosarcoma), ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʠʟ 

ʢʦʣʣʝʢʮʠʠ ʀʎʠɻ ʉʆ ʈɸʅ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʮʠʪʥʦʡ ʬʦʨʤʳ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʦʪʙʠʨʘʣʠ ʠʟ 

ʤʳʰʝʡ ʩ 10-ʜʥʝʚʥʳʤ ʘʩʮʠʪʦʤ, ʨʘʟʚʦʜʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʠ ʧʝʨʝʚʠʚʘʣʠ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʞʠʚʦʪʥʳʤ ʣʠʥʠʠ CBA/Lac ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʤʣʥ/ʤʳʰʴ. 

 

2.3.3. ʂʘʨʮʠʥʦʤʘ ʤʳʰʠ ʃʴʶʠʩ 

ʂʘʨʮʠʥʦʤʘ ʃʴʶʠʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʤʫʥʦʛʝʥʥʫʶ ʦʧʫʭʦʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʚ ʣʝʛʢʠʝ ʚ 100 % ʩʣʫʯʘʝʚ (Mayo, 1972). ʂʘʨʮʠʥʦʤʘ ʣʝʛʢʠʭ ʃʴʶʠʩ ʚʦʟʥʠʢʣʘ 

ʩʧʦʥʪʘʥʥʦ ʫ ʤʳʰʝʡ ʉ57BL/6 ʚ 1951 ʛ. ʐʪʘʤʤ ʧʦʣʫʯʝʥ ʚ ʀʎʠɻ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) 

ʠʟ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʨʘʢʘ ʉʐɸ ʚ ʩʝʥʪʷʙʨʝ 1973 ʛ. ʠ ʙʳʣ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ʠʟ 
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ʢʦʣʣʝʢʮʠʠ ʀʎʠɻ ʉʆ ʈɸʅ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʂʫʣʴʪʫʨʫ ʢʣʝʪʦʢ ʧʝʨʝʚʠʚʘʣʠ ʥʘ ʤʳʰʘʭ 

ʣʠʥʠʠ ʉ57BL/6. 

 

2.3.4. ɻʝʧʘʪʦʢʘʨʮʠʥʦʤʘ ʤʳʰʠ ɻ-29  

ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʛʝʧʘʪʦʢʘʨʮʠʥʦʤʳ ɻ-29 ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ʀʎʠɻ ʉʆ 

ʈɸʅ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʚʳʜʝʣʷʣʠ ʦʪ ʤʳʰʝʡ ʩ 10-ʜʥʝʚʥʳʤ 

ʘʩʮʠʪʦʤ, ʨʘʟʚʦʜʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʠ ʧʝʨʝʚʠʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʞʠʚʦʪʥʳʤ 

ʣʠʥʠʠ CBA/Lac ʚ ʢʦʣʠʯʝʩʪʚʝ 2 ʤʣʥ/ʤʳʰʴ (ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʮʠʪʥʦʡ ʬʦʨʤʳ ʦʧʫʭʦʣʠ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ) ʠʣʠ 1 ʤʣʥ/ʤʳʰʴ (ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʠʜʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ï 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʚ ʟʘʜʥʶʶ ʣʘʧʫ). 

 

2.3.5. ɻʣʠʦʙʣʘʩʪʦʤʘ ʯʝʣʦʚʝʢʘ U87 

ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ U87 ʙʳʣʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ çSPF-

ʚʠʚʘʨʠʝʤè ʀʎʠɻ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ). ʂʫʣʴʪʠʚʘʮʠ ʁʧʨʦʠʟʚʦʜʠʣʠ ʚ ʩʨʝʜʝ DMEM, 

ʩʦʜʝʨʞʘʱʝʡ 10 % FBS ʧʨʠ 37 oC ʠ 5 % ʘʪʤʦʩʬʝʨʝ CO2 . 

 

2.3.6. ɺ-ʣʠʤʬʦʤʘ ʯʝʣʦʚʝʢʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ 

ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʘʩʧʠʨʘʪʘ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʧʘʮʠʝʥʪʘ ʩ 

ʜʠʘʛʥʦʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʤʠʝʣʦʤʘ ʚ ʅʀʀ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʠʤʤʫʥʥʦʣʦʛʠʠ 

ʉʆ ʈɸʄʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) ʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ. ʇʦʜʨʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʫʣʴʪʫʨʳ ʩʣʝʜʫʶʱʠʝ. 

2.3.6.1. ʇʘʮʠʝʥʪ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣ ʚʢʣʶʯʝʥ ʧʘʮʠʝʥʪ ʉ. (ʤʫʞʯʠʥʘ, 60 ʣʝʪ) ʩ ʜʠʘʛʥʦʟʦʤ: ʤʥʦʞʝʩʪʚʝʥʥʘʷ 

ʤʠʝʣʦʤʘ (ʉ90.0 WHO 10.0) ʩ ʧʦʨʘʞʝʥʠʝʤ ʢʦʩʪʝʡ ʯʝʨʝʧʘ, ʛʨʫʜʥʦʛʦ ʠ ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʦʚ 

ʧʦʟʚʦʥʦʯʥʠʢʘ, ʤʷʛʢʦʪʢʘʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʨʫʜʠʥʳ, ʧʨʘʚʦʡ ʣʦʧʘʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʣʝʯʝʥʠʷ (4 ʢʫʨʩʘ PAD; 5 ʢʫʨʩʦʚ VCD) ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʧʦʣʥʘʷ ʨʝʤʠʩʩʠʷ.  

ʇʘʮʠʝʥʪ ʉ. ʧʦʩʪʫʧʠʣ ʚ ʦʪʜʝʣʝʥʠʝ ʛʝʤʘʪʦʣʦʛʠʠ ʂʣʠʥʠʢʠ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʠ ʀʥʩʪʠʪʫʪʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʠʤʤʫʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʫʪʦʣʦʛʠʯʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʩʪʥʦʤʦʟʛʦʚʳʤʠ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʤʠ ʩʪʨʦʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, 

ʨʘʟʨʝʰʝʥʥʦʡ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʌ (ʈʘʟʨʝʰʝʥʠʝ ʈʦʩʟʜʨʘʚʥʘʜʟʦʨʘ ʌʉ 

ˉ2008/014 ʦʪ 30.01.2008 ʛ.). ʇʘʮʠʝʥʪ ʧʦʜʧʠʩʘʣ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ 

ʣʝʯʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʍʝʣʴʩʠʥʩʢʦʡ ʜʝʢʣʘʨʘʮʠʝʡ ʦʪ 1975 ʛ.(Patient gave informed consent in 

accordance with the Declaration of Helsinki of 1975). 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʦʣʥʘʷ ʨʝʤʠʩʩʠʷ ʟʘʙʦʣʝʚʘʥʠʷ: ʙʝʪʘ-2-

ʤʠʢʨʦʛʣʦʙʫʣʠʥ ï 1.190 ʤʛ/ʣ (N ï 0.670-2.329 ʤʛ/ʣ; IMMULITE  2000, Siemens); ʵʣʝʢʪʨʦʬʦʨʝʟ 

ʙʝʣʢʦʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ï ʄ-ʛʨʘʜʠʝʥʪʘ ʧʘʨʘʧʨʦʪʝʠʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ; ʤʠʝʣʦʛʨʘʤʤʘ ʧʫʥʢʪʘʪʘ 

ʢʨʳʣʘ ʧʦʜʚʟʜʦʰʥʦʡ ʢʦʩʪʠ ï ʧʨʝʧʘʨʘʪʳ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʜʦʩʪʘʪʦʯʥʦʡ ʢʣʝʪʦʯʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʨʦʩʪʢʠ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ï ʙʝʟ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʘʪʠʧʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

2.3.6.2. ʇʦʣʫʯʝʥʠʝ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 

ʀʟ ʢʨʳʣʘ ʧʦʜʚʟʜʦʰʥʦʡ ʢʦʩʪʠ ʧʘʮʠʝʥʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʘʩʧʠʨʘʪ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚ ʦʙʲʝʤʝ 

50 ʤʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʬʠʢʦʣʣ-ʚʝʨʦʛʨʘʬʠʥʘ 

(1.078 ʛ/ʣ) ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʬʨʘʢʮʠʷ ʢʦʩʪʥʦʤʦʟʛʦʚʳʭ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ 

700 ʤʣʥ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʢʦʩʪʥʦʤʦʟʛʦʚʳʝ ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ 

ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʭ ʬʣʘʢʦʥʘʭ (100 ʤʣʥ/ʬʣʘʢʦʥ, 150 ʩʤ2, ʊʈʈ, ʐʚʝʡʮʘʨʠʷ) ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ŬMEM c 10 % FBS, ʜʦʧʦʣʥʝʥʥʦʡ 100 ʤʢʛ/ʤʣ ʛʝʥʪʘʤʠʮʠʥʘ ʠ 5 % 

ʧʫʣʠʨʦʚʘʥʥʦʛʦ ʣʠʟʘʪʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʪʨʦʤʙʦʮʠʪʦʚ, ʧʨʠ 37 ÁC ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ. ʏʝʨʝʟ 48ï72 ʯ 

ʥʝʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʧʣʘʩʪʠʢʫ ʢʣʝʪʢʠ ʫʜʘʣʷʣʠ, ʘ ʧʨʠʣʠʧʘʶʱʫʶ ʬʨʘʢʮʠʶ ʢʣʝʪʦʢ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʬʣʶʝʥʪʥʦʛʦ ʤʦʥʦʩʣʦʷ ʚ ʩʨʝʜʝ ŬMEM c 20 % FBS ʠ 5 ʥʛ/ʤʣ 

ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ FGF-ɓ. ʆʪʜʝʣʝʥʠʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʘʢʦʥʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 0.25 % ʪʨʠʧʩʠʥʘ ʠ 0.02 % ʕɼʊɸ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʝʨʚʦʤ ʧʘʩʩʘʞʝ (ʥʘ 14 ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ) 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ 21.5 ʤʣʥ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ (19 ʤʣʥ 

ʢʣʝʪʦʢ) ʙʳʣʘ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʘ ʚ ʨʘʩʪʚʦʨʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʘʣʴʙʫʤʠʥʘ (çʄʠʢʨʦʛʝʥè, ʈʦʩʩʠʷ), 

ʩʦʜʝʨʞʘʱʝʤ 10 % DMSO. ʆʩʪʘʣʴʥʳʝ 2.5 ʤʣʥ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʧʨʦʜʦʣʞʘʣʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʵʢʩʧʘʥʩʠʠ.  

ʅʘ ʚʪʦʨʦʤ ʧʘʩʩʘʞʝ (ʯʝʨʝʟ 35 ʩʫʪʦʢ) ʙʳʣʦ ʧʦʣʫʯʝʥʦ 13.8 ʤʣʥ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʬʝʥʦʪʠʧʘ ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, ʧʦʩʣʝ ʯʝʛʦ 

12.5 ʤʣʥ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʙʳʣʦ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʦ. ʆʩʪʘʚʰʠʝʩʷ 1.3 ʤʣʥ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʧʨʦʜʦʣʞʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʢʫʣʴʪʫʨʘ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ (ɺʕɹ) ɺ-ʣʠʤʬʦʤʳ (ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʚ ʨʘʟʜʝʣʝ 3.2.2.1). 

2.3.6.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 

ɸʥʘʣʠʟ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʙʳʣ ʟʘʢʘʟʘʥ ʠ ʚʳʧʦʣʥʝʥ ʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

çʀʅɺʀʊʈʆè (ʆʆʆ çʀʅɺʀʊʈʆè, ʤʝʜʠʮʠʥʩʢʘʷ ʣʠʮʝʥʟʠʷ ʃʆ-43-01-002895 ʦʪ 01.11.2018, 

https://www.invitro.ru).  

https://www.invitro.ru/
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ɼʅʂ ʚʠʨʫʩʘ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ, ʠʟ ʢʣʝʪʦʢ ʦʧʠʩʘʥʥʦʡ ʣʠʥʠʠ ʙʳʣʘ 

ʚʳʜʝʣʝʥʘ ʦʙʱʘʷ ɼʅʂ. ɺʕɹ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ɼʅʂ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʤʝʪʦʜʦʤ ʇʎʈ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʘʡʤʝʨʘʤʠ (ʘʥʘʣʠʟ ˉ 351URO). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ FISH-ʘʥʘʣʠʟʘ ʛʝʥʦʪʠʧʘ, 

ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʧʨʠ 400 g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ PBS. 10 ʤʣʥ ʢʣʝʪʦʢ 

ʬʠʢʩʠʨʦʚʘʣʠ ʩʤʝʩʴʶ ʤʝʪʘʥʦʣʘ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (3:1). ʂʣʝʪʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ FISH 

ʥʘ ʥʘʣʠʯʠʝ ʧʝʨʝʩʪʨʦʝʢ ʚ ʣʦʢʫʩʝ 14q32 ʛʝʥʘ IGH, ʜʝʣʝʮʠʡ/ʘʤʧʣʠʬʠʢʘʮʠʡ ʣʦʢʫʩʘ 1q21 ʛʝʥʘ 

CKS1B ʠ 1ʨ32 ʛʝʥʘ CDKN2C, ʘ ʪʘʢʞʝ ʜʝʣʝʮʠʡ ʣʦʢʫʩʦʚ 13q14.2, 13q34 ʠ 17ʨ13 ʛʝʥʦʚ DLEU, 

LAMP ʠ ʊʈ53, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʘʥʘʣʠʟ ˉ 5.121). ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 200 ʷʜʝʨ. 

 

2.4. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʦʜʝʣʠ ʢʣʝʪʦʢ ʣʠʥʠʠ U87 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʠʜʥʦʡ ʦʧʫʭʦʣʠ ʛʣʠʦʙʣʘʩʪʦʤʳ U87 ʤʳʰʘʤ ʣʠʥʠʠ Nu/J ʧʦʜʢʦʞʥʦ ʚ 

ʤʝʞʣʦʧʘʪʦʯʥʫʶ ʦʙʣʘʩʪʴ ʚʚʦʜʠʣʠ ʧʦ 6.3 ʤʣʥ ʢʣʝʪʦʢ ʚ ʦʙʲʝʤʝ 100 ʤʢʣ ʩʨʝʜʳ Dʄɽʄ ʙʝʟ 

ʩʳʚʦʨʦʪʢʠ. ʈʦʩʪ ʦʧʫʭʦʣʠ ʦʪʩʣʝʞʠʚʘʣʠ 1 ʨʘʟ ʚ 2ï3 ʜʥʷ ʠ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʦʜ ʢʦʞʝʡ 

ʭʘʨʘʢʪʝʨʥʳʭ ʫʧʣʦʪʥʝʥʠʡ. 

ʀʥʪʨʘʮʝʨʝʙʨʘʣʴʥʫʶ ʧʝʨʝʚʠʚʢʫ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʦʨʪʦʪʦʧʠʯʝʩʢʦʡ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʤ 

ʤʳʰʘʤ ʣʠʥʠʠ SCID. ɾʠʚʦʪʥʳʤ ʚ ʣʝʚʦʝ ʧʦʣʫʰʘʨʠʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʚʦʜʠʣʠ 5 ʤʢʣ ʩʫʩʧʝʥʟʠʠ 

ʢʣʝʪʦʢ (400 ʪʳʩ. ʢʣʝʪʦʢ/ʤʳʰʴ). ʇʦʩʣʝ ʠʥʲʝʢʮʠʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʚ ʤʦʟʛʝ 

ʞʠʚʦʪʥʳʭ ʦʪʩʣʝʞʠʚʘʣʠ ʯʝʨʝʟ 25ï33 ʜʥʷ ʥʘ ʚʳʩʦʢʦʧʦʣʴʥʦʤ (11.7 ʊʣ) ʗʄʈ ʪʦʤʦʛʨʘʬʝ çBioSpec 

117/16USRè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ T2-ʚʟʚʝʰʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (weighted techniques) ʚ 

ʘʢʩʠʘʣʴʥʦʡ, ʢʦʨʦʥʘʨʥʦʡ ʠ ʩʘʛʛʠʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. 

 

2.4.1. ʍʠʨʫʨʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʦʨʪʦʪʦʧʠʯʝʩʢʦʛʦ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʘ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ çSPF 

ʚʠʚʘʨʠʠè ʀʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ, ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ. ɺʩʝʤ 

ʤʳʰʘʤ (15 ʦʩʦʙʝʡ) ʩʫʙʢʦʨʪʠʢʘʣʴʥʦ ʧʝʨʝʚʠʣʠ ʩʫʩʧʝʥʟʠʶ ʢʣʝʪʦʢ ʣʠʥʠʠ U87 (300 ʪʳʩ. ʢʣʝʪʦʢ ʚ 

3 ʤʢʣ ʩʨʝʜʳ DMEM ʥʘ ʤʳʰʴ) ʥʘ ʛʣʫʙʠʥʫ 2.5ï3 ʤʤ (ʦʪʩʯʝʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ) ʚ ʪʝʤʝʥʥʫʶ 

ʜʦʣʶ ʣʝʚʦʛʦ ʧʦʣʫʰʘʨʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ.  

ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʜʦʩʪʫʧʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ 

ʜʘʥʥʳʤ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʛʦ ʄʈʊ-ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʮʝʥʠʚʘʣʩʷ ʦʙʲʝʤ (ʚʦʣʶʤʝʪʨʠʷ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ) ʠ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʦʧʫʭʦʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʞʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʩʥʠʤʢʦʚ ʧʦʜʙʠʨʘʣʩʷ ʥʘʠʢʨʘʪʯʘʡʰʠʡ ʧʨʦʝʢʮʠʦʥʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ 

ʧʣʘʥʠʨʦʚʘʣʩʷ ʜʦʧʫʩʪʠʤʳʡ ʦʙʲʝʤ ʨʝʟʝʢʮʠʠ. ʆʮʝʥʠʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʷ ʦʧʫʭʦʣʠ ʢ 
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ʣʠʢʚʦʨʦʧʨʦʚʦʜʷʱʠʤ ʧʫʪʷʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʚʩʢʨʳʪʠʷ ʞʝʣʫʜʦʯʢʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʦ 

ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʚʳʩʦʩʢʦʧʦʣʴʥʦʤ ʄʈ-ʪʦʤʦʛʨʘʬʝ çBioSpec 

117/16USRè ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 11.7 ʊʝʩʣʘ ʚ ʪʨʝʭ ʧʨʦʝʢʮʠʷʭ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ T2-ɺʀ. ʇʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʙʘʟʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ 

ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʝʡʨʦʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ (ʇʨʠʣʦʞʝʥʠʝ 1). ɸʥʝʩʪʝʟʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ: ʢʩʠʣʘʚʝʪ 

ï 120 ʤʢʛ ʥʘ ʤʳʰʴ ʩ ʩʨʝʜʥʠʤ ʚʝʩʦʤ 21 ʛ, ʪʝʣʘʟʦʣ ï 300 ʤʢʛ/ʤʳʰʴ. ʂʦʤʙʠʥʘʮʠʷ 

ʢʩʠʣʘʚʝʪ/ʪʝʣʘʟʦʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʜʦʚʦʜʠʣʘʩʴ ʜʦ 100 ʤʢʣ ʠ ʚʚʦʜʠʣʘʩʴ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʥʝʩʪʝʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 

35ï40 ʤʠʥʫʪ. ɸʥʪʠʙʠʦʪʠʢʦʧʨʦʬʠʣʘʢʪʠʢʘ: ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʠʣʠ ʧʦʜʢʦʞʥʦ ʚʚʦʜʠʣʦʩʴ 

80 ʤʢʛ/ʤʳʰʴ ʛʝʥʪʘʤʠʮʠʥʘ. ʄʳʰʴ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʘ ʧʣʘʥʰʝʪʝ ʠ ʫʢʨʳʚʘʣʘʩʴ ʩʪʝʨʠʣʴʥʦʡ 

ʩʘʣʬʝʪʢʦʡ. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʙʣʝʬʘʨʦʨʘʬʠʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʦʜʠʥʦʯʥʳʭ ʰʚʦʚ, ʩ 

ʮʝʣʴʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʷʟʚʝʥʥʦʛʦ ʢʝʨʘʪʠʪʘ ʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʚ ʛʣʘʟʘ ʤʳʰʠ. ʂʦʞʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʝʟʘ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʘʥʪʠʩʝʧʪʠʢʦʤ (ʩʧʠʨʪʦʚʳʡ 

ʨʘʩʪʚʦʨ ʭʣʦʨʛʝʢʩʠʜʠʥʘ) ʠ ʠʥʬʠʣʴʪʨʠʨʦʚʘʣʘʩʴ 1 % ʨʘʩʪʚʦʨʦʤ ʥʦʚʦʢʘʠʥʘ. ʇʨʦʠʟʚʦʜʠʣʩʷ 

ʩʨʝʜʠʥʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʨʝʟ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʛʦʣʦʚʳ. ʉʢʘʣʴʧ ʦʪʚʦʜʠʣʩʷ ʯʝʪʳʨʴʤʷ ʰʚʘʤʠ 

ʜʝʨʞʘʣʘʤʠ ʚʟʷʪʳʤʠ ʥʘ çʤʦʩʢʠʪʳè. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʩʫʙʧʝʨʠʦʩʪʘʣʴʥʘʷ ʜʠʩʩʝʢʮʠʷ ʠ ʦʙʥʘʞʘʣʘʩʴ 

ʢʦʩʪʴ. ɼʘʣʝʝ, ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ çStrykerè ʠ ʘʣʤʘʟʥʦʛʦ ʙʫʨʘ ʩ ʜʠʘʤʝʪʨʦʤ ʥʘʢʦʥʝʯʥʠʢʘ 2 ʤʤ, 

ʥʘʢʣʘʜʳʚʘʣʦʩʴ ʢʨʘʥʠʦʪʦʤʠʯʝʩʢʦʝ ʦʢʥʦ ʚ ʧʨʦʝʢʮʠʠ ʧʝʨʝʚʠʪʦʡ ʦʧʫʭʦʣʠ (ʣʝʚʘʷ ʪʝʤʝʥʥʦ-

ʟʘʪʳʣʦʯʥʘʷ ʦʙʣʘʩʪʴ) ʥʘ ʛʣʫʙʠʥʫ ʜʦ lamina vitrae ʠ ʨʘʟʤʝʨʘʤʠ 0.5Ĭ0.5 ʩʤ. ɺʳʙʦʨ ʪʦʯʢʠ ʪʘʢʞʝ 

ʟʘʚʠʩʝʣ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʤʳʰʠ, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʜʘʥʥʳʤ 

ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʳʭ ʩʥʠʤʢʦʚ. ɺ ʧʨʦʮʝʩʩʝ çʜʨʠʣʣʠʥʛʘè ʦʧʝʨʘʮʠʦʥʥʦʝ ʧʦʣʝ ʦʨʦʰʘʣʦʩʴ ʪʝʧʣʳʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʘʛʨʝʚʘʥʠʷ ʢʦʩʪʠ, ʧʦʜʣʝʞʘʱʠʭ ʪʢʘʥʝʡ ʠ 

ʩʧʣʘʚʣʝʥʠʷ ʢʦʩʪʥʦʡ ʩʪʨʫʞʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʫʨʘ. ʆʧʝʨʘʮʠʦʥʥʘʷ ʨʘʥʘ ʧʨʦʤʳʚʘʣʘʩʴ 

ʩʪʝʨʠʣʴʥʳʤ ʪʝʧʣʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ (ʪʝʤʧʝʨʘʪʫʨʘ 36ï37 Üʉ) ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʢʦʩʪʥʦʡ ʩʪʨʫʞʢʠ. ʇʠʥʮʝʪʦʤ ʠ ʢʦʩʪʥʳʤ ʵʣʝʚʘʪʦʨʦʤ ʫʜʘʣʷʣʩʷ ʦʩʪʘʪʦʢ lamina vitra. 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʨʘʥʘ ʦʙʢʣʘʜʳʚʘʣʘʩʴ ʩʪʝʨʠʣʴʥʳʤʠ ʩʘʣʬʝʪʢʘʤʠ, ʩʤʦʯʝʥʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʦʤ. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʢʦʨʪʠʢʦʪʦʤʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʨʝʟʝʢʮʠʷ ʦʧʫʭʦʣʠ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʝʥʥʦʡ ʜʦʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʫʣʠʥʦʚʦʛʦ ʰʧʨʠʮʘ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ ʪʱʘʪʝʣʴʥʳʡ 

ʛʝʤʦʩʪʘʟ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʘʩʪʠʢʘ ʢʨʘʥʠʦʪʦʤʠʯʝʩʢʦʛʦ ʜʝʬʝʢʪʘ ʚ ʢʦʩʪʠ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. 

ʈʘʥʘ ʫʰʠʚʘʣʘʩʴ ʥʝʧʨʝʨʳʚʥʳʤ ʦʙʚʠʚʥʳʤ ʰʚʦʤ ʥʘ ʢʦʞʫ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʩʘʩʳʚʘʶʱʠʡʩʷ 

ʰʦʚʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʘʪʨʘʚʤʘʪʠʯʝʩʢʦʡ ʠʛʣʝ ï ɺʠʢʨʠʣ 6/0. ʇʨʦʚʦʜʠʣʘʩʴ ʬʠʥʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 
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ʰʚʦʚ ʠ ʦʙʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʨʘʥʳ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʛʝʢʩʠʜʠʥʘ. ʐʚʳ, ʥʘʣʦʞʝʥʥʳʝ 

ʚ ʭʦʜʝ ʙʣʝʬʘʨʦʨʘʬʠʠ, ʩʥʠʤʘʣʠʩʴ. 

ɺ ʪʝʯʝʥʠʠ ʜʝʩʷʪʠ ʩʫʪʦʢ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʰʚʳ ʥʘ ʩʢʘʣʴʧʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʧʠʨʪʦʚʳʤ 

ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʛʝʢʩʠʜʠʥʘ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʘʜʲʶʚʘʥʪʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʙʳʣ ʚʳʜʝʣʝʥ 

ʧʷʪʠʜʥʝʚʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʳʰʝʡ ʧʦʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʟʘʞʠʚʣʝʥʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʥ. ɺ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʩʝʤ ʤʳʰʘʤ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʥʲʝʢʮʠʠ ʘʥʪʠʙʠʦʪʠʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ ʛʝʥʪʘʤʠʮʠʥʘ ʚ ʜʦʟʠʨʦʚʢʝ 

80 ʤʢʛ/ʤʳʰʴ.  

 

2.5. ʇʦʣʫʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʥʘʪʠʚʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ 

ʇʨʝʧʘʨʘʪ ʩʫʤʤʘʨʥʦʡ ʥʘʪʠʚʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʧʣʘʮʝʥʪ ʟʜʦʨʦʚʳʭ ʞʝʥʱʠʥ 

ʙʝʟʬʝʥʦʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʛʝʥʦʤ, ʩʦʭʨʘʥʷʷ ʬʨʘʛʤʝʥʪʳ 

ɼʅʂ, ʧʨʦʯʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʙʝʣʢʘʤʠ ʷʜʝʨʥʦʛʦ ʤʘʪʨʠʢʩʘ. ʌʨʘʛʤʝʥʪʘʮʠʷ ɼʅʂ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘ ʧʨʠ ʯʘʩʪʦʪʝ 

22 ʂɻʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʣʠ ʩʤʝʩʴ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʨʘʟʤʝʨʦʤ ʦʪ 200 ʜʦ 6000 ʧ.ʥ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ɼʅʂ ʭʨʘʥʠʣʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ï20 ʦC. ɼʘʥʥʳʡ ʧʨʝʧʘʨʘʪ 

ʷʚʣʷʝʪʩʷ ʬʘʨʤʘʢʦʧʝʡʥʳʤ ʧʨʝʧʘʨʘʪʦʤ (ʈʝʛʠʩʪʨʘʮʠʦʥʥʦʝ ʫʜʦʩʪʦʚʝʨʝʥʠʝ ʃʉʈ-004429/08) ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʘʥʠʠ ʆʆʆ çʇʘʥʘʛʝʥè. 

 

2.6. ʉʠʥʪʝʟ TAMRA -ɼʅʂ ʟʦʥʜʘ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ ʟʦʥʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Alu-ʧʦʚʪʦʨ ʯʝʣʦʚʝʢʘ. Alu ʬʨʘʛʤʝʥʪ ʙʳʣ 

ʥʘʨʘʙʦʪʘʥ ʚ ʨʝʘʢʮʠʠ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʩʫʤʤʘʨʥʦʡ ɼʅʂ 

(ʨʘʟʜʝʣ 2.5) ʠ ʧʨʘʡʤʝʨʦʚ 9 ʠ 11 (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ ʚ ʨʘʟʜʝʣʝ 2.1).  

ʇʦʣʫʯʝʥʥʳʡ Alu ʬʨʘʛʤʝʥʪ (278 ʧ.ʥ.) ʙʳʣ ʢʣʦʥʠʨʦʚʘʥ ʚ ʧʣʘʟʤʠʜʫ pBlueScript SK(+) ʧʦ 

ʩʘʡʪʫ ʨʝʩʪʨʠʢʮʠʠ EcoRV ʠ ʧʨʦʩʝʢʚʝʥʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ M13 ʧʨʘʡʤʝʨʦʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Alu-ʧʦʚʪʦʨʘ ʯʝʣʦʚʝʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʢʦʥʝʯʥʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʜʚʫʭ 

ʪʘʥʜʝʤʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʚʪʦʨʦʚ: AluJ ʠ AluY (AC002400.1, 53494-53767). ɼʘʣʝʝ ʫʢʘʟʘʥʥʫʶ 

ʧʣʘʟʤʠʜʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʯʝʥʦʛʦ ʬʣʫʦʨʦʭʨʦʤʦʤ TAMRA 

ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ ɼʅʂ ʟʦʥʜʘ. 

ʄʝʯʝʥʠʝ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʎʈ, ʜʦʙʘʚʣʷʷ ʢ ʩʤʝʩʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ TAMRA-5Ë-dUTP, ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ (ʉʘʡʬʠʪʜʠʥʦʚʘ, 2008). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʄ13 ʧʨʘʡʤʝʨʳ (ʨʘʟʜʝʣ 2.1). ʆʪ 

ʥʝʚʢʣʶʯʠʚʰʠʭʩʷ ʥʫʢʣʝʦʪʠʜʦʚ ʠʟʙʘʚʣʷʣʠʩʴ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ɼʅʂ (ʉʘʡʬʠʪʜʠʥʦʚʘ, 2008). 
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ɺʢʣʶʯʝʥʠʝ ʤʝʪʢʠ TAMRA-5Ë-dUTP ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Nanodrop ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦ ʠ ʧʦʩʣʝ ʇʎʈ-ʧʝʨʝʦʩʘʞʜʝʥʠʷ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʯʝʥʦʛʦ Flu-5Ë-dUTP ʜʮɼʅʂ 

ʟʦʥʜʘ. 

 

2.7. ɺʚʝʜʝʥʠʝ TAMRA-5Ë-dUTP ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚ ʦʙʨʘʟʮʳ ʩʫʤʤʘʨʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ 

ʧʨʠ ʧʦʤʦʱʠ ʬʨʘʛʤʝʥʪʘ ʂʣʝʥʦʚʘ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʤʤʘʨʥʫʶ ʥʘʪʠʚʥʫʶ ɼʅʂ ʯʝʣʦʚʝʢʘ (ʨʘʟʜʝʣ 2.5). 

ʄʘʪʨʠʯʥʫʶ ɼʅʂ ʢʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 5 ʤʠʥ ʠ ʙʳʩʪʨʦ ʧʝʨʝʥʦʩʠʣʠ ʚ ʣʝʜ. ʈʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ 50 ʤʢʣ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 0.5ï1 ʤʢʛ ʤʘʪʨʠʯʥʦʡ ɼʅʂ, 1Ĭʙʫʬʝʨ ʜʣʷ 

ʬʨʘʛʤʝʥʪʘ ʂʣʝʥʦʚʘ (50 ʤʄ Tris-HCl, pH 7.5; 10 ʤʄ MgCl2; 1 ʤʄ DTT; 0.5 ʤʛ/ʤʣ BSA; 50 ʤʄ 

ʕɼʊɸ, pH 8.0), 0.1 ʤʄ ʨʘʩʪʚʦʨ ʥʫʢʣʝʦʪʠʜʦʚ dATP, dCTP, dGTP, 65 ʤʢʄ dTTP ʠ 35 ʤʢʄ dUTP-

5Ë-TAMRA, 0.1 ʤʄ random primer ʠ ʬʨʘʛʤʝʥʪ ʂʣʝʥʦʚʘ (5 ʝʜ.). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 

ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʪʝʤ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʤʢʣ 0.5 ʄ ʕɼʊɸ. 

ʇʝʨʝʦʩʘʞʜʘʣʠ ɼʅʂ ʜʦʙʘʚʣʝʥʠʝʤ 0.1 ʦʙʲʝʤʘ 3 ʄ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, pH 5.2 ʠ 2 ʦʙʲʝʤʘ ʵʪʘʥʦʣʘ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ, 12 000 g. 

 

2.8. ʉʣʦʞʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʨʝʧʘʨʘʪ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ 

ʉʣʦʞʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʨʝʧʘʨʘʪ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ (ɼʅʂ-ʤʠʢʩ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʥʘʪʠʚʥʦʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʝʥʦʤʥʦʡ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʧʣʘʮʝʥʪʳ ʯʝʣʦʚʝʢʘ 

ʠ ʠʟ ʩʧʝʨʤʳ ʣʦʩʦʩʷ, ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʜʦ ʨʘʟʤʝʨʦʚ 200ï6000 ʧ.ʥ. ʇʨʝʧʘʨʘʪ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʆʆʆ çʂɸʈɸʅɸʍɸʅè (ʇʘʪʝʥʪ RU 2662354 C1 ʦʪ 

25.07.2018 çʉʧʦʩʦʙ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡè). 

 

2.9. ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʠʟ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ 

ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʘʨʠʘʥʪʦʤ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ (TAMRA-

ɼʅʂ ʟʦʥʜ ʠʣʠ ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʪʝʢʩʪʝ ʨʘʙʦʪʳ). ʉʫʩʧʝʥʟʠ ʁʢʣʝʪʦʢ ʧʨʦʤʳʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʦʡ ʠʣʠ PBS, ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʤʝʞ-ʬʠʣʴʪʨ 70 ʤʢʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 10 ʤʄ MgCl2 ʠ 10 ʤʢʛ/ʤʣ ɼʅʂʘʟʳ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 37 ÁC. ɼʘʣʝʝ ʢʣʝʪʢʠ 

ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 20 ʤʢʛ/ʤʣ ʧʨʦʪʝʠʥʘʟʳ ʂ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37 ÁC. 

ɼʘʣʝʝ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (400 g, 5 ʤʠʥ). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʧʝʨʥʘʪʘʥʪ 

ʩʦʙʠʨʘʣʠ ʠ ʧʝʨʝʦʩʘʞʜʘʣʠ ʠʟ ʥʝʛʦ ɼʅʂ. ʄʝʪʦʜʘʤʠ ʇʎʈ, qPCR ʠ ʠʟʤʝʨʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʮɼʅʂ ʚ ʧʨʦʙʝ ʧʦʜʪʚʝʨʞʜʘʣʠ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ɼʅʂʘʟʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ. 

ʆʩʘʜʦʢ ʢʣʝʪʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ PBS ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʕɼʊɸ (50 ʤʄ) ʠ SDS (1 %). ʂ 
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ʧʦʣʫʯʝʥʥʦʤʫ ʣʠʟʘʪʫ ʜʦʙʘʚʣʷʣʠ ʧʨʦʪʝʠʥʘʟʫ K ʜʦ 200 ʤʢʛ/ʤʣ, ʧʦʤʝʱʘʣʠ ʥʘ 30 ʤʠʥ ʥʘ 58 Üʉ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʠʥʘʟʦʡ ʧʨʦʚʦʜʠʣʠ ʵʢʩʪʨʘʢʮʠ ʁʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʬʝʥʦʣ/ʭʣʦʨʦʬʦʨʤʘ, 

ʧʝʨʝʦʩʘʞʜʘʣʠ ɼʅʂ, ʧʨʦʤʳʚʘʣʠ 70 % ʩʧʠʨʪʦʤ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ mQ H2O. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʤʝʨʠʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʠʤʝʪʨʘ Qubit 2.0. 

 

2.10. ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʠʟ ʷʜʝʨ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʳʰʝʡ 

ʂʂʄ ʤʳʰʝʡ ʚʳʤʳʚʘʣʠ ʠʟ ʪʨʫʙʯʘʪʳʭ ʢʦʩʪʝʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 0.5 ʤʣ ʣʠʟʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (10 ʤʄ Tris-HCl, pH 7.4, 50 ʤʄ NaCl, 10 ʤʄ 

ʕɼʊɸ, 0.15 ʤʄ ʩʧʝʨʤʠʥ, 0.15 ʤʄ ʩʧʝʨʤʠʜʠʥ) ʩ 0.1 % ʊʨʠʪʦʥʦʤ X-100 ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 10 ʤʠʥ 

ʥʘ ʣʴʜʫ. ʉʤʝʩʴ ʥʘʩʣʘʠʚʘʣʠ ʥʘ 3 ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ 10 % ʩʘʭʘʨʦʟʳ ʚ ʣʠʟʠʨʫʶʱʝʤ ʙʫʬʝʨʝ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 500 g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 4 Áʉ. ʉʫʧʝʨʥʘʪʘʥʪ (ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ 

ʬʨʘʢʮʠʶ) ʦʪʙʠʨʘʣʠ. ʆʩʘʜʦʢ ʷʜʝʨ ʧʨʦʤʳʚʘʣʠ ʙʫʬʝʨʦʤ, ʧʦʚʪʦʨʥʦ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʙʲʝʤʝ ʙʫʬʝʨʘ (10 ʤʄ ʊʨʠʩ-HCl 

pH 7.4, 50 ʤʄ ʕɼʊɸ, 1 % SDS, 200 ʤʢʛ/ʤʣ ʧʨʦʪʝʠʥʘʟʳ ʂ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 2 ʯ ʧʨʠ 58 ÁC. ɼʅʂ 

ʦʯʠʱʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʵʢʩʪʨʘʢʮʠʠ ʬʝʥʦʣ/ʭʣʦʨʦʬʦʨʤʦʤ, ʦʩʘʞʜʘʣʠ ʠ ʨʘʩʪʚʦʨʷʣʠ 

ʚ ʚʦʜʝ. 

ʇʦʣʫʯʝʥʥʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʝʥʦʤʥʫʶ ɼʅʂ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʚ ʛʨʘʜʠʝʥʪʝ NaCl ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 50 ʤʄ ʕɼʊɸ. ɻʨʘʜʠʝʥʪ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʘʢʢʫʨʘʪʥʦʛʦ ʥʘʩʣʘʠʚʘʥʠʷ ʘʣʠʢʚʦʪ ʧʦ 1 ʤʣ 

10 %, 15 %, 20 %, 25 % ʠ 30 % NaCl. ɿʘʪʝʤ ɼʅʂ ʥʘʩʣʘʠʚʘʣʠ ʧʦʚʝʨʭ ʛʨʘʜʠʝʥʪʘ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 43 000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 2.5 ʯ ʚ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʝ L8-M. 

ʌʨʘʢʮʠʠ ʧʦ 250 ʤʢʣ ʩʦʙʠʨʘʣʠ, ʧʝʨʝʦʩʘʞʜʘʣʠ ʠʟ ʥʠʭ ɼʅʂ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʬʫʦʨʠʤʝʪʨʘ Quibit 2.0 ʠ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

 

2.11. ɼʝʪʝʢʮʠʷ ʠ ʩʦʨʪʠʨʦʚʢʘ TAMRA + ʢʣʝʪʦʢ 

ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʝ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ FBS ʩ TAMRA-ɼʅʂ 

ʟʦʥʜʦʤ (ʠʟ ʨʘʩʯʝʪʘ 0.5 ʤʢʛ ɼʅʂ ʥʘ 1 ʤʣʥ ʢʣʝʪʦʢ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʜʨʫʛʦʝ) ʚ ʪʝʤʥʦʪʝ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ, ʚ ʪʝʯʝʥʠʝ 40ï60 ʤʠʥ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʪʨʠ ʨʘʟʘ 

ʧʨʦʤʳʚʘʣʠ ʩʨʝʜʦʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ FBS ʠʣʠ PBS. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʠʟ ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʠʥʚʝʥʪʠʨʦʚʘʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ AxioObserver Z1 ʠ 

ʧʨʦʛʨʘʤʤʳ ZEN. ʃʠʙʦ ʛʦʪʦʚʠʣʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. ɼʣʷ ʵʪʦʛʦ 1ï2Ĭ105 ʢʣʝʪʦʢ 

ʧʝʨʝʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʮʠʪʦʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (1000 ʦʙ/ʤʠʥ, 1 ʤʠʥ) ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ, 

ʥʘʥʦʩʠʣʠ Antifade DABCO ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0.5 ʤʢʛ/ʤʣ DAPI, ʧʦʢʨʳʚʘʣʠ ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Axioskop 2 Plus ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ZEN. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʥʘʣʠʟ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ 
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ʠʣʠ ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ LSM 780 NLO ʠ ʧʨʦʛʨʘʤʤʳ ZEN. ɸʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʇʨʠ ʘʥʘʣʠʟʝ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ ʢʣʝʪʢʠ 

ʠʩʢʣʶʯʘʣʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʫʪʝʤ ʦʮʝʥʢʠ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʂʣʝʪʢʠ ʩ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦʚʨʝʞʜʝʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʥʘʢʦʧʣʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʜʠʩʬʫʥʢʮʠʝʡ 

ʤʠʪʦʭʦʥʜʨʠʡ), ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʘʥʘʣʠʟʘ TAMRA+ ʢʣʝʪʦʢ. 

ɺ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ BD FACSAria III  ʚ ʎʝʥʪʨʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʝʡ ʀʎʠɻ ʉʆ ʈɸʅ. ɼʣʷ ʜʝʪʝʢʮʠʠ TAMRA-

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ ʠ ʢʘʥʘʣ 585/42 (ʢʘʥʘʣ PE). ʇʨʠ ʵʪʦʤ 

ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʪʦ ʝʩʪʴ ʢʣʝʪʦʢ, ʠʥʢʫʙʠʨʦʚʘʚʰʠʭʩʷ 

ʚ ʩʨʝʜʝ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ. ɼʦʣʶ TAMRA+ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʚ ʧʦʧʫʣʷʮʠʠ, 

ʛʝʡʪʠʨʦʚʘʥʥʦʡ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʧʨʷʤʦʛʦ ʠ ʙʦʢʦʚʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (FSC/SSC), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʣʴʥʳʤ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤ ʢʣʝʪʢʘʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʢʣʝʪʦʯʥʦʤʫ ʮʠʢʣʫ ʢʣʝʪʢʠ ʦʢʨʘʰʠʚʘʣʠ ʧʨʦʧʠʜʠʡ ʡʦʜʠʜʦʤ, ʠʩʯʝʨʧʳʚʘʶʱʝ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʈʅʂʘʟʦʡ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʢʘʟʘʥʥʦʛʦ ʮʠʪʦʤʝʪʨʘ. 

 

2.12. ɸʥʘʣʠʟ ʜʦʩʪʘʚʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦ-ʤʝʯʝʥʦʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʘʩʮʠʪʥʦʡ ʬʦʨʤʝ ʦʧʫʭʦʣʠ ʂʨʝʙʩ-2 in vitro. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʳʣʠ ʚʟʷʪʳ ʂʂʄ ʤʳʰʝʡ. ʂʣʝʪʢʠ ʘʩʮʠʪʘ ʦʪʙʠʨʘʣʠ ʫ ʦʜʥʦʡ ʤʳʰʠ 

ʙʝʟ ʦʙʨʘʙʦʪʦʢ, ʫ ʜʨʫʛʦʡ ʤʳʰʠ ʯʝʨʝʟ 18 ʯʘʩʦʚ ʧʦʩʣʝ ʫʢʦʣʘ ʎʌ ʚ ʜʦʟʝ 200 ʤʛ/ʢʛ ʚʝʩʘ ʞʠʚʦʪʥʦʛʦ, 

ʂʂʄ ʙʳʣʠ ʚʟʷʪʳ ʫ ʤʳʰʠ ʙʝʟ ʦʙʨʘʙʦʪʦʢ. ʂʂʄ ʦʩʘʞʜʘʣʠ ʥʘ ʛʨʘʜʠʝʥʪʝ ʬʠʢʦʣʣ-ʚʝʨʦʛʨʘʬʠʥʘ. 

ʆʙʨʘʟʮʳ ʚʩʝʭ ʢʣʝʪʦʢ ʪʨʠʞʜʳ ʦʪʤʳʚʘʣʠ PBS, ʧʦʤʝʱʘʣʠ ʚ ʣʫʥʢʠ ï ʘʩʮʠʪ ʧʦ 10 ʤʣʥ ʢʣʝʪʦʢ, ʂʂʄ 

ï ʧʦ 5 ʤʣʥ ʢʣʝʪʦʢ. ʂ ʦʙʨʘʟʮʫ ʜʦʙʘʚʣʷʣʠ ʣʠʙʦ 0.75 ʤʢʛ ʤʝʯʝʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ GFP ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 0.7 ʧ.ʥ. (ʬʨʘʛʤʝʥʪ ʤʝʪʠʣʠ 32ʈ ʚ ʨʝʘʢʮʠʠ ʇʎʈ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ), ʣʠʙʦ 0.77 ʤʢʛ 

ʧʣʘʟʤʠʜʳ ʨɽGFP-N1, ʨʘʩʱʝʧʣʝʥʥʦʡ ʨʝʩʪʨʠʢʪʘʟʦʡ HindIII. ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʉʆ2-

ʠʥʢʫʙʘʪʦʨʝ ʩ 5 % ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ2, 95 % ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʧʨʠ 37 Áʉ. ʂʣʝʪʢʠ ʩʦʙʠʨʘʣʠ ʯʝʨʝʟ 

1, 2, 4 ʠʣʠ 8 ʯʘʩʦʚ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ɼʅʂ. ʇʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ PBS. ʈʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 30 ʤʢʣ 

PBS, ʜʦʙʘʚʣʷʣʠ 40 ʤʢʣ 1.5 % ʣʝʛʢʦʧʣʘʚʢʦʡ ʘʛʘʨʦʟʳ ʠ ʟʘʣʠʚʘʣʠ ʙʣʦʢʠ. ɿʘʩʪʳʚʰʠʝ ʙʣʦʢʠ 

ʚʳʥʠʤʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ 500 ʤʢʣ ʙʫʬʝʨʘ (1 % ʩʘʨʢʦʟʠʣ, 50 ʤʄ ʕɼʊɸ, 1 ʤʛ/ʤʣ ʧʨʦʪʝʠʥʘʟʳ ʂ) ʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʠ 58 Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ɼʘʣʝʝ ʟʘʣʠʚʘʣʠ 1 % ʘʛʘʨʦʟʥʳʡ ʛʝʣʴ ʠ, ʧʦʤʝʩʪʠʚ 

ʪʫʜʘ ʙʣʦʢʠ ʘʛʘʨʦʟʳ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ. ʇʦʩʣʝ ʨʘʟʛʦʥʢʠ ʘʛʘʨʦʟʥʳʝ ʛʝʣʠ ʩ 
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ʦʙʨʘʟʮʘʤʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʤʠ ʩ ʤʝʯʝʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʚʳʩʫʰʠʚʘʣʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ 

ʤʝʯʝʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʧʨʠʙʦʨʝ PhosphoImager. ʄʘʪʝʨʠʘʣ ʦʙʨʘʟʮʦʚ, 

ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʧʣʘʟʤʠʜʦʡ pEGFP-N1, ʧʝʨʝʥʦʩʠʣʠ ʧʦ ʉʘʫʟʝʨʥʫ ʥʘ ʤʝʤʙʨʘʥʳ Zeta-Probe 

(Bio-Rad) ʠ ʛʠʙʨʠʜʠʟʦʚʘʣʠ ʩ ʤʝʯʝʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʛʝʥʘ GFP. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʪʘʢʞʝ ʦʮʝʥʠʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ PhosphoImager. 

 

2.13. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʢʣʝʪʦʢ 

 

2.13.1. ʕʣʝʢʪʨʦʬʦʨʝʟ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ 

ʂʣʝʪʢʠ ʧʦʤʝʱʘʣʠ ʚ ʜʠʘʣʠʟʥʳʡ ʧʘʢʝʪ, ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 1 ʤʣʥ/1 ʤʣ ʨʘʩʪʚʦʨʘ PBS. 

ɻʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʡ ʤʝʰʦʢ ʧʦʤʝʱʘʣʠ ʚ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ, ʟʘʧʦʣʥʝʥʥʫʶ PBS, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʘ. ʂʦʥʪʘʢʪ ʩʦʜʝʨʞʠʤʦʛʦ ʜʠʘʣʠʟʥʦʛʦ ʧʘʢʝʪʘ ʩ ʙʫʬʝʨʦʤ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚ ʠʟ ʚʘʪʤʘʥʘ 3MM. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 

30 ʤʠʥ, 4 ɺ/ʩʤ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʘʢʝʪ ʘʢʢʫʨʘʪʥʦ ʜʝʣʠʣʠ ʧʦʩʝʨʝʜʠʥʝ, ʢʣʝʪʢʠ 

ʦʪʙʠʨʘʣʠ ʠʟ ʟʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ (ç+è) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ (çïè) ʧʦʣʶʩʘʤ, ʠ 

ʦʩʘʞʜʘʣʠ ʧʨʠ 400 g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 500 ʤʢʣ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ, ʠ ʢʘʞʜʫʶ ʬʨʘʢʮʠʶ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ɺ 

ʫʩʪʘʥʦʚʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʵʨʠʪʨʦʮʠʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʦʪʨʠʮʘʪʝʣʴʙʥʳʡ ʟʘʨʷʜ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʨʠʪʨʦʮʠʪʳ ʤʠʛʨʠʨʫʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʦʜʘ (ç+è). 

ʉʦʜʝʨʞʘʥʠʝ TAMRA+ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ FACS-ʘʥʘʣʠʟʘ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʇʦʜʩʯʝʪ TAMRA+ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 21 ʤʘʨʪʘ 2003 ʛ. çʆ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʧʫʥʢʪ ˉ 11.4 çʄʝʪʦʜʠʢʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷè. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʨʷʜʢʘ 9 000 ʢʣʝʪʦʢ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ ʰʝʩʪʴ ʜʣʷ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. 

 

2.13.2.  ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʢʘʪʠʦʥʥʳʤ ʢʨʘʩʠʪʝʣʝʤ Basic Blue 41  

5Ĭ105 ʢʣʝʪʦʢ ʚ 500 ʤʢʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʨʘʩʠʪʝʣʝʤ Basic 

Blue 41 (BB41) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 2.7 ʤʢʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʜʦ ʠʣʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ. ʉʦʜʝʨʞʘʥʠʝ BB41+ ʠ TAMRA+ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ FACS-ʘʥʘʣʠʟʘ. 
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2.13.3. ʄʠʢʨʦʛʝʣʝʚʳʡ ɻ ʣʝʢʪʨʦʬʦʨʝʟ  

ʂʣʝʪʢʠ, ʦʙʨʘʙʦʪʘʥʥʳʝ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʦʤ, ʦʩʘʞʜʘʣʠ ʠ ʩʥʦʚʘ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʘ. 2Ĭ105 ʢʣʝʪʦʢ ʮʠʪʦʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ ʧʨʝʜʤʝʪʥʦʤ ʩʪʝʢʣʝ, ʥʘʥʦʩʠʣʠ 20 ʤʢʣ 2 % 

ʣʝʛʢʦʧʣʘʚʢʦʡ ʘʛʘʨʦʟʳ, ʩʦʜʝʨʞʘʱʝʡ Antifade DABCO ʩ ʜʦʙʘʚʣʝʥʠʝʤ DAPI (0.5 ʤʢʛ/ʤʣ), ʠ 

ʥʘʢʨʳʚʘʣʠ ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ. ʇʦʩʣʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʛʘʨʦʟʳ ʧʨʝʧʘʨʘʪ ʧʦʤʝʱʘʣʠ ʚ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ, ʟʘʧʦʣʥʝʥʥʫʶ PBS, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʘ. ʂʦʥʪʘʢʪ 

ʧʨʝʧʘʨʘʪʘ ʩ ʙʫʬʝʨʦʤ ʩʦʟʜʘʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚ ʠʟ ʚʘʪʤʘʥʘ 3MM. ʕʣʝʢʪʨʦʬʦʨʝʟ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, 4 ɺ/ʩʤ. ʎʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ AxioImager.M1 ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ZEN. 

 

2.14. ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ 

ʂʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 0.25 % ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ-ʕɼʊɸ, 0.05 % ʨʘʩʪʚʦʨʦʤ 

ʢʦʣʣʘʛʝʥʘʟʳ ʠʣʠ 0.002 % ʨʘʩʪʚʦʨʦʤ ʧʨʦʪʝʠʥʘʟʳ ʂ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ. 

ʇʨʝʜʦʙʨʘʙʦʪʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʝʪʢʠ ʜʘʣʝʝ ʧʨʦʤʳʚʘʣʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ 

ʟʦʥʜʦʤ. ʂʣʝʪʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ, ʣʠʙʦ ʧʦʤʝʱʘʣʠ ʚ 12-

ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧʫʥʢʪʝ 2.7). 

 

2.15. ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʠʥʛʠʙʠʪʦʨʘʤʠ ʵʥʜʦʮʠʪʦʟʘ 

ʂʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʣʝʜʫʶʱʠʤʠ ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ: ʘʟʠʜʦʤ ʥʘʪʨʠʷ, 

EIPA, ʮʠʪʦʭʘʣʘʟʠʥʦʤ ɼ, MɓCD, ʥʠʩʪʘʪʠʥʦʤ, ʜʠʥʘʟʦʨʦʤ, ʚʦʨʪʤʘʥʥʠʥʦʤ, ʭʣʦʨʧʨʦʤʘʟʠʥʦʤ, 

ʜʝʢʩʪʨʘʥʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʠʩʫʥʢʘʭ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ TAMRA+ ʢʣʝʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʦʪ ʪʨʝʭ ʜʦ ʰʝʩʪʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ. 

 

2.16. ɸʥʘʣʠʟ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ʤʝʪʦʜʦʤ çʢʦʤʝʪè 

ʄʳʰʘʤ ʩ ʧʝʨʝʚʠʪʦʡ ʘʩʮʠʪʥʦʡ ʦʧʫʭʦʣʴ  ʁʜʝʣʘʣʠ ʠʥʲʝʢʮʠʶ ʎʌ (200 ʤʛ/ʢʛ, ʝʩʣʠ ʥʝ 

ʫʢʘʟʘʥʦ ʜʨʫʛʦʡ ʜʦʟʠʨʦʚʢʠ). ɼʘʣʝʝ ʚ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ (ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ 

ʛʣʘʚʳ çʈʝʟʫʣʴʪʘʪʳè) ʧʨʦʠʟʚʦʜʠʣʠ ʟʘʙʦʨ ʢʣʝʪʦʢ ʘʩʮʠʪʘ. ɽʩʣʠ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʥʘʭʦʜʠʣʠʩʴ 

ʚ ʢʫʣʴʪʫʨʝ, ʚ ʦʢʦʣʦʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ ʤʠʪʦʤʠʮʠʥ ʉ (10ï20 ʤʢʛ/ʤʣ), ʠʥʢʫʙʠʨʦʚʘʣʠ 

1 ʯʘʩ ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ PBS ʪʨʠʞʜʳ ʠ ʟʘʣʠʚʘʣʠ ʚ ʙʣʦʢʠ 

ʣʝʛʢʦʧʣʘʚʢʦʡ ʘʛʘʨʦʟʳ ʚ PBS ʦʙʲʝʤʦʤ 80 ʤʢʣ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 000 ʢʣʝʪʦʢ ʥʘ ʙʣʦʢ. ɿʘʪʝʤ ʙʣʦʢʠ 
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ʦʙʨʘʙʘʪʳʚʘʣʠ ʣʠʟʠʨʫʶʱʠʤ ʙʫʬʝʨʦʤ (50 ʤʄ ʕɼʊɸ, 1 % N-Lauroylsarcosine ʠ 1 ʤʛ/ʤʣ 

ʧʨʦʪʝʠʥʘʟʳ ʂ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 50 Üʉ ʠ ʧʝʨʝʥʦʩʠʣʠ ʚ 0.5 ʄ ʕɼʊɸ. ʇʝʨʝʜ ʜʘʣʴʥʝʡʰʠʤʠ 

ʦʙʨʘʙʦʪʢʘʤʠ ʢʣʝʪʢʠ, ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʘʛʘʨʦʟʝ, ʦʪʤʳʚʘʣʠ ʚ ʊɽ-ʙʫʬʝʨʝ (10 ʤʄ Tris-HCl, 

pH 7.6; 1 ʤʄ ʕɼʊɸ) ʚ ʪʝʯʝʥʠʝ 15ï30 ʤʠʥ. ɿʘʪʝʤ ʙʣʦʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʦʜʠʥʘʢʦʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟ (30 ʤʠʥ, 0.75 ɺ/ʩʤ) ʚ ʪʨʠʩ-ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ. ɿʘʪʝʤ ʙʣʦʢʠ ʚʳʩʫʰʠʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ AxioImager ʠ ʧʨʦʛʨʘʤʤʳ ISIS. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ɼʎʈ 

ʧʨʦʠʟʚʦʜʠʣʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ çʭʚʦʩʪʦʚʦʡ ʤʦʤʝʥʪè (ʜʣʠʥʘ ʭʚʦʩʪʘ 

ʢʦʤʝʪʳĬʧʨʦʮʝʥʪ ɼʅʂ ʚ ʢʦʤʝʪʥʦʤ ʭʚʦʩʪʝ) ʚ ʧʨʦʛʨʘʤʤʝ CASP (Comet Assay Software Project) 

(Collins, 2004).  

 

2.17. ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣ ̫ TAMRA + ʠ TAMRA ï ʢʣʝʪʦʢ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ  

ʂʣʝʪʢʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʠʟ 

ʨʘʩʯʝʪʘ 1 ʤʢʛ ɼʅʂ ʥʘ 1 ʤʣʥ ʢʣʝʪʦʢ ʚ 300 ʤʢʣ ʩʨʝʜʳ ŬMEM ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɿʘʪʝʤ ʢʣʝʪʢʠ 

ʦʩʘʞʜʘʣʠ (400 g, 5 ʤʠʥ), ʦʜʠʥ ʨʘʟ ʧʨʦʤʳʣʠ ʵʪʦʡ ʞʝ ʩʨʝʜʦʡ ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ŬMEM ʩ 10 % 

FBS. ɼʘʣʝʝ ʢʣʝʪʢʠ ʙʳʣʠ ʧʨʦʧʫʱʝʥʳ ʯʝʨʝʟ ʧʨʦʪʦʯʥʳʡ ʮʠʪʦʤʝʪʨ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʘ ʚʳʭʦʜʝ ʣʠʙʦ 

ʩʫʤʤʘʨʥʦʡ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ (TAMRA+ ʠ TAMRAï ʢʣʝʪʢʠ), ʣʠʙʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʡ 

ʧʦʧʫʣʷʮʠʠ TAMRAï ʢʣʝʪʦʢ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ 

ʚ ʩʨʝʜʝ ŬMEM ʩ 10 % FBS ʠ ʪʘʢʞʝ ʧʦʤʝʱʘʣʠ ʧʦ 50 ʪʳʩ. ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʚ CO2-ʠʥʢʫʙʘʪʦʨ. ɺʩʝ 

ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24-ʭ ʯʘʩʦʚ. ɿʘʪʝʤ ʩʨʝʜʫ ʦʪʙʠʨʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʠ ʚ 

ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦ ʪʨʠ ʦʙʨʘʟʮʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ 27 ʮʠʪʦʢʠʥʦʚ (IL-1ɓ, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 

IL-12p70, IL-13, IL-15, IL-17A, Eotaxin, FGF-basic, G-CSF, GM-CSF, IFN-ɔ, IP-10, MCP-1, MIP-

1Ŭ, MIP-1ɓ, PDGF-BB, RANTES, TNF-Ŭ, VEGF) ʚ ʩʫʧʝʨʥʘʪʘʥʪʘʭ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ 

ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʥʘ 2-ʭ ʣʫʯʝʚʦʤ ʣʘʟʝʨʥʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ (Bio-Plex 

Protein Assay System, Bio-Rad, USA) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʝʩʪ-ʩʠʩʪʝʤ (human 

cytokine 27-Plex) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

 

2.18. RNAseq-ʘʥʘʣʠʟ 

ʂʣʝʪʢʠ ʦʧʫʭʦʣʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʦʪʤʳʚʘʣʠ ʠ ʩʦʨʪʠʨʦʚʘʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ ʥʘ ʜʚʝ ʧʦʧʫʣʷʮʠʠ TAMRA+ ʠ TAMRAï. ʇʨʦʮʝʜʫʨʘ 

ʩʦʨʪʠʨʦʚʢʠ ʢʣʝʪʦʢ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (3ï5) ʠ ʙʳʣʦ ʩʦʙʨʘʥʦ ʥʝ ʤʝʥʝʝ 5Ĭ106 
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ʢʣʝʪʦʢ. ʉʫʤʤʘʨʥʫʶ ʈʅʂ ʠʟ ʢʣʝʪʦʢ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʘʛʝʥʪʘ TRIzol ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɹʠʙʣʠʦʪʝʢʠ ʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʈʅʂ 

Illumina TruSeq RNA sample preparation kit, v.2; ʢɼʅʂ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʈʅʂ Illumina TruSeq RNA sample preparation kit, v.2. ʢɼʅʂ ʟʘʛʨʫʞʘʣʠ ʚ 

MiSeq (Illumina), ʠʩʧʦʣʴʟʫʷ MiSeq Reagent Kit  v.3 (ɸʣʴʙʠʦʛʝʥ, ʈʦʩʩʠʷ). ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʯʪʝʥʠ ̫

ʙʳʣʠ ʦʯʠʱʝʥʳ ʦʪ ʘʜʘʧʪʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ TrimGalore (Babraham 

Institute) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʡ (<20 ʥʫʢʣʝʦʪʠʜʦʚ). 

ʎʝʣʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʚʩʝ ʚʘʨʠʘʥʪʳ ʪʨʘʥʩʢʨʠʧʪʦʚ Homo Sapiens, Mus musculus) 

ʙʳʣʠ  ʩʢʘʯʘʥʳ ʩ https://www.ensembl.org/index.html. ɼʘʣʝʝ ʦʥʠ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʫ 

ʙʦʣʴʰʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʪʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ 

ʩʧʝʡʩʝʨʘʤʠ ʤʘʩʢʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʦʡ 200 ʥʫʢʣʝʦʪʠʜʦʚ. ʂʘʨʪʠʨʦʚʘʥʠʝ 

ʧʨʦʯʪʝʥʠʡ ʥʘ ʧʦʣʫʯʝʥʥʫʶ ʤʠʰʝʥʴ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ReadsMap ʢʦʤʧʘʥʠʠ 

Softberry (Softberry Inc., Mount Kisco, ʉʐɸ) (Engstrºm et al., 2013). ʇʨʦʯʪʝʥʠʷ ʚʳʨʘʚʥʠʚʘʣʠʩʴ ʚ 

ʩʪʨʦʛʠʭ ʫʩʣʦʚʠʷʭ (ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʠʥʩʝʨʮʠʠ/ʜʝʣʝʮʠʠ ʥʘ ʚʳʨʘʚʥʠʚʘʥʠʝ). ɼʣʷ ʬʠʥʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʩʪʘʚʣʷʣʠʩʴ ʪʦʣʴʢʦ çʣʫʯʰʠʝè (ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʩʦʚʧʘʜʝʥʠʡ) 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʨʦʯʪʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ 

çʧʝʨʝʧʨʝʜʩʢʘʟʘʥʠʷè, ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʝ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʥʠʢʘʣʴʥʳʤʠ 

(ʫʥʠʢʘʣʴʥʦ ʢʘʨʪʠʨʦʚʘʥʥʳʤʠ) ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ. ɼʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʥʳ 

ʛʠʩʪʦʥʦʚ: ʚʩʝ ʫʥʠʢʘʣʴʥʳʝ ʧʨʦʯʪʝʥʠʷ, ʢʘʨʪʠʨʦʚʘʥʥʳʝ ʥʘ ʚʩʝ ʛʝʥʳ ʛʠʩʪʦʥʦʚ ʚ TAMRA+ ʠ 

TAMRA- ʢʣʝʪʢʘʭ, ʩʢʣʘʜʳʚʘʣʠʩʴ ʠ ʩʫʤʤʳ ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ . ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣ 1.075 ʜʣʷ TAMRA+ ʢʣʝʪʦʢ. ɻʝʥʳ ʙʳʣʠ ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʯʪʝʥʠʡ ʥʘ ʪʨʘʥʩʢʨʠʧʪ ʚ ʢʣʝʪʢʘʭ TAMRA+ ʠ 

TAMRAï. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʛʝʥʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʆʉʂ. ɻʝʥʳ ʩ ʠʟʤʝʥʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚ TAMRA+ 

ʢʣʝʪʢʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ TAMRAï ʢʣʝʪʦʢ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

RNAseq. ɼʘʣʝʝ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ RNAseq, ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʤʝʪʦʜʦʤ qPCR. ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʛʝʥʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʦʩʣʝ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʨʦʯʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 2. 
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2.19. ʇʦʠʩʢ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʧʦʣʠʘʥʠʦʥʦʚ/ʛʝʧʘʨʠʥʘ/ʜʮɼʅʂ ʚ 

ʬʘʢʪʦʨʘʭ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ TAMRA + ʢʣʝʪʦʢ 

ʇʦ ʜʘʥʥʳʤ RNAseq ʙr ʣʠ ʦʪʦʙʨʘʥʳ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʚ TAMRA+ ʢʣʝʢʘʭ 

ʂʨʝʙʩ-2 ʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ B-ʣʠʤʬʦʤʳ ʛʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʩʠʥʪʝʟ ʧʨʦʪʦʛʣʠʢʘʥʦʚ, 

ʩʢʘʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʦʚ ʠ ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-ʟʘʷʢʦʨʝʥʥʳʭ ʙʣʝʣʢʦʚ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʛʝʧʘʨʠʥ, ʧʦʣʠʘʥʠʦʥʳ ʠ ʜʮɼʅʂ 

ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ (ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʚ ʧʣʘʪʬʦʨʤʘʭ: Scopus, Web of 

Science, PubMed, Google Scholar). ʇʦʠʩʢ ʛʦʤʦʣʦʛʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʙʝʣʢʘʭ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ TAMRA+ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ  ʩʝʨʚʠʩʘ blastp (ʥʘ ʩʘʡʪʝ 

https://blast.ncbi.nlm.nih.gov/). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʙʝʣʢʘʭ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʨʫʯʥʫʶ. 

 

2.20. ɺʘʣʠʜʠʨʫʶʱʠʡ qPCR  

ʂʣʝʪʢʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʠ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2 ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʩʫʙʧʦʧʫʣʷʮʠʠ TAMRA+ ʠ TAMRAï ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʢʣʝʪʦʢ 

ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʈʅʂ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʢɼʅʂ (ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʫʥʢʪʝ 2.15). ʉʠʥʪʝʟ 

ʢɼʅʂ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʜʣʷ ʩʠʥʪʝʟʘ ʢɼʅʂ Mint-2. 

ʇʨʘʡʤʝʨʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʘ NCBI PrimerBLAST ʜʣʷ ʦʙʣʘʩʪʠ, 

ʚʢʣʶʯʘʶʱʝʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʵʢʟʦʥʘʤʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ ʵʢʟʦʥ ʙʳʣ 

ʜʣʠʥʦʡ ʙʦʣʝʝ 1 ʢʙ). ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʩʫʤʤʘʨʥʦʡ ʢɼʅʂ ʤʝʪʦʜʦʤ ʇʎʈ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʫʥʜʘ qPCR ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʩʦʨʪʠʨʦʚʢʘ ʢʣʝʪʦʢ. ʈʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ SYBR Green PCR Master Mix. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʪʥʳʭ 

ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ɓ-act (ɓ-ʘʢʪʠʥ) ʤʳʰʠ ʠ RPLP0 (ʨʠʙʦʩʦʤʘʣʴʥʳʡ ʙʝʣʦʢ, ʢʣʶʯʝʚʦʡ 

ʢʦʤʧʦʥʝʥʪ ʙʦʣʴʰʦʡ 60S ʩʫʙʲʝʜʠʥʠʮʳ) ʯʝʣʦʚʝʢʘ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʪʨʝʭ 

ʧʦʚʪʦʨʘʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʧʨʦʚʦʜʠʣʠ ʦʪ ʪʨʝʭ ʜʦ hʝʩʪʠ ʥʝʟʘʚʠʩʠʤʳʭ qPCR. ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ QuantStudio 5 ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ QuantStudio 

Design & Analysis. ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ȹȹCt. 

 

2.21. ʇʦʜʩʯʝʪ ʢʦʧʠʡ ʤʦʣʝʢʫʣ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʤʝʪʦʜʦʤ qPCR 

ʇʦʜʛʦʪʦʚʢʘ ɼʅʂ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʚʩʝ 

ʧʨʦʮʝʜʫʨʳ ʧʦ ʚʳʜʝʣʝʥʠʶ ɼʅʂ ʠʟ ʢʣʝʪʦʢ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.9.  
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʘʡʤʝʨʳ M13 ʠʣʠ 

ʧʨʘʡʤʝʨʳ, ʧʦʜʦʙʨʘʥʥʳʝ ʥʘ ʛʝʥ Amp, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʣʘʟʤʠʜʝ pUC19. ɺ ʨʝʘʢʮʠʶ ʜʦʙʘʚʣʷʣʠ 

0, 0.5, 5, 50, 500, 5000 ʠ 50 000 ʧʛ ɼʅʂ ʧʣʘʟʤʠʜʳ pUC19 ʠ ɼʅʂ Alu-ʧʦʚʪʦʨʘ. ʂʘʞʜʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ct ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʪʨʠʯʥʦʡ ɼʅʂ ʩʪʨʦʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ StepOne v2.3. ʂʦʣʠʯʝʩʪʚʦ 

ɼʅʂ pUC19 ʠ Alu-ʧʦʚʪʦʨʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʷʜʝʨʥʦʡ ʠʣʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʷʭ 

ʢʣʝʪʦʢ ʂʨʝʙʩ-2, ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ StepOne v2.3. ɺ ʨʝʘʢʮʠʶ 

qPCR ʜʦʙʘʚʣʷʣʠ 100 ʥʛ ɼʅʂ-ʤʘʪʨʠʮʳ. ɼʅʂ, ʚʳʜʝʣʝʥʥʫʶ ʠʟ ʠʥʪʘʢʪʥʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʧʨʦʜʫʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ). ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ qPCR ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʪʦʨʘʭ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ qPCR ʚ ʢʦʣʠʯʝʩʪʚʦ ʢʦʧʠʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ. ɼʘʥʥʳʝ 

qPCR, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʚ ʘʙʩʦʣʶʪʥʳʝ ʯʠʩʣʘ 

ʤʦʣʝʢʫʣ ʧʣʘʟʤʠʜ ʠʣʠ Alu-ʧʦʚʪʦʨʦʚ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 100 ʥʛ ɼʅʂ ʂʨʝʙʩ-2, ʜʦʙʘʚʣʝʥʥʳʝ ʚ 

ʢʘʞʜʫʶ ʨʝʘʢʮʠʶ qPCR, ʨʘʚʥʷʝʪʩʷ ~8 333 ʢʣʝʪʢʘʤ (ʠʟ ʨʘʩʯʝʪʘ 12 ʧʛ/ʢʣʝʪʢʫ). ʋʯʠʪʳʚʘʷ, ʯʪʦ 

TAMRA+ ʢʣʝʪʢʠ ʷʚʣʷʶʪʩʷ ʪʝʤʠ ʞʝ ʢʣʝʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʥʘʣʠʟʠʨʦʚʘʣʠ ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ, 

ʧʨʠ ʧʦʤʦʱʠ FACS-ʘʥʘʣʠʟʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʥʘʣʠʟʠʨʦʚʘʣʠ ʦʙʘ ʪʠʧʘ ɼʅʂ (X). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʜʝʣʠʚ ʠʟʤʝʨʝʥʥʦʝ qPCR ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʧʠʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ 
8 3338

100
, ʧʦʣʫʯʘʝʪʩʷ 

ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ɼʅʂ ʥʘ ʢʣʝʪʢʫ. 

 

2.22. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɼʅʂ ɺ-ʢʣʦʥʘ ʚ ʦʙʨʘʟʮʘʭ ɼʅʂ ʩʬʝʨ ʢʫʣʴʪʫʨʳ ɺ-ʣʠʤʬʦʤʳ 

ʠ ɼʅʂ ʢʩʝʥʦʛʨʘʬʪʘ ʤʝʪʦʜʦʤ qPCR 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ɼʅʂ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ qPCR ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SYBR Green PCR Master Mix (Applied Biosystems, ʉʐɸ). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʘʡʤʝʨʳ JH/FR3c ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʘʡʤʝʨʳ ʥʘ 

ʦʙʣʘʩʪ ɹʛʝʥʘ RPLP0 ʜʣʷ ɼʅʂ ʯʝʣʦʚʝʢʘ ʠʣʠ ʦʙʣʘʩʪ ɹʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ E 2 (Ptger2) 

ʜʣʷ ɼʅʂ ʤʳʰʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.1); ʚ ʨʝʘʢʮʠʶ ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʯʠʱʝʥʥʦʡ ɼʅʂ B-ʢʣʦʥʘ ʜʣʠʥʦʡ 500 ʧ.ʥ. (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʩʪʨʦʝʥʥʦʛʦ 

VDJ-ʣʦʢʫʩʘ), ʩʫʤʤʘʨʥʦʡ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʧʣʘʮʝʥʪʳ ʯʝʣʦʚʝʢʘ, ʠ ɼʅʂ ʤʳʰʠ. ʂʘʞʜʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ. 

ʃʠʥʝʡʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ct ʦʪ ʩʦʜʝʨʞʘʥʠʷ ɼʅʂ ʙʳʣ ʧʦʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Microsoft Excel. ɺ ʢʘʞʜʫʶ ʨʝʘʢʮʠʶ qPCR ʜʦʙʘʚʣʷʣʠ ʤʘʪʨʠʯʥʫʶ 

ɼʅʂ (ʦʙʳʯʥʦ 100 ʥʛ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ). ʂʦʣʠʯʝʩʪʚʦ ʢʦʧʠʡ B-ʢʣʦʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 
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ɼʅʂ ʠʟ ʢʣʝʪʦʢ ʩʬʝʨ ʢʫʣʴʪʫʨʳ, ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʦʥʘ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠ ʤʳʰʠʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʝ SCID 

ʤʳʰʝʡ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Step One v2.3. ɺʩʝ ʨʝʘʢʮʠʠ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʚ ʚʠʜʝ ʪʨʦʡʥʳʭ ʧʦʚʪʦʨʦʚ, ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (ʦʪ ʪʨʝʭ ʜʦ 

ʜʝʚʷʪʠ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Step One Real-Time PCR System. 

 

2.23. ɺʳʜʝʣʝʥʠʝ ʢʣʝʪʦʢ ʘʩʮʠʪʘ ʂʨʝʙʩ-2 ʥʘ ʬʠʢʦʣʣ-ʚʝʨʦʛʨʘʬʠʥʦʚʦʤ ʛʨʘʜʠʝʥʪʝ  

ʋ ʤʳʰʠ ʧʦʩʣʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʦʪʙʠʨʘʣʠ 0.1 ʤʣ ʘʩʮʠʪʘ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 

3 ʤʣ PBS ʠ ʥʘʥʦʩʠʣʠ ʥʘ 3 ʤʣ ʬʠʢʦʣʣ-ʚʝʨʦʛʨʘʬʠʥʘ (ʧʣʦʪʥʦʩʪʴ 1.077 ʛ/ʩʤ3), ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

30 ʤʠʥ, 1 500 ʦʙ/ʤʠʥ (ʥʘ ʮʝʥʪʨʠʬʫʛʝ Eppendorf 5810 R). ɺʝʨʭʥʝʝ ʠʥʪʝʨʬʘʟʥʦʝ ʢʦʣʴʮʦ ʦʪʙʠʨʘʣʠ, 

ʧʨʦʢʘʣʳʚʘʷ ʧʠʧʝʪʢʦʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ ʥʘʜ ʥʠʤ, ʧʨʦʤʳʚʘʣʠ ʦʜʠʥ ʨʘʟ PBS.  

 

2.24. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʤʳʰʝʡ 

ʌʨʘʛʤʝʥʪʳ ʦʨʛʘʥʦʚ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 4 % ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʝ, ʦʙʝʟʚʦʞʠʚʘʣʠ ʚ ʩʧʠʨʪʘʭ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʦʩʚʝʪʣʷʣʠ ʢʩʠʣʦʣʦʤ, ʟʘʣʠʚʘʣʠ ʚ ʧʘʨʘʬʠʥ. ʇʘʨʘʬʠʥʦʚʳʝ ʩʨʝʟʳ 

ʪʦʣʱʠʥʦʡ ʜʦ 5 ʤʢʤ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ. ʇʨʦʩʤʦʪʨ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʤʠʢʨʦʬʦʪʦʩʲʝʤʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʚʝʪʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ AxioImager ZI. 

 

2.25. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel (Microsoft, ʉʐɸ) ʣʠʙʦ GraphPad Prism 

v.8 (GraphPad Software, ʉʐɸ). ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (Mean) ʠʣʠ ʤʝʜʠʘʥʘ 

(Median) Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (SD).  

ɺ ʩʣʫʯʘʝ ʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ 

ʄʘʥʥʘ-ʋʠʪʥʠ (ʚʳʙʦʨʢʘ ʥʝ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʠʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ t-ʪʝʩʪ 

ʉʪʴʶʜʝʥʪʘ (ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʙʦʨʢʠ). ɺ ʩʣʫʯʘʝ ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʩʨʘʚʥʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʄʘʥʥʘ-ʋʠʪʥʠ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ɹʦʥʬʝʨʦʥʠ, 

ʤʝʪʦʜ ɹʝʥʜʞʘʤʠʥʠ-ʁʝʢʫʪʠʝʣʠ ʠ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (one-way ANOVA, 

ʢʨʠʪʝʨʠʡ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʜʨʫʛʦʝ). ʇʨʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʷʭ ʨʘʟʥʳʭ ʪʦʯʝʢ ʫ 3-ʭ ʠ ʙʦʣʝʝ ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (two-way ANOVA). ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʪʣʠʯʠʷ ʢʨʠʚʳʭ ʂʘʧʣʘʥʘ-ʄʝʡʝʨʘ 

ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʨʘʥʛʦʚʦʛʦ ʪʝʩʪʘ. ɸʥʘʣʠʟ ʪʘʙʣʠʮ ʩʦʧʨʷʞʝʥʥʦʩʪʠ 

ʧʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ɢ2. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GraphPad Prism v.8  ʠʣʠ Statistica 10 (StatSoft, ʉʐɸ). 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ 

 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʛʦ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʷʚʣʝʥʠʷ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʦʡ ʜʮɼʅʂ ʚ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ 

ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ (ɻʉʂ, ʆʉʂ) ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʬʝʮʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ 

ʠʥʪʝʨʬʝʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ ɼʎʈ ʭʨʦʤʘʪʠʥʘ ʧʦʜʨʘʟʫʤʝʚʘʣʘ, ʯʪʦ ʪʘʢʫʶ ɼʅʂ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʆʉʂ. ʕʨʘʜʠʢʘʮʠʷ ʆʉʂ ʠʟ 

ʦʧʫʭʦʣʝʚʦʛʦ ʦʯʘʛʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʦʧʠʩʘʥʥʳʝ ʜʚʘ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʙʦʨʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ, ʪʘʨʛʝʪʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ.  

ʀʩʭʦʜʷ ʠʟ ʮʝʣʠ ʨʘʙʦʪʳ, ʜʠʟʘʡʥ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʧʷʪʴʶ ʦʩʥʦʚʥʳʤʠ 

ʯʘʩʪʷʤʠ. ʇʝʨʚʘ ̫ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʪʦʛʦ, ʯʪʦ ʚ ʧʦʧʫʣʷʮʠʠ ʂʂʄ ʤʳʰʝʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʠʥʪʨʥʘʣʠʟʫʶʪ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ. 

ɼʘʣʝʝ ʠʟʣʘʛʘʝʪʩʷ ʣʦʛʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʠʟʫʯʝʥʠʝ ʂʂʄ ʤʳʰʝʡ ʧʦʩʣʫʞʠʣʦ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʠʟʫʯʝʥʠʶ ʆʉʂ (ʨʘʟʜʝʣʳ 3.1, 3.2). ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ 

ʥʘʣʠʯʠʷ ʚ ʢʫʣʴʪʫʨʘʭ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ ʂʨʝʙʩ-2 ʠ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ TAMRA+ ʢʣʝʪʦʢ 

(ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ TAMRA-ɼʅʂ ʟʦʥʜ), ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʪʦʛʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʆʉʂ ʚʳʙʨʘʥʥʳʭ ʥʦʟʦʣʦʛʠʡ (ʨʘʟʜʝʣ 3.3). ʊʨʝʪʴʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ 

ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʚ ʢʣʝʪʢʠ ʜʚʫʭ ʚʳʙʨʘʥʥʳʭ 

ʦʧʫʭʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʆʉʂ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʤ ʦʙʣʘʜʘʪʴ 

ʫʢʘʟʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ (ʨʘʟʜʝʣ 3.4). ɺ ʥʘʯʘʣʝ ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʨʝʞʠʤʘ ʵʨʘʜʠʢʘʮʠʠ TAMRA+ ʆʉʂ ʠ ʩʦʟʜʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ çʂʘʨʘʥʘʭʘʥè (ʨʘʟʜʝʣʳ 3.5, 3.6). ɺ ʧʷʪʦʡ ʯʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʘʧʠʠ ʤʳʰʝʡ ʩ 

ʧʝʨʝʚʠʪʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʨʘʟʜʝʣ 3.7).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʚʳʩʪʨʘʠʚʘʝʪ ʣʦʛʠʯʝʩʢʠʡ ʧʫʪʴ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ 

(ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʢʘʢ ʥʦʚʦʝ ʩʚʦʡʩʪʚʦ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ) 

ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʣʝʯʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

 

3.1. ɻʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʤʳʰʝʡ ʠʥʪʝʨʥʘʣʠʟʫʶʪ ʢɻʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ  

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʜʮɼʅʂ ʩ ʂʂʄ ʤʳʰʝʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ: (1) ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʢʣʝʪʦʢ ʚ ʧʦʧʫʣʷʮʠʠ ʂʂʄ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʥʘʣʠʟʫʶʪ ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ; (2) 
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ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʷʚʣʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʜʫʱʝʛʦ 

ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʢʣʝʪʢʝ ʬʨʘʛʤʝʥʪʘʤʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ (ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʝʧʘʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩʠʥʛ ʬʨʘʛʤʝʥʪʦʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 

ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʮʝʥʝʥʦ ʢʦʣʠʯʝʩʪʚʦ CD34+ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ CD34ï ʂʂʄ, ʩʧʦʩʦʙʥʳʭ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʩ ʢʣʝʪʢʘʤʠ ʥʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʜʮɼʅʂ ʟʦʥʜ ʨʘʟʤʝʨʦʤ 500 ʧ.ʥ., ʤʝʯʝʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʝʪʢʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Alu-ʧʦʚʪʦʨʘ ʯʝʣʦʚʝʢʘ (TAMRA-ɼʅʂ ʟʦʥʜ), 

ʷʚʣʷʶʱʠʡʩʷ ʫʜʦʙʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʩʪ-ʤʦʣʝʢʫʣʦʡ (ʨʘʟʜʝʣ 2.6). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦʧʫʣʷʮʠʠ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ CD34+ ʂʂʄ 

(ʤʝʯʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʥʪʠʪʝʣʘʤʠ) ʠ ʢʣʝʪʦʢ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ TAMRA-ɼʅʂ ʟʦʥʜ, 

ʧʨʠ ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ FACS-ʘʥʘʣʠʟʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ CD34+ ʢʣʝʪʦʢ TAMRA-ʩʠʛʥʘʣ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 39.9 Ñ 2.1 % (Mean Ñ SD, 

n = 20) ʢʣʝʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʠ (ʈʠʩʫʥʦʢ 4 ɸ). ʀʟ ʦʙʱʝʡ ʬʨʘʢʮʠʠ ʂʂʄ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ CD34+ 

ʢʣʝʪʢʠ (CD34ï), TAMRA-ʤʝʯʝʥʘʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ɼʅʂ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʚ 0.5 Ñ 0.3 % 

(Mean Ñ SD, n = 3) ʢʣʝʪʦʢ (ʚʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 10 043 ʢʣʝʪʢʠ) (ʈʠʩʫʥʦʢ 4 ɹ).  

 

ʈʠʩ. 4. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʂʂʄ ʤʳʰʝʡ. ɸ) ʎʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ CD34+ ʂʂʄ ʤʳʰʝʡ ʧʦʩʣʝ ʩʦʚʤʝʩʪʥʦʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ex vivo. ʇʨʝʜʩʪʘʚʣʝʥʦ 3D-ʠʟʦʙʨʘʞʝʥʠʝ ʷʜʨʘ. ʆʢʨʘʩʢʘ ʧʦ DAPI (ʩʠʥʠʡ ʮʚʝʪ) ï 

ʭʨʦʤʘʪʠʥ ʠ ʛʨʘʥʠʮʳ ʷʜʨʘ; TAMRA-ʩʠʛʥʘʣ (ʢʨʘʩʥʳʡ) ï ʣʦʢʘʣʠʟʘʮʠʷ ʠʩʭʦʜʥʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ɼʅʂ ʚʥʫʪʨʠ ʷʜʨʘ. ɹ) ʆʨʪʦʛʦʥʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ CD34ï ʂʂʄ ʧʦʩʣʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʥʢʫʙʠʨʦʚʘʥʠʷ 

ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ (X- ʠ Y-ʧʨʦʝʢʮʠʠ ʧʦʢʘʟʘʥʳ ʩʧʨʘʚʘ ʠ ʩʚʝʨʭʫ, Z-ʧʨʦʝʢʮʠʷ ʚ ʮʝʥʪʨʝ). 

TAMRA-ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʠ ʯʘʩʪʠʯʥʦ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚʦ 

ʚʥʫʪʨʠʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʚ ʧʦʧʫʣʷʮʠʠ CD34+, ʪʘʢ ʠ ʚ 

CD34ï ʂʂʄ ʯʘʩʪʠʯʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʣʝʪʦʢ. ʆʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʯʝʥʦʡ ʜʮɼʅʂ ʚ CD34+ ʠ CD34ï ʂʂʄ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʧʘʜʘʶʪ ʚ ʢʣʝʪʢʠ ʧʦʧʫʣʷʮʠʠ CD34+ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (p<0.001, ʪʝʩʪ ʄʘʥʥʘ-ʋʠʪʥʠ).  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ɻʉʂ ʤʳʰʠ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ɻʉʂ ʤʳʰʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʤʦʣʝʢʫʣʳ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ c-Kit ʠ Sca-1 (Kyle-Cezar et al., 2007). ɺ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʠʥʪʘʢʪʥʳʭ ʂʂʄ ʤʳʰʝʡ ʣʠʥʠʠ ʉɺɸ/Lac ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʦʚʤʝʩʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʤʘʨʢʝʨʦʚ ɻʉʂ c-Kit ʠ Sca-1 ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʢʣʝʪʦʢ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ TAMRA-

ɼʅʂ ʟʦʥʜ (ʠʥʜʠʢʘʪʦʨ TAMRA). 1 ʤʣʥ ʂʂʄ ʙʳʣʠ ʦʢʨʘʰʝʥʳ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʘʨʢʝʨʦʚ c-Kit , Sca-1, ʘ ʪʘʢʞʝ ʢ ʥʠʤ ʙʳʣ ʜʦʙʘʚʣʝʥ TAMRA-ɼʅʂ ʟʦʥʜ (30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ ʙʳʣʠ ʦʪʤʳʪʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʜʣʷ ʧʦʜʩʯʝʪʘ 

ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ (ʊʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʨʥʘʣʠʟʘʮʠʝʡ TAMRA-ɼʅʂ ʟʦʥʜʘ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʤʘʨʢʝʨʦʚ c-Kit , Sca-1 ʚ ʢʣʝʪʢʘʭ ʠʥʪʘʢʪʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ.  

ʂʦʣ-ʚʦ 

ʢʣʝʪʦʢ 
TAMRA c-Kit  Sca-1 

TAMRA/ 

c-Kit *  

TAMRA/ 

Sca-1*  

Sca-1/ 

c-Kit  

TAMRA/ 

Sca-1/c-Kit *  

2850 154 267 49 38 11 11 10 

 5.4 % 9.4 % 1.7 % 1.3 % 0.39 % 0.39 % 0.35 % 

*p<0.001 (ʢʨʠʪʝʨʠʡ ɢ2). 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʤʘʨʢʝʨ c-Kit, ʧʨʝʦʙʣʘʜʘʝʪ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 9.4 %. ʂʣʝʪʦʢ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦ ʤʘʨʢʝʨʫ TAMRA ï 5.4 %, Sca1+ ʢʣʝʪʦʢ ï 1.7 %. 

ɺʩʪʨʝʯʘʶʪʩʷ ʢʣʝʪʢʠ ʩ ʜʚʦʡʥʳʤ ʦʢʨʘʰʠʚʘʥʠʝʤ TAMRA+/c-Kit+ ï 1.3 %. ʆʙʥʘʨʫʞʝʥʳ 

ʝʜʠʥʠʯʥʳʝ ʢʣʝʪʢʠ ʩ ʬʝʥʦʪʠʧʦʤ TAMRA+/Sca1+ ʠ Sca1+/c-Kit+ (ʧʦ 0.39 %), ʠ ʥʝʩʢʦʣʴʢʦ ʢʣʝʪʦʢ 

ʩ ʪʨʦʡʥʳʤ ʬʝʥʦʪʠʧʦʤ TAMRA+/Sca-1+/c-Kit+ (0.35 %) (ʊʘʙʣʠʮʘ 2). ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ p<0.001 

(ʢʨʠʪʝʨʠʡ ɢ2) ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʠʣʠ ʦʙʦʠʭ ʤʘʨʢʝʨʦʚ ɻʉʂ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʯʪʦ 

ʢʣʝʪʢʘ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʪʨʥʘʣʠʟʘʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ. 

ʏʪʦʙʳ ʝʱʝ ʨʘʟ ʧʦʢʘʟʘʪʴ ʬʘʢʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ɻʉʂ, ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ. ʂʂʄ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ 

TAMRA-ɼʅʂ ʟʦʥʜʘ, ʥʦ ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʬʣʫʦʨʦʭʨʦʤʘ (Alu ɼʅʂ ʟʦʥʜ). ʇʦʩʣʝ ʦʪʤʳʚʢʠ ʦʪ 
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ʩʫʙʩʪʨʘʪʘ ʢʣʝʪʢʠ ʠʩʯʝʨʧʳʚʘʶʱʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ ʠ ʜʘʣʝʝ ʧʨʦʪʝʠʥʘʟʦʡ ʂ ʜʣʷ ʧʦʣʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʚʥʝʰʥʝʡ ʜʮɼʅʂ.  

ʀʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ ʢʣʝʪʦʢ ʚʳʜʝʣʷʣʠ ʩʫʤʤʘʨʥʫ  ʁ ɼʅʂ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʤʤʘʨʥʫ  ʁɼʅʂ, ʚʳʜʝʣʝʥʥʫ  ʁʠʟ ʠʥʪʘʢʪʥʳʭ ʂʂʄ ʤʳʰʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ qPCR ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 5 ɸ. ʈʘʩʯʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʜʮɼʅʂ ʟʦʥʜ/ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ (ʪʦʯʢʘ ʚʳʭʦʜʘ ʥʘ ʧʣʘʪʦ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ) ʚ ʢʣʝʪʢʫ 

ʜʦʩʪʘʚʣʷʝʪʩʷ ~14 000 ʢʦʧʠʡ ʬʨʘʛʤʝʥʪʘ ʨʘʟʤʝʨʦʤ 500 ʧ.ʥ., ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ~6.5Ĭ106 ʧ.ʥ. ʠʣʠ 0.2 % 

ʦʪ ʛʘʧʣʦʠʜʥʦʛʦ ʛʝʥʦʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʜʘʥʥʳʝ, ʯʪʦ, ʧʦʧʘʚ ʚʦ 

ʚʥʫʪʨʝʥʥʠʝ ʢʦʤʧʘʨʪʤʝʥʪr ʢʣʝʪʢʠ, ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʣʠʛʠʨʫʶʪʩʷ ʠʣʠ ʩʘʤʠ ʥʘ ʩʝʙʷ, 

ʠʣʠ ʬʦʨʤʠʨʫʶʪ ʢʦʚʘʣʝʥʪʥʦ ʟʘʤʢʥʫʪʳʝ ʤʫʣʴʪʠʤʝʨʥʳʝ ʬʦʨʤʳ (ʈʠʩʫʥʦʢ 5 ɹ).  

 

ʈʠʩ. 5. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ 

ʚ ʂʂʄ ʤʳʰʝʡ. ɸ) ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʧʠʡ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʛʦ ʜʮɼʅʂ ʟʦʥʜʘ ʧʦ ʜʘʥʥʳʤ 

qPCR. ɹ) ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʇʎʈ-ʬʨʘʛʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄ13 

ʧʨʘʡʤʝʨʦʚ ʠ ʤʘʪʨʠʮʳ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ɻʉʂ ʤʳʰʠ, ʧʨʦʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ Alu ɼʅʂ ʟʦʥʜʦʤ. 

ʉʣʝʚʘ ï ʧʨʦʜʫʢʪ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʇʎʈ ʩ ʤʘʪʨʠʮʳ çAlu ʚ ʂʂʄè ʠ ʩ ʤʘʪʨʠʮʝʡ 

çɼʅʂ ʠʟ ʠʥʪʘʢʪʥʳʭ ʂʂʄè; ʩʧʨʘʚʘ ï ɻ ʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʜʫʢʪʦʚ qPCR ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. 

ʉʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʇʎʈ-ʧʨʦʜʫʢʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩ ʢʦʥʢʘʪʝʤʝʨʠʟʦʚʘʥʥʦʡ ʚ ʢʣʝʪʢʘʭ Alu 

ɼʅʂ ʤʘʪʨʠʮʳ. ɺ) ɸʥʘʣʠʟ ʛʝʥʦʤʥʦʡ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʂʂʄ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʣʠʥʝʡʥʦʡ 

ʬʦʨʤʦʡ ʧʣʘʟʤʠʜʳ pEGFP-N1. ʇʨʝʜʩʪʘʚʣʝʥʘ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʚʫʭ ʧʣʘʟʤʠʜ, 
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ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ (8lig1 ʠ 8lig7). ʉʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩʠʥʛ ʩʚʦʙʦʜʥʳʭ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʢʦʥʮʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʣʠʛʠʨʦʚʘʥʠʝ ʚ ʢʦʣʴʮʦ. 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʡ ʚ ʂʂʄ ʜʮɼʅʂ ʚ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʠʜʝʪ ʨʝʧʘʨʘʮʠʷ ɼʎʈ, ʢʘʢ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʝʧʘʨʘʮʠʠ ʄʎʉ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʳʰʘʤ ʚʚʦʜʠʣʠ ʎʌ ʚ ʜʦʟʝ 200 ʤʢʛ/ʢʛ. ʏʝʨʝʟ 18 ʯʘʩʦʚ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ 

ʮʠʪʦʩʪʘʪʠʢʘ ʂʂʄ ʚʳʤʳʚʘʣʠ ʩʨʝʜʦʡ ʜʣʷ ʠʥʢʫʙʘʮʠʠ, ʧʨʦʤʳʚʘʣʠ ʜʚʘ ʨʘʟʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ. 

ʇʣʘʟʤʠʜʥʘʷ ɼʅʂ pEGFP-N1 ʙʳʣʘ ʛʠʜʨʦʣʠʟʦʚʘʥʘ ʧʦ ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʧʦʣʠʣʠʥʢʝʨʝ ʩʘʡʪʫ 

ʨʝʩʪʨʠʢʮʠʠ HindIII. ʂ ʩʫʩʧʝʥʟʠʠ ʂʂʄ (20 ʤʣʥ) ʜʦʙʘʚʣʷʣʠ 100 ʤʢʛ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 4 ʯʘʩʘ ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ. ʇʦʩʣʝ ʦʪʤʳʚʦʢ ʠʟ ʂʂʄ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʷʜʨʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʛʝʥʦʤʥʘʷ ɼʅʂ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ, ʩʚʷʟʘʥʘ ʣʠ ʧʣʘʟʤʠʜʥʘʷ ɼʅʂ ʩ 

ʭʨʦʤʘʪʠʥʦʤ, ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʷʜʝʨʥʦʛʦ ʣʠʟʘʪʘ ʚ ʛʨʘʜʠʝʥʪʝ NaCl (ʨʘʟʜʝʣ 

2.10). ʇʦʩʣʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ɼʅʂ ʩʦʙʠʨʘʣʠ ʬʨʘʢʮʠʷʤʠ ʧʦ 250 ʤʢʣ, 

ʧʝʨʝʦʩʘʞʜʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ. ɺʩʝʛʦ ʙʳʣʦ ʩʦʙʨʘʥʦ 23 ʬʨʘʢʮʠʠ. ɼʅʂ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʚʦ ʬʨʘʢʮʠʷʭ ˉ 7ï10 ʠ 23 (ʭʨʦʤʘʪʠʥ).  

ɼʅʂ ʬʨʘʢʮʠʡ ˉ 7ï10 ʜʝʣʠʣʠ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʇʝʨʚʫʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʚ ʢʣʝʪʢʠ E. coli 

XL2-Blue MRF' ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʧʦʨʘʮʠʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʙʨʘʙʦʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦ ʬʨʘʢʮʠʷʭ 

7 ʠ 8 ʥʝ ʚʳʨʦʩʣʦ ʥʠ ʦʜʥʦʡ ʢʦʣʦʥʠʠ. ɺ ʩʣʫʯʘʝ ʬʨʘʢʮʠʠ 9 ʚʳʨʦʩʣʦ 14 ʢʦʣʦʥʠʡ, ʬʨʘʢʮʠʠ 10 ï 2 

ʢʦʣʦʥʠʠ ʠ ʬʨʘʢʮʠʠ 23 ï 13 ʢʦʣʦʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʢʣʝʪʢʠ E. coli ʙʳʣʠ 

ʧʨʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʥʦʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʠʜʳ, 

ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʣʠ ʢ ʂʂʄ. ɺ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ɺʪʦʨʫʶ ʯʘʩʪʴ ɼʅʂ ʠʟ ʬʨʘʢʮʠʡ ʣʠʛʠʨʦʚʘʣʠ ʩʘʤʫ ʥʘ ʩʝʙʷ (ʵʪʘʧ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʠʥʛʘ ʣʠʥʝʡʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʥʫʪʨʠ ʢʣʝʪʢʠ), ʘ ʟʘʪʝʤ ʪʨʘʩʬʦʨʤʠʨʦʚʘʣʠ ʚ 

ʵʣʝʢʪʨʦʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʣʫʯʘʝ ɼʅʂ ʠʟ ʬʨʘʢʮʠʡ 7 ʠ 10 ʥʝ ʚʳʨʦʩʣʦ ʥʠ 

ʦʜʥʦʡ ʢʦʣʦʥʠʠ, ʠʟ ʬʨʘʢʮʠʠ 8 ï 8 ʢʦʣʦʥʠʡ, ʠʟ ʬʨʘʢʮʠʠ 9 ï 19 ʢʦʣʦʥʠʡ. ɼʅʂ ʧʣʘʟʤʠʜ ʚʩʝʭ 

ʢʦʣʦʥʠʡ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʯʘʩʪʴ 

ʚʳʜʝʣʝʥʥʳʭ ʧʣʘʟʤʠʜ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʭʦʜʥʦʡ ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ ʧʣʘʟʤʠʜʳ pEGFP-N1, 

ʥʝʩʢʦʣʴʢʦ ʧʣʘʟʤʠʜ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʫʣʴʪʠʤʝʨʥʳʤ ʬʦʨʤʘʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʠʩʭʦʜʥʦʡ ʧʣʘʟʤʠʜʳ ʠ ʜʚʝ ʧʣʘʟʤʠʜʳ (8lig1 ʠ 8lig7) ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ ʧʦ ʨʘʟʤʝʨʫ, ʯʝʤ ʠʩʭʦʜʥʘʷ 

ʤʦʥʦʤʝʨʥʘʷ ʬʦʨʤʘ. ʕʪʠ ʧʣʘʟʤʠʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ɼʅʂ 8-ʡ ʬʨʘʢʮʠʠ ʧʦʩʣʝ ʣʠʛʠʨʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨʦʪʢʠʭ ʧʣʘʟʤʠʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʝ ʧʣʘʟʤʠʜʳ 

ʫʢʦʨʦʯʝʥʳ ʚ ʦʙʣʘʩʪʠ ʧʦʣʠʣʠʥʢʝʨʘ. ɺ ʩʣʫʯʘʝ ʧʣʘʟʤʠʜʳ 8lig1 ʧʨʦʠʟʦʰʣʘ ʜʝʣʝʮʠʷ ʬʨʘʛʤʝʥʪʘ 

ʨʘʟʤʝʨʦʤ 786 ʧ.ʥ. ʩ 538 ʧʦ 1 324 ʥʫʢʣʝʦʪʠʜʳ. ʊʦ ʝʩʪʴ, ʜʝʣʝʪʠʨʦʚʘʥʦ 85 ʧ.ʥ. ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ 
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ʩʘʡʪʘ HindIII ʠ 701 ʧ.ʥ. ʚ ʜʨʫʛʫʶ. ɺ ʩʣʫʯʘʝ ʧʣʘʟʤʠʜʳ 8lig7 ʧʨʦʠʟʦʰʣʘ ʜʝʣʝʮʠʷ 1 848 ʧ.ʥ. ʩ 618 

ʧʦ 2 466 ʧ.ʥ. ʊʦ ʝʩʪʴ ʜʝʣʝʪʠʨʦʚʘʥʦ 5 ʧ.ʥ. ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʠ 1 843 ʧ.ʥ. ʚ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʦʪ ʩʘʡʪʘ 

ʛʠʜʨʦʣʠʟʘ HindIII (ʈʠʩʫʥʦʢ 5 ɺ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝʩʷ ʚ ʂʂʄ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʱʝʛʦ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ 

ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʵʢʟʦ-

/ʵʥʜʦʥʫʢʣʝʘʟʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʢʦʥʮʦʚ ɼʅʂ, ʘ ʪʘʢʞʝ 

ʢʦʥʢʘʪʝʤʝʨʠʟʘʮʠʷ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 5 ɹ, ɺ). 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʢʘʟʳʚʘʣʘ ʬʘʢʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʂʂʄ ʤʳʰʝʡ (CD34+, c-Kit+, Sca1+), ʘ 

ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʙʳʪʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʢʣʝʪʢʝ.  

 

3.2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʠʜʝʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ɼʅʂ, ʜʦʩʪʘʚʣʝʥʥʘʷ ʚ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʢʣʝʪʢʫ ʢʨʦʚʠ, ʫʯʘʩʪʚʫʝʪ 

ʚ ʧʨʦʮʝʩʩʝ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʘʜʠʘʮʠʝʡ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʝʛʦ 

ʮʠʪʦʩʪʘʪʠʢʘ ʎʌ ((Dolgova et al., 2012a, b; Likhacheva et al., 2007), ʨʘʟʜʝʣ 3.1).  

ɼʣʷ ʨʘʟʚʠʪʠʷ ʜʘʣʴʥʝʡʰʝʡ ʠʜʝʠ ʠʩʩʣʝʜʦʚʘʥ ̫ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʷʚʣʷʣʩʷ ʬʘʢʪ ʪʦʛʦ, 

ʯʪʦ ʎʌ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʧʨʠ ʣʝʯʝʥʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (Wu, 

Waxman, 2014). ɺʪʦʨʳʤ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʚʣʠʷʚʰʠʤ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʠʜʝʠ, ʙʳʣʦ ʥʦʚʦʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʦʙ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʚʠʪʦʡ 

ʦʧʫʭʦʣʠ, ʛʜʝ ʥʘ ʚʝʨʰʠʥʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʭʦʜʷʪʩʷ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʆʉʂ, 

ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʣʠʟʢʠʝ ʢ ʥʦʨʤʘʣʴʥʳʤ ʉʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ ʢʨʦʚʠ 

(Gilbert, Ross, 2009).  

ʀ ʥʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʠʤ ʵʣʝʤʝʥʪʦʤ ʥʦʚʦʡ ʠʜʝʠ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʆʉʂ, ʧʦʜʦʙʥʦ 

ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ ʢʨʦʚʠ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʪʴ ʥʦʚʦʡ ʠʜʝʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘʣʠʯʠʝ ʥʝʛʘʪʠʚʥʦʛʦ 

ʩʠʥʝʨʛʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʝʛʦ ʮʠʪʦʩʪʘʪʠʢʘ ʠ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, 

ʦʢʘʟʘʚʰʠʭʩʷ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʤʦʤʝʥʪ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʠ 

ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʚʠʜʝ ʛʠʙʝʣʠ ɻʉʂ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʙʝʣʦʛʦ ʨʦʩʪʢʘ 

ʢʨʦʚʝʪʚʦʨʝʥʠʷ (çʦʢʥʦ ʩʤʝʨʪʠè) (Dolgova et al., 2012a), ʧʦʜʨʘʟʫʤʝʚʘʣʦ, ʯʪʦ ʝʩʣʠ ʆʉʂ ʧʦʜʦʙʥʦ 

ɻʉʂ ʟʘʭʚʘʪʳʚʘʶʪ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ɼʅʂ, ʪʦ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʪʘʨʛʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʚʫʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʆʉʂ. ɺ 
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ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʆʉʂ ʙʫʜʫʪ ʵʨʘʜʠʮʠʨʦʚʘʥʳ ʠʟ ʦʯʘʛʘ 

ʨʦʩʪʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʃʠʰʝʥʥʘʷ ʪʫʤʦʨʦʛʝʥʥʦʛʦ ʥʘʯʘʣʘ ʦʧʫʭʦʣʴ ʙʫʜʝʪ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʝʟʦʨʙʠʨʦʚʘʥʘ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʨʛʘʥʠʟʤʘ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʠʤʝʣʦ 

ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʦʥʢʦʪʝʨʘʧʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʪʘʨʛʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʆʉʂ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ, ʝʝ ʧʨʦʛʨʝʩʩʠʶ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʪʘʩʪʘʟʦʚ ʠ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʷ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʦʧʫʭʦʣʝʚʳʝ ʤʦʜʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ: ʢʘʨʮʠʥʦʤʘ ʤʳʰʠ ʂʨʝʙʩ-2 ʠ ʢʫʣʴʪʫʨʘ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-

ʣʠʤʬʦʤʳ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʧʘʮʠʝʥʪʘ ʩ ʄʄ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ 

ʚʳʨʦʞʜʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʭʦʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 3.3.2.1).  

ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʦʙʫʩʣʦʚʣʠʚʘʣʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠ ʤʳʰʠʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʤʦʛʣʦ ʙʳ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʝʥʦʤʝʥʘ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʝʪʦʯʥʦʡ ɼʅʂ; ʚʦ-ʚʪʦʨʳʭ, ʦʙʝ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʣʠ ʥʘʭʦʜʠʪʩʷ ʢʘʢ 

ʚ ʚʠʜʝ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʚ ʬʦʨʤʝ ʩʦʣʠʜʥʳʭ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ, ʯʪʦ ʨʘʩʰʠʨʷʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʝʩʣʠ ʚ ʫʢʘʟʘʥʥʳʭ ʢʫʣʴʪʫʨʘʭ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ ʢʣʝʪʢʠ, ʩʧʦʩʦʙʥʳʝ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ (TAMRA-ɼʅʂ ʟʦʥʜ), ʪʦ ʵʪʠ ʢʣʝʪʢʠ ʙʫʜʫʪ 

ʷʚʣʷʪʴʩʷ ʆʉʂ ʚʳʙʨʘʥʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʂʨʝʙʩ-2 ʠ ɺ-ʣʠʤʬʦʤʳ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʦʢʘʞʝʪʩʷ ʚʝʨʥʳʤ, ʪʦ ʠʩʧʦʣʴʟʫʷ ʚʳʙʨʘʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʫʩʣʦʚʠʷ (ʨʝʞʠʤ) ʫʜʘʣʝʥʠʷ ʆʉʂ ʠʟ ʦʧʫʭʦʣʠ (ʢʫʣʴʪʫʨʳ) ʩʦʯʝʪʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʨʦʩʩʣʠʥʢʠʨʫʶʱʝʛʦ ʮʠʪʦʩʪʘʪʠʢʘ ʠ ʧʨʝʧʘʨʘʪʘ ʜʮɼʅʂ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʡ ʪʝʨʘʧʠʠ ʙʫʜʝʪ 

ʨʝʟʦʨʙʮʠʷ ʦʧʫʭʦʣʠ (ʚʳʨʦʞʜʝʥʠʝ ʢʫʣʴʪʫʨʳ) ʠ ʚʳʣʝʯʠʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ.  

 

3.3. ʆʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʩʧʦʩʦʙʥʳʝ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ɼʅʂ, 

ʷʚʣʷʶʪʩʷ ʦʧʫʭʦʣʝʚʳʤʠ ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ 

 

3.3.1. ʄʦʜʝʣʴ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ ʂʨʝʙʩ-2 

3.3.1.1. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʷʚʣʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʢʦʥʮʝʧʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʫʭʦʣʠ, ʛʜʝ ʥʘ ʚʝʨʰʠʥʝ ʥʘʭʦʜʠʪʩʷ 

ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʆʉʂ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʥʠʮʠʘʮʠʶ, ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʪʝʨʘʧʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʮʠʜʠʚʦʚ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʪʘʢʞʝ 

ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʮʝʥʪ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ. ʉʣʝʜʫʷ ʠʜʝʦʣʦʛʠʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʙʫʜʫʪ ʢʣʝʪʢʠ, 

ʩʧʦʩʦʙʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʚ ʢʫʣʴʪʫʨʝ ʂʨʝʙʩ-2 ʢʣʝʪʢʠ ʩ 

ʫʢʘʟʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʜʮɼʅʂ ʟʦʥʜ: ʇʎʈ-ʬʨʘʛʤʝʥʪ ʨʘʟʤʝʨʦʤ 

500 ʧ.ʥ., ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Alu-ʧʦʚʪʦʨʘ ʯʝʣʦʚʝʢʘ ʠ ʩʦʜʝʨʞʘʱʠʡ ʇʎʈ-

ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʳʡ ʥʫʢʣʝʦʪʠʜ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ TAMRA-ʬʣʫʦʨʦʭʨʦʤʦʤ (TAMRA-5Ë-

dUTP). ʊʘʢʦʡ ʟʦʥʜ ʠʤʝʝʪ ʠʟʚʝʩʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʜʣʠʥʫ, ʢʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʤʦʞʥʦ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚ ʢʣʝʪʢʘʭ ʧʨʠ ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, FACS ʠ ʇʎʈ-ʘʥʘʣʠʟʘ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʢʣʝʪʢʠ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ TAMRA-ɼʅʂ ʟʦʥʜ, ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ çTAMRA + 

ʢʣʝʪʢʠè, ʘ ʢʣʝʪʢʠ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʪʘʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ï ʢʘʢ çTAMRAïè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TAMRA-ɼʅʂ ʟʦʥʜʘ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʫʣʴʪʫʨʝ ʂʨʝʙʩ-2 ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʣʝʪʢʠ, 

ʩʧʦʩʦʙʥʳʝ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʯʝʥʳʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ dUTP-5Ë-TAMRA, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʠʥʪʝʟʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ɼʅʂ, ʥʝ 

ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʠ ʥʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ ʢʣʝʪʢʘʭ (ʈʠʩʫʥʦʢ 6 ɸ, ɹ).  

 

ʈʠʩ. 6. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʂʨʝʙʩ-2. 

ɸ) ʎʠʪʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʣʦʢʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʠ ʤʝʯʝʥʦʛʦ dUTP-5Ë-

TAMRA-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʥʝ ʟʘʭʚʘʪʳʚʘʶʪ TAMRA-ʤʝʯʝʥʳʡ 
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ʪʨʠʬʦʩʬʘʪ. ɹ) ʎʠʪʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʣʦʢʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ. 

ɺ) ʎʠʪʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʣʦʢʘʣʠʟʘʮʠʠ TAMRA-ʤʝʯʝʥʦʡ ʛʝʥʦʤʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ 

(ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ 200ï6000 ʧ.ʥ.). ɻ) ʊʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʝʪʢʠ ʂʨʝʙʩ-2, ʩʦʜʝʨʞʘʱʝʡ 

TAMRA-ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

ɼ) FACS-ʘʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ.  

 

ɺ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʪʘʢʞʝ ʤʦʛʫʪ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴʩʷ ʣʠʥʝʡʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʩʫʤʤʘʨʥʘʷ ʛʝʥʦʤʥʘʷ ɼʅʂ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ ʧʣʘʮʝʥʪʳ ʯʝʣʦʚʝʢʘ 

(200ï6000 ʧ.ʥ.), ʤʝʯʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʘ ʂʣʝʥʦʚʘ 

(ʈʠʩʫʥʦʢ 6 ɺ). ʇʨʠ ʧʦʤʦʱʠ FACS-ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 2.8 Ñ 2.1 % (Mean Ñ SD, n = 13) 

ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʩʧʦʩʦʙʥʳ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ TAMRA-ɼʅʂ ʟʦʥʜ (ʈʠʩʫʥʦʢ 6 ɼ, ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʜʥʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ).  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʂʨʝʙʩ-2 ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ɼʅʂ 

ʧʣʘʟʤʠʜ rʚ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ʬʦʨʤʝ. ʌʨʘʢʮʠʷ ʛʝʥʦʤʥʦʡ ɼʅʂ ʢʣʝʪʦʢ ʘʩʮʠʪʘ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʣʠʥʝʡʥʦʡ ʠ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ɼʅʂ, ʚʳʜʝʣʝʥʥʘʷ ʧʦʩʣʝ ɼʅʂʘʟʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ, ʙʳʣʘ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʭʠʤʠʯʝʩʢʠ ʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ E. coli (ʪʠʪʨ 107). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʨʘʟʮʘ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʢʦʠʥʢʫʙʘʮʠʠ ʩ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ɼʅʂ, 

ʚʳʨʦʩʣʦ ~500 ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ, ʠʜʝʥʪʠʯʥʳʭ ʠʩʭʦʜʥʦʤʫ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ɼʅʂ, 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʢʦʠʥʢʫʙʘʮʠʠ ʩ ʣʠʥʝʡʥʦʡ ɼʅʂ ʧʣʘʟʤʠʜʳ, ʚʳʨʦʩʣʦ ʜʚʘ 

ʪʨʘʥʩʬʦʨʤʘʥʪʘ, ʠʜʝʥʪʠʯʥʳʭ ʠʩʭʦʜʥʦʤʫ, ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʅʂ ʣʠʥʝʡʥʦʡ 

ʧʣʘʟʤʠʜʳ ʚ ʪʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ, ʢʦʪʦʨʦʝ ʜʦʙʘʚʣʷʣʠ ʢ ʢʣʝʪʢʘʤ ʂʨʝʙʩ-2 (ʢʦʥʪʨʦʣʴ ʢʦʥʪʘʤʠʥʘʮʠʠ 

ʦʙʨʘʟʮʘ ɼʅʂ ʣʠʥʝʡʥʦʡ ʧʣʘʟʤʠʜʳ ʢʦʣʴʮʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ), ʘ ʪʘʢʞʝ ɼʅʂ, ʚʳʜʝʣʝʥʥʫʶ ʠʟ 

ʥʘʪʠʚʥʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2. ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ 

ʢʦʣʦʥʠʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʂʂʄ, ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʣʠʥʝʡʥʳʝ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʤʦʛʫʪ ʟʘʤʳʢʘʪʴʩʷ ʚ 

ʢʦʣʴʮʦ.  

ʀʥʪʨʠʛʫʶʱʠʤ ʙʳʣ ʚʦʧʨʦʩ, ʷʚʣʷʶʪʩʷ ʣʠ ʢʣʝʪʢʠ ʂʨʝʙʩ-2, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ TAMRA-

ɼʅʂ ʟʦʥʜ ʠ ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ, ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʢʣʝʪʢʘʤʠ. ɸʩʮʠʪʥʳʝ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʠ ɼʅʂ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ʬʦʨʤʳ ʧʣʘʟʤʠʜʳ 

pUC19. ɼʘʣʝʝ ʢʣʝʪʢʠ ʩʦʨʪʠʨʦʚʘʣʠ ʥʘ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ ʧʦ çTAMRA+ ʧʨʠʟʥʘʢʫè (ʈʠʩʫʥʦʢ 

7 ɸ). ʀʟ ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚʳʜʝʣʷʣʠ ɼʅʂ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ E. 

coli. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʪʦʣʴʢʦ TAMRA+ ʢʣʝʪʢʠ 

ʩʦʜʝʨʞʘʣʠ ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ (ʈʠʩʫʥʦʢ 7 ɹ).  
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ʈʠʩ. 7. ɸʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʣʠʥʝʡʥʦʛʦ ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ TAMRA-ɼʅʂ ʟʦʥʜʘ ʠ 

ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ ʬʦʨʤʳ ʧʣʘʟʤʠʜʳ pUC19 ʚ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ. ɸ) ʇʣʦʪʳ ʩ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ, ʦʪʨʘʞʘʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʦʨʪʠʨʦʚʢʠ. ɹ) ʈʝʟʫʣʴʪʘʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ E. coli ɼʅʂ, 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʩʦʨʪʠʨʦʚʘʥʥʳʭ TAMRA+ ʠ TAMRAï ʢʣʝʪʦʢ. ɺ) ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʣʘʟʤʠʜ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ; 1ï4 ï ʧʣʘʟʤʠʜʳ ʠʟ ʛʨʫʧʧʳ TAMRA+ (ʠʟ TAMRAï 

ʢʣʝʪʦʢ ʢʦʣʦʥʠʡ ʥʝ ʚʳʨʦʩʣʦ), 5ï6 ï ʧʣʘʟʤʠʜʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʦʡ ʢ 

ʢʣʝʪʢʘʤ ʂʨʝʙʩ-2 ʜʦʙʘʚʣʷʣʠ ʪʦʣʴʢʦ pUC19; pUC19, Alu-pBlue Script ï ʠʩʭʦʜʥʳʝ ʧʣʘʟʤʠʜʳ; 1kb 

ï ʤʘʨʢʝʨ. ɻ) ʈʝʩʪʠʨʠʢʮʠʷ ʧʣʘʟʤʠʜ ʤʝʣʢʦʱʝʧʷʱʝʡ ʨʝʩʪʨʠʢʪʘʟʦʡ HaeIII.  

 

ʀʟ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʣʘʟʤʠʜʳ ʠ ʧʨʦʚʝʨʝʥʳ ʨʝʩʪʨʠʢʮʠʝʡ 

ʤʝʣʢʦʱʝʧʷʱʝʡ ʨʝʩʪʨʠʢʪʘʟʦʡ (HaeIII). ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʣʘʟʤʠʜʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʛʨʫʧʧʳ 

TAMRA+ (ʈʠʩʫʥʦʢ 7 ɺ, ɻ, ʜʦʨʦʞʢʠ ʧʦʜ ʥʦʤʝʨʘʤʠ 2, 3), ʪʦ ʝʩʪʴ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʢʣʝʪʦʢ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʤʠʤʦ ʧʣʘʟʤʠʜʳ pUC19 ʝʱʝ ʠ TAMRA-ɼʅʂ ʟʦʥʜ, ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ 

ʧʣʘʟʤʠʜʘʤʠ pUC19. ʇʣʘʟʤʠʜʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʛʨʫʧʧʳ, ʛʜʝ ʂʨʝʙʩ-2 ʠʥʢʫʙʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʩ 

pUC19 (ʈʠʩʫʥʦʢ 7 ɺ, ɻ, ʜʦʨʦʞʢʘ ʧʦʜ ʥʦʤʝʨʦʤ 6), ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʡ ʧʣʘʟʤʠʜʝ.  

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʢʣʝʪʢʘʤʠ ʂʨʝʙʩ-2 ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʝʜʝʣ ʥʘʩʳʱʘʝʤʦʩʪʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 0.5 ʤʢʛ/1 ʤʣʥ 

ʢʣʝʪʦʢ. ʇʨʦʛʨʝʩʩʠʚʥʦʝ 12-ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʝʯʝʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ, ʧʨʠʚʦʜʠʣʦ ʪʦʣʴʢʦ ʢ 2.5-ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʩʮʠʪʥʳʭ 

ʢʣʝʪʦʢ, ʟʘʭʚʘʪʳʚʘʶʱʠʭ ɼʅʂ (ʈʠʩʫʥʦʢ 8 ɸ, ɹ).  
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ʈʠʩ. 8. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ ʂʨʝʙʩ-2. 

ɸ, ɹ) ʆʮʝʥʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʩ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʡ ʜʮɼʅʂ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʯʝʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. ʇʣʦʪʳ c ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ (ɸ) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤ ʛʨʘʬʠʢ (ɹ). ɺ) ʂʦʥʬʦʢʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʘʢʢʫʤʫʣʷʮʠʠ TAMRA-

ɼʅʂ ʟʦʥʜʘ ʚ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ. ʇʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʝʪʢʠ ʚ ʬʘʟʦʚʦʤ 

ʢʦʥʪʨʘʩʪʝ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʢʘʥʘʣʝ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʝʢʪʦʨʝ, ʧʨʦʚʝʜʝʥʥʦʤ ʩʢʚʦʟʴ ʢʣʝʪʢʫ. ɻ) ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ TAMRA-ʩʠʛʥʘʣʘ ʚ ʚʝʢʪʦʨʝ, ʧʨʦʚʝʜʝʥʥʦʤ ʩʢʚʦʟʴ ʢʣʝʪʢʫ (n = 4). ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʷ ʧʨʠʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʛʨʘʬʠʢ ʢʣʝʪʢʠ, ʥʝ ʠʥʪʝʨʥʘʣʠʟʫʶʱʝʡ ɼʅʂ. ʅʘ ʛʨʘʬʠʢʝ 

ʧʨʠʚʝʜʝʥʦ Mean Ñ SD. ɼ, ɽ) ʆʮʝʥʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʩ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʡ 

ʜʮɼʅʂ ʦʪ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ. ʇʣʦʪʳ ʩ ʧʨʦʪʦʯʥʦʛʦ ʮʠʪʦʤʝʪʨʘ (ɼ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤ 

ʛʨʘʬʠʢ (ɽ).  
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ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʢʣʝʪʢʠ ʬʨʘʛʤʝʥʪʘʤʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʯʘʩʘ ʠʥʢʫʙʠʨʦʚʘʥʠʷ (50ï60 ʤʠʥ). ʇʨʠ ʵʪʦʤ ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ, ʘ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ (ʈʠʩʫʥʦʢ 8 ɺ). ɼʠʥʘʤʠʢʘ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʜʮɼʅʂ ʦʮʝʥʠʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʣʝʪʢʠ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ 

ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʩʨʝʜʳ ʚ 16-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ, ʚ ʦʢʦʣʦʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʙʳʣ ʜʦʙʘʚʣʝʥ 

TAMRA-ɼʅʂ ʟʦʥʜ (0.5 ʤʢʛ/1 ʤʣʥ ʢʣʝʪʦʢ), ʤʘʪʝʨʠʘʣ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ 

ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ɹʳʣʦ ʚʳʙʨʘʥʦ ʧʦʣʝ ʢʣʝʪʦʢ (~100 ʢʣʝʪʦʢ), ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʯʝʪʳʨʝ ʢʣʝʪʢʠ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ ɼʅʂ. ɼʠʥʘʤʠʢʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 8 ɻ. ɺʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 50ï60 ʤʠʥ ʩ 

ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ ɼʅʂ ʚ ʩʨʝʜʫ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʳʡ 

ʛʨʘʬʠʢ ʜʣʷ ʢʣʝʪʢʠ, ʥʝ ʠʥʪʝʨʥʘʣʠʟʫʶʱʝʡ ɼʅʂ (ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ). 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʩ ʤʝʯʝʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʦʪ 30 ʤʠʥ ʜʦ 4 ʯʘʩʦʚ ʧʨʠʚʦʜʠʣʦ 

ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ, ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʜʮɼʅʂ (15ï20 %) 

(ʈʠʩʫʥʦʢ 8 ɼ). ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʥʦʡ, ʧʦʩʪʦʷʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ŬP32-ʤʝʯʝʥʦʛʦ 

ʟʦʥʜʘ ʧʦʜʪʚʝʨʜʠʣʠ ʩʧʦʩʦʙʥʦʩʪ ɹʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ (ʈʠʩʫʥʦʢ 9 ɸ).  

 

ʈʠʩ. 9. ɸʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʦʧʫʭʦʣʠ ʂʨʝʙʩ-2. 

ɸ) ɺʝʨʭʥʷʷ ʧʘʥʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʟʦʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ŬP32 ʇʎʈ-ʤʝʯʝʥʳʡ ʛʝʥ GFP (ʜʦʨʦʞʢʘ ï 

*GFP). ɺ ʧʨʷʤʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʟʘʩʚʝʪʢʝ ʦʮʝʥʠʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ 
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ʠʥʪʨʝʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʚʦʜʷʪʩʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

(ʩʣʝʚʘ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘʜʠʦʛʨʘʬʠʠ (ʩʧʨʘʚʘ) ʜʣʷ ʢʘʞʜʦʡ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ. ʅʠʞʥʷʷ ʧʘʥʝʣʴ. 

ɺ ʢʘʯʝʩʪʚʝ ɼʅʂ ʟʦʥʜʘ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʢ ʢʣʝʪʢʘʤ ʘʩʮʠʪʘ ʂʨʝʙʩ-2, ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʤʝʯʝʥʫ  ʁ

HindIII -ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʁ  ʧʣʘʟʤʠʜʫ pEGFP-N1. ɺʳʜʝʣʝʥʥʫ  ʁʠʟ ʢʣʝʪʦʢ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʫʶ 

ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ɼʅʂ ʧʝʨʝʥʦʩʠʣʠ ʧʦ ʉʘʫʟʝʨʥʫ ʥʘ ʤʝʤʙʨʘʥʫ ʩ ʜʘʣʴʥʝʡʰʝʡ ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʩ 

ŬP32-ʤʝʯʝʥʳʤ ʟʦʥʜʦʤ (ʛʝʥ GFP). M ï ʤʘʨʢʝʨ; çʎʌ+ɼʅʂè ï ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʂʨʝʙʩ-2, ʚʳʜʝʣʝʥʥʳʝ 

ʯʝʨʝʟ 18 ʯʘʩʦʚ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʤʳʰʘʤ ʎʌ (200 ʤʛ/ʢʛ) ʠ ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʩ ʤʝʯʝʥʦʡ ɼʅʂ (1, 2, 

4 ʠ 8 ʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); çɼʅʂè ï ʢʣʝʪʢʠ ʘʩʮʠʪʘ ʠʥʪʘʢʪʥʦʡ ʤʳʰʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʩ ʤʝʯʝʥʦʡ 

ɼʅʂ (1, 2, 4 ʠ 8 ʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); çʂʂʄè ï ʢʣʝʪʢʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠʥʪʘʢʪʥʦʡ ʤʳʰʠ, 

ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʩ ʤʝʯʝʥʦʡ ɼʅʂ (1, 2, 4 ʠ 8 ʯ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠʚʦʜʷʪʩʷ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʩʣʝʚʘ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘʜʠʦʛʨʘʬʠʠ (ʩʧʨʘʚʘ). 

ɹ) ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ-ʤʘʪʝʨʠʘʣʘ, 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʛʣʘʚʥʳʝ ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ 

ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ. ɺ) ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ 

ʧʣʘʟʤʠʜʳ pUC19 (1) ʠ TAMRA-ɼʅʂ ʟʦʥʜʘ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Alu-ʧʦʚʪʦʨʘ) (2) ʚ ʢʣʝʪʢʠ 

ʂʨʝʙʩ-2, ʚʳʧʦʣʥʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ qPCR. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʠʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʠ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ ɼʅʂ-ʧʨʦʙʦʡ.  

 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʟʦʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ŬP32 ʇʎʈ-ʤʝʯʝʥʳʡ ʛʝʥ 

GFP (Green fluorescent protein). ʆʮʝʥʠʚʘʣʘʩʴ ʚ ʧʨʷʤʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʟʘʩʚʝʪʢʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ (ʈʠʩʫʥʦʢ 9 ɸ, ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ). ʏʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʤʝʯʝʥʦʛʦ ʟʦʥʜʘ ʜʦ ʤʦʥʦʤʝʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʨʝʩʠʥʪʝʟʘ, ʠ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʢʣʝʪʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʤʝʥʥʦ ɼʅʂ ʠʩʭʦʜʥʦ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʉʘʫʟʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʤʝʯʝʥʘʷ, HindIII -ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʧʣʘʟʤʠʜʘ pEGFP-

N1. ɺʳʜʝʣʝʥʥʘʷ ʠʟ ʢʣʝʪʦʢ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ɼʅʂ ʧʝʨʝʥʦʩʠʣʘʩʴ ʧʦ 

ʉʘʫʟʝʨʥʫ ʥʘ ʤʝʤʙʨʘʥʳ Zeta-Probe. ʅʝʧʨʷʤʘʷ ʜʝʪʝʢʮʠʷ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ ʧʣʘʟʤʠʜʳ ʚ ʢʣʝʪʢʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʤʙʨʘʥ ʩ ŬP32-ʤʝʯʝʥʳʤ ʟʦʥʜʦʤ (ʛʝʥ GFP) (ʈʠʩʫʥʦʢ 9 ɸ, 

ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʭʦʞʜʝʥʠʝ ʚ ʢʣʝʪʢʝ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ 

ʠʩʭʦʜʥʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʅʘ ʂʂʄ ʤʳʰʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ ɼʅʂ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʢʣʝʪʢʫ ʚ ʤʦʤʝʥʪ 

ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʚʳʟʚʘʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʮʠʪʦʩʪʘʪʠʢʘ ʎʌ, ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʭʦʜ 

ʨʝʧʘʨʘʮʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʣʝʪʢʠ ʥʝ ʤʦʛʫʪ ʟʘʚʝʨʰʠʪʴ ʫʢʘʟʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʧʦʛʠʙʘʶʪ 

(Dolgova et al., 2012a). ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʂʂʄ ʤʳʰʝʡ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʚʣʠʷʝʪ 

ʣʠ ʮʠʪʦʩʪʘʪʠʢ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ, ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʢʘʢ ʥʘʪʠʚʥʳʝ, ʪʘʢ 

ʠ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʤʳʰʘʤ ʎʌ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ɼʅʂ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʉʘʫʟʝʨʥ-ʙʣʦʪ 
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ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 9 ɸ, çʎʌ+ɼʅʂè, çɼʅʂè), ʢʘʢ ʥʘʪʠʚʥʳʝ ʂʨʝʙʩ-2 ʢʣʝʪʢʠ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʠʝʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʠʪʦʩʪʘʪʠʢʘ ʩʧʦʩʦʙʥʳ ʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ. 

ɼʘʣʝʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ. ɹʳʣʠ ʦʮʝʥʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʩʥʦʚʥʳʤ ʢʣʝʪʦʯʥʳʤ ʢʦʤʧʘʨʪʤʝʥʪʘʤ 

(ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʷʜʨʦ) ʠ ʜʠʥʘʤʠʢʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

ï ʣʠʥʝʡʥʦʛʦ ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ TAMRA-ɼʅʂ ʟʦʥʜʘ ʨʘʟʤʝʨʦʤ 500 ʧ.ʥ. ʠ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ 

ʧʣʘʟʤʠʜ rpUC19. ʂʣʝʪʢʠ ʂʨʝʙʩ-2 ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ 

ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʟʘʪʝʤ ʠʩʯʝʨʧʳʚʘʶʱʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ ʠ ʧʨʦʪʝʠʥʘʟʦʡ ʂ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʦʙʨʘʙʦʪʦʢ ʠʟ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʠ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʡ ʚʳʜʝʣʷʣʠ ɼʅʂ, ʢʦʪʦʨʘʷ 

ʜʘʣʝʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʦʪʢʘʷ 

ʣʠʥʝʡʥʘʷ ʜʮɼʅʂ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʣʝʪʦʢ. ʂʦʣʴʮʝʚʘʷ 

ʧʣʘʟʤʠʜʘ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʢʘʢ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʪʘʢ ʠ ʚ ʷʜʨʝ (ʈʠʩʫʥʦʢ 9 ɹ). 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ qPCR ʙʳʣʘ ʦʮʝʥʝʥʘ ʢʦʧʠʡʥʦʩʪʴ Alu 

ʬʨʘʛʤʝʥʪʦʚ ʠ ʤʦʣʝʢʫʣ ʧʣʘʟʤʠʜ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭʩ ̫ʚ ʢʣʝʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʥʘʩʳʱʝʥʠʷ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ (0.5 ʤʢʛ ɼʅʂ/1 ʤʣʥ ʢʣʝʪʦʢ ʂʨʝʙʩ-2, 1 ʯʘʩ ʠʥʢʫʙʠʨʦʚʘʥʠʷ) (ʈʠʩʫʥʦʢ 9 ɺ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʮʝʥʢʠ ʠʪʝʨʥʘʣʠʟʘʮʠʠ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʫʢʘʟʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʚʩʷ ʩʦʚʦʢʫʧʥʦʩʪ ɹ ʤʦʣʝʢʫʣ ɼʅʂ ʢʘʢ ʥʘʪʠʚʥʳʭ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʜʝʛʨʘʜʘʮʠʠ (ʪʘʢ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ qPCR ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʣʠʰʴ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʣʘʟʤʠʜʳ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʦʙʨʘʥʳ ʧʨʘʡʤʝʨʳ, ʩʯʠʪʘʷ, ʯʪʦ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʣʘʟʤʠʜ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʢʘʢ ʠʥʪʘʢʪʥʳʭ, ʪʘʢ ʠ 

ʧʦʚʨʝʞʜʝʥʥʳʭ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʷ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ʷʚʣʷʶʪʩʷ ʪʝʤʠ ʞʝ ʢʣʝʪʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʠʥʪʝʨʥʘʣʠʟʫʶʪ ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ, ʙʳʣʦ ʦʮʝʥʝʥʦ ʘʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʧʣʘʟʤʠʜ, 

ʜʦʩʪʘʚʣʷʝʤʳʭ ʚ ʢʣʝʪʢʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ~3.097 Ñ 0.044 ʤʣʥ ʢʦʧʠʡ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʤʦʞʝʪ 

ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2. ɼʣʷ Alu-ʧʦʚʪʦʨʘ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʩʦʩʪʘʚʣʷʝʪ 425.268 Ñ 11.499 ʪʳʩ. 

ʤʦʣʝʢʫʣ ʥʘ ʢʣʝʪʢʫ. 

3.3.1.2. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʪʚʦʣʦʚʦʡ ʧʨʠʨʦʜʳ TAMRA+ ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2  

ʆʜʥʠʤ ʠʟ ʤʘʨʢʝʨʦʚ ʢʘʢ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʪʘʢ ʠ ʆʉʂ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʛʣʠʢʦʧʨʦʪʝʠʥ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ CD34 (Radu et al., 2023). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʘʩʮʠʪʝ ʂʨʝʙʩ-2 ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ ʩ ʧʨʠʟʥʘʢʘʤʠ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʥʝʩʫʱʘʷ ʭʘʨʘʢʪʝʨʥʳʡ CD34-ʤʘʨʢʝʨ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
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3.2 Ñ 2.5 % (Mean Ñ SD, n = 7) ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʵʢʩʧʨʝʩʩʠʨʫʶʪ CD34 (ʈʠʩʫʥʦʢ 10 A-1, 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ). 

 
ʈʠʩ. 10. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʫʤʦʨʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2. ɸ) 1 ï FACS-ʘʥʘʣʠʟ 

ʥʘʣʠʯʠʷ CD34+ ʠ TAMRA+ ʢʣʝʪʦʢ ʚ ʧʦʧʫʣʷʮʠʠ ʂʨʝʙʩ-2; 2 ï ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʝʨʝʢʨʳʪʠʷ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ (CD34+ ʠ TAMRA+) ʢʣʝʪʦʢ ʂʨʝʙʩ-2; 3 ï ʮʠʪʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʩʦʚʤʝʩʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʤʘʨʢʝʨʦʚ CD34+ ʠ TAMRA+ ʚ ʦʙʨʘʟʮʝ ʢʣʝʪʦʢ ʘʩʮʠʪʘ ʂʨʝʙʩ-2. 

ɹʘʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʤʢʤ. ɹ) ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʚʠʚʦʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ TAMRA+, TAMRAï 

ʠ ʩʫʤʤʘʨʥʦʡ ʬʨʘʢʮʠʠ (ʢʦʥʪʨʦʣʴ) ʢʣʝʪʦʢ ʂʨʝʙʩ-2. 1 ï ɻʨʘʬʠʢʠ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʜʠʥʘʤʠʢʫ 

ʧʦʷʚʣʝʥʠʷ ʦʧʫʭʦʣʝʡ (n = 4); 2 ï FACS-ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʢʣʝʪʦʢ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ, 

ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ; 3 ï FACS-ʘʥʘʣʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ TAMRA+ ʢʣʝʪʢʘʤʠ 

ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʝʨʝʚʠʚʢʠ. ɺ) ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʚʠʚʦʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

CD34+, CD34ï ʠ ʩʫʤʤʘʨʥʦʡ ʬʨʘʢʮʠʠ (ʢʦʥʪʨʦʣʴ) ʢʣʝʪʦʢ ʂʨʝʙʩ-2. 1 ï ʛʨʘʬʠʢʠ, ʦʪʦʙʨʘʞʘʶʱʠʝ 

ʜʠʥʘʤʠʢʫ ʧʦʷʚʣʝʥʠʷ ʦʧʫʭʦʣʝʡ (n = 4), ʜʣʷ CD34+ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 2 ï FACS-ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʘʥʪʠ-CD34 ʘʥʪʠʪʝʣʘʤʠ ʠ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ. *p<0.05, **p<0.01 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ç+è ʧʦʧʫʣʷʮʠʝʡ, 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʨʘʥʛʦʚʳʡ ʪʝʩʪ. 
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ʇʨʦʚʝʜʝʥʥʳʡ FACS-ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʧʨʦʘʥʘʣʠʟʠʨʚʘʥʦ 320 ʢʣʝʪʦʢ) ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʙʦʣʝʝ 

90 % CD34+ ʷʚʣʷʶʪʩʷ TAMRA-ʧʦʟʠʪʠʚʥʳʤʠ. ʀʟ ʧʦʧʫʣʷʮʠʠ TAMRA+ ʢʣʝʪʦʢ ~57 % 

ʩʦʩʪʘʚʣʷʶʪ CD34+ ʢʣʝʪʢʠ (ʈʠʩʫʥʦʢ 10 A-2, 3). 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʩʪʘʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʪʫʤʦʨʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ TAMRA+ ʠ CD34+ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ (ʩʫʤʤʘʨʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʤʴ 

ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ). ʉʫʩʧʝʥʟʠʶ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʦʙʨʘʙʘʪʳʚʘʣʠ ʣʠʙʦ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, 

ʣʠʙʦ ʘʥʪʠ-CD34 ʘʥʪʠʪʝʣʘʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ ʩʦʨʪʠʨʦʚʘʣʠ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʥʝʩʫʱʠʝ ʠʣʠ ʥʝ 

ʥʝʩʫʱʠʝ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʠʟʥʘʢ (ç+è ʠ çïè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ TAMRA+ 

ʢʣʝʪʢʠ ʠʥʜʫʮʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʛʨʘʬʪʘ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʠʤʝʶʱʝʛʦ ʪʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʠ 

ʠʩʭʦʜʥʘʷ ʦʧʫʭʦʣʴ (ʜʘʥʥʳʝ ʥʝ ʧʨʠʚʝʜʝʥʳ), ʥʘ 7ï11 ʩʫʪʦʢ ʨʘʥʴʰʝ, ʯʝʤ TAMRAï ʢʣʝʪʢʠ (p<0.05). 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʛʨʫʧʧʝ çTAMRAïè ʪʨʘʥʩʧʣʘʥʪʘʪʳ ʨʘʩʪʫʪ ʤʝʜʣʝʥʥʝʝ, 

ʦʧʫʭʦʣʝʚʳʝ ʫʟʣʳ ʨʘʟʤʷʛʯʝʥʥʳʝ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ.  

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʪɹʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʧʨʠʟʥʘʢʦʤ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʆʉʂ ï ʚʳʩʦʢʠʤ ʪʫʤʦʨʦʛʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʆʜʥʘʢʦ ʥʘʯʘʣʦ ʨʦʩʪʘ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʚ ʦʙʨʘʟʮʘʭ TAMRA+ ʢʣʝʪʦʢ ʚʩʝʛʜʘ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʧʦʟʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ 

(p<0.01), ʛʜʝ ʧʝʨʝʚʠʚʘʣʩʷ ʥʘʪʠʚʥʳʡ ʘʩʮʠʪ, ʩʦʩʪʦʷʱʠʡ ʢʘʢ ʠʟ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ɼʅʂ ʢʣʝʪʦʢ, ʪʘʢ ʠ 

ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʢ ʩʪʨʦʤʳ (ʈʠʩʫʥʦʢ 10 ɹ). ʇʨʠʯʠʥʘ ʧʨʠʞʠʚʘʥʠ ̫

ʪʨʘʥʩʧʣʘʪʘʪʘ ʠʟ ʦʙʨʘʟʮʘ TAMRAï ʢʣʝʪʦʢ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʦʙʲʷʩʥʝʥʘ ʚ ʨʘʟʜʝʣʝ 3.3.1.3 ʠ ʩʚʷʟʘʥʘ 

ʩ ʧʦʪʝʨʝʡ ʆʉʂ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʥʝʪʦʚ ʜʮɼʅʂ ʚ ʬʘʟʝ ʤʠʪʦʟʘ (~20 % ʆʉʂ ʦʪ ʠʭ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʨʘʚʥʦʝ ʠ ʥʝʧʦʣʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʜʚʫʭ ʤʘʨʢʝʨʦʚ ʆʉʂ 

(TAMRA+ ʠ CD34+) ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʪʫʤʦʨʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ TAMRAï 

ʧʦʧʫʣʷʮʠʠ. ɺ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ TAMRAï ʢʣʝʪʢʘʭ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʩʦ ʩʪʚʦʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʩʫʱʠʭ ʤʘʨʢʝʨ CD34, ʧʦ ʢʦʪʦʨʦʤʫ 

ʩʦʨʪʠʨʦʚʢʘ ʥʝ ʚʳʧʦʣʥʷʣʘʩʴ, ʯʪʦ ʙʫʜʝʪ ʜʘʚʘʪʴ çʦʩʪʘʪʦʯʥʫʶ ʪʫʤʦʨʦʛʝʥʥʦʩʪʴè ʫʢʘʟʘʥʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ. 

ɸʥʘʣʠʟ ʧʝʨʝʚʠʚʦʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CD34+ ʠ CD34ï ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʘʷ ʧʦ ʤʘʨʢʝʨʫ ʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ ʦʙʨʘʟʫʝʪ ʛʨʘʬʪʳ ʩ ʟʘʧʦʟʜʘʥʠʝʤ ʥʘ 4ï5 ʩʫʪʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʟʠʪʠʚʥʦʡ (p<0.01). ʇʨʠ ʵʪʦʤ CD34+ ʢʣʝʪʢʠ ʠʥʠʮʠʠʨʦʚʘʣʠ ʨʦʩʪ ʦʧʫʭʦʣʠ ʚ ʪʝ ʞʝ 

ʩʨʦʢʠ, ʯʪʦ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʘʩʮʠʪ (ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʪʣʠʯʠʷ ʥʝʪ) (ʈʠʩʫʥʦʢ 10 ɺ). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʚ ʧʦʧʫʣʷʮʠʠ CD34+ ʢʣʝʪʦʢ ʠʤʝʥʥʦ ʢʣʝʪʢʠ, ʩʧʦʩʦʙʥʳʝ ʟʘʭʚʘʪʳʚʘʪʴ ɼʅʂ (ʩʦʩʪʘʚʣʷʶʱʠʝ 

91 % CD34+ ʢʣʝʪʦʢ ʜʣʷ ʜʘʥʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ), ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʪʫʤʦʨʦʛʝʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ. CD34ï ʢʣʝʪʢʠ ʪʘʢʞʝ ʠʥʠʮʠʠʨʫʶʪ ʨʦʩʪ ʪʨʘʥʩʧʣʘʥʪʘʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ  CD34ï 

ʢʣʝʪʢʠ ï ʵʪʦ ʦʧʫʭʦʣʝʚʳʝ ʘʢʪʠʚʥʦ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʝ ʢʣʝʪʢʠ. ɺ ʠʭ ʧʦʧʫʣʷʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 
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~3.0 % ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ TAMRA-ɼʅʂ ʟʦʥʜ (ʈʠʩʫʥʦʢ 10 ɸ-1-3), ʪʦ ʝʩʪʴ 

ʢʣʝʪʦʢ ʩ ʚʳʩʦʢʠʤ ʪʫʤʦʨʦʛʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺʤʝʩʪʝ ʪʘʢʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʦʩʪ ʛʨʘʬʪʘ ʜʦʛʦʥʷʝʪ ʯʠʩʪʫʶ ʧʦʧʫʣʷʮʠʶ CD34+ ʢʣʝʪʦʢ. 

ʈʘʟʥʠʮʘ ʚʦ ʚʨʝʤʝʥʠ ʠʥʜʫʢʮʠʠ ʨʦʩʪʘ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ CD34+ ʠ TAMRA+ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ 

TAMRA+ ʢʣʝʪʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʩʚʷʟʘʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʪʝʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ɼʅʂ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʢʣʝʪʦʢ ʢʘʢ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʪʘʢ ʠ ʧʨʠ ʧʨʦʮʝʜʫʨʥʳʭ ʤʘʥʠʧʫʣʷʮʠʷʭ 

(ʩʦʨʪʠʨʦʚʢʝ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ) ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ. ʊʦʪ 

ʬʘʢʪ, ʯʪʦ ʢʦʥʪʨʦʣʴʥʳʝ ʛʨʘʬʪʳ ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʧʝʨʚʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TAMRA+, ʘ ʪʘʢʞʝ ʬʘʢʪ 

ʪʦʛʦ, ʯʪʦ CD34ï ʪʨʘʥʩʧʣʘʥʪʘʪʳ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʜʦʛʦʥʷʶʪ ʚ ʨʦʩʪʝ ʩʚʦʠʭ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʩʠʥʝʨʛʠʯʥʳʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʡ ʢʣʝʪʦʢ (ʪʫʤʦʨʦʛʝʥʥʳʭ, 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʠ ʩʪʨʦʤʘʣʴʥʳʭ), ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʪʨʘʥʩʧʣʘʥʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʦʤʘ ʩʦʟʜʘʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʥʠʰʫ ʜʣʷ ʆʉʂ (Mcmillin, Negri, Mitsiades, 2013; 

Vermeulen et al., 2010), ʟʥʘʯʠʪ ʧʨʠ ʬʠʟʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝʥʠʠ ʵʪʠʭ ʧʦʧʫʣʷʮʠʡ ʜʦʣʞʥʘ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʦʪʝʨʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʪʠʧʦʚ 

ʢʣʝʪʦʢ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʝʨʝʚʠʚʢʝ CD34+ ʢʣʝʪʦʢ ʠʤʝʣʠ ʝʱʝ ʦʜʥʦ ʟʥʘʯʝʥʠʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʧʦʷʚʣʝʥʠʝ TAMRA-ɼʅʂ ʬʨʘʛʤʝʥʪʦʚ ʚʥʫʪʨʠ ʢʣʝʪʦʢ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʧʦʚʳʰʝʥʥʫʶ ʪʫʤʦʨʦʛʝʥʥʦʩʪʴ. ʊʦʪ ʬʘʢʪ, ʯʪʦ 91 % CD34+ ʢʣʝʪʦʢ ʷʚʣʷʶʪʩʷ 

TAMRA+ ʠ ʯʪʦ CD34+ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʧʦʜʦʙʥʳʤ TAMRA+ ʢʣʝʪʢʘʤ ʪʫʤʦʨʦʛʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ: ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ɼʅʂ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʠʝ 

ʪʫʤʦʨʦʛʝʥʥʦʩʪʠ ʢʣʝʪʦʢ, ʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʢʣʝʪʦʢ ʩ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ.  

3.3.1.3. ɼʚʘ ʧʠʢʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʩʚʷʟʘʥʳ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ 

ʜʝʣʝʥʠʠ ʢʣʝʪʦʢ  

ɺ ʥʘʰʠʭ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ɼʅʂ ʚ ʢʣʝʪʢʠ MCF-7 ʠʤʝʝʪ ʜʚʘ ʧʠʢʘ ʚ 60 ʤʠʥ ʠ ʚ 3 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʥʢʫʙʘʮʠʠ (Rogachev et al., 

2006).  

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʪʘʢʘʷ ʜʠʥʘʤʠʢʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʣʷ 

ʂʨʝʙʩ-2 ʢʣʝʪʦʢ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʮʝʥʢʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʵʪʦʡ ʞʝ ɼʅʂ.  

1 ʤʣʥ ʢʣʝʪʦʢ ʘʩʮʠʪʘ ʂʨʝʙʩ-2 ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ 1 ʤʢʛ TAMRA-ɼʅʂ ʟʦʥʜʘ. 

ɼʘʣʝʝ ʝʞʝʯʘʩʥʦ (ʜʦ 3ï4-ʭ ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʥʢʫʙʘʮʠʠ) ʢ ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʘʩʴ ʢʘʞʜʘʷ 

ʩʣʝʜʫʶʱʘʷ ʧʦʨʮʠʷ ʪʝʩʪʠʨʫʝʤʦʛʦ ʧʨʝʧʘʨʘʪʘ ɼʅʂ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʦʙʨʘʟʮʳ ʢʣʝʪʦʢ 

ʠʩʯʝʨʧʳʚʘʶʱʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ɼʅʂʘʟʦʡ (ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ɼʅʂ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʦʢʨʫʛ ʠ 
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ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ). ɼʘʣʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʢʦʣʠʯʝʩʪʚʘ TAMRA+ ʢʣʝʪʦʢ.  

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 3ï4-ʭ ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 

ʧʦʚʪʦʨʥʦʤ ʜʦʙʘʚʣʝʥʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ TAMRA+ ʢʣʝʪʦʢ ʥʘ ~20 % (ʩ 1.4 ʜʦ 1.7 %) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʣʝʪʦʢ 

ʂʨʝʙʩ-2 (ʈʠʩʫʥʦʢ 11 ɸ). ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘʙʣʶʜʘʣʩʷ ʚ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ï ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʯʝʨʝʟ ʯʝʪʳʨʝ ʯʘʩʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ TAMRA+ ʢʣʝʪʦʢ ʩ 0.8 ʜʦ 1.2 % (ʈʠʩʫʥʦʢ 8 ɼ, ɽ). ʊʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʦʡ ʚ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ɼʅʂ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʫʢʘʟʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ 

ʪʦʯʢʠ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ pUC19 (ʦʮʝʥʠʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʨʦʩʰʠʭ 

ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ ʧʦʩʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʠʤʠʯʝʩʢʠ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ 

ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʢʦʠʥʢʫʙʘʮʠʠ ʩ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ (ʜʘʥʥʳʝ ʥʝ ʧʨʠʚʝʜʝʥʳ)).  

 

ʈʠʩ. 11. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʧʨʠ ʝʛʦ ʧʦʚʪʦʨʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʚ ʦʢʦʣʦʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ. ɸ) FACS-ʘʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʜʮɼʅʂ ʚ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʧʨʠ ʝʝ 

ʧʦʚʪʦʨʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʯʝʨʝʟ ʪʨʠ ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʮʝʥʠʚʘʣʩʷ ʧʨʦʮʝʥʪ 

TAMRA+ ʢʣʝʪʦʢ. ɹ) ʎʠʪʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ 

ʘʩʮʠʪʥʳʝ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʠ Flu-ɼʅʂ ʟʦʥʜʘ ʚ ʵʪʠ ʞʝ ʢʣʝʪʢʠ ʧʨʠ ʝʛʦ ʧʦʚʪʦʨʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʯʝʨʝʟ ʪʨʠ ʯʘʩʘ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʢʣʝʪʢʠ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʫʶ ɼʅʂ. 

ɺʝʨʭʥʷʷ ʧʘʥʝʣʴ ʦʪʦʙʨʘʞʘʝʪ ʥʦʚʳʝ ʢʣʝʪʢʠ, ʟʘʭʚʘʪʳʚʘʶʱʠʝ ɼʅʂ ʯʝʨʝʟ ʪʨʠ ʯʘʩʘ ʧʦʩʣʝ 
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ʧʝʨʚʠʯʥʦʛʦ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ TAMRA-ɼʅʂ ʧʨʦʙʦʡ, ʥʠʞʥʷʷ ʧʘʥʝʣʴ ï ʢʣʝʪʢʫ, ʚ ʢʦʪʦʨʫʶ 

ʧʨʦʠʟʦʰʣʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʦʙʦʠʭ ʪʠʧʦʚ ɼʅʂ. ɺ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʧʦʧʫʣʷʮʠʠ 

(ʚʝʨʭʥʠʝ ʛʨʘʬʠʢʠ) ʠ TAMRA+ (ʥʠʞʥʠʝ ʛʨʘʬʠʢʠ) ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʧʦ ʢʣʝʪʦʯʥʦʤʫ ʮʠʢʣʫ. 

ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʧʨʦʮʝʥʪʳ ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ G1, S ʠ G2/M-ʬʘʟʘʭ. 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʘ ʢʣʝʪʦʢ, 

ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ ɼʅʂ, ʘ ʥʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ɼʅʂ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʣʝʪʢʘʭ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʣʝʪʢʠ ʂʨʝʙʩ-2 ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-

ɼʅʂ ʟʦʥʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʦʪʤʳʚʘʣʠ ʠ ʯʝʨʝʟ ʪʨʠ ʯʘʩʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ Flu-

ɼʅʂ ʟʦʥʜ (Fluorescein, Alu ʜʮɼʅʂ ʟʦʥʜ, ʤʝʯʝʥʥʳʡ ʬʣʫʦʨʝʩʮʝʠʥʦʤ). ɼʘʣʝʝ ʢʣʝʪʢʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʪʦʨʘʷ ʧʦʨʮʠʷ ɼʅʂ 

ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ TAMRAï ʢʣʝʪʢʠ, ʪʦ ʝʩʪʴ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ 

ʘʥʘʣʠʟʘ ʙʳʣʠ ʥʝ ʩʧʦʩʦʙʥʳ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ɼʅʂ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ ʢʣʝʪʢʠ, ʧʦʟʠʪʠʚʥʳʝ ʧʦ ʜʚʫʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʘʨʢʝʨʘʤ (ʪʦ ʝʩʪʴ 

ʟʘʭʚʘʪʠʚʰʠʝ ʢʘʢ TAMRA-ɼʅʂ, ʪʘʢ ʠ Flu-ɼʅʂ ʟʦʥʜ) (ʈʠʩʫʥʦʢ 11 ɹ).  

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 3ï4-ʭ ʯʘʩʦʚ ʩ ʥʘʯʘʣʘ 

ʠʥʢʫʙʘʮʠʠ ʂʨʝʙʩ-2 ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʘ ʢʣʝʪʦʢ, 

ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ʜʮɼʅʂ ʥʘ 13ï30 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʮʝʥʪʘ ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ, ʟʘʭʚʘʪʳʚʘʶʱʠʭ ɻ ʢʩʪʨʘʢʣʝʪʦʯʥʫʶ 

ɼʅʂ, ʠ ʧʨʦʮʝʥʪʘ ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (ʈʠʩʫʥʦʢ 11 ɺ). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʫʣʷʮʠʠ TAMRA+ ʢʣʝʪʦʢ ʧʦ ʢʣʝʪʦʯʥʦʤʫ ʮʠʢʣʫ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ ʘʩʮʠʪʘ. ɺ G2/M-ʬʘʟr ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ 

ʥʘʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 20 % ʢʣʝʪʦʢ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʣʝʪʢʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʝ 

ʟʘʭʚʘʪʳʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ʜʮɼʅʂ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ (G2/M), ʥʝ 

ʠʥʪʝʨʥʘʣʠʟʫʶʪ ɼʅʂ ʠʟ ʦʢʦʣʦʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ M-ʬʘʟʳ ʦʥʠ ʩʪʘʥʦʚʠʪʩʷ 

çʛʦʪʦʚʳʤʠè ʢ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ. ɺʨʝʤʷ ʧʦʚʪʦʨʥʦʡ ʚʦʣʥʳ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ G2/M-ʬʘʟʳ, ʢʦʪʦʨʘʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 4-ʭ ʯʘʩʦʚ 

(Cooper, 2000). ʇʨʦʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʦʮʝʥʪʘ ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʬʘʟʝ ʜʝʣʝʥʠʷ, ʠ 

ʧʨʦʮʝʥʪʘ ʫʚʝʣʠʯʝʥʠʷ TAMRA+ ʢʣʝʪʦʢ ʯʝʨʝʟ 4 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʪʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ TAMRA+ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʢʦʧʠʡ ʧʣʘʟʤʠʜ, ʚʳʜʝʣʷʝʤʳʭ ʠʟ ʢʣʝʪʦʢ 

ʧʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʦʙʨʘʙʦʪʦʢ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʷʚʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ ʠ ʥʝ ʦʙʣʘʜʘʣʠ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ.  
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3.3.1.4. ʇʦʠʩʢ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʜʦʢʘʟʘʟʳʚʘʶʱʠʭ ʩʪʚʦʣʦʚʫʶ ʧʨʠʨʦʜʫ TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2, 

ʤʝʪʦʜʦʤ RNAseq 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ RNAseq ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ 

ʢʣʝʪʦʢ, TAMRA+ ʠ TAMRAï, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ ʧʨʦʬʠʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʉʂ, ʜʦʣʞʝʥ ʙʳʣ ʜʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʦʪʚʝʪ 

ʥʘ ʚʦʧʨʦʩ ʢʘʩʘʪʝʣʴʥʦ ʧʨʠʨʦʜʳ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʆʉʂ, ʦʪʣʠʯʘʶʱʠʝ ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ ʦʪ ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʭ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʠʟʚʝʩʪʥʳ ʠ ʜʦʩʢʦʥʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʙʦʪ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ 

ʢʦʥʢʨʝʪʥʳʝ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʦʙʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ (ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 1.2). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʫ ʠ ʪʫ ʞʝ ʬʫʥʢʮʠʶ 

ʚ ʆʉʂ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʢʠ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʘʚʣʝʥʠʝ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ/ʠʣʠ ʪʝʨʘʧʠʠ) (Deshmukh et al., 2021; Makena et al., 2020; Xu et al., 2025). ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʩʢʨʠʥʠʥʛʘ ʬʘʢʪʦʨʦʚ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʤʳ ʚʳʙʨʘʣʠ ʩʣʝʜʫʶʱʫʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʜʠʥ ʨʘʫʥʜ RNAseq, ʢʦʪʦʨʳʡ 

ʜʘʣ ʧʝʨʚʠʯʥʫʶ ʦʮʝʥʢʫ ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ RNAseq ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ, ʵʢʩʧʨʝʩʠʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʨʘʫʥʜʘʤʠ qPCR. ʅʘ ʦʩʥʦʚʘʥʠʠ qPCR ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʥʠʮʳ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʟʥʘʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ, TAMRA+ ʠ TAMRAï

ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʙʳʣʠ ʧʨʝʧʘʨʘʪʠʚʥʦ ʠʟʦʣʠʨʦʚʘʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ ʧʨʦʮʝʜʫʨʦʡ 

ʩʦʨʪʠʨʦʚʢʠ (BD FACSAria, Becton Dickinson). ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʥʘ 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʙʦʛʘʱʝʥʠʝ TAMRA+ ʮʝʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 

ʦʪ 50 ʜʦ 80 % ʠ TAMRAï ʢʣʝʪʢʘʤʠ ʜʦ 100 % (ʈʠʩʫʥʦʢ 12). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʈʅʂ-

ʪʨʘʥʩʢʨʠʧʪʦʚ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʦʣʦʛʠʷ RNAseq.  

ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟʦʣʠʨʦʚʘʪʴ ʯʠʩʪʫʶ ʧʦʧʫʣʷʮʠʶ TAMRA+ 

ʢʣʝʪʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʜʝʣʝʥʠʷ ʈʅʂ ʠ ʧʨʦʚʝʜʝʥʠʷ ʈʅʂ-

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ (ʤ  rʩʤʦʛʣʠ ʜʦʩʪʠʛʥʫʪʴ ʦʙʦʛʘʱʝʥʠʷ ʚ 10ï12 ʨʘʟ ʧʦʧʫʣʷʮʠʠ TAMRA+ ʢʣʝʪʦʢ, 

ʜʘʣʴʥʝʡʰʘʷ ʦʯʠʩʪʢʘ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʫʥʜ ʩʦʨʪʠʨʦʚʢʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʣʦ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʡ ʈʅʂ). 

ʇʨʠ ʵʪʦʤ ʧʦʧʫʣʷʮʠʷ TAMRAï ʢʣʝʪʦʢ ʙʳʣʘ ʩʦʨʪʠʨʦʚʘʥʘ ʩ ʯʠʩʪʦʪʦʡ ʜʦ 100 % (ʚʚʠʜʫ ʥʘʣʠʯʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ çʞʝʩʪʢʦè ʚʳʩʪʘʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʦʨʪʠʨʦʚʢʠ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʛʝʥʳ, ʠʤʝʶʱʠʝ ʨʘʟʥʠʮʫ ʚ ʵʢʩʧʨʝʩʩʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ, ʥʦ 
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ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʩʷ ʚ TAMRAï ʢʣʝʪʢʘʭ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ (ʪʘʢ ʢʘʢ ʠʭ ʵʢʩʧʨʝʩʩʠʷ ʚ ʦʙʨʘʟʮʝ 

TAMRA+ ʢʣʝʪʦʢ ʤʦʛʣʘ ʦʙʫʩʣʦʚʣʠʚʘʪʴʩʷ ʧʨʠʤʝʩʴʶ TAMRAï ʢʣʝʪʦʢ). ɹʳʣʠ ʦʪʦʙʨʘʥʳ ʛʝʥʳ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʠ ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʠʣʠ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʥʘ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʚ TAMRAï ʢʣʝʪʢʘʭ. 

 

ʈʠʩ. 12. ɸʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʧʦʧʫʣʷʮʠʠ TAMRAï ʠ TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʤʝʪʦʜʦʤ 

ʩʦʨʪʠʨʦʚʢʠ (BD FACSAria, Becton Dickinson). 

 

ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʤʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʧʦʨʷʜʢʘ 300 ʛʝʥʦʚ. ɼʣʷ ʵʪʠʭ ʛʝʥʦʚ ʤʳ 

ʠʟʚʣʝʢʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʈʅʂ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʧʫʣʘ ʧʨʦʯʪʝʥʠʡ ʢʘʢ ʜʣʷ 

TAMRA+, ʪʘʢ ʠ ʜʣʷ TAMRAï ʢʣʝʪʦʢ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʨʘʫʥʜʘ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ ʧʦʨʦʛʘʤʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʪʝʩʪ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 168 ʛʝʥʦʚ. 

ɼʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʯʪʝʥʠʡ ʜʣʷ ʚʩʝʭ 168 ʛʝʥʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʨʘʪʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 2, ʊʘʙʣʠʮʝ 1. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʝʨʝʚʠʚʢʝ TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ 

ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʪʫʤʦʨʦʛʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TAMRAï 

ʢʣʝʪʢʘʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʆʉʂ (Al-Hajj et al., 2003; Bonnet, Dick, 

1997). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ 

ʧʨʦʬʠʣʴ TAMRA+ ʢʣʝʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʛʝʥʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

çʩʪʚʦʣʦʚʦʩʪʴè (ʩʠʤʤʝʪʨʠʯʥʦʝ/ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʪʘʪʫʩʘ), ʪʘʢ ʠ ʛʝʥʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ çʨʘʢʦʚʦʩʪʴè 

(ʜʝʪʦʢʩʠʢʘʮʠʷ ʠ ʄʃʋ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʧʦʧʪʦʟʫ, ʕʄʇ, ʢʣʝʪʦʯʥʳʡ ʤʝʪʘʙʦʣʠʟʤ). ɺʩʝ 
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ʦʪʦʙʨʘʥʥʳʝ ʛʝʥʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʫʢʘʟʘʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ 

ʩʦʛʣʘʩʥʦ ʠʭ ʩʚʦʡʩʪʚʘʤ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʴʷʭ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ RNAseq ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ (ʧʨʝʪʝʥʜʝʥʪʳ), ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʠʛʥʘʣʴʥʳʭ 

ʢʘʩʢʘʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʚʫʤʷ ʢʘʪʝʛʦʨʠʷʤʠ: ʦʪʚʝʯʘʶʱʠʝ ʟʘ çʩʪʚʦʣʦʚʳʝè ʠ çʨʘʢʦʚʳʝè 

ʩʚʦʡʩʪʚʘ ʆʉʂ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ 

ʢʘʪʝʛʦʨʠʷʤ, ʙʳʣ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜʦʤ qPCR ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʦʠʭ ʤʝʪʦʜʦʚ.  

ɻʝʥʳ çʩʪʚʦʣʦʚʦʩʪʠè 

ʉʪʚʦʣʦʚʘʷ ʢʣʝʪʢʘ, ʚ ʝʝ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʢʘʢ ʕʉʂ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʩʠʤʤʝʪʨʠʯʥʦ ʜʝʣʠʪʴʩʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʣʶʙʳʝ 

ʪʠʧʳ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ (ʩʚʦʡʩʪʚʦ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ), ʧʦʜʜʝʨʞʠʚʘʷ ʪʘʢʦʝ ʩʚʦʡʩʪʚʦ ʦʜʥʦʡ ʠʟ 

ʜʦʯʝʨʥʠʭ ʢʣʝʪʦʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʘʢʪʦʚ ʜʝʣʝʥʠʷ. 

ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ ʉʂ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʛʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ 

Hh, Notch, Wnt (Chao, Yan, Bu, 2024; Yoo, Kwon, 2015). ʅʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʩʪʘʪʫʩ ʉʂ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʠʛʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʪʠʥʦʣʘ (Ablain, Th®, 2014). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʢʘʪʝʛʦʨʠʶ çʩʪʚʦʣʦʚʦʩʪʴè ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚʘ ʉʂ. ɻʝʥʳ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʚ TAMRA+ ʢʣʝʪʢʘʭ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʤʢʘʭ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʢʘʩʢʘʜʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʪʠ ʩʚʦʡʩʪʚʘ (ʊʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3. ɻʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ çʩʪʚʦʣʦʚʳʭè ʬʫʥʢʮʠʡè ʆʉʂ, ʠʤʝʶʱʠʝ 

ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TAMRAï ʢʣʝʪʢʘʤʠ, ʧʦ 

ʜʘʥʥʳʤ RNAseq. 

ɸʩʠʤʤʝʪʨʠʯʥʦʝ 

ʜʝʣʝʥʠʝ 

ʇʦʜʜʝʨʞʘʥʠʝ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ ʉʂ 

Asb4, Nfatc2, Ppap2b, 

Tcf7l2, Uty, Wnt5a, 

Dnaja4, Rab37, Thpo, 

Sox9 

Zfp39, Abca1, Abca9, 

Abca13, Aldh1a1, Aldh1l1, 

Bmper, Crabp2, Cyp2d26, 

Cyp26a1, Eif2s3y, Igf1, Igf2, 

Pik3ip1, Rragd, Rbp7, Rrh 

Clec11a, Lhx4, Gtf2a1l, 

Tbata, Mreg,  Slc43a3, 

Ifi27l2b 

 

ɺʩʝʛʦ ʢ ʛʨʫʧʧʝ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʚʦʣʦʚʳʝ ʩʚʦʡʩʪʚʘ TAMRA+ ʢʣʝʪʦʢ, ʙʳʣʦ 

ʦʪʥʝʩʝʥʦ 34 ʛʝʥʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʢ ʘʩʠʤʤʝʪʨʠʯʥʦʤʫ ʜʝʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʢʪʠʚʥʦʩʪʴʶ ʛʝʥʦʚ Wnt-ʟʘʚʠʩʠʤʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ (10 ʛʝʥʦʚ). ʇʦʜʜʝʨʞʘʥʠʝ 

ʧʣʶʨʠʧʦʪʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʝʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʩʠʛʥʘʣʴʥʳʤ ʢʘʩʢʘʜʦʤ ʩʠʩʪʝʤʳ ʨʝʪʠʥʦʣʘ (17 ʛʝʥʦʚ). ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʤʦʣʝʢʫʣ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʢʘʩʢʘʜʦʚ. ɼʣʷ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʵʪʦ ʘʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ: Sox9, Nfatc2, Tcf7l2, ʬʦʩʬʘʪʘʟʳ 

Ppap2b, ʩʝʢʨʝʪʠʨʫʶʱʠʭʩʷ ʮʠʪʦʢʠʥʦʚ Wnt5a, Thpo. ɼʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʵʪʦ ʨʦʩʪʦʚʳʝ ʬʘʢʪʦʨʳ 

Igf1, Igf2. ʊʘʢʞʝ ʜʣʷ TAMRA+ ʢʣʝʪʦʢ ʭʘʨʘʢʪʝʨʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʜʨʫʛʠʤ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʠʩʪʝʤʘʤ ʉʂ (ʪʨʝʪʴʷ ʛʨʫʧʧʘ). ʕʪʦ ʨʦʩʪʦʚʦʡ ʬʘʢʪʦʨ Clec11a, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ Lhx4, ʘ ʪʘʢʞʝ ʙʝʣʢʠ Gtf2a1l, Tbata, Mreg, Slc43a3, Ifi27l2b. 

ɻʝʥʳ çʨʘʢʦʚʦʩʪʠè 

ʆʉʂ ʧʨʠʩʫʱʠ ʩʣʝʜʫʶʱʠʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʤ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ 

ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʆʉʂ ʩʧʦʩʦʙʥ rʠʥʜʫʮʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʥʦʚʦʡ ʦʧʫʭʦʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʪʦʡ 

ʞʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʦʡ, ʯʪʦ ʠ ʧʝʨʚʠʯʥʘʷ ʦʧʫʭʦʣʴ (Li et al., 2022). ɼʘʣʝʝ, ʆʉʂ ʩʧʦʩʦʙʥʳ 

ʢ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ (Kalluri, Weinberg, 2009), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ ʵʪʠʭ ʢʣʝʪʦʢ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʕʄʇ. ʇʨʦʠʩʭʦʜʠʪ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʪʦʩʢʝʣʝʪʘ, ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, 

ʤʝʥʷʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʦʢʨʫʞʝʥʠʠ ʢʣʝʪʢʠ. ʂʣʝʪʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʨʝʦʜʦʣʝʪʴ ʙʘʟʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʫʶ ʩʪʝʥʢʫ, ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʧʦ 

ʢʨʦʚʷʥʦʤʫ ʨʫʩʣʫ, ʚʳʡʪʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʪʢʘʥʴ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʦʝ ʤʝʩʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʕʄʇ ʚ ʆʉʂ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘ ̫ʘʢʪʠʚʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʛʝʥʦʚ 

(Greaves, Calle, 2022; Zeng et al., 2023; Zhang et al., 2012). ʇʨʠ ʵʪʦʤ ʆʉʂ ʧʨʠʦʙʨʝʪʘʪʁ ʩʚʦʡʩʪʚʦ 

ʠʟʙʝʛʘʪʴ ʘʪʘʢʠ ʢʣʝʪʦʢ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ (Greten, Grivennikov, 2019; ɹʝʨʝʞʥʦʡ ʠ ʜʨ., 2008) ʠ 

ʘʢʪʠʚʠʨʫʪʁ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʛʝʥʳ (Cao, Livas, Kyprianou, 2016). ʊʘʢʞʝ ʜʣʷ ʆʉʂ ʭʘʨʘʢʪʝʨʥʳ 

ʜʨʫʛʠʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʚʦʜʠʪʴ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʪʦʢʩʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ (Safa, 2022), ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʝʪʢʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʪʨʦʤʳ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʭ 

ʢ ʧʝʨʝʭʦʜʫ ʥʘ ʘʥʘʵʨʦʙʥʦʝ ʜʳʭʘʥʠʝ (ʛʣʠʢʦʣʠʟ) ï ʵʬʬʝʢʪ ɺʘʨʙʫʨʛʘ (Liu, Jin, Fan, 2021; Sancho, 

Barneda, Heeschen, 2016). ʈʝʛʫʣʷʮʠʷ ʨʦʩʪʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʩʚʷʟʘʥʘ 

ʪʘʢʞʝ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ Ca2+ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ C (PKC). ɺ 

ʥʦʨʤʝ PKC ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʤʦʜʫʣʷʪʦʨʘ ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ɼʣʷ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʚʩʝʛʜʘ ʭʘʨʘʢʪʝʨʥʘ ʛʠʧʝʨʨʝʘʢʪʠʚʥʦʩʪʴ PKC, ʧʨʠ ʵʪʦʤ 

ʦʥʘ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʠʥʜʫʢʪʦʨʘ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʩʪʠʤʫʣʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʩʬʦʪʠʨʦʟʠʥʘ ʠ 

ʫʩʠʣʠʚʘʝʪ ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʢʣʝʪʦʢ. PKC ʘʢʪʠʚʠʨʫʝʪʩʷ 3-ʬʦʩʬʦʠʥʦʟʠʪʠʜ-

ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʦʡ 1 (PDK1) (Peng et al., 2018). ʂʘʞʜʦʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʛʝʥʦʚ. ʂʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʚʩʝ 

ʦʪʦʙʨʘʥʥʳʝ ʛʝʥʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʠʭ ʫʯʘʩʪʠʶ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʷʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʳʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 



130 

 

 

 

 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʴʷʭ. ʉʫʤʤʘʨʥʦ ʜʣʷ ʢʘʪʝʛʦʨʠʠ çʨʘʢʦʚʦʩʪʴè ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʝʡ, ʙʳʣʦ ʦʪʥʝʩʝʥʦ 54 ʛʝʥʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚʘʞʥʝʡʰʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʊʘʙʣʠʮʘ 4). 

ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʥʦʚ, ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʚ TAMRA+ ʢʣʝʪʢʘʭ, ʙʳʣʘ 

ʚʳʜʝʣʝʥʘ ʛʨʫʧʧʘ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ cAMP-ʟʘʚʠʩʠʤʳʤ ʩʠʛʥʘʣʴʥʳʤ ʢʘʩʢʘʜʦʤ, ʚʦʚʣʝʯʝʥʥʳʤ ʚ 

ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʆʉʂ: ʢʣʝʪʦʯʥʦʝ ʚʳʞʠʚʘʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʘʧʦʧʪʦʟʫ, ʨʘʥʥʠʡ ʦʪʚʝʪ ʥʘ ʤʠʪʦʛʝʥʳ, ʢʣʝʪʦʯʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, ʤʝʪʘʙʦʣʠʟʤ ʣʠʧʠʜʦʚ ʠ 

ʢʘʨʙʦʛʠʜʨʘʪʦʚ. ʉʝʪʴ cAMP-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 20 % (36 ʠʟ 168) TAMRA+ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʧʝʪʣʶ 

ʩʦʭʨʘʥʝʥʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʚ ʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂ ʫʢʘʟʘʥʥʳʤ ʛʝʥʘʤ ʦʪʥʦʩʷʪʩʷ: Nt5e, Acpp, 

Pde4d, Pde7b, Igf1, Igf2, Pf4, Gpha2, Prok2, Nts, Wnt5a, Nppa, Adrb3, Fgfr1, Gpr97, Gpr128, 

Cacna1d, Cp, Pdk4, Riiad1, Trpv4, Abca1, Cd200, Gata6, Amy1, Nfatc2. Kcnq2, Itm2a, Pon1, Tal1, 

Per2, Slc2a4, Tdo2, Mmp2, Alox15, Mst1. 

ʆʩʪʘʚʰʠʝʩʷ 55 ʛʝʥʦʚ ʪʘʢʞʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʠʭ ʬʫʥʢʮʠʷʤ ʙʝʟ ʧʨʠʚʷʟʢʠ 

ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʠʩʪʝʤʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʚʦʡʩʪʚʘ ʆʉʂ. ɺ ʵʪʦʡ ʛʨʫʧʧʝ ʛʝʥʦʚ ʪʘʢʞʝ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʛʝʥʳ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ ʠʣʠ 

ʨʝʧʨʝʩʩʦʨʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʩʢʘʜʦʚ ʵʪʠʭ ʧʫʪʝʡ. ʕʪʦ ʬʘʢʪʦʨʳ ʨʦʩʪʘ Gdf6, Inhbe; ʢʠʥʘʟʘ Srms; 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ Lass4/Cers4; ʮʠʪʦʢʠʥʳ Il -10, Il-17rb. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙoʣʝʝ 40 ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ TAMRA+ ʆʉʂ ʂʨʝʙʩ-2 

(ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʚʩʝʤ ʛʨʫʧʧʘʤ), ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʢʦʨʦʚʦʛʦ ʥʘʙʦʨʘ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʕʄʇ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (Deshmukh et al., 2021; Ġkovierov§ et al., 2018). ʇʨʠ ʵʪʦʤ ʚ ʩʧʠʩʢʝ 

ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʚʘʞʥʝʡʰʠʝ ʜʣʷ ʕʄʇ ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʪʨʠʛʛʝʨʥʳʝ ʤʦʣʝʢʫʣʳ ï Wnt5a ʠ Igf.  

ʏʘʩʪʴ ʛʝʥʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ, ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʤʠʰʝʥʠ ʆʉʂ (ʥʘ ʧʨʠʤʝʨʝ ʢʣʝʪʦʢ ʂʨʝʙʩ-2). 
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ʊʘʙʣʠʮʘ 4. ɻʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ çʨʘʢʦʚʳʭè ʬʫʥʢʮʠʡ ʆʉʂ, ʠʤʝʶʱʠʝ ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ TAMRAï ʢʣʝʪʢʘʤʠ, ʧʦ ʜʘʥʥʳʤ RNAseq. 

 

ʆʥʢʦʛʝʥʳ, 

ʦʥʢʦ-

ʩʫʧʨʝʩʩʦʨʳ 

ɻʝʥʳ, 

ʭʘʨʘʢʪʝʨ- 

ʥʳʝ ʜʣʷ 

ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ 

ʈʝʧʨʝʩʩʠʷ 

ʠʤʤʫʥʠ-

ʪʝʪʘ 

ʄʃʋ, 

ʜʝʪʦʢʩʠʢʘ-

ʮʠʷ 

ɸʥʪʠʘʧʦʧʪʦ-

ʪʠʯʝʩʢʠʝ 

ʛʝʥʳ 

ʈʝʦʨʛʘʥʠʟʘ-

ʮʠʷ 

ʮʠʪʦʩʢʝʣʝʪʘ 

ʈʝʦʨʛʘʥʠʟʘʮʠʷ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ, 

ʘʜʛʝʟʠʷ, 

ʧʝʨʝʤʝʱʝʥʠʝ ʚ 

ʪʢʘʥʷʭ 

ʇʝʨʝʤʝ-

ʱʝʥʠʝ ʚ 

ʢʨʦʚʷʥʦʤ 

ʨʫʩʣʝ, 

ʚʳʭʦʜ ʠʟ 

ʩʦʩʫʜʦʚ 

ɸʥʛʠʦ-

ʛʝʥʝʟ 

ɺʳʞʠʚʘ-

ʥʠʝ ʚ 

ʪʢʘʥʷʭ 

ʄʝʪʘ-

ʙʦʣʠʟʤ 

ʢʘʣʴʮʠʷ 

Eef1a2, 

Per2, 

Rasgrp3, 

Sash1, Tal1 

Oit3, 

Tnxb, Zfr2, 

VpreB3, 

Trim40 

Arg2, 

Vsig4 

Abca1, 

Abca13, 

Aldh1l1, 

Gstm3 

Cd5l, 

Tnfrsf13c 

Myo1b, 

Pdlim4, Ttll2, 

Tubb1, 

Trpv4, 

Upk1b, Cobl, 

Cp, Dock10 

Pde4d, Prg4, 

Nrcam, Perp, 

Comp, Igsf3, 

Pvrl1, S100a14, 

Adamts2, Acpp, 

Fcna, Fblim1, 

Dsc2, Col6a2, 

Col3a1, 

Hepacam, 

Itga9, Mmp2, 

Ltbp1 

Selp, 

Lyve1, 

Cldn1 

Pdzd3 

(Pdzk1) 

Wnk2, 

Gas6 

Pdk4 
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3.3.1.5. ɺʝʨʠʬʠʢʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʤʝʪʦʜʦʤ qPCR 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ RNAseq ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

çʚʦʟʚʨʘʪʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ qPCR ʩ ʢɼʅʂ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩ 

polyA ʤʈʅʂ TAMRA+ ʠ TAMRAï ʢʣʝʪʦʢ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʛʝʥʳ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʦʙʝʠʭ ʢʘʪʝʛʦʨʠʡ. ʆʙʲʝʜʠʥʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʛʝʥʘʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 13, 14 ʠ ʚ ʇʨʠʣʦʞʝʥʠʠ 2, 

ʊʘʙʣʠʮʝ 1. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ 

TAMRA+ ʢʣʝʪʢʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ TAMRAï ʢʣʝʪʦʢ (ʧʨʠʥʷʪʦ ʟʘ 1). 

 

ʈʠʩ. 13. ɺʝʨʠʬʠʮʠʨʫʶʱʠʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ RNAseq ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ ʤʝʪʦʜʦʤ qPCR. ɻʝʥʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʪʝʛʦʨʠʷʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘ çʩʪʚʦʣʦʚʦʩʪʠè ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʦʙʦʟʥʘʯʘʝʪ 

ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʚ TAMRAï ʢʣʝʪʢʘʭ (ʧʨʠʥʷʪʦ ʟʘ 1). ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʦ 

Mean Ñ SD (n = 3ï5). 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʨʝʟʫʣʴʪʘʪʳ RNAseq ʠ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ ʛʝʥʦʚ, 

ʠʤʝʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2. ɺ ʵʪʦʪ ʩʧʠʩʦʢ ʚʦʰʣʠ ʜʚʝ 

ʧʘʨr ʛʝʥʦʚ: ʩʝʢʨʝʪʠʨʫʝʤʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ Igf1 ʠ ʘʢʪʠʚʠʨʫʝʤʳʡ ʠʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

Nfatc2, ʠ ʮʠʪʦʢʠʥ Wnt5 ʠ ʝʛʦ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ Tcf7l2. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ Wnt5 ʷʚʣʷʝʪʩʷ ʪʨʠʛʛʝʨʥʦʡ ʤʦʣʝʢʫʣʦʡ Wnt5-ʟʘʚʠʩʠʤʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, 

ʘ ʘʢʪʠʚʠʨʫʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʫʩʢʘ Wnt-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

Tcf712 ʟʘʧʫʩʢʘʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʛʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʚʦʣʦʚʳʝ ʩʚʦʡʩʪʚʘ 

TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 (Cadigan, Waterman, 2012; Rajakulendran et al., 2019). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

Igf2 ʷʚʣʷʝʪʩʷ ʪʨʠʛʛʝʨʥʦʡ ʤʦʣʝʢʫʣʦʡ MAPK-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ, ʘ ʘʢʪʠʚʠʨʫʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʧʫʩʢʘ MAPK-ʟʘʚʠʩʠʤʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʝʛʦ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʪʥʝʨ ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ Nfatc2, ʠʥʜʫʮʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʛʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʘʢʦʚʫʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʣʝʪʦʢ (Motzer et al., 2007). 

 
ʈʠʩ. 14. ɺʝʨʠʬʠʮʠʨʫʶʱʠʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ RNAseq ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ ʤʝʪʦʜʦʤ qPCR. ɻʝʥʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʪʝʛʦʨʠʷʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘ çʨʘʢʦʚʦʩʪʠè ʠ ʢʦʥʪʨʦʣʷ ʤʝʪʘʙʦʣʠʟʤʘ ʢʣʝʪʢʠ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ 

ʦʙʦʟʥʘʯʘʝʪ ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʚ TAMRAï ʢʣʝʪʢʘʭ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʦ Mean Ñ SD 

(n = 3ï5). 

 

ɺ ʦʙʱʝʤ ʩʧʠʩʢʝ ʛʝʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʧʠʩʢʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʚʦʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʢ ï 

ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ ʠ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 
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ʪʘʢʠʭ ʛʝʥʦʚ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʩʪʚʦʣʦʚʳʝ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʢʣʝʪʢʝ ʚʩʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʢʦʤʤʠʪʠʨʦʚʘʥʥʦʡ ʢʣʝʪʢʦʡ. 

ʉʨʘʚʥʝʥʠʝ ʛʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʤʦʜʝʣʠ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ 

ʂʨʝʙʩ-2, ʩ ʛʝʥʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʠ ʚ ʆʉʂ ʜʨʫʛʠʭ ʥʦʟʦʣʦʛʠʡ ʧʦ 

ʠʤʝʶʱʠʤʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 2, ʊʘʙʣʠʮʝ 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʤʦʜʝʣʠ ʢʘʨʮʠʥʦʤʳ ʤʳʰʠ ʂʨʝʙʩ-2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʜʘʥʥʦʡ 

ʦʧʫʭʦʣʠ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʧʦʧʫʣʷʮʠʷ (2.8 Ñ 2.1 %), ʩʧʦʩʦʙʥʘʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʟʘʭʚʘʪʳʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ (TAMRA+ ʢʣʝʪʢʠ). ʇʨʠ ʵʪʦʤ 57 % ʧʦʧʫʣʷʮʠʠ 

ʵʪʠʭ ʢʣʝʪʦʢ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦ CD34-ʤʘʨʢʝʨʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʆʉʂ ʜʨʫʛʠʭ 

ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ, ʘ ʪʘʢʞʝ ɻʉʂ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʨʷʜʢʘ 90 % CD34+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʩʧʦʩʦʙʥʳ 

ʠʥʪʨʥʘʣʠʟʦʚʘʪʴ ʜʮɼʅʂ. ʂʘʢ TAMRA+ ʢʣʝʪʢʠ, ʪʘʢ ʠ CD34+ ʢʣʝʪʢʠ ʂʨʝʙʩ-2 ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʳʤ ʪʫʤʦʨʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʝʨʝʚʠʚʢʠ ʦʧʫʭʦʣʠ ʤʳʰʘʤ. 

ɺʝʨʠʬʠʮʠʨʫʶʱʠʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʤʝʪʦʜʦʤ qPCR ʧʦʜʪʚʝʨʜʠʣ ʨʝʟʫʣʴʪʘʪʳ 

RNAseq ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʢʘʤʠ, ʥʝ ʦʙʣʘʜʘʶʱʠʤʠ 

ʩʚʦʡʩʪʚʦʤ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ɼʅʂ, ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʪʚʦʣʦʚʳʝ 

ʩʚʦʡʩʪʚʘ (ʧʦʜʜʝʨʞʘʥʠʝ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʪʘʪʫʩʘ, ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ, 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʆʉʂ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʂʨʝʙʩ-2, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʟʥʘʢʦʤ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ, ʷʚʣʷʶʪʩʷ ʦʧʫʭʦʣʝʚʳʤʠ ʩʪʚʦʣʦʚʳʤʠ 

ʢʣʝʪʢʘʤʠ. 

 

3.3.2. ʄʦʜʝʣʴ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ 

3.3.2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʦʡ ʢʫʣʴʪʫʨʳ 

ʀʟ ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʙʦʣʴʥʦʛʦ ʄʄ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʨʘʢʮʠʷ ʘʜʛʝʟʠʚʥʳʭ ʢʣʝʪʦʢ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʜʚʫʤʷ ʩʫʙʧʦʧʫʣʷʮʠʷʤʠ: ʩ ʧʨʠʟʥʘʢʘʤʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

(CD73++/CD20ï/CD45ï) ʠ ʢʣʝʪʦʢ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ɺ-ʢʣʝʪʦʯʥʦʤʫ ʨʦʩʪʢʫ (CD73ï

/CD20+/CD45+/CD19dim), ʩʦʩʪʘʚʣʷʶʱʠʤʠ 37 % ʠ 47 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʝʟ 35 ʜʥʝʡ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʘʚʘʶʱʠʝ ʩʬʝʨʦʘʛʨʝʛʘʪʳ, ʚʩʝ ʢʣʝʪʢʠ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʪʨʠ 

ʧʘʩʩʘʞʘ ʧʨʠʦʙʨʝʣʠ CD73ï/CD20+/CD45+/CD19dim ʥʘʙʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ɺ-ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 15). 
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ʈʠʩ. 15. ʌʝʥʦʪʠʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʜʛʝʟʠʚʥʳʭ ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʢ ʧʣʘʚʘʶʱʠʭ ʩʬʝʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʙʦʣʴʥʦʛʦ ʄʄ. ɸ) ʇʝʨʚʠʯʥʳʝ ʩʬʝʨʳ (ʯʝʨʝʟ 42 ʩʫʪʦʢ ʩ ʥʘʯʘʣʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʤʦʟʛʦʚʳʭ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ). ɹ) ɺʪʦʨʠʯʥʳʝ ʩʬʝʨʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʝʨʝʟ ʩʝʤʴ ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʝʟʘʛʨʠʛʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʧʝʨʚʠʯʥʳʭ 

ʩʬʝʨ (ʯʝʨʝʟ 51 ʩʫʪʢʠ ʩ ʥʘʯʘʣʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʤʦʟʛʦʚʳʭ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ), 

zoom: 1169Ĭ877. ɺ) ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ CD73ï/CD20+/CD45+/CD19dim ʢʣʝʪʦʢ ʚ 

ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʤʦʟʛʦʚʳʭ ʢʣʝʪʦʢ ʙʦʣʴʥʦʛʦ ʄʄ (ʚʦ ʬʨʘʢʮʠʠ ʘʜʛʝʟʠʚʥʳʭ 

ʢʣʝʪʦʢ ʠ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʠʭ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʩʬʝʨ).  

 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʥʘʣʠʟʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʣʫʯʝʥʥʦʡ 

ʢʫʣʴʪʫʨʳ, ʚʠʟʫʘʣʴʥʦ ʚʳʛʣʷʜʷʱʝʡ ʢʘʢ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʠʝ ʢʣʝʪʢʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʩʧʦʩʦʙʥʘ ʩʦʙʠʨʘʪʴʩʷ ʚ ʩʬʝʨʦʘʛʨʝʛʘʪʳ ʚ ʪʝʯʝʥʠʝ 10ï24 ʯʘʩʦʚ ʧʦʩʣʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢ ʄʄ ʠʣʠ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʨʘʞʝʥʠʷ ɺʕɹ. ʂʣʝʪʦʯʥʳʝ 

ʣʠʥʠʠ ʄʄ ʥʠʢʦʛʜʘ ʥʝ ʠʥʬʠʮʠʨʦʚʘʥʳ ɺʕɹ, ʪʦʛʜʘ ʢʘʢ ʚ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ɺ-ʣʠʤʬʦʤʘʭ ʦʥ 

ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ (Drexler, Matsuo, 2000; Rowe et al., 1991). ɺʕɹ ʠʥʬʠʮʠʨʫʝʪ ɺ-ʢʣʝʪʢʠ ʠ 

ʥʘʨʫʰʘʝʪ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʘʚʣʷʝʪ ʘʧʦʧʪʦʟ. ɺʩʝ ʵʪʠ ʥʘʨʫʰʝʥʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʭʦʜʫ ɺ-ʢʣʝʪʦʢ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʬʝʢʮʠʷ ʥʠʢʦʛʜʘ 

ʥʝ ʩʚʷʟʘʥʘ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚʠʨʫʩʥʦʡ ɼʅʂ ʚ ʛʝʥʦʤ ʦʨʛʘʥʠʟʤʘ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʠʨʫʩ-
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ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʠʤʤʦʨʪʘʣʠʟʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʣʘʪʝʥʪʥʳʭ ç0è, çIè, çIIIè ʩʪʘʜʠʷʭ ʨʘʟʤʥʦʞʝʥʠʷ ʚʠʨʫʩʘ (Price, Luftig, 2014).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʣʠʬʝʨʘʮʠʠ ɺ-ʢʣʦʥʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ɺʕɹ), 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʢʣʦʥʦʪʠʧʠʯʝʩʢʦʡ ʢʣʝʪʢʠ ʄʄ (ʚʨʝʤʷ ʫʜʚʦʝʥʠʷ 36ï48 ʯ ʧʨʦʪʠʚ 108ï

144 ʯ). ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʤʤʫʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʥ ʠʤʝʝʪ ʩʝʣʝʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʦʩʪʘ. 

ɼʣʠʪʝʣʴʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠʚʦʜʠʪ ʢ ʚʳʪʝʩʥʝʥʠʶ ʢʣʝʪʦʢ ʄʄ 

ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʣʦʥʦʚ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦ ɺʕɹ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʜʦʤʠʥʠʨʫʶʱʠʡ ʢʣʦʥ. ʊʘʢʠʝ ʣʠʥʠʠ 

ʢʣʝʪʦʢ ʠʟʚʝʩʪʥʳ ʢʘʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ɺ-ʣʠʤʬʦʤʳ (Drexler, Matsuo, 2000; Nilson, Ponten, 

1975; Rowe et al., 1991). ʇʨʦʚʝʜʝʥʥʳʡ ʇʎʈ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʘʡʤʝʨʘʤʠ ʧʦʜʪʚʝʨʜʠʣ 

ʟʘʨʘʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ, ʠʟʥʘʯʘʣʴʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʦʨʛʘʥʠʟʤʝ ʧʘʮʠʝʥʪʘ.  

ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ɺ-ʢʣʝʪʦʯʥʳʡ ʣʠʤʬʦʙʣʘʩʪʦʟ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʚ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺ-ʢʣʝʪʢʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ex vivo ʪʘʢʠʝ ʘʙʝʨʨʘʮʠʠ ʧʦʷʚʣʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʄʄ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʨʦʤʦʩʦʤʥʳʤʠ ʘʙʝʨʨʘʮʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʢʣʝʪʢʠ ʄʄ ʷʚʣʷʶʪʩʷ 

ʘʥʝʫʧʣʦʠʜʥʳʤʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤʠ ʘʙʝʨʨʘʮʠʷʤʠ ʚ ʢʣʝʪʢʘʭ ʄʄ ʷʚʣʷʶʪʩʷ 

ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʧʝʨʚʦʡ ʭʨʦʤʦʩʦʤʳ (1p,q), ʜʝʣʝʮʠʷ 13-ʡ ʭʨʦʤʦʩʦʤʳ ʠʣʠ ʝʝ ʧʣʝʯʘ (13q) 

ʠ ʜʝʣʝʮʠʷ 17p. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʣʝʯʦ ʧʝʨʚʦʡ ʭʨʦʤʦʩʦʤʳ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 35ï40 % ʩʣʫʯʘʝʚ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʬʫʥʢʮʠʠ ʦʥʢʦʛʝʥʦʚ CKS1B, ANP32E, BCL9 ʠ PDZK1. ɼʝʣʝʮʠʷ ʧʣʝʯʘ 1p 

ʧʨʦʠʩʭʦʜʠʪ ʚ 30 % ʩʣʫʯʘʝʚ ʄʄ, ʥʘʨʫʰʘʷ ʬʫʥʢʮʠʠ FAM46C, FAF1 ʠ CDKN2C. ʇʦʪʝʨʷ 13-ʡ 

ʭʨʦʤʦʩʦʤʳ ʠʣʠ ʝʝ ʧʣʝʯʘ 13q ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʛʝʥʘ-ʩʫʧʨʝʩʩʦʨʘ ʦʧʫʭʦʣʠ RB1 ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

50 % ʩʣʫʯʘʝʚ ʄʄ. ɼʝʣʝʮʠʷ ʧʣʝʯʘ 17p ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʛʝʥʘ-ʩʫʧʨʝʩʩʦʨʘ ʦʧʫʭʦʣʠ TP53 ʠ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 10 % ʩʣʫʯʘʝʚ ʄʄ. ɼʨʫʛʠʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʯʘʩʪʳʝ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ 

ʚ ʢʣʝʪʢʘʭ ʄʄ ʚʢʣʶʯʘʶʪ ʜʝʣʝʮʠʠ ʧʣʝʯ 11q (7 %, BIRC2, BIRC3), 14q (38 %, TRAF3) ʠ 16q (35 %, 

CYLD, WWOX) (Fonseca, Monge, Dimopoulos, 2014; Hebraud et al., 2015; Martinez-Lopez et al., 

2014). 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ɺʕɹ ʧʨʝʜʧʦʣʘʛʘʣʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʤʬʦʙʣʘʩʪʦʠʜʥʳʤ ʢʣʝʪʢʘʤ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʫʢʘʟʘʥʥʳʤ ʚʠʨʫʩʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʠʦʪʠʧ ʵʪʠʭ ʢʣʝʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʣʠʙʦ ʠʥʪʘʢʪʝʥ, ʣʠʙʦ ʠʤʝʪ ɹʭʨʦʤʦʩʦʤʥʳʝ 

ʘʙʝʨʨʘʮʠʠ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʜʣʷ ʄʄ. ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ 

FISH-ʘʥʘʣʠʟʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʄʄ 
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(TP53, ʧʝʨʝʩʪʨʦʡʢʠ IGH, ʜʝʣʝʮʠʠ 13-ʡ ʭʨʦʤʦʩʦʤʳ ʠʣʠ ʝʝ ʣʦʢʫʩʦʚ, ʘ ʪʘʢʞʝ ʘʙʝʨʨʘʮʠʠ ʧʝʨʚʦʡ 

ʭʨʦʤʦʩʦʤʳ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʄʄ.  

ɼʣ̫ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʢ ɺ-ʣʠʤʬʦʤʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʜʦʢʘʟʘʪ ɹ ʥʘʣʠʯʠʝ ʢʣʦʥʦʪʠʧʠʯʝʩʢʦʡ ɺ-ʢʣʝʪʢʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʦʥʦʪʠʧʠʯʝʩʢʦʡ ɺ-ʢʣʝʪʢʠ ʚ ʤʘʪʝʨʠʘʣʝ ɼʅʂ ʧʣʘʚʘʶʱʠʭ ʩʬʝʨ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʘ ̫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʙʦʣʝʟʥʠ ʄʄ ʫ ʧʘʮʠʝʥʪʦʚ (çʛʣʫʙʦʢʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝè (Martinez-Lopez et al., 

2014)).  

ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɿʨʝʣʘʷ ɺ-ʢʣʝʪʢʘ, ʧʨʦʰʝʜʰʘʷ V(D)J-

ʨʝʢʦʤʙʠʥʘʮʠʶ, ʥʠʢʦʛʜʘ ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʦʩʪʥʳʡ ʤʦʟʛ. ʅʘʦʙʦʨʦʪ, ʜʣʷ ʄʄ ʧʝʨʝʨʦʜʠʚʰʘʷʩʷ 

ɺ-ʢʣʝʪʢʘ ʵʢʩʧʘʥʩʠʨʫʝʪ ʢʦʩʪʥʦʤʦʟʛʦʚʳʝ ʥʠʰʠ, ʠʥʜʫʮʠʨʫʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʣʝʯʝʥʠʝ ʙʦʣʝʟʥʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʵʨʘʜʠʢʘʮʠʠ ʢʣʝʪʦʢ ʄʄ. 

ʆʜʥʘʢʦ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʛʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʣʝʪʦʢ ʄʄ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʮʠʪʦʨʝʜʫʮʠʨʫʶʱʫʶ ʪʝʨʘʧʠʶ. ʄʝʪʦʜ ʛʣʫʙʦʢʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʢʣʝʪʦʢ. ɺ ʢʦʩʪʥʦʤ ʤʦʟʛʝ ʚʩʝ ʢʣʝʪʢʠ, ʚʢʣʶʯʘʷ ʥʝʟʨʝʣʳʝ ɺ-ʣʠʤʬʦʮʠʪʳ, 

ʠʤʝʶʪ ʥʝʧʝʨʝʩʪʨʦʝʥʥʳʡ VDJ-ʣʦʢʫʩ. ʆʩʪʘʪʦʯʥʳʝ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʝ ɺ-ʢʣʝʪʢʠ ʄʄ, ʥʘʧʨʦʪʠʚ, 

ʠʤʝʶʪ ʠʜʝʥʪʠʯʥʳʡ VDJ-ʣʦʢʫʩ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʭʝʤʘ ʦʧʠʩʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ VDJ-

ʣʦʢʫʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 16 ɸ. ʀʟ ʢʣʝʪʦʢ ʘʩʧʠʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚʳʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʘʷ 

ɼʅʂ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʦʜʠʥ ʮʠʢʣ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤʠ ʧʘʨʘʤʠ 

ʧʨʘʡʤʝʨʦʚ ʥʘ ʩʪʘʙʠʣʴʥʳʝ ʦʙʣʘʩʪʠ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ VDJ-ʣʦʢʫʩʘ. ɼʘʣʝʝ ʇʎʈ ʧʨʦʜʫʢʪʳ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʢʣʦʥʠʨʫʶʪ ʚ ʧʣʘʟʤʠʜʥʦʤ ʚʝʢʪʦʨʝ ʠ ʧʦʣʥʦʩʪʴʶ ʩʝʢʚʝʥʠʨʫʶʪ ʧʦʣʫʯʝʥʥʫʶ 

ʙʠʙʣʠʦʪʝʢʫ, ʠʣʠ ʧʨʦʜʫʢʪʳ ʇʎʈ ʩʝʢʚʝʥʠʨʫʶʪ ʥʘ ʧʣʘʪʬʦʨʤʘʭ NGS. ɽʩʣʠ ʧʨʠ ʪʦʪʘʣʴʥʦʤ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʭʦʪʷ ʙʳ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʢʣʦʥʘ, ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʢʦʩʪʥʦʤ ʤʦʟʛʝ ʦʩʪʘʪʦʯʥʦʡ ʙʦʣʝʟʥʠ.  

ʄʳ ʧʨʝʜʣʦʞʠʣʠ ʩʣʝʜʫʶʱʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʘʡʤʝʨʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʧʦ ʛʣʫʙʦʢʦʤʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ 

(Belzen et al., 1997; Uchiyaama et al., 2003), ʧʦʣʫʯʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʇʎʈ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ VDJ-ʣʦʢʫʩʫ ʢʣʦʥʦʪʠʧʠʯʝʩʢʦʡ ɺ-ʢʣʝʪʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ɺ-ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʝ, ʩʦʜʝʨʞʘʱʠʭ ɼʅʂ ʩ ʪʘʢʠʤ 

VDJ-ʛʝʥʦʪʠʧʦʤ, ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ qPCR.  
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ʈʠʩ. 16. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʭ ɺ-ʢʣʝʪʦʢ ʩ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʳʤ VDJ-

ʣʦʢʫʩʦʤ ʚ ʩʦʩʪʘʚʝ ʩʬʝʨ ʢʫʣʴʪʫʨʳ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. ɸ) ʉʭʝʤʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ VDJ-ʣʦʢʫʩʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɹ) ʇʎʈ ʩ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ 

ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ, ʩ ʧʨʘʡʤʝʨʘʤʠ JH/FR3c. ʉʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥ ʬʨʘʛʤʝʥʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ɺ-ʢʣʦʥʘ, ʨʘʟʤʝʨʦʤ 500 ʧ.ʥ. ɺ) ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ B-ʢʣʦʥʘ ʚ 

ʩʦʩʪʘʚʝ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʢʫʣʴʪʫʨʳ. ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʚʝʜʝʥʠʡ ʦʯʠʱʝʥʥʦʡ ɼʅʂ B-ʢʣʦʥʘ (500 ʧ.ʥ.) ʠ ʧʨʘʡʤʝʨʦʚ JH/FR3c. ʊʦʯʢʦʡ 

ʦʙʦʟʥʘʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ɺ-ʢʣʦʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ɼʅʂ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ 

ʥʘʢʣʦʥʘ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. 

 

ɹʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʪʨʠ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʥʘ ʢʦʥʩʪʘʥʪʥʳʝ ʦʙʣʘʩʪʠ VDJ-ʣʦʢʫʩʘ ʩ ʪʝʤ, 

ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇʎʈ-ʧʨʦʜʫʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦʠʩʢʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʘʡʤʝʨʳ JH/FR3c, ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ 

~500 ʧ.ʥ. (ʜʘʣʝʝ ʚ ʪʝʢʩʪʝ ʦʙʦʟʥʘʯʝʥ ç500è) (ʈʠʩʫʥʦʢ 16 ɹ). ʌʨʘʛʤʝʥʪ ʙʳʣ ʢʣʦʥʠʨʦʚʘʥ ʠ 12 ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʢʣʦʥʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʳ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʦʜʠʥʦʯʥʳʭ ʟʘʤʝʥ ʵʪʠ 

ʩʪʨʫʢʪʫʨʳ ʦʢʘʟʘʣʠʩʴ ʠʜʝʥʪʠʯʥʳʤʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦ ʦʬʠʮʠʘʣʴʥʦʤʫ 

ʟʘʧʨʦʩʫ ʚ ʋʯʝʥʳʡ ʩʦʚʝʪ ʀʎʠɻ ʉʆ ʈɸʅ ʠʣʠ ɼʠʨʝʢʮʠʶ ʀʎʠɻ ʉʆ ʈɸʅ). ʇʦʣʫʯʝʥʥʳʡ 

ʤʘʞʦʨʥʳʡ ʇʎʈ-ʧʨʦʜʫʢʪ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩʬʝʨ ɼʅʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ɼʅʂ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʧʦʩʘʜʢʠ ʧʨʘʡʤʝʨʦʚ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʦʡ ɼʅʂ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʥʘʨʘʙʦʪʢʝ ʇʎʈ-ʧʨʦʜʫʢʪʘ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʩʦʜʝʨʞʘʥʠʷ ɼʅʂ, ʛʦʤʦʣʦʛʠʯʥʦʡ 
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ʬʨʘʛʤʝʥʪʫ ç500è ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʦʤʫ VDJ-ʣʦʢʫʩʫ. ʋʢʘʟʘʥʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ qPCR ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʥʦʨʤʠʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʦʯʠʱʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ç500è, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʩʬʝʨ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 100 ʥʛ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ, 

ʩʦʜʝʨʞʠʪʩʷ 0.01 ʧʛ ɼʅʂ ɺ-ʢʣʦʥʘ (ʈʠʩʫʥʦʢ 16 ɺ).  

ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʳʡ VDJ-ʣʦʢʫʩ, ʧʨʦʚʦʜʠʣʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. 100 ʥʛ ɼʅʂ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʦ 

ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ~8 300 ʢʣʝʪʦʢ (ʠʟ ʨʘʩʯʝʪʘ, ʯʪʦ ʚ 1 ʜʠʧʣʦʠʜʥʦʡ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʢʣʝʪʢʝ 

ʩʦʜʝʨʞʠʪʩʷ 12 ʧʛ ʷʜʝʨʥʦʡ ɼʅʂ). ɿʥʘʯʝʥʠʝ 0.01 ʧʛ ɼʅʂ ɺ-ʢʣʦʥʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

qPCR, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 13 200 ʢʦʧʠʷʤ ʜʮɼʅʂ ʬʨʘʛʤʝʥʪʘ ʨʘʟʤʝʨʦʤ 500 ʧ.ʥ. ɺ ʜʠʧʣʦʠʜʥʦʡ ʢʣʝʪʢʝ 

ʩʦʜʝʨʞʠʪʩʷ ʜʚʝ ʢʦʧʠʠ ʫʢʘʟʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ɼʅʂ. ɿʥʘʯʠʪ, ʚ ʦʙʨʘʟʮʝ ʩʫʤʤʘʨʥʦʡ ɼʅʂ, 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʩʬʝʨ ʢʫʣʴʪʫʨʳ, ʩʦʜʝʨʞʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 6 600 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʤ ɺ-ʢʣʝʪʢʘʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʘʚʣʷʝʪ ~79.4 % ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʩʦʩʪʘʚʝ ʩʬʝʨ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʢʦʣʦ 80 % 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʭ ɺ-ʢʣʝʪʦʢ. 

ʀʤʤʦʨʪʘʣʠʟʘʮʠʷ ɺʕɹ-ʠʥʬʝʮʠʨʦʚʘʥʥʳʭ B-ʢʣʝʪʦʢ in vitro ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ɺʕɹ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʣʠʤʬʦʤʘʛʝʥʝʟʘ ʫ ʯʝʣʦʚʝʢʘ. ʋʢʘʟʘʥʥʳʝ ʢʫʣʴʪʫʨʳ ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʣʠʤʬʦʤ in vivo, ʪʘʢʠʭ ʢʘʢ ʣʠʤʬʦʤ rɹʝʨʢʠʪʪʘ, 

ʍʦʜʞʢʠʥʘ (ʚ 30ï40 % ʩʣʫʯʘʝʚ ʦʥʠ ʪʘʢʞʝ ɺʕɹ-ʧʦʟʠʪʠʚʥʳ) (Price, Luftig, 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝ ʩʤʦʪʨʷ ʥʘ çʠʩʢʫʩʩʪʚʝʥʥʦʝè ʧʨʦʠʩʭʦʞʜʝʥʠʝ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, ʦʥʠ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʙʨʘʟʮʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ in vivo. 

3.3.2.2. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʢʣʝʪʢʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-

ʣʠʤʬʦʤʳ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ 

ɹʳʣʘ ʦʮʝʥʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ 3D-ʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʭʚʘʪʳʚʘʪʴ 

TAMRA-ɼʅʂ ʟʦʥʜ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʦʪ ʦʜʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʮʝʜʫʨʳ ʪʨʘʥʩʬʝʢʮʠʠ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʤʝʯʝʥʫʶ ɼʅʂ ʚʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʯʘʩʦʚ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ 

ʟʘʭʚʘʪʳʚʘʪʴ TAMRA-ɼʅʂ ʟʦʥʜ, ʥʝ ʠʟʤʝʥʷʣʦʩʴ. ʄʝʪʦʜʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʠ ʣʘʟʝʨʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʩʠʩʪʝʤʝ in vitro, ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ ʚ ʩʬʝʨʘʭ (ʈʠʩʫʥʦʢ 17). ɺʩʝʛʦ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 23 ʩʬʝʨʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʣʘ ʚ ʩʨʝʜʥʝʤ ʠʟ 90 ʢʣʝʪʦʢ. ʉʦʜʝʨʞʘʥʠʝ 

TAMRA+ ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʩʬʝʨ, ʩʦʩʪʘʚʠʣʦ 3.3 % ʠʣʠ ʚ ʩʨʝʜʥʝʤ ʪʨʠ ʢʣʝʪʢʠ ʥʘ 

ʩʬʝʨʫ. ʂʣʝʪʢʠ, ʣʝʞʘʱʠʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ, ʭʦʪʷ ʩʨʝʜʠ ʥʠʭ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʢʣʝʪʢʠ, ʧʦʟʠʪʠʚʥʳʝ ʧʦ ʩʠʛʥʘʣʫ TAMRA. 
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ʈʠʩ. 17. ʀʥʪʝʨʥʘʣʠʟʘʮʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ ʩʬʝʨʳ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. 

A) ʆʙʱʠʡ ʚʠʜ ʩʬʝʨʳ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ (ʢʦʥʪʨʦʣʴ) ʠ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʧʨʦʝʢʮʠʠ ʩʬʝʨʳ ʯʝʨʝʟ 20 ʤʠʥ ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ ɼʅʂ ʟʦʥʜʦʤ, ʢʦʥʬʦʢʘʣʴʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ. ʂʣʝʪʢʘ, ʩʦʜʝʨʞʘʱʘʷ TAMRA-ɼʅʂ ʟʦʥʜ, ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ. ɹ) ʉʬʝʨʘ 

ʯʝʨʝʟ 20 ʤʠʥ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʉʧʨʘʚʘ 

ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ TAMRA-ʩʠʛʥʘʣʘ, ʚ ʚʝʢʪʦʨʝ, ʧʨʦʚʝʜʝʥʥʦʤ ʯʝʨʝʟ ʩʬʝʨʫ 

(ʩʪʨʝʣʢʘ ʥʘ ʣʝʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ), ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ZEN. ɺ) ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʨʘʩʧʣʘʩʪʘʥʥʦʡ ʩʬʝʨʳ ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʠ 

ʦʢʨʘʰʠʚʘʥʠʷ DAPI. ɺ ʩʦʩʪʘʚʝ ʩʬʝʨʳ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʢʣʝʪʢʠ, ʠʤʝʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

TAMRA-ʩʠʛʥʘʣ. DAPI ï ʦʢʨʘʩʢʘ ʭʨʦʤʘʪʠʥʘ ʷʜʨʘ, TAMRA ï ʬʣʫʦʨʦʭʨʦʤ ɼʅʂ ʟʦʥʜʘ. ʅʘʣʠʯʠʝ 

ʩʠʛʥʘʣʘ ʚ ʫʢʘʟʘʥʥʦʤ ʬʠʣʴʪʨʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ TAMRA-ɼʅʂ ʚ ʢʣʝʪʢʝ. 

 

3.3.2.3. ɼʦʢʘʟʘʪʝʣʴʩʚʦ ʩʪʚʦʣʦʚʦʡ ʧʨʠʨʦʜʳ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ  

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʆʉʂ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʦʧʫʭʦʣʝʡ, 

ʷʚʣʷʶʪʩʷ: ʢʣʦʥʦʪʠʧʠʯʥʦʩʪʴ (ʚʩʝ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʳʤ VDJ-

ʣʦʢʫʩʦʤ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ), ʢʣʦʥʦʛʝʥʥʦʩʪʴ (ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʪʴ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ (ʩʬʝʨʳ) (Corre, Munshi, Avet-Loiseau, 2015; Prideaux, OôBrein, 

Chevassut, 2014; Zhao et al., 2017), ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʣʦʥʠʠ ʠʟ 

ʦʜʥʦʡ ʢʣʝʪʢʠ) ʠ ʪʫʤʦʨʦʛʝʥʥʦʩʪʴ (ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʚʘʪʴ ʚ ʥʦʚʦʤ ʤʝʩʪʝ ʨʦʩʪ ʦʧʫʭʦʣʠ, ʠʜʝʥʪʠʯʥʦʡ 

ʠʩʭʦʜʥʦʡ). 
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(1) ɸʥʘʣʠʟ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʢ 

ʨʘʟʥʳʤ ʪʠʧʘʤ ʢʣʝʪʦʢ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʢʫʣʴʪʫʨʝ  

ɺ ʢʦʩʪʥʦʤ ʤʦʟʛʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʫʣʴʪʫʨʘ, ʚ ʥʦʨʤʝ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʜʚʘ ʪʠʧʘ 

ʢʣʝʪʦʢ, ʠʤʝʶʱʠʭ ʢʣʦʥʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʵʪʦ CD34+ ʩʪʚʦʣʦʚʳʝ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ 

ʢʨʦʚʠ, CD90+ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʣʦʥʦʛʝʥʥʘʷ 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʘʷ ɺ-ʢʣʝʪʢʘ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ ʢ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʩʬʝʨ ʘʥʪʠʪʝʣʘʤʠ ʢ CD34. ʀʩʭʦʜʥʳʝ ʢʣʝʪʢʠ ʧʨʠʣʠʧʘʶʱʝʡ 

ʬʨʘʢʮʠʠ ʠʤʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʬʝʥʦʪʠʧ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ: 

CD105+, CD90+, CD73+, CD34ï, CD3ï, CD20ï, HLA-DRï, CD16ï, CD14ï. ʉʦʛʣʘʩʥʦ ISCT 

(International Society for Cellular Therapy), ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʦʟʠʪʠʚʥʳ ʧʦ 

CD73, CD105 ʠ CD90 ʠ ʥʝʛʘʪʠʚʥʳ ʧʦ HLA-DR, CD45, CD34, CD19 ʠʣʠ CD79Ŭ, CD14 ʠʣʠ 

CD11b. ɺ ʊʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʣʝʪʢʠ 

ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʠʭ ʩʬʝʨ. ɺ ʢʫʣʴʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ CD34-

ʤʘʨʢʝʨ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʟʥʘʯʘʝʪ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ʥʝ ʷʚʣʷʶʪʩʷ CD34+ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʤʠ ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ.  

 

ʊʘʙʣʠʮʘ 5. ʌʝʥʦʪʠʧ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʢ ʩʬʝʨ, ʚʳʨʘʞʝʥʥʳʡ ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʤʘʨʢʝʨ. 

  ʄʝʟʝʥʭʠʤʘʣʴʥʳʝ 

ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ 
ʂʣʝʪʢʠ ʩʬʝʨ 

ʉʪʨʦʤʘʣʴʥʳʝ ʤʘʨʢʝʨʳ 

CD73 64.98 Ò32.21 

CD90 98.41 1.13 

CD105 87.89  

CD29  10.66 

ʄʘʨʢʝʨʳ ʆʉʂ 
CD44  Ò89.35 

CD133  Ò3.05 

ʄʘʨʢʝʨ ʩʪʚʦʣʦʚʳʭ 

ʢʨʦʚʝʪʚʦʨʥʳʭ ʢʣʝʪʦʢ 

CD34 0.07 0 

ʄʘʨʢʝʨʳ 

ʤʘʢʨʦʬʘʛʘʣʴʥʦʛʦ 

ʟʚʝʥʘ 

HLA-DR 0.78 93.24 

CD14 0.88 5.07 

CD16 1.13  

ʄʘʨʢʝʨʳ ʊ-ʢʣʝʪʦʢ 
CD3 0.67 2.03 

CD4  0 

ʄʘʨʢʝʨʳ ɺ-ʢʣʝʪʦʢ 
CD19  0.27 

CD20 0.88 Ò94.28 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʩʬʝʨ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ TAMRA-ɼʅʂ ʟʦʥʜ, ʤʘʨʢʝʨʫ ʩʪʚʦʣʦʚʦʩʪʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ CD133 ʠ ʤʘʨʢʝʨʫ ɺ-

ʢʣʝʪʦʢ CD20 (ʊʘʙʣʠʮʘ 6). CD20 ʩʧʝʮʠʬʠʯʝʥ ʜʣʷ B-ʣʠʤʬʦʮʠʪʦʚ, ʪʘʢʞʝ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ ʧʨʠ ʙʦʣʴʰʠʥʩʪʚʝ B-ʢʣʝʪʦʯʥʳʭ ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ.  

 

ʊʘʙʣʠʮʘ 6. ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʨʥʘʣʠʟʘʮʠʝʡ TAMRA-ɼʅʂ ʟʦʥʜʘ (TAMRA+) ʠ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʘʨʢʝʨʦʚ CD133 ʠ CD20 ʚ ʢʫʣʴʪʫʨʝ ɺ-ʣʠʤʬʦʤʳ. ɿʥʘʯʝʥʠʷ ʚʳʨʘʞʝʥʳ ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʣʝʪʦʢ, ʠʤʝʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʝʥʦʪʠʧ. 

TAMRA+ 
TAMRA+ TAMRAï 

CD20+ CD20ï CD133+ CD133ï CD20+ CD20ï CD133+ CD133ï 

~6 % 4.4 % 2.0 % 5.1 % 0.6 % 12.5 % ~81 % 0 % ~94 % 

 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 90 % TAMRA+ ʢʣʝʪʦʢ ʥʝʩʫʪ ʤʘʨʢʝʨ CD133 ï 

ʧʨʦʤʠʥʠʥ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʆʉʂ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʦʧʫʭʦʣʝʡ (Horn et al., 1999; Irollo, Pirozzi, 

2013; Mizrak, Brittan, Alison, 2008; Sanai, Alvarez-Buylla, Berger, 2005). ʂʨʦʤʝ ʪʦʛʦ, 4.4 % ʢʣʝʪʦʢ, 

ʪʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ TAMRA-ɼʅʂ ʟʦʥʜ, ʧʦʟʠʪʠʚʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʤʘʨʢʝʨʫ B-ʢʣʝʪʦʢ CD20. 

ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʵʪʘ ʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ ʩʦʩʪʘʚʣʷʝʪ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʡ ɺ-ʢʣʦʥ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ ʢ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ 

ʧʨʦʚʦʜʠʣʠ ʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʠʭ ʩʬʝʨ ʘʥʪʠ-CD90 ʘʥʪʠʪʝʣʘʤʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʜʝʪʝʢʮʠ ʁʢʣʝʪʦʢ, ʧʦʟʠʪʠʚʥʳʭ ʧʦ TAMRA-ɼʅʂ ʟʦʥʜʫ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ 

ʩʜʝʣʘʥʳ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʘʥʘʣʠʟʘ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ 

ʥʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ (ʈʠʩʫʥʦʢ 18 ɸ), ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʘʥʘʣʠʟʘ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ ʩʠʩʪʝʤʝ in vitro (ʈʠʩʫʥʦʢ 

18 ɹ). ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʠʩʫʥʢʠ, CD90+ ʠ TAMRA+ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʠʭ ʩʬʝʨ ɺ-ʣʠʤʬʦʤʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ CD90+ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ 

TAMRA+ ʢʣʝʪʦʢ ʚʳʷʚʠʣʦ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʝʨʘʟʨʫʰʝʥʥʦʡ ʩʬʝʨʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʘ ʪʠʧʘ ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʢ. 

ʏʘʩʪʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʤ ʢʣʝʪʦʯʥʦʤ ʢʦʥʪʘʢʪʝ (ʈʠʩʫʥʦʢ 18 ɹ). 
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ʈʠʩ. 18. ɸʥʘʣʠʟ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ ʢ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ 

(CD90+) ʚ ʢʫʣʴʪʫʨʝ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. ɸ) ʀʟʦʙʨʘʞʝʥʠʷ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɹ) ʀʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʦʢ 

in vitro, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

ʆʢʨʘʩʢʘ ʷʜʝʨ DAPI (ʩʠʥʠʡ ʮʚʝʪ); CD90-APC ʘʥʪʠʪʝʣʘ (ʞʝʣʪʳʡ ʮʚʝʪ); TAMRA-ɼʅʂ ʟʦʥʜ 

(ʢʨʘʩʥʳʡ ʮʚʝʪ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʤʘʨʢʝʨ CD90), 

TAMRA+ ʢʣʝʪʢʠ. 

 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʘʢʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ çTAMRA-ʤʘʪʝʨʠʘʣʘè 

TAMRA+ ʢʣʝʪʦʢ ʚ CD90+ ʢʣʝʪʢʫ (ʈʠʩʫʥʦʢ 19 ɸ, ɹ).  
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ʈʠʩ. 19. ɸʥʘʣʠʟ ʩʦʚʤʝʩʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʘʥʪʠʪʝʣʘ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʤʘʨʢʝʨʫ 

CD90, ʠ TAMRA+ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʝ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. ɸ) ʀʟʦʙʨʘʞʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪ TAMRA+ ʢʣʝʪʦʢ ʢ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ. ʆʢʨʘʩʢʘ ʷʜʝʨ DAPI (ʩʠʥʠʡ ʮʚʝʪ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʤʘʨʢʝʨ CD90), TAMRA+ ʢʣʝʪʢʠ ʠ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ 

ʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɹ) ʇʝʨʝʭʦʜ TAMRA-ʤʘʪʝʨʠʘʣʘ ʚ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʠ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ, ʥʘʧʦʣʥʝʥʥʳʝ TAMRA-ʤʘʪʝʨʠʘʣʦʤ; ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʢ 

ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. ɺ) ʊʨʘʥʩʤʠʩʩʠʦʥʥʘʷ ɻ ʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. 

1 ï ʊʠʧʠʯʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ɺ ʮʝʥʪʨʝ ʩʥʠʤʢʘ ï 

ʦʜʥʘ ʠʟ ʢʣʝʪʦʢ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʩʦʩʝʜʥʠʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʪʦʥʥʝʣʝʡ. ɿʦʥʳ 
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ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʢʦʥʪʘʢʪʘ (ʧʨʦʪʨʫʟʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʜʥʦʡ ʢʣʝʪʢʠ ʠ ʠʥʚʘʛʠʥʘʮʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʜʨʫʛʦʡ) ʧʦʢʘʟʘʥʘ ʩʪʨʝʣʢʘʤʠ. 2 ï ʇʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʥʝʨʦʚʥʳʝ ʠʟ-ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʠʤʦʨʬʥʳʭ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʦʪʨʦʩʪʢʦʚ. ʅʘʙʣʶʜʘʶʪʩʷ ʣʦʢʫʩʳ ʩʣʠʷʥʠʷ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥ ʚ ʚʠʜʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʦʩʪʠʢʦʚ (ʩʪʨʝʣʢʘ).  

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ CD90+ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤʠ 

ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ ʠ TAMRA+ ʢʣʝʪʢʘʤʠ ʠʜʝʪ ʘʢʪʠʚʥʳʡ ʧʨʷʤʦʡ ʦʙʤʝʥ ʢʣʝʪʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʧʨʠ ʵʪʦʤ ʜʦʥʦʨʦʤ ʷʚʣʷʶʪʩʷ TAMRA+ ʢʣʝʪʢʠ, ʘ ʘʢʮʝʧʪʦʨʦʤ ï ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ 

ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʢʣʝʪʦʢ, ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʘʥʘʣʠʟʦʤ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʝ in vitro (ʈʠʩʫʥʦʢ 19 ɸ, ɹ). 

ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʵʣʝʢʪʨʦʥʥʡr ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʚ ʢʫʣʴʪʫʨʝ ɺ-

ʣʠʤʬʦʤʳ ʤʝʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʠʤʝʶʪʩʷ ʧʣʦʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʤʝʞʢʣʝʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

(ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʪʦʥʥʝʣʠ) (ʈʠʩʫʥʦʢ 19 ɺ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ CD90+ ʠ TAMRA+ ʢʣʝʪʦʢ, ʦʜʥʘʢʦ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʝ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʨʪʠʨʦʚʢʠ ʢʣʝʪʦʢ ʧʦ ʧʨʠʟʥʘʢʫ TAMRA+ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ qPCR, 

ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ TAMRA+ ʢʣʝʪʦʢ ʢ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʤ ɺ-ʢʣʝʪʢʘʤ. 

ʀʜʝʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. ɽʩʣʠ TAMRA+ ʢʣʝʪʢʠ ʩʦʩʪʘʚʣʷʶʪ 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʡ ɺ-ʢʣʦʥ, ʪʦ ʚ ʦʙʦʛʘʱʝʥʥʦʤ ʧʦʩʣʝ ʩʦʨʪʠʨʦʚʢʠ ʜʦ 80 % ʦʙʨʘʟʮʝ (ʈʠʩʫʥʦʢ 

20 ɸ), ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʚ ʩʠʩʪʝʤʝ qPCR, ʙʫʜʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʘʥʘʣʦʛʠʯʥʦʝ ʠʣʠ 

ʙʣʠʟʢʦʝ ʢ ʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʢʣʦʥʦʪʠʧʠʯʝʩʢʦʡ ɼʅʂ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ VDJ-ʣʦʢʫʩʘ. ʇʨʠ ʵʪʦʤ 

ʚ TAMRAï ʦʙʨʘʟʮʝ ʇʎʈ-ʧʨʦʜʫʢʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʥʝ ʜʦʣʞʝʥ. ɹr ʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʮʠʬʨʦʚʳʝ ʟʥʘʯʝʥʠʷ. ɺ TAMRA+ ɼʅʂ ʩʦʜʝʨʞʘʥʠʝ ɺ-ʢʣʦʥʘ ʩʦʩʪʘʚʠʣʦ 0.023 ʧʛ ʠʟ 100 ʥʛ ʚ 

ʨʝʘʢʮʠʠ. ɺ TAMRAï ɼʅʂ ʩʦʜʝʨʞʘʥʠʝ ɺ-ʢʣʦʥʘ ʩʦʩʪʘʚʠʣʦ 0.24 ʧʛ ʠʟ 100 ʥʛ ʚ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 

20 ɹ). ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ qPCR, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ɺ-

ʢʣʝʪʦʢ ʚ TAMRA+ ʧʨʦʪʠʚ TAMRAï ʩʫʙʧʦʧʫʣʷʮʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ~10.5 Ñ 4.1 (Mean Ñ  SD).  

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʠʧʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ FISH-

ʘʥʘʣʠʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ ʟʦʥʜʘ ç500è (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʩʪʨʦʝʥʥʦʛʦ VDJ-

ʣʦʢʫʩʘ) ʠ ʦʮʝʥʢʦʡ TAMRA-ɼʅʂ (ʠʣʠ Flu-ɼʅʂ) ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʥʘ ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ (ʈʠʩʫʥʦʢ 

20 ɺ). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʦʙʘ ʪʠʧʘ ʢʣʝʪʦʢ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ 

ʧʦʧʫʣʷʮʠʠ.  



146 

 

 

 

 

 
ʈʠʩ. 20. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʢ 

ʩʫʙʧʦʧʫʣʷʮʠʠ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʭ ɺ-ʢʣʝʪʦʢ. ɸ) ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʪʠʨʦʚʢʠ ʢʣʝʪʦʢ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʧʦ ʧʨʠʟʥʘʢʫ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ (TAMRA-ɼʅʂ ʟʦʥʜ) 

çTAMRA+è ī ʢʣʝʪʢʠ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ ɼʅʂ, ʦʙʦʛʘʱʝʥʠʝ ʜʦ 80 %; çTAMRAïè ī ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʢʣʝʪʦʢ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ ɼʅʂ. ɹ) ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ɼʅʂ ɺ-

ʢʣʦʥʘ (500 ʧ.ʥ.) ʚ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ TAMRA+ ʠ TAMRAï ʢʣʝʪʢʘʭ ʤʝʪʦʜʦʤ qPCR. 

ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚ ɼʅʂ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ VDJ-ʣʦʢʫʩʘ ɺ-ʢʣʦʥʘ (500 ʧ.ʥ.), ʠ ʧʨʘʡʤʝʨʦʚ JH/FR3c. 

ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʫʢʘʟʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ɼʅʂ ʠʟ TAMRA+ ʠ TAMRAï 

ʢʣʝʪʦʢ. ɺ) ʇʨʝʧʘʨʘʪʳ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ Flu- ʠʣʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ FISH c ʤʝʯʝʥʳʤ TAMRA-

ʬʣʫʦʨʦʭʨʦʤʦʤ ɼʅʂ-ʬʨʘʛʤʝʥʪʦʤ ç500è, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʦʤʫ VDJ-ʣʦʢʫʩʫ 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʦʡ ɺ-ʢʣʝʪʢʠ. 1, 2 ï ʮʝʣʳʝ ʩʬʝʨʳ ʩ Flu-ɼʅʂ ʟʦʥʜʦʤ (1) ʠ TAMRA-ɼʅʂ ʟʦʥʜʦʤ 

(2); 3, 4 ï ʬʨʘʛʤʝʥʪʳ ʩʬʝʨ; 5, 6 ï ʢʣʝʪʢʠ ʬʨʘʢʮʠʠ ʩʚʦʙʦʜʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʦʩʪʘʪʢʦʚ 

ʨʘʟʨʫʰʝʥʥʳʭ ʩʬʝʨ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʩʘʡʪʳ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ɼʅʂ ʟʦʥʜʘ, 

ʢʣʝʪʢʠ, ʟʘʭʚʘʪʠʚʰʠʝ ʤʝʯʝʥʳʡ ʬʣʫʦʨʦʭʨʦʤʦʤ ɼʅʂ ʟʦʥʜ. ʆʢʨʘʩʢʘ ʷʜʝʨ DAPI.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʥʠ ʢ CD34+ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ, ʥʠ ʢ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʩʪʚʦʣʦʚʳʤ ʢʣʝʪʢʘʤ, ʥʠ ʢ 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʤ ɺ-ʢʣʝʪʢʘʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʢʫʣʴʪʫʨʝ, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʫʶ 

ʩʫʙʧʦʧʫʣʷʮʠʶ. ʇʨʠ ʵʪʦʤ ~90 % TAMRA+ ʢʣʝʪʦʢ ʥʝʩʫʪ ʤʘʨʢʝʨ CD133, ʷʚʣʷʶʱʠʡʩʷ ʤʘʨʢʝʨʦʤ 

ʆʉʂ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ. 

(2) ɸʥʘʣʠʟ ʢʣʦʥʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ TAMRA+ ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ 

ʇʦʩʢʦʣʴʢʫ ʢʣʝʪʢʘ, ʟʘʭʚʘʪʳʚʘʶʱʘʷ ɼʅʂ ʟʦʥʜ, ʚʩʝʛʜʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚʥʫʪʨʠ ʚ ʮʝʥʪʨʝ 

ʩʬʝʨʳ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʠ ʢʣʝʪʢʠ ʷʚʣʷʶʪʩʷ çʝʜʠʥʠʮʘʤʠè, 

ʦʨʛʘʥʠʟʫʶʱʠʤʠ ʩʙʦʨʢʫ ʩʬʝʨʳ. ɹʳʣ ʧʨʦʚʝʜʝʥ 12-ʯʘʩʦʚʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ 

ʩʙʦʨʢʠ ʩʬʝʨ. ʉʬʝʨʳ ʙʳʣʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʳ ʜʦ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʧʨʦʠʥʢʫʙʠʨʦʚʘʥʳ ʩ 

TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ʏʝʨʝʟ ~10 ʯʘʩʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʬʝʨʳ (ʈʠʩʫʥʦʢ 

21). 

 

ʈʠʩ. 21. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʩʬʝʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʩʭʦʜʥʳʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. ʉʪʨʝʣʢʦʡ ʦʪʤʝʯʝʥʘ ʢʣʝʪʢʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʩʠʛʥʘʣ TAMRA, ʢʦʪʦʨʘʷ ʚʤʝʩʪʝ ʩ ʛʨʫʧʧʦʡ TAMRAï ʢʣʝʪʦʢ ʬʦʨʤʠʨʫʝʪ ʩʬʝʨʦʦʙʨʘʟʫʶʱʠʡ 

ʮʝʥʪʨ. ʅʘ ʩʥʠʤʢʘʭ ç8ʯ 40ʤʠʥè, ç9ʯ 10ʤʠʥè, ç9ʯ 30ʤʠʥè, ç9ʯ 40ʤʠʥè ʢʣʝʪʢʘ ʠʟʤʝʥʠʣʘ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʬʦʢʫʩʘ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ç9ʯ 50ʤʠʥè ʥʘʙʣʶʜʘʝʤʘʷ ʢʣʝʪʢʘ 

ʦʙʲʝʜʠʥʠʣʘʩʴ ʩ ʛʨʫʧʧʦʡ TAMRAï ʢʣʝʪʦʢ. ʉʥʠʤʢʠ ç10ʯ 00ʤʠʥè ʠ ç10ʯ 50ʤʠʥè 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʬʦʨʤʠʨʦʚʘʥʥʫ  ʁ ʚʪʦʨʠʯʥʫ  ʁ ʩʬʝʨʫ, ʩʦʜʝʨʞʘʱʫ  ʁ TAMRA+ ʢʣʝʪʢʫ. ʅʘ 

ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʦ ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ ʦʢʦʣʦʢʣʝʪʦʯʥʫʶ 

ʩʨʝʜʫ. 
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ʅʘ ʈʠʩʫʥʢʝ 21 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʩʙʦʨʢʠ ʩʬʝʨ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʥʠʤʢʦʚ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʩʢʦʣʴʢʦ (ʜʦ 10) ʢʣʝʪʦʢ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ TAMRA-ɼʅʂ ʟʦʥʜ, ʦʙʨʘʟʫʶʪ ʘʛʨʝʛʘʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʥʠʤ (ʠʣʠ ʦʥʠ) ʧʦʜʭʦʜʠʪ 

TAMRA+ ʢʣʝʪʢʘ, ʠ ʥʘʯʠʥʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʵʪʘʧ ʩʙʦʨʢʠ ʩʬʝʨʳ.  

ʊʘʢʞʝ ʫʯʘʩʪʠʝ TAMRA+ ʢʣʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʩʬʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ. ʂʣʝʪʢʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʙʳʣʠ 

ʧʨʦʠʥʢʫʙʠʨʦʚʘʥʳ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʜʘʣʝʝ TAMRA+ ʠ TAMRAï ʢʣʝʪʢʠ ʙʳʣʠ 

ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʧʫʣʷʮʠʠ. ɺ ʣʫʥʢʠ 46-ʣʫʥʦʯʥʦʛʦ 

ʧʣʘʥʰʝʪʘ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʢʣʝʪʢʠ (150 ʪʳʩ./500 ʤʢʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 % FBS 

ʠ ʛʝʥʪʘʤʠʮʠʥʘ): ʢʦʥʪʨʦʣʴ (ʩʫʤʤʘʨʥʘʷ ʧʦʧʫʣʷʮʠʷ ʢʣʝʪʦʢ ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ (TAMRA-ɼʅʂ ʟʦʥʜ), ʧʨʦʧʫʱʝʥʥʘʷ ʯʝʨʝʟ ʧʨʦʪʦʯʥʳʡ ʮʠʪʦʤʝʪʨ); 

çTAMRAïè (ʢʣʝʪʢʠ, ʥʝ ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ ʜʮɼʅʂ ʟʦʥʜ); çTAMRAïè + Ĭ1 çTAMRA+è (ʢ 

ʧʦʧʫʣʷʮʠʠ çTAMRAïè ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ çTAMRA+è ʢʣʝʪʢʠ ʜʦ 6 %); 

çTAMRAïè + Ĭ5 çTAMRA+è (ʢ ʧʦʧʫʣʷʮʠʠ çTAMRAïè ʢʣʝʪʦʢ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ 

ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ çTAMRA+è ʢʣʝʪʢʠ ʜʦ 30 %, ʪʦ ʝʩʪʴ ʩ ʧʷʪʠʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ). ʇʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʞʠʚʳʭ ʢʣʝʪʦʢ ʣʫʥʢʠ ʧʣʘʥʰʝʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʢʘʞʜʳʡ ʯʘʩ ʚ ʪʝʯʝʥʠʝ 17 ʯʘʩʦʚ 

(ʢʣʝʪʢʠ ʥʘʭʦʜʠʣʠʩʴ ʧʨʠ 37 Üʉ ʠ ʚ 5 % ʘʪʤʦʩʬʝʨʝ CO2) (ʈʠʩʫʥʦʢ 22).  

ɺʦ ʚʩʝʭ ʛʨʫʧʧʘʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ TAMRA+ ʢʣʝʪʢʠ, ʩʙʦʨʢʘ ʩʬʝʨ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʯʝʨʝʟ 

ʜʚʘ ʯʘʩʘ ʧʦʩʣʝ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ. ɺ ʛʨʫʧʧʝ TAMRAï ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʣʠʥʷʝʪʩʷ ï 

ʩʙʦʨʢʘ ʩʬʝʨ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ 8 ʯʘʩʦʚ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʩʬʝʨʦʘʛʨʝʛʘʪʦʚ ʚ ʧʦʧʫʣʷʮʠʠ TAMRAï ʢʣʝʪʦʢ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʠʙʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʩʪʘʪʦʯʥʳʭ TAMRA+ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʝ, ʣʠʙʦ ʪʝʤ, ʯʪʦ CD90+ ʢʣʝʪʢʠ, ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʫʣʴʪʫʨʝ, ʚ ʦʪʩʫʪʩʪʚʠʝ TAMRA+ ʢʣʝʪʦʢ ʧʨʠʥʠʤʘʶʪ ʥʘ ʩʝʙʷ ʨʦʣʴ 

ʩʬʝʨʦʦʙʨʘʟʫʶʱʠʭ çʝʜʠʥʠʮè. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

TAMRA+ ʢʣʝʪʦʢ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʬʝʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʢʘʟʘʥʥʳʝ 

ʢʣʝʪʢʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʷʚʣʷʷʩʴ 

ʩʬʝʨʦʦʙʨʘʟʫʶʱʠʤ ʮʝʥʪʨʦʤ. 
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ʈʠʩ. 22. ɺʘʨʠʘʥʪʳ ʘʛʨʝʛʘʮʠʠ ʢʣʝʪʦʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʯʝʨʝʟ 17 ʯʘʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʩʦʨʪʠʨʦʚʢʠ ʥʘ TAMRAï ʠ 

TAMRA+ ʧʦʧʫʣʷʮʠʠ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʪʠʨʦʚʢʠ ʢʣʝʪʦʢ (FACS) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʥʦʢʣʦʥʠʨʦʚʘʥʠʝ TAMRA+ ʠ TAMRAï ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʣʦʥʳ ʠ ʚʦʟʦʙʥʦʚʣʷʪʴ ʨʦʩʪ ʢʫʣʴʪʫʨʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʪʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʧʫʣʷʮʠʠ TAMRA+ ʢʣʝʪʦʢ ʰʝʩʪʴ ʠʟ 96 ʢʣʝʪʦʢ 

ʦʙʨʘʟʦʚʘʣʠ ʩʬʝʨʫ ʠʟ ʝʜʠʥʠʯʥʦʡ ʢʣʝʪʢʠ, ʧʨʠ ɻ ʪʦʤ ʜʚʝ ʠʟ ʥʠʭ ʜʘʣʠ ʥʘʯʘʣʦ ʢʫʣʴʪʫʨʝ ʩ ʠʩʭʦʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʣʦʥʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘʙʣʶʜʘʣʠ ʜʣʷ ʜʚʫʭ ʠʟ 96 TAMRA+ 

ʢʣʝʪʦʢ. ɺ ʧʦʧʫʣʷʮʠʠ TAMRAï ʢʣʝʪʦʢ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢʣʦʥʦʚ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʠ 

ʚ ʦʜʥʦʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (n = 96 ʚ ʢʘʞʜʦʤ; p<0.01, ʢʨʠʪʝʨʠʡ ɢĮ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʝ ɺ-ʣʠʤʬʦʤʳ 

ʠʤʝʶʪ ʢʣʦʥʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ: ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʧʫʣʷʮʠʶ ʢʣʝʪʦʢ ʠʟ ʝʜʠʥʠʯʥʦʡ 

ʢʣʝʪʢʠ ʠ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʬʝʨ, ʷʚʣʷʷʩʴ ʩʬʝʨʦʦʨʛʘʥʠʟʫʶʱʝʡ ʝʜʠʥʠʮʝʡ.  

(3) ʆʮʝʥʢʘ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ TAMRA+ ʢʣʝʪʢʘʤʠ 

ʉʬʝʨʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʩʪʦʷʪ ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʆʉʂ, ʦʢʨʫʞʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʘʣʦʛ ʩʪʚʦʣʦʚʦʡ ʥʠʰʠ. ʆʜʥʠʤ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʢʣʝʪʦʢ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʦʢʨʫʛ ʩʝʙʷ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ (ʥʠʰʫ), 

ʫ ʆʉʂ ʷʚʣʷʝʪʩʷ ʩʝʢʨʝʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʭʝʤʦʘʪʪʨʘʢʪʘʥʪʦʚ (ʭʝʤʦʢʠʥʳ, ʮʠʪʦʢʠʥʳ).  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ ʢʣʝʪʢʘʤʠ 

ʩʬʝʨ (ʊʘʙʣʠʮʘ 7). ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ ʢʣʝʪʢʠ ɺ-ʣʠʤʬʦʤʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ (ʨʘʟʜʝʣ 2.17), ʚ ʢʦʣʠʯʝʩʪʚʝ 50 ʪʳʩ. ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ 

ŬMEM, ʩʦʜʝʨʞʘʱʝʡ 10 % FBS, ʚ ʘʪʤʦʩʬʝʨʝ CO2 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʉʫʧʝʨʥʘʪʘʥʪ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʮʠʪʦʢʠʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʩʪ ʩʠʩʪʝʤʝ 27-Plex. ɺ ʢʘʞʜʦʡ 

ʛʨʫʧʧʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦ ʪʨʠ ʦʙʨʘʟʮʘ. 

ʉʨʘʚʥʠʚʘʣʘʩʴ ʧʨʦʜʫʢʮʠʷ ʮʠʪʦʢʠʥʦʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʦʧʫʣʷʮʠʝʡ ʢʣʝʪʦʢ ʩʬʝʨ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʠ TAMRA-ʥʝʛʘʪʠʚʥʳʭ ʢʣʝʪʦʢ ʩʬʝʨ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʡ 

ʦʙʨʘʟʝʮ, ʪʘʢʞʝ ʢʘʢ ʠ ʚʪʦʨʦʡ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʝʨʝʟ ʧʨʦʮʝʜʫʨʫ FACS-ʧʨʦʮʝʩʩʠʥʛʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʣ ʩʨʘʚʥʠʪʴ ʧʨʦʜʫʢʮʠʶ ʮʠʪʦʢʠʥʦʚ ʢʣʝʪʢʘʤʠ ʩʬʝʨ, ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʦʪ ʜʝʡʩʪʚʠʷ 

TAMRA+ ʢʣʝʪʦʢ, ʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩʬʝʨʦʠʜʥʳʭ ʢʣʝʪʦʢ. ʕʪʦ ʜʘʚʘʣʦ ʢʦʩʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʧʨʠʩʫʪʩʪʚʠʷ TAMRA+ ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ ʥʘ ʧʨʦʜʫʢʮʠʶ ʮʠʪʦʢʠʥʦʚ ʩʬʝʨʘʤʠ. 

ʇʨʷʤʘʷ ʦʮʝʥʢʘ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ TAMRA+ ʢʣʝʪʢʘʤʠ ʦʢʘʟʘʣʘʩʴ ʥʝʚʳʧʦʣʥʠʤʦʡ ʚ ʩʚʷʟʠ ʩ 

ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʙʦʨʘ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ. 
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ʊʘʙʣʠʮʘ 7. ɸʥʘʣʠʟ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ ʢʣʝʪʢʘʤʠ ʩʬʝʨ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ. 

ɻʨʫʧʧʘ 

ʮʠʪʦʢʠʥʦʚ 
ʎʠʪʦʢʠʥ 

ʇʨʦʜʫʢʮʠʷ ʮʠʪʦʢʠʥʦʚ (ʧʛ/ʤʣ) 

ʂʣʝʪʢʠ ʩʬʝʨ ɺ-ʣʠʤʬʦʤʳ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ FACS 

*  
TAMRA+  ʠ 

TAMRAï ʢʣʝʪʢʠ 

ʊʦʣʴʢʦ 

TAMRAï ʢʣʝʪʢʠ 
ʕʬʬʝʢʪ 

ʇʨʦ- ʠ ʧʨʦʪʠʚʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

IL-1ɓ 2 19 21 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

TNF-Ŭ 8 < 8 47 ŷ 5.8 ʨʘʟ 

IL1-ra 17 14 118 ŷ 8.4 ʨʘʟʘ 

IL-10 9 24.2 23.4 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

ʀʤʤʫʥʥʦ- 

ʨʝʛʫʣʷʪʦʨʥʳʝ 

(Th1, Th2, Th9, 

Th17)  

IL-2 2 < 2 < 2 ʅ/ɼ 

IFN-ɔ 20 < 20 < 20 ʅ/ɼ 

IL-12 2 < 2 4.3 ʅ/ɼ 

IL-4 2 12 25 ŷ 2 ʨʘʟʘ 

IL-5 5 < 5 < 5 ʅ/ɼ 

IL-6 7 < 7 < 7 ʅ/ɼ 

IL-9 6 < 6 10.7 ŷ 1.8 ʨʘʟʘ 

IL-13 2 5 5 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

IL-15 3 4.1 < 3 ʅ/ɼ 

IL-17A 3 3.3 < 3 ʅ/ɼ 

ʈʦʩʪʦʚʳʝ 

ʬʘʢʪʦʨʳ  

G-CSF 2 < 2 < 2 ʅ/ɼ 

GM-CSF 2 < 2 < 2 ʅ/ɼ 

IL-7 3 < 3 19 ŷ 6.3 ʨʘʟʘ 

FGF-b 4 < 4 4.8 ʅ/ɼ 

PDGF 4 < 4 8 ŷ 2 ʨʘʟʘ 

VEGF 4 < 4 4.7 ʅ/ɼ 

CʍC- ʠ ʉʉ-

ʭʝʤʦʢʠʥʳ 

IL-8 3 85 72 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

IP-10 5 64 < 5 Ź 12.8 ʨʘʟ 

MCP-1 10 40 19.4 Ź 2 ʨʘʟʘ 

MIP-1Ŭ 4 1 022 1 193 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

MIP-1ɓ 4 3 444 4 052 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

Rantes 8 637 793 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

Eotaxin 10 < 10 < 10 ɹʝʟ ʠʟʤʝʥʝʥʠʡ 

* - ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ 27-Plex; ʅ/ɼ ï ʥʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ; ɹʝʟ 

ʠʟʤʝʥʝʥʠʡ ï ʵʬʬʝʢʪ Ñ 20 %. 

 

ʋʜʘʣʝʥʠʝ ʠʟ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ TAMRA+ ʢʣʝʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʧʨʦʬʠʣʷ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʮʠʪʦʢʠʥʦʚ (ʊʘʙʣʠʮʘ 7). ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 6ï8-ʢʨʘʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʜʫʢʮʠʠ TNF-Ŭ ʠ IL-1ra, ʭʦʪʷ ʩʠʥʪʝʟ ʜʨʫʛʠʭ ʧʨʦ- ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ (IL-1ɓ ʠ IL-10, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

2-ʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʜʫʢʮʠʷ IL-4 ʠ IL-9, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʫʧʧʝ ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʳʭ 
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Th2/Th9 ʮʠʪʦʢʠʥʦʚ, ʘ ʪʘʢʞʝ ʨʦʩʪʦʚʳʭ ʬʘʢʪʦʨʦʚ (IL-7 ï 6-ʢʨʘʪʥʦ ʠ PDGF ï 2-ʢʨʘʪʥʦ). ʅʝʩʤʦʪʨʷ 

ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʤʝʜʠʘʪʦʨʦʚ (ʧʛ/ʤʣ), 

ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʠʭ ʩʝʢʨʝʮʠʠ ʦʪʯʝʪʣʠʚʦ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ. 

(4) ʆʮʝʥʢʘ ʪʫʤʦʨʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ TAMRA+ ʢʣʝʪʦʢ 

ɼʣʷ ʦʮʝʥʢʠ ʪʫʤʦʨʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-ʠʥʫʮʠʨʦʚʘʥʥʦʡ ɺ-

ʣʠʤʬʦʤʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʣʝʪʦʢ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʤ 

ʤʳʰʘʤ. ɼʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʩʬʝʨʳ ʙʳʣʠ ʧʨʦʠʥʢʫʙʠʨʦʚʘʥʳ c TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʚ ʪʝʯʝʥʠʝ 

1 ʯʘʩʘ ʠ ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ.  

ʇʝʨʚʘʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚʥʫʪʨʠʚʝʥʥʦ. ɹʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʪʨʠ ʛʨʫʧʧʳ 

ʞʠʚʦʪʥʳʭ (cʘʤʢʠ ʤʳʰʝʡ ʣʠʥʠʠ SCID): ʢʦʥʪʨʦʣʴ ʙʝʟ ʠʥʲʝʢʮʠʠ (n = 3), ʤʳʰʠ, ʢʦʪʦʨʳʤ 

ʧʝʨʝʚʠʚʘʣʠ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ TAMRA+ ʢʣʝʪʢʠ (n = 5), ʤʳʰʠ, ʢʦʪʦʨʳʤ ʧʝʨʝʚʠʚʘʣʠ TAMRAï 

ʢʣʝʪʢʠ (n = 5). ɺʥʫʪʨʠʚʝʥʥʦ ʙʳʣʦ ʧʝʨʝʚʠʪʦ ʧʦ 1 860 ʢʣʝʪʦʢ ʢʘʞʜʦʡ ʧʦʧʫʣʷʮʠʠ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʳʰʘʤ ʣʠʥʠʠ SCID ʧʦʜʢʦʞʥʦ ʙʳʣʦ ʧʝʨʝʚʠʪʦ ʧʦ 2 250 

ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ TAMRA+ ʢʣʝʪʦʢ (n = 7). ʂʦʥʪʨʦʣʴʥʳʤ ʤʳʰʘʤ ʙʳʣʦ ʧʝʨʝʚʠʪʦ 10-ʢʨʘʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ TAMRAï ʢʣʝʪʦʢ (20 000) (n = 8).  

ɺ ʦʙʦʠʭ ʦʧʠʩʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʟʚʠʪʠʷ ʛʨʘʬʪʦʚ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʜʝʪʝʢʪʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ. ʆʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʙʳʣʦ ʥʝʧʦʥʷʪʥʳʤ. ʆʞʠʜʘʣʦʩʴ, ʯʪʦ 

TAMRA+ ʢʣʝʪʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʚʣʷʶʪʩʷ ʆʉʂ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʜʘʚʘʪʴ ʪʨʘʥʩʧʣʘʥʪʘʪ ʧʨʠ ʠʭ ʚʳʜʝʣʝʥʠʠ ʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʦʙʱʝʥʥʳʝ ʦʪ ʩʬʝʨ ʠ ʩʦʨʪʠʨʦʚʘʥʥʳʝ TAMRA+ 

ʢʣʝʪʢʠ ʥʝ ʜʘʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʛʦ ʛʨʘʬʪʘ. ʇʦʩʢʦʣʴʢʫ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʳʨʘʞʝʥʥʦʝ 

ʮʠʪʦʢʠʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʩʬʝʨ, ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʪʴ 

ʥʘʯʘʣʦ ʥʦʚʦʡ ʦʧʫʭʦʣʠ ʤʦʞʝʪ ʪʦʣʴʢʦ ʩʬʝʨʘ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʛʜʝ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʢʣʦʥʦʛʝʥʥʳʝ ʢʣʝʪʢʠ, ʚʢʣʶʯʘʷ TAMRA+ ʢʣʝʪʢʠ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʠʝ ʠʭ 

ʢʣʝʪʢʠ, ʥʝʩʫʱʠʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʪʨʦʤʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. ʂʨʦʤʝ ʵʪʦʛʦ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ ʩʣʫʯʘʝ 

ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 500 000 ʢʣʦʥʦʛʝʥʥʳʭ ʢʣʝʪʦʢ ʠ 

ʩʪʨʦʤʘʣʴʥʘʷ ʧʨʝʜʧʦʜʛʦʪʦʚʢʘ (Hosen, 2013; Matsui et al., 2004).  

ɺ ʪʨʝʪʴʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʜʢʦʞʥʘʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʮʝʣʳʭ ʩʬʝʨ ʠ 

TAMRAï ʢʣʝʪʦʢ. ɹʳʣʦ ʧʝʨʝʚʠʪʦ ʩʫʤʤʘʨʥʦ 1 000 000 ʢʣʝʪʦʢ, ʠʟ ʢʦʪʦʨʳʭ TAMRA+ ʢʣʝʪʢʠ 

ʩʦʩʪʘʚʣʷʣʠ ~1ï2 % (15 000ï30 000 TAMRA+ ʢʣʝʪʦʢ). ʏʝʨʝʟ 49 ʩʫʪʦʢ ʫ ʦʜʥʦʡ ʠʟ ʯʝʪʳʨʝʭ 

ʤʳʰʝʡ, ʢʦʪʦʨʳʤ ʧʨʠʚʠʚʘʣʠ ʩʬʝʨʳ, ʨʘʟʚʠʣʩʷ ʧʦʣʥʦʮʝʥʥʳʡ ʛʨʘʬʪ. ʅʠ ʫ ʦʜʥʦʡ ʠʟ ʤʳʰʝʡ ʩ 

ʧʝʨʝʚʠʪʳʤʠ TAMRAï ʢʣʝʪʢʘʤʠ ʛʨʘʬʪ ʥʝ ʨʘʟʚʠʣʩʷ (n = 4) (ʈʠʩʫʥʦʢ 23 ɸ).  
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ʈʠʩ. 23. ɸʥʘʣʠʟ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʚʳʨʦʩʰʝʛʦ ʫ SCID ʤʳʰʠ ʧʨʠ ʧʝʨʝʚʠʚʢʝ ʩʬʝʨ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ. A) ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʤʤʘ SCID ʤʳʰʝʡ. 1 ï 

ʇʝʨʝʚʠʚʢʘ TAMRAï ʢʣʝʪʦʢ. 2 ï ʇʝʨʝʚʠʚʢʘ ʢʣʝʪʦʢ ʚ ʚʠʜʝ ʩʬʝʨʦʘʛʨʝʛʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ 1ï2 % TAMRA+ ʢʣʝʪʦʢ. ʇʦʜʢʦʞʥʦ ʧʝʨʝʚʠʪʘʷ ʦʧʫʭʦʣʴ ʦʙʦʟʥʘʯʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʠ 

ʩʪʨʝʣʢʦʡ. ɹ) ʇʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʨʘʛʤʝʥʪʦʚ ʢʦʩʪʝʡ, ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʞʠʚʦʪʥʦʛʦ. 

1 ï ʂʦʩʪʥʦ-ʭʨʷʱʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʢʨʫʞʝʥʥʦʝ ʤʳʰʝʯʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʥʝʪ. 2 ï ʂʦʩʪʥʳʡ ʤʦʟʛ ʥʦʨʤʘʣʴʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ. 3 ï ʅʝʢʨʦʪʠʟʠʨʦʚʘʥʥʳʡ 

ʦʧʫʭʦʣʝʚʳʡ ʢʦʥʛʣʦʤʝʨʘʪ. 4 ï ʄʥʦʞʝʩʪʚʦ ʥʝʡʪʨʦʬʠʣʴʥʳʭ ʛʨʘʥʫʣʦʮʠʪʦʚ, ʵʨʠʪʨʦʮʠʪʳ ʠ 

ʢʣʝʪʦʯʥʳʡ ʜʝʪʨʠʪ ʚ ʦʯʘʛʝ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ. 5 ï ʆʧʫʭʦʣʝʚʳʡ ʦʯʘʛ ʩʨʝʜʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ. ɺʠʜʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʧʨʦʩʚʝʪʘʤʠ. ɺʦʩʧʘʣʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɺ) ʇʎʈ ʩ ʪʨʝʤʷ ʥʘʙʦʨʘʤʠ ʚʳʨʦʞʜʝʥʥʳʭ ʧʨʘʡʤʝʨʦʚ (JH ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠ FR2b, 

FR3c, FR1c) ʥʘ ʢʦʥʩʪʘʥʪʥʳʝ ʫʯʘʩʪʢʠ VDJ-ʣʦʢʫʩʘ ʩ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ; ʥʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥ ʵʣʝʢʪʨʦʬʦʨʝʟ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʩ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ 

ʠʟ ʧʝʯʝʥʠ ʤʳʰʝʡ ʣʠʥʠʠ CBA/Lac. ʅʘʣʠʯʠʝ ʬʨʘʛʤʝʥʪʘ ʛʦʚʦʨʠʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʤʥʦʞʝʩʪʚʘ 

ʦʜʠʥʘʢʦʚʳʭ ɺ-ʢʣʦʥʦʚ ʚ ʦʙʨʘʟʮʝ ɼʅʂ. ɻ) qPCR ʩ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ. ʅʘ ʛʨʘʬʠʢʝ ʧʨʠʚʝʜʝʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ɼʅʂ ʯʝʣʦʚʝʢʘ (RPLP0 

ʧʨʘʡʤʝʨʳ, ʩʫʤʤʘʨʥʘʷ ɼʅʂ ʯʝʣʦʚʝʢʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ) ʠ ɼʅʂ ʤʳʰʠ (Ptger2 ʧʨʘʡʤʝʨʳ, 

ɼʅʂ ʠʟ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ). ʊʦʯʢʘʤʠ ʥʘ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʢʨʠʚʳʭ ʦʙʦʟʥʘʯʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɼʅʂ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠ ʤʳʰʠʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʦʧʫʭʦʣʝʚʦʤ ʪʨʘʥʩʧʣʘʥʪʘʪʝ. ɼ) ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʧʠʡ B-ʢʣʦʥʘ 

ʚ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʤʝʪʦʜʦʤ qPCR. ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʠʪʨʦʚʢʠ ɼʅʂ B-ʢʣʦʥʘ (500 ʧ.ʥ.) ʠ ʧʨʘʡʤʝʨʦʚ JH/FR3c. ʊʦʯʢʦʡ 

ʦʙʦʟʥʘʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ɺ-ʢʣʦʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ɼʅʂ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ 

ʥʘʢʣʦʥʘ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. 
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ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʩʭʦʜʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʧʘʮʠʝʥʪʘ (ʄʄ), ʠʟ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʢʦʪʦʨʦʛʦ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʫʣʴʪʫʨʘ ʢʣʝʪʦʢ, ʫ ʤʳʰʠ ʩ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʢʩʝʥʦʛʨʘʬʪʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʢʘʥʝʡ, ʯʘʩʪʝʡ ʩʢʝʣʝʪʘ ʠ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 23 ɹ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʄʄ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʩʠʤʧʪʦʤʦʚ CRAB, ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ï ʬʦʨʤʘʪʥʳʡ ʣʠʟʠʩ ʢʦʩʪʥʦʡ ʪʢʘʥʠ 

(Dowling, Kelly, Meenaghan, 2016). ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʩʪʥʦ-

ʭʨʷʱʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʦʙʱʠʤ ʯʠʩʣʦʤ 11), ʚʳʷʚʠʣ ʧʨʠʩʫʪʩʪʚʠʝ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʚ ʪʨʝʭ ʠʟ 

ʥʠʭ. ɺ ʜʚʫʭ ʩʣʫʯʘʷʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʨʫʧʥʳʝ ʦʯʘʛʠ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʚ ʦʢʨʫʞʝʥʠʠ 

ʤʳʰʝʯʥʦʡ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ, ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʣʩʷ 

ʥʝʢʨʦʟʦʤ ʦʧʫʭʦʣʝʚʳʭ ʫʟʣʦʚ (ʚ ʦʜʥʦʤ ʠʟ ʧʨʝʧʘʨʘʪʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ 

ʚʦʩʧʘʣʝʥʠʝ ʩ ʦʙʠʣʴʥʦʡ ʧʦʣʠʤʦʨʬʥʦʢʣʝʪʦʯʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʝʡ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʩʢʦʣʴʢʦ ʚ 

ʩʪʦʨʦʥʝ, ʩʨʝʜʠ ʞʠʨʦʚʦʡ ʢʣʝʪʯʘʪʢʠ, ʥʘʙʣʶʜʘʣʠʩʴ ʠʥʪʘʢʪʥʳʝ ʦʯʘʛʠ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʟʥʘʢʦʚ ʥʝʢʨʦʟʘ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʪʨʝʪʴʝʤ ʦʙʨʘʟʮʝ ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ ʙʳʣʠ ʜʠʬʬʫʟʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʨʝʜʠ ʢʦʩʪʝʡ, ʭʨʷʱʝʡ, ʤʳʰʮ ʠ ʞʠʨʦʚʦʡ ʢʣʝʪʯʘʪʢʠ. 

ʇʨʠʟʥʘʢʦʚ ʠʭ ʠʥʚʘʟʠʠ ʚ ʢʦʩʪʥʫʶ ʠ ʭʨʷʱʝʚʫʶ ʪʢʘʥʠ ʧʨʠ ʵʪʦʤ ʥʝ ʚʳʷʚʣʷʣʦʩʴ. ʆʪʩʫʪʩʪʚʠʝ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʚ ʢʦʩʪʥʫʶ ʪʢʘʥʴ ʠ ʚʠʜʠʤʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʟʠʩʘ 

ʢʦʩʪʥʳʭ ʠ ʭʨʷʱʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʧʨʦʷʚʣʝʥʠʷ ʄʄ. ʇʨʠ ʧʦʜʢʦʞʥʦʡ ʧʨʠʚʠʚʢʝ ʦʧʫʭʦʣʝʚʘʷ ʢʣʝʪʢʘ ʣʠʰʝʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʝʤʝʜʣʝʥʥʦʡ ʵʢʩʧʘʥʩʠʠ ʚ ʢʦʩʪʥʦʤʦʟʛʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʩʪʥʦ-ʤʦʟʛʦʚʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝ ʠʤʝʝʪ ʩʪʨʦʤʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʠʭ ʧʨʠʯʠʥ ʷʚʣʷʝʪʩʷ ʟʘʩʝʣʝʥʠʝ 

ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʥʝ ʢʦʩʪʥʦʤʦʟʛʦʚʳʭ ʥʠʰ, ʘ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʥʝ 

ʩʚʦʡʩʪʚʝʥʥʳʭ ɺ-ʣʠʤʬʦʤʝ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʨʛʘʥʠʟʤʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʝʨʝʚʠʚʘʝʤʘʷ ʢʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʥʝ ʷʚʣʷʝʪʩʷ 

ʄʄ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʫʛʫʶ ʬʦʨʤʫ ɺ-ʢʣʝʪʦʯʥʦʡ ʣʠʤʬʦʤʳ.  

ʄʘʪʝʨʠʘʣ ʚʳʨʦʩʰʝʛʦ ʛʨʘʬʪʘ ʙʳʣ ʧʨʦʚʝʨʝʥ ʥʘ ʥʘʣʠʯʠʝ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʭ ɺ-ʢʣʝʪʦʢ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʝ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ 

ʯʝʣʦʚʝʢʘ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʜʣʷ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ (ʨʘʟʜʝʣ 3.3.2.1) ɻ ʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʧʝʨʝʩʪʨʦʝʥʥʦʛʦ VDJ-ʣʦʢʫʩʘ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦ 

ʦʬʠʮʠʘʣʴʥʦʤʫ ʟʘʧʨʦʩʫ ʚ ʋʯʝʥʳʡ ʩʦʚʝʪ ʀʎʠɻ ʉʆ ʈɸʅ ʠʣʠ ɼʠʨʝʢʮʠʶ ʀʎʠɻ ʉʆ ʈɸʅ). ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʛʨʘʬʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ɼʅʂ ʤʳʰʠʥʦʛʦ ʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  
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ʉʦʜʝʨʞʘʥʠʝ ɼʅʂ ʤʳʰʠ ʠ ʯʝʣʦʚʝʢʘ ʚ ʛʨʘʬʪʝ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ qPCR ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʛʝʥʦʚ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ (ʛʝʥ Ptger2 

ʤʳʰʠ ʠ ʛʝʥ RPLP0 ʯʝʣʦʚʝʢʘ) (ʈʠʩʫʥʦʢ 23 ɻ, ɼ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ 

ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ 38.1 Ñ 14 % ʯʝʣʦʚʝʯʝʩʢʦʡ ɼʅʂ ʠ 61.9 Ñ 14 % 

ʤʳʰʠʥʦʡ ɼʅʂ (Mean Ñ SD, n = 6). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 100 ʥʛ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʢʩʝʥʦʛʨʘʬʪʘ 

ʩʦʜʝʨʞʠʪʩʷ 0.009 ʧʛ ɼʅʂ ɺ-ʢʣʦʥʘ. ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʳʡ 

VDJ-ʣʦʢʫʩ, ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʝ ɺ-ʢʣʝʪʢʠ ʩʦʩʪʘʚʣʷʶʪ ~71 % ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ. ʇʨʦʚʝʜʝʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʢʩʝʥʦʛʨʘʬʪʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʤʠ ɺ-

ʢʣʝʪʢʘʤʠ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ VDJ-ʣʦʢʫʩʘ ʛʦʤʦʣʦʛʠʯʥʘ 

ʢʣʦʥʦʪʠʧʠʯʝʩʢʠʤ ʢʣʝʪʢʘʤ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ɺ-ʣʠʤʬʦʤʳ, ʘ ʟʥʘʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʦʧʫʭʦʣʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʩʦʣʠʜʥʳʤ ʪʨʘʥʩʧʣʘʥʪʘʪʦʤ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʢʣʦʥʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʫ TAMRA+ 

ʢʣʝʪʦʢ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʠʭ ʩʬʝʨ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʵʪʦʤ ʫ 

TAMRAï ʢʣʝʪʦʢ ʦʪʩʫʪʩʚʫʶʪ ʢʘʢ ʢʣʦʥʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʛʨʘʬʪ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʩʪʘ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʧʝʨʝʚʠʚʘʝʤʳʝ ʢʣʝʪʢʠ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ 

TAMRA+ ʢʣʝʪʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʩʬʝʨ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʣʠʯʠʝ TAMRAï ʢʣʝʪʦʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʦʤʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ TAMRA+ ʢʣʝʪʢʘʤ. ɺ ʩʣʫʯʘʝ ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʩʪʨʦʤʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʢʘʢ ʧʨʦʣʠʬʝʨʘʮʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʠʭ ʫʩʧʝʰʥʦʡ ʧʝʨʝʚʠʚʢʠ (Bogun et al., 2024; Hoferkova et al., 2024).  

3.3.2.4. ʇʦʠʩʢ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʩʪʚʦʣʦʚʫʶ ʧʨʠʨʦʜʫ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ, ʤʝʪʦʜʦʤ RNAseq. ɺʝʨʠʬʠʢʘʮʠʷ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʤʝʪʦʜʦʤ qPCR 

ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʢ ʆʉʂ ʙʳʣʘ ʦʮʝʥʝʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʤʈʅʂ ʛʝʥʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʆʉʂ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ TAMRAï 

ʢʣʝʪʢʘʤʠ).  

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʂʨʝʙʩ-2, ʛʝʥʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʉʂ. ʋʢʘʟʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: (1) ʛʝʥʳ çʩʪʚʦʣʦʚʦʩʪʠè, ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʘʭ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʕʄʇ; (2) ʛʝʥʳ çʨʘʢʦʚʦʩʪʠè, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʄʃʋ, ʬɻʬʝʢʪ ɺʘʨʙʫʨʛʘ ʠ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʶ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʨʝʟʫʣʴʪʘʪʦʚ RNAseq ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʛʝʥʳ ʢʘʞʜʦʡ ʠʟ ʦʙʦʟʥʘʯʝʥʥʳʭ ʛʨʫʧʧ ʜʣʷ TAMRA+/ï 
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ʢʣʝʪʦʢ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʵʪʠʭ ʛʝʥʦʚ ʢ ʩʠʛʥʘʣʴʥʳʤ ʢʘʩʢʘʜʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ çʩʪʚʦʣʦʚʳʝè 

ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʙʳʣʘ ʥʝʟʘʚʠʩʠʤʦ ʠ ʜʦʩʪʦʚʝʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʚ ʙʘʟʝ ʜʘʥʥʳʭ STRING: functionalproteinassociationnetworks 

(string-db.org). 

ʇʦ ʜʘʥʥʳʤ RNAseq ʠʟ ʪʨʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʦʡʩʪʚʘ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ/ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʣʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʕʄʇ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʝʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ, ʢʘʢ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʆʉʂ, ʜʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʚʘʣʠʜʠʨʫʶʱʠʡ qPCR. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʘʞʜʳʡ ʘʥʘʣʠʟ ʙʳʣ ʧʦʚʪʦʨʝʥ ʢʘʢ 

ʤʠʥʠʤʫʤ ʪʨʠʞʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ, ʪʦ ʝʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʘʥʘʣʠʟʘ ʢʫʣʴʪʫʨʫ ʢʣʝʪʦʢ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʜʮɼʅʂ ʟʦʥʜʦʤ, ʧʨʦʚʦʜʠʣʠ ʩʦʨʪʠʨʦʚʢʫ ʢʣʝʪʦʢ ʥʘ TAMRA+ ʠ 

TAMRAï ʧʦʧʫʣʷʮʠʠ, ʚʳʜʝʣʷʣʠ ʤʈʅʂ, ʩ ʢʦʪʦʨʦʡ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢɼʅʂ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

qPCR. ɽʩʣʠ ʨʘʟʥʠʮʳ ʚ ʩʠʥʪʝʟʝ ʤʈʅʂ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ, ʧʦʚʪʦʨʥʦ qPCR ʥʝ ʧʨʦʚʦʜʠʣʩʷ. 

ɸʥʘʣʠʟ ʛʝʥʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ (ʦʪʚʝʯʘʶʱʠʭ ʟʘ çʨʘʢʦʚʳʝè ʩʚʦʡʩʪʚʘ) ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ RNAseq ʠ ʘʥʘʣʠʟʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ STRING. 

ɼʘʥʥʳʝ RNAseq ʠ qPCR (ʛʜʝ ʵʪʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ) ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 

ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ, ʚ 

TAMRA+ ʠ TAMRAï ʢʣʝʪʢʘʭ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʩʫʤʤʠʨʦʚʘʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 2, ʊʘʙʣʠʮʝ 3. 

ɻʝʥʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ çʩʪʚʦʣʦʚʳʝè ʩʚʦʡʩʪʚʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ  

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʠʤʤʝʪʨʠʯʥʦʝ/ʘʩʠʤʤʝʪʨʠʯʥʦʝ 

ʜʝʣʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ RNAseq-ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʧʦʚʳʰʝʥʘ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ Wnt-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ: Wnt-ʣʠʛʘʥʜʦʚ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʘʢʪʠʚʠʨʫʶʱʠʭ ʪʨʘʥʩʢʨʠʧʮʠʶ ʪʘʨʛʝʪʥʳʭ ʛʝʥʦʚ, ʠ ʥʝʢʦʪʦʨʳʭ ʪʘʨʛʝʪʥʳʭ ʛʝʥʦʚ. ʉʥʠʞʝʥʘ 

ʵʢʩʧʨʝʩʩʠʷ ʨʝʮʝʧʪʦʨʦʚ FZD ʠ LRP ʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʠʥʛʠʙʠʪʦʨʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ Wnt-

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʚʳʜʝʣʝʥʥʳʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʛʨʫʧʧʫ ʬʘʢʪʦʨʳ ʦʙʨʘʟʫʶʪ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʭʘʨʘʢʪʝʨʥʫʶ 

ʜʣʷ Wnt-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ. ʇʦ ʜʘʥʥʳʤ qPCR ʚ TAMRA+ ʢʣʝʪʢʘʭ ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ 

Wnt-ʣʠʛʘʥʜʘ WNT5a, ʨʝʮʝʧʪʦʨʦʚ FZD5 ʠ FZD7 ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ TCF3, LEF1, 

ʘʢʪʠʚʠʨʫʶʱʠʭ ʪʨʘʥʩʢʨʠʧʮʠʶ ʪʘʨʛʝʪʥʳʭ ʛʝʥʦʚ Wnt-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ (p<0.05) (ʈʠʩʫʥʦʢ 24 A; 

ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ 3). 

ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʠ ʛʝʥʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʥʘʙʦʨ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ 

https://string-db.org/
https://string-db.org/
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ʮʠʢʣʦʤ ʤʝʪʘʙʦʣʠʟʤʘ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ RNAseq ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ TAMRA+ 

ʢʣʝʪʢʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TAMRAï, ʩʥʠʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʨʝʮʝʧʪʦʨʦʚ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ 

RARA, RXRA ʠ ʬʝʨʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʨʝʚʨʘʱʝʥʠʝ ʨʝʪʠʥʦʣʘ ʚ ʨʝʪʠʥʦʝʚʫʶ ʢʠʩʣʦʪʫ 

LRAT, RDH10, ALDH1A3. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʩʧʨʝʩʩʠʷ ʬʝʨʤʝʥʪʘ CYP26A1, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ 

ʜʝʛʨʘʜʘʮʠʶ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ. ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ 

ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʛʨʫʧʧʫ ʬʘʢʪʦʨʳ ʦʙʨʘʟʫʶʪ ʩʝʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʦ ʜʘʥʥʳʤ qPCR 

ʵʢʩʧʨʝʩʩʠʷ ʨʝʮʝʧʪʦʨʦʚ ʠ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʠʦʩʠʥʪʝʟʝ ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ 

ʜʝʛʨʘʜʘʮʠʠ, ʧʦʚʳʰʝʥʘ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ TAMRAï (p<0.05) (ʈʠʩʫʥʦʢ 24 ɹ; 

ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ 3).  

 

ʈʠʩ. 24. ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ TAMRA+ ʢʣʝʪʢʘʭ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ TAMRAï ʢʣʝʪʢʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʘʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠ ̫ʙʝʣʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʵʪʠ ʙʝʣʢʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ qPCR. A) Wnt-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ. ɹ) ʂʘʩʢʘʜ 

ʨʝʪʠʥʦʝʚʦʡ ʢʠʩʣʦʪʳ. ɺ) ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɻ) ʕʄʇ. *p<0.05, ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ. 
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ʊʘʢʞʝ ʤʝʪʦʜʦʤ qPCR ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʨʦʚʥʠ ʩʠʥʪʝʟʘ ʤʈʅʂ ʛʝʥʦʚ ʥʝʩʢʦʣʴʢʠʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʩʪʘʪʫʩ ʩʪʚʦʣʦʚʦʡ 

ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ, ʪʘʢʠʭ ʢʘʢ SOX2, NANOG, OCT-3/4 ʠ KLF4 (Aminietal., 2014; 

VanSchaijiketal., 2018). ʋʢʘʟʘʥʥʳʝ ʛʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ RNAseq-ʘʥʘʣʠʟʘ ʧʦʧʘʣʠ ʚ ʩʧʠʩʦʢ 

ʛʝʥʦʚ, ʘʢʪʠʚʥʳʭ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʣʝʪʢʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʘ ʤʈʅʂ ʵʪʠʭ 

ʛʝʥʦʚ ʪʨʝʙʦʚʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ. ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʛʨʫʧʧʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʨʘʟʫʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʫʢʘʟʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ qPCR, ʚʘʣʠʜʠʨʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪʳ RNAseq. ʈʝʟʫʣʴʪʘʪʳ qPCR 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ TAMRA+ ʢʣʝʪʢʘʭ ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ SOX2, NANOG, OCT-3/4 

(p<0.05) ʠ ʝʩʪʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ KLF4 (ʈʠʩʫʥʦʢ 24 ɺ; ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ 3).  

ɹʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʕʄʇ, ʢʘʢ ʦʜʥʫ ʠʟ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ ʆʉʂ. ʇʦ ʜʘʥʥʳʤ RNAseq ʚ TAMRA+ ʢʣʝʪʢʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ BMI1, LEF1, ZEB1 ʠ TWIST, ʛʝʥʦʚ ʙʝʣʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʧʠʢʦ-ʙʘʟʘʣʴʥʫʶ ʧʦʣʷʨʥʦʩʪʴ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ E-ʢʘʜʛʝʨʠʥʘ (ʛʝʥ CDH1), 

ʦʢʢʣʶʜʠʥʘ ʠ Rho-ɻʊʌʘʟ. ɺ TAMRA+ ʢʣʝʪʢʘʭ ʩʥʠʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ BMI1 ʠ ZEB1, ʘ ʪʘʢʞʝ E-ʢʘʜʛʝʨʠʥʘ. ʀ ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʦʢʢʣʶʜʠʥʘ, 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ MMP-2 ʠ ʠʥʪʝʛʨʠʥʘ-ɓ7 (ʈʠʩʫʥʦʢ 24 ɻ; ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ 3). 

ʕʄʇ ï ʵʪʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʆʉʂ ʥʘʙʦʨʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʝʡ ʤʝʥʷʪʴ ʩʚʦʝ 

ʤʝʩʪʥʦʥʘʭʦʞʜʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʥʦʞʝʩʪʚʘ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. 

ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʢʦʚ ʵʪʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʛʨʦʤʦʟʜʢʘʷ ʠ ʣʠʰʝʥʘ ʛʣʘʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʕʄʇ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. 

ɻʝʥʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ çʨʘʢʦʚʳʝè ʩʚʦʡʩʪʚʘ ʆʉʂ  

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʢ. 

ʇʦ ʜʘʥʥʳʤ RNAseq ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʜʫʢʮʠʝʡ ʘʧʦʧʪʦʟʘ, ʨʘʟʣʠʯʥʘ ʚ TAMRA+ 

ʠ TAMRAï ʢʣʝʪʢʘʭ. ɺ ʦʙʝʠʭ ʧʦʧʫʣʷʮʠʷʭ ʢʣʝʪʦʢ ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʦʜʥʠʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʘʧʦʧʪʦʟʘ, ʘ ʜʨʫʛʠʭ ï ʩʥʠʞʝʥʘ. ɺ TAMRA+ ʢʣʝʪʢʘʭ ʪʘʢʞʝ ʩʥʠʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʦʩʥʦʚʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ (CASP8, CASP9) ʠ ʵʬʬʝʢʪʦʨʥʳʭ ʢʘʩʧʘʟ (CASP3, CASP7) (ʇʨʠʣʦʞʝʥʠʝ 2, 

ʊʘʙʣʠʮʘ 3). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʦʙʦʠʭ ʪʠʧʘʭ ʢʣʝʪʦʢ ʥʘʨʫʰʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʘʧʦʧʪʦʟʘ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʣʶʙʦʡ ʬʦʨʤʳ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ 
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ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʛʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʦʙʨʘʟʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʠʥʜʫʢʮʠʝʡ ʘʧʦʧʪʦʟʘ ʠ ʢʦʥʪʨʦʣʝʤ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʛʝʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʫʶ ʬʫʥʢʮʠʶ. ʇʦ ʜʘʥʥʳʤ 

RNAseq ʚ TAMRA+ ʢʣʝʪʢʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʚ ʨʘʤʢʘʭ ʦʰʠʙʢʠ) ʩʥʠʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʥʝʢʦʪʦʨʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʵʬʬʝʢʪʦʨʥʳʭ T-ʣʠʤʬʦʮʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ IL-10, IL-6, TGF-ɓ1, CCL22, CD274 ʠ 

IDO1. ʇʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʠʥʛʠʙʠʪʦʨʘ T-ʣʠʤʬʦʮʠʪʦʚ CD200 ʠ ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʣʘʩʩʘ-I,-G, ʦʙʣʘʜʘʶʱʝʛʦ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʡ ʬʫʥʢʮʠʝʡ 

(ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ 3). ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʛʨʫʧʧʫ ʬʘʢʪʦʨʳ ʦʙʨʘʟʫʶʪ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʨʛʘʥʠʟʤʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʚ ʆʉʂ ʠʟʤʝʥʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʦʙʱʝʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦ 

ʜʘʥʥʳʤ RNAseq ʵʢʩʧʨʝʩʩʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʚ ʩʥʠʞʝʥʘ ʚ TAMRA+ ʢʣʝʪʢʘʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ TAMRAï. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʮʝʩʩ 

ʛʣʠʢʦʣʠʟʘ, ʪʘʢʞʝ ʩʥʠʞʝʥʘ ʚ TAMRA+ ʢʣʝʪʢʘʭ (HIF-1a, MYC, SLC2A1, SLC2A3). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ TAMRA+ ʢʣʝʪʦʢ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʥʘʣʠʯʠʝ 

ʵʬʬʝʢʪʘ ɺʘʨʙʫʨʛʘ ʠʣʠ ʦʙʨʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ɺʘʨʙʫʨʛʘ (ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ 3). 

ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ 

ʛʨʫʧʧʫ ʬʘʢʪʦʨʳ ʦʙʨʘʟʫʶʪ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʅʘʢʦʥʝʮ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʚʦʡʩʪʚʦʤ ʄʃʋ. ʇʦ ʜʘʥʥʳʤ 

RNAseq ʚ TAMRA+ ʢʣʝʪʢʘʭ ʩʥʠʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ABC-ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʛʝʥʦʚ BARD1 ʠ GSTK1, 

ʘ ʪʘʢʞʝ ʨʝʮʝʧʪʦʨʘ SMO ʠ ʙʝʣʢʘ-ʫʯʘʩʪʥʠʢʘ MAP-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, MAPK8 (ʇʨʠʣʦʞʝʥʠʝ 2, 

ʊʘʙʣʠʮʘ 3). ʄʃʋ, ʢʘʢ ʠ ʕʄʇ, ï ʵʪʦ ʥʘʙʦʨ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʆʉʂ ʙʳʪʴ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʢʩʝʥʦʙʠʦʪʠʢʘʤ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ 

ʩʚʦʡʩʪʚ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʄʃʋ ʆʉʂ, 

ʛʨʦʤʦʟʜʢʘʷ ʠ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʜʣʷ ʄʃʋ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟ ʜʘʥʥʳʭ ʥʝ ʧʨʦʚʦʜʠʣʩʷ.  

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤ ʆʉʂ, ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʦʤʫ ʨʘʟʜʝʣʫ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʚʦʡʩʪʚʘ çʩʪʚʦʣʦʚʦʩʪʠè). ʀʤʝʥʥʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʦʧʫʭʦʣʝʚʫʶ ʢʣʝʪʢʫ ʩʨʝʜʠ ʦʙʱʝʡ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʳ, ʢʘʢ çʩʪʚʦʣʦʚʫʶè. ɼʣʷ ʛʨʫʧʧ ʵʪʠʭ ʛʝʥʦʚ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʘʣʠʜʠʨʫʶʱʠʡ qPCR, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ RNAseq. 

ɻʝʥʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢʦ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ (çʨʘʢʦʚʳʝè ʩʚʦʡʩʪʚʘ), ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʆʉʂ, ʭʦʪʷ ʠʭ ʵʢʩʧʨʝʩʩʠʷ ʟʘʯʘʩʪʫʶ ʪʘʢʞʝ ʧʦʚʳʰʝʥʘ ʚ ʆʉʂ. ɹʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ RNAseq ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʥʘʣʠʯʠʷ ʫ TAMRA+ ʢʣʝʪʦʢ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʟ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʘʣʠʜʠʨʫʶʱʝʛʦ qPCR. 

ʉʫʤʤʘʨʥʦ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʘʭ ʠ RNAseq, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʦʙʣʘʜʘʶʪ 

ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʉʂ. ʕʪʠ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʢʣʦʥʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʟʘʚʠʩʠʤʫʶ ʦʪ CD34+, CD90+ ʠ ɺ-ʢʣʦʥʘ ʧʦʧʫʣʷʮʠʶ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ. ɺʳʜʝʣʷʷ 

ʭʝʤʦʢʠʥʳ, TAMRA+ ʢʣʝʪʢʠ ʷʚʣʷʶʪʩʷ ʩʬʝʨʦʦʙʨʘʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʬʦʨʤʨʦʚʘʥʠʷ ʩʬʝʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ TAMRA+ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʝʨʝʚʠʚʢʠ ʦʧʫʭʦʣʠ, ʠ ʪʦʣʴʢʦ ʢʣʝʪʢʠ ʩ ʫʢʘʟʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʧʦʩʦʙʥʳ ʠʟ 

ʝʜʠʥʠʯʥʦʡ ʢʣʝʪʢʠ ʚʦʟʦʙʥʦʚʠʪʴ ʨʦʩʪ ʠʩʭʦʜʥʦʡ ʢʫʣʴʪʫʨʳ. ɺ TAMRA+ ʢʣʝʪʢʘʭ ʧʦʚʳʰʝʥʘ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʦʪʚʝʪʩʚʝʥʥʳʭ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʄʃʋ 

ʠ ʕʄʇ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʆʉʂ. 

 

3.3.3. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʧʝʨʚʳʤ ʜʚʫʤ ʯʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɻʉʂ ʤʳʰʝʡ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʛʣʘʚʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʥʝ ʦʩʪʘʚʣʷʶʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ 

ʬʨʘʛʤʝʥʪʳ ʵʢʩʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʩʧʦʩʦʙʥʳ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʝ 

ʢʦʤʧʘʨʪʤʝʥʪʳ ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ʅʝʟʘʚʠʩʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʘʭ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʤʝʪʦʜʘʤʠ RNAseq ʠ qPCR ʥʘ ʜʚʫʭ 

ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ï ʢʘʨʮʠʥʦʤʝ ʤʳʰʠ ʂʨʝʙʩ-2 ʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʝ ʯʝʣʦʚʝʢʘ 

ï ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʝʪʢʠ, ʩʧʦʩʦʙʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ, ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʆʉʂ, ʠ ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ. 

ʋʢʘʟʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʦʚʦ ʠ ʫʥʠʢʘʣʴʥʦ. ʅʘʠʙʦʣʝʝ ʠʥʪʨʠʛʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ (ɻʉʂ, ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ 

ʢʣʝʪʢʠ, ʆʉʂ) ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ ʬʫʥʢʮʠʝʡ. ʊʦ ʝʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʩʝ ʵʪʠ ʪʠʧʳ ʢʣʝʪʦʢ ʩʚʷʟʳʚʘʝʪ 

ʢʘʢʘʷ-ʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʠ/ʠʣʠ ʬʠʟʠʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ɼʅʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʷʚʣʷʣʦʩʴ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʚʝʩʴ ʧʨʦʮʝʩʩ 

ʟʘʭʚʘʪʘ ʠ ʧʦʛʣʦɦ ʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʦʧʫʭʦʣʝʚʦʡ ʩʪʚʦʣʦʚʦʡ ʢʣʝʪʢʦʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʪʠ ʧʨʦʮʝʩʩʘ ʢʨʦʝʪʩʷ ʢʣʶʯ ʢ ʧʦʥʠʤʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʆʉʂ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʦʢ 

ʪʘʨʛʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʢʣʝʪʢʠ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʤʠʰʝʥʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 
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ʪʝʨʘʧʠʠ. ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʛʣʘʚʳ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʚʷʱʝʥ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʚ ʆʉʂ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢʣʝʪʦʢ. 

 

3.4. ʄʝʭʘʥʠʟʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʥʘ ʤʦʜʝʣʷʭ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ  

 

3.4.1. ʇʝʨʚʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ TAMRA -ɼʅʂ ʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ ɻʉʂ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʦʢʨʫʛ 

TAMRA+/CD34+ ʢʣʝʪʦʢ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ çʨʦʟʝʪʢʠè ï ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 

ʩʦʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʦʙʨʘʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʛʨʫʧʧʳ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

TAMRA+ (ʜʮɼʅʂ ʟʦʥʜ)/CD34+ ʩʪʚʦʣʦʚʳʝ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ (ʈʠʩʫʥʦʢ 25).  

 

ʈʠʩ. 25. ʈʦʟʝʪʢʠ ʢʦʩʪʥʦʤʦʟʛʦʚʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʥʠʰ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ TAMRA+ 

ʢʣʝʪʢʠ.  

 

ʊʘʢʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʤʦʛʣʘ ʦʪʨʘʞʘʪʴ ʩʦʙʳʪʠʷ ʧʨʝʜʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʚʦʣʦʚʦʡ 

ʥʠʰʠ, ʢʦʛʜʘ ɻʉʂ ʩʦʙʠʨʘʝʪ ʚʦʢʨʫʛ ʩʝʙʷ ʢʣʝʪʢʠ ʩʪʨʦʤʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ TAMRA+ ʢʣʝʪʢʘ ʷʚʣʷʝʪʩʷ ʩʬʝʨʦʦʙʨʘʟʫʶʱʠʤ 

ʮʝʥʪʨʦʤ. ɺʦʢʨʫʛ ʥʝʝ ʩʦʙʠʨʘʝʪʩʷ ʩʥʘʯʘʣʘ ʥʝʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʢʣʝʪʦʢ, ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʬʝʨʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 21). ʇʨʠ ʮʠʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʙʦʨʢʠ 

ʪʘʢʠʭ ʩʬʝʨ ʥʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʣʝʪʦʢ (ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʩʝʚʜʦʧʦʜʠʡ). 

ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʪʚʦʣʦʚʦʡ 

ʢʣʝʪʢʠ ʠ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʤʝʤʙʨʘʥʳ 

ʩʪʚʦʣʦʚʦʡ ʢʣʝʪʢʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʝʪʦʢ ʩʪʨʦʤʳ. ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʝʜʩʪʘʚʣʷʣʦ ʙʳ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʤʝʭʘʥʠʟʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʝʨʚʠʯʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʢʣʝʪʦʢ ʩʪʨʦʤʳ ʚʦʢʨʫʛ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. ɼʘʣʝʝ, ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʥʠʰʘ/ʩʬʝʨʘ-ʦʙʨʘʟʫʶʱʝʛʦ ʮʝʥʪʨʘ, ʩʪʚʦʣʦʚʘʷ ʢʣʝʪʢʘ ʟʘ ʩʯʝʪ 

ʩʝʢʨʝʮʠʠ ʭʝʤʦʢʠʥʦʚ ʠ ʵʢʩʧʨʝʩʩʠʠ ʬʘʢʪʦʨʦʚ ʤʝʤʙʨʘʥʳ ʫʜʝʨʞʠʚʘʝʪ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʚ 
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ʧʝʨʚʠʯʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʣʝʪʢʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʣʝʢʘʝʪ ʜʨʫʛʠʝ ʢʣʝʪʢʠ ʩʪʨʦʤʳ ʚ ʩʘʡʪ 

ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʠʰʠ. 

ʆʙʱʝʧʨʠʥʷʪʳʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʫʢʘʨʠʦʪʠʯʝʩʢʘʷ ʢʣʝʪʢʘ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʩʚʦʝʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʤʙʨʘʥʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ ʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʥʠʤʠ ʦʩʪʘʪʢʘʤʠ ʩʠʘʣʦʚʦʡ ʢʠʩʣʦʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʣʶʙʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʆʉʂ), ʦʙʣʘʜʘʶʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʦʪʣʠʯʘʶʱʝʡ ʠʭ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʜʮɼʅʂ, ʘ ʠʤʝʥʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʟʘʨʷʜʦʤ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ/ʛʣʠʢʦʢʘʣʠʢʩʘ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʘʢʪʦʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʜʮɼʅʂ ʟʦʥʜʘ: ʘ) ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʦʚ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ; ʙ) ʦʮʝʥʝʥ ʟʘʨʷʜ (ç+è/çïè) ʢʣʝʪʦʢ, 

ʩʚʷʟʳʚʘʶʱʠʭ ʜʮɼʅʂ ʟʦʥʜ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ 

ʢʨʘʩʠʪʝʣʷ.  

3.4.1.1. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2 ʠ ɺ-ʣʠʤʬʦʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

TAMRA-ɼʅʂ ʟʦʥʜ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʢʣʝʪʦʢ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ ʜʮɼʅʂ ʟʦʥʜ, ʚʧʝʨʚʳʝ ʙr ʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʘ ʯʘʩʪʠʯʥʘʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʨʘʟʥʦʟʘʨʷʞʝʥʥʳʭ ʢʣʝʪʦʢ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʣʝʪʢʠ ʦʪʙʠʨʘʣʠ ʠʟ ʟʦʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ (ç+è) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ (çïè) ʧʦʣʶʩʘʤ, ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 

TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ʂʦʣʠʯʝʩʪʚʦ TAMRA+ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʣʠ FACS-

ʘʥʘʣʠʟʦʤ. 

ɼʣʷ ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʂʨʝʙʩ-2 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʚʷʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʦʣʷ TAMRA+ ʢʣʝʪʦʢ ʚ ʢʘʪʦʜʥʦʡ ʦʙʣʘʩʪʠ (çïè) ʚʩʝʛʜʘ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ ʘʥʦʜʥʦʡ 

(ç+è) ï 13.5 % ʧʨʦʪʠʚ 1.65 %, p<0.05 (ʈʠʩʫʥʦʢ 26 A). ʕʪʦʪ ʬʘʢʪ ʦʟʥʘʯʘʣ, ʯʪʦ ʢʣʝʪʢʠ, ʧʦʪʝʥʪʥʳʝ 

ʩʚʷʟʳʚʘʪʴ TAMRA-ɼʅʂ ʟʦʥʜ, ʤʠʛʨʠʨʫʶʱʠʝ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʘʪʦʜʘ, 

ʠʤʝʶʪ ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ.  

ʇʦʣʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʣʝʪʦʢ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ 

ʧʦʣʶʩʫ ʜʦʩʪʠʛʥʫʪʦ ʥʝ ʙʳʣʦ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʫʩʣʦʚʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝʥʠʠ ʢʣʝʪʦʢ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ, 

ʧʨʦʪʠʚʦʨʝʯʠʚʘ ʠ ʜʠʩʢʫʪʠʨʫʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʦ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ (Evstrapov, 2005; Golovanov, 

1998; Liang et al., 2014). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʝʟ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʩʫʪʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ 
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ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʩʣʦʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʝ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʦʣʥʦʤʫ ʨʘʩʭʦʞʜʝʥʠʶ ʢʣʝʪʦʢ ʩ 

ʨʘʟʣʠʯʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʨʷʜʦʤ ʢ ʧʦʣʶʩʘʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. 

 

ʈʠʩ. 26. ʆʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʢʣʝʪʦʢ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ TAMRA-ɼʅʂ ʟʦʥʜ. 

A) ʂʘʨʮʠʥʦʤʘ ʂʨʝʙʩ-2. ɹ) ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ɺ-ʣʠʤʬʦʤʘ. 1 ï ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʣʝʪʦʢ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 

(ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʡ ʜʠʘʣʠʟʥʳʡ ʧʘʢʝʪ) ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʘʨʷʜʦʤ ç+/ïè, ʦʙʨʘʙʦʪʘʥʥʳʭ 

TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ɺ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʫʢʘʟʘʥ ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ, ʟʘʭʚʘʪʠʚʰʠʭ ʤʝʯʝʥʳʡ 

ʟʦʥʜ. 2 ï ɻʨʘʬʠʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʜʦʣʶ TAMRA+ ʢʣʝʪʦʢ ʚ ʘʥʦʜʥʦʡ ç+è ʠ ʢʘʪʦʜʥʦʡ çïè ʯʘʩʪʷʭ 

ʢʘʤʝʨʳ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ɼʣʷ ʂʨʝʙʩ-2 n = 9, ʜʣʷ ɺ-ʣʠʤʬʦʤʳ n = 4, *p<0.05, ʪʝʩʪ ʄʘʥʥʘ-

ʋʠʪʥʠ. ɺ) FACS-ʘʥʘʣʠʟ ʵʬʬʝʢʪʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʢʣʝʪʢʘʤʠ ʂʨʝʙʩ-2 ʧʨʠ 

ʩʤʝʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʟʦʥʜʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Basic 

Blue GRL 41. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʦʣʝʢʫʣʳ, ʠʣʠ ʢʘʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʦʡ ʢʣʝʪʢʠ, ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʦʜʚʠʞʥʦʩʪʴ ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʷʜʘ, ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʩʘʤ, ʯʘʱʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʚʦʢʨʫʛ ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʠʦʥʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʠ ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʢʨʫʞʝʥʥʳʤ ʜʠʬʬʫʟʥʳʤ ʦʙʣʘʢʦʤ ʧʨʦʪʠʚʦʠʦʥʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʠʦʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚʦʢʨʫʛ 

ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʙʣʘʢʦ ʧʨʦʪʠʚʦʠʦʥʦʚ ʯʘʩʪʠʯʥʦ 

ʵʢʨʘʥʠʨʫʝʪ ʟʘʨʷʜ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʩʣʘʙʣʷʝʪ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ɺʦ-ʚʪʦʨʳʭ, ʩʘʤʦ ʦʙʣʘʢʦ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʦʙʣʘʜʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʟʘʨʷʞʝʥʥʦʤʫ ʦʙʲʝʢʪʫ ʟʘʨʷʜʦʤ, ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʩʤʝʱʘʪʴʩʷ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ, ʪʦʨʤʦʟʷ ʝʛʦ ʜʚʠʞʝʥʠʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʪʨʝʥʠʝʤ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʦʪʜʝʣʴʥʳʝ 

ʠʦʥʳ ʚʦʢʨʫʛ ʥʝʛʦ ʪʦʞʝ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ, ʪʦ ʧʨʠʙʣʠʞʘʷʩʴ, ʪʦ ʫʜʘʣʷʷʩʴ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʚ ʠʦʥʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ. ɼʣʷ ʚʥʦʚʴ ʚʭʦʜʷʱʠʭ 

ʠʦʥʦʚ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ, ʯʪʦʙʳ ʥʘʡʪʠ ʩʚʦʝ ʤʝʩʪʦ ʚ ʧʦʣʝ ʦʙʲʝʢʪʘ ʠ ʧʨʠʡʪʠ ʚ ʨʘʚʥʦʚʝʩʠʝ ʩ ʝʛʦ 

ʦʢʨʫʞʝʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ ʠʦʥʥʦʡ 

ʘʪʤʦʩʬʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ ʧʦʟʘʜʠ ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʠ ʪʦʨʤʦʟʠʪ ʝʛʦ ʜʚʠʞʝʥʠʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ 

ʵʬʬʝʢʪʘ. ɺ ʩʚʝʪʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʘʢʨʦʬʘʢʪʦʨʘʤʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʧʦʣʥʦʤʫ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʨʘʟʥʦʟʘʨʷʞʝʥʥʳʭ ʢʣʝʪʦʢ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ: 

ʙʳʩʪʨʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʟʘʨʷʜʘ TAMRA+ ʢʣʝʪʦʢ, ʨʘʩʪʫʱʠʡ ʛʨʘʜʠʝʥʪ ʠʦʥʦʚ Na+ ʠ Clï ʠ 

ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʠʩʪʦʱʝʥʠʝ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

TAMRAï ʢʣʝʪʦʢ, ʠʤʝʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ɻ ʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TAMRA+ ʢʣʝʪʦʢ 

ɺ-ʣʠʤʬʦʤʳ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʚʧʘʜʘʶʱʠʝ ʩ 

ʢʫʣʴʪʫʨʦʡ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʨʝʟʫʣʴʪʘʪʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʬʦʨʝʟʦʚ ʢ 

ʢʘʪʦʜʫ ʜʚʠʛʘʣʦʩʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ TAMRA+ ʢʣʝʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʢ 

ʘʥʦʜʫ. ʆʜʥʘʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

TAMRA+ ʢʣʝʪʦʢ ʧʦ ʦʙʝʠʤ ʯʘʩʪʷʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ, ʯʪʦ ʩʥʠʞʘʣʦ ʦʙʱʝʧʨʠʥʷʪʫʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ (3.27 % ʧʨʦʪʠʚ 2.99 %, ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟʥʠʮʳ ʚ ʟʥʘʯʝʥʠʷʭ ʥʝʪ) 

(ʈʠʩʫʥʦʢ 26 ɹ). ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʯʘʩʪʴ TAMRA+ ʢʣʝʪʦʢ B-ʣʠʤʬʦʤʳ ʪʘʢʞʝ ʠʤʝʝʪ ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʤʠʛʨʠʨʫʝʪ ʢ ʢʘʪʦʜʫ. 

ʊʘʢʞʝ ʧʨʦʚʝʨʢʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʆʉʂ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ ʜʮɼʅʂ ʟʦʥʜ, ʠʤʝʶʪ 

ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʮʝʥʢʠ 
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ʩʚʷʟʳʚʘʥʠʷ ʜʮɼʅʂ ʟʦʥʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜ- ʠʣʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʢʨʘʩʠʪʝʣʝʤ Basic Blue GRL 41 (BB41). 

ʀʜʝʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʩʚʷʟʳʚʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʠʣʠ ʩʚʷʟʘʥʦ ʩ ʠʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʪʦʣʴʢʦ ʥʘ ʢʣʝʪʢʘʭ 

ʩ ʦʙʱʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ 

TAMRA-ɼʅʂ ʟʦʥʜʘ ʠ BB41 ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʠ 

ʢʣʝʪʢʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʩɹʷ ʚʥʝ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʥʝ ʦʙʣʘʢʘ ʦʢʨʘʰʝʥʥʳʭ ʢʘʪʠʦʥʥʳʤ ʢʨʘʩʠʪʝʣʝʤ 

ʢʣʝʪʦʢ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʦʩʪʦʚʝʨʥʳʝ ʚʠʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʯʝʥʳʭ ʬʣʫʦʨʦʭʨʦʤʥʳʤ ʢʨʘʩʠʪʝʣʝʤ ʠ ʢʘʪʠʦʥʥʳʤ ʢʨʘʩʠʪʝʣʝʤ ʢʣʝʪʦʢ.  

ɼʣʷ ʥʘʯʘʣʘ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʘʩʠʪʝʣʷ BB41, 

ʦʢʨʘʰʠʚʘʶʱʘʷ ʚʩʝ ʢʣʝʪʢʠ, ʠʤʝʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ (2.7 ʤʛ/ʤʣ BB41, 5Ĭ105 ʢʣʝʪʦʢ ʚ 

500 ʤʢʣ). ɼʣʷ ʢʫʣʴʪʫʨʳ ʂʨʝʙʩ-2 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʨʷʜʢʘ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ 

ʜʚʫʤʷ ʚʝʱʝʩʪʚʘʤʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʢʦʚ ʢʣʝʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ (3.6 Ñ 1.2 % 

TAMRA+ ʢʣʝʪʦʢ ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʩʥʘʯʘʣʘ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʘ ʧʦʪʦʤ ʢʨʘʩʠʪʝʣʝʤ BB41 

ʠ 3.8 Ñ 0.9 % TAMRA+ ʢʣʝʪʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʪʥʦʛʦ ʧʦʨʷʜʢʘ ʦʙʨʘʙʦʪʦʢ, Mean Ñ SD, 

n = 3, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟʥʠʮʳ ʥʝʪ) (ʈʠʩʫʥʦʢ 26 ɺ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʮɼʅʂ ʟʦʥʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʣʝʪʢʘʤʠ, ʠʤʝʶʱʠʤʠ ç+è 

ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʢʨʘʰʠʚʘʶʪʩʷ BB41. ʏʘʩʪʠʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʦʙʣʘʢʦʚ BB41+ ʠ 

TAMRA+ ʢʣʝʪʦʢ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ 

TAMRA+ ʢʣʝʪʢʘʭ ʥʝ ʩʧʣʦʰʥʦʝ, ʘ ʤʦʟʘʠʯʥʦʝ, ʠ ʧʝʨʝʤʝʞʘʝʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʢʨʘʩʢʫ ʢʘʪʠʦʥʥʳʤ ʢʨʘʩʠʪʝʣʝʤ. 

ʇʨʠ FACS-ʘʥʘʣʠʟʝ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ 

ʢʣʝʪʦʢ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚʦ ʚʩʝʭ ʢʘʥʘʣʘʭ ʜʝʪʝʢʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ ʚʳʩʪʘʚʠʪʴ ʛʨʘʥʠʮʳ ʩʫʙʧʦʧʫʣʷʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʨʪʠʣʷʭ ʛʨʘʬʠʢʘ ʪʘʢ, 

ʯʪʦʙʳ ʦʪʩʝʯʴ ʘʚʪʦʬʣʫʦʨʝʩʮʠʨʫʶʱʫʶ ʧʦʧʫʣʷʮʠʶ ʠ ʨʘʟʛʨʘʥʠʯʠʪʴ TAMRA+ ʠ BB41+ ʢʣʝʪʢʠ, 

ʦʙʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʝʪʦʢ ʥʝ ʧʦʟʚʦʣʷʣʦ ʥʘʜʝʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʠ BB41. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ. ɼʣʷ ʤʦʜʝʣʠ ʂʨʝʙʩ-2 ʧʝʨʚʳʤ ʬʘʢʪʦʨʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʮɼʅʂ ʩ ʢʣʝʪʢʦʡ ʷʚʣʷʝʪʩʷ ʝʝ ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʵʣʝʤʝʥʪ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʪʦʣʴʢʦ ʥʘ ç+è ʢʣʝʪʢʝ. ɼʣʷ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-

ʣʠʤʬʦʤʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ, 

ʪʘʢʞʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʆʉʂ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ.  
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3.4.1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʚʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʨʘʛʤʝʥʪʦʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ ɺ-ʣʠʤʬʦʤʳ 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʛʠʚʘʥʠʝ ʤʦʣʝʢʫʣ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʢ ʆʉʂ, ʠʤʝʶʱʠʭ 

ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʬʨʘʛʤʝʥʪʦʚ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʝʩʣʠ ʪʦʣʴʢʦ ʵʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ 

ʜʠʬʬʫʟʠʠ ʩʢʚʦʟʴ ʢʣʝʪʦʯʥʳʝ ʧʦʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʠʩʭʦʜʠʪ 

ʣʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʦʯʥʦʝ (ʢʦʚʘʣʝʥʪʥʦʝ) ʩʚʷʟʳʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʆʉʂ. 

ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʜʠʟʘʡʥ, ʦʩʥʦʚʦʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʩʷ ʢʣʝʪʦʯʥʳʡ ʤʠʢʨʦʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʬʠʢʩʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʥʘ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ, ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʙʫʜʝʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʢʠ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ, ʟʘʚʠʩʠʪ ʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʮɼʅʂ ʪʦʣʴʢʦ ʦʪ ʟʘʨʷʜʘ ʢʣʝʪʢʠ ʠʣʠ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʤʝʤʙʨʘʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʭʠʤʠʯʝʩʢʦʝ/ʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

ɹʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ. ʂʣʝʪʢʠ ʂʨʝʙʩ-2 ʠ ɺ-ʣʠʤʬʦʤʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 

TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʜʦ 5 ʤʠʥ ʠ 60 ʤʠʥ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʣʠʙʦ ʚ ʜʚʘ ʵʪʘʧʘ ʧʦ 15 ʤʠʥ 

ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʢʣʝʪʦʢ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʣʠʙʦ 30 ʤʠʥ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʮʝʥʢʠ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ɼʣʷ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʧʦʜʚʠʞʥʦʩʪʴ TAMRA-ʤʝʯʝʥʦʛʦ ɼʅʂ-ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʝʣʘ ʦʪ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ. ɼʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʣʝʪʦʢ ʧʦʩʣʝ 

ʜʣʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ (60 ʤʠʥ) ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʬʦʨʝʟʘ, 

ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʤʝʥʷʣ ʩʚʦʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʢʣʝʪʢʝ (ʈʠʩʫʥʦʢ 27 ɸ-1).  

ɼʣʷ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ ʩ ʚʘʨʠʘʥʪʦʤ ʜʣʠʪʝʣʴʥʦʛʦ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ɼʅʂ (60 ʤʠʥ) ʧʦʢʘʟʘʥʦ ʧʦʣʥʦʝ çʩʣʫʱʠʚʘʥʠʝè TAMRA-ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʢʣʝʪʦʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʈʠʩʫʥʦʢ 27 ɸ-2, ʢʣʝʪʢʘ ʦʙʦʟʥʘʯʝʥʘ ʩʪʨʝʣʢʦʡ). 

ɺ ʩʣʫʯʘʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ ʜʮɼʅʂ ʟʦʥʜʦʤ (3ï5 ʤʠʥ) ʫ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ TAMRA+ ʢʣʝʪʦʢ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʩʤʝʱʝʥʠʝ TAMRA-ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʤʠʥʫʩʘ ʢ ʧʣʶʩʫ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʣʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʩʝʨʧʦʚʠʜʥʳʡ ʨʠʩʫʥʦʢ (ʈʠʩʫʥʦʢ 27 ɸ-

3, 4). ʊʘʢʞʝ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʫ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʢ ʯʘʩʪʴ TAMRA-ʤʘʪʝʨʠʘʣʘ ʩʤʝʱʘʣʘʩʴ, ʪʦʛʜʘ ʢʘʢ 

ʜʨʫʛʘʷ ʯʘʩʪʴ ʩʦʭʨʘʥʷʣʘ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʠ ʢʣʝʪʢʠ (ʈʠʩʫʥʦʢ 27 ɸ-3).  
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ʈʠʩ. 27. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʤʝʥʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ, 

ʘʩʩʦʮʠʠʨʫʶʱʝʛʦʩʷ ʩ ʢʣʝʪʢʘʤʠ ʂʨʝʙʩ-2 ʠ ʢʣʝʪʢʘʤʠ ɺ-ʣʠʤʬʦʤʳ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʤʠʢʨʦʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ʅʘʜ ʙʣʦʢʘʤʠ ʦʙʦʟʥʘʯʝʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʬʦʨʝʟʘ (ʚ ʤʠʥ). ʉʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥ TAMRA-ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ. 

A) ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʂʨʝʙʩ-2. 1 ï TAMRA-ɼʅʂ ʟʦʥʜ ʥʝ ʤʝʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʨʘʟʛʦʥʢʠ. ɺʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʤ ɼʅʂ ʟʦʥʜʦʤ 60 

ʤʠʥ. 2 ï TAMRA-ɼʅʂ ʟʦʥʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ çʩʣʫʱʠʚʘʝʪʩʷè ʚ ʭʦʜʝ ʵʣʝʢʪʦʨʦʬʦʨʝʟʘ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʢʣʝʪʢʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʤʝʥʷʝʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ. 

ɺʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩ ɼʅʂ ʟʦʥʜʦʤ 60 ʤʠʥ. 3 ï TAMRA-ɼʅʂ ʟʦʥʜ ʚʠʟʫʘʣʴʥʦ ʥʝ ʤʝʥʷʝʪ ʩʚʦʝʛʦ 

ʧʦʣʦʞʝʥʠʷ. ɺʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩ ʟʦʥʜʦʤ 3ï5 ʤʠʥ. 4 ï TAMRA-ɼʅʂ ʟʦʥʜ çʧʣʳʚʝʪ ʧʦ ʤʝʤʙʨʘʥʝè 

ʚ ʩʪʦʨʦʥʫ ç+è ʵʣʝʢʪʨʦʜʘ. ɺʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩ ʟʦʥʜʦʤ 3ï5 ʤʠʥ. ɹ) ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ɺʕɹ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ B-ʣʠʤʬʦʤʳ. 1 ï ʕʣʝʢʪʨʦʬʦʨʝʟ ʢʣʝʪʦʢ. 2 ï ʉʭʝʤʘ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʎʠʬʨʘʤʠ 

ʦʪʤʝʯʝʥʳ ʢʣʝʪʢʠ, ʠʟʤʝʥʠʚʰʠʝ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʘʪʦʜʫ (çïè).  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʚʝʩɹ TAMRA-ɼʅʂ ʟʦʥʜ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʢʦʨʦʪʢʦʡ ʵʢʩʧʦʟʠʮʠʠ ʯʘʩʪʴ TAMRA-ɼʅʂ ʟʦʥʜʘ ʦʩʪʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʘ 

ʯʘʩʪʴ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ʊʘ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʦʩʪʘʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʜʚʠʛʘʝʪʩʷ 

ʧʦ ʤʝʤʙʨʘʥʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʤʠʥʫʩʘ ʢ ʧʣʶʩʫ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʢʨʘʶ ʢʣʝʪʢʠ, ʧʨʠ ʵʪʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʨʧʦʚʠʜʥʳʡ ʨʠʩʫʥʦʢ. ʀʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʡ ɼʅʂ-ʤʘʪʝʨʠʘʣ ʚʠʟʫʘʣʴʥʦ ʥʝ ʤʝʥʷʝʪ 

ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ. ɼʚʠʞʝʥʠʝ ɼʅʂ-ʤʘʪʝʨʠʘʣʘ ʧʦ ʤʝʤʙʨʘʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

TAMRA-ɼʅʂ ʟʦʥʜ ʩʚʷʟʘʥ ʭʠʤʠʯʝʩʢʦʡ/ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʴʶ ʩ ʧʦʜʚʠʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʳʡ çʧʣʘʚʘʝʪè ʚ ʤʝʤʙʨʘʥʝ (ʵʣʝʤʝʥʪʳ ʛʣʠʢʦʢʘʣʠʢʩʘ, 

ʭʦʣʝʩʪʝʨʠʥʦʚʳʝ ʨʘʬʪʳ). 

ʅʘ ʧʨʝʧʘʨʘʪʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʣʝʪʢʠ, ʚ ʢʦʪʦʨʳʭ TAMRA-ɼʅʂ ʟʦʥʜ ʧʦʩʣʝ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʢʠ ʥʝ ʬʦʨʤʠʨʫʝʪ ʧʨʦʯʥʦʡ ʩʚʷʟʠ ʩ ʬʘʢʪʦʨʘʤʠ ʤʝʤʙʨʘʥʳ ʠ 

ʧʦʣʥʦʩʪʴʶ çʩʣʫʱʠʚʘʝʪʩʷè ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ 

ʦʙʲʷʩʥʝʥʠʷ ʵʬʬʝʢʪʘ. ʂʦʤʧʠʣʠʨʫʷ ʢ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʨʘʟʜʝʣ 3.3.1.3), ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʢʣʝʪʢʠ ʥʘʭʦʜʷʪʩʷ ʚ G2/M-ʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʥʝ ʠʤʝʶʪ ʘʢʪʠʚʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ɼʅʂ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʜʝʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪ ʩ 

ʢʣʝʪʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʘʢ ʧʝʨʚʦʡ ʬʘʟʦʡ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, ʙʝʟ ʫʯʘʩʪʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʘʡʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʯʥʫʶ ʬʠʢʩʘʮʠʶ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ TAMRA-

ɼʅʂ ʟʦʥʜʘ ʜʣʷ ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʠʢʨʦʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʏʝʪʢʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʯʪʦ TAMRA+ ʢʣʝʪʢʠ ʜʚʠʛʘʶʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ 

ʧʦʣʶʩʫ, ʪʦ ʝʩʪʴ ʦʥʠ ʥʝʩʫʪ ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ (ʈʠʩʫʥʦʢ 27 ɹ-1, 2). ɼʣʷ ʯʘʩʪʠ ʢʣʝʪʦʢ 

ʙr ʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʣʫʱʠʚʘʥʠʝ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʈʝʟʫʣʴʪʘʪ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʣʷ ʯʘʩʪʠ ʢʣʝʪʦʢ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʭʦʜʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʠ 

ʯʪʦ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʢʣʝʪʢʘ ʩʦʭʨʘʥʷʝʪ ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ɼʣʷ ʜʨʫʛʠʭ ʦʪʤʝʯʝʥʥʳʭ 

ʢʣʝʪʦʢ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʜʠʩʩʠʧʠʨʫʝʪ ʚ ʭʦʜʝ ʬʦʨʝʟʘ, ʥʦ ʢʣʝʪʢʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʠʛʨʠʨʫʶʪ ʚ 

ʩʪʦʨʦʥʫ ʢʘʪʦʜʘ. ʅʝʢʦʪʦʨʳʝ TAMRA+ ʢʣʝʪʢʠ ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʭʦʜʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʏʘʩʪʴ TAMRA-ʥʝʤʝʯʝʥʳʭ ʢʣʝʪʦʢ ʪʘʢʞʝ ʤʠʛʨʠʨʫʶʪ ʢ ʢʘʪʦʜʫ.  

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʠʣ ʚʪʦʨʦʡ ʬʘʢʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ 

TAMRA-ɼʅʂ ʟʦʥʜʘ ʠ ʢʣʝʪʢʠ. ʀʤ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ/ʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ (ʛʣʠʢʦʢʘʣʠʢʩʘ). ʆʙʥʘʨʫʞʝʥʳ ʚʘʨʠʘʥʪʳ ʥʝʧʨʦʯʥʦʡ 
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ʘʩʩʦʮʠʘʮʠʠ ʤʝʯʝʥʦʛʦ ʟʦʥʜʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʂʨʝʙʩ-2, ʧʨʠ ʢʦʪʦʨʳʭ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʜʠʩʩʠʧʠʨʫʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ɼʣʷ ʤʦʜʝʣʠ ɺ-ʣʠʤʬʦʤʳ ʤʝʪʦʜʦʤ ʤʠʢʨʦʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʟʘʨʷʜʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ TAMRA+ ʢʣʝʪʦʢ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ 

TAMRA+ ʢʣʝʪʦʢ ʥʝ ʤʝʥʷʝʪ ʩʚʦʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʚʘʨʠʘʥʪ 

ʥʝʧʨʦʯʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʝʯʝʥʦʛʦ ʟʦʥʜʘ ʩ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʟʦʥʜ ʩʣʫʱʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʈʠʩʫʥʦʢ 27 ɹ, 

ʛʨʫʧʧʘ ʢʣʝʪʦʢ ˉ 6).  

 

3.4.2. ʄʦʣʝʢʫʣʷʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʤʝʥʪʦʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-

2 ʠ ɺ-ʣʠʤʬʦʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ TAMRA -ɼʅʂ ʟʦʥʜʦʤ 

3.4.2.1. ɺʣʠʷʥʠʝ ʛʝʧʘʨʠʥʘ ʠ ʧʨʦʪʝʘʟ ʥʘ ʧʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʝʤʙʨʘʥʳ 

ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ ɺ-ʣʠʤʬʦʤʳ 

ʊʘʢ ʢʘʢ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʫ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʜʮɼʅʂ ʚ ʆʉʂ ʧʨʝʜʰʝʩʪʚʫʝʪ 

ʧʨʦʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ ɼʅʂ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʝʤʙʨʘʥʳ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ 

ʥʝʦʙʭʦʜʠʤʳʤ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʢʘʢʠʤʠ ʠʤʝʥʥʦ ʤʝʤʙʨʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉʦʛʣʘʩʥʦ ʣʦʛʠʢʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʠ ʬʘʢʪʦʨʳ ʤʦʛʣʠ ʥʝʩʪʠ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʜʦʤʝʥʳ ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ ʠ ʜʮɼʅʂ ʢʦʥʢʫʨʝʥʪʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ.  

ɹr ʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ ʧʦʩʣʝ ʠʭ 

ʦʙʨʘʙʦʪʢʠ ʛʝʧʘʨʠʥʦʤ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʛʝʧʘʨʠʥ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʝʜ. ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʚʷʟʳʚʘʥʠʝ 

ʜʮɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ ʂʨʝʙʩ 2 (p<0.05) ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0.1, 0.5 ʠ 4 ʝʜ. ʘʢʪʠʚʥʦʩʪʠ ï ʩ 

ʢʣʝʪʢʘʤʠ ɺ-ʣʠʤʬʦʤʳ (ʈʠʩʫʥʦʢ 28 ɸ, ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʜʪʚʝʨʜʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʦʙʝʠʭ 

ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʮɼʅʂ ʟʦʥʜʘ ʠ ʛʝʧʘʨʠʥʘ ʩ ʢʣʝʪʢʦʡ ʦʧʨʝʜʝʣʷʶʪ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʵʣʝʤʝʥʪʳ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʛʝʧʘʨʠʥ 

ʩʚʷʟʳʚʘʝʪ ʤʥʦʛʠʝ ʢʣʝʪʦʯʥʳʝ ʠ ʚʥʝʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ (Ishihara et al., 2019; Meneghetti et al., 2015; 

Ori, Wilkinson, Fernig, 2008; Torrent et al., 2012). ɼʣʠʪʝʣʴʥʳʡ ʧʦʠʩʢ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ ʧʨʠʚʝʣ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʛʝʧʘʨʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ ʙʝʣʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʪʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʠʦʥʥʳʝ ʧʘʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʨʘʟʦʙʱʝʥʥʳʤʠ, ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠ ʩʫʣʴʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ. ɼʣʷ ʤʥʦʛʠʭ ʙʝʣʢʦʚ ʫʢʘʟʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤ ʢʦʣʣʘʛʝʥ-ʧʦʜʦʙʥʦʤ ʜʦʤʝʥʝ (Delacoux et al., 2000; Deprez, Inestrosa, 1995; Doi et 
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al., 1993; Mu¶oz, Linhardt, 2004). ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʥʝʩʫʪ ʛʝʧʘʨʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʢʣʘʩʪʝʨ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʥʦ ʧʦ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʦʣʣʘʛʝʥ-

ʧʦʜʦʙʥʦʤʫ ʜʦʤʝʥʫ (Ori, Wilkinson, Fernig, 2008). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, C1q, 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʩʝʥʩʫʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ 

(Garlatti et al., 2010). ɸʨʛʠʥʠʥ ʠ ʣʠʟʠʥ ʷʚʣʷʶʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʢʣʘʩʪʝʨʳ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʫʶ ʙʦʨʦʟʜʢʫ 

(Doi et al., 1993). ɸʨʛʠʥʠʥ ʬʦʨʤʠʨʫʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʟʠʥʦʤ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʜʦʤʝʥʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʛʝʧʘʨʠʥ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʦʩʥʦʚʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʩʝʨʠʥ ʠ ʛʣʠʮʠʥ.  

 

ʈʠʩ. 28. ʄʦʣʝʢʫʣʷʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʤʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ TAMRA+ ʢʣʝʪʦʢ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ɸ) ɸʥʘʣʠʟ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʛʝʧʘʨʠʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ ʂʨʝʙʩ-2 (n = 4). ɹ) ɸʥʘʣʠʟ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʛʝʧʘʨʠʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ ɺ-ʣʠʤʬʦʤʳ (n = 4). ɺ-ɼ) ɺʣʠʷʥʠʝ 

ʢʦʣʣʘʛʝʥʘʟʳ, ʧʨʦʪʝʠʥʘʟʳ K ʠ ʪʨʠʧʩʠʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ 

ʂʨʝʙʩ-2. ʇʨʠʚʝʜʝʥʘ ʜʦʣʷ TAMRA+ ʢʣʝʪʦʢ (ʚ %) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʦʚ ʢʣʝʪʦʢ 

ʂʨʝʙʩ-2, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʪʦʣʴʢʦ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʧʨʠʥʷʪʳʭ ʟʘ 100 %. ɸʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ TAMRA+ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ BD FACSAria III . ɺ) 

ʂʣʝʪʢʠ ʂʨʝʙʩ-2 ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʝʨʤʝʥʪʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ, ʟʘʪʝʤ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ (n = 4). ɻ) ʂʣʝʪʢʠ ʂʨʝʙʩ-2 ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ 
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ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʝʨʤʝʥʪʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ 

(n = 4). ɼ) ʂʣʝʪʢʠ ʂʨʝʙʩ-2 ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʪʝʘʟʦʡ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʚ ʯʘʩʪʴ 

ʦʙʨʘʟʮʦʚ ʜʦʙʘʚʣʷʣʠ ʛʝʧʘʨʠʥ, ʟʘʪʝʤ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ (n = 3). 

ɼʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʠʣʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʫʢʘʟʘʥʦ ʣʠʥʠʝʡ) ʦʮʝʥʝʥʳ 

ʧʨʠ ʧʦʤʦʱʠ one-way ANOVA, ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ, *ʨ<0.05, **p<0.01.  

 

ʆʙʱʝʠʟʚʝʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʮɼʅʂ ʠ ʛʝʧʘʨʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʤʦʣʝʢʫʣ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ç+è ʟʘʨʷʜ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʉʂ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʜʦʤʝʥʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʙʝʣʢʘʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʣʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ, 

ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʤʦʣʝʢʫʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʛʝʧʘʨʠʥ, ʙʫʜʫʪ ʪʝʤʠ ʞʝ ʩʘʤʳʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ. 

ɻʝʧʘʨʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʪʝʦʛʣʠʢʘʥʘʤʠ (PG, Proteoglycan), ʩʢʘʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʘʤʠ (SR, Scavenger Receptor) ʠ 

ʢʘʚʝʦʣʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ (GP, Glycoprotein) (Doi et al., 1993; Ori, 

Wilkinson, Fernig, 2008; Ori, Wilkinson, Fernig, 2011).  

ɿʥʘʯʠʪ ʦʧʨʝʜʝʣʝʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʩʚʷʟʳʚʘʪʴ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʜʮɼʅʂ ʟʦʥʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ 

ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ (ʧʦʣʠʘʥʠʦʥʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʠʣʠ ʢʣʘʩʪʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʘʨʛʠʥʠʥʘ ʠ ʣʠʟʠʥʘ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʣʣʘʛʝʥ-ʧʦʜʦʙʥʦʛʦ ʜʦʤʝʥʘ (Delacoux et 

al., 2000; Deprez, Inestrosa, 1995; Doi et al., 1993; Mu¶oz, Linhardt, 2004), ʠʣʠ ʢʣʘʩʪʝʨʳ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʥʝ ʠʤʝʶʱʠʝ ʦʙʱʝʡ ʛʦʤʦʣʦʛʠʠ ʩ ʢʦʣʣʘʛʝʥ-ʧʦʜʦʙʥʳʤ 

ʜʦʤʝʥʦʤ (Ori, Wilkinson, Fernig, 2008), ʠʣʠ ʢʦʥʩʝʥʩʫʩʥʘ ̫ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

(Garlatti et al., 2010). 

ɼʘʣʝʝ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʘʤʠ ï ʪʨʠʧʩʠʥʦʤ, ʧʨʦʪʝʠʥʘʟʦʡ ʂ (PrK, 

proteinase K) ʠ ʢʦʣʣʘʛʝʥʘʟʦʡ ï ʥʘ ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ ʂʨʝʙʩ-2, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʤ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʬʘʢʪʦʨʳ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ (ʛʣʠʢʦʢʘʣʠʢʩʘ, ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ 

ʤʠʢʨʦʜʦʤʝʥʦʚ), ʛʠʜʨʦʣʠʟʫʶʱʠʝʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʳʙʨʘʥʥʳʤʠ ʧʨʦʪʝʘʟʘʤʠ, 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʠ ʢʣʝʪʢʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʫʢʘʟʘʥʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʩʥʠʞʘʝʪ 

ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ (p<0.01 ʜʣʷ ʢʦʣʣʘʛʝʥʘʟʳ ʠ ʪʨʠʧʩʠʥʘ ʠ p<0.05 ʜʣʷ PrK). ʇʨʠ ʵʪʦʤ 

ʢʦʣʣʘʛʝʥʘʟʘ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʝ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʮʝʥʪʘ TAMRA+ ʢʣʝʪʦʢ, ʯʝʤ PrK ʠ 

ʪʨʠʧʩʠʥ (p<0.05 ʠ p<0.01 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʈʠʩʫʥʦʢ 28 ɺ). ʇʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʢʣʝʪʦʢ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ ʜʣʷ ʚʩʝʭ 
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ʪʨʝʭ ʧʨʦʪʝʘʟ (p<0.01) (ʈʠʩʫʥʦʢ 28 ɻ). ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʯʪʦ: (1) ʵʪʦ ʠʤʝʥʥʦ ʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ ʥʘʭʦʜʷʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʢʣʝʪʢʠ; 

(2) ʜʦ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʘʤʠ ʯʘʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʟʦʥʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʬʘʢʪʦʨʘʤʠ 

ʛʣʠʢʦʢʘʣʠʢʩʘ/ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ ʤʠʢʨʦʜʦʤʝʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʙʝʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, 

ʜʘʚʘʷ ʧʨʠʨʦʩʪ ʜʝʪʝʢʪʠʨʫʝʤʳʭ TAMRA+ ʢʣʝʪʦʢ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʦʪʝʘʟʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʤʝʯʝʥʳʡ ɼʅʂ-ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʝʤʙʨʘʥʳ ʩʦʩʪʦʷʥʠʠ, 

ʦʪʱʝʧʣʷʝʪʩʷ ʚʤʝʩʪʝ ʩ ʧʦʩʣʝʜʥʠʤʠ, ʠ ʢʣʝʪʢʘ ʪʝʨʷʝʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʘʢʪʦʨʳ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʚ ʦʯʝʨʯʝʥʥʳʡ 

ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ (30 ʤʠʥ) ʩʚʷʟʳʚʘʶʪʩʷ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʙʝʟ ʜʘʣʴʥʝʡʰʝʡ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ. ʇʨʠ ʵʪʦʤ 

ʠʩʪʠʥʥʘʷ ʠʥʪʝʨʥʘʣʠʟʘʮʠ ̫ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʝʪ, ʣʠʙʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʣʝʪʢʠ ʩʚʷʟʳʚʘʶʪ ʬʨʘʛʤʝʥʪʳ ʜʮɼʅʂ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʛʣʠʢʦʢʘʣʠʢʩʘ/ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ ʤʠʢʨʦʜʦʤʝʥʦʚ ʠ ʜʣʠʪʝʣʴʥʦ ʫʜʝʨʞʠʚʘʶʪ ʠʭ, ʩʦʟʜʘʚʘʷ ʚʳʩʦʢʫʶ 

ʣʦʢʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʢʣʝʪʢʝ. 

ɺʦʟʤʦʞʥʦ, ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʪʨʘʬʠʢʘ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʚʥʫʪʨʴ ʢʣʝʪʢʠ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʛʣʠʢʦʢʘʣʠʢʩʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʩʚʷʟʳʚʘʥʠʷ ʩ 

TAMRA-ɼʅʂ ʟʦʥʜʦʤ, ʥʘ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ 

ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʛʝʧʘʨʠʥʘ ʥʘ ʟʘʭʚʘʪ ʜʮɼʅʂ ʟʦʥʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʧʨʦʪʝʘʟʘʤʠ. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʩ 

ʧʨʦʪʝʘʟʘʤʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʘ TAMRA+ ʢʣʝʪʦʢ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʜʣʷ ʦʙʨʘʙʦʪʦʢ ʧʨʦʪʝʘʟʘʤʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʨʘʚʥʦʝ 30 ʤʠʥ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʧʨʦʪʝʘʟʘʤʠ ʥʠʚʝʣʠʨʦʚʘʣʘ ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʛʝʧʘʨʠʥʘ, ʢʦʪʦʨʦʝ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠʚʝʣʦ ʙʳ ʢ ʩʥʠʞʝʥʠʶ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ TAMRA+ ʢʣʝʪʦʢ (p<0.05) (ʈʠʩʫʥʦʢ 28 ɼ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʢʦʣʣʘʛʝʥʘʟʦʡ, PrK ʠʣʠ 

ʪʨʠʧʩʠʥʦʤ ʠ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ. ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʛʝʧʘʨʠʥʦʤ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʧʨʦʪʝʘʟʘʤʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʥʪ TAMRA+ 

ʢʣʝʪʦʢ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ PrK ʠ TAMRA-ɼʅʂ ʟʦʥʜʦʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʤʦʜʝʣʠ ʢʣʝʪʦʢ ɺ-ʣʠʤʬʦʤʳ, ʛʜʝ ʦʮʝʥʠʚʘʣʘʩʴ ʤʠʛʨʘʮʠʷ ʢʣʝʪʦʢ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ. PrK ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʨʦʪʝʘʟʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʂʨʝʙʩ-

2, ʧʦʢʘʟʘʥʦ ʝʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʯʝʥʦʛʦ ʜʮɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ. 
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Kʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ PrK, ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ ʠ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠ ̫

ʢʣʝʪʦʢ ʥʘ ʧʦʧʫʣʷʮʠʠ çïè ʠ ç+è, ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʠʟ ʦʙʝʠʭ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʙʲʝʤʘ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ (n = 4) (ʊʘʙʣʠʮʘ 8).  

 

ʊʘʙʣʠʮʘ 8. ɼʦʣʷ TAMRA+ ʢʣʝʪʦʢ ɺʕɹ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ɺ-ʣʠʤʬʦʤʳ (%) ʚ ʢʘʪʦʜʥʦʡ ʠ 

ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʷʭ (çïè ʠ ç+è) ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ PrK ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ. 

ʅʘʣʠʯʠʝ 

ʦʙʨʘʙʦʪʢʠ 
ˉ ɻʢʩʧʝʨʠʤʝʥʪʘ ʂʦʥʪʨʦʣʴ ç+è ʧʦʣʶʩ çïè ʧʦʣʶʩ 

PrKï 
1 1.5 0.9 3.6 

2 3.8 3.7 5.7 

PrK+ 
3 1.5 3.0 6.7 

4 0.5 0.0 1.4 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʢʣʝʪʦʢ ʢ ʢʘʪʦʜʫ ʠʣʠ ʥʝ 

ʩʚʷʟʘʥʘ, ʠʣʠ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʘ ʩ ʙʝʣʢʦʚʦʡ ʯʘʩʪʴʶ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʚʝʨʛʰʝʡʩʷ 

ʛʠʜʨʦʜʠʟʫ PrK. ʇʦ-ʚʠʜʠʤʦʤʫ, TAMRA+ ʢʣʝʪʢʠ ɺ-ʣʠʤʬʦʤʳ ʥʝʩʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʙʝʣʢʦʚʦʡ ʬʨʘʢʮʠʝʡ, ʥʝʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʢʦʪʦʨʦʡ ʥʝ 

ʦʪʤʝʥʷʝʪ ʤʠʛʨʘʮʠʶ TAMRA+ ʢʣʝʪʦʢ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʧʦʣʶʩʫ. ʕʪʦʪ ʬʘʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʬʘʢʪʦʨʦʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʚʩʝʡ ʝʝ ʪʦʣʱʠʥʝ, 

ʚʢʣʶʯʘʷ ʯʘʩʪʴ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʢʘʢ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʘʢ ʠ ʧʨʠʣʝʛʘʶʱʫʶ ʢ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. 

ʉʫʤʤʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʮɼʅʂ ʟʦʥʜ ʫʯʘʩʪʚʫʝʪ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʝʣʢʘʤʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʪʝʢʪʠʨʫʝʤʳʡ ʧʨʦʮʝʥʪ 

TAMRA+ ʢʣʝʪʦʢ ʤʝʪʦʜʘʤʠ FACS-ʘʥʘʣʠʟʘ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʦʧʫʣʷʮʠʷʤʠ ʢʣʝʪʦʢ. ɸ ʠʤʝʥʥʦ, TAMRA+ ʢʣʝʪʢʠ, ʧʨʦʩʪʦ ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʤʝʯʝʥʳʡ ʜʮɼʅʂ ʟʦʥʜ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʢʣʝʪʢʠ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʝ TAMRA-ɼʅʂ ʟʦʥʜ. 

3.4.2.2. ɼʠʥʘʤʠʢʘ ʠʩʪʠʥʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ 

ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʚ ʩʣʫʯʘʝ ʧʨʝʜ- ʠʣʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʠʥʘʟʦʡ K 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪ r ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʤʦʣʝʢʫʣ 

ʜʮɼʅʂ ʩ ʬʘʢʪʦʨʘʤʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʜʮɼʅʂ ʚʥʫʪʨʴ ʢʣʝʪʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ ʩ ʢʣʝʪʢʦʡ (ʈʠʩʫʥʦʢ 28 ɺ, ɻ). 

ɺʘʞʥʦ ʙʳʣʦ ʧʦʥʷʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʝʨʚʳʡ ʵʪʘʧ (ʩʚʷʟʳʚʘʥʠʝ) ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ɼʅʂ ʠ ʝʩʪʴ ʣʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʩʦʙʳʪʠʷʤʠ.  
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ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʥʘ ʤʦʜʝʣʠ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʝʜ- ʠʣʠ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ PrK, ʢʘʢ ʧʨʦʪʝʘʟʦʡ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʝʡ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʤʝʤʙʨʘʥʳ (ʦʮʝʥʝʥʥʳʡ ʧʦ 

ʧʨʦʮʝʥʪʫ ʦʩʪʘʚʰʠʭʩʷ TAMRA+ ʢʣʝʪʦʢ), ʠ ʘʥʘʣʠʟʦʤ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ. ʋʢʘʟʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʣʠ ʧʨʦʷʩʥʠʪʴ ʫʯʘʩʪʠʝ 

ʙʝʣʢʦʚ ʤʝʤʙʨʘʥʳ ʚ ʤʝʭʘʥʠʟʤʝ ʜʦʩʪʘʚʢʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʮɼʅʂ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. 

ʆʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ, ʢʘʢ ʚ ʩʢʦʨʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ 

TAMRA-ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ TAMRA-

ɼʅʂ ʟʦʥʜʘ ʧʨʠ ʘʥʘʣʠʟʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʜʦ ʠʣʠ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ PrK. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʜʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʘʢʪʠʚʥʳʡ ʥʘʙʦʨ ʢʣʝʪʢʦʡ ʤʝʯʝʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʜʦʩʪʠʛʘʷ ʢ 30 ʤʠʥ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ 250 Ñ 50 ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʯʝʨʝʟ 7 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ 

ʠ ʧʦ ʯʠʩʣʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʢʘʟʘʪʝʣʴ ʢʣʝʪʦʢ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʝʨʚʫʶ 

ʤʠʥʫʪʫ ʠʟʤʝʨʝʥʠʷ, ʨʘʚʥʳʡ 37 Ñ 14 ʫʩʣʦʚʥʳʤ ʝʜʠʥʠʮʘʤ (ʈʠʩʫʥʦʢ 29 ɸ). ʇʨʠ ʵʪʦʤ 

ʢʦʥʬʦʢʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʣʝʪʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ TAMRA-ɼʅʂ 

ʟʦʥʜʘ (ʈʠʩʫʥʦʢ 29 ɹ).  

 

ʈʠʩ. 29. ʄʦʣʝʢʫʣʷʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʤʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ TAMRA+ ʢʣʝʪʦʢ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ɸ) ɻʨʘʬʠʢ ʥʘʢʦʧʣʝʥʠʷ TAMRA-ɼʅʂ 

ʟʦʥʜʘ ʚ ʢʣʝʪʢʘʭ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ PrK ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʨʠʚʝʜʝʥʦ Mean Ñ SD, 

n = 5. ɼʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʦʮʝʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ one-way ANOVA, 

ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ, *ʨ<0.05, **p<0.01. ɹ) 1 ï ʇʘʥʝʣʴ ʨʠʩʫʥʢʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ çɸè. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩ TAMRA-

ɼʅʂ ʟʦʥʜʦʤ ʚ ʤʠʥʫʪʘʭ. 2 ï ʂʦʥʬʦʢʘʣʴʥʳʝ ʩʨʝʟʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ 

ʠʥʢʫʙʘʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʣʦʢʘʣʠʟʘʮʠʶ ʜʮɼʅʂ ʟʦʥʜʘ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 
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ʢʦʤʧʘʨʪʤʝʥʪʘʭ. ɺ) ɺʘʨʠʘʥʪʳ ʧʦʚʝʜʝʥʠʷ TAMRA-ɼʅʂ ʟʦʥʜʘ ʚ ʢʣʝʪʢʘʭ ʂʨʝʙʩ-2 ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ PrK: (1) ʜʚʝ ʢʣʝʪʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʫʜʴʙʦʡ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; (2) ʢʣʝʪʢʘ, ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʥʦʩʪʴʶ ʜʠʩʩʠʧʠʨʦʚʘʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

PrK; (3) ʢʣʝʪʢʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ PrK ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ. ɻ) ʂʦʥʬʦʢʘʣʴʥʳʝ ʩʨʝʟʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʣʝʪʢʠ ʚ 

ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʦ ʯʪʦ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʣʦʢʘʣʠʨʫʝʪʩʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. 

ɼʣʠʥʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ TAMRA+ ʢʣʝʪʢʠ, ʢʦʨʦʪʢʠʤʠ ï ʣʦʢʘʣʠʟʘʮʠʷ TAMRA-ɼʅʂ 

ʟʦʥʜʘ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. ɹʘʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʤʢʤ. 

 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʤʦʛ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʜʣʷ ʧʦʧʘʜʘʥʠʷ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʪʨʝʙʫʝʪʩʷ ʬʘʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʛʠʜʨʦʣʠʟʫʝʪʩʷ PrK, ʠ ʯʪʦ ʠʤʝʥʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʪʝʤ 

ʚʥʝʰʥʠʤ ʩʫʙʩʪʨʘʪʦʤ, ʩʚʷʟʘʚʰʠʩʴ ʩ ʢʦʪʦʨʳʤ TAMRA-ɼʅʂ ʟʦʥʜ ʧʦʧʘʜʘʝʪ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. 

ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʯʥʳʡ ʢʦʥʪʘʢʪ ʩ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʥʦ ʥʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʧʨʦʪʝʘʟʘʤʠ ʠ ʜʘʣʝʝ ʛʝʧʘʨʠʥʦʤ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʮɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʩʘʡʪʦʚ. 

(1) ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʙʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʘ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʛʝʧʘʨʠʥʘ ʠ ʜʮɼʅʂ, ʪʘʢ ʠ ʬʘʢʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʜʮɼʅʂ, ʧʨʠʯʝʤ 

ʚʪʦʨʳʝ ʩʣʘʙʦ ʧʦʜʚʝʨʞʝʥʳ ʛʠʜʨʦʣʠʟʫ ʧʨʦʪʝʘʟʘʤʠ. (2) ʅʘ ʙʝʣʢʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʚʷʟʳʚʘʥʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʝʧʘʨʠʥʘ ʠ ʜʮɼʅʂ, ʯʘʩʪʴ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʜʮɼʅʂ ʥʝ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ 

ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʛʝʧʘʨʠʥʘ ʠ, ʢʘʢ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʩ ʤʝʤʙʨʘʥʦʡ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʧʨʦʪʝʘʟʘʤʠ ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʶ ʤʘʩʩʫ 

ʛʣʠʢʦʢʘʣʠʢʩʘ, ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠʣʝʞʘʱʠʝ ʢ ʤʝʤʙʨʘʥʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʜʮɼʅʂ, ʟʘ ʩʯʝʪ 

ʢʦʪʦʨʳʭ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʝ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ, ʜʝʪʝʢʪʠʨʫʝʤʘʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʘʤʠ ʠ 

ʛʝʧʘʨʠʥʦʤ. (3) ʀʟʚʝʩʪʥʦ, ʯʪʦ SR ʚ ʩʦʩʪʘʚʝ ʢʘʚʝʦʣ ʠʥʪʝʨʥʘʣʠʟʫʶʪʩʷ ʠ ʚʳʭʦʜʷʪ ʧʦʚʪʦʨʥʦ ʥʘ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ (Nichols et al., 2001). ʆʙʨʘʙʦʪʢʘ ʛʝʧʘʨʠʥʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʱʘʪʝʣʴʥʦʡ ʦʪʤʳʚʢʦʡ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ 

ʛʝʧʘʨʠʥʦʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥʥʳʝ ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʧʦʛʨʫʞʝʥʳ ʚ 

ʮʠʪʦʧʣʘʟʤʫ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʮɼʅʂ ʟʦʥʜʘ ʵʪʠ ʨʝʮʝʧʪʦʨʳ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʤʝʤʙʨʘʥʝ ʠ 

ʩʚʷʟʳʚʘʶʪ/ʠʥʪʝʨʥʘʣʠʟʫʶʪ ʜʮɼʅʂ ʟʦʥʜ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʤ ʜʮɼʅʂ ʟʦʥʜʦʤ, ʘ ʠʤʝʥʥʦ: ʧʨʦʯʥʦ 

ʫʜʝʨʞʠʚʘʶʱʠʭ TAMRA-ɼʅʂ ʟʦʥʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ 

ʜʮɼʅʂ ʟʦʥʜ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʢʣʝʪʦʢ 

PrK ʠ ʦʮʝʥʢʦʡ ʜʠʥʘʤʠʢʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ. ɼʣʷ ʂʨʝʙʩ-2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʣʝʪʢʠ 

ʘʩʮʠʪʘ ʧʨʝʜʩʤʝʨʪʥʦʡ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʢʘʨʮʠʥʦʤʳ (ʦʙʲʝʤ ʘʩʮʠʪʥʦʡ ʞʠʜʢʦʩʪʠ 10ï20 ʤʣ, 14ï17 
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ʜʝʥʴ ʨʘʟʚʠʪʠʷ ʨʘʢʘ) ʚʳʙʨʘʩʳʚʘʶʪ ʥʘ ʩʚʦʶ ʧʦʚʝʨʭʥʦʩʪʴ ʬʘʢʪʦʨʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʜʮɼʅʂ ʟʦʥʜ. 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʢʪʦʨʳ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʜʮɼʅʂ, 

ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʪʝʨʥʘʣʠʟʦʚʘʪʴ ʜʮɼʅʂ ʟʦʥʜ ʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩɹʷ ʢʘʢ ʥʘ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʘ ʦʜʥʦʡ ʢʣʝʪʢʝ. ʊʦ ʝʩʪʴ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʢʣʝʪʦʢ ʩ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʧʦʚʝʜʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʜʮɼʅʂ ʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʢʠ. (1) ʉ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʣʴʢʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʠʩʯʝʟʘʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ PrK (ʈʠʩʫʥʦʢ 29 ɺ-1, 2); (2) ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʯʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ 

ʧʦʩʪʝʧʝʥʥʦ, ʚ ʪʝʯʝʥʠʝ 1.5 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʩ PrK ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʛ/ʤʣ, ʠʩʯʝʟʘʝʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, ʥʦ ʥʘʯʠʥʘʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚʥʫʪʨʠ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʈʠʩʫʥʦʢ 29 ɺ-3, ɻ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʜʚʫʤʷ 

ʪʠʧʘʤʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ï ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʂʨʝʙʩ-2, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʠ 

ʦʪʤʝʯʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʠ ʩʪʚʦʣʦʚʳʤʠ (ʜʣʷ ʘʩʮʠʪʘ ʂʨʝʙʩ-2 ʵʪʦ ~2.8 %). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʦʜʠʥ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʢʣʝʪʦʢ ʩ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʮɼʅʂ ʟʦʥʜʦʤ. 

ʇʝʨʚʳʡ ʪʠʧ ʢʣʝʪʦʢ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʮɼʅʂ ʟʦʥʜʦʤ ʠ ʫʜʝʨʞʠʚʘʝʪ ʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ. ɺʪʦʨʦʡ ʪʠʧ ʢʣʝʪʦʢ ʩʚʷʟʳʚʘʝʪ ʜʮɼʅʂ ʟʦʥʜ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ (~1.5 ʯʘʩʘ), ʠʥʪʝʨʥʘʣʠʟʫʝʪ ʤʝʯʝʥʳʡ ʤʘʪʝʨʠʘʣ ʚʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ. 

 

3.4.3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʜʮɼʅʂ ʟʦʥʜʘ ʚ ʢʣʝʪʢʠ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ɼʅʂ ʧʝʨʚʠʯʥʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʆʉʂ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʭ 

ʤʦʣʝʢʫʣ ʜʮɼʅʂ ʠ ʢʣʝʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʦʝ (ʢʦʚʘʣʝʥʪʥʦʝ) ʩʚʷʟʳʚʘʥʠʝ ʩ ʬʘʢʪʦʨʘʤʠ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʛʝʧʘʨʠʥ/(ʧʦʣʠʘʥʠʦʥ)-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ. ʇʨʠ ʵʪʦʤ 

ʯʘʩʪʴ ʠʟ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝ ʜʦʣʞʥʘ ʠʤʝʪ ɹʞʝʩʪʢʦʡ ʬʠʢʩʘʮʠʠ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʤʝʩʪʝ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʈʠʩʫʥʦʢ 27 ɸ-4). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ PG ʛʣʠʢʦʢʘʣʠʢʩʘ, SR, GPI-AP, ʪʦ ʝʩʪʴ ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʛʣʠʢʦʢʘʣʠʢʩʘ, ʩʪʨʫʢʪʫʨ ʢʘʚʝʦʣʷʨʥʦʛʦ ʠ 

ʢʣʘʪʨʠʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (Doi et al., 1993; Garlatti et al., 2010; Zurzolo, Simons, 2016). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʧʨʦʪʝʘʟʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʩʩʦʮʠʘʮʠʝʡ ʩ TAMRA-ɼʅʂ 

ʟʦʥʜʦʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʪʝʘʟʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ, ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ɼʅʂ ʟʦʥʜ ʣʠʙʦ ʥʝ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʣʝʪʢʦʡ, ʣʠʙʦ ʫʞʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ɼʅʂ ʦʪʱʝʧʣʷʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʚʤʝʩʪʝ ʩ ʬʘʢʪʦʨʘʤʠ ʤʝʤʙʨʘʥʳ. 

ʉʣʝʜʫʶʱʠʤ ʣʦʛʠʯʥʳʤ ʵʪʘʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʜʮɼʅʂ ʠ ʆʉʂ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ ʚ ʢʣʝʪʢʫ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʭʠʤʠʯʝʩʢʠ ʙʣʦʢʠʨʦʚʘʣʠ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʫʪʝʡ ʵʥʜʦʮʠʪʦʟʘ, ʘ ʟʘʪʝʤ 

ʦʮʝʥʠʚʘʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʪʦʢ, ʠʥʪʝʨʥʘʣʠʟʫʶʱʠʭ TAMRA-ɼʅʂ ʟʦʥʜ. ɹʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʦʩʴʤʠ ʠʥʛʠʙʠʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʵʥʜʦʮʠʪʦʟʘ ʥʘ ʜʚʫʭ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʜʝʣʷʭ (ʊʘʙʣʠʮʘ 9).  

 

ʊʘʙʣʠʮʘ 9. ʀʥʛʠʙʠʪʦʨʳ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʵʥʜʦʮʠʪʦʟʘ ʠ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʭ 

ʜʝʡʩʪʚʠʷ. 

ʀʥʛʠʙʠʪʦʨ ʇʫʪʴ ʵʥʜʦʮʠʪʦʟʘ ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 

5-(N-ʵʪʠʣ-N-

ʠʟʦʧʨʦʧʠʣ)-

ʘʤʠʣʦʨʠʜ (EIPA) ʄʘʢʨʦʧʠʥʦʮʠʪʦʟ 

ʇʦʜʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʤʘʣʳʭ ɻʊʌʘʟ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʪʠʥʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʚʳʨʦʩʪʦʚ. 

ʎʠʪʦʭʘʣʘʟʠʥ ɼ ʉʚʷʟʳʚʘʝʪ ç+è ʢʦʥʮʳ ʘʢʪʠʥʦʚʳʭ ʥʠʪʝʡ, 

ʙʣʦʢʠʨʫʷ ʠʭ ʧʦʣʠʤʝʨʠʟʘʮʠʶ. 

ɼʠʥʘʟʦʨ ɼʠʥʘʤʠʥ-ʟʘʚʠʩʠʤʳʡ 

ʧʫʪʴ ʵʥʜʦʮʠʪʦʟʘ 

ʇʦʜʘʚʣʷʝʪ ɻʊʌ-ʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʠʥʘʤʠʥʘ. 

ʍʣʦʨʧʨʦʤʘʟʠʥ ʂʣʘʪʨʠʥ-ʟʘʚʠʩʠʤʳʡ 

ʧʫʪʴ ʵʥʟʦʮʠʪʦʟʘ 

ɼʠʩʩʦʮʠʠʨʫʝʪ ʢʣʘʪʨʠʥ ʠ ʘʜʘʧʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ. 

ʅʠʩʪʘʪʠʥ ʕʥʜʦʮʠʪʦʟ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ 

ʣʠʧʠʜʥʳʤʠ ʨʘʬʪʘʤʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʘʚʝʦʣʠʥ-ʟʘʚʠʩʠʤʳʡ 

ʧʫʪɹ ʵʥʜʦʮʠʪʦʟʘ 

ʋʜʘʣʷʝʪ ʭʦʣʝʩʪʝʨʠʥ ʠʟ ʩʦʩʪʘʚʘ ʣʠʧʠʜʥʳʭ 

ʨʘʬʪʦʚ. ʇʨʠ ʵʪʦʤ ʢʘʚʝʦʣʠʥ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 

ʚ ʮʠʪʦʧʣʘʟʤʫ ʠ ʨʘʟʨʫʰʘʝʪʩʷ. 

ʄʝʪʠʣ-ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥ 

(MɓCD) 

ʀʤʝʝʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʭʦʣʝʩʪʝʨʠʥʫ ʟʘ 

ʩʯʝʪ ʥʘʣʠʯʠʷ ʛʠʜʨʦʬʦʙʥʦʡ ʩʝʨʜʮʝʚʠʥʳ. 

ɺʦʨʪʤʘʥʠʥ ʈʝʮʝʧʪʦʨ-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ 

ʵʥʜʦʮʠʪʦʟ 

ʀʥʛʠʙʠʨʫʝʪ ʢʣʝʪʦʯʥʳʝ ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3Ë-

ʢʠʥʘʟʳ. 

ɸʟʠʜ ʥʘʪʨʠʷ ʕʥʝʨʛʦʟʘʚʠʩʠʤʳʝ 

ʧʫʪʠ ʵʥʜʦʮʠʪʦʟʘ 

(ʨʝʮʝʧʪʦʨ-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ, 

ʤʘʢʨʦʧʠʥʦʮʠʪʦʟ) 

ʀʥʛʠʙʠʨʫʝʪ ʩʠʥʪʝʟ ɸʊP. 
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3.4.3.1. ɺʣʠʷʥʠʝ ʙʣʦʢʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʫʪʝʡ ʵʥʜʦʮʠʪʦʟʘ ʥʘ ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ ʂʨʝʙʩ-2 ʠ ɺ-

ʣʠʤʬʦʤʳ  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ɼʅʂ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʣʝʪʦʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʥʛʠʙʠʪʦʨʦʤ, ʦʪʤʳʚʘʣʠ ʠ ʜʘʣʝʝ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ TAMRA-ɼʅʂ ʟʦʥʜʦʤ. ɼʦʣʶ ʆʉʂ, ʩʚʷʟʳʚʘʶʱʠʭ ʥʘ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʣʝʢʫʣʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ FACS-ʘʥʘʣʠʟʘ. 

ɼʣʷ ʂʨʝʙʩ-2 ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ, ʜʦʟʦʟʘʚʠʩʠʤʦ ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ TAMRA+ 

ʢʣʝʪʦʢ ʙʣʦʢʘʪʦʨ ʢʘʚʝʦʣʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʧʫʪʠ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ï ʥʠʩʪʘʪʠʥ (p<0.05). ɼʠʥʘʟʦʨ, 

ʙʣʦʢʘʪʦʨ ʜʠʥʘʤʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʵʥʜʦʮʠʪʦʟʘ, ʚ ʙʦʣʴʰʝʡ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʘʢʞʝ 

ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ TAMRA+ ʢʣʝʪʦʢ (125 ʤʢʛ/ʤʣ, p<0.05) (ʈʠʩʫʥʦʢ 30).  

 
ʈʠʩ. 30. ɺʣʠʷʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʵʥʜʦʮʠʪʦʟʘ ʥʘ ʩʚʷʟʳʚʘʥʠʝ TAMRA-ɼʅʂ ʟʦʥʜʘ ʩ ʢʣʝʪʢʘʤʠ 

ʂʨʝʙʩ-2. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʣʷ TAMRA+ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʛʠʙʠʪʦʨʦʚ. ɿʚʝʟʜʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʘ (*ʨ<0.05, one-

way ANOVA, ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ). ʂʨʘʩʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 

TAMRA+ ʢʣʝʪʦʢ ʚ ʠʥʪʘʢʪʥʦʤ ʘʩʮʠʪʝ ʂʨʝʙʩ-2, ʧʨʠʥʷʪʦʝ ʟʘ 1 (n = 3ï6). 

 






























































































































































































































































































































































































