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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ [ɺʆɿ, 2014]. ʇʦʠʩʢ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʪʢʘʥʝʡ ʧʨʠʚʝʣ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʮʝʧʮʠʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʩʪʠʤʫʣʷʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ ʚ 

ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʪʢʘʥʠ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʟʘʧʫʩʢʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʧʨʦʮʝʩʩʘ ï ʚʘʩʢʫʣʦʛʝʥʝʟ ʠ ʘʥʛʠʦʛʝʥʝʟ. ɺʘʩʢʫʣʦʛʝʥʝʟ, ʚ ʥʦʨʤʝ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʣʠʰʴ ʚ ʧʨʝʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʟʘ ʩʯʝʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, 

ʤʠʛʨʠʨʫʶʱʠʭ ʢ ʦʯʘʛʫ ʠʰʝʤʠʠ. ɸʥʛʠʦʛʝʥʝʟ ʞʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ 

ʧʨʦʮʝʩʩʦʤ ʧʨʦʜʣʝʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʦʩʫʜʦʚ, ʠʭ ʧʨʦʨʘʩʪʘʥʠʷ ʚ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʪʢʘʥʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʟʨʝʚʘʥʠʷ [Isner et al., 2001; ʇʘʨʬʝʥʦʚʘ, 

ʊʢʘʯʫʢ, 2007]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ 

ʘʥʛʠʦʛʝʥʥʦʡ ʪʝʨʘʧʠʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʤʦʙʠʣʠʟʘʮʠʶ ʵʥʜʦʛʝʥʥʳʭ 

ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ ʠ ʣʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʪʢʘʥʠ.  

ʄʝʪʦʜʳ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ ʤʝʥʷʣʠʩʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʇʨʷʤʘʷ ʜʦʩʪʘʚʢʘ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ ʮʠʪʦʢʠʥʦʚ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʧʦʣʫʞʠʟʥʠ 

ʙʝʣʢʦʚ in vivo [Ylª-Herttuala et al., 2007]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ VEGF-A (ʢʣʶʯʝʚʦʛʦ 

ʬʘʢʪʦʨʘ ʘʥʛʠʦʛʝʥʝʟʘ ʢʘʢ ʚ ʧʨʝʥʘʪʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ) ʚʨʝʤʷ 

ʧʦʣʫʞʠʟʥʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ [Stefanini et al., 2008]. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʧʣʘʟʤʠʜ ʠʣʠ 

ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ) ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʘʥʛʠʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʦʮʝʥʪ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʵʥʜʦʛʝʥʥʳʭ ʢʣʝʪʦʢ ʦʯʝʥʴ ʥʝʚʝʣʠʢ [Vaughan et al., 2006], ʘ ʵʢʩʧʨʝʩʩʠʷ 
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ʙʝʣʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ [ʇʘʨʬʝʥʦʚʘ, ʊʢʘʯʫʢ, 

2007]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ ʢʣʠʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ (II ʠ III ʬʘʟʳ) ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ ʠʰʝʤʠʠ ʪʢʘʥʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ HGF, VEGF-A-121 ʠ -165, FGFb [Shimamura et al., 2014]. ʆʩʥʦʚʥʳʤ 

ʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʯʠʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʛʦ ʛʝʥʘ, ʪʦʛʜʘ ʢʘʢ ʘʥʛʠʦʛʝʥʝʟ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʦʩʪʘ ʠ ʮʠʪʦʢʠʥʘʤʠ [Liew, 

O'Brien, 2012]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʫʶ ʥʘʜʝʞʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʦʟʣʘʛʘʶʪ ʥʘ 

ʩʪʠʤʫʣʷʮʠʶ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʪʢʘʥʠ ʩ ʧʦʤʦʱʴʶ 

ʩʪʚʦʣʦʚʳʭ/ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ [Lawall et al., 2010; Liew, O'Brien, 2012; ʃʝʙʝʜʝʚ 

ʠ ʜʨ., 2013]. ʂʣʝʪʦʯʥʘʷ ʪʝʨʘʧʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʧʫʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʣʠʥʠʯʝʩʢʠ ʜʦʢʘʟʘʪʴ ʥʘʣʠʯʠʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʙʲʷʩʥʠʣʦ ʤʝʭʘʥʠʟʤʘ 

ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦʙ 

ʦʧʪʠʤʘʣʴʥʦʤ ʪʠʧʝ ʪʨʘʥʩʧʣʘʥʪʠʨʫʝʤʳʭ ʢʣʝʪʦʢ, ʠʭ ʢʦʣʠʯʝʩʪʚʝ, ʩʨʦʢʝ ʠ ʩʧʦʩʦʙʝ 

ʚʚʝʜʝʥʠʷ [Liew, O'Brien, 2012; Raval, Losordo, 2013]. 

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʢʣʝʪʦʯʥʳʭ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ (ʘʫʪʦʛʝʥʥʳʭ CD133+ ʠʣʠ CD34+ ʢʣʝʪʦʢ, 

ʤʦʥʦʥʫʢʣʝʘʨʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʠʣʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʜʨ.), ʦʜʥʘʢʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʙʳʣʘ ʥʝ ʪʘʢ ʚʳʩʦʢʘ, ʢʘʢ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [Liew, O'Brien, 2012]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʣʝʪʦʯʥʦʛʦ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʄʉʂ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ: ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʄʉʂ ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʫʶ ʪʢʘʥʴ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ (ʧʘʨʘʢʨʠʥʥʦʛʦ, ʟʘʤʝʩʪʠʪʝʣʴʥʦʛʦ, ʪʨʦʬʠʯʝʩʢʦʛʦ, 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʛʦ), ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʵʪʘʧʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʩʦʟʨʝʚʘʥʠʷ ʩʦʩʫʜʦʚ [Liew, O'Brien, 2012; Yan et al., 2013; Bronckaers et al., 2014]. ɺ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʨʝʛʠʩʪʨʘ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ FDA 

(http://www.clinicaltrials.gov/) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʝʩʷʪʢʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (3 ʬʘʟʘ) ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʩʪʨʦʛʦ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ, ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʠʰʝʤʠʠ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ï çʟʦʣʦʪʦʛʦ ʩʪʘʥʜʘʨʪʘè ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʄʉʂ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʢ ʄʉʂ ʥʝ ʦʙʦʟʥʘʯʘʝʪ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʩʣʫʞʠʪ ʪʦʣʴʢʦ ʙʘʟʠʩʦʤ ʜʣʷ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [Dominici, 2006]. ʉʚʦʡʩʪʚʘ ʄʉʂ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʪʢʘʥʠ-ʠʩʪʦʯʥʠʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʛʦ ʜʦʥʦʨʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʠ ʧʣʘʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʫʣʴʪʫʨʳ, ʝʝ ʩʝʢʨʝʪʦʤ, 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʩʚʷʟʘʥʥʳʭ ʩ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ ʛʝʥʦʚ, ʥʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠ 

ʥʘ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʣʝʪʦʢ ʠ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʶʪ ʄʉʂ 

ʠʟ ʥʝʦʥʘʪʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʄʉʂ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʫʧʦʯʥʦʛʦ 

ʢʘʥʘʪʠʢʘ, ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʛʝʥʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʦʙʣʘʜʘʶʪ ʪʫʤʦʨʦʛʝʥʥʦʩʪʴʶ ʠ ʩʯʠʪʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʩʫʨʩʦʤ ʜʣʷ ʘʣʣʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ [De Kock et al., 2012; Gauthaman et al., 

2012; Liang, Han, 2012; Lv et al., 2012; Li X. et al., 2014]. ʇʨʠ ʵʪʦʤ ʚʘʨʪʦʥʦʚ 

ʩʪʫʜʝʥʴ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʦʙʣʘʜʘʝʪ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ï ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʢʘʧʠʣʣʷʨʳ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʄʉʂ ʇʂ ʠʟ ʦʜʥʦʛʦ ʨʷʜʘ ʩ ʄʉʂ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʟʘʥʠʤʘʶʱʠʭ in vivo, ʧʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ, ʥʠʰʫ ʧʝʨʠʮʠʪʦʚ [da Silva 

Meirelles et al., 2008; Covas et al., 2008; Caplan, 2009]. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʝʢʨʝʪʦʤʝ 

ʄʉʂ ʇʂ ʩʜʚʠʥʫʪ ʙʘʣʘʥʩ ʧʨʦ- ʠ ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʉʂ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠʣʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ [Balasubramanian et al., 2012; Amable et al., 
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2014; Kuchroo et al., 2015], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʳʭ ʧʫʪʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʘʥʛʠʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʘʥʥʳʭ ʢʣʝʪʦʢ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʘʥʛʠʦʛʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ ʇʂ ʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʣʝʪʦʯʥʦʡ 

ʪʝʨʘʧʠʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʩʚʦʡʩʪʚ ʄʉʂ ʇʂ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ. ʅʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, 

ʢʘʩʘʶʱʠʭʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʚʠʥʳ, ʝʝ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʨʠʦʪʠʧʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʘʥʩʢʨʠʧʪʦʤʘ 

ʠ ʩʝʢʨʝʪʦʤʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʘʡʥʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʜʘʥʥʳʝ, ʢʘʩʘʶɦ ʠʝʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʄʉʂ ʇʂ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ in vitro (ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ 

ʤʠʛʨʘʮʠʶ, ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʪ.ʜ.), ʠ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʦʙʩʫʞʜʘʝʪʩʷ ʨʦʣʴ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 

ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ (Vascular Endothelial Growth Factor ï VEGF) ʚ ʜʘʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʋʩʣʦʚʠʷ ʠ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʄʉʂ ʇʂ ʚ 

ʥɻʜʦʪʝʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪʩʷ ʫ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʉʂ ʇʂ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ ʇʂ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʨʦʬʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʧʘʨʘʢʨʠʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʟʠʜʝʥʪʥʳʝ 

ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ ʠ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʘʥʛʠʦʛʝʥʝʟ ʠ ʘʧʦʧʪʦʟ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ, ʦʙʲʝʤ ʢʣʝʪʦʯʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʩʨʦʢʠ ʚʚʝʜʝʥʠʷ, 
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ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʄʉʂ ʇʂ ʩʯʠʪʘʶʪʩʷ ʠʤʤʫʥʦʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʦʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʠ/ʵʣʠʤʠʥʘʮʠʠ 

ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʭʦʪʷ ʜʘʥʥʳʝ ʵʪʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʘʣʣʦʛʝʥʥʦʡ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ 

ʧʦʣʷʨʠʟʘʮʠʶ ʤʘʢʨʦʬʘʛʦʚ ʚ ʦʯʘʛʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮ .r 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʛʠʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂ ʇʂ ʠ ʤʝʭʘʥʠʟʤʳ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ in vitro ʠ in vivo ʪʨʝʙʫʪʁ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʘʥʛʠʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʧʦʯʥʦʛʦ 

ʢʘʥʘʪʠʢʘ in vitro ʠ ʚʣʠʷʥʠʷ ʘʣʣʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ 

ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ 

ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ in vivo. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʇʦʣʫʯʠʪʴ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ ʠ 

ʢʨʳʩʳ ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʤ ʩʪʨʦʤʘʣʴʥʳʤ 

ʢʣʝʪʢʘʤ. 

2. ʆʮʝʥʠʪʴ ʧʘʨʘʢʨʠʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ 

ʢʣʝʪʦʢ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʤʠʛʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ in vitro. 
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3. ʀʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ ʚ 

ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ in vitro. 

4. ʆʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ 

ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ in vitro. 

5. ɺʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʧʘʨʘʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ 

ʧʨʠ ʘʣʣʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʥʘ ʤʦʜʝʣʠ ʠʰʝʤʠʠ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʢʨʳʩ. 

6. ʆʮʝʥʠʪʴ ʤʠʛʨʘʮʠʶ, ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ 

ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʧʦʩʣʝ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. 

 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ ʘʥʛʠʦʛʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʤʠ ʩʪʨʦʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʣʫʞʠʣʠ 

ʥʘʫʯʥʳʝ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ 

ʧʦ ʧʨʦʙʣʝʤʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ. 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʥʘʫʯʥʳʝ ʤʦʥʦʛʨʘʬʠʠ, 

ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʤʘʪʝʨʠʘʣʳ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʡ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʇʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 03.03.04 

ʂʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ, ʮʠʪʦʣʦʛʠʷ, ʛʠʩʪʦʣʦʛʠʷ ʩʦʛʣʘʩʥʦ ʧʫʥʢʪʘʤ 1, 2, 5, 6 ʠ 

7.ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄʉʂ ʇʂ ʠʩʧʦʣʴʟʫʶʪ VEGF-A-ʥʝʟʘʚʠʩʠʤʳʡ 

ʧʫʪʴ ʧʘʨʘʢʨʠʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʤʠʛʨʘʮʠʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ VEGF-A ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʠʥʜʫʢʪʦʨʦʤ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʄʉʂ ʇʂ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʜʣʦʞʢʝ; ʦʜʥʘʢʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ ʄʉʂ ʇʂ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʩʧʦʩʦʙʥʳ in 

vitro ʧʨʠʦʙʨʝʪʘʪʴ CD31+ʬʝʥʦʪʠʧ ʙʝʟ ʚʣʠʷʥʠʷ ʵʢʟʦʛʝʥʥʦʛʦ VEGF-A. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʘʣʣʦʛʝʥʥʳʝ ʄʉʂ ʇʂ ʨʘʩʧʦʟʥʘʶʪʩʷ ʠ ʵʣʠʤʠʥʠʨʫʶʪʩʷ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʮʠʧʠʝʥʪʘ ʧʦʩʣʝ ʚʥʫʪʨʠʤʳʰʝʯʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ 

ʠʰʝʤʠʟʠʨʦʚʘʥʥʫʶ ʩʢʝʣʝʪʥʫʶ ʤʳʰʝʯʥʫʶ ʪʢʘʥʴ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʘʣʣʦʛʝʥʥʘʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʄʉʂ ʇʂ 

ʩʪʠʤʫʣʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʧʨʦʨʝʛʝʥʝʨʘʪʦʨʥʳʭ ʄ2 ʤʘʢʨʦʬʘʛʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʠ in vivo ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ ʇʂ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʠʢ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʥʛʠʦʛʝʥʝʟʘ. 

ɺʳʷʚʣʝʥʠʝ VEGF-A-ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʫʪʠ ʧʘʨʘʢʨʠʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʄʉʂ 

ʇʂ ʥʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʧʘʮʠʝʥʪʘʤ, ʥʝ ʦʪʚʝʯʘʶʱʠʤ ʥʘ VEGF-A-

ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʠʥʜʫʢʮʠʶ ʘʥʛʠʦʛʝʥʝʟʘ. 

ɼʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʵʣʠʤʠʥʘʮʠʠ ʘʣʣʦʛʝʥʥʳʭ ʄʉʂ ʇʂ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʨʝʮʠʧʠʝʥʪʘ ʧʦʩʣʝ ʚʥʫʪʨʠʤʳʰʝʯʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʠʰʝʤʠʠ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʨʘʙʦʪʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʦʤʧʣʝʢʩʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʚʰʠʭ ʨʝʟʫʣʴʪʘʪʳ in vitro ʠ in vivo ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʧʨʦʪʦʯʥʘʷ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʷ, ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʄʊʊ-ʪʝʩʪ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ çʨʘʥʳ ʤʦʥʦʩʣʦʷè, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʣʝʪʦʯʥʦʡ ʤʠʛʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ transwell-ʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʛʠʦʛʝʥʝʟʘ ʚ 

ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ in vitro, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʰʝʤʠʠ ʟʘʜʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ ʢʨʳʩ, ʪʝʩʪ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ çʨʦʪʘ-ʨʦʜè, 

ʠʤʤʫʥʦʮʠʪʦ- ʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʩʚʝʪʦʚʘʷ, ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʠ ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʢʦʣʦʢʘʣʠʟʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

ʄʉʂ ʇʂ in vitro ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʧʦʜʚʠʞʥʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʤʠʛʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ VEGF-A-ʥʝʟʘʚʠʩʠʤʳʤ ʧʫʪʝʤ. 

ʄʉʂ ʇʂ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʜʣʦʞʢʝ ʩʧʦʩʦʙʥʳ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴʩʷ ʚ ʵʥʜʦʪʝʣʠʦʮʠʪʦʧʦʜʦʙʥʳʝ CD31+ ʢʣʝʪʢʠ, ʧʨʠ ʵʪʦʤ ʨʦʩʪʦʚʦʡ 

ʬʘʢʪʦʨ VEGF-A ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʠʥʜʫʢʪʦʨʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʇʨʠ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʄʉʂ 

ʇʂ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʥʦʛʦ ʠ ʧʘʨʘʢʨʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ EA.hy926 ʩʧʦʩʦʙʥʳ ʧʨʠʦʙʨʝʪʘʪʴ CD31+ʬʝʥʦʪʠʧ ʙʝʟ ʚʣʠʷʥʠʷ 

ʵʢʟʦʛʝʥʥʦʛʦ VEGF-A. 

ɸʣʣʦʛʝʥʥʘʷ ʚʥʫʪʨʠʤʳʰʝʯʥʘʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʄʉʂ ʇʂ ʧʨʠ ʠʰʝʤʠʠ 

ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʢʨʳʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʠ ʢʦʥʝʯʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʠʤʫʣʷʮʠʶ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʘʥʛʠʦʛʝʥʝʟʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ. 
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ʄʉʂ ʇʂ ʚʳʞʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 30 ʩʫʪʦʢ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ, ʤʠʛʨʠʨʫʶʪ ʚ 

ʦʙʣʘʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ, ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʠ 

ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʥʦ ʵʣʠʤʠʥʠʨʫʶʪʩʷ ʤʘʢʨʦʬʘʛʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʱʝʡ 

ʧʦʧʫʣʷʮʠʠ (ʉD68+) ʤʘʢʨʦʬʘʛʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʧʨʦʨʝʛʝʥʝʨʘʪʦʨʥʳʭ ʄ2 (ʉD206+) ʤʘʢʨʦʬʘʛʦʚ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ: 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠ ʣʦʛʠʯʥʦʝ ʠʟʣʦʞʝʥʠʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʣʝʚʘʥʪʥʳʭ ʤʦʜʝʣʝʡ in vitro ʠ in vivo, ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ ʚ 

ʢɻʩʧʝʨʠʤʝʥʪʘʭ, ʘʜʝʢʚʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ I ʅʘʮʠʦʥʘʣʴʥʦʤ ʂʦʥʛʨʝʩʩʝ ʧʦ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (ʄʦʩʢʚʘ, 2013), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʤʦʨʬʦʛʝʥʝʟʘ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠè (ʄʦʩʢʚʘ, 2014), II 

ʅʘʮʠʦʥʘʣʴʥʦʤ ʂʦʥʛʨʝʩʩʝ ʧʦ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (ʄʦʩʢʚʘ, 2015), 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʤʦʨʬʦʛʝʥʝʟʘ ʚ ʥʦʨʤʝ 

ʠ ʧʘʪʦʣʦʛʠʠè (ʄʦʩʢʚʘ, 2016). 

 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʦʙʦʙʱʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ. 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, 

ʠʟ ʥʠʭ 8 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. 
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ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʜʨʝʥʳ ʚ ʣʝʢʮʠʦʥʥʳʝ ʢʫʨʩʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʦʨʜʠʥʘʪʦʨʦʚ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ʀ. ʇʠʨʦʛʦʚʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ. 

 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪ  r

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 168 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ 236 ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘ. 

ʈʘʙʦʪʘ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 53 ʨʠʩʫʥʢʘʤʠ ʠ 5 ʪʘʙʣʠʮʘʤʠ. 
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1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʪʨʦʝʥʠʝ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ 

ʇʫʧʦʯʥʳʡ ʢʘʥʘʪʠʢ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʜʝʨʠʚʘʪʦʤ ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʥʦʞʢʠ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʟʘʨʦʜʳʰ ʩ 15 ʩʫʪʦʢ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥ ʩ ʭʦʨʠʦʥʦʤ. ʇʦʤʠʤʦ 

ʤʝʟʝʥʭʠʤʳ ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʥʦʞʢʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʥʘʪʠʢʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʘʣʣʘʥʪʦʠʩ ʩʦ ʩʚʦʠʤʠ ʩʦʩʫʜʘʤʠ ʠ ʞʝʣʪʦʯʥʳʡ ʩʪʝʙʝʣʝʢ. ʉʥʘʨʫʞʠ ʘʤʥʠʦʪʠʯʝʩʢʘʷ 

ʥʦʞʢʘ ʧʦʢʨʳʚʘʝʪʩʷ ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ, ʦʜʥʦʩʣʦʡʥʳʡ ʵʧʠʪʝʣʠʡ ʢʦʪʦʨʦʡ ʚ 

ʦʙʣʘʩʪʠ ʧʫʧʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʩʨʘʩʪʘʝʪʩʷ ʩ ʵʧʠʪʝʣʠʝʤ ʢʦʞʠ ʧʣʦʜʘ. ʉʪʨʦʤʫ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʝʛʦ ʨʦʞʜʝʥʠʷ. ʕʪʦ 

ʩʣʠʟʠʩʪʘʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ, ʥʘʟʳʚʘʝʤʘʷ ʪʘʢʞʝ ʚʘʨʪʦʥʦʚ ʩʪʫʜʝʥʴ (ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ñWhartonôs Jellyò) ʧʦ ʠʤʝʥʠ ʘʥʛʣʠʡʩʢʦʛʦ ʘʥʘʪʦʤʘ 

ʊʦʤʘʩʘ ɺʘʨʪʦʥʘ (Thomas Wharton, 1614-1673), ʦʧʠʩʘʚʰʝʛʦ ʪʢʘʥʴ. ʀʩʪʦʯʥʠʢʦʤ 

ʨʘʟʚʠʪʠʷ ʚʘʨʪʦʥʦʚʘ ʩʪʫʜʥʷ ʷʚʣʷʝʪʩʷ ʚʥʝʟʘʨʦʜʳʰʝʚʘʷ ʤʝʟʦʜʝʨʤʘ ʵʤʙʨʠʦʙʣʘʩʪʘ. 

ʆʩʥʦʚʥʦʝ ʚʝʱʝʩʪʚʦ ʪʢʘʥʠ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ, ʦʩʦʙʝʥʥʦ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʭʦʥʜʨʦʠʪʠʥ ʩʫʣʴʬʘʪʘ, 

ʬʠʙʨʠʣʣʷʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʣʣʘʛʝʥʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʵʣʘʩʪʠʯʝʩʢʠʝ 

ʚʦʣʦʢʥʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʂʣʝʪʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʘʨʪʦʥʦʚʘ ʩʪʫʜʥʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʝʟʝʥʭʠʤʳ (ʬʠʙʨʦʙʣʘʩʪʘʤʠ, ʤʠʦʬʠʙʨʦʙʣʘʩʪʘʤʠ, ʛʣʘʜʢʠʤʠ 

ʤʠʦʮʠʪʘʤʠ, ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʤʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤʠ ʩʪʨʦʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ). 

ɺʘʨʪʦʥʦʚ ʩʪʫʜʝʥʴ ʧʨʝʜʦʭʨʘʥʷʝʪ ʧʫʧʦʯʥʳʝ ʩʦʩʫʜʳ (ʜʚʝ ʧʫʧʦʯʥʳʝ ʘʨʪʝʨʠʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʪʝʯʝʪ ʚʝʥʦʟʥʘʷ ʢʨʦʚʴ ʦʪ ʧʣʦʜʘ, ʠ ʦʜʥʫ ʚʝʥʫ, ʧʦ ʢʦʪʦʨʦʡ ʪʝʯʝʪ 

ʥʘʩʳʱʝʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤ ʢʨʦʚʴ ʢ ʧʣʦʜʫ) ʦʪ ʩʞʘʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʧʨʫʛʦʩʪʴ 

ʢʘʥʘʪʠʢʘ [ʑʝʛʦʣʝʚ ʠ ʜʨ., 2010; Bongso, Fong, 2013]. 

ʇʫʧʦʯʥʳʡ ʢʘʥʘʪʠʢ ï ʠʩʪʦʯʥʠʢ ʄʉʂ 

ɺ 1974 ʛ. ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʫʧʦʚʠʥʥʘʷ ʢʨʦʚʴ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʠ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ [Knudtzon, 1974], ʧʨʠ ʵʪʦʤ 
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ʦʩʪʘʣʴʥʳʝ ʪʢʘʥʠ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʦʩʪʘʚʘʣʠʩʴ ʧʨʦʩʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʪʭʦʜʦʤ, 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʰʠʤ ʥʘʫʯʥʦʡ ʮʝʥʥʦʩʪʠ. ʆʪʥʦʰʝʥʠʝ ʢ ʧʫʧʦʯʥʦʤʫ ʢʘʥʘʪʠʢʫ ʙʳʣʦ 

ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʩʤʦʪʨʝʥʦ, ʢʦʛʜʘ ʚ 1991 ʛ. K. McElreavey ʠ ʩʦʘʚʪ. 

ʦʧʠʩʘʣʠ ʢʫʣʴʪʫʨʫ ʬʠʙʨʦʙʣʘʩʪʦʧʦʜʦʙʥʳʭ ʢʣʝʪʦʢ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʚʘʨʪʦʥʦʚʘ ʩʪʫʜʥʷ 

[McElreavey et al., 1991]. ɺʧʝʨʚʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʳʭ 

ʢʣʝʪʦʢ ʢ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʤ ʤʝʟʝʥʭʠʤʘʣʴʥʳʤ ʩʪʨʦʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ (ʄʉʂ) ʙʳʣʘ 

ʚʳʩʢʘʟʘʥʘ ʚ 2003 ʛʦʜʫ [Romanov et al., 2003], ʘ ʚ 2004 ʛʦʜʫ ʚ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ: ʥʘʣʠʯʠʝ 

ʨʝʮʝʧʪʦʨʦʚ ʢ ʙʝʣʢʘʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ CD44 ʠ CD105, ʠʥʪʝʛʨʠʥʦʚ CD29 ʠ 

CD51, ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ CD73, ʦʪʩʫʪʩʪʚʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 

CD34 ʠ CD45, ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʦʩʪʝʦʮʠʪʳ, 

ʭʦʥʜʨʦʮʠʪʳ, ʘʜʠʧʦʮʠʪʳ ʠ ʢʘʨʜʠʦʤʠʦʮʠʪʳ [Wang et al., 2004]. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʄʉʂ ʚ ʚʘʨʪʦʥʦʚʦʤ ʩʪʫʜʥʝ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ 

ɺ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ X. Wang ʠ ʩʦʘʚʪ. (2008) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ʠ ʄʉʂ ʠʟ ʞʝʣʪʦʯʥʦʛʦ ʤʝʰʢʘ ʠ ʦʙʣʘʩʪʠ ʘʦʨʪʳ-ʛʦʥʘʜʳ-

ʤʝʟʦʥʝʬʨʦʩʘ ʤʠʛʨʠʨʫʶʪ ʧʦ ʧʫʧʦʯʥʦʤʫ ʢʘʥʘʪʠʢʫ ʚ ʦʙʣʘʩʪʴ ʧʣʘʮʝʥʪʳ, ʘ ʟʘʪʝʤ 

ʦʙʨʘʪʥʦ ʚ ʧʝʯʝʥʴ ʠ ʢʦʩʪʥʳʡ ʤʦʟʛ ʟʘʨʦʜʳʰʘ. ɺʦ ʚʨʝʤʷ ʵʪʠʭ ʜʚʫʭ ʚʦʣʥ ʤʠʛʨʘʮʠʠ 

ʯʘʩʪʴ ʢʣʝʪʦʢ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʚʘʨʪʦʥʦʚʦʤ ʩʪʫʜʥʝ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʥʝʤ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʛʝʩʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʦʚʦʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʠʟʤʝʥʷʝʪ 

ʩʚʦʡʩʪʚʘ ʤʠʛʨʠʨʫʶʱʠʭ ʢʣʝʪʦʢ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʠ ʦʙʲʷʩʥʷʝʪ ʠʭ ʦʪʣʠʯʠʝ ʦʪ ʄʉʂ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [Wang et al., 2008]. 

ɺʳʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʄʉʂ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ  

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʪʦʢʦʣʦʚ ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʄʉʂ ʠʟ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ: 

1. ʫʜʘʣʝʥʠʝ ʵʧʠʪʝʣʠʷ, ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʠ ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ ʪʢʘʥʠ; 

2. ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʧʩʠʥʘ, ʢʦʣʣʘʛʝʥʘʟ I, II, IV ʪʠʧʦʚ, ʜʠʩʧʘʟʳ, ʧʨʦʪʝʘʟʳ, 

ʛʠʘʣʫʨʦʥʠʜʘʟʳ; 
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3. ʧʝʨʝʥʦʩ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ (ʯʘʱʝ ʩʪʘʥʜʘʨʪʥʳʝ ʢʫʣʴʪʫʨʘʣʴʥʳʝ 

ʩʨʝʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʩʚʦʨʦʪʢʠ 

ʠʣʠ ʦʙʦʛʘʱʝʥʥʦʡ ʪʨʦʤʙʦʮʠʪʘʤʠ ʧʣʘʟʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ 

ʨʦʩʪʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ FGFb, EGF, PDGF, VEGF) [Li, Cai, 2012; Bongso, Fong, 

2013; Batsali et al., 2013; Van Pham et al., 2015]. 

ɺʨʝʤʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 30 ʤʠʥʫʪ [Tong et 

al., 2011] ʜʦ 6 [Zeng et al., 2011], 16 [Wang et al., 2004] ʠ ʜʘʞʝ 18 ʯʘʩʦʚ [Yang et al., 

2008]. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʪʢʘʥʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʩ ʧʦʤʦʱʴʶ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ [Tong et al., 2011] ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʧʫʩʢʘʶʪ 

ʯʝʨʝʟ ʬʠʣʴʪʨʳ, ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʷ ʜʠʘʤʝʪʨ ʧʦʨ ʦʪ 100 ʜʦ 70 ʠʣʠ 40 ʤʢʤ [Can, 

Karahuseyinoglu, 2007; Tong et al., 2011]. 

ʊʘʢʞʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʄʉʂ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʵʢʩʧʣʘʥʪʦʚ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ ʥʘ ʢʣʝʪʢʠ ʠ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʪʝʨʠʘʣʘ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ 

ʧʨʦʮʝʜʫʨʘ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ñplate and waitò) [Salehinejad et al., 2012; Trivanoviĺ et 

al., 2013]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʄʉʂ ʠʟ 

ʧʫʧʦʯʥʳʭ ʢʘʥʘʪʠʢʦʚ ʯʝʣʦʚʝʢʘ [Petsa et al., 2009; Majore et al., 2011], ʩʚʠʥʴʠ [Carlin 

et al., 2006], ʢʨʳʩʳ [Ganta et al., 2009], ʢʦʟʳ [Azari et al., 2011], ʣʦʰʘʜʠ [Gittel et 

al., 2013]. ʄʝʪʦʜ ʵʢʩʧʣʘʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʬʨʘʢʮʠʶ ʢʣʝʪʦʢ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ [Salehinejad et al., 2012; Han et al., 2013], ʥʦ ʧʨʠ 

ʵʪʦʤ ʙʦʣʝʝ ʛʝʪʝʨʦʛʝʥʥʫʶ ʬʝʥʦʪʠʧʠʯʝʩʢʠ [Majore et al., 2011; Margossian et al., 

2012]. 

ɺ ʨʘʙʦʪʝ Hua J. ʠ ʩʦʘʚʪ., ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 2014 ʛʦʜʫ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʘ ʵʢʩʧʣʘʥʪʦʚ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʄʉʂ ʤʝʪʦʜʦʤ ʵʢʩʧʣʘʥʪʦʚ ʠʟ ʬʨʘʛʤʝʥʪʦʚ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʪʦʣʱʠʥʦʡ 10 ʤʤ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʢʣʝʪʢʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ ʰʝʩʪʠ 

ʩʧʦʩʦʙʦʚ ʥʝ ʦʢʘʟʳʚʘʣ ʚ ʠʪʦʛʝ ʚʣʠʷʥʠʷ ʥʘ ʠʤʤʫʥʦʬʝʥʦʪʠʧ ʠʣʠ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʢʫʣʴʪʫʨʳ [Hua et al., 2014] 

http://www.ncbi.nlm.nih.gov/pubmed?term=Can%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17690177
http://www.ncbi.nlm.nih.gov/pubmed?term=Karahuseyinoglu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17690177
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ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ 

ʄʉʂ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 100%. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʝ ʢʫʣʴʪʫʨʳ ʄʉʂ ʠʟ ʧʫʧʦʚʠʥʥʦʡ ʢʨʦʚʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

60%, ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ï 90%, ʧʣʘʮʝʥʪʳ ï ʚʘʨʴʠʨʫʝʪ ʦʪ 62,5% ʜʦ 100% 

[Bieback, Brinkmann, 2010]. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʨʘʙʦʪʘʶʪ ʩ ʧʫʧʦʯʥʳʤʠ ʢʘʥʘʪʠʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʧʦʩʣʝ ʢʝʩʘʨʝʚʘ ʩʝʯʝʥʠʷ, ʪ.ʢ. ʧʨʠ ʨʦʜʦʨʘʟʨʝʰʝʥʠʠ ʯʝʨʝʟ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʦʜʦʚʳʝ 

ʧʫʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʢʦʥʪʘʤʠʥʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʙʠʦʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʨʠʦʪʠʧʘ ʄʉʂ ʇʂ 

ʄʉʂ ʇʂ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʤ ʄʉʂ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ (çʟʦʣʦʪʦʡ ʩʪʘʥʜʘʨʪè ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʣʶʙʳʭ ʄʉʂ), ʠʣʠ ʄʉʂ ʠʟ 

ʜʨʫʛʠʭ ʧʦʩʪʥʘʪʘʣʴʥʳʭ (ʞʠʨʦʚʦʡ ʪʢʘʥʠ) ʠ ʥʝʦʥʘʪʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʧʣʘʮʝʥʪʳ ʠ 

ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ) [Lu et al., 2006; Chen et al., 2009; Wu et al., 2009; Shaer 

et al., 2014; Li  X. et al., 2014]. ʇʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʧʝʨʠʦʜ ʫʜʚʦʝʥʠʷ ʢʫʣʴʪʫʨʳ ʄʉʂ 

ʇʂ ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 21 ʯ [Shaer et al., 2014], 24 ʯ [Lu et al., 2006], 40 ʯ 

[Han et al., 2013; Li  X. et al., 2014] ʠʣʠ 45 ʯ [Badowski et al., 2014].ɼʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʤʘʩʩʘ ʧʫʧʦʚʠʥʳ ʦʢʦʣʦ 40 ʛ), ʚʳʩʦʢʘʷ 

ʪʝʣʦʤʝʨʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʟ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩʚʳʰʝ 10
9
 ʢʣʝʪʦʢ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʢʘʨʠʦʪʠʧʘ ʚ ʪʝʯʝʥʠʝ 6 ʧʘʩʩʘʞʝʡ [Karahuseyinoglu et 

al., 2007; Ruan et al., 2014]. 

ʈʷʜ ʘʚʪʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʨʠʦʪʠʧʘ ʄʉʂ ʇʂ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʦʯʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʠʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: 

ʦʪʩʫʪʩʪʚʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʄʉʂ ʇʂ ʥʘ ʦʪʜʘʣʝʥʥʳʭ 

ʩʨʦʢʘʭ (ʜʦ 25 ʧʘʩʩʘʞʝʡ) [Chen et al., 2014; Sabapathy et al., 2014]. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʦ ʥʘʨʫʰʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʄʉʂ 

ʇʂ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʘʪʴʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʄʉʂ ʇʂ ʥʝ ʥʘ 

ʦʪʜʘʣʝʥʥʳʭ ʩʨʦʢʘʭ ï ʧʦʣʫʯʝʥʠʝ ʢʣʦʥʘ ʩ ʜʝʨʠʚʘʪʦʤ ʭʨʦʤʦʩʦʤʳ 7 ʥʘ 7 ʧʘʩʩʘʞʝ. 

ʇʨʠ ʵʪʦʤ ʚ ʪʦʤ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄʉʂ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 
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ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ, ʚʢʣʶʯʘʷ ʪʨʠʩʦʤʠʠ 7 ʠ 9 

ʭʨʦʤʦʩʦʤ [Kim J.A. et al., 2015]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 9 

ʢʣʦʥʦʚ ʄʉʂ ʇʂ ʥʘ 3 ʠ 30 ʧʘʩʩʘʞʘʭ: ʚ ʜʚʫʭ ʢʣʦʥʘʭ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʨʫʰʝʥʠʡ, 

7 ʢʣʦʥʦʚ ʠʤʝʣʠ 1 ʠʣʠ ʙʦʣʝʝ ʚʘʨʠʘʮʠʡ ʯʠʩʣʘ ʢʦʧʠʡ ɼʅʂ, ʠʟ ʥʠʭ ʚ ʦʜʥʦʤ ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʪʨʠʩʦʤʠʷ ʧʦ 10 ʭʨʦʤʦʩʦʤʝ. ʊʨʘʥʩʧʣʘʥʪʘʮʠʷ ʠʟʤʝʥʝʥʥʳʭ ʢʣʦʥʦʚ ʥʝ 

ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʦʧʫʭʦʣʝʡ ʫ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ, ʦʜʥʘʢʦ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ ʥʘʩʪʘʠʚʘʶʪ ʥʘ ʚʘʞʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʄʉʂ 

ʇʂ ʧʝʨʝʜ ʢʣʠʥʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ [Wang Y. et al., 2013]. ʅʘ ʵʪʦʤ ʞʝ 

ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʯʣʝʥʳ ISCT (International Society for Cellular Therapy) ʚ 

ʩʚʦʝʡ ʧʨʦʙʣʝʤʥʦʡ ʩʪʘʪʴʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʢʣʝʪʦʯʥʳʭ 

ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ [Borghesi et al., 2013]. 

ʕʢʩʧʨʝʩʩʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʚ ʄʉʂ ʇʂ 

ʇʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ ʠ ʤʘʨʢʝʨʦʚ 

ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ ʄʉʂ ʇʂ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ 

(ʪʘʙʣ. 1 ʠ 2). 

ʊʘʙʣʠʮʘ 1. ʕʢʩʧʨʝʩʩʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ ʄʉʂ ʇʂ (ʧʦ ʜʘʥʥʳʤ 

[Can, Karahuseyinoglu, 2007; Bongso, Fong, 2013; Batsali et al., 2013; El Omar et al., 

2014]). 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʘʨʢʝʨʳ ʇʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʤʘʨʢʝʨʳ 
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ʊʘʙʣʠʮʘ 2. ʕʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʦʚ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ ʄʉʂ ʇʂ (ʧʦ ʜʘʥʥʳʤ 

[Can, Karahuseyinoglu, 2007; Nekanti et al., 2010; Fong et al., 2011; Bongso, Fong, 

2013; Batsali et al., 2013; El Omar et al., 2014]). 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʘʨʢʝʨʳ ʇʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ 

REX2 

GD2 

SOX2 

NANOG 

Tra-1-60 

Tra-1-81 

SSEA-1 

DNMT3B 

GABRB3 

STRO-1 

OCT4 

SSEA4 

 

ɼʘʥʥʳʝ ʦʙ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʚ ʄʉʂ ʇʂ ʤʘʨʢʝʨʦʚ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ: ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʤʘʨʢʝʨʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʥʘ ʨʘʥʥʠʭ 

ʧʘʩʩʘʞʘʭ [Tantrawatpan et al., 2013], ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʠʜʝʨʥʳʭ ʢʣʝʪʦʢ [Fong 

et al., 2007], ʪʦʣʴʢʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʠ (ʩʥʠʞʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʜʦ 5%) [Drela et al., 2014] ʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʚʠʜʝ 

ʩʫʩʧʝʥʟʠʠ ʧʦʩʣʝ ʦʪʙʦʨʘ CD105
+
 ʢʣʝʪʦʢ [Amiri  et al., 2014]. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʤʦʩʪʴ 

ʧʨʠʩʫʪʩʪʚʠʷ ʤʘʨʢʝʨʦʚ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʚʝʣʠʨʦʚʘʥʘ: ʄʉʂ ʇʂ ʵʢʩʧʨʝʩʩʠʨʫʶʪ SSEA4 ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʠʥʠʤʫʤ 9 

ʧʘʩʩʘʞʝʡ, ʦʜʥʘʢʦ ʤʝʞʜʫ SSEA4
+
 ʠ SSEA4

-
 ʩʫʙʧʦʧʫʣʷʮʠʷʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʤ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʦʤ ʧʦʪʝʥʮʠʘʣʘʭ [He et al., 

2014]. 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂ ʇʂ 

ʇʣʘʩʪʠʯʥʦʩʪʴ ʄʉʂ ʇʂ ʦʯʝʥʴ ʚʳʩʦʢʘ: in vitro ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʥʜʫʢʪʦʨʦʚ ʄʉʂ ʩʧʦʩʦʙʥʳ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴʩʷ ʚ ʦʩʪʝʦʙʣʘʩʪʳ, ʭʦʥʜʨʦʙʣʘʩʪʳ, ʘʜʠʧʦʮʠʪʳ, ʜʝʨʤʘʣʴʥʳʝ 

ʬʠʙʨʦʙʣʘʩʪʳ, ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ, ʩʢʝʣʝʪʥʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ, 

ʢʘʨʜʠʦʤʠʦʮʠʪʳ, ʵʥʜʦʪʝʣʠʦʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ, ʛʝʧʘʪʦʮʠʪʦʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ, 

ʦʜʦʥʪʦʙʣʘʩʪʦʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ, ʠʥʩʫʣʠʥ-, ʛʣʶʢʘʛʦʥ- ʠ ʩʦʤʘʪʦʩʪʘʪʠʥ-

ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʢʣʝʪʢʠ, ʢʣʝʪʢʠ ʧʦʪʦʚʳʭ ʞʝʣʝʟ, ʥʝʡʨʦʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, 

(ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ), ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ [Can et al., 2007; Kadam et al., 
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2010; Datta et al., 2011; Han et al., 2011; Li  D.R. et al., 2012; Yang et al., 2013; Wang 

H. et al., 2014; Chen Y. et al., 2015]. ɺ 2014 ʛ. ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʫʢʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʄʉʂ ʤʘʨʢʝʨʦʚ ʧʨʠʤʦʨʜʠʘʣʴʥʳʭ 

ʟʘʨʦʜʳʰʝʚʳʭ ʢʣʝʪʦʢ ʠ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʪʦʣʴʢʦ 

ʜʣʷ ʕʉʂ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ [Li N. et al., 2014; 

Latifpour et al., 2014]. 

ʆʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʩʨʘʚʥʠʚʘʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʄʉʂ ʇʂ ʠ ʄʉʂ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʳʷʚʣʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʵʥʜʦʪʝʣʠʡ-ʩʧʝʮʠʬʠʯʥʳʭ ʤʘʨʢʝʨʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ 

ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʝʪʠ ʢʘʧʠʣʣʷʨʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ 

ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʫ ʄʉʂ ʇʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 

[Chen et al., 2009]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʄʉʂ ʇʂ ʚ ʠʥʩʫʣʠʥ-

ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʙʳʣʘ ʥʘ 72% ʚʳʰʝ, ʯʝʤ ʫ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [Wu et al., 

2009]. ʊʘʢʞʝ ʄʉʂ ʇʂ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʦʩʪʝʦʛʝʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʯʝʤ ʄʉʂ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʣʘʮʝʥʪʳ, ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʠʣʠ ʢʦʩʪʥʦʛʦ 

ʤʦʟʛʘ [Li X. et al., 2014]. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʡʨʦʩʬʝʨ ʄʉʂ ʇʂ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ 

ʙʦʣʴʰʝ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʯʝʤ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠʣʠ ʞʠʨʦʚʦʡ 

ʪʢʘʥʠ [Balasubramanian et al., 2013]. ʇʨʠ ʵʪʦʤ ʄʉʂ ʇʂ ʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʧʦʢʘʟʘʣʠ 

ʦʜʠʥʘʢʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ 

[Datta et al., 2011]. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʄʉʂ ʇʂ ʧʦʩʣʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ (ʪʨʘʥʩʜʫʢʮʠʠ ʠʣʠ 

ʪʨʘʥʩʬʝʢʮʠʠ). ʄʉʂ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʛʝʧʘʪʦʮʠʪʦʚ HGF 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ in vitro ʚ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ [Li J.F. et al., 2013], 

ʩʧʦʩʦʙʩʪʚʫʶʪ in vivo ʨʝʤʠʝʣʠʥʠʟʘʮʠʠ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʤʦʪʦʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʚʥʫʪʨʠʤʦʟʛʦʚʦʤ ʢʨʦʚʦʠʟʣʠʷʥʠʠ [Liu et al., 2010]. ʇʦʩʣʝ 

ʘʜʝʥʦʚʠʨʫʩʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʢɼʅʂ ʬʘʢʪʦʨʘ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ SF-1 ʄʉʂ ʇʂ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʛʦʨʤʦʥ-ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʢʣʝʪʢʠ, ʧʨʠʯʝʤ ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ 

ʢʦʨʪʠʟʦʣʘ ʠ ʪʝʩʪʦʩʪʝʨʦʥʘ, ʘ ʪʘʢʞʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ 
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ʚʳʰʝ, ʯʝʤ ʧʨʠ ʪʨʘʥʩʜʫʢʮʠʠ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [Wei et al., 2012]. ɺʥʝʜʨʝʥʠʝ 

ʛʝʥʘ CD61 (ʠʥʪʝʛʨʠʥʘ ɓ3) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʄʉʂ ʇʂ, ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʤʘʨʢʝʨ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ ʘʢʨʦʟʠʥ ʠ ʤʘʨʢʝʨʳ ʤʝʡʦʟʘ 

Stra8 ʠ Scp3 [Li  B. et al., 2016]. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʣʘʩʪʠʯʥʦʩʪʴ ʄʉʂ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ 

ʙʝʨʝʤʝʥʥʦʩʪʠ. ʊʘʢ, ʄʉʂ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʧʘʮʠʝʥʪʦʢ ʩ 

ʧʨʝʵʢʣʘʤʧʩʠʝʡ, ʣʫʯʰʝ ʦʪʚʝʯʘʶʪ ʥʘ ʥʝʡʨʦʛʣʠʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʯʝʤ ʄʉʂ 

ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ [Joerger-Messerl et al., 2014]. ʇʨʠ ʵʪʦʤ ʥʝʜʦʥʦʰʝʥʥʦʩʪʴ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʝʡʨʦʥʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʄʉʂ ʇʂ [Messerli et 

al., 2013], ʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʪʝʦʛʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ [Penolazzi et  

al., 2009]. ɻʝʩʪʘʮʠʦʥʥʳʡ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʤʤʫʥʦʬʝʥʦʪʠʧ ʄʉʂ, ʥʦ 

ʧʦʜʘʚʣʷʝʪ ʠʭ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʠ ʧʣʘʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʡ ND2, ND9, COX1, PGC-1Ŭ ʠ TFAM [Kim J. et al., 2015]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʨʫʰʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʄʉʂ ʇʂ, ʯʪʦ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʯʪʝʥʦ ʧʨʠ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ. 

ʊʨʘʥʩʢʨʠʧʪʦʤ ʄʉʂ ʇʂ 

ɺ 2012 ʛʦʜʫ De Kock ʠ ʩʦʘʚʪ. ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢʫʣʴʪʫʨ ʄʉʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʙʳʣʘ ʟʥʘʯʠʤʦ ʧʦʚʳʰʝʥʘ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʝʯʝʥʠ ʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʉʂ, ʚʳʜʝʣʝʥʥʳʤʠ ʠʟ ʢʦʩʪʥʦʛʦ 

ʤʦʟʛʘ, ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʠʣʠ ʢʦʞʠ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʚʳ̫ʚʣʝʥʳ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʛʝʥʦʚ: HAND1 (heart and neural crest derivatives expressed 1), 

ʠʛʨʘʶʱʠʡ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʩʝʨʜʮʘ, AFP (alpha-fetoprotein), ʦʩʥʦʚʥʦʡ 

ʙʝʣʦʢ ʧʣʘʟʤʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ ʧʝʯʝʥʴʶ ʚ ʧʨʝʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ, DKK1 (dickkopf 

homolog 1), ʠʥʛʠʙʠʪʦʨ WNT-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʚʳʟʳʚʘʶʱʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ 
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ʵʥʜʦʜʝʨʤʳ ʠ ʤʝʟʦʜʝʨʤʳ, DSG2 (desmoglein 2), ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʜʝʩʤʦʩʦʤ ʚ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, KRT8,18,19 (ʢʝʨʘʪʠʥ r8, 18, 19), ʙʝʣʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʬʠʣʘʤʝʥʪʦʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ [De Kock et al., 2012]. 

ɺ 2010 ʛʦʜʫ Hsieh ʠ ʩʦʘʚʪ. ʦʧʫʙʣʠʢʦʚʘʣʠ ʠʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ 

ʧʨʦʬʠʣʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʄʉʂ ʇʂ ʠ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʣʷ 

ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʚ ʧʝʨʝʯʥʝ 50 ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ 

ʥʝ ʙʳʣʦ ʥʠ ʦʜʥʦʛʦ ʦʙʱʝʛʦ! ɺ ʜʝʩʷʪʢʫ ʛʝʥʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʄʉʂ 

ʇʂ ʚʦʰʣʠ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʨʝʮʝʧʪʦʨ ʢ ʩʦʤʘʪʦʩʪʘʪʠʥʫ 1, ʯʣʝʥ 4 ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ (ʙʝʣʦʢ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ), ʛʣʘʜʢʦʤʳʰʝʯʥʳʡ ɔ-ʘʢʪʠʥ, 

ʨʝʪʠʢʫʣʦʥ 1 (ʵʚʦʣʶʮʠʦʥʥʦ-ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʙʝʣʦʢ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ), ʥʘʪʨʠʡʫʨʝʪʠʯʝʩʢʠʡ ʧʝʧʪʠʜ ʪʠʧʘ ɺ, ʢʝʨʘʪʠʥ 8, ʨʝʮʝʧʪʦʨ ʦʢʩʠʪʦʮʠʥʘ, 

ʜʝʩʤʦʛʣʝʠʥ 2 ʠ ʜʝʩʤʦʢʦʣʣʠʥ 3 (ʙʝʣʢʠ ʜʝʩʤʦʩʦʤ), ʘ ʪʘʢʞʞʝ ʤʠʦʢʘʨʜʠʥ (ʦʩʥʦʚʥʦʡ 

ʛʝʥ, ʫʧʨʘʚʣʷʶʱʠʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʩʦʩʫʜʠʩʪʳʭ ʤʠʦʮʠʪʦʚ). ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʄʉʂ ʇʂ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʝʪʦʯʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʝʡ (EGF), PI3K-NFkB ʩʠʥʘʣʴʥʳʤ ʧʫʪʝʤ (TEK) ʠ ʥʝʡʨʦʛʝʥʝʟʦʤ 

(RTN1, NPPB ʠ NRP2), ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [Hsieh et al., 2010]. 

ɸʣʣʦʛʝʥʥʘʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʜʥʘʢʦ ʥʝ ʪʘʢ ʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʘʣʣʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʨʘʡʥʝ ʤʘʣʘ 

ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʮʠʧʠʝʥʪʘ [Huang X.-P. et al., 2010; 

Tano N. et al., 2016]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ HLA-ʘʥʪʠʛʝʥʦʚ, 

ʢʦʩʪʠʤʫʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʤʦʣʝʢʫʣ ʠʤʤʫʥʦʪʦʣʝʨʘʥʪʥʦʩʪʠ ʚ ʄʉʂ ʇʂ ʠ ʄʉʂ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ MHC II  ʤʦʣʝʢʫʣ (HLA-DMA, -

DRA ʠ -DPB1) ʚ ʄʉʂ ʇʂ ʚ 16, 36 ʠ 4 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʄʉʂ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʩʚʷʟʘʥʥʳʭ ʩ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ ʛʝʥʦʚ TLR4, 

TLR3, JAG1, NOTCH2 ʠ NOTCH3 ʚ ʄʉʂ ʇʂ ʦʢʘʟʘʣʩʷ ʥʠʞʝ ʚ 38, 4, 5 ʠ 3 ʨʘʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʚ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ[Li  X. et al., 2014]. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʣʣʦʛʝʥʥʳʝ ʄʉʂ ʇʂ ʙʫʜʫʪ ʚʳʟʳʚʘʪʴ ʙʦʣʝʝ ʩʣʘʙʳʡ 

ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʠ ʜʦʣʴʰʝ ʚʳʞʠʚʘʪʴ ʚ ʦʨʛʘʥʠʟʤʝ ʨʝʮʠʧʠʝʥʪʘ, ʯʪʦ ʤʦʞʝʪ 
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ʦʙʝʩʧʝʯʠʪʴ ʙʫʜʫʱʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄʉʂ ʇʂ ʚ ʢʘʯʝʩʪʚʝ ʘʣʣʦʛʝʥʥʦʛʦ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ. 

ʉʝʢʨʝʪʦʤ ʄʉʂ ʇʂ 

ʄʉʂ ʧʨʦʜʫʮʠʨʫʶʪ ʤʥʦʞʝʩʪʚʦ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʘʨʘʢʨʠʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʩʝʢʨʝʪʦʤ ʄʉʂ 

ʇʂ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʄʉʂ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʪʝʟʘ VEGF-ɸ 

(ʦʩʥʦʚʥʦʛʦ ʧʨʦʘʥʛʠʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʢʘʢ ʚ ʧʨʝʥʘʪʘʣʴʥʳʡ, ʪʘʢ ʠ ʚ ʧʦʩʪʥʘʪʘʣʴʥʳʡ 

ʧʝʨʠʦʜ); ʚ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠʣʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ ʜʘʥʥʦʛʦ 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʚʳʰʝ ʚ 10
3
 ʠ 10

2
 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Amable et al., 2014; Kuchroo et 

al., 2015]. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ vegf ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʪʠʨʫʝʤʳʤ 

[Kuchroo et al., 2015], ʘ ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʜʘʞʝ ʙʣʠʟʦʢ ʢ ʫʨʦʚʥʶ ʚ ʄʉʂ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [Lu et al., 2006]. ɺ ʄʉʂ ʇʂ ʧʨʦʜʫʢʮʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʚʢʣʶʯʘʷ ʘʥʛʠʦʛʝʥʠʥ ʠ PLGF) ʪʘʢʞʝ ʩʥʠʞʝʥʘ, ʘ ʧʨʦʜʫʢʮʠʷ ʘʥʪʠ-

ʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʚʢʣʶʯʘʷ ʪʨʦʤʙʦʩʧʦʥʜʠʥ-1 ʠ ʵʥʜʦʩʪʘʪʠʥ) ʧʦʚʳʰʝʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ [Amable et al., 2014; Kuchroo et 

al., 2015]. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ ʚ ʄʉʂ ʇʂ ʚʳʰʝ ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ 

ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʭʝʤʦʢʠʥʦʚ CXCL1, CXCL, CXCL5, CXCL6 ʠ CXCL8, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʨʦʩʪʦʚʳʭ ʬʘʢʪʦʨʦʚ HGF, bFGF, VEGF-D, PDGF-AA, TGF-ɓ2, G-

CSF [Balasubramanian et al., 2012; Amable et al., 2014]. 

ʉʨʘʚʥʝʥʠʝ ʩ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʄʉʂ 

ʇʂ ʧʦʚʳʰʝʥ ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ, ʢʘʢ NGF 

(ʬʘʢʪʦʨ ʨʦʩʪʘ ʥʝʨʚʦʚ), ʥʝʡʨʦʪʨʦʬʠʥʳ 3 ʠ 4, ʘ ʪʘʢʞʝ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʛʣʠʠ [Balasubramanian et al., 2013]. 

ʊʘʢʞʝ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʄʉʂ ʇʂ ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʵʢʩʧʘʥʩʠʠ ʛʝʤʘʪʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, 

ʯʝʤ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʪ.ʢ. ʩʝʢʨʝʪʠʨʫʶʪ ʙʦʣʴʰʝ ʛʝʤʘʪʦʧʦʵʪʠʯʝʩʢʠʭ ʨʦʩʪʦʚʳʭ 



26 

ʬʘʢʪʦʨʦʚ ʠ ʮʠʪʦʢʠʥʦʚï G-CSF, GM-CSF, LIF, IL-1Ŭ, IL-6, IL-8 ʠ IL-11 [Friedman et 

al., 2007]. 

ʀʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄʉʂ ʇʂ 

ɺ 2008 ʛ. ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ M. Weiss ʠ ʩʦʘʚʪ., ʚ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʠʤʤʫʥʥʳʝ ʩʚʦʡʩʪʚʘ ʄʉʂ ʇʂ [Weiss et al., 2008]. ɸʚʪʦʨʳ 

ʩʜʝʣʘʣʠ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ: 

1) ʄʉʂ ʇʂ ʧʦʜʘʚʣʷʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ 

ʢʦʥʢʘʥʘʚʘʣʠʥʦʤ ɸ ʢʣʝʪʦʢ ʩʝʣʝʟʝʥʢʠ (ʢʩʝʥʦʛʝʥʥʘʷ ʤʦʜʝʣʴ) ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ (ʘʣʣʦʛʝʥʥʘʷ ʤʦʜʝʣʴ); 

2) ʩʘʤʠ ʄʉʂ ʇʂ ʥʝ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʩʝʣʝʟʝʥʢʠ 

ʠ ʊ-ʢʣʝʪʦʢ; 

3) ʄʉʂ ʇʂ ɻʢʩʧʨʝʩʩʠʨʫʶʪ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʫʶ ʠʟʦʬʦʨʤʫ HLA-G6, 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʮʠʪʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ NK-ʢʣʝʪʦʢ; 

4) ʄʉʂ ʇʂ ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʢʦʩʪʠʤʫʣʠʨʫʶʱʠʝ ʤʦʣʝʢʫʣʳ CD40, CD80 

ʠ CD86, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʢʪʠʚʘʮʠʶ ʊ-ʣʠʤʬʦʮʠʪʦʚ; 

5) ʄʉʂ ʇʂ ʧʨʦʜʫʮʠʨʫʶʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ [Weiss et al., 2008]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʄʉʂ 

ʇʂ ʦʙʝʩʧʝʯʝʥʘ ʧʘʨʘʢʨʠʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʠʥʪʝʟ ʜʘʥʥʳʤʠ 

ʢʣʝʪʢʘʤʠ IL-6 ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʦʟʨʝʚʘʥʠʶ ʜʝʥʜʨʠʪʥʳʭ ʢʣʝʪʦʢ [Deng et al., 2014], 

ʩʠʥʪʝʟ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ ɽ2 (PGE2) ʠʥʛʠʙʠʨʫʝʪ ʮʠʪʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ NK-

ʢʣʝʪʦʢ [Chatterjee et al., 2014], ʘ ʩʠʥʪʝʟ ʠʥʜʦʣʘʤʠʥ-2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (IDO) 

ʠʥʛʠʙʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʊ-ʭʝʣʧʝʨʦʚ [Liu et al., 2015]. ʇʦʩʣʝ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ IL-1ɓ ʚ ʄʉʂ ʇʂ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʭ ʮʠʪʦʢʠʥʦʚ TGFɓ1, IDO, TSG6 ʠ PGE2, ʧʨʠʯʝʤ ʩʠʣʴʥʝʝ, 

ʯʝʤ ʚ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʧʣʘʮʝʥʪʳ [Sabapathy et al., 2014].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʶ ʄʉʂ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʩʝʥʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (xeno-free ʩʪʘʥʜʘʨʪ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ). 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʦʩʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʠʤʤʫʥʦʬʝʥʦʪʠʧ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂ ʇʂ [Venugopal et al., 

2011; Swamynathan et al., 2014; Chen et al., 2014; Van Pham et al., 2015]. ʄʉʂ ʇʂ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʝ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ ʠʣʠ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ GMP(Good 

Manufacture Practice)-ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʩʳʚʦʨʦʪʢʠ, ʩʠʣʴʥʝʝ 

ʧʦʜʘʚʣʷʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʊ-ʢʣʝʪʦʢ ʚ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʝ ʣʠʤʬʦʮʠʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʄʉʂ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʤʠ ʚ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʩʝʥʦʛʝʥʥʦʡ 

(ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ) ʩʳʚʦʨʦʪʢʠ [Hartmann et al., 2010]. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ xeno-free ʫʩʣʦʚʠʷʭ ʄʉʂ ʜʦʣʷ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʥʠʞʝ, 

ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ HGF ʠ PGɽ2 ʚʳʰʝ, ʘ ʩʘʤʘ ʢʫʣʴʪʫʨʘ ʤʝʥʝʝ ʠʤʤʫʥʦʛʝʥʥʘ 

[Hartmann et al., 2010; Swamynathan et al., 2014]. 

ʅʝʩʦʤʥʝʥʥʦ, ʚʚʝʜʝʥʠʝ xeno-free ʩʪʘʥʜʘʨʪʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʄʉʂ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚʦʧʨʦʩʦʤ ʚʨʝʤʝʥʠ. 

ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʉʂ ʇʂ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʧʫʙʣʠʢʦʚʘʥ  r ʨʝʟʫʣʴʪʘʪʳ ʜʝʩʷʪʢʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʉʂ 

ʇʂ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ ʫ ʞʠʚʦʪʥʳʭ ʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ [Santos Nascimento et al., 2014], ʧʦʚʨʝʞʜʝʥʠʷ 

ʣʝʛʢʠʭ [Liu et al., 2014], ʩʫʙʪʦʪʘʣʴʥʦʡ ʨʝʟʝʢʮʠʠ ʧʝʯʝʥʠ [ɽʣʴʯʘʥʠʥʦʚ ʠ ʜʨ., 2014], 

ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪʘ [Donders et al., 2015], ʧʦʣʥʦʩʣʦʡʥʦʡ ʢʦʞʥʦʡ 

ʨʘʥʳ [Shohara et al., 2012; Sabapathy et al., 2014], ʜʝʢʩʪʨʘʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʠʪʘ [Lin et al., 2015], ʘʨʪʨʠʪʘ [Santos et al., 2013] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ʊʘʢʞʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʩʠʣʝʥʠʝ 

ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ ʇʂ ʧʨʠ ʦʚʝʨʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ hgf ʥʘ ʤʦʜʝʣʷʭ 

ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʨʨʘʛʠʠ [Liu et al., 2010] ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʘʟʫʭ ʥʦʩʘ [Li J. et al., 

2015]. 
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ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ ʇʂ 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʠʛʨʘʮʠʶ ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʄʉʂ ʚ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʪʢʘʥʠ ʠʣʠ ʦʨʛʘʥʳ (ʭʦʤʠʥʛ), ʧʨʠ ʵʪʦʤ çʚʩʪʨʘʠʚʘʥʠʝè (ʘʥʛʣ. 

engraftment) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʢʣʝʪʦʢ. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʚʩʝ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʶʪ ʟʘʤʝʩʪʠʪʝʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʄʉʂ ʇʂ 

ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʤʠʛʨʠʨʦʚʘʣʠ ʚ ʦʯʘʛ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ, ʛʜʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠʩʴ ʚ ʛʣʠʘʣʴʥʳʝ, ʥʝʡʨʦʥʘʣʴʥʳʝ, 

ʜʘʙʣʢʦʨʪʠʥ (ʙʝʣʦʢ ʥʝʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ)-ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʩʦʩʫʜʠʩʪʳʝ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ [Ding et al., 2007]. ɺ ʜʨʫʛʦʤ ʧʦʭʦʞʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄʉʂ 

ʇʂ ʯʝʣʦʚʝʢʘ ʪʘʢʞʝ ʤʠʛʨʠʨʦʚʘʣʠ ʚ ʦʯʘʛ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʢʨʳʩʳ, ʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

[Liao et al., 2009]. ʇʦʜʦʙʥʳʝ ʨʘʙʦʪʳ ʚʩʝ ʞʝ ʝʜʠʥʠʯʥʳ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʨʘʥʩʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʦʩʣʝ ʢʩʝʥʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʦʩʪʘʚʣʷʝʪ ʤʝʩʪʦ 

ʟʜʦʨʦʚʦʤʫ ʩʢʝʧʪʠʮʠʟʤʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʧʝʯʘʪʣʷʶʱʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ in vitro, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʄʉʂ ʇʂ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʥʝ ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ 

ʩʚʦʡ ʬʝʥʦʪʠʧ ʠ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʳʭ ʢʣʝʪʦʢ ʧʦʚʨʝʞʜʝʥʥʦʡ ʪʢʘʥʠ [Fan et 

al., 2011]. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʄʉʂ ʇʂ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʨʘʥʩʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ in vivo, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʤʦʜʝʣʷʭ ʦʩʪʨʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʯʝʢ [Fang et al., 2012], ʧʦʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ [Yang et al., 

2008; Zhang et al., 2009], CCl4-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʠʙʨʦʟʘ ʧʝʯʝʥʠ [Tsai et al., 2009], 

ʧʦʣʥʦʩʣʦʡʥʦʡ ʢʦʞʥʦʡ ʨʘʥʳ [Shohara et al., 2012] ʠ ʜʨʫʛʠʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʨʦʬʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʧʘʨʘʢʨʠʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʨʝʟʠʜʝʥʪʥʳʝ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ ʠ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʘʥʛʠʦʛʝʥʝʟ ʠ ʘʧʦʧʪʦʟ [Santos et al., 

2013; Santos Nascimento et al., 2014; Sabapathy et al., 2014; Liu et al., 2014; Donders 

et al., 2014; Lin et al., 2015]. 



29 

ʅʝ ʪʘʢ ʜʘʚʥʦ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʝʱʝ ʦʜʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ: ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʢʣʶʯʘʪʴ ʄ1 

(ʢʣʘʩʩʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ) ʧʫʪʴ ʘʢʪʠʚʘʮʠʠ ʤʘʢʨʦʬʘʛʦʚ ʥʘ ʄ2 (ʘʣʴʪʝʨʥʘʪʠʚʥʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ) [Dayan et al., 2011]. ʆʩʥʦʚʥʳʤʠ ʘʢʪʠʚʘʪʦʨʘʤʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʤʘʢʨʦʬʘʛʦʚ ʧʦ Ml ʬʝʥʦʪʠʧʫ ʷʚʣʷʶʪʩʷ Th1 ʮʠʪʦʢʠʥʳ (IFNɔ ʠ TNFŬ), ʧʘʪʦʛʝʥ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʳ, ʣʠʧʦʧʨʦʪʝʠʥʳ, 

ʣʠʧʦʪʝʠʢʦʝʚʘʷ ʢʠʩʣʦʪʘ), ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩ, ʙʝʣʢʠ ʪʝʧʣʦʚʦʛʦ 

ʰʦʢʘ ʠ ʜʨ. Ml ʤʘʢʨʦʬʘʛʠ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʬʬʝʢʪʦʨʥʳʭ 

ʤʦʣʝʢʫʣ (ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʪʘʙʦʣʠʪʦʚ ʘʟʦʪʘ) ʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʮʠʪʦʢʠʥʦʚ IL-12 ʠ IL-23, IL-1ɓ, IL-6, IL-18, TNFŬ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʬʦʨʤʘ 

ʘʢʪʠʚʘʮʠʠ ʄ2 ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʤʘʢʨʦʬʘʛʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʥʝʢʣʘʩʩʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ IL-4 ʠʣʠ IL-13, IL-10, TGFɓ, 

ʚʠʪʘʤʠʥʘ D3, ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʠ ʜʨ. ʤʦʣʝʢʫʣ. M2 ʤʘʢʨʦʬʘʛʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʥʥʦʟʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʬʘʛʦʮʠʪʘʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠ 

ʨʝʮʝʧʪʦʨʦʚ ʛʘʣʘʢʪʦʟʥʦʛʦ ʪʠʧʘ, ʤʝʪʘʙʦʣʠʟʤ ʘʨʛʠʥʠʥʘ ʫ ʥʠʭ ʩʜʚʠʥʫʪ ʚ ʩʪʦʨʦʥʫ 

ʚʳʨʘʙʦʪʢʠ ʦʨʥʠʪʠʥʘ ʠ ʧʦʣʠʘʤʠʥʦʚ ʩ ʧʦʤʦʱʴʶ ʘʨʛʠʥʘʟʳ. ʆʥʠ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʬʘʛʦʮʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʟʘ ʩʯʝʪ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ (VEGF, EGF, PDGF) ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ (IL-10) 

ʘʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ, 

ʘʥʛʠʦʛʝʥʝʟ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʧʨʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ  [ʄʦʥʘʩʪʳʨʩʢʘʷ ʠ 

ʩʦʘʚʪ., 2008; ʃʫʩʪʘ, ʆʨʝʭʦʚ, 2014]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʷ ʚʳʙʦʨ ʧʫʪʠ 

ʘʢʪʠʚʘʮʠʠ ʤʘʢʨʦʬʘʛʦʚ, ʄʉʂ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʨʘʥʥʝʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʚʦʩʧʘʣʝʥʠʷ ʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʧʘʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ [Prockop, 2013]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ in vivo ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʄʉʂ ʠʟʤʝʥʷʝʪ ʙʘʣʘʥʩ ʄ1/ʄ2 ʤʘʢʨʦʬʘʛʦʚ ʚ ʧʦʚʨʝʞʜʝʥʥʦʡ ʪʢʘʥʠ, 

ʧʨʠ ʵʪʦʤ ʄʉʂ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢ, ʥʘ ʤʦʜʝʣʠ ʵʤʬʠʟʝʤʳ ʣʝʛʢʠʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʄʉʂ ʞʠʨʦʚʦʡ 

ʪʢʘʥʠ ʩʧʦʩʦʙʥʳ ʪʦʣʴʢʦ ʩʥʠʞʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʄ1 ʤʘʢʨʦʬʘʛʦʚ, ʘ ʄʉʂ ʢʦʩʪʥʦʛʦ 
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ʤʦʟʛʘ ʩʧʦʩʦʙʥʳ ʝʱʝ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʄ2 ʤʘʢʨʦʬʘʛʦʚ [Antunes et al., 

2014]. ʅʘ ʤʦʜʝʣʠ ʩʝʧʩʠʩʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʄʉʂ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 

ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ IFNɔ, TNFŬ, IL-1ɓ, IL-6 ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ IL-10 [Lombardo et al., 2015], ʧʨʠ 

ʵʪʦʤ ʠʩʪʦʯʥʠʢʦʤ IL-10 ʷʚʣʷʶʪʩʷ ʥʝ ʩʘʤʠ ʄʉʂ, ʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʠʤʠ ʧʦ ʄ2 

ʧʫʪʠ ʤʘʢʨʦʬʘʛʠ [N®meth et al., 2009].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʄʉʂ ʇʂ ʚʣʠʷʪʴ ʥʘ ʧʦʣʷʨʠʟʘʮʠʶ ʤʘʢʨʦʬʘʛʦʚ in 

vivo. ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʘʪʦʛʝʥʝʟʘ 

ʩʠʩʪʝʤʥʦʡ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʄ2 

ʤʘʢʨʦʬʘʛʦʚ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ 

ʤʳʰʘʤ ʣʠʥʠʠ B6.MRL-Fas(lpr), ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʦʚ, ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʜʦʣʠ ʄ2 

ʤʘʢʨʦʬʘʛʦʚ ʩ 9,47% ʜʦ 38,8% ʩʨʝʜʠ ʚʩʝʭ ʧʝʨʠʪʦʥʝʘʣʴʥʳʭ ʤʘʢʨʦʬʘʛʦʚ (ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ ʣʠʥʠʠ C57BL/6 ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 51,6%). 

ʉʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʘʢʨʦʬʘʛʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʣʶʜʝʡ, 

ʙʦʣʴʥʳʭ ʩʠʩʪʝʤʥʦʡ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʦʡ, ʩ ʄʉʂ ʇʂ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʤʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʄ2 ʤʘʢʨʦʬʘʛʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʚʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʄʉʂ ʇʂ 

ʪʘʢʠʤ ʧʘʮʠʝʥʪʘʤ ʪʘʢʞʝ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʦ ʜʦʣʶ ʄ2 ʤʘʢʨʦʬʘʛʦʚ ʩʧʫʩʪʷ ʩʫʪʢʠ 

ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ [Deng et al., 2015]. 

ɼʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʘʣʣʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʥʘ ʧʦʣʷʨʠʟʘʮʠʶ 

ʤʘʢʨʦʬʘʛʦʚ ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ 

ʆʙʥʘʜʝʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʉʂ ʇʂ 

ʜʣʷ ʪʝʨʘʧʠʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ 

ʇʂ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. 

ʄʦʜʝʣʴ ɾʠʚʦʪʥʳ

ʝ 

ɺʦʟʜʝʡʩʪʚʠʝ ʈʝʟʫʣʴʪʘʪʳ ʀʩʪʦʯʥ

ʠʢ 

ʀʰʝʤʠʷ ʟʘʜʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ 

(ʠʩʩʝʯʝʥʠʝ 

ʙʝʜʨʝʥʥʦʡ 

ʘʨʪʝʨʠʠ) 

ɺʠʩʪʘʨ 

ʢʨʳʩʳ 

1Ĭ10
6 
ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʠʣʠ 

ʤʠʢʨʦʚʝʟʠʢʫʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʢʫʣʴʪʫʨʝ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ, 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ, ʯʝʨʝʟ 24 ʯʘʩʘ 

ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠ 

ʫʩʠʣʝʥʠʝ ʢʨʦʚʦʪʦʢʘ ʚ ʦʙʝʠʭ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ, 

ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʣʘʟʝʨʥʦʡ 

ʜʦʧʧʣʝʨʦʤʝʪʨʠʝʡ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʢʘʧʠʣʣʷʨʦʚ ʯʝʨʝʟ 2 ʥʝʜʝʣʠ 

ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ 

Zhang 

H.C. et 

al., 

2012 

ʀʰʝʤʠʷ ʟʘʜʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ 

(ʠʩʩʝʯʝʥʠʝ 

ʙʝʜʨʝʥʥʦʡ 

ʘʨʪʝʨʠʠ ʠ ʝʝ 

ʚʝʪʚʝʡ) 

BALB/c 

Slc-nu/nu 

ʤʳʰʠ 

5Ĭ10
6 
ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ, 

ʧʨʝʜʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʚ 

ʵʥʜʦʪʝʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ, ʯʝʨʝʟ 6 ʯʘʩʦʚ 

ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʫʣʫʯʰʝʥʠʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ  

Choi et 

al., 

2013 

ʀʰʝʤʠʷ ʟʘʜʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ 

(ʣʠʛʠʨʦʚʘʥʠʝ 

ʙʝʜʨʝʥʥʦʡ 

ʘʨʪʝʨʠʠ ʠ ʝʝ 

ʚʝʪʚʝʡ) 

Sprague-

Dawley 

ʢʨʳʩʳ 

3Ĭ10
6 
ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʠʣʠ 

3Ĭ10
6 
ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʵʨʠʪʨʦʧʦʵʪʠʥʘ, 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʢʘʧʠʣʣʷʨʦʚ ʚ ʦʙʝʠʭ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧʘʭ ʯʝʨʝʟ 4 ʥʝʜʝʣʠ 

ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ 

Li  J.P. 

et al., 

2015 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚʦ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪʘʭ ʦʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʢʩʝʥʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʞʠʚʦʪʥʳʤ. 

ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ, ʦʙʲʝʤ ʢʣʝʪʦʯʥʦʛʦ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʩʨʦʢʠ ʚʚʝʜʝʥʠʷ, ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʰʝʤʠʠ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʫ ʢʨʳʩ 

ʆʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʰʝʤʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʥʝʯʥʦʩʪʝʡ. ʇʦʚʨʝʞʜʝʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ ʫʜʦʙʥʝʝ 
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ʠʟʫʯʘʪʴ ʥʘ ʢʨʫʧʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ (ʥʘʧʨʠʤʝʨ, ʩʦʙʘʢʘʭ [ɿʫʩʤʘʥʦʚʠʯ ʠ 

ʜʨ., 1982] ʠʣʠ ʩʚʠʥʴʷʭ [Radowsky et al., 2015]), ʦʜʥʘʢʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʦ ʥʘ ʢʨʦʣʠʢʘ, ʢʨʳʩʘʭ ʠ ʤʳʰʘʭ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʰʝʤʠʠ 

ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ï ʦʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʩʜʚʠʛʦʚ ʛʝʤʦʜʠʥʘʤʠʢʠ ʜʦ ʨʘʟʚʠʪʠʷ ʚʳʨʘʞʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʪʢʘʥʝʡ. ʆʧʠʩʘʥʥʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ 

ʢʦʥʝʯʥʦʩʪʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

1. ʣʠʛʠʨʦʚʘʥʠʝ ʠʣʠ ʠʩʩʝʯʝʥʠʝ ʧʠʪʘʶʱʠʭ ʩʦʩʫʜʦʚ ʢʦʥʝʯʥʦʩʪʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ (ʙʨʶʰʠʥʥʦʡ ʘʦʨʪʳ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʧʠʛʘʩʪʨʘʣʴʥʦʡ ʘʨʪʝʨʠʠ, 

ʦʙʱʝʡ ʧʦʜʚʟʜʦʰʥʦʡ ʘʨʪʝʨʠʠ, ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ ʠ ʝʝ ʚʝʪʚʝʡ, ʧʦʜʢʦʞʥʦʡ ʘʨʪʝʨʠʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʫʜʦʚ) [Babuccu et al., 

2004; Piccinato et al., 2011; Zhang H.C. et al., 2012; Choi et al., 2013; Li J.P. et al., 

2015]; 

2. ʩʦʯʝʪʘʥʠʝ ʠʩʩʝʯʝʥʠʷ ʘʨʪʝʨʠʡ ʩ ʚʚʝʜʝʥʠʝʤ ʩʢʣʝʨʦʟʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ 

ʜʠʩʪʘʣʴʥʝʝ ʤʝʩʪʘ ʠʩʩʝʯʝʥʠʷ [ɿʫʩʤʘʥʦʚʠʯ ʠ ʜʨ., 1982]; 

3. ʥʘʣʦʞʝʥʠʝ ʞʛʫʪʘ ʠʣʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʤʘʥʞʝʪʳ ʥʘ ʢʦʥʝʯʥʦʩʪʴ ʙʝʟ 

ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ [Babuccu et al., 2004, Souza Filho et al., 2009]; 

4. ʘʤʧʫʪʘʮʠʷ/ʨʝʧʣʘʥʪʘʮʠʷ ʢʦʥʝʯʥʦʩʪʠ ʞʠʚʦʪʥʦʛʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʣʦʞʝʥʠʝʤ ʘʨʪʝʨʠʦʚʝʥʦʟʥʳʭ ʰʫʥʪʦʚ [McCarty et al., 1995; Radowsky et al., 2015]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʰʝʤʠʠ ʢʦʥʝʯʥʦʩʪʝʡ ʥʘ ʤʳʰʘʭ ʠ ʢʨʳʩʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʨʝʜʠ ʥʠʭ ʚʝʣʠʢʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʢʦʥʝʯʥʦʩʪʝʡ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʨʘʟʚʠʪʳ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʢʨʦʚʦʪʦʢʘ 

[ʅʦʟʜʨʘʯʝʚ, ʇʦʣʷʢʦʚ, 2001; Baumeister et al., 2004]. 

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʉʂ ʇʂ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ FDA ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʝʩʷʪʢʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ (1-3 ʬʘʟʘ) ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʪʠʚʥʳʭ 

ʘʣʣʦʛʝʥʥʳʭ ʄʉʂ ʇʂ ʜʣʷ ʪʝʨʘʧʠʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʨʝʛʠʩʪʨʘ http://www.clinicaltrials.gov/ (ʧʦʠʩʢʦʚʳʝ ʟʘʧʨʦʩʳ 

ñwharton jelly mscò ʠ ñumbilical cord mscò, ʠʩʢʣʶʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ñblood-derivedò) ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʬʝʚʨʘʣʴ 2016 ʛ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʩʪʨʦʛʦ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ, ʜʠʣʘʪʘʮʠʦʥʥʦʡ ʠ ʜʨ. ʢʘʨʜʠʦʤʠʦʧʘʪʠʡ, 

ʢʨʠʪʠʯʝʩʢʦʡ ʠʰʝʤʠʠ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʙʨʦʥʭʦʣʝʛʦʯʥʦʡ ʜʠʩʧʣʘʟʠʠ ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ I ʠ II ʪʠʧʦʚ, ʦʩʪʨʦʡ ʠ 

ʭʨʦʥʠʯʝʩʢʦʡ ʧʝʯʝʥʦʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʛʝʧʘʪʠʪʘ, ʮʠʨʨʦʟʘ 

ʧʝʯʝʥʠ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ, ʥʝʢʨʦʪʠʯʝʩʢʠ-ʷʟʚʝʥʥʦʛʦ ʢʦʣʠʪʘ, ʦʩʪʨʦʡ 

ʘʧʣʘʩʪʠʯʝʩʢʦʡ ʘʥʝʤʠʠ, ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʩʠʩʪʝʤʥʦʡ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʠ, 

ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ, ʤʠʝʣʦʜʠʩʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ, ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʘʪʘʢʩʠʠ, ʪʨʘʚʤʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʙʦʣʝʟʥʠ ɹʝʭʪʝʨʝʚʘ, ʦʩʪʝʦʘʨʪʨʠʪʘ, ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʢʣʝʨʦʟʘ, ʤʠʦʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ, ʦʩʪʨʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʢ ʩʪʝʨʦʠʜʥʦʡ ʪʝʨʘʧʠʠ 

ʨʝʘʢʮʠʠ çʪʨʘʥʩʧʣʘʥʪʘʪ ʧʨʦʪʠʚ ʭʦʟʷʠʥʘè ʠ ʜʨ. ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʧʨʦʚʦʜʠʤʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʄʉʂ ʇʂ ʜʣʷ ʪʝʨʘʧʠʠ ʠʰʝʤʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʪʢʘʥʠ. 

ʊʘʙʣʠʮʘ 4. ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʘʣʣʦʛʝʥʥʳʭ ʄʉʂ ʇʂ ʜʣʷ ʪʝʨʘʧʠʠ 

ʠʰʝʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʪʢʘʥʠ. 

ʌʘʟ

ʘ 

ʅʦʤʝʨ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɿʘʙʦʣʝʚʘʥʠʝ ʈʝʮʠʧʠʝʥʪʳ ʉʧʦʩʦʙ ʠ ʢʨʘʪʥʦʩʪʴ 

ʚʚʝʜʝʥʠʷ 

1-2 NCT02323477 ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ ʤʫʞʯʠʥʳ 

30-80 ʣʝʪ 

ʠʥʪʨʘʤʠʦʢʘʨʜʠʘʣʴʥʦ, 

ʦʜʥʦʢʨʘʪʥʦ 

1-2 NCT02635464 ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ ʤʫʞʯʠʥʳ ʠ 

ʞʝʥʱʠʥʳ 

35-65 ʣʝʪ 

ʠʥʪʨʘʤʠʦʢʘʨʜʠʘʣʴʥʦ, 

ʦʜʥʦʢʨʘʪʥʦ 

1-2 NCT02439541 ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ ʤʫʞʯʠʥʳ ʠ 

ʞʝʥʱʠʥʳ 

18-80 ʣʝʪ 

ʠʥʪʨʘʢʦʨʦʥʘʨʥʦ, 

ʧʦʚʪʦʨ ʯʝʨʝʟ 1 ʠ 2 

ʥʝʜʝʣʠ ï ʚʥʫʪʨʠʚʝʥʥʦ  

1-2 NCT01216865 ʜʠʘʙʝʪʠʯʝʩʢʘʷ ʩʪʦʧʘ 

ʥʘ ʬʦʥʝ ʠʰʝʤʠʠ 

ʤʫʞʯʠʥʳ ʠ 

ʞʝʥʱʠʥʳ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ, 

http://www.clinicaltrials.gov/
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ʢʦʥʝʯʥʦʩʪʠ ʩʪʘʨʰʝ 18 

ʣʝʪ 

ʦʜʥʦʢʨʘʪʥʦ 

1-2 NCT02287831 ʟʘʙʦʣʝʚʘʥʠʷ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʘʨʪʝʨʠʡ ʥʘ ʬʦʥʝ 

ʜʠʘʙʝʪʘ II  ʪʠʧʘ 

ʤʫʞʯʠʥʳ ʠ 

ʞʝʥʱʠʥʳ 

18-75 ʣʝʪ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ, 

ʧʦʚʪʦʨ ʯʝʨʝʟ 4 ʠ 8 

ʥʝʜʝʣʴ 

2-3 NCT02223897 ʠʰʝʤʠʯʝʩʢʦʝ 

ʧʦʨʘʞʝʥʠʝ ʞʝʣʯʥʳʭ 

ʧʨʦʪʦʢʦʚ ʧʦʩʣʝ 

ʧʝʨʝʩʘʜʢʠ ʧʝʯʝʥʠ 

ʤʫʞʯʠʥʳ ʠ 

ʞʝʥʱʠʥʳ 

18-60 ʣʝʪ 

ʚʥʫʪʨʠʚʝʥʥʦ, ʧʦʚʪʦʨ 

ʯʝʨʝʟ 1, 2, 3 ʥʝʜʝʣʠ, 

ʟʘʪʝʤ ʯʝʨʝʟ 2, 3, 4, 5, 6 

ʤʝʩʷʮʝʚ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʫʜʝʪ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʦʜʥʦʢʨʘʪʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ, ʝʱʝ ʚ ʪʨʝʭ ï ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʫʜʝʪ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʘʣʣʦʛʝʥʥʦʛʦ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ï ʙʘʥʢʠʨʦʚʘʥʠʝ ʄʉʂ ʇʂ 

ʥʘʯʘʣʦʩʴ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ, ʧʦʵʪʦʤʫ ʥʘʙʦʨ ʛʨʫʧʧʳ ʨʝʮʠʧʠʝʥʪʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʫʪʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʧʦʢʘ ʥʝʚʦʟʤʦʞʝʥ. 

***  

ʀʥʪʝʨʝʩ ʢ ʧʫʧʦʯʥʦʤʫ ʢʘʥʘʪʠʢʫ ʢʘʢ ʢ ʠʩʪʦʯʥʠʢʫ ʄʉʂ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʩʪʘʙʠʣʴʥʦ ʨʘʩʪʝʪ. ʄʉʂ ʇʂ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʛʝʥʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʦʙʣʘʜʘʶʪ ʪʫʤʦʨʦʛʝʥʥʦʩʪʴʶ ʠ ʩʯʠʪʘʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʘʣʣʦʛʝʥʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʉʂ ʇʂ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ. 

ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʉʂ 

ʇʂ ʷʚʣʷʶʪʩʷ ʪʨʦʬʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʧʘʨʘʢʨʠʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʟʠʜʝʥʪʥʳʝ 

ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ ʠ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʘʥʛʠʦʛʝʥʝʟ ʠ ʘʧʦʧʪʦʟ, ʦʜʥʘʢʦ ʟʘʤʝʩʪʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥ. ʉʨʝʜʠ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠ 
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ʚʣʠʷʥʠʝ ʄʉʂ ʇʂ ʥʘ ʧʦʣʷʨʠʟʘʮʠʶ ʤʘʢʨʦʬʘʛʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʟʘʧʫʩʢʝ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʫʶ ʪʢʘʥʴ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʄʉʂ ʇʂ ʷʚʣʷʝʪʩʷ ʩʜʚʠʛ ʧʨʦ-ʠ ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚ ʩʝʢʨʝʪʦʤʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʘʥʛʠʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ VEGF-A), ʯʪʦ ʧʦʜʥʠʤʘʝʪ ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʢʣʝʪʦʢ ʜʣʷ ʪʝʨʘʧʠʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ. 

ʉʦʭʨʘʥʷʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʧʨʦʙʝʣʳ ʩʨʝʜʠ ʜʘʥʳʭ 

ʣʠʪʝʨʘʪʫʨʳ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʄʉʂ ʇʂ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʠ ʩʫʜʴʙʝ 

ʄʉʂ ʇʂ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʫʶ ʪʢʘʥʴ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʘʥʛʠʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʄʉʂ ʇʂ.  
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2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʪʨʠ ʵʪʘʧʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʝʨʚʠʯʥʳʝ 

ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ ʠ ʢʨʳʩʳ, ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʤʫʣʴʪʠʧʦʪʝʥʪʳʤ ʩʪʨʦʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ in vitro ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʧʘʨʘʢʨʠʥʥʦʛʦ ʠ ʟʘʤʝʩʪʠʪʝʣʴʥʦʛʦ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ 

ʧʨʦʘʥʛʠʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ ʇʂ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ in vivo ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʘʣʣʦʛʝʥʥʦʡ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʇʂ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʢʨʳʩʳ ʩ 

ʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʠʰʝʤʠʝʡ. 

 

2.1 ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʦʝʥʠ̫ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ 

ʌʨʘʛʤʝʥʪʳ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʜʣʠʥʦʡ 10 ʤʤ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 10% 

ʨʘʩʪʚʦʨʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʥʘ ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʧʦ ʃʠʣʣʠ ʚ ʪʝʯʝʥʠʝ 72 

ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʦʤʳʚʘʣʠ ʚ ʧʨʦʪʦʯʥʦʡ ʚʦʜʝ. ʇʦʩʣʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʚʦʜʢʠ ʦʙʨʘʟʮʳ ʪʢʘʥʝʡ ʟʘʣʠʚʘʣʠ ʚ ʧʘʨʘʬʠʥ. 

ʇʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ ʠʣʠ ʧʦ ʄʘʣʣʦʨʠ, 

ʦʙʝʟʚʦʞʠʚʘʣʠ ʠ ʟʘʢʣʶʯʘʣʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʤʦʥʪʠʨʫʶʱʫʶ ʩʨʝʜʫ (ʚʩʝ 

ɹʠʦɺʠʪʨʫʤ, ʈʦʩʩʠʷ). 

ʏʘʩʪʴ ʧʫʧʦʚʠʥ ʬʠʢʩʠʨʦʚʘʣʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʂʨʠʦʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5-7 ʤʢʤ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʦʪʦʤʘ Leica ʉʄ1900 (Leica, ɻʝʨʤʘʥʠʷ), ʠʩʧʦʣʴʟʫʷ 

ʩʪʝʢʣʘ SuperFost (Menzel, ɻʝʨʤʘʥʠʷ). ʉʨʝʟʳ ʦʢʨʘʰʠʚʘʣʠ ʩ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ 

ʤʘʨʢʝʨʘ ʧʝʨʠʮʠʪʦʚ CD146 (ab75769, Abcam, ʉʐɸ) ʠ ʤʘʨʢʝʨʘ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ 
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CD31 (ab24590, Abcam, ʉʐɸ), ʷʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʠʚʘʣʠ DAPI (Sigma-Aldrich, 

ʉʐɸ). 

 

2.2 ɺʳʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʇʫʧʦʚʠʥʫ ʯʝʣʦʚʝʢʘ, ʥʘʨʝʟʘʥʥʫʶ ʥʘ ʬʨʘʛʤʝʥʪʳ ʜʣʠʥʦʡ 3-5 ʩʤ, ʦʜʥʦʢʨʘʪʥʦ 

ʧʨʦʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʍʝʥʢʩʘ ʩ ʮʝʬʘʟʦʣʠʥʦʤ (1 ʛ/ʣ) ʠ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 

ʨʘʩʪʚʦʨʦʤ ɺʝʨʩʝʥʘ. ɼʘʣʝʝ ʤʘʪʝʨʠʘʣ ʪʱʘʪʝʣʴʥʦ ʦʯʠʱʘʣʠ ʦʪ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ 

ʠ ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ ʪʢʘʥʠ. ʉ ʧʦʤʦʱʴʶ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʜʝʣʷʣʠ 

ʫʯʘʩʪʢʠ ʚʘʨʪʦʥʦʚʘ ʩʪʫʜʥʷ ʠ ʠʟʤʝʣʴʯʘʣʠ ʠʭ ʜʦ ʩʦʩʪʦʷʥʠʷ ʢʘʰʠʮʳ. 

ɼʣʷ ʜʝʟʘʛʨʝʛʘʮʠʠ ʢ ʤʘʪʝʨʠʘʣʫ ʜʦʙʘʚʣʷʣʠ 5-ʢʨʘʪʥʳʡ ʦʙʲʝʤ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 200 ɽʜ/ʤʣ ʢʦʣʣʘʛʝʥʘʟʳ I ʪʠʧʘ ʠ 40 ɽʜ/ʤʣ 

ʜʠʩʧʘʟʳ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ DMEM/F12, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ. 

ʧʨʠ 37Üʉ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʣʫʯʝʥʥʫʶ ʢʣʝʪʦʯʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʥʦʩʠʣʠ ʚ ʮʝʥʪʨʠʬʫʞʥʳʝ ʧʨʦʙʠʨʢʠ 

ʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10 ʤʠʥʫʪ, 220g), ʧʦʩʣʝ ʯʝʛʦ ʩʫʧʝʨʥʘʪʘʥʪ 

ʫʜʘʣʷʣʠ. ʆʩʘʜʦʢ ʨʘʟʚʦʜʠʣʠ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ (DMEM/F12 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ (ʕʊʉ) ʜʦ 10%), ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ 

ʧʦʩʫʜʫ ʠ ʧʦʤʝʱʘʣʠ ʚ ʉʆ2-ʠʥʢʫʙʘʪʦʨ (37Üʉ, 5% ʉʆ2). ʇʣʦʪʥʦʩʪʴ ʧʦʩʝʚʘ 

ʩʦʩʪʘʚʣʷʣʘ 10 ʪʳʩ. ʢʣʝʪʦʢ ʥʘ 1 ʩʤ
2
. 

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʣʝʪʢʘʤʠ 80-90% ʢʦʥʬʣʫʝʥʪʥʦʩʪʠ ʤʦʥʦʩʣʦʷ ʠʭ 

ʦʪʢʨʝʧʣʷʣʠ ʦʪ ʧʦʜʣʦʞʢʠ ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ-ɺʝʨʩʝʥʘ, ʠ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10 ʤʠʥ, 220g). ʉʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ, ʦʩʘʜʦʢ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʚʝʞʝʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʠ ʨʘʩʩʘʞʠʚʘʣʠ ʩ ʨʘʟʚʝʜʝʥʠʝʤ ʚ 7 ʨʘʟ ʚ 

ʥʦʚʫʶ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʧʦʩʫʜʫ. 
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ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʜʣʷ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʕʊʉ ʧʨʦʠʟʚʦʜʩʪʚʘ 

GE (ʉʐɸ), ʦʩʪʘʣʴʥʳʝ ʩʨʝʜʳ, ʨʘʩʪʚʦʨʳ ʠ ʨʝʘʢʪʠʚʳ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʯʠʩʪʦʪʳ ï 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʇʇ ʇʘʥʕʢʦ (ʈʦʩʩʠʷ). 

 

2.3  ɺʳʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʢʨʳʩʳ 

ʤʝʪʦʜʦʤ ʵʢʩʧʣʘʥʪʦʚ 

ʇʫʧʦʯʥʳʝ ʢʘʥʘʪʠʢʠ (n=12) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʙʝʨʝʤʝʥʥʳʭ ʢʨʳʩ Sprague-

Dawley (n=4) ʧʫʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ (ʢʝʩʘʨʝʚʘ ʩʝʯʝʥʠʷ) ʥʘ ʧʦʟʜʥʠʭ 

ʩʨʦʢʘʭ ʛʝʩʪʘʮʠʠ. ʄʘʪʝʨʠʘʣ ʦʪʤʳʚʘʣʠ ʦʪ ʢʨʦʚʠ ʩʪʝʨʠʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʍʝʥʢʩʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʤʠʢʘʮʠʥʘ (ʉʠʥʪʝʟ, ʈʦʩʩʠʷ) ʜʦ 500 ʤʛ/ʃ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʱʘʪʝʣʴʥʦ 

ʫʜʘʣʷʣʠ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ. ɼʘʣʝʝ ʩʪʨʦʤʘʣʴʥʫʶ ʪʢʘʥʴ ʥʘʨʝʟʘʣʠ ʥʘ ʥʝʙʦʣʴʰʠʝ 

ʬʨʘʛʤʝʥʪʳ ʦʙʲʝʤʦʤ 0,5-2 ʤʤ
3
 ʠ ʧʦʤʝʱʘʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʧʦʩʫʜʫ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ, ʥʝ ʜʦʧʫʩʢʘʷ ʬʣʦʪʠʨʦʚʘʥʠʷ 

ʵʢʩʧʣʘʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ DMEM/F12 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʕʊʉ ʜʦ 10%. 

ʇʦʩʫʜʫ ʩ ʵʢʩʧʣʘʥʪʘʤʠ ʧʦʤʝʱʘʣʠ ʚ CO2-ʠʥʢʫʙʘʪʦʨ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ (5% CO2, 37ÁC). ʇʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʷʣʠ ʩʚʝʞʫʶ ʩʨʝʜʫ. 

ʇʦʩʣʝ ʦʪʢʨʝʧʣʝʥʠʷ ʵʢʩʧʣʘʥʪʦʚ ʢʣʝʪʢʠ ʩʥʠʤʘʣʠ ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ-ɺʝʨʩʝʥʘ ʠ 

ʨʘʩʩʘʞʠʚʘʣʠ ʚ ʥʦʚʫʶ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʧʦʩʫʜʫ. 

 

2.4 ɸʥʘʣʠʟ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʄʉʂ ʇʂ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ 

ʄʉʂ ʇʂ ʥʘ 2-4 ʧʘʩʩʘʞʘʭ ʦʪʢʨʝʧʣʷʣʠ ʦʪ ʧʦʜʣʦʞʢʠ ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ-ɺʝʨʩʝʥʘ, 

ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʚ ʨʘʩʪʚʦʨʝ ʍʝʥʢʩʘ, ʬʠʢʩʠʨʦʚʘʣʠ 2% 
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ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʩʥʦʚʘ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʍʝʥʢʩʘ. ʂʣʝʪʢʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʕʊʉ ʜʦ 0,1% ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʪʳʩ. ʢʣʝʪʦʢ ʚ 100 ʤʢʣ ʠ ʜʦʙʘʚʣʷʣʠ ʘʥʪʠʪʝʣʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ (n=5) ʠʩʧʦʣʴʟʦʚʘʣʠ BD 

StemflowÊ hMSC Analysis Kit ʜʣʷ ʤʥʦʛʦʮʚʝʪʥʦʛʦ ʠʤʤʫʥʦʬʝʥʦʪʠʧʠʨʦʚʘʥʠʷ (BD, 

ʉʐɸ). ɼʣʷ ʘʥʘʣʠʟʘ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʄʉʂ ʇʂ ʢʨʳʩʳ (n=5) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʥʪʠʪʝʣʘ ʢ CD90, CD73, CD105, CD34, CD45, CD11b (ʚʩʝ ɸntibodies-online Inc., 

ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ 

ʦʪʤʳʚʘʣʠ ʦʪ ʘʥʪʠʪʝʣ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 500 ʤʢʣ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʛʦ ʙʫʬʝʨʘ ʠ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʦʙʠʨʢʠ ʜʣʷ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʝ FACS Calibur ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Cell Quest (BD, ʉʐɸ) ʠʣʠ 

ʥʘ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʝ Cytomics FC 500 ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CXP (Beckman 

Coulter, ʉʐɸ). 

 

2.5 ʅʘʧʨʘʚʣʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ  

ɼʣʷ ʦʮʝʥʢʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʫʣʴʪʫʨ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ (n=3) ʠ 

ʢʨʳʩʳ (n=3) ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ ʥʘ 2-3 ʧʘʩʩʘʞʝ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʢʣʝʪʢʘʤʠ 

ʢʦʥʬʣʫʝʥʪʥʦʛʦ ʤʦʥʦʩʣʦʷ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʫʶ. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʦʪʦʚʳʝ ʥʘʙʦʨʳ StemProÈ Adipogenesis Differentiation Kit, 

StemProÈ Osteogenesis Differentiation Kit, StemProÈ Chondrogenesis Differentiation 

Kit (Gibco, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʫʣʴʪʫʨʳ ʄʉʂ ʇʂ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʭ ʩʨʝʜ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʘʜʠʧʦʛʝʥʝʟʘ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ ʩʧʠʨʪʦʤ-ʬʦʨʤʘʣʠʥʦʤ 

(1:4) ʥʝ ʙʦʣʝʝ 3 ʤʠʥʫʪ ʠ ʦʢʨʘʰʠʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʉʫʜʘʥʘ III ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʯʘʛʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚ ʦʩʪʝʦʛʝʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 70Á ʩʧʠʨʪʦʤ ʠ ʦʢʨʘʰʠʚʘʣʠ 40 ʤʄ 

ʘʣʠʟʘʨʠʥʦʚʳʤ ʢʨʘʩʥʳʤ (ʨʅ=4,7) ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʭʦʥʜʨʦʛʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 

4% ʬʦʨʤʘʣʠʥʦʤ (ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ) ʠ ʦʢʨʘʰʠʚʘʣʠ ʩʢʦʧʣʝʥʠʷ ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʦʚ 

1% ʨʘʩʪʚʦʨʦʤ ʘʣʴʮʠʘʥʦʚʦʛʦ ʩʠʥʝʛʦ (ʨʅ=2,5) ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

 

2.6 ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Ki67, 

ʚʠʤʝʥʪʠʥʘ ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʦʛʦ ʘʢʪʠʥʘ ʚ ʢʫʣʴʪʫʨʝ ʄʉʂ ʇʂ  

ʄʉʂ ʇʂ ʥʘ 2-3 ʧʘʩʩʘʞʘʭ ʧʝʨʝʥʦʩʠʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʧʦʢʨʦʚʥʳʤ 

ʩʪʝʢʣʦʤ, ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʫʙʢʦʥʬʣʫʝʥʪʥʦʛʦ ʤʦʥʦʩʣʦʷ. ʂʣʝʪʢʠ 

ʩʧʦʣʘʩʢʠʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʍʝʥʢʩʘ, ʬʠʢʩʠʨʦʚʘʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ 

ʦʢʨʘʰʠʚʘʣʠ ʩ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ ʤʘʨʢʝʨʘ ʧʨʦʣʠʬʝʨʘʮʠʠ Ki67 (ab15580, Abcam, 

ʉʐɸ), ʚʠʤʝʥʪʠʥʘ (ab8978, Abcam, ʉʐɸ) ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʦʛʦ ʘʢʪʠʥʘ ʘʣʴʬʘ 

(ŬSMA) (ab5694, Abcam, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʪʠʪʝʣʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ FITC (ab97050 

ʠʣʠ ab6785, Abcam, ʉʐɸ), ʷʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʠʚʘʣʠ DAPI (Sigma-Aldrich, ʉʐɸ). 

ʉʪʝʢʣʘ ʟʘʢʣʶʯʘʣʠ ʚ ʤʦʥʪʠʨʫʶʱʫʶ ʩʨʝʜʫ Aqua-Poly-Mount (Polysciences, ʉʐɸ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica DM 

4000 B ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ LAS AF v.3.1.0 build 8587 (Leica 

Microsystems, ɻʝʨʤʘʥʠʷ). 

 

2.7 ʃʠʥʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ EA.hy926 

ɺ ʢʘʯʝʩʪʚʝ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʠʶ Eɸ.hy926 

(CRL2922; ATCC, ʉʐɸ). ɼʘʥʥʘʷ ʣʠʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʛʠʙʨʠʜʠʟʘʮʠʝʡ 
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ʧʝʨʚʠʯʥʦʡ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʣʠʥʠʠ HUVEC (ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʚʝʥʳ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ) ʩ ʢʣʝʪʢʘʤʠ ʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ ɸ549. EA.hy926 

ʵʢʩʧʨʝʩʩʠʨʫʪʁ ʦʩʥʦʚʥʳʝ ʤʘʨʢʝʨʳ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣʳ 

ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ VE-ʢʘʜʛʝʨʠʥ, PECAM-1 (CD31), ICAM-1 ʠ VCAM-1, 

ʵʥʜʦʪʝʣʠʥ-1, ʧʨʦʩʪʘʮʠʢʣʠʥ, ʘʥʪʠʛʝʥ, ʩʚʷʟʘʥʥʳʡ ʩ ʬʘʢʪʦʨʦʤ VIII, ʠʤʝʶʪ ʪʝʣʴʮʘ 

ɺʝʡʙʝʣʷ-ʇʘʣʘʜʝ (ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʩʦʩʫʜʠʩʪʳʭ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʘʢʪʦʨ ʬʦʥ ɺʠʣʣʝʙʨʘʥʜʘ ʠ P-ʩʝʣʝʢʪʠʥ) [Edgell et al., 1983; Vrekoussis 

et al., 2006; Kanlaya et al., 2009]. ɺʳʩʦʢʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʩʫʜʠʩʪʦʛʦ ʵʥʜʦʪʝʣʠʷ ʯʝʣʦʚʝʢʘ, ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʦʡ ʣʠʥʠʠ (ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ 

ʧʨʠ ʧʘʩʩʠʨʦʚʘʥʠʠ, ʚʳʩʦʢʠʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʧʨʦʩʪʦʪʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ) ʧʦʩʣʫʞʠʣʠ ʦʙʦʩʥʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʣʠʥʠʠ 

ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [Bouµs et al., 2001; Aranda, Owen, 2009]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ DMEM/F12 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʕʊʉ 

ʜʦ 10%. ʕʢʩʧʨʝʩʩʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ CD31 ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʦʢʨʘʰʠʚʘʥʠʷ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ CD31 (ab24590, Abcam, ʉʐɸ). 

 

2.8 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʨʝʜ 

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʬʣʫʝʥʪʥʦʛʦ ʤʦʥʦʩʣʦʷ ʢʫʣʴʪʫʨʳ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ 

ʠʣʠ Eɸ.hy926 ʦʪʤʳʚʘʣʠ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʦʡ DMEM/F12 ʠ ʜʦʙʘʚʣʷʣʠ 

ʩʚʝʞʫ  ʁʨʦʩʪʦʚʫ  ʁʩʨʝʜʫ. ʏʝʨʝʟ 24, 48 ʠʣʠ 72 ʯ ʩʨʝʜʫ ʩʦʙʠʨʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

ʧʨʠ 2800g, ʩʦʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 

0,22 ʤʢʤ (GE Osmonics Labstore, ʉʐɸ). ʉʨʝʜʫ ʜʦ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

VEGF-A ʭʨʘʥʠʣʠ ʧʨʠ -70Áʉ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʫʶ ʢʣʝʪʢʘʤʠ ʚ ʪʝʯʝʥʠʝ 72 ʯ. 
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2.9 ʀʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ VEGF-A ʚ ʩʨʝʜʘʭ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʄʉʂ ʇʂ ʠ EA.hy926 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʬʦʨʤ VEGF-ɸ (-121 ʠ -165) ʚ 

ʩʨʝʜʘʭ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ (n=3) ʠʣʠ EA.hy926, ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʀʌɸ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ VEGF-ʀʌɸ-ɹɽʉʊ (ɺʝʢʪʦʨ-ɹʝʩʪ, ʈʦʩʩʠʷ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(ɚ=450 ʥʤ) ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Multiskan GO (ThermoFisher 

Scientific, ʉʐɸ). ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʥʣʘʡʥ-ʧʨʠʣʦʞʝʥʠʷ 

http://elisaanalysis.com/app. 

 

2.10 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʨʝʜʳ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ, ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

Eɸ.hy926 ʨʘʩʩʘʞʠʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʠʟ ʨʘʩʯʝʪʘ 3Ĭ10
3
 ʢʣʝʪʦʢ ʚ 

200 ʤʢʣ ʩʨʝʜʳ ʥʘ ʣʫʥʢʫ. ʏʝʨʝʟ 1, 2 ʠʣʠ 3 ʩʫʪʦʢ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʫʶ ʄʉʂ ʇʂ ʩʨʝʜʫ (n=3), ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʫʶ ʄʉʂ ʇʂ ʩʨʝʜʫ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ 200 ʥʛ/ʤʣ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ VEGF (ab9570, Abcam, ʉʐɸ) (n=3) ʠʣʠ 

ʩʚʝʞʫʶ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ (ʢʦʥʪʨʦʣʴʥʳʝ ʣʫʥʢʠ). ʅʘ 4 ʜʝʥʴ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ. ɼʣʷ ʵʪʦʛʦ ʄʊʊ (Sigma-

Aldrich, ʉʐɸ) ʜʦʙʘʚʣʷʣʠ ʚ ʣʫʥʢʠ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1,5 ʤʛ/ʤʣ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 37Üʉ. ʇʦʷʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʬʦʨʤʘʟʘʥʘ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (Zeiss, ɻʝʨʤʘʥʠʷ). 

ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʨʝʜʳ ʚ ʣʫʥʢʠ ʚʥʦʩʠʣʠ 100 ʤʢʣ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ (Sigma-

Aldrich, ʉʐɸ), ʠʥʢʫʙʠʨʦʚʘʣʠ 15 ʤʠʥʫʪ (ʨʝʞʠʤ çʚʩʪʨʷʭʠʚʘʥʠʝè) ʠ ʠʟʤʝʨʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (ɚ=570 ʥʤ) ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Multiskan GO 

(ThermoFisher Scientific, ʉʐɸ). 

 

http://elisaanalysis.com/app
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2.11 ʅʘʧʨʘʚʣʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʛʨʘʜʠʝʥʪʝ 

ʬʘʢʪʦʨʦʚ, ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʄʉʂ ʇʂ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʣʝʪʦʯʥʦʡ ʤʠʛʨʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ transwell-

ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ Transwell ʩʠʩʪʝʤʳ: 1 ï ʚʝʨʭʥʷʷ ʢʘʤʝʨʘ, 2 ï ʥʠʞʥʷʷ 

ʢʘʤʝʨʘ, 3 ï ʤʝʤʙʨʘʥʘ ʩ ʧʦʨʘʤʠ 8 ʤʢʤ, 4 ï ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʣʠʥʠʠ 

EA.hy926, 5 ï ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ. 

ʅʘ ʜʥʦ ʣʫʥʢʠ 24-ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ ʧʝʨʝʥʦʩʠʣʠ 10
5
 ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ 

(n=3) ʚ 600 ʤʢʣ ʩʨʝʜʳ. ʂ ʧʦʣʦʚʠʥʝ ʣʫʥʦʢ ʩ ʢʣʝʪʢʘʤʠ ʜʦʙʘʚʣʷʣʠ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ 

VEGF ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 200 ʥʛ/ʤʣ. ɺ ʢʦʥʪʨʦʣʴʥʳʝ ʣʫʥʢʠ ʚʥʦʩʠʣʠ 600 

ʤʢʣ ʩʨʝʜʳ ʙʝʟ ʢʣʝʪʦʢ. ʏʝʨʝʟ 24 ʯʘʩʘ, ʧʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʣʝʪʦʢ, ʚ ʧʣʘʥʰʝʪ 

ʧʦʤʝʱʘʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʚʩʪʘʚʢʠ ʩ ʤʝʤʙʨʘʥʦʡ (ʜʠʘʤʝʪʨ ʧʦʨ 8 ʤʢʤ) (SPL 

Lifesciences, ʖʞʥʘʷ ʂʦʨʝʷ). ɺ ʚʝʨʭʥʶʶ ʢʘʤʝʨʫ ʚʥʦʩʠʣʠ 10
5
 ʢʣʝʪʦʢ ʣʠʥʠʠ 

Eɸ.hy926 ʚ 250 ʤʢʣ ʩʨʝʜʳ. ʏʝʨʝʟ 1, 2 ʠʣʠ 3 ʩʫʪʦʢ ʚʩʪʘʚʢʠ ʚʳʥʠʤʘʣʠ, ʢʣʝʪʢʠ ʩ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʫʜʘʣʷʣʠ, ʤʠʛʨʠʨʦʚʘʚʰʠʝ ʥʘ ʥʠʞʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 4% 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ (Serva, ɻʝʨʤʘʥʠʷ) ʠ ʦʢʨʘʰʠʚʘʣʠ DAPI (Sigma-Aldrich, 

ʉʐɸ). ʉ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica DM 4000 B ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ LAS AF v.3.1.0 build 8587 (Leica Microsystems, 
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ɻʝʨʤʘʥʠʷ) ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʠʨʦʚʘʚʰʠʭ ʢʣʝʪʦʢ ʚ 8 ʧʦʣʷʭ ʟʨʝʥʠʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ Ĭ100 ʜʣʷ ʢʘʞʜʦʡ ʤʝʤʙʨʘʥʳ. 

 

2.12 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ 

ʧʦʜʚʠʞʥʦʩʪʴ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʥʘ ʤʦʜʝʣʠ çʨʘʥʘ ʤʦʥʦʩʣʦʷè 

Eɸ.hy926 ʧʝʨʝʥʦʩʠʣʠ ʚ 96-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʠʟ ʨʘʩʯʝʪʘ 3Ĭ10
4
 ʢʣʝʪʦʢ ʚ 

100 ʤʢʣ ʩʨʝʜʳ ʥʘ ʣʫʥʢʫ. ʇʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʩʪʝʧʝʥʴ 

ʢʦʥʬʣʫʝʥʪʥʦʩʪʠ ʠ ʧʨʦʚʦʜʠʣʠ ʟʘʤʝʥʫ ʩʨʝʜʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʥʳ ʤʦʥʦʩʣʦʷ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ WoundMakerÊ tool (Essen BioScience, ʉʐɸ), 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 96 ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʮʘʨʘʧʠʥ. ʇʦʩʣʝ ʦʪʤʳʚʘʥʠʷ 

ʦʪʢʨʝʧʠʚʰʠʭʩʷ ʢʣʝʪʦʢ ʚ ʣʫʥʢʠ ʚʥʦʩʠʣʠ 100 ʤʢʣ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʦʡ ʄʉʂ ʇʂ 

ʩʨʝʜ r (n=4), ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜ r ʩ ʜʦʙʘʚʣʝʥʠʝʤ 200 ʥʛ/ʤʣ 

ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ VEGF (n=4) ʠʣʠ ʩʚʝʞʝʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜ r(ʢʦʥʪʨʦʣʴʥʳʝ ʣʫʥʢʠ). 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʤʠʛʨʘʮʠʝʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 36 

ʯʘʩʦʚ ʩ ʧʦʤʦʱʴʶ Time-Lapse ʤʠʢʨʦʩʢʦʧʘ IncuCyte Zoom (Essen BioScience, 

ʉʐɸ). ʂʦʥʬʣʫʝʥʪʥʦʩʪʴ ʦʙʣʘʩʪʠ ʨʘʥʳ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ (Essen BioScience, ʉʐɸ). 

 

2.13 ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ 

ʧʦʜʣʦʞʢʝ 

ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʤʦʥʦʩʣʦʷ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʩʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʫʶ ʩʨʝʜʫ. ʀʩʧʦʣʴʟʦʚʘʣʠ 3 ʚʘʨʠʘʥʪʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʭ ʩʨʝʜ. ʉʨʝʜʘ 1 ʩʦʩʪʦʷʣʘ ʠʟ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʠ ʩʨʝʜʳ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ Eɸ.hy926, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʚ ʩʨʝʜʫ 2 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ VEGF-A-165 (BioLegend, ʉʐɸ) ʜʦ 50 ʥʛ/ʤʣ, ʩʨʝʜʘ 3 
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ʩʦʜʝʨʞʘʣʘ ʪʦʣʴʢʦ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ ʠ 50 ʥʛ/ʤʣ VEGF-A-165. ʉʦʜʝʨʞʘʥʠʝ 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʭ 

ʩʨʝʜʘʭ ʙʳʣʦ ʩʥʠʞʝʥʦ ʜʦ 5%, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʟʙʳʪʦʯʥʳʡ ʨʦʩʪ ʢʣʝʪʦʢ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʠʥʜʫʢʮʠʠ (3 ʥʝʜʝʣʠ). ɿʘʤʝʥʫ ʩʨʝʜʳ ʧʨʦʚʦʜʠʣʠ 2 ʨʘʟʘ ʚ 

ʥʝʜʝʣʶ. ʏʝʨʝʟ 3 ʥʝʜʝʣʠ ʢʣʝʪʢʠ ʬʠʢʩʠʨʦʚʘʣʠ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ (Serva, 

ɻʝʨʤʘʥʠʷ) ʠ ʦʢʨʘʰʠʚʘʣʠ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ ʤʘʨʢʝʨʫ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 (ab24590, 

Abcam, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ HRP/DAB (ABC) 

Detection IHC Kit (ab64259, Abcam, ʉʐɸ). 

 

2.14 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʤʘʪʨʠʢʩʝ 

ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ in vitro 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʢʩʘ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ BD MatrigelÊ 

Basement Membrane Matrix Phenol Red Free (BD, ʉʐɸ). ʆʪʪʘʷʚʰʠʡ ʤʘʪʨʠʢʩ 

ʜʦʙʘʚʣʷʣʠ ʚ 48-ʣʫʥʦʯʥʳʡ ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʥʰʝʪ ʠʟ ʨʘʩʯʝʪʘ 150 ʤʢʣ ʛʝʣʷ ʥʘ 

ʣʫʥʢʫ ʠ ʦʩʪʘʚʣʷʣʠ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʂʣʝʪʢʠ ʣʠʥʠʠ 

EA.hy926 (35 ʪʳʩ.) ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 500 ʤʢʣ ʩʚʝʞʝʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ, 500 ʤʢʣ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʠʣʠ 500 ʤʢʣ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ 

ʩʨʝʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 200 ʥʛ/ʤʣ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ VEGF ʠ ʥʘʥʦʩʠʣʠ ʥʘ 

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʡ ʤʘʪʨʠʢʩ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʢʣʝʪʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Axiovert 40 CFL (Zeiss, ɻʝʨʤʘʥʠʷ). ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AxioVs40 4.8.2.0 ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

ʚʝʪʚʣʝʥʠʷ ʠ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʚʝʪʚʝʡ ʬʦʨʤʠʨʫʝʤʦʡ ʩʝʪʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ 

Ĭ50). ɼʣʷ ʢʘʞʜʦʡ ʣʫʥʢʠ ʦʙʩʯʠʪʳʚʘʣʠ ʥʝ ʤʝʥʝʝ 6 ʧʦʣʝʡ. 
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2.15 ʆʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʉʂ ʇʂ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ in vitro 

ʇʦʜʛʦʪʦʚʢʫ ʤʘʪʨʠʢʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʤʝʪʠʣʠ ʤʝʤʙʨʘʥʥʳʤ 

ʪʨʝʡʩʝʨʦʤ ʈʂʅ26 (ʵʤʠʩʩʠʷ ʚ ʦʨʘʥʞʝʚʦʡ ʦʙʣʘʩʪʠ), ʘ Eɸ.hy926 ï ʪʨʝʡʩʝʨʦʤ ʈʂʅ67 

(ʵʤʠʩʩʠʷ ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

(Sigma-Aldrich, ʉʐɸ). ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʛʠʦʛʝʥʝʟʘ ʩʫʩʧʝʥʟʠʶ ʢʣʝʪʦʢ (ʄʉʂ 

ʇʂ ʯʝʣʦʚʝʢʘ, Eɸ.hy926 ʠʣʠ ʩʤʝʩʴ ʜʚʫʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1) ʥʘʥʦʩʠʣʠ 

ʥʘ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʡ ʤʘʪʨʠʢʩ ʠʟ ʨʘʩʯʝʪʘ 35 ʪʳʩ. ʢʣʝʪʦʢ ʚ 500 ʤʢʣ ʩʨʝʜʳ ʥʘ 

ʣʫʥʢʫ 48-ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʢʣʝʪʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Axiovert 40 CFL (Zeiss, ɻʝʨʤʘʥʠʷ) ʠ 

Time-Lapse ʤʠʢʨʦʩʢʦʧʘ IncuCyte Zoom (Essen BioScience, ʉʐɸ). ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AxioVs40 4.8.2.0 ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

ʚʝʪʚʣʝʥʠʷ ʠ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʚʝʪʚʝʡ ʬʦʨʤʠʨʫʝʤʦʡ ʩʝʪʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ 

Ĭ50). ɼʣʷ ʢʘʞʜʦʡ ʣʫʥʢʠ ʦʙʩʯʠʪʳʚʘʣʠ ʥʝ ʤʝʥʝʝ 6 ʧʦʣʝʡ. 

 

2.16 ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ ʚ ʤʘʪʨʠʢʩʝ 

ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ 

ʆʢʨʘʰʠʚʘʥʠʝ ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʩʪʨʫʢʪʫʨ 

ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʘʥʪʠʪʝʣ ʩ ʩʘʤʠʤ 

ʤʘʪʨʠʢʩʦʤ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʨʠʦʩʨʝʟʘʭ. ɼʣʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʨʝʜʫ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ Tissue-TekÈ OCT Compound (Sakura Finetek, 

ʉʐɸ) ʠ ʟʘʤʦʨʘʞʠʚʘʣʠ ʧʨʠ -70Áʉ. ʂʨʠʦʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5-7 ʤʢʤ ʦʢʨʘʰʠʚʘʣʠ ʩ 

ʘʥʪʠʪʝʣʘʤʠ ʢ ʤʘʨʢʝʨʫ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 (ab24590, Abcam, ʉʐɸ). 
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2.17 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʞʠʚʦʪʥʳʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʮʘʭ 

ʘʫʪʙʨʝʜʥʳʭ ʢʨʳʩ Sprague-Dawley (ʅʇʇ çʇʠʪʦʤʥʠʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ʌʀɹʍ ʈɸʅè, ʈʦʩʩʠʷ). 

ɾʠʚʦʪʥʳʭ ʦʩʤʘʪʨʠʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠ ̫ʟʜʦʨʦʚʴʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʩʨʦʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɾʠʚʦʪʥʳʤ ʦʙʝʩʧʝʯʠʚʘʣʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʢʦʨʤʫ ʠ 

ʯʠʩʪʦʡ ʚʦʜʝ, ʤʝʥʷʣʠ ʧʦʜʩʪʠʣʢʫ ʧʦ ʤʝʨʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʤʠʥʘʮʠʠ, ʩʧʦʩʦʙʥʦʡ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʣʦʢʘʣʴʥʦʛʦ ʙʠʦʵʪʠʯʝʩʢʦʛʦ 

ʢʦʤʠʪʝʪʘ (ʇʨʦʪʦʢʦʣ ˉ 8ʙ ʟʘʩʝʜʘʥʠʷ ʙʠʦʵʪʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ ʌɻɹʋ çʅʅʀʀʄʏè 

ʈɸʄʅ ʦʪ 10.11.2012), ʧʨʠ ʝʛʦ ʧʦʩʪʘʥʦʚʢʝ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ çʇʨʘʚʠʣʘʤʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭè ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʘʤʠ ʄɿ ʉʉʉʈ ˉ 755 ʦʪ 12.08.1977 ʠ ˉ 701 ʦʪ 24.07.1978 ʠ 

çʇʨʘʚʠʣʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 2003 ʛ.  

 

2.18 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʰʝʤʠʠ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʫ ʢʨʳʩ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʰʝʤʠʠ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʦʚʦʟʨʝʣʳʭ 

ʩʘʤʮʘʭ ʘʫʪʙʨʝʜʥʳʭ ʢʨʳʩ Sprague-Dawley ʤʘʩʩʦʡ 180-200 ʛ. ʂʨʳʩ 

ʥʘʨʢʦʪʠʟʠʨʦʚʘʣʠ ʟʦʣʝʪʠʣʦʤ (20 ʤʛ/ʢʛ) ʠ ʨʦʤʝʪʘʨʦʤ (5 ʤʛ/ʢʛ). ʆʧʝʨʘʮʠʦʥʥʳʡ 

ʜʦʩʪʫʧ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʘʚʦʡ ʟʘʜʥʝʡ ʢʦʥʝʯʥʦʩʪʠ (ʈʠʩʫʥʦʢ 2). ʅʘ ʙʝʜʨʝʥʥʳʡ 

ʩʦʩʫʜʠʩʪʦ-ʥʝʨʚʥʳʡ ʧʫʯʦʢ ʥʘʢʣʘʜʳʚʘʣʠ ʣʠʛʘʪʫʨʳ: ʧʝʨʚʫ  ʁï ʚ ʦʙʣʘʩʪʠ ʧʘʭʦʚʦʡ 

ʩʚʷʟʢʠ, ʚʪʦʨʫ  ʁï ʥʘ 0,5 ʩʤ ʜʠʩʪʘʣʴʥʝʝ. ʇʨʦʚʦʜʠʣʠ ʠʩʩʝʯʝʥʠʝ ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ, 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʨʘʥʫ ʫʰʠʚʘʣʠ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʜʢʦʣʝʥʥʦʡ ʘʨʪʝʨʠʠ ʦʧʝʨʘʮʠʦʥʥʳʡ ʜʦʩʪʫʧ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʝʯʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ. ʄʳʰʮʳ ʛʦʣʝʥʠ 
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ʨʘʩʰʠʨʷʣʠ ʪʫʧʳʤ ʩʧʦʩʦʙʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʨʘʥʦʨʘʩʰʠʨʠʪʝʣʴ. ɺʳʜʝʣʷʣʠ 

ʧʦʜʢʦʣʝʥʥʫʶ ʘʨʪʝʨʠʶ ʠ ʩʝʜʘʣʠʱʥʳʡ ʥʝʨʚ. ʇʦʜʢʦʣʝʥʥʫʶ ʘʨʪʝʨʠʶ ʠʩʩʝʢʘʣʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʛʘʪʫʨʘʤʠ. ʈʘʥʫ ʫʰʠʚʘʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʘʥʪʠʩʝʧʪʠʢʦʤ. 

ʇʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʝ ʦʙʝʟʙʦʣʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʢʨʘʪʥʦ ʧʫʪʝʤ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦʛʦ ʚʚʝʜʝʥʠʷ ɹʘʨʘʣʛʠʥʘ ʄ (Aventis Pharma, ʀʥʜʠʷ) ʠʟ ʨʘʩʯʝʪʘ 10 

ʤʛ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʞʠʚʦʪʥʦʛʦ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʰʝʤʠʠ ʥʘ ʟʘʜʥʝʡ ʧʨʘʚʦʡ ʢʦʥʝʯʥʦʩʪʠ ʢʨʳʩʳ. 

(ʘ) ï ʃʠʛʠʨʦʚʘʥʠʝ ʠ ʠʩʩʝʯʝʥʠʝ ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ. (ʙ) ï ʃʠʛʠʨʦʚʘʥʠʝ ʠ ʠʩʩʝʯʝʥʠʝ 

ʧʦʜʢʦʣʝʥʥʦʡ ʘʨʪʝʨʠʠ.  

 

ɸ 

ɹ 
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2.19 ʇʦʜʛʦʪʦʚʢʘ ʢʣʝʪʦʯʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ 

ʄʉʂ ʇʂ ʢʨʳʩʳ (ʥʘ 2-4 ʧʘʩʩʘʞʘʭ) ʦʪʢʨʝʧʣʷʣʠ ʦʪ ʧʦʜʣʦʞʢʠ ʨʘʩʪʚʦʨʦʤ 

ʪʨʠʧʩʠʥʘ-ɺʝʨʩʝʥʘ, ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʦʪ ʜʠʩʩʦʮʠʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ 0,9% 

ʨʘʩʪʚʦʨʦʤ NaCl ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 0,9% ʨʘʩʪʚʦʨʝ NaCl ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʣʥ ʢʣʝʪʦʢ 

ʚ 1 ʤʣ ʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʠʥʩʫʣʠʥʦʚʳʝ ʰʧʨʠʮʳ (ʠʛʣʘ 26G). 

ɼʣʷ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʢʣʝʪʢʠ ʧʦʩʣʝ ʦʪʤr ʚʘʥʠʷ ʤʝʪʠʣʠ 

ʚʠʪʘʣʴʥʳʤ ʤʝʤʙʨʘʥʥʳʤ ʪʨʝʡʩʝʨʦʤ ʈʂʅ26 (Sigma-Aldrich, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʤʘʨʢʝʨʘ ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʩʦʭʨʘʥʥʦʩʪʠ ʤʝʪʢʠ 

ʯʘʩʪʴ ʈʂʅ26+ʄʉʂ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʩʫʪʦʢ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʨʦʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘ in vivo). 

2.20 ʊʨʘʥʩʧʣʘʥʪʘʮʠʷ ʄʉʂ ʇʂ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ ï 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʠ ʛʨʫʧʧʫ ʩʨʘʚʥʝʥʠʷ (ʪʘʙʣʠʮʘ 5). 

ʊʘʙʣʠʮʘ 5. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɻʨʫʧʧʳ ʊʨʘʥʩʧʣʘʥʪʘʪ 
ʌʠʢʩʘʮʠʷ 

ʤʘʪʝʨʠʘʣʘ 

ɺʩʝʛʦ 

ʞʠʚʦʪ

ʥʳʭ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʦʢʘʤ 

3 ʩʫʪ 10 ʩʫʪ 30 ʩʫʪ 

ʕʢʩʧʝʨʠʤ

ʝʥʪʘʣʴʥʘʷ 

ʛʨʫʧʧʘ 

5 ʤʣʥ ʄʉʂ ʇʂ  

ʚ 1 ʤʣ 0,9% NaCl 
ʬʦʨʤʘʣʠʥ 15 5 5 5 

5 ʤʣʥ ʄʉʂ ʇʂ+ʈʂʅ26 

ʚ 1 ʤʣ 0,9% NaCl 
ʢʨʠʦ 9 3 3 3 

ɻʨʫʧʧʘ 

ʩʨʘʚʥʝʥʠʷ 
1 ʤʣ 0,9% NaCl 

ʬʦʨʤʘʣʠʥ 15 5 5 5 

ʢʨʠʦ 9 3 3 3 
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ʏʝʨʝʟ 7 ʜʥʝʡ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ ʢʣʝʪʦʯʥʫʶ ʩʫʩʧʝʥʟʠʶ (5 ʤʣʥ 

ʄʉʂ ʇʂ ʢʨʳʩʳ ʚ 1 ʤʣ 0,9% ʨʘʩʪʚʦʨʘ NaCl) ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʧʫʪʝʤ 

ʧʷʪʠʢʨʘʪʥʦʛʦ ʦʙʢʘʣʳʚʘʥʠʷ ʤʳʰʮ ʛʦʣʝʥʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʫʣʠʥʦʚʦʛʦ ʰʧʨʠʮʘ 

(ʜʠʘʤʝʪʨ ʠʛʣʳ 26G). ɾʠʚʦʪʥʳʤ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʚʚʦʜʠʣʠ 1 ʤʣ 0,9% ʨʘʩʪʚʦʨʘ 

NaCl. 

 

2.21 ʊʝʩʪ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ çʨʦʪʘ-ʨʦʜè 

ɿʘ 1 ʩʫʪʢʠ ʜʦ ʚʳʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪ.ʝ. ʥʘ 2, 9 ʠʣʠ 29 

ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʧʨʦʚʦʜʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʪʝʩʪ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ 

ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ çʨʦʪʘ-ʨʦʜè, ʦʧʨʝʜʝʣʷ ̫ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʭʦʜʴʙʳ ʢʨʳʩʳ ʧʦ 

ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʘʣʫ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ. 

 

2.22 ɺʳʚʝʜʝʥʠʝ ʞʠʚʦʪʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ CO2-ʢʘʤʝʨʳ ʥʘ 3, 10 ʠʣʠ 

30 ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. ɺʳʜʝʣʷʣʠ ʢʦʤʧʣʝʢʩ ʤʳʰʮ ʛʦʣʝʥʠ: ʢʨʘʥʠʘʣʴʥʫʶ 

ʙʦʣʴʰʝʙʝʨʮʦʚʫʶ ʤʳʰʮʫ (m. tibialis cranialis), ʢʘʫʜʘʣʴʥʫʶ ʙʦʣʴʰʝʙʝʨʮʦʚʫʶ 

ʤʳʰʮʫ (m. tibialis caudalis), ʪʨʝʭʛʣʘʚʫʶ ʤʳʰʮʫ ʛʦʣʝʥʠ (m. triceps surae), 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʠʢʨʦʥʦʞʥʦʡ ʤʳʰʮʳ (m. gastrocnemius) ʠ ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʳ 

(m. soleus), ʧʦʜʦʰʚʝʥʥʫʶ ʤʳʰʮʫ (m.plantaris), ʜʣʠʥʥʫʶ ʤʘʣʦʙʝʨʮʦʚʫʶ ʤʳʰʮʫ 

(m.peroneus longus), ʢʦʨʦʪʢʫʶ ʤʘʣʦʙʝʨʮʦʚʫʶ ʤʳʰʮʫ (m.peroneus brevis). 
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2.23 ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʄʘʪʝʨʠʘʣ, ʠʟʲʷʪʳʡ ʫ ʞʠʚʦʪʥʳʭ ʙʝʟ ʚʚʝʜʝʥʠ ̫ ʤʝʯʝʥʳʭ ʢʣʝʪʦʢ (ʧʦ 15 

ʞʠʚʦʪʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ), ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

10% ʨʘʩʪʚʦʨʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʥʘ ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʧʦ ʃʠʣʣʠ ʚ ʪʝʯʝʥʠʝ 

72 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʦʙʨʘʟʮʳ ʪʢʘʥʠ ʧʨʦʤʳʚʘʣʠ ʚ ʧʨʦʪʦʯʥʦʡ 

ʚʦʜʝ. ʇʦʩʣʝ ʩʪʘʥʜʘʨʪʥʦʡ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʚʦʜʢʠ ʦʙʨʘʟʮʳ ʪʢʘʥʝʡ ʟʘʢʣʶʯʘʣʠ ʚ 

ʧʘʨʘʬʠʥ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʤʳʰʮʝ, ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʤʠʢʨʦʪʦʤʝ Accu-Cut SRM (Sakura, 

ʗʧʦʥʠʷ) ʜʝʣʘʣʠ ʧʦʧʝʨʝʯʥʳʝ ʩʝʨʠʡʥʳʝ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5 ʤʢʤ ʥʘ 3 ʫʨʦʚʥʷʭ. ʉʨʝʟʳ 

ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ, ʦʙʝʟʚʦʞʠʚʘʣʠ ʠ ʟʘʢʣʶʯʘʣʠ ʚ 

ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʤʦʥʪʠʨʫʶʱʫʶ ʩʨʝʜʫ (ʚʩʝ ɹʠʦɺʠʪʨʫʤ, ʈʦʩʩʠʷ). 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ Leica 

DM 2500 (ʫʚʝʣʠʯʝʥʠʝ Ĭ200) ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ImageScope M (Leica 

Biosystems, ɻʝʨʤʘʥʠʷ).  

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʢʨʘhʝʥʥʳʭ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ. ʄʝʪʦʜʦʤ ʪʦʯʝʯʥʦʛʦ ʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʪʢʠ ʩ 25 ʫʟʣʘʤʠ [ɸʚʪʘʥʜʠʣʦʚ, 

1990] ʦʧʨʝʜʝʣʷʣʠ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʥʦʡ ʪʢʘʥʠ (ʥʝʢʨʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʠ ʘʪʨʦʬʠʨʦʚʘʥʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ). ʅʘ ʢʘʞʜʫʶ ʛʨʫʧʧʫ ʙʳʣʦ ʧʨʦʩʯʠʪʘʥʦ 

3750 ʪʦʯʝʢ (25 ʪʦʯʝʢ ʚ ʧʦʣʝ ʟʨʝʥʠʷ, ʧʦ 10 ʚʳʙʨʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʝʡ 

ʟʨʝʥʠʷ ʩʦ ʩʨʝʟʦʚ, ʩʜʝʣʘʥʥʳʭ ʥʘ 3 ʫʨʦʚʥʷʭ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 5 ʞʠʚʦʪʥʳʭ).  

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʦʯʘʛʝ ʠʰʝʤʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʧʨʝʧʘʨʘʪʦʚ (ʫʚʝʣʠʯʝʥʠʝ 

Ĭ400), ʦʢʨʘʰʝʥʥʳʭ ʥʘ ʤʘʨʢʝʨ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 (ab 24590, Abcam, ʉʐɸ). ɺ 

ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ mouse specific HRP/DAB 

kit (ab64259, Abcam, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ 

ʧʨʦʛʨʘʤʤʝ Adobe Photoshop CS6 ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʢʦʣʠʯʝʩʪʚʦ ʠ ʦʙʲʝʤʥʘʷ 
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ʧʣʦʪʥʦʩʪʴ ʩʦʩʫʜʦʚ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ (ʧʣʦʱʘʜʴ ʩʦʩʫʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʱʘʜʠ ʧʦʣʷ ʟʨʝʥʠʷ, ʟʘʥʠʤʘʝʤʦʡ ʧʦʚʨʝʞʜʝʥʥʦʡ ʪʢʘʥʴʶ). ʅʘ ʢʘʞʜʦʝ ʞʠʚʦʪʥʦʝ 

ʙʳʣʦ ʦʙʩʯʠʪʘʥʦ ʧʦ 30 ʚʳʙʨʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʝʡ ʟʨʝʥʠʷ ʥʘ 3 ʫʨʦʚʥʷʭ, 

ʚʩʝʛʦ 450 ʧʦʣʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ. 

 

2.24 ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

ʄʘʪʝʨʠʘʣ, ʠʟʲʷʪʳʡ ʫ ʞʠʚʦʪʥʳʭ ʩ ʚʚʝʜʝʥʠʝʤ ʤʝʯʝʥʳʭ ʢʣʝʪʦʢ (ʧʦ 9 

ʞʠʚʦʪʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ), ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʛʦʪʦʚʠʣʠ ʢʨʠʦʩʨʝʟʳ ʥʘ 4 ʫʨʦʚʥʷʭ ʪʦʣʱʠʥʦʡ 5-6 ʤʢʤ. 

ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʠʚʘʣʠ DAPI (Sigma-Aldrich, ʉʐɸ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Leica DM 4000 B ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ LAS AF v.3.1.0 build 8587 (Leica Microsystems, ɻʝʨʤʘʥʠʷ). 

ʂʨʠʦʩʨʝʟʳ ʦʢʨʘʰʠʚʘʣʠ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ ʤʘʨʢʝʨʫ ʤʘʢʨʦʬʘʛʦʚ CD68 

(ab125212, Abcam, ʉʐɸ), ʤʘʨʢʝʨʫ ʄ2 ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʦʚ CD206 (sc-

34577, Santa Cruz Biotechnology, ʉʐɸ), VEGF (ab 9570, Abcam, ʉʐɸ), ʤʘʨʢʝʨʫ 

ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 (ab 24590, Abcam, ʉʐɸ), ʛʜʘʜʢʦʤʳʰʝʯʥʦʤʫ ʘʢʪʠʥʫ ŬSMA 

(ab5694, Abcam, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʟʘʪʝʤ 

ʘʥʪʠʪʝʣʘʤʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ FITC (ab97050 ʠʣʠ ab6785, Abcam, ʉʐɸ), ʷʜʨʘ 

ʢʣʝʪʦʢ ʜʦʢʨʘʰʠʚʘʣʠ DAPI (Sigma-Aldrich, ʉʐɸ). 

CD68+ ʠ CD206+ʢʣʝʪʢʠ ʚ ʦʯʘʛʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʘʢ ʤʠʥʠʤʫʤ 

ʚ 100 ʧʦʣʷʭ ʟʨʝʥʠʷ (ʧʦ 25 ʧʦʣʝʡ ʥʘ 4 ʫʨʦʚʥʷʭ) ʜʣʷ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ 

(ʫʚʝʣʠʯʝʥʠʝ Ĭ400) ʠ ʦʧʨʝʜʝʣʷʣʠ ʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʣʝʪʦʢ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʢʠ ʈʂʅ26 ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʬʠʣʴʪʨʦʚ çS-

Orangeè (ʚʦʟʙʫʞʜʘʶʱʠʡ ʬʠʣʴʪʨ ï546/12 ʥʤ, ʧʨʦʧʫʩʢʘʶʱʠʡ ï 585/40 ʥʤ).  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ PKH26+CD68+ʢʣʝʪʦʢ ʚ ʢʨʘʩʥʦʤ ʠ ʩʠʥʝʤ ʢʘʥʘʣʘʭ ʦʪʤʝʯʘʣʠ 

ʷʜʨʘ ʢʣʝʪʦʢ ʩ ʢʨʘʩʥʳʤ ʈʂʅ26 ʚ ʮʠʪʦʧʣʘʟʤʝ, ʟʘʪʝʤ ʚ ʩʠʥʝʤ ʠ ʟʝʣʝʥʦʤ ʢʘʥʘʣʘʭ 

ʤʘʨʢʠʨʦʚʘʣʠ ʜʨʫʛʠʤ ʮʚʝʪʦʤ ʷʜʨʘ CD68+ʢʣʝʪʦʢ ʩʨʝʜʠ ʦʪʤʝʯʝʥʥʳʭ ʨʘʥʝʝ ʢʣʝʪʦʢ. 
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PKH26+CD68+ʢʣʝʪʢʠ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 100 ʧʦʣʷʭ ʟʨʝʥʠʷ (ʧʦ 25 

ʧʦʣʝʡ ʥʘ 4 ʫʨʦʚʥʷʭ) ʜʣʷ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ (ʫʚʝʣʠʯʝʥʠʝ Ĭ400) ʠ ʦʧʨʝʜʝʣʷʣʠ ʠʭ 

ʦʪʥʦʰʝʥʠʝ ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʤʝʪʢʫ PKH26. 

2.25 ʂʦʣʦʢʘʣʠʟʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʂʦʣʦʢʘʣʠʟʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʨʠʦʩʨʝʟʘʭ, ʦʢʨʘʰʝʥʥʳʭ ʩ 

ʘʥʪʠʪʝʣʘʤʠ ʢ CD68 (ab125212, Abcam, ʉʐɸ), ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss LSM700 ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ZEN 

(Zeiss, ɻʝʨʤʘʥʠʷ). ʆʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʣʦʞʝʥʠʷ ʄʘʥʜʝʨʩʘ (ʄʆʉ ï the 

Mander's overlap coefficient). ʆʙʩʯʠʪʳʚʘʣʠ ʧʦ 10 ʧʦʣʝʡ ʥʘ ʢʘʞʜʦʝ ʞʠʚʦʪʥʦʝ.  

2.26 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

(ʩʪʘʥʜʘʨʪʥʳʭ ʦʰʠʙʦʢ ʩʨʝʜʥʝʛʦ) ʠʣʠ ʤʝʜʠʘʥ ʠ ʧʝʨʮʝʥʪʠʣʝʡ. ʇʨʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʯʘʛʘ ʧʦʚʨʝʞʜʝʥʠʷ ʩʨʝʜʥʠʝ ʠ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʘʤ ʜʣʷ ʜʦʣʝʡ, ʛʨʘʥʠʮʳ 95%-ʥʳʭ 

ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʜʦʣʝʡ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ű-ʢʨʠʪʝʨʠʷ. 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʩʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʯʥʳʭ 

ʜʦʣʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ z-ʪʝʩʪʘ, ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ï ʩ ʧʦʤʦʱʴʶ t-ʪʝʩʪʘ ʜʣʷ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʠ ʪʝʩʪʘ ʍʦʣʴʤʘ-ʉʠʜʘʢʘ 

ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʠ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʦʪʣʠʯʥʦʛʦ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ - 

ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʄʘʥʥʘ-ʋʠʪʥʠ ʜʣʷ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʠ ʪʝʩʪʘ ɼʘʥʥʘ ʜʣʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ. ɼʣʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (one-

way ANOVA), ʧʨʠ ʦʪʣʠʯʥʦʤ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʥʛʦʚʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA on ranks). ʈʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ 5% ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Sigma Stat 3.5 (Systat Software, ʉʐɸ). 
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3 ʈɽɿʋʃʔʊɸʊʓ 

3.1. ʇʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʫʣʴʪʫʨ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ 

ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ  

3.1.1  ʉʪʨʦʝʥʠʝ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ 

ɼʣʠʥʘ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 35-60 ʩʤ, 

ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1-1,5 ʩʤ. 

ʅʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʭʦʨʦʰʦ ʚʠʜʥʳ 2 ʧʫʧʦʯʥʳʝ ʘʨʪʝʨʠʠ 

(ʚʳʧʷʯʠʚʘʥʠʷ ʤʳʰʝʯʥʦʡ ʩʪʝʥʢʠ ʦʙʦʣʦʯʝʢ ʩʤʳʢʘʶʪʩʷ ʚ ʤʦʤʝʥʪ ʨʦʞʜʝʥʠʷ 

ʨʝʙʝʥʢʘ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʢʨʦʚʦʪʝʯʝʥʠʝ) ʠ 1 ʧʫʧʦʯʥʘʷ ʚʝʥʘ, ʥʘʧʦʣʥʝʥʥʘʷ 

ʢʨʦʚʴʶ. ʉʦʩʫʜʳ ʦʢʨʫʞʝʥʳ ʚʘʨʪʦʥʦʚʳʤ ʩʪʫʜʥʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʧʦ 

ʄʘʣʣʦʨʠ ʚʳʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʨʳʭʣʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʦʣʣʘʛʝʥʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʫʧʦʯʥʳʡ ʢʘʥʘʪʠʢ ʧʦʢʨʳʪ 

ʦʜʥʦʩʣʦʡʥʳʤ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤ ʵʧʠʪʝʣʠʝʤ (ʈʠʩʫʥʢʠ 3 ʠ 4). 

ʆʙʟʦʨʥʳʝ ʤʝʪʦʜʳ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʷʜʝʨ DAPI 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʧʫʧʦʚʠʥʝ. ʅʘʠʙʦʣʝʝ 

ʧʣʦʪʥʦ ʢʣʝʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʪʝʥʢʘʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʯʫʪʴ ʤʝʥʴʰʝ ï ʚ 

ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʚʘʨʪʦʥʦʚʦʤ ʩʪʫʜʥʝ ʢʣʝʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʨʝʜʢʦ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ (ʈʠʩʫʥʢʠ 4 ʠ 5). 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʦʝʥʠʝ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ. ʇʘʥʦʨʘʤʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 1 ʤʤ. ʆʢʨʘʰʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ. 

 

   

ɸ ɹ 



56 

  

ʈʠʩʫʥʦʢ 4 ï ʇʝʨʠʚʘʩʢʫʣʷʨʥʘʷ ʦʙʣʘʩʪʴ (ʘ, ʙ) ʠ ʢʨʘʝʚʘʷ ʟʦʥʘ (ʚ, ʛ) ʧʫʧʦʯʥʦʛʦ 

ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ. ʆʢʨʘʰʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ (ʘ, ʚ), ʧʦ ʄʘʣʣʦʨʠ (ʙ, 

ʛ). ʉʚʝʪʣʦʧʦʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʜʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʧʫʧʦʯʥʦʤ ʢʘʥʘʪʠʢʝ 

ʯʝʣʦʚʝʢʘ. ʗʜʨʘ ʢʣʝʪʦʢ ʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʂʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʥʝʰʥʝʛʦ ʢʨʘʷ ʧʫʧʦʚʠʥʳ ʢ ʧʨʦʩʚʝʪʫ 

ʢʨʦʚʝʥʦʩʥʦʛʦ ʩʦʩʫʜʘ (ʂʉ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 

200 ʤʢʤ. 

ɺ ɻ 

ʂʉ 
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ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ, ʯʪʦ CD146+ ʢʣʝʪʢʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʩʪʝʥʢʘʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʥʦ ʥʝ ʚ ʚʘʨʪʦʥʦʚʦʤ ʩʪʫʜʥʝ 

(ʈʠʩʫʥʦʢ 6). 

  

ʈʠʩʫʥʦʢ 6 ï ʃʦʢʘʣʠʟʘʮʠʷ CD146+ ʢʣʝʪʦʢ (ʢʨʘʩʥʳʡ) ʚ ʧʫʧʦʯʥʦʤ ʢʘʥʘʪʠʢʝ 

ʯʝʣʦʚʝʢʘ. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʂʉ ï ʧʨʦʩʚʝʪ ʢʨʦʚʝʥʦʩʥʦʛʦ 

ʩʦʩʫʜʘ, ɺʉ ï ʚʘʨʪʦʥʦʚ ʩʪʫʜʝʥʴ. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ 

ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

ʆʢʨʘʰʠʚʘʥʠʝ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ CD31 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʚʘʨʪʦʥʦʚʦʤ ʩʪʫʜʥʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʧʠʣʣʷʨʳ, ʘ CD31 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʧʫʧʦʯʥʳʭ ʘʨʪʝʨʠʡ ʠ ʚʝʥʳ (ʈʠʩʫʥʦʢ 7). 

  

ʈʠʩʫʥʦʢ 7 ï ʃʦʢʘʣʠʟʘʮʠʷ CD31+ ʢʣʝʪʦʢ (ʟʝʣʝʥʳʡ) ʚ ʧʫʧʦʯʥʦʤ ʢʘʥʘʪʠʢʝ 

ʯʝʣʦʚʝʢʘ. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʂʉ ï ʧʨʦʩʚʝʪ ʢʨʦʚʝʥʦʩʥʦʛʦ 

ʩʦʩʫʜʘ, ɺʉ ï ʚʘʨʪʦʥʦʚ ʩʪʫʜʝʥʴ. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ 

ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

ʂʉ 

ɺʉ 

ʂʉ 

ʂʉ 

ɺʉ 
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3.1.2 ʉʪʨʦʝʥʠʝ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʢʨʳʩʳ 

ʇʫʧʦʚʠʥʘ ʢʨʳʩʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʨʘʟʤʝʨʫ, ʯʝʤ ʫ ʯʝʣʦʚʝʢʘ ï ʚʩʝʛʦ 

2-3 ʤʤ ʚ ʜʠʘʤʝʪʨʝ, ʜʦ 4-5 ʩʤ ʚ ʜʣʠʥʫ. ʅʘ ʧʦʧʝʨʝʯʥʦʤ ʩʨʝʟʝ ʧʫʧʦʚʠʥʘ ʠʤʝʝʪ 

ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. ɹʣʠʞʝ ʢ ʢʨʘʶ ʧʫʧʦʚʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʦʚʝʥʦʩʥʳʝ 

ʩʦʩʫʜʳ, ʠʭ ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 3 ʜʦ 7. ʅʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʥʝʪ ʯʝʪʢʦʛʦ 

ʦʪʛʨʘʥʠʯʝʥʠʷ ʩʪʝʥʦʢ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʘʨʪʦʥʦʚʘ 

ʩʪʫʜʥʷ (ʈʠʩʫʥʢʠ 8 ʠ 9). 

  

ʈʠʩʫʥʦʢ 8 ï ʉʪʨʦʝʥʠʝ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʢʨʳʩʳ. ʇʘʥʦʨʘʤʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 500 ʤʢʤ. ʆʢʨʘʰʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ (ʘ), ʧʦ ʄʘʣʣʦʨʠ (ʙ). 

  

ʈʠʩʫʥʦʢ 9 ï ʂʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʠ ʩʪʨʦʤʘ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʢʨʳʩʳ. 

ʆʢʨʘhʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ (ʘ), ʧʦ ʄʘʣʣʦʨʠ (ʙ). ʉʚʝʪʣʦʧʦʣʴʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 50 ʤʢʤ. 

ɸ ɹ 
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3.1.3 ɺʳʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ 

ʉ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʠʟ 10 ʦʙʨʘʟʮʦʚ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ 

ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʫʩʧʝʰʥʦ ʚʳʜʝʣʝʥʳ 10 ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʠʢʨʝʧʠʚʰʠʝʩʷ ʢ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʧʦʜʣʦʞʢʝ ʢʣʝʪʢʠ ʧʨʠ ʤʘʣʦʡ ʢʦʥʬʣʫʝʥʪʥʦʩʪʠ 

ʤʦʥʦʩʣʦʷ ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʜʚʠʞʫʱʠʭʩʷ ʢʣʝʪʦʢ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ ʩ 

ʚʝʜʫʱʠʤ ʢʨʘʝʤ. ʂʣʝʪʢʠ ʘʢʪʠʚʥʦ ʧʨʦʣʠʬʝʨʠʨʦʚʘʣʠ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʬʣʫʝʥʪʥʦʩʪʠ ʧʨʠʥʠʤʘʣʠ ʚʝʨʝʪʝʥʦʚʠʜʥʫʶ ʬʦʨʤʫ ʠ ʬʦʨʤʠʨʦʚʘʣʠ ʨʠʩʫʥʦʢ ʚ 

ʚʠʜʝ ʚʦʣʥ (ʈʠʩʫʥʦʢ 10). 

  

ʈʠʩʫʥʦʢ 10 ï ʇʝʨʚʠʯʥʘʷ ʢʫʣʴʪʫʨʘ ʢʣʝʪʦʢ, ʚʳʜʝʣʝʥʥʳʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʟ ʚʘʨʪʦʥʦʚʘ ʩʪʫʜʥʷ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ, ʯʝʨʝʟ 5 ʩʫʪʦʢ (ʘ) ʠ 10 

ʩʫʪʦʢ (ʙ) ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ. ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ 

ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

ʂʣʝʪʢʠ ʥʘ ʩʪʘʜʠʠ ʩʫʙʢʦʥʬʣʫʝʥʪʥʦʛʦ ʤʦʥʦʩʣʦʷ ʣʝʛʢʦ ʦʪʢʨʝʧʣʷʣʠʩʴ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʜʠʩʩʦʮʠʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʦʪ ʧʦʜʣʦʞʢʠ. ʇʦʩʣʝ ʧʝʨʝʥʦʩʘ ʚ 

ʥʦʚʫʶ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʧʦʩʫʜʫ ʢʣʝʪʢʠ ʧʨʠʢʨʝʧʣʷʣʠʩʴ ʢ ʧʦʜʣʦʞʢʝ ʫʞʝ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʯʘʩʘ. ʂʣʝʪʢʠ ʩʦʭʨʘʥʷʣʠ ʩʚʦʶ ʤʦʨʬʦʣʦʛʠʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʠʥʠʤʫʤ 4 

ʧʘʩʩʘʞʝʡ (ʈʠʩʫʥʦʢ 11). 

ɸ ɹ 
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ʈʠʩʫʥʦʢ 11 ï ʂʫʣʴʪʫʨʘ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʥʘ 2 ʧʘʩʩʘʞʝ (ʘ) ʠ ʥʘ 4 ʧʘʩʩʘʞʝ 

(ʙ). ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

3.1.4 ɺʳʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʢʨʳʩʳ 

ɸʢʪʠʚʥʫʶ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʠʥʪʝʨʚʘʩʢʫʣʷʨʥʦʡ ʩʪʨʦʤʳ 

ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʢʨʳʩʳ ʥʘʙʣʶʜʘʣʠ ʫʞʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ ʧʦʩʣʝ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʵʢʩʧʣʘʥʪʦʚ ʢ ʧʣʘʩʪʠʢʫ. ʂʣʝʪʢʠ ʠʤʝʣʠ ʬʦʨʤʫ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʧʦʣ̫ʨʠʟʦʚʘʥʥʦʛʦ ʬʠʙʨʦʙʣʘʩʪʘ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʘʢʪʠʚʥʳʤ (ʜʚʠʞʫʱʠʤʩʷ) 

ʢʨʘʝʤ. ʆʪʢʨʝʧʣʝʥʠʝ ʵʢʩʧʣʘʥʪʦʚ ʦʪ ʧʦʜʣʦʞʢʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 5-7 ʩʫʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 12). 

  

ʈʠʩʫʥʦʢ 12 ï ɺʳʜʝʣʝʥʠʝ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ 

ʢʨʳʩʳ ʤʝʪʦʜʦʤ ʵʢʩʧʣʘʥʪʦʚ. (ʘ) ï ʄʠʛʨʘʮʠʷ ʢʣʝʪʦʢ ʠʟ ʵʢʩʧʣʘʥʪʘ ʥʘ 3 ʩʫʪʢʠ ʧʦʩʣʝ 

ɸ ɹ 
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ʥʘʯʘʣʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. (ʙ) ï ʄʝʩʪʦ ʦʪʢʨʝʧʣʝʥʠʷ ʵʢʩʧʣʘʥʪʘ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʧʦʜʣʦʞʢʢʠ. ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

ʂʣʝʪʢʠ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠʤʝʣʠ ʦʜʥʦʪʠʧʥʫʶ ʤʦʨʬʦʣʦʛʠʶ: ʥʝʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨ (ʜʦ 80 ʤʢʤ), ʬʠʙʨʦʙʣʘʩʪʦʧʦʜʦʙʥʘʷ ʬʦʨʤʘ, ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʝ 

ʦʢʨʫʛʣʦʝ ʷʜʨʦ ʩ ʯʝʪʢʦ ʚʠʟʫʘʣʠʟʠʨʫʝʤʳʤʠ ʷʜʨʳʰʢʘʤʠ, ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ 

ʟʝʨʥʠʩʪʦʩʪʴ ʮʠʪʦʧʣʘʟʤʳ. ʕʢʩʧʘʥʩʠʷ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʳ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝ ʪʦʣʴʢʦ 

ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ ʠʟ ʵʢʩʧʣʘʥʪʦʚ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʤʠʪʦʪʠʯʝʩʢʦʛʦ ʜʝʣʝʥʠʷ 

ʧʨʠʢʨʝʧʠʚʰʠʭʩʷ ʢʣʝʪʦʢ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʣʠ ʫʞʝ ʥʘ 3-4 ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ 

ʧʘʩʩʠʨʦʚʘʥʥʦʡ ʢʫʣʴʪʫʨʝ ʩʦʭʨʘʥʷʣʘʩʴ ʚʳʩʦʢʘʷ ʤʠʪʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʈʠʩʫʥʦʢ 

13). 

  

ʈʠʩʫʥʦʢ 13 ïɺʥʝʰʥʠʡ ʚʠʜ ʢʫʣʴʪʫʨʳ ʄʉʂ ʇʂ ʢʨʳʩʳ ʥʘ 1 ʧʘʩʩʘʞʝ (ʘ) ʠ ʥʘ 

4 ʧʘʩʩʘʞʝ (ʙ). ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

3.1.5 ɸʥʘʣʠʟ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʄʉʂ ʇʂ 

ɸʥʘʣʠʟ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʧʦʜʪʚʝʨʜʠʣ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʥʪʠʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ 

ʢʣʝʪʦʢ. ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ ʜʦʣʷ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʚʰʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʘʨʢʝʨʳ CD73, CD90 ʠ CD105, ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 98%; ʜʦʣʷ 

ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʚʰʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʘʨʢʝʨʳ CD45, CD34, CD11b, CD19 ʠ 

HLA-DR, ʥʝ ʧʨʝʚʳʰʘʣʘ 1% (ʈʠʩʫʥʢʠ 14 ʠ 15). 
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ʈʠʩʫʥʦʢ 14 ï ɸʥʘʣʠʟ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʢʫʣʴʪʫʨʳ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ. 

ɾʝʣʪʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʜʦʣʷ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʜʘʥʥʳʡ ʤʘʨʢʝʨ. ɺ 

ʢʦʢʪʝʡʣʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʚʭʦʜʷʪ PE CD45, PE CD34, PE CD11b, PE CD19 

ʠ PE HLA-DR. 
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ʈʠʩʫʥʦʢ 15 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʤʤʫʥʦʬʝʥʦʪʠʧʘ ʄʉʂ ʇʂ ʢʨʳʩʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʝʛʘʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʨʢʝʨʳ CD34, CD45, CD11b. 

 

3.1.6 ʅʘʧʨʘʚʣʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ 

ʄʉʂ ʇʂ ʥʝ ʠʟʤʝʥʷʣʠ ʩʚʦʡ ʬʝʥʦʪʠʧ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʨʦʩʪʦʚʦʡ 

ʩʨʝʜʝ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʜʫʢʪʦʨʦʚ. 

ɺ ʢʫʣʴʪʫʨʝ ʄʉʂ ʇʂ ʣʠʧʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʦʷʚʣʷʣʠʩʴ ʚ ʦʪʜʝʣʴʥʳʭ 

ʢʣʝʪʢʘʭ ʫʞʝ ʥʘ 5-7 ʩʫʪʢʠ ʘʜʠʧʦʛʝʥʥʦʡ ʠʥʜʫʢʮʠʠ. ʂ 10-14 ʩʫʪʢʘʤ ʜʦʣʷ ʪʘʢʠʭ 

ʢʣʝʪʦʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 70-90% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʳ, ʘ ʩʘʤʠ ʚʢʣʶʯʝʥʠʷ 

ʩʪʘʥʦʚʠʣʠʩʴ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ, ʭʦʪʷ ʩʣʠʷʥʠʷ ʠʭ ʥʝ ʥʘʙʣʶʜʘʣʠ. ʆʢʨʘʰʠʚʘʥʠʝ 

ʉʫʜʘʥʦʤ III  ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʥʝʡʪʨʘʣʴʥʦʛʦ ʞʠʨʘ [ʉʝʣʠʚʘʥʦʚ ɽ.ɺ., 

2003]. 
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ʏʝʨʝʟ 7-10 ʩʫʪʦʢ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʩʪʝʦʛʝʥʥʦʡ ʠʥʜʫʢʮʠʠ ʄʉʂ ʇʂ ʠʟʤʝʥʷʣʠ 

ʦʙʱʠʡ ʚʦʣʥʦʚʦʡ ʨʠʩʫʥʦʢ ʤʦʥʦʩʣʦʷ. ʏʝʨʝʟ 21-28 ʩʫʪʦʢ ʠʥʜʫʢʮʠʠ ʚ ʢʫʣʴʪʫʨʝ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʢʦʧʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʚʠʜʝ ʛʨʝʙʥʝʡ, ʦʢʨʘʰʠʚʘʶʱʠʭʩʷ ʥʘ ʚʝʨʰʠʥʝ ʚ 

ʠʥʪʝʥʩʠʚʥʳʡ ʢʨʘʩʥʳʡ ʮʚʝʪ ʘʣʠʟʘʨʠʥʦʚʳʤ ʢʨʘʩʥʳʤ S ï ʢʨʘʩʠʪʝʣʝʤ, ʦʙʨʘʟʫʶʱʠʤ 

ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ ʣʘʢʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʢʘʣʴʮʠʷ [ʉʝʣʠʚʘʥʦʚ 

ɽ.ɺ., 2003]. 

ʇʨʠ ʭʦʥʜʨʦʛʝʥʥʦʡ ʠʥʜʫʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʄʉʂ ʇʂ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʠ ʯʝʨʝʟ 7-10 ʜʥʝʡ: ʚ ʤʦʥʦʩʣʦʝ ʥʘʯʠʥʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʢʦʧʣʝʥʠʷ 

(ʫʟʝʣʢʠ). ʂ ʢʦʥʮʫ 3 ʥʝʜʝʣʠ ʠʥʜʫʢʮʠʠ ʦʥʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʨʘʟʤʝʨʘʭ, ʧʨʠʥʠʤʘʣʠ 

ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ. ʆʢʨʘʰʠʚʘʥʠʝ 1% ʨʘʩʪʚʦʨʦʤ ʘʣʴʮʠʘʥʦʚʦʛʦ ʩʠʥʝʛʦ, ʨʅ=2,5, 

ʚʳʷʚʠʣʦ ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʳ [ʉʝʣʠʚʘʥʦʚ ɽ.ɺ., 2003] ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʤʘʪʨʠʢʩʝ 

ʪʘʢʠʭ ʩʢʦʧʣʝʥʠʡ (ʈʠʩʫʥʢʠ 16 ʠ 17). 

 

  

  

ʈʠʩʫʥʦʢ 16 ï ʅʘʧʨʘʚʣʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ. (ʘ) ï 

ʂʦʥʪʨʦʣʴ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʄʉʂ ʇʂ ʚ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʙʝʟ ʜʦʙʘʚʣʝʥʥʠʷ 

ɸ ɹ 
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ʠʥʜʫʢʪʦʨʦʚ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ. (ʙ) ï ɸʜʠʧʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. 

ʆʢʨʘʰʠʚʘʥʠʝ ʉʫʜʘʥʦʤ III. (ʚ) ï ʆʩʪʝʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. ʆʢʨʘʰʠʚʘʥʠʝ 

ʘʣʠʟʘʨʠʥʦʚʳʤ ʢʨʘʩʥʳʤ. (ʛ) ï ʍʦʥʜʨʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. ʆʢʨʘʰʠʚʘʥʠʝ 

ʘʣʴʮʠʘʥʦʚʳʤ ʩʠʥʠʤ. ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʘ), ʪʝʤʥʦʧʦʣʴʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʙ-ʛ), ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

 

   

   

ʈʠʩʫʥʦʢ 17 ï ʅʘʧʨʘʚʣʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ ʢʨʳʩʳ. (ʘ) ï 

ʂʦʥʪʨʦʣʴ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʄʉʂ ʇʂ ʚ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʙʝʟ ʜʦʙʘʚʣʝʥʥʠʷ 

ʠʥʜʫʢʪʦʨʦʚ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ. (ʙ) ï ɸʜʠʧʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. 

ʆʢʨʘʰʠʚʘʥʠʝ ʉʫʜʘʥʦʤ III. (ʚ) ï ʆʩʪʝʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. ʆʢʨʘʰʠʚʘʥʠʝ 

ʘʣʠʟʘʨʠʥʦʚʳʤ ʢʨʘʩʥʳʤ S. (ʛ) ï ʍʦʥʜʨʦʛʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. ʆʢʨʘʰʠʚʘʥʠʝ 

ʘʣʴʮʠʘʥʦʚʳʤ ʩʠʥʠʤ. ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 

ʤʢʤ. 
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3.1.7 ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʝʥʦʪʠʧʘ ʢʫʣʴʪʫʨʳ ʄʉʂ ʇʂ 

ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʘ ʧʨʦʣʠʬʝʨʘʮʠʠ Ki67 (ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ ʚʩʝʭ ʬʘʟʘʭ ï G1, S, 

G2 ʠ M ï ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʢʨʦʤʝ G0) ʚ ʢʫʣʴʪʫʨʘʭ ʄʉʂ ʇʂ ʥʘ 2-3 ʧʘʩʩʘʞʘʭ: 

ʜʦʣʷ Ki67+ ʢʣʝʪʦʢ ʜʦʩʪʠʛʘʣʘ 75-85% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʳ (ʈʠʩʫʥʦʢ 18). 

 

ʈʠʩʫʥʦʢ 18 ï ʕʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʘ ʧʨʦʣʠʬʝʨʘʮʠʠ Ki67 (ʟʝʣʝʥʳʡ) ʚ 

ʢʫʣʴʪʫʨʝ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʥʘ 2 ʧʘʩʩʘʞʝ. ʉʦʚʤʝʱʝʥʠʝ ʬʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʦʡ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

ɺʠʤʝʥʪʠʥ (ʙʝʣʦʢ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʣʝʪʦʢ 

ʤʝʟʝʥʭʠʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʳʡ ʘʢʪʠʥ ʘʣʴʬʘ (ŬSMA) 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠʩʴ ʢʣʝʪʢʘʤʠ ʢʘʢ ʧʝʨʚʠʯʥʦʡ, ʪʘʢ ʠ ʧʘʩʩʠʨʦʚʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʄʉʂ 

ʇʂ (ʈʠʩʫʥʦʢ 19 ʠ 20). 
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ʈʠʩʫʥʦʢ 19 ï ʕʢʩʧʨʝʩʩʠʷ ʚʠʤʝʥʪʠʥʘ (ʟʝʣʝʥʳʡ) ʚ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ. ʗʜʨʘ 

ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ 

ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

 

ʈʠʩʫʥʦʢ 20 ï ʕʢʩʧʨʝʩʩʠʷ ŬSMA (ʟʝʣʝʥʳʡ) ʚ ʄʉʂ ʇʂ. ʗʜʨʘ ʢʣʝʪʦʢ 

ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 

200 ʤʢʤ. 



68 

***  

ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ ʯʝʣʦʚʝʢʘ ʠʣʠ 

ʢʨʳʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ISCT [Dominici et al., 

2006] ʢ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʤ ʩʪʨʦʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ: ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʦʩʪʫ ʥʘ 

ʧʣʘʩʪʠʢʦʚʦʡ ʧʦʜʣʦʞʢʝ, ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʥʪʠʛʝʥʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʘʜʠʧʦʛʝʥʥʦʤ, ʭʦʥʜʨʦʛʝʥʥʦʤ ʠʣʠ 

ʦʩʪʝʦʛʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ in vitro ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʜʫʢʪʦʨʦʚ. ɼʘʥʥʳʝ ʢʫʣʴʪʫʨʳ ʥʝ 

ʩʦʜʝʨʞʘʪ CD31+ ʠ CD146+ʢʣʝʪʦʢ, ʢʘʢ ʠ ʩʘʤ ʚʘʨʪʦʥʦʚ ʩʪʫʜʝʥʴ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ 

ʚʳʜʝʣʝʥʳ. ɼʣʷ ʮʠʪʦʩʢʝʣʝʪʘ ʄʉʂ ʇʂ ʭʘʨʘʢʪʝʨʥʳ ʚʠʤʝʥʪʠʥʦʚʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʬʠʣʘʤʝʥʪʳ ʠ ŬSMA ʤʠʢʨʦʬʠʣʘʤʝʥʪʳ. 

 

3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʛʠʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʄʉʂ ʇʂ in vitro 

3.2.1 ʃʠʥʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ EA.hy926 

ʂʣʝʪʢʠ ʣʠʥʠʠ EA.hy926 ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʤʘʨʢʝʨ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

CD31 (ʈʠʩʫʥʦʢ 21). 

  

ʈʠʩʫʥʦʢ 21 ï ʃʠʥʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ EA.hy926. (ʘ) ï ɺʥʝʰʥʠʡ ʚʠʜ 

ʢʣʝʪʦʢ. ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. (ʙ) ï 

ɸ ɹ 
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ʕʢʩʧʨʝʩʩʠʷ CD31 (ʟʝʣʝʥʳʡ) ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ EA.hy926. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ 

DAPI (ʩʠʥʠʡ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

 

3.2.2 ʀʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ VEGF-A ʚ ʩʨʝʜʘʭ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʄʉʂ 

ʇʂ ʠ EA.hy926 

ɺ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ ʚ ʣʫʥʢʘʭ ʧʣʘʥʰʝʪʘ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ 

EA.hy926 ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ 

VEGF-ɸ (ʩʫʤʤʘʨʥʦ VEGF-A121 ʠ VEGF-A165) ʩ 57,3Ñ7,7 ʧʢʛ/ʤʣ ʜʦ 229,0Ñ24,9 

ʧʢʛ/ʤʣ. ɺ ʣʫʥʢʘʭ ʩ ʄʉʂ ʇʂ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʘʥʠʝ ʬʘʢʪʦʨʘ ʥʝ ʠʟʤʝʥʷʣʦʩʴ, 

ʦʩʪʘʚʘʷʩʴ ʥʘ ʫʨʦʚʥʝ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ (ʈʠʩʫʥʦʢ 22). 

 

ʈʠʩʫʥʦʢ 22 ï ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʬʦʨʤ VEGF-A (-121 

ʠ -165) ʚ ʩʨʝʜʘʭ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʄʉʂ ʇʂ ʠʣʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ 

ʪʝʯʝʥʠʝ 24, 48 ʠʣʠ 72 ʯʘʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʀʌɸ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ.* ï ʨ<0,05. 
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3.2.3 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʨʝʜʳ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ, ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʄʊʊ-ʪʝʩʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ ʄʉʂ ʇʂ ʩʨʝʜʘ 

ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ A570 ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʤʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ (ʨʦʩʪʦʚʦʡ) ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ 

ʩʨʝʜʘʤʠ, ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʜʦʩʪʠʛʘʷ 1,6 ʨʘʟ ʢ 72 ʯʘʩʘʤ. ɺʥʝʩʝʥʠʝ ʚ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʫʶ ʄʉʂ ʇʂ ʩʨʝʜʫ ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣ ʢ VEGF ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʩʪʠʤʫʣʷʮʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ (ʈʠʩʫʥʦʢ 23). 

 

ʈʠʩʫʥʦʢ 23 ï ɺʣʠʷʥʠʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926. ʈʝʟʫʣʴʪʘʪʳ ʄʊʊ-ʪʝʩʪʘ. 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. * ï ʨ<0,05. 
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3.2.4 ʅʘʧʨʘʚʣʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʛʨʘʜʠʝʥʪʝ ʬʘʢʪʦʨʦʚ, 

ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʄʉʂ ʇʂ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʄʉʂ ʇʂ ʚʳʜʝʣʷʶʪ ʬʘʢʪʦʨʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʭʝʤʦʘʪʪʨʘʢʪʘʥʪʘʤʠ ʜʣʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ Eɸ.hy926: 

ʯʠʩʣʦ ʤʠʛʨʠʨʦʚʘʚʰʠʭ ʥʘ ʥʠʞʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʙʳʣʦ ʟʥʘʯʠʤʦ ʚʳʰʝ ʚ ʣʫʥʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʄʉʂ ʇʂ, ʚʦ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ. 

ɺʥʝʩʝʥʠʝ ʚ ʣʫʥʢʠ ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣ ʢ VEGF ʥʝ ʠʟʤʝʥʷʣʦ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ (ʈʠʩʫʥʦʢ 24). 

 

 

ʂʦʥʪʨʦʣʴ 
ʄʠʛʨʘʮʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʄʉʂ ʇʂ 

ʄʠʛʨʘʮʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʄʉʂ ʇʂ 

ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʘʥʪʠʪʝʣʘ ʢVEGF 
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ʈʠʩʫʥʦʢ 24 ï ʄʠʛʨʘʮʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926 ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʄʉʂ ʇʂ. (ʘ) ï ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ. ʗʜʨʘ ʢʣʝʪʦʢ ʦʢʨʘʰʝʥʳ DAPI. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʤʘʩʪhʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. (ʙ) ï ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʤʠʛʨʘʮʠʠ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ.* ï 

ʨ<0,05. 

 

3.2.5  ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʥʘ ʤʦʜʝʣʠ çʨʘʥʘ ʤʦʥʦʩʣʦʷè 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʥʘ ʤʦʜʝʣʠ çʨʘʥʘ ʤʦʥʦʩʣʦʷè, ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ ʄʉʂ ʇʂ ʩʨʝʜʘ ʩʪʠʤʫʣʠʨʦʚʘʣʘ 

ʧʦʜʚʠʞʥʦʩʪʴ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʦʧʨʝʜʝʣʝʤʫʶ ʧʦ ʩʢʦʨʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʨʘʥʳ. 

ʈʘʟʥʠʮʘ ʚ ʢʦʥʬʣʫʝʥʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʨʘʥʳ ʩʪʘʥʦʚʠʣʘʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ 

ʫʞʝ ʯʝʨʝʟ 8 ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʮʘʨʘʧʠʥʳ, ʧʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʙʣʦʢʠʨʫʶʱʠʭ 

ʘʥʪʠʪʝʣ ʢ VEGF ʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʝ ʥʝ ʧʦʜʘʚʣʷʣʦ 

ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʝʪʦʢ. ʂ ʧʨʠʤʝʨʫ, ʢʦʥʬʣʫʝʥʪʥʦʩʪʴ ʦʙʣʘʩʪʠ ʨʘʥʳ ʯʝʨʝʟ 18 ʯʘʩʦʚ 

ɹ 
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ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣʘ ʚ ʣʫʥʢʘʭ ʩ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ 52,68Ñ5,80%, ʚ 

ʣʫʥʢʘʭ ʩ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʦʡ ï 89,74Ñ5.63%, ʚ ʣʫʥʢʘʭ ʩ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʦʡ ʠ ʘʥʪʠʪʝʣʘʤʠ ʢ VEGF ï 90,04Ñ5,26% 

(ʈʠʩʫʥʦʢ 25). 

 

 

ʂʦʥʪʨʦʣʴ 

ʉʨʝʜʘ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʄʉʂ ʇʂ 

ʉʨʝʜʘ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʄʉʂ ʇʂ, ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʪʝʣ ʢ 

VEGF 
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ʈʠʩʫʥʦʢ 25 ï ɺʣʠʷʥʠʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ ʩʢʦʨʦʩʪʴ 

ʟʘʧʦʣʥʝʥʠʷ ʨʘʥʳ ʤʦʥʦʩʣʦʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ Eɸ.hy926. (ʘ) ï 

ʢʘʜʨʳ ʠʟ ʚʠʜʝʦʬʠʣʴʤʘ, ʩʥʷʪʦʛʦ ʩ ʧʦʤʦʱʴʶ TimeLapse ʤʠʢʨʦʩʢʦʧʠʠ. ʌʘʟʦʚʦ-

ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. (ʙ) ï ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʢʦʥʬʣʫʝʥʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʨʘʥʳ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. ɿʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ (ʨ<0,05) ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘʯʠʥʘʶʪʩʷ ʩ ʪʦʯʢʠ ç8 ʯʘʩʦʚè. 

 

3.2.6 ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʜʣʦʞʢʝ 

ʄʉʂ ʇʂ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʨʝʜʝ (ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʠʥʜʫʢʪʦʨʦʚ) ʥʝ ʠʟʤʝʥʷʣʠ ʩʚʦʶ ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʤʦʥʦʩʣʦʷ ʄʉʂ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʣʝʪʦʢ ʚ ʚʠʜʝ ʚʦʣʥ, ʩʦʭʨʘʥʷʣʠ ʢʦʥʪʘʢʪʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʠ ʥʝ 

ʧʨʠʦʙʨʝʪʘʣʠ CD31+ ʬʝʥʦʪʠʧ (ʈʠʩʫʥʦʢ 26). 

ɹ 
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ʄʉʂ ʇʂ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʩʨʝʜʝ, ʥʝ ʠʟʤʝʥʷʣʠ ʩʚʦʶ ʬʦʨʤʫ, ʥʦ ʧʣʦʪʥʦʩʪʴ ʢʣʝʪʦʢ ʙʳʣʘ ʚʳʰʝ, ʘ ʚ 

ʤʦʥʦʩʣʦʝ ʧʦʷʚʣʷʣʠʩʴ ʝʜʠʥʠʯʥʳʝ ʦʩʪʨʦʚʢʠ CD31+ ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 26). 

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʩ ʄʉʂ ʇʂ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʤʠ ʚ ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ VEGF-A-165 ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʩʨʝʜʳ. ɺʤʝʩʪʦ ʭʘʨʘʢʪʝʨʥʳʭ 

ʚʦʣʥ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʣʩʷ ʥʦʚʳʡ ʨʠʩʫʥʦʢ, ʥʘʧʦʤʠʥʘʶʱʠʡ 

ʢʨʫʧʥʦʷʯʝʠʩʪʫʶ ʩʝʪʴ. ʌʦʨʤʠʨʦʚʘʣʠʩʴ ʪʫʙʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʦʪ 3 ʜʦ 5 ʥʘ ʯʘʰʢʫ 

ʇʝʪʨʠ ʜʠʘʤʝʪʨʦʤ 35 ʤʤ), ʩʦʙʨʘʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʚʳʪʷʥʫʪʳʭ ʫʟʢʠʭ 

ʢʣʝʪʦʢ ʩ ʧʨʦʜʦʣʛʦʚʘʪʳʤ ʷʜʨʦʤ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʢʨʘʰʠʚʘʶʱʠʭʩʷ ʥʘ ʤʘʨʢʝʨ 

ʵʥʜʦʪʝʣʠʷ CD31+ (ʈʠʩʫʥʢʠ 26 ʠ 27). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ VEGF-A-165 ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʥʜʫʢʪʦʨʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʪʝʨʝ ʄʉʂ ʢʦʥʪʘʢʪʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʢʣʝʪʢʠ ʥʘʯʠʥʘʣʠ ʨʘʩʪʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ, ʧʨʠʦʙʨʝʪʘʣʠ ʩʭʦʞʫʶ ʩ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʶ, ʥʦ ʥʝ 

ʬʦʨʤʠʨʦʚʘʣʠ ʪʫʙʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʥʝ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ CD31 (ʈʠʩʫʥʦʢ 26). 
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ʈʠʩʫʥʦʢ 26 ï ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʧʫʧʦʯʥʦʛʦ ʢʘʥʘʪʠʢʘ 

in vitro. ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʥʘ ʤʘʨʢʝʨ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 
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(ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ), ʷʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ. ʉʚʝʪʣʦʧʦʣʴʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 27 ï ʊʫʙʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʄʉʂ ʇʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʩʨʝʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ VEGF-

A165. ʆʢʨʘʰʠʚʘʥʠʝ ʥʘ ʤʘʨʢʝʨ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 (ʟʝʣʝʥʳʡ), ʷʜʨʘ ʢʣʝʪʦʢ 

ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 

100 ʤʢʤ. 

 

3.2.7  ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʣʠʥʠʠ EA.hy926 ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ 

ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ in vitro 

ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʣʠʥʠʠ EA.hy926 ʚ ʣʫʥʢʘʭ ʩ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ 

ʥʘʯʠʥʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʫʙʫʣʷʨʥʫʶ ʩʝʪʴ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʪʦʣʴʢʦ 

ʯʝʨʝʟ 4 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʦʙʘʚʣʝʥʠʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ 
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ʇʂ ʩʨʝʜʳ (ʩ ʙʣʦʢʠʨʫʶʱʠʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ VEGF ʠʣʠ ʙʝʟ ʥʠʭ) ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ (ʯʠʩʣʦ ʪʦʯʝʢ ʚʝʪʚʣʝʥʠʷ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʝʪʚʠ), ʥʦ ʫʩʢʦʨʷʣʦ ʥʘʯʘʣʦ 

ʩʙʦʨʢʠ ʩʝʪʠ ʥʘ 1 ʯʘʩ (ʈʠʩʫʥʦʢ 28). 
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ʈʠʩʫʥʦʢ 28 ï ɺʣʠʷʥʠʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʫʙʫʣʷʨʥʦʡ ʩʝʪʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ EA.hy926 ʚ 

ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. (ʘ) ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʠ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. (ʙ) ï ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʄʉʂ ʇʂ ʩʨʝʜʳ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʦʡ ʩʝʪʠ 

(ʯʠʩʣʦ ʪʦʯʝʢ ʚʝʪʚʣʝʥʠʷ ʠ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʚʝʪʚʠ). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʨʝʜʥʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. 
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3.2.8 ʆʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʉʂ ʇʂ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ 

EA.hy926 ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ in vitro 

ɺʠʪʘʣʴʥʦʝ ʤʝʯʝʥʠʝ ʄʉʂ ʇʂ ʢʨʘʩʠʪʝʣʝʤ ʈʂʅ26 (ʵʤʠʩʩʠʷ ʚ ʦʨʘʥʞʝʚʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ) ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926 ʢʨʘʩʠʪʝʣʝʤ ʈʂʅ67 

(ʵʤʠʩʩʠʷ ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ: 

ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʝʪʢʘ ʙʳʣʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʚʩʝʤʠ ʢʣʝʪʢʘʤʠ. 

ʇʦʩʣʝ ʤʝʯʝʥʠʷ ʢʣʝʪʢʠ ʥʝ ʠʟʤʝʥʷʣʠ ʩʚʦʠ ʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ 

(ʈʠʩʫʥʦʢ 29). 

  

ʈʠʩʫʥʦʢ 29 ï ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʪʘʣʴʥʦʛʦ ʤʝʯʝʥʠʷ ʄʉʂ ʇʂ 

ʢʨʘʩʠʪʝʣʝʤ ʈʂʅ26 (ʢʨʘʩʥʳʡ) (ʘ) ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926 

ʢʨʘʩʠʪʝʣʝʤ ʈʂʅ67 (ʟʝʣʝʥʳʡ) (ʙ). ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). 

ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

ʄʉʂ ʇʂ, ʢʘʢ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʣʠʥʠʠ EA.hy926, ʙʳʣʠ ʩʧʦʩʦʙʥʳ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʫʙʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʢʩʘ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʦʜʥʘʢʦ ʩʙʦʨʢʘ ʩʝʪʠ ʠʟ ʄʉʂ ʇʂ ʥʘʯʠʥʘʣʘʩʴ ʫʞʝ ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ 

ʥʘʩʣʘʠʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʤʘʷ ʩʝʪʴ ʠʤʝʣʘ ʙʦʣʝʝ ʛʨʫʙʦʝ ʩʪʨʦʝʥʠʝ 

(ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʷʯʝʡʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʚʝʪʚʠ ʦʙʨʘʟʦʚʘʥʳ ʧʫʯʢʘʤʠ ʢʣʝʪʦʢ) 

(ʈʠʩʫʥʦʢ 30).  
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ʈʠʩʫʥʦʢ 30 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʄʉʂ ʇʂ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ 

EA.hy926 ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʛʠʦʛʝʥʝʟʘ in vitro. (ʘ) ï ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʪʫʙʫʣʷʨʥʦʡ ʩʝʪʠ ʄʉʂ ʇʂ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ EA.hy926 ʠʣʠ 

ʩʤʝʩʴʶ ʄʉʂ ʇʂ ʠ EA.hy926 ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʌʘʟʦʚʦ-

ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. (ʙ) ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʬʦʨʤʠʨʫʝʤʳʭ ʢʣʝʪʢʘʤʠ ʩʝʪʝʡ (ʯʠʩʣʦ ʪʦʯʝʢ ʚʝʪʚʣʝʥʠʷ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʝʪʚʠ). 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. 

ʇʨʠ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʄʉʂ ʇʂ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ 

EA.hy926 ʬʦʨʤʠʨʫʝʤʘʷ ʩʝʪʴ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʚʨʝʤʷ ʩʙʦʨʢʠ, ʜʣʠʥʘ 

ʚʝʪʚʝʡ, ʯʠʩʣʦ ʪʦʯʝʢ ʚʝʪʚʣʝʥʠʷ) ʙʳʣʘ ʙʣʠʞʝ ʢ ʩʝʪʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʪʦʣʴʢʦ ʄʉʂ 
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ʇʂ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʫ ʩʝʪʠ ʦʩʪʘʚʣʷʣʠ ʠʤʝʥʥʦ ʈʂʅ26+ʄʉʂ ʇʂ, ʘ 

ʈʂʅ67+Eɸ.hy926 ʙʳʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʥʠʤʠ (ʈʠʩʫʥʢʠ 30 ʠ 31). 

 

 

ʈʠʩʫʥʦʢ 31 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʡ ʪʫʙʫʣʷʨʥʦʡ ʩʝʪʠ ʄʉʂ ʇʂ ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ EA.hy926. ʄʉʂ ʇʂ ʥʝʩʫʪ ʚʠʪʘʣʴʥʫʶ ʤʝʪʢʫ 

ʈʂʅ26 (ʢʨʘʩʥʳʡ), EA.hy926 ʥʝʩʫʪ ʚʠʪʘʣʴʥʫʶ ʤʝʪʢʫ ʈʂʅ67 (ʟʝʣʝʥʳʡ). ʌʘʟʦʚʦ-

ʢʦʥʪʨʘʩʪʥʘʷ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

 

ɺʦ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧʘʭ ʬʦʨʤʠʨʫʝʤʘʷ ʪʫʙʫʣʷʨʥʘʷ ʩʝʪʴ ʙʳʣʘ ʥʝʩʪʘʙʠʣʴʥʘ ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʟʙʠʨʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʦʙʨʘʟʦʚʳʚʘʷ ʧʣʦʪʥʳʝ ʢʣʘʩʪʝʨʳ 

ʢʣʝʪʦʢ (ʈʠʩʫʥʢʠ 30 ʠ 32). ɼʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʥʝ ʷʚʣʷʣʠʩʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʥʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʜʚʠʞʝʥʠʶ ʠ ʩʣʠʷʥʠʶ (ʈʠʩʫʥʦʢ 32). 
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ʈʠʩʫʥʦʢ 32 ï ʉʧʦʩʦʙʥʦʩʪʴ ʢʣʘʩʪʝʨʦʚ ʢʣʝʪʦʢ ʢ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʠ ʩʣʠʷʥʠʶ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʣʠʥʠʠ 

Ea.hy926 ʥʝʩʫʪ ʚʠʪʘʣʴʥʫʶ ʤʝʪʢʫ ʈʂʅ67 (ʟʝʣʝʥʳʡ). ʉʦʚʤʝʱʝʥʠʝ ʬʘʟʦʚʦ-

ʢʦʥʪʨʘʩʪʥʦʡ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 200 ʤʢʤ. 

ʆʪʜʝʣʴʥʳʝ ʢʘʜʨʳ ʠʟ ʚʠʜʝʦʬʠʣʴʤʘ, ʩʥʷʪʦʛʦ ʩ ʧʦʤʦʱʴʶ Time-Lapse ʤʠʢʨʦʩʢʦʧʠʠ, 

ʚʨʝʤʝʥʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 6 ʯ. 
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ɼʚʠʞʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʢʣʝʪʦʢ ʦʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢ 5-7 ʩʫʪʢʘʤ, 

ʧʨʠ ʵʪʦʤ ʠʭ ʯʠʩʣʦ ʙʳʣʦ ʨʘʟʣʠʯʥʳʤ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ: 430Ñ21,2 ʥʘ ʣʫʥʢʫ ʜʣʷ 

Eɸ.hy926, 137,1Ñ9,2 ʜʣʷ ʩʤʝʩʠ ʄʉʂ ʇʂ ʠ Eɸ.hy926, 93Ñ9,2 ʜʣʷ ʄʉʂ ʇʂ 

(ʈʠʩʫʥʦʢ 33). 

           ʄʉʂ ʇʂ                      EA.hy926                 ʄʉʂ ʇʂ + EA.hy926 

 

 

ʈʠʩʫʥʦʢ 33 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʄʉʂ ʇʂ, ʢʣʝʪʦʢ ʣʠʥʠʠ Eɸ.hy926 

ʠʣʠ ʩʤʝʩʠ ʜʚʫʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ 

ʥʘ 7 ʩʫʪʢʠ ʧʦʩʣʝ ʨʘʟʙʦʨʢʠ ʪʫʙʫʣʷʨʥʦʡ ʩʝʪʠ. (ʘ) ï ʄʘʢʨʦʩʲʝʤʢʘ. (ʙ) ï ʂʦʣʠʯʝʩʪʚʦ 

ʬʦʨʤʠʨʫʝʤʳʭ ʢʣʘʩʪʝʨʦʚ, ʰʪ. ʥʘ ʣʫʥʢʫ 48-ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ. ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ.* ï ʨ<0,05. 

ɸ 

ɹ 



86 

3.2.9 ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʄʉʂ ʇʂ ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ 

ʅʘ 5-7 ʩʫʪʢʠ ʚ ʣʫʥʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ Eɸ.hy926 ʠʣʠ ʩʤʝʩʴ ʄʉʂ ʇʂ ʠ 

Eɸ.hy926, ʥʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ ʮʝʥʪʨʦʚ ʩʧʨʫʪʠʥʛʘ ï ʨʘʟʨʘʩʪʘʥʠʷ ʢʣʝʪʦʢ ʠʟ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʥʝʝ ʢʣʘʩʪʝʨʦʚ. ʂʣʝʪʢʠ ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʥʫʶ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ, ʘ 

ʩʘʤʘ ʬʦʨʤʠʨʫʝʤʘʷ ʠʤʠ ʩʝʪʴ ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʩʪʘʙʠʣʴʥʦʡ (ʩʨʦʢ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 30 ʩʫʪʦʢ) ʠ ʠʤʝʣʘ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʚʝʪʚʣʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ 

ʜʠʭʦʪʦʤʠʯʝʩʢʦʛʦ. ʇʦʩʪʝʧʝʥʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʮʝʥʪʨʦʚ 

ʩʧʨʫʪʠʥʛʘ ʚ ʝʜʠʥʫʶ ʩʝʪʴ (ʈʠʩʫʥʦʢ 34). 

 ʄʉʂ ʇʂ ʄʉʂ ʇʂ-EA.hy926 1:1 EA.hy926 

8
 
ʩ
ʫ
ʪ
ʢ
ʠ

 

 

1
1
 
ʩ
ʫ
ʪ
ʢ
ʠ

 
1
4
 
ʩ
ʫ
ʪ
ʢ
ʠ

 

ʈʠʩʫʥʦʢ 34 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʢʘʧʠʣʣʷʨʦʧʦʜʦʙʥʦʡ 

ʩʝʪʠ ʠʟ ʢʣʘʩʪʝʨʦʚ EA.hy926 ʠʣʠ ʄʉʂ ʇʂ-EA.hy926 ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ (ʚʪʦʨʠʯʥʳʡ ʩʧʨʫʪʠʥʛ). ʌʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ 

ʦʪʨʝʟʦʢ 200 ʤʢʤ. 
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ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʪʘʙʠʣʴʥʫʶ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʬʦʨʤʠʨʦʚʘʣʠ ʈʂʅ26+ʄʉʂ ʇʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʈʂʅ67+Eɸ.hy926 ʦʩʪʘʚʘʣʠʩʴ ʚ 

ʮʝʥʪʨʝ ʢʣʘʩʪʝʨʦʚ (ʈʠʩʫʥʦʢ 35). 
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ʈʠʩʫʥʦʢ 35 ï ɺʪʦʨʠʯʥʳʡ ʩʧʨʫʪʠʥʛ ʄʉʂ ʇʂ ʠʟ ʢʣʘʩʪʝʨʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʄʉʂ ʇʂ (ʢʨʘʩʥʳʡ) ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926 

(ʟʝʣʝʥʳʡ) ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI 

(ʩʠʥʠʡ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʄʉʂ ʇʂ ʧʨʠ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ 

Eɸ.hy926 ʚ ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʧʨʦʷʚʣʷʪʁ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʧʨʫʪʠʥʛʫ 

ʠʟ-ʟʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʘʪʨʠʛʝʣʝ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʘʜʛʝʟʠʠ ʘʥʪʠʪʝʣ ʢ ʤʘʪʨʠʢʩʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʢʨʠʦʩʨʝʟʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʄʉʂ ʇʂ ʧʨʠ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ Eɸ.hy926 ʚ 

ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʯʠʥʘʣʠ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ CD31 (ʈʠʩʫʥʦʢ 36). 
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ʈʠʩʫʥʦʢ 36 ï ʕʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʘ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ CD31 (ʟʝʣʝʥʳʡ) ʚ ʄʉʂ 

ʇʂ (ʢʨʘʩʥʳʡ) ʚ ʩʦʩʪʘʚʝ ʢʘʧʠʣʣʷʨʦʧʦʜʦʙʥʦʡ ʩʝʪʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ EA.hy926 ʚ ʤʘʪʨʠʢʩʝ 

ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʠ 

ʬʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

***  

ɺ ʩʝʢʨʝʪʦʤʝ ʄʉʂ ʇʂ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʘʥʛʠʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ VEGF-A, ʧʨʠ ʵʪʦʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʄʉʂ ʇʂ ʩʨʝʜʘ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʤʠʛʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʠʥʠʠ EA.hy926 in vitro. VEGF-A ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʠʥʜʫʢʪʦʨʦʤ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʄʉʂ ʇʂ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʜʣʦʞʢʝ. ʄʉʂ ʇʂ ʩʧʦʩʦʙʥʳ ʢ 

ʚʪʦʨʠʯʥʦʤʫ ʩʧʨʫʪʠʥʛʫ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʵʥʜʦʪʝʣʠʦʮʠʪʦʧʦʜʦʙʥʳʝ 

CD31+ʢʣʝʪʢʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ 

ʤʘʪʨʠʢʩʝ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʟʦʛʝʥʥʦʛʦ VEGF-A. 
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3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʛʠʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʄʉʂ ʇʂ in vivoʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʰʝʤʠʠ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʫ ʢʨʳʩ 

ɾʠʚʦʪʥʳʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʧʝʨʝʥʦʩʠʣʠ ʦʧʝʨʘʪʠʚʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ. 

ʉʤʝʨʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 0%. ɺ ʪʝʯʝʥʠʝ 1-2 ʩʫʪʦʢ ʞʠʚʦʪʥʳʝ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʣʠ 

ʦʧʝʨʠʨʦʚʘʥʥʫʶ ʢʦʥʝʯʥʦʩʪʴ ʠʟ ʜʚʠʞʝʥʠʷ. ʅʘ 7 ʩʫʪʢʠ ʢʨʳʩʳ ʘʢʪʠʚʥʦ 

ʧʝʨʝʜʚʠʛʘʣʠʩʴ, ʦʜʥʘʢʦ ʠʥʦʛʜʘ ʧʦʜʚʦʣʘʢʠʚʘʣʠ ʧʦʚʨʝʞʜʝʥʥʫʶ ʢʦʥʝʯʥʦʩʪʴ. 

ʈʘʟʚʠʪʠʷ ʛʘʥʛʨʝʥʳ ʥʝ ʥʘʙʣʶʜʘʣʠ. 

 

3.3.2 ʊʨʘʥcʧʣʘʥʪʘʮʠʷ ʄʉʂ ʇʂ 

ɾʠʚʦʪʥʳʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʫʶ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʶ ʄʉʂ ʇʂ. ɺʚʝʜʝʥʠʝ 1 ʤʣ ʨʘʩʪʚʦʨʘ 0,9% NaCl ʠʣʠ ʩʫʩʧʝʥʟʠʠ 

ʢʣʝʪʦʢ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ.  

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʚʠʪʘʣʴʥʫʶ ʤʝʪʢʫ ʈʂʅ26, 

ʩʫʩʧʝʥʟʠʷ ʧʨʠʦʙʨʝʪʘʣʘ ʙʣʝʜʥʦ-ʨʦʟʦʚʳʡ ʦʪʪʝʥʦʢ. ʂʣʝʪʢʠ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠ 

ʩʢʦʧʣʝʥʠʡ, ʚʚʝʜʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

 

3.3.3 ʊʝʩʪ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ çʨʦʪʘ-ʨʦʜè 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʩʪʘ çʨʦʪʘ-ʨʦʜè ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʤʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʞʠʚʦʪʥʳʤʠ ʪʝʩʪʘ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ ʚ ʦʙʝʠʭ 

ʛʨʫʧʧʘʭ. ɺ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʙʝʛʘ (ʦʪ 

20,8Ñ0,7 ʤʠʥ ʩʨʘʟʫ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʜʦ 8,0Ñ2,4 ʤʠʥ ʥʘ 29 ʩʫʪʢʠ). ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ (ʦʪ 21,0Ñ0,6 

ʤʠʥ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʜʦ 13,2Ñ1,4 ʤʠʥ ʥʘ 29 ʩʫʪʢʠ). ɹʦʣʝʝ ʪʦʛʦ, ʚ ʛʨʫʧʧʝ ʩ 



90 

ʚʚʝʜʝʥʠʝʤ ʄʉʂ ʇʂ ʥʘ 9 ʠ 29 ʩʫʪʢʠ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ (ʈʠʩʫʥʦʢ 37). 

 

 

ʈʠʩʫʥʦʢ 37 ï ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʢʨʳʩʘʤʠ ʪʝʩʪʘ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ 

ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ çʨʦʪʘ-ʨʦʜè: ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ (ʪʦʯʢʘ çʜʦè), ʧʦʩʣʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ (ʪʦʯʢʘ çʧʦʩʣʝè), ʥʘ 2, 9 ʠ 29 ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ. 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ ʠ ʛʨʘʥʠʮ 95% 

ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. * ï ʨ<0,05. 

 

3.3.4 ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʯʘʛʘ ʠh ʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ 

ʇʦʚʨʝʞʜʝʥʠʝ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʢʦʥʝʯʥʦʩʪʠ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ 

ʠʤʝʣʦ ʦʯʘʛʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʳʣʦ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʠʢʨʦʥʦʞʥʳʭ 

ʤʳʰʮ. ʅʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʤʦʞʥʦ ʙʳʣʦ ʚʳʷʚʠʪʴ ʪʨʠ ʟʦʥʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ: ʠʥʪʘʢʪʥʘʷ ʦʙʣʘʩʪʴ, ʧʝʨʠʬʦʢʘʣʴʥʘʷ ʦʙʣʘʩʪʴ, 

ʦʯʘʛ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. 
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ɺ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʜʠʘʤʝʪʨ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʠ 

ʪʦʣʱʠʥʘ ʧʝʨʠʤʠʟʠʷ ʥʝ ʠʟʤʝʥʷʣʠʩʴ, ʤʠʦʩʠʤʧʣʘʩʪʳ ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ ʧʦ ʧʝʨʠʬʝʨʠʠ ʚʦʣʦʢʥʘ. ɺ ʧʝʨʠʬʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʯʝʨʝʜʦʚʘʣʠʩʴ 

ʫʯʘʩʪʢʠ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʠ ʫʯʘʩʪʢʠ ʩ ʛʠʧʦ- ʠ ʘʪʨʦʬʠʨʦʚʘʥʥʳʤʠ 

ʤʳʰʝʯʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʦʚʨʝʞʜʝʥʥʳʝ ʚʦʣʦʢʥʘ ʠʤʝʣʠ ʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʤʠʦʮʠʪʘʤʠ ʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚʩʣʝʜʩʪʚʠʝ ʦʪʝʢʘ ʠ ʨʘʟʨʘʩʪʘʥʠʷ ʩʪʨʦʤʳ. (ʈʠʩʫʥʦʢ 38). 

 

  

ʈʠʩʫʥʦʢ 38 ï ʀʥʪʘʢʪʥʘʷ (ʘ) ʠ ʧʝʨʠʬʦʢʘʣʴʥʘʷ (ʙ) ʦʙʣʘʩʪʠ ʩʢʝʣʝʪʥʦʡ 

ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʰʝʤʠʠ, 3 ʩʫʪʢʠ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʰʝʤʠʠ. ʆʢʨʘʰʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 

 

ɺ ʦʯʘʛʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ 3 ʠ 10 ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

(10 ʠ 17 ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʛʨʫʧʧʝ 

ʩʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʥʝʢʨʦʟ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, 

ʚʝʨʠʬʠʮʠʨʫʝʤʳʡ ʧʦ ʠʭ ʭʘʨʘʢʪʝʨʥʦʤʫ ʥʘʙʫʭʘʥʠʶ ʠ ʦʪʩʫʪʩʪʚʠʶ ʷʜʝʨ ʧʦ 

ʧʝʨʠʬʝʨʠʠ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʥʫʶ ʣʠʤʬʦʛʠʩʪʠʦʮʠʪʘʨʥʫʶ ʠʥʬʠʣʴʪʨʘʮʠʶ. 

ʅʘ 10 ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʠʥʬʠʣʴʪʨʘʮʠʷ ʩʦʭʨʘʥʷʣʘʩʴ 

ʚʦʢʨʫʛ ʘʪʨʦʬʠʨʦʚʘʥʥʳʭ ʠ ʦʪʜʝʣʴʥʳʭ ʥʝʢʨʦʪʠʟʠʨʦʚʘʥʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ. ʅʘ 

30 ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʞʘʣʠʩʴ ʧʨʦʮʝʩʩʳ 

ʥʝʢʨʦʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠ ʜʠʬʬʫʟʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ. ɺ ʛʨʫʧʧʝ ʩ 

ɸ ɹ 
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ʚʚʝʜʝʥʠʝʤ ʄʉʂ ʇʂ ʧʦʚʨʝʞʜʝʥʥʳʝ ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʟʘʤʝʱʝʥʳ 

ʧʨʦʩʣʦʡʢʘʤʠ ʬʠʙʨʦʟʥʦʡ ʪʢʘʥʠ (ʈʠʩʫʥʦʢ 39). 
 ɻʨʫʧʧʘ ʩʨʘʚʥʝʥʠʷ ʄʉʂ ʇʂ 
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ʈʠʩʫʥʦʢ 39 ï ʆʯʘʛ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʳʰʝʯʥʦʡ 

ʪʢʘʥʠ, ʘʩʝʧʪʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ. ʆʢʨʘʰʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ. 

ʉʚʝʪʣʦʧʦʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ 100 ʤʢʤ. 




































































































