
ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè  

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʇʠʨʦʛʦʚʘè  

ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʎʝʥʪʨ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʳ 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ɻʘʣʠʘʢʙʝʨʦʚʘ ɸʜʝʣʷ ɸʣʴʙʝʨʪʦʚʥʘ 

 

 

ʇʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʝʡʨʦʛʝʥʝʟʘ in vitro ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ 

 

 
1.5.22 ï ʂʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʩʘʝʚ ʅʠʢʦʣʘʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

 

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ɼʘʰʠʥʠʤʘʝʚ ʕʨʜʵʤ ɹʘʠʨʦʚʠʯ 

 

 

ʄʦʩʢʚʘ ï 2024 
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1. ɺɺɽɼɽʅʀɽ  

1.1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʀʟʫʯʝʥʠʝ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠ ʚʳʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʳʭ 

ʢʫʣʴʪʫʨ ʥʝʡʨʦʥʦʚ ʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʅʉʂ) ʯʝʣʦʚʝʢʘ, ʟʘʪʨʫʜʥʝʥʦ ʧʦ 

ʵʪʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʣʫʯʝʥʠʝ ʅʉʂ ʠ ʥʝʡʨʦʥʦʚ in vitro ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʡʨʦʛʝʥʝʟʘ, ʥʦ ʪʘʢʞʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʠ 

ʧʫʪʝʡ ʠʭ ʢʦʨʨʝʢʮʠʠ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ʥʝʡʨʦʛʝʥʝʟ ï ʵʪʦ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʥʦʚ ʠʟ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʥʝʡʨʦʛʝʥʝʟ 

ʧʨʦʪʝʢʘʝʪ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʧʝʨʠʦʜʝ, ʢʦʛʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʝ ʪʠʧʳ ʥʝʡʨʦʥʦʚ 

ʦʨʛʘʥʠʟʤʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʨʘʥʥʝʛʦ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ ʠ ʚʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʚʳʩʪʫʧʘʶʪ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʝ ʅʉʂ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ, ʪʘʢʠʝ ʢʘʢ ʥʝʡʨʦʥʳ, ʘʩʪʨʦʮʠʪʳ ʠ 

ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ. 

ʅʝʡʨʦʛʝʥʝʟ in vitro ï ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʥʝʡʨʦʛʝʥʝʟ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʘʢʦʚʦʛʦ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʤʦʟʛʝ (in vivo). ʆʜʥʘʢʦ ʦʙʘ ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʷʪ ʢ ʦʜʥʦʤʫ 

ʠ ʪʦʤʫ ʞʝ ï ʧʦʣʫʯʝʥʠʶ (ʛʝʥʝʨʘʮʠʠ) ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʅʉʂ ʠ/ʠʣʠ ʥʝʡʨʦʥʦʚ in vitro ʷʚʣʷʶʪʩʷ 

ʢʫʣʴʪʫʨʳ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʇʉʂ) ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʀʇʉʂ). ʀʇʉʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ ʥʘʣʠʯʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ 

ʣʶʙʦʡ ʪʠʧ ʢʣʝʪʦʢ ʪʨʝʭ ʟʘʨʦʜʳʰʝʚʳʭ ʩʣʦʝʚ (Hanna et al., 2010). ʇʦʩʢʦʣʴʢʫ ʵʪʠ 

ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʠʭ ʤʦʞʥʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʢʫʣʴʪʫʨʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ (Hanna 

et al., 2010).  
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ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ in vitro ʢʫʣʴʪʫʨʳ ʥʝʡʨʦʥʦʚ ʠ ʅʉʂ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʀʇʉʂ, 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝʡʨʦʛʝʥʝʟʘ, ʵʪʠ ʢʣʝʪʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʥʝʪʠʯʝʩʢʠ ʥʘʩʣʝʜʫʝʤʳʭ (Bahmad 

et al., 2017; Dashinimaev et al., 2017; de Rus Jacquet et al., 2021; Valadez-Barba et al., 

2020; Okano et al., 2022). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʢʣʝʪʦʢ ʜʣʷ 

ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʝʟʥʴ 

ɸʣʴʮʛʝʡʤʝʨʘ, ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ, ʙʦʢʦʚʦʡ ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʡ ʩʢʣʝʨʦʟ, 

ʨʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ, ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʥʘʷ ʘʪʨʦʬʠʷ ʠ ʪ.ʜ. (Garitaonandia et al., 

2016; Bordoni et al., 2018; Ford et al., 2020). ʂʨʦʤʝ ʪʦʛʦ, ʢʫʣʴʪʫʨʳ ʅʉʂ ʠʣʠ 

ʥʝʡʨʦʥʦʚ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʠʟ ʀʇʉʂ ʦʪ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʦʪ ʜʦʥʦʨʦʚ ʩ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʩʠʩʪʝʤ ʜʣʷ ʧʦʠʩʢʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʠʟʫʯʝʥʠʷ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ 

ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ (Benchoua et al., 2021; 

Okano et al., 2022). 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʜʭʦʜʘ ʠ 

ʧʨʦʪʦʢʦʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʝʡʨʦʥʦʚ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʨʘʚʥʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ. 

1.2. ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ in vitro (Chambers et al., 2009; Galiakberova, 

Dashinimaev, 2020; Zhang et al., 2013). ʇʦʩʢʦʣʴʢʫ ʥʝ ʚʩʝʛʜʘ ʧʦʣʫʯʘʝʤʳʝ ʢʫʣʴʪʫʨʳ 

ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʥʝʡʨʦʥʳ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ 

ʥʝʡʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʪʝʨʤʠʥʦʤ çʥʝʡʨʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘè.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʩ DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ Chambers ʠ ʢʦʣʣʝʛʘʤʠ ʚ 
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2009 ʛʦʜʫ (Chambers et al., 2009).  ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʜʚʫʭ 

ʧʫʪʝʡ ʘʢʪʠʚʘʮʠʠ SMAD-ʩʠʛʥʘʣʠʥʛʘ (Lefty/Activin/TGFɓ- ʠ BMP-ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ) ʚ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʩ ʧʦʤʦʱʴʶ ʤʘʣʳʭ ʤʦʣʝʢʫʣ (Smith et 

al., 2008; Yu et al., 2008b; Chambers et al., 2009). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʇʉʂ ʚ ʢʣʝʪʢʠ ʥʝʡʨʦʵʢʪʦʜʝʨʤʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ï 

ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʅʉʂ ʤʦʛʫʪ ʙʳʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʳ ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʝʡ ʠʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʪʝʨʤʠʥʘʣʴʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚ ʢʘʢʦʤ-ʪʦ ʩʤʳʩʣʝ ʠʤʠʪʠʨʫʝʪ ʧʦʵʪʘʧʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʝʡʨʦʛʝʥʝʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʚ 

ʢʦʪʦʨʳʭ, ʦʜʥʘʢʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʥʝʡʨʦʥʳ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʥʦ ʠ ʨʘʟʣʠʯʥʳʝ 

ʥʝʡʨʘʣʴʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʘ ʪʘʢʞʝ ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ (Chambers et al., 2009). 

ʂʨʦʤʝ ʪʦʛʦ, ʭʦʪʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, ʦʥ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ɼʨʫʛʠʤ ʧʦʧʫʣʷʨʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ 

ʷʚʣʷʝʪʩʷ ʥʝʡʨʘʣʴʥʘʷ ʠʥʜʫʢʮʠʷ ʩ ʧʦʤʦʱʴʶ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʝ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʝʡʨʦʥʘʣʴʥʫʶ ʩʫʜʴʙʫ, ʪʘʢʠʭ ʢʘʢ 

NGN2 (Zhang et al., 2013; Lin et al., 2021). ɺ ʧʨʦʪʦʢʦʣʘʭ ʵʢʟʦʛʝʥʥʦʡ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ NGN2 ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʘʟʤʠʜʳ, ʚʠʨʫʩʳ, 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʤʈʅʂ ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ CRISPR-ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʪʠʪʫʪʠʚʥʦʡ, ʠʥʜʫʮʠʨʫʝʤʦʡ ʠʣʠ ʚʨʝʤʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. ʅʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʤ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʦʪʦʢʦʣʦʤ ʷʚʣʷʝʪʩʷ ʣʝʥʪʠʚʠʨʫʩʥʘʷ ʪʨʘʥʩʜʫʢʮʠʷ 

ʀʇʉʂ ʩ ʩʠʩʪʝʤʦʡ TetON ʜʣʷ ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʝʪʨʘʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʦʡ ʵʢʩʧʨʝʩʩʠʠ 

ʪʨʘʥʩʛʝʥʘ (Urlinger et al., 2000; Zhang et al., 2013). ʀʥʜʫʢʮʠʷ ʚʨʝʤʝʥʥʦʡ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ NGN2 ʚ ʀʇʉʂ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʙʳʩʪʨʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ 

ʥʝʡʨʦʥʳ, ʥʝ ʟʘʜʝʨʞʠʚʘʷ ʢʣʝʪʢʠ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ 

ʧʦʣʫʯʘʝʤʳʝ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʥʝʡʨʦʥʦʚ ʠ ʥʝ ʩʦʜʝʨʞʘʪ 

ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (Zhang et al., 2013). ʅʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʦʪʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩʛʝʥʥʳʭ 

ʀʇʉʂ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ NGN2 ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ TetON. 
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ʍʦʪʷ ʦʙʘ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʝʡʨʦʥʦʚ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʠʟʫʯʘʶʪʩʷ, ʥʝ ʚʩʝʛʜʘ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʝʩʪʴ ʧʦʥʠʤʘʥʠʝ, ʢʘʢʦʡ 

ʧʦʜʭʦʜ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʢʘʞʜʦʛʦ ʠʟ 

ʧʦʜʭʦʜʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʡ, ʦʪ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

1.3. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʘʟʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʚ ʥʝʡʨʦʥʳ ʚ ʫʩʣʦʚʠʷʭ in vitro: ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ ʩ 

DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʠ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ 

NGN2. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʇʦʣʫʯʠʪʴ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʠʟ ʨʘʟʥʳʭ ʣʠʥʠʡ ʀʇʉʂ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʩ DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʦʙʱʠʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʠ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ. 

2) ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʡ ʧʨʦʪʦʢʦʣ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ 

ʩ ʠʥʜʫʢʮʠʝʡ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ NGN2 ʥʘ ʦʩʥʦʚʝ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʪʨʘʥʩʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʪʝʪʨʘʮʠʢʣʠʥ ʘʢʪʠʚʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ TetON ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʢʘʣʴʮʠʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. 

3) ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʠ ʘʥʘʣʠʟʘ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʩʨʘʚʥʠʪʴ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʜʥʦʡ 

ʣʠʥʠʠ ʀʇʉʂ, ʥʦ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ: ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ ʩ 

DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʠ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ 

NGN2. 
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1.4. ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ. ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʨʝʣʦʩʪʴ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʀʇʉʂ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ. 

1.5. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʇʉʂ ʧʦʜʭʦʜʦʤ ʩ DUAL 

SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʙʱʠʭ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ, ʘ ʪʘʢʞʝ 

ʢʣʝʪʦʯʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʧʦʥʪʘʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʥʠʭ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʣʠʥʠʠ ʅʉʂ-KYOU ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʤʦʝ ʠʩʪʦʱʝʥʠʝ ʧʦʧʫʣʷʮʠʡ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʩʧʦʥʪʘʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʜʘʥʥʳʭ ʅʉʂ. ʇʨʠ 

ʵʪʦʤ, ʭʦʪʷ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʠʟ ʨʘʟʥʳʭ ʣʠʥʠʡ 

ʀʇʉʂ, ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʠʤʝʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʩʩʘʞʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ 

ʅʉʂ. 

ʄʳ ʧʦʣʫʯʠʣʠ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʳ ʠʟ ʀʇʉʂ ʩ ʧʦʤʦʱʴʶ 

ʦʨʠʛʠʥʘʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʩ ʣʝʥʪʠʚʠʨʫʩʥʦʡ 

ʪʨʘʥʩʜʫʢʮʠʝʡ. ɺʧʝʨʚʳʝ ʥʘ ʤʦʜʝʣʠ ʩ ʛʝʥʝʪʠʯʝʩʢʠ ʢʦʜʠʨʫʝʤʳʤ ʢʘʣʴʮʠʝʚʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ GCaMP6s ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʫʣʴʪʫʨʘ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʥʝʡʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʦʡ, ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʛʣʫʪʘʤʘʪʘ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʳʭ ʛʣʫʪʘʤʘʪʥʳʭ NMDA ʠ ɸʄʈɸ ʠ/ʠʣʠ ʢʘʠʥʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʠʪʦʢ ʢʘʣʴʮʠʷ ʚ ʮʠʪʦʟʦʣʴ ʦʙʫʩʣʦʚʣʝʥ ʪʦʣʴʢʦ 

ʠʦʥʦʪʨʦʧʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʢ ʛʣʫʪʘʤʘʪʫ, ʥʦ ʥʝ ʤʝʪʘʙʦʪʨʦʧʥʳʤʠ. 

ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʧʦʜʭʦʜʘʤʠ: ʧʦʜʭʦʜʦʤ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʯʝʨʝʟ ʩʪʘʜʠʶ ʅʉʂ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʇʉʂ ʤʝʪʦʜʦʤ ʩ DUAL 
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SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜʦʤ ʩ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ NGN2 

ʥʘ ʦʩʥʦʚʝ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʠ ʪʨʘʥʩʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʪʝʪʨʘʮʠʢʣʠʥ ʘʢʪʠʚʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ TetON. 

1.6. ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʨʘʩʢʨʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ in vitro. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʮʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʘʣʴʮʠʝʚʳʡ ʠʥʜʠʢʘʪʦʨ 

GCaMP6s, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʢʘʣʴʮʠʝʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʦʚ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʥʝʡʨʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʣʝʢʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʥʝʡʨʦʛʝʥʝʟʘ ʠ ʟʘʙʦʣʝʚʘʥʠʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. 

1.7. ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ. ɺʳʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʦʙʦʩʥʦʚʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ, ʩʪʝʧʝʥʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʜʘʥʥʦʡ ʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʩʪʘʥʦʚʢʦʡ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʣʝʪʦʯʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʙʠʦʣʦʛʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʣʝʚʘʥʪʥʳʭ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ. 
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1.8. ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1) ʉʧʦʥʪʘʥʥʘʷ ʥʝʡʨʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʅʉʂ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʇʉʂ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʘ ʩ DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʠʟʥʘʯʘʣʴʥʦʡ ʣʠʥʠʠ 

ʀʇʉʂ. ʂʣʝʪʦʯʥʳʡ ʩʧʝʢʪʨ ʧʦʣʫʯʘʝʤʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʜʦʩʪʦʚʝʨʥʦ ʠ ʟʥʘʯʠʤʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʅʉʂ. 

2) ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʠ NGN2 ʚ ʩʦʩʪʘʚʝ ʪʝʪʨʘʮʠʢʣʠʥ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ TetON ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʨʝʣʳʝ 

ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʯʝʣʦʚʝʢʘ, ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʥʘ ʤʦʜʝʣʠ ʩ ʢʘʣʴʮʠʝʚʳʤ ʠʥʜʠʢʘʪʦʨʦʤ GCaMP6s. 

3) ʈʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʀʇʉʂ ʚ ʥʝʡʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ. ʇʦʜʭʦʜ ʩ DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʛʣʠʠ, ʦʜʥʘʢʦ ʥʝʡʨʦʥʳ 

ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ, ʘ ʩʘʤʠ ʢʫʣʴʪʫʨʳ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ. 

ʇʦʜʭʦʜ ʩ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ NGN2 ʧʨʠ ʧʦʤʦʱʠ ʣʝʥʪʠʚʠʨʫʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʪʨʘʥʩʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ TetON ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ ʙʦʣʝʝ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ, ʦʜʥʘʢʦ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ, ʘ 

ʩʧʝʢʪʨ ʢʣʝʪʦʯʥʳʭ ʪʠʧʦʚ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥ. 

1.9. ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʸʥ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʥʠʤʘʥʠʝ ʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʪʦʢʦʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʪʠʚʦʚ 
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ʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʝʢʚʘʪʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʛʨʘʤʦʪʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

1.10. ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ɹʀʆʃʆɻʀʀ ʈɸɿɺʀʊʀʗè ʚ ʀʥʩʪʠʪʫʪʝ ʙʠʦʣʦʛʠʠ 

ʨʘʟʚʠʪʠʷ ʠʤ. ʅ.ʂ. ʂʦʣʴʮʦʚʘ ʈɸʅ (ʄʦʩʢʚʘ, 12-14 ʦʢʪʷʙʨʷ 2021 ʛʦʜʘ), ʘ ʪʘʢʞʝ ʥʘ III 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñStemCellBio-2023: ʊʨʘʥʩʣʷʮʠʦʥʥʘʷ ʤʝʜʠʮʠʥʘ ï 

ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡò (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 17-18 ʥʦʷʙʨʷ 2023 ʛʦʜʘ). 

1.11. ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʠ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ 1 ʦʙʟʦʨʥʘʷ ʩʪʘʪʴʷ. ɺʩʝ ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʠʤ. ʄ. ɺ. 

ʃʦʤʦʥʦʩʦʚʘ. ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 9. 

1.12. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʚʪʦʨʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʢʨʦʤʝ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʥʘʧʠʩʘʥʠʠ ʧʦʜʛʦʪʦʚʢʝ ʪʝʟʠʩʦʚ ʠ ʧʫʙʣʠʢʘʮʠʡ. 

1.13. ʌʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ˉ 075-15-2019-1789 ʦʪ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚʳʜʝʣʝʥʥʦʛʦ ʎʝʥʪʨʫ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʳ. 
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1.14. ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠ̫. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 173 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 35 ʨʠʩʫʥʢʦʚ ʠ 3 ʪʘʙʣʠʮ.r  
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2. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

2.1. ʅʝʡʨʦʛʝʥʝʟ ʠ ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ 

ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Galiakberova A. A., Dashinimaev E. B. Neural Stem 

Cells and Methods for Their Generation From Induced Pluripotent Stem Cells in vitro // Front Cell Dev Biol. ð 2020. ð Vol. 8. ð P. 815. 

ʅʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʅʉʂ) ï ɻ ʪʦ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ ʛʝʥʝʨʘʮʠʠ ʚʩʝʭ 

ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ, ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ ʠ ʘʩʪʨʦʛʣʠʠ. ʅʝʡʨʦʥʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ, 

ʠʣʠ ʥʝʡʨʦʥʘʣʴʥʳʝ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ (ʅʇʂ) ï ʵʪʦ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ, 

ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʝ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʪʦʣʴʢʦ ʚ ʥʝʡʨʦʥʳ.  

2.1.1. ʕʤʙʨʠʦʥʘʣʴʥʳʡ ʥʝʡʨʦʛʝʥʝʟ 

ʅʉʂ ʠʛʨʘʶʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʢʘʢ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ, ʪʘʢ ʠ ʚʦ ʚʟʨʦʩʣʦʤ 

ʥʝʡʨʦʛʝʥʝʟʝ ï ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʤ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʥʦʚ ʠʟ ʢʣʝʪʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʧʦʪʝʟʦʡ, ʚʳʜʚʠʥʫʪʦʡ ʚ ʦʙʟʦʨʝ Alvarez-

Buylla et al., 2001, ʚ ʧʝʨʠʦʜʝ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʅʉʂ. ʅʝʡʨʦʵʧʠʪʝʣʠʡ (ʅʕ) ï ʵʧʠʪʝʣʠʘʣʴʥʳʝ 

ʢʣʝʪʢʠ ʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʟʦʥʳ (ɺɿ) ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʘʧʠʢʘʣʴʥʦ-

ʙʘʟʘʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʴʶ. ɸʧʠʢʘʣʴʥʳʡ ʦʪʨʦʩʪʦʢ ʵʪʠʭ ʢʣʝʪʦʢ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 

ʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʙʘʟʘʣʴʥʳʡ ʦʪʨʦʩʪʦʢ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, 

ʧʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ. ʉʘʤʦʦʙʥʦʚʣʝʥʠʝ ʵʪʠʭ ʢʣʝʪʦʢ ʧʨʦʠʩʭʦʜʠʪ 

ʧʫʪʝʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʣʝʥʠʷ (Williams, Price, 1995), ʢʦʛʜʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʚʝ 

ʦʜʠʥʘʢʦʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. ʇʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʞʝ ʜʝʣʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʦʜʥʘ 

ʩʪʚʦʣʦʚʘʷ ʢʣʝʪʢʘ, ʘ ʚʪʦʨʘʷ ï ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʥʝʡʨʦʥʘʣʴʥʳʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʣʠʙʦ ʥʝʡʨʦʥ (Huttner, Brand, 1997). ɼʣʷ ʅʕ ʢʣʝʪʦʢ ʭʘʨʘʢʪʝʨʥʳ 

ʪʘʢʠʝ ʤʘʨʢʝʨʳ, ʢʘʢ ZO-1, Sox2, Nestin, Hes1, Hes3 ʠ ʜʨ. 

ʅʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ ʟʘʪʝʤ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʜʨʫʛʦʡ ʪʠʧ ʅʉʂ ï ʨʘʜʠʘʣʴʥʫʶ ʛʣʠʶ (ʈɻ) (Malatesta et al., 2000). ʈʘʜʠʘʣʴʥʳʝ 

ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ð ʵʪʦ ʛʝʪʝʨʦʛʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʅʉʂ, ʠʤʝʶʱʘʷ ʚ ʮʠʪʦʧʣʘʟʤʝ 
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ʛʨʘʥʫʣʳ ʛʣʠʢʦʛʝʥʘ ʠ ʤʦʨʬʦʣʦʛʠʶ, ʩʭʦʜʥʫʶ ʩ ʘʩʪʨʦʛʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʣʘʜʘʶʱʫʶ ʩʚʦʡʩʪʚʘʤʠ ʅʕ. ʕʪʠ ʢʣʝʪʢʠ, ʢʘʢ ʠ 

ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʝ, ʠʤʝʶʪ ʘʧʠʢʘʣʴʥʦ-ʙʘʟʘʣʴʥʫʶ ʧʦʣʷʨʥʦʩʪʴ, ʦʩʪʘʚʘʷʩʴ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʧʠʘʣʴʥʦʡ ʠ ʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ Nestin, Vimentin. ʆʜʥʘʢʦ 

ʙʝʣʢʠ ʧʣʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʢʣʶʜʠʥʳ ʠ ZO-1, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʅʕ ʢʣʝʪʢʘʭ, ʚ 

ʈɻ ʟʘʤʝʥʷʶʪʩʷ ʙʝʣʢʘʤʠ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʪʘʢʠʤʠ ʢʘʢ N-ʢʘʜʛʝʨʠʥʳ (Aaku-Saraste 

et al., 1996), ʘ ʵʢʩʧʨʝʩʩʠʷ Hes3 ʩʤʝʥʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ Hes5 (Kageyama 

et al., 2008a). ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʥʘʣʠʯʠʝ ʛʣʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʘʩʪʨʦʮʠʪ-ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʪʨʘʥʩʧʦʨʪʝʨ ʛʣʫʪʘʤʘʪʘ (GLAST), ʣʠʧʠʜʩʚʷʟʳʚʘʶʱʠʡ 

ʙʝʣʦʢ ʤʦʟʛʘ (BLBP (Fabp7)), ʛʣʫʪʘʤʘʪʩʠʥʪʘʟʘ (GS), S100ɓ ʠ ʜʨʫʛʠʝ (Akimoto et al., 

1993; Shibata et al., 1997; Gotz et al., 1998; Hartfuss et al., 2001; Patro et al., 2015). 

ʊʘʢʞʝ ʈɻ ʢʣʝʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʢʩʧʨʝʩʩʠʝʡ Sox2, Pax6, Hes1 (Kageyama et al., 

2008a; Malatesta et al., 2008). ʇʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ GFAP ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʣʠʰʴ ʚ 

ʥʝʢʦʪʦʨʳʭ ʈɻ (Pollen et al., 2015). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʈɻ ʢʣʝʪʢʠ ʩʦʩʪʘʚʣʷʶʪ 

ʜʦʚʦʣʴʥʦ ʛʝʪʝʨʦʛʝʥʥʫʶ ʧʦʧʫʣʷʮʠʶ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ 

ʩʚʦʠ ʤʦʨʬʦʣʦʛʠʶ ʠ ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʧʦʵʪʦʤʫ ʩʧʠʩʦʢ ʤʘʨʢʝʨʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʰʠʨʝ ʠ ʟʘʚʠʩʝʪʴ ʦʪ ʨʝʛʠʦʥʘ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʦʟʛʘ (Malatesta et al., 2008; 

Pollen et al., 2015). ʂʘʢ ʠ ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, ʈɻ-ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʢ 

ʘʩʠʤʤʝʪʨʠʯʥʦʤʫ ʠ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʜʝʣʝʥʠʶ. ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʣʝʥʠʝ ʜʘʝʪ ʥʘʯʘʣʦ 

ʜʦʯʝʨʥʝʡ ʈɻ-ʢʣʝʪʢʝ ʠ ʣʠʙʦ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʧʨʦʛʝʥʠʪʦʨʥʦʡ ʢʣʝʪʢʝ (ʇʇʂ), ʣʠʙʦ ʪʝʨʤʠʥʘʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʢʣʝʪʢʝ 

(Noctor et al., 2004).  

ɺ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʥʝʡʨʦʛʝʥʝʟʝ ʢʣʝʪʢʠ ʨʘʜʠʘʣʴʥʦʡ ʛʣʠʠ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ 

ʧʨʦʠʟʚʦʜʷʪ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʡʨʦʥʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ) (Malatesta 

et al., 2003; Noctor et al., 2004). ʊʠʧ ʇʇʂ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʥʝʡʨʦʥʦʚ, ʥʘʟʳʚʘʶʪ ʙʘʟʘʣʴʥʳʤʠ ʠʣʠ ʥʝʡʨʦʥʘʣʴʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʧʨʦʛʝʥʠʪʦʨʥʳʤʠ ʢʣʝʪʢʠ (ʅʇʇʂ). ʅʇʇʂ ʵʪʦ ʢʣʝʪʢʠ ʯʘʩʪʦ ʩ ʤʫʣʴʪʠʧʦʣʷʨʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʟʘʩʝʣʷʶʪ ʩʫʙʚʝʥʪʨʠʢʫʣʷʨʥʫʶ ʟʦʥʫ ʥʝʨʚʥʦʡ 
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ʪʨʫʙʢʠ (Noctor et al., 2004). ʅʇʇʂ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʩʧʦʩʦʙʥʳ ʪʦʣʴʢʦ ʢ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʜʝʣʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʙʦ 

ʜʚʫʭ ʥʝʡʨʦʥʦʚ, ʣʠʙʦ ʜʚʫʭ ʜʦʯʝʨʥʠʭ ʅʇʇʂ. ʕʪʦʪ ʪʠʧ ʢʣʝʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʦʬʠʣʝʤ ʵʢʩʧʨʝʩʩʠʠ, ʦʪʣʠʯʥʳʤ ʦʪ ʈɻ ʢʣʝʪʦʢ, ʦʜʥʘʢʦ ʦʥ ʟʘʚʠʩʠʪ ʦʪ ʨʝʛʠʦʥʘ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʦʟʛʘ. ʊʘʢ, ʢʦʨʪʠʢʘʣʴʥʳʝ ʅʇʇʂ ʤʦʛʫʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʵʢʩʧʨʝʩʩʠʝʡ ʪʘʢʠʭ ʛʝʥʦʚ ʢʘʢ Tbr2, Cux1 ʠ Cux2, ʥʦ ʥʝ Pax6 (Hevner et al., 2001; 

Haubensak et al., 2004; Noctor et al., 2004; Kowalczyk et al., 2009).  

ʈɻ ʢʣʝʪʢʠ ʜʘʶʪ ʥʘʯʘʣʦ ʥʝ ʪʦʣʴʢʦ ʢʣʝʪʢʘʤ ʥʝʡʨʦʥʘʣʴʥʦʛʦ ʜʠʬʬʝʨʦʥʘ, ʥʦ ʠ 

ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʤ, ʘʩʪʨʦʮʠʪʘʤ ʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ (deAzevedo et al., 2003; 

Malatesta et al., 2003), ʘ ʪʘʢʞʝ ʵʧʝʥʜʠʤʥʳʤ ʢʣʝʪʢʘʤ, ʚʳʩʪʠʣʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʴ 

ʞʝʣʫʜʦʯʢʦʚ ʠ ʩʧʠʥʥʦʤʦʟʛʦʚʦʛʦ ʢʘʥʘʣʘ (Spassky et al., 2005) (ʈʠʩ. 1).   

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʝʪʚʝʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʅʉʂ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ 

ʥʝʡʨʦʛʝʥʝʟʝ. ʅʕ ï ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʘʷ ʢʣʝʪʢʘ, ʈɻ ï ʢʣʝʪʢʘ ʨʘʜʠʘʣʴʥʦʡ ʛʣʠʠ, ʅʇʇʂ ï 

ʥʝʡʨʦʥʘʣʴʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʨʦʛʝʥʠʪʦʨʥʘʷ ʢʣʝʪʢʘ, ɸʇʂ ï ʘʩʪʨʦʮʠʪʘʨʥʘʷ ʧʨʦʛʝʥʠʪʦʨʥʘʷ 

ʢʣʝʪʢʘ, ʆʇʂ ï ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʘʷ ʧʨʦʛʝʥʠʪʦʨʥʘʷ ʢʣʝʪʢʘ.  
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ʆʜʥʘʢʦ ʥʘ ʧʦʚʝʜʝʥʠʝ ʈɻ ʢʣʝʪʦʢ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʥʫʪʨʝʥʥʷʷ ʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʠ 

ʣʦʢʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Gotz et al., 2002). ʉʠʛʥʘʣʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʨʝʤʝʥʝʤ ʨʘʟʚʠʪʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʝʡ ʢʣʝʪʢʠ ʚ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (Desai et al., 2000; Shen et al., 2006). ʊʘʢ, ʚʜʦʣʴ 

ʜʦʨʩʦʚʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʟʦʥ: 

ʧʝʨʝʛʦʨʦʜʢʘ, ʢʦʨʘ, ʘ ʪʘʢʞʝ ʣʘʪʝʨʘʣʴʥʳʡ, ʢʘʫʜʘʣʴʥʳʡ ʠ ʤʝʜʠʘʣʴʥʳʡ ʛʘʥʛʣʠʦʥʘʨʥʳʝ 

ʙʫʛʦʨʢʠ (ʃɻɹ, ʂɻɹ ʠ ʄɻɹ) (Bayraktar et al., 2014).  

2.1.2. ʕʤʙʨʠʦʥʘʣʴʥʳʡ ʛʣʠʦʛʝʥʝʟ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʛʨʳʟʫʥʦʚ ʦʩʥʦʚʥʦʡ ʛʣʠʦʛʝʥʝʟ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʷʭ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʩʣʝ ʦʩʥʦʚʥʦʡ ʚʦʣʥʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʥʝʡʨʦʥʦʚ, ʥʘ ʩʪʘʜʠʠ ɽ16-ɽ17 ʫ ʤʳʰʝʡ. ɻʣʠʦʛʝʥʝʟ ʫ ʯʝʣʦʚʝʢʘ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ 

ʧʦʩʣʝ 20 ʥʝʜʝʣʴ ʙʝʨʝʤʝʥʥʦʩʪʠ (Malatesta et al., 2000; Malatesta et al., 2003; Liu et al., 

2022). ɹʦʣʝʝ ʪʦʛʦ, ʠʩʪʦʱʝʥʠʝ ʧʫʣʘ ʈɻ ʢʣʝʪʦʢ ʩʦʚʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʘʩʪʨʦʮʠʪʦʚ (Noctor et al., 2008). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈɻ ʢʣʝʪʢʠ ʤʦʛʫʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʘʩʪʨʦʮʠʪʘʨʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ 

(ɸʇʇʂ), ʣʠʙʦ ʚ ʘʩʪʨʦʮʠʪʳ ʥʘʧʨʷʤʫʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʟʘʠʤʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʘʨʢʝʨʦʚ (Mission et al., 1991) (ʈʠʩ. 1). ʇʨʠʯʝʤ ʦʜʥʘ ʠ ʪʘ ʞʝ ʈɻ 

ʢʣʝʪʢʘ, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʜʝʣʠʣʘʩʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʘ ʠʣʠ ʅʇʇʂ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʤʦʞʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴʩʷ ʚ ʘʩʪʨʦʛʣʠʘʣʴʥʫʶ ʢʣʝʪʢʫ (Noctor et al., 2008). ɻʨʘʥʠʮʘ 

ʤʝʞʜʫ ʈɻ ʢʣʝʪʢʦʡ, ʢʦʤʤʠʪʠʨʦʚʘʥʥʦʡ ʚ ʘʩʪʨʦʮʠʪʘʨʥʫʶ ʣʠʥʠʶ, ʠ ɸʇʇʂ ʜʦʚʦʣʴʥʦ 

ʨʘʟʤʳʪʘ. ʏʘʩʪʦ ʠʭ ʦʙʦʟʥʘʯʘʶʪ ʦʙʱʠʤ ʪʝʨʤʠʥʦʤ ʘʩʪʨʦʮʠʪʘʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

(ɸʇʂ). ɸʩʪʨʦʮʠʪʘʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʢʩʧʨʝʩʩʠʝʡ ʪʘʢʠʭ 

ʛʝʥʦʚ, ʢʘʢ Aldh1L1, Slc1a3 (GLAST), Sox9, CD44, BLBP(Fabp7) ʠ ʜʨ., ʭʦʪʷ ʤʥʦʛʠʝ 

ʠʟ ʥʠʭ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʪʘʢʞʝ ʠ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʘʩʪʨʦʮʠʪʘʭ (Lattke, 

Guillemot, 2022).  

 ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʩʪʨʦʮʠʪʳ ʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ 

ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ ʢʣʝʪʦʢ, ʩʚʦʡʩʪʚʘ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ, ʚʝʨʦʷʪʥʦ, 
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ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʨʝʤʝʥʝʤ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʈɻ ʢʣʝʪʦʢ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʥʠ ʧʨʦʠʟʦʰʣʠ (Hochstim et al., 2008). ɺ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʦʟʛʝ ʤʳʰʠ ʥʝʜʘʚʥʦ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʦʜʛʨʫʧʧʳ ʢʣʝʪʦʢ ʈɻ, ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʝ ʚ ʘʩʪʨʦʛʣʠʶ: SPARC+ 

ʠ SPARCL1+ (Liu et al., 2022). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ SPARʉ+ ʵʪʦ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʥʥʠʝ ʚʦʣʥʳ ʘʩʪʨʦʛʣʠʦʛʝʥʝʟʘ ʚ ʧʦʟʜʥʝʡ ʵʤʙʨʠʦʥʘʣʴʥʦʡ 

ʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʟʦʥʝ. SPARCL1+ ʢʣʝʪʢʠ, ʚʝʨʦʷʪʥʦ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʧʦʟʜʥʶʶ 

ʚʦʣʥʫ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ EGFR ʠ OLIG2, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʢʣʝʪʢʠ, ʚʝʨʦʷʪʥʦ, ʠʤʝʶʪ ʧʦʪʝʥʮʠʠ ʢ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ (Fu et al., 2021; Liu et al., 2022).  ɹʦʣʝʝ ʪʦʛʦ, 

ʧʦʧʫʣʷʮʠʶ ʈɻ ʢʣʝʪʦʢ SPARCL1+ EGFR+OLIG2 + ʚʳʜʝʣʠʣʠ ʢʘʢ ʦʩʥʦʚʥʫʶ ʛʨʫʧʧʫ 

ʢʣʝʪʦʢïʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʘʩʪʨʦʮʠʪʦʚ ʚ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʯʝʣʦʚʝʢʘ (Fu et al., 2021). 

ʕʤʙʨʠʦʥʘʣʴʥʳʡ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʛʝʥʝʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʦʟʛʘ ʚ ʪʨʠ ʚʦʣʥʳ. ʆʙʳʯʥʦ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ ʥʝ ʚʳʜʝʣʷʶʪ ʦʪʜʝʣʴʥʦ, ʘ ʦʙʦʟʥʘʯʘʶʪ 

ʦʙʱʠʤ ʪʝʨʤʠʥʦʤ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʝ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ (ʆʇʂ). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʝ ʆʇʂ ʦʙʨʘʟʫʶʪʩʷ ʠʟ Nkx2.1-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʈɻ ʢʣʝʪʦʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʄɻɹ, ʚʦ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʚʦʣʥʳ ʥʝʡʨʦʛʝʥʝʟʘ ï ʧʨʠʤʝʨʥʦ ʥʘ 

ʩʪʘʜʠʠ E9-E10 ʨʘʟʚʠʪʠʷ ʤʳʰʠ (Kessaris et al., 2006). ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʦʷʚʣʝʥʠʝ ʆʇʂ 

ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ Gsh2+ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʃɻɹ ʠ ʂɻɹ, ʘ 

ʧʦʩʣʝʜʥʷʷ ʚʦʣʥʘ ʛʝʥʝʨʘʮʠʠ ʆʇʂ ʧʨʦʠʩʭʦʜʠʪ ʦʪ Emx1+ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ 

ʜʦʨʩʘʣʴʥʦʡ ʟʘʨʦʜʳʰʝʚʦʡ ʟʦʥʝ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ (Kessaris et al., 2006). ʆʇʂ ʦʙʳʯʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʝʡ ʪʘʢʠʭ ʛʝʥʦʚ ʢʘʢ NG2, PDGFRŬ, Olig1, Olig2 ʠ Sox10 

(Britsch et al., 2001; Takebayashi et al., 2002; Rivers et al., 2008). ʆʇʂ 

ʧʨʦʣʠʬʝʨʠʨʫʶʪ, ʤʠʛʨʠʨʫʶʪ ʧʦ ʚʩʝʡ ʎʅʉ, ʘ ʟʘʪʝʤ, ʧʦ ʤʝʨʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ 

ʩʦʟʨʝʚʘʥʠʷ, ʧʨʝʪʝʨʧʝʚʘʶʪ ʨʷʜ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (Spassky 

et al., 1998). ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʢʣʝʪʢʠ ʪʝʨʷʶʪ ʆʇʂ-ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʝʣʢʠ ʠ 

ʥʘʯʠʥʘʶʪ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʥʪʠʛʝʥʳ, ʪʘʢʠʝ ʢʘʢ 

ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʡ ʘʥʪʠʛʝʥ O4, ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʘʷ CNP (2ô,3ô-
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ʮʠʢʣʦʥʫʢʣʝʦʪʠʜ-3ô-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ) ʠ MBP (ʦʩʥʦʚʥʦʡ ʙʝʣʦʢ ʤʠʝʣʠʥʘ) (Dimou, 

Gotz, 2014). 

2.1.3. ʅʝʡʨʦʛʝʥʝʟ ʚʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ɺʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʝʡʨʦʛʝʥʝʟ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʫʙʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʟʦʥʝ ʙʦʢʦʚʦʛʦ ʞʝʣʫʜʦʯʢʘ (ʉɺɿ) ʠ ʩʫʙʛʨʘʥʫʣʷʨʥʦʡ ʟʦʥʝ 

ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ ʛʠʧʧʦʢʘʤʧʘ (ʉɻɿ) (Kempermann et al., 1997; Imayoshi et al., 

2008). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ, ʫ ʛʨʳʟʫʥʦʚ, ʥʝʡʨʦʛʝʥʝʟ ʚ 

ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʘʢʪʠʚʝʥ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ (Altman, 1965; Altman, Das, 

1969). ɺʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʅʉʂ ʠ ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʥʝʡʨʦʥʦʚ ʚ 

ʤʦʟʛʝ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʤʥʦʛʦ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʜʘʥʥʳʭ ʥʘ ʵʪʦʪ ʩʯʝʪ (Boldrini et al., 2018; Sorrells et al., 

2018; Moreno-Jimenez et al., 2019). 

ɺ ʉɺɿ ʠ ʉɻɿ ʨʘʩʧʦʣʦʞʝʥʳ ʅʉʂ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʣʝʪʢʘʤʠ, ʧʦʜʦʙʥʳʤʠ 

ʢʣʝʪʢʘʤ ʨʘʜʠʘʣʴʥʦʡ ʛʣʠʠ. ʂʘʢ ʠ ʈɻ ʢʣʝʪʢʠ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʤʦʟʛʘ, 

ʅʉʂ ʚ ʉɺɿ ʠ ʉɻɿ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʠʤʠ ʤʘʨʢʝʨʘʤʠ, ʢʘʢ Pax6, Glast, Nestin, 

Vimentin, Hes5, Blbp (Fabp7), Aldh1L1, Sox2 ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ 

ʧʦʭʦʞʠ ʥʘ ʘʩʪʨʦʮʠʪʳ, ʭʦʪʷ ʠʤʠ ʥʝ ʷʚʣʷʶʪʩʷ (Ferri et al., 2004; Urban, Guillemot; 

2014). ʕʪʠ ʢʣʝʪʢʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʠ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ, ʠ ʢ ʘʩʠʤʤʝʪʨʠʯʥʳʤ 

ʜʝʣʝʥʠʷʤ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʈɻ ʢʣʝʪʦʢ ʩʢʣʦʥʥʦʩʪʴʶ ʠʤʝʥʥʦ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʜʝʣʝʥʠʷʤ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (Simons, Clevers, 2011; 

Obernier et al., 2018). ʂʘʢ ʠ ʈɻ ʢʣʝʪʢʠ, ʅʉʂ ʚ ʉɺɿ ʠ ʉɻɿ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʦʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʤ ʦʥʠ 

ʜʘʶʪ ʥʘʯʘʣʦ. 

ʅʉʂ ʚ ʉɺɿ ʥʘʟʳʚʘʶʪʩʷ ʢʣʝʪʢʘʤʠ ʪʠʧʘ ɺ ʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʭʦʞʠʭ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ ʧʦʧʫʣʷʮʠʡ: ʢʣʝʪʦʢ B1 ʠ B2. ʇʨʠ ʵʪʦʤ ʢʣʝʪʢʠ B2 ʷʚʣʷʶʪʩʷ ʧʦʪʦʤʢʘʤʠ ʢʣʝʪʦʢ 

ɺ1 (Obernier et al., 2018). ʂʣʝʪʢʠ ʪʠʧʘ ɺ ʨʝʜʢʦ ʜʝʣʷʪʩʷ ʣʠʙʦ ʩʘʤʦʦʙʥʦʚʣʷʷʩʴ, ʣʠʙʦ 

ʜʘʚʘʷ ʥʘʯʘʣʦ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ ʥʝʡʨʦʥʦʚ, 

ʠʤʝʥʫʝʤʳʤ TAC (Transit-Amplifying Cells) ʠʣʠ ʉ-ʢʣʝʪʢʘʤʠ (Doetsch et al., 1999) 
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(ʈʠʩ. 2).  ʂʣʝʪʢʠ ʪʠʧʘ ʉ ʢʣʝʪʢʠ ʧʦʜʦʙʥʳ ʅʇʇʂ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʥʝʡʨʦʛʝʥʝʟʝ ʠ 

ʩʧʦʩʦʙʥʳ ʢ ʥʝʩʢʦʣʴʢʠʤ ʩʠʤʤʝʪʨʠʯʥʳʤ ʜʝʣʝʥʠʷʤ (Ponti et al., 2013). ʕʪʦ GFAP- ʠ 

Vimentin-ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ 

ʪʘʢʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ Ascl1 (Mash1), Pax6 ʠ Dlx2 (Doetsch et al., 

1997; Ponti et al., 2013). ʂʣʝʪʢʠ ʪʠʧʘ ʉ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʶʪ ʥʘʯʘʣʦ ʥʝʡʨʦʙʣʘʩʪʘʤ 

(ʢʣʝʪʢʘʤ ʪʠʧʘ ɸ) (Lois et al., 1996). ʅʝʡʨʦʙʣʘʩʪʳ ʷʚʣʷʶʪʩʷ ʙʣʠʞʘʡʰʠʤʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʝʡʨʦʥʦʚ, ʥʦ ʚʩʝ ʝʱʝ ʠʤʝʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʝʩʢʦʣʴʢʠʤ 

ʜʝʣʝʥʠʷʤ (Ponti et al., 2013). ʕʪʦʪ ʪʠʧ ʢʣʝʪʦʢ ʦʩʪʘʝʪʩʷ Nestin-ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ 

GFAP ʠ Vimentin-ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʢɻʩʧʨʝʩʩʠʝʡ ʧʦʣʠʩʠʣʠʣʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʢʣʝʪʦʯʥʦʡ ʥʝʡʨʦʥʘʣʴʥʦʡ ʘʜʛʝʟʠʠ 

(PSA-NCAM), ʜʘʙʣʢʦʨʪʠʥʘ (DCX) ʠ TuJ1- (ɓ-III -ʪʫʙʫʣʠʥʘ) (Doetsch et al., 1997; 

Francis et al., 1999). ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚ ʪ.ʯ. ʤʳʰʠ, ʥʝʡʨʦʙʣʘʩʪʳ 

ʮʝʧʦʯʢʦʡ ʤʠʛʨʠʨʫʶʪ ʚ ʦʙʣʘʩʪʴ ʦʙʦʥʷʪʝʣʴʥʦʡ ʣʫʢʦʚʠʮʳ, ʛʜʝ ʟʘʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʥʝʡʨʦʥʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʣʠʯʝʥʠʶ ʟʘʧʘʭʘ ʠ 

ʘʩʩʦʮʠʘʮʠʠ çʟʘʧʘʭ-ʚʦʟʥʘʛʨʘʞʜʝʥʠʝè (Doetsch, Alvarez-Buylla, 1996; Grelat et al., 

2018). ʇʨʠ ʵʪʦʤ ʢʣʝʪʢʠ B1 ʠʤʝʶʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 

ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪ ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʝʩʷʪʴ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʦʙʦʥʷʪʝʣʴʥʦʡ ʣʫʢʦʚʠʮʳ 

(Delgado, Lim, 2015). ʂʨʦʤʝ ʪʦʛʦ, ʢʣʝʪʢʠ B1 ʚ ʉɺɿ ʪʘʢʞʝ ʧʨʦʜʫʮʠʨʫʶʪ 

ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ ʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (Nait-Oumesmar et al., 1999).  

ʈɻ-ʧʦʜʦʙʥʳʝ ʅʉʂ ʚ ʉɻɿ ʥʘʟʳʚʘʶʪʩʷ ʢʣʝʪʢʘʤʠ ʪʠʧʘ 1, ʚ ʥʠʭ ʜʝʪʝʢʪʠʨʫʶʪʩʷ 

ʪʘʢʠʝ ʤʘʨʢʝʨʳ, ʢʘʢ Pax6, Nestin, Blbp, Sox2 ʠ ʜʨ. ʕʪʠ ʢʣʝʪʢʠ, ʢʘʢ ʠ ʢʣʝʪʢʠ ʪʠʧʘ B ʚ 

ʉɺɿ, ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʧʦʢʦʷʱʠʝʩʷ (Urban et al., 2016). ʆʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʨʝʜʢʠʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʜʝʣʝʥʠʷ ʠ ʜʘʶʪ ʥʘʯʘʣʦ 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʛʝʥʠʪʦʨʥʳʤ ʢʣʝʪʢʘʤ (ʢʣʝʪʢʘʤ ʪʠʧʘ 2), 

ʘʥʘʣʦʛʠʯʥʳʤ ʢʣʝʪʢʘʤ ʪʠʧʘ ʉ ʚ ʉɺɿ (Filippov et al., 2003). ʂʣʝʪʢʠ ʪʠʧʘ 2 ʜʝʣʷʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʦ, ʩʘʤʦʦʙʥʦʚʣʷʷʩʴ ʠʣʠ ʛʝʥʝʨʠʨʫʷ ʥʝʡʨʦʙʣʘʩʪʳ (ʢʣʝʪʢʠ ʪʠʧʘ 3) 

(Goncalves et al., 2016) (ʈʠʩ. 2). ʅʝʡʨʦʙʣʘʩʪʳ ʩʦʟʨʝʚʘʶʪ ʠ ʧʦʤʠʤʦ DCX ʥʘʯʠʥʘʶʪ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʤʘʨʢʝʨ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ NeuN ʠ ʢʘʣʴʮʠʡ ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 
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ʢʘʣʴʙʠʥʜʠʥ. ʆʥʠ ʤʠʛʨʠʨʫʶʪ ʚ ʛʨʘʥʫʣʷʨʥʳʡ ʩʣʦʡ ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ ʛʠʧʧʦʢʘʤʧʘ. 

ʂʦʛʜʘ ʤʦʣʦʜʳʝ ʥʝʡʨʦʥʳ ʜʦʩʪʠʛʘʶʪ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ, ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʜʝʥʜʨʠʪʦʚ ʠ 

ʘʢʩʦʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʩʣʦʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʧʦʣʶ ʉɸ3 (Sun et al., 

2015). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʚʟʨʦʩʣʳʭ ʛʨʳʟʫʥʦʚ ʅʉʂ ʚ ʉɻɿ ʜʘʶʪ ʥʘʯʘʣʦ 

ʚʦʟʙʫʞʜʘʶʱʠʤ ʥʝʡʨʦʥʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʤʷʪʠ 

ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʫʯʝʥʠʶ (Ming, Song, 2011).  

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʡʨʦʥʘʣʴʥʳʭ ʚʝʪʚʝʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʅʉʂ ʚ 

ʥʝʡʨʦʛʝʥʥʳʭ ʥʠʰʘʭ ʚʟʨʦʩʣʦʛʦ ʤʦʟʛʘ ʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʤʙʨʠʦʥʘʣʴʥʳʤ ʥʝʡʨʦʛʝʥʝʟʦʤ. ʉɺɿ ï 

ʩʫʙʚʝʥʪʨʠʢʫʣʷʨʥʘʷ ʟʦʥʘ ʙʦʢʦʚʳʭ ʞʝʣʫʜʦʯʢʦʚ, ʉɻɿ ï ʩʫʙʛʨʘʥʫʣʷʨʥʘʷ ʟʦʥʘ ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ 

ʛʠʧʧʦʢʘʤʧʘ, ʈɻ ï ʢʣʝʪʢʘ ʨʘʜʠʘʣʴʥʦʡ ʛʣʠʠ, ʅʇʇʂ ï ʥʝʡʨʦʥʘʣʴʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʨʦʛʝʥʠʪʦʨʥʘʷ 

ʢʣʝʪʢʘ. 

2.1.4. ʂʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʍʦʪʷ ʅʉʂ ʠ ʩʧʦʩʦʙʥʳ ʢ ʜʣʠʪʝʣʴʥʦʤʫ (ʥʦ ʥʝ ʙʝʩʢʦʥʝʯʥʦʤʫ) ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ 

ʠ ʛʝʥʝʨʘʮʠʠ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʝʡʨʦʥʦʚ ʣʠʙʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʘʩʪʨʦʮʠʪʦʚ ʠ/ʠʣʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ 
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ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʢʦʷʱʝʤʩʷ ʩʦʩʪʦʷʥʠʠ (Calzolari et al., 2015; Urban et al., 2019). 

ʀʤʝʥʥʦ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʅʉʂ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʢʣʝʪʦʢ ʜʣʷ ʥʝʡʨʦʛʝʥʝʟʘ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʡ ʞʠʟʥʠ ʞʠʚʦʪʥʦʛʦ (Ribeiro, Xapelli, 2021). 

ɸʢʪʠʚʥʦʩʪʴ ʅʉʂ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʠʛʥʘʣʘʤʠ ʥʝʡʨʦʛʝʥʥʦʡ ʥʠʰʠ. ʅʝʡʨʦʛʝʥʥʘʷ ʥʠʰʘ ï ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʤʠʢʨʦʩʨʝʜʘ, 

ʦʢʨʫʞʘʶʱʘʷ ʅʉʂ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʦʧʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ, ʩʠʛʥʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʢʦʨʦʪʢʦʛʦ ʠ ʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷ 

(ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʥʠʰʫ ʠʟ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ) ʠ ʤʝʞʢʣʝʪʦʯʥʳʝ 

ʢʦʥʪʘʢʪʳ (Alvarez-Buylla, Lim, 2004). ʉʨʝʜʘ ʥʠʰʠ ʨʝʛʫʣʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʅʉʂ, 

ʫʜʝʨʞʠʚʘʷ ʠʭ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠʣʠ ʞʝ ʧʝʨʝʜʘʚʘʷ ʩʠʛʥʘʣʳ ʜʣʷ ʠʭ ʘʢʪʠʚʘʮʠʠ. 

ʉʠʛʥʘʣʳ ʦʪ ʥʝʡʨʦʛʝʥʥʦʡ ʥʠʰʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʣʝʪʦʯʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʜʝʣʘʷ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ 

(Alvarez-Buylla, Lim, 2004; Ribeiro, Xapelli, 2021). ʂʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʠ ʅʉʂ 

ʥʘʠʙʦʣʝʝ ʚʘʞʝʥ ʠʤʝʥʥʦ ʚʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ. 

ʆʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʅʉʂ ʷʚʣʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʊʌ).  ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ 

NFIX ʙʳʣʘ ʧʦʚʳʰʝʥʘ ʠʤʝʥʥʦ ʚ ʧʦʢʦʷʱʠʭʩʷ ʅʉʂ, ʘ ʝʛʦ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʚ 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʅʉʂ ʧʨʠʚʦʜʠʣʘ ʢ ʦʩʪʘʥʦʚʢʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʙʝʟ ʠʥʜʫʢʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (Martynoga et al., 2013). NFiX ï ʵʪʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʙʝʣʢʦʚ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, 

ʨʝʮʝʧʪʦʨʦʚ ʢ ʤʝʞʢʣʝʪʦʯʥʦʤʫ ʤʘʪʨʠʢʩʫ, ʙʝʣʢʦʚ ʢʣʝʪʦʯʥʦʡ ʠ ʤʝʞʢʣʝʪʦʯʥʦʡ 

ʘʜʛʝʟʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʅʉʂ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʘʜʛʝʟʠʠ ʢ ʤʝʞʢʣʝʪʦʯʥʦʤʫ ʤʘʪʨʠʢʩʫ ʠ ʩʦʩʝʜʥʠʤ ʢʣʝʪʢʘʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ ʨʘʥʝʝ (Kazanis et al., 2010). ɺ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʢʦʷ ʪʘʢʞʝ 

ʟʘʜʝʡʩʪʚʦʚʘʥ ʊʌ REST. ʆʥ ʠʥʛʠʙʠʨʫʝʪ ʙʠʦʛʝʥʝʟ ʨʠʙʦʩʦʤ, ʢʣʝʪʦʯʥʦʝ ʜʝʣʝʥʠʝ ʠ 

ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʥʝʡʨʘʣʴʥʳʭ ʛʝʥʦʚ (ʪʘʢʠʭ ʢʘʢ Ascl1, NeuroD1), ʘ ʪʘʢʞʝ ʛʝʥʦʚ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (Gao et al., 2011; Mukherjee et al., 2016). ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ 

BMP ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʢʦʷʱʝʤʫʩʷ ʩʦʩʪʦʷʥʠʶ ʅʉʂ ʥʝʡʨʦʛʝʥʥʳʭ ʥʠʰ 

https://www.sciencedirect.com/science/article/pii/S156816372100194X?via%3Dihub#bib0640
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ʚʟʨʦʩʣʦʛʦ ʤʦʟʛʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʥʝʡʨʦʛʝʥʝʟʝ ʧʝʨʝʜʘʯʘ 

ʩʠʛʥʘʣʦʚ BMP ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ (Urban, Guillemot, 2014). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʧʝʨʝʜʘʯʠ BMP ʧʨʠʚʦʜʠʪ ʢ ʯʨʝʟʤʝʨʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʠʩʪʦʱʝʥʠʶ ʧʫʣʘ ʅʉʂ ʛʠʧʧʦʢʘʤʧʘ (Mira et al., 2010). ʊʘʢ, BMP4 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ ʠʥʛʠʙʠʪʦʨʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʥʛʠʙʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ bHLH, ʚ ʪ.ʯ. Ascl1 ʠ 

Olig2. Ascl1 ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʥʝʡʨʦʛʝʥʝʟʘ (Castro et al., 2011). ɺ ʧʦʢʦʷʱʠʭʩʷ 

ʅʉʂ ʦʥ ʧʦʜʘʚʣʝʥ, ʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʅʉʂ ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʥ ʩʧʦʩʦʙʝʥ 

ʧʦʚʪʦʨʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʠ (Andersen et al., 

2014). ɺ ʘʢʪʠʚʥʳʭ ʅʉʂ Ascl1 ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʠ, ʯʪʦ ʚ ʠʪʦʛʝ 

ʧʝʨʝʚʦʜʠʪ ʅʉʂ ʦʙʨʘʪʥʦ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ (Urban et al., 2016). ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʘʢʪʠʚʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ ʅʉʂ ʷʚʣʷʝʪʩʷ Sox2. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

Sox2 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ 

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʤʦʟʛʘ ʠ ʥʝʡʨʦʛʝʥʥʳʭ ʟʦʥʘʭ ʚʟʨʦʩʣʦʛʦ ʤʦʟʛʘ (Ellis et al., 2004). ʕʪʦʪ 

ʬʘʢʪʦʨ ʧʦʜʘʚʣʷʝʪ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʚʝʜʫʱʠʝ ʢ ʧʦʢʦʶ, ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʷʜʝʨʥʦʛʦ ʨʝʮʝʧʪʦʨʘ Tlx (Shimozaki et al., 2012). CHD7 ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʧʫʣʷʮʠʠ ʧʦʢʦʷʱʠʭʩʷ ʅʉʂ  ʧʫʪʝʤ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʨʦʤʘʪʠʥʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʭ, ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ ʣʠʙʦ ʢ ʛʝʥʘʤ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʪʦʯʢʝ ʚʳʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ, ʣʠʙʦ ʢ ʧʨʦʥʝʡʨʘʣʴʥʳʤ ʛʝʥʘʤ, 

ʪʘʢʠʤ ʢʘʢ Sox4 ʠ Sox11 (Feng et al., 2013). ʇʦʢʦʷʱʠʝʩʷ ʅʉʂ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʘʢʪʠʚʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʥʦ ʠ ʧʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ. 

ʅʘʧʨʠʤʝʨ, ʚ ʘʢʪʠʚʥʳʭ ʅʉʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʦʷʱʠʤʠʩʷ ʫʚʝʣʠʯʝʥʳ ʫʨʦʚʥʠ 

ʤʘʣʦʥʠʣ-ʂʦɸ, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʘʮʝʪʠʣ-ʂʦɸ ʬʝʨʤʝʥʪʦʤ ʘʮʝʪʠʣ-ʂʦɸ 

ʢʘʨʙʦʢʩʠʣʘʟʦʡ (Knobloch et al., 2017). ɸʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʠʥʪʝʟʦʤ ʙʝʣʢʘ 

ʠ ʠʥʠʮʠʠʨʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʠʤ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʤ ʠ ʣʠʧʠʜʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ (Llorens-Bobadilla et al., 

2015). 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chd7
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2.2. ʉʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʥʝʡʨʦʛʝʥʝʟʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʳ ʥʝʡʨʦʛʝʥʝʟʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝʷʩʥʳʤʠ. ʆʩʪʘʝʪʩʷ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʣʠʥʠʷʭ ʢʣʝʪʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ ʨʘʟʣʠʯʠʷʭ ʪʠʧʦʚ ʅʉʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ ʠ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʚʦʚʣʝʯʝʥʥʳʝ 

ʚ ʥʝʡʨʦʛʝʥʝʟ. 

Notch-ʩʠʛʥʘʣʠʥʛ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ ʅʉʂ ʠ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʧʫʪʠ Notch ʚ ʅʉʂ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʠʭ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʠ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (Kageyama et al., 2008b). ɸʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʘ Notch ʥʘ ʅʉʂ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Jagged1, Delta-like 1, 3, 4 (Dll1, 

Dll3, Dll4), ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʘʭ ʦʢʨʫʞʘʶʱʠʭ ʢʣʝʪʦʢ. ɺ 

ʧʨʦʮʝʩʩʝ ʥʝʡʨʦʛʝʥʝʟʘ ʧʨʦʜʫʢʪʳ ʧʨʦʥʝʡʨʘʣʴʥʳʭ ʛʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ Ascl1 (ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ Mash1) ʠ Ngn2, ʟʘʧʫʩʢʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʣʠʛʘʥʜʦʚ Dll1, Dll3 ʠ/ʠʣʠ 

Jagged1 ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʥʝʡʨʘʣʴʥʳʭ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ ʠ ʠʭ ʙʦʣʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʪʦʤʢʦʚ. ʃʠʛʘʥʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ 

Notch-ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ ʅʉʂ, ʘʢʪʠʚʠʨʫʷ Notch-ʩʠʛʥʘʣʠʥʛ (Lindsell et al., 1996; 

Kageyama et al., 2008b). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦʪ ʧʫʪʴ ʠʥʜʫʮʠʨʫʝʪ ʚ ʅʉʂ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʦʩʦʙʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ï ʦʩʥʦʚʥʳʭ ʩʧʠʨʘʣʴʥʦ-ʧʝʪʣʝʚʳʭ 

(bHLH) ʬʘʢʪʦʨʦʚ ï Hes1 ʠ Hes5. Hes1 ʠ 5 ʧʦʜʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠʶ ʣʠʛʘʥʜʦʚ Notch ʠ 

ʧʨʦʥʝʡʨʘʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʪʫʩʘ ʧʨʦʛʝʥʠʪʦʨʘ ʢʣʝʪʢʠ 

(Ohtsuka et al., 1999). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʝʪʢʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʩʦʩʝʜʥʝʡ ʢʣʝʪʢʠ ʚ ʢʣʝʪʢʫ ʪʦʛʦ ʞʝ ʪʠʧʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʥʘʟʳʚʘʝʪʩʷ çʣʘʪʝʨʘʣʴʥʳʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤè ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʣʝʪʦʢ (Artavanis-

Tsakonas et al., 1999).  ʊʝ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʢʩʧʨʝʩʩʠʶ ʣʠʛʘʥʜʦʚ 

Notch ʠ ʧʨʦʥʝʡʨʘʣʴʥʳʭ ʛʝʥʦʚ, ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ, ʘ ʢʣʝʪʢʠ, 
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ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ Notch-ʨʝʮʝʧʪʦʨ ʠ ʠʤʝʶʱʠʝ ʘʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ Notch-

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʩʪʘʥʫʪʩʷ ʅʉʂ (Kageyama et al., 2008b). ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ ʥʘ ʅʇʇʂ ʠ Notch-ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ ʅʉʂ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ 

ʤʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʅʉʂ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ ʧʫʣʘ ʅʉʂ (Imayoshi et al., 2010).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ Jag1 (Jagged1) ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʵʧʝʥʜʠʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʠ 

ʘʩʪʨʦʮʠʪʘʤʠ ʉɺɿ ʚʟʨʦʩʣʦʛʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʵʢʩʧʨʝʩʩʠʷ Dll1 ʟʘʤʝʪʥʘ ʚ ʢʣʝʪʢʘʭ 

ʪʠʧʘ ʉ, ʘ ʨʝʮʝʧʪʦʨʳ Notch ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʢʣʝʪʢʘʤʠ ʪʠʧʘ ɺ (ʅʉʂ) (Stump et al., 

2002; Nyfeler et al., 2005; Basak et al., 2012). ɺ ʉɻɿ ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ ʛʠʧʧʦʢʘʤʧʘ 

ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ Jag1 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʩʪʨʦʮʠʪʘʤʠ ʥʠʰʠ, 

ʢʣʝʪʢʘʤʠ ʪʠʧʘ 2 (ʅʇʇʂ) ʠ ʥʝʡʨʦʥʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʢʪʠʚʥʳʡ Notch-ʩʠʛʥʘʣʠʥʛ ʠ 

ʵʢʩʧʨʝʩʩʠʷ Hes5 ʚʳʨʘʞʝʥʳ ʚ ʢʣʝʪʢʘʭ ʪʠʧʘ 1 (ʅʉʂ), ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʢʣʝʪʢʘʭ ʪʠʧʘ 

2 (ʅʇʇʂ) (Stump et al., 2002; Basak, Taylor, 2009). ʋʨʦʚʥʠ ʙʝʣʢʦʚ Hes ʚ ʢʣʝʪʢʝ 

ʢʦʣʝʙʣʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 2-3 ʯ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʠ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʨʝʤʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʧʨʦʥʝʡʨʘʣʴʥʳʭ ʛʝʥʦʚ (Ascl1 ʠ Ngn2), ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪʩʷ 

ʙʝʣʢʘʤʠ Hes. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʵʢʩʧʨʝʩʩʠʷ Hes1 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭʩʷ ʩʪʚʦʣʦʚʳʭ ʠ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʢʘʭ, ʘ ʧʦʩʪʦʷʥʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʘʤʦʦʙʥʦʚʣʷʶʱʠʭʩʷ ʅʉʂ (Imayoshi et al., 2010; Shimojo 

et al., 2011).  ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʦʪ Ascl1 ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ: 

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʩʪʘʙʠʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ, ʥʘʦʙʦʨʦʪ, 

ʠʥʜʫʮʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ (Imayoshi et al., 2013). ɺʦ ʚʟʨʦʩʣʦʤ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ 

ʵʢʩʧʨʝʩʩʠʷ Ascl1 ʥʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ ʧʦʢʦʷʱʠʭʩʷ ʅʉʂ, ʥʦ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʅʉʂ (Andersen et al., 2014). 

WNT-ɓ-ʢʘʪʝʥʠʥʦʚʳʡ ʧʫʪʴ (ʢʘʥʦʥʠʯʝʩʢʠʡ ʧʫʪʴ WNT) ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ (Clevers, 2006). ɺ 

ʯʘʩʪʥʦʩʪʠ, WNT-ɓ-ʢʘʪʝʥʠʥʦʚʳʡ ʧʫʪʴ ʚʦʚʣʝʯʝʥ ʚ ʥʝʡʨʦʛʝʥʝʟ ʢʘʢ ʵʤʙʨʠʦʥʘʣʴʥʳʡ, 

ʪʘʢ ʠ ʧʦʩʪʥʘʪʘʣʴʥʳʡ, ʠ ʚʟʨʦʩʣʳʡ (Wrobel et al., 2007; Varela-Nallar, Inestrosa, 2013). 
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ɓ-ʢʘʪʝʥʠʥ ï ʘʢʪʠʚʘʪʦʨ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʦʪʩʫʪʩʪʚʠʝ 

WNT-ʩʠʛʥʘʣʠʟʘʮʠʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ɓ-ʢʘʪʝʥʠʥ ʩʚʷʟʘʥ ʩ ʢʦʤʧʣʝʢʩʦʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʙʝʣʢʦʚ ʘʜʝʥʦʤʘʪʦʟʥʦʡ ʧʦʣʠʧʦʟʥʦʡ ʧʘʣʦʯʢʠ (APC), ʧʨʦʪʝʠʥ-ʢʠʥʘʟʳ 

GSK-3 ʠ ʙʝʣʢʘ Axin, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʶ ʠ ʜʝʛʨʘʜʘʮʠʠ ɓ-

ʢʘʪʝʥʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ WNT-ʣʠʛʘʥʜʘ ʩ ʨʝʮʝʧʪʦʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ Frizzled-LRP5/6 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ Dishevelled-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ APC-GSK-3-Axin, ʥʘʢʦʧʣʝʥʠʝ ɓ-ʢʘʪʝʥʠʥʘ 

ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʝʛʦ ʧʝʨʝʥʦʩ ʚ ʷʜʨʦ, ʛʜʝ ʦʥ ʟʘʧʫʩʢʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ 

WNT (MacDonald et al., 2009; Li et al., 2012). ʂʘʥʦʥʠʯʝʩʢʠʡ ʧʫʪʴ WNT ʤʦʞʝʪ ʠʤʝʪʴ 

ʨʘʟʥʳʝ ʵʬʬʝʢʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʠ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ: 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʜʜʝʨʞʘʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠʣʠ, ʥʘʦʙʦʨʦʪ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʥʝʡʨʦʥʳ. ʊʘʢ, ʚʦ ʚʨʝʤʷ ʨʘʥʥʝʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʚ ʢʣʝʪʢʘʭ 

ʨʘʜʠʘʣʴʥʦʡ ʛʣʠʠ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ WNT-ɓ-ʢʘʪʝʥʠʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʧʫʣʷʮʠʶ ʈɻ ʢʣʝʪʦʢ (Wrobel et al., 

2007). ɺ ʉɺɿ ʤʦʟʛʘ ʚʟʨʦʩʣʦʡ ʤʳʰʠ ʢʘʥʦʥʠʯʝʩʢʠʡ WNT-ʩʠʛʥʘʣʠʥʛ ʚ ʅʉʂ ʠ ʅʇʇʂ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʘ ʦʙʨʘʙʦʪʢʘ Dickkopf1, ʥʘʧʨʦʪʠʚ, ʧʦʜʘʚʣʷʝʪ ʵʪʦʪ 

ʧʨʦʮʝʩʩ (Adachi et al., 2007). ʆʜʥʘʢʦ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʅʇʇʂ ʠʣʠ ʈɻ ʢʘʥʦʥʠʯʝʩʢʠʡ 

WNT-ʩʠʛʥʘʣʠʥʛ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʛʨʝʩʩʠʶ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʥʝʡʨʦʥʳ in vitro 

ʠ in vivo (Hirabayashi et al., 2004; Munji et al., 2011). ʕʪʦʪ ʵʬʬʝʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʪʦʛʦ, ʯʪʦ ɓ-ʢʘʪʝʥʠʥ ʩʧʦʩʦʙʝʥ ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʦʤʦʪʦʨʳ ʛʝʥʦʚ ʧʨʦʥʝʡʨʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʡʨʦʛʝʥʠʥʦʚ 1 ʠ 2 (Ngn1 ʠ Ngn2), NeuroD1 ʠ Prox1, 

ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʥʘʧʩʦʚ ʠ ʩʦʟʨʝʚʘʥʠʠ ʥʝʡʨʦʥʦʚ (Hirabayashi et al., 2004; Kuwabara et al., 2009). 

ʆʜʥʘʢʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ NeuroD1 ɓ-ʢʘʪʝʥʠʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ Sox2, ʭʦʪʷ ʩʘʤ ʧʦ ʩʝʙʝ Sox2 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʅʉʂ ʠ ʠʥʛʠʙʠʨʫʝʪ ʥʝʡʨʦʥʘʣʴʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʧʨʦʛʝʥʠʪʦʨʦʚ ʎʅʉ (Graham et al., 2003). ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ WNT-ɓ-ʢʘʪʝʥʠʥ-ʩʠʛʥʘʣʠʥʛ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʅʉʂ ʥʝ ʥʘʧʨʷʤʫʶ, ʘ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ Pax6 (Gan 

et al., 2014). 
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ʉʠʛʥʘʣʴʥʳʡ ʙʝʣʦʢ sonic hedgehog (SHH) ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʨʝʛʫʣʠʨʫʝʪ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ 

ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʛʝʥʠʪʦʨʥʳʭ ʢʣʝʪʦʢ (Dahmane et al., 

1999; Wallace, 1999). ɺ ʯʘʩʪʥʦʩʪʠ, ʩʠʛʥʘʣʠʥʛ SHH ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ 

ʢʦʨʪʠʢʦʛʝʥʝʟʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʦʨʪʠʢʘʣʴʥʳʭ 

ʅʇʇʂ (Machold et al., 2003). ʉʠʛʥʘʣʠʟʘʮʠʷ SHH ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʘ ʚ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʅʉʂ ʚʟʨʦʩʣʳʭ ʉɻɿ ʠ ʉɺɿ (Machold et al., 2003). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʛʠʧʧʦʢʘʤʧʝ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ SHH ʟʘʚʠʩʠʪ ʦʪ Sox2 (Favaro et 

al., 2009). SHH ʜʝʡʩʪʚʫʝʪ ʯʝʨʝʟ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʨʝʮʝʧʪʦʨʳ Patched (Ptch). ɺ 

ʦʪʩʫʪʩʪʚʠʠ SHH Ptch ʠʥʛʠʙʠʨʫʝʪ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ G-ʩʚʷʟʘʥʥʳʡ ʨʝʮʝʧʪʦʨ 

Smoothened (Smo). ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ SHH ʩ Ptch ʧʨʦʠʩʭʦʜʠʪ ʩʥʷʪʠʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

Smo, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʢʪʠʚʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʢʣʘʩʩʘ 

ʮʠʥʢʦʚʳʭ ʧʘʣʴʮʝʚ Gli1, 2 ʠ 3, ʢʦʪʦʨʳʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʩʠʛʥʘʣʳ SHH ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʝʢʩʪʘ, ʜʝʡʩʪʚʫʷ ʢʘʢ ʘʢʪʠʚʘʪʦʨʳ ʠʣʠ ʨʝʧʨʝʩʩʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ (Ruiz i Altaba, 1998). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʟʦʛʝʥʥʳʡ SHH in vitro 

ʠʣʠ ʝʛʦ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʚ ʉɻɿ in vivo ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʨʦʛʝʥʠʪʦʨʥʳʭ 

ʢʣʝʪʦʢ (Lai et al., 2003). ʇʦʜʘʚʣʝʥʠʝ SHH-ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ ʢʣʝʪʢʘʭ ʉɻɿ 2-ʛʦ ʪʠʧʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʠ.  ʇʦʪʝʨʷ SHH-ʩʠʛʥʘʣʠʟʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʫʜʘʣʝʥʠʷ ʨʝʮʝʧʪʦʨʘ Smo ʚ B- ʠ C-ʢʣʝʪʢʘʭ ʉɺɿ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ (Balordi, Fishell, 2007). 

ʂʦʩʪʥʳʝ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʝ ʙʝʣʢʠ (BMPs) ï ɻ ʪʦ ʬʘʢʪʦʨʳ ʨʦʩʪʘ, ʚʭʦʜʷʱʠʝ 

ʚ ʧʦʜʛʨʫʧʧʫ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʩʠʛʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ 

ʨʦʩʪʘ ɓ (TGFɓ). ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ BMP, ʜʝʡʩʪʚʫʶʱʠʭ ʯʝʨʝʟ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʨʝʮʝʧʪʦʨʦʚ BMP ʩ ʢʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ: BMPR I 

ʪʠʧʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ aʢʪʠʚʠʥ-ʧʦʜʦʙʥʳʤʠ ʢʠʥʘʟʘʤʠ 2, 3 ʠ 6 (ALK2/3/6), ʠ BMPR 

II ʪʠʧʘ (Massague, 1998; Hegarty et al., 2013).  

ɺ ʢʘʥʦʥʠʯʝʩʢʦʡ BMP-ʩʠʛʥʘʣʠʟʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʙʝʣʢʠ SMAD: ʨʝʮʝʧʪʦʨ-

ʨʝʛʫʣʠʨʫʝʤʳʝ SMAD (SMAD 1, 5, 8), ʦʙʱʠʝ ʤʝʜʠʘʪʦʨʥʳʝ SMAD (SMAD 4) ʠ 

ʠʥʛʠʙʠʪʦʨʥʳʝ SMAD (SMAD 6 ʠ 7). ɸʢʪʠʚʘʮʠʷ SMAD ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ 
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ʩʚʷʟʳʚʘʥʠʷ BMP ʩʦ ʩʚʦʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ: BMP-ʣʠʛʘʥʜʳ, ʩʚʷʟʳʚʘʷʩʴ ʩ BMPR ʪʠʧʘ 

II, ʘʢʪʠʚʠʨʫʶʪ ʠʭ ʢʠʥʘʟʥʳʝ ʜʦʤʝʥʳ, ʢʦʪʦʨʳʝ ʬʦʩʬʦʨʠʣʠʨʫʶʪ ʠ ʪʝʤ ʩʘʤʳʤ 

ʘʢʪʠʚʠʨʫʶʪ BMPR ʪʠʧʘ I. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, BMPRI (ALK2/3/6) ʬʦʩʬʦʨʠʣʠʨʫʶʪ 

SMAD-ʙʝʣʢʠ (SMAD1/5/8) (Heldin et al., 1997; Zhang et al., 1997). BMP-ʩʠʛʥʘʣʠʥʛ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʡʨʦʨʘʟʚʠʪʠʷ (ʧʨʦʣʠʬʝʨʘʮʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, ʘʧʦʧʪʦʟ) (Hegarty et al., 2013). ʈʝʧʨʝʩʩʠʷ BMP-SMAD-

ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʠʥʜʫʢʮʠʠ ʥʝʡʨʦʥʦʚ ʚ ʥʘʠʚʥʦʡ ʵʢʪʦʜʝʨʤʝ 

ʚʦ ʚʨʝʤʷ ʵʤʙʨʠʦʛʝʥʝʟʘ (Hegarty et al., 2013). ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ 

ʨʝʛʫʣʷʮʠʠ SMAD ʩ ʧʦʤʦʱʴʶ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ (FGF) ʠ 

ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (IGF) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ BMP4 ʠ BMP7 ʠ ʩʘʤʦʡ BMP-ʩʠʛʥʘʣʠʟʘʮʠʠ (Pera et al., 2003; Liu, 

Niswander, 2005). ʇʦʩʣʝ ʟʘʢʨʳʪʠʷ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ BMP4 ʠʣʠ BMP7-

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ BMP-SMAD-ʩʠʛʥʘʣʠʥʛ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʥʜʫʢʮʠʠ ʥʝʨʚʥʦʛʦ ʛʨʝʙʥʷ 

(Liem et al., 1995). Noggin ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ BMP ʠ ʨʝʛʫʣʷʪʦʨʦʤ 

BMP-ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ ʥʝʡʨʦʛʝʥʝʟʝ (Smith, Harland, 1992; Pera et al., 2004; Bonaguidi 

et al., 2008). ʉʠʛʥʘʣʠʟʘʮʠʷ BMP-SMAD1/5/8 ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ, 

ʩʦʟʨʝʚʘʥʠʠ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʝʡʨʦʥʦʚ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʝ (Hegarty et al., 2013). BMP ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʥʝʢʦʪʦʨʳʭ ʥʝʡʨʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʚʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ, ʥʦ ʠʭ ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ ʚ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʉʠʛʥʘʣʠʟʘʮʠʷ BMP-SMAD ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʢʦʷʱʝʝʩʷ ʩʦʩʪʦʷʥʠʝ ʅʉʂ 

ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ ʛʠʧʧʦʢʘʤʧʘ, ʦʙʨʘʪʠʤʦ ʩʥʠʞʘʷ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʩʦʭʨʘʥʷʷ ʠʭ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (Mira et al., 2010). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, BMP 

ʫʯʘʩʪʚʫʶʪ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʥʝʡʨʦʥʦʚ. ʊʘʢʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʨʘʟʣʠʯʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ BMPR ʠ ʠʭ ʜʝʡʩʪʚʠʝʤ: ʅʉʂ ʵʢʩʧʨʝʩʩʠʨʫʶʪ 

BMPRIa, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʭ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ 

ʥʝʡʨʦʙʣʘʩʪʳ ʠ ʥʝʡʨʦʥʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪ BMPRIb, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʪʘʥʦʚʢʝ 

ʮʠʢʣʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ (Mira et al., 2010). ʂʨʦʤʝ ʪʦʛʦ, ʚʝʨʦʷʪʥʦ, BMP ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʨʘʟʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʊʘʢʞʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

BMP-ʩʠʛʥʘʣʠʟʘʮʠʷ ʘʢʪʠʚʥʘ ʚ ʅʉʂ ʠ ʚ ʢʣʝʪʢʘʭ ʪʠʧʘ ʉ ʚʦ ʚʨʝʤʷ ʥʝʡʨʦʛʝʥʝʟʘ ʚ ʉɺɿ 

ʚʟʨʦʩʣʦʛʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 
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ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʠʟʘʮʠʠ BMP ʚ ʉɺɿ ʚʟʨʦʩʣʦʡ ʦʩʦʙʠ ʧʨʠʚʦʜʠʣʦ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʥʝʡʨʦʛʝʥʝʟʘ in vitro ʠ in vivo, ʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ BMP ʩ ʧʦʤʦʱʴʶ Noggin 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʝʡʨʦʛʝʥʝʟʫ (Lim et al., 2000). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ BMP 

ʧʫʪʝʤ ʜʝʣʝʮʠʠ SMAD4 ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ Noggin ʧʨʠʚʦʜʠʣʦ, ʥʘʦʙʦʨʦʪ, ʢ ʧʦʜʘʚʣʝʥʠʶ 

ʥʝʡʨʦʛʝʥʝʟʘ ʠ ʘʢʪʠʚʘʮʠʠ ʦʣʠʛʦʜʝʥʜʨʦʛʝʥʝʟʘ (Colak et al., 2008).  

ɼʨʫʛʦʡ ʯʣʝʥ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ TGFɓ ï Nodal, ʧʦ-ʚʠʜʠʤʦʤʫ, ʫʯʘʩʪʚʫʝʪ ʚ 

ʢʦʥʪʨʦʣʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʝʡʨʦʥʘʣʴʥʦʡ ʩʫʜʴʙʳ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ. 

ɸʥʪʘʛʦʥʠʩʪʳ Nodal ï Lefty1 ʠ Cerberus-1, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʧʘʪʪʝʨʥʠʟʘʮʠʠ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ (Perea-Gomez et al., 2002). 

ʆʪʩʫʪʩʪʚʠʝ Nodal-ʩʠʛʥʘʣʠʟʘʮʠʠ ʚʳʟʳʚʘʝʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʫʶ ʥʝʡʨʦʥʘʣʴʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ ʵʧʠʙʣʘʩʪʘ ʤʳʰʠ (Camus et al., 2006). Nodal ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʦʙʣʘʜʘʶʱʠʤʠ ʢʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʨʝʮʝʧʪʦʨʘʤʠ TGFɓR ʪʠʧʘ I (ALK4/7) ʠ II 

(ʘʢʪʠʚʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ActRIIa ʠ ActRIIb), ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

SMAD 2/3 (Schier, 2003). ʇʫʪʴ TGFɓ/Activin/Nodal ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ 

ʕʉʂ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ (James et al., 2005). ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ 

ʧʫʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʛʠʙʠʨʫʝʪ ʥʝʡʨʦʵʢʪʦʜʝʨʤʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʕʉʂ 

(Vallier et al., 2004). 

ʌʘʢʪʦʨʳ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ (FGF) ï ɻ ʪʦ ʩʝʤʝʡʩʪʚʦ ʩʠʛʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʨʦʩʪʘ, ʤʠʪʦʛʝʥʦʚ, ʢʦʪʦʨʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʯʘʩʪʚʫʶʪ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (Vaccarino et al., 1999). FGF ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʅʉʂ 

ʠ ʜʣʷ ʥʝʡʨʦʛʝʥʝʟʘ. FGF2 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʤʦʟʛʘ 

(Kalcheim, Neufeld, 1990; Gomez-Pinilla et al., 1994; Raballo et al., 2000). FGF2 

ʠʥʜʫʮʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʥʝʡʨʘʣʴʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, 

ʪʝʣʝʥʮʝʬʘʣʦʥʘ ʠ ʤʝʟʝʥʮʝʬʘʣʦʥʘ ʤʳʰʠ (Murphy et al., 1990; Raballo et al., 2000). ɸ 

ʚʚʝʜʝʥʠʝ ʵʢʟʦʛʝʥʥʦʛʦ FGF2 ʚ ʞʝʣʫʜʦʯʢʠ ʚʟʨʦʩʣʦʛʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʠ 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ ʅʉʂ ʠ ʥʝʡʨʦʛʝʥʝʟʘ ʚ ʉɻɿ (Rai et al., 

2007). ʂʨʦʤʝ ʪʦʛʦ, FGF2 ʩʧʦʩʦʙʝʥ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʚʳʞʠʚʘʥʠʝ ʅʉʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ-1 (IGF-1) (Drago et al., 1991). FGF2 ʪʘʢʞʝ ʠʤʝʝʪ 



30 

 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʦʣʠ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʩʦʟʨʝʚʘʥʠʠ ʥʝʡʨʦʥʦʚ: ʚ ʦʪʚʝʪ ʥʘ 

ʚʚʝʜʝʥʠʝ FGF2 ʤʦʣʦʜʳʝ ʥʝʡʨʦʥʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʩʠʣʝʥʥʳʡ ʨʦʩʪ ʜʝʥʜʨʠʪʦʚ (Rai 

et al., 2007).  ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ FGF2 ʫʯʘʩʪʚʫʝʪ ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʠʥʜʫʢʮʠʠ 

ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ in vitro (Kunath et al., 2007; Stavridis et al., 2007). 

ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʠ ʚʟʨʦʩʣʳʭ ʅʉʂ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ FGF2 ʠ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (EGF) ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ 

ʧʨʦʣʠʬʝʨʘʮʠʠ (Reynolds et al., 1992; Vescovi et al., 1993; Gritti et al., 1996; Reynolds, 

Weiss, 1996). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ FGF ʧʦʷʚʣʷʝʪʩʷ ʫʞʝ ʥʘ ʩʪʘʜʠʠ 

ʥʝʨʚʥʦʡ ʧʣʘʩʪʠʥʢʠ, ʘ ʢ EGF ï ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ. ʆʙʘ ʬʘʢʪʦʨʘ ʤʦʛʫʪ 

ʥʝʟʘʚʠʩʠʤʦ ʚʳʟʳʚʘʪʴ ʨʘʥʥʶʶ ʧʨʦʣʠʬʝʨʘʮʠʶ ʅʉʂ (Tropepe et al., 1999). 

2.3. ʇʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ in vitro 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʅʉʂ ʠ/ʠʣʠ ʥʝʡʨʦʥʦʚ in 

vitro ʷʚʣʷʝʪʩʷ ʢʫʣʴʪʫʨʘ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʇʉʂ). ʇʉʂ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ ʠ ʧʦʪʝʥʮʠʘʣʦʤ ʢ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʣʶʙʦʡ ʪʠʧ ʢʣʝʪʦʢ ʪʨʝʭ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʇʉʂ: ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

(ʕʉʂ) ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʀʇʉʂ). ʕʪʠ ʜʚʘ 

ʪʠʧʘ ʇʉʂ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ: ʧʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʤʦʨʬʦʣʦʛʠʷ, 

ʘʢʪʠʚʥʦʩʪʴ ʪʝʣʦʤʝʨʘʟʳ ʠ ʪ.ʜ. (Okita et al, 2007). ʀʩʪʦʯʥʠʢʦʤ ʕʉʂ ʷʚʣʷʶʪʩʷ ʢʣʝʪʢʠ 

ʚʥʫʪʨʝʥʥʝʡ ʢʣʝʪʦʯʥʦʡ ʤʘʩʩʳ ʵʤʙʨʠʦʥʘ ʥʘ ʩʪʘʜʠʠ ʙʣʘʩʪʦʮʠʩʪʳ (Evans, Kaufman, 

1981). ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʠʝ ʕʉʂ ʩʚʷʟʘʥʦ ʩ ʤʘʥʠʧʫʣʷʮʠʷʤʠ ʩ ʵʤʙʨʠʦʥʘʤʠ, 

ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʉʂ ʯʝʣʦʚʝʢʘ ʟʘʪʨʫʜʥʝʥʦ ʧʦ ʵʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. 

ʀʇʉʂ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ, ʧʦʵʪʦʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʕʉʂ.  ʇʝʨʚʳʝ ʀʇʉʂ 

ʤʳʰʠ ʠ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʬʠʙʨʦʙʣʘʩʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʗʤʘʥʘʢʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʪʨʦʚʠʨʫʩʥʦʡ ʪʨʘʥʩʬʝʢʮʠʠ ʛʝʥʦʚ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ (OCT3/4, SOX2, C-

MYC ʠ KLF4) (Takahashi, Yamanaka, 2006; Takahashi et al., 2007). ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ 

ʛʨʫʧʧʘ ʫʯʝʥʳʭ, ʚʦʟʛʣʘʚʣʷʝʤʘʷ ɼʞ. ʊʦʤʩʦʥʦʤ, ʧʦʣʫʯʠʣʘ ʀʇʉʂ ʠʟ ʬʠʙʨʦʙʣʘʩʪʦʚ 
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ʯʝʣʦʚʝʢʘ, ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʦʡ ʥʘʙʦʨ ʛʝʥʦʚ (OCT3/4, SOX2, NANOG ʠ LIN28) ʠ 

ʣʝʥʪʠʚʠʨʫʩʥʫʶ ʜʦʩʪʘʚʢʫ (Yu et al., 2007). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʀʇʉʂ ʙʳʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʠʭ ʥʝ ʪʦʣʴʢʦ ʠʟ ʬʠʙʨʦʙʣʘʩʪʦʚ, ʥʦ ʠ ʠʟ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ: ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ, ʢʣʝʪʦʢ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ, ʘʜʠʧʦʮʠʪʦʚ, ʛʝʧʘʪʦʮʠʪʦʚ, ʢʣʝʪʦʢ ʞʝʣʫʜʢʘ ʠ ʜʨ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʥʜʫʢʮʠʠ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ ʢʣʝʪʦʢ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ, ʯʪʦ ʩʜʝʣʘʣʦ ʪʘʢʠʝ ʀʇʉʂ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ (Karagiannis et al., 2019). 

ʀʇʉʂ ʚʦ ʤʥʦʛʦʤ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ʕʉʂ. ʆʥʠ ʠʤʝʶʪ ʩʭʦʞʫʶ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʩʪʚʦʣʦʚʦʩʪʠ, ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʨʘʪʦʤ ʠ ʵʤʙʨʠʦʠʜʥʳʭ ʪʝʣʝʮ, ʘ ʧʨʠ 

ʠʥʲʝʢʮʠʠ ʚ ʙʣʘʩʪʦʮʠʩʪʫ ʦʙʨʘʟʫʶʪ ʭʠʤʝʨ. ʆʜʥʘʢʦ ʧʨʦʬʠʣʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʕʉʂ ʠ ʀʇʉʂ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳ, ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʤʝʞʜʫ ʀʇʉʂ ʨʘʟʥʳʭ ʣʠʥʠʡ (Doi et al., 2009; Nazor et al., 2012; Nishizawa et al., 

2016). ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʘʷ ʣʠʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʜʠʥʦʯʥʳʝ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʠ 

ʧʦʚʝʜʝʥʠʝ ʀʇʉʂ (Kajiwara et al., 2012). 

2.4. ʄʝʪʦʜʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʝʡʨʦʥʦʚ in vitro ʠʟ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ 

ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Galiakberova A. A., Dashinimaev E. B. Neural Stem 

Cells and Methods for Their Generation From Induced Pluripotent Stem Cells in vitro // Front Cell Dev Biol. ï 2020. ï Vol. 8. ï P. 815. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʅʉʂ ʠʟ 

ʇʉʂ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʥʠ ʜʘʶʪ ʥʘʯʘʣʦ ʅʉʂ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʧʝʢʪʨʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʡʨʦʥʦʚ ʠ ʛʣʠʠ (Watanabe et al., 2007; 

Chambers et al., 2009; Kim et al., 2011; Fedorova et al., 2019). ʅʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʠʭ ʧʨʦʪʦʢʦʣʦʚ ʧʦʣʫʯʝʥʥʳʝ ʅʉʂ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʥʝʡʨʦʥʳ 

ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ (ʪʝʣʝʥʮʝʬʘʣʠʯʝʩʢʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ) (Watanabe et al., 2007, Shi 
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et al., 2012), ʚ ʜʨʫʛʠʭ ï ʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʟʘʜʥʝʛʦ ʠʣʠ ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ (Koch et al., 

2009; Patani et al., 2009).  

ʈʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 2D ʠʣʠ 3D ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʤʘʪʨʠʢʩʝ ʠʣʠ ʚ ʢʦ-ʢʫʣʴʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ ʤʦʣʝʢʫʣ 

ʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠʣʠ ʙʝʟ ʥʠʭ (ʈʠʩ. 3).  

 

ʈʠʩʫʥʦʢ 3. ʋʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʥʝʡʨʦʠʥʜʫʢʮʠʠ (Galiakberova, 

Dashinimaev, 2020, ʩ ʠʟʤʝʥʝʥʠʷʤʠ). ʅʝʡʨʘʣʴʥʘʷ ʠʥʜʫʢʮʠʷ ʇʉʂ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 2D 

ʫʩʣʦʚʠʷʭ (ʤʦʥʦʩʣʦʡ ʠ ʢʦ-ʢʫʣʴʪʫʨʘ) ʠʣʠ ʚ 3D ʫʩʣʦʚʠʷʭ (ʵʤʙʨʠʦʠʜʥʳʝ ʪʝʣʴʮʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʜʘʣʴʥʝʡʰʘʷ ʛʝʥʝʨʘʮʠʷ ʠ/ʠʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʅʉʂ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʚ 2D ʤʦʥʦʢʫʣʴʪʫʨʝ 

ʠ ʢʫʣʴʪʫʨʝ ʥʝʡʨʘʣʴʥʳʭ ʨʦʟʝʪʦʢ ʠʣʠ ʚ 3D ʢʫʣʴʪʫʨʘʭ (SFEB ʠ SFEBq, ʦʨʛʘʥʦʠʜʳ ʤʦʟʛʘ, 

ʥʝʡʨʦʩʬʝʨʳ). ʇʉʂ ï ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ; ʅʉʂ ï ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ; 

ʕʊ ï ʵʤʙʨʠʦʠʜʥʦʝ ʪʝʣʴʮʝ; SFEB(q) ï (ʙʳʩʪʨʘʷ) ʙʝʩʩʳʚʦʨʦʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ʵʤʙʨʠʦʠʜʥʳʭ ʪʝʣʝʮ.  

ʊʘʢ, 2D ʢʦ-ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʕʉʂ ʩʦ ʩʪʨʦʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ 

ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʭ 

(ʥʝʡʨʘʣʴʥʳʭ) ʨʦʟʝʪʦʢ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʘʣʠʯʠʝ ʤʘʨʢʝʨʦʚ ʅʉʂ (PAX6, SOX1, 
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NESTIN ʠ NCAM) (Kawasaki et al., 2000; Perrier et al., 2004). Fedorova et al. ʧʦʣʫʯʘʣʠ 

ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʝ ʨʦʟʝʪʢʠ ʧʨʠ 2D-ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʇʉʂ ʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 

ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ (Fedorova et al., 2019). 

3D ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʇʉʂ ʚ ʚʠʜʝ ʵʤʙʨʠʦʠʜʥʳʭ ʪʝʣʝʮ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ FGF2 ʣʠʙʦ ʙʝʟ ʥʝʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʠʷ ʅʉʂ ʠ ʥʝʡʨʦʥʦʚ ʠʟ ʇʉʂ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʷ SFEB (serum-

free culture of embryoid bodies) (Nakayama et al., 2004; Watanabe et al., 2007; Koch et 

al., 2009). ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ SFEB (SFEBq) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʳʩʪʨʦʝ (quick) 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʤʙʨʠʦʠʜʥʳʭ ʪʝʣʝʮ ʚ ʣʫʥʢʘʭ ʩ ʢʦʥʠʯʝʩʢʠʤ ʜʥʦʤ 

(Eiraku et al., 2008; Mariani et al., 2012). 

ʆʜʥʘʢʦ SFEB ʠ SFEBq ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʧʦʜʭʦʜʘʤʠ ʦʢʘʟʘʣʠʩʴ ʥʝ ʦʯʝʥʴ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠʣʠ ʦʨʛʘʥʦʠʜʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ SFEBq ʠʟ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʀʇʉʂ, ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ, ʠ ʧʦʜʩʘʜʢʘ ʪʘʢʠʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʞʠʚʦʪʥʦʤʫ ʧʨʠʚʦʜʠʣʘ ʢ ʨʘʟʚʠʪʠʶ 

ʪʝʨʘʪʦʤ (Koyanagi-Aoi et al., 2013). 

ɺ ʮʝʣʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʅʉʂ ʠʟ ʇʉʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʜʚʦʡʥʦʛʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ SMAD (DAUL SMADi) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ ʤʦʣʝʢʫʣ-

ʠʥʛʠʙʠʪʦʨʦʚ SMAD-ʩʠʛʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ Chambers ʠ 

ʜʨ. ʚ 2009 ʛʦʜʫ (Chambers et al., 2009). 

2.4.1. ʄʝʪʦʜ ʩ DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʚʫʭ ʧʫʪʝʡ ʘʢʪʠʚʘʮʠʠ 

SMAD: Lefty/Activin/TGFɓ- ʠ BMP-ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ (ʈʠʩ. 4 ɸ). 



34 

 

 

 

ʈʠʩʫʥʦʢ 4. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʷ.  

ɸ ï ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʇʉʂ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʜʚʫʭ ʧʫʪʝʡ ʘʢʪʠʚʘʮʠʠ SMAD-ʩʠʛʥʘʣʠʥʛʘ 

(Imaizumi, Okano, 2021, ʩ ʠʟʤʝʥʝʥʠʷʤʠ).  

ɹ ï ʄʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʚʫʭ ʧʫʪʝʡ ʘʢʪʠʚʘʮʠʠ SMAD-ʩʠʛʥʘʣʠʥʛʘ ʥʘ 

ʫʨʦʚʥʝ ʨʝʮʝʧʪʦʨʦʚ. 

Lefty/Activin/TGFɓ-ʧʫʪʴ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ SMAD 2/3 ʩʠʛʥʘʣʠʥʛʘ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʇʉʂ ʚ ʤʝʟʦʜʝʨʤʫ (Jones et al., 1995). 

ɹʣʦʢʠʨʦʚʢʘ ʨʝʮʝʧʪʦʨʦʚ ʜʣʷ Lefty/Activin/TGFɓ ʩ ʧʦʤʦʱʴʶ ʤʘʣʳʭ ʤʦʣʝʢʫʣ 

SB431542, LY364947 ʠʣʠ REPSOX ʠʥʛʠʙʠʨʫʝʪ SMAD-2/3-ʩʠʛʥʘʣʠʥʛ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʇʉʂ ʚ ʵʢʪʦʜʝʨʤʫ (Smith et al., 2008). ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ SB431542. ʕʪʘ ʤʘʣʘʷ ʤʦʣʝʢʫʣʘ ʠʥʛʠʙʠʨʫʝʪ 

Lefty/Activin/TGFɓ ʩʠʛʥʘʣʠʥʛ ʧʫʪʝʤ ʙʣʦʢʠʨʦʚʢʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ALK4/5/7-

ʨʝʮʝʧʪʦʨʦʚ (ʨʝʮʝʧʪʦʨʦʚ TGFɓ ʧʝʨʚʦʛʦ ʪʠʧʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ALK4/5/7 ʢʠʥʘʟʳ ʥʝ 

ʩʧʦʩʦʙʥʳ ʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʚʦʡ ʩʫʙʩʪʨʘʪ ï SMAD 2 ʠ 3 (Inman et 

al., 2002) (ʈʠʩ. 4 ɹ).  

SB431542 ʚ ʦʜʠʥʦʯʢʫ ʩʧʦʩʦʙʝʥ ʥʘʧʨʘʚʠʪʴ ʇʉʂ ʚ ʥʝʡʨʘʣʴʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ (Smith et al., 2008), ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʥʝ 

              

ɸ ɹ 



35 

 

ʦʯʝʥʴ ʚʳʩʦʢʘʷ. ʇʦʵʪʦʤʫ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʪʦʡ ʚʝʪʚʠ SMAD-

ʩʠʛʥʘʣʠʥʛʘ ʩ ʧʦʤʦʱʴʶ SB431542 ʜʦʙʘʚʣʷʶʪ ʠʥʛʠʙʠʪʦʨʳ BMP-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ 

(Chambers et al., 2009).  

BMP-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʨʘʙʦʪʘʝʪ ʯʝʨʝʟ SMAD-1/5/8-ʩʠʛʥʘʣʠʥʛ ʠ ʙʣʦʢʠʨʫʝʪ 

ʧʦʩʣʝʜʫʶʱʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʵʢʪʦʜʝʨʤʳ ʚ ʥʝʡʨʦʵʢʪʦʜʝʨʤʫ (Wilson, Hemmati

Brivanlou, 1995). ʇʦʵʪʦʤʫ ʜʦʙʘʚʣʝʥʠʝ Noggin ʣʠʙʦ ʤʘʣʳʭ ʤʦʣʝʢʫʣ LDN193189 ʠʣʠ 

Dorsomorphin ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ BMP-ʧʫʪʠ SMAD-ʩʠʛʥʘʣʠʥʛʘ ʥʘ ʫʨʦʚʥʝ 

ʨʝʮʝʧʪʦʨʦʚ BMPR I ʪʠʧʘ (activin receptor-like kinase ALK2/3/6) ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʢʣʝʪʢʠ ʚ ʥʝʡʨʦʵʢʪʦʜʝʨʤʫ (Chambers et al., 2009; 

Kim et al., 2010; Zeltner et al., 2016) (ʈʠʩ. 4 ɹ). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ Dorsomorphin ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ, ʯʝʤ 

Noggin, ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʦʣʦʥʠʡ ʇʉʂ (Kim et al., 2010; Morizane et 

al., 2011). Dorsomorphin ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʫʶ ʤʦʣʝʢʫʣʫ, ʢʦʪʦʨʘʷ ʣʝʛʯʝ 

ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ Noggin, ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʝʪ SMAD1/5/8 

ʯʝʨʝʟ ʩʝʣʝʢʪʠʚʥʫʶ ʙʣʦʢʠʨʦʚʢʫ ALK2/3/6, ʥʝ ʚʣʠʷʷ ʧʨʠ ʵʪʦʤ ʥʘ MAPK p38 (Yu et 

al., 2008a; Yu et al., 2008b). ʆʜʥʘʢʦ Dorsomorphin ʚʩʝ ʞʝ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ 

ʥʝʮʝʣʝʚʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʥ ʠʥʛʠʙʠʨʫʝʪ ɸʄʌ-ʘʢʪʠʚʠʨʫʝʤʫʶ 

ʧʨʦʪʝʠʥʢʠʥʘʟʫ (Zhou et al., 2001). ʄʘʣʘʷ ʤʦʣʝʢʫʣʘ LDN193189 ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʤ Dorsomorphin, ʥʦ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ (Cuny et al., 2008). 

ɺ ʦʨʠʛʠʥʘʣʴʥʦʤ ʧʨʦʪʦʢʦʣʝ Chambers ʠ ʜʨ. ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʇʉʂ ʥʘ 

ʧʦʢʨʳʪʳʭ ʤʘʪʨʠʛʝʣʝʤ ʯʘʰʢʘʭ ʇʝʪʨʠ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ SB431542 ʠ Noggin. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ Noggin ʠ 

SB431542, ʕʉʂ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠʩʴ ʚ SOX1, PAX6, ZIC1-ʧʦʟʠʪʠʚʥʫʶ ʨʘʥʥʶʶ 

ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʫʶ ʧʦʧʫʣʷʮʠʶ, ʩʧʦʩʦʙʥʫʶ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʡʨʘʣʴʥʳʭ ʨʦʟʝʪʦʢ 

(Chambers et al., 2009). ʕʪʦʪ ʧʨʦʪʦʢʦʣ ʧʦʢʘʟʘʣ 80% ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʕʉʂ ʠ ʀʇʉʂ ʚ PAX6-ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʅʉʂ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ 

ʅʉʂ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴʩʷ ʚ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ, ʘ ʪʘʢʞʝ ʚ ʤʦʪʦʥʝʡʨʦʥʳ. 



36 

 

ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʨʠʦʙʨʝʣ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʜ ʪʝ ʠʣʠ ʠʥʳʝ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʅʘʧʨʠʤʝʨ, Morizane et al. ʠʩʧʦʣʴʟʦʚʘʣʠ DUAL SMADi 

ʥʘ ʕʉʂ ʠ ʀʇʉʂ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʥʘ ʩʪʨʦʤʘʣʴʥʳʭ ʬʠʜʝʨʥʳʭ ʢʣʝʪʢʘʭ PA6 ʠʣʠ ʚ 

ʚʠʜʝ ʢʫʣʴʪʫʨʳ ʵʤʙʨʠʦʠʜʥʳʭ ʪʝʣʝʮ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ (Morizane et al., 2011). 

Shi et al. ʩʦʦʙʱʠʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʝʪʠʥʦʠʜʦʚ ʢ ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʩ 

DUAL SMADi ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (> 95%) ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʕʉʂ ʠ ʀʇʉʂ ʚ Pax6-ʧʦʟʠʪʠʚʥʳʝ ʢʦʨʪʠʢʘʣʴʥʳʝ ʅʉʂ ʠ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ (Shi 

et al., 2012). ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʣʷ 

DUAL SMADi ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ ʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʘʪʪʝʨʥʠʨʦʚʘʥʠʷ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʪʘʢʠʝ ʢʘʢ SHH, CHIR99021, FGF8 ʠ ʜʨ. (Liu et al., 2013; 

Nilsson et al., 2021). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʥʘʙʦʨʳ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʇʉʂ ʚ ʅʉʂ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʯʝʥʳʤʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʥʘʧʨʠʤʝʨ, PSC Neural Induction Medium ʦʪ ʢʦʤʧʘʥʠʠ 

Gibco (#A1647801) ʠʣʠ ʢʦʤʧʘʥʠʠ Merck (#SCM110). 

ʇʦʩʣʝʜʫʶʱʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʢʫʣʴʪʫʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʩ DUAL SMADi, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ɺ ʮʝʣʦʤ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʩ DUAL SMADi, ʧʦʣʫʯʝʥʥʳʝ ʅʉʂ ʤʦʛʫʪ ʩʪʘʙʠʣʴʥʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʪʴʩʷ ʜʦ 30-ʛʦ ʧʘʩʩʘʞʘ (Chambers et al., 2009; Li et al., 2011; Reinhardt 

et al., 2013). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʯʠʩʪʦʡ ʣʠʥʠʠ ʅʉʂ ʠ ʫʜʘʣʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʀʇʉʂ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʥʝʡʨʘʣʴʥʳʝ ʨʦʟʝʪʢʠ 

ʠʟʦʣʠʨʦʚʘʣʠ ʠʟ ʦʙʱʝʡ ʢʫʣʴʪʫʨʳ ʠ ʟʘʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʦʪʜʝʣʴʥʦ ʚ 2D ʢʫʣʴʪʫʨʝ 

ʠʣʠ ʚ 3D ʥʝʡʨʦʩʬʝʨʘʭ (ʈʠʩ. 3). DUAL SMADi ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʢ 

ʵʤʙʨʠʦʠʜʥʳʤ ʪʝʣʴʮʘʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʘʜʛʝʟʠʨʦʚʘʥʠʝʤ ʥʘ ʤʘʪʨʠʢʩʝ (Pauly et al., 

2018; Munoz et al., 2020). ʂ ʧʦʣʫʯʝʥʥʳʤ ʢʫʣʴʪʫʨʘʤ ʅʉʂ ʟʘʪʝʤ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʬʘʢʪʦʨʳ ʜʣʷ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʧʫʨʤʦʨʬʘʤʠʥʘ (ʘʛʦʥʠʩʪʘ SHH-

ʩʠʛʥʘʣʠʥʛʘ) ʠʣʠ ʩʘʤʦʛʦ SHH ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʝʪʦʢ ʤʝʜʠʘʣʴʥʦʛʦ 

ʛʘʥʛʣʠʦʟʥʦʛʦ ʚʦʟʚʳʰʝʥʠʷ ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʪʦʨʤʦʟʥʳʭ ɻɸʄʂ-ʥʝʡʨʦʥʦʚ (Liu et 
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al., 2013; Vigont et al., 2021). ɺʦʟʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʟʘʤʠ FGF8 ʥʘ ʅʉʂ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʯʝʣʦʚʝʯʝʩʢʠʭ ʇʉʂ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ Notch ʩ 

ʧʦʤʦʱʴʶ ʠʥʛʠʙʠʪʦʨʘ ʛʘʤʤʘ-ʩʝʢʨʝʪʘʟʳ (DAPT) ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʘʪʴ ʥʝʡʨʦʥʳ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʛʠʧʦʪʘʣʘʤʠʯʝʩʢʠʡ ʛʦʥʘʜʦʪʨʦʧʠʥ-ʨʠʣʠʟʠʥʛ-ʛʦʨʤʦʥ (Poliandri et 

al., 2017; Lund et al., 2020; Yellapragada et al., 2022).  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʫʣʴʪʫʨʳ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ ʧʨʦʪʦʢʦʣʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʪʦʢʦʣ ʩ DUAL SMADi, ʟʘʥʠʤʘʶʪ 

ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʦʪ 21-30 ʜʥʝʡ ʠ ʙʦʣʝʝ). 

2.4.2. ʄʝʪʦʜʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʙʠʨʘʶʪ ʤʝʪʦʜʳ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʇʉʂ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʳ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʵʢʟʦʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʘʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (Pang et al., 2011; Zhang et al., 2013; Busskamp et al., 

2014; Sagal et al., 2014; Ng et al., 2021). ʇʦʤʠʤʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʇʉʂ ʚ ʞʝʣʘʝʤʳʝ 

ʪʠʧʳ ʢʣʝʪʦʢ, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʊʌ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʪʨʘʥʩʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ ʤʝʞʜʫ ʪʠʧʘʤʠ (Davis et al., 1987) ʠ 

ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʇʉʂ (Takahashi, Yamanaka, 2006; 

Takahashi et al., 2007). 

ɺ 2011 ʛʦʜʫ ʯʝʣʦʚʝʯʝʩʢʠʝ ʕʉʂ ʙʳʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʚ ʥʝʡʨʦʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʢʦʢʪʝʡʣʷ ʊʌ: BRN2, ASCL1 ʠ MYT1L (Pang et al., 2011). 

ʇʦʟʞʝ ʩʪʘʣʠ ʧʦʜʙʠʨʘʪʴ ʊʌ, ʵʢʩʧʨʝʩʩʠʷ ʚ ʇʉʂ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʘ ʚ ʦʜʠʥʦʯʢʫ 

ʟʘʧʫʩʪʠʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʝʡʨʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ASCL1, ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʝʡʨʦʥʦʚ ʠʟ ʬʠʙʨʦʙʣʘʩʪʦʚ ʤʳʰʠ ʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʕʉʂ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ASCL1 ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʢ ʚ 

ʥʝʡʨʦʥʳ (Chanda et al., 2014). 
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ɽʱʝ ʦʜʥʠʤ ʠʥʪʝʨʝʩʥʳʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ATOH1 

(ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ MATH1). ATOH1 ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʨʦʥʝʡʨʘʣʴʥʳʤ ʬʘʢʪʦʨʘʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʝʤʝʡʩʪʚʘ bHLH (Klisch et al., 2011). ʀʩʭʦʜʥʦ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʙʳʣ 

ʦʧʠʩʘʥ ʢʘʢ ʊʌ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʚʳʞʠʚʘʥʠʷ ʚʦʣʦʩʢʦʚʳʭ ʢʣʝʪʦʢ ï 

ʨʝʮʝʧʪʦʨʥʳʭ ʢʣʝʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʫʭʝ (Bermingham et al., 1999). 

ʅʦ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ATOH1 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʝʡʨʦʛʝʥʝʟʘ, 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʝ ʪʦʣʴʢʦ ʚʦʣʦʩʢʦʚʳʭ ʢʣʝʪʦʢ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʭʘ, ʥʦ ʠ ʨʘʟʣʠʯʥʳʭ ʜʨʫʛʠʭ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʥʫʣʷʨʥʳʝ 

ʥʝʡʨʦʥʳ ʤʦʟʞʝʯʢʘ, ʥʝʡʨʦʥʳ ʩʪʚʦʣʘ ʤʦʟʛʘ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʦʡ ʠ ʠʥʪʝʨʦʮʝʧʪʠʚʥʦʡ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʥʝ-

ʥʝʡʨʦʥʘʣʴʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ (Ben-Arie et al., 2000). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʟʦʛʝʥʥʘʷ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ATOH1 ʤʦʞʝʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʝ ʀʇʉʂ ʚ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ (Sagal et al., 2014; Ng et al., 2021). 

ʉʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʵʢʟʦʛʝʥʥʘʷ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʇʉʂ 

ʚ ʥʝʡʨʦʥʳ, ʷʚʣʷʝʪʩʷ ʥʝʡʨʦʛʝʥʠʥ 2 (NGN2) (Thoma et al., 2012; Zhang et al., 2013; Lin 

et al., 2021; Schornig et al., 2021). NGN2 ï ʦʜʠʥ ʠʟ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ ʥʝʡʨʦʛʝʥʠʥʦʚ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ bHLH, ʩʧʦʩʦʙʥʳʭ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ɼʅʂ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ. ʉʝʤʝʡʩʪʚʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʨʠ ʬʘʢʪʦʨʘ: NGN1, NGN2 ʠ NGN3 (Bertrand et al., 2002). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʨʦʛʝʥʠʥʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʥʝʡʨʦʥʦʚ 

ʧʫʪʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʛʣʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʠʥʜʫʢʮʠʠ 

ʢʘʩʢʘʜʘ ʧʘʥʥʝʡʨʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʅʉʂ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʚʳʭʦʜʫ ʠʟ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (Farah et al., 2000; Sun et al., 2001).  ɺ ʥʝʡʨʦʛʝʥʝʟʝ ʧʦʩʪʦʷʥʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ NGN2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʥʝʡʨʦʥʦʚ, ʪʦʛʜʘ ʢʘʢ ʚʨʝʤʝʥʥʘʷ 

ʦʩʮʠʣʣʷʪʦʨʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʅʉʂ ʚ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (Shimojo et al., 2011). ɹʦʣʝʝ ʪʦʛʦ, ʥʝʡʨʦʥʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʦʜʥʦʡ 

ʢʣʝʪʢʠ ʠʥʛʠʙʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʩʦʩʝʜʥʠʭ ʢʣʝʪʦʢ ʚ ʢʣʝʪʢʠ ʪʦʛʦ ʞʝ ʪʠʧʘ 
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(ʣʘʪʝʨʘʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ), ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʫʣ ʅʉʂ ʠʣʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (Shimojo et al., 2011). ʅʝʟʘʜʦʣʛʦ ʜʦ ʥʘʯʘʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ ʥʝʡʨʦʥʦʚ ʧʦʚʪʦʨʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ Pax6. ɼʘʥʥʳʡ 

ʬʘʢʪʦʨ ʘʢʪʠʚʠʨʫʝʪ NGN2, ʢʦʪʦʨʳʡ ʠ ʟʘʧʫʩʢʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ 

(Scardigli et al., 2001; Scardigli et al., 2003). ʇʨʠ ʵʪʦʤ ʞʝ ʩʘʤ NGN2 ʧʦʜʘʚʣʷʝʪ 

ʵʢʩʧʨʝʩʩʠʶ Pax6 ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʩʢʦʣʴʢʫ ʩʘʤ ʧʦ 

ʩʝʙʝ Pax6 ʫʜʝʨʞʠʚʘʝʪ ʥʝʡʨʘʣʴʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʚ ʧʨʦʣʠʬʝʨʠʨʫʶʱʝʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʠʥʛʠʙʠʨʫʝʪ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ (Scardigli et al., 2001; Bel-Vialar et al., 

2007). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ NGN2 ʧʦʜʘʚʣʷʝʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʯʪʦ ʟʘʪʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦʜʪʠʧʘ ʥʝʡʨʦʥʘ (Hulme 

et al., 2022). 

NGN2 ʨʝʛʫʣʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ: ʧʦ 

ʝʨʛʠʯʥʦʩʪʠ (ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʭ, ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ (ʩʝʥʩʦʨʥʳʭ ʠ ʤʦʪʦʨʥʳʭ) (Scardigli et al., 2001; Zirlinger et al., 2002; 

Scardigli et al., 2003; Kele et al., 2006), ʥʦ ʧʨʠ ʵʪʦʤ ʠʥʛʠʙʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ 

ɻɸʄʂʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ, ʘ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ ʛʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(Jo et al., 2007; Sun et al., 2019; Jiang et al., 2020). ʊʘʢʦʝ ʦʙʠʣʠʝ ʵʬʬʝʢʪʦʚ NGN2 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʨʦʣʴʶ ʜʘʥʥʦʛʦ ʊʌ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʘ 

ʪʘʢʞʝ ʧʝʨʠʦʜʘ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʩʠʣʳ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ (Hindley et al., 2012; Hulme et 

al., 2022). ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ NGN2 ʥʝ ʢʨʠʪʠʯʝʥ, 

ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʫʶ ʨʦʣʴ ʦʥ ʠʛʨʘʝʪ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʝ, ʘ 

ʪʘʢʞʝ ʤʦʪʦʨʥʳʝ ʥʝʡʨʦʥʳ. ɺʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ ʛʠʧʧʦʢʘʤʧʘ 

ʢʣʝʪʢʠ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʚʦ ʚʩʝʭ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʩʣʦʷʭ ʵʢʩʧʨʝʩʩʠʨʫʶʪ NGN2 

(Galichet et al., 2008). NGN2 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʅʇʇʂ ʚ ʨʘʡʦʥʝ 

ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʳ ʛʠʧʧʦʢʘʤʧʘ ʠ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʉɺɿ ʚʟʨʦʩʣʦʛʦ ʤʦʟʛʘ NGN2 ɻ ʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʢʣʝʪʦʢ 

ʪʠʧʘ ʉ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴʩʷ ʚ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʝ 

ʠʥʪʝʨʥʝʡʨʦʥʳ (Brill et al., 2009).  
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ɻʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʵʢʟʦʛʝʥʥʦʛʦ NGN2 ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʠʥʜʫʮʠʨʦʚʘʣʘ ʠʭ 

ʧʨʷʤʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ ʥʝʡʨʦʥʳ (Vierbuchen et al., 2010; Zhao et al., 2015). 

ʇʨʷʤʦʝ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʥʝʡʨʦʥʳ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʩʦʤʘʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ 

ʧʦʣʫʯʠʪʴ ʥʘʤʥʦʛʦ ʧʨʦʱʝ. ʆʜʥʘʢʦ ʧʨʷʤʦʝ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʥʝʡʨʦʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʚ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʧʨʦʥʝʡʨʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʚ ʧʘʨʘʣʣʝʣʴ ʢ ʧʦʧʳʪʢʘʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʚ ʥʝʡʨʦʥʳ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʪʦʢʦʣ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʵʢʟʦʛʝʥʥʦʛʦ 

NGN2 ʙʳʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʕʉʂ (Thoma et al., 2012) ʠ ʀʇʉʂ (Zhang et al., 2013).  

ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʵʢʟʦʛʝʥʥʫʶ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʶ ʪʦʣʴʢʦ NGN2 ʚ ʇʉʂ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʝʥʦʚ ʠʣʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʰʘʥʥʘʷ 

ʢʫʣʴʪʫʨʘ ʥʝʡʨʦʥʦʚ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʨʪʠʢʘʣʴʥʳʝ ʚʦʟʙʫʞʜʘʶʱʠʝ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʪʘʢʠʤʠ ʤʘʨʢʝʨʘʤʠ, ʢʘʢ DCX, 

MATHS3, NEUN, OLIG2, SOX1, TUBBIII, MAP2AB ʠ VGlut1 / 2 (Thoma et al., 

2012). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʤʘʨʢʝʨʳ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (Schornig et al., 2021). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʘʨʢʝʨʳ ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ ʚ ʪʘʢʠʭ ʢʫʣʴʪʫʨʘʭ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ in vivo 

ʵʢʩʧʨʝʩʩʠʷ NGN2 ʚʦ ʚʨʝʤʷ ʥʝʡʨʦʛʝʥʝʟʘ ʥʝʛʘʪʠʚʥʦ ʨʝʛʫʣʠʨʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ 

ʪʦʨʤʦʟʥʳʭ ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (Schuurmans et al., 2004).  NGN2, ʘ ʪʘʢʞʝ 

ʝʛʦ ʥʠʞʝʩʪʦʷʱʠʝ ʵʬʬʝʢʪʦʨʳ ʨʝʧʨʝʩʩʠʨʫʶʪ Ascl1 ʠ ʜʨʫʛʠʝ ʛʝʥʳ, ʧʦʜʘʚʣʷʷ Ascl1-

ʟʘʚʠʩʠʤʳʝ ʠ Ascl1-ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʧʫʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (Schuurmans et al., 2004; Roybon et al., 2010). ɺ ʩʚʦʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ Lin et al. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ 

NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʳ ʥʝ ʠʤʝʶʪ ʯʝʪʢʠʭ ʘʥʘʣʦʛʦʚ ʧʦʧʫʣʷʮʠʠ ʥʝʡʨʦʥʦʚ 

in vivo. ɺʩʝ ʢʣʘʩʪʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ ʠʤʝʶʪ 

ʩʤʝʰʘʥʥʳʝ ʩʠʛʥʘʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ ʠ ʮʝʥʪʨʘʣʴʥʦʡ, ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʳʭ ʩʠʩʪʝʤ (Lin et al., 2021). ʀʩʧʦʣʴʟʫʷ ʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʨʘʥʩʛʝʥʳ ʠ/ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ NGN2 
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ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʦʙʦʛʘʱʝʥʥʳʭ ʠ 

ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʥʝʡʨʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʢʦʨʪʠʢʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ, 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ (ʧʦ ʝʨʛʠʯʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʤʦʪʦʨʥʳʭ, 

ʩʝʥʩʦʨʥʳʭ (ʧʦ ʬʫʥʢʮʠʷʤ) (Hulme et al., 2022). 

ʄʝʭʘʥʠʟʤ, ʧʦ ʢʦʪʦʨʦʤʫ NGN2 ʟʘʧʫʩʢʘʝʪ ʧʨʷʤʦʝ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʠʣʠ ʇʉʂ ʚ ʥʝʡʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʥ ʥʝ ʜʦ ʢʦʥʮʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ NGN2 ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʠʤʫʣʠʨʫʝʪ ʛʝʥʳ ʥʝʡʨʦʥʘʣʴʥʳʭ ʊʌ (ISL1, 

PAX6, POU3F2, POU4F1 ʠ ʜʨ.). ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʠʥʛʠʙʠʪʦʨʦʚ ʥʝʡʨʦʛʝʥʝʟʘ, ʪʘʢʠʭ ʢʘʢ HES1 ʠ REST. ʊʘʢʠʤ ʦʙʨʘʟʦʤ NGN2 ʟʘʧʫʩʢʘʝʪ 

ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʢʣʝʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʡʨʦʥʘʣʴʥʦʛʦ ʜʠʬʬʝʨʦʥʘ 

(Busskamp et al., 2014). ʇʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʧʩʝʚʜʦʚʨʝʤʝʥʠ, ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ (scRNA-seq) ʚ ʢʫʣʴʪʫʨʘʭ 

NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠʟ ʦʨʛʘʥʦʠʜʦʚ ʤʦʟʛʘ, 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʪʘʢʘʷ ʥʘʧʨʘʚʣʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʦʙʭʦʜʠʪ ʨʘʥʥʠʝ 

ʧʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʩʪʘʜʠʶ ʠʥʜʫʢʮʠʠ ʥʝʡʨʦʵʢʪʦʜʝʨʤʳ ʠ ʥʝʡʨʦʵʧʠʪʝʣʠʷ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ in vivo ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ (Lin et al., 2021). 

ɻʠʧʝʨʵʢʩʧʨʝʩʩʠʶ ʵʢʟʦʛʝʥʥʳʭ ʊʌ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʧʫʩʢʘ ʥʝʡʨʘʣʴʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʄʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʩʧʦʩʦʙʳ ʜʦʩʪʘʚʢʠ ʊʌ ʥʘ ʤʝʪʦʜʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʛʝʥʘ ʊʌ ʚ ʛʝʥʦʤ ʪʨʘʥʩʬʠʮʠʨʫʝʤʳʭ 

ʢʣʝʪʦʢ ʠ ʤʝʪʦʜʳ ʙʝʟ ʠʥʪʝʛʨʘʮʠʠ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʟʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʠ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʠʥʜʫʢʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ 

ʧʦʩʪʦʷʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʪʨʘʥʩʛʝʥʘ ʥʝ ʥʫʞʥʘ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ, 

ʚ ʢʦʪʦʨʳʭ ʪʨʘʥʩʢʨʠʧʮʠʷ ʪʨʘʥʩʛʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʠ ʧʦʧʫʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʪʨʘʥʩʛʝʥʘ 

ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʮʠʢʣʠʥ ʘʢʪʠʚʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ TetON (Urlinger et al., 2000). ʉʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʝʢʪʦʨʦʚ. ɺ ʦʜʥʦʤ ʚʝʢʪʦʨʝ ʟʘʢʦʜʠʨʦʚʘʥ ʛʝʥ ʪʝʪʨʘʮʠʢʣʠʥ-

ʟʘʚʠʩʠʤʦʛʦ ʙʝʣʢʘ-ʪʨʘʥʩʘʢʪʠʚʘʪʦʨʘ rtTA (reverse tetracycline-controlled 
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transactivator) (Gossen et al., 1995) ʧʦʜ ʢʦʥʩʪʠʪʫʪʠʚʥʳʤ ʧʨʦʤʦʪʦʨʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ rtTA. ɺʦ ʚʪʦʨʦʤ ʚʝʢʪʦʨʝ ʟʘʢʦʜʠʨʦʚʘʥ ʛʝʥ ʠʥʪʝʨʝʩʘ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ NGN2) ʧʦʜ ʧʨʦʤʦʪʦʨʦʤ TetON, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʤ rtTA, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ ʪʝʪʨʘʮʠʢʣʠʥʦʚʦʛʦ ʨʷʜʘ. ɺ 

ʦʪʩʫʪʩʪʚʠʠ ʘʥʪʠʙʠʦʪʠʢʘ rtTA ʥʝ ʩʧʦʩʦʙʝʥ ʘʢʪʠʚʠʨʦʚʘʪʴ TetON-ʧʨʦʤʦʪʦʨ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʥ ʠʥʪʝʨʝʩʘ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʘʥʪʠʙʠʦʪʠʢʘ rtTA ʘʢʪʠʚʠʨʫʝʪ TetON-ʧʨʦʤʦʪʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʦʛʦ 

ʛʝʥʘ ʠʥʪʝʨʝʩʘ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʫʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʜʣʷ ʟʘʧʫʩʢʘ ʵʢʩʧʨʝʩʩʠʠ NGN2 (ʛʝʥʘ ʠʥʪʝʨʝʩʘ) 

ʚ ʪʨʘʥʩʛʝʥʥʦʡ ʣʠʥʠʠ ʢʣʝʪʦʢ ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʜʦʙʘʚʠʪʴ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʢʣʝʪʦʢ ʥʝʦʙʭʦʜʠʤʳʡ ʘʥʪʠʙʠʦʪʠʢ. ʇʦʩʣʝ ʦʪʤʝʥʳ ʘʥʪʠʙʠʦʪʠʢʘ ʵʢʩʧʨʝʩʩʠʷ ʪʨʘʥʩʛʝʥʘ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʠʙʠʦʪʠʢʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʢʩʠʮʠʢʣʠʥ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʘʥʘʣʦʛʦʤ ʪʝʪʨʘʮʠʢʣʠʥʦʚ. 

ɼʦʩʪʘʚʢʘ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚʝʢʪʦʨʦʚ ʩʠʩʪʝʤʳ TetON ʚ ʛʝʥʦʤ ʢʣʝʪʦʢ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʊʘʢ, ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʫʩʧʝʰʥʦʤ ʧʦʣʫʯʝʥʠʠ 

ʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ ʧʫʪʝʤ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ NGN2, ISL1 ʠ LHX3 ʧʦʩʨʝʜʩʪʚʦʤ 

TetON ʩʠʩʪʝʤʳ, ʜʦʩʪʘʚʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʟʦʥʥʦʡ ʩʠʩʪʝʤʳ PiggyPac 

(Garone et al., 2019). ɽʱʝ ʦʜʥʠʤ ʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʘʚʢʠ TetON 

ʩʠʩʪʝʤʳ ʜʣʷ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʵʢʟʦʛʝʥʥʳʭ ʊʌ (ʚ ʪ.ʯ. NGN2) ʷʚʣʷʝʪʩʷ 

ʣʝʥʪʠʚʠʨʫʩʥʘʷ ʪʨʘʥʩʜʫʢʮʠʷ (Zhang et al., 2013; Ng et al., 2021; Schornig et al., 2021). 

ʃʝʥʪʠʚʠʨʫʩʥʳʝ ʚʝʢʪʦʨʘ ʩʧʦʩʦʙʥʳ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʛʝʥʦʤ ʭʦʟʷʠʥʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʧʦʩʪʦʷʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʪʨʘʥʩʛʝʥʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʤʦʪʦʨʘ). 

ʇʦʩʢʦʣʴʢʫ ʣʝʥʪʠʚʠʨʫʩʳ ʧʨʦʥʠʢʘʶʪ ʚ ʷʜʨʦ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ ʧʫʪʝʤ ʘʢʪʠʚʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʶʪ ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ, ʣʝʥʪʠʚʠʨʫʩʥʳʝ ʚʝʢʪʦʨʘ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʨʘʥʩʜʫʢʮʠʠ ʢʘʢ ʜʝʣʷʱʠʭʩʷ, ʪʘʢ ʠ ʧʦʢʦʷʱʠʭʩʷ ʢʣʝʪʦʢ 

(Lois et al., 2002; Zhang et al., 2016). ɻʠʧʝʨʵʢʩʧʨʝʩʩʠʷ NGN2 ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

TetON ʠ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʠ ʧʨʠʚʦʜʠʣʘ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ 

ʀʇʉʂ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʝʡʨʦʥʳ ʚʩʝʛʦ ʟʘ 7-14 ʜʥʝʡ (Zhang et al., 2013; Frega et 

al., 2017).  
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ʂ ʤʝʪʦʜʘʤ ʜʦʩʪʘʚʢʠ ʛʝʥʦʚ ʊʌ ʙʝʟ ʠʥʪʝʛʨʘʮʠʠ ʚ ʛʝʥʦʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʨʘʥʩʬʝʢʮʠʡ, ʚ ʪ.ʯ. ʵʣʝʢʪʨʦʧʦʨʘʮʠʶ, ʣʠʧʦʬʝʢʮʠʶ, ʘ ʪʘʢʞʝ 

ʪʨʘʥʩʜʫʢʮʠʶ ʥʘ ʦʩʥʦʚʝ ʥʝ ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʘʜʝʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʚʠʨʫʩʥʳʝ ʚʝʢʪʦʨʘ (AAV). ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʣʠʧʦʬʝʢʮʠʷ 

(ʪʨʘʥʩʬʝʢʮʠʷ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʣʠʧʠʜʘʭ) ʤʈʅʂ ʛʝʥʦʚ ATOH1 ʠ NGN2 ʚ ʀʉʇʂ 

ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (Xue et al., 2019). Tolomeo 

et al. ʩʦʦʙʱʠʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʧʦʬʝʢʮʠʠ ʀʇʉʂ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʈʅʂ 

NGN2 ʧʦʣʫʯʘʣʠʩʴ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʅʉʂ, ʪʘʢ ʠ ʥʝʡʨʦʥʳ 

(Tolomeo et al., 2021). ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʅʉʂ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʘʚʢʠ NGN2, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʧʨʦʪʦʢʦʣʘ ʩ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʦʡ ʪʘʢʦʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (Tolomeo et al., 2021). 
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3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

3.1. ʉʦʩʪʘʚʥʳʝ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

 ʉʨʝʜʘ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ (NPM): 

DMEM + DMEM / F12 (1:1) (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ), B27 supplement (1x) (Carpicorn, 

ɻʝʨʤʘʥʠʷ), 1 ʤʄ Glutargo (Corning, ʉʐɸ) 1 ʤʄ ʧʠʨʫʚʘʪ ʥʘʪʨʠʷ (Gibco, ʉʐɸ), 25 

ʥʛ/ʤʣ EGF, 25 ʥʛ/ʤʣ bFGF, ʧʝʥʠʮʠʣʣʠʥ-ʩʪʨʝʧʪʦʤʠʮʠʥ (50 ɽɼ/ʤʣ; 50 ʤʢʛ/ʤʣ) 

(Gibco, ʉʐɸ). 

 ʉʨʝʜʘ ʜʣʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʥʝʡʨʦʥʳ (N2B27): DMEM / F12 

+ Neurobasal Medium (1:1), N2-supplement (Carpicorn, ɻʝʨʤʘʥʠʷ), B27-supplement 

(Carpicorn, ɻʝʨʤʘʥʠʷ), 0,1 ʤʄ ɓ-Mercaptoethanol, 1 ʤʄ Glutargo (Corning, ʉʐɸ), 1 

ʤʄ ʧʠʨʫʚʘʪ ʥʘʪʨʠʷ (Gibco, ʉʐɸ), ʧʝʥʠʮʠʣʣʠʥ-ʩʪʨʝʧʪʦʤʠʮʠʥ (50 ɽɼ/ʤʣ; 50 

ʤʢʛ/ʤʣ) (Gibco, ʉʐɸ), ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 ʥʛ/ʤʣ BDNF ʠʣʠ ʙʝʟ ʥʝʛʦ. 

 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʤʘʪʨʠʛʝʣʝʤ: Matrigel ʩʤʝʰʠʚʘʣʠ ʩ 

MEM/F12 (Corning, Cʐɸ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 50 : 1 (ʚʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 

ʣʴʜʫ, ʧʦʢʘ ʚʩʝ ʨʘʩʪʚʦʨʳ ʭʦʣʦʜʥʳʝ, ʪ.ʢ. ʤʘʪʨʠʛʝʣʴ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ), ʜʘʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʨʘʟʣʠʚʘʣʠ ʧʦ ʘʣʠʢʚʦʪʘʤ ʠ 

ʟʘʤʦʨʘʞʠʚʘʣʠ ʧʨʠ -20Áʉ. ʈʘʟʤʦʨʦʞʝʥʥʫʶ ʘʣʠʢʚʦʪʫ ʭʨʘʥʠʣʠ ʧʨʠ 4Áʉ, ʜʦʧʫʩʢʘʝʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʪʚʦʨʘ.  

 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ, ʧʦʢʨʳʪʦʛʦ ʤʘʪʨʠʛʝʣʝʤ: ʈʘʩʪʚʦʨ 

ʤʘʪʨʠʛʝʣʷ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʧʦʩʫʜʳ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

0,1 ʤʣ ʥʘ 1 ʩʤ2, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30-60 ʤʠʥʫʪ ʧʨʠ 37Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʤʘʪʨʠʛʝʣʴ 

ʫʜʘʣʷʣʠ.  

 ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʞʠʚʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ 

ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠ ʣʘʤʠʥʘʨʥʳʭ ʰʢʘʬʦʚ 2-ʛʦ ʫʨʦʚʥʷ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʦʙʣʶʜʘʷ ʧʨʠʥʷʪʳʝ ʧʨʘʚʠʣʘ ʘʩʝʧʪʠʢʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʫʣʴʪʫʨʘʤʠ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ.  
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3.2. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʀʇʉʂ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʣʠʥʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ: 

1) ʀʇʉʂ-KYOU, ʠʟʥʘʯʘʣʴʥʦ ʧʦʣʫʯʝʥʥʘʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʐʠʥʴʷ ʗʤʘʥʘʢʘ 

(ʋʥʠʚʝʨʩʠʪʝʪ ʂʠʦʪʦ, ʗʧʦʥʠʷ) ʧʫʪʝʤ ʨʝʪʨʦʚʠʨʫʩʥʦʛʦ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʢʦʞʠ ʚʟʨʦʩʣʦʡ ʞʝʥʱʠʥʳ. ʂʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʀʇʉʂ-KYOU 

ʙʳʣʘ ʧʨʠʦʙʨʝʪʝʥʘ ʚ ʙʘʥʢʝ ʢʣʝʪʦʢ ATCC (KYOU-DXR0109B, ACS-1023Ê, 

ATCCÈ, ʉʐɸ) 

2) ʀʇʉʂ-KYOU-GCaMP6s, ʧʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʨʘʥʝʝ ʠʟ ʢʣʝʪʦʢ ʣʠʥʠʠ ʀʇʉʂ-

KYOU ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʟʦʥʥʦʡ ʩʠʩʪʝʤʳ Sleeping Beauty.  

3) ʀʇʉʂ-AFS17, ʧʦʣʫʯʝʥʥʘ ̫ ʧʫʪʝʤ ʣʝʥʪʠʚʠʨʫʩʥʦʛʦ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʦ ʤʝʪʦʜʠʢʝ ɼʘʰʠʥʠʤʘʝʚʘ ʠ ʜʨ. 

(Dashinimaev et al., 2017). 

4) ʀʇʉʂ-DP, ʧʦʣʫʯʝʥʥʘ ̫ʧʫʪʝʤ ʣʝʥʪʠʚʠʨʫʩʥʦʛʦ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ 

ʜʝʨʤʘʣʴʥʦʡ ʧʘʧʠʣʣʳ (Muchkaeva et al., 2014). 

5) ʀʇʉʂ-DYP0730, ʧʦʣʫʯʝʥʥʘ ̫ʧʫʪʝʤ ʵʧʠʩʦʤʘʣʴʥʦʛʦ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʝʨʤʘʣʴʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ (ATCC CCL-54 Detroit 532) ʜʦʥʦʨʘ-ʧʘʮʠʝʥʪʘ ʩ 

ʩʠʥʜʨʦʤʦʤ ɼʘʫʥʘ. ʃʠʥʠʷ ʢʣʝʪʦʢ ʀʇʉʂ-DYP0730 ʙʳʣʘ ʧʨʠʦʙʨʝʪʝʥʘ ʚ ʙʘʥʢʝ 

ʢʣʝʪʦʢ ATCC (ACS-1003Ê, ATCCÈ, ʉʐɸ). 

ʀʇʉʂ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ, ʧʦʢʨʳʪʳʭ ʤʘʪʨʠʛʝʣʝʤ ʚ ʩʨʝʜʝ 

mTeSR1 ʠʣʠ mTeSR Plus (Stem Cell Technologies, ʂaʥʘʜʘ) ʧʨʠ 37ÜC ʚ CO2-

ʠʥʢʫʙʘʪʦʨʝ ʩ 5% CO2 ʠ ʧʨʠ ʚʣʘʞʥʦʩʪʠ 100%. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 70-80% 

ʢʦʥʬʣʶʵʥʪʥʦcʪʠ ʢʣʝʪʢʠ ʧʘʩʩʠʨʦʚʘʣʠ. ɼʣʷ ʵʪʦʛʦ ʀʇʉʂ ʩʥʠʤʘʣʠ ʘʢʢʫʪʘʟʦʡ 

(Corning, ʉʐɸ), ʨʘʟʙʘʚʣʷʣʠ ʚ ʨʘʩʪʚʦʨʝ ɼʫʣʴʙʝʢʢʦ (DPBS) ʙʝʟ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ 

(ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 400 g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʚ ʮʝʥʪʨʠʬʫʛʝ 

Eppendorf Centrifuge 5702. ʉʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ, ʘ ʢʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ 
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ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ mTeSR1 ʠʣʠ mTeSR Plus, ʩʦʜʝʨʞʘʱʝʡ 5 ʤʢʄ ROCKi 

(Y27632, Sigma-Aldrich, ʉʐɸ).  

ʇʦʜʩʯʝʪ ʢʣʝʪʦʢ ʧʨʦʠʟʚʦʜʠʣʠ ʩʯʝʪʯʠʢʝ Bio-Rad TC2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʣʘʡʜʦʚ. 

ɼʣʷ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ Bambunker TM(Nippon 

Genetics, ʗʧʦʥʠʷ). 

3.3. ʇʦʣʫʯʝʥʠʝ ʀʇʉʂ-KYOU, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ TetON-NGN2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ 

ʣʝʥʪʠʚʠʨʫʩʦʚ ʠ ʣʝʥʪʠʚʠʨʫʩʥʘʷ ʪʨʘʥʩʜʫʢʮʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʀʇʉʂ-KYOU, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʩʠʩʪʝʤʫ TetON ʠ ʛʝʥ NGN2, 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʟʤʠʜʳ rtTA-N144 ʠ TRET-hNgn2-UBC-PuRo, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʜʝʧʦʟʠʪʘʨʠʷ Addgene. ʇʣʘʟʤʠʜʘ rtTA-N144 ʙʳʣʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʕʥʜʨʶ 

ʖ. (ʧʣʘʟʤʠʜʘ Addgene # 66810; http://n2t.net/addgene:66810; RRID:Addgene_66810). 

ʇʣʘʟʤʠʜʘ pLV_TRET_hNgn2_UBC_Puro ʙʳʣʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʈʦʥʦʤ 

ɺʘʡʩʦʤ (ʧʣʘʟʤʠʜʘ Addgene # 61474; http://n2t.net/addgene:61474; 

RRID:Addgene_61474).  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʣʝʥʪʠʚʠʨʫʩʥʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪʘ. ʃʝʥʪʠʚʠʨʫʩʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʢʣʝʪʢʘʭ HEK293T (106 ʢʣʝʪʦʢ ʚ d=6 ʩʤ ʯʘʰʢʝ ʇʝʪʨʠ) ʧʫʪʝʤ ʢʦ-

ʪʨʘʥʩʬʝʢʮʠʠ ʪʨʝʤʷ ʭʝʣʧʝʨʥʳʤʠ ʧʣʘʟʤʠʜʘʤʠ (pLP1, pLP2, pVSVG) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ: 4 ʤʢʛ ɼʅʂ ʣʝʥʪʠʚʠʨʫʩʥʦʛʦ ʚʝʢʪʦʨʘ, 4 ʤʢʛ pLP1, 2 ʤʢʛ pLP2, 1 ʤʢʛ 

pVSVG ʠ ʫʧʘʢʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʘʛʝʥʪʘ Lipofectamine2000 (Invitrogen, ʉʐɸ), 

ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ 

OPTI-MEM. ʂʣʝʪʢʠ HEK293T ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʟʘʪʝʤ ʩʨʝʜʫ 

ʘʩʧʠʨʠʨʦʚʘʣʠ ʠ ʜʦʙʘʚʣʷʣʠ 4 ʤʣ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ (DMEM (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ), 

10% ʬʝʪʘʣʴʥʘʷ ʙʳʯʴʷ ʩʳʚʦʨʦʪʢʘ (Capricorn Scientific, ɻʝʨʤʘʥʠʷ), 1 ʤʄ Glutargo 

(Corning, ʉʐɸ), 1 ʤʄ ʧʠʨʫʚʘʪ ʥʘʪʨʠʷ (Gibco, ʉʐɸ), ʧʝʥʠʮʠʣʣʠʥ-ʩʪʨʝʧʪʦʤʠʮʠʥ 

(50 ɽɼ/ʤʣ; 50 ʤʢʛ/ʤʣ) (Gibco, ʉʐɸ)). ʉʨʝʜʫ ʩ ʣʝʥʪʠʚʠʨʫʩʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 
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ʩʦʙʠʨʘʣʠ ʯʝʨʝʟ 48 ʯ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (100 g) ʚ ʪʝʯʝʥʠʝ 5 

ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ 0,45 ʤʢʤ.  

ʃʝʥʪʠʚʠʨʫʩʥʘʷ ʪʨʘʥʩʜʫʢʮʠʷ ʀʇʉʂ. ʉʦʙʨʘʥʥʳʡ ʩʫʧʝʨʥʘʪʘʥʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʫʧʘʢʦʚʘʥʥʳʝ ʣʝʥʪʠʚʠʨʫʩʳ, ʥʘʣʠʚʘʣʠ ʥʘ ʀʇʉʂ-KYOU ʠʣʠ ʀʇʉʂ-KYOU-

GCaMP6s, ʩʤʝʰʠʚʘʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 ʤʣ ʩʫʧʝʨʥʘʪʘʥʪʘ + 2 ʤʣ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ. 

ʇʦʣʠʙʨʝʥ ʙʳʣ ʜʦʙʘʚʣʝʥ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʢʛ/ʤʣ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʩʨʝʜʫ ʤʝʥʷʣʠ ʥʘ ʧʦʣʥʫʶ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ mTeSR1 ʠʣʠ mTeSR Plus, ʩʦʜʝʨʞʘʱʫʶ 

ROCKi (5 ʤʢʄ). ʇʦʩʣʝ ʪʨʘʥʩʜʫʢʮʠʠ ʠ ʜʦ ʥʘʯʘʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ-TetON-

NGN2 ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ, ʜʦʧʦʣʥʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʳʤʠ 

ʘʥʪʠʙʠʦʪʠʢʘʤʠ: ʧʫʨʦʤʠʮʠʥʦʤ (0,5 ʤʢʛ/ʤʣ; Sigma, ʉʐɸ) ʠ ʛʠʛʨʦʤʠʮʠʥʦʤ B (50 

ʤʢʛ/ʤʣ; Serva, ɻʝʨʤʘʥʠʷ).  

ʂʣʦʥʠʨʦʚʘʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʀʇʉʂ. ʀʇʉʂ-TetON-NGN2 ʙʳʣʠ ʢʣʦʥʠʨʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʜʣʷ ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʢʣʦʥʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʢʫʣʴʪʫʨʫ ʀʇʉʂ- TetON-NGN2 ʩʥʠʤʘʣʠ ʨʘʩʪʚʦʨʦʤ ʘʢʢʫʪʘʟʳ ʠ ʨʘʩʩʘʞʠʚʘʣʠ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1-2 ʢʣʝʪʢʠ/ʩʤ2 ʥʘ d=10 cʤ ʯʘʰʢʫ ʇʝʪʨʠ, ʧʦʢʨʳʪʫʶ ʤʘʪʨʠʛʝʣʝʤ ʚ 

ʩʨʝʜʫ mTeSR1 ʩ ROCKi (5 ʤʢʄ). ʏʝʨʝʟ 10-14 ʜʥʝʡ, ʢʦʛʜʘ ʝʜʠʥʠʯʥʳʝ ʢʣʝʪʢʠ 

ʦʙʨʘʟʦʚʘʣʠ ʢʦʣʦʥʠʠ, ʢʦʣʦʥʠʠ ʩʥʠʤʘʣʠ ʩ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʘʟʳ 

(Invitrogen, ʉʐɸ) ʠ DMEM/F12 (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʚ ʧʨʦʧʦʨʮʠʠ 1:1 ʧʨʠ 37  ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ɺʳʙʨʘʥʥʳʝ ʢʣʦʥʳ ʩʦʙʠʨʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ 

ʧʦʤʦʱʠ ʩʪʝʨʠʣʴʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʘ 10 ʤʢʣ ʧʦʜ ʚʠʟʫʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʥʘ 

ʤʠʢʨʦʩʢʦʧʝ EVOS XL Cell Imaging System (Life Technologies), ʧʝʨʝʤʝʱʘʣʠ ʚ 

ʵʧʧʝʥʜʦʨʬʳ ʩʦ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ ʠ ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ. ʉʫʩʧʝʥʟʠʶ 

ʢʣʝʪʦʢ ʠʟ ʢʘʞʜʦʛʦ ʢʣʦʥʘ ʜʝʣʠʣʠ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʂʘʞʜʳʡ ʢʣʦʥ ʚʳʩʝʚʘʣʠ ʚ ʜʚʝ ʣʫʥʢʠ 

ʜʚʫʭ 12-ʭ ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪ, ʧʦʢʨʳʪʳʭ ʤʘʪʨʠʛʝʣʝʤ, ʚ ʨʦʩʪʦʚʫʶ ʩʨʝʜʫ mTeSR1, 

ʩʦʜʝʨʞʘʱʝʡ 5 ʤʢʄ ROCKi: ʧʣʘʥʰʝʪ ˉ1 ï ʜʣʷ ʚʝʜʝʥʠʷ ʢʣʝʪʦʢ, ʧʣʘʥʰʝʪ ˉ2 ï ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ɼʘʣʝʝ ʚ ʧʣʘʥʰʝʪʝ ˉ2 ʟʘʧʫʩʢʘʣʠ ʥʝʡʨʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʦʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʜʦʢʩʠʮʠʢʣʠʥʘ 1 ʤʢʛ/ʤʣ (Sigma, ʉʐɸ) ʚ 

ʪʝʯʝʥʠʝ 5 ʜʥʝʡ. ʏʝʨʝʟ 3-5 ʜʥʝʡ ʚ ʧʣʘʥʰʝʪʝ ˉ2 ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠ ʦʪʤʝʯʝʥʳ ʥʦʤʝʨʘ ʢʣʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʘ 
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ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʢʣʦʥʳ ʀʇʉʂ 

ʟʘʪʝʤ ʙʳʣʠ ʨʘʟʤʥʦʞʝʥʳ ʩ ʧʣʘʥʰʝʪʘ ˉ1 ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɼʣʷ ʀʇʉʂ-KYOU-GCaMP6s ʢʣʦʥʳ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʝʥʳ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ GCaMP6s ʧʦ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʟʝʣʝʥʦʤ ʩʧʝʢʪʨʝ. 

3.4. ʅʝʡʨʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʀʇʉʂ ʤʝʪʦʜʦʤ ʩ DUAL SMAD 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ɿʘ ʜʝʥʴ ʜʦ ʥʘʯʘʣʘ ʥʝʡʨʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʙʳʣʠ ʧʦʩʘʞʝʥʳ ʚ 

d=60 ʤʤ ʯʘʰʢʠ ʇʝʪʨʠ ʚ ʩʨʝʜʝ mTeSR1 ʠʣʠ mTeSR Plus. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʢʫʣʴʪʫʨʳ 

ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ ʦʢʦʣʦ 30% ʩʨʝʜʘ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ ʥʝʡʨʘʣʴʥʫʶ ʠʥʜʫʢʮʠʦʥʥʫʶ 

ʩʨʝʜʫ (PSC Neural Induction Medium, Thermo Fisher Scientific). ʂʣʝʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ ʚ ʵʪʦʡ ʩʨʝʜʝ, ʜʦʧʦʣʥʝʥʥʦʡ 5 ʤʢʄ ROCKi, ʚ ʪʝʯʝʥʠʝ 3-ʭ ʧʘʩʩʘʞʝʡ 

ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ, ʧʦʢʨʳʪʳʭ ʤʘʪʨʠʛʝʣʝʤ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ 

ʢʣʝʪʢʠ (ʅʉʂ) ʧʝʨʝʚʦʜʠʣʠ ʥʘ ʩʨʝʜʫ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʅʉʂ (NPM) c ʜʦʙʘʚʣʝʥʠʝʤ 

ROCKi (5 ʤʢʄ) ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʠʭ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʪʝʯʝʥʠʝ 3 ʧʘʩʩʘʞʝʡ. 

ɼʣʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʝʡʨʦʥʦʚ ʠʟ ʅʉʂ ʢʣʝʪʢʠ ʧʝʨʝʩʘʞʠʚʘʣʠ 

ʥʘ ʧʦʢʨʳʪʳʝ ʤʘʪʨʠʛʝʣʝʤ ʯʘʰʢʠ ʠʣʠ ʣʫʥʢʠ ʧʣʘʥʰʝʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 20Ĭ103 

ʢʣʝʪʦʢ/ʩʤ2. ʂʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʙʝʟ ʧʝʨʝʩʝʚʘ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʦʡ ʩʨʝʜʝ 

N2B27 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ROCKi (5 ʤʢʄ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ 14-ʪʠ ʠ 21-ʛʦ ʜʥʷ. 

3.5. NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʥʝʡʨʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʀʇʉʂ  

ɺ ʜʝʥʴ 0 ʀʇʉʂ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ TetON-NGN2 (ʠʣʠ GCaMP6s ʠ TetON-

NGN2), ʙʳʣʠ ʧʦʩʘʞʝʥʳ ʥʘ ʧʦʢʨʳʪʳʝ ʤʘʪʨʠʛʝʣʝʤ d=35 ʤʤ ʯʘʰʢʠ ʇʝʪʨʠ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 3Ĭ104 ʢʣʝʪʦʢ/ʩʤ2 ʚ ʩʨʝʜʝ mTeSR1, ʜʦʧʦʣʥʝʥʥʦʡ ROCKi (5 ʤʢʄ) ʠ 

ʤʳʰʠʥʳʤ ʣʘʤʠʥʠʥʦʤ (0,5 ʤʢʛ/ʤʣ) (Corning, ʉʐɸ). ɼʦʢʩʠʮʠʢʣʠʥ (Sigma, ʉʐɸ) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʢʛ/ʤʣ ʜʦʙʘʚʣʷʣʠ ʩ 0 ʧʦ 5 ʜʝʥʴ ʜʣʷ ʠʥʜʫʢʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʪʨʘʥʩʛʝʥʘ 

NGN2. ʉʨʝʜʫ ʤʝʥʷʣʠ ʝʞʝʜʥʝʚʥʦ ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʪʘʥʦʚʠʪʴ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʀʇʉʂ, ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʥʘ 2-ʡ ʠ 3-
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ʡ ʜʥʠ ʜʦʙʘʚʣʷʣʠ ʮʠʪʦʟʠʥ-ʘʨʘʙʠʥʦʟʠʜ (Ara-C) (Sigma, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 

ʤʢʛ/ʤʣ.  

ʅʝʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʥʦʚʳʭ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʯʘʰʝʢ (ʜʠʘʤʝʪʨʦʤ ~10-15 ʤʤ ʠʣʠ 

14 ʤʤ ʥʘ 35-ʤʤ ʯʘʰʢʘʭ ʩʦ ʩʪʝʢʣʷʥʥʳʤ ʜʥʦʤ) ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʪʳ ʧʦʣʠ-

D-ʣʠʟʠʥʦʤ (Gibco, ʉʐɸ), ʨʘʟʚʝʜʝʥʥʳʤ ʚ DPBS 1:1, ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ 37Áʉ. 

ʋʯʘʩʪʢʠ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʩʪʝʨʠʣʴʥʳʤ DPBS, ʚʳʩʫʰʠʚʘʣʠ, ʥʝ ʟʘʢʨʳʚʘʷ, ʚ 

ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ, ʘ ʟʘʪʝʤ ʧʦʢʨʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʤʘʪʨʠʛʝʣʷ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30-60 ʤʠʥʫʪ ʧʨʠ 37ÜC. 

ʅʘ 4-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʝʩʷ ʢʫʣʴʪʫʨʳ ʧʝʨʝʩʝʚʘʣʠ ʥʘ ʥʦʚʳʡ ʩʫʙʩʪʨʘʪ. 

ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʘʢʢʫʪʘʟʳ, ʧʨʦʤʳʚʘʣʠ ʚ DPBS ʠ 

ʚʳʩʝʚʘʣʠ ʚ ʚʠʜʝ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚ ʢʘʧʣʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʥʦʚʳʭ ʯʘʰʝʢ ʇʝʪʨʠ (ʢʣʝʪʢʠ ʩ ʦʜʥʦʡ d=35 ʤʤ ʯʘʰʢʠ ʇʝʪʨʠ 

ʚʳʩʝʚʘʣʠ ʚ ʜʚʝ ʢʘʧʣʠ (~200 ʤʢʣ) ʚ ʩʤʝʰʘʥʥʫʶ ʩʨʝʜʫ N2B27 ʠ mTeSR1 (1:1), 

ʜʦʧʦʣʥʝʥʥʫʶ ʯʝʣʦʚʝʯʝʩʢʠʤ BDNF (10 ʥʛ/ʤʣ; Petrotech, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), NGF (20 

ʥʛ/ʤʣ; Petrotech, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ROCKi (5 ʤʢʄ), ʤʳʰʠʥʳʤ ʣʘʤʠʥʠʥʦʤ (0,5 

ʤʢʛ/ʤʣ) ʠ ʜʦʢʩʠʮʠʢʣʠʥʦʤ (1 ʤʢʛ/ʤʣ). ʅʘ 5 ʜʝʥʴ ʩʨʝʜʘ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ ʩʨʝʜʫ 

N2B27, ʜʦʧʦʣʥʝʥʥʫʶ ʯʝʣʦʚʝʯʝʩʢʠʤ BDNF (10 ʥʛ/ʤʣ), NGF (20 ʥʛ/ʤʣ), ROCKi (5 

ʤʢʄ), ʤʳʰʠʥʳʤ ʣʘʤʠʥʠʥʦʤ (0,5 ʤʢʛ/ʤʣ) ʠ ʜʦʢʩʠʮʠʢʣʠʥʦʤ (1 ʤʢʛ/ʤʣ). ʇʦʩʣʝ 7-ʛʦ 

ʜʥʷ ʧʦʣʦʚʠʥʫ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʤʝʥʷʣʠ ʜʚʘʞʜʳ ʚ ʥʝʜʝʣʶ. ɼʘʣʝʝ ʥʝʡʨʘʣʴʥʳʝ 

ʢʫʣʴʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʙʝʟ ʧʝʨʝʩʝʚʘ ʚ ʪʝʯʝʥʠʝ ʝʱʝ 7-14 ʜʥʝʡ. 

3.6. ɺʳʜʝʣʝʥʠʝ ʈʅʂ 

ɺʳʜʝʣʝʥʠʝ ʈʅʂ. ʂʣʝʪʢʠ ʩʥʠʤʘʣʠ ʩ ʘʢʢʫʪʘʟʦʡ, ʧʨʦʤʳʚʘʣʠ ʚ DPBS ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʦʢ (2Ĭ106 

ʢʣʝʪʦʢ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʦʪʦʚʳʡ ʥʘʙʦʨ çExtractRNA kitè (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʩʦʛʣʘʩʥʦ 

ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈʅʂ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʈʅʂ ʚ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Implen NanoPhotometer P-Class P360. ʆʧʨʝʜʝʣʷʣʠ ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʈʅʂ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 260 

ʥʘʥʦʤʝʪʨʦʚ. ʂʦʥʪʨʦʣʴ ʟʘ ʯʠʩʪʦʪʦʡ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ ʩ 

ʜʣʠʥʘʤʠ ʚʦʣʥ 230 ʠ 280 ʥʘʥʦʤʝʪʨʦʚ. 

3.7. ʆʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʆʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ. ɼʣʷ ʩʠʥʪʝʟʘ ʢɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ 1 ʤʢʛ ʦʙʱʝʡ ʈʅʂ. 

ʆʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʪʦʚʦʛʦ ʥʘʙʦʨʘ çʆʙʨʘʪʥʘʷ 

ʪʨʘʥʩʢʨʠʧʪʘʟʘ MMLVè ʬʠʨʤʳ çɽʚʨʦʛʝʥè. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

olig(dT) ʠ Random ʧʨʘʡʤʝʨʳ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʧʨʠʤʝʩʠ ʛʝʥʦʤʥʦʡ ɼʅʂ, 

ʧʝʨʝʜ ʨʝʘʢʮʠʝʡ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʈʅʂ ɼʅʂʘʟʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ DNaseI, RNAse-free (Thermo scientific, 

ʉʐɸ).  

ɼʣʷ ʦʜʥʦʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʦʣʦ 1,5 ʤʢʛ ʈʅʂ, ʢ ʨʘʩʪʚʦʨʫ ʢʦʪʦʨʦʡ 

ʜʦʙʘʚʣʷʣʠ ʧʦ 1 ʤʢʣ 10ʭ ʙʫʬʝʨʘ, 1 ʤʢʣ ɼʅʂʘʟʳ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʦʙʲʝʤ 

ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ mQ ʜʦ 10 ʤʢʣ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ʦʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʨʝʘʢʮʠʶ ʜʦʙʘʚʣʷʣʠ 50 ʤʄ ʕɼʊɸ ʚ ʦʙʲʝʤʝ 1 ʤʢʣ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60 ʦʉ ʝʱʝ 10 ʤʠʥʫʪ ʜʣʷ ʠʥʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʦʪʦʚʠʣʠ ʜʚʝ ʩʤʝʩʠ: MIX1 

ʠ MIX2. MIX1 ʛʦʪʦʚʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʈʘʩʪʚʦʨ MIX1: 

ʈʝʘʢʪʠʚ ʆʙʲʝʤ ʜʣʷ ʦʜʥʦʡ ʧʨʦʙʳ 

5ʭ ʙʫʬʝʨ ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʨʚʦʡ ʮʝʧʠ 5 ʤʢʣ 

ʉʤʝʩʴ dNTP  2,5 ʤʢʣ 

DTT  2,5 ʤʢʣ 

MMLV -ʨʝʚʝʨʪʘʟʘ  1 ʤʢʣ 
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 MIX2 ʩʦʩʪʦʠʪ ʠʟ ʨʘʩʪʚʦʨʘ ʈʅʂ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ɼʅʂʘʟʦʡ, ʢ 

ʢʦʪʦʨʦʤʫ ʜʦʙʘʚʠʣʠ ʧʦ 1,5 ʤʢʣ ʧʨʘʡʤʝʨʦʚ oligo(dT) ʠ Random ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 20 

ʤM. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʧʨʘʡʤʝʨʘ ʢ ʈʅʂ, ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ 2 ʤʠʥʫʪʳ ʧʨʠ 70ʦʉ 

ʜʣʷ ʨʘʩʧʨʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʈʅʂ ʠ ʩʨʘʟʫ ʧʦʤʝʱʘʣʠ ʚ ʣʝʜ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʢ ʦʭʣʘʞʜʝʥʥʦʡ ʩʤʝʩʠ MIX2 ʧʨʠʣʠʚʘʣʠ MIX1 ʚ ʦʙʲʝʤʝ 11 ʤʢʣ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37ʦʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʘ ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ 65ʦʉ ʜʣʷ 

ʦʩʪʘʥʦʚʢʠ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ɼʅʂ (ʢɼʅʂ). 

ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 5ʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ çqPCRmix-HS SYBRè ʬʠʨʤʳ çɽʚʨʦʛʝʥè. 

ʇʎʈ-ʘʥʘʣʠʟʫ ʧʦʜʚʝʨʛʘʣʘʩʴ ʢɼʅʂ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʩʪʘʚʣʷʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʦʪʦʢʦʣʫ: ʩʪʝʨʠʣʴʥʘʷ ʚʦʜʘ 2 ʤʢʣ, 

5ʭ ʩʤʝʩʴ ʜʣʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ HS-SYBR 2 ʤʢʣ, ʨʘʩʪʚʦʨ ʢɼʅʂ 5 ʤʢʣ (ʦʢʦʣʦ 

15 ʥʘʥʦʛʨʘʤʤ ʈʅʂ ʜʣʷ ʥʝʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ), ʧʨʘʡʤʝʨʳ (ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ) 

ʧʦ 0,5 ʤʢʣ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʘʡʤʝʨʦʚ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʢʄ) ð ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʱʠʡ 

ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣ 10 ʤʢʣ. ɸʤʧʣʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ 

ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ: 

1. 95Áʉ -  10:00 

2. ɼʘʣʝʝ 40 ʮʠʢʣʦʚ: 

1. 95Áʉ -  0:15 

2. 60Áʉ -  1:00 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʨʦʢʘ ʮʠʢʣʦʚ ʩʪʨʦʠʣʠ ʢʨʠʚʫʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʤʧʣʠʬʠʢʘʪʦʨ çCFX96 PCR Systemè ʬʠʨʤʳ çBio-Radè. ɼʘʥʥʳʝ ʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʘʡʤʝʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. ʇʨʘʡʤʝʨʳ ʧʦʜʙʠʨʘʣʠʩʴ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʩʣʝʜʫʶʱʠʭ ʙʘʥʢʦʚ ʧʨʘʡʤʝʨʦʚ: 

http://pga.mgh.harvard.edu/primerbank/index.html ʠ http://medgen.ugent.be/rtprimerdb, 

ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Primer Blast. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ -ȹȹCt 

ʤʝʪʦʜ. ɼʣʷ ʥʦʨʤʠʨʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʥʦʨʤʠʨʦʚʦʯʥʳʭ ʛʝʥʘ: 

http://pga.mgh.harvard.edu/primerbank/index.html
http://medgen.ugent.be/rtprimerdb


52 

 

EMC7 ʠ PSMB4, ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʢʩʧʨʝʩʩʠʠ ʢʦʪʦʨʳʭ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʦʯʥʳʭ 

ʦʙʨʘʟʮʘʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ geNorm. ʇʨʘʡʤʝʨʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2: 

ʊʘʙʣʠʮʘ 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ (çɽʚʨʦʛʝʥè). 

  ɻʝʥ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 5ôŸ 3ô 

1. ASCL1 
ATCCTAACCAGTTCGGGGAT 

TGGTGGCCTCTTGATCTCAC 

2. MAP 
CTCAGCACCGCTAACAGAGG 

CATTGGCGCTTCGGACAAG 

3. TUBB3 
CCGAAGCCAGCAGTGTCTAA 

AAGACAGAGACAGGAGCAGC 

4. GFAP 
AGGTCCATGTGGAGCTTGAC 

GCCATTGCCTCATACTGCGT 

5. NEUROD1 
ACAGATTTGCAATGGCTGGC 

CAGGTGAAATTCCCACAGCC 

6. PAX6 
AGTGCCCGTCCATCTTTGC 

CGCTTGGTATGTTATCGTTGGT 

7. S100B 
GAAGGGAGGGAGACAAGCAC 

TCGTGGCAGGCAGTAGTAAC 

8. SOX1 
AAATACTGGAGACGAACGCC 

AACCCAAGTCTGGTGTCAGC 

9. TH 
GCCCTACCAAGACCAGACGTA 

CGTGAGGCATAGCTCCTGA 

10. BRN2 
GGGGGAAAACCCTAGACCTT 

GTCCACCTAGTTCCACTGATGT 

11. NGN2 
GAGTTTGCAGAGCGGACTGA 

GGCATTGTGACGAATCTGGG 

12. OCT4 
ACCCACACTGCAGCAGATCA 

CACACTCGGACCACATCCTTCT 

13. SOX2 
TGCGAGCGCTGCACAT 

GCAGCGTGTACTTATCCTTCTTCA 

14. MAPT 
TTTGGTGGTGGTTAGAGATATGC 

CCGAGGTGCGTGAAGAAATG 
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15. NES 
CAACAGCGACGGAGGTCTC 

GCCTCTACGCTCTCTTCTTTGA 

16. ZIC3A 
ATGAGTAAGGCCAGTTGAGCA 

AAACCTAGAGCATTGCCCCTT 

17. ZIC3B 
GCATGTGCATACCTCGGACA 

ACCAAGCAGGACAACACTTCA 

18. PTN 
GGGAAGCAGAGCATGTCCTA 

ACAAATGCTTCTGCCAAAGTGA 

19. CD44 
TCAGAGCACACCCTTCCTCT 

CCAATAAGTGCTTTCAACTCAGCA 

20. ACTG2 
GCCAGATGGGCAGGTTATCA 

CAGCGGACTCCATGCCAATA 

21. PTPRZ 
ATACTGCCCTAGTGTCTCCATG 

AGAAAACTGGTAGAGTAAGACCAGC 

22. SOX3 
TGGAGAACTGCAACGCCTAC 

CTCCCCACTACCCAAACGAA 

23. PLP1 
AGGCTGCATAGAAGGAGGAGA 

TGCATGTGAGGTTTTCAGGGA 

24. VCAM 
TTTGACAGGCTGGAGATAGACT 

TCAATGTGTAATTTAGCTCGGCA 

25. DCX 
TGCCATGTGTGTAAGGTGCT 

GCTCTTTGGCTGCCTGGTAT 

26. NSE 
CCGGGAACTCAGACCTGATC 

CTCTGCACCTAGTCGCATGG 

27. PSMB4 
CATTCCGTCCACTCCCGATT 

CGAACTTAACGCCGAGGACT 

28. EMC7 
AAAGGAGGTAGTCAGGCCGT 

GTTGCTTCACACGGTTTTCCA 

 

3.8. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʈʅʂ 

ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. ɹʠʙʣʠʦʪʝʢʠ ʢɼʅʂ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 1 ʤʢʛ ʈʅʂ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ NEBNext Ultra II Directional RNA 

Library Prep (New England Biolabs, ʉʐɸ) ʠ ʰʪʨʠʭ-ʢʦʜʠʨʦʚʘʥʳ ʠʥʜʝʢʩʥʳʤʠ 
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ʧʨʘʡʤʝʨʘʤʠ ʜʣʷ ʧʫʣʦʚʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʜʠʘʥʳ 20,9 ʤʣʥ. ʧʨʦʯʪʝʥʠʡ (ʜʠʘʧʘʟʦʥ 11-34 ʤʣʥ. ʧʨʦʯʪʝʥʠʡ) ʧʦ 2Ĭ150 

ʧʘʨ ʦʩʥʦʚʘʥʠʡ ʥʘ ʙʠʙʣʠʦʪʝʢʫ. ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʥʩʪʨʫʤʝʥʪ "salmon" (ʚʝʨʩʠʷ 1.2.1). ɸʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ 

ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ R "DESeq2" (ʚʝʨʩʠʷ 1.30.1).  

ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-KYOU p5 ʠ iN-

NGN2. ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʙʳʣʠ ʫʜʘʣʝʥʳ ʛʝʥʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʨʠʜʦʚ (ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʣʝʪʢʘʭ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ filterByExpr ʠʟ ʧʘʢʝʪʘ R edgeR. ɼʘʣʝʝ ʚʳʧʦʣʥʝʥʘ 

ʢʚʘʥʪʠʣʴʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʦʜʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʧʣʘʪʬʦʨʤʝ Genome Enhancer (https://ge.genexplain.com). 

ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʤʝʪʦʜ ʤʥʦʛʦʤʝʨʥʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ R prcomp ʠ cmdscale ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʠ ʛʝʥʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʠ ʤʝʪʦʜ ɺʘʨʜʘ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʪʝʧʣʦʚʦʡ ʢʘʨʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠʷ heatmap.2 ʠʟ 

ʧʘʢʝʪʘ gplots.  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʛʝʥʳ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʬʫʥʢʮʠʷʭ ʧʘʢʝʪʘ edgeR. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ 

iN-NGN2 ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʦʙʨʘʟʮʘʤʠ N-KYOU. ɼʣʷ ʦʮʝʥʢʠ ʛʠʧʝʨ- ʠ ʛʠʧʦ-

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʛʝʥʳ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʣʘʩʴ 

ʚ ʜʚʘ ʨʘʟʘ (|logFC| > 1) ʩʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ p < 0,0505 (ʟʥʘʯʝʥʠʝ p, 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʧʦ ʤʝʪʦʜʫ ɹʝʥʴʷʤʠʥʠ-ʍʦʭʙʝʨʛʘ). 

ɸʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ (Khatri et al., 2012) 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʠ ʧʦʤʦʱʠ ʚʝʙ-ʩʝʨʚʠʩʘ g:Profiler (https://biit.cs.ut.ee/gprofiler/gost) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʫʪʷʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG 

(https://www.genome.jp/kegg/pathway.html), ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ Gene Ontology (http://geneontology.org). ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʫʪʠ ʠ 

https://ge.genexplain.com/
https://biit.cs.ut.ee/gprofiler/gost
https://www.genome.jp/kegg/pathway.html
http://geneontology.org/
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ʧʨʦʮʝʩʩʳ ʩ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ p < 0,05. ɺ ʢʘʯʝʩʪʚʝ ʧʦʧʨʘʚʢʠ ʥʘ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ g:SCS, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ Gene Ontology ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʝʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʚʷʟʷʤ ʤʝʞʜʫ ʛʝʥʘʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʘʥʥʦʪʘʮʠʠ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʫʪʝʡ ʠ 

ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ treemap, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʘʢʝʪʝ R treemap. 

ʉʠʛʥʘʣʴʥʳʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʫʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ KEGG 

(https://www.genome.jp/kegg/pathway.html). ʇʨʦʮʝʩʩʳ Gene Ontology ʙʳʣʠ ʨʘʟʙʠʪʳ 

ʥʘ ʢʣʘʩʪʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʭ ʧʦʣʦʞʝʥʠʶ ʚ ʘʮʠʢʣʠʯʝʩʢʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʛʨʘʬʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʤʘʥʪʠʯʝʩʢʦʤʫ ʩʭʦʜʩʪʚʫ ʪʝʨʤʠʥʦʚ. ɼʣʷ 

ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʪʝʨʤʠʥʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɺʘʥʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʬʫʥʢʮʠʠ 

calculateSimMatrix ʠʟ ʧʘʢʝʪʘ rrvgo. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʩʨʝʜʥʝʡ ʩʚʷʟʠ (ʬʫʥʢʮʠʷ hclust), ʘ ʢʣʘʩʪʝʨʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ cutreeDynamic ʠʟ ʧʘʢʝʪʘ dynamicTreeCut.  

3.9. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʈʅʂ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ (scRNA-seq) 

ʉʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢ. ʂʫʣʴʪʫʨʳ ʥʝʡʨʦʥʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʥʠʤʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʢʫʪʘʟʳ ʠ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ DPBS. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦʜʩʯʝʪ 

ʢʣʝʪʦʢ ʥʘ ʩʯʝʪʯʠʢʝ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʠʙʣʠʦʪʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 12 800 ʢʣʝʪʦʢ ʚ 12,8 

ʤʢʣ DPBS. ɹʠʙʣʠʦʪʝʢʠ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ç10x Genomics 

Chromium Single Cell 3' Reagent Kitè (çChromium Single Cell 3ᾳ GEM, Library & Gel 

Bead Kit v3è) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺʩʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

425 ʤʣʥ. ʯʪʝʥʠʡ (23 254 ʧʨʦʯʪʝʥʠʡ ʥʘ ʢʣʝʪʢʫ). 

ʆʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʌʠʣʴʪʨʘʮʠʷ ʧʨʦʯʪʝʥʠʡ ʧʦ ʢʘʯʝʩʪʚʫ 

ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʛʝʥ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 3 

ʢʣʝʪʢʘʭ, ʢʣʝʪʢʘ ʩʦʜʝʨʞʠʪ ʥʝ ʤʝʥʝʝ 300 ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ (min.cells = 3, min.features 

= 300). ɿʘʪʝʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢʣʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʥʝʝ 15 000 UMI ʠ ʤʝʥʝʝ 10% 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʈʅʂ (nCount_RNA < 15000 & percent.mt < 10). ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ 

https://www.genome.jp/kegg/pathway.html
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Seurat (ʚʝʨʩʠʷ 3.1.1) ʚ ʧʨʦʛʨʘʤʤʝ R (ʚʝʨʩʠʷ 3.6.3, R-Foundation, ɺʝʥʘ, ɸʚʩʪʨʠʷ) ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʨʠʮʳ ʛʝʥ-ʰʪʨʠʭ-ʢʦʜ, ʩʦʜʝʨʞʘʱʝʡ ʰʪʨʠʭ-

ʢʦʜʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʌʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

SCT ʠʟ ʵʪʦʛʦ ʧʘʢʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣ ʢ ʨʘʟʤʝʨʫ ʙʠʙʣʠʦʪʝʢʠ ʚ ʢʘʞʜʦʡ ʢʣʝʪʢʝ.  

ʂʣʘʩʪʝʨʠʟʘʮʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʥʦʪʠʨʦʚʘʥʠʝ. ɸʥʘʣʠʟ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ 

ʩʫʙʢʣʘʩʪʝʨʠʟʘʮʠʠ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ FindClusters ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ Seurat (ʨʘʟʨʝʰʝʥʠʝ = 0,1). ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʨʦʝʮʠʨʦʚʘʥʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʨʠʤʝʥʷʣʩʷ UMAP ï ʘʣʛʦʨʠʪʤ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʂʣʘʩʪʝʨʳ ʢʣʝʪʦʢ ʙʳʣʠ ʘʥʥʦʪʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ DP 

ʠʟ scRNA-seq ʠ RNA-seq ʠ ʢʘʥʦʥʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʠʟ ʣʠʪʝʨʘʪʫʨʳ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. ɸʥʘʣʠʟ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ CellCycleScoring ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Seurat, 

ʢʦʪʦʨʘʷ ʭʨʘʥʠʪ ʦʮʝʥʢʠ S ʠ G2/M ʚ ʤʝʪʘʜʘʥʥʳʭ ʦʙʲʝʢʪʘ ʚʤʝʩʪʝ ʩ ʧʨʝʜʩʢʘʟʘʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʢʘʞʜʦʡ ʢʣʝʪʢʠ ʚ ʬʘʟʘʭ G2/M, S ʠʣʠ G1. ʆʮʝʥʢʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ ʬʘʟ G2/M ʠ S. 

ɸʥʘʣʠʟ ʧʩʝʚʜʦʚʨʝʤʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʅʉʂ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Monocle 3 (ʚʝʨʩʠʷ 0.2.3.0; 

https://coletrapnelllab.github.io/monocle3/). ʂʣʝʪʢʠ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ 

ʧʨʝʨʳʚʠʩʪʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚʜʦʣʴ ʦʙʱʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʣʝʪʦʯʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʷʭ ʛʝʥʳ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ 

ʵʢʩʧʨʝʩʩʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʨʝʩʩʘ ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʠʩʦʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʦʙʱʠʤʠ ʜʣʷ 

ʧʘʩʩʘʞʝʡ 5 ʠ 25 ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʚʳʞʠʚʘʥʠʷ 

ʢʣʝʪʦʢ, ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ, ʢʣʝʪʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʢʣʝʪʦʯʥʦʡ ʤʠʛʨʘʮʠʠ. 

ʂʣʘʩʪʝʨ 8 ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʜʝʨʝʚʘ Monocle.  

https://coletrapnelllab.github.io/monocle3/
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3.10. ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʬʦʪʦʛʨʘʬʠʡ  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝʡʨʘʣʴʥʳʝ 

ʢʫʣʴʪʫʨʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʩʦ ʩʪʝʢʣʷʥʥʳʤ ʜʥʦʤ ʣʠʙʦ ʚ ʣʫʥʢʘʭ 

24-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪ. 

ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʝ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʢʫʣʴʪʫʨʳ ʧʨʦʤʳʚʘʣʠ ʚ DPBS (ʧʦ 5 ʤʠʥ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʚ 200 ʤʢʣ 

ʙʣʦʢʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ (PBS, 10% FBS, 0,1% Triton-X-100) ʚʦ ʚʣʘʞʥʦʡ ʢʘʤʝʨʝ ʚ 

ʪʝʯʝʥʠʝ ʥʦʯʠ (16-18 ʯʘʩʦʚ) ʧʨʠ 4ÜC. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ, ʢʫʣʴʪʫʨʳ ʜʚʘʞʜʳ 

ʧʨʦʤʳʚʘʣʠ ʚ DPBS ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ 

(Alexa Fluor 488, ʣʠʙʦ Alexa Fluor 546, ʣʠʙʦ Alexa Fluor 660) ʨʘʟʚʝʜʝʥʥʳʤʠ ʚ 

ʙʣʦʢʠʨʫʶʱʝʤ ʨʘʩʪʚʦʨʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1: 1000 ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚʦ ʚʣʘʞʥʦʡ ʢʘʤʝʨʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÜC. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʫʣʴʪʫʨʳ ʩʥʦʚʘ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠʩʴ ʚ 

DPBS. ɿʘʪʝʤ ʷʜʨʘ ʢʣʝʪʦʢ ʢʦʥʪʨʘʩʪʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʨʘʩʠʪʝʣʷ DAPI (1 ʤʛ/ʤʣ ʚ 

DPBS). ʌʣʫʦʨʝʩʮʝʥʪʥʫ  ʁ ʤʠʢʨʦʩʲʝʤʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (EVOS FL AUTO, Life Technologies), ʦʙʨʘʙʦʪʢʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ ImageJ. ʇʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʧʨʠʚʝʜʝʥʳ 

ʚ ʊʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ɸʥʪʠʪʝʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ 

ˉ ɸʥʪʠʛʝʥ ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʂʘʪ.ʥʦʤʝʨ ɾʠʚʦʪʥʦʝ ʈʘʟʚʝʜʝʥʠʝ 

1.  Nestin Millipore Mab5326 ʄʳʰ ɹ 1:200 

2.  NSE Dako M0873 ʄʳʰ ɹ 1:200 

3.  S100b Abcam Ab7852 ʄʳʰ ɹ 1:200 

4.  bIIItub Millipore Mab1637 ʄʳʰ ɹ 1:200 

5.  GFAP Millipore 04-1031 ʂʨʦʣʠʢ 1:200 

6.  hNCAM Abcam Ab75813 ʂʨʦʣʠʢ 1:200 
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7.  NeuN Abcam Ab104225 ʂʨʦʣʠʢ 1:200 

8.  PAX6 Cloud-Clone 

Corp., 

#PAH446R01 ʂʨʦʣʠʢ 1:200 

9.  SYN Abcam Ab8 ʂʨʦʣʠʢ 1:200 

10.  SYP Abcam Ab32127 ʂʨʦʣʠʢ 1:200 

 

ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Fiji. 

ʇʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʤʘʢʨʦʷʟʳʢʝ ImageJ (ʚʝʨʩʠʷ Fiji-

ImageJ 1.53t) (Schindelin et al., 2012). ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʐʠʣʦʚʳʤ ɹ. ɺ. ʠ 

ɿʘʜʦʨʦʞʥʳʤ ɸ. ɼ. (ʢʘʬʝʜʨʘ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʈʅʀʄʋ ʠʤ. ʇʠʨʦʛʦʚʘ). ʉʠʩʪʝʤʘ 

ʚʢʣʶʯʘʣʘ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʛʠʩʪʦʛʨʘʤʤʳ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʢʣʘʜʘ ʷʨʢʦʩʪʠ, ʝʝ ʟʥʘʯʝʥʠʝ ʚʦʟʚʦʜʠʣʦʩʴ ʚ ʢʚʘʜʨʘʪ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ: 

ʀʥʜʝʢʩ ʢʘʥʘʣʘ = Ɇ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ Ĭ ʷʨʢʦʩʪʴ2. 

ɺ ʧʘʨʘʭ ʢʘʥʘʣʦʚ (ʢʨʘʩʥʳʡ-ʩʠʥʠʡ ʠ ʟʝʣʝʥʳʡ-ʩʠʥʠʡ) ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ 

ʠʥʜʝʢʩʘ ʢʘʥʘʣʘ ʦʢʨʘʰʝʥʥʳʭ ʘʥʪʠʪʝʣʦʤ ʩʪʨʫʢʪʫʨ (ʢʨʘʩʥʳʡ ʠʣʠ ʟʝʣʝʥʳʡ) ʢ ʠʥʜʝʢʩʫ 

ʢʘʥʘʣʘ ʦʢʨʘʰʝʥʥʳʭ DAPI ʷʜʝʨ (ʩʠʥʠʡ). ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʨʦʚʝʥʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʥʪʠʪʝʣʘ. ʇʨʦʮʝʩʩ ʙʳʣ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ 

ʩʢʨʠʧʪʘ, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ʤʘʢʨʦʷʟʳʢʝ ImageJ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 362 ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. ʂʘʞʜʦʝ 

ʦʢʨʘʰʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʘʚʥʠʚʘʣʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʦʢʨʘʰʝʥʥʳʤ 

ʪʦʣʴʢʦ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʢʣʶʯʘʶʪ 

ʨʘʩʯʝʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ R ʚʝʨʩʠʠ 4.2.2 ʩ ʧʘʢʝʪʘʤʠ tidyverse 

(Wickham et al., 2019) ʠ arsenal. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʚʫʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ 

(ʢʘʞʜʳʡ ʠʤʝʣ ʜʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ), ʨʘʟʜʝʣʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ. 
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3.11. ʄʠʢʨʦʩʲʝʤʢʘ ʚ ʬʘʟʦʚʦʤ ʢʦʥʪʨʘʩʪʝ 

ʄʠʢʨʦʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (EVOS FL 

AUTO, Life Technologies). ʂʣʝʪʢʠ ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ. 

3.12. ʂʘʣʴʮʠʝʚʳʡ ʠʤʠʜʞʠʥʛ  

ʀʟʤʝʨʝʥʠʷ [Ca2+] i ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʠ ʢʦʜʠʨʫʝʤʦʛʦ Ca
2+-

ʠʥʜʠʢʘʪʦʨʘ GCaMP6s. ɼʣʷ ʠʟʤʝʨʝʥʠʷ [Na+] i ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʠʥʜʠʢʘʪʦʨ SBFI (ThermoFisher, ʉʐɸ), ʢʦʪʦʨʳʡ ʚʚʦʜʠʣʠ ʚ ʢʣʝʪʢʠ ʚ ʚʠʜʝ 

ʘʮʝʪʦʢʩʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (8 ʤʢʄ) ʥʘ 50-60 ʤʠʥ ʧʨʠ 37Áʉ. ʉʪʦʢʦʚʳʝ ʨʘʩʪʚʦʨʳ 

ʵʬʠʨʦʚ ɸʄ ʚ ɼʄʉʆ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʝʰʠʚʘʣʠ ʩ ʥʝʠʦʥʥʳʤ ʜʝʪʝʨʛʝʥʪʦʤ Pluronic 

F-127 (0,02%; Molecular Probes, ʆʨʝʛʦʥ) ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʬʠʨʦʚ ʚ 

ʢʣʝʪʢʠ ʠ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʚ ʠʥʢʫʙʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʚ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 26-29ʦʉ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ (ʤʄ): 135 NaCl, 5 

KCl, 2 CaCl2, 1 MgCl2, 20 HEPES, 5 D-ʛʣʶʢʦʟʳ. pH 7,4 ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

1ʄ NaOH. ʅʦʤʠʥʘʣʴʥʦ ʙʝʩʢʘʣʴʮʠʝʚʳʝ ʨʘʩʪʚʦʨʳ ʩʦʜʝʨʞʘʣʠ 2 ʤʄ MgCl2 ʠ 0,1 ʤʄ 

EGTA ʠ ʥʝ ʩʦʜʝʨʞʘʣʠ CaCl2. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʛʣʫʪʘʤʘʪʘ (Glu), ʠʥʛʠʙʠʪʦʨʦʚ 

ʨʝʮʝʧʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʧʨʝʜʳʜʫʱʠʝ ʨʘʩʪʚʦʨʳ ʚ ʢʘʞʜʦʡ ʯʘʰʢʝ ʩ ʢʣʝʪʢʘʤʠ 

ʟʘʤʝʥʷʣʠ ʥʦʚʳʤʠ (4 x 1 ʤʣ) ʚ ʪʝʯʝʥʠʝ 40 ʩ. ɹʫʬʝʨʳ ʛʦʪʦʚʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

ʀʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ [Ca2+] i ʠ [Na
+] i ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʢʦʧʘ Nikon Ti2 (ʗʧʦʥʠʷ), ʩʚʝʪʦʜʠʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʦʩʚʝʱʝʥʠʷ (PE-340-fura, CoolLED, ʉʐɸ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʧʦʣʦʩʥʦʛʦ 

ʟʝʨʢʘʣʘ ʩ ʜʝʣʠʪʝʣʝʤ ʣʫʯʘ DM468/526/596, ʥʘʙʦʨʘ ʚʦʟʙʫʞʜʘʶʱʠʭ ʬʠʣʴʪʨʦʚ 442 Ñ 

21 ʥʤ ʜʣʷ GCaMP6s ʠ 387 Ñ 6 ʥʤ SBFI. ʌʣʫʦʨʝʩʮʝʥʮʠʷ GCaMP6s ʠ SBFI 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʧʨʠ 544 Ñ 12 ʥʤ. ʉʚʝʪʦʬʠʣʴʪʨʳ ʠ ʢʫʙʠʢ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

Semrock (Thorlabs, ʉʐɸ). ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 200-500 ʤʩ, ʧʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 5-20% ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
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ɺʩʝ ʨʝʘʛʝʥʪʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ ʠ Pluronic, 

ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʫ ʢʦʤʧʘʥʠʠ Sigma (ʉʐɸ). 

ʈʝʛʠʩʪʨʘʮʠʷ, ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ NIS, ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʩ ʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠʟʤʝʥʝʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Prism 8.1. ʈʘʟʣʠʯʠʷ ʩ p < 0,05 ʚ ʧʘʨʥʳʭ t-ʪʝʩʪʘʭ 

ʩʯʠʪʘʣʠʩʴ ʟʥʘʯʠʤʳʤʠ. 
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4. ʈɽɿʋʃʔʊɸʊʓ 

ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ 

ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

Galiakberova A. A., Brovkina O. I., Kondratyev N. V., Artyuhov A. S., Momotyuk E. D., Kulmukhametova O. N., Lagunin A. A., Shilov B. V., 
Zadorozhny A. D., Zakharov I. S., Okorokova L. S., Golimbet V. E., Dashinimaev E. B. Different iPSC-derived neural stem cells shows various spectrums 

of spontaneous differentiation during long term cultivation // Frontiers in molecular neuroscience. ð 2023. ð Vol. 16. 

Galiakberova A.A., Surin A.M., Bakaeva Z.V., Sharipov R.R., Zhang D., Dorovskoy D.A., Shakirova K.M., Fisenko A.P., Dashinimaev E.B. 
IPSC-Derived Human Neurons with GCaMP6s Expression Allow In Vitro Study of Neurophysiological Responses to Neurochemicals // Neurochem Res. 
ð 2022. ð Vol. 47, no 4. P. ð 952-966. 

ʉʪʝʧʘʥʦʚ, ɸ. ʀ., ʇʫʪʣʷʝʚʘ, ʃ. ɺ., ɼʠʜʳʯ, ɼ. ɸ., ɻʘʣʠʘʢʙʝʨʦʚʘ, ɸ. ɸ., ɻʫʨʩʢʘʷ, ʅ. ɻ., ʃʫʢʴʷʥʦʚ, ʂ. ɸ. ʕʢʩʧʨʝʩʩʠʷ ʬʘʢʪʦʨʘ ATOH1 
ʠʥʜʫʮʠʨʫʝʪ ʙʳʩʪʨʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʠʇʉʂ ʚ ʥʝʡʨʦʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ // ɺʝʩʪʥʠʢ ʈɻʄʋ. 2023. ˉ5. ʉ. 4ï9. 

4.1. ɼʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩ DUAL SMAD 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʇʦʣʫʯʝʥʠʝ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠʟ ʀʇʉʂ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩ DUAL SMAD 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ (DUAL SMADi) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʵʪʘʧʘ: 

1) ʀʥʜʫʢʮʠʷ ʥʝʡʨʦʵʢʪʦʜʝʨʤʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʩ ʧʦʤʦʱʴʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʜʚʘ ʧʫʪʠ ʘʢʪʠʚʘʮʠʠ 

SMAD-ʩʠʛʥʘʣʠʥʛʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʝʪʩʷ ʢʫʣʴʪʫʨʘ 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʅʉʂ. ʕʪʘʧ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 10-14 ʜʥʝʡ 

2) ʇʦʣʫʯʝʥʥʳʝ ʅʉʂ ʢʫʣʴʪʠʚʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʘʩʩʘʞʝʡ ʥʘ 

ʩʨʝʜʝ NPM (ʩʨʝʜʘ ʜʣʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʝʡʨʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ), 

ʩʦʜʝʨʞʘʱʝʡ ʬʘʢʪʦʨʳ ʨʦʩʪʘ FGF2 ʠ EGF (ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʩʘʤʦʦʙʥʦʚʣʝʥʠʝ ʅʉʂ ʠ ʠʭ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ), ʥʦ ʥʝ 

ʩʦʜʝʨʞʘʱʝʡ ʤʘʣʳʭ ʤʦʣʝʢʫʣ-ʠʥʛʠʙʠʪʦʨʦʚ SMAD. ʕʪʘʧ ʟʘʥʠʤʘʝʪ ʦʪ 14 

ʜʥʝʡ ʠ ʙʦʣʝʝ. 

3) ʊʝʨʤʠʥʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʅʉʂ ʚ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʧʫʪʝʤ 

ʵʣʠʤʠʥʘʮʠʠ ʠʟ ʩʨʝʜʳ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ FGF2 ʠ EGF. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʅʉʂ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʠʧ ʢʣʝʪʦʢ. ɽʩʣʠ ʞʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʬʘʢʪʦʨʳ ʥʝ ʜʦʙʘʚʣʝʥʳ, ʪʦ ʪʘʢʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ 

ʩʯʠʪʘʝʪʩʷ ʩʧʦʥʪʘʥʥʦʡ. ʕʪʘʧ ʟʘʥʠʤʘʝʪ ʦʪ 14 ʜʥʝʡ ʠ ʙʦʣʝʝ. 
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ʈʠʩʫʥʦʢ 5. ʕʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠʟ ʀʇʉʂ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩ DUAL SMAD 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ. 

4.1.1. ʆʙʱʠʡ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʳ ʧʦʣʫʯʠʣʠ ʢʫʣʴʪʫʨʳ ʅʉʂ ʠʟ 5 ʣʠʥʠʡ ʀʇʉʂ (KYOU, KYOU-GCaMP6s, 

AFS17, DP ʠ DYP0730) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩ DUAL SMADi. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʣʠʥʠʷ ʀʇʉʂ-DYP0730 ʧʦʣʫʯʝʥʘ ʠʟ ʢʣʝʪʦʢ ʧʘʮʠʝʥʪʘ ʩ ʩʠʥʜʨʦʤʦʤ ɼʘʫʥʘ ʠ ʠʤʝʝʪ 

ʣʠʰʥʶʶ 21 ʭʨʦʤʦʩʦʤʫ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʢʫʣʴʪʫʨʳ ʥʝʡʨʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʀʇʉʂ-DYP0730, ʜʦʣʞʥʳ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʢʫʣʴʪʫʨ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ 

ʜʨʫʛʠʭ ʣʠʥʠʡ (Mollo et al., 2021; Giffin-Rao et al., 2022), ʠ ʧʦʵʪʦʤʫ ʚʚʝʣʠ ʜʘʥʥʫʶ 

ʣʠʥʠʶ ʢʣʝʪʦʢ ʚ ʘʥʘʣʠʟ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʩʜʚʠʛʘ ʩʧʝʢʪʨʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ.  

ʇʘʩʩʘʞʝʤ 0 ʤʳ ʩʯʠʪʘʣʠ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʣʝʪʢʠ ʨʘʟʚʠʚʘʣʠ ʤʦʨʬʦʣʦʛʠʶ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʅʉʂ, ʠ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʩʨʝʜʫ NPM ʚ ʘʜʛʝʟʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʅʉʂ ʚ ʪʝʯʝʥʠʝ 5 ʧʘʩʩʘʞʝʡ. ʅʘ 5-ʤ ʧʘʩʩʘʞʝ 

ʅʉʂ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʧʦʥʪʘʥʥʫʶ ʥʝʡʨʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ (N) ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ ʩʨʝʜʝ N2B27 ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 5 ʤʢʄ ROCKi. ʅʘ 14-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠʟ ʯʘʩʪʠ ʢʣʝʪʦʢ ʚʩʝʭ 

ʢʫʣʴʪʫʨ, ʢʨʦʤʝ N-KYOU-GCaMP6s, ʚʳʜʝʣʷʣʠ ʦʙʱʫʶ ʈʅʂ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʇʎʈ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ, ʘ ʥʘ 21-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʨʦʚʦʜʠʣʠ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ 

N-KYOU-GCaMP6s ʥʘ 21-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʥʘʣʠʯʠʝ 
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ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʘʣʴʮʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʘʣʴʮʠʝʚʦʛʦ ʠʤʠʜʞʠʥʛʘ ʧʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʤʫ ʩʠʛʥʘʣʫ ʦʪ ʢʘʣʴʮʠʝʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ GCaMP6s. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʅʉʂ ʧʨʠ ʜʦʣʛʦʩʨʦʯʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʧʘʩʩʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʅʉʂ-KYOU ʠ ʅʉʂ-AFS17 ʙʳʣʦ 

ʧʨʦʜʦʣʞʝʥʦ ʜʦ 30 ʧʘʩʩʘʞʘ (ʈʠʩ. 6). ʅʘ 5-ʤ, 10-ʤ, 15-ʤ, 20-ʤ, 25-ʤ (ʜʣʷ KYOU ʠ 

AFS17) ʠ 30-ʤ (ʪʦʣʴʢʦ ʜʣʷ KYOU) ʧʘʩʩʘʞʘʭ ʯʘʩʪʴ ʢʫʣʴʪʫʨ ʅʉʂ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ 

ʚ ʩʧʦʥʪʘʥʥʫʶ ʥʝʡʨʘʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. ʏʝʨʝʟ 14 ʜʥʝʡ ʩʧʦʥʪʘʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠʟ ʢʣʝʪʦʢ ʚʳʜʝʣʷʣʠ ʦʙʱʫʶ ʈʅʂ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʆʊ-ʇʎʈ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ (bulk RNA-seq).  

 

ʈʠʩʫʥʦʢ 6. ɼʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʜʦʣʛʦʩʨʦʯʥʳʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ ʅʉʂ.  

ʀʇʉʂ ï ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ; ʅʉʂ ï ʥʝʨʚʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ; 

ʨ ï ʧʘʩʩʘʞ; bulk RNA-seq ï ʘʥʘʣʠʟ ʦʙʱʠʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ; scRNA-seq ï ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʈʅʂ 

ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ; ʀʎʍ ï ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʦʯʝʢ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ 5-ʡ ʠ 25-ʡ ʧʘʩʩʘʞʠ: 

ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʠʟ ʅʉʂ-KYOU ʠ ʅʉʂ-AFS17 ʥʘ 5 ʠ 

25-ʤ ʧʘʩʩʘʞʘʭ (N-KYOU p5/25, N-AFS17 p5/25), ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ 
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ʵʢʩʧʨʝʩʩʠʶ ʦʩʥʦʚʥʳʭ ʤʘʨʢʝʨʦʚ ʤʝʪʦʜʘʤʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ, ʘ N-KYOU p5/25 

ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʢʣʝʪʦʯʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ (scRNA-seq). 

4.1.2. ʄʦʨʬʦʣʦʛʠʷ ʩʧʦʥʪʘʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʅʉʂ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ  

ɺʦ ʚʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʘʭ ʠʤʝʣʠ 

ʩʪʘʥʜʘʨʪʥʫʶ ʜʣʷ ʪʘʢʠʭ ʅʉʂ ʤʦʨʬʦʣʦʛʠʶ ï ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʩ ʢʦʨʦʪʢʠʤʠ 

ʦʪʨʦʩʪʢʘʤʠ ʠ ʚʳʩʦʢʠʤ ʷʜʝʨʥʦ-ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. ʇʦʩʣʝ ʥʘʯʘʣʘ 

ʩʧʦʥʪʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʤʳ ʥʘʙʣʶʜʘʣʠ ʪʠʧʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʢʫʣʴʪʫʨʳ: ʧʦʷʚʣʝʥʠʝ ʢʣʝʪʦʢ ʩ ʥʝʙʦʣʴʰʦʡ ʩʦʤʦʡ ʠ ʪʦʥʢʠʤʠ ʜʣʠʥʥʳʤʠ ʥʝʡʨʠʪʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʩʝʪʠ (ʈʠʩ. 7), ʯʪʦ ʤʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʢʘʢ ʠʥʠʮʠʘʮʠʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʥʝʡʨʦʥʳ.  

 

ʈʠʩʫʥʦʢ 7. ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ N-KYOU p20 (ɸ) ʠ N-AFS17 p20 (ɹ) ʥʘ 14-ʡ ʜʝʥʴ ʩʧʦʥʪʘʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʌʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ, ʫʚʝʣʠʯʝʥʠʝ 20ʭ, ʰʢʘʣʘ 200 ʤʢʤ 

ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʅʉʂ, ʠ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʫʪʝʤ ʩʧʦʥʪʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʠʤʝʣʠ ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʦ ʤʦʨʬʦʣʦʛʠʠ 

ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʫʣʴʪʫʨʘʭ ʅʉʂ ʤʳ ʯʘʩʪʦ ʥʘʙʣʶʜʘʣʠ 

ʨʦʟʝʪʢʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʝʣʢʠʭ ʢʣʝʪʦʢ ʩ ʚʳʨʘʞʝʥʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ (ʈʠʩ. 8 ɸ; ʩʠʥʠʝ ʩʪʨʝʣʢʠ), ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦ ʚʩʪʨʝʯʘʣʠ ʢʨʫʧʥʳʝ 

ʫʧʣʦʱʝʥʥʳʝ ʢʣʝʪʢʠ ʩ ʦʙʰʠʨʥʦʡ ʮʠʪʦʧʣʘʟʤʦʡ (ʈʠʩ. 8 ɺ; ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ). ɺ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ (N) ʭʦʪʷ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʢ ʢʘʢ 

ʥʝʡʨʦʥʦʧʦʜʦʙʥʳʝ (ʈʠʩ. 8 ɼ, ɽ; ʟʝʣʝʥʳʝ ʩʪʨʝʣʢʠ), ʥʝʢʦʪʦʨʳʝ ʢʣʝʪʢʠ ʷʚʥʦ ʩʦʭʨʘʥʷʣʠ 

               

ɸ ɹ 
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ʤʦʨʬʦʣʦʛʠʶ, ʧʦʜʦʙʥʫʶ ʅʉʂ (ʈʠʩ. 8 ɼ, ɽ; ʞʝʣʪʳʝ ʩʪʨʝʣʢʠ), ʠ, ʧʦʭʦʞʝ, ʧʨʦʜʦʣʞʘʣʠ 

ʧʨʦʣʠʬʝʨʠʨʦʚʘʪʴ.  

 
ʈʠʩʫʥʦʢ 8. ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʅʉʂ ʠ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ (N) ʥʘ ʧʨʠʤʝʨʝ ʣʠʥʠʠ 

KYOU. 

ɸ, ɺ, ï ʢʫʣʴʪʫʨʳ ʅʉʂ-KYOU;   

ɹ, ɻ, ɼ, ɽ ï ʢʫʣʴʪʫʨʳ N-KYOU ʥʘ 14ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ;   

ʉʠʥʠʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʡʨʘʣʴʥʳʝ ʨʦʟʝʪʢʠ, ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʫʧʥʳʝ 

ʫʧʣʦʱʝʥʥʳʝ ʢʣʝʪʢʠ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʞʝʣʪʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʅʉʂ-

ʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ, ʟʝʣʝʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʡʨʦʥʦ-ʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ.  

ʌʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ, ɸ ï ʰʢʘʣʘ 200 ʤʢʤ, ɹ-ɽ ï ʰʢʘʣʘ 100 ʤʢʤ. 

               

ɹ ɸ 

ɻ ɺ 

ɼ ɽ 
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ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʠ ʚ ʢʫʣʴʪʫʨʘʭ ʅʉʂ, ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʫʧʣʦʱʝʥʥʳʝ ʢʣʝʪʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩ ʙʦʣʴʰʠʤ ʷʜʨʦʤ, ʙʝʟ ʥʝʡʨʠʪʦʚ ʠ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʚʘʢʫʦʣʝʡ ʚ ʮʠʪʦʧʣʘʟʤʝ (ʈʠʩ. 8 ɼ, ɽ; ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ), ʘ ʪʘʢʞʝ 

ʨʦʟʝʪʢʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʈʠʩ. 8 ɹ, ʩʠʥʠʝ ʩʪʨʝʣʢʠ). 

4.1.3. ʂʘʣʴʮʠʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʩʧʦʥʪʘʥʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʅʉʂ-KYOU-GCaMP6s 

ʄʳ ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 21-ʜʥʝʚʥʳʭ ʢʫʣʴʪʫʨʘʭ N-KYOU-GCaMP6s ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ï ʩʪʠʤʫʣʷʪʦʨʦʚ ʠ ʠʥʛʠʙʠʪʦʨʦʚ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʧʠʢʨʦʪʦʢʩʠʥʘ, ʛʣʫʪʘʤʘʪʘ ʠ ʢʠʥʫʨʝʥʦʚʦʡ ʢʠʩʣʦʪʳ). ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʢʘʣʴʮʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ GCaMP6s ï ʛʝʥʝʪʠʯʝʩʢʠ ʢʦʜʠʨʫʝʤʦʛʦ 

ʢʘʣʴʮʠʝʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʟʝʣʝʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʙʝʣʢʘ GFP ʠ ʢʘʣʴʤʦʜʫʣʠʥʘ. ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ GCaMP6s ʩ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʝʛʦ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (Chen et al., 2013). ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪʨʘʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ([Ca2+] i) ʚ ʮʠʪʦʟʦʣʠ ʢʣʝʪʢʠ, 

ʦʜʥʘʢʦ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʙʝʣʢʘ 

GCaMP6s ʚ ʢʣʝʪʢʝ. 

ʇʠʢʨʦʪʦʢʩʠʥ ï ʥʝʢʦʥʢʫʨʝʥʪʥʳʡ ʘʥʪʘʛʦʥʠʩʪ ɻɸʄʂ-ʨʝʮʝʧʪʦʨʦʚ (Akaike et al., 

1985), ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʳ ʩʥʠʤʘʣʠ ʬʦʥʦʚʦʝ ɻɸʄʂ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ. ɻʣʫʪʘʤʘʪ (ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) ï ʚʘʞʥʝʡʰʠʡ 

ʚʦʟʙʫʞʜʘʶʱʠʡ ʥʝʡʨʦʤʝʜʠʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʦʥʦʪʨʦʧʥʳʤʠ 

ʛʣʫʪʘʤʘʪʥʳʤʠ NMDA-, AMPA- ʠ ʢʘʠʥʘʪʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʫʧʣʝʥʠʶ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ ʚ ʮʠʪʦʟʦʣʴ ʠ ʚʦʟʙʫʞʜʝʥʠʶ ʥʝʡʨʦʥʦʚ. 

ʂʠʥʫʨʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʥʪʘʛʦʥʠʩʪ ʠʦʥʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʢ ʛʣʫʪʘʤʘʪʫ: NMDA-, 

AMPA-, ʢʘʠʥʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (Elmslie, Yoshikam, 1985).  

ɼʦ ʜʦʙʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʢʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʘʙʳʝ 

ʩʧʦʥʪʘʥʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʛʨʘʬʠʢʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʨʝʜʢʠʭ 

ʧʠʢʘʭ ʚʦʟʨʘʩʪʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ GCaMP6s. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʠʢʨʦʪʦʢʩʠʥʘ (pic) 
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ʚ ʩʨʝʜʥʝʤ ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʛʣʫʪʘʤʘʪʘ (Glu) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ 

ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʢʣʝʪʢʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ. ɼʦʙʘʚʣʝʥʠʝ ʢʠʥʫʨʝʥʦʚʦʡ ʢʠʩʣʦʪʳ (KYN) 

ʚ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʢʘʭ ʚʳʟʳʚʘʣʦ ʭʘʦʪʠʯʥʳʝ ʦʩʮʠʣʣʷʮʠʠ [Ca2+] i ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ 

ʩʥʠʞʝʥʠʝʤ (ʈʠʩ. 9).  

 

ʈʠʩʫʥʦʢ 9. ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ [Ca2+] i ʚ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ N-KYOU-GCaMP6s ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ: Pic ï ʧʠʢʨʦʪʦʢʩʠʥ (10 ʤʢʄ), 

Glu ï ʛʣʫʪʘʤʘʪ (10 ʤʢʄ), KYN ï ʢʠʥʫʨʝʥʦʚʘʷ ʢʠʩʣʦʪʘ (1 ʤʄ). ɻʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ GCaMP6s ʦʪ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʢʣʝʪʢʠ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ [Ca2+] i ʚ ʥʝʡ. ʂʘʞʜʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʥʫ ʢʣʝʪʢʫ, ʠʟʤʝʥʷʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʜʣʷ ʢʘʞʜʦʡ ʢʣʝʪʢʠ ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʝʝ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʠʥʷʪʘ ʟʘ 1.  

ʅʝʢʦʪʦʨʳʝ ʢʣʝʪʢʠ ʥʝ ʦʪʚʝʪʠʣʠ ʧʦʚʳʰʝʥʠʝʤ [Ca2+] i ʥʘ ʛʣʫʪʘʤʘʪ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʛʣʫʪʘʤʘʪʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʣʠʙʦ 

ʥʝʩʧʦʩʦʙʥʳʤʠ ʢ ʢʘʣʴʮʠʝʚʦʤʫ ʦʪʚʝʪʫ ʥʘ ʛʣʫʪʘʤʘʪ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ.  ʏʘʩʪʴ ʢʣʝʪʦʢ 

ʧʨʦʷʚʠʣʘ ʢʘʣʴʮʠʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʥʫʨʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʙʣʦʢʠʨʫʝʪ ʠʦʥʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ. ɺʝʨʦʷʪʥʦ, ʚ ʪʘʢʠʭ ʢʣʝʪʢʘʭ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʚ ʮʠʪʦʟʦʣʠ ʚʳʟʚʘʥʦ ʝʛʦ ʧʨʠʪʦʢʦʤ ʠʟ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʜʝʧʦ (ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʛʦʚʦʨʷʪ ʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ. 
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ɺ ʮʝʣʦʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʳ ʤʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʝʪʦʜ ʩ 

DUAL SMADi ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʢʣʝʪʦʢ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʘʣʴʮʠʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʛʣʫʪʘʤʘʪʘ. 

4.1.4. ʉʨʘʚʥʝʥʠʝ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʩʧʦʥʪʘʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ 

ʣʠʥʠʡ ʅʉʂ 

ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ (N-ʢʫʣʴʪʫʨʳ), ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʣʠʥʠʡ ʅʉʂ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʦ ʚʩʝʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ (N-KYOU, 

N-AFS17, N-DP ʠ N-DYP0730), ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ 

ʅʉʂ ʥʘ 5-ʤ ʧʘʩʩʘʞʝ, ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʤʘʨʢʝʨʳ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ï Nestin, Pax6 (ʥʝ ʧʦʢʘʟʘʥ 

ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ), ʘ ʪʘʢʞʝ ʤʘʨʢʝʨʳ ʥʝʡʨʦʥʦʚ ï ɓ-III -ʪʫʙʫʣʠʥ, ʩʠʥʘʧʪʦʬʠʟʠʥ (SYP) 

ʠ ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʘ (TH) (ʈʠʩ. 10 ɸ, ɹ). ʆʜʥʘʢʦ ʤʝʥʴʰʝ ʚʩʝʛʦ TH-ʧʦʟʠʪʠʚʥʳʭ 

ʢʣʝʪʦʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ N-DYP0730 (ʈʠʩ. 10 ɸ, ɹ). ʄʘʨʢʝʨ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, 

GFAP, ʥʘʙʣʶʜʘʣʩʷ ʚʦ ʚʩʝʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʢʨʦʤʝ N-DP. ʇʨʠ ʵʪʦʤ ʢʫʣʴʪʫʨʳ 

ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ GFAP-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ (ʈʠʩ. 10 ɹ). ɺ N-KYOU ʠ 

N-AFS17 ʥʘʙʣʶʜʘʣʠʩʴ 1-3 ʛʨʫʧʧʳ GFAP+ ʢʣʝʪʦʢ, ʪʦʛʜʘ ʢʘʢ ʢʫʣʴʪʫʨʘ N-DYP0730 

ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʘ GFAP+ ʢʣʝʪʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʫʣʴʪʫʨʘʤʠ 

(ʈʠʩ. 10 ɸ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɓ-III -ʪʫʙʫʣʠʥ+ ʢʣʝʪʢʠ ʚ ʢʫʣʴʪʫʨʝ N-DYP0730 

ʦʢʘʟʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʤʦʨʬʦʣʦʛʠʠ: ʙʳʣʠ ʠ ʥʝʡʨʦʥʦʧʦʜʦʙʥʳʝ, ʠ 

ʅʉʂ-ʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ, ʠ ʜʘʞʝ ʢʣʝʪʢʠ, ʤʦʨʬʦʣʦʛʠʷ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʣʘ 

GFAP+ ʢʣʝʪʢʠ ʪʦʡ ʞʝ ʢʫʣʴʪʫʨʳ (ʈʠʩ. 10 ɸ). ɹʦʣʝʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ Nestin+ ʢʣʝʪʢʠ 

ʠʤʝʣʠ ʩʭʦʞʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩ GFAP+ ʢʣʝʪʢʘʤʠ (ʈʠʩ. 10 ɸ). ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʅʉʂ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʀʇʉʂ ʩ ʪʨʠʩʦʤʠʝʡ 21 ʭʨʦʤʦʩʦʤʳ, 

ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʚ ʘʩʪʨʦʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ 

(Mollo et al., 2021).  
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ʈʠʩʫʥʦʢ 10. ʈʝʟʫʣʴʪʘʪʳ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-KYOU, 

N-AFS17, N-DP ʠ N-DYP0730 ʥʘ 21-ʡ ʜʝʥʴ ʩʧʦʥʪʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʅʉʂ ʥʘ 5-ʤ ʧʘʩʩʘʞʝ.  

ɸ ï ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʰʢʘʣʘ 200 ʤʢʤ. ʗʜʨʘ ʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ).   

ɹ  ï  ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ. ʈʘʟʤʝʨʳ ʛʨʫʧʧ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʥʠʤʢʦʚ, ʚʢʣʶʯʘʝʪ ʚʩʝ 6 ʘʥʪʠʛʝʥʦʚ. 

p-value ï ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʘ ʄʘʥʥʘ-ʋʠʪʥʠ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 

ʯʘʩʪʦʪʫ ʣʦʞʥʳʭ ʦʙʥʘʨʫʞʝʥʠʡ ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ.  

ɓIII-Tub ï ɓ-III -ʪʫʙʫʣʠʥ, TH ï ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʘ, SYP ï ʩʠʥʘʧʪʦʬʠʟʠʥ, control ï ʢʦʥʪʨʦʣʴ ʙʝʟ 

ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ ʧʦ ʟʝʣʝʥʦʤʫ ʩʠʛʥʘʣʫ, control (R) ï ʢʦʥʪʨʦʣʴ ʧʦ ʢʨʘʩʥʦʤʫ ʩʠʛʥʘʣʫ. 

ɸʥʘʣʠʟ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-

ʇʎʈ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʝʡʨʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʯʝʪʳʨʝʭ ʣʠʥʠʡ (N-KYOU, N-AFS17, N-DP ʠ N-DYP0730) (ʈʠʩ. 11). ɺ ʮʝʣʦʤ, ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ. ʅʘʧʨʠʤʝʨ, ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʩ ʭʨʦʤʦʩʦʤʥʦʡ ʘʥʦʤʘʣʠʝʡ T21 (N-

DYP0730) ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʛʝʥʳ-ʤʘʨʢʝʨʳ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (GFAP, CD44, S100B) 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ, ʘ ʛʝʥʳ-ʤʘʨʢʝʨʳ ʥʝʡʨʦʥʦʚ (MAP2, NEUROD1, TUBB3) 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʯʝʤ ʪʨʠ ʜʨʫʛʠʝ ʢʫʣʴʪʫʨʳ. ʕʢʩʧʨʝʩʩʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʝʨʥʳʭ 

ʛʝʥʦʚ (ʥʘʧʨʠʤʝʨ, ASCL1, MAP2, NGN2, OCT4, PTN, SOX3) ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʣʘʩʴ ʤʝʞʜʫ ʪʨʝʤʷ ʢʫʣʴʪʫʨʘʤʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʢʘʨʠʦʪʠʧʦʤ (N-KYOU, N-

AFS17, N-DP), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʡ ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʥʪʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. 
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ʈʠʩʫʥʦʢ 11. ʋʨʦʚʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ, ʚ 14-ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ N-KYOU, N-AFS17, N-DP ʠ N-

DYP0730, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʅʉʂ ʥʘ 5 ʧʘʩʩʘʞʝ.   

ʇʦ ʦʩʠ Y ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʤʝʪʦʜʦʤ -ȹȹCt, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ (EMC7 ʠ PSMB4). ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʨʝʧʣʠʢʫ. ʉʪʦʣʙʠʢʠ ʦʰʠʙʦʢ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʧʣʠʢ. ɿʚʝʟʜʦʯʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʦʙʨʘʟʮʦʚ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʋʵʣʯʘ (* ï p-value <0,054; ** ï p-value<0,01; 

*** ï p-value<0,001). 
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4.1.5. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ KYOU ʠ AFS17 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʅʉʂ 

ɼʘʣʝʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ ʚʣʠʷʝʪ 

ʥʘ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʩʧʝʢʪʨ ʢʣʝʪʦʯʥʳʭ ʪʠʧʦʚ ʚ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʅʉʂ-KYOU ʠ ʅʉʂ-AFS17 ʜʦ 30-ʛʦ 

ʧʘʩʩʘʞʘ. ʂʘʞʜʳʝ 5 ʧʘʩʩʘʞʝʡ ʯʘʩʪʴ ʅʉʂ ʥʘʧʨʘʚʣʷʣʠ ʚ ʩʧʦʥʪʘʥʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ. 

ɺ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ-KYOU ʠ ʅʉʂ-AFS17 ʩ 5-ʛʦ ʧʦ 30-ʡ 

ʧʘʩʩʘʞʠ ʚ ʪʝʯʝʥʠʝ 168 ʜʥʝʡ ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʠ ʚ 

ʩʢʦʨʦʩʪʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʫʣʴʪʫʨʳ (ʈʠʩ. 12), ʥʠ ʚ ʤʦʨʬʦʣʦʛʠʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ 

ʢʣʝʪʦʢ.  

 

ʈʠʩʫʥʦʢ 12. ʊʝʤʧʳ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʫʣʴʪʫʨ ʅʉʂ (ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʇʉʂ-KYOU ʠ ʀʇʉʂ-AFS17) 

ʚ ʪʝʯʝʥʠʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ 5-ʛʦ ʧʦ 30-ʡ ʧʘʩʩʘʞʠ. 
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ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 21-ʜʥʝʚʥʳʝ ʥʝʡʨʘʣʴʥʳʝ 

ʢʫʣʴʪʫʨʳ N-KYOU ʠ N-AFS17, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʅʉʂ ʥʘ 5 ʠ 25 ʧʘʩʩʘʞʘʭ (N-

ʢʫʣʴʪʫʨʳ p5 / p25), ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘ ʤʘʨʢʝʨʳ ʅʉʂ (Nestin ʠ Pax6) ʠ 

ʥʝʡʨʦʥʦʚ (ɓ-III -ʪʫʙʫʣʠʥ, ʩʠʥʘʧʪʦʬʠʟʠʥ (SYP) ʠ ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʫ (TH)) ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫ ʦʙʝʠʭ ʣʠʥʠʡ (ʈʠʩ. 13 ɸ, ɹ). ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʢʨʘʰʠʚʘʥʠʷ ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʤʘʨʢʝʨʦʚ ʅʉʂ Nestin ʠ Pax6 ʚ N-

ʢʫʣʴʪʫʨʘʭ p25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-ʢʫʣʴʪʫʨʘʤʠ p5 ʚ ʦʙʝʠʭ ʣʠʥʠʷʭ (KYOU ʠ AFS17) 

(ʈʠʩ. 13 ɹ). ɓ-III -ʪʫʙʫʣʠʥ, ʭʦʪʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, 

ʠʤʝʣ ʨʘʟʣʠʯʥʫʶ ʜʠʥʘʤʠʢʫ ʚ ʜʚʫʭ ʣʠʥʠʷʭ: ʚ N-AFS17 p25 ʦʙʱʠʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʩʠʛʥʘʣ ʩʥʠʞʘʣʩʷ, ʘ ʚ N-KYOU p25, ʥʘʦʙʦʨʦʪ, ʚʦʟʨʘʩʪʘʣ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨ5 (ʈʠʩ. 13 

ɹ). ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ ʛʣʠʘʣʴʥʳʡ ʤʘʨʢʝʨ GFAP, 

ʪʘʢʞʝ ʠʤʝʣʦ ʠʥʪʝʨʝʩʥʫʶ ʜʠʥʘʤʠʢʫ. ɺ N-KYOU p5 ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ GFAP+-ʢʣʝʪʦʢ, ʘ ʚ N-KYOU p25 ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ 

(ʈʠʩ. 13 ɸ, ɹ). ɺ N-AFS17 p5 ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ GFAP+-

ʢʣʝʪʦʢ, ʥʦ ʚ N-AFS17 p25 ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ (ʈʠʩ. 13 ɸ, ɹ).  

 



74 

 

 

ʈʠʩʫʥʦʢ 13. ʈʝʟʫʣʴʪʘʪʳ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-KYOU ʠ 

N-AFS17 p5 ʠ p25 ʥʘ 21-ʡ ʜʝʥʴ ʩʧʦʥʪʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ.  

ɸ ï ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʰʢʘʣʘ 200 ʤʢʤ. ʗʜʨʘ ʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ) 

ɹ ï ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. 

           

ɸ 

ɹ 
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ʈʘʟʤʝʨʳ ʛʨʫʧʧ (ʚʢʣʶʯʘʝʪ ʚʩʝ 6 ʘʥʪʠʛʝʥʦʚ): N-KYOU p5 n = 52, N-KYOU p25 n = 53, N-AFS17 p5 

n = 52, N-AFS17 p25 n = 52;  

p-value ï ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʘ ʄʘʥʥʘ-ʋʠʪʥʠ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 

ʯʘʩʪʦʪʫ ʣʦʞʥʳʭ ʦʙʥʘʨʫʞʝʥʠʡ ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ. ɻʨʫʧʧʳ: N-KYOU p5 vs. N-

KYOU p25 p-value = 0.07; N-AFS17 p5 vs. N- AFS17 p25 p-value = 0.006  

ɓIII-Tub ï ɓ-III -ʪʫʙʫʣʠʥ, TH ï ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʘ, SYP ï ʩʠʥʘʧʪʦʬʠʟʠʥ, R ï ʦʙʦʟʥʘʯʝʥʠʝ 

ʢʨʘʩʥʦʛʦ ʩʠʛʥʘʣʘ ʦʢʨʘʩʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʫʨʦʚʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ N-KYOU ʠ N-AFS17, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʧʘʩʩʘʞʘʭ, ʧʦʜʪʚʝʨʜʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʢʘʢ ʤʝʞʜʫ 

ʦʙʝʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʢʘʢ ʥʘ ʦʜʥʦʤ ʧʘʩʩʘʞʝ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʘʩʩʘʞʘʤʠ ʚ ʦʜʥʦʡ 

ʢʫʣʴʪʫʨʝ (ʈʠʩ. 14). ʋʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʛʣʠʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (CD44, 

GFAP, S100b) ʩʥʠʞʘʣʠʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʩʩʘʞʘ ʅʉʂ ʚ ʢʫʣʴʪʫʨʝ N-KYOU, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʢʫʣʴʪʫʨʝ N-AFS17 ʥʘʙʣʶʜʘʣʦʩʴ ʠʭ ʫʚʝʣʠʯʝʥʠʝ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. 

ʄʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʩʩʘʞʘ ʅʉʂ ʵʢʩʧʨʝʩʩʠʷ ʨʷʜʘ ʛʝʥʦʚ 

ʠʤʝʣʘ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʚ ʦʙʝʠʭ ʢʫʣʴʪʫʨʘʭ (TH, PTN, ZIC3A, ZIC3B), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʵʢʩʧʨʝʩʩʠʷ ʪʘʢʠʭ ʛʝʥʦʚ, ʢʘʢ ASCL1, NEUROD1, PLP1, SOX3, VCAM (ʜʣʷ 

N-AFS17) ʠ MAP2, NES, PAX6 (ʜʣʷ N-KYOU) ʚʦʟʨʘʩʪʘʣʘ (ʈʠʩ. 14). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʫʩʧʝʰʥʦ ʧʦʣʫʯʠʣʠ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʩʧʦʥʪʘʥʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʠʟ ʅʉʂ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʘʩʩʘʞʘʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ. ʄʳ ʥʘʙʣʶʜʘʣʠ ʩʣʦʞʥʳʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ 

ʵʪʠʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʷʚʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, 

ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʝʥ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʤʝʪʦʜʦʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʧʦʣʫʯʝʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. 
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ʈʠʩʫʥʦʢ 14. ʋʨʦʚʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ ʚ 14-ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ (N-KYOU ʠ N-AFS17), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʅʉʂ ʥʘ 5, 10, 15, 20, 

25 ʧʘʩʩʘʞʘʭ, ʠ ʥʘ 30 ʧʘʩʩʘʞʝ (ʪʦʣʴʢʦ ʜʣʷ N-KYOU), ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-

ʇʎʈ.   

ʇʦ ʦʩʠ Y ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʤʝʪʦʜʦʤ -ȹȹCt, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ (EMC7 ʠ PSMB4). ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʨʝʧʣʠʢʫ, ʩʦʙʨʘʥʥʫʶ ʦʪʜʝʣʴʥʦ ʚ ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʪʦʯʢʠ. ʉʪʦʣʙʠʢʠ ʦʰʠʙʦʢ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʧʣʠʢ. ɿʚʝʟʜʦʯʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʨʘʟʮʦʚ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʩ 

ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʋʵʣʯʘ (* ï p-value <0,05; ** ï p-value<0,01; *** ï p-value<0,001). 



77 

 

4.1.6. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

KYOU ʠ AFS17 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʅʉʂ 

ʄʳ ʩʦʙʨʘʣʠ ʦʙʨʘʟʮʳ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠʟ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʥʪʘʥʥʦʡ 14-ʜʥʝʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʅʉʂ-KYOU ʠ ʅʉʂ-AFS17 

ʥʘ ʨʘʟʥʳʭ ʧʘʩʩʘʞʘʭ: 15 ʦʙʨʘʟʮʦʚ ʩ 5-ʛʦ ʧʦ 30-ʡ ʜʣʷ ʅʉʂ-KYOU ʠ 8 ʦʙʨʘʟʮʦʚ ʩ 5-

ʛʦ ʧʦ 20-ʡ ʜʣʷ ʅʉʂ-AFS17 (ʩ ʰʘʛʦʤ ʚ 5 ʧʘʩʩʘʞʝʡ).  

ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʧʦʢʘʟʘʣ, 

ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ (ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʝʡ) ʚʥʦʩʠʪ ʦʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʚ ʨʘʟʣʠʯʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʵʪʠʭ ʅʉʂ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʈʠʩ. 15 

ɸ, ɹ). ʀ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʦʙʝʠʭ ʣʠʥʠʡ: ʠ KYOU, ʠ AFS17. ʇʨʠ ʵʪʦʤ ʥʝʡʨʘʣʴʥʳʝ 

ʢʫʣʴʪʫʨʳ ʨʘʟʥʳʭ ʣʠʥʠʡ ʦʪʣʠʯʘʶʪʩʷ: ʥʘ ʛʨʘʬʠʢʝ PCA ʚʠʜʥʦ, ʯʪʦ N-AFS17 ʨʘʟʥʳʭ 

ʧʘʩʩʘʞʝʡ ʛʨʫʧʧʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʦ ʦʪ ʪʘʢʦʚʳʭ N-KYOU ʧʦ ʦʩʠ ʧʝʨʚʦʛʦ ʛʣʘʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʦʩʠ X) (ʈʠʩ. 15 ɸ). ɺʝʨʦʷʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʘʨʠʘʮʠʡ ʚ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʠʩʭʦʜʥʳʭ ʣʠʥʠʷʭ ʀʇʉʂ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʅʉʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʨʘʟʥʳʝ ʧʘʩʩʘʞʠ ʜʣʷ ʦʙʝʠʭ ʣʠʥʠʡ ʭʦʨʦʰʦ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʜʦʣʴ ʦʩʠ ʚʪʦʨʦʛʦ ʛʣʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʦʩʴ Y) (ʈʠʩ. 15 A), ʯʪʦ 

ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʥʘʣʠʯʠʝ ʦʙʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʠʟʤʝʥʝʥʠʠ ʢʫʣʴʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ. 

ʄʳ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʷ ʤʥʦʛʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʝʡ (ʈʠʩ. 15 ɺ). ʅʘʧʨʠʤʝʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩʦ ʟʨʝʣʳʤʠ ʥʝʡʨʦʥʘʤʠ, ʠʭ ʢʦʥʢʨʝʪʥʳʤʠ ʪʠʧʘʤʠ ʠ ʟʨʝʣʳʤʠ ʛʣʠʘʣʴʥʳʤʠ 

ʧʦʜʪʠʧʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʩʪʨʦʮʠʪʳ ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ, ʠʤʝʣʘ ʪʝʥʜʝʥʮʠʶ ʢ 

ʩʥʠʞʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʝʡ ʅʉʂ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʝʡʨʦʵʧʠʪʝʣʠʘʣʴʥʳʭ ʠ ʥʝ-

ʥʝʡʨʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ.  
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ʈʠʩʫʥʦʢ 15. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. 

ɸ ï ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʧʦ ʜʠʩʧʝʨʩʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ ʢʫʣʴʪʫʨ N-KYOU ʠ N-ASF17. ʆʩʠ X (PC1) ʠ Y (PC2) 

ï ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʷʩʥʷʶʱʠʝ 48 ʠ 17 % ʜʠʩʧʝʨʩʠʠ (variance). 

ɹ ï ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʧʦ ʜʠʩʧʝʨʩʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʵʢʩʧʨʝʩʩʠʠ ʜʣʷ ʢʫʣʴʪʫʨ N-KYOU. ʆʩʠ X (PC1) ʠ Y (PC2) ï ʛʣʘʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʷʩʥʷʶʱʠʝ 62 ʠ 11% ʜʠʩʧʝʨʩʠʠ (variance). 

ɺ ï ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʯʥʳʭ ʤʘʨʢʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʩʩʘʞʘ ʅʉʂ ʜʣʷ ʢʫʣʴʪʫʨ N-KYOU ʠ N-ASF17. ʇʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʪʝ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʣʠ 

ʫʩʣʦʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ ʘʥʘʣʠʟʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ (* ï p < 0,001; ** 

ï p < 1e-04; *** ï p < 1e-05). ʎʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʢʨʠʧʪʦʚ ʥʘ ʤʠʣʣʠʦʥ (TPM) ʦʪ 

ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ (ʞʝʣʪʳʡ) ʜʦ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ (ʩʠʥʠʡ) ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʥʘ ʚʩʝʭ ʧʘʩʩʘʞʘʭ. ʎʚʝʪʥʘʷ 

ʧʦʣʦʩʘ ʩʣʝʚʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʥʥʦʪʘʮʠʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʨʢʝʨʘ. ɻʨʫʧʧʘ 

çʉʧʝʮʠʬʠʯʝʩʢʠʝ ʪʠʧʳ ʥʝʡʨʦʥʦʚè ʚʢʣʶʯʘʝʪ ʤʘʨʢʝʨʳ ʧʦʣʥʦʩʪʴʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʥʝʡʨʦʥʦʚ: GAD65 ʠ SLC6A1 ʜʣʷ ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ, LMX1B ʠ TH ʜʣʷ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ. 

ɻʨʫʧʧʘ çɼʨʫʛʠʝè ʚʢʣʶʯʘʝʪ ʤʘʨʢʝʨʳ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ, ʩʪʨʦʤʘʣʴʥʳʭ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʠʣʠ 

ʩʦʩʫʜʠʩʪʳʭ ʢʣʝʪʦʢ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʦʙʱʠʭ ʜʣʷ ʦʙʝʠʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʪʝʥʜʝʥʮʠʶ ʢ 
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ʩʥʠʞʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʅʉʂ, ʚ ʘʥʘʣʠʟʝ ʛʝʥʥʳʭ 

ʦʥʪʦʣʦʛʠʡ (GO) ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ WNT ʠ ɺʄʈ. 

4.1.7. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ KYOU ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʅʉʂ 

ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʅʉʂ ʧʨʠʚʦʜʠʪ ʥʝ ʧʨʦʩʪʦ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʙʱʝʛʦ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠʟ ʥʠʭ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʘ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʩʘʤʠʭ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʘ 

ʪʘʢʞʝ ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʀʇʉʂ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩ DUAL SMADi, ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ 

ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ (scRNA-seq) ʜʣʷ 14-ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʅʉʂ-KYOU ʥʘ 5-ʤ ʠ 25-ʤ ʧʘʩʩʘʞʘʭ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʠʙʣʠʦʪʝʢ ʢɼʅʂ ʝʜʠʥʠʯʥʳʭ 

ʢʣʝʪʦʢ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ ʠʟ ʜʚʫʭ ʦʙʨʘʟʮʦʚ: N-KYOU p5 ʠ N-KYOU p25, 

ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʢʘʯʝʩʪʚʘ ʚ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 8105 ʢʣʝʪʦʢ ʠʟ N-KYOU p5 

ʠ 6341 ʢʣʝʪʢʘ ʠʟ N-KYOU ʨ25. 

ʇʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʙʳʣʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ. 

ʉʦʛʣʘʩʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʘʥʥʦʪʘʪʦʨʫ SingleR, ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 22 

ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘ (ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ) ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʛʝʥʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʠʭ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʢʘʢ ʥʝʡʨʘʣʴʥʳʝ ʧʨʦʛʝʥʠʪʦʨʥʳʝ/ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʅʉʂ), 

ʦʩʪʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʘʩʪʨʦʮʠʪʳ, ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ 

ʘʩʪʨʦʮʠʪʦʚ (ɸʇʂ), ʟʨʝʣʳʝ ʥʝʡʨʦʥʳ, ʥʝʡʨʦʥʳ ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʥʝʡʨʦʥʦʚ (ʈʠʩ. 

16 ɸ). ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʤʝʞʜʫ ʥʝʡʨʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʜʚʫʭ ʧʘʩʩʘʞʝʡ ʤʳ ʥʘʙʣʶʜʘʣʠ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ 0 ʠ 2 ʚ 

N-KYOU p25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5 (ʈʠʩ. 16 ɸ, ʯʝʨʥʳʝ ʩʪʨʝʣʢʠ). ʄʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʵʪʠ ʢʣʘʩʪʝʨʳ ʢʘʢ ʘʩʪʨʦʮʠʪʳ ʠ ɸʇʂ, ʧʦʩʢʦʣʴʢʫ ʢʣʝʪʢʠ ʠʟ ʵʪʠʭ 

ʢʣʘʩʪʝʨʦʚ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʛʣʠʘʣʴʥʳʝ ʤʘʨʢʝʨʳ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

ʜʣʷ ʢʣʘʩʪʝʨʘ 0 ʙʳʣʠ SCL6A1 (ʛʝʥ ɻɸʄʂ-ʪʨʘʥʩʧʦʨʪʝʨʘ GAT1 ʠ ʤʘʨʢʝʨ ʪʦʨʤʦʟʥʳʭ 

ʥʝʡʨʦʥʦʚ, ʘʩʪʨʦʮʠʪʦʚ ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ), ʘ ʪʘʢʞʝ SPARCL1 (ʛʝʥ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʥʦʛʦ Ca2+-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ, ʵʢʩʧʨʝʩʩʠʨʫʝʤʦʛʦ ʘʩʪʨʦʮʠʪʘʤʠ) (Minelli et 
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al., 1995; Kucukdereli et al., 2011). ʄʘʨʢʝʨʘʤʠ ʢʣʘʩʪʝʨʘ 2 ʙʳʣʠ ʛʝʥʳ S100B (ʛʝʥ 

ʢʘʣʴʮʠʡ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ S100B, ʤʘʨʢʝʨ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ ʠ ʘʩʪʨʦʮʠʪʦʚ), 

CLU (ʛʝʥ ʢʣʘʩʪʝʨʠʥʘ, ʤʘʨʢʝʨ ʛʣʠʠ ʄʶʣʣʝʨʘ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʘʩʪʨʦʮʠʪʦʚ) ʠ 

ʛʝʥ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ZIC3. ʂʨʦʤʝ ʪʦʛʦ, ʢʣʘʩʪʝʨ 2 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʚʳʨʘʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ CD44 ʠ ʛʝʥʘ 

ʧʣʝʡʦʪʨʦʬʠʥʘ (PTN), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʝʷʚʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʘʩʪʨʦʮʠʪʦʚ 

(ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩ. 30) (Yeh et al., 1998; Liu et al., 2004; Cai et al., 2012; Dzwonek et 

al., 2015; Linnerbauer et al., 2022). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʦʩʝʜʥʠʡ ʤʘʣʳʡ ʛʣʠʘʣʴʥʳʡ 

ʢʣʘʩʪʝʨ 20, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ TAGLN+ ʢʣʘʩʪʝʨʦʤ (ʛʝʥ ʪʨʘʥʩʛʝʣʠʥʘ, 

ʤʘʨʢʝʨʘ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ), ʦʩʪʘʚʘʣʩʷ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʤ ʩ ʧʘʩʩʘʞʘʤʠ, ʥʦ 

ʩʪʘʥʦʚʠʣʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʢʣʝʪʦʢ ʚ 

ʬʘʟʘʭ S ʠ G2 ʚ N-KYOU p25. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʦʪʨʘʞʝʥʘ ʚ ʵʢʩʧʨʝʩʩʠʠ ʤʥʦʛʠʭ 

ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʢʘʢ ʥʝʡʨʦʥʳ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʩʦʟʨʝʚʘʥʠʷ (ʢʣʘʩʪʝʨʳ 5, 16, 1, 17, 14), ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʝʥʘ ʚ N-KYOU 

p25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5. ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ 6 ʠ 8 ʚ N-KYOU p25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ p5.  

ɸʥʘʣʠʟ ʤʘʨʢʝʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʢʣʘʩʪʝʨʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ 

ʙʳʣʠ ʯʝʪʢʦ ʨʘʟʜʝʣʝʥʳ ʧʦ ʬʘʟʘʤ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩ. 31). ɺ N-

KYOU p5 ʤʳ ʦʙʥʘʨʫʞʠʣʠ 13 ʢʣʘʩʪʝʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 80% ʢʣʝʪʦʢ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʨʘʥʥʝʡ ʬʘʟʝ G1. ɺ N-KYOU p25 ʯʠʩʣʦ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 11. 

ʇʦʩʢʦʣʴʢʫ ʬʘʟʘ G1 ʷʚʣʷʝʪʩʷ ʩʪʘʨʪʦʚʦʡ ʜʣʷ ʬʘʟʳ G0, ʩʪʘʜʠʠ ʧʦʢʦʷ, ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʣʝʪʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ G1, ʢʘʢ ʪʝʨʤʠʥʘʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʝʩʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʣʝʪʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʬʘʟʘʭ G2/M ʠ S, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ 

ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʝʩʷ ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʠ/ʠʣʠ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ 

ʦʧʨʝʜʝʣʠʪʴ ʛʨʫʧʧʫ ʢʣʝʪʦʯʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ UMAP 

(ʢʣʘʩʪʝʨʳ 10, 12, 13, 15, 18, 19), ʢʘʢ ʮʠʢʣʠʨʫʶʱʠʝ ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʠʣʠ 

ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ (ʮʅʉʂ). 
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ʈʠʩʫʥʦʢ 16. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ scRNA-seq ʠʟ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-KYOU p5 ʠ p25. 

A ï 22 ʢʣʘʩʪʝʨʘ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ UMAP ʜʣʷ ʜʘʥʥʳʭ 

scRNA-seq ʚ N-KYOU p5 ʠ p25. ʏʝʨʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʚʘ ʢʣʘʩʪʝʨʘ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ N-KYOU p25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ p5. 

ɹ ï ʅʘʧʨʘʚʣʝʥʠʷ (ʚʝʪʚʠ) ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʅʉʂ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪ ʦʙʣʘʩʪʠ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦ ʘʢʪʠʚʥʳʭ ʅʉʂ ʢ ʛʣʠʘʣʴʥʦʡ ʠʣʠ ʥʝʡʨʦʥʘʣʴʥʦʡ ʚʝʪʚʷʤ, ʚʳʷʚʣʝʥʥʳʝ ʘʥʘʣʠʟʦʤ 

ʪʨʘʝʢʪʦʨʠʡ Monocle. 

ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʪʨʘʝʢʪʦʨʠʠ Monocle, ʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʪʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʢʣʘʩʪʝʨʝ 4, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʢʣʘʩʪʝʨʦʚ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʮʅʉʂ (ʥʠʞʥʷʷ ʚʝʪʚʴ) ʜʘʣʝʝ ʜʝʣʠʪʩʷ ʥʘ 

       

N-KYOU p5 N-KYOU p25 
ɸ 

ɹ 
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ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʛʨʫʧʧʳ ʢʣʘʩʪʝʨʦʚ, çʣʝʚʫʶè ʛʨʫʧʧʫ (3, 17, 14, 1, 16, 5) ʠ çʚʝʨʭʥʶʶè 

ʛʨʫʧʧʫ (9, 20, 0, 2) (ʈʠʩ. 16 ɹ). çʃʝʚʘʷè ʛʨʫʧʧʘ ʢʣʘʩʪʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʢʩʧʨʝʩʩʠʝʡ ʥʝʡʨʦʥ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʚ: STMN2, DCX, GAP43, TUBB3, SYP, 

BASP1, RTN1, NCAM1, SOX3, SOX11, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʫ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ 

ʵʪʘ ʚʝʪʚʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚʝʜʝʪ ʢ ʟʨʝʣʳʤ ʥʝʡʨʦʥʘʤ (ʢʣʘʩʪʝʨ 5) (ʇʨʠʣʦʞʝʥʠʝ, 

ʈʠʩ. 32 ɸ). ʂʣʘʩʪʝʨʳ 7 ʠ 11, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʫʪʠ ʢ çʣʝʚʳʤè ʢʣʘʩʪʝʨʘʤ, ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʪ ʤʘʨʢʝʨʳ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (ASCL1, SOX3, PAX6, NEST, 

POU3F2, SOX1, NEUROG2) ʥʘʨʷʜʫ ʩ ʤʘʨʢʝʨʘʤʠ ʥʝʡʨʦʥʦʚ ʠ ʧʦʵʪʦʤʫ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʨʘʥʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʥʝʡʨʦʥʦʚ (ʇʨʠʣʦʞʝʥʠʝ ʨʠʩ. 32 

ɹ). ʇʦ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʘʩʪʨʦʛʣʠʠ ʠ ʝʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

(S100B, CD44, ITGA6, CLU), ʤʳ ʦʧʨʝʜʝʣʠʣʠ çʚʝʨʭʥʶʶè ʛʨʫʧʧʫ ʢʣʘʩʪʝʨʦʚ ʢʘʢ 

ʛʣʠʘʣʴʥʫʶ ʚʝʪʚʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩ. 33).  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ WNT ʠ BMP, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ N-KYOU ʠ N-AFS17 ʥʘ ʨʘʥʥʠʭ ʠ ʧʦʟʜʥʠʭ ʧʘʩʩʘʞʘʭ ʅʉʂ, ʩʦʛʣʘʩʥʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ scRNA-seq N-KYOU ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʜʣʷ ʪʠʧʘ ʢʣʝʪʦʢ 

ʣʦʢʘʣʠʟʘʮʠʶ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ UMAP. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʛʝʥʳ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ 

ʩʥʠʟʠʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʩʩʘʞʘ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʛʣʠʘʣʴʥʳʭ ʢʣʘʩʪʝʨʘʭ 0 (GDF7, 

RSPO3, TPBG, WNT1) ʠ 2 (BMP5, MSX2, RNF43), ʘ ʪʘʢʞʝ ʚ ʢʣʘʩʪʝʨʘʭ ʮʅʉʂ (MSX2, 

RNF43, RSPO3, TPBG). ɽʜʠʥʩʪʚʝʥʥʳʡ ʛʝʥ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʧʦʚʳʩʠʣʘʩʴ, 

SHISA3, ʪʘʢʞʝ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʢʣʘʩʪʝʨʝ ʮʅʉʂ (ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩ. 34). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʰʝʛʦ ʘʥʘʣʠʟʘ ʧʩʝʚʜʦʚʨʝʤʝʥʠ (ʈʠʩ. 16 ɹ), ʢʣʝʪʢʠ ʠʟ ʢʣʘʩʪʝʨʘ 

20 ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢʣʝʪʦʢ ʢʣʘʩʪʝʨʘ 2, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʚ ʵʪʦʤ ʢʣʘʩʪʝʨʝ, ʚʝʨʦʷʪʥʦ, ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʥʘʙʣʶʜʘʝʤʦʝ 

ʠʩʪʦʱʝʥʠʝ ʢʣʘʩʪʝʨʘ 2 ʚ N-KYOU p25. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʜʣʷ 

ʢʣʘʩʪʝʨʘ 8, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʢʣʘʩʪʝʨʦʚ 0 ʠ 20. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʘʩʩʘʞʝʡ ʩ 5 ʜʦ 25 ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3 ʨʘʟʘ (ʩ 2,5% ʜʦ 7,5%), 

ʧʨʠʯʝʤ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʢ ʢʣʘʩʪʝʨʘ 8 ʥʘʭʦʜʠʣʠʩʴ ʚ ʬʘʟʘʭ G2M ʠ S. ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʦʥ ʩʦʩʪʦʠʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ ʧʦʩʪʦʷʥʥʦ ʜʝʣʷʱʝʡʩʷ ʧʦʧʫʣʷʮʠʠ ʅʉʂ, 
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ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ ʛʣʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ ʪʝʨʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʣʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ 25 ʧʘʩʩʘʞʝʡ (ʙʦʣʝʝ 

130 ʜʥʝʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʙʦʣʝʝ 70 ʫʩʨʝʜʥʝʥʥʳʭ ʮʠʢʣʦʚ ʧʨʦʣʠʬʝʨʘʮʠʠ).  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʝʡʨʘʣʴʥʳʝ 

ʢʫʣʴʪʫʨʳ, ʩʧʦʥʪʘʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʠʟ ʅʉʂ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʦʧʫʣʷʮʠʡ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʅʉʂ.  
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4.2. ɼʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ ʩ ʠʥʜʫʢʮʠʝʡ ʵʢʟʦʛʝʥʥʦʡ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ NGN2 ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩ ʣʝʥʪʠʚʠʨʫʩʥʦʡ 

ʜʦʩʪʘʚʢʦʡ ʠ ʩʝʣʝʢʮʠʝʡ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ ʩ ʧʦʤʦʱʴʶ 

ʠʥʜʫʢʮʠʠ ʚ ʥʠʭ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʵʢʟʦʛʝʥʥʦʛʦ ʧʨʦʥʝʡʨʘʣʴʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ NGN2 ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʧʨʦʪʦʢʦʣ ʩ ʣʝʥʪʠʚʠʨʫʩʥʦʡ 

ʜʦʩʪʘʚʢʦʡ ʪʨʘʥʩʛʝʥʦʚ ʠ ʩʠʩʪʝʤʳ ʪʨʘʥʩʘʢʪʠʚʘʮʠʠ TetON ʧʦʜ ʜʦʢʩʠʮʠʢʣʠʥ-

ʘʢʪʠʚʠʨʫʝʤʳʤ ʧʨʦʤʦʪʦʨʦʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: 

1) ʉʦʟʜʘʥʠʝ ʪʨʘʥʩʛʝʥʥʦʡ ʣʠʥʠʠ ʀʇʉʂ, ʠʤʝʶʱʝʡ ʪʨʘʥʩʛʝʥ NGN2 ʧʦʜ 

ʜʦʢʩʠʮʠʢʣʠʥ-ʘʢʪʠʚʠʨʫʝʤʳʤ ʧʨʦʤʦʪʦʨʦʤ ʠ ʩʪʘʙʠʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ 

ʛʝʥ ʪʨʘʥʩʘʢʪʠʚʘʪʦʨʘ rtTA, ʝʝ ʩʝʣʝʢʮʠʷ ʠ ʢʣʦʥʠʨʦʚʘʥʠʝ. ʕʪʘʧ ʟʘʥʠʤʘʝʪ ʦʪ 14 

ʜʥʝʡ. 

2) ʀʥʠʮʠʘʮʠʷ ʥʝʡʨʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠʥʜʫʢʮʠʝʡ ʵʢʟʦʛʝʥʥʦʡ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ NGN2 ʚ ʀʇʉʂ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ 

ʜʦʢʩʠʮʠʢʣʠʥʘ. ʕʪʘʧ ʟʘʥʠʤʘʝʪ 4-5 ʜʥʝʡ. 

3) ʉʦʟʨʝʚʘʥʠʝ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ (iN-NGN2) ʥʘ 

ʩʨʝʜʝ N2B27 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 5 ʤʢʄ ROCKi ʠ 10 ʥʛ/ʤʣ BDNF. ʕʪʘʧ ʟʘʥʠʤʘʝʪ 

ʦʪ 5-7 ʜʥʝʡ ʠ ʙʦʣʝʝ. 

 

4.2.1. ʆʙʱʠʡ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʚʳʚʝʣʠ ʣʠʥʠʶ ʀʇʉʂ-KYOU ʩ ʪʨʘʥʩʛʝʥʘʤʠ NGN2 ʠ 

ʩʠʩʪʝʤʳ ʪʨʘʥʩʘʢʪʠʚʘʮʠʠ TetON (ʀʇʉʂ-KYOU-TetON-NGN2).  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʳ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʨʦʪʦʢʦʣ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ Zhang et al., 2013 ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ï 

ʧʝʨʝʩʘʜʢʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭʩʷ ʢʣʝʪʦʢ ʥʘ ʥʦʚʳʡ ʩʫʙʩʪʨʘʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ. 



85 

 

ʀʟ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʩʨʝʜʝ 

N2B27 ʟʘʪʝʤ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʦʙʱʘʷ ʈʅʂ ʜʣʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ (bulk RNA-

seq). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʘʣʴʮʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʦʡ ʣʠʥʠʠ ʀʇʉʂ-KYOU-GCaMP6s, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʢʘʣʴʮʠʝʚʳʡ ʠʥʜʠʢʘʪʦʨ GCaMP6s, ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʤʳ ʚʳʚʝʣʠ ʪʨʘʥʩʛʝʥʥʫʶ ʣʠʥʠʶ 

ʀʇʉʂ-KYOU-GCaMP6s-TetON-NGN2. ʇʦʣʫʯʝʥʥʘʷ ʣʠʥʠʷ ʙʳʣʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʘ ʚ iN-GCaMP6s-NGN2 ʧʦ ʧʦʜʦʙʨʘʥʥʦʤʫ ʨʘʥʝʝ ʧʨʦʪʦʢʦʣʫ. 

ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʟʘʪʝʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʝʨʦʚ 

ʤʝʪʦʜʘʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʥʘʣʠʯʠʝ 

ʢʘʣʴʮʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʘʣʴʮʠʝʚʦʛʦ ʠʤʠʜʞʠʥʛʘ. 

4.2.2. ʇʦʣʫʯʝʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʣʠʥʠʡ ʀʇʉʂ-KYOU-TetON-NGN2 ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʪʦʢʦʣʘ ʥʝʡʨʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʪʨʘʥʩʛʝʥʥʘʷ ʣʠʥʠʷ ʀʇʉʂ-KYOU, ʩʪʘʙʠʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʘʣʴʮʠʝʚʳʡ ʠʥʜʠʢʘʪʦʨ GCaMP6s (ʀʇʉʂ-

KYOU-GCaMP6s).  

ʃʠʥʠʠ ʀʇʉʂ-KYOU ʠ ʀʇʉʂ-KYOU-GCaMP6s ʙʳʣʠ ʪʨʘʥʩʜʫʮʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʜʦʩʪʘʚʢʠ ʧʨʦʥʝʡʨʘʣʴʥʦʛʦ ʛʝʥʘ NGN2 ʧʦʜ ʜʦʢʩʠʮʠʢʣʠʥ-

ʘʢʪʠʚʠʨʫʝʤʳʤ ʧʨʦʤʦʪʦʨʦʤ TetON ʠ ʛʝʥʘ ʪʨʘʥʩʘʢʪʠʚʘʪʦʨʘ rtTA. ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ 

ʣʠʥʠʠ ʀʇʉʂ-KYOU-TetON-NGN2 ʠ ʀʇʉʂ-KYOU-GCaMP6s-TetON-NGN2 (ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʜʘʣʝʝ ʚ ʥʘʟʚʘʥʠʷʭ ʙʫʜʝʪ ʦʧʫʩʢʘʪʴʩʷ ʩʣʦʚʦ TetON) ʙʳʣʠ ʢʣʦʥʠʨʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʙʦʨʦʤ ʢʣʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʵʬʬʝʢʪʠʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠʩʴ ʚ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʜʦʢʩʠʮʠʢʣʠʥʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʟʘʤʘʣʯʠʚʘʥʠʷ 

ʪʨʘʥʩʛʝʥʦʚ ʣʠʥʠʠ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʥʘ ʩʝʣʝʢʪʠʚʥʳʭ ʘʥʪʠʙʠʦʪʠʢʘʭ (ʧʫʨʦʤʠʮʠʥ (1 

ʤʢʛ/ʤʣ) ʠ ʛʠʛʨʦʤʠʮʠʥ ɹ (50 ʤʢʛ/ʤʣ)).  

ɼʦʙʘʚʣʝʥʠʝ ʜʦʢʩʠʮʠʢʣʠʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ ʥʘʯʘʣʫ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ (ʈʠʩ. 17). ʋʞʝ ʥʘ 2-ʡ ʜʝʥʴ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ 

ʜʦʢʩʠʮʠʢʣʠʥʦʤ ʤʳ ʤʦʛʣʠ ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʀʇʉʂ ʚ ʦʪʨʦʩʪʯʘʪʳʝ 
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ʥʝʡʨʦʥʦʧʦʜʦʙʥʳʝ ʢʣʝʪʢʠ. ɼʦʙʘʚʣʝʥʠʝ AraC (ɸʨʘʙʠʥʦ-ʬʫʨʘʥʦʟʠʣ-ʮʠʪʦʟʠʥ-

ʪʨʠʬʦʩʬʘʪ, ʠʥʛʠʙʠʨʫʝʪ ʩʠʥʪʝʟ ɼʅʂ) ʥʘ 2-ʡ ʠ 3-ʡ ʜʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʦʟʚʦʣʷʣʦ 

ʥʘʤ ʵʬʬʝʢʪʠʚʥʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʦʩʪʘʚʰʠʭʩʷ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʀʇʉʂ (ʈʠʩ. 17 ɸ, 

ɹ, ɺ). 

 

ʈʠʩʫʥʦʢ 17. ʇʨʦʛʨʝʩʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʚ ʥʝʡʨʦʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʦʢʩʠʮʠʢʣʠʥ-

ʟʘʚʠʩʠʤʦʡ ʵʢʩʧʨʝʩʩʠʠ NGN2: (ɸ) ï 2 ʜʜ; (ɹ) ï 3 ʜʜ; (ɺ) - 5 ʜʜ; (ɻ) ï 8 ʜʜ; (ɼ) ï 14 ʜʜ; (ɽ) ï 21 ʜʜ. 

ʜʜ ï ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʌʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ, ʰʢʘʣʘ 200 ʤʢʤ. 

ʇʦʩʢʦʣʴʢʫ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʝʩʷ ʠʟ ʀʇʉʂ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ 

ʦʢʘʟʳʚʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʨʘʟʨʝʞʝʥʥʳʤʠ ʠʟ-ʟʘ ʛʠʙʝʣʠ ʯʘʩʪʠ ʢʣʝʪʦʢ, ʤʳ ʧʨʠʰʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʘʜʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭʩʷ ʢʫʣʴʪʫʨ. 

               

ɹ ɸ 

ɺ ɻ 

ɼ ɽ 
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ʆʧʪʠʤʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʜʣʷ ʧʝʨʝʩʘʜʢʠ ʦʢʘʟʘʣʩʷ 4-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. 

ʇʝʨʝʩʘʜʢʘ ʢʣʝʪʦʢ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʧʣʦʱʘʜʠ ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʩʦʩʫʜʘ ʚ 2-3 ʨʘʟʘ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʜʦʩʪʘʪʦʯʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʠʭ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʚʳʞʠʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʨʦʩʪʢʠ ʥʝʡʨʦʥʦʚ ʧʣʦʭʦ ʘʜʛʝʟʠʨʫʶʪʩʷ ʥʘ ʤʘʪʨʠʛʝʣʝ ʠ ʣʝʛʢʦ 

ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʩʫʙʩʪʨʘʪʘ ʧʨʠ ʩʤʝʥʝ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʩʫʙʩʪʨʘʪ, ʢʦʪʦʨʳʡ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʘʜʛʝʟʠʶ 

ʢʣʝʪʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʧʝʨʝʩʘʜʢʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭʩʷ ʢʫʣʴʪʫʨ, ʤʳ 

ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʳ ʧʦʣʠ-ʃ-ʣʠʟʠʥʘ ʠ ʧʦʣʠ-ɼ-ʣʠʟʠʥʘ ʢʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʪʘʢ ʠ 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʘʪʨʠʛʝʣʝʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʥʦʚʳʭ ʢʫʣʴʪʫʨʘʣʴʥʳʭ 

ʩʦʩʫʜʦʚ ʩʧʝʨʚʘ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠ-ɼ-ʣʠʟʠʥʘ, ʘ ʟʘʪʝʤ ʨʘʩʪʚʦʨʦʤ ʤʘʪʨʠʛʝʣʷ ʦʢʘʟʘʣʦʩʴ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ. ʅʘ ʪʘʢʦʤ ʜʚʦʡʥʦʤ ʩʫʙʩʪʨʘʪʝ ʥʝʡʨʦʥʳ ʠʤʝʣʠ ʣʫʯʰʫʶ 

ʘʜʛʝʟʠʶ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʙʩʪʨʘʪʘ ʠʟ ʦʜʥʦʛʦ ʪʦʣʴʢʦ ʤʘʪʨʠʛʝʣʷ (ʈʠʩ. 18). ɽʩʣʠ ʥʘ 

ʤʘʪʨʠʛʝʣʝ ʦʪʨʦʩʪʢʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʢʣʝʪʦʢ ʦʩʪʘʚʘʣʠʩʴ ʥʘʪʷʥʫʪʳʤʠ (ʧʣʦʭʦ 

ʘʜʛʝʟʠʨʦʚʘʣʠʩʴ), ʪʦ ʥʘ ʜʚʦʡʥʦʤ ʩʫʙʩʪʨʘʪʝ ʠʟ ʧʦʣʠ-ɼ-ʣʠʟʠʥʘ ʠ ʤʘʪʨʠʛʝʣʷ, ʦʪʨʦʩʪʢʠ 

ʧʣʦʪʥʦ ʢ ʥʝʤʫ ʧʨʠʣʝʛʘʣʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʡʨʦʥʳ ʦʩʪʘʚʘʣʠʩʴ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ 

ʚ ʪʝʯʝʥʠʝ 2 ʤʝʩʷʮʝʚ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʷʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʨʬʦʣʦʛʠʠ. 

 

ʈʠʩʫʥʦʢ 18. ʉʨʘʚʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ iN-NGN2 ʥʘ 21ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʘ ʨʘʟʥʳʭ 

ʩʫʙʩʪʨʘʪʘʭ. ʌʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ, ʰʢʘʣʘ 200 ʤʢʤ. ɸ ï ʤʘʪʨʠʛʝʣʴ; ɹ ï ʧʦʣʠ-ɼ-ʣʠʟʠʥ + ʤʘʪʨʠʛʝʣʴ.  

ɺ ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʧʨʦʪʦʢʦʣʘ ʥʝʡʨʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ iN-NGN2 ʤʳ ʥʘʙʣʶʜʘʣʠ ʙʠʧʦʣʷʨʥʫʶ ʠ ʤʫʣʴʪʠʧʦʣʷʨʥʫʶ ʤʦʨʬʦʣʦʛʠʶ 

ʥʝʡʨʦʥʦʚ ʩ ʚʝʪʚʷʱʠʤʠʩʷ ʜʝʥʜʨʠʪʘʤʠ ʠ ʦʯʝʥʴ ʜʣʠʥʥʳʤʠ ʘʢʩʦʥʘʤʠ. ɺʩʝ ʥʝʡʨʠʪʳ 

               

ɹ ɸ 
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ʧʣʦʪʥʦ ʘʜʛʝʟʠʨʦʚʘʣʠʩʴ ʢ ʩʫʙʩʪʨʘʪʫ ʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʚʦʝʦʙʨʘʟʥʳʝ ʫʟʦʨʳ. ʉʦʤʳ 

ʥʝʢʦʪʦʨʳʭ ʥʝʡʨʦʥʦʚ ʙʳʣʠ ʫʚʝʣʠʯʝʥʳ ʠ/ʠʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ (ʈʠʩ. 17 ɽ, ʈʠʩ. 18 ɹ). 

4.2.3. ɸʥʘʣʠʟ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʤʝʪʦʜʦʤ 

ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ 

ɸʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʧʦʢʘʟʘʣ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ (TUBB3, 

TH, MAP2, MAPT ʠ NSE), ʘ ʪʘʢʞʝ ʤʘʨʢʝʨʦʚ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

(DCX, ASCL1, BRN2 ʠ NEUROD1) ʚ ʧʦʣʫʯʝʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ ʀʇʉʂ (ʈʠʩ. 19). ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 

ʜʦʩʪʦʚʝʨʥʦʝ ʧʘʜʝʥʠʝ ʤʘʨʢʝʨʦʚ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ SOX2 ʠ OCT4. 

 

ʈʠʩʫʥʦʢ 19. ʋʨʦʚʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʚ 17-ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ iN-NGN2.  

ʇʦ ʦʩʠ Y ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʤʝʪʦʜʦʤ -ȹȹCt, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ (EMC7 ʠ PSMB4). ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʨʝʧʣʠʢʫ. ʉʪʦʣʙʠʢʠ ʦʰʠʙʦʢ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʧʣʠʢ. ɿʚʝʟʜʦʯʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʩ 

ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʋʵʣʯʘ (* ï p-value <0,05, ** ï p-value<0,01). 
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ʅʘ 21-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʦʣʫʯʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʢʨʘʰʠʚʘʣʠʩʴ ʥʘ ʤʘʨʢʝʨʳ ʥʝʡʨʦʥʦʚ ɓIII-ʪʫʙʫʣʠʥ, ʩʠʥʘʧʪʦʬʠʟʠʥ (SYP), ʩʠʥʘʧʩʠʥ 

(SYN) (ʥʝ ʧʦʢʘʟʘʥ), NeuN, hNCAM ʠ NSE, ʘ ʪʘʢʞʝ ʥʘ ʤʘʨʢʝʨ ʢʣʝʪʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝʡʨʦʥʦʚ ï Nestin (ʈʠʩ. 20). ɻʣʠʘʣʴʥʳʡ ʤʘʨʢʝʨ GFAP ʥʝ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʘʥʪʠʪʝʣʦʤ ʧʨʦʪʠʚ 

ʩʠʥʘʧʪʦʬʠʟʠʥʘ, ʯʝʪʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʙʠʣʴʥʦ ʚʝʪʚʷʱʠʝʩʷ ʜʝʥʜʨʠʪʳ, ʢʦʪʦʨʳʝ 

ʥʝ ʙʳʣʠ ʚʠʜʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʠʩ. 20 ɹ). ɸ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʤʘʣʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʘʥʪʠʪʝʣʦʤ 

ʧʨʦʪʠʚ ɓIII-ʪʫʙʫʣʠʥʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʟʦʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʪʨʦʩʪʢʘʤʠ ʥʝʡʨʦʥʦʚ 

(ʈʠʩ. 20 ɺ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʤʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ ʧʨʦʪʦʢʦʣ 

NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʤʦʛʝʥʥʫʶ ʢʫʣʴʪʫʨʫ ʥʝʡʨʦʥʦʚ ʯʝʣʦʚʝʢʘ, ʥʝ ʩʦʜʝʨʞʘʱʫʶ ʛʣʠʘʣʴʥʳʝ 

ʢʣʝʪʢʠ. 
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ʈʠʩʫʥʦʢ 20. ʈʝʟʫʣʴʪʘʪʳ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ iN-NGN2 ʥʘ 21-ʡ ʜʝʥʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʷʜʨʘ ʜʦʢʨʘʰʝʥʳ DAPI (ʩʠʥʠʡ). ɸ, ɹ ï ʰʢʘʣʘ 

200 ʤʢʤ, ɺ ï ʰʢʘʣʘ 400 ʤʢʤ. 

4.2.4. ʂʘʣʴʮʠʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʚ NGN2-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ 

ʧʨʦʪʦʢʦʣʦʤ, ʤʳ ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʢʘʣʴʮʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʫʣʴʪʫʨʝ iN-GCaMP6s-NGN2, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ 

ʛʝʥʝʪʠʯʝʩʢʠ ʢʦʜʠʨʫʝʤʳʡ ʢʘʣʴʮʠʝʚʳʡ ʠʥʜʠʢʘʪʦʨ GCaMP6s (Chen et al., 2013). 

ɼʦʙʘʚʣʝʥʠʝ ʛʣʫʪʘʤʘʪʘ (Glu) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʠʮʠʥʘ 

ʠ ʦʪʩʫʪʩʪʚʠʠ Mg2+) ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ([Ca2+] i) 
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ʚ ʢʣʝʪʢʘʭ ʢʫʣʴʪʫʨʳ iN-GCaMP6s-NGN2 ʥʘ 23-ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (ʈʠʩ. 21). 

ʇʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʪʨʦʧʥʳʭ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʩʥʠʞʝʥʠʝʤ [Ca2+] i ʚ ʦʪʚʝʪ ʥʘ Glu ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʛʣʫʪʘʤʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ: CNQX (ʠʥʛʠʙʠʪʦʨʘ AMPA- ʠ ʢʘʠʥʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ) ʠ MK-801 

(ʠʥʛʠʙʠʪʦʨʘ NMDA-ʨʝʮʝʧʪʦʨʦʚ) (Attwell et al., 1999; Madsen et al., 2001). [Ca2+] i 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ ʢʘʣʴʮʠʝʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ 

GCaMP6s, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʦʢʦʷʱʠʭʩʷ ʢʣʝʪʢʘʭ (F/Fo).  ʇʦʩʢʦʣʴʢʫ ʧʨʦʬʠʣʠ ʦʪʚʝʪʦʚ [Ca2+] i 

ʥʘ Glu ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ (ʈʠʩ. 21 ɸ, ɺ), ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʘʣʴʮʠʝʚʳʭ ʦʪʚʝʪʦʚ ʢʣʝʪʦʢ ʥʘ ʜʝʡʩʪʚʠʝ ʦʜʥʦʛʦ Glu ʠ Glu ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ MK-801 ʠ CNQX ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʳʤʠ 

ʠʟʤʝʥʝʥʠʡ [Ca2+] i (ʈʠʩ. 21 ɹ, ɻ) (Aria Under Curves, AUC, ʦʪʥ. ʝʜ.). ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ GCaMP6s ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʙʘʚʣʷʣʠ 

ʢʘʣʴʮʠʝʚʳʡ ʠʦʥʦʬʦʨ ʠʦʥʦʤʠʮʠʥ (2 ʤʢʄ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5 ʤʄ CaCl2). 

ʀʟʤʝʨʝʥʠʝ ʩʠʛʥʘʣʦʚ GCaMP6s (ʈʠʩ. 21 ɸ, ɹ) ʧʦʢʘʟʘʣʦ, ʯʪʦ Glu-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʦʜʲʝʤ [Ca2+] i ʚ ʧʨʠʩʫʪʩʪʚʠʠ CNQX (9 ʤʢʄ) ʦʢʘʟʘʣʩʷ ʥʠʞʝ ʥʘ 

8,7Ñ7,0% (n=27, p=0,0015, ʧʘʨʥʳʡ t-ʪʝʩʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʲʝʤʦʤ [Ca2+] i ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʪʦʣʴʢʦ Glu. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ AMPA ʠ/ʠʣʠ ʢʘʠʥʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʝ.  

ɼʘʣʝʝ ʤʳ ʧʨʦʚʝʨʠʣʠ ʥʘʣʠʯʠʝ ʚ ʢʣʝʪʢʘʭ ʤʝʪʘʙʦʪʨʦʧʥʳʭ ʛʣʫʪʘʤʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ Ca2+ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʦʚ (mGluRs ʪʠʧʘ 1).  ɼʣʷ ʵʪʦʛʦ ʤʳ ʜʦʙʘʚʣʷʣʠ Glu ʢ ʢʣʝʪʢʘʤ ʚ 

ʥʦʤʠʥʘʣʴʥʦ ʙʝʩʢʘʣʴʮʠʝʚʦʤ ʙʫʬʝʨʝ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ Ca2+ ʙʳʣʘ ʩʥʠʞʝʥʘ 

ʜʦʙʘʚʣʝʥʠʝʤ ʭʝʣʘʪʦʨʘ EGTA (100 ʤʢʄ), ʘ ʥʘʣʠʯʠʝ Mg2+ ʙʣʦʢʠʨʦʚʘʣʦ ʨʘʙʦʪʫ 

NMDA-ʨʝʮʝʧʪʦʨʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ Glu ʥʝ ʠʥʜʫʮʠʨʦʚʘʣ ʧʦʚʳʰʝʥʠʝ [Ca2+] i ʚ 

ʢʣʝʪʢʘʭ. ʇʦʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʙʫʬʝʨʘ ʥʘ Ca2+-ʩʦʜʝʨʞʘʱʠʡ (ʙʝʟ Mg2+) ʠ ʜʦʙʘʚʣʝʥʠʝ 

Glu ʧʨʠʚʝʣʠ ʢ ʦʪʯʝʪʣʠʚʦʤʫ ʫʚʝʣʠʯʝʥʠʶ [Ca2+] i (ʈʠʩ. 21 ɺ).  ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ [Ca2+] i ʥʝ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ, ʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʨʠʪʦʢʘ ʠʦʥʦʚ Ca2+ ʠʟ ʙʫʬʝʨʘ (ʠʟʚʥʝ ʢʣʝʪʢʠ). 
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ɼʦʙʘʚʣʝʥʠʝ ʠʥʛʠʙʠʪʦʨʘ NMDA-ʨʝʮʝʧʪʦʨʦʚ MK-801 (9 ʤʢʄ) ʚʳʟʳʚʘʣʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ Glu-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ [Ca2+] i (49,1Ñ4,6%, n=21, 

p<0,0001, ʧʘʨʥʳʡ t-ʪʝʩʪ) (ʈʠʩ. 21 ɺ, ɻ). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʡʨʦʥʳ ʚ ʥʘʰʠʭ 

ʢʫʣʴʪʫʨʘʭ ʠʤʝʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʦʥʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ ʢ ʛʣʫʪʘʤʘʪʫ NMDA-

ʪʠʧʘ. ʇʦʯʪʠ ʜʚʫʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʪ GCaMP6s ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ 

NMDA ʨʝʮʝʧʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʥʦʡ ʧʨʠʪʦʢ Ca2+ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ Glu ʚ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʥʝʡʨʦʥʘʭ ʎʅʉ (Brittain et al., 2012). 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʯʪʦ ʢʣʝʪʢʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʘʢʪʠʚʥʳʝ ʛʣʫʪʘʤʘʪʥʳʝ ʨʝʮʝʧʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʦʧʫʩʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʥʝ ʪʦʣʴʢʦ 

Ca2+, ʥʦ ʠ Na+, ʤʳ ʧʨʦʚʝʣʠ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ [Ca2+] i ʠ [Na
+] i ʧʫʪʝʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ GCaMP6s ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ Na+ 

ʠʥʜʠʢʘʪʦʨʘ SBFI. ɼʦʙʘʚʣʝʥʠʝ Glu ʧʨʠʚʦʜʠʣʦ ʢ ʙʳʩʪʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʘʢ [Ca2+] i 

(ʬʣʫʦʨʝʩʮʝʥʮʠʠ GCaMP6s), ʪʘʢ ʠ [Na+] i (ʬʣʫʦʨʝʩʮʝʥʮʠʠ SBFI) (ʈʠʩ. 22 A, ɹ).  ɿʘʪʝʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ [Ca2+] i ʜʦ ʫʨʦʚʥʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʧʨʠʪʦʢʦʤ 

Ca2+ ʠ ʝʛʦ ʫʜʘʣʝʥʠʝʤ ʠʟ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ 

ʨʝʪʠʢʫʣʫʤʦʤ (Verkhratsky, 2004) ʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ (Szabadkai, Duchen, 2008) (ʈʠʩ. 

22 A). ʂʦʥʮʝʥʪʨʘʮʠʷ Na+, ʥʘʧʨʦʪʠʚ, ʧʨʦʜʦʣʞʘʣʘ ʨʘʩʪʠ, ʭʦʪʷ ʠ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ Glu ʥʝ ʙʳʣ ʫʜʘʣʝʥ ʠʟ ʙʫʬʝʨʘ (ʈʠʩ. 22 ɹ). ʋʜʘʣʝʥʠʝ Glu 

ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ [Ca2+] i ʜʦ ʙʘʟʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʪʦʛʜʘ ʢʘʢ [Na
+] i ʩʥʠʞʘʣʩʷ 

ʟʘʤʝʪʥʦ ʤʝʜʣʝʥʥʝʝ (ʈʠʩ. 22 A, ɹ). ʇʦʜʦʙʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ ʧʦʩʪʛʣʫʪʘʤʘʪʥʳʭ 

ʠʟʤʝʥʝʥʠʡ [Ca2+] i ʠ [Na
+] i ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʥʝʡʨʦʥʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʤʦʟʛʘ ʢʨʳʩʳ (Sharipov et al., 2018). ɺʝʨʦʷʪʥʦ, ʦʥʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ɸʊʌ Na+/K+-ɸʊʌʘʟʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ca2+-

ɸʊʌʘʟʘʤʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʠ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʥʘ ʬʦʥʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ɸʊʌ (Surin et al., 2014; Sharipov et al., 

2018). 
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ʈʠʩʫʥʦʢ 21. ʈʝʟʫʣʴʪʘʪʳ ʢʘʣʴʮʠʝʚʦʛʦ ʠʤʠʜʞʠʥʛʘ ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ iN-GCaMP6s-

NGN2. Glu ï ʛʣʫʪʘʤʘʪ (100 ʤʢʄ), CNQX ï ʠʥʛʠʙʠʪʦʨ AMPA ʠ/ʠʣʠ ʢʘʠʥʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (9 

ʤʢʄ), MK801 ï ʠʥʛʠʙʠʪʦʨ NMDA-ʨʝʮʝʧʪʦʨʦʚ (9 ʤʢʄ), Iono ï ʠʦʥʦʤʠʮʠʥ (2 ʤʢʄ), EGTA- Ca2+ 

ï ʙʫʬʝʨ ʙʝʟ ʢʘʣʴʮʠʷ ʩ ʭʝʣʘʪʦʨʦʤ, p ï p-value ï ʨʝʟʫʣʴʪʘʪ ʧʘʨʥʦʛʦ t-ʪʝʩʪʘ.  

ɸ, ɺ ï ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ GCaMP6s, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʢʣʝʪʢʠ ʚ ʧʦʢʦʝ (F/Fo), ʦʪ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʢʣʝʪʢʠ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ [Ca2+] i ʚ ʥʝʡ. ʂʘʞʜʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʥʫ ʢʣʝʪʢʫ, ʠʟʤʝʥʷʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. 

ɹ, ɻ ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʢʘʣʴʮʠʝʚʦʛʦ ʦʪʚʝʪʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʣʦʱʘʜʠ 

ʧʦʜ ʢʨʠʚʳʤʠ ʠʟʤʝʥʝʥʠʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ([Ca2+] i) (AUC, ʦʪʥ. ʝʜ.) ʛʨʘʬʠʢʦʚ ɸ ʠ ɺ.  

ɼʦʙʘʚʣʝʥʠʝ Glu ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʢʪʝʡʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʠʦʥʦʪʨʦʧʥʳʭ 

ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ MK-801 ʠ CNQX ʚʳʟʳʚʘʣʦ ʩʥʠʞʝʥʠʝ ʢʘʢ [Ca2+] i ʥʘ 

74,2Ñ3,7% (ʈʠʩ. 22 A, B), ʪʘʢ ʠ [Na+] i ʥʘ 33,9Ñ0,7% (n=47, p<0,0001, ʧʘʨʥʳʡ t-ʪʝʩʪ) 

(ʈʠʩ. 22 ɹ, ɻ). ʇʦʜʦʙʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʵʬʬʝʢʪʝ ʠʥʛʠʙʠʪʦʨʦʚ ʠʦʥʦʪʨʦʧʥʳʭ 

ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʧʦʜʲʝʤ [Ca2+] i ʠ [Na+] i ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ 
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ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʥʝʡʨʦʥʘʭ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩʳ ʧʨʠ ʘʢʪʠʚʘʮʠʠ NMDA-ʨʝʮʝʧʪʦʨʦʚ 

(Brittain et al., 2012). 

 

ʈʠʩʫʥʦʢ 22. ʈʝʟʫʣʴʪʘʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ [Ca2+] i ʠ [Na
+] i ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ iN-

GCaMP6s-NGN2. Glu ï ʛʣʫʪʘʤʘʪ (100ɛʄ), CNQX ï ʠʥʛʠʙʠʪʦʨ AMPA ʠ/ʠʣʠ ʢʘʠʥʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ (9 ʤʢʄ), MK801 ï ʠʥʛʠʙʠʪʦʨ NMDA-ʨʝʮʝʧʪʦʨʦʚ (9 ʤʢʄ), Iono ï ʠʦʥʦʤʠʮʠʥ (2 ʤʢʄ), 

SFBI ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʠʥʜʠʢʘʪʦʨ, p ï p-value ï ʨʝʟʫʣʴʪʘʪ ʧʘʨʥʦʛʦ t-ʪʝʩʪʘ. 

ɸ ï ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ GCaMP6s, ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 

ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʢʣʝʪʢʠ ʚ ʧʦʢʦʝ (F/Fo), ʦʪ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ 

GCaMP6s ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ [Ca2+] i.  

ɹ ï ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ SBFI ʦʪ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ SFBI ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ [Na+] i. ʀʟʤʝʥʝʥʠʷ [Na
+] i ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ SBFI ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ 340 ʠ 380 ʥʤ (F340/F380).  

ɺ, ɻ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʢʘʣʴʮʠʝʚʦʛʦ (ɺ) ʠ ʥʘʪʨʠʝʚʦʛʦ (ɻ)  ʦʪʚʝʪʦʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʳʤʠ ʠʟʤʝʥʝʥʠʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ (AUC, ʦʪʥ. 

ʝʜ.) GCaMP6s ʠ SFBI ʩ ʛʨʘʬʠʢʦʚ ɸ ʠ ɹ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ 

ʉʘ2+-ʢʘʥʘʣʦʚ (Lacinova, 2005), ʤʳ ʚʳʟʳʚʘʣʠ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʧʫʪʝʤ 

ʩʥʠʞʝʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʠʷ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʙʫʬʝʨ 50 ʤʄ KCl ʤʳ ʥʘʙʣʶʜʘʣʠ ʙʳʩʪʨʳʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʦʜʲʝʤ 

[Ca2+] i ʚ ʢʣʝʪʢʘʭ (n=83) (ʈʠʩ. 23).  

ɼʦʙʘʚʣʝʥʠʝ ɸʊʌ (100 ʤʢʄ) ï ʘʛʦʥʠʩʪʘ P2Y- ʠ P2X- ʨʝʮʝʧʪʦʨʦʚ, ʧʨʠʚʝʣʦ ʢ 

ʧʦʚʳʰʝʥʠʶ [Ca2+] i ʪʦʣʴʢʦ ʚ ~20% ʢʣʝʪʦʢ (ʈʠʩ. 23). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʣʴʢʦ 

ʯʘʩʪʴ ʢʣʝʪʦʢ ʚ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʥʝʡʨʘʣʴʥʦʡ ʢʫʣʴʪʫʨʝ ʠʤʝʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʫʨʠʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʈ2-ʪʠʧʘ. 

 

ʈʠʩʫʥʦʢ 23. ʈʝʟʫʣʴʪʘʪʳ ʢʘʣʴʮʠʝʚʦʛʦ ʠʤʠʜʞʠʥʛʘ ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ iN-GCaMP6s-NGN2 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 50ʤʄ KCl ʠ 100 ʤʢʄ ɸʊʌ (ATP).   

ɻʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ GCaMP6s, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʢʣʝʪʢʠ ʚ ʧʦʢʦʝ (F/Fo), ʦʪ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʢʣʝʪʢʠ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ [Ca2+] i ʚ ʥʝʡ. ʂʘʞʜʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʥʫ ʢʣʝʪʢʫ, ʠʟʤʝʥʷʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʧʨʦʪʦʢʦʣ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʀʇʉʂ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʝ ʢʫʣʴʪʫʨʳ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʛʣʫʪʘʤʘʪʘ ʨʝʘʛʠʨʫʶʪ ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Ca2+ ʠ Na+ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. ʇʨʠ ʵʪʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

[Ca2+] i ʚ ʙʝʩʢʘʣʴʮʠʝʚʦʤ ʙʫʬʝʨʝ ʚ ʦʪʚʝʪ ʥʘ ʛʣʫʪʘʤʘʪ (ʈʠʩ. 21 ɺ) ʠ ʧʦʜʘʚʣʝʥʠʝ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ [Ca2+] i ʥʘ ~74% ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʤʝʩʠ MK-801 ʠ CNQX (ʈʠʩ. 22 
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ɸ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʠʦʥʦʪʨʦʧʥʳʭ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ 

ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ Ca2+ ʚ NGN2-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ. 

ʇʦʩʪʫʧʣʝʥʠʝ Ca2+ ʠʟ ʙʫʬʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʮʝʧʪʦʨʘʤʠ NMDA-ʪʠʧʘ ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʨʝʮʝʧʪʦʨʘʤʠ AMPA/ʢʘʠʥʘʪʥʦʛʦ ʪʠʧʘ.  
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4.3. ʉʨʘʚʥʝʥʠʝ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʇʉʂ-KYOU ʤʝʪʦʜʦʤ ʩ 

DUAL SMAD ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʠ ʤʝʪʦʜʦʤ ʩ ʠʥʜʫʢʮʠʝʡ ʵʢʟʦʛʝʥʥʦʡ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ NGN2 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʠʥʠʠ ʀʇʉʂ-KYOU, ʥʦ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ: iN-

NGN2, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʀʇʉʂ-KYOU ʠʥʜʫʢʮʠʝʡ ʵʢʟʦʛʝʥʥʦʡ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ 

NGN2, ʠ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ N-KYOU p5, ʩʧʦʥʪʘʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʠʟ 

ʅʉʂ-KYOU (ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʀʇʉʂ-KYOU ʤʝʪʦʜʦʤ ʩ DUAL SMAD 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ) ʥʘ 5 ʧʘʩʩʘʞʝ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟʳ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʙʱʝʡ 

ʤʈʅʂ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʫʨʦʚʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ 

ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ N-KYOU p5 ʠ iN-

NGN2, ʘ ʪʘʢʞʝ ʣʠʥʠʠ ʀʇʉʂ-KYOU, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʝʠʭ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʤʘʨʢʝʨʦʚ ʅʉʂ (SOX1, 

PAX6, NES) ʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (NEUROD1, ASCL1, NGN2) N-

KYOU p5 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʇʉʂ ʠ iN-NGN2 (ʈʠʩ. 24). ʂʨʦʤʝ ʪʦʛʦ, ʚ N-KYOU p5 

ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʣʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ S100b, CD44, VCAM1, PLP1, 

PTN ʠ PTPRZ. ʅʝʡʨʦʥʘʣʴʥʳʝ ʞʝ ʤʘʨʢʝʨʳ (TUBB3, MAP, MAPT, NSE), ʘ ʪʘʢʞʝ 

ʤʘʨʢʝʨ ʥʝʡʨʦʙʣʘʩʪʦʚ ʠ ʨʘʥʥʠʭ ʥʝʡʨʦʥʦʚ DCX, ʥʘʧʨʦʪʠʚ, ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʚ iN-NGN2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5 (ʈʠʩ. 24). ʕʪʠ ʜʘʥʥʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ N-KYOU p5 ʜʨʫʛʠʝ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ (ʅʉʂ ʠ 

ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ) ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʥʝʡʨʦʥʘʤʠ. 

ɺ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʚʦʰʣʠ 4 ʦʙʨʘʟʮʘ (ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘ) 14-ʪʠ 

ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ iN-NGN2, ʠ 6 ʦʙʨʘʟʮʦʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-

KYOU p5 ʥʘ 14ʡ ʜʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. 
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ʈʠʩʫʥʦʢ 24. ʋʨʦʚʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʥʳʭ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʆʊ-ʇʎʈ, ʚ ʦʙʨʘʟʮʘʭ ʣʠʥʠʠ ʀʇʉʂ-KYOU, 14-ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ N-

KYOU p5 ʠ 17-ʜʥʝʚʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ iN-NGN2. ʆʙʝ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʀʇʉʂ-KYOU, ʥʦ ʨʘʟʥʳʤʠ ʧʦʜʭʦʜʘʤʠ.   

ʇʦ ʦʩʠ Y ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʤʝʪʦʜʦʤ -ȹȹCt, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʢ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ (EMC7 ʠ PSMB4). ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʨʝʧʣʠʢʫ. ʉʪʦʣʙʠʢʠ ʦʰʠʙʦʢ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʧʣʠʢ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʋʵʣʯʘ, ʫʢʘʟʘʥʘ ʪʦʣʴʢʦ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ N-KYOU p5 ʠ iN-NGN2 ʠ ʦʙʦʟʥʘʯʝʥʘ ʟʚʝʟʜʦʯʢʘʤʠ (* ï p-value <0,05, ** ï p-value<0,01, 

*** ï p-value<0,001). 

ʆʮʝʥʢʘ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʦʙʱʠʭ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʝʡ N-KYOU p5 

ʠ iN-NGN2 ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ: ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʩ ʪʝʧʣʦʚʦʡ ʢʘʨʪʦʡ, ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 
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(PCA) ʠ ʤʥʦʛʦʤʝʨʥʦʝ ʰʢʘʣʠʨʦʚʘʥʠʝ (MDS). ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʛʝʥʘʤ, 

ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʚ ʜʚʘ ʨʘʟʘ (|logFC| > 1). ʈʝʟʫʣʴʪʘʪʳ 

ʧʦ ʚʩʝʤ ʚʳʷʚʣʝʥʥʳʤ ʛʝʥʘʤ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩ. 35). 

 ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʛʝʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʷ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʧʨʦʬʠʣʷʭ ʤʝʞʜʫ N-KYOU p5 ʠ 

iN-NGN2 (ʈʠʩ. 25 ɸ, ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩ. 35). 

ʅʘ ʛʨʘʬʠʢʝ PCA ʦʙʨʘʟʮʳ N-KYOU p5 ʠ iN-NGN2 ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʨʘʟʥʳʤ 

ʢʦʥʮʘʤ ʦʩʠ ʧʝʨʚʦʛʦ ʛʣʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʦʩʴ ʍ), ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 88% ʦʙʱʝʡ 

ʜʠʩʧʝʨʩʠʠ (ʠʟʤʝʥʯʠʚʦʩʪʠ). ʍʦʪʷ ʦʙʨʘʟʮʳ iN-NGN2 ʧʦʜʝʣʠʣʠʩʴ ʥʘ ʜʚʘ ʢʣʘʩʪʝʨʘ ʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʨʘʟʥʳʤ ʢʦʥʮʘʤ ʦʩʠ ʚʪʦʨʦʛʦ ʛʣʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʦʩʴ Y), ʜʘʥʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʦʪʨʘʞʘʝʪ ʣʠʰʴ 4% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ (ʈʠʩ. 25 ɹ). ʅʘ ʛʨʘʬʠʢʝ MDS 

ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ N-KYOU p5 ʠ iN-NGN2 ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʢʦʥʮʘʭ 

ʦʩʠ X (ʈʠʩ. 25 ɺ). ʈʘʟʙʨʦʩ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʦʚ ʚʥʫʪʨʠ ʦʙʝʠʭ 

ʛʨʫʧʧ ʚʜʦʣʴ ʦʩʝʡ Y ʥʘ PCA ʠ MDS ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʷʭ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʪʦʨʳ iN-NGN2 ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ 2 ʢʣʘʩʪʝʨʘ (ʈʠʩ. 25 ɸ, ɹ). ʅʘ ʵʪʦ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʘʨʠʘʮʠʡ ʚ 

ʠʩʭʦʜʥʳʭ ʢʣʝʪʢʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʙʳʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-KYOU p5 ʠ iN-NGN2 ʚʩʝʛʦ ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 5253 ʛʝʥʘ (|logFC| > 1 ʠ ʩʢʦʨʨ. ʟʥʘʯ. p < 0,05), ʠʟ ʢʦʪʦʨʳʭ ʧʦ 

ʜʘʥʥʳʤ Ensembl (https://www.ensembl.org/index.html) 4974 ʛʝʥʘ (95%) ʷʚʣʷʶʪʩʷ 

ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʤʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʞʝ ʜʚʫʭ ʢʣʘʩʪʝʨʦʚ iN-NGN2 ʤʝʞʜʫ ʩʦʙʦʡ 

ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʣʠʰʴ 910 ʛʝʥʦʚ. ʇʦʵʪʦʤʫ ʨʘʟʣʠʯʠʷ ʚʥʫʪʨʠ ʛʨʫʧʧʳ iN-

NGN2 ʥʘ ʬʦʥʝ ʩʨʘʚʥʝʥʠʷ N-KYOU p5 ʠ iN-NGN2 ʥʝ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʳ ʠ, 

ʚʝʨʦʷʪʥʦ, ʥʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ N-KYOU p5 ʠ iN-NGN2 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. 
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ʈʠʩʫʥʦʢ 25. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʜʘʥʥʳʭ ʦʙʱʠʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ N-KYOU p5 ʠ iN-NGN2 ʧʨʠ |logFC| > 1 ʠ 

ʩʢʦʨʨ. ʟʥʘʯʝʥʠʠ p < 0,05.  

ɸ ï ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʡ ʢʘʨʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ.  

         

ɸ 

ɹ ɺ 
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ɹ ï ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA), ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʧʦ ʜʠʩʧʝʨʩʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʵʢʩʧʨʝʩʩʠʠ. ʆʩʠ X ʠ Y ï ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʙʲʷʩʥʷʶʱʠʝ 88 ʠ 4 % ʜʠʩʧʝʨʩʠʠ (variance).  

ɺ ï ʤʝʪʦʜ ʤʥʦʛʦʤʝʨʥʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ (MDS). ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ. ʆʩʴ ʍ ʦʧʠʩʳʚʘʝʪ ʤʘʢʩʠʤʫʤ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ (ɼʕ) ʛʝʥʦʚ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ 

iN-NGN2 ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡʨʘʣʴʥʳʤ ʢʫʣʴʪʫʨʘʤ N-KYOU p5. ʅʘ 

ʨʠʩʫʥʢʘʭ 26 ʠ 27 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʘʙʩʦʣʶʪʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ-ʤʘʨʢʝʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ (ʈʠʩ. 26), ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʢʣʝʪʦʯʥʳʭ ʪʠʧʦʚ (ʈʠʩ. 27). 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʰʢʘʣʝ Z-score. Z-score ʛʝʥʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʷ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʩʦ 

ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʵʪʦʛʦ ʛʝʥʘ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 

ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʚ ʩʨʝʜʥʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ, 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʦʚʦʨʠʪ ʦ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ï ʦ ʛʠʧʦʵʢʩʧʨʝʩʩʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 26 A ʚʠʜʥʦ, ʯʪʦ ʦʙʝ ʢʫʣʴʪʫʨʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʙʩʦʣʶʪʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ ʥʝʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ (TUBB3, DCX, NCAM1, STMN1), ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʭ ʤʘʨʢʝʨʦʚ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ (MAP2, MAP1B, MAP1A, MAP1S). ʆʜʥʘʢʦ iN-

NGN2 ʦʪʣʠʯʘʝʪʩʷ ʦʪ N-KYOU p5 ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʚʳʙʨʘʥʥʳʭ ʛʝʥʦʚ-ʤʘʨʢʝʨʦʚ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ SYP, SYN, ENO2(NSE), 

NEFL ʠ ʜʨ. (ʈʠʩ. 26 ɸ). ɹʦʣʝʝ ʪʦʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ ʠ 

ʟʨʝʣʳʭ, ʠ ʥʝʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ ʚ iN-NGN2 ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ N-KYOU p5 (ʈʠʩ. 26 

ɹ).  

ʊʘʢʞʝ ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ iN-NGN2 ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʛʝʥʦʚ-ʤʘʨʢʝʨʦʚ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʠ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʥʦ ʥʝ 

ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ (ʥʝʫʪʦʯʥʝʥʥʦʡ ʝʨʛʠʯʥʦʩʪʠ) (ʈʠʩ. 26). 
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ʈʠʩʫʥʦʢ 26. ʊʝʧʣʦʚʳʝ ʢʘʨʪr ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʤʘʨʢʝʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ. 

ɼʚʫʤʷ ʟʚʝʟʜʦʯʢʘʤʠ (**) ʦʙʦʟʥʘʯʝʥʳ ʛʝʥʳ ʩ |logFC| > 1 ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ p < 0,05. 

ʃʝʛʝʥʜʘ (ʢʣʝʪʦʯʥʳʝ ʪʠʧʳ) ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʦʙʝʠʭ ʪʝʧʣʦʚʳʭ ʢʘʨʪ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

ɹ. 

ɸ ï ʂʘʨʪʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ  

ɹ ï ʂʘʨʪʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʧʦ ʰʢʘʣʝ z-score 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ N-KYOU p5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʳʰʝʥʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʤʘʨʢʝʨʦʚ ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ, ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʠ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (ʈʠʩ. 26 ɸ, ɹ) ʦʪʥʦʩʠʪʝʣʴʥʦ iN-NGN2, ʭʦʪʷ ʤʘʨʢʝʨʳ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʪʦʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ (ʈʠʩ. 26 ɹ). 

         

ɸ ɹ 
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ʈʠʩʫʥʦʢ 27. ʊʝʧʣʦʚʳʝ ʢʘʨʪʳ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʤʘʨʢʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʪʠʧʦʚ ʢʣʝʪʦʢ. ɼʚʫʤʷ ʟʚʝʟʜʦʯʢʘʤʠ (**) ʦʙʦʟʥʘʯʝʥʳ ʛʝʥʳ ʩ |logFC| > 1 ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ p < 0,05. ʃʝʛʝʥʜʘ (ʢʣʝʪʦʯʥʳʝ ʪʠʧʳ) ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʦʙʝʠʭ ʪʝʧʣʦʚʳʭ ʢʘʨʪ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ɹ.  

ʅʉʂ ï ʥʝʡʨʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ, ʆʇʂ ï ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʀʇʉʂ ï 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʣʶʨʠʧʦʪʝʥʪʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ 

ɸ ï ʂʘʨʪʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ  

ɹ ï ʂʘʨʪʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʧʦ ʰʢʘʣʝ z-score 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ-ʤʘʨʢʝʨʦʚ ʥʝʡʨʦʵʧʠʪʝʣʠʷ ʠ ʥʝʡʨʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʘ ʚ N-KYOU p5 ʠ ʚ ʘʙʩʦʣʶʪʥʳʭ, ʠ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ iN-NGN2 (ʈʠʩ. 27 ɸ, ɹ). ʕʪʠ ʜʘʥʥʳʝ 

ɸ ɹ 
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ʩʦʛʣʘʩʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʇʎʈ ʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

scRNA-seq ʜʣʷ N-KYOU p5, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ. ʏʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ 

ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ N-KYOU p5 ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʥʝʡʨʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ iN-NGN2.  

ɺ ʦʪʣʠʯʠʝ ʦʪ iN-NGN2, ʥʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ N-KYOU p5 ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥʳ ʵʢʩʧʨʝʩʩʠʝʡ ʤʘʨʢʝʨʦʚ ʘʩʪʨʦʮʠʪʦʚ (S100b, GFAP, SPARCL1, SLC1A3, 

ITGA6 ʠ ʜʨ.), ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ (PTPRZ1, PLP1, OLIG3), ʘ ʢʨʦʤʝ ʪʦʛʦ, ʤʘʨʢʝʨʦʚ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʪʘʢʠʭ ʢʘʢ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ (PDGFRB, CLDN5), ʩʦʩʫʜʠʩʪʳʝ 

ʣʝʧʪʦʤʝʥʠʥʛʘʣʴʥʳʝ (DCN, COL1A1, PDGFRA), ʬʠʙʨʦʙʣʘʩʪʳ (TAGLN), ʤʠʦʮʠʪʳ 

(COL6A3). ɺ iN-NGN2 ʞʝ ʧʦʚʳʰʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʜʚʫʭ ʤʘʨʢʝʨʦʚ ʀʇʉʂ (LIN28A, 

POU5F1), ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ THY1 ʠ ʥʝʢʦʪʦʨʳʭ ʤʘʨʢʝʨʦʚ 

ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʦʚ (ALCAM, MBP) (ʈʠʩ. 27 ɸ, ɹ). 

ɿʘʪʝʤ ʤʳ ʧʨʦʚʝʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ KEGG 

ʠ ʧʨʦʮʝʩʩʦʚ Gene Ontology, çʥʘʩʳʱʝʥʥʳʭè ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤʠʩʷ ʛʝʥʘʤʠ ʚ ʥʝʡʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ iN-NGN2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-

KYOU p5. 

ɸʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ (Khatri et al., 2012) 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʧʫʪʝʡ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ çʥʘʩʳʱʝʥʥʳʭè ʠʩʩʣʝʜʫʝʤʳʤʠ ɼʕ 

ʛʝʥʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʬʝʨʝʥʪʥʳʤ ʥʘʙʦʨʦʤ ʛʝʥʦʚ. ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ iN-

NGN2 ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʳ ʧʫʪʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

(ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʥʘʧʩʘʤʠ ʨʘʟʣʠʯʥʦʡ ʝʨʛʠʯʥʦʩʪʠ, ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

ʥʝʡʨʦʪʨʦʬʠʥʦʚ, ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʘʮʠʷ, ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʜʝʧʨʝʩʩʠʷ ʠ ʜʨ.) ʠ 

ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ (ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʵʩʪʨʦʛʝʥʘ, ʦʢʩʠʪʦʮʠʥʘ, ʛʦʥʘʜʦʪʨʦʧʠʥ-

ʨʠʣʠʟʠʥʛ-ʛʦʨʤʦʥʘ (ɻʈɻ), ʘ ʪʘʢʞʝ ʩʝʢʨʝʮʠʷ ʠʥʩʫʣʠʥʘ, ɻʈɻ, ʘʣʴʜʦʩʪʝʨʦʥʘ ʠ ʨʝʥʠʥʘ) 

(ʈʠʩ. 28 ɸ). ʂʨʦʤʝ ʪʦʛʦ, ʚ iN-NGN2 ʚʳʨʘʞʝʥʳ ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʩʦʥʘʣʴʥʳʤ 

ʨʦʩʪʦʤ, ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʢʘʣʴʮʠʝʚʦʡ (ʈʠʩ. 28 ɸ). ʇʨʠ 

ʵʪʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5, ʟʜʝʩʴ ʛʠʧʦ-ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ 

ʧʨʦʛʨʝʩʩʠʝʡ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʨʝʛʫʣʷʮʠʝʡ ʧʣʶʨʠʧʦʪʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʢ, 
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ʨʝʧʣʠʢʘʮʠʝʡ ʠ ʨʝʧʘʨʘʮʠʡ ɼʅʂ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ WNT ʠ TGFɓ (ʈʠʩ. 

28 ɹ). 

 

ʈʠʩʫʥʦʢ 28. ʉʠʛʥʘʣʴʥʳʝ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ KEGG, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʚ iN-NGN2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5 (|logFC| > 1 

ʧʨʠ ʩʢʦʨʨ. ʟʥʘʯʝʥʠʠ p < 0,05).  

ɸ ï ʧʫʪʠ KEGG ʜʣʷ ʛʠʧʝʨ-ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ   

ɹ ï ʧʫʪʠ KEGG ʜʣʷ ʛʠʧʦ-ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ 

ʊʦʧ 100 ʧʨʦʮʝʩʩʦʚ Gene Ontology, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʣʷ ʛʠʧʝʨ- ʠ ʛʠʧʦ-

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 29. ʇʨʦʮʝʩʩʳ Gene Ontology 

        
ɹ 

ɸ 
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ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ ʢʣʘʩʪʝʨʳ ʧʦ ʩʝʤʘʥʪʠʯʝʩʢʦʤʫ ʩʭʦʜʩʪʚʫ ʪʝʨʤʠʥʦʚ. 

 ʅʝʡʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ iN-NGN2, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5, ʦʙʦʛʘʱʝʥʳ 

ʧʨʦʮʝʩʩʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʝʞʢʣʝʪʦʯʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʩʠʛʥʘʣʠʥʛʦʤ, 

ʦʨʛʘʥʠʟʘʮʠʡ ʩʠʥʘʧʩʦʚ, ʥʝʡʨʦʥʘʣʴʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ 

ʪʨʘʥʩʤʠʩʩʠʝʡ, ʨʘʟʣʠʯʥʳʤʠ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʢʣʶʯʘʷ ʵʢʟʦʮʠʪʦʟ ʠ 

ʩʝʢʨʝʮʠʶ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, ʛʝʥʝʨʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ 

ʘʢʩʦʥʦʛʝʥʝʟʦʤ (ʈʠʩ. 29 ɸ). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ N-KYOU p5 ʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʝʛʫʣʷʮʠʝʡ ʠ ʧʨʦʛʨʝʩʩʠʝʡ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʤʠʪʦʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʜʝʣʝʥʠʝʤ, ʨʝʛʫʣʷʮʠʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʤʝʪʘʙʦʣʠʟʤʦʤ ʈʅʂ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, 

ʵʤʙʨʠʦʛʝʥʝʟʦʤ, ʨʘʟʚʠʪʠʝʤ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʢʣʝʪʦʯʥʦʡ 

ʘʜʛʝʟʠʝʡ ʠ ʤʠʛʨʘʮʠʝʡ (ʈʠʩ. 29 ɹ). 
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ʈʠʩʫʥʦʢ 29. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ Gene Ontology, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʚ iN-NGN2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-KYOU p5 (|logFC| > 1 

ʧʨʠ ʩʢʦʨʨ. ʟʥʘʯʝʥʠʠ p < 0.05). 

ɸ ï ʧʨʦʮʝʩʩʳ Gene Ontology ʜʣʷ ʛʠʧʝʨ-ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ  

ɹ ï ʧʨʦʮʝʩʩʳ Gene Ontology ʜʣʷ ʛʠʧʦ-ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ 
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