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Background and the research strategy 

The mammalian cerebral cortex forms a six-layered structure, with each layer comprising a collection of neurons with 

common morphology and properties. The regulatory mechanisms to define the subtype of neurons have yet to be 

determined. To uncover the enigma, a comprehensive profiling of individual molecules from RNA expression to 

protein synthesis and degradation (proteostasis) during human neural differentiation must be conducted. 

In this study, we employ a precise and sensitive multi-omics approach to profile the transcription, translation, and 

proteolysis of neurons derived from human induced pluripotent stem cells (iPSCs) at each stage of differentiation. The 

process of neural differentiation involves a mixture of various cell types, including stem cells, progenitor cells, 

differentiated neurons, and glial cells. To distinguish each cell type that appears during brain development, we have 

established NGN2-TagRFP (expression in neurogenic progenitor cells)/TUBB3-EGFP (post-mitotic neurons) dual-

fluorescent reporter human iPSCs that can monitor the differentiation status of neural cells in living cells (Park et al., 

2022). Based on the combination of fluorescent signals, human neural cells can be sorted. Subsequently, multi-omics 

analysis (RNA-seq/ribo-seq/proteomics) has been conducted to elucidate novel regulatory mechanisms of human 

neural differentiation. 

 

Research progress in 2024 (1st year) 

In 2024, we sorted each cell type by the combination of fluorescent signals and performed multi-omics to discover 

molecules that show characteristic profiles during human neural differentiation. Neural differentiation from the dual-

reporter hiPSCs was performed in three different neural differentiation (ND) stages (ND19, 33, and 47). Then, the 

cell types of newborn neurons (RFP+/EGFP+) and mature neurons (RFP-/EGFP+) were sorted using flow cytometry 

(FACS). Subsequently, analysis of RNA-seq/Ribo-seq and proteomics were performed in Iwasaki Lab (RIKEN, 

Wako) and Adachi Lab (National Cancer Center, Tokyo), respectively. Notably, sequencing and mass spectrometry 

have been successfully conducted on all samples, allowing us to proceed with the comprehensive profiling of human 

neural differentiation. Currently, Gyeong-un Jang in my lab in KBRI (Daegu, Korea) is conducting bioinformatics to 

elucidate key molecules and pathways involved in human neural differentiation. Further analysis in 2025 is expected 

to reveal molecules that are characteristically activated in translation efficiency or regulated at the protein level. 

Subsequently, we will perform functional analysis during human neural differentiation by manipulating candidate 

genes using genome editing. 


