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Title 

Substrate and nucleus connections to actin filament mediate embryonic stem cell 

differentiation

(アクチンフィラメントと基盤および核膜の連結が胚性幹細胞の分化を調節する)

Abstract of Thesis  

Embryonic stem cells (ESCs) are pluripotent cells with the capabilities to self-renew and 

differentiate into any cell type in the body, and these remarkable abilities promise 

wide-ranging therapeutic applications. Mechanism of pluripotency of the stem cells has been 

investigated by the regulation of the three core transcription factors, Oct4, Nanog and Sox2. 

Here, I have instead investigated the mechanism of the pluripotency maintenance of ESCs 

from the view of mechano-sensing. In this study, I found that mouse ESCs spontaneous 

differentiation can be attenuated using polyacrylamide gels as soft substrates: ESCs on soft 

substrates continued to form round and compact colonies, with high alkaline phosphatase 

(AP) activity, a marker for pluripotency activity, and with high expression levels of Oct4, 

Nanog and Sox2, even in the absence of leukaemia inhibitory factor (LIF), which maintains 

the stable expression of these factors. In these cells, both talin and alpha catenin structures 

were absent and actin filaments (F-actin) were disrupted, indicating that the transmission of 

mechanical forces from the substrates trigger downstream signaling cascades that lead to a 

force-dependent change in the expression of the pluripotent genes. Moreover, disrupting 

Nesprin-mediated connection between F-actin and the nucleus through overexpression of the 

dominant negative KASH (Klarsicht/ANC-1/Syne-1 homology) domain of Nesprin 1 and 

Nesprin 2 showed high expression of Oct4, Nanog and Sox2 levels even in the absence of LIF 

at day 4 of culture. In conclusion, pluripotency of ESCs can be sustained through 

mechano-stress mediated by Nesprin, a protein linking F-actin and nuclear membrane, and is 

controllable by external mechanical perturbation such as elasticity of the substrate.




