
http://crossmark.crossref.org/dialog/?doi=10.1186/s13287-021-02425-3&domain=pdf
http://orcid.org/0000-0001-8364-1898
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:zhangping332@bjmu.edu.cn
mailto:liuyunsong@hsc.pku.edu.cn




















https://doi.org/10.1186/s13287-021-02425-3
https://doi.org/10.1186/s13287-021-02425-3


https://doi.org/10.1016/j.bioactmat.2017.05.007
https://doi.org/10.1016/j.bioactmat.2017.05.007
https://doi.org/10.1088/1748-6041/1/2/003
https://doi.org/10.1186/scrt10
https://doi.org/10.1126/science.284.5411.143
https://doi.org/10.1007/s00018-008-8429-z
https://doi.org/10.1007/s00018-008-8429-z
https://doi.org/10.1042/bj3510067
https://doi.org/10.1074/jbc.M809465200
https://doi.org/10.1016/j.cbi.2010.12.012
https://doi.org/10.1016/j.jsbmb.2011.12.011
https://doi.org/10.1016/j.jsbmb.2011.12.002
https://doi.org/10.1111/j.1749-6632.2009.03700.x
https://doi.org/10.1111/j.1749-6632.2009.03700.x
https://doi.org/10.7150/thno.21463
https://doi.org/10.1186/s13046-019-1256-2
https://doi.org/10.1002/ijc.31954
https://doi.org/10.1158/0008-5472.CAN-04-1608
https://doi.org/10.1158/0008-5472.CAN-04-1608
https://doi.org/10.1016/j.jsbmb.2014.09.001
https://doi.org/10.1016/j.jsbmb.2014.09.001
https://doi.org/10.1093/humupd/dmz005


https://doi.org/10.1016/j.bcp.2020.113976
https://doi.org/10.1016/j.bcp.2020.113976
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2017017156
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2017017156
https://doi.org/10.1007/s10549-014-3211-4
https://doi.org/10.1007/s10549-014-3211-4
https://doi.org/10.1016/j.bone.2016.03.016
https://doi.org/10.1002/jbmr.3186
https://doi.org/10.1002/jbmr.3186
https://doi.org/10.1371/journal.pone.0139490
https://doi.org/10.1371/journal.pone.0139490
https://doi.org/10.1371/journal.pone.0011410
https://doi.org/10.1046/j.1365-2443.2000.00310.x
https://doi.org/10.1046/j.1365-2443.2000.00310.x
https://doi.org/10.1186/s13287-019-1321-y
https://doi.org/10.1038/382448a0
https://doi.org/10.1002/jbmr.1805
https://doi.org/10.1016/0169-6009(91)90124-I
https://doi.org/10.1111/bjh.16253
https://doi.org/10.1111/bjh.16253
https://doi.org/10.1016/S0165-0173(01)00139-4
https://doi.org/10.1016/S0165-0173(01)00139-4
https://doi.org/10.1210/en.2007-1592

	�A�b�s�t�r�a�c�t
	�B�a�c�k�g�r�o�u�n�d
	�M�e�t�h�o�d�s
	�R�e�s�u�l�t�s
	�C�o�n�c�l�u�s�i�o�n�s

	�B�a�c�k�g�r�o�u�n�d
	�M�e�t�h�o�d�s
	�C�u�l�t�u�r�e�,� �o�s�t�e�o�g�e�n�i�c� �i�n�d�u�c�t�i�o�n�,� �a�n�d� �a�d�i�p�o�g�e�n�i�c� �i�n�d�u�c�t�i�o�n� �o�f� �h�A�S�C�s
	�L�e�n�t�i�v�i�r�a�l� �t�r�a�n�s�f�e�c�t�i�o�n
	�R�N�A� �i�n�t�e�r�f�e�r�e�n�c�e� �a�n�d� �p�l�a�s�m�i�d� �t�r�a�n�s�f�e�c�t�i�o�n
	�C�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �a�s�s�a�y
	�A�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e� �s�t�a�i�n�i�n�g
	�Q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �A�L�P� �a�c�t�i�v�i�t�y
	�A�l�i�z�a�r�i�n� �r�e�d� �S� �s�t�a�i�n�i�n�g� �a�n�d� �q�u�a�n�t�i�f�i�c�a�t�i�o�n
	�O�i�l� �r�e�d� �O� �s�t�a�i�n�i�n�g
	�Q�u�a�n�t�i�t�a�t�i�v�e� �r�e�a�l�-�t�i�m�e� �r�e�v�e�r�s�e� �t�r�a�n�s�c�r�i�p�t�i�o�n� �P�C�R
	�W�e�s�t�e�r�n� �b�l�o�t
	�O�v�a�r�i�e�c�t�o�m�y� �a�n�d� �s�h�a�m� �o�p�e�r�a�t�i�o�n�s
	�M�i�c�r�o�-�c�o�m�p�u�t�e�d� �t�o�m�o�g�r�a�p�h�y� �a�n�d� �b�o�n�e� �m�o�r�p�h�o�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� �o�f� �m�i�c�e
	�H�e�t�e�r�o�t�y�p�i�c� �b�o�n�e� �a�n�d� �a�d�i�p�o�s�e� �t�i�s�s�u�e� �f�o�r�m�a�t�i�o�n� �a�s�s�a�y� �i�n��v�i�v�o
	�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s

	�R�e�s�u�l�t�s
	�A�K�R�1�C�1� �w�a�s� �r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �l�i�n�e�a�g�e� �c�o�m�m�i�t�m�e�n�t� �o�f� �M�S�C�s
	�A�K�R�1�C�1� �r�e�g�u�l�a�t�e�d� �o�s�t�e�o�g�e�n�i�c� �a�n�d� �a�d�i�p�o�g�e�n�i�c� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �h�A�S�C�s� �i�n��v�i�t�r�o� �v�i�a� �i�t�s� �e�n�z�y�m�e� �a�c�t�i�v�i�t�y
	�A�K�R�1�C�1� �m�o�d�u�l�a�t�e�d� �t�h�e� �o�s�t�e�o�g�e�n�i�c� �a�n�d� �a�d�i�p�o�g�e�n�i�c� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �h�A�S�C�s� �i�n��v�i�v�o
	�K�n�o�c�k�d�o�w�n� �o�f� �A�K�R�1�C�1� �p�r�o�m�o�t�e�d� �t�h�e� �o�s�t�e�o�g�e�n�i�c� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �h�A�S�C�s� �i�n��v�i�t�r�o� �t�h�r�o�u�g�h� �t�a�r�g�e�t�i�n�g� �P�G�R

	�D�i�s�c�u�s�s�i�o�n
	�C�o�n�c�l�u�s�i�o�n
	�A�b�b�r�e�v�i�a�t�i�o�n�s
	�S�u�p�p�l�e�m�e�n�t�a�r�y� �I�n�f�o�r�m�a�t�i�o�n
	�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s
	�A�u�t�h�o�r�s ˇ� �c�o�n�t�r�i�b�u�t�i�o�n�s
	�F�u�n�d�i�n�g
	�A�v�a�i�l�a�b�i�l�i�t�y� �o�f� �d�a�t�a� �a�n�d� �m�a�t�e�r�i�a�l�s
	�D�e�c�l�a�r�a�t�i�o�n�s
	�E�t�h�i�c�s� �a�p�p�r�o�v�a�l� �a�n�d� �c�o�n�s�e�n�t� �t�o� �p�a�r�t�i�c�i�p�a�t�e
	�C�o�n�s�e�n�t� �f�o�r� �p�u�b�l�i�c�a�t�i�o�n
	�C�o�m�p�e�t�i�n�g� �i�n�t�e�r�e�s�t�s
	�R�e�f�e�r�e�n�c�e�s
	�P�u�b�l�i�s�h�e�r ˇ�s� �N�o�t�e

