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ĪģǀƵŶ��

��ƝŶƷ�ƹ�ƶƴǀƯŻ���ƩƺƬſ�ƵŻƹźƯř����ŶǀƯř�ƾưǀƄƳřżƯ�ƽŵŚǀƴŝ�ƽŚƷ��ƵŻŚţ�ƽŚƷ�����ƽŹŚưǀŝ�ƱŚƯŹŵ�ƽřźŝ�řŹ�ƽř��ƞƬŤŴƯ�ƽŚƷ�ŝ�ƶ���ƵŵŹƹō�ŵƺºūƹ��Ţºſř����������Ʋºƿř�Ʈºĩ�ŵřŶºƘţ�ŚºƯř
ƩƺƬſ�ŚƷ�Ʊō�źǀŨĪţ��Ƶŵźĩ�źƿŸěŚƳ�śŚƴŤūř�řŹ�ŚƷ Ţſř��ƾƯ�źƔƳ�ƶŝ�ƩƺƬſ�Ʋƿř�ŢǀƠǀĩ�ƱŶŝ�ũŹŚų�ƎǀŰƯ�Źŵ�źǀŨĪţ�ŶſŹ�����Źřźºƣ�źǀŧŚºţ�ŢºŰţ�ŶƳƺǀě�ƽřźŝ�řŹ�ŚƷ
ƾƯ�ŶƷŵ��ƁƹŹ�ƾƯŚưţ�Źŵ�Żř�ƽŻŚſ�řŶū�ƽŚƷƾƫŚĮģ�Ŝǀƃ�ŝ�ƪĪƿŚƟ�ƶ�ƵŶƴƷŵ�ƂƷŚĩ�ƱřƺƴƗ�ƽƶƳƺưƳ�ƮŬů��ƽ�ƹ�ƶǀƫƹř�ƝŸů �ƵŶƴƴƧRBCƾƯ�ƵŵŚƠŤſř��ŵƺƃ��

�ƶƘƫŚƐƯ�Ʋƿř�ŹŵƾƫŚĮģ�Ŝǀƃ�ƵŵŻŚŝŢƟźĭ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�ƪĪƿŚƟ����
ƾſŹźŝ�ƁƹŹ� ƶƳƺưƳ����źŤƳŚºſ�Żř�žºě�ƹ�Ŷºƃ�Ƶŵźŝ�ƪĪƿŚƟ�ƽƹŹ�źŝ�ƾƳŚƀƳř�ƱřƺŴŤſř�żƜƯ�ƽŚƷƿ�ĥƺƠ��ƩƺƬºſ���ƶºƿǇ�ƽŚºƷ�ƽ��ƶŤƀºƷ�Ĩºţ����ƹ�ƪºĪƿŚƟ�ƽƹŹ�ƽř� �

ƶƿǇ�ƽ RBC Ŷƃ�Ƶŵřŵ�ŢƄĩ�ƪĪƿŚƟ�źƿŻ���žĜſƩƺƬſ�šŚǀƇƺƈų�ƹ�ŵřŶƘţ�Ŷƿŵźĭ�ƶƀƿŚƤƯ�źĮƿŶĪƿ�Śŝ�ƶƿǇ�ƹŵ�Żř�ƵŶƃřŶū�ƾưǀƄƳřżƯ�ƽŵŚǀƴŝ�ƽŚƷ����
ƶŤƟŚƿ�ŚƷ�������ƶƿǇ�ƶƧ�ŵřŵ�ƱŚƄƳ�ŢƄĩ�ŪƿŚŤƳ���ƽ�RBC����ƩƺƬſ�ƽƹŚů�ƪĪƿŚƟ�źƿŻ�����ƩƺƬſ�šŚƈŴƄƯ�Śŝ�ƽŚƷ��ŝ�ƾưǀƄƳřżƯ�ƽŵŚǀƴŝ�ƽŚƷƺŵŶƳ��ƩƺƬſ�Ʋƿř����ƾºĩƹŵ�ŚºƷ

Ƶŵƺŝ�ƪĪƃ�ǇŚŝ�źǀŨĪţ�šŹŶƣ�Żř��ŝ�ŹřŵŹƺųźŝƺŵŶƳ��ƷƮ�ƵŵŹ�ƶŝ�ƽżƿŚưţ�ƪǀƀƳŚŤě�ƽřŹřŵ�Ʋǀƴģ�ƽƹ�ƾŝźģ��ƾƯ�ƱřƺŴŤſř�ŶƴƃŚŝ���ƱŚƄƳ�ĨƿźŤƯƹŹƺƬƟƺŤǀſ�żǀƫŚƳō
ƩƺƬſ�Ʋƿř�ƶĩ�ŵřŵ�źĩŹŚƯ�ƽřźŝ�ŚƷ��ƾŰƐſ�ƾƿŚƷCD73,CD90,CD105źĩŹŚƯ�ƽřźŝ�ƹ�ŢŞŨƯ���ƾƿŚƷCD45,CD34,CD31�ƾƠƴƯ�ŶƳŵƺŝ��ƮƷ�Ʋǀƴģ 

ƩƺƬſ�Ʋƿř�ŚƷ�çç�têíř�ŶƇŹŵ�ƪĩ�Ż�ƩƺƬſ�ưǀƄƳřżƯ�ƽŵŚǀƴŝ�ƽŚƷƾ�řŹ�ƶƳƺưƳ�Ĩƿ�ƾƯ�ƪǀĪƄţ�ŵřŵŶƳ���
ƶŬǀŤƳ�ƽźǀĭ��ƁƹŹ�����ƵŵŻŚŝ�Żř�ƾƫŚĮģ�Ŝǀƃ������ƩƺƬſ�ƽŻŚſ�řŶū�ƽřźŝ�ƭŻǇ������ƵŵƺŞƳ�ŹřŵŹƺųźŝ�ƾưǀƄƳřżƯ�ƽŵŚǀƴŝ�ƽŚƷ����ƩƺƬºſ�ƪºĩ�Żř�ƾưǀƳ�Żř�Ƃǀŝ�����Ʋǀºů�ŚºƷ

�ƶƏƺƛ�ƪĪƿŚƟ�źƿŻ�ƶŝ�ĥƺƠƿźŤƳŚſ�ƹ�ƵŶƃ�Źƹ�ƾƯ�ƝŸů�ŶƳƺƃ��Żř�ƽźŤƄǀŝ�źƿŵŚƤƯ�ƽŻŚſřŶū�ƽřźŝ�ƲƿżĮƿŚū�ƾƃƹŹ�ƶŬǀŤƳ�ŹŵƩƺƬſ�Ʋƿř��ƶƳƺưƳ�Żř�ŚƷ�ƽ��żºƜƯ�
ƾƯ�ŻŚǀƳ�ŵŹƺƯ�ƱřƺŴŤſř�ŶƃŚŝ���

ƽŶǀƬĩ�ƱŚĭĥřƹ��ƩƺƬſ�ƩƺƬſ�ƽŻŚſ�řŶū��ƾưǀƄƳřżƯ�ƽŵŚǀƴŝ�ƽŚƷƾƫŚĮģ�Ŝǀƃ����
��

ƶƯŶƤƯ��
������ƩƺƬſ�ƵŻƹźƯř�ŚƷƽ�ƴŝ�ǀŵŚƽ�ƄƳřżƯ�ǀưƾ�(MSC)��ƶºŝ���ƶƐºſřƹ��ƽ�

ŨĪţ�šŹŶººƣººǀƹ�ź�Śººưţƿƹ�ǇŚººŝ�ż�ººƴĤưƷǀŻŚººſřŶū�Ʋƽ�ƵŵŚººſ��� �
ŶƳŚĩƿůźƐƯ�ŶƾĪƃżě�Źŵ�ƾźţ�Ưǀưƾƹ� ſŶƴƸƯƾ���ŹŚưºƃ�ƶºŝ�ŢƟŚŝ�� �
� �
� �
� �
� �

� �
Ưƾ�ōƿŶƴ��çƹæ����ƳřƹřźƟ�ŚƯř�ƾ��ř�Ʈĩ�ƿ�ƩƺƬſ�Ʋ���ĭŹżŝ�ƖƳŚƯ�ŚƷƾ����źºſ�źŝ�

ř�Żř�ƵŵŚƠŤſř�ƵřŹƿƩƺƬſ�Ʋ����ƵŶºƃ�śƺƀºŰƯ�ŚºƷƹ� ���ƵŵŚƠŤºſř�ƱŚºĪƯř
ƤŤƀƯǀ��ř�Żř�Ʈƿ��ƩƺƬºſ�Ʋ����ƛ�řŹ�ŚºƷ�ºǀ������Ƶŵźºĩ�ƲºĪưƯ�ź���Ţºſř�éƹè�.�� �
� �
� �
� �
��

æ�ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ��ƽĥƺƫƺţŚưƷ�ƽřźŤĩŵ�ƽƺŬƄƳřŵ���
ç��Ţǀŝźţ�ƵŚĮƄƳřŵ�ŹŚƿŵŚŤſř��ƽĥƺƫƺţŚưƷ�ƽřźŤĩŵ�ŽŹŶƯ 
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�ƾĮǀŝŶưůř�źƇŚƳƱřŹŚƨưƷ�ƹ� 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÎÖƵŹŚưƃ����ƽÔÔŻ��ƱŚŤƀƯ�ÖÍ 



��ř�Ŷƴģ�źƷƿƲ�ƩƺƬſ���ŨĪţ�šŹŶƣ�ŚƷ�ºǀ��ǇŚºŝ�źƾƿ��ƶŤºƃřŵ��ƹ�����šŶºƯ�Źŵ�
ƷŚţƺĩƾ�Ŷƴģ�ƿ����ƫƹ�Ŷƃ�ŶƴƷřƺų�źŝřźŝ�Ʋƾ�ŨĪţ�ǀ�Ʊō�ź�����Żř�ũŹŚų�Źŵ�ŚƷ

ººƳǀŞƏ�ĢǀººƘƾƹ��ŚƌººƟ�ŹŵƽŶººƘŝ�ƹŵ�ƽƜţ�ƶººŝ�źººŬƴƯ�ŢƄººĩ�ǀººǀ�ź
ƇƺƈººųǀƱō�šŚ��ŚººƷ�ƶººƬưū�ŻřƜţººǀǀźĩŹŚººƯ�ź�ŚººƷƽŰƐººſ�ƾ��
Ƈƺƈųǀ�Śưţ�šŚƿżƽ���ƹ���šǇǈŤųř�ƯŻƺºƯźĩƾ��ƾºƯ���ŵŵźºĭ��ëƹê�.�
ƩƹřŶŤƯ�źţƿ��Ʋ�řŶū�ƁƹŹ������ƩƺƬºſ�Ʋºƿř�ƽŻŚºſ�����ŚºƷ��ƤŤƀºƯ�ƁƹŹǀ�Ʈ

������ř�ƩŚƈţř�šŹŶƣ�ŽŚſř�źŝ�ƶĩ�Ţſřƿ����Ťſǈě�ŮƐſ�ƶŝ�ƩƺƬſ�ƲǀĪƾ�
ŢƄĩ�ĨſǈƟ�ºſř�ƵŶƃ�ƾůřźƏ�Ţ �ì��ƁƹŹ���ŚºƷƽŵ�ƿ�źºĮƽ�Żř�

ƹ�ŢººŞŨƯ�śŚººŴŤƳř�ƶººƬưū�ººƠƴƯƾººƟźƘƯ�ƮººƷ�ƾƵŶººƃ���Żř�ƶººĩ�ŶººƳř
źĩŹŚººƯ�ŚººƷƾƿŰƐººſ�ƾ�ƽřźººŝ�ŻŚººſřŶūƽƩƺƬººſ��ŚººƷƽƴŝ�ººǀŵŚƽ�
ƄƳřżƯǀưƾ�ƵŵŚƠŤſř��Ư�ƾ�Ŷƴƴĩ��îƹí�����������Ʋºƿř�ƾƯŚºưţ�ƥźŤƄºƯ�ƶºūƹ�
ƁƹŹ������Żř�ƵŵŚƠŤºſř�ŚƷ�ºƃǀ��ƫŚºĮģ�Ŝƾ�ŚƟ�ƿ���ºŝ��ƪºĪƶ�����ƂƷŚºĩ�ƱřƺºƴƗ
ŶƴƷŵƵ��ƽ���ƹ�ƶƳƺưƳ�ƮŬů��ƝŸů�ƵŶƴƴƧ���ƽ�RBC�ƾƯ��ŶƃŚŝ����ƪºƨƿŚƟ
Ƭěǀźưƽ�Ŷƴƣ�ƽ�Ţſř�����ƽřŹřŵ�ƶƧ�ƫŚĮģƾ�ååì�æ�ƾƯ��ŶƃŚŝ�����žºě�Żř

���ƹŹ�źŝ�ƶƳƺưƳ�ƩŚƤŤƳřƽ�ŚƟ�ƿ�ƹ�ƪĪ�źŤƳŚſ�ƿƠǀĥƺ��RBC�ƹ��ƩƺƬſ��ŚºƷƽ�
�ƶŤƀƷ�Ŷƴģ�řƽ��ƫŵ�ƶŝ�ǀ��ƫŚĮģ�ƲŤƃřŵ�ƪƾ����ŚƟ�ƶŝ�ŢŞƀƳ�źţǇŚŝ�ƿ���ƶºŝ��ƪĪ

Żƿ�ŚƟ�źƿ�ƶƏƺƛ�ƪĪ���ƹ�ƵŶƃ�Źƹ��ƩƺƬºſ��ŚºƷƽ����ƶŤƀºƷ�Ĩºţ��řƽ����ŶºƴƳŚƯ
ſƺƴƯǀ�ſƺƠƴƫƹ�ŢǀŢŚƟ�ŮƐſ�Źŵ�ƿƣŚŝ�ƪĪƾ�ŶƳŚƯ�ŶƴƷřƺų��ř��ƵŵŚƠŤºſ
��Żřƃǀ�ƫŚĮģ�Ŝƾ�ŚƟ�ƿ�řźºŝ�ƪĪƽ�řŶºū���ŻŚºſƽ�ƩƺƬºſ���ŚºƷƽƴŝ��ºǀŵŚƽ�

ƄƳřżƯǀưƾ��ř�źŝ�ƿ�����ř�ƶºĩ�Ţºſř�ŹřƺŤºſř�Źƺƈºţ�Ʋ�ºƿ�ƩƺƬºſ�Ʋ���Źŵ�ŚºƷ
ƶƳƺưƳ��ƽ���ŝ�ƱřƺŴŤſř�żƜƯ�ƶ��Ĩţ�šŹƺƇ�ƶŤƀƷ�řƽ�ƹ���ºſǀƪĮƴ��ŵƺºūƹ�
ŶƳŹřŵ���ŝ�Śţƶ��Ʒ�ƩŚůǀ�ƶƘƫŚƐƯ�Ģ�řƽ�ŝ�ƶ���ƪƤŤƀºƯ�šŹƺƇ��ƵŵŻŚºŝ��ºƃǀ�Ŝ
ƫŚĮģƾ�ŚƟ�ƿ��řźŝ�řŹ�ƪĪƽ�ŻŚſřŶū�ƽ�ř�ƿ�ƩƺƬſ�Ʋ���ŚƷſŹźŝƾ�ƵŵźĪƳ��ƹ��

�ƵŵřŶƳ�ƱŚƄƳ���Ţſř�ř�ƶĩƿ�����������ƪºĩ�Żř�ŶºƇŹŵ�Ŷºƴģ�Ţſř�ŹŵŚƣ�ƁƹŹ�Ʋ
ƩƺƬſ�ŚƷƽ�ƴŝ�ǀŵŚƽ��ƄºƳřżƯ�ǀưƾ���ŻŚºſřŶū�řŹƽ��Ŷºƴĩ���ō�ºƿ��ºƳřƹřźƟ�Śƾ�

MSC�ŝƶ��ţřŷ�šŹƺƇƾ�����ƹ�Ţſř�Ʈĩ�ƿ�ƁƹŹ�Ś��ŚºƷƽ�����ŹŵŚºƣ�ƭƺºſźƯ�
���ƩŚƈŰŤſř�ƶŝƯŚưţƾ�Ʊō��ŚƷ��ƶƳƺưƳ�Żř���ƽ��ſř�żƜƯ��Ƴ�ƱřƺŴŤǀŶƴŤƀ����ƶºŝ�

���ř�ƶŝ�ŲſŚě�ŹƺƔƴƯ�ºƿ��ºſ�ƲřƺšǇ������ƶºƘƫŚƐƯ�Ʋºƿř�Źŵ����Ǉ�řŶºŤŝř��ºƿƶ��ƽ�
ƩƺƬſ�ŚƷƽ�Ż�ƿ�ŚƟ�źƿƪĪ���ŻŚºſ�řŶū�ƽ��Ŷºƃ������žĜºſ�RBC���Ʊōƫ�ºǀ�ż
��ƵŶºƃ��ƹ�Ŷºƃ�Ƶŵřŵ�ŢƄººĩ��ƩƺƬºſ�ŵƺººūƹ�źººƔƳ�Żř�ŚººƷƽƴŝ�ººǀŵŚƽ�
ƄƳřżƯǀưƾ��ŻŹř�ŵŹƺƯƿŝŚƾ��ŢƟźĭ�Źřźƣ����ƶƬůźƯ�Źŵ��ƽ�����ŶºƘŝ��ŵřŶºƘţ�

řƿ��ƲƩƺƬſ�ŚƷ�Źŵ��Ǉ��ºƿƶ��ƽ����ƶŤƀºƷ�Ĩºţ��řƽ�ƹŹ�ƽ�ŚƟ�ƿ���ƪºĪƹ�Ǉ�ºƿƶ��ƽ�
RBC��ƪƨƿŚƟ�źƿŻ�ŚŝƿŶĪƿŚƤƯ�źĮƿŶƃ�ƶƀ����

��
�ƁƹŹƾſŹźŝ��
�����Ƹţººǀƶ�ƽ�Ƭěººǀ�ŢRBC��ř�Źŵººƿ�Żř�ƶººƘƫŚƐƯ�ƲƶººƳƺưƳ�ƽ�żººƜƯ�

ƱřƺŴŤſř�æå ŜƬƏƹřŵ�ƪºſ���ºěřźţƾ��ŝ�ƶºŝ�ƶºĩ�ǀ��źºƃ�ƱŚŤºſŹŚưƿŤƘƾ�
Ŷººƃ�ƵŵŚƠŤººſř��ŶººƳŵƺŝ�Ƶŵźººĩ�ƶººƘūřźƯ����ƶººƳƺưƳ�ƲŤƟźººĭ�Żř�ƪººŞƣ� �

ƯŚººưţ�Żřƾ�ŚººƋŹ�ƱŚººŞƬƏƹřŵ�ƿ��Ŷººƃ�ƶººŤƟźĭ�ƶººƯŚƳ�Ţ��ŝ�Żř�ŶººƘ� �
ƣŹǀ����ƶºƳƺưƳ�Ʊŵźºĩ�Ƣ��ƽ�������������Żř�ŵƺºų�ƮºŬů�ƮºƷ�Śºŝ�ƱřƺŴŤºſř�żºƜƯ�� �

PBS (GIBCO-BRL, Grand Island, NY, USA)�ƹ���ƩŚºƤŤƳř
æå�Ư�ǀƬƾ�ƫǀ��ř�Żř�źŤƿ���ƹŹ�źŝ�ƶƳƺưƳ�Ʋƽ�è�Ư�ǀƬƾ�ƫǀ���ŚƟ�Żř�źºŤƿ�ƪºĪ��ƱƹŹŵ�

�ƶƫƺƫæê�ƲĪƫŚºƟ��(Sigma Aldrich, St Louis, MO, USA)�
ƹ��ƟźŤƳŚºſǀ�ĥƺōŹƹŵ�Źŵ�ƱRPM �� 2000���šŶºƯ�ƶºŝçåƣŵ�ǀ�ºƤ��ƶ
Ǉƿƶ��ƽ��ƶŤƀƷ�Ĩţ��řƽ�ƹŹ�ƽ�ŚƟ�ƿƪĪ�ƹ��Ƭěǀ��ŢRBC�ƣŚŝƾ��Ż�ƵŶƳŚƯ�ƿ�ź
ŚƟƿ��ƪĪ��ƶŤƃřŵźŝƹ��ƶƫƺƫ�ƪųřŵ��ŚƷ�ƽ��ƶƳŚĭ�řŶū��Ź�ƿ�Ŷƃ�ƶŤŴ���žĜºſƹ�
řźŝƽ�řŶū��ŻŚſƽ�ƩƺƬſ�ŚƷƽ�ƴŝ�ǀŵŚƽ�ƄƳřżƯ�ǀưƾ������Źřźºƣ�ŢƄĩ�ŵŹƺƯ

ŤƟźĭŶƴ���
��ŢƄĩ�ƩƺƬºſ��ŚºƷƽ�ƴŝ��ºǀŵŚƽ��ƄºƳřżƯ�ǀưƾ��Ƭě�ºǀ��ŢRBC��ŢºſŶŝ�� �

��Ż�Żř�ƵŶƯō�ºƿ�ŚƟ�źƿ�ƪºĪ������ŢŞƀºƳ�ƶºŝ��ºƿ��ƶºŝ�Ĩ��ŢƄºƷ�����Śºŝ��ºŝ�ƫ�źƟŚ�ºǀż� �
RBC�(Sigma-Aldrich)�Ŷººƃ�ƍƺººƬŴƯ���Żř�ŶººƘŝæêƣŵ�ǀƶººƤ�

ĥƺǀƟźŤƳŚſ��Ƭě�ǀ�ƫƺƬſ�Ţƾ��ƣŚºŝ�ƾ�����Źŵ�ƵŶºƳŚƯ�æç�Ư�ǀ�ºƬƾ�ƫǀ���ºŰƯ�źºŤǀ�Ǝ
ººſ�ƪººƯŚĩ�ŢƄººĩǀ�ƪĮƴƹ�ƶººŝ�ººƿ�ĨººſǈƟ�ĨìêTººƤŤƴƯ�Ŷººƃ�ƪ��

ƩƺƬſ�ŚƷƽ��ƶŤƀƷ�Ĩţ��řƽ�ƹŹ�ƽ�ŚƟ�ƿ�������ŵ�ĨºſǈƟ�ƶºŝ�ƮºƷ�ƩƺĪƿ��źºĮ
Ŷƃ�ƪƤŤƴƯ��žĜſ��ĨſǈƟ�ƹŵ�źƷřźƃ�Źŵƿ�Ǝ CO2ê �ŶºƇŹŵƹ��

ŚƯźĭƾƿ�èì�ƶūŹŵ����ƾŤƳŚſ�ƽ��ŵřźĭ��Ŷƃ�Ƶŵřŵ�Źřźƣ�ŶƳ���ºŰƯǀ��ŢƄºĩ�Ǝ� �
ŚěƿƶŰƯ�ƪƯŚƃ�ǀƎDMEM ��Śŝ�ƶĩ�Ţſřæå��ƹŚºĭ�ƭźºſ�ŶƇŹŵ�ƽ�

(FBS)�ƛ�ƴƾ��Ţſř�ƵŶƃ���������ƴƬĩ�ƶĩ�ŻƹŹ�Ŷƴģ�ŢƃŸĭ�Żř�ŶƘŝƾ�ŚƷƽ�
ƫƺƬººſƾ�Ŷººƃ�ƵŶƷŚƄººƯ�Śººŝ�źţ�Żř�ƵŵŚƠŤººſřƿƀººĜǀƲ�åê�å�ŶººƇŹŵ 

���Żř�ƶſ�źƷ�GIBCO-BRL��ƴƬĩƾ�ŚƷƽ�ƫƺƬſ�ƾ���ƹ�ƵŶƃ�řŶū����ƶºŝ
�Ŷū�ĨſǈƟƿ�ƪƤŤƴƯ�Ŷ�ŶƃŶƳ�ƹ�����ŢºƃŸĭ�Żř�ŶƘŝ�æå��ƷŚƯ�ŻƹŹ��ºǀ�Ţ

ƩƺƬſ�ŚƷƽ�ŨĪţ�ǀź����ŝ�źƔƳ�Żř�ƵŶƃǀ�źĩŹŚƯ�ƱŚ�ŚƷƽ�ŰƐſ�ƾ�ƹ����šŹŶºƣ
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

ŚººưţƿººſŹźŝ�ŵŹƺººƯ�żƾººŤƟźĭ�Źřźººƣ�ƶ��ƩƺƬººſ�ŵřŶººƘţ�ººŝƶ�Ţººſŵ� �
Żř�ƵŶººƯōƹŹ���ƹŻººƿŚƟ�źƿººŝ�ƪººĪƶ�řŶººū�šŹƺººƇ��ƁŹŚưººƃ�ƶººƳŚĭ� �
ƹ�ƵŶººƃ�ƶººŝ���ƪººĩ�Żř�ƽŶººƇŹŵ�ƱřƺººƴƗMSC�Ŷººƃ�ƁŹřżººĭ��� �
ſƺƬƟǀźŤƯƺŤƽ��ŶƘŝ�Żř��źţ�ƿƀĜǀ���Ɵ�Ʊŵźºĩ�ƶƴ��ƹ�Ĩºſǈ����ŻŚºſ�řŶºūƽ�
ƩƺƬſ������ƁŹŚưƃ��ƞĩ�Żř�ŚƷōƱ���Ŷƃ�ƭŚŬƳř�ŚƷ��žĜſ��ƀƳŚĜſƺſ�ǀƳƺƾ�
�ř�Żřƿ�ƩƺƬſ�Ʋ����Źŵ�ŚƷō�ƯƺºŞƫǀ����ƹŚºĭ�ƭźºſ�Ʋƽ�è��ŶºƇŹŵ��Ƹţ��ºǀ���Ŷºƃ�ƶ
ŝƶ�ţŹƺƇƾ����ŚƸƳ�ƩƺƬſ�ŵřŶƘţ�ƶĩ�ƾƿ�Ʊō�æåååååřŻř�ƶŝ�ƩƺƬſ�ƽźƷ��

æååƫƹźĩŚººƯ�ǀźŤ�ŶººƃŚŝ���žĜººſººƿĨ��ƫƹźĩŚººƯ�ŶººƇǀř�Żř�źŤººƿ�Ʋ
ƀƳŚĜſƺſǀ��Ŷƴģ�ƱƹŹŵ�Ʊƺƿ��Ź�ƶƫƺƫ�Ʋƿ��Ŷºƃ�ƶŤŴƵ�������Żř�ƭřŶºĩ�źºƷ�ƶºŝ�

Ʊō��ŚºƷ��ō�ºŤƳƾ��ŵŚºŝƽ��ŚºƷƽ���ƪƯŚºƃ�źºƔƳ�ŵŹƺºƯ�CD90 ,CD105, 

CD73,CD31�,CD45�CD34ƹ�ř�ƿţƹżºººǀƱō�ƩźºººŤƴĩ�Ě�ŚºººƷ�
(eBioscience, San Diego, CA, USA)�Ŷƃ�ƶƟŚƋř�ƹ��šŶƯ�ƶŝ

éê�ƣŵ�ǀ�Źŵ�ƶƤ�ƿ����Ŷºƃ�Ƶŵřŵ�Źřźƣ�ƩŚĤŴ�������Śºŝ�žĜºſ�PBS���ƺƄºŤƀƃ�
Ƶŵřŵ�ƹō�ƫŚººƳǀƺººƬƟ�ż�(Partec, Münster, Germany)�ººŬƳř�ƭŚ� �
Ŷƃ���řźºŝƽ��ºſŹźŝ�ƾ��ŚºƳřƺţƾƿ��Śºưţ�ƿ��ƩƺƬºſ�ż��ŚºƷƽ�ŨĪţ��ºǀ����ƵŶºƃ�ź� �

��ŵřŶƘţæåååå���ƩƺƬſ�ĨƷŚģ�ƶŝ�ŚƷƽ�Ƭě�ǀ��Ţé����ƪƤŤƴƯ�ƶƳŚų���ƵŶƃƹ�
���Ʊō�ƩŚƈţř�Żř�ŶƘŝ�����ƞºĩ�ƶŝ�ŚƷ��ºŰƯǀ����ƵŶºƴƴĩ�ŚºƤƫř�Ǝ��ƽ���ƹ�ƱřƺŴŤºſř��

ŝźģƾ���ƶºŝ�ō��Ŷºƃ�ƶƟŚºƋř�Ʊ����ŻƹŹ�ƶºſ�źºƷ��ºƿĨ��ƹ�ŹŚºŝ���šŶºƯ�ƶºŝ� �
çæ���ř�Śŝ�ŻƹŹ�ƿ�ŰƯ�Ʋǀ�ƺƘţ�Ǝƿ�ŰƯ�Ɗǀ�Ǝ�ƭŚŬƳřŶƃ��ƵƺºŰƳ��ƽ�ō��ƵŵŚºƯ
ŻŚſƽ�ŰƯ�ǀƎ�ŚƷƽ�Śưţ�ƿżƽ����ºƬŞƣ�ŹŚĩ�Źŵ�ƾ����ºƋƺţ�ŚºƯ�ǀ����ƵŶºƃ�Ƶŵřŵ�Ů

Ţººſř �ë���řźººŝƽººſŹźŝ�ƾŚººưţ�ƿ�ƵŹƹŵ�ŢººƃŸĭ�Żř�ŶººƘŝ�ż�ƽ� �
çæ�ƵŻƹŹ��ƽƩƺƬſ���ƭźƟřŹŚě�Śŝ�ĨſǈƟ�ƞĩ�Źŵ�ŚƷōƷŶƫǀ�ŶéŶƇŹŵ��
ƟǀƵŶƃ�žĪ����ƫō�ĬºƳŹ�Żř�žĜºſ�ºǀŹřżƿ��żºƯźƣ�Ʋ(alizarin red)�
řźŝƽ�ſŹźŝ�ƾ������ƀºƬĩ�śƺºſŹ�ŵƺºūƹ�ǀ�Śºưţ�Źŵ�Ʈƿ�ƹ�ƱřƺŴŤºſř�ż��Żř

�ĬƳŹOil Redřźŝ�ƽſŹźŝ�ƾ�ŝźģ�šřźƐƣƾ��ƫƺƬºſ�ƪºųřŵ�ƾ�Źŵ�
Śưţƿŝźģ�żƾŚƠŤſř�Ŷƃ�Ƶŵ ƹžĜſ Ư�Śŝǀ�ƵŶƷŚƄƯ�ŵŹƺƯ�ęƺĪſƹźĪ

ŢƟźĭ�Źřźƣ���
��

ƶŤƟŚƿ�ŚƷ��
�����ƵŶƷŚƄƯ��ƽ�ƴƬĩƾ�ŚƷƽ���ƫƺƬºſ�īŹżŝ�ƾ���ŢƄºĩ�Żř��Ǉ��ºƿ�Ż�ƶ�ºƿ�ź
ŚƟƿƪĪ��çé����ŢƄĩ�Żř�ŶƘŝ�ŢƗŚſ���ƩƺƬſ���ŚºƷƽ�ƛ��ºǀ�����Śºŝ�ƵŶƴŞƀºģ�ź

��ƵŶƃ�ƝŸů�ƺƄŤƃ��ŰƯ�ǀ��Ŷū�ŢƄĩ�Ǝƿ��ĨſǈƟ�ƶŝ�Ŷ����Ŷƃ�ƶƟŚƋř�ŚƷ
ƹ����ƵŶƷŚƄƯ�ŵŹƺƯƯǀěƺĪſƹźĪƾ��ŢƟźĭ�Źřźƣ�����ƪƇŚů�ĨſǈƟ�Źŵ

��Ǉ�ŢƄĩ�Żřƿƶ��ƽ�Ż�ƿ�ŚƟ�źƿƪĪ��ºƴƬĩƾ��ŚºƷƽ��ƫƺƬºſ�ƾ�����ƌºƘŝ�Źŵ�ƶºĩ�ƾ�
��ƩƺƬſ�ŵřŶƘţ�ŵŹřƺƯ�ŚƷƽ�Ʊō�����ƶŝ�ŚƷêå���Ư�ƮƷ�ŵŶƗ�ƾ�ſŹǀŶ���ƵŶƷŚƄºƯ�

Ŷƃ��ƵŶƷŚƄƯ��ƽ����ŵřŵ�ƱŚƄƳ�ĨſǈƟ�ƶƳřŻƹŹ�����ƶºĩ�ƩƺƬºſ��ŚºƷƽ�ř��ºƿ�Ʋ
ƴƬĩƾ���ŚƷ��ŨĪţ�ŢƗźſ�ƶŝǀ�ƵŶƃ�ź�����ě�ƁźŤƀĭ�ƝřźƏř�ƶŝǀ�Ư�řŶƾ�Ŷƴƴĩ��

ĥƺƫƺƟźƯƽ�řƿ�ƩƺƬſ�Ʋ���ŚƷĩƹŵƾ�Ƶŵƺŝ���ŝƶ��Ư�ŹƺƏ�ºǀƳŚĮǀ����ĥŚºſŚě�Śºţ�Ʋ� �
ë�ŨĪţ�ǀ�Ŷƃ�źŶƳ�ƹ����žě�����ƹ�ƵŶƃ�ƲƸě�Ʊō�Żř�ŨĪţǀ��źōƱ���Ŷƃ�ƞƣƺŤƯ�ŚƷ�
�ƪĪƃ�æ���ř�ƿ��ƲƩƺƬſ��ŚºƷ�ççt�êí�������ƩƺƬºſ�ƪºĩ�Żř�ŶºƇŹŵ���ŚºƷƽ�
ƴŝǀŵŚƽƄƳřżƯ�ǀưƾźƷ��ƶƳƺưƳĪƄţ�řŹ�ǀŶƳŵřŵ�ƪ���

ŚƳřƺţƾƿ�Śưţ�ƿ��żƩƺƬſ�ŚƷƽ��������ºŝźģ�ƶºŝ�ƵŶºƃ�řŶºū�ƾ�ƹ���ƱřƺŴŤºſř��� �
����ŰƯ�Ʊŵźĩ�ƶƟŚƋř�Żř�ŶƘŝǀ�Śưţ�Ǝƿ�ƱřƺŴŤſř�ż��źƤţƿ���ŚºŞ��Żř���ƮºƷŵ�ŻƹŹ

źĩƿƩŚŤƀ�ŚƷƽ�ƀƬĩǀ����Ưō�ĬºƳŹ�Śŝ�Ʈ�ºǀżƽ��ƇŚƈºŤųř�ƾ�ƫō��ºǀŹřżƿ��ŵŹ�Ʋ
��ƹ�Ŷƃ�ƵŶƷŚƄƯ��Śě�Źŵƿ�ƵŹƹŵ�ƱŚ��ƽ��Śºưţ�ƿ��ż���ŻƹŹçæ����Ƭě�ŮƐºſ�ºǀ�Ţ

�����ƃƺě�ĬƳŹ�żƯźƣ�śƺſŹ�Żř�ǈƯŚĩǀ����ĩŚů�ƶĩ�ŵƺŝ�ƵŶƃ�ƵŶƾ��Śưţ�Żř�ƿ�ż
�ř�ƪƯŚĩƿ�ƩƺƬſ�Ʋ���ƵŵŹ�ƶŝ�ŚƷ��ƽ�ŤſǈŝƺŤſř�ƾ�Ư�ƾ�ŶƃŚŝ���ŰƯ�Źŵǀ��ŚƤƫř�Ǝ

��ƵŵŹ�ƶŝ�ƵŶƴƴĩ��ƽ�ŵō�ƿſƺĜǀŤƾ�Ƴǀ�Źŵ�żƮŬƴě�ŻƹŹ�ƪŗƺĩřƹ��ŚƷƽ�ºŝźģ�ƾ�
�ƌƘŝ�Źŵƾ�ƩƺƬſ��������Ưō�ĬƳŹ�ƱƹŶŝ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�ŚƷǀżƽ���ǈƯŚĩ�ƮƷ�

���ƹ�ŵƺŝ�ƵŶƷŚƄƯ�ƪŝŚƣ��Śě�Źŵƿ�Śưţ�ƱŚƿ�źƤţ�żƿ�ƯŚưţ�ŚŞƾ�ƩƺƬſ���ŶŞţ�ŚƷƿ�ƪ
�ƵŵŹ�ƶŝ��ƽ�ŵōƿſƺĜǀŤƾ������Ưō�ĬƳŹ�Śŝ�ƶĩ�ŶƳŵƺŝ�ƵŶƃ��ºǀżƽ��ƇŚƈºŤųř�ƾ� �

Oil RedŚţ�ƿǀŶƃ�Ŷ���ƪĪƃç���ƩƺƬſ�ŚƷƽ�Żř�ƵŶºƃ�řŶū��Ǉ�ºƿƶ�ƽ�
Ĩţ��ƶŤƀºƷ�řƽ�ƹŹƽ�ŚƟ�ƿ��Ƴ�ƪºĪ�ºǀ����Śºưţ�šŹŶºƣ�żƿżƽ������řŹ�ƵŵŹ�ƹŵ�ƶºŝ�

ŶƴŤƃřŵ���
ŝǀƱŚ�ƷźĩŹŚƯ�Śƽ���ƩƺưƘƯ�ƩƺƬſ�ŚƷƽ�ƴŝ��ºǀŵŚƽ��ƄºƳřżƯ�ǀưƾ���Ǝºſƺţ

ƩƺƬſ�ŚƷƽ��ƵŶƃ�řŶū���řźŝƽ�ŗŚţ�ǀ�ƷŚƯ�Ŷǀ�ƩƺƬſ�Ţ�ŚƷƽ�����ƵŶºƃ�řŶºū�
ƬƳŚěƾ��źĩŹŚƯ�Żř��ŚƷƽ��ƠƴƯ�ƹ�ŢŞŨƯ�ƾƩƺƬſ��ŚƷƽƴŝ��ºǀŵŚƽ�ƄºƳřżƯ�ǀưƾ�

�Ŷƃ�śŚŴŤƳř.�Ƴō�ƫŚǀſƺƬƟ�żǀźŤƯƺŤƽ�ŻƹŹ�Źŵ�ƮƷŵżƳŚě���ƭŚºŬƳř�ƹ�Ŷºƃ�
ŚŤƳƿ���ƩƺƬſ�ŵřŵ�ƱŚƄƳ�Ū��řźŝ�ŚƷƽ�ŚƷźĩŹŚƯ�ƽ�ƵŵŹ���ƽ�ƄƳřżƯ�ǀưƾ�ƪƯŚƃ��

CD73 (97% ± 5), CD90 (95± 5) CD105 (92%± 6)�ŢŞŨƯ�
řźºººŝ�ƹƽźĩŹŚºººƯ��ŚºººƷƽƵŵŹ��ƽƳƺºººų�ƾƬţƹŶºººƳřƹ�ǀƫŚƾƪƯŚºººƃ�� �

 CD34 (5% ±1), CD45 (1%±1)�CD31 (3% ± 1)�ºƠƴƯ�ƾ�
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�ƾĮǀŝŶưůř�źƇŚƳƱřŹŚƨưƷ�ƹ� 
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

ŶƳŵƺŝ���ƪĪƃè�� řƿŚŤƳ�ƲƿźĩŹŚƯ�Śŝ�Ū�ŚƷƽƩƺƬſ��ŚƷƽ��ƵŶºƃ�řŶºū��� �
� �
� �

���ŵƺºººŝ�ƶŝŚƄºººƯ�ǈƯŚºººĩ�ƶºººƳƺưƳ�ƱŚºººưƷ�Źŵ�ƪºººĪƿŚƟ�ƽƹŹ�Żř�� �
��

 
��

�ƪĪƃæ��ƶƿǇ�Żř�ƵŶƃ�řŶū�ŚƷ�ƩƺƬſ�ƽĥƺƫƺƟźƯ�ƽƪĪƿŚƟ�źƿŻ���
(A)�ƾƫƺƬſ�Ŷƴģ�ƾƴƬĩ�çéŢƄĩ�Żř�ŶƘŝ�ŢƗŚſ�(B) �ƩƺƬſ�ƪĪƃ�ƾĩƹŵ�ƽĥƺƫƺƟźƯ��ƭƹŵ�ĥŚſŚě�Źŵ�ŚƷ(C)�ƩƺƬſ�ƽĥƺƫƺƟźƯ��Źŵ�ŚƷ

�ĥŚſŚěìƵŶƃ�ƲƸě�ǈƯŚĩ��Ʊō�źǀŨĪţ��ƾƯ�ƞƣƺŤƯ�ŚƷ�ƺƃŵ���ŽŚǀƤƯ�ƲƃƹŹ�ƎųæååƾƯ�ƱŚƄƳ�řŹ�ƱƹźĪǀƯ��ŶƷŵ� 

 
 

 
�ƪĪƃç�ƩƺƬſ��ƶƿǇ�Żř�ƵŶƃ�řŶū�ƽŚƷ�ƽŶƳŹřŵ�ƾƿǇŚŝ�źƿŚưţ�šŹŶƣ�ƪĪƿŚƟ�źƿŻ����
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ƩƺƬſ��ŻƹŹ�Źŵ�ŚƷæêřŶū�Żř�ŶƘŝ��źĩŹŚƯ�ƽřźŝ�ƽŻŚſ��ƾƿŚƷCD73, CD90,CD105ƹ�ŢŞŨƯ� źĩŹŚƯ�ƽřźŝ�ƾƿŚƷCD45,CD34, CD31�
ŶƴŤƀƷ�ƾƠƴƯ.ƵŶƴƷŵ�ƱŚƄƳ�ƾĮƳŹ�Ɲřźĭ��Ţſř�Ěǀţƹżƿř�ƽ���

��
ŦŰŝ��
�����ŚŤƳƿŪ������ƶºĩ�ŵřŵ�ƱŚƄºƳ�ƶƘƫŚƐƯ���Ǉ�Żř�ºƿƶ��ƽ�RBC�Ż��ºƿ�ŚƟ�źƿ�ƪºĪ�
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Background and Objective: Nowadays, mesenchymal stem cells (MSCs) are considered as a promising tool 

for treatment of different diseases. Due to the low frequency of MSCs, however, it seems inevitable to expand 

them in vitro prior to use, which could affect the quality of the cells.  In all isolation procedures, the density 

gradient separation of Ficoll is used for volume reduction and RBC exclusion.  In this study, the efficiency of 

Ficoll density gradient was evaluated.  
Materials and Methods: Human bone marrow samples were laid over Ficoll.  Following centrifugation, the 

upper fraction containing the mononuclear cell layer and the lower fraction (RBC layer) were used for in vitro 

culture. The number and characteristics of MSCs in both layers were then compared with each other. 

Results: Inspection of the cultured cells showed that the lower fraction contained MSC-like cells. These cells 

had spindle�like appearances and exhibited a high capacity for expansion. Furthermore, they showed a 

potential for differentiating into adipocyte and osteocyte differentiation.  Cytofluorometric analysis showed 

that these cells were positive for CD73, CD90, and CD105, and negative for CD45, CD34, and CD31.  It was 

also found that this fraction contained 58 ± 22% of the total isolated MSCs.   
Conclusion: Density gradient is not a very efficient method for separation of MSCs because it leads to 

sedimentation of most of the cells to the lower compartment during centrifugation, which results in their 

exclusion. Therefore, there is a need for developing new methods to obtain larger amounts of MSCs from 

bone marrow. 

 

Keywords: Mesenchymal stem cells, Cell separation, Density gradient 
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