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ŬƯººƶƬ�ưƬƗ�ƽºººƷƹĦě��ƾººƄƳřŵ�ƾƄººººƬƗ�ƵŚĮººƃżě�ƭƺºººŬƳŻ�ƾĪººƱŚº 

ƹŵ�ƵŹ�ƽÏÍ��ƵŹŚưƃ��ƽÔÕ��ŢƄƸŞƿŵŹř�ƹ�ƲƿŵŹƹźƟ�ÎÐÖÎ���šŚŰƠƇÓÒ�Śţ�ÔÕ��
 

ƶƀƿŚƤƯ�ƪƯŚů�ƞƬŤŴƯ�ƕƺƳ�ŹŚƸģ�ƽ��ƩƺƬſ�ŶƃŹ�ƽřźŝVero�ƹ��Ŷǀƫƺţ�ƽřźŝ�ƽŹŚƷ�Žƹźƿƹ�źǀŨĪţ
ƽŹŚƷ�Ʋƀĩřƹ ƾƳŚƀƳř 

ſǀŶƸƯ�ŶƽƵŵřŻ�Ʋƀů�Î��ǀƟ�Ŷưůř�źŤƧŵƉŚÏ�źŤƧŵ��ƬƗƾƵŹřƹŻ�ŚƋŹ�Ð���źŤƧŵƀůǀŶưůř�ƱŚų�ƲÐ���źŤƧŵƬƗƾƳŚƌƯŹ�ƾÑ��
ƵŶƴƀƿƺƳ�ƩƺŘƀƯ�ƽ����ƱřźƸţƽŹŚƷ�žƳřźƟŹ�żĩźƯ�ƹ�šŚƤǀƤŰţ�ƂŴŝ��Ʊřźƿř�ŹƺŤſŚě�ƺŤǀŤƀƳřWHO ������Fayaz@pasteur.ac.ir��
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ƵŶǀĪģ��
ƯŻƝŶƷ�ƹ�ƶƴǀ�������ƩƺƬºſ�ƾƿŚºƳřƺţ�ƶºƘƫŚƐƯ�Ʋºƿř�ŹŵVero��ƽřźºŝ��������ƪºƯŚů�żºƿŹ�ƕƺºƳ�ƶºſ�ƹ��Ĩƀºƿŵ�ƪºſřźŞǀƟ�ƽƹŹ�ŶºƃŹ(microcarrier) �ƪƯŚºƃ�� �

žĩŵƺŤǀººſ�1žĩŵƺŤǀººſ�ƹ��ÐĨººſǈƟ�Źŵ�ƪǀƷƺƫƺººſ�ŚưĮǀººſ�ƹ���ƮººŬů�Śººŝ�Źřŵ�ƱżººưƷ�ƽŚººƷÒÍÍƾººƬǀƯ��ŢƄººĩ�ƎǀººŰƯ�ƽƹŚººů�źººŤǀƫŹřŵ�ƭźººſ�� �
 Fetal Calf Serum (FCS))æå��(DMEM+�ƹ�ŢƄĩ�ƎǀŰƯƭźſ�ƱƹŶŝ��(VP-SFM)��ŢºƟźĭ�Źřźºƣ�ƶƀƿŚƤƯ�ŵŹƺƯ����žĜºſ��źºǀŨƨţ�ƶƿƺºſ��ƽ�

ƽŹŚƷ�Žƹźƿƹ�žĪǀƟ�PV�(Pasteur Virus)�ƩƺƬſ�Źŵ�ƽŹŚƷ�Ʋƀĩřƹ�Ŷǀƫƺţ�ŹƺƔƴƯ�ƶŝ�ơƺƟ�Ǝƿřźƃ�Źŵ�ƶŤƟŚƿ�ŶƃŹ�ƽŚƷƾſŹźŝ�ƶƀƿŚƤƯ�ƹ��Ŷƃ���
ƾſŹźŝ�ƁƹŹ�ƶƳŚƯŚſ�Żř�ŶƃŹ�ŻŚƟ�Źŵ��ƽ�ŢƄĩ�ƎǀŰƯ�ƾƯŚĭ�ƊƿƺƘţ�(Stepwise Perfusion)ƵŵŚƠŤſř�ƶƳŚƯŚſ�Źŵ�Žƹźƿƹ�Ŷǀƫƺţ�ŻŚƟ�ƹ�Ŷƃ��ƽ�ŢŝŚŧ�

(Batch)�Żř�ƵŵŚƠŤſř�Śŝ� Bovine Serum (BSA) AlbuminÏ�å�+�ÎÖÖ Mƶŝ��ƹ�Źřŵ�ƭźſ�ƎǀŰƯ�ƱřƺƴƗVP-SFM��ƭźºſ�ŶƣŚƟ�ƎǀŰƯ�ƱřƺƴƗ�ƶŝ�
Ŷƃ�ƭŚŬƳř���ŮƐſ�Ŝƀů�źŝ�ƵŶƃ�ƵŵŚƠŤſř�ƪƯŚů�żƿŹ�ŹřŶƤƯ�ƾŤƳŚſ�ƖŝźƯ�źŤƯ�ƶǀƫƹř�ƩƺƬſ�ŵřŶƘţ�ƹ��ƽƎǀŰƯ�ƶŝ�ƵŶƃ�ŮǀƤƬţ�ƂƿŚƯŻō�Źŵ�ŢƄĩ���ƹ�ƱŚƀĪƿ�ŚƷ

źŝřźŝ�Ŝǀţźţ�ƶŝ� cm2æçååå�ƹ�cells/cm2�æçêååŶƿŵźĭ�ƲǀǀƘţ����
ƶŤƟŚƿ�ŚƷ��������������ŢƄĩ�ƎǀŰƯ�Źŵ�Ĩƀƿŵ�ƪſřźŞǀƟ�Żř�ƵŵŚƠŤſř�Śŝ�ƩƺƬſ�ŵřŶƘţ�ƲƿźŤƄǀŝDMEM����Śŝ�źŝřźŝ�cells/cm�ÎÍÓÔ�Í±Î�Ô����ŝ�ƮƸƳ�ŻƹŹ�Źŵƶ���ŶƯō�Ţſŵ

ƾƫŚů�Źŵ�ŵřŶƘţ�ƲƿźŤưĩ�ƶĩ ƩƺƬſĩŵƺŤǀſ�Żř�ƵŵŚƠŤſř�Śŝ�ž�Ð�ŢƄĩ�ƎǀŰƯ�Źŵ�VP-SFMŚŝ�źŝřźŝ�� cells/cmÎÍÓÏ�Í±ÖÎ�Ï�Ŷƃ�ƪƇŚů���ƲƿźŤƄǀŝ
�Śŝ�źŝřźŝ�ƽŹŚƷ�Žƹźƿƹ�źŤǀţFluorescent Focus Unit (FFU)/ml�ÎÍÓé�é±ÎÕ�ÒÒ��ŢƄĩ�ƎǀŰƯ�ŹŵVP-SFM�ƹ�Ĩƀƿŵ�ƪſřźŞǀƟ�ƽƹŚů�

�ƎǀŰƯ�Źŵ�źŤǀţ�ƲƿźŤưĩM199žĩŵƺŤǀſ�ƽƹŚů��Ð�źŝřźŝ� FFU/ml�ÎÍÓÑ�Í±ÓÓ�Ð�Ŷƃ�ƪƇŚů���
ƶŬǀŤƳ�ƽźǀĭ�ƂƿŚƯŻō�ƕƺưŬƯ�Źŵ��ƩƺƬſ�ŶƃŹ�ƪƯŚů�żƿŹ�ƕřƺƳř�Żř�źŤƸŝ�Ĩƀƿŵ�ƪſřźŞǀƟ�ŚƷ��Żř�ƵŵŚƠŤſř�ƹ�ŵźĩ�ŢƿŚưů�řŹ�ŚƷDMEM�ƹ�ƩƺƬſ�ŶƃŹ�ƽřźŝ�

���Żř�ƵŵŚƠŤſřVP-SFM�������ŵřŵ�ƱŚƄƳ�řŹ�ƽźŤƸŝ�ŪƿŚŤƳ�Žƹźƿƹ�Ŷǀƫƺţ�ƽřźŝ������Žƹźºƿƹ�Śºŝ�ƵŶºƃ�ƶǀƸţ�ƾŝźŬţ�Ʋƀĩřƹ���Ɩºưū�ƽŚºƷ���Żř�ƵŶºƃ�ƽŹƹōVP-SFM�
ƾƴưƿř��ƾƿřŻ(Potency)ƩŵŚƘƯ�ƩƺŞƣ�ƪŝŚƣ�� IUÔÒ�Ï�Ţƃřŵ������Ĩƀºƿŵ�ƪºſřźŞǀƟ�Żř�ƵŵŚƠŤſř�ƵŵŚſ�ƁƹŹ�ƹ�Ŷǀƫƺţ�ƱŚĪƯř�ƹ�ƢǀƤŰţ�Ʋƿř�ŪƿŚŤƳ�ƶŝ�ƶūƺţ�Śŝ

�ƩƺƬſ�ŢƄĩ�ƽřźŝ�ƪƯŚů�ƲƿřVeroƹ�ŝ�ŹƺƔƴƯ�ƶƾƯ�ƶǀƇƺţ�ƽŹŚƷ�Žƹźƿƹ�źǀŨĪţ��ŵŵźĭ���
ƱŚĭĥřƹƽŶǀƬĩ�����Ĩƀƿŵ�ƪſřźŞǀƟ��žĩŵƺŤǀſ��ƪƯŚůżƿŹVeroƽŹŚƷ����

��
Î�ƽƺŬƄƳřŵ�ƵŵŹƹōźƟ�ƽřźŤĩŵ��ŢǀƠǀĩ�ƩźŤƴĩ�ƂŴŝ��ƾţŚƤǀƤŰţ�ƽŶǀƫƺţ�ƖưŤŬƯ��Ʊřźƿř�ŹƺŤſŚě�ƺŤǀŤƀƳř��Ĩƿĥƺƫƺǀŝ�ƽŚƷ��
Ï��Ʊřźƿř�ŹƺŤſŚě�ƺŤǀŤƀƳř�ŹŚƿŵŚŤſř��ƾĪƃżĜƯřŵ�ƽřźŤĩŵ���
Ð�ƵŵŹƹōźƟ�ƾƈƈŴţ�ƽřźŤĩŵ����Ĩƿĥƺƫƺǀŝ�ƽŚƷ�ŹŚƿŵŚŤſřƺţ�ƖưŤŬƯ��Ʊřźƿř�ŹƺŤſŚě�ƺŤǀŤƀƳřƫƾţŚƤǀƤŰţ�ƹ�ƽŶǀ 

Ñ�ŹƹōźƟ�ƾƈƈŴţ�ƽřźŤĩŵ�Ƶŵ���Ĩƿĥƺƫƺǀŝ�ƽŚƷ�ŹŚƿŵŚŤſřƱŚŬƳŻ�ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ��
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ƶƯŶƤƯ��
�����ƷŹŚƽ���ƳƺƠƗ�ƹ�Ţƿſƹźƾ�ſ�ǀ���żºĩźƯ�śŚƈƗř�ƮŤƀƽ����Ţºſř��ƹ

��żĭ�ŹŚƷ�ƆŴƃƿ��ƵŶ��šŹƺºƇ�Źŵ���ǈƗ�Żƹźºŝ��ºƿ�ƫƹř�Ʈ�ºǀƶ�ƽŝ�ǀ�ŹŚºưƽ�
����ŵƺŝ�ŶƷřƺų�īźƯ�ƶŝ�ƭƺĪŰƯ��ŹŚƷƽ�ƫŚſǀ���Śŝ�ƶƳŚ��īźƯ�ºŝǀ�Żř�Ƃêê�

ŹřżƷ�īźƯ����ƱŚƀƳř���Ƴŵ�źºſřźſ�Źŵ�ºǀ��Śƿ�ºĪƾ���ºƳřźĮƳ�Żř�ƾ��ŚºƷƽ���ƮºƸƯ�
ŚƷŹƺƄĩƽ������Ţºſř�ƶƘºſƺţ�ƩŚů�Źŵ��ƹ��ºŝ�ƶ����ƫřźŤºſř�żºūǀ��ŚºěƹŹř��Śƽ�

ŝźƛƾ���źƟō�ƩŚưƃ�ƿ�źƯō�ƹ�ŚƤƿŚĪƽƫŚưƃ�ƾŚſ�Źŵ��ƿ�źƍŚƤƳ���ƱŚºƴĤưƷ
ƳŚŝźƣƾ�Ư�ƾ�ĭ�ǀŵź��ŹŚƷƽ��ř�Źŵ�ƿƯŶƳř�Ʊřźǀ�Ţºſř�Ĩ��Ə�ºǀ��ƁŹřżºĭ�Ƣ
ƩŚſ çååîŤƀƳř�ǀ�ř�ŹƺŤºſŚě�ƺŤ�ºƿ��ƶºŝ�ƱřźWHO��ç����īźºƯ�ŵŹƺºƯ

���ƹ�ƱŚƀƳřŝǀ�Żř�Ƃ�èåå����ŵŹƺºƯ��ů�īźºƯ�ºǀ��Ʊřƺ�ºƃŚƳƾ���ŚºƷ�Żř�Źƽ�Żř��
ŝǀ����ŚºƷ�ƱŚŤºſř�źŤƄ�����ƩŚºſ�Ʊō�Źŵ���ƁŹřżºĭ�����Ţºſř�ƵŶºƃ�è�æ����Źŵ

ƀŝǀŹŚƽ���ƶƯŚƳźŝ�ŚƷŹƺƄĩ�Żř��ŚƷƽ����ºƃŻƺƯō�ƮƔƴºƯ�ƾ������ƩźºŤƴĩ�ŢºƸū�
ěǀĮƄǀźƽ���źſ�ƱŚƯŹŵ�ƹ�ƿ�ŹŚƷ�Ɩƽ���Ţºſř�Źřźƣźŝ���ºųźŝƾ���ŚƷŹƺƄºĩ�

ƫƺţǀ��ŹŚƷ�Ʋƀĩřƹ�Ŷƽ���Ťƴſ�ƁƹŹ�ƶŝƾ���ƹ�ŢƄĩ�Śŝ�ƿ����ŢºƟŚŝ�Źŵ�Žƹź
ŞƈƗƾ���ƹ�ƿŚ�ƴū�ǀ���ƶūƺū�Ʋ��řŹřźŝƽ�ƩŚſ���Ƶŵřŵ�ƶƯřŵř�ŚƷ��ŶºƳř����ƶºģźĭř
��ƢŞƏƿƶŤƟŚ�ŚƷƽ�Ŷū�ƿ�ř��Ŷƿ����Żř�ƕƺƳ�Ʋ�Ʋƀºĩřƹ��ŚºƷ�ºƯ�ƾ���řźºŝ�ŶºƴƳřƺţƽ�

��ƫŚŝ�ƵŶƴƴĩ�ƝźƈƯ��ĭŵƺƫō�źƐų�ƵƺƤƾ��ƪƯřƺƗ�Śŝ��ƹ�ƿ�ºſƹźƾ��źě��ºƿƱƺ��
ŚƯƿŚưſǈěƺĪ��ř�ƹƿ���ſŚƀºů�ŵŚºŬǀ��Ţ��������ŶƴºƃŚŝ�ƶŤºƃřŵ�ƵřźºưƷ�ƶºŝ�řŹ�
�ëƹê���Ə�ƾ��ƫŚºſ�ǀ��Ţĩźºƃ��ƶŤºƃŸĭ�ƱŚ��ŚºƷƽ����īŹżºŝ�ƹ�Ĩºģƺĩ�
ƹŹƿƶ��ƽ�ƫƺţ�ǀ�������ŝ�ƶŝ�ƙźƯ�ƮŴţ�Żř�řŹ�Ʋƀĩřƹ�ŶǀŹƺŤĩřŹƺ��ŚƷƜţ�ºǀǀ�Ƶŵřŵ�ź�

��ƩƺƬſ�ŢƄĩ�ƹ�ŚƷƾƿ���Ʊƺģ�Vero���ƹMRC5��Śū�řŹƿżĮƿ�ƴū�Ʋǀ�Ʋ
��ƶūƺū��ƹ�ŞƈƗ�ŢƟŚŝƾ�ƵŵƺưƳ�ŶƳř��í�ë������ºƷ�ƲƀºĩřƹŹŚƽ�ƫƺţ��ºǀ�Ŷ

������ƩƺƬſ�Żř�ƵŵŚƠŤſř�Śŝ�ƵŶƃVero�ř�ƿ������ƫƺţ�ƕřƺºƳř�Żř�źţźŧƺƯ�ƹ�Ʋư�ºǀ�Ŷ
�ƹŹ�ƵŶƃƽ�ŢƟŚŝ��ŚƷƽ�ŞƈƗ�ƾ�Ƶŵƺŝ�����ƫƺţ�ƕřƺƳř�Żř�ǀ����ƵŵŚƠŤſř�Śŝ�ƵŶƃ�Ŷ
ƩƺƬººſ�Żř�ŚººƷƽŵ�ƿƺƬĜººǀƿƳŚƀººƳř�Ŷƾ�ƔƳººǀ�źMRC5ŵŚƈººŤƣř�ƽ��źººţ

ººƯƾ�ŶƴººƃŚŝ��æë�æè���Vero�ººƿ�ƩŚƈººţř�ƶººŝ�ƶŤƀººŝřƹ�ƩƺƬººſ�Ĩ
(Anchorage-Dependent Cell)Ư�ƾ���řźºŝ�ƶºĩ�ŶƃŚŝƽŨĪţ��ºǀ�ź

Ƴǀ��ŶƴƯŻŚŞƀģǀ��ƱŶ�ŰƐſ�ƶŝƾŜſŚƴƯ��ĨſǈƟ�ŶƴƳŚƯ�ƿ�ŚŹƿ��ƪºƯŚů�ż
(Microcarrier)�Ţſř��î����Ɓǈºţ�ƶģźĭř��ŚºƷƾƿ��řźºŝ�ƽ�řƿ��ŵŚºŬ
����ƫƺƬºſ�Ĩºţ�ƕřƺƳřƾ��ŹƹŚƴºƃ�Ƴ��ºǀż��ř�ƵŶºƃ�ƭŚºŬƳř���Ţºſ�æì���Ź�ºƿ�ż

ƪƯŚů���řżƟř�Śŝ�ŚƷƿ���ƮŬů�ƶŝ�ŮƐſ�ŢŞƀƳ�Ƃ��ºſƹ�ŮƐºſ�ǀƘƾ�Źŵ�řŹ�

�ưĩ�ƮŬůƾ���Żř�ŰƯǀ�ŢƄĩ�Ǝ�ƿ�ŝ�Śǀ�řźŝ�ŹƺŤĩřŹƺƽ����ƩƺƬºſ�ŶºƃŹ����ŚºƷ
�Ư�ƮƷřźƟƾ�Ŷƴƴĩ��ƺŰƳ�ƶŝƽ�����ƩƺƬſ�Ƶŵƺţ�ƶĩ�ƿ����ƫƺƬºſ�ƵŵŹƹřźºƟ�Śƾ���Śºţ�

ŝǀ���Żř�Ƃ���ĨſǈƟ�Źŵ�Ʃƺƈů�ƪŝŚƣ�źŝřźŝ�Ƶŵ��ŚºƷƽ��řżºƟř�ƱŚºƐƬƛ�ƿ�Ƃ
Ưƾ�ƿŶŝŚ �éç�æí������ƕřƺºƳř�Żř�ƵŵŚƠŤºſřŹ�ºƿ��ƪºƯŚů�ż�řźºŝƽ��ŢƄºĩ�

ƩƺƬººſ�ŚººƷƽƔƳ�ƱŚŞƀººģ�ººǀ�źVeroŤƯŶººƣ�ƾŵŹřŵ�ƶººƷŵ�Ŷººƴģ��ƹ�
ſǀ��žĩŵƺŤƿĪƾ����ƕřƺƳř�Żř�Źƿ�ƪƯŚů�ż�ŚƷƽ�řŹ�ƿ���Źŵ�Ū���ƩƺƬſ�ŢƄĩ�ƹ
Ɵǀŵ�ƪſřźŞ�ºƿ�Ĩƀ(New Brunswick Scientific)��ºŝƫŵ�ƶ�ºǀ�ƪ

ƵŻřŶƳř��ƽ�Ư�ǀƬƾ�źŤƯƽ����Ʊō�ŹŚŤųŚſ�ƹ���ƪƯŚů�ŢƃŹŵ���ũźƟ�ƹ�ƪƬų��Źřŵ�
��śƺƀŰƯƶŤƄĭ����ŵƹŶůƿ���ƟźƘƯ�Żř�ƶƷŵ�Ĩƾ���Ʊō�Ưƾ�ŵŹŸĭ���ºųźŝƾ�

�ƹ�ŻřƿĭĦƾ�ŚƷƽ�ŚƸƬƯŚůƽ����ř�Źŵ�ƵŶƃ�ƵŵŚƠŤſřƿ�ƤŰţ�Ʋǀ����ƩƹŶºū�Źŵ�Ƣ
ƵŹŚưƃ��ƽ�æ�ŵ�ƿ�Ư�ƵŶƾ�ŵƺƃ������ř�ƶºŝ�ƶūƺţ�Śŝ�ƿ��Ɵ�ƶºĪƴǀ��ŵ�ƪºſřźŞ�ºƿ�Ĩƀ

řźŝƽ�ƫƹř�ǀ�Śŝ�ƲŹ��ř�Źŵ�ƿ�ƤŰţ�Ʋǀ�řźŝ�Ƣƽ�ƫƺţ�ǀ�ƹ�Ŷƿ�ŹŚƷ�Žƹźƽ���ŵŹƺºƯ�
ŻŹřƿŝŚƾ��Ư�Źřźƣ�ƾ�ĭǀŵź����ŚŬƴƿř�Źŵ���ƶŝųźŝƾ�ŵ�ƿ��źĮ�ŻřƹƿĭĦƾ��ŚºƷƿ�Ƃ

�Ư�ƵŹŚƃřƾ�ŵƺƃ�ř�ƿ�ŮƐſ�ŵŚŬ�Ż�ƿ���ºŰƯ�źºŤưĩ�ƮŬů�Ŷůřƹ�Źŵ�źţŵŚǀ�Ǝ
��ƺŰƳ�ƶŝ�ŢƄĩƽ���ƶĩ�æå���ƭźĭ�Ɵǀ��ƪſřźŞŵƿ��Ĩƀ����Źŵ�ƵŵŚƠŤºſř�ƪºŝŚƣ�

ƿ�ƮŬů�Ĩ�êåå�Ư�ǀ�ºƬƾ�ƫǀ���źºŤ��Żř�ºŰƯǀ�������ŰƐºſ�ƹ�Ţºſř�ŢƄºĩ�Ǝƾ�
źŝřźŝcm2 �æçåååŤƳŚſ�ƾ�ř�ƖŝźƯ�źŤƯƿƯ�ŵŚŬƾ�ŚƤƯ�ƪŝŚƣ�ƶĩ�Ŷƴĩƿ�ƶƀ

�Śººŝ�Ţººſřç�êººſ�ƭźººĭ�ǀƫŚººů�Źŵ�žĩŵƺŤƾ��ƝźƈººƯ�ŹřŶººƤƯ�ƶººĩ
ſǀ�ŝ�žĩŵƺŤƶ����ƩƺưƘƯ�ŹƺƏè����ƭźºĭ��ƫ�Źŵǀ���Ţºſř�źºŤ���ƩƺƬºſ��ŚºƷƽ�

Şƀģǀ��ƫř�ƱƹŹŵ�ƵŶǀ�ŵ�ƝŚƿĨƀ���ŚƷ���ƶŝ�ŢŞƀƳ��ŮƐſŹƿż��ƪºƯŚů��ŚºƷƽ�
�ŹƹŚƴƃ�źŤƸŝƳ�źŝřźŝ�ŹŵǀŚƷƹźƽƃźŝ�ƾ(Shear Force) �ºƃŚƳ�ƾ�Żř�
��ƱżưƷ��ƹƿƃŚƳ�šŚƯŶƇ�ŚƾƶƳřŵ�ŵŹƺųźŝ�Żř���ŚºƷƽŹ��ºƿ��ƪºƯŚů�ż��ƶºŝ

ƿŶĪƿ��źĮ�Ư�ŢƔƟŚŰƯƾ�ŶƳƺƃ��ŰƯ�ǀ���ƀĩř�ƹ�ŢƄĩ�Ǝǀ��ºŝ�ƱĦƶ��ºŤůřŹƾ�
��ŚƌƟ�ƭŚưţ�Źŵƽ�ŵ�ƿĨƀ�ŚƷƽ�řźŤƯ����ƵŶƃ�Ʈĩ���ƶŝ�ŹŵŚƣźūƿ��ƱŚ�ŶƴŤƀºƷ��

ŰƯǀ����ƹ�ŢƄĩ�Ǝ�ºƿ�������ºƯ�řŹ�ƩƺƬºſ�ƵŵŹƹřźºƟ�Śƾ����ºŝ�Ʊřƺºţƶ��ºŤůřŹƾ��Żř�
ƩƺƬſ�ŚƷƽ���ŵ�ƶŝ�ƪƈŤƯ�ƿĨƀ����ŵƺºưƳ�řŶū�ŚƷ��çåƹæî����ŚºƯƺưƗ��Źŵ

Ƹţººǀƶ�ƽƲƀººĩřƹ��ŚººƷƽƹ�ƿººſƹźƾƪººƇŚů��ƩƺƬººſ�ŢƄººĩ�Żř��Żř�
ƵŵŹƹřźƟ�ŚƷƽů�ǀƳřƺƾƔƳ�ǀƭźſ�ƕřƺƳř�ź�Fetal Calf Serum (FCS)]�[�
�Ư�ƵŵŚƠŤſřƾ�ŵƺƃ��çæ����řŹřŵ�ƭźſƽ���ƾĭĦƿƹƴƯźƈŰ�ƶŝ�����Ţºſř�ŵźƟ

�����ŰƯ�Żř�řŹ�Ʊō�ƝŸů�ƶĩǀ���Ư�ƪĪƄƯ�ŢƄĩ�Ǝƾ�ŵŻŚſ���řźºŝƽ���ƶºƳƺưƳ�
ººƯƾ�ř�ƱřƺººţººƿƹŚººů�ŵźººŝ�ƭŚººƳ�řŹ�ŵŹřƺººƯ�ƲƽººƠƬŤŴƯ�ƕřƺººƳř�ƾ�Żř�
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ŚººƷŹƺŤĩŚƟƽŹƹźººƋ�ƽƠƯ�ƹ�ººǀƹ��ŭǈººƯř�ƪƯŚººƃ�ŶƿƯŚººŤǀƲ��ƹ�ŚººƷ� �
� �

ƱƺƯŹƺƷ�ĮưƷ�ƶĩ�Ţſř�ŚƷƾřźŝ�ƽŹƹźƋ�ƩƺƬſ�ŶƃŹ�ƽŶƴŤƀƷ����
��

�ƩƹŶūæ���ƕřƺƳř�šŚƈŴƄƯŹƿż�ƵŵŚƠŤſř�ƪƯŚů�ƵŶƃř�Źŵƿ�ƲƤŰţǀƢ��

ƶƳŚųŹŚƧ�ƽƵŶƳŻŚſ��� ƎǀŰƯ��
�ƾŤƳŚſ�ƭźĭ�Źŵ�ƖŝźƯ�źŤƯ� 

�ƵŶƃ�ƵŵŚƠŤſř�ƮƧřźţ
��Źŵ�ƭźĭêååƾƬǀƯ��ƭźĭ� 

Ƶŵřŵ�ƹ�ƕƺƳ�ƶŝ�ƵŻřŶƳř�� ƪƯŚů��

GE Healthcare, Sweden 
Cat# 17-0448-01, 

ééåå ìç�ç  
190 µm spherical, non-
porous dextran matrix, 

positively charged, 
hydrophilic 

Cytodex-1 
 

GE Healthcare, Sweden 
Cat# 17-0485-01 

çìåå éé�é  
175 µm spherical, non-
porous DEAE-dextran 

beads coated with 
denatured porcine-skin 

collagen 

Cytodex-3 

Sigma, Cat# Z378674 èëå æê 
125-212 ìm, spherical, 

non-porous porcine 
collagen coated 
polystyrene beads,  

Sigma Solohill 

New Brunswick 
scientific, Edison,NJ 

(USA) 
Cat# M1292-0088  

æçåå æå 
6 mm porous disks, 

non-woven, polystyrene-
polypropylene fabric. 

FibraCel disk 

��
ƹŚůƽ�ƗřƺƳřƾ��Ũƴų�Żř�ƾ�Ŷƴƴĩ�Ƶ�ŚƷƽ�ŻŚŘţƹźě����Ţſř��ºŝ�ƶĩƶ�ƹ�ºƿ��Źŵ�ƵĦ

�źţ�ƭŚĮƴƷƿƀĜǀ��ƩƺƬſ�Ʊŵźĩ�ƶƴ���ŚƷ�Ţſř�źŧƺƯ��ƩƺƬſ���ŚƷ��řŹ���źºŝřźŝ�Źŵ
ƳǀŚƷƹźƽ�ƃźŝ�ƾ����ƱżưƷ�Ǝſƺţ�ƵŶƃ�ƩŚưƗř��ŝ�ƶ��ƛ�ŹƺƏǀƇŚƈŤųřźƾ�

�Ŷů�Śţƽ��Ư�ŢƔƟŚŰƯ�ƾ�Ŷƴĩ��ŚƳřƺţƾƿ���ƩŚƈţř�ųźŝ�ƶŝƾ���ưºſ�ŵřƺƯ�ƾ�
�ƶŤƃřŵ�řŹ����Ʊō�ƝŸů�ŜūƺƯ�����ƩƺƬſ�ŽźŤſŵ�Żř�ŚƷ��Ư�ŚƷƾ�ŵŵźĭ���Źŵ
�ř�ŹŚƴĩƿ�řżƯ�Ʋƿ�ŵŹřƺƯ��Śƽ��ŚƘƯ�Żř�ƿ��Ƴ�ƭźſ�Ŝ�ºǀ���ƵŶºƃ�ŦºƗŚŝ�ż��Ţºſř
��ƝŸůƭźſ����ƤƤŰƯ�ŹŚĩ�ŹƺŤſŵ�Źŵ�ǀ��ųźŝ�ƹ�Ʋƾ��ƫƺţ�Żř�ǀ�ƵŶƴƴĩ�Ŷ�ŚƷƽ�

ƵŵŹƹřźººƟ�ŚººƷƽ�Żř�ƪººƇŚů�Įŝ�Źřźººƣ�ƩƺƬººſººǀ�šƹŚººƠţ�ŶººƴƳŚƯ�ŵź
Ƈƺƈųǀ���ƕřƺƳř�šŚƭźſ�Ƹţ�ǀ��Żř�ƵŶƃ�ƶ���ƟřźƜū�ƞƬŤŴƯ�ƖŝŚƴƯ��ºǀŚƾƿ��

��ƺºūƹ�ƱŚĪƯř������źƌºƯ�ƪºƯřƺƗ�ŵ������ƹ�ƵŶºƃ�ƶŤųŚƴºƃ��ƔƳ�ƶŤųŚƴºƃŚƳ�ºǀ�ź
ƹƿ�źě��Žƹź�ºƿ��ŚƯ�ƹ�Ʊƺƿ�ŚưºſǈěƺĪ��ưŰţ��ºǀ����ŻŚºſřŶū�ƪºůřźƯ�ƪƽ�
ū�ƬŴţ�ŢƸǀ���ƵŵŹƹřźƟ�Ɔƹ�řźƃ�ƿ���ŹřŶºƸĮƳ�ƅŚų�Ǝƽ����ƹ�ƪºưů�ƹ��

ƪƤƳ��çê�çæ�ƹæè����Ż�ƕřƺƳřƿŵŚƽ���ºŰƯ�Żř�ǀ��ŢƄºĩ�Ǝ��ŚºƷƽ���ƱƹŶºŝ�
�ƭźſ(Serum Free Media)�ŝƶ��ŹŚºŬţ�šŹƺƇƽ��ŽźŤºſŵ�Źŵ�
Ţſř��Ư�ƶĩƾ��ŝ�ŶƳřƺţƶ���ƇŚƈºŤųř�ŹƺƏƾ��řźºŝ�ƽ���ƵŵŹ�źºƷ���ƽ��ƫƺƬºſƾ�

ŵƺººƃ�ƵŵŚƠŤººſř��VP-SFM�Ţĩźººƃ�ƩƺƈººŰƯ�GIBCO�ººƿĨ�
���ƭźſ�ƱƹŶŝ�ŢƄƧ�ƎǀŰƯ��ſŚƴƯ�ƹŜ�řźŝ�ƽ���ŶƃŹƩƺƬſ�ŚƷƾƿ�ƔƳ��ºǀ�ź

Vero��CHOƹ�BHK-21�řźººŝ�ŜººſŚƴƯ�ƹƽƫƺţ�ººǀƹ�Ŷººƿ�Žƹź
Ţſř��çêƹæå�������ƩŚů�źƷ�ƶŝƿ�ŵƹŶŰƯ�Ĩƿ�ŵ�Ţƿ���Żř�ƵŵŚƠŤſř�Źŵ�źĮ�
ŰƯǀ��ſŚƀů�ƭźſ�ƱƹŶŝ�Ǝǀŝ�ŢǀƩƺƬſ�źŤƄ�ŚƷƽ��ŮƐºſ�Źŵ�ŵƺūƺƯ�
Źƿ����ŹŚƄƟ�ƶŝ�ŢŞƀƳ�ƪƯŚů�ż�ŚƷƽ�ƳŚĪƯ�ǀĪƾ�ƃŚƳ�ƾ���ŵŹƺºųźŝ�Żř����żºƿŹ�

ƪƯŚů��ŚºƷ����źĮƿŶºƨƿ�ƶºŝ�����ƫŚºů�Źŵ�Ţºſř�ƾ��ƶºĩ������ºƯ�źºƔƳ�ƶºŝƾ���ŶºſŹ
ƩƺƬſ�ŚƷƽ��Ɵ�ƶŝ�ƪƈŤƯ�ǀŵ�ƪſřźŞ�ºƿ�źºŤưĩ�Ĩƀ���ŧŚºţ�ŢºŰţǀź���Źřźºƣ

����ŶƴºƃŚŝ�ƶŤƃřŵ�çîƹæå������ƶºģźĭř�����ƶºƷŵ�Ŷºƴģ��Żř���ºƫƹř�ŢųŚºſǀ�Ʋ
Ʋƀĩřƹ�ƳŚƀƳř�ƾ�ŶƋ��ŹŚƷ�ƽ����������Ƶŵƺºƫō�Ɓƺºĭźų�ƕŚºŴƳ�Żř�ƵŵŚƠŤſř�Śŝ�
��ƵŶƃ�ƺƫ�Ǝſƺţƾƿ���ŹƺŤſŚě��æííê��Ưƾ�ŵŹŸĭ���ƗřƺºƳř�ƵŻƹźƯř�ƹƾ�Żř�

Ʋƀĩřƹ�ŚƷƽ�Ƹţ�źŞŤƘƯ�ǀ��ƵŶºƃ�ƶ��ƵŵŚƠŤºſř�Śºŝ�Żř����ƩƺƬºſ�ŢƄºĩƳ�ºǀ�ż
�Ţººſř�ŵƺºūƺƯ���ƶººĩ�ŚºŬƳō�ŻřŹŚººƷ�ƽ��ºƿĨ�ƂƫŚººģ�ƗŚººưŤūřƾƹ��

ŤƃřŶƸŝƾ���Źŵŝǀ��źŤƄŚƷŹƺƄĩƽ�����ƶƘſƺţ�ƩŚů�ŹŵƣŚŝƾ��Ţſř�ƵŶƳŚƯ���
ƤŰţǀ���ƫƺţ�ŢƸū�Źŵ�Ƣǀ��Ŷ��ƲƀƧřƹŹŚƷƽ���ƾƳŚƀƳř�ĩ�ŚŝǀƠǀ��Ţ��ŜºſŚƴƯ
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�ƩƺƬſ�Źŵ�ƽŹŚƷ�Žƹźƿƹ�źǀŨƨţVero 
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���ƱřŻŹř�ƹ���ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷƽ�Ťƴſ�ƾ���ƹ�ƿ�ƺƳ�Śƿ��ƲŹŵ�ŚƷŹƺƄĩ�ƾƿ�
ƔƳǀź���ŶƴƬƿŚţ��Ʋǀģ���ŶƴƷ��ƱŚŤƀƧŚě��žƳƺţ���ƪƿŻźŝ����ƭŚºŬƳř�ƩŚů�Źŵ

��Ţſř�çëƹæ����ƶŝ�Ʊřźƿř����������ƱƺƴƧŚºţ�ƽŹŚºƷ�ƶºŝ�Ƶŵƺƫō�ƽŹƺƄƧ�ƱřƺƴƗ
��ŚƸƴţźųƿ�ř�ŹřŶƿƲ���ƲƀƧřƹ����������ƽŵŚºǀƴŝ�ƢºǀƤŰţ�ŻƹźƯř�Śţ�ƹ�Ţſř�Ƶŵƺŝ

���Ŷǀƫƺţ�ƽřźŝƱō���Ţſř�ƵŶƄƳ�ƭŚŬƳř���ƃŹřżĭƾ����ŵŹƺƯ�Źŵ����Żř�ƵŵŚƠŤºſř
��ƩƺƬſVero���ŶƃŹ�ƿ���źŝ�ƶŤƟŚƟǀ���ŢƸū�ƪſřźŞƫƺţǀ�ƹ�Ŷƿ�ŹŚƷ�Žƹźƽ�

��ſźƳ�ęŚģ�ƶŝǀƵŶŢſř����ŹŵřƿƤŰţ�Ʋǀ�Ƣƫƺţǀƹ�Ŷƿ�ŹŚºƷ�Žƹźƽ��ƶºŝ�
���ƳŚƀƳř�Ʋƀĩřƹ�ŢųŚſ�ŹƺƔƴƯƾ�ƬƗ�ǀ�ŹŚƷ�ƶƽ���ŚƯŻō�Ŷů�Źŵ�ƿ���Śºŝ�ƵŚĮƄ

����ƩƺƬſ�Żř�ƵŵŚƠŤſřVero��ŶƃŹ�ƿ�ƹŹ�ƶºŤƟŚƽ�Ɵǀ�ŵ�ƪºſřźŞ�ºƿ��ƶºŝ�Ĩƀ
��ƱřƺƴƗƿ��Ŷū�źŤƀŝ�Ĩƿ�����ƕƺƳ�ƶſ�ƹ�ŶƪƯŚů�ŵƿ��źĮ��ŵŹƺƯŻŹř�ºƿŝŚƾ��ƹ

ŚƤƯƿƶƀ���Źřźƣ�ŢƟźĭ����Śºţ��Śºƃƿ��Ŷ�ŚºŤƳƿ��Ū�ƶƬºƇŚů��ƶºƴǀƯŻ�����ŻŚºƛō�ŻŚºſ
�šŚƤǀƤŰţŝǀřźŝ�źŤƄƽƫƺţ�ǀ�Ŷ�ƾŤƘƴƇřƿ�Ʋƀĩřƹ�ƲŶƃŚŝ���

��
�ƁƹŹƾſŹźŝ��
����ƵŵŹ��ƽ�ƫƺƬºſ�ƾ���ƩƺƬºſVero ��ƵŹŚưºƃ�Śºŝ��ƽ�ĥŚºſŚě��æéå �Żř
ŤƀƳřǀ���Ƹţ�ƶƀƳřźƟ�ŹƺŤſŚě�ƺŤǀ��Ŷºƃ�ƶ���ºƏƾ�æå���ŹŚºĩ�ĨºƳŚŝ�ĥŚºſŚě�ƽ�

��ƩƺƬſ(WCB)��ŵźĭ�ƵŵŚƯō�ƿŶ���řźºŝƽ�����ºŰƯ�Żř�ƵŵŚƠŤºſř�ǀ���ŢƄºĩ�Ǝ
���ƭźſ�ƱƹŶŝ��ĨƳŚŝ������ƶºŝ�ƵŶƃ�ƶŤěřŵō�ƩƺƬſ�ºŰƯǀ��ƎVP-SFM�Ƴ�ºǀż�

řƿŬŶƃ�ŵŚ���
ƺſƿƶ�ƽƹ�ƿŽƹź��ƹƿŹŚƷ�Žƹźƽƺſ�ƿƶ�PV�(Pasteur Virus)�

�ŤƀƳř�Żřǀ���ŹƺŤſŚě�ƺŤřƿƱřź�Ƹţ�ǀ�Ŷƃ�ƶ��PV�ƿ�ƹ�ĨƿŽƹź�ŞŨţǀŢ��ƵŶƃ
(fixed)���ƹƿĪƾ��ƺſ�Żř�ƿƶ�ŚƷƽ�ŜŴŤƴƯ�řźŝ�ƽ�ƫƺţ�ǀ��ŹŚƷ�Ʋƀĩřƹ�Ŷƽ�

řźŝƽƳŚƀƳř�ƝŹŚƈƯ�ƾƯřŵ�ƹ�ƾƯ�ƾ�ŶƃŚŝ��çì����
ŰƯǀŢƄĩ�Ǝ��ŰƯǀƎ��ŚºƷƽ��ŢƄºĩ�DMEM, M199, VP-SFM�

Ţĩźƃ�ŻřInvitrogen źų�ƿŹřŶƽ�Ŷƃ��FCS��ƯƺºŞƫō�ƭźºſ�ƹ�ǀ�Ʋ
ƹŚĭƽ�(BSA)����Ţĩźƃ�Żř�Gibco��Śſ�ƹ�ƿ����ƝźºƘƯ�ƹ�ŵřƺƯ�ź����Żř�ŚºƷ
ſǀ�ŚưĮƸţǀƶŵźĭ�ƿŶ���

ŻŚſ�ƵŵŚƯōƽ�ŚºƷ�ƪƯŚů�ƕřƺƳř��Cytodex-1 �(cat# 17-0448-

01)��ƹCytodex-3�(cat# 17-0485-01)�Ţĩźºººººƃ�Żř� �
GE-Healthcare�Sigma Solohill �(cat# z378674)��Żř

�ŢĩźºƃSigma �ƹ�FibraCel disk�(cat# M1292-0088.)��Żř

��ŢĩźºƃNew Brunswick Scientific (NBS)�źų�ºƿŹřŶƽ�
�ƪưƘƫřŹƺŤººſŵ�ƢŝŚººƐƯ�ƹ�ŶººƃƶººƳŚųŹŚĩ�ƽ�ƵŵŚººƯō�ƵŶƳŻŚººſ�Ŷººƃ��

�ºſǀ���źƟŚºŝ�Źŵ��ƵŵŚƠŤºſř�Żř�ƪºŞƣ�žĩŵƺŤ�šŚƠƀºƟ� (PBS) ��ƱƹŶºŝ
ƀƬĩǀƮ�ƴƯǀżƿ������šŶºƯ�ƶºŝ�ƭƺë���ų�ŢƗŚºſ��ºǀ�������Żř�žºě�ƹ�Ŷºƃ�ƵŶƳŚƀ

ƬŴţ�ƹ�ƱŶºººƃ�ƹǈĩƺºººţřºººǀ�ƶPBS�ƶºººŝ�ĨºººſǈƟŹřŵ�ƱżºººưƷ�� �
(Spinner Flask)�ƹŚººůƽººŰƯ�ǀ�ŵźĭ�ƶƟŚººƋř�ŢƄººĩ�ƎººƿŶ��� �

ſǀ�Ʒƺƫƺſ�ŚưĮǀ��ƪ�šŶƯ�ƶŝ�ƲŤƟźĭ�Źřźƣ�Żř�žěç��śō�Źŵ�ŢƗŚºſ�
źƐƤƯ�ƹ��������Źŵ�ƱŶƃ�ƹǈĩƺţř�Żř�žě�PBS���ºŰƯ�ƶŝ�ǀ����ŢƄºĩ�Ǝ��ƭźºĭ

Ŷººƃ�ƶƟŚººƋř��Ɵǀŵ�ƪººſřźŞººƿĨººſǈƟ�Źŵ�řŶººŤŝř�ĨƀƱżººưƷ��Źřŵ�
(Spinner Basket, NBS. cat# M1222-9991)��ƹŚºůƽ�PBS�

ŤſřźƿŰƯ�žĜſ�ƹ�Ŷƃ�ƪǀŚū�ŢƄĩ�ƎƿżĮƿ�ƲPBSŵźĭ�ƿŶ���
ººſŸººě�ƁŻŚƿźƽ�(Adaptation)�ººŰƯ�ƶººŝ�ƩƺƬººſǀ�ƎSFM�� �
řźŝƽ�ř�ƿ����ſŚŤěřŵō�ƁƹŹ�Żř�ŹƺƔƴƯ�Ʋǀ�ƫřƺŤƯ�Ʊƺƾ�(sequential)��ƶĩ�

���Ţĩźƃ�ƎſƺţInvitrogen�Ƈƺţ�ǀ�Ư�ƶƾ�ŵƺƃ���Ŷƃ�ƵŵŚƠŤſř�����řŶºŤŝř
ƿ��ƹŚů�ƩƺĜƯō�Ĩƽ����źƟ�ŢƫŚů�Żř�ƩƺƬſ�ƿ�����ŢƗźºſ�ƶŝ�ż�ºƿ�řŵŻ�Ų�ƾºƿ�

ĩ�ĨººſǈƟ�Źŵ�ƹ�ŶººƃĨººģƺ��çêŤƳŚººſƾźººŤƯ���ƹŚººůƽººŰƯ�ǀ�Ǝ
ŢƄººĩ+FBS(10%) �DMEMŹƺţŚººŝƺĪƳř�Źŵ��èì�ƶººūŹŵ��ƽ
ƾŤƳŚſ���ŵřźĭƹŚůƽ�CO2�ê�ŶƇŹŵ�řźŝƽ�èŚţé���ŢºƟźĭ�Źřźºƣ�ŻƹŹ�
�Ǉ�Śţƿƶ��ƽ��ƫƺƬºſƾ����ƪºƯŚĩ��Źŵ������ř�ĨºſǈƟ�ŮƐºſ�ƭŚºưţƿ���Ŷºƃ�ŵŚºŬ��
ƩƺƬſ����ŹŚĮƫ�ŻŚƟ�Źŵ�ŚƷƿưŤƾ������źţ�ŵŹřŶƳŚŤºſř�ƁƹŹ�ƶºŝ�ŶºƃŹ�ƿ�ƀºĜǀ�ƶƴ

����ŵřŶƘţ�ƹ�ŶƳŶƃæåêê�è���ƩƺƬſ��ǈƟ�ƶŝ���ƹŚºů�Ĩºſƽ�ìê��ŶºƇŹŵ��
ŻřDMEM ƹŚů�ƽ�ƹ�ƭźſ�çêŶƇŹŵ�Żř��VP-SFM�Ŷƃ�ƪƤŤƴƯ�

�ƩƺƬſ�ƹ�����ŶƴŤƟźĭ�Źřźƣ�ŹƺţŚŝƺĪƳř�Źŵ�ŚƷ����ĪƄţ�Żř�žěǀ�Ǉ�ƪƿƶ��ƽ�Ĩţ�
ƫƺƬſƾ��ľřŵŶŬƯ��ƪƯŚĩ��ƩƺƬſ���źţ�ŚƷƿƀĜǀ������Źŵ�ơƺƟ�ƪůřźƯ�ƹ�ŶƳŶƃ�ƶƴ
ŰƯǀ�ƹŚů�Ǝƽ�êå�ŶƇŹŵ���ºŰƯ�ǀ��Ǝ�ƭźºſ����ƹ�Źřŵêå��ŶºƇŹŵ���ºŰƯǀ�Ǝ

���Ŷƃ�ŹřźĪţ�ƭźſ�ƱƹŶŝ��řƿ���ſŹ�Śţ�ŹŚĩ�ƲǀŶ��������Źŵ�ƩƺƬºſ�ŢƄºĩ�ƶºŝ�Ʊ
ŰƯǀ�ǈƯŚĩ�Ǝ����������ŢºƔƬƛ�Ʃƺƈºů�ƹ�ƭźſ�ƱƹŶŝæåëè����ƩƺƬºſ��Źŵ
řźƃƿƐƾ��ŝ�ƶĩ�ǀ���Żř�Ƃîå��ƩƺƬſ�ŶƇŹŵ��ŚƷƽ��ŚºƸƳ�ƾƿ�����ŶƴºƃŚŝ�ƵŶºƳŻ�

��ƶƯřŵřƿŢƟŚ���ƩƺƬſ�Żř�ŚƷƽ�������Ŷºƴģ�Żř�žºě�ƵŶƃ�ƶŤěřŵō��ŨĪţ��ºǀ���ƶºŝ��ź
ƃƹŹƾƎſƺţ�ƶĩ�Rourou �Ţſř�ƵŶƃ�Ƶŵřŵ�ŭźƃ���ŹŚºĩ�ĨºƳŚŝƽ�
ƩƺƬſ�Ƹţ�ǀ��Ŷºƃ�ƶ���ř�Źŵ��ºƿ��Ʋ��ƩƺƬºſ�ƶºƬůźƯ��ŚºƷƽŨĪţ��ºǀ�źƿ��Źŵ�ƶºŤƟŚ
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řźƃƿ������ŵřŶºƘţ�ƶºŝ�ƭźºſ�ƱƹŶŝ�Ǝæåëç�Źŵ�ƹ�źºƷ��ºƿŹŵ�ƩŚ�ºŰƯ�ǀƎ� �
VP-SFMƹŚººů�ƽ��æåŶººƇŹŵ���DMSOŤƯ�ƹ�ººǀ�ŻƺƫƺƬººſ�ƪ� �

�æ�åŶººƇŹŵ����Ɵ�šŚƯŶººƇ�ƂƷŚººĩ�ŹƺººƔƴƯ�ƶººŝǀżƿººĪƾ�źƟººƿż� �
ŶƳŶƃ��çí�����

�ƩƺƬſ�ŶƃŹ����ĨºſǈƟ�Źŵ�ŚƷ���řźºŝƽ����ƩƺƬºſ�ŶºƃŹ����ƹŹ�ŚºƷƽ�Ź�ºƿ�ż
ƪƯŚů��ŚºƷ���Ĝºſř�Żř�ǀ��ĨºſǈƟ�źƴ�êåå�Ư�ǀ�ºƬƾ�ƫǀ�źºŤƽ���řźºŝ�ƹ�ƽ���ŶºƃŹ�
ƬººſƩƺ�ƹŹ�ŚººƷƽƟ�ǀŵ�ƪººſřźŞººƿ�Żř�ĨƀĜººſřǀ�ŢĪƀººŝ�źƴêåå�
ƯǀƬƾ�ƫǀźŤƽ���Ŷºƃ�ƵŵŚƠŤſř������ƩƺƬºſ�řŶºŤŝř�����ĨºſǈƟ�Źŵ�ŚºƷ��Ĩºģƺĩ��

��������ĨºſǈƟ�Źŵ�žĜºſ�ƹ�ŶƳŶºƃ�ŢƄĩ��ƎºſƺŤƯ���ìê��ŤƳŚºſ�ƾ��źºŤƯ��
ŶŬţƿ�������ƟŚºĩ�ŵřŶºƘţ�Śţ�Ŷƃ�ƭŚŬƳř�ƭŻǇ�šŚƘƟŵ�ƶŝ�ŢƄĩ�Ŷƾ��ƩƺƬºſ�
�æåéçê�æ���ƾŤƳŚſ�Źŵ�ƩƺƬſ����ƖŝźƯ�źŤƯ��řźŝ�ƽ�ƤƬţ�ǀĨſǈƟ�ƶŝ�Ů��ŚƷ

�ŵźºĭ�ƵŵŚƯōŵ���ŻřVP-SFM+ 4mM l-glutamine���ƱřƺºƴƗ�ƶºŝ�
ŰƯǀ������Żř�ƹ�ƭźſ�ŶƣŚƟ�ŢƄĩ�ƎDMEMřŹřŵ�ƽ�æå�ŶºƇŹŵ��FCS�

��ŰƯ�ƱřƺƴƗ�ƶŝǀ�řŹřŵ�Ǝƽ���Ŷƃ�ƵŵŚƠŤſř�ƭźſ����ĨºſǈƟ��ŚºƷƽ��ƹŚºů�ƽ�
ººŰƯǀŢƄººĩ�Ǝ��ç�ìpH=����ƪººƯŚů�ƹ�ŹƺţŚººŝƺĪƳř�ƶººŝ�ƩƺƬººſ� �
èì�ƶūŹŵ����ƾŤƳŚſ�ƽ���ŵřźºĭ�řŹřŵ�ƽ�ê��ŶºƇŹŵ��CO2��ŶºƇŹŵ����ƪºƤŤƴƯ�

ƫŚů�Źŵ�ƵŶƃƾ�ƃ�ƶĩǀŶŤŝř�Źŵ�źĪ��Śºŝ�ř��ŢƗźºſ rpmèå�Żř�žºě�ƹ�� �
ë��Śºŝ�ŢƗŚſ� rpméê�ºƔƴţ�ǀ�Ŷºƃ�Ʈ����ŶºƃŹ�ŻŚºƟ�Źŵ��ƶƳŚƯŚºſ�Żř�ƽ�

ƺƘţƿƯŚĭ�ƊƾŰƯ�ǀ�ŢƄĩ�Ǝ(Stepwise Perfusion)��ƵŵŚƠŤſř
��Ŷƃ�����ƶƳřŻƹŹ�Ʊō�Źŵ�ƶĩìå���ŶƇŹŵ��ŰƯ�Żřǀ������ƵŶºƃ�ƝźƈºƯ�ŢƄĩ�Ǝ
�ŰƯ�Śŝǀ����ƺºƘţ�ƵŻŚţ�ŢƄĩ�Ǝƿ��ºƯ�Ɗƾ��ŵŵźºĭ���ř�Źŵ�ºƿ�ƤŰţ�Ʋ�ºǀ���źºƷ�Ƣ
ŚƯŻōƿ��Ƃ�ƩƹŶūç���ºŝƶ����šŹƺºƇ�ºƿĨ������ŹřźºĪţ�ŹŚºŝ(Duplicate)�

Ŷƃ�ƭŚŬƳř���
ƶººƳƺưƳ�Źřŵźººŝƽ��ƩƺƬººſ�ƁŹŚưººƃ�ŢººƸū�ƵŻřŶººƳř�ƹ�ŚººƷ�ĭººǀźƽ� �

pHƫƺŝŚŤƯ�ƹ�ººǀŢ���ƶººƳřŻƹŹ�ŚººƷêƯ�ǀººƬƾ�ƫǀ�ººŰƯ�Żř�źººŤǀŢƄººĩ�Ǝ� �
ƹŚººůƽ�Źººƿ�ƪººƯŚů�ż�řźººƃ�ŢººŰţƿŤĜººſō�Ǝǀƶººƫƺƫ�Źŵ�Ĩ�ƽ� �
ŚººƯŻōƿƖººưū�Ƃ�ŹƹōƽŶººƃ���řźººŝƽƶººƳƺưƳ��Źřŵźººŝƽ�Żř�ƟǀƪººſřźŞ� �

ŵƿ���ƱƹŹŵ�ĨƀĜſřǀřźƃ�Źŵ��ŢĪƀŝ�źƴƿ�ŤĜºſō�Ǝǀ��ŵŚƠŤºſř�Śºŝ�ƹ�ĨƵ� �
��Żřƿ�����ƶƳřŻƹŹ�ŶƴƬŝ�žƴě�Ĩæå��ŵ�ŵŶƗ�ƿ���ƹ�Ĩƀê�Ư�ǀƬƾ�ƫǀ���ºŰƯ�źºŤǀ�Ǝ

�Źŵ�ŢƄºººĩºººƿ�ŚºººƯŻō�ƶºººƫƺƫ�ĨƿƂƖºººưū��Źƹōƽŵźĭ�ºººƿŶ�� �
ƵŻřŶƳř�ĭǀźƽ�ƫƺŝŚŤƯ�ǀŢ���ƩƺƬºſ�ƁŹŚưºƃ�ƹ�ŚƷ��ŚºƷ����ƶºƳƺưƳ�ºŰƯǀ�Ǝ

ĩřźŝ�ŢƄƽƵŻřŶƳř��ĭǀźƽpH ��ƳƺƯō�ƹ�šŚŤĩǇ��żĩƺƬĭ�ŢƔƬƛ�ºǀ�ƭƺ
ŝƶ����ŵźĭ�ƵŵŚƠŤſř�ƶƳřŻƹŹ�šŹƺƇƿŶ���ĩ�ŻřǀŢ�ŚƷƽ�����Ţĩźºƃ�ŢųŚºſ

Biovision�řźŝƽƵŻřŶƳř��ĭ�ºǀźƽ�żĩƺºƬĭ�(Cat # k606-100)�ƹ�
�šŚŤĩǇ(Cat# k627-100)řźŝ�ƹ�ƽ��ƵŻřŶºƳř�ĭ�ºǀźƽ�ƳƺƯō�ºǀ�Żř�ƭƺ

ĩǀ�Ţ�ŢųŚſ�ºſǀ�ŚưĮ(Cat# AA0100)���ºƃ�ƵŵŚƠŤºſřŶ���řźºŝƽ�
�ƩƺƬſ�ƁŹŚưƃ�ŚƷƽ����řŶŤŝř�ƪƈŤƯ�Źƿ�ƪƯŚů�ż�ŚƷ��ŵ�ƹ��ºƿĨƀ�����ƶºſ�ŚºƷ

���Śŝ�ƶŞţźƯPBS��ƬŴţ�źƟŚŝ��ŶƳŶƃ�ƶŤƀƃ�ǀ�źĩ�ƩƺºƬŰƯƹ�Ŷƃ�ƶ�ºƿ�ƩŚŤƀ
ƹƿ�Śů�ƶƫƺƹƽ�ſř�ǀ�ſ�ŶǀźŤƿ��Ĩ�æ�å�ƩƺƯ����źţ�ƹ�ƿ��ƱƺŤX-100��æ�å�

ŶƇŹŵ���ƶƫƺƫ�ƪųřŵ����Ŷƃ�ƶƟŚƋř�ŚƷ���Żř�žě�ŹřŶƸĮƳƽ�ƶƳƺưƳ������ƶºŝ�ŚºƷ
��šŶƯèå�ƣŵ�ǀ���Źŵ�ƶƤ���śō�ƭŚưůèìƶūŹŵ��ƽŤƳŚſ�ƾ���ŵřźĭƩƺƬſ���ŚºƷ

ƫǀ��ƵŶºƃ�ż���ƶŤƀºƷ���ƽ��ƩƺƬºſ�����ŚºƷ���Śºŝ����Żř�ƵŵŚƠŤºſř��ºſƺưƷ�ƭǇǀ�źŤƯƺŤ
�ŵźĭ�ƁŹŚưƃƿ���ƶĩ�Ŷŝǀ����������ƶºŝ�ƪƈºŤƯ�ƩƺƬºſ�ŵřŶºƘţ�źĮƳŚ�ƪºƯŚů��ŚºƷ�

�ºƯƾ��ŶºƃŚŝ����ƇŚƈºŤųř�űźºƳƾ��ŶºƃŹ�(Specific Growth Rate)�
Ż�ƶƫŵŚƘƯ�Ǝſƺţƿ�ƶŞſŚŰƯ�źŶƃ��èå����

��
��

��Źŵřƿ�ƩƺƯźƟ�Ʋ�x��ƵŶƴƷŵ�ƱŚƄƳ���ƽ��ƇŚƈŤųř�űźƳ�ƾ����Ŝƀů�źŝ�ŶƃŹ�
�ŢƗŚººſ(h-1)��XƵŶººƴƷŵ�ƱŚƄººƳ��ƽ��ƱŚººƯŻ�Źŵ�ƩƺƬººſ�ŢººƔƬƛ�

ƶƳƺưƳ�Źřŵźŝƽ���ƹ�t��ƵŶƴƷŵ�ƱŚƄƳ���ƽ����ºŝ�ƱŚºƯŻ�ǀ�����Źřŵźºŝ�ƶºƳƺưƳ�ƹŵ�Ʋƽ�
Ţſř��řźŝƽ�Śě�ƿ�ƘƋƹ�Ƃǀ�ř�Ţ���ƩƺƬºſ�ƩŚƈºţ���ƹŹ�ŚºƷƽ��ƪºƯŚů��ŚºƷ��

��ƶƳřŻƹŹƿ���ŰƯ�Żř�ƵźƐƣ�Ĩǀ��Ǝ��ŢƄĩ�ƹŚºůƽ�Ź�ºƿ��ƪºƯŚů�ż�ƹŹ�ƽ��ƭǇ�
���ŚưƳ�ŢƃŹŵ�Śŝ�ƵŵŚſƾƿ�xæåå��Ư�Ǝſƺţǀ���ĚĪºſƹźĪ(Inverted)�

ſŹźŝƾ����ƩƺƬſ�ŢŞƀƳ�ƹ�Ŷƃ��ŚƷƽ�Şƀģ�ǀ�����ƫŚºų�ŮƐºſ�ŢŞƀƳƹ�ƵŶƾ�
���Źŵ�ƵŶƳŚƯæåå���ŵŶƗ�Źƿ���ƪƯŚů�żŝƶ����ưƄºģ�šŹƺºƇƾ��ºưŴţ�ǀ��ƵŵŻ�Ʋ

Ŷƃ��çë����
ƤƬţǀ�ƹ�Ůƿ���ƹ�ŽƹźŻŹřƿŝŚƾ�ƩƺƬſ��ŚƷƽ�Ƶŵƺƫō�������ƲŤƟźĭ�Źřźƣ�Żř�žě

ƩƺƬſ�����ŹŚĮƫ�ŻŚƟ�źųřƹř�Źŵ�ŚƷƿưŤƾ��ŰƯ��ŶƃŹ�ǀ���ŢƄĩ�ƎƬŴţǀ�Ŷƃ�ƶ��
�ƩƺƬſ�ƹ�����ŰƯ�Śŝ�ƶŞţźƯ�ƹŵ�ŚƷǀ�ƫƺţ�Ǝǀ�ƹ�Ŷƿ����žĜſ�ŶƳŶƃ�ƶŤƀƃ�Žƹź

ŰƯǀ����ƹŚºů�ŢƄºĩ�Ǝƽ�ƹ��ºƿŽƹź�PV������ŢºƳƺƠƗ�ŢºƔƬƛ�Śºŝ��řŻ�ƾºƿ�
(Multiplicity of Infection)źŝřźŝ��è�å�MOI=���ĨºſǈƟ�źƷ�ƶŝ

��ƩŚƤŤƳřƿŢƟŚ��řźŝƽ�ŻŹř�ƿŝŚƾ�ƩƺƬſ��ŚƷƽ���ƹ�ƶŝ�Ƶŵƺƫō��ºƿ���ƪƈºŤƯ�Žƹź
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��ƶŝŹƿƪƯŚůż���ƿ�Ư�ĨǀƬƾ�ƫǀ����ºŰƯ�Żř�źºŤǀ��ƹŚºů�Ǝƽ�Ư�ǀźĩƹźĪ�ºƿ��ƶºſ�ź
���Śŝ�ƶŞţźƯPBS��Ŷƃ�ƶŤƀƃ���ƩƺƬſ�žĜſ���������ƩƺºƬŰƯ�Żř�ƵŵŚƠŤºſř�Śŝ�ŚƷ

�źţ�ŵŹřŶƳŚŤſřƿƀĜǀ���������Żř�žě�ƹ�ŶƳŶƃ�řŶū�ƪƯŚů�Żř�Ʋō����Ǝºſƺţ�ƶºĪƳ
��źƟŚŝPBS��ŶƳŶƃ�ƶŤƀƃ��ƿ����ƹŹ�Ʊō�Żř�ƵźƐƣ�Ĩƽ�����ƹ�ŢƟźĭ�Źřźƣ�ƭǇ�
��ŹŵŻƿ��ƯǇ�ŵƺƷ�źǀ��ŹŚƴ���Ŷºƃ�ĨƄºų������ƩƺºƬŰƯ�Źŵ�ƁźŤƀºĭ�žĜºſ

�ƲŤººſříåŶººƇŹŵ��šŶººƯ�ƶººŝ�Ĩººƴų�èåƣŵ�ǀ�ŢººƟźĭ�Źřźººƣ�ƶººƤ� �
�ŚººţƩƺƬººſ��ŚººƷƹŹƽ�ƭǇ��ŢººŝŚŧŶƳŶººƃ�ƩƺººƬŰƯ�Śººŝ�ƭǇ�ŮƐººſ�� �

ŘſŹƺƬƟǀ�ř�ƲƿƫƺŝƺƬĭƺƳƺưǀ��ƀĜĩƺŘƬĩƺƳ�ŶƋ�Ʋǀ��ŹŚºƷ�Ŷƽ�����šŶºƯ�ƶºŝ�
ƿ������Ư�Śºŝ�žĜºſ�ƹ�Ŷºƃ�ĬºƳŹ�ŢƗŚſ�ĨǀźĪƹ�Īºſƺ��ŢƴºſŹƺƬƟ�ę

ſŹźŝƾŶƃ���çë����
ţǀººſřźŤǀƹ�ƱƺººƿŹŚººƷ�Žƹźƽ��ŢººƔƬƛƹ�ººƿŹŚººƷ�Žƹźƽ�ƶººŝ�� �

ƁƹŹ�Modified Rffit�(Rapid Fluorescent Focus Inhibition Test)�

ƵŻřŶƳř�ĭǀźƽ��ºŝ�ƹ�Ŷºƃ�ƶ��šŹƺºƇ�FFU/ml�(Fluorescent Focus Units)�
ººƃ�ƁŹřżººĭ�Ŷ�éèƹèå��çî���řººƿŚººƳřƺţ�ŽŚººſř�źººŝ�ƁƹŹ�Ʋƾƿ�

ŢƣŹ�ŚƷƽ���ƹŚů�ƶƳƺưƳ�ƞƬŤŴƯ�ƽ�ƹ�ƿ���ŻŚſ�Ƶŵƺƫō�Źŵ�Žƹźƽ��ŢƄĩ�
�Ǉ�Ĩţƿ��ƶƿ���ŶƴƳŚƯ�ŽŚƀů�ƩƺƬſ�Ĩ�BHK-21��Ư�Źŵ�ǀ�Ƭě�ƹźĪ�ºǀ�Ţ
Ţſř������ŤƳō�ƱŶƃ�ƶƟŚƋř�Żř�žěƾ�Ź�ƿŘţƹźěƺŘƬĩƺƳƺŞǀ���ŶƋ�ƶĭƹĦƴĩ�Ʋ
ŹŚƷƽ���źƷ�ƶŝ���ĨƷŚģ�ŵřŶƘţ�ŶůřƹƖưŬţ��ƱŚƄºųŹŵ��ƩƺƬºſ��ŚºƷƽ�

��Ƶŵƺƫō(FFU)���Ư�Śŝ�ƶĩ�ǀ�ř�ĚĪſƹźĪƿ������Ţºſř�ƁŹŚưƃ�ƪŝŚƣ�šŹƺƴ
ŚưƳƿ��ƹ�ŢƔƬƛ�źĮƳŚƿ�Ư�Žƹźƾ�ŶƃŚŝ��řźŝƽ�ƶŞſŚŰƯ���ƽ���ƫƺţ�űźºƳ��ºǀ�Ŷ
ƹƿŻ�ƩƺƯźƟ�Żř�Žƹźƿ�ƵŵŚƠŤſř�źƃŶ����

��
��

�Źŵřƿ�Ʋ�ƶƫŵŚƘƯ:Pƫƺţ�űźƳ�ǀƹ�ŶƿŽƹź�(Overall Virus Productivity)�
��Ŝƀů�źŝFFU/ml/hr��:Cƹ�ŢƔƬƛ�ƿ��ŽƹźXi������ƩƺƬºſ�ŵřŶºƘţ

��ƱŶººƃ�Ƶŵƺººƫō�ƭŚººĮƴƷ�ŹŵXe����ƩƺƬººſ�ŵřŶººƘţŚě�Źŵººƿƫƺţ�ƱŚººǀ�Ŷ
ƹ�ºƿ��ŽƹźIp�����ĭŵƺºƫō�ƱŚºƯŻ�šŶºƯƾ�ƩƺƬºſ���ŢƗŚººſ�Ŝƀºůźŝ�
Ưƾ�ŶƃŚŝ����

ƵŻřŶƳř�ĭǀźƽ�Ʊřƺţ�řƿƴưƾ�řŻƾƿ�(Potency)ŹŚƷ�Ʋƀĩřƹ�ƽ��ŰƯǀ�Ǝ
�ƹŚů�ŢƄĩƽ�ƹ�ƿ�����Ɵ�Żř�ŹƺŞƗ�Żř�žě�Žƹźǀ���źºŤƬéê�å�Ưǀ����Śºŝ�ƱƹźºĪ

���ěƹźě�ŚŤŝ�Żř�ƵŵŚƠŤſřǀ��ƱƺŤĩǇƺ(1:4000)�ƛ�ǀ��ŵźĭ�ƩŚºƘƟź�ºƿ����ƶºŝ�ƹ�Ŷ

ŝźŬţ�Ʋƀĩřƹ�ƱřƺƴƗƾ��ƁƹŹ�ƶŝNIH�(National Institute of Health)�
�ŻŹř�ŵŹƺƯƿŝŚƾ��ŢƟźĭ�Źřźƣ���èæ���ř�Źŵ�ƿƲ��ƁƹŹ�řŶŤŝř�ƁƺºƯ��ŚºƷƽ�

Źƺſƽ��Źżţ�Śŝƿ�ƹ�Ƣ�ŝźŬţ�Ʋƀĩřƾ���ŢŝƺƳ�ƹŵ�Źŵ�ơŚƠƇ�Źŵ���źƠºƇ�ƹ�
ì���ŻƹŹřƿ�ŻŚſ�Ʋưƽ���žĜſ�ƹ�ŶƳŶƃ��ƹ�ƿ�ƺºſ�Žƹźƿƶ�ƽ�CVS���ƶºĩ
ƹƿ�źŝ�ƂƫŚģ�ŵŹřŶƳŚŤſř�Žƹź(Challenge Virus Standard)�
Ưƾ���ŶƃŚŝƪųřŵ�żƜƯ�(Cerebral)�ƁƺƯ�ŚƷƽ�ř�ƿ����ƵŶºƃ�ƲưŹżţ�ºƿ�Ƣ

ŵźĭƿŶ�����ƹ�ƱŚƯżưƷřźŝƽ���ƩźŤƴĩ����Ʋƀĩřƹ�ŻřūŹŚųƾ���Śţ�ŵŹƺºƯ��ºǀƿ�Ŷ
Ƴǀ��Ŷƃ�ƵŵŚƠŤſř�ż��ƺţ��Ʊřřƿ�ºƴưƾ�řŻ�ƾºƿ����ºŝ�Ʋƀºĩřƹƶ�����Ŷºůřƹ�šŹƺºƇ
ŝǀƲ�ƬƬưƫřƾ�Źŵ�Żƹŵ�ŹżţƿƤƾ�(IU)��ƁŹřżĭŵźĭƿŶ���
��

ƶŤƟŚƿ�ŚƷ��
�����Əƾ�í�ŚƯŻō�ƿ����řżºŬƯ�Ƃ��ƩƹŶºū�ç��������ŢºƔƬƛ��ƩƺƬºſ�ŵřŶºƘţ�

��ƳƺƯō��šŚŤĩǇ��żĩƺƬĭǀ���ƭƺŵřŶƘţ�ƹ�ƿ�������Żř�žºě�ƩƺƬſ�ŵřŶƘţ�ƹ�Žƹź
ĭŵƺƫōƾŝ�ƶ�Śě�ƶƳřŻƹŹ�šŹƺƇƿ�ƂŶƃ���

�ƩƺƬſ�ŶƃŹ���ƩƺƬſ�ƩŚƈţř���Ɵ�ƶŝ�ŚƷǀ���ºſ�ƪºſřźŞźƿƖ�����űŹ�źºţŵřŵ���ƶºŝ�
ƺŰƳƽ���ƶĩ�ŝǀ���Żř�Ƃîê���ŶƇŹŵ�ƩƺƬſ���ƶƬƇŚƟ�Źŵ�ŚƷ��ƽ�ƳŚƯŻ�ƾ�çê��Śţ�
éê�ƣŵǀƶƤ��ŰƯ�Żř�ǀ��ŶěŚƳ�ŢƄĩ�Ǝƿ�ƵŶƃ�Ŷ���ƫř�ƶŝ�ǀ�Ɵ�ƝŚǀ��ƪƈŤƯ�ƪſřźŞ

ŶƳŶƃ���źºŤưĩƿ��řźºĭ�Ʋƿ��řźºŝ�Ƃƽ����ƩŚƈºţř�Ƴ�ºǀ������ƶºŝ�Ţºſř�ƍƺºŝźƯ�ż
ººſǀ�žĩŵƺŤ�èƺººŰƳ�ƶººŝ�ƽ�Żř�žººě�ƶººĩ�æåŵƹŶººů�ŢƗŚººſ�� �
íå�ŶƇŹŵ��ƩƺƬſ����ŚƷ�Ź�ƶŝƿ�ƪƯŚů�ż���ŚƷ�ŶƳŶƃ�ƪƈŤƯ���ŚºŤƳƿ���ƱŚƄºƳ�Ū

��Ţſř�ƵŶƄƳ�Ƶŵřŵ���������ƪĪºƃ�ƶŝ�ƶūƺţ�Śŝæ�ŝ�ºǀźŤƄƿ��Ʋ����ƩƺƬºſ�ŵřŶºƘţ
ƩŵŚƘƯ�æåëæ�ì��ƾƬǀƯ�Źŵ�ƩƺƬſ���źŤǀƫƹŚů�ĨſǈƟ�Źŵƽ�DMEM�

ƹ�æåƟ�ƭźººĭ�ǀŵ�ƪººſřźŞººƿƮººƸƳ�ŻƹŹ�Źŵ�Ĩƀ��åæê�å�SGR=��
����ƫŚů�Źŵ�Ţſř�ƵŶƃ�ƪƇŚůƾ��źŤưĩ�ƶĩƿ�����ºŝ�ƩƺƬºſ�ŵřŶƘţ�Ʋƶ���Ţºſŵ

��ƵŶºƯōźººŝřźŝ��åæë�å�SGR=��æåëîæ�ç�ƾººƬǀƯ�Źŵ�ƩƺƬºſ��Ư�źººŤ
Ţººſř�ƍƺººŝźƯ��ƹŚººů�ĨººſǈƟ�ƶººŝƽ�VP-SFM�ƹ�ìê�ç�ƭźººĭ�

�ºſǀžĩŵƺŤ�èƮƄººƃ�ŻƹŹ�Źŵ��ƩƺƬººſ��ŚººƷƽººſ�ƶººŝ�ƪƈººŤƯ�ǀ�ŚưĮ
Ʒƺƫƺſǀƪ����ŻƹŹ�ŹŵƭŹŚƸģ��ŝ�ƶŝ�ǀźŤƄƿ���źŝřźŝ�ŵƺų�ŢƔƬƛ�Ʋ��åæì�å�

SGR=��æåëèê�ç�ſŹǀŶŶƳ���ūƺţ�Śŝƶ���ƶŝ���ŹřŵƺºưƳç��ƀºƳřŵǀƶŤ�ƽ�
ŚƸƳƾƿ�ƩƺƬſ�ŚƷƽ���ƁŻŚſƿ���ƶºŤƟŚ���ºŰƯ�ƶºŝǀ������ƭźºſ�ƱƹŶºŝ�ŢƄºĩ�Ǝ� �

(VP-SFM)�Ťưĩ�źŚƤƯ�ƪŝŚƣ�ŚƯřƿŰƯ�Śŝ�ƶƀǀ�ƎřŹřŵƽ�ƭźſ�Ưƾ�ŶƃŚŝ���
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ŹřŵƺưƳ�æ��ƶŤǀƀƳřŵ�ƽ�ƺƬſƩ�Vero� (x 10,000)ŶƃŹ�ƶŤƟŚƿ�ƽƹŹ�ƕřƺƳř�ƪƯŚů���ƩƹŶū�ƢŝŚƐƯç��ƹ�ƝźƈƯ�ŹřŶƤƯ�ƾŝŚƿŻŹř��żĩƺƬĭ
Ŷǀƫƺţ�ƹ�šŚŤĩǇ�ƭƺǀƳƺƯō��x10mM�Źŵ��í�ƂƿŚƯŻō�ƶƳŚĭřŶū�ƢŝŚƐƯ�ƩƹŶū�ç� 

ŚěƿƂ�ƫƺŝŚŤƯ�ºǀŢ��ŚºƷƽ��ƫƺƬºſ�ƾ����Źŵ��ŹřŵƺºưƳ�ç�ŵ��ºƿ��ºƯ�ƵŶƾ��ŵƺºƃ�� �
��ƶĩŝǀźŤƄƿ��ƟźƈºƯ�żĩƺƬĭ�ŹřŶƤƯ�Ʋƾ���Śºŝ�źºŝřźŝ�êê�ìí�Ưǀ�ºƬƾ���ƩƺºƯ

���ƶŝ�ƍƺŝźƯ��ƵŵŚƠŤſř�Ɵ�Żřǀ�ŵ�ƪſřźŞƿ���ƹ�ĨƀDMEM�Ţſř���ř�Źŵ�ƿ�Ʋ
ŚƯŻōƿ����ŚºƸƳ�ŹřŶºƤƯ�Ƃƾƿ������źºŝřźŝ�šŚºŤĩǇ�ìí�æç�����ŚºƸƳ�ŹřŶºƤƯ�ƹ�ƾƿ�

ƳƺƯōǀ���źŝřźŝ�ƭƺèì�å�ƯǀƬƾ���ƩƺƯ�ŝƺŵ��ŚŤƳ�ƿ��Ū��ƞƬŤŴƯ�Ư�ƱŚƄƳƾ���ŶºƷŵ
��ŰƯ�Źŵ�ƶĩǀ�������ƭźºſ�ŶºƣŚƟ�ŢƄĩ�Ǝ(VP-SFM)�����żĩƺºƬĭ�ŢºƔƬƛ�

ƟźƈƯƾ���ƫƺţ�šŚŤĩǇ�ƹ�ǀ�ŝ�ƵŶƃ�ŶǀƳƺƯō�ŢƔƬƛƹ�źŤƄǀƫƺţ�ƭƺǀ�ƵŶƃ�Ŷ
�źŤưĩ�ŝƺŵƵ�Ţſř����

��

 
��

 
��

ƫƺţǀ�ƹ�ŶƿŽƹź��ƵŶƷŚƄƯ��ƽ�Ư�ǀĪſƹźĪƺěƾ�ƩƺƬſ��ŚƷ�����žºě�ŻƹŹ�ƹŵ�
�ƤƬţ�Żřǀ�ƹ�ŮƿŽƹź�řŵ�ƱŚƄƳ�ŝ�ƶĩ�ŵǀƂ�Żř�ìå��ŶƇŹŵƩƺƬſ��Ƶŵƺƫō�ŚƷ
ŶƴŤƀƷ���ƱƺƯŻō�ƭŚưţ�Źŵ����ŹřŶºƤƯ�ŚºƷƹ�ºƿ�ºƏ�Žƹźƾ���ƶºŝ�ƭƺºſ�ŻƹŹ�

�ŢººƔƬƛ�źŨĩřŶººůººſŹǀƹ�Ŷŝ�ººǀźŤƄƿ�ŢººƔƬƛ�Ʋƹººƿ�ŽƹźƩŵŚººƘƯ�
FFU/ml�æåëæí�êê�ƹ FFU/cell/hr æíë�å�ŚƯŻō�Źŵƿ�Ƃç�

�ƩƹŶū�ç�������Ɵ�Żř�ƵŵŚƠŤºſř�Śºŝǀ��ŵ�ƪºſřźŞ�ºƿ�ºŰƯ�Źŵ�Ĩƀǀ�ŢƄºĩ�Ǝ� �
VP-SFMƫŚů�Źŵ�Ŷƃ�ƪƇŚů�ƾ�Żō�Źŵ�ƶĩŚƯƿ�Ƃæ��ƵŵŚƠŤſř�ŚŝŻř 

BSA�ç�å+æîîM�ƹ�ŢººƔƬƛººƿ�ƂƷŚººĩ�ŽƹźƶŤººƃřŵ��źººŝřźŝ�
FFU/ml�æåëìè�çê�ƹ�  FFU/cell/hråí�å��ŝƺŵ��ƕƺưŬƯ�Źŵ�

ŚƯŻōƿƂ���ŚƷ�ƹ�ŢƔƬƛƿ�ŝ�Žƹźƶ�����ºŰƯ�Źŵ�ƵŶƯō�Ţſŵǀ��ƎVP-SFM�
ŝǀ��ŰƯ�Żř�źŤƄǀƎ�æîîM�ŵƺŝ���ŹřŵƺưƳ�ç��������ƶºŝ�ƶūƺţ�Śŝ�ƩƹŶºū�ç��

�řźƃ�Źŵƿ���ƶŝŚƄºƯ�Ǝ��źºŤưĩ�ƿ��Ʋ��ƫƺţ�űźºƳ�ºǀ��Ŷƹ�ºƿ��Žƹź����ƶºŝ�ƍƺºŝźƯ

ƩƺƬººſ�ŚººƷƽ�ººſ�ƶººŝ�ƵŶººƃ�ƪƈººŤƯ�ǀžĩŵƺŤ�è�FFU/cell/hr)�
åçæ�å(��ſ�ƹǀ�Ʒƺƫƺſ�ŚưĮǀ��ƪ��ŝ�ƶĩƶ�ƶƐſřƹ��ƽ�����źºŤưĩ�ŮƐſ�ŹřŶƤƯ�
ƸƯǀ�Ŷƃ�ŚƵ���źŤưĩ�ŵřŶƘţ�ƪƯŚůƽ���ŻřƩƺƬſ�Ƴ�ºǀż����Ţºſř�Ƶŵƺºŝ��ŵƺºŝ����

�ƩƺƬſ�ƁŹŚưƃ�������Żř�žě�ŻƹŹ�ƶſ�ŚƷ���ƱŶƃ�Ƶŵƺƫō�ƹ�Śŝƿ���ƱŚƄºƳ�Žƹź
�ŵřŵ���ƩƹŶºū�ç�ŝ�ƶººĩ�ººǀźŤƄƿ�Ʋ�Ư�ƹ�īźºƯ�űźººƳººǀ�źƩƺƬººſ�ŚººƷƽ�� �

��Ƶŵƺƫō�ƹ�ƶŝƿ��Žƹź���ƶŝ�ƍƺŝźƯ���ƹŚºů�ĨºſǈƟƽ�Ź�ºƿ��ƪºƯŚů�ż����ƹ�ŚºƷ
źŤưĩƿ����ƷŚºĩ�ŹřŶºƤƯ�Ʋ������ƶºŝ�ƍƺºŝźƯ�Ƃ���ƹŚºů�ĨºſǈƟƽ�Ɵǀ��ƪºſřźŞ

ŵƿĨƀ�ŵƺŝ����
ƵŻřŶƳř�ĭǀźƽ�Ʊřƺţ�řƿƴưƾ�řŻƾƿ�Ʋƀĩřƹ:(Potency test) �ŰƯǀ�Ǝ
��ŢƄĩVP-SFM�ƹŚů�ƽ�ƹƿ��Žƹź�����ĭŵƺƫō�Żř�žě�ƭƺſ�ŻƹŹ�Źŵƾ�

�Żř�ĨººſǈƟƹŚººůƽƟ�ǀŵ�ƪººſřźŞººƿ�Ĩƀ�ƁƹŹ�ƶººŝNIH�ŵŹƺººƯ�
ŻŹřƿŝŚƾŹřźƣ�ŢƟźĭ�ř�ƹ�ƿƴưƾ�řŻƾƿ� IUìê�ç�řźŝƽ�Ʊō�Ƙţǀǀ�ƲŶƃ���

��
��
��
��
��
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ƩƹŶū�ç��ŰƯ�ƹ�ƪƯŚů�ƕƺƳǀŚƯŻō�Źŵ�ƵŶƃ�ƵŵŚƠŤſř�ŢƄĩ�ƎƿƂ�ŚƷŧŚţ�ƹ�ǀƫƺţ�ƹ�ƩƺƬſ�ŶƃŹ�źŝ�Ʊō�źǀƹ�ŶƿŹŚƷ�Žƹźƽ��
 

ōƱƺƯŻ æ��ç��è��é��ê��ë��ì��í��
ƪƯŚů�ƕƺƳ Fibra cel disk Sigma Solohill��Cytodex-1��Cytodex-1��

ƩƺƬſ�ŢƄĩ�ƎǀŰƯ VP-SFM DMEM VP-SFM DMEM VP-SFM DMEM VP-SFM DMEM 

Žƹźƿƹ�Ŷǀƫƺţ�ƎǀŰƯ VP-SFM MÎÖÖ VP-SFM MÎÖÖ VP-SFM MÎÖÖ VP-SFM MÎÖÖ 

źŤƯ�ƾƬǀƯ�Źŵ�ƩƺƬſ�ŵřŶƘţ ÎÍÓÖÎ�Ó  ÎÍÓÎ�Ô  ÎÍÓÍÐ�Ï  ÎÍÓÐÒ�Ï  ÎÍÓÔÏ�Ð  ÎÍÓÕÏ�Ñ  ÎÍÓÖÎ�Ï  ÎÍÓÎÒ�Ð  

ƖŝźƯ�źŤƯ�ƾŤƳŚſ�Źŵ�ƩƺƬſ�ŵřŶƘţ ÎÍÐÏÕÕ  ÎÍÐÏÖÓ  ÎÍÐÎÓÏ  ÎÍÐÏÎÖ  ÎÍÐÎÒÒ  ÎÍÐÏÍÎ  ÎÍÐÎÏÎ  ÎÍÐÎÐÎ  

ŶƃŹ�ƾƇŚƈŤųř�űźƳ�(h-1) ÍÎÐ�Í  ÍÎÒ�Í  ÍÏÐ�Í  ÍÏÖ�Í  ÍÎÒ�Í  ÍÎÔ�Í  ÍÎÓ�Í  ÍÎÓ�Í  

ƵŶƃ�ƝźƈƯ�żĩƺƬĭ ÒÒ�ÔÕ  ÏÐ�ÔÒ  ÎÒ�ÐÕ  ÏÓ�ÐÑ  ÒÑ�ÑÕ  ÎÕ�ÑÎ  ÎÐ�ÏÑ  ÎÔ�ÏÎ  

šŚŤĩǇ Î�ÎÓ  ÏÕ�ÎÏ  ÎÏ�Õ  ÕÐ�Ô  ÔÓ�ÎÑ  Ï�ÎÎ  ÍÕ�Ñ  ÔÕ�Ð  

ƭƺǀƳƺƯō ÏÖ�Í  ÐÔ�Í  ÐÓ�Í  ÑÐ�Í  ÏÖ�Í  ÒÎ�Í  ÎÓ�Í  ÎÖ�Í  

ƾƬǀƯ�Źŵ�Žƹźƿƹ��źŤǀƫ(FFU/ml) ÎÕ�ÒÒ  ÔÐ�ÏÒ  ÓÒ�ÎÏ  ÕÔ�Ï  ÕÐ�ÎÑ  ÐÓ�Ò  ÎÒ�Ö  ÓÓ�Ð  

Žƹźƿƹ�Ŷǀƫƺţ�űźƳ ÎÕ�Í  ÔÖ�Í  ÎÍÎ�Í  ÍÏÎ�Í  ÍÕÖ�Í  ÍÐÓ�Í  ÍÒÎ�Í  ÍÏÎ�Í  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�ŹřŵƺưƳç��ƴŰƴƯƾ�ŶƃŹ�ƩƺƬſ�Vero�Źŵ�ŰƯǀƎ �A��DMEM��ƹ�B��VP-SFM�ƹ�ƫƺţǀŶ�ƹƿŽƹź�ŹŚƷƽ�Źŵ�ŰƯǀƎ�ŢƄĩ���C��VP-SFM�ƹ��D��
M199�Źŵ�ĨſǈƟ�ƱżưƷ�Źřŵ�êåå�ƯǀƬƾ�ƫǀźŤƽƹŚů�ƽƟ�ǀŵ�ƪſřźŞƿ�Ĩƀ(A)ſ��ǀƷƺƫƺſ�ŚưĮǀ�ƪ(B)ſ��ǀžĩŵƺŤ�è (C) ſ��ǀžĩŵƺŤ��æ�(D)���
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ŦŰŝ��
������ƫƺţ�Źŵǀ�Ʋƀĩřƹ�Ŷ�ŚƷƽ�ƹ�ƿſƹźƾ��������ƩƺƬºſ�ŢƄºĩ�Żř�ƵŵŚƠŤſř�Śŝ�

��ƬƇř�ŻŚƟ�ƹŵƾ�ƺūƹŵ�ŵŹřŵ�������ƩƺƬſ�ŶƃŹ�ŻŚƟ��Ư�ƶĩƾ�Śŝ�ºƿ���Ʊō�Źŵ�Ţƀ
ƩƺƬſ����ƹ�ƒƠů�Śŝ�ŚƷƿ�ºĭĦƾ��ŚºƷƽ�ŝ�ǀĥƺƫƺ�ºƿ�ŞƏ�Ĩǀ�ºƘƾ��ƺºų�ƿ��ƶºŝ�Ƃ

������řźºŝ�ƹ�Ŷƴſźŝ�ƲĪưƯ�ŵřŶƘţ�źŨĩřŶůƽ������ƹ�Śºŝ�ƱŶºƃ�Ƶŵƺºƫō��ºƿ�Žƹź
�ŶƳƺƃ�ƵŵŚƯō�ƹ���ŨĪţ�ŻŚƟ�ǀ�ƹ�ź�ºƿ������ƩƺƬºſ�Ʊō�Źŵ�ƶºĩ�Žƹź�����ƲưºƋ�ŚºƷ

Śưůƿ�řźŝ�Ţƽƹ�Śŝ�ƱŶƳŚƯ�ƵŶƳŻ�ƿƯ�Ƶŵƺƫō�Žƹźƾ�ƹ�Śţ�ŶƳƺƃ�ºƿ�Žƹź
ŨĪţǀ��źƿŶŝŚ��řźŝŚƴŝƿ�ŨĪţ�Ʋǀ�ŝ�źǀ�ƺƬſ�źŤƄƩ�����ŶºƃŹ�ŻŚƟ�Źŵ�ŚƷ����ƒºƠů�ƹ�

�ƩƺƬſ�źŤƸŝ�ĭŵƺƫō�ŻŚƟ�Źŵ�ŚƷƾ�řżºƟř�ŜūƺƯ�ƿ�ºƔƬƛ�Ƃƹ�Ţ�ºƿ�Žƹź
ŹŚƷƽ�ƫƺţ�ŻŚƟ�ŹŵǀŶƃ�ŶƷřƺų�Ŷ��èèƹèç����ƶƳŚƯŚºſ�ŹŵBatch �ƹ�
ƿ�ŚFed Batchŝ�ƶ�ƶƐſřƹ�ƽƩƺƬſ�ŶƃŹ��ŝ�ŚƷƶ�ŹŶţƿ�ŸºƜƯ�ŵřƺƯ�Ūƽ�

��ƂƷŚĩƿ�ƶºŤƟŚ��ƫƺŝŚŤƯ��ºǀŢ���ƔƳ�ŚºƷ�ºǀ����ƳƺƯō�ƹ�šŚºŤĩǇ�ź�ºǀ���ƶŤºƃŚŞƳř�ƭƺ
Ưƾ������ƞƣƺţ�ŜūƺƯ�ƶĩ�ŶƳƺƃźſƿƖ���ƩƺƬſ�ŶƃŹ�źţ��Ư�ŚƷƾ����ŵŵźºĭ�Źŵ

ƫŚůƾ���ř�Źŵ�ƶĩƿ��Ʋ��ƶƳŚƯŚſ�Żř�ƶƘƫŚƐƯ��ƽ��ƺƘţ�ŢƄĩ�ƿ�ƯŚĭ�Ɗƾ�ŰƯ�ǀ�Ǝ
ŢƄººĩ(Stepwise Perfusion) Ŷººƃ�ƵŵŚƠŤººſř�ƹ��ƭŚººưţ�Źŵ�
ŚƯŻōƿƂ����Źŵ�żĩƺƬĭ�ŢƔƬƛ�ŚƷŶů��ç�Śţ�è��źºŤǀƫ�Źŵ�ƭźĭ���ŢºƔƬƛ�ƹ

��ƳƺƯō�ƹ�šŚŤĩǇǀ���Śě�ŮƐſ�Źŵ�ƭƺǀƿƲ����ưſ�Ŷů�Żř�źţƾ��řźºŝ�ƽ���ƩƺƬºſ�
��Ŷƃ�ƶŤƃřŵ�ƶĮƳ���ĭ�ƢŞƏƁŹřż���źĮǀƃ�ƹ�ŢƳƹ�������ŢºƔƬƛ�Źŵ�šŚºŤĩǇ

ŝǀ��Żř�źŤƄçå�Śţ�èåƾƬǀƯ���ƩƺƯ�řźºŝƽ��ưºſ�ƩƺƬºſ�ƾ�ř�ƹ�Ţºſř��ºƿ�Ʋ
ưſǀ��ŚºƯƺưƗ�Ţ���ºƃŚƳƾ�����ƂƷŚºĩ�Żř�pH���řżºƟř�ƹ�ƿ��ŹǇƺưºſř�Ƃƿ�ƶŤ
ŰƯǀ��Ţſř�ŢƄĩ�Ǝ��í����ƳƺƯō�ŹřŶƤƯǀ�Ƴ�ƭƺǀ���źŤưĩ�ŢƔƬƛ�Źŵ�ż�Żř�ç�
��Śţè�ƾƬǀƯ���ƩƺƯ�řźŝ�ƽ��ƩƺƬſ�ƒƠů����řźƃ�Źŵ�ŚƷƿ����ºƇƺţ�śƺºƬƐƯ�Ǝǀ�ƶ
Ưƾ�ŵŵźĭ��èé����ƝźƏ�Żř�ŵ�ƿźĮ��šŚƘƫŚƐƯ�ƢŞƏ������ƾƴƀºŗƺƧ��ƩƺƬºſ

Vero���Śſ�ƶŝ�ŢŞƀƳ�ƿ�ƩƺƬſ�ź�ŚƷ�ƹŚƤƯ��ºƯŢ�ŝ��ºǀźŤƄƽ����řżºƟř�ƶºŝ�ƿ�Ƃ
���ƳƺƯō�ƹ�šŚŤĩǇ�ŢƔƬƛ�ºǀ��ƹ�ŵŹřŵ�ƭƺ���ř�ŹřŶºƤƯ��ºƿ�ƫƺŝŚŤƯ�Ʋ�ºǀŢ����Źŵ�ŚºƷ

SFM�ůǀƩƺƬſ�ŢƄĩ�Ʋ�Veroưſ�Ŷů�ƶŝ�ƾưƳ�ƾ��ŶºſŹ �èé���
�ƶƳŚƯŚſ�ƶģźĭř��ƽ�ƺƘţ�ƿ�ƯŚĭ�Ɗƾ�ŰƯ�ǀ���űźƳ�Śŝ�ŢƄĩ�Ǝ�ìå���ŶºƇŹŵ�
��ƶºĮƳ�ŜūƺƯ������żĩƺºƬĭ�ŢºƔƬƛ�ƲŤºƃřŵ��ƫƺŝŚŤƯ�ƹ��ºǀŢ������ŮƐºſ�Źŵ�ŚºƷ

��śƺƬƐƯƯƾ�ŵŵźĭ��ƫƹ�ƾ�żƷ�ƿ�ŝ�ƶƴǀźŤƄƽ��Ƴ�řŹ�ǀ��ż��ƫŵ�ƶºŝ�ºǀ���ƝźƈºƯ�ƪ
ŝǀ�ŰƯ�źŤƄǀ���ŢƄĩ�Ǝ�ě�Źŵƾ�����ƹ�Ţƃřŵ�ŶƷřƺų�řźŝŚºƴŝƿƲ����Żř�ƵŵŚƠŤºſř�

ƁƹŹ�ŚººƷƽŵ�ƿƔƳ�źººĮººǀ��ººŰƯ�ŵŶººŬƯ�Ɓŵźººĭ�źǀ�ŢƄººĩ�Ǝ
(Recirculation)����ŰƯ�Ʊō�Źŵ�ƶĩ�ǀ���������Śºŝ�ƵŶºƃ�ƝźƈºƯ�ŢƄºĩ�Ǝ

ŰƯǀ���ƍƺƬŴƯ�ƵŻŚţ�ŢƄĩ�Ǝ�Ư�ƾ�ŵŵźĭ��Ƴ�ǀ�����źºƣ�ƶºūƺţ�ŵŹƺƯ�ż�Źřŵ�Źř�ŵ
�èå����ſ�ŹřŶƤƯǀžĩŵƺŤ�æ��ºſ��ǀžĩŵƺŤ�è��Ɵ�ƹ�ǀ��ŵ�ƪºſřźŞ�ºƿ�Ĩƀ

ř�Źŵ�ƵŶººƃ�ƵŵŚƠŤººſřººƿŚººƯŻō�ƲƿƂ�ŤůŚƀººƯ�ŚººƷƾ�źººŝřźŝ�æçååå�
ŤƳŚſƾ�����Źŵ�ƖŝźƯ�źŤƯêåå�Ư�ǀƬƾ�ƫǀźŤ�Żř��ŰƯ�ǀ�����ŶºƳŵźĩ�ƮƷřźƟ�ŢƄĩ�Ǝ
ººſ�ƹǀƷƺƫƺººſ�ŚưĮǀƶººŝ�ƪ�ƫŵººǀ�ŮƐººſ�ƶººŝ�ƱŻƹ�źººŤưĩ�ŢŞƀººƳ�ƪ�� �

�èíå���ƾŤƳŚſ�źŝ�ƭźĭ���źŤƯ�����ƶŝ�ƶūƺţ�Śŝ�ƹ��Ƈƺţǀƶ��ƽ���ºſ�Ţĩźƃ��ƵŶƳŻŚ
������ŹřŶƤƯ�Źŵ�Ʊō�ƝźƈƯ�ƶŝçåŚţèå���ƫ�Źŵ�ƭźĭǀźŤ���ř�Źŵ�ƿ�ŚƯŻō�ƲƿƂ�ŚƷ�

��ƩŵŚƘƯ�ŢůŚƀƯ�Śŝ�êéåå�ƾŤƳŚſ�����ƖºŝźƯ�źŤƯ����Ţºſř�ƵŶºƃ�ƵŵŚƠŤºſř��
ŚƤƯƿƶƀ��ƽ�ŚŤƳ�ƿ��������ƩƺƬºſ�ŶºƃŹ�ƶºŝ�ƍƺºŝźƯ�Ū�����ŚºƯŻō�Źŵ�ŚºƷƿƂ��ŚºƷƽ�

��ƞƬŤŴƯ�Ư�ƱŚƄƳƾ������ƩƺƬºſ�ŶºƃŹ�ƶĩ�ŶƷŵ�����ºŰƯ�Źŵ�ŚºƷǀ��ƭźºſ�Ǝ��Źřŵ
DMEM����ƶŝ�ŢŞƀƳVP-SFM�ưĩƾ�ŝ�ǀźŤƄ�����ŚºƯř���ƤƯ�ƪºŝŚƣŚ�ºƿ�ƶƀ

���ƵŶƴƷŵ�ƱŚƄƳ�ƶĩ�ŶƴŤƀƷ�ƽ��Ʊřƺºţ�VP-SFM�ƯŐºţ�Źŵ�ǀƳ�Ʋǀ�ŚºƷŻŚƽ�
��ƩƺƬſVero������ºƯ�ƭźºſ�ƱřŶƤƟ�Źŵ�ƾ��ŶºƃŚŝ��çî����ºƴĤưƷǀ��Ʋ��ŶºƃŹ
ƩƺƬſ��ƹŹ�ŚƷƽ�ſ�ǀžĩŵƺŤ�è�ƘƋ�ǀƞ�����ºſ�Żř�źºţǀžĩŵƺŤ�æ���Ƶŵƺºŝ

��Ư�ƶĩ�Ţſřƾ��ƃŚƳ�ŶƳřƺţƾ���ƩƺƬºſ�ƩŚƈºţř�źºŤưĩ�ŢƗźſ�Żř�����ƶºŝ�ŚºƷ
ſǀžĩŵƺŤ�è�ŶƃŚŝ�����ƹŹƹŹƳǀ��ř�ƶºŝ�ŵƺų�ƁŹřżĭ�Źŵ�ż�ºƿ��ŜºƬƐƯ�Ʋ

Śººƃř�ƵŹ�ƩŚƈººţř�ƶººĩ�Ţººſř�ƵŵźººĩVeroƹŹ�ƽººſ�ǀžĩŵƺŤ�æ��ƹ
ſǀžĩŵƺŤ�è���ţźţ�ƶºŝ��ºǀ�����ƱŚºƯŻ�šŶºƯ�Źŵ�Ŝë�ƹ�æè��űŹ�ŢƗŚºſ�
Ưƾ�ŶƷŵ �èë���ŚƤƯ�Źŵƿƶƀ�ƽſ�ǀžĩŵƺŤ�æ�ºſ�Śŝ�ǀ�Ʒƺƫƺºſ�ŚưĮǀ��ƪ

ƀººƳřŵǀƶŤ�ƽººſ�ŮƐººſ�Ŷººůřƹ�Źŵ�ƩƺƬººſ�ǀƷƺƫƺººſ�ŚưĮǀººưĩ�ƪƾ� �
ŝǀ��źŤƄƯƾ�ŶƃŚŝ����������������ŹřŶºƤƯ�Żř�ƵŵŚƠŤºſř�ƱŚºĪƯř�ƭŶºƗ�ƶºŝ�ƶūƺţ�Śŝ�ŚƯř�
ŝǀ��ř�Żř�źŤƄƿ��ƲŹƿ��ƀƳřŵ��ƪƯŚů�żǀƶŤ��ƽ�����ŰƯ�ƮŬů�Ŷůřƹ�Źŵ�ƩƺƬſ�ǀ�Ǝ

���Ư�ƱŚƄƳ�ƂƷŚĩ�ŢƄĩƾ���řźŝŚƴŝ�ƹ�ŶƷŵƿ�Ư�Ʋƾ��ŤƳ�Ʊřƺţǀ���ƶĩ�ŢƟźĭ�ƶŬ
ººſǀžĩŵƺŤ�æ�Żř�źººŤƸŝ�Ź�ƹŵººƿŵ�ƪººƯŚů�żƿ�ŶººƃŹ�šŚººŞūƺƯ�źººĮ

ƩƺƬſ�����Ţſř�Ƶŵźĩ�ƮƷřźƟ�řŹ�ŚƷ��ŚŤƳƿ���Ɵ�ƶŝ�ƍƺŝźƯ�Ūǀ�ŵ�ƪſřźŞ�ºƿ�Ĩƀ
�ƵŶƴƷŵ�ƱŚƄƳ��ƽ�řżƟř�ƿ��ƩƺƬſ�ŶƃŹ�Ƃ��ŝ�ŚƷƶ�����ƶūƺţ�ƪŝŚƣ�ŹƺƏ��ŢŞƀºƳ

�Ź�ƶŝƿƪƯŚů�ż��ƺºŰƳ�ƶŝ�Ţſř�ŚƷƽ����ºſ�ƶºŝ�ŢŞƀºƳ�ƶºĩ�ǀžĩŵƺŤ�æ��
ƀƳřŵǀƶŤ�ƽƮŬů�Ŷůřƹ�Źŵ�ƩƺƬſ�� logç�å�Śţ�çì�å���Ŷºůřƹ�Źŵ�ƹ
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��ŮƐſlog�æí�å����Śºţ�çê�å��řżºƟřƿ���ƫŚºů�Źŵ�Ţºſř�ƶŤºƃřŵ�Ƃƾ���ƶºĩ
ƶŝ�ƫŵǀ�ƳǇƺƏ�ƪƾ�������ƱŚºƯŻ�Ʊŵƺºŝ�źţ���ŢƄºĩ���ƇŚƈºŤųř�űźºƳƾ���ŶºƃŹ�

źººŤưĩƽººſ�ƶººŝ�ŢŞƀººƳ�ǀžĩŵƺŤ�æŢººſř�ƶŤººƃřŵ���ƩƹŶººūç���
ŚƤƯƿƶƀ��ƽ�ŚŤƳ�ƿ�ƪƇŚů�Ū��ř�Żř�ƿ�ƤŰţ�Ʋǀ���Śŝ�ƢƿƶŤƟŚ��ŚºƷƽ���ƹŹƹŹ���Żř�ƶºĩ
ſǀžĩŵƺŤ�æ��ç����źºŤǀƫ�Źŵ�ƭźĭ�������ƱżºưƷ�ĨºſǈƟ�Źŵ����ƹŚºů�Źřŵƽ�

çåå�Ư�ǀƬƾ�ƫǀ��źŤVP-SFM���Ţſř�Ƶŵźĩ�ƵŵŚƠŤſř���æåèçæê��ƩƺƬſ�
�ƾƬǀƯ�Źŵ�����ƹ�źŤƯæåëíî�æ�����ƾºƬǀƯ�Źŵ�ƩƺƬºſ���źºŤƯ�ºƴĤưƷ�ƹǀ�Źŵ�Ʋ

ŚƤƯƿ��ŚŤƳ�Śŝ�ƶƀƿ��ŪƾƀƬŝřźţ���ſ�Żř�ƶĩǀžĩŵƺŤ�æ��è�����źºŤǀƫ�Źŵ�ƭźºĭ���
ĨſǈƟ�ŹŵƹŚů�ƽ�çååƯ�ǀƬƾƫ�ǀźŤ�MEM +10% FCS�źºŝ�řƽ�

����Ţſř�Ƶŵźĩ�ƵŵŚƠŤſř�ƩƺƬſ�ŢƄĩ��æåèçæç���ƾƬǀƯ�Źŵ�ƩƺƬſ����źºŤƯ�
ƖŝźƯ���ƹ�æåëí�ç���ƾƬǀƯ�Źŵ�ƩƺƬſ���źŤƯ��ƱŚƄƳ��Ư�ƾ�����ƵŵŚƠŤºſř�ƶĩ�ŶƷŵ

��ŝ�ŹřŶƤƯ�ŻřǀźŤƄƽ�ſ�Żř�ǀžĩŵƺŤ�æ����ƶºģźĭř�ƮºŬů�Ŷºůřƹ�Źŵ���ƶºŝ
�ƺƘţ�Ĩưĩƿ�ƯŚĭ�Ɗƾ�ŰƯ�ǀ���ŢƄĩ�Ǝ���řżºƟř�ŜºūƺƯƿ��ƀºƳřŵ�ƂǀƶŤ��ƽ�

���ů�Ŷůřƹ�Źŵ�ƩƺƬſ��ƮŬ�Ţſř�ƵŶƃ������ŵ�ƝźºƏ�Żř�ŚƯřƿ����ŜºūƺƯ�źºĮ
ƀººƳřŵ�ƂƷŚººĩǀƶŤ�ƽ�ŮƐººſ�Ŷººůřƹ�Źŵ�ƩƺƬººſ�ŵźĭººƿƵŶ�Ţººſř�ƹ�

řźŝŚƴŝƿ��řżƟř�ƱŚĪƯř�Ʋƿ��Ź�ŢƔƬƛ�Ƃƿ��ƬƗ�ƪƯŚů�żƾ���ƯŐºţ�ƮƛŹǀ��Ʋ��ƭŚºưţ
řźƃƿ����ŢƄĩ�śƺƬƐƯ�Ǝ�ŝ�ŚƸƴţƶ���ƲĪưƯ�ŵƹŶŰƯ�šŹƺƇ�ŶƷřƺųŵƺŝ�

��ř�Źŵ�ƶĩƿ����šŹƺºƇ�Ʋƿ�ºĪƾ��Ǉŵ�Żř��ºƿ��ƪ�����ƩƺƬºſ�ƂƷŚºĩ�ºƯƾ���ŶºƳřƺţ
řżƟřƿ��ƫƺƬſ�šŚƯŶƇ�Ƃƾ�ƃŚƳ�ƾ�Żř���Ź�ŵŹƺųźŝ�ƿ�ƪƯŚů�ż�ŚƷƽ��ŹƹŚƴƃ�
��ƶŝƿŶĪƿ��ƶĩ�ŶƃŚŝ�źĮ����ŝ�źţǇŚŝ�ŢƔƬƛ�Źŵ�ǀ��Ư�űŹ�źŤƄƾ�ŶƷŵ���ƶŤŞƫř�ƶĩ�
�ŝ�Źŵǀ��ƱŚĪƯř�Śŝ�ŹƺŤĩřŹƺ��ŝ�ƩźŤƴĩǀ��řźºƃ�źŤƄƿ���Ƴ�ŢƄºĩ�Ǝ�ºǀ���ŵƺºūƹ�ż

����Ţºƃřŵ�ŶƷřƺų�èåƹçî����ƀºƳřŵǀ��ƫƺƬºſ�ƶŤƾ��ºŝ�ƶ������Żř�ƵŶºƯō�Ţºſŵ
Ɵǀ�ŵ�ƪſřźŞƿ���Źŵ�ĨƀDMEM���ƹ�VP-SFM��ţźţ�ƶŝ�ǀ���Śºŝ�źŝřźŝ�Ŝ�
�æåèçîë���ƹ�æåèçíí�Ƭſ���ƾƬǀƯ�Źŵ�Ʃƺ��źŤƯ���ŚƤƯ�ƪŝŚƣƿ���Ţºſř�ƶƀ
��ŚŝƀƳřŵǀƶŤ��ƽ��ƁŹřżĭ��Ǝºſƺţ�ƵŶƃ��ƾƀºƬŝřźţ���Śºŝ�źºŝřźŝæåèèçê�

��ƾŤƳŚſ�Źŵ�ƩƺƬſ����źŤƯ���ƖŝźƯ���ſ�Żř�ƵŵŚƠŤſř�ŚŝǀžĩŵƺŤ�æ��è���Źŵ�ƭźĭ�
źŤǀƫ��ŝ�Źŵ�ǀ�ŹƺŤĩřŹƺçƫ�ǀźŤƽƹŚů�ƽ�MEM�ƶƳŚƯŚºſ�Źŵ��ƽ��ŢƄºĩ�

���ŵŶŬƯ�Ɓŵźĭ(Recirculation)��ŝ�ƹǀ�����Żř�Ţºſř�źŤƄ�ƀºƳřŵǀƶŤ��ƽ�
�ƵŶººƃ�ƁŹřżººĭƎººſƺţřźººƿźě�ƹ�ŚƨƳƹŶººƴƯ��źººŝřźŝ�æåèææè��ƹ

æåèæèë��ƾŤƳŚſ�Źŵ�ƩƺƬſ���źŤƯƶŝ�ƶĩ�ţźţǀ��Żř�ƵŵŚƠŤºſř�Śŝ�Ŝçƹ�æå�
źººŤǀƫ�Źŵ�ƭźººĭººſ�ǀžĩŵƺŤ�æƶƳŚƯŚººſ�Źŵ��ƽ�ŢƄººĩ�perfusion�

ŝƶ���Ţſř�ƵŶƯō�Ţſŵ��èìƹ�çî�����ºƋƺţ�Źŵǀ��ƀºƳřŵ�ŮǀƶŤ��ƽ��ƫƺƬºſ�ƾ�
řżƟřƿ��Ƃƿ�ŝ�ƶŤƟŚ����Żř�ƵŵŚƠŤſř�ŚƟǀ�ŵ�ƪſřźŞƿ�Śŝ�Ĩƀ�ºƿ���ř�ƶºŝ�Ŷ�ºƿ���ƶºŤĪƳ�Ʋ

ƵŹŚƃř���ř�ƶĩ�ŵźĩ�ƿ��ŝ�ƪƯŚů�Ʋƶ���ƶŤºƃŹ�ƱŚưŤųŚſ�ƶƐſřƹ�řƽ�ºŝ�ƾ���ŢºƟŚŝ
ƿ���řŹřŵ�ƪƯŚů�ŢƃŹŵ�Ĩƽ�������ºƯ�śƺƀºŰƯ�ũźƟ�ƹ�ƪƬų�ƾ�����ƶºĩ�ŵƺºƃ

�Ư�ŦƗŚŝƾ���ŵŵźĭƩƺƬſ��ŝ�ŚƷƶ�ŤůřŹƾ��ŝ�Źŵ�ǀ�ƶŤƃŹ�Ʋ���ŚƷ�Įŝ�ŹřźƣǀŶƳź�ƹ��
���ŧŚţ�Żř�Źƹŵ�ƶŝǀƳ�źǀŚƷƹźƽƃźŝ�ƾ��ŚưƳ�ŶºƃŹ�ƱżºưƷ�Żř�ƪƇŚů�ƿ�Ŷºƴ��
��ŵ�Ʊŵƺŝ�ŢŝŚŧƿĨƀ�����Ư�ŦƗŚŝ�ĨſǈƟ�Źŵ�ŚƷƾ������šŚƯŶºƇ�ƶºĩ�ŵŵźºĭ�

ƟǀżƿĪƾ�ƫƺƬſ�ƾ�ƃŚƳ�ƾ���ƩƺƬſ�ŵŹƺųźŝ�Żř����ŚƷƳǀ��ż���Ŷºſźŝ�ƪƣřŶºů�ƶŝ�
�ř�ƲưƋƿ�ƺƘţ�ƶĪƴƿ�ƯŚĭ�Ɗƾ��ºŰƯ�ǀ������ºƯ�Ĩºưĩ�ŢƄºĩ�Ǝƾ�����Śºţ�Ŷºƴĩ
ƫƺŝŚŤƯǀŢ������Ƴ�ƖưŬţ�śƺƬƐƯ�ŚƳ�Ŷů�Źŵ�ŚƷǀŶƴŝŚ���ƹżǀƯƺºƧƺƿ���ƁŹřżºĭ

��Ź�ƶººĩ�Ţººſř�ƵŵźººĩººƿƪººƯŚů�ż�ŚººƷƽřŹřŵ�ƽ��ũźººƟ�ƹ�ƪººƬų�
(Macroporous)����Ź�ƕřƺƳř�Żř�źŤƸŝ�ƿ�ƪƯŚů�ż�ŚƷƽ����ƝŚºƇ�ŮƐºſ�Śºŝ�

�ƔƳǀ��ºſ�źǀŤ�ºſ�ƹ�žĩŵƺǀ�Ʒƺƫƺºſ�ŚưĮǀƪ���ƩƺƬºſ���ŚºƷ�řŹ��źºŝřźŝ�Źŵ
ƃŚƳ�šŚƯŶƇƾ�Żř�ƳǀŚƷƹźƽƃźŝ�ƾ�Ư�ƒƠůƾ�Ŷƴƴĩ �èí���šŚƯŶƇ�

ƟǀżƿĪƾ�ƃŚƳ�ƾ��Ƴ�Żř�ǀŚƷƹźƽ�ƃźŝ�ƾ���ºŰƯ�Źŵ�ǀ�����ƭźºſ�ŶºƣŚƟ�ŢƄºĩ�Ǝ
��ŰƯ�ƶŝ�ŢŞƀƳǀ�řŹřŵ�Ǝƽ���ƭźſ�ŝǀ���řźŝŚƴŝ�ƹ�Ţſř�źŤƄƿ�żƯ�Ʋƿ�ŵ�Ţƿ�źĮ

Ɵǀ�ŵ�ƪſřźŞƿ�Ư�Ĩƀƾ���ƵźƸŝ�ƱŚĪƯř�ŶƳřƺţ�ĭǀźƽ����ŰƯ�Źŵ�Ʊō�Żř�ǀ��ŶƣŚƟ�Ǝ
ƭźſ���ŢƸū�ŤſŵǀŝŚƾ���ƶŝ�ƀƳřŵǀƶŤ��ƽ��źţǇŚºŝƽ���Żř��ƩƺƬºſ��ŶºƃŚŝ����ƶºŝ
ưƷǀ��Ʋ����ƶĩ�Ţſř�ŢƸū�ƀƳřŵ�šƹŚƠţǀƶŤ��ƽ���ºŝ�ƩƺƬſ�ƶ�����ƵŶºƯō�Ţºſŵ
ƹŹƽ�Ɵ�ǀ�ŵ�ƪſřźŞƿ��Ĩƀ���ŰƯ�ƕƺƳ�ƹŵ�Źŵǀ���ŢƄĩ�Ǝ�ƹŚºůƽ����ƹ�ƭźºſ�

���ƭźſ�ŶƣŚƟ�źŤưĩ�šƹŚƠţƽ�����Ź�ƕřƺƳř�ƶŝ�ŢŞƀƳ�řŹ�ƿ���ƱŚƄƳ�ƪƯŚůż�Ƶŵřŵ
Ţſř���ƹ�ŢƔƬƛƿ��Žƹźŝƶ����ƵŶƯō�Ţſŵ�ŰƯ�Źŵǀ��ƎVP-SFM�çŚţè�
��źŝřźŝŝǀ��ŰƯ�Żř�źŤƄǀ��ƎM199��Ţſř�Ƶŵƺŝ�����ƁŹřżºĭ�Śŝ�ƶĩ��ƹŹƹŹ��ƹ��

�ƲţźººƯţźţ�ƶººŝ�ƶººĩººǀŻř�ŜVP-SFM �ƹ�MDSS2řźººŝ�ƽƫƺţ�ººǀ�Ŷ
ƹƿŹŚƷ�ŽƹźƽƵŵźĩ�ƵŵŚƠŤſř��ŶƳř�ŵŹřŵ�ŢƤŝŚƐƯ� �çêƹçç���ŢƔƬƛ�
ƹƿ�ŝ�Žƹźƶ����������Ɵ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƵŶºƯō�Ţºſŵǀ��Źŵ�ƪºſřźŞ�VP-SFM�

��ƩŵŚƘƯFFU/ml�æåëæí�êê�Ưƾ�����ŚŤƳ�ƶŝ�ŢŞƀƳ�ƶĩ�ŶƃŚŝƿ��Ū�ƹŹƹŹ
��ƹřźţ��ƾƀƬŝřżƟřƿ���ºƯ�ƱŚƄƳ�Ƃƾ��ŶºƷŵ��èåƹçî����ƮºƸƯ��źºţƿ�ƫŵ�Ʋ�ºǀ�ƪ
řżƟřƿƂ��ƹ�ŢƔƬƛ�ƿ���Ɵ�Żř�ƪƇŚů�Žƹźǀ�ŵ�ƪſřźŞ�ºƿ��Ĩƀ����ƶºŝ�ŢŞƀºƳ
ŚººſƿŹ�źººƿƪººƯŚů�ż�ººƯ�řŹ�ŚººƷƾ�ººƃŚƳ�Ʊřƺººţƾ�Żř�ƀººƳřŵǀƶŤ�ƽŝ�ººǀ�źŤƄ

ƩƺƬſ�ŚƷƽ����ƴƯř�ƹ�Ƶŵƺºƫō��ºǀ�ŝ�Ţ�ºǀ�Ʊō�źŤƄ�����ºŝ�Źŵ�ŚºƷǀ��Ʋƫř�ºǀ��ƱƹŹŵ�ƝŚ
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ŵƿĨƀ���řźģ�ŢƀƳřŵ�ŚƷ���ƩƺƬºſ�ƶĩ��ŚºƷƽ����Ƶŵƺºƫō�����ŽŚƀºů�ƶºĩ��źºţ�� �
Ƴǀż�Ưƾ�ŝŶƴƃŚ�����Ź�ŮƐſ�źŝ�ƪƈŤƯ�ƿż�ƪƯŚů��ŝ�ŚƷǀ��źƐų�Źŵ�źŤƄ��īźƯ

�Ư�ƹǀ�ƃŚƳ�źƾ��ŵŹƺųźŝ�Żř��Ź�ƿż�ƪƯŚů�����ƶºŝ�ŚƷƿ�ŶºĪƿ��ºƯ�źĮƾ��ŶƴºƃŚŝ��ƹ�
řźŝŚƴŝƿ��Ʋ�ƫƺţ�űźƳǀ�ƹ�Ŷƿ��ŚƯŻō�Źŵ�Žƹźƿ���Ɵ�Śºŝ�Ƃǀ��ŵ�ƪºſřźŞ�ºƿ��ƹ�Ĩƀ

M199���Śſ�Żř�źţǇŚŝ�ƿ��ŚºƯŻō�źƿƂ��������ºƃŚƳ�ƶºĩ�Ţºſř�ŚºƷƾ����šŚºŞŧ�Żř�� �
ŝǀźŤƄ�ƩƺƬſ������ŵ�ƵŚºƴě�Źŵ�ŚºƷ�ºƿĨƀ����ºƯ�ŚºƷƾ��ŶºƃŚŝ��ƤŰţ�ºǀ��ŢºƸū�Ƣ� �
ſřƟ�Żř�ƵŵŚƠŤǀ�ŵ�ƪºſřźŞ�ºƿ�řźºŝ�Ĩƀƽ��ƩƺƬºſ�ŢƄºĩ�Vero ��ƶºŝ�ƹ�

�ƫƺţ�ŹƺƔƴƯǀ�ƹ�Ŷƿ�ŹŚƷ�Žƹźƽ��řźºŝ�ƽ��ºƫƹř�ǀ����ř�Źŵ�ŹŚºŝ�Ʋ�ºƿ��Ʋ�ƶºƘƫŚƐƯ� �
ŦººŰŝ�ŵŹƺººƯ�Ţººſř�ƶººŤƟźĭ�Źřźººƣ�ř�Żř�ƵŵŚƠŤººſř�ŚººƯř�ººƿƲƪººƯŚů�� �

ǈŞƣ��řźŝƽ�����ƩƺƬºſ�ŢƄĩ�CHO��řźºŝƽ�ƫƺţ��ºǀ�ƹ�Ŷ�ºƿ��ŹŚºƷ�Žƹźƽ�� �
ƵŶºººƃ�ƵŵŚƠŤºººſř�ŚºººŤƳ�ƹƿ�ŪŚºººƋŹƿƂŴŞŤ��Żř�ƵŵŚƠŤºººſř�Żř�źºººţ� �

ŵƿ�Ź�ƕřƺººƳř�źººĮººƿ�żƪººƯŚů�Źŵ���Ţººſř�ƶŤººƃřŵ�źººŝ��éåƹèî��� �
ººƴĤưƷǀƲƺĭ�ƺƬĭƺǀƫźƿŶººƃƺƯ�ƶŤººƃŹ�šŚŰƠººƇ�Żř�řƽººŝ�ƾ��ŢººƟŚŝ

(NWPF)�ŹřŶººƤƯ�ƶººŝ�êŹŵ�ƭźººĭ���źººŤǀƫŝ�ŹŵǀƹŚººů�ŹƺººŤĩřŹƺƽ� �
% FBS�æå MEM+řźŝƽ�ŢƄĩ��ƩƺƬſBHK��ŹƺƔƴƯ�ƶŝƫƺţǀ�Ŷ

ƹººƿŹŚººƷ�ŽƹźƽƀººƳřŵ�ƹ�ŵźººĩ�ƵŵŚƠŤººſř�ǀƶŤ�ƽƫƺƬººſ�ƾ��Śººŝ�źººŝřźŝ
æåìç�ç���ƾƬǀƯ�Źŵ�ƩƺƬſ�����źŤǀƫ�ƹ�ƹ�ºƿŽƹź��ºŝ��ŢºƔƬƛ�Ś�FFU/ml�
æåêç��ŝ�řŹƶ������ř�Żř�ƵŵŚƠŤſř�ƹ�ŵŹƹō�Ţſŵƿ��řźºŝ�řŹ�ƪƯŚů�Ʋƽƫƺţ��ºǀ�Ŷ� �

ƹƿ�ŹŚƷ�Žƹźƽ�śƺƬƐƯ������Ź�ƕřƺºƳř�Żř�źţ�ºƿ����ƪºƯŚů�ż�ŢƀºƳřŵ��éæ��� �
��

ƶŬǀŤƳ�ƽźǀĭ��
��������ƶŝ�ƶūƺţ�Śŝ�ƿ�ƶºŤƟŚ��ŚºƷƽ�ř��ºƿ�ƤŰţ�Ʋ�ºǀ���ĭŵŚºſ�ƹ�Ƣƾ����Żř�ƵŵŚƠŤºſř�
Ɵǀ�ŵ�ƪſřźŞƿ��Ƴ�ƹ�Ĩƀǀ��ƫƺţ�ƱŚĪƯř�żǀ�ƀŝ�Ŷǀ�ƵŵŚſ�ŹŚ�������ƶºŝ�ŢŞƀºƳ�Ʊō�źţ
Źƿ�ƪƯŚů�ż�ŚƷ�ƤŰţ�ºǀ������Ʊō�Żř�ƵŵŚƠŤºſř�ŢºƸū�Ƣ�����Źŵ�ŚºƷ�ºŬů�Ƴ�Ʈǀ��ƶºư

ŤƘƴƇƾ�řźŝ�ƽ�ŨĪţ�ǀ���ƩƺƬſ�źVero��řźºŝƽ�ţ�ƫƺ�ºǀ����Ʋƀºĩřƹ�Ŷ�ŹŚºƷƽ�
Ƈƺţǀ�Ư�ƶƾ�ŵŵźĭ��řƿ�ƤŰţ�Ʋǀ�����ŹŚºƷ�žƳřźƟŹ�ƂŴŝ�Źŵ�Ƣƽ��ŤƀºƳř�ǀ�ƺŤ

ř�ŹƺŤſŚěƿŢſř�ƵŶƃ�ƭŚŬƳř�Ʊřź����
��

ŶƤţƿźĪƄţ�ƹ�ź��
������Ź�Żřƿ��ŤƀƳř�ƭźŤŰƯ�ŢſŚǀ��ř�ŹƺŤſŚě�ƺŤƿ��řźºŝ�Ʊřźƽ��ƯŐºţ�ǀ���ƭŚºưţ�Ʋ
żƷƿƶƴ��ưƷ�Żř��ŚƷŹŚƷ�ƂŴŝ�ƱřŹŚĪƽŤƀƳř�ǀ�ř�ŹƺŤºſŚě�ƺŤ�ºƿ�řźºŝ�Ʊřźƽ�

ƷřźưƷƾ�ưƇ�ǀ��řźūř�Źŵ�ƶƳŚưƽ�ř�ƿ����ƹ�ŭźƏ�Ʋ��ŻřƮƳŚų�źŤĩŵ�ǈƷ���ƪƫŚƧ
�Hela Kallel�ŤƀººƳř�Żř�ƱřŹŚººĪưƷ�ƹ�ǀřźººŝ�žƳƺººţ�ŹƺŤººſŚě�ƺŤƽ�

�ŚƯŻō�šŚƳŚĪƯřƿƷŚĮƄƾ��ƁŻƺƯō�ƹ��ŚƷƽ�ƴĪţ�ǀ�ºĪƾ����ºŝ�źĪƄºţ�ƶ���ƪºưƗ
Ưƾ�ōƿŶ���
��
��

��
 

References 

1- Simani S. Rabies. Pasteur Institute of Iran. (ISBN 

964 06 51575). 1383. 

2- Meslin FX, Fishbein DB, Matter HC. Rationale 

and prospects for rabies elimination in developing 

countries. Curr Trop Microbiol Immunol. 1994; 187: 

1-26. 

3- FU ZF, Dietzschold B, Plotkin SA, Rupprecht 

CE. Improved vaccines against rabies. In: New 

generation vaccines. New York: Marcel Dekker; 

1997. 

4- Martinez L. Global infectious disease 

surveillance. Int J Infet Dis. 2000; 4: 22210-28. 

5- Yusibov V, Hooper DC, Rupprecht CE, et al. 

Expression in plants and immunogenicity of plant 

virus based experimental rabies vaccine. Vaccine. 

2002; 20: 3155-64. 

6- Meslin FX, Kaplan MM. General considerations 

in the production of brain �tissue and purified 

chicken embryo vaccines for human use. In 

Laboratory techniques in rabies. Geneva, 

Switzerland: WHO; 1996; 360-8. 

7- Bagchi S. Preventable rabies deaths because of 

wrong vaccine. Lancet Neurol. 2004; 3: 639.  

8- Glaser V. Bioreactor and fermentor market trends. 

vaccine and biopharmaceutical product 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�ƩƺƬſ�Źŵ�ƽŹŚƷ�Žƹźƿƹ�źǀŨƨţVero 

 

ŬƯƶƬ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÔÕ�ŢƄƸŞƿŵŹř�ƹ�ƲƿŵŹƹźƟ��Öæ��

76 

developments boost technological innovation. Genet 

Eng Biotechnol News. 2009; 29: 1-4. 

9- Jagannathan S, Chaansha S, Rajesh K, Santhiya 

T, Charles C, Venkataramana KN. Standardization 

and assessment of cell culture media quantities in 

roller poly ethylene terephthalate bottles employed 

in the industrial rabies viral vaccine production. 

Pakistanian J Biolog Sci. 2009; 12: 1246-52. 

10- Chen T, Chen K. Investigation and application 

progress of vero cell serum-free culture. 

International J Biol� 2009; 1: 41-7. 

11- Vincent-Flaquet JC, Peyron L, Souvras M, 

Moulin JC, Tektoff J, Patet J. Qualification of 

working cell banks for the Vero cell line to produce 

licensed human vaccines. Dev Biol. Stand. 1989; 70: 

153-6. 

12- Horaud F, Absence of viral sequences in the 

WHO-Vero cell bank. A collaborative study. Dev 

Biol Stand. 1992; 76: 43-6. 

13- Montagnon BJ, Vincent-Falquet JC, Saluzzo JF. 

Experience with Vero cells at Pasteur Merieux 

Connaught. Dev Biol Stand. 1999; 98: 137-40. 

14- Prem Kumar A, Bhaskara R, Joseph A, Mani, K, 

Swaminathan K. Process Standardization for optimal 

virus recovery and removal of substrate DNA and 

bovine serum proteins in Vero cell derived rabies 

vaccine. J Biosci Bioeng. 2002; 94: 375-383. 

15- Duchene M, Peetermans J, DHondt E, Harford 

N, Fabry L, Stephenne J. Production of polio 

vaccines: past, present and future. Viral Immunol. 

1990; 3: 243-72. 

16- Montagnon BJ, Fanjet B, Nicolas AJ.  

The large-scale cultivation of Vero cells in 

microcarrier culture for virus vaccine production: 

preliminary studies for killed poliovirus  

vaccine. Dev Biol Stand. 1981; 47: 55-64. 

17- Paillet C, Forno G, Kratje R, Etcheverrigaray M. 

Suspension-Vero cell cultures as a platform 

for viral vaccine production. Vaccine. 2009; 27: 

6464-7. 

18- Van Wezel A. Growth of cell-strains and 

primary cells on micro-carriers in homogeneous 

culture. Nature Lond. 1967; 216: 64-5.  

19- New Brunswick Scientific. Inoculation growth 

and harvesting in a new easy-to-use disposable cell 

culture system. Bio Techniques. 2006; 4: 1-5. 

20- Vyas R, Cino J. High-yield single-use cell 

culture systems. Gent eng news. 2005; 25: 1-4. 

21- Merten OW. Safety for vaccines. Cytotechnol. 

2000; 34: 181-3. 

22- Merten OW, Kierulff JV, Castignolles N, Perrin 

P. Evaluation of the new serum-free medium (MDSS2) 

for the production of different biological: use of 

various cell lines. Cytotechnol. 1994; 14: 47-59. 

23- Merten OW, Kallel H, Manuguerra JC, et al. The 

new medium MDSS2N, free of any animal protein 

supports cell growth and production of various 

viruses. Cytotechnol. 1999; 30: 191-201. 

24- Frazzati G, Neuza M. Higher production of 

rabies virus in serum-free medium cell cultures on 

microcarriers. J Biotechnol. 2001; 92: 67-72. 

25- Frazati-Gallina NM, Mourao-fuches RM, Paoli 

RL, et al. Vero-cell rabies vaccine produced using 

serum-free medium. Vaccine. 2004; 23: 511-7. 

26- Trabelsi K, Rourou S, Loukil H, Majoul S, 

Kallel H. Optimization of virus yield as a strategy to 

improve rabies vaccine production by Vero cells in a 

bioreactor. J Biotechnol. 2006; 121:261-71. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

Ʋƀů�ƽŶƸƯ�Ŷǀſ�ƱřŹŚƨưƷ�ƹ�ƵŵřŻ��

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÔÕ�ŢƄƸŞƿŵŹř�ƹ�ƲƿŵŹƹźƟ��ÖÎ 

77 

27- World Health Organization. Requirements for 

the use of animal cells as in vitro substrates for the 

production of biological. In: WHO Technical Report 

Series, Geneva: 1998; vol. 878: 20-53.  

28- Invitrogen. Adaptation of cell cultures to a 

serum-free medium. Available from: http://www. 

invitrogen. com/ etc/medialib/en/ filelibrary/ 

pdf.Par.2474.File.dat/Adaptation_CC_SFM_Y06281

0_AdatptionOfCell.pdf 

29- Rourou S, Ark A, Velden T, Kallel H. A 

microcarrier cell culture process for propagating 

rabies virus in Vero cells grown in a stirred 

bioreactor under fully animal component free 

conditions. Vaccine. 2007; 25: 3879-89.  

30- Trabelsi K, Rourou S, Loukil H, Majoul S, 

Kallel H. Comparison of virus culture modes for  the 

production of rabies virus by Vero cells grown on 

microcarriers in a 2-l bioreactor. Enzyme Microb 

Biotechnol. 2005; 36: 514-9. 

31- Wilbur LA, Aubert MFA. The NIH test for 

potency. In: WHO Laboratory techniques in rabies. 

Geneva, Switzerland: 1996; 360-8. 

32- Swiech K, Silva G, Zangirolami T, Lemma M, 

Araujo H, Suazo C. Evaluation kinetic and 

physiological features of rCHO-K1 cells cultured on 

microcarriers for production of a recombinant 

metalloprotease/ disintegrin. Biotechnol. 2007; 10: 

200-10.  

33- Wentz D, Schiiger K. Influence of lactate, 

ammonia and osmotic stress on adherent and 

suspension BHK cells. Enzyme Microb Technol.�

1992; 14: 68-75. 

34- Genari C.S, Gomes L, Wada M. Alterations in 

the growth and adhesion pattern of Vero cells 

induced by nutritional stress conditions. Cell biology 

international. 1998; 22: 285-94. 

35- Quesney S, Marvel J, Marc A, Gerdil C, 

Meignier B. Characterization of Vero cell growth 

and death in bioreactor with serum-containing and 

serum-free media. Cytotechnol. 2001; 35: 115-25.  

36- Rourou S, Ark A, Majoul S, Trabelsi K, Velden 

T, Kallel H. A novel animal-component-free 

medium for rabies virus production in Vero cells 

grown on Cytodex 1 microcarriers in a stirred 

bioreactor. Applied Microbiol Biotechnol. 2009; 85: 

53-63.  

37- Mendonca RZ, Periera CA. High density Vero 

cell culture on microcarriers in a cell bioreactor. 

Bioprocess Eng. 1995; 12: 279-82. 

38- Yokomizo AY, Antoniazzi MM, Galdino PL, 

Azambuja N , Jorge SA, Pereira CA. Rabies virus 

production in high Vero cell density cultures on 

macroporous microcarriers. Biotechnol Bioeng. 

2004; 85: 506-15. 

39- Namdev PK, Lio P. Assessing a disposable 

bioreactor for attachment-dependent cell cultures. 

Bio Pharm. 2000; 13: 44-51. 

40- Gorfien SF, Paul W, Judd D, Tescione L, Jayme 

DW. Optimized nutrient additives�for fed-batch 

cultures. Bio Pharm International. 2003; 16: 34-8. 

41- Gumusderelioglu M, Aslankaraoglu E, Gurhan 

S. Rabies virus production in non-woven polyster 

fabric (NWPF) packed-bed reactors. Biotechnol 

Applied Biochemistry. 2001; 33: 167-72. 

42- Smith J, Yager P, Baer G. A rapid tissue culture 

test for determining rabies virus neutralizing 

antibody. Monogr Ser World Heath Organ. 1973; 

23: 354-7. 

http://www.
www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�ƩƺƬſ�Źŵ�ƽŹŚƷ�Žƹźƿƹ�źǀŨƨţVero 

 

ŬƯƶƬ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÔÕ�ŢƄƸŞƿŵŹř�ƹ�ƲƿŵŹƹźƟ��Öæ��

78 

Comparison of Four Different Types of Carriers for the Growth of Vero Cells and 

Propagating Rabies Virus for Production of Human Rabies Vaccine 

 

Hassanzadeh SM1, Fayaz A2, Zavareh A3, Khanahmad H4, Ramezani A5 
1QC Dept. of Production of Pasteur Institute of Iran, Tehran, Iran 

2WHO-Collaborating Centre for Reference and Research on Rabies, Pasteur Institute of Iran, Tehran, Iran  
3Viral Vaccines Unit, Production & Research Complex of Pasteur Institute of Iran, Tehran, Iran 

4R&D Unit, Production & Research Complex of Pasteur Institute of Iran, Tehran, Iran 
5Dept. of Biotechnology, School of Pharmacy, Zanjan University of Medical Sciences, Zanjan, Iran. 

 

Corresponding Author: Fayaz A, WHO-Collaborating Centre for Reference and Research on Rabies, Pasteur 

Institute of Iran, Tehran, Iran  

E-mail: Fayaz@pasteur.ac.ir 
Received: 28 Feb 2011        Accepted: 13 Oct 2011 

 

 

Background and Objectives: In this study, capability of Vero cells for growth on FibraCel disks were 

compared on 3 kinds of microcarriers including Cytodex-1, Cutodex-3, and Sigma Solohill in 500 ml Spinner 

flasks in both serum contained medium (DMEM+10% Fetal Calf Serum, FCS) and serum-free medium (VP-

SFM). The propagation of fixed PV (Pasteur Virus) strain of rabies in Vero cells, for production of rabies 

vaccine, grown under the above conditions were studied and compared.  

Materials and Methods: Stepwise perfusion mode in growth phase and batch mode were applied in the virus 

production step by the use of M199 +0.2% Bovine Serum Albumin (BSA) and VP-SFM as serum containing 

and serum-free media, respectively. The available surface area provided by the carriers, and primary cell 

density in the experiments were assumed the same (about 12,000 cm2�and�12,500 cells/cm2, respectively). 

Results: The highest cell density was achieved on FibraCel disks in DMEM equal to 7.1 ±0.7×10
6 cells /ml on 

day 9, while the lowest cell density was obtianed on Cytodex-3 in VP-SFM equal to 2.91 ±0.2×10
6 cells/ml�  

The highest virus titer (55.18 ±4.4×10
6 Fluorescent Focus Unit,FFU/ml) was gained in VP-SFM containing 

FibraCel disks, and the lowest titer (3.66 ±0.4 ×10
6 FFU/ml) was resulted on Cytodex-3 in M199.  

Conclusion: In these experiments, FibraCel disks supported the growth of Vero cells better than the 

microcarriers, and the use of DMEM for propagation of Vero cells and VP-SFM for proliferation of rabies 

virus showed better results. The experimental vaccine prepared by collected virus from VP-SFM has an 

acceptable potency of 2.75 IU. Based on these results and to the relative ease for making FibraCel disks, we 

recommend the use of this carrier for propagation of Vero cells and production of rabies virus.  
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