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$QJLRSRLHWLQ�OLNH�SURWHLQV�(angptls)�DUH�FDSDEOH�RI�ex vivo�H[SDQVLRQ�RI�PRXVH�DQG����

KXPDQ�KHPDWRSRLHWLF�VWHP�DQG�SURJHQLWRU�FHOOV��+63&V���'HVSLWH�WKLV�LQWULJXLQJ�DELOLW\�����

WKHLU�PHFKDQLVP�LV�XQNQRZQ��+HUH��ZH�VKRZ�WKDW�angptl2�RYHUH[SUHVVLRQ�LV�VXIILFLHQW�WR����

H[SDQG�GHILQLWLYH�+63&V�LQ�]HEUDILVK�HPEU\RV��Angptl1�2�DUH�UHTXLUHG�IRU�GHILQLWLYH����

KHPDWRSRLHVLV�DQG�YDVFXODU�VSHFLILFDWLRQ�RI�WKH�KHPRJHQLF�HQGRWKHOLXP��7KH�ORVV�RI����

IXQFWLRQ�SKHQRW\SH�LV�UHPLQLVFHQW�RI�WKH�notch�PXWDQW�mindbomb (mib)�DQG�D�VWURQJ����

JHQHWLF�LQWHUDFWLRQ�RFFXUV�EHWZHHQ�angptls�DQG�notch��2YHUH[SUHVVLQJ�angptl2�UHVFXHV����

mib�ZKLOH�RYHUH[SUHVVLQJ�notch�UHVFXHV�angptl1/2 PRUSKDQWV��*HQH�H[SUHVVLRQ�VWXGLHV����

LQ�$QJSWO��VWLPXODWHG�&'����FHOOV�VKRZHG�D�VWURQJ�0\F�DFWLYDWLRQ�VLJQDWXUH�DQG�myc����

RYHUH[SUHVVLRQ�LQ angptl1�2 PRUSKDQWV�RU�mib UHVWRUHG�+63&V�IRUPDWLRQ��$QJSWO��FDQ����

LQFUHDVH�1RWFK�DFWLYDWLRQ�LQ�FXOWXUHG�FHOOV�DQG�$QJSWO�UHFHSWRU�LQWHUDFWHG�ZLWK�1RWFK�WR����

UHJXODWH�1RWFK�FOHDYDJH��7RJHWKHU�RXU�GDWD�SURYLGH�LQVLJKW�WR�WKH�angptl�PHGLDWHG�notch����

DFWLYDWLRQ�WKURXJK�UHFHSWRU�LQWHUDFWLRQ�DQG�VXEVHTXHQW�DFWLYDWLRQ�RI�myc�WDUJHWV�����

� ����



� �

,1752'8&7,21����

����

+63&V�DUH�GHILQHG�DV�FHOOV�ZLWK�WKH�DELOLW\�WR�VHOI�UHQHZ�DQG�GLIIHUHQWLDWH�LQWR�DOO�EORRG�OLQHDJHV�����

7KH\�SURYLGH�WUHPHQGRXV�WKHUDSHXWLF�SRWHQWLDO�IRU�ERQH�PDUURZ�WUDQVSODQWDWLRQ�LQ�WKH�WUHDWPHQW����

RI�KHPDWRORJLF�PDOLJQDQF\��LQKHULWHG�EORRG�GLVRUGHUV�DQG�FDQFHU�FKHPRWKHUDS\��$Q�LPSRUWDQW����

JRDO�LQ�VWXG\LQJ�VWHP�FHOOV�LV�WR�LGHQWLI\�IDFWRUV�WKDW�FDQ�H[SDQG�+63&V�in vitro��ZKLOH����

PDLQWDLQLQJ�WKHLU�VHOI�UHQHZDO�FDSDFLW\��6FLHQWLVWV�KDYH�WXUQHG�WR�FOXHV�GXULQJ�HPEU\RQLF����

KHPDWRSRLHWLF�GHYHORSPHQW�WR�LGHQWLI\�QRYHO�IDFWRUV�WKDW�UHJXODWH�WKLV�H[SDQVLRQ��'HYHORSPHQWDO����

KHPDWRSRLHVLV�RFFXUV�LQ�DW�OHDVW�WZR�GLVWLQFW�SKDVHV��LQ�ZKLFK�DQ�LQLWLDO�WUDQVLHQW�ZDYH�SURGXFHV����

PDLQO\�SULPLWLYH�HU\WKURF\WHV�DQG�P\HORLG�FHOOV��IROORZHG�E\�D�GHILQLWLYH�ZDYH�ZKLFK�SURGXFHV����

ORQJ�WHUP�+63&V��2UNLQ�DQG�=RQ���������2QWRJHQ\�VWXGLHV�DFURVV�VSHFLHV�KDYH�LGHQWLILHG�WKH����

DRUWD�JRQDG�PHVRQHSKURV��$*0��UHJLRQ�DV�WKH�VLWH�IURP�ZKLFK�GHILQLWLYH�+63&V�DULVH����

�'LHWHUOHQ�/LHYUH��������-DIIUHGR�HW�DO���������0HGYLQVN\�DQG�']LHU]DN��������7DYLDQ�HW�DO������

�������5HFHQW�VWXGLHV�XVLQJ�WLPH�ODSVH�LPDJLQJ�LQ�OLYH�]HEUDILVK�HPEU\RV�DQG�OLYH�PRXVH�WKLFN����

WLVVXH�VHFWLRQV�UHYHDOHG�WKDW�+63&V�EXG�RII�IURP�WKH�HQGRWKHOLXP�OLQLQJ�WKH�YHQWUDO�ZDOO�RI�WKH����

GHYHORSLQJ�GRUVDO�DRUWD��'$��SULRU�WR�HQWHULQJ�FLUFXODWLRQ��%HUWUDQG�HW�DO���������%RLVVHW�HW�DO������

������.LVVD�DQG�+HUERPHO���������6XEVHTXHQW�WR�WKHLU�ELUWK�LQ�WKH�$*0��+63&V�PLJUDWH�WR�WKH����

IHWDO�OLYHU�ZKHUH�WKH\�XQGHUJR�VLJQLILFDQW�H[SDQVLRQ�in vivo �(PD�DQG�1DNDXFKL��������EHIRUH����

FRORQL]LQJ�WKH�ERQH�PDUURZ�DQG�SURYLGH�OLIH�ORQJ�VXSSO\�RI�DOO�EORRG�FHOOV�����

����

$QJLRSRLHWLQ�OLNH�SURWHLQV��$QJSWOV��ZHUH�UHFHQWO\�LGHQWLILHG�DV�JURZWK�IDFWRUV�FDSDEOH�RI����

H[SDQGLQJ�PRXVH��)DUDKEDNKVKLDQ�HW�DO���������=KDQJ�HW�DO���������=KHQJ�HW�DO���������DQG����

KXPDQ��)DQ�HW�DO���������.KRXU\�HW�DO���������9HQWXUD�)HUUHLUD�HW�DO���������=KDQJ�HW�DO������������

+63&V�LQ�FXOWXUH��$QJSWOV�DUH�VHFUHWHG�SURWHLQV�WKDW�FORVHO\�UHVHPEOHG�WKH�$QJLRSRLHWLQV��ZKLFK����

DUH�LPSRUWDQW�YDVFXODU�UHJXODWRUV��EXW�GHVSLWH�VWUXFWXUDO�VLPLODULWLHV��WKH\�GR�QRW�ELQG�WR�7LH��RU����

7LH���.LP�HW�DO���������.LP�HW�DO���������2LNH�HW�DO����������7KH\�DOVR�H[HUW�PXFK�ZLGHU�IXQFWLRQV����
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RXWVLGH�RI�WKH�YDVFXODWXUH�VXFK�DV�UHJXODWLRQ�RI�OLSLG��JOXFRVH�DQG�HQHUJ\�PHWDEROLVP��+DWR�HW����

DO����������LQIODPPDWLRQ��7DEDWD�HW�DO���������DQG�FDQFHU��=KX�HW�DO�������������

����

1RWFK�UHFHSWRUV��1RWFK�����DUH�VLQJOH�SDVV�W\SH�,�WUDQVPHPEUDQH�UHFHSWRUV�LPSOLFDWHG�LQ����

YDULRXV�GHYHORSPHQWDO�DQG�GLVHDVH�SURFHVVHV�LQFOXGLQJ�WKH�DFWLYDWLRQ�RI�WKH�KHPDWRSRLHWLF����

SURJUDP��7KH\�DUH�V\QWKHVL]HG�DV�a���N'�IXOO�OHQJWK�SUHFXUVRU�SURWHLQV�WKDW�XQGHUJR�D�VHULHV����

RI�SURWHRO\WLF�FOHDYDJHV�LQ�RUGHU�WR�EHFRPH�IXOO\�DFWLYDWHG��3ULRU�WR�WUDQVORFDWLQJ�WR�WKH�FHOO����

VXUIDFH��1RWFK�LV�ILUVW�FOHDYHG�E\�IXULQ�OLNH�FRQYHUWDVHV�LQ�WKH�WUDQV�*ROJL�FRPSDUWPHQW��UHVXOWLQJ����

LQ�D�KHWHURGLPHU�FRPSRVHG�RI�WKH�1�WHUPLQDO�H[WUDFHOOXODU�GRPDLQ�DQG�WKH�&�WHUPLQDO����

WUDQVPHPEUDQH�LQWUDFHOOXODU�GRPDLQ��ERXQG�WKURXJK�QRQFRYDOHQW�OLQNDJH��&DQRQLFDO�1RWFK ���

DFWLYDWLRQ�UHTXLUHV�LWV�REOLJDWRU\�LQWHUDFWLRQ�ZLWK�1RWFK�OLJDQGV�EHORQJLQJ�WR�WKH����

'HOWD�6HUUDWH�-DJJHG�/$*����'6/��IDPLO\��)RUWLQL��������.RSDQ�DQG�,ODJDQ���������6HYHUDO����

VWXGLHV�VXSSRUW�D�PRGHO�LQ�ZKLFK�OLJDQG�ELQGLQJ�IROORZHG�E\�HQGRF\WRVLV�FUHDWHV�D�PHFKDQLFDO����

IRUFH�WKDW�DOWHUV�WKH�FRQIRUPDWLRQ�RI�D�MX[WDPHPEUDQH�1RWFK�QHJDWLYH�UHJXODWRU\�UHJLRQ��.RSDQ����

DQG�,ODJDQ���������7KLV�SHUPLWV�FOHDYDJH�RI�1RWFK�E\�$'$0�7$&(��D�GLVLQWHJULQ�DQG����

PHWDOORSURWHDVH�WXPRU�QHFURVLV�IDFWRU�α�FRQYHUWLQJ�HQ]\PH��DW�6LWH����6����JHQHUDWLQJ�WKH����

PHPEUDQH�DQFKRUHG�1RWFK�H[WUDFHOOXODU�WUXQFDWLRQ��1(;7��IUDJPHQW��1(;7�LV�D�VXEVWUDWH�IRU����

WKH�γ�VHFUHWDVH�FRPSOH[��ZKLFK�FOHDYHV�6LWH����6����UHOHDVLQJ�WKH�1RWFK�LQWUDFHOOXODU�GRPDLQ����

�1,&'��WR�IUHHO\�WUDQVORFDWH�LQWR�WKH�QXFOHXV�WR�LQWHUDFW�ZLWK�'1$�ELQGLQJ�SURWHLQ�&6/����

�&%)��6X�+��/DJ����5%3Mκ�DQG�LQLWLDWH�WUDQVFULSWLRQ�RI�WDUJHW�JHQHV�����

����

:KLOH�WKH�UROH�RI�1RWFK�LQ�DGXOW�+63&�KRPHRVWDVLV�VWLOO�UHPDLQV�FRQWURYHUVLDO��1RWFK�LV����

LUUHIXWDEO\�LPSRUWDQW�GXULQJ�HPEU\RQLF�KHPDWRSRLHVLV��6HYHUDO�1RWFK�UHFHSWRUV�DQG�OLJDQGV�DUH����

H[SUHVVHG�LQ�WKH�PRXVH�$*0�DQG�GHOHWLRQ�RI�1RWFK���-DJJHG��RU�&6/�UHVXOWHG�LQ�LPSDLUHG����

LQWUD�HPEU\RQLF�KHPDWRSRLHVLV��.XPDQR�HW�DO���������5REHUW�0RUHQR�HW�DO���������5REHUW����
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0RUHQR�HW�DO����������1RWFK�WDUJHW�JHQHV�VXFK�DV�*DWD��0LQHJLVKL�HW�DO����������5XQ[��1RUWK�HW����

DO���������DQG�WKRVH�EHORQJLQJ�WR�WKH�Hairy�DQG�Enhancer-of-split�UHODWHG�EDVLF�KHOL[�ORRS�KHOL[����

WUDQVFULSWLRQ�IDFWRUV��+HV���+H\��DQG�+H\���DUH�DOVR�H[SUHVVHG�LQ�WKH�$*0��*XLX�HW�DO������������

5REHUW�0RUHQR�HW�DO���������5REHUW�0RUHQR�HW�DO����������3UHYLRXV�VWXGLHV�IURP�RXU�ODE����

GHPRQVWUDWHG�WKDW�+63&�IDWH�LV�GLFWDWHG�E\�WKH�notch-runx1 SDWKZD\��LQ�ZKLFK�RYHUH[SUHVVLRQ����

RI�runx1�P51$�LQ�WKH�notch PXWDQW�mindbomb (mib) FDQ�SDUWLDOO\�UHVWRUH�WKH�ORVV�RI�+63&V����

QRUPDOO\�REVHUYHG�LQ�mib �%XUQV�HW�DO����������)XUWKHUPRUH�UHFHQW�VWXGLHV�GHPRQVWUDWHG�DQ����

HYHQ�HDUOLHU�UROH�IRU�notch�LQ�ZKLFK�VRPLWH�GHULYHG�VLJQDOV�VXFK�DV�wnt16 �&OHPHQWV�HW�DO������������

RU�SK\VLFDO�LQWUDFHOOXODU�FRQWDFWV�EHWZHHQ�WKH�jam1a/2a�DGKHVLRQ�SURWHLQV��.RED\DVKL�HW�DO������

������FDQ�UHJXODWH�notch�VLJQDOLQJ�LQ�+6&�SUHFXUVRUV�����

����

%HFDXVH�RI�WKHLU�SRWHQWLDO�LQ�KHPDWRORJLFDO�DSSOLFDWLRQV�DQG�WKHUDS\��LW�LV�LPSRUWDQW�WR�GHFLSKHU�����

WKH�PROHFXODU�SDWKZD\V�RQ�ZKLFK�WKHVH�$QJSWOV�DFW��+HUH��ZH�XWLOL]HG�]HEUDILVK�JHQHWLFV�WR�KHOS�����

SURYLGH�LQVLJKWV�LQWR�WKH�PHFKDQLVP�E\�ZKLFK�$QJSWOV�FDQ�H[SDQG�DGXOW�+63&V��:H�IRXQG�WKDW�����

angptls1 DQG�2�DUH�LQGLVSHQVLEOH�IRU�]HEUDILVK�GHILQLWLYH�KHPDWRSRLHVLV�DQG�WKDW�WKH\�JHQHWLFDOO\ ����

LQWHUDFWHG�ZLWK�notch�VLJQDOLQJ��7R�IXUWKHU�XQFRYHU�SRWHQWLDO�PHFKDQLVPV�IRU�WKLV�LQWHUDFWLRQ�ZH�����

XWLOL]HG�FXOWXUHG�KXPDQ�FHOOV�DQG�IRXQG�WKDW�$QJSWO��PHGLDWHV�1RWFK�UHFHSWRU�����

FOHDYDJH�DFWLYDWLRQ��RFFXUULQJ�DW�WKH�OHYHO�RI�$QJSWO�UHFHSWRU�ELQGLQJ�WR�1RWFK��2XU�QRYHO�����

ILQGLQJV�WKDW�angptls�FDQ�LQGXFH�notch DFWLYDWLRQ�SURYLGH�DQ�DGGLWLRQDO�OD\HU�RI�UHJXODWLRQ�RI�����

FDQRQLFDO�notch�VLJQDOLQJ������
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2YHUH[SUHVVLRQ�RI�angptl2�LQFUHDVHV�GHILQLWLYH�KHPDWRSRLHVLV�����

$QJSWOV���DQG���DUH�KLJKO\�H[SUHVVHG�LQ�WKH�PRXVH�IHWDO�OLYHU�GXULQJ�KHPDWRSRLHWLF�H[SDQVLRQ�����

�=KDQJ�HW�DO���������EXW�LW�LV�QRW�NQRZQ�ZKHWKHU�WKH\�DUH�LPSRUWDQW�SULRU�WR�WKLV��7R�GHWHUPLQH�WKH�����

UROH�RI�zangptls�GXULQJ�]HEUDILVK�KHPDWRSRLHVLV��:H�ILUVW�JHQHUDWHG�D�VWDEOH�KHDWVKRFN�LQGXFLEOH�����

WUDQVJHQLF��7J��]HEUDILVK�RYHUH[SUHVVLQJ�IXOO�OHQJWK�zangptl2 F'1$��Tg(hsp70:zangptl2). ����

+HDWVKRFNHG�HPEU\RV�KDG�LQFUHDVHG�zangptl2�P51$�DIWHU���KRXUV��)LJXUH���ILJXUH�VXSSOHPHQW�����

�$���'HILQLWLYH�KHPDWRSRLHVLV�LQ�]HEUDILVK�HPEU\RV�LV�DVVHVVHG�DW����KRXUV�SRVW�IHUWLOL]DWLRQ�����

�KSI���ZKHQ�HPHUJLQJ�+63&V�GHYHORS�LQ�WKH�$*0�PDUNHG�E\�cmyb�DQG�runx1�WUDQVFULSWV��%XUQV�����

HW�DO���������1RUWK�HW�DO����������:H�REVHUYHG�VLJQLILFDQWO\�KLJKHU�QXPEHU�RI�cmyb- DQG�runx1-����

SRVLWLYH�+63&V�LQ�KHDWVKRFNHG�7J�HPEU\RV�FRPSDUHG�WR�WKHLU�QRQ�KHDWVKRFNHG�RU�QRQ�7J�����

VLEOLQJV�E\�ZKROH�PRXQW�in situ K\EULGL]DWLRQ��:,6+���)LJXUH��$���,QFUHDVHG�cmyb��DQG�runx1-����

SRVLWLYH�+63&V�ZHUH�DOVR�IRXQG�LQ�WKH�FDXGDO�KHPDWRSRLHWLF�WLVVXH��RU�&+7��DNLQ�WR�PDPPDOLDQ�����

IHWDO�OLYHU��DQG�WKH�SURQHSKURV��ZKLFK�PDWXUHV�LQWR�WKH�NLGQH\�PDUURZ��WKH�PDPPDOLDQ�ERQH�����

PDUURZ�HTXLYDOHQW��)LJXUH��$���Rag1�SRVLWLYH�GLIIHUHQWLDWHG�WK\PLF�7�FHOOV�WKDW�GHULYH�IURP�����

GHILQLWLYH�+63&V��ZHUH�LQFUHDVHG�LQ�KHDWVKRFNHG�7J�VLEOLQJV��)LJXUH��$���7RJHWKHU��WKHVH�����

UHVXOWV�LQGLFDWH�WKDW�RYHUH[SUHVVLRQ�RI�zangptl2�LV�VXIILFLHQW�WR�LQFUHDVH�]HEUDILVK�GHILQLWLYH�����

KHPDWRSRLHVLV�in vivo��UHFDSLWXODWLQJ�WKH�LQLWLDO�ILQGLQJ�WKDW�$QJSWO��FDQ�H[SDQG�+63&V�ex vivo ����

�=KDQJ�HW�DO��������� ����

�����

Angptl1 DQG�2�DUH�UHTXLUHG�IRU�GHILQLWLYH�KHPDWRSRLHVLV�DQG�YDVFXODU�VSHFLILFDWLRQ�����

3UHYLRXV�VWXGLHV�GHPRQVWUDWHG�WKDW�zangptl1 DQG�2 DFW�FRRSHUDWLYHO\�LQ�]HEUDILVK��.XERWD�HW�DO�������

�������:H�QH[W�SHUIRUPHG�DQWL�VHQVH�NQRFNGRZQ�H[SHULPHQWV�XVLQJ�SUHYLRXVO\�HVWDEOLVKHG�����

PRUSKROLQRV��02V���.XERWD�HW�DO����������DQG�IRXQG�WKDW�ZKLOH�VLQJOH�zangptl1-02 RU�angptl2-����

02�FDQ�GHFUHDVH�cmyb-SRVLWLYH�+63&V�LQ�WKH�$*0��GDWD�QRW�VKRZQ���NQRFNLQJ�GRZQ�ERWK�����



� �

zangptls��angptls-02��OHG�WR�D�QHDU�FRPSOHWH�DEVHQFH�RI�cmyb- DQG�runx1-SRVLWLYH�$*0�����

+63&V�DW���KSI��)LJXUH��%���LQGLFDWLQJ�WKDW�zangptl1�DQG�2�DUH�UHTXLUHG�IRU�GHILQLWLYH�+63&V�����

IRUPDWLRQ��,Q�]HEUDILVK��+63&V�DULVH�IURP�VSHFLDOL]HG�kdrl �PDPPDOLDQ�.'5�)ON��RUWKRORJXH�-����

SRVLWLYH�KHPRJHQLF�HQGRWKHOLDO�FHOOV�LQ�WKH�GRUVDO�DRUWD��'$���%HUWUDQG�HW�DO���������.LVVD�DQG�����

+HUERPHO���������%HFDXVH�ZH�REVHUYHG�WKH�KLJKHVW�HQGRJHQRXV�H[SUHVVLRQ�RI�zangptl2�DW�����

a��KSI��)LJXUH���ILJXUH�VXSSOHPHQW��%���EHIRUH�WKH�RQVHW�RI�GHILQLWLYH�KHPDWRSRLHVLV��ZH�����

H[DPLQHG�WKH�PRUSKDQW�YDVFXODWXUH�DW�WKLV�WLPH�SRLQW��:H�IRXQG�WKDW�DQJLRJHQLF�VSURXWLQJ�RI�����

kdrl�SRVLWLYH�LQWHUVHJPHQWDO�YHVVHOV��,69V��LQ�FRQWURO�02�LQMHFWHG��GDWD�QRW�VKRZQ��RU�����

XQLQMHFWHG�VLEOLQJV�ZDV�DEVHQW�LQ�angptls-02�PRUSKDQWV��)LJXUH��&���$[LDO�YHVVHO�VSHFLILFDWLRQ�����

ZDV�DOVR�VHYHUHO\�GLVUXSWHG�ZLWK�GHFUHDVHG�DUWHULDO�efnb2a�LQ�WKH�'$�DQG�HFWRSLF�H[SUHVVLRQ�RI�����

YHQRXV�flt4��DOVR�LQ�WKH�'$��QRUPDOO\�UHVWULFWHG�WR�WKH�SRVWHULRU�FDUGLQDO�YHLQ��3&9��E\���KSI�����

�)LJXUH��&���7KHVH�UHVXOWV�VXJJHVW�WKDW�zangptls�UHJXODWLRQ�RI�GHILQLWLYH�+63&�GHYHORSPHQW�����

PD\�RFFXU�WKURXJK�DQ�HDUO\�VSHFLILFDWLRQ�RI�D�SDWHQW�DQG�IXQFWLRQDO�KHPRJHQLF�HQGRWKHOLXP������

�����

7R�DVVHVV�ZKHWKHU�zangptls FDQ�DFW�HYHQ�HDUOLHU�GXULQJ�SULPLWLYH�KHPDWRSRLHVLV��ZH�H[DPLQHG�����

angptls-02�PRUSKDQWV�DW������VV��VRPLWH�VWDJH��HTXLYDOHQW�WR�a�����KSI��IRU�GHIHFWV�LQ�WKH�����

ELODWHUDO�VWULSHV�RI�WKH�ODWHUDO�SODWH�PHVRGHUP��/30���6WDJH�DQG�VRPLWH�PDWFKHG�XQLQMHFWHG�DQG�����

angptls-02�LQMHFWHG�VLEOLQJV��PDUNHG�E\�myod� KDG�VLPLODU�H[SUHVVLRQ�RI�HDUO\�EORRG�YDVFXODU�����

SURJHQLWRU�WUDQVFULSWLRQ�IDFWRUV��'DYLGVRQ�DQG�=RQ��������'RROH\�HW�DO���������=KX�HW�DO�������������

VXFK�DV�scl��)LJXUH���ILJXUH�VXSSOHPHQW�����lmo2�DQG�fli1��GDWD�QRW�VKRZQ���)XUWKHUPRUH��gata1-����

SRVLWLYH�SULPLWLYH�HU\WKURF\WHV��'HWULFK�HW�DO���������DOVR�DSSHDUHG�WR�EH�XQFKDQJHG�LQ�WKH�����

SRVWHULRU�/30�RU�LQWHUPHGLDWH�FHOO�PDVV�DW���KSI��)LJXUH���ILJXUH�VXSSOHPHQW�����LQGLFDWLQJ�WKDW�����

zangptls1 DQG�2�DUH�GLVSHQVDEOH�IRU�SULPLWLYH�KHPDWRSRLHVLV������

�����

Angptls�JHQHWLFDOO\�LQWHUDFW�ZLWK�notch�����
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7KH�angptls-02�PRUSKDQW�SKHQRW\SHV�FORVHO\�UHVHPEOHG�WKDW�RI�WKH�notch PXWDQW��mib �%XUQV�����

HW�DO���������,WRK�HW�DO���������/DZVRQ�HW�DO����������ZKLFK�DOVR�H[KLELWHG�GHIHFWLYH�GHILQLWLYH�����

KHPDWRSRLHVLV�DQG�YDVFXODU�VSHFLILFDWLRQ��)LJXUH���ILJXUH�VXSSOHPHQW�����Mib HQFRGHV�IRU�WKH�����

KLJKO\�FRQVHUYHG�(��XELTXLWLQ�OLJDVH�LPSRUWDQW�IRU�HQGRF\WLF�SURFHVVLQJ�RI�1RWFK�OLJDQGV��,WRK�HW�����

DO����������7R�GHWHUPLQH�ZKHWKHU�angptls�DQG�notch�JHQHWLFDOO\�LQWHUDFW��ZH�LQMHFWHG�angptls-02�����

LQWR�D�notch�UHSRUWHU�OLQH��Tg(Tp1bglob:eGFP)um14�ZKHUH�H*)3�LV�H[SUHVVHG�XQGHU�WKH�FRQWURO�RI�����

D�notch-UHVSRQVLYH�HOHPHQW�FRQVLVWLQJ�WZHOYH�5%3Mκ�ELQGLQJ�VLWHV��3DUVRQV�HW�DO����������6HHQ�����

LQ�)LJXUH��$��angptls-02�PRUSKDQWV�KDG�UHGXFHG�H*)3�H[SUHVVLRQ��VXJJHVWLQJ�WKDW�zangptls�����

DUH�UHTXLUHG�IRU�notch VLJQDOLQJ��:H�WKHQ�HYDOXDWHG�ZKHWKHU�IRUFHG�H[SUHVVLRQ�RI�FRQVWLWXWLYHO\�����

DFWLYH�1RWFK�FRXOG�UHVFXH�angptls-02�PRUSKDQWV��:H�REVHUYHG�WKDW�angptls-02�LQMHFWHG�LQWR�����

KHDWVKRFN�LQGXFLEOH�GRXEOH�7J��Tg(hsp70:Gal4;UAS:NICD)��%XUQV�HW�DO���������6FKHHU�HW�DO�������

������UHVWRUHG�cmyb- DQG�runx1-SRVLWLYH�+63&V��)LJXUH��%�DQG�GDWD�QRW�VKRZQ���6XUSULVLQJO\������

mib HPEU\RV��QRUPDOO\�GHYRLG�RI�+63&V��FURVVHG�WR�Tg(hsp70:zangptl2)�DOVR�UHVFXHG�cmyb- ����

DQG�runx1-SRVLWLYH�+63&V��)LJXUH��&�DQG�GDWD�QRW�VKRZQ��DW���KSI�XSRQ�KHDWVKRFN��7RJHWKHU������

WKHVH�JHQHWLF�UHODWLRQVKLSV�EHWZHHQ�zangptls�DQG�notch�SODFH�zangptl VLJQDOLQJ�GRZQVWUHDP�RI�����

mib�EXW�XSVWUHDP�RI�notch�DFWLYDWLRQ�1,&'�IRUPDWLRQ�GXULQJ�]HEUDILVK�GHILQLWLYH�KHPDWRSRLHVLV������

�����

Notch�H[HUW�FHOO�DXWRQRPRXV�HIIHFWV�RQ�KHPRJHQLF�HQGRWKHOLDO�FHOOV�DQG�+63&V�����

:KLOH�ZH�NQRZ�WKDW�$QJSWOV�KDV�GLUHFW�HIIHFWV�RQ�VHYHUDO�PDPPDOLDQ�FHOO�W\SHV�LQ�FXOWXUH�����

�.XERWD�HW�DO���������EXW�EHFDXVH�WKH\�DUH�VHFUHWHG�IDFWRUV��WKH�ODFN�RI�WKHLU�HQGRJHQRXV�����

UHFHSWRU�LGHQWLILFDWLRQ�LQ�]HEUDILVK�OLPLWV�RXU�DELOLW\�WR�DVVHVV�ZKLFK�HQGRJHQRXV�FHOO�SRSXODWLRQ�����

WKH\�DFW�XSRQ��7KH�PDPPDOLDQ�$QJSWO�UHFHSWRU�ZDV�LGHQWLILHG�WR�EHORQJ�WR�D�ODUJH�VXSHUIDPLO\�RI�����

OHXNRF\WH�LPPXQRJOREXOLQ�OLNH�UHFHSWRUV��=KHQJ�HW�DO���������2XU�DWWHPSWV�DW�HVWDEOLVKLQJ�WKH�����

]HEUDILVK�RUWKRORJXH�GLG�QRW�\LHOG�DQ\�OLNHO\�FDQGLGDWH��GXH�WR�WKH�KLJK�VLPLODULW\�EHWZHHQ�WKH�����

VWUXFWXUDO�DQG�IXQFWLRQDO�GRPDLQV�IRU�DOO�PHPEHUV�ZLWKLQ�WKLV�IDPLO\�DQG�LV�WKXV�EH\RQG�WKH�����

VFRSH�RI�WKLV�SDSHU��'HVSLWH�WKLV��ZH�FDQ�H[WUDSRODWH�IURP�ZKHWKHU�notch��WKURXJK�ZKLFK�����
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zangptls VLJQDO��FDQ�H[HUW�LQ�D�FHOO�DXWRQRPRXV�IDVKLRQ�RQ�WKH�HQGRWKHOLDO�FHOOV�RU�+63&V�GXULQJ�����

KHPDWRSRLHVLV��7R�GR�WKLV��ZH�XWLOL]HG�D�WUDQVLHQW�RYHUH[SUHVVLRQ�V\VWHP�WR�LPDJH�WKH�$*0�LQ�����

OLYH�HPEU\RV�E\�WLPH�ODSVH�VSLQQLQJ�GLVN�FRQIRFDO�PLFURVFRS\��%HFDXVH�+63&V�LQ�WKH�$*0�����

RULJLQDWH�IURP�WKH�RQFH�kdrl-SRVLWLYH�KHPRJHQLF�HQGRWKHOLXP��ZH�ILUVW�DGGUHVVHG�ZKHWKHU�notch ����

KDV�DQ�HIIHFW�RQ�HQGRWKHOLDO�FHOOV��:H�PLFURLQMHFWHG�WUDQVSRVRQ�EDVHG�YHFWRUV��7RO���FRQWDLQLQJ�����

D�draculin��drl��SURPRWHU�GULYLQJ�H*)3�DQG�D�����NE�kdrl SURPRWHU�GULYLQJ�H[SUHVVLRQ�RI�HLWKHU�����

FRQVWLWXWLYHO\�DFWLYH�1RWFK��1,&'��GHULYHG�IURP�KXPDQ�1RWFK���RU�H*)3��DV�FRQWURO��LQWR�����

Tg(kdrl:Hras-mCherry);casper�HPEU\RV��7KH�ODWWHU�LV�D�SDQ�YDVFXODU�7J�OLQH��&KL�HW�DO�������������

WKDW�H[SUHVVHV�PHPEUDQH�ERXQG�P&KHUU\�LQ�DOO�HQGRWKHOLDO�FHOOV�DQG�LV�EUHG�LQWR�WKH�����

WUDQVSDUHQW�casper �:KLWH�HW�DO�������� EDFNJURXQG�IRU�HDVH�RI�LPDJLQJ�ZLWKRXW�LQWHUIHUHQFH�����

IURP�GHYHORSLQJ�PHODQRF\WHV��Drl�LV�H[SUHVVHG�YHU\�HDUO\��a�VV��DQG�PDUNV�DOO�EORRG��YDVFXODU�����

DQG�FDUGLDF�OLQHDJHV�GXULQJ�]HEUDILVK�GHYHORSPHQW��0RVLPDQQ�&�HW�DO���VXEPLWWHG���,WV�����

VXVWDLQHG�H[SUHVVLRQ�ZHOO�EHIRUH�DQG�WKURXJKRXW�WKH�RQVHW�RI�KHPDWRSRLHVLV�ZRXOG�KHQFH�VHUYH�����

DV�D�PDUNHU�IRU�DOO�FHOOV�H[SUHVVLQJ�WKH�7RO��YHFWRUV��*)3����:H�VFUHHQHG�HPEU\RV�ZLWK�VLPLODU�����

GHJUHH�RI�*)3�PRVDLFLVP�WR�LPDJH�IURP�a��KSI�IRU����KRXUV�LQ�WKH�$*0�DQG�VFRUHG�RQO\�WKH�����

QXPEHU�RI�EXGGLQJ�*)3��FHOOV�WKDW�OLQHG�WKH�YHQWUDO�IORRU�RI�WKH�'$��DOVR�P&KHUU\����,Q�WKH�VLQJOH�����

IUDPHV��)LJXUH��$��RI�$*0�EXGGLQJ�WLPH�ODSVH�YLGHRV��9LGHRV���DQG�����ZH�YHU\�UDUHO\�REVHUYH�����

DQ\�$*0�EXGGLQJ�IURP�*)3��P&KHUU\��KHPRJHQLF�HQGRWKHOLXP�LQ�WKH�FRQWURO�HPEU\RV��9LGHR�����

����,Q�FRQWUDVW��WKHUH�ZDV�VLJQLILFDQWO\�PRUH�$*0�EXGGLQJ�HYHQWV�LQ�HPEU\RV�LQMHFWHG�ZLWK�����

FRQVWLWXWLYHO\�DFWLYH�1RWFK��9LGHR�����UDQJHV�IRU�H*)3�������1,&'��������DOO�RI�ZKLFK�DUH�GHSLFWHG�����

LQ�WKH�)LJXUH��&�JUDSK��7KHVH�UHVXOWV�KLJKO\�VXJJHVW�WKDW�notch�FDQ�H[HUW�D�FHOO�DXWRQRPRXV�����

HIIHFW�RQ�KHPRJHQLF�HQGRWKHOLDO�FHOOV�GHVWLQHG�WR�EHFRPH�+63&������

�����

7R�IXUWKHU�GHOLQHDWH�ZKHWKHU�notch�DOVR�LQIOXHQFHV�+63&V��ZH�GLG�VLPLODU�H[SHULPHQWV�DV�DERYH�����

E\�PLFURLQMHFWLQJ�7RO��YHFWRUV�FRQWDLQLQJ�drl:eGFP�DQG�D�+63&�VSHFLILF�5XQ[�����HQKDQFHU�WR�����

GULYH�1,&'�RU�H*)3�LQWR�Tg(Runx1+23:NLS-mCherry);casper��7KH�5XQ[�����HQKDQFHU�����
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HOHPHQW�ZDV�LGHQWLILHG�LQ�PRXVH�WR�EH�KLJKO\�H[SUHVVHG�LQ�WKH�KHPDWRSRLHWLF�FOXVWHUV�LQ�WKH�����

$*0�EXW�XQOLNH�HQGRJHQRXV�5XQ[���LW�LV�H[SUHVVHG�LQ�RQO\�D�YHU\�VPDOO�VXEVHW�RI�WKH�XQGHUO\LQJ�����

HQGRWKHOLDO�FHOOV��1RWWLQJKDP�HW�DO����������7KH�Tg(Runx1+23:NLS-mCherry) 7J�OLQH�H[SUHVVHV�����

D�QXFOHDU�ORFDOL]HG��1/6��P&KHUU\�PDLQO\�UHVWULFWHG�WR�+63&V��7DPSOLQ�HW�DO����������:H�DOVR�����

GHWHFWHG�QHDUO\�QR�P&KHUU\�P51$�H[SUHVVLRQ�LQ�WKH�KHPRJHQLF�HQGRWKHOLDO�FHOOV�RI�����

Tg(Runx1+23:NLS-mCherry) HPEU\RV�DW���KSI�E\�:,6+��GDWD�QRW�VKRZQ��MXVWLI\LQJ�LWV�XVH�WR�����

GULYH�H[SUHVVLRQ�RI�RXU�WUDQVJHQHV�VSHFLILFDOO\�LQ�EXGGHG�+63&V��1HZO\�ERUQ�+63&V�FRORQL]H�����

WKH�&+7�VWDUWLQJ�DW�a��KSI�DQG�H[SDQG�WUHPHQGRXVO\�XQWLO���KSI�in vivo��)RU�WKHVH�UHDVRQV��ZH�����

VFRUHG�WKH�WRWDO�QXPEHU�RI�WUDQVJHQH�SRVLWLYH��*)3���DQG�P&KHUU\��FHOOV�LQ�WKH�&+7�DW���KSI�WR�����

GHWHUPLQH�ZKHWKHU�notch FRXOG�FHOO�DXWRQRPRXVO\�H[SDQG�EXGGHG�+63&V��6KRZQ�LQ�)LJXUH��%������

ZH�FDQ�UHDGLO\�REVHUYH�VLJQLILFDQWO\�KLJKHU�QXPEHU�RI�GRXEOH�SRVLWLYH�+63&V�LQ�ZKLFK�notch LV�����

FRQVWLWXWLYHO\�H[SUHVVHG�FRPSDUHG�WR�WKH�FRQWURO�H*)3�WUDQVJHQH�LQMHFWHG�VLEOLQJV��7KHVH�����

UHVXOWV�DUH�WDEXODWHG�LQ�)LJXUH��'�DQG�VWURQJO\�LQGLFDWHG�WKDW�notch�FDQ�H[HUW�FHOO�DXWRQRPRXV�����

HIIHFWV�RQ�+63&V��)URP�WKHVH�UHVXOWV�LQ�]HEUDILVK��HYHQ�WKRXJK�ZH�FDQQRW�FRQFOXGH�ZKHWKHU�����

zangptls�WKHPVHOYHV�DFW�FHOO�DXWRQRPRXVO\�RQ�ERWK�HQGRWKHOLDO�FHOOV�DQG�+63&V��WKHLU�����

GRZQVWUHDP�HIIHFWRU�notch DFW�FHOO�DXWRQRPRXVO\������

�����

Myc LV�DQ�LPSRUWDQW�GRZQVWUHDP�HIIHFWRU�IRU�angptls DQG�notch�VLJQDOLQJ�GXULQJ�����

KHPDWRSRLHVLV������

7R�IXUWKHU�DVVHVV�WKH�PROHFXODU�VLJQDOLQJ�GRZQVWUHDP�RI�zangptls DQG�notch��ZH�H[DPLQHG�D�����

NQRZQ�WDUJHW�RI�notch��myc��DQG�LWV�UHODWLRQVKLS�ZLWK�UHVSHFW�WR�zangptls. 7KH�0\F�SURWR�����

RQFRJHQH�KDV�EHHQ�SUHYLRXVO\�VKRZQ�WR�EH�D�GLUHFW�1RWFK�WDUJHW�LQ�7�FHOO�DFXWH�O\PSKREODVWLF�����

OHXNHPLD��7�$//���3DORPHUR�HW�DO���������:HQJ�HW�DO����������0RUHRYHU��0\F�LV�DOVR�FULWLFDO�LQ�����

WKH�UHJXODWLRQ�RI�KHPDWRSRLHWLF�YDVFXODU�GHYHORSPHQW��/DXUHQWL�HW�DO���������:LOVRQ�HW�DO��������������

&RQGLWLRQDO�F0\F�NQRFNRXW�LQ�KHPDWRSRLHWLF�OLQHDJHV�UHVXOWHG�LQ�VHYHUH�F\WRSHQLD�DW�(�����DQG�����

OHWKDOLW\�DW�(�����LQ�PLFH��+H�HW�DO���������DQG�0\F�GHILFLHQW�+63&V�DUH�IXQFWLRQDOO\�GHIHFWLYH������
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XQDEOH�WR�HQJUDIW�LQ�UHFLSLHQW�PLFH��:LOVRQ�HW�DO����������7R�ILUVW�HVWDEOLVK�WKH�UROH�RI�myc GXULQJ�����

]HEUDILVK�GHILQLWLYH�KHPDWRSRLHVLV��ZH�SHUIRUPHG�PRUSKROLQR�NQRFNGRZQ�RI�myc�DQG�REVHUYHG�����

D�VLJQLILFDQW�UHGXFWLRQ�LQ�cmyb-SRVLWLYH�+63&V�LQ�WKH�$*0��)LJXUH��$���VXJJHVWLQJ�LWV�����

UHTXLUHPHQW��1H[W��WR�GHWHUPLQH�ZKHWKHU�myc LV�GRZQVWUHDP�RI�notch�GXULQJ�WKLV�SURFHVV��ZH�����

RYHUH[SUHVVHG�myc�LQ�mib�HPEU\RV�DQG�IRXQG�SDUWLDOO\�UHVWRUHG�cmyb-SRVLWLYH�+63&V�LQ�WKH�����

$*0��)LJXUH��%���2XU�REVHUYHG�JHQHWLF�LQWHUDFWLRQ�EHWZHHQ�notch DQG�angptls�LQ�)LJXUH�������

SURPSWHG�XV�WR�SHUIRUPHG�SDUDOOHO�myc�UHVFXH�H[SHULPHQWV�LQ�angptl-02�LQMHFWHG�PRUSKDQWV������

:H�IRXQG�VLPLODU�UHVWRUDWLRQ�RI�cmyb-SRVLWLYH�+63&V�LQ�WKH�$*0��)LJXUH��&��WKHUHE\�LPSO\LQJ�����

WKDW�myc PD\EH�RQH�RI�WKH�XQGHUO\LQJ�HIIHFWRUV�GRZQVWUHDP�RI�zangptl VLJQDOLQJ��7RJHWKHU������

WKHVH�UHVXOWV�IXUWKHU�VWUHQJWKHQHG�RXU�K\SRWKHVLV�WKDW�angptls�PD\�H[HUW�WKHLU�HIIHFWV�WKURXJK�����

notch�VLJQDOLQJ�WR�FRQYHUJH�XSRQ�myc GXULQJ�]HEUDILVK�GHILQLWLYH�KHPDWRSRLHVLV������

�����

Angptls VLJQDOLQJ�DFWLYDWHV myc�����

2XU�JHQHWLF�GDWD�LQ�]HEUDILVK�SRLQW�WR�WKH�SRVVLELOLW\�WKDW�zangptls VLJQDOLQJ�LQWHUDFWV�ZLWK�notch������

:H�QH[W�FDUULHG�RXW�H[SHULPHQWV�LQ�FXOWXUHG�FHOOV�WR�KHOS�GLVVHFW�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�����

zangptls�PD\�DFW��)LUVW��WR�H[DPLQH�WKH�PROHFXODU�VLJQDOLQJ�GRZQVWUHDP�RI�$QJSWO��ZH�����

SHUIRUPHG�JHQH�H[SUHVVLRQ�VWXGLHV�RQ�$QJSWO��VWLPXODWHG�KXPDQ�&'����FHOOV�XVLQJ�WKH�+XPDQ�����

([RQ�����67�$UUD\V��0RUH�WKDQ������JHQHV�ZHUH�GLIIHUHQWLDOO\�UHJXODWHG�ZLWK�VLJQLILFDQW�q�YDOXH�����

�������)DOVH�'LVFRYHU\�5DWH��)'5���%HQMDPLQL�+RFKEHUJ���,Q�RUGHU�WR�DVVHVV�WKH�ELRORJLFDO�����

VLJQLILFDQFH�RI�WKLV�VLJQDWXUH��LW�ZDV�FRPSDUHG�WR������JHQH�VHWV�LQ�WKH�%URDG�0ROHFXODU�����

6LJQDWXUH�'DWDEDVH�XVLQJ�*HQH�6HW�(QULFKPHQW�$QDO\VLV��*6($�������JHQH�VHWV�VKRZHG�D�����

KLJKO\�VLJQLILFDQW�SRVLWLYH�HQULFKPHQW�VFRUH��(6��ZLWK�)'5�������LQGLFDWLQJ�WKDW�WKHVH�VHWV�����

FRQWDLQHG�JHQHV�WKDW�SRVLWLYHO\�FRUUHODWHG�ZLWK�RXU�H[SUHVVLRQ�SKHQRW\SH��i.e.�XSUHJXODWHG�LQ�����

$QJSWO��WUHDWHG�FHOOV��6XSSOHPHQWDU\�)LOH�����7KH�WRS����JHQH�VHWV�ZHUH�WKHQ�FKRVHQ�WR�SHUIRUP�����

D�/HDGLQJ�(GJH�$QDO\VLV��LQ�ZKLFK�WKH�PRVW�VLJQLILFDQW�VXEVHW�RI�FRQWULEXWLQJ�JHQHV�IURP�HDFK�����

JHQH�VHW�ZDV�FURVV�FRPSDUHG��:H�LGHQWLILHG�VHYHUDO�FOXVWHUV�RI�JHQHV�JHQH�VHWV�WKDW�FRQWDLQHG�����
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GLUHFW�0\F�WDUJHWV��FRQWDLQHG�D�0\F�VLJQDWXUH��FRQWDLQHG�0\F�0D[�ELQGLQJ�PRWLI��RU�ZHUH�����

XSUHJXODWHG�ZKHQ�0\F�ZDV�XSUHJXODWHG��'HVSLWH�D�ZLGH�UDQJH�RI�GLVHDVH�VWDWH�UHVSRQVHV�RU�����

H[SHULPHQWDO�SDUDPHWHUV�UHSUHVHQWHG�LQ�WKHVH�����JHQH�VHWV��WKH�VWURQJHVW�FRUUHODWLRQ�ZDV�����

IRXQG�ZLWK�WKRVH�UHODWLQJ�WR�0\F�VLJQDOLQJ��DQ�H[DPSOH�RI�ZKLFK�LV�VKRZQ�LQ�)LJXUH��'��,Q�����

FRQFRUGDQFH�ZLWK�WKH�*6($�DQDO\VLV��WKH�$QJSWO��VLJQDWXUH�ZDV�DQDO\]HG�XVLQJ�,QJHQXLW\�����

3DWKZD\�$QDO\VLV��,3$���DQG�0\F�ZDV�DJDLQ�SUHGLFWHG�WR�EH�RQH�RI�WKH�WRS�XSVWUHDP�UHJXODWRUV�����

LQ�DQ�DFWLYH�VWDWH��p�YDOXH�RI�����(������7KH�FRPSHOOLQJ�UHVXOWV�IURP�WKHVH�ELRLQIRUPDWLFV�����

DQDO\VHV�SURYLGHG�LQGHSHQGHQW�HYLGHQFH�WR�FRUURERUDWH�ZLWK�RXU�JHQHWLF�GDWD�DERYH��SODFLQJ�����

myc�GRZQVWUHDP�RI�zangptls�VLJQDOLQJ�GXULQJ�]HEUDILVK�KHPDWRSRLHVLV��)LJXUH��&�������

�����

7R�H[DPLQH�WKH�HIIHFW�RI�0\F�GRZQVWUHDP�RI�1RWFK�VLJQDOLQJ��ZH�SHUIRUPHG�FKURPDWLQ�����

LPPXQRSUHFLSLWDWLRQ�XVLQJ�D�1RWFK�VSHFLILF�DQWLERG\��:DQJ�HW�DO���������IROORZHG�E\�VHTXHQFLQJ�����

�&K,3�VHT��LQ�KXPDQ�&'����FHOOV�VWLPXODWHG�ZLWK�$QJSWO���6LPLODU�WR�WKH�SUHYLRXVO\�SXEOLVKHG�����

&K,3�VHT�GDWD��:DQJ�HW�DO���������ZH�IRXQG�HQULFKPHQW�IRU�(WV��5XQ[��DQG�=1)����PRWLIV��WKH�����

ODWWHU�FRQWDLQLQJ�DQ�HPEHGGHG�FRQVHQVXV�VHTXHQFH�IRU�&6/�5%3Mκ��LQGLFDWHG�E\�WKH�UHG�ER[�LQ�����

)LJXUH���ILJXUH�VXSSOHPHQW��$���LQ�WKH�VLWHV�ERXQG�E\�1RWFK��*5($7��*HQRPLF�5HJLRQV�����

(QULFKPHQW�RI�$QQRWDWLRQV�7RRO��DQDO\VLV�UHYHDOHG�LQ�VRPH�LQVWDQFHV��WKDW�VLJQLILFDQWO\�PRUH�����

UHJLRQV�LQ�RXU�1RWFK�&K,3�VHT�GDWD�VHW�IDOO�ZLWKLQ�WKH�UHJXODWRU\�GRPDLQV�RI�0\F�WDUJHW�JHQHV�RU�����

JHQHV�WKDW�DUH�LQYROYHG�LQ�WKH�UHJXODWLRQ�RI�0\F�WDUJHWV��)LJXUH���ILJXUH�VXSSOHPHQW��%���)XUWKHU�����

SDWKZD\�DQDO\VHV�XVLQJ�,3$�UHYHDOHG�0\F�UHODWHG�JHQHV�IRUPLQJ�WKH�VHFRQG�KLJKHVW�UDQNLQJ�����

QHWZRUN�DV�ZHOO�DV�SODFLQJ�0\F�DV�D�VLJQLILFDQW�XSVWUHDP�UHJXODWRU�LQ�DQ�DFWLYH�VWDWH��)LJXUH�������

ILJXUH�VXSSOHPHQW��&���DJDLQ�LPSO\LQJ�WKDW�WKRVH�JHQH�UHJLRQV�WKDW�ZHUH�ERXQG�E\�1RWFK�DUH�����

LQGLFDWLYH�RI�0\F�EHLQJ�SRVLWLYHO\�UHJXODWHG��*6($�DQDO\VLV�FRPSDULQJ�WKH�$QJSWO��PLFURDUUD\�����

VLJQDWXUH�WR�WKH�1RWFK�&K,3�ERXQG�0\F�WDUJHWV�VKRZHG�D�VWURQJ�DQG�VLJQLILFDQW�HQULFKPHQW�����

�)LJXUH��(���VXJJHVWLQJ�WKDW�WKH�JHQH�H[SUHVVLRQ�RI�0\F�WDUJHWV�LGHQWLILHG�IURP�WKH�$QJSWO������

PLFURDUUD\�RYHUODSSHG�VLJQLILFDQWO\�ZLWK�WKRVH�ERXQG�E\�1RWFK��7RJHWKHU�ZLWK�RXU�JHQHWLF�GDWD�����
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DQG�WKH�IDFW�WKDW�WKHVH�LQIRUPDWLFV�DQDO\VHV�UHYHDOHG�FRQYHUJLQJ�VLJQDOLQJ�RQ�0\F�DFWLYDWLRQ�E\�����

$QJSWO��DQG�1RWFK�SRLQWV�WR�WKH�OLNHOLKRRG�WKDW�$QJSWO��VLJQDOLQJ�PD\�DIIHFW�1RWFK�DFWLYDWLRQ������

�����

$QJSWO��FDQ�LQGXFH�1RWFK�DFWLYDWLRQ�YLD�UHFHSWRU�FOHDYDJH�����

7R�H[DPLQH�ZKHWKHU�$QJSWOV�KDYH�GLUHFW�HIIHFWV�RQ�1RWFK��ZH�VWLPXODWHG�KXPDQ�&'��������

SURJHQLWRU�FHOOV�ZLWK�$QJSWO��DQG�REVHUYHG�D�UDSLG�LQFUHDVH�LQ�1RWFK�UHFHSWRU�FOHDYDJH������

JHQHUDWLQJ�WKH�SURGXFW�1,&'�ZLWKRXW�DIIHFWLQJ�WRWDO�OHYHOV�RI�IXOO�OHQJWK�1RWFK�UHFHSWRU��)LJXUH�����

�$���8SRQ�1RWFK�FOHDYDJH��1,&'�FDQ�WUDQVORFDWH�LQWR�WKH�QXFOHXV�WR�LQLWLDWH�WUDQVFULSWLRQ�RI�����

WDUJHW�JHQHV�VXFK�DV�+HV���5XQ[��DQG�F0\F��)LUVW��WR�DVVHVV�WUDQVFULSWLRQDO�DFWLYLW\�RI�+HV�������

ZH�WUHDWHG�FHOOV�WKDW�ZHUH�WUDQVIHFWHG�ZLWK�WKH�1RWFK�UHVSRQVLYH�OXFLIHUDVH�SODVPLG��+HV��OXF������

DQG�VDZ�D�VLJQLILFDQW�LQFUHDVH�LQ�OXFLIHUDVH�DFWLYLW\�XSRQ�$QJSWO��VWLPXODWLRQ��)LJXUH���ILJXUH�����

VXSSOHPHQW��$���)XUWKHUPRUH��ZH�IRXQG�VLJQLILFDQW�LQFUHDVH�LQ�+HV��P51$�OHYHO�E\�T3&5�����

GXULQJ�$QJSWO��VWLPXODWLRQ�WLPH�FRXUVH��)LJXUH��%�EOXH�EDUV���3UHWUHDWLQJ�WKHVH�FHOOV�ZLWK�'$37�����

ZDV�DEOH�WR�VXSSUHVV�WKHVH�LQFUHDVHV��)LJXUH��%�UHG�EDUV���LPSO\LQJ�WKDW�WKLV�LV�1RWFK�����

GHSHQGHQW��6LPLODUO\��ZH�DOVR�GHWHFWHG�VLJQLILFDQW�LQFUHDVHV�LQ�5XQ[��DQG�F0\F�P51$�XSRQ�����

$QJSWO��WUHDWPHQW�WKDW�DUH�DJDLQ��1RWFK�GHSHQGHQW��)LJXUH���ILJXUH�VXSSOHPHQW��%���7KHVH�����

UHVXOWV�LQGLFDWH�WKDW�$QJSWO��FDQ�UDSLGO\�DFWLYDWH�1RWFK�DV�D�UHVXOW�RI�LQGXFHG�1RWFK�UHFHSWRU�����

FOHDYDJH�WR�LQLWLDWH�GRZQVWUHDP�WUDQVFULSWLRQ�RI�WKH�1RWFK�WDUJHW�JHQHV������

�����

1RWFK�HFWRGRPDLQ�VKHGGLQJ�DW�6��LV�KLJKO\�UHJXODWHG�DQG�WKRXJKW�WR�EH�NH\�LQ�1RWFK�DFWLYDWLRQ������

%HFDXVH�WKH�UDWH�OLPLWLQJ�6��FOHDYDJH�VWHS�JLYHV�ULVH�WR�WKH�WUDQVLHQW�SURGXFW��1(;7��ZKLFK�LV�����

WKHQ�YHU\�UDSLGO\�FOHDYHG�E\�γ�VHFUHWDVH�DW�6��WR�JHQHUDWH�WKH�WHUPLQDO�IUDJPHQW��1,&'��ZH�����

VRXJKW�WR�GHWHUPLQH�ZKHWKHU�$QJSWO��FDQ�UHJXODWH�6��FOHDYDJH��7R�EHWWHU�GHWHFW�1(;7�����

DFFXPXODWLRQ��ZH�WUHDWHG�$QJSWO��VWLPXODWHG�KXPDQ�HQGRWKHOLDO�FHOOV�ZLWK�WKH�γ�VHFUHWDVH�����

LQKLELWRU��'$37�WR�EORFN�6��FOHDYDJH�WR�DOORZ�1(;7�EXLOGXS��(QGRWKHOLDO�FHOOV�KDYH�D�PRUH�����
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UREXVW�1RWFK�UHVSRQVH�DQG�EHFDXVH�ZH�K\SRWKHVL]HG�WKDW�angptls FDQ�UHJXODWH�KHPRJHQLF�����

HQGRWKHOLDO�FHOOV�LQ�]HEUDILVK��ZH�IHOW�WKDW�XVLQJ�KXPDQ�HQGRWKHOLDO�FHOOV�PD\EH�PRUH�VXLWDEOH�WR�����

XVH�LQ�RXU�VWXGLHV��$V�REVHUYHG�LQ�)LJXUH��&��$QJSWO��VWLPXODWHG�DQ�LQFUHDVH�LQ�1,&'�LQ�����

HQGRWKHOLDO�FHOOV��DV�LQ�&'����FHOOV��)LJXUH��$��LQ�YHKLFOH��'062��WUHDWHG�FHOOV�DQG�WKLV�LQFUHDVH�����

ZDV�EORFNHG�E\�'$37��%ORFNLQJ�XSVWUHDP�RI�6��DW�6��XVLQJ�WZR�GLIIHUHQW�LQKLELWRUV�RI�6������

FOHDYDJH��7$3,����D�EURDG�VSHFWUXP�$'$0�DQG�7$&(�LQKLELWRU��DQG�6%��&7��D�QRQ�FRPSHWLWLYH�����

LQKLELWRU�IRU�7$&(��UHVXOWV�LQ�LQKLELWLQJ�1(;7�DQG�1,&'�IRUPDWLRQ��,Q�FRQWURO�'062�WUHDWHG�����

FHOOV��$QJSWO��DOVR�VWLPXODWHG�WKH�JHQHUDWLRQ�RI�1(;7�IUDJPHQW�DQG�WKLV�ZDV�IXUWKHU�HQKDQFHG�����

E\�WUHDWPHQW�ZLWK�'$37��WKXV�HVWDEOLVKLQJ�WKDW�$QJSWO��PD\�UHJXODWH�1RWFK�DFWLYDWLRQ�YLD�6������

FOHDYDJH������

�����

7KH�DFWLYDWLRQ�RI�1RWFK�UHFHSWRU�WULJJHUV�D�FDVFDGH�RI�GRZQVWUHDP�VLJQDOLQJ�DQG�UHTXLUHV�KLJKO\�����

UHJXODWHG�PHFKDQLVPV�WR�HIILFLHQWO\�WXUQ�RII�YLD�SURWHDVRPDO�GHJUDGDWLRQ�RI�1,&'�LQ�RUGHU�WR�����

DYRLG�GHOHWHULRXV�HIIHFWV��.RSDQ�DQG�,ODJDQ���������7KXV��WR�HOLPLQDWH�WKH�SRVVLELOLW\�WKDW�WKH�����

$QJSWO��PHGLDWHG�LQFUHDVH�LQ�1,&'�SURGXFWV�LV�GXH�WR�REVWUXFWHG�1,&'�GHJUDGDWLRQ��ZH�SRVW�����

WUHDWHG�$QJSWO��VWLPXODWHG�FHOOV�ZLWK�'$37�WR�SUHYHQW�IXUWKHU�FOHDYDJH�RI�1RWFK�UHFHSWRU��,I�WKH�����

LQFUHDVH�LQ�1,&'�SURGXFW�IROORZLQJ�$QJSWO��WUHDWPHQW�LV�D�UHVXOW�RI�1,&'�GHJUDGDWLRQ�EORFNDGH�����

DQG�QRW�D�UHVXOW�RI�1RWFK�UHFHSWRU�FOHDYDJH�DV�ZH�SRVWXODWHG�DERYH��LW�IROORZV�WKDW�SRVW�$QJSWO������

WUHDWPHQW�ZLWK�'$37�VKRXOG�LQKLELW�DQ\�de novo 1RWFK�UHFHSWRU�FOHDYDJH�UHVXOWLQJ�LQ�VXVWDLQHG�����

OHYHOV�RI�1,&'��,Q�)LJXUH��'��ZH�ILUVW�PHDVXUHG�1,&'�SURWHLQ�OHYHOV�DQG�IRXQG�WKDW�$QJSWO������

VWLPXODWHG�DQ�LQFUHDVH�LQ�1,&'�DV�SUHYLRXVO\�REVHUYHG��)LJXUH��$�DQG�&���$W���KRXU�SRVW�����

$QJSWO��WUHDWPHQW��FHOOV�ZHUH�WUHDWHG�ZLWK�HLWKHU�'062��EOXH�EDU��RU�'$37��UHG�EDU���7KRXJK�����

1,'&�OHYHO�FRQWLQXHG�WR�UHPDLQ�KLJK�LQ�WKH�'062�JURXS��LW�VWDUWHG�WR�GHFUHDVH�VWDUWLQJ�DW�������

KRXUV�LQ�WKH�'$37�JURXS�VXJJHVWLQJ�WKDW�EORFNLQJ�de novo 6��FOHDYDJH�ZDV�VXIILFLHQW�WR�EULQJ�����

$QJSWO��VWLPXODWHG�1RWFK�DFWLYDWLRQ�GRZQ�WR�D�EDVDO�VWDWH��DW���KRXUV�RI�'$37���:H�FDQ�����
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FRQFOXGH�IURP�WKLV�VWXG\�WKDW�WKH�ULVH�LQ�1,&'�OHYHOV�LQGXFHG�E\�$QJSWO��LV�D�UHVXOW�RI�1RWFK�����

UHFHSWRU�FOHDYDJH�DV�RSSRVHG�WR�LQWHUIHUHQFH�ZLWK�1,&'�GHJUDGDWLRQ������

�����

$QJSWO�UHFHSWRU�/,/5%��LQWHUDFWV�ZLWK�1RWFK�����

7KH�KXPDQ�OHXNRF\WH�LPPXQRJOREXOLQ��,J��OLNH�UHFHSWRU�%���/,/5%���ZDV�LGHQWLILHG�WR�EH�WKH�����

$QJSWOV�UHFHSWRU��=KHQJ�HW�DO����������7\SLFDO�RI�WKH�,J�VXSHUIDPLO\��RI�ZKLFK�LQFOXGHV�PRUH�WKDQ�����

����PHPEHUV��/,/5%��FRQWDLQV���,J�GRPDLQV�LQ�LWV�H[WUDFHOOXODU�GRPDLQ��(&'���D�����

WUDQVPHPEUDQH�GRPDLQ��70��DQG���LPPXQRUHFHSWRU�W\URVLQH�EDVHG�LQKLELWRU\�PRWLIV��,7,0V��LQ�����

LWV�LQWUDFHOOXODU�GRPDLQ��,&'���6LQFH�SURSHU�FRPSDUWPHQWDOL]DWLRQ�RI�PHPEUDQH�UHFHSWRUV�ZLWK�����

VLJQDOLQJ�PROHFXOHV�LV�FULWLFDO�IRU�FRRUGLQDWLQJ�DQG�HOLFLWLQJ�GRZQVWUHDP�FDVFDGHV��ZH�����

K\SRWKHVL]HG�WKDW�IRU�$QJSWO��WR�IDFLOLWDWH�1RWFK�FOHDYDJH��WKLV�LQWHUDFWLRQ�QHHGV�WR�RFFXU�����

SUR[LPDO�WR�1RWFK��7R�WHVW�WKLV��ZH�ILUVW�WUDQVIHFWHG�+(.���7�FHOOV�ZLWK�IXOO�OHQJWK�/,/5%��DQG�RU�����

1RWFK�DQG�FHOO�O\VDWHV�ZHUH�LPPXQRSUHFLSLWDWHG��,3��IRU�1RWFK�RU�/,/5%���6KRZQ�LQ�)LJXUH��$������

/,/5%��LV�ERXQG�WR�1RWFK�DQG�WKLV�LQWHUDFWLRQ�LV�LQFUHDVHG�XSRQ�$QJSWO��VWLPXODWLRQ��7R�DVVHVV�����

HQGRJHQRXV�LQWHUDFWLRQ�EHWZHHQ�/,/5%��DQG�1RWFK��ZH�SHUIRUPHG�FR�,3V�LQ�KXPDQ�&'��������

FHOOV�DQG�REVHUYHG�VLPLODUO\��)LJXUH��%�DQG�&���7R�FRQWURO�IRU�VSHFLILFLW\�RI�RXU�FR�,3V��ZH�����

LPPXQRSUHFLSLWDWHG�WKH�KLJKO\�DEXQGDQW�WUDQVPHPEUDQH�SURWHLQ��9(�&DGKHULQ��LQ�KXPDQ�����

HQGRWKHOLDO�FHOOV�DQG�GR�QRW�REVHUYH�QHLWKHU�1RWFK�QRU�/,/5%��DVVRFLDWLRQ��)LJXUH���ILJXUH�����

VXSSOHPHQW��$�DQG�%�������

�����

1H[W��WR�HOXFLGDWH�ZKHWKHU�WKLV�LQWHUDFWLRQ�RFFXUV�LQ�cis RU�LQ�trans��L�H��ZKHWKHU�/,/5%��LQWHUDFWV�����

ZLWK�1RWFK�RQ�WKH�VDPH�FHOOV�RU�LQ�QHLJKERULQJ�FHOOV��ZH�PDGH�HLWKHU�1�WHUPLQDO�RU�&�WHUPLQDO�����

+$�WDJJHG�IXOO�OHQJWK�/,/5%���/,/5%��H[WUDFHOOXODU�GRPDLQ��(&'��RU�/,/5%��LQWUDFHOOXODU�����

GRPDLQ��,&'��PXWDQWV��DOO�RI�ZKLFK�VWLOO�UHWDLQHG�WKHLU�70�GRPDLQ�IRU�SURSHU�PHPEUDQH�����

ORFDOL]DWLRQ��)LJXUH��'�VFKHPDWLFV���7KH\�DUH�WKHQ�VLQJO\�RU�GRXEO\�WUDQVIHFWHG�ZLWK�1RWFK�����

UHFHSWRU�LQWR�+(.���7�FHOOV�SULRU�WR�FR�,3�ZLWK�1RWFK�DQWLERG\�DQG�VXEVHTXHQWO\�:HVWHUQ�����
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EORWWHG�IRU�+$��:H�IRXQG�WKDW�RQO\�WKH�IXOO�OHQJWK�RU�/,/5%��(&'�FDQ�LQWHUDFW�ZLWK�1RWFK�����

VXJJHVWLQJ�WKDW�WKLV�LQWHUDFWLRQ�RFFXUV�H[WUDFHOOXODUO\��)LJXUH��'���0RUHRYHU��ZH�DOVR�SHUIRUPHG�����

D�UHSODWLQJ�H[SHULPHQW�ZKHUH�VLQJO\�WUDQVIHFWHG�+(.���7�FHOOV��/,/5%��(&'�RU�,&'�����

WUXQFDWLRQV��RU�1RWFK��ZHUH�WU\SVLQL]HG�RQH�GD\�DIWHU�WUDQVIHFWLRQ�DQG�HDFK�SODWH�RI�/,/5%������

WUXQFDWLRQ�FHOOV�ZDV�PL[HG�ZLWK�1RWFK�WUDQVIHFWHG�FHOOV�EHIRUH�EHLQJ�UHSODWHG�DQG�DOORZHG�WR�����

JURZ�WR�FRQIOXHQF\��7KHVH�FHOOV�ZHUH�WKHQ�SURFHVVHG�IRU�WKH�VDPH�FR�,3�:HVWHUQ�EORWWLQJ��:H�����

FRXOG�QRW�GHWHFW�DQ\�LQWHUDFWLRQ�DIWHU�UHSODWLQJ��ULJKW�ODQHV��ZKLOH�VWLOO�EHLQJ�DEOH�WR�GHWHFW�����

/,/5%��(&'�LQWHUDFWLRQ�ZLWK�1RWFK�LQ�GRXEOH�WUDQVIHFWLRQV��PLGGOH�ODQHV���WKXV�VXJJHVWLQJ�WKDW�����

WKH�/,/5%��DQG�1RWFK�LQWHUDFWLRQ�OLNHO\�RFFXU�LQ�cis��L�H��ZLWKLQ�WKH�VDPH�FHOOV�H[WUDFHOOXODUO\�����

�)LJXUH���ILJXUH�VXSSOHPHQW���������

�����

1RZ�WKDW�ZH�KDYH�HVWDEOLVKHG�SK\VLFDO�LQWHUDFWLRQ�EHWZHHQ�/,/5%��DQG�1RWFK��ZH�LQYHVWLJDWHG�����

ZKHWKHU�$QJSWO��PHGLDWHG�/,/5%��DFWLYDWLRQ�LV�UHVSRQVLEOH�IRU�1RWFK�UHFHSWRU�FOHDYDJH��:H�����

PDGH���VWDEOH�NQRFNGRZQ�FHOO�OLQHV�WKDW�ZHUH�OHQWLYLUDOO\�WUDQVGXFHG�IRU�VKRUW�KDLUSLQ�51$�����

�VK51$��DJDLQVW�/,/5%��DQG�SHUIRUPHG�FR�,3�IRU�/,/5%���(YHQ�WKRXJK�ZH�FRXOG�RQO\�REVHUYH�����

D�PRGHVW�NQRFNGRZQ�RI�/,/5%���)LJXUH��(��VHFRQG�EORW��ZLWK�VK�/,/5%����EHLQJ�PRUH�HIIHFWLYH�����

WKDQ�VK�/,/5%������ZH�VDZ�WKDW�LQ�FRQWUDVW�WR�WKH�FRQWURO�VFUDPEOHG�VK51$�WUDQVGXFHG�FHOOV�����

�VK�&7���ZKLFK�VWLOO�UHWDLQHG�WKH�$QJSWO��PHGLDWHG�1RWFK�FOHDYDJH��VK�/,/5%��WUDQVGXFHG�FHOOV�����

KDG�ORVW�WKLV�UHVSRQVH�ZLWK�QR�$QJSWO��LQGXFHG�1,&'�IRUPDWLRQ��)LJXUH��(��WKLUG�EORW�������

)XUWKHUPRUH��WKH�LQWHUDFWLRQ�EHWZHHQ�/,/5%��DQG�1RWFK�UHFHSWRUV�DOVR�GHFUHDVHG�LQ�VK�/,/5%������

FHOOV��)LJXUH��(��ILUVW�EORW���7RJHWKHU��WKHVH�VWXGLHV�GHPRQVWUDWH�WKDW�$QJSWO��LQGXFHG�1RWFK�����

DFWLYDWLRQ�PD\�RFFXU�WKURXJK�D�OLJDQG�UHJXODWHG�UHFUXLWPHQW�RI�/,/5%��WR�1RWFK�LQWR�WKH�VDPH�����

PLFURGRPDLQ��)XUWKHUPRUH��WKLV�QRYHO�ILQGLQJ�SURYLGHV�D�SODXVLEOH�PHDQV�E\�ZKLFK�$QJSWO��FDQ�����

DVVLVW�LQ�1RWFK�FOHDYDJH��7KH�FOHDYDJH�OHDGV�XOWLPDWHO\�WR�DQ�DFWLYDWLRQ�RI�myc�WDUJHW�JHQHV�WKDW�����

DUH�LQYROYHG�LQ�VWLPXODWLQJ�HQGRWKHOLDO�DQG�KHPDWRSRLHWLF�FHOOV�����
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�����

3UHYLRXV�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�notch�LV�LQGLVSHQVDEOH�GXULQJ�WKH�GHYHORSPHQWDO�����

VSHFLILFDWLRQ�RI�+63&V��%XUQV�HW�DO���������&OHPHQWV�HW�DO����������,Q�RXU�SUHVHQW�VWXG\��ZH�����

GHILQHG�WKH�HVVHQWLDO�UROH�RI�zangptl1�DQG�2�GXULQJ�GHYHORSPHQWDO�KHPDWRSRLHVLV��)LJXUH���������

OLNHO\�WKURXJK�UHJXODWLRQ�RI�notch�VLJQDOLQJ�LQ�WKH�KHPRJHQLF�HQGRWKHOLXP��7R�RXU�NQRZOHGJH������

WKLV�LV�WKH�ILUVW�WLPH�zangptls KDV�EHHQ�VKRZQ�WR�DFWLYDWH�notch��7KH�FXUUHQW�PRGHO�IRU�notch�����

VSHFLILFDWLRQ�RI�+63&V�GXULQJ�GHYHORSPHQW�KDV�PRVWO\�EHHQ�VXJJHVWHG�WR�EH�D�FHOO�����

DXWRQRPRXV�RQH��%XUQV�HW�DO���������+DGODQG�HW�DO���������5REHUW�0RUHQR�HW�DO����������2XU�OLYH�����

LPDJLQJ�GDWD�IURP�WUDQVLHQW�Tg(drl:eGFP;kdrl:NICD)-LQMHFWHG�HPEU\RV�UHVXOWLQJ�LQ�VLJQLILFDQWO\�����

PRUH�EXGGLQJ�+63&V�LQ�WKH�$*0�RI�'$�FRUURERUDWH�ZLWK�WKLV��0RUH�UHFHQWO\��VWXGLHV�KDYH�����

UHYHDOHG�DQ�DGGLWLRQDO�DQG�VHSDUDWH�UROH�IRU�VRPLWH�GHULYHG notch�VLJQDOLQJ�GXULQJ�+63&�����

VSHFLILFDWLRQ�WKDW�RFFXUV�PXFK�HDUOLHU�WKDQ�SUHYLRXVO\�WKRXJKW��&OHPHQWV�HW�DO���������.RED\DVKL�����

HW�DO����������%DVHG�RQ�RXU�JHQHWLF�GDWD�LQ�]HEUDILVK�LQ�ZKLFK�ZH�REVHUYHG�D�WLJKW�JHQHWLF�����

LQWHUDFWLRQ�EHWZHHQ�zangptls�DQG�notch��)LJXUH���,�ZH�EHOLHYH�WKDW�zangptls�H[HUW�WKHLU�HIIHFWV�RQ�����

GHILQLWLYH�KHPDWRSRLHVLV�GXULQJ�WKH�YDVFXODU�VSHFLILFDWLRQV�RI�WKH�D[LDO�YHVVHOV�LQFOXGLQJ�WKH�'$������

ZKHQ�LW�FRLQFLGHV�ZLWK�WKH�KLJKHVW�HQGRJHQRXV�H[SUHVVLRQ�RI�zangptl2��)LJXUH���ILJXUH�����

VXSSOHPHQW��%���7KRXJK�LW�UHPDLQV�WR�EH�GHWHUPLQHG��LQIRUPDWLRQ�RQ�WKH�VSDWLDO�WHPSRUDO�����

H[SUHVVLRQ�SDWWHUQ�RI�WKH�\HW�XQLGHQWLILHG�zangptl�UHFHSWRU�ZRXOG�VROLGLI\�WKLV�SUHPLVH��7KHUH�DUH�����

UHFHSWRUV�LQ�]HEUDILVK�ZLWK�VLPLODU�GRPDLQV�DV�WKH�PDPPDOLDQ�UHFHSWRU��EXW�WKHUH�LV�QR�REYLRXV�����

RUWKRORJXH��1HYHUWKHOHVV��RXU�FXUUHQW�SURSRVHG�PRGHO��)LJXUH��$��H[WUDSRODWHG�IURP�RXU�JHQHWLF�����

GDWD�SODFHV�zangptl2�GRZQVWUHDP�RI�mib�DV�Tg(hsp70:zangptl2) FURVVHG�LQWR�mib�FDQ�UHVFXH�LWV�����

KHPDWRSRLHWLF�GHIHFW��)LJXUH��&���Zangptl2�DFWV�XSVWUHDP�RI�notch�DFWLYDWLRQ��i.e. JHQHUDWLRQ�RI�����

NICD��DV�IRUFHG�H[SUHVVLRQ�RI�NICD IURP�Tg(hsp70:Gal4;UAS:NICD)�FDQ�UHVFXH�angptls-02�����

PRUSKDQW�SKHQRW\SH��)LJXUH��%���,QWHUHVWLQJO\��ORVV�RI�notch�VLJQDOLQJ�LQ�angptls-02�LQMHFWHG�����

notch�UHSRUWHU�HPEU\RV��)LJXUH��$��LQGLFDWHV�WKDW�zangptls�DUH�UHTXLUHG�IRU�notch�VLJQDOLQJ�EXW�����
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DOVR�UDLVHV�TXHVWLRQV�DV�WR�ZKHWKHU�notch�OLJDQGV�QHHGHG�WR�EH�SUHVHQW�IRU�zangptls WR�UHJXODWH�����

notch�DFWLYDWLRQ��2QH�RI�WKH�notch OLJDQGV��deltaC,�KDV�FRQVLGHUDEOH�RYHUODSSLQJ�H[SUHVVLRQ�����

ERWK�VSDWLDOO\�DQG�WHPSRUDOO\�ZLWK�notch LQ�WKH�GHYHORSLQJ�'$��VXJJHVWLQJ�WKDW�LW�PD\�SOD\�D�UROH�����

GXULQJ�WKH�IRUPDWLRQ�RI�WKH�KHPRJHQLF�HQGRWKHOLXP�DQG�WKH�VXEVHTXHQW�JHQHUDWLRQ�RI�+63&V������

DeltaC�H[SUHVVLRQ, QRUPDOO\�DEVHQW�LQ�WKH�'$�RI�mib ZDV�VLPLODUO\�UHVFXHG�LQ�����

Tg(hsp70:zangptl2);mib��GDWD�QRW�VKRZQ���7KLV�UHVWRUDWLRQ�RI�notch OLJDQG�LQ�WKH�mib E\�zangptl2 ����

RYHUH[SUHVVLRQ�ZDV�LQWULJXLQJ�DQG�LW�UHPDLQV�WR�EH�HVWDEOLVKHG�ZKHWKHU�WKLV�UHVWRUHG�notch�����

OLJDQG�LV�IXQFWLRQDO�LQ�WKH�DEVHQFH�RI�mib������

�����

7R�H[DPLQH�SRWHQWLDO�GRZQVWUHDP�VLJQDOLQJ�IURP�angptls DQG�notch, ZH�ORRNHG�DW�WKH�SUHYLRXVO\�����

LGHQWLILHG�WDUJHW�RI�notch, myc.�7KH�UHODWLRQVKLS�EHWZHHQ�1RWFK�DQG�0\F�KDV�EHHQ�EHVW�VWXGLHG�����

LQ�7�$//�FHOOV�ZKHUHE\�0\F�WUDQVGXFHV�JURZWK�DQG�VXUYLYDO�VLJQDOV�WR�PDQ\�1RWFK�GHSHQGHQW�����

7�$//�FHOO�OLQHV�DQG�IRUFHG�HFWRSLF�H[SUHVVLRQ�RI�0\F�FDQ�UHVWRUH�WKH�OHXNHPRJHQLF�VLJQDOV�IRU�����

WKHVH�FHOOV�LQ�LQVWDQFHV�ZKHQ�1RWFK�LV�LQKLELWHG��&KDQ�HW�DO���������3DORPHUR�HW�DO���������:HQJ�����

HW�DO����������+RZHYHU��myc�KDV�QRW�EHHQ�VWXGLHG�LQ�]HEUDILVK�KHPDWRSRLHVLV��:H�IRXQG�WKDW�QRW�����

RQO\�LV�myc UHTXLUHG�GXULQJ�+63&�IRUPDWLRQ�LQ�WKH�$*0��)LJXUH��$���RYHUH[SUHVVLRQ�RI�����

H[RJHQRXV�myc�LQ�HPEU\RV�ODFNLQJ�zangptls (angptls-02��RU�notch��mib��VLJQDOLQJ�FRXOG�����

VLPLODUO\�UHVFXH�$*0�GHIHFWV��)LJXUHV��&�DQG��%���7KLV�SXWV�myc�GRZQVWUHDP�RI�zangptls DQG�����

notch VLJQDOLQJ��7KURXJK�LQGHSHQGHQW�JHQH�H[SUHVVLRQ�DQDO\VLV��ZH�IRXQG�0\F�WR�EH�KLJKO\�����

DFWLYDWHG�XSRQ�$QJSWO��VWLPXODWLRQ�LQ�KXPDQ�&'����SURJHQLWRU�FHOOV��)LJXUH��'���)XUWKHUPRUH������

ZH�UDQ�*6($�FRPSDULQJ�RXU�$QJSWO��LQGXFHG�JHQH�H[SUHVVLRQ�VLJQDWXUH�WR�WKH�VHW�RI�0\F�����

WDUJHW�JHQHV�ZKRVH�UHJXODWRU\�HOHPHQWV�ZHUH�ERXQG�E\�1RWFK�IURP�RXU�&K,3�VHT�GDWD�DQG�����

IRXQG�VLJQLILFDQW�RYHUODS��)LJXUH��(���7KLV�LPSOLHV�WKDW�WKH�VHW�RI�0\F�WDUJHWV�GRZQVWUHDP�RI�����

$QJSWO��DQG�1RWFK�VLJQDOLQJ�DUH�KLJKO\�VLPLODU��VXSSRUWLQJ�RXU�K\SRWKHVLV�WKDW�$QJSWO�PD\�VLJQDO�����

SDUWLDOO\�WKURXJK�1RWFK������

�����
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7R�WHVW�WKLV�K\SRWKHVLV��ZH�XWLOL]HG�FXOWXUHG�PDPPDOLDQ�FHOOV�WR�GLUHFWO\�LQYHVWLJDWH�WKH�����

PHFKDQLVP�E\�ZKLFK�$QJSWO��PD\�DFW�RQ�1RWFK��:H�ILUVW�GLVFRYHUHG�WKDW�SXULILHG�$QJSWO��OLJDQG�����

DGGHG�WR�FHOOV�FDQ�UDSLGO\�LQGXFH�1RWFK�DFWLYDWLRQ��PHDVXUDEOH�XVLQJ�WKUHH�GLIIHUHQW�DVVD\V��D�����

OXFLIHUDVH�UHSRUWHU�DVVD\��)LJXUH���ILJXUH�VXSSOHPHQW��$���T3&5�RI�NQRZQ�1RWFK�WDUJHW�JHQHV�����

�)LJXUH��%�DQG�)LJXUH���ILJXUH�VXSSOHPHQW��%��DQG�:HVWHUQ�EORWWLQJ�IRU�WKH�1RWFK�FOHDYDJH�����

SURGXFW�1,&'��)LJXUH��$���2I�SDUWLFXODU�QRWH��ZKHQ�ZH�XVHG�GLIIHUHQW�GUXJV�WKDW�EORFN�FHUWDLQ�����

FOHDYDJH�HYHQWV��ZH�IRXQG�WKDW�$QJSWO��VWLPXODWHG�6��FOHDYDJH�RI�1RWFK��)LJXUH��&�������

,QWHUHVWLQJO\��WKLV�VWHS�RFFXUV�DW�WKH�FHOO�VXUIDFH�ZKHQ�1RWFK�HQJDJHV�ZLWK�LWV�OLJDQGV��$OWKRXJK�����

WKH�SUHFLVH�PHFKDQLVP�LQ�ZKLFK�$QJSWO��PHGLDWHV�1RWFK�FOHDYDJH�LV�VXEMHFW�WR�IXUWKHU�����

LQYHVWLJDWLRQ��RXU�DVVXPSWLRQ�WKDW�WKLV�OHYHO�RI�UHJXODWLRQ�PXVW�RFFXU�LQ�FORVH�SUR[LPLW\�OHG�WR�RXU�����

VXUSULVLQJ�GLVFRYHU\�WKDW�KXPDQ�$QJSWO��UHFHSWRU��/,/5%���FDQ�LQWHUDFW�ZLWK�1RWFK��)LJXUH��$�'�����

DQG�)LJXUH���ILJXUH�VXSSOHPHQW���DQG�����7KHVH�SUHOLPLQDU\�UHVXOWV�IURP�FR�,3V�FHUWDLQO\�����

VXJJHVW�WKDW�$QJSWO�VLJQDOLQJ�RFFXUV�LQ�YHU\�FORVH�SUR[LPLW\�WR�1RWFK��6XFK�FR�,3�H[SHULPHQWV�����

GR�QRW�GHILQLWLYHO\�VLJQLI\�WKDW�WKHUH�LV�GLUHFW�SK\VLFDO�LQWHUDFWLRQ�DQG�GR�QRW�DGGUHVV�WKH�����

VWRLFKLRPHWU\�RI�WKLV�SRWHQWLDO�LQWHUDFWLRQ��1HYHUWKHOHVV��$QJSWO��PHGLDWHG�1RWFK�FOHDYDJH�����

DSSHDUV�WR�EH�GHSHQGHQW�RQ�/,/5%��VLJQDOLQJ��DV�VK�/,/5%��NQRFNGRZQ�UHVXOWHG�LQ�GLPLQLVKHG�����

1,&'�JHQHUDWLRQ��)LJXUH��(���7KLV�GHPRQVWUDWHV�D�IXQFWLRQDO�LQWHUDFWLRQ��$�PRUH�WKRURXJK�����

PDSSLQJ�RI�WKH�LQWHUDFWLRQV�EHWZHHQ�WKHVH�WZR�VXUIDFH�UHFHSWRUV�ZLOO�VKHG�OLJKW�RQ�WKH�����

PHFKDQLVP�E\�ZKLFK�$QJSWO��FDQ�UHJXODWH�1RWFK�DFWLYDWLRQ��$Q�DWWUDFWLYH�VSHFXODWLRQ�DV�WR�ZK\�����

WKLV�LQWHUDFWLRQ�PD\�RFFXU�ZRXOG�EH�WR�SRWHQWLDOO\�IDFLOLWDWH�RU�HYHQ�SRLVH�WKH�1RWFK�UHFHSWRU�IRU�����

PRUH�HIILFLHQW�FOHDYDJH��DV�GHSLFWHG�LQ�WKH�PRGHO�SURSRVHG�LQ�)LJXUH��%��7KLV�DOVR�UDLVHV�DQ�����

LQWULJXLQJ�SRVVLELOLW\�RI�ZKHWKHU�/,/5%��FDQ�SK\VLFDOO\�DOWHU�1RWFK�LQWHUDFWLRQ�ZLWK�LWV�OLJDQG�RU�����

ZKHWKHU�$QJSWO��VLJQDOLQJ�FDQ�LQIOXHQFH�1RWFK�OLJDQG�DYDLODELOLW\��,QGHHG�VHYHUDO�VWXGLHV�KDYH�����

VXJJHVWHG�WKDW�WKDW�1RWFK�UHFHSWRUV�ROLJRPHUL]H�DW�WKH�FHOO�VXUIDFH�DW�VLWHV�RI�'6/�OLJDQG�����

FRQWDFW�IURP�QHLJKERULQJ�FHOOV��/XW\�HW�DO���������1LFKROV�HW�DO����������7KH�UHFUXLWPHQW�RI�����
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/,/5%��WR�1RWFK�PD\�IDFLOLWDWH�WKLV�FOXVWHULQJ�SURFHVV�DOWKRXJK�WKH�VWRLFKLRPHWU\�RI�/,/5%��WR�����

1RWFK�UHPDLQV�WR�EH�HVWDEOLVKHG������

�����

9DULRXV�DOWHUQDWLYH�QRQ�'6/�W\SH�OLJDQGV�KDYH�EHHQ�LGHQWLILHG�WR�DFWLYDWH�1RWFK��VXFK�DV�WKH�����

DGKHVLRQ�PROHFXOH�)��&RQWDFWLQ��+X�HW�DO����������(*)�UHSHDW�IDFWRU�'1(5��(LUDNX�HW�DO�������

�������(*)�OLNH�GRPDLQ����6FKPLGW�HW�DO����������DQG�0LFURILEULOODU�DVVRFLDWHG�JO\FRSURWHLQV�����

�0$*3����DQG����0L\DPRWR�HW�DO����������,QWHUHVWLQJO\��D�UHODWHG�IDPLO\�PHPEHU�WR�WKH�ODWWHU������

0)$3��ZDV�IRXQG�WR�EH�FDSDEOH�RI�H[SDQGLQJ�PRXVH�+63&V�ex vivo�DORQJ�ZLWK�$QJSWOV���DQG�����

���=KDQJ�HW�DO����������2XU�VWXG\�GRHV�QRW�SURSRVH�$QJSWO��/,/5%��DV�D�QRQ�FDQRQLFDO�1RWFK�����

OLJDQG�EXW�RIIHUV�DQ�DGGLWLRQDO�OD\HU�RI�UHJXODWLRQ�RQ�1RWFK�DFWLYDWLRQ�ZKLFK�PD\�QRW�EH�����

SUHYLRXVO\�DSSUHFLDWHG������

�����

3UHYLRXV�UHSRUW�RQ�WKH�GLVFRYHU\�RI�$QJSWO�UHFHSWRU��/,/5%���VXJJHVWHG�GRZQVWUHDP�DFWLYDWLRQ�����

RI�&$0.��FDOFLXP�FDOPRGXOLQ�GHSHQGHQW�SURWHLQ�NLQDVH����DQG����DQG�VXEVHTXHQW�UHFUXLWPHQW�����

RI�6+3����D�6UF�KRPRORJ\���GRPDLQ�FRQWDLQLQJ�QRQ�WUDQVPHPEUDQH�SURWHLQ�W\URVLQH�����

SKRVSKDWDVH��LQ�IUHVKO\�LVRODWHG�PRXVH�VSOHHQ�FHOOV��=KHQJ�HW�DO����������&$0.��KDV�EHHQ�����

VKRZQ�WR�DFWLYDWH�1RWFK�LQ�KXPDQ�SURVWDWH�FDQFHU�FHOOV��0DPDHYD�HW�DO���������ZKHUHDV�6+3�������

KDV�DOVR�EHHQ�VKRZQ�WR�JHQHWLFDOO\�LQWHUDFW�ZLWK�1RWFK�VLJQDOLQJ�LQ�Drosophila �2LVKL�HW�DO�������

�������$OWKRXJK�WKH�DQVZHU�DV�WR�ZKHWKHU�&$0.V�DQG�6+3���PD\�GLUHFWO\�RU�LQGLUHFWO\�UHJXODWH�����

1RWFK�LV�VWLOO�\HW�WR�EH�GHWHUPLQHG��WKLV�VXJJHVWV�WKDW�/,/5%��VLJQDOLQJ�PD\�H[WHQG�EH\RQG�WKH�����

PRGHOV�SUHVHQWHG�LQ�RXU�VWXGLHV������

�����

7KH�DELOLW\�RI�$QJSWOV�WR�UHJXODWH�WKH�ORFDO�HYHQWV�DW�ZKLFK�1RWFK�FOHDYDJH�RFFXUV�FUHDWHV�QHZ�����

RSSRUWXQLW\�IRU�WKHUDSHXWLF�LQWHUYHQWLRQ��7KH�UROH�RI�1RWFK�GXULQJ�+63&�UHQHZDO�DW�KRPHRVWDVLV�����

LV�FRQWURYHUVLDO��%LJDV�HW�DO����������5HFHQW�VWXGLHV�GHPRQVWUDWH�WKDW�HQGRWKHOLDO�GHULYHG�1RWFK�����

VLJQDO�FDQ�VWLPXODWH�PXULQH�F.LW�6FD��/LQ��FHOOV�H[SDQVLRQ��%XWOHU�HW�DO����������'HOWD�H[W�,J*��LQ�����
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ZKLFK�WKH�HQJLQHHUHG�DFWLYDWLQJ�1RWFK�OLJDQG�LV�WHWKHUHG�WR�WKH�)F�GRPDLQ�RI�KXPDQ�,J*���ZDV�����

GHYHORSHG�IRU�ex vivo�H[SDQVLRQ�RI�KXPDQ�&'����FRUG�EORRG��&%��SURJHQLWRUV��'HODQH\�HW�DO�������

�������0RUH�UHFHQWO\��'HOWD�H[W�,J*�H[SDQGHG�+63&V�VKRZHG�JUHDW�FOLQLFDO�SURPLVH�LQ�UDSLG�����

KHPDWRSRLHWLF�HQJUDIWPHQW�ZLWK�VKRUWHQHG�WLPH�WR�QHXWURSKLO�UHFRYHU\��'HODQH\�HW�DO����������,Q�����

VXSSRUW�RI�DQ�LQWHUDFWLRQ�EHWZHHQ�WKH�angptls�DQG�notch��SUHOLPLQDU\�DQDO\VLV�RI�KXPDQ�&'��������

&%�SURJHQLWRUV�WUHDWHG�ZLWK�$QJSWO��RU�'HOWDH[W�,J*�KDG�FRPSDUDEOH�H[SDQVLRQ�LQ�����

&'����&'���7K\���OR�SRSXODWLRQV��)XUWKHUPRUH��WKHVH�H[SDQVLRQV�ZHUH�HIIHFWLYHO\�DEURJDWHG�����

ZKHQ�FHOOV�ZHUH�WUHDWHG�ZLWK�D�FRPELQDWLRQ�RI�1RWFK��DQG�1RWFK��EORFNLQJ�DQWLERGLHV������

VXJJHVWLQJ�WKDW�WKH\�ZHUH�DW�OHDVW�SDUWLDOO\�1RWFK�PHGLDWHG��7KLV�VXSSRUWV�WKDW�WKH�$QJSWOV DQG�����

1RWFK�FDQ�LQWHUDFW�LQ�DQRWKHU�FHOO�W\SH�VXFK�DV�KXPDQ�FRUG�EORRG�&'����FHOOV��,Q�FRQFOXVLRQ������

RXU�VWXGLHV�RI�$QJSWO�PHGLDWHG�DFWLYDWLRQ�RI�1RWFK�SUHVHQWHG�KHUH�KDYH�XQFRYHUHG�DQ�LPSRUWDQW�����

JHQHWLF��SK\VLFDO��DQG�IXQFWLRQDO�LQWHUDFWLRQ�RI�WKHVH�WZR�VLJQDOLQJ�SDWKZD\V�WKDW�DUH�FULWLFDO�IRU�����

KHPDWRSRLHVLV�� �����
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0$7(5,$/6�$1'�0(7+2'6�����

�����

=HEUDILVK�VWUDLQV�DQG�KHDWVKRFN�H[SHULPHQW��=HEUDILVK�ZHUH�PDLQWDLQHG�LQ�DFFRUGDQFH�WR�����

%RVWRQ�&KLOGUHQ¶V�+RVSLWDO�$QLPDO�5HVHDUFK�*XLGHOLQHV��7KH�IROORZLQJ�PXWDQWV�DQG�WUDQVJHQLF�����

]HEUDILVK�ZHUH�XVHG�LQ�WKH�VWXG\� mindbombta56b �-LDQJ�HW�DO��������,�Tg(UAS:NICD)��6FKHHU�HW�����

DO�������� , Tg(hsp:70:Gal4)��6FKHHU�HW�DO�������� , Tg(Tp1bglob:eGFP)um14 �3DUVRQV�HW�DO�������

�������Tg(kdrl:Hras-mCherry)��&KL�HW�DO�������� �RU�Tg(Runx1+23:NLS-mCherry)��7DPSOLQ�HW�DO�������

�������FURVVHG�LQWR�WKH�FDVSHU��:KLWH�HW�DO���������EDFNJURXQG DQG�����

Tg(hsp70:zangptl2;cmlc2:DsRed2)��7KH�ODWWHU�ZDV�JHQHUDWHG�E\�FR�LQMHFWLQJ�OLQHDUL]HG�����

SODVPLGV��RQH�ZLWK�D�����NE�KHDWVKRFN�SURWHLQ����SURPRWHU��pzhsp70/4prom) GULYLQJ�IXOO�OHQJWK�����

D. rerio angptl2��SURYLGHG�E\�<��.XERWD�DQG�7��6XGD��DQG�WKH�RWKHU�FRQWDLQLQJ�WKH�����NE�FDUGLDF�����

P\RVLQ�OLJKW�FKDLQ�SURPRWHU����5RWWEDXHU�HW�DO���������GULYLQJ�QXFOHDU�'V5HG���$�VWDEO\�����

LQWHJUDWHG�WUDQVJHQLF�OLQH�FRQWDLQLQJ�ERWK�WUDQVJHQHV�ZDV�PDLQWDLQHG�DQG�WUDQVJHQLF�HPEU\RV�����

ZHUH�LGHQWLILHG�ZLWK�'V5HG��SRVLWLYH�KHDUW��7R�LQGXFH�KHDWVKRFN�RYHUH[SUHVVLRQ�RI�zangptl2������

HPEU\RV�DW�WKH������VV�ZHUH�LPPHUVHG�LQ�(��ILVK�ZDWHU�DQG�KHDWHG�WR����&�IRU����PLQXWHV�WR�����

�KU��6LPLODUO\��WR�LQGXFH�KHDWVKRFN�RYHUH[SUHVVLRQ�RI�1,&'��HPEU\RV�IURP�Tg(UAS:NICD)�DQG�����

Tg(hsp:70:Gal4)�FURVVHV�ZHUH�KHDWVKRFNHG�DW����&�IRU����PLQXWHV��(PEU\RV�ZHUH�TXLFNO\�����

ZDVKHG�ZLWK�URRP�WHPSHUDWXUH�(��WR�VWRS�KHDWVKRFN�DQG�DOORZHG�WR�GHYHORS�QRUPDOO\�XQWLO�WKH�����

DSSURSULDWH�VWDJH�EHIRUH�IL[DWLRQ�ZLWK����SDUDIRUPDOGHK\GH�DQG�SURFHVVHG�IRU�:,6+��(PEU\RV�����

IURP�DW�OHDVW�WKUHH�VHSDUDWH�EUHHGLQJ�FOXWFKHV�ZHUH�VFRUHG�IRU�HDFK�H[SHULPHQW�DQG�WDEXODWHG�����

WRJHWKHU�IRU�WKH�REVHUYHG�SKHQRW\SH��7KH�UHVXOWV�DUH�UHSUHVHQWHG�DV�D�VLQJOH�UDWLR�RI�WKRVH�����

GHSLFWHG�LQ�HDFK�SDQHO�WR�WKH�WRWDO�QXPEHU�RI�HPEU\RV�VFRUHG��,Q�LQVWDQFHV�ZKHUH�D�JHQHWLF�����

FURVV�ZHUH�GRQH��ZH�VFRUHG�ZLWKLQ�HDFK�EUHHGLQJ�FOXWFK��WKH�GLIIHUHQW�JHQRW\SHV�ILUVW��WKHQ�WKH�����

REVHUYHG�SKHQRW\SH��7KH�GHQRPLQDWRU�LQ�WKH�UDWLRV�LQGLFDWHG�LQ�HDFK�SDQHO�UHSUHVHQW�WKH�WRWDO�����

QXPEHU�RI�HPEU\RV�VFRUHG�ZLWKLQ�WKDW�JHQRW\SH��$IWHU�WKH�:,6+�SLFWXUHV�ZHUH�WDNHQ��DOO�����

WUDQVJHQLF�DQG�PXWDQW�HPEU\RV�KDG�WKHLU�JHQRW\SH�FRQILUPHG�E\�3&5��*HQRW\SLQJ�3&5�����
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SULPHUV�IRU�mib-)��**7*7*7&7**$7&*7&7*$$*$$&��mib-5������

*$7**$7*7**7$$&$&7*$7*$&7&��UAS:NICD�)��&$7&*&*7&7&$*&&7&$&������

UAS:NICD�5��&**$$7&*777$77**7*7&*��hsp:70:Gal4�)������

*&$$7*$$&$*$&***&$777$&��hsp:70:Gal4�5��&77&$*$&$&77**&*&$&77&**������

hsp:70:zangptl2�)��&$*$*$$$&7&$$&&*$$*$*$$*&*$&��hsp:70:zangptl2�5������

*&7&&7*7$$&&77&7*&7****7$��cmlc2:DsRed2�)������

7*7$777$**$**&7&7***7*7&��DQG�cmlc2:DsRed2�5������

&77&77*7$*7&****$7*7&*��(DFK�H[SHULPHQW�ZDV�UHSHDWHG�DW�OHDVW�WZLFH������

�����

:,6+��0RUSKROLQRV�DQG�P51$�PLFURLQMHFWLRQV��:,6+�ZHUH�SHUIRUPHG�DV�GHVFULEHG��7KLVVH�����

DQG�7KLVVH���������3UHYLRXVO\�SXEOLVKHG�PRUSKROLQRV��*HQH�7RROV��XVHG�WR�NQRFNGRZQ�angptl1�����

DQG�angptl2�ZHUH�WDUJHWHG�WR�WKH�VWDUW�FRGRQV�RU��¶�875��.XERWD�HW�DO����������$GGLWLRQDO�����

PRUSKROLQRV�XVHG�WR�FRQILUP�NQRFNGRZQ�ZDV�JHQHUDWHG�DV�VSOLFLQJ�PRUSKROLQRV�ZLWK�WKH�����

VHTXHQFHV��angptl1: �¶�&&7*7**$$$$7*&$*$*$$$7*&$��¶�DQG�angptl2: 5’-����

*$**77777&77*7**&7&$&&77$��¶��&RQWURO�QRQ�WDUJHWLQJ�PRUSKROLQR�VHTXHQFH�ZDV��¶�����

&&7&77$&&7&$*77$&$$777$7$��¶��Myc PRUSKROLQR�VHTXHQFH�ZDV��¶�����

*7**7$$$$*&7*$$7*$$&$&7*$��¶��P51$�IRU�D. rerio myc��SURYLGHG�E\�$��*XWLHUUH]������

ZHUH�V\QWKHVL]HG�XVLQJ�WKH�P0(66$*(�P0$&+,1(�NLW��$PELRQ��SHU�PDQXIDFWXUHU¶V�SURWRFRO������

)RU�HYHU\�H[SHULPHQW��HTXDO�DPRXQWV�RI�PRUSKROLQRV�DQG�RU�P51$V�DUH�DOZD\V�FRQWUROOHG�IRU�����

E\�LQMHFWLQJ�WKH�QRQ�WDUJHWLQJ�FRQWURO�PRUSKROLQRV�DQG�RU�P&KHUU\�P51$�LQWR�VLEOLQJ�HPEU\RV�DW�����

��FHOO�VWDJH�DV�SUHYLRXVO\�GHVFULEHG��%XUQV�HW�DO��������������

�����

T3&5�DQG�SULPHU�VHTXHQFHV��51$�ZDV�H[WUDFWHG�IURP�ZKROH�HPEU\RV��DYHUDJH�RI��������

HPEU\RV�SHU�FRQGLWLRQ��WKUHH�FOXWFKHV�RI�HPEU\RV�SHU�FRQGLWLRQ��RU�FHOOV��DYHUDJH�RI�����FHOOV������

WULSOLFDWHV�SHU�H[SHULPHQW��XVLQJ�75,]RO��,QYLWURJHQ��RU�51HDV\�PLQLSUHS��4LDJHQ��UHVSHFWLYHO\������

IROORZHG�E\�'1DVH,��4LDJHQ��GLJHVWLRQ�DQG�51HDV\��4LDJHQ��FOHDQXS��F'1$�ZDV�V\QWKHVL]HG�����
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XVLQJ�6XSHU6FULSW��9,/2�F'1$�6\QWKHVLV�.LW��,QYLWURJHQ���%HWZHHQ����QJ�RI�F'1$�ZDV�XVHG�����

SHU�T3&5�UHDFWLRQ�ZLWK����µ0�SULPHUV�XVLQJ�WKH�L4�6<%570�*UHHQ��6XSHUPL[��%LR�5DG��RQ�����

&);����5HDO�7LPH�3&5�'HWHFWLRQ�6\VWHP��%LR�5DG���T3&5�SULPHUV�XVHG��zangptl2�)������

7&$*$*7***&&*77$7&$7**$$��zangptl2�5��7*$7$$&*$&7*&**7$$7*&&&7������

HES1�)��$7$*&7&*&**&$77&&$$*&��HES1�5��&&$*&$&$&77***7&7*7*&7������

RUNX1�)��$**$$*$&$&$*&$&&&7**$��RUNX1�5��$&*7*&$77&7*$***&7*7&$������

MYC�)��&*$&7&7*$**$**$$&$$*��MYC�5��*7*&*&$&&7&**7$77$$&��GAPDH�)������

&&7*&$&&$&&$$&7*&77$��GAPDH�5��&&$7&$&*&&$&$*777&&��GAPDH�XVHG�DV�����

QRUPDOL]LQJ�JHQH�������

�����

7LPH�ODSVH�OLYH�LPDJLQJ�RI�]HEUDILVK�HPEU\RV��7KH�����NE�UHJXODWRU\�UHJLRQ�XSVWUHDP�RI�drl ����

ZDV�FORQHG�LQWR�WKH�EDFNERQH�RI�WKH�7RO��GHVWLQDWLRQ�YHFWRU�������S'(677RO�S$���IURP�WKH�����

7RO�NLW��.ZDQ�HW�DO����������GULYLQJ�H*)3��7KH�UHVXOWDQW�YHFWRU�ZDV�WKHQ�UHFRPELQHG�XVLQJ�WKH�����

0XOWLVLWH�*DWHZD\��WHFKQRORJ\��/LIH�7HFKQRORJLHV��XVLQJ��¶�HQWU\�FORQHV�FRQWDLQLQJ�WKH�kdrl ����

SURPRWHU��S�(�NGUO��SURYLGHG�E\�&�%��&KLHQ��RU�WKH�5XQ[�����HQKDQFHU��S�(�5XQ[���������

SURYLGHG�E\�2�-��7DPSOLQ���PLGGOH�HQWU\�FORQHV�FRQWDLQLQJ�H*)3�������S0(�H*)3��7RO�NLW��RU�����

FRQVWLWXWLYHO\�DFWLYH�1RWFK���S0(�1,&'���DQG��¶�HQWU\�FORQHV�FRQWDLQLQJ�69���ODWH�S$�����������

S�(�S$��7RO�NLW���$OO�YHFWRUV�ZHUH�VHTXHQFH�YHULILHG�SULRU�WR�LQMHFWLRQ�LQWR���FHOO�VWDJH�����

Tg(kdrl:Hras-mCherry)�RU�Tg(Runx1+23:NLS-mCherry)�HPEU\RV�DW���QJ�HPEU\R����SJ�RI�7RO������

�WUDQVSRVDVH�HQ]\PH��P51$�ZDV�FR�LQMHFWHG�SHU�HPEU\R��'HFKRULRQDWHG�DQG�VWDJHG�HPEU\RV�����

ZHUH�LPDJHG�EHJLQQLQJ�DW���KSI�DQG���KSI�IRU�WKH�$*0�DQG�&+7��UHVSHFWLYHO\��7R�FRQWURO�IRU�����

YDULDELOLW\�LQ�LQMHFWLRQ��HPEU\RV�ZHUH�SUH�VFUHHQHG�IRU�D�VLPLODU�GHJUHH�RI�PRVDLFLVP��6HOHFWHG�����

HPEU\RV�ZHUH�PRXQWHG�LQ�JODVV�ERWWRP���ZHOO�SODWHV��0D7HN��1R������FRYHU�JODVV��LQ����/03�����

DJDURVH�LQ�(��HPEU\R�PHGLXP�FRQWDLQLQJ�������7ULFDLQH��7LPH�ODSVH�LPDJLQJ�ZDV�SHUIRUPHG�����

XVLQJ�D�<RNRJDZD�&68�;�VSLQQLQJ�GLVN�DQG�$QGRU�L;RQ�(0�&&'�FDPHUDV�PRXQWHG�RQ�DQ�����

LQYHUWHG�1LNRQ�(FOLSVH�7L�PLFURVFRSH��$QGRU�7HFKQRORJ\������QP�DQG����QP�ODVHUV�ZHUH�XVHG�����
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WR�LPDJH�*)3�DQG�P&KHUU\��UHVSHFWLYHO\��&RQWURO�H*)3�DQG�1,&'�LQMHFWHG�HPEU\RV�ZHUH�����

LPDJHG�WRJHWKHU�LQ�VHSDUDWH�ZHOOV�RI�WKH�VDPH���ZHOO�SODWH�RQ�WKH�VDPH�GD\�WR�FRQWURO�IRU�����

LPDJLQJ�YDULDELOLW\��$OO�LPDJLQJ�ZDV�GRQH�ZLWKLQ�D������&�KXPLGLILHG�FKDPEHU��&RQIRFDO�]�VWDFNV�����

ZHUH�FROOHFWHG�HYHU\����PLQXWHV�XVLQJ�D�PRWRUL]HG�VWDJH�SLH]R��DFTXLULQJ����P�]�VWHSV�DFURVV�����

�����P��WLOLQJ�WKUHH�ILHOGV�RI�YLHZ�IRU�WKH�$*0��RU����P�]�VWHSV�DFURVV�����P��WLOLQJ�ILYH�ILHOGV�RI�����

YLHZ�IRU�WKH�&+7���'�WLPH�ODSVH�YLGHR�ILOHV�ZHUH�UHQGHUHG�DV�PD[LPXP�LPDJH�SURMHFWLRQV�XVLQJ�����

,PDULV��%LWSODQH�������

�����

&HOO�FXOWXUH��$QJSWO�SURWHLQ�H[SUHVVLRQ�DQG�SXULILFDWLRQ��+XPDQ�HQGRWKHOLDO�FHOOV��HLWKHU�����

KXPDQ�XPELOLFDO�YHLQ�HQGRWKHOLDO�FHOOV��SULPDU\�RU�($�K\�����RU�KXPDQ�DRUWLF�HQGRWKHOLDO�FHOOV�������

RU�WKH�OHXNHPLD�FHOO�OLQH�.����ZHUH�FXOWXUHG�SHU�PDQXIDFWXUHU¶V�SURWRFRO��+XPDQ�KHPDWRSRLHWLF�����

&'����SURJHQLWRU�FHOOV�LVRODWHG�IURP�SHULSKHUDO�EORRG�RI�*&6)�PRELOL]HG�KHDOWK\�YROXQWHHUV�����

ZHUH�REWDLQHG�IURP�WKH�)UHG�+XWFKLQVRQ�&DQFHU�5HVHDUFK�&HQWHU��7KHVH�FHOOV�ZHUH�H[SDQGHG�����

IRU���GD\V�LQ�6WHP6SDQ�6)(0��6WHP�&HOO�7HFKQRORJ\��VXSSOHPHQWHG�ZLWK�&&����F\WRNLQH�PL[�����

DQG����3HQ�6WUHS��:H�KDYH�SUHYLRXVO\�IRXQG�WKDW�WKHVH�FHOOV�ZLOO�UHPDLQ�DW�OHDVW������������

&'����DQG�JUHDWHU�WKDQ�����&'����DIWHU�WKLV�FXOWXUHG�SHULRG��7URPSRXNL�HW�DO����������7KRXJK�����

WKH\�GR�QRW�WUXO\�UHSUHVHQW�+6&V�DIWHU�FXOWXUH��WKH\�QHYHUWKHOHVV�UHWDLQ�WKH�FDSDFLW\�WR�����

GLIIHUHQWLDWH�DQG�WKXV�DUH�XWLOL]HG�DV�KHPDWRSRLHWLF�SURJHQLWRUV�LQ�RXU�VWXGLHV��3ULRU�WR�����

VWLPXODWLRQ�ZLWK�SXULILHG�)/$*�WDJJHG�$QJSWO�OLJDQG��FHOOV�ZHUH�HLWKHU�VHUXP�VWDUYHG�����

�HQGRWKHOLDO�RU�.����FHOOV��RU�F\WRNLQH�VWDUYHG��&'����FHOOV��IRU������KRXUV�DW�ZKLFK�WLPH�WKH\�����

ZHUH�GUXJ�WUHDWHG�RU�YHKLFOH�WUHDWHG��'062���)/$*�WDJJHG�PXULQH�$QJSWO��RU����YHFWRUV�����

SURYLGHG�E\�<��2LNH��ZDV�H[SUHVVHG�LQ�+(.���7�FHOOV�IRU����KRXUV�DQG�FHOO�VXSHUQDWDQW�ZDV�����

SXULILHG�DV�SUHYLRXVO\�GHVFULEHG��=KDQJ�HW�DO����������%ULHIO\��FHOO�VXSHUQDWDQW�ZDV�FHQWULIXJH�WR�����

UHPRYH�FHOO�GHEULV�DQG�VXSSOHPHQWHG�WR�D�ILQDO�FRQFHQWUDWLRQ�RI����P0�1D&O��&RPSOHWH�����

3URWHDVH�,QKLELWRU�&RFNWDLO��5RFKH��ZDV�DGGHG�DW���WDEOHW���PO��&HOO�VXSHUQDWDQW�ZDV�SUH�����

FOHDUHG�XVLQJ�XQFRQMXJDWHG�6HSKDURVH�EHDGV�SULRU�WR�LQFXEDWLRQ�ZLWK�WKH�DQWL�)/$*�0��DIILQLW\�����
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*HO��6LJPD��RYHUQLJKW�DW���&��*HO�FROXPQ�ZDV�ZDVKHG�ZLWK�7%6������WLPHV�DQG�HOXWHG�XVLQJ�����

)/$*�SHSWLGH�DW�����µJ�PO��GLVVROYHG�LQ�7%6��(OXHQW�ZDV�GLDO\]HG�DJDLQVW���FKDQJHV�RI�3%6�����

DQG�DQDO\]HG�RQ�6'6�3$*(�WR�GHWHUPLQH�SURWHLQ�FRQFHQWUDWLRQ������

�����

/XFLIHUDVH�UHSRUWHU�DVVD\V��7KH�1RWFK�ILUHIO\�OXFLIHUDVH�UHSRUWHU�SODVPLG�S*/��+HV��UHSRUWHU�����

�+HV��OXF��SURYLGHG�E\�-�&��$VWHU��DQG�S5/�7.��3URPHJD��HQFRGLQJ�WKH�Renilla�OXFLIHUDVH�����

SODVPLG�ZHUH�FR�WUDQVIHFWHG�LQWR�.����FHOOV�XVLQJ�$0$;$�QXFOHRIHFWRU�DFFRUGLQJ�WR�WKH�����

PDQXIDFWXUHU�SURWRFROV��/RQ]D���&HOO�ZHUH�O\VHG�DQG�DVVD\HG�XVLQJ�WKH�'XDO�/XFLIHUDVH������

5HSRUWHU�$VVD\�6\VWHP��3URPHJD���)LUHIO\�OXFLIHUDVH�DFWLYLW\�ZDV�QRUPDOL]HG�WR�Renilla�����

OXFLIHUDVH�DFWLYLW\�DQG�SORWWHG�DV�D�UDWLR�RI�WKH�WZR�������

�����

/,/5%��WUXQFDWLRQ�PXWDQWV��)XOO�OHQJWK�KXPDQ�/,/5%��DQG�LQWUDFHOOXODU��,&'��WUXQFDWLRQ�����

PXWDQW�ZHUH�REWDLQHG�IURP�&�&��=KDQJ��)XOO�OHQJWK�/,/5%��FRQWDLQV���H[WUDFHOOXODU��(&'��,J*�����

GRPDLQV��D�WUDQVPHPEUDQH�GRPDLQ��70��DQG�D�VKRUW�,&'��7KH�/,/5%��(&'�WUXQFDWLRQ�PXWDQW�����

LQFOXGHV�WKH�HQWLUH�(&'�RI�/,/5%���WKH�WUDQVPHPEUDQH�GRPDLQ�DQG�WKH�ILUVW���DPLQR�DFLGV�IURP�����

WKH�,&'��7KH�/,/5%��,&'�WUXQFDWLRQ�PXWDQW�LQFOXGHV����DPLQR�DFLGV�IURP�WKH�HQG�RI�(&'��70�����

DQG�WKH�HQWLUH�,&'��7KH�+$�WDJ��7$&&&$7$&*$7*77&&$*$77$&*&7��IROORZHG�E\�D�OLQNHU�����

VHTXHQFH��**$**&7&$*****77&&��ZDV�FORQHG��¶�WR�WKH�$7*�RI�IXOO�OHQJWK�/,/5%��RU�����

/,/5%��(&'�WR�PDNH�WKH�1�WHUPLQDO�WDJJHG�PXWDQWV��/LNHZLVH��WKH�OLQNHU�VHTXHQFH�IROORZHG�E\�����

WKH�+$�WDJ�ZDV�FORQHG��¶�WR�WKH�ODVW�DPLQR�DFLG�EHIRUH�6723�RI�IXOO�OHQJWK�/,/5%��DQG�/,/5%������

(&'�WR�PDNH�WKH�&�WHUPLQDO�WDJJHG�PXWDQWV��7R�JHQHUDWH�1��RU�&�WHUPLQDO�+$�WDJJHG�/,/5%������

,&'��ZH�SHUIRUPHG�VLWH�GLUHFWHG�PXWDJHQHVLV�WR�LQVHUW�WKH�+$�DQG�OLQNHU�VHTXHQFHV��4���6LWH�����

'LUHFWHG�0XWDJHQHVLV�.LW��1(%�������

�����

/,/5%��VK51$�LQIHFWLRQ�DQG�YLUXV�SURGXFWLRQ��/HQWLYLUDO�VK51$�LQ�WKH�S/.2���SXURP\FLQ�����

YHFWRU�ZHUH�REWDLQHG�IURP�WKH�6LJPD�0LVVLRQ�VK51$�OLEUDU\��7ZR�OHQWLYLUDO�VK51$�FRQVWUXFWV�����
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WDUJHWHG�DJDLQVW�KXPDQ�/,/5%��ZHUH�REWDLQHG�ZLWK�WKH�IROORZLQJ�VHTXHQFHV��VK�/,/5%��������

�75&1����������������

&&***$$*7$$*$$7*7*&777$$$&7&*$*777$$$*&$&$77&77$&77&777777*��DQG�����

VK�/,/5%�����75&1����������������

&&**7*$&*77**&777&*7$7$$*&7&*$*&77$7$&*$$$*&&$$&*7&$777777*�������

$Q�VK51$�ZLWK�D�VFUDPEOHG�VHTXHQFH�ZDV�XVHG�DV�D�QRQ�WDUJHWLQJ�FRQWURO��VK�&7���+(.��������

FHOOV�ZHUH�FXOWXUHG�LQ�'XOEHFFR¶V�PRGLILHG�(DJOH¶V�0HGLXP�VXSSOHPHQWHG�ZLWK�����IHWDO�ERYLQH�����

VHUXP�DQG����SHQLFLOOLQ�VWUHSWRP\FLQ��/LIH�7HFKQRORJLHV���7KH\�ZHUH�WUDQVIHFWHG�DW���������

FRQIOXHQFH�XVLQJ�EUDQFKHG�SRO\HWK\OHQLPLQH��6LJPD��ZLWK�SV3$;��DQG�969�*�OHQWLYLUDO�����

SODVPLGV�DV�ZHOO�DV�WKH�UHOHYDQW�VK51$�SODVPLG��0HGLXP�ZDV�UHIUHVKHG�������KRXUV�DIWHU�����

WUDQVIHFWLRQ��0HGLXP�FRQWDLQLQJ�YLUDO�SDUWLFOHV�ZDV�FROOHFWHG�DW����DQG����KRXUV�DIWHU�����

WUDQVIHFWLRQ�DQG�FRQFHQWUDWHG�E\�XOWUDFHQWULIXJDWLRQ��6WDEOH�($�K\����FHOOV�ZHUH�LQIHFWHG�ZLWK�����

HDFK�YLUXV�ZLWK��µJ�PO�SURWDPLQH�VXOIDWH��6LJPD��RYHUQLJKW�DW����&�DQG�VHOHFWHG�IRU���ZHHNV�LQ�����

�µJ�PO�3XURP\FLQ��6LJPD�������

�����

,PPXQRSUHFLSLWDWLRQ�DQG�:HVWHUQ�EORWWLQJ��6XEVHTXHQW�WR�FHOOV�VWLPXODWHG�ZLWK�SXULILHG�����

$QJSWO��RU����FHOOV�ZHUH�ZDVKHG�ZLWK�LFH�FROG�3%6�SULRU�WR�O\VLQJ�LQ�5,3$�EXIIHU��3LHUFH������

VXSSOHPHQWHG�ZLWK���P0�1D)���P0�1D�3�2������PJ�PO�3HIDEORF�6&��5RFKH���&RPSOHWH�����

3URWHDVH�,QKLELWRU�&RFNWDLO��5RFKH��DQG��P0�1D�92���1RUPDOL]HG�SURWHLQ�O\VDWHV�ZHUH�GLOXWHG�����

WR��PJ�PO�SULRU�WR�SUH�FOHDULQJ�XVLQJ�3URWHLQ�*�FRQMXJDWHG�'\QDO�EHDGV��,QYLWURJHQ���3UH�����

FOHDUHG�O\VDWHV�ZHUH�LPPXQRSUHFLSLWDWHG�ZLWK�WKH�DSSURSULDWH�DQWLERGLHV�RYHUQLJKW�DW���&������

3URWHLQ�*�FRQMXJDWHG�'\QDO�EHDGV�ZHUH�XVHG�WR�SXOO�GRZQ�LPPXQRFRPSOH[HV�DQG�ZDVKHG�ZLWK�����

,3�EXIIHU��3LHUFH���VXSSOHPHQWHG�ZLWK�WKH�DERYHPHQWLRQHG�SURWHDVH�SKRVSKDWDVH�LQKLELWRUV������

WKUHH�WLPHV�SULRU�WR�HOXWLQJ�LQ�6'6�VDPSOH�EXIIHU�DQG�ORDGLQJ�RQWR�6'6�3$*(�IRU�:HVWHUQ�����

%ORWWLQJ��$QWLERGLHV�XVHG�WR�SHUIRUP�FR�,3V�DQG�:HVWHUQ�%ORWWLQJ�DUH��1RWFK���6DQWD�&UX]��VF�����
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����5�RU�&HOO�6LJQDOLQJ����������&OHDYHG�1RWFK�9DO������1,&'��&HOO�6LJQDOLQJ��������������

&OHDYHG�1RWFK��1(;7��SURYLGHG�E\�6��%ODFNORZ���/,/5%���6DQWD�&UX]��VF���������β�DFWLQ�����

�6LJPD���$�������+$��6LJPD���+������DQG�9(�&DGKHULQ��6DQWD�&UX]��VF��������$OO�FR�,3V�DQG�����

:HVWHUQV�ZHUH�UHSHDWHG�DW�OHDVW���WLPHV�ZLWK�VLPLODU�UHVXOWV��7KH�GHQVLWRPHWULHV�RI�:HVWHUQ�����

EORWV�DUH�PHDVXUHG�XVLQJ�,PDJH-�Y�����DQG�LQGLFDWHG�EHORZ�WKH�EORWV�DV�D�UDWLR�RI�EDQG�����

LQWHQVLW\�QRUPDOL]HG�WR�WKH�ORDGLQJ�FRQWURO�β�DFWLQ�RU�WKH�SURWHLQ�XVHG�IRU�,3������

�����

0LFURDUUD\�DQDO\VLV��6DPSOHV�IRU�PLFURDUUD\�DQDO\VLV�ZHUH�REWDLQHG�E\�LVRODWLQJ�51$�IURP�������

ELRORJLFDO�WULSOLFDWHV�HDFK�RI�KXPDQ�&'����SURJHQLWRU�FHOOV�WKDW�KDYH�EHHQ�VWLPXODWHG�ZLWK�����

$QJSWO����µJ�PO��RU�3%6�YHKLFOH�XVLQJ�75,]RO��,QYLWURJHQ��H[WUDFWLRQ�IROORZHG�E\�'1DVH,�����

�4LDJHQ��GLJHVWLRQ�DQG�51HDV\��4LDJHQ��FOHDQXS��51$�ZDV�SUHSDUHG�IRU�K\EULGL]DWLRQ�WR�WKH�����

$II\PHWUL[�+XPDQ�([RQ�����67�$UUD\V��5DZ�&(/�ILOHV�ZHUH�DQDO\]HG�XVLQJ�WKH�*HQHSDWWHUQ�����

VRIWZDUH�VXLWH��%URDG�,QVWLWXWH���5DZ�&(/�ILOHV�ZHUH�FRQYHUWHG�LQWR�*&7�IRUPDW�XVLQJ�WKH�����

([SUHVVLRQ)LOH&UHDWRU�0RGXOH��ZLWK�50$�DQG�TXDQWLOH�QRUPDOL]DWLRQ��7KH�*&7�ILOH�ZDV�WKHQ�����

XVHG�LQ�WKH�3UHSURFHVV'DWD6HW�PRGXOH��ZKHUH�WKUHVKROG�DQG�FHLOLQJ�YDOXHV�ZHUH�VHW��IORRU��������

FHLOLQJ��������IROG �����GHOWD ����DQG�DQ\�YDOXH�ORZHU�KLJKHU�WKDQ�WKH�WKUHVKROG�FHLOLQJ�ZHUH�����

UHVHW�WR�WKH�WKUHVKROG�FHLOLQJ�YDOXH��DQG�GDWD�ZHUH�SURFHVVHG�WR�GLVFDUG�DQ\�LQYDULDQW�JHQHV������

&RPSDULVRQV�EHWZHHQ�JURXSV�ZHUH�SHUIRUPHG�XVLQJ�WKH�&RPSDUDWLYH0DUNHU6HOHFWLRQ�PRGXOHV������

XVLQJ�WZR�VLGHG�W�WHVW�ZLWK�%HQMDPLQL�+RFKEHUJ�PXOWLSOH�K\SRWKHVLV�WHVWLQJ��7KH�GDWD�IRU�WKHVH�����

PLFURDUUD\V�DUH�DYDLODEOH�RQ�1&%,�*HQH�([SUHVVLRQ�2PQLEXV�GDWDEDVH�ZLWK�*(2�DFFHVVLRQ�����

QXPEHUV�SHQGLQJ�����

�����

*6($�DQDO\VLV��7KH�GDWD�JHQHUDWHG�IURP�WKH�$II\PHWUL[�DUUD\V�ZDV�XVHG�WR�TXHU\�WKH�%URDG�����

0ROHFXODU�6LJQDWXUH�'DWDEDVH��7KH�*&7�ILOHV�JHQHUDWHG�E\�*HQHSDWWHUQ�ZHUH�XVHG�DV�LQSXW�WR�����

*6($��YHUVLRQ����%URDG�,QVWLWXWH���DQG�TXHULHG�DJDLQVW�WKH�F��FXUDWHG�JHQH�VHWV��F��PRWLI�JHQH�����



� ��

VHWV�DQG�F��*2�JHQH�VHWV��*6($�SDUDPHWHUV�XVHG�IRU�WKLV�DQDO\VLV������

VFRULQJBVFKHPH ZHLJKWHG��PHWULF 6LJQD�1RLVH��SHUPXWHBW\SH JHQHBVHW��SHUPXWDWLRQV ����������

*HQHVHWV�ZLWK�D�)'5������ZHUH�FRQVLGHUHG�VLJQLILFDQW��DQG�WKH�WRS����VHWV��DOO�ZLWK�)'5 ����������

ZHUH�XVHG�IRU�/HDGLQJ�(GJH�DQDO\VLV��7KH�FRPSOHWH�OLVW�RI�*6($�UHVXOWV�FDQ�EH�IRXQG�LQ�7DEOH�����

6�������

�����

&K,3�VHT�VDPSOH�SUHSDUDWLRQ��3RORQ\�JHQHUDWLRQ�DQG�VHTXHQFLQJ��6DPSOHV�ZHUH�SUHSDUHG�����

DV�SUHYLRXVO\�GHVFULEHG��7URPSRXNL�HW�DO���������%ULHIO\������RI�WKH�$QJSWO��VWLPXODWHG�KXPDQ�����

SHULSKHUDO�EORRG�&'����SURJHQLWRUV�ZHUH�FURVV�OLQNHG�ZLWK�IUHVK�IRUPDOGHK\GH��TXHQFKHG�ZLWK�����

*O\FLQH�DQG�O\VHG��7KH�QXFOHDU�H[WUDFWV�ZHUH�VRQLFDWHG��%LRUXSWRU��IRU����F\FOHV�RI����VHFRQGV�����

IROORZHG�E\���PLQXWH�UHVW�SULRU�LPPXQRSUHFLSLWDWLRQ�ZLWK����µJ�RI�1RWFK�DQWLERG\�:DQJ�HW�DO�������

������DQG����µJ�RI�3URWHLQ�*�'\QDO�EHDGV�RYHUQLJKW�DW���&����µO�RI�VRQLFDWHG�O\VDWHV�SULRU�WR�����

DQWLERG\�DGGLWLRQ�ZHUH�UHVHUYHG�DV�LQSXW�VDPSOH��%HDGV�DUH�ZDVKHG��HOXWHG�DQG�UHYHUVH�FURVV�����

OLQNHG�EHIRUH�51DVH�DQG�3URWHLQDVH�.�WUHDWPHQW�DQG�'1$�H[WUDFWHG�E\�3KHQRO�&KORURIRUP������

&K,3�RU�LQSXW�'1$�RYHUKDQJV�ZHUH�EOXQWHG�DQG�SXULILHG�XVLQJ�3&5�SXULILFDWLRQ�NLW��4LDJHQ�������

6LQJOH�$�LQ�WKH��¶�HQG�ZDV�DGGHG�DQG�SXULILHG�ZLWK�WKH�0LQ(OXWH�3&5�SXULILFDWLRQ�NLW��4LDJHQ�������

,OOXPLQD�DGDSWRU�ROLJRV�ZHUH�DGGHG��IROORZHG�E\�3&5�SXULILFDWLRQ�DJDLQ��7KH�VDPSOHV�ZHUH�����

DPSOLILHG�E\�3&5�����F\FOHV��WR�DGG�OLQNHU�VHTXHQFH�WR�WKH�IUDJPHQWV�WR�SUHSDUH�IRU�DQQHDOLQJ�����

WR�WKH�*HQRPH�$QDO\]HU�IORZ�FHOO��$PSOLILHG�VDPSOHV�ZHUH�VHSDUDWHG�RQ�D����DJDURVH�JHO�DQG�����

SURGXFWV�EHWZHHQ��������ES�ZHUH�H[FLVHG�DQG�JHO�H[WUDFWHG�XVLQJ�*HO�([WUDFWLRQ�NLW��4LDJHQ�������

3RORQ\�JHQHUDWLRQ�DQG�VHTXHQFLQJ�ZHUH�GRQH�DV�SUHYLRXVO\�GHVFULEHG��7URPSRXNL�HW�DO��������������

�����

&K,3�VHT�'DWD�$QDO\VLV��6HTXHQFHV�REWDLQHG�IURP�WKH�,OOXPLQD�6ROH[D�VHTXHQFHU�ZDV�����

SURFHVVHG�WKURXJK�WKH�EXQGOHG�6ROH[D�LPDJH�H[WUDFWLRQ�SLSHOLQH�DV�SUHYLRXVO\�GHVFULEHG�����

�7URPSRXNL�HW�DO����������%ULHIO\��VHTXHQFHV�ZHUH�DOLJQHG�XVLQJ�(/$1'�VRIWZDUH�WR�1&%,�%XLOG�����
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����8&6&�KJ����RI�WKH�KXPDQ�JHQRPH��2QO\�VHTXHQFHV�WKDW�PDSSHG�XQLTXHO\�WR�WKH�JHQRPH�����

ZLWK�]HUR�RU�RQH�PLVPDWFK�ZHUH�XVHG�IRU�RXU�DQDO\VLV��$QDO\VLV�PHWKRGV�ZHUH�EDVHG�RQ�����

SUHYLRXVO\�SXEOLVKHG�PHWKRGV��*XHQWKHU�HW�DO���������-RKQVRQ�HW�DO���������0DUVRQ�HW�DO��������������

(DFK�UHDG�ZDV�H[WHQGHG����ES�WRZDUG�WKH�LQWHULRU�RI�WKH�VHTXHQFH�IUDJPHQW��EDVHG�RQ�WKH�����

VWUDQG�RI�WKH�DOLJQPHQW��$FURVV�WKH�JHQRPH�WKH�QXPEHU�RI�&K,3�VHT�UHDGV�ZDV�WDEXODWHG�LQ�����

��ES�ELQV�DQG�WKH�JHQRPLF�ELQV�WKDW�FRQWDLQHG�VWDWLVWLFDOO\�VLJQLILFDQW�&K,3�VHT�HQULFKPHQW�����

ZHUH�LGHQWLILHG�E\�FRPSDULVRQ�WR�D�3RLVVRQLDQ�EDFNJURXQG�PRGHO��$VVXPLQJ�EDFNJURXQG�UHDGV�����

DUH�VSUHDG�UDQGRPO\�WKURXJKRXW�WKH�JHQRPH��WKH�SUREDELOLW\�RI�REVHUYLQJ�D�JLYHQ�QXPEHU�RI�����

UHDGV�LQ�D���NE�ZLQGRZ�FDQ�EH�PRGHOHG�DV�D�3RLVVRQ�SURFHVV�LQ�ZKLFK�WKH�H[SHFWDWLRQ�FDQ�EH�����

HVWLPDWHG�DV�WKH�QXPEHU�RI�PDSSHG�UHDGV�PXOWLSOLHG�E\�WKH�QXPEHU�RI�ELQV�LQWR�ZKLFK�HDFK�����

UHDG�PDSV��GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�ELQV�DYDLODEOH��(QULFKHG�ELQV�ZLWKLQ�����ES�RI�RQH�����

DQRWKHU�ZHUH�FRPELQHG�LQWR�UHJLRQV��7KH�3RLVVRQLDQ�EDFNJURXQG�PRGHO�DVVXPHV�D�UDQGRP�����

GLVWULEXWLRQ�RI�EDFNJURXQG�UHDGV��+RZHYHU��VLJQLILFDQW�GHYLDWLRQV�IURP�WKLV�H[SHFWDWLRQ�KDYH�����

EHHQ�REVHUYHG��6RPH�RI�WKHVH�QRQUDQGRP�HYHQWV�FDQ�EH�GHWHFWHG�DV�VLWHV�RI�DSSDUHQW�����

HQULFKPHQW�LQ�QHJDWLYH�FRQWURO�'1$�VDPSOHV�FUHDWLQJ�IDOVH�SRVLWLYHV��7R�UHPRYH�WKHVH�IDOVH�����

SRVLWLYH�UHJLRQV��QHJDWLYH�FRQWURO�'1$�IURP�ZKROH�FHOO�H[WUDFW��,QSXW�'1$�VDPSOH��ZDV�����

VHTXHQFHG��(QULFKHG�ELQV�DQG�HQULFKHG�UHJLRQV�ZHUH�GHILQHG�DV�KDYLQJ�JUHDWHU�WKDQ���IROG�����

GHQVLW\�LQ�WKH�H[SHULPHQWDO�VDPSOH�FRPSDUHG�ZLWK�WKH�FRQWURO�VDPSOH�ZKHQ�QRUPDOL]HG�WR�WKH�����

WRWDO�QXPEHU�RI�UHDGV�LQ�HDFK�GDWDVHW��7KLV�VHUYHG�WR�ILOWHU�RXW�JHQRPLF�UHJLRQV�WKDW�DUH�ELDVHG�����

WR�KDYLQJ�D�JUHDWHU�WKDQ�H[SHFWHG�EDFNJURXQG�GHQVLW\�RI�&K,3�VHT�UHDGV��(QULFKHG�UHJLRQV�����

ZLWKLQ���NE�XSVWUHDP�RU�GRZQVWUHDP�RI�WKH�ERG\�RI�WKH�JHQH�ZHUH�FDOOHG�ERXQG��$GGLWLRQDOO\������

GDWD�ILOHV�WKDW�FRQWDLQ�JHQRPH�EURZVHU�WUDFNV�VKRZLQJ�JHQRPH�ZLGH�&K,3�VHT�GHQVLW\�DQG�����

HQULFKHG�UHJLRQV�IRU�DOO�H[SHULPHQWV�DUH�DYDLODEOH�RQ�1&%,�*HQH�([SUHVVLRQ�2PQLEXV�GDWDEDVH�����

ZLWK�*(2�DFFHVVLRQ�QXPEHUV�SHQGLQJ������

 ����



� ��

0RWLI�$QDO\VLV��*5($7�$QDO\VLV�DQG�,QJHQXLW\�3DWKZD\�$QDO\VLV��1RQ�UHSHDW�VHTXHQFHV�����

IURP�1RWFK�&K,3�VHT�ZHUH�XSORDGHG�RQWR�0(0(�&K,3��KWWS���PHPH�QEFU�QHW�PHPH�FJL�����

ELQ�PHPH�FKLS�FJL��IRU�PRWLI�DQDO\VLV��(QULFKHG�UHJLRQV�IURP�WKH�1RWFK�&K,3�VHT�ZHUH�LPSRUWHG�����

LQWR�*HQRPLF�5HJLRQV�(QULFKPHQW�$QQRWDWLRQV�7RRO��*5($7���0F/HDQ�HW�DO����������DQG�����

JHQRPLF�UHJLRQV�WKDW�DUH�DVVRFLDWHG�ZLWK�SXWDWLYH�JHQHV�ZHUH�XVHG�JHQHUDWH�WHUPV�WKDW�LQFOXGH�����

JHQH�RQWRORJ\��SKHQRW\SH�GDWD�DQG�KXPDQ�GLVHDVH��SDWKZD\�GDWD��JHQH�H[SUHVVLRQ��UHJXODWRU\�����

PRWLIV�DQG�JHQH�IDPLOLHV��(DFK�WHUP�LV�GHWHUPLQHG�E\�WKH�UHJLRQ�JHQH�DVVRFLDWLRQ�VHWWLQJV�DQG�����

VLJQLILFDQFH�LV�FRPSXWHG�IURP�WKH�HQULFKHG�UHJLRQV�RI�WKH�1RWFK�&K,3�VHT�IDOOLQJ�LQ�WKH�����

UHJXODWRU\�GRPDLQV�RI�JHQHV�LQYROYHG�LQ�D�SDUWLFXODU�IXQFWLRQ�FRPSDUHG�WR�UDQGRP��%RWK�WKH�����

HQULFKHG�JHQHV�IURP�WKH�1RWFK�&K,3�VHT�DQG�WKH�JHQH�OLVWV�IURP�WKH�PLFURDUUD\V�ZHUH�LPSRUWHG�����

LQWR�,QJHQXLW\�3DWKZD\�$QDO\VLV��,3$���7KH�IXQFWLRQDO�DQDO\VLV�LGHQWLILHG�WKH�ELRORJLFDO�IXQFWLRQV�����

DQG�RU�GLVHDVH�VWDWHV�WKDW�DUH�PRVW�VLJQLILFDQW�WR�WKH�GDWDVHW��2I�QRWH��WKH�8SVWUHDP�5HJXODWRU�����

DQDO\VLV�ZDV�XVHG�WR�SUHGLFW�ZKLFK�PROHFXOHV��LQ�LWV�DFWLYH�RU�UHSUHVVHG�VWDWH��DUH�OLNHO\�WR�JLYH�����

ULVH�WR�WKH�REVHUYHG�H[SUHVVLRQ�GDWD��0\F�ZDV�LGHQWLILHG�DV�WKH�WRS�DFWLYH�PROHFXOH������

�����

�  ����
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$87+25�&2175,%87,216�����
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0�,�/��DQG�/�,�=��GHVLJQHG�WKH�VWXG\��DQDO\]HG�GDWD�DQG�ZURWH�WKH�PDQXVFULSW��0�,�/��SHUIRUPHG�����

DOO�WKH�H[SHULPHQWV�ZLWK�WHFKQLFDO�KHOS�IURP�(�1�3���6�%���6�6���&�:�&��DQG�$�8��0LFURDUUD\�DQG�����

&K,3�VHT�H[SHULPHQWV�SHUIRUPHG�E\�0�,�/�DQG�(�7��ZLWK�ELRLQIRUPDWLFV�DQDO\VLV�GRQH�E\�����

5�0�:���6�<��DQG�$�'��0�,�/��DQG�(�-�+�SHUIRUPHG�DQG�DQDO\]HG�DOO�OLYH�LPDJLQJ�H[SHULPHQWV������

0�&�&�DQG�0�,�/��SHUIRUPHG�WKH�VK/,/5%��NQRFNGRZQ�H[SHULPHQWV��$�'��SHUIRUPHG�WKH�&'��������

in vitro H[SDQVLRQ�H[SHULPHQWV�DQG�)$&6�DQDO\VLV��-�&�$���=�/��DQG�&�&�=��SURYLGHG�UHDJHQWV�����

DQG�XVHIXO�LQIRUPDWLRQ�WR�WKH�VWXGLHV��$OO�DXWKRUV�GLVFXVVHG�WKH�UHVXOWV�DQG�FRPPHQWHG�RQ�WKH�����

PDQXVFULSW������

�����

$&.12:/('*(0(176�����

�����

:H�ZRXOG�OLNH�WR�WKDQN�<��.XERWD��<��2LNH��7��6XGD��6��%ODFNORZ��+��:DQJ��<��/��:RQJ��.������

9DVXGHYDQ�-��*DQLV��-��/DKYLF��,��6KHVWRSDORY�DQG�$��*XWLHUUH]�IRU�SURYLGLQJ�UHDJHQWV��&������

%OREHO��6��%ODFNORZ�DQG�7��$��6SULQJHU�IRU�KHOSIXO�GLVFXVVLRQ�DQG�FULWLFDO�FRPPHQWV��<��=KRX�IRU�����

ELRLQIRUPDWLFV�GLVFXVVLRQV��DQG�1��/DZVRQ�IRU�SURYLGLQJ�WKH�7J(Tp1bglob:eGFP)um14��7KH�����

PLFURDUUD\�H[SUHVVLRQ�H[SHULPHQWV�ZHUH�SURFHVVHG�E\�WKH�0LFURDUUD\�&RUH�)DFLOLW\�RI�WKH�����

0ROHFXODU�*HQHWLFV�&RUH�)DFLOLW\�DW�&KLOGUHQ¶V�+RVSLWDO�%RVWRQ�VXSSRUWHG�E\�1,+�3���16����������

DQG�1,+�3���+'�������7KLV�ZRUN�ZDV�VXSSRUWHG�E\�1,+��5��+/�����������1,+�����

�3��'.����������1,+�5��'.�����������1,+��8��+/����������1,+��32�+/����������1,+�����

�5��'.������DQG�++0,��WR�/�,�=����&DQDGLDQ�,QVWLWXWHV�RI�+HDOWK�5HVHDUFK�)HOORZVKLS�DQG�WKH�����

$PHULFDQ�+HDUW�$VVRFLDWLRQ�3RVWGRFWRUDO�)HOORZVKLS����3267���������WR�0�,�/����+\XQGDL�����

+RSH�2Q�:KHHOV�*UDQW��WR�$�'����1,+��8��+/����������DQG�/HXNHPLD�	�/\PSKRPD�6RFLHW\�����

753����������WR�,�'�%����1,+�.��$5��������0HODQRPD�5HVHDUFK�$OOLDQFH�<RXQJ�,QYHVWLJDWRU�����

$ZDUG��DQG�$6&2�$$&5�<RXQJ�,QYHVWLJDWRU�$ZDUG��WR�5�0�:����1,+��5��&$��������WR�����
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&�&�=����/�,�=��LV�D�IRXQGHU�DQG�VWRFNKROGHU�RI�)DWH��,QF��DQG�6FKRODU�5RFN��DQG�D�VFLHQWL¿F�����

DGYLVRU�IRU�6WHPJHQW�� �����
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5()(5(1&(6�����

%HUWUDQG�-<��&KL�1&��6DQWRVR�%��7HQJ�6��6WDLQLHU�'<��DQG�7UDYHU�'��������+DHPDWRSRLHWLF�����
VWHP�FHOOV�GHULYH�GLUHFWO\�IURP�DRUWLF�HQGRWKHOLXP�GXULQJ�GHYHORSPHQW� Nature ����������������
GRL���������QDWXUH�����������

%LJDV�$��5REHUW�0RUHQR�$��DQG�(VSLQRVD�/��������7KH�1RWFK�SDWKZD\�LQ�WKH�GHYHORSLQJ�����
KHPDWRSRLHWLF�V\VWHP� Int.J.Dev.Biol. ������������GRL���������LMGE�������DE������
��������LMGE�������DE������

%RLVVHW�-&��YDQ�&DSSHOOHQ�:��$QGULHX�6ROHU�&��*DOMDUW�1��']LHU]DN�(��DQG�5RELQ�&��������,Q�����
YLYR�LPDJLQJ�RI�KDHPDWRSRLHWLF�FHOOV�HPHUJLQJ�IURP�WKH�PRXVH�DRUWLF�HQGRWKHOLXP� Nature ����
������������GRL���������QDWXUH�����������

%XUQV�&(��7UDYHU�'��0D\KDOO�(��6KHSDUG�-/��DQG�=RQ�/,��������+HPDWRSRLHWLF�VWHP�FHOO�IDWH�LV�����
HVWDEOLVKHG�E\�WKH�1RWFK�5XQ[�SDWKZD\� Genes Dev ����������������

%XWOHU�-0��1RODQ�'-��9HUWHV�(/��9DUQXP�)LQQH\�%��.RED\DVKL�+��+RRSHU�$7��6HDQGHO�0��6KLGR�����
.��:KLWH�,$��.RED\DVKL�0, et al.�������(QGRWKHOLDO�FHOOV�DUH�HVVHQWLDO�IRU�WKH�VHOI�UHQHZDO�DQG�����
UHSRSXODWLRQ�RI�1RWFK�GHSHQGHQW�KHPDWRSRLHWLF�VWHP�FHOOV� Cell.Stem Cell. ��������������
GRL���������M�VWHP����������������������M�VWHP������������������

&KDQ�60��:HQJ�$3��7LEVKLUDQL�5��$VWHU�-&��DQG�8W]�3-��������1RWFK�VLJQDOV�SRVLWLYHO\�UHJXODWH�����
DFWLYLW\�RI�WKH�P725�SDWKZD\�LQ�7�FHOO�DFXWH�O\PSKREODVWLF�OHXNHPLD� Blood ����������������
GRL�EORRG����������������>SLL@������

&KL�1&��6KDZ�50��'H�9DO�6��.DQJ�*��-DQ�/<��%ODFN�%/��DQG�6WDLQLHU�'<��������)R[Q��GLUHFWO\�����
UHJXODWHV�WE[�E�H[SUHVVLRQ�DQG�DWULRYHQWULFXODU�FDQDO�IRUPDWLRQ� Genes Dev. ��������������
GRL���������JDG���������>GRL@������

&OHPHQWV�:.��.LP�$'��2QJ�.*��0RRUH�-&��/DZVRQ�1'��DQG�7UDYHU�'��������$�VRPLWLF�����
:QW���1RWFK�SDWKZD\�VSHFLILHV�KDHPDWRSRLHWLF�VWHP�FHOOV� Nature ���������������
GRL���������QDWXUH���������������QDWXUH�����������

'DYLGVRQ�$-��DQG�=RQ�/,��������7KH�
GHILQLWLYH
��DQG�
SULPLWLYH
��JXLGH�WR�]HEUDILVK�����
KHPDWRSRLHVLV� Oncogene ������������GRL���������VM�RQF��������������

'HODQH\�&��+HLPIHOG�6��%UDVKHP�6WHLQ�&��9RRUKLHV�+��0DQJHU�5/��DQG�%HUQVWHLQ�,'������������
1RWFK�PHGLDWHG�H[SDQVLRQ�RI�KXPDQ�FRUG�EORRG�SURJHQLWRU�FHOOV�FDSDEOH�RI�UDSLG�P\HORLG�����
UHFRQVWLWXWLRQ� Nat.Med. ����������GRL���������QP���������������QP�����������

'HODQH\�&��9DUQXP�)LQQH\�%��$R\DPD�.��%UDVKHP�6WHLQ�&��DQG�%HUQVWHLQ�,'��������'RVH�����
GHSHQGHQW�HIIHFWV�RI�WKH�1RWFK�OLJDQG�'HOWD��RQ�H[�YLYR�GLIIHUHQWLDWLRQ�DQG�LQ�YLYR�PDUURZ�����
UHSRSXODWLQJ�DELOLW\�RI�FRUG�EORRG�FHOOV� Blood ������������GRL��������������>SLL@������

'HWULFK�+:��UG��.LHUDQ�0:��&KDQ�)<��%DURQH�/0��<HH�.��5XQGVWDGOHU�-$��3UDWW�6��5DQVRP�'������
DQG�=RQ�/,��������,QWUDHPEU\RQLF�KHPDWRSRLHWLF�FHOO�PLJUDWLRQ�GXULQJ�YHUWHEUDWH�GHYHORSPHQW� ����
Proc.Natl.Acad.Sci.U.S.A. ����������������
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'LHWHUOHQ�/LHYUH�)��������2Q�WKH�RULJLQ�RI�KDHPRSRLHWLF�VWHP�FHOOV�LQ�WKH�DYLDQ�HPEU\R��DQ�����
H[SHULPHQWDO�DSSURDFK� J Embryol Exp Morphol ���������������

'RROH\�.$��'DYLGVRQ�$-��DQG�=RQ�/,��������=HEUDILVK�VFO�IXQFWLRQV�LQGHSHQGHQWO\�LQ�����
KHPDWRSRLHWLF�DQG�HQGRWKHOLDO�GHYHORSPHQW� Dev.Biol. ������������GRL�6�������������������������
>SLL@������

(LUDNX�0��7RKJR�$��2QR�.��.DQHNR�0��)XMLVKLPD�.��+LUDQR�7��DQG�.HQJDNX�0��������'1(5�����
DFWV�DV�D�QHXURQ�VSHFLILF�1RWFK�OLJDQG�GXULQJ�%HUJPDQQ�JOLDO�GHYHORSPHQW� Nat.Neurosci. ����
����������GRL�QQ�����>SLL@������

(PD�+��DQG�1DNDXFKL�+��������([SDQVLRQ�RI�KHPDWRSRLHWLF�VWHP�FHOOV�LQ�WKH�GHYHORSLQJ�OLYHU�RI�����
D�PRXVH�HPEU\R� Blood ���������������

)DQ�;��*D\�)3��/LP�):��$QJ�-0��&KX�33��%DUL�6��DQG�+ZDQJ�:<��������/RZ�GRVH�LQVXOLQ�OLNH�����
JURZWK�IDFWRU�ELQGLQJ�SURWHLQV���DQG���DQG�DQJLRSRLHWLQ�OLNH�SURWHLQ���FRRUGLQDWHO\�VWLPXODWH�H[�����
YLYR�H[SDQVLRQ�RI�KXPDQ�XPELOLFDO�FRUG�EORRG�KHPDWRSRLHWLF�VWHP�FHOOV�DV�DVVD\HG�LQ�����
12'�6&,'�JDPPD�QXOO�PLFH� Stem Cell.Res.Ther. ������GRL���������VFUW����>GRL@������

)DUDKEDNKVKLDQ�(��9HUVWHJHQ�00��9LVVHU�73��.KHUDGPDQGNLD�6��*HHUWV�'��$UVKDG�6��5LD]�1������
*URVYHOG�)��YDQ�7LO�13��DQG�0HLMHULQN�-3��������$QJLRSRLHWLQ�/LNH�3URWHLQ���3URPRWHV�����
3UHVHUYDWLRQ�RI�6WHPQHVV�GXULQJ�([�9LYR�([SDQVLRQ�RI�0XULQH�+HPDWRSRLHWLF�6WHP�&HOOV� PLoS ����
One ��H��������GRL���������MRXUQDO�SRQH���������>GRL@������

)RUWLQL�0(��������1RWFK�VLJQDOLQJ��WKH�FRUH�SDWKZD\�DQG�LWV�SRVWWUDQVODWLRQDO�UHJXODWLRQ� ����
Dev.Cell. �����������GRL���������M�GHYFHO������������������

*XHQWKHU�0*��/DZWRQ�/1��5R]RYVNDLD�7��)UDPSWRQ�*0��/HYLQH�66��9RONHUW�7/��&URFH�&0������
1DNDPXUD�7��&DQDDQL�(��DQG�<RXQJ�5$��������$EHUUDQW�FKURPDWLQ�DW�JHQHV�HQFRGLQJ�VWHP�FHOO�����
UHJXODWRUV�LQ�KXPDQ�PL[HG�OLQHDJH�OHXNHPLD� Genes Dev. �����������GRL���������JDG��������������
��������JDG��������������

*XLX�-��6KLPL]X�5��'
$OWUL�7��)UDVHU�67��+DWDNH\DPD�-��%UHVQLFN�(+��.DJH\DPD�5��']LHU]DN�(������
<DPDPRWR�0��(VSLQRVD�/��DQG�%LJDV�$��������+HV�UHSUHVVRUV�DUH�HVVHQWLDO�UHJXODWRUV�RI�����
KHPDWRSRLHWLF�VWHP�FHOO�GHYHORSPHQW�GRZQVWUHDP�RI�1RWFK�VLJQDOLQJ� J.Exp.Med. ���������������
GRL���������MHP����������>GRL@������

+DGODQG�%.��+XSSHUW�66��.DQXQJR�-��;XH�<��-LDQJ�5��*ULGOH\�7��&RQORQ�5$��&KHQJ�$0��.RSDQ�����
5��DQG�/RQJPRUH�*'��������$�UHTXLUHPHQW�IRU�1RWFK��GLVWLQJXLVKHV���SKDVHV�RI�GHILQLWLYH�����
KHPDWRSRLHVLV�GXULQJ�GHYHORSPHQW� Blood ��������������GRL���������EORRG������������������
>GRL@������

+DWR�7��7DEDWD�0��DQG�2LNH�<��������7KH�UROH�RI�DQJLRSRLHWLQ�OLNH�SURWHLQV�LQ�DQJLRJHQHVLV�DQG�����
PHWDEROLVP� Trends Cardiovasc.Med. ���������GRL���������M�WFP�������������>GRL@������

+H�&��+X�+��%UDUHQ�5��)RQJ�6<��7UXPSS�$��&DUOVRQ�75��DQG�:DQJ�5$��������&�0\F�LQ�WKH�����
+HPDWRSRLHWLF�/LQHDJH�LV�&UXFLDO�IRU�LWV�$QJLRJHQLF�)XQFWLRQ�LQ�WKH�0RXVH�(PEU\R� ����
Development �������������GRL���������GHY�����������������GHY�������������
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+X�4'��$QJ�%7��.DUVDN�0��+X�:3��&XL�;<��'XND�7��7DNHGD�<��&KLD�:��6DQNDU�1��1J�<., et al.�����
������)��FRQWDFWLQ�DFWV�DV�D�IXQFWLRQDO�OLJDQG�IRU�1RWFK�GXULQJ�ROLJRGHQGURF\WH�PDWXUDWLRQ� Cell ����
������������GRL�6�����������������>SLL@������

,WRK�0��.LP�&+��3DODUG\�*��2GD�7��-LDQJ�<-��0DXVW�'��<HR�6<��/RULFN�.��:ULJKW�*-��$UL]D�����
0F1DXJKWRQ�/, et al.�������0LQG�ERPE�LV�D�XELTXLWLQ�OLJDVH�WKDW�LV�HVVHQWLDO�IRU�HIILFLHQW�����
DFWLYDWLRQ�RI�1RWFK�VLJQDOLQJ�E\�'HOWD� Dev.Cell. �������������

-DIIUHGR�7��*DXWLHU�5��(LFKPDQQ�$��DQG�'LHWHUOHQ�/LHYUH�)��������,QWUDDRUWLF�KHPRSRLHWLF�FHOOV�����
DUH�GHULYHG�IURP�HQGRWKHOLDO�FHOOV�GXULQJ�RQWRJHQ\� Development �����������������

-LDQJ�<-��%UDQG�0��+HLVHQEHUJ�&3��%HXFKOH�'��)XUXWDQL�6HLNL�0��.HOVK�51��:DUJD�50������
*UDQDWR�0��+DIIWHU�3��+DPPHUVFKPLGW�0, et al.�������0XWDWLRQV�DIIHFWLQJ�QHXURJHQHVLV�DQG�����
EUDLQ�PRUSKRORJ\�LQ�WKH�]HEUDILVK��'DQLR�UHULR� Development ����������������

-RKQVRQ�'6��0RUWD]DYL�$��0\HUV�50��DQG�:ROG�%��������*HQRPH�ZLGH�PDSSLQJ�RI�LQ�YLYR�����
SURWHLQ�'1$�LQWHUDFWLRQV� Science ��������������GRL���������VFLHQFH��������������

.KRXU\�0��'UDNH�$��&KHQ�4��'RQJ�'��/HVNRY�,��)UDJRVR�0)��/L�<��,OLRSRXORX�%3��+ZDQJ�:������
/RGLVK�+)��DQG�&KHQ�-��������0HVHQFK\PDO�VWHP�FHOOV�VHFUHWLQJ�DQJLRSRLHWLQ�OLNH���VXSSRUW�����
HIILFLHQW�H[SDQVLRQ�RI�KXPDQ�KHPDWRSRLHWLF�VWHP�FHOOV�ZLWKRXW�FRPSURPLVLQJ�WKHLU�UHSRSXODWLQJ�����
SRWHQWLDO� Stem Cells Dev. ������������GRL���������VFG�����������>GRL@������

.LP�,��.LP�+*��.LP�+��.LP�++��3DUN�6.��8KP�&6��/HH�=+��DQG�.RK�*<��������+HSDWLF�����
H[SUHVVLRQ��V\QWKHVLV�DQG�VHFUHWLRQ�RI�D�QRYHO�ILEULQRJHQ�DQJLRSRLHWLQ�UHODWHG�SURWHLQ�WKDW�����
SUHYHQWV�HQGRWKHOLDO�FHOO�DSRSWRVLV� Biochem.J. ����3W���������������

.LP�,��0RRQ�62��.RK�.1��.LP�+��8KP�&6��.ZDN�+-��.LP�1*��DQG�.RK�*<��������0ROHFXODU�����
FORQLQJ��H[SUHVVLRQ��DQG�FKDUDFWHUL]DWLRQ�RI�DQJLRSRLHWLQ�UHODWHG�SURWHLQ��DQJLRSRLHWLQ�UHODWHG�����
SURWHLQ�LQGXFHV�HQGRWKHOLDO�FHOO�VSURXWLQJ� J.Biol.Chem. �����������������

.LVVD�.��DQG�+HUERPHO�3��������%ORRG�VWHP�FHOOV�HPHUJH�IURP�DRUWLF�HQGRWKHOLXP�E\�D�QRYHO�����
W\SH�RI�FHOO�WUDQVLWLRQ� Nature �����������GRL���������QDWXUH�����������

.RED\DVKL�,��.RED\DVKL�6XQ�-��.LP�$'��3RXJHW�&��)XMLWD�1��6XGD�7��DQG�7UDYHU�'������������
-DP�D�-DP�D�LQWHUDFWLRQV�UHJXODWH�KDHPDWRSRLHWLF�VWHP�FHOO�IDWH�WKURXJK�1RWFK�VLJQDOOLQJ� ����
Nature ������������GRL���������QDWXUH������>GRL@������

.RSDQ�5��DQG�,ODJDQ�0;��������7KH�FDQRQLFDO�1RWFK�VLJQDOLQJ�SDWKZD\��XQIROGLQJ�WKH�DFWLYDWLRQ�����
PHFKDQLVP� Cell ������������GRL���������M�FHOO�������������>GRL@������

.XERWD�<��2LNH�<��6DWRK�6��7DEDWD�<��1LLNXUD�<��0RULVDGD�7��$NDR�0��8UDQR�7��,WR�<��0L\DPRWR�����
7, et al.�������&RRSHUDWLYH�LQWHUDFWLRQ�RI�$QJLRSRLHWLQ�OLNH�SURWHLQV���DQG���LQ�]HEUDILVK�YDVFXODU�����
GHYHORSPHQW� Proc.Natl.Acad.Sci.U.S.A. �������������GRL���������SQDV�����������������

.XPDQR�.��&KLED�6��.XQLVDWR�$��6DWD�0��6DLWR�7��1DNDJDPL�<DPDJXFKL�(��<DPDJXFKL�7������
0DVXGD�6��6KLPL]X�.��7DNDKDVKL�7, et al.�������1RWFK��EXW�QRW�1RWFK��LV�HVVHQWLDO�IRU�����
JHQHUDWLQJ�KHPDWRSRLHWLF�VWHP�FHOOV�IURP�HQGRWKHOLDO�FHOOV� Immunity ����������������
GRL�6�����������������>SLL@������
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.ZDQ�.0��)XMLPRWR�(��*UDEKHU�&��0DQJXP�%'��+DUG\�0(��&DPSEHOO�'6��3DUDQW�-0��<RVW�+-������

.DQNL�-3��DQG�&KLHQ�&%��������7KH�7RO�NLW��D�PXOWLVLWH�JDWHZD\�EDVHG�FRQVWUXFWLRQ�NLW�IRU�7RO������
WUDQVSRVRQ�WUDQVJHQHVLV�FRQVWUXFWV� Dev.Dyn. �������������GRL���������GYG\�������>GRL@������

/DXUHQWL�(��9DUQXP�)LQQH\�%��:LOVRQ�$��)HUUHUR�,��%ODQFR�%RVH�:(��(KQLQJHU�$��.QRHSIOHU�36������
&KHQJ�3)��0DF'RQDOG�+5��(LVHQPDQ�51��%HUQVWHLQ�,'��DQG�7UXPSS�$��������+HPDWRSRLHWLF�����
VWHP�FHOO�IXQFWLRQ�DQG�VXUYLYDO�GHSHQG�RQ�F�0\F�DQG�1�0\F�DFWLYLW\� Cell.Stem Cell. ��������������
GRL���������M�VWHP����������������������M�VWHP������������������

/DZVRQ�1'��6FKHHU�1��3KDP�91��.LP�&+��&KLWQLV�$%��&DPSRV�2UWHJD�-$��DQG�:HLQVWHLQ�%0������
������1RWFK�VLJQDOLQJ�LV�UHTXLUHG�IRU�DUWHULDO�YHQRXV�GLIIHUHQWLDWLRQ�GXULQJ�HPEU\RQLF�YDVFXODU�����
GHYHORSPHQW� Development �����������������

/XW\�:+��5RGHEHUJ�'��3DUQHVV�-��DQG�9\DV�<0��������$QWLSDUDOOHO�VHJUHJDWLRQ�RI�QRWFK�����
FRPSRQHQWV�LQ�WKH�LPPXQRORJLFDO�V\QDSVH�GLUHFWV�UHFLSURFDO�VLJQDOLQJ�LQ�DOORJHQHLF�7K�'&�����
FRQMXJDWHV� J.Immunol. ������������GRL�����������>SLL@������

0DPDHYD�2$��.LP�-��)HQJ�*��DQG�0F'RQDOG�-0��������&DOFLXP�FDOPRGXOLQ�GHSHQGHQW�NLQDVH�����
,,�UHJXODWHV�QRWFK���VLJQDOLQJ�LQ�SURVWDWH�FDQFHU�FHOOV� J.Cell.Biochem. ���������������
GRL���������MFE�������>GRL@������

0DUVRQ�$��/HYLQH�66��&ROH�0)��)UDPSWRQ�*0��%UDPEULQN�7��-RKQVWRQH�6��*XHQWKHU�0*������
-RKQVWRQ�:.��:HUQLJ�0��1HZPDQ�-, et al.�������&RQQHFWLQJ�PLFUR51$�JHQHV�WR�WKH�FRUH�����
WUDQVFULSWLRQDO�UHJXODWRU\�FLUFXLWU\�RI�HPEU\RQLF�VWHP�FHOOV� Cell ����������������
GRL���������M�FHOO����������������������M�FHOO������������������

0F/HDQ�&<��%ULVWRU�'��+LOOHU�0��&ODUNH�6/��6FKDDU�%7��/RZH�&%��:HQJHU�$0��DQG�%HMHUDQR�*������
������*5($7�LPSURYHV�IXQFWLRQDO�LQWHUSUHWDWLRQ�RI�FLV�UHJXODWRU\�UHJLRQV� Nat.Biotechnol. ����
������������GRL���������QEW���������������QEW�����������

0HGYLQVN\�$��DQG�']LHU]DN�(��������'HILQLWLYH�KHPDWRSRLHVLV�LV�DXWRQRPRXVO\�LQLWLDWHG�E\�WKH�����
$*0�UHJLRQ� Cell ����������������

0LQHJLVKL�1��6X]XNL�1��<RNRPL]R�7��3DQ�;��)XMLPRWR�7��7DNDKDVKL�6��+DUD�7��0L\DMLPD�$������
1LVKLNDZD�6��DQG�<DPDPRWR�0��������([SUHVVLRQ�DQG�GRPDLQ�VSHFLILF�IXQFWLRQ�RI�*$7$�������
GXULQJ�GLIIHUHQWLDWLRQ�RI�WKH�KHPDWRSRLHWLF�SUHFXUVRU�FHOOV�LQ�PLGJHVWDWLRQ�PRXVH�HPEU\RV� ����
Blood �������������GRL���������EORRG��������������>GRL@������

0L\DPRWR�$��/DX�5��+HLQ�3:��6KLSOH\�-0��DQG�:HLQPDVWHU�*��������0LFURILEULOODU�SURWHLQV�����
0$*3���DQG�0$*3���LQGXFH�1RWFK��H[WUDFHOOXODU�GRPDLQ�GLVVRFLDWLRQ�DQG�UHFHSWRU�DFWLYDWLRQ� ����
J.Biol.Chem. ��������������GRL�0����������>SLL@������

1LFKROV�-7��0L\DPRWR�$��2OVHQ�6/��'
6RX]D�%��<DR�&��DQG�:HLQPDVWHU�*��������'6/�OLJDQG�����
HQGRF\WRVLV�SK\VLFDOO\�GLVVRFLDWHV�1RWFK��KHWHURGLPHUV�EHIRUH�DFWLYDWLQJ�SURWHRO\VLV�FDQ�RFFXU� ����
J.Cell Biol. ������������GRL�MFE�����������>SLL@������

1RUWK�7(��GH�%UXLMQ�0)��6WDF\�7��7DOHELDQ�/��/LQG�(��5RELQ�&��%LQGHU�0��']LHU]DN�(��DQG�6SHFN�����
1$��������5XQ[��H[SUHVVLRQ�PDUNV�ORQJ�WHUP�UHSRSXODWLQJ�KHPDWRSRLHWLF�VWHP�FHOOV�LQ�WKH�����
PLGJHVWDWLRQ�PRXVH�HPEU\R� Immunity �����������GRL�6�����������������>SLL@������
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1RUWK�7(��*RHVVOLQJ�:��:DONOH\�&5��/HQJHUNH�&��.RSDQL�.5��/RUG�$0��:HEHU�*-��%RZPDQ�����
79��-DQJ�,+��*URVVHU�7, et al.�������3URVWDJODQGLQ�(��UHJXODWHV�YHUWHEUDWH�KDHPDWRSRLHWLF�VWHP�����
FHOO�KRPHRVWDVLV� Nature �����������������

1RWWLQJKDP�:7��-DUUDWW�$��%XUJHVV�0��6SHFN�&/��&KHQJ�-)��3UDEKDNDU�6��5XELQ�(0��/L�36������
6ORDQH�6WDQOH\�-��.RQJ�$�6DQ�-��DQG�GH�%UXLMQ�0)��������5XQ[��PHGLDWHG�KHPDWRSRLHWLF�VWHP�����
FHOO�HPHUJHQFH�LV�FRQWUROOHG�E\�D�*DWD�(WV�6&/�UHJXODWHG�HQKDQFHU� Blood �����������������
GRL�EORRG����������������>SLL@������

2LNH�<��,WR�<��0DHNDZD�+��0RULVDGD�7��.XERWD�<��$NDR�0��8UDQR�7��<DVXQDJD�.��DQG�6XGD�7������
������$QJLRSRLHWLQ�UHODWHG�JURZWK�IDFWRU��$*)��SURPRWHV�DQJLRJHQHVLV� Blood ����������������
GRL���������EORRG�������������������

2LVKL�.��*DHQJHO�.��.ULVKQDPRRUWK\�6��.DPL\D�.��.LP�,.��<LQJ�+��:HEHU�8��3HUNLQV�/$������
7DUWDJOLD�0��0ORG]LN�0��3LFN�/��DQG�*HOE�%'��������7UDQVJHQLF�'URVRSKLOD�PRGHOV�RI�1RRQDQ�����
V\QGURPH�FDXVLQJ�3731���JDLQ�RI�IXQFWLRQ�PXWDWLRQV� Hum.Mol.Genet. �����������GRL�GGL��������
>SLL@������

2UNLQ�6+��DQG�=RQ�/,��������+HPDWRSRLHVLV��DQ�HYROYLQJ�SDUDGLJP�IRU�VWHP�FHOO�ELRORJ\� Cell ����
������������GRL���������M�FHOO������������������

3DORPHUR�7��/LP�:.��2GRP�'7��6XOLV�0/��5HDO�3-��0DUJROLQ�$��%DUQHV�.&��2
1HLO�-��1HXEHUJ�����
'��:HQJ�$3, et al.�������127&+��GLUHFWO\�UHJXODWHV�F�0<&�DQG�DFWLYDWHV�D�IHHG�IRUZDUG�ORRS�����
WUDQVFULSWLRQDO�QHWZRUN�SURPRWLQJ�OHXNHPLF�FHOO�JURZWK� Proc.Natl.Acad.Sci.U.S.A. �����������������
GRL���������SQDV�����������������

3DUVRQV�0-��3LVKDUDWK�+��<XVXII�6��0RRUH�-&��6LHNPDQQ�$)��/DZVRQ�1��DQG�/HDFK�6'������������
1RWFK�UHVSRQVLYH�FHOOV�LQLWLDWH�WKH�VHFRQGDU\�WUDQVLWLRQ�LQ�ODUYDO�]HEUDILVK�SDQFUHDV� Mech.Dev. ����
�������������GRL���������M�PRG������������������

5REHUW�0RUHQR�$��(VSLQRVD�/��GH�OD�3RPSD�-/��DQG�%LJDV�$��������5%3MNDSSD�GHSHQGHQW�����
1RWFK�IXQFWLRQ�UHJXODWHV�*DWD��DQG�LV�HVVHQWLDO�IRU�WKH�IRUPDWLRQ�RI�LQWUD�HPEU\RQLF�����
KHPDWRSRLHWLF�FHOOV� Development �������������GRL�GHY�������>SLL@������

5REHUW�0RUHQR�$��*XLX�-��5XL]�+HUJXLGR�&��/RSH]�0(��,QJOHV�(VWHYH�-��5LHUD�/��7LSSLQJ�$������
(QYHU�7��']LHU]DN�(��*ULGOH\�7��(VSLQRVD�/��DQG�%LJDV�$��������,PSDLUHG�HPEU\RQLF�����
KDHPDWRSRLHVLV�\HW�QRUPDO�DUWHULDO�GHYHORSPHQW�LQ�WKH�DEVHQFH�RI�WKH�1RWFK�OLJDQG�-DJJHG�� ����
EMBO J. ������������GRL���������HPERM����������>GRL@������

5RWWEDXHU�:��6DXULQ�$-��/LFNHUW�+��6KHQ�;��%XUQV�&*��:R�=*��.HPOHU�5��.LQJVWRQ�5��:X�&������
DQG�)LVKPDQ�0��������5HSWLQ�DQG�SRQWLQ�DQWDJRQLVWLFDOO\�UHJXODWH�KHDUW�JURZWK�LQ�]HEUDILVK�����
HPEU\RV� Cell ����������������

6FKHHU�1��*URWK�$��+DQV�6��DQG�&DPSRV�2UWHJD�-$��������$Q�LQVWUXFWLYH�IXQFWLRQ�IRU�1RWFK�LQ�����
SURPRWLQJ�JOLRJHQHVLV�LQ�WKH�]HEUDILVK�UHWLQD� Development ������������������

6FKPLGW�0+��%LFNHU�)��1LNROLF�,��0HLVWHU�-��%DEXNH�7��3LFXULF�6��0XOOHU�(VWHUO�:��3ODWH�.+��DQG�����
'LNLF�,��������(SLGHUPDO�JURZWK�IDFWRU�OLNH�GRPDLQ����(*)/���PRGXODWHV�1RWFK�VLJQDOOLQJ�DQG�����
DIIHFWV�QHXUDO�VWHP�FHOO�UHQHZDO� Nat.Cell Biol. �����������GRL���������QFE�����>GRL@������
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7DEDWD�0��.DGRPDWVX�7��)XNXKDUD�6��0L\DWD�.��,WR�<��(QGR�0��8UDQR�7��=KX�+-��7VXNDQR�+������
7D]XPH�+, et al.�������$QJLRSRLHWLQ�OLNH�SURWHLQ���SURPRWHV�FKURQLF�DGLSRVH�WLVVXH�LQIODPPDWLRQ�����
DQG�REHVLW\�UHODWHG�V\VWHPLF�LQVXOLQ�UHVLVWDQFH� Cell.Metab. ���������������
GRL���������M�FPHW������������������

7DPSOLQ�2-��'XUDQG�(0��&DUU�/$��&KLOGV�6-��+DJHGRUQ�(-��/L�3��<]DJXLUUH�$'��6SHFN�1$��DQG�����
=RQ�/,��������+HPDWRSRLHWLF�VWHP�FHOO�DUULYDO�WULJJHUV�G\QDPLF�UHPRGHOLQJ�RI�WKH�SHULYDVFXODU�����
QLFKH� Cell ������������GRL���������M�FHOO�������������>GRL@������

7DYLDQ�0��&RXORPEHO�/��/XWRQ�'��&OHPHQWH�+6��'LHWHUOHQ�/LHYUH�)��DQG�3HDXOW�%��������$RUWD�����
DVVRFLDWHG�&'����KHPDWRSRLHWLF�FHOOV�LQ�WKH�HDUO\�KXPDQ�HPEU\R� Blood ��������������

7KLVVH�&��DQG�7KLVVH�%��������+LJK�UHVROXWLRQ�LQ�VLWX�K\EULGL]DWLRQ�WR�ZKROH�PRXQW�]HEUDILVK�����
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Angptls are sufficient and required for definitive hematopoiesis.
(A) Heatshocked Tg(hsp70:zangptl2) embryos have increased cmyb- and runx1-positive HSPCs in the AGM (black arrows, 36hpf), CHT (white brackets, 3 
days post-fertilization, dpf), larval kidney (white arrows, 4dpf) and rag1-positive T-cells in the thymus (white arrows, 5dpf) compared to control no heatshock 
or non-Tg siblings. (B) Angptls-MO morphants (2ng) had decreased cmyb- and runx1-positive HSPCs (black arrows) in the AGM at 36hpf and (C) severe 
disruption to vascular development with loss of kdrl-positive ISVs (black arrowheads), loss of arterial efnb2a and ectopic expression of venous flt4 in the DA 
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Angptls genetically interact with notch.
(A) Notch eGFP Tg reporter embryos injected with angptls-MO (2ng) had decreased notch activity in ISV (black 
arrowheads) and DA (red arrowhead) at 28hpf. (B) Overexpression of constitutively active Notch in angptls-MO 
injected (2ng) Tg(hsp70:Gal4;UAS:NICD) can restore cmyb-positive HSPCs (arrows) at 36hpf after heatshock. (C) 
Mib had no cmyb-positive HSPCs (arrows) at 36hpf compared to WT or het siblings. Overexpression of zangptl2 in 
mib by crossing Tg(hsp70:zangptl2) into mib can restore this GHIHFW�XSRQ�KHDWVKRFN��6FDOH�EDUV����ȝP��
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Notch cell autonomously increase definitive hematopoiesis.
(A) Time lapse sequence (hours:minutes post-28hpf) of HSPCs emerging from the ventral wall of the DA. Hemogenic 
endothelial cells (red) that have incorporated the injected transgene (green) are marked with numbers and white arrows. 
Each injected embryo was scored for 24 hours and tabulated in (C)��6FDOH�EDU����ȝP��(B) Still images of the CHT from 
72hpf embryos. Runx1-positive HSPCs (red) that have incorporated the injected transgene (green) were scored for 
double positivity (yellow, examples marked by white arrows) and tabulated in (D). Boxed areas in the top panels are 
PDJQLILHG�DQG�VSOLW�LQWR�GRXEOH�RU�VLQJOH�IOXRUHVFHQW�SDQHOV�EHORZ��6FDOH�EDUV����ȝP��$��$QWHULRU��3��3RVWHULRU��'��'RUVDO��
V: Ventral. Error bars denote S.E.M., ** p<0.01,  compared to eGFP injected controls, Student’s t test. 
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Myc is downstream of angptl and notch signaling. 
(A) Myc MO (6ng) injected embryos had decreased cmyb-positive HSPCs (arrows) at 36hpf. (B) Mib embryos injected 
with myc mRNA (100pg) had restored cmyb-positive HSPCs (arrows) at 36hpf compared to siblings injected with control 
mCherry mRNA (100pg). (C) Overexpression of myc mRNA (100pg) in angptls-MO (2ng) morphants also had restored 
cmyb-positive HSPCs (arrows) at 36hpf compared to control siblings injected with mCherry mRNA (100pg). Control-MO: 
non-targeting MO (2ng). (D) Representative GSEA plot that positively correlate Angptl2-stimulated human CD34+ gene 
expression and Myc targets. (E) GSEA plot showing significant correlation between Myc target genes from Notch ChIP-
seq and expression data of Angptl2-stimulated CD34+ cells. NES, Normalized Enrichment Score, FDR q value, False 
Discovery Rate q�YDOXH��6FDOH�EDUV����ȝP��

FDR q value = 0.000NES = 2.67

Genes Upregulated by Myc

Rank in Ordered Dataset

Enrichment profile        Hits       Ranking metric scores

2,500 5,000 10,000 15,000 20,0007,500 12,500 17,500

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

E
nr

ic
hm

en
t s

co
re

 (E
S

)

‘ANGPTL2’ (positively correlated)

‘CONTROL’ (negatively correlated)

2

1

0

-1

-2

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

Zero cross at 11064

0

FDR q value = 0.000NES = 2.10

Myc target genes from Notch ChIPseq
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

-0.05

E
nr

ic
hm

en
t s

co
re

 (E
S

)

‘ANGPTL2’ (positively correlated)

‘CONTROL’ (negatively correlated)
2,500 5,000 10,000 15,000 20,0007,500 12,500 17,500

2

1

0

-1

-2

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

Zero cross at 11064

Enrichment profile        Hits       Ranking metric scores

Rank in Ordered Dataset
0



A

C

Figure  5

D

B

Notch (NICD)

Full Length Notch

DAPT

DAPT DMSO

DMSONone (Harvest for lys)

+1h

+
+ + + + + + + +

+4h+2h +1h +4h+2h

Pre-treatment

Angptl2
PBS

Post-treatment

Angptl2 activates Notch by receptor cleavage.
(A) Human CD34+�FHOOV�ZHUH�VWLPXODWHG�ZLWK�$QJSWO����ȝJ�PO��RU�3%6�YHKLFOH�DQG�:HVWHUQ�EORWWHG�IRU�6��FOHDYHG�
�1,&'��DQG�IXOO�OHQJWK�1RWFK�UHFHSWRU��ȕ�DFWLQ�ZDV�XVHG�DV�ORDGLQJ�FRQWURO��5DWLRV�LQGLFDWHG�EHORZ�WKH�:HVWHUQ�EORW�
UHSUHVHQW�GHQVLWRPHWU\�RI�WKH�EDQG�LQWHQVLW\�QRUPDOL]HG�WR�ORDGLQJ�FRQWURO��(B)�+XPDQ�HQGRWKHOLDO�FHOOV�SUH�WUHDWHG�IRU�
��KRXUV�ZLWK�'062�YHKLFOH�RU�'$37����ȝ0��DVVD\HG�IRU�+HV��E\�T3&5��(UURU�EDUV�GHQRWH�6�(�0���p���������7ZR�
:D\�$129$��


�p��������



�p��������FRPSDUHG�WR��K�DQG�†† p��������FRPSDUHG�WR�'062��%RQIHUURQL�SRVW�KRF�
WHVW��(C)�+XPDQ�HQGRWKHOLDO�FHOOV�SUH�WUHDWHG�ZLWK�'062��'$37����ȝ0���7$3,������ȝ0��RU�6%��&7����ȝ0��SULRU�WR�
VWLPXODWLQJ�ZLWK�$QJSWO����ȝJ�PO��RU�3%6����KRXU��DQG�:HVWHUQ�EORWWHG�IRU�6��FOHDYHG��1(;7���6��FOHDYHG��1,&'��RU�
IXOO�OHQJWK�1RWFK��ȕ�DFWLQ�ZDV�XVHG�DV�ORDGLQJ�FRQWURO��5DWLRV�LQGLFDWHG�EHORZ�WKH�:HVWHUQ�EORWV�UHSUHVHQW�
GHQVLWRPHWU\�RI�WKH�EDQG�LQWHQVLW\�QRUPDOL]HG�WR�ORDGLQJ�FRQWURO��(D)�1,&'�GHJUDGDWLRQ�H[SHULPHQW��SRVW�WUHDWPHQW�RI�
$QJSWO��VWLPXODWHG�FHOOV���ȝJ�PO�IRU��KRXU��ZLWK�'062�RU�'$37�IRU������RU���KRXUV�WR�SUHYHQW�de novo�IRUPDWLRQ�RI�
1,&'�SURGXFW��DVVD\HG�E\�:HVWHUQ�EORWWLQJ��$OO�H[SHULPHQWV�ZHUH�UHSHDWHG�DW�OHDVW���WLPHV��

Hes1 qPCR

Angptl2 Time Course

!"#
$%

2.0

2.5

3.0

1.5

1.0

0.5

0

A
rb

itr
ar

y 
U

ni
ts

0h

DMSO

DAPT

1h0.5h 2h 4h 6h

****

*** ***
****

† †
†

† †
†† †

†
† †

†

Cleaved Notch (NICD)

Full Length Notch

`-actin

PBS 30min 1 hr 2 hr 4 hr 6 hr

Angptl2

���� ���� ���� ���� ���� ����

`-actin

Notch (NEXT)

Notch (NICD)

Full Length Notch

DMSO SB-3CTDAPT TAPI-2DMSO

Angptl2PBS

���� ���� ���� ���� ����

���� ���� ���� ���� ����



Figure 6
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Angptl2 receptor, LILRB2, interacts with Notch in cis.
(A) Cell lysates from Angptl2-stimulated HEK293T cells transfected with GFP control, full-length LILRB2 and/or Notch1 plasmids were IP for Notch1 or LILRB2. 
1RWH�WKH�LQWHUDFWLRQ�EHWZHHQ�ERWK�UHFHSWRUV�DQG�WKLV�DVVRFLDWLRQ�LQFUHDVHG�XSRQ�$QJSWO����ȝJ�PO���KRXU��VWLPXODWLRQ��:KROH�FHOO�O\VDWHV�ZHUH�XVHG�IRU�ORDGLQJ�
control. (B and C) Cell lysates from human CD34+�FHOOV�ZHUH�FR�,3�IRU�HQGRJHQRXV�1RWFK���HQGRJHQRXV�/,/5%��RU�,J*�LVRW\SH�DQG�:HVWHUQ�EORWWHG�IRU�
associated LILRB2 or Notch1 respectively. (D)�&HOO�O\VDWHV�IURP�1RWFK�DQG�+$�WDJJHG�/,/5%��WUXQFDWLRQ�PXWDQWV��VFKHPDWLFV��ZHUH�FR�,3�IRU�1RWFK�DQG�
:HVWHUQ�EORWWHG�IRU�+$��1RWFK�LQWHUDFWLRQ�ZDV�RQO\�REVHUYHG�ZLWK�IXOO�OHQJWK�/,/5%��RU�/,/5%��(&'��(E) Stable lentiviral knockdown of LILRB2 using two 
GLIIHUHQW�VHTXHQFHV��3DUWLDO�NQRFNGRZQ�RI�/,/5%��ZDV�REVHUYHG�FRPSDUHG�WR�WKH�FRQWURO�VFUDPEOHG�VK51$��VK�&7���7KH�LQWHUDFWLRQ�EHWZHHQ�/,/5%��DQG�1RWFK�
ZDV�DOVR�GHFUHDVHG��WRS�SDQHOV���7KH�$QJSWO��LQGXFHG�1RWFK�UHFHSWRU�FOHDYDJH�LQ�VK�&7�FHOOV�ZDV�DEROLVKHG�LQ�VK�/,/5%��FHOOV��:KROH�FHOO�O\VDWHV�ZHUH�GRQH�
for loading control. All experiments were repeated at least 3 times. 5DWLRV�LQGLFDWHG�EHORZ�WKH�:HVWHUQ�EORWV�UHSUHVHQW�GHQVLWRPHWU\�RI�WKH�EDQG�LQWHQVLW\�
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Proposed models for Angptl-mediated Notch signaling.
(A) Notch signaling in zebrafish is believed to be important for HSPC specification in the hemogenic endothelium on the ventral side of the developing dorsal 
aorta (DA). A simplified view of canonical notch signaling starts with mib endocytic processing of notch ligands to potentiate their ability to activate notch, 
depicted in the wildtype (WT) model. Notch receptors interact with ligands in the neighboring cell and this leads to subsequent cleavage of notch to release nicd 
to translocate into the nucleus and initiate transcription of target gene like myc. In the mib mutant however, the lack of signal from notch ligands prevents further 
downstream signaling from the receptor and HSPCs are not formed. From our genetic interaction studies, we believe that zangptl2 is downstream of mib (Figure 
2C) but upstream of nicd generation (Figure 2B). (B) Using cultured cells to further explore the mechanism by which Angptl2 can regulate Notch signaling, we 
found that Angptl2 can stimulate Notch receptor cleavage at S2 and S3, leading to transcription of target genes. This was dependent on the Angptl receptor, 
LILRB2, as Angptl2 can induce recruitment of LILRB2 to Notch.
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